
2-11H-Benzhnidazol-2(31/)-ylidene]-2-(pyrirnidin-2-ypacetamides and
2-[benzothiazol-2(3B)-y1idene]-2-(pyrimidin-2-yOacetatnides as kinase
inhibitors Technical Field  [0001] This invention relates to
211H-benzimidazo1-2(31-/)-ylidene]-2-(pyrimidin 2 yl) acetamides and
2-[ben2othiazol-2(3I0-ylidenel-2-(pyrimiclin-2-y1)acetamides, their salts,
pharmaceutical compositions containing them, and their use as kinase
inhibitors and in the treatment of cancer. Background art  [0002] As
discussed by Mortlock et al., "Progress in the Development of Selective
Inhibitors of Aurora Kinases", 0111: Topics Med. Chem. 2005, 5, 199-213,
and Carvajal et al., "Aurora Kinases! New Targets for Cancer Therapy",
Clin. Cancer Res. 2006, 12, 6869-6875, the Aurora family of kinases are
involved in the regulation of mitosis. l'wo of the three human Aurora
kinases, Aurora A and Aurora B, are frequently vete:pressed in human
tumors, while the Aurora A gene itself is amplified in many tumors. There
has thus been considerable interest in the development of inhibitors of
Aurora kinases as anticancer compounds for the treatment of both solid
malignancies (e.g., colorectal, lung, breast, pancreatic, and bladder
cancer) and hematological malignancies (e.g., acute lymphocyfic leukemia
(Ali), chronic myelog,eous leukemia (Ott), Hodgkin's and non 'Hodgkin's
lymphomas, and myelodysplastic syndrome (MDS)). A number of compounds have
reached clinical trials, including Vertex and Merck's VX-680/MK--0457,
which reached Phase II clinical studies but has now been discontinued and
replaced in development by a later compound, VX-689 (MK-5108); Aster's
AT9283; Astra Zeile.C2'S AZD-1152; Entremed's ENMD-2076 and ENMD-981693;
Millennium's MLN-8054 and MLN-8237; Ncrviano's PHA 739358; Rigel's R763;
Sunesis's SNS-314; and others. [0003] As discussed by Ferrem and Xerbel,
"Angiogencsis as a therapeutic target', Nature 2005, 438, 967-974, and more
recently by Ellis and I"VP:GP-targeted therapy: mechanisms of anti-tumour
activity", Natfire Rev. Cancer 2008, 8, 579-59!, the inhibition of
angiogenesis by the targeting of VEGRA and its receptors is considered to
be a highly promising strategy for cancer treatment. Two inhibitors of
VEGFR2 kinase; sunidnib (Prizer's Sutentn and sorafenib (Bayer/Onyx's
NCNaVar(r).) are already approved in the US for the treatment of kidney
cancer, while sunitinib is also approved for the treatment of
gastrointestinal cancer. A number of other VEGFR2 kinase-inhibiting
compounds are in advanced  development, among them GSK's pazopanib,
Novartis's vatafinib, Pfizer's axitinib"L'stra Zeneca's vandetanib, and
others, for both solid (e.g. breast, ovarian, lung, and colorectal) and
hematological malignancies. Also, bevacizumab (Genentech's Avastni,
although not a V EGFR2 kinase inhibitor but an anti-VEGF antibody, is
seeing use in brain cancer, suggesting that VEGFR2 kinasc inhibitors may
also find use in it, as in all other solid tumors. 100041 Many of these
compounds, whether the Aurora kinase inhibitors mentioned in paragraph
[0002] or the VEGFR inhibitors mentioned in paragraph [0003], are not
specific inhibitors of the named kinases, but rather are selective
inhibitors of the named kinases, also acting on other kinases. For example,
sorafenib and sunitinib also have significant activity against Raf kinase
and other kinases, and Cyclacel's CYC116 has been reported to inhibit
Aurora kinases A, B, and C, VEGFR2 kinase, and F1t3 with TC.,,,s all below
100 n.M. [0005] It would be desirable to develop compounds that are potent
inhibitors of Aurora kinase, also inhibiting VEGFR2 kinase, as anticancer
agents. Disclosure of the invention [0006] In a first aspect, this
invention is compounds of formula A: 0 NH2 X NI \)A and their salts, where:
X is NH orS; m is 0, 1, 2, or 3; n is 0, 1, 2, 3, or 4; It' is alkyl,
substituted alkyl, heteroalkyl, substituted heteroalkvl, aryl, substituted
aryl, heteroarvl, substituted heteroaryl, aralkyl, substituted aralkyl,
heteroaralkyl, substituted heteroaralkyl, halo, nitro, or cyano, or is -OR,
-SR, -C(0)R, -0C(0)R, -C(0)0R, -NR,,                         -NR3SO2R,
-CONR2, -NR'COR, and -NWC(0))R, where each R independently is hydrogen,
alkyl, substituted alkvl, heteroalkyl, substituted heteroalkyl, aryl,
substituted aryl, heteroarvl, substituted heteroaryl, aralkyl, substituted
aralkyl, heteroaralkyl, or substituted beteroaralkyl, and R3 is hydrogen or
C1-C3 alkyl; and  R2 is alkyl, substituted alkyl, hetcroalkyl, substituted
heteroalkyl, aryl, substituted ativl, heteroaryl, substituted heteroaryl,
aralllyl, substituted aralkyl, heteroaralkyl, substituted heteroaralkyl,
halo, nitro, or cyano, or is -OR, -SR, -C(0)R, -0C(0)R, -C(0)0R, -NR2,
-0SO,R, -SO,NR" -NR3SO2R, -CONR" -NRiCOR, and -NR3C(0)0R, where each R
independently is hydrogen, alkyl, substituted alkyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl, hetcroaryl, substituted
heteroaryl, aralkyl, substituted aralkyl, heteroaralkyl, or substituted
heteroaralkyl, and it.1 is hydrogen or C1. C1 [0007]In second through sixth
aspects, this invention is compounds of the first aspect of this invention
for use as kinase inhibitors, especially as inhibitors of Aurora kinase
(notably Aurora kinases A and B) and optionally VEGFR2 kinase,
pharmaceutical compositions containing the compounds of the first aspect of
this invention, use of the compounds of the first aspect of this invention
as kinase inhibitors and for the manufacture of medicaments, and methods of
treatment using the compounds of the first aspect of this invention. [0008]
In a seventh aspect, this invention is methods of making the compounds of
the first aspect of this invention. [0009] Preferred embodiments of this
iiivention are characterized by the specification and by the features of
claims 2-25 of this application as filed. Modes of carrying out the
invention [0010]Definitions 100111"Alkyl" means a monovalent group derived
from a saturated or unsaturated (but not aromatically unsaturated) C1-C1,
hydrocarbon that may be linear, branched, or cyclic, by removal of one
hydrogen aforll from a carbon atom. Examples are methyl, ethyl, p ropy],
1-propenyl, isopropyl, butyl, isobutyl, sec-butyl, iert-butyl, pentyl,
hexyl, cyclopentyl, cyclopenten-l-yl, cyclopropylinethyl, cyclohexyl, and
cyclohexylmethyl. Saturated alkyls (including cycloalkyls) and C1-C, alkyls
("lower alkyls"), especially C1-C1 alkyls, are exemplary. Note that the
definition of "alkyl" in this application is broader than the conventional
definition and includes groups more commonly referred to as "cycloalkyl",
"cycloalkylalkyl", "alkenyl", and "alkynyl". [0012]A "substituted alkyl" Is
an alkyl ;substituted with up to three halogen atoms and/or up to three
substituents selected from nitro, cyan, -OR, -SR, -COlt, -0C(0)R, -C(0)0R,
-NR . SO,OR, OSO,R, -SO,NR" -N RS 0,R, -C. ONR,, -INRCOR, and -NRC(0)01t,
where each R independently is hydrogen, optionally R'-substituted alkyl,
optionally R'-substituted heteroalkyl, optionally le-substituted aryl,
optionally R'-substituted heteroaryl, optionally R'-substi toted aralkyl,
or optionally R'-substituted heteroaralkyl and each R' independently is 1
to 3 substitucnts selected from halo, nitro, cyano, hydroxy, mercap to,
amino, cycloamino, C., 3 alkyl, C,_.., alkyloxy, or -C(0)0-C,., alkyl
(preferably, Ito 3 substituents selected from halo, nitro, cyano, hydroxy,
mercapto, amino, cydoamino, C", alkyl, or C, alkyloxy), or two It groups
together form a 4- to 6-member optionally R'-substituted alkanediyl or
optionally R'-substituted heteroalkanediyl (especially where the nitrogen
and the two R groups of -NR, form a cycloarnino group). Thus, for example,
substituted alkyl groups include such groups as trifluoromethyl,
3-chloropropyl, and 2-(morpholin-4-ypethyl. [0013] "fIcteroalkyl" means
alkyl in which 1 to 3 of the carbon atoms are replaced by 0, 5, SO" or NR
(where R is H or C,, alkyl optionally substituted with halogen or hydroxy),
including linear groups such as 3-oxapentyl; monocycle rings containing 5
or 6 ring atoms such as 2-te trahydrofuranyl, 2-pyrrolidinyl,2-piperazinyl,
4-methyl-l- piperazinyl, 4-dihydropyranyl, and 3-morpholinyl; and groups
such as tetrahydrofuram2-ylmethyl and piperidin-3-ylethyl. I Ieteroalkyl
groups also include those where a ring nitrogen is oxidized to form an
N-oxide. "Substituted heteroalkyl" means heteroalkyl substituted iii the
manner described above for substituted alkyl. A "cydoamino" group is a
cyclic heteroalkyl of 5 to 7 ring atoms containing a nitrogen ring atom by
which the group is bonded to the retnainder of the molecule of which it
forms a part and optionally Containing a further ring lictcroatom selected
from 0, S, SO" and NR (where R is H or GI, alkyl optionally substituted
with halogen, hydroxy, or 1 or 2 phenyl groups). 4- Methyl1-piperazinyl,
-(2-hydroxyethyl)-1-piperazinyl, 4-(diphenylmethy1)-1-piperazinyl, and
4-morpholinyl are examples of cycloamino groups. Compounds of this
invention also include compounds where any -NR, group present is replaced
by a cycloamino group. [0014] "Aryl" means a monovalent group derived from
an aromatic hydrocarbon containing 6 to 14 ring carbon atoms by removal of
one hydrogen atom from a carbon atom, which is monocycle (e.g., phenyl),
condensed polycyclic:, for example, condensed bicyclic: (e.g., naphthyl),
or linked polycyclic, for example, linked bicyclic (e.g., biphenyly1). A
prefen-ed aryl is phenyl. [0015]"Substituted aryl" means and substituted
with up to three substituems selected from 1 lab, nitro, cyano, -OR, C,
alkyl or C3_, alkyloxy (each optionally substituted with halo  or -NR"),
-SR, -COR, -0C(0)R, -C(0)0R, -NE,, -S020R, -0SO,R, -SO,NR"," -NRSO,R,
-CONR2, -NRCOR, and -NRC(0)0R, where each R independently is hydrogen,
optionally R'-substituted alkyl, optionally R'-substituted heteroalkyl,
optionally R'-substituted aryl, optionally R'-substituted heteroaryl,
optionally R'-substituted aralkyl, or optionally R'-substituted
heteroaralkyl (preferably, hydrogen or optionally Rr-substituted alkyl) and
each R' independently is 1 to 3 substituents selected from halo, nitro,
cyano, hydroxy, mercapto, amino, cycloainino, CI., alkyl, (L, alkyloxy, or
-C(0)0alkyl (preferably, halo, nitro, cyano, hydroxy, mercapto, amino,
cycloamino, C, , alkyl, or C, alkyloxy), or two 12 groups together form a
4- to 6-member optionally IV-substituted alkanediyl or optionally
R'-substituted heteroalkanediyl (especially where the nitrogen and the two
R groups of -NR2 form a cycloamino group). Two adjacent substituents may
also form a methylenedioxy or ethylenedioxy group. Substituted aryl groups
include aryl groups substituted with up to three substituents selected from
the group consisting of halo, nitro, cyano, hydroxy, mercapto, amino,
optionally halo-substitutedalkyl, and optionally halo-substituted C, ,
alkyloxy, for example, phenyl substituted in this way. Preferred
substituted aryls are substituted phenyls. [0016] "Aralkyl" means alkyl
substituted with aryl, such as benzyl and phenethyl. A preferred aralkyl is
benzyl. "Substituted aralkyl" means aralkyl in which one or both of the
aryl and the alkyl are substituted in the manner described above for
substituted aryl and substituted alkyl. Preferred substituted aralkyls are
substituted benzyls. [0017] "Halogen" or "halo" means F, Cl, Br, 1;
particularly F or CI [0018] "Heteroaryl" means an aromatic monovalent group
derived from a cyclic hydrocarbon containing 5 to 14 ring atoms in which 1
to 4 (preferably 1 to 3) of the ring carbon atoms are replaced by 0, 5, N,
or NR (where R is H or C, " alkyl), preferably 0, S. or NR, by removal of
one hydrogen atom from a ring carbon atom; including monocychc groups
containing 5 or tiring atoms such as furanyl, thienyl, pyrrolyl, oxazolyl,
imidazolyl, pyridinyl, pyrazinyl, pyridazinyl, pyrimidinyl, and the like,
and bicyclic groups such as benzothiazolyl, purinyl, and benzimidazolyl.
Monocyclic rings are preferred. I Icteroarvl groups also include those
where a ring nitrogen is oxidized to fonn an N-oxide. "Substituted
heteroaryl" means heteroaryl substituted in the manner described above for
substituted aryl. [0019]"Li eteroaralkyl" means alkyl substituted with
heteroary1, such as 2-thicnylnactInl. "Substituted heteroaralkyl" means
heteroanakyl substituted in the manner described above for substituted
aralkyl.  [0020] -Elaborated" refers to the conversion of a reactive
substituent to another typically more complex substituent, such as the
conversion of an amine to an amide or sulfonamide, a carboxy group to an
ester or amide, a hydroxy to an ester, and conversion of an amide or
sulfonamide. with one or more hydrogen atoms on the nitrogen to one where
one or more of those hydrogen atoms is replaced by an optionally
substituted alkyl, heteroalkyl, aryl, hetet-only}, al-alkyl, or
heteroaralkyl group. "Protected" has its conventional meaning in organic
synthesis, namely the temporary conversion of a reactive substituent to a
substituent that is non-reactive under the conditions of the reaction(s)
proposed to he carried out; such as the protection of an arcane as a
carbamate. [0021] A "solubility-enhancing group" is a group that enhances
the solubiliiv in water of the compound over a compound that is not so
substituted, for example, hydroxy and sal t-forming groups such as carboxy
and non-amide amino groups, especially non-amide amino groups that are
capable of forming acid addition salts; or is a group containing one or
more of these groups as functional subgroups, such as lower alkyl
substituted with hydroxy. Preferred solubility-enhancing groups include
-NR', (where each R' independently is hydrogen oralkyl, or where -NW,
together is cycloamino) or :1 nitrogen-containing heteroaryl; lower alkyl
substituted with -NR', (where each Tr independently is hydrogen or C1-C3
alkyl, or where -NR', together is cycloamino) or with a nitrogen-containing
bcteroaryl; and groups of the formula -OR, -SR, -C(0)R, -0C(0)R, -C(0)0R,
-NR", -SO,OR, -0S0.2R, -SO,NR,, -NR3SO,R, -CONR,, -NIVCOR, and -NR1C(0)0R,
where R is lower alkyl substituted with -NW, (where each R' independently
is H or C1-C3 alkyl, or where -NW, together is cycloamino) or with a in
trogen-containing heteroaryl, and RI is hydrogen or C,-C, alkyl.
[0022]"Salts" are described in the section entitled "Compounds of this
invention". [0023] A "therapeutically effective amount'means that amount
which, when administered to a human for treating a cancer, is sufficient to
effect treatment for the cancer. "Treating" or "treatment" of a cancer in a
human includes one or more oh  limiting/inhibiting growth of the cancer,
i.e., limiting/arresting its development, reducing/preventing spread of the
cancer, i.e. reducing/preventing metastases, relieving the cancer, i.e.,
causing regression of the cancer, reducing/preventing recurrence of the
cancer, and palliating symptoms of the cancer.  [0024] "Combination
therapy" means the administration of a compound of the first aspect of this
invention and another anticancer therapy during the course of cancer
chemotherapy. Such combination therapy may involve the administration of
the compound of the first aspect of this invention before, during, and/or
after the administration of the another anticancer therapy. The
administration of the compound of the first aspect of this invention may be
separated in time from the administration of the another anticancer therapy
by up to several weeks, and may precede it or follow it, but more commonly
the administration of the compound of the first aspect of this invention
will accompany at least one aspect of the another anticancer therapy (such
as the administration of one close of a chemotherapeutic agent, molecular
targeted therapy agent, biologic therapy agent, or radiation therapy)
within up to 48 hours, and most commonly within less than 24 hours. [0025]
"Comprising" or "containing" and their grammatical variants are words of
inclusion and not of limitation and mean to specify the presence of stated
components, groups, steps, and the like but not to exclude the presence or
addition of other components, groups, steps, and the like. Thus
"comprising" does not mean "consisting of", "consisting substantially of',
or "consisting only of"; and, for example, a formulation "comprising' a
compound must contain that compound but also may contain other active
ingredients and/or excipients. [0026]Collipounds of this i m.'en tio [0027]
Salts (for example, pharmaceutically acceptable salts) of the compounds of
formula A are included in the present invention and are useful in the
compositions, methods, and uses described in this application. Such salts
arc preferably formed with pharmaceutically acceptable acids. See, for
example. Stahl and Wermuth, eds., "Handbook of Pharmaceutically Acceptable
Salts", (2002), Verlag Helvetica Chimica Acta, Zurich, Switzerland, for an
extensive discussion of pharmaceutical salts, their selection, preparation,
and use. -Unless the context requires otherwise, reference to any compound
of this invention is a reference both to the compound and to its salts. 



