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STABLE SOLID DISPERSIONS OF B-RAF KINASE DIMER INHIBITOR, METHODS OF
PREPARATION, AND USES THEREFOR

FIELD OF THE INVENTION
[0001] Disclosed herein is a physically stable solid dispersion comprising Compound 1, i.e., the
B-RAF kinase dimer inhibitor 1-((1S,1aS,6bS)-5-((7-ox0-5,6,7,8-tetrahydro-1,8-naphthyridin-4-
yl)oxy)-1a,6b-dihydro-1H-cyclopropa[b]benzofuran-1-yl)-3-(2,4,5-trifluorophenyl)urea and a
specific stabilizing polymer, the method for preparing the same, and the uses of the solid
dispersion. Also disclosed herein is a stable crystalline form of Compound 1, i.e., Form A, and
a neat amorphous form of Compound 1, the methods of preparing the same. Also disclosed

herein is a method of mass production of the B-RAF kinase dimer inhibitors disclosed herein.

BACKGROUND OF THE INVENTION
[0002] 1-((1S,1a8S,6bS)-5-((7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-4-yl)oxy)-1a,6b-dihydro-
1H-cyclopropa[b]benzofuran-1-yl)-3-(2,4,5-trifluorophenyl Jurea (sometimes referred to as
Compound 1 throughout the application) has been disclosed as a second generation of B-RAF

inhibitor (See WO 2014/206343 A1). The structure of Compound 1 is shown below:

i

Compound 1
[0003] The B-RAF inhibitor of WO 2014/206343 A1 was prepared from the reaction of the 1a,
6b-dihydro-1H-cyclopropa[b]benzofuran-1-carbonyl azide (Intermediate I) and substituted
aniline. However, in the synthetic route of WO 2014/206343 A1 (e.g., the preparation of the
compound of Formula I from Compound 10 and aniline on page 34 or in particular Step K on
page 51) reported, a dimer impurity, i.e., Impurity-1, was always produced with quantity ranging

from a few percent to even 50% and could not completely removed by common recrystallization

HoH 0
N " O
Y ° Wg
N~ o) NH
W=
HN \ N
o)

Impurity-1

process.

[0004] The major cause of Impurity-1 formation was found to be attributed to the moisture
existed in the reaction system. Even the moisture content in the reaction system was strictly
controlled, the amount of Impurity-1 was found to be significant (>>1%). In addition, Impurity-

1 has very low solubilities in water and other common recrystallization solvents so that it cannot
1
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be controlled to be below 0.5% (a minimum requirement of good API quality) by
recrystallization procedures. A repetitive column chromatography procedure had to be utilized
to completely remove Impurity-1 from Compound 1 due to the polarity similarity of Compound
1 and Impurity-1. This costly and laborious chromatography process can only produce the pure
Compound 1 in a small scale (milligrams or grams). To manufacture Compound 1 in large
industrial scale with high quality, a new process without utilizing column chromatography is
highly desired.

[0005] As a 2™ generation B-RAF inhibitor, Compound 1 has demonstrated potent inhibitory
activity against RAF family of serine/threonine kinases, especially against BRAF/CRAF dimers.
It is a molecularly targeted therapeutic agent for the treatment of cancers with aberrations in the
MAPK pathway including B-RAF mutations and K-RAS/N-RAS mutations, and has
demonstrated improvement over the 1% generation B-RAF inhibitors, e.g., vemurafenib and
dabrafenib.

[0006] However, Compound 1 per se, either in a crystalline form or in a neat amorphous form,
has shown to have poor solubility in water or in various solutions including 0.1 HCI, and buffer
solutions of different pH values. Compound 1 in a crystalline form also shows moderate
hygroscopicity, as evidenced in a DVS test showing that Compound 1 in a crystalline form of
hydrate is moderately hygroscopic with a sample weight gain of 4.96% at 80% relative
humidity.

[0007] In addition, the preliminary drug metabolism and pharmacokinetics (DMPK) studies
showed that the oral absorption of a crystalline form of Compound 1 was relatively poor in rats
with a bioavailability at ~20%. A systematic screening for a suitable salt form of Compound 1
with better bioavailability was carried out. Unfortunately, it also failed to identify a stable
crystalline salt, probably due to the weak basicity of Compound 1.

[0008] For poorly water-soluble compounds, crystalline nanoparticles of such compounds, upon
storage, can act as seeds that induce crystallization resulting in an increase in the structural order
over time and decrease in solubility. For some poorly water-soluble compounds, the amorphous
form thereof may have high crystallization tendency so that they easily crystallize in
miniaturized experiments, for example, at large-scale manufacturing.

[0009] Several technologies have been developed to improve the desired properties of those
poorly soluble pharmaceutical compounds, including but not limited to, particle size reduction
(micronization), lipid formulation, cosolvents, complexation, co-crystallization, and solid
dispersions.

[0010] Among other technologies, a solid dispersion, in which the poorly soluble active
pharmaceutical compound is dispersed in a polymer matrix in solid state, has been reported to

provide a fast dissolution rate and/or apparent solubility in the gastric and intestinal fluids. See,
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e.g., AT M Serajuddin, J. Pharm. Sci. 88(10): 1058-1066 (1999) and M J Habib,
Pharmaceutical Solid Dispersion Technology, Technomic Publishing Co., Inc. 2001. The active
pharmaceutical compound may exist in amorphous or microcrystalline form in the mixture.
Different processes have been used to prepare solid dispersions, including co-precipitation and
spray drying. Although solid dispersions prepared by different processes may result in different
physicochemical properties, no evidence in the literature suggests the superiority of one method
over another to achieve the desired pharmacokinetic profile. See, US20080293787A1.

[0011] In particular, an amorphous form of solid dispersion comprising a poorly soluble
compound dispersed in a polymer matrix has been reported to provide a stable amorphous
formulation, e.g., U.S. Patent No. 6,350,786; or to provide improved solubility and better
bioavailability, e.g., U.S. Patent No. 6,548 555.

[0012] However, there are many critical factors, which may influence the stability of amorphous
form of solid dispersion. For example, Navnit Shah, et.al, (International Journal of
Pharmaceutics, 438 (2012) 53-60, “Development of novel microprecipitated bulk powder
(MBP) technology for manufacturing stable amorphous formulations of poorly soluble drugs™)
summarizes the key determinants of the stability of amorphous form as follows:

- API properties e.g. Tg, Tm, log P, heat of fusion, molecular weight and ionic nature;

- Properties of the stabilizing polymer e.g. ionic nature, Tg, molecular weight,
hydrogen bond donors/acceptors and potential for interaction;

- Drug loading in the solid dispersion,;

- Choice of process e.g. solubility of API and polymer in organic solvents, rate of
precipitation/solidification, feasibility of interaction, physical properties of
amorphous material (bulk density, porosity and particle size.

[0013] US20080293787A1 discloses a pharmaceutical composition the poorly soluble drug, i.e.,
(25,3S)-2-{(R)-4-[4-(2-hydroxy-ethoxy)-phenyl]-2,5-dioxo-imidazolidin-1-yl }-3-phenyl-N-(4-
propionyl-thiazol-2-yl)-butyramide (HEP) dispersed in a polymeric matrix. US20080293787A1
discloses that the solid dispersion prepared by different processes may have different properties.
For example, the solid dispersion prepared by spray drying did not provide the amorphous form
of the drug. The solid dispersion comprising the API and HPMCAS prepared by hot-melt
extrusion showed higher bioavailability, superior dose proportionality and physical stability as
compared to solid dispersions containing the same components prepared by co-precipitation. In
fact, the API started to crystallize in the co-precipitation product in aqueous suspension (2%
hydroxypropyl cellulose).

[0014] WO2010114928A3, also published as EP 2955180A1, disclosed solid dispersions
comprising the API, propane-1-sulfonic acid {3-[5-(4-chloro-phenyl)-IH-pyrrolo[2,3-b]pyridinc-
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3-carbonylJ-2,4-difluoro-phenyl }-amide and different polymers at different ratios may form
stable amorphous solid dispersions.

[0015] Despite the variety of formulation tools available in the pharmaceutical industry, it may
not be possible to easily determine whether an active pharmaceutical compound with some
excipient can be formed into a stable amorphous formulation, which also demonstrates
improved bioavailability and long-time stability and can be produced in a mass scale.

[0016] There is a great need for a new form of the particular poorly water-insoluble compound,
i.e., Compound 1, which shows better bioavailability and has chemical and physical stability
during formulation and storage of this drug. There is also a need for one form of Compound 1
(e.g., a crystalline form or an amorphous form) which has a stable physicochemical properties
and is suitable for pharmaceutical manufacture, and a need for a method of mass production of
the B-RAF kinase dimer inhibitors disclosed herein. Consequently, there is also a need for a
new process of preparing Compound 1, which can be used to prepare Compound 1 in a mass
scale with the content of impurity-1 to be controlled to be below 0.5%, even less than 0.05%,
and reduce the production cost enormously by preventing the use of the costly column

chromatography.

SUMMARY OF THE INVENTION
[0017] The inventors of the present application have found that the amorphous solid dispersion
comprising Compound 1 as a poorly water-soluble drug and a stabilizing polymer prepared by
microprecipitation bulk powder (MBP) technology shows excellent oral bioavailability (above
90%) compared with the crystalline form of Compound 1 or the neat amorphous form of
Compound 1. The amorphous solid dispersion of the present application also possesses
unexpected and extraordinary long-term physicochemical stability (e.g., almost up to 2 years at
RT) and pharmaceutical processability (e.g., high Tg and good flowability). The high
bioavailability, long-time stability, and extraordinary pharmaceutical processability of the
amorphous solid dispersion prepared by MBP of the present application suggests that the
amorphous solid dispersion as MBP are suitable for manufacturing drug products in clinical
studies and commercial uses of large scale.
[0018] In the first aspect, disclosed herein is a stable amorphous solid dispersion comprising
Compound 1 and a stabilizing polymer, wherein Compound 1 is molecularly dispersed within a
polymer matrix formed by the stabilizing polymer in its solid state.
[0019] In the second aspect, disclosed herein is a complex of Formula (I) comprising
Compound 1 and HPMCAS,



10

15

20

25

WO 2020/151756 PCT/CN2020/073944

SN

" «(HPMCAS)m

Formula I

wherein HPMCAss is hydroxypropyl methylcellulose acetate succinate, Compound 1 is
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2 ; and m is a number so that the weight ratio of

Compound 1 in the form of freebase and HPMCAS within the complex is between about 1:9
and about 9:1.

[0020] In the third aspect, disclosed herein is a crystalline form of Compound 1.

[0021] In the fourth aspect, disclosed herein is a method for preparing the stable amorphous
solid dispersion or the complex disclosed herein, comprising step co-precipitating Compound 1
and HPMCAS.

[0022] In the fifth aspect, disclosed herein is an amorphous form of Compound 1.

[0023] In the sixth aspect, disclosed herein is a process for preparing the amorphous form of
Compound 1.

[0024] In the seventh aspect, disclosed herein is a method of mass production of B-RAF kinase
dimer inhibitors disclosed herein.

[0025] In the eighth aspect, disclosed herein is a method for treating or preventing a disease or
disorder in a subject, comprising administering to said subject a therapeutically effective amount
of Compound 1, wherein Compound 1 is in the amorphous solid dispersion as disclosed herein
or in the complex as disclosed herein or the crystalline form disclosed herein or the neat

amorphous form disclosed herein.

BRIEF DESCRIPTIONS OF THE DRAWINGS
[0026] Figure 1 shows an XRPD pattern of one crystalline form of Compound 1 (Form A)
(crystallization from isopropanol/water).
[0027] Figure 2 shows an XRPD pattern of another crystalline form of Compound 1 (Form A*)
[0028] Figure 3 shows the absolute structure of single crystalline of Compound 1 (Form A**)
(single crystals obtained by crystallization from ethyl acetate/heptane).
[0029] Figure 4 shows a Crystal Packing of single crystalline of Compound 1 (Form A**).
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[0030] Figure 5 illustrates hydrogen bonds of single crystalline of Compound 1 (Form A**).
[0031] Figure 6 shows a theoretical XRPD pattern of single crystalline of Compound 1 (Form
A**) calculated using the MERCURY software.

[0032] Figure 7 shows an XRPD pattern of the neat amorphous form of Compound 1 (Form B).
[0033] Figure 8 shows an XRPD pattern of amorphous solid dispersion of Compound 1 as MBP
(Form C) from 3:7 ratio of Compound 1: HPMCAS-MF.

[0034] Figure 9 shows an XRPD pattern of amorphous solid dispersion of Compound 1 as MBP
(Form D) from 2:3 ratio of Compound 1: HPMCAS-MF.

[0035] Figure 10 shows an XRPD pattern of amorphous solid dispersion of Compound 1 as
MBP (Form E) from 1:9 ratio of Compound 1: HPMCAS-LF.

[0036] Figure 11 shows an XRPD pattern of amorphous solid dispersion of Compound 1 as
MBP (Form F) from 1:4 ratio of Compound 1: HPMCAS-LF.

[0037] Figure 12 shows an XRPD pattern of amorphous solid dispersion of Compound 1 as
MBP (Form G) from 3:7 ratio of Compound 1: HPMCAS-LF.

[0038] Figure 13 shows an XRPD pattern of amorphous solid dispersion of Compound 1 as
MBP (Form H) from 2:3 ratio of Compound 1: HPMCAS-LF.

[0039] Figure 14 shows an XRPD pattern of amorphous solid dispersion of Compound 1 as
MBP (Form I) from 1:4 ratio of Compound 1: HPMCAS-HF.

[0040] Figure 15 shows an XRPD pattern of amorphous solid dispersion of Compound 1 as
MBP (Form J) from 1:4 ratio of Compound 1: HPMCAS-MF.

[0041] Figure 16 shows a '"H-NMR spectrum of crystalline form of Compound 1 (Form A).
[0042] Figure 17 shows a *C-NMR spectrum of crystalline form of Compound 1 (Form A).
[0043] Figure 18 shows a '"H-NMR spectrum of amorphous solid dispersion of Compound 1 as
MBP (Form F) (Compound 1:LF =1:4)

[0044] Figure 19 shows hygroscopicity (i.e., moisture sorption) of crystalline form of
Compound 1 (Form A) by DVS.

[0045] Figure 20 shows hygroscopicity (i.e., moisture sorption) of amorphous solid dispersion
of Compound 1 as MBP (Form F) (Compound 1:HPMCAS-LF = 1:4) by DVS.

[0046] Figure 21 shows a '"H-NMR spectrum of neat amorphous form of Compound 1 (Form B)
[0047] Figure 22 shows a 'H-NMR spectrum of amorphous solid dispersion of Compound 1 as
MBP (Form C) (Compound 1:MF = 3:7)

[0048] Figure 23 shows a '"H-NMR spectrum of amorphous solid dispersion of Compound 1 as
MBP (Form D) (Compound 1:MF = 2:3)

[0049] Figure 24 shows a 'H-NMR spectrum of amorphous solid dispersion of Compound 1 as
MBP (Form E) (Compound 1:LF = 1:9)
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[0050] Figure 25 shows a 'H-NMR spectrum of amorphous solid dispersion of Compound 1 as
MBP (Form G) (Compound 1:LF =3:7)

[0051] Figure 26 shows a '"H-NMR spectrum of amorphous solid dispersion of Compound 1 as
MBP (Form H) (Compound 1:LF =2:3)

[0052] Figure 27 shows a '"H-NMR spectrum of amorphous solid dispersion of Compound 1 as
MBP (Form I) (Compound 1:HF = 1:4)

[0053] Figure 28 shows a 'H-NMR spectrum of amorphous solid dispersion of Compound 1 as
MBP (Form J) (Compound 1:MF = 1:4)

[0054] Figure 29 shows XRPD overlay of neat amorphous form of Compound 1 (Form B)
[0055] Figure 30 shows XRPD overlay of amorphous solid dispersion of Compound 1 as MBP
(Form C) from 3:7 ratio of Compound 1: HPMCAS-MF.

[0056] Figure 31 shows XRPD overlay of amorphous solid dispersion of Compound 1 as MBP
(Form D) from 2:3 ratio of Compound 1: HPMCAS-MF.

[0057] Figure 32 shows XRPD overlay of amorphous solid dispersion of Compound 1 as MBP
(Form E) from 1:9 ratio of Compound 1: HPMCAS-LF.

[0058] Figure 33 shows XRPD of the recovered precipitate of Form F.

DETAILED DESCRIPTION OF THE INVENTION

[0059] In the first aspect, disclosed herein is a stable amorphous solid dispersion comprising
Compound 1 and a stabilizing polymer, wherein Compound 1 is molecularly dispersed within a
polymer matrix formed by the stabilizing polymer in its solid state.

[0060] A number of polymers have been reported as stabilizing polymeric excipients for
pharmaceutical formulation. See, US20080293787A1, U.S. Patent No. 6,350,786, and U.S.
Patent No. 6,548,555, Those polymers for this purpose are either cationic or anionic polymers,
have a molecular weight of above about 80,000 D, a glass transition temperature equal to or
greater than about 50° C., are relatively insoluble in water and preferably have pH-dependent
solubility. Examples of such polymers include polyacrylates (e.g. Eudragit®, Rohm America),
chitosan, Carbopol® (BF Goodrich), polyvinyl acetate phthalate, cellulose acetate phthalate,
polycyanoacrylates, hydroxypropylmethyl cellulose phthalate, cellulose acetate terphthalate,
hydroxypropyl methyl cellulose acetyl succinate, carboxy methyl cellulose and low substituted
hydroxy propyl cellulose. However, the properties of API per se may influence on the
properties of the resultant solid dispersion.

[0061] The inventors of the present application found that Compound 1 disclosed herein cannot
even be disperse in Eudragit® L.100-55 (methacrylic acid and ethyl acrylate copolymer),

although it is a conventional stabilizing polymeric excipient.
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[0062] Unexpectedly, the inventors of the present application found that HPMCAS
(Hypromellose acetate succinate or hydroxypropyl methylcellulose acetate succinate), as an
enteric coating material for enteric or sustained release formulations, can be co-precipitated with
the particular API, Compound 1 disclosed herein, to form a stable amorphous solid dispersion as
MBP, which exhibits high bioavailability, long-time stability, and extraordinary pharmaceutical
processability.

[0063] The structure of HPMCAS is shown as follow:

R w oM, AUy, SO00H,, ~OHOHIOHIOR, SSOOHORO00N
OHOHIGHIDOD0H,, OHORIORIODOOH O 000H

[0064] With various contents of acetyl and succinoyl groups in the polymer, there are several
types of HPMCAS, which dissolve at different pH levels. Type LF has a high ratio of succinoyl
substitution to acetyl substitution (S/A ratio), while type HF has a low S/A ratio and type MF
has a medium S/A ratio. With a high S/A ratio, HPMCAS-LF dissolves at a lower pH (=5.5),
compared with pH=6.0 for type MF and pH=6.8 for type HF. Type LF usually has 5.0-9.0%
of acetyl group and 14.0-18.0% of succinoyl group; Type MF usually has 7.0-11.0%% of acetyl
group and 10.0-14.0% of succinoyl group; and Type HF usually has 10.0-14.0% of acetyl group
and 4.0-8.0% of succinoyl group.

