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A series of 4-piperazinyl-2-aminopyrimidine derivatives were designed, synthesized and evaluated
for their biological activities.
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Abstract: Hybridization strategy is an effective strategy dabtain multi-target

inhibitors in drug design. In this study, we asskmbthe pharmacophores of
momelotinib and tandutinib to get a series of 4epgzinyl-2-aminopyrimidine

derivatives. All compounds were tested for thehition of JAK2 and FLT3 enzymes,
of which, compounds with potent enzyme activitieyevassayed for antiproliferative
activities against three cancer cell lines (HEL, MY1l, and HL60). The
structure-activity relationship studies were cortddcthrough variations in two
regions, the “A” phenyl ring and “B” phenyl ring.o@pound14j showed the most
balancedin vitro inhibitory activity against JAK2 and FLT3 (JAK2 46&27 nM,

FLT3 1C5,=30 nM), and it also showed potent inhibition agaithe above tested cell
lines. In the cellular context,4j strongly induced apoptosis by arresting cell cyale

the G/S phase, and was selected as a promising JAK2/8u&Binhibitor.

Keywords: Hybridization strategy; 4-piperazinyl-2-aminopwidine derivatives; dual inhibitor.

" Corresponding author

f Corresponding author

E-mail address: lyjpharm@2126.com (Yajing Liu), yanfahao@126.com (Yanfang Zhao)
1



1. Introduction

Hematologic malignancies are a group of diseasasechby disorders of the
hematopoietic system, which mainly include leukenyanphoma, myelodysplastic
syndrome, and multiple myeloma diseases [1]. Curmeratments of hematological
malignancies, such as bone marrow transplantatiormones, and chemotherapy,
have known disadvantages such as serious sidetsgfiesv cure rate, and high
recurrence rate. Researchers have conducted apth-dtudy of the pathogenesis of
hematologic malignancies and thus found that certginetic mutations, including
mutations in the JAK2 and FLT3 genes, lead to digremsduction disorders in
different tissues and cells [2-3]. Therefore, basedhe pathogenesis of such diseases,
a variety of single-target and multi-target inhilo have been developed [4-7] such as
tofactinib, ruxolitinib, momelotinib, and pacritimi Due to the unique mechanism of
JAK2 and FLT3 kinasesn vivo and their close relationship with hematologic
malignancies, the development of JAK2/FLT3 dualbitbrs has brought new hopes
for patients to cure such diseases safely andtefébe

The Janus kinases (JAK1, JAK2, JAK3, and TYK2) hgldo the family of
intracellular protein tyrosine kinases, which ptayessential role in the signaling of a
variety of cytokines. Activation of JAKs by diffene cytokines results in
phosphorylation and dimerization of the STAT (sigiransducers and activators of
transcription) proteins, which further translocatethe nucleus and activate gene
transcription [8]. JAK2-STATs pathway is one of t@st important pathways of cell

signal transduction, and plays an important roleegulating the normal physiological



and pathological responses of the human body. Bherenal activity of JAK2 can

dysregulate the JAK2-STATs signaling pathway, whieads to various malignant

diseases [3, 9-10].

&
N/
L LS
N g

1, Ruxolitinib
JAK1/2; Launched

n
3 o

N

IV, Pacritinib
JAK2/FLT3; NDA

0]

g 4 ! N NN~

INEEN g\
|
NTN

11, Tofactinib
Pan-JAK; Launched

AT
FsC NJLN 2N

H H

V, Sorafenib
Raf/VEGFR/c-KIT/FLT3; Launched

~
L

II1, Momelotinib
JAK1/2; Phase 111

H

e
ohae
N
/O SN
AL
N O N
VI, Tandutinib

FLT3; Phase 111

H

HN

H

O N, H
Q /Y©/ \,r 1\
\/\O/Q; h)I=N © N-g

N~ O
H

VII, Sunitinib
PDGFR/VEGFR/c-KIT/FLT3; Launched

VIII, Quizartinib
FLT3; Launched

Fig. 1. Structures of representative JAK2 or FLT3 inhitsto

Currently, a number of pan-JAK and selective JAKilitors have been
discoveredFig. 1). JAK1/2 inhibitor ruxolitinib () and pan-JAK inhibitor tofacitinib
(1) were successively approved by FDA for the treatnd myelofibrosis (MF),
polycythemia vera (PV), and rheumatoid arthritisAJRrespectively. [11]. Another
JAK1/2 inhibitor, momelotinib I{l ), is currently in phase Il clinical tial [12].
Although JAK2 inhibitors provide a new option fdret treatment of MF or other

blood diseases, studies have shown that toxiceffeéets such as myelosuppression



and cytopenia are the main factors limiting the afsthese drugs [13].

FLT3 (FMS-like tyrosine kinase-3), a class Ill RTkK the most frequently
mutated gene in acute myeloid leukemia (AML) analyplan important role in the
maintenance, growth, and development of hematdpaet non-hematopoietic cells
[14]. The first wave of FLT3 inhibitors belongs tgrosine kinase inhibitor (TKISs),
which were initially developed for the treatmentsaflid tumors. These drugs were
originally designed to inhibit other kinases, butcasionally found to be active
against FLT3 (e.g., sorafenib, tandutinib, sunjn{v-VIl , Fig. 1). Because these
TKls can inhibit a variety of kinases and FLT3,-t#fget effects and significant
toxicity are inevitable [15]. In contrast to themerous multi-kinase inhibitors that
have been adopted as FLT3 inhibitors, quizartindbll(, Fig. 1) was designed
specifically to target FLT3, which is in the NewudrApplication (NDA) phase now.
[16]

Studies have shown that JAK2/FLT3 dual inhibitarsild regulate JAK2-STATs
signaling pathway and inhibit phosphorylated FLTBake. In the SET2 cell AML
mouse models carrying JAK2-V617F and FLT3-ITD miotad, JAK2/FLT3
inhibitors could effectively inhibit the growth aricansfer of tumor [18]. Pacritinib
(SB1518,1V, Fig. 1), a JAK2/FLT3 inhibitor in the New Drug Applicafio(NDA)
phase, showed better therapeutic effects than itumbl in patients with severe
thrombocytopenia in its clinical trials, while itsone marrow toxicity and clinical
response were comparable to ruxolitinib [19-20].e3d results indicate that

JAK2/FLT3 combined inhibitors have great potential the treatment of MF and



AML.

In this paper, we utilized the hybridization strpteo design and synthesize a
series of 4-piperazinyl-2-aminopyrimidine analogassdual JAK2/FLT3 inhibitors.
All compounds were assayed for timevitro enzymatic inhibitory activities against
JAK2 and FLT3. Based on the enzymatic inhibitorgutes, potent compounds were
assayed for antiproliferative activities againgsethcancer cell lines, namely, HEL,
MV4-11, and HL60.To further clarify the primary mechanism, cell afuges and cell
cycles on HEL cell line were examined fiztj by flow cytometry.

2. Results and discussion
2.1 JAK2/FLT3 dual inhibitors Designed by Hybridipa strategy

Pharmacophore of JAK2 inhibitors is composed of hwdrophobic groups (two
phenyl rings), a hinge-region binder (usually an irempyrimidine), and a
solvent-exposed region [21]. FLT3 inhibitorBid. 1) such as quizartinib\() and
tandutinib ¥1), usually consist of a urea linker, two hydroplwogroups (two phenyl
rings), and a solvent-exposed tail. Given thatZteminopyrimidine derivatives have
been widely reported as JAK2 inhibitors, the pigargl-1-carboxamide4, Fig. 2, a
bioisostere of diaryl urea based on tandutiflpHig. 2) as a FLT3 inhibitor, was
introduced to 4-position of pyrimidine moiety inder to obtain dual inhibitors

against JAK2 and FLT3g. 2).
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Fig. 2. Design strategy for the target compounds.
2.2 Chemistry

The synthetic route of target compounds is showSdheme 1 Commercially
available starting material 2,4-dichloropyrimidi(® reacted withN-Boc-piperazine
to yield 6 [22], which was then reacted with various anili®ash in the catalysis of
trifluoroacetic acid im-butyl alcohol to yield intermediatd®a-h[23]. After treating
10a-hwith trifluoroacetic acid in dichloromethane, inteediatesl1a-hwere obtained.
Subsequently, target compoundda-x 15a-G 16a-G 17-19a were availablevia
condensation afla-hwith different phenyl carbamates, respectively.

Anilines 9a-h were prepared in two steps. Aromatic nucleoptsilibstitution of
fluorine in 4-fluoromitrobenzene by reacting alctth@r secondary amines was
processed to yield intermediat8a-h in DMF at 25°C, which were subsequently
reduced to corresponding anilings-h by using H-Pd/C in EtOH and generally used
without further purification [24]. An assortment pifienylcarbamates was synthesized

by treating different substituted anilines with pilechloroformate in the presence of



sodium carbonate at 26 [25].
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Scheme 1.General scheme for the synthesis of target comgmuReagents and conditions: (a)
N-Boc-piperazine, TEA, DMF, rt, 4 h; (b) TFA;BuOH, 120°C, 1 h; (c) TFA, DCM, rt, 12 h; (d)
DIPEA, DMF, 40°C, 12 h; (e) TEA, acetonitrile, 8&C, 3 h; (f) Pd-C, K EtOH; (g) phenyl
chloroformate, sodium carbonate, THF/EAMH rt, 12 h.

2.3 Bioactivity and discussion
2.3.1 Design Rationale and Structure—Activity Rielaship (SAR) Exploration.

We first synthesized compouidda which retains théso-propoxyl group at “A”
phenyl ring fromtandutinib, and 14b-14h with other different substituents. The
results of the kinase-inhibition assays are lisiad Table 1 with pacritinib,
momelotinib and tandutinib as the positive controls

Table 1. SAR exploration of different substituentsn “A” phenyl ring

Cpd R JAK?2 inhibition @ 100nM FLT3 inhibition @ 100nN

14a o 11.1% 22.9%



14b $H 53.7% 27.8%

14c iF 54.8% 27.8%
14d $-Et 53.3% 27.4%
14e $0CH, 48.7% 21.7%
14f e 41.2% 0%
149 $NO, 79.3% 84.4%
14h SON 78.0% 70.8%
14i +CF, 35.2% 36.5%
14 A 86.7% 80.7%
14k A 64.4% 62.8%
141 A 86.3% 81.1%
14m A 68.1% 35.8%
14n #t Ko 40.6% 33.1%
140 ﬁ@’ 20.0% 17.2%
14p 5 75.8% 53.9%
14q o 86.0% 79.7%
momelotinib - 94.7% NDP
tandutinib - ND" 46.1%
pacritinib - 92.0% 96.0%

& All compounds were assayed at least twice, anthttibitory values were averaged.
® Not determined.

As shown inTable 1, compounds with electron-withdrawing groups (EWGS)

such asl4g and 14h, showed more potent inhibitory activities agaidsik2 and



FLT3 than those with electron-donating groups (EP€egl4a-f). Base on the results,
a hypothesis was proposed that EWGs confers gngatency against both JAK2 and
FLT3 than EDGs on the “A” phenyl ring. Thereforegnge other EWGs were
introduced to the “A” phenyl ringnd compound&4i-g were obtainedTable 1).

When the carbonyl-like groups were introducédj 141, and 14q), both JAK2
and FLT3 inhibition rates increased up to 80%. Témulting increase in inhibition
rates might be attributed to the H-bond formed leetwthe carbonyl and ARG980 in
JAK2 and ASP829 in FLT3Fg. 3A). However, when the “length” of amide il
was enhanced, such as compouthdm-o, a decrease in their inhibitory activities
against JAK2 and FLT3 was observed, especiallynag&LT3. The probable cause
was the tail group of compounds located in a quatgow channel which was formed
by VAL675, PHEG91, CYS828 and ASP829 in FLRg. 3C). Therefore, the size of
the tail group cannot be too large.

Table 2. SAR exploration of EWG substituents in “A” phenyl ring

Ry

Oﬁj Ry
[j]ﬁj —
(2

Cpd R Ry JAK2 inhibition @ 100nN FLT3 inhibition @ 100nM
14r $cN £H 8.1% 15.9%
14s 4cF, $H 35.2% 36.5%
14t $H +CF, 21.8% 15.0%
14u A 31 2.0% 3.3%



14v $H A 18.9% 13.8%

o]

4w T G 74.0% 39.8%

14x Y A 9.5% 12.5%

& All compounds were assayed at least twice, anthttibitory values were averaged.

To investigate the effects of the substituents ambstituent positions at “A”
phenyl ring, compoundE4r-x were synthesizedl@ble 2). After a comparison among
14j, 14u, and 14v, it can be easily concluded that the compound witk
para-substituent,14j, showed the greatest potency against JAK2 and F&mhd, a
similar trend can be found among other analogudh their parent compounds.
Therefore,para-substituted compound$4j, 14l, and 14 were chosen for further
modifications. Although compounti4g showed similar activities t@4j, it was not
included because the nitro group is a well-knowacstiral alert in drug design.

In the following modifications, we paid attentioo the hydrophilic groups at
4-position of “B” phenyl ring, and the HEL cell Bnharboring the JAK2-V617F
mutation was applied in further cellular profilindable 3). Replacement of the
morpholino with N-methylpiperazinyl group16a-g retained the activities against
JAK2 (inhibition rates at 100 nM range from 80.88686.0%) and FLT3 (inhibition
rates at 100 nM range from 85.0% to 87.5%), bulamggnent of morpholino group
with 4-(2-pyrrolidinyl)ethoxy {6a-Q decreased activities against JAK2 (inhibition
rates at 100 nM range from 45.0% to 59.0%) and HifBibition rates at 100 nM
range from 69.0% to 82.0%). It is noteworthy thampounds with amide moiety4l,
15b, and16b) or sulfonamide moietyléq, 16¢ and15¢) lose their antiproliferative

activities against HEL cell line (>5QM). This situation might be caused by an
10



increase in the compounds’ t-PSA, which influentesir permeability Table 3).
Therefore, amide and sulfonamide moieties were cmtsidered in the next
modification.

Compounds 17-21a were synthesized to investigate the effects oferoth
hydrophilic  groups, such as thiomorpholinyl, 4-mypiperidinyl, and
4-(2-pyrrolidinyl)ethoxy. The results showed thdtey all have a decrease in
inhibitory activities against JAK2 and FLT3 at 10M; similar trend was observed in
cellular potency against HEL (6lvalues ranged from 3.3M to 26.4 uM). As a
result, the morpholinyl group was found to be tlestthydrophilic substituent in the
designed compounds.

Table 3. SAR optimization of hydrophilic groups at “B” pheny| ring

JAK?2 FLT3 HEL
Cpd R R, inhibiton @ inhibition @ Gl t-PSA’
100nM? 100nM?
14 ﬁl(])/ %,@ 86.7% 80.7%  4.3M  102.93
141 ﬁ)fNHz %,@ 86.3% 81.1%  >5@M  128.95
14q isg e kr@ 86.0% 79.7%  >5@M  154.40
15a ﬁl(])/ %1@/ 80.8% 875%  14.4M  96.94
15b ?TNHZ %@/ 84.0% 85.0%  >5@M  122.96
15¢ isg e %@/ 76.0% 86.0%  >5@M  148.41

11



(0]
16a ﬁr( ;@\/\NQ 45.0% 69.0%  30.3M  102.93

(@]
NH (o)
T sk :"i,\/\D 53.0% 74.0%  >5@M  128.95
(0]
_NH (ONGFN
16¢ ?;,,S\\O 2 % D 59.0% 82.0%  >5@M  154.40

S
17a 771@ 73.9% 77.6% 4.4M 93.70

18a 2{),@/ 53.0% 54.0% 26.4M 93.70

%OV\N/\

20a K/O 61.7% 70.6% 8.9M 112.16

g
O
g
0]
19a }{(f)\/ 3’20\/\/@ 60.7% 83.2% 3.3M 102.93
g
0]

21a }ir)( kow@ 60.9%  70.9%  10.pM  114.96

& All compounds were assayed at least twice, anthttibitory values were averaged.
® All Gl values are the average of three replicates.
° The t-PSA values were calculated using Marvin &ketersion 6.1.0, with standard settings.

