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Abstract

Specific inhibition of CDK9 is considered a promigistrategy for developing effective anticancerdbeutics.
However, most of the reported CDK9 inhibitors it at an early stage of development and lackciiliy
against other CDKs. Herein, we discovered coumdeinivative 30i as a potent CDK9 inhibitor with high
selectivity (8300-fold over CDK7). Binding mode &ysas illustrated that the substituent coumarin etyis a
critical group for CDK9 selectivity by occupyingfiexible hingedD region, which is sterically hindered in
other CDKs. Compoun@®0i showed excellent cellular antiproliferative adifyimoderate pharmacokinetic
property and low hERG inhibition. Moreoved0i significantly induced tumour growth inhibition & dose-
dependent manner without causing an obvious lodsody weight in an MV4-11 xenograft mice model.
Altogether, these results suggest B@itmay serve as a potential acute myeloid leukaeAN& ] therapeutics

by selectively targeting CDKO9.
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Highlights

® A series of novel coumarin derivatives were discegteas CDK9 inhibitors.

® Compound30i showed high selectivity (160- to 8300-fold) ovdDK:1/2/3/4/5/6/7/8/19.

® A substituted coumarin located at the himfpefegion was suggested to improve selectivity amibition
of CDKO.

® Compound30iinduced tumour growth inhibition in a dose-depemidaanner in an AML mice model.

® Compound30i dose-dependently inhibited CDK9-mediated phosghtion of RNAPII.



1. Introduction

Cyclin-dependent kinases (CDKs), a family of sdthreonine protein kinases, play a critical roletlie
control of cell division cycle progression (e.gDICL — 6) and regulation of gene transcription (eGPK7 -
13 and 19) in eukaryotic cells [1,2]. As a CDK fhmmember, CDK9 combines with its correspondinglioyc
partners (cyclin T1, T2a, T2b, or K) to form pogii transcription elongation factor b (P-TEFb),
phosphorylating residue Ser2 within the C-termidamain (CTD) of RNA polymerase Il (RNAPII) to
facilitate gene transcription elongation [3-5]. Tirevailing view is that many cancer cells are dejeat on
the sustained expression of short-lived antiapapfobteins (e.g., Mcl-1, Bcl-2 and XIAP); howev&DK9
is a vital regulator that stimulates transcriptiorfbngation of antiapoptotic proteins [6,7]. Initidkn of
CDK9-mediated phosphorylation of RNAPII can rapidigluce the levels of antiapoptotic proteins, legdo
the promotion of apoptosis and inhibition of tumasll proliferation [8-11]. Deregulated CDK9-reldte
pathways are frequently observed in many humangmeticies; thus, CDK9 is considered an attractiveea
therapeutic target [12-19]. The first-generatiomichl CDK9 inhibitor candidates, such as flavaghirli
(alvocidib) and R-roscovitine (seliciclib), haveceient pharmaceutical properties aimdvivo antitumour
efficacy and are associated with the downregulatibt©DK9-mediated antiapoptotic protein transcopti
[10,11,20-22]. However, CDK9 specificity was nothiwed, which might cause dose-limiting toxicitydan
adverse events, and thus result in restrictedcdimpplications [23].

Designing selective CDK inhibitors has become meorevalent. Intensive attempts of developing
structurally diverse CDK inhibitors have led to epyals of CDK4/6 inhibitors (palbociclib (Pfizempociclib
(Novartis) and abemaciclib (Eli Lilly)) [24-26]. SB8everal selective CDK9 inhibitors have been abtive
pursued by modifying the scaffold of previous pabKCinhibitors [27]; however, most of these pan-CDK
inhibitors show cross-reactivity with at least tetner CDK family members on the same order of ntagei
or show significant effects on other protein kirmf28-34]. The design of highly selective CDK9 iikors
remains a great challenge at the present stagéodtiee high sequence homology among the CDK family
members [35,36]. Herein, we report our studies ¢eigh, synthesize and evaluate a series of coumarin
derivatives, leading to the identification of a llig potent and selective CDK9 inhibit@0i as a potential

antitumour agent.
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Figure 1. Chemical structures of representative CDK9 inbiisitrecently.
2. Results and Discussion
2.1. Discovery and Research of Hit Compound

Inspection of published CDK inhibitors revealedtthanajority of these molecules occupy the ATP-igd
pocket [27]. Wanget al. reported that selective inhibition of CDK9 I8/(12U) results from the relative
malleability of the ATP binding area, and a bulky-tliazepan-1-ylaniline moiety can be accommodated
within a less crowded and different electrostatiwimnment [31,37]. Further comparison of the hiode
region sequence alignment of CDK9/2/1/3/4/5/6/W&ie ATP-binding ared-{gure 2A/C and supplementary
Figure S1S2) showed that the Glyl12/Alalll residues of CDK9rateh smaller than the residues at the
same position in other CDKs within thiD-helix, such as the Lys89/Lys88 residues in CDKRd the
Thr102/Arg101 residues in CDK4 [38]. This indicathe Gly112/Alalll oftiD-helix region in CDK9 may
accommodate bulkier moieties.

Coumarin scaffolds are rarely reported for thegtesif CDK inhibitors; however, some naturally ocouy



and synthetic compounds that contain the coumamia bave recently been reported to induce apoptdsis
tumour cells, resulting from the inhibition of CDé&sociated kinase activity [39-42]. Moreover, some
structurally related flavanoids including flavopiol [43], 11IM-290 [29], voruciclib [21], riviciclb [44] and
others [20]) have been successfully designed as @bilitors. In addition, coumarin derivatives hamnilar
pharmacological effects to CDK9 inhibitors, incladiantitumour [45,46], antiviral [47], cardioprotee [48]
and other effects [49,50].

Inspired by the above research information, weeswd coumarin derivatives from our natural prodiket-
molecule library for the inhibition of CDKs. As shin in Figure 2D, we identified a hit compound which
had moderate inhibition of CDK9 (CDK9/cyclin T14£184 nM), and showed selectivity (7-fold) for CDK9
over CDK2. In particular, it inhibits CDK7 in uM mge (IGo > 27000 nM) indicating that possessed
selectivity for CDK9 not only against cell cycle &B but also against transcriptional CDKs. To better
understand the selectivity @ftowards CDK9, we docked compound 7 to a CDK9 alisgraphic structure
(PDB code: 4BCG). IrFigure 2B, the C2-carbonyl of coumarin forms a hydrogen buwiiih the NH of
Aspl109, and the coumarin moiety is accommodatedeatite flexible area of CDK9 at the tail of hingea
andaD-helix. In addition, the N1-pyrimidine moiety agte a hydrogen bond from the NH of Cys106, and the
C2-NH of the pyrimidine ring donates a hydrogendtmthe carbonyl of Cys106. In conclusion, molecul
is strongly fixed in the ATP-binding cleft throughree hydrogen bonds at the hinge area. The noeoats
hydrophobic area and gatekeeper region (PhelOB)eaC4- or C5-position of pyrimidine and the solven
accessible region at the C3- or C4-position of catimcan be exploited for the design of CDK9 intuks.
Therefore, we carried out a structure-activity tielsship study of coumarin derivatives with the agh
identifying novel, potent and selective inhibitafsCDK9 as antitumour agents. The chemical strestand

biological activity results are summarizedlable 1 — Table 3.
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Figure 2. (A) Overlapping the key amino acid residues of GD#&nd CDK2 at thesD-helix area. (B)
Compound? (green stick model) docked into the published talysomplex of CDK9 (PDB code: 4BCG); the
key residues between CDK9 are labelled, and thgeltid region is shown in surface representation.
Hydrogen bonds are depicted by black dotted lings) HingebD region sequence alignment of
CDK9/2/1/3/4/5/6/7/8. (D) Chemical structure, initidn efficacy and properties of compouid The mean
ICso values were measured in duplicafBhe properties were calculated by ChemDraw Ultra72€oftware;
“ligand Efficiency of CDK9/cyclin T1: LE = -plg/n, n = heavy atom count (or non-hydrogen atom toun

2.2. Chemistry

The desired target compounti&a16b were synthesized as depictedSicheme 1 Commercially available
7-hydroxy-4-methyl-2-chromen-2-one8) was used as the starting material. The hydroxpeiC7-position
was found to interfere in subsequent reactionsveasitherefore masked as tieet-butyldimethylsilyl ethe©
in the presence of imidazole as a base. Brominafi@with NBS at room temperature resulted in broniife
Preparation of key intermediaf8 started from the Stille coupling reaction 1® with 1-ethoxyvinyltri-n-

butyltin using PAG(PPh), as the catalyst, followed by treatment with hyditodc acid in refluxing methanol



to yield 12, which was then esterified with trifluoromethanésic anhydride in the presence of triethylamine
as the base in an ice bath. Compoutiis15b were prepared through the Suzuki-Miyaura couptigggction

of commercial compound$4a-14band (2-methoxyphenyl)boronic acid using Pd(dppH& the catalyst.
Target compoundsl6a16b were synthesized by the Buchwald-Hartwig aminatioeaction of
aminopyrimidine derivatived5a-15b and key coumarin intermediafe8 using Pd(OAg) as the catalyst.
Compound? was synthesized under the same conditions withcttramercially available 4-(pyridin-3-

yl)pyrimidin-2-amine and intermediafes.
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Reagents and conditions. (a) TBDMSCI, imidazole, DMF, r.t., 6 h; (b) NB&H:CN, r.t.,, 9 h; (c)

PdCL(PPhy),, 1-ethoxyvinyltri-n-butyltin, DMF, 80 °C, 6 h; (dICI (6M, in methanol), reflux, 12 h; (e) 13,



Et;N, DCM, 0 °C, 1 h; (f) (2-methoxyphenyl)boronic dcNaCOs, Pd(dppf)C), 1,4-dioxane : D =7 : 1, N,
95 °C, 26 h; (g) 13, Pd(OAc), C$CO;5, Xantphos, B 100 °C, 2-16 h.

The synthesis of target compourzsa-29t and 30a-30p is depicted inScheme 21In an effort to further
modify the C3- and C4-positions of the coumarinegarommercially available paeonol was reacted with
diethyl carbonate in the presence of sodium hydagléhe base with heating (100 °C, 4 h) to give pmmd
18. Alterations to the C3-position were achieved Isedaes of modifications th8; C3-substituted 9a or 19c
were obtained by treatind8 with acetic acid or propionic anhydride in the gmece of phosphorus
oxychloride, respectively. Reduction convenientiyneertedl9ato 19b with sodium cyanoborohydride as the
reductant. In order to introduce the hydrophiliagiment, a nucleophilic substitution reaction wakzat to
install different heterocyclic substituents at tBé-position by refluxing under basic conditionsgige 20a-
20g Cleavage of the ether at the C7-position withméhium chloride in refluxing toluene led @3a-23g
Moreover, halogenation df8 formed21 with the use of phosphorus oxychloride and trisimine, and then
cleavage of the ether at the C7-position was ahwig under similar conditions as those for complo2®a,
followed by the introduction of heterocyclic substints to the C4-position, leading 28h-23j. Finally, a
series of key intermediate®ta-24j were obtained by esterification under similar dbads as those for
intermediatel 3,

A series of aminopyrimidine compounds with C-C #gks at the C4-position of pyrimidine were formgd b
palladium-mediated chemistry, and the Suzuki-Migagoupling reaction was used to install a series of
substituted aromatic groups giving compoud®-25q In an effort to prepare C5-substituted pyrimidine
derivatives, Suzuki-Miyaura coupling reactionstué tommercially inexpensive agé@@a(R? = F) or26b (R
= CI) with 4-fluoro-2-methoxyphenylboronic acid veeperformed with Pd(dppf)&hs the catalyst. However,
further amination reactions &7a27b with ammonium hydroxide were performed under mgp(i85 °C)
conditions, giving aminopyrimidine derivativeé8a28b. The desired target compourz8a-29tand30a-30p
were synthesized by the Buchwald-Hartwig aminatieaction using Pd(OAg)as the catalyst between the
aminopyrimidine derivative$5a-15/25a-25q/28a-28kand key coumarin intermediat24a-24j In addition,

29d-29ewere obtained by treatment with hydrochloric amidoom temperature for deprotection of Mw&oc

group.



Scheme 2:
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Reagents and conditions: (a) diethyl carbonate, NaH, toluene, 100 °C, 4k); POC}, R°OH or (R),0,
105 °C, 1 h; (c) NaBECN, AcOH, r.t., 0.5 h; (d) B, reflux, 2-6 h; (e) AlClg, toluene, 90 °C,-3 h; ()

POCE, EtN, 100 °C, 3 h; () Ry, EtN, EtOH, reflux, 3 h; (h) TO, EEN, DCM, 0 °C, 1 h. (i) phenylboronic



acid derivative, NZCOs, Pd(dppf)C}, 1,4-dioxane : LD =7 : 1, N, 95 °C, 26 h; (j) NH,OH, isopropanol, 85
°C, 6 h; (k) i. relative intermedia®Ba-24j, Pd(OAc), C$COs, Xantphos, M 100 °C, 216 h; ii. or further
deprotection of th&-Boc, HCI (4M, in Dioxane), r.t., 0.5 h.

2.3. Structure-Activity Relationships (SARS)

Based on the molecular modelling studies of comgdaynhe C7-, C4- and C3-positions of coumarin were
modified to explore the hydrophobic area, hingeiamgand solvent accessible region for potent CDK9
inhibition. All of these coumarin derivatives wesereened for their enzymatic activity against CDOig8lin
T1 or CDK2/cyclin Ain vitro. The initial screening was verified and duplicagé¢a single concentration of 1.0
uM, followed by selection of the active compound &@termination of the 1§ values against CDK9 and
CDK2 enzymatic activities and the antiproliferataetivities of the MV4-11 human acute myeloid lesikea
(AML) cell line.

With the aim of finding more potent analogues, wefgrentially evaluated the 2-methoxyphenyl group a
the A position as the hydrophobic region and gapke region Table 1). Analoguesl6a and16b showed
significant improvement in CDK9 inhibition with d&sy values of 6.5 nM and 37.6 nM but poor toxicity in
MV4-11 cells. We then introduced a morpholino as ltlgdrophilic heterocycle towards the solvent-asitds
region in analogue€9a potently inhibited CDK9 (Ig: 3.1 nM) and improved cellular toxicity 10-fold
compared with the toxicity df6a When changing the acetyl group dtgsition in29a, analogue£9b (R® =
Et) and29c (R® = H) showed over 20-fold and 15-fold losses in GDikhibition, respectively, indicating that
the acetyl group at the C3-position of coumarin vasurable. Notably, the introduction of heterdiyc
piperazin-1-yl 29d) or 1,4-diazepan-1-yR08 at the C4-position of coumarin displayed compkrgiotency
and selectivity for CDK9 and enhanced cellular mnaliferative activity compared to the antiprolidgive
activity of analogud 6a(R’= Me).

Table 1. Structures and biological evaluations of compoufd$a- 16b and29a—29e

10



o~ R2
3
XY xR
I
—
kN)\N o O
H
Enzymatic ICso/nM ° Cell Inhibitory
o . o |
Comp. & R x y _(%Enzymatic activity§ IC ¢ (uM)
CDK9/ CDK2/ MV4-11
cyclin Tl cyclin A
7° Me acetyl CH N 184 1211 12.88
16a Me acetyl CH N 6.5 451.2 10.16
16b Me acetyy N CH 37.6 (64.5+0.7) >10
29a morpholino acetyl CH N 3.1 1283 1.01
29b morpholino Et CH N 67.3 10870 4.72
29c morpholino H CH N 47.2 (57.910.3) 4.57
29d piperazin-1-yl H CH N 25.3 3664 1.34
29e 1,4-diazepan-1-yl H CH N 11.7 2056 1.68

? The mean values of lgwere measured in duplicatt% Enzyme activities were measured at [IM)

concentration of test compound, n=2. NA: not deteeah.“ A moiety was pyridin-3-yl.

To further explore the hydrophobic area and gafeieregion for affinity improvement, the diversiaf/the

substituents was evaluated to investigate how rgryhe substituents at the phenyl group will affewt

activity against CDK9Table 2). Replacement of 2-methoxyl with a 3-methox3®fj, 4-methoxyl 299, 2,4-

11



dimethoxyl @9h) or 2,3-dimethoxyl 29i) showed slightly reduced inhibition of CDK9, indiing that an
ortho-substituent on the phenyl ring was most faable. Interestingly, the introduction of 2-triflmethyl
(290) or 2-nitryl 29m) resulted in a significant loss in CDK9 inhibitimempared with 2-methyR@n) and 2-
ethyl 290), suggesting that an electron-deficient phenyd ahthe C4-position of pyrimidine was not tolechte
This may benefit from the aromatic-aromatic intéicat of the electron-rich phenyl group with the P0@
gatekeeper residue of CDK9. The increased lipaphyiliof fluorine 80a-30¢ at the 2-methoxyphenyl group
resulted in an improvement in cellular antiprolifive activity possibly due to an increase in dahu
permeability; simultaneously, this modification sfeal less of an effect on CDK9 inhibitory activity.

To understand the SAR of the pyrimidine of the birggion, the substituted (C4-pyrimidin-2-yl)Jamino
group was replaced by the substituted (C6-pyrimitiyl)amino group at the C7-position of coumarin.
Notably, the CDK9 inhibitory activities of analog29p — 29t were lost, and this is likely due to the electron
density alteration that disrupted the hydrogen-biotelaction with Cys106 in the hinge region. Thecton-
rich phenyl ring was still favourable in the hydnobic area when the (C6-pyrimidin-2-yl)amino gromgs
located in the hinge region.

Table 2.Structures and biological evaluations of compowfis 29f — 29t and30a—30c
1

R
| VX [Oj
= N~ 0

XY N
|
kN/)\N o Yo
H
Enzymatic ICso/nM ° Cell Inhibitory
0 i ivi a
Comp. - x vy _(%Enzymatic activityf IC 5c (UM)
CDK9/ CDK2/ MV4-11
cyclin Tl  cyclin A
29a 2-MeO CH N 3.1 1283 1.01
29f 3-MeO CH N 184 (54.1+2.3) 1.49

12
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20t 2-ChK; N CH (106.3+3.6) NA NA

30a 4-F,2-MeO CH N 8.8 1328 0.25
30b 5-F,2-MeO CH N 21.8 (49.6%4.1) 1.74
30c 6-F,2-MeO CH N 13.7 (58.7£1.0) 0.52

? The mean values of igwere measured in duplicatt% Enzyme activities were measured at [IM)
concentration of test compound, n=2. NA: not deteeah.

Although compounds with 4-fluoro-2-methoxyl at tR& position and pyrimidin-2-ylamino in the hinge
region showed good potency against CDK9, therenwasvidence to clarify which hydrophilic group wdul
be optimal after considering the cellular toxicétyd physical properties. Therefore, hydrophilicehetycles
were investigated using the optimized structure 4ef4-fluoro-2-methoxyphenyl)pyrimidin-2-yl as the
hydrophobic segment. The details of further optation are shown iflable 3 Regrettably, substitution of the
morpholino with 4-methylpiperazin-1-yB0d), 4-ethylpiperazin-1-yl306 or piperidin-1-yl 0f) at the R
position did not significantly improve the celluliaxxicity or CDK?9 inhibitory activity. In the conké of 303,
replacement of the 3-acetyl with a 3-propior80g) at the R position exhibited a similar enzymatic potency
and antiproliferative activity profile; however,placement of the 3-acetyl with a hydrog@®t) showed a
significant reduction in cytotoxicity.

