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BENZIMIDAZOLE DERIVATIVES, PREPARATION METHODS AND
USES THEREOF

Technical Field

The present invention relates to benzimidazole compounds which are useful for inhibiting
cyclin-dependent kinase. More specially, the invention provides compounds and pharmaceutical

compositions thereof which are used as CDK4/6 inhibitors, and methods of treatment for diseases

mediated by CDK4/6, such as cancer.

Background Art

Cyclin-dependent kinases (CDKs) mediate cell cycle progression, regulating transition from GJ
to S phase and G2 to M phase. CDK activity is tightly controlled throughout the cell cycle by
posttranscriptional modifications as well as the expression of cyclins and CDK inhibitors. There
are four proliferative CDKs: CDKI1, which predominantly regulates the transition from G2 to M
phase, and CDK?2/4/6, which regulate the transition from G1 to S phase.

Progression through the cell cycle is a highly regulated process. In the absence of appropriate
agrowth signals, a family of pocket proteins including retinoblastoma protein (pRb) prevents cells
from entering the DNA replication phase (S phase). The replication cycle begins when mitogens
trigger signal transduction pathways, leading to increase of cellular levels of D-cvclins.  D-cyelins,
In turn, activate cyclin dependent kinases 4/6 (CDK4/6), which phosphorylates and inactivates pRb.

Uncontrolled cell proliferation is one of the hallmarks of cancer, and pRb inactivation is the
key event that enables tumor cells to progress through the cell c¢ycle unchecked. While some
tumors delete the pRb gene itself, the majority maintains a functional pRb and instead activates
CDK4/6 kinase activity. Ablation of CDK4/6 kinase activity led to complete tumor growth
inhibition in many cancer types such as HR+ breast cancer, mantle cell lymphoma, glioblastoma and
squamous lung cancer. Furthermore, normal fibroblast cells were shown to overcome the absence
of CDK4/6 due to compensation by CDK 1, whose absence is not tolerated. Taken together, this

evidence suggests that a selective inhibitor of CDK4/6 may have a wider therapeutic window than

pan-CDK inhibitors.

2
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In addmtion to direct antineoplastic effects, CDK4/6 mhibitors are found to treat mflammatory
diseases, bone diseases, metabolic diseases, neurological and neurodezenerative diseases,
cardiovascular diseases, allergies and asthma, Alzheimer’s diseases, and hormone related diseases.
Accordingly, there has been a substantial effort in medicinal chenmustry to find CDK4/6 mhibitors
that arg ettective as therapeutic agents.

CDX 1 s a key deterninant of mitotic progression and 1t s the only CDK that can initiate the
onset of mitosis. Mouse Knockout expertments have shown that CDK1 is required for mammalbian
cell prv;)liferaiion.m Since CDK s entical to the cell proliferation, toxicity caused by mhubition of
CDEE will it the ability to achieve therapeutie fevel, so 1l 18 necessary to keep the selectivity ot
CDK 1 agamn drug target CDK4/6.

CDK2 s structurally and functionally related to CDKI; it has a considerably broader substrate
profite than CDK4 and CDK6, and phosphorylates a large nuber of protems involved in celi ¢ycle
progression {(for example, p2 7KIPT and RI3), DNA replication {for example, rephcation factors A
and ), histone svonthesis (for example., NPAT), centrosome  dupheation  (for  example,
nucleophosmin (NPM)), among other processes. In contrast o0 CDK4 and CDK6, CDKZI 15 not
regulated by INK4 proteins but by the CDK-mnteracting protem/kinase mmbitory protemn (CIP/KIP)
class of CDK mhibitors, which bind to CDK2 cyclin complexes and render them mactive. f 1! When
we design a CDK4/6 minbitor as drug for cancer, it 1s better to keep the selectivity agamst CDK2.

In addition to the CDKs that directly promote cell cycle progression (for example. CDK4.
CDK6, CDK2 and CDK 1), an additional family of CDKs that reguiate transcription was wdentified,
which imclude CDK7, CDKS and CDKS. CDK7 has a general role in the phosphorylation of the
RNA polymerase U carboxvterminal domain that coniributes to the initiation of ranscription, and
CDKS also phosphorylates RNA polymerase 11, thereby promoting eloneation of transcription. {1}
The first gencration of CDK mhibitors are pan-CDK inhibitors and fatled to succeed due to
unmanageable toxicities. For example, flavopiridol is the most extensively mvestigated CDK
imhibitor so tar, Although tlavopinidol can induce cell cyele arrest 1o Gl and G2 phases, in certam
contexts it also mmduces a cytotoxic response, probably as a result of CDK7 and CDKS mhubition
that leads to suppression of transcription.™ So. it is necessary to avoid CDK7/9 when drugs
targeting CDK4/6 are designed.

So far, a vanety of CDK mhibitors have been evaluated precliinically and chioically.  Given the
cvidence described above, many research groups have embarked on the discovery of a CDK4/6

selecuve mhubuor, with the well-docwmented being Palbocichib (PD-0332991), Ribocichb (LEE-01 1)
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and Abemacichi {(LY2835219). However, there remains a need to provide more potent, selective

and safer CDK4/6 inhibitors which can be used in the treatment of cell proliterative disorders such

a5 Calcer,

Reference:

F1]. Uzma Asghar, Agnieszka K. Witkiewicz, Nicholas C. Turner, Et al. Nat Rev Diug Discov.

2018, [4{2y 130-146.

2], Prithviray Bose, Gary L Smwmons, Steven Grant,

*-.\.-‘_5
1 s

-l
-~ 9
.

35,

’ .
A

Summary of Invention

Expert Opin lovestig Drugs. 2013, 22(6):

The present mvention relates to benznudazole compounds that are used as CDK4/6 ihibitors

and for the reatiment of diseases mediated by CDK4/6.

The compounds of the mvention have the

general structures as Formwla [0 A compound of Formula 1, or a sterecisomer, a tauiomer, a

polymorph, a solvate, a pharmaceutcally acceptable salt, or a prodrug thereot,

R

N~
O9P
(R1)n tlf N
R3
Formula i
wherein,

fing A s aryl or heteroaryl;

%

N V4
/>

N

Z s seiected from the group consisting of CHy, NH, O and §;

R is mmdependently selected from the group consisting of hvdrogen, halogen., CN. NO», OH, NH-,

Crgalkvl, Cipalkoxy., Caowveloalkyl, arvl, hetercaryl, heterocyclyl, heterocveiyl-{CHoje,

aryi-C ealkvl-, heteroaryl-C qalkvi-, -NR-R 5, -NR--Csalkyviene-NR Ry 5, and heterocycivi-CEO)-,

wherem the C_galkyl, Cialkoxy, Cseeycloalkyl, aryl, heteroaryl, heterocyelyl, heterocvelyvl-(CHa), -,

aryl-Cealkyl-, heteroarvl-C salkyl-, or heterocyelyl-C{O)- are cach unsubstituted or substituted with

at ieast one substituent selected from halogen, hvdroxyl, Cigalkyl, Cigeycloalkyvl, heterocyelvl,

-N R]j‘;ngg OF -{(?ng)rfOH;

R- and K; are cach mdependently selected trom H, OH, N, NO-, NH-, halogen, Cqalkyi, C

alkoxy, Ciscveloalkyl, arvl, heteroaryl. heterocyclyl;

wherem the Crg alkyl, Cx alkoxy,
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Cigcycloalkyl, arvl, heteroaryl, heterocvely!l are each unsubstituted or substituted with at least one
substituent selected from halogen. hydroxyl, Cigalkyl, Ciscycloalkyl, or heterocvelvl;

Ry and Kyy are each independently selected from H, Csalkyl, arvl, heteroaryl, heterocveivl, or
Cageveloalkyl:, wherein the Cjgalkyl aryl, heteroarvi, heterocycivl, or Cigeyeloalkvi are each

S unsubstituted or substttuted with at least one substituent selected from halogen. hydroxyl, C)salkvi,

Ciseyctoalkyi, or heterocyelvl;

mas 0,1, 2, 3 or4;

nisi, t,2, 3ord;

tis 0, 1,2, 3 ord,

L) In some embodinents of Fornmuila 1. Z 15 CHo,
tn some erabodunents ot Formula [, Z 15 O.
In some embodiments of Formala 1, ring A 15 a 6-membered heteroaryl comprising one or ftwo

heteroatoms of N, for example, pyndvl, pyrimidinyl, pyridazinyi and the Like.

(), O (N/T
|
N7 h N'A:’f\ Or X 3{‘.

15 tn some empodmments of Fomula I, Ry 18 heteroevely-{(CHoy, or heterocyelyl-(CHy b

Inother embodiments of Formula 1. tmg A s

substituted with Cigalkyl, NRj»Ry3, 4 t0 6-membered heterocyelyl, Cigoyeloalkyl, or «(CHL4-OH.
In other embodiments of Formula [, Ry 15 5 to 6-membered heterocvelvl-CHa-, or 5§ to

9,

O-membered ‘;etewwdy! CHs- substituted with Ciaalkyl, -N(CH;}), -N(CH>CH-OH)YCH, "é“‘.,

«*” & J" S -CH20OH, -CHCH-OH. or -OH.
20 In other embodiments of Formula 1. Ry is 6-membered heterocyclyl-CH,-, or 6-membered

heterocycelvi-UHa- substituted with methy! or ethyi.

In sonie embodiments of Formuia 1, Ry is heterocyclyl, or heterocyelvi substituted with O salkvl.

NR 2R 13, 4 1o 6-heterocvelyl, Cyevcloalkyl, or -(CH»3-OH.
in other embodiments of Formula I, R; 15 5 to 6-membered heterocyelyl, or § to 6-membered

heterocyclyl substituted with Cysalkyl, -N(CHs), -N(CH-CH-OH)CH;,

O, 4,

b

-CH'_‘{OH, -CHQCHQOH+ or UH.
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In other cmbodiments of Formula [, Ry 15 6-membered heterocyclyl, or G-membered
beterocyclyl substituted with methyl or ethyl.

in some empodiments of Formula I, Ry 1s 6-membered heterocvelyi-C(O)- or 6-membered
heterocyelvIl-U(O)- substituted with Cysalkvl,

In other embodiments of Formula I, K; is 6-membered heterocyelyl-C(O)- substituted with
methyl,

In some embodiments of Formula L the heterocyclvl comprises one or two heteroatoms of N or
() as ring atoins,

In some embodiments of Forrmpula 1, the heterocyclyl comprises one or two hetercatoms of N as
iy HtOms.

In seme embodiments of Formula 1, Ry 18 -NR»-Calkvlene-NR 2R,

In some embodiments of Formula I, Ry» and Ry are each independently H, -(CH-)-OH or

Y, VY L

in some embdodiments of Formula 1. Ry s k/N"{ .. K/
| | \N/\

AN ”N\O LN % /\N/\ HNT ™ HN/\ HO
U\}{* Né’g‘ﬁ I : ) /N';\ K/Néi K/N\}{" /\CN%,

HO

- . AN ~ /}J O~y ™ OH ,:éOH

ROy N Mg

o a YL L A
@é’i I\Ofv"’m O\;‘*{.Q O\}i OF Ovh‘i.

In some embodiments of Formula 1, m s 1.
In some embodiments of Formulal nis 1.
In some embodiments of Formula L.t 15 0, 1. or 2.

In some embodiments of Formuda [, R, and R; are each independently H, OH, halogen, Csatkyl,

Crsalkvi substituted with halogen, Ciqalkoxy, Cisalkoxy substituted with halogen.

In other embodiments of Formula 1. R» and Rs are each independently H, OH, F, Cl, CHs,

{ H(H 1. C!"j ~()C H, 924 —L)CF?,

n
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In other embodiments of Formula [, Ry and R are both F.
The present invention further provides some preferred technical solutions with regard to
compound of Formula |, and the compound 1s:
1) d-(6-fluoro- i -methvi-1.2.3 4-tetrahvdrobenzol4,5 lnmudazo] 1, 2-a pyridin-&-y 13- N-(5-(4-meth
vipiperazin- i -yhpyridin-2Z-vhpyrimidin-2-amine;
Y N-(5-((4-ethyipiperazin- L -yDhmethypyndin-2-y1)-5-fluoro-4-(6- thuoro-{ ~methvi- 1,23 4-tetr
shydrobenzol4.5 immdazol 1 2-a | pyridin-8-yhpyomidin-2-amine;
3y S-fluoro-4-(6-flucro- 1 -methyl-1,2,3 4-tetrahydrobenzof4, 3 jimidazo] 1,2-a jpyridin-8-y1)-N-(5
~(4-methylpiperazin-1-yDpyndm-2-yUpyrumdin-2-amine;
43 S-fluoro-4-(6-tluoro- L-methyl-1.2,3 4-tetrahydrobenzof 4,5 jimdazo] 1,2-a [pyridin-8-y1)-N-(6
-({4-methylpiperazin-1-yhmethyDpyrdmn-3-yhpyrimidin-2-amine;

3 S-tuoro-4-{6-fluoro-1-methyl-1.2,3 4-tetrahrydrobenzol 4.5 ivmdazof 1, 2-a pyridin-8-y] }-N-(5

-vhpyrimidin-2-amine;

vy

~{((4-methyipiperazin-1-yhmethyDpvrimidin-2

63 N-(5-((4-(dimethyvlaminopipenidin-T-yhmethyDpyrinudin-2-y1}-3-tlaoro-4-( 6-tluore- [ -meth
vi-1.2.3.4-tetrahvdrobenzof4,5 imidazo{ 1, 2-aipyridin-&-yhpyrimidin-2-amine;

73 N-(5-({4-(dimethylammo)pipertdin- I -yDmethypyridin-2-yD)-5-thiorg-4-{6-thioro- E-methy]
-1,2.3 d-tetrahydrovenzo{4,5 immdazol 1. 2-alpyridim-8-yDpyrimidin-2-amimne;

5} N-(5-{4-{dimethylammo)piperidin-1-yUipyridin-2-vl}-5-fluoro-4-(6-fluoro- t -methyl-1,2.3,4-1
ctrahvdrobenzol4,5 imidazol 1, 2-alpyridin-8-vipyrumdin-2-amine;

) (2-((5-tluoro-4-(6-fluoro-1-methvl-1,2,3 4-tetrahydrobenzo[4.5 imidazof I 2-ajpyridin-8-yip
yrintdin-2-yDamunoypyrimidin-3-yi}{(4-methylpiperazin-1-vijmethanone;

[O0) (6-((5-thioro~-4-{6-tluoro-{ -methyl-1,2,3 4-tetrahvdrobenzol 4. S imidazol 1 Z-aipyridin-8-vi)
pyvrimidin-2-vhaminopyridin-3-vi){4-methvipiperazin- [ -yDmethanone;

| By N5-(2-{dicthylamino ethv])-NZ-(5-thioro-4-( 6-fluoro- { -methyl- 1.2, 3 4-tctrahydrobenzo[4.5
limidazof 1. 2-alpyridin-8-y)pyrimidin-2-v)-N3-methylpyridine-2.5-diamine;

1 2Y N-(5-{{4~cthylpiperazin-i-y }nu,th»l}pvmdm- 2y -d-(6-fluoro- 1 -methyl-1,2,3,4.4a,5-hexah
vdrobenzof4,5 imidazol |, 2-alpyridin-8-yi-3-(trifluoromethyDpyrinudin-2-amine;

{3) _;\?’~(5~((4-f:i‘hy2pipemzin~.l~yl)mc—:ti}yl}pyridin—2-y1}-4-{6-ﬂumfo -methyl-1.2,5.4.4a.5-hexah
ydrobenzof4,5 hmidazol | 2-alpyridin-§-vi-3-methvipyrimidin-2-amimne;

f4) 5-chloro-N-{5-((4-ethyipperazm-i-yhmethyhpyndin-2-yi)-4-(6-tluere-1-methyi-1,2,3,4-1¢

trahvdrobenzof4,5 Jurudazol i, 2-alpynidin-8-yDpyrimidin-2-amine;
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{8) S-tluoro-4-(Y-tluoro-4-methvi-3.4-dihydro- | H-benzol4. 5 jmudazo[ 2, 1-¢]{ | ,[4 Joxazin-7-vi)-
N-{5-(4-methvipiperazin-1-yDpyridin-2-vhpyrimidin-2-amine;

16) N-(5-({d-cthvipiperazm- [ -yhmethylipyridin-2-v1)-5-fluoro-4-( 9-fluoro-4-methyl-3.4-dihvd
ro-1H-benzof4,S hinidazol 2.1 -c i 1,4 joxazin-7-ypyrinudm-2-amine:

| 73 N-(5-{4-{dmnethylamino)piperidin- L -ylpyrichin-2-y1)-5-fluoro-4-{9-fluoro-4-methyl-3,4-dih

ydro-TH-benzoj4,3 jurudazol 2, 1-¢il 1,4 ]oxazmn-7-yvlpyrimmdin-2-amine:
[8) N-(5-((4-(dimethviamino)piperidin- 1 -vhmethybpyridin-2-v1)-5-fluoro-4-(9-tluore-4-methy

1-3.4-dihvdro-1 H-benzo{4 5 imidazo| 2,1 -c{] | .4]joxazin-7-vi

"‘--"'

pyrunidin-Z-amine ;

9 3-thuoro-4-(9-thuoro-4-methyi-3 4-dihydro- { H-benzol4, S jimidazo| 2, [-c|{ | 4 loxazin-7-y1}-
N-{S-(piperazin- | -yhpvridin-2-yHpyrinudm-2-anine

20} S-tluoro-4-(9-tfluoro-4-methyi-3,4-dihydro-1 H-benzol4,5 himidazo| 2, 1-c]{ 1 .4 joxazin-7-vi}-
N-{5-{piperazin- 1 -ylmethyvhpyridin-2-vijpyrimidin-2-amine:

21) N-(5-fluoro-4-(9-tlucro-4-methyvi-3,4-dihydro-t H-benzoi4.5 imidazo|2,1-¢][ | .4 Joxazin-7-

yvijpyrimdin-2-vi-6-(4-methyipiperazin- 1 -yhpyridazin-3-amine ;
22) 6-{{4-ethiyipiperazin- 1 -viymethyl)-N-(3-fluoro-4-(9-fluoro-4-methyl-3,4-dibydro- 1 H-benzo

14, S hinidazoZ. L -ci L 4toxann-7-yhpviinudin-2-yhpyridazin-3-amine;

23) (1-(6-(¢ 5-tluoro-4-(9-fluoro-4-methyl-3 4-dihvydro-1H-benzof4,5 jimidazo{ 2, [ -cif | .4 Joxazn
~1-yhpvrimidin-2-vhamine)pvridin-3 -yl pyrrolidin-3-yymethanol :

24y {1-{{6-({5-fhuoro-4-(9-fluoro-d-methyl-3 4-dihydro-TH-benzo[4,S himidazo[2, 1 -¢i| | 4 ]oxazs
n-T-yDipyrimidin-2-yhammolpyridin-3-vhmethyhpyrmrohidin-3-vlimethanol ;