[0065] The specific compositions of LF, MF and HF are summarized as follows:
Substituents HPMCAS-LF HPMCAS-MF HPMCAS-HF
-CHs 20.0-24.0% 21.0-25.0% 22.0-26.0%
-CH,CH(CH;)OH 5.0-9.0% 5.0-9.0% 6.0-10.0%
-COCH; 5.0-9.0% 7.0-11.0% 10.0-14.0%
-COCH,CH,COOH 14.0-18.0% 10.0-14.0% 4.0-8.0%

[0066] In one embodiment, the stabilizing polymer is hydroxypropyl methylcellulose acetate
succinate (HPMCAS), preferably HPMCAS with a high ratio of succinoyl substitution to acetyl
substitution (S/A ratio). In other embodiment, the stabilizing polymer is any one of HPMCAS-
LF, HPMCAS-MF, or HPMCAS-HF, or a mixture of two or more of the above substances.
[0067] In one embodiment, the weight ratio of Compound 1 in the form of freebase and the
polymer is between about 1:9 and about 9:1; preferably between about 1:4 to about 2:3;
preferably about 3:7 or about 1:4; more preferably about 1:4. Unless indicated otherwise, the
ratio of Compound 1: HPMCAS is weight/weight (w/w).
[0068] In one embodiment, the stable amorphous solid dispersion has a drug-loading content of
about 10% to 40%. In a preferred embodiment, the weight ratio of Compound 1 and the
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polymer is about 1:4 and the drug loading of the resulting dispersion is about 20%. In an even
more preferred embodiment, the stable amorphous solid dispersion comprises Compound 1 in
the form of freebase and HPMCAS-MF in a weight ratio of 3:7; or Compound 1 in the form of
freebase and HPMCAS-MF in a weight ratio of 2:3; Compound 1 in the form of freebase and
HPMCAS-MF in a weight ratio of 1:4; Compound 1 in the form of freebase and HPMCAS-LF
in a weight ratio of 1:9; Compound 1 in the form of freebase and HPMCAS-LF in a weight ratio
of 1:4; Compound 1 in the form of freebase and HPMCAS-LF in weight ratio of 3.7, Compound
1 in the form of freebase and HPMCAS-LF in a weight ratio of 2:3; or Compound 1 in the form
of freebase and HPMCAS-HF in a weight ratio of 1:4.

[0069] In one embodiment, the stable amorphous solid dispersion is prepared by
microprecipitated bulk powder (MBP) technology.

[0070] In one embodiment, the stable amorphous solid dispersion has a glass transition
temperature of about 110-115°C, preferably about 111 °C.

[0071] In one embodiment, the stable amorphous solid dispersion is formulated into an orally
administrated formulation, e.g., tablet or capsule.

[0072] In the second aspect, disclosed herein is a complex of Formula (I) comprising
Compound 1 and HPMCAS,

¥ H S
e
- 3, \,\\:_:‘ "\\i}\\:

NN\’“ v
W é J}.;\{;}«j»«\ :
§ *(HPMCAS)m
Formula I

wherein HPMCAs is hydroxypropyl methylcellulose acetate succinate, Compound 1 is
MooH L F

Q ; and m is a number so that the weight ratio of
Compound 1 in the form of freebase and HPMCAS within the complex is between about 1:9
and about 9:1.

[0073] In one embodiment, HPMCAS has a high ratio of succinoyl substitution to acetyl
substitution (S/A ratio). In other embodiment, HPMCAS is HPMCAS-LF, HPMCAS-MF, or
HPMCAS-HF, or a mixture of two or more of the above substances.

[0074] In one embodiment, m is a number so that the weight ratio of Compound 1 in the form of
freebase and the polymer within the complex is preferably between about 1:4 to about 2:3;

9
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preferably about 3:7 or about 1:4; more preferably about 1:4. In an even more preferred
embodiment, the complex comprises Compound 1 in the form of freebase and HPMCAS-MF in
a weight ratio of 3:7; or Compound 1 in the form of freebase and HPMCAS-MF in a weight
ratio of 2:3; Compound 1 in the form of freebase and HPMCAS-MF in a weight ratio of 1:4;
Compound 1 in the form of freebase and HPMCAS-LF in a weight ratio of 1:9; Compound 1 in
the form of freebase and HPMCAS-LF in a weight ratio of 1:4; Compound 1 in the form of
freebase and HPMCAS-LF in weight ratio of 3:7; Compound 1 in the form of freebase and
HPMCAS-LF in a weight ratio of 2:3; or Compound 1 in the form of freebase and HPMCAS-
HF in a weight ratio of 1:4.

[0075] In one embodiment, the complex is in an amorphous form.

[0076] In one embodiment, the complex is prepared by microprecipitated bulk powder (MBP)
technology.

[0077] In one embodiment, the complex has a glass transition temperature of about 110-115°C,
preferably about 111 °C.

[0078] In one embodiment, the complex is formulated into an orally administrated formulation,
e.g., tablet or capsule.

[0079] In the third aspect, disclosed herein is a crystalline form of Compound 1, which exhibits
a long-term stability. For example, the stable crystalline form of Compound 1 does not show
any significant chemical purity change when stored at 25°C°C/60%RH for up to 12 months and
no optical purity changes when stored at 25°C°C/60%RH for up to 12 months and at 40°C /
75%RH condition for up to 6 months, indicating that the stable crystalline form is a good
candidate for purifying API and used as the starting materials for manufacturing the amorphous
solid dispersion.

[0080] In one embodiment, the crystalline form is Form A, characterized by an XRPD pattern
comprising at least three, four, five, or six diffraction peaks having 26 angle values
independently selected from the group consisting of: 4.7+0.2, 9.44+0.2, 13.6+0.2, 14.04+0.2,
14.940.2, and 15.6+0.2 degrees. Preferably, the crystalline form is Form A, characterized by an
XRPD pattern comprising at least three, four, five, or six diffraction peaks having 20 angle
values independently selected from the group consisting of: 4.7+0.2, 9.4+0.2, 13.6+0.2,
14.0+0.2, 14.94+0.2, 15.6+0.2, 21.2+0.2, 24 3+0.2, 24.7+0.2, 25.14£0.2, and 29.1+0.2 degrees.
More preferably, the crystalline form is Form A characterized by an XRPD pattern comprising
diffraction peaks having 26 angle values independently selected from the group consisting of’
4.7+02,9.440.2, 10.2+0.2, 13.6£0.2, 14.0£0.2, 14.9£0.2, 15.6£0.2, 17.2+0.2, 17.4+0.2,
18.74£0.2, 20.0+0.2, 20.440.2, 21 2402, 22.3+0.2, 24.3£0.2, 24 7+0.2, 25.140.2, 255402,
26.840.2, 27.440.2, 27.8+£0.2, 28.6+0.2, 29.140.2, 30.2+0.2, 31.8+0.2, 32.0£0.2, 33.1+0.2,
34.1+0.2, and 34.6+0.2 degrees.

10
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[0081] In one embodiment, the crystalline form is Form A, substantially characterized by an
XRPD pattern as shown in Figure 1.

[0082] In other embodiment, the crystalline form is Form A*, characterized by an XRPD pattern
comprising at least three, four, five, or six diffraction peaks having 26 angle values
independently selected from the group consisting of: 9.2+0.2, 14.0+0.2, 15.4+0.2, 18.7+0.2,
20.5+0.2, 24.0+0.2, and 24.9+0.2 degrees. Preferably, the crystalline form is Form A*
characterized by an XRPD pattern comprising diffraction peaks having 26 angle values
independently selected from the group consisting of: 9.2+0.2, 10.8+0.2, 12.3+0.2, 14.0+0.2,
15.440.2, 16.540.2, 18.10.2, 18.7+0.2, 19.3+0.2, 19.8+0.2, 20.5+0.2, 21.620.2, 22.3+0.2,
232402, 24.040.2, 24.9+0.2, 26.7+0.2, 27.8+0.2, 28.7+0.2, 29.4+0.2, 30.9+0.2, 33.2+0.2,
37.9+0.2, and 38.2+0.2 degrees.

[0083] In one embodiment, Form A has a starting temperature of 168.7°C in DSC.

[0084] In one embodiment, Form A has a particle size distribution of Do within about 50 to
about 70um, preferably about 62um.

[0085] In one embodiment, Form A is substantially characterized by a DVS as shown in Figure
19.

[0086] In one embodiment, the crystalline form is Form A*, substantially characterized by an
XRPD pattern as shown in Figure 2.

[0087] In one embodiment, the crystalline form is Form A** which is a single crystal as
substantially illustrated in Figures 3-6.

[0088] In one embodiment, the crystalline form is a single crystal, i.e., Form A**  substantially
characterized by an experimental or calculated XRPD pattern as shown in Figure 6.

[0089] In one embodiment, the single crystal Form A** has the following cell parameters:

[0090] In one embodiment, the single crystal Form A** has the cell space of monoclinic P21.
[0091] In one embodiment, Compound 1 is in neat amorphous form, which is characterized by
an XRPD pattern comprising no diffraction peaks having 20 angle values.

[0092] Also disclosed is a method for preparing crystalline Form A. The method of preparing
the crystalline Form A includes crystallization (including cooling crystallization, evaporation
crystallization, vacuum crystallization, reaction and salting out crystallization), recrystallization,
fractional crystallization, and the like. In one embodiment, crystalline Form A is prepared by a
slurrying process, comprising slurrying Compound 1 in a solvent. The method further
comprises stirring during the slurrying process, such as stirring for 1-4 hours, or longer,

preferably stirring for at least 4 hours, such as 5 hours, and the like. The method also includes
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separating the slurry material containing the precipitate of Compound 1. In one embodiment,
the solvent is a polar solvent such as an ether, a carboxylic acid ester, a nitrile, a ketone, an
amide, a sulfone, a sulfoxide or a halogenated hydrocarbon; more preferably, the polar solvent
include, but are not limited to, acetic acid, acetone, acetonitrile, benzene, chloroform, carbon
tetrachloride, dichloromethane, dimethyl sulfoxide, 1, 4-dioxane, ethanol, ethyl acetate, butanol,
Tert-butanol, N, N-dimethylacetamide, N, N-dimethylformamide, formamide, formic acid,
heptane, hexane, isopropanol, methanol, methyl ethyl ketone, 1- Methyl-2-pyrrolidone,
mesitylene, nitromethane, polyethylene glycol, propanol, 2-propanone, pyridine,
tetrahydrofuran, toluene, xylene, mixtures thereof and the like.

[0093] In one embodiment, the present invention provides a Crystalline Form of Compound 1
(Form A) prepared or purified according to the procedures depicted in the Scheme 1. Notably,
the methods disclosed herein are especially suitable for reproducible, commercial-scale
manufacture of Compound 1 in high quality and good yields.

Scheme 1

1 4-dioxane DMAP (Boc),0

H
Z o) ~“N‘Boc
_ TEADPPA _ tBWOH |
Na X O
HN

o -
INTQ-15 INTQ-16 INTQ-17

H H F
N N
m I:[ @ AP L
DCM/HCI Na | d O ¢ F

INTQ 19
o bMSO Compound 1 (Crystalline Form A}
0]
DCM/MeCH
INTQ-18 Spray-Drying

Compound 1 {Neat Amorphous Form B)

N
HPMCAS, DMA, HCl aq., H,0 \©\’7 :@

Formula I: (HPMCAS),,:
o) MBP Forms C, D,E, F, G

and H
[0094] The freebase of Compound 1 was obtained in the Crystalline Form A during synthetic
process, which is moderately hygroscopic with 4.96% water gain from 0 to 80% RH. The
Crystalline Form A was changed to the Crystalline Form A* after dynamic vapor sorption
(DVS).
[0095] The crystallization of the crystalline forms of the present invention can also be
conducted in an appropriate solvent system containing at least one solvent by evaporation of

solvent, cooling and/or by addition of anti-solvents (solvents that are less able to solubilize the
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Compound 1, including but not limited to those described herein) to achieve super-saturation in
the solvent system.

[0096] Crystallization may be done with or without seed crystals, which is described in the
present invention.

[0097] The individual crystalline forms provided by the present invention develop under
specific conditions dependent on the particular thermodynamic and equilibrium properties of the
crystallization process. Therefore, a person skilled in the art will know that the crystals formed
are a consequence of the kinetic and thermodynamic properties of the crystallization process.
Under certain conditions (e.g., solvent, temperature, pressure, and concentration of the
compound), a particular crystalline form may be more stable than another crystalline form (or in
fact more stable than any other crystalline forms). However, the relatively low thermodynamic
stability of particular crystals may have advantageous kinetic stability. Additional factors other
than kinetics, such as time, impurity distribution, stirring, and the presence or absence of seed
crystals, etc., may also affect the crystalline form.

[0098] In the fourth aspect, disclosed herein is a method for preparing the stable amorphous
solid dispersion or the complex disclosed herein, comprising step co-precipitating Compound 1
and HPMCAS.

[0099] In one embodiment, Compound 1 and HPMCAS simultaneously precipitate out to form
a molecular dispersion of Compound 1 in the matrix formed by HPMCAS.

[0100] In one embodiment, the method comprises the step of a solvent controlled precipitation.
In a preferred embodiment, the method comprises the step of microprecipitated bulk powder
(MBP) technology.

[0101] In one embodiment, HPMCAS has a high ratio of succinoyl substitution to acetyl
substitution (S/A ratio). In other embodiment, HPMCAS is HPMCAS-LF, HPMCAS-MF, or
HPMCAS-HF, or a mixture of two or more of the above substances.

[0102] In one embodiment, Compound 1 is in a crystalline form or amorphous form. In a
preferred embodiment,Compound 1 is Form A as disclosed herein.

[0103] In one embodiment, the weight ratio of Compound 1 in the form of freebase and
HPMCAS is between about 1:9 to about 9:1, preferably between about 1:4 to about 2:3;
preferably about 3:7 or about 1:4; more preferably about 1:4.

[0104] In one embodiment, HPMCAS is HPMCAS-LF, or HPMCAS-MF, or HPMCAS-HF;
and Compound 1 in the form of freebase and HPMCAS-MF is in a weight ratio of 3:7; or
Compound 1 in the form of freebase and HPMCAS-MF is in a weight ratio of 2:3; Compound 1
in the form of freebase and HPMCAS-MF is in a weight ratio of 1:4; Compound 1 in the form
of freebase and HPMCAS-LF is in a weight ratio of 1:9; Compound 1 in the form of freebase
and HPMCAS-LF is in a weight ratio of 1:4; Compound 1 in the form of freebase and
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HPMCAS-LF is in weight ratio of 3:7; Compound 1 in the form of freebase and HPMCAS-LF
isin a weight ratio of 2:3; or Compound 1 in the form of freebase and HPMCAS-HF in a weight
ratio of 1:4.
[0105] In one embodiment, the method comprises dissolving Compound 1 and HPMCAS in an
organic solvent. In a preferred embodiment, the organic solvent is N,N-dimethylformamide
(DMF), N,N-dimethylacetamide (DMAc), dimethyl sulfoxide (DMSO) or N-methyl-2-
pyrrolidone (NMP).
[0106] In one embodiment, the resulting solution of Compound 1 and HPMCAS is added into
water or an acidic aqueous solution, whereby Compound 1 and HPMCAS simultaneously
precipitate out to form a solid dispersion or a complex disclosed herein. In a preferred
embodiment, the acidic aqueous solution is aqueous hydrochloric acid (HCI). In a preferred
embodiment, water or the acidic aqueous solution is optionally cooled. In an even preferred
embodiment, water or the acidic aqueous solution is optionally cooled to 2-8 °C.
[0107] In one embodiment, the resulting solid is dried to give the amorphous solid dispersion as
MBP or the complex.
[0108] In one embodiment, the resulting solid is further optionally micronized by, e.g., jet-
milling to give a powder with a particle size suitable for drug formulation, e.g., of Dooless than
150um or 200pm.
[0109] In one embodiment, the solid dispersion or the complex is in an amorphous form.
[0110] In one embodiment, the solid dispersion or the complex has a glass transition
temperature of about 110-115°C, preferably about 111 °C.
[0111] In one embodiment, the method disclosed herein comprises:

a) dissolving Compound 1 and HPMCAS in an organic solvent;

b) co-precipitating Compound 1 and HPMCAS by adding the solution of a) into

water or an acidic aqueous solution; and
¢) washing the resulting solid with water and/or aqueous hydrochloric acid to
remove the organic solvent.

[0112] In one embodiment, the amorphous solid dispersion disclosed herein can also be
prepared by spray-drying.
[0113] In the fifth aspect, disclosed herein is a neat amorphous form of Compound 1. The neat
amorphous form of Compound 1 disclosed herein has a potential use in pharmaceutical
formulation because (1) it does not show any change of crystalline form during a test period of
14 days, i.e., does not show crystalline peaks at 14 days; and (2) it shows a relative higher
bioavailability than the crystalline Form A.
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[0114] In one embodiment, the neat amorphous form of Compound 1 disclosed herein is
substantially characterized by an XRPD pattern as shown in Figure 7 having no peak diffraction
angels.

[0115] In one embodiment, the neat amorphous form of Compound 1 disclosed herein is
substantially characterized by "H-NMR pattern as shown in Figure 21.

[0116] In one embodiment, the neat amorphous form of Compound 1 disclosed herein has a
glass transition temperature of between about 135 to 143°C, preferably about 138.3°C.

[0117] In one embodiment, the neat amorphous form of Compound 1 disclosed herein has a
particle size distribution of Do within about 60 to about 80um, a particle size distribution of Dso
within about 2 to about 6um, a particle size distribution of D1o within about 1 to about 2um,;
preferably a particle size distribution of Dao of about 69.9um, a particle size distribution of Dso
of 3.5um, a particle size distribution of D1 of 1.4pm.

[0118] Also disclosed herein is a method for preparing the neat amorphous form of Compound
1, comprising spray-drying a crystalline form of Compound 1 in a polar solvent to obtain a
powdery substance.

[0119] Preferably, the polar solvent comprises an ether, a carboxylic acid ester, a nitrile, a
ketone, an amide, a sulfone, a sulfoxide or a halogenated hydrocarbon. More preferably, the
polar solvent comprises , but not limited to, acetic acid, acetone, acetonitrile, benzene,
chloroform, carbon tetrachloride, dichloromethane, dimethyl sulfoxide, 1, 4-dioxane, ethanol,
ethyl acetate, butanol, uncle Butanol, N, N-dimethylacetamide, N, N-dimethylformamide,
formamide, formic acid, heptane, hexane, isopropanol, methanol, methyl ethyl ketone, I-methyl-
2-pyrrolidone, mesitylene, nitromethane, polyethylene glycol, propanol, 2-propanone, pyridine,
tetrahydrofuran, toluene, xylene, mixtures thereof, etc. Preferably, the polar solvent is a mixture
of halogenated hydrocarbons/amides, such as a mixture of DCM/MeOH.

[0120] Preferably, the spray drying is performed by a spray dryer. Preferably, the inlet
temperature of the spray dryer is set to about 50 to 70 °C, and the outlet temperature of the spray
dryer is set to about 25 to 45 °C. More preferably, the inlet temperature of the spray dryer is set
to about 60 °C, and the outlet temperature of the spray dryer is set to about 35 °C.

