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POLYMORPHS OF SELINEXOR

RELATED APPLICATION
G061} This apphication clairos the benefit of U.S. Provisional Application No. 62/038069
filed on August 15, 2014, The entire teachings of the above application are mcorporated

herein by reference.

BACKGROUND OF THE INVENTION

6062} fnternational Publication No. WO 2013/019548 describes a series of compounds
that are indicated to have inhibitory activity against chromosomal region maintenance |
{(CRM1, also referred to as exportin 1 or XPO1) and to be useful in the treatment of disorders
associated with CRMI activity, such as cancer. (£)-3-(3-(3,5-bis(tnfiucromethyliphenyl)-
H-1,2 4-triazol-1-yD-N"{pyrazin-2-yDacrylohydrazide (also referred to as sclinexor) is one
of the compounds disclosed in international Publication No. WO 2013/819548. Selinexor

has the chemical structure shown in Structural Formuda §;

CF, (1.
{8603]  The solid form of a compound can be important in the formulation of
pharrmaceutical compositions. For example, crystalline and amorphous forms of a
compound can have different physical properties (e.g., stability, dissolution rate, density,
ete. ) refating to their suitability for use n pharmaceutical compositions. The difference in
physical properties can also affect a crystalhine or amorphous form’s uscfulness, for
example, as an infermediate in the synthesis of a form suitable for use 1n pharmaceutical
compositions.
[8804]  There 1s aneed for crystalline forms of Selinexor that are thermodynamically
stable and suitable for use in pharmaceutical compositions {e.g., are readily dissolvable,
exhibit good flow properties, have desirable particle size disiribution and good chemical

stability}. There is a forther need for crystalline forms of Sehinexor having physical
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properties that enable the mancfacture of selinexor for use in pharmaceutical compositions

in high yicld and high purity.

SUMMARY OF THE INVENTION
{8805]  The present invention relates to crystathine forms of Selinexor, and compositions
comprising crystalling forms of Selinexor described herein. Schinexor has the chemical

structure shown m Structural Formwla [
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and is also referred to herein as KGS.
(LEY {0 one embodiment, a single crystallive form of a compound represented by
Structural Formula { 18 provided, wherein the single crystalline form s Formo AL In this
embodiment, single crystalline Form A is characierized by at least three X-ray powder
diffraction peaks at 28 angles selected from 4.4°, 19.9°, 21.3° and 22.0°. Single crystalline
Form A 15 the therroodynamically most stable of the forms described herein.
[3087] In another embodiment, a simgle crystalline form of a compound represented by
Structaral Formula 1 is provided, wherein the single erystalline form is Form D, In this
embodiment, single crystalline Form D is characterized by at least three X-ray powder
diffraction peaks at 28 angles sclected from 3.7°, 7.3°, 10.9°, 18.3% and 21.9°. Form D is
particularly advantageous when used as an intermediate in the preparation of From A because
it creates a unique ability for high vield and purity of Selinexor.
[B088] in yet another erobodiment, a single crystalline form of a compound represenied
by Structural Formula 1 is provided, wherein the smgle crystalline form is Form B. In this
embodiment, single crystalline Form B is characterized by at least three X-ray powder
diffraction peaks at 28 angles selected from 9.4°, 11.1°, 16.5°, 18.3% and 18.8°.
1B669] {n another embodiment, a single crystailine form of a compound represented by
Structural Formula { 18 provided, wherein the single crystalline form s Formo C. Inthas
embodiment, single crystalline Form € is characterized by at icast three X-ray powder
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diffraction peaks at 28 angles selected from 3.7°, 11.2°, 12.1° and 18.6°.
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16618} Another embodiment is a composition comprising particles of a single crystalline
form of a compound represented by Structural Formula 1, wherein the single crystalline form
is Form A, Single crystalline Form A is characterized by at least three X-ray powder
diffraction peaks at 20 angles selected from 4.4°, 19.9°, 21.3% and 22.0°. In some
embodiments, the particles of the composition have a ummaodal particle size distribution
characterized by a 4(0.9) of 100 microns or less. In some embodiments, the particles of the
composition have a unimodal particle size distribution characterized by a d(0.9) of 70
microns or less.

[G088]  Another embodiment is a pharmaceutical composition comprising a composition
comprising particles of single crystalline Form A of a compound of Structural Formula | and
a pharmaceutically acceptable carmer. Single erystalline Form A is characterized by at least
three X-ray powder diffraction peaks at 28 angles selected from 4.4%, 19.9°, 21.3% and 22.0°.
In some embodiments, the particles of the composition have s unimedal particie size
distribution characterized by a d{0.9) of 160 microns or less. In some embodiments, the
particles of the composition have a unimodal particle size distribution characterized by a
d{0.9} of 70 microns or fess.

012} The pharmaceutical composition can be used in & method for treating a disorder
associated with CRMI activity {(e.g., cancer) or for promoting wound healing i a subject in
need thereof. The methods comprise administering to a subject it need thereola
therapeutically effective amount of the pharmaceutical composition.

15613} One embodirent is 2 roethod of preparing a single crystalline formo of a
compound represented by Structural Fornuila I, wherein the single crystalline form is Form
A. Single erystalline Form A is characierized by at least three X-ray powder diffraction
peaks at 28 angles sclected from 4.4%, 19.9°, 21.3° and 22.0°. The method comprises
suspending single crvstathne Form B, C or I of the compound of Structural Formula i, or or
a mixtore comprising two or more of the single crystaliine {orms, n isopropanol or a mixture
of isopropano] and water to form a slurry; heating the slurry to a temperatare less than or
equal to about 70 °C to form a second shurry or a solution; cooling the sccond shurry or the
solution and adding water to the second sturry or the solution, thereby formung solid particles
of crystalline Form A of the compound of Structural Formulda | and 1solating the solid
particles of crystalline Form A. Single crystalline Form: D is characierized by at least three

X-ray powder diffraction peaks at 26 angles sclected from 3.7°,7.3°, 10.9°, 18.3% and 21.9°.
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Single crystalline Form B is characterized by at least three X-ray powder diffraction peaks at
28 angles selected from 9.4°, 11,19, 16.5°, 18.3% and 14.8°. Single crystalline Forma Cis
characterized by at least three X-ray diffraction poaks at 20 angles selected from 3.7°, 11.2°,
12.1° and 18.6°.

{014} Another embodiment is a method of preparing a single crystalline form ofa
compound represented by Structural Formula §, wheretn the single crystalline form is Form
A. Smgle crystalline Form A is chavacterized by at least three X-ray powder diffraction
peaks at 28 angles selected from 4.4%, 19.9%, 21.3° and 22.0°. The method comprises
suspending single crystaliine Form B, C or D of the compound of Structural Formula 1, or or
a mixture comprising two or more of the single crystaltifne forms, i isopropanol or a mixture
of isopropano] and water to form a slurry; heating the slurry to 4 temperature less than or
equal to about 70 °C to form a second shury or a solution; adding water to the second shury
or the solution and cooling the second shurry or the solution, thereby forming solid particles
of crystalline Form A of the compound of Structural Formula I and isolating the solid
particles of crystalline Form A. Single crystalline Form D is characterized by at least three
X-ray powder diffraction peaks at 26 angles sclected from 3.7°, 7.37, 10.9°, 18.3% and 21.9°.
Single crystalline Form 8 is characterized by at lest three X-ray powder diffraction peaks at
268 angles selected from 9.4°, 11.1°, 16.5°, 18.3° and 18.8%. Smgle crystalline Form Cis
characterized by at least three X-ray diffraction peaks at 28 angles selected from 3.77, 11.2°,
12,17 and 18.6°.

18615} Another embodiment is & method of preparing a single crystalline formof a
compound represented by Structural Formula §, wheremn the single erystalline form is Form
A. Single erystalline Form A is characierized by at least three X-ray powder diffraction
peaks at 28 angles sclected from 4.4°, 19.9°, 21.3° and 22.0°. The method comprises heating
single crystalline Form B, C or I of the compound of Structural Formula ¥ or 4 mixture
comprising two or more crystalline forms of the compound of Structaral Formula ¥ and
inducing formation of solid particles of crysialline Form A; or maturing single crystalline
Form B, C or D of the compound of Structural Formula [, or a mixture comprising two or
more crystalline forms of the compound of Structural Formula I in a solvent systern and
imducing formation of solid particles of crystalline Form A; or drying single crystalline Form
B, C or D of the compound of Siructural Formula 1, or a mixture comprising two or more

o
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crystaliing forms of the compound of Structural Forraunla |, thereby forming sohid particles o
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crystalline Form A; or any combination of the foregoing; and 1solating the solid particles of
crystalline Form A.

0816} Yet another embodiment is a method of preparing a single crystatiine form of a
compound represented by Structural Formula { wherein the single crystalline form is Form D.
Single crystalline Form D is characterized by at least three X-ray powder diffraction peaks at
28 angles selected from 3.7°, 7.3°, 10.9°, 18.3% and 21.9°. The method comprises dissolving
the compound of Structural Formula | in a solvent system comaprising acetonitrile; inducing
formation of solid particles of crystalline Form D of the compound of Structural Formula [
and isolating the solid particles of crystalline Form D,

{0017} in another embodiment, a method of preparing & comopound of Structural Formula
Tis provided. The method comprises combining a trialkylamine, 2-methyhetrahydrofuran, a

compound of Structural Formula I
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and a coropound of Structural Formula Hi:
N‘/

HaN, /k\/im

= (i

to form a reaction muxiure:
cooling the reaction mixtare to from about -80 °C 1o about § °C; treating the reaction mixture
with propylphosphonic anbydride to provide a mixture comprising the compound of
Structural Formula {; and 1solating the compound of Structural Formula § from the mixture.
6618} Another embodiment is a method of preparing a single erystatline formof a
compound represented by Structural Formula I wherein the single crystailine form is Form A.
Single crystalline Form A 18 characterized by at least three X-ray powder diffraction peaks at
268 angles selected from 4.4°, 19.9°, 21.3% and 22.0°. The method comprises combming a
trialkylamine, 2-methyletrabydrofuran, a compound of Structural Formuala Hand a
compound of Structural Formula [H to form a reaction roixture. The reaction mixiure 8

cooled to from about
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-80 °C to about § °C and treated with propylphosphonic anhydride to provide a mixture
comprising the compound of Structural Formuda I The compound of Structural Formula §is
isolated from the reaction mixture and the isolated compound of Structural Formula {18
dissolved m a solvent systern comprising acctonitrile. To obtam single erystalline Form D of
the compound of Structural Formuala [, formation of solid particles of single crystalline Form
B of the compound of Structural Forrula 1 is induced and the solid particles of crystalline
Form 1 arc isolated. In some mstances, i addition to solid particles of crystalline Form 3,
solid particles of erystalline Form B or C of Structural Formula T or a mixture comprising two
or more crystalline Forms B, C or D of the compound of Structural Formula { is isolated,
Single crystalline Form I3 or in some instances single crystalline Form B or C of Structural
Formula 1 or a moixture comprising two or more crystalline Forms B, € or D of the compound
of Structural Formuala [ is heated and formation of solid particles of crystalline Form A is
nduced; or single crystafline Form D or in some nstances single crystalline Form B or O of
Structural Formula | or a muxture coroprising two or more crystailine Forms B, C or D of the
compound of Structural Formuola [ is matured in a solvent and formation of solid particles of
crystalline Form A 1s induced; or single crystalline Form [ or in some stances single
crystalliing Form B or C of Structural Forouda 1 or a mixture comprising two or more
crystalline Forms B, C or D of the compound of Structural Formula 1 is dried, thereby
forming solid particles of crystalline Form A; or any combination of the foregoing. The sohd
particles of crystailine Form A are isolated. Single crystalline Form D is characterized by at
feast three X-ray powder diffraction peaks at 28 angles selected from 3.7°, 7.3°, 10.9°, 18.3°
and 21.9°. Smgle erystalline Form B is characterized by at least three X-ray powder
diffraction peaks at 28 angles selocted from 9.4°, 11.1°, 16.5°, 18.3% and 18.8° Single
crystalliine Form € is characterized by at least three X-ray diffraction peaks at 28 angles
selected from 3.7°,11.2°,12.1° and 18.6°.

{019} Another embodiment provides a method for preparing a single crystalline form of
a compound represented by Structural Foromuda T wherein the single crystalline form is Form
A. Smgle crystalline Form A is characterized by at least three X-ray powder diffraction
peaks at 268 angles selected from 4.4°, 19.9°, 21.37 and 22.0°. The method comprises
combining a trialkylamine, 2-methyltetrahydrofuran, a compound of Structural Formula i
and a compound of Stroctural Forroula {1 to form a reaction mixture. The reaction mixture is

cooled to frora about -8R0 °C to about 6 °C and treated with propylphosphonic anhydride to
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provide a mixture comprising the compound of Stractural Formula I The compound of
Structural Formula 1 is isolated from the mixture and dissolved in a solvent system
comprising acctontiriie. To obtain single crystalline Form D of the corpound of Structural
Formula 1, formation of solid particles of crystalline Form I are induced and the sobd
particles of erystailine Form B are 1solated. In some instances, in addition 1o solid particles
of crystalline Form D, solid particles of crystaliine Form B or C of Structural Formulatora
mixture comprising two or more crystathing Formos B, C or D of the compound of Structural
Formula § is isolated Single crystalline Form B, or single crystalhine Form B or C of the
compound of Structural Formula | or a mixture comprising two or more crystaihine forms of
the compound of Siructural Formula 1, 18 suspended in isopropanol or a mixture of
1sopropano! and water to form a slurry and the shury 18 heated o a temperature less than or
equal to about 70 °C to form a second shury or a solution. The second shirry or the solution
1s allowed to cood and water is added, thercby forming solid particles of crystailine Form A of
the compound of Structural Formula & The solid particles of crystalline Form A are 1solated.
Sigle crystalline Form D is characterized by at least three X-ray powder diffraction peaks at
28 angles selected from 3.7°, 7.3°, 10.9°, 18.3% and 21.9°. Single crystaliing Form B is
characterized by at lest three X-ray powder diffraction peaks at 28 angles selecied from ©.4°,
110, 16.5%, 18.37 and 18.8°. Single crystalline Form B is characterized by at least three X-
ray diffraction peaks at 28 angles selected from 3.7°, 11.27, 12,17 and 18.6°. In an alternative
embodiment to the foregoing, water is added to the second slurry or sohution and then cooling
is performed.

16620] Single crystalime Form D described herem can be prepared, m accordance with
the methods disclosed herein, in high vield and purity. The exceptional purity of single
crystalline Form D can be translated into highly pure single crystalline Form A for
pharmaceutical use, while the high vicld of single crystalline Form 3 can be transiated into a
method for making single crystaliine Form A that 1s amenable to use on a manuofacturing
scale {c.g., achieving high vield and purity}. Using the procedures for converting single
crystaline Form D {or Form B or C) into single crystalline Forma A described herein, single
crystalline Form A can be isolated as a composition comprising particles of single crystalline
Form A having a particle size distribution ready {or formulation as a pharmaceuatical

composition {(e.g., oral binavailability despite not being readily disselvable and/or exhibiting
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good flow properties). In addition, of the four forms described herein, Form A is the

thermodynamically most stable form.

BRIEF DESCRIPTION OF THE FIGURES
[0021] The foregoing will be apparent from the following more particular déscription of
example embodiments of the invention. ,
[0022] FIG. 1A is an X-ray powder diffraction (XRPD) pattern of Siructural Formula I —

" Form A, prepared in accordance with the procedure described in Example 1.
[0023] FIG. 1B is a diffcrential scanning calorimetry (DSC) thermogram and a
thermogravimetric analysis (TGA) thermogram of Structural Formula I — Form A, prepared
in accordance with the procedure described in Example 1.
[0024]  FIG. 2A is an XRPD pattern of an acetonitrile solvate of Structural Formula I —
Form D, prepared in accordance with the procedure described in Example 7.
[0025]  FIG. 2B is a DSC thermogram and a TGA thermogram of Struciural Formula I —
Form D, prepared in accordance with the procedure described in Example 7.
[0026] FIG. 3A is an XRPD pattern of Structural Formula I — Form B, prepared in
accordance with the procedure described in Example 7.
[0027] FIG. 3B is a DSC thermegram of Structural Formula I — Form B, prepared in
accordance with the procedure described in Example 7.
[0028] FIG. 4A is an XRPD pattern of Structural Formula 1 — Form C, prepared in
accordance with the procedure described in Example 7.
[0029] FIG. 4B is a DSC thermogram of Structural Formula I — Form C, prepared in
accordance with the procedure described in Example 7.
[0030] FIG. 5A and FIG 5B show the particle size distribution of Selinexor particles from
Lot No. 1305365, prepared according to the procedure described in Example 1.
[0031] FIG. 5C and FIG. 5D show the particle size distribution of Selinexor particles
from Lot Ne. 1341-AK-109-2, prepared according to the procedure described in Example 2.
[0032] FIG. 5E and FIG. 5F show the particle size distribution of Selinexor particles from
Lot No. PC-14-005, prepared according to the procedure described in Example 3.
[0033] FIG. 5G and FIG 5H show the particle size distribution of Selinexor particles from
Lot No. 1339-BS-142-1, prepared according to the procedure described in Example 3.

RECTIFIED SHEET (RULE 91) ISA/EP
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[0034] F1G. 51 and FIG. 57 show the particle size distribution of Selinexor particles from
Lot No. 1339-BS-142-2, prepared according to the procedure described in Example 5. -
[00:35] FIG. 5K and I'IG. 5L show the particle size distribution of Selinexor particles
from Lot No. PC-14-008, prepared according to the procedure described in Example 5.
|0036] FIG. 5M and FIG. 5N show the particle size distribution of Selinexor particles
from Lot No. PC-14—0.09, prepared according to the procedure described in Example 4.
[0037] FIG. 50 and F1G. 5P shows the particle size distribution of Selinexor particles
from Lot No. 1405463, prepared according to the procedure described in Example 6.

[0038] FIG. 5Q is a graph and shows an overlay of thé particle size distributions depicied
in the graphs of FIGs. SA-5P. )

DETAILED DESCRIPTION OF THE INVENTION

[00'.59] A deécription of example embodiments of the invention follows.

Cr;vétalline Forms of Selinexor ‘

[00-40] Provided herein are crystalline forms of thé compound of Structural Formula I,
designated crystalline Form A, crystalline Form B, crystalline Form C and crystalline Form
D. 7 |

[0041] “Crystalline,” as used herein, refers to a homogeneous solid formed by a _
repeating, three-dimensional pattern of atoms, ions or molecules (e g , an anhydrous molecule
or 2 salt thereof, sclvate thereof, or combination of the foregoing) having fixed distances
between constituent parts. The unit cell is the simplest repeating unit in this pattern.

[0042] A crystalline form provided herein can be a single crystalline form or ¢can
comprise a mixture of two or more different crystalline forms. For example, in some
embodiments, crystalline Foms A, B, C and D of a compound of Structural Formula T are
provided as single crystalline forms (i.e., single crystalline Form A, single crystalline Form
B, single crystalline Form C, single crystalline Form D). Alternatively, a crystalline form can
comprise a mixture of two or more crystalline forms of a compound of Structural Formula
(e.g., a mixture of two or more of crystalline Forms A, B, C and D, specifically, two or more
of crystalline Forms B, C and D). '

[0043] ‘ “Single crystalline form,” as used herein, refers to a single crystal of a crystalline
solid or a plurality of crystals of a crystalline solid wherein each of the plurality of crystals

has the same crystal form.

RECTIFIED SHEET (RULE 91) ISA/EP
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6644} The crystalline forms {e.g., the single crystalline forms) provided herein can be

identified on the basis of characteristic peaks in an X-ray powder diffraction (XRPD}
analysis. XRPD is a scientific technique that measures the X-vays, noutrons or clectrons
scattered by a powder or nucrocrystalline material as a function of scattering angle. XRPD
can be used to dentity and characterize crystalline solids, as the diffraction pattern produced
by a particular solid is typically distinctive to that solid and can be used as a “fingerprint” to
identify that solid. For example, an XRPD patiern or diffractogram (e.g., a pattern or
diffractogram produced by a sample, such as an unknown sample) that is substantially m
accordance with a reference XRPD pattern or diffractogram can be used to determine the
identity between the sample material and the reference material, Both the position and the
relative intensity of the peaks in an XRPD diffractogram are fndicative of the particular phase
and identily of a material.

13045} FiGs. 1A, ZA, 3A and 4A show XRPD patterns of various single crystalline forms
described herein. An XEPD pattern that is “substantially in accordance” with one or more

o
H
i
A

gures herein showing an XRPD patiern or diffractogram is an XRPD pattern that would be
considered by one skilled in the art to represent the same single crystaliine form of the
compound of Structural Formula | as the saraple of the compound of Structural Formoula |
that provided the XRPD pattern of one or more figures provided herein. Thus, an XRPD
pattern that is substantially in accordance may be identical to that of one of the figures or,
more likely, may be somewhat different from one or more of the figures. An XRPD pattern
that is somewhat different from one or more of the figures may not necessarily show each of
the lines of the diffraction pattern presented herein and/or may show a shght change n
appearance or intensity of the lines or a shift in the position of the lines. Thesc differences
typicatly result from differences in the conditions ovolved in obtaining the data or
differences in the purity of the sample used to obtan the data. A person skilied in the art is
capable of determining if a sample of a crystalline compound is of the same form as or a
different form from a form disclosed herein by comparison of the XRPD pattern of the
saropie and the corresponding XRPD pattern disciosed herein.

6846} {t 1 to be understood that any 28 angle specified herein, with the exception of the
28 angles specified in the Figures or the Exemplification, means the specified value & 0.2°
For exaraple, when a described embodiment or a claim specifies a 206 of 4.4°, this s to be

understood to mean 4.4° = 0.2°, that is, a 28 angle of from 4.2° 10 4.6°,
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16647} The crystalline forms {(e.g., the single crystalline forms) provided herein can also

be identified on the basis of differential scanning calorimetry (DSC) and/or
thermogravimetric analysis (TGA). DSC is a thermoanalytical technigue in which the
difference in the amount of heat required to increase the temperature of a sample 1s measured
as a function of temperature. BSC can be used to detect physical transformations, such as
phase transitions, of a sample. For example, DSC can be used to detect the temperature(s) at
which a sample undergoes crystallization, melting or glass transition.

6648} TGA 18 a method of thermal gravimetric analysis in which changes in physical
and chemical propertics of a material are measured as a function of increasing temperature
{with counstant heating raic) or as a function of tiroe {(with constant temperature and/or
constant mass loss). TGA can provide information about physical phenomena, such as
second-order phase transitions, or about chemical phenomena, such as desolvation and/or
decoraposition.

16049} FiGs, 1B, 2B, 3B and 4B show DSC thermograms of various single crystalline
forms described herein. FIGs. 1B and 28 show TGA thermograms of various single
crystalline forms described herein. A DSC or TGA thermogram that is “substantially in
accordance” with one or more figures herein showing a DSC or TGA thermogram is a DSC
or TGA thermogram that would be considered by one skilied in the art to represent the same
single erystalline form of the compound of Structural Formula § as the sample of the
compound of Structural Formuida [ that provided the BSC or TGA thermogram of one or
more figures provided herein.

16654] {t 15 to be understood that any temperature associated with DSC or TGA specified
herein, with the exception of the DSC or TGA temperatures in the Figures or
Exemplification, means the specified value = 5 °C oor less. For exampie, when an
embodiment or a claim specifies an endothermic peak at about 179 °C, this s to be
understood to mean 179 °C + 5 °C or less, that 1s a temperature of from 174 °C 10 184 °C. In
preferred embodiments, a DSC or TGA temperature is the specified value + 3 “C, in more
preferred embodiments, = 2 °C.

16651} in a first embodiment, a single crystalline form of a compound represented by
Structural Formula 1 is provided, wherem the single crystalline formis Form A. Form A is
the thermodynamically most stable of the four forms deseribed herein. Single crystaliine

Form A can be characterized by at least three X-ray powder diffraction peaks at 28 angles
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selected from 4.4°, 19.9°, 21.3% and 22.0°. In a particular erbodiment, single crystaliine
Form A is characterized by X-ray powder diffraction peaks at 28 angles 017 4.4%, 19.9°,21.3°
and 22.0°, more particularly, by X-ray powder diffraction peaks at 268 angles of 4.4°, 19.9°,
20.3°, 21.3°, 22,0, 23.5° and 25.0°, yet more particularly, by X-ray powder dilfraction peaks
at 20 angles of 4.4°, 13.1°, 15.87, 18.2°, 18.9°,20.3°, 21.3°,22.0°, 23,57, 23.7°,25.0°, 27.0 °,
283 © and 28.5°. In some embodiments, single crystalline Form A is characterized by an X-
ray powder diffraction patfern substantially in accordance with that depicted 1o FIG. 1AL
16652} Single crystalline Form A can be further characterized by a DSC thermogram
comprising an endothermic peak at about 179 °C. In some cmbodiments, single crystalline
Form A is further characterized by g DSC thermogram and/or a TGA thermogram
substantially 1o accordance with that depicted in FIG. 1B.
{053} In a second embodiment, a single crystalline form of a compound represented by
Swuctural Formula 1 is provided, wherein the single erystalline form is Form D, Single
crystalline Form D can be characterized by at least three X-ray powder diffraction peaks at 28
angles selected from 3.7°, 7.3°, 10.9°, 18.3% and 21.9°. In a particular embodiment, single
crystaltine Form D is characterized by X-ray powder diffraction peaks at 28 angles of 3.7°,
7.3°, 10.9°, 18.3° and 21.9°, more particularly, by X-ray powder diffraction peaks at 28
angles of 3,77, 7.3°,9.7°, 10.9°, 18.3°, 19.27 and 21.9°, yet more particularty, by X-ray
powder diffraction peaks at 20 angles o' 3.7°, 7.3°, 977, 16.6°, 11.1°, 18.3°, 18.2°, 18.5°,
20.6° and 21.9°. In some embodiments, single crystalline Form D is characterized by an X-
ray powder diffraction patfern substantially in accordance with that depicted 1o FIG. ZA.
10654] Single crystalime Form D can be further characterized by a DSC thermogram
and/or a TGA thermogram substantially in accordance with that depicted in FIG. 2B, The
DSC thermogram mdicates multiple mehing and recystallizing events ndicating
miterconversion of forms.
[6055] In some embodiments, single crystalbine Form D 15 1n the form of a solvate, for
example, an acelonitrile solvate. In some embodiments, the solvate (e.g., acetonitrile solvate)
comprises from about 0.5 1o about 1.5 molar equivalents of solute (e.g., acctonitriie) per
molar equivalent of the compound of Structural Formula 1, more particularly, one molar
equivalent of solute per molar equivalent of the compound of Structural Formala L
[3056] “Solvaie,” as vsed herein, refers to a chemical compound formed by the

interaction of a solute {e.g, a compound of Structural Forowla 1} and one or more solvents
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{e.g., acctonitrile, water). Thus, “solvate” includes solvates containing a smgle type of
solvent molecule and solvates containing more than one type of solvent molecule (mixed
solvates). Typically, the one or more solvenis in solvates described berein 18 an organic
solvent or a combination of organic solvents, although water can also form solvates, called
hydrates. Exemplary solvates include acetomitrile solvates.

186571 in a third embodiment, a single crystalline form of a compound represented by
Structural Formula | is provided, wherein the single crystalline form is Form B, Single
crystalline Form B can be characterized by al least three Xeray powder diffraction peaks at 28
angles selected from 9.4°, 11.17, 16.5°, 18.3% and 18.8°, In a particolar embodiment, single
crystalline Forro B is characterized by X-ray powder diffraction peaks at 26 angles of 9.4°,
110, 16.5%, 18.37 and 18.8°, more particularly, by X-ray powder diffraction peaks at 28
angles of 9.4°, 11.1°, 16.5%, 18.3%, 18.8%, 20.2° and 20.8°, yet more particularly, by Xeray
powder diffraction peaks at 20 angles of 8.1°, 9.4°, 11.1°, 13.8°, 16,3°, 1€.3°, 18.87, 20.2°
and 20.8° In some embodiments, single crystalline Form B is characterized by an X-ray
powder diffraction pattern substantially in accordance with that depicted in FIG. 3A.

[0058] Single crystaliine Form B can be further characterized by a DSC thermogram
and/or a TGA thermogram substantially in accordance with that depicted o FIG. 3B, The
D5C thermogram indicates multiple melting and recystalhizing events mdicating
mterconversion of forms.

