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ABSTRACT

Through a structure-guided rational drug designr@ggh, we have discovered a highly
selective inhibitor compound0 (JSH-150), which exhibited an 4€of 1 nM against
CDKO kinase in the biochemical assay and achievedrna 300-10000-fold selectivity
over other CDK kinase family members. In additignalso displayed high selectivity
over other 468 kinases/mutants (KINOMEscan S sitpr6(01). Compound40
displayed potent antiproliferative effects againslanoma, neuroblastoma, hepatoma,
colon cancer, lung cancer as well as leukemialicel$. It could dose-dependently inhibit
the phosphorylation of RNA Pol Il, suppress theregpion of MCL-1 and C-Myc, arrest
the cell cycle and induce the apoptosis in the deuik cells. In the MV4-11
cell-inoculated xenograft mouse model, 10 mg/kgadesof40 could almost completely
suppress the tumor progression. The high selectaviid good in vivo PK/PD profile
suggested tha#tl0 would be a good pharmacological tool to study CDH&diated
physiology and pathology as well as a potentiagdrandidate for leukemia and other

cancers.
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Abbreviations used

AML, acute myeloid leukemia; CDK, cyclin-dependerinase; CLL, chronic
lymphocytic leukemia; MCL, mantle cell lymphoma; BAstructure-activity relationship;
DMSO, dimethyl sulfoxide; DMF, N, N-dimethylformade; DCM, dimethyl chloride;
NBS, N-bromobutanimide; DMAP, 4-dimethylaminopyndi LDA, lithium

diisopropylamide; DIPEA, N, N-diisopropylethylamin®ME, 1,2-dimethoxyethane;

DIAD, diisopropyl azodicarboxylate.
1. Introduction

Cyclin-dependent kinases (CDKs) are a class ohs#hireonine protein kinase which
play critical roles in the regulation of cell cyate/and transcription [1,2]. To date, 21
different CDKs (1-11a, 11b-20) have been identifrethe human genome and they can
be divided into two main groups based on their prinroles [3]. CDK1, CDK2, CDK4,
and CDK6 have been found to regulate the cell cgobgression upon binding to cyclin
proteins. CDK7, CDK8, CDK9 and CDK11 are key playar transcription regulation
[4,5]. These CDKs promote RNA synthesis for celbwgth, differentiation and viral
pathogenesis [6,7] etc. Among them, CDK®9 is a legulator of transcription elongation
in eukaryotic cells and has been considered asemipa drug target for several diseases
including cardiac hypertrophy and certain cancechsas a variety of blood cancers as
well as solid tumors [8]. CDK9 phosphorylates Sezfidues in the carboxy-terminal
domain (CTD) of RNA Pol Il to initiate the tranggation elongation [9]. Activation of
CDKO kinase will promote the expression of antiaptip factor myeloid cell leukemia 1
(MCL-1) [10], which leads to malignant cell transfwation. Inhibition of CDK9 activity

will result in the down-regulation of this shordd antiapoptotic protein MCL-1, and



consequently the induction of caspase-dependemtt@ge which is important for tumor
control [11-14].

Flavopiridol (alvocidib,l), the first CDK inhibitor entered into clinicaldts, exhibited
antileukemic activity in CLL patients via potenthibition of the CDK9-meditated
down-regulation of antiapoptotic proteins transioip [15,16]. This has stimulated broad
research interests for CDK9 and a number of smalleaule inhibitors have been
discovered and moved into clinical investigatiorg(ffe 1). However, the high structural
homology of ATP binding pocket among CDKs made gir@at challenge for developing
highly selective CDK9 kinase inhibitors. Most oktlurrently known CDK9 inhibitors
are non-selective inhibitors. For examdesxhibited high potency against CDK1, 2, 4, 5,
6 and 9;2 (SNS-032) was potent to CDK 2, 7 and 9 [17,18mpound3 (RGB286638)
targeted CDK1, 2, 3, 4, 5 and 9. Compouh@LY2857785), which was evaluated in
phase | clinical trials for the treatment of sdlionors, was relatively more selective but
also simultaneously inhibited CDK7, 8, 9 [19,20]thé& multiple CDK inhibitors
including 5 [21] (AZD5438, CDK1/2/9)6 [22] (AT7519, CDK1/2/4/6/9) and [23-25]
(SCH727965, CDK1/2/5/9) have also been testedimcal trials. The pyrimidine core
scaffold-based CDKS9 inhibitors includi®(CDKI-73) [13] and9 also potently inhibited
both CDK7 and CDK9. However, given the fact thatsinof the CDK family members
play critical roles both in physiology and pathofogpnditions,e.g., CDK7 is directly
upstream of CDK9 and both of them control trangmip non-specific inhibition of
these kinases would increase the potential of thwerge events in the clinic and also
made it hard to dissect the specific roles in tebutar context. Therefore, a highly

selective CDK9 inhibitor is urgently desired for thoof the physiological and



pathological study. Here we reported our mediccta@mistry efforts starting fror’'s

core scaffold which led to the discovery of a hygbélective and potent CDK9 inhibitor
40 (JSH-150). It is worth mentioning that during pregieon of this manuscript, a
structurally similar inhibitor10 (NVP-2), which also exhibited high selectivity and
potency against CDK9 kinase, was reported as a ichérniology research tool for

studying protein degradation [26].
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Figure 1. Chemical structures of representative inhibitbet bear CDK9 kinase activity.

2. Resultsand discussion
2.1. Design rationale

Compound is a potent inhibitor of CDK9 with an kgof 14 nM, but also displays
an 1G value of 92 nM for CDK7 [27]. In order to compétes binding modes & in

CDK7 and CDK9, we docke@ into the CDK7 kinase (PDB ID: 1UA2) [7] (Figure



2A-B). The results showed that the aminopyrimidioemed two hydrogen bonds in the
hinge binding area with Met94 and Cys106 of CDK® &DK9 respectively. The
diazepane moiety d formed a hydrogen bond with Leul43 and Thr29 oKZand
CDKO respectively. In addition, the NH of aminoghole moiety o® formed hydrogen
bonds with Lys41 and Thr29 of CDK7 and CDKO respety. After carefully analyzing
the structures of CDK7 and CDK9, we postulated that P-loop of CDK9 was more
flexible and could accommodate bigger fragmentsth& position than CDK7. In
addition, there is a shallow hydrophobic pocketedit to the hinge binding area formed
by His108 and Gly112 of CDK9. While for CDK7, theseo residues were replaced by
Thr96 and Vall100, which indicated that a carefiggtected small hydrophobic moiety
could be used here to explore the selectivity beb€DK7 and CDK9 (Figure 2C-D).
Furthermore, the structural information showed thatgatekeeper residue in both CDK7
(Phe91) and CDK9 (Phel03) interacted with the Gdugrof9, which might be replaced
with the CI atom in order to achieve higher bindedgnity due to the halogen bond
interaction [28]. Based on these analyses, we dddid start fron®’'s core scaffold and
modify the R/R?/R®, X and Y moieties, which finally led to the disewy of the highly

potent and selective CDK9 kinase inhibi@ (JSH-150) (Figure 3).



Figure 2. Binding mode of compour@with CDK7/9 kinase. (A) Docking @& in CDK7
kinase (PDB ID: 1UA2). (B) X-ray structure 8fin complex with CDK9 kinase (PDB
ID: 4BCG). (C) lllustration of the P-loop area difénce by overlaying CDK7 and CDKO9.
(D) lllustration of the sequence difference of CDKid CDK9 adjacent to the hinge

binding area.
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Figure 3. Schematic illustration of discovery of compoutidfrom compound.

2.2. Chemistry and structure-activity relationship (SAR) investigation



As shown in scheme 1, 5-bromothiazol-2-ami#@ (vas protected with Boc group
(47) and intermediatel8 was prepared via Bromine dance reaction. Suzukplooy
between8 and pinacol boronic estdba or 45b offered intermediate$l or 11a, which
then reacted with appropriate alcohols to afforterimediatess3g-m via Mitsunobu
reaction. IntermediateS6a-b were prepared from corresponding alcohd&@4afb) via
tosylation reactionSba-b) and nucleophilic substitution, whiltc-e were synthesized
from tert-butyl ((1r,4r)-4-aminocyclohexyl)carbamate aftecieophilic substitution with
alkyl bromide and Boc deprotection. The target coamus 12-15, 21-26, 30, 32, 35,
37-38 and 43 were obtained by nucleophilic substitution B68g-m with 56a-e.
Nucleophilic substitution of53l with appropriate Boc-protected amine followed by
deprotection of the Boc group furnished the tam@hpoundsl6-17, and 18-20 were

obtained by acylation reaction d® with corresponding acyl chloride (Scheme 1).

Scheme 1. Synthesis of Compoundd-26, 30, 32, 35, 37-38 and43?
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®Reagents and conditions: (a) pinacol, tolueneyxefvernight; (b) Bogd, DMAP, THF,

rt, 2 days; (c) LDA, 0 °C, 2 h; (d) Pd(PPh NaCOs;, DME/H,O/dioxane, 70 °C,

overnight; (e) RCH,OH, PPh, DIAD, THF, N, 0 °C, overnight; (f) RNH, or R'OH,

DIEA, DMSO, 100-110 °C, 2 days; (g) NaH, TosCl,

@-1t, overnight;

(h)

trans-1,4-diaminocyclohexane, @EN, 90 °C, overnight; ()i} R®-Br, K,COs, CHCN,

80 °C, 16 h; if) 4 N HCI, ethyl acetate, rt, 3 h; (j)) (R*NHBoc, DIEA, DMSO,

100-110 °C, 2 daysjij CFsCOOH, DCM, 0 °C-rt, 1.5 h; (k) ®OCI, DCM, 0 °C, 1 h.



The syntheses of compoun®%-29 were depicted in Scheme 2. Intermed@levas
synthesized from (tetrahydrd42pyran-4-yl)methanol 57) in three steps including
bromination §8), nucleophilic substitution50) and reduction. Then a nucleophilic
substitution reaction betweesv/60 with 2, 4-dibromothiazole provided intermediates
61-62. Suzuki coupling betweebll/62 and45a afforded63-64, which was subsequently

subjected to nucleophilic substitution whfc to yield the target compoun@s-29.

Scheme 2. Synthesis of Compound@8-29%
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57, 60 61,62 63, 64 28, 29
5§7:X=0 61,63,28:X=8
60: X=8S 62, 64,29: X=0

®Reagents and conditions: (a) NBS, RRYCM, 0 °C, 1-2 h; (b) KSAc, DMF, 90 °C, 2 h;
(c) LiAlH,4 THF, 0 °C-rt, overnight; (d) 2,4-dibromothiazolslaH, THF, 0 °C-rt,
overnight; (e)45a, Pd(PPh)4, NaCO;, 1,4-dioxane/HO, 90 °C, overnight; (f)56c,

K2COs, DMSO, 100 °C, 2 days.

Starting from Mitsunobu reaction betwed8 and a variety of alcohols, which
afforded intermediate$2b-f, compounds3l, 33-34, 36 and 39 were obtained from
nucleophilic substitution ob6c and 53b-f which were provided by Suzuki coupling
betweerb2b-f and45a. For the syntheses 40-42, intermediaté1 was obtained through
a two-step process including cyclizatiosO) and reduction. Then Mitsunobu reaction

betweens1 and48 offered intermediat®2a, which was subjected to a Suzuki coupling



with 45a to yield 53a. Finally, a base-mediated substitution reactiotwben56a-c and

53a furnished the desired compourifs42 (Scheme 3).

Scheme 3. Synthesis of Compound, 33-34, 36 and39-42°

S 3 s 3
/R /R
s a S R b E | p—NBoc ¢ N | )—NH
/[ />*NHBoc e />\NBoc — ‘ X N — g ‘ BN N
" ot N NP

Br cl
48 52b-f 53b-f 31, 33-34, 36, 39
52b-53b: R® = CF3 31: R" = (1r,4n)-4-(methoxyl ethyl amino)cyclohexyl R® = CF3
52¢-53¢: R® = cyclobutyl 33: R" = (1r,4r)-4-(methoxyl ethyl amino)cyclohexyl, R® = cyclobutyl
52d-53d: R® = cyclopentyl 34: R" = (1r,41)-4-(methoxyl ethyl amino)cyclohexyl, R® = cyclopenttyl
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®Reagents and conditions: (aJ&H,0H, PPh, DIAD, anhydrous THF, 0-40 °C,N1.5
h; (b) 45a, Pd(PPk)4, N&COs, DME/H,O/dioxane, N, 70 °C, overnight; (ch6c, DIEA,
DMSO, 100-110 °C, 2 days; (d) 1-bromo-2-(2-bromogthethane, DBU, DMF, 85 °C,
3 h; (e) NaBH, DME/MeOH, 0 °C, 2 h; (f/48, PPh, DIAD, anhydrous THF, 0-40 °C,

N,, 1.5 h: (g)56a-c, DIEA, DMSO, 100-110 °C, 2 days.

Intermediate thiazol boronic acb was obtained fron65 which was synthesized
through Mitsunobu reaction betwee#8 and (tetrahydro-2H-pyran-4-yl)methanol.
Following Suzuki coupling and Buchwald coupling agans provided intermediatés.
After removal of the N-Boc protecting group, firmmpound?27 was afforded through a

nucleophilic substitution d@9 with 1-bromo-2-methoxyethane.

Scheme 4. Synthesis of Compouriel®
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®Reagents and conditions: (a) (tetrahydro-2H-pyrafsethanol, PP§ DIAD, THF,
-10-50 °C, 3 h; (b) bis(pinacolato)diboron, Pd(d@bf- DCM, KOAc, dioxane, 100 °C, 3
h; (c) 4-bromo-2-chloro-5-methylpyridine, Pd(BRRhKsPQy, dioxane, 100 °C, 4 h; (d)
tert-butyl ((1r,4r)-4-aminocyclohexyl)carbamate, »(@thay, Binap, tBuONa, toluene,
120 °C, overnight; (€) TFA, DCM, rt, 1 h; (f) BrGBH,OCHs, K,COs, DMF, 100 °C,

overnight.