Among the series of compounds mentioned above, cangs having more than
80% inhibition rates against JAK2 and FLT3 wereestdd for furthein vitro kinase
and cellular profiling Table 4). Compared td.4j, compoundsl4l and14q both had
higher t-PSA, and the aforementioned decreaseein germeability resulted in the
loss of antiproliferation against HEL, MV4-11, aHdL60 cell lines; therefore, amide
and sulfonamide moieties at “B” phenyl ring werefaworable. In summary,
compoundl4j exhibited an overall balanced profile meetingtatyet criteria. It was
shown to be active against JAK2 withs§value of 27 nM and FLT3 with Kg value
of 30 nM. Moreoverl4j showed good inhibition against HEL withsiGralue of 4.3
uM and moderate inhibition against MV4-11 and HLEA.0 uM and 16.5uM,

respectively). Thusl4j was selected as the candidate for further study.

12



Table 4. Invitro profiling leading to 14j as a candidate

OYE
) .
<>N\NRZ

Cod R R JAK?2 FLT3 HEL MV4-11 HL60
P 2 ICsc® ICsc® Glsg’ Glsg’ Glsg’
14 i( %N()O 27nM  30nM 4.3M 11.0M  16.5M

NH
141 ?ir)r ? %,@ 11nM  21nM >5QM >50uM  >50pM
X o-NH; 0
Mg TS 2&@ 9.3nM  30nM  S5QM >50uM  >50uM

7

N

<
D

15a 13.8nM 12nM 14. M 32.0uM 46.4uM

o) N
S

17a %N(\) 29.8nM  40nM 4 M  17.8¢4M  >50uM

19a gr( XO\/\/NO 65.0nM  13nM  3.3M  11.00M  29.4uM

Pacritinib - - 23.0nM°  22nM°  1.1uM 1.6uM 1.4uM

& All compounds were assayed at least twice, anihttibitory values were averaged.
b All Gl values are the average of three replicates.
¢ Data fromJ. Med. Chen2012 55, 2623-2640.

2.3.2 Effect of compouridlj on cell cycle phases
The effect of compound4j on various phases of cell cycle progression was

tested in HEL cells. After treatment of HEL cellsttwvcompoundl14j for 72 h at
varied concentrations (0.g81, 1.0uM, 3.0uM, 9.0 uM), the cells were fixed and
stained with propidium iodide (Pl) and the DNA cemt was analyzed by flow
cytometry. The obtained results were compared thitse of non-treated HEL cells as
control. As shown irFig. 3, the percentage of cells in the @opulations increased
from 43.12% (as control group) to 54.07%, 61.449%.,.8%%, and 78.05%,

respectively. These results confirmed that compo@idg arrested the cell-cycle
13



progression of the former cell line into th¢/&phases in a dose-dependent manner.

GL$3:42% 500 G1:54.07% 160 G1:61.44%

Number
Number

Number

0 30 60 % 120 150 0 30 60 9% 120 150 0 30 60 9% 120 150
Channels (FL2-A) Channels (FL2-A) Channels (FL2-A)
0pM 033 M 1M

G1: 71.85% G1: 78.05%

% total cells

Number
Number

40 80 120 160 0 30 60 2 120 5 Control 0.33yM  1pM 3uM oM
Channels (FL2-A) Channels (FL2-A)

3ImM 9 M

Fig. 3. Effect of compound.4j on the cell cycle distribution of HEL cells. HEEIts treated with
14j at 0.33uM — 9 uM for 72 h were assayed by flow cytometer afteingtg with PI.

2.3.3 Cell apoptosis study of compoudgl

To characterize the mode of cell death induced kmmpound 14,
biparametric-flow-cytometric analysis with Annexihand propidium iodide (PI) was
performed. Flow cytometry was used to investigateetiver the antiproliferative
effect of 14 was caused by the activation of cellular apoptosisHEL cells.
Quantitative analysis of early-apoptotic cells aadl/anced-apoptotic and necrotic
cells was determineda an Annexin V-FITC and Pl assay. HEL cells werenstated
with 0.33 uM-9 uM concentrations of compouri}j for 72 h. DMSO was used as
the negative control. As shown kilg. 4, the apoptosis induced by compour¥j was
much greater than that by the control, and HELscaefiderwent both early apoptosis
(Annexin V+ and PIl-, lower right) and advanced dpsis and necrosis (Annexin V+
and PI+, upper right). The results showed that aammgd14j could effectively induce
cell apoptosis starting from @M with enhanced effects at higher concentratiom T

apoptosis ratios of compouridlj measured at different concentrations were 8.37%
14



(0.33uM), 39.37% (1uM), 65.47% (3uM), and 65.93% (M), and the apoptotic
effect increased in a dose-dependent manner. Frese tresults, we can conclude that

14j caused effective apoptotic effects on the HEL losd.

Control 0.33uM
2, {2.40% S DR X1 2 PB.30% L A30% e, 112.73%
T3 F T R T3 QA g 3
°3 e *3
g 3 R C” e B < < 7
[ A o a2 ]
3—; LA v e E
R ool °3
393.77% 3
o 17.00% o {9.77% —
-3 - 3
< 7 s ] 2 60%
23 e 3 z °
< 3 < 3 2
i 2 T a‘ 2 T 2 40%
<3 <3 g
“ « 1 : £ 200
°3 ¢ 3
327.57% 324.27% 35.53% oo _omm [
°

108

Control 0.33pM 1pM

opM

Fig. 4. Cell apoptosis induced by compouidj. HEL cells were treated with4j at 0.33uM — 9
uM for 72 h. Apoptosis was examined by flow cytonmete

2.3.4 Binding modes of compoutdj

Compoundl4j shows optimal JAK2 and FLT3 inhibitory activitiesence, the
binding mode ofL4j was elucidated using a docking mod&b( 5). As shown irFig.
3A, 14j binds to the ATP-binding site of JAK2 in an origidn similar to that of
pacritinib Fig. 5B). The 2-aminopyrimidine moiety of4j forms two conserved
hydrogen bonds with LEU932 in the hinge region AK2 which guaranteed the
JAK2 potency; meanwhile the pyrimidinyl group tdget with adjacent ALA880,
LEUS855, VAL863, and LEU983 formed a netlike alkyinteraction. In addition, the
morpholine moiety was exposed in the solvent aneefarmed a hydrogen bond with
LYS943,

and another

hydrogen bond was formed betwedH of

15



N-phenylpiperazine-1-carboxamide and LEU 855.

A B

Fig. 5. Binding-mode analysis of compoufdj to JAK2 kinase and FLT3 kinase, hydrogen bonds
were shown as red dashes. (A) Compolidpgdocked into JAK2 kinase (PDB code 4AQC). (B)
Overlapping images of compouddj (green) and pacritinib (violet) complexed with JAKC)
Compound 14j docked into FLT3 kinase (PDB code 4XUF). (D) Ospging images of
compoundl4j (green) and quizartinib (yellow) complexed withTBL

In Fig. 3C, we found the configuration di4j resembles that of quizartiniEi.
5D). A hydrogen bond was observed between NH of Zzapyrimidine and CYS695,
and the morpholine tail was fully stretched inte s#olvent-exposed area. Furthermore,
a n-n stacked interaction was formed by “B” phenyl ringth TYR696. Another
hydrogen bond was formed between the oxygen atoacetophenone moiety with
ASP829, and the “A” phenyl ring was strongly fixatl the narrow hydrophobic
channel by two edge-to-facen stacked interactions with PHE691 and PHES830. In
general, the docking results further confirm thgoreality of our design strategy.

3. Conclusion
A series of novel 4-piperazinyl-2-aminopyrimidineriyatives were initially

designed and synthesized as JAK2/FLT3 dual inhiitim particular, compount#4;j
16



showed the most balanced antiproliferative actigiinst JAK2 and FLT3 with Kg
value of 27 nM and 30 nM, respectively. It alsowhd good inhibition against HEL
with Glspvalue of 4.3uM and moderate inhibition against MV4-11 and HL&&Is
values of 11.uM and 16.5uM, respectively). Furthermore, cell cycle analysid 4]
on HEL cells by flow cytometry showed that cell leyevas arrested in 45 phase,
and thereby induced the apoptosis of HEL cells dose-dependent manner. All these
reported results suggested that compoudd might be a “hit” compound for
JAK2-FLT3 dual inhibitor.
4. Experimental procedures
4.1. Chemistry

All melting points were acquired on a Mettler Miafji Point MP70 apparatus
(Mettler, Toledo, Switzerland) without calibratioklass spectra (MS) were taken in
ESI mode on Agilent 1100 LC-MS (Agilent, palo AltGA, USA). High-resolution
mass spectra (HRMS) were measured with an Agilesurate-Mass Q-TOF 6530 in
ESI mode (Agilent, Santa Clara, CA, USA). The reegphase HPLC was conducted
on an Agilent 1260 Infinity chromatograph, which svaquipped with ZORBAX
SB-C18 column (250 mm x 4.6 mm). The mobile phasea& methanol, and mobile
phase B was 30 mM NaHRQ, in water (pH 2.5). The gradient of 5-95% A was atin
a flow rate of 1.0 mL/min over 30 min. Reactionsravenonitored by thin layer
chromatography (TLC) on silica plates (F-254) amsualized under UV light'H
NMR and **C NMR spectra were performed using Bruker spectterae(Bruker
Bioscience, respectively, Billerica, MA, USA) withMS as an internal standard.

17



Column chromatography was run on silica gel (200-8tsh) from Qingdao Ocean
Chemicals (Qingdao, Shandong, China). Unless oieerwoted, all materials were
obtained from commercially available sources aretiwgithout further purification.
4.1.1. General procedure for preparation of inteliate6

A solution of 2, 4-dichloropyrimidinesj (10.0 g, 67.1 mmol) and 48t (11.1 mL,
80.5 mmol) in DMF (100 mL) was added dropwise tooaled solution (-160C) of
N-Boc-piperazine (13.1 g, 70.5 mmol) in DMF (100 mOhe mixture was then
stirred for 4 h at room temperature. The resultimgture was poured into stirring
ice-water (500 mL), and then the white solid wdtered and dried under reduced
pressure. The crude product was further purifiedflagh column chromatography
using PE/EtOAc (1:1) as eluent to afford 15.3 § @b a white solid; yield: 76.2%
NMR (600 MHz, DMSOeg) 5 8.10 (d,J = 6.2 Hz, 1H), 6.83 (d] = 6.2 Hz, 1H), 3.62
(m, 4H), 3.47 — 3.37 (m, 4H), 1.42 (s, 9&C NMR (151 MHz, DMSOsdg) § 162.76,

159.89, 157.86, 154.17, 102.85, 79.61, 43.57, 28¢0.: 170.6 — 173.2C.

4.1.2 General procedure for preparation of inteliated8a-h

4.1.2.1. 4-(4-nitrophenyl)morpholine 84). To a stirred solution of
1-fluoro-4-nitrobenzene/ (2.0 g, 14.2 mmol) in 20 mL acetonitrile was added
morpholine (1.9 g, 21.3 mmol) followed by triethylane (4.3 g, 5.9 mL, 42.5 mmol).
The mixture was stirred at reflux for 3 h. Afteretheaction was cooled to room
temperature, it was poured into 80 mL water andaektd with ethyl acetate (2x80
mL). The combined organic layers were washed witineb (60 mL), dried over
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sodium sulfate, concentratedvacuq then dried under vacuum to obtain 2.7 @af

as yellow solid; yield: 92%8a was used without further purification.

4.1.2.2. 1-methyl-4-(4-nitrophenyl)piperazirgb), Synthesized using the procedure
for 8a using 2.0 g (14.2 mmol) of and 2.1 g (21.3 mmol) of 1-methylpiperazine in
20 mL of acetonitrile and 5.9 mL of trimethylamire;d 2.8 g oBb was obtained as

yellow solid; yield: 89%.

4.1.2.3. 4-methyl-1-(4-nitrophenyl)piperidin8c). Synthesized using the procedure
for 8a using 2.0 g (14.2 mmol) af and 2.1 g (21.3 mmol) of 4-methylpiperidine in
20 mL of acetonitrile and 5.9 mL of trimethylamirasd 2.8 g oBc was obtained as

yellow solid; yield: 91%.

4.1.2.4. 4-(4-nitrophenyl)thiomorpholin8d). Synthesized using the procedure 8ar
using 2.0 g (14.2 mmol) of and 2.2 g (21.3 mmol) of thiomorpholine in 20 niL o
acetonitrile and 5.9 mL of trimethylamine, and 8.0f 8d was obtained as yellow

solid; yield: 87%.

4.1.2.5. 1-(2-(4-nitrophenoxy)ethyl)pyrrolidin8ej. Synthesized using the procedure
for 8a using 2.0 g (142 mmol) of7 and 25 g (21.3 mmol) of
2-(pyrrolidin-1-yl)ethan-1-ol in 20 mL of acetorilr and 5.9 mL of trimethylamine,
and 1.9 g oBewas obtained as yellow solid; yield: 58%.
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4.1.2.6. 1-(3-(4-nitrophenoxy)propyl)pyrrolidingf). Synthesized using the procedure
for 8a using 2.0 g (142 mmol) of7 and 2.8 g (21.3 mmol) of
3-(pyrrolidin-1-yl)propan-1-ol in 20 mL of acetonie and 5.9 mL of trimethylamine,

and 2.2 g oBf was obtained as yellow olil; yield: 62%.

4.1.2.7. 4-(2-(4-nitrophenoxy)ethyl)morpholir8g), Synthesized using the procedure
for 8ausing 2.0 g (14.2 mmol) afand 2.8 g (21.3 mmol) of 2-morpholinoethan-1-ol
in 20 mL of acetonitrile and 5.9 mL of trimethylami and 2.6 g 08g was obtained

as yellow oil; yield: 73%.

4.1.2.8. 4-(3-(4-nitrophenoxy)propyl)morpholine8h). Synthesized using the
procedure for8a using 2.0 g (14.2 mmol) o7 and 3.1 g (21.3 mmol) of
3-morpholinopropan-1-ol in 20 mL of acetonitrileda®.9 mL of trimethylamine, and

2.6 g of8h was obtained as yellow oil; yield: 69%.

4.1.3 General procedure for preparation of inteiiated9a-h

4.1.3.1. 4-morpholinoanilinedg). Pd-C (0.27g, 10% m/m) was added to a solution of
8a (2.7g, 13.0 mmol) in ethanol (20ml) and hydrogedafor 12 h at room
temperature. The resultant was filtered, washed eiihanol and concentrated. 2.2 g
of 9a as purple solid was obtained; yield: 94%t NMR (600 MHz, DMSOsdg) &
6.68 (d,J = 8.5 Hz, 2H), 6.50 (d] = 8.5 Hz, 2H), 4.62 (s, 2H), 3.69 Jt= 4.8Hz ,4H),
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2.87 (t,J = 4.8Hz ,4H). MS (ESI) m/z: 179.2 [M+H]

4.1.3.2. 4-(4-methylpiperazin-1-yl)anilin8h). Synthesized using the procedure for
9ausing 0.28 g (10% m/m) of Pd-C and 2.8 g (12.7 mmio8b in 20 mL of ethanol,
and 2.1 g of9b was obtained as purple solid; yield: 88%t NMR (600 MHz,
DMSO-ds) § 6.67 (d,J = 8.8 Hz, 2H), 6.48 (d] = 8.8 Hz, 2H), 4.57 (s, 2H), 2.89 {t,

= 4.8 Hz, 4H), 2.41 (] = 4.8 Hz, 4H), 2.19 (s, 3H). MS (ESI) m/z: 192\84H]".

