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AZD3759 N4 N6-disubstituted pyrinmindine-4,6-diamine Yfq07

A novel series of 4, 6-disubstituted pyrimidinesicigives were designed, synthesized, and
evaluated as epidermal growth factor receptor (EGHRibitors for non-small cell lung
cancer(NSCLC). 4, 6-disubstituted pyrimidines aairucture was utilized to substitute the lead
structure AZD3759 of the quinazoline basic skelatianan approach involving scaffold hopping.
It was found that compoundfq07 exhibited the best inhibitory effect compared WABED3759
in vitro andin vivo: YfqO7 exhibited a competitive ATP inhibitory effect, rtiple target effects,
and further featured a stronger activity agains%8 A431, HCC827, PC-9 and H1975
compared to AZD3759. Moreover, a stronger pro-aggpeffect, inhibition of cell G2 / M phase
on A431, H3255, HCC827 and H1975 could also berobse In this study, the ultimate goal was
changing the core structure to improve other epidérgrowth factor receptor tyrosine kinase
inhibitors (EGFR-TKIs) properties while retainingpet overall potencyYfq07 was further

explored as an effective 4, 6-pyrimidine anticaraggnt for the treatment of human NSCLC.

Keywords: EGFR-TKIs; Scaffold hopping; NSCLC

1. INTRODUCTION

Lung cancer represents a cancer type exhibitindpitjieest morbidity rate and non—small cell
lung cancer (NSCLC) types, accounting for approx@#tya90% of all lung cancer cases [1].
NSCLC targeted therapy has now become criticallpartant, and the epidermal growth factor
receptor (EGFR) tyrosine kinase is a particulanyeptarget [2-5].

Presently, small molecule inhibitors, used for EGREgered NSCLC, are mainly based on
two types of core structures (Figure 1). One typbased on 2,4-pyrimidines, such as Rociletinib
[6] and Osimertinib [7]. Another type stems fronirgaeolines compounds, including Gefitinib [8],
Erlotinib [9] and Afatinib [10]. In recent years, @ew potent quinazoline EGFR inhibitor,
AZD3759 was discovered and evaluated by Xiaolinrighet al. [11]. AZD3759 has demonstrated
an effective inhibitory activity on NSCLC. Moreoyehis investigational compound is currently
evaluated in a phase 1 clinical trial in patientffesing from EGFR triggered NSCLC [12-14].
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Figure 1. Chemical structures of representative examplélseofwo EGFR inhibitor types

Using molecular docking simulation to mimic the dimy mode of inhibitors AZD3759 and
EGFR L858R protein, we found that N-1 of the quolee forms an H-bond with back bond NH
of Met-798. H-2 of the quinazoline group was shawrbe acidic and could form an oxygen
bridge with water molecules to form H-bonding imigions with Thr-766. However,
N6-methylpiperazine unit was found to be complettposed to solvent molecules and did not
form interactions with the protein. Thus, besidegirpidines [15], triazines, purines, and
pyrazines may be selected to replace the coretsteuof the quinazoline. Interestingly, one report
published by Qiong Zhang et al. [16] showed th&tdisubstituted pyrimidines [17] derivatives
exhibited a more potent and selective inhibitorfedf in both enzymatic and cellular EGFR
studies compared to other kinase-directed hetelegyacluding 2,4-pyrimidines [18], triazines,
purines, quinazolines [19], pyrazines [20], etc.this study, we have used scaffold hopping
approach through changing the core structure aad ieffort to improve other structure properties
while retaining the overall potency [21-25]. Theirnhte goal was to develop novel compounds
with potentially higher efficacy.