In order to better explore the SAR of the inhilstobesides the biochemical assay
with CDK9 protein (IGg), we also evaluated the inhibitor's cellular ardigerative
activity (Glsp) using MV4-11 (acute myeloid leukemia, AML) cehdaMEC-1 (chronic
lymphocytic leukemia, CLL) cell. In addition, we at¢ normal Chinese hamster lung
(CHL) cell to monitor the inhibitor's general cytxicity as well [29] (Table 1). We
first prepared the pyridinthiazole compouty which bears a Cl atom atRa F atom at
Y and a slightly bigger Boc group instead of metimgup attached to NH at X position.
Unfortunately, it completely lost the activity agsi CDK9 kinase. Replacement of the
NHBoc at X with NH-methylenetetrahydropyrane moi€if) started to gain back the
activity to CDK9 (IGo: 0.557 uM) but still did not show any cellular activity.
Substitution of the F atom with 2-methoxyethanamie= NH, R* = MeOCHCH,)

afforded 13, which only showed weak activity against CDK9 dadked the cellular



activity. Installation of the phenyl group at Rl4) slightly increased the activity to
CDK9 (ICsq: 0.238uM) but also displayed no cellular activity. WhehvRas the 4-fluoro
benzoyl group 15), it resulted in significant activity loss to CDK#hd started to show
general cytotoxicity. These results indicated thatore flexible group might be required
at the R position. We then tried to change the substitugnoup at Rto 4-amino
cyclohexyl @6), which surprisingly showed good activity agai®DK9 kinase (1Go:
0.022 uM) and started to exhibit cellular activities in M\M.1 (Gky: 0.14 uM) and
MEC-1 (Gko: 0.27uM) cells. Meanwhile, it displayed good selectivityer normal CHL
cells (Gko: 3.5uM). Addition of a methylene group between NH andmino cyclohexyl
(17) slightly decreased the activity to CDK9 §4C0.084uM) and significantly lost the
activity in the cellular assays. A series of aayb&titutions of the 4-amino cyclohexyl
(18-20) were also examined but all led to activity loss GDK9 kinase. However,
aliphatic chain substitution at the same positiecthsas methoxylethan&l) resulted in a
potent activity against CDK9 (Ka. 0.002uM), although it also displayed weak cellular
antiproliferative activity to cancer cell lines angtotoxicity to CHL cells. Both of the
methoxypropane2Q) and ethoxyethan@®) substitution of the 4-amino cyclohexyl at R
caused slight activity loss to CDK9 kinase as waslthe cellular activities. Interestingly,
installation of a chiral center by introduction (8)-1-methoxypropan-2-amine at'R
position @4) completely lost the activity to CDK9 (k& >10 pM), while the
corresponding enantiomeR)¢1-methoxypropan-2-amine2g) started to gain back the
activity (ICso: 0.733uM) although it was still much weaker thath. Replacement of the
Cl in 21 with H atom 26) and methyl group2/) resulted in more than 50-fold and

126-fold activity loss to CDK9 indicating that tig# atom might indeed form a halogen



bond interaction with Phel103 [28]. Change of the &tHX position 0f21 to an O atom

(28) or S atom 29) both led to activity loss (14 and 7-fold respeely) against CDK9

kinase.

Table 1. SAR Exploration Focused on thé/R¥/X/Y Moieties®

S
[ )~x
@y
N~ R2
CDK9 | MV4-11 | MEC-1 | CHL
Compd. R R X Y
omp (ICso: M) | (Glsg: pM) | (Glsg: M) | (Glsg: uM)
1 : Cl | NHBoc | F >10 >10 >10 >10
: 0.557+
12 : c | WU | OF >10 >10 >10
0.012
: 1.04+
13 ot c | WU | NH >10 >10 >10
0.012
% " 0.238+
14 c | NH >10 >10 >10
> e 0.042
. L s | 0552000 3:6:0.020 | 0.93:0.0:
#y 3t
15 @%ﬁ c | NH 4 4
: e 0.233
: : 0022+ | 014t | 027+ | 35+
16 _[j}&“ c | WU | NH
v 0007 | 0033 | 0012 | 0027
o : 0084 | 1.9+ 3.9+
17 7 | a | Y | e >10
Ha 0.008 | 0016 0.025




g . 0101+ | 3.6+
18 ? O c | WUy | NH >10 >10
g 0.016 | 0.042
9 * ¥ 0.15+
19 191 cl N NH >10 >10 >10
& e 0.013
o 2 ¥n 1.89+
20 | o L. cl N NH >10 >10 >10
H n 0.808
¢ ; 0.002+ | 017+ | 1.24+ | 0534
2 | o I e | AT | N
; 0.0002 | 0045 | 0089 | 0.087
H“' 0012+ | 109+ | 261+ | 203
22 | oy c | WUy | NH | o T U
0.008 | 0096 | 0214 | 0145
o ‘O’H‘l 4 0.051+ | 0497+ | 0634 | 2.82+
23 | Oy cl NU L | NH
0.005 | 0014 | 0103 | 0241
. i ¥ 0.44z
24 - cl i NH >10 1.3+0.015| 3.6£0.032
& ¥ 0.733+ 0.14+ | 0.31%0.00
5 | o ) [ cl N NH 1.1+0.018
V”gﬁ s 0.503 0.031 4
2 . 0.114+ | 091+
26 L H N NH 2.540.014| 1.240.024
3 y 0.253:0.0| 1.62+
27 CH N NH 3.56+0.14| 5.01+0.11
/owHO/ - | 24 0.098
o8
A~ 4 0.028+ | 057+
28 | Oy cl RONRT 1.40.023| 3.3:0.028
© 0.006 0.014
5 ¥ 0.014+ 0.34+
29 [ cl s NH 0.840.002| 5.6+0.045
Oy O 0.002 0.025

All Gl 5o values were obtained by triplet testing.




Because2l exhibited potent inhibitory activity to CDK9 kinasn the biochemical
assay but still lacked cell antiproliferative eéfiy, we then fixed theRyroup as Cl atom
and the X moiety as NH and further explored th&YMR® moieties (Table 2).
Replacement of tetrahydropyran 24 with H atom 80) at R decreased the activity to
CDK9 about 50-fold indicating that a relativelydarsize group here might be favorable
for the activity. A more hydrophobic GEroup at R position @1) gained back the
activity against CDK9 to 0.01¢M (ICsg), although it still lacked potent antiproliferagiv
activity in the cellular assays. Variation at thésie with different hydrophobic rings
(32-38) all retained reasonable activities to CDK9 kin&sg none of them exhibited
potent cellular activity. When Rvastetrahydrofuran group39), it gained the activity to
CDK9 with an 1Gp value of 0.09uM and showed good selectivity window between
normal cells and cancer cells, although it wa$ stit very potent in the cellular assays.
Interestingly, replacement of the®Rnoiety with tetrahydropyran carbonitriled0)
resulted in great activity against CDK9 kinases(.002 uM). In addition, it also
exhibited potent antiproliferative efficacies in MM.1 (Gko: 0.012 uM) and MEC-1
(Glsg: 0.037 uM) cells, and meanwhile kept good selectivity owmermal CHL cells
(Glse: 1.2 uM). Addition of a chiral center to the'Rnoiety of 40 by installation of
(R)-1-methoxypropan-2-aminell) almost retained both of the biochemical and ¢ailu
activities as well as the selectivity window. Howevthe corresponding§ enantiomer
(42) started to lose the cellular activities. Finalihanging NH at Y position a1 to

Oxygen atom43) led to significant activity loss to CDK9 kinase.

Table 2. SAR Exploration Focused on thé/R/R* Moieties



S
[ ) N
ieas
Cl

CDK9 MV4-11 MEC-1 CHL
Compd. R R Y
omp (ICs0: M) | (Glsg: M) | (Glsg: uM) | (Glsg: M)
. O‘ﬁa H \H 0.101+0.0| 0.53+0.01 L440.023| 1,040,035
. 410, .910.
O 16 2
" O}a cF, " 0.017+0.0| 0.752+0.0 { 110,05 0.877+0.0
. - .1+0.
/0\/\”“ 07 21 12
» O}a D% " 0.096+0.0| 0.74+0.01| 0.89+0.03 L 450,021
. - 420.
/0\/\”“ 44 6 3
s O)‘% % - 0.107+0.0 10 2.26+0.10| 1.29+0.08
. — >
/0\/\”“ C 4 1 5
34 O‘z Q% e~ 0.080+0.0| 2.1620.11| 2.94+0.08 0
. - >
/0\/\” 09 4 9
5 0.027+0.0| 0.82+0.03| 0.85+0.02
35 O - NH 8+0.214
/O\/\H\ O% 03 4 3
5 % 0.094+0.0| 3.4620.14| 6.31+0.12| 2.04%0.09
36 | o @ NH
N 04 5 1 8
. O}a @5 \H 0.014+0.0| 0.33+0.00| 0.47+0.02 140017
. - +0.
- 02 6 5
- O}s : " 0.002+0.0| 0.88+0.05| 0.45+0.03 L 120001
\ )+ 1+0.
S 001 3 2
- O}a (g‘\ \H 0.09+0.00| 0.493+0.0| 0.883+0.0 0
- >
Oy 7 46 54




5 0.006£0.0| 0.012+0.0| 0.037+0.0
40 L a_ )t NH 1.2£0.067
O DE:N 01 002 01
5 0.009+0.0| 0.014+0.0| 0.047+0.0
4 | o L O OC>Y§* NH 1.1+0.017
AN eN 002 024 036
i 5 1 0.01£0.00| 0.121+0.0| 0.53740.0| 1.25+0.05
42 P Q NH
S eN 2 41 25 7
5 1.67+0.36
43 /o\/\N\\.O/ s 0 L | 7m0051|  >10 >10
H

All Gl 5o values were obtained by triplet testing.

2.3. Slectivity profiling of compound 40

Given the fact tha#0 exhibited the best in vitro biochemical activitgagnst CDK9

kinase, antiproliferative efficacy in cancer cefies as well as the therapeutic window

between normal cells and cancer cells, we then echibss compound for further

selectivity evaluation. We first subjectetD to Invitrogen’'s SelectScreen assay to

examine its selectivity among structurally simi@DK kinase isoforms (Figure 4A-B).

Among 10 different CDK isoforms which are availalfilem the Invitrogen’s platform,

40 only potently inhibited CDK9 kinase (4§ 0.001 uM) and exhibited more than

1000-fold selectivity over CDK1/2/3/5/7/8/11/14 aathout 300-fold over CDK16. In

order to investigate the inhibitor’s selectivity ang other protein kinases, we then tested

40 with DiscoverX’'s KINOMEscan technology for the kimewide selectivity profiling

[30]. Among 468 kinases/mutan#) exhibited a S score(1) of 0.01 at the concentmatio

of 1 puM. Besides CDK9 kinase, it only showed strong bmgdito DYRK1A and

DYRK1B kinases (Figure 4C-D, Supplemental table 1).
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Figure 4. Selectivity profiling of compound0. (A, B) Biochemical testing 040 against
CDK isoforms with Invitrogen SelectScreen platfof@arlsbad, CA, USA). All data
were obtained by triplet testing. (C) Treespot desti@tion of kinomewide selectivity of
40 with DiscoverX KINOMEscan technology. Measurememisre performed at a
concentration of M of the inhibitor. The affinity was defined witkespect to a DMSO
control. (D) Targets that demonstrated strong Imgdb 40 in kinome profiling with a

percent control number less than 1.

In order to better understad@'s binding mechanism, we next docked the inhibitor

into the X-ray structure of CDK9 kinase (PDB ID: @8) (Figure 5A). The modeling



results showed that the aminopyridineddfformed two hydrogen bonds with Cys106 in
the hinge binding region. In the'Rnoiety, the oxygen atom formed a hydrogen bond
with Aspl109 located adjacent to that area. In amditthe NH at X position formed a
hydrogen bond with Asp167 in the activation loopedviwhile, the CN group formed a
hydrogen bond with the Thr29 in the P-loop. In cangon, it was disfavored when this
binding mode was superimposed onto CDK7 kinase (HRBLUA2) (Figure 5B). First,
Vall00 adjacent to the hinge binding region of CDpfévented the methoxy group of
the R moiety from directing into this position due tetsteric hindrance, while in CDK9
kinase the residue Gly122 at the same positiorsléok isopropyl side chain of Val100
and thus avoid this interaction. In addition, theZ0 in the CDK9 P-loop was replaced
with Gly21 in the CDK7 P-loop, which lacks the chpigy to form hydrogen bond with

the CN group ofi0 in CDK?7.

Y Asp167 >‘E¥ B Nk j

Thr29 23

Figure 5. Binding mode of compound0 with CDK9 kinase and superposition mode of
CDK7 with CDK9 kinase. (A) Carton mode illustratiai docking of40 into CDK9
(PDB ID: 4BCG). (B) lllustration of the differencdsy overlaying CDK7 (PDB ID:

1UA2) and CDKO.

2.4. Céllular evaluation of compound 40



We then examined the antiproliferative effect46fon a panel of established cancer
cell lines (Table 3). Not surprisingly, it exhilitepotent antiproliferative activities in
solid tumor cell lines such as A375 (melanoma), R4&quamous), BE(2)M17
(neuroblastoma), GIST-T1 (GIST) and COLO205 (cotamcer) with G, values from
0.002 to 0.044uM. In the leukemia cell lines including AML, CLL drB cell lymphoma
cell lines,40 also displayed strong growth inhibition efficaciggh Glsgs ranging from
single to double digit nM. In additiod0 was much less sensitive in hormal CHO cells
(Glsp: 1.2 uM) compared with the cancer cell lines. Compounahich is a CDK1/2/5/9
multiple kinase inhibitor, also exhibited similaends in these cancer cell lines except
that it also showed relatively potent antiprolitera effect on CHO cells (Gd: 0.16uM)

which might reflect its multiple-target property.

Table 3. Antiproliferation Effects of CompourdD on a Panel of Cancer Cell Liffes

Cell line Cell type ((:C?Ir:opSI\jllg) (%C:Er;p“dl\-/r)
A375 melanoma 0.040.0023 0.01%0.0014
A431 squamous 0.030.0022 0.01%0.0011

BE(2)M17 neuroblastoma 0.083.0062 0.0210.0013
GIST-T1 GIST 0.00240.0003 0.008&0.0006
COLO205 colon cancer 0.04@.0032 0.00680.0005
Ramos B cell lymphoma 0.018.0015 0.0086:0.0007
HL-60 AML 0.056:0.0024 0.008:0.0003
MOLM13 AML 0.0120.0011 0.00330.0004
MOLM14 AML 0.001%0.0002 0.00450.0004
OCI-AML-3 AML 0.0066:0.0007 0.0130.0021




SKM-1 AML 0.0120.0018 0.0110.0032
U937 AML 0.002:0.0003 0.010.0018
MEC-1 CLL 0.01%0.0034 0.00360.0006
MEC-2 CLL 0.03'40.0028 0.01%0.0029
CHO Chinese hamster ovary cell #01021 0.16+0.013

All Gl 5o values were obtained by triple testing.

