(19 DANMARK (10 DK/EP 3964510 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent- og
Varemeerkestyrelsen

(51) Int.Cl.: C 07 D 487/22 (2006.01) A 61 K 31/519 (2006.01) A 61 P 35/00 (2006.01)
(45) Overseettelsen bekendtgjort den: 2024-07-29

(80) Dato for Den Europaciske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2024-07-03

(86) Europeeisk ansggning nr.: 20798924.5

(86) Europeeisk indleveringsdag: 2020-04-30

(87) Den europeaeiske ansggnings publiceringsdag: 2022-03-09
(86) International ansggning nr.: CN2020088451

(87) Internationalt publikationsnr.: W02020221358

(30) Prioritet: 2019-04-30 CN 201910364694

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Wuxi Biocity Biopharmaceutics Co., Ltd., Room 315, Meiliang Road No. 88 , Mashan, Binhu
District, Wuxi, Jiangsu 214000, Kina

(72) Opfinder: QIAN, Wenyuan, 288, Futezhong Road, Pudong New Area, Shanghai 200131, Kina
YANG, Chundao, 288, Futezhong Road, Pudong New Area, Shanghai 200131, Kina
LI, Zhengwei, 288, Futezhong Road, Pudong New Area, Shanghai 200131, Kina
LI, Jie, 288, Futezhong Road, Pudong New Area, Shanghai 200131, Kina
LI, Jian, 288, Futezhong Road, Pudong New Area, Shanghai 200131, Kina
CHEN, Shuhui, 288, Futezhong Road, Pudong New Area, Shanghai 200131, Kina

(74) Fuldmaegtig i Danmark: NORDIC PATENT SERVICE A/S, Bredgade 30, 1260 Kebenhavn K, Danmark
(54) Benasvnelse: KRYSTALFORM AF WEE1-HAEMMERFORBINDELSE OG ANVENDELSE DERAF

(56) Fremdragne publikationer:
EP-A1- 3 875 460
WO-A1-2008/133866
WO-A1-2019/085933
CN-A- 108 623 615



DK/EP 3964510 T3



DK/EP 3964510 T3

DESCRIPTION

Description

Cross Reference To Relevant Application

[0001] CN201910364694 X, filing date: April 30, 2019.

Technical Field

[0002] Disclosed are crystal forms of a compound of formula () and the use of the crystal
forms for the manufacture of a medicament for treating a VWWee1-related disease.

Background

[0003] The cell cycle process is a complex process under the control of a series of cell cycle
regulatory systems. The key of the cell cycle regulatory system is CDKs/Cyclins complex
formed by the combination of cyclin-dependent kinases (CDKs) and cyclins (Cyclins). The
complex can drive cells to enter the proliferation cycle, wherein the CDK1 (the human autoploid
is also known as CDC2)/Cyclin B complex plays a key role in controlling cells into the M phase.

[0004] The DNA replication has to be completed before the cell enters the M phase. Due to the
interference of various endogenous and exogenous factors, the mutations or damages often
occur to the DNA. The abnormal DNA must be repaired, or it will cause mitotic disaster and
cause cell death. The cell cycle checkpoint will cease the cell cycle and allow the repair of DNA
before its entry of the M phase. The G1/S checkpoint at the end of the G1 phase and the G2/M
checkpoint at the G2 phase are two main cell cycle checkpoints, which together are
responsible for the recognition and repair of DNA damage. Normal cells utilize the G1/S
checkpoint to complete DNA repair in the G1 phase, while nearly 50% of cancerous cells have
defects in the tumor suppressor gene p53, rendering them lacking the G1/S checkpoint
function. They have to rely more on the G2/M checkpoint to complete DNA repair. The G2/M
checkpoint rarely undergoes mutations, making the cancer cells escape the treatment of DNA
damaging agents and radiation.

[0005] Wee1 protein kinase is a cell cycle regulator, a member of the serine and threonine
protein kinase family in the nucleus and is a key kinase for the G2/M checkpoint. The human
"Wee" protein kinase family mainly includes Wee1 and Myt1, both of which can phosphorylate
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the Tyr15 site on CDC2, inhibit the activation of the CDC2/CyclinB complex, and block cells
from entering the M phase until the DNA repair is completed. Myt1 can also phosphorylate the
Thr14 site on CDC2, which is also a negative regulation of CDC2 activity. Wee1 kinase is highly
expressed in many cancerous cells. By inhibiting Wee1 kinase, the tumor cells can be directly
made to skip the DNA repair of G2 stage and enter mitosis in advance, which leads to tumor
cell death, and achieve the purpose of treating cancer.

[0006] At present, a Wee1 inhibitor AZD1775 by AstraZeneca has entered the clinical phase I,
and more than 30 clinical trials are under development, showing good therapeutic effects.
AZD1775 was first developed by Merck, and therefore it is also known as MK-1775. In
September 2013, Merck transferred the compound to AstraZeneca globally, and the relevant
patents mainly include US20070254892, WO2007126122, EP2213673, WO2008133866,
WO2011034743, etc. Abbott and Abbvie have also conducted research on Wee1 inhibitors,
and relevant patents mainly include US2012220572, WO2013126656, W02013012681,
WO02013059485, WO2013013031, WO2013126656, etc. Almac's patents regarding Wee1
inhibitors include W02014167347, WO2015019037, WO2015092431.

[0007] WO2019085933A1 discloses a macrocyclic compound serving as a Wee1 inhibitor, and
applications thereof in the preparation of drugs for treating Wee1-related diseases.
WO2019085933A1 specifically relates to a compound represented by formula (Il), an isomer
thereof, and a pharmaceutically acceptable salt thereof

().

[0008] EP3875460A1 discloses a pyrimidopyrazolone derivative of the following formula (I) as
a Wee1 inhibitor and use thereof in preparation of a medicament for treating Wee1-related
diseases

Rs

[0009] WO2008133866 discloses a compound of AZD1775 having the following structure:

o}
S
veell
e "N
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AZD1775

[0010] CN108623615A discloses a macrocyclic derivative of pyrazol[3,4-d]pyrimidin-3-one as
represented by formula (I) and/or a pharmaceutically acceptable salt thereof, a composition
comprising the compound as represented by formula (I) and/or a pharmaceutically acceptable
salt thereof, a preparation method therefor, use thereof as a WWee1 inhibitor and use thereof as

a sensitizer in chemotherapy or a radiotherapy of cancers
K2
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Summary

[0011] Provided is a Crystal Form A of a compound of formula (1), wherein the Crystal Form A
has an X-ray powder diffraction (XRPD) pattern having characteristic diffraction peaks at the
following 26 angles: 5.71+£0.2°, 12.68+0.2° and 15.32+0.2°.

Formula (1)

[0012] In some embodiments according to the present disclosure, the Crystal Form A has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 5.71+£0.2°, 12.68+0.2°, 15.32+0.2°, 19.72+0.2°, 21.44+0.2°, 23.61+0.2° and
25.68+40.2°.

[0013] In some embodiments according to the present disclosure, the Crystal Form A has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 5.71+£0.2°, 12.68+0.2°, 15.32+0.2°, 18.04+0.2°, 19.72+0.2°, 21.44+0.2°, 23.611+0.2°
and 25.68+0.2°.

[0014] In some embodiments according to the present disclosure, the Crystal Form A has an
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XRPD pattern as shown in Figure 1.

[0015] In some embodiments according to the present disclosure, the Crystal Form A has an
XRPD pattern with Analysis Data shown in Table 1:
Table 1: XRPD Pattern Analysis Data of Crystal Form A

No.j 20 Inter-planar § Relative {No.{ 206 Inter-planar { Relative

angle { spacing (A) | Intensity angle | spacing (A) | Intensity

(°) (%) ) (%)
1 §5.046 17.4994 0.7 17 §20.08 4.4184 0.4
2 {5046 17.4994 0.7 18 {20.413 4.3471 0.3
3 {5711 15.4612 100 19§ 21.2 41874 0.6
4 §7.904 11.176 0.6 20 {21.435 4142 2.1
5 {11.218 7.881 0.5 21 {21.669 4.0979 0.5
6 §12.677 6.9773 27.4 22 {22.268 3.989 0.9
7 11471 6.0172 1.4 23 {23.234 3.8252 0.8
8 {14.948 5.9216 0.8 24 {23.607 3.7656 4.2
9 {15.318 57794 1.5 25 {25.517 3.488 1.9
10 §16.051 55173 0.5 26 {25.678 3.4665 2.2
11 §17.159 5.1634 0.9 27 {26.043 3.4187 0.5
12 §17.768 49877 0.5 28 {27.765 3.2104 0.4
13 §18.043 49125 1 29 {28.007 3.1832 1
14 §18.597 47672 0.4 30 {29.289 3.0467 0.4
15 §18.906 4.69 0.9 31 {30.426 2.9354 0.4
16 §19.719 4.4984 1.7 -

[0016] In some embodiments according to the present disclosure, the Crystal Form A has a
Differential Scanning Calorimetry curve (DSC) having one onset point of endothermic peak at
34.95+3°C, 174.75 £3°C and 219.12 +3°C, respectively.