[0028] These salts i lid Lick salts that May he formed when acidic protons
present are capable of reacting with inorganic or organic bases. Typically
the parent compound is treated with an excess of an alkaline reagent, such
as hydroxide, carbonate or alkoxide, containing an appropriate cation.
Cations such as Nat, IC, Ca2+, Mg,2+ and NH4+ are examples of cations
present in pharmaceutically acceptable salts. Suitable inorganic bases,
therefore, include  calcium hydroxide, potassium hydroxide, sodium
carbonate and sodium hydroxide. Salts may also be prepared using organic
bases, such as salts of primary, secondary and tertiary amines, substituted
amities including naturally-occurring substituted amities, and cyclic
amines including isopropylarnine, trimethylaminc, dicthylamine,
triethylamine, tripropylamine, cdianolaminc, 2-climethylaniinoethanol,
tromethamine, lysinc, arginine, histidine, caffeine, procaine, hydrabaminc,
choline, betaine, etbylenediamine, glucosaminc, N alkylglucamines,
theobromine, purines, piperazine, piperidine, N-ethylpiperidine, and the
like. [0029] If a compound of the first aspect of this invention contains a
basic group, such as an amino group, it may he prepared as an acid addition
salt. Acid addition salts of the compounds are prepared in a standard
manner in a suitable solvent from the parent compound and an excess of an
acid, such as hydrochloric acid, hydrobromic acid, sulfuric acid (giving
dac sulfate and bisulfate salts, nitric acid, phosphoric acid and the like,
and organic acids such as acetic acid, propionic acid, glycolic acid,
pyruvic acid, oxalic acid, malic acid, malonic acid, succinic acid, naaleic
acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, salicylic
acid, 4-toluenesulfonic acid, hexanoic acid, heptanoic acid,
cyclopentanepropionic acid, lactic acid, 2-(4-hydroxyben7oyl)benzoic acid,
1,2-ethanedisul fonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4 cillorobenzenesulfonic acid, 2-naplathalenesulfonic acid,
camphorsulfonic acid, 4-methylbicyclo[2.2.2.]oct 2 clic I carboxylic acid,
glucoheptonic acid, gluconic acid,
4,4'-mctbylenebisp-hydroxy-2-naphthoic)acid, 3-phenylpropionic acid,
trimethylacetic acid, tert-butylacetic acid, laurylsulfuric acid,
glucuronic acid, glutamic acid, 3-hydroxy-2-naphthoic acid, stearic acid,
muconic acid and the like. [0030] Compounds of this invention include those
compounds of formula A where one or more of the following is true: 1.aX is
S; or lbX is NI I; 2m is at least 1, preferably 1 or 2;  3. the re group
(when in is t) or an R group is a group on the 4.position (i.e. adjacent to
one of the two nitrogen atoms  on the pyrimidine ring: may be referred LO
as the 6-position if m is 2 or 3 and another substituent has naming
priority), such as 4 methyl, 4-metboxy, or Lktrifluoromethyl (preferred);
4. when in is 2, the other R' group is at the 5- or 6-position, especially
the 6-position (defined when the first R' group is at the 4-position);
typically a group that is either small  (e.g. methyl, methoxy, carboxyl, or
c,-C," alkoxycarbonvp, or a group that enhances a physicochemical property
of the molecule, such as a solubility-enhancing group;  5. n is at least 1,
preferably 1 or 2;  6. the R2 group (when n is 1) or an IIR2 group (when .n
is at least 2) is a group that enhances a physicochemical property of the
molecule, such as a solubility-enhancing group.  [0031] Generally, a
compound having a greater number of these features is preferred over a
compound having a lesser number of these features; in particular, addition
of one of these features to a compound having less than all the features
will generally result in a compound that is preferred over the compound
without that feature. 100321 Tautomerism and naming [0033] The compounds of
this invention are named and shown in this application as
2111-/-benzirnidazol-2(3/1)-ylidenei-2. (pyrimidin-2-yOacetamides and
2-lbenzothiazol2(31 T) yliderte]-2-(pyrimiclin-2-y1)acetamides, i.e.
compounds having an exocyclic double bond between the
benzimidazole/benzothinzole section and the 2-(pyrimidin-2-yOacetamide
section of the molecule. However, as will be obvious to a person having
ordinary skill in the art, the compounds are tautomeiac and may also be
named and shown as having the double bond within the imidazole/thiazole
ring and the exocyclic bond to the 2-(pyrimidin-270- acetamide being
single. Also, because there is no inherent chiral preference at the
2-carbon of the acetamide when the exocyclic bond becomes single, and
because the 2-(pyrimidin2-yFacetamide section of the molecule may rotate
relative to the benzimidazole/- benzothiazole section when the esocyclic
bond is single, the E and 7 isomers when the exocyclic bond is double also
become tautomeric. Additional keto-cnol tautomerisin at the amide, and
within the pvrimidine ring, is also possible. Further, there is additional
symmetry within the benzimidazole such that the 'l and 7-positions, and the
5- and 6-positions, on the benzimidazole are equivalent. Thus the compounds
may adopt a wide variety of at least potentially interchangeable
conformations, and the illustration or naming of a compound in this
specification and claims in a particular conformation is not intended to be
limited to that conformation but is intended to include all conformations
applicable to that compound. [0034] For parallelism, each of the compounds
of formula A is named in this specification and claims as a derivative of
2-11IT-benzimidazol-2(31-0,ylidenel-2-(pvtimidin-2-yl)acetamide or
2Tbenzothiazol-2(3.1-1)-ylidenel-2-(pyrimidin-2-yeacetamide rather than by
following the priority rules of 1UPAC naming conventions. Thus, for
example, compound 39A, the  compound of the formula  is named
2-(5-{P-(4-morpholinyl)propyllaminocarbonyl if -1
H-benzimidazol-2(31-1)-ylidene)-
2-(4-trilluoromethylpyrimidin.-2-Y1)acetamide, and compound 40A, the
compound of the formula    is named 2-(6- { 3-(4--mo rpholinyl)propyll
aminocarbonyll -benzothiazol-2(311)-ylidene)-
2-(1--trifluoromethylpyrimidin-2-Aacetamide. [0035] Compounds of this
invention include each of the compounds described n the specification and
claims of this application as filed, including in the Examples and the
compound table below, such as any one of compounds [A to 116A, and their
salts; especially any one of compounds 39A to 41A, 60A, 75A, 77A, 81A, 82A,
83A, 95A, 100A, 101 A, 117A, 138A, 139A, and 142A to 146A, and their salts;
particularly any one of compounds 41A, 75A, 83A, 139A, 142.A, 143A, and
145.A, and their salts. Composi nulls and methods, etc., of this invention
include compositions and methods, etc., where the compound is one of those
mentioned in the preceding sentence. [0036] Preparation of the compounds
[0037] In each of the Reaction Schemes shown below in the discussion of the
general synthetic methods, no substituents are shown on the benzene ring of
either the benzimidazole/benzothiazole or on the pyrimidine, but it will be
apparent that subsutuents (either the final substituents on the desired
compound, or precursors to those final substituents to be modified after
formation of the compound core) may be present, as discussed later in the
specification and as illustrated by the examples.  [0038] A first general
synthetic method, applicable to both the benzothiazole- and
benzimidazole-based compounds, involves the formation of
2-[11-/-benzimidazol2(31-1)-ylidenelacetonitrile or
2ibenzothiazol-2(3/O-ylidenelacetonitrile, followed by coupling with a
pyrimidine and hydrolysis of the nitrile to the amide (in either order),
and is illustrated in Reaction Scheme 1 below.  Reaction Scheme 1  1
[0039]In the first part of the synthesis, in the first step, a
benzene-1,2-diamine (1, X = NH) or 2-aminothiophenol (1, X = S) is coupled
with a 2-(alkoxycarbony1)- 3,3-bis(methylthio)aerylonitrile 2, such as the
ethyl or teit-but ester, to give the
2-cyano2-i1H-benzimidazol-2(31-lyylidene]acetate or
2-cya110-2-[benzothiazol-2(31-1)-ylidene1acetate 3. The reaction is carried
out in an alkanol, e.g. ethanol, optionally in the presence of an amine
base, such as 4-dimethylarninopyridine, under heating. In the second step,
the alkoxycarbonyl group is removed by hydrolysis, for example basic
hydrolysis to remove an erhoxycarbonyl group or acidic hydrolysis to remove
the preferred tert-butoxycarbonyl group, giving the 2 -pH
benzimidazol-2-yllacetonitrile or 2-[benzothiago1-2-yllacetonitrile 4.
[0040]2-(Rthoxycarbonyl)-3,3-bis(methylthio)acrylonitrile is commercially
available and its preparation described in the literature; the thd-butyl
analog may readily he prepared by the same method. [0041]In the second part
of the synthesis, the 2 1111-benzimida2ol-2-vflacetonitrile or
2-[benzothiazol-2-yllacctonitrile 4 is either coupled with a pyrimidine and
then hydrolyzed to the amide, or hydrolyzed and then coupled. If compound 4
is a 2 -[1 /]-benzimidazol2-qacetonitrile, one of the benzimidazole
nitrogen atoms may be protected with an amine-protecting group, sucli as
with ted butoxycarbonyl, preventing N-alkylation. In the
coupling/hydrolysis route, compound 4 is then coupled with a pyrimidine 5
[L is a leaving  group such as Clonethylsulfonyl, or methvIthio] in the
presence of a strong base, such as sodium hydride or lithium
hexamethyldisilazane, in an aprotic polar solvent, such as tetrahydrofuran,
to give a
2-1111-be1I7imidazol-2(3ilyylidene71-2-(pyrimidin-2-yl)acetonitrile or
2-[benzothiazol-2(31.0-ylidene1-2-(pyrimidin-2-y1)acetonitrite 6. C,ompound
6 is then hydrolyzed with concentrated sulfuric acid to give the final
2-[11-/-benzimidazol- 2(3 T -ylidene" 2 (pyrimidin-2-yOacetamide or
2-lbenzothiazol-2(313)-ylidenel-2-(pyrimidin211)acetamide 8. In the
hydrolysisjcoupling, route, the steps of the preceding sentence are
reversed: the nitrile of compound 4 is hydrolyzed to the amide, giving
compound 7, and compound 7 is then coupled with the pyrimidine 5 10 give
compound 8. [0042] A second general synthetic method, also applicable to
both the benzothiazole- and benzimidazole based compounds, involves the
formation of a2-Ii
ig-benzimidazol2(3HYylidcnel-2-(pyrimidin-2-y1)acetonitrile or
24benzothiazol-2(34-ylidene]-2-(pyrimidin2-yl)acetonitrile, followed by
hydrolysis of the nitnle to the amide, and is illustrated in Reaction
Scheme 2 below. Reaction Scheme 2    [0043]In the first step of the
synthesis, a benzene-1,2-diarnitte (1, X = NH) or 2-aminothiophenol (1, N=
S) is coupled with a 3,3-bis(methylthio)-2-(pyrimidin2-Aacrylonitrile 9 to
give a 2-11.1-1-benzimidazol 2(311) ylidenej-2-(pyrimidin-2-yljacetonitrile
or 24benzothiazol-2(311)-ylidenel-2-(pyrimidin-2-yDacetonitrile 6. The
reaction is carried out under generally the same conditions as are used in
the first step of the first half of Reaction Scheme 1. In the second step,
the compound of formula 6 is hydrolyzed to a
2-1111-benzimidazol-2(31-1)-vlidene]-2-(pyrimidin-2-yflac:etamicie or
24benzothiazol2(3/7)-ylidenel-2-(pyrimidin-2-0)acetamide 8, as in Reaction
Scheme I.  [0044] As shown in Reaction Scheme 2, the
3,3-bis(methylthio)-2-(pyrimidin2-ypac.rylonittile 9 may be prepared by the
coupling of a pyrimidine with a 2-cyanoacetate ester (for example the
fed-butyl eStel"), followed by removal of the ester group to give the
2-(2-pyrimidinypacetonitrile 11, and reaction of that with a Nanthate salt
followed by methyl iodide to give the dithioketal. The preparation of
3,3-his(methylthio)-2-(4-trifluoromethylpyrimidin-Z-ypacrylonitrile is
given in Preparative Example 4. [0045] A third general synthetic method,
applicable to the benzothiazole-based compounds, involves the coupling of a
2-(pyrimidin-2-Aacetonitrile or 2-(pyrimidin2-yljacetamide with a
2-chloro-benzothiazole, followed by hydrolysis of the nitrile if necessary,
as shown in Reaction Scheme 3. Reaction Scheme 3 [0046]In this synthesis,
the benzothiazole 10 [1. is a leaving group] is coupled with a
2-(pyrimidin-2-ypacetonitrile 11 or 2-(pyrimidin-2-ypacetamide 12 in the
presence of a strong base, such as sodium hydride, in an aprotic polar
solvent, such as tefrahydrofuran, to give a
24benzothiazol-2(31-0-ylidene1-2-(pyrimidin-2-yOnce.toniiiile 6 or
2-lbenzothiazol2(31.0-ylidene]-2-(pyrimidin-2-y1)acetamide 8. if the
compound of formula 6 has been prepared, it is then hydrolyzed to a
compound of formula 8, as in Reaction Scheme 1. [0047] A fourth general
synthetic method, also applicable to the benzothiazole based compounds,
also involves coupling of a 2-(pyrimidin-2-yl)acetonitrile or
2-(pyrimidin-2-v1)- acetamide, here with a phenyl isothiocyanate, typically
formed from an aniline, followed by ring closure and hydrolysis of the
nitrite if necessary, as shown in Reaction Scheme 4. This method is
particularly attractive for compounds with complex sidechains on the
benzene ring of the benzothiazole because the preparation of substituted
anilines is \veil known.  Reaction Scheme 4 [0048] In the first step of the
synthesis, the phenyl isothiocyanate 14 (which may be readily prepared by
reaction of an aniline with thiophosgene) is coupled with a
2-(pyrimidin2-yl)acetonitrile 11 or 2 -(pyrimidin-2-y1)acetamide 12 in the
presence of a base to give a
3-(phenylamino)-2-(pyrimidin-2(14-ylidene)-3-thioxo-propionitrile 15 or
3-(phenylamino 2-(pyrimidin-2-0-341}ioxopropanamide 16. In the second step,
ring closure of the compound of formula 15 or 16 is achieved by reaction
with an agent such as bromine/acetic acid or potassium ferricyanide, to
give a 2-libenzothinzol-2(3./-.0-ylidenef  2-(pyrimidin 2 yl) acetonitrile
6 or 21benzothinzol-2(3H)-ylidenel-2-Qpyrimidin-2-Aacetamide 8. If the
compound of formula 6 has been prepared, it is then hydrolyzed to a
compound of formula 8, as in Reaction Scheme 1. 10049] A fifth general
synthetic method, also applicable to the benzothiazolc-based compounds,
involves the Formation of a 2-lbenzothiazol-2(31-1)-ylidenelmalononitrile,
followed by conversion of one of the ninile groups to an imidare and then
to an The amidine is reacted with a p-diketone or equivalent to form the
pyrimidine ring, and the other nitrile hydrolyzed to the corresponding
carboxamide; or the amidine nitrile may be hydrolyzed and then reacted with
the p-diketone or equivalent, as shown in Reaction Scheme 5. This method is
particularly attractive for forming compounds where the substituted
pyrimicline is not available as a starting material.  Reaction Scheme 5    



