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Summary of the Invention Al t hough several pol ynorphs of
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Anot her aspect of the present invention provides a crystalline form
of Conpound 1, wherein said crystalline formis a pol ynorph of Form

XLl . For ex@gnwks82s5dn one enbodi ment, the present i nventdcqigRiVioses a
crystalline formof Conmpound 1, wherein said crystalline formhas a

powder X-ray diffraction pattern cgoprising a peak at diffraction
angles (20) of 6.0 0.1 and 11.5 O0.1. In a further enbodi nent,
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Anot her aspect of the present invention provides a crystalline form
of Conpound 1, wherein said crystalline formhas a powder X-ray

di ffracti apopeistieisss conpri si ng peaks at diffracti on anglcagstod&nooroz
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In another embodiment, the substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (26) of 11.9 £ 0.1, 21.0 £ 0.1
and 26.9+ 0.1.

In another embodiment, the substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (28) of 11.9 + 0.1, 21.0 £ 0.1
and 23.1£ 0.1.

In another embodiment, the substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (28) of 11.5 + 0.1, 15.6 £ 0.1
and 16.2£ 0.1.

In another embodiment, the substantially pure crystailine form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (20) of 11.5 £ 0.1, 15.6 % 0.1
and 16.5 £ 0.1.

Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (28) essentially the same as
shown in Figure 6.

~ Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystalline form has a solid state
NMR spectrum comprising '*C chemical shifts at 150.1 + 0.2, 136.6 + 0.2, 135.0 £ 0.2,
116.9 # 0.2and 27.5 £ 0.2 ppm.

Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystalline form has a solid state
NMR spectrum comptising '°C chemical shifts at positions essentially the same as
shown in Figure 7.

Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystalline form has a solid state
NMR spectrum comprising N chemical shifts at -50.2 + 0.2, -79.0 £ 0.2, -187.1 + 0.2
and -263.2 = 0.2 ppm.

Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystalline form has a solid state
NMR spectrum comprising '°N chemical shifts at positions essentially the same as
shown in Figure 8.
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Another aspect of the present invention provides a substantially pure crystaliine
form of Compound 1, wherein said substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (26) of 6.0 + 0.1, 11.5 £ 0.1 and
11.9 + 0.1 and wherein said substantially pure crystalline form has a solid state NMR
spectrum comprising ">C chemical shifts at 150.1 + 0.2, 136.6 £ 0.2, 135.0 + 0.2, 116.9
*0.2and 27.5 % 0.2 ppm.

Ancther aspect of the present invention provides a substantially pure crysfalline
form of Compound 1, wherein said substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (26) essentially the same as
shown in Figure 6, and wherein said substantially pure crystalline form has a solid state
NMR spectrum comprising "°C chemical shifts at positions essentially the same as
éhown in Figure 7.

Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (26) essentially the same as
shown in Figure 6, and wherein said substantially pure crystalline form has a solid state
NMR spectrum comprising "N chemical shifts at positions essentially the same as
shown in Figure 8.

Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystalline form has a Raman
spectrum comprising Raman shift peaks (cm™) at positions essentially the same as
shown in Figure 9.

A further aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said crystalline form is a polymorph of Form IX. For
example, in one embodiment, the present invention provides a substantially pure
crystalline form of Compound 1, wherein said substantially pure crystalline form has a
powder X-ray diffraction pattern comptising peaks at diffraction angles (26) of 7.7 % 0.1,
8.1 % 0.1, 8.5+ 0.1 and 14.3 = 0.1. In a further embodiment, said substantially pure
crystalline form has a powder X-ray diffraction pattern comprising peaks at diffraction
angles (28) of 7.7 £ 0.1 8.1 £ 0.1, 8.5+ 0.1, and 18.3 £ 0.1.

Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystalline form has a solid state
NMR spectrum comprising *C chemical shifts at 171.4 + 0.2 and 28.0 + 0.2 ppm.
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Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystaliine form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (26) essentially the same as
shown in Figure 10, and wherein said .substantially pure crystalline form has a solid state
NMR spectrum comprising °C chemical shifts at positions essentially the same as
shown in Figure 11.

A further aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystailine form is a polymorph of
Form XIl. For example, in one embodiment, the present invention provides a
substantially pure crystalline form of Compound 1, wherein said substantially pure
crystalline form has a powder X-ray diffraction pattern comprising peaks at diffraction
angles (20) of 11.9 + 0.1, 18.1 + 0.1, and 31.2 % 0.1. In ancther embodiment, the
present invention provides a substantially pure crystalline form of Compound 1, wherein
said substantially pure crystalline form has a powder X-ray diffraction pattern comprising
peaks at diffraction angles (20) of 11.9 & 0.1, 28.1 £ 0.1, and 31.2 £ 0.1. In another
embodiment, the present invention provides a substantially pure crystalline form of
1

Compound_ wherein said substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angies (20) of 16.8 + 0.1, 28.1 + 0.1,
and 31.2 + 0.1. In another embodiment, the present invention provides a substantially
pure crystalline form of Compound 1, wherein said substantially pure crystalline form
has a powder X-ray difiraction pattern comprising peaks at diffraction angles (26) of 25.3
+0.1,28.1+0.1,and 31.2 £0.1.

Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (20) essentially the same as
shown in Figure 12.

A further aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystaliine form is a polymorph of
Form XV. For example, in one embodiment, the present invention provides a
substantially pure crystalline form of Compound 1, wherein said substantially pure
crystalline form has a powder X-ray diffraction pattern comprising peaks at diffraction
angles (28) of 10.1 £ 0.1, 11.9 £ 0.1, 15.2 £ 0.1, 21.5 % 0.1, and 26.3 £ 0.1. In another

embodiment, the present invention provides a substantially pure crystalline form of
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Compound 1, wherein said substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (28) of 10.1 + 0.1, 21.5 * 0.1,
25.0x0.1, and 25.3 £ 0.1.

| Another aspect of the present invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction angles (28) essentially the same as
shown in Figure 13.

Another aspect of the present invention provides a substantially pure amorphous
form of Compound 1, wherein said substantially pure amorphous form has a powder X-
ray diffraction pattern comprising peaks at diffraction angles (28) essentially the same
as shown in Figure 14. Another aspect of the present invention provides a substantially
pure amorphous form of Compound 1, wherein said substantially pure amorphous form
has a powder X-ray diffraction pattern comprising peaks at diffraction angles (20)
essentially the same as shown in Figure 15.

Another aspect of the present invention provides a substantially pure amorphous
form of Compound 1, wherein said substantially pure amorphous form has a solid state
NMR spectrum comprising "®C chemical shifts at positions essentially the same as
shown in Figure 16.

A further aspect of the present invention provides a pharmaceutical composition
comprising any of the crystalline forms or amorphous forms of Compound 1 as
described herein. In a further aspect, the invention provides an oral dosage form
comprising any of the crystalline forms or amorphous forms of Compound 1 or
pharmaceutical compositions described herein. For example, in one embodiment the
oral dosage form is a tablet, pill, dragee core, or capsule. For example, in one
embodiment, the oral dosage form is a tablet or capsule. Further, for example, in one
embodiment the invention provides a tablet comprising any of the crystalline forms or
amorphous forms of Compound 1 or pharmaceutical compositions described herein.
For example, in one embodiment the tablet comprises from about 1 to about 10 mg of
the crystalline form or amorphous form of Compound 4. Further, for example, the tablet
comprises from about 1 to about 5 mg of the crystalline form or amorphous form of
Compound 1. Even further, for example, the tablet comprises about 1 mg of the
crystalline form or amorphous form of Compound 1. Even further, for example, the
tablet comprises about 2 mg, about 3 mg, about 4 mg, or about 5 mg of the crystalline
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of. Compound 1 is Form XXV. Still further, for example, the crystaline form of
Compound 1 is Form XLI.

A further aspect of the present invention provides a method for preparing
Compound 1 in crystalline Form XXV, said method comprising heating crystalline Form
XVI of Compound 1. For example, in one embodiment, said heating is carried out in the
presence of an appropriate solvent. In one embodiment, the solvent is ethanol. In a
further embodiment, seed crystals of Form XXV are combined with crystalline Form XVI
prior to, or during the heating.

A further aspect of the present invention provides a method for preparing
Compound 1 in crystalline Form XVI, said method comprising dissolving Form VIl of
Compound 1 in an appropriate solvent and heating. |

A further aspect of the present invention provides a method for preparing
Compound 1 in crystalline Form XLI, said method comprising heating crystalline Form
XVI of Compound 1. For example, in one embodiment, said heating is carried out in the
presence of an appropriate solvent. In one embodiment, the solvent is ethanol. In a
further embodiment, seed crystals of Form XL are combined with crystalline Form XVI
prior to, or during the heating. ‘

A further aspect of the present invention provides a method for preparing
Compound 1 in amorphous from crystalline Form XL!, said method comprising grinding
crystalline Form XL! of Compound 1. For example, in one embodiment, said grinding is
carried out through ball milling.