To further improve cellular toxicity, we introducddorine (30i and30j) or chlorine 800 and30p) to the
C5-pyrimidine position. This modification had lesé an impact on the inhibitory activity against CBK
However, the cellular antiproliferative activity 80i (R* = F) was better than that of badbo (R* = Cl) and
30a(R' = H). In the context 080i, the substitution with heterocyclic groups or pr8pionyl group towards
the solvent accessible region was explored. Theo#holino and 3-acetyl groups 80Di turned out to be
optimal in terms of improving cellular toxicity.

Table 3.Structures and biological evaluations of compouis 30d —30p.

14
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H
Enzymatic ICs/nM ° Cell Inhibitory
0 X L a
Comp. R? R Ré _(%Enzymatic activity§ IC 50 (uM)
CDK9/ CDK2/ MV4-11
cyclin Tl cyclin A
30a morpholino acetyl H 8.8 1328 0.25
30d 4-methylpiperazin-1-yl acetyl H 16.4 (74.8+1.3) 0.52
30e 4-ethylpiperazin-1-yl acetyl H 10.5 (61.8+8.0) 0.74
30f piperidin-1-yl acetyl H 6.5 (73.1+9.4) 0.73
30g morpholino propionyl H 3.6 1087 0.43
30h morpholino H H 18.2 1330 2.28
30i morpholino acetyl F 2.0 320 0.09
30j 4-methylpiperazin-1-yl acetyl F 15 336 0.40
30k 4-ethylpiperazin-1-yl acetyl F 1.2 305 0.55

30l 1,4-diazepan-1-yl acetyl F 1.6 496 0.42




30m morpholino propionyl F 0.7 338 0.42

30n morpholino H F 1.6 (22.0£0.1) 3.11
300 morpholino acetyl Cl 3.6 401 1.01
30p 4-methylpiperazin-1-yl acetyl Cl 1.7 642 1.39

2 The mean values of igwere measured in duplicatt% Enzyme activities were measured at (1IN
concentration of test compound, n=2.
2.4. Kinase Selectivity Profile

As the coumarin derivatives demonstrated satisf@BK9 inhibitory activities, further studies of thanase
selectivity were conducted. Representative comp@@aevas screened in a panel of structurally similaiKCD
kinase isoforms, including CDK1/cyclin B, CDK2/ciytlA, CDK2/cyclin E, CDK3/cyclin E, CDK4/cyclin D1,
CDK5/p25, CDK®6/cyclin D3, CDK7/cyclin H, CDK8/cyali C, CDK9/cyclin T1 and CDK19/cyclin C. The
CDK family screening resultd={gure 3A/B) showed reasonable CDK9 selectivity. CompoGadexhibited
the most prominent inhibition of CDK9/cyclin T1 @&£2 nM) and presented 160- to 978-fold selectiaigr
CDK1/2/3/4/5/6 (cell cycle CDKs) and more than 326l selectivity over CDK7/8/19 (transcriptional

CDKs), indicating thaB0i is highly selective for the inhibition of CDK9 amg the CDK family members.
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Figure 3. Selectivity profiling of representative compou8@i. (A) The 1G, values and (Bjlose-activity
curves of different CDK family members demonstrated theghhiselectivity of 30i for CDK9. (C)
Comprehensive kinase selectivity profile3ffi with 372 wild-type kinases. Determination was ieatrout in
duplicate at a single dose concentration of iMD of 30i, and the §-**P]ATP-based enzymatic assay was
performed by Reaction Biology Corporation. The TRR& image was generated by the online KinMap

program (http://kinhub.org/kinmap/) and the redleircodes for kinase activity.

In order to further investigate the kinase seldgtimmong other protein kinase)i was screened against a
comprehensive panel of 372 protein kinases usiaditase assay services at Reaction Biology Codtipara
including the kinase families AGC, CAMK, CMGC, CKIK, TKL and othersKigure 3C; for detailed data,
see supplementaryable SJ). Impressively,30i showed the most potent inhibition against CDK®orgj
inhibition against GSK-&p and MAK (enzymatic activity below 10%), medium ilnition against 8 types of
kinases (enzymatic activity ranging from 10% to 35%eak inhibition against 76 types of kinases {ematic

activity ranging from 35% to 80%), and hardly anjibition against 282 types of kinases (enzymattovidy
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over 80%). The selectivity screening of CDK fami#pforms and protein kinases demonstrates 3bais a

significantly selective CDK9 inhibitor.
2.5. Molecular Modelling of CompourDi with CDK9

Given that compoun@0i was highly potent and selective inhibition of CQK@e tried to understand the
binding mechanism 080i by molecular modelling. The compou®i was docked into the active site of
CDKO9 (Figure 4A), and30i adopts the same binding mode as hit compduanid is located in a narrow cleft
of the ATP binding site between the N-terminal aderminal lobes. The 7-(pyrimidin-2-ylaminoH2
chromen-2-one core forms three hydrogen bondseiitiige region of CDK9 (pyrimidin-2-ylamino 1N- - NH-
Cys106, 2C-N-H---O: Cys106, and coumarin 2C=0--:A$p109). The pyrimidine ring is sandwiched
between the hydrophobic side chains Ala46 and Léufd¥ming van der Waals interactions at the ad®nin
area of ATP Figure S4. The phenyl ring of coumarin is contacted fronowb by lle25 to enable Van der
Waals interactions at the edge of the ATP-bindireg.aFurthermore, the 4-fluoro-2-methoxyphenyl ftient
of 30i occupies the hydrophobic region and likely indulcegering of the glycine-rich loop (G-Loop) intoeh
ATP binding site, enhancing interactions within £1d>-binding pocket.

The C4-morpholino and C3-acetyl of coumarin arealed in the entranceway of the ATP-binding pocket
and extend into the solvent-accessible area. Thm@pholino sticks out of the binding cleft and reésgly
does not directly interact with CDK9, which expkithe fact that small (i.e., C4-methyl) or bulkye(i C4-
morpholino or C4-1,4-diazepan) functional groups frund to be favourable and tolerable. As mentpne
CDKO9 possesses a more flexible and flatter actiteetsan other CDKs [37]. The 3-acetyl-4-morpholizid-
chromen-2-one moiety dB0i is available to form a hydrogen bond with Aspl10®l accupy the flexible
hingebD region of CDK9 comfortably, whereas there isistbindrance in the other CDK family members.
Overlapping of the crystal structures of CDK2 (cyBDB: 4BCP) and CDK9 (grey, PDB: 4BCG), the steric
hindrance from the Lys89 residue of CDK2 obvioushmpers the interactions between CDK2 and the 3-
acetyl-4-morpholino-&-chromen-2-one moiety @0i (Figure 4C), which results in a structural reversal to
avoid this steric hindrance and creates an unfa@rminding model wheBOi is docked into CDK2Kigure
S4). The steric hindrance also exists in other CDMsich may explain the highly selective inhibitiogainst

CDKa®.
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Figure 4. Blndlng mode analysis of combouﬁdl docked into CDK9 klnase (grey rlbbon representation
PDB code: 4BCG)The docking images were generated by the PyMOL catde graphics system. The key
residues between CDK9 and CDK2 are labelled, anddgen bonds in all panels are depicted by blattedo
lines. (A) CompoundO0i (green stick model) docked into CDK9. (B) Compami®f the binding mode &O0i
within CDK9 overlaid onto the equivalent region@DK2. The steric hindrance is shown by red dotieglsl.

2.6.1n Vitro Cell Assays

Further cellular antiproliferative activities 80aand30i were evaluated against a panel of different tyjfes
cancer cell lines (e.g., pancreatic cancer, gastiwer, melanoma, liver cancer, breast cancesnocancer
and non-small-cell lung cancer and leukaemia).fEsalts are depicted ifable 4 As expected, the growth of
all cancer cell lines was suppress&@i displayed much higher antiproliferative activitidgan 30a In
particular, the 16 values of30i inhibition against BxPC-3 (pancreatic cancer), Z&3melanoma), Hep G2
(liver cancer) and MV-4-11 (leukaemia) cells weesd than 0.1M, indicating that30i might be the most
prominent antitumour agent among this series.

Table 4. Antiproliferative Activities 0f30aand30i against a Panel of Human tumour Cell Lines.

Panel Cell line o (M) °
30¢ 30i
BxPC-3 0.91 0.0¢
Pancreatic Cancer PANC-1 1.8¢ 0.3
MIA PaCe2 1.6C 0.4¢
Gastric Canct NCI-N87 3.5¢ 0.6C
Melanom: A-37E 0.9¢ 0.0¢
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Liver Cance Hep G: 0.5¢ 0.1C

Breast Canci MDA-MB-231 1.5¢ 0.2
SW62( 2.7C 0.4z

Colon Cancer
HCT-11¢ 0.6¢ 0.2¢
Non-Small Cell A549 2.3¢ 0.47
Lung Cancer NCI-H46C 2.1F 0.64
) molm-13 0.2¢ 0.26

Leukaemia

MV-4-11 0.5 0.09

#The mean Ig, values were measured in duplicate.
2.7. Pharmacokinetics 80aand30i in Liver Microsomes of Multiple Species

Following the enzymatic and cellular activities kexion, a preliminary metabolic stability study &ba
and30i was assessed hyvitro liver microsomes of multiple species, includiigmo sapiens, monkeys, dogs
and rats. The results are shownTable 5 These compounds had moderate terminal half-If¥fgs) with
values of at least 0.5 h in human liver microsonigss series of compounds has an acceptable ldvel o
metabolic stability for subsequeantvivo evaluations.

Table 5.Pharmacokinetics in Liver Microsomes of MultipleeSes.

T1p? CLint”

CATpOLIES (min) (uL/min/mg protein) S{PEeEs
33.5 41.4 Human
22.2 62.5 Monkey
30a
14.1 98.3 Dog
9.61 144 Rat
35.7 38.8 Human
20i 24.2 57.3 Monkey
[
14.0 98.7 Dog
2.01 689 Rat
12.1 287 Human
) . 6.29 551 Monkey
Midazolam
231 1499 Dog
3.82 908 Rat

&T,is half-life. b CLy is the intrinsic clearancéMidazolam was used as control compound.
2.8. hERG assay

Inhibition of the cardiovascular ion channel hERGthe most important mechanism for drug-induced
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prolongation of QT interval [51]. To understand tterdiotoxic effects, we assayed the hERG actiwity
cardiovascular ion channels before the compoundrashd intoin vivo studies. The assay was based on the
competition of a fluorescently labelled tracer tmgdto a membrane preparation containing hERG.rékelts
are shown irFigure S5 Compound30i had low hERG inhibitory activity (I6: 10080 nM) and over 5000-
fold selectivity for CDK9, indicating that it hasw potential for detrimental effects on the heart.
2.9. Pharmacokinetic Profile 8Diin vivo

As compound30i showed high potenay vitro, the pharmacokinetic profile was evaluated in IGRe
through oral gavage (p.o.) and intravenous admatish (i.v.). The plasma concentration-time cus/ehown
in Figure S& After a single 30 mg/kg dose administered by gealage, the maximum concentration.{{
reached 665 ng/mL, the area under the curve AUEas 1200 ng/mL-h and the bioavailability (F%) was
14.3%. After intravenous administration of a 2 nggose, the half-life (4, was found to be 0.23 h, the
clearance (CL) was 3.56 L/h/kg, and the volume wftritbution (Vdg9 was 0.67 L/kg. The moderate
pharmacokinetic (PK) propertiesTable 6) suggested that compour@Di was suitable for intravenous
administration to evaluate its antitumour efficécyivo.

Table 6. Pharmacokinetic analysis 8Di in ICR mice by p.o. and i.v. route.

30i
Parameter8 Unit p.o., 30 mg/k i.v., 2 mg/kg

T h NR 0.27

Trnax h 0.2¢ -
Co ng-mL* - 306(

Crax ng-mL* 66° -
AUCo;  ng-h-ml* 120( 56(
AUCo., ng-h-ml* NR 561
CL L-kg* bt - 3.5¢
Vdss L-kg™* - 0.67

F % 14.: -

#CR mice (n = 9). Parameters were calculated fromposite mean plasma concentration-time data. NR,
no record.

2.10.In Vivo Efficacy of Compoun@®0i in the MV4-11 Tumour Xenograft Model
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Compound30i showed the best tumour cell growth inhibitienvitro, which facilitated us to further study
its potential as an antitumour agent. The antitunefficacy of30i was assessed in an MV4-11 mice xenograft
model with intravenous administration for 21 conge® days. When the tumours grew to an averagemwel
of 180 mmi, the mice were randomly assigned to five groupmi@ per group). Three experimental groups
received 10, 20 or 40 mg/kg (mpk) doses36i, and the other two control groups were treatedh wethicle
(saline) as a negative control and a 40 mpk dosgtafabine as a positive control [52].

The antitumour efficacy is shown Figure 5. Compound30i demonstrated marked inhibition of tumour
growth in vivo in a dose-dependent manner. In particular, tregtmith 40 mpk doses d@0i significantly
suppressed the tumour progression and tumour griovibition (TGI) values up to 100% from days 143@.
Compound30i was more efficacious than cytarabine at the saose df 40 mpk. It is worth noting that no
obvious body weight loss or mortality occurred imyaof the mice groups during the treatment period,
indicating that there was no general cytotoxicigjolw a dose of 40 mg/kg/day and a good safety winfdo
further biological evaluation. The significant retion in tumour volume was photographed at the ehd
treatment. The average tumour weight after treatmviéh 30i (experimental group of 40 mpk doses) was 0.18
g, which was less than the tumour weights frompibsitive control group of cytarabine (0.26 g) amgjative

control (1.00 g) groups.
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Figure 5. The antitumour efficacy 080i in the MV4-11 xenograft model. Female BALB/c nuahéce
bearing MV4-11 tumour xenografts were treated lsairenous injection (i.v., QD) witRB0i at 0 (vehicle), 10,
20, or 40 mpk or with cytarabine at 40 mpk. (A) Tumvolumes and (B) body weights were measureten t
MV4-11 xenograft mice afte80i or cytarabine administration. (C) Representativetpgraphs of the tumours
in each group after treatment with O (vehicle), 2@, or 40 mpk30i or 40 mpk cytarabine. (D) Comparison of

the final tumour weight in each group after 21 dagstment period. Numbers on the columns inditage

mean tumour weight in each grougr)p < 0.01.

2.11. Cellular Mode of Action

The cellular mode of action 80i was investigated for CDK9-mediated signalling patiis by western blot
analysis. As expected, after treatment of MV4-1llscéor a period of 24 h, a gradual decrease in
phosphorylation at Ser2 of the CTD of RNAPII (p-RRIA(S2), a CDK9-mediated phosphorylation site) was
observed in a dose-dependent manner. The exprdssiels of Mcl-1 and c-Myc were clearly reducedaat

concentration of 0.14M 30i, and the complete disappearance of Mcl-1 and c-Mye observed in the range
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of 0.2uM to 0.8uM 30i. Analogous results were also observed withy8flavopiridol, such as a decrease in
phosphorylation at Ser2 of the CTD of RNAPII andeduction in Mcl-1 and c-Myc. Thus, cellular CDK9

inhibition with compound0i was achieved.
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p-RNAPII (52) B B o P
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Figure 6. Western blot analysis of MV4-11 cells treatedhw80i or Flavopiridol for 24 h. GAPDH
antibody was used as an internal control.
3. Conclusions

Specific inhibition of CDK9 has been validated asiable approach for targeted cancer therapy. i th

paper, we discovered a coumarin derivafas a hit molecule with selective inhibition agai@®K9. Then, a
series of derivatives of 7-(pyrimidin-2-ylaminoHzZhromen-2-one and 7-(pyrimidin-4-ylaminoft2
chromen-2-one were designed, synthesized and éwdlaa antitumour agents. This effort led to tlsealiery
of a highly promising potent and selective CDKOilaitor 30i, which effectively inhibited CDK9 with an kg
value of 2 nM and presented 160- to 978-fold seligtversus CDK1/2/3/4/5/6 (cell cycle CDKs) anden
3250-fold selectivity versus CDK7/8/19 (transcriptal CDKSs). Further profiles of kinase selectivityowed
that30i most selectively inhibit CDK9 among 372 kinasesalysis of the binding mode demonstrated that the
3-acetyl-4-morpholinoa-chromen-2-one moiety occupied the flexible hinde/region of CDK9 which
shows the steric hindrance in other CDKs, andrttag account for its remarkable selectivity. Funthere,30i
demonstrated impressive antiproliferative activity a panel of tumour cell lines, including leukaami
pancreatic cancer, gastric cancer, melanoma, diaecer, breast cancer, colon cancer and non-seihlliog

cancer. The moderate metabolic stability in livercnmssomes and low hERG inhibition demonstrated
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acceptable drug-like propertids. vivo, 30i exhibited a moderate pharmacokinetic profile, arsignificantly
induced tumour growth inhibition in a dose-dependaanner in an MV4-11 (AML) mice xenograft model
without causing mortality or an obvious loss of baekight. The study of cellular mode of action sestg30i
downregulated Mcl-1 and c-Myc by dose-dependentlyibiting the CDK9-mediated phosphorylation of
RNAPII. In summary, this study identified a promigicoumarin-based CDK?9 inhibit80i with high potency

and specificity which may shed light for developi@d@K9-mediated cancer therapies.
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4. Experimental section

4.1. General Methods. All reactions were monitdogdanalytical thin-layer chromatography (TLC), winic
was visualized by ultraviolet light (254 nm or 38K!). All solvents were obtained from commercial sms
and were purified according to standard proceduPesification of the products was accomplished llagt
chromatography using silica gel (100-200 mesh). tiMgl points were determined by X-4 digital display
micro-melting point apparatus (Beijing Tech Instamh Co., Ltd.). All NMR spectra were recorded with
Bruker AVANCE AV-600 spectrometer at 300 MHz or 48z in DMSO or CDCJ: chemical shiftsd) are
given in ppm, coupling constantd) (n Hz and following abbreviations are used tadatk the multiplicity in
NMR spectra: s (singlet); d (doublet); t (triplet);(quartet); m (multiplet). The solvent signalsreveised as
references (residual DMSO in DMSfg-d = 2.50 ppmg. = 39.5 ppm; CHGlin CDCls: 6y = 7.26 ppmg, =
77.0 ppm). Mass spectra were obtained on the Agll#d0 LC/MSD mass spectrometer (Agilent, USA) and
Q-tofmicro MS (micromass company). High resolutimass spectrometry (HRMS) was recorded on TOF
perimer for ES. The purity of biologically evaluated compoundssw®5% as determined by HPLC analysis
(Agilent C18 column, CEDH and HO as the mobile phase, monitored by UV absorptid®b@ and 365 nm).

4.1.1. 7-((tert-butyl dimethyl silyl Yoxy)-4-methyl-2H-chromen-2-one (9). 7-hydroxy-4-methyl-Bl-chromen-2-
one (1.76 g, 10.00 mmol, purchased from BidePhaomgzny Inc.) and t-butyldimethylsilyl chloride (2.9,
30.00 mmol) were dissolved in DMF (50 mL) at ro@mperature and then treated witt-imidazole (3.40 g,
50.00 mmol). After 6 hours ethyl ether (50 mL xaB)d water (250 mL) was poured into the solution tued
reaction mixture was transferred into a separdtionel. The reaction mixture was washed with b(R& mL
x 3). The organic layer was dried over magnesiulfateuand concentrated to yield the residue, whicis
chromatographed (ethyl acetate/petroleum, 4%) lmasiel to afford white solid (2.10 g, 72%). ESEWz
291 [M+H]".

