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THE CRYSTALLINE FORMS OR
AMORPHOUS FORMS OF
BISDIAZABICYCLIC COMPOUNDS OR
SALTS THEREOF

FIELD OF THE INVENTION

[0001] The present invention belongs to the field of
medicinal chemistry, and particularly relates to the crystal-
line forms or amorphous forms of bisdiazabicyclic com-
pounds or its salt for the treatment and/or prevention of
diseases or disorders related to hepatitis virus, as well as the
preparation method and application thereof.

BACKGROUND OF THE INVENTION

[0002] Hepatitis or liver disecase is a disease usually
caused by hepatitis virus. Hepatitis virus can usually be
divided into types A, B, C, D, E, and G. Among them,
Chronic disease caused by the hepatitis B virus is currently
distributed throughout the world. If improperly controlled, a
considerable proportion of hepatitis B will be transformed
into liver cancer in the later stage of the disease.

[0003] According to the 2015 China Chronic Hepatitis B
(CHB) Prevention and Treatment Guidelines, the goal of
chronic hepatitis B treatment is to minimize HBV replica-

tion for a long time, reduce hepatocyte inflammatory necro-
sis and liver fibrosis, and delay and reduce liver failure,
decompensation of liver cirrhosis, HCC and other compli-
cations, thereby improving the quality of life and prolonging
survival time. In the course of treatment, for some suitable
patients, the clinical cure of chronic hepatitis B should be
pursued as much as possible, that is, continuous virological
response after stopping treatment, HBsAg negative conver-
sion or accompanied by anti-HBs positive conversion, nor-
mal ALT, mild liver tissue disease or No lesions. The
complete cure refers to the elimination of HBV DNA,
various antigens, and cccDNA in addition to antibodies.

[0004] At present, the US FDA has approved 7 antiviral
drugs for the treatment of chronic hepatitis B infection,
including common and long-acting interferons and 5 oral
nucleoside (acid) analogues: lamivudine, adefovir dipivoxil,
entecavir, Telbivudine and tenofovir disoproxil fumarate,
among which entecavir and tenofovir disoproxil fumarate
are recommended as first-line drugs as the first-line treat-
ment. However, in clinical use of existing nucleoside (acid)
analog drugs for 5 years, the HBsAg negative returning rate
is less than 5%; for those who respond after receiving
long-acting interferon (PEG-IFN) treatment, the HBsAg
negative returning rate during long-term follow-up is also
less than 10%. For CHB patients, nucleoside (acid) analog

O,
\\S

”’N )k/

%nn
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drugs can only inhibit the synthesis of the positive and
negative strands of the virus in the nucleocapsid. In the
process of antiviral therapy, the main thing that disappears
is the replicating DNA, it has no direct effect on the cccDNA
in the nucleus of liver cells and the viral antigens expressed
by transcription. Another type of drug, IFNa, has both
immune regulation and direct antiviral effects. It can induce
the expression of APOBEC3A in HBV-infected hepatocytes,
and promote the degradation of cccDNA through base
editing to exert a direct antiviral effect. However, HBV has
been proven to antagonize the IFNa signaling pathway,
leading to poor therapeutic effects of IFNa drugs. Therefore,
taking into account the limitations of current antiviral drugs,
other treatment strategies to eliminate chronic HBV infec-
tion are the hotspot of research currently. Correspondingly,
there is also an urgent need for new drugs for treating
hepatitis virus in this field.

[0005] CN109467566A discloses bisdiazabicyclic com-
pounds for the treatment and/or prevention of diseases or
disorders related to hepatitis virus, and specifically discloses
representative compounds: 1,3-benzenedi[7-(3 S,5 S,9aR)-
5-((S)-2-methylamino-propionamido)-3-dibenzamido-4-
ox0-3a,7-diaza-decahydrocyclopentacyclooctene)]-sulfona-
mide, its structural formula is as follows:

IR

[0006] However, the current literature including the patent
application, mainly reported the structure and pharmaco-
logical activity of the compounds without any studies and
reports on polymorphs, amorphous and other structural
forms.

[0007] Due to the influence of various factors such as
configuration, conformation, molecular arrangement,
molecular interaction and eutectic mixtures of molecular
structure of solid matter, the arrangement of molecular
lattice space is different and two or more different crystal
structures are formed. This Phenomenon is called “Poly-
morphism Phenomenon™ or “allomorphism™.” Polymor-
phism phenomenon” widely exists in solid drugs. Physical
and chemical properties between different crystal forms of
the same drug can exist differences, such as appearance,
density, hardness, melting point, solubility, stability, disso-
Iution, dissolution rate and bioavailability can be signifi-
cantly different. This phenomenon is particularly evident in
oral solid preparations. Further more, the existent forms and
quantities of polycrystalline compounds are unpredictable.
Different crystalline forms of the same drug have significant
differences in solubility, melting point, density, stability,
etc., which affect the uniformity, bioavailability, efficacy and
safety etc. of the drug to different degrees.
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[0008] In addition to polycrystalline form, some solid
compounds may have amorphous forms. The amorphous
refers to the structure of some amorphous regions (amor-
phous regions) of incomplete crystals or forms of some
amorphous solids (amorphous regions). For a specific solid

5....

drug, the existent forms and quantities of its amorphous
form are also unpredictable, and may also have a significant
impact on the solubility, melting point, density, stability, etc.

[0009] Therefore, in the process of new drug research and
development, it is necessary to consider multiple factors to
carry out comprehensive screening of the crystalline forms
and amorphous forms of drug compounds. In particular, for
the above compound 1 used in the treatment and/or preven-
tion of diseases or disorders related to hepatitis virus, there
are potential medicinal values and clinical values to develop
crystalline or amorphous forms of the compound or their
salts with possible medical values to improve the stability,
solubility, bioavailability and other properties of the com-
pounds.

SUMMARY OF THE INVENTION

[0010] The present invention provides crystalline forms or
amorphous forms of bisdiazabicyclic compounds or its salts
for the treatment and/or prevention of diseases or disorders
related to hepatitis virus, as well as preparation methods and
applications thereof. The crystalline forms or amorphous
forms of the invention are of great values for drug devel-
opment, formulation development and production.

[0011] In the following descriptions, certain specific
details are described to provide thorough understandings of
the various embodiments of the invention. However, the
persons skilled in the art will understand that the invention
can be practiced without the details. The following descrip-
tions of several embodiments are done with the understand-
ing that the present disclosure is regarded as an example of
the subject matter for which protection is sought, and is not
intended to limit the attached claims to the particular
embodiments shown. The headings used throughout the
invention are provided for convenience only and shall not be
construed as limiting claims in any way. The embodiments
shown under any heading may be combined with the
embodiments shown under any other heading.

[0012] In addition, when referring to, for example, XRPD
patterns, TGA plots, DSC curves, mDSC curves, ion Chro-
matography, Liquid NMR etc., the terms “substantially as
shown” mean that they are not necessarily the same as those
described herein, but when considered by ordinary persons
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skilled in the art, the spectrum falls within the limits of
experimental error or deviation.

[0013] In the first aspect, the present invention provides
the amorphous or crystalline forms of the compound 1
below or its salts:

(compound 1)

(OSSR

[0014] As used herein, “Compound 1” refers to a com-
pound having a chemical name 1,3-benzenedi|7-(3S,5S,
9aR)-5-((S)-2-methylamino-propionamido)-3-diben-
zamido-4-ox0-3a,7-diaza-
decahydrocyclopentacyclooctene)]-sulfonamide.

[0015] Specifically, the forms can be the following spe-
cific forms:

[0016] 1) The Crystalline Form I of Compound 1

[0017] Inone embodiment, the form is the crystalline form

1 of the compound 1(free base), which is characterized by
having at least three, at least four, at least five, at least six
characteristic peaks at the following positions in the X-ray
powder diffraction (XRPD) pattern represented by angle 26:
7.9320.2°, 9.60+0.2°, 11.27£0.2°, 15.73x0.2°, 18.63+0.2°
and 19.22+0.2°.

[0018] In some preferred embodiments, the form also has
one or more characteristic peaks at the following positions
in the XRPD pattern represented by angle 26: 11.92+0.2°,
12.52+0.22 and 16.72x0.2°.

[0019] In some preferred embodiments, the form has
XRPD characteristic peaks at the positions substantially as
shown in Table 1 below and/or an X-ray powder diffraction
(XRPD) pattern substantially as shown in FIG. 1.

TABLE 1

Angle[°20] = Relative
0.2° d-value[A] intensity [%]
7.93 11.15 100.00
9.60 9.21 3645
11.27 7.85 26.93
11.92 7.42 19.95
12.52 7.07 12.33
15.73 5.64 23.89
16.72 5.30 11.30
18.63 4.76 2543
19.22 4.62 51.03
23.21 3.83 9.74
26.94 3.31 6.29

[0020] In some preferred embodiments, it also has the
following characteristics:

[0021] 1) In the thermogravimetric analysis (TGA) plot,
there is a weight loss of 1.6+0.2% by weight before 130° C.;
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[0022] 2) In the DSC curve, there are 2 endothermic peaks
at the peak temperature of 67.0+£2.0° C. and 174.1£2.0° C.;

[0023] 3) the TGA plot substantially as shown in FIG. 2;
and/or

[0024] 4) the DSC curve substantially as shown in FIG. 3.
[0025] 2) The Crystalline Form II of Compound 1
[0026] Inoneembodiment, the form is the crystalline form

1I of the compound 1(free base), which is characterized by
having at least one, or at least two characteristic peaks at the
following positions in the XRPD pattern represented by
angle 20: 5.80+0.2° and 7.68+0.2°.

[0027] In some preferred embodiments, the form has
XRPD characteristic peaks at the positions substantially as
shown in Table 2 below and/or an XRPD pattern substan-
tially as shown in FIG. 4.