[0121] In the seventh aspect, disclosed herein is a method of mass production of B-RAF kinase
dimer inhibitors disclosed herein. In particular, the method disclosed herein is suitable for
preparation of the B-RAF kinase dimer inhibitors disclosed herein, especially Compound 1, in a
high quality, high yield reproducible, commercial scale manner. The method disclosed herein
reduces the production cost enormously by preventing the use of the costly column
chromatography and controls the content of impurity-1 to be below 0.5% under the conditions

disclosed herein, even less than 0.05% under the optimized conditions.
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[0122] In one embodiment, the method comprise: an amine of Formula Ia and a protected
carbamoyl compound of Formula Ib are subjected to a condensation reaction to obtain a
compound of Formula I or a pharmaceutically acceptable saltlthereof,
R o}
R? iy 0 NH; S x° '”'N/KN’R5
B m s L — N W H H
N~ o * R \N)j\L G 0
N H HN

o 0]

Ia Ib I
wherein |

Rland R?, which may be the same or different, are each independently selected from
hydrogen, halogen, alkyl, alkenyl, cycloalkyl, aryl, heterocyclyl, heteroaryl, alkynyl, -CN, -
NRCR’, -ORS, -CORS, -CO2RS, -CONRCR’, -C(=NR®)NR’R?, -NR°COR’, -NR®CONR'RS, -
NR®CO2R’, -SO2R, -NR®SO2NR'R®, -NR®SO2R” and -NR®SOzaryl, wherein said alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, heteroaryl, aryl and heterocyclyl are each independently
optionally substituted with one or two or three substituents R%;

R’ is selected from alkyl, cycloalkyl, heterocyclyl, aryl and heteroaryl, each of which is
independently optionally substituted with one or two or three substituents R’;

LG is a leaving group;

R® R7and R8, which may be the same or different, are each independently selected from
H, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and heteroaryl; or (R® and R”) and/or
(R” and R®) together with the atom(s) to which they are attached, each form a ring selected from
heterocyclyl and heteroaryl rings optionally substituted with one or two or three substituents R’;
R’ is selected from halogen, haloalkyl, alkyl, alkenyl, cycloalkyl, aryl, heteroaryl, heterocyclyl,
alkynyl, oxo, -alkyl-NR?R?, -CN, -OR? -NR?R? -COR? -CO:R? -CONR?R®, -C(=NR?#)NRPR®,
nitro, -NR*COR®, -NR*CONR?RY, -NR*CO2R?, -SO:R?, -SOzaryl, -NR*SO2NRPR¢, NR*SO2RP
and -NR?*SOsaryl, wherein said cycloalkyl, aryl, heteroaryl or heterocyclyl are each
independently substituted with one or two or three substituents selected from halogen, alkyl and
haloalkyl, wherein R? R® and R® are each independently selected from H, haloalkyl, alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and heteroaryl, or (R* and R®) and/or (R® and R®)
together with the atom(s) to which they are attached, each form a ring selected from
heterocyclyl and heteroaryl rings optionally substituted with halogen and alkyl.
[0123] In one embodiment, the condensation reaction of an amine of Formula Ia and a protected
carbamoyl compound of Formula Ib is conducted in an organic solvent. In one embodiment, the
condensation reaction is conducted with a solution of an amine of Formula Ia in an organic
solvent and a protected carbamoyl compound of Formula Ib. In one embodiment, the
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condensation reaction is conducted with an amine of Formula Ia and a solution of a protected
carbamoyl compound of Formula Ib in an organic solvent.

[0124] In one embodiment, the condensation reaction is conducted in an anhydrous condition.
In one embodiment, the condensation reaction is conducted by adding a protected carbamoyl
compound of Formula Ib into a solution of an amine of Formula Ia in an organic solvent.

[0125] In one embodiment, the organic solvent is typically selected from the group consisting of
a non-polar solvent, a polar protic solvent and a polar aprotic solvent, or a mixture thereof.
Suitable polar aprotic solvents include, but are not limited to, N-methylpyrrolidone, N-
methylmorpholine, methyl isobutyl ketone, methyl ethyl ketone, tetrahydrofuran,
dichloromethane, ethyl acetate, acetone, N, N-dimethylformamide, acetonitrile and dimethyl
sulfoxide. Suitable polar protons solvents include, but are not limited to, methanol, ethanol, n-
propanol, isopropanol, n-butanol, isobutanol, tert-butanol, and acetic acid. Suitable non-polar
solvents include, but are not limited to, dioxane, toluene, hexane, cyclohexane and diethyl ether.
[0126] In a further embodiment, the organic solvent is a polar aprotic solvent. In still further
embodiments, the organic solvent is N-methylpyrrolidone, N-methylmorpholine, methyl
isobutyl Ketone, methyl ethyl ketone, tetrahydrofuran, dichloromethane, ethyl acetate, acetone,
N, N-dimethylformamide, acetonitrile and dimethyl sulfoxide, or a mixture of two or more. In a
further embodiment, the organic solvent is N-methylmorpholine, dimethyl sulfoxide or a
mixture of both.

[0127] In one embodiment, there is no particular limitation to the amount of the organic solvent,
provided that the amine of Formula Ia is sufficiently dissolved.

[0128] In one embodiment, the condensation reaction is conducted in vacuum. In a further
embodiment, the condensation reaction is conducted in a vacuum as low as about -0.10 MPa.
[0129] In one embodiment, the condensation reaction is conducted at a temperature of about 10
to 50°C or at a temperature of about 15 to 25°C. In a further embodiment, the condensation
reaction is conducted at a temperature of about 20+£5°C.

[0130] In one embodiment, the condensation reaction is carried out for at least about 0.5 hours,
at least about 1 hour, at least about 2 hours, at least about 3 hours, at least about 4 hours. In a
further embodiment, the condensation reaction is carried out for about 3 hours.

[0131] In one embodiment, the content of impurity-1 in the product of the condensation reaction
is below 0.5%, even less than 0.05% (detected by HPLC) at the best mode.

[0132] In one embodiment, R! and R? are both hydrogen.

[0133] In one embodiment, R? is aryl, optionally substituted with one or two or three
substituents R?. In a further embodiment, R® is phenyl, optionally substituted with one or two or

three halogen. In a still further embodiment, R is 2, 4, 5-trifluorophenyl.
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[0134] In one embodiment, the compound of Formula I is 1-((1S, 1aS, 6bS)-5-((7-0x0-5, 6, 7,
8-tetrahydro-1, 8-naphthyridin-4-yl)oxy)-1a, 6b-dihydro-1H-cyclopropa[b]benzofuran-1-yl1)-3-
(2, 4, S-trifluorophenyl)urea or a pharmaceutically acceptable salt thereof.

[0135] Although there is no particular limitation to the leaving group, in one embodiment, LG is
alkyl, cycloalkyl, aryl, heteroaryl, heterocyclyl or -OR? wherein the alkyl, cycloalkyl, aryl,
heteroaryl or heterocyclyl is optionally substituted with one or more substituents selected from
halogen, nitro, hydroxy or alkoxy, and wherein R? is alkyl, cycloalkyl, aryl, heteroaryl or
heterocyclyl, optionally substituted with one or more substituents selected from halogen, nitro, -
CN, hydroxy or alkoxy. In a further embodiment, LG is -OR?, wherein R?is phenyl, optionally
substituted with one or more substituents selected from halogen, nitro, -CN, hydroxy or alkoxy.

In a still further embodiment, LG is unsubstituted phenoxy.

[0136] In a still further embodiment, the compound of Formula Ib is F
[0137] In one embodiment, the compound of Formula Ia is prepared by reacting a compound of

Formula Ia-2 in an organic solvent in the presence of an acid,

1 JNHs
& -j‘?\ RO NN ‘..--‘ﬁ“ﬁcm {;;\NJQ\{X\\W’
W;" E\ \-g:‘ *\T“‘T}r; N;t% PNy St
N “?e"'\\i ] R Hg&;v\ j
1~4N\F,,f g
’ e In

[0138] In a further embodiment, the organic solvent is selected from the group consisting of a
non-polar solvent, a polar protic solvent, and a polar aprotic solvent, or a mixture thereof.
Suitable polar aprotic solvents include, but are not limited to, N-methylpyrrolidone, N-
methylmorpholine, methyl isobutyl ketone, methyl ethyl ketone, tetrahydrofuran,
dichloromethane, ethyl acetate, acetone, N, N-dimethylformamide, acetonitrile and dimethyl
sulfoxide. Suitable polar protic solvents include, but are not limited to, methanol, ethanol, n-
propanol, isopropanol, n-butanol, isobutanol, tert-butanol and acetic acid. Suitable non-polar
solvents include, but are not limited to, dioxins Alkane, toluene, hexane, cyclohexane and
diethyl ether. In a still further embodiment, the solvent is ethanol or dichloromethane

[0139] In a further embodiment, the acid is a mineral acid, for example selected from the group
consisting of hydrochloric acid, phosphoric acid, hydrobromic acid, sulfuric acid, sulfurous acid
and nitric acid; and an organic acid, for example selected from the group consisting of malic
acid, maleic acid, and fumaric acid, tartaric acid, succinic acid, citric acid, lactic acid,
methanesulfonic acid, p-toluenesulfonic acid, 2-hydroxyethanesulfonic acid, benzoic acid,
salicylic acid, stearic acid, alkanoic acid (such as acetic acid and HOOC-(CHz)»-COOH,
wherein n is selected from 0-4).
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[0140] There is no particular limitation to the reaction temperature, which is usually carried out

at room temperature.
[0141] In one embodiment, the compound of Formula Ia-2 is prepared by reacting a compound

of Formula Ia-1 in (Boc)20/t-BuOH in the presence of a catalyst,

R1 (@] R‘l H
2 l R2 \\N\
R = | o .\‘LN3 = ' Om~ Boc
{-BUOH
N S Nx 9
HN HN
O 1a2

DMAP, (Boc),0

O 1a1
[0142] The preparation of the compound of Formula Ia-2 from the compound of formula Ia-1 is
usually carried out at a temperature of about 70-100°C, preferably about 85+5°C.
[0143] Although Impurity-1 is also formed during the Curtis rearrangement reaction of the acyl
azide of formula Ia-1 and t-butanol, the solubility and polarity of Impurity-1 differ greatly from
Formula Ia-2. Therefore, Impurity-1 can easily be removed by filtering with a silica gel pad
during the reaction, thereby obtaining the intermediate amine of the formula Ia free of
impurities. In one embodiment, Impurity-1 may be removed after formation of the t-butyl
carbamate of Formula Ia-2 from the acyl azide of Formula [a-1. In another embodiment,
Impurity-1 may be removed after the formation of an amine of Formula Ia from the tert-butyl
carbamate of formula Ia-2, which further reduces the cost and is more convenient. The method
of removing Impurity-1 includes a conventional method such as silica gel pad or diatomaceous
earth filtration and the other suitable industrial procedure.

[0144] In one embodiment, the catalyst is DMAP.

Rl
R? e} NH,
ey
N~ 'e)
HN
[0145] Also disclosed herein is a compound of Formula Ia o ora

pharmaceutically acceptable salt thereof, wherein R! and R? are defined as above. In one
o NH;
"]
HN

embodiment, the compound of Formula Ia is © INTa-18 or a pharmaceutically
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acceptable salt thereof. In a further embodiment, the compound of Formula Ia is

NHHCI
[ ©
N~ o
HN
(0]

[0146] In the eighth aspect, disclosed herein is a method for treating or preventing a disease or
disorder responsive to inhibition of Raf kinases in a subject, comprising administering to said
subject a therapeutically effective amount of Compound 1, wherein Compound 1 is in the
amorphous solid dispersion as disclosed herein or in the complex as disclosed herein or the
crystalline form disclosed herein or the neat amorphous form disclosed herein.

[0147] In one embodiment, the disease or disorder is a cancer selected from the group consisting
of brain cancer, lung cancer, kidney cancer, bone cancer, liver cancer, bladder cancer, breast,
head and neck cancer, ovarian cancer, melanoma, skin cancer, adrenal cancer, cervical cancer,
lymphoma, or thyroid tumors and their complications.

[0148] In another embodiment, the disease is BRAF (V600E or non-V600E) or NRAS or KRAS
mutant cancer selected from brain cancer, lung cancer, kidney cancer, bone cancer, liver cancer,
bladder cancer, breast, head and neck cancer, ovarian cancer, melanoma, skin cancer, adrenal
cancer, cervical cancer, lymphoma, or thyroid tumors and their complications.

[0149] In another embodiment, the administered dosage of Compound 1 is 1-200 mg/day, and
the administration frequency is one to three times a day.

[0150] In another embodiment, the administered dosage of Compound 1 is 2.5-100 mg/day, and
the administration frequency is one to three times a day.

[0151] In another embodiment, the administered dosage of Compound 1 is 5-50 mg/day, and the
administration frequency is one time a day.

[0152] In one embodiment, the subject is rat, dog, or human being.

[0153] In a six aspect, disclosed herein is a pharmaceutical composition comprising an effective
amount of Compound 1, in particular Compound 1 in any of Form A, A* A** B, C, D, E, F, G,
H, I, J or K disclosed herein. The active compound(s) can be 1-99% (by weight), preferably 1-
50% (by weight), or more preferably 1-30% (by weight), or most preferably, 1-20% (by weight),
of the composition.

[0154] The pharmaceutical compositions can be administrated orally in forms such as capsules,
tablets, pills, powders, sustained release injection in such form as a sterile solution, suspension
or emulsion; through a local treatment form such as paste, cream, or ointment; or via a rectal
form such as suppositories. The pharmaceutical compositions may be in a unit dosage form that

is suitable for precise dosing applications.
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[0155] Suitable pharmaceutical carriers include water, various organic solvents and various inert
diluents or fillers. If necessary, the pharmaceutical compositions may contain various additives,
such as spices, adhesives and excipients. For oral administration, tablets and capsules can
contain various excipients such as citric acid, a variety of disintegrant agents such as starch,
alginic acids, and some silicates, and a variety of adhesives such as sucrose, gelatin and Arabic
gum. In addition, lubricants including magnesium stearate and talc fillers are commonly used in
the production of tablets. The same types of solid components can also be used to formulate soft
and hard gelatin capsules. When an aqueous suspension is needed for oral administration, the
active compound can be mixed with a variety of sweeteners or flavoring agents, pigments or dye
combinations. If necessary, a variety of emulsifiers can be employed or suspensions generated,;
diluents such as water, ethanol, propylene glycol, glycerin, or their combination can be utilized.
[0156] The above-described pharmaceutical compositions are preferably administrated orally.
[0157] The above-described pharmaceutical compositions are preferably in the capsule or tablet
form.

[0158] As used herein, the following words, phrases and symbols are generally intended to have
the meanings as set forth below, except to the extent that the context in which they are used
indicates otherwise. The following abbreviations and terms have the indicated meanings
throughout:

[0159] The term "alkyl" herein refers to a hydrocarbon group selected from linear and branched
saturated hydrocarbon groups comprising from 1 to 18, such as from 1 to 12, further such as
from 1 to 10, more further such as from 1 to 6, carbon atoms. Examples of the alkyl group can
be selected from methyl, ethyl, 1-propyl or n-propyl ("n-Pr"), 2-propyl or isopropyl ("i-Pr"), 1-
butyl or n-butyl ("n-Bu"), 2-methyl-1-propyl or isobutyl ("i-Bu"), 1-methylpropyl or s-butyl ("s-
Bu"), and 1,1-dimethylethyl or t-butyl ("t-Bu"). Other examples of the alkyl group can be
selected from 1-pentyl (n-pentyl, -CH2CH.CH2CH2CH3), 2-pentyl (-CH(CH3)CH2CH2CH3), 3-
pentyl (-CH(CH2CH3)z2), 2-methyl-2-butyl (-C(CH3)2CH2CH3), 3-methyl-2-butyl (-
CH(CH3)CH(CHs)2), 3-methyl-1-butyl (-CH2CH2CH(CH3)z2), 2-methyl-1-butyl (-
CH2CH(CH3)CH2CH3), 1-hexyl (-CH2CH2CH2CH2CH2CH3), 2-hexyl (-
CH(CH3)CH2CH2CH2CH3), 3-hexyl (-CH(CH2CH3)(CH2CH2CH3)), 2-methyl-2-pentyl (-
C(CH3)CH2CH2CH3), 3-methyl-2-pentyl (-CH(CH3)CH(CH3)CH2CH3), 4-methyl-2-pentyl (-
CH(CH3)CH2CH(CH3)2), 3-methyl-3-pentyl (-C(CH3)(CH2CH3)2), 2-methyl-3-pentyl (-
CH(CH:CH3)CH(CHs)2), 2,3-dimethyl-2-butyl (-C(CH3)2CH(CH3)2) and 3,3-dimethyl-2-butyl
(-CH(CH3)C(CHs)3 groups.

[0160] The term "alkenyl" herein refers to a hydrocarbon group selected from linear and
branched hydrocarbon groups comprising at least one C=C double bond and from 2 to 18, such

as from 2 to 6, carbon atoms. Examples of the alkenyl group may be selected from ethenyl or
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vinyl (-CH=CHa), prop-1-enyl (-CH=CHCH3), prop-2-enyl (-CH2CH=CH>), 2-methylprop-1-
enyl, but-1-enyl, but-2-enyl, but-3-enyl, buta-1,3-dienyl, 2-methylbuta-1,3-dienyl, hex-1-enyl,
hex-2-enyl, hex-3-enyl, hex-4-enyl, and hexa-1,3-dienyl groups.

[0161] The term "alkynyl" herein refers to a hydrocarbon group selected from linear and
branched hydrocarbon group, comprising at least one C=C triple bond and from 2 to 18, such as
from 2 to 6, carbon atoms. Examples of the alkynyl group include ethynyl (-C=CH), 1-propynyl
(-C=CCHa), 2-propynyl (propargyl, -CH2C=CH), 1-butynyl, 2-butynyl, and 3-butynyl groups.
[0162] The term "cycloalkyl" herein refers to a hydrocarbon group selected from saturated and
partially unsaturated cyclic hydrocarbon groups, comprising monocyclic and polycyclic (e.g.,
bicyclic and tricyclic) groups. For example, the cycloalkyl group may comprise from 3 to 12,
such as 3 to 8, further such as 3 to 6, 3 to 5, or 3 to 4 carbon atoms. Even further for example,
the cycloalkyl group may be selected from monocyclic group comprising from 3 to 12, such as 3
to 8, 3 to 6 carbon atoms. Examples of the monocyclic cycloalkyl group include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl, and cyclododecyl groups. Examples of the bicyclic cycloalkyl groups include
those having from 7 to 12 ring atoms arranged as a bicyclic ring selected from [4,4], [4,5], [5,5],
[5,6] and [6,6] ring systems, or as a bridged bicyclic ring selected from bicyclo[2.2.1]heptane,
bicyclo[2.2.2]octane, and bicyclo[3.2.2]nonane. Further examples of the bicyclic cycloalkyl

groups include those arranged as a bicyclic ring selected from [5,6] and [6,6] ring systems, such

as and wherein the wavy lines indicate the points of attachment. The ring
may be saturated or have at least one double bond (i.e. partially unsaturated), but is not fully
conjugated, and is not aromatic, as aromatic is defined herein.
[0163] The term "Aryl" herein refers to a group selected from:
5- and 6-membered carbocyclic aromatic rings, for example, phenyl,;
bicyclic ring systems such as 7 to 12 membered bicyclic ring systems wherein at
least one ring is carbocyclic and aromatic, selected, for example, from naphthalene,
indane, and 1,2,3,4-tetrahydroquinoline; and
tricyclic ring systems such as 10 to 15 membered tricyclic ring systems wherein at
least one ring is carbocyclic and aromatic, for example, fluorene.
[0164] The term "halogen" or "halo" herein refers to F, Cl, Br or L.
[0165] The term "heteroaryl" herein refers to a group selected from:
5- to 7-membered aromatic, monocyclic rings comprising at least one heteroatom,
for example, from 1 to 4, or, in some embodiments, from 1 to 3, heteroatoms, selected

