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CRYSTALLINE FORMS OF 1-((2R,4R)-2-(1H-BENZO[D]IMIDAZOL-2-YL)-1-
METHYLPIPERIDIN-4-YL)-3-(4-CYANOPHENYL)UREA MALEATE

Field of the Invention

This invention relates to a crystalline form of 1-((2R,4R)-2-(1H-benzo[d]imidazol-
2-yh)-1-methylpiperidin-4-yl)-3-(4-cyanophenyl)lurea maleate and to pharmaceutical
compositions thereof, to intermediates and methods for the production and isolation of
such crystalline forms and compositions, and to methods of using such crystalline forms
and compositions in the treatment of abnormal cell growth in mammals, especially

humans.

Background of the Invention
The monomaleate salt of 1-((2R,4R)-2-(1H-benzo[d]imidazol-2-yl)-1-

methylpiperidin-4-yl)-3-(4-cyanophenyl)urea has the structure of Formula (I):
ISen

HN™ N

H

O
N C
Me N

(1

The compound 1-((2R,4R)-2-(1H-benzo[d]imidazol-2-yl)- 1-methylpiperidin-4-yl)-3-
(4-cyanophenylurea (PF-04449913) has been assigned the International

COOH

(

COOH

Nonproprietary Name (INN) glasdegib, as described in WHO Drug Information, Vol. 29,
No. 1, page 89 (2015), referencing the alternative chemical name N-[(2R,4R)-2-(1H-
benzoimidazol-2-yl)-1-methylpiperidin-4-yl]-N*-(4-cyanophenyl)urea. The maleate salt of
Formula (1) may also be referred to herein as 1-((2R,4R)-2-(1H-benzo[d]imidazol-2-yl)-1-
methylpiperidin-4-yl)-3-(4-cyanophenyl)urea maleate or glasdegib maleate.

Preparation of glasdegib as a hydrochloride salt is described in International
Patent Application No. PCT/IB2008/001575, published as WO 2009/004427, and in
United States Patent Nos. 8,148,401 and 8,431,597, the contents of each of which are
incorporated herein by reference in their entirety.

Glasdegib is an inhibitor of the smoothened receptor (Smo), a component of the

hedgehog (Hh) signaling pathway that is a potential therapeutic target in a number of
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human cancers, in particular hematologic malignancies including acute myeloid
leukemia (AML), acute lymphoblastic leukemia (ALL), chronic myelomonocytic leukemia
(CMML), myelofibrosis (MF) and myelodysplastic syndromes (MDS). The discovery of
glasdegib and its preparation as a dihydrochloride monohydrate salt has been described
by Munchhof et al. (Med. Chem., Lett, 2012, 3:106-111). A process for the asymmetric
synthesis of glasdegib has been described by Peng et al. (Org. Lett., 2014, 16:860-863).

The present invention provides crystalline glasdegib maleate having improved
properties, such as improved chemical and thermal stability upon storage, and
decreased hygroscopicity, while maintaining chemical and enantiomeric stability.

The invention also provides a crystalline glasdegib imidazole complex (1:1) and a
crystalline glasdegib (S)-mandelate salt, which are useful for the preparation of

glasdegib maleate and other salts in high yield and with high chemical purity.

Summary of the Invention

Each of the embodiments described below can be combined with any other
embodiment described herein not inconsistent with the embodiment with which it is
combined.

In one aspect, the invention provides a crystalline form of glasdegib maleate. In a
particular aspect, the invention provides a crystalline glasdegib maleate (Form 1), as
further described herein.

In particular embodiments of each of the aspects of the invention, the crystalline
glasdegib maleate (Form 1) is characterized by one or more of the following methods:
(1) powder X-ray diffraction (PXRD) (26); (2) Raman spectroscopy (cm™); or (3) "*C solid
state NMR spectroscopy (ppm).

In another aspect, the invention provides crystalline glasdegib maleate (Form 1),
which is characterized by having:

(1) a powder X-ray diffraction (PXRD) pattern (26) comprising: (a) one, two, three,
four, five, or more than five peaks selected from the group consisting of the peaks in
Table 1in °26 £ 0.2 °20; (b) one, two or three peaks selected from the group consisting of
the characteristic peaks in Table 1in °26 £ 0.2 °20; or (c) peaks at 20 values essentially
the same as shown in Figure 1; or

(2) a Raman spectrum comprising: (a) one, two, three, four, five, or more than five

wavenumber (cm™) values selected from the group consisting of the values in Table 2 in
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cm’+2 cm™; (b) one, two, three, four, five, or more than five wavenumber (cm™) values
selected from the group consisting of the characteristic values in Table 2 in cm™ + 2 cm™;
or (c) wavenumber (cm™") values essentially the same as shown in Figure 2; or

(3) a 3C solid state NMR spectrum (ppm) comprising: (a) one, two, three, four,
five, or more than five resonance (ppm) values selected from the group consisting of the
values in Table 3 in ppm = 0.2 ppm; (b) one, two or three resonance (ppm) values
selected from the group consisting of the characteristic values in Table 3 in ppm + 0.2
ppm; or (c) resonance (ppm) values essentially the same as shown in Figure 3;

or a combination of any two or three of the foregoing embodiments (1)(a)-(c),
(2)(a)-(c) or (3)(a)-(c), provided they are not inconsistent with each other.

In another aspect, the invention further provides a pharmaceutical composition
comprising a crystalline glasdegib maleate (Form 1), according to any of the aspects or
embodiments described herein, and a pharmaceutically acceptable excipient.

In another aspect, the invention provides a method of treating abnormal cell
growth in a mammal, including a human, comprising administering to the mammal a
therapeutically effective amount of crystalline glasdegib maleate (Form 1).

In another aspect, the invention provides a method of treating abnormal cell
growth in a mammal, including a human, comprising administering to the mammal a
therapeutically effective amount of a pharmaceutical composition of the present
invention comprising a crystalline glasdegib maleate (Form 1), according to any of the

aspects or embodiments described herein.

Brief Description of the Drawings

Figure 1. PXRD pattern of crystalline glasdegib maleate (Form 1).

Figure 2. FT-Raman spectrum of crystalline glasdegib maleate (Form 1).

Figure 3. *C solid state NMR spectrum of crystalline glasdegib maleate (Form 1).
Figure 4. PXRD pattern of crystalline glasdegib imidazole complex (1:1).

Figure 5. PXRD pattern of crystalline glasdegib (S)-mandelate.

Detailed Description of the Invention

The present invention may be understood more readily by reference to the
following detailed description of the embodiments of the invention and the Examples

included herein. It is to be understood that the terminology used herein is for the
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purpose of describing specific embodiments only and is not intended to be limiting. It is
further to be understood that unless specifically defined herein, the terminology used
herein is to be given its traditional meaning as known in the relevant art.

As used herein, the singular form "a", "an", and "the" include plural references
unless indicated otherwise. For example, "a" substituent includes one or more
substituents.

As used herein, unless otherwise indicated, the term "abnormal cell growth"
refers to cell growth that is independent of normal regulatory mechanisms (e.g., loss of
contact inhibition).

As used herein, unless otherwise indicated, the term “treat” or "treating" means
reversing, alleviating, inhibiting the progress of, or preventing the disorder or condition to
which such term applies, or one or more symptoms of such disorder or condition. The
term "treatment", as used herein, unless otherwise indicated, refers to the act of treating
as "treating" is defined immediately above.

The term "about" as used herein means having a value falling within an accepted
standard of error of the mean, when considered by one of ordinary skill in the art, for
example £ 20%, preferably + 10% or more preferably + 5% of the mean.

As used herein, the term “essentially the same” means that variability typical for a
particular method is taken into account. For example, with reference to X-ray diffraction
peak positions, the term “essentially the same” means that typical variability in peak
position and intensity are taken into account. One skilled in the art will appreciate that the
peak positions (20) will show some variability, typically as much as = 0.2°. Further, one
skilled in the art will appreciate that relative peak intensities will show inter-apparatus
variability as well as variability due to degree of crystallinity, preferred orientation,
prepared sample surface, and other factors known to those skilled in the art and should
be taken as qualitative measures only. Similarly, Raman spectrum wavenumber (cm™)
values show variability, typically as much as + 2 cm™, while "*C and "°F solid state NMR
spectrum (ppm) show variability, typically as much as £ 0.2 ppm.

The term “crystalline” as used herein, means having a regularly repeating
arrangement of molecules or external face planes. Crystalline forms may differ with
respect to thermodynamic stability, physical parameters, x-ray structure and preparation

processes.
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The invention described herein suitably may be practiced in the absence of any
element(s) not specifically disclosed herein. Thus, for example, in each instance herein
any of the terms "comprising", "consisting essentially of', and "consisting of" may be
replaced with either of the other two terms.

In some embodiments of each of the aspects of the invention, the crystalline
glasdegib maleate (Form 1) is characterized by its powder X-ray diffraction (PXRD)
pattern. In other embodiments of each of the aspects of the invention, the crystalline
glasdegib maleate (Form 1) is characterized by its Raman spectrum. In other
embodiments of each of the aspects of the invention, the crystalline glasdegib maleate
(Form 1) is characterized by its "*C solid state NMR spectrum.

In further embodiments, the crystalline form is characterized by a combination of
two or more of these methods.

Crystalline glasdegib maleate (Form 1)

In one aspect, the invention provides a crystalline glasdegib maleate (Form 1).

In some embodiments, glasdegib maleate (Form 1) has a PXRD pattern
comprising a peak at 26 value of: 11.6 °26 £ 0.2 °20. In another embodiment, Form 1 has
a PXRD pattern comprising a peak at 20 value of: 12.1 °26 £ 0.2 °26. In another
embodiment, Form 1 has a PXRD pattern comprising a peak at 26 value of. 19.6 °20 %
0.2 °26. In another embodiment, Form 1 has a PXRD pattern comprising a peak at 26
value of: 17.0 °26 + 0.2 °26. In another embodiment, Form 1 has a PXRD pattern
comprising a peak at 26 value of: 17.7 °26 £ 0.2 °26. In another embodiment, Form 1 has
a PXRD pattern comprising peaks at 20 values of. 11.6 and 12.1 °26 £ 0.2 °20. In
another embodiment, Form 1 has a PXRD pattern comprising peaks at 20 values of: 11.6
and 19.6 °26 £ 0.2 °26. In another embodiment, Form 1 has a PXRD pattern comprising
peaks at 20 values of: 12.1 and 19.6 °26 + 0.2 °26. In another embodiment, Form 1 has
a PXRD pattern comprising peaks at 260 values of: 11.6, 12.1 and 19.6 °206 £ 0.2 °26. In
yet another embodiment, Form 1 has a PXRD pattern comprising peaks at 20 values of:
11.6, 12.1,17.0, 17.7 and 19.6 °26 + 0.2 °20.

In specific embodiments, glasdegib maleate (Form 1) has a PXRD pattern
comprising: (a) one, two, three, four, five, or more than five peaks selected from the group

consisting of the peaks in Table 1 in °206 £ 0.2 °26; (b) one, two, three, four, five or six
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characteristic peaks selected from the group consisting of the peaks in Table 1; or (c)
peaks at 20 values essentially the same as shown in Figure 1.

In some embodiments, glasdegib maleate (Form 1) has a Raman spectrum
comprising wavenumber (cm™) value of 2219 cm™ + 2 cm™. In other embodiments,
Form 1 has a Raman spectrum comprising wavenumber (cm™) value of: 1612 cm™ + 2
cm™. In another embodiment, Form 1 has a Raman spectrum comprising wavenumber
(cm™) value of: 1534 cm™ + 2 cm™. In another embodiment, Form 1 has a Raman
spectrum comprising wavenumber (cm™) value of; 1175 cm' + 2 ecm™. In other
embodiments, Form 1 has a Raman spectrum comprising wavenumber (cm™) values of:
1612 and 2219 cm™ + 2 cm™. In other embodiments, Form 1 has a Raman spectrum
comprising wavenumber (cm™) values of: 1534 and 2219 cm™ + 2 cm™. In further
embodiments, Form 1 has a Raman spectrum comprising wavenumber (cm‘1) values of:
1534, 1612 and 2219 cm™ + 2 cm™. In further embodiments, Form 1 has a Raman
spectrum comprising wavenumber (cm™') values of: 1175, 1534, 1612 and 2219 cm™ +
2cm™.