TABLE 2
Angle [°20] = Relative
0.2° d-value [A] intensity [%]
5.80 15.23 100.00
7.68 11.52 67.83
[0028] In some preferred embodiments, it also has the

following characteristics:

[0029] 1) In the TGA plot, there is a weight loss of
5.4+0.2% by weight before 130° C.;

[0030] 2) In the DSC curve, there are two endothermic
peaks at the peak temperatures of 69.5£2.0° C. and 150.
7+2.0° C.;

[0031] 3) the TGA plot substantially as shown in FIG. 5;
and/or

[0032] 4) the DSC curve substantially as shown in FIG. 6.
[0033] 3) The Crystalline Form III of Compound 1
[0034] Inone embodiment, the form is the crystalline form

IIT of the compound 1(free base), which is characterized by
having at least three, at least four or five characteristic peaks
at the following positions in the XRPD pattern represented
by angle 26: 7.83+0.22, 9.78+0.22, 11.78+0.22, 19.32+0.22
and 19.68+0.22.

[0035] In some preferred embodiments, the form has
XRPD characteristic peaks at the positions substantially as
shown in Table 3 below and/or an XRPD pattern substan-
tially as shown in FIG. 7.

TABLE 3

Angle [°20] = Relative
0.2° d-value [A] intensity [%]
7.83 11.29 100.00
9.78 9.05 31.95
11.40 7.76 11.90
11.78 7.51 20.01
12.76 6.94 6.29
16.63 5.33 7.78
17.51 5.06 5.75
19.32 4.59 28.93
19.68 4.51 19.35
21.00 4.23 4.12
24.50 3.63 2.52
26.16 3.41 3.80

[0036] In some preferred embodiments, it also has the

following characteristics:
[0037] 1) In the TGA plot, there is a weight loss of
17.2+0.2% by weight before 140° C.;
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[0038] 2) In the DSC curve, there are two endothermic
peaks at the peak temperatures of 90.7+2.0° C. and 172.
6+2.0° C.;

[0039] 3) the TGA plot substantially as shown in FIG. 8;
and/or

[0040] 4) the DSC curve substantially as shown in FIG. 9.
[0041] 4) The Amorphous Form IV of Compound 1 Mono-
hydrochloride

[0042] In one embodiment, the form is the amorphous

form IV of the compound 1 monohydrochloride, character-
ized in that it has an XRPD pattern substantially as shown
in FIG. 10.

[0043] In some preferred embodiments, it also has the
following characteristics:

[0044] 1) In the TGA plot, there is a weight loss of
7.9£0.2% by weight before 150° C.;

[0045] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 184.6+2.0° C.;

[0046] 3) the TGA plot substantially as shown in FIG. 11;
and/or

[0047] 4) the mDSC curve substantially as shown in FIG.
12.

[0048] In one embodiment, ion chromatography (IC)

results show that the molar ratio of hydrochloric acid to the
compound 1 in Form IV is 1.3:1.

[0049] 5) The Amorphous Form V of Compound 1 Dihy-
drochloride
[0050] In one embodiment, the form is the amorphous

form V of the compound 1 dihydrochloride, characterized in
that it has an XRPD pattern substantially as shown in FIG.
13.

[0051] In some preferred embodiments, it also has the
following characteristics:

[0052] 1) In the TGA plot, there is a weight loss of
6.6+0.2% by weight before 150° C.;

[0053] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 213.0+2.0° C.;

[0054] 3) the TGA plot substantially as shown in FIG. 14;
and/or

[0055] 4) the mDSC curve substantially as shown in FIG.
15.

[0056] In one embodiment, ion chromatography (IC)

results show that the molar ratio of hydrochloric acid to the
compound 1 in Form V is 2.1:1.

[0057] 6) The Amorphous Form VI of Compound 1 Sul-
fate
[0058] In one embodiment, the form is the amorphous

form VI of the compound 1 sulfate, characterized in that it
has an XRPD pattern substantially as shown in FIG. 16.
[0059] In some preferred embodiments, it also has the
following characteristics:

[0060] 1) In the TGA plot, there is a weight loss of
9.6+0.2% by weight before 150° C.;

[0061] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 207.2+2.0° C.;

[0062] 3)the TGA plot substantially as shown in FIG. 17;
and/or

[0063] 4) the mDSC curve substantially as shown in FIG.
18.

[0064] In one embodiment, ion chromatography (IC)

results show that the molar ratio of sulfuric acid to the
compound 1 in Form VI is 1.3:1.
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[0065] 7) The Amorphous Form VII of Compound 1
Phosphate
[0066] In one embodiment, the form is the amorphous

form VII of the compound 1 phosphate, characterized in that
it has an XRPD pattern substantially as shown in FIG. 19.
[0067] In some preferred embodiments, it also has the
following characteristics:

[0068] 1) In the TGA plot, there is a weight loss of
4.5£0.2% by weight before 150° C.;

[0069] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 176.0+2.0° C.;

[0070] 3) the TGA plot substantially as shown in FIG. 20;
and/or

[0071] 4) the mDSC curve substantially as shown in FIG.
21.

[0072] In one embodiment, ion chromatography (IC)

results show that the molar ratio of phosphoric acid to the
compound 1 in Form VII is 1.6:1.

[0073] 8) The Amorphous Form VIII of Compound 1
Mesylate
[0074] In one embodiment, the form is the amorphous

form VIII of the compound 1 mesylate, characterized in that
it has an XRPD pattern substantially as shown in FIG. 22.
[0075] In some preferred embodiments, it also has the
following characteristics:

[0076] 1) In the TGA plot, there is a weight loss of
5.2+0.2% by weight before 150° C.;

[0077] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 172.7+2.0° C.;

[0078] 3) the TGA plot substantially as shown in FIG. 23;
and/or

[0079] 4) the mDSC curve substantially as shown in FIG.
24.

[0080] In one embodiment, liquid NMR (use Bruker

400M nuclear magnetic resonance instrument to collect, use
DMSO-d6 as solvent) results show that the molar ratio of
methanesulfonic acid to the compound 1 in Form VIIII is
2.1:1, and no solvent residues are detected.

[0081] 9) The Amorphous Form IX of Compound 1
Maleate
[0082] In one embodiment, the form is the amorphous

form IX of the compound 1 maleate, characterized in that it
has an XRPD pattern substantially as shown in FIG. 25.
[0083] In some preferred embodiments, it also has the
following characteristics:

[0084] 1) In the TGA plot, there is a weight loss of
3.7£0.2% by weight before 150° C.;

[0085] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 163.6x2.0° C.;

[0086] 3) the TGA plot substantially as shown in FIG. 26;
and/or

[0087] 4) the mDSC curve substantially as shown in FIG.
27.

[0088] In one embodiment, liquid NMR results show that

the molar ratio of maleic acid to the compound 1 in Form IX
is 0.8:1, and no solvent residues are detected.

[0089] 10) The Amorphous Form X of Compound 1
Tartrate
[0090] In one embodiment, the form is the amorphous

form X of the compound 1 tartrate, characterized in that it
has an XRPD pattern substantially as shown in FIG. 28.
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[0091] In some preferred embodiments, it also has the
following characteristics:

[0092] 1) In the TGA plot, there is a weight loss of
8.3+£0.2% by weight before 150° C.;

[0093] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 163.9+2.0° C.;

[0094] 3) the TGA plot substantially as shown in FIG. 29;
and/or

[0095] 4) the mDSC curve substantially as shown in FIG.
30.

[0096] In one embodiment, liquid NMR results show that

the molar ratio of tartaric acid to the compound 1 in Form
X is 1.9:1, and no solvent residues are detected.

[0097] 11) the Amorphous Form XI of Compound 1
Benzoate
[0098] In one embodiment, the form is the amorphous

form XI of the compound 1 benzoate, characterized in that
it has an XRPD pattern substantially as shown in FIG. 31.
[0099] In some preferred embodiments, it also has the
following characteristics:

[0100] 1) In the TGA plot, there is a weight loss of
9.1+0.2% by weight before 150° C.;

[0101] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 143.8+2.0° C.;

[0102] 3) the TGA plot substantially as shown in FIG. 32;
and/or

[0103] 4) the mDSC curve substantially as shown in FIG.
33.

[0104] In one embodiment, liquid NMR results show that

the molar ratio of benzoic acid to the compound 1 in Form
X1 is 0.8:1, and the molar ratio of MTBE to the compound
1 is 0.04:1, corresponding to a weight loss of 0.3% by

weight.

[0105] 12) The Amorphous Form XII of Compound 1
Succinate

[0106] In one embodiment, the form is the amorphous

form XII of the compound 1 succinate, characterized in that
it has an XRPD pattern substantially as shown in FIG. 34.
[0107] In some preferred embodiments, it also has the
following characteristics:

[0108] 1) In the TGA plot, there is a weight loss of
3.5£0.2% by weight before 150° C.;

[0109] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 138.9+2.0° C.;

[0110] 3) the TGA plot substantially as shown in FIG. 35;
and/or

[0111] 4) the mDSC curve substantially as shown in FIG.
36.

[0112] In one embodiment, liquid NMR results show that

the molar ratio of succinic acid to the compound 1 in Form
XII is 1.2:1, and no solvent residues are detected.

[0113] 13) The Amorphous Form XIII of Compound 1
Acetate
[0114] In one embodiment, the form is the amorphous

form XIII of the compound 1 acetate, characterized in that
it has an XRPD pattern substantially as shown in FIG. 37.
[0115] In some preferred embodiments, it also has the
following characteristics:

[0116] 1) In the TGA plot, there is a weight loss of
8.0+0.2% by weight before 150° C.;

[0117] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 137.9+2.0° C.;
[0118] 3) the TGA plot substantially as shown in FIG. 38;
and/or



US 2023/0257384 Al

[0119] 4) the mDSC curve substantially as shown in FIG.
39.
[0120] In one embodiment, liquid NMR results show that

the molar ratio of acetic acid to the compound 1 in Form XIII
is 1.0:1. and no solvent residues are detected.

[0121] 14) The Amorphous Form XIV of Compound 1
[0122] In one embodiment, the form is the amorphous
form XIV of the compound 1, characterized in that it has an
XRPD pattern substantially as shown in FIG. 40.

[0123] In some preferred embodiments, it also has the
following characteristics:

[0124] 1) In the TGA plot, there is a weight loss of
4.2+0.2% by weight before 130° C.;

[0125] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 145.2+2.0° C.;

[0126] 3) the TGA plot substantially as shown in FIG. 41;
and/or

[0127] 4) the mDSC curve substantially as shown in FIG.
42.

[0128] 15) The Amorphous Form XV of Compound 1

Mono-p-toluenesulfonate

[0129] In one embodiment, the form is the amorphous
form XV of compound 1 mono-p-toluenesulfonate, charac-
terized in that it has an XRPD pattern substantially as shown
in FIG. 43.