A further aspect of the present invention provides a method of treating cancer in
a mammal, the method comprising administering to the mammal a therapeutically
effective amount of any of the crystaline forms of Compound 1 or any of the
pharmaceutical compositions described herein.

In a particular aspect of any of the preceding method embodiments, the method
further comprises administering one or more anti-tumor agents, anti-angiogenesis
agents, signal transduction inhibitors, or antiproliferative agents.

Definitions

The ferm "treating"”, as used herein, unless otherwise indicated, means reversing,
alleviating, inhibiting the progress of, or preventing the disorder or condition to which such
term applies, or one or more symptoms of such disorder or condition. The term
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"treatment”, as used herein, unless otherwise indicated, refers to the act of "treating” as
defined immediately above.

As used herein, the term “Compound 1" means the chemical compound 6-[2-
(methylcarbamoyl)phenylsulfanyl]-3-E-{2-{pyridin-2-yl)ethenyllindazole, also represented

0
v
Y
=N
1 -

by the structural formula

As used herein, the term “substantially pure” with reference to a particular
crystalline or amorphous form means that the crystalline or amorphous form includes less
than 10%, preferably less than 5%, preferably less than 3%, preferably less than 1% by
weight of any other physical forms of the compound.

As used herein, the term “essentially the same” with reference 1o X-ray diffraction
peak positions means that typical peak position and intensity variability are taken into
account. For example, one skilled in the art will appreciate that the peak positions (26) will
show some variability, typically as much as 0.1 to 0.2 degrees, depending on the solvents
being used, as well as on the apparatus being used to measure the diffraction. Further,
one skilled in the art will appreciate that relative peak intensities will show inter-apparatus
variability as well as variability due to degree of crystaliinity, preferred orientation,
prepared sample surface, and other factors known to those skilled in the art, and should
be taken as qualitative measures only. Similarly, as used herein, "essentially the same”
with reference to solid state NMR specira and Raman specira is intended to also
encompass the variabilities associated with these analytical techniques, which are known
to those of skill in the art. For example, "*C chemical shifts measured in solid state NMR
will fypically have a variability of up to 0.2 ppm for well defined peaks, and even larger for
broad lines, while Raman shifts will typically have a variability of about 2 cm™.

The term "polymorph" refers to different crystalline forms of the same compound
and includes, but is not limited to, other solid state molecular forms including hydrates
(e.g., bound water present in the crystalline structure) and solvates (e.g., bound solvents
other than water) of the same compound.

The term “2 theta value” or “20” refers to the peak position in degrees based on
the experimental setup of the X-ray diffraction experiment and is a common abscissa
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reference herein to specific 28 values for a specific polymorphic form is intended to
mean the 26 values (in degrees) as measured using the X-ray diffraction experimental
conditions as described herein. For example, as described herein, CuKo. (wavelength
1.54056A) was used as the source of radiation.

The term “amorphous” refers to any solid substance which (i) lacks order in three
dimensions, or (ii) exhibits order in less than three dimensions, order only over short
distances (e.g., less than 10 A), or both. Thus, amorphous substances include partially
crystalline materials and crystalline mesophases with, e.g. one- or two-dimensional
translational order (liquid crystals), orientational disorder (orientationally disordered
crystals), or conformational disorder (conformationally disordered crystals). Amorphous
solids may be characterized by known fechniques, including X-ray powder diffraction
(XRPD) crystallography, solid state nuclear magnet resonance (ssNMR) spectroscopy,
differential scanning calorimetry (DSC), or some combination of these techniques. As
illustrated, below, amorphous solids give diffuse XRPD patterns, typically comprised of
one or two broad peaks (i.e., peaks having base widths of about 5° 26 or greater).

The term “crystalline” refers to any solid substance exhibiting three-dimensional
order, which in contrast o an amorphous solid substance, gives a distinctive XRPD
pattern with sharply defined peaks.

The term “solvate” describes a molecular complex comprising the drug substance
and a stoichiometric or non-stoichiometric amount of one or more solvent molecules
{e.g., ethanol). When the solvent is tightly bound to the drug the resulting complex will
have a well-defined stoichiomeiry that is independent of humidity. When, however, the
solvent is weakly bound, as in channel solvates and hygroscopic compounds, the
solvent content will be dependent on humidity and drying conditions. In such cases, the
complex will often be non-stoichiometric.

The term “hydrate” describes a solvate comprising the drug substance and a
stoichiometric or non-stoichiometric amount of water.

The term “powder X-ray diffraction pattern” or “PXRD pattern” refers to the
experimentally observed diffractogram or parameters derived therefrom. Powder X-Ray
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diffraction patterns are characterized by peak position (abscissa) and peak intensities
(ordinate).

The term "pharmaceutical composition" refers to a composition comprising one or
more of the polymorphic forms of Compound 1 described herein, and other chemical
components, such as physiologically/pharmaceutically acceptable carriers, diluents,
vehicles and/or excipients. The purpose of a pharmaceutical composition is fo facilitate
administration of a compound to an organism, such as a human or other mammal.

The term “pharmaceutically acceptable” “carrier”, “diluent’, "vehicle”, or
“excipient” refers to a material (or maierials) that may be included with a particular
pharmaceutical agent to form a pharmaceutical composition, and may be solid or liquid.
Exemplary of solid carriers are lactose, sucrose, talc, gelatir;, agar, pectin, acacia,
magnesium stearate, stearic acid and the like. Exemplary of liquid carriers are syrup,
peanut oil, olive oil, water and the like. Similarly, the carrier or diluent may include time-
delay or time-release material known in the art, such as glyceryl monostearate or
glyceryl distearate alone or with a wax, ethylcellulose, hydroxypropylmethylcellulose,
methylmethacrylate and the like.

Brief Description of the Drawings

Figure 1 shows a PXRD pattern of Compound 1 Form XXV carried out on a
Bruker D5000 diffractometer.

Figure 2 shows a "*C solid state NMR spectrum of Compound 1 Form XXV
carried out on a Bruker-Biospin 4 mm BL friple resonance CPMAS probe positioned into
a wide-bore Bruker-Biospin Avance DSX 500 MHz NMR spectrometer.

Figure 3 shows a Raman spectrum of Compound 1 Form XXV carried out on a
ThermoNicolet 960 FT-Raman spectrometer equipped with a 1064 nm NdYAG laser and
InGaAs detector.

Figure 4 shows a PXRD pattern of Compound 1 Form XVI carried out on a
Bruker D5000 diffractometer.

Figure 5 shows a PXRD pattern of Compound 1 Form VIill carried out on a Bruker
D5000 diifractometer.

Figure 6 shows a PXRD pattern of Compound 1 Form XLI carried out on a Bruker
D5000 diffractometer.
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20) R%Iu% eBI'UQéEBIOSpX‘I 4 f'n’) %L tr/%le regonance CPMAS probe positioned info a wide-
bore Bruker-Biospin Avance DSX 500 MHz NMR spectrometer.

Figure 8 shows a "N solid state NMR spectrum of Compound 1 Form XL! carried
out on a Bruker-Biospin 4 mm BL friple resonance CPMAS probe positioned into a wide-
bore Bruker-Biospin Avance DSX 500 MHz NMR spectrometer.

Figure 9 shows a Raman spectrum of Compound 1 Form XLI carried out on a
ThermoNicolet 960 FT-Raman spectrometer equipped with a 1064 hm NdYAG laser and
InGaAs detector.

Figure 10 shows a PXRD pattern of Compound 1 Form [X carried out on a Bruker
D5000 diffractometer.

Figure 11 shows a °C solid state NMR spectrum of Compound 1 Form IX carried
out on a Bruker-Biospin 4 mm BL triple resonance CPMAS probe positioned into a wide-
bore Bruker-Biospin Avance DSX 500 MHz NMR spectrometer.

Figure 12 shows a PXRD pattern of Compound 1 Form Xll carried out on a
Bruker D5000 diffractometer.

Figure 13 shows a PXRD paitern of Compound 1 Form XV carried out on a
Bruker D5000 diffractometer. '

Figure 14 shows a PXRD pattern of amorphous form of Compound 1 carried out
on a Bruker D5000 diffractometer.

Figure 15 shows a PXRD pattern of amorphous form of Compound 1 cartied out
on a Bruker D5000 diffractometer. The pattern is the same as in Figure 14 except it was
processed with a polynomial smoothing function to enhance detail.

Figure 16 shows a C solid state NMR spectrum of amorphous form of
Compound 1 carried out on a Bruker-Biospin 4 mm BL triple resonance CPMAS probe
positioned into a wide-bore Bruker-Biospin Avance DSX 500 MHz NMR spectrometer.

