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Abstract

The present invention relates to crystal form A of a compound. The present invention
also discloses a preparation method and a pharmaceutical composition of the crystal form
A. The crystal form A has strong hypoglycemic activity in vivo and is expected to be a
novel pharmaceutically active ingredient for treating or preventing type II diabetes and/or

complications of type II diabetes.
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Crystal form A of a compound and preparation method thereof

TECHNICAL FIELD

The present invention relates to the field of pharmaceutical chemistry, and more
particularly to crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop

hene[3,2-d]pyrimidine-6-carboxylic acid crystal and preparation method thereof.

BACKGROUND ART

Diabetes Mellitus (DM) is a metabolic disease of multiple causes, and is a
syndrome of a series of metabolism disorder of protein, fat, water, electrolytes and the
like caused by absolute or relative lack of insulin secretion in the human body or
reduced sensitivity of target cells to insulin. Acute complications of diabetes include
diabetic ketoacidosis, diabetic hyperosmolar coma, a variety of acute infection and
lactic acidosis and so on. In addition, hypoglycemia existed in the treatment of
diabetes is also one of the most common acute complications. Chronic complications
of diabetes include diabetic eye disease, diabetic nephropathy, diabetic neuropathy,
diabetic heart and brain limbs macrovascular disease and diabetic foot and skin
lesions etc..

Type I diabetes is a type of metabolic syndrome caused by uncontrolled blood
glucose levels in vivo. Type II diabetes is characterized by high blood glucose, insulin
resistance and lack of insulin secretion, and is usually associated with dyslipidemia,
hypertension and obesity. Type II diabetes is a global epidemic, and all over the world
6% of the population are currently suffering from type II diabetes, which has become
the world's third chronic non-communicable diseases threatening human health. Type
II diabetes patients can produce insulin in the human body, but the quantity is relative
insufficient, or the obtained insulin can not function effectively due to reduced tissue
sensitivity or insulin resistance, so glucose accumulates in blood and glucose level is
increased. Since this type of diabetes patients can secrete insulin, insulin therapy is
generally not needed, and blood glucose can be controlled only by diet adjustment or

oral hypoglycemic agents.
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In 2000, there were about 171 million diabetics in the world. It is expected that if
there is no effective treatment, in 2030, the number of diabetics will reach 360
million, of which more than 90% are type II diabetes. In China, diabetes treatment
costs up to 173.4 billion RMB per year, diabetes-induced direct medical expenses
have accounted for 13% of China's total medical expenditure. It is expected that the
number of diabetic paticnts in the United States will reach 50 million in 2028 with an
annual growth rate of 5%. While in China the number of diabetes patients up to 92.5
million now is expected to reach 100 million in 2028 with an annual growth rate of
4%. As a complex disease, type 1I diabetes patients have strong heterogeneity, and
Easterners have a higher susceptibility to type II diabetes than Westerners, and
demand for individualized treatment is high.

Current drugs for treating type II diabetes mainly include insulin, sulfonylureas,
metformin, thiazolidinediones, PPARa/y double agonists, DPP IV inhibitors and
GLP-1 analogs. Although the existing drugs can control blood glucose levels and
reduce the occurrence of complications, but most of them have more serious side
effects, such as gastrointestinal toxicity, weight gain, edema, hypoglycemia and the
like, and they can not fundamentally control and cure type II diabetes. Since
traditional diabetes treatment drugs have limited effect and poor tolerance as well as
obvious side effects, from the perspective of human health and economic interests, it
has important research significance to research and develop safe and highly efficient
diabetes treatment drugs.

DPP IV inhibitors can significantly reduce blood glucose levels in the body,
increase glucose tolerance, promote insulin secretion, reduce glucagon level, delay
insulin resistance and increase response level of insulin when blood glucose increases
in patients with type II diabetes. Compared with existing oral diabetes drugs, DPP IV
inhibitors have following characteristics: (1) DPP IV inhibitors do not require
injections, and continuously reduce glycosylated hemoglobin level by oral
administration; (2) DPP IV inhibitors have good tolerance after long-term use; (3)
DPP IV inhibitors can enhance insulin secretion and improve the release of glucagon;
(4) DPP 1V inhibitors improve insulin sensitivity and increase pancreatic j cell
function; (5) lower incidence of hypoglycemia, and it will not cause weight gain,

_2_
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nausca and vomiting and gastrointestinal dysfunction; (6) DPP IV inhibitors have
synergistic effects when they are used with other type II diabetes drugs.

(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydroth
iophene[3,2-d] pyrimidine-6-carboxylic acid (Formula I) is a novel DPP IV inhibitor
with strong activity of reducing blood glucose in vivo. However, the overall
performance of the existing various crystalline forms of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid is still unsatisfactory.

Therefore, there is an urgent need in the art for the development of a new crystal
form of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid with high efficiency, low toxicity and
Jong-lasting effect so as to obtain a pharmaceutically active ingredient with better

performance.

SUMMARY OF INVENTION

One object of the present invention is to provide crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal with high efficiency, low toxicity

and long-lasting effect.

In the first aspect of the present invention, crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal of formula I is provided, XRD pattern
of the crystal form A includes following characteristic absorption peaks expressed by
crystal plane distance d: 8.87+0.2 A, 14.18+0.2 A, 20.67+0.2 A, 25.18+0.2 A,
28.61+£0.2 A.
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In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expressed by crystal plane distance d: 8.87
A, 14.18 A, 20.67 A, 25.18 A, 28.61 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expressed by crystal plane distance d:
7.25+0.2 A, 8.09+0.2A, 8.87+0.2 A, 14.1820.2 A, 16.65£0.2 A, 20.67+£0.2 A,
21.95£0.2 A, 25.18+0.2 A, 28.61+0.2 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expressed by crystal plane distance d: 7.25
A,8.09 4,887 A, 14.18 A, 16.65A,20.67A,21.95A,25.18 A,28.61 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expressed by crystal plane distance d:
7.25+0.2 A, 8.09+0.2 A, 8.87+0.2 A, 14.18+0.2 A, 16.65+0.2 A, 19.03+£0.2 A,
20.01£0.2 A, 20.67+0.2 A, 21.95£0.2 A, 24.53+0.2 A, 25.18+0.2 A, 27.47+0.2 A,
28.61+0.2 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expressed by crystal plane distance d: 7.25
A,8.00A,8.87 A, 14.18 A, 16.65 A, 19.03 A, 20.01 A, 20.67 A, 21.95 A, 24.53 A,
25.18 A, 27.47 A, 28.61 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expressed by crystal plane distance d:
5.4240.2 A, 7.25+0.2 A, 8.09£0.2 A, 8.87x0.2 A, 14.18+0.2 A, 15.59+0.2 A,
16.65+0.2 A, 17.84+0.2 A, 19.03+0.2 A, 20.01+0.2 A, 20.67+0.2 A, 21.72+0.2 A,
21.95£0.2 A, 22.49+0.2 A, 24.53+0.2 A, 25.18+0.2 A, 25.56=0.2 A, 27.47+0.2 A,
28.61+0.2 A, 33.09+0.2 A, 34.25+0.2 A, 37.86+0.2 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes

