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SOLID STATE FORMS OF RILPIVIRINE BASE, AND RILPIVIRINE SALTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This patent application claims the benefit of U.S. Provisional Patent Application
Nos. 61/453,671 filed March 17, 2011; 61,471,804 filed April 5, 2011; 61/475,325 filed April
14,2011; 61/485,241 filed May 12, 2011; 61/493,919 filed June 6, 2011; 61/497,167 filed
June 15, 2011; 61/514,138 filed August 2, 2011; 61/523,914 filed August 16, 2011;
61/533,332 filed September 12, 2011; 61/543,398 filed October 5, 2011; and 61/585,744 filed

January 12, 2012, the contents of each which are herein incorporated by reference.

FIELD OF THE INVENTION
[0002] The invention relates to solid state forms of Rilpivirine base, salts of Rilpivirine,
solid state forms of Rilpivirine salts, processes for preparing the solid state forms, and

pharmaceutical compositions thereof.
BACKGROUND OF THE INVENTION

[0003] Rilpivirine, (E)-4-(4-(4-(2-cyanovinyl)-2,6-dimethylphenylamino)pyrimidin-2-

ylamino)benzonitrile, has the following chemical structure:

N N N
© T
NS =N CN

[0004] Rilpivirine is reported to be a non-nucleoside reverse transcriptase inhibitor, for the

treatment of HIV infection, developed by Tibotec.

[0005] The following PCT Publications describe the synthesis of Rilpivirine:
WO003016306, W0O2005021001, W0O2006024667, W0O2006024668, W02994916581,
W02009007441, W0O2006125809, and W0O2005123662.
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[0006]  Crystalline Rilpivirine base Forms I and II are described in the US Patent
Publication: US2010189796. Crystalline Rilpivirine HCI, Forms A, B, C, and D, are
described in the US Patent Publications: US2009/012108, and US2011/0008434. Rilpivirine
fumarate and a synthesis thereof are disclosed in W02006024667.

[0007]  Different salts of an active pharmaceutical ingredient may possess different
properties. Such variations in the properties of different salts may provide a basis for
improving formulation, for example, by facilitating better processing or handling
characteristics, improving the dissolution profile, or improving stability and shelf-life. These
variations in the properties of different salts may also provide improvements to the final
dosage form, for instance, if they serve to improve bioavailability. Different salts of an active
pharmaceutical ingredient may also give rise to a variety of polymorphs or crystalline forms,
which may in turn provide additional opportunities to assess variations in the properties and

characteristics of a solid active pharmaceutical ingredient.

[0008]  Polymorphism, the occurrence of different crystal forms, is a property of some
molecules and molecular complexes. A single compound may give rise to a variety of
polymorphs having distinct crystal structures and physical properties like melting point,
thermal behaviors (e.g., measured by thermogravimetric analysis — “TGA” or differential
scanning calorimetry — “DSC”), powder X-ray diffraction (XRD or PXRD) pattern, infrared
absorption fingerprint, and solid state NMR spectrum. One or more of these techniques may

be used to distinguish different polymorphic forms of a compound.

[0009] Discovering new polymorphic forms and solvates of a pharmaceutical product can
provide materials having desirable processing properties, such as case of handling, ease of
processing, storage stability, and ease of purification or as desirable intermediate crystal
forms that facilitate conversion to other polymorphic forms. New polymorphic forms and
solvates of a pharmaceutically useful compound or salts thereof can also provide an
opportunity to improve the performance characteristics of a pharmaceutical product. It
enlarges the repertoire of materials that a formulation scientist has available for formulation
optimization, for example by providing a product with different properties, e.g., better

processing or handling characteristics, improved dissolution profile, or improved shelf-life.

[0010]  For example, the known forms of Rilpivirine are reported to be insoluble in water

and in many commonly used solvents. This property may lead to poor bioavailability.
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[0011]  For at least these reasons, there is a need for additional polymorphs of Rilpivirine

base and salts thereof.
SUMMARY OF THE INVENTION

[0012]  The present invention provides new solid state forms of Rilpivirine base. These

solid state forms can be used to prepare Rilpivirine salts, and formulations thereof.

[0013]  The present invention provides new salts of Rilpivirine; solid state forms of the
salts; and formulations comprising one or more of these solid state forms. The solid state
forms of the present invention can be used to prepare Rilpivirine base, other solid state forms

of the same salt or other different salts of Rilpivirine, and formulations thereof.

[0014]  The present invention provides new solid state forms of Rilpivirine hydrochloride.
The solid state forms of the present invention can be used to prepare Rilpivirine base, other
different solid state forms of Rilpivirine hydrochloride or other different salts, and

formulations thereof.

[0015] The invention further provides the use of the Rilpivirine base or salts, and the solid
state forms described below for the manufacture of a medicament for the treatment of HIV
infection, and provides for a method of treatment of HIV infection comprising administering
a therapeutically effective dose of one or more of the solid state forms described herein to a

person suffering from an HIV infection.

BRIEF DESCRIPTION OF THE FIGURES

[0016]  Figure 1 provides a powder XRD pattern of crystalline Form E of Rilpivirine HCL
[0017]  Figure 2 provides a powder XRD pattern of crystalline Form H of Rilpivirine HCI.
[0018]  Figure 3 provides a powder XRD pattern of crystalline Form J of Rilpivirine HCI.

[0019]  Figure 4 provides a powder XRD pattern of crystalline Form 1 of Rilpivirine

sulfate.

[0020]  Figure 5 provides a powder XRD pattern of crystalline Form 3 of Rilpivirine
phosphate.
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[0021]  Figure 6 provides a powder XRD pattern of crystalline Form Z1 of Rilpivirine
hydrochloride.

[0022]  Figure 7 provides a powder XRD pattern of crystalline Form 2 of Rilpivirine
phosphate.

[0023]  Figure 8 provides a powder XRD pattern of crystalline Form 1 of Rilpivirine HBr.

[0024]  Figure 9 provides a powder XRD pattern of crystalline Form 1 of Rilpivirine p-

toluensulfonate.

[0025]  Figure 10 provides a powder XRD pattern of crystalline Form 1 of Rilpivirine

methanesulfonate.

[0026]  Figure 11 provides a powder XRD pattern of crystalline Form 1 of Rilpivirine

maleate.

[0027]  Figure 12 provides a powder XRD pattern of crystalline Form 1 of Rilpivirine

succinate.

[0028]  Figure 13 provides a powder XRD pattern of crystalline Form 1 of Rilpivirine L-

malate.

[0029]  Figure 14 provides a powder XRD pattern of crystalline Form 2 of Rilpivirine

methanesulfonate.

[0030]  Figure 15 provides a powder XRD pattern of crystalline Form 1 of Rilpivirine

benzenesulfonate.

[0031]  Figure 16 provides a powder XRD pattern of crystalline Form 1 of Rilpivirine

ethanesulfonate.

[0032]  Figure 17 provides a powder XRD pattern of crystalline Form 2 of Rilpivirine

sulfate.

[0033]  Figure 18 provides a powder XRD pattern of polymorphically pure crystalline
Form 3 of Rilpivirine phosphate.
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[0034]  Figure 19 provides a powder XRD pattern of crystalline Form 2 of Rilpivirine

succinate.

[0035]  Figure 20 provides a powder XRD pattern of crystalline Form 2 of Rilpivirine

maleate.

[0036]  Figure 21 provides a powder XRD pattern of crystalline Form 2 of Rilpivirine
HBr.

[0037]  Figure 22 provides a powder XRD pattern of crystalline Form 1 of Rilpivirine

malonate.
[0038]  Figure 23 provides a powder XRD pattern of amorphous Rilpivirine L-tartrate.
[0039]  Figure 24 provides a powder XRD pattern of amorphous Rilpivirine citrate.

[0040]  Figure 25 provides a powder XRD pattern of crystalline Form IV of Rilpivirine

acctate.

[0041]  Figure 26 provides a powder XRD pattern of crystalline Form V of Rilpivirine

base.

[0042]  Figure 27 provides a powder XRD pattern of crystalline Form 3 of Rilpivirine

maleate.

[0043]  Figure 28 provides a powder XRD pattern of crystalline Form 3 of Rilpivirine

succinate.

[0044]  Figure 29 provides a powder XRD pattern of crystalline Form Z2 of Rilpivirine
hydrochloride.

[0045]  Figure 30 provides a powder XRD pattern of crystalline Form 3 of Rilpivirine

sulfate.

[0046]  Figure 31 provides a solid state *C NMR spectrum of Rilpivirine HCI Form Z1 in
the 0-180 ppm range.

[0047]  Figure 32 provides a solid state *C NMR spectrum of Rilpivirine HCI Form Z1 in
the 90-180 ppm range.
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[0048]  Figure 33 provides a solid state *C NMR spectrum of Rilpivirine HCI Form Z2 in
the 0-180 ppm range.

[0049]  Figure 34 provides a solid state *C NMR spectrum of Rilpivirine HCI Form Z2 in
the 90-180 ppm range.

[0050]  Figure 35 provides a solid state *C NMR spectrum of Rilpivirine HCI Form E in
the 0-180 ppm range.

[0051]  Figure 36 provides a solid state *C NMR spectrum of Rilpivirine HCl Form E in
the 90-180 ppm range.

[0052]  Figure 37 provides a solid state *C NMR spectrum of Rilpivirine acetate Form IV
in the 0-180 ppm range.

[0053]  Figure 38 provides a solid state *C NMR spectrum of Rilpivirine acetate Form IV
in the 90-180 ppm range.

[0054]  Figure 39 provides a solid state '*C NMR spectrum of Rilpivirine maleate Form 1
in the 0-180 ppm range.

[0055]  Figure 40 provides a solid state *C NMR spectrum of Rilpivirine maleate Form 1
in the 90-180 ppm range.

[0056]  Figure 41 provides a solid state *C NMR spectrum of Rilpivirine phosphate Form
3 in the 0-180 ppm range.

[0057]  Figure 42 provides a solid state *C NMR spectrum of Rilpivirine phosphate Form
3 in the 90-180 ppm range.

[0058]  Figure 43 provides a solid state '*C NMR spectrum of Rilpivirine succinate Form 1
in the 0-190 ppm range.

[0059]  Figure 44 provides a solid state '*C NMR spectrum of Rilpivirine succinate Form 1
in the 90-190 ppm range.

[0060]  Figure 45 provides a solid state *C NMR spectrum of Rilpivirine succinate Form 3
in the 0-190 ppm range.
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[0061]  Figure 46 provides a solid state *C NMR spectrum of Rilpivirine succinate Form 3
in the 90-190 ppm range.

[0062]  Figure 47 provides a powder XRD pattern of crystalline Form 4 of Rilpivirine
phosphate.

[0063]  Figure 48 provides a powder XRD pattern of crystalline Form 5 of Rilpivirine
phosphate.

[0064]  Figure 49 provides a powder XRD pattern of crystalline Form 4 of Rilpivirine

sulfate.

[0065]  Figure 50 provides a powder XRD pattern of crystalline Form 5 of Rilpivirine

sulfate.

[0066]  Figure 51 provides a powder XRD pattern of crystalline Form 4 of Rilpivirine

maleate.

[0067]  Figure 52 provides a solid state '*C NMR spectrum of Rilpivirine maleate Form 3
in the 0-180 ppm range.

[0068]  Figure 53 provides a solid state '*C NMR spectrum of Rilpivirine maleate Form 3
in the 90-180 ppm range.

[0069]  Figure 54 provides a microscope picture of Rilpivirine HCI Form Z2.
[0070]  Figure 55 provides a microscope picture of Rilpivirine succinate Form 1.
[0071]  Figure 56 provides a microscope picture of Rilpivirine maleate Form 3.
[0072]  Figure 57 provides a microscope picture of Rilpivirine sulfate Form 3.
[0073]  Figure 58 provides a DSC endotherm of Rilpivirine phosphate Form 3.

