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Abstract

A series of 2,4-diarylaminopyrimidine derivativeontaining dithiocarbamate
moiety were designed by molecular hybridizationatstyy and synthesized for
screening as inhibitors of focal adhesion kinas&K{)F Most of these compounds
exhibit significant antiproliferative activities ohuman cancer cell lines expressing
high levels of FAK at nanomolar concentrations. Tampoundl4zwas identified as
the most potent FAK inhibitor among these candslat®4z has excellent
anti-proliferative effect with Igyvalues from 0.001 uM to 0.06 uM on HCT116, PC-3,
U87-MG and MCF-7 cell lines and relatively lessatgkicity to a nonmalignant cell
line MCF-10A compared with MCF-7 cells (Sl value 10). 14z also exhibits
significant FAK inhibitory activity (IGo = 0.07 nM). In addition, compound4z
causes cell cycle arrest at G2/M and prompted agapin both HCT116 and MCF-7
cells in a dose-dependent manner. Further stuties shat compound4z inhibits
migration of MCF-7 and has anti-angiogenesis eftecHUVEC cells.
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1. Introduction

Cancer is still one of the major causes of the deabridwide. However the
traditional chemotherapy is facing the obstacles thcking of selectivity towards
tumor cells and causing drug resistance [1]. This af efforts have been put into
designing small molecular compounds with specdigets to enhance the selectivity
and efficacy in recent years [2-4].

Focal adhesion kinase (FAK) is one of these tar¢#{K is a non-receptor tyrosine
kinase and plays a vital role in regulating carcegr survival, proliferation, migration,
and angiogenesis. It is overexpressed in a numbdruman cancers, including
gliomas, breast, colon, prostate carcinomas andr®tfb-7]. Inhibition of FAK has
exhibited efficacy in limiting tumor progressioncametastasis. Therefore this kinase
is emerging as a promising cancer therapeutictarge

In recent years, several FAK inhibitors have beewmetbped and some of them
have entered clinical trials (Fig.1) [8]. PF-573822 one of the first FAK inhibitors
and was highly specific for FAK (kg = 4 nM) compared with other related enzymes.
However it only inhibits cell migration rather thanhibits cell proliferation or
induces apoptosis in tumor cells [9]. Another FAKIibitor TAE226 (IGo= 5.5 nM)
exhibits antitumor activityn vitro andin vivo against several types of malignancies
including glioma [10], breast cancer [11], ovarieancer [12] and gastrointestinal
stroma tumor [13]. But it has never entered clihtcals for its severe side effect in
affecting glucose metabolism and glucose blood I$eVj@4]. CEP-37440 and

PF-562,271 have currently completed the phasgudy. CEP-37440 (g = 2 nM)



displayed favorablen vitro ADME properties [15]. PF-562, 27X 1Cspo= 1.5 nM) not
only inhibits the proliferation of cancer cells balso exerts a novel mechanism in
altering the tumor microenvironment [16]. In theaph I study of PF-562,271,
although several patients have experienced protbridjeease stabilization of 6
months or longer, no objective response has bgmrtesl. Defactinib (VS-6063) is a
second-generation inhibitor of FAK ({¢&= 0.6 nM). In the phase | dose-escalation
study in patients with advanced solid malignancéesne adverse events have been
reported, including nausea, diarrhea, hyperbilmabiia and so on. Defactinib
prevents tumor invasion and dissemination rathan tleducing tumor volume [17].
Recently, the phase Il clinical trials for Defadtirhave been completed in patients
with KRAS mutant non-small cell lung cancer. In soary of these currently
available FAK inhibitors, their antitumor activitg not enough when used alone and
needed to be combined with other therapies. UmaW, there is no FAK inhibitor
coming into the market. So there is an urgent rieedevelop novel FAK inhibitors
with higher antitumor activity to exert more potestitumor effect in patients.
Among the potent FAK inhibitors aforementioned, an@l of compounds possesses
2,4-diarylaminopyrimidine scaffold as a pivotal piacophore. Generally, the
2,4-diarylaminopyrimidine core may functionally enéct with FAK at Cys502,
Asp564 or other sites within the ATP binding pod8it The researches of other FAK
inhibitors with 1,2,4-triazine or imidazo[l1,;2a][1,3,5]triazinesas scaffold are

underway [18, 19].
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Fig.1. Structures of several known FAK inhibitors.

Molecular hybridization strategy is a common condepdesign new drugs based
on the combination of different bioactive moieties produce a new hybrid with
improved affinity and efficacy [20]. Recently, ditcarbamates have received
considerable attention due to their potent antieanactivities [21-26]. In this
reasearch, molecular hybridization technique based the incorporation of
2,4-diarylaminopyrimidine and dithiocarbamate imioe molecular platform has the
potential to improve the anti-FAK and antiprolifava efficacy.

Herein, a series of C-2 dithiocarbamate-substitu®edt-diarylaminopyrimidine
derivatives (Fig. 2) were synthesized to improvhibrtory potency toward FAK
kinase and antiproliferative activity of cancerlgello the best of our knowledge,

there have been no reports regarding 2,4-diarylapyinmidine-dithiocarbamate
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hybrids so far. These novel compounds showed gignif inhibitory potency against
FAK enzyme and antitumor activities in HCT116, PCB7-MG, and MCF-7 cell

lines. SAR of these compounds was discussed imihisuscript. The most effective
compoundl4z was also evaluated for its effects on cell cyclest, apoptosis, cell

migration and angiogenesis.
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Fig.2. Designed strategy of the dithiocarbamate-sulistit@,4-diarylaminopyrimidine derivatives

2. Results and discussion

The synthesis of dithiocarbamate-substituted dipla@ninopyrimidine derivatives
(14a-14Y was depicted in Scheme 2-nitrobenzoyl chloride was reacted with
methanamine in the presence of sodium bicarbonate produce
2-nitro-(N-methyl)benzamide6). 2-amino-N-methylbenzamid@)(was obtained via
the reduction of compoungiby using the Fe-NkCI reduction reagent. Compougd
was produced by the same way as compdustarted from 4-nitrobenzoyl chloride.
Compound was produced by the same way as compaurithe C-4 chlorine atom
of 2,4,5-trichloropyrimidine was first region selieely replaced by compound to
obtain10a Then compoun® was coupled with the C-2 of 2,5-dichloropyrimidine
from compoundlOa and produced intermedialda The compoundlawas stirred

in the solution of trifluoroacetate and dichlorohmate (1:1) to get rid of Boc group.
5



Then the product was concentrated and reacted aaithon disulfide in DMF with
triethylamine as base as previously reported [2itho\t further purification, a
variety of halogen or alkene substituted side chéivat were commercially available
or prepared by literature [28] were reacted witle goroduct mentioned above
respectively, followed by chromatographic purifioat to generate the target

compoundd4a-14u
NH, O
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Scheme 1 Synthesis of dithiocarbamate-substituted diphemyhopyrimidine derivativesléa-14y). Reagents
and conditions:(a) Methanamine hydrochloride oit-beityl piperazine-1-carboxylate, NaHGOacetonitrile,
reflux, 4 h; (b) Fe-NHCI, EtOH-H,0, reflux, 2 h; (¢) Compound@; DIPEA, i-PrOH, reflux 6 h (d) Compourg)
Pd(OAc), Xantphos, KPO,, DMF, Ar, reflux, 22 h; (e) i: TFA, DCM, rt., 2 hi: CS,, Et,N, DMF, rt., 1 h; iii:
RBr/RCI/Methyl acrylate, DMF, 501, overnight.

In order to test our design rationale, we tdidka which bears a propanenitrile
moiety at R as our new lead to test the inhibitactivity against FAK. The result

revealed thatl4a is a potent FAK inhibitor (inhibition rate = 50% &uM). Then



according to bioisosterism principles, the cyanougr in 14a was replaced with
alkenyl, methoxy, ester, methanesulfonyl, hydrogyhines and five or six-membered
aliphatic heterocycles, respectivelyl4p-14p. As a comparison, in order to
investigate the influence of aromatic group onitiebitory activity, we used benzyl
group (4q), phenylethyl group 14r) and pyridinemethyl 14s-14y to replace
propanenitrile moiety. Compoundsla-14uwere all evaluated as FAK inhibitors by
ADP-Glo kinase assay [29] at the concentration pML TAE226 and Defactinib were
used as positive control. As shown in Table 1, nobshe novel derivatives exhibited
potent anti-FAK activity at 1 uM, especially compois14i and14j. The replacement
of cyano group with ested4d-149), hydroxyl (L4h, 14), amine {4j, 14k, 14r) or
aliphatic heterocycle containing oxygen atoMd, 14p can increase the inhibitory
activity against FAK. However, when the propandieitmoiety of 14a was replaced
by phenylethyl group 14r) or pyridinemethyl 14s-14y, the inhibitory activity
decreased.

To test the anticancer activity of synthesized couomgs, we evaluated
antiproliferative activities of compoundsta-14uagainst four FAK over-expressed
human tumor cell lines derived from human coloncear(HCT116), prostate cancer
(PC-3), glioma (U87-MG), and breast cancer (MCHY)MTS assay. TAE226 and
Defactinib were also used as positive control. Aewan in Table 1, most compounds
exhibited potent anti-cancer activities againséateld cancer cell lines with 4gless
than 1uM. Among all of the compounddc 14h-14m exhibited more significant

efficacy against all of four cancer cell lines. Amgothese cancer cell lines, HCT116



cell line was the most sensitive to these compounils most 1Go values in a
nanomolar range. Compared with TAE226 and Defdztidasignificantly increased
the activity against HCT116 cells @&= 0.03 puM) and PC-3 cells ((¢= 0.17 uM).
Replacing the propanenitrile moiety dfia with allyl (14b), or ethyl acetatel@e
resulted in decrease in potency against HCT116 3P&d U87-MG cell lines.
However, the replacements of propanenitrile by lgbgyuvate (41, ICso = 0.52 uM),
2-(1,3-dioxolan-2-yl)ethyl Y40, ICso = 0.21 HM) or
(tetrahydro-2H-pyran-4-yl)methyllép, 1Cso = 0.54 uM) significantly enhanced the
inhibitory against MCF-7 cells. Replacements of rmyaroup oflda by methoxy
(149, methanesulfonyl14g), hydroxyl @4h, 14) or amine {4j-14m) resulted in a
significant improvement of activity against U87-M@nd MCF-7 cells and
maintaining the inhibitory against HCT116 and P@8scexceptl4j which increased
the inhibitory against HCT116 and PC3 greatly. Hoeeve when the cyano group of
14awas replaced by morpholiné4n), the potency against HCT116 cells decreased
approximately 117-fold. Introducing the benzyl goo(i4q) or phenylethyl group
(14r) at the R position led to significant or slightiuetion of activities against all of
the tested cancer cell lines. However, when pyeiathyl (4s-14) was introduced
at the R position, the corresponding compountés{14y displayed 9~18-fold
increases in inhibitory potency against MCF-7 celsnpared with compount4a

The position of nitrogen atom in the pyridine rimgs little effect on activity.



Table 1.