from N, O, and S, with the remaining ring atoms being carbon;
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8- to 12-membered bicyclic rings comprising at least one heteroatom, for example,
from 1 to 4, or, in some embodiments, from 1 to 3, or, in other embodiments, 1 or 2,
heteroatoms, selected from N, O, and S, with the remaining ring atoms being carbon and
wherein at least one ring is aromatic and at least one heteroatom is present in the
aromatic ring; and
11- to 14-membered tricyclic rings comprising at least one heteroatom, for example,
from 1 to 4, or in some embodiments, from 1 to 3, or, in other embodiments, 1 or 2,
heteroatoms, selected from N, O, and S, with the remaining ring atoms being carbon and
wherein at least one ring is aromatic and at least one heteroatom is present in an aromatic
ring.
[0166] For example, the heteroaryl group includes a 5- to 7-membered heterocyclic aromatic
ring fused to a 5- to 7-membered cycloalkyl ring. For such fused, bicyclic heteroaryl ring
systems wherein only one of the rings comprises at least one heteroatom, the point of attachment
may be at the heteroaromatic ring or at the cycloalkyl ring.
[0167] When the total number of S and O atoms in the heteroaryl group exceeds 1, those
heteroatoms are not adjacent to one another. In some embodiments, the total number of S and O
atoms in the heteroaryl group is not more than 2. In some embodiments, the total number of S
and O atoms in the aromatic heterocycle is not more than 1.
[0168] Examples of the heteroaryl group include, but are not limited to, (as numbered from the
linkage position assigned priority 1) pyridyl (such as 2-pyridyl, 3-pyridyl, or 4-pyridyl),
cinnolinyl, pyrazinyl, 2,4-pyrimidinyl, 3,5-pyrimidinyl, 2,4-imidazolyl, imidazopyridinyl,
isoxazolyl, oxazolyl, thiazolyl, isothiazolyl, thiadiazolyl, tetrazolyl, thienyl, triazinyl,
benzothienyl, furyl, benzofuryl, benzoimidazolyl, indolyl, isoindolyl, indolinyl, phthalazinyl,
pyrazinyl, pyridazinyl, pyrrolyl, triazolyl, quinolinyl, isoquinolinyl, pyrazolyl, pyrrolopyridinyl
(such as 1H-pyrrolo[2,3-b]pyridin-5-yl), pyrazolopyridinyl (such as 1H-pyrazolo[3,4-b]pyridin-
5-yl), benzoxazolyl (such as benzo[d]oxazol-6-yl), pteridinyl, purinyl, 1-oxa-2,3-diazolyl, 1-
oxa-2,4-diazolyl, 1-oxa-2,5-diazolyl, 1-oxa-3,4-diazolyl, 1-thia-2,3-diazolyl, 1-thia-2,4-diazolyl,
1-thia-2,5-diazolyl, 1-thia-3,4-diazolyl, furazanyl, benzofurazanyl, benzothiophenyl,
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, furopyridinyl,
benzothiazolyl (such as benzo[d]thiazol-6-yl), indazolyl (such as 1H-indazol-5-yl) and 5,6,7,8-
tetrahydroisoquinoline.
[0169] The term "heterocyclic" or "heterocycle" or "heterocyclyl" herein refers to a ring
selected from 4- to 12-membered monocyclic, bicyclic and tricyclic, saturated and partially
unsaturated rings comprising at least one carbon atoms in addition to at least one heteroatom,
such as from 1-4 heteroatoms, further such as from 1-3, or further such as 1 or 2 heteroatoms,

selected from oxygen, sulfur, and nitrogen. "Heterocycle" herein also refers to a 5- to 7-
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membered heterocyclic ring comprising at least one heteroatom selected from N, O, and S fused
with 5-, 6-, and /or 7-membered cycloalkyl, carbocyclic aromatic or heteroaromatic ring,
provided that the point of attachment is at the heterocyclic ring when the heterocyclic ring is
fused with a carbocyclic aromatic or a heteroaromatic ring, and that the point of attachment can
be at the cycloalkyl or heterocyclic ring when the heterocyclic ring is fused with cycloalkyl.
"Heterocycle" herein also refers to an aliphatic spirocyclic ring comprising at least one
heteroatom selected from N, O, and S, provided that the point of attachment is at the
heterocyclic ring. The rings may be saturated or have at least one double bond (i.e. partially
unsaturated). The heterocycle may be substituted with oxo. The point of the attachment may be
carbon or heteroatom in the heterocyclic ring. A heterocycle is not a heteroaryl as defined
herein.
[0170] Examples of the heterocycle include, but not limited to, (as numbered from the linkage
position assigned priority 1) 1-pyrrolidinyl, 2-pyrrolidinyl, 2,4-imidazolidinyl, 2,3-
pyrazolidinyl, 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-piperidinyl, 2,5-piperazinyl, pyranyl,
2-morpholinyl, 3-morpholinyl, oxiranyl, aziridinyl, thiiranyl, azetidinyl, oxetanyl, thietanyl, 1,2-
dithietanyl, 1,3-dithietanyl, dihydropyridinyl, tetrahydropyridinyl, thiomorpholinyl, thioxanyl,
piperazinyl, homopiperazinyl, homopiperidinyl, azepanyl, oxepanyl, thiepanyl, 1,4-oxathianyl,
1,4-dioxepanyl, 1,4-oxathiepanyl, 1,4-oxaazepanyl, 1,4-dithiepanyl, 1,4-thiazepanyl and 1,4-
diazepane 1,4-dithianyl, 1,4-azathianyl, oxazepinyl, diazepinyl, thiazepinyl, dihydrothienyl,
dihydropyranyl, dihydrofuranyl, tetrahydrofuranyl, tetrahydrothienyl, tetrahydropyranyl,
tetrahydrothiopyranyl, 1-pyrrolinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-
pyranyl, 1,4-dioxanyl, 1,3-dioxolanyl, pyrazolinyl, pyrazolidinyl, dithianyl, dithiolanyl,
pyrazolidinyl, imidazolinyl, pyrimidinonyl, 1,1-dioxo-thiomorpholinyl, 3-
azabicyco[3.1.0]hexanyl, 3-azabicyclo[4.1.0]heptanyl and azabicyclo[2.2.2]hexanyl. A
substituted heterocycle also includes a ring system substituted with one or more oxo moieties,
such as piperidinyl N-oxide, morpholinyl-N-oxide, 1-oxo-1-thiomorpholinyl and 1,1-dioxo-1-
thiomorpholinyl.
[0171] The term “about” as used herein, unless indicated otherwise, denotes that a number (e.g.,
temperature, pH, volume, etc.) can vary within £10%, preferably within +5%.
[0172] The following synthetic methods, specific examples, and efficacy tests further describe
certain aspects of the present invention. They shall not limit or restrict the scope of the present
invention in any way.

EXAMPLES
[0173] The examples below are intended to be exemplary and efforts have been made to ensure
accuracy with respect to numbers used (for example, amounts, temperature, etc.), but some

experimental errors and deviations should be accounted for. Unless indicated otherwise,
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temperature is in degrees Centigrade. Reagents were purchased from commercial suppliers such

as Sigma-Aldrich, Alfa Aesar, or TCI, and were used without further purification unless

otherwise indicated.

[0174] Unless otherwise indicated, the reactions set forth below were performed under a

positive pressure of nitrogen or argon or with a drying tube in anhydrous solvents; the reaction

flasks were fitted with rubber septa for the introduction of substrates and reagents via syringe;

and glassware was oven dried and/or heat dried.

[0175] Unless otherwise indicated, column chromatography purification was conducted on a

Biotage system (Manufacturer: Dyax Corporation) having a silica gel column or on a silica

SepPak cartridge (Waters), or was conducted on a Teledyne Isco Combiflash purification system

using prepacked silica gel cartridges.

[0176] 'H NMR spectra and *C NMR were recorded on a Varian instrument operating at 400

MHz.

[0177] X-ray intensity data from a colorless plate-like crystal were measured at 173(2) K using
a Bruker APEX-II CCD diffractometer (Cu Kov radiation, A= 1.54178 A). Polarized light

microscopic picture was captured at room temperature.

[0178] In the following examples, the abbreviations below may be used:

AcOH

ACN

API

Aq

Brine

Bn

BnBr
CH2Cla
DMA

DMF

Dppf

DBU

DIEA or DIPEA
DMAP

DMF

DMSO
EtOAc
EtOH

Et20 or ether

Acetic acid

Acetonitrile

Active pharmaceutical ingredient
Aqueous

Saturated aqueous sodium chloride solution
Benzyl

Benzyl Bromide

Dichloromethane
N,N-Dimethylacetamide
N,N-Dimethylformamide
1,17-bis(diphenylphosphino)ferrocene
1,8-diazabicyclo[5.4.0]lundec-7-ene
N,N-diisopropylethylamine
4-N,N-dimethylaminopyridine
N,N-dimethylformamide

Dimethyl sulfoxide

Ethyl acetate

Ethanol

Diethyl ether
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g
h or hr

HATU

HCl
HPLC
HPMCAS
IPA or i-PrOH
mg

mL
Mmol
MeCN
MeOH
Min

ms or MS
Na2S04
PE

PPA

Rt
Rtorrt
TBAF
TBSCI
TFA
THF
TLC
TMSCI
uL
XRPD

PCT/CN2020/073944

Grams

Hour

O-(7-Azabenzotriazol-1-yl)-N,N,N' N'-tetramethyluronium

hexafluorophosphate
Hydrochloric acid
High-performance liquid chromatography
Hypromellose Acetate Succinate
2-propanol or Isopropyl alcohol
Milligrams

Milliliters

Millimole

Acetonitrile

Methanol

Minutes

Mass spectrum

Sodium sulfate

petroleum ether
Polyphosphoric acid

Retention time

Room temperature

tetra-Butyl ammonium fluoride
tert-Butyldimethylsilyl chloride
Trifluoroacetic acid
Tetrahydrofuran

thin layer chromatography
Trimethylsilyl chloride
Microliters

X-ray particle diffraction

Example 1

Example 1A-Preparation of Compound 1 Crystalline Forms A
[0179] Step 1: Synthesis of INTQ-1
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><O\H/NH2

F o F

N SM3 N
| _ Pd(OAc),/XantPhos | P

N Cl N NHBoc
SMm1 INTQ-1

[0180] 1,4-Dioxane (1.5 volumes) was added to 2 L 4-necked round-bottom flask and the flask
was evacuated and flushed three times with nitrogen. Then Pd(OAc): (2 wt%, 0.50 kg) and
XantPhos (9 wt%, 2.25 kg) was add into the flash, and the flask was evacuated and flushed three
times with nitrogen. The mixture was stirred at room temperature for 0.5 ~ 1 hour under
nitrogen atmosphere. NaOH (12.25 kg, 1.6 eq), H20 (1 volumes, 25 L) and 1,4-dioxane (8
volumes, 200 L) were charged into a 20 L reactor. The mixture was stirred until clear, and then
SM3 (26.75 kg, 1.2 eq) was added into the mixture. The solution of the catalyst was transferred
to the above reactor under nitrogen atmosphere. Then SM1 (25.00 kg, 1.0 eq) was dropwise
added into the reactor. The system was heated to 65+5 °C and maintained at 65+5 °C for at least
5 hrs. HPLC was used to monitor the reaction until the content of SM1 was not more than 1.0%.
The reaction mixture was cooled to 30+5 °C, and then filtered and the cake was washed with
1,4-dioxane (1.0 volumes). H20 (4 volumes) was added into the filtrate and concentrated to 5
volumes. Then H20 (2 volumes) was added into the residue and concentrated to 5 volumes. The
residue was cooled to room temperature and filtered. The cake was washed with H20 (2
volumes). Then the filter cake was slurried with IPA (2 volumes) at 25+5 °C for 3 hrs. The
mixture was filtered and the filter cake was washed with IPA (0.5 volumes). The solid was dried

in an oven under reduced pressure.

[0181] Steps 2&3: Synthesis of INTQ-3

F F O Ph;P=CHCOOCH; 0
n-BuLi
N uLi Ay SM4 oA~
| omr || |
N NHBoc N NHBoc N NHBoc
INTQ-1 INTQ-2 INTQ-3

[0182] THF (25 volumes), and INTQ-1 (16.00 kg, 1.0 eq) were charged into the reactor. The
mixture was stirred and cooled to -80~ -70°C. Then n-BuLi (n-hexane solution, 2.5M, 51.20 kg,
2.5 eq) was dropwise added into the mixture at -80~ -70°C. The reaction was monitored by
TLC after reacting for 1-2 hrs at -80~ -70°C. Then DMF (9.92 kg, 1.8 eq) solution in THF (1.4
volumes) at -80~ -70°C was dropwise added into the reaction system. The reaction was
monitored by TLC after reacting for 1-2 hrs at -80~ -70°C. AcOH solution in THF (1.4
volumes) was dropwise added into the mixture to adjust the value of PH to 6-7 at -80~ -70°C.

Then TEA (8.00 kg, 1.05 eq) was charged into the reaction at -80~-70°C. The solution of methyl
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triphenylphosphoranylidene acetate (26.4 kg, 1.05 eq) in DCM (19 volumes) was dropwise
added into the reaction mixture. The mixture was stirred for 10 hrs at -80~ -70°C, then the
reaction was monitored by TLC. H20 (10.5 volumes) and citric acid (32.00 kg, 2.1 eq) were
charged into another reactor. The mixture was stirred to dissolve and cooled to 0-5 °C. The
temperature was cooled to -20 °C and the solution was transferred into the above 3 L 4-necked
round-bottom flash. Then the mixture was stirred for 1 hour below 20 °C and the value of pH
was confirmed to be between 4~7. The organic layer was separated and washed with 25% NaCl
(17 volumes). Then the organic phase was concentrated to 5 volumes and EtOAc (17 volumes)
was charged into the mixture and concentrated to 5 volumes. EtOAc (17 volumes) was charged
into the mixture and concentrated to 5 volumes. The solution was used for the next step directly.
[0183] Step 4: Synthesis of INTQ-4

F 0 F o
HCI
O ™ O/ | X ™ O/
® /
N~ “NHBoc N~ 'NH;
INTQ-3 INTQ-4

[0184] The solution of INTQ-3 in EtOAc was charged into a reactor. The solution was stirred
and cooled to -5~5 °C. HCI was introduced into the mixture at -5~5 °C for 2 hrs. Then the
mixture was heated to 20~30 °C. HPLC was used to monitor the reaction every 2 hrs after
reacting for 5 hrs until the content of INTQ-3 was less than 0.5%. The reaction mixture was
concentrated to 10 volumes and cooled to 0~5 °C. The residue was stirred for 1 hour at 0~5 °C.
The mixture was filtered and the filter cake was charged into H20 (15 volumes). The mixture
was stirred for 2 hrs at 20~30 °C. The mixture was filtered and the filter cake was washed with
H:20 (3 volumes). Then the filtrate was transferred to another reactor and Na2COs was charged
into the mixture to adjust the value of PH to 8~9. Then the mixture was filtered and the filter
cake was washed with H20 (4 volumes). 20.73 kg (Yield: 69.0 %, Purity: 95.0 %) of INTQ-4
was given after drying in the vacuum oven.

[0185] Step 5: Syntheses of INTQ-5

F o} F O
Pd/ C, H
L L
N” “NH;, N” "NH,
INTQ-4 INTQ-5

[0186] INTQ-4 (10.40 kg, 1.0 eq), Pd/C (15% wt, 1.25 kg) and THF (11 volumes) were

charged into a reactor. The mixture was stirred and heated to 30~35 °C. Hydrogen was charged
to a pressure of 10 atm. HPLC was used to monitor the reaction every 2 hrs after reacting for 15
hrs until the content of INTQ-4 was less than 0.5%. The reaction mixture was cooled to 20~30

°C and filtered through Celite (0.2 wt). The filter cake was washed with THF (2 volumes). The
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filtrate was concentrated to 3 volumes and EtOH (6 volumes) was added into the mixture. The
solution was concentrated to 3 volumes and EtOH (6 volumes) was charged into the mixture.
The mixture was concentrated to 3 volumes and used for the next step directly.

[0187] Step 6 Syntheses of BGB-INTQ-6

F o i

A _ EtsN, EtOH A

N7 NH, NSNS0
INTQ-5 INTQ-6

[0188] The solution of INTQ-5 (From the previous step) in EtOH (3 volumes), EtOH (7
volumes) and EtsN (22% wt, 2.29 kg) were charged into the rector. The solution was heated to
70~80 °C. HPLC was used to monitor the reaction every 2 hrs after reacting for 15 hrs until the
content of INTQ-5 is less than 1.0%.The reaction mixture was cooled to 30~40 °C and
concentrated to 5 volumes. The mixture was cooled to -5~0 °C and stirred for 2 hrs. The mixture
was filtered and the filter cake was washed with EtOH (1 volumes). 7.58 kg (Yield: 87.1 %,
Purity: 99.5 %) of INTQ-6 was given after drying under oven at 45+5°C.

[0189] Step 7: Synthesis of INTQ-7

O
L L
OFEt
o ™Y

OEt

INTQ-7

[0190] Potassium hydroxide (49.9 Kg, 1.7 equiv) was added to a solution of 4-methoxyphenol
(65 Kg, 1.0 equiv) in DMSO (65 L, 1 volumes). The system was heated to 120 °C.
Bromoacetaldehyde diethyl acetal (123.8 Kg, 1.2 equiv) was dropwise added while maintaining
the temperature at 120~140 °C. The reaction mixture was cooled to 20~40 °C after reaction
completion as monitored by HPLC. N-heptane (2 volumes) and water (2 volumes) was charged
to the reaction mixture. The mixture was filtered through Celite (0.2 wt) and the filter cake was
washed with n-heptane (0.5 volumes). The filtrate was stood for at least 30 minutes. The organic
layer was separated and the aqueous layer was extracted with n-heptane (2 volumes). The
combined organic layer was washed with 2 N aqueous NaOH (2 volumes). The organic layer
was washed with 15% aqueous NaCl (2 volumes) two times. The organic layer was concentrated
to 3 volumes. Toluene (3 volumes) was added and continued to concentrate to 3 volumes. The
toluene solution of INTQ-7 was used for next step directly.

[0191] Step 8: Synthesis of INTQ-8
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O
JSt T
OEt ——m8M8M88™ ™
oY o

OEt

INTQ-7 INTQ-8
[0192] Amberlyst-15 (3.8 Kg, 0.1 wt) was added to toluene (760 L, 20 volumes). The system
was heated to 110 °C under Nz protection. The solution of INTQ-7 (38 Kg/Batch, 3 batches, 1.0
equiv) in toluene was dropwise added while maintaining the temperature at 105~110 °C. The
reaction system was concentrated under constant pressure at 105~110 °C to 17 volumes after
reacting 1 hour. Toluene (3 volumes) was charged to the system. The reaction mixture was
cooled to 20~40 °C after reaction completion as monitored by HPLC. The mixture was filtered
through Celite (0.1 wt) and the filter cake was washed with toluene (0.5 volumes). The filtrate
was washed with 2 N aqueous NaOH (2 volumes). The organic layer was washed with 20%
aqueous NaCl (2 volumes) two times. The organic layer was concentrated to 2 volumes. The
crude product was distilled below 110 °C to given INTQ-8 as off-white solid (43 Kg,
Yield=61.2%, Purity>98.0%.
[0193] Step 9: Synthesis of INTQ-9

0] HO
0] o)

INTQ-8 INTQ-9
[0194] 1-Dodecanethiol (147.0 Kg, 3.5 equiv) was added to a solution of INTQ-8 (43 Kg, 1.0
equiv) in NMP (260 L, 6 volumes). The system was heated to 7545 °C. Sodium ethoxide (69.0
Kg, 3.5 equiv) was added in portions while maintaining the temperature below 120 °C. The
reaction mixture was heated to 13045 °C. The mixture was sampled each hour for HPLC until
the content of INTQ-8<3.0% after reacting for 16 hours at 130+£5°C. The reaction mixture was
cooled to 6045 °C, and then 8 volumes water was charged to the mixture. The reaction mixture
was cooled to 25+5 °C, and then 3 volumes petroleum ether was charged to the mixture. The
mixture was stirred for at least 30 minutes and stood for at least 30 minutes, separated. The
organic phase was temporary storage. The aqueous phase was adjusted to pH=1~2 with 6 N
HCI. The aqueous phase was extracted with 5 volumes and 3 volumes ethyl acetate,
respectively. The residue aqueous was combined with the temporary organic phase, and then 4
volumes ethanol and 4 volumes petroleum ether were charged. The mixture was stirred for at
least 30 minutes and stood for at least 30 minutes, and then separated. The aqueous phase was
adjusted to pH=1~2 with 6 N HCI. The aqueous phase was extracted with 5 volumes ethyl
acetate. The organic phase of ethyl acetate was combined and concentrated to 3 volumes under
pressure below 50°C. 5 volumes n-heptane was charged to the residue and the mixture was

adjusted to PH=9~10 with 5% NaOH. The mixture was stirred for at least 30 minutes and stood
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for at least 30 minutes, separated. The aqueous phase was adjusted to pH=1~2 with 6 N HCI.
The aqueous phase was extracted with 5 volumes and 3 volumes ethyl acetate, respectively.
Then the organic phases of ethyl acetate were combined and washed with 6 volumes 10% H2O2
and con. HCI (0.15 wt). Then the organic phase was washed with 6 volumes 5% H202 and con.
HCI (0.15 wt). The organic layer was washed with 4 volumes 5% NaxSQO3.The organic layer was
washed with 3 volumes brine three times. The organic layer was concentrated to 3 volumes.
Dichloromethane (5 volumes) was added and continued to concentrate to no obvious fraction.
The crude product of INTQ-9 was used for next step directly.