[0017] In some embodiments according to the present disclosure, the Crystal Form A has a
DSC pattern as shown in Figure 2.

[0018] In some embodiments according to the present disclosure, the Crystal Form A has a
Thermogravimetric Analysis curve (TGA), wherein the weight loss at 70.33+£3°C is 0.7367%;
and the weight loss at 209.42+3°C is 3.123%.

[0019] In some embodiments according to the present disclosure, the Crystal Form A has a
TGA pattern as shown in Figure 3.
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[0020] Provided is also a Crystal Form B of a compound of formula (l), wherein the Crystal
Form B has an X-ray powder diffraction (XRPD) pattern having characteristic diffraction peaks
at the following 26 angles: 5.58+0.2°, 12.44+0.2° and 22.16+0.2°.

[0021] In some embodiments according to the present disclosure, the Crystal Form B has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 5.58+0.2°, 11.71+£0.2°, 12.44+0.2°, 14.4840.2°, 15.13+0.2°, 18.64+0.2°, 22.16+0.2°
and 26.33+0.2°.

[0022] In some embodiments according to the present disclosure, the Crystal Form B has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 5.58+0.2°, 11.71+£0.2°, 12.4410.2°, 14.48+0.2°, 15.13+0.2°, 17.57+0.2°, 18.64+0.2°,
22.1640.2° and 26.33+0.2°.

[0023] In some embodiments according to the present disclosure, the Crystal Form B has an
XRPD pattern as shown in Figure 4.

[0024] In some embodiments according to the present disclosure, the Crystal Form B has an
XRPD pattern with Analysis Data shown in Table 2:
Table 2: XRPD Pattern Analysis Data of Crystal Form B

No.j 20 Inter-planar § Relative {No.{ 206 Inter-planar { Relative

angle | Spacing (A) { Intensity angle | spacing (A) | Intensity

(°) (%) (°) (%)
1 §5577 15.8346 100 17 §19.582 4.5295 4.3
2 {7838 11.2705 1.1 18 {20.016 4.4325 53
3 {9.807 9.0113 1.5 19 {21.831 4.0677 3.2
4 §11.028 8.0162 2.4 20 {22.164 4.0075 18.7
5 {11.713 7.549 6.4 21 {23.018 3.8607 2.8
6 §12.056 7.3351 1.3 22 {23.626 3.7626 2.1
7 112.439 7.1098 30.4 23 {25.007 3.5579 2.3
8 {13.706 6.4552 4.6 24 {25.261 3.5227 1.4
9 {14.233 6.2177 2.9 25 {25.808 3.4493 1.3
10 §14.476 6.1138 57 26 {26.327 3.3824 8.5
11 {15.127 5.8522 5.8 27 {28.535 3.1255 1
12 §16.717 5.2989 1.1 28 {30.939 2.8879 0.9
13 §17.146 5.1674 1.2 29 {31.076 2.8755 0.9
14 {17.567 5.0443 7.7 30 §32.083 2.7875 0.7
15 §18.241 4.8596 2 31 §34.201 2.6196 0.7
16 §18.637 4757 6.5 -
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[0025] In some embodiments according to the present disclosure, the Crystal Form B has a
Differential Scanning Calorimetry curve (DSC) having one onset point of endothermic peak at
42.88+43°C, 198.79+43°C and 222.36 +3°C, respectively.

[0026] In some embodiments according to the present disclosure, the Crystal Form B has a
DSC pattern as shown Figure 5.

[0027] In some embodiments according to the present disclosure, the Crystal Form B has a
Thermogravimetric Analysis curve (TGA), wherein the weight loss at 64.21+3°C is 3.265%; and
the weight loss at 243.05+3°C is 1.516%.

[0028] In some embodiments according to the present disclosure, the Crystal Form B has a
TGA pattern as shown in Figure 6.

[0029] Provided is also a Crystal Form C of a compound of formula (l), wherein the Crystal
Form C has an X-ray powder diffraction (XRPD) pattern having characteristic diffraction peaks
at the following 26 angles: 5.05+0.2°, 5.58+0.2° and 12.44+0.2°.

[0030] In some embodiments according to the present disclosure, the Crystal Form C has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 5.05+0.2°, 5.584+0.2°, 12.44+0.2°, 15.911£0.2°, 16.68+0.2°, 17.61+0.2°, 22.19+0.2° and
26.3740.2°.

[0031] In some embodiments according to the present disclosure, the Crystal Form C has an
XRPD pattern as shown in Figure 7.

[0032] In some embodiments according to the present disclosure, the Crystal Form C has an
XRPD pattern with Analysis Data shown in Table 3:
Table 3: XRPD Pattern Analysis Data of Crystal Form C

No. {20 Inter-planar ;Relative No. {20 Inter-planar |{Relative
angle {spacing (A) {Intensity angle {spacing (A) {Intensity
(°) (%) (°) (%)

1 5.047 {17.4944 12.4 17 {19.6 {4.5254 0.8

2 5577 {15.8334 100 18 {20.032{4.4288 0.7

3 10.94518.077 0.6 19 {21.275{4.1728 0.5

4 11.137 }7.9381 1.4 20 {21.43634.1418 0.7

5 11.712{7.5495 1.2 21 {21.86934.0608 0.8

6 12.438}7.1105 12.8 22 {22.18634.0036 6.1

7 13.7266.4461 0.6 23 {23.035{3.8578 1.8

8 14.22116.2226 0.8 24 {23.62733.7626 0.9

9 14.49616.1055 0.9 25 {24.83233.5826 0.3
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No. ;20 Inter-planar {Relative No. {20 Inter-planar {Relative
angle {spacing (A) {Intensity angle {spacing (A) {Intensity
) (%) (°) (%)

10 §{15.126{5.8527 1.1 26 125.002;{3.5586 0.6

11 {15.911{5.5654 6.4 27 125.278{3.5203 0.5

12 {16.108{5.4978 2.8 28 §26.367{3.3773 3

13 {16.685{5.309 3.3 29 {26.98 {3.302 0.4

14 §{17.61 {5.0322 2.6 30 {28.633{3.1151 0.2

15 {17.921:4.9455 0.4 31 {28.939§3.0828 0.4

16 {18.694{4.7427 2.2 32 {34.293§{2.6127 0.2

[0033] In some embodiments according to the present disclosure, the Crystal Form C has a
Differential Scanning Calorimetry curve (DSC) having one onset point of endothermic peak at
37.06+3°C, 189.16+3°C and 218.61+3°C, respectively.

[0034] In some embodiments according to the present disclosure, the Crystal Form C has a
DSC pattern as shown in Figure 8.

[0035] In some embodiments according to the present disclosure, the Crystal Form C has a
Thermogravimetric Analysis curve (TGA), wherein the weight loss at 64.98+3°C is 2.211%; and
the weight loss at 224.71+3°C is 1.127%.

[0036] In some embodiments according to the present disclosure, the Crystal Form C has a
TGA pattern as shown in Figure 9.

[0037] Provided is also a Crystal Form D of a compound of formula (1), wherein the Crystal
Form D has an X-ray powder diffraction (XRPD) pattern having characteristic diffraction peaks
at the following 26 angles: 5.22+0.2°, 15.99+0.2° and 16.5710.2°.

[0038] In some embodiments according to the present disclosure, the Crystal Form D has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 5.22+0.2°, 15.99+40.2°, 16.574+0.2°and 21.2240.2°.

[0039] In some embodiments according to the present disclosure, the Crystal Form D has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 5.22+0.2°, 15.18+0.2°, 15.99+0.2°, 16.57+0.2°, 17.08+0.2°, 18.60+0.2°, 21.2240.2°
and 21.89+0.2°.

[0040] In some embodiments according to the present disclosure, the Crystal Form D has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 5.22+0.2°, 15.18+0.2°, 15.99+0.2°, 16.57+0.2°, 17.08+£0.2°, 17.90+£0.2°, 18.60+0.2°,
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21.2240.2°, 21.8940.2°, 25.24+0.2° and 27.00+0.2°.

[0041] In some embodiments according to the present disclosure, the Crystal Form D has an
XRPD pattern as shown in Figure 10.