4.1.3.3. 4-(4-methylpiperidin-1-yl)anilin8g). Synthesized using the procedureJar
using 0.28 g (10% m/m) of Pd-C and 2.8 g (12.7 mm6Bc in 20 mL of ethanal,
and 2.3 g of9c was obtained as violet solid; yield: 96%4 NMR (600 MHz,
DMSO-ds) § 6.67 (d,J = 7.2 Hz, 2H), 6.47 (d] = 7.2 Hz, 2H), 4.57 (s, 2H), 3.29 (@,
= 10.2 Hz, 2H), 2.44 () = 11.0 Hz, 2H), 1.65 (dl = 11.7 Hz, 2H), 1.45 — 1.32 (m,
1H), 1.23 (9,J = 11.1 Hz, 2H), 0.92 (dJ = 6.5 Hz, 3H). MS (ESI) m/z: 191.3

[M+H] "

4.1.3.4. 4-thiomorpholinoanilinedd). Synthesized using the procedure %arusing
0.27 g (10% m/m) of Pd-C and 2.7 g (12.0 mmolBafn 20 mL of ethanol, and 1.7
g of 9d was obtained as light yellow solid; yield: 72%4 NMR (600 MHz,
DMSO-ds) § 6.68 (d,J = 8.6 Hz, 2H), 6.48 (d] = 8.6 Hz, 2H), 4.64 (s, 2H), 3.15 {t,

= 4.8 Hz, 4H), 2.68 (d] = 4.8 Hz, 4H). MS (ESI) m/z: 195.2 [M+H]
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4.1.3.5. 4-(2-(pyrrolidin-1-yl)ethoxy)anilin®€). Synthesized using the procedure for
9ausing 0.19 g (10% m/m) of Pd-C and 1.9 g (8.0 mmbBein 20 mL of ethanol,
and 1.2 g oPewas obtained as brown oil; yield: 73%t NMR (600 MHz, DMSOs)
§ 6.64 (d,J = 8.7 Hz, 2H), 6.50 (d] = 8.7 Hz, 2H), 4.59 (s, 2H), 3.90 &= 6.0 Hz,

2H), 2.71 (tJ = 6.0 Hz, 2H), 2.48 (s, 4H), 1.67 (s, 4H). MS (E®lz: 207.3 [M+H].

4.1.3.6. 4-(3-(pyrrolidin-1-yl)propoxy)anilinedf). Synthesized using the procedure
for 9a using 0.22 g (10% m/m) of Pd-C and 2.2 g (8.8 mnadI8f in 20 mL of
ethanol, and 1.8 g &f was obtained as light yellow solid; yield: 92% NMR (600
MHz, DMSO-ds) 5 6.62 (d,J = 8.8 Hz, 2H), 6.49 (d] = 8.8 Hz, 2H), 4.59 (s, 2H),
3.84 (t,J = 6.4 Hz, 2H), 2.54 (] = 7.3 Hz, 2H), 2.47 (s, 4H), 1.82 (b= 6.6 Hz, 2H),

1.68 (p,d = 3.2 Hz, 4H). MS (ESI) m/z: 221.3 [M+H]

4.1.3.7. 4-(2-morpholinoethoxy)anilin@gj. Synthesized using the procedure $ar
using 0.26 g (10% m/m) of Pd-C and 2.6 g (10.3 mmbBg in 20 mL of ethanol,
and 2.0 g of9g was obtained as purple solid; yield: 89%t NMR (600 MHz,
DMSO-ds) § 6.64 (d,J = 8.8 Hz, 2H), 6.49 (d] = 8.8 Hz, 2H), 4.64 (s, 2H), 3.92 {t,
= 5.8 Hz, 2H), 3.57 (dJ = 4.8 Hz, 4H), 2.61 (t) = 5.8 Hz, 2H), 2.44 (s, 4H). MS

(ESI) m/z: 223.3 [M+H].

4.1.3.8. 4-(3-morpholinopropoxy)anilin8h(). Synthesized using the procedureJar
using 0.26 g (10% m/m) of Pd-C and 2.6 g (9.8 mm68h in 20 mL of ethanol, and
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2.1 g of9h was obtained as brown solid; yield: 91%4; NMR (600 MHz, DMSOd)
5 6.63 (d,J = 8.8 Hz, 2H), 6.49 (d] = 8.8 Hz, 2H), 4.60 (s, 2H), 3.84 {t= 6.6 Hz,
2H), 3.56 (tJ = 4.5 Hz, 4H), 2.38 (1] =6.6 Hz, 2H), 2.34 (s, 4H), 1.79 (p= 6.5 Hz,

2H). MS (ESI) m/z: 237.3 [M+H]

4.1.4 General procedure for preparation of compsafd-h

4.1.4.1.
tert-butyl-4-(2-((4-morpholinophenyl)amino)pyrimmdi-yl)piperazine-1-carboxylate
(10a). To a mixture o6 (2.0 g, 6.7 mmol, 1 equiv.) and trifluoroaceta?e3(g, 20.1
mmol, 3 equiv.) in 20 min-BuOH, 9a (1.4 g, 8.0 mmol, 1.2 equiv.) was added and
the resulted mixture was heated to £20and stirred for 1 h. When the mixture was
cooled to room temperature, it was poured into 40water and the mixture was
neutralized with 10% sodium hydroxide. Blue-graggipitate was filtered off and
washed with water; the crude produbtdg) was dried in a vacuum desiccator and was
then used directly without further purificatiotd NMR (600 MHz, DMSO¢) & 9.60

(s, 1H), 7.92 (dJ = 6.7 Hz, 1H), 7.44 (d] = 9.0 Hz, 2H), 6.93 (d] = 9.0 Hz, 2H),
6.39 (d,J = 6.7 Hz, 1H), 3.75 — 3.72 (m, 4H), 3.67& 5.2 Hz, 4H), 3.43 (§ = 5.2
Hz, 4H), 3.09 — 3.03 (m, 4H), 1.42 (s, 9L3C NMR (151 MHz, DMSOds) & 161.83,
155.70, 154.18, 131.04, 122.17, 115.94, 95.43,6/%6.51, 49.31, 44.10, 28.42; m.p.:

197.3 — 200.6C. MS (ESI) m/z: 441.4 [M+H]

41.4.2.
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tert-butyl-4-(2-((4-(4-methylpiperazin-1-yl)phergyino)pyrimidin-4-yl)piperazine-1
-carboxylate {0b). Synthesized using the procedureI6ausing 2.0 g (6.7 mmol) of
6 and 2.3 g (20.1 mmol) of trifluoroacetate and ¢.8.0 mmol) of9b in 20 mL of
n-BuOH, crude product of0Ob was obtained and directly used without purificatio
IH NMR (600 MHz, DMSO#€g) & 8.85 (s, 1H), 7.94 (dl = 6.0 Hz, 1H), 7.54 (d] =
9.0 Hz, 2H), 6.87 (dJ = 9.0 Hz, 2H), 6.19 (d] = 6.0 Hz, 1H), 3.57 (s, 4H), 3.40 (s,
4H), 3.12 (s, 4H), 2.76 (s, 4H), 2.44 (s, 3H), 1(429H). m.p.: 175.2 — 177°8. MS

(ESI) m/z: 454.5 [M+H].

4.1.4.3.
tert-butyl-4-(2-((4-(4-methylpiperidin-1-yl)phenghino)pyrimidin-4-yl)piperazine-1-
carboxylate {0c). Synthesized using the procedure I6a using 2.0 g (6.7 mmol) of
6 and 2.3 g (20.1 mmol) of trifluoroacetate and 4.8.0 mmol) of9c in 20 mL of
n-BuOH, crude product dfOcwas obtained and directly used without purificatit
NMR (600 MHz, DMSOsg) 5 10.08 (s, 1H), 7.91 (d}, =4.2 Hz, 1H), 7.36 (dJ =1.2
Hz, 2H), 7.13(dJ =1.2 Hz, 2H), 6.52 (d] = 7.2 Hz, 1H), 3.73 (s, 4H), 3.63 (@=
12.1 Hz, 2H), 3.45 (s, 4H), 2.72 (s, 2H), 1.71X&,11.0 Hz,2H), 1.53 (s, 1H), 1.42 (s,
9H), 1.26 (dJ = 11.0 Hz, 2H), 0.94 (d] = 6.5 Hz, 3H). m.p.; 221.8 — 224°8. MS

(ESI) m/z: 453.5 [M+H].

4.1.4.4.
tert-butyl-4-(2-((4-thiomorpholinophenyl)amino)pyridin-4-yl)piperazine-1-carboxyl
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ate (10d). Synthesized using the procedure f®a using 2.0 g (6.7 mmol) & and
2.3 g (20.1 mmol) of trifluoroacetate and 1.6 @(@mol) of9d in 20 mL ofn-BuOH,
crude product ofl0d was obtained and directly used without purificatitH NMR
(600 MHz, DMSOdg) § 10.23 (s, 1H), 7.92 (s, 1H), 7.34 (b= 7.8 Hz, 2H), 6.97 (d,
J =7.8Hz, 2H), 6.56 (d] =7.4 Hz, 1H), 3.76 (s, 4H), 3.51 &= 4.8 Hz 4H), 3.45 (s,
4H), 2.67 (t,J = 4.8 Hz 4H), 1.42 (s, 9H). m.p.: 215.8 — 2174 MS (ESI) m/z:

457.4 [M+HT .

4.1.4.5.
tert-butyl-4-(2-((4-(2-(pyrrolidin-1-yl)ethoxy)phghamino)pyrimidin-4-yl)piperazine
-1-carboxylate 10e). Synthesized using the procedure I0a using 2.0 g (6.7 mmol)
of 6 and 2.3 g (20.1 mmol) of trifluoroacetate andd.(8.0 mmol) o9ein 20 mL of
n-BuOH, crude product df0ewas obtained and directly used without purificatit
NMR (600 MHz, DMSO€) 5 8.89 (s, 1H), 7.94 (dl = 6.0 Hz, 1H), 7.57 (d] = 9.0
Hz, 2H), 6.84 (dJ = 9.0 Hz, 2H), 6.20 (d] = 6.0 Hz, 1H), 4.02 () = 5.9 Hz, 2H),
3.57 (s, 4H), 3.40 (s, 4H), 2.83 {t= 5.9 Hz, 2H), 2.59 (s, 4H), 1.70 (p= 3.2 Hz,

4H), 1.42 (s, 9H). m.p.: 141.0 — 143@. MS (ESI) m/z: 469.5 [M+H]

4.1.4.6.
tert-butyl-4-(2-((4-(3-(pyrrolidin-1-yl)propoxy)pmgl)amino)pyrimidin-4-yl)piperazin
e-1-carboxylate 10f). Synthesized using the procedure I6a using 2.0 g (6.7 mmol)
of 6 and 2.3 g (20.1 mmol) of trifluoroacetate andd.@.0 mmol) of9f in 20 mL of
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n-BuOH, crude product dfOf was obtained and directly used without purificatit
NMR (600 MHz, DMSO€) 5 8.89 (s, 1H), 7.94 (dl = 6.0 Hz, 1H), 7.57 (d) = 9.0
Hz, 2H), 6.83 (dJ = 9.0 Hz, 2H), 6.20 (d] = 6.0 Hz, 1H), 3.95 () = 6.3 Hz, 2H),
3.58 (s, 4H), 3.41 (s, 4H), 2.62 §t= 7.0 Hz, 2H), 2.54 (s, 4H), 1.92 — 1.84 (m, 2H),

1.71 (s, 4H), 1.43 (s, 9H). m.p.: 150.9 — 15E1MS (ESI) m/z: 483.4 [M+H]

4.1.4.7.
tert-butyl-4-(2-((4-(2-morpholinoethoxy)phenyl)amjpyrimidin-4-yl)piperazine-1-ca
rboxylate (0g). Synthesized using the procedure I0a using 2.0 g (6.7 mmol) @&
and 2.3 g (20.1 mmol) of trifluoroacetate and 1.88@® mmol) of9g in 20 mL of
n-BuOH, crude product 010g was obtained and directly used without purificatio
IH NMR (600 MHz, DMSO#dg) & 8.88 (s, 1H), 7.94 (d] = 6.0 Hz, 1H), 7.57 (d] =
9.0 Hz, 2H), 6.84 (dJ = 9.0 Hz, 2H), 6.20 (d] = 6.0 Hz, 1H), 4.02 (t) = 5.4 Hz,
2H), 3.58 (tJ = 4.2Hz, 8H), 3.40 (s, 4H), 2.67 {t= 5.4Hz, 2H), 2.47 (s, 4H), 1.42 (s,

9H). m.p.: 184.5 — 186%C. MS (ESI) m/z: 485.5 [M+H]

4.1.4.8.
tert-butyl-4-(2-((4-(3-morpholinopropoxy)phenyl)ara)pyrimidin-4-yl)piperazine-1-
carboxylate {0h). Synthesized using the procedure I0a using 2.0 g (6.7 mmol) of
6 and 2.3 g (20.1 mmol) of trifluoroacetate and 4.8.0 mmol) of9h in 20 mL of
n-BuOH, crude product ofOh was obtained and directly used without purificatio
IH NMR (600 MHz, DMSO#€g) & 8.88 (s, 1H), 7.94 (d] = 6.0 Hz, 1H), 7.56 (d] =
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9.1 Hz, 2H), 6.83 (dJ = 9.1 Hz, 2H), 6.20 (dJ = 6.0 Hz, 1H), 3.94 () = 6.4 Hz,
2H), 3.57 (s, 8H), 3.40 (s, 4H), 2.41 (s, 2H), 2(864H), 1.84 (pJ = 6.6 Hz, 2H),

1.42 (s, 9H). m.p.: 185.1 — 186°2. MS (ESI) m/z: 499.5 [M+H]

4.1.5 General procedure for preparation of compsytith-h)

4.1.5.1. N-(4-morpholinophenyl)-4-(piperazin-1-yiimidin-2-amine {1a). The
crude product 09 from the previous step was dissolved in 10 mL of
dichloromethane; 10 mL of trifluoroacetate was tlstowly added. After stirring
overnight at room temperature, the mixture was eratpd under reduced pressure
and the resultant was added to 20mL water, adgigtih to 8 with saturated sodium
hydrogen carbonate, the precipitate was filterédwod washed with water, then dried
under vacuum to obtain 1.8 g bfa as blue-grey solid; yield: 77%; MS (ESI) m/z:

341.2 [M+H].

4.1.5.2. N-(4-(4-methylpiperazin-1-yl)phenyl)-4p@iazin-1-yl)pyrimidin-2-amine
(11b). Synthesized using the procedure T@a,10 mL of dichloromethane and 10 mL
of trifluoroacetate were used, 2.0 gldfb were obtained; yield: 84%; MS (ESI) m/z:

354.2 [M+H]".

4.1.5.3. N-(4-(4-methylpiperidin-1-yl)phenyl)-44prazin-1-yl)pyrimidin-2-amine
(11c). Synthesized using the procedure 1@a,10 mL of dichloromethane and 10 mL
of trifluoroacetate were used, 1.8 gldfc were obtained; yield: 78%; MS (ESI) m/z:
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353.3 [M+H]".