[0130] In some preferred embodiments, it also has the
following characteristics:

[0131] 1) In the TGA plot, there is a weight loss of
2.55+0.2% by weight before 127° C.; and a weight loss of
2.51+0.2% by weight between 127° C. and 222° C;
[0132] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 150.82+2.0° C.;

[0133] 3) the TGA plot substantially as shown in FIG. 44;
and/or

[0134] 4) the mDSC curve substantially as shown in FIG.
45.

[0135] Inone embodiment, IH-NMR results show that the

molar ratio of the compound 1 and p-toluenesulfonic acid is
1:1.25.

[0136] 16) The Amorphous Form XVI of Compound 1
Di-p-Toluenesulfonate

[0137] In one embodiment, the form is the amorphous
form XVI of compound 1 di-p-toluenesulfonate, character-
ized in that it has an XRPD pattern substantially as shown
in FIG. 46.

[0138] In some preferred embodiments, it also has the
following characteristics:

[0139] 1) In the TGA plot, there is a weight loss of
2.97+0.2% by weight before 125° C.;

[0140] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 168.02+2.0° C.;

[0141] 3) the TGA plot substantially as shown in FIG. 47;
and/or

[0142] 4) the mDSC curve substantially as shown in FIG.
48.

[0143] In one embodiment, IH-NMR results showed that

the molar ratio of the compound 1 to p-toluenesulfonic acid
in Form XVI was 1:2.19.

[0144] 17) The Amorphous Form XVII of Compound 1
Diphosphate
[0145] In one embodiment, the form is the amorphous

form XVII of compound 1 diphosphate, characterized in that
it has an XRPD pattern substantially as shown in FIG. 49.
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[0146] In some preferred embodiments, it also has the
following characteristics:

[0147] 1) In the TGA plot, there is a weight loss of
1.46x£0.2% by weight before 140° C.;

[0148] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 177.83+2.0° C.;

[0149] 3) the TGA plot substantially as shown in FIG. 50;
and/or

[0150] 4) the mDSC curve substantially as shown in FIG.
51.

[0151] 18) the Crystalline Form XVIII of Compound 1

Dimethanesulfonate

[0152] Inone embodiment, the form is the crystalline form
XVIII of compound 1 dimethanesulfonate, which has at
least one or two characteristic peaks at the following posi-
tions in the XRPD pattern represented by angles 20: 3.94+0.
2°, 5.5320.2°, 11.4520.2°, 15.25+0.2°, 20.51£0.2°.

[0153] In some preferred embodiments, the form has
XRPD characteristic peaks at the positions substantially as
shown in Table 4 and/or the XRPD pattern substantially as
shown in FIG. 52.

[0154] In some preferred embodiments, it also has the
following characteristics:

[0155] 1) In the TGA plot, there is a weight loss of
5.35+£0.2% by weight before 142° C.;

[0156] 2) In the mDSC curve, there is a broad melting
peak at the initial temperature of 126.70+2.0° C.;

[0157] 3) the TGA plot substantially as shown in FIG. 53;
and/or

[0158] 4) the mDSC curve substantially as shown in FIG.
54.

[0159] In one embodiment, IH-NMR results showed that

the molar ratio of the compound 1 to methanesulfonic acid
is 1:1.94.

TABLE 4
Angle [°20] = Relative
0.2° d-Value[A] intensity [%]
3.94 22.43 100.00
5.53 15.97 47.10
7.71 11.46 10.30
10.95 8.07 18.90
11.45 7.72 72.20
12.66 6.99 28.40
14.26 6.21 10.50
14.80 5.98 46.80
15.25 5.80 65.20
16.11 5.50 19.60
17.43 5.08 12.50
18.22 4.87 43.30
19.15 4.63 10.80
20.51 433 47.90
21.47 4.14 26.80
22.50 3.95 17.70
22.75 3.91 35.30
23.80 3.74 19.30
24.82 3.58 14.40
25.25 3.52 28.20
25.83 345 7.10
27.17 3.28 15.50
28.77 3.10 5.90
30.23 295 4.80
32.10 2.79 10.10
32.48 275 10.40
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[0160] 19) The Amorphous Form XIX of Compound 1
Monooxalate
[0161] In one embodiment, the form is the amorphous

form XIX of compound 1 monooxalate, characterized in that
it has an XRPD pattern substantially as shown in FIG. 55.
[0162] In some preferred embodiments, it also has the
following characteristics:

[0163] 1) In the TGA plot, there is a weight loss of
3.63+0.2% by weight before 105° C.; and a weight loss of
10.4+0.2% by weight between 105° C. and 242° C;
[0164] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 100.62+2.0° C.;

[0165] 3) the TGA plot substantially as shown in FIG. 56;
and/or

[0166] 4) the mDSC curve substantially as shown in FIG.
57.

[0167] 20) The Amorphous Form XX of Compound 1
Dioxalate

[0168] In one embodiment, the form is the amorphous

form XX of compound 1 dioxalate, characterized in that it
has an XRPD pattern substantially as shown in FIG. 58.
[0169] In some preferred embodiments, it also has the
following characteristics:

[0170] 1) In the TGA plot, there is a weight loss of
3.52+0.2% by weight before 122° C.; and a weight loss of
11.6£0.2% by weight between 122° C. and 236° C.;
[0171] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 97.8+2.0° C.;

[0172] 3) the TGA plot substantially as shown in FIG. 59;
and/or

[0173] 4) the mDSC curve substantially as shown in FIG.
60.

[0174] 21) The Amorphous Form XXI of Compound 1
Dimaleate

[0175] In one embodiment, the form is the amorphous

form XXI of compound 1 dimaleate, characterized in that it
has an XRPD pattern substantially as shown in FIG. 61.
[0176] In some preferred embodiments, it also has the
following characteristics:

[0177] 1) In the TGA plot, there is a weight loss of
2.29+0.2% by weight before 117° C.; and a weight loss of
8.332£0.2% by weight between 117° C. and 216° C.;
[0178] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 142.29+2.0° C.;

[0179] 3) the TGA plot substantially as shown in FIG. 62;
and/or

[0180] 4) the mDSC curve substantially as shown in FIG.
63.

[0181] In one embodiment, IH-NMR results showed that

the molar ratio of the compound 1 to maleic acid in Form
XXI was 1:1.90.

[0182] 22) The Amorphous Form XXII of Compound 1
Ditartrate
[0183] In one embodiment, the form is the amorphous

form XXII of compound 1 ditartrate, characterized in that it
has an XRPD pattern substantially as shown in FIG. 64.
[0184] In some preferred embodiments, it also has the
following characteristics:

[0185] 1) In the TGA plot, there is a weight loss of
3.14+0.2% by weight before 127.5° C.; and a weight loss of
15.15+0.2% by weight between 127.5° C. and 272.5° C.;
[0186] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 155.97+2.0° C.;
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[0187] 3) the TGA plot substantially as shown in FIG. 65;
and/or

[0188] 4) the mDSC curve substantially as shown in FIG.
66.

[0189] In one embodiment, IH-NMR results showed that

the molar ratio of the compound 1 to tartaric acid was 1:2.02.

[0190] 23) The Amorphous Form XXIII of Compound 1
Disulfate
[0191] In one embodiment, the form is the amorphous

form XXIII of compound 1 disulfate, characterized in that it
has an XRPD pattern substantially as shown in FIG. 67.
[0192] In some preferred embodiments, it has the follow-
ing characteristics:

[0193] 1) In the TGA plot, there is a weight loss of
4.77+0.2% by weight before 100° C.;

[0194] 2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 174.60x2.0° C.;

[0195] 3) the TGA plot substantially as shown in FIG. 68;
and/or

[0196] 4) the mDSC curve substantially as shown in FIG.
69.

[0197] In the second respect, the present invention pro-

vides a method for preparing the crystalline forms or amor-
phous forms of the compound 1 or its salts.

[0198] In one embodiment, the present invention provides
a method for preparing crystalline form of the compound 1,
which comprises the following steps: mixing the compound
1 with solvent, suspending and stirring at room temperature
to 50° C., optionally adding seed crystals of corresponding
crystalline form, separating the resulting solid and drying,
and thereby obtaining the crystalline form of the compound
1.

[0199] In the preparation method, the compound 1 can be
obtained from a variety of sources, such as commercial
purchase or laboratory synthesis. The solvents can be com-
monly used in laboratory, such as one or more of the water,
alkane solvents, alcohol solvents, ketone solvents, ester
solvents, aromatic hydrocarbon solvents, halogenated
hydrocarbon solvents, nitrile solvents, ether solvents, ali-
phatic hydrocarbon solvents, polar aprotic solvents such as
DMF, DMSO. The mass-volume ratio of the compound 1 to
the solvent can be 100 mg: (0.1-10 mL).

[0200] In one embodiment, the solvent is selected from
IPA/H20 mixed solvent or THF/n-heptane mixed solvent.

[0201] In one embodiment, the temperature can be room
temperature or 50° C.

[0202] In one embodiment, the separation is centrifugal
separation; and/or the drying is vacuum drying.

[0203] In one embodiment, the present invention provides
a method for preparing the amorphous forms of the com-
pound 1 salts, which comprises the following steps: mixing
the compound 1 with solvent and acid, suspending and
stirring at room temperature -50° C., and isolating the
obtained solid, thereby obtaining amorphous forms of the
compound 1 salts.

[0204] In the preparation method, the compound 1 can be
obtained from a variety of sources, such as commercial
purchase or laboratory synthesis. The solvents can be com-
monly used in laboratory, such as one or more of the water,
alkane solvents, alcohol solvents, ketone solvents, ester
solvents, aromatic hydrocarbon solvents, halogenated
hydrocarbon solvents, nitrile solvents, ether solvents, ali-
phatic hydrocarbon solvents, polar aprotic solvents such as
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DMF, DMSO. The mass-volume ratio of the compound 1 to
the solvent can be 100 mg: (0.1-10 mL).

[0205] In one embodiment, the acids can be hydrochloric
acid, sulfuric acid, phosphoric acid, methanesulfonic acid,
maleic acid, tartaric acid, benzoic acid, succinic acid and
acetic acid.

[0206] In one embodiment, the temperature can be room
temperature or 50° C.