[0074]  Figure 59 provides a DSC endotherm of Rilpivirine HBr Form 2.
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DETAILED DESCRIPTION OF THE INVENTION
[0075]  The present application relates to new Rilpivirine salts, their polymorphic forms,

and formulations thereof.

[0076]  The salts and solid state forms of the present invention have advantageous
properties selected from at least one of the following: chemical purity, flowability, solubility,
morphology or crystal habit, bulk/tap density, stability — such as storage stability, stability to
dehydration, stability to polymorphic conversion, low hygroscopicity, and low content of

residual solvents.

[0077]  In particular, the salts and solid state forms of the present invention exhibit
relatively high solubility and small particle size. In general, solubility can be enhanced by
reducing the particle size, for example, by milling. However, the mechanical stress may lead
to decrease in the degree of crystallinity that can lead to lower chemical stability. Thus,
obtaining crystals with low particle size directly from crystallization without milling, as

shown in the present invention, is advantageous for drug substances.

[0078]  The polymorphs of the present invention possess narrow particle size dispersion, a
non-needle shape crystal habit, and an improved bulk/tap density. All these features increase

the ease of handling and processing.

[0079]  The salts and solid state forms of the present invention can be also used as
intermediates when purifying Rilpivirine HCI, or other salts of Rilpivirine, for example, by
removing impurities such as Z-Rilpivirine or impurities originating from ADPA ((E)-3-(4-

amino-3,5-dimethylphenyl)acrylonitrile hydrochloride).

[0080] A crystal form (or polymorph) may be referred to herein as substantially free of
any other solid forms. As used herein in this context, the expression “substantially free” will
be understood to mean that the crystalline form contains 20% or less, 10% or less, 5% or less,
2% or less, or 1% or less of any other solid form of the subject compound as measured, for
example, by powder X-ray diffraction (PXRD). Thus, polymorphs of the Rilpivirine salts
described herein as substantially free of any other solid forms would be understood to contain
greater than 80% (w/w), greater than 90% (w/w), greater than 95% (w/w), greater than 98%
(w/w), or greater than 99% (w/w) of the subject form of the Rilpivirine salt. Accordingly, in

some embodiments of the invention, the described polymorphs of the Rilpivirine salt may
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contain from 1% to 20% (w/w), from 5% to 20% (w/w), or from 5% to 10% (w/w) of one or

more other solid forms of Rilpivirine salts.

[0081] A solid state form may be referred to herein as being characterized by graphical
data “as shown in” a Figure. Such data include, for example, powder X-ray diffractograms
and solid state NMR spectra. The skilled person will understand that such graphical
representations of data may be subject to small variations, ¢.g., in peak relative intensities and
peak positions due to factors such as variations in instrument response and variations in
sample concentration and purity, which factors are well known to the skilled person.
Nonetheless, the skilled person would readily be capable of comparing the graphical data in
the Figures herein with graphical data generated for an unknown crystal form and confirming
whether the two sets of graphical data characterize the same solid state form or two different
solid state forms. The skilled person would understand that a solid state form referred to
herein as being characterized by graphical data “as shown in” a Figure would include any
solid state form of the same chemical characterized by graphical data substantially similar to
the Figure except for such small variations, the potential occurrence of which is well known

to the skilled person.

[0082] A solid state form may be referred to herein as being characterized by data selected
from two or more different data groupings, for example, by a powder XRD pattern having a
group of specific peaks; or by a powder XRD pattern as shown in a figure depicting a
diffractogram, or by “a combination thereof” (or “combinations thereof,” or “any
combination thereof’). These expressions, ¢.g., “any combination thereof” contemplate that
the skilled person may characterize a crystal form using a combination of characteristic
analytical data. For example, the skilled person may characterize a crystal form using a
group of four or five characteristic powder XRD peaks, and supplement that characterization
with an additional feature observed in the powder X-ray diffractogram, e.g., an additional
peak, a characteristic peak shape, a peak intensity, or even the absence of a peak at some

position in the powder XRD pattern.

[0083]  The term "solvate," as used herein and unless indicated otherwise, refers to a
crystal form that incorporates a solvent in the crystal structure. When the solvent is water, the
solvate is often referred to as a "hydrate." The solvent in a solvate may be present in either a

stoichiometric or in a non-stoichiometric amount.
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[0084]  Asused herein, the expression “chemical shift difference” refers to the difference
in chemical shifts between a reference signal and another signal in the same NMR spectrum.
These chemical shift differences serve to provide an additional analytical measurement for a
substance, for example a crystalline form of Rilpivirine salt according to the present
invention, which will compensate for a phenomenon that may occur in NMR spectroscopy
wherein a shift in the solid-state NMR "fingerprint"” is observed. Such a shift in the NMR
peaks may occur, for example as a result of variations in the instrumentation, the temperature,
or the calibration method used in the NMR analysis. This shift in the solid-state NMR
"fingerprint", having chemical shift resonances at a certain positions, is such that even though
the individual chemical shifts of signals have moved, all the peaks in the spectrum are moved
by the same amount, such that the difference between chemical shifts of each signal and
another selected signal is retained. This chemical shift difference provides data that may be
used as a reliable characterization of the material being analyzed even when there is a shift in

the overall solid-state NMR "fingerprint”.

[0085] In the present patent application, the chemical shift differences were calculated by
subtracting the chemical shift value of the signal exhibiting the lowest chemical shift
(referred to as the reference signal) in the solid state *C NMR spectrum in the range of 100
to 190 ppm from chemical shift value of another signal (referred to as the observed signal) in

the same *CNMR spectrum in the range of 100 to 190 ppm.

[0086]  Unless indicated otherwise, the solid state forms of the present invention can be
dried. Drying may be carried out, for example, at elevated temperature under reduced
pressure. The crystalline form can be dried, for example, at a temperature from about 40°C
to about 80°C, or about 40°C to about 50°C, for example, about 40°C. The drying can be
carried out under reduced pressure (i.c., less than 1 atmosphere, for example, about 10 mbar
to about 100 mbar, or about 10 mbar to about 25 mbar). The drying can be carried out over a
suitable period, for example, of about 8 hours to about 36 hours, or about 10 hours to about

24 hours, for example, about 16 hours. Drying can be carried out overnight.

[0087] A thing, ¢.g., a reaction mixture, may be characterized herein as being at, or
allowed to come to “room temperature”, often abbreviated “RT.” This means that the
temperature of the thing is close to, or the same as, that of the space, e.g., the room or fume

hood, in which the thing is located. The expression “room temperature” may be used

10
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interchangeably herein with the expression “ambient temperature.” Typically, room

temperature is from about 15°C to about 30°C, or about 20°C to about 25°C, or about 25°C.

[0088]  Asused herein, Rilpivirine HC1 Form A refers to crystalline Rilpivirine HCI as
characterized and prepared in US publication US2011/0008434.

[0089]  The present invention provides a Rilpivirine hydrochloride trifluoroethanol solvate.

[0090]  The present invention provides a crystalline Rilpivirine HCL, designated Form E.
Form E can be characterized by data selected from: a powder XRD pattern with peaks at 8.2°,
14.6°, 15.2°,17.8°, and 24.2° + 0.3° 20; a powder XRD pattern as shown in Figure 1; a
solid-state '*C NMR spectrum with signals at 133.2, 137.0 and 151.3 + 0.2 ppm; a solid-state
C NMR spectrum having chemical shift differences between the signal exhibiting the
lowest chemical shift and another in the chemical shift range of 90 to 180 ppm of 35.7, 39.5
and 53.8 £ 0.1 ppm; a solid-state *C NMR spectrum as shown in figures 35 or 36; and any
combinations thereof. In the above embodiment, the signal exhibiting the lowest chemical

shift in the chemical shift area of 90 to 180 ppm is typically at about 97.5 + 1 ppm.

[0091]  Alternatively, Form E can be characterized by a powder XRD pattern having peaks
at 8.2°, 14.6°, 15.2°, 17.8°, and 24.2° + 0.3° 20, and also having any one, two, three, four or
five peaks selected from 8.9°, 16.6°, 18.9°,21.2°, and 22.8° 20 £ 0.3° 20.

[0092]  The present invention provides a Rilpivirine hydrochloride benzyl alcohol solvate.

[0093] In another embodiment, the present invention provides a crystalline Rilpivirine
HCI, designated Form H. Form H can be characterized by a powder XRD pattern with peaks
at 12.9°, 15.3°, 19.7°, 24.6°, and 28.8° £ 0.2° 20; or by a powder XRD pattern as shown in

figure 2; or by combinations thereof.

[0094]  Alternatively, Form H can be characterized by a powder XRD pattern having peaks
at 12.9°, 15.3°, 19.7°, 24.6°, and 28.8° £ 0.2° 20 and also having any one, two, three, four or
five peaks selected from 9.8°, 14.7°, 18.9°, 20.9°, and 27.3° 20 + 0.2° 20. The Form H can

be a benzyl alcohol solvate.

[0095]  In another embodiment, the present invention provides a form of Rilpivirine HCI,

designated Form J. Form J can be characterized by a powder XRD pattern with peaks at

11
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12.9°,20.3°,22.1°, and 28.6° £ §.3° 20; or by a powder XRD pattern as shown in figure 3; or

by combinations thereof.

[0096]  Alternatively, Form J can be characterized by a powder XRD pattern having peaks
at 12.9°,20.3°,22.1°, and 28.6°+ 0.3° 20 and also having any one, or two peaks selected
from 18.6° and 24.8° 20 + 0.2° 20.

[0097]  The present invention provides a Rilpivirine hydrochloride THF solvate.

[0098]  For example, the present invention provides a crystalline Rilpivirine hydrochloride
THEF solvate, designated Form Z1. Form Z1 can be characterized by data selected from: a
powder XRD pattern with peaks at 8.2°, 8.8°, 16.3°, 17.5°, and 23.7° £ 0.2° 20; a powder
XRD pattern as shown in figure 6; a solid-state *C NMR spectrum with signals at 118.1,
133.6 and 137.1 + 0.2 ppm; a solid-state '*C NMR spectrum having chemical shift
differences between the signal exhibiting the lowest chemical shift and another in the
chemical shift range of 90 to 180 ppm of 19.7, 35.2 and 38.7 + 0.1 ppm; a solid-state *C
NMR spectrum as shown in figures 31 or 32; and any combinations thereof. In the above
embodiment, the signal exhibiting the lowest chemical shift in the chemical shift area of 90 to

180 ppm is typically at 98.4 + 1 ppm.

[0099]  Alternatively, Form Z1 can be characterized by a powder XRD pattern having
peaks at 8.2°, 8.8°, 16.3°, 17.5°, and 23.7° + 0.2° 20 and also having any one, two, three,
four, or five peaks selected from 14.5°, 18.4°, 18.9°, 21.2°, and 25.2° 20 + 0.2° 26.

[00100] Alternatively, Form Z1 can be characterized by a powder XRD pattern having
peaks at 8.2°, 8.8°, 16.3°, 17.5°, and 23.7° + 0.3° 20. Form Z1 characterized by powder XRD
peaks at 8.2°, 8.8°, 16.3°, 17.5°, and 23.7° + 0.3° 20 can be further characterized by one or
more additional powder XRD peaks at 14.5°, 18.4°, 18.9°, 21.2°, and 25.2° 26 + 0.3° 26.

[00101] The present invention provides a Rilpivirine hydrochloride acetone solvate.