In specific embodiments, glasdegib maleate (Form 1) has a Raman spectrum
comprising: (a) one, two, three, four, five, or more than five wavenumber (cm™) values
selected from the group consisting of the values in Table 2 in cm™ + 2 cm™; (b) one, two,
three, four, five, or more than five wavenumber (cm‘1) values selected from the group
consisting of the characteristic values in Table 2 in cm™ + 2 cm™; or (c) wavenumber
(cm™) values essentially the same as shown in Figure 2.

In some embodiments, glasdegib maleate (Form 1) has a "*C solid state NMR
spectrum comprising the resonance (ppm) values of: 57.8 ppm = 0.2 ppm. In another
embodiment, Form 1 has a "C solid state NMR spectrum comprising the resonance
(ppm) values of: 134.8 ppm + 0.2 ppm. In another embodiment, Form 1 has a *C solid
state NMR spectrum comprising the resonance (ppm) values of. 144.7 ppm + 0.2 ppm.
In another embodiment, Form 1 has a *C solid state NMR spectrum comprising the
resonance (ppm) values of. 148.3 ppm + 0.2 ppm. In another embodiment, Form 1 has a
*C solid state NMR spectrum comprising the resonance (ppm) values of: 57.8 and
134.8 ppm + 0.2 ppm. In another embodiment, Form 1 has a C solid state NMR
spectrum comprising the resonance (ppm) values of: 57.8 and 144.7 ppm £ 0.2 ppm. In
another embodiment, Form 1 has a C solid state NMR spectrum comprising the

resonance (ppm) values of. 57.8 and 148.3 ppm £ 0.2 ppm. In another embodiment,
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Form 1 has a "*C solid state NMR spectrum comprising the resonance (ppm) values of:
134.8 and 144.7 ppm * 0.2 ppm. In another embodiment, Form 1 has a '*C solid state
NMR spectrum comprising the resonance (ppm) values of: 134.8 and 148.3 ppm = 0.2
ppm. In another embodiment, Form 1 has a 3C solid state NMR spectrum comprising
the resonance (ppm) values of: 1447 and 148.3 ppm £ 0.2 ppm. In a further
embodiment, Form 1 has a "C solid state NMR spectrum comprising the resonance
(ppm) values of: 57.8, 134.8 and 144.7 ppm = 0.2 ppm. In a further embodiment, Form 1
has a "*C solid state NMR spectrum comprising the resonance (ppm) values of. 57.8,
134.8 and 148.3 ppm + 0.2 ppm. In a further embodiment, Form 1 has a *C solid state
NMR spectrum comprising the resonance (ppm) values of: 57.8, 134.8, 144.7 and 148.3
ppm £ 0.2 ppm.

In specific embodiments, glasdegib maleate (Form 1) has a *C solid state NMR
spectrum (ppm) comprising: (a) one, two, three, four, five, or more than five resonance
(ppm) values selected from the group consisting of the values in Table 3 in ppm + 0.2
ppm; (b) one, two or three resonance (ppm) values selected from the group consisting of
the characteristic values in Table 3 in ppm £ 0.2 ppm; or (c) resonance (ppm) values
essentially the same as shown in Figure 3.

In further embodiments, glasdegib maleate (Form 1) is characterized by a
combination of any two or three of the embodiments described above with respect to
Form 1 that are not inconsistent with each other. Exemplary embodiments that may be
used to uniquely characterize the crystalline Form 1 are provided below.

In one embodiment, Form 1 has: (a) a powder X-ray diffraction pattern comprising
a peak at a 20 value of: 11.6 and 12.1 °20 £ 0.2 °20; and (b) a Raman spectrum
comprising wavenumber (cm™) values of: 1612 and 2219 cm™ + 2 cm™.

In one embodiment, Form 1 has: (a) a powder X-ray diffraction pattern comprising
a peak at a 20 value of: 11.6 and 12.1 °20 £ 0.2 °26; (b) a Raman spectrum comprising
wavenumber (cm™) values of: 1612 and 2219 cm™ + 2 cm™; and (c) a "*C solid state
NMR spectrum comprising a resonance (ppm) value of: 148.3 ppm £ 0.2 ppm.

In one another embodiment, Form 1 has: (a) a Raman spectrum comprising
wavenumber (cm™) values of: 1612 and 2219 cm™ + 2 cm™; and (b) a *C solid state

NMR spectrum comprising a resonance (ppm) value of: 148.3 ppm £ 0.2 ppm.
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In one embodiment, Form 1 has: (a) a powder X-ray diffraction pattern comprising
a peak at a 20 value of: 11.6 and 12.1 °20 + 0.2 °26; and (b) a "*C solid state NMR
spectrum comprising a resonance (ppm) value of: 148.3 ppm + 0.2 ppm.

In a further embodiment, Form 1 has: (a) a powder X-ray diffraction pattern
comprising a peak at a 20 value of. 19.6 °26 £ 0.2 °26; (b) a Raman spectrum comprising
wavenumber (cm™) values of: 2219 cm™ + 2 cm™; and (c) a °C solid state NMR
spectrum comprising a resonance (ppm) value of: 148.3 ppm + 0.2 ppm.

In another aspect, the invention provides glasdegib as a 1.1 complex with
imidazole. The imidazole complex is isolable in high chemical yield and purity and may
be useful to purge impurities formed during chemical synthesis prior to formation of
glasdegib maleate. In a further aspect, the invention provides a process for preparing
glasdegib maleate comprising treating the glasdegib imidazole complex (1:1) with
maleic acid, thereby providing the salt. In another aspect, the invention provides
glasdegib maleate (Form 1) prepared from the glasdegib imidazole complex according
to the process described.

In another aspect, the invention provides the glasdegib (S)-mandelate salt. The
mandelate salt is isolable in high chemical yield and purity and may also be useful to
purge impurities formed during chemical synthesis. The mandelate salt can be
prepared in situ during the final isolation and purification of the compounds or by
separately reacting glasdegib free base with mandelic acid and isolating the salt thus
formed. Thereafter, the salt may be reconverted to the free base form and then reacted
with a sufficient amount of maleic acid to produce the glasdegib maleate salt in the
conventional manner.

In another aspect, the invention provides a pharmaceutical composition
comprising a crystalline glasdegib maleate (Form 1) according to any of the aspects or
embodiments described herein, and a pharmaceutically acceptable excipient.

Pharmaceutical compositions of the present invention may, for example, be in a
form suitable for oral administration as a tablet, capsule, pill, powder, sustained release
formulations, solution, or suspension, for parenteral injection as a sterile solution,
suspension or emulsion, for topical administration as an ointment or cream or for rectal
administration as a suppository. The pharmaceutical composition may be in unit dosage
forms suitable for single administration of precise dosages. The pharmaceutical

composition will include a conventional pharmaceutical carrier or excipient and an active
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pharmaceutical ingredient. In addition, it may include other medicinal or pharmaceutical
agents, carriers, adjuvants, etc.

Exemplary parenteral administration forms include solutions or suspensions
containing active compounds in sterile aqueous solutions, for example, aqueous
propylene glycol or dextrose solutions. Such dosage forms can be suitably buffered, if
desired.

Suitable pharmaceutical carriers include inert diluents or fillers, water and various
organic solvents. The pharmaceutical compositions may, if desired, contain additional
ingredients such as flavorings, binders, excipients and the like. Thus for oral
administration, tablets containing various excipients, such as citric acid may be employed
together with various disintegrants such as starch, alginic acid and certain complex
silicates and with binding agents such as sucrose, gelatin and acacia. Additionally,
lubricating agents such as magnesium stearate, sodium lauryl sulfate and talc are often
useful for tableting purposes. Solid compositions of a similar type may also be employed
in soft and hard filled gelatin capsules. Preferred materials include lactose or milk sugar
and high molecular weight polyethylene glycols. When aqueous suspensions or elixirs
are desired for oral administration the active compound therein may be combined with
various sweetening or flavoring agents, coloring matters or dyes and, if desired,
emulsifying agents or suspending agents, together with diluents such as water, ethanol,
propylene glycol, glycerin, or combinations thereof.

Methods of preparing various pharmaceutical compositions with a specific amount
of active compound are known, or will be apparent, to those skilled in this art. For
examples, see Remington's Pharmaceutical Sciences, Mack Publishing Company,
Easter, Pa., 15th Edition (1975).

Examples
The examples and preparations provided below further illustrate and exemplify

particular aspects and embodiments of the invention. Itis to be understood that the scope

of the present invention is not limited by the scope of the following examples.

General Method 1. Powder X-ray Diffraction (PXRD)

Powder X-ray diffraction analysis was conducted using a Bruker AXS D8

ADVANCE diffractometer equipped with a Cu radiation source (K-a average). The
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system is equipped with a 2.5 axial Soller slits on the primary side. The secondary side
utilizes 2.5 axial Soller slits and motorized slits. Diffracted radiation was detected by a
Lynx Eye XE detector. The X-ray tube voltage and amperage were set to 40 kV and 40
mA respectively. Data was collected in the Theta-Theta goniometer at the Cu
wavelength from 3.0 to 40.0 degrees 2-Theta using a step size of 0.037 degrees and a
step time of 1920 seconds. Samples were prepared by placing them in a low
background holder and rotated during collection. Data were collected using Bruker
DIFFRAC Plus software (Version 9.0.0.2) and analysis was performed by EVA diffract
plus software.

The PXRD data file was not processed prior to peak searching. Using the peak
search algorithm in the EVA software, peaks selected with a threshold value of 1 and a
width value of 0.3 were used to make preliminary peak assignments. The output of
automated assignments was visually checked to ensure validity and adjustments were
manually made if necessary. Peaks with relative intensity of = 2% were generally
chosen. The peaks which were not resolved or were consistent with noise were not
selected. A typical variability associated with the peak position from PXRD is +/- 0.2° 2-
Theta.

General Method 2. FT-Raman
Raman spectra were collected using a Nicolet NXR FT-Raman accessory
attached to the FT-IR bench. The spectrometer is equipped with a 1064 nm Nd:YVO4

laser and a liquid nitrogen cooled Germanium detector. Prior to data acquisition,

instrument performance and calibration verifications were conducted using polystyrene.
Samples were analyzed in glass NMR tubes that were spun during spectral collection.
The neat API spectra were collected using 0.5 W of laser power and 128 co-added
scans. The collection range was 3700-50 cm-1. These spectra were recorded using 4
cm-1 resolution and Happ-Genzel apodization.

The intensity scale was normalized to 1 prior to peak picking. Peaks were
manually identified using the Thermo Nicolet Omnic 7.3 software. Peak position was
picked at the peak maximum, and peaks were only identified as such, if there was a
slope on each side; shoulders on peaks were not included. For the neat APl an absolute
threshold of 0.015 with a sensitivity of 77 was utilized during peak picking. The peak

position has been rounded to the nearest whole number using standard practice (0.5



10

15

20

25

30

WO 2016/170451 PCT/IB2016/052107

-11 -

rounds up, 0.4 rounds down). Peaks with normalized peak intensity between (1-0.75),
(0.74-0.30), (0.29-0) were labeled as strong, medium and weak, respectively. It is
expected that, since FT-Raman and dispersive Raman are similar techniques, peak
positions reported herein for FT-Raman spectra would be consistent with those which
would be observed using a dispersive Raman measurement, assuming appropriate
instrument calibration. Utilizing the Raman method above, the variability associated with

a spectral measurement is +/- 2 cm’™.