FAK inhibitory activities and antiproliferative acities of target compoundista-14uagainst four human tumor cell

lines.
I
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Cl
O
14a-14u
FAK inhibition% Antiproliferative activity (IGo/ uM)
Compd. R HCT116 PC-3 U87-MG MCF-7
(1 M) i R i
l4a NN 50 0.03+0.01 0.17+0.03 1.73+0.59 7.17+£3.33
14b X~ 45 0.11+0.01 1.02+0.47 >20 1.38+0.73
1l4c N0 69 0.04+0.01 0.46£0.02 0.61+0.09 0.30+0.08
14d o) 73 0.26+0.05 1.99+0.26 1.31+0.07 2.29+0.68
\/\)ko/
1l4e /\\[rom 55 4.69+0.81 3.53+0.91 7.54+0.22 9.93+0.10
(6]
14f 2 57 0.06+0.02 0.47£0.03 1.16%0.04 0.52+0.05
/\\H)J\OEt
[¢]
149 o _ 20 0.03+0.01 0.52+0.14 0.92+0.43 0.40+0.07
\/\/S\\
(6]
14h X~ OH 53 0.02+0.01 0.24+0.02 0.71+0.21 0.11+0.09
14i /\\(01-1 71 0.03+£0.01 0.20+0.04 0.870.41 0.11+0.10
14j | 73 0.00410.00 0.09+0.01 0.20+0.03 0.08+0.02
\/\/N\
14k 55 0.01+0.00 0.22+0.06 0.20%0.02 0.16%0.01
)
141 O 44 0.01+0.00 0.38+0.02 0.2840.05 0.27+0.04
XN
14m Ve 50 0.01+0.00 0.26+0.01 0.62+0.28 0.2240.02
NN,
14n o 62 3.52+0.30 0.23+0.03 0.47%0.13 0.33%0.05
o
140 03 63 0.05+0.00 0.69+0.37 2.74%+1.13 0.21+0.01
oA,
14p X 62 0.09+0.04 0.31+0.06 >20 0.54+0.17
/\O)
14q 52 0.05+0.02 17.00+5.15 3.36+%1.91 >20




14r 39 3.78+1.22 >20 >20 11.69+4.43
\\/@

14s SN 0 0.06+0.03 0.36+0.15 1.70+0.42 0.77+0.22
AN
14t 7 | 41 0.06+0.05 0.40+0.03 2.53+0.12 0.39+0.18
A
14u = 23 0.03+0.02 0.45+0.05 1.53+0.60 0.39+0.18
e
TAE226 ---- 65 0.46+0.02 1.21+0.12 1.58+1.40 0.45+0.05
Defactinib ---- 89 2.65+0.63 >20 10.27£1.04 8.97+1.47

In view of the above results, we found that différstructural units at R have great
impact on enzymatic and cellular inhibitory actwvitCompoundl14j exhibits the
highest inhibitory activities against FAK and fdested tumor cell lines among all of
target compounds modified at R. Therefore, compoisijdwas chosen as a new

starting point for further optimization.

In order to evaluate the influence of different stithents on 5-position of the
pyrimidine ring, we kept,N-dimethylaminoethyl as R and modified the 5-positio
substitution of pyrimidine. Thus, analofjdv-14zwith chlorine replaced by different
substitutions at X were synthesized. The synthetites were depicted in Scheme 2
and Scheme 3. When the substitute at the 5-posatigeyrimidine was H, F, Ck
OCH;, the C-4 chlorine atom of different 5-substitutzd-dichloropyrimidines was
first region selectively replaced by compouhftb obtain10b-10erespectively Then
compoundd was coupled with the C-2 of different 5-substituBdhloropyrimidines
from compound4.0b-10eand produced intermediat&sb-11eaccordingly. As for the
substitute at the 5-position of pyrimidine wasltiwromethyl (Scheme 3), compound

9 was first installed selectively to 2-position of

10



2,4-dichloro-5-trifluoromethylpyrimidine to geneeatintermediatel2 mediated by
Lewis acid [30]. Then compountR was subjected to coupling with compouhdo
produce intermediat&3. The compound4lb-11eandl13were stirred in the solution
of trifluoroacetate and dichloromethane (1:1) tot ged of Boc group as
aforementioned. Then the products were concentratedl reacted with carbon
disulfide in DMF with triethylamine as base. Withodurther purification,
2-bromo-N,N-dimethylethan-1-amine was reacted whthproducts mentioned above
respectively followed by chromatographic purificati to generate the target

compoundd4v-14z

c1/k/\/,(X 0 B
A = /HérL*O{N“

X=H,F, CH;, OCH; 10b-10e 11b-11e
10b, X=H 11b, X=H
10¢, X=F 11¢, X=F
10d, X=CH; 11d, X=CH;
10e, X=OCHj; 11e, X=OCHj;

o) |
H v H B HN OH H 8 |
N | YN (\N' 0C c N N\ N NJ\S/\/N\
x> NS T ) @@Q
X ~
0 0

11b-11e 14v-14z
13

11b, X=H 14v, X=H
11e, X=F 14w, X=F
11d, X=CH, 14x, X=CH,
11e, X=OCHj4 14y, X=OCHj
13, X=CF, 14z, X=CF;

Scheme 2 Synthesis of compoundsiv-14z Reagents and conditions: (a) CompouhdX = H, F: DIPEA,
i-PrOH, reflux 6 h; X = CH, OCH;: NaH, DMF, 0(]—rt.,24 h; (b) Compoun@, Pd(OAc), Xantphos, KPO,,
DMF, Ar, reflux, 22 h; (¢) i TFA, DCM, rt., 2 h; i CS, E&N, DMF, rt, 1 h; i
2-bromo-N,N-dimethylethan-1-amine hydrobromide, M6 1, overnight.

11
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Scheme 3Synthesis of intermediafi8. Reagents and conditions:(a) i: 2,4-dichloro-5(tdflemethyl)pyrimidine,
ZnCl, (1.0 M solution in ether), DCE-tBUOH (1:1),Q 1 h; ii: EgN, compound, 0 [, 1.5 h; (b) Compound,
DIPEA, 1-butanol, reflux 24 h.

The newly synthesized compountidv-14zwere then evaluated against FAK and
the same four human cancer cell lines. As showmainle 2, anti-FAK activity of
TAE226 was 6.21 nM and Defactinib was 0.77 nM, Wwhigere consistent with
previously reported [14, 17]. Replacement of clmeratom with fluorine atoniLédw)
caused slight decrease in FAK inhibition. Whenc¢hrine group was removed4v)
or replaced with methyl groud4x) and methoxy groupléy), the kinase inhibitory
activity decreased significantly. However, introohgca strong electron-withdrawing
group such as trifluoromethyl groupl4® increased FAK inhibitory activity
dramatically with an Igyof 0.07nM. Compared with4j, the inhibitory effects of4v
against the four tested cancer cell lines decredsmdatically. Compounds4w, 14x
and 14y resulted in 4~40-fold decreases in potency. Nbedss,14z increased the
potency against HCT116, PC-3, U87-MG and MCF-7 lieis by 3~4-fold. These
results suggest that trifluoromethyl group may famimportant interaction with the
target protein. SAR analysis result of FAK inhibjtoactivity of these tested
compounds was in agreement to that of their antituactivities, indicating that the
potent antitumor activities of these target commtsuwere likely related to their FAK
inhibitory activities.

12



To evaluate the safety of the target compouidisand14v-14z they were also
tested in human normal mammary epithelial cell MDA (Table 2). The selectivity
index (SI) values were calculated to determinettixécities of these compounds on
normal cells compared with breast cancer cell M@F-7. Compound44x and 14z
showed considerable safety (Sl value >10).

Table 2.

FAK inhibitory activities and antiproliferative acities of target compoundstj, 14v-14zagainst human tumor cell

lines and normal cell line.

Ao S
B 0 I
Y NS N

X _N N

(6]

14j, 14v-14z
FAK Antiproliferative activity (IGy/uM) S|

Compd. X inhibition
HCT116 PC-3 U87-MG MCF-7 MCF-10A  valu¢

(1Cs¢/nM)
14j Cl 8.57 0.004+0.00 0.09+0.02 0.36+0.15 0.09+0.02 0.72+0.01 8.00
1l4v H 316.30 0.44+0.05 3.01+0.43 2.80+1.05 2.01+0.14 1980.42 3.08
14w F 32.70 0.03+0.02 0.36+0.10 0.69+0.250.16+0.03  1.75+0.02 5.09

14x Me 175.40 0.01+0.01  0.27+0.02 0.28+0.03  0.08+0.01.0840.62 13.25
14y OMe 506.70 0.16+0.05 0.92+0.11 1.61+0.36  0.36%0.02.43%0.04 6.75

14z CFK; 0.07 0.001+0.00 0.03+0.00 0.06+0.01 0.02+0.01 02 14.00
TAE226 — 6.21 0.29+0.04 1.68+0.34 1.66+0.87 0.56+0.10.7680.40 15.64
Defactinib ~ ---- 0.77 3.02+0.40 >20 10.21+1.02 9.76+1.53 18U2% 1.89

85| = 1G5, for nonmalignant cell line / I§3 for MCF-7 cell line.

According to the results above, compoudd was chosen to further investigate the
mechanism of the antiproliferative effect of thesmmpounds. After exposure of
MCF-7 to compound.4z with different concentrations for 24 h, the celcleywas
analyzed using flow cytometry. As shown in Fig.t@atment of compound4z
increased the fraction of cells arrested at G2/lsgtCompared with control (without

142), when MCF-7 cells were treated with increasingaamtrations (0.005 uM, 0.01

13



Number

Number

MM and 0.05 uM) of compound4z the percentage of cells in the G2/M phase
increased from 11.48% to 86.08%, whereas cells mn& G0/G1 phase decreased
concomitantly. Compouniti4z was also able to induce significant cell cycle siria

HCT-116 in a dose-dependent manner (Fig. S1, Stipgdnformation).

Control 0.005 pM
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Fig.3. Compoundl4zinduced cell cycle arrest in G2/M phase of MCF-Ifsda a dose-dependent manner. MCF-7
cells were treated with 0.005 pM, 0.01 pM and 008 compoundl4zfor 24 h. Cells were fixed, stained
with 7-AAD, and were assessed by flow cytome®@glls untreated were used for control.

Next, in order to examine whether compourz induces apoptosis in MCF-7 and

HCT116 cell lines. Cells were treated with compouhdz with increasing

concentrations for 24 h and then examined for esgpo@ of both annexin V and



7-AAD by flow cytometry. As shown in Fig. 4, compui1l4z induced significant
apoptosis in a dose-dependent manner compared cmitirol. The result was
consistent with pro-apoptosis effect of compoddd in HCT116 cell line (Fig. S2,
Supporting Information These results suggested that compoishd may display

antitumor activity by inducing both cell cycle ast@and cell apoptosis.