25} N-{5-(4-cyclopropylpiperazin-1 -yi)pyridin-2-y1)-3-fluoro-4-(9-tluoro-4-methyi-3,4-dthydro
-1 H-benzo}4,5 midazo|2,1-cif 1.4 |oxazin-7-vDpyrimidin-Z-amine;

26) N-{5-{{4-cyclopropvipiperazin- [ -yDmethyDpyridin-2-yD-5-tfluoro-4-(9-fluoro-4-methvi-3.4
~dithvdro-TH-benzol4,5 hmdazo[ 2, 1-cl} L 4loxazin-7-yDpyromidin-2-amine:

27 2-((1-{{6-{{5-Thuoro-4-(9-fluoro-4d-methyi-3 4-dihydro-1 H-benzol4, 5 lumidazof 2.1 -c i 1.4 ox
azim-7-yhpynimidin-2-yhammo)pynidin-3-yimethylipiperidin-d-yh{methyllaminojethan- { -ol:

28) 1-{6-{{5-fluoro-4-(9-fluoro-4-methyl-3 4-dihvdro-1H-benzo[4.5 limudazol 2.t -¢ ][ 1 4 joxazin-
7-yhpyrimidim-2-vhammopyridin-3-vi)-3-methyipyrrohidin-3-ol;

29) 1-({0-({53-fluoro-4-{S-fluoro-4-methyl-3 4d-dibydro-1H-benzol4,5 lumdazo{ 2, 1 -cil 4 joxazin

--yhpyraodn-2-yhammo ipyridin-3-vimethyh-3-methvipyrolidin-3-ol:
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30 5-thuoro-4-(9-fluoro-4-methyl-3 4-dibydro- { H-benzo{4 .5 imidazol 2, 1-¢]{ I .4 loxazm-7-v|}-
N-{5-{{4-(oxetan-3-yDpiperazin- | -yDmethylpyridin-2-vhpyrimidin-2-amine:

31y S-tluoro-4-(9-tluoro-4-methyi-3 4-dibydro-tH-benzol4, S limsdazof 2,1-¢ ][ | .4 Joxazin-7-v1}-
N-{5-(4-(oxetan-3-vhpiperazin- L -vhipyndm-2-yUpyrimedin-2-aimine;

32) N-(5-((4-ethvlpiperazin- 1 -vhmethyvlipyridin-2-yH-5-fluore-4-( 9-tfluoro-4-methyl-1,2.3 d-tet
rahydrobenzof4,5 imidazo| 1. 2-a|pyrazin-7-y hpyrumidin-2-amine;

33} S-fhuoro-4-(9-fluoro-4-methvl-3 4-dibhydro-1 H-benzol4 .5 imidazof 2,1 ~¢ || 1,4 joxazin-7-y1}-
N-{S-{(d"-mpethyvi-[ 1, | “bipiperazin]-4-yDmethyhpyndin-2-vijpyrimidin-2-amne;

34y S-fluoro-4-(9-fluoro-4-methyl-2 4-dihydro-t H-benzofd. 5 Jimdazo[ 2, 1 -c]{ | .4 Joxaznin-7-vi}-
N-{5-{(d~( | -methyIpiperidin-d-yipiperazin- | -yvlmethyDpyridin-2-vhpyrinudin-2-amine.

Surprisingly, the highly purified (-} enantiomer of the compound of Formula | 1§ advantageous
over the {+) enantiomer I biological activity.  For example, the optically pure (-} enantiomer of
compound 2 (N-(5-((4-ethvilpiperazin-l-yhmethyDpvridin-2-yi}-5-tluoro-4-(6-iluoro- L -methyi
-1,2.3 d-tetrahydrobenzol4,5 imudazo{ 1, 2-alpyridin-&-vpyrimidin-2-amine) is more potent than s
{(+} enantigimer,

Unless otherwise indicated, "(-)" 1n the present invention means that the optical rotation 18 4
negative value; and "(+)" means that the optical rotation 1s a positive value. The present compound
described herein can be (-) 1somer of the compound and/or (+) tsomer of the compound.

The present invention also provides phammaceutical composttions comprising a therapeuntically
citective amount of a compound of Formula | or a therapeuticaily acceptable salt thereol and a
pharmacennically acceptable excipient.

In some embodiments. the said compound i a werght vatio to the said excipient withmn the range
from about 0.001 to about 16,

The present invention addwonally provides a compound of the present mvention, a
pharmaceutically acceptable salt thereof or a pharmaceutical composition above mentioned fur the
preparation of a medicament.

In some embodiments, the medicament 18 usad for the treatment of cancer, such as colon cancer,
rectal cancer, mantle cell tvmphoma, multiple myeloma, breast cancer, prostate cancer, ghoblastoma,
squanous cell esophageal cancer, liposarcoma, T-cell lvinphoma melanoma, pancreatic cancer, brain

cancer or lung cancer.
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In some embodiments, the medicament s used as an inhibitor of CDK, preferably CDK4d
and/or CDKa,

The present mvention provides a method of treatmg of cancer in a subject, comprisiny
administering to the subject m need of a therapeutically effective amount of a compound of the

resent imvention, a pharmaceutically acceptable salt thereof or above-mentioned pharmaceutical
compostuon.  In particular, the cancer is selected from the group consisting of colon cancer, rectal
cancer, mantle cell lyvmphoma, multiple myeloma, breast cancer, prostate cancer, ghoblastoma,
squamous cell esophageal cancer, liposarcoma, T-cell lymphoma, melanoma, pancreatic cancer, brain
Cancer Ot iung cancer.

This wvention hurther provides a method of treating a disease mediated by CDK, {or exarnple
CDR4 and/or CDK 6 in a subject, comprising administering to the subject inneed of a therapeutically
cftective amount of a compound of the present yavention, a pharmaceotically acceptable salt thereof
or above-mentioned pharmaceutical composition.

The general chemical terms wsed n the formula above have their usual meanmgs,  For
exarnple, the term “halogen™, as used herein, unless otherwise indicated, means fluoro, chioro, bromo
or 1odo.  The preferred halogen groups mclude ¥, Cl and Br.

As wvsed herein, unless otherwise indicated, alkyl mcludes saturated monovalent hydrocarbon
radicals having straipht, or branched moieties. For example, alkvi radicals include methyl, ethyl,
propyl, 1sopropyl. n-butvl, isobutyl, sec-butvl t-butyl, n-pentyl 3- (2-methvi) butvi Z-pentvl.
Z2-methylbutvl, neopentvi, n- hexyl, 2-hexyl, Z-methyvlpentyi and the hike. Swmilary, Cix, a8 in
{.salkvl 1s detined to wdentity the group as having 1, 2, 3, 4. 5, 6, 7 or 8 carbon atoms in 4 linear or
branched arrangement.

Alkenyl and alkyvnvl groups include stratght, or branched chain alkenes and alkvnes. Likewise,

-

“Coap alkenvl and “Cox alkynyl” means an alkenyl or alkynyl radicals having 2. 3, 4. 5, 6, 7 or §
carbon atoms in a linear or brached arrangement.
Alkoxy are oxygen ethers formed from the previously descenibed straight, or hranched chain alkyl
oroups, that 1s -O-alkyl.
As used berem, Ta”, fan’, “the”, “at least one”, and “one or more” are used interchangeably.
Thus, tor example, a composition comprising “a” pharmaceutically acceptable excipient can be
interpreted to mean that the composition mcludes “one or more” pharmaceutically accepiable

SXCIipIents.
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The term “arvl”, as used hercin, unless otherwise indicated, refers to an unsubstituted or
substituted mono- or polveyelic ring system containing carbon ring atoms.  The preferred aryis are
mone cvelic or bicychic 6-10 membered aromatic ring systems.  Phenyl and naphtihyl are preterre
aryls, 'the most preterred arvl is phenyl,

The term “heterocvelyl”, as used heremn, unless otherwise indicated, represents an unsubstituted
or substinted stable three to eight membered monocychic saturated ring system which consists of
carbon atoms and from one to three heteroatoms selected from N, O or S, and wherein the nitrogen or
sulfur beteroatoms may optionally be oxudized, and the nirogen heteroatom vy optionally be

guaternized.  1he heterocyclyl group may be attached at any heteroatom or carbon atom which

results 1n the creation of a stable structure.  Examples of such heterocyclyl groups melude, but are not
bmited to  azetdinyl, pvrrobidinyl, pipenidinyl, piperazinyl, oxopiperazinyl, oxopipendmnyl,
tetrabydrofiwanyl,  dioxolanyl, tetrahydrommdarzoiyl, tetrahydrothuazolyl, tetrahydrooxazolyl,
etrahydropyranyl, morpholmyl, thiomorpholinyl, thiamorpholiny! suifoxide, thiamorphohinylt snltone
and tetrahydrooxadiazolyl.

The term “heteroarvl”™, as used herein, unless otherwise indicated, represents an unsubstituted or
substituted stable five or six membered moenocyclic aromatic ring system or an unsubstituted or
substituted nine or ten membered benzo-fused heteroaromatic ring system or bicychc hetercaromatic
ring system which consists of carbon atoms and from one to four hetercatoms selected trom N, O or 5,
and wherein the nitrogen or sulfur heterocatoms may optionally be oxidized, and the nitroge:
heteroatom may optionally be quaternized.  The hetercaryl group may be attached at any heteroatom
or carbon atom which results m the creation of a stable structure. Examples of heteroaryl groups
include, but are not Imuted to thienvl, furanyl, imidazolyl, isoxazolyi, oxazolyl, pvrazolyl, pyrrolvi,
thiazolyi, thiadiazolvl, trtazolyl, pynidyl, pynidazinvi, mmdolyl. azaindolvl, indazolvl, benzimdazolyl,
benzotfuranvl, benzothienyl, benzisoxazolyl, benzoxazolyl, benzopyrazoelyl, benzothazolvi,
benzothiadiazolvl, benzotriazolyl adeninyl, quimolinyl or isoquinohlinyt.

The term “eycloalkvl” reters to a cychic saturated alkyl chamn baving tfrom 3 o 12 carbon atoms,
for exarnple, cyclopropvl, cyclobutyl, cyclopentyl, or eyclohexyl.

The term “substituted” refers to a group in which one or more hydrogen atoms are cach
ndependently replaced with the same or different substituent{s). Tvpical substituents mclude, but
are not fumited to. balogen (F, Cl, Br or I}, C)5 alkyl, Ci.po cycloalkyl, -OR ' SRg, =}, =5, -C{O}Ri
-C(SIRY, =NR!, -CHOORY, ~C(S)OR!, -NR'R®, -C{OINR'R?, cyano, nitro. -S(0).R", -OS((-)OR "
-OS{O)R", -OP(())(ORI)(()RE}; wherein R' and R” is mdependenty selected from -H, ¢ alkyl,

10
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U baloalkyl,  In some embodiments, the substituent{s} 1s independently selected from the group
consisting of -F, -Cl, -Br, -1, -OH, trifluromethoxy, ethoxy, propyloxyv, iso-propvioxy, n-butvioxy,
isobutvioxy, t-butyloxy, ~SCH:, -5CsHs, formaldehvde group, -C(OCH;S), cyano, mitro, CF5,-OCTH,

anuno, dimethylamino, methyl thio, sulfonyi and acetyl.

L

Examples of substituted atkyl groups include, but not himited to, 2-aminoethyl, 2-hydroxyethvl,
pentachloroethvl, tnifluoromethyl, methoxymethvl, pentatiuoroethyl and piperazimyimethyl,

Examples of substituted alkoxy groups include, but not limuted (o, amimomethoxy,
triflmoromethoxy, 2-diethviammoethoxy, 2-ecthoxyearbonylethoxy, 3-hydroxypropoxy.

6

The term “pharmaceutically acceptable salts”™ refers to salts prepared from pharmaceutically

10 acceptable non-toxic bases or acids.  When the compound of the present invention is actdie, its
corresponding salt can be convenieutly prepared from pbarmaceuucally acceptable noun-toxic bases,
ichuding norganic bases and orgame bases.  Salts denived fromy such inorganic bases mclude
aluminum, ammonnun, calcm, copper (ic and ous), ferric, ferrous, lithium, magnesium, manganese
(10 and ous), potassiam, sodnm, zine and the hike salts.  Particularly preferred are the ammonnam,

s calcnum, magnesium, potassium and sodium salts. Salts derived from pharmaceutically acceptable
organic non-toxic bases mchide salts of primary, secondary, and tertiary amines, as well as cychic
anmunes and substituted amines such as naturally occurring and symhesized substituted amines.
Other pharmaceutically acceptable organic non-toxic bases trom which salts can be formed include
ion exchange resins such  as, for example, argiunine, betame, catteine, choline, NAN'-

20 dmwenzylethylenedianmne.,  diethylamine,  2-diethylaminoethanol,  2-dimethyviaminoethanol,
cthanolamine. ethylenediamine, N-ethylmorpholing, N-cthvlpipenidine, glucamine, glucosamine,
histidine, hydrabamine, isopropylaning, fysine, methyiglucamine, morpholine, piperazine, piperidine,
polyamine resins, procaine, purines, theobromine, tricthviamine, trimethylamine, tripropyvlamine.
tromethamine and the hike,

25 When the compound of the present invention 15 hasic, 11s corresponding sait can be conveniently
prepared from pharmaceutically acceptable non-toxic acids, meluding morganic and organie acids,
Such acwds imclude, tor example, aceuce, benzenesulfonic, benzoic, camphorsulfonie, cinc,
ethanesul{onic, formic, fumaric, gluconic, glutamic, hydrobromie, hydrechlornie, ssethionic, lachc,
malete, malic, mandelic, methanesultonic, mucic, nitric, pamoic, paniothenic, phosphoric, succinic,

sultorie, tartanic, p-toluenesulfonic acid and the hke. Preferred are citric, hydrobromic, tormc,

'\J"J
ey
~a

trydrochloric, maleic, phosphoric, sulfuric and tartaric acids, particularly preferred are formic and

hydrochloric acid.  Since the compounds of Formula I are intended for phannaceutical use they are

11
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preferably provided m substantially pure form., for example at least 60% pure, more suitably at least
75% pure, especially at least 98% pure (% are on a weight for weight basis).

‘the compounds of the present invention may also be present i the form of pharmaceutically
acceptable salts,  For use i medicine, the salts of the compounds of this invention reter (0 non-toxie
“pharmaceutically  acceptable salts”™. The pharmaceutically acceptable salt forms include
pharmacenticaliy acceptable acidic/anionic or basic/cationic salts.  The pharmaceutically acceptable
acidic/anionie salt generally takes a form i which the basic nmitrogen is protonated with an inorganic
or organic acid.  Representative orgamic or morganic acids mclude hydrochlorie, hydrobromic,
hydrodic, perchloric, sulfurice, nitric, phosphoric, acetie, propionic, glycolic, lactic, succine, maleic,
fumaric, malic, tarane, citnie, benzoic, mandehic, methanesulfonic, hydroxyethanesulfonic,
benzenesulfonic, oxalie, pamoic, Z-naphthalenesulfonic. p-toluenesulfonic, cvelohexanesulfamic,
salicylie, saccharime or trifluorcacetic. Pharmaceutically acceptabie basic/cationic salts include, and
are not tomited o aluminum, calehun, chloroprocaine, choline, diethanolamine, ethylenediamine,
hthnom, magnesium, potassium, sodim and zing.

The present mvention includes within its scope the prodrugs of the compounds of this invention.
in general, such prodrugs will be tunctional derivatives of the compounds that are readily converted in
vivo o the required compound.  For example, any pharmaceutically acceptable salt, ester, ester
sait or other derivative of a compound of this application that, upon administration to a recipient, is
capable of providing, either directly or indirectly, a compound of the present application or a
pharmaceuttcally active metabolite or residues.  Particularly preferred derivatives or prodrigs are
those compounds that can mcerease the moavailability of a compound of the present application
when administered to a patient (eg, which can make an orally administered compound more readily
absorbed mto the blood), or facthitate dehivery of the parent compound to a biological organism or
those that are delivered by a site of action {(eg, the brain or lvmphatic system). Thus, in the
methods of treatment of the present invention, the term “administering” shall encompass the treatiment
of the various disorders described with the compound specitically disclosed or with a compound
whitch may not be speaitically disclosed, but which converts to the specitied compound m vivoe afler
admmistration to the subject,  Conventional procedures {or the selection and preparation of suitable
prodrug derivatives are described. for example, in “Design of Prodrugs™, ed. H. Bundgaard, Elsevier,
{083,

It 15 mtended that the defimtion of any substituent or variable at a particular location in a

molecule be independent of ity definitions elsewhere m that molecule. Tt is understood that

12
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substituents and substitution patterns on the compounds of this mvention can be selected by one of
ordmary skill m the art io provide compounds that are chemically stable and that can be readily
svnthesized by techimgues know in the art as well as those methods set torth herein.

The present invention includes compounds described herein can contain one oOr MOre asymmerric
centers and may thus give rise to diastercomers and optical enantiomers.  The present invention
inchudes all such possible diastereomers as well as their racemic muxtares, their substantially pure
resolved enantiomers, all possible geometric enantiomers, and pbarmaceuucally acceptable sales
thereof.

It has now been discovered that the optically pure {-) enantiomer of the present compound 1s a
more potent CDK4/6 inhibitor,  The present invention includes methods for treating a disease
nediated by CDK4/6 moa subject, which comprises administerning to said subject an aount of (-)
enantiomer or a pharmaceutically acceptable salt thereol, substanuvally free of its (+) enantiomer,
said amount beimg sufficient to atleviate the disease, but msufficient 10 cause said adverse eftects.

The werm “substantially free of its (+) enantiomer” as used berein means that the composition
containts a greater proportion or percentage of the (+) enantiomer in relation to the (+) enantiomer,
satd percentage being based on the total amount of the mixture. In a embodunent, the term
“substantiaily free of its (V) enantiomer” means that the composition contains at least 60% by
welght of (-} enantiomer, and 40% by weight or less of (+) enantiomer.  In a preferred embodiment,
the term “substantiaily free of its (+) enantiomer” means that the composition contains at least 70%
by weight of (-} enantiomer, and 30% by weight or less of {(+) enantiomer,  In another embaodiment,
the term “substantially free of its (+) enantiomer™ means that the composition contains at least 80%
by weight of (~) cnantiomer, and 20% by weight or less of (+) enantiomer.  Furthermore, the term
“substantially free of its (+) enantiomer” means that the composition contains at least 90% by
weight of {-) enantiomer, and 10% by weight or less of (+) enantiomer.  Even further, the term
“substantially free of its (+) enantiomer’ means that the composition contains at least 95% by
welght of (<) enantiomer, and 5% by weight or less of (+) enantiomer. Moreover, the term
“substantiaily free of s (+) enanuomer” means that the composition contains at least 99% by
weight of (-) enantiomer, and 1% by weight or less of () enantiomer.

