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SOLID FORMS OF A TOLLALIKYE RECEPTOR MODULATOR

CROSS-REFERENCES TO RELATED APPLICATIONS
{9611 This application clairos priority to U8, Provisional Application No. 62/051,063,

filed September 16, 2014, which is incorporated in iis entively herein for all purposes.

BACKGROUND
{00621  The present disclosure relates generally to crystalline solid forms of the antiviral
compound d-amino-2-butoxy-8-G-{pyrrolidin- T -yvimethyhbenzyl -7, 8-dihydropteridin-

6{5H-one, processes for making the forms, and their therapeutic methods of use.

{8003]  The innate tvunune systern provides the body with a first Hne defense against
invading pathogens. In an innate fmmune response, an invading pathogen is recognized by
germiine-encoded recepior, the activation of which initiates a signaling cascade that leads to
the induction of cytokine expression. Innate immune system receptors have broad specificity,
recognizing molecular structures that are highly conserved among different pathogens. One
tanuly of these receptors is known as Toll-like receptors {TLRs}, due to their homology with
receptors that were first identified and named in Drosophila, and are present in cells such as

macrophages, dendritic cells, and epithelial cells,

{B004] There are at least ten different TLRs in mammals, Ligands and corresponding
signaling cascades have been identified for some of these receptors. For example, TLR2 i
activated by the lipoprotein of bacteria {e.g., B. coli.}, TLR3 is activated by double-stranded
BENA, TLRA i3 activated by lipopolysaccharide {ie., LPS or endotoxin} of Gram-negative
bacteria {e.g., Salmonella and E. cobi Q157:H7}, TLRS is activated by flagellin of motile
bacteria {e.g., Listeria), TLR7 recoguizes and responds to imiguimod and TLRY is activated
by snmethylated CpG sequences of pathogen BNA. The stimulation of each of these
receptors leads to activation of the transeription factor NF-xB, and other signaling molecules
that are involved in regulating the expression of cyvilokine genes, inclnding those encoding
tumor necrosis factor-alpha (TNF-a), interleukin-1 (IL-1), and ceriain chemokines., Agonists
of TLR-7 are inumnunostimulants and induce the production of endogencus interferon-o in

Vivo.
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188851  There are a number of diseases, disorders, and condiiions linked to TLRs such that
therapies using a TLR agonist are believed promising, including but not limited t0 melanoma,
non-small cell lung carcinoma, hepatocellular carcinoma, basal cell carcinoma, renal cell
carcinoma, myeloma, allergic rhinifis, asthma, COPD, ulcerative colitis, hepatic fibrosis, and
viral infections such as HBY, Flaviviridae vivuses, HCV, HPV, RSV, SARS, HIV, or

nfluenza.

{8886] The treatroent of Flaviviridae virus infections with TLR agonists is particularly
promising. Viruses of the Flaviviridae family comprise at least three distinguishable genera
inchading pestiviruses, flaviviruses, and hepaciviruses (Calisher, of al,, J. Gen. Virol, 1993,
70, 37-43). While pestiviruses cause many economically important antmal diseases such as
bovine viral diarrhea virus {(BVDV), classical swine fover virus {CSFV, hog cholera) and
border disease of sheep (BDV), their importance 1o human disease is less well characterized
{Moennig, V., et al., Adv. Vir. Res, 1892, 48, 533-98). Flaviviruses are responsible for
important human diseases such as dengue fever and vellow fever while hepaciviruses cause
hepatitis C virps infections i homans, Other important viral infections cansed by the
Flaviviridae family include West Nile virus (WNV) Japanese encephalitis virus (JEV), tick-
borne encephalitie virus, Jungin virus, Murray Valley encephalitis, 8t Louis cncephalitis,
Omsk hemaorrhagic fover virus and Zika virs, Combined, infections from the Flaviviridae
virus family cavse significant mortality, morbidity and cconomic losses throughout the world.

Therefore, there is 3 need to develop effective treatiments for Flaviviridae virvus infections.

{86871 The hepatitis C virus (HCV) 15 the leading cause of chronic Hiver disease worldwide
{Boyer, N. et al. | Hepatol. 32:98-112, 2000} so a significant tocus of current antiviral
research is divecied toward the development of improved methods of treatment of chronie
HCVY infections in humans (I3 Besceglie, A M. and Bacon, B. R, Scientific American, Oct.
§0-85, (1999Y); Gordon, C. P, et al,, J Med Chem. 2885, 48, 1-28; Maradpour, D.; et al.,
Nat, Rev. Micro. 2887, 3(0), 453-463). A number of HCV ireatments are reviewed by
Bymock ef al. in Antiviral Chernistry & Chemotherapy, 11:2; 79-95 (2000}, Cuarrently, there
are several antiviral compounds, ribavirin, a nucleoside analog, interferon-alpha (o) (JFN),

g that are used {or the tregtment of chromec HCV

o

and sofosbuvir, another nucleoside analo
infections jn humans. Ribavirin alone ig not effective in reducing viral RNA levels, has
significant toxicity, and is knows to induce anemia. The combination of IFN and ribavirin

has been reported to be effective in the management of chromice hepatitis C (Scott, L. 1., et al,
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Dyrugs 2002, 62, 507-356) but less than half the patients given this tregtment show a

persistent benefil.

[R0G8]  HOV s recognized by junate virus-sensing mechanisms that induce a rapid IFN
response (Dustin, ef al, dnnw. Rev, bnmuaoi, 2867, 25, 71-99). I is likely that the sources of
the IFN are, at least, the miected hepatocytes and particnlarly the plasmacytoid dendritic cells
{pDC) that highly express TLR 7 receptors and secrete high amounis of IFN. Horsmans, er
&l (Hepatology, 2088, 42, 724-731), domonstrated that a once daily 7-day treatment with the
TLR 7 agonist isatoribine r&dﬁaes plasma virus concentrations in HCV infected patients.

Lee, et ol (Proc. Nail Acad. Sci. USA, 2686, 103, 1828-18323), demonstrated that TLR 7
stimulation can induce HCV immumity by both an [FN and IFN-independent mechanisms.
These workers also revealed that TLR 7 is expressed in normal as well as HCV infecied
hepatocyies. These combined results support the conclusion that stimulation of TLR 7
receptors, such as through the admirdstration of a TLR 7 agonist, is a viable mechanism for
effectively treating natural HCV infections. Given the need for more effective treatments for

HCVY infections, there is a need to develop safe and therapeutically effective TLR 7 agonisis.

100091 Similarly, despite the existence of efficient vaccines, hepatitis B virus (HBY)
infection rematns a major public health problem worldwide with 400 million chronic carriers,
These infected patients are exposed to a risk of developing liver cirrhosis and hepatocellular
carcinoma {Lee, W. M. 1997, N, Eng. I Med,, 337, 1733-1743). Currently, there are believed
to be approximately 1.25 willion clvonic hepatitis B carriers just in the United States, with

200,000 people newly infected each year by contact with blood or body fuids,

(G018} Hepatitis B virus is second to tobaceo as a cause of human cancer, The mechandsm
by which HBV induces cancer is unknown, although it is postulated that may direcily trigger
mmmor development, or indirectly trigger turnor development through chronic inflammation,

cirrhosts, and coll regeneration associated with the infection.

{6013} Hepatitis B virus has reached epidemic levels worldwide. After a two to six month
incubation period in which the host i3 unaware of the infection, HBV infection can lead to
acute hepatitis and liver damage, that causes abdominal pain, jaundice, and elevated blood
levels of certain envymes. HBV can cause fulminant hepatitis, a rapidly progressive, often
fatal form of the disease in which massive sections of the liver are desiroved. Patients
typically recover from acute viral hepatitis. In soroe patienis, however, high levels of viral

antigen persist o the blood for an extended, or indefinite, period, causing a chronic infection.
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{hronic infections can lead to chromic persistont hopatitis, Patients infected with chronic
persistent HBY are most common in developing couniries. By mid-1991, there were
approximately 225 million chronic carriers of HBY in Asia alone, and worldwide, almost 300
miition carriers, Chronic persistent hepatitia can cause fatigue, cirrhosis of the liver, and

hepatocelinlar carcinoma, a primary bver cancer.

{06121 In western industrialized countnies, high risk groups for HBY infection inchude
those in contact with HBY cagriers or their blood samples. The epidemioiogy of HBV isin
fact very stimilar to that of HIY, which accounts for why HBY infection is common among
patients with AIDS or HiV-associated infections. However, HBY {s more contagious than
HIY, To ameliorate suffering and to prolong the lives of infected hosts new compounds and

methaods of treating AIDE and sttacking the HIV virns continue to be sought.

198131 The compound 4-amino-2-buatoxy-8-(3-(pyrrolidin- 1 -yimethyl benzyl 37,8~
dihydropteridin-&{ SH}-one, designated herein as Compound 1) as described for example in
WO 2010/077613 and USPN 8,367,470, has beon reporied to be an inhibitor of toll-like
receptor 7. Moreover, Compound 1 s being tnvestigated for use in treating HBY and HIV,

However, Compound I was not previcusly known in any crystalline form.

BRIFEF SUMMARY OF THE INVENTION
{3014]  In somce embodiments, the present juvention provides a crystalline form of

Compound | having the structore:
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and sobvates or hydrates thereof,

18015]  In some embodiments, the present invention provides a crystalline Form | of
Compound I, and solvates or hydrates thereof, characterized by an Xeray powder diffraction
(XRPD) pattorn comprising three or mmore peaks at 5.8, 114, 116, 17.7,22.3, 23.9, or 20.0

degrees 28 (£ 0.2 degrees 28), wherein the XRPD is made using Cul; radiation.

198161 In some embodiments, the present invention provides a crvstalline Form H of

Compound 1, and solvates or hydrates thereof, characterized by an X-ray powder diffraction
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{XRPD) pattern comprising three or more peaks at 4.6, 9.2, 158, 17.§, 18.3, 182, 189,224
255 0r 26.1 degrees 28 {+ 0.2 degrees 28), wherein the XRFD is made using CuKy

radiation,

{68171 In some embodiments, the present invention provides a crystalline Form I of
Compound |, and solvates or hydrates thereof, characterized by an X-ray powder diffraction
{XRPD) pattern having three or more peaks at 5.0, 10,1, 169, 20,3, 21.5, 22.0, 239, or 25.2

degrees 20 {+ 0.2 degrees 28}, wherein the XRPD is made using Culy,; radiation.

[8018] In some embodiments, the present invention provides a crystalline Form [V of
Compound 1, and solvates or hvdrates thereof, characterized by an Xeray powder diffraction
{XRYD) pattern having peaks at 4.1, 18,1, 18.7, 23.8, and 26.6 degrees 28 (= 0.2 degrees 28),

wherein the XRPD s made using CuK,,; radiation.

10819 In some embodiments, the present invention provides a crystalline Form IX of
Compound i, and solvates or hvdrates thereof, characterized by an Xeray powder diffraction
{XRPD pattern having three or more peaks at 5.3, 9.8, 13,1, 15.6, 17.0, 19.6, 20.0, 207, 21.9

or 24,9 degrees 28 (£ 0.2 degrees 20}, wherein the XRPD i3 made using CuKy; radiation.

H828]  In some embodiments, the present invention provides a crvstalline Form X of
Compound I, and solvates or hydrates thereof, characterized by an Xoray powder diffraction
{XRPL) pattern having theee or more peaks at 5.5, 9.4, 108, 11.9,12.9, 144, 16.0, 19.0,
21.9, or 23.9 degrees 28 {+ 0.2 degrees 28}, wherein the XRPD is made using CuKy,

radiation.

{3821} In some embodiments, the present invention provides a method of preparing a
crystalline Form § of Compound I by forming a mixture of Compound I, and a solvent

including a C-Cs aleohol and dichloromethane, under conditions suitable to prepare Form L

{6022}  In some embodiments, the present invention provides a method of preparing a
cryetailineg Form 1 of Compound 1 by forming a mixture of Compound [ and chioroform,

under conditions suitable o prepare Form 1L

0023} In some embodiments, the present invention provides a method of preparing a
crystailine Form H1 of Compound 1 by heating a Form 1 of Compound [ to a temperature of

from gbout 130 °C to about 190 °C, therehy forming Form 1L

(¥ 3]
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18024]  Io some embodiments, the present wvention provides a method of preparing a
crystaliive Form IV of Compound 1 by heating a Form H of Compound | to a temperature of

frony about 90 °C to about 250 °C, thereby forming Form IV,

{6025]  In some embodiments, the present invention provides a method of preparing a
crystailine Form EX of Compound { by forming & mixture comprising a Form § of Compound

1, water and trifluorcethancl, under conditions suitable to prepare Form IX.

[B026]  In some ombodiments, the present invention provides & method of preparing a
crystalline Form X of Compound [ by formving a miriure comprising a Form [ of Compound 1

and chiorotorm, under conditions suitable o prepare Form X,

BRIEF DESCRIPTION OF THE DRAWINGS

{60277 Figore | shows an Xeray powder diffraction pattern of Compound | Form L
{6028} Figure 2 shows a table of Xoray powder diffraction peaks of Compound § Form 1

{B028]  Figure 3 shows a differential scanning calorimetry plot of Compound [ Form [

showing endotherms at about 133 °C, about 170 °C and about 273 °C,

{B034]  Figure 4 shows g variable temperature XRPD plot of Compound | Form |

converting to Form 11 at about 138 °(.
{0031} Figore 5 shows an Xeray powder ditfraction pattern of Compound | Form 1L
{0033]  Figure 6 shows a table of Xoray powder diffraction peaks of Compound § Form i1

{HI33]  Figure 7 shows a diffevential scanning calorimetry plot of Compound { Form I}

showing endotherms at about 88 °C, about 253 °C and about 274 °C,

{6034] Figure § shows g varigble temperature XRPD plot of Compound | Form {I
converting to Form [V at about 110 °C, and then reverting to Forn I upon cooling to about

25 °f.
{B038]  Figure 9 shows an X-ray powder diffraction pattern of Compound 1 Form 1iL
{836] TFigure 10 shows a table of Xway powder diffraction peaks of Compound I Form HL

{B037]  Figure 11 shows a differential scanning calorimetry plot of Compound | Form 11

showing endotherms at about 181 and about 271 °C.
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{8038

Figure 12 shows a variable teroperature XRPD plot of Compound | Form Hi from

about 150 °C to about 25 °C, and that Compound | remains as Form 1L
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Figure 13 shows an X-ray powder diffraction pattern of Compound | Form [V,
Figure 14 shows a table of X-ray powder diffraction peaks of Compound 1 Form IV,
Figure 15 shows an X~ray powder diffraction pattern of Compound | Forms 1, 11, 11
Figure 16 shows an X-rav powder diffraction pattern of Compound { Form V.,
Figure 17 shows an X-ray powder diffraction pattern of Compound I Form V1.
Figure 1€ shows an X-ray powder diffraction pattern of Compound [ Form Vil
Figure 19 shows an X-ray powder dHifraction pattern of Compound I Form VIIL
Figure 20 shows an X-ray powder diffraction pattern of Compound | Form [X
Figure 21 shows a table of X-ray powder ditfraction peaks of Compound § Form 12X
Figure 22 shows a differential scanning calorimaetry plot of Compound § Form 13X,
Figure 23 shows an X-ray powder diffraction pattern of Compound | Form X,
Figure 24 shows a table of ¥-ray powder diffraction pesks of Compound I Form X,
Figure 25 shows g difforential scanning calorimetry plot of Compound I Form X
Figure 26 shows an X-ray powder ditfraction pattern of Compound | Form X1,
Figure 27 shows 4 table of X-ray powder diffraction peaks of Compound I Form X1
Figure 2¥ shows an ¥Xeray powder diffraction pattern of Compound I Form XL

Figure 2% shows a table of Xoray powder diffraction peaks of Compound { Form

Figure 38 shows a differential scanning calorimetry plot of Compound 1 Form XL
Figure 31 shows an X-ray powder diffraction patiern of Compound I Form XUL

Figure 32 shows g table of X-ray powder diffraction peaks of Corpound 1 Form

~
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{038 Figure 33 shows an Xeray powder diffraction pattern of Compound 1 Form XIV.
[6G60]  Figure 34 shows a table of X-ray powder diffiaction peaks of Compound | Form
X1V,

DETAILED DESCRIPTION OF THE INVENTION
i GENERAL

16061]  The compound 4-amino-2-butoxy-8-3-(pyrrolidin-T-vimethyDbenzyh)-7 8-
dihydroptenidin-6(3H }-one {Compound 1} is a selective and potent inhibitor of toll-like

receptor 7 {TLR-Th

N
P
N /'t"\\ - N ~. ’}O
. T
Nl T ' Compound §
L\H/?Qx\\r/ ™~ N -~ \\/
\\;‘ff/ |

{98621 The present invention rosulis from the surprising discoveries of the solid forms of
Compound I, advantages attributed 1o the forms as described herein, and processes for
making the solid forms. Crystslline materials are generally more stable physically and
chemically. The superior stability of crystalline materis! mav make them more suitable to be
used in the final dosage form as shelf Hife of the product is directly correlated with stability.
A erystallization step in API processing also means an opportonity to upgrade the drug

substance purity by rejeciing the impurities to the processing solvent.
i DEFINITIONS

[0063]  As used in the present specification, the bhllowing words and phrases are generally
intended o have the meanings as set forth below, except to the extent that the confext in

which they are used indicates otherwise,

{6864] “Hydrate” refers to a complex formed by the combining of Compound 1 and water,

The termn includes stoichiometric as well as non-stoichiometric hydrates,

IB065]  “Solvate” refers 1o a complex formed by the combining of Compound Tand a

apivent,
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[6866] “Desolvated” refers to a Compound | form that ie a solvate as described herein, and
from which solvent molecules have been partially or completely removed. Desolvation
lechrigues to produce desolvated forms include, without limitation, exposure of a Compound
i Form {solvale) to a vacuum, subjecting the solvate to elevated temperature, exposing the
solvate to a siream of gas, such as air or nitrogen, or any combination thereof. Thus, a
desolvated Compound | form can be anhydrous, e, completely without solvent molecules,
or partially solvated wherein solvent molecules are present in stoichiometric or non-

staichiometric amounis.

100671 “Alcohol” refers to a solvent having a hydroxy group. Representative alcohols can
have any suitable number of carbon atoms, such as Ci-Cy, and any suitable number of
hydroxy groups, such as 1-3. Exemplary alcohols include, but are not Hmited to, methanol,

ethanol, n-propanol, i-propanol, ete.

[8068]  “Therapentically effective amonni” refers to an amount that is sufficient to effect
trogtment, as defined below, when administered to a roammal in need of such treatment. The
therapeutically effective amount will vary depending upon the subject being treated, the
weight and age of the subject, the severity of the disease condition, the manner of
administration and the like, which can readily be determined by one of ordipary skill in the

art.

[069]  “Substantially free of other erystalline forms of Compound 17 refers to a crystalline
form of Cormpound { that contains lees than 10% of other orystathine forms of Compound L
For exaruple, substantially free can refer to a crystalline form of Compound 1 that contains
fessthun 9, 8, 7, 6, 5, 4, 3, 2, or 1% of other crystalline forms of Compound 1. Preferably,
substantially free refers to a orystalline form of Compound I that coniaius less than 3% of
other crystalline forms of Compound L Preferably, substantially free refers to a crystalline

form of Compound 1 thet contains less than 1% of other orysialline forms of Compound L
i,  SOLID FORMS OF COMPOUND§

{007¢]  The present invention provides solid forms of 4-amino-2-atoxy-8-(3-{pyrrolidin-1-
yimethyDbeneyl)-7 8-dihydropteridin-6(SH}-one {Compound [; see U.S. Patent Nos.
8,367,670 and 8,809,527}, including crystalline and amorphous forms, as well as solvaie and
hydrate forms. In some embodiments, the present invention provides a crysialline form of

Compound § having the structore:

flel
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and selvates or hydrates thereof.

1806717  Compound | can adopt a variety of solid forms, including, but not Hmited to, Form
i, Form I, Form I, and Form V. Other forms include Formn ¥V, Form VI, Form VI Form
VL Form EX, Form X, Form X, Fors X1, Form X and Form XTIV, Compound §ean
form a mixiure of two or more orystaliine forms, or foro a single erystalline form

substantially free of other crystaltine forms.

Form

80721 In some embodiments, crystalline Form § of Compoumnd 1 can be characterized by an
Ke-ray powder diffraction pattern having peaks at 3.8, 11.4, 11.6, 17.7, 20,1, 20.9, 223, 23 9,
26.0 and 26.8 degrees 28 {+ 0.2 degrees 28}, wherein the XRPD is made using Coky
radiation, and a differential scanning calovimetry (DSC) plot having endotherms at about 133

PCOITRCC and 273 °C.

00731 Form | of Compound 1 can be characterized by an X-ray powder diffraction
{XRPD) pattern having at least three, four, five, or more, peaks at 5.8, 11.4, 11.6, 177, 20.1,
208,223,239, 26.0 or 26.8 degrees 28 {+ 0.2 degress 28}, wherein the XRPD is made using
CuK, radiation, In some embodiments, the crystaliine Form T of Compound { can be
characterized by an Xeray powder diffraction patiorn having ai least three peaks at 5.8, 11.4,
11.6,17.7, 20,1, 20,9, 22,3, 23.9, 26.0 or 26.8 degrees 28 (4 0.2 degrees 28), wherein the
XRPD is made using Cully; radiation. I some embodiments, the crystatling Form 1 of
Corapound I can be characterized by an X-ray powder diffraction patiern having at least four
peaks at 5.8, 11.4, 11.6, 17.7, 20.1, 20.9, 22.3, 23 .9, 26.0 or 26.8 degrees 26 (= 0.2 degrees
26}, wherein the XRPD s made using CaKy; radiation. In some embodiments, the crystalline
Form I of Compound | can be characterized by an XRPD pattern having at Jeast five peake at
58,114, 11.6,17.7, 20,1, 20.9, 22.3, 23.9, 26.0 or 26.8 degress 28 (= 0.2 degrees 283,

wherein the XRPD is made using Cull,, radistion.

(80741 Form @ of Compound § can also be characterized by an Xeray powder diffraction

{XRPD) pattern having at least six, seven, eight, nine or more, peaks at 5.8, 11.4, 11.6, 17.7,

10
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2001, 20.9,22.3,23.9, 26.0 or 26.8 degrees 20 (+ 0.2 degrees 28), wherein the XRPD is made
using Cuky radiation. In some emnbodiments, the orystalline Form T of Compound { can be
charactenized by an X-ray powder diffraction pattern having at least six peaks at 5.8, 11.4,
11.6, 17.7,20.1,20.9, 22,3, 23.9, 26.0 or 26.8 degrees 28 (= 0.2 degrees 28), wherein the
XRPD is made using Cuk,; radiation. In some embodiments, the crystalline Form [ of
Compound | can be characterized by an X-ray powder diffraction pattern having at least
seven poaks at 3.8, 11.4, 11.6, 17.7, 2001, 20.9, 22.3, 23.9, 26.0 or 26.8 degrees 28 (£ 0.2
degrees 283}, wherein the XRPD is made ueing CuKy,y radiation. In some embodiments, the
crystalline Form I of Compound § can be characterized by an XRPD» pattern having at least
cight peaks at 5.8, 11.4, 11.6, 17.7, 20,1, 205, 22.3, 23.9, 26.0 or 26.8 degrees 28 (+ 0.2
degrees 28}, wherein the XRPD is made using Culy; radiation. In some embodiments, the
erystalline Form I of Compound | can be characterized by an X-ray powder diffraction
pattern having al least nine peaks at 5.8, 11.4, 11,6, 17.7, 20,1, 20.9, 22.3, 23.9, 26.0 or 26.8

degrees 28 {+ (.2 degrees 28}, wherewn the ¥XRPD s made using Cul,, radiation

6675]  In some embodiments, the crystalline Form I of Compound T can be characterized
by an X-ray powder diffraction {XRPD} pattern having three or more peaks at 5.8, 11.4, 11.4,
17.7,22.3, 23.9 or 26.0 degrees 28 {+ (1.2 degrees 28), wherein the XRPD is made using
CuoKy, radiation. In some embodiments, the crystalling Form § of Compound 1 can be
charscterized by an XRPD pattern having peaks at 5.8, 11 .4, and 11.6 degrees 28 (£ 0.2
degrees 28}, wherein the XRPD is made using CuKy; radiation. In some embodiments, the
crystalline Form I of Compound | can be characterized by an X-ray powder diffraction
{(XRPD) patters further comprising one or more peaks at 17.7, 223, 23.9 or 26.0 degrees 28
(= .2 degrees 28}, wherein the XRPD is made using Culy; radistion. In some embodiments,
the erystathine Form 1 of Corapound 1 can be characterized by an X-ray powder diffraction
{XRFD) pattern further comprising two or more peaks at 17.7, 22.3, 23.9 or 268.0 degrees 28
{ 0.2 degrees 20}, wherein the XRPD is made using CuKy; radiation, In some embodiments,
the crystalline Form 1 of Compound I can be characterized by an Xoray powder diffraction
{XRPD) pattern further comprising three or more peaks at 17.7, 22.3, 23.9 or 26.0 degrees 20
{+ 0.2 degrees 28}, wherein the XRPD is made using CuK,,; radiation.

{30761 o sowe embodiments, the crystalline Form § of Compound 1 can be characterized
by an XRPD pattern having peaks at 5.8, 11.6, 22.3, and 23.9 degrees 26 (= 0.2 degrees 26),
whergin the XRPD is made using CoKy; radiation. In some embodiments, the orystalline

Form | of Compound I can be characterized by an XRPD patiern having peaks at 5.8, 11.6,

i
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177,223,239, 26.0 and 26.8 degrees 28 (& 0.2 degrees 28}, wherein the XRPD is made
using Cullg radiation. In some embodiments, the crystalline Form | of Compound | can be
characterized by an XRPD pattern having peaks at 17.7, 20.1, 208, 22.3, 23.8, 26.0 and 26.8

degrees 28 {+ (.2 degrees 28), wherein the XRPD is made using CuK: radiation.

(60771 Insome embodiments, the erystalline Form T of Compound | can be characterized
by an XRPD patiern having peaks at 5.8, 11.4, 11.6, 17.7, 201, 2.9, 22.3, 23.9, 26.0 and
26.8 degrees 20 (= 0.2 degrees 18}, wherein the XRPD is made using Cuk,: radiation. In
some embodunents, the crystalline Form | of Compound 1 can be characterized by the XRPD
patiern substantially in accordance with that of Figure 1. In some embodiments, the
crystatiine Form I of Compound I can be substantially free of other crystalline forms of
Compound L In some embodiments, the crystalline Form | of Compound 1 can be
substantially free of Form I, Form Hi and Form [V, In some embodiments, the crystalline
Form § of Compound { can also be subsiantially free of Form V, Form VI, Form VI, Form

Wi, Form X, Form X, Form X, Form X1, Form X and Form XIV,

(66781 Form | of Compound 1 can be characterized by a differential scanning calorimetry
{DSC) plot having at least one or more endotherms at ghout 133 °C, gbout 170 °C, or about
273 °C, Insome embodiments, the orvstalline Form { of Compound 1 can be characterized by
one or more differential scanning calorimetry (D8C) endotherms at about 133, 170, or about
273 °C. In some embodiments, the crystalline Form § of Compound I can be characterized by
one or more differeptial scanning calorimelry (DSC) endotherms at about 133 °C or abowt
170 °C. Insome embodiments, the orystalline Form § of Compound 1 can be characterized by
DSC endotherms at about 133 °C and about 178 °C. In some embodiments, the crystalline
Form 1 of Compound T can be characterized by one or more ditferential scanning calorimetry

{DSC) endotherms at sbout 133, 170, and about 273 °C.

(9978}  Insome embodiments, the crystalline Form | of Compoeund I can be characterized
by an XRPD pattern having peaks gt 5.8, 114, 11.6, 17,7, 20.1, 209, 22.3, 23.9, 26.0 and
26.8 degrees 28 (£ 0.2 degrees 26), wherein the XRPE is made using Coky: radiation, and

one or more DSC endotherms at about 133 °C and about 170 °C.

190861 Form H of Corpound I can be characterized by an XRPD pattern having at least
three, four, five, or more, peaks 4.6, 9.2, 158, 178, 183, 192,199,224 255 0or 201

degreea 28 (£ (1.2 degrees 20}, wherein the XRPD is made using CuK; radiation. In some

12
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embodiments, the crystalline Form 1§ of Compound 1 can be characterized by an XR¥PD
pattern having at teast three peaks at 4.6, 9.2, 158, 17.8, 183,192, 198, 22.4 255 oy 281
degrees 28 {= 0.2 degrees 28}, wherein the XRPD is made using CuKyy radiation. In some
embodiments, the crvatalline Form H of Compound 1 can be characterized by an XRPD
pattern having at least four peaks at 4.6, 8.2, 158, 17.8, 183, 19.2, 199, 22,4, 255 or 281
degrees 20 (& (1.2 degress 28), wherein the XRPD is made using Cul,; radiation. In some
embodiments, the crystalline Form H of Compound 1 can be characterized by an XRPD
pattern having at least five peaks at 4.6, 9.2, 158, 17.8, 183, 182, 189, 22.4, 255 or 28.1

degrees 20 (x 0.2 degrees 28}, wherein the XRPD 18 made using Cuky; radiation.

[0088]  Form I of Compound | can also be characterized by an XRPD pattern having at
feast six, seven, eight, nine, or more, peaks 4.6, 9.2, 158, 178, 183,192 198, 224, 235 or
29.1 degrees 28 (£ 0.2 degrees 283, wherein the XRPD i3 made using CoKy, radiation. In
some embodiments, the crystaliine Form I of Compound I can be characterized by an XRPD
pattern having af least six peaks at 4.6, 9.2, 158, 17.€, 183, 19.2, 199, 22,4, 355 or 20.1
degrees 28 {+ (.2 degrees 28}, wherein the XRPD i« made using CuK,, radiation. In some
embodiments, the orystailine Form U of Compound 1 can be characterized by an XRPD
pattern having at least seven peaks 2t 4.6, 9.2, 158, 178,183,192, 199, 22.4, 255 or 29,1
degrees 20 {+ 0.2 degrees 28}, whereln the XRPD is made using CuK radiation. In some
embodiments, the crystatline Form 1 of Compound T can be charsctorized by an XRPD
pattern having at least eight peaks at 4.6, 9.2, 158, 17.8, 183, 18.2, 196,224, 25 S oy 28,1
degrees 28 {+ 0.2 degrees 28}, wherein the XRPD is made using CuK,y radiation. in some
emvbodimenis, the crystalline Form H of Compound | can be characterized by an XRPD
pattern having af least nine peaks ot 4.6, 9.2, 158, 17.8, 18,3, 19.2, 199, 22.4, 25.5 oy 29.1

degrees 28 {+ 0.2 degrees 28}, wherein the XRFD is made using Cull,; radiation.

18821 In some embodiments, the erystaline Form H of Compound 1 can be characterized
by an X-ray powder ditfraction (XRPD) pattern having three or more peaks at 4.6, 8.2, 158,
7.8, 18,3, 19.2, 189, 22.4, 25.5 or 29.1 degrees 28 (& 0.2 degroes 28}, wherein the XRPD 18
made using Cully, radiation. In some embodiments, the crystatiine Form 1 of Compound 1
can be characterized by an XRPD pattern having peaks at 4.6, 18.3, 19.9, 22.4 and 25.5
degrees 28 (£ 0.2 degrees 28}, wherein the XRPD is made using CuK,; radistion. In some
enrbodiments, the crystalline Form H of Compound 1 can be cheracterized by an X-ray
powder diffraction { XRPD) pattern further comprising one or more peaks at 9.2, 158, 17.8,

19.2, or 29.1 degrees 20 (= 0.2 degrees 28}, wherein the XRPD is made using CaKy

13
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radiation. In some emboediments, the crystalline Form I of Compound 1 can be characterized
by an X-ray powder diffraction (XRPD) pattern further comprising two or wore peaks at 9.2,
158, 17.8, 19.2, or 29.1 degrees 28 (& (1.2 degrees 28), wherein the XRPD is made using
Culy; radiation. In some ernbodiments, the crystaliine Form [ of Compound [ can be
characterized by an X-ray powder diffraction (XRPD) pattern further comprising three or
more peaks at 9.2, 15.8, 17.8, 18.2, or 28.1 degrees 20 (= 0.2 degrees 28), wherein the XRPD
15 made using Cuky; radiation, In some embodiments, the orystalline Form 11 of Compound |
can be characterized by an X-ray powder diffraction {(XRPD) patiem Rurther comprising four
or more peaks at .2, 5.8, 178, 19.2, or 29.1 degrees 28 (£ 0.2 degrees 28), wherein the

ARPD 18 made using Culy, radiation.

{BGR3]  In some embodiments, the orystalline Form H of Compound 1 can be characterized
by an XRPD pattern having peaks at 4.6, 8.2, 15,8, 17.8, 1R.3, 192, 19.9,22.4, 25.5 and 29,1
degrees 28 {(+ (1.2 degrees 28), wherein the XRPD 1 made using CuKy,; radiation. In some
erbodiments, the orystalline Form [f of Compound 1 can be characterized by the XRPD
pattern substantially in accordance with that of Figure 5. In some embodiments, the
erystalline Form I of Compound 1 can be substantially free of other erystalline forms of
Compound L In some embodiments, the erystalline Form 1T of Compound f can be
substantially free of Form |, Form I and Form IV, In some embodiments, the crystalline
Form i1 of Compound I can also be substantially free of Form V, Form V1, Form V1§, Form

Y11, Form IX, Form X, Form Xi, Form X1, Form X3 and Form XIV.