Control 0.005 uM
1o a2 | Q1:0.16% gy ez | Q1:0.16%
. ] Q2:7.63% | Q2:16.5%
i Q3:2.04% 10 3 Q3:9.11%

3 04:90.29 7 04:74.2%

2 3 4 2 3 4
o 10 10 10 1] 10 10 10
Annexin V Annexin V
0.01 uM 0.05 puM
{a1 a2 | Q1:047% ot a2 | Q1:0.56%
- Q2:21.4% 4 | Q2:25.7%
3 _ Q3:6.95% " 7 Q3:13.7%

04:71.2% 04:60.1%

Fig.4. Compoundl4z induced apoptosis of MCF-7 cells in a dose-depencghamner. MCF-7 cells were treated
with 0.005uM, 0.01pM and 0.05uM compoutdlzfor 24 h. Cells were incubated with annexin V-Flagd
7-AAD and analyzed using flow cytometry.

Metastasis is a major cause of mortality in pasiemth cancer [31]. Therefore, the
potency of compound4z to inhibit tumor cell migration was also evaluatesing

Transwell migration assay as reported [32]. As shawFig.5, when MCF-7 cells
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was exposed to compourddz with concentrations of 0.05 uM or 0.1 uM for 24 h,
the number of the cells that penetrate througHittees was significantly decreased
compared with control. This observation indicatest tcompoundl4z possesses the

potency to inhibit the migration of tumor cells.

Control

2500

Count

Concentration of compound 14z

Fig.5. Effects of compound4z on the migrations of MCF-7. Cells seeded onto thgeughamber in serum-free
medium were exposed to compou#r for 24 h.

Angiogenesis also plays an important role in dguelent of tumor [33]. HUVEC
(human umbilical vein endothelial cells) is a kiaficell line that has been widely
used to imitate the neovascularization of tumariiro [34-36]. In order to investigate
whether compound4z could interrupt th@ngiogenesis of tumor, HUVEC cells tube
formation assay was carried out. After incubation 6 h, the untreated endothelial
cells formed tube-like networks (Fig.6). At the centration of 0.005 uM, 0.05 pM

and 0.1 uM, compountidz significantly inhibited the tube formation by rexig the
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tube-like structure in a dose-dependent manner.

Control 0.005 puM
0.05 uM 0.1 uM

Fig.6. Anti-angiogenesis potency of compouhdz by inhibiting the tube formation in HUVECSs. The lselvere
incubated with or without compouridiz in the Matrigel coated 96-wells plate for 6 h @hdn the images were

taken.

3. Conclusion

A new series of 2,4-diarylaminopyrimidine derivasvcontaining dithiocarbamate
moiety were synthesized and evaluated for threuitro FAK enzyme and antitumor
inhibitory activities. Most of the compounds showebvious activity promotion
compared with Defactinib while some of them exl@bitbetter bioactivities than
TAE226. Particularly, the most effective compouridiz displayed superior
antiproliferative effect with Ig values from 0.001 to 0.06 uM against four FAK over
expressed human tumor cell lines, which were moterpg 10~100-fold than TAE226
and more potent 100~1000-fold than Defactinib.

Accordingly, compoundL4z inhibited FAK enzyme activity with an Kg of 0.07
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nM. In addition, compoundi4z showed good safety for the selectivity between
human normal cells and MCF-7 tumor cells with Suea> 10. Compound4zwas
thus identified as the most potent antitumor agemd was used for studies of its
antitumor mechanism in this paper. In summary, coump 14z exerted antitumor
effect by arresting cell cycle in G2/M phase anduiting apoptosis in both MCF-7
and HCT116 cell lines. In addition to antiprolifeva activities, it also showed the
potency of inhibiting the migration of tumor cebed disrupting the angiogenesis
within nanomolar concentrations. Therefore, we psgpthat compound4z is a

promising candidate for further preclinical studies

4. Experimental Procedures
4.1. Chemistry

All reagents and solvents were purchased from caciadesuppliers and were used
without further purification. The positive contnololeculars TAE226 and Defactinib
were purchased from TargetMol. Melting points wdetermined on X4 microscope
and are uncorrectedH NMR and *C NMR spectra were recorded on Bruker
AVANCEIII 400 MHz and 100 MHz spectrometer respectively hHiggolution mass
spectrum (HRMS) was recorded on a Thermo Scier@iftutrap Elite MS. Thin Layer
Chromatography (TLC) was performed on TLC Silich §@ F>s4 aluminium sheets
(Merck, Darmstadt, Germany) to check the purityhef compounds.
4.1.1. Procedure for the synthesis of N-methyl-2-nitrobenzamide (6)

A mixture of 2-nitrobenzoyl chloride (3.9 g, 30 mipanethylamine hydrochloride
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(3 g, 45 mmol) and sodium bicarbonate (12.6 g, d®ol) in acetonitrile (30 mL)
was heated under reflux for 4 h. The reaction wadet to room temperature. The
mixture was concentrated under vacuum and extradtbdethyl acetate (20 mL x 3).
The organic phase was washed with 1N hydrochlaiit @5 mL x 3) and water (15
mL x 2), dried over anhydrous p&0O, and concentrated under vacuum to afford
compoundé as white solid (4.55 g, yield: 84%). Mp: 86-87 € NMR (400 MHz,
DMSO-ds) 6 8.59 (d,J = 2.5 Hz, 1H), 8.03 — 8.01 (m, 1H), 7.77 (i 7.6, 0.8Hz,
1H), 7.68 (tdJ = 8.4, 1.6 Hz, 1H), 7.60 (dd,= 7.6, 1.2 Hz, 1H), 2.76 (d,= 4.4 Hz,
3H).13C NMR (100 MHz, DMSOds) 6165.78, 147.16, 133.50, 132.52, 130.65,
128.98, 124.03, 26.10.

4.1.2. Procedure for the synthesis of 2-amino-N-methylbenzamide (7)

To a solution of compoun@d (4.80 g, 27 mmol) in kD (8 mL) and EtOH (24 mL)
was added Fe (6.7 g, 120 mmol) and/8H(2.25 g, 42 mmol). The mixture was
heated under reflux for 2 h. The solid was filteodidand the liquid was concentrated
under vacuum to afford the crude product. The cpudeduct was purified by column
chromatography to provide compouiddas white solid (3.73 g, yield: 92%). Mp:
66-67 °C'H NMR (400 MHz, CDCJ) § 7.30 — 7.27 (m, 1H), 7.20 — 7.15 (m, 1H),
6.66 (dd,J = 8.0, 0.8 Hz, 1H), 6.62 — 6.58 (m, 1H), 6.301¢d), 5.51 (s, 2H), 2.92 (d,
J=4.8 Hz, 3H)1.3C NMR (100 MHz, CD() 6169.99, 148.41, 132.03, 127.10, 117.14,
116.49, 116.18, 26.37.

4.1.3. Procedure for the synthesis of tert-butyl 4-(4-nitrobenzoyl)piperazine-1-
carboxylate (8)
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A mixture of 4-nitrobenzoyl chloride (3.7 g, 20 mino tert-butyl
piperazine-1-carboxylate (5.6 g, 30 mmol) and sadiicarbonate (8.4 g, 100 mmol)
in acetonitrile (30 mL) was heated under reflux 4oh. The reaction was cooled to
room temperature. The mixture was concentrated rumaleuum and extracted with
ethyl acetate (20 mL x 3). The organic phase wahecwith 1N hydrochloric acid
(15 mL x 3) and water (15 mL x 2), dried over anioys NaSO, and concentrated
under vacuum to afford compourl as white solid (6.0 g, yield: 90%). Mp:
133-134 °C'H NMR (400 MHz, DMSOe) § 8.30 (d,J = 8.4 Hz, 2H), 7.71 (d = 8.4
Hz, 2H), 3.64 — 3.28 (m, 8H), 1.42 (s, 9%C NMR (100 MHz, DMSOdg) §167.25,
153.76, 147.80, 142.02, 128.31, 123.71, 79.20,1434.81, 27.95.

4.1.4. The procedure for the synthesis of tert-butyl 4-(4-aminobenzoyl)piperazine-1-
carboxylate (9)

To a solution of compound (6.0 g, 20 mmol) in D (8 mL) and EtOH (24 mL)
was added Fe (4.5 g, 80 mmol) and/8H(1.5 g, 28 mmol). The mixture was heated
under reflux for 2 h. The solid was filtered offdathe liquid was concentrated under
vacuum to afford the crude product. The crude prbduas purified by column
chromatography to provide compoufdas yellow solid (5.7 g, yield: 93%). Mp:
155-156 °CH NMR (400 MHz, CDCJ) 6 7.25 (d,J = 8.4 Hz, 2H), 6.65 (d] = 8.4
Hz, 2H), 3.94 (s, 2H), 3.59 (s, 4H), 3.44 (s, 4H¥7 (s, 9H)*C NMR (100 MHz,
CDCl) 6171.02, 154.54, 148.36, 129.26, 124.44, 114.10,53@4.01, 43.30, 28.29.
4.1.5. Methods for the synthesis of compounds 10a-10e

For the 5-subsititution was H, F or Cl, the proaedwas as follows: A mixture of
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compound? (0.79 g, 5.25 mmol), 5-substituted-2,4-dichloropydine (5 mmol) and
DIPEA (1.05 mL, 6 mmol) in i-PrOH was heated undsftux for 6 h. Water (100mL)
was added and the solid was filtered off, washeth wiater anddried to obtain
compoundslOa-10c For the 5-subsititution was methyl or methoxye throcedure
was as follows: To a mixture of compound (1.26 g, 84 mmol)
and5-substituted-2,4-dichloropyrimidine (8 mmol)saadded NaH (60%, 0.38 g, 9.6
mmol) in DMF (6 mL) under ice bath. Then the mixwras stirred for 24 h at room
temperature. Water was added dropwise to stopetiion. The reaction mixture was
extracted with dichloromethane (20 mL x 3), and teenbined organic layer was
washed with brine (15 mL x 2), dried over anhydrbiasSO, and concentrated under
vacuum to afford the crude product. The residue vpasified by column
chromatography to obtain compoub@d and10e

4.1.5.3. 2-((3,6-dichloropyridin-2-ylyamino)benzamide (10a)

Yield 80%. MP: 222-223 °¢H NMR (400 MHz, DMSO€k) ¢ 12.27 (s, 1H), 8.88
(d, J = 4.4 Hz, 1H), 8.55 (d] = 8.0 Hz, 1H), 8.46 (s, 1H), 7.82 (dii= 7.6, 0.8 Hz,
1H), 7.62 — 7.58 (m, 1H), 7.24 — 7.21 (m, 1H), 2(84J = 4.8 Hz, 3H).:*C NMR
(100 MHz, DMSOsdg) 6 168.70, 156.63, 156.12, 155.25, 138.33, 131.84,1128
123.06, 120.92, 120.77, 114.93, 26.36.
4.1.5.1. 2-((6-chloropyridin-2-yl)amino)benzamide (10b)

Yield 65%. Mp: 167-168°CH NMR (400 MHz, DMSO#€g) 5 10.96 (s, 1H), 8.65
(d, J = 4.4 Hz, 1H), 8.20 (d, J = 5.6 Hz, 1H), 8d1J = 8.4 Hz, 1H), 7.69 (dd, J = 8.0,
1.2 Hz, 1H), 7.56 — 7.52 (m, 1H), 7.22— 7.18 (m),16487 (d, J = 5.6 Hz, 1H), 2.79
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(d, J=4.8 Hz, 3H)1.3C NMR (100 MHz, DMSCOdg) 6168.43, 161.13, 159.28, 157.58,
137.70, 131.31, 128.27, 124.19, 123.23, 122.10,5P0@6.21.
4.1.5.2. 2-((6-chloro-3-fluoropyridin-2-yl)amino)benzamide (10c)

