
TITLE OF THE INVENTION SOLID DOSAGE FORMULATIONS OF
TELCAGEPANT POTASSIUM FIELD OF THE INVENTION The field
of the invention is solid dosage pharmaceutical
formulations. More specifically, the field of the
invention is the formulation of active ingredients in
oral solid dosage forms. BACKGROUND OF THE INVENTION
CGRP (Calcitonin Gene-Related Peptide) is a naturally
occurring 37-amino acid peptide that is generated by
tissue- specific alternate processing of calcitonin
messenger RNA and is widely distributed in the central
and peripheral nervous system. CGRP is localized
predominantly in sensory afferent and central neurons
and mediates several biological actions, including
vasodilation. When released from the cell, CGRP
initiates its biological responses by binding to
specific cell surface receptors that are predominantly
coupled to the activation of adenylyl cyclase. CGRP
receptors have been identified and pharmacologically
evaluated in several tissues and cells, including
those of brain, cardiovascular, endothelial, and
smooth muscle origin. CGRP is a potent neuromodulator
that has been implicated in the pathology of
cerebrovascular disorders such as migraine and cluster
headache. In clinical studies, elevated levels of CGRP
in the jugular vein were found Io occur during
migraine attacks (Goadsby et ah, Ann Neurol,, 1990,
28, 183-187), and salivary levels of CGRP were shown
to be elevated in migraine subjects between attacks
(Bellamy et al, Headache, 2006, 46, 24-33). CGRP
itself has been shown to trigger migrainous headache
(Lassen et al, Cephalalgia, 2002, 22, 54-61). In
clinical trials, the CGRP antagonist BIBN4096BS has
been shown to be effective in treating acute attacks
of migraine (Olesen et al., New Engl J. Med., 2004,
350, 110441 10) and was able to prevent headache
induced by CGRP infusion in a control group (Petersen
et al., Clin. Pharmacol. Ther.f 2005, 77, 202-213).
CGRP-mediated activation of the trigeminovascular
system may play a key role in migraine pathogenesis.
Additionally, CGRP activates receptors on the smooth
muscle of intracranial vessels, leading to increased
vasodilation, which is thought to contribute to
headache pain during migraine attacks (Lance, Headache
Pathogenesis: Monoamines, Neuropeptides, Purines and
Nitric Oxide, Lippincott-Raven Publishers, 1997, 3-9).
The middle meningeal artery, the principle artery in
the dura mater, is innervated by sensory fibers from
the trigeminal ganglion which contain several
neuropeptides, including CGRP. Trigeminal ganglion
stimulation in the cat resulted in increased levels of
CGRP, and in humans, activation of the trigeminal
system caused facial flushing and increased levels of
CGRP in the external jugular vein(Goadsby et al., Ann.
Neurol., 1988, 23, 193-196). Thus the vascular effects
of CGRP may be attenuated, prevented or reversed by a
CGRP antagonist, CGRP antagonist compounds are useful
as pharmacological agents for disorders that involve
CGRP in humans and animals, but particularly in
humans. In addition to headaches, such disorders
include pain; non-insulin dependent diabetes mellitus;
vascular disorders; inflammation; arthritis; bronchial
hyperreactivity; asthma; shock; sepsis; opiate
withdrawal syndrome; morphine tolerance; hot flashes
in men and women; allergic dermatitis; psoriasis;
encephalitis; brain trauma; ischaemia; stroke;
epilepsy; neurodegenerative diseases; skin diseases;
neurogenic cutaneous redness, skin rosaceousness and
erythema; tinnitus; inflammatory bowel disease;
irritable bowel syndrome; and cystitis. Of particular
importance is the acute or prophylactic treatment of
headache, including migraine and cluster headache.
International patent application WO2004/092166,
published October 28, 2004, discloses compounds useful
for the treatment of diseases or conditions of humans
or other species which can be treated with inhibitors,
modulators or promoters of the CGRP receptor function.
Such diseases or conditions include those mentioned in
the referenced applications, and specifically include
migraine and cluster headache. Example 86 of WO '166,
-[(3i?,6 S}-6-(2,3-Difluorophenyl)-2-oxo-l -(2,2,2-
tri fluoroethyl)azepan-3-yl]-4
(2-oxo-2!3-dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piper
idine-lcarboxamide (telcagepant or compound 1): is a
particularly potent CGRP modulator. The laboratory
preparation of compound 1 is described in WO r166.
International patent application publication WO
2007/120592 discloses the potassium salt of compound 1
("telcagepant" or compound IA), the potassium salt
hydrate (compound IB or "telcagepant potassium
hydrate"), and the potassium salt ethanolate (compound
1C or "telcagepant potassium ethanolate"):IA IB 1C
International patent application publication WO
2008/030524 describes liquid formulations of compound
1, and salts and solvate forms thereof. Telcagepant is
currently in clinical development for the treatment of
migraine. SUMMARY OF THE INVENTION The invention is
directed to a solid dosage pharmaceutical formulation
comprising as an active ingredient the potassium salt
of [(3 I65)-6-(2,3-difluoro rhenyl)-2-oxo-l~(2,2,2-
trifluoroethyl)azepan- 3-yl ]-4-(2-oxo-2 ,3-dihydro-
1H-imidazo [4,5-b]pyridin- 1-yI)piperidine- 1-
carboxamide (telcagepant), arginine and a
pharmaceutically acceptable surfactant. In
particularembodiments, the active ingredient is the
ethanolate or hydrate, or an amorphous form, of
telcagepant potassium. When the active ingredient is
the ethanolate, the compositions of the invention
comprise Form I or Form II, or mixtures thereof, of
the telcagepant potassium ethanolate, The invention is
also directed to a novel amorphous form of the
potassium salt of telcagepant. FIGURES OF THE
INVENTION FIGS. IA and IB are photographs of the
powder amorphous form of the potassium salt of
telcagepant, manufactured by the spray drying method;
FIGS. 2A and 2B are photographs of the powder
amorphous form of the potassium sail of telcagepant,
manufactured by the precipitation method; FIG. 3 is an
X-ray diffraction pattern of telcagepant potassium
ethanolate Form I; FIG. 4 is an X-ray diffraction
pattern of telcagepant potassium ethanolate Form II;
FIG. 5 is an X-ray diffraction pattern of telcagepant
potassium hydrate; FIG. 6 , is a modulated DSC curve
of the amorphous form of telcagepant potassium; FIG, 7
is a carbon- 13 cross-polarization magic-angle
spinning (CPMAS) nuclear magnetic resonance (NMR)
spectrum of the crystalline telcagepant potassium
ethanolate (Form I) of telcagepant; FIG. 8 is a
carbon-13 cross-polarization magic-angle spinning
(CPMAS) nuclear magnetic resonance (NMR) spectrum of
the crystalline telcagepant potassium hydrate; FIG. 9
is a carbon-13 cross-polarization magic-angle spinning
(CPMAS) nuclear magnetic resonance (NMR) spectrum of
amorphous telcagepant potassium; FIG. 10 is a Raman
spectrum of telcagepant potassium ethanolate Form I;
FIG. 11 is a Raman spectrum of telcagepant potassium
hydrate; FIG. 12 is a Raman spectrum of the amorphous
form of telcagepant potassium; FIG. 13 depicts the
preliminary mean plasma concentration-time profile,
following administration of a 300 mg single oral dose
of telcagepant potassium ethanolate. DETAILED
DESCRIPTION OF THE INVENTION The invention is directed
to a solid dosage pharmaceutical formulation
comprising(l) -[(3i?,6S)-6-(2
s3-difluorophenyl)-2-oxo-l-(2,2,2-trifluoroethyl)azepa
n-3-yl]-4-(2-
oxo-2,3-dihydro-lH4midazo[4,5-b]pyridm-I-yl)piperidine
-l-carboxamide potassium, or the hydrate or ethanolate
thereof, or an amorphous form thereof; (2) arginine;
and (3) a pharmaceutically acceptable surfactant. In
particular embodiments, the formulation comprises the
ethanolate of N-[(3R,6S)-6- (2 3-difluoro
rhenyl)-2-oxo- 1-(2,2
2-trifluoroethyl)azepan~3~yl]-4-(2-oxo-2,3-dihydro-
1Himidazo[ 4,5-b]pyridin-l-yl)piperidine-l-carboxamide
potassium. In other embodiments, the formulation
comprises Form I or Form II, or mixtures thereof, of
the ethanolate of V-[(3i 6 ) 6 (2!3 difl
uorophenyI)-2-oxo- l -(2J2,2-trifiuoroethyl)azepan-3-
yl]-4-(2-oxo-2,3-dihydro-lH-imidazo[4,5-b]py
pdin-l-yl) riperidLne-l-carboxamide potassium. As used
in the compositions of the invention, Form I can be
detected by one or more of its characteristic x-ray
diffraction peaks as described herein, such as
d~spacings of 8.27, 4.01, and 3.32 angstroms. As used
in the compositions of the invention, Form I can be
detected by one or more of its characteristic
solid-state carbon- 13 NMR spectra peaks as described
herein, such as 109. 1 ppm, 55.8 ppm and 54.6 ppm. As
used in the compositions of the invention, Form I can
be detected by one or more of its characteristic Raman
spectra as described herein, for example at peaks (cm'
1) of 646.3, 707.4, 761.5, 832.9, 1063.3, 1365.5,
1402.0, 1445.7 or 1455.3. As used in the compositions
of the invention, Form II can be detected by one or
more of its characteristic x-ray diffraction peaks as
described herein, such as d-spacings of 31.62, 7.80,
and 4,92 angstroms. In other embodiments, the
formulation comprises the hydrate of
N-[(3R,6S)-6-(2,3- difluorophenyl)-2-oxo- 1-(2
2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-
1Himidazo{ 4,5-b]pyridin- 1-yl)piperidine-
1-carboxamide potassium. As used in the compositions
of the invention, the hydrate can be detected by one
or more of its characteristic x-ray diffraction peaks
as described herein, such as d-spacings of 16.96,
8.50, and 4.26 angstroms. As used in the compositions
of the invention, the hydrate can be detected by one
or more of its characteristic solid-state carbon- 13
NMR spectra peaks as described herein, such as 126.1
ppm, 54.4 ppm and 36.6 ppm. As used in the
compositions of the invention, the hydrate can be
detected by one or more of its characteristic Raman
spectra as described herein, for example by peaks (cm"
1) of 646.8, 707.0, 753.7, 832.7, 1064.7, 1364.3,
1403.0 or 1441 .0.In another embodiment, the
formulation comprises an amorphous form of
N-[(3R,6S)-6- (2,3-difluorophenyl)-2-oxo~ 1-(2,2
2-trifluoroethyl)a2epan-3-yl]-4-(2-oxo-2,3-dihydro-l
Himidazo[ 4,5-b]pyridin-l-yl)piperidine-l-carboxamide
potassium. The formulation may comprise from about
0.005 mg to about 1000 mg of the active ingredient
-f(3i?!6S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifl
uoroethyl)azepan-3-yl]-4-(2-
oxo-2,3-dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidi
ne-l -carboxamide, which is determined from an
equivalent weight measurement of /V-[(3i
,6S)-6-(2,3-difluorophenyI)-2-oxo-l-(2,2 ;2
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-IH-im
idazo[4,5-b]pyridin-l-yl)piperidine-lcarboxamide
potassium telcagepant, as the hydrate, ethanolate, or
amorphous form. Suitable formulations may comprise
from 10 to 800 mg, or from 25 to 750 mg, or from 50 to
700, or from 100 to 500 mg of Lr-f(3
,6-5)^-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifluoroet
hyl)azepan-3-yl]-
4-(2-oxo-2,3-dihydro-lH-imidazo[4,5-b]pyridin-l-yl)pip
eridine-l-carboxamide, based on the equivalent weight.
Suitable specific formulations comprise about 140,
about 150, about 280, or about 300 mg of
-[(3/?,65)-6-(2 J3-difluorophenyl)-2-oxo-l-(2,2
J2-trifluoroethyl)azepan-3-yl]~4- (2-oxo-2,3-dihydro-l
H-imidazo[4,5-b]pyridin-l -yj)piperidine-l
-carboxamide. The formulation may comprise about 25 to
about 75% by weight of N~[(3R,6S)~6~
(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifluoroethyl)aze
pan-3-yl]-4-(2-oxo-23-dihydro-lHimidazo[ 



4,5-b]pyridin-l-yl)piperidine-l -carboxamide as the
active ingredient, for example about 35 to about 55%
by weight. Typically, the composition may comprise
about 50% by weight. Weight percent is determined from
an equivalent weight measurement of the
-[(3iJ,65)-6-(2,3- difluorophenyl)~2 -oxo-1
-(2,2,2-trifiuoroethyI)azepan-3-ylj-4-(2-oxo-2,3-dihyd
ro-l Himidazo[ 4,5-b]pyridin-l-yl)pi reridine-l
-carboxamide potassium, as the hydrate, ethanolate
(Form I or Form II, or mixtures thereof), or amorphous
form. It has been discovered that telcagepant does not
effectively release from standard pharmaceutical
formulations in vivo in the stomach of the patient, or
in simulated gastric fluid. It is believed that the
surface of standard formulations gel, thereby
preventing water from penetrating into the formulation
and inhibiting the release of the telcagepant active
ingredient. In standard formulations the potassium
salt converts to the neutral form, creating a
relatively insoluble shell around the tablet. The
shell effectively prevents dissolution of the drug. As
explained above, the invention is directed to solid
dosage formulations of telcagepant comprising
arginine, which have comparable bioavailability to
liquid formulations of telcagepant. It is believed
that arginine acts in the solid dosage formulation as
a pharmaceutically acceptable basifying/dissolution
enhancing agent. The basifying/dissolution enhancing
agentenhances release of the active ingredient without
significantly impacting other favorable properties of
the formulation. The presence of the
basifying/dissolution enhancing agent facilitates drug
release from the formulation during tablet erosion and
dissolution in the stomach, under acidic conditions
Hence, the formulations of the invention include a
"basifying/dissolution enhancer," i.e., the
monoaminodicarboxylic acid arginine
((NH2CH-COOH(CH2)3-NHCNH( NH2)). The
basifying/dissolution enhancing properties of arginine
are believed to be due to its relatively high
solubility, in combination with its high pKa and
isolectric point. Arginine has a pKa of 2.03, 9.00 and
12.1, and a pi (isoelectric point) of 10.76. The amino
acid basifying/dissolution enhancer acts to prevent or
inhibit insoluble shell formation (neutral form) on
the surface of the tablet during dissolution in the
stomach or in simulated gastric fluid. Suitable
formulations of the invention may comprise a
basifying/dissolution enhancing amount of a
basifying/dissolution enhancing agent (i.e. arginine).
Suitable amounts are at least 5,0%
basifying/dissolution enhancer agent, or at least 10
0% basifying/dissolution enhancer agent, Suitable
amounts of the basifying/dissolution enhancer may be
up to 90.0% basifying/dissolution enhancer agent
(arginine), In other embodiments, a suitable amount is
up to 50.0%, or up to 35.0%, or up to 30.0%. Suitable
pharmaceutical formulations may comprise about 40 0 %
basifying/dissolution enhancer agent, about 30.0 %
basifying/dissolution enhancer agent, about 25.0 %
basifying/dissolution enhancer agent, about 20.0 %
basifying/dissolution enhancer agent, about 15.0 %
basifying/dissolution enhancer agent or about 10.0 %
basifying/dissolution enhancer agent In one embodiment
of the invention, the solid dosage formulations are
tablets. The formulations of the invention may also
comprise a pharmaceutically acceptable surfactant. As
used herein, the term "pharmaceutically acceptable
surfactant" or "surfactant" are used interchangeably,
and refer to agents which reduce the surface tension
of water by adsorbing at the liquid-gas interface.
Surfactants are usually organic compounds that are
amphiphilic, Le , molecules comprising both
hydrophobic groups and hydrophilic groups. Surfactants
may generally be present in the amount of up to about
1 to 50% by weight of the formulation. Surfactants
suitable for use in the present invention may be
classified as pharmaceutically acceptable anionic
surfactants, cationic surfactants, amphoteric
(amphipathic/ amphophilic) surfactants, and non-ionic
surfactants.Preferred surfactants are non-ionic
surfactants. The term "nonionic surfactant" is
understood by one skilled in the art of pharmaceutical
formulation to mean a class of surfactants which do
not dissociate into ions in water. A preferred
nonionic surfactant for the formulations of the
invention is a polyoxypropylene block copolymer, also
known as a "poloxamer," comprising a central
hydrophobic chain of polyoxypropylene and two
hydrophilic chains of polyoxyethylene. Suitable
poloxamers include Poloxamer 407. The formulation may
comprise up to 50% poloxamer, in some embodiments up
to 10%, in other embodiments up to 7.5%. Suitable
pharmaceutical formulations may comprise about 10.0 %
poloxamer, about 7,5 % poloxamer, about 5.0%, or about
2.0 % poloxamer. Suitable pharmaceutically acceptable
anionic surfactants include, for example, monovalent
alkyl carboxylates, acyl lactylates, alkyl ether
carboxylates, N-acyl sarcosinates, polyvalent alkyl
carbonates, N-acyl glutamates, fatty acid-polypeptide
condensates, sulfuric acid esters, alkyl sulfates
(including sodium Iauryl sulfate (SLS)), ethoxylated
alkyl sulfates, ester linked sulfonates (including
docusate sodium or dioctyl sodium succinate (DSS)),
alpha olefin sulfonates, and phosphated ethoxylated
alcohols. Suitable pharmaceutically acceptable
cationic surfactants include, for example, monoalkyl
quaternary ammonium salts, dialkyl quaternary ammonium
compounds, amidoamines, and aminimides. Suitable
pharmaceutically acceptable amphoteric
(amphipathic/amphophilic) surfactants, include, for
example, N-substituted alkyl amides, N-alkyl betaines,
sulfobetaines, and N-alkyl b-aminoproprionates. Other
suitable surfactants for use in conjunction with the
present invention include polyethyleneglycols as
esters or ethers. Examples include polyethoxylated
castor oil, polyethoxylated hydrogenated castor oil,
or polyethoxylated fatty acid from castor oil or
polyethoxylated fatty acid from hydrogenated castor
oil. Commercially available surfactants that can be
used are known under trade names Cremophor, Myrj,
Polyoxyl 40 stearate, Emerest 2675, Lipal 395 and PEG
3350. In still other embodiments, the formulation
comprises a pharmaceutically acceptable disintegrant.
Disintegrants are substances added to pharmaceutical
tablets that facilitate the breakup or disintegration
of the tablet after administration. Suitable
disintegrants are starches (including corn starch and
potato starch), clays, celluloses, aligns, gums and
crosslinked polymers. Suitable disintegranls include
the class of disintegrants known as "super
disintegrants," which may typically be used in lower
amounts than other disintegrants.Exemplary classes of
super disintegrants include croscarraellose,
cross-linked polyvinyl pyrrolidine (also known as
crospovidone) and sodium starch glycosate. The
disintegrant (including super disintegrants) may be
present in the amount of up to about 20 % by weight of
the formulation. In still other embodiments, the
formulation comprises additional pharmaceutically
acceptable excipients, including, for example,
fillers, glidants, lubricants, coloring agents,
coating agents and waxes. Fillers are added to provide
bulk to formulations, in order to ease handling and
processing. Suitable pharmaceutically acceptable
fillers for use in the invention include mannitol,
AVICEL, non-lactose fillers, and other fillers that do
not interact with amine groups. Glidants improve the
flow characleristics of the powder. Suitable glidants
for use in the invention include colloidal silicon
dioxide and talc. Glidants arc typically present in
the formulation in the amount of up to about 1% by
weight. In some embodiments of the invention, the
lubricant is present in the amount of up to 0.5% by
weight. Lubricants also reduce interparticle friction,
and facilitate the ejection of tablets from the die.
Exemplary lubricants for use in the invention include
talc, magnesium stearate (intragranular and/or
extragranular), calcium stearate, stearic acid,
glyceryl behanate, hydrogenated vegetable oil and
polyethylene glycol. Lubricants are typically present
in the formulation in the amount of up to 2% by
weight. In some embodiments of the invention, the
lubricant is present in the amount of up to 1% by
weight, or up to 0.5% by weight. Coloring agents
improve the aesthetics of the drug formulations, and
help to distinguish and identify formulations during
manufacturing. Coloring agents useful in the invention
include any of the colorants approved by the Food and
Drug Administration for use in pharmaceutical
formulations. Film coating agents may also be used to
coat the formulation. Suitable film coating agents
include OPADRY and OPADRY II (with a mixture of
various coloring agents), which are manufactured by
Colorcon, Inc. These are hydroxypropyl cellulose, HPMC
2910/hypromellose 6 cp base and polyvinyl alcohol base
coating formulations. The invention is also directed
to a method of treating headaches, comprising
administering to a patient the solid dosage
formulation of the invention. The invention is also
directed Io the use of the formulation of the
invention for treating diseases or disorders in which
CGRP is involved, such as headaches, including cluster
headaches and migraine headaches.Another embodiment of
the present invention is directed to a method for the
treatment, control, amelioration, or reduction of risk
of a disease or disorder in which the CGRP receptor is
involved (such as headaches) in a patient, comprising
administering to the patient a formulation of the
invention,  n one embodiment, the solid dosage
formulations of the invention provide Cmax in the
blood of at least 2.75 mM. In other embodiments, the
solid dosage formulations of the invention provide
Cmax in the blood of at least at least 3 0 mM. In
particular embodiments, the desirable Cmax values
listed above are achieved for formulations comprising
about 280 mg of the telcagepant active ingredient, and
for formulations comprising about 300 mg of the
telcagepant active ingredient. In one embodiment, the
solid dosage formulations of the invention achieve a
Tmax at a time point of no more than 1,0 hour after
administration. In another embodiment, the solid
dosage formulations of the invention achieve a Tmax at
a time point of no more than 1.25 hour after
administration. In still another embodiment, the solid
dosage formulations of the invention achieve a Tmax at
a time point of no more than about 1.5 hours after
administration in one embodiment, the solid dosage
formulations of the invention demonstrate an AUCo tmax
in the blood of no more than 2.5 mM hr. In other
embodiments, the solid dosage formulations of the
invention demonstrate an AUCo-tmacin the blood of no
more than 2.0 mM hr. In one embodiment, the solid
dosage formulations of the invention demonstrate an
AUCo-2 hr in the blood of no more than 5.5 mM hr. In
other embodiments, the solid dosage formulations of
the invention demonstrate an AUCo hr i the blood of no
more than 4.5 mM hr, In one embodiment, the solid
dosage formulations of the invention demonstrate an
AUC< hr i the blood of no more than 10.0 mM hr. In
other embodiments, the solid dosage formulations of
the invention demonstrate an AUCo-4 hr in the blood of
no more than 9.0 mM hr. In one embodiment, the solid
dosage formulations of the invention demonstrate an
AUCo. >in the blood of no more than 15,5 mM hr. In
other embodiments, the solid dosage formulations of
the invention demonstrate an AUCo- in the blood of no
more than 15.0 mM hr. Exemplary formulations are shown
in Table 1 below:Table 1 The core tablet weight is
calculated according to a salt converstion factor, as
known to one skilled in the art (e.g., 1.1494 g of
telcagepant potassium salt equals 1 g of neutral
telcagepant). Definitions As used herein, the terms
"telcagepant" and "compound 1" are used
interchangeably, and mean the compound
N-[(3i?,65)-6-(2,3-DifluorophenyI)-2-oxo-l -(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-
1H-imidazo[4,5-b]pyridin- 1-yl)piperidine-l -
carboxamide:The USAN council has adopted the term
"telcagepant potassium" to refer to the potassium salt
of -[(3 565)-6-(2,3-Difluorophenyl)-2-oxo-l-(2
2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2 t3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide with ethanol. However, as used herein, the
term "telcagepant potassium" refers to all forms or
solvates of the potassium salt of
N-[(3J?,65)-6-(2,3-Difluorophenyl)-2-oxo-l-(2,2
52-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2 J3- 



dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide (compound IA): IA As used herein, the term
"telcagepant potassium ethanolate" refers to the
ethanolate of -
[(3i?,6S)-6-(2,3-Difluorophenyl)-2-oxo-l-(2,2
2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4
55-b]pyridin-l-yl)piperidine-l-carboxamide potassium
(compound 1C): 1CAs used herein, the term "telcagepant
potassium hydrate" refers to the hydrate of
N-[(3R,6S)-6- (2,3-Difl uorophenyI)-2 oxo- l
-(2,2,2-tri nuoroethyl)azepan-3-yl]-4-(2-oxo-2
3-dihydro- lH
iraidazo[4,5-b]pyridin-l-yl)piperidine-l-carboxamide
potassium (compound IB): IB As used herein, the terms
"treatment," "treating," and the like, refer to
obtaining a desired pharmacologic and/or physiologic
effect. The effect may be prophylactic in terms of
completely or partially preventing a disease, disorder
or condition, or symptom thereof and/or may be
therapeutic in terms of a partial or complete cure for
a disease, disorder or condition, and/or adverse
affect attributable thereto. "Treatment", as used
herein, covers any treatment of a disease, disorder or
condition, in a mammal, particularly in a human, and
includes: (a) preventing the disease, disorder or
condition, from occurring in a subject which may be
predisposed to the disease, disorder or condition, but
has not yet been diagnosed as having it; (b)
inhibiting the disease, disorder or condition, i.e.
arresting its development; and (c) relieving the
disease, disorder or condition, i.e., causing
regression. The terms "individual," "subject," and
"patient," used interchangeably herein, refer to a
mammal, including, but not limited to, murines,
simians, humans, mammalian farm animals, mammalian
sport animals, and mammalian pets. Preferably, the
patient is a human (male or female). A
"therapeutically effective amount" or "effective
amount" means the amount of a telcagepant, or salt or
solvate thereof (e.g., the amount of telcagepant, or a
salt or solvate thereof) that, when administered to a
mammal or other subject for treating a disease, is
sufficient to effect such treatment for the disease.
The "therapeutically effective amount" will vary
depending on the compound, the disease and its
severity and the age, weight, etc., of the subject to
be treated.The term "pharmaceutically acceptable,"
when used alone in such phrases as "pharmaceutically
acceptable excipient," "pharmaceutically acceptable
diluent," "pharmaceutically acceptable carrier," and
"pharmaceutically acceptable adjuvant", mean an
excipient, diluent, carrier, adjuvant or similar
materials that are useful in preparing a
pharmaceutical formulations that are generally safe,
non-toxic and neither biologically nor
otherwise-undesirable, and include an excipient,
diluent, carrier, and adjuvant that is acceptable for
veterinary use as well as human pharmaceutical use.
"Pharmaceutically acceptable" materials are, within
the scope of sound medical judgment, suitable for
contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic
response, or other problem complications commensurate
with a reasonable benefit/risk ratio. In some
embodiments, the term "pharmaceutically acceptable"
means approved by a regulatory agency of the Federal
or a state government or listed in the U.S
Pharmacopoeia or other generally recognized
international pharmacopoeia for use in animals, and
more particularly in humans. "A pharmaceutically
acceptable excipient," or pharmaceutically acceptable
"diluent," "carrier" or "adjuvant," as used in the
specification and claims, includes both one and more
than one such excipient, diluent, carrier, or
adjuvant. An "excipients," "diluent," "carrier" or
"adjuvant" refers to a substance that is used in the
formulation of solid dosage pharmaceutical
formulations, and, by itself, generally has little or
no therapeutic value. Various excipients, diluents,
carrier or adjuvants can be used in the invention,
including those described in Remington: The Science
and Practice of Pharmacy, 21st Ed., pp. 317-318
(2006), These include, but are not limited to,
surfactants, disintegrants, fillers, antioxidants,
anti-bacterial agents that prevent the decay of the
formulation itself as opposed to those exhibiting a
therapeutic effect, preservatives, chelating agents,
buffering agents, glidants, lubricants, agents for
adjusting toxicity, colorings, flavorings and diluting
agents, emulsifying and suspending agents, and other
substances with pharmaceutical applications. The term
"solid unit dosage form," as used herein, refers to
physically discrete, solid units suitable as unitary
dosages for human and animal subjects, each unit
containing a predetermined quantity of compounds of
the present invention calculated in an amount
sufficient to produce the desired effect in
association with a pharmaceutically acceptable
diluent, carrier or vehicle. Exemplary "solid unit
dosage forms" are tablets, capsules, pills, troches,
cachets and pellets. The solid dosage formulations of
the invention are designed for use by an oral route of
administration.As used herein, a "pharmaceutical
formulation" is meant to encompass a composition
suitable for oral administration to a subject, such as
a mammal, especially a human. In general a
"pharmaceutical formulation" is sterile, and generally
free of contaminants that are capable of eliciting an
undesirable response within the subject (e.g., the
compound(s) in the pharmaceutical composition is
pharmaceutical grade). Forms of Telcagepant Ethanolate
As noted above, the telcagepant potassium ethanolate,
and methods of synthesis, are disclosed in
International Application WO 2007/120592. Methods of
manufacturing Form I of the telcagepant potassium
ethanolate is disclosed in International AppHation WO
2007/120592, Examples 3-6, Form II of the ethanolate
has been observed to form during manufacturing when no
seeds (crystals) of Form I were added to the solution
of telcagepant potassium. The potassium salt
ethanolate Form I exhibits diffraction peaks
corresponding to d-spacings of 8 27, 4.01 , and 3.32
angstroms. The potassium salt ethanolate Form I is
further characterized by the d-spacings of 16.52,
7.55, and 7.02 angstroms. The potassium salt
ethanolate Form I is even further characterized by the
d-spacings of 5 52, 5 08, and 4 63 angstroms. The
potassium salt ethanolate Form II exhibits
characteristic diffraction peaks corresponding to
d-spacings of 11.62, 7.80, and 4.92 angstroms. The
potassium salt ethanolate Form II is further
characterized by the d-spacings of 4.55, 4 31, and 4.1
1 angstroms. The potassium salt ethanolate Form II is
even further characterized by the d-spacings of 3.85,
3.55 and 2.88 angstroms. Form I is characterized by
solid-state carbon-13 NMR spectra peaks of 109.1 ppm,
55,8 ppm and 54.6 ppm. The Raman spectra of the Form I
telcagepant potassium salt ethanolate is characterized
by peaks (cm-1) of 646.3, 707 4, 76 1 5 832,9, 1063.3,
1365.5, 1402 0, 1445.7, 1455.3 Hydrate The telcagepant
potassium hydrate, and methods of synthesis, are
disclosed in International Application WO 2007/120592.
The potassium salt hydrate exhibits characteristic
diffraction peaks corresponding to d-spacings of
16.96, 8.50, and 4.26 angstroms. The potassium salt
hydrate is furthercharacterized by the d-spacings of
7.41 , 6.88, and 3.79 angstroms. The potassium sail
hydrate is even further characterized by the
d-spacings of 5,00, 3.41 and 3.06 angstroms. The
potassium salt hydrate is characterized by solid-state
carbon-13 NMR spectra peaks of 126.1 ppm, 54.4 ppm and
36.6 ppm. The Raman spectra of the potassium salt
hydrate is characterized by peaks (cm 1) of 646.8,
707.0, 753.7, 832.7, 1064.7, 1364.3, 1403.0, 1441.0
Amorphous Form As used herein, the term "amorphous
form" refers to a chemically and physically stable
amorphous, non-crystalline form of telcagepant
potassium. The amorphous form does not convert to
crystalline form in storage, but is hygroscopic and
absorbs water if not protected from humidity. The
amorphous form may be obtained by spray drying of the
potassium salt of telcagepant in an organic solution
without the addition of any polymers. During the spray
drying process, the liquid feedstock is atomized into
a spray of droplets of micron size and the evaporation
of solvent occurs rapidly upon contacting the droplets
with a hot processing gas in a drying chamber. The
formation of dry particles proceeds under controlled
temperature and gas flow conditions. This rapid
evaporation of the organic solvent results in a
formation of amorphous drug. Suitable organic
solutions include methanol and acetone. Alternatively,
the amorphous form may be prepared by heating the
telcagepant potassium salt ethanolate, and passing wet
nitrogen gas over the ethanolate. The amorphous form
may be obtained by an impinging jet process, in which
a concentrated solution of telcagepant in isopropyl
acetate is mixed quickly with an anti-solvent (for
example, heptane), thereby forming the amorphous form
as a precipitate. The addition of a small amount of
water to the feed stream improves the morphology of
the particles of the amorphous form. The morphology,
particle size distribution and surface area differ
according to how the amorphous form is made. The
amorphous form made by spray drying is typically
smaller, and is a relatively cohesive material. The
spray-dried amorphous form is chemically stable at 40
C/75% relative humidity, for six weeks. The amorphous
form produced by spray drying has a mean particle size
of less than 15 mm, often less than 10 mm; a density
(g/cm3) of 0.20 or less, often 0 .15 or less; a Carr's
Index (percentability compression) of 35-45%; a
Hausner ratio of about 1.64; and a surface area (m2/g)
of 3.0 or less, often 2.5 or less, often 2.0 or
less.Carr's index is frequently used in pharmaceutical
technology as an indication of the flowability of a
powder. See Mark Gibson, "Pharmaceutical
Preformulation and Formulation: A Practical Guide from
Candidate Drug Selection to Commercial Dosage Form,"
Boca Raton: CRC Press. (2001). The Hausner ratio is a
measure of the flowability of a powder. The amorphous
form made by solution precipitation has a broader
particle size distribution, high surface area. It is
expected that the amorphous form made by solution
precipitation will be a porous material. The amorphous
form produced by precipitation has a mean particle
size of less than 150 mm, often less than 125 mm,
often less than 110 mm; a Carr's Index (percentability
compression) of 25-30%; a Hausner ratio of about 1.38
or more; and a surface area (m2/g) of 50- 100 m2/g,
often 70-90 m2/g. The amorphous potassium salt
demonstrates a heat capacity change in the reversing
heat flow curve with a midpoint temperature of 189.00
0C, which corresponds to the glass transition of
amorphous potassium salt. The amorphous form of the
potassium salt is characterized by solid-state carbon-
13 NMR spectra peaks of 126.0 ppm, 53.7 ppm and 29.1
ppm. The Raman spectra of the amorphous potassium salt
is characterized by peaks (cm 1) of 646.8, 706.8,
752.3, 832,4, 1063.6, 1365.2, 1437.6. Manufacture of
Formulations The formulations of the invention may be
prepared by a dry granulation method. The tablet
manufacturing process is essentially the same, for all
drug substance forms (potassium salt hydrate,
potassium salt ethanolate (Form I or Form II, or
mixtures thereof), potassium salt amorphous) of -[(3
,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2
>2,2-trifluoroelhyl)azepan-3-yl]-4-
(2-oxo-2,3-dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piper
idine-l-carboxamide. The manufacturing process flow
diagram shown below describes a suitable process for
manufacturing 



a solid dosage formulation of the invention.Co-sieve
Telcagcpanl Potassium Salt, Arginme, Mannitol,
Poloxamer 407, Silicone Dsoxide, and Crospovidone Bit
ndi ng V Magnesium Stearate Lubrication Roller
compaction Milling Y Magnesium Stearatet Lubrication
Compression Opadry (HPC/HPMC) While Suspension Coating
Alternatively, a wet granulation process may be used.
Wet granulation methods for producing pharmaceutical
tablets are well known to those skilled in the art.
Typically, wet grantulation processes involve the
steps of weighing, mixing, granulating, screening the
damp mass, drying, dry screening, lubricating and
compressing the mass into a tablet. The mixing steps
occur in a blender, such as a twin shell blender,
double cone blender or ribbon blender, or in a
planetary mixer or a high speed/high shear mixer. The
formulations may also be prepared by a fluid bed
granulation process. Dry granulation, wet granulation
and fluid bed granulation processes are described in
Remington's "The Science and Practice of Pharmacy," 2
1st ed. (2006), pp. 896-901 . Dosages and Uses of the
Formulation of the InventionThe ability of the
formulations of the invention to act as CGRP
antagonists makes them useful pharmacological agents
for disorders that involve CGRP in humans and animals,
but particularly in humans, The formulations of the
present invention have utility in treating,
preventing, ameliorating, controlling or reducing the
risk of one or more of the following conditions or
diseases: headache; migraine; cluster headache;
chronic tension type headache; pain; chronic pain;
neurogenic inflammation and inflammatory pain;
neuropathic pain; eye pain; tooth pain; diabetes;
non-insulin dependent diabetes mellitus; vascular
disorders; inflammation; arthritis; bronchial
hyperreactivity, asthma; shock; sepsis; opiate
withdrawal syndrome; morphine tolerance; hot flashes
in men and women; allergic dermatitis; encephalitis;
brain trauma; epilepsy; neurodegenerative diseases;
skin diseases; neurogenic cutaneous redness, skin
rosaceousness and erythema; tinnitus; inflammatory
bowel disease, irritable bowel syndrome, cystitis; and
other conditions that may be treated or prevented by
antagonism of CGRP receptors. Of particular importance
is the acute or prophylactic treatment of headache,
including migraine and cluster headache . The dosage
of the potassium salt of telcagepant (or the hydrate
or ethanolate or amorphous form thereof), administered
will be dependent upon the age, health, and weight of
the recipient, kind of concurrent treatment, if any,
the frequency of treatment, and the nature of the
effect desired. The formulations of the present
invention can contain a quantity of the potassium salt
of telcagepant (or lhe hydrate or ethanolate thereof,
or an amorphous form thereof), according to this
invention in an amount effective to treat the
condition, disorder or disease of the subject being
treated. One of ordinary skill in the art will
appreciate that a method of administering
pharmaceutically effective amounts of the potassium
salt of telcagepant (or the hydrate or ethanolate
thereof (Form I or Form II, or mixtures thereof), or
an amorphous form thereof), to a patient in need
thereof can be determined empirically, or by standards
currently recognized in the medical arts. It will be
understood that, when administered to, for example, a
human patient, the total daily dosage of the agents of
the formulations of the present invention will be
decided within the scope of sound medical judgment by
the attending physician. The dosages of the invention
are described according to the amount of available
telcagepant as the active ingredient, in its neutral
form as JV-[(3/?,6S)-6-(2,3-difluorophenyl)-2-
oxo-l-(2
J2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-
lH-imidazo[4,5-b]pyridin-lyl)piperidine-l
-carboxamide. As is understood by the skilled artisan,
the amount of active ingredient is calculated
according to a conversion factor, calculated based on
the form of telcagepant used in the formulation the
potassium salt ethanolate, the potassium salt hydrate,
the potassium salt amorphous), and other elements such
as the assay and purity ( amounts of water, ethanol,
solvents or other impurities) of the manufactured lot.
An exemplary conversion factor for the ethanolate is
1.1494 g ethanolate is equal to 1.0 g active
ingredient (or the neutral form). An exemplary
conversion factor for the hydrate is 1.157 g hydrate
is equal to 1.0 g active ingredient (or the neutral
form). An exemplary conversion factor for the
amorphous form is 1.067 g amorphous form is equal to
1.0 g active ingredient (or the neutral form). Thus, a
100 mg unit dose formulation will include 115.2 mg
ethanolate (if telcagepant is in the form of the
ethanolate of the potassium salt), 115.7 mg hydrate
(if telcagepant is in the form of the hydrate of the
potassium salt), or 106.7 mg amorphous (if telcagepant
is in the amorphous form of the potassium salt). In
the treatment, prevention, control, amelioration, or
reduction of risk of conditions which require
antagonism of CGRP receptor activity an appropriate
dosage level will generally be about 0.01 to 500 mg of
the telcagepant active ingredient, per kg patient body
weight per day which can be administered in single or
multiple doses. A suitable dosage level may be about
0.01 to 250 mg/kg per day, about 0,05 to 100 mg/kg per
day, or about 0.1 to 50 mg/kg per day. The telcagepant
active ingredient (in the form of the potassium salt
hydrate, ethanolate or amorphous form) may be
administered on a regimen of 1 to 4 times per day, or
may be administered once or twice per day. This dosage
regimen may be adjusted to provide the optimal
therapeutic response. The amount of telcagepant active
ingredient may be combined with the carrier materials
to produce a single dosage form will vary depending
upon the host treated and the particular mode of
administration. For example, a formulation intended
for the oral administration to humans may conveniently
contain from about 0.005 mg to about 2.5 g of
telcagepant, compounded with an appropriate and
convenient amount of carrier material. Unit dosage
forms will generally contain between from about 0.005
mg to about 1000 mg of telcagepant, typically 0.005
mg, 0.01 mg, 0.05 mg, 0.25 mg, 1 mg, 5 mg, 25 mg,
50mg, 100 mg, 150 mg, 200 rag, 250 mg, 300 mg, 350 mg,
400 mg, 500 mg, 600 mg, 800 mg or 1000 mg,
administered once, twice or three times a day.
Preferred unit dosage forms are from 100 to 200 mg, or
from 250 mg to 350 mgThe specific therapeutically
effective dose level of the telcagepant active
ingredient for any particular patient will depend upon
a variety of factors: the type and degree of the
cellular response to be achieved; activity of the
specific agent used; the specific agents used; the
age, body weight, general health, gender and diet of
the patient; the time of administration, route of
administration, and rate of excretion of the agent;
the duration of the treatment; drugs used in
combination or coincidental with the specific agent;
and like factors well known in the medical arts. For
example, it is well within the skill of the art to
start doses of telcagepant at levels lower than those
required to achieve the desired therapeutic effect and
to gradually increase the dosages until the desired
effect is achieved. Combination Therapies with the
Formulation of the Invention The formulations of the
invention may be used in conjunction with an
anti-inflammatory or analgesic agent or an
anti-migraine agent, such as an ergotamine or 5-HTj
agonists, especially a 5-HTiB/ iD agonist, for example
sumatriptan, naratriptan, zolmitriptan, eletriptan,
almotriptan, frovatriptan, donitriptan, and
rizatriptan; a cyclooxygenase inhibitor, such as a
selective cyclooxygenase-2 inhibitor, for example
rofecoxib, etoricoxib, celecoxib, valdecoxib or
paracoxib; a non-steroidal anti-inflammatory agent or
a cytokine-suppressing anti-inflammatory agent, for
example with a compound such as aspirin, ibuprofen,
ketoprofen, fenoprofen, naproxen, indomethacin,
sulindac, meloxicarn, piroxicam, tenoxicam,
lornoxicam, ketorolac, etodolac, mefenamic acid,
meclofenamic acid, flufenamic acid, tolfenamic acid,
diclofenac, oxaprozin, apazone, nimesulide,
nabumctone, tenidap, etanercept, tolmetin,
phenylbutazone, oxyphenbutazone, difiunisal,
salsalate, olsalazine or sulfasalazine and the like;
or a steroidal analgesic, Similarly, the instant
compounds may be administered with a pain reliever
such as acetaminophen, phenacetin, codeine, fentanyl,
sufentanil, methadone, acetyl methadol, buprenorphine
or morphine. Additionally, the formulations of the
invention may be used in conjunction with an
interleukin inhibitor, such as an interleukin-l
inhibitor; an NK-I receptor antagonist, for example
aprepitant; an NMDA antagonist; an NR2B antagonist; a
bradykinin-1 receptor antagonist; an adenosine Al
receptor agonist; a sodium channel blocker, for
example lamotrigine; an opiate agonist such as
levomethadyl acetate or methadyl acetate; a
lipoxygenase inhibitor, such as an inhibitor of
5-lipoxygenase; an alpha receptor antagonist, for
example indoramin; an alpha receptor agonist; a
vanilloid receptor antagonist; an mGluR5 agonist,
antagonist or potentiator; aGABA A receptor modulator,
for example acamprosate calcium; nicotinic antagonists
or agonists including nicotine; muscarinic agonists or
antagonists; a selective serotonin reuptake inhibitor,
for example fluoxetine, paroxetine, sertraline,
duloxetine, escitalopram, or citalopram; a tricyclic
antidepressant, for example amitriptyline, doxepin,
protriptyline, desipramine, trimipramine, or
imipramine; a lcukotriene antagonist, for example
raontelukast or zafirlukast; an inhibitor of nitric
oxide or an inhibitor of the synthesis of nitric
oxide. Also, the formulations of the invention may be
used in conjunction with ergot alkaloids, for example
ergotamine, ergonovine, ergonovine, methylergonovine,
metergoline, ergoloid mesylates, dihydroergotamine,
dihydroergocornine, dihydroergocristine,
dihydroergociyptine, dihydro-I-ergocryptine, dihydro-
q-ergocryptine, ergotoxine, ergocornine, ergocristine,
ergocryptine, I-ergocryptine, q-ergocryptine,
ergosine, ergostane, bromocriptine, or methysergide.
Additionally, the formulations of the invention may be
used in conjunction with a betaadrenergic antagonist
such as timolol, propanolol, atenolol, or nadolol, and
the like; a IVlAO inhibitor, for example phenelzine; a
calcium channel blocker, for example flunarizine,
nimodipine, lomerizine, verapamil, nifedipine,
prochlorperazine or gabapentin; neuroleptics such as
olanzapine and quetiapine; an anticonvulsant such as
topiramate, zonisamide, tonabersat, carabersat or
divalproex sodium; an angiotensin II antagonist, for
example losartan and candesartan cilexetil; an
angiotensin converting enzyme inhibitor such as
lisinopril; or botulinum toxin type A. The
formulations of the invention may be used in
conjunction with a potentiator such as caffeine, an
H2-antagonist, simethicone, aluminum or magnesium
hydroxide; a decongestant such as phenylephrine,
phenylpropanolamine, pseudoephedrine, oxymetazo ine,
epinephrine, naphazoline, xylometazoline,
propylhexedrine, or levo-desoxy-ephedrine; an
antitussive such as codeine, hydrocodone, caramiphen,
carbetapentane, or dextromethorphan; a diuretic; a
prokinetic agent such as metoclopramide or
domperidone, and a sedating or non-sedating
antihistamine. In a particularly preferred embodiment,
the formulations of the invention are used in
conjunction with an anti-migraine agent, such as: an
ergotamine; a 5-HTi agonist, especially a 5- HTIB/
SDagonist, in particular, sumatriptan, naratriptan,
zolmitriptan, eletriptan, almotriptan, frovatriptan,
donitriptan and rizatriptan; and a cyclooxygenase
inhibitor, such as a selective cyclooxygenase-2
inhibitor, in particular, rofecoxib, etoricoxib,
celecoxib, meloxicam, valdecoxib or paracoxib,The
above combinations include formulations of the
invention not only with one other active compound, but
also with two or more other active compounds.
Likewise, formulations of the invention may be used in
combination with other drugs that are used in the
prevention, treatment, control, amelioration, or
reduction of risk of the diseases or conditions for
which compounds of the present invention are useful.
Such other drugs may be administered, by 



a route and in an amount commonly used therefor,
contemporaneously or sequentially with a compound of
the present invention. In such combinations the
formulation of the present invention and other active
agents may be administered separately or in
conjunction. In addition, the administration of one
element may be prior to, concurrent to, or subsequent
to the administration of other agent(s), and via the
same or different routes of administration. Unless
defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly
understood by one of ordinary skill in the art to
which this invention belongs. Although any methods and
materials similar or equivalent to those described
herein can also be used in the practice or testing of
the present invention, the preferred methods and
materials are now described. All publications
mentioned herein are incorporated herein by reference
to disclose and describe the methods and/or materials
in connection with which the publications are cited,
"Optional" or "optionally" means that the subsequently
described event, circumstance, feature, or element
may, but need not, occur, and that the description
includes instances where the event or circumstance
occurs and instances in which it does not. It must be
noted that as used herein and in the appended claims,
the singular forms "a," "and," and "the" include
plural referents unless the context clearly dictates
otherwise. It is further noted that the claims may be
drafted to exclude any optional element. As such, this
statement is intended to serve as antecedent basis for
use of such exclusive terminology as "solely," "only"
and the like in connection with the recitation of
claim elements, or use of a "negative" limitation.
Before the present invention is further described, it
is to be understood that this invention is not limited
to particular embodiments described, as such may, of
course, vary. It is also to be understood that the
terminology used herein is for the purpose of
describing particular embodiments only, and is not
intended to be limiting, since the scope of the
present invention will be limited only by the appended
claims.Examples Example 1 - Amorphous Form of
Telcagepant Potassium A sample of the potassium salt
ethanolate of telcagepant was dissolved in methanol at
12 weight %. The solution was spray dried in SD-Micro,
manufactured by Niro A/S, of Denmark, at the following
conditions: Processing gas rate at 30 kg/hr
Atomization rate at 2 kg/hr Feed rate at 15 mL/min
Inlet temperature: 136 0C Outlet temperature: 650C.
The resulting powder was measured by x-ray powder
diffraction spectra, using X'pert Xray diffractometer,
manufactured by Philips, Inc. The diffraction angle
was run from 4 to 40. A single amorphous formation was
indicated by the profile of a broad halo. Photographs
of the resulting powder are shown in Figures IA (100
mm scale bar) and IB (20 mm scale bar). The resulting
powder was characterized as having a mean particle
size of 7 mm. 95% of the powder had a particle size of
less than 18 mm, and 10% had a particle size of less
than 2 mm. The density of the powder was measured
"loose" at 0,1 1 g/cm , and "tapped" at 0.18 g/cm3.
Carr's density was measured at 39%, and the Hausner
ratio was 1.64. The surface area was 1.5 m /g. Water
content at 25C/75% relative humidity was determined to
be 18%. Example 2 Precipitation Method of the
Telcagepant Potassium Amorphous Form A concentrated
stream of the potassium salt of telcagepant is
prepared in ethyl acetate or other good solvent (e.g,
THF), in the range: 40-300 mg/ml. Water may be added
to the concentrated M solution such that the water
content is between 0-2 wi%. The water aids the
formation of three dimensional particles that are
easily filtered. Amorphous potassium salt of
telcagepant is then precipitated with an "impinging
jet" technique by contacting the concentratedstream
with heptane or other anti-solvent (e.g. cyclohexane)
in a ratio of 1 volume of concentrated batch to 2 or
more volumes of heptane using an impinging jet
contacting apparatus. In this apparatus, the
concentrated stream is continuously fed with a syringe
pump into smal! volume, and at the same time the
anti-solvent is added to this volume with a syringe
pump. The product precipitates after the streams are
contacted and the resulting product slurry is
collected in a collection flask. In this way the
apparatus appears as a "T" shape with inlets for the
batch and heptane, and an outlet for the product
slurry. The slurry is filtered and washed with
heptane. The product is then dried in a vacuum oven at
40-500C. Photographs of a powder produced by the
process of Example 2 is shown in Figure 2A (300 mm
scale bar) and 2B (50 mm scale bar). The resulting
powder was characterized as having a mean particle
size of 99 mm. 95% of the powder had a particle size
of less 296 mm, and 10% had a particle size of less
than 11 mm. The density of the powder was measured
"loose" at 0.24 g/cm3, and "tapped" at 0.33 g/cm3.
Carr's density was measured at 27%, and the Hausner
ratio was 1.38. The surface area was 80.6 rmrf2//gg..
Water content at 25C/75% relative humidity was
determined to be about 18%. Example 3 - X-ray Powder
Diffraction Studies of Tekagepant Potassium Forms
X-ray powder diffraction studies are widely used to
characterize molecular structures, crystalUnity, and
polymorphism. The X-ray powder diffraction patterns of
the potassium salt ethanolate Form I and Form II, and
potassium salt hydrate were generated on a Philips
Analytical X'Pert PRO X-ray Diffraction System with
PW3040/60 console. A PW3373/OO ceramic Cu LEF X-ray
tube K-Alpha radiation was used as the source. Figure
3 shows the X-ray powder diffraction pattern of the
potassium salt ethanolate Form I. The potassium salt
ethanolate Form I exhibited characteristic diffraction
peaks corresponding to dspacings of 8.27, 4.01, and
3.32 angstroms. The potassium salt ethanolate Form I
was further characterized by the d-spacings of 16.52,
7.55, and 7.02 angstroms. The potassium salt
ethanolate Form I was even further characterized by
the d-spacings of 5 52, 5.08, and 4.63 angstroms.
Figure 4 shows the X-ray powder diffraction pattern of
the potassium salt ethanolate Form II. The potassium
salt ethanolate Form II exhibited characteristic
diffraction peaks corresponding to d-spacings of
11.62, 7.80, and 4.92 angstroms. The potassium salt
ethanolate Form II was further characterized by the
d-spacings of 4.55, 4.31, and 4.1 1 angstroms. The
potassium salt ethanolate Form Il was even further
characterized by the d-spacings of 3.85, 3.55 and 2.88
angstroms.Figure 5 shows the X-ray powder diffraction
pattern of the potassium salt hydrate. The potassium
salt hydrate exhibited characteristic diffraction
peaks corresponding to d-spacings of 16.96, 8.50, and
4.26 angstroms. The potassium salt hydrate was further
characterized by the d-spacings of 7.41, 6.88, and
3.79 angstroms. The potassium salt hydrate was even
further characterized by the d-spacings of 5.00, 3,41
and 3.06 angstroms. Example 4 - Modulated DSC Studies
of Telcagepant Potassium Amorphous Form Modulated DSC
data were acquired using a TA Instruments DSC QIOOO.
MDSC uses a sinusoidal or modulated change in the
heating rate instead of a single linear heating rate,
as used in the traditional DSC. This allows the heat
flow to be separated into reversing and nonreversing
components. The glass transition of amorphous material
is detected in the reversing heat flow curve as a
change in the baseline, due to a change of the heat
capacity of the sample. Between 2 and 6 mg of sample
of telcagepant amorphous potassium salt was weighed
into an open pan. This pan was covered with a Hd, but
not crimped, to allow for any adsorbed moisture to be
removed. The pan was placed in the sample position in
the calorimeter cell. An empty pan was placed in the
reference position. The calorimeter cell was closed
and a flow of nitrogen was passed through the cell.
The heating program was set to heat the sample at a
heating rate of 2 C/min with a modulation period of 60
seconds and modulation amplitude of 0.5 0C. When the
run was completed, the data were analyzed using the
DSC analysis program in the system software. Figure 6
is a modulated DSC curve of the amorphous potassium
salt. The heat capacity change observed in the
reversing heat flow curve with a midpoint temperature
of 189.00 0C corresponds to the glass transition of
amorphous potassium salt. Example 5 Solid State C13
NMR Spectra of Telcagepant Potassium Forms In addition
to the X-ray powder diffraction patterns described
above, telcagepant potassium ethanolate was further
characterized by solid-state carbon- 13 nuclear
magnetic resonance (NMR) spectra. The solid-state
carbon- 13 NMR spectra were obtained on a Bruker DSX
400WB NMR system using a Bruker 4 mm H/X CPMAS probe.
The carbon- 13 NMR spectra utilized proton/carbon- 13
cross-polarization magic-angle spinning with
variableamplitude cross polarization, total sideband
suppression, and TPPM decoupling at 100kHz. The
samples were spun at 10.0 kHz, and a total of 512
scans were collected with a recycle delay of 90
seconds. A line broadening of 10 H was applied to the
spectra before FT was performed. Chemical shifts are
reported on the TMS scale using the carbonyl carbon of
glycine (176.03 p.p.m.) as a secondary reference. Form
I is characterized by solid-state carbon-13 NMR
spectra peaks of 109.1 ppm, 55.8 ppm and 54.6
ppm,Table 2A - Chemical Shift and Relative Intensity
for Figure 7 (Form I telcagepant potassium ethanolate)
The hydrate of the potassium salt of telcagepant is
characterized by solid-state carbon- 13 NMR spectra
peaks of l 26 1 ppm, 54.4 ppm and 36 6 ppm. Table 2B
-Chemical Shift and Relative Intensity for Figure 8
(telcagepant potassium potassium hydrate)The amorphous
form of the potassium salt of telcagepant s
characterized by solid-state carbon-13 NMR spectra
peaks of 126 0 ppm, 53.7 ppm and 29.1 ppm. Table 2C
-Chemical Shift and Relative Intensity for Figure 9
(amorphous telcagepant potassium)Example 6 - Raman
Spectra of Telcagepant Potassium Forms Conditions:
Instrumentation: HoloLab Series 5000 by Kaiser Optical
Systems, Inc. with an insertion probe. Sample
condition: solid powders without pretreatment.
Sampling mode: each spectrum was collected with 5
seconds of exposure and 5 accumulation Table 3 - Main
Raman spectral peaks of telcagepant potassium forms:
The spectra are depicted in Figures 10 (telcagepant
potassium ethanolate Form I), 11 (hydrate) and 12
(amorphous form), Example 7 - Relative Stability of
Telcagepant Potassium Ethanolate Form I and Form II
Slurry experiments were performed at 50C and 40 0C,
adding equal amounts of Form I and Form II to ethanol.
The XPRD of the solids recovered from the slurry
experiments showed form conversion to Form 1
suggesting that Form I is the more stable form in the
temperature range of 50C and 40 0C. Example 8
Exemplary Manufacture of a Tablet The formulations of
the invention may be prepared by a dry granulation
method. The tablet manufacturing process is the same
for all proposed formulations and drug substance
forms. As indicated in the manufacturing process flow
diagram shown below, a suitable process according to
the invention consists of the following steps: 1.
Telcagepant Potassium, Argirane, Mannitol, Poloxamer
407, Silicon Dioxide, and Crospovidone are co-sieved.
2. The sieved material is blended in a suitable
blender for about 10 minutes and then lubricated with
1A of batch quantity of Magnesium Stearate. 