__4_
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following characteristic absorption peaks expressed by crystal plane distance d: 5.42
A,7.25A,8.09 A, 887 A,14.18 A, 15.59 A, 16.65 A, 17.84 A, 19.03 A, 20.01 A,
20.67 A,21.72 A, 21.95 A, 22.49 A, 2453 A, 25.18 A, 25.56 A, 27.47 A, 28.61 A,
33.09 A, 34.25 A, 37.86 A.

In another preferred embodiment, the crystal form A has an XRD pattern
substantially as shown in Figure 2.

In another preferred embodiment, the characteristic absorption peak expressed by
crystal plane distance d of the XRD pattern of the crystal form A has a deviation of +
0.5, preferably a deviation of + 0.3, and more preferably a deviation of = 0.1.

In another preferred embodiment, the crystal form A has one or more
characteristics selected from the following group consisting of:

1) TG pattern of the crystal form A has a characteristic absorption peak at 2612
oC:

In another preferred embodiment, the TG pattern of the crystal form A has a
characteristic absorption peak at 262.1 °C.

2) TG pattern of the crystal form A has a characteristic absorption peak at
323+5°C;

In another preferred embodiment, the TG pattern of the crystal form A has a
characteristic absorption peak at 324 °C.

3) the crystal form A has a heat weight loss of 77 to 78 wt% at 400 "C;

In another preferred embodiment, the crystal form A has a heat weight loss of
77.65 wt% at 400 °C.

In another preferred embodiment, the crystal form A has a TG pattern substantially
as shown in Figure 3.

4) DSC pattern of the crystal form A has a characteristic absorption peak at 135+5
°C;

In another preferred embodiment, the DSC pattern of the crystal form A has a
characteristic absorption peak at 135.67 °C.

In another preferred embodiment, a starting value of an endothermic transition
temperature of the crystal form A is 1312 °C.

In another preferred embodiment, the starting value of the endothermic transition

_..5_
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temperature of the crystal form A is 131.84 °C.

In another preferred embodiment, the crystal form A has a DSC pattern
substantially as shown in Figure 4.

5) the crystal form A has a hygroscopicity of less than 1%.

In another preferred embodiment, when relative humidity RH is less than 50%, the
crystal form A has a hygroscopicity of less than 0.3%.

In another preferred embodiment, the crystal form A has a DVS pattern
substantially as shown in Figure 5.

In another preferred embodiment, IR pattern of the crystal form A includes
following characteristic absorption peaks expressed by wavelength A.: 3368+2 cm?,
2040+2 cml, 284842 cm’l, 222242 em’!, 172942 cm!, 1672+2 cm™', 156442 cm,
152942 ¢m’l, 147042 cm’!, 145422 em’?, 1387+2 cm™!, 129842 cm™!, 12032 cm,
110542 em!, 107542 cm™, 92142 cm!, 781£2 cm’!, 709 £2 cm™.

In another preferred embodiment, IR pattern of the crystal form A includes
following characteristic absorption peaks expressed by wavelength A: 3368, 2940,
2848, 2222, 1729, 1672, 1564, 1529, 1470, 1454, 1387, 1298, 1203, 1105, 1075, 921,
781, 709 cm™.

In another preferred embodiment, the crystal form A has an IR pattern
substantially as shown in Figure 6.

In another preferred embodiment, the crystal form A has a Raman pattern

substantially as shown in Figure 7.

In the second aspect of the present invention, a crystal composition is provided,
and it comprises a crystal of the crystal form A according to the first aspect of the
present invention or is made from a crystal of the crystal form A according to the first
aspect of the present invention.

In another preferred embodiment, the weight percentage of the crystal of the
crystal form A is 60 to 99.999%, preferably 80 to 99.999%, more preferably 90 to
99.999%, based on total weight of the crystal composition,

In another preferred embodiment, the crystal composition further comprises:

non-A crystal form of
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(R)-methyl-2-(3-aminopiperidin-1-y1)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal and amorphous
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid.

In the third aspect of the present invention, it provides a method for preparing the
crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal according to the first aspect of the
present invention, and the method comprises following steps:

1) providing a first solution containing a first solvent and
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid dissolved in the first solvent, wherein

the first solvent is a good solvent and selected from the following group consisting
of alcohols, ketones, esters, chlorinated alkanes, or combinations thereof;

In another preferred embodiment, the alcohols are C1-C10 alcohols, preferably
C1-C8 alcohols, more preferably C1-C5 alcohols.

In another preferred embodiment, the alcohols are selected from the following
group consisting of methanol, ethanol, n-propanol, isopropanol, n-butanol, neopentyl
alcohol, or combinations thereof.

In another preferred embodiment, the ketones are C2-C8 ketones, preferably
C3-CS5 ketones.

In another preferred embodiment, the ketones are selected from the following
group consisting of acetone, isobutanol butanone, or combinations thereof.

In another preferred embodiment, the esters are C1-C10 esters, preferably C1-C7
esters, more preferably C1-C5 esters.

In another preferred embodiment, the esters are selected from the following group
consisting of methyl formate, ethyl acetate, isobutyl formate, or combinations thereof.
In another preferred embodiment, the chlorinated alkanes are dichloromethane,

trichloromethane, or combinations thereof, preferably dichloromethane.

In another preferred embodiment, the

_7__.
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(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid is an amorphous compound.