[0042] In some embodiments according to the present disclosure, the Crystal Form D has an
XRPD pattern with Analysis Data shown in Table 4:
Table 4: XRPD Pattern Analysis Data of of Crystal Form D

No. ;20 Inter-planar ;Relative No. {26 Inter-planar |Relative
angle {spacing (A) {Intensity angle {spacing (A) {Intensity
(°) (%) (°) (%)

1 5.224 {16.9027 100 16 {25.242{3.5253 8.2

2 10.42418.4794 4 17 {26.048{3.418 3.5

3 12.77416.9241 1.9 18 {26.609)3.3472 2

4 15.18 {5.8316 7.9 19 {26.997i3.3 7.6

5 15.595{5.6774 22.3 20 {27.49213.2417 2.9

6 15.99215.5373 58.7 21 {28.517§3.1274 1.6

7 16.567 }5.3466 18.1 22 {29.898]2.986 3.5

8 17.075}5.1886 15.3 23 {30.55 §2.9238 3.8

9 17.90414.9503 4.9 24 {31.333§2.8525 2

10 §18.201{4.87 5.1 25 132.34832.7653 1.7

11 §18.599{4.7668 12.1 26 {32.95 §2.7161 1.3

12 §19.506{4.5472 4.1 27 134.52212.596 1.9

13 §21.22 {4.1834 25.5 28 {34.545]2.5943 2

14 $21.888{4.0573 4.8 29 {36.65532.4496 2.1

15 §22.936{3.8743 1.6 30 {39.522{2.2783 1.7

[0043] In some embodiments according to the present disclosure, the Crystal Form D has a
Differential Scanning Calorimetry curve (DSC) having one onset point of endothermic peak at
56.07+3°C, 193.93+3°C and 216.54+3°C, respectively.

[0044] In some embodiments according to the present disclosure, the Crystal Form D has a
Differential Scanning Calorimetry curve (DSC) having one onset point of endothermic peak at
56.07+£3°C, 193.93+3°C and 216.54+3°C, respectively; and one peak value of exothermic peak
at 206.82 +3°C.

[0045] In some embodiments according to the present disclosure, the Crystal Form D has a
DSC pattern as shown in Figure 11.
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[0046] In some embodiments according to the present disclosure, the Crystal Form D has a
Thermogravimetric Analysis curve (TGA), wherein the weight loss at 79.35+3°C is 1.977%; and
the weight loss at 223.66+3°C is 1.589%.

[0047] In some embodiments according to the present disclosure, the Crystal Form D has a
TGA pattern as shown in Figure 12.

[0048] Provided is also a Crystal Form E of a compound of formula (l), wherein the Crystal
Form E has an X-ray powder diffraction (XRPD) pattern having characteristic diffraction peaks
at the following 20 angles: 8.65+0.2°, 14.22+0.2°and 24.5810.2°.

[0049] In some embodiments according to the present disclosure, the Crystal Form E has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 8.65+0.2°, 11.41+£0.2°, 13.1340.2°, 14.22+0.2°, 17.35+0.2°, 18.34+0.2°, 20.3940.2°,
20.9410.2°and 24.58+0.2°.

[0050] In some embodiments according to the present disclosure, the Crystal Form E has an
XRPD pattern as shown in Figure 13.

[0051] In some embodiments according to the present disclosure, the Crystal Form E has an
XRPD pattern with Analysis Data shown in Table 5:
Table 5: XRPD Pattern Analysis Data of Crystal Form E

No. ;20 Inter-planar ;Relative No. {26 Inter-planar Relative
angle {spacing (A) {Intensity angle {spacing (A) {Intensity
() (%) (°) (%)

1 6.507 §13.5715 8.8 17 §23.173{3.8352 2.8

2 8.653 {10.2107 100 18 {24.575{3.6195 28.2

3 11.41437.7457 15.2 19 {25.2433.5252 11

4 13.13216.7365 26.9 20 {26.188§3.4001 6.7

5 14.217 16.2247 66.8 21 {26.428i3.3697 6.9

6 16.211{5.4632 4.5 22 {26.88233.3139 1.7

7 17.35415.1058 16.5 23 {28.358§3.1446 54

8 18.065}4.9065 4.8 24 {28.612§3.1173 2.2

9 18.3414.8332 18.1 25 {30.409§2.937 55

10 §18.974{4.6733 1.8 26 {311 {2.8733 1.9

11 §20.39 {4.3518 22.8 27 131.68832.8213 2.9

12 §20.941:4.2386 23.4 28 {32.32232.7674 1.6

13 §21.594{4.1119 9.6 29 {32.87412.7222 1.6

14 {22.169{4.0065 55 30 {33.876{2.6439 2

15 §22.68 {3.9174 9.9 31 {34.711{2.5822 2.2




DK/EP 3964510 T3

No. ;20 Inter-planar {Relative No. {20 Inter-planar {Relative
angle {spacing (A) {Intensity angle {spacing (A) {Intensity
) (%) (°) (%)

16 {22.954{3.8713 4 32 {35.02 §{2.5602 1.6

[0052] In some embodiments according to the present disclosure, the Crystal Form E has a
Differential Scanning Calorimetry curve (DSC) having one onset point of endothermic peak at
121.57+3°C, 197.26+3°C and 217.2313°C, respectively; and one peak value of exothermic
peak at 168.31 £3°C and 212.95 £3°C, respectively.

[0053] In some embodiments according to the present disclosure, the Crystal Form E has a
DSC pattern as shown in Figure 14.

[0054] In some embodiments according to the present disclosure, the Crystal Form E has a
Thermogravimetric Analysis curve (TGA), wherein the weight loss at 143.31+£3°C is 6.775%;
and the weight loss at 213.62+3°C is 0.3184%.

[0055] In some embodiments according to the present disclosure, the Crystal Form E has a
TGA pattern as shown in Figure 15.

[0056] Provided is also a Crystal Form F of a compound of formula (l), wherein the Crystal
Form F has an X-ray powder diffraction (XRPD) pattern having characteristic diffraction peaks
at the following 26 angles: 5.06+0.2°, 15.91+0.2°and 16.68+0.2°.

[0057] In some embodiments according to the present disclosure, the Crystal Form F has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 5.061+0.2°, 8.3410.2°, 10.9840.2°, 15.13+£0.2°, 15.91+£0.2°, 16.68+0.2°, 17.63+0.2°and
18.8740.2°.

[0058] In some embodiments according to the present disclosure, the Crystal Form F has an
X-ray powder diffraction pattern having characteristic diffraction peaks at the following 26
angles: 5.06+0.2°, 8.34+0.2°, 10.98+0.2°, 15.13+0.2°, 15.911£0.2°, 16.68+0.2°, 17.63+0.2°,
18.8740.2°, 20.334+0.2°, 21.44+0.2°, 22.011£0.2°, 24.04+0.2°, 25.32+0.2°and 25.66+0.2°.

[0059] In some embodiments according to the present disclosure, the Crystal Form F has an
XRPD pattern as shown in Figure 16.

[0060] In some embodiments according to the present disclosure, the Crystal Form F has an
XRPD pattern with Analysis Data shown in Table 6:
Table 6: XRPD Pattern Analysis Data of Crystal Form F
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No.{ 20 Inter-planar ;| Relative ;No.{ 206 Inter-planar | Relative
angle | spacing (A) | Intensity angle | spacing (A) | Intensity
(°) (%) (°) (%)
1 {5062 17.4414 100 13 { 21.44 4.1411 53
2 {8341 10.5913 3.3 14 {22.006 4.0358 3.2
3 {10.077 8.7708 1.8 15 {23.328 3.81 1.2
4 110.98 8.0515 4.7 16 {23.898 3.7204 2.7
5 {15.128 5.8518 6.1 17 {24.181 3.6776 3
6 §15.911 5.5653 59 18 {25.325 3.5139 3.1
7 116.685 5.3089 30 19 {25.656 3.4694 25
8 {17.628 5.027 12 20 { 26.96 3.3045 1.2
9 {17.945 4.939 1.8 21 {27.271 3.2674 1.9
10 §18.869 4.6992 26 22 {29.026 3.0738 1.8
11 §19.719 4.4983 0.9 23 {32.834 2.7254 0.8
12 §20.332 4.3641 4 N/A

[0061] In some embodiments according to the present disclosure, the Crystal Form F has a
Differential Scanning Calorimetry curve (DSC) having one onset point of endothermic peak at
48.69+3°C and 225.26+3°C, respectively.

[0062] In some embodiments according to the present disclosure, the Crystal Form F has a
DSC pattern as shown in Figure 17.

[0063] In some embodiments according to the present disclosure, the Crystal Form F has a
Thermogravimetric Analysis curve (TGA), wherein the weight loss at 100+£3°C is 3.404%.

[0064] In some embodiments according to the present disclosure, the Crystal Form F has a
TGA pattern as shown in Figure 18.