3. The powder mix is dry granulated using a roller
compactor.4. The resulting compacted granulation is
milled. 5, The milled granulation is lubricated with
the remaining Magnesium Stearate. 6 The lubricated
material is compressed into tablets, 7 . The tablets
are coated with the white film coating suspension,
comprised of Purified Water and OPADRY(r) White, Brown
or other colors. Example 9 - Exemplary Formulations of
the Potassium Salt of Teicagepant Exemplary tablet
formulations of the potassium salt of teicagepant are
shown below in Tables 4A (Form I ethanolate), 4B
(hydrate) and 4C (amorphous form). Table 4A- Tablet
Formulations of Form  Teicagepant Potassium
EthanolateNAPHTHYRIDININONES AS AURORA KINASE
INHIBITORSNAPHTHYRIDINONES AS PROTEIN KINASE
INHIBITORS Field of the Invention The present
invention relates to naphthyridinone compounds and
their use as pharmacologically active agents capable
of inhibiting protein kinases and aurora kinases in
particular, thereby inhibiting abnormal cellular
proliferation and growth. Background of the Invention
Protein kinases represent a large family of proteins,
which play a central role in the regulation of a wide
variety of cellular processes, and so maintain control
over cellular function. These kinases includes Akt,
AxI, Aurora A, Aurora B, Aurora C, dyrk2, epha2,
fgfr3, flt-3, vegfr3, igflr, IKK2, JNK3, Vegfr2, MEKl,
MET, P70s6K, PM, RSKl, Src, TrkA, Zap70, cKit, bRaf,
EGFR, Jak2, PI3K, NPM-AIk, c-Abl, BTK, FAK, PDGFR,
TAKl, LimK, Flt3, Fltl, PDKl and Erk, among others.
Inhibition of such kinases has become an important
therapeutic targeting tool. Many diseases are
associated with abnormal cellular responses triggered
by protein kinase-mediated events. These diseases
include cancers such as acute and chronic myelogenous
leukemia (AML and CML), autoimmune, inflammatory,
cardiovascular, neurological, myeloproliferative and
neurodegenerative diseases, allergies and asthma,
Alzheimer's disease and hormone-related diseases.
Accordingly, there has been a substantial effort in
medicinal chemistry to find protein kinase inhibitors
that are effective as therapeutic agents. The
compounds of the present invention are novel,
selective, and highly potent competitive inhibitors of
Aurora kinases (A, B and C). The Aurora family of
conserved serine/threonine kinases perform essential
functions during cell division. The three mammalian
paralogues are very similar in sequence, but differ
significantly in their localization, function,
substrates and regulatory partners. Aurora A is mainly
associated with the spindle poles during mitosis,
where it is required for centrosome separation and
maturation (Sausville EA. Nat. Med., (2004)
10:234-235). Spindle assembly requires that the
targeting protein for XKLP 2, TPX2, targets Aurora A
to spindle pole microtubules through a mechanism that
requires Ran-GTP (Marumoto et al., Nature, (2005)
5:42-50). Aurora A alsofunctions in meiosis by
promoting oocyte maturation, polar-body extrusion,
spindle positioning and exit from metaphase I .
Regulation of Aurora A occurs through
phosphorylation/dephosphorylation and degradation.
Protein phosphatase 1 negatively regulates Aurora A
and this interaction is modulated by TPX2. Aurora B is
a chromosomal-passenger protein with multiple
functions in mitosis. Inner centromere protein
(INCENP) and survivin, two other components of the
passenger complex, function as targeting and
regulatory factors for the kinase (Bishop JD and
Shumacher JM. . Biol. Chem. (2002) 277:27577-27580).
Aurora B is required for phosphorylating histone H3,
targeting condensing, and compacting normal
chromosomes. It has also been recently shown to be
essential for chromosome biorientation,
kinetochore-microtubule interactions and the
spindleassembly checkpoint. Aurora B is essential for
completion of cytokinesis. Much less is known about
Aurora C kinase, other than that it seems to be
preferentially expressed in meiotic cells. During the
cell cycle, Aurora kinases travel to their subcellular
targets aided by their binding partner-substrates,
INCENP, survivin and TPX2. This provides an additional
level of regulation that might be essential for the
choreography of mitotic events. Aurora kinases are
overexpressed in certain types of cancers, including
colon, breast, and other solid-tumor cancers. The
genes encoding the Aurora A and B kinases tend to be
amplified in certain types of cancers, while the gene
encoding the Aurora C kinase resides in a region of
the chromosome that is subject to rearrangement and
deletion. Aurora A has been associated with a variety
of malignancies, including primary colon, colorectal,
breast, stomach, ovarian, prostate, and cervical
cancer, neuroblastoma, and other solid-tumor cancers
(Warner et al. (2003) Molecular Cancer Therapeutics
2:589-95). Since Aurora A and B kinases are frequently
elevated or overexpressed in human cancers makes them
attractive targets for therapeutic intervention
(Mountzios et al., Cancer Treatment Reviews (2008)
34:175-82; Gautschi et al., Clin. Cancer Res. (2008),
14(6):1639-48; Mortlock et al., Current Topics in
Medicinal Chemistry (2005), 5:807-21). Small molecule
inhibitors of Aurora kinases have recently been
reported, but their effect on cytokinesis has yet to
be investigated in detail (Arora et al., J . Pharm.
and Exptl. Therapeutics (2005), 315(3):971-79). For
example, a high selective and potent small-molecule
inhibitor of Aurora kinases, VX-680, blocks cell-cycle
progression and induces apoptosis in a diverse range
of human tumor types. Thiscompound causes profound
inhibition of tumor growth in a variety of in vivo
xenograft models, leading to regression of leukemia,
colon and pancreatic tumors at well-tolerated doses
(Harrington et al., Nat. Med., (2004) 10: 262-267).
Another novel cell cycle inhibitor, JNJ-7706621, shows
potent inhibition of several cyclin-dependent kinases
(CDKs) and Aurora kinases, and selectively blocked
proliferation of tumor cells of various origins. At
low concentrations, JNJ-7706621 slows the growth of
cells and at high concentrations induces cytotoxicity.
JNJ-7706621 treatment of cells has shown a delayed
progression through Gl of the cell cycle and an arrest
of the cell cycle at the G2-M phase (Emanuel et al.,
Cancer Res., (2005) 65:9038-9046). Additional cellular
effects due to inhibition of Aurora kinases include
endoreduplication and inhibition of histone H3
phosphorylation. Naphthyridine compounds have been
discovered that are useful in the treatment of
rheumatic and respiratory diseases (WO 1993/13097, The
Boots Company PLC; WO 2001/30779, Yamanouchi
Pharmaceutical Co. Ltd.). Urea derivatives that have
one or more nitrogen-containing aromatic rings,
including a naphthyridinone ring, were found to be
anti-angiogenic (U.S. Patent No. 7,253,286 and WO
2002/032872, both to Eisai Co., Ltd.). American
Cyanamid Company discovered certain cyano-substituted
naphthyridine derivatives that are tyrosine kinase
inhibitors, and thus are effective inhibitors of a
variety of human tumor cell lines in vitro, such as
the SKBR3 cell line (WO 2000/066583). Accordingly, it
is one object of the present invention to provide
naphthyridine compounds that actively inhibit
disturbed or unregulated Aurora kinase activity. It is
yet another object of the present invention to provide
pharmaceutical compositions either individually or in
kit form, and methods for using the same for treating
proliferative disorders, such as cancers, psoriasis,
viral and bacterial infections, vascular restinosis,
inflammatory and autoimmune diseases, that result from
unregulated and uncontrolled cellular proliferation.
It is still another object of the present invention to
provide processes for preparing naphthyridine
derivative compounds that actively inhibit unregulated
Aurora kinase activity. Additional objects, features
and advantages of the present invention will become
apparent to those skilled in the art from the
following description and claims. Summary of the
InventionThe present invention relates to compounds
that inhibit, regulate and/or modulate signal
transduction of any the protein kinases, such as Akt,
AxI, dyrk2, epha2, fgfr3, flt-3, vegfr3, igflr, IKK2,
JNK3, Vegfr2, MEKl, MET, P70s6K, PM, RSKl, Src, TrkA,
Zap70, cKit, bRaf, EGFR, Jak2, PI3K, NPM-AIk, c-Abl,
BTK, FAK, PDGFR, TAKl, LimK, Flt3, Fltl, PDKl and Erk,
and especially by the Aurora kinases A, B,and C. The
invention also relates to compositions that comprise
these compounds, and to methods for using the
compounds in the treatment of Aurora kinase-related
diseases and complaints. In a first aspect, the
present invention provides a compound having a
structure according to Formula I : (I) wherein: X is
NH, NH-C(=O), (-C=O)NH, NH-C(=0)NH, O, S, SO2NH, CH2,
-CC- , or -CH=CH2; W is O, S, CH2, or NH; R is H,
halo, cyano, nitro, alkyl, trifluoromethyl,
heteroalkyl, OR', SR' and NR' R", where R' and R" each
independently are H, alkyl, haloalkyl, alkylhalo, or
heteroalkylr R is an heteroalkyl chain that optionally
is bound at either end to adjoining carbon atoms of
the phenyl ring to which it is attached, thereby
forming a bicyclic ring structure; Ri, R , R3, each
independently is H, SH or an ether or oxidated form of
sulfur such as a sulfinyl, sulfonyl, sulfanyl,
sulfinimide, or sulfonamide; halo, nitro, amino,
alkyl, formyl, hydroxy, hydroxyalkyl, alkoxy, cyano,
carboxy, carboxylic acid, a carboxylic acid ester, a
carboxylic acid amide such as -(C=O)-N(RxRy), acetic
acid, acetic acid ester, acetic acid amide including
an acetic acid amide having
substitutions-(C=O)-N(RxRy), substituted or
unsubstituted aryl, heterocyclic-alkoxy, substituted
or unsubstituted heterocycle or heteroaryl,
alkylamino, dialkylamino, alkylaminoalkyl,
dialkylaminoalkyl, alkyldiamino, alkylaminoalkoxy,
alkyldiaminoalkoxy, heterocyclic-alkoxy, alkylamino
amide, dialkylamino amide carboxylic acid ester,
hydroxyalkyl-hydroxy, hydroxy-alkylamide ester,
dihydroxyalkylamide ester, hydroxyalkylamide acetic
acid; wherein Rx and Ry each independently may be H,
alkyl, aminoalkyl, dialkylaminoalkyl, aryl-aminoalkyl,
carbocycle-aminoalkyl, or heteroaryl- amino alkyl; and
wherein the two groups bonded to the N atom of an
aminoalkyl group may, together with the N atom to
which they are bound, join to form a heterocyclic
group; n is 1, 2, 3 or 4, with the proviso that n may
= 0 when X is other than oxygen; or a pharmaceutically
acceptable salt, prodrug, hydrate, solvate, tautomer,
enantiomer or racemic mix thereof. In a preferred
embodiment, the compound according to Formula I is
incorporated into a pharmaceutical formulation along
with one or more pharmaceutically acceptable diluent,
excipient, carrier, etc. Those of skill in the art
will recognize the overlap in the terms "diluent",
"excipient" and "carrier". In a second aspect of the
present invention, a compound of the general Formula
II is provided, (H) wherein: 



X is NH, NH-CH2, NH-C(=0), (-C=O)NH, NH-C(=0)NH, O, S,
SO2NH, CH2, -CC-, -CH=CH, or an heterocycle ;Y and W
each independently is O, S, or NH; A is a 3-7 membered
ring, saturated or unsaturated, optionally having 1 or
more heteroatoms and further optionally substituted;
Cy is selected from the group consisting of an
unsubstituted or substituted cycloalkyl, bicycloalkyl
such as norbornyl, aryl, heterocycle and heteroaryl;
Ri, R2, R3each independently is H, SH or an ether or
oxidated form of sulfur such as a sulfide, sulfone,
sulfane, sulfinimide, or sulfonamide; halo, nitro,
amino, alkyl, formyl, hydroxy, hydroxyalkyl, alkoxy,
cyano, carboxy, carboxylic acid, a carboxylic acid
ester, a carboxylic acid amide such as -(C=O)-N(RxRy),
acetic acid, acetic acid ester, acetic acid amide
including an acetic acid amide having substitutions
-(C=O)-N(RxRy), substituted or unsubstituted aryl,
heterocyclic-alkoxy, substituted or unsubstituted
heterocycle or heteroaryl, alkylamino, dialkylamino,
alkylaminoalkyl, dialkylaminoalkyl, alkyldiamino,
alkylaminoalkoxy, alkyldiaminoalkoxy,
heterocyclic-alkoxy, alkylamino amide, dialkylamino
amide carboxylic acid ester, hydroxyalkyl-hydroxy,
hydroxy- alkylamide ester, dihydroxyalkylamide ester,
hydroxyalkylamide acetic acid; wherein Rx and Ry each
independently may be H, alkyl, aminoalkyl,
dialkylaminoalkyl, aryl-aminoalkyl,
carbocycle-aminoalkyl, or heteroaryl- amino alkyl; and
wherein the two groups bonded to the N atom of an
aminoalkyl group may, together with the N atom to
which they are bound, join to form a heterocyclic
group; or a pharmaceutically acceptable salt, prodrug,
hydrate, solvate, tautomer, enantiomer or racemic mix
thereof. In a preferred embodiment, the compound
according to Formula II is incorporated into a
pharmaceutical formulation along with one or more
pharmaceutically acceptable diluent, excipient, or
carrier. In a third aspect of the present invention, a
compound of the general Formula III is provided,(III)
wherein: X is NH, NH-C(=O), NH-CH2, (-C=O)NH,
NH-C(=O)NH, O, S, SO2NH, CH2, -CC-, or -HC=CH-; Q is
NH(C=Y) or (C=Y)NH; Y and W each independently is O,
S, or NH; Z' is CH or N; A is a 3-7 membered ring,
saturated or unsaturated, optionally having 1 or more
heteroatoms and further optionally substituted; Cy is
selcted from the group consisting of an unsubstituted
or substituted cycloalkyl, bicycloalkyl such as
norbornyl, aryl, heterocycle and heteroaryl; R1, R ,
R3, each independently is H, SH or an ether or
oxidated form of sulfur such as a sulfide, sulfone,
sulfane, sulfinimide, or sulfonamide; halo, nitro,
amino, alkyl, formyl, hydroxy, hydroxyalkyl, alkoxy,
cyano, carboxy, carboxylic acid, a carboxylic acid
ester, a carboxylic acid amide such as -(C=O)-N(RxRy),
acetic acid, acetic acid ester, acetic acid amide
including an acetic acid amide having substitutions
-(C=O)-N(RxRy), substituted or unsubstituted aryl,
heterocyclic-alkoxy, substituted or unsubstituted
heterocycle or heteroaryl, alkylamino, dialkylamino,
alkylaminoalkyl, dialkylaminoalkyl, alkyldiamino,
alkylaminoalkoxy, alkyldiaminoalkoxy,
heterocyclic-alkoxy, alkylamino amide, dialkylamino
amide carboxylic acid ester, hydroxyalkyl-hydroxy,
hydroxy-alkylamide ester, dihydroxyalkylamide ester,
hydroxyalkylamide acetic acid, wherein Rx and Ry each
independently may be H, alkyl, aminoalkyl,
dialkylaminoalkyl,
aryl-aminoalkyl,carbocycle-aminoalkyl, or
heteroaryl-amino alkyl; and wherein the two groups
bonded to the N atom of an aminoalkyl group may,
together with the N atom to which they are bound, join
to form a heterocyclic group; or a pharmaceutically
acceptable salt, prodrug, hydrate, solvate, tautomer,
enantiomer or racemic mix thereof. In a preferred
embodiment, the compound according to Formula III is
incorporated into a pharmaceutical formulation along
with one or more pharmaceutically acceptable diluent,
excipient, or carrier. In a fourth aspect of the
present invention, a compound of the general Formula
IV is provided, wherein: X is NH, NH-C(=O), NHCH2,
(-C=O)NH, NH-C(=0)NH, O, S, SO2NH, CH2, OC-, or
-HC=CH-; Y is O, S, or NH; A is a 3-7 membered ring,
saturated or unsaturated, optionally having 1 or more
heteroatoms and further optionally substituted; Cy is
selcted from the group consisting of an unsubstituted
or substituted cycloalkyl, bicycloalkyl such as
norbornyl, aryl, heterocycle and heteroaryl; Z is H,
SH, hydroxy, halo, amino, acyl, formyl,
alkylamino-heterocycle, dialkylamino-heterocycle,
alkylamino-alkylamino, dialkylamino-alkylamino,
alkylamino-alkoxy, dialkylamino-alkoxy, heterocyclic
alkoxy, Cl-6 alkyl ester,phenyl, benzoyl, phenyl alkyl
ketone, alkyl propanoyl, dialkyl alkanamide, acetic
acid, or acetic acid amides; Z' is C or N; denotes the
presence or absence of a bond; Rl, R2, R3each
independently is H, SH or an ether or oxidated form of
sulfur such as a sulfide, sulfone, sulfane,
sulfinimide, or sulfonamide; halo, nitro, amino,
alkyl, formyl, hydroxy, hydroxyalkyl, alkoxy, cyano,
carboxy, carboxylic acid, a carboxylic acid ester, a
carboxylic acid amide such as -(C=O)-N(RxRy), acetic
acid, acetic acid ester, acetic acid amide including
an acetic acid amide having substitutions
-(C=O)-N(RxRy), substituted or unsubstituted aryl,
heterocyclic-alkoxy, substituted or unsubstituted
heterocycle or heteroaryl, alkylamino, dialkylamino,
alkylaminoalkyl, dialkylaminoalkyl, alkyldiamino,
alkylaminoalkoxy, alkyldiaminoalkoxy,
heterocyclic-alkoxy, alkylamino amide, dialkylamino
amide carboxylic acid ester, hydroxyalkyl-hydroxy,
hydroxy- alkylamide ester, dihydroxyalkylamide ester,
hydroxyalkylamide acetic acid, wherein Rx and Ry each
independently may be H, alkyl, aminoalkyl,
dialkylaminoalkyl, aryl-aminoalkyl,
carbocycle-aminoalkyl, or heteroaryl- amino alkyl; and
wherein the two groups bonded to the N atom of an
aminoalkyl group may, together with the N atom to
which they are bound, join to form a heterocyclic
group; or a pharmaceutically acceptable salt, prodrug,
hydrate, solvate, tautomer, enantiomer or racemic mix
thereof. In a preferred embodiment, the compound
according to Formula IV is incorporated into a
pharmaceutical formulation along with one or more
pharmaceutically acceptable diluent, excipient, or
carrier. In a further aspect the invention provides a
method for treating or preventing a disease or
condition that is a member selected from cancers,
tumor formation, angiogenesis, arteriosclerosis,
ocular diseases, inflammatory diseases, arthritis, and
restinosis, among others. In a fifth aspect of the
present invention, a compound intermediate of any of
the Formulae V - VIII is provided,(VIII) wherein: B is
4 - 10 membered, saturated or unsaturated, ring that
may be mono-, bi-, or tricyclic, and optionally may
have one or more heteroatoms; D is phenyl, a
carbocycle, or a heterocycle, any of which optionally
is substituted; Z is H, SH and thioalkyl, hydroxy,
halo, amino, acyl, formyl, alkylaminoheterocycle,
dialkylamino-heterocycle, alkylamino-alkylamino,
dialkylaminoalkylamino, alkylamino-alkoxy,
dialkylamino-alkoxy, heterocyclic alkoxy, Cl-6 alkyl
ester, phenyl, benzoyl, phenyl alkyl ketone, alkyl
propanoyl, dialkyl alkanamide, or acetic acid; R is H,
halo, cyano, nitro, alkyl, trifluoromethyl, an
unsaturated or saturated ring having one or more
heteroatoms such as piperazine or piperazine-C(=O)-,
heteroalkyl, OR', SR' and NR'R", where R' and R" each
independently are H, alkyl, haloalkyl, alkylhalo, or
heteroalkyl; or R is an heteroalkyl chain that
optionally is bound at either end to adjoining carbon
atoms of the phenyl ring to which it is attached,
thereby forming a bicyclic ring structure; and W is O,
S, CH , or NH, or a tautomer or enantiomer thereof.The
compounds of Formulae V - VIII are useful in the
syntheses of compounds of Formula I - IV. Also
included within the scope of the invention are
compounds 1- 86, and a pharmaceutically acceptable
salt thereof. Furthermore, the present invention
provides pharmaceutical compositions and methods of
modulating and/or inhibiting unregulated or disturbed
Aurora kinase activity in order to treat or cure
proliferative diseases comprising administering to a
subject in need thereof an effective amount of a
kinase inhibitor according to any of Formulae I, II,
III, or IV. In particular, the compounds of the
Formulae I, II, III and IV can be employed in the
treatment of certain forms of cancer. The compounds of
the Formulae I, II, III and IV furthermore can be used
to provide additive or synergistic effects in certain
existing cancer chemotherapies, and/or can be used to
restore the efficacy of certain existing cancer
chemotherapies and radiotherapies. Additional
embodiments of the present invention include: a
compound according to any of Formulae I - IV for use
as a medicament; use of the compound according to any
of Formulae I - IV for the preparation of a medicament
for the treatment of a subject in need of inhibiting a
kinase protein; use of the compound according to any
of Formulae I - IV for the preparation of a medicament
for the suppression or reduction of cellular
proliferation, including cancer metastasis, leukemias,
and myeloproliferative diseases; a pharmaceutical
composition comprising an effective amount of a
compound of any of Formulae I, II, III or IV and a
pharmaceutically acceptable carrier, excipient or
diluent; a method of synthesizing the compounds of the
present invention; a kit comprising a compound of
Formula I, Formula II, Formula III or Formula IV, and
a further pharmaceutically active ingredient; the
combined use of a compound of Formula I, Formula II,
Formula III, or Formula IV, together with further
medicament active ingredient for the treatment of a
subject in need of treatment for a kinase-related
malfunction, and especially for diseases such as
angiogenesis, cancer, and tumor formation. Brief
Description of the Drawings Not applicable. Detailed
Description of the InventionI . Introduction The
present invention relates to compounds that inhibit,
regulate and/or modulate signal transduction by any of
the protein kinases and by the Aurora kinases 