General Method 3. Solid State NMR

Solid state NMR (ssNMR) analysis was conducted at ambient temperature and

pressure on a Bruker-BioSpin CPMAS probe positioned into a Bruker-BioSpin Avance ||
500 MHz (*H frequency) NMR spectrometer. The packed rotor was oriented at the
magic angle and spun at 14.0 kHz. The carbon ssNMR spectrum was collected using a
proton decoupled cross-polarization magic angle spinning (CPMAS) experiment. A
phase modulated proton decoupling field of 80-100 kHz was applied during spectral
acquisition. The cross-polarization contact time was set to 2 ms and the recycle delay to
11 seconds. The number of scans was adjusted to obtain an adequate signal to noise
ratio. The carbon spectrum was referenced using an external standard of crystalline
adamantane, setting its upfield resonance to 29.5 ppm (as determined from neat TMS).
Automatic peak picking was performed using Bruker-BioSpin TopSpin version 3.2
software. Generally, a threshold value of 5% relative intensity was used to preliminary
select peaks. The output of the automated peak picking was visually checked to ensure
validity and adjustments were manually made if necessary. Although specific "*C solid
state NMR peak values are reported herein there does exist a range for these peak
values due to differences in instruments, samples, and sample preparation. This is
common practice in the art of solid state NMR because of the variation inherent in peak
values. A typical variability for a 3C chemical shift x-axis value is on the order of plus or
minus 0.2 ppm for a crystalline solid. The solid state NMR peak heights reported herein
are relative intensities. Solid state NMR intensities can vary depending on the actual

setup of the CPMAS experimental parameters and the thermal history of the sample.
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Example 1
Preparation of 1-((2R,4R)-2-(1 H-benzo[dlimidazol-2-yl)-1-methylpiperidin-4-y)-3-(4-

cyanophenyllurea imidazole complex (1:1)

.
NH, N HN SN
[» CN H [N
N )
N A O[’}‘ 1) MIBK 4N
l\’}/lle ﬂ\@ © ” . H) 2) Imidazole l\’}/ll Ih}r\@ :
e

To a 250 mL reactor equipped with an overhead stirrer was added (2R,4R)-2-

+

(1H-benzo[d]imidazol-2-yl)-1-methylpiperidin-4-amine (3.24 g, 14.1 mmol) (prepared
according to Peng et al., Org. Lett. 2014, 16:860-863) as a solution in water (63 mL)
containing 20% dimethylsulfoxide. To the solution was added 4-methyl-2-pentanone
(methyl isobutyl ketone, MIBK) (91 mL) followed by N-(4-cyanophenyl)-1H-imidazole-1-
carboxamide 1H-imidazole complex (1:1) (5.18 g, 17.6 mmol) (prepared according to
Peng et al.). The reaction was heated at 45°C for 1 hour. Diatomaceous earth (0.5 g,
filter aid) was added and the biphasic mixture was filtered. The aqueous layer was
removed and the organic layer was washed with water (33 mL). Imidazole (0.96 g, 14.1
mmol) was added along with additional 4-methyl-2-pentanone (18 mL). The solution
was distilled to a final volume of 50 mL. The resulting slurry was filtered and washed
with 4-methyl-2-pentanone (13 mL). The resulting solids were dried in a vacuum oven
at 60°C for 12h to provide 1-((2R,4R)-2-(1H-benzo[d]imidazol-2-yl)-1-methylpiperidin-4-
yI)-3-(4-cyanophenyl)urea imidazole complex (1:1) (4.55 g, 10.3 mmol, 73% yield;. H
NMR (400 MHz, DMSO-dg): 5 12.38 (bs, 1H); 12.07 (bs, 1H); 8.94 (s, 1H); 7.67 (d, J =
8.4 Hz, 2 H); 7.65 (m, 1H); 7.58 (d, J = 8.4 Hz, 2H); 7.55 (d, J = 7.5 Hz, 1H); 7.43 (bd, J
=7.5Hz, 1H), 7.14 (m, 2H); 7.02 (s, 2H); 6.75 (d, J = 7.1 Hz, 1 H); 4.08 (m, 1H); 3.63
(dd, J = 10.4, 3.2 Hz, 1H); 2.90 (dt, HJ = 11.9, 4.2 Hz, 1H); 2.51 (p, J = 1.8 Hz, 2 H);
2.40 (td, Jd = 11.7, 3.0 Hz, 1H); 2.06 (s, 3H); 2.03 (m, 1H); 1.92 (m, 1H); 1.86 (m, 1H);
1.72 (m, 1H); "*C NMR (101 MHz, DMSO) & 156.17, 154.34, 145.2, 135.6, 133.7, 122.3,
121.5, 119.9, 118.9, 117.8, 111.7, 102.9, 59.1, 50.4, 44 .2, 42.9, 36.5, 30.3.
Characterization of glasdeqib imidazole complex
PXRD Data
Figure 4 shows PXRD data for the crystalline glasdegib imidazole complex (1:1),

collected according to General Method 1.
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Example 2
Preparation of 1-((2R,4R)-2-(1 H-benzo[dlimidazol-2-yl)-1-methylpiperidin-4-y)-3-(4-

cyanophenyllurea maleate (Form 1)
CN
2 2 O
HNJ\N Maleic acid, iPrOH HN)J\N
0, H
H H -
., _N HSWM .,
N /W N ’/rN
I | |
Me N Me N\O

Into 1L reactor, equipped with an overhead stirrer and High Shear Wet Mill
(HSVWM), was added 1-((2R,4R)-2-(1H-benzo[d]imidazol-2-yl)-1-methylpiperidin-4-yl)-3-
(4-cyanophenyl)urea free base (38.2 g; 102 mmol) (prepared as described by Munchhof
et al., Med. Chem., Lett, 2012, 3:106-111) and isopropanol (988 mL; 26 mL/g). The

slurry was then heated to 60°C to obtain a clear solution. A solution of maleic acid in

COOCH

(

COOCH

isopropanol was separately prepared by dissolving maleic acid (14.28 g; 123 mmol; 1.2
equiv) in isopropanol (115 mL; 3 mL/g). While the HSWM was running (3200-8500 rpm),
20% of the maleic acid solution was added and the reaction maintained until the solution
turned hazy. The HSWM was slowed down (3500 rpm) and the rest of the maleic acid
solution was added over 1 hour. After aging the slurry for 1 hour at 60°C, the batch was
cooled to 10°C over 2 hours and granulated overnight. The solids were isolated by
filtration, washed and dried at 60°C. The title compound (40.1 g; 801 mmol) was isolated
as a white to off-white powder in 80% yield. '"H NMR (400 MHz, DMSO-ds) & 9.00 (s,
1H), 7.70 (d, J = 8.8 Hz, 2H), 7.62 (dd, J = 6.0, 3.3 Hz, 2H), 7.57 (d, J = 8.8 Hz, 2H),
7.25 (dd, J=6.1, 3.2 Hz, 2H), 6.73 (d, J = 7.5 Hz, 1H), 6.08 (s, 2H), 4.40 (s, 1H), 3.91
(d, J =11.5 Hz, 1H), 3.44 (d, J = 12.2 Hz, 1H), 3.19 (s, 1H), 2.53 (s, 3H), 2.35 (d, J =
13.2 Hz, 1H), 2.08 (d, J = 13.3 Hz, 1H), 1.91 (q, J = 12.4 Hz, 1H), 1.79 (q, J = 12.4 Hz,
1H): *C NMR (101 MHz, DMSO) & 168.0, 154.7, 105.0, 145.3, 138.4, 135.6, 133.7,
123.0, 119.9, 118.0, 115.9, 103.1, 57.9, 50.5, 41.9, 41.7, 34.6, 28.0.
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Example 3
Preparation of 1-((2R,4R)-2-(1 H-benzo[dlimidazol-2-yl)-1-methylpiperidin-4-y)-3-(4-

cyanophenyllurea maleate (Form 1)
5 L
HN N HN)J\N
H [ N COOH

é g Maleic acid, iPrOH ('j [

H ~ °N H o
N~ N H 60 °C “u, N COOH
T N

Me N Me N

Into a 250 mL Flexy cube reactor equipped with an overhead stirrer, was added
1-((2R,4R)-2-(1H-benzo[d]imidazol-2-yl)-1-methylpiperidin-4-yl)-3-(4-cyanophenyl)urea
imidazole complex (1:1) (7g, 15.8 mmol) and isopropanol (140 mL; 20 mL/g of

imidazole complex). The slurry was heated to 60°C and held until a clear solution was
obtained. A solution of maleic acid (34.8 mmol, 2.2 equiv) in aq. isopropanol (1% w/w)
was prepared separately. Thirty percent of the maleic acid solution was added and the
mixture was stirred for 5 min. Glasdegib maleate (77.6 mgs, 1%) was added as a seed,
followed by the remainder of the maleic acid solution over 30 min. After aging at 60°C
for 30 min, the slurry was cooled to 20°C over 60 minutes and granulated for an
additional 60 min. After sonicating for 3 min, the slurry was filtered, washed with
isopropanol (16 mL), followed by water washes (2 X 31 mL). The solids were dried in
the oven at 60°C for 12 hours to give glasdegib maleate (Form 1) (15.1 mmol, 7.40 g) as
a tan powder in 95.4% yield with >98% purity. 'H NMR (400 MHz, DMSO-ds) 8 9.00 (s,
1H), 7.70 (d, J = 8.8 Hz, 2H), 7.62 (dd, J = 6.0, 3.3 Hz, 2H), 7.57 (d, J = 8.8 Hz, 2H),
7.25 (dd, J=6.1, 3.2 Hz, 2H), 6.73 (d, J = 7.5 Hz, 1H), 6.08 (s, 2H), 4.40 (s, 1H), 3.91
(d, J =11.5 Hz, 1H), 3.44 (d, J = 12.2 Hz, 1H), 3.19 (s, 1H), 2.53 (s, 3H), 2.35 (d, J =
13.2 Hz, 1H), 2.08 (d, J = 13.3 Hz, 1H), 1.91 (q, J = 12.4 Hz, 1H), 1.79 (q, J = 12.4 Hz,
1H): *C NMR (101 MHz, DMSO) & 168.0, 154.7, 105.0, 145.3, 138.4, 135.6, 133.7,
123.0, 119.9, 118.0, 115.9, 103.1, 57.9, 50.5, 41.9, 41.7, 34.6, 28.0.

Characterization of glasdegib maleate (Form 1)
PXRD Data
Figure 1 shows PXRD data for the crystalline glasdegib maleate (Form 1),

collected according to General Method 1. A list of PXRD peaks at diffraction angles 2-
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Theta ° (°20) £ 0.2 °26 and their relative intensities is provided in Table 1. Characteristic

PXRD peak positions are indicated by an asterisk.

Table 1. PXRD peak list for glasdegib maleate (Form 1) (2-Theta °).

Angle Relative
°26+0.2°26 Intensity %
9.8 3
10.4 13
11.6* 34
12.1* 30
12.6 9
14.2 2
15.8 16
17.0* 42
17.3* 33
17.7* 22
18.0 10
18.4 13
19.6* 100
20.9 3
21.3 11

22.1
23.0
23.9
24.3 14
247 7
25.0 6
253 8
258 5

FT-Raman Data

Figure 2 shows FT-Raman spectrum for the crystalline glasdegib maleate (Form

1), collected according to General Method 2. A list of FT-Raman peaks (cm'1) and
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qualitative intensities is provided in Table 2 in cm™ + 2 cm™. Characteristic FT-Raman
peaks (cm”) peaks are indicated by an asterisk. Normalized peak intensities are

indicated as follows: w= weak; m= medium; s= strong.

Table 2: Full Raman Spectrum Peak list for glasdegib maleate (Form 1)

Wave number Normalized

cm'+2cem’ peak intensity
107 m
128
201
280
327
375
400
421
455
480
494
520
551
620*
646
675
729
748
800
830*
873
902
927
997*
1014

g| || ||| ||| ||| ||| g| ||| g|3
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1070
1113
1145
1175
1208*
1233*
1261*
1273
1320
1329
1387
1432+
1444*
1463
1490
1534*
1589+
1612
1691*
2168
2219*
2932
2955*
2976*
3013*
3029*
3056
3116

g = 3| | 3| || || ||| 3|=|s|2|3| ===

[72)

IEIEIRIRIRIR:

ssNMR data
Figure 3 shows the carbon CPMAS spectrum of crystalline glasdegib maleate
(Form 1), which was collected according to General Method 3. Chemical shifts are

5 expressed in parts per million (ppm) and are referenced to external sample of solid
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phase adamantane at 29.5 ppm. A list of ssSNMR "®C chemical shifts (ppm) is provided
in Table 3 in ppm * 0.2 ppm. Characteristic ssSNMR "C chemical shifts (ppm) are

indicated by an asterisk.