4.15.4. 4-(piperazin-1-yl)-N-(4-thiomorpholinoplypyrimidin-2-amine  11d).
Synthesized using the procedure idia, 10 mL of dichloromethane and 10 mL of
trifluoroacetate were used, 1.9 g Hfd were obtained; yield: 81%; MS (ESI) m/z:

357.4 [M+H]".

4.1.5.5. 4-(piperazin-1-yl)-N-(4-(2-(pyrrolidin-1)gthoxy)phenyl)pyrimidin-2-amine
(11e). Synthesized using the procedure 1@a,10 mL of dichloromethane and 10 mL
of trifluoroacetate were used, 1.8 gldfewere obtained; yield: 72%; MS (ESI) m/z:

369.3 [M+HT]".

4.1.5.6.

4-(piperazin-1-yl)-N-(4-(3-(pyrrolidin-1-yl)propoyghenyl)pyrimidin-2-amine 14f).
Synthesized using the procedure idia, 10 mL of dichloromethane and 10 mL of
trifluoroacetate were used, 1.7 g Hff were obtained; yield: 65%; MS (ESI) m/z:

383.3 [M+H]".

4.1.5.7. N-(4-(2-morpholinoethoxy)phenyl)-4-(pipgral-yl)pyrimidin-2-amine1lg).
Synthesized using the procedure idia, 10 mL of dichloromethane and 10 mL of
trifluoroacetate were used, 1.7 g Iifg were obtained; yield: 68%; MS (ESI) m/z:
385.2 [M+HT,
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4.1.5.8. N-(4-(3-morpholinopropoxy)phenyl)-4-(pi@en-1-yl)pyrimidin-2-amine
(11h). Synthesized using the procedure T&n,10 mL of dichloromethane and 10 mL
of trifluoroacetate were used, 1.9 gldfh were obtained; yield: 73%; MS (ESI) m/z:

399.2 [M+HTJ".

4.1.6 General procedure for preparation of compsy{hBa-x)

4.1.6.1. Phenyl-(4-isopropoxyphenyl)carbamadigaj. Into a stirring mixture of ethyl
acetate (20 mL), tetrahydrofuran (4 mL), water (4)hsodium carbonate (0.8 g, 7.9
mmol, 0.6 equiv.), and 4-isopropoxyaniline (2.01g.2 mmol, 1 equiv.), phenyl
chloroformate (2.3 g, 14.5 mmol, 1.1 equiv.) wasleat dropwise at 0 °C. The
reaction was stirred at room temperature overnitfgn it was evaporated under
reduced pressure and the resultant was added nhtol2water, the precipitate was
filtered and washed with water, then dried undesuuan to afford 3.2 g o13a as

white solid; yield: 90%; MS (ESI) m/z: 286.1 [M+H]308.1 [M+Na].

4.1.6.2. Phenyl-phenylcarbamaté3l). Synthesized using the procedure fi3a

using 2.0 g (21.5 mmol) of aniline and 1.4 g (12®o0l) of sodium carbonate and 3.7
g (23.7 mmol) of phenyl chloroformate in the mixduof ethyl acetate (20 mL),
tetrahydrofuran (4 mL) and water (4 mL), 4.3 g18b (94.3% vyield) was obtained,;

yield: 94%; MS (ESI) m/z: 214.1 [M+H] 236.1 [M+Na].
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4.1.6.3. Phenyl-(4-fluorophenyl)carbamail¢). Synthesized using the procedure for
13a using 2.0 g (18.0 mmol) of 4-fluoroaniline and J1(10.8 mmol) of sodium
carbonate and 3.1 g (19.8 mmol) of phenyl chlorofte in the mixture of ethyl
acetate (20 mL), tetrahydrofuran (4 mL) and wadem(), 3.8 g ofl3cwas obtained;

yield: 92%; MS (ESI) m/z: 232.1 [M+H] 254.1 [M+Na].

4.1.6.4. Phenyl-(4-ethylphenyl)carbamai8d). Synthesized using the procedure for
13a using 2.0 g (16.5 mmol) of 4-ethylaniline and H0(9.9 mmol) of sodium
carbonate and 2.8 g (18.2 mmol) of phenyl chlomofte in the mixture of ethyl
acetate (20 ml), tetrahydrofuran (4 mL) and wadem(), 3.4 g ofL3d was obtained;

yield: 86%; MS (ESI) m/z: 242.1 [M+H] 264.1 [M+Na].

4.1.6.5. Phenyl-(4-methoxyphenyl)carbamdi®e). Synthesized using the procedure
for 13ausing 2.0 g (16.2 mmol) of 4-methoxyaniline and d.(9.7 mmol) of sodium
carbonate and 2.8 g (17.9 mmol) of phenyl chlorofte in the mixture of ethyl
acetate (20 mL), tetrahydrofuran (4 mL) and wadem(), 3.6 g ofL3ewas obtained;

yield: 92%; MS (ESI) m/z: 244.2 [M+H] 266.2 [M+Na].

4.1.6.6. Phenyl-(4-(diethylamino)phenyl)carbamati8f). Synthesized using the
procedure forl3a using 2.0 g (12.2 mmol) dfi,N-diethylbenzene-1,4-diamine and
0.7 g (7.3 mmol) of sodium carbonate and 2.1 g4(©3mol) of phenyl chloroformate
in the mixture of ethyl acetate (20 mL), tetrahydran (4 mL) and water (4 mL), 3.0
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g of 13f was obtained; yield: 88%; MS (ESI) m/z: 285.2 [M+H807.2 [M+Na].

4.1.6.7. Phenyl-(4-nitrophenyl)carbamatEq). Synthesized using the procedure for
13a using 2.0 g (14.5 mmol) of 4-nitroaniline and ®9(8.7 mmol) of sodium
carbonate and 2.5 g (15.9 mmol) of phenyl chlorofte in the mixture of ethyl
acetate (20 mL), tetrahydrofuran (4 mL) and wadem(), 3.4 g ofLl3gwas obtained;

yield: 91%; MS (ESI) m/z: 258.1 [M+H] 280.1 [M+Na].

4.1.6.8. Phenyl-(4-cyanophenyl)carbamétgh). Synthesized using the procedure for
13ausing 2.0 g (16.9 mmol) of 4-aminobenzonitrile dntl g (10.2 mmol) of sodium
carbonate and 2.9 g (18.6 mmol) of phenyl chlorofte in the mixture of ethyl
acetate (20 mL), tetrahydrofuran (4 mL) and wadem(), 3.6 g ofL3h was obtained;

yield: 89%; MS (ESI) m/z: 239.1 [M+H] 261.1 [M+Na].

4.1.6.9. Phenyl-(4-(trifluoromethyl)phenyl)carbamafl3i). Synthesized using the
procedure fod3ausing 2.0 g (12.4 mmol) of 4-(trifluoromethyl)ang and 0.8 g (7.4
mmol) of sodium carbonate and 2.1 g (13.7 mmolpleényl chloroformate in the
mixture of ethyl acetate (20 mL), tetrahydrofurdnniL) and water (4 mL), 3.3 g of

13i was obtained; yield: 94%; MS (ESI) m/z: 282.1 [M+#804.1 [M+Na].

4.1.6.10. Phenyl-(4-acetylphenyl)carbamaigj). Synthesized using the procedure
for 13a using 2.0 g (14.8 mmol) of 1-(4-aminophenyl)etiaone and 0.9 g (8.9
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mmol) of sodium carbonate and 2.6 g (16.3 mmolpleényl chloroformate in the
mixture of ethyl acetate (20 mL), tetrahydrofurdnniL) and water (4 mL), 3.3 g of

13j was obtained; yield: 88%; MS (ESI) m/z: 256.1 [M¥278.1 [M+Na].

4.1.6.11. Methyl-4-((phenoxycarbonyl)amino)benzqa®k). Synthesized using the
procedure fod3ausing 2.0 g (13.2 mmol) of methyl-4-aminobenzaatd 0.8 g (7.9
mmol) of sodium carbonate and 2.3 g (14.6 mmolpleényl chloroformate in the
mixture of ethyl acetate (20 mL), tetrahydrofurdnniL) and water (4 mL), 3.3 g of

13k was obtained; yield: 93%; MS (ESI) m/z: 272.2 [M¥294.2 [M+Nal].

4.1.6.12. Phenyl-(4-carbamoylphenyl)carbamaté3l){ Synthesized using the
procedure fod3ausing 2.0 g (14.7 mmol) of 4-aminobenzamide a®dy0(8.8 mmol)
of sodium carbonate and 2.5 g (16.2 mmol) of phehidroformate in the mixture of
ethyl acetate (20 mL), tetrahydrofuran (4 mL) anatex (4 mL), 3.3 g ofL3l was

obtained; yield: 88%; MS (ESI) m/z: 257.1 [M+HR79.1 [M+Na].

4.1.6.13. Phenyl-(4-(methylcarbamoyl)phenyl)carbsam@3m). Synthesized using
the procedure fol3a using 2.0 g (13.3 mmol) of 4-amirdmethylbenzamide and
0.8 g (8.0 mmol) of sodium carbonate and 2.3 g&(idmol) of phenyl chloroformate
in the mixture of ethyl acetate (20 mL), tetrahydran (4 mL) and water (4 mL), 3.1

g of 13mwas obtained; yield: 87%; MS (ESI) m/z: 271.1 [M+H93.1 [M+Na].
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4.1.6.14. Methyl-(4-((phenoxycarbonyl)amino)bengytinate (3n). Synthesized

using the procedure for 13a using 20 g (96 mmol) of
methyl-(4-aminobenzoyl)glycinate and 0.6 g (5.8 Mnod sodium carbonate and 1.7
g (10.6 mmol) of phenyl chloroformate in the mixduof ethyl acetate (20 mL),
tetrahydrofuran (4 mL) and water (4 mL), 2.9 gl8h was obtained; yield: 93%; MS

(ESI) m/z: 329.1 [M+H].

4.1.6.15. Phenyl-(4-(morpholine-4-carbonyl)phengtpmmate {30). Synthesized

using the procedure for 13a using 2.0 g (9.7 mmol) of
(4-aminophenyl)-morpholino-methanone and 0.6 g (BrBol) of sodium carbonate
and 1.7 g (10.7 mmol) of phenyl chloroformate ie thixture of ethyl acetate (20
mL), tetrahydrofuran (4 mL) and water (4 mL), 2.8fd.3owas obtained; yield: 87%;

MS (ESI) m/iz: 327.2.

4.1.6.16. Phenyl-(4-(methylsulfonyl)phenyl)carbaanét3p). Synthesized using the
procedure fod3ausing 2.0 g (11.7 mmol) of 4-(methylsulfonyl)andiand 0.7 g (7.0
mmol) of sodium carbonate and 2.0 g (12.8 mmolpleényl chloroformate in the
mixture of ethyl acetate (20 mL), tetrahydrofurdnniL) and water (4 mL), 3.1 g of

13p was obtained; yield: 90%; MS (ESI) m/z: 292.1 [M¥}814.1 [M+Nal].

4.1.6.17. Phenyl-(4-sulfamoylphenyl)carbamat&3qf. Synthesized using the
procedure forl3ausing 2.0 g (11.6 mmol) of 4-aminobenzenesulfoi@nand 0.7 g
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(7.0 mmol) of sodium carbonate and 2.0 g (12.8 mmigbhenyl chloroformate in the
mixture of ethyl acetate (20 mL), tetrahydrofurdnniL) and water (4 mL), 3.0 g of

13q was obtained; yield: 88%; MS (ESI) m/z: 293.1 [M¥815.1 [M+Na].

4.1.6.18. Phenyl-(3-cyanophenyl)carbamai8r). Synthesized using the procedure
for 13a using 2.0 g (16.9 mmol) of 3-aminobenzonitrile and g (10.2 mmol) of
sodium carbonate and 2.9 g (18.6 mmol) of phenidroformate in the mixture of
ethyl acetate (20 mL), tetrahydrofuran (4 mL) anatew (4 mL), 3.4 g ofLl3r was

obtained; yield: 85%; MS (ESI) m/z: 239.1 [M+HR61.1 [M+Na].

4.1.6.19. Phenyl-(3-(trifluoromethyl)phenyl)carbamal3s). Synthesized using the
procedure fod3ausing 2.0 g (12.4 mmol) of 3-(trifluoromethyl)ang and 0.8 g (7.4
mmol) of sodium carbonate and 2.1 g (13.7 mmolpleényl chloroformate in the
mixture of ethyl acetate (20 mL), tetrahydrofurdnniL) and water (4 mL), 3.1 g of

13swas obtained; yield: 89%; MS (ESI) m/z: 282.1 [M+H804.1 [M+Na].

4.1.6.20. Phenyl-(2-(trifluoromethyl)phenyl)carbamgl3t). Synthesized using the
procedure fod3ausing 2.0 g (12.4 mmol) of 2-(trifluoromethyl)ang and 0.8 g (7.4
mmol) of sodium carbonate and 2.1 g (13.7 mmolpleényl chloroformate in the
mixture of ethyl acetate (20 mL), tetrahydrofurdnniL) and water (4 mL), 3.2 g of

13t was obtained; yield: 92%; MS (ESI) m/z: 282.1 [M¥}804.1 [M+Na].
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4.1.6.21. Phenyl-(3-acetylphenyl)carbamali8u). Synthesized using the procedure
for 13a using 2.0 g (14.8 mmol) of 1-(3-aminophenyl)etiaone and 0.9 g (8.9
mmol) of sodium carbonate and 2.6 g (16.3 mmolpleényl chloroformate in the
mixture of ethyl acetate (20 mL), tetrahydrofurdnniL) and water (4 mL), 3.3 g of

13u was obtained; yield: 88%; MS (ESI) m/z: 256.1 [M¥278.1 [M+Nal].

4.1.6.22. Phenyl-(2-acetylphenyl)carbamal8vj. Synthesized using the procedure
for 13a using 2.0 g (14.8 mmol) of 1-(2-aminophenyl)etiaone and 0.9 g (8.9
mmol) of sodium carbonate and 2.6 g (16.3 mmolpleényl chloroformate in the
mixture of ethyl acetate (20 mL), tetrahydrofurdnniL) and water (4 mL), 3.4 g of

13vwas obtained; yield: 91%; MS (ESI) m/z: 256.1 [M+H278.1 [M+Na].

4.1.6.23. Phenyl-(3-carbamoylphenyl)carbamat#3w). Synthesized using the
procedure fod3ausing 2.0 g (14.7 mmol) of 3-aminobenzamide a®dy((8.8 mmol)
of sodium carbonate and 2.5 g (16.2 mmol) of phehidroformate in the mixture of
ethyl acetate (20 mL), tetrahydrofuran (4 mL) anatev (4 mL), 3.4 g ofi3w was

obtained; yield: 90%; MS (ESI) m/z: 257.1 [M+HR79.1 [M+Na].

4.1.6.24. Phenyl-(2-carbamoylphenyl)carbamat&3x]. Synthesized using the
procedure fod3ausing 2.0 g (14.7 mmol) of 2-aminobenzamide a®dy0(8.8 mmol)
of sodium carbonate and 2.5 g (16.2 mmol) of phehidroformate in the mixture of
ethyl acetate (20 mL), tetrahydrofuran (4 mL) anatew (4 mL), 3.3 g ofl3x was
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obtained; yield: 88%; MS (ESI) m/z: 257.1 [M+HR79.1 [M+Na].