[0050] In the first step, the benzothiazole 10 [Lisa leaving group, as in
Reaction Scheme 4] reacts with malononitrile in the presence of a strong
base, such as sodium ethoxide in ethanol, to give the
2-lbenzothiazol-2(31-1)-ylidene]malononitrile 17. Reaction of this nitrile
in suspension in a polar solvent with gaseous hydrogen chloride gives the
2-lbenzothiazol2(311)-ylidenel-2-eyanoacetimidatc 18, and reaction of the
imidate- with ammonia gives the corresponding 21benzothiazol 2(31 I)
vlidencl-2-cyanoacetamidine 19. Compound 19 is then reacted with a
p-diketone or equivalent, such as 2,4-pentanedione or ethyl
3-oxo4,4,4-trifluorobutyrate, to form the pyrimidine ring [substituents not
shown] of the compound of formula 6, in the presence of a base such as
sodium etboxide in an aprotic solvent under strong (e.g. microwave)
heating. Finally, the compound of Formula 6 is hydrolyzed to a compound of
formula 8, as in Reaction Scheme 1. If the order is reversed, so that the
hydrolysis is performed before the coupling, the hydrolysis proceeds as in
Reaction Scheme 1, and the coupling may take place under milder conditions.
[0051] Compounds of formula A may be converted to salts by reaction with
the appropriate acids, using techniques well known to a person of ordinary
skill in the art for the formation ofaddition salts. The acid used, and the
reaction conditions, may be chosen to give salts that arc pharmaceutical],
acceptable and Mat have a form convenient for isolation and formulation,
such as a solid form (for example, amorphous or atstalline).  [0052]
Compounds for a use, compositions, and uses [0053] The second aspect of
this invention is the compounds of the first aspect of this invention for
use as kinasc inhibitors, especially as an inhibitor of Aurora kinase and
optionally VEGFR2 kinase, particularly for the treatment of cancer. The
third aspect of this invention is pharmaceutical compositions comprising a
compound of the first aspect of this invention and optionally a
pharmaceutically acceptable excipient. The fourth aspect of this invention
is the use of the compounds of the first aspect of this invention as kinasc
inhibitors; and the fifth aspect of this invention is the use of the
compounds in the manufacture of medicaments for kinase inhibition,
especially for the treatment of cancer. [0054] The compounds of the first
aspect of this invention may be administered by any route suitable to the
subject being treated and the nature of the subject's condition. Routes of
administration include administration by injection, including intravenous,
intraperitoneal, intramuscular, and subcutaneous injection, by transmucosal
or transdermal delivery, through topical applications, nasal spray,
suppository and the like or may be administered orally. Formulations may
optionally be liposomal Formulations, emulsions, formulations designed to
administer the drug across mucosal membranes or transdermal formulations.
Suitable formulations for each of these methods of administration may be
found, for example, in Remington: The Science anti Practice of.Pharm (fey,
20th ed., A. Gennaro, ed., T.ippincott Williams & Wilkins, Philadelphia,
Pennsylvania, ii.S.A. Typical formulations will be either oral or solutions
for intravenous infusion. Typical dosage forms will be tablets Or capsules
for oral administration, solutions for intravenous infusion, and
lyophilized powders for reconstitution as solutions for intravenous
infusion. [0055] Depending on the intended mode of administration, the
pharmaceutical compositions may be in the form of solid, semi solid or
liquid dosage forms, preferably in unit dosage form suitable for single
administration of a precise dosage. In addition to an effective amount of
the active compound(s), the compositions mav contain suitable
pharmaceutically-acceptable excipients, including adjuvants which
facilitate processing of the active compounds into preparations which can
be used pharmaceutically. "Pharmaceutically acceptable excipient" refers to
an excipient or mixture of excipients which does not interfere with the
effectiveness of the biological activity of the active compound(r) and
which is not toxic or otherwise undesirable to the subject LO \VLLICli IL
is icinlinistered.  [0056] For solid compositions, conventional excipients
include, for example, pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharin, talc, cellulose, glucose, sucrose,
magnesium carbonate, and the like. Liquid pharmacologically administrable
compositions call, for example, he prepared by dissolving, dispersing,
ctc., an active compound as described herein and optional pharmaceutical
adjuvants in water or an aqueous excipient, such as, for example, water,
saline, aqueous dextrose, and the like, to form a solution or suspension.
If desired, the pharmaceutical composition to be administered may also
contain minor amounts of nontoxic auxiliary excipients such as wetting or
emulsifying agents, pii buffering agents and the like, for example, sodium
Acetate, sorbitan monolaurate, triethanolamine sodium acetate,
tricthanolamine oleatc, etc. [0057] For oral administration, the
composition will generally take the form of a tablet or capsule, or it may
be an aqueous or nonaqueous solution, suspension or syrup. Tablets and
capsules are preferred oral administration forms. Tablets and capsules for
oral use will generally include one or more commonly used excipi ems such
as lactose and corn starch. Lubricating agents, such as magnesium stearate,
are also typically added. When liquid suspensions are used, the active
agent may be combined with emulsifying and suspending excipients. If
desired, flavoring, coloring and/or sweetening agents may he added as well.
Other optional excipients for incorporation into an oral formulation
include preservatives, suspending agents, thickening agents, and the like.
[0058] Injectable formulations can be prepared in conventional forms,
either as liquid solutions or suspensions, solid forms suitable for
solubilization or suspension in liquid prior to injection, or as emulsions
or liposornal formulations. The sterile injectable formulation may also he
a sterile injectable solution or :I suspension in a nontoxic parenterally
acceptable diluent Of solvent. Among the acceptable vehicles and solvents
that may be employed are water, Ringer's solution and isotonic sodium
chloride solution. In addition, sterile, fixed oils, fatty esters or
polyols are conventionally employed as solvents or suspending media. [0059]
The pharmaceutical compositions of this invention may also be formulated in
lyophilized form for parenteral administration. Lyophilized formulations
may be reconstituted by addition of water or other aqueous medium and then
further diluted with a suitable diluent prior to use. The liquid
formulation is generally a buffered, isotonic, aqueous solution. Examples
of suitable diluents are isotonic saline solution, 5% dextrose in water,
and buffered sodium or ammonium acetate solution. Pharmaceutically
acceptable solid or liquid  excipients may be added to enhance or stabilize
the composition, or to facilitate preparation of the composition.  [0060]
Typically, a pharmaceutical composition of the present invention is
packaged in container with a label, or instructions, or both, indicating
use of the pharmaceutical composition in the treatment of cancer. [0061]
The pharmaceutical composition may additionally contain one or more other
pharmacologically active agents in addition to a compound of this
invention. These additional active agents will typically be useful in
treating cancer, or for enhancing the treatment of cancer by compounds of
this invention. [0062] Methods of using the compounds [0063] The compounds
of the first aspect of this invention have activity against human cancer
cell lines, as demonstrated in the in vitro and in "IVO Examples below, and
are therefore considered to be useful as human cancer chemotherapeutic
agents, for the treatment of human cancers. [0064] Thus, Me sixth aspect
cif this iiivention includes methods of treating cancer in humans by,
administering a therapeutically effective amount of a compound of the first
aspect of this invention, or a pharmaceutical composition of the third
aspect of this invention, to the human. Optionally, the methods further
comprise treating the human with another anticancer therapy, such as a
therapy already conventional for the cancer being treated. [0065] Cancers
that are particularly treatable by the method of this invention are cancers
with sensitivity to Aurora kliMSC inhibitors and also to inhibitors of
angiogenesis (such as to VEGFR2 kinasc inhibitors), and especially those
cancers that overexpress one or more Aurora hinases. Such cancers include
those mentioned in paragraphs [0002] and [0003] above and the documents
cited in those paragraphs. Cancers particularly treatable by the method of
this invention include solid maThmancies such as colorectal, lung, breast,
ovarian, pancreatic, bladder, brain, gastrointestinal, and kidney cancers,
and hematological malignancies such as leukemias, especially Al J. and
CMT., lymphomas, and myelodysplastic syndrome. [0066] The amount of the
compound of the first aspect of this invention that is administered to the
human (either alone or, more usually, in a composition of the third aspect
of this invention) should be a therapeutically effective amount when used
alone or  when used in conjunction with the another anticancer therapy (if
the compound of the first aspect of this invention is administered in
conjunction with another anticancer therapy); and similarly the amount of
the another anticancer therapy that is administered to the human (if the
compound of die first aspect of this invention is administered in
conjunction with another anticancer therapy) should be a therapeutically
effective amount when used in conjunction with the compound of the first
aspect of this invention. However, the therapeutically effective amount of
either the compound of the first aspect of this invention and the amount of
the another anticancer therapy when administered in combination cancer
chemotherapy may each be less than the amount. which would be
therapeutically effective if delivered to the human alone. It is common in
cancer therapy, though, to use the maximum tolerated dose of the or each
therapy, with a reduction only because of common toxicity of the therapies
used or potentiation of the toxicity of one therapy by another. [0067] "I
he compounds of the first aspect of this invention, or pharmaceutical
compositions of the third aspect of this invention, are thus used to treat
cancer in humans requiring such treatment, by administering a
therapeutically effective amount of the chosen compound or composition.
Therapeutically effective amounts of compounds of the invention are in the
range of 10 - 10,000 mg/m2, for example, 30- 3000 mg/m2 or 100 - 1000
ing/mz. Dosing may be at 1 - 35 day intervals; for example, about 500 1000
mg/m2 at 1 - 5 week intervals, especially at 1, 2, 3, or week intervals, or
at higher frequencies including as frequently as once/day for several (e.g.
5 or 7) days, with the dosing repeated every 2, 3, or 1 weeks, or constant
infusion for a period of 6 - 72 hours, also with die dosing repeated every
2, 3, or 4 weeks. Suitable dosages and dose frequencies will be readily
determinable by a person of ordinary skill in the art having regard to that
skill and this disclosure. No unacceptable toxicological effects are
expected when compounds of the invention are administered in accordance
with the present invention. [0068]A person of ordinary skill in the art of
cancer therapy will be able to ascertain a therapeutically effective amount
of the compound of the first aspect of this invention and a therapeutically
effective amount of another anticancer therapy (if the compound of the
first aspect of this invention is administered as a part of a
chemotherapeutic combination) for a given cancer and stage of disease
without undue experimentation and in reliance upon personal knowledge and
the disclosure of this application.  [0069] Examples [0070] The following
examples illustrate the preparation of compounds of this invention, and
their activity in predictive in vitro and in vivo anticancer assays. [0071]
Preparative and Synthetic Examples. [0072] The compounds of this invention
are prepared by conventional methods of organic chemistry. See, for
example, Larock, "Comprehensive Organic ransformations", Wiley\ICH, New
York, New York, U.S.A. In some cases, protective groups may be introduced
and later removed. Suitable protective groups are described in Greene et
al. "Protective Groups in Organic Synthesis", 2nd ed., 1991, John Wiley and
Sons, New York, New York, U.S.A. The compounds of this invention can be
synthesized, generally following the synthetic schemes illustrated earlier
in this application, as shown in the following examples or by modifying,
the exemplified syntheses by means known to those of ordinary skill in the
art. Preparative examples refer to the preparation of intermediates useful
in the synthesis of compounds of this invention; synthesis examples refer
to the synthesis of compounds of this invention. Compound numbers refer to
the table immediately following these examples. [0073] Preparative Example
1. Preparation of 1\r ethyl 3 (4 morpholinyl)propan-I -amine, a sidechain
intermediate for compound "11A. [0074] 3-(4-Morpholinyl)propan-1-amine
(35.0 g, 243 mmol) was dissolved in tetrahydrofuran (THE, 250
mL),dicarbonate (58.0 g, 266 mmol) and NN diisopropylethylamine (DIPEA, 84
mf 484 mmol) were added, and the solution was stirred ovcring,ht. The
solvent was removed and the residue partitioned between ethyl acetate (EA)
and 1.2M hydrochloric acid (300 mL). The phl was raised to with saturated
aqueous sodium bicarbonate and the layers separated. The aqueous layer was
ex traded twice with EA (150 mt. each), and the EA layers were combined,
washed with brine, and dried over magnesium sulfate. The solvent was
removed, giving ieri-butyl 3-(4-morpholind)propylcarbamate (39 g).
"I'ert-hutyl 3-(4-morpholinyl)propylcarbamate (3.5 g, 14.3 mmol) was
dissolved in THE (30 mL), and sodium hydride (60% dispersion in mineral
oil, 1.03 g, 25.8 mmol) was added in portions. After stirring for 5 min,
ethyl iodide (13.4 g, 86.0 mmol) was added and the mixture was heated to
60C for 7 hr then stirred at room temperature overnight. Water (5 mi.) was
added and the solvent removed. The residue was dissolved in EA, and the
solution was washed with brine, dried over magnesium sulfate, and the
solvent removed to give crude 47d-butyl
ethylp-(4-morpho1inyhpropy1lcarbamate (2.5 g). Purification  by silica gel
chromatography eluting with 92:8 dichlotomethane/methanol (DCM/Me01-1) gave
purified krt-butyl ethylp-(4-morpholinyl)propylicarbainate (1.4 g).
Purified tert-butyl ethyl [3-(4-morpholinyppropy]catbamate (350 mg, 1.3
mmol) was dissolved in 4.0A4 hydrogen chloride in dioxai ie (5 niT, 20
rurnol) and stirred for 45 min. Water was added 'mid the solution made
basic with 2M aqueous sodium hydroxide. The product was extracted into EA,
and the EA extract washed with brine and dried over magnesium sulfate.
Removal of the EA gave N ethyl 3 (4 morpholinyl)propan-l-amine (50 mg).
100751 Preparative Example 2. Preparation ofd-trifluoromethyl 2
methylthio-6-(pyridin 2-yl)pyrimidine, an intermediate to compound 11A by
Reaction Scheme 1. [0076] To a solution of
4,4,4-tritluoro-1-(pyridin-2-yObutane-1,3-dione (1.0 g, 4.6 mmol) in
ethanol (10 ml,) was added 2-methyl-2-thiopseudourea sulfate (0.64 g, 4.6
mmol), followed by sodium ethoxide (3.0 mL of 21 wt.(1/0 solution in
ethanol, 9 mmol). The mixture was heated at reflux for 9 h, then cooled to
room temperature and extracted with EA. The EA was washed with water and
the solvent removed under reduced pressure. The crude product was pudfied
by column chromatography, eluting with 49:1 chloroform /Me0H, to give
4-trifluorome1hyl-2-methylthio-6-(pyridin-2-Apyrimidine (0.21 g, 17% yield)
as an off-white solid. [0077] Preparative Example 3. Preparation of
(2-chloro-4-trifluoromethylpyrimidin-5-y1)- (il
methylpiperazin-I-yOmethanone, an intermediate to compound 130A by Reaction
Scheme 1. [0078] N-Methylpiperazine (0.11 mL, 1 mmol) was added to a
solution of 2-chloro4-trifluoromethylpyrimidine-5-carbonyl chloride (0.24
g, 1 mmol) in DCM (4 mt.) at 0C. The mixture was stirred at that
temperature for 1 lit, and the solvent was then removed under vacuum to
give (2 chloro-d-ttifluoromethylpyrimidin-5-y1)(4-methylpiperazin 1 yl)
methanone as a solid. [00791 Other 2-chloro-substituted pyrimidines,
iatermediates to compounds 13111 to 136A, were similarly prepared. [0080]
Preparative Example 4. Preparation of
3,3-bis(methylthio)-2-[(4-trifluoromethylpynmidin 2-vbacrylonittile, an
intermediate in Reaction Scheme 2. [0081]ted-Butyl 2 cyano 2 [4
trinuoromethylpyrimidin-2(l11)-ylidenelacetate. iert-Butyl 2 cyanoacetaie
(97.45 g, 690 mmol) was dissolved in anhydrous TI-IF (I L), and cooled on
an ice-bath for 90 min with stirring under nitrogen. A EM solution of
lithium  hexamethyldisilazane in THF (690 mi., 690 mmol) was added
dropwise. The mixture was stirred for an additional 1 hr, then 2-
chloro-4-trifluoromethylpyrimidine (105 g, 590 mmol) was added dropwise.
The mixture was then heated to 50C for 3 hr with stirring under nitrogen,
allowed to cool, and the solvent removed under reduced pressure.
Hydrochloric acid (IN) was added to the residue to achieve a pH of 1-2. The
precipitated solids were collected by filtration and dried under vacuum to
give ted-butyl 2-cyano-2-[4-trifluoromethy1pyrimidin-2(1E1My1idenciacetate
(135 g, 82% yield) as a bright yellow solid, >98% pure by LC/MS. tert-Butyl
2-cyano-2-[4-milluoromethy1pyrimidin-2(1T-0-ylidenelacetate (48 g; 166
mmol) was suspended in 4M hydrogen chloride in clioxane (415 mi., 1.66
inn]) and the mixture stirred at room temperature for 6 hr, then
concentrated under reduced pressure to give
2-(4-trilluoromethylpyrimidin-2-ypacetonitrile (31 g, 100% yield) as an
orange oil, >98A, pure by LC/MS. To a stirred solution of
2-(4-tritluoromethylpyrimidin-2-ypacetonitrile (31.0 g; 166 inmol) in
absolute ethanol (800 mL) was added potassium O-ethylxanthate (26.6 g; 166
mrnol) followed by potassium carbonate (45.8 g; 332 mmol). The mixture was
heated to 100C for 3 In, cooled to room temperature, iodomethane (47.1 g;
332 mmol) added dropwise, and IN hydrochloric acid (2 T.) added. The
resulting mixture was extracted with DCM (1.5 L), and the DCM layer was
washed twice with brine (1 L each). The solvent was removed under reduced
pressure to give
3,3-bis(methylthio)-2-(4-tritluromethylpyrimidim2-ypacrylonitrile (36 g,
75% yield) as a light brown solid, >95% pure by LC/MS. 10082] Preparative
Example 5. Preparation of 4-1(11 Lirnidazol- -yOmethyllhenzene1,2-diamine,
and intermediate to compound 90A by Reaction Scheme 1 or 2. 100831
Potassium carbonate (1.18 g, 8.51 mmol) was added to a stirred solution of
4-(bromomethyl)-2-fluororl-nitrobenzene (2.0 g, 8.55 mmol) and irnidazole
(581 mg, 8.58 mmol) in acetonitrile (40 mL), the mixture stirred at room
temperature for 3.5 h, the solvent removed under reduced pressure, and the
residue partitioned between water and EA. The aqueous layer was extracted
three times with EA, then the combined EA layers were extracted three times
with IM hydrochloric acid, The pH of the combined aqueous lavers was
adjusted to 8 with 5M aqueous sodium hydroxide, and the resulting milky
solution was extracted three times with 'RA. 'rhe EA layers were combined,
-waslled xviii brine, and dried over magnesium sulfite. Filtration and
concentration gave 1-(3-11uoro-4-nitrobenzy1)- 117 imidazole (911 mg),
which contained about 150/c of a bis-alkylated imidazole byproduct.
1-(3-Fluoro-4-nitrobenzy1)-1H-imidazole (914 mg) was treated with an
ethanolic ammonia solution (2M NH3, 55 mL) in a sealed tube heated to 80C
for 2 days. After cooling, the  solvent was removed to give
5-1(1H-imidazol-1-yOmethyll-2-nitrobenzeneamine (1.0 g) as an orange solid.
5-[(11-i-Imidazol-1-yOmethyq-2-nitrobenzenearnine (1.0 g, 4.77 mmol) was
dissolved in a 10% solution of dimethylformamide in ethanol (44 mL), and
-10% palladium on carbon (130 lug, 0.12 mmol) was added. The solution was
degassed and stirred under a hydrogen atmosphere using a balloon for 1 day.
Following degassing, the solution was ciliated with Me0I-I and filtered
through diatomeaccous earth, giving [(1 T imidazol -
1-Arnethypenzene-1,2-diamine (1.08 g) as a brown oil.  1.0084] Preparative
Example 6. Preparation of
N-(3,4-diaminophenyl)-2-(1H-imidazol1-yfiacetamide, an intermediate to
compound 86A by Reaction Scheme 1 or 2.  [0085] To a solution of
11Iimidazole-1-ylacetic acid (284 mg, 2.25 mmol) and
2-nitrobenzene-1,4-diamine (324 mg, 2.12 minol) in acetonitrile (20 mL) was
added 3-diethoxyphosphowloxy-1,2,3-benzotria2in-4(3 T1)-one (DEPBT, 632 mg,
2.11 mmol) and triethylamine (600 p.T., 4.4 mmol). The mixture was stirred
for 4 d at room temperature. The red precipitate was collected by
filtration and washed with acetonitrile to give N
(4-amino3-nitropheny0-2-0H-imidazo1-1-yLacetamide (430 mg, 88% yield), 98%
pure. A solution of N-(4-amino-3-nitropheny1)-2-(1h-imidazo1-111)acetamide
(431) mg, 1.65 minol) in ethanol (20 mi.) was hydrogenated at atmospheric
pressure with 10% palladium on carbon (100 mg, 0.09 mmol) at room
temperature overnight. The mixture was filtered, giving a blue solution.
Removal of the solvent under reduced pressure gave
N-(3,4-diaminopheny1)-2-(1TI-imidazol1-0)acetamide (413 mg) as a blue
semi-solid. [0086] Preparative Example 7. Preparation of
N-(3,4-diaminophenyI)-2-(diethylamino)- acetamide, an intermediate to
compound 75A by Reaction Scheme 1 or 2. [0087]2-Nitroben7ene-1,4-cliamine
(1.55 g, 10.1 minol)"Al,N diethylglycine sodium salt (1.61 g, 10.6 mmol)
and DEPBT (3.02 g, 10.0 mmol) were suspended in acetonitrile (75 mL).
Triethylamine (2.8 nil., 20.0 mmol) was added and the solution stirred
overnight at room temperature. The brown precipitate which was formed was
filtered and discarded, The filtrate was concentrated and the residue
partitioned between EA and saturated aqueous sodium bicarbonate. The
organic phase was washed with Wa tel and diet with brine, dried over sodium
sulfate, and the solvent removed under reduced pressure. The residue was
dissolved in ethanol (50 ml.) and hydrogenated at atmospheric pressure with
10% palladium on charcoal (1.0 g, 0.9 mind) at room temperature overnight.
Filtration and concentration under reduced pressure gave
N-(3,4-diaminoplieny1)-2-(diethylamino)acetamide as a light brown
semi-solid, which solidified and turned blue on standing.  [0088]
Preparative Example 8. Preparation of 4-(pyridin-3-34)-benzene 2-diami e,
an intermediate to compound 107A by Reaction Scheme 1 or 2.  [0089]
4-Amino-3 mitrophenylboronic acid pinacol ester (1.60 g, 6.06 minol),
3-bromopyridine (1.10 g, 6.96 mmol), cesium carbonate (3.33g, 10.22 mmol)
and 1,1Lbis(diphenylphosphino)ferrocenc-palladium(II) dichloride DCM
complex (491 mg, 0.60 mmol) were suspended in dimethylformamide (20 ml).
The solution was degassed by vacuum several times and placed in an argon
atmosphere. It was then heated to 65C, for 6 hr. After cooling, EA (100 mL)
and water (40 mi) were added. When additional water (50 mL) was added to
the organic layer, a precipitate was formed in the separatory funnel. The
biphasic solution was filtered, and the filtrate was transferred to the
separatory funnel and separated. The organic phase. was washed twice with
water (50 Mr. each), then with brine, and then dried with sodium sulfate
and concentrated under reduced pressure to give
2-nitro-4-(pyridin-3-yObenzenamine (1.18 g).
2-Nitto-4-(pyridin-3-yObenzenamine (700 mg, 3.26 mind) in 1:1 ethanol/EA
(10 ml) was hydrogenated at atmospheric pressure with 10% palladium on
carbon (90 mg, 0.08 mmol) at room temperature for 2 days. Filtration and
concentration under reduced pressure gave 4- (pyridin 3 yl)
benzene-1,2-diamine (621 mg). [0090] Preparative Example 9. Preparation of
N-(3,4-diaminophenv1)-2-(diethylamino)- N-ethylacetamide, an intermediate
to compound 139A by Reaction Scheme 1 or 2. 



