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NOVEL CRYSTALLINE FORMS OF {2-[1-(3,5-BIS-TRIFLUOROMETHYLBENZYL)-5-PYRIDIN-4-YL-1H-
[1,2,3]TRIAZOL-4-YL]-PYRIDIN-3-YL}-(2-CHLOROPHENYL)-METHANONE

(57) Abstract: The present invention provides novel crystalline forms of {2-[1-(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-
[1,2,3]triazol-4-yl]- pyridin-3-y1}-(2-chlorophenyl)-methanone, compositions thereof, intermediates thereof, methods of using the
same, processes for making the same, and processes for making intermediates thereof. X-16289
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NOVEL CRYSTALLINE FORMS OF {2-[1-(3,5-BIS-TRIFLUOROMETHYL-
BENZYL)-5-PYRIDIN-4-YL-1H-[1,2,3] TRIAZOL-4-YL]-PYRIDIN-3-YL}-(2-
CHLOROPHENYL)-METHANONE

The present invention relates to novel crystalline forms of {2-[1-(3,5-bis-
trifluoromethyl-benzyl)-5-pyridin-4-yl-1H-[ 1,2,3 triazol-4-yl]-pyridin-3-yl}-(2-
chlorophenyl)-inethanone, processes for their preparation and isolation, novel
intermediates, and pharmaceutical compositions comprising the crystalline forms of the
invention. In addition, the present invention provides methods for treating disorders
associated with an excess of tachykinins comprising administering to a patient in need

thereof an effective amount of a crystalline compound of the present invention.

BACKGROUND OF THE INVENTION |

The compound {2-[1-(3,5-bis-trifluoromethyl-benzyl)-5-pyridin-4-yl-1H-
[1,2,3]triazol-4-yl]-pyridin-3-yl}-(2-chlorophenyl)-methanone was first described in
United States Application No. 60/376,121 (PCT published application W003/091226).
Because the compound is an inhibitor of the NK-1 subtype of tachykinin receptor, the
compound is useful for the treatment of disorders associated with an excess of
tachykinins. For instance, the compound is useful for depression, including major
depressive disorder; anxiety, including generalized anxiety disorder, panic disorder,
obsessive compulsive disorder, and social phobia or social anxiety disorder;
schizophrenia and other psychotic disorders, including bipolar disorder;
neurodegenerative disorders such as dementia, including senile dementia of the
Alzheimer's type or Alzheimer's disease; disorders of bladder function such as bladder
detrusor hyper-reflexia and incontinence, including urge incontinence; emesis, including
chemotherapy-induced nausea and acute or delayed emesis; pain or nociception; disorders
associated with blood pressure, such as hypertension; disorders of blood flow caused by
vasodilation and vasospastic diseases, such as angina, migraine, and Reynaud's disease;
hot flushes; acute and chronic obstructive airway diseases such as adult respiratory
distress syndrome, bronchopneumonia, bronchospasm, chronic bronchitis, drivercough,

and asthma; inflammatory diseases such as inflammatory bowel disease; gastrointestinal
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disorders or diseases associated with the neuronal control of viscera such as ulcerative
colitis, Crohn's disease, functional dyspepsia, and irritable bowel syndrome (including
constipation-predominant, diarrhea-predominant, and mixed irritable bowel syndrome);
and cutaneous diseases such as contact dermatitis, atopic dermatitis, urticaria, and other
eczematoid dermatitis.

It is desired and advantageous to find a highly crystalline form of the compound
that can be reproducibly and efficiently prepared on a commercial scale. During the
development of an improved process for the synthesis of {2-[1-(3,5-bis-trifluoromethyl-
benzyl)-5-pyridin-4-yl-1H-[1,2,3]triazol-4-yl]-pyridin-3-yl}-(2-chlorophenyl)-methanone,
we surprisingly discovered novel anhydrous polymorphs of the compound, hereinafter

described as Form IV and Form V.

SUMMARY OF THE INVENTION

The present invention is related to a crystalline form of {2-[1-(3,5-
bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1,2,3]triazol-4-yl]-pyridin-3-y1}-(2-
chlorophenyl)-methanone, Form IV.

In another embodiment, the present invention relates to a second crystalline form
of {2-[1-(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1 ,2,3]triazol-4-yl]-pyridin-3-
yl}-(2-chlorophenyl)-methanone, Form V.

The present invention also relates to a pharmaceutical composition comprising, as
an active ingredient, Form IV or Form V, in combination with one or more
pharmaceutically acceptable carriers, diluents, or excipients. Ina preferred embodiment,
the present invention relates to a pharmaceutical composition comprising Form IV, in
combination with one or more pharmaceutically acceptable carriers, diluents, or
excipients.

In a further embodiment, the presént invention relates to a method of making
compounds represented by Form IV or Form V. In addition, the present invention
encompasses intermediates useful in making compounds represented by Form IV or Form
V.

In a further embodiment, the present invention relates to methods for the treatment

of a condition associated with an excess of tachykinins, comprising: administering to a



10

15

20

25

WO 2005/042515 PCT/US2004/030914
3-

patient in need thereof an effective amount of Form IV or Form V. That is, the present
invention provides for the use of Form IV for the treatment of a disorder associated with
an excess of tachykinins. In another embodiment, the present invention provides for the
use of Form V for the treatment of a disorder associated with an excess of tachykinins.