{3084 Form i of Compound I can be charscterized by a ditferantial scamning calorimetry
{3&C) plot having at least one or more endotherms at about 98, about 253 °C, or about

273 °C. In some embodiments, the crystalline Form H of Compound | can be characterized
by one or more differential scanning calorimetry (D35C) endotherms at about 98, 253, or
about 273 °C. 1p some embodiments, the crystalline Form 1 of Compound T can be
characterized by one or more differential scanning calorimetry (DSC) endotherms at about 938
or about 253 °C. ln some embodiments, the crystalline Form I of Compound 1 can be
characterized by DSC endotherms at about 98 °C and sbout 253 °C. In some embodiments,
the ervstalline Form H of Compoond I can be charscterized by one or more differential

seargung calorimetry (DS8CY endotherms at about 98, 253, and about 273 °C.

IB083]  In some erobodiments, the erystalline Form I of Compound 1 can be characterized

by an XRPD pattern having peaks at 4.6, 9.2, 158, 17.8, 183, 192, 188, 22,4, 25.5 and 29.1
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degrees 26 (+ 0.2 degrees 28), wherein the XRPD is made using CuKy; radiation, and DSC

endotherias af about 98 and about 253 °(.
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[008c]  Form 1l of Compound T can be characterized by an Xeray powder diffraction
{XRPD) patiern having at least three, four, five, or more, peaks at 5.0, 10.1, 15.2, 16.9, 20.3,
21.8,22.4,23.9, 252 or 29.4 degrees 28 {(+ (.2 degrees 28), wherein the XRPD is made using
Culy; radiation. In some emsbodiments, the crystalline Form H of Compound I can be
characterized by an X-ray powder diffraction (XRPD) paitern having at least three peaks at
50,101,152, 16.9,20.3, 21.5, 22.0, 23,9, 25.2 or 20.4 degrees 28 (4 0.2 degrees 28),
wherein the XRPD is made using Culd,; radiation. In some embodiments, the crystalline
Form HI of Compound  can be characterized by an Xeray powder diffraciion {(XRPD) pattern
having at least four peaks at 5.0, 1001, 132, 168, 203, 21.5, 22.0, 23.9, 25.2 or 29.4 degrees
28 (+ 0.2 degrees 28}, wherein the XRPD is made using CuKy; radiation. In some
embodiments, the crystalline Form IH of Compound T can be characterized by an X-ray
powder diffraction (XRPDY) pattern having at least five peaks at 5.0, 10.1, 15.2, 16.9, 20.3,
21.5,22.0,23.9,25.2 or 29.4 degrees 20 {: 0.2 degrees 28), wherein the XRPD is made using

uky radiation,

{60871 Form HI of Compound I can also be characterized by an X-ray powder diffraction
{XRPD) pattern having at least six, seven, eight, nine, or more, peaks at 5.0, 10,1, 152, 164,
20.3,21.5,22.0,23.9, 25.2 0r 29.4 degrees 28 (£ 0.2 degrees 26), wherein the XRPD ie made
using Cully radiation. In some embodiments, the erystalline Form IH of Compound 1 can be
101, 15.2, 169, 203, 21.5, 22.0, 23.8, 25.2 or 29.4 degrees 28 {+ 0.2 degrees 28), wherein
the XRPD is made using CuKy; radiation. In some embodiments, the crysialline Form 1Y of
Compound 1 can be characterized by an X-ray powder diffraction {XRPD) patiern having at
icast seven peaks at 5.0, 10,1, 15.2, 16,9, 20.3, 21.5, 22.0, 23.9, 25.2 or 29.4 deprees 26 {+ 0.2
degrees 26}, wherein the XRPD 1s made using CuK,; radiation. In some embodiments, the
crystaliine Form I of Compound 1 can be characterized by an X-ray powder diffraction
{XKRPLY) pattern having at least eight peaks at 5.0, 16,1, 15.2, 168.9, 20.3, 21.5, 22.0, 23.9,
25.2 or 29.4 degrees 28 (& (1.2 degrees 28), wherein the XRPD is made using Cuky,; radiation.
in some evobodiments, the erystalline Form WY of Compound | can be characterized by an X-

ray powder diffraction {XRPD) patiern having at least nine pesks at 5.0, 10.1, 152, 16.9,

J—
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2003, 205, 22.0, 239, 25.2 or 29.4 degrees 28 {+ (.2 degrees 28), wherein the XRPD is made

using CuK,; radiation.

{G0EE]  In some embodiments, the crystalline Form Hi of Compound 1 can be characterized
by an XRPD pattern having three or more peaks at 5.0, 101, 169,203, 21,5, 22.0, 23 9 or
25.2 degress 28 {+ (8.2 degrees 26}, wherein the XRPD is made using CuKy; radiation. In
soree ernbodiments, the erystalline Form [ of Compound T can be characterized by an Xoray
powder diffraction {XRPD) patiern having peaks at 5.0, 21.5, and 22.0 deprees 28 (= 0.2
degrees 28}, wherein the XRPD s made using Culy; radiation. In some embodiments, the
crystaliine Form [H of Compound I can be characterized by an XRPI pattern further
corprising one or more peaks gt 181, 169, 2G.3, 23.8 or 25.2 degrees 28 (£ 0.2 degrees 28},
wherein the XEPD is made using CuKy radiation. In some embodiments, the crystalline
Form 11 of Compound I can be characterized by an XRPT pattern further comprising two or
more peaks at 10.1, 16.9, 203, 23.9 or 25.2 degrees 20 (% 0.2 degrees 28}, wherein the
XKEPDY is made nsing Cukly; radiation. In some embodiments, the crystalline Form Hi of
Compound | can be characterized by an XRPD pattemn further comprising three or more
peaks at 101, 169, 20,3, 23.9 0r 25.2 degrees 28 (& 0.2 degroes 28), wherein the XRPFD is
made using Cukl,: radiation. In some embodiments, the orystalline Form U of Compound |
can be characterized by an XRPD pattern further comprising four or more peaks at 101, 169,
20.3,23.9 01 252 degrees 28 {+ 0.2 degress 28), wherein the XEPD i3 made using Cukly

radiation.

{089]  In some embodiments, the orystaliine Form 1 of Compoond 1 can be characterized
by an XRPD pattern having peaks at S.0, 10,1, 15.2, 16.%, 203, 21.5, 22.4, 23.9, 25.2 and
29.4 degrees 28 (: 3.2 degrees 28), wherein the XRPD is made vsing Cukl, radiation. In
some ernbodiments, the erystalline Form I of Corpound 1 can be characterized by the
KEPD pattern substantially in accordance with that of Figure 8. In some embodiments, the
crystalline Forrn I of Compound | can be substantially free of other crystalline forms of
Compound L. In some embodirnents, the crystalline Form I of Compound T can be
substantially free of Form L Form [ and Form IV, ju some embodiments, the crvstalline
Form 1] of Compound 1 can also be substantislly free of Form V, Form Vi, Form VI, Form

Y, Form [X, Form X, Form XL, Form X1, Form X1} and Form X1V,

190%8]  Foom I of Compound I can be characterized by a differential scanning calorimetry

{320 plot having at least one or more endotherms at about 181 °C or about 272 . Insome

16



WO 2016/044182 PCT/US2015/050037

embodiments, the crysialline Form [ of Compound T can be characterized by a differential
swanning calorimetry {DSC) endothermn at about 18] °C or about 272 *C. In some embodiments, the
crystatiine Form 1 of Coropound 1 can be characterized by a differential scanning calorimetry (D5C)
endotherm at about 181 °C. {n some embodiments, the crystalling Form 1Y of Compound 1 can be
characterized by & differential scanming calorimetry (D8C) endotherm at about 181 °C and about 272
°C,

{60911 v some ersbodiments, the crystalline Form [ of Compound § can be characterized
by an XRPD patters baving peakes at 3.6, 10,1, 152, 169, 203, 21.5, 22.0, 23.9, 25.2 and
29.4 degrees 28 (= 0.2 degrees 28}, wherein the XRPD is made using Cukly, radiation, and a

D5 endotherm at about 181 7.

Form IY

106921 Form IV of Compound | can be characterized by an X-ray powder diffraction
{XRPD} pattern having at least three, four, five, or more, peaks at 4.1, 8.8, 16.8, 181, 14,7,
19.7,21.1,21.4, 23.8, or 26.6 degrees 28 (+ 0.2 degrees 26), wherein the XRPD is made
using Cuky; radiation. In some embodiments, the crystalling Form IV of Compound 1 can be
can be characterized by an X-ray powder diffraction (IRPD) pattorn having at least three
peaks at 4.1, 8.8, 168, 18.1, 187, 19.7,21.1, 21.4, 23.8, or 26.6 degrees 26 (: 0.2 degrees
28}, wherein the XRPD 12 made using Cuky, radiation, In some embodimends, the orystailine
Form IV of Compouond 1 can be can be characterized by an X-ray powder diffraction (XRPIN
patiern having at least four peaks at 4.1, B8, 16.8, 181, 18,7, 19.7, 21.1, 21 .4, 23.8, or 26.8
degrees 28 { 0.2 degrees 28), wherein the XRPD is made using Cuk,,; radiation. In some
embodiments, the crystallive Form IV of Compound T can be can be characterized by an X-
ray powider diffraction (XRFPD) pattorn having at least five pesks at 4.1, 8.8, 16.8, 18.1, 187,
P97, 211, 21.4, 238, or 36.6 degrees 28 (£ 0.7 degrees 28), wherein the XRPD s made

using Cuk,,; radiation.

{0983]  Form IV of Compound 1 can also be characterized by an X-ray powder ditfraction
{XRPD) pattern having at least six, seven, eight, ning, or more, peaks at 4.1, 8.8, 16.8, 18,1,
P8.7,19.7,21.1,21.4, 238, or 26.6 degrecs 28 (£ 0.2 degrees 28), wherein the XRPD is
made using {Cuk,; radistion. o some embodiments, the orystalline Form IV of Compound |
can be can be characterized by an Xeray powder diffraction (XRPD) pattern having at least
six peaks at 4.1, 8.8, 16.8, 18,1, 187, 197, 21.1, 21.4, 23.8, 0r 26.6 degrees 20 (+ 0.2
degrees 283, wherein the XRPD is made using CuKy, radiation. In some embodiments, the

crystaliing Form IV of Compound { can be can be characterized by an Xeray powder
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diffraction { XRPD) patiern haviog at least seven peaks at 4.1, .8, 16.8, 18.1, 18,7, 19.7,
211,214, 23.8, or 26.6 degrees 28 {+ 0.2 degrees 283, wherein the XRPD is made using
Cully radiation. o some erpbodimnents, the crystalline Foro IV of Compound 1 can be can
be characterized by an X-ray powder ditfraction (XRPD) pattern having at least sight peaks
at4d.1, 8.8, 168, 18,1, 187, 197, 211, 21 .4, 23.8, or 26.6 degrees 28 (= (.2 degrees 28),
wherein the XRPD is made using Cuk,; radiation. In some ebodiments, the orystalline
Form IV of Compound 1 can be can be characierized by an Xeray powder diffraction { XRPID)
patiern having at least nine pesks at 4.1, 8.8, 168, 18,1, 187,197,211, 21 .4, 23.8, or 26.5

degrees 20 (£ 0.2 degrees 28}, wherein the XRPD i3 made using CuKyy radiation.

189%4]  In some embodiments, the crystaliine Form IV of Compound I can be characterized
by an XRPD pattern having three or more peaks at 4.1, 18,1, 187, 23.8, and 26.6 degrees 28
{+ 0.2 degrees 28}, wherein the XRPD is made using CoXy radiation. In some embodiments,
the crystalbme Form IV of Compound I can be characterized by an XRPD pattern further
comprising one or more pealis at 8.8, 16.8, 197, 21,1, or 21.4 degrees 28 (& 0.2 degrees 28},
wherein the XRPD 18 made using CuK,, radiation. In some embodiments, the crysialline
Form [V of Compound I can be characterized by an XRPD pattern further comprising two or
wmore peaks at 8.8, 16.8, 197, 211, or 21 .4 degrees 28 {+ (.2 degrees 28), wherein the XRPD
ts made using {Uull,; radiation. In some embodiments, the crystalline Form IV of Comnpound
I can be characlerized by an XRPD pattern further comprising three or more peaks at 8.8,
0.8, 197, 21.1, or 21 .4 degrees 28 ¢+ 0.2 degress 28}, wherein the XRPD is made using
CuK radiation. In some embodiments, the crvstalline Form IV of Compound | can be
characterized by an XRPD patiern further comprising four or more peaks at §.8, 16.8, 18.7,
211, or 214 degrees 26 (£ 0.2 degrecs 28), wherein the XRPD is made using Culy;

radiation.

(80951 In some embodiments, the crystaliine Form IV of Compound | can be characterized
by an XRPD patiern haviog peaks at 4.1, 3.8, 16.8, 181, 187,197, 21.1, 21 4, 23.8, and 26.6
dogrees 28 (£ 0.2 degrees 28}, wherein the XRPD is made using CuK,; radiation. In some
embodiments, the crystaliine Form 1V of Compound 1 can be characterized by the XRPD
patiern: substantially in accordance with that of Figure 13, In some embodiments, the
crystalline Form IV of Compound 1 can be substantially free of other crystalline forms of
Compound 1 In some embodiments, the crystatline Form IV of Compound | can be

substantially free of Form 1, Form H and Form [ 1o some embodiments, the crystalline
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Form IV of Compound I can alse be substantially free of Form V, Form VI, Form VI Form

WL, Forms IX, Form X, Formn X1, Form XT1, Form XTI and Form XTIV,

Forms Y to VI

{B8%6]  Forw V of Compound [ can be characterized by an Xorav powder diffraction
{XRFPD) pattern substantially v accordance with that of Figure 16, Form V can be any
suitable solvate or hvdrate form. Tn some embodiments, Form V of Compound fcanbe a

solvate with hexafluoroisopropanol

36977 Form VI of Compound | can be characterized by an X-ray powder diffraction
{XRPD} patiern substantially in accordance with that of Figure 17, Form Vi can be any

suitable solvate or hvdrate form.

(30981 Form VII of Compound I can be characterized by an Xeray powder diffraction
{XRPD) pattorn substantially n accordance with that of Figure 18, Form VU can be any
suitable solvate or hydrate torm. 1n some embodiments, Form VI of Compound | can be a

sofvate with trifluoroethancl.

(8699}  Form Vil of Compound 1 can be characterized by an X-ray powder diffraction
{(XRPD) pattern substantiaily in accordance with that of Figure 19, Form VI can be any

suitable solvate or hydrate form, such a5 a hemihvdrate,

[0160]  In some embodiments, the crystalline Form V of Compound | can be substantially
free of Form |, Form 1L, Form I, Form IV, Form VI Form VI Form VL Form X, Form
X, Form X1, Form X1, Form XY and Form XIV. In some embodiments, the crystalline
Form VI of Compound I can be substantially free of Form L, Form I, Form HI Form IV,
Form ¥V, Form VI, Form YU, Form X, Form X, Form X1, Form X1, Form X and Form
XIV. In some smbodiments, the erystalline Form VI of Compound 1 can be substantially
free of Form I, Form 1L Form I, Form IV, Form V., Form VI, Form VI, Form 1X, Form X,
Form X1, Form X1, Form X and Form XIV. in some embodiments, the crystalline Form
YVIH of Compound T can be substantially free of Form L Form U, Form 5L, Form 1V, Form V),

Form VI Form ViL Form EX, Form X, Form X, Form X1, Form XTI and Form XIV.

01011 Form IX of Compound | can be characterized by an X-ray powder diffraction
{XRPD) pattern having at least three, four, five, or more, peaks at 5.3, 8.8, 13,1, 156, 17.4,

19.6, 20.0, 207, 21.9 or 24.9 degrees 28 (£ 0.2 degrees 28), wherein the XRPD is made using
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Cukgs radiation. In some embodiments, the erystalline Form IX of Compound 1 can be
characterized by an Xeray powder diffraction (XRPD) pattern having st least three peaks at
53,98, 131,156, 17.0, 19.6, 20,6, 20.7, 21.9 or 24,9 degrees 28 (= 0.2 degrees 28}, wherein
the XRPD is made using Cully radiation. In some embodiments, the orystalline Form X of
Compound 1 can be characterized by an X-ray powder diffraction {XRPD} pattern having at
teast four peaks at 5.3, Q.8, 13,1, 156, 17.0, 19.6, 20.0, 20,7, 21.9 or 24.% deogrees 26 (= (.2
degrees 28}, wherein the XRPD is made using Coll,: radiation. In some embodiments, the
crystatline Form IX of Compound I can be characterized by an X-ray powder diffraction
(KRPLY) pattern having at teast five peake at 5.3, 9.8, 13,1, 15,6, 17.0, 1.6, 20.0, 207, 21.9

or 24.9 degrees 28 {+ 0.2 degrees 28), wherein the XRPD is made using Cully, radiation.

{0162} Fomm IX of Compound I can also be characterized by an X-ray powder ditfraction
{XRPD) pattern having al least six, seven, eight, nine, or voore, peaks at 5.3, 9.8, 13.1, 15.6,
17.0,19.6, 20.0, 20.7, 21.9 or 24.9 degrees 28 ( 0.2 degrees 26, wherein the XRPD s made
using Cukg; radiation. In some embodiments, the oryvstalline Form IX of Compound | can be
characterized by an X-ray powder diffraction {XRPD} pattern having at least six peaks gt 5.3,
98 131,156, 17.0, 19,6, 20.0, 20.7, 21.8 or 24.9 degrees 28 (= 0.2 dogroes 28}, wherein the
XEPD is made using Culy; radiation. In some embodiments, the cryvstalline Forn IX of
Compound 1 can be characterized by an X-ray powder dilfraction ({RPD) pattern having at
least seven peaks at 5.3, 9.8, 131, 156, 17.0, 19,6, 20.0, 20,7, 219 or 249 degrees 26 (= 0.2
degrees 28}, wherein the 2RPD 15 made using CuK,; radiation. In some embodiments, the
crystatiine Form 1X of Compound [ can be characterized by an X-ray powder diffrgction
{XRPD) pattern having at logst cight peaks at 5.3, 8.8, 13,1, 15.6, 17.0, 19.6, 20.0, 267, 21 .9
or 24.9 degrees 28 (£ 0.2 dogrees 28}, wherein the XRPD 1s made using CuKyy radiation. In
some enybodiments, the crysiatine Form X of Compound 1 can be characterized by an X-ray
powder diffraction {XRPD) pattern having at least nine peaks at 3.3, 9.8, 13,1, 156, 17.0,
19.6, 20,0, 20.7, 21.9 or 24.9 degrees 28 (+ 0.2 degrees 28), wherein the XRPD is made using

Cuky radiation.

{31631 In some embodiments, the crystalling Form IX of Compound | can be characterized
by an XRPD pattern having three or more peaks at 3.3, 9.8, 13.1, 15.6, 17.0, 19.6, 20.0, 20.7,
21.9 or 24.9 degrees 28 (= 0.2 degrees 28}, wherein the XRPD is made using CuK,; radiation.
In some embodiments, the crystalline Form EX of Compound § can be characierized by an X-
ray powder diffraction (XRPD) pattorn having peaks at 5.3, 9.8, and 15.6 dogrees 28 (£ 0.2

degrees 283, wherein the XRPD is made using CuK,, radiation. In some embodiments, the
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crystalline Form IX of Compound | can be characterized by an XRPD pattern further
cornprising one or toore peaks at 13,1, 17.0, 19.6, 20.0, 20.7, 21.9 or 24.9 dogrees 28 (= (.2
degrees 28}, wherein the XRPD is made using Cuk; radiation. In some embodiments, the
crystailine Form IX of Compound | can be characierized by an XRPD paitern further
comprising two or more peaks at 13,1, 17.0, 19.6, 20.0, 2007, 21.9 or 24.9 degrees 28 (£ 0.2
degrees 28}, wherein the XRPD is made using CuKy, radistion. In some embodiments, the
crystatline Form IX of Compound 1 can be characterized by an XRPD pattern fiwther
comprising three or more peaks at 13,1, 17.0, 19.6, 206, 207, 21.9 or 24.9 degrees 26 (+ 0.2
degrees 28}, wherein the XRFPD 15 made using Cuky; radiation. In some embodiments, the
crystalline Forrn IX of Compound [ can be characterized by an XRPD patiern further
comprising four or move peaks at 13,1, 17.0, 19,6, 200, 207, 21.9 or 24.9 degrees 208 (= 0.2
degrees 28}, wherein the XRPD is made using Cull,; radiation. In some embodiments, the
crystalline Form X of Corpound I can be characierized by an XRPD patiern further
comprising five or more peaks at 13,1, 17.0, 19.6, 20.0, 20.7, 21.9 or 24.9 degrees 28 (= 0.2
degrees 20}, whersin the XRPID is made using CuKy radiation. In some embodiments, the
erystalline Form IX of Compound | can be characterized by an XRPD patiern further
comprising six or more peaks at 13,1, 17.0, 196, 20,0, 20.7, 21.9 or 24.9 degrees 28 (£ 0.2

degrees 28), wherein the XRPD is made using CuK,y radiation.

[@E84]  In some embodiments, the orystalline Form X of Compound | can be characterized
hy an XRPD pattern having peaks at 5.3, 9.8, 131, 15.6, 17.0, 19.6, 20.0, 20.7, 21.9 and 24.9
degrees 28 (£ 0.2 degrees 28), wherein the XRPD 15 made using CuK,; radiation. In some
embodiments, the orystalline Form 1X of Compound I can be characterized by the XRPD
pattern substantially in accordance with that of Figure 20. In soms embodiments, the
erysiatline Form IX of Compound { can be substantially free of other crysialline forms of
Compound L In some embodiments, the orystalline Forny IX of Compound 1 can be
substantiaily free of Form §, Form 1, Form HY, Form IV, Form V, Form Vi, Form Vil Form

VI, Form X, Form X, Form X3, Form X1 and Form X1V,

{8185]  Form IX of Compound I can be characterized by a differential scanning calorimetry
(DS8C) plot having at least one or more endotherm at about 57, 101, 141, 173, or about 266
°(. In some embodiments, the crystailing Form IX of Compound T can be characterized by a
differential scanping calorimetry (DSC) endotherm at about 57, 161, 141, 173, or about 266
*C. In some embodiments, the crystailine Form IX of Compound 1 can be characterized by a

differential scanning calorimetry (DSC) endotherm at about 141 or about 173 °C. In some
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erbodiments, the crystalline Form X of Compound [ can be characterized by a differential
scanping calotimetry (DSC) endotherm at about 141 and abouot 173 °C. In some
embodiments, the erystalline Form X of Compound 1 can be characterized by a differential
seanvang calonimetry (DSC) endotherm at sbout 173 and sbout 266 *C. Insome
ernbodiments, the crystaliine Form 1X of Compound T can be characterized by a differential
scanning calorimetry (DRC) endotherm at about 173 °C. In some embodiments, the
crystaliing Form [X of Compound I can be charscterized by a differential scanning

calorimetry (D30 endotherm at about 37, 101, 141, 173, and abowt 266 °C,

[106]  In some embodiments, the crystalline Form IX of Compound | can be characterized
by an XRPD pattern having peaks at 3.3, 9.8, 131, 15,6, 17.0, 19.6, 20.0, 20,7, 21 9 and 249
degress 28 (+ (.2 degrecs 28), wherein the XRPD is made using Culy; radiation, and a DSC

endotherm at gbout 173 °(L

{6197]  The orystalline Form IX of Compound | can also have a solvate or hydrate form. In

some embodiments, the crystalline Form TX of Compound 1 can be a hydrate.

Form X

I3188]  Form X of Compound T can be characterized by an Xeray powder diffraction
{XRPD) pattern having at least three, four, five, or more, peaks gt 5.5, 9.4, 10,8, 11.9, 12.9,
144, 16.0, 19.0, 21.9, or 23.9 degrees 20 (= 0.2 degrees 28}, wherein the XRPD is made
using Cuky; radiation. In some embodiments, the crystailine Form X of Compound [ can be
characterized by an X-ray powder diffraction (XRPD) patters having at least three peaks at
55,904,108, 119,129, 144, 160, 19.0, 21.9, or 23.9 degrees 28 (= 0.2 degrees 28),
wherein the XREPLD is made osing Cully radiation. Inn some embodiments, the crystalline
Form X of Compound | can be charactenized by an X-ray powder diffraction (XRPD) pattern
having at least four peaks a1t 3.5, 9.4, 10.8, 11.9, 12.9, 14.4, 160, 19.0, 21.9, or 23.9 degrees
26 {= 0.2 degrees 28}, wherein the XRPD is made using CuKyy radiation. In some
embodiments, the erystalline Form X of Compound T can be characterized by an X-ray
powder diffraction (XRPD) pattern having at least five peaks at 5.5, 9.4, 10.8, 11.9, 12.9,
14.4,16.0, 190, 21.9, or 23.9 degrees 28 (£ 0.2 degrees 28), wherein the XRPD is made

using Cull,, radiation.

1818%1  Form X of Compound I can also be characterized by an X-ray powder diffraction
{XRPD) pattern having at loast six, seven, eighi, nine, or more, peaks at 5.5, 0.4, 108, 11.9,

129, 14,4, 16,0, 19.0, 219, or 23.9 degrees 26 (= 0.2 degrees 28}, wherein the XRPD is made
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using Culy; radistion. In some erobodiments, the crystaliine Form X of Compoond 1 can be
characterized by an X-ray powder diffraction {(XRPD} pattern having at least six peaks at 5.5,
94,108,119, 12,9, 144, 16.0, 19.0, 21.9, or 23.9 degrees 28 (& (.2 degrees 28), wherein the
HRFPD is made using CuKy radiation. In some embodiments, the crystalline Form X of
Compound I can be characterized by an X-ray powder diffraction {(XRPD) pattern having at
least seven peaks at 5.5, 9.4, 10,8, 11.9, 12.9, 14,4, 16.0, 19.0, 21.9, or 23.9 degrees 28 {+ 0.2
degrees 28}, wherein the XRPD is made using Cukyy radiation. In some embodiments, the
crystaliine Form X of Compound I can be chavacterized by an X-ray powder diffraction
{(XRPD) pattern having at legst cight peaks at 5.5, 9.4, 10.€, 11.9, 12.9, 144, 16.0, 19.0, 21.9,
or 23.9 degrees 26 (= 0.2 degrees 26}, wherein the XRPD is made using CuK; radiation. In
some embodiments, the crystalline Form X of Compound | can be characierized by an X-ray
powder diffraction (XRFD)} pattern having at least nine peaks at 5.5, 9.4, 10.€,11.9, 12.9,
4.4, 16.0, 19.0, 21.9, or 23.9 degrees 28 (& 0.2 degrees 28), wherein the XRPD is made

using CuKy; radiation.

{81161 1o some embodiments, the crystalline Form X of Compound [ can be characterized
by an XRPD pattern having three or more peaks at 5.5, &4, 10.8, 11.8, 12.9, 14 .4, 16.0, 19.0,
21.9, or 23.9 degrees 28 {+ 0.2 degroes 28}, wherein the XRPD i made using Culy;
radiation. In some embodiments, the crystalline Form X of Compound 1 can be characterized
by an X~ray powder diftraction (XRPD} pattern having peaks at 5.5, 10.8 and 16.0 degrees 28
(= 0.2 degrees 28}, wherein the XRPD is made using Cuky; radiation. In some embodiments,
the crystallive Form X of Compound 1 can be characterized by an XRPD pattern further
comprising one or more peaks at 9.4, 11.9, 12,9, 14.4, 18.0, 21.9, or 23.9 degrees 28 (= $.2
degrees 28), wherein the XRPD is made using CuKy; radiation, In some embodiments, the
crystalliine Form X of Compound | can be characterized by an XRPD pattern further
comprising two or more peaks at 9.4, 11.9,12.9, 14,4, 19.0, 21.9, or 23.9 degrees 20 (£ 0.2
degrees 28}, wherein the XRPD is made using CuK radiation. In some embodiments, the
crystaliine Formn X of Compound 1 can be characterized by an XRPD pattern forther
comprising three or more peaks at 9.4, 11.9, 12,9, 14.4, 19.0, 21.9, or 23.9 degrees 20 {+ (.2
degrees 283, wherein the XRPD is made using Cul; radiation. In some embodiments, the
crystalline Form X of Compound [ can be characterized by an XRPD paitern further
comprising four or more peaks at 9.4, 119, 12.9, 14,4, 19.0, 21.9, 0r 23.9 degrees 28 (= 0.2
degrees 28), wherein the XRPD is made using Cul,; radiation. In some embodiments, the

crystaliine Form X of Corapound T can be characterized by an XRPD pattern further
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compristng five or more peaks 81 9.4, 11.9, 12.9, 14.4, 19.0, 21.9, or 23.9 degrees 28 (+ 0.2
degrees 28), wherein the XRPD is made using Cully; radistion. In some embodiments, the
crystalline Form X of Compound 1 can be characterized by an XRPD pattern further
comprising six or more peaks at 94, 11.9,12.9, 144, 19.0, 21.9, or 23.9 degrees 28 (= 0.2

degrees 28}, wherein the XRPD is made using CukKy,; radiation.

{611} In some embodiments, the orystaliine Form X of Compound | can be characterized
by an XRPD pattern having peaks at 5.5, 9.4, 108, 11.9, 129, 14,4, 16,0, 19.G, 21.9, or 23.%
dogrees 26 (= 0.2 degrees 28}, wherein the XRPD is made using CuK,,; radiation. In some
ermnbodiments, the crystalline Form X of Compound 1 can be characterized by the XRPD
pattern substantially in accordance with that of Figure 23, In some embodiments, the
crystalline Form X of Compound { can be substantially free of other orystailine forms of
Compound L 1o some embodiments, the erysialline Form X of Compound { can be
substantially free of Form 1, Form 1, Form ], Form IV, Form V), Form V1, Form VI, Form

Vi Form IX, Form X, Form X1, Forn X and Form XIV.

[8132]  Fomm X of Compound I can be charactenized by a differential scanning calorimetry
{E3SC) plot having at least one endotherm at about 142 “C or gbowt 274 °C. Ip some
ernbodiments, the crystalling Form X of Compound I can be characterized by a differential
scanning calorimetry (DS8C) endotherm at about 142 or abowt 274 °C. In soms embodirnenis,
the crystalline Form X of Compound | can be characterized by a differential scanning
calorimetry (DSC) endotherm at about 142 "C. In some embodiments, the orystatline Form
X of Compounnd I can be characterized by a differential scanming calorimetry {DSC)

endotherm at about 142 and asbout 274 °C.

3133} In some embodiments, the arystaliine Formm X of Compound | can be characterired
by an XRPD pattern having peaks at 5.5, 9.4, 108, 11.9, 129, 14,4, 16.0, 19.0, 21.8, and 239
degrees 28 (= 0.2 degrees 24}, wherein the XRPD is made using Cul, radiation, and a DSC

endotherm at about 142 °C.

Form X1

{0114] Form X of Compound | can be characterized by an Xoray powder diffraction
{XRPD) pattern having af least theee, four, five, or more, peaks at 7.7, 8.4, 10.7, 7.1, V7.3,
193, 19.5, 21.4, Z3.0 or 23.9 degrees 28 (& (.2 degrees 28, wherein the XRPD is made using
Cuky radiation. In some embodiments, the crystalline Form X1 of Compound 1 can be

characterized by an X-ray powder diffraction (XRPD)} pattern having at least three peaks at
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T84 107, 171 178, 193, 19.5, 21,4, 23.0 or 23.% degrees 28 (£ 0.2 degrees 28}, wherein
the XRPD is made using CuKy radiation. In some embodiments, the crvstalline Form X1 of
Compound I can be characterized by an X-ray powder diffraction (XRPD) pattern having at
lgast four peaks at 7.7, 8.4, 107, 17,1, 17.8, 193, 185,214, 23.80 or 23.9 degrees 28 (= 0.2
degrees 28}, wherein the XRPD is made nuing Cully radiation. In some embodiments, the
crystailine Form X1 of Compound | can be characterized by an X-ray powder diffraction
{XRPD) pattern having at least five peaks at 7.7, 8.4, 107, 17.1, 17.8, 193, 19.5, 214, 23.0

or 23.9 degrees 28 (4 0.2 degress 28), wherein the XRPD is made using CoKy; radiation.