5 Table 3: ssNMR "*C Chemical Shifts for glasdegib maleate (Form 1) (ppm)
3C Chemical Shifts Relative
[ppm £ 0.2 ppm] Intensity(%)

Example 4

Representative drug product formulation of glasdegib maleate (Form 1)

A representative immediate release (IR) formulation of crystalline glasdegib
10 maleate (Form 1) is provided in Table 4. Typical ranges for excipients in such

formulations are provided in Table 5.
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Table 4. Representative Composition of IR Tablet
Quantity/unit

composition (mg/tablet) Wi%
glasdegib maleate Active Ingredient 32.765 26.2
(Form 1)
Microcrystalline Filler 58.157 46.5
Cellulose
Dibasic Calcium Filler 29.078 23.3
Phosphate
Anhydrous
Sodium Starch Disintegrant 3.750 3.0
Glycolate
Magnesium Stearate Lubricant 0.625 0.5
(intra-granular)
Magnesium Stearate Lubricant 0.625 0.5
(extra-granular)
Total Tablet Weight 125.000 mg 100

Table 5. Typical Ranges for IR Tablet Formulations

composition Min. Wt% Max. Wt%

glasdegib maleate Active Ingredient

(Form 1) 16.383 % 32.765 %

Microcrystalline Filler

Cellulose 41.156 % 53.078 %

Dibasic Calcium Filler

Phosphate

Anhydrous 20.578 % 26.539 %

Sodium Starch Disintegrant

Glycolate 3.000 % 3.000 %

Magnesium Stearate Lubricant 1.000 % 2.500 %
PXRD Data

Table 6 provides a list of PXRD peaks at diffraction angles 2-Theta ° (°20) + 0.2
°26 and their relative intensities for the drug product containing crystalline glasdegib
maleate (Form 1), collected according to General Method 1. Characteristic PXRD peak

positions are indicated by an asterisk.
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Table 6: PXRD peak list for glasdegib maleate (Form 1) drug product (2-Theta °).

Asterisked peak positions represent characteristic peaks.

Angle Relative Angle Relative
°26£0.2 °20 Intensity % °26 £0.2°20 | Intensity %
3.6 22 24.2 27 (API)
4.7 12 247 22
5.4 13 253 22
9.1 7 255 22
9.7 9 (API) 26.6 83
10.4 16 (API) 27.2 100 (API)
11.5* 39 (API) 28.2 32 (API)
12.1* 27 (API) 28.5 31
12.6 16 (API) 28.9 24
13.1 17 30.2 86
14.3 19 (API) 30.5 46
14.9 21 31.0 17
15.8 32 (API) 325 33
16.3 23 32.8 40
17.0* 60 (API) 33.5 17
17.3* 42 (API) 341 16
17.6* 37 (API) 346 19
18.0 24 (API) 35.0 20
18.4 25 (API) 354 16
19.6* 99 (API) 36.0 23
20.3 24 37.3 16
20.8 28 (API) 37.7 16
21.3 35 (API) 38.3 14
22.2 57 39.1 16
22.6 57 253 22
23.8 29
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Example 5
Preparation of 1-((2R,4R)-2-(1H-benzo[dlimidazol-2-y))-1-methyvlpiperidin-4-y)-3-(4-

cyanophenylurea (S)-mandelate salt

CN
LY 2T N
e N (S)-Mandelic acid, HN” N OH

iProH H :
. ) COOH
H 50 °C H
N ’W N '/rN
I | |

1-((2R 4R)-2-(1H-benzo[d]imidazol-2-yl)-1-methylpiperidin-4-yl)-3-(4-

cyanophenyl)urea free base (318 mg, 0.85 mmol) was dissolved into 10 mL of

isopropanol in a scintillation vial fitted with a stir bar. The solution was heated to 50°C to
ensure complete dissolution. To the solution was slowly added S-(+)-mandelic acid
(~1.1 equiv) as a 30 mg/mL solution in isopropyl alcohol. After addition of a small
amount of (S)-mandelate salt seed crystals, the solution became cloudy. The slurry was
held at 50°C for ~1 hour before being returned to room temperature and granulated for
12 hours. The resulting solids were isolated by filtration using a #2 Whatman filter and
dried for 12 hours at 50°C in a vacuum oven. Approximately 400 mg of glasdegib (S)-
mandelate were prepared. The seed crystals were obtained by precipitation from a
mixture of glasdegib free base, prepared as a stock solution in acetonitrile (~30mg/mL),
and S-(+)-mandelic acid as a solution of THF, which was stirred at rt overnight after
heating at 60°C for ~1 hour. The 'H NMR spectra was consistent with the (S)-
mandelate salt.

Characterization of glasdegib (S)-mandelate salt

The scaleup lot of the (S)-mandelate salt was analyzed by PXRD and Differential
Scanning Calorimetry (DSC). PXRD was obtained on a Bruker D8 X-Ray powder
diffractometer with GADDS C2 system. Samples were scanned from ~6 to 38 degrees
2-theta for 60 seconds and oscillated 0.5 mm about the center. DSC was obtained on a
TA DSC Q1000. The sample was heated at 10°C/min from 25°C to 300°C.

PXRD Data
Figure 5 shows PXRD data for the crystalline glasdegib (S)-mandelate, collected

according to General Method 1.
DSC
The DSC thermogram displayed a sharp endotherm at 216°C.
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Example 6
Comparative Stability Data

PCT/IB2016/052107

Comparative chemical and physical stability data was generated for tablet cores

comprising glasdegib dihydrochloride monohydrate (diHCI «H-0) and glasdegib maleate

(Form 1) stored at 50°C/75%RH for 6 weeks. The tablet cores were prepared by dry

granulation processing

in a formulation composition comprising microcrystalline

cellulose, dicalcium phosphate, sodium starch glycolate and magnesium stearate at an

active drug loading level of 5%.

The tablet cores were stored in open dish (no

packaging) orientation in a 50°C/75%RH chamber and analyzed after 6 weeks of

storage. The analytical testing included HPLC/Purity analysis and solid state NMR (for

solid form).
Table 7.
% -(2S,4R)-Epimer
Sample Initial 6 weeks @ Storage ssNMR
Description Level 50°C/75%RH |Recommendations Observations
Glasdegib _ _
Desiccated storage Solid form
dihydrochloride | Not _ _
2.75% required for drug conversion to
monohydrate detected
_ product; 15-25°C amorphous
(diHCI*H20)
Glasdegib _ _ _ _
No special packaging | Consistent with
maleate _ _ o
0.024% 0.55% required (no desiccant | the ingoing API
(Form 1)

required); 15-25°C

solid form.

The primary degradation product monitored is the epimeric 1-((2S,4R)-2-(1H-

benzo[d]imidazol-2-yl)-1-methylpiperidin-4-yl)-3-(4-cyanophenyl)urea, which has the

structure:

H

O
PN
N

o
N

Me HN

S
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A statistically designed 21-day stability study was performed for glasdegib
maleate tablets and glasdegib dihydrochloride tablets containing 5% active drug
loading. The design of the study is based on work in the literature that demonstrates
the modeling degradation observed of solid oral dosage forms. See Waterman et al.,
Pharmaceutical Research, 24(4). 780-790 (2007). The tablets were stored in open glass
bottles and exposed to various temperature, humidities and durations.

The recommended packaging for the glasdegib dihydrochloride monohydrate
tablets is HDPE/IS Bottle, with desiccant. The labeled storage condition of this product
is 15-25°C. Based on an accelerated stability study focusing on formation of the
(2S,4R)-epimer with a target specification limit of NMT 0.5%, the shelf-life predicted for
the glasdegib dihydrochloride monohydrate (60cc HDPE bottle, 30 count tablets) at
25°C/60%RH is approximately 5 years with dessicant, and less than 2 years if stored
without desiccant.

The recommended packaging for the glasdegib maleate tablets is HDPE/IS Bottle
and no desiccant is required. The labeled storage condition of this product is 15-25°C.
Based on the accelerated stability study focusing on formation of the (2S,4R)-epimer
with a target specification limit of NMT 0.5%, the shelf-life predicted for glasdegib
maleate (60cc HDPE bottle, 30 count tablets) at 25°C/60%RH is more than 6 years
stored without desiccant.

Example 7
Comparative thermal stability data

Comparative thermal stability data was generated for glasdegib dihydrochloride
monohydrate (diHCI <H,O) and glasdegib maleate (Form 1). Differential Scanning
Calorimetry (DSC) measurements were performed with Discovery DSC (TA instruments)
equipped with a refrigerated cooling accessory. All the experiments were performed in
standard/Tzero aluminum pans. The cell constant was determined using indium and
temperature calibration was performed using indium and tin as standards. All the
measurements were done under continuous dry nitrogen purge (50 mL/min).
Approximately 2-5 mg of solid sample was weighed into a standard/Tzero aluminum
pan, sealed non-hermetically and heated from 25°C to 250 °C at 10°C/min heating rate.
The experimental data were analyzed using commercially available software (TA

Universal Analysis 2000/Trios software, TA Instruments).
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Based on the observed thermal stability data, the diHCI monohydrate solid form
may be unstable under certain isolation and storage conditions due to the low
dehydration temperature. The maleate form appears stable across a wide temperature
range. The high level of form stability for the maleate salt may provide improved control

in processing, handling, manufacture and storage for this form.

Table 8. Comparative thermal stability data

Form Thermal Stability Remarks

Glasdegib maleate Stable up to 207°C (melting

(Form 1) onset)

Glasdegib dihydrochloride | Stable up to 50°C. Broad endotherm at 50°C
monohydrate coincides with loss of water

*

Modifications may be made to the foregoing without departing from the basic
aspects of the invention. Although the invention has been described in substantial detail
with reference to one or more specific embodiments, those of ordinary skill in the art will
recognize that changes may be made to the embodiments specifically disclosed in this
application, and yet these modifications and improvements are within the scope and

spirit of the invention.
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Claims
We Claim:

1. A crystalline form of 1-((2R,4R)-2-(1H-benzo[d]imidazol-2-yl)-1-

5 methylpiperidin-4-yl)-3-(4-cyanophenyl)urea maleate, having the structure:
2
HN N
T
e )
Me N

2. The crystalline form of claim 1, having a powder X-ray diffraction pattern
comprising peaks at 20 values of: 11.6, 12.1 and 19.6 °20 £ 0.2 °26.

COOH

COOH

10 3. The crystalline form of claim 1, having a powder X-ray diffraction pattern
comprising peaks at 20 values of: 11.6, 12.1, 17.0, 17.7 and 19.6 °20 £ 0.2 °26.

4. The crystalline form of any one of claims 1 to 3, having a Raman spectrum

comprising wavenumber (cm™) values of: 2219 cm™ +2 ecm™.

5. The crystalline form of any one of claims 1 to 3, having a Raman spectrum

15  comprising wavenumber (cm™) values of: 1612 cm™ +2 cm™.

6. The crystalline form of any one of claims 1 to 3, having a Raman spectrum

comprising wavenumber (cm™) values of: 1612 and 2219 cm™ + 2 cm™.

7. The crystalline form of any one of claims 1 to 3, having a Raman spectrum

comprising wavenumber (cm™") values of: 1534, 1612 and 2219 cm™ + 2 cm™.

20 8. The crystalline form of any one of claims 1 to 3, having a Raman spectrum

comprising wavenumber (cm™) values of: 1175, 1534, 1612 and 2219 cm™ + 2 cm™.

9. The crystalline form of any one of claims 1 to 3, having a "*C solid state

NMR spectrum comprising resonance (ppm) values of: 148.3 ppm + 0.2 ppm.
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10.  The crystalline form of any one of claims 1 to 3, having a "*C solid state

NMR spectrum comprising resonance (ppm) values of: 57.8, 134.8 and 148.3 ppm £ 0.2
ppm.