2) adding a second solvent to the first solution to crystallize and give the crystal
form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal according to the first aspect of the
present invention, wherein

the second solvent is a poor solvent and selected from the following group
consisting of water, cthers, alkanes, tetrahydrofuran, 1,4-dioxane, or combinations
thereof.

In another preferred embodiment, the ethers are C1-C10 ethers, preferably C1-C8
ethers, more preferably C1-C6 ethers.

In another preferred embodiment, the ethers are selected from the following group
consisting of petroleum ether, t-butyl methyl ether, diethyl ether, isopropyl ether,
diethyl ether, or combinations thereof.

In another preferred embodiment, the alkanes are C2-C15 alkanes, preferably
(C3-C10 alkanes, more preferably C4-C8 alkanes.

In another preferred embodiment, the alkanes are selected from the following
group consisting of n-pentane, n-hexane, n-heptane, or combinations thereof.

In another preferred embodiment, after step 2), the method further comprises the
following step:

(3) filtering and/or drying the obtained solid in step (2), to give the crystal form A
of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal according to the first aspect of the
present invention.

In another preferred embodiment, temperature for the drying is from 10 to 70 °C,
preferably from 20 to 80 °C, more preferably from 25 to 40 °C.

In another preferred embodiment, pressure for the drying is from O to 20 kPa,
preferably from O to 10 kPa, more preferably from 5 to 10 kPa.

In another preferred embodiment, time for the drying is from 5 to 150 hours,
._8_
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preferably from 30 to 100 hours, more preferably from 60 to 80 hours.

In another preferred embodiment, the yield of the method is from 50% to 99%,
preferably from 75% to 99%, more preferably from 85% to 99%.

In another preferred embodiment, in the first solution, the concentration of the
solute
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid is 0.1 g/L to the saturated concentration.

In another preferred embodiment, in the first solution, the concentration of the
solute
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid is 0.1 g/L to 100 g/L, preferably 1 g/L to
870 g/L, more preferably 10 g/L to 70 g/L, most preferably 10 g/L to 50 g/L.

In another preferred embodiment, in the first solution, the concentration of the
solute
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid is an unsaturated concentration.

In another preferred embodiment, the crystallization is carried out at 0 to 50 °C.

In another preferred embodiment, the crystallization is carried out at 0 to 40 °C,
preferably 20 to 30 °C; preferably room temperature.

In another preferred embodiment, the crystallization is carried out with stirring.

In the fourth aspect of the present invention, a pharmaceutical composition is
provided, comprising the crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal according to the first aspect of the
present invention, and pharmaceutically acceptable excipients.

In another preferred embodiment, the excipient is selected from the following
group consisting of fillers, disintegrants, binders, lubricants, or combinations thereof.

In another preferred embodiment, the filler is selected from the following group
consisting of starch, lactose, microcrystalline cellulose, dextrin, mannitol, magnesium

oxide, calcium sulfate, or combinations thereof.

._9_
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In another preferred embodiment, the disintegrant is selected from the following
group consisting of carboxymethylcellulose and salts thereof, crosslinked
carboxymethylcellulose and salts thereof, crosslinked povidone, sodium
carboxymethyl starch, low substituted hydroxypropylcellulose, or combinations
thereof.

In another preferred embodiment, the binder is selected from the following group
consisting of povidone, hydroxypropylmethylcellulose, starch pulp, or combinations
thereof.

In another preferred embodiment, the lubricant is selected from the following

group consisting of magnesium stearate, calcium stearate, or combinations thereof.

In the fifth aspect of the present invention, a use of the crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiophene
[3,2-d] pyrimidine-6-carboxylic acid crystal according to the first aspect of the present
invention or the crystal composition according to the second aspect of the present invention
or the pharmaceutical composition according to fourth aspect of the present invention is
provided, for preparation of a medicament for preventing or treating type II diabetes
and/or complications of type II diabetes.

In another preferred embodiment, the complications of type II diabetes are selected
from the following group consisting of coronary artery disease, stroke, hypertension,

nephropathy, peripheral vascular disease, neurological disease, and retinopathy.

In the sixth aspect of the present invention, it provides a method of treating or
preventing type II diabetes and/or complications of type II diabetes, by administering
to a subject a therapeutically effective amount of the crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal according to the first aspect of the
present invention or the crystal composition according to the second aspect of the
present invention or the pharmaceutical composition according to fourth aspect of the

present invention.
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It should be understood that in the present invention, any of the technical features
specifically described above and below (such as in the Examples) can be combined
with each other, thereby constituting new or preferred technical solutions which will

not redundantly be described one by one herein.

DESCRIPTION OF FIGURES

Figure 1 is a polarizing photograph of the crystal form A of the crystal of Example
1 of the present invention.

Figure 2 is an XRD pattern of the crystal form A of the crystal of Example 1 of the
present invention.

Figure 3 is a TG pattern of the crystal form A of the crystal of Example 1 of the
present invention.

Figure 4 is a differential scanning calorimetry (DSC) pattern of the crystal form A
of the crystal of Example 1 of the present invention.

Figure 5 is a hygroscopicity analysis (DVS) pattern of the crystal form A of the
crystal of Example 1 of the present invention.

Figure 6 is an infrared spectrum (IR) pattern of the crystal form A of the crystal of
Example 1 of the present invention.

Figure 7 is a Raman spectrum (Raman) pattern of the crystal form A of the crystal

of Example 1 of the present invention.

DETAILED DESCRIPTION OF INVENTION

Through extensive and intensive long research, the inventors have unexpectedly
prepared crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal with better pharmaceutical
properties. Based on the above findings, the inventors have completed the present

invention.