[01158]  Form X! of Compound { can alse be characterized by an X-ray powder diffraction
{XRPD) pattern having at least six, seven, eight, nine, or more, peaks at 7.7, 8.4, 107, 17.1,
17.8, 193, 195,21 .4, 23.0 or 23.9 degrees 28 { 0.2 degrees 28}, wherein the XRPD s made
nsing Culcy radiation. In some embodiments, the erystalline Form X1 of Compound 1 can be
characterized by an X-ray powder diffraction {(XRPD) pattemn having at least six peaks at 7.7,
.4, 1007, 171, 17.8, 193, 195, 214, 23.0 or 23.9 degrees 28 (+ 0.2 degrees 78}, wherein the
KRPD is made using Cukly radiation. In some embodiments, the crystalline Form X1 of
Compound I can be characterized by an X-ray powder diffraction (IR PD) pattern having at
least seven peaks at 7.7, 8.4, 107, 17,1, 17.8, 193, 195, 21 .4, 23.0 or 23.9 degrees 20 (£ 0.2
degrees 28}, wherein the XRPD) is made using Culk,, radiation. In some embodiments, the
crystatiine Form X¥ of Compound 1 can be characterized by an X-ray powder diffraction
{XRPD} patiern having at least eight peaks at 7.7, 8.4, 107, 171, 17.8, 183, 195,214,230
or 23.9 degrees 26 (= 0.2 degrees 28}, wherein the XRPD is made using Cu¥y, radiation. In
some embodiments, the crystalliove Form X1 of Compound I can be characterized by an Xeray
powsder diffraction (XRPDN) nattern having at least nine peaks at 7.7, 8.4, 10,7, 17,1, 17.8,
193,195, 21.4, 23.0 or 23.9 degrees 28 (& (1.2 degress 248}, wherein the XRPD is made using

{Cuk; radiation,

[0116] In some ewboditoents, the crystailine Form XI of Compound | can be characterized
by an XRPLD pattern having three or more peaks at 7.7, 8.4, 167, 17,1, 17.8, 193, 19,5, 21 .4,
23.0 or 23.9 degrees 28 (& .2 degress 26}, wherein the XRPD is made using CuK,, radiation.
In some embodiments, the orystailine Form Xi of Compound 1 can be characterized by an X-
ray powder diffraction OURPD) pattern having peaks at 7.7, 17.1 and 19.5 degrees 20 (£ 0.2
degrees 28}, wherein the XRPD is made using Cully, radiation. In some embodiments, the

crystatline Form Xi of Compound | can be characterized by an XRPD pattern further

comprising ong or more peaks at 8.4, 10,7, 17.8, 193, 21 4, 23.0 or 23.9 degrees 28 (% 0.2
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degrees 28), wherein the XRPD 18 made using Cul,; radiation. In some embodiments, the
crystalline Form X1 of Compound | can be characterized by an XRPD pattern forther
comprising two or more peaks at 8.4, 107, 17.8, 193, 214, 23.0 or 23.9 degrees 28 (. (0.2
degrees 28}, wherein the XEPD is made using CuKy, radiation. In some embodimenis, the
crysiatline Form XI of Compound I can be characterized by an XRPD pattern further
comprising three or more peaks at &4, 10.7, 17.8, 193, 21 .4, 23.0 or 23.9 degrees 28 (£ 0.2
degrees 283, wherein the XRFPD is made using Cuk; radistion. In some emboediments, the
crystatiine Form X of Compound I can be characierized by an XREPD paitern further
cornprising four or more peaks at 8.4, 10.7, 17.8, 19.3, 21.4, 23.0 or 23.9 degrees 20 ¢+ 0.2
degrees 283, wherein the XRPD is made using Cukl, radiation. In some embodiments, the
crystaliine Form X1 of Compound | can be characterized by an XRPD pattern further
cormprising five or more peaks at 8.4, 107, 17.8, 193, 21.4, 23.0 or 23.9 degrees 26 (£ 0.2
degrees 28}, wherein the XRPD i¢ made using Cukly; radiation. In some embodiments, the
crystatiine Form X1 of Compound | can be characterized by an XRPD pattern finther
COMPIISING siX of more peake at 8.4, 107, 17.8, 193, 21 .4, 23.0 or 23.9 degrees 26 (= 0.2

degrees 283, wherein the XRPD is made using CuKy; radiation.

#1171 In some embodiments, the crystalline Form XI of Compound | can be characterized
by an XRPD pattern having peaks at 7.7, 8.4, 10,7, 171, 17.8,19.3, 19.5, 21 .4, 23.0 and 23 .9
degrees 26 (= 0.2 degrees 28), wherein the XRPD is made using CuKy radiation. In some
embodiments, the crystaltine Form X of Coropound 1 can be characierized by the XRFD
patiern substantially in accordance with that of Figure 26. In some embodiments, the
crystatling Formg X1 of Compound I can be substantially free of other crystaliine forms of
Compound L. In some cmbodiments, the crystaliine Form XI of Compound { can be
subsiantially free of Form |, Form L, Form [, Form IV, Form V, Form V1, Form VI, Form

VI, Form IX, Form X, Form X1, Form X, and Form X1V,

{01181 The erystalline Form X1 of Compound 1 can also have a solvate or hydrate form. In
seime embodiments, the ervstalline Form X1 of Compound | can be a solvate with

hexaflnoreisopropano! (HFIPA).

Form X1
{0119} Form X of Compound I can be characterized by an X-ray powder diffraction
{(XBPD} pattern having at least three, four, five, or more, peaks 21 6.0, 9.0, 10.9, 13.7, 171,

18.7.20.3, 21,1, 21.9, or 25.8 degrees 28 (£ 0.2 degrees 28), wherein the XRPD is made
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asing Cully radiation. In some embodiments, the crystalline Form X1 of Compound § can
be characterized by an X-ray powder diffraction (XRPD) pattern having at least three peaks
at 6.0, 9.0, 10.9, 13.7, 17.1, 187, 20.3, 21,1, 21.9, or 25.8 degrees 28 (& (.2 degrees 26),
wherein the XRPD is made using Cukl,, radiation. In some embodiments, the crystalline
Form X1 of Compound 1 can be characterized by an X-ray powder diffraction (XRPD)
pattern having at least four peaks at 6.0, 3.0, 10.9, 13,7, 17.1, 18,7, 20.3, 21.1, 21.9 or 25.8
degrees 28 (+ 0.2 degrees 28), wherein the XRPD {s made using CuK, radiation. In some
embodiments, the crystalline Form XU of Compound 1 can be characterized by an X-ray
powder diffraction (XRPD) pattern having at least five peaks at 6.0, 8.0, 10.9, 13.7, 17.1,
18.7,20.3, 21,1, 21.9, or 25.8 degrees 28 (£ 0.2 degrees 28), wherein the XRPD is made

using Cuky, radiation.

[¢128]  Form XU of Compound I can alse be characterized by an Xray powder diffraction
{XRPD) pattern having at least 8ix, seven, eight, nine, or more, peaks at 6.0, 8.0, 10.9, 13.7,
7.3, 187,203, 201, 219, or 25.8 degrees 26 (+ 0.2 degrees 28}, wherein the XRPD is made
using Culy radiation. In some embodiments, the crystalline Form XII of Compound 1 can
be characterized by an X-ray powder diffraction (XRPD) pattern having at least six peaks at
6.0,9.0, 109, 13.7, 171, 18.7,20.3, 21.1, 21.9, or 25.8 degrees 28 (= 0.2 degrees 28},
wherein the XRPD is made using CuKy,; radiation. In some embodiments, the crysiafline
Form X1 of Compound | can be characterized by an ¥X-ray powder diffraction (XRPD)
pattern having at least seven peaks at 6.0, 9.0, 10.9, 137, 171, 187,203, 21.1, 21.%, 0r 2588
degrees 20 (= 0.2 degrees 28), wherein the XRPD is made using Culy radiation. In some
embodiments, the erystalline Form 231 of Compound I can be characterized by an Xeray
powder diffraction (XRPD) pattern having at least cight peaks at 6.0, 9.0, 10.9, 13.7, 17.1,
18,7, 20,3, 21.1, 21.9, or 25.8 degrees 28 (= 0.2 degrees 28), wherein the XEPD s made
using CuK,; radiation. In some embodiments, the crystalline Form XII of Compound | can
be characterized by an X-ray powder diffraction (XRPD) pattern having at least nine peaks at
60,90, 109, 137, 17,4, 187, 203, 21.1, 21.9, or 25.8 degrees 28 (£ 0.2 degrees 28},

wherein the XRPD is made using Cuk,; radiation.

{0123} In some embodiments, the crystalline Form XII of Compound I can be characterized
fry an XRPD pattern having three or more peaks at 6.0, 9.0, 10.9, 13,7, 17.1, 18.7, 20.3, 21.1,
21.9, or 25.8 degrees 28 (= 0.2 degrees 28}, wherein the XRPD is made using CuKy
radHation. In some embodirnents, the crystalline Form X1 of Compound 1 can be

chargeterized by an X-ray powder diffraction (XRPD) pattern having peaks at 20.3, 21.1 and
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21.9 degress 28 {+ 0.2 degrees 28), wherein the XRPD is made using CuK,,; radiation. In
some embodiments, the crystalline Form X1 of Compound | can be characterized by an
KXRPD pattern further comprising at least one or move peaks at 6.0, 9.0, 109, 13.7, 17.1, 187,
or 25,8 degrees 26 (£ 0.2 degrees 28}, wherein the XRPD iz made using CuKy, radiation. In
some embodiments, the crystaliine Form X1 of Compound I can be characterized by an
HXRPD pattern further comprising af least two or more peaks at 6.0, 9.6, 10.9, 13.7,17.1, 18.7,
or 25.8 degrees 28 {+ (1.2 degrees 28), wherein the XRPD is made using Cul,; radiation. In
some emaboditents, the erystalline Form X of Compound | can be characterized by an
XEPLD pattern further comprising af least three or more peaks at 6.0, 8.0, 10.9, 13.7, 17.1,
ER.7, or 25.8 degrees 28 (£ 0.2 degrees 28), wherein the XRFD is made using Caky,
radiation, In some embodiments, the orystaliine Form XTI of Compound f can be
characterized by an XRPD patiern further comprising at least four or wore peaks at 6.0, 9.0,
108, 137,170, 187, or 25.8 degrees 26 (= (.2 degrees 28}, wherein the XRPD is made
using CuKy; radiation, In some embodiments, the crystalline Form X{I of Compound I can
be characterized by an XRPD pattern further comprising at least five or more peaks at 6.0,
9.0, 1.9, 13.7, 17.1, 18.7, or 25.8 degrees 28 (+ 0.2 degrees 260), wherein the XRPD is made
using Cuky; radiation. In some embodiments, the orystalline Form X of Compound | can
be characierized by an XRPD pattern further comprising at least six or more peaks at 6.0, 9.0,
1.9, 13,7, 171, 18.7, or 25.8 degrees 28 {4 (.2 degrecs 28}, whereln the XRPD is made

using Cull,; radiation

{0122} In some embodiments, the erysialiine Form X1 of Compound | can be characterized
by an XRPD pattern having peaks at 6.0, 9.0, 109, 137, 171, 187, 203, 211, 219, and 25.8
degroes 20 (+ 0.2 degrees 20), wherein the XRPD is made using Cuky; radiation. In some
embaodiments, the crystailine Form XU of Compound § can be characterized by the XRPD
pattern substantially in aceordance with that of Figure 28, In some embodiments, the
crystaliine Forrn XH of Compound [ can be substantially free of other crystalling forms of
Compound . In some embodiments, the erysialline Form X1 of Compound  can be
substantially free of Forrn L, Form T, Form I, Form IV, Form V, Form V1, Form VI, Form

VHI, Form IX, Form X, Form X, Form X1, and Form XIV.

#1231 Form X1I of Compound [ can be characierized by a differential scanning
calorimetry {BSC) plot having an endothermo at about 94 °C, 112 °C, 140 °C or about 174 °C,
Iy some embodiments, the crystalline Form XI¥ of Compound | can be characterized by a

differential scanning catorimetry (BSC)Y endothenm at about 94 °C, 112 °C, 148 °C or abowt

28



WO 2016/044182 PCT/US2015/050037

174 °C. In some ermmbodiments, the ervstalline Form X of Compound I can be characterized
by a differential scanning calorimetry (DSC) endotherm at about 174 °C. In some
embodiments, the crystalline Form X1 of Compound I can be chavacierized by a differential

scamming calorimetry (DSC) endotherm at about 84 °C, 112 °C, 140 °C and about 174 °C.

6124} In some embodiments, the erystalline Form X1 of Compound I can be characterized
by an XRPD pattern having peaks at 6.0, 9.0, 10.9, 137, 17,1, 187,203, 21.1,21.9, or 25.8
degrees 28 (£ 0.2 degrees 28}, wherein the XRPD is made using Cully radiation, and a DSC

endotherm at about 174 °C.

{91281 The crystalline Form XU of Compound 1 can also have a solvate or hydrate form.
In some embodiments, the crystatiine Form XI of Compound T can be a solvate with

tritluoroethancl {TFEL

Form X131

{0126] Form X of Compound | can be characterized by an Xoray powder diffraction
{XRPD} pattern baving at least three, four, five, or more, peaks at 4.6, 8.9, 9.2, 13.8, 15.8,
P60, 184, 20.0, 23.1 or 26.9 degrees 28 (+ 0.2 degrees 26), wherein the XRPD is made using
Culy, radiation. In some embodiments, the crystalline Form X3 of Compound § can be
characterized by an X-ray powder diffraction (XRPD) pattern having at least three peaks at
4.6,8.9,9.2, 138, 158, 16.0, 18.4, 20.0, 23.1 or 26.9 degrees 28 (= 0.2 dogrees 28}, wherein
the XRPD is made using Cuky radiation. In some embodiments, the erystalline Form X1
of Compound I can be characterized by an X-ray powder diffraction (XRPD) pattern having
at least four peaks at 4.6, 8%, 9.2, 138, 158, 16.0, 184, 20.0, 23.1 or 26.9 degrees 28 (z 0.2
degrees 28}, wherein the XRPD 15 made using CoKy, radiation. In some embodiments, the
crystatiine Forro X1 of Compound I can be characterized by an X-ray powder diffraction
{XRPD) pattern having at teast five peake 2t 4.6, 8.9, 0.2, 13,8, 15.8, 16.0, 18.4, 20.0, 23 1 or

26.9 degrees 28 (& 0.2 degrees 28}, wherein the XRPD is made using Cull,; radiation,

101271 Form XU of Compound [ can also be characierized by an Xeray powder diffraction
{XRPD) pattern having at least six, seven, eight, nine, or more, peaks at 4.6, §.9, 9.2, 13 8,
158,160, 18,4, 20.0, 23.1 or 26.9 degrees 28 (£ 0.2 degrees 28}, wherein the XRPD is made
using Cubly radiation. In some embodiments, the crystalline Form X of Compound I can
be characterized by an X-ray powder diffraction (XRPD) pattern having ai least six peaks at
4.6,89,92, 138, 158,160, 18,4, 20.0, 23.1 or 20.9 degrees 28 {+ (.2 degrees 28}, wherein

the XRPD is made using CuKy radiation. In some embodiments, the erystailine Form X1
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of Compound 1 can be charscterized by an X-ray powder diffraction (XRPD) pattern having
at legst seven peaks at 4.6, 8.9,9.2, 13,8, 158, 16.0, 18,4, 2000, 23.1 or 26.9 degrees 26 (2 0.2
degrees 26, wherein the XRPD is made using Cully radiation. In soms embodiments, the
crystaitine Form X1 of Compound | can be characterized by an X-ray powder diffraction
{XRPD) pattern having at least eight peaks at 4.6, 8.9, 9.2, 13.8, 15.8, 16.0, 184, 20.0, 23.1
or 26.9 degrees 28 {4 (.2 degress 28}, wherein the XRPD is made using CukK,; radiation. In
sovae evnboditnents, the ervstalline Form X1 of Compound { can be characterized by an X-
ray powder diffraction {XRPLY) pattern having af least nine pesks at 4.6, 8.9, 8.2, 138, 15.8,
16.40, 18.4, 20,0, 23.1 or 26,9 degrees 28 (& 0.2 dogrees 28), wherein the XRPD is made using
Cully radiation.

[0128]  In some embodiments, the crystalline Form X1 of Compound [ can be
characterized by an XRPD pattern having three or more peaks at 4.6, 8.9, 9.2, 138, 15.8,
16.0, 184, 20,0, 23.1 or 26.9 degrees 20 {+ (.2 dogrees 28}, wherein the XRPD 18 made using
CuK radiation. In some embodiments, the crystalline Formn X1 of Compound { can be
characierized by an X-ray powder diffraction (RPN} pattern having peaks at 4.6, 9.2, 18.4
and 20.0 degrees 28 {+ .2 degrees 28), wherein the XRPD is made using Cuk; radiation. In
some embodiments, the crystalline Form XU of Compound | can be characterized by an
XRPD pattern further comprising one or more peaks at 8.9, 13.8, 158, 16.0, 23.1 or 268
degrees 28 (2 0.2 degrees 28}, wherein the XRPD is made using Culy; radistion. In sowe
embodiments, the erystaliine Form XIH of Compound [ can be characterized by an XRPD
pattern further comprising two or more peaks at 8.9, 13.8, 15.8, 16.0, 23.1 or 26.9 degrees 28
(& 0.2 degrees 28}, wherein the XRPD is made using CuKy radigtion. In some embodiments,
the erystalline Form XHI of Compound 1 can be characterized by an XRPD pattern further
comprising three or more peaks at 8.9, 13.8, 158, 16.0, 23,1 or 26.9 degrees 268 (= 02
degrees 28), wherein the XRPD 1s made using CuKy, radiation. In some embodiments, the
crystatiine Form XIH of Compound 1 can be characterized by an XRPD pattorn further
covaprising four or more peaks at 8.9, 13.8, 15.8, 16.0, 23.1 or 26.9 degrees 28 (+ (.2 degrees
243, wherein the XRPD is made using Cull,) radiation. In some cmbodiments, the orystaliine
Form XIH of Compound T can be charactorized by an XRPD pattern further comprising five
or more peaks at 8.9, 13.8, 15.8, 16.0, 23.1 or 26.9 degrees 28 (3 (.2 degrees 28), wherein the

KERPD is made using Cukly radiabion

81291  In some embodiments, the crysialline Form XIH of Compound { can be

characterized by an XRPD pattern having peaks at 4.6, 8.9, 9.2, 13.8, 158, 16.0, 18.4, 20.4,
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23.1 0r 26.9 degrees 26 (3 0.2 degrees 28}, wherein the XRPD is made using CuKy; radiation,
In some embodiments, the erystaliine Form X{II of Compound I can be characterized by the
KRPD pattern substantially in accordance with that of Figure 31, In some embodiments, the
crystalline Form XI¥ of Compound { can be substantially free of other crystalline forms of
Compound . o some embodiments, the erystalline Form Xl of Compound | can be
substantially free of Form 1, Form [, Form [, Form IV, Form V, Form VI, Form VI Form

Wi, Form P Form X, Form XL, Form X3, and Form XIV.

Form X1V

18130] Torm X1V of Compound | can be characterized by an X-ray powder diffraction
(XRPD) pattern having at least three, four, five, or more, peaks at 7.1, 8.5, 10.6, 14.3, 16.8,
17.6,22.0, 24.6, 24.9 or 26.2 degrees 28 (= 0.2 degrees 28}, wherein the XRPDJ is made using
Cul radiation. In some embodiments, the crystalline Form X1V of Compound 1 can be
characterized by au X-ray powder diffraction (XRFD) pattern having at least three peaks at
7.1,9.5, 10,6, 143, 16.8, 17.6, 22.0, 24.6, 24.9 or 26.2 degrees 268 {+ 0.2 degrees 28}, wherein
the XRPD 15 woade using Cully; radiation. In some embodiments, the orystalline Form X1V
of Compound I can be characterized by an X-ray powder diffraction (XRPD) pattern having
at least four peaks at 7.1, 8.5, 10.6, 14.3, 16.8, 17.6, 22.0, 24.6, 24.9 or 26.2 degrees 28 (£ 0.2
degrees 28}, wherein the XRPD is made using CoXy; radiation. In some embodiments, the
crystalline Formn XIV of Compound 1 can be characterized by an Xeray powder diffraction
(XRPD) pattern having at least five peaks at 7.1, 9.5, 10,6, 14.3, 16.8, 17.6, 22.0, 24.6, 24.9

or 26.2 degrees 28 (& 0.2 degrees 28}, wherein the XRPI} is made using CuKy radiation.

{6133 Form X1V of Compound 1 can also be characterized by an X-ray powder diffraction
{(XRPD) pattern having at least six, seven, eight, nine, or more, peaks at 7.1, 9.5, 10.6, 14.3,
16.8, 17.6, 22.0, 24.6, 24.9 or 20.2 degrees 28 (& 0.2 degrees 28), wherein the XRPD is made
using Cuk radiation. In some ombodiments, the erystalline Form XTV of Compound I can
be characterized by an Xeray powder diffraction (XRPD) pattern having at least six peaks at
73,895,106, 14.3, 168, 17.6, 22.0, 24.6, 24.9 or 26.2 degrees 26 (£ 0.2 degrees 28}, wherein
the XRPD is made vsing Culy; radiation. In some embodiments, the crystaliine Form XV
of Compound I can be characterized by an X-ray powder diffraction (XRPD) pattern having
at icast seven peaks at 7.1, 9.5, 10.6, 14.3, 16.8, 17.6, 22.0, 24.6, 24.9 or 26.2 degrees 28 (¢
.2 degrees 20), wherein the XRPD is made using Cul,; radistion. o some erubodiments,
the erystatline Form XIV of Compound { can be characierized by an X-ray powder diffraction

{XRPL pattern having at least eaght peaks at 7.1, 9.5, 10.6, 14.3, 16.8, 17.6, 22.0, 24.6, 24.9
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or 20.2 degrees 28 (= 0.2 degrees 28}, wherein the XRPD is made using Cukl, radistion. In
some embodiments, the crystalline Form XIV of Compound 1 can be characterized by an X-
ray powder diffraction {XRPD) patiern having at least nine peaks at 7.1, 9.5, 10.6, 14.3, 16.8,
17.6,22.0,24.6, 24.9 or 26.2 degrees 28 (& 0.2 degrees 24), wherein the XRPD is made using

{Cuk.,; radiation.

(8132} In some embodiments, the crystalline Form XIV of Compound | can be
characterized by an XRPD patiern having three or more peaks at 7.1, 8.5, 146, 14.3, 16.8,
P7.6,22.0,24.6, 249 or 26.2 degrees 28 (£ .2 degrees 28), wherein the XRPI is made using
Cuky; radiation. In some embodiments, the crystallive Form X1V of Compound T can be
characterized by an X-ray powder diffraction (XRPDY) pattern having peaks at 7.1, 9.5, 143
and 24.6 degrees 28 (= 0.2 degrees 26), wherein the XRPIY is made gsing Cull,, radistion. In
some embodiments, the crystalline Form XIV of Compound 1 can be characterized by an
XRPD pattern further comprising one or more peaks at 10.6, 16.8, 17.6, 22.0, 24.9 or 26.2
degrees 26 (= 0.2 degrees 20}, wherein the XRPD is made using CaKy; radiation. In some
embodiments, the crystalline Form X1V of Compound | can be characierized by an XRPD
pattern further comprising two or more peaks at 10.6, 16.8, 17.6, 22.0, 24.9 or 26.2 deprees
28 ¢+ 0.2 degrees 283, wherain the XRPD 18 made using Cuky, radiation. In some
ernbodiments, the orystalline Foroy X1V of Compound T can be characterized by an XRPD
pattern farther comwprising three or more peaks at 10.6, 16.8, 17.6, 22.0, 24.9 or 26.2 degrees
28 (= 0.2 degrees 28), wherein the XRPD is wade using CuKy radigtion. In some
embodiments, the crystalline Form XIV of Compound 1 can be characterized by an XRPD
pattern {urther comprising four or more peake at 10.6, 16.8, 17.6, 22.0, 24.9 or 26.2 degrees
26 (+ 0.2 degrees 28}, wherein the XRPD is made using Cul,; radiation. In some
embodiments, the crystalline Form XIV of Compound T can be charsctorized by an XRPD
pattern further comprising five or more peaks at 10,6, 16.8, 17.6, 22.0, 24.9 or 26.2 degrees
26 (= 0.2 degrees 28}, wherein the XRPFD is made using Cukly, radiation. Tn some
embodiments, the crystalline Form XIV of Compouond 1 can be characterized by an XRPD
patiern further comprising six or more peaks at 10.6, 16.8, 17.6, 22.0, 24.9 or 26.2 degrees 28

{* 0.2 degrees 28}, wherein the XRPD is made using Cu¥y, radiation.

18133} Insome embodiments, the erystalline Form X1V of Compound | can be
characterized by an XRPD pattern having peaks at 7.1, 9.5, 10.6, 14.3, 16.8, 17.6, 22.0, 24.5,
24.9 and 26.2 degrees 26 {x 0.2 degreea 28}, wherein the XRPD is made using CuaKy

radiation. n some embodiments, the orystalline Form XTIV of Compound 1 can he
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characterized by the XRPD patiorn substantially in accordance with that of Figure 28, In
some embodiments, the crystalline Form X1V of Compound 1 can be substantially free of
other erystalline forms of Compound L In some embodiments, the crystalline Form XIV of
Coropound I can be substantially free of Form |, Fonm I, Form HI, Form IV, Form V, Form

Vi, Form VI Form VI, Form B Form X, Form XY, Form X1 and Form X31L

{30134] The crystalline Form X1V of Compound [ can also have a solvate or hydrate form.
In some embodiments, the erystaliine Form XIV of Compound 1 can be a solvate with
triftucroethancl (TFE}. In some embodiments, the ervstalline Form X1V of Compound 1 can

be a hydrate.

{0135]  Apy formula or structure given herein, inchading Comwpound 1, is also intended to
represent unlabeled forms as well as isotopically labeled forms of the compounds.
sotopically labeled compounds have structures depicted by the Formudae given herein except
that one or more atoms are replaced by an atom having a selected atomic mass or mass
pumber. Bxamples of isotopes that can be incorporated inte compounds of the disclosure
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and chlorine,
such as, but not Hmited o “H {deuterium, D), H {tritinm)}, Vo, Bo B, By, B Y, g, g,
Ctand L Various isotopically labeled compounds of the present disclosure, for example
those into which radicactive isotopes such as "H, PC and "*C are wcorporated. Such
isotopically labeled compounds may be useful in metabolic studies, reaction kinetic studies,
detection or imaging technigues, such as positron emission tomography (PET) or single-
photon emtission computed tomography (8PECT) including drug or subsirate tissus

distribution assays or in radicactive freatment of patients,

{0136} The disclosure also includes Compound | in which from 1 10 “n” hydrogens
attached to a carbon atown is/are replaced by deuterium, in which n is the number of
hydrogens in the molecule. Such compounds exhibit increased resistance to metabolism and
are thus nseful for increasing the half-life of any Compound [ when administered to a
mamnal. See, for example, Foster, “Deuteriurn Isotope Effects in Studies of Drug
Metabolism”, Trends Pharmacol Sci. 5(12):524-527 {1984). Such compounds are
synthesized by means well known in the art, for example by employing starting materials in

which one or more hydrogen atoms have been replaced by deuterium.

{01371  Douteriom labeled or substituted therapeutic compounds of the disclosure may have

improved DMPK {drug metabelism and pharmacokinetica} properties, relating to distribution,
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metabolism and excretion {ADME). Substitution with heavier isotopes such as deuterium
may afford certain therapeutic advaniages resolting from greater metabolic stability, for
example increasod in vivo halflife or reduced dosage requirements. An "°F labeled
compound may be useful for PET or SPECT studies. Isotopically Iabeled compounds of this
disclosure amd prodrugs thereot can generally be prepared by carrying out the procedures
disclosed in the schemes or in the examples and proparations described below by substituting
a readily gvailable isotopicelly labeled reagent for a non-isotopically labeled

reagent. Further, substitution with heavier isotopes, particularly deuterium (Le., "H or 1)
may afford certain therapentic advantages resulting from greater metabolic stability, for
example increased in vive halflife or reduced dosage requirements or an improvement in
therapeutic index. It is understood that denterinm in this context is regarded as a substitnent

n Compound L

{6138 The concentration of such a beavier isotope, specifically deuterium, may be defined
by an wsotopic enrichment factor. In the compounds of this disclosure any atom not
specifically designated as a particular isotope is meant 10 represent any siable isotope of that
atom, Unless otherwise stated, when a position is designated specifically as "H" or
"hydrogen”, the position is understond to have hydrogen at its natural abundance isotapic
composition. Accordingly, in the compounds of this disclosure any atom specifically

designated as a deuterium (13} is meant o represent deuterium,
v, METHODS OF PREPARING SOLID FORMS OF COMPOUND §

{81391  Tho solid forms of Compound [ can be prepared by a variety of methods. For
example, Compound | can be dissolved 1n g single solvent system and allowed to crystallize.
Alternatively, Compound [ can be crystallized from a two-solvent system by dissolving
Compound | in a solvent, and then adding an anti-solvent to the mixture causing Compound |
1o erystatlize.

-

18148]  The solvent can be any solvent suttable o form a selution. Typically the solvent
can be a polar solvent, which in some embodiments is g protic solvent. Other suiiable
solvents inchude non-polar solvents. Suitable solvents include, but are not limited to, water,
alkanes such as heptanes, hexanes, and cyclobexane, petroleum sther, C,-Ci aleohols
{methanol, ethancl, propanol, isopropanol}, ethylene glveol and polvethyliene giveol such as
PEGA0U, atkancates such as ethyl acetate, propyl acetate, isopropy! acetate, and butyl acetate,

acetonitrile, alkanones such as acetone, butanone, methyl ethyl ketone (MEKD), methyl propyl
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ketone (MPK} and methyl iso-buiyl ketone (MIBK), ethers such as diethyl ether, methyl-i-
butyl ether, tetrabydrofuran, methyl-tetrahydrofiran, 1,2-dimethoxy ethane and 1,4-dioxane,
arornatics such as benzene and tolpene, halogenated solvents such as methylene chloride,
chloroform and carbon tetrachlonide, dimethylsulfoxide {DMB(, and dimethyiformamide
(DMF). Suitable solvents also include, but are not limited to halogenated C-C; alcohols

{irifluoromethanol, trifluoroethanc! (TFE), hexafluoroisopropanct (HFIPAY).

{4143}  The methods of preparing crystalline forms of Compound I can be performed under
any suitable reaction conditions. For example, the methods of preparing the crystalline forms
of Compound I can be performed at any suttable temperature, such as, but not Himited o,
below room tempersture, at room temperature, or above room temperatore. In some
embodiments, the temperature can be from about -78 °C 1o about 100 °C, or from about § °C
to about 30 °C, or from about 10 °C to abowt 30 °C. In some embodiments, the temperature
can be the reflux temperature of the particular solvent used in the method. In other
erpboditaents, crystaliine forms of Compound 1 can be heated above gbout 100 °C such that

one crystaliine form of Compound 1 forms a second crystalline form of Compound L.

6142} The methods of preparing crystalline forms of Compound 1 can be performed for
any suﬁab?e titne. For example, the time can be for minutes, hours or days. In some
embodiments, the time can be several hours, such as overnight. The methods of preparing
crystaltine formes of Compound I can be also be performed at any suitable pressure. For
example, the pressure can be below atmospheric pressure, at about atmospheric pressure, or

above atmospheric pressure,

[8143] 1o some embodiments, the present invention provides a method of preparing a
crystalline Form I of Compound I of the present invention, including forming a mixture of
Compound I of the present invention, and a solvent, under conditions suifable to prepare
Form |, Any suitable solvent can be used in the method of preparing Compound | Form §. In
some embodiments, the solvent can be at least one of water, methanol, ethanol, isopropanol,
methyl ethyl ketone, methyl iso-butyl ketoue, acetonitrile, tetrahvdrofuran, methyl-
tetrahydroforan, 1,2-dimethoxy ethane, cthyl acetate, 1 4-dioxane, or dichloromethane. In
some embodiments, the solvent can be at least one of methanol, ethanol, isopropancl, or
dichloromethane. In some embodiments, the solvent can include one of methanol, ethanol, or

tsopropancl. In some embodiments, the solvent can be at least one of methanol, ethanol, or
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isopropancl, in combination with dichloromethane. In some embodiments, the solvent can be

methano! and dichloromethane.

{#144]  In some embodiments, the present invention provides a method of preparing a
crystalline Foroy I of Compound [ by forming a mixtare of Compound §, and 5 solvent
including a C-C aloohol and dichloromethane, under conditions suitable to prepare Form L
The Ci-C5 aleohol can be methanol, ethanol, propanel or isopropanol. To some embodiments,
the solvent includes one of methanol, ethanel or isopropanol. In some embodiments, the
solvent includes methanol and dichioromethane. In sore embodiments, the solvent includes
cthanol and dichloromethane, In some embodiments, the solvent includes isopropanot and

dichloromethane.

{0145]  Any suitable ratio of the methanol and dichloromethane can be used. For example,
the ratio of methano! and dichloromethane can be from 1011 1o about 1:10 {volume/volume},
including about 1001, 901, 8:1, 723, 6:0, 801, 40, 300, 200, 100, 12, 143, 144, 145, 16, 127, 18,
1:9 or about 1110 {(volume/volume). In some embodimenis, the ratio of methanol o
dichloromsthane can be from about 1:1 o about 1.5 {volume/volume). In some

embodiments, the ratio of methanol to dichloromethane can be about 1:2 (volume/volume).