In another aspect, the present invention provides Form IV or Form V for use in
therapy. Furthermore, the present invention provides for the use of Form IV or Form V in
the manufacture of a medicament for the treatment of a disorder associated with an excess
of tachykinins.

Ina preférred embodiment, the present invention provides a method for treating
major depressive disorder, comprising: administering to a patient in need thereof an
effective amount of Form IV. »

In another preferred embodiment, the present invention provides a method for
treating generalized anxiety disorder, comprising: administering to a patient in need
thereof an effective amount of Form IV.

In another preferred embodiment, the present invention provides a method for
treating panic disorder, comprising: administering to a patient in need thereof an effective
amount of Form IV.

In another preferred embodiment, the present invention provides a method for
treating obsessive-compulsive disorder, comprising: administering to a patient in need
thereof an effective amount of Form IV.

In another preferred embodiment, the present invention provides a method for
treating social phobia or social anxiety disorder, comprising: administering to a patient in
need thereof an effective amount of Form IV.

In another preferred embodiment, the present invention provides a method for
treating irritable bowel syndrome, comprising: administering to a patient in need thereof
an effective amount of Form IV.

In another preferred aspect, the present invention provides a method for treating
major depressive disorder, comprising: administering to a patient in need thereof an

effective amount of Form V.
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In another preferred embodiment, the present invention provides a method for
treating generalized anxiety disorder, comprising: administering to a patient in need
thereof an effective amount of Form V.

In another preferred embodiment, the present invention provides a method for
treating panic disorder, comprising: administering to a patient in need thereof an effective
amount of Form V.

In another preferred embodiment, the present invention provides a method for
treating obsessive-compulsive disorder, comprising: administering to a patient in need
thereof an effective amount of Form V. .

In another preferred embodiment, the present inventidn provides a method for
treating social phobia or social anxiety disorder, comprising: administering to a patient in
need thereof an effective amount of Form V.

In another preferred embodiment, the present invention provides a method for
treating irritable bowel syndrome, comprising: administering to a patient in need thereof

an effective amount of Form V.

DETAILED DESCRIPTION OF THE INVENTION

A number of methods are available to characterize crystalline forms of organic
compounds. For example, these methods include differential scanning calorimetry,
thermogravimetric analysis, moisture sorption/desorption, BC Cross polarization / magic
angle spinning (CP/MAS) nuclear magnetic resonance spectroscopy (solid-state NMR or
SSNMR), and X-ray powder diffraction. Of these methods, X-ray powder diffraction and
solid state NMR spectroscopy are very useful for identifying and distinguishing between
crystalline forms, based on their long- and short-range order, respectively.

Analysis of each of these parameters indicates that the crystalline form of {2-[1-
(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1 ,2,3]triazol-4-yl]-pyridin-3-yl}-(2-
chlorophenyl)-methanone originally resulting from the process described in United States
Application No. 60/376,121 (WO03/091226) (Form I) is different than the two novel
crystalline forms (Form IV and Form V) described herein. Variations in the

characteristics of Form I versus Form IV or Form V are discussed in greater detail below.
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X-Ray Powder Diffraction

X-ray powder diffraction patterns were obtained on a Siemens D5000 X-ray
powder diffractometer, equipped with a CﬁKa source (A = 1.54056 A) and a Kevex solid-
state Si(Li) detector, operating at 50 kV and 40 mA. Each sample was scanned between
3° and 40° in 20, with a step size of 0.02 in 26 and a minimum sc¢an rate of 9.0
second/step, with 1 mm divergence and receiving slits and a 0.1 mm detector slit.

It is well known in the crystallography art that for any given crystal form, the
relative intensities and peak widths of the diffraction peaks may vary due to a number of
factors, including the effects of preferred orientation and/or particle size. Preferred
orientation effects can be minimized by methods well known in the art, including light
grinding of the sample. Where the effects of preferred orientation and/or particle size are
present, peak intensities may be altered, but the characteristic peak positions of the
polymorph are unchanged. See, e.g., The United States Pharmacopeia #24, National
Formulary #19, pages 1843-1844, 2000. Furthermore, it is also well known in the
crystallography art that for any given crystal form, the angular peak positions may vary
slightly. For example, peak positions can shift due to sample displacement or a ’variation
in the temperature at which a sample is analyzed. Provided sample displacement errors
are minimized, and the analysis is conducted at room temperature, a peak position
variability of + 0.1° in 26 (the angular precision of a typical laboratory diffractometer)
will not hinder the identification of the crystalline forms of the present invention.

The angular peak positions in 26 and corresponding relative intensity data (I/,)
for all peaks with intensities equal to or greater than 5% of the largest peak for {2-[1-(3,5-
bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[ 1,2,3]triazol-4-yl]-pyridin-3-y1 }-(2-
chlorophenyl)-methanone are listed in the tables below.