AMORPHOUS POWDER
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydroth

CA 2976408 2019-02-25
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iophene[3,2-d] pyrimidine-6-carboxylic acid (Formula I) is a novel DPP 1V inhibitor
with strong activity for reducing blood glucose in vivo. The compound is a selective
and reversible competitive DPP IV inhibitor with an inhibitory activity up to
nanomolar level, and the inhibitory activity and selectivity of DPP IV inhibitors in
vitro is superior to those of listed drugs sitagliptin and vildagliptin. In animal body,
the compound can effectively inhibit DPP IV activity in normal mice and rat plasma,
and its DPP IV inhibitory activity is superior to that of listed drug alogliptin. The
compound can increase oral glucose tolerance in normal ICR mice in dose-dependent
manner with an effective dose of only 0.1 mg/kg, and its effect is superior to that of
alogliptin. When the compound is chronicly administered to ob/ob mice, it can
effectively reduce fasting blood glucose of ob/ob mice, which is superior to the
positive control drug alogliptin. When the compound is chronicly administered to
gene-deficient db/db mice, it can reduce fasting blood glucose of gene-deficient db/db
mice, which is comparable to the positive control drug alogliptin. Study of
pharmacokinetic and safety has shown that the compound has good pharmacokinetic
properties and safety in rats and dogs. In rats and dogs, half-life and AUCo.. of the
compound is superior to those of listed drug alogliptin. Safety test has showed that the
compound has good safety, and the acute toxicity test in ICR mice has showed that no
death is found in 300 mg/kg group, and the acute toxicity test in Beagles has showed
that no death is found in 1 g/kg group, and the subacute toxicity test in Rat has
showed that no obvious toxicity is found in oral administrated 150 mg/kg group.
Summarizing research results of pharmacodynamics evaluation in vitro,
pharmacological evaluation in vivo, pharmacokinetic studies and safety evaluation
etc., hypoglycemic effect of the compound in vivo is better than that of DPPIV
inhibitors currently clinically used. Therefore, the compound is expected to develop as

a novel therapeutic agent for Type II diabetes.
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Drug Polymorphism refers to the drug has two or more material states in different
crystalline forms. For solid chemical drugs, due to their different molecular
arrangement and symmetry laws, one drug can form a variety of solid material states
in different crystalline form, and it is often referred to as “polymorph phenomenon”

5 that one drug has solid states in different crystalline forms . Polymorph phenomenon
is prevalent in solid drugs, and polymorph is one of important factors that affect .
quality and efficacy of solid drugs.

Amorphous
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop

10  hene[3,2-d] pyrimidine-6-carboxylic acid powder is prepared by the preparation
method described in patent application no. CN201210262331.3. TH NMR(CDCl3): §
7.76(s, 1H), 7.610 (d, 1H), 7.493 (t, 1H), 7.320 (t, 1H), 7.180 (d, 1H), 5.500 (quartet,
2H), 3.895 (s, 3H), 3.680 (d, 2H), 3.355 (m, 1H), 3.010 (m, 2H), 2.150 (m, 1H), 1.894
(m, 2H), 1.644 (m, 1H) ; LC-MS m/z 424.1 [M+H}*.

15

CRYSTAL FORM A

Crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal of formula I is provided in the

20 present invention, XRD pattern of the crystal form A includes following characteristic
absorption peaks expressed by crystal plane distance d: 8.87+0.2 A, 14.18+0.2 A,
20.67+0.2 A, 25.18+0.2 A, 28.61+0.2 A.

(0] CN
Meg N N/J\U@\NHz
l

In another preferred embodiment, the XRD pattern of the crystal form A includes
25 following characteristic absorption peaks expressed by crystal plane distance d: 8.87
A, 14.18 A,20.67 A, 25.18 A, 28.61 A.

Typically, the XRD pattern of the crystal form A includes following characteristic
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absorption peaks expressed by crystal plane distance d: 7.25+0.2 A, 8.09+0.24,
8.87+0.2 A, 14.18+0.2 A, 16.65+0.2 A, 20.67+0.2 A, 21.95+0.2 A, 25.18+0.2 A,
28.61+0.2 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expressed by crystal plane distance d: 7.25
A, 8.09A,8.87A,14.18 A, 16.65 A, 20.67 A, 21.95 A, 25.18 A, 28.61 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expressed by crystal plane distance d:
7.2540.2 A, 8.09+0.2 A, 8.87+0.2 A, 14.18+0.2 A, 16.65+0.2 A, 19.03+0.2 A,
20.01+0.2 A, 20.67+0.2 A, 21.95+0.2 A, 24.53+0.2 A, 25.18+0.2 A, 27.47+0.2 A,
28.61£0.2 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expressed by crystal plane distance d: 7.25
A,8.09 A, 887 A, 14.18 A, 16.65 A, 19.03 A, 20.01 A, 20.67 A, 21.95 A, 24.53 A,
25.18 A, 27.47 A, 28.61 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expresséd by crystal plane distance d:
5.4240.2 A, 7.25+0.2 A, 8.09+0.2 A, 8.87£0.2 A, 14.18+0.2 A, 15.59+0.2 A,
16.65+0.2 A, 17.84+0.2 A, 19.03£0.2 A, 20.01+0.2 A, 20.67+0.2 A, 21.72+0.2 A,
21.95+0.2 A, 22.49+0.2 A, 24.53+0.2 A, 25.18+0.2 A, 25.56+0.2 A, 27.47+0.2 A,
28.61+0.2 A, 33.09+0.2 A, 34.25+0.2 A, 37.86+0.2 A.

In another preferred embodiment, the XRD pattern of the crystal form A includes
following characteristic absorption peaks expressed by crystal plane distance d: 5.42
A,725A,8.094A,887A,14.18A,15.59 A, 16.65A,17.84 A, 19.03 A, 20.01 A,
20.67 A, 21.72 A, 21.95 A, 22.49 A, 2453 A, 25.18 A, 25.56 A, 27.47 A, 28.61 A,
33.09 A, 34.25 A, 37.86 A.

In another preferred embodiment, the crystal form A has an XRD pattern
substantially as shown in Figure 2.

In the present invention, the characteristic absorption peak expressed by crystal
plane distance d in the XRD pattern of the crystal form A has a deviation of + 0.5,

preferably a deviation of = 0.3, and more preferably a deviation of + 0.1.
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Specifically, the crystal form A has one or more characteristics selected from the
following group consisting of:

1) TG pattern of the crystal form A has a characteristic absorption peak at 261+2
°C:

In another preferred embodiment, the TG pattern of the crystal form A has a
characteristic absorption peak at 262.1 °C.

2) TG pattern of the crystal form A has a characteristic absorption peak at
323+5°C;

In another preferred embodiment, the TG pattern of the crystal form A has a
characteristic absorption peak at 324 °C.