1659} in a fourth erobodiment, a single crystalling form of a compound represented by
Structural Formula | is provided, wherein the single crystalline form is Form . Single
crystalline Form C can be characterized by at least three X-ray powder diffraction peaks at 28
angles selected from 3.7°, 11.2°, 12.1° and 18.6°. In a particular embodiment, single
crystaliing Forro C 18 characterized by X-ray powder diffraction peaks at 28 angles selected
from 3.7°, 11.2°, 12.1° and 18.6%, more particularly, by X-ray powder diffraction peaks at 28
angles selected from 3.7°, 11.2°, 17.7°, 12.1°, 18.67, 19.7°, 21.2° and 22.2°. In some
embodiments, single crystatline Form O is characterized by an X-ray powder diffraction
pattern substantially in accordance with that depicted in FIG. 4A.

[6060] Single crystalime Form D can be further characterized by a DSC thermogram
and/or a TGA thermogram substantially in accordance with that depicted in FIG. 4B. The
BSC thermogram indicates muliiple melting and recystallizing events mdicating

mercoversion of forms.
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Compuositions

{6061} Also provided hercin are compositions comprising particles (e.g., solid particles}
of a single crystaliine form (eg, Form A, B, C or ) of a compound of Structural Formaula §,
wheremn characteristics and aliemative characteristics of the single erystalline form in the
composition, incloding alternative XRPD, DSC and/or TGA characteristics, are as described
above with respect to the first through fourth embodiments.

16662} A fifth embodimaent is a composition comprising particies {e.g., solid particles) of
a single crystaltine form of a compound represented by Structural Formula 1, wherein the
singie crystalline form is Form A. Single erystalline Form A is characierized by at least three
X-ray powder diffraction peaks at 26 angles selected from 4.4°, 19.9°,21.3%and 22.0° In
some embodiments, the particles of the composition have a particle size distribution {e.g., a
unimedal particle size distribution) characterized by a d(0.9} of 100 microns or less. In some
embodiments, the particies of the composition have a particle size distribution (e.g., 2
unimedal particle size distribution} characterized by a d(0.9) of 70 microns or less.

16663} “Particle size distribution,” as used herein, refers to a list of values or a
mathematical function that defines the relative amount, typically by mass or volume, of
parficles present in a sarople according to size. Particle size distribution can be characterized
by one or more vahies, such as d{0.9), d{0.5) or (0. 1) or aratio of any of the foregoing, or by
the shape of the mathematical function, when graphed. Exemplary shapes of a particle size
distribution graph include unimodal, bimodal, normal and Gaussian,

064} “d(0.9),” as used berein, describes the value of particle size at which 209 of'the
total volume of particles is comprised of particles no larger than the mdicated size. d(0.9) 1s
used interchangeably herein with d90, dog and D90, 1t 15 to be understood that any d(0.9)
value specified herein, with the exeeption of the d(0.9) values in the Figures or the
Exemplification, means the specified value + 15% or less of the specified value. In preferred
embodiments, (0.9} is the specified value + 10%For example, when an embodiment or a
claim specifies a (0.9} of about 70 microns, this is to be understood to mean 70 microns + 7
microns, that 18 from 63 mucrons to 77 microns. In preferved ermobodiments, d{6.9) is the

specified value + 7.5%, more preferably, +6.5%. Similarly, when an erobodiment or a claim
specifies a d(0.9) of about 100 microns, this is to be undersicod for example of the specified
value being = 10%, to mean 100 microns + 10 microns, that is from 90 microns to 110

oHerons.
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16065} “d{0.5},” as used herein, describes the value of particle size at which 50% of the
total velume of particles is comprised of particles no larger than the indicated size. d(f1.5) is
typicatly the median of the particle size distribution. d(0.5} is used interchangeably hercin
with d50, dse and D50, Tt is to be understood that any d(0.5) value specified herein, with the
exception of the d({1.5) values in the Figures or the Exemplification, means the specified
value + 10% or less of the specified value. For example, when an embodiment or a claim
specifies a d(0.5) of about 25 microns, this is to be understood to mean 25 moicrons £ 2.5
microns, that is from 22,5 microns {0 27.5 microns. In preferred embodiments, 4(0.5) is the
specified value + 5%, more preferably, + 2.5%, yet more preferably, £ 1.5%.

[G866] “d(0.1},” as used herein, describes the value of particle size at which 10% of'the
total volume of particles is comprised of particles no larger than the indicated size. d(0.1) 1s
used interchangeably herein with 418, dip and B10. 1t s 1o be understood that any #(0.1)
value specified herein, with the exception of the d(0.1) values in the Figures or the
Exeroplification, means the specified value = 30% or less of the specified value. For
example, when an embodiment or & claim specifies a d{0.1} of about 10 microns, this is to be
undersiood to mean 10 microns & 3.0 microns, that is from 7 microns to 13 microns. In
preferred embodiments, d(0.1) is the specified value £ 15%, more preferably, & 5%, yet more
preferably, 4 3%,

3867} It is to be understood that any ratio of d(0.93:d(0.1) or 4(0.9%:d(0.5) specified
herein, with the exception of the d(0.9%:4(0.1) or d(0.93:d(0.5) ratios in the Figures or
Excroplification, means the specified value = 15% or less of the specified value. For
example, when an embodiment or a claim specifies a ratio of d(0.9):d(0.1) of about 14}, this 18

1
i

1o be understood to mean 10+ 1.5, that s from 8.5 1o 11.5. In preferred embodiments, the
d(0.93:d{0.1) or d(0.9%:4(0.5) ratio is the specified value £ 10%, more preferably, = 55%.
[068] In a first aspect of the Gifth embodiment, the particles have a particle size
disiribution characierized by a &(0.9) of from 10 microns to 100 microns, specifically, a
(0.9} of from 25 microns to 160 microns, more specifically, a d(0.9) of from 60 microns to
100 microns.

13063} i a second aspect of the fifth embodiment, the particles have a particle size
distribution characterized by a d(01.9) of from 10 microns to 70 microns, specifically, a (0.9}
of from 25 microns to 70 microns, more specificaily, a d{6.9) of from 60 microns {0 70

oHerons.
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[0¢70] In a third aspect.of the fifth embodiment, the particles have a particle size
distribution characterized by a d(0.5) of from 10 microns to 35 mictons, specifically, a d(0.5)
of from 15 microns to 30 microns, more specifically, E;d(O.S) of from 25 to 30 microns.
Values and alternative values for d(0.9) are as described in the fifth embodiment, or first

7 asrect thereof. '
[0071] In a fourth aspect of the ﬁﬂh embodiment, the particles have a particle size
distribution characterized by a d(0.1) of 5 microns or greater, more specificatly, 10 microns
or greater. For example, in some aspects, the particles have a particle size distribution
cheracterized by a d(0.1) of from 5 microns to 15 microns, more specifically, from 10
microns te 15 microns, Values and alternative values for d(0.9) and d(0.3) are as described in
the fifth embodiment, or first or second aspect thereof,
1007Z] In a fifth aspect of the fifth embodiment, the particles have a particle size
disiribution characterized by a d(0.9):d(0.1) ratio of 10 or less, specifically, of 7.5 or less,
more speciﬁéally, of 6 or less. For example, in some aspects, the particles have a particle
size distribution characterized by a d(0.9):d(0.1) ratio of from 2 to 10, specifically, of from 5
to 7.5 or, more specifically, of from 510 6. Values and alternative values for d(0.9), d(0.5)
anc¢ d(0.1) are'as described in the fifth embodiment, or first, second or third aspect of the
forzgoing. | '
[0073] In a sixth aspect of the fifth embodiment, the particles have a particle size )
dis1ributioﬁ characterized by a d(0.9):d(0.5) ratio of 4.5 or less, more specifically, of 3 or less.
For example, in some aspects, the particles have a pérticlc size distribution characterized by a
d(0.9):d(0.5) ratio of ﬁoﬁ 15t 4500, mor;a Speciﬁcally, of from 2 to 3. Valuesand .
alternative values for d((19), d(0.5) and d(0.1), and ratios thercof, are as described in the fifth
embodiment, or first, second, third or fourth aspect of the foregoing.
[0074] In a seventh aspect of the fifth embodiment, the particles have a unimodal particlc
size distribution, for example, a normal patticle size distribution. Values and aliernative
values for d(0.9), d(0.5) and d(0.1), and ratios thereof, are as described in the fifth
embodiment, or first through fifth aspects of the foregoing.
[0075] “Unimodal,” used herein in connection with particle size distribution, refers to a
pan:iéle size distribution that, when graphed, contains a single local maxima. An exemplary

unimodal particle size distribution can be found in FIG. 5K.
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[0076] As used herein, “noﬁnal particle size distribution™ refers to a particle size
distribution that obeys a function that represents the distribution of particle sizes in a sample
as a symmetrical or substantially symmetrical bell-shaped graph. At least FIG. SK depicts a
no:mal particle size distribution. 7
[0077] Altémative characteristics of single crystalline Form A in a2 composition of the
fifih embodiment, including alternative XRPD, DSC and/or TGA characteristics, are as
described above with respect to the first embodiment,
© Pharmacentical Compositions _

[6078] Also provided herein are pharmaceutical compositions comprising a single
crystalline form (e.g., Form A, B, C or D) or composition described herein and a
pharmaceutically acceptable carrier. The composition comprises particles of a single
crystalline form (e.g., Form A, B, C or D) of a compound of Structural Formula 1.
Characteristics and alternative characteristics of the single crystalline forin, including
alternative XRPD, DSC and/or TGA characteristics, arc as described above with respect to
the first through fourth émbodiments.
[00679] A sixth embodiment is a pharmacéutical composition comprising a composition

- (e.2., a composition of the fifth embodiment, or any aspect thereof) comprising particles of -
single crystalline Form A of a compound of Structural Formula I and a pharmaceutically

- acceptable carrier. Characteristics and alternative characteristics of éingle crystalline Form
A, including alternative XRPD, DSC andfor TGA characteristics, are as described above with
respect to the first embodiment. Values and alternative values for d(0.9), d(0.5) and d(0.1),
and ratios thercof, as well as characteristics of the particle size distribution (e.g.,.unimodal,
normal) of the particles of single crystalline Form A, are as described in the fifth
embodiment, of any aspect thercof.
[0080] The term “pharmaceutically acceptable carrier” means a non-toxic solvent,
dispersant, excipient, adjuvant or other material which is mixed with the active ingredient in
order to permit formation of a pharmaceutical composition, .i. e., a dosage form capable of
bcihg administered to a subject. A “pharmaceutically acceptable carrier” should not destroy
the aclivily of the compound with which it is formulated. Pharmaceutically acceptable
carriers are well known in the art.
[0081) P’harmaceutically acceptable carriers, adjuvants or vehicles that may be used in the

pharmaceutical compositions of this invention include, but are not limited to, ion exchangers,
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alumina, aluminum stearate, lecithin, serum proteins, such as human serm albumin, buffer
substances such as phosphates, glycine, sorbic acid, potassivm sorbate, partial glyceride
nuxtures of saturated vegetable fatty acids, water, salts or electrolytes, such as protanine
sulfate, disodium hydrogen phosphate, potassiom hydrogen phosphate, sodium chioride, zinc

alts, colloidal silica, magnestum trisilicate, polyvinyl pyrrolidone, cellulose-based

w

ubstances, polyethylene glycol, sodium carboxymethyleeliuiose, polyacrylates, waxes,
polvethylenc-polyoxypropylene-block polymers, pelyvethylene glycol and wool fat,

6682} Pharmaceutical compositions of the present fnvention may be administered orally,
parenterally (including subcotaneous, intramuscular, intravenous and intradermal}, by
inhalation spray, topically, rectally, nasally, buccally, vaginally or via an mplanted reservortr.
In some embodiments, provided pharmaceutical compositions are admimstrable
miravenously and/or intraperitoneally.

13083} The term “parenteral” as used herein inclodes subcutaneous, intravenous,
intramuscular, intraccular, intravitreal, fntra-articular, intra-synovial, intrasternal, intrathecal,
intrabepatic, intraperitoneal intralesional and tracranial injection or infusion techniques.
Preferably, the pharmaceutical compositions are administered orally, subcutancously,
intraperitoneally or intravenously. Sterile mjectable formos of the pharmaceutical
compositions of this invention may be agueous or oleaginous suspension. These suspensions
may be formulated according to techmiques known in the art using suitable dispersing or
wetting agents and suspending agents. The sterile injectabic preparation may also be a stenle
injectable solution or suspension i a non-toxic parenterally acceptabie dituent or solvent, for
example as a sohution in 1,3-butanediol. Among the acceptable vehicles and solvents that
may be cmployed are water, Ringer's solution and isotonic sedium chioride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium.
[B084] Pharmaceutical compositions of this invention may be orally administered in any
orally acceptable dosage form including, but not limited to, capsules, tablets, agucous
suspensions or solutions. In the case of tablets for oral use, carriers commaonly used include
factose and com starch. Lubricating agents, such as magnesinm sicarate, are also typically
added. For oral admimistration in a capsule form, useful diluents include lactose and dried
cornstarch. When aqueous suspensions are requuired for oral use, the active ingredient is
combined with emulsifying and suspending agents. If desired, certain sweetening, flavoring

or coloring agents may also be added. In some embodiments, a provided oral formulation is



WO 2016/025904 PCT/US2015/045395

219 -
formulated for immediate release or sustained/delayed release. In some embodiments, the
composition is suitabie for buccal or sublingual administration, including tablets, lozenges
and pastilles. A provided compound can also be in moicro-cncapsulated form.

[B085] Specific pharmaceutically acceptable carriers suitable for use m an oral
formutation such as a tablet or capsule include, but are not limited to, microcrystalline
cellulose (Avicel PH101}, croscarmeliose Sodium (Ac-Di-Sol), kollidon 30 powder
(polyvinylpyrrolidone, povidone), colloidal silicon dioxade MS-P, magnesium stearate,
microcrystalline cellulose (Aveel PHI02), sodium lauryl suifate (Kolliphor SLS Fine) and
Colloidal Silicon Dioxide M3-P. Each of the above listed carriers can be used 1 an oral
formulation etther alone or in any combination.

[B086] Alternatively, pharmaceutical compositions of this invention may be administered
m the form of suppositories for rectal admimstration. Pharmaceatical compositions of this
nvention may also be admunistered topically, cspecially when the target of ireatmnent includes
areas or organs readily accessible by topical application, including discases of the eye, the
skin, or the lower intestinal tract. Suitable topical formudations are readily prepared for each
of these arcas or organs.

[BORT] Topical application for the lower intestinal tract can be effected in a rectal
suppository fornudation {sec above) or in a suitable enema forronlation. Topically-
transdermal patches, ointments, creams, foams and gels may also be used. Specific carriers
for use in topical formulations include, but are not limited fo, Z2-hydroxypropyl beia-
cyclodextrin (HPBCD), methyleellulose, sodium benzoate, water and ghyeerin,

16088] For ophthabmic use, provided pharmaceutical compositions may be formulated as
micronized suspensions o in an ointment such as petrolatum.

[B089] Pharmaceutical compositions of this invention maay also be adrinistered by nasal
acrosol or mhalation.

L In some embodiments, pharmaceutical compositions of this invention are
formulated for intra-perifoncal administration.

15651} The amount of compound of Structural Formulda ¥ {e.g, single crystalline Form A
of the compound of Stractural Fornuila 1} in pharmaceutical compositions of this invention s
such that is effective to measurably inlubit CRMI, in a biological sample or in a subject. In
certain embodiments, a pharmaceutical composition of this invention is formulated for

administration to a subject in need of such pharrmaccutical composition. The term “subject,”
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as used herein, means an amimal. In some embodiments, the animal is a mammal. In ceriain
embodiments, the subject is a velerinary patient (i e.. a non-human mammal patient, such as a
dog, a cat, a horse, a pig or a rodent, such as a mouse or rat). In some embodiments, the
subject is a dog. In other embodiments, the subject is a human {(e.g., a human patient}.

093] The amount of compound of Structural Formuda I (e g., single crystalline Form A
of the compound of Structural Formula 1} that may be combined with the pharmaceutically
acceptable carrier materials to produce a pharmaceutical composition in a single dosage form
will vary depending upon the host treated and/or the particular mode of administration. In
ong erabodiment, provided pharmaceutical compositions should be formulated so that a
dosage of between .01 - 100 mg/'kg body weight/day of the compound of Structural Formula
I can be adnunistered to a patient recciving these compositions. o another embodiment, the
dosage is from about 0.5 1o about 1060 mg/kg of body weight, or between | mg and 1000
mg/dose, every 4 to 120 hours, or according to the requirerments of the particular drug.

Tvpically, the pharmaceutical compositions of this invention will be administered from about

[

o about 6 times per day.

6893} {t should also be understood that a specific dosage and treatment regimen for any
particular subject {e.g., paticot) will depend upon a variety of factors, inchuding the activity of
the specific compound employed, the age, body weight, gencral health, sex, diet, time of
administration, rate of excretion, drug combination, and the judgment of the treating
physician and the severity of the particolar disease being treated.

1B654] Upon improvement of a subject’s condition, a maintenance dose of 2
pharmaceutical composition of this fovention may be administered, i necessary.
Subsequently, the dosage or frequency of adminisiration, or both, may be reduced, as a
function of the syraptoms, 10 a level at which the improved coundition is refained when the
symptoms have been alleviated to the desired level. Subjects may, however, require
mtermittent treatment on a long-term basis upon any recurrence of disease symiptoms.
Methods of Treatment and Uses for Pharmaceatical Compositions

1G695) Pharmaceutical corapositions and compounds described herein are generally
useful for the inhibition of CRMI and are, therefore, useful for treating one or more disorders
associated with activity of CRMI. Thus, i certain embodiments, the present mvention
provides a method for treating a disorder associated with CRM1 activity, comprising

administering to a subject in need thereof a therapeutically offective amount of &
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pharmaceuntical composition described herein. The compound of Structural Formuda f or

{(single) crystalline form thereof, pharmaceutical composition thereof or combination of the

i
=

regoing can also be administered to cells in culture, e.g., in vitre or ex vivo, ot 1o a subject,
e.g., in vivo, to treat, prevent, and/or diagnose a variety of disorders, including those
described hereinbelow.

13696} The activity of a compound Structural Formula §, or (single} crystalline form
thereof, pharmaceutical composition thereof, or combination of the foregoing as an inhibitor
of CRMI may be assayed in vitro, in vive or it a cell Hne. Detailed conditions for assaying a
compound of Structural Formwla | as an inhibitor of CRM1 are set forth in International
Publication No. WO 2013/619548.

(097} The term “treat” or “treating” means to alleviate symptoms, elimmnate the
causation of the symptoms, either on a temporary or permanent basis, or to provent or slow
the appearance of symptorns of the named disorder or condition.

098] The term “CRM1-mediated” disorder or condition or “disorder associated with
CRMI activity,” as used herein, means any disease or other deleterions condition in which
CRM1 is known o play a role. Accordingly, another embodiment of the present invention
relates fo treating or lessening the severity of one or more diseases in which CRM1 is known
to play arole. Insome embodiments, the present mvention provides methods of treating a
discase associated with expression or activity of p53, p73, p21, pRB, p27, IxB, NFxB, c-Abl,
FOXO proteins, COX-2, or an HBAC (histone deacctylases) in a subject comprising
administering to the subject a therapeuticaily effective amount of a pharmaceutical
composition described herein.  Fo another erobodiment, the present fnvention relates to a
method of treating or lessening the severity of a disease or condition selected from a
profiferative disorder {e.g., cancer), an inflammatory disorder, an autoimmune disorder, a
viral infection, an ophthalmological disorder or a neurodegenerative disorder wherein said
method comprises adminisicring 1o a patient in need thercof a compound or coraposition
according to the present mvention. In a more specific embodiment, the present mvention
relates {0 a method of treating or lessening the severity of cancer. Specific exampies of the
above disorders are set forth in detatl below.

[(099] The term “therapeutically effective amount” mweans an amount of the compound of
Stractaral Formula 1 or (single) erysialline form thereof {typically, in a pharmaceutical

composition described herein) which is effective in treating or lessening the severity of ong or
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more symptoms of a disorder or condition. In the case of promoting wound healing, 2
therapeutically effective amount is an amount of the compound of Structural Formaula § or
(single) crystalline form thereof (typically, m a pharmaceutical composition described herein)
that promotes healing of a wound.

[66160]  As used herein, “promoting wound healing” means treating a subject with a
wound and achieving healing, either partially or fully, of the wound. Promoting wound
healing can mean, ¢.g., one or more of the followmg: promoting epidermal closure;
promoting migration of the dermis; promoting dermal closure in the dermis; reducing wound
healing complications, ¢.g., hyperplasia of the epidermis and adhesions; reducing wound
dehiscence; and promooting proper scab formation.

[B8161]  Cancers treatable by the pharmaceutical compositions or compounds of this
mvention include, but are not limiled to, hematologic malignancies (levkemias, lymphomas,
myclomas including multiple mycloma, myelodysplastic and mycloprofiferative syndromes)
and solid tumors {carcinomas such as prostate, breast, lung, colon, pancreatic, renal, ovarian
as well as soft tissue and osteosarcomas, and stromal tumors). Breast cancer (BC) can
inchude basal-like breast cancer (BLBC), triple negative breast cancer (TNBCY and breast
cancer that is both BLBC and TNBC. In addition, breast cancer can include invasive or non-
mvasive ductal or lobular carcinoma, tubular, meduliary, mucinous, papillary, cribriform
carcinoma of the breast, male breast cancer, recurrent or metastatic breast cancer, phyliodes
tumor of the breast and Paget’s discase of the nipple.

160162]  ioflanupatory disorders treatable by the pharmaceutical compositions or
compounds of this iInvention include, but are not Hmited to, nuiitiple sclerosis, rheumatoid
arthrifis, degenecrative joint disease, systemic hupus, systemic sclerosis, vasculitis syndromes
{small, mediuro and large vessel}, athorosclerosis, inflammatory bowel disease, rritable
bowel syndrome, Crohm's disease, mucous colitis, uleerative colilis, gastritis, sepsis, psoriasis
and other dermatological inflammatory disorders {(such as cczema, atopic dermatitis, contact
dermatitis, urticaria, scleroderma, and dermatosis with acuic inflaromatory componenis,
pemphigus, pemphigoid, allergic dermatitis), and urticarial syndromes.

{66163} Viral diseascs treatable by the pharmaceutical compositions or compounds of this
frvention inchide, but are not Himited to, acule febrile pharyngitis, pharyngoconjunctival
fever, epidemic keratoconjunctivitis, infantile gasiroenteritis, Coxsackie infections, infoctious

mononucleosis, Burkift lymphoroa, acute hepatitis, chronic hepatitis, hepatic cirrhosis,
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hepatoceliular carcinoma, primary HSV-1 infoction {e.g., gingivostomatitis m children,
tonsillitis and pharyngitis in adulis, keratoconjunctivitis), latent HSV-1 infection (e.g., herpes
Iabialis and cold sores), primary HSV-2 infection, latent HSV-2 infection, aseptic moningitis,
mieciious mononucleosis, Cytomegalic inclusion disease, Kapost’s sarcoma, multicentric
Castlernan disease, primary effusion lymphoma, AIDS, influenza, Reye syndrome, measles,
postinfectious encephalomyelitis, Muraps, hyperplastic epithelial lesions {e.g., common, flat,
plantar and anogenital warts, laryngeal papiflomas, epidermodysplasia verruciformis),
cervical carcinoma, squamous cell carcinomas, croup, pneumonia, bronchiolitis, common
cold, Poliomyelitis, Rabies, influenza-like syndrome, severe bronchiolitis with pungumonia,
German measles, congenital rubella, Varicella, and herpes zoster, Viral discases treatable by
the compounds of this invention also inchide chromice viral infections, including hepatitis B
and hepatitis C.

{66864} Exemplary ophthalmology disorders include, but are not limited to, macular
edema (diabetic and nondiabetic macular edema), aged related macular degencration wet and
dry forms, aged disciform macular degeneration, cystoid macular edema, palpebral edema,
retina edema, diabetic retinopathy, choriorctinopathy, neovascular maculopathy, neovascular
glaucoraa, uveitis, iritis, retinal vasculitis, endophthabuitis, panophthalmitis, mcetastatic
ophthalmia, choroiditis, retinal pigment epitheliilis, conjunctivilis, cyclitis, scleritis,
episcleritis, optic neuritis, retrobulbar optic neuritis, keratitis, blepharitis, exudative retinal
detachment, corneal ulcer, conjunctival uleer, chronic mummular keratitis, ophthalmic disease
associated with hypoxia or ischemia, retinopathy of prematurity, prohiferative diabetic
retinopathy, polypoidal choroidal vasculopathy, retinal angiomatous proliferation, retinal
artery occlusion, retinal vein occlusion, Coats' discase, familial exudative vitreoretinopaihy,
pulscless disease (Takayasu's disease), Bales discase, antiphospholipid antibody syndrome,
feukemic retinopathy, blood hyperviscosity syndrome, macroglobulinenua, interferon-
associated retinopathy, hyperlensive retinopathy, radiation retinopathy, corneal epithelial
stem cell deficiency or cataract.

166165}  Neurodegenerative discases ireatable by pharmaceutical corapositions or
compounds of the invention include, but are not himuted to, Parkinson’s, Alzhermer’s, and
Huntington’s, and Amyotrophic lateral sclerosis (ALS/Lou Gehrig’s Disease).

{60886} Pharmaccutical compositions or compounds described herein may also be used to

treat disorders of abnorraal tissue growth and fibrosis including ditative cardioroyopathy,
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hypertrophic cardiomyopathy, restrictive cardiomyopathy, palmonary fibrosis, hepatic
fibrosis, glomerclonephritis, polycystic kidney disorder (PKD) and other renal disorders.
[G8167]  Pharmacecutical conpositions or compounds described herein may also be used to
treat disorders related to food intake such as obesity and hyperphagia.

361681  In ancther embodiment, a pharmaceutical composttion or compounds described
herein may be used to treat or prevent allergies and respiratory disorders, including asthma,
bronchitis, pulmonary fibrosis, allergic thinitis, oxygen foxicily, emphysema, chronic
bronchitis, acute respiratory distress syndrome, and any chronic obstructive pohmonary
discase (COPD).

[B0189%]  in some embodiments, the disorder or condition associated with CRM1 activity is
beta-thalassemia, muscular dystrophy, arthritis, for example, ostecarthritis and rhewmatoid
arthritis, ankylosing spondihitis, traumatic brain injury, spinal cord injury, sepsis, rheumatic
disease, cancer atherosclerosis, type 1 diabetes, type 2 diabetes, leptospiriosis renal discase,
glaucoma, retinal discase, ageing, beadache, pain, coroplex regional pain syndrome, cardiac
hypertrophy, musclewasting, catabolic disorders, obesity, fetal growih retardation,
hypercholesterofemia, heart disease, chronic heart failure, ischemia/reperfosion, stroke,
cerchral ancurysm, angina pectoris, pulmonary disease, cystic fibrosis, acid-induced lung
mjury, pulmonary hyperiension, asthrma, chronic obstructive pulmonary discase, Sjogren’s
syndrome, hyaline membrane disease, kidney disease, glomerular disease, aleoholic liver
disease, gut diseases, peritoneal endometriosis, skin diseases, nasal sinusitis, mesothelionia,
anhidrotic ccodermal dysplasia-k), beheet's discase, mcontinentia pigmenti, tuberculosis,
asthma, crohn’s disease, colitis, ocular allergy, appendicitis, paget’s disease, pancreatitis,
periodonitis, endomeiriosis, inflammatory bowel discase, mnflammatory hing discase, silica-
nduced discases, sleep apnea, ALDS, HEV-1, autoinumune discascs, antiphospholipid
syndrome, lupus, hupus nephritis, fanulial mwediterrancan fever, hereditary periodic fever
syndrome, psychosocial stress diseases, neuropathological discases, familial amyloidotic
polyacuropathy, inflammatory neuropathy, parkinson’s disease, multiple scleresis,
alzheimer’s discase, amyotropic lateral sclerosis, huntington’s discase, cataracts, or hearing
loss.