[0065] Provided is further a process for preparing a Crystal Form F of a compound of formula
(1), comprising,

1. (a) adding the compound of formula (I) into an alcohol solvent with stirring which is
heated in an oil bath to 55~65°C;

2. (b) stirring at 47°C-53°C for 72 h;

3. (c) stopping heating and keeping stirring with the temperature spontaneously lowered for
1 hto 27°C;

4. (d) allowing standing for 18 h, filtering and rinsing the filter cake with methanol,

5. (e) drying under vacuum at 60°C for 48 h.
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[0066] In some embodiments according to the present disclosure, the alcohol solvent is
methanol.

[0067] Provided is further use of the Crystal Form A, the Crystal Form B, the Crystal Form C,
the Crystal Form D, the Crystal Form E, or the Crystal Form F for the manufacture of a
medicament for treating a VWee1-related disease.

Technical Effect

[0068] The Crystal Form A, Crystal Form B, Crystal Form C, Crystal Form D, Crystal Form E
and Crystal Form F of the compound according to the present disclosure have good stability,
are less effected by light, heat and humidity, have high solubility and promising druggability.

Definition

[0069] Unless stated otherwise, the following terms and phrases have the following definitions.
A specific term or phrase should not be considered as indefinite or unclear without specific
definition and should be understood according to the normal meanings. A tradename used
herein shall refer to the corresponding article or the active ingredient.

[0070] The intermediate compounds herein can be prepared by various synthesis processes
well-known to a person skilled in the art, including the specific embodiments listed below, the
embodiments by a combination with other chemical synthesis processes, and equivalent
alternatives well known to a person skilled in the art. The preferable embodiments include but
are not limited to the Examples below.

[0071] The chemical reaction of the specific embodiments is performed in a suitable solvent,
and the solvent should be suitable for the chemical changes of the present disclosure and the
required reagents and materials. To obtain the compound of the present disclosure, a person
skilled in the art can modify or select a synthesis step or a reaction scheme based on the
available embodiments.

[0072] The present disclosure will be described in a detailed manner and the Examples should
be not considered as limitation thereto.

[0073] The solvents used herein are commercially available and can be used without further
purification.

[0074] The solvents used herein can be commercially available. The following abbreviations
are used herein: DCM represents dichloromethane; DMF represents N,N-dimethyl sulfoxide
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dimethylformamiade; DMSO represents dimethyl sulfoxide; EtOH represents ethanol; MeOH
represents methanol; TFA represents trifluoroacetic acid; TsOH represents p-toluenesulfonic
acid; mp represents melting point; EtSOzH represents ethanesulfonic acid; MeSO3zH

represents methanesulfonic acid; ATP represents adenosine triphosphate; HEPES represents
4-hydroxyethylpiperazine ethanesulfonic acid; EGTA represents
ethylenebis(oxyethylenenitrilo)tetraacetic acid; MgCl, represents magnesium dichloride; MnCl,

represents manganese dichloride; DTT represents dithiothreitol;, DCC represents
dicyclohexylcarbodiimide; DMAP represents 4-dimethylaminopyridine; DIEA represents N,N-
diisopropylethylamine; wt%: mass percentage; THF represents tetrahydrofuran.

Instruments and analysis methods

1.1 X-ray powder diffractometer (XRPD)

[0075]
Device: BRUKER D8 advance X-Ray diffractometer

Testing method: about 10-20 mg of sample is used for XRPD detection.

[0076] Detailed XRPD parameters are as follows:
Light tube: Cu, ka, (\=1.54056A).

Light tube voltage: 40 kV, Light tube current: 40 mA
Divergence slit: 0.60 mm

Detector slit: 10.50 mm

Anti-scatter slit: 7.10 mm

Scanning range: 4-40 deg

Step size: 0.02 deg

Time/step: 0.12 s

Sample stage spinning speed: 15 rpm

1.2 Differential Scanning Calorimeter (DSC)
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[0077]
Device: TA Q2000 Differential Scanning Calorimeter

Testing method: The sample (about 1 mg) is placed in DSC aluminum pot for testing, under 50
mL/min N», is heated from 30 °C to 300 °C at the heating rate of 10 °C/min.

1.3 Thermal Gravimetric Analyzer (TGA)

[0078]
Device: TA Q5000 Thermal Gravimetric Analyzer

Testing method: The sample (2-5 mg) is placed in TGA platinum pot for testing, under 25
mL/min N, is heated at the heating rate of 10 °C/min from 30°C (room temperature) to 300

°C, or until weight loss of 20%.

Brief Description of The Drawings

[0079]

Figure 1 shows the XRPD pattern at Cu-Ka radiation of the Crystal Form A of the compound of
Formula ();

Figure 2 shows the DSC pattern of the Crystal Form A of the compound of Formula (I);
Figure 3 shows the TGA pattern of the Crystal Form A of the compound of Formula (I);

Figure 4 shows the XRPD pattern at Cu-Ka radiation of the Crystal Form B of the compound of
Formula ();

Figure 5 shows the DSC pattern of the Crystal Form B of the compound of Formula (I);
Figure 6 shows the TGA pattern of the Crystal Form B of the compound of Formula (I);

Figure 7 shows the XRPD pattern at Cu-Ka radiation of the Crystal Form C of the compound of
Formula ();

Figure 8 shows the DSC pattern of the Crystal Form C of the compound of Formula (I);
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Figure 9 shows the TGA pattern of the Crystal Form C of the compound of Formula (I);

Figure 10 shows the XRPD pattern at Cu-Ka radiation of the Crystal Form D of the compound
of Formula (I);

Figure 11 shows the DSC pattern of the Crystal Form D of the compound of Formula (1);
Figure 12 shows the TGA pattern of the Crystal Form D of the compound of Formula (I);

Figure 13 shows the XRPD pattern at Cu-Ka radiation of the Crystal Form E of the compound
of Formula (I);

Figure 14 shows the DSC pattern of the Crystal Form E of the compound of Formula (1);
Figure 15 shows the TGA pattern of the Crystal Form E of the compound of Formula (I);

Figure 16 shows the XRPD pattern at Cu-Ka radiation of the Crystal Form F of the compound
of Formula (I);

Figure 17 shows the DSC pattern of the Crystal Form F of the compound of Formula (1);

Figure 18 shows the TGA pattern of the Crystal Form F of the compound of Formula (1).

Detailed Description

[0080] The present disclosure will be described in detail below by reference to the Examples,
which are not to mean any disadvantageous limitation. The present disclosure has been

described in detail herein, and its specific embodiments are also disclosed.
Intermediate 1

[0081] Preparation was performed by reference to the synthesis process in WO2007126122.

Example 1: Compound of Formula (I)

[0082]
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Step 1: Synthesis of Compound 1-A

DK/EP 3964510 T3

[0084] At 0~15 °C and nitrogen atmosphere, to a solution of 2-acetyl-6-bromopyridine (7.35 g,
36.74 mmol) in THF (150 mL) was added dropwise 3-butenylmagnesium bromide (1 M, 55.12
mL) and then the reaction solution was stirred at 10~20°C for 3 h. 100 mL of saturated
ammonium chloride solution was added to quench the reaction and liquid separation was
performed to give an organic layer, which was washed with 50 mL of saturated sodium
chloride, dried over anhydrous sodium sulfate, rotated and concentrated to dryness to give a
brown oil. The brown oil was purified with silica gel column chromatography (PE/EA=7/1) to

give 1-A. 'H NMR (400MHz, DMSO-dg) 5 7.73 (t, J=8.0 Hz, 1H), 7.64 (d, J=7.2 Hz, 1H), 7.46
(d, J=7.2 Hz, 1H), 5.78-5.7 (m, 1H), 4.94-4.85 (m, 2H), 2.07~2.01 (m, 1H), 1.90~1.71 (m,3H),
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1.41 (s,3H).

Step 2: Synthesis of Compound 1-B

[0085] To a mixture of 1-A (3.47 g, 13.55 mmol) and 1-C (3.01 g, 13.55 mmol) in dioxane (150
mL) were added N, N-dimethylethylenediamine (1.31 g, 14.90 mmol, 1.60 mL), copper iodide
(2.58 g, 13.55 mmol,) and potassium carbonate (2.62 g, 18.97 mmol), which was purged with
nitrogen three times. The mixture was stirred at 95°C and nitrogen atmosphere for 1.5 and 200
mL of ammonia (28%) was added. The reaction mixture was extracted with ethyl acetate (300
mLx2) and the organic layers were combined, washed with 200 mL of saturated brine, dried
over anhydrous sodium sulfate, and concentrated under reduced pressure to dryness. The

mixture was purified with silica gel column chromatography (PE/EA=3/1) to give 1-B. TH NMR
(400MHz, DMSO-dg) © 9.02 (s,1H), 8.04 (t, J=8.0 Hz, 1H), 7.76 (d, J=7.2 Hz, 1H), 7.64 (d,
J=7.6 Hz, 1H), 5.77-5.67 (m, 2H), 5.01-4.79 (m, 6H), 2.56 (s, 3H), 2.15-2.11 (m, 1H), 1.85-1.75
(m, 2H), 1.70-1.60 (m, 1H), 1.46 (s, 3H).