11.  The crystalline form of any one of claims 1 to 3, having a "*C solid state
NMR spectrum comprising resonance (ppm) values of. 57.8, 134.8, 144.7 and 148.3
ppm 0.2 ppm.

12.  The crystalline form of claim 1, having: (a) a powder X-ray diffraction
pattern comprising a peak at a 20 value of: 11.6 and 12.1 °26 £ 0.2 °20; and (b) a Raman

spectrum comprising wavenumber (cm™) values of: 1612 and 2219 cm™ + 2 cm™.

13.  The crystalline form of claim 1, having: (a) a powder X-ray diffraction
pattern comprising a peak at a 20 value of: 11.6 and 12.1 °26 = 0.2 °26; (b) a Raman
spectrum comprising wavenumber (cm™") values of: 1612 and 2219 cm™ + 2 cm™"; and
(c)a 3C solid state NMR spectrum comprising a resonance (ppm) value of: 148.3 ppm %

0.2 ppm.

14.  The crystalline form of claim 1, having: (a) a Raman spectrum comprising
wavenumber (cm™) values of: 1612 and 2219 cm™ + 2 cm™; and (b) a *C solid state

NMR spectrum comprising a resonance (ppm) value of: 148.3 ppm £ 0.2 ppm.

15.  The crystalline form of claim 1, having: (a) a powder X-ray diffraction
pattern comprising a peak at a 26 value of: 11.6 and 12.1 °26 + 0.2 °26; and (b) a "°C
solid state NMR spectrum comprising a resonance (ppm) value of. 148.3 ppm £ 0.2

ppm.

16. The crystalline form of claim 1, having: (a) a powder X-ray diffraction
pattern comprising a peak at a 26 value of: 19.6 °206 + 0.2 °26; (b) a Raman spectrum
comprising wavenumber (cm™) values of 2219 cm™ + 2 cm™: and (c) a "*C solid state

NMR spectrum comprising a resonance (ppm) value of: 148.3 ppm £ 0.2 ppm.

17. A pharmaceutical composition comprising the crystalline form of any one of

claims 1 to 16, and a pharmaceutically acceptable carrier or excipient
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1. 1= (2R, 4R) —2— (1H-4 3 [d ] Wk —2—35E) —1 - R g -4 —2) —3— (4-UEE 283 i 1
KERER A S, AT LU 454 -

LY
HN N
‘ H

H
N

e pl

2 BUFIESR 1 T, H B A A REAE LR 20{H AR (06 Ry R XSS T A - 11.6.12. 1%
19.6°20£0.2°20,

SUBUCRIE SR L) &% , B A AR LR 20{E AL U IRy R XSS 26T 541 - 11,6121
17.0.17.7/%19.6°2040.2°260,

4 BRIV ER 1V Z 3 AT — TR 88, H B A 4 LR 95 (em ™) [ 05z B 6% : 2219em™
+2cm L,

5. BRI E R ZE 3T — T S , B A GR35 (em™ ) E L 261 1612em ™
+2cm L,

6. BRI BR3P T— T i I, SRR LI AL (em ™) EIH B 16124
2219cm '+ 2em ™,

TORCRER T E SHAT — TR S, B AR R B (em ) {0 F1 283 - 1534,
161222219cm =+ 2em ™,

8. U B R 1 & 3 AT — T i L ARG L R 38 (em™ ) {E I P22 61 - 1175,
1534.1612/%2219cm ' +2cm ™,

OB AN B SR 3H AT — T S, 2L B A A5 LR IR (ppm) 4B " CE AANMRAE -
148.3ppm=0.2ppm.

10 BURE R L= 3 AT — T e, B ARG LT 3698 (ppm) B "2 C A A NMRTE .
57.8.134.8:148.3ppm=0.2ppms

UL BURE SR L3 AT — T e, e B ARG LR 3698 (ppm) B9 " C A A NMRTE .
57.8.134.8.144.7}148.3ppm=*0. 2ppm-

12 BRI ESR I R IE, B : () B/ LL T 205 A W f RX ST R ATH I : 11.6 %
12.1°20£0.2°20; A1 (b) F0.HELL T UREL (em™ ) AP SO - 1612 5.2219em ' £ 2em ™'

I3 AUCRIESR I Y, HBAT : (a) BHELE DL T 205 AL W F RX ST R ATH L : 11.6 %
12.1°2040.2°20; (b) LA FHEL (em™) BT P26 : 1612 /22219em ™" £ 2em ™5 F1 (c) 13
FELL T L3R (ppm) (B A9 PCE ASNMRIE < 148. 3ppm = 0. 2ppm.

14 BOFIEER LI S, L AT+ (@) 48 DL N8 (em ) B A9 H7 2 63 : 16125 2219cm !
+2cem ™5 A1 (b) AL4E L T AE4R (ppm) 48 P CIE ZASNMRIE: : 148 3ppm =0 2ppm.,

15 BUOFEER IR %, L BAT : (a) BHEAE LA 204E AL [ 06 (1 4 AR XSS ZefiT S 1 11.6 )%
12.1°20+0.2°20; i (b) 45 LL T FE4R (ppm) (AL °CE ZSNMRIE : 148. 3ppm=+0. 2ppm,

16 AUCRER UK ST, B : (a) BHE7E LA T 208 AL IR0 1F B AR X 2R AT B 14 : 19672

COOH

(

~COOH

2
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0£0.2°20; (b) A5G LA N IEL (em™ ) (A 3. 2219em™ = 2em ™5 F1 (¢) AHE L T IEHR
(ppm) R P ClE ASNMRIE < 148. 3ppm 0. 2ppme
L7. 29 AN, S SR ER 1 216 H AT — TR & B S 24 5 b ] 8257 [ AR B T

7o
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1= ((2R,4R) —2—- (1H-Z& 3 [d] mgmss—2-2L) —1-BH IR IE-4-5) -
- U-SEER) RS NS

i AR Sl

[0001] A& Z1- ((2R,4R) —2— (1H-ZE I [d] Bk s —2 L) —1-FR JLmR g —4—3L) -3- (4-%
FERFL) MR ORIR LI S I, FE i K L2 Wne 5 , ¥ e T il 4% R0 43 B X RE 1) i FE A
WO AR AR 505, FF 0 B ARG TV LA CRe 2 A2 1 5505 400 i A B H AT A RE R o
TEFNH G725

BEEA
[0002]  1-((2R,4R) —2— (1H-ZKIF [d]mkme—2—J) —1 —F JLIR Bg-4-3%) -3— 4-F AL 78 8) ik
15 R iR 6 A T (D 1454

-CN
&
H |

00031 L J. N COOH

(1)
[0004]  #IWHO Drug Information, 35294, 511, 589 (2015) FH ATk, fe AL & ¥1 -
((2R,4R) —2- (1H-ZKJF [d] WRME—2-J) — 1 - FF LR g —4-2) —3- (4-F ALK 5L) Jik (PF-
04449913) [ [E BrAE & F| ZHK (International Nonproprietary Name; INN) Aty 5 46
(glasdegib) ,ZH At BRI BFRN-[ (2R, 4R) —2— (AH-ZRFFMRIE-2—JL) —1 —FF LR g —
4=FE]-N" = (A= IR MR o 2 (1) B9 SR R ERAEA ST IR I RN 1= (2R, 4R) —2- (1H-2K9F
[d] DR —2— ) —1 —FF SRR g —4—J8%) —3— (4B 2R L) IR 5 SR I R A o7 17 25 A S SR IR
[0005] A%+ Hir 75 A £h 1R £k 1 i1l & {5 R T LAWO 2009/004427 24 H 19 [ Br & R H 5 PCT/
1B2008/00157511, LA f2 38 [H £ HI 458, 148,401 5 M558, 431,697 5, A& H I N 2 LA H
BARBZ FIIMAARSCH
[0006] 4% 4 M & A NP 524K (smoothened receptor,Smo) [, 1% 52 44 /&
hedgehog (th) 15 5 5 IR A 573 ZIE N 2 P N SRERE O il B ME aom , B FE 2
BEME ) M55 (AML) 2P 90RO 40 J 2 1 M99 (ALL) P8 M B A2 4 B P 13 If o (OMML) B Bl
ek (IF) FE#ER B AR 285G E (MDS) ) H BT AEYR T $E o MR I 5 A1 (1) R S 3L — #R g
£hHK A YR #1145 B iMunchho F28 A (Med.Chem. ,Lett,2012,3:106-111) f§ik . I F A
PR A A bz 5 A 10 1A 2L FHPeng®% A (Org. Lett. ,2014,16:860-863) ik .
[0007] AR AR LA A% M0 5 A H R R £, FLECA TR B, B A B R Ak
SeFEE AR IEE 2 M, DL S B AR RO IR I 1 5 ()R R J 1 2 A s e XS e A R 52
[0008] AN HH IR B AL &5 d A% 7 3T 5 AR P S A4 (12 1) RN St b 1 5 A (S) — bk iR

COOH

4
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Eh, Hn] T DA IR 3 RN i A 2 0 ) e A o 30 7 A B R R £k S HoAth £

LZAARE

[0009] "R IR S 5 5 T 5 AR ST AT AT Ho A S U R A, BT AR Ho A Sz 7 &
SR AASEE T ZATE.

[0010]  7E—TJ5 1, AR FH R BEAR B B 75 AT SR B R I & B o R 8 B 0 T, A AR S —
IR, AR BRI AR P 5 A ok R OB D) .

(00111 FEAS A% BH 45 75 T P i S SR 7 b, 45 S AR P i 7 A SR IR 3 OB R D) #EHR UL R
THER I — R 2 PR RAE : (1) B AKX A75T (PXRD) (26) : (2) P20k (em ) s 5L (3
) PClE ANVRYZ 1E V2 (ppm)

[0012] 7 55— 51, A R I FR AL 45 % 0 75 A R R & R , o A LA F %00
KRAE

[0013] (1) ¥y ARXGLRATHS (PXRD) B (20) , HATHE: (2) S H K1 LL°20 0. 2°20 R IR [1) U
= ZA YA A BAA LA B (b) R 1P L7200, 2° 20 R IR KRR 1EUE
) — AN I B =N 5 B (o) 2048 55 B 1P Bl 52 A A (] 1 06 5 5%

[0014]  (2) hxj‘é%,ﬁ@%. (a) W F2rh Phem ' £ 2em  FIARBE T — A=A
P4 FA B AL B (em™) {5 (b) e E R 29 Bhem ' £ 2em SRR HIFFAEE I — AN PR
ANCEA I EA B LA A S (em™) 45 5 3K (¢) 5 B 27p BT 38 M TR G 98 (em ™)
1B ; 5%

[0015]  (3) "*CI& ASNMRIE (ppm) , HALHE : (2) 3% 19 3 BLppm £0. 2ppm#E /R FIAE G — A
ASEAPUA VA BN B E SRR (ppm) {H s (b) 26 3 R 39 Elppm 20 . 2ppm& 7= I R IEE
() — AN PIAN B = AN LR (ppm) {15 5K () -5 B 30 BTz 32 A A [R] ) 25 40% (ppm) 1K 5

[0016]  BRATIASLIETT % (D) @) - ()« (2) (@) - () B (3) () - (c) FHHATAT AN =12
A AR A AT JE .

(00171 72 55— 71 , AR i — DR A4 , HoA SR HE AR SR IR (1) AT A7T 5 11 B¢
A AR SIS Tl S it 77 48 ) 485 e AR P 0 7 A S ok Rk OB XD A2 2 b mT 252 MIROE 71 o

[0018]  7E 55— 5, AN K R ALIR TR AL 304 (BHE A0 I 5 di i AR K 5 ik, HA
5 19 BRI LB 045 20307 A R I 5 S s i 17 55 A1 B R R 2 QD) .

(00191 7E 55— 71, A K R AIR TR AL 304 (BHE A0 I 5 di i AR K 5 i, HA
£ 6] BT IR RS L3N W) 25 25 0 77 A6 02 B AR AR SCHT i A AT T T B8 AT S it 07 58 11 46
i 55 A ke Eh OBl Ak 2 A .