Since CDK9 kinase inhibitors have been extensiwelgluated for leukemia in the
clinical trials, we chose MV4-11 (AML), HL-60 (AMLand MEC-1(CLL) cell lines to
examine 40's effects on the CDK9-mediated signaling pathwdifggure 6A). As
expected, upon 2 h drug treatment, phospho-CDK38twas not affected however
phospho-RNA Pol Il Ser2, which is the direct phasptation site in the CTD domain,
was dose-dependently inhibited &C<100 nM) in all three cell lines. In addition,
phospho-RNA pol Il Ser5, which is the phosphoryglatsite of CDK7 was not affected
even at 3UM concentration ofl0, which again reflected its selectivity over CDKin&se.
The expression level of antiapoptotic proteins sudCL-1 and c-MYC were
dose-dependently reduced while other antiapopfmiiteins such as XIAP and BCL-2
were not affected upon 2 h treatmen#6f[31]. Compound/ exhibited a similar trend.
After 24 h drug treatment, by looking at the cleh¥®ARP and caspase-3 protein level,
dose-dependent apoptosis was observed in all talédnes which were in accordance
with the observation of the antiapoptotic protesmdl reduction for MCL-1 and c-MYC
(Figure 6B). Furthermore, the cell cycle was agésit GO/G1 phase after 24 h treatment
of 40, indicating that the cells stopped growing aftanscription was blocked (Figure

6C).
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Figure 6. Cellular effects of compoundD in AML cell lines MV4-11, HL-60 and CLL

cell line MEC-1. (A) Effects ofi0 on CDK9-mediated signaling pathways. (B) Effedts o

40 on apoptosis. (C) Effects 4@ on cell cycle progression.

2.5. In vivo PK/PD evaluation of compound 40

The PK properties of40 were evaluated in different species including mice

Sprague-Dawley rats and beagle dogs through

administration

imowge injection and oral

(Table 5). The data showed #tatvas absorbed rapidly in dogs and mice



(Tmax = 1.33 h and 2.00 h respectively) but slowly itsrélm.x = 3.33 h).40 also
displayed different half-lives in three differemtegies via oral administration {7= 1.55

h in mice, 3.37 h in rats and 20.37 h in dogs),cihndicated that it was metabolized
very slowly in dogs compared with mice and ratse Mz values ofl0 in mice, rats and
dogs were 18203.84, 44464.14 and 12783.38 mL/kgeotiwely, indicating that it
distributed widely in rats’ body while mainly indid and extracellular fluid for mice and
dogs. In addition40 exhibited acceptable bioavailability in mice, ratisd dogs (F =
45.01%, 45.10% and 39.15%, respectively). The R¥pgrties indicated that0 would

be suitable for oral administration.

Table 5. Pharmacokinetic Study of Compou#d in Mice, Sprague Dawley Rats and

Beagle Dog$
Species Mice Rats Dogs
P (n = 24) (n=3) (n=3)
0 iv po iv po iv po
(3 mg/kg) | (10 mg/kg) | (3 mg/kg) | (20 mg/kg) (2 mg/kg) | (10 mg/kg)
Iﬁ)z 1.72 1.55 6.80+0.47| 3.37+0.45 | 13.14%2.63| 20.37+17.09
T(p;;x 0.083 2.00 0.02+0.00| 3.33+1.15 | 0.02+0.00 | 1.33%0.58
Crax 1468.16+1 414.47+156| 770.55+259.
(ng/mL) 573.36 115.76 6036 | 329-12#66.11 a2 7
AUC gy 624.78+38| 1780.21+ | 2014.82+47| 3943.59+18
(hvng/mi) | 39305 | 59117 42 341.34 4.61 19.29
AUC . 662.30+47| 1989.38+ | 3121.69+12| 16735.55+1
(h*ng/mL) 48.01 612.21 14 373.25 21.56 2152.92
Vz 4446414+ 12783.38+2
(mL/kg) 18203.84 h 469.28 N 464.08 h
Cl 4545.22+3 711.30+277
(mL/h/kg) 7352.79 h 28.14 N .78 h




MRT o 9569.54+
s 1.25 324 | 460:013] SO | 9361186 | 350010
MRT (o) 1.58 348 | 6.33:0.43| 1381L12423) ) 2617 04| 29.25+24.28
) 12.20
F (%) - 45.01 - 45.1047.12 . 39.15+18.06

2All data were obtained by triple testing (+SD) epcmice.

Finally, we tested40’s antitumor efficacy in MV4-11 cell-inoculated xegraft

mouse model via oral administration (Figure 7A-Bieatment o#0 at all dosages,e.,

10, 20 and 30 mg/kg/day, could almost completeppsess the tumor progression in the

first two weeks and did not affect the animal's gvei indicating that there was no

general cytotoxicity at these doses. Interestingfter stopped the treatment 40, the

tumors of the animals treated with 10 mpk drug desstarted to grow again. However,

this tumor recurrence was not observed in the 203Ihmpk dosage groups during the

following week after administration of compoud® was stopped ang values were

quantified on the 21st day, which were 0.042, 050&3d 0.0028, respectively.
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Figure 7. Compound40’s antitumor efficacy in MV4-11 xenograft mouse rsbd~emale

nu/nu mice bearing established MV4-11 tumor xenfbgraere treated witd0 at 10, 20,

and 30 mg/kg/d dosage or vehicle. Daily oral adstiation was initiated when MV4-11



tumors had reached a size of 200-400°miEach group contained five animals. Data,
mean + SEM mpk, mg kg day ™. (A) Body weight, and (B) Tumor size measurements
from MV4-11 xenograft mice aftet0 administration. Initial body weight and tumor size

were set as 100%. “*p<0.05. **| p<0.01.

3. Conclusions

Starting from the core scaffold of CDK7/9 inhibi@ra structure-guided drug design
approach led to the discovery of a novel highlyepbtand selective CDK9 kinase
inhibitor 40. It exhibited single digit nM potency against CDKi@ase in the biochemical
assay. Compared to most of the currently known Giéniése inhibitors40 achieved
superior selectivity among CDK subfamily, espegiathe high selectivity between
CDK9 and CDK7 kinase (over 1700-fold), both of whiare critical transcription
regulators. Thereford0 would provide an ideal pharmacological tool fossdicting the
CDK7- and CDKO9-related physiology and pathology. dddition, 40 exhibited great
antiproliferative activities in a range of estabéd cancer cell lines including solid tumor
and leukemia cells through inducing the apoptoélt death. Meanwhile it showed a
reasonable therapeutic window over normal celdicating that selective CDK9 kinase
inhibitor might have potential antitumor efficacy a wide range of the cancers. The
impressive antitumor efficacy @l in the in vivo experiment especially that the tumo
remained un-relapsed after stopping the drug treatmindicated a possible
treatment-holiday-treatment drug application apphoavhich would provide a better
therapeutic window and a more economical way fimiadl usage. The high potency and
selectivity, acceptable PK profile as well as gaodivo antitumor efficacy o0 would

make it a potential drug candidate for a rangeaoicers especially leukemias.



4. Experimental section

4.1. Chemistry. All reagents and solvents were purchased from cawialesources and
used as obtainedH NMR spectra were recorded with a Bruker 400 MHEIR
spectrometer and referenced to deuterated meth@ioiOD), deuterium dimethyl
sulfoxide (DMSO¢) or deuterium chloroform (CDgl Chemical shifts are expressed in
ppm. In the NMR tabulation, s indicates singlet;ddublet; t, triplet; q, quartet; m,
multiplet; and br, broad peak. LC/MS experimentsemgerformed on an Agilent 6224
TOF using an ESI source coupled to an Agilent 126@ity HPLC system operating in
reverse mode with an Agilent Eclipse Plus C18i 3.0 mmx 50 mm column. Flash
column chromatography was conducted using silich (§dicycle 40-64 um). The
purities of all final compounds were determinedhécabove 95% by HPLC.
4.1.1.tert-Butyl (4-(5-chloro-2-fluoropyridin-4-yl)thiazol-2-yl)carbamate (11) A mixture

of 48 (3.61 g, 12.9 mmol) and NaG; (3.4 g, 32.3 mmol) in DME/pD/dioxane
(240/48/48 mL) was exchanged with 2 N twice, and
5-chloro-2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-daborolan-2-yl)pyridine 45a) (6.6 g,
25.9 mmol) and Pd(PBh (1.45 g, 1.25 mmol) were added to the mixture. fideetion
mixture was heated to 100 °C and stirred for 6 theurargon atmosphere. The solid was
removed by centrifugation at 3000 rpm, 25 °C for @ih. The supernatant was
concentrated and the crude product was purifiedsibga gel flash chromatography
(eluting with ethyl acetate in petroleum ether 2}3%give 1l as a white solid (1.57 g,
yield = 37%).*H NMR (400 MHz, DMSOds) 5 11.79 (s, 1H), 8.44 (s, 1H), 8.11 (s, 1H),

7.61 (s, 1H), 1.50 (s, 9H); LC/MS (ESI, m/z) 274[05H]".



4.1.2.

4-(5-Chloro-2-fluoropyridin-4-yl)-N-((tetrahydr o-2H-pyr an-4-yl ) methyl ) thiazol -2-amine

(12) and
4-(5-chloro-2-((2-methoxyethyl )ami no) pyridin-4-yl)-N-((tetr ahydr o-2H-pyr an-4-yl )methy
lthiazol-2-amine (13) 53| (0.3 g, 0.71 mmol), 2-methoxyethan-1-amine (0.1624
mmol) and DIEA (0.36 g, 2.8 mmol) were dissolved DIMSO (10 mL) under B
protection and the reaction mixture was stirred@@-110C for two days. The resulting
mixture was poured into cold water and extracteth wthyl acetate (3 x 20 mL) and
washed with water (3 x 20 mL) and brine (20 mL)eTdombined organic layers were
dried over anhydrous N8O, and evaporated to dryness. The crude product wafsepl
by silica gel flash chromatography (eluting withgtacetate in petroleum ether 2-5%) to
give 12 (53 mg, yield = 23%) an#i3 (0.33 g, yield = 43%) as white solid. Compoura]
H NMR (400 MHz, DMSOsg) & 8.39 (s, 1H), 7.95 (s, 1H), 7.63 (s, 2H), 3.85244),
3.22 (s, 4H), 1.65-1.84 (m, 3H), 1.22 (s, 2H); L&MESI, m/z) 328.07 [M+H]
Compoundl3, *H NMR (400 MHz, DMSO#€g) & 7.94 (s, 1H), 7.76 (s, 1H), 7.28 (s, 1H),
7.09 (s, 1H), 6.88 (s, 1H), 3.86 (s, 2H), 3.38-3#6 5H), 3.08-3.14 (m, 3H), 1.57-1.87
(m, 4H), 1.24 (s, 3H); LC/MS (ESI, m/z) 383.13 [M}H

4.1.3 Compoundd4-15 were prepared following the synthetic procedur&2si3 only

the base DIEA was replaced with NaH. Compour2ds26, 30-43 were prepared
following the synthetic procedure df2/13. Compounds28 and 29 were prepared
following the same procedure only the base DIEA regdaced with KCO:s.

4.1.3.1.

4-(5-Chloro-2-(phenylamino)pyridin-4-yl)-N-((tetr ahydr o-2H-pyran-4-yl )methyl ) thiazol -



2-amine (14) Yield = 42%.'H NMR (400 MHz, DMSOde) & 9.27 (s, 1H), 8.19 (s, 1H),
7.80 (s, 1H), 7.63-7.65 (m, 2H), 7.22-7.47 (m, 46192 (s, 1H), 3.86 (s, 2H), 1.64-1.85
(m, 4H), 1.24 (m, 4H). LC/MS (ESI, m/z) 401.12 [M¥H

4.1.3.2.
N-(5-Chloro-4-(2-(((tetrahydro-2H-pyran-4-yl)methyl)amino)thiazol -4-yl)pyridin-2-yl)-4
-fluorobenzamide (15) Yield = 8%.H NMR (400 MHz, CDC}) § 8.96 (s, 1H), 8.52 (s,
1H), 8.30 (s, 1H), 7.93-7.96 (m, 2H), 7.41 (s, 1AHL9 (t,J = 8.4Hz, 2H), 5.35-5.38 (m,
1H), 4.00-4.04 (m, 2H), 3.40-3.50 (m, 2H), 3.24J(t 6.4Hz, 2H), 1.95-2.01 (m, 1H),
1.72-1.76 (m, 2H), 1.36-1.45 (m, 2H); LC/MS (ESIz)¥47.11 [M+H].

4.1.3.3.

(1r ,4r)-N*-(5-Chlor 0-4-(2-(((tetrahydr 0-2H-pyran-4-yl)methyl Jamino)thiazol -4-yl )pyridi
n-2-y1)-N*-(2-methoxyethyl)cyclohexane-1,4-diamine (21) Yield = 17%.'H NMR (400
MHz, CDCH) § 8.06 (s, 1H), 7.33 (s, 1H), 6.96 (s, 1H), 5.65(AH), 4.40 (dJ = 8.0Hz,
1H), 3.95-4.06 (m, 2H), 3.49-3.70 (m, 3H), 3.2883(#n, 5H), 3.18 (tJ = 6.4Hz, 1H),
2.96-3.05 (M, 2H), 2.76-2081 (m, 1H), 2.14-2.28 @H), 1.85-1.95 (m, .3H), 1.70-1.73
(m, 2H), 1.41-1.60 (m, 2H), 1.13-1.40 (m, 5H); LGINESI, m/z) 480.22 [M+H]
4.1.3.4.

N*-(5-Chloro-4-(2-(((tetrahydr o-2H-pyran-4-yl )methyl Jamino)thiazol -4-yl )pyridin-2-yl)-
N’-(3-methoxypropyl)cyclohexane-1,4-diamine (22) Yield = 35%.'H NMR (400 MHz,
DMSO-dg) & 7.99 (s, 1H), 7.75 (s, 1H), 7.28 (s, 1H), 7.031¢d), 6.76 (s, 1H), 3.86 (s,
2H), 3.63 (s, 1H), 3.41 (s, 2H), 3.20-3.29 (m, 7R{96-3.04 (m, 3H), 2.06 (s, 4H), 1.86
(s, 3H), 1.64-1.66 (m, 2H), 1.45-1.47 (m, 2H), 11227 (m, 4H); LC/MS (ESI, m/z)

494.24 [M+H] .



4.1.3.5.

N*-(5-Chloro-4-(2-(((tetrahydr o-2H-pyran-4-yl )methyl Jamino)thiazol -4-yl )pyridin-2-yl)-
N*-(2-ethoxyethyl)cyclohexane-1,4-diamine (23) Yield = 34%.'H NMR (400 MHz,
CDCly) § 8.06 (s, 1H), 7.29 (s, 1H), 6.96 (s, 1H), 6.291(8), 4.75 (s, 1H), 3.99 (dd,=
11.5, 4.2 Hz, 2H), 3.84 (8, = 5.1 Hz, 2H), 3.55-3.67 (m, 4H), 3.38 Jt= 11.7 Hz, 2H),
3.11-3.19 (m, 5H), 2.27 (dd, = 28.0, 11.9 Hz, 4H), 1.66-1.85 (m, 5H), 1.25-1(&9
6H); 3C NMR (212.5 MHz, CDGJ) 5 169.08, 156.93, 148.28, 145.82, 140.97, 116.89,
108.44, 107.37, 67.56, 66.99, 66.70, 56.49, 5248186, 45.00, 35.27, 31.40, 30.75,
29.25, 15.08; LC/MS (ESI, m/z) 494.24 [M+H]

4.1.3.6.