Detailed Descriptionn Of The Invention

It has been found that Compound 1 can exist in muitiple crystalline forms
{polymorphs) or as an amorphous form. These forms may be used in a formulated
product for the treatment of hyperproliferative indications, including cancer. Each form
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may have advantages over the others in terms of properties such as bioavailability,
stability, and manufacturability. Novel crystalline forms of Compound 1 have been
discovered which are likely to be more suitable for bulk preparation and handling than
other polymorphic forms. Processes for producing polymorphic forms of Compound 1 in
high purity are described herein and in U.S. Application No. 2006-0094763. Another
object of the present invention is to provide a process for the preparation of each
polymorphic form of Compound 1, substantially free from other polymorphic forms of
Compound 1. Additionally it is an object of the present invention to provide
pharmaceutical formulations comprising Compound 1 in different polymorphic forms as
discussed above, and methods of treating hyperproliferative conditions by administering
such pharmaceutical formulations.

|. Polymorphic Forms of Compound 1

Each crystalline form of Compound 1 can be characterized by one or more of the
following: powder X-ray diffraction pattern (i.e., X-ray diffraction peaks at various
diffraction angles (20)), solid state nuclear magnetic resonance (NMR) spectral pattern,
Raman spectral diagram pattern, aqueous solubility, light stability under International
Conference on Harmonization (ICH) high intensity light conditions, and physical and
chemical storage stability. For example, polymorphic Forms XXV, XVI, VIII, XLI, IX, Xii,
XV, and amorhous form (discussed below) of Compound 1 were each characterized by
the positions and relative intensities of peaks in their powder X-ray diffraction patterns.
The powder X-ray diffraction parameters differ for each of the polymorphic forms of
Compound 1. For example, Forms XXV, XVI, VI, XLI, IX, XII, XV, and amorhous form
of Compound 1 can therefore be distinguished from each other and from other
polymorphic forms of Compound 1 by using powder X-ray diffraction.

The powder X-ray diffraction patterns of the different polymorphic forms (Forms
XXV, XV1, VIII, XLI, EX, XII, XV) and amorphous form of Compound 1 were carried out
on a Bruker D5000 diffractometer using copper radiation (CuKe, wa\)elength:
1.54056A). The tube voltage and amperage were set to 40 kV and 40 mA, respectively.
The divergence and scattering slits were set at 1 mm, and the receiving slit was set at
0.6 mm. Diffracted radiation was detected by a Kevex PS! detector. A theta-two theta
continuous scan at 2.4 degrees/min (1 second/0.04 degree step) from 3.0 to 40 degrees
20 was used. An alumina standard was analyzed to check the instrument alignment.
Data were collected and analyzed using Bruker axis software Version 7.0. Samples
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were prepared by placing them in a quartz holder. It should be noted that Bruker
[nstruments purchased Siemans; thus, the Bruker D5000 instrument is essentially the
‘same as a Siemans D5000. Eva Application 9.0.0.2 software was used to visualize and
evaluate PXRD spectra. PXRD data files (.raw) of crystalline forms were not processed
prior to peak searching. A polynomial smoothing factor of 0.3 was applied to the
amorphous PXRD data file in one instance to enhance detail. Generally, a Threshold
value of 1 and a Width value of 0.3 were used to make preliminary peak assignments.
The output of automated assignments was visually checked to ensure validity and
adjustments were manually made if necessary. These peak values for each form are
summarized in tables below. PXRD data files of the amorphous form was

To perform an X-ray diffraction measurement on a Bragg-Brentano instrument
like the Bruker system used for measurements reported herein, the sample is typicaily
placed into a holder which has a cavity. The sample powder is pressed by a glass slide
or equivalent to ensure a random surface and proper sample height. The sample holder
is then placed into the instrument. The incident X-ray beam is directed at the sample,
initially at a small angle relative to the plane of the holder, and then moved through an
arc that continuously increases the angle between the incident beam and the plane of
the holder. Measurement differences associated with such X-ray powder analyses
result from a variety of factors including: (a) errors in sample preparation (e.g., sample
height); (b) instrument errors (e.g., flat sample errors); (c) calibration errors; (d) operator
errors (including those errors present when determining the peak locations); and {e) the
nature of the material (e.g., preferred orientation and fransparency errors). Calibration
errors and sample height errors often result in a shift of all the peaks in the same
direction. Small differences in sample height when using a flat holder will lead to large
displacements in PXRD peak positions. A systematic study showed that, using a
Shimadzu XRD-6000 in the typical Bragg-Brentano configuration, sample height
difference of 1 mm led to peak shifts as high as 1 degree (29 (Chen et al, J
Pharmaceutical and Biomedical Analysis 26:63 (2001)). These shifts can be identified
from the X-ray diffractogram and can be eliminated by compensating for the shift
(applying a systematic correction factor to all peak position values) or recalibrating the
instrument. As mentioned above, it is possible to rectify measurements from the various
machines by applying a systematic correction factor to bring the peak positions into

agreement. In general, this correction factor will bring the measured peak positions
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where peak positions (26) are reported, one of skiil in the art will recognize that such _
numbers are intended to encompass such inter-apparatus variability. Furthermore,
where the crystalline forms of the present invention are described as having a powder
X-ray diifraction pattern essentially the same as that shown in a given figure, the term
“essentially the same” is also intended to encompass such inter-apparatus variability in
diffraction peak positions. Further, one skilled in the art will appreciate that relative peak
intensities will show inter-apparatus variability as well as variability due to the degree of
crystallinity, preferred orientation, prepared sample surface, and other factors known to
those skilled in the art, and shouid be taken as qualitative measures only.

' The different crystalline forms and amorphous form of the present invention can
also be characterized using solid state NMR speciroscopy.

The °C solid state specira can be collected as follows. Approximately 80 mg of
sample were tightly packed into a 4 mm ZrO, spinner. The spectra were collected at
ambient temperature and pressure on a 4 mm Bruker-Biospin CPMAS probe positioned
into a wide-bore Bruker-Biospin Avance DSX 500 MHz NMR spectrometer. The sample
was positioned at the magic angle and spun at 15.0 kHz. The fast spinning speed
minimized the intensities of the spinning side bands. The *C solid state spectrum was
collected using a proton decoupled cross-polarization magic angle spinning experiment
(CPMAS). The cross-polarization contact time was set to 2.0 ms. A proton decoupling
field of approximately 90 kHz was applied. The number of scans was adjusted to obtain
adequate S/N. The recycle delay was adjusted approximately to 1.5 times the proton
longitudinal relaxation time calculated based on proton detected proton inversion
recovery relaxation experiment. The carbon spectrum was referenced using an external
standard of crystalline adamantane, setting its upfield resonance to 29.5 ppm.

The "N solid state spectra can be collected as follows. Approximately 270 mg of
sample were tightly packed into a 7 mm ZrO; spinner. The spectra were collected at
ambient temperature and pressure on a 7 mm Bruker-Biospin CPMAS probe positioned
into a wide-bore Bruker-Biospin Avance DSX 500 MHz NMR spectrometer. The sample
was positioned at the magic angle and spun at 7.0 kHz. The fast spinning speed
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minimized the intensities of the spinning side bands. The '°N solid state spectrum was
collected using a proton decoupled cross-polarization magic angle spinning experiment
(CPMAS). The cross-polarization contact time was set to 3.0 ms. A proton decoupling
field of approximately 70 kHz was applied. The number of scans was adjusted to obtain
adequate S/N. The recycle delay was adjusted approximately to 1.5 times the proton
longitudinal relaxation time calculated based on proton detected proton inversion
recovery relaxation experiment. The nitrogen spectrum was referenced using an
external standard of crystalline D,L-alanine, setting its resonance to -331.5 ppm.

Crystalline forms can also be characterized using Raman spectroscopy. For
example, Form XXV of Compound 1 was characterized using Raman spectroscopy as
follows. The Raman spectra were collected using a ThermoNicolet 960 FT-Raman
spectrometer equipped with a 1064 nm NdYAG laser and InGaAs detector. Samples
were analyzed in NMR tubes. The spectra were collected using 1W of laser power and
100 co-added scans. The collection range was 3700-100cm™. Peaks were identified
using the ThermoNicolet Omnic 6.0a software peak picking -algorithm using a sensitivity
setting of 70 and an intensity threshold of 0.4. All spectra were recorded using 4 cm™
resolution and Happ-Genzel apodization. Wavelength calibration was performed using
polystyrene.