Ff$ 35 BA

[0020] 1. 2 A ir 107 5 A B kiR #h O 21) I PXRDEE

[0021] |12 45 S A% F 0 i A R R R OB X1 IFT-hi 2ok .
[0022] &I 3. 45 S AR S 1 25 A ook BR £ R 1) 19 " ClE ASNMRIE
[0023]  [&]4. 25 S A% F 0 i Ak e B2 A4 (1: 1) FIPXRDIE .

[0024]  [&]5. 4 dm g it A7 (S) — Bk R 5 PXRDIE] .
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BRI A

[0025] 23 A S R AL FE K AR R B S 75 22 B DA TR 41 0 ARSI it 4] T B 25 5 b B g AR
R o RLFR R, AN ST BT B AR TE AR T AR B AR St 77 2209 B (1 1 I = =R BR il
(1) o RLBE— DR MR, R AR AR AR S0 HoAd s S, 5 A ST e AR B HAE A S B AR iy
MIRAESE & X

[0026]  BRAE S AMEM, B A SCH BT, AR “a” | “an” X “the” A E AR
T ABME , “a” BURE AR — P2 AU

(0027]  BRAE FAMEH , & MaA SO B A, ARTE “ 7 4l AR K7 2 Fa A OB T I
HILH 4t B AR (4, 3% R 42l )

(0028]  BrAE HAMEH, B WA ST T, RIE “YRIT (treatBitreating) ” BN 2%
FER B TR 2 ARAE BT N FH T 5999 RE BIOREIR B0 12998 i BORCIR 1 — Rk 22 Btk , B3 $I Bl
I P8 RE B RE B BT IR CREIR I 3 R L R AR AN R B, B W an A s BT B, RGE YR T
(treatment)” 248 W1 ESCHIRIGE LK) V69T (treating) ” KIVAITAT Mo

[0029]  duiA3CH iy I R TE “297 BOR A AR SUEH RN 3% B, A 8 T P ME R 2
B hRUETE I P A, B30 P A ) 20 % , A3 = 10 % BRSE A% £5% .

[0030] AR s BT L RS “EEARAH A7 3R X i TV T ML I AR e G
G0 5 5 0T XES ZRAT S0 A7 B, ATE: “TEAAH [F)” 2 A 0 o7 B RN 568 7 1) L 28 A S M g N
R AT ARN RS TR, WAL E (20) SR — 2B M, @5 EiA £0.2°, Jbah, A4
SR N G4 T, AER U B 0 Y TN 1B A ) A S P DA R TR 45 i 2 S PO 1 B 1) it 4% 1)
TR it 2R T AN AR QTR AN SR ) A PR 2R B i A8 S vk, I BRSSP 2
it , i BB I (em ™) {28 B A £ 2em AR S L P C R R E A NMRE (ppm) 2
TN EIS 0. 2ppmiF) AR R

[0031]  fnASCH BT L, ARG “45 i MO FESN RSP B A A IR EEHEY R T
SRRV IR SE xR S b IR T T S s TR AR BT AN o

[0032] AL (1) & BH A3 2 Ml 75 35 A AT AT AR SCR B AR A P B 2 R 11K L T 52 o [
B 2B F L FEAR ST S B OU T, RS “BRE /ST Rl FE HR
H AT — A1) HAR ARG AR — M

[0033]  FEA K EH I A7 TH ) — Lo SEl 77 S8 Hp , 4 i A R B &5 A Sk iR 3k OB D) #55 H
AR XL AT 5 (PXRD) B RAE o 75 A A BH (1) 45 77 T 1 e Ath S 7 S8, 45 dm s i i 5 A 5ok
gk OB D) #5 B R SO RAE A AR B &5 TR A ST 77 S8, 45 A% i 0 5 A1
ok (1) # i HPCRE AANVRE RAE

[0034]  7EH ARSI b, T #E HH X e Ty vk b () T N BRUCE 2 AN 2 A 3R AE

[0035] & R A& i i A S ok R R OB D)

[0036]  7E—/NJT T, AR PR B AL EE df k& B &5 A ok g £k OB D) ©

(0037]  fE-—SEsLjii Ty &, MG P E AT Sk R #h OF 0D B ARG /E DL 2045 Ab iy wsg (1)
PXRDI] :11.6°20£0.2°20 £ Jy—SEJti /7 2, T 201 B A 45 78 DL 2048 AL () 06 () PXRD
Kl:12.1°20£0.2°20 7F 55— L 7 2w, B UL B A 46 /£ DU 208 4k 19 Ug R PXRD A -
19.6°260£0.2°20 75 57— 3Lty Erp , e all B A 7R DL 20{E AL I I PXRDIE < 17.0°2

6
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040.2°20 78 ) — Kty b, TR UL B A GFEE DL T 20{H AL KU X PXRDIE] : 17.7°20 &
0.2°20 78—ty &, T UL LA BFEAE LT 2045 AL 104 I PXRDIE < 1.6 512.1°26 &
0.2°20 78—y &, T UL A BFE/ELL T 2045 AL 104 I PXRDIE < 11.65219.6°26 &
0.2°20 78 75—y &, JE U A BFE/ELL T 205 AL 04 1 PXRDIE : 12.1 5219.6°26 &
0.2°20 7L H—LiE r&p, B A AR T 20E AR ERPXRDE : 11.6.12. 1 K%
19.6°200.2°20 78 X —SLit 7y 9, B LR G EHE/ELL T 20{E 4 0§ I PXRDIE : 1.6,
12.1.17.0,17.7£19.6°204+0.2°20,

[0038]  FEAFIE ST Foh, M hr i A ok iR #h O 201 HoA @ FPXRDE, HAdE : (a) 1%
R 1FLL720 £0. 2720 RIRIUE ) — D A =AU AN B EANBL B (b) 38 #1
H U ) — AN SIS s = DA AN EOS AINMER ARG 5 B (o) 725 B 1 BTz 25 AR A R 1 20 4B
A [P

[0039]  7F-—uusififiy b, A% b i 5 A ok R 2k X)) B AL 8L (em ™) {EK Hir
i 2219em £ 2em AR HAR S IE T R b AR TR G AR LU B (em ™) {H KA Bk
Wa1612em ' =2em ' FE S E T R, U B R UL I (em ) {H 1 2O .
1534em ™ =2em ' AR SE T Eh, AR LR AR DU B (em ) {H I B 20Ok
1175em ' £ 2em o fE H A S b, a0 A A HRE DL NS (em D) {E K Hr 861 1612 %
2219cm ' &= 2em ' AE HASL i T R ARG AL R (em ) EAIPE 6 1534 )%
2219cm ' & 2em o AE A S 7 SR, IR LA BAE L S (em ) (A1 BT - 1534,
1612%2219cm ™" =+ 2em ™ 7E HAth 52ty b, IR A RGP RIS (em™) {0 F2 20k i
1175.1534.16122219cm ' +2cm s

[0040] 7 sE Sl /7 S8, A W i A ok iR £h O a1 A i 206iE, AR : )
HeEF 2P Mlem™ £ 2em  RIRHIMERI — A A EAS A A B AL B (em™) 48 5
(b) # F F 2 Phem™ & 2em™ TR AR A0 — AN FIAS s EAS S DUA  EAN LR AN A E 5
(em ) {H s 3% () HEI2rp B FE A AR ] 6 9 55 (em ™) {HL

[0041]  7F—Sosififiy &b, A% i 5 A ook B 2k OB D) BA 45U 254% (opm) {E 19 1°C
[ ASNMRIE: : 57 . 8ppm = 0. 2ppm., 7F 57— L 5 & +h , L A ARG UL 3R (opm) {819 CIHl
ANMRIE : 134 8ppm 0. 2ppm. 7F 57— L 7y o, a0 A R LL T LR (ppm) 4B ClAl
ANMRIE : 144 . Tppm 0. 2ppm. 7F 57— SE i 7 o, a0 A SR LL T LR (ppm) 4B ClA
ANMRIE : 148. 3ppm 0. 2ppm. 7F 55— SE i 7 HH , a0 A SRR, T LR (ppm) 4B A °ClAl
ANMRHE :57.8 % 134. 8ppm = 0. 2ppm. 7E 75— L 77 &+, I T E A AHELL 3R (opm) {E
(K ClE ZSNMRIE - 57.8 &% 144. Tppm =0 . 2ppm. 7F 55— 5L it 7 & b, A L 2 A A5 LT R
(ppm) {EL I " C I ASNMRIE : 57. 8 52148 3ppm%=0.. 2ppm. 7F 75— SE it 5 b, e al 1 A 45 L
IR (ppm) {EL A P ClE AANMRIE < 134.8 %144 Tppm 0. 2ppm. £F 57— S2ii iy b, X NI A A
A5 LR L 45 (ppm) {12 CllE ASNMRIE : 134. 85 148. 3ppm+0. 2ppm. 7E 5 —SLili 5 &,
1B LR SE 4R (ppm) 1 P CIE ZSNMRIY: : 144 .7 £ 148. 3ppm+0. 2ppmo £ X —SZjifi J5
o R EAAHELL T 3R (ppm) {4 A9 P CIE ZSNMREE - 57.8.134. 8 %144 Tppm 0. 2ppm.
fE N —szii )y 2 rp, a1l B AL L 4R (ppm) {8 19 ClE ASNMR1E : 57.8.134. 8 ¢
148. 3ppm= 0. 2ppm. £E X — 5L 5 R, e al LB A AL T LR (opm) {4 19 " ClE ZSNMRE -
57.8.134.8.144.7148.3ppm=0. 2ppm.
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[0042]  7EisE SEitir &b AR i i A ok R 2k OE D) B A R PCRE ZSNMRIE (ppm) 5 1
4 (@) % H K3 Plppm 0. 2ppmE R FE T — N AN =AU AN B AN DA B3
P (ppm) {H 5 (b) 1% H 23 Lhppm £ 0. 2ppmZ& 7R IV FRAEAE I — N PN B AN 4R (opm) 15 5
5% (c) 5 B 3 Fram A AH R 19 2L 4% (ppm) 4HL

[0043]  7F HARSE Ty R, A5 H I 5 AT Dok R & OE D #H R TIR LK) FRSEE T 2
WA P AN B = AN 2 A 3R, BT SE i 5 R IEA T & - 7] TR R AE T 201 1 7= 4
PESZE T RPN .

[0044]  ZE—ASZiE &, U B AT () B HREAE LR 2048 AR W iRy AR XS 2R AT 5 -
11.6/212.1°20£0.2°20 1 (b) AAELL NP (em™ ) EHI R 2061 : 1612 2219¢m ™ = 2cm
-1

[0045]  YE—ANSZiE R, B AT (@) BHEAE LR 2048 AL W iRy AR XS 2R AT 5
11.6212.1°26040.2°20; (b) AHELL T IEL (em ™) (I H7 2618 : 1612 5.2219cm ™' £ 2cm ™
1 () AELL T 4R (opm) /A0 CRE ANMRIE < 148. 3ppm=0. 2ppm.

[0046]  7E 5 — ALy Erh, R EE : () AR T (e ) EI R EERE 16125
2219cm ' = 2em ™ A (b) AFE LR FE4R (ppm) B ClE ZSNMRIE : 148 . 3ppm == 0. 2ppm.,

[0047]  fE—AsEi g &, BB AT : () BHELE LD T 2048 b 1) U6 (1) 8 A XS R A7 5 1
11.65212.1°200.2°260; F (b) AHELL T IEHR (ppm) & 9 CRE ASNVREE : 148 3ppm%0. 2ppm.
[0048]  7E N —SEir &, BB A : (@) BHEAE DL 20{E Ab [0 ¥k AR XS 2R A i 1
19.6°20£0.2°20; (b) AAGLL FIAL (em ) (B HL 2 6 : 2219em™ = 2em™ s AT () WHELA R
AR (ppm) {4 K ClE ASNMRIEE : 148. 3ppm 0. 2ppm.