[G6188]  In other embodiments, the disorder or condition associated with CRM1 activity is
head injury, uveitis, inflaromatory pain, aflergen induced asthma, non-allergen induced

asthma, glomerular nephritis, uleerative colitis, necrotizing enterocolitis,
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hyperimmunoglobulinemia D with recuarrent fever (HIBS), TNF receptor associated periodic
syndrome {TRAPS), cryopyrin-associated periodic syndromes, Muckie-Wells syndrome
{(urticaria deafness amylotdosis),familial cold urticaria, neonatal onset raultisystom
milammatory discase (NOMID), periodic fever, aphthous stomatitis, pharyngitis and adenitis

(PFAPA syndrome), Blan syndrome, pyogenic sterile arthritis, pyoderma gangrenosum,acne

hemorrhage, polyeystic kidney discase, transplant, organ transplant, tissue transplant,
myelodysplastic syndrome, frritant-induced inflarmmation, plant irritant-induced
inflarmation, poison ivy/ urushiol oil-induced inflamuation, chemical irritant-induced
nflammmation, bee sting-induced mflammation, insect bite-induced inflammation, sunburn,
burns, dermatitis, endotoxemia, lung Injury, acute respivatory distress syndrome, alcoholic
hepatitis, or kidney injury caused by parasitic infections.

{8813} In further aspects, the present invention provides a use of a pharmaceutical
composition or compounds described herein for the mamufacture of a medicarent for the
treatment of a disorder associated with CRM 1 activity. The present invention also provides a
pharmaceutical composition described herein for use in treating a disorder associated with
CRM1 activity. Specific examples of disorders associated with CRM1 activity are as set
forth in detail herein.

(3681121  In yet firther aspects, the present invention provides a use of a pharmaceutical
composition or compounds described herein for the mamufacture of a medicament for the
treatment of a disease associated with expression or activity of pS3, p73, p21, pRE, p27, IkB,
NEeB, ¢c-Abl, FOXO proteins, COX-2 or an HDAC in a subject. {n some embodiments, the
present invention provides a use of a pharmaceutical composition described herein in the
manufacture of a medicament for the reatment of any of cancer and/or neoplastic disorders,
angiogenesis, autoimmune disorders, mflammatory disorders and/or discases, epigenctics,
hormonal disorders and/or discases, viral diseases, neurodegenerative disorders and/or

diseases, wounds, and ophthalmologic disorders.
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{68113}  In some cmbodiments, the present invention provides a method for mhibiting CRM1

in a biological sample comprising contacting the biological sample with, or administering to the
paticnt, a pharmoaceutical composition of the invention,

Neoplastic Disorders

[36114] A pharmaceatical composition or compound described herein can be used to treat
a neoplastic disorder. A “neoplastic disorder” is a disease or disorder characterized by cells
that have the capacity for autonoraous growth or rephication, ¢.g., an abnormal state or
condition characterized by proliferative cell growth. Exemplary neoplastic disorders include:
carcinoma, sarcoma, metastatic disorders, e.g., tumors arising from prostate, brain, bone,
colon, lung, breast, ovarian, and bver origin, hematopoictic neoplastic disorders, ¢.g.,
feukemias, lymphomas, myeloma and other malignant plasma cell disorders, and metastatic
tomors. Prevalent cancers include: breast, prostate, colon, hung, liver, and pancreatic cancers.
Treatment with the compound can be in an amount effective to amchiorate at least one
symyptor of the neoplastic disorder, ¢.g., reduced cell proliferation, reduced tumor mass, eic.
[66185] The disclosed methods are usefu] in the prevention and treatment of cancer,
imchuding for example, solid tumors, soft tissue tumors, and metastases thereof, as well as in
famnihal cancer syndromes such as Li Fraumeni Syndrore, Familial Breast-Ovarian Cancer
(BRCAY or BRAC? nustations) Syndromes, and others. The disclosed methods are also
usefol in treating non-solid cancers. Exemplary solid timors include malignancies {e.g.,
sarcomas, adenocarcinomas, and carcinomas) of the various organ systems, such as those of
hung, breast, lymphoid, gastrointestinal {e.g., colon), and genttourinary (e.g., renal, urothehial,
or testicular tumors) tracts, pharynx, prostate, and ovary. Exemplary adenocarcinomas
inchude colorectal cancers, renal-cell carcinoma, liver cancer, non-small cell carcinoma of the
lung, and cancer of the small intestine.

[B8116]  Exemplary cancers described by the National Cancer Instinite inchide: Acute
Lymphoblastic Leukemia, Adolt; Acute Lymphoblastic Leukema, Childhood; Acute
Myeloid Leukemia, Adolt; Adrenocortical Carcinoma; Adrenocoriical Carcinoma,
Childhood; ATDS-Related Lymphoma; AHDS-Related Malignancics; Anal Cancer;
Astrocytoma, Childhood Cerebellar; Astrocytoma, Childhood Cerebral; Bile Duct Cancer,
Extrahepatic; Bladder Cancer; Bladder Cancer, Childhood; Bone Cancer,
Osiensarcoma/Malignant Fibrous Histiocyioma; Brain Stem Ghoma, Childhood; Brain

Tumor, Adult; Brain Tumor, Brain Stem Ghoma, Childhood; Brain Tumor, Cercbellar
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Astrocytoma, Childhood; Brain Tumor, Cerebral Astrocytoma/Malignant Ghioma, Childhood;
Brain Tumor, Ependymoma, Childhood; Brain Tumeor, Medulloblastoma, Childhood; Brain
Tumor, Supratentorial Primitive Neuroectodermal Tumors, Childhood; Braim Tumor, Visual
Pathway and Hypothalamic Glioma, Childhood; Bram Tumor, Childhood (Other); Breast
Cancer; Breast Cancer and Pregnancy; Breast Cancer, Childhood; Breast Cancer, Male;
Bronchial Adenomas/Carcinoids, Childhood; Carcinoid Tumor, Childhood; Carcinoid
Tumor, Gastromtestinal; Carcinoma, Adrenocortical; Carcinoma, islet Cell; Carcinoma of
Unknown Primary; Central Nervous Systern Lymphoma, Primary; Cerebellar Astrocytoma,
Childhond; Cerebral Astrocytoma/Malignant Glioma, Childhood; Cervical Cancer;
Childhood Cancers; Chronie Lyraphocytic Leukemia; Chronie Myclogenous Leukemia;
Chronie Myeloprohferative Disorders; Clear Cell Sarcoma of Tendon Sheaths; Colon Cancer;
Colorectal Cancer, Childhood; Cutaneous T-Cell Lymphoma; Endometrial Cancer;
Ependymora, Childhood; Epithelial Cancer, Ovarian; Esophageal Cancer; Esophageal
Cancer, Childhood; Ewing's Family of Twors; Extracranial Germ Cell Tumor, Childhood;
Extragonadal Germ Cell Tumor; Extrahepatic Bile Duct Cancer; Eye Cancer, Intraocular
Melanoma; Eye Cancer, Retinoblastoma; Gallbladder Cancer; Gastric {(Stomach) Cancer;
Gastric {Storoach) Cancer, Childbhood; Gastrointestinal Carcinoid Tumor; Germ Cell Tumor,
Extracranial, Childhood; Germ Cell Tumor, Extragonadal; Germ Cell Tumor, Ovarian;
Gestational Trophoblastic Tumor; Glioma, Childhood Brain Stern; Glioma, Childhood Visual
Pathway and Hypothalamic; Hairy Cell Leukemia; Head and Neck Cancer; Hepatocelhilar
(Liver) Cancer, Adult (Primeary); Hepatocellular (Liver) Cancer, Childhood (Primary);
Hodgkin's Lymphoma, Adult; Hodgkan's Lymphoma, Childhood; Hodgkm's Lymphoma
Buring Pregnancy; Hypopharyngeal Cancer; Hypothalamic and Visual Pathway Glioma,
Childhood; Totraocular Melanoma; Islet Cell Carcinoma (Endocrine Pancreas); Kaposi's
Sarcoma; Kidney Cancer; Laryngeal Cancer; Laryngeal Cancer, Childhood; Leukemia, Acute
Lymphoblastic, Adult; Leukemia, Acute Lymphoblastic, Childhood; Leukemna, Acute
Myeloid, Adult; Leukemia, Acote Myeloid, Childhood; Leukernia, Chronic Lymphocytic;
Leukenua, Chronic Myclogenous; Leukernia, Hairy Cell; Lip and Oral Cavity Cancer; Liver
Cancer, Adult (Primary); Liver Cancer, Childhood (Privoary); Lung Cancer, Non-Small Cell;
Lung Cancer, Small Cell; Lymphoblastic Leukenia, Adult Acute; Lymphoblastic Leckemia,
Childhood Acute; Lymphocytic Leukemia, Chronic; Eymphoma, A1DS- Related;

Lymphoma, Central Nervous System (Primary); Lymphoma, Cutancous T-Cell; Lymphoma,
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Hodglkan's, Adult; Lymphoma, Hodgkin's, Childhood; Lymphoma, Hodgkin's During
Pregnancy; Lymphoma, Non-Hodgkin's, Adult; Lymphoma, Non- Hodgkin's, Childhood;
Lymphoroa, Non-Hodgkin's During Pregnancy; Lymphoma, Privoary Ceuntral Nervous
Systern; Macrogiobulineroia, Waldenstrom's; Male Breast Cancer; Malignant Mesothelioma,
Adult; Malignant Mesothelioma, Childhood; Malignant Thymoma; Meduolloblasioma,
Childhood: Melanoma; Mclanoma, Intraocular; Merkel Cell Carcinoma: Mesotheloma,
Malignant; Metastatic Squamous Neck Cancer with Occult Primary; Multiple Endocrine
Meoplasia Syndrome, Childhood; Multiple Mycloma/Plasma Cell Neoplasm; Mycosis
Fungoides; Myelodysplastic Syndromes; Myeclogenous Leoukemia, Chronic; Myeloid
Leukemia, Childhood Acute; Myeloma, Multiple; Myeloprohiferative Disorders, Chronic;
Nasal Cavity and Paranasal Sinus Cancer; Nasopbaryngeal Cancer; Nasopharyngeal Cancer,
Childhood; Neuroblastoma; Non-Hodgkin's Lymphoma, Adolt; Non-Hedgkin's Lymphoma,
Childhood; Non- Hodgkin's Lymphoma During Prognancy; Non-Small Cell Lung Cancer;
Oral Cancer, Childhood; Oral Cavity and Lip Cancer; Oropharyngeal Cancer;
Osteosarcoma/Malignant Fibrous Histiocytoma of Bone; Ovarian Cancer, Childhood;
Ovarian Epithelial Cancer; Ovarian Germ Cell Tumor; Ovarian Low Malignant Polential
Tumor; Pancreatic Cancer; Pancreatic Cancer, Childhood; Pancreatic Cancer, Islet Cell;
Paranasal Sinus and Nasal Cavity Cancer; Parathyroid Cancer; Penile Cancer;
Pheochromocytoma; Pineal and Supratentorial Primitive Neuroectodermal Tumors,
Childhood; Pituitary Tumor; Plasma Cell Neoplasi/Multiple Myeloma; Pleuropulmonary
Blastoma; Pregnancy and Breast Cancer; Pregoancy and Hodgkin's Lymphoma; Pregnancy
and Non-Hodgkin's Lymphoma; Primary Central Nervous Systemn Lymphoma; Primary Liver
Cancer, Adolt; Primary Liver Cancer, Childhood; Prostate Cancer; Rectal Cancer; Renal Cell
(Kidney) Cancer; Renal Cell Cancer, Childhood; Renal Pelvis and Ureter, Transitional Cell
Cancer; Retinoblastoma; Rhabdomyosarcoma, Childhood; Sabivary Gland Cancer; Salivary
Gland Cancer, Childhood; Sarcoma, Ewing's Family of Tumors; Sarcoma, Kaposi's; Sarcoma
{Osteosarcomay/Malignant Fibrous Histiocytoma of Bonge; Sarcoma, Rhabdomyosarcoma,
Childhood; Sarcoma, Soft Tissue, Adult; Sarcoma, Soft Tissue, Childhood; Sezary
Syndrome; Skan Cancer; Skin Cancer, Childhood; Skin Cancer (Melanoma); Skin Carcinoma,
Merkel Cell; Small Cell Lung Cancer; Small Intestine Cancer; Soft Tissue Sarcoma, Adult;
Soft Tissue Sarcoma, Childhood; Squamouns Neck Cancer with Occult Primary, Metastatic;

Stomach (Gastric) Cancer; Stomach (Gasiric) Cancer, Childhood; Supratentorial Primitive
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Newroeciodermal Tumors, Childhood: T- Cell Lymphoma, Cutancous; Testicular Cancer;
Thymoma, Childhood; Thymoma, Malignant; Thyreid Cancer; Thyroid Cancer, Childhood;
Transitional Cell Cancer of the Renal Pelvis and Ureter; Trophoblastic Turnor, Gestational;
Unknown Primary Site, Cancer of, Childhood; Unusual Cancers of Childhood; Ureter and
Renal Pelvis, Transitional Cell Cancer; Urethral Cancer; Uterine Sarcoma; Vaginal Cancer;
Visual Pathway and Hypothalamic Glioma, Childhood; Vuivar Cancer; Waldenstrom's
Macroglobuhinemia; and Wilms' Tumor.

{68817 Purther exernplary cancers inchude diffuse large B-cell lymphoma (DLBCL) and
mantle cell lymphoma (MCL). Yet further exemplary cancers include endocervical cancer, B-
cell ALL, T-cell ALL, B- or T-cell lymphomae, mast cell cancer, glioblasiona,
neuroblastoma, follicular tyrophoma and Richter’s syndrome.

{0188} Exemplary sarcomas include Gibrosarcoma, alveolar soft part sarcoma (ASPS),
liposarcoma, leiomyosarcoma, chondrosarcoma, synovial sarcoma, chordoma, spindle celi
sarcoma, histiocyioma, thabdomyosarcoma, Ewing’s sarcorma, neurocctodermal sarcoma,
phyllodes/osteogenic sarcoma and chondroblastic osteosarcoma.

(66119}  Motastases of the aforementioned cancers can also be treated or prevented in
accordance with the methods described heremn.

Combination therapies

[B012¢]  In some embodiments, the compound of Structural Formula [ or {single)
crystalline form thereof {e.g., in a pharmaceutical composition described herein) is
adminisiered together with an additional “second” therapeutic agent or treatment. The choice
of second therapeutic agent may be made {rom any agent that is typically used ina
monotherapy to treat the indicated disease or condition. As used herein, the term
“administered together” and related torms refers to the stmuliancous or sequential
administration of therapeutic agents in accordance with this invention. For example, the
compound of Structural Formutla [ may be administered with another therapeutic agent
simultancously or sequentially in separate unit dosage forms or together in a single unit
dosage form. Accordingly, the present invention provides a single uoit dosage form
comprising the compound of Structural Formuda I {e.g., a erystaliine form or single
crystalline form of the compouand of Structural Formuula I}, an additional therapeutic agent,

and a pharmaceutically acceptable carrier.
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[66121]  In one embodiment of the invention, where a second therapeutic agent is
administered to a subject, the effective amount of the compound of Structural Fornwla § is
less than its effective amount would be where the second therapeutic agent is not
administered. In another embodiment, the effective amount of the second therapeutic agent is
less than its effoctive amount would be were the compound of Structural Formula T not
administered. In this way, undesired side effects associated with high doses of either agent
may be minimized. Other potential advantages (inchiding without Hmitation maproved
dosing regimens and/or reduced drug cost will be apparent to those of skill in the art. The
additional agents may be administered separately, as part of a multiple dose regimen, from
the compound of Siructural Formula ¥ Alternatively, those agents may be part of a single
dosage form, mixed together with the compound of Structural Fornuida Tin a single
pharmaceutical composition.

{38822} o certain embodimenis, the compound of Structural Formula  or {single}
crystalline form thereof (e.g., in a pharmaceutical composition described herem) may be
administered alone or in combination with other compounds useful for treating or preventing
inflaromation. Exemplary anti-inflammatory agents include, for example, steroids {e.g.,
Cortisol, cortisone, fludrocortisone, prednisone, 6ialphal-methylpredoisone, triamcinolone,
betamethasone or dexamethasone), nonsteroidal antiinflaromatory drugs (NSAIDS (e.g.,
aspirin, acetaminophen, tolmetin, ibuprofen, mefenamic acid, piroxicam, nabumetone,
rofecoxib, celecoxib, ctodolac or nimesulide). In ancther embodiment, the other therapeutic
agent is an antibiotic (e.g., vancomycin, peniciilin, amoxicillin, ampicillin, cefotaxime,
celtrniaxone, cefiame, rifampinmetronidazole, doxyeyeline or streplomyem). in another
embodiment, the other therapeutic agent is a PDE4 inhibitor (e.g., roftumilast or rolipram). in
another embodiment, the other therapeutic agent is an antihistanune (e.g., cychizine,
hydroxyzine, promethazine or diphenhydramine). In another embodiment, the other
therapeutic agent is an anti-malarial {e.g., artemisinin, artemether, artsunate, chloroquine
phosphate, metloquine hydrochloride, doxyeycline hyclate, progoanil hydrochloride,
atovaquone or halofanirine}. In one embodiment, the other compound is drotrecogin alfa. fo
a specific embodiment, the compound of Structural Formula | oor (single) crystalline form
thercot (e.g., in a pharmaceutical composition deseribed herein) 1s administered in

combination with dexamethasone,
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[66123] Further examples of anti-in{lammatory agents include, for example, aceclofenac,
acemetacin, g-acetamidocaproic acid, acetaminophen, acetaminosalol, acetanihide,
acetyisaheyhc acid, S-adenosylmethioning, alciofenac, alclometasone, alfentanil, algestone,
allylprodine, almmoprofen, aloxiprin, alphaprodine, aluminum bis{acetyisalicylate),
ameinonide, amfenac, amingchlorthenoxazin, 3-aming-4- hydroxybutyric acid, 2-aming-4-
picoline, aminopropylon, aminopyrine, amixetrine, ammonium salicylate, ampiroxicam,
amtohmetin guacil, anileridine, antipyrine, antrafenine, apazone, beclomethasone, bendazac,
benorylate, benoxaprofen, benzpiperylon, benzydamine, benzyhmorphine, bermoprofen,
betamethasone, belamethasone- 17-valerate, bezitramide, [alphaj-bisabolol, bromfenac, p-
bromoacetanilide, 5-bromosabicylic acid acetate, bromosaligenin, bucetin, bucloxic acid,
bucolome, budesonide, bufexamac, bumadizon, buprenorphine, butacetin, butibufen,
hutorphanol, carbamazepine, carbiphene, caiprofen, carsalam, chlorobutanocl,
chloroprednisone, chiorthenoxazin, choline salicylate, cinchophen, cinmetacin, ciramadol,
chdanac, clobetasol, clocoriolone, clometacin, clonitazene, clonixin, clopirac, cloprednol,
clove, codeine, codeine methyl bromide, codeing phosphate, codeine salfate, cortisone,
cortivazol, cropropamide, crotethamide, cyelazocine, deflazacort, dehydrotesiosterone,
desomorphine, desonide, desoxtmetasone, dexamethasone, dexamethasone-21- isonicotinate,
dexoxadrol, dextromoramide, dextropropoxyphene, deoxycorticosterone, dezocing,
diampromide, diamorphone, diclofenac, difenamizole, difenpiramide, difforasone,
diflucortolone, diftunisal, diftuprednate, dihydrocodeing, dihydrocodeinone enol acetate,
dibydromorphine, dihydroxyaluminurg acetylsalicylate, dimenoxadel, dimepheptano!,
dimethylthiambutene, dioxaphety! butyrate, dipipanone, diprocetyl, dipyrone, ditazol,
droxicam, emorfazone, enfenamic acid, enoxolone, epirtzonle, eptazocine, clersalate,
ethenzamide, ethoheptazine, cthoxazene, ethylmethylthiambutene, ethylmorphine, etodolac,
etofenamate, etfonifazene, eugenol, felbinac, fenbufen, fenclozic acid, fendosal, fenoprofen,
fentanyl, fentiavac, fepradinol, feprazone, floctafenine, fluazacort, fhcloronide, Tufenamic
acid, flumethasone, flonisnlide, funixin, funoxaprofen, fluocinolone acetonide, uocinonide,
fluocinolone acetonide, Huocortin butyl, Muocoitolone, fuoresone, Huoremetholone,
fluperclone, Qupirtine, lupredmdene, {luprednisolone, fluproquazone, flurandrenolide,
fhurbiprofen, ffaticasone, formocortal, fosfosal, gentisic acid, glafenine, glucametacin, glycol
salicvlate, guaiazulene, halcinonide, halobetasol, halometasone, haloprednone, heroin,

hydrocodone, hydro cortamate, hydrocortisone, hydrocortisone acetate, hydrocortisone
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succinate, hydrocortisone hemisuccinate, hydrocortisone 21-lysinate, hydrocortisone
cypionate, hydromorphone, hydroxypethidine, ibufenac, ibuprofen, ibuproxam, imidazole
salicylate, indomethacin, indoprofen, isofezolac, isoflupredone, sofluprodone acetate,
soladol, somethadone, isonixin, isoxepac, isoxicam, ketobemidone, ketoprofen, ketorolac, p-
lactophenctide, lefelamine, levallorphan, levorphanol, levephenacyl-morphan, lofentanil,
fenazolac, lornoxicam, loxeprofen, lysine acetylsalicylate, mazipredone, meclofenamic acid,
medrysone, mefenamic acid, meloxicam, meperidine, meprednisone, meptazing,
mesalaming, metazocing, methadone, methotrimeprazing, methylprednisolone,
methylprednisolone acctate, methylprednisolone sodium succinate, methylprednisolone
suleptnate, metiazinic acid, metofoline, metopon, moifchutazone, mofezolac, mometasone,
morazone, morphine, morphine hydrochloride, morphine sulfate, morpholine sahicylate,
myrophine, nabumetone, nalbuphine, nalorphine, -naphthyl salicylate, naproxen, narceine,
nefopam, nicomorphing, nifenazone, niftumic acid, nimesulide, 5nitro-2'-
propoxyacetanilide,norlevorphanol, normethadone, normorphine, norpipanone, olsalazine,
opium, oxaceprol, oxametacine, oxaprozin, oxycodone, oxymorphone, oxyphenbulazone,
papaverctum, paramcthasone, paranyline, parsaimide, pentazocine, perisoxal, phenacetin,
phenadoxone, phenazocine, phenazopyridine hydrochloride, phenocoll, phenoperidine,
phenopyrazone, phenomorphan, phenyl acetylsalicylate, phenylbutazone, phenyl salicylate,
phenyramidol, piketoprofen, piminodine, pipebuzone, piperylone, pirazolac, piritramide,
piroxicam, pirprofen, pranoprofen, prednicarbate, prednisolone, predoisone, predoival,
prednylidene, proglumetacin, proheptazine, promedol, propacetamol, properidine, propiram,
propoxyphene, propyphenazone, proquazone, protizinic acid, proxazole, ramifenazone,
remifentanil, rimazcliom metilsulfate, salacetamide, salicin, salicylamide, salicylamide o-
acetic acid, salicyhic acid, salicylsulfuric acid, salsalate, salverine, simetride, sufentanil,
sulfasalazine, subindac, superoxide dismutase, suprofen, suxibuzone, alniflumate, tenidap,
tenoxicam, terofenamate, tetrandrine, thiazolinobutazone, tiaprofenic acid, tiaramide, tilidine,
tinoridine, tixocortol, tolfenamic acid, tolmetin, tramadol, triamcinolone, triamcinclone
acctonide, tropesin, viminol, xenbucin, xtmoprofen, zaltoprofen and zomepirac.

166124]  in one embodiments, the compound of Structural Formula § may be admmistered
with a selective COX-2 mhibitor for treating or preventing inflammation. Exemplary
selective COX-2 inhibitors inchide, for example, deracoxib, parecoxab, celecoxib,

valdecoxib, rofecoxib, etoricoxib, and lumiracoxib.
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[66125]  In some embodiments, the compouand of Stractural Formuta [ i administered in
combination with an anthracycling or a Topo H inhibitor, In certain embodiments, the
compound of Structural Formula | s administered in corgbination with Doxorubicin (Dox).
In certain embodiments, the compound of Structural Formula 1is adounistered io

combination with bortezomib (and more broadly inchiding carfilzomib).

Cancer Combination Therapies

[68826] In some embodiments, the compound of Structural Formuda [ or (single}
crystalline form thereof, {e.g., in a pharmaceutical composition described herein) is
administered together with an additional cancer treatmoent. Exemplary additional cancer
treatments include, for example: chemotherapy, targeted therapics such as antibody therapies,
kinase inhibitors, immmumoetherapy, and hormonal therapy, epigenetic therapy, proteosome
inhibitors, and anti-angiogenic therapics. Examples of cach of these treatmenis are provided
below. As used berein, the term “combination,” “combined,” and related terms refer to the
simultancous or sequential administration of therapeutic agents in accordance with this
invention. For example, the compound of Structural Formula 1 can be administered with
another therapeutic agent stmultaneously or sequentially in separate unit dosage forms or
together m a single unit dosage form. Accordingly, the present mvention provides a single
unit dosage form comprising the compound of Structural Formula § {e.g., a crystalline form
or single crystafhine form of the compound of Structural Formula 1), an additional therapeutic
agent, and & pharmaceutically acceptabie carrier.

166327} The amount of both the compound of Structural Formula | and additional
therapeutic agent (in those pharmaceutical compositions which comprisce an additional
therapeutic agent as described above) that can be combmned with the carrier materials to
produce a single dosage form will vary depending upon the host treated and the particular
mode of administration. Preferably, pharmaceutical compositions of this invention should be
formulated so that a dosage of between 0.01 - 100 mg/kg body weight/day of a compound of
Structural Formula | can be administered.

Chemotherapy

[66128]  In some embodiments, a pharmaceutical composition described hergin is co-
administered with a chemotherapy, Chemotherapy is the treatment of cancer with drags that

can destroy cancer cells. “Chemotherapy™ usually refers to cytotoxic drugs which affect
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rapidly dividing cells in general, in contrast with targeted therapy. Chemotherapy drugs
interfere with cell division in various possible ways, ¢.g., with the duplication of DNA or the
separation of newly formed chromosomes. Most formos of chemotherapy target all rapidly
dividing cells and are not specific for cancer cells, although some degree of specificity may
come from the nability of many cancer cells to repair DNA damage, while normal cells
generally can.

166129]  Examples of chemotherapeutic agenis used in cancer therapy include, for

g., folic acid, purine, and pyrimidine derivatives) and alkylating

P

example, antimetabolites (e.
agents {(e.g., nitrogen mustards, nitrosoureas, platinum, afkyl sulfonates, hydrazines,
triazenes, azividines, spindic poison, cyiotoxic agents, topoisorerase inhibifors and others),
Exemplary agents include Aclarubicin, Actinomycin, Alitretinoin, Altretamine, Aminopierin,
Aminolevolinic acid, Amrubicin, Amsacrine, Anagrelide, Arsenic trioxide, Asparaginase,
Atrasentan, Belotecan, Bexarotene, Bendamustine, Bleomycin, Bortezomib, Busulfan,
Camptothecin, Capecitabine, Carboplatin, Carboguone, Carfilzomib, Carmofur, Carmustine,
Celecoxib, Cetuximab , Chiorambucil, Chlormethine, CHOEP-21, CHOP, Cisplatin,
Cladribine, Clofarabine, Crisantaspase, Cyclophosphamide, Cytarabine or ara-C,
Dacarbazine, Dactinomycin, DA EPOCH, Daratumumab , Daunorubicin, Decitabine,
Demecolcine, Dexamethasone |, Docetaxel, Doxorubicin, Efaproxiral, Hlesclomeol,
Elsamitrucin, Enocitabine, Epirubicin, Eribulin, Estramustine, Etoglucid, Etoposide, FLAG
(Fiu + Cyt), Floxuridine, Fludarabine, Fhiorovracil (SFU}, FOLFOX, Fotemustine,
Gemcitabine, gomeitabine-oxaliplatio (GemOx),Gladel oplants, Hydroxycarbamide,
Hydroxyurea, Ibrutinib |, Idarubicin, Tfosfamide, Irinotecan, Irofulven, Ixabepilone, Ixazomb,
Larotaxel, Lenalidomide , Leucovorin, Liposomal doxorubicin, Liposomal daunorubicin,
Lonidamine, Lomustine, Lucanthone, Mannosul{an, Masoprocol, Melphalan,
Mercaptopurine, Mesna, Methotrexate, Methyl aminolevulinate, Mitobronito], Mitoguazone,
Mitotane, Mitomycin, Mitoxantrone, Nab-paclitaxe]l | Nedaplatin, Nimustine, Oblimersen,
Umacetaxine, Ortataxel, Oxaliplatin, Paclitaxel, Pegaspargase, Pemetrexed, Pentostatin,
Pirarubicin, Pixantrone, PLD (pegylated Hiposomal doxorubicin), PHcamyein, Pomalidomide |
Porfimer sodium, Predninusting, Procarbazine, Raltirexed, Rammustine, R-CHOP, r-dhaox,
r-dhap, Rituximab , Romidepsin Rubitecan, Sapacitabine, Semustine, Sitimagene
ceradenovec, Sorafonib | Strataplatin, Streptozocin, Talaporfin, Tegalur-uracil, Temoporfin,

Temozolomide, Teniposide, Tesetaxel, Testolactone, Tetranitrate, Thiotepa, Tiazofurine,
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Troguanine, Tipifarmb, Topotecan, Trabectedin, Triaziquone, Tricthylenemelamine,
Triplatin, Tretinoin, Treosulian, Trofosfamide, Uramusting, Valrubicin, Verteporfin,
Vinblastine, Vincristing, Vindesine, Vinflunine, Vinorelbine, Vorinostat, Zorubicin, and
other cytostatic or eytotoxic agents described herein.