3) the crystal form A has a heat weight loss of 77 to 78 wt% at 400 °C;

In another preferred embodiment, the crystal form A has a heat weight loss of
77.65 wt% at 400 °C.

In another preferred embodiment, the crystal form A has a TG pattern substantially
as shown in Figure 3.

4) DSC pattern of the crystal form A has a characteristic absorption peak at 135+5
°C:

In another preferred embodiment, the DSC pattern of the crystal form A has a
characteristic absorption peak at 135.67 °C.

In another preferred embodiment, a starting value of an endothermic transition
temperature of the crystal form A is 131+2 °C.

In another preferred embodiment, the starting value of the endothermic transition
temperature of the crystal form A is 131.84 °C.

In another preferred embodiment, the crystal form A has a DSC pattern
substantially as shown in Figure 4.

5) the crystal form A has a hygroscopicity of less than 1%.

In another preferred embodiment, when relative humidity RH is less than 50%, the
crystal form A has a hygroscopicity of less than 0.3%.

In another preferred embodiment, the crystal form A has a DVS pattern
substantially as shown in Figure 5.

In another preferred embodiment, IR pattern of the crystal form A includes
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following characteristic absorption peaks expressed by wavelength A: 3368+2 cm™!,
2940+2 cm™, 2848+2 cm™?, 222242 cm!, 172942 cml, 167242 cm!, 156442 cm!,
152942 cml, 147042 cm!, 145442 ecm!, 138742 em!, 1298+2 em'!, 1203+2 cm?,
1105£2 cm, 1075+2 cm?!, 921+2 ecm'?, 781+2 cm’!, 709 +2 cm’l.

In another preferred embodiment, the IR pattern of the crystal form A includes
following characteristic absorption peaks expressed by wavelength i: 3368, 2940,
2848, 2222, 1729, 1672, 1564, 1529, 1470, 1454, 1387, 1298, 1203, 1105, 1075, 921,
781, 709 cm.

In another preferred embodiment, the crystal form A has an IR pattern
substantially as shown in Figure 6.

In another preferred embodiment, the crystal form A has a Raman pattern

substantially as shown in Figure 7.

Compared with amorphous
(R)-methyl-2-(3-aminopiperidin-1-y1)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid powder, the crystal form A compound of the
present invention orally administered has better hypoglycemic activity for prevention
or treatment of type II diabetes, and the crystal form A can improve solubility of the
compound, enhance oral absorption ability and improve bioavailability, and the crystal

form A has better effect in prevention or treatment of type II diabetes.

CRYSTAL COMPOSITION

In the present invention, the crystal composition comprises a crystal of the crystal
form A or is made from a crystal of the crystal form A.

In another preferred embodiment, the weight percentage of the crystal of the
crystal form A is 60 to 99.999%, preferably 80 to 99.999%, more preferably 90 to
99.999%, based on total weight of the crystal composition.

In another preferred embodiment, the crystal composition further comprises:
non-crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-y1)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal and amorphous

CA 2976408 2019-02-25



10

15

20

25

30

(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid.

PREPARATION METHOD FOR THE CRYSTAL FORM A

In the present invention, it provides a method for preparing the crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal, and the method comprises following
steps:

1) providing a first solution containing a first solvent and
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid dissolved in the first solvent, wherein

the first solvent is a good solvent and sclected from the following group consisting
of alcohols, ketones, esters, chlorinated alkanes, or combinations thereof;

In the present invention, the alcohols, the ketones and the esters are not
particularly limited, which can be selected from conventional materials in the art, or
may be prepared by conventional methods, or are commercially available.

Typically, the alcohols are C1-C10 alcohols, preferably C1-C8 alcohols, more
preferably C1-C5 alcohols.

Typically, the alcohols include (but not limited to) methanol, ethanol, n-propanol,
isopropanol, n-butanol, neopentyl alcohol, or combinations thereof.

Typically, the ketones are C2-C8 ketones, preferably C3-C5 ketones.

Typically, the ketones include (but not limited to) acetone, isobutanol butanone, or
combinations thereof.

Typically, the esters are C1-C10 esters, preferably C1-C7 esters, more preferably
C1-C5 esters.

Typically, the esters include (but not limited to) methyl formate, ethyl acetate,
isobutyl formate, or combinations thercof.

Typically, the chlorinated alkanes include (but not limited to) dichloromethane,
trichloromethane, or combinations thereof, preferably dichloromethane.

In another preferred embodiment, the
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop

—17—
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hene[3,2-d] pyrimidine-6-carboxylic acid is an amorphous compound.

2) adding a second solvent to the first solution to crystallize and give the crystal
form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal, wherein

the second solvent is a poor solvent and selected from the following group
consisting of water, ethers, alkanes, tetrahydrofuran, 1,4-dioxane, or combinations
thereof.

Typically, the ethers are C1-C10 ethers, preferably C1-C8 ethers, more preferably
C1-C6 ethers.

Typically, the ethers include (but not limited to) petroleum ether, t-butyl methyl
ether, diethyl ether, isopropyl ether, diethyl ether, or combinations thereof.

Typically, the alkanes are C2-C15 alkanes, preferably C3-C10 alkanes, more
preferably C4-C8 alkanes.

Typically, the alkanes include (but not limited to) n-pentane, n-hexane, n-heptane,
or combinations thereof.

In another preferred embodiment, after step 2), the method comprises the
following step:

(3) filtering and/or drying the obtained solid in step (2), to give the crystal form A
of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal.

In the present invention, the drying conditions (such as temperature, pressure,
time, etc.) are not particularly limited.

In another preferred embodiment, temperature for the drying is from 10 to 70 °C,
preferably from 20 to 80 °C, more preferably from 25 to 40 °C.

In another preferred embodiment, pressure for the drying is from 0 to 20 kPa,
preferably from O to 10 kPa, more preferably from 5 to 10 kPa.

In another preferred embodiment, time for the drying is from 5 to 150 hours,
preferably from 30 to 100 hours, more preferably from 60 to 80 hours.

In another preferred embodiment, yield for the method is from 50% to 99%,
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preferably from 75% to 99%, more preferably from 85% to 99%.

In the present invention, in the first solution, the concentration of the solute
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid is 0.1 g/L to saturated concentration.