The above iformula | 1s shown without a definitive stereochemustry at ¢ertam positions.  The
present mvenfion mmcludes all stereoisomers of Formula 1 and pharmaceutically acceptable saits
thereof.  Further, nuxtures of stereoisomers as well as 1solated specific stereoisomers are also

mchuded.  Duning the course of the synthetic procedures used to prepare such compounds, or in using
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racemization or ¢pimerization procedures known to those skilled in the art, the products of such
procedures can be a mixture of stereoisomers.

When a tautomer of the compound of Formula [ exists, the present invention includes any
possible tautomers and pharmaceutically acceptable salts thereof, and mixtures thereof, except where
specifically stated otherwise.

When the compound of Formula T and pharmaceutically acceptabie salts thercot exist i the form
ol solvates or polvmorphic forms, the present vention inchudes any possible solvaies and
polyvmoerphic torms. A type of a solvent that forms the solvate 1s not particudarly bmiled so long as
the solvent s pharmacologically acceptable.  For example, water, ethanol, propanol. acetone or the

hike can be used.

e

ihe term "composition” is herein meant to include products that include the specitied amounts
of the specified ingredients, as well as any product that 1s produced, directly or mmdirectly, from the
specified combination of specified mgredients.  Theretore, pharmaceutical composilions containing
the compounds of the present mvenfion as active mgredients and methods of prepasing the
compounds of the invention are also parts of this mwvention.  In addition, some of the crystalline
torms of the compounds may exist as polvmorphs, and such polymorphs are included in the present
invention. o addition, some of the compounds may fonnm solvates with water (te, hvdrates) or
common organtc selvents, and such solvates also tall within the scope of the present mvention.

The pharmaceutical compositions of the present mmvention comprise a compound represented by
Formula 1 {or a pharmacentically acceptable salt thereot} as an active ingredient, a pharmaceutically
acceptable carrier and optionallvy other therapeutic ingredients or adjuvants. The compositions
mclude compositions suitable for oral, rectal, topical, and parenteral (ncluding subcutaneous,
mtramuscular, and mtravenous) administration, although fhe most suitable route i any given case
will depend on the particular host, and nature and severnty of the conditions for which the acuve
ingredient 1s being administered.  The pharmaceutical compositions may be conveniently presented
in unit dosage form and prepared by anv of the methods well known in the art of pharmacy.

In practice. the compounds represented by Formoula I, or a prodrug, or a metabolite, or
pharmaceutically acceptable salts thereof, of this mvention can be combimed as the active mgredient
in intimate adonxture with a pharmacentical carrier according (o conventional pharmaceutical
compounding techmqgues.  'The carrier may take a wide varicty of forms depending on the torm of
preparation desired for admimistration, e.p., oral or parenteral (including mtravenous).  Thus, the

oh cutical compositions of the present invention can be presented as discrete units suitable {or
pharmaceutical compositions of the present inventon can be presented as discrete units suitable {0

14
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oral admunistration such as capsules, cachets or tablets each containing a predetermined amount of the
active mgredient.  Further, the compositions can be presented as a powder, as granules, as a solusion.
as a suspension i an aqueous liquid, as a non-aqueous liquid, as an oil-in-water emulsion, or as 4
water-in- oil hiquid emulsion.  In addition to the common dosage forms set out above, the compound
represented by Formula L or a pharmaceutically acceptable salt thereof, may also be administered by
controtied release means and/or delivery devices.  The compositions may be prepared by any of the
methods of pharmacy.  In general, such methods include a step of bringing into association the active
ingredient with the carrier that consbitutes one or more necessary ingredients.  In general, the
corapositions are prepared by uniformly and mtimately admixing the active mgredient with hqud
carriers or finely divided sohd carriers or both.  The product can then be conventently shuped into the
desired presentation.

Thus, the pharmaceutical compositions of this jovention may include a pharmaceutically
acceptable carrier and a compound, a stereoisomer, a tautomer, a polymorph, a sclvate, a
pharmaceutically acceptable salt, or a prodrug of Formula 1. The compounds of Formula 1. or
pharmaceutically acceptable salts thereof, can also be included in pharmaceutical compositions in
combination with one or more other therapeutically active compounds.

The pharmaceuntical carrier employed can be, for example, a solid, liguid, or gas.  Examples of
solid carriers inciude such as lactose, terra alba, sucrose, tale, gelatin, agar, pectin, acacia, magnesium
stearate, and stearic actd.  Examples of hiquid carrters include such as sugar svrup, peanut otl. olive
o, and water.  Examples of gaseous carriers include such as carbon dioxide and nitrogen. In
preparing the composttions for oral dosage torm, any convenient pharmaccutical media may be
employed.  For example, water, glycols, oils, alcohols, flavoring agents, preservatives, coloring
agents, and the like may be vsed to torm oral hquid preparations such as suspenstons, elixirs and
solutions, while carriers such as starches, sugars, miucrocrystalline cellulose, diluents, granulating
agents, lubricants, hinders, disintegrating agents, and the like may be used to form oral solid
preparations such as powders, capsules and tablets,  Because of their ease of administration, tablets
and capsudes are the preterred oral dosage units wherehy sohid pharmaceutical carriers are emploved.
Optionaily, tablets may be coated by standard aqueous or nonagueous technigues.

A tablet containing the composition of this invention may be prepared by compression or
moldig, optionally with one or more accessory ingredients or adjuvants.  Compressed tablets may
be prepared by compressing, in a suttable machine, the active ingredient o a free-flowing form such

as powder or granules, optionally mixed with a binder, libricant, inert diluent, surface active or



il
,-nv\'
AT o

L

it

—r

CA 03047876 201%-06-20

WO 2018/113771 PCT/CN2017/117930

dispersing agent. Molded tablets may be made by molding in a suitable machine, a nuxture ot the
powdered compound moistened with an nert hiquid diluent.  Each tablet preferably contains from
about U.405mg fo about 5¢ of the active ingredient and each cachet or capsule preferably containing
from about 0.05mg to about 5S¢ of the active ingredient.  For example, a formulation intended for the
oral administration to humans may contain from about 0.5mg to about 5g of active agent,
compounded with an appropriate and convenient amount of carrier matenial which may vary from
abpout 5 to about 95 percent of the total composition. Unit dosage forms will generally contam
between trom about | mog to about 2g of the active ingredient, typically 25myg, 50mg, 100mg, 200my,
300mg, 460mg, S00mge, 600me, ¥0mg, or 1000me.

Pharmaceutical compositions of the present imvention sintable for parenteral administration may
be prepared as solutions or suspensions of the active compounds in water. A soitable surfactant can
be mcluded such as, for example, bydroxypropylcellulose.  Dispersions can also be prepared in
alycerol, iqud polyethvlene glveols, and mixtures thereeo!l i ots.  Trurther. a preservative can be
mcluded to prevent the detrimental growth of microorgamsms.

Pharmacesutical compostitions of the present invention suitable for injectahle use melude sterile
agqueous soiutions or dispersions.  Furthermore, the compositions can be in the form of stenile
powders for the extemporaneous preparation of such sterile mjectable solutions or dispersions.  In all
cases. the final jectable form must be sterile and must be effectively fluid for easy syringability.
The pharmaceutcal compoesitions must be stable under the conditions of manufacture and storage;
thus. preferably should be preserved against the contaminating action of microorganisms such as
bacteria and fungil.  The carrier can be a solvent or dispersion medmim containing, for exampile, water,
ethanol, polvol {e.¢.. glvcerol, propyvlene glveol and liguid polyethylene glycol), vegetable oils, and
suttable nuxtures thereof,

Pharmacceutical compositions of the present mvention can be in a form suitable for topieal use
such as, for example, an aerosol, cream, omntment, lotion. dusting powder, or the hke. Further. the
cormpositions can be 1o a form suitable for use in transdermal devices.  These tormulations may be
prepared, utihizing a compound represented by Formuda 1 of this mvention, or a pharmaceutically
acceptable sajt thereof, via conventional processing methods.  As an example, a cream or ointment is
prepared by adimuxing hydrophthic material and water, together with about 5wit% to about 10wt of
the compound, to produce a cream or ointiment having a desired consistency.

Pharmaceutical compositions of this invention can be in a form suttable for rectal administration

wherein the carrier 18 a solid. [0 1s preferable that the mixture forms unit dose suppositories.  Suitable
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carriers include cocoa butter and other materials commonly used in the art.  The suppositories may
be conveniently formed by first admixing the composition with the softened or melted carrier(s)
tollowed by chilling and shaping m molds.

In addition to the aforementioned carner ingredients, the pharmaceutical formulations described
above may include, as appropriate, one or more additional carrier ingredients such as diluents, buffers,
flavorimg agents, bmders, surface-active agents, thickeners, lubnicants, preservabives {(imcluding
antioxidants) and the like. Fuorthermore, other adjuvants can be mcluded to render the formulation
isotomie with the blood of the intended recipient.  Compositions containmng a compound described by
Formula {, or phammaceutically acceptable salts thereotf, may also be prepared 1n powder or ligud
concentrate {orm.

(Generally, dosage levels on the order of from about 0.01mg/kg to about 150mg/ke ot body
welght per day are useful 1n the treatinent of the above-indicated conditions, or aliernatively about
0.5mg (o about 7g per patient per day. For example, colon cancer, rectal cancer, mantle cell
lvinphoema, multiple myeloma, breast cancer, prostate cancer, glioblastoma, squarnous  cell
esophageal cancer, liposarcoma, T-cell lymphoma melanoma, pancreatic cancer, ghioblastoma or lung
cancer, may be effectively treated by the administration of from about (.01 to 50mg of the compound
per kilogram of body weight per day, or alternatively about 0.3mg to about 3.5¢ per patient per day.

It 1s understood, however, that lower or higher doses than those recited above may be required.
specitic dose level and treatment regimens for any particular subject will depend upon a variety of
factors, including the activity of the specitic compound employed, the age, body weight, general
hcalth, sex, diet, time of administration. route of administration, rate of excretion, drug combination.
the severity and course of the particular disease undergoing therapy, the subject disposition to the
disease, and the judgment of the treating physician.

These and other aspects will become apparent from the following writien description of the

Nvention.

Examplces

{t 15 to be understood that the foregoing peneral description and the {ollowmg detailed
deseription are exemplary and explanatory only and are not restrictive of any subject matter claimed.
Al parts and percentages are by weight and all temperatures are degrees Celsius, unless explicitly

stated otherwise.  The compounds described herein can be obtained from connmercial sources or
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synthesized by conventional mcthods as shown below using commercially avatlable starting
materials and reagents.  The following abbreviations have been used in the exampies:
ATP: Adenosine triphosphate;

Boc,O: Di-tert-outvl dicarbonate;

-y

con-H-S0.: concentrated sulfuric acid;
Crk: CT 1O (Chicken Twnor Retrovitus [0);
DOCM: dichloromethane;

DEA: Dicthylanune;

DEAD: Diethyl azodicarboxylate;

Ht DIEA: N N-Dusopropylethvlamineg;
DMEM : Dulbececo's Moditied Eagie Media;
DMEF: NN-Dimethyltormannde;

DMA: N N-Dimethvacetamide;

DMAP: 4-N,N-Dimethyiamioprvidine;
DMSO: Dimethyl sulfoxide;

DTT: DL-Dithiothreitol;

t__;l

EAL Bthyl acelate;
EDC: 1-ethvi-3-(3-dimethylaminopropylcarboduimide;
EDTA: eathylene diamine tetraacetic acid;
20 EtOH: ethyl alcohol;
FBS: fetal bovine seruny;
GSR: Glotathione-S-Transterase:
HA'TU: O~{7-Azabenzotriazol-1-yi)-IN N N7 N -tetramethviureniwm hexatluorophosphate;
HEPES: 4- (2-hvdroxyerhyl ) piperazine- | -erhaesulfonic acid;
25 Hex: n-bexane:
toor hr: Howr:
[PAC 1sopropanod
KOAC potassium acetate;
KTB: potassinn tert-butoxade;
30 MeOH: methanol:
min: Minute:

MsCl methyisutonyl chioride;

18
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MTS:3-(4,5-dimethvithiazol-2-y1)-5-(3-carboxymethoxvpheny!)-2-(4-sulfophenyl}- 2 H-tetrazoh
3R
NaB3H 4 sodium borohydride:

NaBH(OAC);: Sodium triacetoxyborohyvdride;

A

PLCy);: Tricvelohexyl phosphine;
Pd-{dbaj: Tris{dibenzylidencacetone)dipalladium
Pd(dpphHClo: 1 -Bistdipbenviphosphmoitorecene idichloropaiiadinm,
PACOAC): Palladiwp acetate;
Pl Petroleum ether;
13 PMS: phenazine methosuifaie;
POCT: phosphorus oxyehloride:
P/S: Pemestliv/Streptomycin Solution;
RT or 1t room {emperature;
SDS: sodiom Dodecvl Sulfate;
15 SDS-PAGE: Sodium Dodecyl! Sulfate Poly Acrylamide Electrophoresis Gel;
TBAB: Tetrabutyl ammonium bromide;
TEA: Triethyiamine;
THF: tetrahydroturan;
TLC: Thin layer chromatography;

() Tol Toluene.

Preparation 1: 5-(4d-methylpiperazin-1-yl)pyridin-2-amine (Intermediate Vi1)

~
N’\
Br
X /\
| + —N  NH - K/N A
N NO, \__/ K,CO43,DMSO |
N~ NO,

5-bromo-2-nitropyridine  1-methylpiperazine | o . |
1-methyl-4-(6-nitropyridin-3-yl)piperazine

\NQ\I .

Pd/C H2 | Vs

-
THF 5-(4-methylpiperazin-1-yl)pyridin-2-amine

NH.,

Add -Methvipiperazine {1.180g) and K,CO: (2.720g) successively to a soiution of 5-bromo-
25 2-mitropyridine (2.010g) in DMSQ (20mL). Let the reaction stir at 82°C for [5hrs i an oif bath.

Add water (50mL), extract with DCM (20mLxg), the combined organic phase was drnied over
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anhvdrous Na»SO4, concentrated under reduced pressure, purtfied by column chromatography
(DCM/MeOH=1G/1) to give 1.944¢g ot | -methyl-4-(6-nitropyridin-3-vlpiperazine.
Add Pd/C {0.194¢) 1o a solution of [-methyl-4-(6-mitropyrdin-3-yviipiperazine (1.948¢) m THF

(253mL) under hydrogen for 2 hrs at RT.  The filtrate was collected by filtration and then concentrated

S togive | 480¢g of 3~(d-methylpiperazin-1-vpyndin-2-amine,
e ; S

MS(ES 1m/z=193. 1 (M+H) .

Prepare the following intermediates (shown wm Table 1) essentially as described tor
S-{d-methylpiperazin-{-yhpyridin-2-amme  (herein referred as  Intermediate M) using  the
corresponding piperazing derivative,

1t Table 1
. ) ; . Physical Data
Intermediate Compound 5 Structure L .
; (MSY {(M+H)
{ i HN
S-{piperazin-1 -yHpyridin-2- K/"‘*' i
A2 PP TUF | S 179,
AIMIne | i
N NHa 5
BV B e O
’ - r ! + . i
i3 2-{4-{G-amimopyridin-3-vhp K/N VLR
3 . . | ; X 223
iperazin-{-ylethan-1-0l ) I A
i o
i NH, '
I
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA R S i . A A R A A mamn ————

Preparation 4: 6-((d-methyipiperazin-i-vhmethvhpyvridin-3-amine (Intermediate M4}

Br Br Br —\
X A MsCI, TEA X AN N—

| NaBH, | ’ | \___/

N F MeOH rt = THF K,CO5,CH-CN
\O OH OMs

5-bromopicolinaldehyde  (5-bromopyridin-2-ylymethanol  (5-bromopyridin-2-ylymethyl methanesulfonate

Br NH2

| ~ 5 | AN
NH-+,Cu-

Nz e _ Nz

MeOH,70°C,12h

1-((S-bromopyridin-2-yhmethyl}-4-methylpiperazine 8-((4-methylpiperazin-1-yhmethypyridin-3-
amine

Add NaBH4(1.220¢) to a sohution ot 3-Bromopicolinaldehyde (2.010¢} in MeOH (30mL)yat 0

in an ice bath. after the addition of NaBH,4 1s complete, remove the ice bath, warm to room temperature
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naturally.  After stitting for Zhrs at R, the reaction nuxture was quenched with water (S0mL)Yat 0 T

Extract with EA (50mL =2}, the combined organic phase washed with saturated Na('l solution and

iried over anhydrous NaaSOy. concentrated to give 1.940¢ of (5-bromopyridin-2-vl) methano!.

A solution of (3-bromopyridm-2-yl) methanol {1.940g) in THE (20mL) 1s cooled 10 0°C mm an 1ce
bath, then add methyisutonyl chloride (1.780g) drop wise to the solution. After the addition of
methylsutonyl chloride s complete, remove the tce bath, warm to reom temperature natwrally,  After
sturing for 2hrs at RT, the reaction mixture was guenched with water (30ml).  Extract with EA
{S0mi.x2), the combmed organic phase washed with saturated NaCl selution (50ml.} and dried over
anhydrous Na»SO;, concentrated to give 2.750g of crude product (S-bromopyridin-2-y1) methyl
methanesultfonate,

Add KoCO: (2.870g) and 1-Methvipiperazine (1.560¢) successively to a solation of
(S-bromopyrndin-2-yi) methyl methanesuifonate (2.7502) in acetontirite (30mb.), heat to 50T tnh an
ol bath and react for 2Zhrs. Then cool to room temperature, add water, extract with EA (S0mi.«3),
the combined organic phase washed with saturated NaCl solution {50mL)} and dried over anhvdrous
Na-5(), concentrated and puritied by column chromatography (DCM/MeOH=10/1) to give 2.010¢
of 1-{{53-bromopvridin-2-ylimethyi}-4-methyipiperazine.

Add MeOH (20mbL) to a 100mL sealed tube under ammonia at -78C. then add
I-({>-bromopynidin-2-yi}methyl}-d-methyipiperazine  (1.000g) and cuprous oxide {0.5329)
successively until the volume of solution rising to 30mL.  Remove the outside bath, warm to room
temperature naturally. then heat © 70 U and react for 12hrs,  The filtrate was collected by filtration,
concentraied and puritied by column chromatography (DCM/MeOH=15/1) to give 0.730g of

G-({(4d-methyipiperazin-1-vl)methylpyridin-3-amine.