in particular. The invention also relates to
compositions that comprise these compounds, methods
for using the compounds in the treatment of Aurora
kinaserelated diseases and complaints, and processes
for synthesizing the compounds. In a first aspect, the
present invention provides a compound having a
structure according to Formula I : (I) wherein: X is
NH, NH-C(=O)H, (-C=O)NH, NH-C(=0)NH, O, S, SO2NH, CH2,
- OC-, or -HC=CH-; W is O, S, or NH; R is H, halo,
cyano, nitro, alkyl, trifluoromethyl, heteroalkyl,
OR', SR' and NR'R", where R' and R" each independently
are H, alkyl, haloalkyl, alkylhalo, or heteroalkyl; or
R is an heteroalkyl chain that optionally is bound at
either end to adjoining carbon atoms of the phenyl
ring to which it is attached, thereby forming a
bicyclic ring structure; R1, R , R3 ach independently
is H, SH or an ether or oxidated form of sulfur such
as a sulfide, sulfone, sulfane, sulfinimide, or
sulfonamide; halo, nitro, amino, alkyl, formyl,
hydroxy, hydroxyalkyl, alkoxy, cyano, carboxy,
carboxylic acid, a carboxylic acid ester, a carboxylic
acid amide such as -(C=O)-N(RxRy), acetic acid, acetic
acid ester, acetic acid amide including an acetic acid
amide having substitutions-(C=O)-N(RxRy), substituted
or unsubstituted aryl, heterocyclic-alkoxy,
substituted or unsubstituted heterocycle or
heteroaryl, alkylamino, dialkylamino, alkylaminoalkyl,
dialkylaminoalkyl, alkyldiamino, alkylaminoalkoxy,
alkyldiaminoalkoxy, heterocyclic-alkoxy, alkylamino
amide, dialkylamino amide carboxylic acid ester,
hydroxyalkyl-hydroxy, hydroxy-alkylamide ester,
dihydroxyalkylamide ester, hydroxyalkylamide acetic
acid, wherein Rx and Ry each independently may be H,
alkyl, aminoalkyl, dialkylaminoalkyl, aryl-aminoalkyl,
carbocycle-aminoalkyl, or heteroaryl-amino alkyl; and
wherein the two groups bonded to the N atom of an
aminoalkyl group may, together with the N atom to
which they are bound, join to form a heterocyclic
group; n is 1, 2, 3 or 4, with the proviso that n may
= 0 when X is other than oxygen; or a pharmaceutically
acceptable salt, prodrug, hydrate, solvate, racemic
mix, tautomer or enantiomer thereof. In a first
preferred embodiment of Formula I, R is F, X is NH,
and W is O. In a second preferred embodiment of
Formula I, R is H, X is NH, and W is O. In a third
preferred embodiment of Formula I, R is CF3, X is NH,
and W is O. In a fourth preferred embodiment, R is
3,4-fluoro-trifluoromethyl. In a fifth preferred
embodiment, R is Cl, X is NH, W is O, and n = 0. In a
subembodiment of the fourth preferred embodiment of
Formula I, R is 2,3-Ws-CF3. In a second subembodiment
of the fourth preferred embodiment, R is 2,4-bis- CF3.
In a subembodiment of the fifth preferred embodiment,
R simultaneously is both Cl and a 1,3-dioxoalkylene
chain bound to the phenyl ring so as to form 1,3-
dioxolane. In yet another preferred embodiment the
residues not designated in greater detail have the
meaning indicated above, but in which in Subformula
IaW is O, X is NH, n = 0, and R is H;in Subformula Ib
W is O, X is NH, n =0, and R simultaneously is Cl and
a 1,3- dioxoalkylene chain bound to the phenyl ring so
as to form 1,3-dioxolane; in Subformula Ic W is O, X
is O, n = 1, and R is H; in Subformula Id W is S, X is
CH2, n = 0, and R is Cl; in Subformula Ie W is NH, X
is CH2, n = 0, and R is F; in Subformula IfW is O, X
is NH, n = 1, and R is di-fluoro. In a second aspect
of the present invention, a compound of the general
Formula II is provided, (H) wherein: X is NH,
NH-C(=0)H, NH-CH2, (-C=O)NH, NH-C(=0)NH, O, S, SO2NH,
CH2, -CC-, -HC=CH-, or an heterocycle; Y and W each
independently is O, S, or NH; A is a 3-7 membered
ring, saturated or unsaturated, optionally having 1 or
more heteroatoms and further optionally substituted;
Cy is selcted from the group consisting of an
unsubstituted or substituted cycloalkyl, bicycloalkyl
such as norbornyl, aryl, heterocycle and heteroaryl;
Ri, R2, R3 each independently is H, SH or an ether or
oxidated form of sulfur such as a sulfide, sulfone,
sulfane, sulfinimide, or sulfonamide; halo, nitro,
amino, alkyl, formyl, hydroxy, hydroxyalkyl, alkoxy,
cyano, carboxy, carboxylic acid, a carboxylic acid
ester, a carboxylic acid amide such as -(C=O)-N(RxRy),
acetic acid, acetic acidester, acetic acid amide
including an acetic acid amide having substitutions
-(C=O)- N(RxRy), substituted or unsubstituted aryl,
heterocyclic-alkoxy, substituted or unsubstituted
heterocycle or heteroaryl, alkylamino, dialkylamino,
alkylaminoalkyl, dialkylaminoalkyl, alkyldiamino,
alkylaminoalkoxy, alkyldiaminoalkoxy,
heterocyclic-alkoxy, alkylamino amide, dialkylamino
amide carboxylic acid ester, hydroxyalkyl-hydroxy,
hydroxy-alkylamide ester, dihydroxy-alkylamide ester,
hydroxyalkylamide acetic acid; wherein Rx and Ry each
independently may be H, alkyl, aminoalkyl,
dialkylaminoalkyl, aryl-aminoalkyl,
carbocycle-aminoalkyl, or heteroaryl-amino alkyl; and
wherein the two groups bonded to the N atom of an
aminoalkyl group may, together with the N atom to
which they are bound, join to form a heterocyclic
group; or a pharmaceutically acceptable salt, prodrug,
hydrate, solvate, tautomer, racemic mix, or enantiomer
thereof. In a first preferred embodiment of Formula
II, X is NH, W is O, Y is O, A is phenyl, Cy is
phenyl, and Rl, R2, R3 and R, each independently, is
H. In a first subembodiment of the first preferred
embodiment, Cy is 2-, 3- or 4- fluorophenyl. In a
second subembodiment of the first preferred
embodiment, Cy is 2- or 4- trifluoromethylphenyl. In a
third subembodiment of the first preferred embodiment,
Cy is 2,4-bis- (trifluoromethyl)phenyl . In a fourth
subembodiment of the first preferred embodiment, Cy is
2-fluoro- 3-trifluoromethylphenyl or
2-fluoro-4-trifluoromethylphenyl. In a fifth
subembodiment of the first preferred embodiment, Cy is
2,4-, 2,6-, 3,4- or 3,5-difluorophenyl. In a second
preferred embodiment of Formula II, X is NH, W is O, Y
is O, A is phenyl, Cy is cyclohexanyl, and R , R , R3
and R, each independently, is H. In a third preferred
embodiment of Formula II, X is O,W is O, Y is O, A is
phenyl, Cy is phenyl, and R , R , R3 and R, each
independently, is H. In a fourth preferred embodiment
of Formula II, X is NH, W is O, Y is O, A is phenyl,
Cy is naphthyl, and Ri, R , R3 and R, each
independently, is H.In a third aspect of the present
invention, a compound of the general Formula III is
provided, (III) wherein: X is NH, NH-C(=O)H, NH-CH2,
(-C=O)NH, NH-C(=0)NH, O, S, SO2NH, CH2, -CC-,
Or-HC=CH-; Q is NH(C=Y) or (C=Y)NH; Y and W each
independently is O, S, or NH; Z' is CH or N; A is a
3-7 membered ring, saturated or unsaturated,
optionally having 1 or more heteroatoms and further
optionally substituted; Cy is selcted from the group
consisting of an unsubstituted or substituted
cycloalkyl, bicycloalkyl such as norbornyl, aryl,
heterocycle and heteroaryl; R1, R , R3 each
independently is H, SH or an ether or oxidated form of
sulfur such as a sulfide, sulfone, sulfane,
sulfinimide, or sulfonamide; halo, nitro, amino,
alkyl, formyl, hydroxy, hydroxyalkyl, alkoxy, cyano,
carboxy, carboxylic acid, a carboxylic acid ester, a
carboxylic acid amide such as -(C=O)-N(RxRy), acetic
acid, acetic acid ester, acetic acid amide including
an acetic acid amide having substitutions
-(C=O)-N(RxRy), substituted or unsubstituted aryl,
heterocyclic-alkoxy, substituted or unsubstituted
heterocycle or heteroaryl, alkylamino, dialkylamino,
alkylaminoalkyl, dialkylaminoalkyl, alkyldiamino,
alkylaminoalkoxy, alkyldiaminoalkoxy,
heterocyclic-alkoxy, alkylamino amide, dialkylamino
amide carboxylic acid ester, hydroxyalkyl-hydroxy,
hydroxy-alkylamide ester, dihydroxyalkylamide ester,
hydroxyalkylamide acetic acid, wherein Rx and Ry each
independently may be H, alkyl, aminoalkyl,
dialkylaminoalkyl, aryl-aminoalkyl,
carbocycle-aminoalkyl, or heteroaryl- amino alkyl; and
wherein the two groups bonded to the N atom of an
aminoalkyl group may, together with the N atom to
which they are bound, join to form a heterocyclic
group; or a pharmaceutically acceptable salt, prodrug,
hydrate, solvate, tautomer, racemic mix, or enantiomer
thereof. In a preferred embodiment of Formula III, X
is NH, A and Cy each independently is phenyl, W and Y
each independently is O, and Ri R2 andR3 are H. In a
subembodiment of the preferred embodiment, Cy is
methoxyphenyl. In a second subembodiment of the
preferred embodiment, Cy is methylphenyl. In a third
subembodiment of the preferred embodiment, Cy is
2-fluoro-4- trifluoromethylphenyl. In a fourth
subembodiement of the preferred embodiment, Cy is
Achlorophenyl. In a fifth subembodiment of the
preferred embodiment, Cy is Atrifluoromethoxyphenyl.
In a sixth subembodiment of the preferred embodiment,
Cy is 2,4-, 2,6- or 3,4- dichlorophenyl. In a second
preferred embodiment of Formula III, X is NH, A is
phenyl, Cy is naphthyl, W and Y each independently is
O, and R R and R3 are H. In yet another preferred
embodiment the residues not designated in greater
detail have the meaning indicated above, but in which
in Subformula Ilia Q is NH(C=O), W is O, X is NH, and
A and Cy are phenyl; in Subformula HIb Q is NH(C=O)
and Cy is methoxyphenyl; in Subformula IIIc Q is
NH(C=O) and Cy is methylphenyl; in Subformula IHd Q is
NH(C=O) and Cy is fluoro, trifluoromethyl phenyl; in
Subformula IHe Q is NH(C=O) and Cy is chlorophenyl or
dichlorophenyl; in Subformula IHf Q is NH(C=O) and Cy
is naphthyl; in Subformula IHg Q is NH(C=O) and Cy is
norbornyl; in Subformula IHh Q is NH(C=O) and Cy is
trifluoromethoxyphenyl; 



in Subformula IHj Q is (C=O)NH, W is O, X is NH, and A
and Cy are phenyl; in Subformula IHk Q is (C=O)NH and
Cy is methoxyphenyl; in Subformula Him Q is (C=O)NH
and Cy is methylphenyl;in Subformula IHn Q is (C=O)NH
and Cy is fluoro, trifluoromethyl phenyl; in
Subformula IHo Q is (C=O)NH and Cy is chlorophenyl or
dichlorophenyl; in Subformula IHp Q is (C=O)NH and Cy
is naphthyl; in Subformula IHq Q is (C=O)NH and Cy is
norbornyl; in Subformula HIr Q is (C=O)NH and Cy is
trifluoromethoxyphenyl. In a fourth aspect of the
present invention, a compound of the general Formula
IV is provided, wherein: X is NH, NH-C(=0), NH-CH2,
(-C=O)NH, NH-C(=0)NH, O, S, SO2NH, CH2, CC-, or
-HC=CH- ; Y is O, S, or NH; A is a 3-7 membered ring,
saturated or unsaturated, optionally having 1 or more
heteroatoms and further optionally substituted; Cy is
selcted from the group consisting of an unsubstituted
or substituted cycloalkyl, bicycloalkyl such as
norbornyl, aryl, heterocycle and heteroaryl; Z is H,
SH, hydroxy, halo, amino, acyl, formyl,
alkylamino-heterocycle, dialkylamino-heterocycle,
alkylamino-alkylamino, dialkylamino-alkylamino,
alkylamino-alkoxy, dialkylamino-alkoxy, heterocyclic
alkoxy, Ci_6 alkyl ester, phenyl, benzoyl, phenyl
alkyl ketone, alkyl propanoyl, dialkyl alkanamide,
acetic acid, or acetic acid amides; Z' is C or N;
denotes the presence or absence of a bond; R1, R , R3
each independently is H, SH or an ether or oxidated
form of sulfur such as a sulfide, sulfone, sulfane,
sulfinimide, or sulfonamide; halo, nitro, amino,
alkyl, formyl, hydroxy, hydroxyalkyl, alkoxy, cyano,
carboxy, carboxylic acid, a carboxylic acid ester, a
carboxylic acid amide such as -(C=O)-N(RxRy), acetic
acid, acetic acid ester, acetic acid amide including
an acetic acid amide having substitutions
-(C=O)-N(RxRy), substituted or unsubstituted aryl,
heterocyclic-alkoxy, substituted or unsubstituted
heterocycle or heteroaryl, alkylamino, dialkylamino,
alkylaminoalkyl, dialkylaminoalkyl, alkyldiamino,
alkylaminoalkoxy, alkyldiaminoalkoxy,
heterocyclic-alkoxy, alkylamino amide, dialkylamino
amide carboxylic acid ester, hydroxyalkyl-hydroxy,
hydroxy-alkylamide ester, dihydroxyalkylamide ester,
hydroxyalkylamide acetic acid; wherein Rx and Ry each
independently may be H, alkyl, aminoalkyl,
dialkylaminoalkyl, aryl-aminoalkyl,
carbocycle-aminoalkyl, or heteroaryl-amino alkyl; and
wherein the two groups bonded to the N atom of an
aminoalkyl group may, together with the N atom to
which they are bound, join to form a heterocyclic
group; or a pharmaceutically acceptable salt, prodrug,
hydrate, solvate, tautomer, racemic mix, or enantiomer
thereof. In a first preferred embodiment of Formula
IV, X is NH, A is phenyl, Y is O, Cy is phenyl, R1, R
andR3 each independently is H, and Z is chloro. In a
second preferred embodiment of Formula IV, X is NH, A
and Cy each independently is phenyl, Y is O, R1, R
andR3 each independently is H, and Z is
dimethylamino-piperidine. In a third preferred
embodiment of Formula IV, X is NH, A and Cy each
independently is phenyl, Y is O, R1, R andR3 each
independently is H, and Z is dimethylamino-ethylamine.
In a subembodiment of the third preferred embodiment,
Z is dimethylaminopropylamine. In a fourth preferred
embodiment of Formula IV, X is NH, A and Cy each
independently is phenyl, Y is O, R1, R andR3 each
independently is H, and Z is
dimethylamino-pyrrolidine. In a fifth preferred
embodiment of Formula IV, X is NH, A and Cy each
independently is phenyl, Y is O, R1, R2 andR3 each
independently is H, and Z is dimethylamino-ethoxy.In a
subembodiment of the fifth preferred embodiment, Z is
dimethylaminopropoxy. In a sixth preferred embodiment
of Formula IV, X is NH, A and Cy each independently is
phenyl, Y is O, R1, R2and R3 each independently is H,
and Z is pyrrolidinyl-ethoxy. In a seventh preferred
embodiment of Formula IV, X is NH, A and Cy each
independently is phenyl, Y is O, R1, R andR3 each
independently is H, and Z is morpholinyl-propoxy. In a
subembodiment of the seventh preferred embodiment, Z
is morpholinylethoxy. In yet another preferred
embodiment the residues not designated in greater
detail have the meaning indicated above, but in which
in Subformula IVa Rl is H, X is NH, A is phenyl, Cy is
phenyl, and Z is 4-dimethyl amino-piperidine; in
Subformula IVb Ri is H, X is NH, A is phenyl, Cy is
phenyl, and Z is dimethylamino-ethylamine; in
Subformula IVc Z is dimethylamino-propylamine; in
Subformula IVd Z is dimethylamino-pyrrolidine; in
Subformula IVe Z is dimethylaminoethoxy or
dimethylaminopropoxy; in Subformula IVf Z is
pyrrolidinyl ethoxy or pyrrolidinyl propoxy; in
Subformula IVg W is O, Y is O, X is NH, A is phenyl,
Cy is difluorophenyl, R is phenyl and/or carboxylic
acid; in Subformula IVh W is O, Y is O, X is NH, A is
phenyl, Cy is difluorophenyl, and Ri is dimethylamino
ethyl carboxylic acid amide; in Subformula IVj W is O,
Y is O, X is NH, A is phenyl, Cy is difluorophenyl,
and Z is dihydroxypropyl carboxylic acid amide; in
Subformula IVk W is O, Y is O, X is NH, A is phenyl,
Cy is difluorophenyl, and R is methyl acetic acid; in
Subformula IVm W is O, Y is O, X is NH, A is phenyl,
Cy is difluorophenyl, and R is hydroxyethyl acetic
acid amide. Also encompassed by the present invention
are methods of treating a subject in need of
inhibiting a kinase protein comprising administering
to the subject an effective amount of a kinase
inhibitor according to Formulae I, II, III or IV, or
any mixture of thereof.In a preferred embodiment, the
compound according to Formula I, Formula II, Formula
III or Formula IV is incorporated into a
pharmaceutical formulation along with one or more
pharmaceutically acceptable diluent, excipient, or
carrier, and which further optionally may be packaged
as a kit. In a further aspect the invention provides a
method for treating or preventing a disease or
condition that is a member selected from cancers such
as acute or chronic myelogenous leukemia, tumor
formation, tumor angiogenesis, myeloproliferative
disease, arteriosclerosis, ocular diseases,
inflammatory diseases, arthritis, and restinosis,
among others. The method includes administering to a
subject in need thereof a therapeutically effective
amount of a compound of Formula I, Formula II, Formula
III, or Formula IV, or a pharmaceutically acceptable
salt, prodrug, enantiomer, tautomer, hydrate, solvate
or racemic mixture thereof. In a fifth aspect of the
present invention, a compound intermediate of the
Formulae V - VIII is provided, (VIII) wherein: B is 4
- 10 membered, saturated or unsaturated, ring that may
be mono-, bi-, or tricyclic, and optionally may have
one or more heteroatoms; D is phenyl, a carbocycle, or
a heterocycle, any of which optionally is substituted;
Z is H, SH, hydroxy, halo, amino, acyl, formyl,
alkylamino-heterocycle, dialkylamino-heterocycle,
alkylamino-alkylamino,
dialkylamino-alkylamino,alkylamino-alkoxy,
dialkylamino-alkoxy, heterocyclic alkoxy, C1- alkyl
ester, phenyl, benzoyl, phenyl alkyl ketone, alkyl
propanoyl, dialkyl alkanamide, or acetic acid; R is H,
halo, cyano, nitro, alkyl, trifluoromethyl, an
unsaturated or saturated ring having one or more
heteroatoms such as piperazine or piperazine-C(=O)-,
heteroalkyl, OR', SR' and NR'R", where R' and R" each
independently are H, alkyl, haloalkyl, alkylhalo, or
heteroalkyl; or R is an heteroalkyl chain that
optionally is bound at either end to adjoining carbon
atoms of the phenyl ring to which it is attached,
thereby forming a bicyclic ring structure; and W is O,
S, CH , or NH, or a tautomer or enantiomer thereof. In
a preferred embodiment, B is a phenyl, naphthyl or
cyclohexyl moiety; R is one or more hydrogen, halo or
trifluoromethyl groups; W is oxygen; D is phenyl or a
heterocycle, preferably pyrimidine; and Z is hydrogen,
formyl, z-butyl hydroxypropanoate, benzoyl, acetic
acid or dimethyl propanamide. The compounds of
Formulae V - VIII are useful in the syntheses of
compounds of Formulae I - IV. Also included within the
scope of the invention are compounds 1- 80, and a
pharmaceutically acceptable salt thereof. Additional
embodiments of the present invention include: a
compound according to any of Formulae I, II, III, or
IV for use as a medicament; use of the compound
according to any of Formulae I, II, III, or IV for the
preparation of a medicament for the treatment of a
subject in need of inhibiting a kinase protein; and
use of the compound according to any of Formulae I,
II, III, or IV for the preparation of a medicament for
the suppression or reduction of cellular proliferation
in singlesite or metastatic cancers. The present
invention also encompasses a compound according to any
of Formulae I, II, III, or IV, or pharmaceutically
acceptable derivatives, solvates, salts, tautomers and
stereoisomers thereof, including mixtures thereof in
all ratios, for use in therapy, such as treating a
subject in need of inhibiting a kinase protein,
wherein the subject has a proliferative or an
inflammatory disease. A method of synthesizing the
compounds of the present invention also is encompassed
within the present invention. The present invention
also is related to the combined use of a compound of
any of Formulae I, II, III, or IV together with
further medicament active ingredient for the treatment
of a subject in need of treatment for a kinase-related
malfunction, andespecially for diseases such as
angiogenesis, cancers such as acute or chronic
myelogenous leukemia, myeloproliferative disease,
tumor formation, growth and propagation,
arteriosclerosis, ocular diseases, such as age-induced
macular degeneration, choroidal neovascularisation and
diabetic retinopathy, inflammatory diseases,
arthritis, thrombosis, fibrosis, glomerulonephritis,
neurodegeneration, psoriasis, restenosis, wound
healing, transplant rejection, metabolic diseases,
autoimmune diseases, cirrhosis, diabetes and vascular
and immune diseases in mammals. The compounds of the
present invention especially are useful as Aurora
kinase 