(1r,4r)-N*-(5-Chlor 0-4-(2-(((tetrahydr 0-2H-pyran-4-yl)methyl Jamino)thiazol -4-yl )pyridi
n-2-y1)-N*-((S)-1-methoxypr opan-2-yi)cyclohexane-1,4-diamine (24) Yield = 4.3%. *H
NMR (600 MHz, CDC}) & 8.06 (s, 1H), 7.29 (s, 1H), 6.96 (s, 1H), 5.5%(1H), 4.36
(d, J = 8.0 Hz, 1H), 3.95-4.06 (m, 2H), 3.49-3.65 (m, 2BI}0-3.49 (m, 1H), 3.22-3.39
(m, 6H), 3.11-3.20 (M, 2H), 2.95-3.10 (m, 1H), 2080 (m, 4H), 1.79-1.96 (m, 2H),
1.62-1.71 (m, 2H), 1.09-1.40 (m, 12H), 0.72-0.98 @Hl); LC/MS (ESI, m/z) 494.24
[M+H] ™.

4.1.3.7.

(1r 4r)-N*-(5-Chlor 0-4-(2-(((tetrahydr 0-2H-pyran-4-yl)methyl Jamino)thiazol -4-yl )pyridi
n-2-yl)-N*-((R)-1-methoxypropan-2-yl)cyclohexane-1,4-diamine (25) Yield = 4.3%.'H
NMR (400 MHz, CDC}) & 8.06 (s, 1H), 7.33 (s, 1H), 6.96 (s, 1H), 5.3Gs(HH), 4.37
(d, J = 8.0 Hz, 1H), 3.99-4.03 (m, 2H), 3.52-3.59 (m,)1B.25-3.49 (m, 4H), 3.36 (s,

3H), 3.16-3.25 (m, 2H), 3.06-3.10 (M, 1H), 2.6082(f, 1H), 2.16 (dJ = 10.8Hz, 2H),



2.00-2.08 (m, 2H), 1.89-1.95 (m, 2H), 1.33-1.45 4H), 1.12-1.29 (m, 4H), 1.07 (d,=
6.4 Hz, 3H); LC/MS (ESI, m/z) 494.24 [M+H]

4.1.3.8.

(1r 4r)-N'-(2-Methoxyethyl)-N*- (4-(2-(((tetrahydro-2H-pyran-4-yl )methylJamino)thiazol -
4-y)pyridin-2-yl)cyclohexane-1,4-diamine (26) Yield = 17%. 'H NMR (400 MHz,
CDClL) & 7.95-8.02 (m, 1H), 6.79-6.89 (m, 3H), 5.48 (brsi),14.65-4.85 (m, 1H),
3.98-4.01 (m, 2H), 3.57-3.61 (m, 3H), 3.35-3.42 @Hl), 3.18-3.20 (m, 2H), 2.89-2.92
(m, 2H), 2.61-2.68 (m, 1H), 2.17-2.27 (m, 3H), 2288 (m, 3H), 1.87-1.96 (m, 1H),
1.69-1.73 (m, 2H), 1.20-1.50 (m, 10H), 0.79-0.95 @Hl); LC/MS (ESI, m/z) 446.26
[M+H] ™.

4.1.3.9.

(1r 4r)-N*-(5-Chlor 0-4-(2-((tetrahydr 0-2H-pyran-4-yl ) methoxy)thi azol-4-yl)pyridin-2-yl)
-N*-(2-methoxyethyl)cyclohexane-1,4-diamine (28) Yield = 25.3%.'"H NMR (400 MHz,
CDCl) 6 8.07 (s, 1H), 7.50 (s, 1H), 6.95 (s, 1H), 4.39)(d,8.0 Hz, 1H), 4.31 (d = 6.4
Hz, 2H), 4.03 (ddJ; = 3.2 Hz,J, = 11.2 Hz, 2H), 3.59-3.61 (m, 1H), 3.54Jt 4.8 Hz,
2H), 3.44-3.47 (m, 2H), 3.37 (s, 3H), 2.85 Jt= 5.2 Hz, 2H), 2.53-2.54 (m, 1H),
2.15-2.18 (m, 3H), 2.00-2.03 (m, 2H), 1.73-1.76 @H)), 1.46-1.52 (m, 2H), 1.15-1.37
(m, 5H); LC/MS (ESI, m/z) 481.20 [M+H]

4.1.3.10.

(1r 4r)-N'-(5-Chlor 0-4-(2-(((tetrahydr o-2H-pyran-4-yl)methyl ) thi o)thi azol -4-yl)pyridin-2
-yl)-N*-(2-methoxyethyl)cyclohexane-1,4-diamine (29) Yield = 34.5%.'H NMR (400
MHz, CDCk) & 8.07 (s, 1H), 7.98 (s, 1H), 6.99 (s, 1H), 4.42(lH), 3.91-4.10 (m, 2H),

3.55-3.71 (m, 3H), 2.83-3.52 (M, 12H), 2.13-2.17 4H), 1.95-2.05 (m, 1H), 1.69-1.87



(m, 2H), 1.31-1.56 (m, 5H), 1.02-1.35 (m, 4H), 6095 (M, 1H); LC/MS (ESI, m/z)
497.18 [M+HT.

4.1.3.11.

(1r 4r)-N*-(5-Chlor 0-4-(2-(methyl amino)thiazol -4-yl )pyridin-2-yl)-N*-(2-methoxyethyl )cy
clohexane-1,4-diamine (30) Yield = 68%.'"H NMR (400 MHz, DMSO#dg) § 7.97 (s, 1H),
7.61-7.62 (m, 1H), 7.29 (s, 1H), 7.04 (s, 1H), 6d@Q = 7.6 Hz, 1H), 3.59-3.61 (M, 2H),
3.37-3.42 (m, 3H), 3.25 (s, 3H), 2.87 M= 4.8 Hz, 2H), 2.74-2.77 (m, 2H), 1.90-1.96
(m, 4H), 1.12-1.23 (m, 4H); LC/MS (ESI, m/z) 396 [M+H]".

4.1.3.12.

N*-(5-Chloro-4-(2-((2,2,2-trifluor oethyl Jamino)thiazol -4-yl )pyridin-2-yl)-N*-(2-methoxye
thyl)cyclohexane-1,4-diamine (31) Yield = 32%."H NMR (400 MHz, DMSO¢g) & 8.33
(s, 1H), 8.01 (s, 1H), 7.43 (s, 1H), 7.04 (s, 16{Y7 (s, 1H), 4.22 (s, 2H), 3.61 (s, 3H),
3.02-3.12 (m, 3H), 2.03-2.11 (m, 4H), 1.45-1.48 @hl), 1.25-1.27 (m, 5H); LC/MS
(ESI, m/z) 464.15 [M+H]

4.1.3.13.

(1r 4r)-N*-(5-Chlor 0-4-(2-((cycl opropyl methyl Jamino)thiazol-4-yl)pyridin-2-y1)-N*-(2-me
thoxyethyl)cyclohexane-1,4-diamine (32) Yield = 35%.'H NMR (400 MHz, DMSOdg) 5
7.97 (s, 1H), 7.84 (] = 5.6Hz, 1H), 7.28 (s, 1H), 7.04 (s, 1H), 7.74Jd; 8.0 Hz, 2H),
3.52-3.55 (m, 3H), 3.29 (s, 3H), 3.17 {t= 6.4 Hz, 2H), 2.94 (brs, 1H), 2.70-2.85 (m,
1H), 1.97-2.01 (m, 4H), 1.18-1.23 (m, 5H), 0.469.dm, 2H), 0.23-0.24 (m, 2H);
LC/MS (ESI, m/z) 436.19 [M+H]

4.1.3.14.

N™-(5-Chloro-4-(2-((cycl obutyl methylJamino)thiazol-4-yl)pyridin-2-yl)-N*-(2-methoxyeth



yl)cyclohexane-1,4-diamine (33) Yield = 40%.'"H NMR (400 MHz, DMSOdg) & 7.98 (s,
1H), 7.69 (s, 1H), 7.26 (s, 1H), 7.02 (s, 1H), ISOLH), 3.43 (s, 2H), 3.26-3.27 (M, 5H),
2.80 (s, 2H), 2.58-2.61 (m, 2H), 1.72-2.03 (m, 10HL8 (s, 4H); LC/MS (ESI, m/z)
450.21 [M+HT.

4.1.3.15.

N*-(5-Chloro-4-(2-((cycl opentyl methyl Jamino)thiazol -4-yl)pyridin-2-y1)-N*-(2-methoxyet
hyl)cyclohexane-1,4-diamine (34) Yield = 42%.'"H NMR (400 MHz, CDGJ) & 8.03 (s,
1H), 7.28 (s, 1H), 6.95 (s, 1H), 5.71 (s, 1H), 4(551H), 3.77-3.79 (m, 2H), 3.61-3.64
(m, 2H), 3.39 (s, 3H), 3.01-3.16 (m, 5H), 2.16-2.¢8, 5H), 1.54-1.84 (m, 9H),
1.19-1.23 (m, 2H); LC/MS (ESI, m/z) 464.23 [M+H]

4.1.3.16.

(1r 4r)-N*-(5-Chlor 0-4-(2-((cycl ohexyl methyl)ami no)thiazol -4-yl)pyridin-2-yl )-N*- (2-met
hoxyethyl)cyclohexane-1,4-diamine (35) Yield = 30%."HNMR (400 MHz, DMSOd) &
7.97 (s, 1H), 7.67-7.69 (m, 1H), 7.25 (s, 1H), 7(811H), 6.71 (dJ = 7.6 Hz, 1H),
3.50-3.53 (m, 1H), 3.36-3.47 (m, 2H), 3.13 Jt= 6.0 Hz, 2H), 2.94-2.97 (m, 2H),
2.72-2.81 (m, 1H), 1.99-2.02 (m, 4H), 1.61-1.77 GH), 1.19-1.33 (m, 7H), 0.91-1.01
(m, 2H); LC/MS (ESI, m/z) 478.24 [M+H]

4.1.3.17.

N™-(4-(2-((((1r,5R,79)-Adamantan-2-yl)methyl Jamino)thiazol -4-yl)-5-chloropyridin-2-yl)-
N’-(2-methoxyethyl)cyclohexane-1,4-diamine (36) Yield = 12%.'H NMR (400 MHz,
CDCly) § 8.00 (s, 1H), 7.28 (s, 1H), 6.98 (s, 1H), 5.831@), 4.79 (s,1H), 3.80-3.82 (m,

2H), 3.63-3.69 (m, 1 H), 3.38 (s, 3H), 3.07-3.19, @), 2.90 (d,J = 5.2 Hz, 2H),



2.20-2.32 (m, 5H), 1.99 (s, 3H), 1.54-1.85 (m, 10H%6 (s, 2H), 1.17-1.21 (m, 1H);
LC/MS (ESI, m/z) 530.27 [M+H]

4.1.3.18.

(1r 4r)-N'-(4-(2-(Benzylamino)thiazol-4-y1)-5-chl oropyridin-2-yl)-N*-(2-methoxyethyl)cy
clohexane-1,4-diamine (37) Yield = 30%.'"H NMR (400 MHz, DMSOsdg) 6 8.21 (t,J =
6.0 Hz, 1H), 7.98 (s, 1H), 7.26-7.40 (m, 6H), 7(651H), 6.72 (dJ = 7.6 Hz, 1H), 4.52
(d, J = 5.6 Hz, 2H), 3.46-3.53 (m, 4H), 2.97 (brs, 2R{B1 (brs, 1H), 1.99-2.01 (m, 4H),
1.18-1.34 (m, 4H); LC/MS (ESI, m/z) 472.19 [M+H]

4.1.3.19.

(1r ,4r)-N*-(5-Chlor o-4-(2-((4-fluor obenzyl Jamino)thiazol -4-yl)pyridin-2-yl)-N*-(2-metho
xyethyl)cyclohexane-1,4-diamine (38) Yield = 30%.*H NMR (400 MHz, DMSOsds) &
8.22-8.24 (m, 1H), 7.98 (s, 1H), 7.41-7.44 (m, 2HB2 (s, 1H), 7.18 (] = 8.8 Hz, 2H),
7.04 (s, 1H), 6.73 (d] = 7.6 Hz, 1H), 4.50 (d] = 5.6 Hz, 2H), 3.52-3.55 (m, 3H), 3.29
(s, 3H), 2.96 (brs, 2H), 2.97 (brs, 1H), 1.98-2(@4, 4H), 1.21-1.23 (m, 4H); LC/MS
(ESI, m/z) 490.18 [M+H],

4.1.3.20.

N*-(5-Chloro-4-(2-(((tetrahydr ofuran-3-yl )methyl Jamino)thiazol-4-yl )pyridin-2-yl)-N*-(2-
methoxyethyl)cyclohexane-1,4-diamine (39) Yield = 35%.'"H NMR (400 MHz, CDC}) &
8.06 (s, 1H), 7.30 (s, 1H), 6.97 (s, 1H), 6.081(d), 4.72 (s, 1H), 3.82-3.96 (m, 2H),
3.74-3.3.79 (m, 3H), 3.62-3.68 (M, 3H), 3.40 (s),3H29 (t,J = 6.1 Hz, 2H), 3.14 (4

= 5.1 Hz, 2H), 3.01-3.07 (m, 1H), 2.60-2.67 (m, 1#P4 (t,J = 16.6 Hz, 4H), 2.06-2.15

(m, 1H), 1.66-1.75 (m, 3H), 1.18-1.21 (m, 1H); LGINESI, m/z) 466.20 [M+H]



4.1.3.21.

4-(((4-(5-Chloro-2-(((1r,4r)-4-((2-methoxyethyl yamino) cycl ohexyl yamino) pyridin-4-yl)thi
azol-2-yl)amino)methyl)tetrahydr o-2H-pyran-4-carbonitrile (40) Yield = 28%.'H NMR
(400 MHz, CDC4) & 8.06 (s, 1H), 7.40 (s, 1H), 6.98 (s, 1H), 5.51)( 6.4 Hz, 1H),
4.43 (d,J = 8.0 Hz, 1H), 4.00-4.04 (m, 2H), 3.60-3.73 (m,)7B136 (s, 3H), 3.07 (d} =
5.2 Hz, 2H), 2.89 (brs, 1H), 2.14-2.24 (m, 4H),4t098 (m, 2H), 1.76-1.83 (m, 2H),
1.54-1.57 (m, 2H), 1.26-1.29 (m, 3HC NMR (125 MHz, CDGJ) § 167.53, 156.91,
148.39, 145.61, 140.45, 121.78, 116.72, 109.76,77058.98, 64.49, 58.87, 56.43, 52.88,
49.80, 45.05, 39.64, 33.00, 31.28, 29.17; LC/MSI(Efz) 505.22 [M+H].