In summary, we selected 4, 6-disubstituted pyrin@dias core structure to synthesize four
series of new 4, 6-diamine pyrimidines derivati{Egure 2). All compounds were evaluated for
their efficacy as EGFR-TKIs for NSCLC therapy. Gstudy showed that 4, 6-disubstituted
pyrimidines may indeed be used as new small maeahibitors in EGFR triggered NSCLC.
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Figure 2 Schematic representation of the rational desigmwe€l compounds

2. RESULTS AND DISCUSSION
2.1 CHEMISTRY

The synthetic routes for the production of the fearies of target compounds used in this
study are shown in Scheme 3. The correspondingctstes are shown in Tables 1-4.
4-pyrimidinamine derivatives, as the key intermeshaof the first series of compounds
(Yfq01-Yfg24), were prepared from commercially available 4 ghttiropyrimidine with different
anilines in the presence of a sufficient amounpatssium iodide. Nucleophilic substitution of
these intermediates with appropriately substitidaidines in the presence of p-toluenesulfonic
acid afforded the target compound|01-Yfq24. Acyl chlorination of commercially available or
previously synthesized benzoic acids or cinnamisaevith thionyl chloride provided the
corresponding acyl chlorides, which were coupleth\@-chloropyrimidin-4-amine, followed by
nucleophilic substitution with substituted anilinesyield the secondYfq25-Yfg40) and third
(Yfg41l-Yfg6l) series of compounds. Furthermore, after estatiio of fatty acid chains with
various alcohols, the forth series of compoundswegnthesized using a similar procedure the

first series of compounds.
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Reagents and conditions: (I) Glutaric anhydridesaccinic anhydride, dioxane, reflux; (ll)

substituted amines, sulfuric acid, Kl, acetondusef(lll) EtOH; sulfuric acid; reflux.

Table 1 Chemical structures of target compouliig01-Yfq24.

Scheme 3 Synthetic route for the target compounds of the Eeries.

N N
H
EG FR EG FlﬁelE746—A75O EG FR,858R
Compd. R R*
%inh 1C50(NM) %inh ICs50(NM) %inh 1G5 (NM)
Cl
Yfqol ~ 3-OMe %O 468  >10000 847 974 71.6 1573
Yigo2  3-OMe () 16.7 - 48.3 - 32.8 -
Br
Yfq03  3-OMe 30 30.7 - 46.2 - 48.4 .
o/
Y04 3-OMe () 305  >10000 725 1188 76.6 1745
Yiq05  3-OMe i ) som 487  >10000  90.2 1229 89.8 1847
Yiq06  2.5-OMe i { ) somn 502 779 99.3 467 96.7 619
O/
Yiq07  3-OMe ;@ 96.9 26 97.9 7.7 97.0 18
-
Yiqo8  2.5-OMe { ) 725 336 55.9 208 51.6 230
Yiqo9  2.5-OMe +{ ) 6.2 - 26.6 - 32.1 -
O/
Yfqglo  2'5- OMe ;@ 30.4 - 43.4 - 46.9 -
-
Yigll  25-OMe < - »— 790 288 433 >10000 721 167
S
Yfql2  2/5-OMe | -~ 54.7 125 57.9 102 58.2 167



3,4,5-0

Yfq13 () 79.6 901 109  >10000  16.2 >10000
Me

Yfql4  2,5-OMe %J 19.6 - 44.3 - 43.9 -
Yfql5 3-Cl %J 65.5 170 44.2 >10000 43.8 >10000

Cl
Yfq16 3-Cl §{> -2.9 - -12.1 - 4.5 -

Br
Yiql7 3-Cl 5@ 6.8 - -12.0 - -8.3 -
Yfqi8 g-cl i ) 9.5 - 0.7 A 12.8 -

Cl
Yfq19 4'-Cl : {“—/ 89.8 324 97.5 229 97.5 236
vieo  a-ct < )a 12.3 - 14.2 - 35.4 -
Yig21 a-cl L ) 4.9 - 126 . 8.5 .