4.1.2. 3-bromo-7-((tert-butyldimethylsilyl)oxy)-4-methyl-2H-chromen-2-one  (10). N-bromosuccinimide
(2.14 g, 12.00 mmol) was added to a solutio® (#.90 g, 10.00 mmoal) in €N (50 mL). The mixture was
stirred at room temperature for 9 h, then ethykatee(50 mL x 3) and water (250 mL) was poured thi
solution and the reaction mixture was transferrgd a separation funnel. The reaction mixture washed

with brine (25 mL x 3). The organic layer was drger magnesium sulfate and concentrated to yhedd t
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residue, which was chromatographed (ethyl acettreleum, 1%) on silica gel to afford white solRI96 g,
80%). ESI-MSz 370 [M+H]'".

4.1.3. 7-((tert-butyl dimethyl silyl) oxy)-3-(1-ethoxyvinyl )-4-methyl-2H-chromen-2-one (11). 10 (1.00 g, 2.70
mmol) was combined with tributyl(1-ethoxyvinyl)steane (1.82 mL, 5.40 mmol) and Pd®@Ph), (189 mg,
0.27 mmol) in anhydrous DMF (30 mL). The mixturesnsirred at 80 °C for 6 h, then ethyl acetater(fiOx
3) and water (150 ml) was poured into the solutiod the reaction mixture was transferred into arsd@n
funnel. The reaction mixture was washed with b(B@mL x 3). The organic layer was dried over magna
sulfate and concentrated to yield the crude pro@u@s g, 75%), which was available in the nexp stithout
further purification.

4.1.4. 3-acetyl-7-hydroxy-4-methyl-2H-chromen-2-one (12). The crude intermediate dfl (500 mg, 0.39
mmol) was dissolved in HCI solution (20 mL, 6M irethanol) and was stirred at 80 °C for 12 h. After
completion of the reaction as monitored by TLC, thixture was cooled to room temperature. The pH of
solution was adjusted to 7 by NaOH slowly. The snotwvas evaporated under reduced pressure. Thiieesi
was purified by chromatography (ethyl acetate/hex26%) on silica gel to afford white solid (187 ,168%).
'H-NMR(300 MHz, DMSOds) 5 10.81 (s, 1H), 7.75 (dl = 8.8 Hz, 1H), 6.86 (dd] = 8.8, 2.3 Hz, 1H), 6.75
(d,J= 2.3 Hz, 1H), 2.46 (s, 3H), 2.34 (s, 3H). ESI-Ni& 241 [M+Na].

4.1.5. 3-acetyl-4-methyl-2-oxo-2H-chromen-7-yl trifluoromethanesulfonate (13). To an oven-dried 25 mL
round-bottom flask was charged wit@ (110 mg, 0.50 mmol) and anhydrous triethylamirg@p{z, 0.60 mmol)
in dry dichloromethane (10 mL). The resulting migtuwas stirred at -10C for 15 mins, then
trifluormethanesulfonic anhydride (1QQ., 0.60 mmol) was added dropwise over a period ®friin. The
mixture was further stirred at room temperature ddditional 1 h until the completion of the reantias
monitored by TLC. The reaction was quenched witatrated solution of agueous NaHJ® an ice bath
and washed with water. The organic layer was doisl anhydrous N8O, and evaporated under reduced
pressure. The residue was purified by chromatogrégthyl acetate/hexane, 15%) on silica gel tordffehite
solid (148 mg, 84%)*H-NMR(300 MHz, DMSOeg) 6 8.10 (d,J = 8.9 Hz, 1H), 7.83 (d] = 2.4 Hz, 1H), 7.59
(dd,J = 8.9, 2.4 Hz, 1H), 2.48 (s, 3H), 2.40 (s, 3H)I-EES vz 373 [M+NaJ.

4.1.6.1. 4-(2-methoxyphenyl)pyrimidin-2-amine (15a) To a round-bottom flask was charged with 4-
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chloropyrimidin-2-amine (500 mg, 3.9 mmol), 2-metiphenylboronic acid (608 mg, 4.0 mmol) Pd(dppf)ClI
(0.2 mmol) and base MaO; (7.8 mmol) under nitrogen atmosphere, then 1,4atie (21 mL) and water (3
mL) were added and the vessel was immediately déigletly. The resulting mixture was heated at @5f6r
2 h until the completion of the reaction as momitbby TLC. The cooled mixture was diluted with wadad
exhaustively extracted with ethyl acetate (30 mB)xThe organic phase was washed by brine, dried ov
anhydrous Nz50,, and evaporated under reduced pressure. Purdficdly column chromatography (ethyl
acetate/petroleum ether, 30%) on silica gel tordffroducts white solid (678 mg, 86%)-NMR (300 MHz,
DMSO-dg) 6 8.23 (d,J = 5.2 Hz, 1H), 7.79 (dd] = 7.7, 1.7 Hz, 1H), 7.38 — 7.49 (m, 1H), 7.14J¢; 8.1 Hz,
1H), 7.00 — 7.10 (m, 2H), 6.58 (s, 2H), 3.84 (s).FEBI-MSm/z 202 [M+H]".

4.1.6.2.6-(2-methoxyphenyl)pyrimidin-4-amine (15b). The title compound was prepared according to the
same procedure dbaon 6-chloropyrimidin-4-amine (500 mg, 3.9 mmoldga-methoxyphenyl)boronic acid
(608 mg, 4.0 mmol). Purification by column chrongaaphy (ethyl acetate/petroleum ether, 30%) onasijel
to afford products white solid (661 mg, 879)-NMR (300 MHz, DMSO#) & 8.41 (d,J = 1.2 Hz, 1H), 7.85
(dd,J = 7.7, 1.8 Hz, 1H), 7.44-7.38 (m, 1H), 7.14 (d¢ 8.4, 1.1 Hz, 1H), 6.99-7.08 (m, 2H), 6.83 (s),2H
3.85 (s, 3H).ESI-MSz 202 [M+HT]'.

4.1.7.1. 3-acetyl-7-((4-(2-methoxyphenyl) pyrimidin-2-yl)amino)-4-methyl-2H-chromen-2-one (16a). To a
round-bottom flask was charged with the intermedidia (24 mg, 0.12 mmol),L3 (42 mg, 0.12 mmol),
Pd(OAc) (0.01 mmol), Xantphos (0.01 mmol) and baseQTs (78 mg, 0.24 mmol) under nitrogen
atmosphere, then anhydrous toluene (5 mL) was addddhe vessel was immediately sealed tightly. The
resulting mixture was heated at 100 °C for 6 hluh& completion of the reaction as monitored byCTThe
cooled mixture was diluted with water and exhawedyi\extracted with ethyl acetate (10 mL x 3). Thgamic
phase was washed by brine, dried over anhydrosS®jaand evaporated under reduced pressure. Puidficati
by column chromatography (ethyl acetate/petroletimre 50%) on silica gel to afford products (27 8%
yield) as a white solid. mp: 140-142 °t-NMR (300 MHz, DMSO#g) & 10.38 (s, 1H), 8.62 (d, = 5.2 Hz,
1H), 8.20 (d,J = 1.8 Hz, 1H), 7.88 — 7.96 (m, 1H), 7.84 {c& 8.9 Hz, 1H), 7.74 (dd] = 8.9, 1.9 Hz, 1H),
7.42 — 7.59 (m, 2H), 7.23 (d,= 8.3 Hz, 1H), 7.12-7.17 (m, 1H), 3.90 (s, 3HU&(s, 3H), 2.37 (s, 3H}*C

NMR (100 MHz, DMSO#d) 6 201.32, 163.71, 159.88, 159.27, 158.45, 158.18,085 151.40, 145.86, 132.39,
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130.72, 127.42, 126.17, 123.67, 121.19, 115.82,621413.01, 112.73, 104.34, 56.19, 31.45, 15.58vIH
(ESI) m/z [M+H] " calcd for GsHaN3O4: 402.1448, found: 402.1456. HPLC retention tim@55min, purity
97.5%.

4.1.7.2. 3-acetyl-7-((6-(2-methoxyphenyl)pyrimidin-4-yl)amino)-4-methyl-2H-chromen-2-one (16b). The
title compound was prepared according to the sameepure ofl6a on 0.36 mmol scald5b and 13.
Purification by column chromatography (ethyl acefagtroleum ether, 50%) on silica gel to afforddorcis
(76 mg, 53% vield) as a white solid. mp: 234-236 4GNMR (300 MHz, DMSO#€) & 10.29 (s, 1H), 8.87 (s,
1H), 8.19 (d,J = 2.0 Hz, 1H), 8.00 (dd] = 7.7, 1.7 Hz, 1H), 7.88 (d, = 8.9 Hz, 1H), 7.65 — 7.56 (m, 2H),
7.54 — 7.45 (m, 1H), 7.22 (d,= 8.2 Hz, 1H), 7.08 — 7.13 (m, 1H), 3.93 (s, 3BX9 (s, 3H), 2.38 (s, 3H)’C
NMR (100 MHz, DMSOe) 6 201.29, 160.64, 160.32, 159.13, 158.19, 158.13,9P5 151.16, 145.16, 132.02,
130.76, 127.62, 125.87, 124.17, 121.15, 116.26,6B1312.67, 108.79, 105.36, 56.27, 31.44, 15.6AMH
(ESI) 'z [M+H] " calcd for GaHooN3O,: 402.1448, found: 402.1450. HPLC retention timg54min, purity
99.1 %.

4.1.8. 4-hydroxy-7-methoxy-2H-chromen-2-one (18). To the solution of paeonol (10.0 g, 60.20 mmol) in
anhydrous toluene (100 mL) was added diethyl caten(l10.7 g, 90.30 mmol), then the suspension &f Na
(60% dispersion in mineral oil, 12.0 g, 300.90 mmwlanhydrous toluene (50 mL) was added dropwiss o
a period of 30 min and was stirred in an ice b@itte mixture was further stirred at 100 °C for 4Hen it was
cooled to 0 °C. The residual NaH of mixture wasrminred with cool water in an ice bath carefully arashed
with diethyl ether (50 mL x 3). The aqueous phaas acidified to pH 3 with 2M HCI slowly, then thenite
precipitation was occurred. The resulting prectpitiasolid was collected by filtration, washed withter (50
mL x 3) followed by petroleum ether (20 mL x 3)datmen dried overnight to afford white solid (10.6,7
92%).*H-NMR(300 MHz, DMSO6g) 6 12.36 (s, 1H), 7.72 (d, = 8.5 Hz, 1H), 6.95 (ddl = 8.5, 2.4 Hz, 1H),
6.91 (d,J = 2.4 Hz, 1H), 5.45 (s, 1H), 3.85 (s, 3H). ESI-M& 215 [M+Na].

4.1.9.1. 3-acetyl-4-hydroxy-7-methoxy-2H-chromen-2-one (19a8). To an oven-dried 100 mL round-bottom
flask was charged with8 (3.00 g, 15.61 mmol), phosphorus oxychloride (8l6) and acetic acid (16 mL),
then the resulting mixture was heated at 105 °Clfbr After the completion of the reaction as maorait by

TLC, the mixture was slowly cooled to room temperatand the white precipitation was occurred. The
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resulting precipitated solid was collected by ditton and was crystallized by ethanol to afford testgolid
(2.65 g, 72%)'H-NMR (300 MHz, DMSOds) & 17.98 (s, 1H), 7.93 (d, = 9.5 Hz, 1H), 7.04 — 6.99 (m, 2H),
3.91 (s, 3H), 2.64 (s, 3H). ESI-M8z 257 [M+Na].

4.1.9.2 .3-ethyl-4-hydr oxy- 7-methoxy-2H-chromen-2-one (19b). To an oven-dried 25 mL round-bottom flask
was charged witi9a (100 mg, 0.28 mmol), sodium cyanoborohydride (2f h57 mmol) and acetic acid (2
mL), then the resulting mixture was stirred at rammperature for 0.5 h. After the completion of thaction
as monitored by TLC, the mixture was slowly cootedroom temperature and the white precipitation was
occurred. The resulting precipitated solid wasemtétd by filtration and was crystallized by ethatwohfford
white solid (75 mg, 78%)H NMR (300 MHz, DMSOdg) & 11.12 (s, 1H), 7.85 — 7.78 (m, 1H), 6.93 (d¢
4.4, 2.2 Hz, 2H), 3.84 (s, 3H), 2.47 (& 7.3 Hz, 2H), 1.02 (1] = 7.3 Hz, 3H).ESI-M3n/z 221 [M+H]".

4.1.9.3. 4-hydroxy-7-methoxy-3-propionyl-2H-chromen-2-one (19¢9. To an oven-dried 100 mL round-
bottom flask was charged with8 (3.00 g, 15.61 mmol), phosphorus oxychloride (®6) and propionic
anhydride (31 mL, 31.22 mmol), then the resultingtore was heated at 105 °C for 1 h. After the clatign
of the reaction as monitored by TLC, the mixturesvedowly cooled to room temperature and the white
precipitation was occurred. The resulting prectpifasolid was collected by filtration and was cajlsted by
ethanol to afford white solid (2.68 g, 589} NMR (300 MHz, DMSOds) & 17.73 (s, 1H), 7.90 (s, 1H), 7.00
(m, 2H), 3.91 (s, 3H), 3.11 (dd= 7.5, 3.8 Hz, 2H), 1.10 (,= 7.5 Hz, 3H). ESI-M$Wz 249 [M+H]".

4.1.10. General Procedure A for Synthesis of Compg@0a-20g To an oven-dried round-bottom flask was
charged with compound9a-19¢(1.0 equiv) and the corresponding amine (10.0\@qthen the resulting
mixture was refluxed for a period time (usually 2v6until the completion of the reaction as moratbby
TLC. The mixture was slowly cooled to room temperatand was poured into water. Then the resulting
mixture exhaustively extracted with dichloromethdB@ mL x 3). The organic phase was washed by prine
dried over anhydrous N80, and evaporated under reduced pressure. The eesidis purified by
chromatography on silica gel using ethyl acetatedfemum ether as the eluent to afford the products.

4.1.10.1. 3-acetyl-7-methoxy-4-mor pholino-2H-chromen-2-one (208). The title compound was prepared
according to general procedure A @&fa (1.00 g, 4.27 mmol) and morpholine (3.72 mL, 42rifol).

Purification by column chromatography (ethyl acefagtroleum ether, 50%) on silica gel to afford tevlsiolid
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(677 mg, 52%) H-NMR (300 MHz, DMSOd) & 7.92 (d,J = 8.8 Hz, 1H), 7.16 (d] = 2.4 Hz, 1H), 7.07 (dd,
J=8.8, 2.4 Hz, 1H), 3.90 (s, 3H), 3.72-3.24 (m),8434 (s, 3H). ESI-M&VZ 326 [M+Na].

4.1.10.2. 3-ethyl-7-methoxy-4-mor pholino-2H-chromen-2-one (20b). The title compound was prepared
according to general procedure A d8b (100 mg, 0.45 mmol) and morpholine (0.5 mL, 5.7 ahm
Purification by column chromatography (ethyl acefagtroleum ether, 50%) on silica gel to affordtelsiolid
(98 mg, 75%)H NMR (300 MHz, DMSOdg) & 7.71 (d,J = 9.5 Hz, 1H), 6.92 (d] = 6.5 Hz, 2H), 3.83 (d]
= 5.5 Hz, 3H), 3.79 (d) = 3.9 Hz, 4H), 3.28 — 3.16 (m, 4H), 2.62 — 2.52 @H), 1.10 (tJ = 7.3 Hz, 3H).
ESI-MSnz 290 [M+H]".

4.1.10.3.7-methoxy-4-mor pholino-3-propionyl -2H-chromen-2-one (209. The title compound was prepared
according to general procedure A ®c (100 mg, 0.4 mmol) and morpholine (0.5 mL, 5.7 f)nfdurification
by column chromatography (ethyl acetate/petroletimere 50%) on silica gel to afford white solid (8%,
69%). ESI-MSz 318 [M+H]".

4.1.10.4.3-acetyl- 7-methoxy-4-(4-methyl pi perazin-1-yl)-2H-chromen-2-one (20d). The title compound was
prepared according to general procedure Al8a (3.00 g, 12.8 mmol) and 1-methylpiperazine (142 m
128.1 mmoal). Purification by column chromatografethyl acetate/petroleum ether, 50%) on silicatgel
afford white solid (1.94 g, 48%). ESI-M&z 339 [M+Na]J.

4.1.10.5. 3-acetyl-4-(4-ethyl piperazin-1-yl)- 7-methoxy-2H-chromen-2-one (208. The title compound was
prepared according to general procedure A@a(3.00 g, 12.8 mmol) and 1-ethylpiperazine (16.3 m23.1
mmol). Purification by column chromatography (etlagletate/petroleum ether, 50%) on silica gel tordff
white solid (1.28 g, 30%). ESI-M®/z 331 [M+H]".

4.1.10.6.3-acetyl- 7-methoxy-4-(piperidin-1-yl)-2H-chromen-2-one (20f). The title compound was prepared
according to general procedure A d8a (1.00 g, 4.27 mmol) and piperidine (3.9 mL, 42rithol). After
extraction of the resulting mixture, the solvenswamoved under reduced pressure to get the resitheut
purification.

4.1.10.7 tert-butyl 4-(3-acetyl-7-methoxy-2-oxo-2H-chromen-4-yl)-1,4-diazepane-1-carboxylate (20g). The
titte compound was prepared according to genemguiure A ori9a (100 mg, 0.40 mmol) artért-butyl 1,4-

diazepane-1-carboxylate (0.8 mL, 4.06 mmol). Aféstraction of the resulting mixture, the solventswa
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removed under reduced pressure to get the resiiflneupurification.

4.1.11. 4-chloro-7-methoxy-2H-chromen-2-one (21). To an oven-dried 250 mL round-bottom flask was
charged withl8 (5.00 g, 26.02 mmol) and phosphorus oxychloride f8.). Then triethylamine (4.33 mL,
31.22 mmol) was slowly added to the flask in andaéh and the resulting mixture was heated at Tf 3
h. After the completion of the reaction as monitbby TLC, the mixture was cooled to room tempeamd
was poured into ice water, stirred, and then exhaalg extracted with ethyl acetate (50 mL x 3).eTdrganic
phase was washed by brine, dried over anhydrosS®jaand evaporated under reduced pressure. The eesidu
was purified by chromatography (ethyl acetate/hex@0%) on silica gel to afford white solid (4.307§%).
'H-NMR (300 MHz, DMSO#€) & 7.81 (d,J = 8.8 Hz, 1H), 7.12 (d] = 2.2 Hz, 1H), 7.08 (dd] = 8.8, 2.4 Hz,
1H), 6.73 (s, 1H), 3.91 (s, 3H). ESI-MSz 233 [M+Na].

4.1.12. 4-chloro-7-hydroxy-2H-chromen-2-one (22). To an oven-dried 100 mL round-bottom flask was
charged with21 (1.00 g, 4.75 mmol), aluminium chloride (2.08 &.68 mmol) and anhydrous toluene (30
mL), then the resulting mixture was refluxed fdn.4After the completion of the reaction as monitbby TLC,
the mixture was slowly cooled to room temperatiitee solvent was evaporated under reduced predhare,
The residue was purified by chromatography (etlgtate/hexane, 30%) on silica gel to afford whakds
(769 mg, 82%)*H-NMR (300 MHz, DMSOds) & 10.95 (s, 1H), 7.71 (d] = 8.8 Hz, 1H), 6.90 (dd] = 8.8,

2.2 Hz, 1H), 6.79 (dJ = 2.2 Hz, 1H), 6.62 (s, 1H). ESI-M&z 219 [M+Na].

4.1.13. General Procedure B for Synthesis of Comg@@8a-23g To an oven-dried round-bottom flask was
charged with compoun20a-20g(1.0 equiv), aluminium chloride (3.3 equiv) andwgrous toluene (30 mL),
then the resulting mixture was refluxed for a petione (usually 3-6 h) until the completion of treaction as
monitored by TLC. The mixture was slowly cooledremm temperature. The solvent was evaporated under
reduced pressure, then the residue was purifiezhliymatography on silica gel to afford products.