4.1.3.22.

4-(((4-(5-Chloro-2-(((1R,4r)-4-(((R)- 1-methoxypr opan-2-yl Jami no) cycl ohexyl Jamino) pyri
din-4-yl)thiazol -2-yl)amino)methyl ))tetrahydr o-2H-pyran-4-carbonitrile  (41) Yield =
19.1%."H NMR (400 MHz, CDC)) § 8.06 (s, 1H), 7.38 (s, 1H), 6.97 (s, 1H), 5.9%(br
1H), 4.45 (d,J = 8.0 Hz, 1H), 4.02 (ddl, = 2.8 Hz,J, = 12 Hz, 2H), 3.71-3.74 (m, 4H),
3.54-3.56 (m, 1H), 3.35 (s, 3H), 3.21-3.25 (m, 2B)Y0-3.05 (M, 1H), 2.50-2.60 (m,
1H), 2.15 (dJ = 9.6 Hz, 2H), 2.04-2.07 (m, 1H), 1.98d,J = 12.8 Hz, 3H , 1.74-1.82
(m, 3H), 1.10-1.30 (m, 4H), 1.00 (= 8.4 Hz, 3H); LC/MS (ESI, m/z) 519.23 [M+H]
4.1.3.23.

4-(((4-(5-Chloro-2-(((1S4r)-4-(((9-1-methoxypr opan-2-yl yamino) cycl ohexyl yamino) pyri
din-4-yl)thiazol-2-yl)amino)methyl)tetrahydr o-2H-pyran-4-carbonitrile  (42) Yield =
22%.'H NMR (400 MHz, DMSOds) & 8.12 (t,J = 6.0 Hz, 1H), 7.98 (s, 1H), 7.35 (s,

1H), 7.03 (s, 1H), 6.69 (d, = 8.0 Hz, 1H), 3.91-3.95 (m, 2H), 3.66 (b= 6.4 Hz, 2H),



3.55-3.65 (m, 1H), 3.47-3.51 (m, 3H), 3.29 (s, 38i),7 (d,J = 4.8 Hz, 1H), 1.86-1.99
(m, 6H), 1.66-1.74 (m, 2H), 0.99-1.26 (m, 8H); LGINESI, m/z) 519.23 [M+H]
4.1.3.24.
4-(5-Chloro-2-(((1r,4r)-4-((2-methoxyethyl)amino)cycl ohexyl ) oxy) pyridin-4-yl)-N-((tetra
hydro-2H-pyran-4-yl)methyl)thiazol-2-amine (43) Yield = 22%.'H NMR (400 MHz,
CDCl) § 8.13 (s, 1H), 7.34 (s, 1H), 7.29 (s, 1H), 5.3085®, 1H), 4.90-4.96 (m, 1H),
4.01 (dd,J; = 3.6 Hz,J, = 11.2 Hz, 2H), 3.52 (] = 5.2 Hz, 2H), 3.37-3.43 (m, 5H), 3.24
(t, J = 6.4 Hz, 2H), 2.83 (tJ = 5.2 Hz, 2H), 2.52-2.57 (m, 1H), 2.16-2.18 (m,)2H
2.00-2.02 (m, 2H), 1.87-1.94 (m, 1H), 1.68-1.72 @hi), 1.25-1.53 (m, 7H); LC/MS
(ESI, m/z) 481.20 [M+H]

4.1.4.

(1r,4r)-N*-(5-Chlor o-4-(2-(((tetrahydr o-2H-pyran-4-yl)methyl Jamino)thiazol -4-yl)pyridi
n-2-yl)cyclohexane-1,4-diamine (16) 531 (0.3 g, 0.71 mmol), tert-butyl
((1r,4r)-4-aminocyclohexyl)carbamate (0.16 g, 2.hat) and DIEA (0.36 g, 2.8 mmol)
were dissolved in DMSO (10 mL ) undek rotection and the reaction mixture was
stirred at 100-110 °C for two days. The resultingtare was poured into cold water and
extracted with ethyl acetate (3 x 20 mL) and washi&d water (3 x 20 mL) and brine
(20 mL). The combined organic layers were dried roa@hydrous NgO, and
evaporated to dryness. The crude product was edrify flash chromatography (eluting
with ethyl acetate in petroleum ether 2-5%) to ga&vewhite solid, which was then
dissolved in DCM (5 mL), placed at 0 °C and chargetth TFA (5 mL). The mixture
was stirred for approximately 2 h. Then it was @mitated to dryness, basified with sat.

NaHCQ; until pH = 10 and diluted with ethyl acetate (28 mL). The organic layers



were dried over anhydrous p&0O, and then evaporated to dryness. The residue was
purified by silica gel flash chromatography (elgtiwith MeOH in DCM 5%) to give the

title compoundl6 as a white solid (79 mg, yield = 30%H NMR (400 MHz, CDCY) &

8.06 (s, 1H), 7.33 (s, 1H), 6.96 (s, 1H), 5.21-5(80 1H), 4.32 (dJ = 8.0Hz, 1H)),

3.99-4.03 (m, 2H), 3.53-3.61 (m, 1H), 3.38-3.44 (@), 3.23(t,J

6.4Hz, 2H),
2.68-2.74 (m, 1H), 2.11-2.13 (m, 2H), 1.85-2.13 @H)), 1.70-1.73 (m, 2H), 1.10-1.45
(m, 7H); °C NMR (212.5 MHz, CDG) & 168.59, 157.17, 148.39, 146.07, 140.63,
116.56, 108.59, 107.63, 77.18, 77.03, 76.88, 675294, 50.17, 50.08, 35.33, 35.26,
32.05, 30.72. LC/MS (ESI, m/z) 422.18 [M+H]

4.1.5. Compound? was prepared following the synthetic proceduréf

4-(2-((((1r ,4r)-4-Aminocycl ohexyl )methyl yamino)-5-chlor opyridin-4-yl)-N-((tetrahydro-2
H-pyran-4-yl)methyl)thiazol-2-amine (17) Yield = 34.8%.'H NMR (400 MHz, CROD)

§ 7.82 (s, 1H), 7.11 (s, 1H), 6.95 (s, 1H), 3.8483(B, 2H), 3.32 (tJ = 11.2Hz, 2H),
3.16-3.17 (m, 2H), 3.16 (d,= 6.8 Hz, 2H), 3.04 (d] = 6.8 Hz, 2H), 2.75-2.80 (m, 1H),
1.81-1.92 (m, 5H), 1.61-1.64 (m, 2H), 1.49-1.51 (), 1.12-1.29 (m, 5H), 0.92-1.05
(m, 2H); LC/MS (ESI, m/z) 436.19 [M+H]

4.1.6.

N-((1r,4r)-4-((5-Chloro-4-(2-(((tetrahydro-2H-pyran-4-yl ) methyl )Jamino)thiazol -4-yl ) pyri
din-2-yl)amino)cyclohexyl)acetamide (18) To a solution ofl6 (100 mg, 0.24 mmol) in
DCM (5 mL) at 0 °C was added acetyl chloride (28 &5 mmol) dropwise. After 1

h until the reaction was complete, the mixture weasporated to dryness and the crude
product was purified by silica gel flash chromatggry (eluting with MeOH in DCM

5%) to give the title compountB as a white solid (41 mg, yield = 41%H NMR (400



MHz, CDCL) § 8.06 (s, 1H), 7.33 (s, 1H), 6.96 (s, 1H), 5.3045@), 1H), 5.20-5.30 (m,
1H), 4.32 (dJ = 8.0Hz, 1H), 3.99-4.03 (m, 2H), 3.78-3.83 (M, 1B62-3.64 (m, 1H),
3.41 (t,J = 12Hz, 2H), 3.24 () = 6.4Hz, 1H), 2.13-2.15 (m, 2H), 2.00-2.09 (m, 2H)
1.95 (s, 3H), 1.70-1.73 (m, 2H), 1.20-1.49 (m, 7H)/MS (ESI, m/z) 464.19 [M+H]
4.1.7. Compound$9-20 were prepared following the synthetic procedur&8of

4.1.7.1.
N-(4-((5-Chloro-4-(2-(((tetrahydro-2H-pyran-4-yl )methyl )amino)thiazol -4-yl ) pyridin-2-y
lYamino)cycl ohexyl)cyclopropanecarboxamide (19) Yield = 34%.'"H NMR (400 MHz,
DMSO-dg) 5 7.97-7.81 (m, 2H), 7.82 (s, 1H), 7.36 (s, 1H),47(&, 1H), 3.86 (s, 2H),
3.54-3.62 (m, 3H), 3.21-3.29 (m, 5H), 1.97 (s, 2HB3 (s, 3H), 1.63-1.67 (m, 2H), 1.52
(s, 1H), 1.26 (s, 4H), 0.63 (s, 4H); LC/MS (ESIZ)90.20 [M+H].

4.1.7.2.
N-(4-((5-Chloro-4-(2-(((tetrahydro-2H-pyran-4-yl)methyl Jamino)thiazol -4-yl ) pyridin-2-y
lYamino)cyclohexyl)-2-methoxyacetamide (20) Yield = 8%. 'H NMR (400 MHz,
DMSO-ds) & 7.99 (s, 1H), 7.77 (s, 1H), 7.59 (s, 1H), 7.291(8), 7.05 (s, 1H), 3.85-3.88
(m, 2H), 3.75-3.79 (m, 2H), 3.61 (s, 2H), 3.20-3.6@, 7H), 1.92-1.99 (m, 2H),
1.76-1.84 (m, 3H), 1.64-1.67 (m, 2H), 1.39-1.43 @hl), 1.18-1.29 (m, 4H); LC/MS
(ESI, m/z) 494.20 [M+H].

4.1.8.
(1r,4r)-N1-(2-Methoxyethyl)-N4-(5-methyl -4-(2-(((tetrahydr o-2H-pyran-4-yl ) methyl )ami
no)thiazol-4-yl)pyridin-2-yl)cyclohexane-1,4-diamine (27) To a solution of69 (65 mg,
0.16 mmol) in DMF (5 mL) was added ,80; (24 mg, 0.18 mmol) and

1-bromo-2-methoxyethane (22 mg, 0.18 mmol). Thetunéx was stirred at 106C



overnight and water (25 mg, 0.18 mmol) was addée. mixture was extracted with EA
(3 x 10 mL). The combined organic layers were wdsheh brine (10 mL) and dried
over anhydrous N&QO,. The organic layers were evaporated to drynesstlamdrude
product was purified by silica gel flash chromatgary (eluting with MeOH in DCM 6%)
to give the title compoun@7 as a white solid (20 mg, 27%)4 NMR (500 MHz,
DMSO-dg) 5 7.78 (s, 1H), 7.68 (t, J = 5.6 Hz, 1H), 6.78 (4),16.73 (s, 1H), 6.13 (d, J =
7.8 Hz, 1H), 3.87-3.84 (m, 2H), 3.62-3.57 (m, 1BI47 (t,J = 5.4 Hz, 2H), 3.30-3.25 (m,
6H), 3.17 (tJ = 6.2 Hz, 2H), 2.87 (t) = 5.5 Hz, 2H), 2.64-2.63 (m, 1H), 2.21 (s, 3H),
1.99-1.94 (m, 4H), 1.88-1.81 (m, 1H), 1.65-1.61 @H), 1.26-1.13 (m, 6H)**C NMR
(125 MHz, CDC}) 6 169.4, 157.0, 149.5, 149.2, 143.4, 119.3, 10608,5] 70.7, 67.7,
59.0, 56.7, 52.3, 50.3, 45.9, 35.3, 31.9, 30.87,307.6; LC/MS (ESI, m/z) 460.27
[M+H] ™.

4.1.9.5-Chloro-2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxabor olan-2-yl )pyridine (45a) A
solution of (5-chloro-2-fluoropyridin-4-yl)boroniacid @4) (0.7 g, 4.46 mmol) and
pinacol (0.63 g, 5.35 mmol) in toluene (50 mL) wafluxed overnight. The reaction
mixture was concentrated to give the crude producich was purified by silica gel flash
chromatography (eluting with petroleum ether) teegi5a as a white solid (0.92 g, yield
= 80%).'H NMR (400 MHz, CDC}) § 8.17 (s, 1H), 7.20 (s, 1H), 1.37 (s, 12H); LC/MS
(ESI, m/z) 258.09 [M+H].

4.1.10. tert-Butyl (5-bromothiazol-2-yl)carbamate (47) To a solution of
5-bromothiazol-2-amine4g) (105 g, 403.1 mmol) in THF (500 mL) was added DMAP
(2.41 g, 20 mmol) and the solution became turbitenra solution of Be© (105.6 g,

484.6 mmol) in THF (50 mL) was added to the aboweture slowly and the resulting



mixture was stirred at room temperature for 2 dayhe reaction mixture was
concentrated and the crude product was purifiedsibga gel flash chromatography
(eluting with ethyl acetate in petroleum ether 10%) to give47 as an off-white solid
(45.1 g, yield = 40%)*H NMR (400 MHz, CDC}) & 11.75 (br, 1H), 7.24 (s, 1H), 1.58 (s,
9H); LC/MS (ESI, m/z) 222.98 [M+H-58]

4.1.11. tert-Butyl  (4-bromothiazol-2-yl)carbamate (48) To a solution of
diisopropylamine (64 mL, 446 mmol) in THF (100 mkas added dropwiseBulLi (2.5

M, 173 mL) under M atmosphere at 0 °C. After that a solutiomdf(40 g, 143.9 mmol)
in THF (400 mL) was added dropwise at@ The reaction mixture was stirred at the
same temperature for 2 h, and then quenched witiN$&Cl (500 mL) and extracted
with ethyl acetate (3 x 300 mL). The combined orgadayers were washed with brine
(100 mL) and dried over anhydrous JS&,. The organic layers were evaporated to
dryness and the crude product was purified byasifjel flash chromatography (eluting
with ethyl acetate in petroleum ethetr3D%) to give the title compound8 as a white
solid (31.2 g, yield = 78%)H NMR (400 MHz, CDC}) 5 8.05 (br, 1H), 6.78 (s, 1H),
1.56 (s, 9H); LC/MS (ESI, m/z) 222.98 [M+H-56]

4.1.12. Methyl 4-cyanotetrahydro-2H-pyran-4-carboxylate (50) To a solution of methyl
2-cyanoacetated) (39.1 g, 395.3 mmol) and 1-bromo-2-(2-bromoetheityane (100 g,
434.8 mmol) in DMF (600 mL) was added DBU (90 g358mol) and the reaction
mixture was heated to 85 °C for 3 h. After the tieecwas complete as determined by
TLC, the solid was filtered off and washed twicahmethyl acetate (150 mL x 2). The
mother liquor was concentrated to brown oil. Cassl oil was collected under reduced

pressure at 65-70 °C, then turned into white safiidr cooling down to providg0 (42.1



g, yield = 62.8%).*H NMR (400 MHz, CDCJ) § 3.05-4.00 (m, 2H), 3.86 (s, 3H),
3.59-3.75 (m, 2H), 2.11-2.18 (m, 2H), 2.00-2.03 @H); LC/MS (ESI, m/z) 170.08
[M+H] ™.