Step 3: Synthesis of Compound 1-D

[0086] To a solution of 1-B (2.06 g, 5.18 mmol) in toluene (700 mL) was added Grubbs second
generation catalyst (1.32 g, 1.55 mmol), and the mixture was stirred for 6 h at 80 °C and
nitrogen atmosphere. Grubbs second generation catalyst (0.65 g, 0.775mmol) was further
added and the mixture was stirred at 80 °C and nitrogen atmosphere for 3 h. The mixture was
cooled to room temperature and filtered. The filtrate was concentrated to dryness to give a
brown residue, which was purified with silica gel column chromatography (PE/EA=1/1) to give

1-D. "H NMR (400MHz, DMSO-dg) 8 9.07 (s,1H), 8.06 (t, J=8.0 Hz, 1H), 7.79 (d, J=8.2 Hz,

1H), 7.70 (d, J=7.6 Hz, 1H), 5.39-5.25 (m, 3H), 4.66 (d, J=5.2 Hz, 2H), 2.62(s,3H), 2.40-1.95
(m,3H), 1.85-1.65 (m, 1H), 1.64 (s, 3H).

Step 4: Synthesis of Compound 1-E

[0087] To a solution of Compound 1-D (360 mg, 974.45 ymol) in toluene (35 mL) was added
meta-chloroperbenzoic acid (265.09 mg, 1.31 mmol, 85% purity) and the reaction system was
stirred at 25°C for 2 h. To the reaction solution were added 4-(4-methylpiperazion)aniline
(242.30 mg, 1.27 mmol) and N,N-diisopropylethylamine (503.76 mg, 3.90 mmol). The reaction
solution was stirred at 25°C for 12 h. To the reaction solution was added 25 mL of water with
stirring and the aqueous phase was extracted with ethyl acetate (30 mLx3). The organic
phases were combined, washed once with saturated sodium bicarbonate solution (30 mL) and
saturated brine (30 mL), respectively, dried over anhydrous sodium sulfate, filtered and dried
under vacuum to give a crude, which was separated with preparative liquid chromatography
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(neutral) to give 1-E. TH NMR (400 MHz, CDCl3) & ppm 1.70 (s, 3H) 1.78 (br d, J=13.54 Hz,
2H), 2.04 (br d, J=6.54 Hz, 1H), 2.08 -2.23 (m, 2 H), 2.39 (s, 3H), 2.62-2.64 (m, 4H), 3.21-3.24
(m, 4H), 4.24 (br s, 1H), 4.51 (br d, J=13.54 Hz, 1H), 5.61-5.88 (m, 2H), 6.95 (d, J=9.04 Hz,

2H) 7.49 (d, J=9.04 Hz, 3H), 7.81-7.90 (m, 2H) 8.87 (s, 1H); MS m/z: 513.1 [M+H]".

Step 5: Synthesis of Compound of Formula (I)

[0088] Compound 1-E (100 mg, 195.08 umol) was subjected to SFC chiral resolution
(chromatography column : AD 250x50mm |.D., 10pm mobile phase: A: supercritical CO», B:

EtOH(0.1%NH3H,0), A:B =55:45 at 200 mL/min), retention time: 21 min, to give the compound

of Formula (I). 'TH NMR (400 MHz, CDCl3) & ppm 1.60 (s, 3H), 1.68 (br s, 2H), 1.94 (br d,

J=7.04 Hz, 1H), 2.00-2.20 (m, 2H), 2.30 (s, 3H), 2.52-2.55 (m, 4H), 3.12-3.15 (m, 4H), 4.24 (br
s, 1H), 4.42 (br d, J=9.54 Hz, 1H), 5.65 (br s, 2H), 6.85 (d, J=9.04 Hz, 2H), 7.17 (s, 1H) 7.40

(d, J=9.04 Hz, 2H), 7.69-7.81 (m, 2H), 8.77 (s, 1H). MS m/z: 513.1 [M+H]".

Example 2: Preparation of Crystal Form A of the Compound of Formula (I)

[0089] About 50 mg of the Compound of Formula (l) was added into various glass bottles, to
which were added 0.5 mL of acetone respectively to form a suspension. The suspension
samples were tested in a constant temperature shaking apparatus (40°C). The suspension
samples were shaken at 40°C for 2 days and centrifuged. The upper liquid was removed, and
the residual samples were dried in a vacuum drying cabinet (40°C) overnight to give Crystal
Form A of the Compound of Formula (I).

Example 3: Preparation of Crystal Form B of the Compound of Formula (I)

[0090] About 50 mg of the Compound of Formula (l) was added into various glass bottles, to
which were added 0.3 mL of ethanol respectively to form a suspension. The suspension
samples were tested in a constant temperature shaking apparatus (40°C). The suspension
samples were shaken at 40°C for 2 days and centrifuged. The upper liquid was removed, and
the residual samples were dried in a vacuum drying cabinet (40°C) overnight to give Crystal
Form B of the Compound of Formula (I).

Example 4: Preparation of Crystal Form C of the Compound of Formula (I)

[0091] About 50 mg of the Compound of Formula () was added into various glass bottles, to
which were added 0.2 mL of methanol respectively to form a suspension. The suspension
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samples were tested in a constant temperature shaking apparatus (40°C). The suspension
samples were shaken at 40°C for 2 days and centrifuged. The upper liquid was removed, and
the residual samples were dried in a vacuum drying cabinet (40°C) overnight to give Crystal
Form C of the Compound of Formula (1).

Example 5: Preparation of Crystal Form D of the Compound of Formula (I)

[0092] About 50 mg of the Compound of Formula (l) was added into various glass bottles, to
which were added 0.4 mL of methanol/water (1/1) respectively to form a suspension. The
suspension samples were tested in a constant temperature shaking apparatus (40°C). The
suspension samples were shaken at 40°C for 2 days and centrifuged. The upper liquid was
removed, and the residual samples were dried in a vacuum drying cabinet (40°C) overnight to
give Crystal Form D of the Compound of Formula (I).

Example 6: Preparation of Crystal Form E of the Compound of Formula (I)

[0093] About 50 mg of the Compound of Formula () was added into various glass bottles, to
which were added 0.5 mL of acetonitrile respectively to form a suspension. The suspension
samples were tested in a constant temperature shaking apparatus (40°C). The suspension
samples were shaken at 40°C for 2 days and centrifuged. The upper liquid was removed, and
the residual samples were dried in a vacuum drying cabinet (40°C) overnight to give Crystal
Form E of the Compound of Formula (I).

Example 7: Preparation of Crystal Form F of the Compound of Formula (I)

[0094] At 25-26°C, to a 1 L three-necked flask with 560 mL of MeOH was added the
Compound of Formula (I) with stirring. The reaction system was heated in an oil bath to
55~65°C. After 20 min, the inner temperature was maintained as 47°C-53°C and the reaction
system was stirred for 72 h at maintained temperature. Heating was stopped and stirring was
continued with the temperature was spontaneously lowered for 1 h to 27°C. The system was
allowed to stand for 18 h and filtered and the filter cake was rinsed with 30 mL of MeOH. The
filter cake was dried at 60°C under vacuum for 48 h to give Crystal Form F of the Compound of
Formula (1).

Experimental Example 1: Solid stability test of Crystal Form F of the Compound of
Formula (I) under high temperature, high humidity, lllumination conditions

[0095] According to influencing factors and accelerated test conditions, about 5 mg of Crystal
Form F of the Compound of Formula (I) was weighed precisely and placed in a dry and clean
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glass bottle, in duplicate, and spread into a thin layer, as the formal test sample, placed under
the influencing factors test conditions (60°C, 92.5%RH (relative humidity)) and accelerated
conditions (40°C/75% RH and 60°C/75% RH), with the samples fully exposed. The test system
was covered with an aluminum foil paper with small holes. In addition, a small amount of
samples were taken and placed in a 40 mL glass sample bottle under the same conditions to
determine the crystal state. Sampling and analysis were performed on day 5 days, 10 days,
and one month. The analysis method was shown in Table 7, and the analysis results were
shown in Table 8. The samples placed under lllumination (visible light 1200000 Lux, UV 200W)
conditions were fully exposed at room temperature.