inhibitors for the treatment of solid tumors
characterized by having Aurora kinases that are
strongly expressed or overexpressed. Such solid tumors
include, among others, monocytic leukaemia, brain,
breast, pancreatic, ovarian, urogenital, lymphatic
system, stomach, laryngeal and lung carcinoma,
including lung adenocarcinoma and small-cell lung
carcinoma. Furthermore, the present invention provides
pharmaceutical compositions and methods of modulating
and/or inhibiting unregulated or disturbed Aurora
kinase activity in order to treat or cure
proliferative diseases including all types of cancers
comprising administering to a subject in need thereof
an effective amount of a kinase inhibitor according to
any of Formulae I, II, III, or IV. In particular, the
compounds of the Formulae I, II, III, or IV are useful
in the treatment of certain forms of cancer. The
compounds of the Formulae I, II, III, or IV
furthermore can be used to provide additive or
synergistic effects in certain existing cancer
chemotherapies, and/or can be used to restore the
efficacy of certain existing cancer chemotherapies and
radiotherapies. The compounds of the present invention
especially are useful as Aurora kinase inhibitors for
the treatment of solid tumors characterized by having
Aurora kinases that are strongly expressed or
overexpressed. Such solid tumours include, among
others, monocytic leukaemia, brain, breast,
pancreatic, ovarian, urogenital, lymphatic system,
stomach, laryngeal and lung carcinoma, including lung
adenocarcinoma and small-cell lung carcinoma. The
compounds of the present invention have an
antiproliferative action in vivo in a xenotransplant
tumor model by their inhibitory action on cell
division. Thus, when they are administered to a
patient having a hyperproliferative disease, such as a
myeloproliferative disease, these compounds inhibit
tumor growth, reduceinflammation associated with a
lymphoproliferative disease, inhibit transplant
rejection, inhibit neurological damage due to tissue
repair, etc. The present compounds are suitable for
prophylactic or therapeutic purposes. The prevention
of proliferation is achieved by administration of the
compounds according to the invention prior to the
development of overt disease, for example to prevent
the growth of tumors, prevent metastatic growth,
diminish restenosis associated with cardiovascular
surgery, etc. Alternatively, the compounds are used
for the treatment of ongoing diseases by stabilizing
or improving the clinical symptoms of the patient. II.
Definitions As used herein, a description of the
compounds of the invention in every case includes a
pharmaceutically acceptable salt, solvate, hydrate,
prodrug, tautomer, enantiomer, stereoisomer, analog or
derivative thereof, including mixtures thereof in any
ratios. Where substituent groups are specified by
their conventional chemical formulae, written from
left to right, they optionally encompass substituents
resulting from writing the structure from right to
left, e.g., -CH O- optionally also recites - OCH2- .
The term "alkyl", by itself or as part of another
substituent, unless otherwise stated means a saturated
or unsaturated, unbranched (linear) or branched chain,
or a cyclic hydrocarbon radical, or combination
thereof, having 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 C
atoms. The term preferably denotes methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl or
tert-butyl, pentyl, or hexyl, and includes cycloalkyl
and bicycloalkyl, e.g. cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, norbornane, and
the like. An unsaturated hydrocarbon radical is one
having one or more double bonds or triple bonds.
Examples of unsaturated alkyl groups include vinyl,
2-propenyl, crotyl, 2-isopentenyl, 2-butadienyl,
2,4-pentadienyl, ethynyl, 1- propenyl, 3-propenyl,
3-butynyl, and isomers and homologs thereof. One to
seven hydrogen atoms in an alkyl chain as defined may
be replaced by F, Cl and/or Br, and/or one or two CH2
groups may be replaced by O, S, SO, SO and/or CH=CH
groups. The term "alkylene" denotes an optionally
substituted, unbranched (linear) or branched chain
that by itself or as part of another substituent means
a divalent radicalderived from an alkane , as
exemplified by -CH2CH2CH2-. "Alkylene" preferably
denotes methylene, ethylene, propylene, isopropylene,
butylene, isobutylene, secbutylene or tert-butylene,
pentylene, 1-, 2- or 3-methylbutylene, 1,1- , 1,2- or
2,2- dimethylpropylene, 1-ethylpropylene, hexylene, 1-
, 2- , 3- or 4-methylpentylene, 1,1- , 1,2- , 1,3- ,
2,2- , 2,3- or 3,3-dimethylbutylene, 1- or
2-ethylbutylene, 1-ethyl-lmethylpropylene,
l-ethyl-2-methylpropylene, 1,1,2- or
1,2,2-trimethylpropylene, or difluoromethylene.
Especially preferred is an alkylene having 1, 2, 3, 4,
5 or 6 C atoms, preferably methylene, ethylene,
propylene, isopropylene, butylene, isobutylene,
sec-butylene, tert-butylene, pentylene, hexylene,
difluoromethylene, tetrafluoroethylene or
1,1-dfluoroethylene. A "cyclic alkylene"
("cycloalkylene") preferably denotes cyclopropylene,
cyclobutylene, cyclopentylene, cyclohexylene or
cycloheptylene. The term "aryl" means, unless
otherwise stated, means a polyunsaturated, aromatic,
single ring or multiple rings, preferably from 1 to 3
rings, the latter of which are fused together or
linked covalently. The term "aryl" denotes, for
example, phenyl, o-, m- or p-tolyl, o-, m- or
p-ethylphenyl, o-, m- or p-propylphenyl, o-, m- or
p-isopropylphenyl, o-, m- or p-tert-butylphenyl, o-,
m- or p-hydroxyphenyl, o-, m- or p-nitrophenyl, o-, m-
or p-aminophenyl, o-, m- or p-(N-methylamino)phenyl,
o-, mor p-(N-methylaminocarbonyl)phenyl, o-, m- or
p-acetamidophenyl, o-, m- or p-methoxyphenyl, o-, m-
or p-ethoxyphenyl, o-, m- or p-ethoxycarbonylphenyl,
o-, mor p-(N,N-dimethylamino)phenyl, o-, m-
orp-(N,N-dimethylaminocarbonyl)phenyl, o-, m- or
p-(N-ethylamino)phenyl, o-, m- or
p-(N,N-diethylamino)phenyl, o-, m- or p-fluorophenyl
including difluorophenyl, o-, m- or p-bromophenyl
including dibromophenyl, o-, m- or p-chlorophenyl
including dichlorophenyl, o-, m- or
p-(methylsulfonamido)phenyl, o-, m- or
p-(methylsulfonyl)phenyl, o-, m- or
p-methylsulfanylphenyl, o-, m- or p-cyanophenyl, o-,
m- or p-carboxyphenyl, o-, mor
p-methoxycarbonylphenyl, o-, m- or p-formylphenyl, o-,
m- or p-acetylphenyl, o-, m- or p-aminosulfonylphenyl,
o-, m- or p-(morpholin-4-ylcarbonyl)phenyl, o-, m- or
p-(morpholin-4-ylcarbonyl)phenyl, o-, m- or
p-(3-oxomorpholin-4-yl)phenyl, o-, mor
p-(piperidinylcarbonyl)phenyl, o-, m-
orp-[2-(morpholin-4-yl)ethoxy]phenyl, o-, m- or
p-[3-(N,N-diethylamino)propoxy]phenyl, o-, m-
orp-[3-(3-diethylaminopropyl) ureido]phenyl, o-, m-
orp-(3-diethylaminopropoxycarbonylamino)phenyl,
furthermore preferably 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or
3,5-difluorophenyl, 2,3-, 2,4-, 2,5- , 2,6-, 3,4- or
3,5-dichlorophenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or
3,5-dibromophenyl,2,4- or 2,5-dinitrophenyl, 2,5- or
3,4-dimethoxyphenyl, 3-nitro-4-chlorophenyl,
3-amino-4-chloro-, 2-amino-3-chloro-,
2-amino-4-chloro-, 2-amino-5-chloro- or
2-amino-6-chlorophenyl, 2-nitro-4-N,N-dimethylamino-
or 3-nitro-4-N,N-dimethylaminophenyl,
2,3-diaminophenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,6- or
3,4,5-trichlorophenyl, 2,4,6-trimethoxyphenyl,
2-hydroxy-3,5-dichlorophenyl, p-iodophenyl,
3,6-dichloro-4-aminophenyl, 4-fluoro-3-chlorophenyl,
2-fluoro-4-bromophenyl, 2,5- difluoro-4-bromophenyl,
3-bromo-6-methoxyphenyl, 3-chloro-6-methoxyphenyl,
3-chloro-4-acetamidophenyl, 3-fluoro-4-methoxyphenyl,
3-amino-6-methylphenyl, 3-chloro-4-acetamidophenyl or
2,5-dimethyl-4-chlorophenyl. In a preferred
embodiment, "aryl" preferably denotes a phenyl that is
unsubstituted or mono-, di- or trisubstituted
independently by one or more halogens, OR, CN or
(C=O)NH2 where R is H or alkyl. The term "heteroaryl"
refers to an aryl ring that contains from one to four
heteroatoms selected from N, O, S, Si, P and B,
wherein the nitrogen and sulfur atoms are optionally
oxidized, and the nitrogen atom(s) are optionally
quaternized. A heteroaryl group can be attached to the
remainder of the molecule through a carbon or
heteroatom. Non-limiting examples of aryl and
heteroaryl groups include phenyl, 1- naphthyl,
2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl, 3-pyrazolyl, 2- imidazolyl, 4-imidazolyl,
pyrazinyl, 2-oxazolyl, 4-oxazolyl,
2-phenyl-4-oxazolyl, 5- oxazolyl, 3-isoxazolyl,
4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl,
5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-
pyrimidyl, 5-benzothiazolyl, purinyl,
2-benzimidazolyl, 5-indolyl, 7-azaindole, 1-
isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl,
5-quinoxalinyl, 3-quinolyl, 6-quinolyl, 1-
piperidinyl, 3-benzofuranyl, and 4-benzodioxinyl.
Substituents for each of the above noted aryl and
heteroaryl ring systems are selected from the group of
acceptable substituents described below. For brevity,
the term "aryl" when used in combination with other
terms, such as for example, aryloxy, arylthioxy, or
arylalkyl, optionally includes both aryl and
heteroaryl rings as defined above. Thus, the term
"arylalkyl" optionally includes those radicals in
which an aryl group is attached to an alkyl group
(e.g. , benzyl, phenethyl, pyridylmethyl and the like)
including those alkyl groups in which a carbon atom
(e.g., a methylene group) has been replaced by, for
example, an oxygen atom (e.g., phenoxymethyl,
2-pyridyloxymethyl, 3-(l-naphthyloxy)propyl, and the
like).Each of the terms "alkyl," "heteroalkyl," "aryl"
and "heteroaryl" optionally include unsubstituted,
mono-, di- or tri-unsubstituted forms of the indicated
radical. The terms "alkoxy," "alkylamino" and
"alkylthio" (or thioalkoxy) are used in their
conventional sense, and refer to those alkyl groups
attached to the remainder of the molecule via an
oxygen atom, an amino group, or a sulfur atom,
respectively. Substituents for the alkyl and
heteroalkyl radicals, including those groups often
referred to as alkenyl, heteroalkylene, heteroalkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, cycloalkenyl,
and heterocycloalkenyl, are generically referred to as
"alkyl group substituents," and they can be one or
more of a variety of groups selected from, but not
limited to: substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted
or unsubstituted heterocycloalkyl, and -R1, wherein Ri
is -OH, O-alkyl, -CN, -halo, -C(O)OH, -C(O)O(alkyl),
-C(O)NH2, -C(O)NH(alkyl), -C(O)N(alkyl)2, -CH2OH,
-CH2O(alkyl), -CH2NH2, -CH2NH(alkyl), -CH2N(alkyl)2,
-SO2OH, -SO2O(alkyl), -SO2NH2, -SO2NH(alkyl), and -SO
2N(alkyl)2 From the above discussion of substituents,
one of skill in the art will understand that the term
"alkyl" is meant to include groups including carbon
atoms bound to groups other than hydrogen groups, such
as haloalkyl (e.g., -CF3 and -CH 2CF3) and acyl (e.g.,
- C(O)CH3, -C(O)CF3, -C(O)CH2OCH3, and the like).
Similar to the substituents described for the alkyl
radical, substituents for the aryl and heteroaryl
groups are generically referred to as "aryl group
substituents." The substituents are selected from, for
example: substituted or unsubstituted alkyl,
substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted
heterocycloalkyl, -OH, -O-alkyl, -CN, -halo, -C(O)OH,
-C(O)O(alkyl), -C(O)NH2, -C(O)NH(alkyl), -C(0)N(alkyl)
2, -CH2OH, -CH20(alkyl), -CH2NH2, -CH2NH(alkyl),
-CH2N(alkyl)2, -SO2OH, -SO2O(alkyl), -SO2NH2,
-SO2NH(alkyl), and -SO 2N(alkyl)2 As used herein, the
term "acyl" describes a substituent containing a
carbonyl 



residue, C(O)R. Exemplary species for R include H,
halogen, substituted or unsubstituted alkyl,
substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, and substituted or
unsubstituted heterocycloalkyl. As used herein, the
term "fused ring system" means at least two rings,
wherein each ring has at least 2 atoms in common with
another ring. "Fused ring systems may include aromatic
as well as non aromatic rings. Examples of "fused ring
systems" arenaphthalenes, indoles, quinolines,
chromenes, substituted and unsubstituted norbornanes
and norbornenes, and the like. The term "treatment" as
used herein refers both to prevention of a particular
disease or treatment of a pre-existing condition. The
phrase "therapeutically effective amount" as used
herein means that amount of a compound, material, or
composition comprising a compound of the present
invention which is effective for producing some
desired therapeutic effect by simultaneous blocking or
inhibiting of Aurora kinase receptors in a mammal,
thereby blocking the biological consequences of that
pathway in the treated cells, at a reasonable
benefit/risk ratio applicable to any medical
treatment. The term "pharmaceutically acceptable
salts" includes salts of the active compounds that are
prepared with relatively nontoxic acids or bases,
depending on the particular substituents found on the
compounds described herein. When compounds of the
present invention contain relatively acidic
functionalities, base addition salts can be obtained
by contacting the neutral form of such compounds with
a sufficient amount of the desired base, either neat
or in a suitable inert solvent. Examples of
pharmaceutically acceptable base addition salts
include sodium, potassium, calcium, ammonium, organic
amino, or magnesium salt, or a similar salt. When
compounds of the present invention contain relatively
basic functionalities, acid addition salts can be
obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired
acid, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable acid addition
salts include those derived from inorganic acids like
hydrochloric, hydrobromic, nitric, carbonic,
monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric,
sulfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts
derived from relatively nontoxic organic acids like
acetic, propionic, isobutyric, maleic, malonic,
benzoic, succinic, suberic, fumaric, lactic, mandelic,
phthalic, benzenesulfonic, p-tolylsulfonic, citric,
tartaric, methanesulfonic, and the like. Also included
are salts of amino acids such as arginate and the
like, and salts of organic acids like glucuronic or
galactunoric acids and the like (see, for example,
Berge et ah, J. Pharma. Science 1977, 66: 1-19).
Certain specific compounds of the present invention
contain both basic and acidic functionalities that
allow the compounds to be converted into either base
or acid addition salts.The neutral forms of the
compounds are preferably regenerated by contacting the
salt with a base or acid and isolating the parent
compound in the conventional manner. The parent form
of the compound differs from the various salt forms in
certain physical properties, such as solubility in
polar solvents, but otherwise the salts are equivalent
to the parent form of the compound for the purposes of
the present invention. In addition to salt forms, the
present invention provides compounds, which are in a
prodrug form. Prodrugs of the compounds described
herein are those compounds that readily undergo
chemical changes under physiological conditions to
provide the compounds of the present invention. For
instance, prodrugs for carboxylic acid analogs of the
invention include a variety of esters. In an exemplary
embodiment, the pharmaceutical compositions of the
invention include a carboxylic acid ester. In another
exemplary embodiment, the prodrug is suitable for
treatment /prevention of those diseases and conditions
that require the drug molecule to cross the blood
brain barrier. In a preferred embodiment, the prodrug
enters the brain, where it is converted into the
active form of the drug molecule. Additionally,
prodrugs can be converted to the compounds of the
present invention by chemical or biochemical methods
in an ex vivo environment. For example, prodrugs can
be slowly converted to the compounds of the present
invention when placed in a transdermal patch reservoir
with a suitable enzyme or chemical reagent. Certain
compounds of the present invention can exist in
unsolvated forms as well as solvated forms, including
hydrated forms. In general, the solvated forms are
equivalent to unsolvated forms and are encompassed
within the scope of the present invention. Certain
compounds of the present invention may exist in
multiple crystalline or amorphous forms. In general,
all physical forms are of use in the methods
contemplated by the present invention and are intended
to be within the scope of the present invention.
"Compound or a pharmaceutically acceptable salt,
hydrate, polymorph or solvate of a compound" intends
the inclusive meaning of "or", in that materials
meeting more than one of the stated criteria are
included, e.g., a material that is both a salt and a
solvate is encompassed. As used herein, the term
"heteroatom" includes oxygen (O), nitrogen (N), sulfur
(S), silicon (Si), boron (B), and phosphorus (P).The
term "heteroalkyl," by itself or in combination with
another term, means, unless otherwise stated, a stable
straight or branched chain, or cyclic hydrocarbon
radical, or combinations thereof, consisting of the
stated number of carbon atoms and at least one
heteroatom selected from the group consisting of O, N,
Si and S, and wherein the nitrogen and sulfur atoms
may optionally be oxidized and the nitrogen heteroatom
may optionally be quaternized. The heteroatom(s) O, N
and S and Si may be placed at any interior position of
the heteroalkyl group or at the position at which the
alkyl group is attached to the remainder of the
molecule. Examples include, but are not limited to,
-CH2-CH2-O-CH3, -CH2-CH2-NH-CH3, -CH2-CH2-N(CH3)-CH3,
-CH2-S-CH2-CH3, - CH2-CH2 -S(O)-CH3,
-CH2-CH2-S(O)2-CH3, -CH=CH-O-CH3, -Si(CH3)3, -CH2-
CH=N-OCH3, and -CH=CH-N(CH 3)-CH3. Up to two
heteroatoms may be consecutive, such as, for example,
-CH2-NH-OCH3 and -CH 2-O-Si(CH3)3. Similarly, the term
"heteroalkylene" by itself or as part of another
substituent means a divalent radical derived from
heteroalkyl, as exemplified, but not limited by,
-CH2-CH2-SCH 2-CH2- and -CH 2-S-CH2-CH2-NH-CH2-. For
heteroalkylene groups, heteroatoms can also occupy
either or both of the chain termini (e.g.,
alkyleneoxy, alkylenedioxy, alkyleneamino,
alkylenediamino, and the like). Still further, for
alkylene and heteroalkylene linking groups, no
orientation of the linking group is implied by the
direction in which the formula of the linking group is
written. For example, the formula -CO 2R'- represents
both -C(O)OR' and -OC(O)R'. The terms "cycloalkyl" and
"heterocycloalkyl", by themselves or in combination
with other terms, represent, unless otherwise stated,
cyclic versions of "alkyl" and "heteroalkyl",
respectively. Additionally, for heterocycloalkyl, a
heteroatom can occupy the position at which the
heterocycle is attached to the remainder of the
molecule. A "cycloalkyl" or "heterocycloalkyl"
substituent may be attached to the remainder of the
molecule directly or through a linker, wherein the
linker is preferably alkyl. Examples of cycloalkyl
include, but are not limited to, cyclopentyl,
cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl,
cycloheptyl, and the like. Examples of
heterocycloalkyl include, but are not limited to,
1-(1,2,5,6- tetrahydropyridyl), 1-piperidinyl,
2-piperidinyl, 3-piperidinyl, 4-morpholinyl, 3-
morpholinyl, tetrahydrofuran-2-yl,
tetrahydrofuran-3-yl, tetrahydrothien-2-yl,
tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl,
and the like.The terms "halo" or "halogen," by
themselves or as part of another substituent, mean,
unless otherwise stated, a fluorine, chlorine,
bromine, or iodine atom. Additionally, terms such as
"haloalkyl," are meant to include monohaloalkyl and
polyhaloalkyl. For example, the term "halo(Ci-C
4)alkyl" is mean to include, but not be limited to,
trifluoromethyl, difluoromethyl, fluoromethyl,
2,2,2-trifluoroethyl, 4- chlorobutyl, 3-bromopropyl,
and the like. The terms "TEA", "DMF", "LDA", "DCM" and
"TFA" used herein as reagents in the syntheses of
compounds of the invention mean "tetraethylammonia",
"N,N-dimethylfonnamide", "lithium diisopropylamine",
"dichloromethane" and "trifluoroacetic acid",
respectively. Certain compounds of the present
invention possess asymmetric carbon atoms (optical
centers) or double bonds; the racemates,
diastereomers, geometric isomers and individual
isomers are encompassed within the scope of the
present invention. Optically active (R)- and
(^-isomers may be prepared using chiral synthons or
chiral reagents, or resolved using conventional
techniques. When the compounds described herein
contain olefinic double bonds or other centers of
geometric asymmetry, and unless specified otherwise,
it is intended that the compounds include both E and Z
geometric isomers. Likewise, all tautomeric forms are
included. The term "host" or "patient in need thereof
as used herein may be any mammalian species, for
example a primate species, particularly humans;
rodents; rabbits; horses, cows, sheep, dogs, cats,
etc. Animal models are of interest for veterinary
treatment and for experimental investigations,
providing a model for treatment of human disease. The
susceptibility of a particular cell to treatment with
the compounds according to the invention was
determined by in vitro tests. Typically, a culture of
the cell was combined with a compound according to the
invention at various concentrations for a period of
time that was sufficient to allow the active agents to
induce cell death or to inhibit migration, usually
between about one hour and one week. In vitro testing
was carried out using cultivated cells from a biopsy
sample. The viable cells remaining after the treatment
then were counted. Drug dosage depends upon the
specific compound used, the specific disease, the
patient status, etc. A therapeutic dose is typically
sufficient considerably to reduce the undesired cell
population in the target tissue while the viability of
the patient ismaintained. The treatment is generally
continued until a reduction in cell population has
occurred, for example, at least about 50% reduction in
the cell burden, and may be continued until
essentially no more undesired cells are detected in
the body. Pharmaceutical Compositions While compounds
of the present invention can be administered as the
raw chemical, it is preferable to present them as a
pharmaceutical composition. According to a further
aspect, the present invention provides a
pharmaceutical composition comprising a compound of
Formula I, II, III or IV, or a pharmaceutically
acceptable salt, hydrate or solvate thereof, together
with one or more pharmaceutical carrier and optionally
one or more other therapeutic ingredients. The
carrier(s) are "acceptable" in the sense of being
compatible with the other ingredients of the
formulation and not deleterious to the recipient
thereof. The term "pharmaceutically acceptable
carrier" includes vehicles, diluents, excipients and
other elements appropriate for incorporation into a
pharmaceutical formulation. 



A formulation of the compound or composition includes
any suitable for parenteral (including subcutaneous,
intradermal, intramuscular, intravenous, peritoneal
and intraarticular), rectal, ionotophoretic,
intranasal, inhalation, and oral (including dermal,
buccal, sublingual and intraocular) administration.
The most suitable route may depend upon the condition
and disorder of the recipient. The formulations may
conveniently be presented in unit dosage form and may
be prepared by any of the methods well known in the
art of pharmacy. All methods include the step of
bringing into association a compound or a
pharmaceutically acceptable salt or solvate thereof
("active ingredient") with the carrier that
constitutes one or more accessory ingredients. In
general, the formulations are prepared by uniformly
and intimately bringing into association the active
ingredient with liquid carriers or finely divided
solid carriers or both and then, if necessary, shaping
the product into the desired formulation. Oral
formulations are well known to those skilled in the
art, and general methods for preparing them are found
in any standard pharmacy school textbook, for example,
Remington: The Science and Practice of Pharmacy., A.R.
Gennaro, ed. (1995), the entire disclosure of which is
incorporated herein by reference. Pharmaceutical
compositions containing compounds of Formulae I . II,
III or IV may be conveniently presented in unit dosage
form and prepared by any of the methods well known in
the art of pharmacy. Preferred unit dosage
formulations arethose containing an effective dose, or
an appropriate fraction thereof, of the active
ingredient, or a pharmaceutically acceptable salt
thereof. The magnitude of a prophylactic or
therapeutic dose typically varies with the nature and
severity of the condition to be treated and the route
of administration. The dose, and perhaps the dose
frequency, will also vary according to the age, body
weight and response of the individual patient. In
general, the total daily dose ranges from about 0.1 mg
per day to about 7000 mg per day, preferably about 1mg
per day to about 100 mg per day, and more preferably,
about 25 mg per day to about 50 mg per day, in single
or divided doses. In some embodiments, the total daily
dose may range from about 50 mg to about 500 mg per
day, and preferably, about 100 mg to about 500 mg per
day. It is further recommended that children, patients
over 65 years old, and those with impaired renal or
hepatic function, initially receive low doses and that
the dosage is titrated based on individual responses
and/or blood levels. It may be necessary to use
dosages outside these ranges in some cases, as will be
apparent to those in the art. Further, it is noted
that the clinician or treating physician knows how and
when to interrupt, adjust or terminate therapy in
conjunction with individual patient's response.
Formulations of the present invention suitable for
oral administration may be presented as discrete units
such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a
powder or granules; as a solution or a suspension in
an aqueous liquid or a non-aqueous liquid; or as an
oil-in-water liquid emulsion or a water-in-oil liquid
emulsion. The active ingredient may also be presented
as a bolus, electuary or paste. A tablet may be made
by compressing or molding the compound of Formula I,
II, III or IV, optionally using one or more additional
ingredient. Compressed tablets may be prepared by
compressing in a suitable machine the active
ingredient in a freeflowing form such as a powder or
granules, optionally mixed with a binder, lubricant,
inert diluent, lubricating, surface active or
dispersing agent. Molded tablets may be made by
molding in a suitable machine a mixture of the
powdered compound moistened with an inert liquid
diluent. The tablets may optionally be coated or
scored and may be formulated so as to provide
sustained, delayed or controlled release of the active
ingredient therein. Oral and parenteral sustained
release drug delivery systems are well known to those
skilled in the art, and general methods of achieving
sustained release of orally or parenterally
administered drugs are found, for example, in
Remington, THE SCIENCE AND PRACTICE OF PHARMACY, 2 1ST
Ed., (1995)Pages 1660-75. It should be understood that
in addition to the ingredients particularly mentioned
above, the formulations of this invention may include
other agents conventional in the art having regard to
the type of formulation in question, for example those
suitable for oral administration may include flavoring
agents. Formulations for parenteral administration
include aqueous and non-aqueous sterile injection
solutions that may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formulation
isotonic with the blood of the intended recipient.
Formulations for parenteral administration also
include aqueous and non-aqueous sterile suspensions,
which may include suspending agents and thickening
agents, while formulations for oral administration
also may include flavoring agents. The formulations
may be presented in unit-dose of multi-dose
containers, for example sealed ampoules and vials, and
may be stored in a freeze-dried (lyophilized)
condition requiring only the addition of a sterile
liquid carrier, for example saline, phosphatebuffered
saline (PBS) or the like, immediately prior to use.
Extemporaneous injection solutions and suspensions may
be prepared from sterile powders, granules and tablets
of the kind previously described. Formulations for
rectal administration may be presented as a
suppository with the usual carriers such as cocoa
butter or polyethylene glycol. Formulations for
topical administration in the mouth, for example,
buccally or sublingually, include lozenges comprising
the active ingredient in a flavored basis such as
sucrose and acacia or tragacanth, and pastilles
comprising the active ingredient in a basis such as
gelatin and glycerin or sucrose and acacia. The
pharmaceutically acceptable carrier may take a wide
variety of forms, depending on the route desired for
administration, for example, oral or parenteral
(including intravenous). In preparing the composition
for oral dosage form, any of the usual pharmaceutical
media may be employed, such as, water, glycols, oils,
alcohols, flavoring agents, preservatives, and
coloring agents in the case of oral liquid
preparation, including suspension, elixirs and
solutions. Carriers such as starches, sugars,
microcrystalline cellulose, diluents, granulating
agents, lubricants, binders and disintegrating agents
may be used in the case of oral solid preparations
such as powders, capsules and caplets, with the solid
oral preparation being preferred over the liquid
preparations. Preferred solid oral preparations are
tablets or capsules, because of their ease of
administration. If desired, tablets may be coated by
standard aqueous or nonaqueous techniques. Oral and
parenteral sustained release dosage forms may also be
used.Exemplary formulations, are well known to those
skilled in the art, and general methods for preparing
them are found in any standard pharmacy school
textbook, for example, Remington, THE SCIENCE AND
PRACTICE OF PHARMACY, 21st Ed., (1995) Lippincott. One
aspect of the present invention contemplates the
treatment of the disease/condition with the
pharmaceutically active agent that may be sold in kit
form. The kit comprises a compound of the present
invention contained within a syringe, box, bag, and
the like. Typically, the kit comprises directions for
the administration of the compound. The kit form is
particularly advantageous when different dosage
concentrations and/or forms (e.g., oral and
parenteral) are sold, or when titration of the
individual components of the combination is desired by
the prescribing physician. An example of such a kit is
a so-called blister pack. Blister packs are well known
in the packaging industry and are being widely used
for the packaging of pharmaceutical unit dosage forms
(tablets, capsules, and the like). They generally
consist of a sheet of relatively stiff material
covered with a foil of a preferably transparent
plastic material. During the packaging process
recesses are formed in the plastic foil. The recesses
have the size and shape of the tablets or capsules to
be packed. The tablets or capsules are placed in the
recesses and the sheet of relatively stiff material is
sealed against the plastic foil at the face of the
foil which is opposite from the direction in which the
recesses were formed. Particular dosage information
normally is stamped onto each blister pack. In another
specific embodiment of the invention, a dispenser
designed to dispense the daily doses one at a time in
the order of their intended use is provided. III.
Methods of Treatment or Prevention In a further aspect
the invention provides a method for treating or
preventing a disease or condition that is a member
selected from kinase-related malfunction, and
especially for diseases such as angiogenesis, cancers,
tumor formation, growth and propagation,
arteriosclerosis, ocular diseases, such as age-induced
macular degeneration, choroidal neovascularisation and
diabetic retinopathy, inflammatory diseases,
arthritis, thrombosis, fibrosis, glomerulonephritis,
neurodegeneration, psoriasis, restenosis, wound
healing, transplant rejection, metabolic diseases,
autoimmune diseases, cirrhosis, diabetes and vascular
and immune diseases in mammals. The method includes
administering to a subject in need thereof
atherapeutically effective amount of a compound of any
of the Formulae I - IV or a pharmaceutically
acceptable salt, hydrate, prodrug, tautormer,
enantiomer, or racemic mix thereof: Subjects for
treatment according to the present invention include
humans (patients) and other mammals in need of therapy
for the stated condition. Compounds of the invention
possess unique pharmacological characteristics with
respect to inhibition of cellular division and
influence the activity of the Aurora kinase enzymes in
cells. Therefore, these compounds are effective in
treating conditions and disorders, especially
cancer-related tumors and disorders, which are
modulated by Aurora kinase activity. In one
embodiment, compounds of the invention are associated
with diminished side effects compared to other current
standards of treatment. Compounds of the invention are
typically more selective than known anti cancer drugs,
and demonstrate higher selectivity for inhibiting
Aurora kinase activity. The compounds also exhibit an
advantageous profile of activity including good
bioavailability. Accordingly, they offer advantages
over many art-known methods for treating disorders
associated with unregulated or disturbed Aurora kinase
activity. IV. General Syntheses The compounds of the
invention are prepared in general by methods known to
those of skill in the art for synthesizing analogous
compounds. These are illustrated by the general
schemes indicated below, and the preparative examples
that follow. Most starting materials are commercially
available from supply companies like Aldrich Chemicals
Co. or Sigma Chemical Company, as examples. Compounds
that are not commercially available may be synthesized
by those of skill in the art by following procedures
given in references such as "Organic Reactions ,"
Volumes 1-40, John Wiley & Sons (1991); "Rodd's
Chemistry of Carbon Compounds ." Volumes 1-5 and
Suppl., Elservier Science Publishers (1989); "Fieser
and Fieser's Reagents for Organic Synthesis, " Volume
1-15, John Wiley & Sons (1991); and "Advanced Organic
Chemistry ." Jerry March, John Wiley & Sons, 4th Ed.
(1992).Scheme 1 Scheme Ia 