4.1.7 General procedure for preparation of compsy{ivh-x, 15a-c, 16a-c, 17-2)a
4.1.7.1.
N-(4-isopropoxyphenyl)-4-(2-((4-morpholinophenyl)ao)pyrimidin-4-yl)piperazine-
1-carboxamide ¥4a). To a mixture oflla(0.2g, 0.59 mmol, 1 equiv.) aricBa (0.19

g, 0.71 mmol, 1.2 equiv.) in 5 mL DMF, DIPEA (0.23 1.76 mmol, 3 equiv.) was
slowly added, after stirring at 4G for 12 h, the mixture was poured into 10 mL water
the solution was neutralized with 1N hydrochloricda then the precipitate was
filtered and washed with water, the crude produas @ried in vacuum desiccator and
further purified by column chromatography on siliaasing mobile phase
dichloromethane-methanol (30:1, v/v) to furnistaas a pale yellow solidH NMR
(400 MHz, DMSQds) & 8.85 (s, 1H), 8.43 (s, 1H), 7.95 (= 6.0 Hz, 1H), 7.56 (d]

= 8.7 Hz, 2H), 7.33 (d] = 8.7 Hz, 2H), 6.86 (d] = 8.7 Hz, 2H), 6.81 (d] = 8.7 Hz,
2H), 6.25 (d,J = 6.0 Hz, 1H), 4.50 (dij = 12.1, 6.0 Hz, 1H), 3.78 — 3.68 (m, 4H),
3.64 (s, 4H), 3.53 (s, 4H), 3.07 — 2.97 (m, 4HP31(d,J = 5.7 Hz, 6H).*C NMR
(101 MHz, DMSQdg) 6 162.43, 155.72, 153.11, 146.27, 145.56, 133.78.063
122.11, 116.13, 116.10, 95.10, 69.85, 66.67, 44885, 43.71, 29.47, 22.39. m.p.:
221.0 — 223.7C. HPLC purity: 98.62%, retention time = 20.451 nRMS (ESI)

(m/z): [M + H]" calcd for GgH3sN,Os, 518.2874; found, 518.2891.

4.1.7.2.
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4-(2-((4-morpholinophenyl)amino)pyrimidin-4-yl)-Nvgnylpiperazine-1-carboxamid
e (14b). Synthesized using the procedureIdg 0.2 g (0.59 mmol) oflaand 0.15 g
(0.72 mmol) ofl3b and 0.22 g (1.8 mmol) of DIPEA were mixed and édah 5 mL
of DMF. Crude product was purified by column chreoggaphy on silica using
mobile phase dichloromethane—methanol (30:1, Wviutnish14b as a pale yellow
solid.*H NMR (400 MHz, DMSOe) § 8.84 (s, 1H), 8.61 (s, 1H), 7.95 (tk 6.0 Hz,
1H), 7.56 (dJ = 9.0 Hz, 2H), 7.48 (d] = 7.7 Hz, 2H), 7.24 (t) = 7.9 Hz, 2H), 6.94
(t, = 7.3 Hz, 1H), 6.86 (d] = 9.0 Hz, 2H), 6.24 (d] = 6.1 Hz, 1H), 3.81 — 3.69 (m,
4H), 3.68 — 3.61 (m, 4H), 3.59 — 3.52 (m, 4H), 3:02.96 (m, 4H)*C NMR (101
MHz, DMSO-dg) 6 162.45, 159.90, 156.86, 155.46, 146.18, 140.90,013 128.78,
122.28, 120.49, 120.12, 116.10, 95.07, 66.67, 4%4882, 43.78. m.p.: 211.1 — 212.7
°C. HPLC purity: 96.99%, retention time = 23.209 nHRMS (ESI) (m/z): [M + H]

calcd for GsHogN;7O,, 460.2455; found, 460.2463.

4.1.7.3.
N-(4-fluorophenyl)-4-(2-((4-morpholinophenyl)amipgjimidin-4-yl)piperazine-1-ca
rboxamide {4c). Synthesized using the procedure Idig, 0.2 g (0.59 mmol) olla
and 0.17 g (0.72 mmol) df3c and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B0i1, v/v) to furnishl4c as a
pale yellow solid'H NMR (400 MHz, DMSQds) & 8.83 (s, 1H), 8.66 (s, 1H), 7.95 (d,
J=6.0 Hz, 1H), 7.56 (d] = 9.0 Hz, 2H), 7.49 (dd] = 9.0, 5.0 Hz, 2H), 7.08 (8 =
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9.0 Hz, 2H), 6.86 (dJ = 9.0 Hz, 2H), 6.24 (d] = 6.0 Hz, 1H), 3.76 — 3.70 (m, 4H),
3.68 — 3.60 (m, 4H), 3.59 — 3.52 (m, 4H), 3.09932Am, 4H)*C NMR (101 MHz,
DMSO-dg) 6 162.45, 160.01, 158.67, 157.09, 155.48, 146.12,2083 134.08, 121.87,
121.82, 120.42, 116.09, 115.34, 115.19, 95.04,656.8.88, 43.76, 43.71. m.p.: 221.7
— 223.1°C. HPLC purity: 99.16%, retention time = 21.470 nfRMS (ESI) (m/z):

[M + H]" caled for GsHogFN;O,, 478.2361; found, 478.2370.

4.1.7.4.
N-(4-ethylphenyl)-4-(2-((4-morpholinophenyl)amingmidin-4-yl)piperazine-1-car
boxamide 14d). Synthesized using the procedure 1dia 0.2 g (0.59 mmol) olla
and 0.17 g (0.72 mmol) df3d and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B@il, v/v) to furnishl4d as a
pale yellow solid*H NMR (400 MHz, DMSOd) & 8.86 (s, 1H), 8.52 (s, 1H), 7.95 (d,
J=6.0 Hz, 1H), 7.56 (d] = 9.0 Hz, 2H), 7.37 (d] = 8.4 Hz, 2H), 7.08 (d] = 8.4 Hz,
2H), 6.87 (dJ = 9.0 Hz, 2H), 6.25 (d] = 6.0 Hz, 1H), 3.78 — 3.70 (m, 4H), 3.64 (s,
4H), 3.55 (d,J = 5.0 Hz, 4H), 3.08 — 2.95 (m, 4H), 2.57 — 2.52 RH), 1.15 (tJ =
7.6 Hz, 3H).13C NMR (101 MHz, DMSGds) 6 162.45, 159.83, 156.69, 155.56,
149.28, 146.26, 138.48, 137.63, 134.01, 130.05,9827120.62, 120.36, 116.10,
95.10, 95.10, 66.67, 49.86, 43.83, 43.74, 27.723L6n.p.: 204.2 — 206°€. HPLC
purity: 97.32%, retention time = 22.769 min. HRVSS() (m/z): [M + HJ calcd for
Co7H33N,O,, 488.2768; found, 488.2773.
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4.1.7.5.
N-(4-methoxyphenyl)-4-(2-((4-morpholinophenyl)amgyoimidin-4-yl)piperazine-1-
carboxamide 14e). Synthesized using the procedure di 0.2 g (0.59 mmol) of
1laand 0.18 g (0.72 mmol) df3eand 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B0il, v/v) to furnishl4e as a
pale yellow solid'H NMR (400 MHz, DMSOd) & 8.82 (s, 1H), 8.45 (s, 1H), 7.95 (d,
J=6.0 Hz, 1H), 7.56 (d] = 9.0 Hz, 2H), 7.36 (d] = 9.0 Hz, 2H), 6.85 (dd} = 12.4,
9.0 Hz, 4H), 6.24 (dJ = 6.0 Hz, 1H), 3.75 — 3.71 (m, 4H), 3.71 (s, 3B{F8 — 3.59
(m, 4H), 3.58 — 3.49 (m, 4H), 3.04 — 2.98 (m, 485, NMR (101 MHz, DMSGdg) 5
162.45, 159.92, 156.90, 155.71, 155.00, 146.15,0B34133.82, 122.07, 120.46,
116.09, 114.00, 95.05, 66.66, 55.58, 49.87, 4348070. m.p.: 231.3 — 233.%.
HPLC purity: 96.93%, retention time = 21.910 mirRMS (ESI) (m/z): [M + HJ

calcd for GgH31N7O3, 490.2561; found, 490.2588.

4.1.7.6.
N-(4-(diethylamino)phenyl)-4-(2-((4-morpholinophBayino)pyrimidin-4-yl)piperaz
ine-1-carboxamideldf). Synthesized using the procedure Idg 0.2 g (0.59 mmol)
of 11aand 0.20 g (0.72 mmol) df3f and 0.22 g (1.8 mmol) of DIPEA were mixed
and heated in 5 mL of DMF. Crude product was penlifby column chromatography
on silica using mobile phase dichloromethane-meth@®:1, v/v) to furnisii4f as a
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grey solid.'H NMR (400 MHz, DMSOdg) & 8.84 (s, 1H), 8.26 (s, 1H), 7.95 @@=
6.0 Hz, 1H), 7.56 (dJ = 9.0 Hz, 2H), 7.20 (d] = 9.0 Hz, 2H), 6.86 (d] = 9.0 Hz,
2H), 6.59 (dJ = 9.0 Hz, 2H), 6.24 (d] = 6.0 Hz, 1H), 3.81 — 3.69 (m, 4H), 3.63 (s,
4H), 3.52 (dJ = 5.0 Hz, 4H), 3.26 (g] = 7.0 Hz, 4H), 3.06 — 2.96 (m, 4H), 1.05Jt,
= 7.0 Hz, 6H).13C NMR (101 MHz, DMSQdg) 6 162.45, 160.02, 157.05, 155.97,
146.09, 143.99, 134.12, 129.45, 122.89, 120.38,0914.12.65, 95.04, 66.67, 49.88,
44.33, 43.80, 43.71, 12.88. m.p.: 246.3 — 24T.9HPLC purity: 96.69%, retention
time = 21.452 min. HRMS (ESI) (m/z): [M + HEalcd for GgHagNgO,, 530.3190;

found, 531.3172.

4.1.7.7.
4-(2-((4-morpholinophenyl)amino)pyrimidin-4-yl)-M-gitrophenyl)piperazine-1-car
boxamide 14g). Synthesized using the procedure 1dia 0.2 g (0.59 mmol) olla
and 0.19 g (0.72 mmol) df3g and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane-meth&§B@il, v/v) to furnishl4g as a
yellow solid.*H NMR (400 MHz, DMSQds) & 9.32 (s, 1H), 8.85 (s, 1H), 8.17 (H=
9.0 Hz, 2H), 7.96 (dJ = 6.0 Hz, 1H), 7.75 (d] = 9.0 Hz, 2H), 7.56 (dJ = 8.7 Hz,
2H), 6.87 (d,J = 8.7 Hz, 2H), 6.25 (d] = 6.0 Hz, 1H), 3.76 — 3.71 (m, 4H), 3.69 —
3.64 (m, 4H), 3.61 (dJ = 3.6 Hz, 4H), 3.04 — 2.98 (m, 4HJC NMR (101 MHz,
DMSO-dg) 6 162.41, 160.05, 157.16, 154.54, 147.83, 146.10,364 134.09, 125.19,
120.40, 118.81, 116.08, 95.02, 66.66, 49.87, 43487/1. m.p.. 205.0 — 207°C.
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HPLC purity: 99.65%, retention time = 21.135 mirRMS (ESI) (m/z): [M + HJ

calcd for GsHogNgO4, 505.2306; found, 505.2324.

4.1.7.8.
N-(4-cyanophenyl)-4-(2-((4-morpholinophenyl)aming)midin-4-yl)piperazine-1-ca
rboxamide {4h). Synthesized using the procedure Idig 0.2 g (0.59 mmol) otla
and 0.17 g (0.72 mmol) df3h and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B@il, v/v) to furnishl4h as a
white solid.*H NMR (400 MHz, DMSO¢s) § 9.08 (s, 1H), 8.82 (s, 1H), 7.96 (=
6.0 Hz, 1H), 7.69 (s, 4H), 7.56 @@= 9.0 Hz, 2H), 6.86 (d] = 9.1 Hz, 2H), 6.24 (d]

= 6.1 Hz, 1H), 3.79 — 3.70 (m, 4H), 3.66 (m, 4HEB(M, 4H), 3.06 — 2.95 (m, 4H).
MS (ESI) m/z: 485.44 [M+H] 483.48 [M-H]. *C NMR (101 MHz, DMSQds) &
162.43, 160.01, 157.07, 154.72, 146.14, 145.60,0134133.33, 120.45, 119.86,
119.48, 116.10, 103.56, 95.05, 66.67, 49.88, 4348273. m.p.. 232.7 — 235%C.
HPLC purity: 99.07%, retention time = 18.412 mirRMS (ESI) (m/z): [M + HJ

calcd for GegH2sNgO», 485.2408; found, 485.2417.

4.1.7.9.
4-(2-((4-morpholinophenyl)amino)pyrimidin-4-yl)-M-(trifluoromethyl)phenyl)piper
azine-1-carboxamideldi). Synthesized using the procedure fiota 0.2 g (0.59
mmol) of 11aand 0.20 g (0.72 mmol) df3i and 0.22 g (1.8 mmol) of DIPEA were
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mixed and heated in 5 mL of DMF. Crude product wasified by column
chromatography on silica using mobile phase dicm@thane—-methanol (30:1, v/v)
to furnish14i as a white solidH NMR (600 MHz, DMSOsdg) § 9.01 (s, 1H), 8.86 (s,
1H), 7.96 (dJ = 6.0 Hz, 1H), 7.71 (d] = 8.6 Hz, 2H), 7.61 (d] = 8.7 Hz, 2H), 7.56
(d, = 9.0 Hz, 2H), 6.87 (d] = 9.1 Hz, 2H), 6.25 (d] = 6.1 Hz, 1H), 3.74 — 3.72 (m,
4H), 3.66 (m, 4H), 3.60 — 3.57 (m, 4H), 3.03 — 3(AQ 4H).°C NMR (101 MHz,
DMSO-dg) 6 162.45, 160.07, 157.17, 154.98, 146.10, 144.80,113 128.98, 126.11,
120.40, 119.39, 116.10, 95.30, 66.66, 49.88, 43488/4. m.p.. 262.5 — 265%.
HPLC purity: 99.58%, retention time = 21.069 mirRMS (ESI) (m/z): [M + HJ

calcd for GegHogF3N-O,, 528.2329; found, 528.2341.

4.1.7.10.
N-(4-acetylphenyl)-4-(2-((4-morpholinophenyl)amiogimidin-4-yl)piperazine-1-ca
rboxamide 14j). Synthesized using the procedure idia 0.2 g (0.59 mmol) olla
and 0.18 g (0.72 mmol) df3j and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B0il, v/v) to furnishl4j as a
white solid.*H NMR (600 MHz, DMSO¢s) § 9.00 (s, 1H), 8.84 (s, 1H), 7.96 (=
6.0 Hz, 1H), 7.88 (dJ = 8.8 Hz, 2H), 7.64 (d] = 8.8 Hz, 2H), 7.56 (d] = 9.0 Hz,
2H), 6.86 (dJ = 9.0 Hz, 2H), 6.25 (d] = 6.0 Hz, 1H), 3.75 — 3.72 (m, 4H), 3.66 (m,
4H), 3.59 (m, 4H), 3.03 — 3.00 (M, 4H), 2.51 (s):3FC NMR (151 MHz, DMSOsd)

0 196.76, 162.37, 159.98, 157.07, 154.81, 146.08,61/4 134.03, 130.71, 129.62,
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120.33, 118.59, 116.03, 94.96, 66.59, 49.81, 436273 (s, 3H)*C NMR (101
MHz, DMSO-dg) dm.p.: 244.1 — 246.6C. HPLC purity: 99.41%, retention time =
17.765 min. HRMS (ESI) (m/z): [M + H]calcd for G;H33N,Os, 502.2561; found,

502.2578.