[0207] In one embodiment, the separation is centrifugal
separation.
[0208] In one embodiment, the present invention provides

a method for preparing the amorphous forms of the com-
pound 1, which comprises the following steps: mixing the
compound 1 with solvent to form solution, and then adding
anti-solvent to the solution to separate the resulting solid.
Then the amorphous forms of the compound 1 are obtained.
[0209] In one embodiment, the solvent is selected from
one or more of ethanol, acetone, IPA, 2-MeTHF, dichlo-
romethane, 1,4-dioxane, THF, and DMSO; and/or the anti-
solvent is selected from one or more of IPAc, MTBE,
heptane, toluene, and water.

[0210] In one embodiment, the present invention provides
a method for preparing the crystalline form of the salt of the
compound 1, which comprises the following steps: mixing
the compound 1 with a solvent and an acid, separating the
resulting solid and drying, thereby obtaining the crystalline
form of the salt of the compound 1; and/or the mass-volume
ratio of the compound 1 to the solvent is 100 mg: (0.1-10
mL).

[0211] In one embodiment, the solvent is selected from
ethanol and acetone;

[0212] In one embodiment, wherein the acid is selected
from methanesulfonic acid.

[0213] In the third aspect, the present invention provides
a pharmaceutical composition comprising the above-men-
tioned crystalline forms or amorphous forms of compound 1
or its salts, and pharmacologically acceptable excipients.
[0214] The amount of crystalline forms or amorphous
forms of compound 1 or its salts can be a therapeutically
effective amount. The pharmacically acceptable excipients
can be well known in the art, which in the case of solid
formulations include but are not limited to: diluents, adhe-
sives, disintegrants, lubricants, flow aids, release rate control
agents, plasticizers, preservatives, antioxidants, etc.

[0215] The pharmaceutical compositions can choose the
dosage forms suitable for human consumption, such as
tablet, capsule, granule, powder, or pill, etc., preferably
tablet, capsule, granule, disintegrating tablet, sustained
release or controlled release tablet, etc.

[0216] The pharmaceutical compositions in the present
invention can be prepared by various methods that are well
known in the art. One or more of crystalline forms or
amorphous forms of the compound 1 or its salts in a
therapeutic effective amount can be mixed with one or more
of pharmacically acceptable excipients to prepare dosage
forms for human consumption, such as tablets, capsules,
granules, etc.

[0217] The “therapeutically effective amount” is the
amount of the compound in the form of the present invention
that, when administered to a patient in need, is sufficient to
achieve therapeutic effect of a disease state, condition, or
disorder. Such amount would be sufficient to elicit the
biological or medical response in the tissue system or patient
sought by researchers or clinicians.
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[0218] In the fourth aspect, the present invention provides
the use of the crystalline forms or amorphous forms of above
mentioned compound 1 or its salts or the use of above
mentioned pharmaceutical compositions in the preparation
of drugs for the prevention and/or treatment of the disease or
condition related to hepatitis virus.

[0219] In one embodiment, the disease or condition
related to hepatitis virus is a disease or condition related to
hepatitis A virus, hepatitis B virus or hepatitis C virus.
Preferably, the disease or condition is selected from hepatitis
A, hepatitis B, hepatitis C and liver cirrhosis.

[0220] The present invention discovers a variety of unre-
ported crystalline forms or amorphous forms of the com-
pound 1 or its salts for the first time, which can serve as an
important basis for subsequent drug development, formula-
tion development and production.

BRIEF DESCRIPTION OF THE DRAWINGS

[0221] FIG. 1 is an XRPD pattern of Compound 1 crys-
talline Form I.

[0222] FIG. 2 is a TGA plot of Compound 1 crystalline
Form I.

[0223] FIG. 3 is a DSC curve of Compound 1 crystalline
Form I.

[0224] FIG. 4 is an XRPD pattern of Compound 1 crys-
talline Form II.

[0225] FIG. 5 is a TGA plot of Compound 1 crystalline
Form II.

[0226] FIG. 6 is a DSC curve of Compound 1 crystalline
Form II.

[0227] FIG. 7 is an XRPD pattern of Compound 1 crys-

talline Form III.

[0228] FIG. 8 is a TGA plot of Compound 1 crystalline
Form III.

[0229] FIG. 9 is a DSC curve of Compound 1 crystalline
Form III.

[0230] FIG. 10 is an XRPD pattern of Compound 1
monohydrochloride amorphous Form IV.

[0231] FIG. 11 is a TGA plot of Compound 1 monohy-
drochloride amorphous Form IV.

[0232] FIG. 12 is a mDSC curve of Compound 1 mono-
hydrochloride amorphous Form IV.

[0233] FIG. 13 is an XRPD pattern of Compound 1
dihydrochloride amorphous form V.

[0234] FIG. 14 is a TGA plot of Compound 1 dihydro-
chloride amorphous form V.

[0235] FIG. 15 is a mDSC curve of Compound 1 dihy-
drochloride amorphous form V.

[0236] FIG. 16 is an XRPD pattern of Compound 1 sulfate
amorphous form VI.

[0237] FIG. 17 is a TGA plot of Compound 1 sulfate
amorphous form VI.

[0238] FIG. 18 is a mDSC curve of Compound 1 sulfate
amorphous form VI.

[0239] FIG. 19 is an XRPD pattern of Compound 1
phosphate amorphous Form VII.

[0240] FIG. 20 is a TGA plot of Compound 1 phosphate
amorphous Form VII.

[0241] FIG. 21 is a mDSC curve of Compound 1 phos-
phate amorphous Form VII.

[0242] FIG. 22 is an XRPD pattern of Compound 1
mesylate amorphous form VIII.

[0243] FIG. 23 is a TGA plot of Compound 1 mesylate
amorphous form VIII.
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[0244] FIG. 24 is a mDSC curve of Compound 1 mesylate
amorphous form VIII.

[0245] FIG. 25 is an XRPD pattern of Compound 1
maleate amorphous form IX.

[0246] FIG. 26 is a TGA plot of Compound 1 maleate
amorphous form IX.

[0247] FIG. 27 is a mDSC curve of Compound 1 maleate
amorphous form IX.

[0248] FIG. 28 is an XRPD pattern of Compound 1 tartrate
amorphous form X.

[0249] FIG. 29 is a TGA plot of Compound 1 tartrate
amorphous form X.

[0250] FIG. 30 is a mDSC curve of Compound 1 tartrate
amorphous form X.

[0251] FIG. 31 is an XRPD pattern of Compound 1
benzoate amorphous Form XI.

[0252] FIG. 32 is a TGA plot of Compound 1 benzoate
amorphous Form XI.

[0253] FIG. 33 is a mDSC curve of Compound 1 benzoate
amorphous Form XI.

[0254] FIG. 34 is an XRPD pattern of Compound 1
succinate amorphous form XII.

[0255] FIG. 35 is a TGA plot of Compound 1 succinate
amorphous form XII.

[0256] FIG. 36isa mDSC curve of Compound 1 succinate
amorphous form XII.

[0257] FIG. 37 is an XRPD pattern of Compound 1 acetate
amorphous Form XIII.

[0258] FIG. 38 is a TGA plot of Compound 1 acetate
amorphous Form XIII.

[0259] FIG. 39 is a mDSC curve of Compound 1 acetate
amorphous Form XIII.

[0260] FIG. 40 is an XRPD pattern of Compound 1
amorphous Form XIV.

[0261] FIG. 41 is a TGA plot of Compound 1 amorphous
Form XIV

[0262] FIG. 42 is a mDSC curve of Compound 1 amor-
phous Form XIV.

[0263] FIG. 43 is an XRPD pattern of Compound 1
P-toluenesulfonate amorphous Form XV.

[0264] FIG. 44 is a TGA plot of Compound 1 P-toluene-
sulfonate amorphous Form XV

[0265] FIG. 45 is a mDSC curve of Compound 1 P-tolu-
enesulfonate amorphous Form XV.

[0266] FIG. 46 is an XRPD pattern of Compound 1
di-p-toluenesulfonate amorphous Form XVI.

[0267] FIG. 47 is a TGA plot of Compound 1 di-p-
toluenesulfonate amorphous Form XVI

[0268] FIG. 48 is a mDSC curve of Compound 1 di-p-
toluenesulfonate amorphous Form XVI.

[0269] FIG. 49 is an XRPD pattern of Compound 1
diphosphate amorphous Form XVII.

[0270] FIG. 50 is a TGA plot of Compound 1 diphosphate
amorphous Form XVIIL.

[0271] FIG. 51 is a mDSC curve of Compound 1 diphos-
phate amorphous Form XVII.

[0272] FIG. 52 is an XRPD pattern of Compound 1
dimethanesulfonate crystalline Form XVIII.

[0273] FIG. 53 is a TGA plot of Compound 1 dimethane-
sulfonate crystalline Form XVIIIL.

[0274] FIG. 54 is a mDSC curve of Compound 1 dime-
thanesulfonate crystalline Form XVIIL.

[0275] FIG. 55 is an XRPD pattern of Compound 1
oxalate amorphous Form XIX.
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[0276] FIG. 56 is a TGA plot of Compound 1 oxalate
amorphous Form XIX.

[0277] FIG. 57 is a mDSC curve of Compound 1 oxalate
amorphous Form XIX.

[0278] FIG. 58 is an XRPD pattern of Compound 1
dioxalate amorphous Form XX.

[0279] FIG. 59 is a TGA plot of Compound 1 dioxalate
amorphous Form XX.

[0280] FIG. 60 is a mDSC curve of Compound 1 dioxalate
amorphous Form XX.

[0281] FIG. 61 is an XRPD pattern of Compound 1
dimaleate amorphous Form XXI.

[0282] FIG. 62 is a TGA plot of Compound 1 dimaleate
amorphous Form XXI.

[0283] FIG. 63 is a mDSC curve of Compound 1
dimaleate amorphous Form XXI.

[0284] FIG. 64 is an XRPD pattern of Compound 1
ditartrate amorphous Form XXII.

[0285] FIG. 65 is a TGA plot of Compound 1 ditartrate
amorphous Form XXII

[0286] FIG. 66 is a mDSC curve of Compound 1 ditartrate
amorphous Form XXII.

[0287] FIG. 67 is an XRPD pattern of Compound 1
disulfate amorphous Form XXIII.