wherein R is as defined herein for Formula (I). The
product from Scheme 1 or Scheme I a is used in the
following synthesis of Scheme 2 based upon synthetic
methods contained inWO 05/056552 to Vertex
Pharmaceuticals Incorporated, the content of which is
incorporated herein by reference.Scheme 2 Reference:
WO 2005056552 wherein: R is H, halo, cyano, nitro,
alkyl, trifluoromethyl, heteroalkyl, OR', SR' and NR'
R", where R' and R" each independently are H, alkyl,
haloalkyl, alkylhalo, or heteroalkyl; or R is an
heteroalkyl chain that optionally is bound at either
end to adjoining carbon atoms of the phenyl ring to
which it is attached, thereby forming a bicyclic ring
structure; and n is 1, 2, 3 or 4, with the proviso
that n may = 0 when X is other than oxygen. Scheme 3
An alternative synthetic route for preparing compounds
of the present invention is given in the following
Scheme 3 :Reference: Sakamoto, Takao; Kondo,
Yoshinori; Yamanaka, Hiroshi. Chemical &
Pharmaceutical Bulletin (1985), 33(11): 4764-8.
wherein: R is as defined above for Formula (I).Scheme
4 wherein: R is as defined in Formulae I-IV given
above, and R5 is as defined for R2 R3 and in Formulae
I-IV above. The heterocyclic inhibitor/agonists of the
invention are characterized by a coremoiety comprising
a naphthyridine core. In an exemplary embodiment, the
coremoity includes a naphthyridine heterocyclic ring
system that further is substituted at the 3-position
by a double bonded heteroatom and at the 6-position by
a ligand bound chain containing at least one
additional aryl or heterocyclic moiety. A preferred
arylmoiety is substituted or unsubstituted phenyl
group, and exemplary heterocyclic moieties include
rings such as piperazinyl, piperidinyl,
benzodioxolinyl, furanyl, benzofuranyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, imidazolyl and
pyrazolyl groups. The following examples are provided
to illustrate selected embodiments of the invention
and are not to be construed as limiting its scope.
Examples Example 1
N-(4-Aminophenyl)-2-fluoro-benzamide To a solution of
N-Boc-l,4-phenylenediamine (1.0 g) in DCM (10 mL) was
added triethylamine (1.1 eq., 971.78mg) and
2-flourobenzoyl chloride (1.1 eq., 837.56 mg). A
precipitate was formed after 30 minutes stirring. The
precipitate (1.5 g) was filtered and dried. It was
suspended in DCM (5 mL) and trifluoroacetic acid (15
mL), and stirred for 15 minutes. The solvents were
removed, and the residue was dissolved in EtOAc/water
and the pH was adjusted to 10 with potassium carbonate
solution. The EtOAc layer was separated and the aq.
layer was extracted with more EtOAc. The combined
organic layer was washed with water once, dried over
MgSO4. The product (720 mg) obtained after
concentration was used for the next reaction without
further purification. LCMS [231.2 (M+l)].Example 2
N-(5-Amino-pyrimidin-2-yl)-benzamide To a solution of
2-amino-5-nitropyrimidine(1.0 g ) in DCM (10 mL) was
added triethylamine (1.1 eq) and benzoyl chloride (1.1
eq.). The precipitate (1.1 g) that obtained after 30
minutes was filtered and dried. The solid was
dissolved in MeOH (30 mL) and hydrogenated overnight
at 30 psi in the presence of Pd/C (100 mg). The
catalyst was filtered through a pad of Celite. MeOH
was removed and the crude product (820 mg) was used
for the next reaction without further purification.
LCMS [215.2 (M+l)]. Example 3
N-(4-Aminophenyl)-3-fluoro-benzamide The title
compound (910 mg) was synthesized according to the
procedure described for the preparation of Example 1
by using N-Boc-l,4-phenylenediamine (1.0 g ), 1.1 eq.
of triethylamine and 3-benzoyl chloride (1.1 eq). LCMS
[231.2 (M+l)].Example 4
N-(4-Aminophenyl)-2-trifluoromethyl-benzamide The
title compound (880 mg) was synthesized according to
the procedure described for the preparation of Example
1 with N-Boc-l,4-phenylenediamine (1.0 g ), 1.1 eq. of
triethylamine and 4-benzoyl chloride (1.1 eq). LCMS
[231.2 (M+l)]. Example 5
N-(4-Aminophenyl)-2-trifluoromethyl-benzamide The
title compound (920 m) was synthesized according to
the procedure described for the preparation of Example
1 with N-Boc-l,4-phenylenediamine (1.0 g ), 1.1 eq. of
triethylamine and 2-trifluoromethyl-benzoyl chloride
(1.1 eq). LCMS [281.25 (M+l)].Example 6
N-(4-Aminophenyl)-4-trifluoromethyl-benzamide The
title compound (900mg) was synthesized according to
the procedure described for the preparation of Example
1 with N-Boc-l,4-phenylenediamine (1.0 g ), 1.1 eq. of
triethylamine and 4-triflouromethyl-benzoyl chloride
(1.1 eq). LCMS [281.25 (M+l)]. Example 7
N-(4-Aminophenyl)-2-fluoro-3-trifluoromethyl-benzamide
The title compound (830 mg) was synthesized according
to the procedure described for the preparation of
Example 1 with the starting materials of N-Boc-1,4-
phenylenediamine (1.0 g ) and
2-fluoro-3-trifuoromethyl-benzoyl chloride (1.1 eq).
LCMS [299.2 (M+l)]. Example
8N-(4-Aminophenyl)-4-fluoro-2-trifluoromethyl-benzamid
e The title compound (900mg) was synthesized according
to the procedure described for the preparation of
Example 1 with N-Boc-l,4-phenylenediamine (1.0 ; ),
1.1 eq. of triethylamine and 4-fluoro-2-trifuoromethyl
-benzoyl chloride (1.1 eq). LCMS [299.2 (M+l)].
Example 9 N-(4-Aminophenyl)-2,6-difluoro-benzamide The
title compound (820 mg) was synthesized according to
the procedure described for the preparation of Example
1 with N-Boc-l,4-phenylenediamine (1.0 g ), 1.1 eq. of
triethylamine and 2,6-difluoro-benzoyl chloride (1.1
eq).. LCMS [249.2 (M+l)]. Example 10
N-(4-Aminophenyl)-3,4-difluoro-benzamideThe title
compound (850 mg) was synthesized according to the
procedure described for the preparation of Example 1
with N-Boc-l,4-phenylenediamine (1.0 ; ), 1.1 eq. of
triethylamine and 3,4-difluorobenzoyl chloride (1.1
eq). LCMS [249.2 (M+ I)]. Example 11
N-(4-Aminophenyl)-3,5-difluoro-benzamide The title
compound (720 mg) was synthesized according to the
procedure described for the preparation of Example 1
with the starting materials of N-Boc-1,4-
phenylenediamine (1.0 g ), 1.1 eq. of triethylamine
and 3,5-difluoro-benzoyl chloride (1.1 eq). LCMS
[249.2 (M+l)]. Example 12
N-(4-Aminophenyl)-2,4-difluoro-benzamideThe title
compound (810 mg) was synthesized according to the
procedure described for the preparation of Example 1
with N-Boc-l,4-phenylenediamine (1.0 g ), 1.1 eq. of
triethylamine and 2,4-difluoro-benzoyl chloride (1.1
eq). LCMS [249.2 (M+ I)]. Example 13
Cyclohexanecarboxylic acid (4-aminophenyl)-amide The
title compound (550 mg) was synthesized according to
the procedure described for the preparation of Example
1 with N-Boc-l,4-phenylenediamine (1.0 g ),
triethylamine (1.1 eq) and cyclohexyl chloride (1.1
eq). LCMS [219.3 (M+l)]. Example 14
N-(4-Aminophenyl)-3,5-bis-trifluoromethyl-benzamideThe
title compound (600 mg) was synthesized according to
the procedure described for the preparation of Example
1 with N-Boc-l,4-phenylenediamine (1.0 g ),
triethylamine (1.1 eq) and
3,5-bis-trifluoromethyl-benzoyl chloride (1.1 eq).
LCMS [349.2 (M+l)]. Example 15
Naphthalene-2-carboxylic acid (4-aminophenyl)-amide
The title compound (700 mg) was synthesized according
to the procedure described for the preparation of
Example 1 with N-Boc-l,4-phenylenediamine (1.0 ),
triethylamine (1.1 eq) and 2-naphthoyl chloride (1.1
eq). LCMS [263.1 (M+l)]. Example 16
N-(4-Aminophenyl)-2-methoxy-benzamideThe title
compound (750 mg) was synthesized according to the
procedure described for the preparation of Example 1
with N-Boc-l,4-phenylenediamine (1.0 g ),
triethylamine (1.1 eq) and 2-methoxy-benzoyl chloride
(1.1 eq). LCMS [243.2 (M+ I)]. Example 17
N-(4-Aminophenyl)-4-methyl-benzamide The title
compound (700mg) was synthesized according to the
procedure described for the preparation of Example 1
with N-Boc-l,4-phenylenediamine (1.0 ; ),
triethylamine (1.1 eq) and 4-methylbenzoyl chloride
(1.1 eq). LCMS [227.2 (M+ I)]. Example 18
N-(4-Aminophenyl)-2-fluoro-4-trifluoromethyl-benzamide
The title compound (890mg) was synthesized according
to the procedure described for the preparation of
Example 1 with N-Boc-l,4-phenylenediamine (1.0 ),
triethylamine (1.1 eq) and
2-fluoro-4-trifluoromethyl-benzoyl chloride (1.1 eq).
LCMS [299.2 (M+l)]. Example 19
N-(4-Aminophenyl)-3-fluoro-5-trifluoromethyl-benzamide
The title compound (880mg) was synthesized according
to the procedure described for the preparation of
Example 1 with N-Boc-l,4-phenylenediamine (1.0 ),
triethylamine (1.1 eq) and
3-fluoro-5-trifluoromethyl-benzoyl chloride (1.1 eq)..
LCMS [299.2 (M+l)]. Example 20
N-(4-Aminophenyl)-4-chloro-benzamideThe title compound
(780 mg) was synthesized according to the procedure
described for the preparation of Example 1 with
N-Boc-l,4-phenylenediamine (1.0 



), triethylamine (1.1 eq) and 4-chloro-benzoyl
chloride (1.1 eq). LCMS [247.6 (M+ I)]. Example 21
N-(4-Aminophenyl)-4-trifluoromethoxy-benzamide The
title compound (750 mg) was synthesized according to
the procedure described for the preparation of Example
1 with N-Boc-l,4-phenylenediamine (1.0 ),
triethylamine (1.1 eq) and 4-trifluoromethoxybenzoyl
chloride (1.1 eq).LCMS [297.2 (M+l)]. Example 22
N-(4-Aminophenyl)-2-methyl-benzamideThe title compound
(700 mg) was synthesized according to the procedure
described for the preparation of Example 1 with
N-Boc-l,4-phenylenediamine (1.0 ; ), triethylamine
(1.1 eq) and 2-methyl-benzoyl chloride (1.1 eq).LCMS
[227.2 (M+ I)]. Example 23
N-(4-Aminophenyl)-3-methyl-benzamide The title
compound (710mg) was synthesized according to the
procedure described for the preparation of Example 1
with N-Boc-l,4-phenylenediamine (1.0 ; ),
triethylamine (1.1 eq) and 3-methyl-benzoyl chloride
(1.1 eq). LCMS [227.2 (M+ I)]. Example 24
Naphthalene-1-carboxylic acid (4-aminophenyl)-amideThe
title compound (750mg) was synthesized according to
the procedure described for the preparation of Example
1 with N-Boc-l,4-phenylenediamine (1.0 ),
triethylamine (1.1 eq) and 1-naphthoyl chloride (1.1
eq). LCMS [263.1 (M+l)]. Example 25
N-(4-Aminophenyl)-2,6-dichloro-benzamide The title
compound (940 mg) was synthesized according to the
procedure described for the preparation of Example 1
with N-Boc-l,4-phenylenediamine (1.0 ), triethylamine
(1.1 eq) and 2,6-dichlorobenzoyl chloride (1.1 eq)..
LCMS [281.1 (M+ I)]. Example 26
N-(4-Aminophenyl)-3,4-dichloro-benzamideThe title
compound (890mg) was synthesized according to the
procedure described for the preparation of Example 1
with N-Boc-l,4-phenylenediamine (1.0 ), triethylamine
(1.1 eq) and 3,4-dichlorobenzoyl chloride (1.1 eq).
LCMS [281.1 (M+ I)]. Example 27
N-(4-Aminophenyl)-2,4-dichloro-benzamide The title
compound (890 mg) was synthesized according to the
procedure described for the preparation of Example 1
with N-Boc-l,4-phenylenediamine (1.0 ), triethylamine
(1.1 eq) and 2,4-dichlorobenzoyl chloride (1.1 eq).
LCMS [282.1 (M+ I)]. Example 28
N-(4-chloropyridin-2-yl)-2,2-dimethylpropanamideTo a
solution of 4-chloropyridin-2-amine (8.30 g; 64.56
mmol; 1.00 eq.) in DCM/Pyridine (100/100 mL) was added
N,N-diethylethanamine (8.17 g; 80.70 mmol; 1.25 eq.) ,
followed with 2,2-dimethylpropanoyl chloride (8.56 g;
71.02 mmol; 1.10 eq.) . The mixture was stirred
overnight. After removal of the solvents, the residue
was purified by silica gel flash chromatography to
afford N-(4-chloropyridin-2-yl)-
2,2-dimethylpropanamide ( 11 g). IH NMR (400 MHz,
DMSO-D6): 1.23 (s, 9H), 7.24 (d, J = 1.6 Hz, IH), 8.17
(s, IH), 8.32 (d, J = 1.6 Hz, IH), 10.25 (s, IH).
Example 29
N-(4-chloro-3-formylpyridin-2-yl)-2,2-dimethylpropanam
ide To a solution of
N-(4-chloropyridin-2-yl)-2,2-dimethylpropanamide (3.30
g; 15.52 mmol; 1.00 eq.) in THF (40 mL) at -78 oC was
added butyllithium (15.52 ml; 2.50 M; 38.79 mmol; 2.50
eq.) dropwise. The mixture was stirred for 30 minutes,
and a solution of N,N-dimethylformamide (4.40 ml;
46.55 mmol; 3.00 eq.) in THF (10 mL) was added. After
Ih at -78 oC, the mixture was warmed to room
temperature. Saturated NH4C1 (100 mL) was added, and
stirring continued for 30 minutes. The solution was
extracted with EtOAc, dried over MgSO . The solvent
was evaporated, and the residue was purified through
flash chromatography on silica gel to provide 2.1g of
the desired product. 1H NMR (400 MHz, DMSO-D6) : 1.24
(s, 9H), 7.48 (d, J = 1.6 Hz, IH), 8.52 (d, = 1.6 Hz,
IH), 9.96 (s, IH), 10.80 (s, IH). Example 30
Tert-butyl
3-{4-chloro-2-[(2,2-dimethylpropanoyl)amino]pyridin-3-
yl}-3- hydroxypropanoate To a solution of
N-isopropylpropan-2-amine (4.17 ml; 29.52 mmol; 2.20
eq.) in THF (30 mL) at 0 0C was added butyllithium
(11.81 ml; 2.50 M; 29.52 mmol; 2.20 eq.). The mixture
was stirred for 10 minutes and cooled to -78 0C.
Tert-butyl acetate (3.98 ml; 29.52 mmol; 2.20 eq.) in
THF (5 mL) was added drop wise to the above solution
and after 15 minutes, a solution of
N-(4-chloro-3-formylpyridin-2-yl)-2,2-
dimethylpropanamide (3.23 g; 13.42 mmol; 1.00 eq.) in
THF (15 mL) was added at this temperature. After
stirring for 30 minutes, the mixture was warmed to rt,
and poured into water. Extracted with ether, dried
over MgSO , and concentrated the ethereal layer. The
residue was purified through flash chromatography on
silica gel to obtain 2.0 g of the desired product.
LCMS: 357.75 (M+H). Example 31
5-Chloro-l,8-naphthyridi-2(l H)-one A solution of
tert-butyl
3-{4-chloro-2-[(2,2-dimethylpropanoyl)amino]pyridin-
3-yl}-3-hydroxypropanoate (3.50 g; 5.60 mmol) in
aqueous hydrogen chloride (40.00ml; 3.00 M; 75.00
mmol) was refluxed for 1.5h (Continuous monitoring of
reaction is necessary, because prolonged heating will
result in by product). Cooling to rt gave a
precipitate, which was filtered, washed with sat.
NaHCq 3, water and dried. The filtrate was refluxed
again for 30 minutes, and obtained more compound was
filtered after cooling to rt. Heating of the filtrate
and cooling followed by filtration was repeated
several times to get a combined product of 1.9g, which
was washed with water and dried. The crude was used as
such for the next reaction. LCMS [181 (M+l)]. 1H NMR
(400 MHz, CD3OD): 6.71 (d, = 3.4 Hz, IH), 7.42 (d, =
1.5 Hz, IH), 8.06 (d, J = 3.4 Hz, IH), 8.47 (d, = 1.5
Hz, IH). Example 31a
5-(5-chlorobenzo[rf][l,3]dioxo-4-ylamino)-l,8-naphthyr
idin-2(lH)-one Example 32
N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl-amino)ph
enyl)benzamideThe suspension of
5-Chloro-l,8-naphthyridi-2(lH)-one (100 mg), 4'-
aminobenzanilide (150 mg),
allylchloro[l,3-bis(2,6-di-iso-propylphenyl)imidazol-2
- ylidenejpalladium (II) (12.70 mg),
2-dicyclohexylphosphino-2'-4'-6'- triisopropylbiphenyl
(21.12 mg) and sodium tert-butoxide (212.86 mg) in
dioxane (3 mL) was stirred at 100 oC for 24 h in
sealed tube. After cooling to room temperature, the
solid was filtered, washed with water and methanol and
dried. 20 mg of the desired product was obtained. LCMS
[357.3 (M+l)]. Example 33
N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl-amino)py
rimidin-2-yl)benzamideN-(4-(7-oxo-7,8-dihydro-l,8-naph
thyridin-4-yl-amino)pyrimidin-2- yl)benzamide was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [359.3 (M+l)].
Example 34
2-Fluoro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl
amino) phenyl)benzamide
2-Fluoro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl
amino) phenyl)benzamide was synthesized according to
the procedure described for the preparation of Example
32. LCMS [375.3 (M+l)]. Example 35
3-Fluoro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl
amino)
phenyl)benzamide3-Flouro-N-(4-(7-oxo-7,8-dihydro-l,8-n
aphthyridin-4-ylamino) phenyl)benzamide was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [375.3 (M+l)].
Example 36
4-Fluoro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl
amino) phenyl)benzamide
4-Flouro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl
amino) phenyl)benzamide was synthesized according to
the procedure described for the preparation of Example
32. LCMS [375.3 (M+l)].Example 37
2-Trifluoromethyl-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyr
idin-4-ylamino) phenyl)benzamide
2-Triflouromethyl-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyr
idin-4-ylamino) phenyl)benzamide was synthesized
according to the procedure described for the
preparation of Example 32. LCMS [425.3 (M+l)]. Example
38
4-Trifluoromethyl-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyr
idin-4-ylamino)
phenyl)benzamide4-Triflouromethyl-N-(4-(7-oxo-7,8-dihy
dro-l,8-naphthyridin-4-ylamino) phenyl)benzamide was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [425.3 (M+l)].
Example 39
2-Fluoro-3-Trifluoromethyl-N-(4-(7-oxo-7,8-dihydro-l,8
-naphthyridin-4-ylamino) phenyl)benzamide
2-Flouro-4-Triflouromethyl-N-(4-(7-oxo-7,8-dihydro-l,8
-naphthyridin-4-ylamino) phenyl)benzamide was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [443.3 (M+l)].
Example 40
4-Flouro-2-trifluoromethyl-N-(4-(7-oxo-7,8-dihydro-l,8
-naphthyridin-4-ylamino)
phenyl)benzamide4-Fluoro-2-triflouromethyl-N-(4-(7-oxo
-7,8-dihydro-l,8-naphthyridin-4-ylamino)
phenyl)benzamide was synthesized according to the
procedure described for the preparation of Example 32.
LCMS [443.3 (M+l)]. Example 41
2,6-Diflouro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-ylamino) phenyl)benzamide
2,6-Difluoro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-ylamino) phenyl)benzamide was synthesized according
to the procedure described for the preparation of
Example 32. LCMS [393.3 (M+l)]. Example 42
3,4-Diflouro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-ylamino)
phenyl)benzamide3,4-Difluoro-N-(4-(7-oxo-7,8-dihydro-l
,8-naphthyridin-4-ylamino) phenyl)benzamide was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [393.3 (M+l)].
Example 43 



3,5-Diflouro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-ylamino) phenyl)benzamide
3,5-Difluoro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-ylamino) phenyl)benzamide was synthesized according
to the procedure described for the preparation of
Example 32. LCMS [393.3 (M+l)].Example 44
2,4-Diflouro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-ylamino) phenyl)benzamide
2,4-Difluoro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-ylamino) phenyl)benzamide was synthesized according
to the procedure described for the preparation of
Example 32. LCMS [393.3 (M+l)]. Example 45
N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-ylamino)
phenyl)cyclohexanecarboxamideN-(4-(7-oxo-7,8-dihydro-l
,8-naphthyridin-4-ylamino)
phenyl)cyclohexanecarboxamide was synthesized
according to the procedure described for the
preparation of Example 32. LCMS [363.3 (M+l)]. Example
46
N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yloxy)pheny
l)benzamide
l-chlorobenzo[c]-l,8-naphthyridin-6(5H)-one (100.00
mg; 0.55 mmol; 1.00 eq.) was suspended in methanol
(20ml), and IN HCl ether ( 1.0 N, 1.1ml) was added.
The reaction mixture was stirred at rt for overnight.
The resulting HCl salt was filtered and dried. The HCl
salt and N-(4-hydroxyphenyl)benzamide (141.69 mg; 0.66
mmol; 1.20 eq.), were dissolved in NMP(3 mL) and
heated at 150 oC with stirring overnight. After
cooling to rt, water (20 mL) was added and the
precipitate was collected by filtration, washed with
MeOH, and dried. 17 mg of N-(4-(7-oxo-7,8-
dihydro-l,8-naphthyridin-4-yloxy)phenyl)benzamide was
obtained. LCMS [358.3 (M+l)]. Example 47
N-(2-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-ylamino)phe
nyl)benzamideN-(2-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-yl-amino)phenyl)benzamide was synthesized according
to the procedure described for the preparation of
Example 32. LCMS [357.3 (M+l)]. Example 48
4-(7-Oxo-7,8-dihydro-l,8-naphthyridin-4-ylamino)-N-phe
nyl-benzamide
4-(7-Oxo-7,8-dihydro-l,8-naphthyridin-4-yl-amino)-N-ph
enyl)benzamide was synthesized according to the
procedure described for the preparation of Example 32.
LCMS [357.3 (M+l)].Example 49
3,5-Bis(trifluoromethyl)-N-(4-(7-oxo-7,8-dihydro-l,8-n
aphthyridin-4-ylamino) phenyl)benzamide
3,5-Bis(trifluoromethyl)-N-(4-(7-oxo-7,8-dihydro-l,8-n
aphthyridin-4-ylamino) phenyl)benzamide was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [493.3 (M+l)].
Example 50
N-Naphthalen-2-yl-4-(7-oxo-7,8-dihydro-l,8-naphthyridi
n-4-yl-amino)benzamideThe title compound was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [407.4 (M+l)].
Example 51
2-Methoxy-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-y
lamino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [387.4 (M+l)].
Example 52
4-Methyl-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl
amino) phenyl)benzamideThe title compound was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [371.4 (M+l)].
Example 53
2-Fluoro-4-trifluoromethyl-N-(4-(7-oxo-7,8-dihydro-l,8
-naphthyridin-4-ylamino) phenyl)benzamide The title
compound was synthesized according to the procedure
described for the preparation of Example 32. LCMS
[443.4 (M+l)]. Example 54
3-Fluoro-5-trifluoromethyl-N-(4-(7-oxo-7,8-dihydro-l,8
-naphthyridin-4-ylamino) phenyl)benzamideThe title
compound was synthesized according to the procedure
described for the preparation of Example 32. LCMS
[443.4 (M+l)]. Example 55
4-Chloro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl
amino (phenyl tbenzamicle The title compound was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [391.8
(M+l)].Example 56
4-Trifluoromethoxy-N-(4-(7-oxo-7,8-dihydro-l,8-naphthy
ridin-4-ylamino) phenyl)benzamide F The title compound
was synthesized according to the procedure described
for the preparation of Example 32. LCMS [441.3 (M+l)].
Example 57
2-Methyl-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl
amino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [371.4
(M+l)].Example 58
3-Methyl-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-yl
amino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [371.4 (M+l)].
Example 59
N-Naphthalen-l-yl-4-(7-oxo-7,8-dihydro-l,8-naphthyridi
n-4-yl-amino)benzamideThe title compound was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [407.4 (M+l)].
Example 60
2,6-Dichloro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-ylamino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [426.3 (M+l)].
Example 61
3,4-Dichloro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-ylamino) phenyl)benzamideThe title compound was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [426.3 (M+l)].
Example 62
2,4-Dichloro-N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-
4-ylamino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 32. LCMS [426.3 (M+l)].
Example 63
N-(4-(7-Chloro-l,8-naphthyridin-4-yl-amino)phenyl)benz
amide A suspension of
N-(4-(7-oxo-7,8-dihydro-l,8-naphthyridin-4-ylmino)
phenyl)benzamide (1.2g) in phosphorus oxychloride (30
mL) was stirredovernight at 100 oC. After removal of
the solvent, the crude product was used for the next
reaction without further purification. LCMS [375.8
(M+l)]. Example 64
N-(4-(7(4-Dimethylamino-piperidin-l-yl-l,8-naphthyridi
n-4-ylamino) phenyl)benzamide A suspension of
N-{4-[(7-chloro-l,8-naphthyridin-4-yl) amino]phenyl}
benzamide (100.00 mg; 0.27 mmol; 1.00 eq.) and
N,N-dimethylpiperidin-4-amine (171.03 mg; 1.33 mmol;
5.00 eq.) in iPrOH (2 niL) was stirred at 100 oC for
overnight. After cooling to rt, the title compound was
obtained after purification using reverse-phase HPLC.
LCMS [467.5 (M+l)]. Example 65
N-(4-(7-(4-Dimethylamino-ethylamino)-l,8-naphthyridin-
4-ylamino) phenyl)benzamideThe title compound was
synthesized according to the procedure described for
the preparation of Example 64. LCMS [427.5 (M+l)].
Example 66
N-(4-(7-(4-Dimethylamino-propylamino)-l,8-naphthyridin
-4-ylamino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 64. LCMS [441.5
(M+l)].Example 67
N-(4-(7-(4-Dimethylamino-pyrrolidin-l-yl)-l,8-naphthyr
idin-4-ylamino) phenyl)benzamide The title compound
was synthesized according to the procedure described
for the preparation of Example 64. LCMS [453.5 (M+l)].
Example 68
N-(4-(7-(4-Dimethylamino-ethoxy)-l,8-naphthyridin-4-yl
amino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 64. LCMS [428.5
(M+l)].Example 69
N-(4-(7-(4-Dimethylamino-propoxy)-l,8-naphthyridin-4-y
lamino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 64. LCMS [442.5 (M+l)].
Example 70
N-(4-(7-(2-pyrrolidin-l-yl-ethoxy)-l,8-naphthyridin-4-
ylamino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 64. LCMS [454.5
(M+l)].Example 71
N-(4-(7-(3-morpholin-4-yl-propoxy)-l,8-naphthyridin-4-
ylamino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 64. LCMS [484.5 (M+l)].
Example 72
N-(4-(7-(2-morpholin-4-yl-ethoxy)-l,8-naphthyridin-4-y
lamino) phenyl)benzamide The title compound was
synthesized according to the procedure described for
the preparation of Example 64. LCMS [470.5
(M+l)].Example 73
N-(3-Benzoyl-4-chloropyridin-2-yl)-2,2-dimethylpropana
mide To a solution of
N-(4-chloropyridin-2-yl)-2,2-dimethylpropanamide (4.00
g; 