4.1.7.11.
Methyl-4-(4-(2-((4-morpholinophenyl)amino)pyrimiedayl)piperazine-1-carboxamid
0)benzoatel@dk). Synthesized using the procedure Idg 0.2 g (0.59 mmol) oila
and 0.20 g (0.72 mmol) df3k and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B@il, v/v) to furnishl4k as a
white solid.*H NMR (600 MHz, DMSOsg) 5 8.07 (s, 1H), 7.96 (dl = 6.0 Hz, 1H),
7.86 (d,J = 9.0 Hz, 2H), 7.65 (d] = 9.0 Hz, 2H), 7.56 (d] = 9.0 Hz, 2H), 6.87 (d]

= 9.0 Hz, 2H), 6.26 (d] = 6.0 Hz, 1H), 4.66 (s, 1H), 3.81 (s, 3H), 3.73.722 (m, 4H),
3.66 (s, 4H), 3.60 — 3.57 (m, 4H), 3.04 — 2.99 ¢n)). *C NMR (101 MHz,
DMSO-dg) 6 166.47, 162.42, 160.05, 157.14, 154.88, 146.19,7774 134.10, 130.45,
122.75, 118.82, 116.09, 95.03, 66.66, 52.19, 4A8@B3, 43.75. m.p.: 182.7 — 184.3
°C. HPLC purity: 98.49%, retention time = 20.693 nHRMS (ESI) (m/z): [M + H]

calcd for G/H31N7O,4, 518.2510; found, 518.2517.

4.1.7.12.
N-(4-carbamoylphenyl)-4-(2-((4-morpholinophenyl)ao)pyrimidin-4-yl)piperazine-
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1-carboxamide ¥4l). Synthesized using the procedure Idia, 0.2 g (0.59 mmol) of
1laand 0.18 g (0.72 mmol) df3l and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B80i1, v/v) to furnishl4l as a
pale yellow solid'H NMR (600 MHz, DMSOd) & 8.86 (s, 1H), 8.85 (s, 1H), 8.26 (q,
J=4.5Hz, 1H), 7.96 (d] = 6.1 Hz, 1H), 7.74 (d] = 8.9 Hz, 1H), 7.57 (d] = 2.8 Hz,
2H), 7.55 (dJ = 2.8 Hz, 2H), 6.87 (d] = 9.0 Hz, 2H), 6.25 (d] = 6.1 Hz, 2H), 3.74
— 3.72 (m, 4H), 3.65 (m, 4H), 3.58 — 3.56 (m, 481p3 — 3.00 (M, 4H), 2.76 (d,=
4.5 Hz, 3H);13C NMR (101 MHz, DMSOdgs) 6 168.04, 161.44, 154.99, 144.26,
143.74, 128.54, 127.81, 118.74, 115.93, 95.99,46649.03, 43.54; m.p.: 228.0 —
230.4°C. HPLC purity: 98.77%, retention time = 16.926 nifRMS (ESI) (m/z): [M

+ H]" calcd for GgH3zgNgOs, 503.2514; found, 503.2519.

4.1.7.13.
N-(4-(methylcarbamoyl)phenyl)-4-(2-((4-morpholineplyl)amino)pyrimidin-4-yl)pip
erazine-1-carboxamideldm). Synthesized using the procedure idia 0.2 g (0.59
mmol) of 11aand 0.19 g (0.72 mmol) d3m and 0.22 g (1.8 mmol) of DIPEA were
mixed and heated in 5 mL of DMF. Crude product wasified by column
chromatography on silica using mobile phase dicm@thane—methanol (30:1, v/v)
to furnish14m as a pale yellow solidH NMR (600 MHz, DMSOsdg) § 8.86 (s, 1H),
8.85 (s, 1H), 8.26 (q] = 4.4 Hz, 1H), 7.96 (d] = 6.0 Hz, 1H), 7.74 (d] = 8.8 Hz,
2H), 7.57 (dJ = 2.9 Hz, 2H), 7.55 (d] = 2.7 Hz, 2H), 6.87 (d] = 9.1 Hz, 2H), 6.25
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(d,J=6.1 Hz, 1H), 3.75 — 3.71 (m, 4H), 3.65 (m, 4857 (m, , 4H), 3.03 — 2.99 (m,
4H), 2.76 (d,J = 4.5 Hz, 3H)*C NMR (101 MHz, DMSQde) & 166.75, 162.45,
160.02, 157.06, 155.11, 146.14, 143.60, 134.08,0828120.44, 118.81, 117.76,
116.10, 95.05, 66.67, 49.89, 43.79, 43.63. m.p7Z.26- 268.8°C. HPLC purity:
97.87%, retention time = 19.813 min. HRMS (ESI) An/[M + H]" calcd for

Cy7H32NgO3, 517.2670; found, 517.2693.

4.1.7.14.
Methyl-(4-(4-(2-((4-morpholinophenyl)amino)pyrinmed-yl)piperazine-1-carboxami
do)benzoyl)glycinate1dn). Synthesized using the procedure figta 0.2 g (0.59
mmol) of 11aand 0.24 g (0.72 mmol) df3n and 0.22 g (1.8 mmol) of DIPEA were
mixed and heated in 5 mL of DMF. Crude product wasified by column
chromatography on silica using mobile phase dicm@thane—-methanol (30:1, v/v)
to furnish14n as an off-white solid*H NMR (400 MHz, DMSOsdg) & 8.88 (s, 1H),
8.82 (s, 1H), 8.75 (J = 5.7 Hz, 1H), 7.96 (dJ = 5.9 Hz, 1H), 7.78 (d) = 8.7 Hz,
2H), 7.59 (dJ = 8.8 Hz, 2H), 7.56 (d] = 9.0 Hz, 2H), 6.86 (d] = 9.0 Hz, 2H), 6.25
(d, J=5.9 Hz, 1H), 3.99 (d] = 5.7 Hz, 2H), 3.77 — 3.71 (m, 4H), 3.65 (m, 8BIpS
(s, 3H), 3.06 — 2.96 (m, 4H)Y>C NMR (101 MHz, DMSQds) 5 171.04, 166.69,
162.43, 160.05, 157.14, 155.05, 146.10, 144.10,1134128.34, 127.00, 120.40,
118.81, 116.09, 95.04, 66.67, 52.16, 49.88, 4348®%K6, 41.64. m.p.: 150.6 — 153.2
°C. HPLC purity: 97.58%, retention time = 15.666 nHRMS (ESI) (m/z): [M + H]
calcd for GgHz4NgOs, 575.2725; found, 575.2741.
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4.1.7.15.
N-(4-(morpholine-4-carbonyl)phenyl)-4-(2-((4-morginophenyl)amino)pyrimidin-4-
yl)piperazine-1-carboxamidel4o). Synthesized using the procedure iarg 0.2 g
(0.59 mmol) ofllaand 0.23 g (0.72 mmol) dfS3oand 0.22 g (1.8 mmol) of DIPEA
were mixed and heated in 5 mL of DMF. Crude produat purified by column
chromatography on silica using mobile phase dicm@thane-methanol (30:1, v/v)
to furnish14oas a pale yellow solidH NMR (400 MHz, DMSOsg) § 8.83 (s, 1H),
8.82 (s, 1H), 7.95 (dl = 5.9 Hz, 1H), 7.56 (dd] = 8.7, 1.5 Hz, 4H), 7.33 (d,= 8.6
Hz, 2H), 6.86 (dJ = 9.0 Hz, 2H), 6.24 (d] = 6.1 Hz, 1H), 3.76 — 3.69 (m, 4H), 3.65
(m, 4H), 3.58 (m, 8H), 3.49 (m, 4H), 3.05 — 2.97, @h).°C NMR (101 MHz,
DMSO-dg) 6 169.64, 162.46, 160.04, 157.09, 155.21, 146.13.464 134.10, 128.79,
128.38, 120.44, 119.13, 116.11, 95.06, 66.67, 66810, 43.81. m.p.: 130.6 — 132.5
°C. HPLC purity: 98.99%, retention time = 17.016 nHRMS (ESI) (m/z): [M + H]

calcd for GoH3zeNgO4, 573.2932; found, 573.2946.

4.1.7.16.
N-(4-(methylsulfonyl)phenyl)-4-(2-((4-morpholinopg§amino)pyrimidin-4-yl)piper
azine-1-carboxamideldp). Synthesized using the procedureIdg 0.2 g (0.59
mmol) of11aand 0.21 g (0.72 mmol) af3p and 0.22 g (1.8 mmol) of DIPEA were
mixed and heated in 5 mL of DMF. Crude product yasfied by column
chromatography on silica using mobile phase didm@thane-methanol (30:1, v/v)
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to furnish14p as a pale yellow solidH NMR (600 MHz, DMSO#dg) § 9.12 (s, 1H),
8.86 (s, 1H), 7.96 (d] = 5.9 Hz, 1H), 7.79 (d] = 8.8 Hz, 2H), 7.74 (d] = 8.8 Hz,
2H), 7.56 (d,) = 8.8 Hz, 2H), 6.87 (d] = 8.9 Hz, 2H), 6.25 (d] = 6.0 Hz, 1H), 3.75
—3.71 (m, 4H), 3.66 (s, 4H), 3.59 (m, 4H), 3.153(d), 3.05 — 2.98 (m, 4H)’C
NMR (101 MHz, DMSQdg) 6 162.45, 160.08, 157.18, 154.85, 146.11, 145.90,
134.12, 133.43, 128.31, 120.41, 119.16, 116.1049%6.67, 49.89, 44.42, 43.82,
43.73. m.p.: 261.4 — 262°6. HPLC purity: 99.85%, retention time = 21.401 min

HRMS (ESI) (m/z): [M + H] calcd for GgH31N-O4S, 538.2231; found, 538.2225.

4.1.7.17.
4-(2-((4-morpholinophenyl)amino)pyrimidin-4-yl)-M-6ulfamoylphenyl)piperazine-1
-carboxamide 14q). Synthesized using the procedure idig, 0.2 g (0.59 mmol) of
1laand 0.21 g (0.72 mmol) df3g and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B@il, v/v) to furnishl4q as a
pale yellow solid'H NMR (400 MHz, DMSOdg) & 9.00 (s, 1H), 8.93 (s, 1H), 7.95 (d,
J=5.7 Hz, 1H), 7.70 (d] = 8.6 Hz, 2H), 7.65 (d] = 8.6 Hz, 2H), 7.55 (d] = 8.5 Hz,
2H), 7.19 (s, 2H), 6.87 (d = 8.5 Hz, 2H), 6.27 (dJ = 5.8 Hz, 1H), 3.73 (m, 4H),
3.67 (m, 4H), 3.59 (m, 4H), 3.02 (m, 4HJC NMR (101 MHz, DMSOde) § 162.41,
159.71, 156.57, 155.00, 146.27, 144.18, 137.24,8433130.12, 126.82, 120.61,
119.10, 116.10, 95.09, 66.66, 49.85, 43.75. m.pa.@ — 238.2°C. HPLC purity:
99.76%, retention time = 19.679 min. HRMS (ESI) Am/[M + H]" calcd for
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CasH30Ns04S, 539.2183; found, 539.2202.

4.1.7.18.
N-(3-cyanophenyl)-4-(2-((4-morpholinophenyl)aming)midin-4-yl)piperazine-1-ca
rboxamide {4r). Synthesized using the procedure Idig, 0.2 g (0.59 mmol) olla
and 0.17 g (0.72 mmol) df3r and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B0i1, v/v) to furnishl4r as a
white solid.*H NMR (400 MHz, DMSO¢s) § 8.83 (s, 1H), 8.82 (s, 1H), 7.95 (=
5.9 Hz, 1H), 7.56 (dd] = 8.7, 1.5 Hz, 4H), 7.33 (d,= 8.6 Hz, 2H), 6.86 (d] = 9.0
Hz, 2H), 6.24 (dJ = 6.1 Hz, 1H), 3.76 — 3.69 (m, 4H), 3.65 (m, 4B)F8 (M, 8H),
3.49 (m, 4H), 3.05 — 2.97 (m, 4HJC NMR (101 MHz, DMSQde) & 162.43, 160.05,
157.16, 155.00, 146.10, 141.93, 134.10, 130.28,6225124.36, 122.44, 119.43,
116.09, 111.64, 95.03, 66.66, 49.88, 43.72. m.p4.2— 206.7°C. HPLC purity:
97.19%, retention time = 19.537 min. HRMS (ESI) An/[M + H]" calcd for

Ca6H28N50,, 485.2408; found, 485.2420.

4.1.7.19.
4-(2-((4-morpholinophenyl)amino)pyrimidin-4-yl)-I8-(trifluoromethyl)phenyl)piper
azine-1-carboxamidelds). Synthesized using the procedure fgta 0.2 g (0.59
mmol) of 11aand 0.20 g (0.72 mmol) df3sand 0.22 g (1.8 mmol) of DIPEA were
mixed and heated in 5 mL of DMF. Crude product wasified by column
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chromatography on silica using mobile phase dicm@thane—-methanol (30:1, v/v)
to furnish14sas a white solidtH NMR (400 MHz, DMSOds) 6 8.93 (s, 1H), 8.82 (s,
1H), 7.96 (m, 2H), 7.77 (d} = 8.6 Hz, 1H), 7.56 (d] = 9.0 Hz, 2H), 7.48 () = 8.0
Hz, 1H), 7.28 (dJ = 7.7 Hz, 1H), 6.86 (d] = 9.0 Hz, 2H), 6.25 (d] = 6.1 Hz, 1H),
3.76 — 3.71 (m, 4H), 3.66 (m, 4H), 3.59 (m, 4HPEB- 2.96 (M, 4H)*C NMR (101
MHz, DMSO-dg) 6 162.45, 160.02, 157.05, 155.11, 146.15, 141.88,00/3 129.97,
129.76, 123.42, 123.27, 120.45, 118.41, 116.10,8¥195.06, 66.67, 49.89, 43.73.
m.p.: 223.3 — 225.9C. HPLC purity: 96.70%, retention time = 19.668 nmRMS

(ESI) (M/z): [M + HT calcd for GgH2gFsN-0,, 528.2329; found, 528.2333.

4.1.7.20.
4-(2-((4-morpholinophenyl)amino)pyrimidin-4-yl)-I2-(trifluoromethyl)phenyl)piper
azine-1-carboxamidel4t). Synthesized using the procedure fiota 0.2 g (0.59
mmol) of 11aand 0.20 g (0.72 mmol) df3t and 0.22 g (1.8 mmol) of DIPEA were
mixed and heated in 5 mL of DMF. Crude product wasified by column
chromatography on silica using mobile phase dicm@thane—-methanol (30:1, v/v)
to furnish14t as a white solid‘H NMR (400 MHz, DMSO#g) § 8.82 (s, 1H), 8.33 (s,
1H), 7.95 (d,J = 6.0 Hz, 1H), 7.73 — 7.60 (m, 2H), 7.56 {d= 9.0 Hz, 2H), 7.49 —
7.37 (m, 2H), 6.86 (d] = 9.0 Hz, 2H), 6.24 (d] = 6.0 Hz, 1H), 3.77 — 3.69 (m, 4H),
3.63 (M, 4H), 3.55 (m, 4H), 3.07 — 2.95 (m, 485¢ NMR (101 MHz, DMSQds) 5
162.53, 160.06, 157.13, 156.36, 146.12, 142.87,7¥37133.18, 131.03, 126.76,
126.50, 120.40, 116.12, 95.11, 66.6, 49.90, 4348674. m.p.. 218.1 — 220°C.
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HPLC purity: 96.78%, retention time = 18.714 mirRMS (ESI) (m/z): [M + HJ

calcd for GgHogFsN-O,, 528.2329; found, 528.2343.