Yield 82%.Mp: 219-220 °GH NMR (400 MHz, DMSO+dg) 6 12.27 (dJ = 2.0 Hz,
1H), 8.86 (dJ = 4.0 Hz, 1H), 8.53 (d] = 8.0 Hz, 1H), 8.39 (d] = 3.2 Hz, 1H), 7.82
(dd,J = 8.0, 1.2 Hz, 1H), 7.62 — 7.58 (m, 1H), 7.23 197(m, 1H), 2.82 (dJ = 4.8
Hz, 3H).2*C NMR (100 MHz, DMSOdg) 6 168.79, 152.72 (d] = 3.6 Hz), 150.37 (d,
J=10.8 Hz), 146.92, 144.36, 141.35Jd; 20.8 Hz), 138.41, 132.03, 128.13, 122.85,
120.49 (dJ = 15.8 Hz), 26.27.
4.1.5.4. 2-((6-chloro-3-methyl pyridin-2-yl)amino)benzamide (10d)

Yield 40%. MP: 232-233 °CH NMR (400 MHz, DMSO+dg) 0 11.74 (s, 1H), 8.83
(d, J = 4.0 Hz, 1H), 8.64 (d] = 8.0 Hz, 1H), 8.14 (s, 1H), 7.80 (dii= 8.0, 1.2 Hz,
1H), 7.60 — 7.55 (m, 1H), 7.18 — 7.14 (m, 1H), 2(83) = 4.4 Hz, 3H), 2.18 (s, 3H).
¥C NMR (100 MHz, DMSOdg) 6169.07, 159.46, 156.63, 156.19, 139.50, 131.89,
128.05, 122.09, 120.45, 120.17, 115.40, 26.31812.9
4.1.5.5. 2-((6-chloro-3-methoxypyridin-2-yl)amino)benzamide (10e)

Yield 41%. MP: 220-221 °CH NMR (400 MHz, DMSO+dg) 0 11.83 (s, 1H), 8.77
(d, J = 4.0 Hz, 1H), 8.67 (d] = 8.4 Hz, 1H), 8.02 (s, 1H), 7.78 @@= 7.2 Hz, 1H),
7.58 (t,J=7.2 Hz, 1H), 7.16 () = 7.2 Hz, 1H), 3.99 (s, 3H), 2.83 (#= 4.4 Hz, 3H).
¥c NMR (100 MHz, DMSOdg) 0168.71, 151.66, 149.16, 140.23, 138.84, 135.80,
131.78, 128.10, 122.11, 120.61, 120.14, 56.82,%26.2
4.1.6. The general procedure for the synthesis of compounds 11a-11e
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The mixture of compoundOa-10e(3.24 mmol), compoun@ (1.04g, 3.4 mmol),
Pd(OAc) (0.11g, 0.5 mmol), Xantphos (0.28g, 0.5 mmol), d &8PO, (1.38g, 6.48
mmol) in DMF (8 mL) was heated 22 h at 125°C under d@igtowed by cooling to
room temperature.The mixture was extracted withldromethane (20 mL x 3), the
combined organic phase was washed with water (15<n8), dried over anhydrous
NaSO, and concentrated to afford the crude product. drnee product was purified
by column chromatography to obtain compouhtis-1le.
4.1.6.3. Tert-butyl 4-(4-((5-chloro-4-((2-(methylcarbamoyl)phenyl)amino)pyrimidin
-2-yl)amino)benzoyl ) pi per azine-1-car boxyl ate (11a)

Yield 62%. MP: 227-228 °CH NMR (400 MHz, DMSO+dg) 0 11.64 (s, 1H), 9.73
(s, 1H), 8.77 (ddJ = 17.2, 4.4 Hz, 2H), 8.28 (s, 1H), 7.78 Jc= 8.8 Hz, 3H), 7.56 —
7.52 (m, 1H), 7.36 (d] = 8.4 Hz, 2H), 7.17 (t) = 7.2 Hz, 1H), 3.50 — 3.36 (M, 8H),
2.83 (d,J = 4.4 Hz, 3H), 1.42 (s, 9HFC NMR (100 MHz, DMSOdg) §169.32,
168.87, 157.39, 155.07, 154.53, 153.83, 141.78,18639131.45, 127.99, 122.13,
121.58, 121.01, 118.47, 105.80, 79.16, 43.56, 42802, 26.31.
4.1.6.1. Tert-butyl4-(4-((4-((2-(methyl car bamoyl)phenyl)amino) pyrimidin-2-yl)amino)
benzoyl)pi perazine-1-car boxylate (11b)

Yield 60%. MP: 206-207 °CH NMR (400 MHz, DMSO+dg) ¢ 10.80 (s, 1H), 9.55
(s, 1H), 8.68 (d,J = 4.8 Hz, 1H), 8.47 (d] = 8.4 Hz, 1H), 8.13 (dJ = 5.6 Hz, 1H),
7.85 (d,J = 8.4 Hz, 2H), 7.72 (dl = 7.2 Hz, 1H), 7.51 () = 7.6 Hz, 1H), 7.37 (dl =
8.4 Hz, 2H), 7.12 (t) = 7.2 Hz, 1H), 6.37 (dJ = 6.0 Hz, 1H), 3.51 (s, 3H), 3.41
(s,5H). 2.82 (dJ = 4.4 Hz, 3H), 1.42 (s, 9H)*C NMR (100 MHz, DMSOds)
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0169.47, 168.97, 159.89, 159.28, 156.68, 153.86,3842139.58, 131.33, 128.11,
128.03, 127.54, 121.90, 121.62, 118.15, 99.85,7793.73, 42.98, 28.03, 26.24.
4.1.6.2. Tert-butyl 4-(4-((5-fluoro-4-((2-(methylcarbamoyl)phenyl)amino)pyrimidin
-2-yl)amino)benzoyl ) pi per azine-1-carboxyl ate (11c)

Yield 62%. MP: 216-217 °C'H NMR (400 MHz, DMSO¢) ¢ 11.81 (d,J = 2.0
Hz, 1H), 9.62 (s, 1H), 8.82 (§,= 4.8 Hz, 2H), 8.23 (d] = 3.2 Hz, 1H), 7.82 — 7.79
(m, 3H), 7.57 — 7.53 (m, 1H), 7.37 @@= 8.4 Hz, 2H), 7.18 — 7.14 (m, 1H), 3.50 —
3.38 (m, 8H), 2.83 (dJ = 4.4 Hz, 3H), 1.42 (s, 9HFC NMR (100 MHz, DMSOsd)

0 169.41, 169.06, 155.09 (d~ 3.0 Hz),153.84, 149.07 (d,= 10.0 Hz), 142.40 (dl

= 25.0 Hz), 140.51 — 140.06 (m), 139.47, 131.88.0&, 127.63, 121.82, 120.78,
120.78, 117.87, 79.17, 43.81, 42.82, 28.02, 26.30.

4.1.6.4. Tert-butyl 4-(4-((5-methyl-4-((2-(methyl carbamoyl)phenyl)amino)pyrimidin
-2-yl)amino)benzoyl ) pi per azine-1-car boxyl ate (11d)

Yield 58%. MP: 232-233 °CH NMR (400 MHz, DMSO+dg) 0 11.26 (s, 1H), 9.41
(s, 1H), 8.87 (dJ = 8.4 Hz, 1H), 8.76 (d] = 4.4 Hz, 1H), 8.02 (s, 1H), 7.82 @ =
8.4 Hz, 2H), 7.77 (dJ = 8.0 Hz, 1H), 7.52 (t) = 7.6 Hz, 1H), 7.34 (d] = 8.8 Hz,
2H), 7.10 (tJ = 7.2 Hz, 1H), 3.50 — 3.36 (m, 8H), 2.83 {d= 4.4 Hz, 3H), 2.09 (s,
3H), 1.42 (s, 9H}C NMR (100 MHz, DMSOde) 5169.49, 169.32, 158.47, 157.85,
155.53, 153.84, 142.65, 140.50, 131.58, 128.07,0827121.10, 119.95, 117.75,
107.34, 79.16, 43.58, 42.93, 30.68, 28.03, 26.33.
4.1.6.5. tert-butyl 4-(4-((5-methoxy-4-((2-(methyl car bamoyl)phenyl)amino)pyrimidin
-2-yl)amino)benzoyl ) pi per azine-1-carboxyl ate (11€)
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Yield 59%. MP: 220-221 °C'H NMR (400 MHz, DMSO¢g) 6 11.43 (s, 1H),
9.15z (s, 1H), 8.93 (d = 8.4 Hz, 1H), 8.70 (d] = 4.4 Hz, 1H), 7.95 (s, 1H), 7.84 (d,
J = 8.4 Hz, 2H), 7.76 (d] = 6.8 Hz, 1H), 7.55 — 7.51 (m, 1H), 7.36 {d= 8.4 Hz,
2H), 7.11 (tJ = 7.2 Hz, 1H), 3.92 (s, 2H), 3.52 — 3.39 (m, 8R{B4 (d,J = 4.4 Hz,
3H), 1.43 (s, 9H)*C NMR (100 MHz, DMSOdg) §169.56, 168.93, 153.84, 153.04,
150.95, 143.01, 139.74, 136.13, 135.50, 131.49,1828126.66, 121.19, 120.51,
117.12, 79.14, 56.89, 43.55, 42.94, 28.01, 26.29.