[0091]A solution of 2-nitrobenzene-1,4-diamine (2.00 g; 13.1 mmol), dimert
butyl dicarbonate (3.14 g, 14.4 mmol), and DIPEA (2.6 inL; 14.9 mmol) in
dioxane (40 mL) was heated at mil 1TX for /10 min, then allowed to cool to
room temperature. The mixture was concentrated under reduced pressure and
taken up in EA (100 mg The EA solution was washed with water and the
aqueous phase extracted with EA. 'The combined organic layers were washed
with saturated aqueous sodium bicarbonate and brine, dried over magnesium
sulfate, and concentrated under reduced pressure to give tent butyl 3
amino-1 -nitroohenylcarbarnate in quantitative yield as a brown solid. To a
stined solution of toy-butyl 3-amino4-nitrophenylcarbamate (2.74 g; 10.8
mmol) in anhydrous Till' (50 int.) was added sodium hydride (0.868 g of a
60 wt% dispersion in oil, 21.7 minor) in portions over 10 min. The mixture
was stirred for a further 5 mm at room temperature and then iodoethane (950
VI; 11.9 mmol) was added. The solution was stirred for 20 hr, water (1 mL)
was added, and the  solution concentrated under reduced pressure. The
residue was partitioned between EA and water and the phases separated. The
aqueous phase was extracted twice with EA and the combined organic phases
washed with water, saturated aqueous sodium bicarbonate and brine. The
organic solution was dried over magnesium sulfate and concentrated under
reduced pressure to give a mixture of mono- and di-ethylatcd products (2.18
g). This was purified by silica gel column chromatography eluting with 1:4
EA/hexanes to give tert-butyl 4-amino-3-nitrophenyl(ethyl)carbamate (0.534
g) as an orange solid. A solution of ten-butyl
4-amino-3-nitrophenyl(ethyecarbamate (0. 514 g; 1.83 mmol) in 4M hydrogen
choride in dioxane (10 mT.) was stirred at ambient temperature for 3 hr.
the solvent was removed under reduced pressure and the residue dissolved in
water. The pH was adjusted to 10 with 1M aqueous sodium hydroxide and the
aqueous phase was extracted three times with nA. The combined organic
extracts were washed with brine, dried over magnesium sulfate, and
concentrated under reduced pressure to give
.N'ethyl-.3-nitrobenzene-1,4-diamine (0.311 g) as a purple solid.
NTLEthyl-3-nitrobenzene-1,4-diamine (0.208 g; 1.38 mmol) was dissolved in
acetonitrile (10 mL) and N,N-diethylglycine sodium salt (0.192 g; 1.25
mmol) and DEPBT (0.375 g; 1.25 mmol) were added, followed by triethylamine
(577 ii,L; 4.14 mmol). The mixture was stirred at room temperature-for 8
hr; and then further quantities of NN-diethylglycine sodium salt (0:192 g;
1.25 mmol), DEPBT (0.375 g; 1.23 mmol), and triethylatnine (577 ,,LL; 4.14
wino]) were added and stirring continued for 63 hr. Solids were removed by
filtration and the filtrate concentrated under reduced pressure. Water was
added to the residue and the p11 was adjusted to 10 with saturated aqueous
sodium bicarbonate. This solution was extracted three times with LA, and
the organic extracts combined, washed with water and brine, dried over
magnesium sulfate, and concentrated under reduced pressure to give N-(4
amino-3-1lltropheny1)-2-(diethylamino)-N-ethy1acetamide (0.303 g) as a
brown oil. A solution of
N-(4-amino-3-nitroplacny1)-2-(diethylamino)-N-ethylacctamide (0.092 g; 0.31
mrnol) in ethanol (5 ml ) was hydrogenated at atmospheric pressure with 10%
palladium on carbon (It mg) at room temperature for 22 hr. The mixture was
filtered through diatomaceous earth, washing with ethanol, and the filtrate
was concentrated under reduced pressure to give
2'J-(3,4-diaminopheny1)-2-(diethylamino)-N-ethylacemmide in quantitative
yield as a brown oil. [0092] Preparative Example 10. Preparation of
4-(4-methylpipera7ini-ypben7ene1,2-cliamine, an intermediate to compound
119A by Reaction Scheme 1 or 2.  [0093] A solution of
5-fluoro-2-riltrobenzenamine (3.0 g, 18.1 minol), triethylamine (5.0 mL,
36.3 mind), and 1-methylpiperazine (2.0 mL, 18.1 mmol) in dioxane (25 mL)
was heated at reflux for 18 hr. After cooling to room temperature, the
mixture was concentrated under reduced pressure and the residue dissolved
in DCM (100 mi.). This solution was washed with saturated aqueous sodium
bicarbonate followed by brine, then dried over magnesium sulfate and
concentrated under reduced pressure to give
5-(4-methylpiperazinl-y1)-2-nitrobenzenamine ( 3.25 g) as a dark brown
solid. A solution of 5-(4-methylpiperazin1-y1)-2-nitrobenzenamine (3.25 g;
117 mmop in absolute ethanol (40 mL) was hydrogenated at atmospheric
pressure with 100/a palladium on carbon (0.30 g; 2.7 mmol) at room
temperature for 17 hr. The mixture was filtered through diatomaceous earth
and concentrated under reduced pressure to give
4-(4-methylpiperazin-i-yl)benzene-1,2-chamine (2.36 g). [0094]Preparative
Example 11. Preparation of 4 12 (111-imidazol-1-yl)ethoxy]- benzenamine, an
intermediate to compound Ii7A by Reaction Scheme 4. [0095]
1-(1-1ydroxyethyl)imidazole (5.30 g; 47.3 mmol) was dissolved in anhydrous
IMF (50 mL) and cooled in an ice-bath. Sodium hydride (2.08 g of a 60 wt%
dispersion in oil, 52.0 mmol) was added in portions over 10 min. The
ice-bath was removed, and the mixture was stirred at room temperature for
20 min. A solution of 1-fluoro-4-nitrobenzene (5.0 mi., 47.2 mmol) in
anhydrous THF (10 ml.) was added over 5 min and the mixture stirred for a
further 1.5 hr. Water (a few ml) was cautiously added and the mixture
concentrated under reduced pressure. The residue was partitioned between RA
(75 mL) and water (75 int), and the phases separated. The aqueous phase was
extracted twice with EA and the combined organic layers extracted three
times with IN hydrochloric acid. The PIT of these acidic extracts was then
adjusted to 7 with 5N aqueous sodium hydroxide and the resulting milky
solution extracted three times with EA, The combined organic extracts were
washed with water and brine, then dried over magnesium sulfate and
concentrated under reduced pressure to give
1-(2-(4-nitrophenoxv)ethyI)-1M-imida7ole (5/16 g) as a brown oil. A
solution of 1-(2-(4-nitrophenoxv)ethyl)-1N:imidazole (5.46 g; 2.34 mmol) in
ethanol (60 ml.) was hydrogenated at atmospheric pressure with 10%
palladium on carbon (0.40 n at room temperature for 20 hr. The mixture was
filtered through diatomaceous earth and then concentrated under reduced
pressure to give 4 [2 (II T-imidazo11-0)ethoxylbenzenamine (4.56 g) as a
white solid.  [0096] 4-[3-(4-methylpiperazin4-0)propoxylbenzenamine was
similarly prepared using 1-(3-hydroxypropyI)-4-methylpiperazine; 4(4
methylpiperazinThypethoxylbenzenamine was similarly prepared using 1 (2-
hydroxyethyl)-4-methylpiperazine; 442-(4-morpholin-l-y1)-
ethoxylbenzenamine was similarly prepared using
4-(2-hydroxyethyl)morpholine; and 4[2-(dimethylamino)ethoxylbenzenamine was
similarly prepared using 2-(climethy1amino)- ethanol. Other anilines with
oxygen-linked sidechains may be similarly prepared; in sonic cases, for
example, the preparation of 4-(pyridin-3-yloxy)benzenamine from
3-hydroxypyridine and the preparation of 4 [3 (4
morpholin-1-yl)propoxyjbenzenamine from 4-(3-hydroxypropyl)morpholine, less
stringent reaction conditions, such as the use of potassium carbonate as
the base, were found to be sufficient. 3-12-(4-Morpholin-l-y1)-
ethoxylbenzenamine was prepared using 3-nitrophenol and
4-(2-chloroethyl)morpholine, with cesium carbonate as the base; and other
anilines with oxygen-linked sidechains may be similarly prepared. [0097]
Preparative Example 12. Preparation
of4-14-(piperidin-1--yl)piperidin-1--ylk benzenamine, an intermediate to
compound 121A by Reaction Scheme 4. [0098] A solution of I--fluoro 4
-nitrobenzene (t.3 mL, 12.3 mmol), triethylamine (6.0 mL; 43.0 mmol) and
4-(piperidinThyppiperidine (2.36 g; 14.0 mtnol) in dioxane (10 mL) was
heated at reflux for 18 hr. After cooling to room temperature the mixture
was concentrated under reduced pressure and the residue dissolved in DCM
(150The DCM solution was washed with saturated aqueous sodium bicarbonate
and brine, then dried over magnesium sulfate and concentrated under reduced
pressure to produce a yellow solid. HeNatICS were added and the suspension
briefly sonicated. The solid was collected by filtration and washed with
hexaries to give 1-(4-nitropheny1)-4-(piperidin-1-yppiperidine (3.05 g) as
a yellow solid. A solution of 1
-(4-nitroplieny1)-4-(pipericlin-1-yDpiperidine (3.05 g; 10.5 mmol) in
ethanol (20 mL) was hydrogenated at atmospheric pressure with 10% palladium
on carbon (0.251 g) at room temperature for 17 hr. 'file mixture was
filtered through diatomaceous earth and concentrated under reduced pressure
to give 4-f4-(piperidin-I-Apiperidinl-ylibenzenamine (2.01 g) as a
put-plc/pink solid. [0099] 4-[4-(Morpholin-4-yl)piperidin-1-yl]benzenamine
was similarly prepared from d (morpholin--1-yppiperidine;1
-(4-inethylpipera2in-1 -yl)benzenamine was similarly prepared from 1-me thy
p iperaz e; and- methyl[2-(pip eridme- t -y1.) ethyl] he nzen e-1,4-d iami
ne was similarly prepared from N-rnethvI-2-(piperidine-1-y1)ethanamine.
Other anilines with nitrogen-linked sidechains may be similarly prepared,
generally with primary or secondary - 27 -  introgens, such as those on the
sidechains of compounds 123A and 124A, protected with a group such as
tert-butoxycarbonyl after the initial coupling with
thel-fluoro-4-nitrobenzene and the protecting group removed prior to the
final hydrolysis step of the synthesis in which the resulting and tuts are
used. 101001 Preparative Example 13. Preparation of
4-{(111I-imidazol-1-0)methyljbenzeniunine, an intermediate to compound 89A
by Reaction Scheme 4. [0101] Potassium carbonate (2.00 g; 14.6 mmol) was
added to a stirred solution of 1-(bromomethyl)-4-nitrobenzene (3.20 g; 14.8
mold) and imidazole (1.00 g; 14.7 mrnol) in acctonitrile (60 mL). The
mixture was stirred at room temperature for 17 hr and then concentrated
under reduced pressure. The residue was partitioned between EA and water
and the phases separated. The aqueous phase was extracted twice with LA;
and the combined organic layers washed with water and brine, dried over
magnesium sulfate, and concentrated under reduced pressure to give
1-(4-nitrobenzy1)-11-/-imidazole (1.27 g) as a red/brown oil. A solution of
1-(4-nitrobenzy1)-111-imidazole (2.67 g; 13.1 mmol) in ethanol (100 niL)
was hydrogenated at atmospheric pressure with 10% palladium on carbon
(0.285 g) at room temperature for 4.5 hr. The mixture was filtered through
diatomaceous earth and then concentrated under reduced pressure to give
44(1 TI imidazol-LyOrnethyllbenzenamine (2.24 g) as a white solid [0102]
4-[(Morpholin 1 yemethyl]benzenarnine was similarly prepared from
rnorpholine, and 1-[(4-methylpiperazinsl -yFmethyllbenzenamine was
similarly prepared from 1 -methylpiperazine. Other anilines with
methylene-linked sidechains may be similarly prepared, generally with
primary OT secondary nitrogens, such as those on the sidechain of compound
94A, protected with a group such as kref--butoxycarbony1 after the initial
coupling with the 1 -fluor 1- nitrobenzene and the protecting group removed
prior to the final hydrolysis step of the synthesis in which the resulting
anilines are used. Similarly, other anilines with ethylene-linked
siclechains, such as the sidechain of compound 95A, inay he similarly
prepared using starling materials such as 1-(2-bromoethyl)-4-nitrobenzene.
[0103] Aililines with other sidechains will he readily prepared by a person
having ordinary skill in the art having regard to that skill and this
disclosure, and will be usable in the syntheses of Reaction Scheme 4. For
example, diethyl (4-nitrobenzyhphosphonate was reacted in a Wittig reaction
with pyridin-3-carboyaldehyde and the resulting 3-(4-nitrostvry1)- pyridine
hydrogenated to give 1 -[2-(pyridin-3-ypethylibenzenarnine, used to
synthesize  compound 99A, and the anilines used to synthesize compounds 97A
and 98A were similarly prepared; 4-nitrobenzaidehyde was reacted with
glyoxal and ammonia to give 2-(4-nitrophenv1)-1T/timidazole, which was
N-methylated with methyl iodide and then reduced with sialMOUS chloride to
give 4-0-methyl-1H-midazo1-2-yl)benzeramine, used to synthesize compound
106A; 2-fluoro-4 -nitrobenzoic acid was converted to the corresponding
benzoyl chloride with oxalyl chloride, then reacted with
3-(morpholin-4-yI)- propaml -amine and reduced to give
4-amino-2-fluoro-N113-(morpholin-4-yepropyl]- benzamide, used to synthesize
compound 50,A; and 4-nitrobenzenesulfonyl chloride was reacted with
2-(inorpholin-4-yl)eihan-1 -arnine and then reduced with stannous chloride
to give 4-amino-N-[2-(morpholin 4-yl)ethyl]benzenesulfonamide, used to