[0195] Step 10: Synthesis of INTQ-10

HO TMSO
&, T
0 O

INTQ-9 INTQ-10

[0196] EtsN (48.2 Kg, 2.0 equiv) was added to the solution of INTQ-9 (32 Kg, 1.0 equiv) in
dichloromethane (10 volumes) below 40°C. The mixture was cooled to -5+5 °C. TMSCI (1.3
equiv) in dichloromethane (1 volumes) was dropwise added while maintaining the temperature
at -5+5 °C. The mixture was sampled each hour for gas chromatography until the content of
INTQ-9 < 2.0% after reacting for 1 hour at -5+5°C. The mixture was concentrated to 3 volumes
under pressure below 40°C. 15 volumes of n-hexane was charged to the residue and the mixture
was stirred for at least 30 minutes. The mixture was filtered and the filtrate was concentrated to
no obvious fraction under pressure below 40°C. The crude product was distilled below 120 °C to
given INTQ-10 as light yellow oil (40 Kg, Yield=81.4%, Purity>97.5%).

[0197] Step 11: Synthesis of INTQ-11
N,CHCOEt
Cu triflate toluene complex

TMSO .
\CE\> /(S,S)-Evansligand  TpmsoO o~
O DCM

)
INTQ-10 INTQ-11

[0198] INTQ-10(20 Kg/Batch, 2 batches, 1.0 eq) in dichloromethane (5 volumes) was slurried
with Cul (0.1 wt) for 2~3 hours at 25+5°C. Copper (1) triflate (2:1 complex with toluene, 0.11%
wt) and (S,S)-2,2-Bis (4-phenyl-2-oxazolin-2-yl)propane(0.15% wt) were stirred in
dichloromethane (4 volumes) at 20~30°C under Nz atmosphere for 2~3 hours. The solution of
INTQ-10 in dichloromethane was added through microspores filter, the solution of ethyl
diazoacetate (2.0 eq) in dichloromethane (10 volumes) was dropwise added slowly in 15~25
hours at 20~30 °C. The mixture was stirred for 30~60 minutes at 20~30°C, the mixture was
washed with 4 volumes 0.05N aqueous disodium edetate dihydrate three times at 20~30°C. The

organic section was washed with 3 volumes 25% aqueous NaCl two times. The organic section
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was concentrated under vacuum below 35°C until the system was not more than 3 volumes. The
crude product of INTQ-11 was used for next step directly.
[0199] Steps12 &13: Synthesis of INTQ-13

(o] (o] (o]
TMSO@?V)LO/\ HCW EtoH HOWOH Teonstalizator. HO\C{y"‘“\OEt
(o] (o] O

INTQ-11 INTQ-12 INTQ-13
[0200] Step 12: The crude product of INTQ-11 was dissolved in methanol (3 volumes), 38%
HCl in EtOH (0.1 volumes) was added into the mixture and stirred 2~3 hours at 20~30 °C. EtsN

was dropwise added into the mixture to adjust PH=7. The mixture was concentrated under
pressure to 2 volumes. Ethyl acetate (2 volumes) was charged and continued to concentrate
under pressure to 2 volumes. N-heptane (2 volumes) was charged and continued to concentrate
under pressure to 2 volumes. Dichloromethane (2 volumes) was charged for the material was
dissolved completely. The residue was purified by silica gel chromatography (eluted with
EtOAc: PE=1:5, about total 100 volumes) to give INTQ-12 as a yellow solid.

[0201] Step 13: INTQ-12 was charged to EtOAc (1.5 volumes) and n-heptane (20 volumes),
the mixture was heated to 75~85°C until to clear. The clear solution was stirred for 1 hour at
75~85°C and then gradually cooled to 15~20 °C. The mixture was filtered and washed with n-
heptane (2 volumes) to afford the product. The wet product was dried at 55+5°C for at least 16
hours to give INTQ-13 as light yellow to off-white solid.

[0202] Steps 14&15: SFynthesis of INTQ-15

9 o
(|)J\ L A0 -“‘J\OEt A0 "‘M\OH
. INTQ-6 2M NaOH
HO S Ot ——————— = N& | m —a> Na | \Croy
CS,C0O;, DMF THF
1) HN HN
INTQ-13 © NTQ4 O INTQ15

[0203] Step 14: INTQ-13(16 Kg, 1.0 equiv) and INTQ-6 (12.7 Kg, 1.05 equiv) were added to
DMF (5 volumes). The system was heated to 55+5 °C. Cesium carbonate (29.6 Kg, 1.25 equiv)
was added. The reaction mixture was heated to 110+5 °C. The mixture was sampled each hour
for HPLC until the content of INTQ-13<0.5% after reacting for 2 hours at 110+5°C. The
reaction mixture was cooled to 30+5 °C, and then adjusted to pH=6 with acetic acid (5 wt) at
3045 °C. Water (30 volumes) was added to the mixture at 25+5 °C. The mixture was stirred for
1~2 hours and filtered to afford wet product. The wet product was re-slurry with water (5
volumes). The filter cake was used for next step directly.

[0204] Step 15: The wet product of INTQ-14 was added to mixture of 1 N NaOH(10 volumes)
and THF (20 volumes). The system was stirred at 25+5 °C. Sample each hour for HPLC until
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the content of INTQ-14<0.5% after reacting for 4 hours at 25+5°C. The system was adjusted to
pH= 4~5 with 4 N HCI at 25+5°C and stirred for 1 hour. The system was concentrated to 8
volumes under pressure below 50°C and then filtered to afford wet product. The wet product
was re-slurry with THF (10 volumes). The mixture was stirred for 1~2 hours and filtered to
afford the wet product. The wet product was dried at 55+5°C for at least 30 hours to give INTQ-
15 as light brown to off-white solid.

[0205] Steps 16&17&18 Synthesis of INTQ 18

%CW i %CW - %CW %“@W

© wra-ts INTQ-t6 INTQ-17 INTQ-18
[0206] A reactor was vacuumed to <-0.08 MPa and then charged with inert nitrogen to
atmosphere. 1,4-dioxane (10.0 volumes), INTQ-15 (3.6kg, 1.0 eq) were added to the reactor.
The mixture was concentrated to 6.0-6.5 volumes below 50 °C and the mixture was sampled for
the content of water. Et3N (1.1 eq) was charged to the reactor. The mixture was heated to 30+5
°C, and DPPA (1.1 eq) was dropwise added into the reactor. The mixture was sampled for
HPLC analysis after reacting 2 hours at 30+5°C until the content of INTQ-15 <1.0%. The
solution of INTQ-16 was obtained.
[0207] Another reactor was vacuumed to < -0.08 MPa and then charged with inert nitrogen to
atmosphere. 1-BuOH (20.0 volumes), (Boc)20 (0.5 eq), and DMAP (0.02 eq) were charged to
the reactor. The mixture was heated to 85+£5°C, stirred for at 2~3 hours and the mixture was
sampled for the content of water. The criterion is KF < 0.01%. The solution of INTQ-16 was
dropwise added into the above reactor of +-BuOH system at 85+5°C (duration of at least 3
hours). The mixture was sampled for HPLC analysis after react 2 hours at 85+5°C until the
content of INTQ-16 < 1.0%. The mixture was then cooled to less than 50°C, and concentrated
to 3.0-4.0 volumes below 50°C.
[0208] DCM (10.0 volumesx2) was charged to the residue and the mixture was concentrated to
3.0-4.0 volumes below 50°C. DCM (10.0 volumes) was charged to the residue. Then 1 wt%
NaOH aqueous (20.0 volumes) was charged to reactor and stir at 25+5°C at least 1 hours. The
mixture was filtered through Celite and then separated. The organic phase was washed with
water (5.0 volumes) and separated. The organic phase was further washed with 25 wt% brine
(5.0 volumes) and separated through silica gel to remove some impurities. The organic phase
was concentrated to 6.0-7.0 volumes below 40°C. DCM was charged to 7.0 volumes. The
mixture was then cooled to no more than 15°C, and hydrochloric acid (1.2 volumes) was added
dropwise to the reactor at the temperature not more than 15°C. The mixture was sampled for
HPLC analysis after reacted 3 hours at 15+5°C until the content of INTQ-17 < 4.0%. The
mixture was heated to 25+5°C, water (3.0 volumes) was added to the reactor.

33



10

15

20

25

30

WO 2020/151756 PCT/CN2020/073944

[0209] INTQ-16:'"H NMR (400 MHz, DMSO-d6) & 10.48 (s, 1H), 7.95 (d, J = 5.6 Hz, 1H),
7.34(d, J=2.4 Hz, 1H), 7.05 (d, J = 8.4 Hz, 1H), 7.00 (dd, J = 8.8, 2.4 Hz, 1H), 6.25 (d, J = 5.6
Hz, 1H), 5.42 (d, J = 5.2 Hz, 1H), 3.56 (dd, J = 5.2, 2.8 Hz, 1H), 2.92 (t, J = 7.6 Hz, 2H), 2.54
(d, J=8.0 Hz, 2H), 1.51 (d, J = 3.2 Hz, 1H). MS: M/e 364 (M+1)".

[0210] INTQ-17: '"H NMR (400 MHz, DMSO-d6) & 10.49 (s, 1H), 7.94 (d, J = 6.0 Hz, 1H),
7.34 (s, 1H), 7.18 (s, 1H), 6.96 — 6.83 (m, 2H), 6.22 (d, J = 5.6 Hz, 1H), 4.86 (d, J = 5.6 Hz,
1H), 2.92 (t, J = 7.6 Hz, 2H), 2.86 (d, J = 4.8 Hz, 1H), 2.54 (t, J = 7.6 Hz, 2H), 2.12 (s, 1H),
1.39 (s, 9H). MS: M/e 410 (M+1)".

[0211] pH adjustment process: The solution of 4wt% NaOH aq. was added dropwise into the
reactor to adjust pH value to 2.7-3.1. If pH > 3.1, hydrochloric acid (0.2 volume) was charged,
then the solution of 4 wt% NaOH aq. was dropwise added into the reactor to adjust pH value to
2.7-3.1 (Precision pH test paper, range 2.7-4.7); the mixture was separate and the emulsion
phase was collected as aqueous phase. The mixture was filtered through Celite, and the resulting
aqueous phase was washed with DCM (2.0 volumes) once. Into the remaining aqueous phase in
the reactor, DCM (6.0 volumes) and EtOH (5.0 volumes) were charged. 10.0wt% NaxCOs3
solution was added dropwise into the reaction to adjust the value of pH to 8-9 at 25+5°C. The
mixture was stirred for 10-15 min and stood for 10-15 min. The mixture was separated and the
aqueous phase was extracted with DCM (4.0 volumes) for 2 times. The organic phase was
combined and washed with water (2.0 volumes), separated and the organic phase was washed
with 25 wt% brine (5.0 volumes) once. The organic phase was concentrated to 3.0-4.0 volumes
below 45°C, then n-heptane (4.0 volumes) was charged to the residual. The mixture was
concentrated to 3.0-4.0 volumes below 45°C, and then n-heptane (4.0 volumes) was charged to
the residual. The mixture was concentrated to 3.0-4.0 volumes below 45°C. The residual was
cooled to 25+5°C, and then centrifuged and the solid was washed with n-heptane (2.0 volumes).
The cake was transferred to a vacuum oven and the mixture was sampled for Loss on Drying
(LOD) until LOD < 1.0% after dry for 4 hours at 4545 °C (box temperature). The purity of
INTQ-18 (2.25kg) was reported. The product was packaged in double LDPE plastic bags and
stored at 2-30°C.

[0212] INTQ-18: 'H NMR (400 MHz, DMSO-d6) § 10.81 (s, 1H), 8.87 (s, 3H), 8.05(d, J=6.0
Hz, 1H), 7.33 (t, J= 1.2 Hz, 1H), 7.07 - 6.95 (m, 2H), 6.34 (d, /= 6.0 Hz, 1H), 5.24 (d, /J=6.0
Hz, 1H), 3.32 (dd, J = 6.0, 2.0 Hz, 1H), 2.97 (t, J = 7.6 Hz, 2H), 2.59 (t, J = 7.6 Hz, 2H), 2.46 (s,
1H). MS: M/e 310 (M+1)".

[0213] Step 19: Synthesis of INTQ-19

34



10

15

20

25

WO 2020/151756 PCT/CN2020/073944

THF/H,0,NaHCO5

INTQ-19
[0214] The reactor was vacuumed to < -0.08 MPa and then charged with inert nitrogen to
atmosphere. THF (6.0 volumes), H20 (3.0 volumes), 2,4,5-trifluoroaniline (1.0eq), NaHCO3
(1.2eq) were charged to the reactor. The mixture was cooled to 0°C, phenyl chloroformate was
added slowly at 0+5°C. The mixture was stirred for at least 2 hours. The mixture was sampled
for LCMS until 2,4,5-trifluoroaniline < 0.2%. EA (15.0 volumes) was then added. The organic
phase was washed with H20 (5.0 volumes), and then washed with Swt% HCI aq. (5.0 volumes)
for 2 times, washed with Sat. NaCl (5.0 volumes) for 2 times. The organic phase was
concentrated to 10.0 volumes below 45°C. N-heptane (10.0 volumes) was charged to the
residual. The mixture was concentrated to 10.0 volumes, and then n-heptane (10.0 volumes)
was charged to the residual. The mixture was concentrated to 10.0 volumes and centrifuged and
the solid was washed with n-heptane (2.0 volumes). The cake was sampled for LCMS analysis
with the criterion of INTQ-19 > 99%. The cake was then transferred to a vacuum oven and
sampled for LOD until LOD < 2.0% after dry for 10 hours at 35+5°C (box temperature). The
purity of INTQ-19 was reported. The product was packaged in double LDPE plastic bags and
stored at 2-30°C.
[0215] INTQ-19: 'H NMR (400 MHz, DMSO-d6) § 10.20 (s, 1H), 7.82 (dt, ] = 12.0, 8.0 Hz,
1H), 7.66 (td, J =10.8, 7.6 Hz, 1H), 7.44 (t, ] = 7.6 Hz, 2H), 7.33 — 7.20 (m, 3H).
[0216] Step 20: Syntheses of Crystalline Form of Compound 1 (Form A)

H
F N_ _O
LY @ F
O ~NHz F F O ﬁ
| m INTQ-19 F

0 DMSO

O |NTQ-18 Compound 1 (Crystalline Form A)

[0217] The reactor was vacuumed to < -0.08 MPa and then charged with inert nitrogen to
atmosphere. DMSO (9.0 volumes), INTQ-18 (1.63kg, 1.0eq) and N-methyl morpholine (1.0eq)
were charged to the reactor. The mixture was stirred for at least 0.5 hour at 20+5°C. INTQ-19
(1.27kg, 0.9eq) was charged to the reactor at 20+5°C. The mixture was sampled for HPLC
analysis after reacting for 3 hours at 20+5°C until the content of INTQ-19 <0.3%. After the
completion of the reaction, the mixture of Compound 1 was dropwise added through microfilter

into solution of 0.5% hydrochloric acid which was also filtered through a micron filter (30.0
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volumes) slowly at 20+5°C. The mixture was stirred for at least 4 hours, and centrifuged. The
filter cake was washed with purified water (5.0 volumesx2).

[0218] Slurry procedure: DMSO (9.0 volumes) and 0.5% hydrochloric acid were charged
through a micron filter (30.0 volumes) to a reactor, and the filter cake was charged to the reactor
and the mixture was stirred for at least 4 hours at 20+5°C, and then centrifuged. The filter cake
was washed with purified water (5.0 volumesx2). The cake was sampled for HPLC analysis
with the criterion of Compound 1 >98.0% If Compound 1<<98.0%, “Slurry procedure” is
repeated. Purified water (40.0 volumes) and filter cake were charged to a reactor, and the
mixture was stirred for at least 4 hours at 20+£5°C, and then centrifuged. The filter cake was
washed with purified water (5.0 volumesx2). The cake was then dried under vacuum at 45+5°C
for at least 8 hours until LOD<3.0%. If the solvent residue cannot meet the criteria, removal of
residual solvent by slurry: purified water (40.0 volumes) and product were charged to a
reactor, and the mixture was stirred for at least 4 hours at 20+5°C, and then centrifuged. The
filter cake was washed with purified water (5.0 volumes=2). The cake was dried under vacuum
at 45+5°C for at least 8 hours until LOD<3.0%. The cakes were sampled for solvent residue. If
solvent residue cannot meet criteria, the procedure “removal of residual solvent by slurry” is
repeated until solvent residue meets the criterion. The material was sampled for HPLC analysis
with the criterion of Compound 1 > 98.0% purity (2.02 kg) and the criterion of impurity-1 less
than 0.5%. HPLC analysis determined that the content of Impurity-1 was less than 0.1% herein.
The product was packaged in double LDPE bags with desiccant, stored at room temperature.
[0219] Compound 1: 'H NMR (400 MHz, DMSO-d6) & 10.47 (s, 1H), 8.54 (s, 1H), 8.23 — 8.07
(m, 1H), 7.96 (d, J=5.6 Hz, 1H), 7.65 - 7.51 (m, 1H), 7.23 (s, 1H), 7.01 (d, J = 2.0 Hz, 1H),
6.96 — 6.87 (m, 2H), 6.25 (d, /= 5.6 Hz, 1H), 498 (d, J = 6.0 Hz, 1H), 2.97 (dd, J = 5.6, 1.6 Hz,
1H), 2.93 (t, J = 7.6 Hz, 2H), 2.54 (1, J = 7.6 Hz, 2H), 2.26 (s, 1H).

[0220] The resulting powder prepared in Example 1 was evaluated to amorphous or crystalline
nature by the X-ray powder diffraction (XRPD) pattern technique. The resulting powder
prepared in Example 1 was determined to be crystalline (sometimes referred to as “Form A”
throughout the application) as evidenced by the crystalline peaks in the XRPD pattern in Figure
1. The resulting power was also characterized by 'H-NMR spectra and *C-NMR spectra, as
shown Figure 16 and Figure 17, respectively.