(00491 75 55— [ » AN R B R AHAS s 1 75 A7 SR 12 LA DRI 5 A ] DA s b 2
W 22 S 20 43 ELRT F T A5 T Rk 7 157 75 AT 5 ol IR #h 2 W VA AE AL 27 A 18] BT T 1k
(1) 20 J0 o 7E 55— 5 T » AS R B AR A6 B T 1l 48 A P 1 5 A1 S ok BR 3R 1 7 v, LALHE H H R i A
AT KIS AW (L D), H SR Pk 5 o 78 55— J7 10, AR R B 4 6 AR 48 BT ik 77 12
FH A&7 7 75 AT K P 5 5 ) i 4 R P 0 o5 A S ok g 2k O aRD) «

[0050]  7F 5y —J7 i, A% R B SR AL 7 17 75 AT (S) — Wk IR &1 o BTk i Mk R £6 ] DA A 2 i
AN A 8 ELJRn] T A A2 B B T8 BT T B 2 5 o ] FEAL B W 1) 5 25 73 75 A
AR SR JEAT 24 B s kR &, B0 T (S AR iy 107 AT U B S Pk R B N HL 43 S
FH ML BT T R 36 R il 28 BT S bk R &6 o L i, oK ok SR B A o i B e =, LR Jis DA
705 2 5 R R e BLDA = AR i 75 A B R e £ o

(0051]  7E 55— 71, AN R IR AL AW A4, oA 5 MR 4 A SC Rk (AT — 75 T BT — SE
Jit 77 SR 4 SRR L T AT Sk R £ O aR1) K22 Bnl sz R 7)o

[0052] AU BH (¥ 25 W4 A mT DA 0 3 T 1 AR 4R 2 I T2, 4 00 77 B R AL
BT 350 2B A 591 Y VBT BRTR A2 R 5 3 T B A S R TR 2K 1 S DI B VA ) VR 7 B
FLA & TR A 2 e, i g RIS BOE T B A 2 R, w ke il 254
AT DL T B IR 25 ZOKE T 2 0 A7 502 5 S W) 2 B 5 5 AT W) AR BRI 71
PLRTE 25D Ay o A, JERT DA At = FHER 2500 o« 34 Sl ) 55

[0053]  JRMIVE R B Ah e 245 1 s HEAE T B K P (9 01 TR I K VR B A e R 7K VD)
WS B VS PR A Y VTR BR B 7 o 45 75 B, IXRE I A B P 208 22 b

8
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[0054] &A1) 245 W A B0V P A TR SR BRI 70 70 L K R & oA ALV R o 75 2, 29 AL &
WAl LA S B Ay W R ) B A R R R S8 L BRI, e D IR ZE 25T &, AT DA
I HE A EPPRIE ) GE AT R IR) LA L& Fh i i 57 o Qe - g e B N S 28 55 S b IR
R VAL E A 70 G o R S BH BRI R AR B o S A0, TS 77 (i il g R 6 . H R L FR N
KA HA T R B B AL [ A4 21 5 4 75 ] L3RRl XE 78 1 B A B 2 1 X
HARIEFI MRS AR (lactose/milk sugar) S FERL B Y4HEHTORS
24 [ 7K PRV 2 R B RIS, PR LR iR YR G 5 & FRET OR R BRI ) 8 BB R
G 75 D) AALT BB BN UL SRR GE oK S T B CHOEH A &) A A 7E—
i

[0055]  ARSMIEH AR N RO BB RS SR 20EENETN &S MAmH S
)7Vl , 2 W Remington’s Pharmaceutical Sciences,Mack Publishing Company,
Easter,Pa., 58155z (1975) »

[0056]  SEjiEfs]

(00571 " ST A i) S Tt 97 % i & 3 — 5 U B RIMB 75 AR i B FR) e S 7 THD R St g 58 0 22
PR, LT SE Tl 5] ) 9 R AN PR A AR R BH S L

[0058] i HIJ vz 1 M AKX 2AiT 5 (PXRD)

(00591 i I #& A7 CuBi it ¥ (K—a~F-3J{H) [¥)Bruker AXS D8 ADVANCEATHI AR AT H AKX
WHERATH AT e RGAESE— M LRC& A 2. 55im R Hke4E (Soller slit) o 58 A H2. 5%k
] 2R W MR 2 FTHL B B 5%  #E HH Lynx Eye XERS B3R DU AT 5 55T o 1 XS 28 /8 vl s A 3 2
L8 NA0KVAT40mA o i O . 037 5 H 2D K 1920 FPH B BRI 8] (step time) , fECuii R
3.0 440.08520, 7E0-0 90 A v H RS20 o 18 10 A o U8 TR TS S5 [0 45 2% Hh o & 4
FE &, FF HAE R AR WA 8 e % o/ FiBruker DIFFRAC Plus®fF (9.0.0.2fR) REHIE , IF
FEHEVA diffract plus®MAHAT 9T

[0060]  7EUGHE 2 2 R AS AL R PXRDEHE ST o 1 FHEVARK A b i 06 48 22 B0, 3 F e 338 1 i
{8 91 5% A N0 . 3Rk gh AT w20 i 9 e - B ALRS 25 B 3 V3 JE i Bt DA s R A &k,
W AT TP B 1R R o I AT R = 2 % UG AN R AT B B S — 2 g,
5 PXRDIFJUEE A7 B AH O (1) L U AR e 4 lg+/-0. 2720,

[0061] T2 FT-Hi &

[0062]  fff HIiERERFT-IREIS & KINicolet NXR FT-Hy 2L AF R R AR 2O0IE OB AT
A 1064nm Nd: YVOARO'E &5 2 28U A BB A I 2 o 72540 3R B 1l i AT SRR 4 4t
ATAES PERE AR MR BGHIE o 75 DG 15 SR A2 1A 18] 75 e 5 1 B FNMRAE 2 A A o A8 FHO . BWITEO
D B 128k St Bolin (co—added) 4 RAELLAPT il . A2 5 2 3700cm ' E250em . A
dem 4 ZR RiHapp-Genze | YT HEETE LR £

[0063]  FEUEFREL AT, B 5 SE AR FEARHEN N L o FThermo Nicolet Omnic 7.3%KfLLF
377 704 B 0 o AR i KA AL H A B, B B — B A7 AERERE, DU HE I 28 v 0 s AN
Fg [ 1R JRUEE 0 T-AEAP T, ZEWEFR BUIRIA) SR R {EL0 . 0155 REBUETT AT FIARHEERAE 106 47
BV TN R R BEH (0. 563, 0. 445 2) JGhriEALIE S8 B2 AT (1-0.75) L (0.74-
0.30) + (0.29-0) Z [A] {043 AR I 58 R EE RTS8 TR T « ti TFT-hr 2 5 A 2
AHAAEE A 5 DR I AB 8 A 2R A3 2, WA SO il ‘3 I P Ty 2 OGS R g hr B 2 540 FH

9
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IR 2 I B2 W 5 B e o B — B0 R H b i by & 0775, B E IN E A SC R A e /-
1

2cm o
[0064] 1 H]J73Z:3 . [H A5NMR

[0065]  ZEIREEIEJEFIE f3 N 4E B TBruker—BioSpin Avance 111 500MHz (leﬁﬁi) NMR %
B I Bruker—BioSpin CPMASHR%ET [ AT [ Z5NMR (ssNMR) 43 BT o 5 B 78 ¥ +52 1] T B £A
&b BLLA14. OkHz HEHE o 18 F i+ 2= 3028 X ARAL JBE f e %% (cross—polarization magic angle
spinning,CPMAS) SEIG K R AE T s SNMRTE o 7 3% 135 3R BUHA 7] i N80~ 100k Hz [ A8 A7 1 fill JiT ¥
FAE o 58 SRA b (8] 152 58 9 2ms HAF IR (B3R 55 N L1LRD o A B R B A 3R >
PIERELG i 8 45 g & NI AR E A S I B =335 4R (upfield resonance) % E
7929 . 5ppm (JUSE [ 2ETMS)

[0066]  ff H{Bruker—BioSpin TopSpin 3. 2R EAFHEAT H ZhIEHEL . — KM & , 18 5 %6 A
XoT 58 5 DO U AT WA 1 B o B ARG 7 1 B0 TR B Bt DA B DR A R, HL b B HEAT
T IHEE R AR SO AR G o POl ZSNMRUE AR, (H TP T 2% A it R i ol 4 P 22 5
T BE UG I AT AE Y T o BT B B [ A AR AL, BT DA 3K 2 1] 25 NMREE A 43k Hh (g 458 461 o o) T
&5 A A 2R RS x AR P LR AR S /0 . 2ppmiF) 8 2] o A SCHR BT S 1 [ ASNMR U
FR A FERT 558 5 o [ ASNVIR G 5 AT Bk T CPMAS 22 36 2 B 1) S B 15 8 FIVRE it I A R 1T A4
[0067]  sLafs 1

[0068]  1-((2R,4R) —2— (LH-ZEJf [d] Bk Mp—2—3&) —1 -FF JLWR Mg -4-3E) —3- U-FUELIIL) I
R A (1: D) il 2

[0069]
& {;ﬁ?f{:!\i
NH, N HI\E"L N"ii\\*’ E
! £y CN H N
| H * WSy MIBK <4y
E . N fﬁf *i"‘“ﬂ& 2o k N i
?fi ;,-“,{a‘ 7 § 7 x ;\ﬁ}x ?} ;}}?/{}% * Na"".« .»N. H
3 13 }- X Agic B § ‘-)
Me Nw H * Me N N
N

[0070] )P & A Tl B U I FE 45 1 250mE S B2 2% HH BA-T-7K (83mL) H 7% 20 % — F O ERRIR) i
WOEAEIN (2R, 4R) —2- (LH-253F [d] Wk —2—J) —1 - LR IE -4 (3.24g,14. Immo1) (1R
PiPeng%F N ,0rg.Lett.2014,16: 860863 &) o VAR H s IN4—F Ak —2— [l (FF 2 e T 2
Fil ,MIBK) (91mL) , i J5 ¥R INN- (4—-FU R L) —1H-WK e —1-F B iz LH-BR S A9 (12 D)
(5.18g,17.6mmol) (HR¥EPengSE Afi&) o 7E45°C A M I L/ o 5 ke + (0. 5¢,
By ) ke AR &0 - B KR K 2 9 K (33mL) ¥Ei A HLZ - E8 nik e (0. 96g,
14. Tmmo1) MIZHHM K4 He—-2- G HR (18mL) o 45 VA TR 200 2 i 246 A 950mL o i 8 Ir 43
I FH4-F -2 (13mL) Peisk o £ A BEAR T 760 °C I R B3 [B AR T R 1 2/N) , 15 21 1-
((2R,4R) —2— (1H-2RJf [d]wkme—2—J%) —1 - FF FEIR g -4 J) —3— (4-FUAL IR IL) JIRIKE . 54
(1:1) (4.55g,10.3mmol,73% 5 Z) .'H NMR (400MHz ,DMSO—ds) : 612.38 (bs, 1H) ;12.07 (bs,
1H) ;8.94 (s, 1H) ;7.67 (d,J=8.4Hz,2H) ;7.65 (m,1H) ;7.58(d,J=8.4Hz,2H) ;7.55(d,]J=
7.5Hz,1H) ;7.43(bd,J="7.5Hz,1H) ;7.14 (m,2H) ;7.02(s,2H) ;6.75(d,J=7.1Hz,1H) ;4.08
(m,1H) ;3.63(dd,J=10.4,3.2Hz,1H) ;2.90 (dt,HJ=11.9,4.2Hz,1H) ;2.51 (p,J=1.8Hz,

10
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2H) 52.40 (td,J=11.7,3.0Hz,1H) ;2.06 (s,3H) 52.03 (m,1H) ;1.92 (m,1H) ;1.86 (m, 1H) ;
1.72 (m, 1H) ;'3C NMR (101MHz ,DMS0) 6156.17,154.34,145.2,135.6,133.7,122.3,121.5,
119.9,118.9,117.8,111.7,102.9,59.1,50.4,44.2,42.9,36.5,30.3.,

[0071] A&7 7 &5 Ak 5 S VIR RAE

[0072]  PXRD¥#i

[0073] W40 7 R4 0 FH 75 7 LRI 45 A i 75 AR PR 52 5 (12 1) IR PXRDEHR
[0074]  SLjitafs)2