{31461  The method of preparing Form T of Compound | can inchude a variety of other sieps.
For example, the solvent can be evaporated, a seed crystal can be added to the mixture, the
mixture can be heated and cooled a single time or repeatedly, ele. Tu some embodiments, the
method of preparing Form 1 of Compound I also includes evaporating the solvent, thereby
forming Form L In some embodiments, the method of preparing Form T of Compound 1
neludes forming g reaction mixture of Compound 1, methanol and dichioromethane, wherein
the ratio of methanol to dichloromethane is 1.2 {volome/volume), and removing the

dichloromethane, thereby forming crystalline Form 1 of Corapound L
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[8147F The present invention also provides methods for preparing Compound I Form 1L In
some embodiments, the present inveniion provides a method of prepaning a erystalline Form
il of Compound I by forming a mixture of Compound | and chloreform, under conditions
suttable to prepare Form IL The conditions for preparing erystaliine Form I of Compound |
can include ambient temperature and prossure for a period of time of at least 1 day. The

period of time for preparing crystalline Formw I of Compound [ can also be for at least 2, 3, 4,
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5, or more days. In some embodiments, the method for preparing the crysialline Form Il of

Compound 1 can be for about 5 days.

In some embodiments, the present invention provides a method of preparing a crystalline

Form 1 of Compound I by heating a Form 1 of Compound | to a temperature of from about
136 °C to about 190 °C, thereby forming Form IH, In some embodiments, the method also

ncludes cooling Form 1 (o room femperature,

j0149) The present invention also provides methods for preparing Compound I Form IV,
In some embodiments, the present invention provides a method of preparing a crystaliine
Form 1V of Compound I by heating a Form II of Compound [ {o a temperature of from about

G0 °C to about 250 °C, thereby forming Form IV,

Form Y

{81807 The present invention also provides methods for preparing Compound [ Form V. In
some embodiments, the present invention provides a method of preparing g crystalline Form
VY of Compound 1 by forming a mizture of Compound | and hexafluoreisopropaned, and
removing the hexafluorsisopropancl, under conditions suitable to prepare Form V. The
hexafluoroisopropancl can be removed under any suitable conditions such as via vacoum,
heating, or a combination of the two. Altemnatively, Forrn V can be formed by combining a

hot solution of Compound I with cold water and isolating the subseqguent solid,

Yorm Vi

{31811 The present invention also provides methods for preparing Compound I Form VI
in some embodiments, the present invention provides g methoed of preparing a crystalline
Form VI of Compound T by forming a mixture of Compound | and tnfluorcethanol, and
removing the triflucrcethancl, under conditions switable to prepare Form VI The
triftuorcethanel can be removed under any suitable conditions such as via vacuum, heating,

or a combination of the two.

Form Vi

191821 The present invention also provides methods for preparing Compound I Form VIL
In some embodiments, the present invention provides a method of preparing a orystalline

Form Vil of Compound | by forming a mixture of Compound | and triflucrcethanol, and

~-f
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rernoving the triftooroethanol, under conditions suitable to prepare Form Vil The
trifluorosthanol can be removed under any suitable conditions such as via vacuum, heating,

or g combination of the two.

Form VIH

{3183} The present invention also provides methods for preparing Compound T Form VIIL
In some embodiments, the present invention provides a method of preparing a crystalline
Form Vi of Compound | by exposing Compound 1 Form V or Form VII t0 an atmosphere
with a relative humudity greater than about 90%, under conditions suitable to prepare Form
VHE The relative nwnidity can be any suitable hunidity, such as greater than about 50%, 53,
60, 65, 70, 75, 80, 85, 90, B, 92, 93, 94, 05, 96, 97, 98 or greater than about 99%. In some
embodiments, the relative humidity can be greater than about 85%. In some embodiments,

the relative humidity can be about 97%.

Form IX

{0184} The present invention also provides methods for preparing Compound | Form IX
In some embodiments, the present invention provides a method of preparing a crvstalline
Form IX of Compound | by forming a mixtare of a Form | of Compound [, water and
trifluorcethancl, under conditions suitable to prepare Form IX. Any suitable ratio of the
triflooroethano! and water can be used, For example, the ratio of trifluorcethanol to water
can be from 1(0:1 to abowt 11 {volume/vohnme}, including about 10:1, 9:1, 8:1, 7:1, 6:1, 5:1,
401, 301, 200 or about 1 {volume/volume). In some embodiments, the ratio of
trifluoroethano! to water can be from sbout 10:1 to about 1:1 {volume/volume). In some
erabodiments, the ratio of trifluoroethancl to water can be about 5:1 (volume/volume). The
conditions for preparing crystalline Form IX of Compound | can include ambient temperature
and pressure for a period of time of at least 1 day. The period of time for preparing
crvstalline Formy IX of Compound | can aleo be for at least 2, 3, 4, 5, or more days. In some
erobodiments, the method for preparing the orystalline Form IX of Compound 1 can be for

about 5 days.

Form X
[0185]  The present invention also provides methods for preparing Compound  Form X, In
some embodiments, the present invention provides a method of preparing a crvstalline Form

X of Compound 1 by forming a mixture of a Form [ of Compound I and chloroform, under
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conditions suitable to prepare Form X, The suiiable conditions for preparing the crystalline

Form X of Compound 1 can include ambient temperature and pressure.

Form X1

{0186] 'The present invention also provides methods for preparing Compound | Form X1
In some embodiments, the present invention provides a method of preparing a crystalline
Form XTI of Compound { by forming a mixtore of a Form I of Compound [ and

hexafluoroisopropanol, under conditions suitable to prepare Form X1,

Form XI1

{0157} The present invention also provides methods for preparing Compound { Form XIL
In some embodiments, the present mvention provides a method of preparing a crystalling
Form X1 of Compound { by forming a8 mixture of a2 Form | of Compound §, water and
trifluoroethancl, vnder conditions switable 1o prepare Form X1 Any suitable ratio of the
tritlnoroethanol and water can be used. For example, the ratio of trifluoroethanol to water
can be from 20:1 to about 111 {volume/volume), including about 20:1, 1%:1, 1&:1, 17:1, 16:1,
TS, 1400, 1300, 1200, 1001, O, 80, 7o, 608, 501, 401, 301, 20 or about 101
{volume/volume). In some embodiments, the ratio of trifluorcethanol to water can be from
about 20:1 to gbout 111 {volome/volume). In some embodimenis, the ratio of trifluorcethans!
to water can be from about 131 {0 about 5:1 {volume/volume). In some embodiments, the

ratio of triffaoroethanel to water can be about 1011 {(volume/volumel.

Form X1

{3158] The present invention also provides ruethods for preparing Compound | Form XL in
some embodiments, the present invention provides a method of preparing a crystatline Foum
X1 of Compound I by cooling Form I of Compound 1 to less than § °C, under conditions
suitable 10 prepare Form XUL Forro 8 of Compound | can be cooled to any suitable
temperature less than 0 °C, inchuding, but pot limited to, -5 °C, ~10, -15, -20, -25, -30, -40, -
58, -60 and -70 °C. In some embodiments, Form I of Compound ¥ can be cooled to about -

10 °C {0 prepare Form XL

Form X1V

[8158] The present invention also provides methods for preparing Compound ¥ Form XIV.
In some emboditnents, the present invention provides a method of preparing a ervstalline
Form X3V of Compound { by dryving Form XII under conditions suitable to prepare Form

XIV. The dryving can include heating Form XH to a suitable temperatore for a suitable period
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of time, placing Form X1 in a reduced atmosphere environment, or both, For example, Form
X11 can be heated to a temperature above room teraperature, such as 30 °C | 35, 40, 45, 50,
53, 60, 65, 704, 75, 80, 80, or 100 °C. When Form X1 is dried in a reduced atmosphere
environment, the reduced atmosphere can have any suitable pressure less than 1 atmosphere,
such as 0.9 atm, 0.3, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 0.1, 0.05, .01, 0.005, 0.001 abm, or less. In
some embodiments, preparing Form X1V inclades drving Form X1 at a pressure less than 1
atmosphere. In some embodiments, preparing Form XIV includes beating Form XIL In
some ernbodiments, preparing Form XTIV including drying Form XIT at a pressure less than 1

atmosphere, and heating Form X1 at a temperature of about 44 °C.

{81681 The method of preparing oryvstalline Compound 1 can be carried out at temperatures
generally from abount §° C to the reflux temperature of the solvent. In some embodiments, the
temperature can be room lemperature. Alternatively, Compound L or one of the crystalline
forms of Compound |, can be heated in solid state form. For example, Compound I Form |
can be heated to a temperature of from about 130 °C to about 200 °C, or from about 130 °C
to abouot 150 °C. Compound I Form H can be heated to a temperatire of from about 80 °Cto

about 200 °C.

9161} When nultiple solvents are used in the methods of the present invention, the ratio of
solvents in the above methods can be any suitable ratio from about 1:1 to abowt 19, including
about 1:2, 1:3, 114, 125, 1:6, 1.7 and about 1:8 by vohume. The range of solvent ratios is
preferably from about 111 o about 119, more preferably from about 1:2 to about 1.7, even

more preterably from abont 1:2 to about 1:3 by volume.

{0162} Theratio of Corapound 1 to solvent, can be any suitable ratio o promote
crystaliization. For example, the Compound o solvent ratio can be from about 18
{weight/volume, or w/v) to gbout 11530 (w/v), including about 1:6, 1.7, 1'8, 118, 1110, 1111,
1:32, 113, 1114, 1015, 1:20, 125, 1:30, 1:35, 140 and sbout 145 (w/vh The Compound [ 0
solvent ratio is preferably from about 1:10 to about 1:25 (w/v), more preferably from about

1:10 to about 1:135 {(w/v).

{60163]  Crystallization can be induced by methods known in the art, for example by
mechanical means such as scratching or rubbing the contact surface of the reaction vessel
with e.g. a glass rod. Optionally the saturated or supersaturated solution may be inoculated
with sced crystals. The mixture for crystallizing Compound 1 can alse contain a seed crystal

of erystalline Compound 1
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[#164] isolation of the desived crystalline form can be accomplished by removing the
solvent and precipifating solvent from the crystals. Generally this is carried out by known
methods, such as, filiration, suction filtration, decantation or centrifugation, Further isolation
can be achieved by removing any excess of the solvent(s} from the orystalline form by
methods known to the one skilled in the art as for example application of a vacuum, and/or by

heating.
Y. PHARMACEUTICAL COMPORITIONS

{11651 The solid forms of Compound I provided herein can be administered in the form of
pharmaceutical composifions. This disclosure provides pharmaceutical compositions that
contain, as the active gredient, one or more of the solid forms of Compound [ described or a
pharmaceutically acceptable salt or ester thereof and one or more pharmaceuntically
acceptable excipients, carriers, including inert solid diluents and fillers, diluents, inchuding
sterile aqueous sclution and various organic solvents, permeation enhancers, solubilizers and
adjuvanis. The pharmaceutical compositions may be administered alone or in combination
with other therapeutic agents (as indicated in the Combination Therapy section below)., Such
compostiions are prepared tn a manner well known in the pharmaceutical art {see, e.g.,
Remington’s Pharmaceutical Sciences, Mace Publishing Co., Philadelphia, PA 17th Ed.
{(1885}; and Modem Pharmaceutics, Marcel Dekker, Inc. 3rd Ed. (G.8. Banker & C.T.
Rhodes, Bds.}

[8166] The pharmaceutical compositions may be adiministered in sither single or muitiple
doses by any of the accepted modes of administration of agents having similar utilities, for
example as described in those patents and patent applications incorporated by reference,
inciuding rectal, buccal, intranasal and transdermal routes, by inira-arterial injection,
infravenously, infraperitoncally, parenterally, imtramuscularly, subcutanecsusty orally,
topically, as an inhalant or via an impregnated or coated device such as a stent, for example
or an artery-inserted cylindrical polvmer,

-

181677  One mode for administration is paventeral, particularly by injection. The forms in
which the novel compositions of the present disclosure may be incorporated for
administration by injection inclade aqueous or oil suspensions or enlsions, with sesame o,
corn oil, cottonseed o1l or peanut oil, as well as elixirs, mannitol, dextrose or a sterile aquecus
selution and similar pharmacentical vehicles. Aguecus solutions in saline are also

conventionally used for injection, but less preferred in the context of the present disclosure.
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Ethanol, glycerol, propylene glyeol, liguid polysthvlene glveol, and the like (and suitable
mixtures theveof}, cyclodextrin derivatives, and vegetable oils may also be emploved. The
proper fluidity can be maintained, for example, by the use of a coating, such as lecithin, by
the maintenance of the required particle size in the case of dispersion and by the use of
surtactants. The prevention of the action of microorganisms can be brought about by various
antibacterial and antifungal agents, for example, parabens, chlorobutano!, phenol, sorbic acid,

thimerosal, and the bike,

[#168] Sienle injectable solutions are prepared by incorporating a compound according to
the present disclosure in the required amount in the appropriate solvent with various other
ingredients as enumerated ghove, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the various sterilized active ingredienis into a
sterile vehicle which contains the basic dispersion mediuwm and the required other ingredients
from those enumerated above. In the case of stertle powders for the preparation of sterile
ijectable sohitions, the general methods of preparation are vacuum-~drying and freeze-drying
techniques which vield a powder of the active ingredient plus any additional desired

ingredient from a previcusly sterile-filtered solution thereof.

[6169]  Oral administration is another route for administration of compounds in accordance
with the disclosure. Admimstration may be via capsule or enteric coated {ablets or the like.
in making the pharmaceuntical compositions that inchude at least one compound described
herein, the active ingredient is usually diluted by an excipient and/or enclosed within such a
carrigr that can be mn the form of a capsule, sachetl, paper or other container. When the
excipient serves gs a diluent, it can be in the form of a solid, seni-snlid or liguid material {as
above), which acts as a vehicle, carrier or medium for the active ingredient. Thus, the
compositions can be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs,
suspensions, enmisions, solutions, syrups, acrossis {as 8 solid or in 8 Hauid medivm),
ofutments containing, for exarmple, up to 10% by weight of the active compound, soft and

hard gelatin capsules, sterile injectable solutions and sterile packaged powders.

{01781  Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gam acacia, calcium phosphate, alginates, tragacanth, gelatin, caleium
silicate, microcrystalline celiulose, polvvinylpyrrolidone, cellulose, sterile water, syrup and
methyvl celhulose. The formmulations can additionally include: Iubricating agents such as tale,

magnesium siearate and mineral o1l; wetiing agents; emulsitying and suspending agents;
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preserving agents such as methy! and propyihyvdroxy-benzoates; sweetening agents; and

flavoring agents.

{0171}  The compositions of the disclosure can be formulated so a3 to provide guick,
sustained or delayed release of the active ingredient afler administration o the patient by
employing procedures known in the art. Controlled release drug delivery systems for oral
administration include osmotic pump systerns and dissolptional systems containing polymer-
coated reservoirs or drug-polymer matrix formuiations. Examples of controlied release
systems are given in ULS, Patent Nos, 3,845,770; 4,326,525; 4,802,514; and 5,616,345,
Another formulation for use in the methods of the present disclosare employs transdermal
delivery devices (Mpatches™). Such transdermal patches may be used o provide continuous or
discontinuous infusion of the compounds of the present disclosure in controlled amounds,
The construction and use of transdermal patches for the delivery of pharmaceutical agents is
well known 1o the arl. See, e.g., U8, Patent Nos, 5,023,252, 4,992,445 and 5,001,139, Such
patches may be consirueted for continuous, pulsatile or on demand delivery of

pharmaceutical agents,

[172]  In some embodiments, the compositions are formulated in a unit dosage forma. The
term “unit dosage forms” refers to physically discrete unils sutiable as unitary dosages for
human subjects and other mammals, cach unit containing a predetermined guantity of active
material calculated to produce the desired therapeutic effect, in association with a suitable
pharmaceutical excipient {e.g., a tablet, capsule, ampoule). The compounds are generally
administered in a pharmaceutically effective amount. In some embodiments, sach dosage
anit contains from 1 mg o 2 g of a compound described herein and for parenteral
administration, in some embodiments, from (.1 1o 700 mg of g compound a compound
described herein, It will be onderstood, however, that the amount of the compound actually
administered usually will be determined by a physician, in the light of the relevant
circumstances, including the condition to be treated, the chosen route of administration, the
actual compound administered and its relative activity, the age, weight and response of the

individual patient, the severity of the patient’s symptoms, and the like.

18173} For preparing solid compositions such as tablets, the principal active ingredient is
mixed with a pharmaceuntical excipient to form a solid preformulation composition containing
a homogeneous mixture of a compound of the present disclosure. When referring to these

preformulation compositions a8 homogeneous, i is meant that the active ingredient is
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dispersed evenly througheout the composition s8¢ that the composition may be readily

subdivided into equally effective unit dosage forms such as tablets, pills and capsules,

{0174} The tablets or pills of the present disclosure may be coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged action or to
protect from the acid conditions of the stomach. For example, the tablet or pill can comprise
an inner dosage and an outer dosage componery, the latter being in the form of an envelope
over the former. The two components can be separated by an enteric layor that serves o
resist disinfegration in the storach and permit the inner component to pass intact into the
doodenum or to be delayed in release. A variety of materials can be used for such enteric
lavers or coatings, such materials including a mumber of polymeric acids and mixtures of

polymeric acids with such materials as shellag, cetyl alcohol and cellulose acetate,

{0175} Composttions for inhalation or insufflation fnclude solutions and suspensions in
pharmaceutically acceptable, agueous or organic solvents or mixtures thereof and powders.
The hquad or solid compositions may contain suitable pharmacestically acceptable excipients
as described supra. In some embodiments, the compositions are administered by the oral oy
nasal respiratory route for local or systenuie effect. Compositions in preferably
pharmaceutically acceptable solvents may be nebulized by use of inert pases. Nebulized
solptions may be inhaled directly from the nebulizing device or the nebulizing device may be
attached to a facemask tent or intermitient positive pressure breathing machine, Solution,
suspension or powder compositions may be administered, in some embodiments orally or

nasally, from devices that deliver the formulation in an appropriate manner.

[3176]  In one embodiment, this disclosure relates to a pharmaceutical composition
comprising a pharmaceutically acceptable excipient or carrier and a therapeutically effective
aroount of the compound of Compound | as described above or a pharmaceutically acceptable

salt, ester, prodrug, stereoisomer or hydrate thereofl
Vi, METHODS OF USE

{88771 The solid forms of Compound T described herein can be administered 1o a sobject
suffering fromw a viral infection such as, but not himited to, hepatitis B virus (HBV ), hepatitis
C virus {HCV}, and human ummuno-deficiency virus {HIV) in either single or multiple doses
by any of the accepied modes of adminstration known (o those who are skilled in the art and

as detatled above.
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{1781  As used herein, an “agonist” i a substance that stimulates its binding partner,
typically a recepior. Stimulation is defined in the context of the particular assay, or may be
apparent in the bterature from g discussion herein that makes a comparison fo a factor or
substance that is accepied as an “agonist” or an “antagonist” of the particular binding partner
under substantially similar circumstances as appreciated by those of skill in the art.
Stimulation may be defined with respect to an increase in a particular effect or function that is
nduced by interaction of the agonist or partial agonist with a binding partuer and can include

allosteric effects.

{01791 As used herein, an “antagonist” is a substance that inhibits its binding pariner,
typically a receptor. Inhibition is defined in the context of the particnlar assay, or may be
apparent in the Hierature from g discussion herein that makes a comparison to & factor or
substance that is accepied as an “agonist” or an “antagonist” of the particular binding partner
ander substantially stmilar circumstances as appreciated by those of siall in the art.
Inhibition may be defined with respect to a decrease in a particular effect or function that is
induced by interaction of the andagonist with a binding partner, and can inchide allosteric

effecis.

{038¢]  As used herein, a “partial agonist” or a “partial antagonist” is a substance that
provides a level of stimulation or inhibition, respectively, to iis binding partner that is not
fully or completely agonistic or antagonistic, respectively, It will be recognized that
stimulation, and hence, inhibition is defined intrinsically for any substance or category of

substances to be defined as agonists, antagondsts, or partial agonists.

{81811 As used herein, “intrinsic activity” or “efficacy” relates to some measure of
ticlogical effectiveness of the binding partner complex. With regard {o receptor
pharmacology, the context in which intrinsie activity or efficacy shouwld be defined will
depend on the context of the binding partner {¢.g., receptor/ligand) complex and the
consideration of an activity relevant to a particular biological outcome. For example, in some
circumsiances, INtrinsic activity may vary depending on the particular second messenger
systern involved, Where such contextually specific evaluations are relevant, and how they
might be relevant in the context of the present invention, will be apparent to one of ordinary

skill in the art.

{81821  As used herein, modulation of a receptor includes agonism, partial agonisim,

antagonism, partial antagonism, or nverse agonism of a receptor.
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[9383]  As will be apprecisted by those skilled in the art, when ireating a viral infection
auch as HCV, HBY, or HIV, such treatiment may be characterized in a variety of ways and
measured by a variety of endpoints. The scope of the present invention is intended io

encompass all such characierizations,

{0184} In one embodiment, the method can be used fo fnduce an imynune response against
multiple epitopes of a viral infection in a human, Induction of an immune response against
virg] infection can be assessed using any technique that is known by those of skill in the art
for determining whether an immune response has occurred. Suitable methods of detecting an
fmmune response for the present invention include, among others, detecting a decrease in
viral toad or antigen in a subject’s serom, detection of IFN-ganuma-seoreting peptide specific
T ¢ells, and detection of elevated levels of ope or more Hver enaymes, such as alanine
transferase {ALT} and aspartate transferase (AT} In one embodiment, the detection of IFN-
gamma-secreting peptide specific T cells is accomplished using an ELISPOT assay. Another
armbodiment inchades reducing the vival load aseociated with HBV infection, including a

reduction as weasured by PCR testing.

[0185]  In somwe embodirpents, the present invention provides a method of treating a viral
infection, comprising administering to a human in need thereof, a therapeutically effective
amount of 3 crystatline forw of Compound T or pharmaceutical composition of the present
jmvention. In some embodiments, the present invention provides a crystaliine form of
Compound { for use o the freatment of a viral infection, comprising administering 2
therspeuticslly effective amount of a crystailine form of Compound 1 or a pharmaceutical
composition of the present invention. In some embodiments, the present invention provides
use of a crystatline form of Compeounsd | for the treatment of a viral infection. In some
embodiments, the present invention provides use of a crvstalline form of Compound I for the

manufacture of 2 medicament for the reatment of g viral infection.

{3186]  In another aspect, the present invention provides metheds for treating a hepatitis B
viral infection or a hepatitis C viral infection, wherein each of the methods includes the step
of sdiminisiering {o a human sobiect infected with hepatitis B virus or hepatitis C virgs g
therapeutically effective amount of a crystalline form of Compoond L. Typically, the human
subject is suffering from a chronde hepatitis B infection or 2 chronic hepatitis C infection,
although it 15 within the scope of the present invention o treat people who are acutely

infected with HBY or HOV.
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19187} In some embodiments, the present invention provides a orysialline form of
Compound 1 for use in the treatment of a hepatitis B viral infection or a hepatitis € viral
infection. In some embodiments, the present invention provides use of a crvstalline form of
Covopound [ for the manutacture of g medicament for the treatment of a hepatitis B viral

infection or a hepatitis € viral infection

{3188] In some embodiments, the present jnvention provides a crystalline form of
Compound 1 for use in the treatment of g hepatitis B vival infection. In some embodiments,
the present invention provides use of a crystalline form of Compound | for the manufacture

of a medicament for the treatment of a hepatitis B viral infection.

{0189]  Treatment o accordance with the present invention typically results in the
stimulation of an tnunune response against HBV or HCV in g wman being infected with
HBY or HCV, respectively, and a consequent reduction in the viral lead of HBY or HCV in
the infected person. Examples of imumune responses inchide production of antthodies {e.g.,
ig(G antibodies} and/or production of cytokines, such as interferons, that modulate the activity
of the wmuone systern. The inunune systom response can be a newly induced response, or
can be boosting of an existing immuoe response, In particular, the immune system response

can be seroconversion against one of more HBY or HUV antigens.

[0198]  The vival load can be determined by measuring the amoont of HBV DNA or HCV
DMNA present in the blood. For example, blood serumy HBV DNA can be quantified using the
Roche COBAS Aroplicor Monttor PCR assay (version 2.0; lower limit of guantification, 300
copies/mnl {57 IW/mL]) and the Quantiplex bDNA assay (lower hmit of guantification, 0.7
MEg/mL; Baver Bagnostics, formerly Chiron Diagnostics, Emervvilte, CA). The amount of
antibodies against specific HBV or HOV antigens (e.g., hepatitis B surface antigen (HBsAG))
can be measured using such arf-recognized techniques as enzyme-linked mmunosssays and
gnzyine-linked immunocabsorbent assays. For example, the amount of antthodies against
specitic HBY gr HCV antigens can be measured using the Abbott AxSYM microparticle

enzyme immunoassay system {Abbott Laboratories, North Chicago, IL).

i1} Compound I can be administered by any useful route and means, such as by oral or
parenteral (o.g., intravenous) administration. Therapeotically effective amounts of Compound
I are from about 0.00001 mg/kg body weight per dav to about 10 mg/kg body weight per day,
such as from about 0.0001 mg/kg body weight per day to about 10 mg/kg body weight per

day, or such as from about 0.001 rug/g body weight per day to about 1 mg/g body weight
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per day, or such as from about .01 mg/kg body weight per day to about 1 mg/kg body
weight per day, or such as from about 0.05 mg/'kg body weight per day 1o about 0.5 mp/kg
body weight per day, or such as from about 0.3 ug to sbout 30 mg per day, or such as from

about 30 pg to gbout 360 pg per day.

{3192]  Therapeutically effective amounts of Compound 1 are also from about 0.01 mg per
dose to about 1000 mg per dose, such as from about .07 mg per dose to about 100 mg per
dose, or such as from about 6.1 mg per dose 1o about 100 mg per dose, or such as from abowt
| mg per dose to about 100 mg per dose, or such as from about | mg per dose 1o about 10 mg
per dose. Other therapeutically effective amounts of Compound ¥ are about 1 mg per dose, or
about 2, 3,4, 5,6, 7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, &5, 80, 05,
or about 100 mg per dose. Other therapeutically etfective amounts of Compound I are about
100 mg per dose, or about 125, 150, 175, 200, 225, 250, 275, 300, 350, 400, 450, or ahout
500 mg per dose. A single dose can be adwimstered hourly, daily, or weekly, For example, 2
single dose can be administered once every { hour, 2, 3, 4, 6, 8, 12, 16 or once every 24
hours. A single dose can also be administered once every | day, 2, 3, 4, 5, 6, or once every 7
days. A single dose can also be administered once every T week, 2, 3, or once every 4 weeks.

A single dose can also be administered once every month.

(0183} The frequency of dosage of Compound 1 will be determined by the needs of the
individual patient and can be, for example, once per day or twice, or more times, per day.
Adrmmistration of Compound I continues for as fong as necessary to treat the HBV or HCV
infection. For example, Cowpound 1 can be administered to a human being jnfected with
HBY or HCV for a period of from 20 days to 189 days or, for example, for a period of from

20 days to B0 days or, for example, for a peried of from 30 days to 60 days.

10194]  Administration can be intermittent, with a period of several or more days during
which a patient receives a daily dose of Compound 1, followed by a peried of several or more
days during which a patient does not receive a daily dose of Compound I For example, a
patient can receive g dose of Compound I every other day, or three times per week. Again by
way of example, a patient can receive a dose of Compound I each day for a period of from |
to 14 days, followed by a period of 7 o 21 days during which the patient does not receive a
dose of Compound [, followed by a subseguent period {e.g., from | {0 14 days) during which

the patient again receives a datly dose of Compound I Alternating periods of administration
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of Compound |, followed by non-administration of Compound 1, can be repeated as clinically

reguired {o treat the patient.

{3198} As desoribed more fully herein, orystalline forms of Compound 1 can be
administered with one or more additional therapeutic ageni{s) to a human being infected with
hepatitis B virus or hepatitis C virus. The additional therapeutic agent{s) can be adminisiered
to the infected human being at the same time as the crystalline form of Compound I, or before
or after admunistration of the crystaliing form of Compound 1. In some embodiments, the
present invention provides a crystalline form of Compound §, for use in a method of treating
or preventing 4 hepatitis B viral infection, wherein the crystalline form of Compound 1 is
administered simuitaneously, separately or sequentially with one or more additional
therapeutic agents for freating a hepatitis B viral infection. In some embodiments, the present
fnvention provides use of a erystalline form of Compound T for the manufacture of a
medicament for the treatroent of a hepatitis B viral infection, wherein the crystalline form of
Compound 1 is administered simultaneously, separately or sequentially with one or more

additional therapeotic agents for freating a hepatitis B vival infection.

{0196]  In another aspect, the present invendion provides a method for swpeliorating a
sympiom associated with an HBY infection or HCV infection, wherein the method comprises
administering to a human subject infected with hepatitis B virus or hepatitis C virus @
therapeutically effective amount of the crystalline form of Compound I, wherein the
therapeutically effective amount 1s sutficient to ameliorate a symptom associated with the
HBY infection or HCV infection. Such symptoms include the presence of HBV virns
particles {or HCV virus particles) i the blood, liver inflammation, jaundice, muscle aches,

weakness and tivedness.,

(81971  In some embodiments, the present invention provides a crystalline form of
Compeound | for nse in ameliorating a symptom associated with an HBV infection or HCV
infection, wherein the method comprises administering to a human subject infected with
hepatitis B virus or hepatitis { virus a therapeutically effective amount of the crystalline form
of Compound [, wherein the therapentically effective amount is sufficient to ameliorste a
symptom associated with the HBY infection or HOV infection. In some embodiments, the
present invention provides use of a crysialline form of Compound 1 for the mamufacture of a
medicament for the ameliorating 8 symptom associated with an HBY infection or HCV

infection, wherein the method comprises administering to a human subject infected with
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hepatitis B virus or hepatitis C virus a therapentically effective amount of the crystalline form
of Compound §, wheretn the therapeutically effective amoumt i3 sufficient to ameliorste 8

sympton associated with the HBY wfection or HCV infection

(6198} In s further aspect, the present invention provides a method for reducing the rste of
progression of & hepatitis B viral infection, or a hepatitis £ virus infection, in a buman being,
wherein the method comprises adminisiering to a human subiect infected with hepatitis B
viras or hepatitts © viras a therapeutically effective amount of Compound | or a
pharmaceutically acceptable salt thereof, wherein the therapeutically effective amount is
sufficient to reduce the rate of progression of the hepatitis B viral infection or hepatitis C
vira] infection. The rate of progression of the infection can be followed by measuring the

aroount of HBY virus particles or HCV virus particles in the blood.

{61991  in another aspect, the present invention provides a method for reducing the viral
toad associated with HBY infection or HCV infection, wherein the method comprises
administering to a human being infected with HBY or HCV a therapeutically effective
amount of Compoond 1, or g pharmaceutically acceptable salt theresf, wherein the
therapeutically effective amount is sufficient to reduce the HBY viral load or the HCV viral

oad in the human being,

[1200]  In a further aspect, the present invention provides a method of inducing or boosting
an inunune response against Hepatitis B virus or Hepatitis € virus in a human being, wherein
the method comprises admunstering a therapeutically effective amount of Compound I, ora
pharmaceutically acceptable salt thereof, 10 the human being, wherein a new moune
response against Hepatitis B virus or Hepatitis C virus is induced in the human being, or a
preexisting inmune response against Hepatitis B vivus or Hepatitis C virus is boosied in the
human being. Seroconversion with respect to HBY or HCV can be induced in the human
being. Examples of imnmne responses include production of antibodies, such as 1gG
antibody molecules, and/or production of eytokine molecules that modulate the activity of

one or more components of the human imumune system,

2011  Induction of seroconversion against HCY or HBY in patients chironically infected
with either of these viruses is an unexpecied property of Compound I Tn clinical practice, an
HBY patient, or HCV patient, s ireated with Compound 1, alone or in combination with one
or more oiher therapeutic agents, until an tmmune response against HBY or HCV is induced

or enhanced and the viral load of HBY or HCV is reduced. Thereafter, although the HBV or
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HOVY virus may persist in a latent form in the patient’s body, treatment with Compound 1 can
be stopped, and the patient’s own immune system is capable of suppressing further viral
replicationn. In patients treated in accordance with the present invention and who are already
receiving treatment with an antiviral agent that suppresses replication of the HBV virus or
HCV virus, there may be litile or no detectable viral particles in the body of the patient during
treatment with the antivival agent{s). In these patients, seroconversion will be evident when
the antiviral agent{s} is no longer adminisiered to the patient and there is no increase in the

viral load of HBY or HCV,

6202} In the practice of the present invention, an immune response is induced against one
or more antigens of HBY or HCV. For example, an immune response can be induced against
the HBV surface antigen (HBsAg), or against the small form of the HBY surface antigen
{small § antigen), or against the medium form of the HBV surface antigen (medium 8
antigen), or against a combination thereof. Again by way of example, an immmune response
can be induced against the HBY surface antigen {HBsAg) and also against other HBV.

derived antigens, such as the core polymerase or x-protein.