[0288] FIG. 68 is a TGA plot of Compound 1 disulfate
amorphous Form XXIII.

[0289] FIG. 69 is a mDSC curve of Compound 1 disulfate
amorphous Form XXIII.

DETAILED DESCRIPTION OF THE
INVENTION

Examples

[0290] In the following examples, the experimental meth-
ods are completed in accordance with conventional condi-
tions or conventional test conditions, and the compounds
used in the examples are commercially available or self-
made.

Example 1—Screening and Preparation Experiment
of the Crystalline Form of the Compound 1

[0291] The following different experimental methods
were used to screen the possible crystalline forms of the
compound 1.

[0292] 1.1 Anti-Solvent Addition Experiment of Com-
pound 1
[0293] A total of 16 anti-solvent addition experiments

were set up with different solvents. Approximately 15 mg of
the compound 1 was weighed into a 20 mL vial, and the solid
was dissolved completely with 0.2-2.0 mL of solvent. The
anti-solvent was added dropwise to the clear solution while
stirring (1000 rpm) until solids were precipitated, or when
the total volume of anti-solvent was added to 15 mL, the
sample without solids precipitated was suspended and
stirred at 5° C. If there was still no solid precipitation,
suspended and stirred at —20° C. The clear sample evapo-
rated at room temperature. The precipitated solids were
separated and tested by XRPD. The results are shown in
Table 5.
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TABLE 5 TABLE 7-continued
Test Number Solvent Anti-solvent Solid Form Test Number Solvent Solid Form

1 EtOH IPAc Amorphous Form* 6 MeOH/MTBE (1:4) Amorphous Form#

2 Acetone Amorphous Form* 7 THF/n-heptane (4:1) Amorphous Form#

3 IPA MTBE Amorphous Form*

4 2-MeTHF Amorphous Form# Notes:

5 DCM Amorphous Form Amorphous* was obtained by standing at —20° C., and Amorphous# was obtained by
6 1.4-dioxane n-heptane Amorphous Form* evaporating after standing at —20° C. for 13 days.

7 THF Amorphous Form

8 DCM AIHOIPﬂOHS Form [0298] 1.4 The Slurry and Stirring Experiment of Com-
9 IPA Amorphous Form
10 IPA/TPAc(1:9) Amorphous Form pound 1 at Room Temperature

* .

g ﬁ;ftone Toluene gggﬂgﬁ: Egﬁﬁ* [0299] About 15 mg of the compound 1 was weighed and
13 DCM Amorphous Form* added into HPLC glass vials, 0.5 mL of solvent was added,
14 IPA H,0 Amorphous Form and the resulting turbid liquid was placed under magnetic
15 DMSO Amorphous Form stirring (1000 rpm) at room temperature. After stirring at
16 1,4-dioxane Amorphous Form*

Notes:
Amorphous* was obtained by stirring at —20° C., and amorphous# was obtained by stirring

at 5° C.

[0294] 1.2 Slow Evaporation Experiment of Compound 1
[0295] A total of 8 slow evaporation tests were set up with
different solvent systems. Approximately 15 mg of the
compound 1 was weighed and added into a 3-ml wvial,
0.2-1.6 mL of solvent was added to dissolve (the undis-
solved sample was filtered with a 0.45 um PTFE filter)
respectively, and the vial was sealed with Parafilm® sealing
film. Pierce 5 pinholes on it, and place it at room temperature
to evaporate slowly. The obtained solid was collected for
XRPD test. The results are shown in Table 6.

TABLE 6
Test Number Solvent Solid Form
1 MeOH Amorphous Form
2 Acetone Amorphous Form
3 IPA Amorphous Form
4 THF Amorphous Form
5 ACN Amorphous Form
6 DCM Amorphous Form
7 EtOAc Amorphous Form
8 2-MeTHF Amorphous Form
[0296] 1.3 Slow Cooling Experiment of Compound 1

[0297] A total of 7 slow cooling tests were set up with
different solvent systems. About 15 mg of the compound 1
was weighed and added into a 3-mL vial, 0.6-1.0 mL of
solvent was added, stirred and equilibrated at 50° C. for
about 2 hours, and then filtered and obtained the supernatant.
The obtained supernatant was placed in a biochemical
incubator, cooled down from 50° C. to 5° C. at arate of 0.1°
C./min, and then maintain a constant temperature at 5° C.
The precipitated solid was collected for XRPD test. Trans-
ferred the sample with no solid precipitated to —20° C. and
let it stand. If there was still no solid precipitated, transfer to
-20° C. for volatilization. The results are shown in Table 7.

room temperature for 5 days, transferred the clear sample to
5° C. After stirring for 20 days at room temperature, the clear
sample was transferred to —20° C. and stirred, and the solid
was collected by centrifugation (10000 rpm, 2 minutes) for
XRPD test. If there was no solid precipitation after stirring,
transfer to —20° C. or evaporate at room temperature. The
results are shown in Table 8.

TABLE 8

Test Number

Solvent

Solid Form

1 MIBK Amorphous Form
2 MeOH/MTBE (1:9) Amorphous Form*
3 MeOH/MTBE (1:19) Amorphous Form
4 IPA/TPAc (1:9) Amorphous Form#
5 EtOAc Amorphous Form#
6 MTBE Amorphous Form
7 n-heptane Amorphous Form
8 Toluene Amorphous Form
9 CHCly/n-heptane (1:19) Amorphous Form
10 DCM/Toluene (1:19) Amorphous Form
11 ACN/TPAc (1:19) Amorphous Form
12 THF/n-heptane (3:2) Crystalline Form II*
13 THF/n-heptane (2:1) Amorphous Form
14 IPAc Amorphous Form
15 Acetone/Toluene (2:23) Amorphous Form+
16 IPA Amorphous Form
17 H,0 Amorphous Form

Notes:

Amorphous* was obtained by stirring at 5° C.; Amorphous# was obtained by evaporating
at —-20° C.; Amorphous+ was obtained by evaporating at room temperature.

[0300] 1.5 the Slurry and Stirring Experiment of Com-
pound 1 at 5° C.

[0301] Approximately 15 mg of the compound 1 was
weighed and added into HPL.C glass vial, 0.3 mL of solvent
was added, and the resulting suspension was magnetically
stirred at 5° C. (1000 rpm). The clarified sample was
transferred to —20° C., stirred, and centrifuged (10000 rpm,
2 minutes). The solids were collected for the XRPD test. If
there was still no solid precipitation, transfer to -20° C. or
evaporate at room temperature. The results are shown in
Table 9.

TABLE 7
Test Number Solvent Solid Form TABLE 9
1 IPA Amorphous Form Test Number Solvent Solid Form
2 MIBK Amorphous Form
3 EtOAc Amorphous Form# 1 EtOAc Amorphous Form
4 IPA/TPAc (1:9) Amorphous Form* 2 IPA/TPAc (1:9) Amorphous Form
5 ACN/Toluene (2:23) Amorphous Form# 3 IPA Amorphous Form



US 2023/0257384 Al

TABLE 9-continued

Aug. 17,2023

TABLE 11-continued

Test Number Solvent Solid Form Test Number Solvent Solid Form
MIBK Amorphous Form 8 CHCl; Amorphous Form*
MeOH/MTBE (1:4) Amorphous Form* 9 DMSO Amorphous Form*

Acetone/Toluene(2:23)
CHCly/n-heptane (1:9)
THF/n-heptane (4:1)

Amorphous Form*
Amorphous Form
Amorphous Form#

[ IR N VIR

Notes:

Amorphous* was obtained by evaporating at —20° C. or room temperature, and amorphous
# was obtained by stirring at —-20° C.

[0302] 1.6 The Slurry and Stirring Experiment of Com-
pound 1 at 50° C.

[0303] 15 mg of the compound 1 was weighed and added
into HPLC glass vial, 0.3 mL of solvent was added, the
resulting suspension was magnetically stirred at 50° C.
(1000 rpm), the clear sample was transferred to room
temperature and stirred, if there was still no solid precipi-
tation, then transferred at 5° C. or -20° C. and stirred,
centrifugated (10000 rpm, 3 minutes) to collect the solid for
XRPD test. In the end, samples that were still clear were
transferred to —20° C. to evaporate, and the results are shown
in Table 10.

TABLE 10

Test Number Solvent Solid Form

1 MeOH/MTBE (1:19) Amorphous Form
2 MeOH/MTBE (1:9) Amorphous Form
3 1,4-dioxane/n-heptane(1:19) Amorphous Form
4 n-heptane Amorphous Form
5 Toluene Amorphous Form
6 H20 Amorphous Form
7 IPA/H,O (1:9) Crystalline Form I
8 MTBE Amorphous Form
9 IPAc Amorphous Form
10 MIBK Amorphous Form
11 THF/n-heptane (3:2) Crystalline Form II*
12 EtOAc Amorphous Form*
13 IPA/H,O (1:1) Amorphous Form#
14 IPA/TPAc (1:9) Amorphous Form*

Notes:

Amorphous* was obtained by stirring at 5° C., and amorphous # was obtained by stirring
at -20° C.

[0304] 1.7 Gas-Solid Permeation Experiment of Com-
pound 1
[0305] A total of 9 gas-solid diffusion tests were set up

with different solvents. 15 mg of the compound 1 was
weighed and added into a 3 ml. vial, about 2 mL of solvent
was added into the 20 mL vial, the 3 mL vial was placed
open in the 20 mL vial, and then the 20 mL vial was sealed.
After standing at room temperature for 19 days, the solids
were collected for XRPD testing. If the sample was dis-
solved, the solid was collected by evaporating at room
temperature. The results are shown in Table 11.

TABLE 11
Test Number Solvent Solid Form
1 MIBK Amorphous Form
2 IPAc Amorphous Form
3 MTBE Amorphous Form
4 n-heptane Amorphous Form
5 Toluene Amorphous Form
6 H,O Amorphous Form
7 IPA Amorphous Form*

Notes:
Amorphous* was obtained by evaporating at room temperature.