Table 7 Analytical method of r¢lated substances by high performance liquid chromatography

Chromatography waters xbridge shicld RP18(4.6mm =150 mm, 3. $pum), PN: 186003045
column
Wavclength 230 nm
Column temperature 40°C
Flow ratc 0.8 mL/min
Injecting volume 10 uLL

A: 3mmol/L ammonium acetate solution(pH4.3)(V/V)

Mobile pl
obtie phase B: 100% ACN
Time (min) A% B%
0.01 95 5
10.00 95 5
50.00 30 70
Mobile phase program 51.00 10 90
55.00 10 90
56.00 95 5
62.00 95 5
62.01 stop
Time for data .
o 62 min
acquisition
Solvent acetonitrile: water (V/V)=50:50

Solvent for needle
washing

acetonitrile: water (V/V)=50:50

Table 8 Analysis results of solid stability sample content and related substance for
Crystal Form F of the Compound of Formula (1) (5 days, 10 days, one month)

Conditions and time | Crystal Form Total impurity% Content %
points

0 day Crystal Form F 0.63 99.38
60°C_5 days Crystal Form F 0.74 99.39
60°C_10 days Crystal Form F 0.84 99.98
92.5% humidity_5 Crystal Form F 0.61 98.72
days

92.5% humidit_10 Crystal Form F 0.64 98.38
days

Protection from light {Crystal Form F 0.61 9r.77
[llumination Crystal Form F 0.67 98.58
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Conditions and time | Crystal Form Total impurity% Content %
points

40°C -75% humidity- {Crystal Form F 0.63 98.01

10 day

40°C -75% humidity- {Crystal Form F 0.62 97.94

1 month

60°C -75% humidity- {Crystal Form F 0.69 100.43

10 day

60°C -75% humidity- {Crystal Form F 0.75 99.46

1 month

[0096] Conclusion: Crystal Form F of the Compound of Formula (I) did not change for raw
material compound crystal form during the one-month solid influencing factor and accelerated
test, showing good physical stability. In the analysis of related substances, the impurities were
slightly increased at high temperature (60°C) and accelerated conditions (60°C/75%RH), and
the total amount of impurities was almost unchanged under other conditions, showing slight
sensitivity to temperature.

[0097] Experimental conclusion: The crystal form of the present disclosure has good stability
and is easy for medicine manufacture.

Experimental Example 2: In vitro enzymatic inhibitory activity of the compound of
Formula (I)

[0098] The experimental test was carried out in Eurofins, and the experimental results were
provided by the company.

[0099] Into the test system were added 20 mM Tris-HCI, pH 8.5, 0.2 mM EDTA, 500 pM
polypeptide substrate (LSNLYHQGKFLQTFCGSPLYRRR), 10 mM magnesium acetate and 10

UM [y-33P]-ATP (intensity of about 500 cpm/pmol). After addition of Mg2* and ATP mixture, the
reaction was initiated and incubated at room temperature for 40 min. 3% phosphate buffer was
added to stop the reaction.

[0100] 10 L of reaction solution was taken and filtered on a continuous filter P30, and washed
three times with 75 mM phosphate buffer, once with methanol, each washing for 5 min. After
drying, the values were read by scintillation counting method. The test results were shown in
Table 9.

Table 9: In vitro enzymatic activity test results of the compounds of the present
disclosure (ICgq)
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Compound No. Wee1 (IC59 NM)
AZD1775 47
Compound of Formula (1) 29

Experimental Example 3: In vitro permeability test of the compound of the present
disclosure

[0101] MDR1-MDCK Il cell authorized by the Piet Borst Laboratory of the Netherlands Cancer
Institute was used in the study, the cell is a Madin-Darby canine kidney cell transfected with the
human multi-drug resistance gene (MDR1), which can stably express efflux transporter P
glycoprotein (P-gp) and therefore is suitable for screening P-gp substrate or inhibitor, and for
predicting the permeability of compounds with high efflux barriers such as duodenum, blood-
brain barrier, liver cell nucleus, and kidney unit. MDR1-MDCK Il cells of from passage 5-35
were used for permeability study.

[0102] MDR1-MDCK II cells were cultured with a-MEM medium (a-Minimum Essential Media)
under culture condition of 37£1°C, 5% CO, and saturated relative humidity. Then, the cells

were seeded in a BD Transwell-96 well plate at a seeding density of 2.3x10° cells/cm?, and
then the cells were cultured in a carbon dioxide incubator for 4-7 days for transport
experiment. The preparation method of its a--MEM medium was as follows:

The liquid nutrient base was prepared with powder (a-MEM powder from Gibco, Cat#:11900)
dissolved in pure water, and was added with L- (L-glutamine) and NaHCO5. Then 10% FBS

(fetal bovine serum), 1%PS (double antibody) and 1% NEAA were added upon use to make a
complete medium. The a-MEM medium batch was shown in Table 10.
Table 10. aMEM (1Lx) batch table

oaMEM (1Lx) batch table

Compound (1Lx) {Molecular weight. {Concentration (mM) { Amount (mg/L)
Medium powder / / 1 pack
L-glutamine 146 2 292

NaHCO3 84 17.85 1500

[0103] AZD1775 (or the compound of the present disclosure) and Digoxin were administered
at a concentration of 2 uM, two-way (A-B and B-A directions), with duplicate wells. The test
concentrations of Fenoterol and Propranolol were both 2 yM and were administered in one
direction (A-B direction), with duplicate wells.

[0104] The solutions to be used were pre-incubated in a 37+1°C water bath for 30 min. The
dosing solution and the receiving solution were added to the corresponding cell plate wells (75
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and 250 uL for each top and base well, respectively) respectively to initiate the two-way
transport experiment. After addition of the samples, the cell plates were placed in an incubator
at 37x1°C, 5% CO, and saturated relative humidity to be incubated for 150 min. The sample
collection information was listed in Table 11.

Table 11. The sample collection information

Sample Sample volume per;Volume of stop Volume of transport
Type well (uL) solution (pL) buffer (pL)
A-B Dosing {50 250 100

end

A-B 150 250 0
Receiving

end

B-A Dosing {50 250 100

end

B-A 50 250 100
Receiving

end

To 50 250 100

Note: Tq refers to a sample of the initial dosing solution.

[0105] After all samples were vortexed and centrifuged at 3220 g for 10 min, an appropriate
volume of supernatant was transferred to the sample analysis plate. After the plate was sealed,
the sample should be stored at 2-8°C if it was not analyzed immediately, using the LC-MS/MS
method for analysis.

[0106] After the transport experiment was over, the integrity of the MDR1-MDCK |l cells was
tested by the Lucifer Yellow Rejection Assay. After 30 min of incubation with the Lucifer Yellow
solution, the Lucifer Yellow sample was collected, and the 2e plate reader set at 425/528 nm
(Excitation/Emission) was used to detect the relative fluorescence intensity (RFU) of
fluorescent yellow in the sample.

[0107] Semi-quantitative analysis of the test substance AZD1775 (or the compound of the
present disclosure) was performed, where the reference substance Fenoterol, Propranolol and
Digoxin, the ratio of the peak area of the analyte to that of the internal standard was used as
the concentration of the reference substance.

[0108] The experimental results were shown in Table 12.

Table 12. Penetration rate (10 cm/s)

AZD1775 Compound of Formula (1)
AtoB 2.83 4.55

Bto A 293 17.38
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AZD1775 Compound of Formula (1)
Efflux ratio 10.37 3.82

Experimental Conclusion:

[0109] Compared with AZD1775, the permeability property of the compound of Formula (I)
was greatly improved, which is beneficial for the utilization of drugs by organisms.

Experimental Example 4: Compound pharmacokinetic evaluation

[0110] This experiment is used to study the pharmacokinetics of AZD1775 (or the compound
of the present disclosure) in the plasma of female Balb/c Nude mice after a single intravenous
administration and a single oral administration.

[0111] Twelve mice (provided by Lingchang) were randomly divided into two groups, 6 females
in each group, and samples were collected by cross-blood sampling. All animals in the
intravenous group were given 1 mg/kg of AZD1775 (or the compound of the present
disclosure) by intravenous injection, and the vehicle formulation was a clear solution of 5% HP-
betaCD (Kunshan Ruisk Chemical Materials Co., Ltd.) containing 0.2 mg/mL AZD1775 (or the
compound of the present disclosure). The animals in the oral group were given 10 mg/kg of
AZD1775 (or the compound of the present disclosures) by gavage, and the vehicle formulation
was an uniform suspension of 0.5% methylcellulose containing 1 mg/mL AZD1775 (or the
compound of the present disclosure).