4.1.13.1. 3-acetyl-7-hydroxy-4-mor pholino-2H-chromen-2-one (238). To an oven-dried 100 mL round-
bottom flask was charged witkOa (1.00 g, 3.30 mmol), aluminium chloride (1.45 @.90 mmol) and
anhydrous toluene (30 mL), then the resulting mixtwas refluxed for 4 h. After the completion o&th
reaction as monitored by TLC, the mixture was sjowboled to room temperature. The solvent was

evaporated under reduced pressure, then the resmipurified by chromatography (ethyl acetatefgetim
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ether, 65%) on silica gel to afford products wisitdid (653 mg, 68%). ESI-MB8Vz 312 [M+Na.

4.1.13.2. 3-ethyl-7-hydroxy-4-morpholino-2H-chromen-2-one (23b). The title compound was prepared
according to general procedure B on 0.3 mmol s2fle Purification by column chromatography (ethyl
acetate/petroleum ether, 65%) on silica gel tordffohite solid (50 mg, 53%jH NMR (300 MHz, DMSO¢s)
$10.36 (s, 1H), 7.64 (d,= 8.8 Hz, 1H), 6.78 (d] = 8.8 Hz, 1H), 6.66 (s, 1H), 3.78 (s, 4H), 3.234(4), 2.61
—2.52 (m, 2H), 1.09 (f] = 7.2 Hz, 3H). ESI-M3$n/z 276 [M+Na].

4.1.13.3.7-hydroxy-4-mor pholino-3-propionyl -2H-chromen-2-one (230). The title compound was prepared
according to general procedure B on 0.88 mmol s2ate Purification by column chromatography (ethyl
acetate/petroleum ether, 65%) on silica gel tordffehite solid (180 mg, 67%jH NMR (300 MHz, DMSO-
de) 5 10.74 (s, 1H), 7.86 (dl = 8.7 Hz, 1H), 6.91 (dd] = 8.7, 2.1 Hz, 1H), 6.84 (d,= 2.1 Hz, 1H), 3.72 —
3.26 (m, 8H), 2.58 (dd] = 7.5, 3.8 Hz, 2H), 1.24 (§,= 7.5 Hz, 3H). ESI-M3n/z 304 [M+H]".

4.1.13.4.3-acetyl-7-hydroxy-4-(4-methyl pi perazin-1-yl)-2H-chromen-2-one (23d). The title compound was
prepared according to general procedure B on 1.®Insaale20d. Purification by column chromatography
(ethyl acetate/petroleum ether, 70%) on silicatgelfford pale yellow solid (299 mg, 66%). ESI-M#&z 303
[M+H] .

4.1.13.5. 3-acetyl-4-(4-ethylpiperazin-1-yl)-7-hydroxy-2H-chromen-2-one (239. The title compound was
prepared according to general procedure B on 1.%Inscale20e Purification by column chromatography
(ethyl acetate/petroleum ether, 70%) on silicatgelfford pale yellow solid (246 mg, 52%). ESI-M#& 317
[M+H] ™.

4.1.13.6.3-acetyl-7-hydroxy-4-(piperidin-1-yl)-2H-chromen-2-one (23f). The title compound was prepared
according to general procedure B on 1.66 mmol s2@fe Purification by column chromatography (ethyl
acetate/petroleum ether, 70%) on silica gel tordffehite solid (236 mg, 50%jH NMR (300 MHz, DMSO-
de) 5 10.85 (s, 1H), 8.20 (dl = 8.9 Hz, 1H), 8.05 (d] = 2.3 Hz, 1H), 7.62 (dd] = 8.8, 2.3 Hz, 1H), 3.73 —
3.43 (m, 2H), 3.30 — 3.20 (m, 2H), 2.36 (s, 3HB6L- 1.47 (M, 6H).

4.1.13.7. 3-acetyl-4-(1,4-diazepan-1-yl)-7-hydroxy-2H-chromen-2-one (23g. The title compound was
prepared according to general procedure B on 0r2Blmscale20g After the resulting mixture was refluxed

for 6 h, the mixture was slowly cooled to room temgiure and removed the solvent. The residual loagys
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dissolved in HCI (1 mL, 4M in 1,4-dioxane) and r&tit at room temperature for 1 h. The solution wdded
cool water and was acidified to pH 7 with saturasetution of aqueous NaHGGlowly, then the white
precipitation was occurred. The resulting prectpitiasolid was collected by filtration, washed withter (10
mL x 3) followed by petroleum ether (10 mL x 3)dahen dried overnight to afford white solid (28,8§%).
The solid was used for next reaction without paaifion.

4.1.14. General Procedure C for Synthesis of Comg&8h-23j. To an oven-dried round-bottom flask was
charged with compoun#&2 (1.0 equiv), the corresponding amine (1.5 equawyd absolute ethyl alcohol (10
mL per 1.0 mmol) and anhydrous triethylamine (Oglie), then the resulting mixture was refluxed for
period time (usually 2 h) until the completion bktreaction as monitored by TLC. The mixture wasvb}
cooled to room temperature and was poured intorwaken the resulting mixture exhaustively extreatgth
dichloromethane (50 mL x 3). The organic phase washed by brine, dried over anhydrous,$@,, and
evaporated under reduced pressure. The residugowii®ed by chromatography on silica gel using éthy
acetate/petroleum ether as the eluent to afforgheucts.

4.1.14.1.7-hydroxy-4-mor pholino-2H-chromen-2-one (23h). The title compound was prepared according to
general procedure C @2 (500 mg, 2.5 mmol) and morpholine (332 mg, 3.8 Mnturification by column
chromatography (ethyl acetate/petroleum ether, 50863ilica gel to afford white solid (536 mg, 86%Hi-
NMR (300 MHz, DMSOeég) § 10.50 (s, 1H), 7.57 (d,= 8.8 Hz, 1H), 6.78 (dd] = 8.8, 2.4 Hz, 1H), 6.69 (d,
= 2.4 Hz, 1H), 5.52 (s, 1H), 3.81 {t= 4.5 Hz, 4H,), 3.21 (] = 4.6 Hz, 4H,). ESI-M$Wz 270 [M+Na].

4.1.14.2. tert-butyl 4-(7-hydroxy-2-oxo-2H-chromen-4-yl)piperazine-1-carboxylate  (23i). The title
compound was prepared according to general proeeGuon22 (500 mg, 2.5 mmol) andert-butyl 1-
piperazinecarboxylate (710 mg, 3.8 mmol). Purifmatby column chromatography (ethyl acetate/petrmole
ether, 50%) on silica gel to afford white solid 672g, 84%)H-NMR (300 MHz, DMSOdg) 5 10.53 (s, 1H),
7.54 (d,J = 8.8 Hz, 1H), 6.77 (dd] = 8.8, 2.3 Hz, 1H), 6.68 (d,= 2.3 Hz, 1H), 5.51 (s, 1H), 3.53 (s, 4H)1,
3.17 (s, 4H), 1.43 (s, 9H). ESI-M8z 369 [M+Na].

4.1.14.3. tert-butyl 4-(7-hydroxy-2-oxo-2H-chromen-4-yl)-1,4-diazepane-1-carboxylate (23j). The title
compound was prepared according to general proee@uon22 (300 mg, 1.52 mmol) antért-butyl 1,4-

diazepane-1l-carboxylate (458 mg, 2.29 mmol). Rwifbn by column chromatography (ethyl
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acetate/petroleum ether, 50%) on silica gel tordffehite solid (430 mg, 80%). ESI-M&z 383 [M+Na].

4.1.15. General Procedure D for Synthesis of Comg@@da-24j To an oven-dried round-bottom flask was
charged with compoun@3a-23j (1.0 equiv) and anhydrous triethylamine (1.2 ejjuivdry dichloromethane
(10 mL per 1.0 mmol). The resulting mixture wasretl at -1°C for 15 mins, then trifluormethanesulfonic
anhydride (1.2 equiv) was added dropwise over ageaf 15 min. The mixture was further stirred abm
temperature for a period time (within 1 h) untietbompletion of the reaction as monitored by TLG@Ge T
reaction was quenched with a saturated solutiomgoEous NaHCOin an ice bath and washed with water.
The organic layer was dried over anhydrous3, and evaporated under reduced pressure. The easiats
purified by chromatography on silica gel using é&thgetate/petroleum ether as the eluent to affoel t
products.

4.1.15.1. 3-acetyl-4-morpholino-2-oxo-2H-chromen-7-yl  trifluoromethanesulfonate (248). The title
compound was prepared according to general proedduon 1.0 mmol scal@3a Purification by column
chromatography (ethyl acetate/petroleum ether, 36fo}ilica gel to afford products white solid (368),
84%)."H-NMR (300 MHz, DMSOd) & 8.20 (d,J = 8.9 Hz, 1H), 8.06 (d] = 2.4 Hz, 1H), 7.63 (dd] = 8.8,
2.4 Hz, 1H), 3.26-3.80 (m, 8H,), 2.39 (s, 3H). B&-m/z 444 [M+NaJ.

4.1.15.2. 3-ethyl-4-morpholino-2-oxo-2H-chromen-7-yl  trifluoromethanesulfonate (24b). The title
compound was prepared according to general proeddurn 0.36 mmol scal23b. Purification by column
chromatography (ethyl acetate/petroleum ether, 3M/8ilica gel to afford products white solid (99,066%).
'H-NMR (300 MHz, DMSO#) & 7.99 (d,J = 8.9 Hz, 1H), 7.70 (d] = 2.0 Hz, 1H), 7.52 — 7.40 (m, 1H), 3.80
(d, J = 4.0 Hz, 4H), 3.29 — 3.19 (m, 4H), 2.61 {gz 7.3 Hz, 2H), 1.12 () = 7.3 Hz, 3H). ESI-MS$n/z 408
[M+Na]".

4.1.15.3. 4-morpholino-2-oxo-3-propionyl-2H-chromen-7-yl  trifluoromethanesulfonate (24c¢). The title
compound was prepared according to general proeddusn 0.33 mmol scal23c Purification by column
chromatography (ethyl acetate/petroleum ether, 36f6}ilica gel to afford products white solid (161,
70%).*H-NMR (300 MHz, DMSO¢g) § 8.19 (s, 1H), 8.00 (d] = 2.3 Hz, 1H), 7.60 (dd] = 8.8, 2.4 Hz, 1H),
3.87 — 3.45 (m, 8H), 2.74 — 2.59 (m, 2H), 1.28 &,7.5 Hz, 3H). ESI-M3n/z 436 [M+H]".

4.1.15.4.3-acetyl-4-(4-methyl pi perazin-1-yl)-2-oxo-2H-chromen-7-yl trifluoromethanesulfonate (24d). The
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titte compound was prepared according to genewadguiure D on 1.3 mmol sca&&d. Purification by column
chromatography (ethyl acetate/petroleum ether, 46fo¥ilica gel to afford products white solid (461,
79%). ESI-MSz 457 [M+NaJ.

4.1.15.5. 3-acetyl-4-(4-ethyl piperazin-1-yl)-2-oxo-2H-chromen-7-yl  trifluoromethanesulfonate (246. The
title compound was prepared according to genemtquture D on 0.32 mmol scaB3e Purification by
column chromatography (ethyl acetate/petroleumrgtt®@%) on silica gel to afford products white dald7
mg, 68%). ESI-MSz 449 [M+HT'".

4.1.15.6. 3-acetyl-2-oxo-4-(piperidin-1-yl)-2H-chromen-7-yl  trifluoromethanesulfonate (24f). The title
compound was prepared according to general proeddusn 0.35 mmol scal23f. Purification by column
chromatography (ethyl acetate/petroleum ether, 3M/silica gel to afford products white solid (9§,M66%).
'H NMR (300 MHz, DMSO#d)  8.20 (d,J = 8.9 Hz, 1H), 8.05 (d] = 2.3 Hz, 1H), 7.62 (dd] = 8.8, 2.3 Hz,
1H), 3.73 — 3.43 (m, 2H), 3.30 — 3.20 (m, 2H), A863H), 1.63 — 1.47 (m, 6H).

4.1.15.7.3-acetyl-4-(1,4-diazepan-1-yl)-2-oxo-2H-chromen-7-yl trifluoromethanesulfonate (24g). The title
compound was prepared according to general proeedusn 0.20 mmol scal23g After extraction of the
resulting mixture, the solvent was removed undduced pressure to get the residue without puritinat

4.1.15.8.4-morphoalino-2-oxo-2H-chromen-7-yl trifluoromethanesulfonate (24h). The title compound was
prepared according to general procedure D on 1.®Inspale23h. Purification by column chromatography
(ethyl acetate/petroleum ether, 30%) on silicatgedfford products white solid (394 mg, 87%). ESEkVz
402 [M+Nal.

4.1.15.9. tert-butyl 4-(2-oxo-7-(((trifluoromethyl)sulfonyl)oxy)-2H-chromen-4-yl) pi per azine- 1-carboxyl ate
(241i). The title compound was prepared according tegdrprocedure D on 1.2 mmol sc&f@. Purification
by column chromatography (ethyl acetate/petroletimere 30%) on silica gel to afford products whitdic
(476 mg, 83%). ESI-M&Vz 501 [M+Na]'.

4.1.15.10. tert-butyl 4-(2-oxo-7-(((trifluoromethyl)sul fonyl ) oxy)-2H-chromen-4-yl)-1,4-di azepane- 1-
carboxylate (24j). The title compound was prepared according te@gemprocedure D on 1.1 mmol sc2lgj.
Purification by column chromatography (ethyl acefagtroleum ether, 30%) on silica gel to afforddorcis

white solid (461 mg, 83%§H-NMR (300 MHz, DMSO#s) § 7.99 (t,J = 8.8 Hz, 1H), 7.70 (d] = 2.4 Hz, 1H),
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7.45 (dd,J = 8.8, 2.4 Hz, 1H), 5.62 (s, 1H), 3.75-3.39 (m),8H95 (s, 2H), 1.30 (s, 9H). ESI-M8z 515
[M+Na]".

4.1.16. General Procedure E for Synthesis of Comgp@ba25qg To a round-bottom flask was charged
with the corresponding aromatic halogen (1.0 equivg¢ corresponding boronic acid (1.05 — 1.25 équiv
Pd(dppf)C} (0.05 equiv) and base MaOs; (2.0 equiv) under nitrogen atmosphere, then Ig&atie (14 mL)
and water (2 mL) were added and the vessel was diatety sealed tightly. The resulting mixture wasted
at 95 °C for a period time (usually 2-6 h) untiéttompletion of the reaction as monitored by TL8e Tooled
mixture was diluted with water and exhaustivelyrasted with ethyl acetate (30 mL x 3). The organfiase
was washed by brine, dried over anhydrous33, and evaporated under reduced pressure. The eesias
purified by chromatography on silica gel using &thgetate/petroleum ether as the eluent to affoml t
products.

4.1.16.1. 4-(3-methoxyphenyl)pyrimidin-2-amine (25a) The title compound was prepared according to
general procedure E on 4-chloropyrimidin-2-amin80(ing, 0.8 mmol) and 3-methoxyphenylboronic acid
(152 mg, 1.0 mmol). Purification by column chrongaephy (ethyl acetate/petroleum ether, 30%) onasijjel
to afford products white solid (112 mg, 729%)-NMR (300 MHz, DMSO#€) & 8.31 (d,J = 5.0 Hz, 1H), 7.64
(d, J = 8.3 Hz, 2H), 7.41 () = 7.8 Hz, 1H), 7.14 (d) = 5.2 Hz, 1H), 7.07 (d] = 8.0 Hz, 1H), 6.70 (s, 2H),
3.83 (s, 3H). ESI-M$®Vz 202 [M+H]'".

4.1.16.2. 4-(4-methoxyphenyl)pyrimidin-2-amine (25b). The title compound was prepared according to
general procedure E on 4-chloropyrimidin-2-amin80(ing, 0.8 mmol) and 4-methoxyphenylboronic acid
(152 mg, 1.0 mmol). Purification by column chrongaaphy (ethyl acetate/petroleum ether, 30%) onasijel
to afford products white solid (102 mg, 6698)-NMR (300 MHz, DMSO#€l) 5 8.25 (d,J = 5.2 Hz, 1H), 8.05
(d,J=8.6 Hz, 2H), 7.05 () = 7.0 Hz, 3H), 6.59 (s, 2H), 3.82 (s, 3H). ESI-M& 202 [M+H]".

4.1.16.3.4-(2,4-dimethoxyphenyl)pyrimidin-2-amine (25c¢) The title compound was prepared according to
general procedure E on 4-chloropyrimidin-2-amin80(dng, 0.8 mmol) and (2,4-dimethoxyphenyl)boronic
acid (182 mg, 1.0 mmol). Purification by column atmatography (ethyl acetate/petroleum ether, 30%) on
silica gel to afford products white solid (100 n86%). H-NMR (300 MHz, DMSO€) & 8.17 (d,J = 4.9 Hz,

1H), 7.88 (d,) = 8.2 Hz, 1H), 7.09 (dl = 4.8 Hz, 1H), 6.64 (d] = 7.9 Hz, 2H), 6.35 (s, 2H), 3.85 (s, 3H), 3.83
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(s, 3H). ESI-MSWz 232 [M+HT".

4.1.16.4.4-(2,3-dimethoxyphenyl ) pyrimidin-2-amine (25d). The title compound was prepared according to
general procedure E on 4-chloropyrimidin-2-amin60(dng, 0.8 mmol) and (2,3-dimethoxyphenyl)boronic
acid (182 mg, 1.0 mmol). Purification by column atmatography (ethyl acetate/petroleum ether, 30%) on
silica gel to afford products white solid (107 n6§%).*H-NMR (300 MHz, DMSO€)  8.17 (d,J = 4.9 Hz,
1H), 7.88 (d,) = 8.2 Hz, 1H), 7.09 (d] = 4.8 Hz, 1H), 6.64 (d] = 7.9 Hz, 2H), 6.35 (s, 2H), 3.85 (s, 3H), 3.83
(s, 3H). ESI-MS1z 232 [M+H]".

4.1.16.5. 4-phenylpyrimidin-2-amine (25e) The title compound was prepared according to m@gne
procedure E on 4-chloropyrimidin-2-amine (100 m@ &mol) and phenylboronic acid (122 mg, 1.0 mmol).
Purification by column chromatography (ethyl acefagtroleum ether, 20%) on silica gel to afforddorcis
white solid (98 mg, 74%). ESI-M&/z 172 [M+H]".

4.1.16.6.4-(2,6-difluorophenyl)pyrimidin-2-amine (25f). The title compound was prepared according to
general procedure E on 4-chloropyrimidin-2-amin@0(ing, 0.8 mmol) and (2,6-difluorophenyl)boroniddac
(158 mg, 1.0 mmol). Purification by column chrongaaphy (ethyl acetate/petroleum ether, 20%) onasijjel
to afford products white solid (103 mg, 64%)-NMR (300 MHz, DMSO#és) & 9.90 (s, 1H), 8.75 (d] = 5.0
Hz, 1H), 8.08 (dJ = 5.6 Hz, 1H), 7.50 (dJ = 5.7 Hz, 1H), 7.31 (s, 1H), 6.30 (s, 2H). ESI-M&z 208
[M+H] .