{36130} Because some drugs work better together than alone, two or more drugs are often
given at the same time. Often, two or more chemotherapy agents are used as combination
cherotherapy. In some embodiments, the chemotherapy agents (including comabination
chemotherapy) can be used in combination with a pharmaceutical composition described
herein.

Targeted thevapy

[608133)  Targeted therapy constinites the use of agents specific for the deregulated proteins
of cancer cells. Small molecule targeted therapy drugs are generally inhibitors of enzymatic
domains on mutated, overexpressed, or otherwise critical proteins within the cancer cell,
Prominent examples are the tyrosine kinase inhibitors such as Axitinib, Bosutinib, Cediranib,
desatinib, erolotinib, imatinib, gefitimb, lapatinib, Lestaurtinib, Nilotinib, Semaxamb,
Sorafenib, Sunitinb, and Vandetanib, and also cyclin-dependent kinase inhibitors such as
Alvocidib and Sclicichib. Monoclonal antibody therapy is ancther strategy 1o which the
therapeutic agent is an antibody which specifically binds to a protein on the surface of the
cancer cells. Examples include the anti-HER2/meu antibody trastuzumab (Herceptin®)
typicaily used in breast cancer, and the anti-CD20 antibody rituximab and Tositumomab
typically used in a variety of B-cell malignancies. Other exemplary antibedics tnchude
Cetuxamab, Pantturnurnab, Trastuzumab, Alemtuzumab, Bevacizumab, Hdrecolomab, and
Gemtuzumab., Exemplary fusion proteins inchude Affibercept and Denileukin diftitox. In
some embodiments, the targeted therapy can be used in combination with 2 pharmaceutical
composition described herein, e.g., Gleevec (Vignari and Wang 2001},

{38132  Targeted therapy can also involve small peptides as “homing devices” which can
bind to celi surface receptors or affected extracelular matrix surrounding the turor.
Radionuclides which are attached to these peptides {¢.g., RGDs) eventually kill the cancer
cell 1f the nuclide decays in the vicmity of the cell. An example of such therapy includes
BEXXAR®.

Angiogenesis
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{66833} Pharmacestical compositions described herein may be used to treat or prevent a
discasc or disorder associated with angiogenesis. Diiscases associated with angiogenesis
nclude cancer, cardiovascular disease and macular degencration.
[B8134]  Angiogenesis is the physiological process invelving the growth of new blood
vessels from pre-existing vessels. Angiogenesis is a normal and vital process in growth and
development, as well as in wound healing and in granulation tissue. However, it is also a
fundamental step in the transition of tumors from a dormant stale to a malignant one,
Angiogenesis may be a target {or combating diseases characterized by either poor
vascularization or abnormal vasculature.
[B8135]  Application of specific compounds that may inbibit or induce the creation of new
blood vessels m the body may help corobat such diseases. The presence of blood vessels
where there should be none may affect the mechanical properties of a tissue, increasing the
likehihood of failure. The absence of blood vessels in a repairing or otherwise metabolically
active tissuc may fohibit repair or other essential functions. Several diseases, such as
ischemic chronic wounds, are the result of fathure or insufficient blood vessel formation and
may be treated by a local expansion of blood vessels, thus bringing new nuirients {o the sife,
facihitating repair. Other diseases, such as age-related macular degeneration, may be created
by a local expansion of blood vessels, interfering with normal physiclogical processes.
[B0136]  Vascular endothelial growth factor (VEGE) has been demonsirated to be a major
contributor to angiogenesis, increasing the number of capiilaries in a given network,
Upregulation of VEGF 18 a major component of the physiological response to exercise and its
role in angiogenesis 18 suspected to be a possible treatment in vascular injuries.  fu vizro
studies clearly demonstrate that VEGF is a potent stiraulator of angiogenesis because, in the
presence of this growth factor, plated endothelial celis will proliferate and migrate, eventually
formung tube structures resembling capillarics.
5%137} Tumors induce blood vessel growth (angiogenesis) by secreting various growth
actors {e.g., VEGF). Growth factors such as bFGF and VEGF can induce capiflary growth
into the tumor, which some researchers suspect supply required nutrients, allowing for tumor
expansion.
[B0138]  Angiogenesis represents an excellent therapeutic target {or the treatment of

cardiovascular disease. It is a potent, physiological process that underlies the natural manner
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in which our bodies respond to a diminution of blood supply to vital organs, namely the
production of new collateral vessels to overcome the ischemic tnsult,

[B013%]  Overexpression of VEGF causes increased permeability in blood vessels in
addition to stimulating angiogenesis. In wet macular degeneration, VEGE causes proliferation
of capillaries into the retina. Since the increase in angiogenesis also causes edemna, blood and
other retinal fluids leak mto the retina, causing loss of vision.

[60148]  Anti-angiogenic therapy can include kinase inhibitors targeting vascular
endothelial growth factor (VEGF) such as sunitinib, sorafenib, or monoclonal antibodies or
receptor “decoys” to VEGF or VEGF receptor including bevacizaomab or VEGEF-Trap, or
thalidomide or s analogs (lenalidomide, pomahidomide), or agents targeting non-VEGF
angiogenic targets such as fibroblast growth factor (FGF), angiopoietins, or angiostatin or
endostatin,

Epigenetics

160143}  Pharmaceutical compositions described herein may be used to treat or prevent a
disease or disorder associated with epigenetics. Epigenctics s the study of heritable changes
in phenotype or gene expression caused by mechanismos other than changes in the underlying
DNA sequence. One example of epigenetic changes in cukaryotic biology is the process of
celhidar differentiation. Durmg morphogenesis, stem cells become the various cell ines of the
embryo which in turn become fully differentiated celis. In other words, a single fertihzed egg
cell changes o the many cell types including neurons, muscle cells, epitheliom, blood
vessels erc. as 1t continues to divide. It docs so by activating some genes while inhibiting
others.

{00842} Epigenctic changes are preserved when cells divide. Most epigenctic changes only
occur within the course of one individual organisra's lifotime, but, 1fa mutation in the DNA
has been caused in sperm or egg cell that results in fertilization, then some epigenetic changes
are inherited from one generation to the next. Specific epigenetic processes inclhude
pararoutation, bookmarking, troprinting, gene silencing, X chromosome inactivation, position
cffect, reprogranuaing, transvection, maternal effects, the progress of carcinogenesis, many

s
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ects of teratogens, regulation of histone modifications and heterochromatin, and technical
hmitations affecting parthenogenesis and cloning.
{00843} Excmplary discases associated with epigenctics inciude ATR-syndrome, fragile

X-syndrome, ICF syndrome, Angelman’s syndrome, Prader-Wills syndrome, BWS, Rett
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syndrome, a-thalassaemia, cancer, leukemia, Rubinstein-Taybi syndrome and Coffin-Lowry
syndrome.

{38844}  The first buman discase to be linked to epigenctics was cancer. Resecarchers found
that diseased tissue from patients with colorectal cancer had less DNA methylation than
normal tissue rom the same patients. Because methylated genes are typically tumned off, loss
of DNA methylation can cause abnormally high gene activation by altering the arrangement
of chromatin. On the other hand, too much methylation can undo the work of protective
tUInOr SUpPressor genes.

36814581 DNA methylation occurs at Cp(G sites, and a majority of Cp( cytosines are
methylated in mammals. However, there are stretches of DNA near promoter regions that
have higher concentrations of CpG sites (known as Cp( islands) that are free of methylation
in normal celis. These CpG islands become excessively methylated in cancer cells, therehy
causing genes that should not be silenced to tarn off. This abnormality is the trademark
epigenctic change that occurs in tumors and happens early in the development of cancer.
Hypermethylation of Cp( islands can cause tumors by shutting off tumor-suppressor genes.
In fact, these types of changes roay be more common m buman cancer than DMA sequence
mutations.

[66146] Furthermore, although epigenctic changes do not alter the sequence of DNA, they
can cause mutations. About half of the genes that cause famibial or mherited forms of cancer
are turned off by methylation. Most of these genes normally suppress tumor formation and
help repair DNA, including O6-methylguanine-DNA methylransferase (MGMT), MLH1
cychn-dependent kinase inhibitor 28 (COKNZE), and RASSFIA. For example,
hypermethylation of the promoter of MGMT causcs the number of G-to-A mutations to
merease.

{30847} Hypermcethylation can also lead to nstability of microsatellites, which are
repeated sequences of DINA. Microsatellites are common in normal individuals, and they
usually consist of repeats of the dinacleotide CA. Too much methylation of the promoter of
the DNA repair gene MLHT can make a microsatelfitc unstable and lengthen or shorten it.
Microsatellite mstability has been linked to many cancers, inchuding colorectal, endometrial,
ovarian, and gastric cancers.

[38148]  Fragile X syndrome 18 the most frequently inherited mental disability, particularly

i males. Both sexes can be afiected by this condition, but because males only have one X
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chromosome, one fragile X will impact them more severely. Indeed, fragile X syndrome
occurs in approximately 1 in 4,000 males and 1 in 8,000 fomales. People with this syndrome
have severe intclectual disabilities, delayed verbal development, and “autistic-like” behavior.
[B8148]  Fragile X syndrome gets its name from the way the part of the X chromosome that
contains the gene abnormality looks under a microscope; it usually appears as 1171t 1s hanging
by a thread and easily breakable. The syndrome is caused by an abnormality in the FMR/
(fragile X mental retardation 1) gene. People who do not have fragile X syndrome have 6 to
50 repeats of the trinucleotide CGQ i thekr FMRI gene. However, individuals with over 200
repeats have a full rotation, and they usually show symptoms of the syndrome. Too many
(CGGs cause the Cp( islands at the promoter region of the FMER! gene to become
methylated; normally, they are not. This methylation turns the gene off] stopping the FMRI
gene from producing an important protein called fragile X mental retardation protein. Loss of
this specific protein causes fragile X syndrome. Although a lot of attention has been given to
the CGG expansion nutation as the cause of fragile X, the epigenetic change associated with
FMRI methylation is the real syndrome calprit.

[G0856]  Fragile X syndromce is not the only disorder associated with mental retardation
that mvolves epigenetic changes. Other such conditions inchude Rubeostein-Tayhi, Coifin-
Lowry, Prader-Wilh, Angebman, Beckwith-Wiedemann, ATR-X, and Rett syndromes.
{38151  Epigenetic therapies include inhibitors of enzymes controlling epigenctic
modifications, specifically DNA methyliransferases and histone deacetylases, which have
shown promising anti-turnorigenic effects for some malignancics, as well as antisense
oligonucleotides and siRNA.

Immunotherapy

G852 in some embodiments, a pharmaceutical composition described herein is
administered with an immunotherapy. Cancer immunotherapy refers 1o a diverse set of
therapeutic strategies designed to induce the patient's own mmane system to fight the tamor.
Conteraporary methods for generating an immune response against tumors include
intravesicular BCG immaunotherapy for superficial bladder cancer, prostate cancer vaceine
Provenge, and use of interferons and other eytokines to induce an fmomune response 1 renal
cell carcinoma and melanoma patients.

[G0853]  Allogencic homatopoietic stem cell transplantation can be considered a form of

immunotherapy, since the donot’s immune cells will often attack the tumor in a grafi-versus-
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turnor effect. In some embodiments, the immunotherapy agent(s) can be used in combination
with a pharmaceutical comaposition described herein.

Hormonal therapy

[B8154]  In some embodiments, a pharmaceutical composition described herein is
administered with a hormonal therapy. The growth of some cancers can be mnhibited by
providing or blocking certain hormones. Common exaraples of hormone-sensitive tumors
include certain types of breast and prostate cancers, as well as certain types of leukemia
which respond to certain retinoids/retinoic acids. Removing or blocking estrogen or
testosterone is often an important additional treatment. {n certain cancers, administration of
hormone agonists, such as progestogens may be therapeutically beneficial. In some
embodiments, the hormonal therapy agents can be used m combination with a pharmaceutical
composition described herein.

[66155] Hormonal therapy agenis include the adminisiration of hormone agonists or
hormone antagonists and inchude retinoids/retinoic acid, compounds that inhibit estrogen or
testosterone, as well as administration of progestogens.

Inflammation and Autoimmune Disease

[G8156]  The pharmaceutical compositions described herein may be used to treat or prevent
a disease or disorder associated with inflamnmation, particularly in bumans and other
marnmals. A pharmaceutical composition described hercin may be administered prior to the
onset of, at, or after the initiation of inflammation, When used prophylactically, the
pharmaceutical compositions are preferably provided in advance of any inflaromatory
response or aymptom. Admimstration of the pharmaceutical compositions can prevent or
attenuate inflammatory responses or symptorns. Exemplary tnflanumatory conditions mclude,
for example, roultiple sclerosis, rheumatoid arthritis, psoriatic arthritis, degenerative joint
disease, spondouloarthropathies, other seroncgative fnflammmatory arthridities, polymyalgia
rheumatica, varigus vasculidities {e.g., giant cell arteritis, ANCA+ vasculitis), gouty arthritis,
systemic lupus erythematosus, juvenile arthritis, juvenile rheumatoid arthritis, osteoarthritis,
osteoporosis, diabetes {e.g., msulin dependent diabetes meilitus or juvenile onsct diabetes),
menstrual cramps, cystic brosis, inflammatory bowel disease, iiritable bowel syndrome,
Crohn's disease, mucous colitis, ulcerative colitis, gastritis, esophagitis, pancreatitis,
peritonitis, Alzheimer's disease, shock, ankylosing spondylitis, gastritis, conjunctivitis,

pancreatis (acute ot chronic), multiple organ injury syndrome {(2.g., secondary to septicemia
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or trauma}, myocardial infarction, atherosclerosis, stroke, reperfusion injury {e.g., due to
cardiopulmonary bypass or kidoey dialysis}, acute glomerulonephritis, thermal injury (Le.,
sunbummn}, necrotizing cunterocolitis, granulocyie transfusion associated syndrome, and/or
Sjogren's syndrome. Exemplary fnflamoatory conditions of the skin inclhude, for example,
gczemna, atopic dermatitis, contact dermatitis, sriicaria, schleroderma, psoriasis, and
dermatosis with acute inflammatory components.

166157} io another embodiment, a pharmaccutical coraposttion described hercin may be
used to treat or prevent allergies and respivatory conditions, including asthma, bronchitis,
pulmonary fibrosis, allergic rhinitis, oxygen toxicity, emphysema, chronic bronchitis, acute
respiratory distress syndrorae, and any chronic obstructive pulmonary disease {COPD). The
compounds may be used to treat chronie hepatitis infection, including hepatitis B and
hepatitis C.

{30858}  Additionally, a pharmaccutical composition described herein may be used to treat
autoimoune diseases and/or inflamamation associated with autoimmune discases, such as
organ-tissue autoimmune diseases {e.g., Raynaud's syndrome), scleroderma, myasthenia
gravis, transplant rejection, endotoxin shock, sepsis, psoriasis, eczema, dermatitis, multiple
sclerosis, autoimmune thyroiditis, uveitis, systemic lupus erythomatosis, Addison's disease,
autoimmune polyglandular disease (also known as autotmomune polyglandular syndrome),
and Grave's disease.

[B815%] o a particular embodiment, the pharmaceutical compositions described herein can
he used to treat multipie sclerosis,

Viral infections

[60168]  Pharmaccutical compositions described herein may be used to ireat or prevent a
discase or disorder associated with a viral infoction, parficularly i huraans and other
mammals. A pharmaceutical composifion described herein may be administered prior to the
onset of, at, or after the fmtiation of viral infection. When used prophylactically, the
pharmaceutical composition is preferably provided o advance of any viral infection or
symptom thercof,

66161}  Exemplary viral diseases inchide acute febrile pharyngitis, pharyngoconjunctival
fever, epidemic keratoconjunctivitis, infantile gastroenteritis, Coxsackie infections, infectious
monenucleosis, Burkiit lymphora, acute hepatitis, chronic hepatitis, hepatic cirrhosis,

~

hepatocellular carcinoma, primary HSV-1 mfection {e. g, gingivostomatitis in children,
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tonsillitis and pharyngitis in adulis, keratoconjunctivitis), latent HSV-1 infection (e.g., herpes
Izbialis and cold sores), primary HSV-2 infection, latent HSV-2 infection, aseptic meningitis,
infectious mononucieosis, Cytomegahic inclusion disease, Kaposi’s sarcoma, multicentric
Castlernan discase, primary effusion lymphoma, AIDS, mfluenza, Reye syndrome, measles,
postinfectious encephalomyehtis, Mumps, hyperplastic epithelial lesions (e g, common, {lat,
plantar and anogenital warts, laryngeal papiliomas, epidermodysplasia verrucifornus},
cervical carcinoma, squamous cell carcinomas, croup, pneumonia, bronchiolitis, common
cold, Poliomyelitis, Rabies, mfluenza-like syndrome, severe bronchiolitis with pneumonia,
German measles, congenital rubella, Varicella, and herpes zoster.

[B0162]  Exemplary viral influenza A straing include HINT, HIN2, HSN1, H7N3, H7NY,
& compound described herein can also be used to treat or prevent mfluenza B

361631  Exemplary viral pathogens include Adenovirus, Coxsackievirus, Dengue virus,
Encephalifis Virus, Epstein-Barr viras, Hepatitis A virus, Hepatitis B vires, Hepatitis C virus,
Herpes simplex virus type 1, Herpes simplex virus type 2, cytomegalovirus, Human
herpesvirus type &, Human immunodeficiency virus, Influenza virus, measies virus, Mumps
virus, Human papillomaviras, Parainfhiensa virus, Poliovirus, Rabies virus, Respiratory
syncytial virus, Rubella virus, Varicella-zoster virus, West Nile virus, Dungee, and Yellow
fever virus. Viral pathogens may also melude viruses that cause resistant viral infections.
[68164]  Antiviral drogs are a class of medications used specifically for treating viral
nfections. Antiviral action generally falls into one of three mechanisms: mterference with
the ability of a virus to infiltrate a target cell {e.g., amantadine, rimantadine and pleconarit),
inhibition of the synthesis of viras (e.g., nucleoside analogues, e.g., acyclovir and midovudine
{AZT), and inhibition of the release of virus {e.g., zanamivir and oscltamivir).
Uphthalmalogy

[B8165]  Pharmaceutical compositions described herein may be used to treat or prevent an
ophthamology disorder. Exernplary ophthamology disorders include macolar edema
{diabetic and nondiabetic macular edema), age related macular degeneration wet and dry
forras, aged disciform macular degeneration, cystoid macular ederna, palpebral edema, retina
edema, diabetic retinopathy, chorioretinopathy, neovascolar maculopathy, neovascular
glancoma, gveits, iritis, retinal vasculitis, endophthalmitis, panophthalmitis, metastatic
ophthalmia, choroiditis, retinal pigment epithelitis, conjunctivilis, cychitis, scleritis,

episcleritis, optic neuritis, retrobulbar optic neuritis, keratitis, blepharitis, exudative retinal



WO 2016/025904 PCT/US2015/045395

- 43 .

detachment, corneal ulcer, conjunctival ulcer, chronic nummular keratitis, ophthalmic disease
associated with hypoxia or ischeria, retinopathy of prematurity, proliferative diabetic
retinopathy, polypoidal choroidal vasculopathy, retinal angiomatous profiferation, retinal
artery occlusion, retinal vein occlusion, Coats' disease, familial exudative vitreoretinopathy,
pulscless disease (Takayasu's discase), Fales discase, antiphospholipid antibody syndrome,
feukemic retinopathy, blood hyperviscosity syndrome, macroglobulinermia, interferon-
associated retinopathy, hypertensive retinopathy, radiation retinopathy, corneal epithelial
stem cell deficiency and cataract.
{60866}  Other ophthalmology disorders treatable using the pharmaceutical compositions
described hevein mohude proliferative vitreoretinopathy and chronic retinal detachment,
681671  Inflammatory eye diseases are also treatable using the pharmaceutical
compositions described herein,
Neurodegenerative disease
[66168]  Pharmaceutical compositions described herein may be used to treat or prevent an
neurodegenerative disease. Neurodegeneration is the umbrella term for the progressive loss
of structare or function of neurons, including death of neurons. Many neurodegenerative
discases meluding Parkinson’s, Alzhetmer’s, and Huntingion's occur as a result of
neurodegenerative processes. As research progresses, many stmilarities appear which relate
these diseases to one another on a sub-cellular level. Discovering these stmilarities offers
hope for therapeutic advances that could ameliorate many discases simultancously. There a
many parallels between different neurodegenerative disorders including atypical protein
assemnblies as well as induced cell death.
{60869}  Alzheimer's discase 1s characterized by loss of neurons and synapses in the
cerchral cortex and certain subcortical regions. This loss resulis in gross atrophy of the
affected regions, including degeneration in the temporal lobe and parietal lobe, and parts of
the frontal cortex and cingulate gyrus.
{38170} Huntington’s discase causes astroghiosis and loss of medivm spiny neurons. Arcas
of the brain are affected according to their structure and the types of neurons they contain,
reducing in size as they cumulatively lose cells. The areas atfected are mainly in the striatum,
but also the frontal and temporal cortices. The striatum’s subthalamic nuclei send control
signais to the globus pallidus, which initiates and modulates motion. The weaker signals from

subthalamic nuclei thus cause reduced initiation and modulation of moverment, resulting in
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the characteristic movements of the disorder. Exemplary ireatments for Huntinglon’s disease
inchude tetrabenazine, neurcleptics, benzodiazepines, amaniadine, remacemide, valproic acid,
selective serotonin reupiake inhibitors (SSRIs), mirtazapine and antipsychotics.

{68173  The mechanism by which the brain cells in Parkinson's are lost may consist of an
abnormal accomulation of the protein alpha-synuclein bound to sbiguitin in the damaged
cells. The alpha-synuclein-ubiquitin complex cannot be directed to the protecsome. This
protein accumulation forms proteinaceous cyioplasmic inclusions called Lewy bodies. The
latest research on pathogenesis of discase has shown that the death of dopaminergic nevrons
by alpha-synuclein is due to & defect in the machinery that transports proteins between two
major celhular organclies — the endoplasiic reticulum (ER) and the Golgi apparatus. Certain
proteins like Rabl may reverse this defect caused by alpha-symuclein in animal medels.
Exemplary Parlanson’s disease therapies inclode levodopa, dopamine agonists such as
include bromosripting, pergolide, pramipexole, ropinirele, piribedi], cabergoling,
apomorphine and lsuride, dopa decarhoxylate inhibitors, MAQ-B inhibifors such as
selegilene and rasagilene, antichohnergics and amantadine.

{60872}  Amyotrophic lateral sclerosis (ALS/Lou Gehrig’s Discasc) is a discase in which
mofor neurons are selectively targeted for degeneration. Exeroplary ALS therapies fnclude
rihuzole, baclofen, diazepam, inthexyphenidy! and amitriptyline.

3681731 Other exemplary neurodegencrative therapeutics includes antisense
oligonucieotides and stem cells.

Wound Healing

[66174]  Wounds are a type of condition characterized by cell or tissue damage. Wound
healing is a dynamic pathway that optiraally leads to restoration of tissue integrity and
function. The wound healing process consists of three overlapping phases. The first phase is
an inflammatory phase, which is characterized by homeostasis, platelet aggregation and
degranulation. Platelets as the first response, release multiple growth factors to recruit
wnmune cells, epithehal cells, and endothelial cells. The inflammatory phase typically ocours
over days 0-5. The second stage of wound healing is the proliferative phase during which
macrophages and granulocytes invade the wound. Infiltrating Gbroblasts begin to produce
collagen. The principle characteristics of this phase are epithelialization, angiogenesis,
granulation tissue formation and collagen production. The proliferative phase typically

occurs over days 3-14. The third phase is the remodeling phase where matrix formation
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occcurs. The fibroblasts, epithehal cells, and endothelial cells continue to produce collagen
and collagenasc as well as matrix metalioproteases (MMPs) for remodeling. Collagen
crossiinking fakes place and the wound undergoes confraction. The remodeling phase
typically occurs from day 7 to one year,

3617581 Pharmaceutical compositions described herein can be used for promoting wound
healing (e.g., promoting or accelerating wound closure and/or wound healing, mitigating scar
fibrosis of the tissue of and/or around the wound, inhibiting apoptosis of colls surrounding or
proximate to the wound). Thus, in certain embodiments, the present invention provides a
method for promoting wound healing in a subject, comprising administering to the subject a
therapeutically effective amount of a pharmaceutical coraposition deseribed herein. The
method need not achieve complete healing or closure of the wound; it 1s sufficient for the
method to promote any degree of wound closure. Tn this respect, the method can be
employed alone or as an adjunct to other methods for healing wounded tissue.

66176} Pharmaceutical compositions described herein can be used to treat wounds durfng
the inflammatory {or early} phase, during the proliferative {or middle) wound healing phase,
and/or during the remodeling {or late} wound healing phase.

[B6177]  in some embodiments, the subject in need of wound healing is a human or an
animal, for example, a dog, a cat, a horse, a pig, or a rodent, such as a mouse.

{0178}  In some embodiments, the pharmaceutical compositions described herein useful
for wound healing are administered topically, for example, proximate to the wound site, or
systemicaltly.

166179} More specifically, a therapeutically effective amount of a pharmaceutical
compositien described herein can be administered {optionally in combination with other
agents) to the wound site by coating the wound or applying a bandage, packing material,
stitches, etc., that are coated or treated with the compound or composition described herein.
As such, the pharmaceutical compositions described herem can be formulated for topical
administration to treat surface wounds. Topical formulations include those for delivery via
the mouth (buccal) and to the skin such that a layer of skin (7., the epidermis, dermis, and/or
subcutaneous layer) is contacted with the pharmaceutical composition described herein.
Topical delivery systems may be used to administer topical formulations of the compounds

and compositions described herein.
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{66888 Alternatively, the pharmaceutical compositions described herein can be
administered at or near the wound site by, for example, injection of a solution, jection of an
extended release formulation, or fntroduction of a biodegradable roplant comprising the
compound or composition described herein.

{0181} The pharmaceutical compositions described herein can be used to treat acuie
wounds or chronic wounds. A chronic wound results when the normal reparative process is
interrupted. Chronie wounds can develop from acufe mjurics as a result of unrecognized
persistent infections or inadequate primary treatment. In most cases however, chronic lesions
are the end stage of progressive tissue breakdown owing to venous, arterial, or metabelic
vascular discase, pressure sores, radiation damage, or tumeors.

[B0¥82]  In chromc wounds, healing does not occur for a variety of reasons, inchiding
mnproper circudation in diabetic uleers, significant necrosis, such as in burns, and infections.
In these chrenic wounds, viability or the recovery phase is often the rate-limiting step. The
cells are no longer viable and, thus, mitial recovery phase is prolonged by unfavorable wound
bed environment.