B
Yfg22 a-cl {}J 34.6 - 40.9 - 455 -
Yfq23 4-F %OF 25.3 ) 33.0 - 41.6 -

4’-ethyl o/
Yfq24 §4<:>_< -0.4 - -14.4 - -1.5 -
formate o
Note: "--" indicates |G, greater than 30000 nM
Table 2 Chemical structures of target compoulf@i325-Yfg40.
O
HN N
[
D
6
LA =
H
EGFR EGFlﬁeIE746-A75O EGFQ858R
Compd. R R°
%inh 1G5 (NM) %inh ICs0(NM) %inh 1Cs0(NM)
Y,

Yfq25 H §© 18.6 - 47.8 - 39.6 -
Yfq26 H %Oo/ 96.0 81 98.0 26 97.9 60



Yfq27 H < )¢ 128 >10000 612 754 73.2 1209
Yfq28 H %Oa 1.2 - 7.2 - -0.2 -

Cl
Yfq29 H 50 -2.9 - -17.6 - -4.2 -

0N

Yfq30 H §O"/ 11.2 - -3.3 - 2.4 -
Yfg31 H N b 10.1 - 3.8 2.1 -
Yfq32 4-F ) 2.7 - 8.8 0.8 -

\0
Yfq33 4-F % i 14.0 - 32,5 37.0 -

O

A\

Yfq34 4-F %O -4.2 - -15.7 -3.7 -
Yfq35 4-F %Ocn 34.4 >10000 79.7 1409 82.7 1608

Cl
Yfq36 4-F §{> -8.1 - -5.2 - -0.5 -

) /N
Yfq37 #-F = ) » 33 - 6.4 - 1.0 -
Yfq38 4-F N o 83.3 131 99.0 63 97.7 96
Yiq39 #-F i) a2 - 73 . 55 -
Yfq40 4-F %{% 1.7 - -11.3 - -10.3 -
Note: "--" indicates |G, greater than 30000 nM
Table 3 Chemical structures of target compoulifig4 1-Yfq61.
(0]
HN Z N
(I
Y L
kN/ R
EG FR EGFIﬁeIE746-A75O EGFQ858R
Compd. R R®
%inh 1G5 (NM) %inh ICs0(NM) %inh 1Cs0(NM)




Yigal

Yfq42

Yfq43

Yiq44

Yfq45

Yfq46

Yfq4a7

Yfq48

Yiq49

Yfg50

Yig51

Yfq52

Yfq53

Yig54

Yfg55

Yfq56

Yfq57

Yfq58

Yfq59

4-F

4-F

2-Br-4'-F

2-Br-4'-F

2'-Br-4'-F

v O
Br

4'-OMe

4’- OMe

4’- OMe

4’- OMe

4-F

2'-Br-4'-F

Cl

<O

-5.7

-11.1

7.3

-5.1

-7.6

2.7

2.1

=77

29

22.7

-6.9

-2.9

4.1

7.1

-1.6

13.0

28.2

24.3

24.3

40.5

42.7

a7.7

-12.5

-12.7

-12.2

-12.9

-9.0

36.6

0.8

-13.3

17.0

47.3

2.1

-8.7

5.8

7.7

2.2

-9.0

-11.8

-9.2

-12.2

-10.3

0.1

-9.0

11.3

-9.8



Yig60 ~ 4-OMe &= Db 7.6 - 7.9 - 7.2 -
q =)
Yfg61 4-0Me N N— -1.8 - 8.9 - 26.1 -

__/
Note: "--" indicates |G, greater than 30000 nM

Table 4. Chemical structures of target compoui@ig62-Yfq95.