Prepare the following intermediates {(shown in Table 2) essentially as described for

6-{{4-methyipiperazin-t-yhmethyl)pyridin-3-amine (herein referred as Intermediate M4) using the

corresponding piperazine derivative,

Tabie 2
| Phvsical Dara
Intermediate Compound Structure T
P (MS) (M+H)
(\N l A 1
~F - devinerayin. | uvlirme 7 1
S 3-{{4 etl\)}lp-q,{emzm l‘ v et (N\) NT NH, 131 3
hylpyridin-2-aming |
' 1
1
i
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Nl PMITYEOT AT 1= | U r1ren ’ N . 3
d-{piperazin-1-ylmethyljpynd Q | | 197 1

Hi-2-amimne HN

Preparation 7: 5-({4-(dimethviamino)piperidin-~-l-vDmethyUpyridin-2-amine  {(Intermediate

M7)

0~ | X HO j N SQOCI, Cl | X K,CO;
N/ Br N&BH4,THF N/ Br DCM N/ Br CH3CN
2-Bromo-5- (6-bromopyridin-3-ylimethanol 2-bromo-5-(chloromethylpyridine
formylpynidine
- - 5
N N~ Br MeOH N N7 NH,

1-((6-bromopyridin-3-
yhimethyl)-N, N-
dimethylpiperidin-4-amine

5-((4-(dimethylamino)piperidin-1-
yiimethyl)pyridin-2-amine

Add NaBH, (1.640¢) to a solution of 2-Bromae-3-tormyipyridine (2.010g m THF (20mly a1 0°C
i an tce bath, after the addition of NaBH, is complete, remove the ice bath, warm (¢ room temperature
naturally.  After stirring for Zhrs at RT, the reaction nmxture was quenched with water (50mL],
extract with EA (50mbLx2}, the combined organic phasc dried over anhvdrous Na-SO.., concentrated
and purified by column chromatography (PE/EA=5/1} to give 1.900g of {6-bromopyridin-3-yi)
methanol.

A solution of (6-bromopyridin-3-ymethanol (1.000g) in DCM (10mL) is cooled 10 6 U in an
ice bath and added to tluonyl chloride (1.260g) dropwise, after the addition 1s complete, rernove tue
ice bath, the solution 15 warmed to room temperature naturatly with stirting tor 2hrs, then diurectly
concentrated to give 1.0530g of 2-bromo-3-{chioromethyl)pyridine.

Add N N-Dimecthyvipiperidin-4-amine (0.586¢) and K-CQOs; (1.160g) to a solution of
2-bromo-5-(chloromethyDpyridine (6.853g) n acetomiride (10mi), Add water (30ml.), extract with
FA(50m]x3), the combined organic phase dried over anhydrous Na-SOq, concentrated and puritied
by colimn chromatography (DCM/MeOH=10/1) 1o give 0.730¢ of [-{(6-bromopyridin-3-yhmethyl)
-N N-dimethylpipendim-4-arnime.

Add MeOH (20mL) to a 100ml sealed tube under ammonda at -78°C, then add
| -({6-bromopyndin-3-yhmethyl)- N NV-dimethvipipendin-4-amine {(¢.35mg) and cuprous oxide
(0.16%g) successively unti the volume of solation risimg to 30ml.  Remove the outside bath, warm

to reom temperature naturally, then heat to 70°C and react for 1 Zhrs.  The filtrate was collected by
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filtration, concentrated and purified by column chromatography (DCM/MeOH=10/1} to give 0.260g

of 5-({4-(dimethviammopiperidin- 1 -yDUmethyhpvridin- Z-amine.

MS(ES m/z=235.2(M+H) .

Prepare the followmg intermediates (shown in Table 3) essentially as described for

S-({4-(dimethylaminojpipertdin-1-vl)methvhpynidin-2-amine  ¢herein  referred  as Intermediate
M7yasing the corresponding pipendine denvative,
Table 3
‘ N Physical Data
Intermediate Compound . Structure e
; (MS) (MHH]
|
o . . . i N
e S-(4-(dimethylaminopiper ' U 3513
| idin- | -yDpyridin-2-amine | | S )
; Z
g N~ NH,
HO™ ™
2-{(1-{6-ammopyridin-3-yl | _N
M9 ypipertdin-4-y(methvlam | \O, ; 231.2
C ) | AN
inoethan-1-0l | P i
N™ “NH,
T R ""'"""f"".-"'_,;"_"'_f“‘"""'""""'""'_""_'“'“""_""' T ""i" T
2-({1-{((6~-aminopvridim-3-v | O l BN |
| 1
It | Nrs A
MIEQ Euncthvhpiperidin-4-viim - HO A~ N “NH, % 2652
| thvhamino)ethan-1-01 | | |
Preparation 11 5-{{(4-methvipiperazin-1-vihmethyljpyromidin-2-amime  hydrochlovige
(nteronediate ¥11)
7 IS e
NTSN NH3 H20 NTSN Boc,O, TEA NI SN YA
NaBH{OAc);, DCM

| .
Kr\) T
S0

Z2-chloropynmidine-5-
carbaldehyde

NBoc,

NJ‘\N

O

Z-aminopvrimidine-5-

carbaldehyde

NH,

A

h¢

MHZ-13

5-((4-methylpiperazin-
T-yhmethylpyrimidin-
2-amine hydrochlcride

23
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Add agueous ammonia (25%) (1.200g) 1o a solution of 2-Chloropyrimidine-5-carbaldehyde
(0.500g) in THF {(50mL), stirring tor [2hrs.  Add water (80mL ), extract with DOM (8UmL=3). the
combined organic phase dried over anhydrous Na»SO4, concentrated to give 0.540g of crude product
2-aminopyrnimidine-3-carbaldehyde.

Add Boc-O (2.817¢), triethylamine (1.310g) and DMAP (0.054¢) successively to a solution of
2-amimopyrimidine-S-carbaldehyde (0.540g) m THF (30mL) with sturing for 2hrs.  Add water,
extract with EA (50ml x2), the combined organic phase dried over anhydrous Na:SU., concentrated
and purified by cohunn chromatography (PE/EA=5/1) 1o give 0.514g of compound MHZ-1 2.

Add §-Methyipiperazine) (0. 109 @ and anhydrous magnesium sulfate (0.216g) successively o a
sohution of compound MH2-12 (0.290g) m DCM (10mL} wath sturmg for 2hrs, then react for 3hrs at
RT after adding Sodium {riacetoxyborobydride, the reaction muxture was quenched with water
{(20mi.}, extract with DCM (20ml.x3), the combined organic phase dried over anliydrous Na>SO-,
concentrated and purified by column chvomatography (DCM/MeOH=10/1} to give 0.350g of
compound MHZ-13.

A solution of compound MH2-13(0.350g) in DCM is reacted for Zhrs under hydrochloric acid
gas at RT, the reaction mixture is concentrated to give {1.210g of 5-({4-methylpiperazin-1-yl)methyl)
pyrimidin-2-amine hydrochlonide.

MS(ES yim/z=244.1 (M+H)'.

Prepare the following mtermediate {shown m Table 4) essentially as described for
S-((d4-methvipiperazin-1-yhmethvDpyrimidin-2-amine (herein referred as  intermediate MiT)

hydrochloride using the corresponding piperidine derivative instead of piperazine derivative,
" & :

Table 4
| . Physical Data
Intermediate Compound Structure o o
(MS}{M+H)
WL U rI R s - R
S-({4d-{(dimethylamino)piperid N’\EN% |
MI2 m-t-yhmethylypyrumidin-2-a N N')\NH | 236.2
. 2
mine |
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Preparation 13 (C-aminepyrimidin-5-vi}{d-methvipiperazin-i-yhimethanone {(Intermediate

M3
NBo
NBOC, NBoc; P *
A A NTSN
N™ SN Oxone p‘} ~N HATU DIEA | P HCI{g)
I - - -
- Acetone/H,0 H/j DCM j DCM
O~ N
~0 HO™ Y0 Q
~
MH2-12 MH8-C1 MH8-02
NH,
A

N° N

X

(2-aminopyrimidin-5-yl}(4-
methylpiperazin-1-yl)methanone

Add Oxone (1.810¢) to a4 muxture of compound MH2-12 {((.315¢) v acetone (10mb) and water
(3mbL) with sumng for 2hrs at RT.  Add water (20ml.}, extract with DCM {(23ml x3), the
combned organtc phase dried over anhydrous Na>S()4, concentrated to give .290¢ of compound
MIH SO

Add HATU (0488 and DIEA (G.221g) successively 10 a solution of compound MHE-01
(0.290¢g) iy DCM (10mbL) with sturing for 1h at RT, the solution is reacted for 2hrs atfter adding
| -Methylpiperazine (0.105g) at RT. Add water {(20ml), extract with DCM (20ml. =3}, the
combined organic phase dried over anhydrons Na>SO., concentrated and purified by column
chromatograpny (DCM/MeOH=30/1) to give 0.250¢ of compound MHR-02.

A solution of compound MHRB-0G2 (0.150¢g) mm DCM (10mL) is reacted for 2hrs under
bydrochloric acid gas at R1, add water (10mL), then adyust pH to 8~9 with Na-COs, the resulting
aqueous sofution was extracted with mixed solvent {DCM/MeOH=10/1) (20mLx5).  The combinad
organic  phase was  dned over anbvdrous NaxdOy,  concentrated to  give 0.0060g  of
(Z-ammopyrinuidin-S-yh{d-methylpiperazin-1-ylymethanone.

MS(ES " ym/z=223 . 1{M+H)".

Prepare the following mtermediate {(shown i Table 5) essentially as deseribed for
(2-avnnopynmudin-S-yl)-(4-methylpiperazim- | -yhimethanone (herein referred as Intermediate M13)

nsmg the corresponding pyridme dentvative mstead of pyrimidine dertvative.
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Table S
| A - ST - """'""l' """
, | Physical Data
Intermediate Compound Structure | o "
. P L (MS) (M+H)
- o N 0
A 14 {G-aminopyridin-3-yl}(4-meth N X IR
Hon ‘-r‘_- - PR ) | | Ll i
vipiperazin- 1 -y methanone N N,
e o s o i B e B i e o i i e e i i e e
" - -5 . ‘ v 3 > g . v : . .
Preparation  15:  N-(Q-(diethylaminojethv])-N -methvipyridine-2,5-diamine  (Intermediate
M15)
H
/\N/\/N\ |
Br
N/ NO, K2CO3,CH3CN, K N/ NO THF
reflux, 12h 2

N' N'-diethyi-N°-methyl-
N?-(6-nitropyridin-3-
ylyethane-1,2-diamine

5-bromo-2-nitropyridine

|
/\N/\/N\(j
L
N NH-

N°-(2-(diethylamino)ethyl)-A°-methylpyridine-2,5-
diamine

Add N N-Dietbyl-N-methylethvlenediamme (0.305g) and K,COx (0.679g) successively o a
solutton of 2-Nitro-5-bromopyridine(0.500¢ ) m acetonitrile (10mL).  Let the reaction stir at 82 C for
[3hre inan oif bath.  Add water (530mL), extract with DCM (80ml x3), the combined organic phase
was dried over anhydrous Na>SO4 concentrated and punified by cohunn chiromatography
(DOM/MeOH=10/1) 10 give (1L.400g ot 1-metbyl-4-{6-nitropyridm-3-yi)- piperazme,

Add Pd/C (0.040¢) to a solution of {-methyl-4-(6-nitropyridin-3-yvl}piperazine in THF (15ml)

with stirring for 2hrs at RT under hydrogen gas.  The filtrate was collected by filiration and then

concentrated to give 0.350g of N'-(2-(diethviamino)ethy)-N'-methylpyridine-2.5- diamine.

MS(ES ym/z=223 2{M+H) .

Prepare the following mtermediate {shown m Table 6) essenually as described tor
Af”i{E-(diethyiamin(.r)ethyi_)u N‘ﬁ-meti}ylpyridine-2,5-diamine{hereiﬂ referred as Intermediate M15)
N N-Diethyl-V'-

N’ N'-diethvl-N N -dimethylethane-1,2-diamine instead of

methyiethvlenediamine.
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Table 6
e,

Physical Data
(MSY (M+HY

1

Intermediate Compound Structire

J
)

N -(2-{diethylamino)ethy])-N ) N
M6 &V {e-(diethylamino Jethy?) AN 2232
-methvipyridine-2,5-diamine |

W S P Y S S Y A SR W W WP W T W By s opp s ol s g g o -y g ke ok A o S M M B LI A S S B N SLEN N L N N A O N N S N O S O S W S S vy P VP P VIR ST U P 0 ) o e e g sy o ey v ok e e M ek oA B B A N A A L A A O A BN B S S SO N gy pyery opr O e v o prw e gy o e e B e ek b M B B M O L N AN N

Preparation 17: 6-((d-(dimethylaming)pipernidin-1-vhimethyvhpyridazin-3-amine (Intcrmediate

M17)

| \
N=N Ox NP Gl N=N N NH
vg + T \Nf\ con - LUCI / C _

3-chloro-6- ® 3-chloro-6-
methylpyridazine trichioroisocyanuric =Inile (Chloromethyl)pyridazine
/

{ ) NH4 { )
N N=N - N N=

1-((6-chloropyridazin-3- 6-({4-(dimethylamino)piperidin-1-
yhimethyl)-N, N- yl)methyl)pyridazin-3-amine
dimethylpiperidin-4-amine

,

Add trichloronocyanurie aced (0.189¢3 10 a solutton of 3-Chloro-6-methyipvridazine (0.208g2)
in CHOL (10mL), heat to 60°C for 12hrs in an oif bath.  Cool to room temperature, the filtrate was
collected by filtration, concentrated and purified by column chromatography (PE/EA=10/1) to give
(0.201 g of 3-chioro-6-{chloromethyl}pyridazine.

Add K-C0O;(0.578¢), KI (0.070¢) and NN-Dimethylpiperidin-d-amine (0.322g) successively to
a solution of 3-chloro-6-(chloromethyl)pyridazine (4.340¢) i DMFE (15mlbL), heat to 50°C tor 1h in
an o1l bath. Cool o room temperature, add DCM (30mL), wash combined organic layers with
sanwated NaCl solution and dried over anhydrous Na:SOy, concentrated and purified by column
chromatoprapby {(DOM/MeOH=1{/1) w0 give 0.370g of 1-{{6-chloropyridazin-3-yimnethyl}-N,N-
dimethylpiperidin-d-amine.

Add MeOH (20ml) to a [00mL scaled twbe under ammoma at 78T, then add
| -({ 6-chloropyndazin-3-yhmethyD-N, V-dimethylpiperidin-d-amine  {0.370¢) and cuprous oxide
(0.332g) successively until the volume of solution nistng to 30mL.  Remove the outside bath, warm

1o room temperature naturally, then heat to 70 C and react for 12hrs.  The filtrate was collected by
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tiltration. concentrated and purified by column chromatography (DCM/MeOH=1{5/1) to give 0.230g

of 6-{{d-(dimethylamino)piperidin-1-yhmethvhpyridazin- 3-amine.  MS{ES ):m/z=236.2(M+H) .
Prepare the followmyg mtermediate {(shown m Table 7) essentially as described  for

O-{{4-(dimethylammo)piperidin- I-yhimethvbpyndozin-3-amme  (herein reterred as  Intermedsate

S M7y using piperazine denivative instead of piperidin dertvative.,

Yabie7
. .. | Phy b;(.dl | Jata
Interimmediate {Compound Structure L o .
P (MS) (MAH)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- .:----.-------_-------._-------..-..-..--.........
‘\N '
O-{d-methvipierazimn-1-v oy N. _N. )
M1& A-meiiyipiperazi-1-yip) LN Moy {94,
ridazin-3-amine | P
NH,

Examplc 1: Svathesis of compound 1

N-OH F
» / E O 2 Br N Br N
—_— e — - F/ + I/
Br N N
1-02 1

N
F
1-01 -03

Cin

1.04-C 1-04-A

R @
N o e
AN N N 0
| | ‘ | j;;ZLht
~W L At K;Eb
H y / — p
N - N N
106 1-05
i. Compound 1-41
10 A mixture of 2-Methyleyclopentanone (5.200¢), Hydroxviamine hydrochlornde (9.200¢) and

Triethvianune (16.080g) m anhydrous ethanol (70ml ) was stirred at 85 U overnight in an o bath.
Then, the reaction solution was concentrated; the reswdue was washed with EA. The Qitrate was
collected by filtration and then concentrated to give 5.820¢ of crude compound -1,
2. Compound 1-¢2
i3 The crude compound 1-01 (5.820g) was dissolved i sulfuric acid solution {con-H>SO.:
HAO=20mL:5ml), the resulting muxture was stirred at 90°C 1 an ol bath tor 90nun, water (1 0ml)
was added, then adjusted pH to 5~9 with Na-COs, the resulting aqueous solution was extracted with

DUM (20mL ~3), the combined organic phase was dried over anhvdrous NaxSOy, concentrated under

reduced pressure to give 4.1 [0y of crude compound 1-02.
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3. Compound 1-83

A mixture of crude Compound 1-02 {(4.110¢) and 4-bromo-2,6-ditluroanitine (3.780¢g

methylbenzene (40mbL) was added POCI; (4.180g) and was heated m an o1f bath, TEA (2.7702) was

added when the temperature was raised to 10O, the resulting mixture was reacting at 10T for

20min. A part of methylbenzene was removed, then adjusted pH to 8~9 with Na.CO5, extracted

with A, the combined organic phase was washed with saturated NaCl selution and dried over

anhvdrous Na:SO4, concentrated under reduced pressure to give 6.550¢ crude Compound 1-03.

4. Compouand 1-84

A mixture of crude Compound 1-03 {(6.100g) and potassium tert-butoxide (4.520g) m DMFE

(6OmL) was stitred at 100°C {or 20mn in an oil bath and then exvacted with 300ml. EA, the

ombined organic phase was washed with saturated NaCl solution (120ml,

3y and dred over

anhydrous NSOy, concentrated and then punified by column chromatography(PE/EA=1/5) 1o give

(0.705¢ of compound 1-04-A_and 1.500yg of crude compound §-04-(.

5. Compound -85

A mixture of crude compound 1-04-C {0.9572), Bis{pmacolato)diboron (1.2900), tricyciohexvl
i Y . \ J >

phosphine (€.047g), Palladium acetate (4.0382) m DMSO (20mL) was stirred under nitrogen for 1h

at 90 C wn an oti bath.  The resulting muxture was extracted with EA (60mL}, the combined organic

concentrated under reduced pressure o give 2.290p crude Compound -8,

6. Compound 1-06

A nuxture of crude compound (-0 {2.290¢), 2.4-Dichioropyrimidine (8.7535g), KU 05{1.400¢

and PdidppHCl-DCM (U 13%¢y 10 1.4~ dioxane (30ml.) and water (3ml ) was surred under nitrogen

ftor 2h at 600 mm an o1l bath.  The resulung muxture was extracted with E

EA {(30mL~2), the

combined organic phase was washed with saturated NaCl solution (A0mbLx1) and dried over

anhvdrous Na,SOy, concentrated and then purified by column chromatography (PE/EA=1/1) 1o give

(0.927a of Compound §-06.

7. Compound |

A maxture of compound 1-06 (0.400¢), imtermediate M1 (8.291g), Us:COy (1L.812 @), Xanphos

(0.017¢) and Pdx{dbay; (0.027¢) in 1.4~ dioxane (1Z2mbL} was stirred under nitrogen gas for ih at

10°C in an oil bath, continued to react under microwave tor 0.5h at 10T, The resulting mixture

wits added water (10mL), then extraclted with DCM (Z20mLx3), the combmed vrganic phase was

washed withy saturated NaCl sofution (30mL x1) and dried over anhydrous Na-S

29
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fhen purified by column chromatography (DCM/MeOH=20/1), the sohid was washed with methyl
tert hutvi elther {1 0mL) and n-hexane(1OmL) to give 290mg of Compound |,

MS(ES ym/z=473.2(M+H) .