4.1.7. The procedure for the synthesis of tert-butyl4-(4-((4-chloro-5-(trifluoromethyl)
pyrimidin-2-yl)amino)benzoyl) piperazine-1-carboxylate (12)

To a solution of 2,4-dichloro-5-(trifluoromethyl)pgnidine (0.46 mL,3.4 mmol) in
DCE (12 mL) and tBuOH (12 mL) was added 4 mL Zn&dlution (1M in diethyl
ether). The mixture was stirred under ice bathifdr. Then the mixture was added
compound21(1.04 g, 3.4 mmol in 3mL DCE: tBuOH = 1:1) and r&tt for another
1.5 h under ice bath. Then the mixture was addeg @52 mL, 3.7 mmol) dropwise.
The mixture was concentrated under vacuum andagtitavith dichloromethane (20
mL x 3). The organic phase was washed with brire nilL x 3) and dried over
anhydrous Ng50O, and concentrated under vacuum. The crude prodasiparified by
column chromatography to get compoub® as white solid (0.76 g, 46%). Mp:
182-183 °CH NMR (400 MHz, DMSOds) 5 10.90 (s, 1H), 8.85 (s, 1H), 7.82 (H,
= 8.0 Hz, 2H), 7.45 (dJ = 8.4 Hz, 2H), 3.40 (s, 8H), 1.42 (s, 95¢ NMR (100
MHz, DMSO-dg) ¢ 168.96, 160.37, 158.08 (d,= 5.0 Hz),157.73, 153.81, 139.80,

130.26, 128.07, 119.55, 112.32 — 111.32 (m), 7H#I49, 42.90, 27.99.
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4.1.8. Procedure for the synthesis oftert-butyl 4-(4-((4-((2-(methylcarbamoyl)phenyl)
amino)pyrimidin-2-yl)amino)benzoyl ) piperazine-1-carboxylate (13)

The mixture of compound (0.24 g, 1.58 mmol), compourd@ (0.73 g, 1.5 mmol)
and DIPEA (0.31 mL, 1.8 mmol) in 1-Butanol was leeatnder reflux for 24 h. The
mixture was concentrated under vacuum and extragidd dichloromethane (20
mIx3). The organic phase was washed with brinenflL5x 3), dried over anhydrous
NaSO, and concentrated under vacuum. The crude prodastpurified by column
chromatography to get compouhd as yellow solid (0.51 g, 55%). Mp: 203-204 °C.
'H NMR (400 MHz, DMSOsg) § 11.34 (s, 1H), 10.07 (s, 1H), 8.76 (= 3.6 Hz,
1H), 8.50 (s, 2H), 7.75 (d, = 6.0 Hz, 3H), 7.53 (t) = 7.6 Hz, 1H), 7.34 (d] = 8.0
Hz, 2H), 7.21 (tJ = 7.2 Hz, 1H), 3.49 — 3.36 (m, 8H), 2.80 Jds 3.6 Hz, 3H), 1.42
(s, 9H).13C NMR (100 MHz, DMSOdg) 0 169.16, 168.73, 160.59, 156.24, 155.94,
153.83, 140.89, 138.44, 131.12, 129.08, 127.85,.8825123.23 (d,J = 17.4
Hz),122.82, 122.53 — 122.41 (m), 119.43, 79.1602826.21.

4.1.9. General procedure for the synthesis of compounds 14a-14z

To the suspension of compouddla-11eor 13 (1.5 mmol) in DCM (3 mL) was
added TFA (3 mL). The mixture was stirred at ro@mperature for 2 h and was
concentrated under vacuum. The product was thesolded in DMF (6 mL) and
added EIN (1 mL) without further purification. The reactionixture was stirred for 1
h and was added G$0.14 mL, 2.25 mmol) to continuously stir for 30nmA series
of different of halogen or alkene substituted coomqus (1.5 mmol) were added

respectively and the mixture was stirred at 50 ¥€roight. The mixture was cooled
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to room temperature and extracted with dichlorome¢h(20 mL x 3). The organic
phase was washed with brine (15 mL x 3), dried caenydrous N£O, and
concentrated under vacuum. The residue was pufiyecblumn chromatography to
provide the target products.

4.1.9.1. 2-cyanoethyl 4-(4-((5-chloro-4-((2-(methyl car bamoyl ) phenyl )Jamino)
pyrimidin-2-yl)amino)benzoyl)pi per azine-1-car bodithioate(14a)

Yield 76%. Mp: 287-288 °C*H NMR (400 MHz, DMSO¢s) § 11.64 (s, 1H), 9.76
(s, 1H), 8.77 (ddJ = 18.4, 4.0 Hz, 2H), 8.28 (s, 1H), 7.79J& 7.6 Hz, 3H), 7.55 (t,
J=7.6 Hz, 1H), 7.42 (d] = 8.4 Hz,2H), 7.18 () = 7.2 Hz, 1H), 4.33 (s, 2H), 4.04 (s,
2H), 3.70 (s, 4H), 3.57 (§,= 6.8 Hz, 2H), 2.97 (] = 6.8 Hz, 2H), 2.83 (d] = 4.4Hz,
3H).13C NMR (100 MHz, DMS0Odg)0193.92, 169.38, 168.88, 157.37, 155.08, 154.54,
142.01, 139.14, 131.48, 128.21, 128.04, 127.66,1722121.61, 121.04, 119.19,
118.40, 105.87, 50.84, 49.46, 31.41, 26.34, 17R®H m/z: calcd. for
C27H26CINgO,S, [M+H] *: 595.1465; found: 595.1439.
4.1.9.2.allyl 4-(4-((5-chloro-4-((2-(methyl carbamoyl) phenyl)amino)pyrimidin-2-yl)
amino)benzoyl)piper azine-1-car bodithioate (14b)

Yield 84%. Mp: 247-248 °C*H NMR (400 MHz, DMSOsdg) 6 11.67 (s, 1H), 9.75
(s, 1H), 8.78 (tJ) = 8.8 Hz, 2H), 8.28 (s, 1H), 7.82 (di= 11.2, 8.8 Hz, 3H), 7.55 (t,
J=7.6 Hz, 1H), 7.43 (d] = 8.4 Hz, 2H), 7.18 () = 7.2 Hz, 1H), 5.96 — 5.85 (m, 1H),
5.34 (d,J = 16.8 Hz, 1H), 5.16 (d = 10.0 Hz, 1H), 4.34 — 3.70 (m, 6H), 3.70 (s, 4H),
2.85 (d,J = 4.4 Hz, 3H).2*C NMR (100 MHz, DMSOdg) §195.05, 169.37, 168.86,

157.34, 155.05, 154.45, 142.00, 139.16, 131.40,1628127.98, 127.63, 122.06,
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121.57,120.99, 118.72, 118.39, 105.88, 54.87,3%@8.24, 26.30. HRMS m/z: calcd.
for Co7H29CIN;O,S, [M+H] :582.1513;found: 582.1506.

4.1.9.3.2-methoxyethyl 4-(4-((5-chloro-4-((2-(methyl car bamoyl)phenyl)amino)

pyrimidin -2-yl)amino)benzoyl)pi per azine-1-car bodithioate (14c)

Yield 82%. Mp: 215-216 °C*H NMR (400 MHz, DMSOsdg) § 11.65 (s, 1H), 9.76
(s, 1H), 8.80 — 8.73 (m, 2H), 8.28 (s, 1H), 7.82.%7 (m, 3H), 7.55 (&) = 7.2 Hz,
1H), 7.42 (dJ = 8.8 Hz, 2H), 7.18 () = 7.2 Hz, 1H), 4.33 (s, 2H), 4.06 — 4.03 (m,
2H), 3.68 (s, 4H), 3.58 — 3.55 (m, 2H), 3.50)(t 6.0 Hz, 2H), 3.27 (s, 3H), 2.83 (d,
J = 4.4 Hz, 3H)*C NMR (101 MHz, DMSOdg) §195.54, 169.40, 168.89, 157.36,
155.07, 154.49, 142.04, 139.19, 131.45, 128.20,0R28127.64, 122.10, 121.60,
120.99, 118.40, 105.92, 69.86, 57.89, 50.70, 483482, 26.33. HRMS m/z: calcd. for
C27H31CIN;0sS, [M+H] *: 600.1618 ; found: 600.1602.
4.1.9.4. Methyl 3-((4-(4-((5-chloro-4-((2-(methyl carbamoyl)phenyl)amino)pyrimidin
-2-yl)amino)benzoyl)pi per azi ne-1-car bonothi oyl )thi o) propanoate(14d)

Yield 83%.Mp: 180-181 °CH NMR (400 MHz, DMSOds) 6 11.62 (s, 1H), 9.74
(s, 1H), 8.78 — 8.72 (m,2H), 8.28 (s, 1H), 7.80.767(m, 3H), 7.57 — 7.52 (m, 1H),
7.40 (d,J = 8.4 Hz, 2H), 7.19 — 7.15 (m, 1H), 4.31 (s, 240 (s, 2H), 3.65 (d] =
17.2 Hz, 7H), 3.48 (t) = 7.2 Hz, 2H), 2.82 (d] = 4.4 Hz, 3H), 2.78 (t) = 6.8 Hz,
2H)**C NMR (100 MHz, DMSOds) ¢ 195.86, 169.36, 168.88, 157.37, 155.08,
154.55, 142.00, 139.15, 131.48, 128.20, 128.04,7027122.15, 121.60, 121.01,
118.38, 105.87, 66.76, 50.48, 49.48, 34.19, 322ZR33.HRMS m/z: calcd. for

ngH31CIN7O4SZ [M+H] +: 628.1568; found:628.1561.
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4.1.9.5. Ethyl 2-((4-(4-((5-chloro-4-((2-(methylcarbamoyl)phenyl)amino)pyrimidin-
2-y l)amino)benzoyl ) pi per azine- 1-car bonothioyl )thio)acetate (14€)

Yield 83%. Mp: 120-121 °GH NMR (400 MHz, DMSO#dg) §11.66 (s, 1H), 9.76
(s, 1H), 8.80 — 8.74 (m, 2H), 8.28 (s, 1H), 7.8 & 9.6 Hz, 3H), 7.56 (t] = 7.6 Hz,
1H), 7.43 (dJ = 8.4 Hz, 2H), 7.18 (] = 7.2 Hz, 1H), 4.31 (s, 2H), 4.22 (s, 2H), 4.16
— 4.01 (m, 4H), 3.71 (s, 4H), 2.84 @@= 4.4 Hz, 3H), 1.22 (t) = 7.2 Hz, 3H)C
NMR (100 MHz, DMSOedg) 0194.63, 169.40, 168.89, 168.00, 157.37, 155.08,5854
142.02, 139.16, 131.47, 128.21, 128.03, 127.66,1822121.61, 121.02, 118.40,
105.88, 61.11, 51.02, 49.36, 38.27, 26.34, 14.08lBRm/z: calcd. for
C2gH31CIN;,O4S; [M+H] *: 628.1568; found:628.1564.
4.1.9.6. Ethyl 3-((4-(4-((5-chloro-4-((2-(methyl carbamoyl)phenyl)amino) pyrimidin-2
-yl)amino)benzoy!)pi per azi ne- 1-car bonothi oyl )thi 0)-2-oxopropanoat (14f)

Yield 76%. Mp: 148-149 °CH NMR (400 MHz, DMSOd) 6 11.62 (s, 1H), 9.74
(s, 1H), 8.78 — 8.72 (m, 2H), 8.28 (s, 1H), 7.78 & 6.4 Hz, 3H), 7.55 () = 8.0 Hz,
1H), 7.41 (dJ = 8.0 Hz, 2H), 7.18 () = 7.6 Hz, 1H), 4.60 (s, 1H), 4.31 — 4.02 (m,
6H), 3.70 (s, 4H), 2.82 (d,= 4.4 Hz, 3H), 1.32 — 1.16 (m, 4£PC NMR (100 MHz,
DMSO-dg) 0 194.37, 190.19, 186.73, 169.36, 168.88, 157.37,0853.54.56, 142.01,
139.12, 131.50, 128.21, 128.04, 127.66, 122.19,6121121.05, 118.39, 105.85,
62.05, 61.47, 51.21, 50.04, 26.33, 13.86.HRMS mé#&tcd. for GgH3z;CIN;OsS;