4.1.16.7 4-(2-(trifluoromethyl) phenyl)pyrimidin-2-amine (25g) The title compound was prepared according
to general procedure E on 4-chloropyrimidin-2-amin€l00 mg, 0.8 mmol) and (2-
(trifluoromethyl)phenyl)boronic acid (190 mg, 1.0mml). Purification by column chromatography (ethyl
acetate/petroleum ether, 30%) on silica gel tordffiroducts white solid (102 mg, 55%H-NMR (300 MHz,
DMSO-dg) 5 8.34 (d,J = 5.1 Hz, 1H), 7.79 (d] = 7.5 Hz, 1H), 7.62 (t} = 7.7 Hz, 1H), 7.53 (ddl = 15.5, 7.9
Hz, 2H), 6.83 (dJ = 5.0 Hz, 1H), 6.81 (s, 2H). ESI-M&z 240 [M+HT".

4.1.16.8.4-(2-nitrophenyl)pyrimidin-2-amine (25h). The title compound was prepared according to ig&ne
procedure E on 4-chloropyrimidin-2-amine (100 m@ ®mol) and (2-nitrophenyl)boronic acid (167 md) 1
mmol). Purification by column chromatography (etlagletate/petroleum ether, 20%) on silica gel tordff

products white solid (112 mg, 67%H-NMR (300 MHz, DMSO#d) & 8.36 (d,J = 5.0 Hz, 1H), 7.99 (d] =
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7.5 Hz, 1H), 7.79 (d) = 7.5 Hz, 1H), 7.71 () = 7.0 Hz, 2H), 6.81 (d] = 5.0 Hz, 1H), 6.71 (s, 2H). ESI-MS
m/'z 217 [M+HT".

4.1.16.9. 4-(o-tolyl)pyrimidin-2-amine (25i). The title compound was prepared according to m@gne
procedure E on 4-chloropyrimidin-2-amine (100 m@ tmol) ando-tolylboronic acid (136 mg, 1.0 mmol).
Purification by column chromatography (ethyl acefagtroleum ether, 20%) on silica gel to afforddorcis
white solid (109 mg, 76%). ESI-M®&z 186 [M+H]".

4.1.16.104-(2-ethyl phenyl)pyrimidin-2-amine (25j). The title compound was prepared according to ig&ne
procedure E on 4-chloropyrimidin-2-amine (100 m@, imol) and (2-ethylphenyl)boronic acid (150 md) 1
mmol). Purification by column chromatography (etlagletate/petroleum ether, 20%) on silica gel tordff
products white solid (98 mg, 69%H-NMR (300 MHz, DMSO#g) 6 8.28 (d,J = 5.0 Hz, 1H), 7.41 — 7.21 (m,
4H), 6.64 (s, 1H), 6.62 (s, 2H), 2.72 (gs 7.5 Hz, 2H), 1.07 (t = 7.5 Hz, 3H). ESI-M$Wz 200 [M+H]".

4.1.16.11. 6-phenylpyrimidin-4-amine (25k). The title compound was prepared according to m@gne
procedure E on 6-chloropyrimidin-4-amine (100 m@ &mol) and phenylboronic acid (122 mg, 1.0 mmol).
Purification by column chromatography (ethyl acefaetroleum ether, 20%) on silica gel to afforddorets
white solid (98 mg, 74%). ESI-M&/z 172 [M+H]".

4.1.16.12. 6-(o-tolyl)pyrimidin-4-amine (25l). The title compound was prepared according to rgéne
procedure E on 6-chloropyrimidin-4-amine (100 m@ tmol) ando-tolylboronic acid (136 mg, 1.0 mmol).
Purification by column chromatography (ethyl acefaetroleum ether, 20%) on silica gel to afforddorcts
white solid (87 mg, 61%). ESI-M&/z 186 [M+H]".

4.1.16.13. 6-(2-ethylphenyl)pyrimidin-4-amine (25m). The title compound was prepared according to
general procedure E on 6-chloropyrimidin-4-amin@0(ing, 0.8 mmol) and (2-ethylphenyl)boronic aci@q1
mg, 1.0 mmoal). Purification by column chromatognaggbthyl acetate/petroleum ether, 20%) on silicatge
afford products white solid (90 mg, 63%). ESI-M&z: 200 [M+H]".

4.1.16.14. 6-(2-(trifluoromethyl)phenyl)pyrimidin-4-amine (25n). The title compound was prepared
according to general procedure E on 6-chloropyrimidamine (100 mg, 0.8 mmol) and (2-
(trifluoromethyl)phenyl)boronic acid (190 mg, 1.0mmal). Purification by column chromatography (ethyl

acetate/petroleum ether, 20%) on silica gel tordffroducts white solid (102 mg, 55%). ESI-M$z 240
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[M+H] .

4.1.16.15. 4-(4-fluoro-2-methoxyphenyl)pyrimidin-2-amine (250) The title compound was prepared
according to general procedure E on 4-chloropyrimdamine (100 mg, 0.8 mmol) and (4-fluoro-2-
methoxyphenyl)boronic acid (170 mg, 1.0 mmol). feation by column chromatography (ethyl
acetate/petroleum ether, 30%) on silica gel tordffsoducts white solid (117 mg, 67%).NMR (300 MHz,
DMSO-dg) 6 8.23 (d,J = 5.2 Hz, 1H), 7.87 (dd] = 8.6, 7.3 Hz, 1H), 7.06 (d,= 3.9 Hz, 1H), 7.03 (d] = 4.6
Hz, 1H), 6.89 (tdJ = 8.4, 2.4 Hz, 1H), 6.55 (s, 2H), 3.86 (s, 3H)I-E8 m/z 220 [M+H]".

4.1.16.16. 4-(5-fluoro-2-methoxyphenyl)pyrimidin-2-amine (25p). The title compound was prepared
according to general procedure E on 4-chloropyrimdamine (100 mg, 0.8 mmol) and (5-fluoro-2-
methoxyphenyl)boronic acid (170 mg, 1.0 mmol). feation by column chromatography (ethyl
acetate/petroleum ether, 30%) on silica gel tordffioducts white solid (112 mg, 66%).NMR (300 MHz,
DMSO-dg) & 8.27 (d,J = 5.1 Hz, 1H), 7.84 (s, 1H), 7.65 (dti= 9.8, 3.1 Hz, 1H), 7.18 (d,= 4.3 Hz, 1H),
7.14 (t,J = 4.7 Hz, 1H), 6.62 (s, 2H), 3.84 (s, 3H). ESI-Ri& 220 [M+HJ".

4.1.16.17. 4-(6-fluoro-2-methoxyphenyl)pyrimidin-2-amine (25q). The title compound was prepared
according to general procedure E on 4-chloropyrimmdamine (100 mg, 0.8 mmol) and (6-fluoro-2-
methoxyphenyl)boronic acid (170 mg, 1.0 mmol). feation by column chromatography (ethyl
acetate/petroleum ether, 30%) on silica gel tordffiroducts white solid (104 mg, 62%H-NMR (300 MHz,
DMSO-dg) & 8.26 (d,J = 4.9 Hz, 1H), 7.42 (dd] = 15.3, 8.3 Hz, 1H), 6.96 (d,= 8.4 Hz, 1H), 6.87 (t] = 8.8
Hz, 1H), 6.63 (s, 2H), 6.57 (d,= 4.9 Hz, 1H), 3.74 (s, 3H). ESI-M&z 220 [M+H]".

4.1.17.1. 2-chloro-5-fluoro-4-(4-fluoro-2-methoxyphenyl)pyrimidine (27a) The title compound was
prepared according to general procedure E on 2Haio-5-fluoropyrimidine (100 mg, 0.6 mmol) and (4
fluoro-2-methoxyphenyl)boronic acid (170 mg, 0.7 afyn Purification by column chromatography (ethyl
acetate/petroleum ether, 20%) on silica gel tordffsoducts white solid (113 mg, 74%)-NMR (300 MHz,
DMSO-dg) 5 8.91 (d,J = 1.8 Hz, 1H), 7.54 (dd] = 8.5, 6.8 Hz, 1H), 7.16 (dd,= 11.4, 2.4 Hz, 1H), 6.98 (td,
J=8.4,2.4 Hz, 1H), 3.84 (s, 3H). ESI-M%$z 257 [M+H]".

4.1.17.2. 2,5-dichloro-4-(4-fluoro-2-methoxyphenyl )pyrimidine (27b). The title compound was prepared

according to general procedure E on 2,4,5-triciggrinidine (100 mg, 0.6 mmol) and (4-fluoro-2-
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methoxyphenyl)boronic acid (170 mg, 0.7 mmol). feation by column chromatography (ethyl
acetate/petroleum ether, 20%) on silica gel tordffiroducts white solid (103 mg, 63%H-NMR (300 MHz,
DMSO-dg) & 8.98 (s, 1H), 7.43 (dd), = 8.5, 6.7 Hz, 1H), 7.15 (dd,= 11.4, 2.3 Hz, 1H), 6.96 (d,= 2.4 Hz,
1H), 3.82 (s, 3H). ESI-M&Vz 273 [M+H]".

4.1.18.1. 5-fluoro-4-(4-fluoro-2-methoxyphenyl )pyrimidin-2-amine (28a) To a 15 mL sealed tube was
charged with27a (307 mg, 1.2 mmol), ammonium hydroxide (2 mL) asdpropanol (2 mL), then the
resulting mixture was refluxed for 6 h. After comjibn of the reaction as monitored by TLC, the edol
mixture was diluted with water and exhaustivelyrasted with ethyl acetate (20 mL x 3). The orgaifiase
was washed by brine, dried over anhydrous33, and evaporated under reduced pressure. The eesias
purified by chromatography (ethyl acetate/petrolestimer, 30%) on silica gel to afford the white ddli63
mg, 58%)."H-NMR (300 MHz, DMSOe€) & 8.27 (d,J = 2.1 Hz, 1H), 7.40 (ddl = 8.4, 7.0 Hz, 1H), 7.08 (dd,
J=11.5, 2.3 Hz, 1H), 6.90 (td,= 8.4, 2.3 Hz, 1H), 6.68 (s, 2H), 3.80 (s, 3H)I-EES M/z 238 [M+HJ".

4.1.18.2. 5-chloro-4-(4-fluor o-2-methoxyphenyl)pyrimidin-2-amine (28b). To a 15 mL sealed tube was
charged with27b (163 mg, 0.6 mmol), ammonium hydroxide (1 mL) dedpropanol (1 mL), then the
resulting mixture was refluxed for 6 h. After comipbn of the reaction as monitored by TLC, the edol
mixture was diluted with water and exhaustivelyrasted with ethyl acetate (20 mL x 3). The orgaifiase
was washed by brine, dried over anhydrougS{@3, and evaporated under reduced pressure. The eesias
purified by chromatography (ethyl acetate/petroleatiner, 30%) on silica gel to afford the white 8dli03
mg, 68%)."H-NMR (300 MHz, DMSOe) & 8.98 (s, 1H), 7.43 (dd] = 8.5, 6.7 Hz, 1H), 7.15 (dd,= 11.4,
2.3 Hz, 1H), 6.96 (d] = 2.4 Hz, 1H), 3.82 (s, 3H). ESI-M8z 254 [M+H]'.

4.1.19. General Procedure F for Synthesis of Comg@u29a-29tand30a-30p

To a round-bottom flask was charged with the inediate15a15kb/25a-25¢28a-28b (1.0 equiv),13/24a-
24j (1.0 equiv), Pd(OAg)(0.05 equiv), Xantphos (0.05 equiv) and basgCGOs (2.0 equiv) under nitrogen
atmosphere, then anhydrous toluene (5 mL) was addddhe vessel was immediately sealed tightly. The
resulting mixture was heated at 100 °C for a petilmé (usually 2-16 h) until the completion of tleaction as
monitored by TLC. The cooled mixture was dilutedhmvater and exhaustively extracted with ethyl aieet

(10 mL x 3). The organic phase was washed by bdried over anhydrous NaO,, and evaporated under
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reduced pressure. The residue was purified by cimgnaphy on silica gel using ethyl acetate/petrolether
as the eluent to afford the products.

4.1.19.1. 3-acetyl-4-methyl-7-((4-(pyridin-3-yl)pyrimidin-2-yl)amino)-2H-chromen-2-one (7). The title
compound was prepared according to general proeddon 4-(pyridin-3-yl)pyrimidin-2-amine (67 mg,30.
mmol, purchased from BidePharm Company Inc.) 48d137 mg, 0.39 mmol). Purification by column
chromatography (ethyl acetate/petroleum ether, 5@¥jlica gel to afford products (135 mg, 93% gjeads a
white solid. mp: 276-278 °CH NMR (300 MHz, DMSOeg) & 10.49 (s, 1H), 9.39 (dl = 1.8 Hz, 1H), 8.78
(dd,J = 4.7, 1.2 Hz, 1H), 8.75 (d,= 5.2 Hz, 1H), 8.56 — 8.53 (m, 1H), 8.17 Jc& 2.0 Hz, 1H), 7.89 (d] =
8.9 Hz, 1H), 7.79 (dd) = 8.9, 2.0 Hz, 1H), 7.69 (d,= 5.2 Hz, 1H), 7.64 (dd] = 7.9, 4.8 Hz, 1H), 2.49 (s,
3H), 2.39 (s, 3H).13C NMR (100 MHz, DMSOdg) 6 194.85, 162.49, 162.17, 160.07, 159.25, 154.02,285
151.04, 148.71, 145.54, 135.00, 132.42, 127.56482423.95, 116.00, 113.32, 110.35, 104.66, 311.8%2.
HRMS (ESI)nvz [M+H] " calcd for GiH1/N,O5: 373.1295, found: 373.1299. HPLC retention tin@42min,
purity 98.7%.

4.1.19.2. 3-acetyl-7-((4-(2-methoxyphenyl) pyrimidin-2-yl)amino)-4-mor pholino-2H-chromen-2-one  (29a).
The title compound was prepared according to gémmacedure F on 0.24 mmol scalda and 24a
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis
(66 mg, 58% vyield) as a white solid. mp: 264-266 *GNMR (300 MHz, DMSOds) & 10.43 (s, 1H), 8.64 (d,
J=5.2 Hz, 1H), 8.43 (d] = 1.7 Hz, 1H), 7.86 — 7.96 (m, 2H), 7.70 (dc; 8.9, 1.8 Hz, 1H), 7.45 — 7.59 (m,
2H), 7.23 (d,J = 8.3 Hz, 1H), 7.12-7.17 (m, 1H), 3.91 (s, 3HY&B- 3.26 (m, 8H), 2.35 (s, 3HFC NMR
(100 MHz, DMSO€dg) & 173.43, 163.83, 163.77, 159.86, 158.45, 158.13,216 146.65, 132.40, 130.82,
126.13, 125.91, 121.15, 119.56, 117.11, 116.27,6B14112.71, 104.69, 67.06, 66.54, 56.17, 47.008&2
18.99. HRMS (ESIyv/z [M+H] " calcd for GgH»sN4Os: 473.1819, found: 473.1823. HPLC retention tiniz03.
min, purity 96.0%.

4.1.19.3. 3-ethyl-7-((4-(2-methoxyphenyl)pyrimidin-2-yl)amino)-4-mor pholino-2H-chromen-2-one  (29b).
The title compound was prepared according to gémm@cedure F on 0.36 mmol scal&a and 24b.
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis

(54 mg, 33% vyield) as a white solid. mp: 240-242*CNMR (300 MHz, DMSOd) § 10.19 (s, 1H), 8.58 (d,
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J=5.2 Hz, 1H), 8.12 (s, 1H), 7.90 @z 7.6 Hz, 1H), 7.67 (dd] = 21.4, 8.9 Hz, 2H), 7.50-7.55 (m, 1H), 7.42
(d, J=5.2 Hz, 1H), 7.22 (d] = 8.3 Hz, 1H), 7.12-7.17 (m, 1H), 3.90 (s, 3HRM(s, 4H), 3.26 (s, 4H), 2.65 —
2.53 (m, 2H), 1.10 (t) = 7.2 Hz, 3H).*C NMR (100 MHz, DMSOdg) & 163.67, 163.64, 160.06, 158.32,
158.10, 156.13, 153.40, 143.77, 132.27, 130.73,3126125.83, 121.16, 117.91, 115.16, 114.18, 112.69
112.64, 104.75, 67.23, 56.16, 51.29, 20.44, 148HMS (ESI)mVz [M+H] " calcd for GgHo7N4O4: 459.2027,
found: 459.2032. HPLC retention time 6.53 min, fyuti00.0%.

4.1.19.4. 7-((4-(2-methoxyphenyl) pyrimi di n-2-yl)amino)-4-mor pholino-2H-chromen-2-one (29c¢). The title
compound was prepared according to general proedélum 0.22 mmol scalEsa and24h. Purification by
column chromatography (ethyl acetate/petroleumre@) on silica gel to afford products (37 mg¥%39
yield) as a white solid. mp: 178-180 &l NMR (300 MHz, DMSO) 10.22 (s, 1H), 8.57 (d,= 5.1 Hz, 1H),
8.13 (d,J = 3.8 Hz, 1H), 7.89 (d] = 5.9 Hz, 1H), 7.63 (s, 2H), 7.52 @= 6.7 Hz, 1H), 7.42 (d] = 5.1 Hz,
1H), 7.27 — 7.19 (m, 1H), 7.13 (= 7.0 Hz, 1H), 5.53 (s, 1H), 3.88 (s, 3H), 3.804), 3.22 (s, 4H)"*C
NMR (100 MHz, DMSOe€l) 6 163.69, 162.10, 161.41, 160.02, 158.36, 158.09,185 144.50, 132.31, 130.73,
126.27, 126.04, 121.18, 114.77, 114.35, 112.69,0609.05.22, 94.30, 66.22, 56.17, 51.50. HRMS (%)
[M+H] " calcd for G4H23N,O,: 431.1714, found: 431.1717. HPLC retention tim#22min, purity 98.1%.

4.1.19.5. 7-((4-(2-methoxyphenyl) pyrimidin-2-yl )amino)-4-(pi perazin- 1-yl)-2H-chromen-2-one (29d). The
titte compound was prepared according to genemalgature F on 0.23 mmol scdl®aand24i. Purification by
column chromatography (ethyl acetate/petroleumretff@o) on silica gel to afford products (32 mg¥%33
yield) as a white solid. mp: 152-153 *&-NMR (300 MHz, DMSOd6) & 10.26 (s, 1H), 8.64 (d, J = 5.2 Hz,
1H), 8.17 (dJ = 1.6 Hz, 1H), 7.89 — 8.00 (m, 1H), 7.53 — 7.74 8H), 7.48 (dJ = 5.2 Hz, 1H), 7.28 (d] =
8.2 Hz, 1H), 7.17-7.22 (m, 1H), 5.54 (s, 1H), 3(853H), 3.21 (s, 4H), 2.96 (s, 4H), 1.28 (s, 1L NMR
(100 MHz, DMSOe¢) 6163.70, 162.17, 161.82, 160.04, 158.35, 158.10,1855144.40, 132.30, 130.74,
126.28, 126.02, 121.18, 114.71, 114.32, 112.70,3109.05.25, 93.73, 56.17, 52.45, 45.64. HRMS (E%t)
[M+H] " calcd for G4H,4NsOs: 430.1874, found: 430.1878. HPLC retention tim&6anin, purity 99.7 %.