4.1.13. 4-(Hydroxymethyl)tetrahydro-2H-pyran-4-carbonitrile (51) To a solution o650
(42 g, 248.4 mmol) in DME/methanol (400 mL/40 mit)0a’C was added NaBK411.1

g, 149 mmol) in batches. The reaction mixture wasestiat room temperature for 16 h.

The resulting mixture was quenched by saturateg\lidnd extracted with ethyl acetate
(100 mL x 3). The combined organic layers were ddm@er anhydrous N8O, and
evaporated to dryness. The residue was purifiecsibiya gel flash chromatography
(eluting with ethyl acetate in petroleum ether 10%3 to give the produdil as a pale
yellow oil (28.1 g, yield = 79.5%)'H NMR (400 MHz, CDC}) § 3.99-4.02 (m, 2H),
3.66-3.74 (m, 4H), 2.64-2.66 (br, 1H), 1.89-1.93 @h), 1.60-1.68 (m, 2H); LC/MS
(ESI, m/z) 142.09 [M+H]

4.1.14. tert-Butyl

(4-bromothiazol -2-yl)((4-cyanotetr ahydr o-2H-pyran-4-yl )methyl)carbamate (52a) To a
solution of51 (0.5 g, 1.8 mmol), 48 (0.381 g, 2.7 mmol) and triphenylphosphine (0.707
g, 2.7 mmol) in anhydrous THF (20 mL) at O °C wdded diisopropyl azodicarboxylate
(DIAD) (0.545 g, 2.7 mmol) dropwise. The reactioixtare was allowed to stir at room
temperature for 10 mins and then stirred at@®vernight. The resulting mixture was
concentrated and the residue was purified by sijekaflash chromatography (eluting
with ethyl acetate in petroleum ether 2-5%) to dikke product52a as a white solid

(0.365 g, yield = 50%)*H NMR (400 MHz, CDCJ) § 6.84 (s, 1H), 4.38 (s, 2H),



3.93-3.97 (m, 2H), 3.65-3.72 (m, 2H), 1.77-1.90 4i), 1.61 (s, 9H); LC/MS (ESI, m/z)
346.05 [M+H-56].

4.1.15.Compound$2b-f were prepared following the synthetic procedurb2at

41.151.  tert-Butyl (4-bromothiazol-2-yl)(2,2,2-trifluoroethyl)carbamate (52b) Yield
= 87%.'H NMR (400 MHz, CDCJ) 5 6.87 (s, 1H), 4.80-4.84 (m, 2H), 1.58 (s, 9H);
LC/MS (ESI, m/z) 304.98 [M+H-56]

4.1.152.  tert-Butyl (4-bromothiazol-2-yl)(cyclobutylmethyl)carbamate (52¢) Yield =
85%.H NMR (400 MHz, CDC}) 5 6.78 (s, 1H), 4.11 (dl = 6.9 Hz, 2H), 2.73-2.80 (m,
1H), 1.95-2.03 (m, 2H), 1.77-1.87 (m, 4H), 1.57 g8{); LC/MS (ESI, m/z) 291.04
[M+H-56]".

4.1.15.3.  tert-Butyl (4-bromothiazol-2-yl)(cyclopentylmethyl)carbamate (52d) Yield =
75%.H NMR (400 MHz, CDCY) 5 6.97 (s, 1H), 4.02 (d} = 7.6 Hz, 2H), 2.35-2.44 (m,
2H), 1.64-1.72 (m, 4H), 1.52-1.59 (m, 10H), 1.282L(m, 2H); LC/MS (ESI, m/z)
305.06 [M+H-56].

41.154.  tert-Butyl

(((1r ,5R,79-adamantan-2-yl)methyl ) (4-bromothiazol -2-yl)carbamate (52€) Yield = 75%.
'H NMR (400 MHz, CDC)) & 6.97 (s, 1H), 3.93 (s, 2H), 1.94 (s, 3H), 1.521(f,
21H); LC/MS (ESI, m/z) 371.11 [M+H-58]

4.1.155.  tert-Butyl  (4-bromothiazol-2-yl)((tetrahydrofuran-3-yl)methyl)carbamate
(52f) Yield = 73%.'H NMR (400 MHz, CDCJ) & 6.81 (s, 1H), 4.16 (dd] = 13.8, 7.4
Hz, 2H), 4.06 (ddJ = 13.8, 7.3 Hz, 1H), 3.89-3.94 (m, 1H), 3.75-3(82 1H), 3.57-3.60
(m, 1H), 2.78-2.85 (m, 1H), 1.95-2.03 (m, 1H), 25685 (m, 1H), 1.57 (s, 9H); LC/MS

(ESI, m/z) 307.04 [M+H-56]



4.1.16. tert-Butyl

(4-(5-chloro-2-fluoropyridin-4-yl)thiazol-2-yl)((4-cyanotetr ahydr o-2H-pyr an-4-yl ) methyl
)carbamate (53a) A mixture of52a (5.2 g, 12.9 mmol) and M@0z (3.4 g, 32.3 mmol) in
DME/H,O/dioxane (240/48/48 mL) was exchanged witltwce, then45a (6.6 g, 25.9
mmol) and Pd(PR)y (1.45 g, 1.25 mmol) were added to the above mextlihe reaction
mixture was heated to 100 °C and stirred for 6 thenrargon atmosphere. The solid was
removed by centrifugation at 3000 rpm, 25 °C for @ih. The supernatant was
concentrated and the residue was purified by sijekaflash chromatography (eluting
with ethyl acetate in petroleum ether 2-5%) to dgive product3a as a white solid (3.2
g, yield = 55%)H NMR (400 MHz, CDC}) 5 8.26 (s, 1H), 7.98 (s, 1H), 7.61 (d, 1H),
4.47 (s, 2H), 3.95-4.00 (m, 2H), 3.69-3.76 (m, 2#)B7-1.89 (m, 4H),1.65 (s, 9H);
LC/MS (ESI, m/z) 397.12 [M+H-56]

4.1.17. Compound$3b-f were prepared following the synthetic procedurb3ai
41171 tert-Butyl

(4-(5-chloro-2-fluoropyridin-4-yl)thiazol -2-yl)(2,2,2-trifluor oethyl)carbamate (53b)
Yield = 83%.*H NMR (400 MHz, CDC}) § 8.25 (s, 1H), 8.00 (s, 1H), 7.62 @= 2.0
Hz, 1H), 4.90 () = 8.3 Hz, 2H), 1.61 (s, 9H); LC/MS (ESI, m/z) 386 [M+H-56]".
41.17.2.  tert-Butyl

(4-(5-chloro-2-fluoropyridin-4-yl)thiazol -2-yl) (cyclobutyl methyl ) car bamate (53c) Yield =
75%.H NMR (400 MHz, CDCJ) § 8.24 (s, 1H), 7.95 (s, 1H), 7.67 (s, 1H), 4.21)(d,
6.9 Hz, 2H), 2.80-2.86 (m, 1H), 2.01-2.07 (m, 2H)83-1.91 (m, 4H), 1.60 (s, 9H);

LC/MS (ESI, m/z) 342.11 [M+H-56]



41.173.  tert-Butyl

(4-(5-chloro-2-fluoropyridin-4-yl)thiazol -2-yl)(cyclopentyl methyl)carbamate (53d) Yield

= 80%.'H NMR (400 MHz, CDC}) & 8.24 (s, 1H), 7.96 (s, 1H), 7.67 (s, 1H), 4.12)(d,
= 7.2 Hz, 2H), 2.43-2.50 (m, 1H), 1.67-1.75 (m, 4Hp5-1.62 (m, 11H), 1.32-1.39 (m,
2H); LC/MS (ESI, m/z) 356.13 [M+H-58]

41.17.4.  tert-Butyl

(((2r ,5R,79)-adamantan-2-yl )methyl ) (4-(5-chl or o-2-fluor opyridin-4-yl)thiazol -2-yl )carba
mate (53€) Yield = 60%.'H NMR (400 MHz, CDC)) & 8.23 (s, 1H), 7.98 (s, 1H), 7.68
(s, 1H), 4.03 (s, 2H), 1.95 (s, 3H), 1.53-1.70 @iH); LC/MS (ESI, m/z) 422.17
[M+H-56]".

41.175.  tert-Butyl

(4-(5-chloro-2-fluor opyridin-4-yl)thiazol -2-yl) ((tetrahydr ofuran-3-yl )methyl ) car bamate

(53f) Yield = 76%.'H NMR (400 MHz, CDCJ)  8.25 (s, 1H), 7.98 (s, 1H), 7.64 (s, 1H),
4.15-4.28 (m, 2H), 3.93-3.98 (m, 1H), 3.78-3.85 @H), 3.63-3.67 (m, 1H), 2.83-2.90
(m, 1H), 2.00-2.09 (m, 1H), 1.73-1.81 (m,1H), 1(619H) ; LC/MS (ESI, m/z) 358.11
[M+H-56]".

4.1.18. tert-Butyl (4-(5-chloro-2-fluoropyridin-4-yl)thiazol-2-yl ) (methyl ) car bamate
(53g) 11 (0.59 g, 1.8 mmol), MeOH (0.086 g, 2.7 mmol) anghenylphosphine (0.71
g, 2.7 mmol) were dissolved in anhydrous THF (20)@mt0 °C. To the above mixture
was added diisopropyl azodicarboxylate (DIAD) (0.852.7 mmol) dropwise. The
reaction mixture was allowed to stir at room terapare for 10 mins and then stirred at
40°C overnight. The resulting mixture was concentratad the residue was purified by

silica gel flash chromatography (eluting with etlagetate in petroleum ether 2-5%) to



give the producb3g as a white solid (0.37 g, yield = 509%4NMR (400MHz, CDC}) &
8.24 (s, 1H), 7.96 (s, 1H), 7.73 @@= 1.6Hz, 1H), 3.62 (s, 3H), 1.61 (s, 9H); LC/MS
(ESI, m/z) 288.06 [M+H-56]

4.1.19.Compoundb3h-I was prepared following the synthetic procedurb3of

41191  tert-Butyl

(4-(5-chloro-2-fluoropyridin-4-yl)thiazol -2-yl)(cyclopropyl methyl )car bamate (53h) Yield

= 73%.*H NMR (400 MHz, CDC}) 5 8.24 (s, 1H), 7.96 (s, 1H), 7.67 (= 1.2 Hz, 1H),
4.07 (d,J = 4.8 Hz, 2H), 1.61 (s, 9H), 1.37-1.39 (m, 1H¥®0.54 (M, 4H); LC/MS
(ESI, m/z) 328.09 [M+H-56]

41.192.  tert-Butyl

(4-(5-chloro-2-fluor opyridin-4-yl)thiazol -2-yl) (cycl ohexyl methyl ) car bamate (53i) Yield =
70%.*H NMR (400 MHz, CDCJ) 6 8.24 (s, 1H), 7.95 (s, 1H), 7.65 (= 1.6 Hz, 1H),
4.02 (d,d = 7.2 Hz, 2H), 1.88-1.92 (m, 2H), 1.59-1.74 (m,)5KH59 (s, 9H), 1.10-1.28
(m, 2H), 1.05-1.10 (m, 2H); LC/MS (ESI, m/z) 370[M+H]".

4.1.19.3. tert-Butyl  benzyl (4-(5-chloro-2-fluoropyridin-4-yl)thiazol-2-yl)car bamate
(53)) Yield = 64%.*HNMR (400 MHz, CDC}) 5 8.23 (s, 1H), 7.98 (s, 1H), 7.63 (=
1.6 Hz, 1H), 7.26-7.38 (m, 5H), 5.37 (s, 2H), 1(83 9H); LC/MS (ESI, m/z) 364.09
[M+H] ™.

4.1.194.  tert-Butyl
(4-(5-chloro-2-fluoropyridin-4-yl)thiazol -2-yl) (4-fluor obenzyl)carbamate (53k) Yield =
71%.*H NMR (400 MHz, CDCJ) 6 8.24 (s, 1H), 7.97 (s, 1H), 7.62 (= 0.8 Hz, 1H),
7.35-7.38 (m, 2H), 6.99-7.02 (m, 2H), 5.33 (s, 2HB5 (s, 9H); LC/MS (ESI, m/z)

382.09 [M+H].



4.1.195.  tert-Butyl
(4-(5-chloro-2-fluoropyridin-4-yl)thiazol -2-yl) ((tetrahydr o-2H-pyran-4-yl)methyl )carbam
ate (531) Yield = 71%.'HNMR (400MHz, CDC}) & 8.25 (s, 1H), 7.96 (s, 1H), 7.62 (s,
1H), 4.01-4.15 (m, 2H), 3.95-3.99 (m, 2H), 3.32B.Gn, 2H), 2.14-2.24 (m, 1H),
1.52-1.77 (m, 11H), 1.40-1.51 (m, 2H); LC/MS (E8Iz) 372.13 [M+H-56].

4.1.19.6. tert-Butyl
(4-(2-chloropyridin-4-yl)thiazol-2-yl)((tetr ahydr o-2H-pyran-4-yl )methyl )car bamate

(53m) Yield = 61%. LC/MS (ESI, m/z) 410.13 [M+H]

4.1.2Q0 (9-1-Methoxypropan-2-yl 4-methylbenzenesulfonate (55a) A mixture of NaH

(9.52 g, 238 mmol) in THF (200 mL) was add&kI-methoxypropan-2-ol (21 g, 233
mmol) dropwise at OC. The reaction mixture was stirred at room terapege for 1.5 h,
and then TosCl (45.3 g, 230 mmol) in THF (200 mlgswadded while the temperature
was kept below 10 °C. The reaction mixture was tk@med at room temperature
overnight. The resulting mixture was quenched wititer (20 mL) and extracted with
ethyl acetate (200 mL x 3). The combine organicetaywere concentrated and the
residue was purified by silica gel flash chromaapiry (eluting with ethyl acetate in
petroleum ether 5-15%) to give the prodbisa as a yellow solid (37.1 g, yield = 65.1%).
H NMR (400 MHz, CDCY) & 7.81 (d, 2H), 7.33 (d, 2H), 4.67-4.74 (m, 1H),B3B44
(m, 2H), 3.24(s, 3H), 2.44 (s, 3H), 1.27 (d, 3HE/MS (ESI, m/z) 245.08 [M+H]

4.1.21. Compoun85b was prepared following the synthetic procedurb5at

(R)-1-Methoxypropan-2-yl 4-methylbenzenesulfonate (55b) Yield = 82%.'"H NMR (400
MHz, CDCk) § 7.81 (d, 2H), 7.33 (d, 2H), 4.67-4.74 (m, 1H),BB44 (m, 2H), 3.24(s,

3H), 2.44 (s, 3H), 1.27 (d, 3H); LC/MS (ESI, m/z5208 [M+H].