[0306] 1.8 Gas-Liquid Diffusion Experiment of Com-
pound 1
[0307] A total of 13 gas-liquid diffusion tests were set up

with different solvents. About 15 mg of the compound 1 was
weighed and added into a 3 mL vial, 0.2~1.4 mL of solvent
was added to dissolve it (0.45 um PTFE filter for undis-
solved solid), Another 20 mL. vial was taken and about 3 mL.
of antisolvent was added into it, After placing the 3 mL vial
containing the clear liquid (open) into the 20 mL. vial, the 20
ml vial was sealed and allowed to stand at room tempera-
ture. Collect solids and perform XRPD testing. If the sample
was dissolved, evaporated at room temperature and perform
XRPD test for collected solids. The results are shown in
Table 12.

TABLE 12

Test Number Solvent Anti-solvent Solid Form

1 IPA n-heptane Amorphous Form*
2 Acetone Amorphous Form
3 2-MeTHF Amorphous Form
4 DCM Amorphous Form
5 ACN Amorphous Form
6 1,4-dioxane Amorphous Form
7 CHCl; Toluene Amorphous Form
8 Acetone Amorphous Form
9 IPA/TPAc (1:9) MTBE Amorphous Form
10 ACN Amorphous Form*
11 IPA H,O Amorphous Form
12 THF Amorphous Form
13 Acetone Amorphous Form

Notes:
Amorphous* was obtained by evaporating at room temperature.

[0308] 1.9 Polymorph Screening Test of Compound 1
Dimethylsulfonate

[0309] 40 mg of the compound was taken and added into
a 2 mL glass bottle, a stir bar and then 400 pL of solvent
were added (as shown in Table 13 below). If the sample was
dissolved, let it stand at room temperature and evaporated.
Other suspensions were stirring for 2 days at 40° C., quickly
centrifuge (6000 rpm, 10 min), and the remaining solid was
taken out and dried in a vacuum drying oven (-0.1 Mpa, 25°
C.). The results are shown in Table 13.

TABLE 13

Test number

Solvent

XRPD results

o w kW~ |

Initial Crystalline Form
Ethanol

Isopropanol
Acetonitrile

Ethyl acetate

Isopropyl acetate
Tert-butyl methyl ether
Tetrahydrofuran

Crystalline Form XVIII
Crystalline Form XVIII
Crystalline Form XVIII
Crystalline Form XVIII
Crystalline Form XVIII
Crystalline Form XVIII
Crystalline Form XVIII
Crystalline Form XVIII
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TABLE 13-continued

Test number Solvent XRPD results

8 Methyltetrahydrofuran Crystalline Form XVIII
9 Dichloromethane Crystalline Form XVIII
10 N-heptane Crystalline Form XVIII

11 Acetone/ethyl acetate = 2/1 Crystalline Form XVIII

[0310] 1.10 Stability Test of Salts of Compound 1
[0311] 30 mg of the compound was weighed and added
into an 8 mL glass bottle, and then was placed under the
condition of room temperature (25° C., closed), high humid-
ity (room temperature/75% RH, open) and light (25° C.
closed, white light: 5000 Lux, ultraviolet 282 uW/cm2).
samples were taken on the 5th, 10th, and 30th day for
detection (HPLC, XRD).

TABLE 14
Time
Test point TRS
Sample conditions (day) (%) XPRD
compound 1 Initial sample 0 0.73 Amorphous
dihydrochloride 25° C. closed 5 0.72 Amorphous
amorphous 10 0.77 Amorphous
form V 30  0.83 Amorphous
25° C./75% 5 0.81 Amorphous
RH open 10 0.77 Amorphous
30  0.79 Amorphous
Illumination 5 1.81 Amorphous
5K lux 10 2.54 Amorphous
closed
compound 1 Initial sample 0  1.96 Amorphous
disulfate 25° C. 5 245 Amorphous
amorphous form 10 2.72 Amorphous
XXIII 30  4.83 Amorphous
25° C./75% 5  2.69 Amorphous
RH 10 3.14 Amorphous
30  5.13 Amorphous
illumination 5 3.66 Amorphous
5K lux 10 5.50 Amorphous
Compound 1 Initial sample 0 244 Crystalline
dimethanesulfonate Form XVIII
crystalline Form 25° C. 5  2.51 Crystalline Form
XVIII XVIII
10 2.57 Crystalline
Form XVIII
30  2.55 Crystalline
Form XVIII
illumination 5 2.63 Crystalline
5K lux Form XVIII
10 2.64 Crystalline
Form XVIII
Compound 1 Initial sample 0  1.66 Amorphous
di-p- 25° C. 5 1.66 Amorphous
toluenesulfonate 10 1.71 Amorphous
amorphous Form 30  1.80 Amorphous
XVI 25° CJ75% 5 1.56 Amorphous
RH 10 1.66 Amorphous
30  1.88 Amorphous
illumination 5 1.89 Amorphous
5K lux 10 2.40 Amorphous

Example 2: The Preparation Method of Crystalline
Form I of Compound 1

[0312] 150 mg compound 1 was weighed and added in 5.0
ml of mixed solvent IPA/H20 (1:9, v/v), suspended and
stirred at 50° C. for 5 days. After centrifugation, the solid
was dried under vacuum at room temperature for 1 day, and
about 80 mg solid was taken out and dried under vacuum at
50° C. for 2 hours.
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Example 3: The Preparation Method of Crystalline
Form II of Compound 1
[0313] 150 mg compound 1 was weighed and added in 5.0

ml mixed solvent THF/n-heptane (3:2, v/v), suspended and
stirred at room temperature for 3 days, transferred to 50° C.
and suspended and stirred for 2 days, about 3 mg of the seed
crystals of crystalline form II obtained in the above screen-
ing test were added, then suspended and stirred at 50° C. for
2 days, centrifuged, and the solid was dried under vacuum
at room temperature for 1 day.

Example 4: The Preparation Method of Crystalline
Form III of Compound 1

[0314] 150 mg of the compound 1 was weighed and added
in 5.0 mL of mixed solvent IPA/H20 (1:9, v/v), suspended
and stirred at 50° C. for 5 days. After centrifugation, the
solid was dried under vacuum at room temperature for 4
hours.

Example 5: The Preparation Method of Amorphous
Form IV of Compound 1 Monohydrochloride

[0315] 15 mg of the compound 1 was weighed and added
into an HPLC vial, 0.5 mL of solvent MIBK was added, and
1.1 uL. of concentrated hydrochloric acid was added, sus-
pended at room temperature and stirred for 3 days, and
centrifuged.

Example 6: The Preparation Method of Amorphous
Form V of Compound 1 Dihydrochloride

[0316] 15 mg of the compound 1 was weighed and added
into an HPLC vial, 0.5 mL of solvent EtOAc was added, 2.2
uL of concentrated hydrochloric acid was added, suspended
and stirred at room temperature for 3 days, and centrifuged.

Example 7: The Preparation Method of Amorphous
Form VI of Compound 1 Sulfate

[0317] 15 mg of the compound 1 was weighed and added
into an HPLC vial, 0.5 mL of mixed solvent MeOH/MTBE
(1:9, v/v) was added, 0.8 ulL of concentrated sulfuric acid
was added, suspended and stirred at room temperature for 3
days, and centrifuged.

Example 8: The Preparation Method of Amorphous
Form VII of Compound 1 Phosphate

[0318] 15.0 mg of the compound 1 was weighed and
added into an HPLC vial, 0.5 mL of mixed solvent MeOH/
MTBE (1:9, v/v) was added, 0.86 uL. of concentrated phos-
phoric acid was added, suspended and stirred at room
temperature for 3 days, and centrifuged.

Example 9: The Preparation Method of Amorphous
Form VIII of Compound 1 Mesylate

[0319] 15 mg of the compound 1 was weighed and added
into an HPLC vial, 0.5 mL of solvent MIBK was added, 0.83
pul of methanesulfonic acid was added, suspended and
stirred at room temperature for 3 days, and centrifuged.

Example 10: The Preparation Method of
Amorphous Form IX of Compound 1 Maleate

[0320] 15 mg of the compound 1 was weighed and added
into an HPLC vial, 0.5 mL of mixed solvent MeOH/MTBE
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(1:9, v/v) was added, 1.6 mg of maleic acid was added,
suspended and stirred at room temperature for 3 days, and
centrifuged.

Example 11: The Preparation Method of
Amorphous Form X of Compound 1 Tartrate

[0321] 15.0 mg of the compound 1 was weighed and
added into an HPLC vial, 0.5 mL of solvent MIBK was
added, 2.1 mg of tartaric acid was added, suspended and
stirred at room temperature for 3 days, and centrifuged.

Example 12: The Preparation Method of
Amorphous Form XI of Compound 1 Benzoate

[0322] 15.0 mg of the compound 1 was weighed into an
HPLC vial, 0.5 mL of mixed solvent MeOH/MTBE (1:9,
v/v) was added, 1.6 mg of benzoic acid was added, sus-
pended and stirred at room temperature for 3 days, and
centrifuged.

Example 13: The Preparation Method of
Amorphous Form XII of Compound 1 Succinate

[0323] 15.0 mg of the compound 1 was weighed and
added into an HPLC vial, 0.5 mL of solvent MIBK was
added, 1.6 mg of succinic acid was added, suspended and
stirred at room temperature for 3 days, and centrifuged.

Example 14: The Preparation Method of
Amorphous Form XIII of Compound 1 Acetate

[0324] 15.0 mg of the compound 1 was weighed and
added into an HPLC vial, 0.5 mL of solvent MIBK was
added, 0.6 puL of glacial acetic acid was added, suspended
and stirred at room temperature for 3 days, and centrifuged.

Example 15: The Preparation Method of
Amorphous Form XIV of Compound 1

[0325] About 15 mg of the compound 1 was weighed and
added into a 20 mL vial, then the solid was dissolved
completely with 0.2-2.0 ml. of EtOH. IPAc was added
dropwise to the clear solution while stirring (1000 rpm) until
solid precipitated, and if there is no solid precipitation,
suspended and stirred at 5° C. If there is still no solid
precipitation, transferred to -20° C. for suspension and
stirring. The clear sample evaporated at room temperature.
Then the precipitated solid was separated.

Example 16—the Preparation Method of
Amorphous Form XV of the Compound 1
Mono-p-Toluenesulfonate

[0326] 200 mg ofthe compound 1 was weighed and added
into a 20 mL glass bottle, a stir bar and 2 mL of acetone were
added, and then 0.19 mL of 1M p-toluenesulfonic acid in
ethanol was added to dissolve the sample, the sample
directly turned into oil. After stirring for 2 days, no solids
were precipitated. The sample solution evaporated. The
remaining solids were taken out and dried in a vacuum
drying oven (-0.1 Mpa, 25° C.).