166183]  Chronic wounds include, but are not limited to the following: chronic ischemic
skin lesions; scleroderma ulcers; arterial ulcors; diabetic foot ulcers; pressure ulcers; venous
ulcers; non-healing lower extremity wounds; ulcers due to inflaromatory conditions; and/or
fong-standing wounds. Other examples of chronic wounds include chronic ulcers, diabetic
wounds, wounds caused by diabetic nouropathy, venous msufficiencies, and arterial
insufficiencies, and pressure wounds and cold and warm bums. Yet other examples of
chronic wounds include chronic ulcers, diabetic wounds, wounds caused by diabetic
neurepathy, venous insufficiencies, arterial msufficiencies, and pressure wounds.

[B0184]  Acute wounds include, but are not linvted 1o, post-surgical wounds, lacerations,
hemorrhoids and fissures.

[B8185]  In a particudar embodiment, the pharmaceutical compositions described herein can
be used for diabetic wound healing or accelerating healing oi' leg and foot ulcers secondary o
diabetes or ischemia in a subjoct.

[B0186]  in one embodiment, the wound 15 a swiace wound. In another embodiment, the
wound is a surgical wound (e.g., abdominal or gastrointestinal surgical wound}. In a {urther
embodiment, the wound is a bum. In yet another embodiment, the wound is the resolt of

radiation exposure.
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[66187] The pharmacestical compositions described herein can also be used {or diabetic
wound healing, gasirointestinal wound healing, or healing of an adhesion due, for example, {o
an operation.

[B8¥88]  The pharmaceutical compositions described herein can also be used to heal
wounds that are secondary to ancther discase. For example, n mflammatory skin diseases,
such as psoriasis and dermatitis, there are mumerous incidents of skin lesions that are
secondary to the discase, and are caused by deep cracking of the skin, or scratching of the
skin. The pharmaceutical compositions described herein can be used to heal wounds that are
sccondary to these discases, for example, inflammatory skin discases, such as psoriasis and
dermatitis.

[BOI8S]  In a further embodiment, the wound i3 an nternal wound. In a specific aspect, the
mternal wound is a chronic wound. In another specific aspect, the wound is a vascualar
wound. fn vet another specific aspect, the internal wound is an ulcer. Examples of internal
wounds include, but are not limited to, fistulas and internal wounds associated with cosmetic
surgery, internal indications, Crohn’s disease, uleerative colitis, inlernal surgical sutures and
siceletal fixation. Other exampies of internal wounds include, but are not limited to, fistulas
and internal wounds associated with cosmetic surgery, iternal indications, internal surgical
sutures and skeletal fixation.

[B018¢] Examples of wounds inclade, but are not Hmited to, abrasions, avulsions, blowmg
wounds (3.¢., open pugumothoray), burn wounds, contusions, gunshot wounds, incised
wounds, open wounds, penetrating wounds, perforating wounds, puncture wounds, séfon
wounds, stab wounds, surgical wounds, subeutaneous wounds, diabetic lesions, or tangential
wounds. Additional examples of wounds that can be treated by the pharmaceutical
compositions described herein inchide acute conditions or wounds, such as thermal buns,
chemical bums, radiation burns, bums caused by excess exposure to ultraviolet radiation
{e.g., sunburn}; damage to bodily tissues, such as the perineum as a result of labor and
childbirth; injuries sustained during medical procedures, such as episiotomics; trauma-
induced injuries including cuts, incisions, excoriations; injuries sustained from accidents;
post-surgical injuries, as well as chronic conditions, such as pressure sores, bedsores,
conditions related to diabetes and poor circulation, and all types of acne. In addition, the
wound can include dermatitis, such as impetigo, intertrigo, folliculitis and eczema, wounds

following dental surgery; periodontal discase; wounds following travma; and tumor-
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associated wounds. Yet other examples of wounds inclade animal bites, arterial disease,
insect stings and bites, bone infections, compromised skin/muscle grafls, gangrene, skin tears
ot lacerations, skin aging, surgical incisions, mcluding slow or non-bealing surgical wounds,

o
£
)

miracerchbral hemorrhage, aneurysm, dermal asthenia, and post-operation infection

74

661911  In preferred embodiments, the wound is selected from the group consisting of a
burn wound, an incised wound, an open wound, a surgical or post surgical wound, a diabetic
lesion, a thermal burn, a chemical burg, a radiation burn, a pressure sore, a bedsore, and a
condition related to diabetes or poor circulation. In more preferred embodiments, the wound
is selected from the group consisting of an incised wound, an open wound, a surgical or post
surgical wound, a diabetic lesion, a pressure sore, a bedsore, and a condition or wound related
to diabetes or poor circulation.

361921  In some embodiments, the wound s selected {rom the group consisting of a non-
radiation burn wound, an incised wound, an open wound, a surgical or post surgical wound, a
diabetic lesion, a thermal burn, a chemical burn, a pressure sore, a bedsore, and a condition
related to diabeies or poor circulation. In some embodiments, the wound 1s selecied from the
group consisting of an focised wound, an open wound, a surgical or post surgical wound, a
diabetic lesion, a pressure sore, a bedsore, and a condition related to diabetes or poor
circulation.

361931  The present disclosure also relates to methods and pharmaceutical compositions
for reducing scar formation during wound healing in a subject. The pharmaceutical
compositions described herein can be administered divectly to the wound or to cells
proximate the wound at an amount effective to reduce scar formation m and/or around the
wound. Thus, in some embodiments, a method of reducing scar formation during wound
healing in a subject 18 provided, the method comprising adnunistering to the subject a
therapeutically effective amount of a pharmaceuntical composition described herein,

{38194}  The wound can include any injury to any portion of the body of a subject.

he

et

According to embodiments, methods are provided to amelicorate, reduce, or decrease
formation of scars in a subject that bas suffered a burn injury. According to preferred
embodiments, methods are provided to treat, reduce the occcurrence of, or reduce the
probability of developing hypertrophic scars in a sabject that has suffered an acute or chronic
wound or njury.

(ther disovders
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{68895 TPharmaceuntical compositions described herein may also be vsed to treat disorders
of abnormal tissue growth and fibrosis including dilative cardinmyopathy, hypertrophic
cardiorayopathy, restrictive cardiomyopathy, pulmonary fibrosis, hepatic {ibrosis,
glorerulonephritis, and other renal disorders.

Combination Radiation Therapy

{38196} Pharmaccutical compositions described herein are useful as radiosensitizers.
Therefore, pharmaccutical compositions described herein can be adounistered in combination
with radiation therapy. Radiation therapy is the medical use of high-energy radiation {e.g,
X-rays, gamima rays, charged particles) to shrink turaors and kill malignant cells, and is
generally used as part of cancer treatment. Radiation therapy kills malignant cells by
damaging their DNA.

361971  Radiation therapy can be delivered o a patient in several ways. For example,
radiation can be delivered from an external source, such as a machine outside the patieni’s
hody, as in external beam radiation therapy. External beam radiation therapy for the
treatment of cancer uses a radiation source that is external to the patient, typically either a
radioisotope, such as “'Co, P'Cs, ora high energy X-ray source, such as a Hnear accelerator.
The extemal source produces a coliimated beam directed into the patient 1o the tumor site,
External-source radiation therapy avoids some of the problems of intermal-source radiation
therapy, but it undesirably and necessarily trradiates a significant volume of non-tumorous or
healthy tissue in the path of the radiation beam along with the tumorous tissue.

106198] The adverse effect of rradiating of healthy tissue can be reduced, while
maintaining a given dose of radiation 1n the tumorous tissue, by projecting the external
radiation beam into the patient at a variety of “gantry” angles with the beams converging on
the tumor site. The particular volume elements of healthy tissue, along the path of the
radiation beam, change, reducing the total dose to cach such element of healthy tissue during
the entire treatment.

[36899]  The irradiation of healthy tissue also can be reduced by tightly coliimating the
radiation beam to the general cross section of the tumor taken perpendicular to the axis of the
radiation beam. Mumerous systems exist for producing such a circamferential collimation,
some of which use multiple shding shutlers which, piecewise, can generate a radio-opague

mask of arbitrary outhine.
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[GG288] For adminisivation of external beam radiation, the amount can be at least about |
Gray (Gy) fractions at least once every other day o a treatment volume. In a particular
embodiment, the radiation is administered in at least about 2 Gray (Gy) fractions at least once
per day to a treatment volume. In another particular erobodiment, the radiation is
administered n at least about 2 Gray {Gy) fractions at least once per day to a treatment
volume for five consecutive days per week. In another particular embodiment, radiation is
administered 1o 10 Gy fractions every other day, three times per week to a treatment volume.
In another particular embodiment, a total of at least about 20 Gy 1s adiunistered to a patient
in need thereof. In another particular embodiment, at least about 30 Gy is administered 1o a
patient in need thereof.  {n another particular embodiroent, at feast about 40 Gy i3
administered (o a patient in need thereof.

3682611  Typicaily, the patient receives external beam therapy four or five times a week.

An entire course of treatment usually lasis from one to seven weeks depending on the type of

cancer and the goal of treatment. For example, a patient can receive a dose of 2 Gy/day over
390 days.

(60282}  intornal radiation therapy is localized radiation therapy, racaning the radiation
source 18 placed at the site of the tumor or affected area. Internal radiation therapy can be
delivered by placing a radiation source mside or next to the arca requiring treatroent.  Internal
radiation therapy is also called brachytherapy. Brachytherapy includes intercavitary
treatment and interstitial treatment. In intracavitary treatment, containers that hold
radicactive sources are put i or near the fumor. The sources are put into the body cavities.
Ininterstitial treatment, the radioactive sources alone are put into the tumor. These
radioactive sources can stay in the patient permanently. Typically, the radicactive sources
are removed from the paticnt after several days. The radicactive sources are in coniainers.
382631  There are a number of methods for adromistration of a radiopharmaceutical agent.
For example, the radiopharmaceutical agent can be administered by targeted dehvery or by
systemic delivery of targeted radioactive conjugates, such as a radiolabeled antibody, a
radiolabeled peptide and a Hposome debvery system. In one particular erobodiment of
targeted delivery, the radiolabelled pharmaceutical agent can be a radiolabelled antibody.
See, for example, Ballangrud A M, et o/, Cancer Res., 2001; 61:2008-2014 and Goldenber,
DM S Nucl Med., 2002; 43(5):693-713, the contents of which are incorporated by

reference hergin.
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[668284]  In another particular embodiment of targeted delivery, the radiopharmaceutical
agent can be administered in the form of hiposome delivery systems, such as small
unilammeliar vesicles, large unilamellar vesicles and multilametlar vesicles. Liposomes can be
formed from a variety of phospholipids, such as cholesterol, stearviamme or
phosphatidylcholines. See, for example, Emfietzoglon D, Kostarelos K, Sgooros G. An
analytical dosimetry study for the use of radionuclide-liposome conjugates in internal
radiotherapy. J Nuel Med 2001; 42:499-504, the contents of which are incorporated by
reference herein.

[G0285]  in yot another particular embodiment of targeted delivery, the radiolabeled
pharmaceutical agent can be a radiolabeled peptide. See, for exarople, Weiner RE, Thakur
ML, Radiolabeled peptides in the diagnosis and therapy of oncological discases. Appl
Radiat Isot 2002 Nov;57(5):749-63, the contents of which are mcorporated by reference
herein.

[66266]  in addition to targeted delivery, bracyiherapy can be used to deliver the
radiopharmaceutical agent to the target site. Brachytherapy is a technigue that puts the
radiation sources as close as possible to the tumor site. Often the source is inseried directly
o the tumor. The radioactive sources can be in the form of wires, sceds or rods. Generally,
cesium, widium or iodine are used.

{36267  Systemic radiation therapy is another type of radiation therapy and involves the
use of radioactive substances in the blood. Systemic radiation therapy is a form of targeted
therapy. ko systemic radiation therapy, a patient typically ingests or receives an injection of a
radicactive substance, such as radicactive jodine or a radioactive substance bound to a
monoclonal antibody.,

[G0268] A “radiopharmaceutical agent,” as defined herein, refers to a pharmaceutical agent
which contains at least one radiation-emitting radicisotope. Radiopharmaceutical agents are
routinely used in nuclear medicine for the diagnosis and/or therapy of various diseases. The
radiolabeliod pharmaceutical agent, for example, a radiclabelled antibody, contains a
radioisotope (RI) which serves as the radiation sowrce. As contemplated heremn, the term
“radioisotope” mncludes metalhic and non-metallic radicisotopes. The radicisotope 1s chosen
based on the medical apphication of the radiolabeled pharmaceutical agents. When the
radioisotope is a metallic radivisotope, a chelator is typically employed to bind the metallic

radioisotope to the rest of the molecule. When the radicisotope is & non-metallic radicisotope,
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the non-metallic radicisotope is typically Hnked directly, or via a linker, to the rest of the
molecule,

[G820%  As used herein, a “metallic radioisotope”™ is any suitable metallic radioisotope
uselul in a therapeutic or diagnostic procedare in vive or in vitro. Suitable metallic
radioisotopes inclade, but are not himited to: Actintum-225, Antimony-124, Antimony-125,
Arsenic-74, Bariwn-103, Barium- 140, Berylinun-7, Bismuth-206, Bismuth-207, Bismuth212,
Bisrauth213, Cadmium- 109, Cadmium-115m, Calcium-45, Cerium-139, Cerium-141,
Cerium-144, Cesium-137, Chromium-51, Cobalt-55, Cobalt-56, Cobalt-37, Cobalt-58,
Cobait-60, Cobali-64, Copper-60, Copper-62, Copper-64, Copper-67, Erbium-169,
Europium-152, Gallium-64, Gallium-67, Galbum-68, Gadolinium153, Gadolinium-157
Gold-195, Gold-199, Hafmum-175, Hafhium-173-181, Holmoum-166, Indium-110, Indium-
P, Indiim-192, fron 55, Iron-59, Krypton85, Lead-203, Lead-218, Lutetiom-177,
Manganese-54, Mercury-197, MercuryZ203, Molybdenum-99, Neodymium-147, Neptuniom-
237, Nickel-63, Niobium®3, Osminom-185+191, Palladiun-103, Palladionm-109, Platinum-
195m, Praseodymium-143, Promethinm-147, Promethiom- 149, Protactinium-233, Radigm-
226, Rhenium-186, Rhenium-188, Rubidium-86, Rutheniumg-97, Ruthenium-103,
Ruthenium-105, Ruthenjum- 106, Samarium-153, Scandium-44, Scandium-46, Scandium-47,
Selentum-75, Silver-110m, Silver-111, Sodium-22, Stronthumn-85, Strontium-88, Strontium-
90, Sulfur-35, Tantahum-182, Technettum-99m, Tellurium-125, Telhuriom-132, Thalium-
204, Thoriwm-228, Thorfun-232, Thabiiom-170, Tin-113, Tin-114, Tin-117m, Titanium-44,
Tungsten-185, Vanadium-48, Vanadiom-49, Yuerbium-169, Yilrium-86, Yitrium-88,
Yitrn-80, Yitrfium-91, Zinc-65, Zircontun-89, and Zircomum-93,

[G0288]  As used herein, a “non-metallic radioisotope” is any suilable nonmetalhic
radioisotope (non-metallic radioisotope) useful in a therapeutic or diagnostic procedure in
vive ot in vitre. Suitable non-metallic radioisotopes mcelude, but are not limited to: Todine-
131, lodine-123, lodine-123, Phosphorus-32, Astatine-211, Fluorine-18, Carbon-11, Oxygen-
15, Bromine-76, and Nitrogen-13.

166213]  identifying the most appropriate isotope for radiotherapy requires weighing a
variely of factors, These fnclude tumor uptake and retention, blood clearance, rate of
radiation delivery, half-life and specific activity of the radicisotope, and the feasibility of
large-scale production of the radicisotope in an economical fashion. The key point for a

therapeutic radiopharmaceutical s to dehiver the requisite amount of radiation dose to the
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side-cffects.

[G8212) 1t is preforred that the physical half-hfe of the therapeutic radioisotope be similar
to the biological half~life of the radiopharmaceutical at the tumor site. For example, if the
halt-lite of the radicisotope is too short, much of the decay will have occurred before the
radiopharmaceutical has reached maximum target/background ratio. On the other hand, too
fong a balf-life could cause unnecessary radiation dose to normal tissues. deally, the
radioisotope should have a long enough halilife o attain & minimum dose rate and to
irradiate all the cells during the most radiation sensitive phases of the cell cycle. In addition,
the half-life of a radicisotope has to be long enough to allow adequate time for
manufacturing, release, and transportation.

362131  Other practical considerations in selecting a radicisotope for a given apphcation in
tumor therapy are avaiiabiiity and guality. The purity has to be sufficient and reproducible, as
trace amounts of impurities can affcct the radiclabeling and radiochemical purity of the
radiopharmaceutical.

{60284} The target receptor sites in tumors are typically limited in nurber. As such, itis
preferred that the radioisotope have high specific activity. The specific activity depends
primarily on the production method. Trace metal contarvinants must be mimmized as they
ofien compete with the radioisotope for the chelator and their metal complexes compete for
receptor binding with the radiolabeled chelated agent.

106215]  The type of radiation that is suitable for use in the methods of the present
invention can vary. For example, radiation can be electromagnetic or particulate m nature.
Electromagnetic radiation useful in the practice of this invention includes, but is not limited
to, X-rays and garoma rays. Particulate radiation useful 1 the practice of this invention
mcludes, but is not limited to, electron bearos (beta particles), protons beams, neutron beams,
alpha particles, and negative pi mesons. The radiation can be delivered using conventional
radiological ircatment apparatus and methods, and by intraoperative and sterectactic methods,
Additional discussion regarding radiation treatments suitable for use in the practice of this
invention can be found throughout Steven A, Laibel et al., Textbook of Radiation Unceology
{1998) (publ. W. B. Saunders Company), and particularly in Chapters 13 and 14, Radiation
can also be delivered by other methods such as targeted delivery, for example by radicactive

“seeds,” or by systemic delivery of targeted radioactive conjugates. J. Padawer et o/,
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Combined Treatment with Radivestradiol tucanthone in Mouse C3HBA Mammary
Adenocarcinoma and with Estradiol tucanthone in an Estrogen Bicassay, Int. J. Radiat.
Oncol. Biol. Phys. 7:347-357 (1981}, Other radiation delivery methods can be used in the
practice of this fovention.
{60216} For tumor therapy, both o and B-particle emitiers have been tnvestigated. Alpha
particles are particularly good cytotoxic agents because they dissipate a large amount of
energy within one or two cell diameters. The B-particle enutters have relatively long
penetration range (2-12 mm in the tissue) depending on the energy level. The long-range
penetration is particularly froportant for solid tumors that have heterogencous blood flow
and/or receptor expression. The B-particle emitters yield a more homogencous dose
distribution even when they are heterogeneously distributed within the target tissue.
{6217} o a particular embodiment, therapeutically effective amounts of the
pharmaceutical compositions described berein are administered n comnbination with a
therapeutically effective amount of radiation therapy to treat cancer (e.g., lung cancer, such as
non-small cell lung cancer).  The amount of radiation necessary can be determined by one of
skill in the art based on known doses for a particular type of cancer. Sce, for example,
Cancer Medicine 5% od., Edited by R.C. Bast et al., July 2000, BC Decker.
Synthetic Methods
362181  Also provided herein are synthetic methods for preparing crystalhine forms {e.g.,
single crystalline forms, such as single crystalhine Form A and single erystalline Form D) of
Sehnexor.
(668219 A seventh embodiment provides a method of preparing a single crystaliine form of
compound represented by Structural Formula §, wherein the single crystalline form is Form
A and is characterized by at least three X-ray powder diffraction peaks at 28 angles selected
from 4.4°,19.9°, 21.3% and 22.0°;. The method comprises:
suspending single crystalline Form B, C or D of the compound of Structural Formula L ora
mixiure comprising two or more of single crystalline Form B, C or D of the compound of
Structural Formoula {, in isopropano! or a mixture of isopropanol and water to form a slurry,
wherein single crystalline Form D 15 characterized by at least three X-ray powder diffraction
peoaks at 28 angles selected from 3.7, 7.3°, 10.9°, 18.3% and 21.97, single crystalline Form B

is characterized by at least three X-ray powder diffraction peaks at 20 angles selected from
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0.4° 11.1°, 16.5°, 18€.3° and 18.8% and smgle crystalline Form C 1s characterized by at least
three X-ray diffraction peaks at 28 angles selected from 3.7°, 11.2°, 12.1° and 18.6°;

heating the shurry fo a teroperature less than or equal to about 70 °C to form a second shurry
or a solution;

cooling the second shurry or the solution and adding walter to the second slurry or the
solution, thereby forming solid particles of crystalline Form A of the compound of Structural
Formula §; and

{d} isolating the solid particles of crystalline Form A,

thereby preparing a composition comprising particles of single crystalline Form A of the
compound of Structural Formula L Characteristics and alterpative characieristics for single
crystalline Form A and single crystalline Forms B, C and D, including alternative XRPD,
BSC and/or TOA characteristics, are as described above with respect to the first and sccond
embodiments, respectively. Values and aliernative values for 4({1.9), &0.5) and d(6.1)}, and
ratios thereof, as well as characteristics of the particle size distribution {e.g., vnimodal,
normal) of the particles of single crystalline Form A, are as described in the fifth
embodiment, of any aspect thereof.

(682281 In some aspects of the seventh erobodiment, the solid particles of crystalline Form
& have a unimodal particle size distribution characterized by a d(0.9) of 70 microns or less.
In some aspects of the seventh embodiment, the solid particles of crystalline Form A have a
unimedal particie size distribution characterized by a d(0.9} of 100 microns or ess.

{66221}  In some aspects of the seventh embodiment, single erystalline Form B, Cor D of
the compound of Structural Formula I or a mixture comprising two or more of the single
crystaliing forms of the compound of Structural Forraula §, is suspended 1o a raixture of
1sopropanc! and water 1o step (a).

(3682221  In some aspects of the seventh embodiment, the ratio of isopropanol to water by
volume in the mixture of isopropano! and water is from about 8.1 to about 4, for example,
about 1.

{66223} in some aspects of the seventh embodiment, single erystalline Form B, Cor D of
Structural Formula 1 or 8 mixture comprising two or more of single crystaliine Forms B, Cor
B of the compound of Structural Fornwla 1 is suspended o an amount of isopropana! or

nixture of isopropancl and water of from about 5 to about 10 parts by weight with respect to
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single crystalline Form B, C or D of the compound of Structural Formulda [ or a mixture
comprising two or more of single crystalbine Form B, C or D of the compound of Structural

-
7
i

Fornuda §, for example, from about 6 to about 7 parts by weight with respect to single
crystalline Form B, C or I or a mixture comprising two or more of single crystalline Form B,
C or B of the compound of Structural Formula L

160224] In some aspects of the seventh embodiment, the shurry is heated to a temperature
fess than or equal to about 50 °C. In some aspecis of the seventh embodiment, the shurry is
heated (o a temperatore of from about 35 °C to about 70 °C or of from about 35 °C to about
50 °C. In some aspects of the seventh embodiment, the shurry is heated to a temperature of
from about 65 °C to about 70 °C.

[B0225]  In some aspects of the seventh embodiment, the second slurry or the solution is
cooled to from about 0 °C to about 55 °C. For example, the second slurry or the solution is
cooled o from about O °C to about 5 °C, to from about 15 °C to about 20 °C or to from about
45 °C o about 50 °C.

[66226]  In some aspects of the seventh embodiment, water is added to the second starry or
the sofution m an amount of from about 5 parts by weight to about 15 parts by weight with
respect to single orystalline Form B, C or D of the corpound of Structural Formula lor a
mixture comprising two or more of erystalline Forms B, C or D of the compound of
Structaral Formula 1. For example, water is added to the second shury or the solution in an
amount of from about 7 parts by weight to about 10 parts by weight or of about 16 paris by
Formula § or a mixture comprising two ot moore of erystalhine Forms B, C or D of the
compound of Structural Formula L

o
af
[+

[60227]  isolating the solid particles of crystalline Form A is typically effected by fltration
and, optionally, rmsing of the filtered solids with a solvent (e g, a chilled solvent), although
other means of isolating the solid particles are known in the art. Other means of isolating the
solid particles of crystalline Form A include, but are not limited to, distitling hiquid present in
the second shurry or the solution away from the sobid particles or otherwise drying the solid
particles of crystalline Form A, for example, by heating the second slurry or the solution, by
subjecting the second shury or the sohution to reduced pressure (e.g., in vacuo) or any

combination of the foregoimng.
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[80228] A cighth embodiment provides a method of preparing a sigle crystalline form of
a compound represented by Structural Formula |, wherein the single erystalline form is Form
A and is characterized by at least three X-ray powder diffraction peaks at 26 angles selected
from 4.4°, 19.9°, 21.3% and 22.0°,. The method comprises:

suspending single crystaline Form B, C or D of the compound of Structural Formula { or a

rixture comprising two or more of single crystalline Form B, C or D of the compound of

Structural Formula |, in isopropanol or a maxiure of isopropano} and water to form a sturry,
wherein single crystalline Form D is characterized by at least three X-ray powder diffraction
peaks at 28 angles selected from 3.7°, 7.3%, 10.9°, 18.3° and 21.9°, singlc crystalline Form B
is characterized by at teast three X-ray powder diffraction peaks at 28 angles selected from
9.4°, 11,17, 16.5°, 18.3% and 18.8% and single crystalline Form B is characterized by at least
three X-ray diffraction peaks at 28 angles selected from 3.7°, 11.2°, 12,17 and 18.6%;
heating the shurry to a temperature less than or equal to about 70 °C to form a sccond slurry
or a sochufion

adding water 1o the second shurry or the solution and cooling the second shury or the
solution and thereby forming solid particles of erystalline Form A of the compound of
Structural Formula b and

(d) isolating the sohd particles of erystalline Form A,

thereby preparing a composition comprising particles of single erystailine Form A of the
compound of Structural Formula 1. Characteristics and alternative characteristics for single
crystalline Form A and single crystalline Forms B, C and D, ncluding alternative XRPD,
DSC and/or TGA characteristics, are as deseribed above with respect to the Srst and second
embodiments, respectively. Values and alternative values for d(0.9), &(0.5) and d(0.1}, and
ratios thereof, as well as characteristics of the particle size distribution {e.g., unimodal,
normal} of the particles of single crystalline Form A, are as deseribed in the §fth
embodiment, of any aspect thereof.

{62291  in some aspects of the eighth embodiment, the solid particies of crystalline Form
A have a unimodal particle size distribution characterized by a d{0.9) of 70 microns or fess.
In some aspects of the eighth embodiment, the sohd particles of erystalline Form A have a
unimodal particle size distribution characterized by a 4(8.9) of 100 microns or less.

[G0238]  in some aspects of the cight embodiment, single crystaliine Form B, C or & of the

compound of Structural Formula | or a2 mixture comprising two or more of the single
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crystalline forms of the compound of Stroctural Formula §, is suspended in a mixture of
isopropanat and water in step (a).
[G8233] in some aspects of the cighth embodiment, the ratio of 1sopropanct to water by

rad
£
)

volume i the mixture of isopropanol and water 18 from about 0.1 to about 4, for example,
1602321  In some aspects of the eighth embodiment, single crystalline Form B, C or D of
Structural Formoula | or a maxture corprising two or more of single crystaltine Form B, Cor
B of'the compound of Structural Formula 1 s suspended i an amount of isopropanot or
mixture of isopropanol and water of from about 5 to about 10 paris by weight with respect to
single crystalline Form B, C or I3 of the compound of Structural Formula 1 or 2 moixture
comprising two or moore of single erystalline Form B, C or D of the compound of Structural
Formula 1, for example, from about 6 {o about 7 parts by weight with respect to single
crystalline Form B, C or D or a mixfure comprising two or more of single crystaliine Form B,
C or D of the compound of Structural Fornuda L

(6682331  In some aspects of the cighth embodiment, the shurry s heated to a temperature
less than or equal fo about 30 °C. In some aspects of the cighth embodiment, the shury s
heated to a teroperature of from about 35 °C to about 70 °C or of from about 35 °C to about
S0 °C. In some aspects of the seventh emmbodiment, the shury is heated to a temperature of
from about 65 °C to about 70 °C.

{36234}  in some aspects of the eighth embodiment, the second slurry or the solution is
cooled to from about 0 °Cio about 55 °C. For example, the sccond shurry or the solution is
cooled to from about 8 °C to dabout 5 °C, w0 from about 15 °C to about 20 °C or to from about
45 °C 1o about 50 °C.