[0221] The XRPD Pattern of the crystalline form of Compound 1 (Form A) has the following
characteristic peak diffraction angles (where “spacing” is shown as the “d-value” in Figure 1):

Table 1: XRPD Pattern of Crystalline Form of Compound 1 (Form A)

Peak # | Diffraction angle (2-theta) | Spacing Relative intensity
1 4.709 18.75067 17.7
2 9.364 9.43727 95.9
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3 10.189 8.6743 3.4

4 13.636 6.48883 234
5 14.042 6.30209 100
6 14.884 5.94706 44.6
7 15.59 5.67936 26.3
8 17.226 5.14372 11.8
9 17.417 5.08759 12.1
10 18.747 4.72958 213
11 19.966 4.44356 20.2
12 20.396 4.35075 229
13 21.176 4.1922 67.1
14 22311 3.98139 27.9
15 24.346 3.65307 59.1
16 24.665 3.60654 515
17 25.071 3.54907 435
18 25.492 3.49136 321
19 26.756 3.32928 17.2
20 27.347 3.25857 19.1
21 27.71 3.20988 18.1
22 28.584 3.12038 18

23 29.081 3.06817 44 .4
24 30.199 2.95703 22.2
25 31.826 2.80946 12

26 31.992 2.79533 10.3
27 33.119 2.70273 3.8

28 34.099 2.62723 11.3
29 34.61 2.58964 13.1

[0222] Long-term stability of Form A

[0223] The long-term stability studies of Form A showed there was no significant chemical
purity change occurred when stored at 25°C°C/60%RH for up to 24 months (total impurities: TO
=1.0% and T24 = 1.0%) and at 40°C / 75%RH condition for up to 6 months (total impurities:
TO =1.0% and T6 = 1.0%). In addition, no optical purity changes were observed when stored at
25°C°C/60%RH for up to 24 months and at 40°C / 75%RH condition for up to 6 months. The
XRPD data of the testing sample showed that Form A was stable at 6 months at 40°C/75%RH
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condition and Form A was also stable at 6 months at 25°C /60%RH condition but changed to the
crystalline form (sometimes referred to as “Form A*”) at 12 months.
[0224] The XRPD pattern of Form A* is shown Figure 2. The XRPD pattern of Form A* has

the following characteristic peak diffraction angles (where “spacing” is shown as the “d-value”

in Figure 2):

Table 2: XRPD Pattern of another crystalline form of Compound 1 (Form A*)
Peak# Diffraction angle (2-theta) | Spacing Relative intensity
1 921 9.59050 76.3%
2 10.76 821514 2.4%

3 12.26 7.21638 1.3%
4 13.95 6.34232 100.0%
5 15.37 5.75948 41.0%
6 16.46 5.38091 3.2%
7 18.14 488565 6.1%
8 18.72 473555 17.7%
9 19.29 459811 8.6%
10 19.79 448301 9.9%
11 20.53 432170 41.1%
12 21.64 4.10256 5.7%
13 2231 3.98220 5.8%
14 23.17 3.83593 1.8%
15 23.97 3.70913 30.0%
16 24.93 3.56837 30.0%
17 26.69 3.33777 3.9%
18 27.80 3.20666 2.7%
19 28.72 3.10596 14.7%
20 29.37 3.03820 14.9%
21 30.92 288941 2.2%
22 33.23 2.69417 1.9%
23 37.87 2.37384 1.1%
24 38.15 2.35726 1.1%

[0225] The stability studies showed that Form A is chemically stable and can be stored for over
12 months without obvious decomposition.

[0226] Hygroscopicity of Form A was also assessed via dynamic vapor sorption (DVS) as
shown in Figure 19. Figure 19 shows that Form A is moderately hygroscopic with the weight
gain of 4.96% at 80%RH.

[0227] As will be discussed in the preclinical study below, the oral absorption of Form A was
relatively poor in rats with a bioavailability of 21%, partially due to the low solubility of Form
A (which was found to be less than 0.1 ug / mL in water).

[0228] Due to the low bioavailability observed in preclinical study, Form A therefore has
limited use for direct pharmaceutical formulation. However, Form A is a good candidate for

purifying API and used as the starting materials for manufacturing the amorphous solid
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dispersion due to the above-mentioned long-term stability of Form A (i.e., no significant
chemical purity change occurred when stored at 25°C°C/60%RH for up to 24 months and no
optical purity changes were observed when stored at 25°C°C/60%RH for up to 24 months and at
40°C / 75%RH condition for up to 6 months). Although the change of the crystalline form (i.e.,
from Form A to Form A*) has been observed at 12 months at the above-mentioned condition,
the long-term storage (i.e., 24 months) had no impact for the later amorphous MBP manufacture
because Compound 1 is dissolved in DMA anyway before co-precipitation occurs.

[0229] The physicochemical properties of Form A prepared in Example 1 is summarized in
Table 3.

Table 3: The main physicochemical properties of Form A
[Properties [White to off-white solid
Solubility * The solubility in 0.1N HCl and pH 1.2 buffer solutions are 0.02 mg / mL and 0.015 mg / mL,
respectively, while the solubility in water, pH 4.5 buffer solution, pH 6.8 buffer solution, pH
7.4 buffer solution, 5% Pluronic F68, and n-heptane is less than 0.1 ng / mL. Surfactants have
ffound to improve the solubility to some extent, especially sodium lauryl sulfate (SLS) and
hexadecyl trimethy]l ammonium bromide (HTAB), 5% SLS and 5% HTAB increased the
solubility to 1 mg / mL and 0.96 mg / mL. 20% hydroxypropyl-B-cyclodextrin (referred to as
IHP-B-CD) can increase the solubility of Form A up to 0.55mg / mL. The solubility in 20%
sulfobutyl ether-p-cyclodextrin (abbreviated as SBE-f-CD) is 0.55 mg / mL. Inboth DMSO
land DMA, the sample of Form A was completely dissolved within 2 hours, with concentrations
lgreater than 95.42 mg / mL (DMSO) and 371.83 mg / mL (DMA), respectively.
[Hy groscopicity The DVS results show that Form A is moderately hy groscopic with a sample weight gain of
4.96% at 80% relative humidity.
Thermogravimetric Analysis  [The TGA results show that there is a total of 2.23% weight loss (two weight losses, 1.482%
(TGA) and Differential land 0.7509%, respectively) before sample decomposition. The DSC plot shows multiple
Scanning Calorimetry (DSC)  |thermal events.
IXRPD (XRPD): Compound 1 Crystal Form A has unique diffraction peaks.
[Particle size distribution ID90 = 62.382 pm

* The procedure of measuring solubility: About 5 mg of drug substance is weighed into 4 mL
sample vials and then 1 mL of water, 0.1N HCI solution and buffers (pH1.2, pH4.5, pH6.8 and
pH7.4) are added, respectively. The samples are placed into shaker and are kept shaking with
the rate of 200 rpm at 25 °C. At 2 and 24 hours, the samples are filtered and diluted to
appropriate concentrations. The solubility of the drug substance is then analyzed by HPLC.

Example 1B
[0230] The intermediate INTQ-20 was synthesized in a similar manner to Example 1A, step 19,
and then subjected to a condensation reaction with the intermediate INTQ-18 to obtain

Compound 1.

o NHHCI

N
N~ d

F NHz  op N HN
RN O b/ hid INTQ-18
F F CH,Cl, e 0] o Compound 1
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[0231] However, INTQ-20 is unstable and most of the products comprising INTQ-20 are by-
product Impurity-2, and Impurity-3 (possibly due to the reaction of the methanol used in the
LCMS mobile phase for separating the intermediate INTQ-20).

H H
boansd FIIHTO\
F FOF F o F £ O
Impurity-2 Impurity-3
[0232] Although the synthesis route was optimized, that is, the intermediate INTQ-20 reaction

solution and the intermediate INTQ-18 were directly subjected to one-pot reaction, the product

still contained a large amount of Impurity-2.

Example 1C
[0233] The intermediate INTQ-21 was synthesized in a similar manner to Example 1A, step 19,

and then subjected to a condensation reaction with the intermediate INTQ-18 to obtain

Compound 1.
NH,HCl
e
N =~ 1)
e
F F E FO --------------------- / ------- =  Compound 1
INTQ-21

[0234] However, the formation of Compound 1 was not detected at room temperature when the
intermediate INTQ-21 was subjected to a condensation reaction with the intermediate INTQ-18;

no Compound 1 was found even the reaction was carried out at the temperature of 100°C.

Example 1D
[0235] The intermediate INTQ-22 was synthesized in a similar manner to Example 1A, step 19,

and then subjected to a condensation reaction with the intermediate INTQ-18 to obtain

Compound 1.
NHHCI
N
RAS! SO
Y NO, HN
F NH, H INTQ "8
j@[ NaHCO3,THF/H20 F. N\n/o 0 y
----------------- * Compound 1
F F F: : :F © : “NO,
INTQ-22

[0236] However, INTQ-22 was not successfully isolated from the synthesis of the intermediate
INTQ-22. The isolated products are mainly Impurity-2 (possibly due to the reason that the p-
nitrophenol group can easily be removed so that Impurity-2 can easily be formed from the active

ester and other trifluoroaniline molecule) and p-nitrophenol.
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Example 2
Single Crystal of Compound 1 (Form A**)

[0237] The plate-shaped single crystals of Compound 1 EtOAc solvate used for single crystal
X-ray diffractometry characterization were crystallized from EtOAc solvent by slow
evaporation. The experimental details are elaborated below. First, 1.8 mg Compound 1 was
weighed into a 3-mL glass vial with the addition of 0.5 mL EtOAc solvent. After being
oscillated on a vortex and ultrasonically shaken to accelerate dissolution, the suspension was
filtered through PTFE filter membrane (0.45 uM) and the filtrate was transferred to a clean 4-
mL shell vial (44.6 mm x 14.65 mm). Subsequently, the shell vial was sealed by the PE-Plug
with one pinhole on it and placed in the fume hood for slow evaporation at ambient temperature
and humidity. After six days, plate-shaped crystal sample (CP ID: 810323-A4) was obtained.
[0238] The structure of the plate-shaped crystal was determined using a set of diffraction data
collected from a single crystal grown by slow cooling in EtOAc and was referred to as single
crystal of Compound 1 or Form A**_ Crystal data and structure refinement of Form A** are
listed in Figure 3-6.

Table 4: Single Crystal Data and Structure Refinement of Form A**
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[0239] As shown in Figure 3, the asymmetric unit of the single structure is comprised of two
independent Compound 1 molecules and two EtOAc solvent molecules, indicating the crystal is
EtOACc solvate of Compound 1. The single crystal structure determination confirmed the
absolute configuration of Compound 1 as {C15(S), C16(S), C17(S)}, when taking Compound 1
molecule as example. The unit cell of the single crystal is comprised of four Compound 1
molecules and four EtOAc solvent molecules, as shown in Figure 4. The potential classic H-
bonds in the single crystal structure is shown in Figure 5. Theoretical XRPD pattern of single
crystalline form of Compound 1 (i.e., Form A**) calculated using the MERCURY software is
shown in Figure 6.

Example 3

Preparation of Neat Amorphous Form of Compound 1 (Form B)
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E
fR
\N\‘(
o ° S F F
N Z F CH2CI2/MeOH
T
HN Spray-Drying
o}

Compound 1 (Neat Amorphous Form B)
Compound 1 (Crystalline Form A)

[0240] A solution of Form A of Compound 1 in DCM/MeOH (2:1) was spray-dried to give a
white powder. The conditions of spray drying were as follows: A solution of Form A (2.0 g) of
Compound 1 in 100 mL of a mixed solvent (DCM/MeOH = 2:1 by volume) was sprayed by a
spray dryer (BUCHI-290 & BUCHI-295). The powder of the product was dried by infrared
lamp at 50°C for 16 hours. 1.06 g powder was obtained. The operating parameters of the spray
dryer (BUCHI-290 & BUCHI-295) were as follows: inlet temperature: 60°C; outlet temperature:
35°C, Aspirator: 100 %; pump%: 15%; nozzle cleaner: 2.

[0241] The XRPD pattern method was used to characterize the structure of the resulting
powder, which was confirmed to be amorphous, as Figure 7 has no any peak diffraction angles.
The amorphous form of Compound 1 is referred to as Neat Amorphous Form of Compound 1 or
Form B throughout the application. '"H-NMR spectra for Form B is shown in Figure 21. Form
B was determined as having a glass transition temperature of 138.3 °C. The sample was a white
powder with particle sizes of D90= 69.9 um, D50=3.5 pm, D10=1.4 ym. The XRPD data of
the testing sample showed that Form B was stable at 14 days at 40°C/75%RH condition as the
XRPD pattern data of the testing sample at 14 days in Figure 29 did not show any crystalline
peaks.

[0242] Although the neat amorphous form of Compound 1 was found to have a relatively high
bioavailability compared with the crystalline form (i.e. Form A), the long-term stability of Form
B is not certain.

[0243] Throughout the specification of the present application, HPMCAS-LF, HPMCAS-MF
and HPMCAS-HF are commercially available from Shin-Etsu Chemical Co. Ltd unless

indicated otherwise.

Example 4

Preparation of Amorphous Solid Dispersion of Compound 1 (Form C)

m F HPMCAS MF m
(HPMCAS-MF)m

8 Compound 1

Formula |

[0244] The amorphous solid dispersion of Compound 1 as microprecipitation bulk powder was
prepared as follows: Form A of Compound 1 as a poorly soluble drug and Hypromellose acetate
succinate (HPMCAS-MF) in a ratio of 3:7 (w/w) were dissolved in DMA or DMF. The
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resulting solution was added into a stirred acidic aqueous solution (0.01 N HCI) cooled at 2-8
°C. The drug was then co-precipitated out with HPMCAS from the acidic aqueous solution.
After further stirring and filtering, the resulting solid was washed a few times with 0.01 N HCI
solution and water, and then dried under vacuum at below 50 °C to give a microprecipitation
bulk powder suitable for drug product manufacture.
[0245] The resulting powder was evaluated by the XRPD pattern technique to determine its
amorphous nature. As Figure 8 does not show any crystalline peaks, the powder was
determined to be amorphous (referred to as Form C or amorphous solid dispersion of Compound
1 of Form C). Form C was determined as having the glass transition temperature of 112.5 °C.
The drug loading was determined as 29.0%. The particle sizes were D90=173.3 um, D50= 60
um, D10=12.3 um. 'H-NMR spectra for Form C is shown in Figure 22. The XRPD pattern data
of the testing sample showed that Form C was stable at 1 month at 40°C/75%RH condition in as
the XRPD pattern data of the testing sample at 14 days in Figure 30 did not show any crystalline
peaks.

Example S

Preparation of Amorphous Solid Dispersion of Compound 1 (Form D)

F

8N
N N
S 0 \g F S 0 \‘g F
N~ F HPMCAS-MF N A F
—_—
HN. )
o}

(HPMCAS-MF)m

Compound 1
Formula |

[0246] The amorphous solid dispersion of Compound 1 as microprecipitation bulk powder was
prepared as follows: Form A of Compound 1 as a poorly soluble drug and Hypromellose acetate
succinate (HPMCAS-MF) in a ratio of 2:3 (w/w) were dissolved in DMA or DMF. The
resulting solution was added into a stirred acidic aqueous solution (0.01 N HCI) cooled at 2-8
°C. The drug was then co-precipitated out with HPMCAS from the acidic aqueous solution.
After further stirring and filtering, the solid was washed a few times with 0.01 N HCI solution
and water and then dried under vacuum at below 50 °C to give a microprecipitation bulk powder
suitable for drug product manufacture.

[0247] The resulting powder was evaluated by the XRPD pattern technique to determine its
amorphous nature. As Figure 9 does not show any crystalline peaks, the powder was
determined to be amorphous (referred to as Form D or amorphous solid dispersion of
Compound 1 of Form D). Form D was determined as having the glass transition temperature of
113.1 °C. The drug loading was determined as 38.1%. The particle sizes were D90= 244.8 um,
D50=81.4 um, D10=16.2 um. 'H-NMR spectra for Form D is shown in Figure 23. The XRPD
data of the testing sample showed that Form D was stable at 7 days at 40°C/75%RH condition in
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as the XRPD pattern data of the testing sample at 7 days in Figure 31 did not show any
crystalline peaks.

Example 6
Preparation of Amorphous Solid Dispersion of Compound 1 (Form E)

fo N fo N
~r° \‘g i N ° \‘g F
| |
N A F N A F
HN. HN. (
¢} 0

HPMCAS-LF
[
HPMCAS-LF)m

Compound 1
Formula |

[0248] The amorphous solid dispersion of Compound 1 as microprecipitation bulk powder was
prepared as follows: Form A of Compound 1 as a poorly soluble drug and Hypromellose acetate
succinate (HPMCAS-LF) in a ratio of 1:9 (w/w) were dissolved in DMA or DMF. The resulting
solution was added into a stirred acidic aqueous solution (0.01 N HCI) cooled at 2-8 °C. The
drug was then co-precipitated out with HPMCAS from the acidic aqueous solution. After
further stirring and filtering, the solid was washed a few times with 0.01 N HCI solution and
water and then dried under vacuum at below 50 °C to give a microprecipitation bulk powder
suitable for drug product manufacture.

[0249] The resulting powder was evaluated by the XRPD pattern technique to determine its
amorphous nature. As Figure 10 does not show any crystalline peaks, the powder was
determined to be amorphous (referred to as Form E or amorphous solid dispersion of Compound
1 of Form E). Form E was determined as having the glass transition temperature of 113.8 °C.
The drug loading was determined as 9.3%. The particle sizes were D90=575.8 um, D50=265.9
um, D10=101.4 um. '"H-NMR spectra for Form E is shown in Figure 24. The XRPD data of the
testing sample showed that Form E was stable at 4 months at 40°C/75%RH condition in as the
XRPD data of the testing sample at 4 months in Figure 32 did not show any crystalline peaks.

Example 7

Preparation of Amorphous Solid Dispersion of Compound 1 (Form F)

H

3
H H H
NN N N
oy 1O UL o o
N A F HPMCAS-LF N F
R
HN (HPMCAS-LF)m
o}

Compound 1
0 Formula |

[0250] The amorphous solid dispersion of Compound 1 as microprecipitation bulk powder was
prepared as follows.

[0251] Reactor 1 was vacuumed to <-0.08 MPa and then charged with inert nitrogen to
atmosphere. DMACc (32.9 kg, 25.0 volumes) via a 0.2um micron filter and Hypromellose
Acetate Succinate (HPMCAS-LF) (5.6 kg, 4.0wt) were charged to the reactor. The mixture was
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stirred for at least 2 hours at 20+£5°C until the mixture became clear. Compound 1 (1.4 kg,
1.0wt) was then charged to the reactor, was stirred for at least 10 hours at 20+5°C until the
system became clear, labeled as System A.

[0252] Reactor 2 was vacuumed to<-0.08 MPa and then charged with inert nitrogen to
atmosphere. 0.01mol/L hydrochloric acid was charged to the reactor via a 0.2um micron filter,
cooled to 0-5°C, labeled as System B.

[0253] Solidification: System A was charged to System B slowly at 0-5°C. The mixture was
stirred for at least 2 hours, was then centrifuged. The filter cake was washed with purified water
(10.0 volumes).

[0254] Slurry with diluted hydrochloric acid: 0.01mol/L hydrochloric acid (125.0 volumes)
was charged via a 0.2um micron filter to the reactor. The above-mentioned filter cake was
charged to the reactor and stirred for at least 2 hours at 10£10°C. The mixture was centrifuged,
and the filter cake was washed with purified water (10.0 volumes). Slurry with diluted
hydrochloric acid was repeated one more time.

[0255] Slurry with purified water: purified water (125.0 volumes) was charged to the reactor.
The above-mentioned filter cake was charged to the reactor and stirred for at least 2 hours at
10£10°C. The mixture was centrifuged, and the filter cake was washed with purified water
(10.0 volumes).