Accordingly, using the methodology described above with CuK,, radiation, X-ray
powder diffraction patterns were generated for Form I, the crystalline form resulting from
the process described in United States Application No. 60/376,121 (WO03/091226),
Example 132. The crystal form is characterized by the angular peak positions in 20 and
corresponding relative intensity data in Table I, which lists the 26 values (+ 0.1° in 26)

and relative intensities equal to or greater than 5% of the largest peak for Form I {2-[1-
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(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1,2,3]triazol-4-y1]-pyridin-3-yl }-(2-

chlorophenyl)-methanone:
Table I (Form I)

Angle (° 20) I/1, (%)
4.5 84.2
11.7 10.1
11.8 7.1
12.9 52.5
13.1 40.3
13.6 38.4
15.1 6.4
15.3 9.5
15.8 7.2
16.0 8.9
17.0 11.1
17.5 21.2
18.2 6.3
19.8 6.8
20.3 9.8
20.8 100.0
21.2 . 124
21.4 6.0
21.7 39.3
22.0 12.0
22.7 13.4
23.2 9.1
23.5 15.6
23.9 15.3
24.1 6.2
24.4 6.0
24.6 7.8
25.0 7.0
25.8 10.8
26.1 7.7
27.4 17.3
29.8 10.0
30.9 8.8
36.1 6.1
36.8 7.4

The present invention is directed to crystalline Form IV, characterized by the

angular peak positions in 26 and corresponding relative intensity data in Table II, which



WO 2005/042515 PCT/US2004/030914
-7
lists the 20 values (+ 0.1° in 20) and relative intensities equal to or greater than 5% of the

largest peak for Form IV {2-[1-(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-
[1,2,3]triazol-4-y1]-pyridin-3-yl}-(2-chlorophenyl)-methanone:

Table II (Form IV)
Angle (° 26) /1, (%)

6.8 6.1
7.7 13.6
8.3 32.1
11.2 28.3
12.1 100.0
12.7 30.3
13.5 26.0
14.3 41.5
14.9 314
16.2 33.9
16.6 53.4
16.9 53.3
17.4 7.9
18.2 10.1
18.5 63.1
18.9 26.5
19.3 35.2
19.8 5.2
20.3 31.2
20.7 60.0
21.1 19.7
21.4 15.9
21.7 39.5
21.9 92.6
22.1 38.1
22.5 27.8
22.8 17.0
23.4 33.9
24.0 24.0
24.3 18.7
24.9 56.1
25.6 8.3
25.9 40.8
26.4 10.7
26.9 15.8
27.3 5.0
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28.1 5.5
28.5 7.7
29.0 13.2
29.3 14.7
29.9 5.4
30.2 10.3
31.3 14.5
31.5 13.9
32.6 7.5
33.3 6.6
354 6.0
36.1 5.5
36.4 5.8
36.8 10.0

PCT/US2004/030914

In a second embodiment, the present invention is directed to crystalline Form V,

characterized by the angular peak positions in 26 and corresponding relative intensity data

in Table III, which lists the 20 values (+ 0.1° in 26) and relative intensities equal to or

greater than 5% of the largest peak for Form V {2-[1-(3,5-bistrifluoromethylbenzyl)-5-

pyridin-4-yl-1H-[1,2,3]triazol-4-yl]-pyridin-3-yl}-(2-chlorophenyl)-methanone:

Table III (Form V)
Angle (° 26) 11, (%)
7.9 10.7
11.2 11.2
12.5 100.0
13.1 12.1
14.0 10.8
15.8 32.5
16.3 10.0
16.5 33.2
17.4 19.5
17.6 7.3
18.7 7.9
18.9 13.1
19.1 61.8
19.7 33.6
20.9 61.1
21.5 67.5
21.7 29.8
22.2 14.6
22.5 5.2
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23.5 36.4
24.2 ' 39.4
25.3 13.3
25.6 54.8
27.4 28.2
27.7 12.1
28.6 18.1
30.0 7.2
31.8 7.0
32.3 6.8
32.6 5.0
38.7 9.6

Thus, a properly prepared crystalline sample of Form IV {2-[1-(3,5-
bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1,2,3]triazol-4-yl]-pyridin-3-yl }-(2-
chlorophenyl)-methanone may be characterized by X-ray diffraction pattern in 20 values
(+ 0.1° in 20) using CuK,, radiation having peaks as described in Table II. In particular,
crystalline Form IV may be characterized by X-ray diffraction pattern in 28 values (+ 0.1 0
in 20) using CuK,, radiation comprising at least one peak, which peak is at 14.3 + 0.1°%in
20; alternatively, comprising at least one peak, which peak is at 12.1 + 0.1° in 20; more
particularly, comprising at least two peaks wherein one peak is 12.1 + 0.1°, and the
second peak is selected from the group consisting of 7.7 + 0.1°, 8.3 + 0.1°12.7+0.1°,
13.5+0.1° 14.3+0.1°, 14.9 +0.1°,16.6 + 0.1°, 16.9 + 0.1°, 18.5 + 0.1°, 21.9 £ 0.1°, and
24.9 + 0.1° in 26; more particularly, comprising at least two peaks wherein one peak is
12.1 + 0.1°, and the second peak is selected from the group consisting of 8.3 +0.1°, 14.3
+0.1° 149+ 0.1° 16.6 + 0.1°, 16.9 + 0.1°, 18.5 + 0.1°, 19.3 + 0.1°,21.9 + 0.1°, and 24.9
4 0.1° in 28; more particularly, comprising at least two peaks wherein one peak is 12.1 +
0.1°, and the second peak is selected from the group consisting of 8.3 + 0.1° 143 +0.1°,
16.6 +0.1°,16.9 + 0.1°, and 18.5 + 0.1° in 26; more particularly, comprising at least the
following peaks: 12.1+0.1°,14.3 +0.1°,16.6 + 0.1°, and 18.5 + 0.1° in 26; more
particularly, comprising at least the following peaks: 8.3 +0.1°, 12.1 + 0.1°16.6 +0.1°
16.9 + 0.1°, and 18.5 + 0.1°; more particularly, comprising at least the following peaks:
8.3+0.1° 12.1+0.1° 12.7+0.1°,13.5+ 0.1°, 14.3 £ 0.1°, 149 + 0.1°, 16.9 £ 0.1°,18.5
+0.1°, and 24.9 + 0.1° in 20; more particularly, comprising at least the following peaks:
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7.7+0.1°,83+0.1°12.1+0.1° 12.7+0.1°,13.5+ 0.1°, 143 + 0.1°, 14.9 + 0.1°, 16.6 +
0.1°,16.9+0.1°,18.5 + 0.1°,21.9 + 0.1°, and 24.9 + 0.1° in 26.