[0112] In the intravenous group, plasma samples were collected at 9 time points: 5 min, 15
min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h, and 24 h after the administration. In the oral group, plasma
samples were collected at 8 time points: 15 min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h and 24 h after
the administration. The samples were analyzed by LC-MS/MS to obtain plasma concentration
data of AZD1775 (or the compound of the present disclosure), and to calculate the
pharmacokinetic parameters, such as peak concentration, peak time, clearance rate, half-life,
area under the drug-time curve, bioavailability, etc.

[0113] The experimental results were shown in Table 13.
Table 13. Pharmacokinetic test results
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Administration Mode Intravenous Administration by gavage, 10
/IDose administration, 1 mg/kg
mg/kg
Test product Clearance j Half-life { Area under the  Bioavailability
(compounds prepared rate Tq/2 (h) drug-time F (%)
in each Example) ; (mL/min/kg) curve AUCgast
(nM.hr)
AZD1775 85.7 0.252 1200 31
Compound of Formula 33.5 1.69 6037 62.4
(1

[0114] Experimental conclusions: Compared with AZD1775, the compound of Formula (I) can
significantly improve multiple indicators of pharmacokinetics in mice, where the in wvivo
clearance rate, half-life, in vivo concentration integral and bioavailability showed significant
advantages.

Experimental Example 5: In vivo Study

(1) In vivo pharmacodynamic study of the compound on human colon cancer LoVo cell
subcutaneous xenograft tumor BALB/c nude mouse model

[0115] Experimental method: The selected experimental animals (provided by Shanghai
SIPPR-BK Experimental Animal Co., Ltd.) were BALB/c nude mice, 6-8 weeks, weighing 18-22

g.

[0116] Human colon cancer LoVo cells were cultured in monolayer in vitro, and culture
conditions were Ham's F-12 medium with 10% fetal bovine serum, 100 U/mL penicillin, 100
pg/mL streptomycin and 2 mM glutamine, 37°C, 5% CO». Trypsin-EDTA was used for routine

digestion and passage, twice a week. WWhen the cell saturation is 80%-90%, the cells were
collected, counted, and inoculated. 0.1 mL (10 x 108 cells) of LoVo cells were subcutaneously
inoculated on the right back of each nude mouse, and group administration was initiated when

the average tumor volume reached 213 mm3. Dosage for gavage administration was 40
mg/kg, twice a day. The experimental index was to investigate whether the tumor growth was
inhibited, alleviated or cured. The diameters of the tumors were measured with a vernier

caliper twice a week. The calculation formula for the tumor volume was V = 0.5a x b2, where a
and b represent the long diameter and short diameter of the tumor, respectively.

[0117] The anti-tumor efficacy of the compound was evaluated by TGl (%) or the relative
tumor growth rate T/C (%). TGI (%) reflects the tumor growth inhibition rate. Calculation of TGI
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(%): TGl (%)=[(1- (Average tumor volume at the end of administration of a certain treatment
group - Average tumor volume at the beginning of administration of the treatment
group))/(Average tumor volume at the end of treatment in the solvent control group - Average
tumor volume at the beginning of treatment in the solvent control group)]x100%.

[0118] The final results of 16 days of administration were shown in Table 14.
Table 14. Results of pharmacodynamic test of human colon cancer LoVo cell xenograft
tumor mouse model

Compound TGl (%)
AZD1775 26.73
Compound of Formula (1) 84.74

[0119] Conclusion: Compared with AZD1775, the compound of the present disclosure can
significantly improve the inhibitory effect on mouse body tumors, and the chirality of the
compound has an unexpected effect on the in vivo efficacy.

(2) In vivo pharmacodynamic study of the compound on human pancreatic cancer
BxPC-3 BALB/c nude mice subcutaneously transplanted tumor model

[0120] Experimental procedure: The selected experimental animals were BALB/c nude mice,
6-8 weeks, weighing 18-22 g.

[0121] The 10t generation of BxPC-3 cells were cultured in monolayer in vitro, and the culture
conditions were RPMI 1640 medium (Manufacturer: Gibco, Catalog: 22400-089) with 10% fetal
bovine serum, 100 U/mL penicillin and 100 pg/mL Streptomycin, 37 °C, 5% CO,, 4 passages.

The passage method was twice a week with trypsin-EDTA for routine digestion and passage.
When the cell saturation reached 80%-90%, the cells were digested with trypsin-EDTA,

counted, and resuspended in PBS at a density of 5 x 107 cells/mL. Each animal was inoculated
with 0.1 mL (5x10° cells) of BxPC-3 cells on the right back. When the average tumor volume

reached 153 mm3, they were randomly grouped according to the tumor volume and
administration was started. Gavage dosage: 25 mg /Kg, once a day.

[0122] The experimental index was to investigate whether the tumor growth was inhibited,
alleviated or cured. The diameters of the tumors were measured with a vernier caliper twice a
week. The anti-tumor efficacy of the compound was evaluated by TGI (%) or the relative tumor
growth rate T/C (%). TGI (%) reflects the tumor growth inhibition rate. Calculation of TGl (%):
TGI (%)=[(1- (Average tumor volume at the end of administration of a certain treatment group -
Average tumor volume at the beginning of administration of the treatment group))/(Average
tumor volume at the end of treatment in the solvent control group - Average tumor volume at
the beginning of treatment in the solvent control group)]x100%.
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[0123] The final experimental results of 27 days of administration for were shown in Table 15.
Table 15. Results of pharmacodynamic test in human pancreatic cancer BxPC-3 cell
xenograft tumor mouse model

Compound TGl (%)
AZD1775 243
Compound of Formula (1) 73.3

[0124] Conclusion: It can be seen from Table 15, compared with AZD1775, the compound of
Formula () can significantly improve the inhibitory effect on mouse body tumors.

(3) In vivo anti-tumor efficacy of the compound on CT26 mouse colon cancer cell
transplanted tumor model

[0125] Experimental procdure: The selected experimental animals were BALB/c nude mice, 7
weeks, weighing 16-20 g, female.

[0126] Cells: Mouse colon cancer CT26 cells (Cell Bank of Type Culture Collection Committee
of Chinese Academy of Sciences) were cultured in monolayer in vitro, and culture condition
was RPMI-1640 medium containing 10% fetal bovine serum, in 37°C, 5% CO, incubator.

Trypsin-EDTA was used for routine digestion and passage. When the cells were in the
exponential growth phase and the saturation was 80%-90%, the cells were collected, counted,

and inoculated. 0.1 mL of DPBS (containing 3x10° CT26 cells) was subcutaneously inoculated

on the right back of each mouse. When the average tumor volume reached 50-70 mm3,
randomized administration was carried out according to the tumor volume. Gavage dosage: 30
mg/kg, twice a day.

[0127] The experimental index was to investigate whether the tumor growth was inhibited,
alleviated or cured. The diameters of the tumors were measured with a vernier caliper twice a
week. The anti-tumor efficacy of the compound was evaluated by TGI (%) or the relative tumor
growth rate T/C (%). TGI (%) reflects the tumor growth inhibition rate. Calculation of TGl (%):
TGI (%)=[(1- (Average tumor volume at the end of administration of a certain treatment group -
Average tumor volume at the beginning of administration of the treatment group))/(Average
tumor volume at the end of treatment in the solvent control group - Average tumor volume at
the beginning of treatment in the solvent control group)]x100%.

[0128] The final results of 18 days of administration were shown in Table 16.
Table 16. In vivo efficacy test results of mouse colon cancer CT26 cell allograft tumor
model
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Compound TGl (%)
AZD1775 66.43
Compound of Formula (1) 93.38

[0129] Conclusion: It can be seen from Table 16, compared with AZD1775, the compound of
Formula () can significantly improve the inhibitory effect on mouse body tumors.
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Patentkrav

1. Krystalform A af en forbindelse med formel (I), hvor krystalformen A har et
rgntgenpulverdiffraktions- (XRPD) mgnster med karakteristiske diffraktionstoppe ved fglgende
20 vinkler: 5,71+0,2°, 12,68+0,2° og 15,32+0,2°;

Formel (1)

for eksempel

hvor krystalformen A har et rgntgenpulverdiffraktionsmgnster med karakteristiske
diffraktionstoppe ved fglgende 20 vinkler: 5,71+0,2°, 12,68+0,2°, 15,3240,2°, 18,04+0,2°,
19,7240,2°, 21,4440,2°, 23,61+0,2° og 25,68+0,2°;

for eksempel

hvor krystalformen A har et rgntgenpulverdiffraktionsmgnster som vist i Figur 1.