synthesize compound 128A. [0104] Preparative Example 14. Preparation of
(R)-N-(3,4-diaminopheny1)-1-methylpiperidine--2 carbaxamide, an
intermediate to compound 143A by Reaction Scheme 2. [0105]
0-(Benzotriazol-1 -y1)-,N,N,NW-tetramethy1uronium hexafluorophosphate
(1-IBT15, 4.96g, 13.1 mmol) was added to a stirred solution of
(R)-N-Boc-2-piperidinecarboxylic acid (3.00 g, 13.1 namol) and DIPEA (9.0
mL, 51.2 mind) in anhydrous DMF (50 mL). The mixture was stirred at room
temperature for 5 min and then 2-nitro-1,4-phenylenediamine (3.00g. 13.1
mmol) was added. The mixture was stirred for a further 18 hr, then the DME
was removed by evaporation. The residue was partitioned between water (200
naL) and EA (100 mL) and the phases separated. The aqueous phase was
extracted with two further portions of EA (100 ml. each) and the combined
organic extracts washed with water, 1M sodium carbonate solution, water,
and brine (100 mL each). The solution was dried over magnesium sulfate and
concentrated to give (R)-tert-butyl
2-[(4-amino-3-nitrophenyl)aminocarbonyl]piperidine-1-carboxylate as a brown
solid (4.80 g). 101061 (I{)-ied-Butyl
2-[(4-amino-3-nitrophenypaminocarbonylipiperidine-I-carboxylate (4.80 g,
13.2 nimal) was suspended in dioxane (100 mi.) and hydrogen chloride (75
Mi., of a 41\1 solution in dioxane) was added. The resulting dark colored
solution was stirred at room temperature for 3.5 hr resulting in a
yellow/brown suspension. '.1he solid was collected by filtration and
briefly dried under high vacuum. The solid was suspended in water, the p11
was adjusted to pH 8 with 1M sodium carbonate solution and the resulting
suspension stirred for 15 minutes. Tile solid was collected and dried under
high VaCUlltIl to give (R)-N-(4-amino3-nitrophenyppiperidine-2-carboxamide
hydrochloride salt as an orange solid (2.08 g). This was treated with 1M
sodium carbonate solution (200 naL) and extracted with EA (3x). The
combined EA extracts were washed with brine, dried over magnesium sulfate,
and concentrated to give
(R)-N-(4-amino-3-nitrophenyl)piperidine-2-carboxamide as an orange foam
(1.77g). [0107] (R)-N-(4-Amino-3-nitrophenyl)piperidine-2-carboxamide
(2.09g, 7.9mmol) was dissolved in Me0II (50 mL), and paraformaldehyde (0.95
g) and sodium cyanoborohydride (0.50 g, 8.0 Illmol) were added. The miNturc
was stirred at room temperature for 70 iiii.i, and water added dropwise.
The solvent was evaporated and the residue partitioned between water and EA
(150 mT, each). The phases were separated and the aqueous phase extracted
with EA (2 X 100 int). The combined EA layers were washed with brine, dried
over magnesium sulfate, and concentrated to give
(R)-N:(4-amino-3-nitropheny1)-1-methylpiperidine-2-carboxamide as an orange
foam (2.17 g), which was used without purification. [0108] A solution of
(R)-N-(4-amino-3-nitrophenyI)-1-methylpipeddine-2-carboxamide (2.17 g, 7.8
unto].) in ethanol (75 mL) was degassed under vacuum and then backfilled
with argon. 101/o Palladium on carbon (0.44 g") was added and die mixture
again degassed under vacuum. Hydrogen was introduced by a balloon and the
reaction stirred at room temperature for 23 hr. The mixture was degassed by
bubbling argon through it, and was then filtered through a pad of
diatomaceous earth. The filtrate was concentrated to give
(R)-N-(3,4-diaminophenyl)-1-methylpiperidine-2-carboxamide as a purple
solid (1.78 g). [0109] (V) N- (34
diarninopheny1)-1-methylpiperidine-2-carboxamide, an intermediate to
compounc1142A, was prepared by the same method, starting with
0)-N-Boc-2-piperidinecarlikixylic acid. [0110] Preparative Example 15.
Preparation of
(S)-N-(34-diaminopheny1)-N-ethylHmethylp,rrolidine-2-earboxamide, an in to
compound 145A by Reaction Scheme, 2. [0111] A solution of
2-nitro-H4-phenylenediaminc (10.0 g, 65.3 minol), di-md-butyl dicarbonate
(15.7 g, 71.8 mmol) and D1PEA (13.5 niL, 71.8 tomol) in dioxanc (150 mL)
was heated at gentle reflux for 1 hr and then allowed to cool to room
temperature. The solvent was evaporated and the residue partitioned between
DCA1 (500 mL) and water (200 mL) and the phases separated. The aqueous
phase was extracted with DCM (2 x 200 mL) and the combined DCM lavers
washed with brine, dried over magnesium sulfate, and concentrated to give
fed-butyl 4-amino-3-nittophenylcarbamate as a brown solid (16.6 g).  [0112]
Sodium hydride (5.24 g of a 60% dispersion in mineral oil, 131 mmol) was
added in portions over 25 ruin to a stirred solution of tett-butyl
4-amino-3-nitrophenylcarbamate (16.6 g, 65.6 mmol) in anhydrous TIIF (200
mL). The mixture was stirred for a further 10 min and iodoethane (5.2 rut,
65.0 mmol) was added. The mixture was stirred at MOM temperature for 22 hr
and was then quenched by the addition of a little water. The solvent was
evaporated and the residue partitioned between EA and brine (300 mL each).
The phases were separated and the aqueous phase extracted with EA (2 x 150
ml.). The combined EA layers were washed with brine, dried over magnesium
sulfate, and concentrated to eve a brown gum (16.0 g), which was purified
by colLUTIll chromatography eluting with 30% EA, 70% hexanes to give
teri-butyl 4-amino-3-nitrophenyl(ethyl)carbamate as a brown foam (3.59g).
[0113] The tot-butyl 4-amino-3-nitrophenyl(ethyl)carbamate from the
previous step was dissolved in dioxane (35 mL) and hydrogen chloride (35
nth of a 4M solution in dioxane) was added. The mixture was stirred at room
temperature for 18 hr and then the solvent was evaporated. The residue was
dissolved in water (200 int) and the solution adjusted to p1-110 with 5M
sodium hydroxide solution. The solution was extracted with EA (3 x 100
LEL), and the combined EA extracts were washed with brine, dried over
magnesium sulfate, and concentrated to give
N1-ethyl3-nitrobenzene-1,4-diamine as a purple solid (1.68 g). [0114]
Triethylamine (1.0 lull., 7.33 mmol) was added to a stirred solution of
N1-ethyl- 3 nittohenaene 14 diamine (140 mg, 2.43 mmol), N-methylT-proline
(314 rug, 2.43 minol) and DEPBT (727 mg, 2.113 mmol) in acetonitrile (15
mL). The mixture was stirred at room temperature and further aliquots of
N-methyl-L-proline (314 mg, 2.43 mmol),DEPET (727 nag, 2.43 mmol), and
triethylamine (1.0 mr, 7.33 mmol) were added after 1, 2, and 3 days. After
stirring for a further 1 day, the mixture was concentrated and the residue
taken up in EA (75 mL). The EA solution was extracted with water, and with
1M sodium carbonate solution (2x). 'the combined water and 1M sodium
carbonate solution extracts were back-extracted with EA (4x) and the
combined EA extracts washed with brine, dried over magnesium sulfate, and
concentrated to give (S)-N-(4-amino-3-nitropheny1)-N-ethy1- 1
-methylpvnolidine-2-carboxamide (388 nag as an orange/brown oil. Tlds was
livdrogenatecI in ethanol, using 10'),/, palladium on carbon (153 mg) as
the catalyst. After stirring overnight under a hydrogen atmosphere
(balloon), the mixture was filtered through a pad of diatomaceous earth and
the til trate concentrated to give
(S)-N-(3,4-diaminopheny1)-N-ethyl1-methylpyrrolidine-2-carboxamide (335
mg).  [0115] Synthesis Example I. Synthesis of 2 [1T
rbenzimidazol-2(3H)-ylidenej2-(4-trifluoromethylpyrimidin-2-0)acetainide,
compound 1A, by Reaction Scheme 1. [0116] A solution of 2-[11-Lbenzimidazol
2(31-7)-yllacetonitri1e (10g. 64 mmol), di-tort-butyl dicarbonate (16.6 g,
76 minol), and triethylamine (8.8 mt., 64 mmol) in Tiff. (180 mL) was
stirred at room temperature overnight. The solvent was removed under
vacuum, and the crude product was dissolved in chloroform and washed with
water, 11'.l hydrochloric acid, and saturated aqueous sodium bicarbonate.
The chloroform phase was dried over magnesium sulfate, and the solvent was
removed under vacuum to give
241-(tert-butoxycarbonypbenzimidazol-2(31-1)-yllacetonitrile (15 g) as a
solid. [0117] A solution of 2-ll -(tert-butoxycarbonyl)benzimidazol-2(311)
yilacetonitrile (6 g, 23 mmol) in 11 IF (50 inL) was added to a suspension
of 60% sodium hydride in mineral oil (1.38 g, 35 mmol) in tetrahydrofuran
(85 mL) at 0C over 10 min. The suspension was stirred at 0C for 15 min, and
2-chloro-4-tritluoromethylpyrimidine (2.79 mL, 23 mmol) was added. The
mixture was allowed to warm to room temperature and stirred overnight, and
water (300 niL) and then IN hydrochloric acid (10 ml) were added. The crude
product was extracted into chloroform and washed twice with water (100 mi.
each). The organic phase was dried over magnesium sulfate, and the solvent
was removed under vacuum to give 211- (ted-butoxycarbonyl)benzinndazol
(3H)-yliden(4-mi tlu on mie thylpyrimidin- 2-yDacetonitrile (8.17 g) as a
brown oil. [0118] 2-[1-(feri-Butoxycarbonyl)benzimidazol-2(3
T2-(4-triflooromethylpyrimidin- 2-yljacetonitrile (8.1 g, 20 mmol) was
dissolved in concentrated sulfuric acid (30 mT), and the solution added
gradually to ice/water (100 int), allowed to warm to room temperature, and
stirred overnight. The mixture was cooled to 0C, poured over ice, and
neutralized with 50% aqueous sodium hydroxide. Water was added, and the
crude product was extracted with 4:1 chkroform/isopropanol. The organic
phase was dried over magnesium sulfate, the solvent \\qls removed under
vacuum, and the solid was pun Fed by reverse phase preparative IFIPLC to
g,ivc 241 H-benzimidazol-2(31-0 ylidene]-2-(4-tri1luoromethylpyrimidin
2-yl)acetamide (1.18 g, 181/0 overall yield) as a yellow solid. [0119]
Compounds 4A, 132A, 135A, and 138A, for example, were prepared by this
general method, using the appropriately substituted starting materials.
[0120] Synthesis Example 2. Synthesis of
2-lbenzothiazol-2(311)-ylidene]-2-(pyrin din-2-)1)- acetamide, compound 2A,
by Reaction Scheme I.  [0121] 2-(Benzothiazol-2-vfiacetonitrile (0.69 g, 4
mmol) was added in portions to a suspension of 95% sodium hydride ((0.21 g,
6 mmol) in TI-1F (l 2 mL). The resulting yellow suspension was stirred at
room temperature for 30 mm, and 2-chloropyrimidine (0.45 g, 4 mmol) was
added. The mixture was stirred for 3 d, and water was added to the dark
solution. The mixture was acidified with IN hydrochloric acid, and the
precipitate that formed was collected by filtration, washed with water and
acetonitrile, and dried under vacuum to give
2-lbenzothiazol-2(3H)ylidene]-2-Qpyrimidin-2-yl)acetonitrile as a brown
solid. [0122] 2-[fienzothia7o1-2(3TO-ylidene]-2-(pyrimidin-2-Aacetonitri1e
(0.1 g, 0.39 mmol) was dissolved in concentrated sulfuric acid (2 mT.) and
stirred at room temperature for 5 hr. The mixture was cooled to 0C, poured
over ice, and neutralized with 500/n aqueous sodium hydroxide. The
precipitate that formed was collected by filtration and purified by reverse
phase preparative IIPLC to give
21benzothiazol-2(31-1)-ylidenel-2-(pyrimidin-2-ypacetamide (42 mg, 40%
yield) as a yellow solid. [0123] Compounds 3A, 16A, 18A, 211k, 221k, and
231k, for example, were prepared by this general method, using the
appropriately substituted starting materials. Compound 51k was prepared
from the nits& intermediate to compound 3A by hydrolysis of a methanolic
solution of the intermediate with 114 aqueous lithium hydroxide for 2 d at
room temperature, neutralization with IN hydrochloric acid, collection of
the precipitate by filtration, washing with water and acetonitrile, and
drying to give 2-lbenzothiazol-2(3/70-ylidenel 2 (5
carboxy4-ttilluoromethylpyrimidin-2-yl)acetonitrile. This was hydrolyzed
with concentrated sulfuric acid and purified to give 2 lbenzothiazol
-2(3.1-Iyylidenel 2 (5 carboxy-4-trifluoromethylpyrimidin-2-yl)acetamide,
compound 5A Compound 271A was similarly prepared from the nitrile
intermediate to compound 231k. [0124] Synthesis Example 3. Synthesis of
2dbenzothiazol-2(3h)-ylidene]-245-(4-methylpiperazine-1-carbonyI)-4-
trifluoromethylpyrimiclin-2-ylla eel:amide, compound 130A, by Reaction
Scheme 1 [0125] 2-(Benzothiazol-2-ypacetonitrile (2.05 g, 12 mmol) was
added in portions to stirred concentrated sulfuric acid (5 rid) over 10
min. The mixture was stirred for 4 hr, then poured over ice/water. The
precipitate that formed was extracted into EA and washed with btine, then
the organic phase was dried over magnesium sulfate and the solvent removed
under vacuum to give 2-(benzothiazol-2-ypacetanaide (1.02 g) as an orange
solid.   [0126] Sodium hydride 99% (50.8 mg, 11 mind) was added to a
suspension of 2--(benzothiazol-2-yl)acetamide (103 mg, 0.53 mind) in THF (2
mt.), and the resulting yellow suspension was stirred at room temperature
for 15 min. The mixture was coded to 0C and (2- chi oto-4-
trifluoroinethylpyrimidim5-yl)(4-tne Lb ylp perazin-1 -Ametha none (0.18 g,