The solid forms of the present invention may also comprise more than one
polymorphic form. One of skill in the art will also recognize that crystalline forms of a
given compound can exist in substantially pure forms of a single polymorph, but can
also exist in a crystalline form that comprises two or more different polymorphs or
amoerphous forms. Where a solid form comprises two or more polymorphs, the X-ray
diffraction pattern will have peaks characteristic of each of the individual polymorphs of
the present invention. For example, a solid form that comprises two polymorphs will
have a powder X-ray diffraction patiern that is a convolution of the two X-ray diffraction
patterns that correspond to the substantially pure polymorphic forms. For example, a
solid form of Compound 1 can contain a first and second polymorphic form where the
solid form contains at least 10% by weight of the first polymorph. In a further example,
the solid form contains at least 20% by weight of the first polymorph. Even further
examples contain at least 30%, at least 40%, or at least 50% by weight of the fist
polymorph. One of skill in the art will recognize that many such combinations of several
individual polymorphs and amorphous forms in varying amounts are possible.
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A. Polymorph Form XXV
Crystalline Form XXV of Compound 1 is an anhydrous crystalline form that can

be produced as described in Example 1. Form XXV has several unexpected
advantages over previously discovered crystaliine forms of Compound 4. For example,
although Form XL! described herein is the most thermodynamically stable crystalline
form of Compound 1 under processing and storage conditions, Form XXV is more
thermodynamically stable than previously discovered crystalline forms of Compound 1
(based on density, heat of fusion, and solubility). In addition, when compared to Form
IV (previously identified as the most suitable polymorphic form of Compound 1 for a
pharmaceutical formulation — see U.S. Application Publication No. 2006-0094763), Form
XXV has improved photo stability, has a more regular crystalline shape, does not have a
tendency to form agglomerates, has better bulk flow properties, and does not adhere to
in-tank probes. Such improved properties are important for better tablet processing and
manufacturing. Furthermore, during a recent manufacturing procedure, it took 26 hours
to filter the Form [V batch, and only 4 hours to filter the Form XXV batch, which was of
comparable size using the same filter/dryer equipment. Finally, the process for
preparing Form XXV can utilize ethanol, whereas the process for preparing Form IV
uses n-heptane. As will be appreciated by those of skill in the art, the use of ethanol
instead of n-heptane can have several significant advantages, including: ethanol does
not hold static charge similar to n-heptane (i.e. build-up of static charge is a safety
concern due to potential for fire, therefore a special equipment configuration to improve
grounding is needed when processing with heptane); processing with heptane can not
be done in glass-lined vessels because of static dissipation issues; heptane has a flash
point of -4 °C versus 13 °C for ethanol; heptane has an R50/53 risk phrase (indicating
very toxic to aquatic organisms, and may cause long-term adverse effects in the aquatic
environment) while ethanol does not contain this risk.

Crystalline Form XXV of Compound 1 was characterized by the PXRD pattern
shown in Figure 1. The PXRD paitern of Form XXV, expressed in terms of the degree
(26) and relative intensities with a relative intensity of = 2.0%, measured on a Bruker
D5000 diffractometer with CuKa radiation, is also shown in Table 1.

Table 1
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Angle Relative Intensity’
(Degree 26) (22.0%)
29.0 9.2
29.6 9.5
29.8 7.6
304 95
30.8 5.8
314 3.6
31.8 8.3
32.1 5.1
325 3.6
33.1 7.3
33.9 3.7
34.3 7.4
34.8 3.5
35.5 34
36.1 5.7
36.9 8.4
37.3 4.0
37.7 3.0
38.5 6.5
38.6 6.3
39.1 2.8
39.6 2.3

*The relative intensities may change depending on the crystal size and
morphology.

Crystalline Form XXV of Compound 1 was also characterized by the solid state
NMR spectral pattern shown in Figure 2, carried out on a Bruker-Biospin 4 mm BL
CPMAS probe positioned into a wide-bore Bruker-Biospin Avance DSX 500 MHz NMR
spectrometer. The **C chemical shifts of Form XXV of Compound 1 are shown in Table
2.
Table 2
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8C Chemical Shifts® Intensity®

[ppm]

167.4 3.7
157.7 5.1
149.1 2.7
145.0 52
144 4 4.6
140.7 4.6
139.4 3.3
129.7 6.5
128.8 12.0
127.4 8.0
123.5 5.8
120.5 7.6
116.6 3.4
25.6 4.7

(a) Referenced to external sample of solid phase
adamantane at 29.5 ppm.

(b) Defined as peak heights. Infensities can vary
depending on the actual setup of the CPMAS
experimental parameters and the thermal history of
the sample. CPMAS intensities are not necessarily
quantitative.

Crystalline Form XXV of Compound 1 was also characterized by the following
Raman spectral pattern, provided in Figure 3, carried out on a ThermoNicolet 960 FT-
Raman Spectrometer equipped with a 1064 nm NdYAG laser and InGaAs detector. The
Raman spectral peaks of Form XXV of Compound 1 are shown in Table 3.

Table 3

Wavenumber (cm™)

3068
1637
1587
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Wavenumber (cm™)

1560
1496
1476
1456
1431
1416
1373
1351
1303
1288
1260
1238
1213
1166
1150
1138
1098
1064
990
962
978
866
853
822
766
690
474
244

B. Polymorph Form XVi
Crystalline Form XVI of Compound 1 is a solvate form that can be produced as

described in Example 1.
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Table 4
Angle Relative [ntensity”
(Degree 26) (26.0%)
5.8 11.7
9.1 13.7
10.2 26.0
10.6 31.3
11.9 100.0
13.2 11.9
14.4 6.7
15.2 16.2
15.7 10.6
16.8 38.0
17.9 27.9
18.2 27.0
19.7 60.3
20.6 24.9
21.2 17.7
21.7 214
23.2 22.5
241 26.3
254 60.0
259 40.6
27.2 16.5
28.0 23.4
29.0 12.7
29.8 10.4
31.1 16.5
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“The relative intensities may change depending on the crystal size and
morphology.
C. Polymorph Form VIl

Crystalline Form V1li of Compound 1 is a solvate form that can be produced as
described in Example 1. Form VIl can also be produced as described in U.S.
Application Publication No. 2006-0094763.

Crystalline Form VIII of Compound 1 was characterized by the PXRD pattern

" shown in Figure 5. The PXRD pattern of Form VIII, expressed in terms of the degree
(26) and relative intensities with a relative intensity of = 2.0%, measured on a Bruker

D5000 diffractometer with CuKe radiation, is also shown in Table 5.

Table 5
Angle . Relative intensity”
(Degree 26) (22.0%)
10.7 100.0
12.3 2.4
13.2 3.0
15.7 13.4
16.3 3.2
16.6 4.8
18.0 10.8
19.3 7.3
20.0 10.2
20.3 16.3
20.7 4.7
211 8.9
21.8 11.3
22.0 12,7
22.6 9.2
23.6 4.0
24.4 21.7
25.2 5.6
25.8 -49.8
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Angle Relative Intensity

(Degree 20) (22.0%)
26.5 4.1
27.9 7.0
28.5 3.1
29.2 3.5
30.0 2.9
31.1 10.4
31.8 5.9
32.7 2.7

*The relative intensities may change depending on the crystal size and
morphology.
D. Polymorph Form XL}
Crystalline Form XLI of Compound 1 is an anhydrous crystaltine form that can be

produced as described in Example 1. Form XLI has several unexpected advantages
over previously discovered crystalline forms of Compound 1. For example, Form XL is
the most thermodynamically stable polymorphic form (based on density, heat of fusion,
and solubility) known of Compound 1. In addition, when compared to Form IV
(previously identified as the most suitable polymorphic form of Compound 1 for a
pharmaceutical formulation - see U.S. Application Publication No. 2006-0094763), Form
XLI has improved photo stability, has a more regular crystalline shape, does not have a
tendency to form agglomerates, has better bulk flow properties, and does not adhere to
in-tank probes. Such improved properties are important for better tablet processing and
manufacturing. Since Form XLI has a more regular crystalline shape and forms larger
crystals than Form 1V, the filtration rate and cake wash rate are improved for Form XLl
compared to Form IV. Finally, the process for preparing Form XLI can utilize ethanol,
whereas the process for preparing Form IV uses n-heptane. As will be appreciated by
those of skill in the art, the use of ethanol instead of n-heptane can have several
significant advantages, including: ethanol does not hold static charge similar to n-
heptane (i.e. build-up of static charge is a safety concern due to potential for fire,
therefore a special equipment configuration fo improve grounding is needed when
processing with heptane); processing with heptane can not be done in glass-lined
vessels because of static dissipation issues; heptane has a flash point of -4 °C versus
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D5000 diffractometer with CuKe radiation, is also shown in Table 6.