[00102] For example, the present invention provides a crystalline Rilpivirine hydrochloride
acetone solvate, designated Form Z2. Form Z2 can be characterized by data selected from: a
powder XRD pattern with peaks at 8.3°, 16.4°, 17.7°, 19.0° and 23.9° + 0.2° 20; a powder
XRD pattern as shown in figure 29; a solid-state '*C NMR spectrum with signals at 133.5,
137.1 and 151.2 + 0.2 ppm; a solid-state '*C NMR spectrum having chemical shift

12
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differences between the signal exhibiting the lowest chemical shift and another in the
chemical shift range of 90 to 180 ppm of 35.5, 39.1 and 53.2 + 0.1 ppm; a solid-state *C
NMR spectrum as shown in figures 33 or 34; and any combinations thereof. In the above
embodiment, the signal exhibiting the lowest chemical shift in the chemical shift area of 90 to

180 ppm is typically at 98.0 + 1 ppm.

[00103] Alternatively, Form Z2 can be characterized by a powder XRD pattern having
peaks at 8.3°, 16.4°, 17.7°, 19.0° and 23.9° & 0.2° 26 and also having any one, two, three,
four, or five peaks selected from 19.9°, 21.3°, 21.6°, 22.0°, and 22.7° 20 + 0.2° 26.

[00104] In another embodiment, the present invention provides Rilpivirine sulfate.

[00105] For example, the present invention provides a crystalline Rilpivirine sulfate,
designated Form 1. Form 1 can be characterized by a powder XRD pattern with peaks at
5.0°,12.0°, 18.1°, 19.1°, and 21.4° £ 0.2° 26; by a powder XRD pattern as shown in figure 4;

or by combinations thereof.

[00106] Alternatively, Form 1 can be characterized by a powder XRD pattern having peaks
at 5.0°, 12.0°, 18.1°, 19.1°, and 21.4° + 0.2° 20, and also having any one, two, three, four, or
five peaks selected from 14.6°, 15.0°, 22.1°, 27.3°, and 32.0° 26 = 0.2°26.

[00107] The present invention also provides a crystalline Rilpivirine sulfate, designated
Form 2. Rilpivirine sulfate Form 2 can be characterized by a powder XRD pattern with
peaks at 11.8°, 15.6°, 19.6°, 21.3°, and 31.7° + 0.2° 20; or by a powder XRD pattern as

shown in figure 17; or by combinations thereof.

[00108] Alternatively, Rilpivirine sulfate Form 2 can be characterized by a powder XRD
pattern having peaks at 11.8°, 15.6°, 19.6°, 21.3°, and 31.7° + 0.2° 20 and also having any
one, two, three, four or five peaks selected from 6.0°, 16.8°, 23.3°, 25.2°, and 27.3° 20 £ 0.2°
20.

[00109] The present invention also provides a crystalline Rilpivirine sulfate, designated
Form 3. In addition to any advantages listed above, this form was found to be

polymorphically stable, as exemplified in Example 43.
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[00110] Rilpivirine sulfate Form 3 can be characterized by a powder XRD pattern with
peaks at 6.4°, 14.6°, 17.6°, 18.5°, and 32.2° = (0.2° 20; or by a powder XRD pattern as shown

in figure 30; or by combinations thereof.

[00111] Alternatively, Rilpivirine sulfate Form 3 can be characterized by a powder XRD
pattern having peaks at 6.4°, 14.6°, 17.6°, 18.5°, and 32.2° + 0.2° 20 and also having any one,
two, three, four or five peaks selected from 6.1°, 16.8°,21.9°, 23.3°, and 27.4° 20 + 0.2° 26.

[00112] The present invention also provides a crystalline Rilpivirine sulfate, designated
Form 4. Rilpivirine sulfate Form 4 can be characterized by a powder XRD pattern with
peaks at 8.5°,9.0°, 11.9°, 12.3°, and 14.5° + 0.2° 20; or by a powder XRD pattern as shown

in figure 49; or by combinations thereof.

[00113] Alternatively, Rilpivirine sulfate Form 4 can be characterized by a powder XRD
pattern having peaks at 8.5°,9.0°, 11.9°, 12.3°, and 14.5° + 0.2° 20 and also having any one,
two, three, four or five peaks selected from 15.5°, 19.0°, 19.3°, 20.1°, and 24.7° 20 = 0.2°
20.

[00114] The present invention also provides a crystalline Rilpivirine sulfate, designated
Form 5. Rilpivirine sulfate Form 5 can be characterized by a powder XRD pattern with peaks
at 5.9°,10.5°, 12.6°, 15.6°, and 16.8° & 0.2° 26; or by a powder XRD pattern as shown in

figure 50; or by combinations thereof.

[00115] Alternatively, Rilpivirine sulfate Form 5 can be characterized by a powder XRD
pattern having peaks at 5.9°, 10.5°, 12.6°, 15.6°, and 16.8° + 0.2° 20 and also having any one,
two, three, or four peaks selected from 17.5°, 18.9°, 23.5°, and 29.9° + 0.2°26.

[00116] In another embodiment, the present invention provides Rilpivirine phosphate.

[00117] For example, the present invention provides a crystalline Rilpivirine phosphate,
designated Form 3. This form can be anhydrous. In addition to any advantages listed above,
this form was found to be polymorphically stable, as exemplified in the Examples below. In

particular, this form is stable under heating, and under mechanical stress.

[00118] Rilpivirine phosphate Form 3 can be characterized by data selected from: a powder
XRD pattern with peaks at 5.3°, 11.8°, 16.1°, 21.0°, and 29.0° & 0.2° 20; a powder XRD

14



WO 2012/125993 PCT/US2012/029619

pattern with peaks at 5.3°, 11.8°, 16.1°, 20.2°, and 22.3° £ 0.2° 26; a powder XRD pattern as
shown in figure 5 or 18; a solid-state *C NMR spectrum with signals at 132.6, 136.7 and
139.6 + 0.2 ppm; a solid-state *C NMR spectrum having chemical shift differences between
the signal exhibiting the lowest chemical shift and another in the chemical shift range of 90 to
180 ppm of 35.4, 39.5 and 42.4 + 0.1 ppm; a solid-state *C NMR spectrum as shown in
figures 41 or 42; and any combinations thereof. In the above embodiment, the signal
exhibiting the lowest chemical shift in the chemical shift area of 90 to 180 ppm is typically at
972+ 1 ppm.

[00119] Alternatively, Rilpivirine phosphate Form 3 can be characterized by a powder
XRD pattern having peaks at 5.3°, 11.8°, 16.1°, 21.0°, and 29.0° + 0.2° 20 and also having
any one, two, three, four, or five peaks selected from 10.4°, 13.0°, 14.3°, 18.7°, and 19.8° 20
+0.2° 20.

[00120] Alternatively, Rilpivirine phosphate Form 3 can be characterized by a powder
XRD pattern having peaks at 5.3°, 11.8°, 16.1°, 20.2°, and 22.3° + 0.2° 20 and also having
any one, two, three, four or five peaks selected from 11.8°, 10.3°, 14.3°, 21.0°, and 23.9° 20
+0.2° 20.

[00121] The above Rilpivirine phosphate Form 3 can be polymorphically pure, i.c.,
Rilpivirine phosphate Form 3 can be substantially free of any other polymorphic form. For
example, Rilpivirine phosphate Form 3 can be substantially free of Rilpivirine phosphate

Form 2, characterized hereinafter.

[00122] The present invention also provides a crystalline Rilpivirine phosphate, designated
Form 2. Rilpivirine phosphate Form 2 can be characterized by a powder XRD pattern with
peaks at 4.9°, 10.8°, 14.1°, 16.6°, and 18.7°% 0.2° 20; or by a powder XRD pattern as shown

in figure 7; or by combinations thereof.

[00123] Alternatively, Rilpivirine phosphate Form 2 can be characterized by a powder
XRD pattern having peaks at 4.9°, 10.8°, 14.1°, 16.6°, and 18.7° + 0.2° 20 and also having
any one, two, three, four, or five peaks selected from 12.6°, 15.8°, 19.8°, 22.9°, and 23.4° 20
+ 0.2 degrees 26.
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[00124] The present invention also provides a crystalline Rilpivirine phosphate, designated
Form 4. Rilpivirine phosphate Form 4 can be characterized by a powder XRD pattern with
peaks at 4.5°, 5.7°, 8.9°, 11.5°, and 15.1° £ 0.2° 20; or by a powder XRD pattern as shown in

figure 47; or by combinations thereof.

[00125] Alternatively, Rilpivirine phosphate Form 4 can be characterized by a powder
XRD pattern having peaks at 4.5°, 5.7°, 8.9°, 11.5°, and 15.1° £ 0.2° 20 and also having any
one, two, three, four, or five peaks selected from 16.5°, 16.8°, 17.3°, 19.7°, and 21.5° 20 &
0.2 degrees 26.

[00126] The present invention also provides a crystalline Rilpivirine phosphate, designated
Form 5. Rilpivirine phosphate Form 5 can be characterized by a powder XRD pattern with
peaks at 5.8°, 11.6°, 16.6°, 16.9°, and 17.4° = 0.2° 20; or by a powder XRD pattern as shown

in figure 48; or by combinations thereof.

[00127] Alternatively, Rilpivirine phosphate Form 5 can be characterized by a powder
XRD pattern having peaks at 5.8°, 11.6°, 16.6°, 16.9°, and 17.4° + 0.2° 20 and also having
any one, two, three, four, or five peaks selected from 19.7°, 21.6°, 24.2°, 26.7°, and 31.0° 20
+0.2° 20.

[00128] In another embodiment, the present invention provides Rilpivirine HBr.

[00129] For example, the present invention provides a crystalline Rilpivirine HBr,
designated Form 1. In addition to any advantages listed above, this form was found to be

polymorphically stable, as exemplified in Example 41.

[00130] Rilpivirine HBr Form 1 can be characterized by a powder XRD pattern with peaks
at 8.7°, 14.4°, 15.6°, 17.5°, and 23.8° & 0.2° 26; or by a powder XRD pattern as shown in

figure 8; or by combinations thereof.

[00131] Alternatively, Rilpivirine HBr Form 1 can be characterized by a powder XRD
pattern having peaks at 8.7°, 14.4°, 15.6°, 17.5°, and 23.8° + 0.2° 20, and also having any
one, two, three, four, or five peaks selected from 14.0°, 16.3°, 19.4°, 22.5°, and 24.6° 20 +
0.2°26.
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[00132] The present invention provides a crystalline Rilpivirine HBr, designated Form 2.
Rilpivirine HBr Form 2 can be characterized by a powder XRD pattern with peaks at 10.7°,
14.2°,21.8°,23.8°, and 25.0° £ 0.2° 20; or by a powder XRD pattern as shown in figure 21;

or by combinations thereof.

[00133] Alternatively, Rilpivirine HBr Form 2 can be characterized by a powder XRD
pattern having peaks at 10.7°, 14.2°,21.8°, 23.8°, and 25.0° = 0.2° 26, and also having any
one, two, three, four or five peaks selected from 9.8°, 14.8°, 19.2°, 20.8°, and 25.4° 20 £ 0.2°
20.

[00134] In another embodiment, the present invention provides Rilpivirine

p-toluenesulfonate.

[00135] For example, the present invention provides a crystalline Rilpivirine
p-toluenesulfonate, designated Form 1. Rilpivirine p-toluenesulfonate Form 1 can be

characterized by a powder XRD pattern with peaks at 9.4°, 18.6°, 19.7°, 21.3°, and 21.9° +

0.2° 20; or by a powder XRD pattern as shown in figure 9; or by combinations thereof.

[00136] Alternatively, Rilpivirine p-toluenesulfonate Form 1 can be characterized by a
powder XRD pattern having peaks at 9.4°, 18.6°, 19.7°, 21.3°, and 21.9° £ 0.2° 20, and also
having any one, two, three, four, or five peaks selected from 23.2°, 24.2°, 28.0°, 28.6°, and
37.6°20 £0.2 degrees 26.

[00137] In another embodiment, the present invention provides Rilpivirine mesylate

(methanesulfonate).