0.53 minol) was added. The mixture was stirred at room temperature
overnight and the solvent was then removed under reduced pressure. The
residue was suspended in water and the p1-1 adjusted to 7 with 1N
hydrochloric acid. The solid was collected by filtration and partitioned
between EA and water. The EA phase was separated, washed with brine, dried
over magnesium sulfate, and concentrated under vacuum. The resulting mater
al was purified by reverse phase preparative TTPLC to give
2-[benzothiazol-2(310-y1idenek- 2 15 (4
methylpiperazine-i-carbony1)-4-ttilluoromethylpyrimidin-2-yilacetam de
hydrochloride (87 mg, 33% yield) as a yellow solid. [0127] Compounds 2A,
131A, and 134A, for example, were prepared by this general method using the
appropriately substituted starting materials. [0128] Synthesis Example 4.
Synthesis of 2-(5- f[3-(4-morpholinyepropy1jaminocarbonylij - 111-benzi mid
azol 2(3 T 0 -ylidene)--2-(4-trifluoromethylpyd mi di n-2--yl)acetamid e,
compound 39A, by Reaction Scheme 2. 101291 A mixture of 3,3 bis(methylthio)
2--(1 trifluoromethylpyrimidin 2 yOacdlonitrile (682 mg, 2.34 mmol),
3,4-diaminoben2oic acid (392 mg, 2.57 mmol, 1.1 eq.), and
4-dimethylaminopyridine (143 mg, 1.17 mmol, 0.5 eq.) in ethanol (3 m1) was
heated at 150'C for 0.5 hr in a microwave. The mixture was cooled to room
temperature, concentrated hydrochloric acid (1 Mr) was added, and the
mixture was allowed to stand for 0.5 hr. The precipitate that formed was
collected by filtration, washed with ethanol and acetonitrile, and dried
under vacuum to give
2-[5-carboxy-1H-benzimidazol-2(3H)-ylidenel2-(3-trilluoromethylpyrimidin-2-
34)acetonitrile (450 mg, 1.29 mmol, 55% yield) as a brown solid. [0130] The
245-carboxy-1H-benzimidazol-2(311)-ylidenel-2-(4-trifiuoromethylpyrimidin2-
vpacetoni Mk (450 mg, 1.29 mato from the previous ski), dissolved in
concentrated sulfuric acid (2 ml), was heated to 50C for 6 hr. The mixture
was cooled to room temperature and added dropwise to rapidly stirred
room-temperature water (3(10 ml.). The precipitate that formed was
collected by filtration, washed with water, and dried under  vacuum to give
2-15-carboxv-1H-benzimidazol
2(311)-ylidene]-2-(4-trilluoromethy1pyrimidin2-vLacetamide (322 mg, 0.88
mmol, 68% yield) as a dark brown solid. [0131] To a room temperature
solution of 2 [5 -carboxy-1 T T-benzimidazol-2(3h)-y1idener
(4-trifluoromethylpyrimidin-2-Aacetamide (630 mg, 1.73 mmol) in
dimethylformamide (20 mi.) was added D1PEA (661 ill., 3.79 inmol, 2.2 eq.),
IIBTU (720 mg, 1.90 mmol, 1.1 eq.). After 5 min,
3-(4-morpholinyl)propan-Lamine (277 ILL, 1.90 mmol, 1.1 eq.) was added and
the mixture was stirred at room temperature for 3 hr. The mixture was
diluted with EA (50 mL) and washed three times with 5% aqueous sodium
bicarbonate (50 mL each). The EA fraction was decanted, dried over
magnesium sulfate, filtered, and concentrated under vacuum to give .a
yellow solid. About 2 mL of 4.0 M hydrogen chloride in dioxane was added,
and the mixture was stirred for 15 min and then concentrated under vacuum
to give 2-(5. [344
morpholinyl)propyl]aminocarhony11-111-benzimidazol2(3/-.0-ylidene) 2, (4
trilluommethylpyrimidin-2-yhacetamide hydrochloride (750 mg, 1.52 mmol, 88%
yield) as a yellow solid. [0132] Compounds 33A, 34A, 41A, 44A, 15A, /18A,
51A, 53A, 73A, 77A, 79A to 83A 86A, and 142A to 146A, for example, were
prepared by this general method using the appropriately substituted
starting materials. [0133] Synthesis Example 5. Synthesis of 2-(6-
{13-(4-morpholinyl)propyl]aminocarbonyl}
benzothiazol-2(31-1)-ylidene)-2-(4-trifluoromethylpyrimidin-2-yEacetamide,
compound 40A, by Reaction Scheme 2. [0134] A mixture of 4- amino--3
mercaptobenzoic acid (768 mg, 4.5 mmol),
3,3-bis(methylthio)-2-(4-trilluoromethylpyrimidin-2-ypacrylonitrile (1.45
g, 5.0 mmol, 1.1 eq.), d-clime.thylaminopyridine (550 mg, 4.5 mmol, 1 eq.),
and potassium carbonate (622 mg, 4.3 mmol, 1 eq.) in ethanol (20 ml) was
heated at 160C for 0.4 hr in a microwave. The mixture was cooled to room
temperature, diluted with DCM, and washed with 1M hydrochloric acid. The
DCM fraction was decanted, filtered, and concentrated under vacuum to give
246-carboxyhenzothiazol -2(3D) vlidene] 2 (4 trifluommethylpyrimidin-211)-
acetonitrile (729 mg, 40% yield) as a brown solid. [0135] A solution of
2-{6-carboxybenzothia2o1-2(3J:0-ylidenel-2-(4,
trifluotomethylpyrim1d1n-2-yl)acetonitrilc (620 mg, 1.70 mmol) in
concentrated sulfuric acid (5 inL), \\MS heated to 50C for 10 hr. The
mixture was cooled to room temperature and added dropwise to rapidly
stirred room-temperature water (100 ml ). The precipitate that fonned was
collected by filtration, washed with water and hexanes, and dried under
vacuum to give 2-16-carboxybenzothiazol-2(37-ylidene] 2 (4
trilluoromethylpyrimidin-2-ypaceramide (587 mg, 90%) yield) as a brown
solid. [0136] To a room temperature solution of
2[6-carboxybenzothiazol-2(3/-1) ylidene]-
2-(4-trifluoromethylpyrimidin-2-y1)acetamide (350 mg, 0.92 mind) in
acetonitrile (5 MI) was added triethylarnine (250 1iT., 1.79 mina, 2 eq.),
DEPBT (299 mg, 1.0 mmol, 1.1 eq.), and 3-(4-morpholinyl)propan-l-amine (134
[IT., 0.92 rrunol, 1.0 eq.), and the mixture was stirred at room
temperature until a yellow-brown precipitate formed. The precipitate was
collected by filtration, washed with acctonitrile, and dried under VACUUM
to give a yellow solid. About 2 mi. of 4.0 M hydrogen chloride in dioxane
was added, and the mixture was stirred for 15 min and then concentrated
under reduced pressure to give 2-(6-1[3-(1 .morpholiny1)-
propyllaminocarbony4-ben2othiazol-2(3TO-ylideney2-(4-trifluoromethy1pyrimid
in 2 yl) acetamide hydrochloride (340 mg, 730/o yield) as a yellow solid.
[0137] Synthesis Example 6. Synthesis of
2[6-nitrobenzothiazob2(3/1)-ylidene)
2-(4-trifluoromethylpyrimidin-2-yOacetamide, compound 26A, by Reaction
Scheme 3. [0138] To a solution of 2-(methylthio)-6-nitro1,3-benzothiazole
(226 mg, 1.0 mmol) in ethanol (3.5 nth) was added
2-(4-trifluoromethylpyrimidin-2-ypacetonitrilc (187 mg, 1.0 mmol) and
potassium carbonate (207 mg, 1.5 mmol). The orange mixture was heated in
the microwave at 160C for 15 mm, then cooled and poured into EA (60 int.).
The organic layer was washed twice with IN hydrochloric acid (25 mL each),
brine (25 mL), and water (5then dried with magnesium sulfate, filtered, and
concentrated under reduced pressure to give
2-(6-nitrobenzothiazol-2(3/1)-ylidenc)-2-(4-trffluoromethylpyrimidin-2-ybac
eronitrile (349 mg, 96% yield) as a yellow solid. [0139]
2-(6-Nitrobenzothiazol-2(31-1)-ylidene) 2 (4
tritluoromethylpyrimidin-2-ybacetonitrile (296 mg, 0.81 thmol) was
dissolved in concentrated sulfuric acid (3,0 mL). The reddish mixture was
stirred at 50C for 8 hr, then poured into cold water (25 inL). The yellow
precipitate was collected by filtration, washed with hexanes (30 mL), and
dried under vacuum to give 246-nitrobenzothia2o1-2(3nyylidencl 2 (4
tritluoromethylf)yrimidin-2-yllacetamide (280 mg, 89% yield) as an orange
solid. [0140] Compound 32A was prepared from compound 26A as follows. To a
solution of 246- nitrobeivothiazol-2(3/ 0-yliderte] 2 (4
trifluoromethylpyrimidin-2 yl)acetamide (280 mg, (1.73 mmol) in McGill (25
mL) was added a slurry of 10%) palladium on carbon (200 mg) in  Me0I-1(10
mL), and the mixture was stirred under hydrogen at atmospheric pressure for
24 hr. The mixture was filtered and the filtrate concentrated to give crude
2-[6-aminobenzothia2o1-2(31-/)-ylidenel-2-(4-tritluoromefinApyrimidin-2-Aac
etamide as a red powder. This was purified by flash column chromatography
during with 19:1 EA/Me0H to give pure 2[6-aminobenzothiazol-2(31
0-ylidene]-2-(4-trifluoromethy1pyrimidia-2-y1)- acetamide, compound 32A
(160 mg, 62% yield) as a yellow powder. [0141] Compound 76A was prepared
from compound. 32A as follows. To a solution of
N-(ted-butoxycarbonyOglycine hydrochloride (20 mg) in DIVIF (5 nit) were
added 0-(7-azabetuotriazol 1 yl) Al,N,M,N1-tetramethyluronium
hexafluorophosphate (190 mg), triethylamine (388 pL, 3.88 mmol), and
246-aminobenzothiazol-2(311)-ylidenel2-(4-trifluoromethylpyrimidin-2-ypacet
amide (141 mg). The mixture was stirred at room temperature for 1 In, then
poured into EA (50 mL). The EA layer was washed three times with 10(70
aqueous sodium bicarbonate (30 MI. each), and three times with water (15
ml. each), then dried over magnesium sulfate, filtered, and concentrated
under reduced pressure to give 2-
{6-[(teit-butyloxycarbonylamino)acetylarnino]benzo
thiazol-2(3n)-ylidenel2-(4-tritluoroinethylpyrimidin-211)acetainide as a
brown foam. 2- {6-[(Tert-b
utyloxycarbonylamino)acetylamino]benzothiazol-2(3E0-ylidene}-
2-(4-trifluoromethylpyrimidin-2-Aacetatau-de (80 mg, 156 mmol) was
dissolved in 4N hydrogen chloride in dioxane (5.0 mL, 20 mmol), and the
mixture stirred at room temperature for 2 hr. 'The mixture was concentrated
to give 2-{6-[(2 aminoacetypamino]benzothiazol-2(3T 0-ylidenej -2 el
-trifluoromethylpyritniclin-2-yl)acetamide (50 mg) as a beige solid. Other
compounds with an amide side-chain may be similarly prepared from compound
32A. [0142] Synthesis Example 7. Synthesis of 21
642-(1H-imiclazol-1-0)ethox
\Thenzothiazol2(31-/)-ylidenel-2-(4-tritluoromethylpyrimiclin-2-veacetamide
, compound 117A, by Reaction Scheme 4. [0143] To an ice-cooled stirred
biphasic solution of 4-[2-(1H-imidazol-1-yl)ethoxy}- benzenamine (1.00 g;
4.92 mmol) and sodium bicarbonate (2.(17 g; 24.6 mmol) in chloroform (100
nit) and water (50 mL) was added a solution of thiophosgene (452 4; 5.90
num in chloroform (10 mL) over 5 min. The mixture was stirred at ice-bath
temperature for 20 min, and then the aqueous and organic phases were
separated and the aqueous phase extracted with chloroform (50 mL), The
combined chloroform layers were washed with brine, then  dried over
magnesium sulfate and concentrated under reduced pressure to give 1 [2 (4
isothiocyanatophenoxy)ethy1]-111-imidazole (1.41 g) as a yellow oil. [0144]
Sodium hydride (0.531 g of a 60 wt% dispersion in oil, 13.3 mmol) was added
in portions to a stirred solution of
2-(1-trifluoromethylpyrimidin-2-ypacetamide (0.911 g; 4.43 mmol) in THE (20
ml) over 10 min. A solution of 1-[2-(4-isothiocyanatophenoxy)- ethyl]-i
Frimidazole (1.21 g; 4.92 Tinto in THE (10 naL) was then added over 13 min.
The mixture was stirred at room temperamre For a further 1 hr, and then
water (I rriL) was added and the mixture was concentrated under reduced
pressure. Water (75 mL) was added to the residue, the pH adjusted to 7 with
2N hydrochloric acid, and the mixture was extracted three times with EA.
The combined EA extracts were washed with brine, dried over magnesium
sulfate, and concentrated under reduced pressure to give 3-042-0 I
T-imidazol-1-yEethoxy] - phenylarninol-3-thioxo 2 (4
trifluoromethylpyrimidin-2-y0propanamide (1.47 g) as an orange semi-solid.
[0145] A solution of 3-111-E2 (1 T
imidazol-1-yDedloxy]phenylaminol-3-thioxo2-(4-trifluoromethylpyrimidin-2-Ap
ropanamide (1.17g. 3.29 inmol) in glacial acetic acid (10 mL) was cooled in
a cold water bath and a solution of bromine (126 pi., 2.16 mmol) in glacial
acetic acid (1 mL) added dropwise over 10 min. The mixture was allowed to
warm to room temperature with stirring for a further 35 min, and the acetic
acid was decanted. 'the residue was dried under vacuum, then dissolved in
acetonitrile/water and purified by reverse phase preparative 1-.1Pi.0 to
give produce
2-{642-(11-i-imidazol-1-yllethoxyjbenzothiazol2(3H)-ylidene}-2-(4-trithorom
ethylpyrimidin 2 yl)acetamide hydrochloride (0.406 gj as an orange solid.
[0146] Compounds 50A, 521k, 89A, 91A, 93A to 95A, 971k to 101A, 1031k,
101A, 1061k, 108A, 110A to 1161k, 1181k, and 1201k to 129A, for example,
were prepared by this general method using the appropriately substituted
starting materials. [0147] Synthesis Example 8. Synthesis of
2-[benzothiazol
2(31-/)-yliclene-2-14-tert-butyl6-(trifluoromethyl)pyrimidin-2-yllacetatnid
e, compound 71k, by Reaction Scheme 5. [0148] To a stirred solution of
2-chlorobenzothiazole (1.0 mL, 8.1 mmol) and malononitrile (534 mg; 8.1
mmol) in acetonitrile (4 mL) was added sodium ethoxide (3.0 niL of 21 wt%
solution in ethanol, 8.0 mmol). The mixture was stirred at room temperature
for 4 d, then acidified with 21\if hydrochloric acid. The solid was
collected by filtration, washed with  acetonitrile, and dried under vacuum
to give 2-(benzothiazol--2(3 .1) ylidene)malononitrile (770 mg) as a white
solid. [0149] A suspension of 2-(benzothiazol-2(31-1)-ylidene)malononitrile
(0.45 g, 2.25 mmol dioxane (10 mL) and ethanol (10 mL) was cooled to 0C and
hydrogen chloride gas was bubbled into the mixture for 10 min. The mixture
was allowed to warm to room temperature, then heated to 50C overnight. '
['he resulting precipitate was collected by filtration, washed with acctoni
utile, and dried under vacuum to give
2-[benzothiazol2(3F1)-y1idene]-2-cyanoacetimidate (0.43 g) as a white
solid. [0150] A suspension of 2
[benzothiazol-2(3/1)-ylidencl-2-cyanoacetimidate (0.4 g, 1.6 mmol) in
ethanol (5 rriL) was placed in a pressure tube, cooled to -78C, and gaseous
ammonia was bubbled into the tube. The mixture was allowed to warm to room
temperature and stirred for 3d. The solvent was removed under vacuum to
give 2-ibenzothiazol-2(3i-Thylidenek 2-cyanoacetamidine as a beige solid.
[0151] 2-1Benzothiazol-2(31T)-yliden01-2-cyanoacetamidine (0.2 g, 0.92
mmol) was dissolved in ditnethylsulfoxide (1 mL), and
1,1,1-mitluoro-5,5,-dimethylhexanedione (320 uL, 1.81 mmol) and sodium
etboxide (0.6 ml. 01 21 \ vt% solution in ethanol, 1.84 mmol) were added.
The solution was heated to 180C under microwave irradiation for 20 min,
dissolved in EA, and washed with -1N hydrochloric acid and then water.
Removal of the solvent gave 2-Thenzothiazol-2(3170-ylidene] 2
[4-bucy1-6-(trifluoromethApyrimidin-2-A acetonitrile as a beige solid.
[0152] 21Benzothiazol-2(3H)-ylidenel 2 [4 tert butyl 6
(trifluoromethyppyrimidin-2-Aacetonitrile (150 mg, 0.39 nunol) was
dissolved in concentrated sulfuric acid (1.5 tri) and stirred at room
temperature. overnight. The mixture was cooled to 0C, poured over ice, and
neutralized with 50% aqueous sodium hydroxide. The product was partially
extracted into chloroform, and dried to a brown solid (57 mg), which was
purified by reverse phase preparative I IPLC to give
2-[benzothiazol-2(3I-1)-ylidene]-2-14-ted-butyl -6-(trifluoromethyl)-
pyrimidin-2-Aacetamide (13 nag) as a yellow solid. [0153] Synthesis Example
9. Synthesis of 2-; 5-1()-0 - methylpyrrolidin-2-yl)earbonylamino]- 1 1-
iben7imiacmol-21,31 0-vlidenc} -2 [4
-methy1-6-(trilluoromethyl)pyrimidin-2-yllacetamide, compound 144A. [0154]
A solution of 1,1 ;1--M fluoro-2,21 pentanedione (5.00 g; 32.4 mmoh and
N-methylisothiourett hemisulfate (4.06 g; 29.2 ininol) in pyridine (3.75
Ili) and water (62 mL) - 39 -  was heated at reflux for 1 day. The mixture
was cooled to room temperature, extracted with chloroform, and the
chloroform extract washed with water to give 4-methy1-2-(methylthio)-
6-(trifluoromethyl)pyrimidine as an off-white solid (4.60g, 22.1 mmol).
This was dissolved in Me01-1 (60 nil.), and a solution of OXONE(r) (27.1 g,
44.2 mind) in water (100 inT) was added over 10 min. The mixture was
stirred at room temperature for 4 hr and then extracted with EA. The EA was
washed with water, dried, and concentrated to give
4-methyl2-(inethylsulfony1)-6-(trifluoromethyl)pyrimidine (4.8 g) as a
white solid. Sodium hydride (0.16 g of a 60% dispersion in mineral oil; 4.0
mmol) was added to a stirred solution of ethyl cyanoacetate (0.21 mi.; 2.0
mmol) in THF (8 ml), and the resulting suspension stirred at room
temperature for 15 min.
4-Methyl-2-(methylsulfony1)-6-(trifluoromethyppyrimidine (0.48 g; 2.0 mmol)
was then added, and the mixture stirred overnight. Water was added,
followed hy 1M hydrochloric acid to adjust to pII 3-4. The solid that
formed solid was filtered, washed with water, and dried under high vacuum
to give ethyl 2-cyano-2-[4-methv1- 6-(trifluoromethyppyrimidin-2-4acetate
hydrochloride salt (0.43 g) as a pale yellow solid. [0155]
4-Nitro-1,2-phenyienediamine (50 mg; 0.32 mmol) and ethyl 2 cyano 2 [4
methyl6-(trifluoromethyppyrimidi ri-2-yl]acetate hydrochlotHde salt (101
mg; 0.32 mmol) were heated at 198C in a microwave for 3 min. Acetic acid
(1.5 niL) was added to the crude material and the mixture heated at 100C
for 6 hr. The solid was collected by filtration, washed with acetonitrile,
and dried under high vacuum to give
2-[4-methy1-6-(trifluoromethyl)pyrimidin- 2 yl] 2 (5 nitro 1 T
I-benzimida2o1-2(311)-ylidene)acetonitrile (59 mg) as a yellow solid.
2[4-Methy1-6-(ici nuoromet.byl)pyrinndin-2-42-(3-ninort ThC1171.1176clazol
2(31-/)-ylidene)acetonitrile (55 mg; 0.15 mmol) in DIVIE (3 Mi.) was
hydrogenated over 1(1/a palladium on carbon (11 mg). The mixture was
filtered through diatomaceous earth, washing with methanol, and the
filtrate was concentrated to give
2-(5-amino-1H-benzimidazol2(3F/)-y1idene)-2-[4-methyl-6-(trifluoromethyppyr
imidin-2-yl]acetonitrile, which was dissolved in DME (1 ml.) and added to a
solution of N-methyl-t.-proline (19.3 mg; 0.16 mmol), 1113TH (56.8 mg; 0.15
minol), and DIVE A (104.5 [kl_.; 0.60 rnmol) in DMF (1 mT). The mixture was
stirred for 5 hr and then partitioned between EA and water. The EA phase
was dried and concentrated to give 2- {5-[(i)-(l-methylpyrrolidni -2-y0
carbottyl - amino]-1 1-bertzintidawl -2(3 T 0-ylidene)--2-[4
methy1-6-(trifluoromethyl)pyrimidin-2-y1]- acetonitrile (65 ing) as a brown
oil. 2- [5-0)-0 -Methylpyrrolidin-2-11)carbonylaminq 1 /
/-benzimidazol-2(31 0-ylidene} 2 [4
methy1-6-(trifluoromethyl)pvrimidin-2-yljacetomtrile (65 mg) was dissolved
in concentrated sulfuric acid and stirred at room temperature - 40 -
overnight. The mixture was diluted with ice-water and acetonitrile and,
after coming to room temperature, was purified by reverse phase preparative
HPLC using a Peeke Ultro 120, 7 pm, C18Q, 250 x 30 mm column at a flow rate
of 42 mL/min and mobile phases of 95% water, 5% acetoni Hie (with 0.01%
hydrochloric acid) and 5% water, 95% acetonitrile (with 0.01% hydrochloric
acid) to give 2- {54(5)-(1-methylpyrrolidin-2-Acarbonylaminol- 1 T
/-benzimida2o1-2(3h)-ylidene)-2-[4-methyl-6-(trifluoromethyl)pyrimidin-2-yl
]acetarnide hydrochloride salt (18 mg) as a yellow solid. [0156] The
compounds of formula A as shown in the table below were prepared by one or
more of the above methods, or similar methods not described in detail here.
All of the compounds of formula A were analyzed to confirm identity and
purity, using FTPT.0 for purity, and one or more of mass spectrometry
(using either posiMe or negative ionization) and N1VIR (II and/or ng for
identity, and were confirmed to be the expected product in good purity.
Other compounds of formula A may he similarly prepared. [0157]
Representative compounds of formula A include ("exact mass" is of the
parent compound; mass spectra were with positive ionization and mass
1\1+El, unless the mass was noted otherwise): Compound  
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i NI \ -        ,CF,          92A -----.., N--.."./N 0 0 0  \ CH, 399 400