Table 6
Angle Relative Intensity
(Degree 28) (22.0%)
6.0 15.1
11.5 14.6
11.9 ) 100.0
12.5 3.1
12.9 3.3
14.9 7.7
15.6 8.9
16.2 8.7
16.5 3.6
17.9 5.1
19.9 4.3
20.7 6.8
21.0 12.5
21.6 . 6.3
22.4 2.6
22.8 11.4
23.1 12.8
24.2 2.6
24.5 3.2
25.0 3.2
25.3 3.9
25.6 4.1




Raman spectral pattern, provided in Figure 9, carried out on a

Ther noNi col et 960 FT- Raman Spectroneter equi pped with a 1064 nm NdYAG
| aser and WwoGRRa24ed ector. The Raman spectral peaks of prqfiifaiéhoosh
Compound 1 are shown in Table 9. Table 9 Wvenunber (cml) 3084 3060
3029 2934 1671 1648 1589 1564 15@3-1468 1434 1411 1341 1299 1271 1261
1235 1199

Angle Relative Intensity
(Degree 26) (22.0%)

25.9 6.1

26.4 3.2

26.9 11.7
27.7 3.7

28.0 3.7

28,1 3.9
28.5 28
29.9 2.1

30.9 2.6
31.5 4.6
329 2.7
33.2 4.0
348 2.3
35.0 3.7
36.1 2.7

*The relative intensities may change depending on the crystal size and
morphology. |

Crystalline Form XL1 of Compound 1 was also characterized by the solid state

NMR spectral pattern shown in Figure 7, carried out on a Bruker-Biospin 4 mm BL

CPMAS probe positioned into a wide-bore Bruker-Biospin Avance DSX 500 MHz NMR

spectrometer. The *C chemical shifts of Form XL! of Compound 21 are shown in Table

7.
Table 7
BC Chemical Shifts® Intensity®

[ppm]

169.9 6.56
154.6 7.94
150.1 4.87
142.4 11.18
141.1 7.74
136.6 7.39
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136.0 7.27
135.0 7.88
133.5 8.23
132.0 6.34
129.6 7.09
128.7 717
127.7 7.64
126.0 8.6
123.5 12

121.2 7.63
119.6 6.53
116.9 578
27.5 8.63

(a) Referenced to external sample of solid phase
adamantane at 29.5 ppm.

(b) Defined as peak heights. Intensities can vary
depending on the actual setup of the CPMAS
experimental parameters and the thermal history of
the sample. CPMAS intensities are not necessarily
quantitative.

Crystalline Form XLI of Compound 1 was also characterized by the solid state

NMR spectral pattern shown in Figure 8, carried out on Bruker-Biospin 4 mm BL
CPMAS probe positioned into a wide-bore Bruker-Biospin Avance DSX 500 MHz NMR
spectrometer. The "*N chemical shifts of Form XL of Compound 1 are shown in Table
8.

Table 8
[ppm]
-50.2 2.96
-79.0 2.34
-187.1 6.98
-263.2 12
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7.7 3fRagngn gpectral pattern, provide igure 9, carried out on a ThermoNicol
Raman Spectrometer equipped with a 1064 nm NdYAG laser and InGaAs detector. The
Raman spectral peaks of Form XLI of Compound 1 are shown in Table 9.

Table 9

Wavenumber (cm™)
3084
3060
3029
2934
1671
1648
1589
1564
1503
1468
1434
1411
1341
1299
1271
1261
1235
1199
1166
1157
1136
1101
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Wavenumber (cm™)
995
973
028
875
854
835
821
761
715
693
646
631
525
448
420
400
359
315
276
245
224
184
149
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E. Polymorph Form [X

Crystalline Form 1X of Compound 1 is a hydrate crystalline form that can be
produced as described in Example 2. Crystalline Form 1X of Compound 1 is a preferred
form for development of aqueous-based pharmaceutical formulations. Crystalline Form
IX of Compound 1 is more stable than Form IV in aqueous-based pharmaceutical
formulations, since, as shown in Example 2, Form IV may convert to Form IX in an
aqueous environment. Hydrates typically have lower solubility in water versus
anhydrous forms. This may be advantageous in the development of conifrolled or
sustained-release pharmaceutical preparations.

Crystalfine Form IX of Compound 1 was characterized by the PXRD pattem
shown in Figure 10. The PXRD pattern of Form IX, expressed in terms of the degree
(20) and relative intensities with a relative intensity of 2 2.0%, measured on a Bruker

D5000 diffractometer with CuKe radiation, is also shown in Table 10.

Table 10
Angle Relative Intensity
(Degree 26) (22.0%)

7.7 30.5
8.1 78.1
8.5 247
12.5 4.5
13.0 7.1

13.4 9.3
14.0 9.0

14.4 12.8
14.8 28.7
15.3 69.9
15.9 37.6
16.3 6.6
16.6 6.3

17.3 8.7
18.3 46.6
18.7 50.3
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Angle Relative Intensity”
(Degree 26) (22.0%)
20.2 14
21.0 46.1
21.3 53.0
21.9 14.5
224 19.8
23.1 354
241 21.4
246 100.0
257 29.6
26.1 9.0
26.5 8.5
27.5 17.3
28.0 14.2
28.2 19.4
286 9.9
30.0 33.0
30.4 16.3
31.2 7.8
31.6 13.9
32.2 28.9
32.7 14.8
33.4 7.9
34.2 7.2
34.5 7.2
35.2 8.7
37.0 10.3
38.0 6.6
30.6 6.7

“The relative intensities may change depending on the crystal size and

morphology.
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Crystalline Form |X of Compound 1 was also characterized by the solid state
NMR spectral pattern shown in Figure 11, carried out on a Bruker-Biospin 4 mm BL
CPMAS probe positioned into a wide-bore Bruker-Biospin Avance DSX 500 MHz NMR
spectrometer. The "*C chemical shifts of Form IX of Compound 1 are shown in Table

11.
Table 11
3C Chemical Shifts? Intensity®

[ppm]
171.4 6.1
153.6 7.4
148.8 2.5

- 143.6 9.1
143.0 9.0
141.9 7.5
138.1 2.2
1315 12
127.9 12
126.5 9.2
124.9 3.1
123.4 8.7
1221 10.0
119.5 4.3
28.0 6.9

(c) Referenced to external sample of solid phase
adamantane at 29.5 ppm.

(d) Defined as peak heights. Intensities can vary
depending on the actual setup of the CPMAS
experimental parameters and the thermal history of
the sample. CPMAS intensities are not necessarily
quantitative.

E. Polymorph Form XII

Crystalline Form XIl of Compound 1 is an ethanol solvate crystalline form that
can be produced as described in Example 3.

Crystalline Form Xl of Compound 1 was characterized by the PXRD paitern
shown in Figure 12. The PXRD pattern of Form IX, expressed in terms of the degree
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Bruker - Bi ospi n Avance DSX 500 MHz ,NMR spectroneter. The 13C cheni cal
shifts of FormIX of Conmpound 1 are shown in Table 11. Table 11 13C
Chem cal Shifts' [PPITi] I ntensityb 171.4 6.1 153.6 7.4 148.8 2.5

143. 6(2B) lant¥bl&tive intensities with a relative intensity of = 2.0%, measured on a Bruker
D5000 diffractometer with CuKa radiation, is also shown in Table 12.

Table 12
Angle Relative Intensity
{Degree 26) (22.0%)
91 74
9.6 5.5
10.3 9.2
11.9 100
13.2 7.9
14.5 5.7
16.8 43.8
17.8 27.2
18.1 18.7
19.6 57.7
20.7 16.4
21.7 14.7
23.2 16.5
24.0 25.9
25.3 51.3
25.9 26.4
28.1 25.9
29.7 7.1
31.2 12.9
32.0 6.8
33.1 8
33.7 8.3
34.5 6.9
36.4 7.7
36.9 6.5
37.3 55
38.9 5.3
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Angle Relative Intensity’
(Degree 26) (22.0%)
39.3 3.9

*The relative intensities may change depending on the crystal size and
morphology.
F. Polymorph Form XV

Crystalline Form XV of Compound 1 is an ethanol solvate crystalline form that
can be produced as described in Example 4.

Crystalline Form XV of Compound 1 was characterized by the PXRD pattern
shown in Figure 13. The PXRD pattern of Form XV, expressed in terms of the degree
(20) and relative intensities with a relative intensity of 2 2.0%, measured on a Bruker

D5000 diffractometer with CuKo. radiation, is also shown in Table 14.

Table 14
Angle - Relative Intensity
(Degree 26) (22.0%)
5.3 30.7
7.6 32.8
9.2 31.5
10.1 100.0
10.7 32.8
11.9 36.5
12.6 27.5
15.2 61.3
15.9 50.8
16.8 29.6
17.7 24.9
18.3 291
19.5 33.0
20.1 36.5
211 27.8
21.5 91.9
23.9 32.8
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Compound 1 is an ethanol solvate crystalline formthat can be
produced as described in Exanple 3. Crystalline Form Xl | of

Conpound 1 was charact Angleed by I he PXRRelmweemﬁenSInom in Figure 12.
The PXRD pattern of Form |

X expressed inte of thel degree WO

2008/ 122858PCT/ H320081808%7799) - 41| - (20) and=Pd 1 ve ifntensi ties with
a relative fnrensity ofosy 0% measured on a Bggker D5000
diffractometer with CuKa radiatibn_is also shown in Table 12. Table
12 Angle (|Degree 20) R&.&tive Iphtensity* (2389 9.1 7,4 9.6 5.5 10.3
9.2 11.9 26.3 194

29.6 27.1 -

30.7 25.3

31.3 211

33.5 15.8

34.4 16.7

*The relative intensities may change depending on the crystal size and
morphology.
G. Amorphous Form

An amorphous form of Compound 1 can be produced as described in Example 5.
An amorphous form can also be produced as described in WIPO International
Publication No. WO 2006/123223.