[00138] For example, the present invention provides a crystalline Rilpivirine mesylate,
designated Form 1. Rilpivirine mesylate Form 1 can be characterized by a powder XRD
pattern with peaks at 10.5°, 11.2°, 11.9°, 15.4°, and 16.4° + 0.2° 20; or by a powder XRD

pattern as shown in figure 10; or by combinations thereof.

[00139] Alternatively, Rilpivirine mesylate Form 1 can be characterized by a powder XRD
pattern having peaks at 10.5°, 11.2°, 11.9°, 15.4°, and 16.4° £+ 0.2° 20 and also having any
one, two, three, four, or five peaks selected from 17.4° + 0.2° 20, 20.7° + 0.2° 26, 24.8° +
0.3°20, 24.1° £ 0.2° 20, and 27.5° 20 £ 0.2° 26.
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[00140] The present invention also provides a crystalline Rilpivirine mesylate, designated
Form 2. Rilpivirine methanesulfonate Form 2 can be characterized by a powder XRD pattern
with peaks at 6.2°, 10.0°, 12.1°, 16.4°, and 19.8° + 0.2° 20; or by a powder XRD pattern as

shown in figure 14; or by combinations thereof.

[00141] Alternatively, Rilpivirine mesylate Form 2 can be characterized by a powder XRD
pattern having peaks at 6.2°, 10.0°, 12.1°, 16.4°, and 19.8° + 0.2° 20, and also having any
one, two, three, or four peaks selected from 20.4° £ 0.2° 20, 20.9° + 0.2° 20, 21.8° £ 0.3° 20,
and 24.9°20+0.3° 26.

[00142] In another embodiment, the present invention provides Rilpivirine maleate. The

Rilpivirine maleate can be a tetrahydrofuran solvate.

[00143] For example, the present invention provides a crystalline Rilpivirine maleate,
designated Form 1. Rilpivirine maleate Form 1 can be characterized by data selected from: a
powder XRD pattern with peaks at 8.7°, 11.8°, 20.1°, 21.2°, and 23.4° + 0.2° 20; a powder
XRD pattern as shown in figure 11; a solid-state '*C NMR spectrum with signals at 118.3,
133.0 and 169.2 + 0.2 ppm; a solid-state '*C NMR spectrum having chemical shift
differences between the signal exhibiting the lowest chemical shift and another in the
chemical shift range of 90 to 180 ppm of 21.2, 35.9 and 72.1 + 0.1 ppm; a solid-state *C
NMR spectrum as shown in figures 39 or 40; and any combinations thereof. In the above
embodiment, the signal exhibiting the lowest chemical shift in the chemical shift area of 90 to

180 ppm is typically at 97.1 + 1 ppm.

[00144] Alternatively, Rilpivirine maleate Form 1 can be characterized by a powder XRD
pattern having peaks at 8.7°, 11.8°, 20.1°, 21.2°, and 23.4° 20 + 0.2° 20, and also having any
one, two, three, four, or five peaks selected from 16.8°, 17.0°, 18.3°, 19.1°, and 24.8° 20 +

0.2 degrees 26. The Rilpivirine maleate Form 1 can be a tetrahydrofuran solvate.

[00145] The present invention also provides a crystalline Rilpivirine maleate, designated
Form 2. Rilpivirine maleate Form 2 can be characterized by a powder XRD pattern with
peaks at 6.4°, 13.6°, 17.0°, 18.9°, and 24.1° £ 0.2° 20; or by a powder XRD pattern as shown

in figure 20; or by combinations thereof.
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[00146] Alternatively, Rilpivirine maleate Form 2 can be characterized by a powder XRD
pattern having peaks at 6.4°, 13.6°, 17.0°, 18.9°, and 24.1° + 0.2° 20, and also having any
one, two, three, four or five peaks selected from 7.6°, 12.5°, 15.5°,20.4° and 21.9° 26 £ 0.2
degrees 20.

[00147] The present invention also provides a crystalline Rilpivirine maleate, designated
Form 3. In addition to any advantages listed above, this form was found to be

polymorphically stable, as exemplified in Example 43, 44, and 45.

[00148] Rilpivirine maleate Form 3 can be characterized by data selected from: a powder
XRD pattern with peaks at 6.3°,9.2°, 11.9°, 15.2°, and 22.1°+ 0.2° 20; a powder XRD
pattern as shown in figure 27; solid-state *C NMR spectrum with signals at about 104.3,
129.0 and 167.2 + 0.2 ppm; a solid-state '*C NMR spectrum having chemical shift
differences, between the signal exhibiting the lowest chemical shift and another in the
chemical shift range of 90 to 180 ppm, of about 7.7, 32.4 and 70.6 = 0.1 ppm; a solid-state
3C NMR spectrum is depicted in Figures 52 and 53; and by combinations thereof. In this
embodiment, the signal exhibiting the lowest chemical shift in the chemical shift area of 90 to

180 ppm is typically at about 96.6 = 1 ppm.

[00149] Alternatively, Rilpivirine maleate Form 3 can be characterized by a powder XRD
pattern having peaks at 12.9°, 15.3°, 19.7°, 24.6°, and 28.8° + 0.2° 20, and also having any
one, two, three, four or five peaks selected from 11.1°, 12.5°, 24.6°, 27.2°, and 27.8° 20 +
0.2°26.

[00150] The present invention also provides a crystalline Rilpivirine maleate, designated
Form 4. Rilpivirine maleate Form 4 can be characterized by a powder XRD pattern with
peaks at 8.5°, 10.5°, 16.0°, 18.1°, and 27.0° = 0.2° 20; or by a powder XRD pattern as shown

in figure 51; or by combinations thereof.

[00151] Alternatively, Rilpivirine maleate Form 4 can be characterized by a powder XRD
pattern having peaks at 8.5°, 10.5°, 16.0°, 18.1°, and 27.0° + 0.2° 20, and also having any
one, two, three, four or five peaks selected from 6.2°, 12.4°, 15.0°, 15.3°, and 22.5° + 0.2°
20.
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[00152] In another embodiment, the present invention provides Rilpivirine succinate. The

Rilpivirine succinate can be a THF solvate.

[00153] For example, the present invention provides a crystalline Rilpivirine succinate,
designated Form 1. In addition to any advantages listed above, this form was found to be

polymorphically stable, as exemplified in Example 43.

[00154] Rilpivirine succinate Form 1 can be characterized by data selected from: a powder
XRD pattern with peaks at 5.3°, 9.3°, 14.3°, 18.5°, and 18.7° + 0.2° 20; a powder XRD
pattern as shown in figure 12; a solid-state '*C NMR spectrum with signals at 130.7, 133.7
and 136.8 = 0.2 ppm; a solid-state *C NMR spectrum having chemical shift differences
between the signal exhibiting the lowest chemical shift and another in the chemical shift
range of 90 to 180 ppm of 38.9, 41.9 and 45.0 + 0.1 ppm; a solid-state *C NMR spectrum as
shown in figures 43 or 44; and any combinations thercof. In the above embodiment, the
signal exhibiting the lowest chemical shift in the chemical shift area of 90 to 180 ppm is

typically at 91.8 + 1 ppm.

[00155] Alternatively, Rilpivirine succinate Form 1 can be characterized by a powder XRD
pattern having peaks at 5.3°, 9.3°, 14.3°, 18.5°, and 18.7° £ 0.2° 26, and also having any one,
two, three, four, or five peaks selected from 10.6°, 12.7°, 19.7°, 22.8°, and 23.0° 20 £ 0.2

degrees 20. The Rilpivirine succinate Form 1 can be a tetrahydrofuran solvate.

[00156] The present invention also provides a crystalline Rilpivirine succinate, designated
Form 2. Rilpivirine succinate Form 2 can be characterized by a powder XRD pattern with
peaks at 14.2°,21.0°, 23.1°, 23.6°, and 25.2° + 0.2° 20; or by a powder XRD pattern as

shown in figure 19; or by combinations thereof.

[00157] Alternatively, Rilpivirine succinate Form 2 can be characterized by a powder XRD
pattern having peaks at 14.2°,21.0°, 23.1°, 23.6°, and 25.2° + 0.2° 20, and also having any
one, two, three, four or five peaks selected from 6.6°, 22.8°, 29.1°, and 35.8° = 0.2° 26.

[00158] The present invention also provides a crystalline Rilpivirine succinate, designated
Form 3. Rilpivirine succinate Form 3 can be characterized by data selected from: a powder
XRD pattern with peaks at 5.3°, 5.6°, 10.6°, 12.6°, and 23.1° + 0.2° 20; a powder XRD
pattern as shown in figure 28; a solid-state '*C NMR spectrum with signals at 131.2, 134.1
and 162.4 £ 0.2 ppm; a solid-state *C NMR spectrum having chemical shift differences
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between the signal exhibiting the lowest chemical shift and another in the chemical shift
range of 90 to 180 ppm of 37.9, 40.8 and 69.1 + 0.1 ppm; a solid-state *C NMR spectrum as
shown in figures 45 or 46; and any combinations thercof. In the above embodiment, the
signal exhibiting the lowest chemical shift in the chemical shift area of 90 to 180 ppm is

typically at 93.3 + 1 ppm.

[00159] Rilpivirine succinate Form 3 characterized by a powder XRD pattern with peaks at
5.3°,5.6° 10.6°, 12.6°, and 23.1° = 0.2° 20 can be further characterized by a powder XRD
pattern having an additional one, two, three, four or five peaks selected from 9.6°, 14,7°,

18,4°,19.4°, and 26.9° 20 + 0.2 degrees 26.
[00160] In another embodiment, the present invention provides Rilpivirine L-malate.

[00161] For example, the present invention provides a crystalline Rilpivirine L-malate,
designated Form 1. Rilpivirine L-malate Form 1 can be characterized by a powder XRD
pattern with peaks at 5.4°, 9.2°, 9.5°, 14.5°, and 18.5° £ 0.2° 26; or by a powder XRD pattern

as shown in figure 13; or by combinations thereof.

[00162] Alternatively, Rilpivirine L-malate Form 1 can be characterized by a powder XRD
pattern having peaks at 5.4°,9.2°,9.5°, 14.5°, and 18.5° £ 0.2° 26, and also having any one,
two, three, four, or five peaks selected from 10.5°, 12.5°, 19.1°, 19.5° and 26.5° 26 = 0.2°
20.

[00163] In another embodiment, the present invention provides Rilpivirine

benzenesulfonate.

[00164] For example, the present invention provides a crystalline Rilpivirine
benzenesulfonate, designated Form 1. Rilpivirine benzenesulfonate Form 1 can be

characterized by a powder XRD pattern with peaks at 4.3°, 18.4°, 19.2°, 20.2°, and 24.2° +

0.2° 20; or by a powder XRD pattern as shown in figure 15; or by combinations thereof.

[00165] Alternatively, Rilpivirine benzenesulfonate Form 1 can be characterized a powder
XRD pattern having peaks at 4.3°, 18.4°, 19.2°,20.2°, and 24.2° £ 0.2° 20, and also having
any one, two, or three peaks selected from 12.1° +0.2° 20, 14.5° + 0.3° 20, and 16.2° 20 +
0.2°26.
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[00166] In another embodiment, the present invention provides Rilpivirine ethanesulfonate.

[00167] For example, the present invention provides a crystalline Rilpivirine
cthanesulfonate, designated Form 1. Rilpivirine ethanesulfonate Form 1 can be characterized
by a powder XRD pattern with peaks at 10.4°, 15.9°, 18.9°, 20.9°, and 26.0° + 0.2° 20; or by

a powder XRD pattern as shown in figure 16; or by combinations thereof.