In another preferred embodiment, in the first solution, the concentration of the
solute
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid is 0.1 g/L to 100 g/L, preferably 1 g/L to
870 g/L, more preferably 10 g/L to 70 g/L, most preferably 10 g/L to 50 g/L.

In another preferred embodiment, in the first solution, the concentration of the
solute
(R)-methyl-2-(3-aminopiperidin-1-y1)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid is an unsaturated concentration.

Typically, the crystallization is carried out at 0-50 °C.

In another preferred embodiment, the crystallization is carried out at 0 to 40 °C,
preferably 20 to 30 °C; preferably room temperature.

In another preferred embodiment, the time for the crystallization is not particularly
limited, preferably is 0.05 to 72 hours (or more), preferably is 0.1 to 48 hours, more
preferably is 1 to 24 hours, most preferably is 2 to 12 hours.

In another preferred embodiment, the crystallization is carried out with stirring.

PHARMACEUTICAL COMPOSITION AND APPLICATION

A pharmaceutical composition is provided in the present invention, comprising the
crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal and pharmaceutically acceptable
excipients.

It should be understood that, in the present invention, the excipients are not
particularly limited, which can be selected from conventional materials in the art, or
may be prepared by conventional methods, or are commercially available.

Typically, the excipient includes (but not limited to) fillers, disintegrants, binders,
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lubricants, or combinations thereof.

Typically, the filler includes (but not limited to) starch, lactose, microcrystalline
cellulose, dextrin, mannitol, magnesium oxide, calcium sulfate, or combinations
thereof.

Typically, the disintegrant includes (but not limited to) carboxymethylcellulose
and salts thereof, crosslinked carboxymethylcellulose and salts thereof, crosslinked
povidone, sodium carboxymethyl starch, low substituted hydroxypropylcellulose, or
combinations thereof.

Typically, the binder includes (but not limited to) povidone,
hydroxypropylmethylcellulose, starch pulp, or combinations thereof.

Typically, the lubricant includes (but not limited to) magnesium stearate, calcium

stearate, or combinations thereof.

A use of the crystal form A
of(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothi
ophene[3,2-d] pyrimidine-6-carboxylic acid crystal or the crystal composition or the
pharmaceutical composition is also provided in the present invention, for preparation
of a medicament for preventing or treating type II diabetes and/or complications of
type 11 diabetes.

Typically, the complications of type II diabetes include (but not limited to)
coronary artery disease, stroke, hypertension, nephropathy, peripheral vascular

disease, neurological disease, and retinopathy.

A method for treating or preventing type II diabetes and/or complications of type II
diabetes is also provided in the present invention by administering to a subject a
therapeutically effective amount of the crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal or the crystal composition or the

pharmaceutical composition.

The administration amount of the crystal form A of the present invention or the
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pharmaceutical composition thereof varies depending on age, sex, race and condition
of the subject.

The compound of the present invention may be administered alone or in
combination with other drugs or active ingredients.

In the present invention, the administration mode of the crystal form A or the
pharmaceutical composition of the present invention, which is not particularly limited
and can be the same as or similar to that of conventional
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid, includes (but not limited to) oral,

transdermal, intravenous, intramuscular, topical, and the like.

Compared with the prior art, the present invention has following main advantages:

(1) the crystal form A prepared by the method of the present invention has a higher
purity;

(2) the crystal form A of the present invention has better stability, in particular
thermal stability;

(3) the crystal form A of the present invention has a lower hygroscopicity, and
when the relative humidity RH is less than 50%), the hygroscopicity of the crystal form
A is less than 0.3%;

(4) the crystal form A of the present invention is not easily degradable under
conventional conditions;

(5) The preparation method for the crystal form A of the present invention is

simple, easy to control and reproducible, and is suitable for industrial production.

The present invention will be further illustrated below with reference to the specific
cxamples. It should be understood that these examples are only to illustrate the invention
but not to limit the scope of the invention. The experimental methods with no specific
conditions described in the following examples are generally performed under the
conventional conditions, or according to the manufacture's instructions. Unless indicated
otherwise, parts and percentage are calculated by weight.

Unless otherwise defined, all professional and scientific terminology used in the text
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have the same meanings as known to the skilled in the art. In addition, any methods and
materials similar or equal with the recorded content can apply to the methods of the
invention. The method of the preferred embodiment described herein and the material are

only for demonstration purposes.

GENERAL TEST METHODS AND TEST PARAMETERS

In the present invention, the crystal is subjected to a series of general tests as
follows.

Powder X-ray Diffraction (XRD) is a structural analysis method for internal
spatial distribution of atoms in material by using diffraction of X-ray formed by
crystals. When X-rays having a certain wavelength are irradiated onto a crystalline
substance, the X-rays are scattered due to the presence of a regularly arranged atom or
ion inside the crystal, and the scattered X-rays are intensified in some directions,
thereby showing unique diffraction phenomenon correspdnding to crystalline
structure.

In the present invention, the test parameters for XRD are as follows: Instrument
type: Bruker D8advance; Target: Cu-Ka (40 kV, 40 mA); Distance from sample to
detector: 30 cm; Scanning range: 3°~40° (2 theta value); Scanning speed: 0.1 s.

Thermo Gravimetric Analysis (TGA) is an analytical technique for determining the
mass change of one material with temperature under program- controlled conditions.
Thermo Gravimetric Analysis can be used to obtain the heat generated by the thermal
changes of the sample. It is suitable for checking the process and value of the loss of
crystal solvent or water molecules or the sublimation and decomposition of the sample
in the crystalline material. It can also effectively distinguish whether the material
contains crystal solvent or water.

In the present invention, the test parameters for TGA are as follows: Instrument
type: Netzsch TG 209F3; Crucible: Alumina crucible; Temperature range: 30 to 400
°C; Scanning rate: 10 K/min; purge gas: 25 mL/min; Protective gas: 15 mL/min.

Differential Scanning Calorimeter (DSC) is a technique for determining the change
of heat difference between the sample and the inert reference (commonly use 0-Al203)

with temperature by using program-controlled heating or cooling. DSC analysis is
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suitable for analyzing sample’s states of such as the melting decomposition, mixed
crystal, crystal transformation etc..