4.1.7.21.
N-(3-acetylphenyl)-4-(2-((4-morpholinophenyl)amiogimidin-4-yl)piperazine-1-ca
rboxamide {4u). Synthesized using the procedure Idig 0.2 g (0.59 mmol) otla
and 0.18 g (0.72 mmol) df3u and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B@il, v/v) to furnishl4u as a
white solid.*H NMR (600 MHz, DMSO)s 8.86 (s, 1H), 8.85 (s, 1H), 8.07 (s, 1H),
7.96 (d,J = 6.0 Hz, 1H), 7.80 (d] = 8.1 Hz, 1H), 7.57 (d] = 8.7 Hz, 3H), 7.41 (] =
7.9 Hz, 1H), 6.87 (dJ = 8.9 Hz, 2H), 6.25 (d] = 6.0 Hz, 1H), 3.76 — 3.70 (m, 4H),
3.66 (M, 4H), 3.58 (m, 4H), 3.05 — 2.96 (m, 4HBR(s, 3H)°C NMR (101 MHz,
DMSO-dg) 6 198.26, 162.47, 160.06, 157.14, 155.29, 146.12,4D4 137.56, 134.12,
129.20, 124.51, 120.42, 119.25, 116.10, 95.05,6&5.38, 49.90, 43.74, 27.19. m.p.:
232.7 — 235.PC. HPLC purity: 99.46%, retention time = 17.923 ni#RMS (ESI)

(M/z): [M + HJ" calcd for G7H3gN;Os, 502.2561; found, 502.2567.

4.1.7.22.
N-(2-acetylphenyl)-4-(2-((4-morpholinophenyl)amiogimidin-4-yl)piperazine-1-ca
rboxamide {4v). Synthesized using the procedure Idig, 0.2 g (0.59 mmol) olla
and 0.18 g (0.72 mmol) df3v and 0.22 g (1.8 mmol) of DIPEA were mixed and
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heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane-meth&B@il, v/v) to furnishl4v as a
white solid.*H NMR (600 MHz, DMSO) 11.34 (s, 1H), 8.89 (s, 1H), 8.43 (=
8.5 Hz, 1H), 8.04 (ddJ] = 8.0, 1.3 Hz, 1H), 7.96 (d,= 6.0 Hz, 1H), 7.68 — 7.50 (m,
3H), 7.14 — 7.03 (m, 1H), 6.88 (d,= 8.9 Hz, 2H), 6.24 (d] = 6.0 Hz, 1H), 3.80 —
3.67 (m, 8H), 3.66 — 3.53 (M, 4H), 3.08 — 2.95 4iH), 2.67 (s, 3H)'*C NMR (101
MHz, DMSO-dg) 6 203.90, 162.37, 160.04, 157.12, 154.42, 146.09,514 135.16,
134.11, 132.74, 121.93, 120.34, 119.58, 116.13)0%H66.67, 49.89, 43.45, 43.13,
29.05. m.p.: 230.1 — 233°C. HPLC purity: 99.34%, retention time = 19.059 min

HRMS (ESI) (m/z): [M + H] calcd for G/H3gN7Os, 502.2561; found, 502.2579.

4.1.7.23.
N-(3-carbamoylphenyl)-4-(2-((4-morpholinophenyl)ao)pyrimidin-4-yl)piperazine-
1-carboxamide ¥4w). Synthesized using the procedure Idg 0.2 g (0.59 mmol) of
1laand 0.18 g (0.72 mmol) dBw and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane-meth&B@i1, v/v) to furnishLl4w as a
white solid."H NMR (600 MHz, DMSO#dg) & 8.86 (s, 1H), 8.85 (s, 1H), 8.07 (s, 1H),
7.96 (d,J = 5.9 Hz, 1H), 7.80 (d] = 8.0 Hz, 1H), 7.57 (d] = 8.8 Hz, 3H), 7.41 (] =
8.0 Hz, 1H), 6.87 (dJ = 8.8 Hz, 2H), 6.25 (d] = 6.0 Hz, 1H), 3.74 — 3.72 (m, 4H),
3.66 (s, 4H), 3.58 (m, 4H), 3.04 — 3.00 (m, 4HH52(s, 3H).2*C NMR (101 MHz,
DMSO-dg) 6 168.52, 162.42, 156.55, 155.34, 146.21, 140.9%,163 130.11, 128.57,

51



122.77, 120.41, 119.80, 116.09, 95.09, 66.66, 494383, 43.74. m.p.: 245.5 - 247.5
°C. HPLC purity: 96.51%, retention time = 15.982 nHiRMS (ESI) (m/z): [M + H]

calcd for GegHzgNgOs, 503.2514; found, 503.2523.

4.1.7.24.
N-(2-carbamoylphenyl)-4-(2-((4-morpholinophenyl)ao)pyrimidin-4-yl)piperazine-
1-carboxamide4x). Synthesized using the procedureIds 0.2 g (0.59 mmol) of
1laand 0.18 g (0.72 mmol) dBx and 0.22 g (1.8 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigdcblumn chromatography on
silica using mobile phase dichloromethane—-methéll, v/v) to furnisil4x as a
white solid.'H NMR (600 MHz, DMSO#€g) 5 11.34 (s, 1H), 8.89 (s, 1H), 8.43 (d=
8.5 Hz, 1H), 8.04 (dd] = 8.0, 1.3 Hz, 1H), 7.96 (d,= 6.0 Hz, 1H), 7.59 (d] = 7.3
Hz, 1H), 7.58 — 7.53 (m, 2H), 7.11 — 7.07 (m, 16488 (d,J = 8.9 Hz, 2H), 6.24 (d]

= 6.0 Hz, 1H), 3.76 — 3.69 (m, 8H), 3.64 — 3.59 4ir), 3.05 — 2.99 (m, 4H), 2.67 (s,
3H). 3%C NMR (101 MHz, DMSQdg) 6171.94, 162.40, 159.99, 157.05, 154.46,
146.12, 142.26, 134.08, 132.76, 128.95, 120.98,372019.74, 118.21, 116.14,
95.02, 66.66, 49.89, 43.52, 43.12. m.p.: 191.42:3%C. HPLC purity: 96.36%,
retention time = 18.562 min. HRMS (ESI) (m/z): [VH}" calcd for GgH3oNgOs,

503.2514; found, 503.2533.

4.1.7.25.
N-(4-acetylphenyl)-4-(2-((4-(4-methylpiperazin-)pylenyl)amino)pyrimidin-4-yl)pip
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erazine-1-carboxamidelfa). Synthesized using the procedureIdg 0.2 g (0.57
mmol) of11band 0.17 g (0.68 mmol) df3j and 0.22 g (1.71 mmol) of DIPEA were
mixed and heated in 5 mL of DMF. Crude product yasfied by column
chromatography on silica using mobile phase didm@thane-methanol (20:1, v/v)
to furnish15aas a white solid‘H NMR (600 MHz, DMSOds) & 9.02 (s, 1H), 8.84 (s,
1H), 7.95 (d,J = 6.0 Hz, 1H), 7.88 (dl = 8.8 Hz, 2H), 7.64 (d] = 8.8 Hz, 2H), 7.54
(d, J=9.0 Hz, 2H), 6.86 (dl = 9.0 Hz, 2H), 6.24 (d] = 6.0 Hz, 1H), 3.66 (s, 4H),
3.60 — 3.57 (m, 4H), 3.07 — 3.02 (m, 4H), 2.51 4id), 2.48 (s, 3H), 2.24 (s, 3HJC
NMR (101 MHz, DMSQdg) 6 196.83, 162.44, 160.07, 157.16, 154.88, 146.07,
145.74, 133.83, 130.78, 129.68, 120.40, 118.67,361®4.99, 55.14, 49.39, 46.13,
43.82, 43.75, 26.79. m.p.: 238.1 — 2488 HPLC purity: 97.51%, retention time =
19.632 min. HRMS (ESI) (m/z): [M + Hlcalcd for GgHz4NgO,, 515.2877; found,

515.2894.

4.1.7.26.
N-(4-carbamoylphenyl)-4-(2-((4-(4-methylpiperaziy)phenyl)amino)pyrimidin-4-y
lpiperazine-1-carboxamidelbb). Synthesized using the procedure fatg 0.2 g
(0.57 mmol) ofllband 0.17 g (0.68 mmol) df3l and 0.22 g (1.71 mmol) of DIPEA
were mixed and heated in 5 mL of DMF. Crude produat purified by column
chromatography on silica using mobile phase dicm@thane—-methanol (20:1, v/v)
to furnish15b as a white solid'H NMR (400 MHz, DMSOeg) & 8.83 (d,J = 11.7 Hz,
2H), 7.95 (dJ = 5.9 Hz, 1H), 7.87 — 7.81 (m, 1H), 7.78 {c= 8.7 Hz, 2H), 7.58 —
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7.52 (m, 4H), 7.16 (s, 1H), 6.85 (#l= 8.7 Hz, 2H), 6.24 (d] = 6.0 Hz, 1H), 3.62 (m,
8H), 3.04 (s, 4H), 2.46 (s, 4H), 2.22 (s, 3HC NMR (101 MHz, DMSGds) 5
168.03, 162.45, 160.07, 157.15, 155.10, 146.01,8D43133.87, 128.99, 128.53,
127.72, 120.40, 120.26, 118.70, 117.64, 116.80,39185.00, 60.84, 55.07, 50.84,
49.32, 46.01, 43.38. m.p.: 250.3 — 25223 HPLC purity: 99.70%, retention time =
16.850 min. HRMS (ESI) (m/z): [M + H]calcd for G;H33NgO,, 516.2830; found,

516.2852.

4.1.7.27.
4-(2-((4-(4-methylpiperazin-1-yl)phenyl)amino)pyidin-4-yl)-N-(4-sulfamoylphenyl
)piperazine-1-carboxamidel%c). Synthesized using the procedure fita 0.2 g
(0.57 mmol) ofl1b and 0.20 g (0.68 mmol) df3qand 0.22 g (1.71 mmol) of DIPEA
were mixed and heated in 5 mL of DMF. Crude produat purified by column
chromatography on silica using mobile phase dicm@thane—-methanol (20:1, v/v)
to furnish15cas a white solidH NMR (400 MHz, DMSOdg) § 8.99 (s, 1H), 8.82 (s,
1H), 7.95 (dJ = 6.0 Hz, 1H), 7.70 (d] = 8.7 Hz, 2H), 7.65 (d] = 8.9 Hz, 2H), 7.54
(d, J = 8.7 Hz, 2H), 7.18 (s, 2H), 6.85 @@= 8.9 Hz, 2H), 6.24 (d] = 6.0 Hz, 1H),
3.62 (m,8H), 3.04 (s, 4H), 2.47 (s, 4H), 2.23 (4).3°C NMR (101 MHz, DMSQdy)

0 167.45, 162.46, 160.08, 157.16, 155.00, 146.04,1B4 137.24, 137.24, 132.05,
129.12, 126.82, 120.42, 119.09, 116.40, 95.01,9%763.56, 55.05, 49.29, 45.96,
43.79. m.p.: 182.9 — 184%&. HPLC purity: 98.14%, retention time = 16.898 min
HRMS (ESI) (m/z): [M + H] calcd for GgHa3NgOsS, 552.2500; found, 552.2507.
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4.1.7.28.
N-(4-acetylphenyl)-4-(2-((4-(2-(pyrrolidin-1-yl)atky)phenyl)amino)pyrimidin-4-yl)p
iperazine-1-carboxamidd§a). Synthesized using the procedureldg 0.2 g (0.54
mmol) of11eand 0.17 g (0.65 mmol) df3aand 0.21 g (1.62 mmol) of DIPEA were
mixed and heated in 5 mL of DMF. Crude product pasfied by column
chromatography on silica using mobile phase didm@thane—-methanol (15:1, v/v)
to furnish16aas a white solid‘H NMR (400 MHz, DMSOds) 6 9.10 (s, 1H), 8.91 (s,
1H), 7.97 (d, = 6.0 Hz, 1H), 7.87 (d] = 8.6 Hz, 2H), 7.67 (d] = 8.6 Hz, 2H), 7.60
(d, J = 8.8 Hz, 2H), 6.87 (d] = 8.8 Hz, 2H), 6.27 (dl = 6.0 Hz, 1H), 4.11 (] = 5.2
Hz, 2H), 3.65 (s, 4H), 3.60 (d,= 4.0 Hz, 4H), 3.03 (s, 2H), 2.80 (s, 4H), 2.513(),
1.78 (s, 4H).13C NMR (101 MHz, DMSQdg) 6 196.85, 162.45, 160.03, 157.13,
154.94, 152.88, 145.81, 135.21, 130.77, 129.64,/82018.71, 114.96, 95.28, 72.98,
65.55, 63.55, 54.27, 54.00, 43.85, 43.78, 26.78123n.p.: 125.2 — 127°&. HPLC
purity: 97.01%, retention time = 19.953 min. HRMES() (m/z): [M + HJ calcd for

CaoH35N703, 530.2874; found, 530.2870.

4.1.7.29.
N-(4-carbamoylphenyl)-4-(2-((4-(2-(pyrrolidin-1-gthoxy)phenyl)amino)pyrimidin-4
-yl)piperazine-1-carboxamidel§b). Synthesized using the procedure fda 0.2 g
(0.54 mmol) oflleand 0.17 g (0.65 mmol) df3l and 0.21 g (1.62 mmol) of DIPEA
were mixed and heated in 5 mL of DMF. Crude produat purified by column
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chromatography on silica using mobile phase dicmn@thane—-methanol (15:1, v/v)
to furnish16b as a white solidtH NMR (400 MHz, DMSOds) 6 9.51 (s, 1H), 8.91 (s,
1H), 8.90 (s, 1H), 7.97 (d,= 5.6 Hz, 1H), 7.84 (s, 1H), 7.78 #= 8.6 Hz, 2H), 7.57
(d, J = 8.3 Hz, 2H), 7.18 (d] = 9.5 Hz, 2H), 6.88 (d] = 8.5 Hz, 2H), 6.27 (d] = 5.6
Hz, 1H), 4.12 (s, 2H), 3.65 (s, 4H), 3.59 (s, 489 (s, 2H), 2.86 (s, 4H), 1.79 (s,
4H).13C NMR (101 MHz, DMSQds) 6 168.00, 163.01, 161.66, 155.01, 152.65,
147.60, 143.69, 135.09, 128.99, 128.55, 128.02,8627118.73, 117.60, 115.58,
96.16, 64.05, 54.32, 53.35, 51.15, 50.98, 43.65%323.00. m.p.: 211.2 — 213a.
HPLC purity: 99.35%, retention time = 18.574 mirRMS (ESI) (m/z): [M + HJ

calcd for GgH34NgOs, 531.2827; found, 531.2829.

4.1.7.30.
4-(2-((4-(2-(pyrrolidin-1-yl)ethoxy)phenyl)aminoyjyidin-4-yl)-N-(4-sulfamoylphen
yl)piperazine-1-carboxamidel§c). Synthesized using the procedure f@ka 0.2 g
(0.54 mmol) oflleand 0.19 g (0.65 mmol) df3g and 0.21 g (1.62 mmol) of DIPEA
were mixed and heated in 5 mL of DMF. Crude produat purified by column
chromatography on silica using mobile phase dicm@thane—-methanol (15:1, v/v)
to furnish16c as a white solid*H NMR (400 MHz, DMSO)5 9.03 (s, 1H), 8.90 (s,
1H), 7.96 (dJ = 6.0 Hz, 1H), 7.70 (d] = 8.8 Hz, 2H), 7.66 (d] = 8.9 Hz, 2H), 7.59
(d, J = 8.8 Hz, 2H), 7.19 (s, 2H), 6.86 (@ = 8.8 Hz, 2H), 6.26 (d] = 6.0 Hz, 1H),
4.06 (t,J = 5.5 Hz, 2H), 3.66 (s, 4H), 3.59 (s, 4H), 2.902d), 2.66 (s, 4H), 1.73 (s,
4H).13C NMR (101 MHz, DMSQds) 6 162.45, 160.05, 157.15, 153.17, 150.16,
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144.19, 137.23, 135.00, 134.98, 126.82, 120.77,081914.84, 95.24, 54.59, 54.44,
43.84, 43.78, 23.47. m.p.: 155.2 — 15%C1 HPLC purity: 99.09%, retention time =
13.393 min. HRMS (ESI) (m/z): [M + H]calcd for G/H34NgO4S, 567.2496; found,

567.2510.