R9
HN)J\Mn)l\O/
: N
10
LA
H
EGFR EGFIﬁelE746-A75O EGFR.858R
Compd. n R R™
%inh ICs0(NM) %inh ICs0(NM) %inh G50 (NM)
Yig62 2 H ) 34.7 >10000  90.8 792 84.0 825

Yfg63 2 H %O -17.8 -- -6.3 - -4.5 --

Yfg64 2 H §O 11.7 - -11.9 - -4.4 --

Yige5 2 H §O 35.2 - 28.6 . 39.3 .
o]
Yiqee 2 H =X 36.5 - 35.6 - 47.9 -

/
Yig67 2 H % 5\ 26.3 - 1.7 - 34.6 -
Yige8 2 H ; e 10.2 - 25.4 . 38.9 -
Yfg69 3 H %@ 883  >10000  96.5 105 96.0 183
Yfq70 3 H %Oa 56.0  >10000  69.7 944 79.1 1322

Yfq71 3 H §© 73.1 27 98.9 7 98.4 21

Yfq72 3 H §© 39.4 - 39.6 - 43.6 --
o)
Yfq73 3 H : < > (0 91.3 48 100.4 21 100.6 69



—q
Yfq74 3 H %4@ 68.4 68 60.6 >10000 56.7 >10000
0
O0—
Yfq75 3 H 36 96.4 37 79.5 12 83.9 31

Br

Yfq76 3 H EO 90.5 70 5.2 >10000 1.5 >10000
Yfq77 3 H N o 68.3 53 95.8 11 99.5 27

q =N

3 H —N  N— . -- -10. A -4, -
Yfq78 ) 41.4 10.2 45
Br

Yfq79 2 ethyl §{> 65.9 >10000  82.3 933 82.1 1345

Yig80 2 ethyl <)« 46.8 - 8.8 . 8.7 .

Yigel 1 ethyl  +{ ) 43.6 - 5.9 - 4.4 -
Yigg2 2 ethyl §{> 39.4 \- 7.2 - 95 -

Yig83 2 ethyl %@ 41.0 - 1.1 - 6.2 -

o]
Yiggd 2 ety < >—/<0 24.2 - 5.9 . 5.6 .

Yfq8s 2 ethyl i\ ) 45.0 - 6.5 - 8.9 -
Yfq86 2 ethyl %Osom 6.0 - -4.9 - -4.9 -

Yiqg7 2 ethyl (- 36 - 37 - 4.0 -
Yige8 2 ethyl % B 85.7 27 456  >10000  10.6 >10000

Yfq89 3 ethyl 5{; 1.4 - -19.0 - -10.9 -
Yfq90 3 ethyl %@ 7.2 - -4.9 - -7.3 -



Yiqo1

Yiq92

Yfq93

Yfq94

Yfq95

Br

%O 3.6 - 24.7 - 0.1
%{;
:

§

-2.4 -- 1.6 -- -10.4

§

0,
p
@—‘{:{ -7.3 - -0.2 -- -13.0

8.8 - -3.0 - -4.9

SN AN

SN AN

Ao K
<

OOJ

Note: "--" indicates |G, greater than 30000 nM

2.2. Biological evaluation

2.2.1 Kinase Inhibitory Activity and Kinase Selectvity Profile Compounds Yf§1-95 were
screened using a mobility shift assay against EGHRR EGFR (L858R), EGFR (delE746-A750),
FGFR1 and KDR, AZD3759 as positive control and &P Aoncentration at Km. As shown in
Supplementary Table S1 and Table 1-4, all composgnggressed EGFR (wt), EGFR (L858R),
and EGFR (delE746-A750) more selectively than FGREREl KDR. As shown in Table 1-4,
Yfq07 andYfq71 suppressed EGFR (wt) 6= 26 nM), (IGo= 27 nM) respectively and EGFR
(delE746-A750) Yfq07 ICs50= 18 nM), {¥fq71 ICso= 21 nM) more effectively than AZD3759
(ICs0= 30 nM, IGo= 41 nM). As for EGFR (L858R), the inhibitory adgtwof Yfq07 (ICso= 7.7
nM) andYfq71 (ICso= 7 nM) were close t&ZD3759 (IC5= 5.5 nM).