N N \,            Compound   Structure   Exact mass, M MS (m/2) 93A
N-----''- ..,,,,. N  0  450 451     2       5         ,N \ N./        \ -



94A HN-'.--'N' ..,N   0 NI-1 2  CF, 436 437     /N N, \ -            93A /
NJ  H 0 CF" 432 433    S 8         N, \ -     96A   H 0 \ CF3 415 416
ill 



97A \ N i  H 0 CF, 416 447    II         N Ni             98A ' N I  H 0 \
446 447    110  



N\ \ -            99"    0  443 444                 N N" % \ --/
100A ) s II o  H 110 N o  499 500        



N\             Compound  Structure  Exact mass, M MS (m/x) 101A '"-.'N 0
N...--- 11.1 0 H\  451 452                      102A 0..."../ ilil 0 H  ,
434 435 



\    103A S --,"----   CF,  468                      104A  ---1
N"--'N-"---N"---lr--s 0 \  485 486                  \   



105A HO H 11110 NH,  365 366           N/\ \ -           106A  IS (7)  418
419    1N NI       \ -           IOTA   N  cFs 398 399    2 



Nil, \ -           108A   \N0, OF, 415 416    N       N"/ \-
Compound Structure    Exact mass, M MS (m/z) 109A   CF,  398 399  



I NN\      110A I 0 ,i O   522 523 111A  2   467 468  `,"--N-..."/".-.0
N \     112A rier'-'"'A) 0-- 0 NH, 468  467    N \ - \    1 I3A H
---"---.."\---.N \ I/1 (---.N.----..."-----.0.--?_--.7---s oj (-3 \  NH2
CF, 481 



482    N,    114A Ni.---) c) 0   480 481        115A  i-----N---,----. 110
,N,) o   494 495    NH ,    116A 1 0\  .2 CF 9 425 426  ,--N------0
N  \ /  N ,      0     117A Nic---1   



448 449  S        N N\     Compound Structure    Exact mass, M MS (m/z)
118A --":7'--ip N--,,,0  0 \  2 N ,  431 CF3  132    / NI \ -
119A ''-r''N IS  0  CF, 419 420       



/ NI \ - N )            120A -"'-'NIII    F 436 437     N 2 \       , N/
121A Fl ./.---N10N ./N.N/"....,/ 0  CE, 504 505           \    122A 



0 \   506 507         123A 114111    CF, 427 423    \ - N            121 A
o''''. 101 II  0   466 467 125A \ ,.."-"N -.."/\NJO I  0 \   178 479



Compound Structure Exact mass, M MS (m/z)  0 NH2 500 501  126A    0N\
127A   544 545  NH 0ii0  2 N.--",--",-"--sN C)' ,,c, \ -   USA 0 \ 0
......."_,NR, 530 531  N 0/tsCICF, CI--,----   129A        0 H\NH2 0\ 0 486
487      N 0N,CF2 HN.,,,...."..-\ -      



130A  464 465   N NICF3 \.__.    rTh    NN -       131A H0 NH 508 509  40N
N  CF, \ -    H / N\_jr-N0 0       132A H0 _ 491 492  101N N/CF3 \ -
H/---\    / N,r NO \    0    Compound 



Structure Exact mass, M MS (m/4 133A H0 ist 519 520      N HCF, \ -  HC \
N\ r N0   134A 0 494 495      all    'N NI\CF2o / \ -    HS,)    /1\13iN \
0   135A 0 H NH, 477 478      N \ NCF3/0 \ 



H\)    / R/I \    0   1 36A NH2 505 506   IIIN N/\ \ - CF3  (1)    H    NN
\/    0   137A H0 466 467  N            > 401N                    )CF.
0\7\-N    H   138A H0 335 336  101N \CF3 



Compound  Structure   Exact mass, M MS (m/z) 139A o -..N.,,,,...",- 10   H
0 NH2 CF3 477 478     N) \-    1404A 0 '''''''N H IN iI 0 \NI I,  CFI 461
462             N) \ -    141A o r---"-LN   0 H  



489 490     N\ N    142A 0 H   0 \  461 462    H         N\ _
143A o N H 110 H 0 Nii2  461 462             N\    



I44A 0 N \ IP H 0 NII2  461 462             N            145A o    CF, 475
476            H         



Ni ) \--            146A .."..---.."0 ...."...2"N is    489 490     NH2
N     [0158] Other compounds of the invention may he similarly prepared
using methods well known to a person of ordinary skill in the art having
regard to that skill and this disclosure.  [0159] In pure examples. 101601
The following examples illustrate the inhibition of cancer-related kinases
(Aurora A and B and VEGTR2 kinases) by compounds of the first aspect of
this invention and the cytotoxic / cytostatic effect of the compounds
against human cancer cell lines in vitro. These results are considered
predictive of efficacy in human cancer chemotherapy, as other anticancer
agents tested in these assays have shown anticancer activity in
111.1111aIIS. [0161] The cell lines T1L60 (human pronwelocytic leukemia)
and HCT116 (human colon carcinoma) were obtained from the American Type
Culture Collection, Manassas, Virginia, U.S.A., and IIUVEC-2 (human
umbilical vein endothelial cells) from BD Biosciences, Bedford,
Massachusetts, U.S.A.. Aurora A kinase was obtained from Upstate Biotech,
Billerica, Massachusetts, U.S.A.; Aurora B kinase from BPS Bioscienc.e, San
Diego, California, U.S.A.; and VEGFR2 kinase from Cell Signaling
Technology, Danvers, Massachusetts, U.S.A. The 'MAP FP Screening Express
kit was obtained from Molecular Devices, Sunnyvale, California, U.S.A.; the
CellTiter-Glo assay kit from Promega Corporation, Madison, Wisconsin,
U.S.A.; and the Cellular DNA Cytometric Analysis Reagent Kit and BrdU
labeling and detection kit from Roche Diagnostics Corporation,
Indianapolis, Indiana, U.S.A. All products were used in accordance with
manufacturer's directions. Kinase inhibition assays and the histone
phosphonylation (p-H3) assay were conducted in duplicate, and the
cytotoxicity and HUVEC proliferation assays were conducted in triplicate,
in each case with solvent control. [0162] in ?lift Example 1: Aurora A and
13 kinase assays [0163] Aurora A kinase assay: the test compounds were
diluted in dimethylsulfoxide (DMSO, eight concentrations with serial 3-fold
dilutions) and incubated (final DMSO concentration 2.5%) with Aurora A
kinasc at room temperature for 5 nun in kinase reaction buffer with .1m1V1
dithiothreitol (FMAP FP Screening Express). The kinase reaction was
initiated by adding 100nM fluorescein labeled PKA tide and 10p.M adenosine
triphosphate (ATP), and allowed to continue for 45 min at room temperature,
after which it was stopped by adding binding reagent (1:400 dilution in
binding buffer A). After 30 niin of room temperature incubation with
shaking, the fluorescence polarization was measured on a TJT. plate reader.
Aurora B kinase assay: performed as for the Aurora A kinase assay, but
using Aurora B kinase instead of Aurora A kinase. [0164] In vdro Example 2:
VEGER2 kinase assay.  [0165] This assay was performed as for the Aurora A
kinase assay, using VEGFR2 kinase, CSKtide as the substrate with 61iM ATP
and 1mM MnCl" a kinase reaction time of 1 hr, and dilution of the binding
reagent 1:1200 in binding buffer A/binding buffer B (1:1). [0166] In vitro
Example 3: Histone phosphorylation (p-1-13) assay. [0167] Log phase EICT116
cells were seeded at 2.5x 104 cells/well in a 96-well plate and allowed to
attach overnight. The test compounds were diluted in DMS0 (8 concentrations
with serial 3-fold dilutions) and added to the cells (0.5% DIVISO final
concentration), and the cells incubated for 4 hr. The cells were then
washed three times with cold phosphate-buffered saline (PBS), and lysis
buffer was added. After 30 min shaking at 4C and centrifugation, the
supernatants were transferred to a nitrocellulose membrane by a "dot-blot"
apparatus. After washing the wells, the membrane was processed for Western
blot. Detection of p-H3 and 13-actin was performed on the same membrane
with primary rabbit anti-p-H3 and mouse and- P-actin antibodies followed by
secondary goat anti-rabbit iltDye800 and goat anti-mouse AlexaFluor 680
antibodies. The membranes were scanned on an Odyssey scanner. [0168] hi
vitro Example 4: IIE60 and IICT116 cytotaxicity assays. [0169] Log-phase
cells were mcipsinized, collected by centrifugation, and resuspended in a
small volume of fresh medium, and the density of viable cells was
determined following Trypan Blue staining. Cells were diluted in fresh
media (1 x 104 cells/mT, for TH.60 and    103 cells/mi. for HC1'116 cells),
the test compounds (concentrations between 0.1pi\JI and 200111\4, dissolved
in DMSO, 50 pT.) added immediately after dilution to achieve a final DMSO
concentration of 0.5%, then the suspensions added at 150 pE/well to 96-well
plates, and incubated overnight to allow attachment in the case of adherent
cells. The cells were cultured for three days (about three doubling dines).
The cells were then collected by centrifugation, and 100 ill_ of the
culture supernatant was replaced by the CellTiter-Glo reagent. After
incubation for 15 minutes at room temperature, the plate was read with a
luminometer. 0170] in vitro Example 5: HUVEC VEGF-dependent proliferation
assay. [0171] 1-111VEC-2 cells were seeded at 104 cells/well in a 96-well
plate coated with 0.1% gelatin in complete medium. After incubation at 37C
overnight, the cells were washed twice with PBS, Medium 199 with 0.1A fetal
bovine serum was added, and the cells were incubated for one day. The
compounds were serially diluted in DMSO, and added to die cells  at 0.5%
DNISO final concentration. After 2 hr, VEGE (25 righaiL) was added; and
after 'a further day, 5-bromo-2-deoxyuridine (BrdU, 10;d11) was added to
label proliferating cells, and the cells incubated for another day. The
plates were then processed using the Roche Brd11 label ii tg, and detection
Idt, and the VEGF-dependent antiprolifera Live activ ity of the compounds
deterrnined. [0172] Compounds of formula A showed the following activity
.in these in vitro assays. All numbers are rounded to I significant figure;
numbers ">x" indicate that the result was greater than the maximum limit of
quantitation of the assay. Cpci. Aur-A IC", nM Aur-B IC", nM VEGFR2 .1050,
nM p-H3 IC", pM HCT116 IC", pM HL60 IC", pM  



HUVEC IC", pM IA 10 5 10 0.2 0.3 1 0.07 2A 30 6 90 2 2 3 0.05 3A 20 10 90
20 3   4A 4 10 30 >40 2   5A 20 8 20 3 10 >10  6A 20 10 200 2 4 2  7A 7 20
30 >5 6 0.08  8A 10 8 60 1 2 0.2  9A 10 7 60 >5 



>20 >20  WA 10 10 40 5 1 2  11A /0 10  >3 4 3  12A 7 6 40 0.1 0.4 0.2  13A
10 3  0.8 0.7 1  14A 30 30 80 >50 8   15A 80 30 40 2 2   16A 100 20 300 2 2
2 17A 300 30 1 0.6 5 5  18A 200 40 500 



2 20   19A 400 30  >50 20   20A 90 20 200 >5 8 0.6  21A 200 100 1000  20
22A -80 10 200 9 10   23A 70 6 100 8 50   24A 900 1000 /100  >50   25A 200
100 400 >50 10   26A 200 100 1000 >50 20   27A 3 9 



10 1    28A 5 5 10 4 4  0.04 29A 30 10 100 >5 0.2   30A 10 10 8     31A 4 9
3 0.1 0.2 1  32A 10 10 40 0.4 5   33A 2 10 9 0.5 0.3 0.3  34A 5 6 10 0.4
0.6 0.2   Cpd. Aur-A IC", nM Aur-B IC", nM VEGFR2 IC, nM p-H3 IC", pM
HCT116 



IC,, p.M 11E60 IC", [AM HUVEC IC", v114 35A 9 5 20 0.6 0.2   36A 30 40 200
>i 4   37A 30 20 400 0.5 2 4  38A 40 10 200 0.3 0.8 1 0.1 39A 10 5 7 0.9
0.3 0.5 0.06 401\ 3 7 3 0.5 0.2 7 0.03 41A 6 4 4 0.1 0.7 0.1 0.2 42A 10 6
20 0.3 0.5 0.03 0.04 43A 6 



10      44A 10 10 10 0.2 0.2  0.08 45A 20 7 20 0.9 0.5 0.1 0.01 46A 6 10 40
0.2 0.4 0.2  17A 4 6 20 0.2 0.3 0.3 0.004 48A 10 I 10 0.3 0.6 0.1 0.04 49A
3 5  0.1 0.4 1  50A 20 10 20 0.4 0.3  0.09 51A 7 6 20 0.3 0.5 0.05 0.03 52A



60 60 100 >50 1   53A 3 10 20 0.2 0.3 02 0.03 54A 6 10 10 0.4 0.4 0.3 0.03
55A 20 20 20 0.7 0.3  0.05 56A 20 20 20 0.7 0.04  0.04 57A 20 20 10 0.1 0.1
0.02 58A 9 5 9 0.5 OA  0.06 59A 8 20 6 0.09 0.4  0.05 60A 10 7 5 0.2 0.2
0.08 



61A 20 10 4 0.03 0.1 0.2 0.02 62A 70 10 6 0.4 0.06.  0.06 63A 30 30 5 0.4
0.2  0.06 64A 50 20 10 0.9 2   651\ 30 20 7 0.4 0.2   66A 20 10 2 0.2 0.2
0.05 67A 10 40 4 0.04 0.9  0.02 68A 10 10 3 0.06 0.1  0.06 69A 20 30 2 0.1
0.09  



0.02 70A 60 10 4 1 0.6   71A 20 40 4 0.2 0.2  0.09 72A 20 20 20 0.3 0.2
0.08 73A 10 5 6 0.1 0.2 0.2 0.1 74A 20 10 20 0.2 0.3 0.04 0.08 75A 60 10 50
0.4 1  0.2 76A 50 5 80 0.2 0.7  0.1 77A 8 7 9 0.1 0.2 0.3 0.09 78A 60 40 50
0.6 2 



I 0.4 79A 20 20 10 0.4 0.1 0.3 0.04 80A 10 4 50 0.09 0.5  0.1   A CP'''.
Aur-A IC", nM Aur-B IC", nA4 VEGFR2 IC", n114 p-H3 IC", p:M HCT116 IC", vM
HL60 IC," vM HUVEC IC", istM 81A 6 7 9 0.09 0.3 0.2 0.08 82A 8 7 10 0.4
0.08  0.03 83A 6 10 60 0.2 0.2  0.2 84A 7 9 20 0.1 0.2 0.1 0.06 85A 5 4 



20 0.05 0.3 0.06 0:02 86A 4 8 30 0.2 0.4 0.8 0.03 87A 8 9 10 0.2 0.2 0.1
0.09 88A d 8 20 0.06 0.3 0.1 0.3 89A 5 5 6 0.1 0.5 0.7 0.08 90A 4 9 4 0.07
0.2 0.1 0.09 91A 2 20 10 0.1 0.3  0.04 92A 70 30 400 0.5 5  0.06 93A 20 20
10 0.1 0.3  0.03 94A 7 