2. Krystalform A  ifglge krav 1, hvor  krystalformen @A  har en
differentielscanningskalorimetrikurve (DSC) med et begyndelsespunkt for endoterm top ved
henholdsvis 34,9543 °C, 174,753 °C og 219,1243 °C;

for eksempel

hvor krystalformen A har et DSC-mgnster som vist 1 Figur 2;

eller

hvor krystalformen A har en termogravimetrisk analysekurve (TGA), hvor vegttabet ved
70,33+£3°C er 0,7367 %, og vaegttabet ved 209,42+3 °C er 3,123 %;

for eksempel

hvor krystalformen A har et TGA-mgnster som vist 1 Figur 3.

3. Krystalform B af en forbindelse med formel (I), hvor krystalformen B har et
rgntgenpulverdiffraktions- (XRPD) mgnster med karakteristiske diffraktionstoppe ved fglgende
20 vinkler: 5,58+0,2°, 12,44+0,2° og 22,16+0,2°;

for eksempel
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hvor krystalformen B har et rgntgenpulverdiffraktionsmgnster med karakteristiske
diffraktionstoppe ved fglgende 20 vinkler: 5,58+0,2°, 11,71+0,2°, 12,4440,2°, 14,48+0,2°,
15,13+0,2°, 18,64+0,2°, 22,16+0,2° og 26,33+0,2°;

for eksempel

hvor krystalformen B har et XRPD-mgnster som vist i Figur 4.

4. Krystalform B  ifglge krav 3, hvor krystalformen B  har en
differentielscanningskalorimetrikurve (DSC) med et begyndelsespunkt for endoterm top ved
henholdsvis 42,8843 °C, 198,79+3 °C og 222,36+3 °C;

for eksempel

hvor krystalformen B har et DSC-mgnster som vist i Figur 5;

eller

hvor krystalformen B har en termogravimetrisk analysekurve (TGA), hvor vegttabet ved
64,2143 °C er 3,265 %; og vegttabet ved 243,053 °Cer 1,516 %;

for eksempel

hvor krystalformen B har et TGA-mgnster som vist 1 Figur 6.

5. Krystalform C af en forbindelse med formel (I), hvor krystalformen C har et
rgntgenpulverdiffraktions- (XRPD) mgnster med karakteristiske diffraktionstoppe ved fglgende
20 vinkler: 5,05+0,2°, 5,58+0,2° og 12,44+0,2°;

for eksempel

hvor krystalformen C har et rgntgenpulverdiffraktionsmgnster med karakteristiske
diffraktionstoppe ved fglgende 26 vinkler: 5,05+0,2°, 5,5840,2°, 12,44+0,2°, 15,91+0,2°,
16,68+0,2°, 17,61+0,2°, 22,19+0,2° og 26,37+0,2°;

for eksempel

hvor krystalformen C har et XRPD-mgnster som vist i Figur 7.

6. Krystalform C  ifglge krav 5, hvor  krystalformen C  har en
differentielscanningskalorimetrikurve (DSC) med et begyndelsespunkt for endoterm top ved
henholdsvis 37,0643 °C, 189,163 °C og 218,61+3 °C;

for eksempel

hvor krystalformen C har et DSC-mgnster som vist i Figur §;

eller
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hvor krystalformen C har en termogravimetrisk analysekurve (TGA), hvor vegttabet ved
64,9843 °C er 2,211%; og vaegttabet ved 224,71+3 °C er 1,127 %;
for eksempel

hvor krystalformen C har et TGA-mgnster som vist 1 Figur 9.

7. Krystalform D af en forbindelse med formel (I), hvor krystalformen D har et
rgntgenpulverdiffraktions- (XRPD) mgnster med karakteristiske diffraktionstoppe ved fglgende
20 vinkler: 5,22+0,2°, 15,99+0,2° og 16,57+0,2°;

for eksempel

hvor krystalformen D har et rgntgenpulverdiffraktionsmgnster med karakteristiske
diffraktionstoppe ved fglgende 20 vinkler: 5,2240,2°, 15,18+0,2°, 15,9940,2°, 16,57+0,2°,
17,08+0,2°, 18,60+0,2°, 21,22+0,2° og 21,89+0,2°;

for eksempel

hvor krystalformen D har et XRPD-mgnster som vist i Figur 10.

8. Krystalfoom D  ifglge krav 7, hvor  krystalformen D  har en
differentielscanningskalorimetrikurve (DSC) med et begyndelsespunkt for endoterm top ved
henholdsvis 56,0743 °C, 193,93+3 °C og 216,54+3 °C;

for eksempel

hvor krystalformen D har et DSC-mgnster som vist 1 Figur 11;

eller

hvor krystalformen D har en termogravimetrisk analysekurve (TGA), hvor vegttabet ved
79,353 °C er 1,977 %; og vagttabet ved 223,66+3 °C er 1,589 %;

for eksempel

hvor krystalformen D har et TGA-mgnster som vist 1 Figur 12.

9. Krystalform E af en forbindelse med formel (I), hvor krystalformen E har et
rgntgenpulverdiffraktions- (XRPD) mgnster med karakteristiske diffraktionstoppe ved fglgende
20 vinkler: 8,65+0,2°, 14,22+0,2° og 24,58+0,2°;

for eksempel

hvor krystalformen E har et rgntgenpulverdiffraktionsmgnster med karakteristiske
diffraktionstoppe ved fglgende 20 vinkler: 8,65+0,2°, 11,41+0,2°, 13,134+0,2°, 14,22+40,2°,
17,35+0,2°, 18,34+0,2°, 20,39+0,2°, 20,94+0,2° og 24,58+0,2°;

for eksempel
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hvor krystalformen E har et XRPD-mgnster som vist i Figur 13.

10. Krystalfoom E  ifglge krav 9, hvor krystalformen E  har en
differentielscanningskalorimetrikurve (DSC) med et begyndelsespunkt for endoterm top ved
henholdsvis 121,573 °C, 197,26+3 °C og 217,23+3 °C; og én topverdi for eksoterm top ved
henholdsvis 168,31+3 °C og 212,95+3 °C;

for eksempel

hvor krystalformen E har et DSC-mgnster som vist i Figur 14;

eller

hvor krystalformen E har en termogravimetrisk analysekurve (TGA), hvor vegttabet ved
143,313 °Cer 6,775 %; og vagttabet ved 213,62+3 °C er 0,3184 %;

for eksempel

hvor krystalformen E har et TGA-mgnster som vist 1 Figur 15.

11. Krystalform F af en forbindelse med formel (I), hvor krystalformen F har et
rgntgenpulverdiffraktions- (XRPD) mgnster med karakteristiske diffraktionstoppe ved fglgende
20 vinkler: 5,06+0,2°, 15,91+0,2° og 16,68+0,2°;

for eksempel

hvor krystalformen F har et rgntgenpulverdiffraktionsmgnster med karakteristiske
diffraktionstoppe ved fglgende 26 vinkler: 5,06+0,2°, 8,34+0,2°, 10,98+0,2°, 15,13+0,2°,
15,91+0,2°, 16,68+0,2°, 17,63+0,2° og 18,87+0,2°;

for eksempel

hvor krystalformen F har et XRPD-mgnster som vist i Figur 16.

12. Krystalfoom F  ifglge krav =~ 11, hvor krystalformen F har en
differentielscanningskalorimetrikurve (DSC) med et begyndelsespunkt for endoterm top ved
henholdsvis 48,6943 °C og 225,26+3 °C;

for eksempel

hvor krystalformen F har et DSC-mgnster som vist 1 Figur 17;

eller

hvor krystalformen F har en termogravimetrisk analysekurve (TGA), hvor vegttabet ved
10043 °C er 3,404 %;

for eksempel

hvor krystalformen F har et TGA-mgnster som vist 1 Figur 18.
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13. Krystalform A ifglge krav 1 eller 2, krystalform B ifglge krav 3 eller 4, krystalform C
ifglge krav 5 eller 6, krystalform D ifglge krav 7 eller 8, krystalform E ifglge krav 9 eller 10,
eller krystalform F ifglge krav 11 eller 12, til anvendelse i behandling af en Weel-relateret
sygdom.

14. Fremgangsmade til fremstilling af en krystalform F af en forbindelse med formel (I),
omfattende

(a) tilsztning af forbindelsen med formel (I) til et alkoholoplgsningsmiddel med
omrgring, der opvarmes i et oliebad til 55~65 °C;

(b) omrgring ved 47 °C-53 °C 1 72 timer;

(c) standsning af opvarmning og fortsat omrgring med temperaturen spontant s&nketi 1
time til 27 °C;

(d) at lade det hensta i 18 timer, filtrering og skylning af filterkagen med methanol;

(e) tgrring under vakuum ved 60 °C 1 48 timer.

15. Fremstillingsfremgangsmade ifglge krav 14, hvor alkoholoplgsningsmidlet er methanol.
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