In order to further verify the effects of the drtaggets, AURA, EGFR, FGFR1, FGFR2,
FGFR4, FLT3, HER2, HER4, IKK JAK1, JAK2, MET, MAP4K2, MAP4K4, PAK2, PDGFRDb,
RET, SRC, TYK2, TRK-A, BRAF, FLT1 (VEGFR1), FLT4 BGFR3), IGF1R, PDGFRa, AKT1
and cKIT 27 as different statuses of RTKs werectete As expected, all compounds exhibited a

more potent inhibitory activity to EGFR than ottkérase species (Table 5.).

Table 5 In vitro percent inhibitory activity of partial compoundgainst 27/kinase species.

-
RTK. Yoinhibiton
Yfq07 Yfq26 Yfq71 Yfq73 Yfq75 Yfq77
PDGFRa 26.9 21.7 43.0 4.7 8.0 9.2
PDGFRb 30.4 29.4 74.1 24.2 10.3 10.0

EGFR 86.2 99.0 96.5 93.2 86.5 84




HER?2
HERA4
FGFR1
FGFR2
FGFR4
RET
MET
SRC
JAK2
TRK-A
IGF1R
AKT1
FLT3
JAK1
TYK2
CKIT
MAP4K2
MAP4K4
BRAF
IKKB
PAK2
FLT1
FLT4
AURa

-4.2
11.3
4.8
9.8
4.8
16.3
7.2
33.2
0.7
6.8
6.3
2.1
59.1
-1.4
0.0
0.4
5.4
53.5
47.5
2.1
4.7
18.1
47.3
52.3

55.8
71.4
-1.6
8.3
1.8
2.9
3.3
27.7
-4.2
5.6
5.3
-3.4
6.9
-0.8
-7.9
26.0
-3.2
44.8
16.6
3.5
13.4
2.3
21.6
2.6

57.3
88.6
135
16.5
8.8
16.8
4.0
83.7
12.7
9.6
13.2
0.0
35.5
-1.0
-0.6
13.3
9.2
78.2
79.3
11
16.9
12.3
29.4
8.7

4.9
27.1
5.6
7.2
-0.6
10.4

4.4
11.4
4.2
8.4
9.2
4.7
11.5
-3.1
-1.4
59
55
56.3
12.7
1.2
15.7
29
28.2
17.3

-1.9
21.7
24.0
21.4
21.6
7.7
12.0
16.6
17.7
18.8
10.1
6.8
10.5
-0.7
-4.4
13.3
10.5
135
11.3
13.3
18.9
11.8
29.4
19.8

-1.5
8.3
5.6
59
4.0
8.5

9.2
11.7

0.2

6.0
4.0

-3.0

16.4

2.4

2.5

4.4

3.3

21.6

16.7

-3.2
9.4

-95
9.5

49.0

Note: Compound concentrations wefeviL

2.2.2 Cellular Activities CompoundsYfq01l to Yfq95 were screened against H3255, A431,
HCC827, H1975, PC-9 and BEAS-2B, AZD3759 as pasitontrol using an MTT assay. As

shown in Table 6, compoundfq07 inhibits A431 (IGo = 0.74+0.43uM) and H1975 (IG, =
0.89+0.03uM) more effectively than AZD3759 (kg = 3.50+0.30uM, ICso = 24.16+0.35uM).

Although compoundrfq07 exhibited a reduced inhibitory activity against233 and HCC827
cells compared t&\ZD3759, an overall suitable inhibitory effect could besebved. Compound
Yfq07 featured an 16 = 21.43+0.15uM towards Beas-2B meaning thétq07 exhibited a low

toxicity towards normal lung bronchial cells.