[0075]  1-((2R,4R) —2- (1H-ZKJF [d] ke —2-J) —1 - FF JER e -4 ) —3- (4-FUEIRSD) IR
kg Eh OB 1l

Q d:\\/[juf\ ”VC”
%*N*”“\N - \ e N ,E\ j\/
[0076] ¢ S0 N 3,{30{3.%
L“, igzlw HEWM [\NJ L
Ne 1\3 RN Me ;‘3\,:}‘ N
“,‘! \':'::‘:.f;

[0077]  pm)fic & A T B U R A = B DB BE AL (High Shear Wet Mill,HSWM) ¥ 11L& M
AL (2R, 4R) —2— (IH-2K JF [d] W ie—2—J8) — 1 -1 JENR g —4-3) —3- (4~ HEL) iR
W BT (38.2g3102mmo1) (WMunchhof%% A ,Med.Chem. ,Lett,2012,3:106-111Frik 4 2
SR (988mL; 26mL/g) o B J5 KR INH AR 60 °C LA SRSV TE VAR - 0 3 1 ok % (14. 28g
123mmol 5 1.2 &) V&R T S AEE (115mL s 3mL/g) H R B il £ £ SR B T 57 7R I b O VA AL
EHSWMJ:ﬁ (3200428500 pm) [ [FI , 8 120 %6 1 B >R RV W FF 41 15 I B B 2 V8 AR 15 R
T o YR HSWM (3500 pm) J J3 Fsf 17N 8 N AR B SR BRVE V- 7260 C NGB 2 A L/ i
Js 27N K ERRA E1Z2 10 °C F kAT 1 o o 318 43 55 [ A , Pk HEAE60°C R T4 . BA80 % Ui
RO B2 AAEKA KR ARKFR B A9 (40. 1g;801mmol) 'H NVMR (400MHz , DMSO—ds)
§9.00 (s, 1H) ,7.70 (d,J=8.8Hz,2H) ,7.62(dd,]J=6.0,3.3Hz,2H) ,7.57 (d,J=8.8Hz, 2H) ,
7.25(dd,J=6.1,3.2Hz,2H) ,6.73(d,J=7.5Hz,1H) ,6.08(s,2H) ,4.40 (s,1H) ,3.91(d,J=
11.5Hz,1H) ,3.44(d,J=12.2Hz,1H) ,3.19(s,1H) ,2.53(s,3H) ,2.35(d,J=13.2Hz, IH) ,
2.08(d,J=13.3Hz,1H) ,1.91(q,J=12.4Hz,1H) ,1.79(q,J=12.4Hz, 1H) ;'3C NMR (101MHz,
DMS0) 8168.0,154.7,105.0,145.3,138.4,135.6,133.7,123.0,119.9,118.0,115.9,
103.1,57.9,50.5,41.9,41.7,34.6,28.0,
[0078]  sLjfafs)3
[0079]  1- ((2R,4R) —2- (1H-Z 3F [d] Wk me—2—J) —1 -1 BRI -4- ) —3— 4-FUE D) IR
kg h OB 1l

11
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Q ;‘ﬁ\\isf'g“ 0 ffﬁ\\T’J{:N
A A S
HNY N S . HNT N e
o080) A L;r"’;g TR, iPrOH N {cocw
0080 & ol ) EAN » « i
foj'wﬁ N 60 L&] ‘f:&“ coon
Nis !'\L AN Me f\ii ;”'Wg\\
\:rr::fz \\..mf’

[0081] (L&A T E AP HEER19250ml Flexy cube 25 s N1- ((2R,4R) —2- (1H-2K
F [d] ke —2—3) —1 - FF IR g —4—2) —3- (4-FUE IR L) Rk 5 54 (1:1) (7g,15.8mmol)
A A EE (140mL s 20mL/gFIDKIE A1) o4 2RI 260 °C R ¥ EL 2 RSV TH AW 5
Pl & ok IR (34. 8mmol, 2. 229 &) T 7K R IAEE (1 %w/w) HRIVETR « 5 1130 %6 1 5ok PR Vs
WG IR A VPR 730 o I8 AR oz 17 25 A E SR R £h (77 . 6mg, 1 %) 1B i, B s st 3043
BRI A B R BR TR - 4260 °C R 24300 B0 5 , IR 6043 Bk RS #1282 20 °C I- FERLAL
60434 o £E 5 AL IR 343 B 5, ik AR}, FH R TR (16mL) ek, B Ja FI7K (2 X 31mL) Beisk o 7E
HEFE T £E60°C R W [E A T 1278, BLO5 . 4 % Ut ZR FI1> 98 % 411 i 15 31 S A48 {0k ACIR A 4%
P A0 Dok R 1) (15. 1mmol,7.40g) o'H NMR (400MHz , DMSO—ds) 69.00 (s, 1H) ,7.70
(d,J=8.8Hz,2H) ,7.62(dd,]=6.0,3.3Hz,2H) ,7.57 (d,]=8.8Hz,2H) ,7.25(dd,]=6.1,
3.2Hz,2H) ,6.73(d,J=7.5Hz,1H) ,6.08 (s,2H) ,4.40 (s, 1H) ,3.91 (d,J=11.5Hz,1H) ,3.44
(d,J=12.2Hz,1H) ,3.19(s,1H) ,2.53 (s,3H) ,2.35(d,J=13.2Hz,1H) ,2.08(d,J=13.3Hz,
1H) ,1.91(q,J=12.4Hz,1H) ,1.79(q,J=12.4Hz, 1H) ; '3C NMR (101MHz ,DMSO0) 8168.0,
154.7,105.0,145.3,138.4,135.6,133.7,123.0,119.9,118.0,115.9,103.1,57.9,50.5,
41.9,41.7,34.6,28.0.,

[0082] A& B & AR SRR h OB D) [ ERAE

[0083]  PXRD¥L4}E

[0084] &1 W R MR I8 FH U7 6 LRAR I 45 dm A B 17 7 A S ok iR £ OB 201) I PXRDEHR - AT
B #20° (°20) £0.2°20 ZR (I PXRDUE S H AR 38 2 B RS2 (i TR 1 o B 5 HR/RFFAE 4 PXRD

62 A=

[0085] 1. W 7 75 A 2 ok Bk Eh K1) AUPXRDI T2 (26°)

[0086]
ik P—

20 4 0.2 °26 F T %

9.8 5
104 E
11.6% T
K £
126 5
4.2 5
158 i

12
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[0087]

17.3* 33
17.7% 22
18.0 10
18.4 13
19.6* 100
20.9 3
21.3 Il
22.1 8
230 7
239 5
243 14
24.7 7
250 6
253 g
258 5

[ooss]  FT—iz & Mt

[0089) Ve 2 A LB FH 2 2 R 0 245 8 Ao 40 25 A ot OR1) R T
FT-$7 204 (cm™) 2B HERR R F R Lem ' = 2em YRt T- %2 . B S F8 R EFEMEFT-H7 2 0%
(em ") FRHEHIEHE BRI w= 55 m =114 s = B,

[0090] 22 Wi 5 A Lok ah OB 1) 1y &4 1 e il

[0091]
il FREA I
om £ 2 em
107 m
128 m
201 W
280 w
327 W
375 w
400 W
421 w
455 W
480 W
494 W
5200 W
551 W
620%* W
646 W
675 W
729 W
748 W
800 W
830* W
873 W
902 W
927 W
997%* W
1014 W
1070 w
1113 W
1145 W

13
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[0092]

1175%*

1208*

1233*

1261*

1273*

1320

1329

1387

1452%

1444*

1463

1450

1534*

1589%

l612*

16917%

2168

2219*

2932

2955%

2976

3013*

3029*

3056

3116

gigd g g g v g|EBEBEg g2 F|2Bs =58

[0093]  ssNMR¥u 4
[0094] &I 34w AR F 8 FH 7 v 3R AL I 4485 A o 107 2 AT 5 R IR £k O 1) [ BRCPMASIZ I o
29 . 5ppmAk [ A & NI FESM L o ssNMR - PCib 2207 75
(ppm) K7 Lhppm = 0. 2ppmRfit T £ 341 o B SHEREFIEMEssNR P 226785 (ppm) o

[0095] &3 M8 7 75 A ok BR 3k (B D) i ssNVR PCHLZ07 8% (ppm)

HEARIRE A 20 3 (ppm) #oR H

[0096]
i3 A Ik O —
i o tenittyy
27.6 47
36.1 49
42.7 95
50.7 49
57.8% 64
105.7 53
e 54
115.9 54
119.0 97
1248 35
126.2 54
132.9 100
134.8%* 98
............................................... S S6 .
144.7%* 97
148.3 59
[0097]
154.6 53
171.1 93

14
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N 107531667 A Ww BB
f0098] k{4

[0099]  #&dv 75 A1 B R IR £k a1 B4R PEZG i il 57)
[0100]

3 PR R SR R SR TR

25 M LT A kiR R OB ROACR PR (TR) A7 4R (it TR 4rh o IX AR T

[0101]  ZR4: IRA FIRARR ML K

[0102]
e (GEIUR)  EE%
KL & AR Bk R O LD TETE RS 32.765 26.2
T AR 7S 58.157 46.5
TR A AR 29.078 233
A e Laiiad 3.750 3.0
B IR EG SRR ) v 7] 0.625 0.5
A R R B CHIRLA) T 7 0.625 05
BSOS 125.000 mg 100

[0103]  Z&5: IRy FHIRC )T B ML AL S [

[0104]
YL B AV B% A HE%
Kh S A kR EROE LD VT g 16.383 % 32.765 %
A YR T 41,156 % 53.078 %
T KBRS HA 20,578 % 26.539 %
L 2 BRIE WA 7 3.000 % 3.000 %
R IR B NiThigril 1.000 % 2.500 %

[0105] PXRD%i#E

[0106]  FROHRALMIME 1 H 7 VL UREER &4 45 s h B &5 A1 SRR & OB D) 1925 5 7EAT

U #1207 (°20) 0. 272040 AGPXRDUGE K FLAER 58 FE A 51 R o B 5 4R 7R FRIEVEPXRDIE AL

[0107]  ZR6: AP F A0 Hok R £h O 1) 25 5 FIPXRDIEFI K (20°) . 77 B 5 1WA B Ko
R,
[0108]
A i o1 P
©2g40.2 920 TRTH L 934 0.2°20 AR L%
36 22 242 27 (AP)
47 12 24.7 22
5.4 13 253 22
9.1 7 255 2
9.7 9 (APT) 26.6 83
10.4 16 (APD) 272 100 (API)
11.5% 39 (API) 28.2 32 (AP])
2.1% 27 (APT) 28.5 31
126 16 (APT) 28.9 24
13.1 17 30.2 86

15
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[0109]

14.3 19 (API) 30.5 46
14.9 21 310 17
15.8 32 (API) 325 33
163 23 328 40
17.0% 60 (APD) 33.5 17
17.3* 42 (APT) 34.1 16
17.6* 37 (API) 34.6 19
18.0 24 (APD) 35.0 20
18.4 25 (APD) 354 , 16
19.6% 99 (API) 36.0 23
203 24 373 16
208 28 (API) 377 16
213 35 (APT) 38.3 14
222 57 30.1 16
226 , 57 253 22
23.8 29

01101 sEjEfls
(01111  1-((2R,4R) —2— (1H-ZE I [d]mkme—2—3L) —1 —F FLWR g —4-J%) —3— (4B AL 3E) ik
(S) - Bk ER EL 10 il %

0 . o o o ON
%*’N X NN
(S)y-#7121R, iPrOH Hi & {“}H
[0112] r’ R ———— o * [ TNOOH

o 1oa (]

{ 5{}‘(" \!\é‘f"ﬁ,]{wi\} g
Me Nt \\, de N7 N
K::/J {\:::m/

[(0113]  FEASFECA HEFAER MR, 8 1- (2R, 4R) —2- (IH-Z%F [d] ke —2-J88) —1-FF 2
WRIE —4—3) —3— (4-FE IR IE) IR E Tk (318mg, 0. 85mmo 1) ¥4 if T~ 1 0mL 5 T B 1 o K- Wi
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