In a second embodiment of the present invention, a properly prepared crystalline
sample of Form V {2-[1-(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1,2,3]triazol-
4-yl]-pyridin-3-y1}-(2-chlorophenyl)-methanone may be characterized by X-ray
diffraction pattern in 26 values (+ 0.1° in 26) using CuK, radiation having peaks as
described in Table III, and in particular, cofnprising at least one peak, which peak is at
125+ 0.1%in 20; more particularly, comprising at least two peaks wherein one peak is
12.5+ 0.1°, and the second peak is selected from the group consisting of 7.9 +0.1°, 11.2
+0.1°13.14+0.1°,14.0 £ 0.1°, 15.8 + 0.1°, 19.1 + 0.1°,19.7 + 0.1°,20.9 + 0.1°, 21.5 +
0.1°, and 25.6 + 0.1° in 20; more particularly, comprising at least two peaks wherein one
peak is 12.5 + 0.1°, and the second peak is selected from the group consisting of 15.8 +
0.1°,16.5+0.1°,19.1 +£0.1° 19.7+ 0.1°, 21.5 + 0.1°, 25.3 £ 0.1°, 27.7 £ 0.1°, and 28.6 +
0.1° in 28; more particularly, comprising at least the following peaks: 12.5 + 0.1°,25.3 +
0.1° and 27.7 + 0.1° in 20; more particularly, comprising at least the following peaks:
12.5+0.1°,25.3 +0.1° 27.7 + 0.1°, and 28.6 + 0.1° in 20; more particularly, comprising
at least the following peaks: 12.5 +0.1°%,15.8 4+ 0.1°,16.5 + 0.1°, 19.1 £ 0.1°, and 19.7 +
0.1° in 20; more particularly comprising at least the following peaks: 7.9 + 0.1°, 12.5 +
0.1°,13.1 +0.1°,14.0 + 0.1°, 15.8 £ 0.1°, 19.1 + 0.1°, 19.7 + 0.1°, and 25.6 + 0.1° in 26;
more particularly, comprising at least the following peaks: 7.9 +0.1°, 12.5 + 0.1°, 13'.1 +
0.1°,14.0+0.1°,15.8 + 0.1°, 16.5 + 0.1°, 19.1 + 0.1°, 19.7 + 0.1°, and 25.6 + 0.1° in 26;
most particularly, comprising at least the following peaks: 7.9 +0.1°, 11.2 + 0.1° 125 +
0.1°,13.1 £0.1°,14.0 + 0.16, 15.8+0.1°,19.1 + 0.1°,19.7 + 0.1°,20.9 + 0.1°, 21.5 + 0.1°,
and 25.6 + 0.1°in 20.

B¢ Solid State Nuclear Magnetic Resonance (NMR)
¢ Cross polarization / magic angle spinning (CP/MAS) NMR (solid-state NMR
or SSNMR) spectra were obtained using a Varian Unity Inova 400 MHz NMR

spectrometer operating at a carbon frequency of 100.573 MHz and equipped with a

complete solids accessory and a Chemagnetics 4.0 mm T3 probe. Ramped-amplitude
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cross-polarization (RAMP-CP) at 62 kHz and two-pulse phase modulation (TPPM)

decoupling at 70 kHz were used. Acquisition parameters were as follows: 90° proton

" radio frequency pulse width 4.0 s, contact time 2.0 ms, pulse repetition time 10 s, MAS

frequency 10 kHz, spectral width 50 kHz, and acquisition time 50 ms. Chemical shifts
were referenced to the methyl group of hexamethylbenzene (8 = 17.3 ppm) by sample
replacement. The analysis is conducted at room temperature. All values are provided in
parts per million (ppm) and have a peak position variability of + 0.2 ppm.

The spectrum for Form I {2-[1-(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-
[1,2,3]triazol-4-yl]-pyridin-3-yl}-(2-chlorophenyl)-methanone comprises isotropic peaks
at the following chemical shifts: 52.8 +0.2,121.0+0.2,122.8 +£0.2,125.4 + 0.2, 128.7
+0.2,130.9 + 0.2, 134.5+0.2,136.4+0.2,138.0 + 0.2, 139.6 + 0.2, 145.3 £ 0.2, 150.1 +
0.2,151.0+ 0.2, and 194.1 + 0.2 ppm.