102631 Induction of an immune response against HOV or HEVY can be assessed using any
technigue that is known by those of skill in the art for determining whether an immune
response has occurred. Suifable methods of detecting an immune response for the present
invention include, among others, detecting a decrease in viral load in a subject's serum, such
as by measuring the amount of HBY DNA or HCV DNA in a subject’s blood using a PCR
assay, and/or by measuring the aroount of anti-HBY antibodies, or anti-HCV antibodies, in

the subject’s blood using a method such as an ELISA,

{0204] Additionally, the compounds of this invention may be useful in the treatment of
cancer or tumors {including dysplasias, such gs yterine dysplasia). These includes
hematological malignancies, oral carcinomas (for example of the ip, tongue or pharynx),
digestive organs (for example esophagus, stomach, small intestine, colon, large intestine, or
rectum}, Hiver and biltary passages, pancreas, respiratory system such as larvnx or fung (smail
cell and non-small cell}, bone, connective ssue, skin (e.g., melanoma), breast, reproductive
organs {uterns, cervix, testicles, ovary, or prostate}, urinary tract {e.g., bladder or kidney),
brawn and endocrine glands such as the thyroid. In summary, the compounds of this invention
are employed to trest any neoplasm, inchuding not only hematologic malignancies but also

soitd tunors of all kinds.
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{63051  Hematological malignancies are broadly defined as proliferative disorders of blood
cells and/or their progenitors, in which these cells proliferate in an uncontrolled manner.
Arnatomically, the hematologic malignancies are divided into two primary groups:
Iymphomas -~ malignant masses of lymphoid cells, primarily but not exclusively in lymph
nodes, and leukemias - neoplasm derived typically from lvmphoid or myeloid cells and
primarily affecting the bone marrow and peripheral blood. The lymphomas can be sub-
divided into Hodgkin’s Disease and Non-Hodgkin's lvmphorna (NHL). The latter group
comprises several distinct entities, which can be distinguished clinieally {e.g. aggressive
tymphomas, indolent lymphoma), histologically (e.g. follicular lymphoma, mantle cell
tymphoma} or based on the origin of the malignant cell {e.g. B lymphoeyte, T Ivmphocyie).
Leukemias and related malignancies inchude acute myelogenous leukemia {AML}, chronic
myelogenous lenkemia {CML), acute lymphoblastic leukemia (ALL) and chronic
Iymaphoeytic lenkemia (CLL). Other hematological malignancies include the plasma cell

dyscrasias inchuding multiple myeloms, and the myelodysplastic syndromes.
Vi, COMBINATION THERAPY

[32066] Subjects being treated by advomnistration of the solid forms of Compound I
described hevetn can benefit from treatiment with additions! therapeutic agents that are
effective in treating HCV, or enhance the anti-HCV therapeutic effect of Compound 1 forms,
in accordance with sorme embodiments. Additional therapeuiic agents that may be useful for

this purpose include, but are not limited to, ribavirin,
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(82871 Other antiviral agents that may be useful in combination with the cryvstalline forms
of Compound I of the present invention, include, but are not limited to: HCV NS3 protease
inhibitors (see EP 1881001, US 2003187018, US 2005267018, W 2003006450, WO
200364456, WO 2004094452, WO 2005028502, WO 2005037214, WO 2005005403, WO
2007014920, WO 20070140921, WO 2007014922, WO 2007014925, WO 2007014926, WO
2007015824, W 2008010921, and WO 2008010921); HCV NB5B inhibitors (see US
2004229840, US 2005154056, US 20035-98125, US 20060104749, US 20060241064, US
20060293306, US 2006040890, US 2006040927, US 2006166904, US 2007275947 UK.
Pat. No. 6,784,166, USZOO72759300, WO 2002057287, WO 2002057425, WO 2003010141,
WO 2003037895, WO 2003105770, WO 2004000838, WO 2004002940, WO 2004002944,
WO 2004002977, WO 2004003138, WO 2004041201, WO 2004063367, WO 2004096210,
W 2005021568, WO 2005103045, WO 2005123087, WO 2006012078, WO 2006020082,
WO 2006065335, WO 20060065590, WO 2006093801, WO 200702602, WO 2007039142,
WO 2007039145, WO 2007076034, WO 2007088148, WO 2007092000, and
WO2007095269), HCV N54 Inhibitors {(see WO 2005067900 and WO 2007070556}, HCV
NSSa Inhibitors (see US 2006276311, WO 2006035061, WO 2006100310, WO 2006120251,
and WO 20061202352); Toll-like receptor agonists (see WO 2007093901 ); other inhibitors
{see W 2000006529, WO 2003101993, WO 2004009020, WO 2004014313, WO
2004014852, and WO 2004035571y U8, Fat. No. 7,429,572; US 2007/0197463; US
Z010/0081628; US 2010/0016251; U8, Ser. No. 12/783,680; telaprevir {also known as VX-
G50, which 1s disclosed in US 2010/0015090); boceprevir {disclosed in US 2006/0276405);
BMB-700052 {disclosed in WO 2008/021927); ITMN-181 {disclosed in US 2008/0269305 at
Example 62-1) ANA-598 (identified as compound 31 in F. Ruchasam ¢t al. Biorg. Med,
Chem. Lett. (2008} 18: 3616-3621; and TMU43S {(formerly known as TMC435350); as well
as, interforon-o, interferon-p, pegyvlated interferon-g, ribavirin, levovirin, viramidine, another
nucleoside HCV polymerase inhibitor, a HUV non-nucleoside polymerase inhibitor, g HCV

protease inhibitor, a HOV helicase whibitor or 3 HCV fusion inhibitor.

10208} The present disclosure 15 not to be Hmited in scope by the specific embodiments
disclosed in the exgrples, which are intended to be illustrations of a few ernbodiments of the
disclosure, nor is the disclosure to be Himited by any embodiments that are functionally
equivalent within the scope of this disclosure. Indeed, various modifications of the disclosure
in addition to those shown and described herein will become apparent to those skilled in the

art and are tntended to fall within the scope of the appended claims. To this end, it should be
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noted that one or more hydrogen atoms or methyl groups can be omitted from the drawn
stractures consistent with accepted shorthand notation of such organic compounds, and that

one skilled in the art of organic chemistry would readily appreciate their presence.

{028%]  In certam embodiments, a method for treating or preventing an HBY mfectionin g
human having or at risk of having the infection is provided, comprising administering to the
human a therapeutically effective amount of a compound disclosed herein {e.g. any
crystalline form of Compound [}, in combination with a therapeutically effective amount of
one or more {e.g., ong, two, three, four, one or two, or one to three, or one to four} additional
therapeutic agents. In one ewbodiment, a method for treating an HBV infection in a human
having or at risk of having the infection is provided, comprising administering to the human a
therapeutically effective amount of a compound disclosed herein (e.g. any crystalline form of
Compound 1), in combination with a therapentically effective amount of one or more {e.g.,

one, two, three, four, one or two, or one o three, or one (o four) additional therapeutic agents.

{9218}  In certain embodiments, the present disclosure provides a method for treating an
HBY wfection, comprising administering o a patient in need thereof a therapeutically
effective amount of a compound disclosed herein {e.g. any crystalline form of Compound 1},
in conybination with a therapeutically effective amount of one or more additional therapeutic

agents which are suitable for treating an HBV mfection.

{8211] o certain embodiments, a compound as disclosed herein {e.g., any crystalline form
of Compound 1 ) may be combined with one or more additional therapeutic agents in any
dosage amount of the crystalline form of Compound [ {e.g., from 1 mgic 1000 g of

compound}.

{8212} In one embodiment, pharmaceutical compositions comprising a compound
disclosed herein (e.g. any crysialiine form of Compound I}, in combination with one or more
{e.g., one, two, three, four, one or two, or one o three, or one to four} additional therapeutic

agents, and a pharmaceutically acceptable carrier, diluent or excipient are provided.

{8213} In onec embodiment, kils comprising a compound disclosed herein {e.g. any
erysiattine forma of Compound 1), in combination with one or more {e.g., one, two, three, four,

one or two, or one to three, or one to four) additional therapeutic agents are provided.

[8214]  In the sbove embodimends, the additional therapeutic agent may be an anti-HRBY

agent. For example, in some embodiments, the additional therapeutic agent is selected from
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the group consisting of HBY combination drugs, HBYV DNA polymerase inhibitors,
wmmunomodulators, loll-like recepior modulators {modulgtors of TLRE, TLR2, TLR3, TLR4,
TLRS, TLRE, TLR7, TLRE, TLRS, TLRIG, TLR11, TLR1IZ and TLR13), interferon alpha
recepior ligands, hyvaluronidase inhibitors, recombinant 11-7, hepatitis B surface antigen
(HBsAg) inhibitors, hepatitis B surface antigen (HBsAg) scoretion or assembly inhibitors,
compounds targeting hepatitis B core antigen (HBcAg), cyclophilin inhibitors , HBY
therapeutic vaccines, HBY prophylactic vaccines, HBY viral eniry inhibitors, NTCP (Na+t-
taurocholate cotransporiing polypeptide) inhibitors, antisense oligonucleotide targeting viral
mENA, short interfering RNAs (SiIRNA}), miRNA gene therapy agents, endonuciease
modulators, inhibitors of ribonueieotide reductase, hepatitis B virus E antigen inhibutors,
recombinant scavenger receptor A {SRA} proteins, Sre kinase inhibitors, HEx inhibitors,
coelDINA inhibitors, short syothetic hairpin RNAs (sshRNAg), HBV antibodies inchuding
HBY antibodics targeting the surface antigens of the hepatitis B virus and bispecific
antibodies and “antibody-like” therapeutic proteins {such as DARTs®, Duchodies®, Biles®,
XmAbs®, TandAbs ®, Fab derivatives, TCR-like antibodies), CCRZ chemokine antagonists,
thyrmosin agonists, eyvtokines, nucleoprotetn modulators (HBVY core or capsid protein
modulaters), stimulators of retinoic acid-inducible gene 1, stimulators of NCD2, stimulators
of NODM, Arginase~] inhibitors, STING agonists, PI3K inhibitors, Iyrophotoxin beta recepior
activators, Natural Killer Cell Receptor 28B4 inhibitors, Lymphocyte-activation gene 3
inhibitors, CD68 inhibitors, eyiotoxic T-lymphocyte-associated protein 4 (CTLA4)
inhibitors, IDO inhibitors, cccDNA eopigenetic modifiers, CD137 inhibitors, Killer cell lectin-
like receptor subfamily G member 1 inhibitors, TIM-3 inhibitors, B- and T-lyvmphocyte
attenuator inhibitors, CD303 inhubitors, PD-1 inhibitors, PI-L1 inhibitors, PEG-Interferon
Lambda, recombinant thymosin alpha-1, BTR inhibitors, modulators of TIGIT, modulators of
CD47, modulators of SIRPalpha , modulators of ICOS, modulators of CD27, modulators of
CD70, modulators of OX40, modulators of NKG2E, modulators of Tin-4, modulators of B7-
H4, modulators of B7-H3, modulators of NKGZA, modulators of GITR, modulators of
(160, modulators of HEVEM, modulators of CR161, modulators of Ax], modulators of
Mer, modulators of Tyro, gene modifiers or editors such as CRISPR (including CRISPR
Cas¥), zinc finger nucleases or synthetic nucleases {TALENs), IAPs inhibitors, SMAC
numetics, Hepatitis B virus replication inhibitors compounds such as those disclosed in
USZ0100143301 (Gilead Sciences), US201 10098248 (Gilead Sciences), US20090047249
{Gilead Sciences), USE722054 {Gilead Sciences), US20140045849 (Janssen),
UBS20140073642 (Janssen), WOZ014/056953 (Janssen), W2014/076221 (Janssen),
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WO2014/128189 (Jansasen), US20140350031 (Janssen), WQO2014/023813 (Janssen),
UB20080234251 {Array Biopharma}, US20080306050 (Array Biopharma), US20100020585
{Ventirx Pharma}, US20110092485 (Ventirg Pharma), US20110118235 (Ventirx Pharma),
US20120082658 (Ventirx Pharma}, US20120219615 (Ventirx Pharma), US20140066432
{Ventirx Pharma), US20140088085 (VentirxPharma), US20140275167 (Novira
therapeuties), US20130251673 (Novira therapeutics) , US8513184 {Gilead Sciences),
UB20140030221 ((ilead Sciences), US20130344030 (Gilead Sciences), US2013(344029
{Gilead Sciences), US20140343032 (Roche), WO2014037480 (Roche), US20130267517
{Roche), WOR0I4131847 (Jansseny, WO2U14033176 (Janssen), WO2014033170 (Janssen),
WO2014033167 (Janssen), US2014033001 5 (Ono pharmaceutical), USZEI30078327 (Ono
pharmaceutical}, USZ013021 7880 (Ono pharmaceutical), US201060015178 (Incvie) and

other drugs for treating HBV, and combinations thereot.

{215]  In certain embodiments, the additional therapeutic is selected from the group
consisting of HBY contbination drugs, HBYV DNA polymerase inhibitors, toll-like recepior 7
modulators, toll-like receptor § modulators, Toll-like receptor 7 and 8 modulators, Toll-like
receptor 3 modulators, interferon alpha receptor ligands, HBsAg inhibitors, hepatitis B
surface antigen (HBsAg) secretion or assembly inhibitors, compounds targeting HBcAg,
cyclophilin inhibitors, HBY therapeutic vaccines, HBV prophyiactic vaccines, HBY viral
entry inhibitors, NTCP inhibilors, antisense oligonucleotide targeting viral mRNA, short
interfering RNAs (sIRNA}Y, hepatitis B virus E antigen inhibitors, HBx inhibitors, coclINA
inhibitors, HBV antibodies including HBV antibodics targeting the surface antigens of the
hepatitis B virus, thymosin agonists, cvitokines, nuclecprotein modulators (HBVY core or
capsid protein modulators), stiomdators of retinode acid-inducible gene 1, stimulators of
NOD2, stunulators of NODH, recombinant thymosin alpha-1, BTK inhibitors, 1DO inhibitors,

hepatitis B virus replication inhibitors, and combinations thereof

{8216} In certain embodiments a crystalline form of Compound s formulated as a iablet,
which may optionally contain one or more other compounds usefill for treating HBY. In
certain embodiments, the tablet can contain another active ingredient for treating HBY, such
as HBV DNA polymerase inhibitors, immunomeodulators, toli-like receptor modulators
{modulators of TLRI, TLRZ, TLR3, TLR4, TLRS, TLRG, TLR7, TLRE, TLRY, TLR10,
TLRI1L, TERIZ and TLR13), modulators of TLR7, modulators of TLRE, modulators of TLR7
and TLRE, interferon alpha receptor ligands, hyaluronidase inhibitors, hepatitis B surface

antigen {HBsAg) inhibitors, hepatitis B surface antigen (HBsAg) secretion or assembly
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mbabitors, compounds targeting hepatitis B core antigen {(HBeAg), cyclophilin inhibitors,
HBY viral entry whibitors, NTCP (Na+-taurocholate cotransporting polypeptide) inhibitors,
endonuciease modulators, mhibitors of ribonucieotide reductase, hepatitis B virus E antigen
inhibitors, Src kinase inhibitors, HBx inhibitors, cocDNA inhibitors, CCRZ chemokine
antagonists, thymosin agonists, nucleoprotein modulators {HBY core or capsid protein
modulators), stimulators of retingic acid-inducible gene 1, stimulators of NOD2, stimulators
of NOD, Arginase-1 inhibitors, STING agonists, PI3K. inhibitors, lymphotoxin beta receptor
activators, Matural Killer Cell Receptor 2B4 inhibtiors, Lymphocyte-activation gene 3
inhibitors, CD 160 ihibitors, eviotexic T-lymphocevte-associated protein 4 {CTLA4)
inhibitors, CDH37 inhibitors, Killer cell lectin-like receptor subfamily G member 1 inhibitors,
TIM-3 inhibitors, B- and T-lymphocyie attenuator inhibitors, CD305 inhibitors, PD-1
inhibitors, PD-L1 inhibitors, BTK inhibitors, modulators of TIGIT, ceccDINA epigenctic
madifiers, modulators of CD47, modulators of SIRP alpha , modulators of ICOS, modulators
of CD27, modulators of CD70, medulators of OX40, modulators of NKG2D, modudators of
Tim-4, modulators of B7-H4, modulators of B7-H32, modulators of NK G2 A, modulators of
GITR, modulators of CD160, modulaters of HEVEM, modulators of CD161, modulaiors of
Axl, modulators of Mer, modulators of Tyro, LAFs inhibitors, SMAC mimetics, IDO

inhibitors, and Hepatitis B virus replication tnhitbitors, and combinations thereof,
182171 In certain embodiments, such tablets are suitable for once daily dosing.

16218]  In certain embodiments, the additional therapeutic agent is selected from one or

more of

(1) Combination drugs selected from the group consisting of tenofovir disoproxil fumarate +
emiricitabine {(TRUVADA®), ABX-203+amivuding+PEG-IFNalpha, and ABX-
203 +adefovir+ PEG-TFNalpha, ING-9112 + RG7944 (INQG-18060);

(2) HBY DNA polymerase inhibitors selected from the group consisting of hesifovir,
entecavir {Baraclude®), adefovir (Hepsera®), tenofovir disoproxil fumarate (Viread®},
iencfovir alafenamide, tenofovir, tenofovir disoproxil, tenofovir alafenamide fumarsate,
tenofovir alafenamide hemifumarate, tenofovir dipivoxil , tenofovir dipivoxil fiunarate,
tenofovir octadecyloxyethyl ester, telbivudine (Tyzeka®), pradefovir, Clevudine,
emtricitabine (Emtriva®j), ribavirin, lamivudine (Epivir-HBV®), phosphazide,
faraciclovir, ANC-019754, FMCA, fusolin, AGX-1009, AR-11-04-26, HS-10234 and

metacavir,
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{3} bnmunomodulators selected from the group consisting of rintatolimod, fmidol
hydrochloride, ingaron, dermaVir, plagueni] (hvdroxychloroguine), proleukin,
bydroxyurea, mycophenolate mofetit (MPA) and iis ester derivative mycophenolate
moteii] (MMF), WF-10, vibavirin, IL-12, INO-2112, polymer polyethyleneimine (PEI,
Gepon, VGV-1, MOR-2Z, BMS-930559, RO-TG117RS, RO-0871765 and IR-183;

{4) Toll-like receptor 7 modulators selected from the group consisting of G8-9620, G8K-
2245035, imiguimeod, resiquimod, DSR-6434, DBRP.025, IMOG-4200, MCT-465, 3M-
051, SB-9922, 3M-052, Limtop, TMX-3030, TMX-202 RG-7863 and RG-7785;

{5} Toll-like receptor 8 modulators selected from the group consisting of motolimod,
resigoirsod, 3M-0ST, 3M-052, MCOT-463, IMO-4200, VTX-763, VTXR-1463;

{6} Toll-like receptor 3 madulators selected from the group consisting of rintatolimod, poly-
HCLO, MOUT-465, MOUT-475, Riboxxon, Ribossim and NB-1.1;

{7} Imterferon alpha receptor ligands selected from the group consisting of interferon alpha-2b
{Intron A®), pegylated interferon alpha-2a {Pegasys®), interferon alphs 1b (Hapgen®),
Veldona, Infradure, Boferon-A, YPEG-interferon alfa-Za (YPEGhIFMNalpha-2a), P-
1181, Algeron, Alfarona, Ingaron (ioterferon gamma), rSIFN-co {recombinant super
compound interferon), Ypeginterferon alfa-2b (YPEG-rhiFNalpha-2b), MOR-22,
peginterferon alfa-2h {(PEG-Intron®}, Bloteron, Novaferon, Inmutag {(Inferon),
Multiteron®, interferon alfa-nl{Humoferon®), interferon beta-1a (Avonex®),
Shaferon, interferon alfa-2b { AXKOY, Alfaferone, interferon alfa-2h (BioGeneric
Pharma}, interforon-alpha 2 (C1), Laferonum, VIPEG, BLAUFEROMN-B,
BLAUFERON-A, Intermax Alpha, Realdivon, Lanstion, Pegaferon, PDleron-B
PDeron-B, interforon alfa-2b (IFN, Laboratorios Bioprofarma), alfainterferona 2b,
Kaiferon, Pegnano, Feronsure, Pegibep, interforon alfa 2b (Zvdus-Cadila), Optipeg A,
Realta 2B, Reliferon, interforon alta-2b {Amega), imerferon alfa-2b (Virchow),
peginterforon alfa-2b { Amega), Reaferon-EC, Proguiferon, Uniferon, Urifron,
interferon alfs-2bh {Changehun Institute of Biological Products), Anterferon, Shanferon,
Laviferon, Shang Sheng Lei Tag, INTEFEN, SINOGEN, Fukangtat, Pegsiat, rHSAIFN
alpha-2b and Inferapo {Interapa);

{&) Hyaluronidase inhibitors selected from the group consisting of astodrimer;

{9 Modualators of TL-10;

{10} HBsAg inhibitors selected from the group consisting of HBF.0Z59, PRHEBY-001,
PBHBV-2-15, PBHRV-2-1, REP-SAC, REP-9C, REP-9, REP-2139, REP-2139-Ca,
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REP-2165, REP-2055, REP-2163, REP-2165, REP-2053, REP-2031 and REP-006 and
REP-9AL;

{11} Toll like recepior @ modulators selected from CYTO03 and CYT-003-QbG10,

{123 Cyclophilin inhibitors selected from the group consisting of OCB-030, SCY-6335 and
NYP-01&;

{13} HBY Prophylactic vaceines selected from the group consisting of Hexaxim, Heplisav,
Meosquirix, ITwP-HBY vaccine, Blo-Hep-B, DYT/P/HBY/M (LBVE-0101; LBVW-
0101}, DTwP-Hepb-Hib-1PY vaccine, Heberpenta L, DTwP-HepB-Hib, V-419, CVI-
HBVY-001, Tetrabhay, hepatitis B prophylactic vaceine {Advax Super I}, Hepatrol-07,
GSK-223192A, Engerix B, recorpbinant hepatitis B vaccine {intramuscular, Kangtas
Bislogical Products}, recombinant hepatitis B vaccine {Hansenual polvmorpha veast,
intrarpuscular, Hualan Biological Engincering ), Bimunugen, Fuforavac, Futravac,
anrix-DTaP-IPV-Hep B, Infanrix-DTaP-IPV-Hep B-Hib, Pentabio Vaksin DTP-HB-
Hib, Comwvae 4, Twinrix, Buvax-B, Tritanrix HB, Infanrix Hep B, Comvax, DTP-Hib-
HBY vaccine, DTP-HBY vacoing, Yi Tai, Heberbiovae HEB, Trivac HB, GerVax,
DTwP-Hep B-Hib vaceine, Bilive, Hepavax~-Gene, SUPERVAX, Comvacs, Shanvac-B,
Hebsulin, Recombivax HE, Revac B mef, Revac B+, Fendrix, DTwP-HepB-Hib, DNA-
001, Shansd, ThHBsAG vaccine, and DTaP-rHB-Hib vaccine;

{14} HBY Therapeutic vaccines selected fromy the group consisting of HEsAG-HBIG
compley, Bio-Hep-B, NASVAC, abi-HE (nirgvencus), ARX-203, Tetrabhay, GX-
1I0E, GR-4774, peptide vaccine {epsilonPA-44}, Hepatrol-007, NASVAC
{(MASTERAP), IMP-321, BEVAC, Revac B mef, Revac B+, MGN-1333, KW-2, UVI-
HBY-002, AltraHepB, VGX-6200, FP-02, FP-02.2, TG-1050, NU-300, HBVax,

o/ TrGnd/antigen vaceine, Mega-CD40L-adiuvanied vaceine, HepB-v, RGT7944 (ING-
{800}, recombinant VLP-based therapeutic vaccine (HBVY infection, VLP Biotech),
ALTG-17609, ADTG-17910 AdTG-13202, ChronVace-B, and Lm HBVY,

{15} HBY viral entry inhibitor selected from the group consisting of Myrcludex B;

{16} Antisense oligonucieotide targeting viral mRNA selected from the group consisting of
ISIS-HBVRx;

{17} short interfering RMNAs (5IRNA) selected from the group consisting of TEM-HBY
{TKM-HepB), ALN-HBVY, SR-008, ddRNA: and ARC-52(;

{18} Endonuclease modulators selected from the group consisting of PGN-314;

{19} Inhubitors of ntbonuclestide reductase selected from the group consisting of Trimidox;

{20} Hepatitis B virus E antigen inhibilors selected from the group consisting of wogoning
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{21} HBV antibodies targeting the surface antigens of the hepatitis B virus selected from the
group consisting of GC-1102, XTL-17, XTL-19, XTL-001, KN-003, IV Hepabulin SN,
and fully human monoeclonal antibody therapy (hepatitis B virus infection, Humabs
BiohMedy;

{22} HBV antibodies including monoclonal antibodies and polyclonal antibodies selected
from the group consisting of Zutecira, Shang Sheng Gan D4, Uman Big (Hepatitis B
Hyperimmune), Omri-Hep-B, Nabi-HB, Hepatect CP, HepaGam B, igantibe, Niuliva,
{T-P24, hepatitis B ymmmunogiobnlin (Intravenous, pH4, HBY infection, Shanghai
RAAS Blood Products) and Fovepta (BT-088),

{23} CCR2 chemokine antagonists selected from the group consisting of propagermaniumy;

{24} Thymosin agonisis selected from the group consisting of Thymalfasin;

(25} Cytokines selected from the group consisting of recombinant IL-7, CYT-107,
wierienkin-2 {1L-2, Immunex); recombinant human interlevkin-2 {Shenzben Neptonus),
L-15, 10-21, TL-24 and celmoleukin:

{26) Nucleoprotein modulators (HBVY core or capsid protein modulators) selected from the
proup consisting of NVR-1221, NVR-3778, BAY 41-4109, morphothiadine wesilate
angd DVR-23;

27y Sunmulators of retinoie acid-inducible gene | selected from the group consisting of 5B~
9300, SB-40, 8B-44, ORI-7246, ORI-9350, ORI-7537, ORI-5020, GR1-9198 and ORI-
7176;

(28} Stirnulators of NODZ selected from the group consisting of 8B~9200;

{29} Recombinant thymeosin alpha-1 selected from the group consisting of NL-004 and
PEGylated thymosin alpha 1;

{30} Hepatitis B virus replication inhibitors selected from the group consisting of
isothiatlndine, IQP-HBY, RM-5038 and Xingantie;

(31) PI3K inhibitors selected from the group consisting of idelalisib, AZD-8186, buparlisib,
CLR-457, pictilisib, neratintb, rigosertib, rigosertib sodium, EN-3342, TGR-1202,
alpelisib, duvelisib, UCB-5857, taselisily, X1.-76S5, gedatolisih, V3-5584, copanlisth,
CAT orotate, perifosing, RG-7666, GSK-2636771, D8-7423, panulisib, GSK-2260557,
GSK-2126458, CUDC-907, PQR-309, INCE-040093, plaralisib, BAY-1(82439,
puguitinib mesyvlate, SAR-243409, AMG-319, RP-6530, ZS8TK-474, MLN-1117, S§-
1126, RYV-1729, sonolisth, LY-3023414, SAR-260301 and CLR-1401,

{32} cceDBNA inhibitors selected from the group consisting of BEBI-2S;
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{33) PD>-L1 inhibitors selected from the group consisting of MEDI-0680, R(G-7446,
durvalumab, KY-1003, KD-033, MSB-0010718C, TSR-0342, ALN-PDL, 8TI-A 1014
and BMB-936559;

{34) PD-1 inhubitors selecied from the group consisting of nivolumab, pembrolizumab,
pidilizomab, BGB-108 and mDX-400;

(35} BTK inhibitors selected fom the group consisting of ACP-196, dasatinth, thrutinib,
PRN-1008, SNS-062, ONG-4059, BOGR-3111, MSC-2364447, X-022, spebrutinth, TP-
4247, HM-71224, KBP-7536 and AC-0025;

{363 1O inhibitors selected from the group consisting of epacadostat (INCBE24360), F-
001287, resminostat (4SC-2013, SN-35837, NLG-219, GDRC-0919, and indoximod,;

{37} Other drugs for treating HBYV selected from the group consisting of gentiopicrin
{gentiopicroside}, nitazoxanide, birinapant, NOV-2035 {(Molixan; BAM-205), Oligotide,
Mivotilate, Feron, levamisole, Ka Shu Ning, Alloferon, WS-007, ¥-101 (11 Fen Tai),
SIFN-co, PEG-HENm, KW-3, BP-Inter-014, oleanolic acid, HepB-nRNA, ¢TP-5 {fTP-
5}, HSKAIE-2, HEISCO-106-1, HEISCO-106, Hepbarna, IBPB-0061A, Hepuyinfen,
BasKloster 3014-01, Hangantai (Ganxikang}, picroside, BasKloster-0039, hepulantai,
IMB-2613, TCM-2008, reduced ghitathione, RO-6864018 and ZH-2N; and

{37} The compounds disclosed in US20100143201 (Gilead Sciences), US20110098248
{Gilead Sciences), US200890047249 {Gilead Sciences), US8722054 (Gilead Sciences},
US20140045849 (Janssen), US20140073642 (Janssen}, WO2014/056953 (Jansseny),
WO2014/076221 (Janssen}, WOZ014/1281K89 (Janssen), USZ201403 30031 {Janssen},
W2014/023813 (Janssen), US20080234251 {Array Biopharma}, US200R03306050
{Array Biopharma}, USZ0100029585 (Ventirn Pharma}, USZ01 10092485 (Ventirk
Pharma}, US201 18118233 (Ventirg Pharma}, US20120082658 (Ventirk Pharma),

US20120219615 (Ventirx Pharma), US20140066432 (Ventirg Pharma),
US20140088085 (VentirPharma), US20140275167 (Novira therapeutics),
US20130251673 (Novira therapeutics) , US8S13184 {Gilead Sciences),
US20140030221 (Gilead Sciences), US20130344030 (Gilead Sciences),
UIB20130344029 {(Gilead Sciences), US20140343032 (Roche), WO2014037480
{Roche), USZ20130287517 (Roche), WQ2014131847 (Janssen), W(O2014033176
{Janssen), WQ2014033170 (Janssen), WO2Z014033167 (Janssen), US20140330015
{Ono pharmaceutical), USZ0130079327 {Ono phamﬁceutical} and USZ01306217880
{Ono pharmaceutical), and US20100015178 (Incyte) .
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{82191 In certain embodiments, 2 compound disclosed herein {e.g. any orystaliine form of
Compound [}, is combined with one, two, three, four or more additional therapeutic agents.

in certain embodunents, a compound disclosed herein (e.g. any crysialline form of
Compound I}, is combined with two additional therapeutic agents. In other embodiments, a
compound disclosed herein {e.g. any crystalline form of Compound 1), is combined with three
additional therapeutic agents. In further embodiments, a compound disclosed herein (s.g. any
crystaitine form of Compound 1}, 1s combined with four additional therapeutic agents. The
oue, two, three, four or more additional therapeutic agente can be different therapeutic agents
selected from the same class of therapoutic agents, and/or they can be selecled from different

classes of therapeutic agents.

{0220}  In g specific embodiment, a compound disclosed herein {e.g. anv crystalline form of
Compound I}, is combined with an HBV DNA polymerase inhibitor. In another specific
embodiment, a compound disclosed herein (e.g. any crystalline form of Compound 1), is
combined with an HBV DINA polymerase inhibitor and at least one additional therapentic
agent selected from the group consisting of) mmunomaodulators, toli-like receptor modulators
{modulators of TLRT, TER2, TLR3, TLR4, TLRS, TLRS, TLR7, TLRS, TLRY, TLR1G,
TLRL, TLR12 and TLR13), interferon alpha receptor ligands, hyaluronidase inhibitors,
recombinant IL-7, HBsAg inhibitors, hepatitis B surface antigen (HBsAg) seoretion o
assembly inhibitors, compounds targeting HBcAp, cyclophilin inhibitors , HBV therapeutic
vaccines, HBY prophyvlactic vaceines HBV viral enfry inhibitors, NTUP inhibitors, antisense
oligonucieotide targeting viral mRNA, shost interfering RNAs GIRNA), miRNA gene
therapy agents, endonuclease modudators, inhibitors of ribonucieotide reductase, Hepatitis B
virus E antigen ivhibitors, recombinant scavenger receptor A (8RA} proteins, sre kinase
inhibitors, HBx inhibitors, cocDNA inhibitors, short synthetic hairpin RNAs (sshRNAs),
HBY antibodies including HBV antibodies targeting the surface antigens of the hepatitis B
virus and bispecific antibodies and “antibody-like” therapeutic proteins (such as DARTs®,
Pruiobodies®, Bites®, XmAbs®, TandAbs ®, Fab derivatives, TUR-like antibodies), CCR2
chemnokine antagonists, thymosin agonists, cytokines, nucleoprotein modulators (HBY core
or capsid protein modidators), stimulators of retineic acid-inducible gene 1, stimulators of
NOD2, stimulators of NOD1, Arginase-1 inhibitors, STING agonists, PI3K inhibitors,
tymphotoxin beta receptor activators, Matoral Killer Cell Receptor 2B4 inhibiiors,
Lymphocyie-activation gene 3 inhibitors, D160 inhibitors, cytoloxie T-lymphocyte-

associated protein 4 (CTLA4) wnhibitors, CD37 inhibitors, Killer cell lectin-like recepior

62



WO 2016/044182 PCT/US2015/050037

subfamily G member | inhibitors, TIM-3 inhibitors, B- and T-lymphocyte attenuator
inhibitors, CD305 inhibitors, PD-1 inhibitors, PD-L1 inhibitors, PEG-Interferon Lambda,
recombinant thymosin alpha-1, BTK inhibitors, modulators of TIGIT, modulators of C147,
modulators of 8IRPalpha , modulators of 1COS, modulators of CD27, modulators of CD70,
modulators of OX40, ceeDNA epigenetic modifiers, modulators of NKG2D, modulators of
Tim-4, modulators of B7-H4, modulators of B7-H3, modulators of NKG2A, modalators of
GITR, modulators of D160, modulators of HEVEM, modulators of CD161, modulators of
Axl, modulators of Mer, modulators of Tyro, gene modifiers or editors such as CRISFR
(inclading CRISPR Cas9}, zine finger nucieases or synthetic nucleases (TALENs), 1APs

inhibitors, SMAC mimetics, [DO inhibitors, and Hepatitis B viras replication inhibitors.