[0256] The cake was then dried with N2 flow at 20+=5°C for at least 10 hours and sampled for
Karl-Fischer Titration Method until the water content <X 1.0%, and sampled for solvent residue
with the criterion of DMAc<:1090ppm. If the solvent residue does not meet the criterion, the
cake is dried again under vacuum at 50+£5°C until the solvent residue meets the criterion.

[0257] The material collected after drying was sampled for HPLC analysis with the criteria
being that the drug loading (%ew/w) is between 19%-21%. The crude product of MBP was
ground and filtered through 60 mesh screen, then jet-milled to D90 < 200pum. The material was
sampled for XRPD pattern analysis to determine the amorphous nature of the powder. The
product was packaged in double LDPE bags sealed with cable ties, encased within a heat-sealed
aluminum foil bag with desiccant, and store at 2-8°C.

[0258] The drug loading was determined as 20.2%. As Figure 11 does not show any crystalline
peaks, the powder was determined to be amorphous (referred to as Form F or amorphous solid
dispersion of Compound 1 of Form F). 'H-NMR spectra for Form F is shown in Figure 18.
Hygroscopicity (i.e., Moisture sorption) of Form F by DVS is shown in Figure 20.

[0259] The long-term stability studies of Form F showed there was no significant chemical
purity change occurred when stored at 25°C°/60%RH for up to 24 months (total impurities: TO
=1.0% and T24 = 0.9%) and at 40°C / 75%RH condition for up to 6 months (total impurities:

TO=1.0% and T6 =1.1%). In addition, no optical purity changes were observed when stored at
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25°C/60%RH for up to 24 months and at 40°C/75%RH condition for up to 6 months. Chiral
purity and polymorph results had no changes when stored at 25°C/60%RH for up to 24 months.
The water content of Form F was reported as 0.70% (initial and at O month), 0.80% (at 1
month), 1.39% (at 3 month), 1.86% (at 6 month), 0.62% (at 9 month), 0.89% (at 12 month),
2.35% (at 18 month) and 0.55% (at 24 month) and the variation of the water content was found
to be consistent with that of environmental humidity and actually had no substantial change
during the 24 month storage period.
[0260] The XRPD data showed that no conversion of amorphous form into crystalline form
occurred after long-term storage at 2-8°C or 25°C/60%RH for 24 months and at 40°C / 75%RH
condition for 6 months.
[0261] To mimic the absorption environment in GI system during oral dosing, an aged MBP
sample was stirred in a buffer of pH 6.8 for 2 hours, the remaining precipitate was filtered,
washed with water and dried in vacuum. The XRPD of the recovered precipitate showed there
was no change of amorphous form in Figure 33. Instead, the neat HPMCAS-LF was dissolved
completely in the same buffer under the same condition. This extraordinary amorphous form
stability plus the favorable physicochemical and mechanistic properties of Form F made it
highly suitable for the drug product manufacture of clinical trial materials or commercial use.
Table 5: Physical stability of Form F sample in pH 6.8 buffer at 37 °C

Sample Weight of Stirred in pH 6.8 Precipitate Analysis

Sample Buffer for 2 h at 37 °C
HPMCAS-LF 500 mg Completely dissolved

in 200 mL of the buffer

Form F (Stored at 250 mg Partially dissolved in The recovered solid was analyzed by:
2-8 °C for 15 100 mL of the buffer. 1) XRPD: Amorphous Form
months; Initial The precipitate filtered, | 2) Assay: Increased from 19.2% to 31.1% by HPLC
Assay by HPLC: washed and dried in
19.2%) vacuum at 50 °C

[0262] It was concluded that the amorphous solid dispersion of Form F is not a simple physical
mixture of Compound 1 and HPMCAS and it has unique physicochemical properties as
summarized in Table 6.

Table 6: The main physicochemical properties of Form F
[Properties IWhite to off-white solid

Solubility The solubility of the sample is directly related to the pH of the solution, with a solubility of 0.24
mg / mL in 0.1 N HCI and less than 5 ng / mL in both pH 4.5 buffer and pH 6.8 buffer. Surfactants
improve the solubility to a large extent, especially sodium lauryl sulphate (SLS) and hexadecyl
trimethyl ammonium bromide (HTAB), 1% SLS and 0.5% HTAB increased the solubility to 0.45
mg / mL and 0.31 mg /mL. At the same time, different concentrations of HTAB have different
effects on solubility.

[Hy groscopicity At 80% relative humidity (RH), the sample had an actual moisture of 81.5% and a moisture
absorption of about 5.425%; the sample was moderately hygroscopic.

Thermogravimetric Analysis|in the TGA and DSC spectra, the sample had 1.438% weight loss before 100°C and the glass
(TGA) and Differential

! ) transition temperature was 111.07 °C.
Scanning Calorimetry (DSC)

Crystal form [Under polarized light microscopy, samples were irregular shape. XRPD (XRPD): MBP Form F is
an amorphous solid.
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[Particle size distribution ID90 =118 um

[Flowability Good

Stability [Form F is in amorphous form for 24 months at long-term condition (25 °C/60%RH) as well as for
6 months at accelerated condition (40 °C/75%RH)

[Bulk density 0.25 g/mL

Tap density 0.42 g/mL

Example 8

Preparation of Amorphous Solid Dispersion of Compound 1 (Form G)

Ho N A
0 \g F N \g F
| |
N A F N A F
HN HN (
o] o}

HPMCAS-LF
E—
HPMCAS-LF)m

Compound 1
Formula |

[0263] The amorphous solid dispersion of Compound 1 as microprecipitation bulk powder was
prepared as follows: Form A of Compound 1 as a poorly soluble drug and Hypromellose acetate
succinate (HPMCAS-LF) in a ratio of 3:7 (w/w) were dissolved in DMA or DMF. The resulting
solution was added into a stirred acidic aqueous solution (0.01 N HCI) cooled at 2-8 °C. The
drug was then co-precipitated out with HPMCAS from the acidic aqueous solution. After further
stirring and filtering, the solid was washed a few times with 0.01 N HCI solution and water and
then dried under vacuum at below 50 °C to give a microprecipitation bulk powder suitable for
drug product manufacture.
[0264] The resulting powder was evaluated by the XRPD pattern technique to determine its
amorphous nature. As Figure 12 does not show any crystalline peaks, the powder was
determined to be amorphous (referred to as Form G or amorphous solid dispersion of
Compound 1 of Form G). Form G was determined as having the glass transition temperature of
111.5 °C. The drug loading was determined as 30.3%. The particle sizes were D90= 181.6 um,
D50=74.1 um, D10=16.4 um. 'H-NMR spectra for Form G is shown in Figure 25.

Example 9

Preparation of Amorphous Solid Dispersion of Compound 1 (Form H)

oo H
H H
N N N N
B o \‘g F B o \\g F
N~ HPMCAS-LF Nz
—_—
HN HN (

HPMCAS-LF)m

Compound 1
Formula |

[0265] The amorphous solid dispersion of Compound 1 as microprecipitation bulk powder was
prepared as follows: Form A of Compound 1 as a poorly soluble drug and Hypromellose acetate
succinate (HPMCAS-LF) in a ratio of 2:3 (w/w) were dissolved in DMA or DMF. The resulting
solution was added into a stirred acidic aqueous solution (0.01 N HCI) cooled at 2-8 °C. The
drug was then co-precipitated out with HPMCAS from the acidic aqueous solution. After further

stirring and filtering, the solid was washed a few times with 0.01 N HCI solution and water and
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then dried under vacuum at below 50 °C to give a microprecipitation bulk powder suitable for
drug product manufacture.
[0266] The resulting powder was evaluated by the XRPD pattern technique to determine its
amorphous nature. As Figure 13 does not show any crystalline peaks, the powder was
determined to be amorphous (referred to as Form G or amorphous solid dispersion of
Compound 1 of Form G). Form G was determined as having the glass transition temperature of
114.2 °C. The drug loading was determined as 39.4%. The particle sizes were D90= 180.4 um,
D50=62.4 um, D10=13.6 um. 'H-NMR spectra for Form G is shown in Figure 26.

Example 10

Preparation of Amorphous Solid Dispersion of Compound 1 (Form I)

3

H H H H
N N

N N
Y T Q\F Y X QF
N F  HPMCAS-LF N _# F

—_
HN. (
o

HPMCAS-HF)m

Compound 1
Formula |

[0267] The amorphous solid dispersion of Compound 1 as microprecipitation bulk powder was
prepared as follows: Form A of Compound 1 as a poorly soluble drug and Hypromellose acetate
succinate (HPMCAS-HF) in a ratio of 1:4 (w/w) were dissolved in DMA or DMF. The
resulting solution was added into a stirred acidic aqueous solution (0.01 N HCI) cooled at 2-8
°C. The drug was then co-precipitated out with HPMCAS from the acidic aqueous solution.
After further stirring and filtering, the solid was washed a few times with 0.01 N HCI solution
and water and then dried under vacuum at below 50 °C to give a microprecipitation bulk powder
suitable for drug product manufacture.

[0268] The resulting powder was evaluated by the XRPD pattern technique to determine its
amorphous nature. As Figure 14 does not show any crystalline peaks, the powder was
determined to be amorphous (referred to as Form I or amorphous solid dispersion of Compound
1 of Form I). Form I was determined as having the glass transition temperature of 111.6 °C.

The drug loading was determined as 19.5%. The particle sizes were D90=217.4 um, D50= 84 .4
um, D10=21 um. '"H-NMR spectra for Form I is shown in Figure 27.

Example 11

Preparation of Amorphous Solid Dispersion of Compound 1 (Form J)

hoHo H H
NN NN
De L {?F Y 1 {?\F
Nz HPMCAS-LF Nz
T -
HN HN ( )
o o

HPMCAS-MF)m

Compound 1
Formula |

[0269] The amorphous solid dispersion of Compound 1 as microprecipitation bulk powder was

prepared as follows: Form A of Compound 1 as a poorly soluble drug and Hypromellose acetate
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succinate (HPMCAS-MF) in a ratio of 1:4 (w/w) were dissolved in DMA or DMF. The
resulting solution was added into a stirred acidic aqueous solution (0.01 N HCI) cooled at 2-8
°C. The drug was then co-precipitated out with HPMCAS from the acidic aqueous solution.
After further stirring and filtering, the solid was washed a few times with 0.01 N HCI solution
and water and then dried under vacuum at below 50 °C to give a microprecipitation bulk powder
suitable for drug product manufacture.

[0270] The resulting powder was evaluated by the XRPD pattern technique to determine its
amorphous nature. As Figure 15 does not show any crystalline peaks, the powder was
determined to be amorphous (referred to as Form J or amorphous solid dispersion of Compound
1 of Form J). Form J was determined as having the glass transition temperature of 115.3 °C.
The drug loading was determined as 18.2%. The particle sizes were D90=273.1 um, D50=
116.8 um, D10=32.9 um. 'H-NMR spectra for Form J is shown in Figure 28.

Example 12

Preparation of Amorphous Solid Dispersion of Compound 1 (Form K)

F

voH H H

NN NN
N L QF N° L \QF
N~ F EudragitL ?J Z F

.
HN. (
Q

Eudragit Lym

Compound 1

o Formula |

[0271] The amorphous solid dispersion of Compound 1 as microprecipitation bulk powder was
prepared as follows: a mixture of Form A of Compound 1 (2.0 g) as a poorly soluble drug and
Eudragit® L100-55 (8.0 g) in DMA (80 mL) was stirred for 16 hrs to give a clear solution A
(thick solution). The resulting solution A was added dropwise by a drop funnel into a 5 °C
mechanical stirred aqueous solution of HC1 (0.01 N, 800 mL). Once addition was finished, all
the solids were adhered to the agitator and could not be dispersed in the solution. It was failed to

prepare Amorphous Solid Dispersion of Compound 1 using Eudragit® L 100-55.

Example 13
Pharmacokinetics of amorphous solid dispersion of Compound 1 as MBP (Form F)

[0272] The fully-validated LC-MS/MS method was well used for the pharmacokinetic (PK)

studies of amorphous solid dispersion of Compound 1 as MBP (Form F) in Sprague-Dawley
rats and beagle dogs following single- and multiple-dose administrations.

[0273] Amorphous solid dispersion of Compound 1 as MBP (Form F) has high oral
bioavailability in both rats (18.4% to 74.8%) and dogs (68.6% to 112%). Its elimination half-

lives ranged from 1.7 to 3.2 hours in rats and 12 to 28 hours in dogs after oral administration.
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[0274] The kinetics was linear over the dose range of 0.5 to 5 mg/kg in rats and 0.2 to 2 mg/kg
in dogs. After multiple dosing, an accumulation (~1.5-fold) was observed in rats. This slight
accumulation was statistically significant in female rats, but not in male rats. No accumulation

was noted after multiple dosing in dogs.

Example 14
Pharmacokinetic Comparison of Form A, B, C, D, E, F. G and H in Rats.

1. Drugs and reagents:

[0275] Powder of Form A with particle sizes of D90= 62.4 pm after micronization. The material

content (purity) was not less than 98.0%.

[0276] Powder of Form B with particle sizes of D90=69.9 um, D10=3.5um, D50=1.4um after

micronization. The material content (purity) was not less than 98.0%.

[0277] Powders of Forms C, D, E, F, G and H with particle sizes of D90 < 600 um after

micronization. The material content (purity) was not less than 98.0%.

2. Experiment animals:

[0278] Rats, male and female, were used in this study.

3. Pharmaceutical preparation:

[0279] An appropriate amount of each substance was weighted and was dispersed in 0.5%

sodium carboxymethyl cellulose. A suspension was prepared at the desired concentration of

Compound 1 for each substance. All the doses and concentrations of Compound 1 were

calculated with freebase in this study.

4. Administration and sample collection:

[0280] The dosing solutions were freshly prepared prior to dose administration. The actual

body weights and actual volume injected were recorded accordingly. The rats were fasted

overnight and were allowed to intake food four hours after dosing. Each suspension was

administrated orally to rats at a dose ranged from 0.5 to Smg/kg. Blood samples (~1.0 mL) were

collected at pre-dose and at different times up to 36 hours post-dosing via cephalic vein plexus.

Whole blood was processed by centrifugation and plasma samples were collected and kept at

freezer prior to analysis. Plasma samples were processed by protein precipitation.

Concentrations of Compound 1 in the plasma samples were determined using a validated liquid

chromatography-tandem mass spectrometry (LC-MS/MS) method. The plasma concentration-

time data were analyzed using a non-compartmental model using Pharsight WinNonlin. The

Cmaxand Area under the concentration-time curve for each substance is shown in Table 7.
Table 7: PK Profiles of Forms A, B, C, D, E, F, G and H of Compound 1 in Rats

[Cmp 1 FormA [FormA [FormB [Form C(Cmp [FormD(Cmp [FormE (Cmp [FormF(Cmp [Form G(Cmp [Form H (Cmp
1:MF = 3:7) [1:MF = 4:6) 1:LF =1:9) 1:LF =1:4) 1:LF =3:7) 1:LF=2:3)
1(I 5 (PO 5 (PO 5 (PO, 5 (PO
IDosage (mpk) w 5 (PO) 15 (PO 5 (PO)Y 5 (PO) ¢0) ¢0) 0 F0)
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[T1/2 (h) 42 2.94 2.47 2.7 P8
Vdss (L/kg) 1.15
B B
ICL(mL-kg -min ) 315
me(ng/mL) 832 2324 2971 R728 1895 3057 2095 2201
T 3
AUC0 (h-ng-mL ) 332 5716 13134 19135 19888 15146 16019 15843 18213
-t
[F(%) 100 21 49 72 75 57 60 59 69

[0281] Compared to the crystalline form (Form A), the neat amorphous form of Compound 1
(Form B) also exhibited higher Cmax (ng/mL), AUCo-inf (ng-h/mL) and F(%). The oral
bioavailability of the neat amorphous form of Compound 1 (Form B) was about 50% of that of
the intravenous injection, while the oral bioavailability of Form A was about 20% of that of the
intravenous injection. Furthermore, the above experiment showed that the Cmax (ng/mL) and
AUCo-inf (ng-h/mL) of Forms C, D, E, F, G and H, i.e., the amorphous solid dispersion solid as
MBP were as high as approximately 2-4 times that of Form A (i.e,, crystalline form). As
compared with the crystalline form, the neat amorphous form of Compound 1 (Form B) also
exhibited higher Cmax (ng/mL) and AUCo.int (ng-h/mL). However, the values of Cmax (ng/mL)
and AUCO-inf (ng-h/mL) of Form B were lower than any of those of the amorphous solid
dispersion solid. Therefore, the amorphous solid dispersion solid as MBP of the present
application have significantly better relative bioavailability than the crystalline form and the

neat amorphous form of Compound 1.

Example 15

Pharmacokinetic Comparison of Form A and Form F in Dogs.

1. Drugs and reagents:

[0282] Powder of Form A with particle sizes of D90= 62.4 pm after micronization. The material
content (purity) was not less than 98.0%.

[0283] Powder of Form B with particle sizes of D90=69.9 um, D10=3.5um, D50=1 .4um after
micronization. The material content (purity) was not less than 98.0%.

[0284] Powder of Form F with particle sizes of D90 <200 um after micronization. The material
content (purity) was not less than 98.0%.

2. Experiment animals:

[0285] Beagle dogs, male and female, were used in this study.

3. Pharmaceutical preparation:

[0286] An appropriate amount of each substance was weighed and was disperse in 0.5% sodium
carboxymethyl cellulose. A suspension was prepared at the desired concentration of Compound
1 for each substance. All the doses and concentrations of Compound 1 were calculated with
freebase in this study.

4. Administration and sample collection:
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[0287] The dosing solutions were freshly prepared prior to dose administration. The actual body
weights and actual volume injected were recorded accordingly. The dogs were fasted overnight
and were allowed to intake food four hours after dosing. Each suspension was administrated
orally to dogs at a dose ranged from 0.5 to Smg/kg. Blood samples (~1.0 mL) were collected at
pre-dose and at different times up to 36 hours post-dosing via cephalic vein plexus. Whole
blood was processed by centrifugation and plasma samples were collected and kept at freezer
prior to analysis. Plasma samples were processed by protein precipitation. Concentrations of
Compound 1 in the plasma samples were determined using a validated liquid chromatography-
tandem mass spectrometry (LC-MS/MS) method. The plasma concentration-time data were
analyzed using a non-compartmental model using Pharsight WinNonlin. The Cmaxand area
under the concentration-time curve for each compound is shown in Table 8.