[00168] Alternatively, Rilpivirine ethanesulfonate Form 1 can be characterized by a powder
XRD pattern having peaks at 10.4°, 15.9°, 18.9°, 20.9°, and 26.0° + 0.2° 20, and also having
any one, two, three, four, or five peaks selected from 14.7°, 17.9°, 19.5°, 19.9°, and 24.7° 20
+0.2°26.

[00169] In another embodiment, the present invention provides Rilpivirine malonate.

[00170] For example, the present invention provides a crystalline Rilpivirine malonate,
designated Form 1. Rilpivirine malonate Form 1 can be characterized by a powder XRD
pattern with peaks at 10.7°, 14.2°, 21.8°, 23.8°, and 25.0° + 0.2° 20; or by a powder XRD

pattern as shown in figure 22; or by combinations thereof.

[00171] Alternatively, Rilpivirine malonate Form 1 can be characterized by a powder XRD
pattern having peaks at 10.7°, 14.2°, 21.8°, 23.8°, and 25.0°+ 0.2° 20, and also having any
one, two, three, four or five peaks selected from 9.8°, 14.8°, 19.2°, 20.8°, and 25.4° 20 £ 0.2

degrees 20.
[00172] In another embodiment, the present invention provides Rilpivirine L-tartrate.

[00173] For example, the present invention provides an amorphous Rilpivirine L-tartrate.
The amorphous Rilpivirine L-tartrate can be characterized by a powder XRD pattern as

shown in figure 23.
[00174] In another embodiment, the present invention provides Rilpivirine citrate.

[00175] For example, the present invention provides an amorphous Rilpivirine citrate. The
amorphous Rilpivirine citrate can be characterized by a powder XRD pattern as shown in

figure 24.
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[00176] The present invention also provides a crystalline Rilpivirine acetate, designated
Form IV. Form IV can be characterized by data selected from: a powder XRD pattern with
peaks at 6.0°, 7.6°, 9.3°, 14.7°, and 15.2° 20 £ 0.2° 20; a powder XRD pattern as shown in
figure 25; a solid-state '>*C NMR spectrum with signals at 103.0, 130.9 and 134.2 + 0.2 ppm;
a solid-state *C NMR spectrum having chemical shift differences between the signal
exhibiting the lowest chemical shift and another in the chemical shift range of 90 to 180 ppm
of 10.6, 38.5 and 41.8 + 0.1 ppm; a solid-state *C NMR spectrum as shown in figures 37 or
38; and any combinations thercof. In the above embodiment, the signal exhibiting the lowest

chemical shift in the chemical shift area of 90 to 180 ppm is typically at 92.4 + 1 ppm.

[00177] Alternatively, Form IV can be characterized by a powder XRD pattern having
peaks at 6.0°, 7.6°, 9.3°, 14.7°, and 15.2° 20 £ 0.2 degrees 26, and also having any one, two,
three, four or five peaks selected from 12.1°, 18.5°, 20.5°, 23.8° and 25.2° 20 = (.2° 26.

[00178] The present invention provides Rilpivirine base DMSO solvate.

[00179] The present invention also provides a crystalline Rilpivirine base, designated Form
V. Rilpivirine base Form V can be characterized by a powder XRD pattern with peaks at
6.6°,13.2°,16.4°, 19.9°, and 25.0° + 0.2° 20; or by a powder XRD pattern as shown in figure

26; or by combinations thereof.

[00180] Alternatively, Rilpivirine base Form V can be characterized by a powder XRD
pattern having peaks at 6.6°, 13.2°, 16.4°, 19.9°, and 25.0° + 0.2° 20, and also having any
one, two, three, four or five peaks selected from 18.2°, 19.6°, 22.5°, 24.2°, and 32.1° 20 +
0.2° 20. The Rilpivirine base Form V can be a DMSO solvate.

[00181] The above described Rilpivirine salts and crystalline forms of Rilpivirine salts can
be used to prepare Rilpivirine base, for example by reacting any of the above mentioned
Rilpivirine salts with a base. The above described Rilpivirine salts and crystalline forms of
Rilpivirine salts can be used also to prepare a different Rilpivirine salt, for example by
reacting any of the above mentioned Rilpivirine salts with an acid; or, alternatively, by
reacting any of the above mentioned Rilpivirine salt with a base, and further reacting the

product of that reaction with another acid.

[00182] The above salts of Rilpivirine and polymorphs of Rilpivirine base, or of Rilpivirine

salts, can be used to prepare other salts of Rilpivirine and formulations thereof, or
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formulations of Rilpivirine base. For example, salts of Rilpivirine can be prepared from the

crystalline forms of Rilpivirine base by reacting them with an acid.

[00183] The present invention encompasses a process for preparing other Rilpivirine salts.
The process comprising preparing any one of the Rilpivirine salts and solid state forms of
Rilpivirine by the processes of the present invention, and converting that salt to said other
Rilpivirine salt. The conversion can be done, for example, by a process comprising basifying
any one or a combination of the above described Rilpivirine salts and/or solid state forms
thereof, and reacting the obtained Rilpivirine base with an appropriate acid, to obtain the
corresponding salt. Alternatively, the conversion can be done by salt switching, i.¢., reacting
a Rilpivirine salt, with an acid having a pKa which is lower than the pKa of the acid of the

first Rilpivirine salt.

[00184] The present invention further encompasses 1) a pharmaceutical composition
comprising any one or combination of solid state Forms, as described above, and at least one
pharmaceutically acceptable excipient and 2) the use of any one or combination of the
above-described solid state Forms, in the manufacture of a pharmaceutical composition. The
pharmaceutical composition can be useful for the treatment of HIV infection. Preferably, in
the pharmaceutical compositions, the solid state forms contain 20% or less, for example 10%
or less, or 5% or less, or 2% or less, or 1% or less of any other crystalline form of the
respective Rilpivirine base or salts. The present invention also provides solid state forms as

described above for use as a medicament, preferably for the treatment of HIV infection.

[00185] Having described the invention with reference to certain preferred embodiments,
other embodiments will become apparent to one skilled in the art from consideration of the
specification. The invention is further defined by reference to the following examples

describing in detail the preparation of the composition and methods of use of the invention.
It will be apparent to those skilled in the art that many modifications, both to materials and

methods, may be practiced without departing from the scope of the invention.

X-Ray Power Diffraction:

[00186] Unless stated otherwise, X-Ray powder diffraction data was obtained by using
methods known in the art using a SCINTAG powder X-Ray diffractometer model X’TRA
equipped with a solid-state detector. Copper radiation of 1.5418 A was used. A round

24



WO 2012/125993 PCT/US2012/029619

sample holder with zero background was used. The scanning parameters included: range: 2-
40 degrees two-theta; scan mode: continuous scan; step size: 0.05 deg.; and a rate of

3 degrees/minute.

[00187] The peak positions are determined by using silicon powder as an internal standard
in an admixture with the sample measured. The position of the silicon (111) peak was
corrected to be 28.45 degrees two theta. The positions of the listed peaks were corrected

accordingly. (No correction was performed on the diffractograms provided in the figures).
[00188] SSNMR experimental description:

Instruments parameters

C NMR at 125MHz using Bruker Avance II+ 500

SB probe using 4mm rotors

Magic angle was set using KBr

Homogeneity of magnetic field was checked using adamantane

Parameters for Cross polarization were optimized using glycine

Spectral reference was set according to glycine as external standard (176.03 ppm for low

field carboxyl signal)

Scanning parameters:

Magic Angle Spinning Rate:11 kHz

Delay time: 10s.

Number of Scans: for Rilpivirine HCl forms Z1, Z2 and E, Rilpivirine maleate form 1,
Rilpivirine phosphate form 3 and Rilpivirine succinate form 1: 512 scans; for Rilpivirine

acetate form I'V and Rilpivirine succinate form 3: 1024 scans.

EXAMPLES

Example A: Preparation of Rilpivirine base Form 11

[00189] (E)-3-(4-Amino-3,5-dimethylphenyl)acrylonitrile hydrochloride (48 g, 0.23 mol)
and 4-(4-chloropyrimidin-2-ylamino)benzonitrile (55.7 g, 0.24 mol, 1.05 eq) were mixed
with acetonitrile (480 mL, 10V) at 25°C affording a yellow suspension. The suspension was
stirred and heated to reflux (82°C). Stirring was continued at the same temperature for 48 h,

and the suspension was then cooled to 50°C over a period of 0.5 h. A solution of potassium
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carbonate (63.5 g, 0.46 mol, 2 eq) in water (240 mL) was added dropwise over 15 min at
50°C, and stirring was continued for another 1 h. The resulting solid was isolated by vacuum
filtration, washed with acetonitrile/water (40+30 ml) and air-dried on the filter. The air-dried
filter cake (74.2 g) was mixed with EtOH (abs) (410 mL, 5.5V vs. crude Rilpivirine), and the
resulting slurry was heated to reflux (78°C) with stirring. The hot suspension was stirred for 2
h at 78°C, and then cooled to 25°C over a period 0.5 h. The resulting solid was isolated by
vacuum filtration; the filter cake was washed with EtOH (abs) (75 ml) and dried in a vacuum
oven (10 mbar) at 50°C for 16 h to afford Rilpivirine base form II (48.9 g, 58.1% yield,
98.4% purity) as a yellow solid.

Example B: Preparation of Rilpivirine HCl Form A

[00190] Rilpivirine base form II (15.3 g, 41.8 mmol) was mixed with acetic acid (80 mL,
5.2V) at 25°C affording a yellow suspension. The suspension was stirred and heated to 90°C
to obtain a brownish solution, whilst stirring for 15 min. The solution was then heated to
95°C, filtered and the filter washed with acetic acid (4.6 mL, 0.3V). The resulting filtrate
was cooled to 80°C and HC1 32% (4.14 ml, 41.8 mmol, 1 eq) was added in one portion, to
afford an off-white suspension. The suspension was heated to 85°C and stirred at the same
temperature for 10 min. Water (84 mL, 5.5V) was added dropwise over a period of 10 min,
and stirring was continued for 0.5 h. The mixture was then cooled to 25°C over 1 h. A solid
precipitated and was isolated by vacuum filtration, washed with water (2x7.65mL, 0.5V) and
the filter cake was dried in a vacuum oven (10 mbar) at 50°C for 15 h to afford Rilpivirine

HCI Form A.

Example 1a: Preparation of Rilpivirine hydrochloride Form E

[00191] To Rilpivirine HCI form A (0.15 g) was added 2,2,2-triflouroethanol (1.5 mL,
10V) at 25°C affording an off-white suspension. The suspension was heated with stirring to
reflux (78°C), which led to a yellow solution. The solution was stirred at 78°C for 1h, and
was then cooled to 25°C over a period of 1h, leading to the formation of a precipitate. The
precipitate was isolated by vacuum filtration, and the filter cake was dried in a vacuum oven

(10 mbar) at 70°C for 18h to afford Rilpivirine HCI, Form E.

Example 1b: Preparation of Rilpivirine hydrochloride Form E
[00192] Rilpivirine HCI form A (0.15 g) was dissolved in 2,2,2-trifluoroethanol at reflux
(78°C) with stirring. To the resulting solution was added an antisolvent (see list below)

(10V), leading to precipitation. The resulting mixture was stirred at the same temperature for
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19 h, and then cooled to room temperature over a period of 1 h. The resulting solid precipitate
was isolated by filtration to give Rilpivirine HCl Form E. Drying of this material in a vacuum
oven at 70°C for 20 h afforded the same polymorphic form as was identified prior to drying,
as confirmed by XRD analysis.

Antisolvents: EtOH, IPA, methylethylketone

Example 1c: Preparation of Rilpivirine hydrochloride Form E

[00193] Rilpivirine HCI form A (0.15 g) was dissolved in 2,2,2-trifluoroethanol at reflux
(78°C) with stirring. To the resulting solution was added an antisolvent selected from the list
below (10V), leading to precipitation. The resulting mixture was stirred at the same
temperature for 22 h and then cooled to room temperature over a period of 1 h. The
precipitate was isolated by filtration to give Rilpivirine HCl Form E. Drying of this material
in a vacuum oven at 70°C for 20 h afforded the same polymorphic form as was identified

prior to drying, as confirmed by XRD analysis.
Antisolvents: dimethylcarbonate 1,2-dimethoxyethane, diisopropylether, acetonitrile, toluene.