18.81 mmol 1.00 eq.) in THF (40 niL) at -78 oC was
added butyllithium (15.80 ml; 2.50 M; 39.50 mmol; 2.10
eq.) dropwise. The mixture was stirred for 3h at 0 oC
and the solution was cooled to -78 oC again.
N-methoxy-N-methylbenzamide (3.42 g; 20.69 mmol; 1.10
eq.) in THF (10 niL) was added. After Ih at -78 oC,
the mixture was warmed to rt. The reaction was
quenched with addition of water (10 mL) , extracted
with EtOAc, dried over MgSO4 and the EtOAc layer was
concentrated. The residue was purified by silica gel
flash chromatography to provide 1.3g of
N-(3-Benzoyl-4-chloropyridin-2-yl)-2,2-dimethylpropana
mide. LCMS [317.7 (M+l)]. Example 74
(2-Amino-4-chloro-pyridin-3-yl)-phenyl-methanone A
suspension of N-(3-benzoyl-4-chloropyridin-2-yl)-2,2-
dimethylpropanamide (400.00 mg; 1.26 mmol) in 10 mL of
3N aq.HCl was heated to reflux for overnight. After
cooling to rt, the mixture was neutralized with 3N aq.
NaOH, and extracted with DCM (4x20 mL). The residue
was purified by silica gelflash chromatography to
provide 210 mg of
(2-Amino-4-chloro-pyridin-3-yl)-phenylmethanone.
Example 75
5-Chloro-2-oxo-4-phenyl-l,2-dihydro-l,8-naphthyridi-3-
carboxylic acid tertbutyl ester A mixture of
(2-Amino-4-chloro-pyridin-3-yl)-phenyl-methanone (200
mg), di-tert-butyl malonate (2 mL) and potassium
hydroxide (20 mg) was stirred at 150- 170 oC under the
protection of Argon gas for 5h. The reaction was
completed. The product was filtered and washed with
water and MeOH to provide 300 mg of the 5-
Chloro-2-oxo-4-phenyl-l,2-dihydro-l,8-naphthyridi-3-ca
rboxylic acid tert-butyl ester. LCMS [357.7 (M+l)].
Example 76
5-[(3,4-Diflouro-benzoylamino)-phenylamino]-2-oxo-4-ph
enyll,2-dihydro-l,8- naphthyridine-3-carboxylic
acidThe title compound was synthesized according to
the procedure described for the preparation of Example
32. LCMS [513.4 (M+l)]. Example 77
5-[(3,4-Diflouro-benzoylamino)-phenylamino]-2-oxo-4-ph
enyl-l,2-dihydro-l,8- naphthyridine-3-carboxylic acid
(2-dimethylamino-ethyl)-amide To a solution of
5-({4-[(3,4-difluorobenzoyl)amino]phenyl}amino)-2-oxo-
4- phenyl-l,2-dihydro-l,8-naphthyridine-3-carboxylic
acid (50.00 mg; 0.10 mmol; 1.00 eq.) in DMSO (2 niL)
was added l,l'-carbonylbis(lH-imidazole) (31.64 mg;
0.20 mmol; 2.00 eq.) . The mixture was stirred for
overnight. N,N-dimethylethane-l,2- diamine (25.80 mg;
0.29 mmol; 3.00 eq.) was added and the mixture was
stirred for 5 h. The product,
5-[(3,4-Diflouro-benzoylamino)-phenylamino]-2-oxo-4-ph
enyl-l,2- dihydro-l,8-naphthyridine-3-carboxylic acid
(2-dimethylamino-ethyl)-amide (3 mg) was obtained
through purification with RP-HPLC. LCMS [583.5 (M+l)].
Example 78
5-[(3,4-Diflouro-benzoylamino)-phenylamino]-2-oxo-4-ph
enyl-l,2-dihydro-l,8- naphthyridine-3-carboxylic acid
(2-hydroxy-ethyl)-amideThe title compound was
synthesized according to the procedure described for
the preparation of Example 77. LCMS [556.4 (M+l)].
Example 79
5-[(3,4-Diflouro-benzoylamino)-phenylamino]-2-oxo-4-ph
enyl-l,2-dihydro-l,8- naphthyridine-3-carboxylic acid
((S)2,3-dihydroxypropyl)-amide The title compound was
synthesized according to the procedure described for
the preparation of Example 77. LCMS [586.5 (M+l)].
Example 80 (S-Chloro -oxo-l -dihydro-l S-naphthyri
din- -y -acetic acidThe title compound was synthesized
according to the procedure described for the
preparation of Example 31. LCMS [239.5 (M+l)]. Example
81
5-[(3,4-Diflouro-benzoylamino)-phenylamino]-2-oxo-4-ph
enyl-l,2-dihydro-l,8- naphthyridine-3-acetic acid The
title compound was synthesized according to the
procedure described for the preparation of Example 32.
LCMS [402.3 (M+l)]. Example 82
5-[(3,4-Diflouro-benzoylamino)-phenylamino]-2-oxo-4-ph
enyl-l,2-dihydro-l,8- naphthyridine-3-acetic acid
(2-hydroxy-ethyl)-amideThe title compound was
synthesized according to the procedure described for
the preparation of Example 77. LCMS [494.4 (M+l)].
Example 83
N-[4-(6-Amino-5-formyl-pyrimidin-4-ylamino)-phenyl]-be
nzamide The mixture of
4-amino-6-chloro-pyrimidine-5-carbaldehyde (4.Og,
25.39 mmol) and 4'-aminobenzanilide (6.47g, 30.46
mmol, 1.2 eq.) and sodium bicarbonate (4.27 g, 50.77
mmol, 2.0 eq) in MeOH/water (100 ml/50mL) was stirred
at 60 0C for overnight. After cooling to room
temperature, the solid (8.2 g) was filtered, washed
with water and methanol and then dried under vacuum.
LCMS [334.3 (M+l)]. Example 84
4-(4-Benzoylamino-phenylamino)-7-oxo-7,8-dihydro-pyrid
o[2,3-d]pyrimidine-6- carboxylic acid methyl esterTo a
suspension of
N-[4-(6-Amino-5-formyl-pyrimidin-4-ylamino)-phenyl]-
benzamide (200 mg, 0.6 mmol) in ethanol (5 mL) was
added dimethyl malonate (358.53 mg, 2.0 eq, 1.2 mmol)
and piperidine (25.50 mg, 0.5 eq, 0.3 mmol) was
stirred at 100 0C for overnight. Ater cooling to room
temperature, the solid (350 mg) was filtered and
washed with MeOH and dried. LCMS [416.4 (M+l)].
Example 85
4-(4-Benzoylamino-phenylamino)-7-oxo-7,8-dihydro-pyrid
o[2,3-d]pyrimidine-6- carboxylic acid To a suspension
of
4-(4-benzoylamino-phenylamino)-7-oxo-7,8-dihydropyrido
[ 2,3-d]pyrimidine-6-carboxylic acid methyl ester (00
mg, 0.24 mmol) in THF/MeOH (2mL/2mL) was added aq.
NaOH (IN, 0.48 mL, 2 eq., 0.48mmol) was stirred 3 h at
50 0C. Removal of the solvents, the mixture was
neutralized with aqueous HCl (IN, 1 mL). The
precipitate (85 mg) was filtered and dried. LCMS
[402.3 (M+l)]. Example 86
4-(4-Benzoylamino-phenylamino)-7-oxo-7,8-dihydro-pyrid
o[2,3-d]pyrimidine-6- carboxylic acid
2-(dimethylamino-ethyl)-amideThe mixture of
4-{[4-(benzoylamino)phenyl]amino}-7-oxo-7,8-
dihydropyrido[2,3-d]pyrimidine-6-carboxylic acid
(50.00 mg; 0.12 mmol; 1.00 eq.) . EDCI (26.17 mg, 0.14
mmol, 1.1 eq), HOBt (18.52 mg, 0.14 mmol, 1.1 eq),
N,Ndimethylethane- l,2-diamine (12.08 mg; 0.14 mmol;
1.10 eq.) and N-ethyl-Nisopropylpropan- 2-amine (48.30
mg; 0.37 mmol; 3.00 eq.) in DMF (1.5 mL) was stirred
for 24h. The product (2 mg) was obtained through
reverse phase HPLC. LCMS [472.4 (M+l)]. Example 87
3,4-Difluoro-N-(4-(6-nitro-7-oxo-7,8-dihydro-l,8-napht
hyridin-4-yl amino (phenyl tbenzamicle
5-chloro-3-nitro-l,8-naphthyridin-2(lH)-one (600.00
mg; 2.66 mmol; 1.00 eq.) was suspended in ether
(10ml), was added IN HCl ether ( 2eq.). The reaction
mixture was stirred at rt for 2h. The solid was
filtered and dried. The mixture of
thesalt,N-(4-aminophenyl)-4-fluoro-2-(trifluoromethyl)
benzamide (726.24 mg; 2.93 mmol; 1.10 eq.) , in NMP(3
mL) was stirred for overnight at 150C for 2h. After
cooling to rt, the water was added and precitate was
filtered, washed with water, MeOH, dried. 1.1 g of the
desired product was obtained. LCMS [438.4 (M+l)].
Example 88
4-Fluoro-2-trifluoromethyl-N-(4-(6-nitro-7-oxo-7,8-dih
ydro-l,8-naphthyridin-4- yl-amino)phenyl)benzamide
5-chloro-3-nitro-l,8-naphthyridin-2(lH)-one (200.00
mg; 0.89 mmol; 1.00 eq.) was suspended in ether
(10ml), was added IN HCl ether ( 2eq.). The reaction
mixture was stirred at rt for 2h. The solid was
filtered and dried. The mixture of the
salt,N-(4-aminophenyl)-4-fluoro-2-(trifluoromethyl)ben
zamide (290.85 mg; 0.98 mmol; 1.10 eq.), in NMP(3 mL)
was stirred for overnight at 150C for 2h. After
cooling to rt, the water was added and precitate was
filtered, washed with water, MeOH, dried. 250 mg of
the product was obtained. LCMS [488.3 (M+l)]. Example
89
3,4-Difluoro-N-(4-(6-amino-7-oxo-7,8-dihydro-l,8-napht
hyridin-4-ylamino) phenyl)benzamideTo a solution of
3,4-difluoro-N-{4-[(6-nitro-7-oxo-7,8-dihydro-l,8-
naphthyridin-4-yl)amino]phenyl}benzamide (1.00 g) in
DMF (minimium amount for dissolving SM)/MeOH (30 mL)
was added Pd/C (100 mg) and the mixture was
hydrogenated at 10 psi of H2 atmosphere for overnight.
After filtering the solid through a pad of Celite and
the solvent was removed under vacuo. Water (100 mL)
was added and the precipitate was collected by
filtration, dried. The product (600 mg) was obtained.
LCMS [408.4 (M+l)]. Example 90
4-Fluoro-2-trifluoromethyl-N-(4-(6-amino-7-oxo-7,8-dih
ydro-l,8-naphthyridin-4- yl-amino)phenyl)benzamide To
a solution of
4-fluoro-3-2-trifluoromethyl-N-{4-[(6-nitro-7-oxo-7,8-
dihydro-l,8-naphthyridin-4-yl)amino]phenyl}benzamide
(50 mg) in DMF (minimiumamount for dissolving SM)/MeOH
(3 mL) was added Pd/C (20 mg) and the mixture was
hydrogenated at 10 psi of H2 atmosphere for overnight.
After filtering the solid through a pad of Celite and
the solvent was removed under vacuo. Water (20 mL) was
added and the precipitate was collected by filtration,
dried. The product (40 mg) was obtained. LCMS [458.4
(M+l)]. Example 91
4-Fluoro-N-[4-(5-hydroxy-7-oxo-7,8-dihydro-[l,8]naphth
yridin-4-ylamino)-phenyl]-2 trifluoromethyl-benzamide
Example 92
N-[4-(5-Hydroxy-7-oxo-7,8-dihydro-[l,8]naphthyridin-4-
ylamino)-phenyl]- benzamide Example 93
N-[4-(5-Cyclopropylmethoxy-7-oxo-7,8-dihydro-[l,8]naph
thyridin-4-ylamino)- phenyl] benzamideExample 94
N-[4-(5-Methyl-7-oxo-7,8-dihydro-[l,8]naphthyridin-4-y
lamino)-phenyl]-benzamide Example 95
4-Fluoro-N-[4-(5-methyl-7-oxo-7,8-dihydro-[l,8]naphthy
ridin-4-ylamino)-phenyl]-2 trifluoromethyl-benzamide
Example 96
4-Fluoro-N-[4-(6-fluoro-7-oxo-7,8-dihydro-[l,8]naphthy
ridin-4-ylamino)-phenyl]-2
trifluoromethyl-benzamideExample 97 Biochemical Enzyme
Assays for Aurora Activity Numerous models exist for
identification of a signal transduction pathway and
detection of interactions among various signal
transduction pathways. For example, 



there are the cell culture models of Khwaja et al.,
EMBO, (1997), 16: 2783-93, and transgenic animal
models of White et al., Oncogene, (2001), 20:
7064-7072. For the identification of certain stages in
the signal transduction cascade, interacting compounds
can be utilized in order to modulate the signal (see,
for example, Stephens et al., Biochemical J., (2000),
351:95-105). The compounds according to the invention
also can be used as reagents for testing
kinase-dependent signal transduction pathways in
animals and/or cell culture models, or in the clinical
diseases mentioned herein. Measurement of kinase
activity is a technique well known to a person skilled
in the art. Generic test systems for the determination
of kinase activity that employ substrates (as for
example, histone found in Alessi et al., FEBS Lett.
(1996), 399(3): 333-338) or basic myelin protein are
described in the literature (see for example,
Campos-Gonzalez, R. and Glenney, Jr., J.R., J . Biol.
Chem. (1992), 267:14535). For the identification of
kinase inhibitors, various assay systems are
available. In scintillation proximity assay (Sorg et
al., J . of. Biomolecular Screening, (2002), 7:11-19)
and flashplate assay, the radioactive phosphorylation
of a protein or peptide as substrate with ATP is
measured. In the presence of an inhibitory compound,
adecreased radioactive signal, or none at all, is
detectable. Homogeneous timeresolved fluorescence
resonance energy transfer (HTR-FRET) and fluorescence
polarisation (FP) technologies also are suitable as
assay methods (Sills et al., J . of Biomolecular
Screening, (2002) 191-214), as is the use of a caliper
test known to those skilled in the art. Other
non-radioactive ELISA assay methods use specific
phospho-antibodies (phospho-ABs). The phospho-AB binds
only to the phosphorylated substrate. This binding
then can be detected by chemiluminescence using a
second peroxidaseconjugated anti-sheep antibody (Ross
et al., Biochem. J . (2002)). The Aurora assays
described here were performed on two Caliper Life
Sciences systems, the LC3000 and the Desktop Profiler.
These provide data on enzyme activity via measurement
of the relative amounts of phosphorylated or
unphosphorylated fluorescently labelled substrate
peptide at the end of an enzymatic reaction. These
different states of peptide are resolved by applying a
potential difference across the sample. The presence
of a charged phosphate group on the product (as
opposed to the substrate) causes a different peptide
mobility between the two peptides. This is visualized
by excitation of a fluorescent label on the substrate
and product peptides and represented as peaks within
the analysis software. LC3000 Method In order to
measure inhibitor activity of Aurora A inhibitors in
the Caliper Life Sciences LC3000, a TTP Mosquito
liquid handling instrument was used to place 0.25 ml
of an appropriate concentration of inhibitor in 100%
DMSO (for a dose response curve calculation) into each
well of a 384-well plate. To this reaction components
were added to a final volume of 25 ml : 0.067 ng/ml
GST-Aurora A (Carna Biosciences 05-101. N-terminal GST
fusion with full length Aurora A (1-403 amino acids),
accession number NP_940835.1). 15 mM ATP (Fluka,
02055) 1mM DTT (Sigma, D0632) 1mM MgC12 (Sigma, M1028)
1 mM substrate peptide (sequence
FITC-LRRASLG-((C=O)NH2), synthesized by Tufts Peptide
Synthesis service.100 mM HEPES pH 7.5 (Calbiochem,
391338) 0.015% Brij-35 (Sigma, B4184) The reaction was
incubated for 90 min at 25 C, and then stopped by the
addition of 70 ml of Stop buffer (100 mM HEPES pH 7.5,
0.015% Brij-35, 10 mM EDTA (Sigma, E7889)). The plate
was read on a Caliper LC 3000 in an Off-Chip mobility
shift assay format, using the following parameters for
a 12-sipper chip: screening pressure -1.8 psi,
upstream voltage -2700, downstream voltage -1000.
These conditions cause unphosphorylated substrate and
phosphorylated product peptide to resolve as separate
peaks allowing direct measurement of percentage of
conversion of substrate to product. The percent
conversion was plotted against concentration of
inhibitor to produce a sigmoidal dose response curve,
from which an IC50 was calculated using XLFit for
Microsoft Excel. Desktop Profiler Method The Desktop
Profiler utilizes the same prinicipal as the LC 3000
for calculating percentage conversion of a substrate
to product. Caliper Life Sciences provided proprietary
flash frozen pre-made 384 well plates containing
selected kinases. Each column in the 384 well plate
contained a particular selected kinase. A second
plate, the 'substrate plate' contained a mix of
fluorescently labeled peptide substrate and ATP. These
were arranged in columns so that transfer for
substrate plate to enzyme plate provided the correct
enzyme with the correct substrate/ATP concentration.
Compounds were added to a thawed enzyme plate in the
desired format, in single concentrations. Reactions
were initiated by transfer of the substrate/ATP mix
from the substrate plate. The enzyme plate was
incubated for 90 mins at 25o C. The reaction was
stopped by addition of 70 ml of Stop Buffer (100 mM
HEPES pH 7.5, 0.015% Brij-35, 10 mM EDTA (Sigma,
E7889)). Plates were read in a manner identical to
that of the LC3000, and the ratio between substrate
and product peaks provided the activity of the enzyme
in that well. This was best represented by a plate
heat map which colors each well by percentinhibition
as compared to positive and negative controls (no
inhibitors and no ATP respectively). The results of
compounds tested on either of these two systems are
given in Table 1 below: Table 1CONTROLLING A
MELT-SOLID INTERFACE SHAPE OF A GROWING SILICON
CRYSTAL USING AN UNBALANCED MAGNETIC FIELD AND
ISO-ROTATION BACKGROUND [0001] Single crystal silicon,
which is the starting material in most processes for
fabricating semiconductor electronic components, is
commonly prepared according to the so-called
Czochralski process. In this process, polycrystalline
silicon, or polysilicon, is charged to a crucible and
melted, a seed crystal is brought into contact with
the molten silicon, and a single crystal (also
referred to herein as monocrystalline) ingot is grown
by relatively slow extraction. After formation of a
neck is complete, decreasing the pulling rate and/or
the melt temperature enlarges the diameter of the
crystal until a desired or target diameter is reached.
The generally cylindrical main body of the crystal,
which has an approximately constant diameter, is then
grown by controlling the pull rate and the melt
temperature while compensating for the decreasing melt
level. Near the end of the growth process but before
the crucible is emptied of molten silicon, the crystal
diameter is gradually reduced to form an end-cone.
Typically, increasing the crystal pull rate and heat
supplied to the crucible forms the end-cone. When the
diameter becomes small enough, the crystal is then
separated from the melt. [0002] To produce
semiconductor grade single crystal silicon, and more
specifically, large, substantially defect-free
crystals, the behavior of a solidification interface,
which includes a peripheral edge of the crystal being
grown, must be controlled. The solidification
interface of the crystal being grown is also referred
to herein as a melt-solid interface. A shape of the
melt-solid interface is an important factor in
obtaining a suitable process window for producing
single crystal silicon.[0003] Accordingly, improved
control of the crystal growth process is desired to
control the shape of the melt-solid interface to
facilitate increasing the process window for
production of single crystal silicon. BRIEF
DESCRIPTION [0004] In one aspect, a method of
controlling crystal growth in a crystal growing system
is provided. The crystal growing system includes a
heated crucible that includes a semiconductor melt
from which a monocrystalline ingot is grown according
to a Czochralski process. The ingot is grown on a seed
crystal pulled from the melt. The method includes
applying an unbalanced cusped magnetic field to the
melt, and rotating the ingot and the crucible in the
same direction while the ingot is being pulled from
the melt. [0005] In another aspect, a system for
growing silicon crystals that facilitates controlling
a shape of a melt-solid interface is provided. The
crystal growing system includes a heated crucible that
includes a semiconductor melt from which a
monocrystalline ingot is grown according to a
Czochralski process. The ingot is grown on a seed
crystal pulled from the melt and the melt and the
ingot form the melt-solid interface therebetween. The
system includes a first set of coils and a second set
of coils positioned adjacent to an exterior of the
crucible for generating an unbalanced cusped magnetic
field, and a crucible drive unit and a crystal drive
unit configured to rotate the crucible and the crystal
in the same direction. BRIEF DESCRIPTION OF THE
DRAWINGS [0006] Figure 1 is a block diagram
illustrating an axial (also referred to herein as
vertical) magnetic field being applied to a crucible
containing a melt in a crystal growing apparatus.
[0007] Figure 2 is a block diagram illustrating a
horizontal (also referred to herein as transverse)
magnetic field being applied to a crucible containing
a melt in a crystal growing apparatus.[0008] Figure 3
is a block diagram illustrating a cusped magnetic
field being applied to a crucible containing a melt in
a crystal growing apparatus. [0009] Figure 4 is a
block diagram of an exemplary crystal growing system.
[0010] Figures 5 and 6 illustrate exemplary
melt-crystal interfaces. [001 1] Figure 7 is a
schematic diagram of melt flow cells formed during
crystal growth. [0012] Figures 8A, 8B, and 8C
illustrate an exemplary melt flow simulation, an
exemplary temperature field simulation, and an
exemplary magnetic field vector simulation,
respectively, during crystal growth under a balanced
cusped magnetic field. [0013] Figures 9A, 9B, and 9C
illustrate an exemplary melt flow simulation, an
exemplary temperature field simulation, and an
exemplary magnetic field vector simulation,
respectively, during crystal growth under an
unbalanced cusped magnetic field. [0014] Figure 10 is
an illustration of two exemplary melt- solid 