4.1.19.6. 4-(1,4-diazepan-1-y)-7-((4-(2-methoxyphenyl)pyrimidin-2-yl)amino)-2H-chromen-2-one  (29e).
The title compound was prepared according to génm@cedure F on 0.25 mmol scaléa and 24;.

Purification by column chromatography (ethyl acefaetroleum ether, 70%) on silica gel to affordduas
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(38 mg, 38% vyield) as a white solid. mp: 146-148"#GNMR (300 MHz, DMSOds) & 10.24 (s, 1H), 8.65 (d,
J=5.2 Hz, 1H), 8.13 (s, 1H), 7.96 (= 6.8 Hz, 1H), 7.78 (d, J = 8.9 Hz, 1H), 7.67J¢ 8.8 Hz, 1H), 7.55-
7.60 (m, 1H), 7.48 (d] = 5.2 Hz, 1H), 7.28 (d] = 8.3 Hz, 1H), 7.17-7.22 (m, 1H), 5.32 (s, 1HRE(s, 3H),
2.63 — 3.69 (M, 4H), 2.88 — 3.02 (M, 4H), 1.92941m, 2H), 1.28 (s, 1H}*C NMR (100 MHz, DMSOd) &
163.70, 162.13, 160.05, 159.74, 158.35, 158.10,3B55144.03, 132.29, 130.74, 126.96, 126.29, 121.17
114.28, 114.05, 112.69, 109.43, 105.48, 88.23,7565.69, 51.48, 48.90, 48.33, 30.43. HRMS (B8Y
[M+H] " calcd for GsH2gNsOs: 444.2030, found: 444.2035. HPLC retention timel@0nin, purity 98.5 %.

4.1.19.7. 3-acetyl-7-((4-(3-methoxyphenyl) pyrimidin-2-yl)amino)-4-morpholino-2H-chromen-2-one  (29f).
The title compound was prepared according to gémmacedure F on 0.36 mmol scabba and 24a
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis
(84 mg, 50% yield) as a white solid. mp > 300 ¥8-NMR (300 MHz, DMSOds) & 10.40 (s, 1H), 8.69 (d
=5.2 Hz, 1H), 8.48 (d] = 1.9 Hz, 1H), 7.93 (d] = 8.8 Hz, 1H), 7.75 (m, 3H), 7.60 @@= 5.3 Hz, 1H), 7.49 (t,
J=8.0 Hz, 1H), 7.15 (dd] = 7.9, 2.2 Hz, 1H), 3.92 (s, 3H), 3.76 — 3.20 &), 2.35 (s, 3H)**C NMR (100
MHz, DMSO-g) 6 173.43, 164.08, 163.85, 163.75, 160.26, 160.00,78 157.20, 146.51, 138.22, 130.60,
125.96, 119.90, 119.62, 118.01, 117.26, 116.39,8811110.19, 104.85, 67.06, 66.54, 55.73, 47.08)%2
18.98. HRMS (ESIyv/z [M+H] " calcd for GgHsN4Os: 473.1819, found: 473.1822. HPLC retention tinf&03.
min, purity 100%.

4.1.19.8. 3-acetyl-7-((4-(4-methoxyphenyl) pyrimidin-2-yl)amino)-4-mor pholino-2H-chromen-2-one  (299).
The title compound was prepared according to gémm@cedure F on 0.36 mmol sca®®b and 24a
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis
(84 mg, 50% vyield) as a white solid. mp: 196-198 #GNMR (300 MHz, DMSOds) & 10.31 (s, 1H), 8.62 (d,
J=5.3 Hz, 1H), 8.34 (d] = 1.9 Hz, 1H), 8.22 — 8.13 (m, 2H), 7.93 {c; 8.8 Hz, 1H), 7.78 (dd] = 8.9, 2.0
Hz, 1H), 7.51 (dJ = 5.4 Hz, 1H), 7.13 (m, 2H), 3.86 (s, 3H), 3.73.29 (m, 8H), 2.37 (s, 3H}*C NMR (100
MHz, DMSOdg) 6 173.44, 164.06, 163.87, 163.77, 162.27, 159.99,1¥5 157.15, 146.66, 129.16, 128.99,
125.97, 119.58, 117.17, 116.32, 114.84, 109.2880047.06, 66.55, 55.89, 47.08, 42.09, 19.02. HRES)
m/z[M+H] " calcd for GgH2sN4Os: 473.1819, found: 473.1821. HPLC retention tin83nin, purity 100%.

4.1.19.9. 3-acetyl-7-((4-(2,4-dimethoxyphenyl ) pyrimidin-2-yl Jamino)-4-mor pholino-2H-chromen-2-one
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(29h). The title compound was prepared according to gémeocedure F on 0.30 mmol sc&gc and24a
Purification by column chromatography (ethyl acefaetroleum ether, 60%) on silica gel to afforddorets
(65 mg, 43% vield) as a white solid. mp: 220-222%€CNMR (300 MHz, DMSOd) § 10.32 (s, 1H), 8.57 (d,
J = 5.3 Hz, 1H), 8.40 (d] = 1.8 Hz, 1H), 8.04 — 7.96 (m, 1H), 7.91 Jc 8.8 Hz, 1H), 7.70 (dd] = 8.8, 1.9
Hz, 1H), 7.49 (d) = 5.3 Hz, 1H), 6.72 - 6.74 (m, 2H), 3.93 (s, 3BB7 (s, 3H), 3.77 — 3.20 (m, 8H), 2.35 (s,
3H). %C NMR (100 MHz, DMSOdg) 6 173.43, 163.81, 163.78, 163.27, 163.13, 159.98,745 158.27,
157.21, 146.77, 132.00, 125.89, 119.55, 118.49,0¥1116.18, 113.94, 106.47, 104.59, 99.24, 666645,
56.26, 55.98, 47.08, 42.08, 18.99. HRMS (&Y [M+H] " calcd for GH,7N4Os: 503.1925, found: 503.1932.
HPLC retention time 3.37 min, purity 100%.

4.1.19.10.  3-acetyl-7-((4-(2,3-dimethoxyphenyl) pyrimidin-2-yl)amino)-4-mor pholino-2H-chromen-2-one
(29i). The title compound was prepared according to geérmepcedure F on 0.30 mmol sc&&d and24a
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis
(66 mg, 42% vyield) as a white solid. mp: 145-147*%CNMR (300 MHz, DMSOds) § 10.48 (s, 1H), 8.68 (d,
J=5.1Hz, 1H), 8.39 (s, 1H), 7.91 @= 8.8 Hz, 1H), 7.71 (d] = 8.9 Hz, 1H), 7.39 — 7.44 (m, 2H), 7.26 (s,
1H), 7.24 (s, 1H), 3.89 (s, 3H), 3.74 (s, 3H), 3-73.27 (m, 8H), 2.34 (s, 3HPC NMR (100 MHz, DMSOds)
6 173.43, 164.01, 163.85, 163.75, 159.94, 158.68,1175 153.38, 147.87, 146.56, 131.76, 125.96, B4.7
121.96, 119.58, 117.16, 116.35, 115.30, 114.39,780467.06, 66.54, 61.18, 56.44, 47.07, 42.08, (9.0
HRMS (ESI)mvz [M+H] " calcd for GH27:N4Og: 503.1925, found: 503.1934. HPLC retention tim@52min,
purity 100%.

4.1.19.11. 3-acetyl-4-mor pholino-7-((4-phenyl pyrimidin-2-ylJamino)-2H-chromen-2-one (29j). The title
compound was prepared according to general proeddun 0.42 mmol scabe and24a Purification by
column chromatography (ethyl acetate/petroleumre@) on silica gel to afford products (80 mg%#3
yield) as a white solid. mp: 226-228 i NMR (300 MHz, DMSOe) & 10.41 (s, 1H), 8.70 (d = 5.2 Hz,
1H), 8.37 (s, 1H), 8.21 (d,= 3.5 Hz, 2H), 7.94 (d] = 8.8 Hz, 1H), 7.78 (d] = 8.7 Hz, 1H), 7.59 (d] = 3.4
Hz, 4H), 3.76 — 3.34 (m, 8H), 2.36 (s, 3HC NMR (100 MHz, DMSOds) § 173.44, 164.49, 163.89, 163.76,
160.07, 159.60, 157.14, 146.56, 136.78, 131.66,4929127.51, 126.01, 119.60, 117.21, 116.41, 110.11

104.89, 67.06, 66.55, 47.08, 42.09, 19.02. HRMS)(Efz [M+H] * calcd for GsH23N4O,: 443.1714, found:
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443.1722. HPLC retention time 2.27 min, purity 100%

4.1.19.12 3-acetyl- 7-((4-(2,6-difluor ophenyl ) pyrimi din-2-yl Yamino)-4-mor pholino-2H-chromen-2-one (29Kk).
The title compound was prepared according to gémm@cedure F on 0.35 mmol scabsf and 24a
Purification by column chromatography (ethyl acefaetroleum ether, 60%) on silica gel to afforddorets
(81 mg, 44% vyield) as a white solid. mp: 288-290*GNMR (300 MHz, DMSOs) § 10.61 (s, 1H), 8.79 (d,
J=4.9 Hz, 1H), 8.33 (s, 1H), 7.91 @= 8.7 Hz, 1H), 7.72 — 7.62 (m, 2H), 7.33 (m, 2AR6 (d,J = 4.8 Hz,
1H), 3.76 — 3.34 (m, 8H), 2.35 (s, 3HJC NMR (100 MHz, DMSOdg) 5 173.43, 163.93, 163.72, 161.26,
161.20, 159.86, 159.45, 158.77, 158.71, 157.88,1157146.18, 132.93, 132.83, 125.99, 119.60, 117.22
116.62, 115.94, 115.72, 112.97, 112.72, 105.0@5%%6.54, 47.06, 42.08, 19.01. HRMS (ESI} [M+H]"
calcd for GsH»1FN4O4: 479.1525, found: 479.1529. HPLC retention tin#3nin, purity 96.8 %.

4.1.19.13. 3-acetyl-4-morpholino-7-((4-(2-(trifluoromethyl ) phenyl) pyrimidin-2-yl Jamino)-2H-chromen-2-
one (291). The title compound was prepared according to gépeocedure F on 0.39 mmol scalegand24a
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis
(66 mg, 43% yield) as a white solid. mp: 253-254*CNMR (300 MHz, DMSOds) & 10.55 (s, 1H), 8.74 (d,
J = 5.0 Hz, 1H), 8.32 (s, 1H), 8.00 — 7.91 (m, 2HYO0 — 7.75 (m, 2H), 7.64 — 7.69 (m, 2H), 7.13)¢, 5.0
Hz, 1H), 3.68 — 3.44 (m, 8H), 2.32 (s, 3FC NMR (100 MHz, DMSOds) § 173.42, 166.44, 163.90, 163.71,
159.38, 159.02, 157.11, 146.20, 137.72, 133.68,1#33131.50, 130.35, 127.11, 127.04, 125.95, 119.60
117.22, 116.56, 114.02, 104.96, 67.05, 66.54, 4742507, 19.00. HRMS (ESlyz [M+H]" calcd for
CoeH22F3N4O4: 511.1588, found: 511.1593. HPLC retention tim@42min, purity 97.9 %.

4.1.19.14. 3-acetyl-4-morpholino-7-((4-(2-nitrophenyl)pyrimidin-2-ylJamino)-2H-chromen-2-one  (29m).
The title compound was prepared according to gémm@cedure F on 0.33 mmol sca®k®h and 24a
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis
(84 mg, 51% vield) as a white solid. mp: 154-156 4CNMR (300 MHz, DMSOd) § 10.48 (s, 1H), 8.80 (d,
J=5.0 Hz, 1H), 8.22 — 8.10 (m, 2H), 7.90 (m, 2HB6 — 7.79 (M, 2H), 7.66 (dd= 8.8, 2.0 Hz, 1H), 7.35 (d,
J=5.0 Hz, 1H), 3.75 — 3.29 (m, 8H), 2.37 (s, 3HE NMR (100 MHz, DMSOdg) § 173.42, 164.06, 163.94,
163.71, 160.03, 159.43, 157.08, 149.01, 146.02,8633132.91, 131.68, 131.59, 125.93, 125.19, 119.60

117.22, 116.66, 112.82, 105.04, 67.06, 66.54, 4742708, 19.03. HRMS (ESIWwz [M+H]" calcd for
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CusH2oNsOg: 488.1565, found: 488.1573. HPLC retention tin&83nin, purity 95.3 %.

4.1.19.15. 3-acetyl-4-mor pholino-7-((4-(o-tolyl)pyrimidin-2-yl Jamino)-2H-chromen-2-one (29n). The title
compound was prepared according to general proedelum 0.39 mmol scal@si and24a Purification by
column chromatography (ethyl acetate/petroleumre®@2o) on silica gel to afford products (86 mg%#9
yield) as a white solid. mp: 227-229 & NMR (300 MHz, DMSOe) & 10.44 (s, 1H), 8.70 (d, = 5.1 Hz,
1H), 8.36 (s, 1H), 7.91 (d, = 8.8 Hz, 1H), 7.69 (d] = 8.9 Hz, 1H), 7.51 (d] = 7.1 Hz, 1H), 7.39 (m, 3H),
7.17 (d,J = 5.1 Hz, 1H), 3.71 — 3.25 (m, 8H), 2.44 (s, 3RB3 (s, 3H)*C NMR (100 MHz, DMSOds) &
173.42, 167.84, 163.87, 163.74, 159.67, 158.81,1857146.49, 138.22, 136.02, 131.45, 129.92, 129.79
126.57, 125.98, 119.59, 117.18, 116.38, 114.26.,76047.05, 66.54, 47.06, 42.08, 20.59, 19.00. HRES)
m/z[M+H] " calcd for GgH2sN4O,: 457.1870, found: 457.1873. HPLC retention tin&92min, purity 98.4 %.

4.1.19.16 3-acetyl-7-((4-(2-ethyl phenyl) pyrimi din-2-yl )amino)-4-mor pholino-2H-chromen-2-one (290). The
titte compound was prepared according to genexaqoture F on 0.36 mmol scéléj and24a Purification
by column chromatography (ethyl acetate/petroletimre 60%) on silica gel to afford products (84 g%
yield) as a white solid. mp: 216-217 &l NMR (300 MHz, DMSOds) & 10.48 (s, 1H), 8.71 (dd,= 8.1, 5.0
Hz, 1H), 8.41 — 8.30 (m, 1H), 7.96 — 7.84 (m, 1HY3 — 7.61 (m, 1H), 7.51 — 7.30 (m, 4H), 7.14 @©d,8.1,
5.0 Hz, 1H), 3.81 — 3.27 (m, 8H), 2.80 (= 7.4 Hz, 2H), 2.33 (s, 3H), 1.10 &= 7.6 Hz, 3H)*C NMR
(100 MHz, DMSOe€g) 6 173.41, 168.31, 163.87, 163.72, 159.63, 158.86,18 146.44, 141.99, 138.04,
129.97, 129.79, 129.65, 126.47, 125.98, 119.59,1717116.40, 114.28, 104.76, 67.05, 66.54, 47.06)8}
25.83, 18.99, 16.03. HRMS (ESi¥z [M+H]" calcd for G/HyN4O,4 : 471.2027, found: 471.2034. HPLC
retention time 2.56 min, purity 100%.

4.1.19.17.3-acetyl- 7-((6- (2-methoxyphenyl ) pyrimi din-4-yl yamino)-4-mor pholino-2H-chromen-2-one (29p).
The title compound was prepared according to gémm@cedure F on 0.36 mmol scal&b and 24a
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis
(76 mg, 45.0% yield) as a white solid. mp: 222-24'H-NMR (300 MHz, DMSO#) & 10.31 (s, 1H), 8.89
(s, 1H), 8.48 (dJ) = 1.7 Hz, 1H), 8.03 — 7.92 (m, 2H), 7.61 (s, 1HE5 — 7.43 (m, 2H), 7.22 (d,= 8.3 Hz,
1H), 7.12 (dJ = 7.6 Hz, 1H), 3.93 (s, 3H), 3.58 — 3.20 (m, 8MR7 (s, 3H)*C NMR (100 MHz, DMSOds)

5 173.42, 164.05, 163.67, 160.66, 160.37, 158.28,1%5 157.06, 145.99, 132.04, 130.76, 126.22, 125.8
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121.16, 119.65, 117.47, 116.80, 112.66, 108.87,780%7.06, 66.55, 56.27, 47.07, 42.09, 19.00. HRES)
m/'z[M+H] " calcd for GgH2sN4Os: 473.1819, found: 473.1815. HPLC retention tin&83nin, purity 96.7 %.

4.1.19.18. 3-acetyl-4-mor pholino-7-((6-phenyl pyrimidin-4-yl Jamino)-2H-chromen-2-one (29q). The title
compound was prepared according to general proedeéun 0.42 mmol scabk and24a Purification by
column chromatography (ethyl acetate/petroleumre@) on silica gel to afford products (65 mg¥%35
yield) as a white solid. mp: 202-204 °t&1 NMR (300 MHz, DMSOds) § 10.36 (s, 1H), 8.91 (s, 1H), 8.48 (s,
1H), 8.11 — 8.03 (m, 2H), 7.97 (@= 8.7 Hz, 1H), 7.59 — 7.49 (m, 4H), 7.39 (s, 1881 — 3.37 (m, 8H), 2.37
(s, 3H).130 NMR (100 MHz, DMSOdg) 6 173.42, 164.09, 163.67, 162.29, 161.05, 158.67,085 145.77,
137.02, 131.14, 129.49, 126.99, 126.27, 119.66,5P1716.93, 106.00, 103.99, 67.05, 66.55, 47.@710¢
19.00. HRMS (ESIyvz [M+H] " calcd for GsH23N4O4: 443.1714, found: 443.1721. HPLC retention tinR02.
min, purity 100%.

4.1.19.19. 3-acetyl-4-mor pholino-7-((6-(o-tolyl)pyrimidin-4-yl Jamino)-2H-chromen-2-one (29r). The title
compound was prepared according to general proedélum 0.39 mmol scal@sl and 24a Purification by
column chromatography (ethyl acetate/petroleumre®@2o) on silica gel to afford products (64 mg¥%36
yield) as a white solid. mp: 242-244 &l NMR (300 MHz, DMSOds) & 10.33 (s, 1H), 8.91 (s, 1H), 8.50 (d,
J=1.7 Hz, 1H), 7.97 (d) = 8.7 Hz, 1H), 7.49 (dd] = 11.9, 4.8 Hz, 2H), 7.45 — 7.27 (m, 3H), 7.031(d),
3.77 — 3.34 (m, 8H), 2.39 (s, 3H), 2.37 (s, 3HE NMR (100 MHz, DMSOdy) & 173.43, 165.66, 164.11,
163.67, 160.44, 158.02, 157.04, 145.73, 138.45,0636131.41, 129.68, 126.57, 126.27, 119.66, 117.52
116.94, 108.21, 106.00, 67.05, 66.54, 47.07, 422061, 19.00. HRMS (ESliv'z [M+H]" calcd for
CoeH2sN4O4: 457.1870, found: 457.1872. HPLC retention ting42nin, purity 98.4 %.