The amorphous form of Compound 1 was characterized by the PXRD patiern
shown in Figures 14 and 15, measured on a Bruker D5000 diffractometer with CuKe.
radiation.

The amorphous form of Compound 1 was also characterized by the solid state
NMR spectral pattern shown in Figure 16, carried out on a Bruker-Biospin 4 mm BL
CPMAS probe positioned into a wide-bore Bruker-Biospin Avance DSX 500 MHz NMR

spectrometer. The 3¢ chemical shifts of an amorphous form of Compeund 1 are shown

in Table 15.
Table 15
3C Chemical Shifis® Intensity”

[ppm]

169.9 1.43
155.4 2.05
149.6 2.74
142.8 6.36
136.6 5.21
129.1 12
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122.2 11.34
27.3 4.62

(e) Referenced to external sample of solid phase
adamantane at 29.5 ppm.

(f) Defined as peak heights. Intensities can vary
depending on the actual setup of the CPMAS
experimental parameters and the thermal history of
the sample. CPMAS intensities are not necessarily
quantitative. '

il. Pharmaceutical Compositions of the Invention

The active agents (i.e., the polymorphs, or solid forms comprising two or more
such polymorphs, of Compound 1 described herein or in U.S. Application No. 2006-
0094763) of the invention may be formulated into pharmaceutical compositions suitable
for mammalian medical use. Any suitable route of administration may be employed for
providing a patient with an effective dosage of any of the polymorphic forms of
Compound 1. For example, peroral or parenteral formulations and the like may be
employed. Dosage forms include capsules, tablets, dispersions, suspensions and the
like, e.g. enteric-coated capsules and/or tablets, capsules and/or tablets containing
enteric-coated pellets of Compound 1. In all dosage forms, polymorphic forms of
Compound 1 can be admixtured with other suitable constituents. The compositions may
be conveniently presented in unit dosage forms, and prepared by any methods known in
the pharmaceutical arts. Pharmaceutical compositions of the invention comprise a
therapeutically effective amount of the active agent and one or more inert,
pharmaceutically acceptable carriers, and optionally any other therapeutic ingredients,
stabilizers, or the like. The carrier{s) must be pharmaceutically acceptable in the sense
of being compatible with the other ingredients of the formulation and not unduly
deleterious fo the recipient thereof, The compositions may further include diluents,
buffers, binders, disintegrants, thickeners, Ilubricants, preservatives (including
antioxidants), flavoring agents, taste-masking agents, inorganic salts (e.g., sodium
chloride), antimicrobial agents (e.g., benzalkonium chloride), swesteners, antistatic
agents, surfactants (e.g., polysorbates such as “TWEEN 20" and “TWEEN 80", and
pluronics such as F68 and F88, available from BASF), sorbitan esters, lipids (e.g.,
phospholipids such as lecithin and other phosphatidylcholines,
phosphatidylethanolamines, fatty acids and fatty esters, steroids (e.g., cholesterol)), and
chelating agents (e.g., EDTA, zinc and other such suitable cations). Other
pharmaceutical excipients and/or additives suitable for use in the compositions
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according to the invention are listed in Remington: The Science & Practice of Pharmacy,
19" ed., Williams & Williams, (1995), and in the “Physician’s Desk Reference”, 52" ed.,
Medical Economics, Montvale, NJ (1998), and in Handbook of Pharmaceutical

Excipients, 3. Ed., Ed. A.H. Kibbe, Pharmaceutical Press, 2000. The active agents of
the invention may be formulated in compositions including those suitable for oral, rectal,
topical, nasal, ophthalmic, or parenteral (including intraperitoneal, intravenous,
subcutaneous, or intramuscular injection) administration.

The amount of the active agent in the formulation will vary depending upon a
variety of factors, including dosage form, the condition to be treated, target patient
population, and other considerations, and will generally be readily determined by one
skilled in the art. A therapeutically effective amount will be an amount necessary to
modulate, regulate, or inhibit a protein kinase. In practice, this will vary widely
depending upon the particular active agent, the severity of the condition to be treated,
the patient population, the stability of the formulation, and the like. Compositions wil
generally contain anywhere from about 0.001% by weight to about 99% by weight active
agent, preferably from about 0.01% to about 5% by weight active agent, and more
preferably from about 0.01% fo 2% by weight active agent, and will also depend upor
the relative amounts of excipients/additives contained in the composition.

A pharmaceutical composition of the invention is administered in conventiona
dosage form prepared by combining a therapeutically effective amount of an active
agent as an active ingredient with one or more appropriate pharmaceutical carriers
according to conventional procedures. These procedures may involve mixing

~ granulating and compressing or dissolving the ingredients as appropriate to the desirec
preparation.

The pharmaceutical carrier(s) employed may be either solid or liquid. Exemplan
solid carriers include lactose, sucrose, talc, gelatin, agar, pectin, acacia, magnesiun
stearate, stearic acid and the like. Exemplary liquid carriers include syrup, peanut oil
ofive oil, water and the like. Similarly, the carrier(s) may include time-delay or time
release materials known in the art, such as glyceryl monostearate or glycery! distearate
alone or with a wax, ethylcelluicse, hydroxypropylmethylcellulose, methylmethacrylai
and the like.

A variety of phérmaceutical forms can be employed. Thus, if a solid carrier i
used, the preparation can be tableted, placed in a hard gelatin capsule in powder o
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Rel at h @ atdticANRint e inl #é 18/ oP syrup, emulsion, soft gelatin capsule, sterile injectable
solution or suspension in an ampoule or vial or non-aqueous liquid suspension.

To obtain a stable water-soluble dose form, a pharmaceutically acceptable salt of
an active agent can be dissolved in an aqueous solution of an organic or inorganic acid,
such as 0.3 M solution of succinic acid or cifric acid. If a soluble salt form is not
available, the active agent may be dissolved in a suitable co-solvent or combinations of
co-solvents. Examples of suitable co-solvents include, but are not limited to, alcohol,
propylene glycol, polyethylene glycol 300, polysorbate 80, gylcerin and the like in
concentrations ranging from 0-60% of the total volume. The composition may also be in
the form of a solution of a salt form of the active agent in an appropriate aqueous
vehicle such as water or isotonic saline or dextrose solution.

It will be appreciated that the actual dosages of Compound 1 used in the
compositions of this invention will vary according to the particular polymorphic form
being used, the particular composition formulated, the mode of administration and the
particular site, host and disease being treated. Those skilled in the art using
conventional dosage-determination tests in view of the experimental data for an agent
can ascertain optimal dosages for a given set of conditions. For oral administration, an
exemplary daily dose generally employed is from about 0.001 to about 1000 mg/kg of
body weight, more preferably from about 0.001 to about 50 mg/kg body weight, with
courses of treatment repeated at appropriate intervals. Administration of prodrugs is
typically dosed at weight levels that are chemically equivalent to the weight levels of the
fully active form. In the practice of the invention, the most suitable route of
administration as well as the magnitude of a therapeutic dose will depend on the nature
and severity of the disease fo be treated. The dose, and dose frequency, may also vary
according to the age, body weight, and response of the individual patient. In general, a
suitable oral dosage form may cover a dose range from 0.5 mg to 100 mg of active
ingredient total daily dose, administered in one single dose or equally divided doses. A
preferred amount of Compound 1 in such formulations is from about 0.5 mg to about 20
mg, such as from about 1 mg to about 10 mg or from about 1 mg to about 5 mg.

The compaositions of the invention may be manufactured in manners generally

known for preparing pharmaceutical compositions, e.g., using conventional techniques
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such as mixing, dissolving, granulating, dragee-making, levigating, emulsifying,
encapsulating, entrapping or lyophilizing. Pharmaceutical compositions may be
formulated in a conventional manner using one or more physiologically acceptable
carriers, which may be selected from excipients and auxiliaries that facilitate processing
of the active compounds into preparations that can be used pharmaceutically.

For oral administration, a polymorphic form of Compound 1 can be formulated
readily by combining the active agent with pharmaceutically acceptable carriers known
in the art. Such carriers enable the compounds of the invention to be formulated as
tablets, pills, dragees, capsules, gels, syrups, slurries, suspensions and the like, for oral
ingestion by a patient to be treated. Pharmaceutical preparations for oral use can be
obtained using a solid excipient in admixture with the active agent, optionally grinding
the resulting mixture, and processing the mixture of granules afier adding suitable
auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients include:
filers such as sugars, including lactose, sucrose, mannitol, or sorbitol; and cellulose

~ preparations, for example, maize starch, wheat starch, rice starch, potato starch, gelatin,
gum, methyl cellulose, hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose,
or polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added, such as
crosslinked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium
alginate.