H-NMR(CD{C3): o8.498-8.5H Hd, TH,CH), 8.373-8.396(d,1 H,CH)}, S 67 (s 1 H.CH.

S R040-2.047(d, IH.CH).  7.963(s,1H,CHj, 7.631-7.660 (A 1HCH),  7.346-7.660{(dd, [ H,CH},
TAT77-7A90(dTH,CH), 4.687-4.719(0m, PR.CH). 3.190-3.10(m 4H,CH>), 2.651-2.675(m 4H.CH-).
29003 024m, THLCH), 24036, 3H,CH), 2.337-2.356(m TH.CH)L 2.267-2.357(m, T HL.CH» ),
2 219-2.2480n, | H,CH=>), 2.010-2.056{m2H,CH»), 1.642-1.618(d,3H,CH:).
foxample -1 Chiral separation of Compound 1-86

i0) Technigues usetul for the separation of 1somers, e.g.. enanttomers are within skill of the art and

are described in Ehell E.L.; Wilen, S.H.; Mander, L.N. stereochiemistry of Orcanic Compounds.
Wilev interscience, NY., 1994, For example compound 1. 2 or 15 can be reselved to a high
enantiomerte excess {€.g., 60%, 70%. 80%, 90%, 95%. 99% or greater) via high performance hgud
chromatography usmyg a chiral column.  {n some embodiments, the crude compound {-06 of the

15 Example 1 s purified directly on a chiral column to provide enantiomerically enriched compound.

Chiral HPLC conditions:

Column size .7 cmy *25¢m

injection }.7mL

Maobile phase fex: BtOH =65:35(v/v)
Flow rate 19ml/mmn

Wave length UV 220nm
Temperature 35 U

“Omg/mb i Mobile phase
rep- Oilson-HPLC
ompound -{6

Sample soiution
Prep- HPLC equipment

Sample name

Fxampie 1-2 Svathesis of Compound 1a and Compound 1b
The crude Compound {06 s punified by chiral column under the above conditions (o give
Compound 1-006-A and Compound 1-06-B.
2 Preparc Compound fa and Compound 1h essentially as described for step 7 of Example | using

Compound {-06-A and Compound [-06-B respectively.
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Furthermore, Optical rotations were measured 3 times for each compound shown as below on a

Rudolf polanimeter.

{ onditions

e e Al Ad bl ab il o

Polarmneter tube length  O0mm
Temperature D0 O
Sample solution 3 Gimg/ml i EtOH
sample name Compound fa and Compound 1b
Results:
A I el - e : v £V
E (%) | 27 (M ") Average (")
Compound la 30.357 | 30,711 29.906 30.325
Compound 1b -35.430 | =35 453 35298 -35.394
U S — B R = e s
S Example 2: Synthesis of compound 2
F
,OH c
i N HiS0: N N0 Br F NN Cs,c0; B @
\é \Q U POCI;, TEA, Toluene, U OMF.110°C N/
110°C Br F -
1-01 1-02 1-03 1-04-C

Ao 0
B—B O
7d o t

G

N/\iF
I -

N Cl
)

- O atorm P
ngY)j,pd(OAC)z,KOAC, pd(dppf C‘: DCM,KQC'C}:}
DMSO.S0°C 1.4-Dioxane/H,0 60°C
MS
1-0v 2-01
Pd.idba)y.Xantphos. (\N o
Cs,C04.1,4-Dioxane \\/N\) - |

- N

i, Compound |-G
A mixtore of 2-Methyicyclopentanone {5.200¢), Hydroxylamine hydrochlonde (9.200g0) and

Triethviamine {16.080¢) in anhydrous ethanol (70mbL) was stirred at 83 U overnmight m an o bath.

—y

16 Then, the reaction solution was concentrated; the residue was washed with EA.  The hltrate was
collected by hiltration and then concentrated to give 5.820g of crude compound 1-01.

2. Compound 1-62

The crude compound 1-01 (3.820¢) was dissolved in sulfuric acid seolution {con-H-50.:

HAO=20mL: Smb), the resuiting nuxture was stirred at 90 C in an oil hath for 90min, water {10mL)
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.....

was added, then adjusied pH to §~9 with Na-C
DOM (20mL~5), the combined organic phase was dried over anhvdrous Na,50y. concentrated undey
reduced pressure to give 4.1 10g¢ of crude compound 1-02.

3. Compound 1-63

A mixture of crude Compound 1-02 (4.110g) and 4-bromo-2.6-difluroaniline (3.780¢} in

- -

o

-~

methylbenzene (40mbywas added POCH (4. 180¢) and was heated w an o bath, TEA (2.770g) was
added when the temperature was raised to 110°C, the resulting mxture was reacting at 10T for
2o, A part of methyibenzene was removed, then adjusted pH o 89 with Nao€C O3, extracted
with EA, the combined organic phase was washed with saturated NaCl solution and dried over
anhvdrous NaxSO,, concentrated under reduced pressure to give 6,550y crude Compound 1-03.

4, Compound 1-04

A mixture of crude Compound 1-03 (6.100¢) and potassium tert-butoxide (4.5202) 1 DMF
(GOmL)Y was stured at 00T for 20min i an o1l bath and then extracted with 300ml EA. the
combined organic phase was washed with saturated Na(Cl solution {(120mLx3) and dned over
anhydrous Na-SQ,. concentrated and then purified by columin chromatography(PE/EA=1/5) to give
(.705g of compoundg 1-034-A, and 1.500¢ of crude compound -04-C.

A Compound 1-65

u), tricyclohexyl

LA

A muxture of crude compound 1-04-C (0.200¢), Bis(pinacolato)diboron {0.27()
phosphine (£.039¢g), Palladium acetate {0.031g) i DMSO (5mb) was stirred under nitrogen for 1h at
90 C 1 an oi bath.  The resulting mixture was extracted with EA (SOmL), the combined organic
phase was washed with saturated NaCl solution (20mlLx3) and dried over anhvdrous Na>SOy,
concentrated under teduced pressure 1o give 0.398g crude Compound 1-035,

6. Compound 2-01

A mixtare of crude compound 1-05 (0.398g), 2.4-Dichloropyrimidine (4.304¢3, K>CO-{0.502¢)
and Pd(dppH UL DOM (6G.050g) in 1,4~ dioxane (10mbL) and water (1 mL)} was stured under nitrogen
for 80mun at 60C m an oil bath.  The resulting mixtwre was added water (10mL) and then
extracted with EA (20mL ~2), the combined organic phase was washed with saturated NaCl solution

(20mbL~1y and dried over anhvdrons NaySOy concentrated and then purified by column

7. Compound 2
A muxture of compound 2-01 (0.030¢), Intermediate M5 (6.025g). Cs-CO- (0.0672). Xanphos

(0.003g) and Pd~(dbaj: (0.005g) in [.4- dioxane (ZmbL) was stirred under nitrogen gas for 3.5h at
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HHO'C m an ol bath,  The resulting nuxture was added 20mbL of mixture solvent (DCM/MeOH
1), then filtered, concentrated and punified by columin chromatography (DCM/MeQOH=8/1), the

solid was washed with | 4-dioxane (5mL) to give 0.024¢ of Compound 2.

i—"-NMR(CDCE;;):S&SS?{S.IH;‘NH}? 8.448-8.457(d,1H.CH). 8.383-8.405(d. | H,CH),
2RO-8.286(d TH.CH), RO09-Z.013(dH.CHY, 7.804-7837(dd,FH,CH)}, 7.6867.714dd. TH.CH]),
1-4.728(m  H.CHY, 3332 2H,.CH2y, 3189-3.256(m, T H.CH:y, 3.008-2.091(m, | H,CH2 ),
544, 8RH.CHy)y, 2.871-2.608(m 2H.CH-),  2.226-2.2990m, | H,CH»), 21T 80 THLCH:),

QQ

30

.68
1.6

2.012-2.053m.2H.CHL). 1.596-1 61 4d.3H.CHy), 1.174-1. 2100 3H.CH3).

Example 2-1 Chiral scparation of compound 2-31

In thiz embodiment, the crude compound 2-0lof the Example 2 is purtfied directly on a chiral
column to provide compound 2-01-A and compound 2-¢1-B under the tellowing conditions.

{ hiral HPLC conditions:

Column size Dem *éﬁCl’ﬂ,S}Ll]’l. B o
fnfection 1.O0mL

Mobitie phase Hex: IPA =90 10(v/v)

Flow rate 20mL/min

Wave fength LUV 220nm

Temperature 5 C

Sample solulion 5 9mghall i FtOH:CAN=3!

Prep- HPLC equipment Frep- YMC-HPLC

Samiple nawme Compound 2-01

Exampie 2-2 Synthesis of compound 2a and compound 2b

The crude compound 2-01 s purtdied by chiral column under the above conditions o give
Compound 2-01-A and Compound 2-01-B.

Prepare Compound 2a and Compound 2b essentially as described for step 7 of Example 2 using

Compound 2-01-A and Compound 2-01-B respectively.

Furthertnore, Optical rotavions were measured 3 times for each compound shown as below on a

Rudolf polartimeter
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e e Sl A Al A .

PR TR R A R W W R e TR ap——

Temperature
Sampie solution

Sanipie name

--------------------------

20 C
i Omoe/mbL mm DCM

Compound 2a and Compound 2b

8074
-32.470

Compound 2a

Compound 2b

2“” { ) 3:"L (0) , iax-t('e{-ag{, (“}
I H A — ~ e YN

3811 38078 | 3K.ORS

-32.134 -3 1,903 -32.036

Prepare the followiny examples (shown in Table ¥} essentially as described for Example 2

asing the correspondimy  mtermedia

tes. Wherein the two enanfiomers ot each compound are

separated on a chiral column, then test their aptical rotation respectively essentially as described for

’
s

Example 2-

\ Physical | Enantio |
- EX L i Data Mers
] Chemical Name Structure e o
No. | P (MS) foptcal
C (MtH) | rotation)
4-{6-fivore-1-methvi-1,2,3 4-telr \N/\
ahydrobenzof<.5 imidazo| 1,2-a] L N l a4
| pyridin-g-y-N-( 5-(4-methyipipe A NAN N 4130 14 (o)
. C e L e . H / ' Lt
razin- 1 -yUpyridin-2-ypyoinudim N ;
s F i
-2-aming s
- N-(5-{{4-cthyipiperazin-1-vhmet |
| S

By Dpyvridm-2-y-5-fluore-4-(6-1]

pyrimdim-2-amine

: : Ja (1)
: . , | & v i -y s ...-:.!( ;
2 Luoro--methyi-1,2,3 4-tetrahydro ‘/ ~ M P 803 N
E . '. | o : LAY ("
 benzo|4,S houdazol |, 2-alpyndin
-3-yDpyrimidin-2-amine
5-fluoro-4-{G-fluoro-1-methvi-1, N
2.3 d-tetrabydrobenzol4.5 Jimida L NP NG 3 ()
- Tl R R AN KT | | sa
31 zol b Z-aipyridm-8-y1-N-{3-(4-m N7 N/J\N" 4912 o
T R H ; 3b (-
ethvipiperazin-t-vhpyridin-2~y1) g
j |
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1 5-guoro- 4~{5Wimu<'ﬁ“o:'1' -ilvit:lhﬂ'i' o F
2.3 4-tetrahydrobenzol4.5 jimida N ‘N\ /fj\ ‘: ; A2 ()

4 | 7ol 1. 2-alpyridin-8-v[)-N-{6-({4~- | - N 7NN : 505.3 n ’(.“') |
methyipiperazin-1-yhowthyhpyr F o
idin-3-yhOpyrunidin-2-amine 4 ] i

S flyoro-d-{6-tluoro- 1-methyl- 1, :
2.3 d-tetrahydrobenzo[4.5 imida l S ()

5 | zofl. 2-alpyridin-8-y{)-N-{5-((4- - 3064 S (-]
methyipiperazin--yipmethyipys |
imidin-2-yhpyrimidin-2-amive | o b N

S ;’;3:-(“5‘-»{}\4-,dunethylammo)p; :
peridin-1-yhmethyDpyrimidin-2- | NN NS F -
| y1j-5-fluoro-d-{6-thaoro-t-methy |y N»;kﬁ/le b s Oa (+)

° i-1.2 .3 4-tetrahydrobenzof4,5 lim | N A 6b ()
idazof 1. 2-atpynidin-R-y Dpyrimid " , ’5

| in-2-amine ' ;

) Z N-(5-{{4-{dimethviammo)piperid i

‘; in-1-vhimethyDpyridin-2-yi)-5-11 - N A Z )

- uoro-d-(6-fluoro-1-methyl-1.2 3. \N/Q | A /u\N/ NZD a3 74 (‘-!-.}

|  d-tetrahydrobenzo| 4.5 inudazo(] | i J 70 (-]

- 2-ajpyridin-8-yhpyrimidin-Z-am F :

| im—: _ | L N
| NA{5-(d-(dimethviamine )p}pcr;d ‘
n-i—xfi)pw idin-2-v1)-S-thiore-4-( ”NO _ ‘ | 8a (+)

NS L5102 | s

R | o-fluoro-1-methyl-1,2,3,4-tetrah DY D 5193 8h () |

- vdrobenzol 4,3]nmddz<}[ | 2-aipvr R K |
idin-8-yhpyrimidin-2-amine L s M R
--------------- '(—5"({*s~t]iwm- (6 fluoro-1- “meth
Vi1, 3.,4-mmmdwbm zo[4,5]i d i

g t - midazo] 1,2 -ajpyridin-8-vhpynm /O };’iuimj b 5703 ?a (-i-:)

© o }idin-2-yhamino)pyrimidin-3-yii : Vel o (-]

| 4-methylpiperazin-1-yiymethano F =
B , 1 —

. (t‘) (("" fTuoTo-d- (6 fTuoro-1-metl; . ‘
| yi-1.2,3 4-tetrahydrobenzo{4.5 |3 A SIS 10a (4}

10 | midaro[{.2-a]pyridin-S-yhpyrim | N [N” ﬁ/lN/ b 519.2 s "_}
idin-2-vhamine)pyridin-3-vii(4- N g ﬁ
methyipiperazin-1-vijmethanone ) L vF B . |
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| NA-(2-(diethylamino)ethyl)-N2-( | | "
- 5-fnoro-4-(6-tinoro- -methyl-1,
Y E 2.3 d-tetrahvdrobenzo[4,5 inuda , o E tla (+)
- I zo{ b, 2-aipyruhin-8-yipyrimidio- ' 110 (-}
' ‘ - 2-vD-NE-methylpynidine-2,5-dia
Mminge )
N-{5-{{4-ethylpiperazin-[-viymet
by Dpyvridin-2-yh-4-{6-thioro-1- ‘
3 methyl-1,2,3.4.4a,.5-hexabydrobe | <71 1 ]2& {+3
nzofd. S himdarol 1.2-alpyridin-§- : 1 ¢-)
yE-S-(gifluoromethyl)pyrinidin- '
J-anune
R RE (4-ethvipiperazin-l-vijmet
hyDpyridin-2-yh-4-¢6-flucro-1 - & N/\(j\ )!:’ [ ) 30 1)
12 1 methyl-1,2,3,4.4a,5-hexahvdrobe A A t, . 517.3 ]; (; |
| ' nzoid S limdazol 1, 2-alpynidin-&- ! h ! =2 .
| vI)-S-methylpyrimidin-2-amine _ o _ B
:, S-chloro-N N-{3-{{(d-ethvipiperazin : :
: -{-yhmethyDpyridin-2-y1)-4-(6-1 O < l«:’ I ¢! 5 o 43 (4]
4] aoro-F-methyl-1.2.3 4-tetrahydr | ™ NTTNTN " . 3352 m ) )
- obenzof4,S limidazo[ 1.2-ajpyridi F N s |
-8y Dpyrimudin-2- ammc o o ,

Example §5: Synthesis ef compound 15b

F
}"\ Q »"\
Br Br % é N O
O KTB N O o >f’/
/>—-/ . y/
Tol. PCCIZ TEA.100°C DMF, 100° C N N

Rotation(-}

L 15-02 15-03

15-04
Rotation(-)

. Compound §5-01

A mixture  of (-} enantiomer of  S-methvimorpholin-3-one  (0.200g)  and

4-bromo-2.6-difluorcaniline (0.210g) in methvlbenzene (20mL) was added POCL;{(0.310¢) and was
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heated m an oil bath, TEA (0.210¢g) was added when the temperature was raised 1o 110°T, the
resulting mixture was reacting at 10T for 40min. A part of methylbenzene was removed.
adjusted pH to 8~9 with NayCOs after adding water (10mbL).  Then extracted with EA (20mL~2),
the combined organic phase was washed with saturated NaCl {(20mbL~1) solution and dried over
anhvdrous Na~SO,, concentrated to give ©.280g of Compound 15-01.
2, Compound i5-02

A nuxture of Compound E5-01 (0.275g) in DMFE (Sl was added potassiwm tert-butoside
(0.4%2¢), then stirted for 30mum at 70 C mm an otl bath,  The resulting mixowe was extracted with
EA (20mL~3). the combined organic phase was washed with saturated NaCl solution (30mL <4} and
dried over anhydrous Na>SO., concentrated and purified by column chromatography (PE/EA=5/1) 1o
give 4.200¢ of Compound 15-02.
3. Compound §5-03

A mixire of Compound 15-02 {0.260g), Bis(pimacolatoydiboron {0.320g). tricyclohexyl
phosphine (0.050g3, Pailadium acetate (0.040g) in DMSO (6mL) was stirred under nitrogen for
S0mm at 90°C i an oil bath.  The resulting mixture was extracted with EA (20mLx2), the
corabined organic phase was washed with saturated NaCl osolution (fOmLx3) and dried over
anhydrous Na;80,, concentrated to give 0.258¢ of Compound | 5-03.
4. Compound 15-04

A mixture of Compound 15-03 (0.120g), 2. 4-Dichloro-S-fluoropyrimidine ((.060g), K-CO;
(0.099g) and Pd{dppHCh-DOM (0.012¢) in 1,4- dioxane {10mL) and water {1 mL) was stirred under
pitrogen jor that 64°C inan ol bath,  The resulting mixture was extracted with EA {20mi~2), the
combined organic phase was washed with saturated NaCl solution (20mL~1) and dried over
anhydrous Na-50, concentrated and then puritied by preparative HPLC {(DCM/MeOH=30/1) to
give 0.052¢ of (-} enantiomer of Compound 15-04.
5. Compound 15b

(-1 enanttomer of Compound 15-0420mg), intermediate MI0.017g), Cs-COy {(0.056¢),
Xanphos (0.005g) and Pd:(dba); (0.005g) in 1.4~ dioxane (2ml) was reacted under nucrowave at
O Ctor 1.5hrs through nitrogen stream.  The resulting mixture was added 20l of misture
sobvents (DCM/MeOH=10/1), the filtrate was collected by filtration and then concentrated, puritied
by preparative HPLO (DOM/MeGH=20/1), the resulting sohid was washed with n-hexane ($0ml) o
give 5.014e of Compound 15b.

e x| f AW N . . -i
MS{ES Yvrz=493 2eM+H)',

37



LA

15

CA 03047876 201%-06-20

WO 2018/113771 PCT/CN2017/117930

H-NMRB{CDCIE3): o8.409-84 1 8(d ITH,CH), ¥211-8288(m,2H,CH}, 8.070-8.077{d, IH,CH),
010-R023(d TH.CH), 7.833-7.R68(m, [ H.CH), 5. 1IK-5 1524, 1H.CHZ), 4.9i2-5002(d.1H.CH2).
4.522-4.584(m, 1 H.CH). 4 1H1-4. 168(m, IH.CH2), 4.039-4 075(m, tH,CH2),
3.249-3 27 5(m4H,CHI3, 2.724-2.74¥(m 4H,CH2). 2.462(5.3H,CH3), F.602-1.678(d,.3H.