182211 In another specific embodiment, 3 compound disclosed herein {e.g. any crysialline
form of Compound I}, is combined with an HBV DNA polymerase inhibitor and at least a
second additional therapeutic agent selected from the group consisting of
immupomodulators, toll-like receptor modulators (modulators of TLRI, TLR2, TLR3, TLRY,
TLRS, TLRs, TLR7, TLRE TLRY, TLRIG, TLR1L, TLR1Z and TLR13), HBsAg inhibitors,
HBY therapeutic vaceines, HBV antibodies including HRY antibodies targeting the surface
antigens of the hepatitis B virus and bispecific antibodies and “antibody-like” therapeutic
proteins {such as DART3®, Duobodies®, Bites®, XmAbs®, TandAbs ®, Fab denivatives,
TCR-like antibodies), eyclophilin inhibitors, stimulators of retinoic acid-inducible gene 1,
PD-1 inhibitors, PINL1 inhibitors, Arginase-1 inhibitors, PI3K inhibitors, 1DO} inhibitors,

and stinlators of NGD2,

102221 In another specific embodiment, a compound disclosed herein {e.g. any crystaliine
form of Compound 1}, is combined with an HBV DNA polymerase inhibitor and at least a
second additional thergpeutic agent selected from the group consisting oft HBY viral entry
inhibitors, NTCP inhibitors, HBx inhibitors, cccDNA inhibitors, HBY antibodies targeling
the surface antigens of the hepatitis B virus, short interforing RNAs (siRNA), miRNA gene
therapy agents, short synthetic hatrpin RN As (sshRNAs), and nucleoprotein modulators

{HBVY core or capsid protein modulators).

{6223} in another specific embodiment, a compound disclosed herein {e.g. any crystaliine
form of Compound I}, 15 combined with an HBY DNA polvmerase inhibitor, one or two
additional therapeutic agents seleeted from the group consisting of! impmunomodulators, toli-

ke receptor moduolators (modulators of TLRE, TLR2, TLR3, TLR4, TLRS, TLRe, TLR7,
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TLRE, TLRS, TLRIO, TLRIL, TLRIZ and TLR13), HBsAyg inhubitors, hepatitis B surface
antigen {HBsAg) secretion or assevubly inhibitors, HBY therapentic vaccines, HBY
antibodies meluding HBY antibodies targeting the surface andigens of the hepatitis B virus
and bispecitic antibodies and “antibody-like” therapeutic proteins (such as BARTs®,
Duohodies®, Bites®, XmAbs®, TandAbs &, Fab dertvatives, TCR-like antibodies),
cyclophilin inhibitors, stimulators of retinoie acid-inducible gene 1, PD-1 inhibitors, FD-L1
ihibitors, Arginase-1 inhibitors, PI3K inhibitors, IDO inhibttors, and stimulators of NOD2Z,
and one or two additional therapentic agents selected from the group consisting of HBY viral
entry inhibitors, NTCP inhibitors, HBx inhthitors, coeDNA inhibitors, HBVY antibodies
targeting the surface antigens of the hepatitis B virus, short interfering RMAs {sitRNAJ,
miRNA gene therapy agents, short synthetic hairpin RMNAs (sshRNAs), and nucleoprotein

modulators (HBY core or capeid protein modulators).

192241 In a particular embodiment, a compound disclosed herein {e.g. any erystathine form
of Compound 1}, is combnned with one, two, three, four or wore additional therapeutic agents
selected from adefovir (Hepsera®), tencfovir disoproxil fumarate + emtricitabine
(TRUYADA®R), tenofovir disoproxil fumarate (Viread®), entecavir (Barachude®),
farmivudine (Epivir-HBV®), tenofoviy alafenamide, tenofovir, tenofovir disoproxil, tenofovi
slatenamide fumarate, tenofoviv alafenamide homifomarate, telbivudine {Tvzeka®),
Clevudine®, emirictiasbine (Emtriva®), peginterferon alfs-2b (PEG-Intron®), Multiferon®,
wnterferon alpha 1b (Happen®), interferon alpha-2b {Intron A®), pegylated interferon alpha-
Za (Pegasys®yy, terferon alfz-ni{Humoferon®), ribavirin, interferon beta-1a (Avonex @},
Bioferon, Ingaron, Inmutag {Inferon), Algeron, Roferen-4, Oligotide, Zutectra, Shaferen,
interferon alfa-2b {AX¥O), Alfaforone, interferon alta-2b (BioGeneric Pharma), Feron,
inferferon-alpha 2 {1}, BEVAC, Laferonum, VIPEG, BLAUFERON-B, BLAUFERON-A,
Intermax Alpba, Realdivon, Lanstion, Pegaferon, POferon-B, interferon alta-2h (1IN,
Laboratorios Bioprofarma), alfainterferona b, Kalferon, Pegnano, Feronsure, PegiHep,
interferon alfa 2b (Zydus-Cadila), Optipeg A, Realfs 2B, Reliferon, interferon alfa-2h
{Awmegay, iterferon alfa-Zb (Virchow}, peginterferon alfa-2bh {Amegr), Reaferon-EC,
Proguiferon, Uniferon, Urifron, interferon alfa-2b (Changehun Institute of Biclogical
Products), Anterferon, Shanferon, MOR-22, interleukin-2 (I1-2, Immunex), recombinant
human interlenkin-2 (Shenzhen Neptunus), Laytteron, Ka Shu Ming, Shang Sheng Let Tai,

INTEFEN, SINOGEN, Fokangtat, Alloferon and celmoleukin,
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{02251 In a particular erobodimernt, a compound disclosed herein {e.g. any crystaline form
of Compound 1), is combined with entecavir (Baraclude®), adefovir (Hepsera®), tenofovir
disoproxil fomarate (Viread®), tenofovir alafenamide, tenofovir, tenofovir disoproxil,
tencfovir alafenamide fumarate, tenofovir alafenarmide hemifumarate, telbivudine {Tyzeka®)

of lamivudine (Epivir-HBVE®).

[0226] in a particnlar emybodiment, a compound disclosed herein {e.g. any crystalline form
of Compound ), is combined with entecavir {Barachude®), adefovir (Hepsera®}, tenofovir
disoproxil fumarate (Viread®), tenofovir alafenamide hemifumarate, telbivudine (Tyzeka®)
or lamivudine (Epivit-HBV®). In a particular embodiment, & compound disclosed herein
(e.g. any crystalline form of Compound 1} is combined with a PD-1 inhibitor. In a particular
embodiment, a compound disclosed herein {e.g. any crystalling form of Compound 1) is
combined with a PD-L1 inhibttor. In a particular embodiment, a compound disclosed herein
{e.g. any crystalline form of Compound 1} is combined with an IDO inhibitor, In a particular
cmbodiment, a compound disclosed herein {e.g. any crystalline form of Compound D e
combined with an DO inhibitor and a PD-1 mhibitor. In a particular embodiment, a
compound disclosed herein (e.g. any erystalline form of Compound 1 is combined with an

0 inhibitor and 2 PD-L1 inhibitors,

82271 In a particular embodiment, a compound disclosed herein {e.g. any crysialline form
of Compound 1}, is combined with a first additional therapeutic agent selected from the group
consisting of! entecavir {Baraclude®), adefovir (Hepsera®), tenofovir disoproxil fumarate
{Viread®)}, tenofovir alafenamide, tencfovir, tenofovir disoproxil, tenofovir alafenamide
fumarate, tenofovir alatenamide hemifumarate, telbivadine (Tyeeka®) or lamivudine (Epivir-
HBV®) and at least a second additional therapeutic agent selected from the group consisting
of immunomodulators, toli-like recepior modulators {modulaters of TLERY, TLRZ, TLR3,
TLR4, TLRS, TLRG, TLR7, TLRS, TLRO, TLRIG, TLRIL, TLR12 and TLR13}, interferon
alpha receptor ligands, hyaluronidase inhibitors, recornbinant 1L-7, HBsAg inhibitors,
hepatilis B surface antigen (HBsAg) secretion or assembly inhibitors, compounds targeting
HbcAg, cyclophilin inhibitors | HBV Therapeutic vaccines, HBV prophylactic vaccines,
HBY viral entry inhibitors, NTCP inhibitors, antisense oligonucleotide targeting viral
mRNA, short interfering RIWNAs (siRMNA}, miRNA gene therapy agents, endonuclease
modulators, inhibitors of ribonucleotide reductase, Hepatitis B virus F antigen inhibitors,
recombinant scavenger recepior A (SRA) proieins, sre kinase inhibitors, HBx inhibitors,

cecDNA inhibitors, short synthetic hairpin RNAs (sshRNAs), HBY antibodies including
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HBYV antibodies targeting the surface antigens of the hepatitis B virus and bispecific
antibodies and “antibody-like” therapeutic proteins (such as DARTs®, Duobodies®, Bites®,
XmAbs®, TandAbs ®, Fab denvatives, TCR-like antibodies), CCR2 chemokine antagonists,
thymosin agonists, cytokines, nucleoprotein modulators (HBV core or capsid protein
modulators), stimulators of retinoic acid-inducible gene 1) stinmudators of NOGD2, stimulators
of NCGD, IDO inhibitors, recombinant thymosin alpha-1, Arginase-1 inhibitors, STING
agonists, PI3K inhibitors, lymphotoxin beta receptor activators, Natural Killer Cell Receptor
284 mbubitors, Lymphoeyie-activation gene 3 inhibitors, CD160 inhibitors, cytotoxic T-
ivmphocyte-associated protein 4 ({CTLA4} inhibitors, CD137 inhibitors, Killer cell lectin-
like receptor subfamily G mevaber 1 inhibitors, TIM-3 inhibitors, B- and P-lymphocyie
attenuator inhibitors, cocINA epigenctic modifiers, CD305 inhibitors, PD-1 inhibitors, PD-
L.1 inhibitors, PEG-Iaterferon Lambd, BTK inhibitors, modulators of TIGIT, modulators of
CD47, modulators of SIRPalpha |, modulators of ICOR, modulators of CD27, modulators of
CD70, modulators of OX40, modulators of NKG2ZD, modulators of Tim-4, modulators of B7-
H4, modulators of B7-H3, modulators of NKGZA, medulators of GITR, modalators of
C13160, modulators of HEVEM, modulators of CD161, modulators of Axi, modulators of
Mer, modulators of Tyro, gene modifiers or editors such as CRISPR {including CRISPR
Cas®}, zinc finger nucleases or synthetic mucleases {TALENs), IAPs inhibitors, SMAC

mimetics, and Hepatitis B virus replication inhibitors.

[0228] In a particular embodiment, a compound disclosed herein {e.g. any crystaliine form
of Compound I}, is combined with a first additional therapeutic agent selected from the group
consiating of! entecavir (Baraclude®), adefovir (Hepsera®), tenofovir disoproxil fumarate
{Viread®), tenofovir alafenamide, tenofovir, tenofovir disoproxil, tenofovir alafenamide
fumarate, tenofovir alafenamide hemifumarate, telbivadine (Tyzeka®) or lamivadine (Epivir-
HBV®) and at least a second additional therapentic agent selecied from the group consisting
of peginterferon alfa-2b (PEG-Intron®), Multiferon®, interferon alpha 1b (Hapgen®),
interferon alpha-2b (Intron A®), pegyiated interferon alpha-Za (Pegasys®), interferon alfa-
nl{Humoferon®), ribavirin, inierferon beta-la (Avonex®), Bioferon, Ingaron, Inmutag
{Inferon}, Algeron, Roferon-A, Oligotide, Zutectra, Shaferon, interferon alfa-2b (AXKQ),
Altaferone, interferon alfa-2b (BioGeneric Pharma), Feron, interferon-alpha 2 (Cly, BEVAC,
Lateronum, VIPEG, BLAUFERON-B, BLAUFERON-A, Intermax Alpha, Realdiron,
Lanstion, Pegaferon, PDferon-B, interferon alfa-2h (IFN, Laboratorios Bioprofarma),

alfainterferona 2b, Kalferon, Pegnano, Feronsure, Pegiltep, interferon alfa 2b (Fydus-
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Cadila}, Optipeg A, Realfa 2B, Reliferon, interferon alfa-2b {Amega), interferon sifa-2b
(Virchow), peginterferon aifa-2b {Amega), Reafteron-EC, Froguiferon, Uniferon, Urifron,
interferon alfa-2b (Changehun Institute of Biological Products), Anterferon, Shanferon,
MOR-22, interieukin-2 (1L-2, homunex}, recombinant human interevkin-2 (Shenzhen
Neptunus), Laytferon, Ka Shm Ning, Shang Sheng Lei Tai, INTEFEN, SINOGEN, Fukangta,

Aloteron and celimoleukin;

1922%)  In a particular embodiment, a compound disclosed herein {e.g any crystalline form
of Compound I}, is combined with a first additional therapeutic agent sclected from the group
consisting of: entecavir (Baraclude®), adefovir (Hepsera®), tenofovir disoproxil fumarate
{Viread®), tenofovir alafenamide, tenofoviy, tenofovir disoproxil, tenofovir alafenamide
fumarate, tenofovir alafengmide hemifumarate, telbivudine (Vyzeka®) or lamivudine (Epivir-
HBV®) and at least a second additional therapeutic agent selected from the group consisting
of iamunomedulators, toll-like receptor modulators (modulators of TLRE, TLIR2, TLR3,
TLR4, TLRS, TLRS, TLR7, TLRE, TLRS, TLRIO, TLRIL, TLRIZ and TLR13), HBsAg
mhibitors, hepatitis B surface antigen (HBsAg) secretion or assembly inhibitors, HBY
therapentic vaccines, HBY antibodies including HBV antibodies targeting the surface
antigens of the hepatitis B viras and bispecific antibodies and “antibody-like” therapeutic
proteins (such as DARTs®, Duobodies®, Bites®, XmAbs®, TandAbs ®, Fab derivatives,
TCR-ltke antibodies}, cyclophilin inhibtiors, stimudators of retinoic acid-inducible gene 1,
Arginase-1 inhibitors, PI3K inhibitors, PD-1 inhibtiors, PINLI intubitors, IDO inhibitors, and
stirnulators of NOD2,

[8238] In a particular embodiment, a compound disclosed herein {e.g. any crystalline form
of Compound I}, is combined with a first additional therapeutic agent selecled from the group
consisting of! entecavir (Barachude®3, adefovir {(Hepsera®), tenofovir disoproxil fumarate
{Vircad®), tenofovir alafenamide, lenofovir, tenofovir disoproxil, tenofovir alafenamide
fumarate, tenofovir alafenamide hemifumarate, telbivadine (Tyzeka®) or lamivudine (Epivir-
HBV®j) and at least a second addifional therapeutic agent selected from the group consisting
of HBY viral eotry inhibitors, NTCP inhibitors, HBx inhibitors, cocDNA inhibitors, HBY
anttbodies targeting the surface antigens of the hepatitis B virus, shost inferfering RNAs
(siRNA), miRNA gene therapy agents, short synthetic hairpin RNAs (sshRNAs), and

nucieoprotein modulators {HBY core or capsid protein modulators).
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10231]  In a particular exobodiroent, a compound disclosed herein {e.g. any crystalline form
of Compound I}, is combined with a first additional therapeutic agent selected from the group
consisting of! entecavir {Baraclude®), adefovir (Hepsera®), tenofovir disoproxil fumarate
{Viread®}, tenofovir alafenamide, tenofovir, tenofovir disoproxi], tenofovir alafenamide
fumarate, tenofovir alafenamide hemifumarate, telbivudine {Tyzeka®) or lamivudine {(Epivir-
HBV®), oue or two additional therapeutic agents selected from the group consisting oft
immunomodulators, toll-like receptor modulators {modulators of TLR, TLR2, TLR3, TLR4,
TLRS, TLRS, TLR7, TLRE, TLRY, TLRIG, TLR11, TLR12 and TLR13), HBsAy inhibitors,
hepatitis B surface antigen (HBsAg) secretion or assembly inhibitors, HEY therapeutic
vaceines, HBVY antibodies including HBV antibodies targeting the surface antigens of the
hepatitis B virus and bispecific antibodies and “antibody-like” therapentic proteins (such as
DARTs®, Ducbodies®, Bites®, XmAbs®, TandAbs ®, Fab derivatives, TCR-like
antibedies), cyclophilin inhibitors, stimulators of retinoic acid-inducible gene 1, PD-1
inhibitors, PD-L1 intubtiors, Arginase-1 inhibitors, PI3K inhibitors, IDO inhibtiors, and
stimulators of NODZ, and one or two additional therapeutic agents selected from the group
consisting of! HBY viral entry inhibitors, NTCP inhibitors, HBx inhibitors, cccDNA
inhibitors, HBY antibodies tarpeting the surface antigens of the hepatitis B virus, short
interfering RNAs (siRNA)Y, miRNA gene therapy agents, short synthetic hairpin RNAs

{sshRNAs}, and mucleoprotein modulators (HBV core or capsid protein modulators).

10233} In certain embodiments, a compound disclosed herein {e.¢. any crystaliine form of
Compound I}, i3 combined with 5-30 mg tenofovir alafenamide fumarate, tenofovir
alafenamide hemitfumarate, or tenofovir alafenamide. In certain embodiments, a compound
disclosed herein {e.g. any crystailine form of Compound 1), is combined with 5-10; 3-15; 5-
203, 5-251 25-30; 20-30; 13-30; or 13-30 mg tenofovir alafenamide fumarate, tenofovir
alafenamide hemifomarate, or tenofovir alafenamide. In certain embodiments, a compound
disclosed herein (e.g. any crystalline form of Compound 1), is combined with 10 mg tenofovir
alafenamide fumarate, tenofovir alafenamide hemifumarate, or tenofovir alafenamide. In
certain embodimenis, a comnpound disclosed herein {e.g. any crystalline form of Compound
I3, is combined with 25 mp tenofovir alafenamide fumarate, tenofovir alafenamide
hemifumarate, or tenofovir alafenamide. A compound as disclosed herein (e.g., a crystalline
form of Compound 1} may be combined with the agents provided herein in any dosage
amount of the compound (e.g.. fromn 1 mg to 500 mg of compound) the same as if each

combination of dosages were specifically and individually Hsted.
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{82331  In certain embodiments, a compound disclosed berein {e.g. any crystalline form of
Compound [}, is combined with 100-400 mg tenofovir disoproxil fumarate, tenofovir
disoproxil hemifumarate, or tenofovir disoproxil. In certain embodiments, a compound
disclosed herein {e.g. any crystalline form of Compound 1}, is combined with 106-150; 100-
200, 160-250; 100-300; 100-350; 1506-200; 150-250; 150-300; 150-350; 150-400; 200-25C;
280-300; 200-350; 200-400; 250-350; 250-400; 350-400 or 300-400 mg tenofovir disoproxil
fumarate, tenofovir disoproxil hemifumarate, or lenofovir disoproxil. In certain embodiments,
a compound disclosed herewn {e.g. any orystalline form of Compound 1, is combined with
300 mg tenofovir disoproxil fumarate, tenofovir disoproxil hemifumarate, or tenofovir
disoproxil. In certain embodiments, a compound disclosed herein {e.g. any cryvstalline form of
Compound I}, is combined with 250 mg tenofovir disoproxil famarate, tenofovir disoproxil
hemifumarate, or tenofovir disoproxil. In certain embodiments, a compound disclosed herein
{e.g. any crystalline form of Compound 1), is combined with 150 mg tencfovir disoproxil
furnarate, tenofovir disoproxil hermifumarate, or tenofovir disoproxil. A compound as
disclosed herein (e.g., a crystalline form of Compound 1) may be combined with the agents
provided herein in any dosage amouont of the compound (e.g., from 1 mgto 300 mg of
compound) the same ag if each combination of dosgges were specifically and individually

listed.

[0234] In certain embodiments, a method for treating or proventing an HIV infection in a
human having or at risk of having the infection is provided, comprising administering o the
human a therapeutically effective amount of a compound disclosed herein {c.g. any
crystailine form of Compound 1), in combination with a therapeutically effective amount of
one oF more (8.2, one, twe, three, one or two, or one to three) additional therapeutic agents.
in one embodiment, a method for tregting an HIV infection in a human having or at risk of
having the infection is provided, comprising administering to the human a therapeutically
ctfective amount of a compound disclosed herein (e.g. any crystalline form of Compound 1),
i combination with a therapeutically effective amount of one or more (e.g., one, two, three,

one o1 two, of one fo three) addifional thergpeutic agents.

{3235]  In certain embodiments, the present disclosure provides a method for treating an
HIV infection, comprising adminisiering fo a patient in need thereof a therapeutically
clfective amount of a compound disclosed herein, or a pharmaceutically acceptable salt,
theresot, in combination with a therapeutically effective amount of one or more additional

therapeutic agents which are suitable for treating an HIV infection.
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{8236] A compound as disciosed herein {¢.g. any crystalline form of Compeound I} may be
combined with one or more additional therapeutic agenis in any dosage amount of the

compound of Formula I {e.g., from | mg to 1000 mg of compound).

{82371 In one embodiment, pharmacentical compositions comprising a compaund
disclosed herein (e.g. any crystatiine form of Compound I}, in combination with one or more
{e.g., one, two, three, one or two, or one to three) additional therapeutic agents, and a

pharmaceutically acceptable carrier, diluent or excipient are provided.

(9338]  In one embodiment, kits comprising a compound disclosed herein {e.g. any
crystatiine form of Compound I}, in combination with one or more {e.g., one, two, three, one

o

or two, or one to three) additional therapeutic agents are provided.

[0239]  Inthe above embodiments, the additional therapeutic agent may be an anti-HIV
agent. For exarople, in some embodiments, the additional therapeutic agent s selected from
the group consisting of HIV proiease inhibitors, HIV non-nucleoside or non~mucieotids
irthibitors of reverse transcriptase, HIV nucleoside or nucleotide inhibitors of reverse
transeriptase, HIV integrase inhibitors, HIV non-catalytic site {or allosteric) integrase
inhibitors, HIV entry inhibitors {e.g., CCRS inhibitors, gpd! inhibilors (L., fusion inhibitors)
and U4 attachment inhibitors), CXCR4 inhibitors, gpl120 inhibitors, GOPD and NADH-
oxidase inhibitors, HIV vaccines, HIV maturation indubitors, latency reversing agents {o.g.,
histone deacetylase inhibitors, proteasome inhibitors, protein kinase € (PKC) activators, and
BRD4 inhubators), compounds that target the HIV capsid ("capsid inhibitors”™; e.g., capsid
polymerization inhibilors or capsid disrupling compounds, HIV mucleocapsid p7 (NCp7)
inhibitors, HIV p24 capsid protein inhibifors), pharmaceokinetic enhancers, imymune-based
therapies {e.g., Pd-1 modulators, Pd-L1 modulators, toll like receptors modulators, H-15
agomsts, 3, HIV antibodies, bispecific antibodies and “antibody-like” therapeutic profeing
{g.g., DARTs®, Ducbodies®, Bites®, XmAbs®, TandAbs ®, Fab derivatives) including
those targeting HIV gpl120 or gpdl, combination drugs for HIV, HIV p17 matrix protein
inhibitors, {L.-13 antagonists, Peptidvl-proly! cis-irans isomerase A modulators, Protem
disulfide isomerase inhibitors, Complement C35a recepior antagonists, DNA
methylransferase inhibitor, HIV vif gene modulators, Vif dimerization antagonists, HIV-1
viral infectivity factor inhibitors, TAT protein inhibitors, HIV-1 Nef modulators, Hek
tyrosing kinase modulators, mixed lineage kinase-3 (MLK-3) inhibitors, HIV-1 sphicing

inhibitors, Rev protein inhihitors, Infegrin antagonists, Nucleoprotein inhibitors, Sphicing
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factor modulators, COMM domain containing protein 1 modulators, HIV Ribonuclease H
inhibitors, Retrocyelin modulators, CDE-9 inhibitors, Dendritic ICAM-3 grabbing
nonintegrin 1 inhibitors, HIV GAG protein inhibitors, HIY POL protetn inhibitors,
Complement Factor H modulators, Ubtquitin ligase inhibitors, Deoxyeyviidine kinase
inhibitors, Cyclin dependent kinase inhibitors Proprotein convertase PC9 stimulators, ATP
dependent RNA helicase DDX3X inhibitors, reverse transcriptase priming complex
inhibitors, HIV gens therapy, PI3K inhibitors, compounds such as those disclosed in W
2013/006738 (hilead Sciences), US 2013/016348% {(University of Pennsylvania), WO
2013/091096A1 (Bochringer Ingelheim), WO 2009/062285 (Boehringer Ingetheim),
UR20140221380 (Japan Tobacco), US20140221378 (Japan Tobacco), WO 2010/130034
{Boehringer Ingelheim), WO 2013/1535064 {Gilead Sciences), WO 2012/145728 {Gilead
Sciences), WO2012/003487 (Gilead Sciences), WO2014/100323 {Gilead Sciences),
WO2012/145728 (Gilead Sciences), WO2013/159064 {Gilead Sciences) and WO
Z812/003498 (Gilead Sciences) and WO 2013/006792 (Pharma Resources), and other drugs

for treating HIV, and combinations thereof,

{32401  In certain embodiments, the additional therapeutic is selected from the group
consisting of HIV protease inhibitors, HIV non-nucleoside or non-nucleotide inhibitors of
reverse transcriptase, HIV nucleoside or nucleotide inhibitors of reverse transcripiase, HIV
integrase inhibitors, HIV non-catalytic site {or allosteric) integrase inhibitors,

pharmacokinetic enhancers, and combinations thereof.

{62411 In certain embodiments a erysialline form of Compound 1 is formulaied as a tablet,
which may optionally contain one or more other compownds usefud for treating HIV., In
certain embodiments, the tablet can contatn another active ingredient for treating HIV, such
as HIV protesse inhibitors, HIV non-nucleoside or non-nucleotide inhibitors of reverse
transcriptase, HIV nucleoside or nucleotide inhibitors of reverse transeriptase, HIV integrase
inhibitors, HIV non-catalytic stte {or allosteric) integrase inhibitors, pharmacokinetic

enhancers, and combinations thereof
18242} In certain embodiments, such tablets are suitable for once datly dosing. In certain
erabodiments, the additional therapeutic agent is selected from one or more oft

{1} Combination drugs sslected from the group consisting of ATRIPLA®
{ctavirenzHenofovir disoproxil fumarate +emiricitabine), COMPLERA®

(EVIPLERA®, rilpivirineHenofovir disoproxil fumarate +emtricitabine), STRIBILD®
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{elvitegravirteobicistal-Henotovir disoproxil fumarate +emtricitabine), dolutegravir +
abacavir sulfate +lamivudine, TRIUMEQ® (dohutegravir + abacavir + lamivudine} ,
lamivudine + nevirapine + zidovuding, dolutegravirtrilpivirine, dolutegravirtriipivirine
wydrochionde, atazanavir sulfate + cobicistat, |, atazanavir + cobicistat, daranavir +
cobicistat, efavirenz + lamivudine + tenofovir disoproxil fumarate, tenofovir
alafenamide hemifumarate + emtricitabine + cobicistat + elvitegravir, tenofovir
alafenamide hemifumarate + emitricitabine, tenofovir alafenamide + emiricitabine,
tenofovir alafenamide bemifumarate + emtricitabine + ripivirine, tenofovir alafengroide
+ gmiricitabine + rilpivirine , Vace-4x + romidepsin, daronavir + tencfovir alafenamide
hemifumarate+ emiricitabing + cobicistat, APH-0812, raltegravir + lamivudine,
KALETRA® (ALUVIA®, lopinavir+ritonavir), atazanavir sulfate + ritonavir,
COMBIVIR® (zidovudineHamivadine, AZT+3TC), EPZICOM® (Livexa®, abacavir
sulfate Hamivudine, ABCH3TC), TRIZIVIR® (abacavir
sulfate+zidovadineHamivadine, ABC+AYTHITC), TRUVADA® {tenofovir disoproxil
fumarste +emiricitabine, TDF+FTCY, doraviring + lamivudine + tenofovir disoproxil
fumarate, doravirine + lamivudine + tenofovir disoproxil, tenofovir + lamivadine and
lanuvudine + tenotovir disoproxil fumarate;

(2) HIV protease inhibitors selected from the group consisting of amprenavir, atgzanavir,
fosamprenavir, fossmprenavir caleium, indinavir, indinavir sulfate, lopinavir, ritonavir,
nelfinavir, netfinavir mesylate, saquinavir, saquinavir mesylate, tHpranaviy, brecanavir,
darunavir, DG-17, TMB-657 (PPL-100) and TMC-310811;

(3) HIV norenucleoside or non-nuclectide inhibitors of reverse transcriptase selected from
the group counsisting of delavirdine, delavirdine mesvlate, nevirapine, etravirine,
dapivirine, doraviring, rilpivirine, efavirens, KM-023, VM-1300, lentinan and AJC-292;

(4) HIV nucleoside or nucleotide inhibitors of reverse transcriptase selected from the group
consisting of VIDEX® and VIDEX® EC (didanosine, dd}}, ridovadine, emtricitabine,
didanosioeg, stavudive, zalcilabine, lamivudine, censavudine, sbacavir, abacavir sulfate,
elvucitabine, alovidine, phosphazid, fozivadine tidoxil, apricitabine, KP-1461,
fosalvadine tidoxil, tenofovir, tenofovir disoproxil, tenotovir disoproxil fumaraie,
tenofovir disoproxil hemifumarate, tenofovir alafenamide, tenofovir alafenamide
bemifomarate, tenofovir alafenamide fumarate, adefovir, adefovir dipivoxil, and
festinavir;

{5) HIV integrase inhibitors selecied from the group consisting of curcumin, derivatives of
curcumin, chicoric acid, derivatives of chicoric acid, 3,5-dicaffeoyiquinic acid,
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derivatives of 3,5-dicaffeoviquinic acid, aurintricarboxvlic acid, derivatives of
aurintricarboxyvlic acid, caffeic acid phenethyl ester, derivatives of caffeic acid
phenethyl ester, tyrphostin, derivatives of tyrphostin, quercetin, denivatives of quercetin,
raltegravir, elvitegravir, dolutegraviv and cabotegravir;

(6) HIV non-catalytic site, or allosteric, integrase inhibitors {(NCINT} selected from the group
consisting of CX-(5168, CX-05045 and CX-~14442;

{7y HIV gp4! inhibitors selected from the group consisting of enfuvirtide, sifirvirtide and
albuvirtide:

{8) HIV entry inhibilors selected from the group consisting of cenieriviroc;

(9) HIV gp120 inhibitors selected from the group consisting of Radha-108 {Receptol) and
BMS-663068;

{10y CCRS inhibitors selected from the group consisting of aplaviroe, vicrivivec, maravirog,
centerivivoe, PRO-140, Adaptavir (RAP-101), nifeviroe (TD-0232), TD-0680, and
vMIP (Hainupul;

{11) €34 attachment inhibitors selected from the group consisting of ibalizamab;

{12y CXCR4 inhibitors selected from the group consisting of plerixafor, ALT-1188, vMIP
and Haunipu;

(13} Pharmacokinetic enhancers selected from the group consisting of cobigistat and
ritonavir;

{14} Immune-based therapies selected from the group consisting of dermaVir, mterleukin-7,
plagueni} (hydroxyehloroguine), proleukin (aldesleukin, 1L-2), interferon alfi,
interforon alfa-2b, interferon alfa-nd, pegyiated interferon alfa, interferon gamma,
hydroxyurea, wmycophenolate motetil {MPAY and its ester derivative mycophenolate
mofetil (MMF), WF-10, ribavirin, 1-2, 1L-12, polymer polvethyilencimine (PEL,
Gepon, VGV-1, MOR-22, BMB-836559, toll-like receptors modulators (TLR1, TLRZ,
TLR3, TLR4, TLRS, TLRe, TLR7Y, TLRE, TLRY, TLR1G, TLR11, TLR12 and TLR13),
rintatolimod and IR-103;

{15} HIV vaccines selected from the group counsisting of peptide vaccines, recombinant
subunit protein vaccines, hve vector vaccines, DNA vaccines, virs-like particle
vaccines {pseudovirion vaceine}, CD4-derived peptide vaceines, vaccine combinations,
replZ0 {AIDSVAX), ALVAC HIV (vCPISZIVAIDSVAX B/E (gpi20} (RV 144},
monomerie gpl20 HIV-1 subtype C vaccine (Novartis), Remune, ITV-], Contre Vir,
AdS-ENVA-48, DCVax-001 (CDX-2401), PEP-6409, Vace-4x, Vace-C5, VAC-38,
multiclade DNA recombinant adenovirus-3 {rAdS}, Pennvax-G, VRC-HIV MABOGO-
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0-AB, AVX-101, HIV-TriMix-mRNA vaccine, AVX-201, HIV-LAMP-vax, Ad35,
AdIS-GRIN, NACGMI/VESP ISA-51, poly-ICLE adjuvanted vaccines, Tatlmmune,
GTU-multiHIV (FIT-06), AGS-004, gpl140{deltal V2. TVI+ MF-59, tVSVIN HIV-1 gag
vaceine, SeV-Gag vaccine, AT-20, DNK-4, AQ3S-GRIN/ENY, TBC-M4, HIVAX |
HIVAX-2, NYVAC-HIV-PTL, NYVAC-HIV-PT4, DNA-HIV-PTI23, rAAVI-PGRDP,
GOV-BLL, GOVX-B21, ThV-01, TUTI-16, VGX-3300, TVI-HIV-1, Ad-4 {Ad4-env
Clade C + Add-mGag), EN41-UGR7C, EN41-FPAZ, PreVaxTat, TL-01, SAV-001,
AE-H, MYM-V101, CombiHiVvac, ADVAX, MYM-V201, MVA-CMDR, MVATG-
17401, ETV-41, CDX-1401, reAd26 MOST.HIV-Env and DNA-AAS gag/pol/nelinev
{(HVTNSOSY