Dragee cores are provided with suitable coatings. For this purpose, concentrated
sugar solutions may be used, which may optionally contain gum arabic, polyvinyl
pyrro[idoné, Carbopol gel, polyethylene glycol, and/or {itanium dioxide, lacquer solutions,
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added
to the tablets or dragee coatings for identification or fo characterize different
combinations of active agents.

Pharmaceutical preparations that can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such
as glycerol or sorbitol. The push-fit capsules can contain the active ingredients in
admixture with fillers such as lactose, binders such as starches, and/or lubricants such
as talc or magnesium stearate, and, optionally, stabilizers. In soft capsules, the active
agents may be dissolved or suspended in suitable liquids, such as fatty oils, liquid
paraffin, or liquid polyethylene glycols. In addition, stabilizers may be added. All
formulations for oral administration should be in dosages suitable for such



29.1 19.5 33.9 20.1 36.5 21.1 27.8 21.5 91.9 23.9 32.8 WO
2008/ 122858PCT/ | B2008/ 000792 - 43 - Angle (Degree 20) Rel ative

| nt ensi ty*w&zoo%n%%s 25.0 53.8 25.3 38.2 PCT/IB2008/000792

-48-

administration. For buccal adminisiration, the compositions may take the form of tablets
or lozenges formulated in conventional manner.

For adminisiration to the eye, the active agent is delivered in a pharmaceutically
acceptable ophthalmic vehicle such that the compound is maintained in contact with the
ocular surface for a sufficient time period to allow the compound to peneirate the
comeal and internal regions of the eye, including, for example, the anterior chamber,
posterior chamber, vitreous body, aqueous humor, vitreous humor, cornea, iris/cilary,
lens, choroid/retina and selera. The pharmaceutically acceptable ophthalmic vehicle
may be, for example, an ointiment, vegetable oil, or an encapsulating material. An active
agent of the invention may also be injected directly into the vitreous and aqueous humor
or subtenon. |

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

In addition to the formulations described above, the polymorphic forms' may also
be formulated as a depot preparation. Such long-acting formulations may be
administered by implantation (for example, subcutaneously or intramuscuiarly) or by
intramuscular injection. Thus, for example, the polymorphic forms may be formulated
with suitable polymeric or hydrophobic materials (for example, as an emulsion in an
acceptable oil) or ion-exchange resins, or as sparingly soluble derivatives, for example,
as a sparingly soluble salt,

Additionally, polymorphic forms of Compound 1 may he delivered using a
sustained-release system, such as semipermeable matrices of solid hydrophobic
polymers containing the therapeutic agent. Various sustained-release materials have
been established and are known by those skilled in the art. Sustained-release capsules
may, depending on their chemical nature, release the compound for a few weeks up to
over 100 days.

The pharmaceutical compositions also may comprise suitable solid- or gel-phase
carriers or excipients. Examples of such carriers or excipients include calcium
carbonate, calcium phosphate, sugars, starches, cellulose derivatives, gelatin, and
polymers such as polyethylene glycols.
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[ PPni §,;dhnA& sd fividB9sdbciated with VEGF, FGF, CDK complexes, TEK, CHK1,-LCK,
FAK, and phosphorylase kinase among others, thus providing treatments for cancer or
other diseases associated with cellular proliferation mediated by protein kinases in
mammals, including humans.

Therapeutically effective amounts of'Compound 1 may be administered, typically
in the form of a pharmaceutical composition, to treat diseases mediated by modulation
or regulation of protein kinases. An "effective amount" is intended to mean that amount
of an agent that, when administered to @ mammal in need of such treatment, is sufficient
to effect treatment for a disease mediated by the activity of one or more protein kinases,
such as tyrosine kinases. Thus, a therapeutically effective amount of Compound 1 is a
quantity sufficient to modulate, regulate, or inhibit the activity of one or more protein
kinases such that a disease condition that is mediated by that activity is reduced or
alleviated. "Treating” is intended to mean at least the mitigation of a disease condition
in a mammal, such as a human, that is affected, at least in part, by the activity of one or
more protein kinases, such as tyrosine kinases, and includes: preventing the disease
condition from occurring in 2 mammal, particularly when the mammal is found to be
predisposed to having the disease condition but has not yet been diagnosed as having
it; modulating and/or inhibiting the disease condition; and/or alleviating the disease
condition. Exemplary disease conditions include diabetic retinopathy, neovascular
glaucoma, rheumatoid arthritis, psoriasis, age-related macular degeneration (AMD), and
abnormal cell growth, such as cancer.

In one embodiment of this method, the abnormal cell growth is cancer, including,
but not limited to, mesothelioma, hepatobiiliary (hepatic and billiary duct), a primary or
secondary CNS tumor, a primary or secondary brain tumor, iung cancer (NSCLC and
SCLC), bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck,
cutaneous or intraocular melanoma, ovarian cancer, colon cancer, rectal cancer, cancer
of the anal region, stomach cancer, gastrointestinal (gastric, colorectal, and duodenal),
breast cancer, uterine cancer, carcinoma of the fallopian tubes, carcinoma of the

endometrium, carcinoma of the cervix, carcinoma of the vagina, carcinoma of the vulva,
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This invention also relates to a method for the treatment of abnormal cell growth in
a mammal which comprises administering fo said mammal an amount of a polymorphic
form of Compound 1 that is effective in treating abnormal cell growth in combination with
an anti-tumor agent selected from the group consisting of mitotic inhibitors, alkylating
agents, anti-metabolites, intercalating antibiotics, growth factor inhibitors, cell cycle
inhibitors, enzymes, topoisomerase inhibitors, biclogical response modifiers, antibodies,

cytotbxics, anti-hormones, and anti-androgens.

! Examples
The examples which follow will further illustrate the preparation of the distinct

polymorphic forms of the invention, i.e. polymorphic Forms XXV and XVI of Compound
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c) Prepasaitwas sddddouny MgV of crude FOBMPBANY 1 Sardh 48NDY 8f G&6propancl. The
suspension was heated {0 a temperature of 50 to 70 °C and held for 3 hours. After this
time, the suspension was cocled to ambient conditions and filtered to isolate the solids.



The slurry was then sanpled to ensure that conversion to Form XXV was
conpleted. If conversion is inconplete an ethanol solvate nmay be
present Wy 2609/189836XV. | f conversion is not conplete, epRikidRi00792
heating for at |east another 8 hours. Once the conversion was

conpl ete after about 24 hours, thd&4reaction nmixture was cool ed down
to 15-25C. The slurry was then stirred for at |least 1 hour at
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crystal s wehant hRnot Takging12 Ga, b .(Réparedi varhefdre) IV cagt melioadsd éb the
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inth flux (target 79C, set jackets
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for at |eastrearhtionm of F there is a strong correlati on between

hi gh t

Comver st oo Forlx'i§ RREE im St XSk TRiE coAO@BLPA, Form IV as
sol ubifbiidws: If]fcmﬁ ;e\d w&dotaﬁdéh\a(ﬂ @} tPac: anﬂopnmpaﬁ?ﬂ:métgr (rgugmm(ﬁe mbl Fohen
XVI input) aof solvent eatlve uti.ca 1 en S
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conpl et ed. conversion is inconplete an ethanol solvate may be
pr esen{acuumtlﬂ@r@lfmqme d@y.conversion is not conplete, continue

heat | le e hgsC &ﬂ!ﬁﬁc“ﬁérm Xl of
conpl %rﬁé etr3 abﬁ%p%?hg'urs r?%%?c gﬁhm%;tg'?w ool ed down
to 15-@émpound1 The slurry vvas then stirred for at least 1 hour at
anbi ent conditigps. The nat t hen E#ﬂt ered, and {
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for a m ni num of hours. Form XLI crystals were then isal ated 11.4

kg, 96%@)itel @manq:tdﬂao xol). wae %Mé‘i’%W@ﬁlhﬁ@E?do?n@ﬂmeﬁﬁé 400t fgr Svgheurs,
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Al tern was prepar w thout seed crystals as
foll ovdrledTmcmrve&sﬂh aslvé5°@cﬂ:d‘dtlreecﬂ}aysg of crude Conpound 1 and 40 L of

and habRRBle 4o BFSParARn, A Sl er{zﬁeggbig"ﬁgf‘bﬁ&%&?c el of

anbi ent okl Pns and f| I tered to isolate the solids.

Form XV is an ethanol solvate polymorphic form of Compound 1 that can be
prepared from Form XVI as follows. Form XV (as prepared in Example 1) was added (1



Form XIl is an ethanol solvate pol ynorphic form of Conpound 1 that
can be prepared from Form XVl as follows. Form XVl (as prepared in

Exampl e 1woamsasdsd (1 g) to ethanol (100 ml). The solpdrhRhodes7oz
heated and stirred at 40C for two hours, then allowed to cool to 25C.