[G8235]  In some aspects of the cighth emwbodiment, water is added 1o the second shurry ot
the solution in an amount of from about 5 parts by weight to about 15 parts by weight with
respect to single crystalline Form B, C or D of the compound of Structural Formulator a
mixiure comprising two or more of erystalline Form B, € or D of the compound of Structural
Formula {. For example, water is added fo the second slurry or the selution in an amount of
from about 7 parts by weight to about 1 parts by weight or of about 10 parts by weight with
respect to single crystalline Form Dy, or single crystalline Form B, € or D of the compound of
Structural Formulda { or @ mixture comprising two or more of crystalime Form B, C or B of

the compound of Structural Formula L
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[668236] Isolating the solid particles of crystalline Form A is typically effected by filtration
and, optionally, rinsing of the filtered solids with a solvent {e.g., a chilled solvent), although
other raeans of isolating the solid particles are known in the art. Other means of isolating the
solid particles of crystalline Form A include, but are not limited to, distilling hquid present m
the second shurry or the solution away from the sohid particles or otherwise drying the sohd
particles of crystalline Form A, for example. by heating the second shurry or the solution, by
subjecting the second slurry or the solution to reduced pressure {e.g., in vacuao) or any
combination of the foregoing,
[G0237] A ninth erobodiment provides a method of preparing a single crystalline form of a
compound represemed by Structural Forroula {, wherein the single crystalline form is Forro A
and is characterized by at least three X-ray powder diffraction peaks at 28 angles sclected
from 4.4°,19.9°, 21.3% and 22.0°. The method comprises: heating single crystalline Form B,
C or D of the compound of Structural Formula { or a mixture comprising two or more of
crystalline Form B, C or D of the coropound of Structural Formula | and inducing formation
of solid particles of crystalline Form A; or maturing single crystalline Form B, C or D of the
compound of Structural Formula I, or 2 mixture comprising two or more of erystaliine Form
B, C or I of the compound of Siructural Fornmuda | in a solvent sysiem and inducing
formation of sohd particles of crystalline Form A; or drying single crystailine Form B, Cor D
of the compound of Structural Formula 1, or a mixture comprising two or more of erystalline
Form B, C or I3 of the compouond of Stroctural Formmida 1, thereby forming solid particles of
crystalline Form A; orany combination of the foregoing; and isolating the sohid particles of
crystalline Form A, thereby preparing single crystalline Form A of the compound of
Structural Formuda I Characteristics and alternative characteristics for single crystalline
Forms A, B, C and D, including aliermative XRPD, DSC and/or TGA characteristics, are as
described above with respect 1o the first, second, third and fourth embodiments, respectively.
Vahies and alternative values for &(0.9), d(0.5) and d(0.1), and ratios thereof, as weil as
characteristics of the particle size distribution {e.g., unimodal, normal) of the particles of
single crystalline Form A, are as described in the fifth embodiment, of any aspect thereof,
[66238]  in some aspects of the ninth embodiment, the method comprises:
heating a mixture comprising two or more crystalline forms of the compound of Structural

Formula { and inducing formation of sofid particles of crystalline Form A; or
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maturing a mixture comprising two or more crystaliine forms of the compouand of Struchural
Formula { in a solvent system and inducing formation of solid particles of crystalline Form A;
ot
drying a mixture comprising two or more crystalline forms of the compound of Structural
Formula I, thereby forming solid particles of crystalline Form A; or

any combination of the foregoing.
In some aspects of this aspect, the mixture comprises two or more crystalline forms selected

~

from Form A, Form B, Form C or Form B, more specifically, two or more crystalline forms
selected from Form B, Form C or Form D, In some aspects of this aspect, one of the two or
more erystaline formas is Formo B, Form C or Forra D). In some aspects of this aspect, the
mixture does not comprise Form A

[B023%]  In alternative aspects of the ninth embodiment, the method comprises:

heating single crystalline Form B, C or DB of the compound of Structural Fornula { and
inducing formation of solid particles of crystalline Form A; or maturing single crystalline
Form B, C or D of the compound of Structural Formola T in a solvent system and inducing
formation of solid particles of crystalline Form A; or drying single crystallinve Form B, Cor D
of the compound of Structural Forraula §, thereby forming sohid particles of erystalline Form
A; ot any combination of the foregoing. In some aspects of this aspect, the single crystalhne
form is Form B. In other aspects of this aspect, the single crystalline form is Form C. In yet
other aspects of this aspect, the singie crystalline form is Form D,

106240]  “Inducing formation,” used herein, includes any conditions that induce the
compound of Structural Formula | to crystallize as the specified erystalline form, for
example, crystaliine Form A or crystalline Forra B, Inducing formation inchudes merely
allowing sohid particles of the specified crystailine form to precipitate from a solution or
slurry, for exaraple, without actively performing any step. Inducing formation also inchides

g with or without cooling

maturing {e.g., aging, g, and/or cycling} a solution comprising a
compound of Structural Formuida [ in an appropriate solvent system and/or allowing a
solution comprising a compound of Structural Formula 1 in an appropriate solvent system to
slowly evaporate, with or without cooling. Inducing formation also includes cooling the
compound of Structural Formuola [ or a solution including the compound of Structural
Formula I Other methods of inducing formation of a crystalline solid are known in the art

and clude, for example, seeding, and/or using anti-sclvents and vapor diffusion. In
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preferred embodiments, inducing formation comprises cooling the compound of Structural
Formula { or a solution or slurry inchuding the compound of Stroctural Forrauda I in an
appropriate solvent system.

[B0241]  “Solvent system,” as used herein, refers to a single solvent or a mixture of two or
more {typically, two} different solvents. Exemplary solvents {or a solvent system include
water and organic solvents such as, but not Hmited to, methanol, s-butanol, m-butanol, i
hutanol, cvclopentylmethviether, cyclopentylethylother, heptane, 1,4-dioxane, 1,2-
dimethoxyethane, 1,2-dichloroethane, toluene, cumene, ditsopropyl ether, anisole,
dichloromethane, tetrahydrofuran, Z-methylietrahydrofuran, fers-butanol, Z-propanol, ethanol,
ethyl acetate, isopropyl acetate, nitromethane, acetonitrile, dimethylsulfoxide, rer-
butyimethyl ether (TBME), methyhisobutylketone (MIBK), propyl acetate, buty! acctate,
dimethoxyethane, iscoctane and propionitrile.

{38242}  Preferred solvent sysierns for inducing formation of crystalline Form A include
propienitrile, isopropancl, n-propancl, a mixture of isopropanol and water and a mixture of 2-
methyltetrahydrofuran and isooctane, heptane, toluene or acetonitrile (comprising less than or
about 20% acctonitrile by volume). A particularly preferred solvent system for inducing
formation of solid particles of crystalline Form A is 2 mixture of isopropano! and water {e.g.,
comprising from about 20% to about 50% isopropanct by voluroe). The solvent systern for
mducing formation of solid particles of crystalline Form A at temperatures below 50 °C
should not be nitromethane, acetoniirile, or a mixture of acetonitrile and a second solvent
comprising greater than about 20% acetonitrile by volume.

166243} Typically, when single crystailine Form B, C or D of the compound of Structaral
Formula { or a mixture comprising two or more of crystatline Form B, C or B of the
compound of Structural Formutla | is beated, smgle crystalline Formm B, C or D of the
compound of Structural Formulda 1 or the mixture comprising two or move of crystaliine Form
B, C or D of the compound of Structural Formulda s heated in a solvent systern, for
exarnple, an aqueous mixture of isopropano] and water. However, single crystaliine Form B,
C or D of the compound of Structural Fornuila 1 or a mixture comprising two or more of
crystalline Form B, C or D of the compound of Structural Formula { can also be heated neat
{in the absence of solvent). A preferred solvent system for heating single crystaliine Form B,

C or D of the compound of Structural Formula § or the mixture comprising two or more
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crystalline forms of the compound of Structural Formula 1 is a mixtare of isopropanct in
water {e.g., a mixture comprising {from about 20% to about 50% isopropanc! by volome).
[60244] “Maturing,” as used herein, inchudes both aging single crystalline Form B, Cor D
of the compound of Structural Formula | or a maxture comprising two or more crystalline
forms of the compound of Structural Formula | in a solvent system (with or without slow
evaporation}, for exaraple, under ubsianiialiy constant conditions {e.g., ambient temperature
and pressure) for a period of time (e g, less than 30 minutes, less than 1 hour, at least 30
minutes, at least | hour, at teast 4 hours, at least 12 hours, at least 1 day, at least 7 days), and
cyching single crystalline Form B, C or D of the compound of Stroctural Formulafora
nixture comprising two or more crystathine forms of the compound of Structural Formula in
a solvent system, for example, between two or more temperatures over a period of time (e.g.
between room temperatuyre and 50 °C every four hours).

[38245]  Preferred solvent sysieras for maturing single crystalline Form B, C or D of the
compound of Structural Formula [ or 2 mixiure comprising two or more crystalhine forms of
the compound of Structural Formuda T include ethyl acetate, a mixture of isopropanol and
water {e.g., a mixture comprising from about 20% to about 50% isopropanol by volume) and
a mixture of cthanol and water,

{38246 “Room temperature” and “ambient teraperature,” as used herein, means a
temperature of from about 16 °C to about 25 °C.

{38247}  “Ambient conditions,” as used hercin, refers to room temperature and atmospheric
pressure conditions.

166248}  Drying smgle erystalline Form B, C or D of the compound of Structural Formula |
or a mixture comprising two or more of crystalline Form B, C or D of the compound of
Structural Formula 1 can be accomyplished, for example, by distilling any hquid present away
from the sohid crystalline {orm(s), by exposing the sohd erystalline form(s) to ambient
conditions or passing a stream of gas, such as nitrogen gas, over the sohd crystalline form(s)
{and thereby inducing the evaporation or desoivation of any liquid or entrapped volatile
substance, such as acetoniiriie), by subjecting the solid crystalline forma(s) to reduced pressure
{e.g., in vacuo) or any combination of the foregoing. Single crystalline Form D, i particular,
can be converted 1o single crystalline Form A by drying under conditions in which

acctonitriic can desclvate from single crystalline Form D, for example, by subjecting single
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crystalline Form B to reduced pressure {e.g., in vacuo} or by exposing single crystaliine Form
DB to ambient conditions or passing a stream of gas over single crystalline Form D,
(68249 1t s understood that, quite often, m practice, the steps for preparing single
crystalline Form A according to the methods described herein entarl a combination of
heating, maturing and/or drying. For example, when a mixture comprising two or more
crystalline forms of the compound of Structural Formula § is aged, for example, at 50 °C for
72 hours up to 1 week, the roethod of preparing single crystalline Form A comprises heating
and maturing. When single crystaliine Form D of the compound of Structural Formula T s
placed in vacuo at 35 °C, the method of preparing single crystalline Form A comprises drying
and heating.
602561  Isolating the solid particles of erystalline Form A can be effected by filtration and,
optionally, rinsing of the filtered solids with a solvent (e.g., a chilled solvent), although other
means of isolating solid particles are known in the art. Other means of isolating the solid
particles of crystailine Form A melude, but are not Himited to, distifling any Hguid present
away from the solid particles or otherwise drying the solid particles of crystalline Form A, for
example, by heating a shury or solution containing the particles {to induce evaporation of any
hguid or volatile substance), by subjecting a shuty or solution to reduced pressure {e.g., in
vacuo}, by passing a stream of gas (e.g., nitrogen) over the sample, or any combination of the
foregoing.
{36251} A tenth embodiment provides a method of preparing a single crystalline formofa
compound represenied by Structural Fornuda § wherein the single crystalline form is Form D
and 1s characterized by at least three X-ray powder diffraction peaks at 28 angles selected
from 3.7%,7.3%, 10.9°, 18.3° and 21.9°. The method comprises:

dissolving the compound of Structural Formula 1 in a solvent system comprising
acetomirile;

nducing formation of solid particles of crystathine Form D of the compound of
Swuctural Formula 1, or single crystalline Form B or € of the compound of Structural
Formula | or a mixture comprising two or more of erystatbine Form 8, Cor D of the

compound of Structural Formula §; and

isclating the solid particles of crystalline Form B, C or D of Structural Formuda for a

mixture comprising two or more of erystailine Form B, C or D of the compound of Structural

Fornuda §, thereby preparing single crystalline Form B, C or D of the compound of Structural
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Formula § or a mixture comprising two or more of crystatline Form B, C or B of the
compound of Structural Formula § of the compound of Stractural Forrmuda I Characteristics
and alternative characteristics for single crystalline Form D, mcluding alternative XRPD,
DSC and/or TGA characteristics, are as described above with respect to the second
embodiment.

160252] Preferred solvent systerns for the method provided by the tenth embodiment
inchude acetoniirile and mixtures of acetoniirile and a second solvent selected from water, 2-
methyltetrahydrofuran, ethyl acetate or a combination of the foregoing, containing greater
than 20% by volume acctonitrile, such as greater than or about 40% acetonitrile or greater
than or about 95% acetonitrile.

[B0253]  In some aspects of the tenth embodiment, inducing formation of solid particles of
crystalline Form D comprises cooling the schution of the compound of Structural Formuda Tin
the solvent systern. Preferred solvent systems for inducing formation of solid particies of
crystalline Form D include acctonitrile and roixtures of acetontirile and a secound solvent
selected from water, 2-methyletrahydrofuran, ethyl acetate or a combination of the
foregoing, contatning greater than 20% by volume acetoniirile, such as at least or about 40%
acetonitrile or at least or about 95% acctonitrile.

[308254]  Isolating the solid particles of single crystalline Form B, C or D of the compound
of Structural Formuala I or a mixture comprising two or more of erystalline Form B, Cor D of
the compound of Structural Formula 1, is preferably achieved by filiration and, optionally,
rinsing of the filtered solids with a solvent (e.g., a chilled solvent). For example, single
crystalline Form D can be isolated by filtration and rinsing of the filiered solids with
acetonitrile, for example, cold acetonitrile,

[G8255)  Other means of isolating the solid particles include, but are not limited 1o,
distilling any hquid present away from the solid particles or otherwise drying the solid
particles, for example, by heating a slurry or solution containing the particles {to indace
evaporation of any liquid or volatile substance), by subjocting a siurry or solution {o reduced
pressure {e.g., in vacuo), by passing a stream of gas (e.g., nilrogen) over the crystatline form,
or any combmation of the foregomg. However, as described m the Exemplification,
crystalline Form B can desolvate under a variety of conditions. Thus, extended heating or
being subjected to reduced pressures for an extended period of time can cause crystalline

Form 1} to convert to crystaliine Form B, C and/or A or mixtures thereof. Une skilled in the
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art will be able to determine how to isolate crystalline Form D without undue
experimmentation using the guidance provided hercin.

[G8256]  In some aspects of the tonth emmboediment, single crystatiine Form D 15 in the form
of a solvate, for example, an acetonitrile selvate. More particularly, the solvate (e.g.,

1
i

acetonitrile solvate} comprises from about 0.5 to about 1.5 molar equivalents of solute {e.g.,
acetonitrile) per molar equivalent of the compound of Structural Formula |, yet more
particularly, one rwolar equivalent of solute per molar equivalent of the comopound of
Structural Formulda L

{60257}  in some aspects of the tenth embodiment, the solvent system coraprises greater
than 20% by volume acctonttrile, for exarple, at least or about 40% by volume acetonitrile,
or at least or about 93% by volume acetonitrile.

382581  An eleventh embodiment provides a method of preparing a compound of
Structural Formula . The method comprises:

combining a trialkylamine, Z-methyhetrahydrofuran, a compound of Structural Formaula {1

VSN
;'\er> O/ OH
FiC : \//L.\Nf
L

and a compound of Structural Formula 0L

N
H (1)
to form a reaction mixture;
cooling the reaction mixture to from about -80 °C 1o about § °C;
treating the reaction mixture with propyiphosphonic anhydride to provide a mixtare comprising the
compound of Structural Formula §; and
selating the compound of Structural Formula 1 from the raixture.
[B025¢]  “Trialkylamine,” as used herein, means N{R s, wherein each R i3 independently
selected from Ci-Cs alkyl Exemplary triethylamines mchudes triethylamine and

ditsopropylethylamine. A preferred trialkylamine is ditsopropylethylamine.
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[68268] In some aspects of the cleventh embodiment, the method comprises cooling the
reaction mixture to from about -50 “C to about -15 °C, more particularly, from about -25 °C
to about -20 °C.

382611  In some aspects of the eleventh embodiment, 1solating the compound of Structural
Formula I from the mixtore comprises adding an aqueocus guench solution to the mixture
comprising the compound of Structural Formula I and performing an extractive work-up of
the resulting quenched reaction mixture. For example, an agueous quench solution of water
or a neutral {e.g., pH 7) buffer, such as phosphate buffer, preferably water, can be added to
the reaction mixture, and an extractive work-up of the resulting quenched reaction mixture
performed.

(382621  Methods of performing extractive work-ups are within the skill of one of ordinary
skall in the art. For example, an extractive work-up of the reaction mixture comprising the
compound of Structural Formuida [ can include separating the aqueous and organic layers
resulting from the addition of the agueous quench sohution o the reaction mixiure and,
optionally, washing the organic layer, for example, with a dilute (approximately 6% w/w
sodium chioride} brine solution and with water. In some aspects of the eleventh embodiment
comprising an oxiractive work-up, the extractive work-up comprises washing the quenched
reaction muxture with an aqueous solution of sodium chloride.

[#0263]  Isolating the compound of Structural Formula | from the reaction mixture can
alternatively or further include any of the technigues and methods for isolating crystalline
forras of the compound of Structural Formula | described above with respect to the
seventh,eighth, ninth and tenth erobodiments.

[60264] it will be understood that, although described independently of one another, the
methods described in embodiments ten and eleven can be performed in sequence (e, cleven
then ten) to prepare single crystalline Forro B, € or D of the compound of Structural Formula
I or a mixture comprising two or more of crystalline Form B, C or D of the compound of
Structural Formula §. B will also be vnderstood that, although described independently of one
another, the methods described in embodiments seven or nine, ton and eleven can be
performed in sequence (i.e., eleven, then ten, then seven or nine) to prepare single crysialline
Form A of the compound of Structural Formula L

[60265]  Thus, in some aspects of the tenth erabodiment, including the tenth embodiment

and any aspect thereof described hereinabove, the method further comprises combining a
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triaikylamine, 2-methyltetrahydrofuran, a compound of Structural Formuda [Tand a
compound of Structural Formula 1 to form a reaction mixture; cooking the reaction mixture
to from about -80 °C to about 0 °C; treating the reaction wuxiure with propylphosphonic
anhydride to provide a mixture comprising the compound of Stnictural Formula §; and
1solating the compound of Structural Formula 1 from the mixture. Alternative conditions for
these further steps, including further detatls related to the trialkylamine, the temperature of
the reaction mixture and the isolation of the compound of Structural Formula i, can be found
in the eleventh embodiment, or any aspect thereot.

[60266]  In some aspects of the seventh, eighth and ninth embodiments, including the
seventh embodiment, the cighth embodiment, the ninth embodiment and any aspect of the
foregoing, the method further comprises combining a inalkylamine, 2-methyltetrahydrofuran,
a compound of Stractural Formula H and a compound of Structural Formula I to form a
reaction mixiure; cooling the reaction mixture to from about -80 °C to about § °C; wreating
the reaction mixture with propylphosphonic anhydride to provide a mixture comprising the
compound of Structural Formula [ isolating the compound of Structural Formula @ from the
reaction mixture; dissolving the isolated compound of Structural Formula in a solvent
systern comprising acctonitrile; and mducing formation of solid particles of crystalline Form
2 of the compound of Structural Fornuida I and isolating the sohd particles of crystalline
Form D to obtain single crystalling Form B, C or D of the compound of Structural Formula |
or a mixture coraprising two or more of crystalline Form B, C or D of the compound of
Structural Formula {. Alternative conditions for these further steps, including further details
related to the ialkylamine, the temperature of the reaction muxture, the isolation of the
compound of Structural Formuola I, the solvent system and inducing formation and isolating
solid particles of erystalline Form D3, can be found in the tenth and eleventh embodiments, or
any aspect of the foregoing. Characteristies and alternative characteristics for single
crystalline Form D, including alternative XRPD, DSC and/or TGA characteristics, are as
described above with respect to the second erabodiment.

1662677 Antwellth embodirnent provides a method of preparing a single crystalline form
of a compound represented by Structural Formula I wherem the single crystalline form is
Form A and is characterized by at least three X-ray powder diffraction peaks at 28 angles

sclected from 4.4°, 19.97, 21.3° and 22.0°. The method comprises:
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{a} combining a trialkylamine, 2-methyltetrahydrofuran, a compouand of Struchural

Fornwda i

(b)

/‘__._.-—-

FaCo g f
|
Ckj (an

and a compound of Structural Formula Hi:

N s
HzNN,@

H (1)
to form a reaction mixture;
cooling the reaction mixture o from about -80 °C 1o about 0 °C;
treating the reaction mixture with propylphosphonic anhydnide o provide a
mixture comprismg the compound of Structural Formula I
isolating the compound of Structural Formula | from the mixture;
dissolving the isolated compound of Structural Forouda ¥ in a solvent sysiem
comprising acetonitrile;
mducing formation of sohid particles of erystalline Form D of the compound of
Structural Formula § and isolating the solid particles of crystalline Form D to
obtain single crystalline Form D of the compound of Structural Formula |, or
sohid particles of single crystalling Form B or C of Structural Formulalor a
mixture comprising two or more of single crystaliine Form B, C or B of the
compound of Structural Formula | wherein single crystalline Form D is
characierized by at least three X-ray powder diffraction peaks at 28 angles
selected from 3.7°,7.3°%, 10.9°, 18.3° and 21.9°, Form B is characierized by at
least threc X-ray powder diffraction peaks at 28 angles sclected from 9.4°,
11.1°, 16,59, 18.3% and 18.8°. Single crystalline Form B is characterized by at
least three Xeray diffraction peaks at 26 angles selected from 3.7°, 11.2° 12,17
and 18.6°;
heating single crystalline Forra [3, or single crystalline Form B or C of
Structural Formula § or a mixture comprising two o7 more single erystaliine

forms of the compound of Structural Formula §, and indocing formation of
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solid particles of crystaliine Form A; or maturing single crystailine Form D, or
stngle crystaliine Form B or C of Structural Formula § or 8 mixture comprising
two or wore of single erystalline Form B, C or I of the compound of
Struetural Formula §, in a solvent system and inducing formation of solid
particles of crystathine Form A; or drying single crystalline Form D or single
crystalline Form B or  of Structural Formula I or a mixture comprising two
or more of single crystailine Form B, C or D of the compound of Structural
Formuda 1, thereby forming solid particles of crystalline Form A; or any
combination of the foregoing; and
{h} isclating the particles of erystalline Form A,
thereby preparing single erystalline Form A of the compound of Structural Formulda L
Conditions and alternative conditions for the steps can be found in the ninth, tenth and

cleventh embodimenis, or any aspect of the foregoing. Characteristics and altcrnative
characteristics for single crystalline Form A and single crystalline Forms B,C and 1D,
imnchyding alternative XRPD, DSC and/or TGA characieristics, are as described above with
respect to the otherembodiments.

[G0268] A thirtecoth embodiment provides a method of preparing a single erystalline form
of a compound represented by Structural Formula | wherein the smgle crystalline form 1s
Form A and is characterized by at least three X-ray powder diffraction peaks at 28 angles
selected from 4.4°, 19.9°, 21.3° and 22.0°, The method comprises:

(a} combining a trialkyvlanine, 2-methyhetrahydrofuran, a compound of Structural

NfNF;}OH
i O

Faln "N/>

Forouda I

z
CFs an
and a compound of Structural Formula HE:
HoNC A N
H (In)

to form a reaction mixture;

(b} cooling the reaction mixture to from about -80 °C to about 0 °C;
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treating the reaction mixture with propylphosphonic anhydride to provide a
mixture comprising the compound of Structural Formuola §;

exchanging solvent of the reaction mwixiure comprising the compound of
Struetural Formula § for a solvent sysiem comprising acetonitrile;

inducing formation of sohid particles of crystalline Form D of the compound of
Structural Formula I and isolating the solid particles of crystalline Form D to
obtain single crystalline Form D of the corapound of Structural Formula §, or
solid particles of single crystalline Form B or C of Structural Formulafora
mixture comprising two or more of single crystalline Form B, C or D of the
compound of Structural Formuda T wherein single crystalline Forma D s
characterized by at least three X-ray powder diffraction peaks at 26 angles

selected from 3.7°,7.3°, 10.9%, 18.3% and 21.9°, Form B 15 characterized by at

least three X-ray powder diffraction peaks at 28 angles selected from 9.4°,
11.1°,16.5°, 18.3% and 18.8°. Single crystalline Form C 18 characterized by at
least three X-ray diffraction peaks at 26 angles selected from 3.7°, 11.2°, 12.1°

and 18.6%;

heating single crystalline Form D, or single crystailine Form B or C of
Structural Formula I or a mixture comprising two or more of single crystalline
Form B, C or D of the corapound of Structural Formula |, and inducing
formation of solid particles of crystalline Formt A; or maturing single
crystalline Form D, or single crystalline Forro B or C of Structural Formula 1
or a mixture comprising two or more of single erystalline Form B, Cor D of
the compound of Structural Formula 1, in a solvent system and inducing
formation of sohd particles of crystalline Form A; or drymg single crystaliine
Form D or smngle erystaliine Form B or C of Structural Formulda T or a mixture
comprising two or more single of crystalline Form B, C or D of the corapound
of Structural Formula §, thereby formung solid particles of crystalline Form A;

or any combination of the foregoing; and

isolating the particles of crystalline Form A,



WO 2016/025904 PCT/US2015/045395

~1

[y

thercby preparing single crystalline Form A of the compound of Structural Formula L
Conditions and alicrnative conditions for the steps can be found in the minth, tenth and
cleventh erobodiments, or any aspect of the foregoing. Characteristics and alternative
characteristics for stngle crystaliine Form A and single erystalline Forms B, Cand D,
mclading alternative XRPD, DSC and/or TOA characteristics, are as described above with
respect to other embodiments.
166269]  Distithgraphic exchange is a suitable solvent exchange method for any
embodiments having a solvent exchange step.
{60278 A fourteenth embodiment provides a method for preparing a composttion
comprising particles of a single crystalline form of a compound represented by Structural
Formula I wherem the single crystailine form is Form A and is characterized by at least three
X-ray powder diffraction peaks at 26 angles selected from 4.4°, 19.9°, 21.3° and 22.0%; and
the particles have a particle size distribution characterized by a 4(0.9) of less than about 70
microns. {n some aspects of the fourteenth embodimoent, the particles have a particle size
distribution characterized by a d(0.9}) of less than about 180 microns .
(66271}  in some embodiments, the method comprises:

(a}  combining a trialkylamine, 2-methylietrabydrofuran, a compound of Structural

Formuola 11

Y
N ) OH
FiCu g ALN'%
®
CF: iy

~

and a compound of Structural Formula HH:

N*
HZN\N"@

H (i
1o form a reaction nuxiure;
{b) coohing the reaction mixture to from about -80 °C to about 0 °C;
(¢} treating the reaction mixture with propyiphosphonic anhydride to provide a

mixture comprising the compound of Structural Formula

(d) wsolating the compound of Structural Formula b from the mixture;
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{c) dissolving the isolated compound of Structural Formula I in a solvent system
comprising acetonitriie;
{) nducing formation of sohid particles of erystalline Form D of the compound of

Structural Formula © and 1solating the solid particles of crystalline Formo D to
obtain single crystalline Form D of the compound of Structural Formula |, or
solid particles of single crystalline Form B or C of Structural Formulalora
mixture comprising two or roore of single crystaliine Form B, C or D of the
compound of Structural Formula T wherein single crystalline Form D is
characicrized by at least three X-ray powder diffraction peaks at 28 angles
selected from 3.7°,7.3°, 10.9°, 18.3% and 21.9°, Form B 1s characterized by at
least three Xeray powder diffraction peaks at 28 angles selected from 9.4°,
1119, 16.5%, 18.3% and 18.8°. Single crystalline Form C 15 characterized by at
least three X-ray diffraction peaks at 26 angles sclected from 3.7°, 11.2°, 12.1°

and 18.6°;

iy
pi—a

suspending single crystalline Form B, C or D of the compound of Structural
Formula { or a mixiure comprising two ot more of single crystalling Form B,
C or D of the compound of Structural Formula I, in 1sopropanol or a mixture
of isopropanol and water to form a shurry; (h) heating the shury to a
temperature less than or cqual to about 70 °C to form a second slurry or a
solution;