(16) HIV antibodies, Bspecific anttbodies and “antibody-like” therapeutic profeins {such as
DARTs®, Duobodies®, Bites®, XmAbs®, TandAbs ®, Fab derivatives) including
BMS-836559, TMEB-360 and those targeting HIV gpl120 or gp4l selected from the
group consisting of bavituximab, UB-421, C2F3, C2G12, C4E10,
CZFSHC2GIZ+C4ETG, 3-BNC-117 , PGTI45, PGTI21, MEXC10 (ipitimomabs,
VRO, A32, 782, 10ES, VRC-07-523 and VRCO7,

(17 latency reversing agents selected from the group consisting of Histone deacetylase
inhibitors such as Romidepsin, vorinostat, panobinostat; Proteasome mhibitors such as
Veleade; protein kinase C (PKC) activators such as Indolactam, Prostratin, lngenol B
and DAG-[actones, lonomycin, GSK-343, PMA, SAHA, BRD4 intubitors, IL-185, JG1,
disultram, and amphotericin B;

{18} HIV nucleocapsid p7 (NCp7) inhibitors selected from the group consisting of
azodicarbonamide;

{19y HIV maturation inhibttors selected from the group consisting of BMS-955176 and GSK-
2838232,

{20} PI3K inhibitors selected from the group consisting of idelalisib, AZD-8186, buparlisth,
CLR-457, pictilisib, neratinib, rigosertth, vigosertth sodium, EN-3342, TGR-1202,
alpelisib, duvelistb, UCB-5857, taselisib, X1L-765, gedatolisib, VS-5584, copanlisib,
CAJ orotate, perifosine, RG-7666, GRK-2636771, DS-7423, panulisib, GSK-2268557,
GBK-2126458, CUDC-9G7, POR-30D, INCB-040093, pilaralisib, BAY-1082439,
puquitinib mesylate, SAR-245400, AMG-319, RP-6530, ZSTK-474, MLN-1117, BF-
1126, RV-1729, sonolisib, LY-3023414, SAR-260301 and CLR-1441;

{21) the corapounds disclosed in WO 2004/096286 {Gilead Sciences), WO 2006/110157
{Gilead Sciences), WO 2006/015261 (Gilead Sciences), WO 2013/006738 (Gilead
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Sciences}, US 2013/0163489 {Liniversity of Pennsylvania}, USZ0140221380 (Japan
Tobaceo), US20140221378 (Japan Tebacco), WO 2013/006792 (Pharma Resources),
WO 2009/062285 (Boehringer Ingelhetm), W 2014/130034 (Boehringer Ingetheim),
WO 2013/091096A1 (Bochringer Ingelheim), WO 2013/159064 {Gilead Sciences), WO
2012/145728 (Gilead Sciences), WOZ012/003497 (Gilead Sciences), WO2014/100323
{Gilead Sciences), WO2012/145728 {Gilead Sciences), WO2013/159064 (Gilead
Sciences} and WO 2012/003498 {(Gilead Sciences);, and
{22} other drugs for treating HIV selected from the group consisting of BanLec, MK-8507,
AG-1108, TR-452, MK-8591, REP 8, CYT-107, alisporivir, NOV-205, IND-02,
meienkefaling PGN-007, Acemannan, Gamumune, Prolastin, 1,5-dicaffeoyiquinic acid,
BIT-225, RPI-MN, VSSP, Hiviral, IMO-3100, SB-728-T, RPLMN, VIR-5876, HGTV-
43, MK-1376, fHIV7-shl-TAR-CCRSRZ, MazF gene therapy, BlockAide, ABX-464,
SCY-635, nalirexone, AAV-eCD4-1g gene therapy, TEV-90110, TEV-93112, TEV-
90111, TEV-90113, deferiprone, HS-10234, and PA-1050040 (PA-040).
{32431  In ceriain embodiments, a compound disclosed herein {e.g. any crystalline form of
Compound I}, 18 combined with one, two, three, tour or more additional therapeuntic sgents.
In certain embodiments, a compound disclosed herein {e.g. any erystalline form of
Compound I}, s corabined with two additional therapeutic agents. In other embodiments, a
compound disclosed herein {e.g. any crystalline form of Compound I}, is combined with three
additional therapeutic agents. In further embodiments, a compound disclosed herein (e.g. any
crystaliine form of Compeound 1), is combined with four additional therapeutic agents. The
one, two, three, four or more additional therapeutic agenis can be different therapentic agents
sclected from the same class of therapeutic agents, and/or they can be selected from different
classes of therapeudic agents. In a specific ewbodiment, a compound disclosed heremn {e.g,
any crystalline form of Compound 1}, is combined with an HIV nuclecside or nucieotide
inhibitor of reverse transcriptase and an HIV non-nucleoside inhibitor of reverse
transcriptase. In another specific embodiment, a compound disclosed herein (e.g. any
crystalline form of Compound 1), is combined with an HIV nuclesside or nucleotide inhibitor
of reverse transcriptase, and an HIV protease inhibiting compound. In a further embodiment,
a compound disclosed herein {e.g. any crystallive form of Compound 1}, is combined with an
HIY nucleoside or nuclectide inhibitor of reverse transcriptase, an H1V non-nucieoside
tnhitbitor of reverse transcriptase, and an HIV protease inhibiting compound. ln an additions}
embodiment, 2 compound disclosed horein (e.g. any crystalline form of Compound 1), is
combined with an HIV nucleoside or nuclectide inhibitor of reverse iranscriptase, an HIV
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non-nucleoside inhibitor of reverse transcriptase, and a pharmacokinetic enhancer. In certain
embodiments, a compound disclosed herein {e.g. any crystalline form of Corapound 13, is
combined with at least one HIV nucleoside inhibitor of roverse transcriptase, an integrase
inhibitor, and a pharmacokinetic enhancer. In another embodiment, a compound discloged
herein {e.g. any crysialline form of Compound 1}, is combined with two HIV nucleoside or

nucleotide inhibitors of reverse transcriptase.

{3244} In a particular embodiment, a compound disclosed herein {e.g. any crystaliine form
of Compound 1}, is combined with one, two, three, four or more additional therapeutic agents
selected from Trivmeq® {dolutegravir+abacavir +lamivudine), dolotegravir + abacavir
sulfate + lamivodine, raltegravir, raltegravir + lamivudine, Trovada® (tenofovir disoproxil
fomarate +emtricitabine, TDF+FTC)Y, maravivoe, enfuvirtide , Epricom® (Livexa®, abacavir
sulfate Hamivadine, ABC+3TC), Trizivir® (abacavir sulfatetzddovudineHamivudine,
ABC+AZTHITCO), adetoviy, adetovir dipivexil, Stribild ® {clvitegravir+cobicistatttenofovir
disoproxil fumarate temiricitabine), vilpivirine, rilpivirine hydrochloride, Complera®
{Eviplera®, rilpivirineHenofovir disoproxil fumarate +emtricitabine), Cobicistat, atazanavir
sulfate -+ cobicistat, atazanavir + cobicistat, darunavir + cobicistat, Atripla®
{etavirenz+enofovir disoproxil fumarate +emiricitabine), atazanavir, atazanavir sulfate,
dolutegravir, elvitegravir, Aluvia® {(Kaletra®, lopinavirtrilonavir), ritonavir , emtricitabine ,
atazanavir sulfate + ritonavin, darunavir, lamivadine, Prolastin, fosamprenavir, fosamprenavir
calchum, efavirenz, Combivir® (zidovudinetlamivadine, AZT+H3TO), etravirine, nelfingvir,
nelfingvir mesylate, imterforon, didanosine, stavudine, indinavir, indinavir sulfate, tenofovir +
lamivadine, zidovudine, pevirapine, saquinavir, saquinavir mesyiate, aldesieukin,
zaloitabine, tipranavir, amprenavir, delavirdine, delavirdine mesylate, Radha-108 (Recepiol),
Hiviral, lamivudine + tenofovir disoproxil fumarate, efavirenz + famivudine + tenofoviy
disoproxil furnarate |, phosphazid, lamivudine + nevirapine + zidovudine, abacavir, abacavir
sulfate, tenofovir, tenofovir disoproxil, tenofovir disoproxil Remarate, darunavir + cobicistat,
stazanaviv sulfate + cobicisist, ataranavir + cobicistat, tenofovir slafenamide and tenofovir

alafenamide hemitumaraie.

{0245} In a particular embodiment, a compound disclosed herein {e.g. any crystalline form
of Compouand I}, is combined with abacavir sulfate, tenofovir, tenofovir disoproxil, tenofovir
disoproxil fumarate, tenofovir disoproxil hemifumarate, tenofovir alafenamide or tenofovir

alafenamide hemifumarate,
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19246]  In a particular embodiment, 8 compound disclosed herein {e.g. any crysiatline form
of Compound 1}, is combined with tenofovir, tenofovir disoproxil, tenofovir disoproxil

fumarate, tenofovir alafenamide, or tenofovir alafenamide hemifumarate.

{82471  In & particular embodiment, a compound disclosed herein {c.g. any crystatiine form
of Compound 1}, is combined with 2 first additional therapeutic agent selected from the group
consisting of: abacavir sulfate, tenofovir, tenoiovir disoproxil, tenofovir disoproxit fumarate,
tenotovir alafenamide, and tenofovir alafenamide hemifumarate and a second additional

therapeutic agent selected from the group consisting of emtricitabine and lamivudine.

[1248]  In a particolar embodiment, 8 compound disclosed herein {e.g. any crystalline form
of Compound 1), is combined with a first sdditional therapeutic agent selected from the group
consisting of! tenofovir, tenofovir diseproxil, tenofovir disoproxil fmnarate, tenofovir
alatenamide, and tenofovir alafenamide homifinnarate and a second additionsl therapeutic

agent, wherein the second additional therapentic agent is emtricitabine.

{62491  In certain embodiments, a compound disclosed herein {e.g. any crystalline form of
Compound 1}, is combined with 5-30 mg tenofovir alafenamide fumarate, tenofovir
alafenamide hemifumarate, or tenofovir alafenamide and 200 mg emiricitabine. In certain
embodiments, a compound disclosed herein {e.g. any orystalline form of Compound 1}, i3
combined with 5-10; 5-15; 5-20; 5-25; 25-30; 20-30; 15-30; or 1{-30 mg tenofovir
alafenamide fumarale, tenofovir alafenamide hemifomarate, or tenofovir alafenamide and
200 mg emiriciiabine. lo certain embodiments, a compound disclosed herein {e.g. any
crystalline form of Compound I, is combined with 10 mg tenofovir alafenamide fumarate,
tenofovir alafenamide hemifumarate, or tenofovir alafenamide and 200 mg emiriciiabine. In
certain embodiments, a compound disclosed herein {e.g. any crystalline form of Compound
I}, is combined with 25 mg tenefovir alafenamide fumarate, tenofovir alafenamade
hemmfumarate, or tenofovir alafenamide and 200 mg emiricitabine. A compound as disclosed
herein {e.g., any crystatiine form of Compound 1) may be combined with the agenis provided
herein in any dosage amount of the compound (e.g., from 30 mg to 500 mg of compound) the

same as if each combination of dosages were specifically and individually listed.

18250] 1o certain embodiments, a compound disclosed herein (¢.g. any crystaliine form of
Compound 1}, is combined with 200-400 mg tenofovir disoproxil fumarate, tenofovir
disoproxil hemifinmarate, or tenofovir disoproxil and 200 mg emiricitabine. In ceriain

embodiments, a compound disclosed herein {e.g. any crystalline form of Compound T}, is
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combined with 200-250; 200-300; 200-350; 250-350; 250-400; 330-400; 300-400; or 250-
400 myg tenofovir disoproxil fumarate, tenofovir disoproxil hemifumarate, or tenofovir
disoproxil and 200 mg emtricitabine. In certain embeodiments, a compound disclosed herein
{e.g. any crystalline form of Compound 1), is combined with 300 myg tenofovir disoproxil
fumarale, tenofovir disoproxil hemifumarate, or tenofovir disoproxil and 200 mg
emtricitabine. A compound as disclosed herein (e.g. any cerystalline form of Compound §)
may be cornbined with the agents provided herein in any dosage amount of the compound
{c.g., from 1 mg to 5300 mg of compound) the same as if each combination of dosages were

apecifically and individually histed,

{02811 In certain embodiments, when g compound disclosed herein i combined with one
or more additional therapeutic agents as described above, the components of the composition
are administered a8 a stimultaneous or sequential regimen. When administered sequentially,

the combination may be administered in two or more administrations.

{82821  In certain embodiments, 3 compound disclosed herein i combined with one or more
additional therapeutic agents v a unilary dosage form for simultancous administration to a

patient, for example as a solid dosage form for oral administration.

[9283]  In certain embodiments, a compound disclosed herein is administered with one or
more additional therapeutic agents. Co-administration of a compound disclosed herein with
ope or more additional therapeutic agents generally refers to simuitaneous or sequential
administration of a compound disclosed herein and one or more additional therapeutic agents,
such that therapeutically effective amounts of the componnd disclosed herein and one or

more additional therapeutic agonts are both present in the body of the patient.

{4254} Co-adnunistration includes administration of unit dosages of the compounds
disclosed herein before or afler administration of unit dosages of one or more additional
therapentic agents, for example, sdministration of the compound disclosed herein within
seconds, minutes, or hours of the adminisiration of one or more additional therapentic agents.
For example, in sorne embodiments, a unit dose of 2 compound disclosed hevein s
administered first, followed within seconds or minoies by adminisiration of a unit dose of one
or more additional therapeutic agents, Alternatively, in other embodiments, a unit dose of
one or more additional therapeutic agents 1s administered {irst, followed by administration of
a unit dose of a compound disclosed herein within seconds or minutes. In some

embodiments, a unit dose of a compound disclosed herein is administered first, followed,
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{62586] The solid forms {polymorphs, solvaies and hydrates} of Compound I were

characterized by a variety of the following methods,

102871 Xeray Powder Diffraction {XRPD). The Rigaku Smart-Lab® Xoray diffraction
systemn was configored for reflection BraggBrentano geometry using a Hne source X-ray
beam. The x-ray source is a Cu Long Fine Focus tube that was operated at 40 kV and 44 mA.
That source provides an incident beam profile at the sarmaple that changes from a narrow line
at high angles to a broad rectangle at low angles. Beam conditioning shis were used on the
ling X-ray source to ensure that the maximum beam size is less than 10 mun both along the
line and normeal to the live. The Bragg-Brentano geometry is a para-focusing geometry
controlled by passive divergence and receiving shits with the sample itself acting as the
focusing component for the optics. The inherent resolution of Bragg-Brentano geometry is
governed in part by the diffractometer radius and the width of the receiving slit used.
Typically, the Ripakn Smart-Lab is operated to give peak widths of 8.1 28 or less. The axial

divergence of the X-ray beam is controlled by S.0-degree Soller slits in both the incident and

{0288] Powder samples were prepared i a low background S holder using Hght manual
pressure to keep the sample surtaces flat and level with the reference surface of the sample
holder. The single-crystal, 81, low-background holder has a small circular recess (Tmm
diameter and about 1 vom depth) that holds between 5 and {Omg of powdered material. Each
sample was analyzed from 2 10 40 °28 using a continuous scan of 3 °28 per minute with an

effective step size of 0.02 °26.

(02591  Solubility Estimations. Solubilities were estimated by treating a weighed sample of

ompound 1 with measured aliquots of the test solvent at ambient temperature, with shaking
and/or sonication between aliguots. Dissolution was determined by visual mspection,
Sohibility numbers were caleulated by dividing the tolal amount of solvent used to dissolve
the sample by the weight of the sample. The actual solubilities may be greater than the
numbers caloulated because of the use of solvent aliquots that were too large or because of
stow dissolution rates. The solubility number is expressed as "less than" if dissolution did not
occur during the experiment. The solubility number i expressed as “greater than” if

digsolution occurred on addition of the first solvent aliquot.

{82681 Drfferential Scanning Calorimetry {B3SC). DBSC analyses were carried out using

TA Instruments (2000 instrursent. The instrument temperature calibration was performed
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using indiurn, The DSC cell was kept under a nitrogen purge of ~30 mL per minute during
each analysis, The sample was placed in a standard, crimped, shuminum pan and was heated

from 20 °C 10 350 °C at a rate of 10 °C per minute.

182611  Thermogravimetric (TGA) Analysis. The TGA analysis was carried out using a TA
Instraments Q30 instrument. The instroment balance was calibrated using class M weights

and the temperature calibration was performed using shonel. The nitrogen purge was ~40 m
per minute at the balance and ~60 wl per nunute at the furmace, Hach sample was placed imto

a pretared platinum pan and heated from 20 °C to 350 °C at a rate of 10 °C per minute.

[0262)  Karl Fischer (KF) Analyses. Karl Fischer analyses were carried out using a Mettler-
Toledo C20 Coulometric KF titrator. The instrument was calibrated with g standard of

known water concentration,

02631  Dynamic Vapor Sorption {DBVS). DVS analyses were carried out ina TA
Instruments 0S000 Dyoamic Vapor Sorption analyzer. The instrument was calibrated with
standard weights and a sodium bromide standard for humidity. Samples were analyzed at 25
“C with a maximum equilibration time of 60 minutes in 10% relative humidity (RH) steps

from 5 to 95% RY (adsorption cycle) and from 95 to 5% RH (desorpiion cyele).

Fxample I, Stable Form Sercenine of Compound §

i8264] Method L 50 myg of Compound I was dissolved in 1 mL of

methanol/dichloromethane, agitated, and then evaporated.

[6265] DMethod 11 A sohution of Compound [, methanol and dichloromethane, was
concentrated under vacuum at 40 °C o about 18 volumes. Methanol was charged and the
reaction mixture was concenirated ander vacuum gt 40 °C 1o about 10 volumes (and repeated
once}. The shorry was agitated at 20 °C for at least 2 hours. The shurry was filtered and the
filter cake was rinsed with methanol and ethyl acetate. The wet product was dried under

vacuum at NMT 44 °C.

[8266] Form ! is characterized by the X-ray powder diffraction pattern in Figure 1, and the
differential scanming calorimetry plot in Figure 3 showing endotherms at about 133

{corversion to Form {11}, 170 and 273 °C (decomposition}..
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{02677 Form Il is characterized by the X-ray powder diffraction pattern in Figure 5, and the
differential scanning calorimetry plot in Figure 7 showing endotherms at about 98 °C

{conversion to Form 1V}, 253 °C and 274 “C (decomposition).

19268] Form [ was generated at 138 °C from Form | in a variable temperature XRD (VT
KRI¥) experiment. Form 11 is stable when cooled to 25 °C and does not convert back to
Form L Form I was converted back to Form 1 in a competition shary experiment with Form
1 in methanol within about 2 weeks (10 mg of each of Form | and Form U in methanol).
Forr HI is characterized by the Xoray powder ditfraction patiern in Figore 9, and the
differential scavuing calorimetry plot in Figore 11 showing endotherms at about 181 and 271

°C {decorpposition}.

{82691  Form IV was generated between 95 and 110 °C from Form I in a variable
temperature XRD experimert. Form IV converts back o Form I when cooled 10 25 °Cin
the VT XRD experment. Form [ is characterized by the X-ray powder diffraction pattern

in Figure 13,

Example 2, Preparation of Form 1

{62761  Compound 1 Form | was prepared by dissolving Compound I n a
methanol/dichloromethane mixtare (33% MeOH/DCM) followed by reducing the volume
and dichloromethane content by distilation. Scohds were collected by vacuum filtration,

resulting in Compound I Form { as identified by XRPD.

Example 3. Preparvation of Form §}

10271]  Compound | Form [ was made by slurrying Compound [ Form 1 in chloroform al
ambient temperature and pressure for 5 days. Solids were collected by vacuurn Bltration,
resulting in Compound I Form 11, as identified by XRPD. Compound I Form 1 was also
prepared by cooling Compound | Form IV {o approximately 25 °C during VT-XRPD
analysis. Compound I Form 11 was also prepared by heating Compound T Form Xl to

approximately 11 °C.

Eaxample 4. Preparation of Ferm 11

{82721  Compound | Form T was made by heating Compound 1 Form 1 to approximately
P PP

150 °C duning VT-XRPD analysis. Compound I Form 11 was also prepared at a lower

K3
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temperature during VT-XRPD analysis when Compound [ Form [ was heated to and held at

106 °C.

Example 8. Prepavation of Form IV

192731 Compound T Forrn 1Y was made by heating Compound | Form If to approximately
95 °C to 110 °C during VT-XRPD analysis. Compound | Form TV was also prepared during

VT-XRPE analysis when Compound I Form I was heated to approximately 180 °C,

Example 6. Preparation ¢f Form V

{4274} Compound ' Form V was made by forming a solution of Compound {in HFIPA
{hexaflnoroisopropanol}, and evaporating to dryness. An altemative way of preparing Form
Y 18 to pour the solution of Compound 1in HFIPA at 100 °C into cold water and isolate the
solid.

Examuie 7. Preparation of Form Vi

{8273} Compound I Form V was made by forming a solution of Compound [ in TFE

(2,2, 2-trifluoroethancl}, and evaporating to dryness.

Example 8, Prenaration of Form VI

{82761 Compound | Form V was made by forming a solation of Compound [in TFE

{2,2,2-mflyoroethanol}, and evaporating to dryness.

Example 8. Preparation of Form VHIL

92777 Compound I Form V was made by exposing Form V or Form VI to 97% RH at

room temperature for 1 week,

Example 18, Preparation of Form IX

(02781 Form X was made by shirring approximately Form [ of Compound 1 in 511
TFE/water at ambient tewperature for § days. Solids were collected by vacouwn fliration and
dried vnder reduced pressure for a couple minutes, resulting in Formo 1X, as identified by

XRPD.

g4
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{2791 Form X was made by dissolving approximately Form [ of Compound {in
chioroform. The resulting solution was filiered through 2 8.2 W nylon filter and placed in
the CentriVap, The sample was contrifuged under vacoum for approximately 30 winutes at

ambient temperature. The resuliing solids were identified as Form X by XRPD.

Exampie 12, Preparation of Form X3

{62801 Form X wasmade by dissolving Form { of Compound | in HFIPA. Methano! was
then added to the solution, which resulted In a cloudy, white suspension. Solids were
collected by vacoum filtration and dried under reduced pressure, and were identified as Form

X1 hy XRPD,

Fxaruple 13, Preparation of Vorm XH

[0281] Form X1 was made by forming a slurry of Form | of Compound Fin 104
TFE/water at ambient temperature for 3 days. Solids were coliected by vacoum filiration and

dried under reduced pressure, and were identified as Form X1 by XRPD,

Example 14, Prepavation of Form X

(02821 Form XIH was made by cooling Form I to -10 °C.

Example 15, Preparation of Form X1V

(82831  Form XIV was made by exposing Form X1 of Compound I to vacoum under
ambient conditions for throe days, then exposing the sanple to 40 °C for approximately two

hours, Resulting solids were identified as Form X1V by XRPD.

{62841 Although the foregoing invention has been described in some detail by way of
iHustration and example for purposes of clarity of understanding, one of skill in the art will
appreciate that certain changes and modifications may be practiced within the scope of the
appended claims. In addition, each reference, incloding all of the U.S. patents, U8, patent
application publications, 1.5, patent applications, foreign patents, foreign patent applications
and non-patent publications referred to in this specification are incorporated herein by

reference, in their entirety, to the extent not inconsisient with the present description. Where
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a conflict exists between the nstant application and a reference provided herein, the instant

application shall dominate,
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and solvates or hydrates thereof.

2. The crystaliine form of claim 1, characterized by an X-ray powder
diffraction {XRPLD} pattern comprising three or more peaks at 5.8, 114, 11.6, 17.7,22.3, 239

or 26.0 degrees 28 (= 0.2 degrees 28}, wherein the XRPD i3 made using CuKy; radiation.

3. The erystalline form of claims 1 or 2, characterized by an XRPD
pattern compwising peaks at 5.8, 11.4, and 11.6 degrees 28 {+ 0.2 degrees 28}, wherein the

XRPD is made using Cully radiation.

&, The crystalline form of any of claims 1 1o 3, characterized by an XRPD
pattern comprising peaks at 5.8, 11.4, 11.6, 17.7, 20,1, 20.9, 22.3, 23.9, 26.0 and 26.8 degrees

28 (= 0.2 degrees 208}, wherein the XRPD i« made using CuK,; radiation.

S. The erystalline form of any of claims 1 to 4, characterized by the

XRPD pattern substantially in accordance with that of Figore 1.

6. The crystalline form of any of claims 1 to §, characterized by one or

more differential scanning calorimetry {DSC) endotherms at about 133 °C or about 170 °C.

~

The erystalline form of any of claims 1 1o 4, characterized by

an XRPD pattern comprising peaks at 3.8, 11.4, 11,6, 17.7, 20.1, 20.9, 22.3, 23.9,
26.0 and 26.8 degrees 20 (4 0.2 degrees 28), wherein the XRPIY is made using
Cuk,, radiation; and

DSC endotherms at about 133 °C and gbout 170 °C.

8. The crystalline form of claim 1, characterized by an Xeray powder

diffraction { XRPD3} patiern comprising three or more peaks at 4.6, 92, 158, 17.8, 183, 19.2,
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199, 22,4, 25.5 or 29.1 degrees 20 (+ 0.2 degrees 28), wherein the XRPD is made using

Cully; radiation,

Q. The crystalline form of any of claims 1 or 8, characterized by an
XNRPI pattern comprising peaks at 4.6, 183, 189, 22.4 and 25.5 degrees 28 (£ 0.2 degrees

28), wherein the XRPD is made using Caky; radiabion.

19, The crystalline form of any of claims 1 or 8 to &, characterized by an
KRPD pattern comprising peals at 4.6, 8.2, 158, 17.8, 183, 192,199,224, 25.5 and 29 1

degrees 28 (= 0.2 degrees 28}, wherein the XRPD is made using CuKy,; radiation.

11, The crystalline form of any of claims | or 8 to 10, characterized by the

XRPD pattern substantially in accordance with that of Figure 5.

12, The crysialline form of any of claims 1 or 8 to 11, characterized by one

or more differential scanning calorimetry (D8 sudotherme at about 98 °C or about 253 °(.

13, The crystalline form of any of claims 1 or § to 10, characterized by

an XRPD pattern comprising peaks at 4.6, 9.2, 15,8, 17.8, 18,3, 19.2, 199,224,255
and 29.1 degrees 20 (+ 0.2 degrees 283, wherein the XRFPD is made using
Cuky; radiation; and

DSC endotherms gt ghout 88 °C and about 283 “C,

i4.  The orystalline form of claim 1, characterized by an Xoray powder

diffraction (XRPD) pattern comprising three or more peaks at 5.0, 10.1, 16.9, 203, 21.5,

N3

2.0,23.90r 252 degrees 28 (£ 0.2 degrees 28), wherein the XRPE {s made using Cuk;

radiation.

i5.  The crystaliine form of claims 1 or 14, characterized by an XRPD
pattern corprising peaks at 5.0, 21.5, and 22.0 degrees 28 {+ 0.2 degrees 28), wherein the

XRPD 1s made using Cuky,; radistion.

16, The orystaliine form of any of claims 1, 14 or 15, characterized by an
XRPD pattern comprising peaks at $.0, 10,1, 15.2, 169, 20,3, 21.5,22.0,23.9, 25.2 snd 25.4

degrees 20 (= 0.2 degrees 28}, wherein the XRPD is made using CuK,, radiation,
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t7.  The crystalline form of any of claims 1 or 14 to 16, characterized by

the XRPD pattern substantially in accordance with that of Figure 9.

18, The crystalline form of any of claims 1 or 14 {0 17, characterized by a

differential scanning calorimetry (DSC) endotherm at gbout 181 °C,

19, The crystalline form of any of claims 1 or 14 to 16, characterized by

an XRPD pattern comprising peaks at 5.0, 10,1, 152,168, 20.3,21.5,22.0,23.9,
25.2 and 29.4 degress 28 {+ 0.2 degrees 28), wherein the XRPD is made using
Cukly; radiation; and

a DSC endotherm at about 181 (.

20, The crystalline form of ¢laim 1, characterized by an X-ray powder
diffraction (XRPD) pattern comprising peaks at 4.1, 18,1, 187, 23.8, and 26.6 degrecs 28 {+

(.2 degrees 28), wherein the XRPD 1s made using Culy radiation.

21, The crystalline form of any of claims 1 or 20, characterized by an
KRPD pattern comprising peaks at 4.1, 8.8, 16.8, 18,1, 187, 197,211,214, 23 %, and 26.6

degrees 28 (£ 0.2 degrees 28}, wherein the XRPD is made using CuKy radiation.

22, The crystalline form of any of claims |, 20 or 21, characterized by the

XRPD pattern substantially in accordance with that of Figure 13,

23 The crystalhine form of claim 1, characterized by an X-ray powder
diffraction (¥XRPDY) pattern comprising three or more peaks at 5.3, 9.8, 13,1, 15.6, 17.0, 19.6,
20,0, 2007, 21.9 or 24.9 degrees 28 {+ (.2 degrees 28), wherein the XRPD i3 made using

CuK g radiation,

¢, he erystalline form of claims 1 or 23, characterized by an X
24 The crystalline f fcl I or 23, charact 1 by an XRPD
pattern comprising peaks at 5.3, 8.8 and 15.6 degrees 28 (£ 0.2 degrees 28}, wherein the

XRPD is made using Cully,, radiation.

25, The crystalline form of claims 1, 23, or 24, characterized by an XRPD
patitern comprising peaks at 5.3, 9.8, 13.1, 15,5, 17.0, 19.6, 20.0, 20.7, 21.9 and 24.9 degrees
28 {+ 0.2 degrees 28}, wherein the XRPD is made using Cull,; radiation.
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26, The crystailine form of claims 1 or 23 to 25, characterized by the

XRPD pattern substantially in accordance with that of Figure 20.

27.  The crystatline form of claims 1 or 23 10 26, characterized by g

differential scanning calorimetry {DRC) endotherm at about 141°C or about 173 °C.

28.  The crystalline form of any of claims 1 or 23 to 25, characterized by

an XRPD pattern comprising peaks at 5.3, 9.8, 131,156, 17.0, 19.6, 20.0, 20,7, 21.9
and 24.9 degrees 28 (& 0.2 degrees 28), wherein the XRPD is made using
Cukly; radiation; and

a DSC endotherm af about 173 °C,

29, The crystalline form of claim 1, characterized by an X-ray powder

diffraction (XRPD} pattern comprising three or more peaks at 3.5, 9.4, 10.8,11.9, 12.9, 14 4,
160, 19.6, 21.%, or 23.9 degrees 28 (& 0.2 degrees 28}, wherein the XRPD is made using

CuKy; radigtion.

30, The crystalline form of claims 1 or 29, characterized by ap XRPD
pattern comprising peaks at 5.5, 10.8 and 16.0 degrees 28 (= (.2 degrees 28), wherein the

KRPD is made using Coll,; radiation.

31, The crystalline form of claims 1, 29, or 30, characterized by an XRPD
pattern comprising peaks at 5.5, 9.4, 108, 11.9, 129, 14,4, 16.0, 19.0, 21.9, and 23.9 degrees

28 {+ 0.2 degrees 28}, wherein the XRPD is made using CuKy; radiation.

32, The crysialline forrn of claims 1 or 29 to 31, characterized by the

XRPD pattern substantially in accordance with that of Figure 23.

33, The crystailine form of claims 1 or 29 10 32, characterized by a

differential scanning calortmetry (IISC) endotherm at about 142 °C.

34, The erystailive form of any of claims | or 29 to 31, characterized by

an XRPD pattern comprising peaks at 5.5, 9.4, 10.8,11.9, 12.9, 144, 16.0, 19.0, 21.9,
and 23.9 degrees 26 (= 0.2 degrees 28}, wherein the XRPD is made using
CuK,,; radiation; and

a D8C endotherm at about 142 °C.
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38, A method of preparing a crystalline Form | of the compound of any of
claims 1 10 7, comprising:
forming a muxture comprising the compound of any of claims 1 {0 7, and a solvent
comprising a ©;-Cs aleohol and dichloromethane, under conditions suitable to

prepare Form L

36, The method of claim 35, wherein the solvent comprises one of

methanol, ethanol, or isopropanocl.

37.  The method of claim 38, wherein the solvent comprises methano! and

dichioromethane.