Example 17—the Preparation Method of
Amorphous Form XVI of the Compound 1
Di-p-Toluenesulfonate

[0327] 1000 mg of the compound 1 was weighed and
added into a 40 mL glass bottle, a stir bar and 20 mL of
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acetone were added, and then 1.9 mL of 1M p-toluenesulfo-
nic acid in ethanol was added, the sample directly turned
into oil. The n-heptane was added. No solids were precipi-
tated. After stirring for 2 days, the sample solution was
concentrated, and the remaining solid was dried in a vacuum
drying oven (-0.1 Mpa, 25° C.).

Example 18—the Preparation Method of
Amorphous Form XVII of Compound 1
Diphosphate

[0328] 1000 mg of the compound 1 was weighed and
added into a 40 mL glass bottle, a stir bar and 20 mL of
acetone were added, and then 1.9 mL of 1M phosphoric acid
in ethanol was added, solids were precipitated. After stirring
for 2 days, centrifugated (6000 rpm 10 min), the residual
solids was taken out and dried in a vacuum drying oven
(-0.1 Mpa, 25° C.).

Example 19—the Preparation Method of
Crystalline Form XVIII of the Compound 1
Dimethylsulfonate

[0329] 1000 mg of the compound 1 was weighed and
added into a 40 mL glass bottle, a stir bar and 20 mL of
acetone were added, and then 1.9 mL of 1M methanesulfo-
nic acid in ethanol was added, the solid was immediately
precipitated. After stirring for 2 days, centrifugated (6000
rpm 10 min), the remaining solids was taken out and dried
in a vacuum drying oven (-0.1 Mpa, 25° C.).

Example 20—the Preparation Method of
Amorphous Form XIX Compound 1 Monooxalate

[0330] 200 mg of the compound 1 was weighed and added
into a 40 mL glass bottle, a stir bar and 20 mL of acetone
were added, and then 1.9 mL of 1M oxalic acid in ethanol
was added. Solids were precipitated. After stirring for 2
days, centrifugated (6000 rpm. 10 min), the residual solids
was taken out and dried in a vacuum drying oven (-0.1 Mpa,
25° C)).

Example 21—the Preparation Method of
Amorphous Form XX of Compound 1 Dioxalate

[0331] 1000 mg of the compound 1 was weighed and
added into a 40 mL glass bottle, a stir bar and 20 mL of
acetone were added, and then 1.9 mL of 1M oxalic acid in
ethanol was added. Solids were precipitated. After stirring
for 2 days, centrifugated (6000 rpm. 10 min), the residual
solids were taken out and dried in a vacuum drying oven
(-0.1 Mpa, 25° C.).

Example 22—the Preparation Method of the
Amorphous Form XXI of the Compound 1
Dimaleate

[0332] 1000 mg of the compound 1 was weighed and
added into a 40 mL glass bottle, a stir bar and 20 mL of
acetone were added, and then 1.9 mL of 1M maleic acid in
ethanol was added. No solid precipitated. The anti-solvent
n-heptane was added, there was still no precipitation. After
stirring for 2 days, the sample solution was directly concen-
trated, and the remaining solids was dried in a vacuum
drying oven (-0.1 Mpa, 25° C.).
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Example 23—the Preparation Method of
Amorphous Form XXII of Compound 1 Ditartrate

[0333] 1000 mg of the compound 1 was weighed and
added into a 40 mL glass bottle, a stir bar and 20 mL of
acetone were added, and then 1.9 mL of 1M tartaric acid in
ethanol was added. Solids were precipitated. After stirring
for 2 days, centrifugated (6000 rpm 10 min), the remaining
solids were taken out and dried in a vacuum drying oven
(0.1 Mpa, 25° C.).

Example 24—the Preparation Method of
Amorphous Form XXIII of Compound 1 Disulfate

[0334] 1000 mg of the compound 1 was weighed and
added into a 40 mL glass bottle, a stir bar and 20 mL of
acetone were added, and then 1.9 mL of 1M sulfuric acid in
ethanol was added. The sample directly turned into oil. The
n-heptane was added, there was still no precipitation. After
stirring for 2 days, the sample solution was concentrated,
and the remaining solids were dried in a vacuum drying oven
(0.1 Mpa, 25° C.).

Example 25—the DVS Test of Compound 1 Solid
Form V/XIV/XVIII

[0335] About 10 mg of the solid form of the compound 1
was taken for dynamic water adsorption (DVS) test. The
conclusions are described in Table 15 below:

TABLE 15
Sample XRPD after DVS
X No change
\' No change
XVII No change

Example 26: Identification and Characterization of
Various Forms of Compound 1

[0336] The used instruments and their parameters are
described as follows:
[0337] 1. XRPD X-Ray Powder Diffraction

[0338] X-ray powder diffraction analyzer (PANalytacal)

Parameters Instruments

X' Pert3

Cu, Ka,

Kal (A): 1.540598,

Ka2 (A): 1.544426
Ka2/Kalintensity ratio: 0.50
Setting of X-ray tube 45 kV, 40 mA

Divergence slit Yg°

Scan patterns Continuous

3°-40°

X rays

Scanning range (260)
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-continued
Parameters Instruments
Scanning time per step (s) 46.665
Scanning step size (20) 0.0263°
Test Time ~35 min
[0339] 2. TGA Thermogravimetric Analysis and DSC Dit-

ferential Scanning Calorimetry

[0340] TA Q500/5000 thermogravimetric analyzer and TA
Q200/2000 differential scanning calorimeter

Parameter TGA DsC

Method
Sample plate
Temperature range

Linear temperature
Platinum plate, open
Room temperature-set the

Linear temperature
Aluminum plate, gland
25° C.- set the end

end temperature temperature
Scanning rate (° C./ 10 10
min)
Shielding gas Nitrogen Nitrogen
[0341] 3. mDSC—Modulated Differential Scanning Calo-
rimetry
Parameter Set value
Test mode Conventional mDSC
Amplitude (° C.) 1.0
Modulation period (sec.) 60
Scanning rate (° C./Minute) 3.0
Shielding gas Nitrogen
[0342] 4. IC—Ion Chromatography
Parameter Ton Chromatography (Thermo ICS1100)

chromatographic column IonPac AS18 Analytical Column (4 x 250 mm)

Mobile phase 25 mM NaOH

Injection volume 25 pL

Flow rate 1.0 mL/min

Cell temperature 35° C.

Column temperature 35° C.

Currrent 80 mA

Run time CI™: 6.0 min; PO,3~: 12.0 min; SO,2": 8.0 min

[0343] For the identification and characterization results
of'the above XPRD, TGA, DSC, mDSC, etc., please refer to
FIG. 1-69, Table 1-4 and related text description.

[0344] Each reference, including all patents, patent appli-
cations and publications referenced in this application, is
incorporated herein by reference in its entirety as if each of
them is incorporated separately. In addition, it is understood
that in the teaching of the present invention, the technicians
in the art may make certain changes or modifications to the
present invention and that these equivalents will remain
within the scope of the present invention as limited by the
claims appended to the application.
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1. The crystalline forms or amorphous forms of the

compound 1 or its salts:

2. The form according to claim 1, which is the crystalline
form I of compound 1, which has characteristic peaks at the
following positions in the XRPD pattern represented by
angles 26: 7.93+0.2°, 9.60x0.2°, 11.27+0.2°, 15.73+0.2°,
18.63+0.2° and 19.22+0.2°; optionally, which also has one
or more characteristic peaks at the following positions in the
XRPD pattern represented by angles 26:11.92+0.2°,
12.52+0.2° and 16.72+0.2°,

or

which is the crystalline form II of the compound 1,
which has characteristic peaks at the following posi-
tions in the XRPD pattern represented by angles 20:
5.80+0.2° and 7.68+0.2°;

or
which is the crystalline form III of compound 1, which
has characteristic peaks at the following positions in
the XRPD pattern represented by angles 26: 7.83+0.
2°,9.78£0.2°, 11.78+0.2°, 19.32+0.2° and 19.68=0.
2°
or

which is the amorphous form IV of the compound 1
monohydrochloride, has the XRPD pattern substan-
tially as shown in FIG. 10, and optionally has the
following characteristics:

1) In the TGA plot, there is a weight loss of 7.9+£0.2%
by weight before 150° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 184.6+2.
0°C,

3) the TGA plot substantially as shown in FIG. 11;
and/or

4) the mDSC curve substantially as shown in FIG. 12;
or

which is the amorphous form VI of the compound 1
sulfate, has the XRPD pattern substantially as shown
in FIG. 16, and optionally has the following charac-
teristics:

1) In the TGA plot, there is a weight loss of 9.6+0.2%
by weight before 150° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 207.2+2.
0°C,
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(compound 1)

3) the TGA plot substantially as shown in FIG. 17;
and/or

4) the mDSC curve substantially as shown in FIG. 18;

or

which is the amorphous form VII of the compound 1
phosphate, has the XRPD pattern substantially as

shown in FIG. 19, and optionally has the following
characteristics:

1) In the TGA plot, there is a weight loss of 4.5+£0.2%
by weight before 150° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 176.0+2.
0°C,

3) the TGA plot substantially as shown in FIG. 20;
and/or

4) the mDSC curve substantially as shown in FIG. 21;

or

which is the amorphous form VIII of the compound 1
mesylate, has the XRPD pattern substantially as
shown in FIG. 22, and optionally has the following
characteristics:

1) In the TGA plot, there is a weight loss of 5.2+0.2%
by weight before 150° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 172.7+2.
0°C,

3) the TGA plot substantially as shown in FIG. 23;
and/or

4) the mDSC curve substantially as shown in FIG. 24;

or

which is the amorphous form IX of the compound 1
maleate, has the XRPD pattern substantially as
shown in FIG. 25, and optionally has the following
characteristics:

1) In the TGA plot, there is a weight loss of 3.7+£0.2%
by weight before 150° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 163.6+2.
0°C,