S—

CH3Y .

Example 15-1 Svnthesis of Compound 15a and Cempound 15

Compound [5a and Compound 15b are cnantiomers. Prepare Compound 15a cssentially as
described for Example |5 using (+) enantiomer of S-methyvimorpholin-3-one as starting material.

i another embodiment, crude S-methvlmorpholin-3-one 1s used as starting material; the crude
compound 15 including Compound |5a and Compound 156 will be obtained in the end.

Furthermore, Optical rotations were measured 3 tumes for each compound shown as below on 4
Rudolf polarimeter.

Conditions

Polarimeter Lube lengm ~ H100mm
Temperature 20O
satple soiution d sme/ml 1o DCM/MeOHE )
Sample name Compound | 5a and Compound 15b
Resuils:

B T T R T T T P T T TR R T TR T T P T TR S TR T TR T B P G R P R R P R R g R R

IS T oy 39 l Average ()

Compound [5a 32.85G 32818 32.509 32.829

l
E
28,979 - I8 84} -2%.967 -28.9.24

Compound 15b

e
1

it~ s~

Prepare the following examples {(shown i Table 9) essentially as described for Example 13
using  the  corresponding mtermediates,  and  using  {(+} and/or (-} enanttomer  of

S-methyimorpholin-3-one as starting matenial. Their optical rotations were essentially tested as

described for Example 15-1.
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- Physical : Erantio :
> o | C Daa | omers
No Chemical Name Structure VS . (optical :
; ; S o]

{ (M+H) | rotation) .
5-ttuoro-4-{9-tluoro-4-methyi-3 SN = |
4-dihydro-{H-henzo{4.5])imida | (N N NTSCT }”\ : S (4 E

1S | pof2,1-cli) 4loxazin-7-y1}-N=(5 N N)%N‘ N>'4_/O 4932 1;:} {‘, } 5

’ -(4-methylpiperazin-1-yl)pyridi i 5 "D t) i

L n-2-vhpvrinmdin-2-amine F ‘ E
N-(5-((4-ethylpiperazin- 1 -yhme
thvbpyndim-2-yh-3-fluoro-4-(9- O‘ :’ [ L6 () :

16 gﬂ1‘1;:':‘1'('3-4-meti‘1};l-3.,4-diﬂ1ydro..!I-E_;i g N 32E3 i;{;u\(ﬁs i
| - -benzo{4.S Jimidazo[2.1-c]{ | 4]0 S
... oz Typyrimidin-2-amine | —
N-¢5-{4-(dimethylamino)piperid | ;

Cin- 1 -ylipyridin-2-vi)-5-fluoro-4- h |

7 (9-fluoro-4-methyvi-3 4-dihvdro- ' 1 3 = L7a(t} '

© | 1H-benzo{4,5 limidazo{2.1-c]f1. | 7 - 17b =) |

: 4loxazin-7-yhpyrimidin-Z-amin * .
S T e T T e e e T e e ;
. - N-{S-({4-{(dmethylanmuno)piper .
| = din-1-yhmethvhpyridin-2-vi)-5- 5 AN N :
2 gﬂ1101'41)-4-(9-1‘]1101’0-4-111emy1-3,4 \N/Q \NI e N}_Jo 515 1 1&a u’\'-i-_) ,

- ~dihydro-1H-benzo[4.5 inidazo | | " N P lEb ()

, (2.1 -cil L4 loxazm-7-yipyrumids - I :

, n-2-21mine i '
| S-uoro-d-(9-Auoro-d-methyl-3 | WHN,\ """""" - ‘,
[ , A-dihydro-1H-benzo{4,5)imida i LNz N NI . 98 (4) :
O E20[2,1—@.]{1,4]0xazin-'?-yi}-—z\'!-{5 . ‘NI E)LN*’)\QN/)__/O 4792 . lé‘b () ,
 -(piperazin- [ -yDpyridin-2-yDpy | o , | ,

' rimidin-2-amine ‘ i | ‘

B ?f':--ﬂ'1.1{)1‘(‘}-4~(9~_ﬂl_10.rf(}~4~1.3‘1@1’}.1}’E~3 : S i vvvvvvvvvvvvvv .
; f,4-dil'zydr0-iH~benzoi4,5].imicla N N i “\ : . |
T R PN L S i TG o HN\) N A\ NG P T e 20af+)

: 20 ;‘”/’-O[z-»,i*if]{f@4]<.>Xi.mﬂ-/~}"1}-N-(f’ N > 4932 20b (<) |
‘  -(piperazin-1-yimethyDpyridin- ! | a
| 2-vhpyiimdin-2-amine ! ’ i
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NG uoro-4-(O-flworo-d-meth | S : L
yl-3 4-dihydro-1 H-benzof4,5h . e (1) ,

21 , midazof 2, 1-c]{{ 4ioxazin-7-vl)p 494.2 = ;l X t-} :

| yrimidin-2-yl)-6-(4-methylpiper | : T |

| azin-1-yhpyridazin-3-amine o ;

’ G-((d-ethylpiperazin-1-viimethy ‘ 'I

’ - S-fluoro-4-(S-TTnoro-d-me I/\” Moy o »__\ i {

| an ; thyl-3 4-dihvdro-1 H-benzol4, ﬂ N /\';/’KN/QN/' N%,/O 573 2 L dda(t)
o wvidazol 2 i-cif L4 loxazin-7-vi} | " ‘ N ST ' 22b () :
nyrinudin-2-vipyridazin-3-ami 1 " : :

{ _--((}-((S-Jﬂu()r‘ow (G- fluoro-4-m E , ;

| | ethyl-3.4-dihydro-1H-benzu{4.5 S
2] Q!I]ld‘i/ﬂ{WJ-L |1, 4]oxazin-7-vi 4942 ;;’,h‘{‘} :
| )pylnmdiw}«yi}zmm‘impyridm~ z Y |
' 2-yhpyrrohdin-3-yl methanol 4 o o L '
i\i*{(é A-tluoro-4-{ 9-flucra-4- | | , .
methyl-3.4-dihvdro-1H-benzo|4 /‘"G" PPN N : :

Lo | Slimidazo(2.1-¢)| L4Joxazin-T- | wo S P sy | D
B - yhpyrimidin: 2-yhamino)pyridi ' " N - T : 24b () :

’ n-3-yhmethvipyrrolidin-3-yhim F |

} i ethuno! ,
B \I~t‘<~z4 (,yciupmpvip;pm..izin-i , & - | ‘ ,
, g -yhipvridin-2-yi-5-tluoro-d-(9-1 | N/\rlq i | e |
23 noro-d-methyi-3 d-dih fd‘fO»iH~ \(j\ P b 5192 | <08 {¥) ’

' 5 s > | N N)\N” NG i P 25h (e
E - benzo{4,5 [imidazo[2.1-c]il.4]o | " ! Z ’ e |
[ varin Ty ey nine ~, N R b
| L N-(S-{(d-cvel s i

pmpyipipmazm- i

. o . | | ;

i L-yDmethylpyvridin-2-vi)-3-fluo | | :'

5 " ro-4-(9-fluoro-4-methyvi-3,4-dily V/N\/I Sy 7 N D <177 | 2ha i+ |
L0 : — 3235 N

i ‘;’dl(%] H-benzoe(4,5 indazof 2, N P 20D ()

l : - : I
§ i -cll b 4joxazm-T-yhpyrimidin-2 i ;
L ~amine |

+ T T T 7]
P2 ({6-{( 5~ fluoro-4- {9~ flyoto- | ;

; : : 5

. 4-methvi-3.4-dihydro-1H-benzo | O & | |

: . : i HO X P o

i Shmadazof 2.0 ][ L4 Joxazin- | \/\T NN 565 2 P 27a(+)

| ‘i’" IE ~y . - ’ a . . “ ' :‘ - } " % A 3 E}
- 7-yhpvrimidin-2-vlaminojpyri | 27D i)

T - i : :

L din-3-yimethyDpiperidm-4-yi} | |
| | = i |
[ - methyDaminoethan-1-ol ; ; ; i

w——— T T W Y ey Wy Wl
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‘ o T i "'“'{'“"'" pieth At . o o inteedind Seiainiebieet = :f ““““““““““ “’i
] -{6-((5-fhuoro-d-(9- fuoro-4-m - | | : %
L ethyl-3 4-dihydro-1H-benzo{4.5 | 4 %a (1) :
¢ b rmidazol2 1-c1 1 4loxazin-7-v1 | 942 1 ° |
t 1M — ™ . 3 ; 5y ! i ¢ Jour 2 :
I 28 5;,unlddzo{,;,l-c_;[l,4]omzmm yi | f 4494 - 28b () |
L ypyrimidin-2-yDanunopyridin- | ;,
, :,v-v]}v a-meuw]pyrmhdm-3 o) ;
:~ r : - . | ? }
P )~ {(O-({5- fluoro-4-i 9 Naoro-4-m | |
5 | |
setl';wi-.;a\4~d;iz*,«d1<)—iH-r}ean,b N |
imidazol2, 1 -1 4loxazin-T-yl H%N/ﬂ A Yo 200 (+) |
vy | imdazoi2, -] djoxazin-7-y1 | SN \ s |2 )
— g: == | o E H / - ~ DR ' F’t ) .- E
r Oypyrimidin-2-yvhammoepyrdin- | N ; | 29b (-} |
* f | z |
- 2-vlmethyl-3-methyipyrrohdn | F | |
A i f i |
: ) ; "1 01 : } ~ . ) E 15___ 4
| S fluoro-d-(9-tHluoro-d-methyl-3 | | | i
: : ,4-*(;1111\,,‘(,{[-(}41'?.*061"12(){4,./_(iiﬂldfd =i S k A VERY } ;
: . . . A, o ', N© N $ Lo g
20 zol2.0-c ]l LA oxazim- 7-y1}-N-(5 | U H N/>—J 09 | 30a {+) |
3 : o * . i | DR v e E w { :
L L{{d-{oxetan-3-vpiperazin-i-yl | F b )
ynethyhpyndin-2-yhpyrumdsn- ; |
e JPRCILY : : :
v - } ; ] ' _
L f_ni’“ - — e s %u-m " — Y i i e :_4 - - ;
| - 5-fluoro-4-(S-fluoro~4-methyl-3 § | |
=, | o | oy : i |
| d-dibydro- [H-benzo{4.5limida |  3lacn) |
N . g5 ] 5352 PN
5 zol 2, 1-cj{ [ 4loxazin-7~y1}-N-(3 | b
L -(d-{oxetan-3-ylipiperazin-t-vi} | | |
E : : |
| | pyridin-2-ylhipyrim idin-2-auune o -, |
. e S e i R AR e T T T - : i
| | N-(5- {{4- ethylpiperazin-1-vime } ~ , ?. i
. \ | | :
| ‘ thvhpyrdm-2-yl-5-tiacro-4-{9- | 5 ‘P, 2o
37§ fluoro-demethyi-1.2,3 4-tetraby | ! 520 b () ;
! T tovr | | |
- drobenzo{4,5 |imidazo] 1. 2-alpyr | | ; g
] | : ; j
i azin-/ \;I}p‘ Timidin-2- amme % , -

S erm e .4,.. S ——
_ - 5-fluoro-4-(9- fluoro-4-tae hvl«» |
! ] | ‘. Z ‘
; L d-di hvdfo-lI~{-=7€1120f4..5]11111nid ~ O g :
| 5. ) ) i N N :
4 zo[2, 1-c]{},4]oxazin-7-y1}-N-(3 o |
33 | ; :
§ | -((4-methyl-{1.-bipiperazin]-4 | | ;
f - -yhmethyDpyridin-2-yhpyrimid ; | |
| . ! i : s
| 5111‘ J-AnHNne | ] i E I g

3~ fluoro-4- {9 fluoro-d-me t’{}l-@
,,4-d1hydm- H-henzoid,5 junida
2002, 1] 1. 4]oxazin-T-y1}-N-(3
i ~((d-{ | -methylpipendm-4-ylpip
erazin-{-yhmethvhpyridim-2-vl)

D
—z
R\

s
e

pymr*ldm -2-amine

L-"u----o-w--lh-ll

\

2
5

Pk

TZ
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ZTZ

£
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EXAMPLES FOR COMPARISUNR

Prepare the following comparson examples cssentially as described for Example L, 2 ot 15
using the corresponding intermediates or starting materials. For example, Prepare the following

comparison example 8. 9 and 10 (shown 0 Table 10) essentially as descnbed for bxample 2 usin

N__O
H H H
'y O s
5 /[j : » instead of . And prepare the following comparison example
H H
7 essentrally as described tor Example 1 using immstead of :

Table 16

e

'p-----—.:---ﬂwv---——-wn - —— ww-*---l""“-'i-v---"""""w-""-"-"""“‘“"’“"‘"*-“'—""""“-""““"""'T"""“'*"'"""'""""""""*' —— G - - - ““""'-_"""E'"'-""-' "-'“:'--'-":"" "\:
- {om. L Physical |
. EX. Chemical Name Struchire : Data (MS) s
. No. | O {MEH)Y
E’"""'"""""“"""f.""‘”""'"“"*"""".'"""'; --._,._....,.--...-.._,..._...-..,-...--“..,-,.-...._,’....r_-----..-.....,..,_,.-.-....._......,..“-..,,...,......._--....,..“..W.W_._i. o T
S-fiuoro-4-(6-fiuoro-3 4-ditrydro-2 | SnN 5
H-soirofbenzof4,5 inudazo|t,2-a] | NN NS " |

E -" a ) | | l I ‘ol “>

: st yrdrgres SN vt LR ow Y X ; )

| l pyridine-1, | ~cyeclopropan |-8-y1) ! ’ ﬁAN/ N/ | 5037
N-(5-(4~-methyipiperazin-i-ylpyrt | N

r din~2-yOpyromduo-2Z-anine ‘ F : |
‘ 5-fluoro-4-{6-fluoro-1,2.3,4-tetrah NN i i
: T o i *
vdrobenzojd, Shimidazol i, 2-a ipyn N l Yy N :
| o o C. . | g ‘
2 din=-8-y - N-{3-(4-methyipiperazin N N/I\N/ ND i 4760
i’ ¥ . . \ : . ¢ : H 7 E t
; -t-vipyridin-2-vhpyrumdin-2-am N i
- | |
e , F E 4
, SN T —— N , ; T o

; (R)-N-(5-{{4-ethyipiperazin-i-yl} 5 |
, ! ;

! y : SEETRN 5 X , ‘ : i )
methypyridm-2-vl-5-tluoro-4-(49 | NN NN ; '
i ’ : : E = E S A% 2
3k -Thiore-4-isopropy -3 4-dihydro-1 |} rN\) = NJ\ S 2 W
S0 N o i ] H i

[ H-benzo{d S imudazol 2. 1-¢|{ 1 4]0

: . o ’ ¢ ' t !
vazin-7-yhipyrimudin-2-amine : |
] t ¢ ;
i . i i i
) N - T - \ |
| (R)-4-(4d-ethyl-S-fluoro-3 4-dihydr | '; ‘;
5, o-1H-benzol4 S inudazol 2, 1-cl{ 1. | AN 7 = g{\ i i
i : : . ‘ ) | , . :
C ah dloxazin-7-yHj~-N-{5-¢{4-ethvipiper } (’«t\) /\Ql\/’x} N)_,_/O i 0343 3
| o, - oy I H ;
' azin-1-yhmethyvhpyridin-2-yh-5-f | N E g
i | e . | :
E oropyrinndin-2-aming F | ;
i i s
A T A X . } j
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s

{,2.3 d-tetrabydrobenzof4,S [imida
7ol 1. 2-alpyrnidin-8-y1-N-(5-(4-{ 0x
etan-3-yvipiperazin- 1 -yhpyndin-2

N A b -l

N e e s 0 o o]

~vhipyrimiudin-2-amine

3463

-t

. — L-vv Vi "

ey ———

S-thuoro-4-(6-ftuoro-1, T -donethyl-
1.2,3.4-tetrahydrobenzofd, 3 jinuda

zol 1. 2-alpyridin-&-y}-N-{ S-(piper

azin--yimethyhipyridin-2-vhpyrs
midin-2-amine

W W W ———

e |

4-{&-fiuoro-4-methyl-1,2,3,4-tetra

hydrobenzofd .S imudazol b, 2-alpyr

2l

idin-8-y-N-{ 5-{4-methvipiperazi

W W

n-t-vipyridin-2-vlypyrinudin-2-a

N-(5-{{4-ethvipiperazin- | -yh)meth
vhyridin-2-vh-5-fluoro-4-(6-tiuo
ro-2-methyl-1.2,3 . 4-tetrabydroben
zo{4.5 |imdazoe| 1. 2-a|pyridin-8-vH
pyramidin-2-amine E
N-(5-{{4-ethylpiperazin-1-vljmeth |
yhpyridin-2-vl}-3-fluoro-4-{6-fivo |
ro-3-methyl-1,2.3 4-tetrahvdroben
zo{4.5 imidazol t,2-alpyndin-8-vl)

pyrardin-2-amne

)
r
.--—'T.--------—--------.---. L3N S BN N AN AN AW AW . -- e o - Al -e oL &N

)
ke
O
(oJ

T
L2 L T L L T 0 P L F Y 31 1% T TR WA TR Ty

{3

——

- -

N-(3-{{4-cthvipiperazin- | -vlimeth
viypyndin-2-vih)-5-fluoro-4-(6-fino
ro~-4-methyl-1.2,3.4-tetrahydroben
z0{4.5 lunidazo] 1 2-alpyridin-8-vi)

pyrimidin-Z-amine

27N 5193

-

|
|
b T e i —————— — — ———— - ——" - ————————

In the above table, The Com. EX. No.3b and 4b are synthesis essentially

Example 15, and then test thew optical rotation respechively essentially as described tor Example

i5-1.

The Cormn. EX. No.3b and 4b both show negative optical rotation.

PHARMACOLOGICAL TESTING

The resuits of the following assays demonstrate evidence that the compounds exemplified

herein are usetul as specitic CDK4/6 inhibitors and as anticancer agents.