interfaces. [0015] Figure 11 is an exemplary defect
transition diagram for a crystal grown in the presence
of a balanced magnetic field. [0016] Figure 12 is an
exemplary defect transition diagram for a crystal
grown in the presence of an unbalanced magnetic field.
[0017] Figure 13 is a flowchart of an exemplary method
for controlling crystal growth in a crystal growing
system, for example, the system shown in Figure
4.DETAILED DESCRIPTION [0018] Controlling a shape of a
melt-solid interface is an important factor in
determining the quality of silicon crystal produced.
The shape of the meltsolid interface is dependent on
process parameters such as, but not limited to,
temperatures, crucible or crystal rotation, and
crystal pulling rate. By fixing these process
parameters, the melt-solid interface is also fixed. In
an exemplary embodiment, a magnetic field applied
during the crystal growing process also affects the
shape of the melt-solid interface. Magnetic fields may
be used to stabilize convective flows in metal and
semiconductor melts and to dampen natural convective
flow and turbulence. There are three conventional
types of magnetic field configurations used to
stabilize convective flows in conductive melts,
namely, axial, horizontal, and cusped. [0019] Figure 1
is a block diagram illustrating an axial (also
referred to herein as vertical) magnetic field being
applied to a crucible 23 containing a melt 25 in a
crystal growing apparatus. The axial magnetic field
configuration generates a magnetic field parallel to
the crystal-growth direction. In Figure 1, a magnet
coil 21, shown in cross-section, supplies a magnetic
field to crucible 23. As shown, crucible 23 contains
silicon melt 25 from which a crystal 27 is grown.
[0020] Figure 2 is a block diagram illustrating a
horizontal (also referred to herein as transverse)
magnetic field being applied to crucible 23, which
contains melt 25, in a crystal growing apparatus. In
the horizontal magnetic field configuration, two
magnetic poles 29 are placed in opposition to generate
a magnetic field perpendicular to the crystal-growth
direction. [0021] Figure 3 is a block diagram
illustrating a cusped magnetic field being applied to
crucible 23, which contains melt 25, in a crystal
growing apparatus. The cusped magnetic field
configuration is designed to overcome deficiencies of
the axial and horizontal magnetic field
configurations. A pair of coils 3 1 and 33 (e.g.,
Helmholtz coils) placed coaxially above and below a
melt-solidinterface 36 and operated in an opposed
current mode to generate a magnetic field that has a
purely radial field component near the melt surface 36
and a purely axial field component near a center 38 of
the melt 25. The combination of an upper magnetic
field 40 and a lower magnetic field 42, produced by
coils 3 1 and 33 respectively, results in axial and
radial cusped magnetic field components. [0022] In the
exemplary embodiment, a process parameter is adjusted
to modify the melt-solid interface shape. More
specifically, in the exemplary embodiment, a magnetic
field is applied in such a manner that the melt-solid
interface shape is affected. In the exemplary
embodiment, a cusped magnetic field is unbalanced,
resulting in stronger axial components of the magnetic
field at the meltsolid interface, and influencing a
melt flow to enhance the Karman cell and thereby
increase the depth of the melt-solid interface. A
desirable effect of the unbalanced cusped magnetic
field is production of a melt-solid interface having a
more concave shape relative to the crystal. [0023]
Figure 4 is a block diagram of an exemplary crystal
growing system 100. System 100 employs a Czochralski
crystal growth method to produce a semiconductor
ingot. In general, the crystal growing system 100
includes a vacuum chamber 101 enclosing a crucible
103. A heater 105, for example, a resistance heater,
surrounds the crucible 103. During heating and crystal
pulling, a crucible drive unit (e.g., a motor) 107
rotates crucible 103, for example, in the clockwise
direction as indicated by the arrow. The crucible
drive unit 107 may also raise and/or lower crucible
103 as desired during the growth process. Within
crucible 103 is a silicon melt 109 having a melt level
111. In operation, system 100 pulls a single crystal
113, starting with a seed crystal 115 attached to a
pull shaft or cable 117, from the melt 109. One end of
the pull shaft or cable 117 is connected by way of a
pulley (not shown in Figure 4) to a drum (not shown in
Figure 4), and the other end is connected to a chuck
(not shown in Figure 4) that holds the seed crystal
115 and the crystal 113 grown from seed crystal
115.[0024] Crucible 103 and single crystal 113 have a
common axis of symmetry 119. Crucible drive unit 107
can raise crucible 103 along axis 119 as the melt 109
is depleted to maintain its level 111 at a desired
height. A crystal drive unit 121 similarly rotates
pull shaft or cable 117 in a direction opposite the
direction in which crucible drive unit 107 rotates
crucible 103 (e.g., counter-rotation). In embodiments
using iso-rotation, the crystal drive unit 121 may
rotate pull shaft or cable 117 in the same direction
in which crucible drive unit 107 rotates crucible 103
(e.g., in the clockwise direction). Iso-rotation may
also be referred to as co-rotation. In addition,
crystal drive unit 121 raises and lowers the crystal
113 relative to melt level 111 as desired during the
growth process. [0025] According to the Czochralski
single crystal growth process, a quantity of
polycrystalline silicon, or polysilicon, is charged to
crucible 103. A heater power supply 123 energizes the
resistance heater 105, and insulation 125 lines the
inner wall of the vacuum chamber 101. A gas supply 127
(e.g., a bottle) feeds argon gas to vacuum chamber 101
via a gas flow controller 129 as a vacuum pump 151
removes gas from vacuum chamber 101. An outer chamber
133, which is fed with cooling water from a reservoir
135, surrounds vacuum chamber 101. A cooling jacket
136 is positioned between resistance heater 105 and
crystal 113. In the exemplary embodiment, cooling
jacket 136 may influence a shape of the melt-solid
interface (shown in Figures 5 and 6). More
specifically, in some embodiments, without cooling
jacket 136, system 100 may produce an interface shape
that is concave shaped relative to crystal 113, where
the concave shape has a depth of approximately three
millimeters (3mm). However, by including cooling
jacket 136, the depth of the concave shape may be
increased, for example, to approximately five
millimeters (5mm). [0026] The cooling water is then
drained to a cooling water return manifold 137.
Typically, a temperature sensor such as a photocell
139 (or pyrometer) measures the temperature of melt
109 at its surface, and a diameter transducer 141
measures the diameter of single crystal 113. A
processor such as a control unit 143 processes the
signals generated by the photocell 139 and the
diameter transducer 141.The control unit 143 may be a
programmed digital or analog computer that controls
crucible drive unit 107, crystal drive unit 121,
heater power supply 123, vacuum pump 151, and gas flow
controller 129 (e.g., an argon flow controller). In
the exemplary embodiment, system 100 does not include
an upper heater. The presence of an upper heater, or
lack of an upper heater, alters cooling
characteristics of the crystal 113. [0027] In the
exemplary embodiment, an upper magnet, such as a
solenoid coil 145, and a lower magnet, such as a
solenoid coil 147, may be located above and below,
respectively, melt level 111. In the exemplary
embodiment, the coils 145 and 147, shown in
cross-section, surround vacuum chamber 101 and share
axes with axis of symmetry 119. The upper and lower
coils 145 and 147 have separate power supplies,
namely, an upper coil power supply 149 and a lower
coil power supply 151, each of which is connected to
and controlled by control unit 143. [0028] Current
flows in opposite directions in the two solenoid coils
145 and 147 to produce a magnetic field. A reservoir
153 provides cooling water to the upper and lower
coils 145 and 147 before draining via cooling water
return manifold 137. A ferrous shield 155 surrounds
coils 145 and 147 to reduce stray magnetic fields and
to enhance the strength of the field produced. [0029]
In the exemplary embodiment, system 100 produces
silicon crystal ingots suitable for use in device
manufacturing. Advantageously, system 100 may be used
to produce silicon crystal 113, a substantial portion
or all of which is substantially free of agglomerated
intrinsic point defects. That is, a substantial
portion or all of crystal 113 produced may have a
density of defects of less than about 1 x 104
defects/cm 3, less than about 5 x 103 defects/cm 3,
less than about 1 x 103 defects/cm , or even no
detectable agglomerated intrinsic point defects.
Furthermore, system 100 may be used to produce crystal
113 having substantially no agglomerated defects that
are larger than about sixty nanometers (nm) in
diameter.[0030] The shape of the melt- solid or
melt-crystal interface is controlled during crystal
growth to limit and/or suppress the formation of
agglomerated intrinsic point defects. Figures 5 and 6
illustrate exemplary melt-solid interfaces, extending
from a melt surface 161. The shape of this interface
between melt 109 and silicon crystal 113 may be
concave (shown in Figure 6) or convex (shown in Figure
5) in shape relative to the crystal 113, or a
combination of both concave and convex (also referred
to as a "gull-wing" shape). As described below,
controlling the melt-solid interface shape facilitates
a reduction in crystal growth defects. [0031] In the
exemplary embodiment, melt convection is employed to
affect the melt-solid interface shape. Convection
refers to the process of heat transfer in a liquid by
the movement of the liquid itself. In general, there
are two types of convection: natural convention and
forced convection. Natural convection occurs when the
movement of melt 109 is due, for example, to the
presence of heaters 105 giving rise to density
gradients. Forced convection occurs when the movement
of the melt 109 is due to an external agent such as a
magnetic field in crucible 103. Accordingly,
controlling the magnetic field may facilitate
producing a desired meltsolid interface shape. [0032]
Figure 7 is a schematic diagram of melt flow cells 200
and 202 formed during crystal growth. In the exemplary
embodiment, a crystal 204 is pulled from a melt 206
held within a crucible 208. Crucible 208 includes a
top 210, a bottom 212, and a crucible wall 214. In the
exemplary embodiment, melt flow cells 200 and 202 are
formed in melt 206 during crystal 204 growth occurring
while crystal 204 and crucible 208 are rotated in the
same direction (i.e., iso-rotation). More
specifically, the two types of flow cells formed in
melt 206 are a Karman cell 200 and a buoyancy cell
202. The Karman cell 200 is formed directly below
crystal 204 and the buoyancy cell 202 is formed along
crucible wall 214. Different flow cells are formed
under counter-rotation conditions, including an
Eckmann cell (not shown in Figure 7). The presence of
an Eckmann cell does not facilitate formation of as
concave of a melt-solid interface 216 as does the
presence of Karman cell 200.[0033] Strengthening
Karman cell 200 facilitates the formation of a more
concave melt-solid interface 216 shape relative to
crystal 204 (shown in Figure 6). Karman cell 200 can
be made stronger by either applying an axial magnetic
field 



or by increasing the component of the axial magnetic
field in an applied cusped magnetic field. The axial
magnetic field also has an effect of increasing a melt
temperature at bottom 212 of crucible 208, bringing in
more heat, which also facilitates formation of a more
concave shape of melt-solid interface 216. [0034] In
the exemplary embodiment, an axial component of a
cusped magnetic field applied during a crystal growing
process is increased by unbalancing the upper magnetic
field 40 (shown in Figure 3) and the lower magnetic
field 42 (shown in Figure 3). In some embodiments, a
balanced cusped magnetic field is defined herein as a
cusped magnetic field wherein the upper magnetic field
40 (i.e., the magnetic field produced by coils 3 1
(shown in Figure 3)) is of substantially equal
strength to the lower magnetic field 42 (i.e., the
magnetic field produced by coil 33 (shown in Figure
3)). Conversely, in some embodiments, an unbalanced
cusped magnetic field is defined herein as a cusped
magnetic field wherein the upper magnetic field 40 has
a substantially different strength than the lower
magnetic field 42. Additionally, a balanced cusped
magnetic field has a purely radial field component
near melt surface 36 (shown in Figure 3). In contrast,
an unbalanced cusped magnetic field does not include a
purely radial field component near melt surface 36,
but rather, also includes an axial field component
near melt surface 36. As used herein, since magnetic
field strength varies according to, for example, a
distance from the source, when comparing a strength of
a first magnetic field produced by a first coil to a
strength of a second magnetic field produced by a
second coil, the first magnetic field strength is
measured at a point that is a distance, X, from the
first coil, and the second magnetic field strength is
measured at a point that is the same distance, X, from
the second coil. [0035] In the exemplary embodiment,
the unbalanced cusped magnetic field is constant. In
other words, a ratio between the strength of the upper
magnetic field 40 and the lower magnetic field 42 is
not varied during the crystalgrowth process. The
constant magnetic ratio facilitates maintaining the
axial field component near melt surface 36. In
alternative embodiments, the ratio between the
strength of the upper magnetic field 40 and the lower
magnetic field 42 is varied during the crystal growth
process, to facilitate maintaining a desired strength
of the axial field component near melt surface 36. The
ratio may be varied by adjusting the current supplied
to upper coil 3 1 and/or lower coil 33. Moreover, the
ratio may be varied as a function of time and/or
crystal length to facilitate matching the strength of
the axial field component of the unbalanced cusped
magnetic field to different crystal growth stages
and/or different crystal lengths. [0036] In the
exemplary embodiment, the strength of upper magnetic
field 40, the strength of lower magnetic field 42,
and/or the ratio between the strength of upper
magnetic field 40 and lower magnetic field 42 are
determined based at least in part on the effect the
unbalanced cusped magnetic field has on the melt flow
cells (e.g., Karman cell 200 and buoyancy cell 202).
The strength of upper magnetic field 40 and/or the
strength of lower magnetic field 42 may be determined
such that Karman cell 200 is strengthened and/or
buoyancy cell 202 is weakened. Furthermore, the ratio
between the strength of upper magnetic field 40 and
the strength of lower magnetic field 42 may be
determined such that Karman cell 200 is strengthened
and/or buoyancy cell 202 is weakened. [0037] Figures
8A, 8B, and 8C illustrate an exemplary melt flow
simulation 300, an exemplary temperature field
simulation 310 of temperatures in the melt 206, and an
exemplary magnetic field vector simulation 320,
respectively, during crystal growth under a balanced
cusped magnetic field. In the illustrated example, a
magnetic ratio between the strength of upper magnetic
field 40 (shown in Figure 3) and the strength of lower
magnetic field 42 (shown in Figure 3) is one. In other
words, the upper magnetic field 40 is of substantially
equal strength to the strength of lower magnetic field
42. For example, to facilitate production of the
balanced cusped magnetic field, upper coil 3 1 (shown
in Figure 3) and lower coil 33 (shown in Figure 3) are
both provided with a level of current that is
forty-five percent (45%) of a maximum current level
available to coils 3 1 and 33.[0038] Figures 9A, 9B,
and 9C illustrate an exemplary melt flow simulation
330, an exemplary temperature field simulation 340 of
temperatures in the melt 206, and an exemplary
magnetic field vector simulation 350, respectively,
during crystal growth under an unbalanced cusped
magnetic field. The unbalanced cusped magnetic field
shown in Figure 9C has an increased axial component
when compared to the magnetic field produced by a
balanced cusped magnetic field (shown in Figure 8C).
The increased axial component of the applied
unbalanced magnetic field is especially noticeable
near melt-solid interface 216. [0039] In the
illustrated embodiment, a magnetic ratio between upper
magnetic field 40 and lower magnetic field 42 is
approximately 0.64. More specifically, in the
illustrated embodiment, the strength of upper magnetic
field 40 is approximately 0.64 of the strength of
lower magnetic field 42. More specifically, in some
embodiments, the magnetic ratio between the strength
of upper magnetic field 40 and lower magnetic field 42
may be from 0.10 to 0.90. In other embodiments, the
magnetic ratio between the strength of upper magnetic
field 40 and lower magnetic field 42 may be from 0.40
to 0.70. [0040] A magnetic ratio of 0.64, by way of
example only, may be achieved by providing upper coil
3 1 with a level of current that is approximately
twenty-nine percent (29%) of a maximum current level
available to coils 3 1 and 33, and providing lower
coil 33 with a level of current that is approximately
forty-five percent (45%) of a maximum current level
available to coils 3 1 and 33. However, any suitable
ratio of upper coil 3 1 and lower coil 33 current
levels that facilitates production of a desired
magnetic ratio may also be supplied to upper coil 3 1
and lower coil 33. [0041] Additionally, a comparison
of Figure 8B and Figure 9B shows higher temperatures
directly below crystal 204 when an unbalanced cusped
magnetic field is applied to melt 206. In some
examples, when compared to the application of a
balanced magnetic field, the unbalanced cusped
magnetic field may increase the temperature directly
below crystal 204 by approximately one to fivekelvin,
or more specifically, by approximately three to five
kelvin. In the exemplary embodiment, the higher
temperature focused directly below crystal 204 in
Figure 9B is not caused by an increase in the heat
energy provided to crucible 208, but rather is caused
by the increased axial component of the applied cusped
magnetic field at meltsolid interface 216. The melt
flow simulations (shown in Figures 8A and 9A)
illustrate the stronger Karman cell formed when the
magnetic field applied during the crystal forming
process is unbalanced, specifically, with a lower
field strength from upper coil 3 1 than from lower
coil 33. [0042] Figure 10 is an illustration of two
exemplary melt-solid interfaces 360 and 362. More
specifically, exemplary melt-solid interface 360 is an
example of a melt-solid interface of a crystal grown
under the presence of a balanced cusped magnetic
field. In contrast, exemplary melt-solid interface 362
is an example of a melt-solid interface of a crystal
grown under the presence of an unbalanced cusped
magnetic field. In some embodiments, the application
of an unbalanced cusped magnetic field facilitates
creation of melt-solid interface 362, which is more
concave than melt-solid interface 360. A convex shaped
interface, for example, meltsolid interface 360, does
not provide a process window that makes typical
manufacturing processes feasible. [0043] In an example
embodiment, crystals having a diameter of
three-hundred millimeters (300 mm) are grown under an
applied unbalanced cusped magnetic field. As described
above, the cusped magnetic field typically applied
during crystal growth has both lower and upper
magnetic fields of substantially equal strength. In
the example embodiment, the lower magnet generates a
stronger magnetic field than the upper magnet
generates. For example, an upper magnet may be
maintained to produce a magnetic field that is twenty
percent (20%) of the strength of the magnetic field
generated by the lower magnet. In the example
embodiment, as shown in Figure 10, the melt-solid
interface is measured under the unbalanced cusped
magnetic field condition at a crystal length of 300mm,
by removing the crystal from the melt and measuring
the interface shape.[0044] It is advantageous to
control the shape of melt-solid interface 362.
Obtaining a more concave-shaped melt-solid interface
(shown in Figure 6) facilitates increasing a process
window for crystal growth. In the exemplary
embodiment, process parameters are modified to improve
the interface shape (i.e., produce a more
concave-shaped interface relative to the crystal).
Process parameters such as seed rotation and crucible
rotation can be used to modify the interface shape,
however these parameters alone may not be sufficient
to make a significant change in the interface shape
and therefore make significant improvements in the
process window. In the exemplary embodiment, as
described above, unbalancing a cusped magnetic field
applied during formation of a crystal, in combination
with iso-rotation of the seed and the crucible,
facilitates further modification of a melt-solid
interface shape. [0045] Figure 11 is an exemplary
defect transition diagram 380 for a crystal grown in
the presence of a balanced magnetic field. Figure 12
is an exemplary defect transition diagram 382 for a
crystal grown in the presence of an unbalanced
magnetic field. Defect transition diagrams 380 and 382
may be used in determining a pull-rate window, also
referred to as a process window. Defect transition
diagram 380 illustrates a negative process window 384.
In contrast, defect transition diagram 382 shows an
increased process window 386 with a flatter defect
transition. [0046] Figure 13 is a flowchart 400 of an
exemplary method for controlling crystal growth in a
crystal growing system, for example, crystal growing
system 100 (shown in Figure 4). More specifically,
Figure 13 illustrates an exemplary method for
controlling the growth of a monocrystalline ingot
produced according to a Czochralski process. In the
exemplary embodiment, controlling crystal growth in a
crystal growing system includes controlling a shape of
the melt-solid interface of the ingot, and more
specifically, includes facilitating production of an
ingot having a substantially concave melt-solid
interface shape (shown in Figure 6). [0047] The
systems and methods described herein are designed for
use with a twenty-eight inch hot zone (e.g., a
twenty-eight inch crucible). However,the benefits
described herein may also be achieved by applying the
systems and methods described herein to any other
sized hot zone, for example, a thirty-two inch hot
zone, a twenty-four inch hot zone, and a twenty-two
inch hot zone. [0048] As described above, the crystal
growing system includes a heated crucible including a
semiconductor melt from which the ingot is pulled. The
ingot is grown on a seed crystal pulled from the melt.
The exemplary method includes determining 402 a level
of current to apply to an upper coil and a level of
current to apply to a lower coil of a crystal growing
system to obtain a desired unbalanced cusped magnetic
field. For example, a level of current to apply to
upper 



coil 145 (shown in Figure 4) and a level of current to
apply to lower coil 147 (shown in Figure 4) of crystal
growing system 100 may be determined 402 to obtain a
desired unbalanced cusped magnetic field. The levels
of current to be applied to upper coil 145 and to
lower coil 147 are determined 402 such that when
applied to the semiconductor melt, the resulting upper
magnetic field 40 (shown in Figure 3) and the
resulting lower magnetic field 42 (shown in Figure 3)
facilitate maximizing a strength of Karman cell 200
(shown in Figure 7) and/or minimizing a strength of
buoyancy cell 202 (shown in Figure 7). Furthermore,
the current levels to be applied to upper coil 145 and
to lower coil 147 may be determined 402 such that a
desired ratio between the resulting strength of upper
magnetic field 40 and the resulting strength of lower
magnetic field 42 is obtained. The ratio between the
strength of upper magnetic field 40 and the strength
of lower magnetic field 42 that maximizes a strength
of Karman cell 200 and/or minimizes a strength of
buoyancy cell 202 may be determined. [0049] The
exemplary method also includes applying 404 an
unbalanced cusped magnetic field to the melt. For
example, the determined 402 levels of current are
applied to upper coil 145 and to lower coil 147, which
generate the unbalanced cusped magnetic field. The
unbalanced cusped magnetic field is then applied 404
to the melt. The exemplary method also includes
rotating 406 the ingot and the crucible in the same
direction while the ingot is being pulled from the
melt. In some embodiments, applying 404 an unbalanced
cusped magnetic field includesapplying upper magnetic
field 40 above a melt-solid interface and lower
magnetic field 42 below a melt-solid interface. For
example, the unbalanced magnetic field may be imposed
by upper coil 145 positioned above melt-solid
interface 111 (shown in Figure 4) and lower coil 147
positioned below melt-solid interface 111. In the
exemplary embodiment, the field strength of upper
magnetic field 40 is weaker than the field strength of
lower magnetic field 42. More specifically, in some
embodiments, the field strength of upper magnetic
field 40 may be from 5% to 50% of the field strength
of lower magnetic field 42. In other embodiments, the
field strength of upper magnetic field 40 may be from
10% to 30% of the field strength of lower magnetic
field 42. The ratio between the strength of upper
magnetic field 40 and the strength of lower magnetic
field 42 may be any suitable ratio that allows crystal
growing system 100 to function as described herein.
[0050] Applying 404 an unbalanced cusped magnetic
field to the melt includes applying the upper and the
lower magnetic fields such that an axial component of
the applied magnetic field is greater than a radial
component of the applied magnetic field at the
meIt-solid interface (shown in Figure 9C). [0051] The
above described methods and systems for controlling
crystal growth are cost-effective and highly accurate.
The methods and systems facilitate controlling the
shape of a melt-solid interface of a monocrystalline
ingot grown according to a Czochralski process.
Controlling the shape of a melt-solid interface
facilitates increasing a process window for production
of monocrystalline silicon. Combining the application
of an unbalanced cusped magnetic field and isorotation
of the crystal and the crucible facilitates production
of a melt-solid interface having a generally concave
shape relative to the crystal. A melt-solid interface
having a generally concave shape relative to the
crystal provides a desired process window and defect
transition. [0052] The order of execution or
performance of the methods illustrated and described
herein is not essential, unless otherwise specified.
That is, it is contemplated by the inventors that
elements of the methods may be performed inany order,
unless otherwise specified, and that the methods may
include more or less elements than those disclosed
herein. [0053] When introducing elements of the
methods and systems described above, or embodiments
thereof, the articles "a," "an," "the," and "said" are
intended to mean that there are one or more of the
elements. The terms "comprising," "including," and
"having" are intended to be inclusive and mean that
there may be additional elements other than the listed
elements. [0054] This written description uses
examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art
to practice the invention, including making and using
any devices or systems and performing any incorporated
methods. The patentable scope of the invention is
defined by the claims, and may include other examples
that occur to those skilled in the art. Such other
examples are intended to be within the scope of the
claims if they have structural elements that do not
differ from the literal language of the claims, or if
they include equivalent structural elements with
insubstantial differences from the literal language of
the claims.WHAT IS CLAIMED IS: 1. A method of
controlling crystal growth in a crystal growing
system, the crystal growing system having a heated
crucible including a semiconductor melt from which a
monocrystalline ingot is grown according to a
Czochralski process, the ingot being grown on a seed
crystal pulled from the melt, said method comprising:
applying an unbalanced cusped magnetic field to the
melt; and rotating the ingot and the crucible in the
same direction while the ingot is being pulled from
the melt. 2. A method in accordance with Claim 1,
wherein applying an unbalanced cusped magnetic field
comprises applying a first magnetic field above a
melt-solid interface and a second magnetic field below
the melt-solid interface, wherein a field strength of
the first magnetic field is weaker than a field
strength of the second magnetic field. 3. A method in
accordance with Claim 2, wherein a ratio of the field
strength of the first magnetic field to the field
strength of the second magnetic field is between 0.10
and 0.90. 4. A method in accordance with Claim 1,
wherein applying an unbalanced cusped magnetic field
comprises applying a first magnetic field above a
melt-solid interface and a second magnetic field below
a melt-solid interface such that an axial component of
the applied magnetic field is greater than a radial
component of the applied magnetic field at the
melt-solid interface. 5. A method in accordance with
Claim 4, wherein applying the first magnetic field
above the melt-solid interface and the second magnetic
field below the melt-solid interface comprises
applying a constant first magnetic field and a
constant second magnetic field to facilitate
maintaining the axial component of the applied
magnetic field at the melt-solid interface.6. A method
in accordance with Claim 4, wherein applying the first
magnetic field above the melt-solid interface and the
second magnetic field below the melt-solid interface
comprises varying the strength of at least one of the
first magnetic field and the second magnetic field to
facilitate maintaining a predetermined strength of the
axial component of the applied magnetic field at the
melt-solid interface. 7. A method in accordance with
Claim 1, wherein controlling crystal growth in a
crystal growing system comprises controlling a shape
of the meltsolid interface of the ingot. 8. A method
in accordance with Claim 7, wherein controlling a
shape of the melt-solid interface comprises
facilitating production of an ingot having a
substantially concave melt-solid interface shape
relative to the ingot. 9. A system for growing silicon
crystals that facilitates controlling a shape of a
melt-solid interface, said crystal growing system
having a heated crucible including a semiconductor
melt from which a monocrystalline ingot is grown
according to a Czochralski process, said ingot being
grown on a seed crystal pulled from the melt, said
melt and said ingot forming said melt-solid interface
therebetween, said system comprising: a first set of
coils and a second set of coils positioned adjacent to
an exterior of the crucible for generating an
unbalanced cusped magnetic field; and a crucible drive
unit and a crystal drive unit configured to rotate the
crucible and the crystal in the same direction. 10. A
system in accordance with Claim 9, wherein said first
set of coils are positioned above the melt-solid
interface and said second set of coils are positioned
below the melt-solid interface, wherein said first set
of coils are configured to generate a first magnetic
field and said second set of coils are configured to
generate a second magnetic field.11. A system in
accordance with Claim 10, wherein said first set of
coils and said second set of coils are configured to
generate a magnetic field having an axial component
that is greater than a radial component at the
melt-solid interface. 12. A system in accordance with
Claim 10, wherein a field strength of the first
magnetic field is weaker than a field strength of the
second magnetic field. 13. A system in accordance with
Claim 10, wherein a ratio of the field strength of the
first magnetic field to the field strength of the
second magnetic field is between 0.10 and 0.90. 14. A
system in accordance with Claim 10, wherein a ratio of
the field strength of the first magnetic field to the
field strength of the second magnetic field is between
0.40 and 0.70. 15. A system in accordance with Claim
9, wherein said first set of coils is powered by a
first level of current and said second set of coils is
powered by a second level of current. 16. A system in
accordance with Claim 15, wherein said first level of
current is lower than said second level of current.
17. A system in accordance with Claim 9, wherein said
unbalanced cusped magnetic field generated by said
first and second set of coils, in combination with
said rotation in the same direction of the crucible
and the crystal by said crucible drive unit and said
crystal drive unit, respectively, facilitates
controlling a shape of the melt-solid interface of the
ingot. 18. A system in accordance with Claim 17,
wherein said shape of the melt-solid interface of the
ingot comprises a substantially concave melt-solid
interface shape relative to the ingot. 19. A system in
accordance with Claim 9, wherein said unbalanced
cusped magnetic field generated by said first and
second set of coils, in combinationwith said rotation
in the same direction of the crucible and the crystal
by said crucible drive unit and said crystal drive
unit, respectively, facilitates producing an ingot
having a desired process window and defect transition.
20. A system in accordance with Claim 9, wherein said
unbalanced cusped magnetic field generated by said
first and second set of coils, in combination with
said rotation in the same direction of the crucible
and the crystal by said crucible drive unit and said
crystal drive unit, respectively, facilitates
strengthening a Karman cell formed during the crystal
growth. 