4.1.19.20.3-acetyl-7-((6-(2-ethyl phenyl) pyrimi din-4-yl )amino)-4-mor pholino-2H-chromen-2-one (29s). The
titte compound was prepared according to generdquture F on 0.39 mmol scélém and24a Purification
by column chromatography (ethyl acetate/petroletimre 60%) on silica gel to afford products (70 m@,2%
yield) as a white solid. mp: 154-156 &l NMR (300 MHz, DMSOsdg) 6 10.35 (s, 1H), 8.90 (s, 1H), 8.51 (d,
J=1.4Hz, 1H), 7.97 (d] = 8.7 Hz, 1H), 7.50 (dd] = 8.8, 1.5 Hz, 1H), 7.47 — 7.28 (m, 4H), 7.001¢4d), 3.77
—3.37 (m, 8H), 2.76 (4l = 7.4 Hz, 2H), 2.34 (s, 3H), 1.14 @= 7.9 Hz, 3H)*C NMR (100 MHz, DMSO-

ds) 6 173.42, 166.15, 164.12, 163.66, 160.45, 158.00,045 145.71, 142.25, 138.27, 129.78, 126.47, 826.2
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119.68, 117.53, 116.97, 108.14, 106.03, 67.05,4664%.07, 42.10, 26.01, 19.01, 16.29. HRMS (E&YH
[M+H] " calcd for GsH./N4O,: 471.2027, found: 471.2034. HPLC retention tir@42min, purity 100%.

4.1.19.21. 3-acetyl-4-morpholino-7-((6-(2-(trifluoromethyl)phenyl) pyrimidin-4-yl Jamino)-2H-chromen-2-
one (29t). The title compound was prepared according to ggmpeocedure F on 0.39 mmol scaken and24a
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis
(66 mg, 43% vyield) as a white solid. mp: 200-202 #CNMR (300 MHz, CDC}) 5 8.88 (s, 1H), 8.13 (s, 1H),
7.85 — 7.77 (m, 2H), 7.72 — 7.50 (m, 4H), 7.10)¢&; 7.2 Hz, 1H), 6.97 (s, 1H), 3.92 — 3.40 (m, 1Big9 —
3.67 (m, 4H), 3.64 — 3.55 (m, 1H), 3.44 — 3.33 @H), 2.29 (s, 3H)**C NMR (100 MHz, DMSOsdg) &
173.43, 164.18, 164.10, 163.63, 160.13, 158.02,0057145.49, 138.10, 133.10, 131.65, 130.16, 127.24
127.04, 127.00, 126.94, 126.33, 123.09, 119.70,6217117.15, 108.13, 106.24, 67.05, 66.54, 47.268)%
19.01. HRMS (ESIwz [M+H] " calcd for GgH,oFsN4O4: 511.1588, found: 511.1594. HPLC retention time
2.47 min, purity 98.8 %.

4.1.19.22. 3-acetyl-7-((4-(4-fluor o-2-methoxyphenyl) pyrimidin-2-yl)amino)-4-mor pholino-2H-chromen-2-
one (30a). The title compound was prepared according to gempeocedure F on 0.33 mmol sc@koand24a
Purification by column chromatography (ethyl acefaetroleum ether, 60%) on silica gel to afforddorcts
(54 mg, 33% vield) as a white solid. mp: 214-216*GNMR (300 MHz, DMSOd) § 10.39 (s, 1H), 8.61 (d,
J=4.8 Hz, 1H), 8.37 (d] = 1.7 Hz, 1H), 7.96 (1) = 7.5 Hz, 1H), 7.90 (d] = 8.7 Hz, 1H), 7.68 (d] = 8.1 Hz,
1H), 7.44 (dJ = 4.8 Hz, 1H), 7.12 (d] = 10.8 Hz, 1H), 6.99 (dl = 6.5 Hz, 1H), 3.92 (s, 3H), 3.78 — 3.24 (m,
8H), 2.34 (s, 3H).13C NMR (100 MHz, DMSOdg) 6 173.43, 166.09, 163.85, 163.77, 163.62, 162.83,906
159.81, 159.79, 158.62, 157.18, 146.60, 132.54,48B32125.92, 122.58, 122.55, 119.57, 117.11, 116.30
114.31, 107.97, 107.76, 104.72, 101.06, 100.8M)%%66.55, 56.78, 47.07, 42.08, 18.98. HRMS (ESD
[M+H] " calcd for GgH,4FN,Os: 491.1725, found: 491.1731. HPLC retention tim&anin, purity 100%.

4.1.19.23. 3-acetyl-7-((4-(5-fluoro-2-methoxyphenyl) pyrimidin-2-yl)amino)-4-mor pholino-2H-chromen-2-
one (30b). The title compound was prepared according to gémpecgedure F on 0.33 mmol scélép and
24a Purification by column chromatography (ethyl atefpetroleum ether, 60%) on silica gel to afford
products (52 mg, 32% yield) as a white solid. n§0-221 °C*H-NMR (300 MHz, DMSOe) & 10.46 (s, 1H),

8.68 (d,J = 5.2 Hz, 1H), 8.42 (d] = 1.9 Hz, 1H), 7.91 (d] = 8.8 Hz, 1H), 7.76 (ddl = 9.6, 3.3 Hz, 1H), 7.67
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(dd,J = 8.9, 2.0 Hz, 1H), 7.54 (d,= 5.2 Hz, 1H), 7.47 — 7.33 (m, 1H), 7.26 (dds 9.2, 4.5 Hz, 1H), 3.91 (s,
3H), 3.78 — 3.24 (m, 8H), 2.34 (s, 3HJC NMR (100 MHz, DMSOd) 5 173.42, 163.83, 163.75, 162.27,
159.80, 158.93, 157.91, 157.17, 155.56, 154.72,4946127.11, 127.04, 125.92, 119.58, 118.65, 118.42
117.14,116.86, 116.61, 116.35, 114.46, 114.39,77047.05, 66.55, 56.80, 47.07, 42.08, 18.98. HRES)
m/z [M+H] " calcd for GgH»4FN,Os: 491.1725, found: 491.1735. HPLC retention tins2min, purity 99.6 %.
4.1.19.24. 3-acetyl-7-((4-(2-fluor o-6-methoxyphenyl)pyrimidin-2-yl)amino)-4-mor pholino-2H-chromen-2-
one (30c). The title compound was prepared according to gépevaedure F on 0.33 mmol scalgq and24a
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis
(52 mg, 32% vyield) as a white solid. mp: 218-220%CNMR (300 MHz, DMSOd) § 10.49 (s, 1H), 8.70 (d,
J=5.0 Hz, 1H), 8.36 (d] = 1.7 Hz, 1H), 7.90 (d] = 8.8 Hz, 1H), 7.64 (dd] = 8.8, 1.8 Hz, 1H), 7.52 (dd,=
15.3, 8.4 Hz, 1H), 7.10 (d,= 5.0 Hz, 1H), 7.06 (d] = 8.5 Hz, 1H), 6.95 — 7.00 (m, 1H), 3.83 (s, 3Bi).7 —
3.27 (m, 8H), 2.34 (s, 3H§.3C NMR (100 MHz, DMSOdg) 6 173.43, 163.87, 163.75, 161.39, 160.66, 159.78,
158.95, 158.63, 158.29, 158.22, 157.18, 146.40,0832131.98, 125.94, 119.57, 117.12, 116.44, 116.22
116.06, 115.89, 108.53, 108.34, 108.32, 104.78)%%66.54, 56.75, 47.07, 42.08, 18.98. HRMS (ESD
[M+H] " calcd for GeHo4FN4Os: 491.1725, found: 491.1734. HPLC retention tim@0Imin, purity 98.1 %.
4.1.19.25. 3-acetyl-7-((4-(4-fluoro-2-methoxyphenyl) pyrimidin-2-yl)amino)-4-(4-methyl pi perazin-1-yl)-2H-
chromen-2-one (30d). The title compound was prepared according to gépeoaedure F on 0.33 mmol scale
250 and 24d. Purification by column chromatography (ethyl atetpetroleum ether, 70%) on silica gel to
afford products (80 mg, 48% yield) as a white saiih: 166-168 °C'H NMR (600 MHz, DMSOds) § 10.58
(s, 1H), 8.74 (dJ = 1.8 Hz, 1H), 8.30 (d] = 1.9 Hz, 1H), 8.02 — 7.94 (m, 1H), 7.90 Jds 8.8 Hz, 1H), 7.61
(dd,J = 8.8, 2.0 Hz, 1H), 7.58 (dd,= 8.4, 6.9 Hz, 1H), 7.18 (dd,= 11.4, 2.3 Hz, 1H), 6.97 — 7.04 (m, 1H),
3.88 (s, 3H), 3.74 (d] = 16.3 Hz, 1H), 3.50 (dl = 9.2 Hz, 1H), 3.32 (d] = 3.2 Hz, 1H), 3.24 — 3.20 (m, 1H),
2.43 (s, 1H), 2.36 (d] = 3.8 Hz, 1H), 2.32 (s, 3H), 2.27 @z= 7.7 Hz, 1H), 2.19 (s, 3H), 2.15 @z= 8.0 Hz,
1H). %C NMR (100 MHz, DMSQOd) 6 173.46, 166.09, 163.97, 163.70, 163.62, 162.88,906 159.81,
159.79, 158.62, 157.18, 146.64, 132.53, 132.43,9125122.57, 122.54, 119.49, 117.14, 116.27, 114.33
107.97, 107.75, 104.71, 101.06, 100.80, 56.77,%54%4%.03, 45.40, 44.82, 19.03. HRMS (E8iy [M+H]"

calcd for GH,7FNsO,4: 504.2042, found: 504.2051. HPLC retention tim&73nin, purity 100%.
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4.1.19.26. 3-acetyl-4-(4-ethylpiperazin-1-yl)-7-((4-(4-fluor o-2-methoxyphenyl ) pyrimidin-2-yl Jamino)-2H-
chromen-2-one (30e). The title compound was prepared according to gépeoaedure F on 0.33 mmol scale
250 and 24e Purification by column chromatography (ethyl atefpetroleum ether, 70%) on silica gel to
afford products (85 mg, 50.0% vyield) as a whitddsahp: 158-160 °C*H NMR (300 MHz, DMSO&) &
10.41 (s, 1H), 8.64 (d, = 5.2 Hz, 1H), 8.39 (d] = 1.6 Hz, 1H), 8.02 — 7.94 (m, 1H), 7.91 Jd; 8.8 Hz, 1H),
7.69 (dd,J = 8.9, 1.6 Hz, 1H), 7.46 (d,= 5.2 Hz, 1H), 7.15 (dd] = 11.5, 2.3 Hz, 1H), 6.97 -7.03 (m, 1H),
3.93 (s, 3H), 3.61 (d, 2H), 3.29 — 3.14 (m, 2H372(d,J = 7.2 Hz, 4H), 2.33 (s, 3H), 2.20 (m, 2H), 1.000&
7.1 Hz, 3H).13C NMR (100 MHz, DMSOdg) 6 173.40, 166.08, 163.62, 163.47, 163.45, 162.89,85%5
159.81, 159.79, 158.60, 157.15, 146.57, 132.54,48B32125.91, 122.56, 122.53, 119.88, 117.09, 116.30
114.29, 107.96, 107.75, 104.72, 101.04, 100.79,7563.32, 52.48, 51.94, 46.61, 41.51, 18.96, 1HRIMS
(ESI) mVz [M+H] " calcd for GgHaoFNsO4: 518.2198, found: 518.2204. HPLC retention tim@97min, purity
100%.

4.1.19.27. 3-acetyl-7-((4-(4-fluor o-2-methoxyphenyl ) pyri midin-2-yl Jami no)-4-(pi peridin- 1-yl)-2H-chromen-
2-one (30f). The title compound was prepared according to gépeoaedure F on 0.33 mmol sc&bo and
24f. Purification by column chromatography (ethyl atefpetroleum ether, 60%) on silica gel to afford
products (91 mg, 57% yield) as a white solid. m8-198 °C*H NMR (300 MHz, DMSOdg) 5 10.42 (s, 1H),
8.64 (d,J = 5.3 Hz, 1H), 8.39 (d] = 1.9 Hz, 1H), 7.98 (dd] = 8.6, 7.2 Hz, 1H), 7.91 (d,= 8.8 Hz, 1H), 7.69
(dd,J = 8.8, 1.9 Hz, 1H), 7.46 (d,= 5.2 Hz, 1H), 7.15 (dd] = 11.5, 2.4 Hz, 1H), 6.97 — 7.03 (m, 1H), 3.93 (s,
3H), 3.71 — 3.20 (m, 4H), 2.33 (s, 3H), 1.62 — 17 6H).**C NMR (100 MHz, DMSOds) & 173.43, 166.08,
163.62, 163.28, 163.12, 162.82, 159.89, 159.82,7859158.61, 157.14, 146.53, 132.54, 132.44, 125.92
122.58, 122.55, 120.29, 117.07, 116.32, 114.29,9707207.76, 104.71, 101.05, 100.80, 56.78, 44821,
26.75, 25.84, 24.47, 18.90. HRMS (E®iz [M+H]" calcd for GHFN,O,: 489.1933, found: 489.1939.
HPLC retention time 9.70 min, purity 97.7 %.

4.1.19.28. 7-((4-(4-fluor o-2-methoxyphenyl) pyrimidin-2-yl yamino)-4-mor pholino-3-propionyl-2H-chromen-
2-one (30g). The title compound was prepared according to gépesaedure F on 0.33 mmol sc&bo and
24c Purification by column chromatography (ethyl atetpetroleum ether, 60%) on silica gel to afford

products (42 mg, 25% yield) as a white solid. m8-130 °C.*H NMR (300 MHz, DMSO«dg) § 10.36 (s, 1H),
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8.63 (d,J = 5.3 Hz, 1H), 8.39 (d] = 1.9 Hz, 1H), 8.00 (ddl = 8.7, 7.1 Hz, 1H), 7.91 (d,= 8.8 Hz, 1H), 7.70
(dd,J = 8.9, 2.0 Hz, 1H), 7.47 (d,= 5.2 Hz, 1H), 7.14 (ddl = 11.5, 2.4 Hz, 1H), 6.94 - 7.01 (m, 1H), 3.94 (s,
3H), 3.69 — 3.32 (m, 8H), 2.70 — 2.55 (m, 2H), (26 = 7.5 Hz, 3H)**C NMR (100 MHz, DMSOdq) &
173.63, 167.43, 166.10, 163.68, 163.64, 162.76,9859159.83, 159.81, 158.66, 157.29, 146.62, 132.53
132.43, 125.91, 122.54, 122.51, 118.95, 117.18381414.31, 107.91, 107.70, 104.75, 101.08, 106838,
66.55, 56.77, 47.13, 42.07, 26.10, 11.88. HRMS YE®t [M+H] " calcd for G/H,6FN,Os: 505.1882, found:
505.1887. HPLC retention time 4.81 min, purity 100%

4.1.19.29.7-((4-(4-fluor o-2-methoxyphenyl ) pyrimidin-2-yl )Jamino)-4-mor pholino-2H-chromen-2-one (30h).
The title compound was prepared according to gémm@cedure F on 0.33 mmol sca®®o and 24h.
Purification by column chromatography (ethyl acefagtroleum ether, 60%) on silica gel to afforddorcis
(47 mg, 32% yield) as a white solid. mp: 150-162"H NMR (300 MHz, DMSOds) & 10.24 (s, 1H), 8.59 (d,
J=5.2 Hz, 1H), 8.10 (s, 1H), 8.05 — 7.90 (m, 1HB4 (s, 2H), 7.42 (d] = 5.2 Hz, 1H), 7.15 (dd] = 11.5,
2.1 Hz, 1H), 6.99 (dJ = 2.1 Hz, 1H), 5.55 (s, 1H), 3.92 (s, 3H), 3.814H), 3.23 (s, 4H)**C NMR (100
MHz, DMSO-g) 6 166.01, 163.55, 162.68, 162.07, 161.37, 159.98,885 159.73, 158.45, 155.16, 144.44,
132.44,132.34, 125.98, 122.70, 122.67, 114.76,991309.08, 107.95, 107.73, 105.24, 100.99, 100433,
66.22, 56.74, 51.50. HRMS (ES#¥z [M+H]" calcd for G4H2,FN,O,: 449.1620, found: 449.1624. HPLC
retention time 8.39 min, purity 98.3 %.

4.1.19.30. 3-acetyl- 7-((5-fluor 0-4-(4-fluor o-2-methoxyphenyl ) pyrimi din-2-yl Yamino)-4-mor pholino-2H-
chromen-2-one (30i). The title compound was prepared according to gépesaedure F on 0.30 mmol scale
28a and 24a Purification by column chromatography (ethyl atefpetroleum ether, 60%) on silica gel to
afford products (44 mg, 24% yield) as a white saiigh: 150-152 °C*H NMR (300 MHz, DMSO¢)  10.57
(s, 1H), 8.73 (dJ = 1.9 Hz, 1H), 8.30 (d] = 1.9 Hz, 1H), 7.90 (d] = 8.8 Hz, 1H), 7.65 — 7.52 (m, 2H), 7.17
(dd,J = 11.5, 2.3 Hz, 1H), 6.99 (d,= 2.4 Hz, 1H), 3.87 (s, 3H), 3.71 — 3.25 (m, 8&B3 (s, 3H)*C NMR
(100 MHz, DMSO€dg) & 173.39, 166.16, 163.85, 163.73, 159.16, 159.038,206 156.14, 152.44, 152.26,
149.92, 146.50, 146.38, 146.25, 132.59, 132.48,9825119.57, 118.99, 116.89, 116.39, 107.89, 107.67
104.20, 100.90, 100.64, 67.04, 66.54, 56.82, 4743608, 18.96. HRMS (ESliv'z [M+H]" calcd for

CoeH23F2N4Os: 509.1631, found: 509.1633. HPLC retention tim&l4nin, purity 99.2%.
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4.1.19.31. 3-acetyl-7-((5-fluoro-4-(4-fluoro-2-methoxyphenyl ) pyrimidin-2-yl yamino)-4-(4-methyl pi perazin-
1-yl)-2H-chromen-2-one (30j). The title compound was prepared according to gémpeozedure F on 0.30
mmol scale28a and 24d. Purification by column chromatography (ethyl atefpetroleum ether, 70%) on
silica gel to afford products (44 mg, 28% yield) asvhite solid. mp: 148-150 °CH NMR (300 MHz,
DMSO-dg) & 10.58 (s, 1H), 8.74 (d} = 1.8 Hz, 1H), 8.30 (d] = 1.9 Hz, 1H), 7.90 (d] = 8.8 Hz, 1H), 7.61
(dd,J = 8.8, 2.0 Hz, 1H), 7.58 (dd,= 8.4, 6.9 Hz, 1H), 7.18 (dd,= 11.4, 2.3 Hz, 1H), 6.98 - 7.01 (m, 1H),
3.88 (s, 3H), 3.74 (dl = 16.3 Hz, 1H), 3.50 (dl = 9.2 Hz, 1H), 3.32 (d] = 3.2 Hz, 1H), 3.24 — 3.20 (m, 1H),
2.43 (s, 1H), 2.36 (d] = 3.8 Hz, 1H), 2.32 (s, 3H), 2.27 @z= 7.7 Hz, 1H), 2.19 (s, 3H), 2.15 @z 8.0 Hz,
1H). %C NMR (100 MHz, DMSOdg) 6 173.37, 163.71, 163.50, 159.16, 159.05, 157.18,185 152.43,
149.93, 146.36, 132.59, 132.48, 125.99, 119.88,0019116.87, 116.41, 107.90, 107.67, 104.21, 100.90
100.65, 56.83, 55.47, 54.72, 46.45, 46.04, 41.8®6L HRMS (ESIyz [M+H]" calcd for GH2eFoNsO.:
522.1947, found: 522.1952. HPLC retention time %2, purity 98.8 %.