43
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refers to the concentration of an agent which produces 30% ot the maximal mhibitory response
possthle for the agent.
For illustration conveniently, the following general structure 1s showed below.  Surprisingly,

we found that "R has a critical influence on biological activity, selectivity and satety.

@ N Ro R
b )
(R ﬁ N/ N>__—/Z
/)
N
: R3
Fest 1 Comparison of diffcrent substitaent by Cell Prolifteration Assay
Effects of test compounds on in virro profiferation were measured by MTS celi viability assay.
Coll culture
Fuuman colorectal cancer cells {colo-205) 1s expanded w culture (colo-205 15 grown i DMEM
0 media with 129%FBS, 19P/S, and 1% L-glutamine).
MY cell viability assay:
[, Sced cells at density ot 4 X 10 cells per well of 96-wells plates, grow tor 24 k;
2. Add varying concentrations of test compounds 10 the cetis;
3. Incubate for 7 days of exposure;
i5 4. Prepare reagents following the instructions in the Cell Proliteration Assay kit (Promega);
5. Chanze to serum-free mediom with a final volume of 100ui/well.  Prepare a set of wells
with medium only for background subtraction:
6. Add 20l MTS solution containmg PMS to each well (final concentration of MTH wiil be
(.33 myg/mll);
20 7, tncubate 1o 4 hat 37°C i g hunuditied, 5% CO» aunosphers;

’ . - T ‘ 3~
8. Record absorbance at 490nm using VICTOR X3S plate reader (Petkinblmer).
Al experimental poinis were set up in three wells and all experiments were repeated at Jeast three

tunes.  1Cse value is calculated from dose-response curve by using software {(Graphpad prism 6}, and

14
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Table 11

Samiple 1Cs0l colo~2050/pM |
LY2835219 | 0.136
"""""""" FExample | 0.078
Example 2 .053
""""""""" Com. EX. 1 | 6644
Com. EX.2 X.897 )

The above exempitfied compounds display anti-tumor activity i this model as shown in Table
[, thus demonstraiing that exemphified compounds of the present mvention have more potent /i
vive activity against Rb' tumors.  Compared with the known compound LY 2835219 (Abemaciclib).
the compound of the present nvenuon, for example the cornpound of Example | or 2 has more

" PR . . - - . , : s
potent nhibitton agamst Rb twnors.  Compared with the comparison example U (heremafter

herematier referred 10 as

———

reterred (0 as Com EX. 1, R ois spivo) and the companison example 2 (
Com.EX.Z; R 1s H). the compound of the present invention, for example the compound of Example
[ or 2 (R is methvl) has much more potent injubition against Rb' tumors.

The above exemplitied compounds also display that R s methyl but not H or spivo has nuch

more potent biclogical activity v this model.  From the above results, we can see that type of
substituents has significant influence on inhibiting against Rb' tumors.
Test 2 Comparison of different substituent by safety fest

Select compounds prepared as described above were assayed the safety according to the change
on body weight and whether mortality happened, and the procedores were described herein.
Testing comnpound is prepared 1n an appropriate vehicle and 1s admmusiered to BALB/c mice (22-23¢)
by oral gavage. Body weight and mortality are taken as general measurement of toxicity,  Weight
oss {Tsbody weight changed) is calculated twice a week by comparing treated groups to vehicle
controd group durmg the course of treatment.  The compound 2 and 16 demonstrates alimost Biftle
weight loss, 1m0 these models when dosed at 200 mg/ke (gd).  But at the same dosage. the
comnpartson examples, for example, Com. BX. 3b and Com. EX. 4b are able to cause much more
werght foss, even cause high mortaliy with 4 and 5 mice death in each ¢roup (6 mice) after

ireatiment for 2 weeks.

The results were given m fable 12, 7% stands for “weight loss less than 597, “**7 stands for

3

“werght 10ss more than 3% and less than 10%7; ©%**7 stands for “weight loss miore than 10% and less
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’Q

than 30% 0 %7 gtands for “weight loss more than 30%". “+7 stands for “mortality occurred™; -
stands for “No mortality occurred”.

Tabie 12

; Sample Body weight observation

LV ERESII ER [ T

r Example 2b o .

T Example teb | %] : O
Com. EX.3b | RS I

_________ Com EX4b | ** |

surprisingly, we found that Com. EX.3b (R is 1sopropyl} or Com. EX 4b (R 1s ethyl) has more
side ellects and toxieity,  However, the exemplified compounds of the present invention, for
example compound 2b or [6b (R s methyl), are much safer, thus demonstrating that type ot

substituents has sigmificant mthuence on safety.

{ost 3 the offect of number of substitucat by CDK kinasc assavs

P i

to demonstrate that the compounds exhibit affinity for CDK kinases (CDK2/CvcA2,
CDRA/Cye3, CBDE6/cyeD3), CDK kinase assays were performed.

Reaction buffers were prepared as follows: kinase base butter for CDKZ.6 (30 mM HEPES. pH
5 0LG0EYS Bry-35:10 mM MeCih:2 mM DTT):, Kinase base butter tor CBK4 (20 mM HEPES.
pH 7.5 0.01% Triton X-100; 10 mM MgCl2; 2 mM DTT); Stop buffer (100 mM HEPES. pH 7.5;
0.013% Bnp-35:; 0.2% Coating Reagent #3:50 mM EDTA).

Enzyme reaction protocol:

1} Dilute the compound t0 50X of the final desired highest concentration in reaction by 100%
DIMSO.  Transter 100uL of this compound dilntion te a well in a 96-well plate.  Then, senally
dilute the compound by transterring 30ul 1o 60ul of 1005 DMSO 1n the next weil and so forth for
a total of 1O concentrabions,  Add [00pL of 180% DMSO to two empty wells for no compoeund
controt and vo enzyme control in the same 96-well plate,  Mark the plate as source plate.

<} Prepare miermediate plate by transterring 10ull of compound from source plate w a new
So-well plate containung 90uL, of kinase bufter as the intermediate plate.

3} Tramster Sul. of compound from the 96-well intermediate plate 1o a 384-well plate in
duplicates.

43 Add B0ul. of 2.5% enzvme solution to each well of the 384-well assay plate,

53 Incebate at voom temperature for 10miun.

46
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6y Add 10ul of 2.5x substrate solution prepared by adding FAM-labeled peptide and ATP in
the kinase base butter. Reaction concentrations for enzymes and substrates as following table (Table
13y

1able 13

Evzyme | Enzyme (nM) | ATP(gM) | Peptide | Peptide concentration{uM)
R R J H 5 R
CDI? 10 o | Pi8 3
e o i i Qs s e e . e . e i s i e e e - — U
CDKA4 10 20 | P8 1
CDK6 15 800 P 3
5 7y Incubate at 28 C for specified period of time.

&) Add 250l of stop butfer to stop reaction.
9y Collect data on Calbiper. Then convert conversion values to inhihition values,
Percent mibubition == (max-conversion)/(max-min)*100.

“max’ stands for MSO control and “nun” stands tor low control berein.

—'

{0 1Oy Curve fitung using percent inhibitton 1 XLFit excel add-in version 4.3.1 to obtain 1Cs,

(J

-

values. Dquation used 150 Y=Bottom +{Top-Botiom) /A 1+{Cs¢/X) ~ HillSlope), Wherein, Y is
inhubtbon percentage (o) X s concentration of the test compound.

The resudis are expressed as 1T value which is shown in Table 14,

Fable 14
““““““““““““““““““““““““““““““““““““““ T e e mm— r“""""""""""““"““"““"““"""“Wl’""“"'““""““"“""""'“"'"“"“""““"
Sanpie {C s CDK2) uM {5t C DA UM U CDRKO UM
~ N ~ - - 1 e
LYZ835219 .039 0.002 | 0.022
........................................ S O L s S S tiriwew-SE- MiitfiHibtij}a
Example | >{).3 0.002 | 0.023
| |
Example 2 >{).3 0.002 (0.031
Fxample 16D >(}3.3 0.043 (.040
Com. BEX. 5 ().040 (3.003 0017 |
N S — S Y NS ;
Com. EX. 6 (3.040 3.0067 | (.014
i3 As shown 1n the above table, we can see the number ol methyl has very important influence on

selectivity.  Surprisingly, the exemplitied compounds of the present invention display an 1Csy
of >0.3uM in the above CDK2 kinase mbibition assay and an 1Csg of <0.04uM in the above CDK4/6
siase mibition assay as shown in Table 14, It demonstrates that the exemplified compounds of
the present invention are more selective mhibitors of CDK4/6 kinase activity.  Thus it shows that

20 the exemplified compounds (R represents only one methyl) are more specific inhibitors of CDK4/5,
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Fa)

Select compound prepared as described above were assayed according o the biolosical

procedures described berem.

The results were showed as 10 below table.

Table 15

Sample Structine 1Cs{CDK4YuM | CsyCDK6YuM
] B _s
, *\N/ﬁ E
i | k/Nwl\/\\:L N : :
; . E l o s . i
Example I | N ONTONT N (0.002 (.023 ;
| H / E |
N E
5 F
I
0L
. Co | e i o ;
Com. EX. No.T N ONT N N 0.0357 i B.110 i
H p) § |
z N
5 ! i
i F i |

Further, a Head-to-Head comparison ot Example 2 and its comparison example 8. 9 or H} was

stiown 1n the following tuble.
tess than 0.2uM™; "+ stands for “{Csy value more than 0.2uMand less than 1.0uM™; 4+

for "I e value more than |.0pMand less than 2.0pM™; =+

The results were given i tadle

2

Fable 16

*h

44 stands tor “f{fs() valte

T stands

"stands tor “1Css value more than 2.0uM™.

o AN AR RS -

Sample Structure [Csp(colo-205uM
S e SO
I E
f E
| f
E foooterd |
! :
| i
|

...................................................... 1'

|

. o | i
Com. EX. Ko.3 -

I

|

> z
5 : a NN . |
- Com. B X, No ot ;
' i
S , ) |

g - 7y ?
-~ Com. EX. N | :
* No. 1 | |
F |

18
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As shown in the above table 15 and 16, we can see substituent site also plays an important role

on biological acuivity,  The effect on biological activity resulting from the site change of substituents

is stgmificantly unexpected.

As shown i the results presented above, we can know that "R7 of the 6~-membered heferocyed
ring has a critical mnfluence on biclogical activity, selectivity and safety,

s one and only one methyl in the said 6-membered beterocyche 1

icast as follows:

T
\]

o

£

r" ;‘3\"
WRAY

i good selectiver and

low side effects.

Test 5 the cifect of opticity
Seleot compounds prepared as described above were assayved according to the biologcal

procedures described as Test 3 (CDK kimase assays).

0

amproved biclogical activity

Table 17

r

EL

surprisingly, when there

1g, the effects wili be obtaimed at

The results were showed as i below table.

; } [Csp{ CDK4) | IC(CDRoY | . | 1Cs{CDRK4) | 1C CDKG) |
| Example ,, 5 | txample | . g !. g
i mnM ; nv g | /nivi | 1M i
- H | 1 -
ey (T Ay e - E ~ §I 1 :. P:
P LY2835219 2 g 22 i | § |
. Compound la 3.0 | | 21 - Compound ib F.7 g 23 '
S ~ i — ]
- Compound 24 4.1 | | 08 . Compound 2b {9 22 |
- - S M o pma e EE—
- Compound 153 Hh.7 230 - Compound i5b | |.8 23 |
i * f E
; | 3

;. Compound 164

> 3(}H)

kb b e B e s M s . e s . sl s Bl -

'3

- Compound 16b

3.4

;
i
b
L n
5

As shown in the above table, we can see compound b, 2b, 15b, 16b is more potent than

By

i1,

compound  ia.

{3a, tha m inhibiting CDK4/6 respectively. thus demonstrating that (-)

cnantiomers of the present compounds are advaniageous over the (+} enantiomers.

In some mstances, the compound disclosed beremn 1s administered where one enantiomer {e.g.,
the (=) enantiomer of {(+) enanuomer] is present m ngh enantiomeric excess.  In one instance, the
enantiomer of compound b having a negative optical rotation. ¢.g., -35.394° {¢=3.0mg/ml., BtOH)
has greater activity agamst CDK4/6 enzyme than the enantiomer (compound {a} that has a positive
aptical rotation of +30.325° {¢=3.0mg/ml., EtOH). o another instance, the enanuomer of compound
2b having a negative oplical rotation, e.g., -32.036° (¢=4.0mg/ml. DCM) has greater activily against

CDK4/6 enzyime than the enantiorer that has 4 positive optical rotation of +38.G88° (¢=4.0my/mlL,

49
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DCM).  In other instances, the enantiomer of compound | 5h having a negative optical rotation, e.4.,
-2R.920° (¢=4 6me/mL. DCM/MeOH=1:1) has greater activity against CDK4/6 enzyme than the

enantiomer that has a positive optical rotation of +32.829° (c=4.6mg/mL, DOM/MeOH=1:1}.
Test 6 Inhibitory activity and selectivity test on other subtypes of CDK kinase at moiccular jevel

The representative compound 2b of the present invention was used as a test compound, and
compared with the posttive conuol drog LY2R35219 (Abemacichb} to compare CDK Kinase

aiubiory activity and selective specificity between them.

-~

The mechanisim of this method is shown in formula (). The kinase catalyzes the
nhosphorylation ot the protein substrate to label the 7P on the ""P-labeled ATP {y-"P-ATP) to the

protein substrate in the reaction system; the rcaction system was spotted on P&l fon-exchange

membrane. and the membrane was washed extensively with 0.75% phosphate buffer; the
radioactivelv-phosphorvlated substrate was left on the membrane, and the Kinase activity was
reflected by recording the intensity ot the substrate protem radsolabel.

Substrate+[v-" 'Pl-ATP  Fnzyme ° P-Substrate+ADP
Formula (1)

Data was processed with Prismd Software (GraphPad), and the curve fitting tormula was:

Y = Bottom + (Top-Bottom)/(1 + 10 7~ ((LoglCse-X) * HillSlope)); wherem, Y is percent
inhibition (%4); X ts logarithm of concentration of the mhbibitor, |

Results: Through the screening of various CDK kinases, it was found that the representative
commpound 2. 2a, and 2b have an [Csg of greater than 0.4uM for inhubiting CDK /2774, whuch 1s tens
to thousands of told bigher than that ot CDK4/6.  (See table 138)

Table 18: CDK kinase inhibitory activity

s\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\“\\\\\\\\\\\\\\'\\\\\\\\\\\\\\\\.\\\\\\e\\\\\\\\\\\\\\\\\“\\\\\“\\\\\\x\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\\\\\\"c\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

{Cen{nM)

LY 2835219 Compounnd 2 Compound 2a Compound 2h

ALLLIASLALTRLARSY S

Kinase

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

CDEeyehn B 308 2350 3373 1 6H¥3
CDRK2/cveln E 9{) 74 396 441
CDK7/cychin H 2071 P30 2370 664
CDKY/cvehn T PE 572 779 649

LSRN \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\\\\\\\\\\\\\“\\\\\\\\\\\\\\\\\.\\\\\\\.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\-\\\\\\\\\\\\\\\\\“\\\\\“\\\\\\\\'\-\\\'\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

Conclusion: At the molecular Jevel, the representative compound 2 and compound b of the
present invention showed strong inhubttory effect on CDK4/6 and weak nhibitory etfect on
CDKi/2/7/9, indicating that compound 2 and compound 2b is a CDK4/6 kinase inhibitor with

excellent selectivity, Compound 2a showed strong inlubitory effect on CDKA4. shight mhibitory

rN
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cffect on CDK6, and very weak inhibitory effect on CDK1/2/7/9, indicating that compound 2a 8 a
CDK4 kinase inhibitor with extreme selectivity and a CDK6 kinase inhibitor with good selectivity.
Additionally, the selectivity of the representative compounds of the present mvenfion between

CDKE/2/9 and CDK4/6 was significantly higher than that ot LY 2835219 (Abemaciclib).

Test 7 Tumor regression effect on Jeko-1 xenograit animal model

JeKo-1 cells were celtwred in RPMI 1640 wedium contamming 20% fetal bovine serum.
Exponentially  growing JeKo-1 cells were collected and resuspended mn PBS 1t a suitable
concentration for NOLDVSCID mice subcutaneous tumor noculation.  Seventy female mice were
mocuiated subcutansously on the right with 5+ 107 JeKo-1 celis. resuspended in PBS and matrigel (1
).  When the average mmor volume reached 13dmm’, the mice were randomly grouped according
to the size of the tumor and were administrated.  Forty-cight mice were divided into the
experimental group, and the remamning twenty-two mice were not used for experiment.  Tumor
volume is calculated as: long diameter » short diameter/2.  The test was divided into solvent
controi group. fest drug representative compound 2b (10mg/kg), test drug representative compound
2b (25me/kg), test diug representative compound 2b (50mg/kg), test drog representative compound
2b (100mg/ke), a total of 6 groups with each of & mice. and the mice were administered orally by
gavage once a day snd then continuous administration for 19 days.  Eftficacy is evaluated according
Lo the relative tumor growth inhibition rate of TGL

The calculation formula 1s as follows: TGHY=C-TYC < [00% (C and T are the average
timor weight of the solvent control group and the average tumor weight of the treatment group,
respectivelyvy The higher the TGI%) value iHustrates the better the potency: and vice versa.

Results: Compound 2b demonstrates excellent anti-tumor activity,

Table 19 Anti-temor efficacy evaluation of representative compound 2b on Jelko-1 xenograft

mede!

AT T AL A L S A A T A L T LA TR R T T R TR R R R R L AR A L L R LR TR R AR TR TR LR TR LR T R LR LR R T R R T R T R AR L R AL R TR AT R R L T L T RO LT LR T T LR TR T LT A S T R LT R T T IR T R I R LR TR TR AR R AR LR R LRI R AR PR R R R AR VR TR R R R VW R R 8

Relative tumor growth

e o eye it £l iy & fad
Group Dose(my/kg) inhibition rate{’TGI%:)) p Value
Soivent control = = -
Compound 2b () 2.7 (,.(K7
Compound 2b 23 73.8 0.003
Compound 2b 50 9%.3 000
Compound 2b 00 P45 (.001

RALLLIRALALLELLLEILANALALLRARALTLELALIIETENALRIEARLEALELAALIRLHLALTEALELALLALLLALTEANAL AL EEALELALIENLRLALENALALLERALALLLLREAALLLARARE LR LA LLRAR LLRALALINARLLLLELALLLEILALALLARNEALREL L RAR AR SRR L AN ELAR AL AL A ALEARL AL AR DA LU AR L AR R L ARREAR LA LAY
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Note:

a: p value 1s the comparative analysis of tumor volume for the treatment group and the solvent
controb group.

Accordingly, in some nstances, 1t is beneficial to administer to a subject a compound {. 2 or {3
having & high enantiomeric excess of the enantiomer having a negative optical rotation to treat a
disease.  Unexpectediy. the optically pure (<) enantiomer of the present compound, melnding hat
not lumted to compound th, 2b or 15b s more potent drug for treating a disease mediated by
CDK4/6 10 a subject.