[M+H] *: 656.1517; found: 656.1497.
4.1.9.7.2-(methyl sulfonyl)ethyl 4-(4-((5-chloro-4-((2-(methylcarbamoyl)phenyl)

amino)pyrimidin-2-yl)amino)benzoyl) piperazine-1-carbodithi oate (14g)
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Yield 76%. Mp: 223-224 °GH NMR (400 MHz, DMSOsd) 6 11.65 (s, 1H), 9.74
(s, 1H), 8.78 — 8.74 (dd, 2H), 8.28 (s, 1H), 7.80 € 8.0 Hz, 3H), 7.55 (] = 7.6 Hz,
1H), 7.42 (dJ = 8.4 Hz, 2H), 7.18 (] = 7.6 Hz, 1H), 4.34 (s, 2H), 4.03 (s, 2H), 3.70
— 3.65 (m, 6H), 3.53 — 3.38 (M, 2H), 3.09 (s, 3MB4 (d,J = 4.0 Hz, 3H)*C NMR
(100 MHz, DMSOe€g) 6 194.22, 169.38, 168.86, 157.35, 155.06, 154.50,0D42
139.13, 131.44, 128.18, 128.01, 127.63, 122.13,5821121.01, 118.40, 105.88,
52.78, 50.65, 49.33, 40.57, 28.59, 26.31.HRMS mé&icd. for G7H31CIN7O4S;
[M+H]": 648.1288; found: 648.1633.
4.1.9.8. 2-hydroxyethyl 4-(4-((5-chloro-4-((2-(methyl car bamoyl ) phenyl )amino)
pyrimidin-2-yl)amino)benzoyl)pi perazine-1-carbodithioate (14h)

Yield 77%. Mp: 162-163 °GH NMR (400 MHz, DMSO€s) 6 11.65 (s, 1H), 9.76
(s, 1H), 8.80 — 8.74 (m, 2H), 8.28 (s, 1H), 7.8 & 8.8 Hz, 3H), 7.55 (t] = 7.6 Hz,
1H), 7.43 (d,J = 8.4 Hz, 2H), 7.18 () = 7.6 Hz, 1H), 5.02 (] = 5.6 Hz, 1H), 4.34(s,
2H), 4.14 — 4.01 (m, 2H), 3.69 — 3.62 (m, 6H), 3(81 = 4.0 Hz, 2H), 2.84 (d] =
4.4 Hz, 3H)%3C NMR (100 MHz, DMSOdg) 0195.95, 169.45, 168.93, 157.40, 155.11,
154.54, 142.04, 139.18, 131.50, 128.24, 128.05,7127122.18, 121.65, 121.06,
118.46, 105.92, 59.31, 50.75, 49.23, 30.71, 26RBWIH m/z: calcd. for
Ca26H29CIN;0sS, [M+H] *: 586.1462; found: 586.1456.

4.19.9. 2-hydroxypropyl  4-(4-((5-chloro-4-((2-(methylcarbamoyl)phenyl)amino)
pyrimidin-2-yl)amino)benzoyl ) pi per azine-1-carbodithioate (14i)

Yield 78%. Mp: 258-259 °CH NMR (400 MHz, DMSOsdg) § 11.65 (s, 1H), 9.76

(s, 1H), 8.80 — 8.73 (m, 2H), 8.28 (s, 1H), 7.79 & 8.0 Hz, 3H), 7.55 (t] = 7.6 Hz,
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1H), 7.41 (dJ = 8.4 Hz, 2H), 7.18 (] = 7.6 Hz, 1H), 4.33 (s, 2H), 4.03 (s, 2H), 3.68
(s, 5H), 3.38 (s, 2H), 2.83 (d,= 4.4Hz, 3H), 2.60 (s, 3H), 2.51 (s, 1HE NMR
(100 MHz, DMSOe€g) 6 196.89, 169.38, 168.88, 157.37, 155.08, 154.54,9941
139.14, 131.49, 128.20, 128.04, 127.71, 122.16,6121121.03, 118.40, 105.86,
54.93, 50.56, 49.16, 30.70, 26.34, 19.49.HRMS matcd. for G7H3:CIN7OsS,
[M+H]": 600.1618; found: 600.1615.

4.1.9.10. 2-(dimethylamino)ethyl 4-(4-((5-chloro-4-((2-(methyl carbamoyl)phenyl)
amino)pyrimidin-2-yl)amino)benzoyl) piperazine-1-carbodithioate (14))

Yield 78%. Mp: 178-179 °GH NMR (400 MHz, DMSOdg) 6 11.68 (s, 1H), 9.76
(s, 1H), 8.80 — 8.76 (m, 2H), 8.28 (s, 1H), 7.82 & 10.0 Hz, 3H), 7.55 (] = 7.2 Hz,
1H), 7.43 (d,) = 8.8 Hz, 1H), 7.18 () = 7.2 Hz, 1H), 4.34 (s, 2H), 4.05 (dbs= 14.0,
6.8 Hz, 2H), 3.70 (s, 4H), 3.40 @,= 7.2 Hz, 2H), 2.85 (dJ = 4.4 Hz, 3H), 2.55 —
2.52 (m, 2H), 2.19 (s, 6HYC NMR (100 MHz, DMSQOdg) § 196.08, 169.38, 168.88,
157.36, 155.07, 154.48, 142.02, 139.19, 131.44,2028128.02, 127.65, 122.09,
121.58, 120.97, 118.39, 105.90, 57.30, 50.46, 491207, 34.46, 26.33.HRMS m/z:
calcd. for GgH15,CINgO,S, [M+H]*: 613.1935; found: 613.1920.

4.1.911. 2-(pyrrolidin-1-yl)ethyl 4-(4-((5-chloro-4-((2-(methyl car bamoyl)
phenyl)amino) pyrimidin-2-yl)amino)benzoyl)piperazne-1-carbodithioate (14k)

Yield 74%. Mp: 145-146 °CH NMR (400 MHz, DMSOds) 6 11.67 (s, 1H), 9.75
(s, 1H), 8.79 —8.75 (m, 2H), 8.28 (s, 1H), 7.8 & 8.4 Hz, 3H), 7.55 (t) = 7.6Hz,
1H), 7.42 (dJ = 8.4 Hz, 2H), 7.18 (t] = 7.2 Hz, 1H), 4.33 (s, 2H), 4.03 (s, 2H), 3.68

(s, 4H), 3.41 (tJ = 7.2 Hz, 2H), 2.84 (dJ = 4.4 Hz, 3H), 2.68 (t) = 6.8 Hz, 2H),
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2.50 (d,J = 19.6 Hz, 4H), 1.67 (s, 4HJC NMR (100 MHz, DMSOdg) 6 196.12,
169.37, 168.87, 157.36, 155.07, 154.50, 142.01,1¥39131.45, 128.19, 128.01,
127.67, 122.11, 121.58, 120.99, 118.39, 105.88)66463.31, 50.52, 49.19, 35.61,
26.32, 23.13.HRMS m/z: calcd. for3ElzCINgO,S, [M+H]": 639.2091; found:
639.2079.

4.1.9.12. 2-(piperidin-1-yl)ethyl 4-(4-((5-chloro-4-((2-(methylcarbamoyl) phenyl)
amino)pyrimidin-2-yl)amino)benzoyl) piperazine-1-carbodithioate (14l)

Yield 84%. Mp: 153-154 °GH NMR (400 MHz, DMSOds) 5 11.64 (s, 1H), 9.74
(s, 1H), 8.78 — 8.73 (m, 2H), 8.28 (s, 1H), 7.79 & 6.0 Hz, 3H), 7.55 (t] = 7.6 Hz,
1H), 7.41 (d,J = 8.8 Hz, 2H), 7.17 (] = 7.6 Hz, 1H), 4.31 (s, 2H), 4.04 (dbk 14.0,
6.8 Hz, 2H), 3.67 (s, 4H), 3.41 — 3.36 (m, 3H),32(8,J = 4.4 Hz, 3H), 2.55 — 2.38
(m, 3H), 2.38 (s, 4H), 1.49 — 1.46 (m, 48¢ NMR (100 MHz, DMSOds) § 196.08,
169.32, 168.83, 157.35, 155.05, 154.49, 141.95,1P39131.42, 128.13, 127.98,
127.69, 122.10, 121.56, 121.00, 118.37, 105.803FH H3.72, 50.41, 49.33, 33.78,
26.28, 25.47, 23.96.HRMS m/z: calcd. fog:1/8:sCINgO,S, [M+H] *: 653.2248; found:
653.22309.
4.1.9.13. 2-(4-methylpiperazin-1-yl)ethyl  4-(4-((5-chloro-4-((2-(methyl carbamoyl)
phenyl)amino)pyrimidin-2-yl Jamino)benzoyl) pi peridine-1-carbodithioate (14m)

Yield 80%. Mp: 222-223 °C*H NMR (400 MHz, DMSOds) 6 11.64 (s, 1H), 9.74
(s, 1H), 8.79 — 8.73 (m, 2H), 8.27 (t= 1.2 Hz, 1H), 7.81 — 7.77 (m, 3H), 7.56 —7.52
(m, 1H), 7.42 (dJ) = 1.6 Hz, 2H), 7.19 — 7.15 (m, 1H), 4.32 (s, 28P6— 4.01 (m,

2H), 3.67 (s, 4H), 3.41(8 = 5.4 Hz 2H), 2.83 (d] = 4.8 Hz, 3H), 2.57 (] = 7.2 Hz,
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2H), 2.52— 2.36 (m, 8H), 2.18 (s, 3HC NMR (100 MHz, DMSQds) §195.98,
169.33, 168.84, 157.34, 155.05, 154.49, 141.96,1139131.42, 128.14, 127.99,
127.69, 122.11, 121.56, 121.01, 118.38, 105.825H>H4.44, 52.14, 50.55, 49.19,
45.43, 33.69, 26.28.HRMS m/z: calcd. fo183sCINgO,S, [M+H]*: 668.2358; found:

668.2134.