Table 8: PK Profiles of Form A and Form F in Dogs

Form A Form A
Compound 1 orm orm Form F (Cmp 1:LF =1:4)
Dosage (mpk) 05 (V) 5(PO) 5 (PO)
T1/2 () 11 11 13
Vd_(Likg) 0.97
B T
CL(mL-kg -min ) 122
C (ng/mL) 1121 3738
T
AUC_ (hng-mL) 6874 23367 63598
F(%) 100 34 925

[0288] The above experiment showed that the Ciax (ng/mL) and AUCo.ins (ng-h/mL) of Compound 1
were dramatically improved in Form F (i.e., the amorphous solid dispersion as MBP) as
compared with the crystalline form of Compound 1 (Form A). Therefore, Form F and its
corresponding drug product have significantly better relative bioavailability than the crystalline
form, suggesting the role of the amorphous solid dispersion of Compound 1 in the clinical use.
[0289] The foregoing examples and description of certain embodiments should be taken as
illustrating, rather than as limiting the present invention as defined by the claims. As will be
readily appreciated, numerous variations and combinations of the features set forth above can be
utilized without departing from the present invention as set forth in the claims. All such
variations are intended to be included within the scope of the present invention. All references

cited are incorporated herein by reference in their entireties.
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CLAIMS
WHAT IS CLAIMED IS:
1. A stable amorphous solid dispersion comprising Compound 1 and a stabilizing polymer,
wherein Compound 1 is molecularly dispersed within a polymer matrix formed by the
stabilizing polymer in its solid state.
2. The amorphous solid dispersion according to Claim 1, wherein the stabilizing polymer is
hydroxypropyl methylcellulose acetate succinate (HPMCAS), preferably HPMCAS with a high
ratio of succinoyl substitution to acetyl substitution (S/A ratio).
3. The amorphous solid dispersion according to Claim 1, wherein the stabilizing polymer is
any one of HPMCAS-LF, HPMCAS-MF, or HPMCAS-HF, or a mixture of two or more of the
above substances.
4. The amorphous solid dispersion according to Claim 1, wherein the weight ratio of
Compound 1 in the form of freebase and the polymer is between about 1:9 and about 9:1;
preferably between about 1:4 to about 2:3; preferably about 3.7 or about 1:4; more preferably
about 1:4.
5. The amorphous solid dispersion according to Claim 1, wherein the stable amorphous
solid dispersion has a drug-loading content of about 10% to 40%.
6. The amorphous solid dispersion according to Claim 1, wherein the stable amorphous
solid dispersion comprises Compound 1 in the form of freebase and HPMCAS-MF in a weight
ratio of 3:7; or Compound 1 in the form of freebase and HPMCAS-MF in a weight ratio of 2:3;
Compound 1 in the form of freebase and HPMCAS-MF in a weight ratio of 1:4; Compound 1 in
the form of freebase and HPMCAS-LF in a weight ratio of 1:9; Compound 1 in the form of
freebase and HPMCAS-LF in a weight ratio of 1:4; Compound 1 in the form of freebase and
HPMCAS-LF in weight ratio of 3:7; Compound 1 in the form of freebase and HPMCAS-LF in a
weight ratio of 2:3; or Compound 1 in the form of freebase and HPMCAS-HF in a weight ratio
of 1:4.
7. The amorphous solid dispersion according to Claim 1, wherein the stable amorphous
solid dispersion is prepared by microprecipitated bulk powder (MBP) technology.
8. The amorphous solid dispersion according to Claim 1, wherein the stable amorphous
solid dispersion has a glass transition temperature of about 110-115°C, preferably about 111 °C.
9. The amorphous solid dispersion according to Claim 1, wherein the stable amorphous
solid dispersion is formulated into an orally administrated formulation, e.g., tablet or capsule.

10. A complex of Formula (I) comprising Compound 1 and HPMCAS,
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wherein HPMCA s is hydroxypropyl methylcellulose acetate succinate, Compound 1 is
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; and m is a number so that the weight ratio of
Compound 1 in the form of freebase and HPMCAS within the complex is between about 1:9
and about 9:1.

11.  The complex according to Claim 10, wherein HPMCAS has a high ratio of succinoyl
substitution to acetyl substitution (S/A ratio).

12. The complex according to Claim 10, wherein HPMCAS is HPMCAS-LF, HPMCAS-
MF, or HPMCAS-HF, or a mixture of two or more of the above substances.

13.  The complex according to Claim 10, wherein m is a number so that the weight ratio of
Compound 1 in the form of freebase and the polymer within the complex is preferably between
about 1:4 to about 2:3; preferably about 3:7 or about 1:4; more preferably about 1:4.

14, The complex according to Claim 10, wherein the complex comprises Compound 1 in the
form of freebase and HPMCAS-MF in a weight ratio of 3:7; or Compound 1 in the form of
freebase and HPMCAS-MF in a weight ratio of 2:3; Compound 1 in the form of freebase and
HPMCAS-MF in a weight ratio of 1:4, Compound 1 in the form of freebase and HPMCAS-LF
in a weight ratio of 1:9; Compound 1 in the form of freebase and HPMCAS-LF in a weight ratio
of 1:4; Compound 1 in the form of freebase and HPMCAS-LF in weight ratio of 3.7, Compound
1 in the form of freebase and HPMCAS-LF in a weight ratio of 2:3; or Compound 1 in the form
of freebase and HPMCAS-HF in a weight ratio of 1:4.

15. The complex according to Claim 10, wherein the complex is in an amorphous form.

16. The complex according to Claim 9, wherein the complex is prepared by
microprecipitated bulk powder (MBP) technology.

17. The complex according to Claim 10, the complex has a glass transition temperature of
about 110-115°C, preferably about 111 °C.

18.  The complex according to Claim 10, wherein the complex is formulated into an orally

administrated formulation, e.g., tablet or capsule.
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19. A crystalline form of Compound 1, which is Form A, characterized by an XRPD pattern
comprising at least three, four, five, or six diffraction peaks having 26 angle values
independently selected from the group consisting of: 4.7+0.2, 9.4+0.2, 13.6+0.2, 14.0£0.2,
14.9+£0.2, and 15.6+0.2 degrees.

20. A crystalline form according to Claim 19, wherein the crystalline form is Form A,
characterized by an XRPD pattern comprising at least three, four, five, or six diffraction peaks
having 26 angle values independently selected from the group consisting of: 4.7+0.2, 9.4+0.2,
13.6+0.2, 14.0+£0.2, 14.9+0.2, 15.62£0.2, 21.2+0.2, 24.3+0.2, 24.7+0.2, 25.1+£0.2, and 29.1+£0.2
degrees.

21 A crystalline form according to Claim 19, wherein the crystalline form is Form A
characterized by an XRPD pattern comprising diffraction peaks having 20 angle values
independently selected from the group consisting of: 4.740.2, 9.4+0.2, 10.240.2, 13.6+0.2,
14.0£02, 14.940.2, 15.6+0.2, 17.240.2, 17.4+0.2, 18.7+0.2, 20.0+0.2, 20.4+0.2, 21 240.2,
223402, 24.340.2, 24.740.2, 25.140.2, 25.5+0.2, 26.8+0.2, 27.4+0.2, 27.8+0.2, 28.6+0.2,
29.1+0.2,30.2+0.2, 31.8+0.2, 32.0+0.2, 33.1+0.2, 34.120.2, and 34.6+0.2 degrees.

22. A crystalline form according to Claim 19, wherein the crystalline form is Form A,
substantially characterized by an XRPD pattern as shown in Figure 1.

23. A crystalline form of Compound 1, which is Form A*, characterized by an XRPD
pattern comprising at least three, four, five, or six diffraction peaks having 20 angle values
independently selected from the group consisting of: 9.2+0.2, 14.0+0.2, 15.4+0.2, 18.7+0.2,
20.54¢0.2, 24.0+0.2, and 24.9+0.2 degrees.

24, The crystalline form according to Claim 19, wherein the crystalline form is Form A*
characterized by an XRPD pattern comprising diffraction peaks having 20 angle values
independently selected from the group consisting of: 9.2+0.2, 10.8+0.2, 12.3£0.2, 14.0£0.2,
154402, 16.5+0.2, 18.1+0.2, 18.7+0.2, 19.3+0.2, 19.840.2, 20.5+0.2, 21.6+£0.2, 22.3+0.2,
232402, 24.040.2, 24.9£0.2, 26.740.2, 27.8+0.2, 28.740.2, 29.4+0.2, 30.9£0.2, 33.240.2,
37.9+0.2, and 38.2+0.2 degrees.

25. The crystalline form according to Claim 19, wherein the crystalline form is Form A*,
substantially characterized by an XRPD pattern as shown in Figure 2.

26. A single crystal of Compound 1, substantially illustrated in Figures 3-6.

27. A method for preparing the stable amorphous solid dispersion or the complex disclosed
herein, comprising step co-precipitating Compound 1 and HPMCAS.

28.  The method according to Claim 27, wherein Compound 1 and HPMCAS simultaneously
precipitate out to form a molecular dispersion of Compound 1 in the matrix formed by
HPMCAS.
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29. The method according to Claim 27, said method comprises the step of a solvent
controlled precipitation.

30.  The method according to Claim 27, said method comprises the step of microprecipitated
bulk powder (MBP) technology.

31 The method according to any one of Claims 27-30, wherein HPMCAS has a high ratio of
succinoyl substitution to acetyl substitution (S/A ratio).

32 The method according to any one of Claims 27-30, wherein HPMCAS is HPMCAS-LF,
HPMCAS-MF, or HPMCAS-HF, or a mixture of two or more of the above substances.

33.  The method according to any one of Claims 27-30, wherein Compound 1isin a
crystalline form or amorphous form; preferably Form A as disclosed herein.

34,  The method according to any one of Claims 27-30, wherein the weight ratio of
Compound 1 in the form of freebase and HPMCAS is between about 1.9 to about 9:1,
preferably between about 1:4 to about 2:3; preferably about 3:7 or about 1:4; more preferably
about 1:4.

35.  The method according to any one of Claims 27-30, wherein HPMCAS is HPMCAS-LF,
or HPMCAS-MF, or HPMCAS-HF; and Compound 1 in the form of freebase and HPMCAS-
MF is in a weight ratio of 3:7; or Compound 1 in the form of freebase and HPMCAS-MF is in a
weight ratio of 2:3; Compound 1 in the form of freebase and HPMCAS-MF is in a weight ratio
of 1:4; Compound 1 in the form of freebase and HPMCAS-LF is in a weight ratio of 1:9;
Compound 1 in the form of freebase and HPMCAS-LF is in a weight ratio of 1:4; Compound 1
in the form of freebase and HPMCAS-LF is in weight ratio of 3:7; Compound 1 in the form of
freebase and HPMCAS-LF is in a weight ratio of 2:3; or Compound 1 in the form of freebase
and HPMCAS-HF in a weight ratio of 1:4.

36.  The method according to any one of Claims 27-30, said method comprising dissolving
Compound 1 and HPMCAS in an organic solvent.

37.  The method according to Claim 36, wherein the organic solvent is N,N-
dimethylformamide (DMF), N,N-dimethylacetamide (DMAc), dimethyl sulfoxide (DMSO) or
N-methyl-2-pyrrolidone (NMP).

38.  The method according to any one of Claims 27-30, wherein the resulting solution of
Compound 1 and HPMCAS is added into water or an acidic aqueous solution, whereby
Compound 1 and HPMCAS simultaneously precipitate out to form a solid dispersion or a
complex disclosed herein.

39. The method according to Claim 38, wherein the acidic aqueous solution is aqueous
hydrochloric acid (HCI).

40. The method according to Claim 39, wherein water or the acidic aqueous solution is

optionally cooled.
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41.  The method according to Claim 40, wherein water or the acidic aqueous solution is
optionally cooled to 2-8 °C.
42 The method according to Claim , wherein the resulting solid is dried to give the
amorphous solid dispersion as MBP or the complex.
43.  The method according to Claim 42,wherein the resulting solid is further optionally
micronized by, e.g., jet-milling to give a powder with a particle size suitable for drug
formulation, e.g., of Deoless than 150um or 200um.
44.  The method according to Claim 43, wherein the solid dispersion or the complex is in an
amorphous form.
45.  The method according to Claim 43, wherein the solid dispersion or the complex has a
glass transition temperature of about 110-115°C, preferably about 111 °C.
44, The method according to Claim 27, said comprising:

a) dissolving Compound 1 and HPMCAS in an organic solvent;

b) co-precipitating Compound 1 and HPMCAS by adding the solution of a) into

water or an acidic aqueous solution; and
¢) washing the resulting solid with water and/or aqueous hydrochloric acid to
remove the organic solvent.

47. A method for treating or preventing a disease or disorder responsive to inhibition of Raf
kinases in a subject, comprising administering to said subject a therapeutically effective amount
of Compound 1, wherein Compound 1 is in the amorphous solid dispersion according to any one
of Claims 1-9 or in the complex according to any one of Claims 10-18 or the crystalline form
according to any one of Claims 19-25.
48.  The method according to Claim 47, wherein the disease or disorder is a cancer selected
from the group consisting of brain cancer, lung cancer, kidney cancer, bone cancer, liver cancer,
bladder cancer, breast, head and neck cancer, ovarian cancer, melanoma, skin cancer, adrenal
cancer, cervical cancer, lymphoma, or thyroid tumors and their complications.
49. The method according to Claim 47, wherein the disease is BRAF (V600E or non-
V600E) or NRAS or KRAS mutant cancer selected from brain cancer, lung cancer, kidney
cancer, bone cancer, liver cancer, bladder cancer, breast, head and neck cancer, ovarian cancer,
melanoma, skin cancer, adrenal cancer, cervical cancer, lymphoma, or thyroid tumors and their
complications.
50. The method according to Claim 47, wherein the administered dosage of Compound 1 is
1-200 mg/day, and the administration frequency is one to three times a day.
51 The method according to Claim 47, wherein the administered dosage of Compound 1 is

2.5-100 mg/day, and the administration frequency is one to three times a day.
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52. The method according to Claim 47, wherein the administered dosage of Compound 1 is
5-50 mg/day, and the administration frequency is one time a day.

53. A method for preparing a compound of Formula I, comprising: an amine of Formula Ia
and a protected carbamoyl compound of Formula Ib are subjected to a condensation reaction to

obtain a compound of Formula I or a pharmaceutically acceptable salt thereof,
o

Rl
R2 T 0 .«NH, RO 'wN)kN'R5
SQOANNE SN QoL R
N~ o) * R ‘N)J\L G
HN H HN

o 0o

Ia Ib I
wherein ,

R'and R?, which may be the same or different, are each independently selected from
hydrogen, halogen, alkyl, alkenyl, cycloalkyl, aryl, heterocyclyl, heteroaryl, alkynyl, -CN, -
NR®R7, -ORS, -COR®, -CO2R®, -CONR®R’, -C(=NR®)NR'R® -NR®COR’, -NR°CONR'R?, -
NR®CO2R7, -SO2RS, -NR®SO2NR'R®, -NRSO2R” and -NR®SOzaryl, wherein said alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, heteroaryl, aryl and heterocyclyl are each independently
optionally substituted with one or two or three substituents R’

R’ is selected from alkyl, cycloalkyl, heterocyclyl, aryl and heteroaryl, each of which is
independently optionally substituted with one or two or three substituents R?;

LG is a leaving group;

R%, R7and R®, which may be the same or different, are each independently selected from
H, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and heteroaryl; or (R® and R7) and/or
(R7 and R®) together with the atom(s) to which they are attached, each form a ring selected from
heterocyclyl and heteroaryl rings optionally substituted with one or two or three substituents R?;
R? is selected from halogen, haloalkyl, alkyl, alkenyl, cycloalkyl, aryl, heteroaryl, heterocyclyl,
alkynyl, oxo, -alkyl-NR?R®, -CN, -OR? -NR°R®, -COR? -CO2R? -CONR®R®, -C(=NR*)NRPR®,
nitro, -NR*COR®, -NR*CONR?RP, -NR*CO2R®, -SO2R?, -SO2aryl, -NR*SO2NRR®, NR*SO2R?
and -NR*SOzaryl, wherein said cycloalkyl, aryl, heteroaryl or heterocyclyl are each
independently substituted with one or two or three substituents selected from halogen, alkyl and
haloalkyl, wherein R?, RP and R® are each independently selected from H, haloalkyl, alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and heteroaryl, or (R* and R®) and/or (R® and R®)
together with the atom(s) to which they are attached, each form a ring selected from

heterocyclyl and heteroaryl rings optionally substituted with halogen and alkyl.
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54. The method according to Claim 53, wherein the condensation reaction of an amine of
Formula Ia and a protected carbamoyl compound of Formula Ib is conducted in an organic
solvent.

55.  The method according to Claim 53, wherein the organic solvent is selected from the
group consisting of a non-polar solvent, a polar protic solvent and a polar aprotic solvent, or a
mixture thereof.

56. The method according to Claim 55, wherein the polar aprotic solvent is selected from N-
methylpyrrolidone, N-methylmorpholine, methyl isobutyl ketone, methyl ethyl ketone,
tetrahydrofuran, dichloromethane, ethyl acetate, acetone, N, N-dimethylformamide, acetonitrile
and dimethyl sulfoxide; the polar protons solvents is selected from methanol, ethanol, n-
propanol, isopropanol, n-butanol, isobutanol, tert-butanol, and acetic acid.; the non-polar solvent
is selected from dioxane, toluene, hexane, cyclohexane and diethyl ether.

57. The method according to any one of Claims 53-56, wherein the condensation reaction is
conducted in vacuum.

58. The method according to any one of Claims 53-56, wherein the condensation reaction is
conducted at a temperature of about 10 to 50°C or at a temperature of about 15 to 25°C.

59. The method according to any one of Claims 53-58, wherein the condensation reaction is
carried out for at least about 0.5 hours, at least about 1 hour, at least about 2 hours, at least about
3 hours, at least about 4 hours.

60.  The method according to any one of Claims 53-59, wherein R! and R? are both
hydrogen.

61.  The method according to any one of Claims 53-60, wherein R’ is aryl, optionally
substituted with one or two or three substituents R?; preferably R® is phenyl, optionally
substituted with one or two or three halogen; more preferably R’ is 2, 4, 5-trifluorophenyl.

62.  The method according to any one of Claims 53-61, wherein LG is alkyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl or -OR? wherein the alkyl, cycloalkyl, aryl, heteroaryl or heterocyclyl
is optionally substituted with one or more substituents selected from halogen, nitro, hydroxy or
alkoxy, and wherein R? is alkyl, cycloalkyl, aryl, heteroaryl or heterocyclyl, optionally
substituted with one or more substituents selected from halogen, nitro, -CN, hydroxy or alkoxy.
63. The method according to Claim 62, wherein LG is -OR?, wherein R?is pheny],
optionally substituted with one or more substituents selected from halogen, nitro, -CN, hydroxy
or alkoxy.

64. The method according to Claim 63, wherein LG is unsubstituted phenoxy.

65. The method according to any one of Claims 53-64, wherein the compound of Formula Ia
is prepared by reacting a compound of Formula Ia-2 in an organic solvent in the presence of an
acid,
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66.  The method according to Claim 65, wherein the organic solvent is selected from the
group consisting of a non-polar solvent, a polar protic solvent, and a polar aprotic solvent, or a
mixture thereof.

67.  The method according to Claim 66, wherein the acid is a mineral acid or an organic acid.
68.  The method according to any one of Claims 65-67, wherein the compound of Formula
la-2 is prepared by reacting a compound of Formula Ia-1 in (Boc)20/t-BuOH in the presence of

a catalyst,

R (\3
R? ~ ] »“LN3 N‘Boc
| t-BuOH
N o
DMAP, (Boc)ZO
HN
Ia-2

The method according to Claim 61, wherein the compound of Formula Ib is

]CEO

The method according to any one of Claims 53-69, wherein the compound of Formula I
is 1-((18S, 1aS, 6bS)-5-((7-o0x0-5, 6, 7, 8-tetrahydro-1, 8-naphthyridin-4-yl)oxy)-1a, 6b-dihydro-
1H-cyclopropa[b]benzofuran-1-yl)-3-(2, 4, 5-trifluorophenyl)urea or a pharmaceutically

acceptable salt thereof.

71.  The method according to Claim 70, wherein the content of impurity-1 in the product of
the condensation reaction is less than about 0.5% (detected by HPLC).

72. The method according to Claim 70, wherein the content of impurity-1 in the product of
the condensation reaction is less than about 0.2% (detected by HPLC).

73.  The method according to Claim 70, wherein the content of impurity-1 in the product of

the condensation reaction is less than about 0.05% (detected by HPLC).
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acceptable salt thereof, wherein R! and R? are defined in Claim 53.

74. A compound of Formula Ia or a pharmaceutically
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