Example 1d: Preparation of Rilpivirine hydrochloride Form E

[00194] Rilpivirine HCI form A (0.15 g) was dissolved in 2,2,2-trifluoroethanol at reflux
(78°C) with stirring. To the resulting solution was added heptane (30V). The resulting
mixture was cooled to room temperature over a period of 1 h and stirring was continued at
the same temperature for 16 h leading to precipitation. The precipitate was isolated by
filtration to give Rilpivirine HC] Form E. Drying of this material in a vacuum oven at 70°C
for 20 h afforded the same polymorphic form as was identified prior to drying, as confirmed

by XRD analysis.

Example 1le: Preparation of Rilpivirine hydrochloride Form E

[00195] Rilpivirine HCI form A (0.15 g) was dissolved in 2,2,2-trifluoroethanol at reflux
(78°C) with stirring. To the resulting solution was added water (30V). The resulting mixture
was cooled to room temperature over a period of 1 h leading to precipitation. The precipitate
was isolated by filtration to give Rilpivirine HCl Form E. Drying of this material in a vacuum
oven at 70°C for 20 h afforded the same polymorphic form as was identified prior to drying,
as confirmed by XRD analysis.
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Example 2: Preparation of Rilpivirine hydrochloride Form H

[00196] To Rilpivirine HCI form A (0.15 g) was added benzyl alcohol (7.5 mL, 50V) at
25°C affording an off-white suspension. The suspension was heated with stirring to 80°C,
which led to a yellow solution. The solution was stirred at 80°C for 1h, and was then cooled
to 0-5°C over a period of 18h, leading to the formation of a precipitate. The resulting wet

solid was isolated by vacuum filtration to afford Rilpivirine HC] Form H.

Example 3: Preparation of Rilpivirine hydrochloride Form J
[00197] Rilpivirine HCI form H obtained according to Example 2 was dried in a vacuum

oven (10 mbar) at 70°C for 18h to afford Rilpivirine HCI. Form J.

Example 4: Preparation of Rilpivirine sulfate Form 1

[00198] A mixture of sulfuric acid 98% (90 mg, 0.90 mmol, 1.1 eq) in THF (3 mL, 10V)
was added to Rilpivirine base Form II (300 mg, 0.82 mmol). The resulting slurry was stirred
with heating (45°C) for 1 h, after which time the reaction mixture was cooled to room
temperature. Stirring of the reaction mixture was continued at room temperature overnight,
during which time a solid precipitate formed. The solid was isolated by filtration. The filter
cake was washed with cold THF (1 mL) and dried in a vacuum oven at 50°C overnight to

give Rilpivirine sulfate Form 1 as a white solid.

Example 5: Preparation of Rilpivirine phosphate Form 3

[00199] A mixture of phosphoric acid 85% (104 mg, 0.90 mmol, 1.1 eq) in THF (3 mL,
10V) was added to Rilpivirine base Form II (300 mg, 0.82 mmol). The resulting slurry was
stirred with heating (45°C) for 1 h, after which time the reaction mixture was cooled to room
temperature. Stirring of the reaction mixture was continued at room temperature overnight,
during which time a solid precipitate formed. The solid was isolated by filtration; the filter
cake was washed with cold THF (1 mL) and dried in a vacuum oven at 50°C overnight to
give Rilpivirine phosphate Form 3 as a white solid. An XRD analysis is provided in Figure

5.

Example 6: Preparation of Rilpivirine hydrochloride Form Z1

[00200] A mixture of HC1 32% (196 mg, 1.7 mmol, 2.1 eq) in THF (3 mL, 10V) was added
to Rilpivirine base Form II (300 mg, 0.82 mmol). The resulting slurry was stirred with
heating (45°C) for 1 h, after which time the reaction mixture was cooled to room temperature.

Stirring of the reaction mixture was continued at room temperature overnight, during which
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time a solid precipitate formed. The solid was isolated by filtration. The filter cake was
washed with cold THF (1 mL) and dried in a vacuum oven at 50°C overnight to give
Rilpivirine HCI form Z1 as an off-white solid.

Example 7: Preparation of Rilpivirine phosphate Form 2

[00201] A mixture of phosphoric acid 85% (104 mg, 0.90 mmol, 1.1 eq) in THF (3 mL,
10V) was added to Rilpivirine base Form II (300 mg, 0.82 mmol). The resulting slurry was
stirred with heating (45°C) for 1 h, after which time the reaction mixture was cooled to room
temperature. Stirring of the reaction mixture was continued at room temperature over night.
The solid was isolated by filtration; and the filter cake was washed with cold THF (1 mL) to

give Rilpivirine phosphate Form 2 as a white solid.

Example 8: Preparation of Rilpivirine HBr Form 1

[00202] Rilpivirine base Form II (0.30 g, 0.82 mmol) was dissolved in THF (6 mL) at
45°C. HBr 48% (152 mg, 0.90 mmol, 1.1 eq) was mixed with THF (3 mL) at room
temperature and the resulting solution was then added portion-wise to the solution containing
Rilpivirine base at 45°C with stirring. Precipitation was observed upon mixing. The reaction
mixture was removed from the heat source and stirring was continued at room temperature
for about 17 h. The precipitate was isolated by filtration to give Rilpivirine HBr form 1.
Drying of the aforementioned material in a vacuum oven at 50°C for 17 h afforded the same

polymorphic form as was identified prior to drying, as confirmed by XRD analysis.

Example 9a: Preparation of Rilpivirine p-toluenesulfonate (tosylate) Form 1

[00203] Rilpivirine base form IT (0.30 g, 0.82 mmol) was dissolved in THF (6 mL) at 45°C.
p-Toluenesulfonic acid monohydrate (171 mg, 0.90 mmol, 1.1 eq) was dissolved in THF (3
mL) at room temperature and the resulting solution was then added portion-wise to the
solution containing Rilpivirine base at 45°C with stirring. Precipitation was observed upon
mixing. The reaction mixture was removed from the heat source and stirring was continued at
room temperature for about 17 h. The precipitate was isolated by filtration to give Rilpivirine

p-toluenesulfonate Form 1, as indicated by XRD.

Example 9b: Preparation of amorphous Rilpivirine tosylate
[00204] Drying of Rilpivirine tosylate Form 1 (prepared according to Example 9a) in a

vacuum oven at 50°C for 17 h afforded amorphous Rilpivirine Tosylate.

Example 10: Preparation of Rilpivirine mesylate Form 1
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[00205] Rilpivirine base Form 1T (0.30 g, 0.82 mmol) was dissolved in THF (6 mL) at
45°C. Methanesulfonic acid (87 mg, 0.90 mmol, 1.1 eq) was dissolved in THF (3 mL) at
room temperature and the resulting solution was then added portion-wise to the solution
containing Rilpivirine base at 45°C with stirring. The reaction mixture was removed from the
heat source and stirring was continued at room temperature for about 17 h. A precipitate
formed and was isolated by filtration to give Rilpivirine mesylate Form 1 as indicated by

XRD.

Example 11: Preparation of Rilpivirine mesylate Form 2
[00206] Rilpivirine mesylate Form 1 was dried in a vacuum oven at 50°C for 18 h to afford

Rilpivirine mesylate Form 2.

Example 12: Preparation of Rilpivirine maleate Form 1

[00207] Rilpivirine base Form II (0.30 g, 0.82 mmol) was dissolved in THF (6 mL) at
45°C. Maleic acid (105 mg, 0.90 mmol, 1.1 eq) was dissolved in THF (3 mL) at room
temperature and the resulting solution was then added portion-wise to the solution containing
Rilpivirine base at 45°C with stirring. The reaction mixture was removed from the heat
source and precipitation was observed after stirring for about 20 min. The stirring was
continued at room temperature for about 17 h. The precipitate was isolated by filtration to
give Rilpivirine maleate form 1. Drying of this material in a vacuum oven at 50°C for 17 h
afforded the same polymorphic form as was identified prior to drying, as confirmed by XRD

analysis.

Example 13: Preparation of Rilpivirine succinate Form 1

[00208] Rilpivirine base Form II (0.30 g, 0.82 mmol) was dissolved in THF (6 mL) at
45°C. Succinic acid (106 mg, 0.90 mmol, 1.1 eq) was dissolved in THF (3 mL) at room
temperature and the resulting solution was then added portion-wise to the solution containing
Rilpivirine base at 45°C with stirring. The reaction mixture was removed from the heat
source and stirred at room temperature for about 17 h. leading to precipitation. The
precipitate was isolated by filtration to give Rilpivirine succinate Form 1. Drying of this
material in a vacuum oven at 50°C for 18 h afforded the same polymorphic form as was

identified prior to drying.
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Example 14: Preparation of Rilpivirine L-malate Form 1

[00209] Rilpivirine base Form 11 (0.30 g, 0.82 mmol) was dissolved in THF (6 mL) at
45°C. L-Malic acid (121 mg, 0.90 mmol, 1.1 eq) was dissolved in THF (3 mL) at room
temperature and the resulting solution was then added portion-wise to the solution containing
Rilpivirine base at 45°C with stirring. The reaction mixture was removed from the heat
source and stirring was continued at room temperature for about 17 h. A precipitate formed
and was isolated by filtration to give Rilpivirine L-malate Form 1. Drying of this material in a

vacuum oven at 50°C for 18 h afforded the same polymorphic form as was identified prior to

drying.

Example 16: Preparation of Rilpivirine benzenesulfonate Form 1

[00210] Benzenesulfonic acid 90% (160 mg, 0.90 mmol, 1.1 eq) was dissolved in THF (3
mL) at room temperature and was then added dropwise to a stirred solution of Rilpivirine
base form II (300 mg, 0.82 mmol) in THF (6 mL, 20V) at 45°C. Precipitation was observed.
The reaction mixture was cooled to room temperature for 30 min and stirring was continued
at the same temperature for 17 h. The reaction mixture was then filtered to give Rilpivirine
benzenesulfonate Form 1. The filter cake was dried in a vacuum oven at 50°C for 17 h. A
white solid was obtained. XRD analysis of the solid indicated the same polymorphic form as

was identified in the wet material.

Example 17: Preparation of Rilpivirine ethanesulfonate Form 1

[00211] Ethanesulfonic acid 95% (104 mg, 0.90 mmol, 1.1 eq) was dissolved in THF (3
mL) at room temperature and was then added dropwise to a stirred solution of Rilpivirine
base form II (0.30 g, 0.82 mmol) in THF (6 mL, 20V) at 45°C. Precipitation was observed.
The reaction mixture was cooled to room temperature for 30 min and stirring was continued
at the same temperature for 17 h. The reaction mixture was then filtered to give the title
compound. The filter cake was dried in a vacuum oven at 50°C for 17 h. A white solid was
obtained. XRD analysis of the solid indicated the same polymorphic form as was identified in

the wet material.

Example 18: Preparation of amorphous Rilpivirine p-toluenesulfonate
[00212] Rilpivirine p-toluenesulfonate form 1 was dried in a vacuum oven at 50°C for 17 h

to give amorphous Rilpivirine p-toluenesulfonate, as confirmed by XRD analysis.