4.1.9.14. 2-morpholinoethyl 4-(4-((5-chloro-4-((2-(methyl carbamoyl)phenyl)amino)
pyrimidin-2-yl)amino)benzoyl)pi perazine-1-carbodithi oate (14n)

Yield 80%. Mp: 145-146 °GH NMR (400 MHz, DMSOds) 5 11.64 (s, 1H), 9.74
(s, 1H), 8.78 — 8.73 (m, 2H), 8.28 (s, 1H), 7.79 & 6.8 Hz, 3H), 7.55 (t] = 7.2 Hz,
1H), 7.41 (dJ = 8.8 Hz, 2H), 7.18 (t) = 7.2 Hz, 1H), 4.32 (s, 2H), 4.03 @= 7.2
Hz, 2H), 3.65 (dJ = 18.8 Hz, 5H), 3.58 — 3.55 (m, 3H), 3.50 — 3.86 8H), 2.83 (d,
J=4.4 Hz,3H), 2.58 () = 7.2 Hz, 2H), 2.42 (s, 3HJC NMR (100 MHz, DMSOd)

0 195.91, 169.33, 168.85, 157.35, 155.06, 154.50,9141139.13, 131.44, 128.15,
127.99, 127.69, 122.11, 121.57, 121.01, 118.38,880%6.10, 56.75, 53.01, 51.57,
50.66, 49.14, 26.29.HRMS m/z: calcd. @pHzsCINgO:S; [M+H]*: 655.2040; found:

655.2031.
4.1.9.15. 2-(1,3-dioxolan-2-yl)ethyl 4-(4-((5-chloro-4-((2-(methyl carbamoyl)phenyl)
amino)pyrimidin-2-yl)amino)benzoyl) pi per azine-1-car bodithi oate(140)

Yield 81%. Mp: 230-231 °CH NMR (400 MHz, DMSOds) 6 11.62 (s, 1H), 9.74
(s, 1H), 8.78 — 8.72 (m, 2H), 8.28 (s, 1H), 7.80.%7 (m, 3H), 7.54 (t) = 7.2 Hz,
1H), 7.40 (d,J = 8.4 Hz, 2H), 7.17 (] = 7.2 Hz, 1H), 4.89 (] = 4.8 Hz, 1H), 4.31 (s,

2H), 4.01 (s, 2H), 3.93 — 3.77 (m, 4H), 3.67 (s)43432 — 3.28 (m, 2H), 2.82 (A=
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4.8 Hz, 3H), 1.99 — 1.94 (m, 2HC NMR (100 MHz, DMSOds) 6 195.57, 169.34,
168.84, 157.35, 155.06, 154.49, 141.96, 139.12,4P31128.14, 127.98, 127.69,
122.10, 121.57, 121.02, 118.39, 105.84, 102.333%4%0.30, 49.15, 32.45, 30.97,
26.28.HRMS m/z: calcd. for gH33CIN7O4S; [M+H] *: 642.1724; found: 642.1717.
4.1.9.16. (tetrahydro-2H-pyran-4-yl)methyl 4-(4-((5-chloro-4-((2-(methyl carbamoyl)
phenyl)amino)pyrimidin-2-yl)amino)benzoyl ) pi per azine-1-car bodithi oate (14p)

Yield 82%. Mp: 217-218 °C*H NMR (400 MHz, DMSOsdg) 6 11.64 (s, 1H), 9.75
(s, 1H), 8.79 — 8.72(m, 2H), 8.28 (s, 1H), 7.78 &, 5.6 Hz, 3H), 7.55 (t) = 7.6 Hz,
1H), 7.41 (dJ = 8.4 Hz, 2H), 7.17 (t] = 7.6 Hz, 1H), 4.32 (s, 2H), 4.03 @= 6.8Hz,
2H), 3.85 — 3.82 (M, 2H), 3.67 (s, 4H), 3.27 — @2 4H), 2.82 (dJ = 4.4 Hz, 3H),
1.84 — 1.82(m, 1H), 1.66 (d,= 12.8 Hz, 2H), 1.32 — 1.22 (m, 2} NMR (100
MHz, DMSO-dg) ¢ 195.87, 169.37, 168.87, 157.36, 155.07, 154.50,0P4239.18,
131.46, 128.20, 128.02, 127.66, 122.11, 121.58,972018.37, 105.90, 66.76, 50.59,
49.21, 42.51, 34.18, 32.02, 26.33.HRMS m/z: cafod.C3oH3sCIN;OsS, [M+H] "
640.1931; found: 640.1921.
4.1.9.17. Benzyl 4-(4-((5-chloro-4-((2-(methyl car bamoyl )phenyl Jamino)pyrimidin
-2-yl)amino)benzoyl)pi per azine-1-carbodithioate (14Qq)

Yield79%. Mp: 157-158 °CH NMR (400 MHz, DMSOdg) J 11.64 (s, 1H), 9.76
(s, 1H), 8.80 — 8.73 (m, 2H), 8.28 (s, 1H), 7.79 & 7.2 Hz, 3H), 7.55 () = 7.6 Hz,
1H), 7.41 (dJ = 8.4 Hz, 4H), 7.34 — 7.25 (m, 3H), 7.17Jt 7.6 Hz, 1H), 4.56 (s,
2H), 4.34 (s, 2H), 4.04 (dd,= 14.4, 7.2 Hz, 2H), 3.68 (s, 4H), 2.83 {d= 4.8 Hz,

3H)*C NMR (101 MHz, DMSOdg) § 195.19, 169.37, 168.88, 157.37, 155.07,
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154.53, 142.00, 139.15, 136.13, 131.48, 129.25,4828128.19, 128.03, 127.68,
127.40, 122.15, 121.60, 121.02, 118.39, 105.8/A5%049.19, 40.78, 26.33.HRMS
m/z: calcd. for GiHz1CIN;O,S; [M+H]": 632.1669; found: 632.1672.

4.1.9.18. Phenethyl 4-(4-((5-chloro-4-((2-(methyl car bamoyl)phenyl)amino)pyrimidin
-2-yl)amino)benzoyl ) pi per azine- 1-car bodithi oate (14r)

Yield 79%. Mp: 232-233 °CH NMR (400 MHz, DMSOsdg) J 11.67 (s, 1H), 9.77
(s, 1H), 8.80 — 8.75 (m, 2H), 8.28 (s, 1H), 7.81 & 9.6 Hz, 3H), 7.55 () = 7.6 Hz,
1H), 7.43 (dJ = 8.4 Hz, 2H), 7.33 — 7.28 (m, 4H), 7.24 — 7.16 BH), 4.35 (s, 2H),
4.01 (s, 2H), 3.68 (s, 4H), 3.53 — 3.50 (M, 2HY72- 2.93 (M, 2H), 2.84 (d,= 4.4
Hz, 3H)3*C NMR (100 MHz, DMSOdq) § 195.60, 169.36, 168.87, 157.36, 155.07,
154.51, 142.01, 139.98, 139.17, 131.46, 128.46,4028128.19, 128.02, 127.67,
126.35, 122.11, 121.59, 120.99, 118.39, 105.8958049.29, 37.33, 34.46,
26.32.HRMS m/z: calcd. for 4H33CIN;/O,S, [M+H]": 646.1826; found: 646.1816.
4.1.9.19. Pyridin-4-ylmethyl 4-(4-((5-chloro-4-((2-(methyl car bamoyl)phenyl)amino)
pyrimidin-2-yl)amino)benzoyl)piper azine-1-carbodithioate (14s)

Yield 82%. Mp: 171-172 °GH NMR (400 MHz, DMSOdg) J 11.63 (s, 1H), 9.75
(s, 1H), 8.79 — 8.71 (m, 2H), 8.51 (M= 4.8 Hz, 2H), 8.28 (s, 1H), 7.79 (@= 8.0 Hz,
2H), 7.54 (t,J = 7.6 Hz, 2H), 7.42 () = 10.0 Hz, 4H), 7.17 (] = 7.6 Hz, 1H), 4.64
(s, 2H), 4.32 (s, 2H), 4.04 (s, 2H), 3.68 (s, 4PB2 (d,J = 4.0 Hz, 3H)*C NMR
(100 MHz,DMSO¢g) 0 194.49, 169.41, 168.90, 157.36, 155.08, 154.50,5749
146.01, 142.05, 139.18, 131.47, 128.21, 128.03,6427124.11, 122.13, 121.59,

120.99, 118.40, 105.92, 51.07, 49.35, 38.84, 352634. HRMS m/z: calcd. for
35



C3oH30CINgO,S, [M+H] *: 633.1622;found: 633.1497.
4.1.9.20. Pyridin-2-ylmethyl 4-(4-((5-chloro-4-((2-(methyl carbamoyl)phenyl)amino)
pyrimidin-2-yl)amino)benzoyl)pi perazine-1-carbodithi oate (14t)

Yield 78%. Mp: 161-162 °GH NMR (400 MHz, DMSO#dg) J 11.65 (s, 1H),9.76 (s,
1H), 8.80 — 8.73 (m, 2H), 8.52 (d= 4.4 Hz, 1H), 8.28 (s, 1H), 7.82 — 7.73 (m, 4H),
7.57 — 7.49 (m, 2H), 7.42 (d,= 8.4 Hz, 2H), 7.29 (ddl = 6.8, 5.2 Hz, 1H), 7.18 (4,
= 7.6 Hz, 1H), 4.69 (s, 2H), 4.34 (s, 2H), 4.06.634(m, 2H), 3.69 (s, 4H), 2.83 (d,
= 4.4 Hz, 3H)**C NMR (100 MHz, DMSQdg) § 195.08, 169.42, 168.90, 157.35,
156.03, 155.07, 149.20, 142.05, 139.19, 136.71,2028128.01, 127.63, 123.47,
122.43, 122.09, 121.59, 120.99, 118.41, 105.92/8,049.29, 42.69, 26.34.HRMS
m/z: calcd. for GoH3oCINgO,.S, [M+H]™: 633.1622; found: 633.1666.
4.1.9.21. Pyridin-3-ylmethyl 4-(4-((5-chloro-4-((2-(methyl carbamoyl)phenyl)amino)
pyrimidin-2-yl)amino)benzoyl ) pi per azine-1-car bodithioate (14u)

Yield 80%. Mp: 150-151 °GH NMR (400 MHz, DMSO#dg) 6 11.65 (s, 1H), 9.75
(s, 1H), 8.79 — 8.74 (m, 2H), 8.64 (s, 1H), 8.47)(d 3.6 Hz, 1H), 8.27 (s, 1H), 7.80
(t, J=8.8 Hz, 4H), 7.55 (1) = 7.6 Hz, 1H), 7.42 (d] = 8.4Hz, 2H), 7.35 (dd] = 7.6,
4.8 Hz, 1H), 7.17 (t) = 7.2 Hz, 1H), 4.62 (s, 2H), 4.34 (s, 2H), 4.032d), 3.70 (s,
4H), 2.84 (dJ = 4.4 Hz, 3H)-*C NMR (100 MHz, DMSOds) 194.65, 169.38, 168.87,
157.35, 155.06, 154.47, 150.08, 148.35, 142.01,1639136.68, 132.67, 131.43,
128.17, 128.00, 127.64, 123.42, 122.10, 121.58,012118.39, 105.88, 50.76, 49.36,
38.89, 37.46, 26.3HRMS m/z: calcd. for gH30CINgO>S, [M+H] *: 633.1622; found:

633.1689.
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4.1.9.22. 2-(dimethylamino)ethyl 4-(4-((4-((2-(methylcarbamoyl)phenyl) amino)
pyrimidin-2-yl)amino)benzoyl)piper azine-1-carbodithioate (14v)

Yield 79%. Mp: 160-161 °GH NMR (400 MHz, DMSOdg) § 10.80 (s, 1H), 9.56
(s, 1H), 8.68 (s, 1H), 8.47 (d,= 7.2 Hz, 1H), 8.13 (d] = 3.6 Hz, 1H), 7.87 (d] =
6.8 Hz, 2H), 7.71 (dJ = 6.8 Hz, 1H), 7.51 (s, 1H), 7.41 @z= 7.0 Hz, 1H), 7.12 (s,
1H), 6.37 (s, 1H), 4.33 (s, 2H), 4.04 (s, 2H), 3(894H), 3.40 (s, 2H), 2.81 (s, 3H),
2.53 (s, 2H), 2.18 (s, 6HJC NMR (100 MHz, DMSOds) 6 196.10, 169.49, 168.96,
159.86, 159.28, 156.73, 142.55, 139.59, 131.34,2P28128.11, 127.12, 121.84,
121.61, 118.05, 99.88, 57.33, 50.57, 49.17, 488019, 26.25HRMS m/z: calcd. for
CagH35Ng02S, [M+H] *: 579.2324; found: 579.2319.
4.1.9.23. 2-(dimethylamino)ethyl 4-(4-((5-fluoro-4-((2-(methyl car bamoyl)phenyl)
amino)pyrimidin-2-yl)Jamino)benzoyl) pi per azine-1-car bodithi oate (14w)