7 10 0.08 0.2 0.1 0.05 95A 20 4 20 0.05 2 2 0.05 96A 2 3 6 0.04 0.3 0.1  9M
20 7  0.1 0.6 I  98A ( 8      99A 20 7 100     100A 5 9 10 0.3 0.4 0.09
0.02 101A 7 9 20 1 1 2 0.05 102A 1 7  0.05    103/1 



20 10 20 2 2 0.1 0:1 104A 30 10 60 2 3 t  105A 5 7  0.1    106/1 3 20 30
0.9 7  0.08 107A 8 20 40 >D 5 1  108/1 10 10 60 3 2 2  109A I WA 20 9 50 >5
3 0.5   50 20 20 0.2 0.2 0.8 0.08 WA 20 9 100 0.4 2  



0.3 112A 20 20 200 0.9 2  0.2 1 I3A 30 20 40 0.4 0.6  0.2 114A 40 20 40
0.05 0.6  0.04 I I 5A 40 30 20 0.2 0.1  0.1 116A 40 8 9 0.08 0.4  0.1 117A
10 8 20 0.3 0.8  0.06 118A 40 10 100 4 2 0.3 0.2 119A 9 6 6 0.2 1  0.2 120A
30 9 2 0.5 2 



2 121A 30 8 20 0.09 1  0.9 122A 20 9 20 0.4 4  7 123A 100 40 90 2 4   124A
30 30 100  >20  3 125A 30 10 20 0.2 3  0.6 126A 20 20 70 7 2  0.03  Cp d.
Aur-A IC", nM Attr-B IC", nM VEGFR2 IC", nM p-H3 IC", p.M HCT116 IC", p.M
HL60 IC", !AI HUVEC IC", pM 127A 90 6 20 0.2 



0.6 0.5 0.04 128A 10 20 60 0.6 0.9  0.06 129A 30 10 100 1 1  0.3 130A 100 9
20 0.3 2  0.4 131A 90 60 200 0.9 2  0.8 132A 60 20 100 9 1  0.6 133A 40 10
60 0.3 0.8  0.2 0.6 134A 50 10 80 0.4 4   135A 30 20 100 0.5 4  0.6 136A 20



30 0:2 0.8 0.2 0.2 137A 80 30 40 9 2   138A 8 8 40 0.5 1 0.4  139A 20 2 30
0.09 0.03 0.04  140A 6 9 20 0.4 0.4 0.3 0.02 141A 4 6 40 0.3 0.9 1 0.02
142A 2 4 10 0.3 0.3 0.2 0.09 143A 4 6 30 0.2 0.3 0.3 0.08 144A 5 6  0.1 0.4
0.5  145A 20 



4 10 0.08 0.2 0.4  146A 20 5  0.2 OA 0.8   [0173] In oiim Example 6: Cell
cycle analysis in IlL60 and IICT116 cells 101741 Log-phase cells were
seeded in a 75-m1. flask overnight to allow cell attachment., with the
seeding density chosen so that the cell culture would be less than 80%
confluent on the day of harvest. 'the test compounds were added (dissolved
in DAISO) at about IC, to achieve a final DAIS concentration of 0.1%, and
the cells then incubated further for one, two, or three days. Following
incubation, the cells were harvested, washed with cold PBS, fixed in 75%
aqueous ethanol, and stored at -20C until further analysis. To determine
the cellular DNA content, which reflects the cell cycle status, the fixed
cells were washed twice with phosphate-buffered saline and then treated
with RiNase for 30 minutes at 37C. They were then stained with propidium
iodide, followed by FAGS analysis on a Becton Dickinson FACSCalibur system.
All compounds tested induced polvploidy followed by apoptosis in HL60
cells, and polvploidy in IICT116 cells, indicative of Aurora kivase B
inhibi don. [0175] In vivo examples. [0176] In rim Example 1: IIL60
xenograft assay, oral administration. 10177] Male athymic milnit mice, 6-8
weeks old (about 20 g), were implanted subcutaneously in the tight fore
flank with about 1 x107 cells of the I 11.60 (human promyelocytic leukemia)
line that had been grown in antibiotic-free medium for at least two
passages. About 6 days after tumor implantation, when the tumor weight was
about 50-250 mg, the mice were assigned to treatment groups. Test compounds
were solubilized at 15 mg/mT. in 25 wt./0 aqueous hydroxypropyl
f3-cyclodextrin. Groups of mice were treated with compounds 39A, 41A, 75A,
77A, 85A, 95A, and 101A at 150 mg/Kg by gavage once/day on days 1-5 and
8710 from the start of treatment, with vehicle control. Tumor growth
inhibition was measured 1-2 days after the last day of treatment. All
compounds tested were active in this assay, with compound 39A causing 470/a
inhibition of tumor growth compared to vehicle, compound 41.A causing 81%
inhibition, compound 75A causing 72% inbibith at, compound 7Th causing
759/0 inhibition, compound 85A causing 45% inhibition, compound 95A causing
59% inhibition, and compound 101A causing 38A inhibition. Similar studies
with compounds 139A, 141A, 142A, and 143A dissolved at 4, 10, 10 and 10
mg/mL in 0.1M sodium acetate at p1-15, dosing at 40, 100, 100, and 100
mg/mL, showed tumor inhibition of 65%, 490/s, 890/0 and 65% relative to
vehicle. [0178] .112 IliP0 Example 2: 1-iCT116 xenograft assay, oral
administration. [0179] Male athymic int/nu mice, 6-8 weeks old (about 20
g), were implanted subcutaneously in the right fore flank with about 1 x107
cells of the EICT116 (human colon carcinoma) line that had been grown in
antibiotic-free medium for at least two passages. About 14-21 days after
tumor transplantation, when the tumor weight was about 50-250 mg, the mice
were assigned to treatment groups. Test compounds were solubilized at 15
ing/ml. in 25 wt.% aqueous hydroxypropyl p-cyclodextrin. Groups of mice
were treated with compounds 39A, 40A, 60A, 75A, 95A, and 117A at 150 mg/Kg
by garage once/day on days 1-5 and 8-12 from the start of treatment, with
vehicle control. Tumor growth inhibition was measured 9 days after the last
day of treatment. All compounds tested were active in this assay, with
compound 39A causing 56% inhibition of tumor growth compared to vehicle,
compound 40A causing 189/o inhibition, compound 60A causing 3770
inhibition, compound 75A causing 60% inhibition, compound 95A causing 61%
inhibition, and compound 117A causing 42:1A inhibition. A similar study
with compound 139A dissolved at 4 mg/mL in 0.11M sodium acetate at pi-i5,
dosing at /10 mg/mL, showed tumor inhibition of 46% relative to vehicle.
[0180] Formulation examples [0181] Formulation Example I. Formulation for
oral administration. [0182] A solid formulation for oral administration is
prepared by combining the following: - 66 -  Compound of this
invention25.00/) w/w Magnesium stearate0.5% w/w Starch2.0A. w/w
Hydroxypropylmethylcellulose1.0% w/w Microcrystalline cellulose71.5% w/w
and the mixture is compressed to form tablets or filled into hard gelatin
capsules containing, for example, 100 nag of the compound of tills
invention. Tablets may be coated, if desired, by applying a suspension of a
film-forming agent (for example, hydroxypropylmethylcellulose), pigment
(for example, titanium dioxide), and plasticizer for example, diethyl
phthalate), and drying the film by evaporation of the solvent. [0183]
Formulation Example 2. Formulation for IV administration. [0184] A
formulation for IV administration is prepared by dissolving a compound of
this invention, for example as a pharmaceutically acceptable salt, to a
concentration of 10A w/v in phosphate-buffered saline; and the solution is
sterilized, for example by sterile filtration, and sealed in sterile
containers containing, for example, 100 mg of a compound of this invention.
[0185] Alternatively, a lyophilized formulation is prepared by dissolving a
compound of this invention, again for example as a pharmaceutically
acceptable salt, in a suitable buffer, for example the phosphate buffer of
the phosphate-buffered saline mentioned above, sterilizing the solution and
dispensing it into suitable sterile vials, lyophilizing the solution to
remove the water, and sealing the vials. The lyophilized formulation is
reconstituted by the addition of sterile water, and the reconstituted
solution may be further diluted for administration with a solution such as
0.9% sodium chloride intravenous infusion or 5% dextrose intravenous
infusion.  Claims: 1.A compound of the formula,  or its salt, where: X is
NH or S; m is 0, 1, 2, or 3 n is 0, 1, 2, 3, or 4; R1 is alkyl, substituted
alkyl, heteroalkyl, substituted heteroalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, aralkyl, substituted aralkyl,
heteroaralkyl, substituted heteroaralkyl, halo, nitro, or cyano, or is -OR,
-SR, -C(0)R, -0C(0)R, -C(0)0R, -NR2, -S020R, -0S02R, -SO2NR2, -NR3S02R,
-CONR2, -NR3COR, or -NR30(0)0R, where each R independently is hydrogen,
alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, aralkyl, substituted
aralkyl, heteroaralkyl, or substituted heteroaralkyl, and R3 is hydrogen or
C1-C3 alkyl; and R2 is alkyl, substituted alkyl, heteroalkyl, substituted
heteroalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
aralkyl, substituted aralkyl, heteroaralkyl, substituted heteroaralkyl,
halo, nitro, or cyano, or is -OR, -SR, -C(0)R, -0C(0)R, -C(0)0R, -NR2,
-S020R, -0S02R, -SO2NR2, -NR3S02R, -CONR2, -NR3COR, or -NR3C(0)0R, where
each R independently is hydrogen, alkyl, substituted alkyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, aralkyl, substituted aralkyl, heteroaralkyl, or substituted
heteroaralkyl, and R3 is hydrogen or CI-C3 alkyl.  2.A compound of claim 1
where X is NH.   3. A compound of claim I where X is S. 4. A compound of
claim 2 or 3 where m is at least I. 5. A compound of claim 4 where m is I
or 2. 6. A compound of claim 5 where m is 1.  7. A compound of claim 6
where RI is on the 4-position of the pyrimidinc, and is preferably methyl,
methoxy, or, especially, trifluoromethyl.  8. A compound of claim 5 where m
is 2. 9.       A compound of claim 8 where one R is on the 4-position of
the pyrimidine, and is preferably methyl, methoxy, or, especially,
trifluoromethyl.  10. A compound of claim 9 where the other RI is -OR, -SR,
-C(0)R, -0C(0)R, -C(0)0R, -NR2, -S020R, -0S02R, -SO2NR2, -NR3S02R, -CONR2,
-NR3COR, or - NR3C(0)0R.  11. A compound of any one of claims 1 to 10 where
n is O.  12. A compound of any one of claims I to 10 where n is at least I.
13. A compound of claim 12 where n is 1 or 2.  14. A compound of claim 13
where n is I.  15. A compound of claim 14 where R2 is -OR, -SR, -C(0)R,
-0C(0)R, -C(0)0R, -NR2, -S020R, -0S02R, -SO2NR2, -NR3S02R, -CONR2, -NR3COR,
or -NR3C(0)0R. 



16.A compound of claim 13 where n is 2.   17. A compound of claim 16 where
one R2 is -OR, -SR, -C(0)R, -0C(0)R, -C(0)0R, -NR2, -S020R, -0S02R,
-SO2NR2, -NR3S02R, -CONR2, -NR3COR, or -NR3C(0)0R.  18. A compound of claim
1 selected from any one of compounds 1A to 146A, and their salts.  19. A
compound of claim 18 selected from: 2-(5-a3-(4-morpholiny
ppropyl]aminocarbonyl) -1 H-benzunidazol-2(31.0-y1 idene)-
2-(4-trifluoromethylpyrimidin-2-yDacetam
2-(64[3-(4-morpholinyl)propyl]aminocarbony1}-benzothiazol-2(311)-ylidene)-
2-(4-trifluoromethylpyrimidin-2-yDacetamide,
2-(5-113-(4-morpholinyl)propylKethyl)aminocarbony11-1H-benzimidazol-2(3H)-y
lidene)- 2-(4-trifluoromethylpyrimidin-2-yDacetamide,
215-(piperazine-1-carbony1)-1H-benzimidazol-2(310-ylidene]-
2-(4-trifluoromethylpyrimidin-2-yDacetamide, 2-{5-Rdiethyl am
inomethypcarbon y I am i nor I H-benzi m d azol-2 (310-yli den e} -
2-(4-trifluoromethylpyrimidin-2-ypacetamicle, 2- {5-[(S)-(1-methylpyrrol
idin-2-yl)carbonyl aminoM Thbenzimidazol-2(317)-ylidene} -
2-(4-trifluoromethylpyrimidin-2-yDacetamide,
2-{5-[(1-amino-l-methylethyl)carbonylaminok 1 H-benzimidazol-2(311)-y1 dene
- 2-(4-tri fluoromethylpyrimidin-2-ypacetamide,
2-{5-[(RS)-(1-methylpiperidin-2-ypearbonylamino]-1H-benzimidazol-2(311)-yli
dene}- 2-(4-trifluoromethylpyrimidin-2-yDacetamide, 2-( {542
-(4-methylpiperazin- 1 -yDethyl]carbonylam ino) -1
H-benzimidazol-2(3/1)-yliclene)- 2-(4,trifluoromethylpyrimid in-2-yOacetam
i de,
2-(6-{[2-(imidazol-1-ypethylfbenzothiazol-2(3H)-ylidene})-2-(4-trifluoromet
hylpyrimidin2-yOacetamide,
2-(6-{[2-(1,1-dioxothiomorpholin-4-ypethyllbenzothiazol-2(311)-ylidene})-
2-(4-trifluoromethyl pyrim id in-2-ypacetamide,
2-(6-{[2-(morpholin-4-ypethyllbenzothiazol-2(3H)-ylidene})-
2-(4-trifluoromethylpyrimidin-2-yOacetamide,
2-(6-1[2-(imidazol-1-yDethyloxyThenzothiazol-2(3H)-ylidencl)-
2-(4-trifluorornethylpyrimidin-2-ypacetamide,
2-(1H-benzimidazol-2(3H)-ylidene)-2-14-methyl-6-(trit1uoromethyppyrimidin2-
yllacetamide,-
2-(5-{1(diethylaminomethypcarbonylliethyDaminol-1/./-benzimidazol-2(3H)-yli
dene)- 2-(4-trifluoromethylpyrimidin-2-ypacetamide,
2-{5-[(S)-(1-methylpiperidin-2-yl)carbonylaminoN/Lbenzimidazol-2(3H)-yliden
e}- 2-(4-trifluoromethylpyrimidin-2-ypacetamide,
2-15-[(R)-(1-methylpiperidin-2-yOcarbonylamino]-1/1-benzinudazol-2(310-ylid
enel2-(4-trifluoromethylpyrimidin-2-yDacetamide,
2-15-[(S)-(1-methylpyrrolidin-2-yl)carbonylamino]-1H-benzimidazol-2(3H)-yli
dene}- 244-methyl-6-(trifluoromethyppyrimidin-2-yl]acetamide,
2-(5-{[(5')-(1-methylpyrrolidin-2-yOcarbonylKethyl)aminol-1H-benzimidazol2(
31-0-ylidene)-2-(4-trifluoromethylpyrimidin-2-yDacetamide, and
2-(5-{kpiperidin-1-ylmethyl)carbonylKethyDaminol -1
ff-benzimidazol-2(311)-ylidene)-
2-(4-trifluoromethylpyrimidin-2-yDacetamide, and their salts. 20.A compound
of claim 19 selected from
2-(5-{[3-(4-morpholiny0propyl](ethypaminocarbony1}- I
H-benzimidazol-2(31.0-ylidene)-
2-(4-trifluoromethylpyrimidin-2-y0acetamide,
2-{5-Rdiethylaminomethyl)carbonylaminol- I H-benzimidazol-2(3/0-ylidene)-
2-(4-trifluoromethylpyrimidin-2-ypacetamide, 2-({5-12-(4-methylpiperazin- I
-ypethylicarbonylamino}- ll-benzimidazol-2(3H)-ylidene)-
2-(4-trifluoromethylpyrimidin-2-yDacetamide,
2-(5-{1(diethylaminomethyDcarbonylliethyDamino}- I
H-benzimidazol-2(310-ylidene)- 2-(4-trifluoromethylpyrimid
in-2-yOacetamide,  2-15-1(3)-(1-methylpiperidin-2-yl)carbonylam
ino]-1H-ben7im idazol-2(31Thyl idene - 2-(4-tri 11
uoromethylpyrimiclin-2-yl)acetamide, 2-15-[(R)-( I
-methylpiperidin-2-ypearbonylamino]-111-benzimidazol-2(3H)-ylidenel2-(4-tri
fluoromethylpyrimiclin-2-yDacetainide, and 245- {
RS)-(1-methylpyrrolidin-2-yl)carbonylliethypam inol- I
H-benzimidazol2(311)-ylidene)-2-(4-trifluoromethylpyrimidin-2-ynacetamicle,
and their salts.  21. A compound of any one of claims 1 to 20 for use as a
kinasc inhibitor, especially as an inhibitor of Aurora kinase and
optionally VEGFR2 kinase, particularly for the treatment of cancer.  22. A
pharmaceutical composition containing a compound of any one of claims 1 to
20, particularly in a therapeutically effective amount, further
particularly in combination with an excipient.  23. The use of a compound
of any one of claims 1 to 20 as a kinase inhibitor, especially as an
inhibitor of Aurora kinase and optionally VEGFR2 kinase, particularly for
the treatment of cancer.  24. The use of a compound of any one of claims 1
to 20 in the manufacture of a medicament for the treatment of a disease
treatable by a kinase inhibitor, especially by an inhibitor of Aurora
kinase and optionally VEGFR2 kinase, particularly cancer.  25. A method of
treatment of a disease treatable by a kinase inhibitor, especially by an
inhibitor of Aurora kinase and optionally VEGFR2 kinase, particularly
cancer, comprising administration of a compound of any one of claims 1 to
20, particularly in the form of a pharmaceutical composition. 