Example 19: Preparation of Rilpivirine sulfate Form 2
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[00213] H2SO04 (0.5 mL of 98%) was dissolved in 9.5 mL of acetone at ambient
temperature. Rilpivirine base Form II (0.30 g, 0.82 mmol) and acetone (9 mL, 30V) were
mixed and the mixture was heated to reflux until a clear solution was observed (about 15
min). Then, the above described sulfuric acid solution in acetone (1.0 mL, 0.90 mmol, 1.1
mol eq) was added to the Rilpivirine base solution in one portion. Stirring of the reaction
mixture was continued at reflux for 15 min. Then, the mixture was cooled to ambient
temperature by removal of the heating source and stirred at the same temperature for about
21 h. A precipitate formed and was isolated by vacuum filtration to afford Form 2. Drying of

this material in a vacuum oven at 50°C for 21 h afforded Rilpivirine sulfate Form 2.

Example 20: Preparation of polymorphic pure Rilpivirine phosphate Form 3

[00214] Phosphoric acid (85%, 0.6 mL) was dissolved at ambient temperature in acetone
(9.4 mL). Rilpivirine base form II (0.30 g, 0.82 mmol) and acetone (9 mL, 30V) were mixed
and the mixture was heated to reflux for 15 min until a clear solution was observed. Then, the
above described phosphoric acid solution in acetone (1.0 mL, 0.90 mmol, 1.1 mol eq) was
added to the Rilpivirine base solution in one portion at 56°C. Stirring of the reaction mixture
was continued at reflux for 15 min. Then, the mixture was cooled to ambient temperature by
removal of the heating source and stirred at the same temperature for about 21 h. A
precipitate formed and was isolated by vacuum filtration and dried in a vacuum oven at 50°C

for 24 h to afford Rilpivirine phosphate Form 3, as shown in Figure 18.

Example 21: Preparation of Rilpivirine succinate Form 2

[00215] Rilpivirine base form II (0.50 g, 1.36 mmol) and acetone (15 mL, 30V) were
mixed and the mixture was heated to reflux until a clear solution was observed (about 15
min). To the solution was added a hot solution of succinic acid (0.18 g, 1.50 mmol, 1.1 eq) in
acetone (5 mL) in one portion at 56°C. The mixture was cooled to ambient temperature by
removal of the heating source and was stirred at the same temperature for about 21 h. The
mixture was then concentrated under reduced pressure until a precipitate began to form. The
resulting suspension was stirred overnight at room temperature. The precipitate was isolated
by vacuum filtration and dried in a vacuum oven at 50°C for 24 h to provide Rilpivirine

succinate Form 2.

Example 22: Preparation of Rilpivirine maleate Form 2
[00216] Rilpivirine base form II (0.50 g, 1.36 mmol) and acetone (15 mL, 30V) were

mixed, and the mixture was heated to reflux for 15 min until a clear solution was observed.
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To the mixture was added a solution of maleic acid (0.17 g, 1.50 mmol, 1.1 eq) in acetone (2
mL) in one portion at 56°C. The mixture was cooled to ambient temperature by removal of
the heating source and stirred at the same temperature for 21 h. A precipitate formed and was
isolated by vacuum filtration and dried in a vacuum oven at 50°C for 24 h to afford

Rilpivirine maleate Form 2.

Example 23: Preparation of Rilpivirine HBr Form 2

[00217] Rilpivirine base form II (0.50 g, 1.36 mmol) and acetone (15 mL, 30V) were
mixed and the mixture was heated to reflux during 15 min until a clear solution was
observed. A solution of aqueous HBr 48% (0.25 mL, 1.50 mmol, 1.1 eq) in acetone (2.5 mL)
was added to the mixture in one portion at 56°C. The resulting reaction mixture was cooled to
ambient temperature by removal of the heating source and stirred at the same temperature for
21 h. A precipitate formed and was isolated by vacuum filtration and dried in a vacuum oven

at 50°C for 24 h to afford Rilpivirine HBr Form 2.

Example 24: Preparation of Rilpivirine malonate Form 1

[00218] Rilpivirine base form II (0.30 g, 0.82 mmol) was dissolved in THF (6 mL) at 45°C.
Malonic acid (94 mg, 0.90 mmol, 1.1 eq) was dissolved in THF (3 mL) at room temperature
and the resulting solution was then added portion-wise to the solution containing Rilpivirine
base at 45°C with stirring. The reaction mixture was removed from the heat source and
stirring was continued at room temperature for about 17 h. The mixture was then cooled to -
18°C and maintained at that temperature over a period of 10 days. A precipitate formed and
was isolated by vacuum filtration at -15°C to room temperature to give Rilpivirine malonate
Form 1 as a pale yellow solid. Drying of this material in a vacuum oven at 50°C for 17 h

afforded Rilpivirine malonate Form 1.

Example 25: Preparation of amorphous Rilpivirine L-tartrate

[00219] Rilpivirine base form II (0.30 g, 0.82 mmol) was dissolved in THF (6 mL) at 45°C.
L-tartaric acid (135 mg, 0.90 mmol, 1.1 eq) was dissolved in THF (3 mL) at room
temperature and the resulting solution was then added portion-wise to the solution containing
Rilpivirine base at 45°C with stirring. The reaction mixture was removed from the heat
source and stirring was continued at room temperature for about 17 h. The mixture was then
cooled to -18°C and maintained at this temperature overnight, and then returned to ambient
temperature. To the mixture was then added diethyl ether (6 mL), leading to the formation of

a precipitate. The precipitate was isolated by vacuum filtration and the filter cake was washed
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with diethyl ether to give amorphous Rilpivirine L-tartrate as a white solid, both before and

after drying in a vacuum oven at 60°C overnight. The samples were found to be amorphous.

Example 26: Preparation of amorphous Rilpivirine citrate

[00220] Rilpivirine base form IT (0.30 g, 0.82 mmol) was dissolved in THF (6 mL) at 45°C.
Citric acid (173 mg, 0.90 mmol, 1.1 eq) was dissolved in THF (3 mL) at room temperature
and the resulting solution was then added portion-wise to the solution containing Rilpivirine
base at 45°C with stirring. The reaction mixture was removed from the heat source and
stirring was continued at room temperature for about 17 h. The mixture was then cooled to -
18°C for 2 h and then returned to ambient temperature. About 15 V of the mixture were
removed by distillation with a rotary evaporator and then diethyl ether (6 mL) was added
leading to the formation of a precipitate. The precipitate was isolated by vacuum filtration
and the filter cake was washed with diethyl ether (1 mL) to give amorphous Rilpivirine
citrate as a white solid, both before and after drying in a vacuum oven at 60°C over night.

The samples were found to be amorphous.

Example 27: Preparation of Rilpivirine acetate Form IV

[00221] Rilpivirine base form II (0.30 g, 0.82 mmol) was mixed with acetic acid (1.5 mL,
5V) and heated to 50°C with stirring to form a solution. Stirring was continued for about 10
min and then water (1.5 mL, 5V) was added to the yellow solution. The resulting off-white
suspension was stirred at 50°C for 1 h, and was then cooled to room temperature. Stirring was
continued at ambient temperature for 22 h and the reaction mixture was filtered to isolate a
solid, which was identified as form IV by XRD. Drying of this material in a vacuum oven at

50°C for 24 h afforded the same polymorphic form (IV) as was identified prior to drying.

Example 28: Preparation of Rilpivirine acetate compound Form IV

[00222] Rilpivirine base form II (0.15 g, 0.41 mmol) was mixed with acetic acid (glacial)
(3 mL, 20V) at 25°C affording a yellow suspension. The suspension was heated with stirring
to 56°C, followed by the addition of n-heptane (6 mL, 40V). The mixture was then cooled to
25°C over a period of 1 h, and stirring was continued at the same temperature for another 22
h, leading to the formation of a white precipitate. The precipitate was separated by vacuum
filtration, washed with n-heptane (0.5 mL) and dried in a vacuum oven (10 mbar) at 50°C for

24 h to afford Rilpivirine acetate form IV.

Example 29: Preparation of Rilpivirine base Form V and Form I
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[00223] Rilpivirine base form II (0.50 g, 1.36 mmol) was mixed with DMSO (7.5 mL,
15V) and heated to 50°C. Stirring of the resulting yellow solution was continued at the same
temperature for 1 h and then the mixture was cooled to room temperature. Stirring was
continued at ambient temperature for 3 h and the reaction mixture was then transferred to a
refrigerator where it was kept a 5°C for about 16 h leading to the formation of a precipitate.
The precipitate was isolated by vacuum filtration to afford Rilpivirine base Form V. The
material was dried in a vacuum oven (10 mbar) at 70°C for 20 h to afford Rilpivirine base

form L.

Example 30: Preparation Rilpivirine maleate Form 3

[00224] Maleic acid (0.35 g, 3.0 mmol, 1.1 eq) was added to a solution of Rilpivirine base
form I (1.0 g, 2.7 mmol) in acetone (30 mL, 30V) with mixing at reflux. Stirring was
continued and the heat source was removed. The reaction mixture was cooled to ambient
temperature over a period of about 0.5 h leading to the formation of a precipitate, and stirring
was continued for another 17 h. The precipitate was separated by vacuum filtration and dried

in a vacuum oven at 50°C for 48h to afford Rilpivirine maleate Form 3 as a white solid.

Example 31: Preparation of Rilpivirine succinate Form 3

[00225] Succinic acid (0.35 g, 3.0 mmol, 1.1 eq) was added to a solution of Rilpivirine base
form I (1.0 g, 2.7 mmol) in acetone (30 mL, 30V) with mixing at reflux. Stirring was
continued and the heat source was removed. The reaction mixture was cooled to ambient
temperature over a period of about 0.5 h leading to the formation of a precipitate, and stirring
was continued for another 17 h at the same temperature. The precipitate was separated by
vacuum filtration and dried in a vacuum oven at 50°C for 48h to afford Rilpivirine succinate

Form 3 as a white solid.

Example 32: Preparation of Rilpivirine Hydrochloride Form Z2

[00226] Rilpivirine base form II (0.30 g, 0.82 mmol) was mixed with acetone (12 mL, 40V)
at 25°C affording a yellow suspension. The suspension was heated to reflux (56°C) to obtain
a brownish solution, whilst stirring for 15 min. HCI (32%, 0.085 mL, 0.86 mmol, 1.05 eq)
was added in one portion, producing an off-white suspension. The suspension was stirred for
0.5h. The suspension was then cooled to 25°C over 0.5 h, and stirred for 0.5 h. The resulting
solid was isolated by vacuum filtration and the filter cake was dried in a vacuum oven (10

mbar) at 50°C for 20 h to afford Rilpivirine HCl Form Z2.
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Example 33: Preparation of Rilpivirine Hydrochloride Form Z2

[00227] Rilpivirine base form II (1.50 g, 4.08 mmol) was mixed with acetone (75 mL, 50V)
at 25°C affording a yellow suspension. The suspension was heated to reflux (56°C) to obtain
a brownish solution, whilst stirring for 15 min. HCI (32%, 0.43 ml, 4.28 mmol, 1.05 eq) was
added in one portion, producing an off-white suspension. The suspension was stirred for 0.5h.
The suspension was cooled to 25°C over 0.5 h, and stirred for 0.5 h. The resulting solid was
isolated by vacuum filtration and the filter cake was dried in a vacuum oven (10 mbar) at
50°C for 20 h to afford Rilpivirine HCl Form Z2.

[00228] Example 34: Preparation of Rilpivirine sulfate Form 3

A sample of form Rilpivirine sulfate form 2 was stored in a glass vial for about 6 weeks at
room temperature. It was then analyzed by XRPD and found to have transformed to

Rilpivirine sulfate form 3.

Example 35: Preparation of Rilpivirine phosphate Form 4
[00229] A sample of Rilpivirine phosphate form 3 was exposed to 100% relative humidity
at room temperature for 7 days. The sample was tested by XRPD and found to be Rilpivirine

phosphate form 4, which was obtained as a white solid.