Thus, the present invention is directed to Form IV {2-[1-(3,5-
bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1,2,3]triazol-4-yl]-pyridin-3-yl }-(2-
chlorophenyl)-methanone, which comprises isotropic peaks at the following chemical
shifts: 52.3 + 0.2 and 195.4 + 0.2 ppm. More preferably, the invention is directed to
Form IV, which comprises isotopic peaks at the following chemical shifts: 52.3 + 0.2,
123.5+0.2,127.24+0.2,131.4+0.2,133.5+ 0.2, 136.9 + 0.2, 146.7 £ 0.2, 149.3 £ 0.2,
151.4 + 0.2, and 195.4 + 0.2 ppm. Most preferably, the invention is directed to Form IV,
which comprises isotropic peaks at the following chemical shifts: 52.3 +0.2,123.5 + 0.2,
127.2+0.2,129.6 + 0.2, 131.4+0.2,133.5+ 0.2, 135.4 + 0.2, 136.9 + 0.2, 146.7 + 0.2,
149.3+0.2,151.4 £ 0.2, and 195.4 + 0.2 ppm.

In another embodiment, the present invention is directed to Form V {2-[1-(3,5-
bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1,2,3]triazol-4-yl]-pyridin-3-yl }-(2-
chlorophenyl)-methanone, which comprises isotropic peaks at the following chemical
shifts: 54.3 + 0.2 and 196.6 + 0.2 ppm. More preferably, the invention is directed to
Form V, which comprises isotopic peaks at the following chemical shifts: 54.3 + 0.2,
123.7+0.2,127.44+0.2,132.0 + 0.2, 1343 + 0.2, 137.1 + 0.2, 145.8 + 0.2, 151.0 + 0.2,
and 196.6 + 0.2 ppm. Most preferably, the invention is directed to Form V, which
comprises isotopic peaks at the following chemical shifts: 54.3 +0.2,123.7+ 0.2, 127.4 +
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0.2,130.1+0.2,132.0+0.2,134.3+0.2,137.1 £ 0.2, 145.8 £ 0.2,149.1 £ 0.2, 151.0 £
0.2, and 196.6 £ 0.2 ppm.

The following examples further illustrate processes for preparing the compound,
{2-[1-(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1,2,3]triazol-4-yl]-pyridin-3-yl}-
(2-chlorophenyl)-methanone, as well as crystalline Form IV and Form V. The examples

are not intended to be limiting to the scope of these processes in any respect.

In preparing the compound {2-[1-(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-
1H-[1,2,3]triazol-4-y1]-pyridin-3-y1}-(2-chlorophenyl)-methanone, the reaction is carried
out by mixing the novel intermediate, (2-chlorophenyl)-[2-(2-hydroxy-2-pyridin-4-yl-
vinyl)pyridin-3-ylJmethanone or a salt thereof, preferably, its phosphate salt, with 1-
azidomethyl-3,5-bistrifluoromethylbenzene and a suitable base in the presence of a
solvent. Bases that may be used in the reaction include potassium hydrogiide, potassium
bicarbonate, sodium bicarbonate, potassium phosphate monohydrate, sodium carbonate,
sodium phosphate dodecahydrate, or sodium ethoxide, with potassium carbonate as a
preferred base. Useful solvents for the reaction include DMSO, isopropanol, ethanol,
THF, and toluene. Preferably, the reaction is carried out in DMSO or isopropanol. The
reaction temperature is not critical, but may preferably vary from approximately 40 °C to
approximately 80 °C.

The product of the reaction can be isolated and purified by techniques well known
in the art, such as precipitation, filtration, extraction, evaporation, trituration,
chromatography, or recrystallization.

In preparing the crystalline forms of the present invention, the use of an anti-
solvent may be advantageous. As used in the context of the present process, the term
“anti-solvent” refers to a solvent in which {2-[1-(3,5-bistrifluoromethylbenzyl)-5-pyridin-
4-yl-1H-[1,2,3]triazol-4-yl]-pyridin-3-y1}-(2-chlorophenyl)-methanone is significantly
less soluble relative to the selected solvent. Preferably, when an anti-solvent is used, it is
miscible with the selected solvent.

Thus, {2-[1-(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1,2,3]triazol-4-yl]-
pyridin-3-y1}-(2-chlorophenyl)-methanone (Form IV and Form V) may be prepared by
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crystallization from a solvent under controlled conditions. Crystallization from solution
and/or by solution-mediated phase transformations (slurrying techniques) is contemplated
to be within the scope of the present process.

In practice, a number of solvents and anti-solvents have been found to be useful in

' the preparation of Form IV. These solvents include lower alcohols, ethers, esters, nitriles,

and halocarbons. For example, Form IV of the present invention can be prepared by
crystallization from a solvent selected from the group consisting of isopropanol, acetone,
acetonitrile, propanol, butanol, ethyl acetate, methyl tertiary butyl ether, and
dichloromethane. A preferred solvent from which Form IV may be crystallized is
isopropanol. Anti-solvents such as hexanes, heptane, or water may also be useful for the
crystallization of Form IV.

Form IV may be prepared over a range of temperatures. In practice, Form IV may
be prepared at temperatures ranging from room temperature to about 85 °C.

Form V of the present invention may also be prepared by crystallization from a
solvent. For example, Form V may be crystallized from an aqueous organic solvent
mixture. In practice, the organic solvent useful for crystallization of Form V is a lower
alcohol, such as methanol or ethanol, and the anti-solvent is water. |

Crystallization of Form V may also be carried out at temperatures ranging from
room temperature to approximately 76 °C; more preferably from 68-71 °C.