Yield 76 %. Mp: 241-242 °CH NMR (400 MHz, DMSOd) 5 11.81 (s, 1H), 9.64
(s, 1H), 8.83 (dJ = 8.0 Hz, 2H), 8.23 (d] = 2.4 Hz, 1H), 7.81 (d] = 8.0 Hz, 3H),
7.56 (t,J = 7.6 Hz, 1H), 7.42 (d] = 8.0 Hz, 2H), 7.16 (t] = 7.6 Hz, 1H), 4.32 (s, 2H),
4.03 (d,J = 6.4 Hz, 2H), 3.68 (s, 4H), 3.40 (s, 2H), 2.83X¢ 3.9 Hz,3H), 2.53 (1]
= 5.6 Hz, 2H), 2.18 (s, 6HYC NMR (100 MHz, DMSOdg) 6 196.08, 169.43, 169.05,
155.07 (dJ = 3.2 Hz), 149.07 (d] = 10.0 Hz), 142.50 (d] = 6.9 Hz), 140.42 (d] =
19.7 Hz), 140.07, 139.45, 131.82, 128.27, 128.@7.25, 121.85, 120.79, 120.09,
117.78, 57.33, 50.53, 49.34, 44.82, 34.50, 26.3MBRm/z: calcd. for

CagH15F7NgO,S; [M+H] *: 597.2230; found: 597.2222.

4.1.9.24. 2-(dimethylamino)ethyl 4-(4-((5-methyl-4-((2-(methyl carbamoyl)phenyl)
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amino)pyrimidin-2-yl)amino)benzoyl) piperazine-1-carbodithi oate (14x)

Yield 77%. Mp: 192-193 °GH NMR (400 MHz, DMSOsdg) 6 11.27 (s, 1H), 9.45
(s, 1H), 8.89 (dJ = 8.4 Hz, 1H), 8.77 (d] = 4.8 Hz, 1H), 8.03 (s, 1H), 7.85 @@=
8.4Hz, 2H), 7.78 (dJ = 7.6 Hz, 1H), 7.53 () = 7.6 Hz, 1H), 7.40 (d] = 8.4 Hz, 2H),
7.11 (t,J = 7.6 Hz, 1H), 4.33 (s, 2H), 4.03 @= 6.8 Hz, 2H), 3.69 (s, 4H), 3.39 (@,
= 6.8 Hz,2H), 2.84 (dJ = 4.4 Hz, 3H), 2.52 (t) = 6.4 Hz, 2H), 2.17 (d] = 9.6 Hz,
9H).13C NMR (101 MHz, DMSOds) 0196.11, 169.54, 169.32, 158.47, 157.83,
155.51, 142.87, 140.50, 131.58, 128.26, 127.97,7126121.19, 121.10, 119.96,
117.70, 107.40, 57.34, 50.50, 49.16, 44.82, 326134, 13.15.HRMS m/z: calcd. for
CagH37Ng02S, [M+H] *: 593.2481; found: 593.2476.
4.1.9.25. 2-(dimethylamino)ethyl 4-(4-((5-methoxy-4-((2-(methylcarbamoyl) phenyl)
amino)pyrimidin-2-yl)amino)benzoyl )piperazine-1-car bodithioate (14y)

Yield 77%. Mp: 164-165 °GH NMR (400 MHz, DMSOdg) 6 11.42 (s, 1H), 9.36
(s, 1H), 8.93 (dJ = 8.4 Hz, 1H), 8.70 (d] = 4.8 Hz, 1H), 7.95 (s, 1H), 7.85 @=
8.8 Hz, 2H), 7.75 (dJ = 6.8 Hz, 1H), 7.53 () = 7.2 Hz, 1H), 7.41 (d] = 8.4 Hz,
2H), 7.11 (tJ = 7.6 Hz, 1H), 4.33 (s, 2H), 4.06 — 4.01 (m, 28192 (s, 3H), 3.69 (s,
4H), 3.40 (t,J = 6.8 Hz, 2H), 2.83 (d] = 4.4 Hz, 3H), 2.55 — 2.51 (m, 2H), 2.18 (s,
6H).*C NMR (100 MHz, DMSOdg) 6196.07, 169.56, 168.91, 152.99, 150.93,
143.19, 139.72, 136.10, 135.51, 131.50, 128.32,0P28126.26, 121.20, 120.70,
120.49, 117.03, 57.32, 56.88, 50.56, 49.22, 484818, 26.29.HRMS m/z: calcd. for

ngH37N80352 [M+H] +: 609.2423; found: 609.2423.

4.1.9.26.2-(dimethylamino)ethyl 4-(4-((4-((2-(methyl carbamoyl)phenyl)amino)-5-
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(trifluoromethyl)pyrimidin-2-yl )Jamino)benzoyl ) pi per azine- 1-car bodithi oate (142)

Yield 78%. Mp: 191-192 °CH NMR (400 MHz, DMSOsdg) 6 11.38 (s, 1H), 10.11
(s, 1H), 8.79 (dJ = 4.4 Hz, 1H), 8.51 (s, 2H), 7.79 (db= 14.4, 8.0 Hz, 3H), 7.55 (t,
J=7.6 Hz, 1H), 7.40 (d] = 8.4 Hz, 2H), 7.22 (i) = 7.6 Hz, 1H), 4.34 (s, 2H), 4.05
(dd,J = 14.0, 6.8 Hz, 2H), 3.68 (s, 4H), 3.41Jt 6.8 Hz, 2H), 2.82 (d] = 4.0 Hz,
3H), 2.53 (t,J = 6.4 Hz, 2H), 2.19 (s, 6HfC NMR (100 MHz, DMSOds) 6 196.13,
170.31, 169.23, 168.76, 160.59, 156.25, 155.87,1¥41138.49, 131.15, 128.69,
128.00 (dJ = 14.9 Hz), 125.84, 123.26 (4= 19.0 Hz), 122.83, 122.45, 119.33, 59.8,
57.3, 50.5, 49.2, 44.8, 152.5, 26.2. HRMS m/z:ctdler GgoHi5F3Ng0,S, [M+H] ™

647.2198; found: 647.2188.
4.2 Biochemistry

4.2.1. Invitro FAK activity assay

The ADP-glo kinase assay (Promega, USA) was usedrezn FAK inhibitors. The
5 pL reaction solution included 2.6 ng FAK, 0.4 plgpeptide substrate poly (4:1 Glu,
Tyr), 25 pM ATP and test compounds at indicatedlfconcentrations or DMSO as
negative control. The test was performed in a 384-wlate according to the
instructions of the manufacturer. Briefly, the ré@ac solution was incubated at room
temperature for 1 h. Then 5 pL of ADP-Glo Reageaswdded and incubated at
room temperature for 40 min to stop the kinasetr@a@nd deplete the unconsumed
ATP. Finally, 10 pL of kinase detection reagent wedded into the well and incubated
for 30 min to convert ADP to ATP and produced ailescence signal. The signal

was measured by a microplate reader (Flexstatioil® 1G, values were calculated
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using Prism Graphpad software.
4.2.2. Céll culture and MTS assay

Cell lines (HCT116, PC-3, U87-MG, MCF-7) were cuéd in Dulbecco's
Modified Eagle Media (DMEM) supplement with 9% fet@vine serum (FBS) as
well as 1% (v/v) penicillin and streptomycin at 32 in 5% CQ. Cell viability was
detected with the MTS assay (Promega, USA) accgrdan the manufacturer’s
instructions as we previously reported. Briefly0@0cells suspended in DMEM
medium were plated into per well of 96-well plagesl incubated at 37 °C in 5% €O
overnight. The cells were treated with the testethmounds at indicated final
concentrations or DMSO (negative control) for 72TAE226 and Defactinib were
used as positive control. Then 20 pL MTS solutioasvadded to each well and
incubated at 37 °C for 3 h. Absorbance of each waB determined by a microplate
reader (Flexstation 3) at a 490 nm wavelength. [T3gvalues were calculated using
Prism Graphpad software of the triplicate experitaen
4.2.3. Céll cycle analysis

MCF-7 cells (1x18cells) were incubated in 6 cm dishes and incub&ie@4 h.
Then the cells were treated with DMSO or differemcentrations of compouridiz
After incubation of 24 h, the cells were harvested washed twice with cold PBS.
Then the cells were fixed in ethanol (70%) at 4 8@rnight. The cells were
centrifuged to remove the fixing solution and waktwice with cold PBS. Finally the
cells were stained with 5uL 7-AAD (BD) at room teengture in dark for 10 min. The

cells were analyzed by flow cytometry (FACSVerseBD,).
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4.2.4. Cell apoptosis analysis

MCF-7 cells (1x18cells) were incubated in 6 cm dishes and incub&ie@4 h.
Then the cells were treated with DMSO or differemmcentrations of compouridiz
After incubation of 24 h, the cells were harvested washed twice with cold PBS.
Annexin V and 7-AAD staining protocols were applieaccording to the
manufacturer's instructions. The cells were anayzdy flow cytometry
(FACSVerse™, BD).
4.2.5. Cell migration analysis

MCF-7 cells (5x1bcells) with or without compound4z (0.005, 0.05, 0.1 puM)
were suspended in serum-free medium and incubategDf min. Then the cells were
seeded into the upper chamber (Corning Life Scienaeile the medium containing
15% fetal bovine serum was added in the lower cotnpgant. After incubation for 24
h, the non-migrated cells on the upper side ofrtleenbrane were removed with a
cotton swab. The migrated cells on the other sfdd@membrane were stained with
0.1% crystal violet. Attached cells were imaged amdn inverted florescence
microscope. The cells that were randomly chosem ftbree fields were analyzed
using ImageJ and Prism Graphpad software.
4.2.6. Tube formation assay

HUVEC (3x1d cells) with or without compound4z ©.005, 0.05, 0.1 pM) were
incubated for 30 min. Then the cells were plateéd the 96-well plate coated with 50
ML Matrigel basement. After the incubation of 6elmdothelial cell tubular structure

was observed under an inverted florescence micpasco
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Highlights

A series of 2,4-diarylaminopyrimidine derivativesontaining
dithiocarbamate moiety were synthesized as FAKbiidms.
Compoundl4z shows excellent antiproliferative effects withsdC
values from 0.001 puM to 0.06 uM on HCT116, PC-37W8G and
MCF-7 cell lines.

Compoundl4z exhibits potent FAK inhibitory activity.
Compoundl4z arrests cell cycle at G2/M phase and induces cell
apoptosis.

Compoundl4z inhibits cell migration and angiogenesis.