4.1.7.31.
N-(4-acetylphenyl)-4-(2-((4-thiomorpholinophenyljao)pyrimidin-4-yl)piperazine-1
-carboxamide 17a). Synthesized using the procedure dig 0.2 g (0.56 mmol) of
11dand 0.17 g (0.67 mmol) df3j and 0.22 g (1.68 mmol) of DIPEA were mixed and
heated in 5 mL of DMF. Crude product was purifigddolumn chromatography on
silica using mobile phase dichloromethane—-meth&B@il, v/v) to furnishl7a as a
pale yellow solid'H NMR (600 MHz, DMSOdg) & 9.06 (s, 1H), 8.91 (s, 1H), 7.96 (d,
J=6.0 Hz, 1H), 7.88 (d] = 8.6 Hz, 2H), 7.65 (d] = 8.6 Hz, 2H), 7.55 (d] = 8.8 Hz,
2H), 6.86 (d,J = 8.8 Hz, 2H), 6.26 (d] = 6.0 Hz, 1H), 3.66 (s, 4H), 3.59 (s, 4H), 3.38
(m, 4H), 3.35 (s, 3H), 2.73 — 2.66 (m, 4L NMR (101 MHz, DMSQde) & 196.84,
162.42, 159.82, 156.79, 154.89, 146.30, 145.75,0134130.80, 129.68, 120.59,
118.68, 117.81, 95.10, 65.97, 52.66, 43.83, 432B365. m.p.: 273.6 — 276.LC.
HPLC purity: 98.45%, retention time = 20.589 mirRMS (ESI) (m/z): [M + HJ

calcd for G/H31N7O,S, 518.2333; found, 518.2316.

4.1.7.32.
N-(4-acetylphenyl)-4-(2-((4-(4-methylpiperidin-Jpthenyl)amino)pyrimidin-4-yl)pip
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erazine-1-carboxamidel@a). Synthesized using the procedure 1@ 0.2 g (0.57
mmol) of 11cand 0.17 g (0.68 mmol) df3j and 0.22 g (1.71 mmol) of DIPEA were
mixed and heated in 5 mL of DMF. Crude product wasified by column
chromatography on silica using mobile phase dicm@thane—methanol (30:1, v/v)
to furnish18aas a pale yellow solidH NMR (400 MHz, DMSOdg) § 9.00 (s, 1H),
8.80 (s, 1H), 7.95 (d] = 6.0 Hz, 1H), 7.88 (d] = 8.6 Hz, 2H), 7.64 (d] = 8.6 Hz,
2H), 7.52 (dJ = 8.8 Hz, 2H), 6.85 (d] = 8.8 Hz, 2H), 6.23 (d] = 6.0 Hz, 1H), 3.65
(s, 4H), 3.59 (s, 4H), 3.52 (d= 11.9 Hz, 2H), 2.55 (dl = 11.6 Hz, 2H), 2.51 (s, 3H),
1.68 (d,J = 12.0 Hz, 2H), 1.51 — 1.39 (m, 1H), 1.27 — 1.48 BH), 0.94 (d,]) = 6.4
Hz, 3H).13C NMR (101 MHz, DMSQd) 6 196.83, 162.44, 160.02, 157.02, 154.89,
146.74, 145.74, 133.48, 130.80, 129.68, 120.51,681816.92, 94.96, 50.41, 43.83,
43.77, 34.26, 30.63, 26.79, 22.29. m.p.: 244.6 6.249C. HPLC purity: 99.10%,
retention time = 19.474 min. HRMS (ESI) (m/z): [MH]" calcd for GgH3sN7O,,

514.2925; found, 514.2938.

4.1.7.33.
N-(4-acetylphenyl)-4-(2-((4-(3-(pyrrolidin-1-yl)ppoxy)phenyl)amino)pyrimidin-4-yl
)piperazine-1-carboxamidel®a). Synthesized using the procedure fota 0.2 g
(0.52 mmol) ofllf and 0.16 g (0.63 mmol) df3j and 0.20 g (1.56 mmol) of DIPEA
were mixed and heated in 5 mL of DMF. Crude produats purified by column
chromatography on silica using mobile phase dicm@thane—-methanol (15:1, v/v)
to furnish19aas a pale yellow solidH NMR (600 MHz, DMSOdg) § 9.01 (s, 1H),

58



8.91 (s, 1H), 7.96 (d] = 6.0 Hz, 1H), 7.88 (d] = 8.9 Hz, 2H), 7.64 (d] = 8.9 Hz,
2H), 7.59 (dJ = 9.0 Hz, 2H), 6.85 (d] = 9.0 Hz, 2H), 6.27 (d] = 6.0 Hz, 1H), 4.04
(m, 2H), 3.59 (m, 4H), 3.58 (m, 4H), 3.34 (m, 48)51 (m, 5H), 1.53 (m, 4H), 1.40
(m, 2H).13C NMR (101 MHz, DMSQdg) 6 196.82, 162.42, 159.97, 157.08, 154.88,
153.32, 147.55, 145.73, 134.82, 130.79, 129.68,7/81918.66, 114.81, 95.42, 66.65,
54.04, 43.81, 43.75, 26.79. m.p.: 150.6 — 188.3HPLC purity: 97.58%, retention
time = 14.654 min. HRMS (ESI) (m/z): [M + Htalcd for G4H,7NgOsS, 544.3031;

found, 544.3048.

4.1.7.34.
N-(4-acetylphenyl)-4-(2-((4-(2-morpholinoethoxy)piiBamino)pyrimidin-4-yl)piper
azine-1-carboxamide20a). Synthesized using the procedure figta 0.2 g (0.52
mmol) of 11gand 0.16 g (0.62 mmol) df3j and 0.20 g (1.56 mmol) of DIPEA were
mixed and heated in 5 mL of DMF. Crude product wasified by column
chromatography on silica using mobile phase dicm@thane—-methanol (15:1, v/v)
to furnish20aas a pale yellow solidH NMR (600 MHz, DMSOdg) § 9.02 (s, 1H),
8.92 (s, 1H), 7.96 (d] = 6.0 Hz, 1H), 7.88 (d] = 8.8 Hz, 2H), 7.64 (d] = 8.8 Hz,
2H), 7.59 (dJ = 9.0 Hz, 2H), 6.86 (d] = 9.0 Hz, 2H), 6.27 (d] = 6.0 Hz, 1H), 4.04
(t, J = 5.7 Hz, 2H), 3.66 (m, 4H), 3.59 (m, 8H), 3.35 @#l), 2.71 (m, 2H), 2.51 (m,
5H).13C NMR (101 MHz, DMSQds) 6 196.82, 162.42, 159.97, 157.08, 154.88,
153.32, 147.25, 145.73, 134.82, 130.79, 129.68,/82018.66, 114.81, 95.22, 66.55,
54.04, 43.81, 43.75, 26.79. m.p.: 201.7 — 208.9HPLC purity: 98.78%, retention
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time = 13.826 min. HRMS (ESI) (m/z): [M + HEalcd for GgH3sN,O4, 546.2823;

found, 546.2832.

4.1.7.35.
N-(4-acetylphenyl)-4-(2-((4-(3-morpholinopropoxygplyl)amino)pyrimidin-4-yl)pipe
razine-1l-carboxamide2(a). Synthesized using the procedure fara 0.2 g (0.50
mmol) of 11f and 0.15 g (0.60 mmol) df3j and 0.19 g (1.50 mmol) of DIPEA were
mixed and heated in 5 mL of DMF. Crude product wasified by column
chromatography on silica using mobile phase dicmw@thane—-methanol (15:1, v/v)
to furnish2laas a pale yellow solidH NMR (600 MHz, DMSOdg) § 9.12 (s, 1H),
8.94 (s, 1H), 7.96 (d] = 6.0 Hz, 1H), 7.88 (d] = 8.8 Hz, 2H), 7.64 (d] = 8.8 Hz,
2H), 7.59 (dJ = 9.0 Hz, 2H), 6.85 (d] = 9.0 Hz, 2H), 6.27 (d] = 6.0 Hz, 1H), 3.97
(t, J = 5.7 Hz, 2H), 3.67 (m, 8H), 3.60 (m, 4H), 3.35, @hl), 2.68 (m, 2H), 2.51 (m,
5H), 1.96 (m, 2H)**C NMR (101 MHz, DMSQds) § 196.82, 162.42, 160.05, 157.15,
154.88, 153.52, 145.74, 134.71, 130.77, 129.68,/62018.66, 114.71, 95.17, 66.67,
66.37, 55.43, 53.86, 43.82, 43.75, 26.80, 26.4B.:rt39.6 — 141.7C. HPLC purity:
94.42%, retention time = 14.295 min. HRMS (ESI) An/[M + H]" calcd for
CsoH37N704, 560.2980; found, 560.2988.
4.2. Biological section
4.2.1. In vitro enzyme assay

Enzymatic activity assay against JAK2 (Carna) ahd@i3~(Carna) was carried
out by a well-established mobility shift assay (&jteai, ChemPartner). The kinase
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base buffer was consist of 50mM HEPES (pH 7.5)01606 Brij-35. The stop buffer
contained a mixture of 100mM HEPES (pH 7.5), 0.01B%-35, 0.2% Coating
Reagent #3 and 50mM EDTA.

Initially, the tested compounds were diluted toféla of the desired highest
concentration in reaction by 100% DMSO. The testechpound dilution (10QL)
was transferred into a well in 96-well plate. Therg controls were formed by adding
100 mL of 100% DMSO to two empty wells, which waarked as source plate. The
intermediate plate was prepared by transferringlL6f compound from source plate
to a new 96-well plate. In the intermediate platgitional 9QuL of kinase buffer was
added to each well. The intermediate plate was sd/&yr 10 min. Then, hL of each
well from the 96-well intermediate plate were trf@ned to a 384-well plate in
duplicates as the assay plate. In the each we3Bdfwell assay plate, the prepared
enzyme solution (appropriate kinase in kinase bagier) was added. The plate was
then incubated at room temperature for 10 min. rAftet, the addition 1QL of
prepared peptide solution (FAM-labeled peptide Amé in kinase base buffer) was
added. The sample was incubated at@8®or 1h, then 2L of stop buffer was added.
The conversion data was copied from Caliper progeand the values were converted
to inhibition values. Percent inhibition = (max-e@nsion)/(max-min)x100. Data was
presented in MS Excel and the curves fitted by Xkficel add-in version 5.4.0.8.
Equation is: Y=Bottom + (Top-Bottom)/(1+(kgX) HillSlope)

4.2.2. Cell viability assays
Cell proliferation was evaluated using a CCK-8 gdsw the safety evaluation
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center of Shenyang Research Institute of Chemiwidtry (Shenyang, China). The
cancer cell lines were cultured in RPMI 1640 (Cog)icomplete culture medium
containing 10% fetal bovine serum (FBS) and 1% qkini/streptomycin. Cells (HEL
3000 cells/well, MV4-11 5000 cells/well and HL600&Dcells/well) were grown in
96-well culture plates. Increasing concentratioh@mpounds were added to the
plates. Cell proliferation was determined afteatneent with the compounds for 72 h.
Cell viability was measured using CCK-8 accordinghte manufacturer’s instructions,
15 uL of CCK-8 (Solarbio) was added to each well anel d¢klls were then incubated
for an additional 3 h. The plates were read at 4B0 on the microplate
spectrophotometer (Synergy HT, BioTek). The inldpitrate on cell proliferation was
calculated as % inhibition rate = (LshpidAcontro)*100. The data were normalized to
the control groups (DMSO) and represented as thanm@f three independent
measurements with standard errors of <20%; V@lues were calculated using Prism
5.0 (GraphPad Software).
4.2.3. Cell-Cycle Assay

The Cell-Cycle Assay was done by Shenyang Takavte&8h. Subconfluent HEL
cells were treated with test compounds at differemmcentrations for 72 h. The
cultures were pulse-labeled with i 5-bromo-2’-deoxyuridine (BrdU) for 30 min
at 37°C prior to harvest. The cells were subsequentiyhedsn PBS, fixed with 70%
ethanol, and denatured in 2 M HCI. Following neligedion, the cells were stained
with anti-BrdU fluorescein-labeled antibodies, weghstained with propidium iodide,
and analyzed by flow cytometry with a 488 nm lg&&ell Lab Quanta SC, Beckman
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Coulter, Brea, CA). Cell-cycle analyses were madth va FACScan cytometer
(FACSCalibun, Becton Dickinson, Franklin Lakes, NJ)
4.2.4. Cell-Apoptosis Assays

The apoptosis of the HEL cells was determined byAamexin V-FITC/PI
assay’ Cells (3x10 cells/mL) were seeded in 6-well plate and weretéeavith
varying concentrations of an inhibitor for 72 h. Héells were harvested and washed
twice with cold PBS buffer. Cell cycle analysisléols the directions of the PI/RNase
staining solution (Shenyang Takara Biotech). Thikected cells were fixed in 70%
ethanol for 1 h. Then cells were stained in prapidiiodide (PI) solution at room
temperature in the dark for 30 min. In the annéxiapoptosis assay, cell samples
were re-suspended in binding buffer (apoptosisyaislkit from Shenyang Takara
Biotech) and incubated with annexin-V and propidicide solution protected from
light. The samples in both assays were analyzengusiFACS Calibur Cytometer
(Becton Dickinson, San Jose, CA, USA). The uppdr derner of the quadrant
represents debris, the lower left is live cellg thpper right is advanced-apoptotic or
necrotic cells, and the lower right is apoptotitsce
4.3. Molecular docking

The molecules were built using Maestro, version3®8, or converted to 3D
structures from the 2D structure using LigPrepsier 2.1.207. The JAK2 (PDB
entry 4AQC)and FLT3 (PDB entry 4XUF) X-ray structures were dévaded from
the Protein Data Bank (PDB, http://www.rcsb.orgfhe protein structures were
prepared using the protein preparation wizard irdfi@ with standard settings. Grids
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were generated using Glide, version 4.5.208, faligwthe standard procedure
recommended by Schrédinger. The conformationalrebhks were docked flexibly
using Glide with standard settings in both standard extra precision mode. Only
poses with low energy conformations and good hyeinogond geometries were
considered. Figures were drawn using PyMOL (verdiof). The t-PSA values were
calculated using Marvin Sketch, version 6.1.0, widndard settings.
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Highlights

. A series of novel 4-piperazinyl-2-aminopyrimidine derivatives were firstly
designed and synthesized as JAK2/FLT3 dual inhibitors.

Compound 14j showed the most balanced antiproliferative activity against JAK2
and FLT3 with the I1Csp value of 27 nM and 30 nM, respectively.

Compound 14j showed good inhibition against HEL and moderate inhibition
against MV4-11 and HL60.

14j arrested cell cycle in G1/S phase and induced the apoptosis of HEL cellsin a

dose-dependent manner.