4.1.19.32. 3-acetyl-4-(4-ethyl pi perazin-1-yl)-7-((5-fluor o-4-(4-fluor o- 2-methoxyphenyl ) pyrimidin-2-
yl)amino)-2H-chromen-2-one (30k). The title compound was prepared according to gémecgedure F on
0.18 mmol scal@8aand24e Purification by column chromatography (ethyl atetpetroleum ether, 70%) on
silica gel to afford products (70 mg, 73% yield) asvhite solid. mp: 140-142 °GH NMR (300 MHz,
DMSO-dg) § 10.57 (s, 1H), 8.74 (s, 1H), 8.30 (s, 1H), 7.90)(d 8.2 Hz, 1H), 7.59 (ddl = 14.2, 7.9 Hz, 2H),
7.17 (d,J = 11.3 Hz, 1H), 7.03 — 6.95 (m, 1H), 3.87 (s, 381Y0 (s, 2H), 3.51 (s, 2H), 3.25 (s, 2H), 2.36 (s,
2H), 2.32 (s, 3H), 2.20 (s, 2H), 1.00 Jt= 6.7 Hz, 3H).X*C NMR (100 MHz, DMSOdg) 5 173.36, 166.16,
163.70, 163.48, 163.42, 159.16, 159.05, 157.18,1856156.15, 152.43, 152.27, 149.92, 146.50, 146.36
146.25, 132.58, 132.48, 125.98, 119.90, 118.99,871616.41, 107.89, 107.67, 104.20, 100.90, 1066483,
53.32, 52.48, 51.94, 46.59, 41.51, 18.95, 12.3IMBRESI)m/z [M+H] " calcd for GgH,gF.NsO4: 536.2104,
found: 536.2104. HPLC retention time 5.81 min, {yué7.3 %.

4.1.19.33. 3-acetyl-4-(1,4-diazepan-1-yi)-7-((5-fluoro-4-(4-fluor o-2-methoxyphenyl ) pyrimidin-2-yl )Jamino)-
2H-chromen-2-one (30I). The title compound was prepared according to gémpeogedure F on 0.33 mmol
scale28a and24g Purification by column chromatography (ethyl atetpetroleum ether, 80%) on silica gel

to afford products (39 mg, 23% vyield) as a whitédsonp: 156-158 °C!H NMR (300 MHz, DMSOds) &
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10.58 (d,J = 2.9 Hz, 1H), 8.74 (s, 1H), 8.30 (dbi= 3.7, 2.0 Hz, 1H), 7.90 (dd,= 8.8, 2.4 Hz, 1H), 7.61 (dd,
J=8.8, 1.9 Hz, 1H), 7.58 (dd,= 8.3, 6.8 Hz, 1H), 7.17 (dd,= 11.4, 2.2 Hz, 1H), 6.98 — 7.01 (m, 1H), 3.87
(s, 3H), 3.59 — 3.50 (m, 2H), 3.38 — 3.32 (m, 4RB9 — 2.73 (m, 4H), 2.34 (s, 3HJC NMR (100 MHz,
DMSO-dg) 6 173.53, 166.16, 164.94, 163.70, 163.30, 163.29,18; 159.05, 157.18, 156.15, 152.42, 149.93,
146.51, 146.35, 146.27, 132.61, 132.49, 126.00,8120119.01, 116.88, 116.49, 107.90, 107.68, 104.21
100.90, 100.64, 56.83, 49.92, 48.82, 47.65, 442849, 19.07. HRMS (ESIjvz [M+H]" calcd for
CoH26FoNs0,: 522.1947, found: 522.1950. HPLC retention tim@&88nin, purity 96.6 %.

4.1.19.34. 7-((5-fluoro-4-(4-fluor o-2-methoxyphenyl) pyrimi din-2-yl )amino)-4-mor pholino-3-propi onyl-2H-
chromen-2-one (30m). The title compound was prepared according to gépevaedure F on 0.41 mmol scale
28a and 24c Purification by column chromatography (ethyl atefpetroleum ether, 60%) on silica gel to
afford products (130 mg, 61% yield) as a pale yekolid. mp: 176-178 °CH NMR (300 MHz, DMSO#dq) 5
10.59 (s, 1H), 8.74 (d, = 1.8 Hz, 1H), 8.31 (d] = 1.8 Hz, 1H), 7.90 (d] = 8.8 Hz, 1H), 7.68 — 7.52 (m, 2H),
7.17 (ddJ = 11.5, 2.2 Hz, 1H), 6.95 — 7.02 (m, 2.3 Hz, 1387 (s, 3H), 3.78 —3.28 (m, 8H), 2.61 (dd; 7.5,
3.8 Hz, 2H), 1.25 (t] = 7.5 Hz, 3H).13C NMR (100 MHz, DMSOdg) 6 173.60, 167.46, 166.17, 163.72,
163.64, 159.16, 159.05, 157.32, 156.14, 152.44,9B49146.43, 132.51, 129.30, 129.10, 125.99, 118.96
116.94, 116.43, 107.86, 107.64, 104.22, 100.90,6800%6.98, 66.54, 56.82, 47.12, 42.07, 26.10,411.9
HRMS (ES)mVz[M+H] * calcd for G/H,sF,N4Os: 523.1788, found: 523.1781. HPLC retention tinigs4nin,
purity 99.3 %.

4.1.19.35. 7-((5-fluoro-4-(4-fluor o-2-methoxyphenyl) pyrimi din-2-yl)amino)-4-mor pholino-2H-chromen- 2-
one (30n). The title compound was prepared according to gémeogedure F on 0.43 mmol scal8a and
24h. Purification by column chromatography (ethyl atetpetroleum ether, 60%) on silica gel to afford
products (80 mg, 40% yield) as a white solid. nt-163 °C*H NMR (300 MHz, DMSOdg) 5 10.38 (s, 1H),
8.68 (d,J = 1.7 Hz, 1H), 8.01 (d] = 1.8 Hz, 1H), 7.63 (d] = 8.9 Hz, 1H), 7.60 — 7.53 (m, 2H), 7.16 (dd;
11.4, 2.2 Hz, 1H), 7.08 — 6.93 (m, 1H), 5.54 (s),13486 (s, 3H), 3.80 (s, 4H), 3.22 (s, 4H), 2.512H).°C
NMR (100 MHz, DMSOe€l) 6 166.14, 163.68, 162.03, 161.35, 159.12, 159.08.365 156.33, 155.16, 152.24,
152.09, 149.77, 146.45, 146.20, 144.25, 132.47,3¥32126.08, 119.21, 114.50, 109.18, 107.94, 107.72

104.80, 100.84, 100.58, 94.33, 66.21, 56.81, 51HRBMS (ESI) m/z [M+H]" calcd for GsH21FN,Oy:
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467.1525, found: 467.1519. HPLC retention time 339, purity 99.4 %.

4.1.19.36.  3-acetyl-7-((5-chloro-4-(4-fluor o-2-methoxyphenyl ) pyrimi din-2-yl)amino)-4-mor pholino-2H-
chromen-2-one (300). The title compound was prepared according to gépeoaedure F on 0.28 mmol scale
28b and 24a Purification by column chromatography (ethyl atetpetroleum ether, 60%) on silica gel to
afford products (42 mg, 29% yield) as a white satigh: 152-154 °C'H NMR (300 MHz, DMSOds) & 10.69
(s, 1H), 8.78 (s, 1H), 8.27 (d,= 1.9 Hz, 1H), 7.93 (d] = 8.8 Hz, 1H), 7.63 (dd] = 8.8, 2.0 Hz, 1H), 7.47 (dd,
J=8.4, 6.8 Hz, 1H), 7.16 (dd,= 11.4, 2.3 Hz, 1H), 6.96 - 6.99 (m, 1H), 3.863H), 3.75 — 3.26 (m, 8H),
2.36 (s, 3H).130 NMR (100 MHz, DMSOdg) 6 173.41, 165.72, 163.94, 163.69, 163.27, 162.78,56,
158.45, 157.97, 157.54, 157.09, 145.96, 131.80,7031126.05, 121.91, 121.74, 119.63, 117.19, 116.72
107.60, 107.39, 104.96, 100.76, 100.51, 67.04,46%6.67, 47.06, 42.09, 18.98. HRMS (ES8iy [M+H]"
calcd for GgH»3CIFN4Os: 525.1336, found: 525.1346. HPLC retention tin@&94nin, purity 98.6 %.

4.1.19.37. 3-acetyl-7-((5-chloro-4-(4-fluor o-2-methoxyphenyl ) pyrimidin-2-yl Jamino)-4-(4-methyl pi perazin-
1-y1)-2H-chromen-2-one (30p). The title compound was prepared according to gémecezedure F on 0.28
mmol scale28b and 24d. Purification by column chromatography (ethyl atetpetroleum ether, 60%) on
silica gel to afford products (44 mg, 29% yield) asvhite solid. mp: 154-156 °CH NMR (300 MHz,
DMSO-dg) & 10.70 (s, 1H), 8.76 (s, 1H), 8.26 (b 1.7 Hz, 1H), 7.91 (d] = 8.8 Hz, 1H), 7.62 (dd] = 8.9,
1.7 Hz, 1H), 7.50 — 7.40 (m, 1H), 7.15 (dds 11.5, 2.2 Hz, 1H), 6.93 - 6.99 (m, 1H), 3.8434), 3.68 (M,
4H), 3.10 (d,J = 7.1 Hz, 2H), 2.73 (s, 3H), 2.54 (s, 2H), 2.3438). **C NMR (100 MHz, DMSOdg) &
173.46, 164.21, 163.65, 163.27, 162.72, 158.54,48B58157.96, 157.57, 157.09, 146.01, 131.80, 131.70
126.06, 124.30, 121.85, 121.77, 119.44, 117.22,661407.62, 107.41, 104.93, 100.77, 100.50, 56650,
53.84, 46.22, 19.07. HRMS (EStYz [M+H] " calcd for G/H2CIFNsO4: 538.1652, found: 538.1639. HPLC

retention time 3.91 min, purity 97.3 %.

4.2. Biology methods
4.2.1. Biochemical Kinase Activity Assay

Kinase activity rate and i values of CDKs were determined using the Hot3paminiaturized
radioisotope filter binding assay platform at ReacBiology Corporation (Malvern, PA, USA). The kise

and corresponding substrate were mixed in readiigffer (20 mM Hepes pH 7.5, 10 mM Mgl mM
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EGTA, 0.02% Brij35, 0.02 mg/mL BSA, 0.1 mM N&O,4, 2 mM DTT, 1% DMSO) at room temperature. Then
DMSO solution of compound (starting at 1/10{M with 3-fold serial dilution) were delivered inthe kinase
reaction mixture for 20 min at 2&. The reaction was initiated by addition of a e of ATP (Sigma) and
[y->3P] ATP (PerkinElmer) to a final concentration of (@@, then the reaction incubated for 120 min af@5
The kinase activities were tested by filter bindmgthod, further 16, values and curve fits were calculated by
Prism 8.0 (GraphPad Software, San Diego, CA).

4.2.2. Cell Growth Inhibition Assay

The effects of target compounds on cell proliferatwere performed by AnoncoBio (Nanjing, China) and
Sundia MediTech (Shanghai, China). Experimentatgulare: Cell seeding: Spin down suspension cells an
resuspend in growth medium, then count with celinter. Dilute cell suspensions in growth medium to
desired density. Seed 1QQ cells into 96-well plate in growth medium accarglito the plate map. Medium
only is used as background control (Min). Incubate37 °C, overnight. Treatment of compound: 10 mM
compound solution in DMSO was diluted with growtledium to 3x final concentration (50M). Add 50 uL
3x diluted compound solution to cells and incukatt&7 °C, 5% C@for 72 h. Measurement of luminescent
signal: Equilibrate the assay plate to room tentpegathen add 40L of CellTiter-Glo® Reagent (Promega,
USA) into each well. Mix contents for 2 minutes @n orbital shaker to induce cell lysis. Incubatecam
temperature for 60 minutes to stabilize luminesagnal. Finally, luminescent signal was recordedtlue
multilabel reader (Envision, USA). ig values were calculated using Prism 8.0 (GraphRaftivare, San
Diego, CA).

4.2.3. Metabolic Stability in Liver Microsomes

The metabolic stability of compound in rat (Corindog (Corning), monkey (RILD) and human (Corning)
liver microsomes were tested following the samecgdores by 3D BioOptima Co., Ltd. (Suzhou, China).
Compound solutions3paand30i) with final concentration of 1.0M and liver microsomal were incubated in
37 °C constant temperature water bath pot. The whalebiation system included tested compoundsy(1
liver microsomal (0.5 mg/mL), Mggl3 mM), NADPH (1 mM) and Phosphate-buffered saliéfer (PBS,
100 mM, Ph 7.4). Incubation time was 0 min, 5 nii&,min, 30 min, and 60 min. The mixture reactiorswa

terminated when hatch arrived time point. The afsthe drug concentration in the reaction systens wa
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determined and analysed by the LC-MS/MS. Drug elation rate constant k (nith elimination half-life T,
(min), andin vitro intrinsic clearance Gl in vitro (uL-min’l-mg'l protein) were calculated according to the
following equations: k = - slope, 1k = 0.693/K, Gint, in vito = K/Corotein Where Grotein (mg-ml_'l) is the
microsomal protein concentration in the incubasgsatem.

4.2.4. hERG Assay

The hERG assays were based on the competitionafecently labelled Tracer binding to the membrane
preparation containing hERG and performed at ReacBiology Corporation (Malvern, PA, USA) as
supporting information described.

4.2.5. Pharmacokinetic Profila Vivo

The body weights of 18 male ICR mice (Vital Rivesidoratory Animal Technology Co., Ltd., Zhejiang,
China) were 25.1 — 28.8 g. The mice were randoriged into two groups (each group contained 9 hice
and fasted overnight (12 h). One group of ICR mi@es administere®0i by the oral route at a dose of 30
mg/kg, and the other group of ICR mice was admenést30i by the intravenous route at a dose of 2.0 mg/kg.

Dispensing method of the injection solution: 2.0§ of compound, 1.006 mL of DMSO, 1.006 mL of
PEG200 and 3.018 mL of saline were stirred for 1if at 25 °C to generate a 0.4 mg/mL solution of
compound. Dispensing method of the oral solutidn4 mg of compound and 0.5% CMC-Na (including 0.2%
Tween 80) were stirred for 15 min at 25 °C to g&trag/mL solution of compound.

The blood sample collection time were 0 h, 0.08®%.R5 h, 0.5 h, 1 h, 2 h, 4 h, 8 h, and 24 h (after
intravenous administration) and 0 h, 0.25 h, 0.8 1, 2 h, 4 h, 8 h, and 24 h (after oral admiat&in).
Approximately 80uL of venous blood was collected at each set timietpo EDTA-K2 tubes after treatment
with the compounds followed by centrifugation f@r rhin. The upper plasma was collected and storkvbe
20 °C for testing. An aliquot of 10 pL of samplesasdded to 200 pL of ACN containing verapamil (5ig’)
and glibenclamide (50 ng rif). for protein precipitation. The mixture was vorexfor 10 min and then
centrifuged at 3700 rpm for 8 min. Then, 70 p Lk supernatant was added to 70 pL water and vartexe
10 min. An aliquot of 10 pL of the mixture was ictied into an LC-MS/MS system (API 4000: LC-MS-MS-
010) for analysis. An Agilent ZORBAX XDB-C18 colun{f0x2.1 mm, 3..um) was used for the analysis of

ICR mice plasma. The mobile phases wes® KD.1% formic acid) and ACN (0.1% formic acid).
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The blood drug concentration-time data was analyged statistical method using the DAS 2.1.1 progra
to calculate the pharmacokinetic parameters, ifmetudy,, (elimination half-life), Tmax (the time to peak of the
plasma concentration),oGextrapolated concentration at zero time poing),@maximum observed plasma
concentration), AUg; (area under the plasma concentration—time cu@ 0 to the last measurable time
point), AUC,_, (area under the plasma concentration—time cuwa fime zero to infinity), CL (clearance),
and Vd; (volume of distribution). Bioavailability was callated as follows: F (%) = AUG, (oral)/AUG,.,

(iv) x dose (iv)/dose (oralx 100%.
4.2.6. MV4-11 Xenograft Tumour Model

Six-week-old female BALB/c nude mice were obtairiemin the Vital River Laboratory Technology Co.,
Ltd, all mice were housed in a specific pathogesfiacility and used according to animal care @guis of
Sundia meditech company, LTD. Prior to implantatioells were harvested during exponential growthe F
million MV4-11 cells in PBS were formulated as 4 iixture with Matrigel (BD Biosciences) and injedt
into the subcutaneous space on the right flankAdfEBc nude mice. Daily Intravenous injection wagiated
when MV4-11 tumours had reached a size of 150-260.mAnimals were then randomized into treatment
groups of 6 mice each for efficacy studies and dagi¢h 30i (0, 10, 20, or 40 mg/kg/day) or cytarabine (40
mg/kg/day). The compounds were dissolved in thetswl of dimethylacetamide (20%), polyoxyethylated
castor oil (40%) and anhydrous ethanol (40%). Tungrowth was measured twice a week using Vernier
calipers for the duration of the treatment (Sundieditech company, LTD). The volume was calculated a
follows: tumour volume (mf) = [(a x B) / 2] in which a was the long diameter and b vesshort diameter.
The percentage of tumour growth inhibition (TGl)sa@alculated as follows: TGI (%) = 100 x {1 - [(toor
volumeny - tumour volumgyi, for the compound - treated group) / (tumour volge tumour volumgiga
for the vehicle - treated group)]}. Body weightrofce was measured twice or three times per week.

4.2.7. Western Blots

Western blotting was performed as described. MV4:élls were treated with DMSO, serially diluted
compound30i and 0.81M Flavopiridol for 24 h. Cells were then washedlir PBS and lysed in cell lysis
buffer. Antibodies were purchased as follows: p-ANIS2 (Covance), CDK9, Mcl-1, c-Myc, and GAPDH

(Cell Signalling Technology). GAPDH antibody wa®dsas an internal control.
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4.3 Molecular Modelling

All Molecular docking simulations were performedngs Schrédinger Suite. Crystal structures of CDK2
(PDB code: 4BCP) and CDK9 (PDB code: 4BCG) werermoaded from the Protein Data Bank (PDB), then
protein preparation of the CDK2/9 were carried with the Protein Preparation Wizard module and Rexe
Grid Generation module. Preparation of all therdm were all initially minimized by the LigPrep mad
with ionization generated possible states at tgogbt 7.0+ 2.0. s. Force field option was OPLS3 and other
parameters were set to the default value. CompoB@idwas flexibly docked into the ATP-binding sites of
CDK2/9 using the Ligand Docking module with starmtlaettings in both standard precision (SP) andaextr
precision (XP) mode. Only the best pose with gogdrbgen bond geometries and low energy conformsition
were considered for further analysis. Docking gstres and figures were presented by the PyMOL rotdec

graphic system.
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Highlights

® A seriesof novel coumarin derivatives were discovered as CDK9 inhibitors.

® Compound 30i showed high selectivity (160- to 8300-fold) over CDK1/2/3/4/5/6/7/8/19.

® A substituted coumarin located at the hinge/aD region was suggested to improve selectivity
and inhibition of CDKO.

® Compound 30i induced tumour growth inhibition in a dose-dependent manner in an AML
mice model.

® Compound 30i dose-dependently inhibited CDK9-mediated phosphorylation of RNAPII.
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