4.1.22. (1r,49-N"-((R)-1-Methoxypropan-2-yl )cyclohexane-1,4-diamine (56a) 55a (5 g,
20.5 mmol) and (1r,4r)-cyclohexane-1,4-diamine 4508 51.2 mmol) were dissolved in
CHsCN (50 mL) and the mixture was allowed to stir 8€G overnight. The solid was
washed with DCM (50 mL x 3). The combine organiels were concentrated and the
crude product was purified by silica gel flash ehatography (eluting with methanol in
dichloromethane 5-15%) to giia as a yellow liquid (2.5 g, yield = 65%)H NMR
(400 MHz, CDCH) & 3.44 (s, 1H), 3.34 (s, 3H), 3.27-3.31 (m, 1H),08324 (m, 1H),
2.97-3.04 (m, 1H), 2.62-2.68 (m, 1H), 2.46-2.52 (H), 1.94-1.99 (m, 1H), 1.84-1.90
(m, 3H), 1.06-1.18 (m, 3H),1.01 (d, 3H); LC/MS (E8i/z) 187.18 [M+H].
4.1.23. Compoun86b was prepared following the synthetic procedurgGat
(1r,4R)-N*-((9)-1-Methoxypr opan-2-yl )cyclohexane-1,4-diamine (56b) Yield = 68%.
H NMR (400 MHz, CDCY) 6 3.44 (s, 1H), 3.34 (s, 3H), 3.27-3.31 (m, 1H) 03324 (m,
1H), 2.97-3.04 (m, 1H), 2.62-2.68 (m, 1H), 2.462.6n, 1H), 1.94-1.99 (m, 1H),
1.84-1.90 (m, 3H), 1.06-1.18 (m, 3H),1.01 (d, 3HIYMS (ESI, m/z) 187.18 [M+H]
4.1.24. (1r,4r)-N'-(2-Methoxyethyl)cyclohexane-1,4-diamine  hydrochloride ~ (56c)
tert-Butyl ((1r,4r)-4-aminocyclohexyl)carbamate (20 g, 46.7 mmol),
1-bromo-2-methoxyethane (5.22 g, 37.4 mmol) an@® (12.9 g, 93.4 mmol) were
dissolved in CHCN (150 mL), and then the reaction mixture was k&b 80 °C for 16
h. The solid was washed with DCM (50 mL x 3). Thembine organic layers were
concentrated and the residue was purified by fidsbmatography (eluting with MeOH
in DCM 5%) to give a white solid, which was thesgblved in ethyl acetate (10 mL) and
charged with 4 N HCI in ethyl acetate (10 mL) af@ The mixture was stirred for

approximately 3 h. The solid was filtered to affdre desired produd6c as a white



solid (8.3 g, yield = 65%)'H NMR (400 MHz, DMSOds) & 9.08 (brs, 2H), 8.24 (brs,
3H), 3.63 (t,J = 5.2 Hz, 2H), 3.30 (s, 3H), 3.07-3.10 (m, 2H)9122.95 (m, 2H),
2.12-2.15 (m, 2H), 2.02-2.05 (m, 2H), 1.37-1.47 @&H); LC/MS (ESI, m/z) 173.17
[M+H] ™.

4.1.25. Compounds6d-e were prepared following the synthetic procedurb6af
4.1.25.1.(1r,4r)-N*-(3-Methoxypropyl )cyclohexane-1,4-diamine (56d) Yield = 63%. 1H
NMR (400 MHz, CROD) & 3.54 (t,J = 5.8 Hz, 2H), 3.37 (s, 3H), 3.15-3.21 (m, 4H),
2.24 (d,J = 21.9 Hz, 4H), 1.97-2.02 (m, 2H), 1.54-1.61 (rh)4LC/MS (ESI, m/z)
187.18 [M+HTJ.

4.1.25.2. (1r,4r)-N*-(2-Ethoxyethyl)cyclohexane-1,4-diamine (56€) Yield = 64%. 1H
NMR (400 MHz, CROD) & 3.71-3.74 (m, 2H), 3.61 (d,= 6.9 Hz, 1H), 3.26-3.28 (m,
2H), 3.18-3.21 (m, 2H), 2.24 (dd,= 36.7, 9.8 Hz, 4H), 1.51-1.65 (m, 4H), 1.25J)(&
7.1 Hz, 3H); LC/MS (ESI, m/z) 187.18 [M+H]
4.1.26.4-(Bromomethyl)tetrahydro-2H-pyran (58) To a solution 067 (8.12 g, 10 mmol)
andN-bromobutanimide (NBS) (13.71 g, 248 mmol) in DCA0Q mL) was added Pph
(20.17 g, 248 mmol) at 0 °C. The reaction mixtur@svetirred at room temperature for
1-2 h. The resulting mixture was washed with wg2€rmL) and brine (3 x 20 mL). The
organic layer was concentrated and the residue puagfied by silica gel flash
chromatography (eluting with ethyl acetate in pletion ether 2-5%) to give the product
58 as a colorless oil (6.2 g, yield = 49%H NMR (400 MHz, CDC}) & 3.98 (dd,J =
11.2 Hz, 4.4 Hz, 2H), 3.37 (td, = 12.0 Hz, 1.6 Hz, 2H), 3.28 (d,= 6.4 Hz, 2H),
1.91-1.84 (m, 1H), 1.76 (d,= 13.2 Hz, 2H), 1.35 (qd, = 12.4 Hz, 4.4 Hz, 2H); LC/MS

(ESI, m/z) 179.01 [M+H].



4.1.27 .(Tetrahydro-2H-pyran-4-yl)methyl ethanethioate (59) A mixture of58 (3 g, 16.75
mmol) and potassium thioacetate LOSK (3.4 g, 33.5 mmol) in DMF (60 mL) was
stirred at 90 °C for 2 h. The reaction mixture wasired into cold water and then
extracted with ethyl acetate (3 x 30 mL). The comb organic layers were washed
with water (3 x 60 mL) and brine (30 mL), and théred over anhydrous MgS@nd
evaporated to dryness. The crude product was edridy silica gel flash chromatography
(eluting with ethyl acetate in petroleum ether 2}3% give the title compoun89 as a
yellow oil, (1.8 g, yield = 69%)*H NMR (400 MHz, CDC}) & 3.94 (dd,J = 11.6 Hz, 4.4
Hz, 2H), 3.36-3.33 (m, 2H), 2.81 (d,= 6.4 Hz, 2H), 2.32 (s, 3H), 1.69-1.65 (m, 3H),
1.30 (qd,J = 12.4 Hz, 4.0 Hz, 2H); LC/MS (ESI, m/z) 175.084M]".

4.1.28. (Tetrahydro-2H-pyran-4-yl)methanethiol (60) To a solution of59 (0.895 g, 5
mmol) in anhydrous THF (20 mL ) was added LiAlf@.22 g, 5 mmol) in batches at O
°C under N atmosphere. The reaction mixture was stirred @nreemperature overnight.
The resulting mixture was diluted with THF (50 mdr)d NaSQO, (1.42 g, 10 mmol) was
added slowly and the mixture was stirred for 10.nfine supernatant was concentrated
to give the crude produé0 as a yellow oil (0.68 g, yield = 100%), which wesed in the
next step without further purificatiotd NMR (400 MHz, CDC}) & 3.98 (dd,J = 11.2
Hz, 3.6 Hz, 2H), 3.42-3.34 (m, 2H), 2.63 @,= 6.8 Hz, 2H), 1.90-1.84 (m, 1H),
1.79-1.75 (m, 2H), 1.37-1.28 (m, 3H); LC/MS (ES¥z)133.07 [M+H].
4.1.29.4-Bromo-2-(((tetrahydro-2H-pyran-4-yl)methyl)thio)thiazole (61) To a solution of
59 (0.632 g, 4.8 mmol) in THF (30 mL) was added N&=2 (g, 4.8 mmol) at 0 °C and
the reaction mixture was stirred at room tempeeatior 10 min. A solution of 2,

4-dibromothiazole (0.964 g, 4 mmol) in THF (10 mkas added to the above mixture



dropwise and the reaction mixture was stirred dghtn The resulting mixture was
bleached with saturated NEI (20 mL) and extracted with ethyl acetate (3 xr3D).
The combined organic layers were dried over anhyglidaSO, and concentrated under
reduced pressure. The residue was purified byasdel flash chromatography (eluting
with ethyl acetate in petroleum ether 4%) to affétdas an off-white solid (0.7 g, yield =
60%). *H NMR (400 MHz, CDC}) § 7.07 (s, 1H), 3.98 (dd] = 11.2 Hz, 4.4 Hz, 2H),
3.37 (td,J = 11.8 Hz, 2.0 Hz, 2H), 3.18 (d,= 6.8 Hz, 2H), 1.96-1.86 (m, 1H), 1.78 (dd,
J=12.8 Hz, 1.6 Hz, 2H), 1.44-1.38 (m, 2H); LC/VES(, m/z) 293.96 [M+H].

4.1.30. Compoun@2 was prepared following the synthetic procedurélof
4-Bromo-2-((tetrahydro-2H-pyran-4-yl)methoxy)thiazole (62) Yield = 73%.'H NMR
(400 MHz, CDC4) & 6.58 (s, 1H), 4.28 (d, 2H), 3.99-4.02 (m, 4H),B3B46 (m, 2H),
2.02-2.15 (m, 1H), 1.42-1.72 (m, 2H); LC/MS (ESIZ)r277.99 [M+H].

4.1.31.

4-(5-Chloro-2-fluoropyridin-4-yl)-2-(((tetrahydr o-2H-pyran-4-yl ) methyl ) thio)thiazol e

(63) A mixture of61 (2.0 g, 7.22 mmol)45a (3.71 g, 14.41 mmol), Pd(P§Hh(0.16 g,
0.22 mmol) and N& O3 (2.35 g, 21.66 mmol) in 1,4-dioxane (20 mL) angDH4 mL)
was exchanged with Nor three times and the reaction mixture was stira¢ 90°C
overnight. The resulting mixture was cooled to romperature and J@ (80 mL) was
added. The aqueous phase was extracted with etbtgta (3 x 30 mL) and the combined
organic layers were dried over anhydrous®@ and then concentrated under reduced
pressure. The residue was purified by silica gediflchromatography (eluting with ethyl
acetate in petroleum ether 3%) to aff@@las an off-white solid (0.27 g, yield = 61%);

LC/MS (ESI, m/z) 345.03 [M+H]



4.1.32. Compoun@4 was prepared following the synthetic proceduré3f
4-(5-Chloro-2-fluoropyridin-4-yl)-2-((tetrahydro-2H-pyran-4-yl )methoxy)thiazole  (64)
Yield = 42%."H NMR (400 MHz, CDCY) § 8.24 (s, 1H), 7.73 (s, 1H), 7.64 @= 1.6
Hz, 1H), 4.35 (dJ) = 6.8 Hz, 2H), 4.04 (dd] = 11.2 Hz, 4.0 Hz, 2H), 3.45 (td,= 12.0
Hz, 2.0 Hz, 2H), 2.16-2.13 (m, 1H), 1.75 (dds 12.8 Hz, 2.0 Hz, 2H), 1.49 (gqd= 12.5
Hz, 4.4 Hz, 2H); LC/MS (ESI, m/z) 329.05 [M+H]

4.1.33. Compounds5 was prepared following the synthetic procedurbaat

tert-butyl (4-bromothiazol-2-yl)((tetrahydro-2H-pyran-4-yl)methyl)carbamate (65) Yield

= 88%.'H NMR (400 MHz, CDCJ) 5 6.87 (s, 1H), 4.80-4.84 (m, 2H), 1.58 (s, 9H);
LC/MS (ESI, m/z) 304.98 [M+H-56]

4.1.34.

(2-((tert-Butoxycar bonyl)((tetrahydr o-2H-pyran-4-yl) methyl)ami no)thiazol -4-yl )boronic
acid (66) A mixture of65 (1.0 g, 12.9 mmol), Bis(pinacolato)diboron (1.083¢98 mmol)
and KOAc (0.52 g, 5.3 mmol) in dioxane (20 mL) vexshanged with argon twice, then
Pd(dppf)C}-DCM (0.22 g, 0.26 mmol) were added to the aboveture. The reaction
mixture was heated to 100 °C and stirred for 3 Henrargon atmosphere. The mixture
was concentrated and the residue was purifiedlizg gjel flash chromatography (eluting
with ethyl acetate in petroleum ether 5-100%) teeghe product5 as a brown solid
(3.2 g, yield = 55%). LC/MS (ESI, m/z) 343.15 [M+H]

4.1.35. tert-butyl
(4-(2-Chloro-5-methyl pyridin-4-yl)thiazol-2-yl)((tetrahydr o-2H-pyran-4-yl )methyl ) carba
mate (67) A mixture of 66 (0.35 g, 1.02 mmol), 4-bromo-2-chloro-5-methylplymnie

(0.32 g, 1.53 mmol) andRO, (0.43 g, 2.04 mmol) in dioxane (15 mL) was exchahg



with argon twice, then PdPPh(0.11 g, 0.1 mmol) were added to the above mix{line
reaction mixture was heated to 100 °C and stireeddfh under argon atmosphere. The
mixture was concentrated and the residue was pdrify silica gel flash chromatography
(eluting with ethyl acetate in petroleum ether 5%opive the produds7 as a white solid
(0.3 g, yield = 69%). 'H NMR (400 MHz, CDC}) 5 8.25 (s, 1H), 7.64 (m, 2H), 7.19 (s,
1H), 4.07 (dJ = 7.0 Hz, 2H), 3.99 (dd] = 11.3, 3.2 Hz, 2H), 3.35 (td,= 11.8, 2.1 Hz,
2H), 2.49 (s, 3H), 2.22-2.16 (m, 1H), 1.60 (s, 9HK0-1.42 (m, 3H). LC/MS (ESI, m/z)
424.14 [M+HJ .