In the present invention, the test parameters for DSC are as follows: Instrument
type: Perkin Elmer DSC 8500; Crucible: Aluminum crucible; Scanning from 50 °C to
280 °C at a heating rate of 10 °C/min under nitrogen purge.

Raman Spectroscopy (RM) is a method of studying the molecular vibration based
on the Raman effect. In contrast to the infrared absorption spectrum, the Raman
Spectroscopy studies the frequency of the scattered light generated by the interaction
of the molecule and the optical. Non-polar groups, which generally have unobvious
infrared absorption, have obvious Raman spectra absorption.

In the present invention, the test parameters for RM are as follows: Instrument
type: Thermo DXR Raman Microscope (confocal microscopy Raman spectrometer);
laser wavelength: 532 nm; exposure time: 1.0 sec; exposure times: 10.

Infra-red Spectrometry (IR) is the first analytical method used for the recognition
and identification of crystalline substances. Due to different electrical environment of
covalent bond in different crystal molecules, the covalent bond strength may change,
and the change of covalent bond strength will inevitably lead to different IR spectra of
different crystal forms.

In the present invention, the test parameters for IR are as follows: Instrument type:
Nicolet 6700 type Fourier transform infrared spectrometer; Single point ATR method
with a resolution of 4.0 cm'™.

Dynamic vapor absorption (DVS) test / water absorption test is conducted by
rapidly measuring the increase and loss of the moisture in the sample caused by flow
carrier gas with setted relative humidity (RH). The sample is placed on a digital
microbalance with high sensitivity and high stability at a self-suspension state, and
then by measuring the increase / decrease of the material mass so as to measure the
adsorption/desorption of water vapor, thereby determining the hygroscopicity of the
sample.

In the present invention, the test parameters for DVS are as follows: Instrument
type: SMS DVS Intrinsic; Non-hydrate: 0 to 95%-0% RH; Temperature: 25 °C;

Hydrate: 40 to 95%-0% RH; Temperature: 25 °C.
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Example 1

Preparation of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrot
hiophene[3,2-d] pyrimidine-6-carboxylic acid crystal (No. 1)

200 mg of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid was dissolved in 1 mL of ethanol, and 12
mL of petroleum ether was added, and under stirring at room temperature the
crystallization was conducted until no more solid was precipitated and the
crystallization time was about 2 hours. The obtained was filtered, and the resulting
solid material was placed in a vacuum drying oven and vacuum dried for 70 hours at
25 °C under 5 KPa, to give 110 mg of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal.

RESULT

The crystal form A of the crystal prepared in Example 1 was subjected to test such
as polarization, XRD, TGA, DSC, DVS, IR and Raman etc..

Figure 1 is a polarizing photograph of the crystal form A of the crystal of Example
1. It can be seen from Figure 1 that the crystal form A is a powdery crystal.

Figure 2 is an XRD pattern of the crystal form A of the crystal of Example 1. It
can be seen from Figure 2 that the crystal form A has absorption peaks at 5.42 A, 7.25
A,8.09A,887A,14.18A,1559 A, 16.65A, 17.84 A, 19.03 A, 20.01 A, 20.67 A,
21.72 A, 21.95 A, 22.49 A, 24.53 A, 25.18 A, 25.56 A, 27.47 A, 28.61 A, 33.09 A,
34.25 A, 37.86 A.

Figure 3 is a TG pattern of the crystal form A of the crystal of Example 1. It can
be seen from Figure 3 that the crystal form A has a weight loss of 77.65% at 210 to
400 °C.

Figure 4 is a differential scanning calorimetry (DSC) pattern of the crystal form A

of the crystal of Example 1. It can be seen from Figure 4 that the DSC corresponding
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to the crystal form A shows a melting point of 131.84 °C.

Figure 5 is a hygroscopicity analysis (DVS) pattern of the crystal form A of the
crystal of Example 1. It can be seen from Figure 5 that the crystal form A has a slight
hygroscopicity, and in the range of conventional storage humidity, the variation range
of humidity is small, smaller than 2.0%. Under 40% RH, the moisture content is
0.26%; under 65% RH, the moisture absorbed is 0.42%; under 80% RH, the moisture
absorbed is 0.57%.

Figure 6 is an infrared spectrum (IR) pattern of the crystal form A of the crystal of
Example 1. It can be seen from Figure 6 that the crystal form A has characteristic
absorption peaks at 3368, 2940, 2848, 2222, 1729, 1672, 1564, 1529, 1470, 1454,
1387, 1298, 1203, 1105, 1075, 921, 781, 709 cm'..

Figure 7 is a Raman spectrum (Raman) pattern of the crystal form A of the crystal
of Example 1. It can be seen from Figure 7 that the crystal form A has characteristic
absorption peaks at 3375.5, 3300.3, 3081.8, 3074.7, 2961.9, 2839.7, 2224.1, 1711.9,
1676.6, 1596.8, 1554.5, 1521.6, 1474.6, 1373.5, 1267.8, 1209.1, 1157.4, 1039.9,
917.7, 812.0, 755.6, 633.4 cm’.

Example 2

Preparation of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrot
hiophene[3,2-d] pyrimidine-6-carboxylic acid crystal (No. 2)

200 mg of
(R)-methyl-2-(3-aminopiperidin-1-yI)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid was dissolved in 1 mL of ethyl acetate, and
8 mL of petroleum ether was added, and under stirring at room temperature the
crystallization was conducted until no more solid was precipitated. The obtained was
filtered, and the resulting solid material was placed in a vacuum drying oven and
vacuum dried for 70 hours at 25 °C under 5 KPa, to give 100 mg of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal.
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The XRD result of the obtained product was essentially the same as that of

Example 1.

Example 3

Preparation of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrot
hiophene[3,2-d] pyrimidine-6-carboxylic acid crystal (No. 3)

200 mg of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid was dissolved in 1 mL of ethyl acetate, and
10 mL of diethyl ether was added, and under stirring at room temperature the
crystallization was conducted until no more solid was precipitated. The obtained was
filtered, and the resulting solid material was placed in a vacuum drying oven and
vacuum dried for 70 hours at 25 °C under 5 KPa, to give 80 mg of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal.

The XRD result of the obtained product was essentially the same as that of

Example 1.