One of ordinary skill in the art will recognize that an alternate name for the
crystalline compounds of Form IV and Form V is: Methanone, [2-[1-[[3,5-
bis(trifluoromethyl)phenyl]methyl]-5-(4-pyridinyl)-1H-1,2,3-triazol-4-yl]-3 -pyridinyl](2-
chlorophenyl)-.

~ The terms and abbreviations used in the preparations and examples have their
normal meanings unless otherwise designated. For example “°C” refers to degrees
Celsius; “N” refers to normal or normality; “mol” refers to mole or moles; “eq” refers to
equivalent; “g” refers to gram or grams; “h” refers to hour or hours; “HPLC” refers to
high performance liquid chromatography; “min” refers to minute or minutes; “L” refers to
liter or liters; “M” refers to molar or molarity; “brine” refers to a saturated aqueous
sodium chloride solution; “MS” refers to mass spectrometry; “NMR” refers to nuclear

magnetic resonance spectroscopy; “ppm” refers to parts per million; “RT” refers to room
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temperature; “TLC” refers to thin layer chromatography; “ACN” refers to acetonitrile;
“DMF” refers to N,N-dimethylformamide; “DMSO” refers to dimethylsulfoxide; “Et,0”
refers to diethyl ether; “EtOAc” refers to ethyl acetate; “MeOH” refers to methanol;
“EtOH” refers to ethanol; “iPrOH” refers to isopropanol; “TEA” refers to triethylamine;
“TFA” refers to trifluoroacetic acid; “THF” refers to tetrahydrofuran.
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EXAMPLES

Example 1
{2-[1-(3,5-bistrifluoromethylbenzyl)-5-pyridin-4-yl-1H-[1,2,3]triazol-4-yl]-pyridin-3-yl } -
(2-chlorophenyl)-methanone (Form 1V)

CF,

Add 1-azidomethyl-3,5-bistrifluoromethylbenzene (3.73 g, 13.8 mmol) and
potassium carbonate (5.73 g, 41.4 mmol) to a solution of (2-chlorophenyl)-[2-(2-hydroxy-
2-pyridin-4-yl-vinyl)pyridin-3-yljmethanone phosphate (6.0 g, 13.8 mmol) in DMSO (16
mL). Heat to 40 °C and stir for approximately 20-24 h. Cool the reaction mixture to
ambient temperature, and add the mixture to CH,Cl, (75 mL) and 1 N NaOH (75 mL).
Separate the layers, and extract the aqueous layer with CH,Cl, (50 mL). Separate the
layers, combine the organic layers and extract the combined organic layers with 1 N
NaOH (2 X 50 mL). Add MgSO4 and acid-washed carbon (1.2 g), stir for 20 min and
filter through Celite®. Concentrate the filtrate to a total weight of approximately 25 g.
Add heptane (75 mL) dropwise over approximately 45 min. Seed the solution with the
title compound if necessary. Stir the resulting slurry for 1 h and then filter to obtain the
title compound. Dry the title compound, then add it to isopropanol (36 mL). Heat the
mixture until the solid dissolves (approx. 65 °C). Allow the solution to cool to ambient
temperature. Stir the resulting slurry for approximately 3 hours. Cool the slurry in an
ice/water bath and stir for 2 h. Filter and dry to afford the title compound as a white
solid. MS(IS) 588 (M+1). TLC (3% MeOH/CH,Cl,) Rs=0.17. '"H NMR (400 MHz,
CDCly): 5.46 (s, 2H); 7.19 (m, SH); 7.36 (dd, 1H, J=4.9, 7.8); 7.45 (s, 2H); 7.59 (m,
1H); 7.83 (s, 1H); 7.93 (dd, 1H, J=1.5, 7.8); 8.56 (dd, 1H, J= 1.5, 4.9); 8.70 (d, 2H, J =
5.9).
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The reaction can also be carried out using (2-chlorophenyl)-[2-(2-hydroxy-2-
pyridin-4-yl-vinyl)pyridin-3-ylJmethanone (30.0 g; 72.3 mmol; 1.0 equiv) in isopropanol
(225 mL). 1-azidomethyl-3,5-bistrifluoromethylbenzene (20.43 g; 76 mmol; 1.05 equiv)
and potassium carbonate (5.0 g; 36.2 mmol; 0.5 equiv) are added, and the reaction
mixture is heated to reflux for 21-24 hours. Cool the reaction mixture to 20 °C, add water
(120 mL), and stir for approximately 16 hours. Filter, wash with 120 mL
isopropanol/water (1:1 v/v), and dry under reduced pressure at 50 °C to yield the title

compound, which may be recrystallized as described above.

Preparation 1-A

(2-chlorophenyl)-[2-(2-hydroxy-2-pyridin-4-yl-vinyl)pyridin-3-ylJmethanone

To a solution of (2-chloro-phenyl)-(2-fluoropyridin-3-yl)methanol (140 g, 0.59
mol) in dichloromethane (1.1 L) under an argon atmosphere, add 2,2,6,6-tetramethyl-1-
piperidinyloxy (TEMPO) (1.43g, 9.15 mmol) and potassium bromide (10% w/w in water,
57.1 mL, 0.048mol). To-the resulting mixture add a solution of sodium hypochlorite
(13% w/w active chlorine in water, 403 mL, 0.85 mol) and sodium bicarbonate (20.3 g,
0.24 mol) in water (403 mL) while stirring vigorously and while maintaining the
temperature below 20 °C. Continue stirring the reaction mixture for 30 min or until the
reaction is complete. Separate the layers, and concentrate the organic layer to
approximately 200 mL total volume. Add dimethylsulfoxide and concentrate until no
dichloromethane remains in the solution. Add 4-acetylpyridine (107 g, 0.88 mol) and
powdered lithium hydroxide (28.2 g, 1.17 mol) and stir at 60 °C for 2.5 h or until the
reaction is complete. Cool to ambient temperature and add dichloromethane (1.4 L) and
an aqueous solution of 10% sodium chloride (1.3 L) while maintaining the temperature