(i} cooling the second slurry or the solution and adding water to the second sturry
ot the sohution, thereby forming solid particies of crystalline Formm A of the
compound of Structural Formula §; and

(3 isolating the solid particles of crystaliime Form A, thereby preparing a
composition comprising particles of single crystalhine From A of the
compound of Structural Formula L

166272]  in some embodiments, the method comprises:
(a}  combining a malkylamune, 2-methylietrahydrofuran, a compound of Structural

Formula I
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(b}
{c}

(d)

(&)

ST73 -
- ~ —>;--OH
FaC Ly ©
l e
CFs (1D

and a compound of Structural Formula HE:

e
H::N\N /k\\\v, N

H (110}
to forro a reaction mixture;
cooling the reaction mixture to from about -80 °C to about 4 °C;
treating the reaction mixture with propylphosphonic anhydride to provide a
mixture comprising the compound of Structural Formuola §;
exchanging solvent of the reaction mwixiure comprising the compound of
Struetural Formula § for a solvent sysiem comprising acetonitrile;
inducing formation of sohid particles of crystalline Form D of the compound of
Structural Formula | and isolating the solid particles of crystalline Form D to
obtain single crystalline Form D of the coropound of Structural Formula | or
solid particles of single crystalline Form B or C of Structural Formulafora
mixture comprising two or more of single crystalline Form B, C or D of the
compound of Structural Formuda T wherein single crystalline Forma D s
characterized by at least three X-ray powder diffraction peaks at 26 angles
selected from 3.7°,7.3°, 10.9%, 18.3% and 21.9°, Form B 15 characterized by at
least three X-ray powder diffraction peaks at 28 angles selected from 9.4°,
11.1°,16.5°, 18.3% and 18.8°. Single crystalline Form C 18 characterized by at
least three X-ray diffraction peaks at 26 angles selected from 3.7°, 11.2°, 12.1°

and 18.6%;

suspending single crystalline Form B, or simgle crystalline Form B or C of the
compound of Structural Formula T or a mixture comprising two or more of
single crystailine Form B, C or D of the compound of Structural Formuda 1, 1o

wsopropanod or a wixiure of sopropano! and water to form a slurry;
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{66273}

(a)

~-1

4 -

heating the shiry to a temperature less than or equal to about 70 °C o form a
second shurry or a solution;

cooling the second shurry or the sohution and adding water 1o the second slurry
or the solution, thereby forming solid particles of crystalline Formo A of the
compound of Structural Formula §; and

isolating the solid particles of crystalline Form A, thereby preparing a
corposition comprising particles of single crystalline From A of the

compound of Structural Formula L

in some embodiments, the method comprises:

combining a trialkylamine, Z-raethyhetrahydrofuran, a compound of Structural

/':_'_..
- >~OH
1! ’;‘> O

Formuola 11

F43C

g

CFs (1)
and a coropound of Structural Formula Hi:

N7
: |
HzN\N&/i\j

H (HD
to form a reaction muxiure:
cooling the reaction mixture to from about -80 °C to about § °C;
treating the reaction nixture with propyliphosphonic ashydride to provide 2
mixiire comprising the compound of Structural Formoula 13
isolating the compound of Structural Formula | from the mixture;
dissolving the isolated corapound of Structural Formula [ in a solvent system
comprising acetonitriie;
mducing formation of solid particles of crystaliine Form D of the compound of
Structural Formula T and isolating the solid particles of crystalline Form D to
obtain single crystalline Form D of the corapound of Structural Formula §, or
solid particles of single crystalline Form B or C of Structural Formoulafora
mixture comprising two or more of single erystalline Form B, C or D of the

compound of Structural Formula I wherein single crystalline Form D is
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27
=3
N

(b)

(3

(i)

~-1

A
;

characierized by at least three X-ray powder diffraction peaks at 28 angles
selected from 3.7°,7.3°, 10.9°, 1€.3° and 21.9°, Form B is characterized by at
feast three X-ray powder diffraction peaks at 28 angles sclected from 9.4°,
1117, 16,59 18.3% and 18.8°. Single crystalline Form C is characterized by at
least three Xeray diffraction peaks at 26 angles selected from 3.7°, 11.2°, 12.1°
and 18.6°;

suspending single crystalline Forra D, or single crystatiine Form B or C of the
compound of Structural Formula T or a mixture comprising two or more of
crystalline Form B, C or D of the compound of Structural Formula 1, in
isopropanol or a mixture of isopropanol and water to form a slurry;

heating the slurry to a temperature less than or equal to about 70 °C to form a
second slurry or a sohution;

adding water to the second slurry or the solution and cooling the second shury
or the solution, thereby forming solid particies of crystalline Form A of the
compound of Structural Formuda | and

isclating the solid particles of crystaliine Form A,

thereby preparing a coraposition comprising particles of single crystalhine Form A of the

compound of Structural Formulda I Conditions and alternative conditions {or the steps can be

found in the seventh, cighth, tenth and eleventh embodiments, or any aspect of the {oregoing.

Characteristics and alternative characteristics for single crystailine Form A and single

crystalline Form D, including aliernative XRPD, DSC and/or TGA characteristics, are as

described above with respect to the first and second embodiments, respectively.

I some embodiments o some embodiments, the method comprises:

{a)

combining a trialkylamine, 2-methyltetrahydrofuran, a compound of Structural

Formuila Ii:

g\-“’\i
i ,\_‘*)
FaC ’ Nf>
»
CFy {10

and a compound of Structural Formula Hi:
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H

iy
pi—a

(i)

(IH

1o form a reaction mixiure;

cooling the reaction mixture fo from about -80 °C 1o about § °C;

treating the reaction mixture with propyiphosphonic anhydride o provide 2
mixture comprismg the compound of Structural Formula I

exchanging solvent of the reaction mixture comprising the compound of
Structural Formula | for a solvent systern comprising acetonitrile;

mnducing formation of sohd particles of erystalline Form D of the compound of
Stractaral Formula I and isolating the solid particles of erystalline Form D to
obtain single crystalline Form D of the compound of Structural Formula |, or
solid particles of single crystalline Form B or C of Structural Formudalora
mixture comprismg two or more of single crystaliine Form B, C or B of the
compound of Structural Formula T wherein single crystalline Form D is
characterized by at feast three X-ray powder diffraction peaks at 28 angles
selected from 3.77,7.3°, 10.9°, 1&3° and 21.9°, Form B is characierized by at
feast three X-ray powder diffraction peaks at 28 angles selected from 9.4°,
11.1°, 16.5%, 18.3% and 18.8°. Single crystalline Form C is characterized by at
feast three X-ray diffraction peaks at 26 angles selected from 3.7°, 11.2°,12.3°
and 18.6°;

suspending single crystalline Form B, or single crystalline Form B or C of the
compound of Structural Formula | or a mixture comprising two or more of
crystalline Form B, C or D of the compound of Structural Fornwida 1, in
wsopropano! or a mixture of sopropanol and water to form a shary;

heating the shurry to a temperature less than or equal to about 784 °C to form a
second shurry or a sohution;

adding water to the second slurry or the solution and cooling the second shurry
or the solution, thereby forming solid particies of crystalhine Form A of the
compound of Structural Formula §; and

isolating the solid particles of erystaline Form A,

therchy preparing a composition comprising particles of single crystalhine Form A of the

compound of Structural Formola L
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EXEMPLIFICATION
Exampie §. Preparation of Selinexor Lot Neo. 1305365 (Form A).

106274]  Schinexor for Lot No, 1305365 was made in accordance with the following

,N/:>-—OH 1.T3P, DIPEA, THF ,,N/:::: ....... '
F\% / / ﬁ NH

reaction scheme:

G 40 to ~45°C

¥

2. THF, -20 to -25°C
N
»
H L
Mooy . )
o Trans isomer

KG1 KJ8 KH8 KL2

[60275] A solution of propane phosphonic acid anhydride (T3P", 50% in ethyl acetate,
35Kg) in THF (24.6Kg) was cooled to about -40 °C. To this solution was added a solution of
KG1 (13.8Kg) and ditsopropylethylamine (12.4K.g) in tetrahydrofuran (THF, 24.6Kg). The
resulting mixture was stirred at about -40°C for approxamately 2.5 howrs.

382761  In aseparate vessel, KIB {(4.80K g} was mixed with THF {122.7K g}, and the
resulting mixture cooled to about -20°C. The cold activated ester solution was then added to
the KJ8 mixture with stirring, and the reaction was maintained at about -20°C. The mixture
was warmed to about 5°C, water {138.1Kg} was added and the temperature adjusted to about
20°C. After agitating for about an hour, the lower phase was allowed to separate from the
mixture and discarded. The upper laver was diluted with cthyl acetate (EtOAc). The organic
phase was then washed three times with potassiom phosphate dibagsic solution (~150K.g), then
with water {138.6Kg}.

{62777 The resulting organic solution was concentrated under reduced pressure to 955,
EtOAc (186.6Kg) was added and the distillation repeated to a volume of 904, Additional
EtOAc (186.8K g} was added and the distillation repeated a third time to a volume of 90L.
The batch was filtered to clarify, further distilied to 70L, then heated to about 75°C, and
slowly cooled to 0 to 3°C. The resulting slurry was filtered and the filter cake washed with a
mixture of EtOAc (6.3Kg) and toluene (17.9Kg) before being dried m a vacuum oven 1o
provide selinexor designated Lot No. 1305365 (Form A).

Example 2. Preparation of Selinexer Lot No. 134{-AK-149-2 (Form A},

166278]  The acetonitriie solvate of selinexor was prepared in accordance with Example 6,
{68279} The acctonitrile solvate of selinexor {2.7g) was suspended in a mixture of

isopropanad (IPA, 8mb) and water (8mb}, and the resulting mixture heated to0 65 t0 70 °C 1o
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effect dissolution. The solution was cooled to 45 °C, and water (28mL) was added over 15
minutes, maintaining the temperature between 40 and 45 °C. The slurry was cooled to 20 to
25 °C over an hour, then further cooled to O to 5 °C and held at that temperature for 30
minutes before being filtered. The filter cake was washed with 20% v/v IPA in water and the
product dried under suction overnight, then in vacuo (40°C).

Example 3. Preparation of Selinexor Lot No. PC-14-005 (Form A).

[00280] The acetonitrile solvate of selinexor (Form D) was prepared in accordance with
the procedure described in Example 6.

[00281] The acetonitrile solvate of selinexor (1.07Kg) was suspended in a mixture of IPA
(2.52Kg) and water (3.2Kg) and the mixture heated to 70 to 75 °C to dissolve. The
temperature was then adjusted to 40 to 45 °C and held at that temperature for 30 minutes.
Water (10.7Kg) was added while maintaining the temperature at 40 to 45 °C, then the batch
was cooled to 20 to 25 °C and agitated at that temperature for 4 hours before being further
cooled to 0 to 5 °C. After a further hour of agitation, the slurry was filtered and the filter cake
washed with a cold mixture of IPA (0.84Kg) and water (4.28Kg) before being dried.
Example 4. Preparation of Selinexor Lot No. PC-14-009 (Form A).

[00282] The acetonitrile solvate of selinexor (Form D) was prepared in accordance with
the procedure described in Example 6.

[00283] The acetonitrile solvate of selinexor (1.5Kg) was suspended in IPA (3.6Kg) and
water (4.5Kg) and warmed to 37 to 42 °C with gentle agitation. The suspension was agitated
at that temperature for 4 hours, and was then cooled to 15 to 20 °C over 1 hour. Water
(15.1Kg) was added, maintaining the temperature, then the agitation was continued for 1 hour
and the batch was filtered. The filter cake was washed with a mixture of IPA (1.2Kg) and
water (6Kg), then dried under a flow of nitrogen.

Example 5. Preparation of Selinexor Lot Nos. 1339-BS-142-1, 1339-BS-142-2 and PC-
14-008 (Form A).

[00284] A reactor, under nitrogen, was charged with KG1 (1Kg, 1.0 Eq), KJ8 (0.439 Kg,
1.4 Eq) and MeTHF (7L, 7 parts with respect to KG1). Diisopropylethylamine (0.902Kg,
2.45 Eq with respect to KG1) was added to the reaction mixture at -20 °C to -25 °C with a
MeTHEF rinse. To the reaction mixture, 50% T3P® in ethyl acetate (2.174Kg, 1.2 Eq with
respect to KG1) was then charged, maintaining the temperature at -20 °C to -25 °C with a

MeTHEF rinse. After the completion of the addition, the reaction mixture was stirred briefly
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and then warmed to 20 °C to 25 °C. Upon completion, the reaction mixture was washed first
with water (5L, 5 parts with respect to KG1) and then with ditute brine {51, 5 parts with
respect to KG1). The organic layer was concendrated by vacoum distillation to a volume of 5
L {5 parts with respect to KG1 ), diluted with acetomitrile (155, 15 parts with respect to KG1)
at approximately 40 “C and concentrated agaimn (51, 5 parts with respect to KG1). After
solvent exchange to acetonitrile, the reaction mixture was then heated to approximately 60 °C
to obtain a clear solution. The reaction roixiure was then cooled slowly to 8-5 °C, held
briefly and filtered. The filter cake was washed with cold acetonitrile (2L, § parts with
respect to KGE) and the filier cakie was then dried under a stream of nitrogen to provide the
acctonitrile solvate of selinexor (Form D) as a shghtly off-white sohd.

[B8285)  Form D of schinexor (0.9Kg) was suspended i IPA (2.1Kg, 2.7L, 3 parts with
respect to Form D} and water (2.7Kg, 2.7L, 3 parts with respect to Form D) and warmed to
approximately 40 °C. The resulting suspension was agitated for about 4 howrs, sehinexor,
cooled to approximately 20 °C, and diluted with additional water (9Kg, 10 parts with respect
to Form D3}, The mixture was stirred for a further 4-6 hours, then filtered, and the cake
washed with a mixture of 20% IPA and water (4.5L, 3 parts with respect to Form D). The
filter cake was then dried under vacuurs o provide selinexor designated Lot No. PC-14-008
as a white crystaliine powder with a >99.5% a/a UPLC purity (a/a=area to area of all peaks;
UPLC-ultra performance HPLC).

Exampile 6. Preparation of Selinexor Lot Neo. 1405463 (Form A).

166286]  Schinexor Lot No. 1405463 was prepared in accordance with the following

reaction scheme:

JHy
|
HQN.N/LN"]
P ettt
== KJ8 ,Nﬂ.
N NN
. i & O
£3 ~

NE’P{) ¢ TOH 4 DIPEA, MeTHF
~K . 0t 250C

2. T3P, -20 to -25°C

CFy Trans isaimer
Ki2
KGH KHE

[BO287] A reactor was charged with KG1 (15.8Kg), KIR (6.9Kg) and McTHF (S0Kg).
Drisopropylethylamine (14.2Kg) was added to the reaction mixture over approximately 35

minutes at about -20 °C. Following the addition of the diisopropylethylamine, T3P® (50%
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solution in EtAOc, 34.4Kg) was added maintaining the temperature at -20 °C. The mixture
stirred to complete the reaction first at -20 °C, then at ambient temperature.

[00288] Upon completion of the reaction, water (79Kg) was added over about 1 hour. The
layers were separated and the organic layer was washed with a mixture of water (55Kg) and
brine (18Kg), The mixture was filtered, and the methyl-THF/ethyl acetate in the mixture
distillatively replaced with acetonitrile (volume of approximately 220L). The mixture was
warmed to dissolve the solids, then slowly cooled to 0 to 5 °C before being filtered. The filter
cake was washed with acetonitrile to provide the acetonitrile solvate of selinexor (Form D).
[00289] The acetonitrile solvate of selinexor was dried, then mixed with isopropanol
(23Kg) and water (55Kg). The slurry was warmed to about 38 °C and held at that temperature
for approximately 4 hours before being cooled to 15 to 20 °C. Water (182Kg) was added.
After a further 5 hours of agitation, the mixture was filtered and the filter cake washed with a
mixture of isopropanol (14Kg) and water (73Kg), before being dried under vacuum (45 °C).
The dried product was packaged to provide selinexor Lot No. 1405463 (Form A).

Example 7. Polymorphism Studies of Selinexor.

[00290] A comprehensive polymorphism assessment of selinexor was performed in a
range of different solvents, solvent mixtures and under a number of experimental conditions
based on the solubility of selinexor. Three anhydrous polymorphs of selinexor were observed
by XRPD investigation, designated Form A, Form B and Form C. Form A is a highly
crystalline, high-melting form, having a melting point of 177 °C, and was observed to be
stable from a physico-chemical point of view when exposed for 4 weeks to 25 °C/97%
relative humidity (RH) and to 40 °C/75% RH. A solvated form of selinexor was also
observed in acetonitrile, designated Form D. A competitive slurry experiment confirmed
Form A as the stable anhydrous form under the conditions investigated, except in acetonitrile,
in which solvate formation was observed. It was further found that in acetonitrile, below 50
°C, only Form D is observed, at 50 °C both Form A and Form D are observed, and at 55 °C,
Form A is observed .

General Instrument and Methodology Details

X-ray Powder Diffraction (XRPD)
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[66291] Bruker AXS €2 GADDS: XRPD patierns were collected on a Bruker AXS C2
GADDS diffractoreter using Cu Ko radiation (40 KV, 40 mA), automated XY 7 stage, laser
video microscope for avto-sample positioning and a HiStar 2-dimensional area detecior. X-
ray optics consists of a single Gébel ulitlayer rourror coupled with a pinhole collimator of
0.3 mm. A weekly performance check is carried out using a certified standard NIST 1976
Corundum (flat plate).

{68292  The beam divergence, i.e., the effective size of the X-ray beam on the sample, was
approximately 4 nwn. A 8-6 continuous scan mode was employed with a sample detector
distance of 20 cm which gives an effective 28 range of 3.2°-28.7°. Typically, the sample
would be exposed to the Xoray beam for 120 seconds. The software used for data collection
was GADDS for XP/2000 4.1.43 and the data were analyzed and presented using Diffrac Plus
EVAvI30020r vi5.0.00.

[66293] Ambient conditions. Samples run ander ambient conditions were prepared as flat
plate specimens using powder as received without grinding. Approximately 1-2 mg of the
sampic was lghtly pressed on a glass shide to obtain a flat surface.

[60284] Non-ambient conditions. Samples run under non-ambient conditions were
mounted on a silicon wafer with heat-conducting clement. The sample was then heated to the
appropriate temperature and data collection was imtiated.

166295] Bruker AXS D8 Advance, XRPD patterns were collected on a Bruker D&
diffractometer using Cu Ka radiation (40 kV, 40 mA), 8 - 28 goniometer, and divergence of
V4 and receiving slits, a Ge monochromator and a Lynxeye detector. The instrument s
performance checked using a certified Corundurn standard (NIST 1976). The software used
for data coliection was Diffrac Plus XRE Commander v2.6.1 and the data were analyzed and
presented gsing Diffrac Plus EVA vi3.0.0.2 or vi5.0.0.0,

[668296] Sarnples were ran under ambient conditions as flat plate specimens using powder
as received. The sarople was gently packed mio a cavity cut mto polished, zero-background
(510} silicon wafer. The sample was rotated m its own plane during analysis. The details of
the data collection are:

Angular range: 2 to 42 28

Step size: .05 °28

Collection time: 0.5 s/step.

Differential Scanning Calovimetry (DSC)
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[00297] Mettler DSC 823e. DSC data were collected on a Mettler DSC 823E equipped
with a 34 position auto-sampler. The instrument was calibrated for energy and temperature
using certified indium. Typically, 0.5-3 mg of each sample, in a pin-holed aluminum pan,
was heated at 10 °C/minute from 25 °C to 300 °C. A nitrogen purge at 50 ml/min was
maintained over the sample. The instrument control and data analysis software was STARe

v9.20.

Thermogravimetric Analysis (TGA)

[00298] Mettler TGA/SDTA 851e. TGA data were collected on a Mettler TGA/SDTA
851e equipped with a 34 position auto-sampler. The instrument was temperature calibrated
using certified indium. 5-30 mg of each sample was loaded onto a pre-weighed aluminum
crucible and was heated at 10 °C/min from ambient temperature to 350 °C. A nitrogen purge
at 50 ml/min was maintained over the sample. The instrument control and data analysis
software was STARe v9.20.

Chemical Purity Determination by High Performance Liquid Chromatography (HPLC)
[00299]  Purity analysis was performed on an Agilent HP1100 series system equipped with
a diode array detector using ChemStation software vB.02.01-SR1 (or SR2) as follows:

Sample Preparation ~0.4mg/mL in 1:1 ACN/MeOH

Column Zorbax SB-Phenyl, 4.6 mm X 150 mm, Sum

Column Temperature (°C) 40

Injection (ul) 10

Detection: 245 nm

Wavelength, Bandwidth (nm)

Flow Rate (ml/min) 1.0

Phase A 20mM Ammonium Acetate in Water (no pH specified)
Phase B 70% ACN, 30% MeOH (v/v)

Solubility Assessment

[00300] The polymorphism assessment of selinexor included a solubility assessment,
performed on Form A. About 20 mg of selinexor prepared in accordance with the process
described in Example 1 were weighed into vials and the solubility was visually assessed at 50
°C in thirty solvents and solvent mixtures. After each solvent addition, samples were kept

under agitation for 10 minutes at 50 °C before each
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assessment; the samples were then left to cool to room temperatare (RT) before a second
asscssment was done at RT. Samples/conditions that fully dissolved were designated as
soluble, samples that showed signs of partial solubility (thinning, notably less solids) were
designated partially soluble (PS) and conditions lacking visual signs of solubility were
designated insoluble. Three further solubility assessments were performed in IPAwater,
MeCN:water and MTBE:heptane mixtures. Note: solubility was assessed within § and 100
volumes for the different solvents used. | volume (in pl) is equal to the sample mg used n
the assessment {e.g., for a 20 mg sample, 1 volume is equal 1o 20 pL}.

[G0381]  Sclinexor was sofuble in about 60% of the solvent systeras investigated. selinexor
was not soluble in heptane, 1,2-dichloroethane, folucne, cumene, diisopropylether, water and
1sooctane. selinexor was also soluble m 1P Acwater mixtures having up to 60% water and m
acetonitrile:water mixtures having up to 40% water m the mixture. Selinexor was not found

to be sofuble in up to 100 volumes of any of the MTBE heptane mixtures investigated.

Polymorphism Studies

{60382}  The samples produced during the solubility assessment were processed as follows:
® The clear solutions obtained were placed for cooling at 5 °C and eventuaily at -20 °C
for at least 12 hours (<20 °C step was introduced or not depending on the 5 °C result and on
the nature of the solvent). Samples found as clear solutions at -20 °C were placed for slow
evaporation at RT using a 25-gauge syringe needle(s) in the septurn of the vial.

@ The solid suspensions observed in 100 volumes of the relative solvent systems at the
end of the solubility assessment were placed for ¥ days maturation cycling between RT and
50 °C (cyching 4 hours at RT; 4 hours at 50 °C). After the maturation, the solids were
recovered and the supernatants were placed for slow evaporation.

Al the solids obtained by these processes were analyzed by XRPD.

1663631 Most of the solids recovered from the processed samples were found to be
consistent with Forma A (76% of the hits). The X-ray diffractogram of Form A is depicted in
FIG. 1A, Representative XRPD peaks for Form A depicted in FIG. 1A arc as follows:

2-Theta ° | Intensity % | 2-Theta ° | Intensity % | 2-Theta ° | intensity %

4.4 50.9 149.8 108.0 253 100
12.4 18.9 203 47.0 258 13.8
13.1 23.3 213 85.6 270 214
14.5 8.7 220 58.1 273 11.5

14.7 13.1 231 16.2 283 28.8
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15.8 23.6 235 431 28.5 31.3
16.9 8.0 23.7 37.5 314 191
17.5 7.9 23.9 13.6 34.8 11.3
18.2 222 250 44.8 37.2 13.6

[00384]  The starting anhydrous form (Form A) was found to be stable m most of the
conditions investigated and no other anhydrous forms were observed to form under solvent-
based experimentation. By TGA, 0.4% w/w of weight loss was observed between 160 °C
and 200 °C. DSC analysis showed an endothermic event at 177 °C due to the melling of the
sarple (melting was also observed by VT-XRPD). The DSC and TGA thermograms of
Form A are depicted m FIG. 1B.

[G8385]  In MeCN, Form A was observed to convert to a solvated form, designated Form B
{(McCN solvate). The X-ray powder diffractogram of Form D is depicted io FIG. ZA.

Representative XRPD peaks for Form D depicted i FIG. 2A are as follows:

 2-Theta ° | Intensity % | 2-Theta ° | Intensity % | 2-Theta ° | Intensity %
3.7 51.7 20.4 6.0 29.3 3.7
7.3 85.9 2.6 21.2 29.5 3.4
9.7 40.8 21.9 100.0 361 3.8
10.9 32.5 223 5.8 31.8 7.1
11.1 246 225 8.7 32.5 3.1
13.1 8.8 239 5.3 33.1 3.1
18.3 38.0 24.4 7.4 33.7 4.4
19.2 35.5 26.8 6.8 38.1 3.0
19.5 237 289 8.4 41.3 4.1

[00386] Form DD was also observed in acetonitrile-water mixtures of greater than 20% v/iv
MeCN mn water. In 20% viv MeCN i water, the sohd recovered was consistent with Form A

by XRPD. These results are described in Table 1.

Table {.

Acetonitrile Dissolved in 70v Placed at -20°C Solid recoverad { Form D
90% MeCN:10% Water Dissolved in 30v Placed at 5°C Solid recovered | Form D
80% MeCN:20% Water Dissolved in 30v Placed at 5°C Solid recovered | Form D
0% MeCN:40% Water Dissolved in 50v Placed at 5°C Solid recovered | Form D

40% MeCN: 60% Waler | Nof dissolved in 100v | Placed for slow evap. | Solid recovered | Form D
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20% MeCN:80% Water | Not dissolved in 100v | Matured 25°C-50°C | Solid recovered | Form A

X

136836877 TGA and BSC were performed on a sample of Form D. By TGA, a weight loss of

-

86% w/w was observed due to acctonitrife loss. However, the weight loss by TGA was
nfluenced by preparvation timing of the sarople aficr the recovery of the material. By DSC,
an endothermic/exothermic event was observed around 152 °C followed by an endothermic
eventat 177 °C. The DSC behavior is similar to that observed for Form C (see below).
[G8368] A sample of selinexor isolated frorg MeUN was analyzed by DSC and TGA
mmmediately after recovering from the solvent. A solvent loss of 6.5% w/w was observed by
TGA. DSC showed an endothermic event around 77 “C due to the solvent loss followed by
endo/exo event of Form C and meliing event of Form A around 178 °C. The DSC and TGA
thermograms of Form D are depicted in FIG. 2B. As mentioned above, the solvent loss
observed by TGA can vary depending ov the time the sample of Form D is exposed to
ambient conditions during sarapic preparation. A solvent loss of 6.5% corresponds to 0.75
moles of solvent per mole of comopound. Although not wishing fo be bound by any particular
theory, Form 3 could be a mono-solvate which can be desolvated with drymng and is thus
sensitive to isolation conditions, as evidenced by the TGA results.
166389] Form D was analyzed by VT-XRPD. Form D was observed to convert to Form C
after 80 °C and Form C was observed to convert to Form A, On heating, after the release of
the solvent, sobvate Form D converts to Form () the endo/exo event observed by BSC around
152 °C1s due to Form C. Moreover, Form D was dried for 15 hours at 80 °C and 3 mbar.
The sample recovered was found as consistent with Form C. By HPLC and "H-NMR
analysis, the recovered sample (Form C) was found as 99.6% pure, as measured by the area
under the curve {(AUC), and the compound structure was confirmed. No residual MeCN was
chserved after heating and drying the sample.
166318 Drying and thermal experiments (inchuding VT-XRPD analysis)y were found to
convert Form D to anhydrous Forms B and C. The thermal transition of Form B to Form C
and the thermal transition of Form C {o Form A were observed by DSC. Form D was also
observed to convert to Form A upon heating and upon matoration of Form D ina 20%
volume/volume {(v/v) MeCUN in water mixture. However, muxtures of acetonitrilerwater with
acetomtrile above 209 v/v have shown 4 conversion of the anhydrous compound to the

acetonitrile solvate (Form D).