Example 4

Preparation of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrot
hiophene[3,2-d] pyrimidine-6-carboxylic acid crystal (No. 4)

200 mg of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid was dissolved in 1 mL of ethanol, and 10
mL of diethyl ether was added, and under stirring at room temperature the
crystallization was conducted until no more solid was precipitated. The obtained was
filtered, and the resulting solid material was placed in a vacuum drying oven and

vacuum dried for 70 hours at 25 °C under 5 KPa, to give 60 mg of crystal form A of
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(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop

hene[3,2-d] pyrimidine-6-carboxylic acid crystal.

The XRD result of the obtained product was essentially the same as that of

Example 1.

Example §

Preparation of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrot
hiophene[3,2-d] pyrimidine-6-carboxylic acid crystal (No. 5)

200 mg of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid was dissolved in 1 mL of acetone, and 10
mL of petroleum ether was added, and under stirring at room temperature the
crystallization was conducted until no more solid was precipitated. The obtained was
filtered, and the resulting solid material was placed in a vacuum drying oven and
vacuum dried for 70 hours at 25 °C under 5 KPa, to give 80 mg of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-y1)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop

hene[3,2-d] pyrimidine-6-carboxylic acid crystal.

The XRD result of the obtained product was essentially the same as that of

Example 1.

Example 6

Preparation of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrot
hiophene[3,2-d] pyrimidine-6-carboxylic acid crystal (No. 6)

200 mg of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid was dissolved in 1 mL of dichloromethane,

and 8 mL of petroleum ether was added, and under stirring at room temperature the
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10

crystallization was conducted until no more solid was precipitated. The obtained was
filtered, and the resulting solid material was placed in a vacuum drying oven and
vacuum dried for 70 hours at 25 °C under 5 KPa, to give 100 mg of crystal form A of
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal.

The XRD result of the obtained product was essentially the same as that of

Example 1.

The scope of the claims should not be limited by the embodiments and examples,
but should be given the broadest interpretation consistent with the description as a

whole.
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Claims

1. Crystal form A of
(R)-methyl-2-(3-aminopiperidin-1 -y1)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal of formula I, wherein XRD pattern
of the crystal form A includes following characteristic absorption peaks expressed by

crystal plane distance d: 8.8720.2 A, 14.18+0.2 A, 20.67+0.2 A, 25.18+0.2 A,

28.61+0.2 A.
0 CN
MeO \ N/)\NO}NHZ

I

2. The crystal form A according to claim 1, wherein the XRD) pattern of the crystal
form A includes following characteristic absorption peaks expressed by crystal plane
distance d: 7.25+0.2 A, 8.09+0.24, 8.87+0.2 A, 14.18£0.2 A, 16.65£0.2 A, 20.67+0.2
A, 21.95£0.2 A, 25.18+0.2 A, 28.61+0.2 A.

3. The crystal form A according to claim 1, whérein, the crystal form A has one or
more characteristics selected from the following group consisting of:

1) TG pattern of the crystal form A has a characteristic absorption peak at 261+2
°C;

2) TG pattern of the crystal form A has a characteristic absorption peak at
323+5°C;

3) the crystal form A has a heat weight loss of 77 to 78 wt% at 400 °C;

4) DSC pattern of the crystal form A has a characteristic absorption peak at 1355
°C: : .

5) the crystal form A has a hygroscopicity of less than 1%.

4. A crystal composition, wherein the crystal composition comprises a crystal of
the crystal form A according to claim 1 or is made froi a crystal of the crystal form'A
according to claim 1.

5. A method for preparing the crystal form A of

—29—
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(R)-methyl-2-(3-aminopiperidin-1 -yl)-3—(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop

~ hene[3,2-d] pyrimidine-6-carboxylic acid crystal according to claim 1, wherein the

method comprises following steps:

1) providing a first solution containing a first solvent and
(R)-methyl-2-(3-aminopiperidin-1 -yl)-3-(2-cyanobenzyl)—4-carbonyl-3,4-dihyld.rothiop
hene[3,2-d] pyrimidine-6-carboxylic acid.vdis_so!ved in the first solvent, wherein

the first solvent is selected from the group consisting of alcohols, ketones, e‘sters,
chlorinated alkanes, and combinations therebf; |

2) adding a second solvent to the first solution to crystallize and give the crystal
form A of _

(R)-methyl-2-(3-aminopiperidin-1 -yl)-3»(é-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal according to claim 1, wherein,

the second solvent is selected from the group consisting of water, ethers, alkanes,
tetrahydrofuran, 1,4-dioxane, and combinations thereof.

6. The method according to claim 5, wherein, in the first solution, the
concentration of the solute
(R)-methyl-Z-(3-aminopiperidin—1-yl)-3-(2-cyanobenzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid is 0.1 g/L to saturated concentration.

7. The method according to claim 5, wherein, the crystallization is carried out at 0
to 50 °C.

8. A pharmaceutical composition, wherein the pharmaceutical composition comprises
the crystal form A of |
(R)-methyl-2-(3-aminopiperidin-1-yl)-3-(2-cyano benzyl)-4-carbonyl-3,4-dihydrothiop
hene[3,2-d] .pyrimidine-6-car‘boxylic acid cry‘stal according to claim 1 and
pharmaceutically acceptable excipients. _

9. A use of the crystal form A of
(R)-methyl-2-(3-aminopiperidin-1 -yl)-3-(2-cyanobenzyl_)-4-carbonyl-3 ,4-dihydrothiop
hene[3,2-d] pyrimidine-6-carboxylic acid crystal according to claim 1 or the crystal
composition according to claim 4 or the pharmaceutical composition according to
claim 8 for preparation of a medicament for preventing or treating type II diabetes

and/or complications of type II diabetes.

CA 2976408 2019-10-30



10. A method for treatiné or preventing type Il diabetes and/or complications of
type II diabetes, wherein, administering to a subject a therapeutically effective amount
of the crystal form A ' )
0f(R)-methy1-2-(3-aminopi_peridin-1—y]);3-(2-cyanobenzylj-4-carbonyl-3,4-dihydrothiophe

5 ne[3,2-d] pyrimidine-6-carboxylic acid crystal according to claim 1 or the crystal
composition according to claim 4 or the pharmacéutical composition according to

claim 8.
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