38, The method of claim 33, wherein the method further comprises

evaporating the solvent, thereby forming Form L

3

39, A method of preparing a crystalline Form [T of the compound of any of
claims 1 or 8 to 13, comprising:
forming a mixture comprisiog a Form { of the compound of any of claims 1 o0 7, and

chioroform, under condifions suilable to prepare Form 1L

40. A methed of preparing a crystalline Form HI of the compound of any
of claims 1 or 14 to 19, comprising:

-

heating a Form [ of the compound of any of claims § 1o 7 to a temperature of from

about 130 °C to about 190 °C, thereby preparing Form 1L

41, The method of claim 40, further comprising cooling Form Hi to room

temperature,

42, A method of preparing a crystalline Form IV of the compound of any
of claims 1 or 20 to 22, comprising:
heating a Form H of the compound of any of claims | or 8 o 13 {0 a temperature of

from gbout 90 °C to about 250 °C, thereby preparing Form IV,

43, A method of preparing a crystaliine Form IX of the compound of any

of claims 1 o7 23 to 2§, comprising:
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forming a mixture comprising a Form 1 of the compound of any of claims 1 to 7,

water and trifluorcethanol, under conditions suitable to prepare Form IX

44, The methed of claim 43, wherein the ratio of irifluoroethans! (o water

is from about 1001 {0 about 111 {volume/volume).

43, The method of claim 43, wherein the ratic of trifluoroethanol to water

is about 511 {(volume/volumce).

46. A method of preparing a crystalline Forrn X of the compound of any of
claims 1 or 29 to 34, cormprising:
forming a mixture comprising a Form [ of the compound of any of claims 1 to 7 and

chioroform, under conditions suitable to prepare Form X,

47, A pharmacentical composition comprising a therapeutically effective
amount of a erystaliine form of Compound 1 of any one of ¢laims 1 10 34, and &

pharmaceutically acceptable carrier or excipient.

48.  The composition of claim 47, wherein the crvstalline form of

Compound T s the orystalline form of any one of claims 2 1o 7.

49.  The composition of claim 47 or 48, further comprising at least one
additional therapeutic agent selected from the group consisting of HBY combination drugs,
HBY DNA polymerase inhibitors, immunomoedulators, toll-like receptor modulators
{modulators of TLERY, TLR2, TLR3, TLR4, TLRS, TLRa, TLR7, TLRS, TLRY, TLR1Q,
TLRTI, TLR12 and TLR13), interferon alpha receptor Hgands, hyaluronidase inhibitors,
recombinant [L-7, hepatitis B surface antigen (HBsAg) inhibitors, hepatitis B surface antigen
{(HBsAg} secretion or assembly inhibitors, compounds targeting hepatitis B core antigen
(HBeAg), cyclophilin inhibtiors , HBV therapeutic vaceines, HBV prophvlactic vaccines,
HBV viral entry inhibiters, NTCP (Nat+-taurocholate cotransporting polypeptide) inhibitors,
antisense oligonucleotide targeting viral mRNA, short interfering RNAs {siRNA) miRNA
gene therapy agents, endomuclease modulators, inhibitors of ribonucleotide reductase,
hepatitis B virgs E antigen inhibitors, recombinant scavenger recepior A {SRA) proteins, Src
kinase inhibitors, HBx mbibitors, cecDNA inhibitors, short synthetic hairpin RNAs
{sshRNAs}, HBY antibodies including HBY antibodies targeting the surface antigens of the

hepatitis B virgs and bispecific antibodies and “antibody-like” therapeutic proteins (such as

92



WO 2016/044182 PCT/US2015/050037

DARTeR, Duobodies®, Bites®, XmAbs®, TaudAbs &, Fab derivatives, TCR-like
antibodies), CURZ chernokine antagonists, thymosin agonists, cytokines, nucleoprotein
modulators (HBY core or capsid protein modulators), stimulators of retinoic acid-inducible
gene 1, stimulators of NODZ, stimulators of NOD1, Arginase-1 inhibitors, STING agonists,
PI3K inhubitors, Ivmphotoxin beta receptor activators, Natural Killer Cell Receptor 284
inhibitors, Lymphocyie-activation gene 3 inhibitors, CD160 inhibitors, eytotoxic T-
fymphocyte-associated protein 4 (CTLA4) juhibitors, IDO inhibitors, ceeDNA epigenetic
madifiers, CD137 inhibitors, Killer cell lectin-like recepior subfamily G member 1 inhibitors,
TiIM-3 inhibitors, B- and T-lymphocyte attemuator inlnbitors, CI305 inhibitors, PD-1
inhibitors, PD-L1 tnhibitors, PEG-Interferon Lambda, recombinant thymosin alpha-1, BTK
inhibitors, modulators of TIGIT, modulators of €47, modulators of SiRPalpha , modulators
of OO, modutators of CD27, modulators of CDT0, modulators of OX40, modulators of
MNKG2ZD, modulators of Tim-4, modulators of B7-H4, modulators of B7-H3, modulators of
NKGZA, modulators of GITR, modualators of C160, modulators of HEVEM, modulators of
3161, modulators of Axl, modulators of Mer, modulators of Tyro, gene modifiers o
editors such as CRISPR {including CRISPR Cas9), zinc finger nucleases or synthetic
sucleases {TALENs), 1APs inhibitors, SMAC miroetics, and Hepatitis B virus replication

inhibitors compounds.

58, The composition of claim 47 or 48, further comprising af least one
additional therapeutic agent selected from the group consisting of

{1} Combination drugs selected from the group consisting of tenofovir disoproxil fumarate +
emiricigbine (TRUVADAR), ABX-203 +Hlamivudine +PEG-IFMalpha, and ABX-
203+adefovir+PEG-1FMNalpha, INO-2112 + RG7944 (INO-1800);

{2} HBY DNA polymerase inhibitors selected from the group consisting of besifovir,
entecavir { Barachude®), adefovir (Hepsera®), tenofovir disoproxil fumarate (Viread®),
tenofovir alatenarmide, tenofovir, tenofovir disoproxil, tenofovir alafenamide fumarate,
tencfovir alafenamide hemifurarate, tenofovir dipivoxil | tenofovir dipivoxil fumarate,
tenofovir octadecyloxyethyl ester, telbivadine (Tyzeka®), pradefovir, Clevudine,
emtricitabine {Emtriva®}, ribavirin, lamivudine (Epivir-HBV®), phospharide,
fameiclovir, SNC-019754, FMCA, fusolin, AGX-1009, AR-JI-04-26, HS-10234 and
metacavir;

{3} bvmunomodulators selected from the group consisting of rintatolimod, imido!

hydrochloride, ingaron, dermaVir, plagoenil (hydroxychloroquine), proleukin,
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hydroxyures, mycophenoiate mofetit (MPA) and s ester derivative mycophenclate
mofettd (MME}, WE-10, rbavirin, IL-12, INOQ-2112, polymer polvethylencimine (PEL},
Gepon, VGV-1, MOR-2Z, BMB-836559, RG-T0117R5, RO-6871765 and IR-103;

{4} Toll-like receptor 7 modulators selected from the group consisting of GS-9620, GSE-
2245038, iniguimod, resiquimod, DER-6434, DEP-3025, IMO-4200, MOT-465, 3M-
051, SB-9922, 3M-052, Limtop, TMX30X, TMX-202 RG-7863 and RG-T7795;

(5% Toll-hke receptor 8 modulators selected from the group consisting of motolimod,
resiguimaod, 3M-051, 3M-052, MCT-465, IMG-4200, VIX763, and VTX-1463;

{6} Toll-dike receptor 3 moduolators selected from the group consisting of rintatolimed, poly-
ICLOC, MOT-465, MCOT-473, Riboxxon, Riboxoam and MND-1.1;

{73 Interferon alpha receptor higands selected from the group consisting of interferon alpha-2b
{Intron A®), pegvlated interferon alpha-2a (Pegasys®), interferon alpha 1b (Hapgen®),
Veldona, Infradure, Roferon-A, YPEG-interferon alfa-2a (YPEG-rhiFNalpha-23), P-
1i01, Algeron, Alfarona, Ingaron (interferon ganuna), rSIFN-co {recombinant super
compound tierferony, Ypeginterferon alfa-2b {YPEGhiFNalpha-2b), MOR-22,
peginterferon aifa-2b (PEG-Intron®), Bioferon, Novaferon, Inmutag (Inferon),
Multiferon®, wterforon alta-ni (Humeoferon®), interferon beta-1a (Avonex®},
Shaferon, interferon alfa-2b (AXX(, Alfaferone, interferon alfa-2b (BioGeneric
Pharma)}, interferon-alpha 2 (C), Laforonum, VIPEG, BLAUFERON-B,
BLAUFERON-A, Intermax Alpha, Realdivon, Lanstion, Pegaferon, Fieron-8
Pleron-B, interferon alfs-2b (JFN, Laboratorios Bioprofarma), alfainterferona Zb,
Kalferon, Pegnano, Feronsure, Pegitiep, interforon alfa Zb {Zydus-Cadila}, Optipeg 4,
Realfa 2B, Reliferon, interforon alfa-2b (Amega), interferon alfa-2b (Virchow),
peginterferon alta-2b {Amega}, Reaferon-EC, Proguiferon, Uniferon, Urifromn,
interferon alfa-2b (Changchun Institute of Biological Producis), Anterferon, Shanferon,
Layfforon, Shang Sheng Lot Tal, INTEFEN, SINOGEN, Fukangtai, Pegstat, tHSA-IFN
alpha-2b and Interapo (Interapa);

{8) Hyaluronidase inhibitors selocted from the group consisting of sstodrimer;

{9} Modulators of 1L-140;

{10} HBsAg inhibitors selected from the group consisting of HBF-0259, PEBHBY-001,
PRHBV.2-15, PBHBV-2.1, REP-SAC, REP-OC, REP-O, REP-2139, REP-2139-Ca,
REP-2165, REP-2055, RER-2163, REP-2165, REP-2053, REP-2031, REP-006 and
REP-9AL’;

(11} Tol like recepior ¥ modulators selected from CYTO03 and CYT-003-0QbG10;
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{12} Cyclophlin inhibilors selected from the group consisting of OCB-030, SCVY-638 and
NVP-(18;

{13) HBY Prophylactic vaccines selected from the group consisting of Hexaxim, Heplisav,
Mosquirix, DTwP-HBV vaccine, Bio-Hep-B, D/T/P/HBY/M (LBVP-0101; LBVW-
(3181}, DTwP-Hepb-Hib- 1PV vaccine, Heberpenta L, DTwP-HepB-Hib, V-419, CVI-
HBV-001, Tetrabhay, hepatitis B prophylactic vaccine (Advax Super D), Hepatrol-07,

ISK-223192A, Engerix B®, recombinant hepatitis B vaccine {intramuscular, Kangtai
Biolegical Products), recombinant hepatitis B vaccine {Hansenual polymorpha yeast,
intramuscular, Hualan Biological Engineering ), Bimngen, Eutoravac, Eulravac,
anrix-DTaP-1PV-Hep B, Infanrix-DTaP-1PV-Hep B-Hib, Pentabio Vaksin DTP-HR-
Hib, Comvac 4, Twinrix, Euvax-H, Tritanvix HEB, Infanrix Hep B, Comvax, DTP-Hib-
HBY vaccine, DFTP-HBYV vaccine, Y1 Tai, Heberbiovac HB, Trivac HB, GerVax,
DTwP-Hep B-Hib vaceine, Bilive, Hepavax-Gene, SUPERVAX, Comvac3, Shanvac-B,
Hebsulin, Recombivax HB, Revac B mef, Revae B+, Fendrix, DTwP-HepB-Hib, DNA-
{41, Shand, thHBsAG vaccine, and DTaP-rHB-Hib vaccine:

{14} HBV Therapeutic vaccines selected from the group consisting of HBsAG-HBIG
complex, Bio-Hep-B, NASVAC, abi-HB (intravenous), ABX-203, Tetrabhay, GX-
110E, GB-4774, peptide vaceine {epsilonP A-44), Hepatrol-07, NASVAC
{NASTERAP), IMP-321, BEVAC, Revac B mef, Revac B+, MGN-1333, KW.2, TV
HBV-002, AltraHepB, VGX-6200, FP-02, FP-02.2, TG-1050, NU-300, HBVax,

i/ TriGrid/antigen vaccine, Mega-CD40L-adiuvanted vacane, HepB-v, RG7944 {(INO-
1800), recombinant VLP-based therapeutic vaccine (HBY wnfection, VLP Biotech),
ATG-17909, AdTG-17910 ADTG-18202, ChronVae-B, and Lm HBY;

{15} HBV viral entry inhibitor selected from the group consisting of Myrcladex B;

{16} Antisense oligonucleotide targeting viral mRNA selected from the proup consisting of
ISIS-HBVRx;

(17) short interfering RNAs (siRNA) selected from the group consisting of TKM-HBY
(TKAM-HepB), ALN-HBY, SR-008, ddRNA1 and ARC-520;

{18} Endomuclease modulators selected from the group consisting of PGN-514;

(19} Inhibitors of ribonucleotide reductase selocted from the group consisting of Trimidox;

(20} Hepatitis B virus E anfigen inhibitors selected from the group consisting of wogonin;

{21) HBY antibodies targeting the surface antigens of the hepsatitis B virgs selected from the

group consisting of GC-1102, XTL~17, XKTL-19, XTL-001, KN-003, IV Hepabulin SN,
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and fully human monoclonal antibody therapy {hepatitis B virus infection, Humabs
BioMed);

{223 HBV antibodies including monoclonal antibodies and polyclonal antibodies selected
from the group consisting of Zutectra, Shang Sheng Gan [, Uman Big (Hepatitis B
Hyperimmune), Omri-Hep-B, Nabi-HE, Hepatect CF, HepaGam B, igantibe, Niuliva,
CT-P24, hepatitis B immunoglobulin (intravenous, pH4, HBY mfection, Shanghat
RAAS Blood Products) and Fovepta (BT-088};

{233y CCR2 chemokine antagoniats selected from the group consisting of propagermanium;

{24} Thymosin agounists selected from the group consisting of Thymalfasin;

{25} Cytokines sclected from the group consisting of recombinant 1L-7, CYT-107,
interlenkin-2 JL-2, bmmunex); recombinant mnan interlevkin-2 {(Shenrhen Neptunus),
11L-15, IL-21, 1L-24 and celmoleukin;

{263 Nucleoprotein modulators (HBY core or capsid protein modulators) selected from the
group consisting of NVR-1221, NVR-3778, BAY 41-4109, morphothiadine mesilate
and DBVR-23;

{27} Stimulators of retinoic acid-inducible gene 1 selected from the group consisting of $B-
9200, SB-40, SB-44, ORI-7246, ORI-9350, ORI-7537, ORI-9020, ORI-9198 and ORI~
TL70

(28) Stimnuiators of NOD?2 selected from the group consisting of SB-9200;

{29} Recombinant thymosin alpha-1 selected from the group consisting of NL~004 and
PEGylated thymosin alpha §;

{30) Hepatitis B viros replication inhibitors selecied from the group consisting of
isothiatludine, IQP-HBV, RM-503¥ and Xingantie;

{31) PI3K inhibitors selected from the grovp consisting of idelalisib, AZD-§186, buparlisib,
CER-457, pictihisib, neratinub, rigosertib, rigosertib sodium, EN-3342, TGR-1202,
alpelisib, dovelisib, UCB-3857, taselisih, X1.-765, gedatolisih, VS-5584, copanlisib,
CAl orotate, perifosine, RG-7666, GEK-2636771, D8-7423, panulisib, GSK-2269557,
GSK-2126458, CUDC-907, POR-309, INCB-040093, pilaralisib, BAY-1082439,
puquitinib mesylate, SAR-245409, AMG-319, RP-6530, Z8TK-474, MLN-1117, 8F-
1126, RV-1728, sonolisib, LY-3023414, SAR-260301 and CLR-1401;

{323 cccDNA inhibitors selected from the group consisting of BSRI-2S;

{33) PD-L.1 inhibiiors selected from the group counsisting of MEDI-0680, RG-7446,
durvalumab, KY-1003, KD-033, MSB-0010718C, TSR-042, ALN-PDL, STI-A1014
and BMS-936559;
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{343 PD-1 inhibitors selected from the group consisting of nivolumab, pembrolizumab,
pidilizumab, BGB-108 and mDX-400;

(35 BTK inlubitors selected from the group consisting of ACP-196, dasatinib, ibrutinib,
PRN-1008, SNS-062, ONO-405%, BGB-3111, MSC-2364447, X022, spebrutinib, TF-
4207, HM-71224, KBP-7536 and AC-0025;

{361 120 inhibitors sefected from the group consisting of epacadostat (INCB243603, F-
001287, resminostat (45C-2013, SN-35837, NLG-%19, GDC-0919, and indoximod; and

(37} Other drugs for treating HBY selected from the group consisting of gentiopicrin
{gentiopicroside}, nitazoxanide, birinapant, NOV-205 (Molixan, BAM-205}, Oligotide,
Mivetilate, Feron, levamisole, Ka Shu Ning, Alloferon, WS-007, Y-101 {Ti Fen Tai},
r3IFN-co, PEG-IIFNm, KW-3, BP-Inter-014, oleanolic acid, HepB-nRNA, ¢TP-5 (¢/TP-
53, HSK-1-2, HEISCO-106-1, HEISCQ-106, Hepbama, IBPB-00614, Hepuyinien,
DasKloster 0014-01, Hangantai (Ganxikang), picroside, DasKloster-0039, hepulaniai,
IMB-2613, TCM-RO0B, reduced glutathione, RO-686401& and ZH-2N.

51, A method of treating a viral infection, comprising administering to 2
tunan in need thereot, a therapeutically effective amount of a crystalline form of Compound

I or pharmaceutical composition of any one of claims 1 to 34 and 47 10 50,

52, The method of claim 51, wherein the viral infection is caused by

Hepatitis B virus.

33, The method of claims 51 or 52, further cornprising administering at
ieast one additional therapeutic ageut selected from the group consisting of HBY combination
drugs, HBY DNA polymerase inhibitors, immunomodulators, toll-like receptor modulators
{modulators of TLRI, TLRZ, TLR3, TLR4, TLRS, TLRG, TLRY, TLRE, TLRS, TLR10,
TLREL, TLR1Z and TLR13), interferon alpha recepior ligands, hyaluronidase inhibitors,
recombinant 1L-7, hepatitis B surface antigen (HHsAg) mhibitors, hepatitis B sorface antigen
{HBsAg} secretion or assemnbly inhibitors, compounds targeting hepatitis B core antigen
{HBcAg), cyclophilin inhibitors | HBV thevapeutic vaccines, HBY prophylactic vaceings,
HBY viral entry wobabilors, NTCP (Na+-taurocholate cotransporting polypeptide) inhibitors,
andisense oligonuclectide targeting viral voRNA, short interfering RNAs {siRMNA), miRNA
gene therapy agents, endonuclease modulatars, inhibitors of ribonuclentide reductase,
hepatitis B virugs E antigen inhibitors, recombinant scavenger receptor A {SRA) proteins, Sre

kinase inhibitors, HBX inhibitors, cecDNA inhibitors, short synthetic hairpin RNAs
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{sshRNAs}, HBV antibodies inchuding HBY antibodies targeting the surface antigens of the
hepatitis B virus and bispecific antibodies and “antibody-like” therapeutic proteins (such as
DART®, Duobodies®, Bites®, XmAbs®, TandAbs @, Fab derivatives, TCR-like
antibodies), CCRZ chemokine antagonists, thymosin agonists, oytokines, nucleoprotein
modulators (HBVY core or capsid protein modulators), stimulators of retingic acid-inducible
gene 1, stimulators of NODZ, stinnudators of NODI, Arpinase-1 inhibitors, STING agonists,
PI3K inhibitors, lymphotoxin heta receptor activators, Natural Killer Cell Recepior 2B4
inkibitors, Lymphocyte-activation gene 3 inhibitors, CIH 60 inhibilors, cytotoxic T-
lymphocyte-associated protein 4 {CTLA4) inhibitors, [DO inhibitors, cocINA epigenetic
modifiers, CRM 37 inhibitors, Killer cell lectin-like receptor subfamily G member 1 inhibitors,
TiM-3 inhibitors, B- and T-lymphocoyte attenuator inhibitors, CD3035 inhibitors, PD-1
inhibitors, PD-L1 inhibitors, PEG-Interferon Lambda, recombinant thymosin alpha-1, BTK
inhibitors, modulators of TIGIT, modulators of CB47, modulators of SIRPalpha | modulators
ot HCOS, modudators of CO27, modulators of CD70, modulators of OX40, modulators of
NEG2D, modulaiors of Tim-4, modulators of B7-H4, modulators of B7-H3, modulators of
NEGZA, modulators of GITR, modulators of CD160, modulators of HEVEM, modulators of
Ci3161, modulators of Axl, modulators of Mer, modulators of Tyro, gene modifiers or
editors such as CRISPR (inchuding CRISPR Cas9y, zinc finger nucleases or syuthetic
nucleases {TALENSs), IAPs inhibitors, SMAC mimetics, and Hepatitis B virus replication

inhibitors compounds.

54.  The method of claims 51 or 52, further comprising administering at
least one additional therapeutic agent selected from the group consisting of

{1} Combination drugs selected from the group consisting of tenofovir disoproxil fumarate -+
emiricitabine (TRUVADA®}, ABX-203+amivuding+PEG-IFNalpha, and ABX-
203+adefovirtPEG-IFNalpha, ING-9112 + RG7944 (INO-18007;

{2} HBVY DNA polymerase inhibitors sclected from the group consisting of besifovir,
entecavir {Baraclude®), adetovir (Hepsera®), tenofovir disoproxil fursarate {(Viread®),
tenofovir alafenamide, tenofovir, tenofovir disoproxi], tenofovir alafenamide fumarate,
tenofovir alafenamide hemifumarate, tenofovir dipivoxil | tenofovir dipivoxil fumaraie,
tenotovir octadecyloxyethyl ester, telbivudine (Tyzeka®), pradefovir, Clevudine,
emwiricitabine {Emiriva®)y, ribavirin, lamivudine Epivie-HBV®), phosphazide,
famaoiclovir, SNC-019754, FMCA, fusolin, AGX-1009, AR-[1-04-26, HS8-10234 and

metacavir:
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{3} Immunomodulators selecied trom the group consisting of rintatolimod, fmidol
hydrochloride, ingaron, dermaVir, plaguenil {hydroxychloroquine), proleukin,
hydroxyurea, mycophenolate mofetit (MPA) and its cster derivative mycophenclate
mofenrt (MM}, WF-10, eibavirin, IL-12, INO-9112, polymer polyethyleneimine (PEI,
Gepon, VOV-1, MOR-2Z, BMS-836559, RO-T011785, RG-6871763 and IR-103,

{4) Toll-like receptor 7 modulators selected from the group consisting of GE-9620, GRK-
2245035, irmuquitiod, restquimod, DSR-6434, DSP-3025, IMO-4200, MCT-4635, 3M-
(51, SB-9922, 3M-052, Limtop, TMX-30X, TMX-202 RG-7863 and RG-7795,

{5) Toll-like recepior 3 modulators selected from the group consisting of moetolimod,
resiguimod, 3M-051, 3M-082, MCT-465, IMO-4200, VTX-763, and VTX-1463;

(6) Toll-like receptor 3 woodulators selected from the group consisting of rintatolimod, poly-
ICLC, MOT-4635, MCT-475, Riboxxon, Riboxxim and ND-1.1;

(7) Interferon alpha recepior ligands selected from the group consisting of interferon alpha-2b
{Intron A®}, pegylated interferon alpha-2a (Pegasys®), interferon alpha 1b (Hapgen®;,
Veldona, Infradure, Roferon-A, YPEG-interteron aifa-2a (YPEG-rhiFNalpha-2a), P-
1101, Algeron, Alfarona, Ingaron {interferon gamma}, rSIFN-co (recombinant super
compound interferon), Ypeginterferon alfa-2b (YPEG-rhiFNalpha-2b}, MOR-22,
peginterferon alfa-2b (PEG-Intron®), Bioferon, Novaferon, Inmutag (Inferon),
Multiferon®, interferon alfa-nl{Humoferon®), interferon beta-1a {Avonex®),
Shaferon, interferon alfa-2b (AXXO), Alfaferone, interferon alfa-2b (BioGeneric
Pharma), interferon-alpha 2 (Cl}, Laferonum, VIPEG, BLAUFERON-RB,
BLAUFERON-A, Intermax Alpha, Realdivon, Lanstion, Pegaferon, PDferon-8
PDferon-B, interferon alta-2b (IFN, Laboratorios Bioprofarma), alfainterferona 2b,
Kalferon, Pegnano, Feronsure, PegiHep, interferon alfa 2b (Zydus-Cadila), Optipeg A,
Realfa 28, Reliferon, interferon alfa-2b {Amega). interferon alfa-2b {(Virchow),
peginterferon alfa-2b (Amega}, Reaferon-EC, Proguiferon, Uniferon, Urifron,
interferon alfa-2b {Chasgchun Institute of Biological Products), Anterferon, Shanferon,
Layfferon, Shang Sheng Lei Tai, INTEFEN, SINOGEN, Fokangtat, Pegstat, rHRA-IFN
alpha-2b and Interapo {Interapa);

(8) Hyaluronidase inhibitors sclected from the group consisting of astodrimer,

{9) Modulators of IL-1

{10} HBsAg inhibitors sclected from the group consisting of HBF-0259, PBHBY-001,
PERHBV-2-15, PBHBV-2-1, REP-9AC, REP-SC, REP-9, REP-2139, REP-2139-Ca,
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REP-2165, REP-2055, REP-2163, REP-2165, REP-2052, REP-2031, REP-006 and
REP-OAC;

(11} Toli tike receptor 9 modulators selected from CYTO03 and CYT-003.GbG10,

{12} Cyelophilin imbibitors selected from the group consisting of CUB-038, SCY-635 and
NYP-H1R;

{13) HBY Prophylactic vaceines selected from the group consisting of Hexaxim, Heplisav,
Mosquirix, DTwWP-HBVY vaccine, Bio-Hep-B, IVT/P/HBV/M (LEVPOIGL,; LBVW-
0101}, DTwP-Hepb-Hib-IPV vaccine, Heberpenta L, DTwP-HepB-Hib, V419, CVI-
HBY-001, Telrabhay, hepatitis 8B prophiviactic vaceine {Advax Super D), Hepatrol-(47,
GRR-ZZ3192A, Engerr B®, recorabinant hepatitis B vaceine {inframuscular, Kangta
Biclogical Products), recombinant hepatitis B vaccine {Hansermaal polyvmorpha yeast,
mtramuscnlar, Hualan Biological Engineering ), Bimimugen, BEuforavae, Eufravac,
arpi-DTaP-1PV-Hep B, Infanri-DTaP-1PV-Hep B-Hib, Pentabio Vaksin DTP-HB-
Hib, Comvac 4, Twinrix, Buvax-B, Tritanrix BB, Infanrix Hep B, Comvax, DTP-Hib-
HBY vaccine, DTP-HBY vaccine, ¥1 Tai, Heberbiovae HB, Trivac HB, GerVax,
DTwP-Hep B-Hib vaccing, Bilive, Hepavax-Gene, SUPERVAKX, Comvacs, Shanvac-B,
Hebsulin, Recombivax HB, Revac B mef, Revae B+, Fendrix, DTwP-HepB-Hib, DNA-
001, Shang, thHEsAG vaccine, and DTaP-rHB-Hib vaccine;

(14) HBY Therapeutic vaccines sclected from the group consisting of HBsAG-HBIG
complex, Bio-Hep-B, NASVAC, abi-HB {(infravenous), ABX-203, Tetrabhay, GX-
1IDE, G8-4774, peptide vaccine {epsilonP A-44), Hepatrol-07, NASVAC
(NASTERAP), IMP-321, BEVAC, Revac B mef, Revac B+, MON-1333, KW-2, CV1I-
HBY-002, AltrallepB, VOX-6200, FP-02, FP-02.2, TG-1050, NU-500, HBVax,
on/TriGrid/antigen vaccine, Mega-CM40L-adjuvanted vaccing, HepB-v, RG7944 (ING-
180403, recombinant V01P-based therapeutic vaceine (HBV infection, VLP Biotech),
AGTG-17909, AATG-17910 AdTG-18202, ClronVac-B, and Lm HBY,

(15} HBY viral entry inhibiior selected from the group consisting of Myrcludex B;

{16} Antisense oligonucleotide tarpeting viral mBNA selected from the group consisting of
ISIS-HBVRx;

(17} short interfering RNAs (siRNA} selected from the group consisting of TKM-HBY
{TEM-HepB}, ALN-HBY, SR-008, ddRNAL and ARC-52{;

{18} Endonuclease moduolators selected from the group consisting of PON-5314;

{19} Inhubitors of ribonucleotide reductase selected from the group consisting of Trimidosx;

{20} Hepatitis B virus ¥ antigen inhibitors selected from the group consisting of wogonin,
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21} HBV antibodies targeting the surface antigens of the hepatitis B virus selecied from the
group consisting of GC-1102, XTL-17, ¥XTL-19, XTL-001, KN-003, IV Hepabulin 8N,
and fully human monoclonal antibody therapy (hepatitis B virus infection, Humabs
BioMedy;

{223 HBV antibodies including menocional antibodies and polycional antibodies selected
from the group consisting of Zutectra, Shang Sheng Gan D4, Uman Big (Hepatitis B
Hyperimmuue), Omri-Hep-B, Nabi-HEB, Hepatect CP, HepaGam B, igantibe, Nighva,
CT-P24, hepatitis B immunogiobuhn (intravenous, pH4, HBV infection, Shanghal
RAAS Blood Products) and Fovepta {BT-088);

{23y CCR2 chemokine antagonists selected from the group consisting of propagermanivm,

{24} Thymosin agonists selecied from the group consisting of Thymalfasin;

(25} Cytokines selected from the group consisiing of recombinant 1L-7, CYT-107,
interleukin-2 (1L-2, mmunex); recombinarit human interleuldn-2 (Shenzhen Neptunus),
IL-15, H.-21, IL-24 and celmoleukin:

{26) Nucleoprotein modulators (HBV core or capsid protein modulators) selected from the
group congsisting of NVR-1221, NVR-3778, BAY 41-4109, morphothiadine mesilate
and DVR-23;

{27y Stinmlators of retinoic acid-inducible gene 1 selected from the group consisting of 8B-
9200, 8B-40, SB-44, ORI-7246, ORI-9350, ORI-7537, ORI-9020, GRI-9198 and OR}-
7170,

{283 Stimulators of NOD? selected from the group consisting of 8B-020¢,

{29} Recombinant thymosin alpha-1 selected from the group consisting of NL-004 and
PEGyiated thymosin alpha {;

{30) Hepatitis B virus replication inhibitors selecied from the group consisting of
isothiafludine, IQP-HBY, RM-5038 and Xingantie;

{ 31'} PI3K inhibiiors selected from the group consisting of idclalisib, AZD-8184, buparlisib,
CLR-457, pictilisib, neratinib, rigosertib, rigosertib sodivm, EN-3342, TGR-1202,
alpelisib, duvelisib, UCB-3857, taselisib, XL-765, gedatolisit, VS-5584, copanlisib,
CAT orotate, perifosine, RG-7666, GSK-2636771, 387423, panulisib, GSK-2269557,
GSK-2126458, CUDC-807, PQR-309, INCR-040093, pilaralisib, BAY-1082439,
puguitinib mesylate, SAR-245409, AMG-319, RP-6530, F8TK-474, MLN-1117, SF-
1126, RV-1729, sonolsib, LY-3023414, RAR-260301 and CLR-1401;

(32} cecDNA inhibitors selected from the group consisting of BRBI-25;
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{33y PD-L1 inhibitors selected from the group consisting of MEDI-0680, R(G-7446,
durvalumab, KY-1003, KD-033, MSB-0010718C, TSR-042, ALN-PDL, STI-A1014
and BMB-936559:

{34} PD-1 inhibitors selected trom the group consisting of nivolumab, pembrolizumab,
pidilizumab, BGB-108 and mDX-400;

{35} BTK inhibitors selected from the group consisting of ACP-196, dasatinib, ibrutinib,
PRN-1008, SNE-062, ONO-40359, BOB-3111, MSC-2364447, X022, spebrutinib, TP-
4207, HM-71224, KBP-7536 and AC-0(25;

(363 100 inhibitors selected from the group consisting of epacadostat (INCB24360), F-
G01287, resnostat (48C-2013, SN-35837, NLG-918, GDC-0919, and indoximod; and

{37} Other drugs for treating HBV selected from the group counsisting of gentiopicrin
{gentiopicroside), mitazoxanide, birinapant, NOV-208 {Molixan; BAM-203), Oligotide,
Mivotilate, Feren, levamisole, Ka Shu Ning, Alloferon, WS-007, Y-101 {T1 Fen Tai),
rSIFN-co, PHG-IHFNm, KW-3, BP-Inter-014, oleanolic acid, HepB-nRNA, cTP-5 (#TP-
Sy, HSK-I-2, HEISCO-106-1, HEISCO-106, Hepbarna, IBPB-0061A, Hepuyinten,
DasiCloster 0014-01, Jiangantat {Ganxikang), picroside, DasKloster-0039, hepulantai,

IMB-2613, TCM-800R, reduced glatathione, RO-6864018 and Z2H-ZN.

35, Use of a crystalline form of Compound T of any one of claims 1 to 34,

for the manufactore of a medicament for the treatment of a hepatitis B viral infection.

56. A crystalline form of Compound 1 of any one of claims 1 to 34, for the

use in {reating a hepatitis B viral infection.
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