WO 2016/025904 PCT/US2015/045395

- RG -

{68313} Form B was analyzed by DSC, TGA, XRPD and variable temperature XRPD
{(VT-XPRD). The X-ray powder diffractogram for Form B 1s depicted in FIG. 3A.

Representative XRPD peaks for Form B depicted 1o FIG. 3A are as follows:

 2-Theta ° | intensity %
8.1 261
8.4 1060.0
11.1 60.7
13.8 233
165 50.2
18.3 51.9
18.8 54.8
202 47 3
20.8 453

[G8312  The DSC and TGA thermograms are depicted in FIG. 38, This pelymorph shows
an endothermic melting around 91 °C immediately {ollowed by a reerystallization exotherm.
A second endo/exo event is observed around 155 °C fullowed by an endothermic event at 179
°C. By VT-XRPD analysis, it is possibie to explain the events observed by DSC: the first
endo/exo event at 91 °C is the melting of Form B followed by recrystallization towards Form
C; the latter melis around 153 °C and recerystallizes towards Formo A, which melts at 179 °C.
By TGA, no relevant weight losses were observed.

{68313} Form € was analyzed by DSC, TGA and XRPD. The X-ray powder

depicted In FIG. 4A are as follows:

 2-Theta ° | Intensity % | 2-Theta ° | Intensity %
3.7 180.0 17.7 13.3
10.5 8.0 18.6 32.0
11.2 15.4 187 154
12.1 15.0 21.2 i4.2
14.9 7.4 22.2 15.2
16.4 8.6

{38314} The DSC and TOA thermograms are depicted in FIG. 4B. By DSC, an
endothermic/exothermic event was observed around 155 °C, followed by an endothermic
event around 179 °C. No VT-XRPD analysis was performoed for this form but, as per the
Form B VT-XRPD experiment, the endo/exo event is due to the melting/recrystallisation of
Form C towards Form A; the second endothermic event at 179 °C is the meliing of Form A.

No significant weight losses were observed by TGA analysis for Form C.
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Competitive Slurry Experiment

[60315]  in a competitive slorry experiment, approximately 1:1 mixtures of Form A and
Form € were prepared. The mixtures were then stirred with a sced of Form B (about 5% by
weight of the mixture of Form A and Form ). The produced systems were matared at 5 °C,
25 °C and 50 °C under stirring in acctonitrile, ethyl acetate, 30% IPA:70% waler and 30%
ethanol: 70% water. The systems were analyzed by XRPD at two different time points: 72
hours and 1 week.

[60316] Mixtures matured in ethyl acetate, IPA:water and ethanoliwater were found to be
consistent with Form A by XRPD. Form D was observed by maturation in acctonitrife. This
experiraent confirmed Form A as the stable form, compared to Form B and Form C, under
the conditions investigated. The presence of acetonitrile led to solvate {ormation at all of the
temperatures investigated.

Exampie 8. Particle Size Method and Sample Analyses.

166317 A particle size method for analysis of samples of selinexor was developed, and a
number of samples of selinexor were analyzed using the developed method.

General Instrument and Methodology Detaiis

Polarized Light Microscopy

[38318)  Polarized lght mucroscopy was performed using a Leica DM LP microscope
equipped with a Spot Insight color camera. Crossed-polarized light was used with a first
order red compensator. Various objectives were used {0 view the sample. Images were
acquired at ambient teraperature using Spet Advanced software (v.4.5.9). Micron bars were
added 1o the images to help estimate particle sizing.

Particle Size Analysis

[G831%  Particle size data was acquired using a Malvemn lostruments MS2000 equipped
with a Hydro2000uP dispersion urat. Data was collected and analyzed using Mastersizer
2000 v 5.60 software, using vohine-based measurements. MIST-traceable glass beads were
used as the reference standard.

Polarized Light Microscopy

663208}  Photomicrographs of sehnexor Lot No. 1365365 (described m Example 1}
dispersed in mineral 01l were collected to determine the morphology of the sample to
determine if the sample was agglomerated and to gain an initial estimate of the size of the

particles. Based both upon observation during analysis and on the obtained images, the
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sample was composed primarily of blades and acicular particles 10-100 pm in length, some
smaller, irregularly-shaped particles and some agglomerates 200-300 pm in fength that
dispersed casily in nuneral oil. Later observations of the sample suspended in various
dispersants showed larger agglomerates, but these were also easily dispersed. Table 2

sumimarizes these observations.

Table 2. Polarized Light Microscopy of selinexor Lot No. 1305365,

Suspemicn meMum Oifsey xsﬁmmﬁ

Particle Size Method and Sample Analyses
1663218} Details of the method conditions used fo analyze particle size are listed below:
Sample refractive index: 1.596
Sample absorption: 0.001
Dispersant: 6.1% (w/v} Lecithin 1o Isopar G
DHepersant refractive index: 1.42
Pump speed: 2100 rpm
Recireufation time: 2 minutes
Sample measurerment tiroe: 30 sec.
Background measurement time: 30 sec.
Model: general purpose
Sensitivity: normal

5
b
i

Particle shape: frregular.

{0322} The relative standard deviations for the d10, d50 and 490 using these method
conditions were 2.35%, 1.28% and 6.17%, respectively. All deviations fall well within the
LISP recommendation of £30%, <10%, <15% for the 410, d50 and 490, respectively.

1B6323]  One particle size measurement of each ot of selinexor described in Examples 1-6

was collected using the particie size method conditions described above, Table 4 provides
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saraplc information and particle size analysis data for the indicated lot of selinexor under the
patticle size method analysis conditions described above. F1Gs. 3A-5P are particle size
distribution graphs and show the particle size distribution of the sample corresponding to the

indicated lot of selinexor under the particle size method analysis conditions described above.

Taosle 4. Sample Information and Particle Size Analysis of Selinexor Using the Revised
Method Conditions.

Di4,3] Co.rresponding FIG.

. di1o dso do0 .
Lgt No. (pm)* (Pm)b (m)° Voluml:: ;zlghted B No.
305365 4.905 14,268 75.098 " 34,740 FIG. 5A & FIG 5B
1341-AK- 32.779 FIG. 5C & FIG. 5D
|1 2.815 10.423 89.782
109-2 . .
PC-14-005 6.363 18.345 86.906 36.720 FI1G. 5E & FIG. 5F
1339-BS- 16.614 FIG. 5G & FIG. 5H
‘ 4.978 11.969 28.331
142-1
1339-BS- 20.889 FIG. 51 & FIG. 51
6.088 14.468 33.936
. 142-2 .
PC-14-008 | 7.658 | 18.290 42.616 | . 22.451 FIG. 5K & FIG. 5L
PC-14-009 9.665 24.406 68.445 32.557 FIG. 5M & FIG. 5N
1405463 12.062 27.653 64.876 33740 FIG. 50 & F1G. 5P

* 10% of the total volume of particles is comprised of particles no larger than the indicated size.
® 50% of the total volume of particles is comprised of particles no larger than the indicated size.
9% of the total volume of particles is comprised of particles ne larger than the indicated size.

[00324]  Particle size distributibns for measurements obtained from the samples

: g:orrgsponding-fo the lots of sclinexor described in Examples 1-5 were also overlaid ina -
graph. FIG, 51 is the graph resulting from overlaying the particle size distributions obtained
from the samples corresponding to the lots of selinexor described in Examples 1-5, and
shows that the distributions for four lots (Lot Nos. 1339-BS-142-1, 1339-BS-142-2, PC-14-
008 and PC-14-009) had more 2 a unimodal characteristic than lot (Lot No. 1341-AK-109-2)
wkich was distinctly bimodal. The distribution for Lot No. PC-14-005, like the sample used
for method development (Lot No. 1305365), showed a primary mode appfoximately 12-

I5um, a secondary mode consisting of a shoulder on the side of the primary mode

RECTIFIED SHEET (RULE 91) ISA/EP
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corresponding to particles approximately 80-90 um and a minor tertiary mode approximately
400 pm.
Example 9. Process for Preparation of Selinexor.
[00325] A new process for the preparation of the compound of Formula I was developed.
The new process uses a T3AP®-mediated coupling of KG1 with the hydrazinyl pyrazine (KJ8)
to prepare selinexor such as described in International Publication No. WO 2013/019548, but
incorporates changes to the reaction design. In particular, the process described herein
wherein the unstable active T3P® ester is generated in situ can result in one or more of the
following advantages over the process for the preparation of the compound of Formula I
described in International Publication No. WO 2013/019548:

e A reduction of the isomerization of the double bond in KHS;

e A reduction in the production of side products such as 3-(3,5-Bis-trifluoromethyl-

phenyl)-1H-[1,2,4]triazole (KF9);

e An increase in purity; and

e Anincrease in yield.
The process described herein has been implemented into multi-kilogram processes, see for
example the 1Kg scale process (see Example 5), providing the desired final product in about
80% yield overall. Details of the improved process for preparing selinexor are described in
Examples 5 and 6.
Chemistry Development
[00326] A series of experiments aimed at generating the activated ester transiently were
carried out. These experiments are summarized in Table 5. Initially, the addition mode of the
raw materials into T3P® was maintained, but subsequently the order of addition of the raw
materials was reversed when it was observed that the kinetics of the reaction of KJ8 with
T3P® were overshadowed by the rate of formation (and presumably quench) of the T3P®
ester of KG1. In addition to the improvements in the characteristics of the product of the
coupling between KG1 and KJ8 discussed above, the addition of T3P® to a mixture of KG1,
KJ8 and DIPEA provided a greatly simplified reactor flow and the need to very carefully
handle the T3P® activated ester of KG1 once formed. Adding the T3P® last also allowed for
much better control over the addition rates, avoiding the need to transfer the activated ester as

rapidly as possible (a task that is much more difficult and potentially dangerous at larger
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scale). Reduction in the number of soluations that had to be prepared and transferred also

allowed us to reduce the volume of the process.

Table 5.

KGL/DIPEA/
MeTHE
MeTHF | -40 1o DIPEA coot-40°C  |-40°C 1h 95.4% | 98.4% | 5.3%
. 14 1100 11 NA \
JEtCAC | -45 2.45 Charge T3P | RT O/N 97.4% | 98.4% | 5.4%
Add to KIS (-
40°C)
T3F/MeaTHF
METHF/ | -40to | o O cool -40°C_-A0°C 1h BAE% | S9%% | 2.7%
EtOAC | 45 2.45 KG1/KUS/DIPE | RT O/N 93.8% | >99% | 2.7%
A
T3P/ MeTHF
cooct -40°C -40°C 1h 2.85
MeTHF/ | -aDto DIPEA | DIPEA . 81.2% | >99%
s {100 11 KG1/KIB/DIPE | -40°C 3h %
FtOAc | -45 1.0 | 1.45 : 81.4% 99%
¢ ? A1) RT WE A IR I ¥
DIPEA {1.45)
2P MeTHF
Cool -40°C
MeTHF | -40to | | | DIPEA | DIPEA | Charge DIPEA |-40°C 1h 77.7% | 98.9% | 4.0%
JEtCAC | -45 : e 16 | 148 {1.4) 40 3h 90.3% | 99.29% | 3.6%
KGL/KIB/DIPE
A {1}
T3P/KI8 30°C o
MeTHF/ | -a0to | . | o1 ., | DIPEA | DIPEA |  cool-a0°C 30m 45.0% | »99% | L7
F10AC | -45 : : : 10 | 145 | DIPEA{145) | RT1n 635% | >39% | 7,
KE1/DIPEA (1) -
T3 /
‘JP,Kjf. a0°c
N o ool -40°C . . .
MeTHF/ | -40to DIPEA o 30m 12.4% | »99% | 12.0
e IR T R I NA DIPEA . Sl B
FtOAc | -45 2.45 AT 1h 29.1% | 98.5% | %
Charge
KG1/MeTHE
Eharge A
MeTHF | -40 1o DIPEA Tap/Kig 30m 63.1% >39% | 2.8%
b o14a {100} 14 o NA Cool -40°C
JEtCAC | -45 2.6 %‘;arge RT 1h 70.9% >899% | 2.7%
KG1/DIPEA
TRMETHE | 7.34
NMeTHF/ | -40 to DIFEA Cool -40°C 88.3% | »99% | %
7 1.4 | 100 | 1.25 NA 50
EtOAC | -4 2.45 KGL/KI8/DIPE RTTH 96.4% | »99% | 2.25
AL o %
KG1/MeTHE/
DIPEA -A0°C
MeTHF/ | -aDto DIPEA 97.2% 99% | 3.8%
14 100 ] 11 NA ool -40°C 301
Et0AC | -45 ’ .45 OOT3P or 3?)m 92.5% | 98.6% | 4.3%
Kig/MeTHF
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KGL/KI8/MeT
HF -40°C 80 o
2 - DIPEA 97.1% 98.9% | 2.1%
MeTHF 40 o 14 160 11 DIPEA NA SHPEA " 97.1% 98.8% 1%

EtOAC | -45 2.45 ' 98.0% 98.7% | 2.1%
/ > Cool -40°C RT 1h ’ e ¢

T3P

Motes: K¥F9 = 3-(3,5-Bis-trifluoromethybphenyh- TH-[ 1,2, 4}imiazole. Colurn labeled Temp
°C reflect a range of acceptable conditions, while the temperature Histed in the columm Addn
order reflects the actual temperature,

[G83271  Investigation of reaction teraperature is summarized fo Table 6. Of particular note
was the observation that the new chemistry did not require the use of eryogenic vessels, as
the reaction could be run at -28 °C or even -10 °C with only a slight increase in the level of
K¥9 produced. In some erchodiments, the stoichiomeiry based on 1.00 equivalent of KG1 s
1.05 equivalents of K8 and 1.6 equivalents of T3P. It 18 understood that the equivalents of
KI§, T3P or both can vary by £5% without fmpact on purity and yield. In some
embodiments, the reaction is run at -20 °C. In some embodiments, the reaction is run at -40

o,

Tabhle 6.
0.48
. /KI8/MeTHF
MeTHF/ | -a0te | 1100 | KG3 Eé'iiﬁcm 97.2% %
. N e #

EIOAC | -45 New , N 98.2% | »998 | 0.71
Cool -40°C; T3P ’ /

% %

T =999 | 0.51

MeTHF/ | <2010 | . 1100 | 1 KG1/ Eiﬁ“m fgmc 96.6% % %

W N s ALY
EtOAc | -25 New LR 97.6% | >99.9 | 0.96
Cool -20°C; T3P | RT 1h - -
5595 | 6.90
_ KGL/KIB/MeTHE | -40°C .

MeTHF/ | -40to | | 100 | . | DIPEA DSP{E; o 91.9% % %
t0AC | -45 ol ' 4 ! ' 99.0% | >899 | 0.90
EIOAC | -45 New 2.45 Cool40°CT3p | ian | 990% 5.9 | 0.90
% %

S959 | 0.97

38/ MeTHF 40 °C

MeTHF/ | -40t0 | . | 100 | | DIPEA KG1/ Ei’éﬁ‘w 12;75 98.2% % %
EtOAc | -5 Tl New | T 2.8 . o 99.4% | >999 | 0.86
Cool -40°C; T3P | RT 1h - -
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KG1/KI8/MeTHF 10°C

MeTHF/ | -40tc 1.00 DIPEA ! E 98.5% | >99.9 | 0.30
cone | s | Y D new | B 4 DIPEA 10m ao5,

o ] o - Cool -40°C; T3P | RT 1h o ” ”
>59.3
KIB/MeTHF | -10°C >

MeTHF/ | -10to | | 100 | | DIPEA Km"ﬁi’;’feﬁ o 100% % | 130
10 -15 T ol o248 i ! 1007 998 | %
BiOAC B New 245 Cool -10°C:T3P RT 1 % );: %

Note: Cobumn tabeled Tornp °C reflect a range of acceptable conditions, while the
temperature listed in the coluran Addn. order reflects the actual temperature.

{66328}  The teachings of all patents, pubhshed applications and references cited herein are
incorporated by reference in their entirety.

{60329  Whilc this invention has been particularly shown and described with references to
example erobodiments thereof, #t will be understood by those skitied in the art that various
changes in form and details may be made therein without departing from the scope of the

mvention encompassed by the appended claims.
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CLAIMS

A composition, comprising particles of a single crystalline form of a compound

represented by Structural Formula I:

N
F4C 2 O H

CFs M
wherein the single crystalline form is Form A and is characterized by at least three
X-ray powder diffraction peaks at 20 angles selected from 4.4°, 19.9°, 21.3° and 22.0°;
and
the particles have a unimodal particle size distribution characterized by a d(0.9) of

100 microns or less.

The composition of claim 1, where the unimodal particle size distribution is characterized

by a d(0.9) of 70 microns or less.

The composition of claim 1 or 2, wherein the crystalline form is characterized by X-ray

powder diffraction peaks at 20 angles of 4.4°, 19.9°, 21.3° and 22.0°.

The composition of claim 3, wherein the crystalline form is characterized by X-ray

powder diffraction peaks at 26 angles of 4.4°, 19.9°, 20.3°, 21.3°, 22.0°, 23.5° and 25.0°.

The composition of claim 4, wherein the crystalline form is characterized by X-ray
powder diffraction peaks at 26 angles of 4.4°, 13.1°, 15.8°, 18.2°, 19.9°, 20.3°, 21.3°,
22.0°,23.5°, 23.7°, 25.0°, 27.0 °, 28.3 © and 28.5°.

The composition of claim 1 or 2, wherein the crystalline form is characterized by an X-

ray powder diffraction pattern substantially in accordance with that depicted in FIG. 1A.
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The composition of any one of claims 1-6, wherein the crystalline form is further
characterized by a differential scanning calorimetry thermogram comprising an

endothermic peak at 179 °C.

The composition of any one of claims 1-7, wherein the particles have a particle size

distribution characterized by a d(0.9) of from 10 microns to 100 microns.

The composition of any one of claims 1-7, wherein the particles have a particle size

distribution characterized by a d(0.9) of from 10 microns to 70 microns.

The composition of any one of claims 1-9, wherein the particles have a particle size

distribution characterized by a d(0.5) of from 10 microns to 35 microns.

The composition of any one of claims 1-10, wherein the particles have a particle size

distribution characterized by a d(0.1) of from 5 microns to 15 microns.

The composition of any one of claims 1-11, wherein the particles have a particle size

distribution characterized by a d(0.9):d(0.1) ratio of from 2 to 10.

The composition of any one of claims 1-12, wherein the particles have a particle size

distribution characterized by a d(0.9):d(0.5) ratio of from 1.5 to 4.5.

A pharmaceutical composition, comprising the composition of any one of claims 1-13,

and a pharmaceutically acceptable carrier.

The composition of claim 1 for use in the treatment of a disorder associated with CRM1
activity, the treatment comprising administering to a subject in need thereof a

therapeutically effective amount of a pharmaceutical composition of claim 14.

The composition according to claim 1 for use in promoting wound healing in a subject in

need thereof, comprising administering to the subject in need thereof a therapeutically

effective amount of a pharmaceutical composition of claim 14.

A single crystalline form of a compound represented by Structural Formula I:
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N N
FsC L2 © H

CFs M,
wherein the single crystalline form is Form D and is characterized by at least three X-ray

powder diffraction peaks at 26 angles selected from 3.7°, 7.3°, 10.9°, 18.3° and 21.9°.

The single crystalline form of claim 17, characterized by X-ray powder diffraction peaks

at 20 angles of 3.7°, 7.3°, 10.9°, 18.3° and 21.9°.

The single crystalline form of claim 18, characterized by X-ray powder diffraction peaks
at 20 angles of 3.7°, 7.3°,9.7°, 10.9°, 18.3°, 19.2° and 21.9°.

The single crystalline form of claim 19, characterized by X-ray powder diffraction peaks

at 20 angles of 3.7°, 7.3°,9.7°, 10.9°, 11.1°, 18.3°, 19.2°, 19.5°, 20.6° and 21.9°.

The single crystalline form of claim 17, characterized by an X-ray powder diffraction

pattern substantially in accordance with that depicted in FIG. 2A.

The single crystalline form of any one of claims 17-21, wherein the compound of

Structural Formula I is in the form of an acetonitrile solvate.

The single crystalline form of claim 22, wherein the solvate comprises from about 0.5 to
about 1.5 molar equivalents of solute per molar equivalent of the compound of Structural

Formula 1.

The single crystalline form of claim 23, wherein the solvate comprises about one molar

equivalent of solute per molar equivalent of the compound of Structural Formula I.

A method of preparing a single crystalline form of a compound represented by Structural

Formula I:
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N N
FsC L2 © H

CFs (I,
wherein the single crystalline form is Form A and is characterized by at least three
X-ray powder diffraction peaks at 20 angles selected from 4.4°, 19.9°, 21.3° and 22.0°,
the method comprising:

(a) suspending single crystalline Form D of the compound of Structural
Formula I in isopropanol or a mixture of isopropanol and water to form a
slurry, wherein single crystalline Form D is characterized by at least three
X-ray powder diffraction peaks at 20 angles selected from 3.7°, 7.3°,
10.9°, 18.3° and 21.9°;

(b) heating the slurry to a temperature less than or equal to about 70 °C to
form a second slurry or a solution;

(c) cooling the second slurry or the solution and adding water to the second
slurry or the solution, thereby forming solid particles of crystalline Form
A of the compound of Structural Formula I; and

(d) isolating the solid particles of crystalline Form A,

thereby preparing a composition comprising particles of single crystalline Form A of the

compound of Structural Formula 1.

26. A method of preparing a single crystalline form of a compound represented by Structural

Formula I:

>

CFs D),
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wherein the single crystalline form is Form A and is characterized by at least three

X-ray powder diffraction peaks at 20 angles selected from 4.4°, 19.9°, 21.3° and 22.0°,

the method comprising:

(a) suspending single crystalline Form D of the compound of Structural Formula I in
isopropanol or a mixture of isopropanol and water to form a slurry, wherein single
crystalline Form D is characterized by at least three X-ray powder diffraction
peaks at 20 angles selected from 3.7°, 7.3°, 10.9°, 18.3° and 21.9°;

(b)  heating the slurry to a temperature less than or equal to about 70 °C to form a
second slurry or a solution;

(©) adding water to the second slurry or the solution and cooling the second slurry or
the solution, thereby forming solid particles of crystalline Form A of the
compound of Structural Formula I; and

(d) isolating the solid particles of crystalline Form A,

thereby preparing a composition comprising particles of single crystalline Form A of the

compound of Structural Formula I.

The method of claim 25 or 26 wherein the solid particles have a unimodal particle size

distribution characterized by a d(0.9) of 100 microns or less.

The method of any one of claims 25-27, wherein the ratio of isopropanol to water by

volume in the mixture of isopropanol and water is from about 0.1 to about 4.

The method of any one of claims 25-28, wherein single crystalline Form D of the
compound of Structural Formula I is suspended in an amount of isopropanol or mixture
of isopropanol and water of from about 5 to about 10 parts by weight with respect to

single crystalline Form D of the compound of Structural Formula 1.

The method of any one of claims 25-29, wherein the slurry is heated to a temperature of

from about 35 °C to about 70 °C.

The method of any one of claims 25-30, wherein the second slurry or the solution is

cooled to from about 0 °C to about 55 °C.
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32.  The method of any one of claims 25-31, wherein water is added to the second slurry or
the solution in an amount of from about 5 parts by weight to about 15 parts by weight

with respect to single crystalline Form D of the compound of Structural Formula I.

33. A method of preparing a single crystalline form of a compound represented by Structural

Formula I:

FsC

CFs (I,
wherein the single crystalline form is Form A and is characterized by at least three X-ray
powder diffraction peaks at 20 angles selected from 4.4°, 19.9°, 21.3° and 22.0°,
the method comprising:
heating single crystalline Form D of the compound of Structural Formula I and
inducing formation of solid particles of crystalline Form A; or
maturing single crystalline Form D of the compound of Structural Formula I in a
solvent system and inducing formation of solid particles of crystalline Form A; or
drying single crystalline Form D of the compound of Structural Formula I,
thereby forming solid particles of crystalline Form A; or
any combination of the foregoing; and
isolating the solid particles of crystalline Form A,

thereby preparing single crystalline Form A of the compound of Structural Formula I.

34, A method of preparing a single crystalline form of a compound represented by Structural

Formula I:
N
FaC 2 % H

CFs D,
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36.

37.

38.
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wherein the single crystalline form is Form D and is characterized by at least three X-ray
powder diffraction peaks at 26 angles selected from 3.7°, 7.3°, 10.9°, 18.3° and 21.9°,
the method comprising:

dissolving the compound of Structural Formula I in a solvent system comprising
greater than 20% by volume acetonitrile;

inducing formation of solid particles of crystalline Form D of the compound of
Structural Formula I, wherein the temperature of the solvent system is below 50 °C; and

isolating the solid particles of crystalline Form D,

thereby preparing single crystalline Form D of the compound of Structural Formula I.
The method of claim 34, wherein single crystalline Form D is in the form of a solvate.
The method of claim 35, wherein the solvate is an acetonitrile solvate.

The method of any one of claims 34-36, wherein inducing formation of solid particles of
crystalline Form D comprises cooling the solution formed by dissolving the compound of

Structural Formula I in a solvent system comprising acetonitrile.

A method of preparing a single crystalline form of a compound represented by Structural

Formula I:

N
FsC 2 O W

CFs M,
wherein the single crystalline form is Form A and is characterized by at least three X-ray
powder diffraction peaks at 20 angles selected from 4.4°, 19.9°, 21.3° and 22.0°, the
method comprising:
(a) combining a trialkylamine, 2-methyltetrahydrofuran, a compound of Structural

Formula II:



39.

(b)
(©)

(d)
(e)

®

(2

(h)
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FsC

CFs (In)
and a compound of Structural Formula III:
N

HoNo U N

HJ\/ (11)

to form a reaction mixture;

cooling the reaction mixture to from about -80 °C to about 0 °C;

treating the reaction mixture with propylphosphonic anhydride to provide a

mixture comprising the compound of Structural Formula I;

isolating the compound of Structural Formula I from the mixture;

dissolving the isolated compound of Structural Formula I in a solvent system

comprising acetonitrile;

inducing formation of solid particles of crystalline Form D of the compound of

Structural Formula I and isolating the solid particles of crystalline Form D to

obtain single crystalline Form D of the compound of Structural Formula I,

wherein single crystalline Form D is characterized by at least three X-ray powder

diffraction peaks at 26 angles selected from 3.7°, 7.3°, 10.9°, 18.3° and 21.9°;

heating single crystalline Form D, and inducing formation of solid particles of

crystalline Form A; or maturing single crystalline Form D in a solvent system and

inducing formation of solid particles of crystalline Form A; or drying single

crystalline Form D thereby forming solid particles of crystalline Form A; or any

combination of the foregoing; and

isolating the particles of crystalline Form A,

thereby preparing single crystalline Form A of the compound of Structural Formula I.

A method of preparing a single crystalline form of a compound represented by Structural

Formula I:
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N N
FsC L2 © H

CFs D),

wherein the single crystalline form is Form A and is characterized by at least three

X-ray powder diffraction peaks at 20 angles selected from 4.4°, 19.9°, 21.3° and 22.0°,

the method comprising:

(a)

(b)

(d)
(e)

®

combining a trialkylamine, 2-methyltetrahydrofuran, a compound of Structural

Formula II:

FsC

CF; (1)

and a compound of Structural Formula III:

to form a reaction mixture;

cooling the reaction mixture to from about -80 °C to about 0 °C;

treating the reaction mixture with propylphosphonic anhydride to provide a
mixture comprising the compound of Structural Formula I;

isolating the compound of Structural Formula I from the mixture;

dissolving the isolated compound of Structural Formula I in a solvent system
comprising acetonitrile;

inducing formation of solid particles of crystalline Form D of the compound of
Structural Formula I and isolating the solid particles of crystalline Form D
wherein single crystalline Form D is characterized by at least three X-ray powder

diffraction peaks at 26 angles selected from 3.7°, 7.3°, 10.9°, 18.3° and 21.9°;
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(2) suspending single crystalline Form D in isopropanol or a mixture of isopropanol
and water to form a slurry;

(h) heating the slurry to a temperature less than or equal to about 70 °C to form a
second slurry or a solution;

(1) cooling the second slurry or the solution and adding water to the second slurry or
the solution, thereby forming solid particles of crystalline Form A of the
compound of Structural Formula I; and

)] isolating the solid particles of crystalline Form A,

thereby preparing single crystalline Form A of the compound of Structural Formula I.