3) the TGA plot substantially as shown in FIG. 26;
and/or

4) the mDSC curve substantially as shown in FIG. 27;

or

which is the amorphous form X of the compound 1
tartrate, has the XRPD pattern substantially as shown
in FIG. 28, and optionally has the following charac-
teristics:
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1) In the TGA plot, there is a weight loss of 8.3+0.2%
by weight before 150° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 163.9+2.
0°C,

3) the TGA plot substantially as shown in FIG. 29;
and/or

4) the mDSC curve substantially as shown in FIG. 30;
or

which is the amorphous form XI of the compound 1
benzoate, has the XRPD pattern substantially as
shown in FIG. 31, and optionally has the following
characteristics:

1) In the TGA plot, there is a weight loss of 9.1+£0.2%
by weight before 150° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 143.8+2.
0°C,

3) the TGA plot substantially as shown in FIG. 32;
and/or

4) the mDSC curve substantially as shown in FIG. 33;
or

which is the amorphous form XII of the compound 1
succinate, has the XRPD pattern substantially as
shown in FIG. 34, and optionally has the following
characteristics:

1) In the TGA plot, there is a weight loss of 3.5+£0.2%
by weight before 150° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 138.9+2.
0°C,

3) the TGA plot substantially as shown in FIG. 35;
and/or

4) the mDSC curve substantially as shown in FIG. 36;
or

which is the amorphous form XIII of the compound 1
acetate, has the XRPD pattern substantially as shown
in FIG. 37, and optionally has the following charac-
teristics:

1) In the TGA plot, there is a weight loss of 8.0+0.2%
by weight before 150° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 137.9+2.
0°C,

3) the TGA plot substantially as shown in FIG. 38;
and/or

4) the mDSC curve substantially as shown in FIG. 39;
or

which is the amorphous form XV of the compound 1
mono-p-toluenesulfonate, has the XRPD pattern
substantially as shown in FIG. 43, and optionally has
the following characteristics:

1) In the TGA plot, there is a weight loss of 2.55+0.2%
by weight before 127° C.; and a weight loss of
2.51+0.2% by weight between 127° C. and 222° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 150.
82+2.0° C.;
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3) the TGA plot substantially as shown in FIG. 44;
and/or

4) the mDSC curve substantially as shown in FIG. 45;

or

which is the amorphous form XVI of the compound 1
di-p-toluenesulfonate, has the XRPD pattern sub-
stantially as shown in FIG. 46, and optionally has the
following characteristics:

1) In the TGA plot, there is a weight loss of 2.97+0.2%
by weight before 125° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 168.
02+2.0° C,;

3) the TGA plot substantially as shown in FIG. 47,
and/or

4) the mDSC curve substantially as shown in FIG. 48;

or

which is the amorphous form XVII of the compound 1
diphosphate, has the XRPD pattern substantially as
shown in FIG. 49, and optionally has the following
characteristics:

1) In the TGA plot, there is a weight loss of 1.46+0.2%
by weight before 140° C.;

2) In the mDSC curve, there is a glassy transition
temperature at the midpoint temperature of 177.
83+2.0° C.;

3) the TGA plot substantially as shown in FIG. 50;
and/or

4) the mDSC curve substantially as shown in FIG. 51;

or

which is the crystalline form XVIII of compound 1
dimethanesulfonate, which has at least one or two
characteristic peaks at the following positions in the
XRPD pattern represented by angles 20: 3.94+0.2°,
5.53x0.2°, 11.45+0.2°, 15.2520.2°, 20.51+0.2°,

3-8. (canceled)

9. The form according to claim 1, which is the amorphous
form V of the compound 1 dihydrochloride, has the XRPD
pattern substantially as shown in FIG. 13, and optionally has
the following characteristics:

1) In the TGA plot, there is a weight loss of 6.6£0.2% by

weight before 150° C.;

2) In the mDSC curve, there is a glassy transition tem-

perature at the midpoint temperature of 213.0£2.0° C.;

3) the TGA plot substantially as shown in FIG. 14; and/or

4) the mDSC curve substantially as shown in FIG. 15.

10-17. (canceled)

18. The form according to claim 1, which is the amor-
phous form XIV of the compound 1, has the XRPD pattern
substantially as shown in FIG. 40, and optionally has the
following characteristics:

1) In the TGA plot, there is a weight loss of 4.2+0.2% by

weight before 130° C.;

2) In the mDSC curve, there is a glassy transition tem-

perature at the midpoint temperature of 145.2+2.0° C.;

3) the TGA plot substantially as shown in FIG. 41; and/or

4) the mDSC curve substantially as shown in FIG. 42.

19-23. (canceled)

24. The form according to claim 1, which is the amor-
phous form XIX of the compound 1 monooxalate, has the
XRPD pattern substantially as shown in FIG. 55, and
optionally has the following characteristics:
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1) In the TGA plot, there is a weight loss 0f 3.63+0.2% by
weight before 105° C.; and a weight loss of 10.4+0.2%
by weight between 105° C. and 242° C.;
2) In the mDSC curve, there is a glassy transition tem-
perature at the midpoint temperature of 100.62+2.0° C.;
3) the TGA plot substantially as shown in FIG. 56; and/or
4) the mDSC curve substantially as shown in FIG. 57.
25. The form according to claim 1, which is the amor-
phous form XX of the compound 1 dioxalate, has the XRPD
pattern substantially as shown in FIG. 58, and optionally has
the following characteristics:
1) In the TGA plot, there is a weight loss 0f 3.52+0.2% by
weight before 122° C.; and a weight loss of 11.6+0.2%
by weight between 122° C. and 236° C.;
2) In the mDSC curve, there is a glassy transition tem-
perature at the midpoint temperature of 97.8£2.0° C.;
3) the TGA plot substantially as shown in FIG. 59; and/or
4) the mDSC curve substantially as shown in FIG. 60.
26. The form according to claim 1, which is the amor-
phous form XXI of the compound 1 dimaleate, has the
XRPD pattern substantially as shown in FIG. 61, and
optionally has the following characteristics:
1) In the TGA plot, there is a weight loss 0of 2.29+0.2% by
weight before 117° C.; and a weight loss of 8.33+0.2%
by weight between 117° C. and 216° C.;
2) In the mDSC curve, there is a glassy transition tem-
perature at the midpoint temperature of 142.29+2.0° C.;
3) the TGA plot substantially as shown in FIG. 62; and/or
4) the mDSC curve substantially as shown in FIG. 63.
27. The form according to claim 1, which is the amor-
phous form XXII of the compound 1 ditartrate, has the
XRPD pattern substantially as shown in FIG. 64, and
optionally has the following characteristics:
1) In the TGA plot, there is a weight loss 0f 3.14+0.2% by
weight before 127.5° C.; and a weight loss of 15.15+0.
2% by weight between 127.5° C. and 272.5° C.;
2) In the mDSC curve, there is a glassy transition tem-
perature at the midpoint temperature of 155.97+£2.0° C.;
3) the TGA plot substantially as shown in FIG. 65; and/or
4) the mDSC curve substantially as shown in FIG. 66.
28. The form according to claim 1, which is the amor-
phous form XXIII of the compound 1 disulfate, has the
XRPD pattern substantially as shown in FIG. 67, and
optionally has the following characteristics:
1) In the TGA plot, there is a weight loss of 4.77+0.2% by
weight before 100° C.;
2) In the mDSC curve, there is a glassy transition tem-
perature at the midpoint temperature of 174.60+2.0° C.;
3) the TGA plot substantially as shown in FIG. 68; and/or
4) the mDSC curve substantially as shown in FIG. 69.
29. The method for preparing the crystalline form of the
compound 1 according to claim 1, which comprises the
following steps: mixing the compound 1 with a solvent,
suspending and stirring at room temperature -50° C.,
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optionally adding the seed crystal of the corresponding
crystalline form, the obtained solid is separated and dried,
thereby obtaining the crystalline form of the compound 1;
and/or the mass-volume ratio of the compound 1 to the
solvent is 100 mg: (0.1-10 mL).

30. The preparation method according to claim 29,
wherein the solvent is selected from a mixed solvent of
IPA/H20 or a mixed solvent of THF/n-heptane.

31. The method for preparing the crystalline form of the
compound 1 according to claim 1, which comprises the
following steps: mixing the compound 1 with a solvent and
an acid, and suspending and stirring at room temperature-
50° C., separating the obtained solid, thereby obtaining the
amorphous form of the salt of the compound of 1; and/or the
mass-volume ratio of the compound 1 to the solvent is 100
mg: (0.1-10 mL).

32. The preparation method according to claim 31,
wherein the acid is selected from hydrochloric acid, sulfuric
acid, phosphoric acid, methanesulfonic acid, maleic acid,
tartaric acid, benzoic acid, succinic acid and acetic acid.

33. The method for preparing the crystalline form of the
compound 1 according to claim 1, which comprises the steps
of: mixing the compound 1 with a solvent and an acid,
separating the resulting solid and drying, thereby the crys-
talline form of the salt of the compound 1 is obtained; and/or
the mass-volume ratio of the compound 1 to the solvent is
100 mg: (0.1-10 mL).

34. The preparation method according to claim 33,
wherein the acid is selected from methanesulfonic acid.

35. The method for preparing the amorphous form XIV of
the compound 1 according to claim 18, which comprises the
following steps: mixing the compound 1 with a solvent to
form a solution, and then adding an anti-solvent to the
solution to separate the resulting solid, the amorphous form
X1V of the compound 1 is thus obtained; optionally the
solvent is selected from one or more of ethanol, acetone,
IPA, 2-MeTHF, dichloromethane, 1,4-dioxane, THF, DMSO
and/or the anti-solvent is selected from one or more of IPAc,
MTBE, heptane, toluene, and water.

36. A pharmaceutical composition, which comprising the
crystalline form or amorphous form of the compound 1 or its
salts, according to claim 1 and pharmaceutically acceptable
excipients.

37. A method of preventing and/or treating diseases or
disorders related to hepatitis virus, comprising administering
a patient in need thereof a therapeutically effective amount
of the crystalline form or amorphous form of the compound
1 or its salts according to claim 1.

38. The use according to claim 37, wherein the diseases
or disorders related to hepatitis virus is a disease or condition
related to hepatitis A virus, hepatitis B virus or hepatitis C
virus, preferably, the diseases or conditions is selected from
hepatitis A, hepatitis B, hepatitis C and liver cirrhosis

#* #* #* #* #*