Example 36: Preparation of Rilpivirine phosphate Form 5
[00230] A sample of Rilpivirine phosphate form 3 was exposed to ethanol vapors in a
closed vessel at room temperature for 3 days. The sample was tested by XRPD, and found to

be Rilpivirine phosphate form 5, obtained as a white solid.

Example 37: Preparation of Rilpivirine sulfate Form 4

[00231] A sample of Rilpivirine sulfate form 2 was placed in a Petri dish in a desiccator in
an atmosphere of water, 100% RH (determined by digital hygrometer), at room temperature.
After 24 hours the sample was tested by powder XRD, and found to be Rilpivirine sulfate

form 4.

Example 38: Preparation of Rilpivirine sulfate Form 5
[00232] Sample of Rilpivirine sulfate Form 2 was subjected to a DVS (Dynamic Vapor
Sorption) experiment utilizing SMS DVS instrument. One sorption-de sorption cycle in

humidity range 0%-90%-0% RH was performed, with increments of 10% RH. The sample
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mass was 16.2 mg. The experiment was performed at 26°C. After the DVS experiment, the
sample was analyzed by XRD, thereby determining that crystalline compound Rilpivirine

sulfate form 5 was obtained.

Example 39: Preparation of Rilpivirine maleate Form 4

[00233] To a 100 mL round-bottomed flask equipped with a magnetic stirrer and a reflux
condenser were added Rilpivirine (2.00 g, 5.46 mmol) and acetone (60 mL, 30V). The
mixture was then heated to reflux and stirred at the same temperature for 30 min. Then,
maleic acid (0.70 g, 6.0 mmol, 1.1 eq) was added in one portion to the resulting solution and
the mixture was stirred at reflux for an additional 15 min. The mixture was cooled to ambient
temperature by removal of the heating source, and stirring was continued at the same
temperature for Sh. The resulting solid was isolated by vacuum filtration and the filter cake
was washed with acetone (5 mL) and dried overnight in a vacuum oven at 50°C, affording the

Rilpivirine maleate Form 4 as an off-white solid (2.06 g, 78.3% by weight).

Example 40: Preparation of Rilpivirien HCI form Z2

[00234] Rilpivirine base form II (11.28 g, 30.78 mmol) was mixed with acetone (330 mL,
30V) at 25°C affording a yellow suspension. The suspension was heated to reflux (56°C) to
obtain a brownish solution, and stirring was continued at the same temperature for 1h. The
resulting gentle slurry was filtered hot and the filtrate was returned to the reaction vessel and
re-heated to 56°C. HCI (32%, 3.2 ml, 33.86 mmol, 1.1 eq based on starting quantities of
Rilpivirine base) was added drop-wise, producing a suspension. The suspension was stirred
for 0.5h at the same temperature. The suspension was then cooled to 25°C by removal of the
heat source, and stirred at ambient temperature over night. The resulting solid was isolated by
vacuum filtration and the filter cake was dried in a vacuum oven (10 mbar) at 50°C over

weekend to afford Rilpivirine HC1 Form Z2 as a pale brown solid.

Example 41: Preparation of Rilpivirine acetate

[00235] Rilpivirine base form II (16.0 g) was mixed with glacial acetic acid (80 mL, 5V)
and heated to 50°C with stirring. The stirring was continued for about 30 min at 50°C and
then for 10 min at 85°C, after which water (80 mL, 5V) was added drop-wise to the mixture.
The resulting suspension was stirred at 85°C for 1 h and was then gradually cooled to room
temperature over a period of 2 h. Stirring was continued at ambient temperature for 22 h and
the reaction mixture was filtered. The isolated solid was dried in a vacuum oven at 50°C

overnight to afford the Rilpivirine acetate.

37



WO 2012/125993 PCT/US2012/029619

Example 42: Preparation of Rilpivirine phosphate form 3

[00236] Phosphoric acid (85%, 3 mL, 45.03 mmol, 1.1 eq) was dissolved at ambient
temperature in acetone (30 mL, 2V). Rilpivirine base form II (15.0 g, 40.93 mmol) and
acetone (450 mL, 30V) were mixed and the mixture was heated to reflux (56°C) for 30 min.
The resulting gentle slurry was filtered hot and the filtrate was charged back to the reaction
vessel and re-heated to reflux. Then, the above described phosphoric acid solution in acetone
was added to the Rilpivirine base solution in one portion at 56°C. The reaction mixture was
then gradually cooled to room temperature over a period of 1 h and stirred at the same
temperature for about 17 h. A precipitate formed and was isolated by vacuum filtration and

dried in a vacuum oven at 50°C for about 20 h to afford Rilpivirine phosphate Form 3.

Example 43: polymorphic stability test

Compound Crystal form | Storage period Resulting crystal form
Rilpivirine succinate 1 9 months 1
Rilpivirine sulfate 3 8 months 3
Rilpivirine phosphate 3 9 months 3
Rilpivirine maleate 3 6 months 3

Example 44: Polymorphic stability Rilpivirine maleate form 3 under relative humidity
[00237] Samples of Rilpivirine maleate form 3 were stored in humidity chambers for 7
days at room temperature. No change in the crystal form (monitored by XRPD) was observed
in the range of 0-100% relative humidity. In addition, the degree of water sorption was 0.1%
or less up to relative humidity of 80%, indicating that Rilpivirine maleate form 3 is not

hygroscopic, which is also advantageous for handling the material.

[00238] The polymorphic stability of Rilpivirine HBr form 2 in different degrees of
relative humidity was studied. Samples of Rilpivirine HBr form 2 were stored in humidity
chambers of 0 and 100% relative humidity for 7 days at room temperature. No change in the

crystal form (monitored by XRPD) was observed.

Example 45: Polymorphic stability of Rilpivirine maleate form 3 under heating
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[00239]  The thermal stability of Rilpivirine maleate form 3 was also studied by heating the
sample to 100°C for 50 minutes. No change in the crystal form (monitored by XRPD) was

observed.

[00240] The thermal stability of Rilpivirine phosphate form 3 was also studied by heating
the sample to 100°C for 50 minutes. No change in the crystal form (monitored by XRPD)

was observed.

Example 46: Mechanical stability of Rilpivirine phosphate form 3

[00241] The mechanical stability of Rilpivirine phosphate form 3 was studied by applying
two kinds of mechanical stress:

1. A sample of Rilpivirine phosphate form 3 was strongly ground by pestle and mortar for

about 1 minute. No change in the crystal form (monitored by XRPD) was observed.

2. A sample of Rilpivirine phosphate was pressed by ATLAS power press T25 (by Specac)
operated to 3 tons load for 1 minute. No change in the crystal form (monitored by XRPD)

was observed.
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What is Claimed is:
1. Rilpivirine phosphate.
2. Crystalline Form 3 of Rilpivirine phosphate, characterized by data selected from:

a powder XRD pattern with peaks at 5.3°, 11.8°, 16.1°, 21.0° and 29.0° £ 0.2° 20;
a powder XRD pattern with peaks at 5.3°, 11.8°, 16.1°, 20.2°, and 22.3° + 0.2°
20; a powder XRD pattern as shown in figure 5 or 18; a solid-state °C NMR
spectrum with signals at 132.6, 136.7 and 139.6 + 0.2 ppm; a solid-state °C NMR
spectrum having chemical shift differences between the signal exhibiting the
lowest chemical shift and another in the chemical shift range of 90 to 180 ppm of
35.4,39.5 and 42.4 + 0.1 ppm; a solid-state >°C NMR spectrum as shown in

figures 41 or 42; and any combinations thereof.

Crystalline Rilpivirine acetate Form IV characterized by data selected from: a
powder XRD pattern with peaks at 6.0°, 7.6°, 9.3°, 14.7°, and 15.2° 20 +£ 0.2
degrees 20; a powder XRD pattern as shown in figure 25; a solid-state °C NMR
spectrum with signals at 103.0, 130.9 and 134.2 + 0.2 ppm; a solid-state °C NMR
spectrum having chemical shift differences between the signal exhibiting the
lowest chemical shift and another in the chemical shift range of 90 to 180 ppm of
10.6, 38.5 and 41.8 £ 0.1 ppm; a solid-state '*C NMR spectrum as shown in

figures 37 or 38; and any combinations thereof.
Rilpivirine maleate.
The Rilpivirine maleate of claim 4, which is a tetrahydrofuran solvate.

Crystalline Form 3 of Rilpivirine maleate, characterized by data selected from: a
powder XRD pattern with peaks at 6.3°,9.2°, 11.9°, 15.2°, and 22.1°+ 0.2° 26; a
powder XRD pattern as shown in figure 27; solid-state >C NMR spectrum with
signals at about 104.3, 129.0 and 167.2 + 0.2 ppm; a solid-state '°C NMR
spectrum having chemical shift differences between the signal exhibiting the
lowest chemical shift and another in the chemical shift range of 90 to 180 ppm of
about 7.7, 32.4 and 70.6 + 0.1 ppm; a solid-state *C NMR spectrum as depicted in

Figures 52 and 53; and by combinations thereof.
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10.

11.

12.

Crystalline Form Z2 of Rilpivirine hydrochloride characterized by data selected
from: a powder XRD pattern with peaks at 8.3°, 16.4°, 17.7°, 19.0° and 23.9° +
0.2° 20; a powder XRD pattern as shown in figure 29; a solid-state *C NMR
spectrum with signals at 133.5, 137.1 and 151.2 + 0.2 ppm; a solid-state °C NMR
spectrum having chemical shift differences between the signal exhibiting the
lowest chemical shift and another in the chemical shift range of 90 to 180 ppm of
35.5,39.1 and 53.2 + 0.1 ppm; a solid-state >*C NMR spectrum as shown in

figures 33 or 34; and any combinations thereof.
Rilpivirine sulfate.
A Rilpivirine crystalline form selected from:

a) Rilpivirine maleate Form 3, characterized by a powder XRD pattern with peaks

at 6.3°,9.2°,11.9°, 15.2°, and 22.1°+ 0.2° 26;

b) Rilpivirine phosphate Form 4, characterized by a powder XRD pattern having
peaks at 4.5°,5.7°,8.9°, 11.5°, and 15.1° £ 0.2° 20;

¢) Rilpivirine phosphate Form 5, characterized by a powder XRD pattern with
peaks at 5.8°,11.6°, 16.6°, 16.9°, and 17.4° + 0.2° 26;

d) Rilpivirine HBr Form 2, characterized by a powder XRD pattern with peaks at
10.7°, 14.2°,21.8°, 23.8°, and 25.0° + 0.2° 20; and

¢) Rilpivirine sulfate Form 3, characterized by a powder XRD pattern with peaks
at 6.4°, 14.6°, 17.6°, 18.5°, and 32.2° + 0.2° 20.

The use of the salt or crystalline form according to any one of claims 1 to 9 for the

preparation of Rilpivirine base, or other Rilpivirine salt, preferably HCI.

A process for preparing Rilpivirine base comprising reacting a Rilpivirine salt or

crystalline form according to any one of claims 1 to 9 with a base.

A process for preparing a product Rilpivirine salt, comprising reacting a starting
Rilpivirine salt or crystalline form according to any one of claims 1 to 9 with a

base to form Rilpivirine base, and reacting said Rilpivirine base with a suitable
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13.

14.

15.

acid to form the product Rilpivirine salt, preferably Rilpivirine HCI, wherein the

starting salt and the product salt are different.

A process for preparing a product Rilpivirine salt, comprising reacting a
Rilpivirine salt, or polymorph thereof, according to any one of claims 1 to 9 with
an acid having a pKa which is lower than the pKa of the acid of the first

Rilpivirine salt, wherein the starting salt and the product salt are different.

A pharmaceutical composition comprising one or more crystalline Rilpivirine salt
forms according to any one of claims 1 to 9, and at least one pharmaceutically

acceptable excipient.

The use of the salt or crystalline form according to any one of claims 1 to 9 for the

manufacture of a medicament.
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