A pumber of embodiments of the mvention have heen described. Nevertheless, 1t will be
understood that vanious modiicativns may be made without deparung from the spirit and scope of

the imvention,  Other embodiments are in the clauns.

N
|\
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THE CLAINVS
What is clammed 1s:

l. A compound of Formula [, or a stereoisomer, a tautomer, a polymorph. a solvate, a

pharmaceutically acceptable salt, or a prodrug thereot,

o9
|
Z 7
N)\N A
H

(Fq)n
/
N
3 R
Formuia
wherein,
ring A s aryl or heteroaryl;
7 s selected from the eroup consisting of THs, NH, O and b;
i) R is independently selected from the group consisting of hydrogen, halogen. UN, NO,, OH, NH-,

Crsalkvl,  Cigalkoxy. Cageveloalkyl, arvl, heteroarvl, heterocyclyl, heterocyelyl-(CHody,
aryl-Cipaikvl-, beteroarvl-Cgalkvi-, -NR R 3. -NR»-Cy salkylene-NR 2R 15, and heterocycelyl-C(O)-,
wherein the Cigalkyl, Cyaalkoxy., Cyecveloalkyl, aryl, heteroarvi, heterocyclyi, beterocyciyi-(CH ).
aryl-Cyalkvl-, beteroarvl-C galkyvil-, or heterocyclyl-C{O)- are each unsubstituted or substtoied with

1S at least one substituent selected from halogen, hydroxvl, Cisalkyl, Cigeycloalkyl, heterocyclyl,
*NR]_@R];, Qf *{CHg)t-OH;

R, and R are each independently selected from H, OH, CN, NO-, NH>, halogen, Ci.galkyl, C
alkoxy, Chseveloalkvl, arvl, heteroaryl, beterocvelyl; wherem the Cig oalkyl, Cx alkoxy,
Coseveloalkyl, arvl, heteroaryl, beterocvelyl are each unsubstituted or substituted with at teast one

20 substituent selected from halogen, hydroxvyl, Cygalkyl. Cygeycloalkyl, or heterocyeivi;

Ry~ and Rz are each independently selected from H, Cisalkyl, arvl, heteroaryl, heterocyelyl,
Cixeycloalkyl, wherein the Cixalkvl, aryl, beteroaryl, beterocyelyvl, or Caseveloalkyl are each
ansubstituted or substituted with at least one substituent selected from halogen, hydroxyl, Csalkyi,
Cy.xcycloalkyl, or heterocyclyl;

D5 mois O, 1,2, 3 ord;
nisth 1,2, 3or4;

tis0,1,2, 30r4d.

'
(o
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2. The compound of claim 1, wherem Z 1s CH-.

3. The compound of claim 1, wheremn Z 1s O,

4. The compound of any one of claims 1-3, wherein the ring A is 2 6-membered beteroaryl
comprising one or two heteroatoms of N.

5. The compound of any one of claims 1-4, wherein the ring A 1s pyridvl, pyvrimidinyi, or

14

L, )
FE SR

pyridazinyl.

6. The compound of any one of claims -5, wherein the ring A 18

8

N
~ N
|
AP
7. The compound of any one of claims 1-6, wherein Ry 18 heterocyclyl-{CH )~ or

heterooveivi-(CHo - substituted  with Crgalkvl, NRiRi;. 4 t0 6-membered  heterocyclyl,

3

Csevctoalkyl, or (CH-)R-OH,
&, The compound of any one of claums 1-7, wherein R 18 § to 6-membered heterocyclyl-CHo-,

or 3 to G-membered heterocycelvl-CHs- substituted with Cisalkyl, -N(CHs )., -N{UH-CH-OH)CH:.

0 N \O
\1(:“\‘ K/N;f‘*, é“{ Ac‘s“ﬁ -CH_;()H ~CH3CHQOH,, or OH.

3. The compound of any one of claims 1-8, wherein Ry 1s 6-membered heterocyclyl-CHx-. or
6-mmemibered heterocyelyil-CHo- substiuted with methvl or ethyl,

{0, The compound of any one of claims -6, wherein Ry 1s beterocvelyl, or heterocyclyl
substituted with Crgalkyl, NRppR s, 4 1o 6-heterocoyelyl, Cageyeloalkyl,or (CH:-OH.

f 1. The compound of any one of ¢claims 1-6 or 10, wherein Ry 18 3 to 6-membered heterocyeltyl,

0 \1}\

or § to 6-membered heterocyclyl substituted with Cisalkyl, -N(CH5)a, -N{CH-CH,OH)CH-,

T L A
N. .
& £ T LCHLOH. -CH-CH-OH. or OH.

i 2. The compound of any one of claims 1-6, 10, or 11, wherein R, 1s 6-membered heterocyclyl,
or 6-membered heterocvelyl substituted with methyl or ethvl.

| 3. The compound of any one of claims -6, wherein Ry ts 6-membered heterocyclyi-C(O)- or
6-membered heterocyclyl-C{O)- substituted with Cyalkyl.

[4. The compound of any one of claims 1-6 or 13, whercin Ry s 6-membered

heterocvelvl-C(O)- substituted with methyl.
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| 5. The compound of any one of claims 1-14, wherein the heterocyclyl comprises one or two
heteroatoms of N or OO as ring atoms.

L6, The compound of any one of cluims [-14, wherein the heterocyelyl comprises one or two
heteroatoms of N as ring atoms.

I 7. The compound of any one of claims 1-6, wherein R 1s -NR;»-CLaalkylene-NR 2Rz,

8. The compound of any one of claimg -17, wherein Ry and Ryyare each mdependently H,
(CH--OH or Caalkyl

19, The compound ot any oue of claims 1-18, wherein Ry and Ry are cach mdependently OH.

CH-CHL>OH, methyl or ethyl.

?\O 3 N SNTY

OH [‘%OH 0\3\ o\j\ \N/\
a3 e S e
S NP LN NN

™~

K/N\/‘Q‘i O K/N\.}'{.

21 The compound of any one of claims 1-20, wherein mas 1.

22. The compound of any one of clavus 1-21, wherem nas |,

23. The compound of any one of claims 1-22, wherem t1s 0, 1, or 2.

24. The compound of any one of claims 1-23, wherein R- and Rj are each mndependently H, OH,
halogen, Ccalkvl, Cigalkyl substituted with halogen, Cigatkony. Cgatkoxy substituted with halogen.

25. The compound of anv one of claims 1-24, wherem R» and Rj are each independentiy H, OH,
F.CL CHs, CHACHG, CRs OCH:, or OCE,

26. The compound of any one of claims 1-25, wheretnn R»> and Ry are both F.

N
rN
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27. The compound of ¢laim 1, wherein the compound 1s:

[} d-{6-fluoro- f-methyl-1.2.3 d-tetrahvdrobenzo[4,5 limidazo{ 1,2-a|pyridin-&-y1}-N-{5-(4-meth

vipiperazin- F-vhipyridin-2-vDpyrinndin-2-amine;

2) N-{5-{{4-ethyipiperazin-1-vhmethybpyridin-2-y1)-5-fluore-4-(6-fluore-1-methvi-1,2.3 4-tetr

aliydrobenzof4,5 imidazof 1,2-alpvridin-8-yDpyrimidin-2-aming;

3y S-fluoro-4-{6-fluore- | -methyl- 12,3 4-tetrahvdrobenzofd, 3 lnmdazo] [, 2-a|pyridin-8-y1-N-(5
-{(4-methvipiperazin-t-yDpyndin-2-yUpyrimdin-2-amne;

43 S-fluoro-4-{6-fluoro- | -methyl-1,2, 3 4-tetrahydrobenzof4, 3 jnmdazo] 1, 2-a | pyridin-8-yi - N-{6
-{{4-methylpiperazin-1-yDmethyDpyndm-3-vhpyrnmdin-Z-amimne;

Sy S-fluoro-4-(6-fluoro-| -methyl-1.2,3 4-tetrahydrobenzol 4.5 juomdazo] 1 2-apyridin-S-y 13- N-(3
{{4-methylpiperazin-1-yhmethyDpyrunsdin-2-vhpyrimidin-2-amie;

&) N-(5-((4-(dinethylamino)piperidin- L -yhmethyhpyrimidin-2-y1)-5-fluoro-4-{ 6-tluore- | -meth
vi-1,2 3. d-tetrabydrobenzo[4,5 hmidazo{ 1 2-alpyridin-&-yhpyrimdin-2-amne;

73 N-(5-({4-{dimethylamino)pipendin- L -yDmethyDpyndin-2-yi)-5-fhuoro-4-(6-fhuoro- F-methyl
-1,2.3 d-tetrahydrobenzol4,5 |imidazof | .2-a|pyridin-8-yDpyrimidin-Z-amine;

8} N-(5-(4-{dimethylammno)piperidin- 1 -yhpyridin-2-yl)-5-fluoro-4-(6-tluoro- { -methyl-1,2.3,4-1
etrahyvdrobenzold, 5 imidazol 1,2-a]pyridin-8-vhpyrimidm-2-amine;

9y (2-({5-tluoroe-d4-(6-tluoro-1-methyl-1.2,3 4-tetrahydrobenzol 4,3 imidazo| 1, 2-a{pyndin-8-ylip
yvramidin-2-vljammo)pyrinudin-5-vi}{4-methylpiperazin- 1 -yhmethanone;

LY (6-((S-Tluoro-4-(6-thuoro- 1 -methyl-1,2,3 4-tetrahydrobenzo[4.5 Jimidazof | . 2-a pyridin-8-yi)
pyrimidin-2-vamino)pyridin-3-vi)}{4-methvipiperazin- [ -vlimethanone:

1Y N5-(2-{diethyvlamino)ethvl)-N2-(5-fluoro-4-(6-fluoro- [ -methyl- 1.2, 5 4-tetrahydrobenzol4.5
ltmidazof 1. 2-alpyridin-R-yDpvrimidin-Z-vl)-N5-methyipyridine-2.5-diamine;

12) N-{5-({4-cthvipiperazin- | -yDmethylpyridin-2-y1}-4-{6-fluoro- [ -methyl- 1,2,3,4 . 4a.5-hexah
ydrobenzof4.5imidazo| |.2-a]pyrndin-8-yh)-5-(trifluoromethyDpyrimidin- 2-amine:

F3) N-(5-{{d-ethylpiperazin- | -vDmethylpyridin-2-y1)}-4-(6-fluoro- | -methyl-1.2,3.4 4a.5-hexab
ydrobenzof4.S imidazo] 1.2-alpyridin-§-yh-5-methylpyromdin-2-amme;

{4) S~chloro-N-(5-{{4-ethyipiperazin-{-yhymethvlpyridin-2-y13-4-(6-tlucre-{ -methyl-1,2,3,4-1e
trahvdrobenzo{4, > himudazol 1, 2-alpyridin-8-vhpyrmidin-2-anmine;

3) S~{hioro-4-(9-{luoro-4-methyi-3,4-dihydro- | H-benzo{4.5 mdazol 2,1 -c | | 4 joxazin-7-y1}-

N-{5-(4-methylpiperazin-1-yDpyndm-2-yUpyrimidin-2-amine;
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161 N-{5-({(4-ethvipiperazin- [ -yDmethyljpyridin-2-yi}-53-tluoro-4-(9-tluoro-4-methyl-3 4-dihyd
ro~1H-benzo[4,5 limidazoi2.1-¢ i [ ,4 Joxazin-7-y)pyrimidin-2-amine:

| 7) N-(5-(4-{dimethylaminopipenidin- L -yDpyridin-2-yv1)-3-tiuore-4-{9-tHluore-4-methyl-3,4-dib
vdro- TH-benzold, S iumdazol2, E-cif | 4loxazin-7-vipyvrimidin-2-amine;

| &) N-(S-{{d-(dimethyvianunopiperidin- I-vDmethyvDpyridin-2-yl}-5-tluoro-4-(9-tluoro-4-methy
i-3.4-dihydro-1H-benzol4.5 |immudazof 2.1 -c]j .4 )oxazin-7-yDpyrimidin-2-amine ;

19 S-thuoro-4-(9-fluoro-4-mcthyi-3,4-dihydro- 1 H-benzoi4, 5 imidazof 2,1 -¢ ][ T 4 loxazin-7-y1}-
N-(3-(piperazin- [ -yhpvridin-2-yDpvoinudm- 2-anune ;

20) S-fluoro-4-(9-fluoro-4-methyi-3 4-dihydro- tH-benzo{4, 5 fumidazol 2, 1-¢]{ | 4 joxazin-7-v1}-
N-(3-{piperazin-L-ylmethypyodn-2-yvhipyrmnidin-2-amine;

21) N-(5-fluoro-4-(9-tluoro-4-methvl-3,4-dihydro- { H-benzo{4,5 imidazo[ 2, I -ci{ I .4 Joxazin-7-
vipyrimidin-2-yD-6-(d-methylpiperazin-1-ypyridazin-3-aniine ;

22} 6-{{4-ethyipiperazin- | -yhmethyl - N-(3-{luoro-4-(9-inore-4-methyi-3 d-dihydro- | H-benzo
14,5 midazo[2,E-¢il 1 4loxazio-7-yhpyvrurudin-2-yhpyridazm-3-amine;

23 (1-{6-({5-tluoro-4-(9-tluoro-d-methyl-3 4-dihydro-1H-benzol4,5 imidazoi 2, | -cif | .4 Joxazimn

T-yhpyrimdin-2-yhaminopyridim-3-yhpyrrolidin-3-ymethanol:

v’

24 (1-((6-({S-fluoro-4-(9-fluoro-4-methyl-3 4-dihydro- 1 H-benzo[4, S imudazo[ 2. T -¢ i 1 4 joxaz

n-7-yhpviimidin-2-yhammo)pyrudin-3-vhmethyhpyrrohdin-3-yimethanol ;
25) N-(53-(d-cyclopropylpiperazin-1-yipyridin-2-vl)-5-tfluoro-4-{ 9-tluoro-4-methyi-3.4-dihydro

-IH-benzo[4,5 imidazo{2,1-cii | 4ioxazin-7-ypyrimidin-Z-amine;

26) N-{5-({4-cyclopropvlpiperazin- | -yDmethypvridin-2-y1}-5-fluore-4-(9-fluoro-4-methvi-3 .4
~dihivdre-iH-benzo[4, 5 iimidazo]2. b -c]f | 4joxazin-7-yhpyrmmdin-2-anune:

27y 21 -({6-{(S-fhioro-4-(G-fluoro-d-methyl-3 4-dihydro- L H-benzol 4,5 [nwmdazof 2, i -cji L4 |ox
azin- 7=y Dpyrmudin-2-yDamioopyndin-3~-viinethyvhpipendin-d-yD{methy Danuno Jethan-1-0l;

28) 1-(6-{{53-fluoro-4-(9-fluoro-4-methyl-3 4-dihvdro-1H-benzo{4.5 iimidazo{ 2. 1 -¢}{ 1 .4 joxazm-
7-yiypyrimudin-2-yhammopyridin-3-vi)-3-methvipyrrolidin-3-0i;

29 1-{{6-({3~-tluoro-4-(9-tlucro~4~-methyl-3,4-dihydro- T H-benzof4,5 jumidazo] 2, 1-¢ il | 4 Joxazm
-7-vipyrimidin-2-vhammo)pyridim-3-yhmethyb-3-methyipyrrolidin-3-ol:

30} S-thuoro-4-(9-fluoro-4-methvi-3.4-dihydro- I H-henzo{4,5 imidazo] 2, 1 -¢c][ | .4 joxazin-7-yl}-

N-{3-({4-(oxetan-3-v)piperazin-t-yhmethyDpyridin-2-yDpyrimdin-2-amine:

rN
~=]
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1) S-thuoro-4-{9-fluoro-4-methvi-3.4-dihydro- | H-benzo{4.5 imidazof 2, I -¢]{ | .4 joxazin-7-vi)-
N-{5-(4d-{oxetan-3-vhpiperazin- -yDpynidin-2-ypynmidin-2-anine:
321 N-(5-((4-ethvipiperazin- [ -yhmethy hpvridin-2-vi)-5- fluorg-4-( 9-fluoro-4-methyl-1,2,3 4-tet

-

rahyvdrobenzol4,5 limudazo[ !, 2-alpyrazin-7-ypyrnimidin-2-amine;

~er
! -

33y 5-fluoro-4-(9-fluoro-4-methvl-3 . 4-dihydro- 1 H-benzo{4,5 jimidazo[ 2.1 -c{] | .4 loxazin-7-vi}-
N-(S-({d"-methyl-[ 1 1"-bipiperazin|-4-yhmethyDpyridin-2-vDpyrimidin-2-amine:

34y S-thuoro-4-(9-fhuoro-4-micthvl-3,4-dihydro- | H-benzol4,5 [imidazol 2,1 -¢ ]| T 4 loxazin-7-v]}-
N-{5-((4-(| -methvipiperidin-4-yipiperazin- { -y hmethyDpyridin-2-yDpyrioudin-2-amine.

25, The compound of any of ¢laums [-27, wherem the compound 15 the (-} enantiomer of the
compound.

29. The compound of any of clanms 1-27, wherem the compound s the {+) enantiomer of the
compound.

-

3. A pharmaceutical composition comprising a therapeutically eftective amount of the
compound according to any one of claims 1-29, and a pharmaceutically acceptable excipient.

3. The pharmacentical composition according to clanm 340, wherem, the said compound 1 a
werght ratio 1o the said excipient within the range from about G.001 to about 10,

32. Use of the pharmaceutical composition of claim 30 or 31, or the compound ot any one of
clayms 1-2Y for the preparation of a medicament.

33. The use of clamim 32, wherem the medicament 1s used for the treatment or prevention of
Cancer.

34. The use of claim 33, wherein the cancer 1s colon cancer, rectal cancer, mantle cell lymphoma,
nultiple myeloma, breast cancer, prostate cancer, glioblastoma, squamous cell esophageal cancer,
hposarcoma, T-cell tvimphoma, melanoma, pancreatic cancer, brain cancer or lung cancer.

35, The vse of claim 32, wherein the medicament i1s used as an 1nhibitor of CDK.

36, The use of ¢laim 35, wherein the medicament s used as an mhibitor of CDK 4 and/or CHBK6.

37. A method of treating a disease mediated by CDK in a subject, comprising adminisiering the
compound of any one of claims 1-29 or the pharmaceutical composition of clann 30 or 31,

38, The method of claim 37, wherem the CDK comprises CDE4 and/or CDK6.

39, The method of claim 37 or 38, wherein the disease mediated by CDK 15 cancer.

40, The method of clamm 39 wherein the cancer s ¢colon cancer, rectal cancer, mantle cell

ivmphoma, multiple myeloma, breast cavcer, prostate cancer, ghioblastoma, squamous cell

P
L
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esophageal cancer, liposarcoma, T-cell lvmphoma melanoma, pancreatic cancer, brain cancer or lung
CANCET.

41. The method of any one of claims 37-40, wherein the subject 1s a human.
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