between 20 °C and 24 °C. Separate the layers and extract the aqueous layer with
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dichloromethane (1.4L). Separate the layers and combine the organic layers. Wash the
combined organic layers with an aqueous solution of 10% sodium chloride (3 X 2.6 L).
Concentrate the organic layer to approximately 500 mL total volume, then add methanol
(1.0 L). Concentrate under vacuum until the weight of the resulting residue is
approximately 500 g, then add more methanol (207 mL). Heat the solution to 60 °C.
When the temperature reaches 45 °C, add phosphoric acid (85% w/w in water, 67.4 g,
0.58 mol). Stir the resulting slurry at 22 °C for 16 h. Collect the resulting solid by
filtration and wash with methanol (3 X 65 mL) and water (3 X 65 mL). Add the resulting
solid to a solution of potassium carbonate (49.3 g, 0.356 mol) in water (714 mL) and stir
for 4 h. Collect the resulting solid by filtration, wash with water (50 mL) and dry under
vacuum at 50 °C to afford the title compound as an orange solid. "H NMR (400 MHz,
DMSO"Dﬁ) S ppm 4.89 (s, 2H) 6.93 (d, /=7.33 Hz, 1H) 7.09 (s, 1H) 7.11-7.17 (m, 2H)
7.24 (dd, J=7.58, 5.31 Hz, 1H) 7.40-7.67 (m, 15H) 7.71-7.77 (m, 3H) 7.85 (d, J=7.83 Hz,
1H) 7.89 (d, J=6.06 Hz, 2H) 8.15 (d, J/=7.58 Hz, 1H) 8.50 (d, J=3.79 Hz, 1H) 8.62 (d,
J=3.79 Hz, 3H) 8.67 (d, /=5.81 Hz, 2H) 8.73 (dd, J/=4.80, 1.52 Hz, 1H) 8.83 (d, J=5.81
Hz, 1H).

The title compound exists as a mixture of tautomers and geometric isomers. It is

understood that each of these forms are encompassed within the scope of the invention.

0 0O CI
N A
» |
HO |\ OH
N~

Preparation 1-B

(2-chlorophenyl)-[2-(2-hydroxy-2-pyridin-4-yl-vinyl)pyridin-3-ylmethanone phosphate

Under nitrogen, combine sodium fert-butoxide (8.99 g, 93.5 mmol), palladium

acetate (0.36 g, 1.60 mmol), bis(2-diphenylphosphinophenyl)ether (1.06 g, 1.97 mmol),
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magnesium sulfate (4.68 g, 38.9 mmol) and toluene (160 mL). To this mixture add a
solution of 4-acetylpyridine (7.60 g, 62.7 mmol) and (2-bromopyridin-3-yI)-(2-
chlorophenyl)methanone (9.31 g, 31.4 mmol) in toluene (40 mL). Heat the reaction
mixture to 60 °C and stir for 3 h. Cool the reaction mixture to ambient temperature. Add
the reaction mixture to a solution of glacial acetic acid (9.3 mL) and water (40 mL). Stir
for appréximately 30 min and filter through Hyflo®. Separate the layers and extract the
aqueous layer with toluene (50 mL). Add 1,3,5-triazine-2,4,6-trithiol (1.7 g) to the
combined organic layers. Heat to 60 °C and stir for approximately 1 h. Allow the
reaction mixture to cool to ambient temperature, add Darco® (2.3 g) and stir at ambient
temperature for 1 h. Filter through Hyflo®, and concentrate the solution to an oil.
Dissolve the resultant oil in n-butanol (38 mL) and methanol (93 mL) and heat to 60 °C.
Treat the solution with a mixture of 85% phosphoric acid (6.1 mL) in methanol (15 mL).
Stir the mixture at 60 °C for approximately 1 h. Allow the mixture to cool to ambient
temperature and stir for 13 h. Filter, rinse. with methanol (26 mL) and dry to afford the
title compound as an orange solid. LRMS (ES+) caled for Ci9H;4CIN2O, (M + H+)
337.06, found 337.31 m/z. IR (solid) 2364 (broad), 1658, 1561, 1278, 1152, 1108, 1050.
The title compound may also be prepared by an alternative process, which is
described below. Add (2-phenylsulfonyl-pyridin-3-yl)-(2-chlorophenyl)methanone (15 g)
and 4-acetylpyridine (7.59 g; 1.5 eq) to DMSO (150 mL) under an inert atmosphere of
N,. Heat the solution to 70 °C, then add LiOH (4 g, 4 eq) in one portion. Stir the reaction
mixture for 4 hours at that temperature. The mixture turns from red to dark brown during
the reaction. Completion of the reaction may be checked by HPLC. After completion of
the reaction, cool the reaction mixture to 15 °C with a cold-water bath, and add CH,Cl,
(150 mL). Quench the reaction mixture in 10 min with 10 % NaCl (150 ml) containing
acetic acid (9.58 mL; 4 eq). At the end of the addition, the temperature reaches
approximately 27 °C. Re-extract the aqueous layer with CH,Cl, (150ml). Combine the
“organic layers and wash with 10% NaCl (3 x 300 mL). Concentrate the combined
organic layers to dryness under vacuum and re-dissolve the residue in MeOH (4.3
volumes). Cool the reaction mixture to 20 °C, and add H3PO4 (85 % w/w in water; 2.88
mL; 1 eq). Stir the suspension for 4 h at 20 °C, filter, wash the precipitate with MeOH (2

x 15 mL) and dry under vacuum at 50 °C to yield the title compound as an orange solid.
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The title compound exists as a mixture of tautomers and geometric isomers. It is

understood that each of these forms are encompassed within the scope of the invention.