The suspension was filtered, washed with ethanol and dried under
vacuum at 45C for three days. Exanple 4: Preparation and
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(450 MHC9ERICSITVF ISP RAADINERE: t enperature for one hour. The
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Manuf act uri ng [tration Tinme of Form XLI ahd Form XXV over Form
SO standard) The samples were exposed to artificial light equivalent fo the

International Conference on Harmonization (ICH) Guidelines for Photostability Testing of
New Drug Substances, Option 1 exposure. The resulting data are tabulated below:
Photochemical Stability under 1X ICH Option 1 light exposure:

Potency (wt/wt%) after light exposure
Form XXV 100%
Form XL] 89%
Form IV 34%




A conparison of the manufacturing filtration times of Form XLI, Form
XXV, and Form |V was perforned. The resulting data shows a

si gni fi carbobdiphdgent in filtration tinmes of Form XLlpc@gghohdodoXXV
relative to Form1V. This nay be ?ﬁ tributable to a reduced tendency
for particle aggloneration of For 8V and Form XL!. This i npr ovemnent
results in a significant tine reduction to filter the final product,
whi ch g i g

pr ocese ibiea; MaRLButhngRiERRIn P B9Rqli X! A B XG0 By orm
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f fil
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F XLI E . 4.0 F 1 V. .25.9 the i nvention
has been i Ma<erdie: daf rofm(é{gﬁ@aif%ants'awrereem'frr?aéroartm@s of Form XL
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cryst ﬁawn%fqrdhermwuﬁacamn@pmMes ein said crystalli ne form has a

powder X-r ftern conprising a peak at diffraction
angl e (20) Ey?%%ﬁégéq further conprising at feast one peak at

di ffracti oAll #nrgbdaat(ﬂ{é)s sﬂ'ﬁi\n&cbadwf obaimil:émﬁra(ﬂeISk 202y §ald-ierdMiter& uring

0.1. 2. T Illnefr m_5, vvherernsardc;ystallrne
f or m AIEQU W?’Q}?“H& ﬁf%wlam patectlier dpmpi @rAgNa fifenrres and a
diffr ﬂﬁxt:ﬁuﬁnauf‘@b% €8k capaéityOof 4 hiferd1-A b&’ccﬂe§ﬂ\fér§%ﬂt§ eoouéﬂgd te sthf
crystalline form of claim5,” wherein said crystalline orm
powdePAMPMEAt.di ffracti on pattern conprising a peak at diffracti on
angle (20) of 11.9 0.1 and 21.0 er conprising at

gle "@B@j&?éé’ﬁ@

| east one peak at drffract#o d from22.8 0.1,

23.1 0.1 and 26.9 O0.1. 29 crystal 1neformof claimb5, V\/nerern
said crystalline form has 8”'5
orm!V 25.9

While the invention has been illustrated by reference to specific and preferred
embodiments, those skilled in the art will recognize that variations and modifications
may be made through routine experimentation and practice of the invention. Thus, the
invention is intended not to be fimited by the foregoing description, but to be defined by
the appended claims and their equivalents.



X-ray diffraction. pattern conprising a peak at diffraction angle (20)
of 11.5 0.1 and 15.6 0.1, and further conprising at |east one peak
at diffraction angle (28) selected from16.2 0.1 and 16.5 0.1. 5.
A crystalline form of
642- (et hyl car banoyl ) phenyl sul fany1] - 3- E.[ 2- (pyri di n-
2-ypet henyl ] i ndazol e, wherein said crystalline formis a
substantially pure polynorph of Form XLI. 6. The crystalline form of
claim5b, whéyeCmimai d crystalline formhas a solid state NVR spectrum
conprising |IaC chem cal shifts at 150.1 0.2, 136.6 0.2, and 135

2 ppm 116.9 0.2 and 27.5 0.2. 7. The crystalline formof claim
5, wherein daid mg/ayszblnh@e:rfngcrfﬂatms, whereintaid eﬁystamneitcofrmmgtaimder
pattern co ak. at diffractio e (28 0,01 -
5. ' ana 11, Bty diftadiRitieB rStbietcs peRc Al PiEedr sl Xl & 0 at e
NVR spectr urand@nrhermnmnﬂnﬁ@atlmal o pedk it diffrattiohSdhgle (28) 3elbidd 4ronb
0.2 ppm F-Ehéeoqrélquld wiqﬁéz)(bmoo{ claim 10, wherein said '

crystal line form-has ray ‘diffraction pattern conprising a
peak at diffracti.on angle (20) of 5.1 0.1. 9. The crystalline form

of claim S8, \Aherﬂtencrt,g}gu. & Yo olafhe 5f\9ﬁépe§a%iqa q@%ﬁ'}e‘“—r fgﬁ(’h“@% aany Agls

diffraction pattern urt er conpri srhg peé

(20) of 7. 9X-ray diffragdion pwem conta:eergGa nealaatcuﬂ%ctmncannle (28D of B0 + 0.1,
crystallineg ? Q. ‘Pfanﬁ t1hyl car banoyl ) phenyl sul fanyl ] -3-E-[ 2-~
(pyridin-2-yflethenyliinda zo[e wherein said crystalline formis a
substantially pure polynorph of Form XXV. 11. The crystalline form

of claim 105 whefp é@l\nﬁ%fdr%%f@llalnﬁB%Eé}éﬂ‘&ﬁﬁcr%tél%é @nﬁﬁgsﬁﬂt}@ez

spectrum conpri si ng emcal shifts at 167.4
116.6 0.2 &fay Qﬁfr@:tloo PatteigRomptising Brrealra) sifsadtion angler(BR)ost 1WiRE 115,

Form I X, whar@bnosebd, gﬁdﬁtﬁbt EdiRprisPighat st 6né)9<¥!1@£t cﬁtrréé%nddngl‘er (Qé)t ' on

pattern corrprlsmglg1 diffraction _angles (20
0.1, 8.5 0S4legipg e 3?8(5011 23113‘-'0‘115118 éPyst &ll1 i ne formof claim 15
wherein said crystal I ine formhas a solid state NVR spectrum

conprising 13C fts t 171. 4 2.and 28.0
59- 14. A %har elaneio 5 S 8nW%%WﬁrS@§t%sit!me ferrtw@aﬁmort@ertorm

of claim 1. X—r&ﬁdlffﬁadtlbwwﬁéﬂnldm prish@a0feak at diffraction angle (28) of 11.5 + 0.1

azol o, whor BT SRICE.Ay PRl B eori i L eaet Ao Pegk Hafpttnrapate tho) | ™

pol ynor ph oselédedfrond.16.2 + 0.1 and 16.5 = 0.1.

5. A crystalline form of 6-[2-(methylcarbamoyi) phenyls uifanyl}-3-E-[2-(pyridin-
2-yljethenyllindazole, wherein said crystalline form is a substantially pure
polymorph of Form XLI.

6. The crystalline form of claim 5, wherein said crystalline form has a solid
state NMR spectrum comprising °C chemical shifts at 150.1 + 0.2, 136.6 = 0.2,
and 135 £ 0.2 ppm, 116.9£0.2 and 27.51 0.2,

7. The crystalline form of claim 5, wherein said crystalline form has a powder
X-ray diffraction pattern comprising a peak at diffraction angle (20) of 6.0 + 0.1
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and 11.5 + 0.1 and wherein said crystalline form has a solid state NMR spectrum
comprising *C chemical shifts at 150.1 + 0.2 and 27.5 + 0.2 ppm.

8.  The crystalline form of claim 10, wherein said crystalline form has a
powder X-ray diffraction pattern comprising a peak at diffraction angle (28} of 5.1
% 0.1.

9. The crystalline form of ¢claim 8, wherein the crystalline form has a powder
X-ray diffraction pattern further comprising peaks at diffraction angles (20) of 7.9
£0.1,10.7 201, 16.8£ 0.1, and 26.2 £ 0.1.

10. A crystalline form of 6-2-{methylcarbamoyl}phenylsulfanyl]-3-E-[2-
(pyridin-2~ylethenyllindazole, wherein said crystalline form is a substantially pure
polymorph of Form XXV.

11.  The crystalline form of claim 10, wherein said crystalline form has a solid
state NMR spectrum comprising '°C chemical shifts at 167.4 % 0.2, 157.7 % 0.2,
116.6 £ 0.2 and 25.6 £ 0.2 ppm.

12. . The crystalline form of claim 15, Form IX, wherein said crystalline form
has a powder X-ray diffraction pattern comprising peaks at diffraction angles (26)
of 7.7+0.1,8.1%0.1,85x0.1 and 14.3 £ 0.1.

13.  The crystalline form of claim 15, wherein said crystalline form has a solid
state NMR spectrum comprising **C chemical shifts at 171.4 = 0.2 and 28.0 £ 0.2

ppm.
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14. A pharmaceutical composition comprising the crystalline form of
claim 1.

15. A crystalline form of 6-[2-(methylcarbamoyl)phenylsulfanyl]-3-E-{2-(pyridin-
2-ylethenyllindazole, wherein said crystalline form is a substantially pure
polymorph of Form IX.