4.1.36. tert-Butyl
(4-(2-(((2r ,4r)-4-((tert-butoxycar bonyl)amino)cycl ohexyl)Jamino)-5-methyl pyridin-4-yi )th
iazol-2-yl)((tetrahydro-2H-pyran-4-yl)methyl)carbamate (68) A mixture of 67 (0.3 g,
0.71 mmol), tert-butyl ((1r,4r)-4-aminocyclohexydybamate (0.18 g, 0.85 mmol), Binap
(0.09 g, 0.14 mmol) antBuONa (0.27 g, 2.84 mmol) in toluene (20 mL) waslenged
with argon twice, then B¢tlba) (0.064 g, 0.07 mmol) were added to the above mextu
The reaction mixture was heated to 120 °C overnigider argon atmosphere. The
mixture was concentrated and the residue was pdridy silica gel flash chromatography
(eluting with ethyl acetate in petroleum ether 3Q%)give the producé8 as a yellow
solid (0.15 g, yield = 35%). *H NMR (500 MHz, CDCJ) § 7.94 (s, 1H), 7.07 (m, 2H),
6.72 (s, 1H), 4.07 (d] = 7.1 Hz, 2H), 4.01-3.97 (m, 2H), 3.57 (s, LH4B(s, 1H), 3.35
(td, J =11.7, 2.1 Hz, 2H), 2.33 (s, 3H), 2.20-2.14 (iH),32.07-2.04 (m, 1H), 1.62-1.60
(m, 11H), 1.51-1.42 (m, 11H), 1.31-1.24 (m, 4H)./MS (ESI, m/z) 602.33 [M+H]
4.1.37.

(1r,4r)-N1-(5-Methyl-4-(2-(((tetrahydr o-2H-pyran-4-yl ) methyl)Jamino)thiazol -4-yl ) pyridi



n-2-yl)cyclohexane-1,4-diamine (69) To a solution 068 (0.15 g, 0.25 mmol) in DCM (1
mL) was added TFA (1 mL) dropwise. After 1 h unktie reaction was complete, the
mixture was evaporated to dryness and the crudduptavas purified by silica gel flash
chromatography (eluting with MeOH in DCM 9%) to githe title compoun®9 as a
yellow oil (66 mg, yield = 66%)*H NMR (500 MHz, CROD) & 7.76 (s, 1H), 6.76 (s,
1H), 6.66 (s, 1H), 3.96-3.92 (m, 2H), 3.62-3.56 (H), 3.39 (td,J = 11.8, 2.1 Hz, 2H),
3.32-3.30 (m, 1H), 3.23 (d, = 6.9 Hz, 2H), 2.89-2.82 (m, 1H), 2.24 (s, 1H}22.07
(m, 2H), 2.01-1.90 (m, 3H), 1.72-1.68 (m, 2H), :4&3 (m, 7H)*H NMR (125 MHz,
CDs0OD) 169.5, 157.1, 148.7, 147.2, 144.3, 118.7, 10808.9, 67.3, 50.4, 49.6, 48.9,
34.8, 31.9, 31.0, 30.5, 16.1. LC/MS (ESI, m/z) 284M+H]".

4.2. Biology

4.2.1. Antibodies and Chemicals. Phospho-CDK9 (Thrl86) antibody (no. 2549S),
CDK9 (C12F7) Rabbit mAb (n0.2316S), MCL-1 antibo¢iyo. 4572s), BCL-2 (no.
2876s), c-MYC (no. D84C12) XP rabbit mAb (no. 56@B)d XIAP antibody (no. 2042)
were purchased from Cell Signaling Technology (meyMA). GAPDH (D16H11) XP
rabbit mAb (no. HC301) was purchased from TransBieech. Anti-RNA polymerase
Il CTD repeat YSPTSPS (phospho S5) antibody-Chi&dgr(no. ab5131), anti-RNA
polymerase Il CTD repeat YSPTSPS (phospho S2) eahyi#ChIP grade (no. ab5095)
were purchased from Abcam. RNA pol Il antibody (mAbo. 39097) was purchased
from Active Motif. Antibodies were used at 1:10@ells were lysed for 30 min in lysis
buffer supplemented with protease/phosphatase itohilcocktail (Cell Signaling
Technology). Lysates were cleared by centrifugaiib@3 000g at 4 °C for 10 min, and

protein concentrations were determined by BCA. lgsawere subjected to



electrophoresis through 10% or 15% gel and immodmli on the nitrocellulose
membranes. Compound were purchased from Shanghai MedChem Express (MCE,
Shanghai, China).

4.2.2. Kinase Biochemical Assay. The ADP-Glo kinase assay (Promega, Madison, WI)
was used to screen compountis43 for the CDK9 inhibition potency. The kinase
reaction system contains 4ub of CDK9/CyclinK kinase (3 ngl), 0.5 uL of serially
diluted compound41-43, and 5uL of CDK9 substrate PDKtide (029/uL) (Promega,
Madison, WI) with 10uM ATP (Promega, Madison, WI). The reaction in etdbe was
started immediately by adding ATP and kept goingdo hour under 37 °C. After the
tube was cooled for 5 min at room temperatung,. Solvent reactions were carried out in
a 384-well plate. Then bL of ADP-Glo reagent was added into each well pghe
reaction and consume the remaining ADP within 40.mit the end, 1Q.L of kinase
detection reagent was added into the well and imt@db for 30 min to produce a
luminescence signal. Luminescence signal was medsuith an automated plate reader
(Envision, PE, USA) and the desesponse curve was fitted using Prigrd (GraphPad
Software Inc., San Diego, CA). The biochemicaldedtother targets were provided by
Invitrogen (Carlsbad, CA, USA).

4.2.3. Cdl Lines and Cell Culture. The A375 (melanoma), A431 (squamous),
BE(2)M17 (neuroblastoma), BE(2)M17 (neuroblastom&RL-2234 (hepatoma),
COLO205 (colon cancer), A549 (lung adenocarcinonikgmos (B cell lymphoma),
MV4-11 (AML), Ramos (B cell lymphoma), U937 (AMLEHL (hamster lung cell), and
CHO (hamster ovary cell) cell lines were obtainednf American Type Culture

Collection (Manassas, VA). OCI-AML-3 (AML), SKM-1AML), MEC-1 (CLL),



MEC-2 (CLL) and HL-60 (human promyelocytic leukenaalls) were purchased from
Cobioer Biosciences CO., Ltd. (Nanjing, China). HumGIST-T1 cells were kindly
provided by the group of professor Jonathan A.chket, Brigham and Women'’s hospital
in Boston, USA. MOLM-13 and MOLM14 cell lines wemgovided by Dr. Scott
Armstrong, Dana Farber Cancer Institute (DFCI),tBonsMA. All the cells were grown
in a humidified incubator (Thermo, USA) at 37 °Cden 5% CQ. A375, A431,
GIST-T1, A549, Colo205 and CHO cells were maintdimeDMEM supplemented with
10% FBS, 1% penicillin/streptomycin. BE(2)M17 celere cultured with 1:1 mixture of
ATCC-formulated Eagle's minimum essential mediuatalog no. 30-2003 and F12
Medium. MV4-11, MEC-1 and MEC-2 were grown in IMDMipplemented with 10%
FBS, 1% penicillin/streptomycin. CRL-2234, U2932,937, Ramos, MOLM13,
MOLM14, OCI-AML-3, SKM-1, HL-60 and CHL were grownn Roswell Park
Memorial Institute (RPMI) 1640 medium supported hwitl0% FBS and 1%

penicillin/streptomycin. Adherent cells were groimrtissue culture flasks until they were

85-95% confluent prior to use. For suspension ce#is avere collected by spin down

at 800 rpm/min for 5 min before use.

Cells were grown in 96-well culture plates (300QIsteell). The compounds at
various concentrations were added into the pl&e8B.proliferation was determined after
treatment with compounds for 72 h. Cell viabilitasvmeasured using the Cell Titer-Glo
assay (Promega, USA) according to the manufactuiastructions and luminescence
was measured in a multilabel reader (Envision, iREtkner, USA). Data were

normalized to control groups (DMSO) and represebtethe mean of three independent



measurements with standard error of <20%, @dlues were calculated using Prism 7.0
(GraphPad Software, San Diego, CA).

4.2.4. 9gnaling Pathway Sudy. MV4-11, HL-60 and MEC-1 cells were treated with
DMSO, serially diluted compourdD, 1 uM compound7 for 2 h. Cells were then washed
in 1 x PBS and lysed in cell lysis buffer. Phos@idK9 (Thrl86), CDKO9,
Phospho-RNA Pol 1l (Ser2), Phospho-RNA Pol Il (SefNA Pol Il, XIAP, MCL-1,
C-MYC, BCL-2 and GAPDH antibody (Cell Signaling Temlogy) were used for
immunoblotting.

4.2.5. Apoptosis Effect Examination. MV4-11, HL-60 and MEC-1 cells were treated
with DMSO, serially diluted compourdD, 0.01uM compound? for indicated periods.
Cells were then washed in PBS and lysed in cel$ lgaffer. PARP, caspase-3, GAPDH
antibody (Cell Signaling Technology) were usedifomunoblotting.

4.2.6. Cdl Cycle Analysis. MV4-11, HL-60 and MEC-1 cells were treated with
DMSO, serially diluted compounDd, 0.01 or 0.1uM compound? for indicated periods.
The cells were fixed in 70% cold ethanol and intabdaat -20 °C overnight and then
stained with PI/RNase staining buffer (BD Pharmimgélow cytometry was performed
using a FACS Calibur (BD) and the results wereyze by ModFit software.

4.2.7. Modeling Method. All simulations were performed using Schrodingeriteu
2017. Preparation of the crystal structures of CIQKIK9 were carried out with the
Protein Preparation Wizard module. A restrainedtigarminimization was then
performed with the maximum root-mean-square demia(RMSD) value set to 0.18 A.
Preparation of the ligands were all accomplishedhieyLigPrep module with protonated

states generated at pH = 7.0+2.0. All other pararsetvere set to the default values.



Compound® and40 were docked into the binding pocket of CDK7/9 gdine extended
sampling protocol of IFD.

4.2.8. Pharmacokinetics Sudy. This study protocol was approved by the animalcsthi
committee of Hefei Institutes of Physical ScienChjnese Academy of Sciences (Hefei,
China). The male Sprague—Dawley rats (190-210 g¥ weovided by laboratory animal
center of Anhui Medical University (Hefei, Chinafhe animals were housed in an
air-conditioned animal room at a temperature o&23°C and a relative humidity of
50 £ 10% and allowed free access to tap water andThe mice, rats and dogs were
acclimatized to the facilities for one week andnttiasted for 12 h with free access to
water prior to the experiment. The mice (48), &) or dogs (6) were randomly and
equally divided into two groups for the compoungigarmacokinetic study. One group
was injected with.v. formulation at a dose of 3 mg/kg, 3 mg/kg and 2kggn mice,
rats and dogs respectively. The other group waseddeby oral administration gf.o.
formulation at doses of 10 mg/kg, 20 mg/kg and XIdkgp in mice, rats and dogs
respectively. The.o. formulation of compoundO for mice and dogs was consisted of 10
mg compoundi0 dissolved in 0.5 mL of dimethyl sulfoxide and 4 of 5% glucose
water, and the.o. formulation for rats was made with 20 mg compodfQdiissolved in

1 mL of dimethyl sulfoxide and 4 mL of 5% glucosater. Thei.v. formulation of
compound40 is made with 0.5 mL of thp.o. formulation and 4.5 mL of 5% glucose
water. About 30QL of blood samples were collected into hepariniagdaes at 2, 5, 15,
30, 60, 120, 240, 360, 540 and 720 min after irtmaws injection and at 5, 15, 30, 60,
90, 120, 240, 360, 540 and 720 min after oral adimation. 10QuL of plasma was

harvested by centrifuging the blood sample at 4ah@ 5000 rpm for 3 min, and then



stored at —80 °C until analysis. An aliquot of 1000f each plasma sample was mixed
with 20puL of internal standard working solution (200 ng/rof caffeine). Methanol
(400puL) was then added for precipitation. After vortexifor 5 min and centrifuging at
14,000 rpm for 10 min, pL of the supernatant was injected for LC-MS/MS gsil.
The pharmacokinetic parameters were analyzed throwgicompartment model using
WinNonlin 6.1 software (Pharsight Corporation, Mt@in View, USA), including
half-life (T1/), plasma concentration at 0 ming{Cthe peak of the plasma concentration
(Cmax), the time to peak of the plasma concenmafia..y), the area under the plasma
concentration-time curve during the period of obagon (AUG.), the area under the
plasma concentration-time curve from zero to infifAUC,-.), clearance (Cl), apparent
volume of distribution (Vd) and the mean residetwicee (MRT). The oral bioavailability

(F) is calculated according to the following eqaatiF = AUCy., (oral) / AUG., (iv) X
dose (iv) / dose (oral)X 100%.

4.2.9. MV4-11 Xenograft Tumor Model. Five-week-old female nu/nu mice were
purchased from the Shanghai experimental centeine€d Academy of Sciences
(Shanghai, China). All animals were housed in &iipepathogen-free facility and used
according to the animal care regulations of Hetestitutes of Physical Science, Chinese
Academy of Sciences (Hefei, China). Prior to impddion, cells were harvested during
exponential growth. Five million MV4-11 cells in BBvere formulated as a 1:1 mixture
with Matrigel (BD Biosciences) and injected inteetBubcutaneous space on the right
flank of nu/nu mice. Daily oral administration wamstiated when MV4-11 tumors had
reached a size of 200-400 rhmAnimals were then randomized into treatment gsofp

5 mice each for efficacy studies. Compoutiwas delivered daily in a HKI solution



(0.5% methocellulose/0.4% Tween80ddH,O) by oral gavage. A range of doses40f

or its vehicle as control were administered. Bodyght was measured daily and tumor
growth was measured every day afértreatment. Tumor volume was calculated as
follows: tumor volume (mr) = [(W? x L)/2] in which width (W) is defined as the
smaller of the two measurements and length (L)eBndd as the larger of the two
measurements. Animal experiments were performesr afpproval and in accordance
with the guidelines of the Animal Care and Use Cattem at the High Magnetic Field
Laboratory, Chinese Academy of Sciences, P. R.&hin

4.2.10. Satistical analysis. The experimental results were quantified by GraphPasm

7 (Version 7.0, GraphPad Software, La Jolla, CAmparisons between treatments were
analyzed by Student’s t test. P values were lathetiefigures and Standard Deviations

are shown.
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Highlights

* Highly potent CDK9 inhibitor 40 (ICso= 1 nM)

* Achieved 300-10000 fold selectivity over other CDK kinase family members

* High sdlectivity over other 468 kinases/mutants (KINOMEscan S score(1)=0.01)
» Potently inhibited the phosphorylation of RNA Pol Il Ser2 (ECso: <100 nM)