Preparation 1-C

(2-bromopyridin-3-yl)-(2-chlorophenyl)methanone

Add n-butyllithium (21.7 mL, 34.8 mmol, 1.6 M in hexanes) to a—70 °C solution
of diisopropylamine (4.9 mL, 34.8 mmol) in THF (75 mL). Allow the solution to cool
back to —70 °C, and add 2-bromopyridine (5.0 g, 31.6 mmol) to the solution while
maintaining the temperature below —65 °C. Rinse contents of vessel that contained 2~
bromopyridine with THF (10 mL) and add this solution to the reaction mixture. Stir the
resulting solution for 15 min, and then add a solution of 2-chlorobenzaldehyde (3.55 mL,
31.6 mmol) in THF (15 mL) in a single portion. Stir the resulting solution for
approximately 5 h at =70 °C. Add MeOH (3.0 mL) and remove cooling. Add 3 N HCI |
(30 mL) to the reaction mixture followed by toluene (25 mL). Separate the layers, and
wash the organic layer with H,O (25 mL). Concentrate the organic layer to
approximately 2 total volumes. Add toluene (50 mL) and concentrate the solution to
approximately 2 total volumes. Add toluene (65 mL) again, and concentrate the solution
to approximately 2 total volumes. Add DMSO (18 mL). Add N,N-
diisopropylethylamine (14.5 mL, 83.1 mmol) to the resulting solution. In a separate
reaction vessel, dissolve sulfur trioxide pyridine complex (11.6 g, 72.7 mmol) in DMSO
(50 mL). Add a portion of the sulfur trioxide pyridine complex/DMSO solution (35 mL)
to the reaction mixture and stir for 30 min. Add a second portion of the sulfur trioxide

pyridine complex/DMSO solution (9 mL) to the reaction mixture and stir for 30 min.
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Add a third portion of the sulfur trioxide pyridine complex/DMSO solution (9 mL) and
stir for 30 min. Add a final portion of the sulfur trioxide pyridine complex/DMSO
solution (approximately 9 mL) and stir for 30 min. Add ethyl acetate (50 mL) and 1 N
HC1 (100 mL). Separate the layers and extract the aqueous layer with ethyl acetate (25
mL). Separate the layers and extract the combined organic layers with H,O (25 mL).
Separate the layers and concentrate the organic layer to approximately 2 total volumes.
Add isopropanol (50 mL) and concentrate the resulting solution to approximately 2 total
volumes. Add isopropanol (50 mL) and concentrate the resulting solution to
approximately 2 total volumes. Add isopropanol (5 mL), and then add heptane (40 mL)
dropwise. Stir the resulting slurry for 15 min. Cool the slurry to 0 °C and stir for 1 h.
Filter the slurry, rinse the filter cake with chilled heptane (20 mL), and dry to afford the
title compound as an'off-white solid: 'H NMR (500 MHz, CDCl3) § 8.49 (dd, J=4.9,
2.0 Hz, 1 H), 7.78 (dd, J= 7.3, 2.0 Hz, 1 H), 7.59 (dd, /= 7.3, 1.5 Hz, 1 H), 7.49-7.36 (m,
4 H); >*C NMR (125 MHz, CDCls) 6 193.8, 152.0, 139.5, 139.1, 137.7, 136.7, 133.6,
133.3,131.8, 131.2, 127.4, 123.0. LRMS (ES+) caled for C12HgBrCINO (M + H") 295.9,
found 295.8 m/z.

Preparation 1-D

(2-Chlorophenyl)-(2-fluoropyridin-3-yl)-methanol

Add diisopropylamine (286.6 g, 2.83 mol) to a —63 °C solution of n-butyllithium
(2.47 M in hexanes, 917 mL, 2.27 mol) while maintaining the temperature below —38 °C.
Add tetrahydrofuran (1.20 L) while maintaining the temperature below—43 °C. To the
resulting solution add 2-fluoropyridine (200.0 g, 2.06 mol) while maintaining the
temperature between —66 °C and —57 °C. Stir the resulting solution between —72° C and -
57 °C for 45 min. To this solution add a solution of 2-chlorobenzaldehyde (318.5 g, 2.27
mol) in tetrahydrofuran (125 mL) while maintaining the temperature between ~70 °C and
—39°C, Stir the resulting solution between —73 °C to —50 °C for 1 h, and then add
methanol (198 g, 6.18 mol). Allow the solution to warm to —30 °C and stir for 30 min.
Add the resulting solution to a —13 °C mixture of toluene (1.20 L) and 3 N hydrochloric
acid (1.85 L, 5.55 mol). Separate the layers and extract the aqueous layer with toluene
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