Table 6. Anti-proliferative activities of partialfq01-95 against cells using a different status of

EGFR.
Compound IC55tSD(nM)a
H3258 A431° Hccg27? H197% PC-d BEAS-2F

Yfq01 - 15.20+0.32 4.04+0.18 - 1.66+0.21 17.60+0.18
Yfq07 0.8620.09 0.74+0.43 1.14+0.17 0.89+0.03 0.45+0.07 1.42+0.
Yfq08 -- -- 1.72+0.16 - 0.64+0.09  17.96+0.10
Yfql1l -- -- 24.29+0.53 -- - 18.10+0.30
Yfq19 -- -- -- -- 1.1840.10 18.05+0.22
Yfq26 8.880.27 9.46+0.25 5.35+0.16 11.40+0.26 0.66+0.08 18.52+0.20
Yfq27 9.17+0.45 6.54+0.15 7.00+0.13 7.07+0.21 2.09+0.12 7.43+0.31
Yfq35 -- -- -- 17.57+0.32 0.82+0.08 18.56+0.16
Yfq38 1.87+0.36 1.13+0.10 1.96+0.09 1.97+0.06 0.87+0.04 0.9%+0.29
Yfq62 4.37+0.12 1.90+0.13 3.13+0.14 2.73+0.11 0.79+0.06 8.98+0.23
Yfq69 2.94+0.22 1.19+0.12 2.22+0.13 1.85+0.09 0.940.09 7.91+0.30
Yfq71 -- -- 4.02+0.16 - 2.00%0.10 18.02+0.21
Yfq77 5.69+0.13 0.7820.07 1.56+0.09 1.16+0.08 0.56+0.04 7.90+0.20
Yfq88 -- 0.49+0.02 - - - 21.07+0.12
AZD3759  0.09+0.02 3.50+0.30 0.030.01 24.16+0.35 0.050.02 18.66+0.28

Note: "--" indicates |G, greater than 30000 nMThe inhibitory effects of individual compounds

on the proliferation of cancer cell lines were deieed by an MTT assay. The data are

represented as means + SD from at least three éndept experiment$i3258'is a human lung

cancer cell line (EGFR L858RM31° is a human epithelial carcinoma cell line (overesged
WT EGFR). HCC82%is a human lung cancer cell line (EGFR del E746®R7H1975 is a
human lung cancer cell line (EGFR L858R/T790M). $Gs a human lung cancer cell line

(EGFR del E746_A750BEAS-2H is a human bronchial epithelial cell line



2.2.3 Structure—activity relationship analysis Four series of 95 novel N4, N6-disubstituted
pyrimidine-4, 6-diamine derivatives were evaluatsihg kinases and EGFR triggered NSCLC.
Most of these species exhibited EGFR inhibitoryivitgt indicating that N4, N6-disubstituted
pyrimidine-4, 6-diamine as the core structure caffdctively inhibit EGFR and EGFR triggered
NSCLC. The first series of these compounds, namahypoundyfq07, was found to be the most
prominent active structure, with the methoxy groups the benzene ring substituted by
4,6-diamine, respectively. Moreover, the substiutof the methoxy group on the benzene ring
was more prominent than chlorine substitution, &mel methoxy groups in 3-position on the
benzene ring exhibited an improved EGFR inhibitagfivity. Different from the first series of
compounds, the second series bearing a phenylagnaig attached on the N4-position of the
N4,N6-disubstituted pyrimidine-4,6-diamine, featlireduced overall activities compared to the
first series. Among them, compouNi26 also featured a methoxyphenyl group, and surgigin

it still exhibited an excellent inhibitory activityAs for the third series, upon increasing the feng
of the branch in N4-position by introducing a Miehacceptor molecule, we found that the
overall inhibitory activities of the third serieseve not enhanced. Presumably, the Michael
acceptor molecule was not positioned in its rigate. Moreover, the fourth series of compounds
without aniline substitution and selected straighain, further increased the length of the side
chain and retained a Michael acceptor molecule. éd@w compounds of the fourth series of
compounds exhibited a reasonable inhibitory agtieit EGFR kinase but did not exhibit the same
inhibitory activities in cellular assays &fq73, Yfq75 etc. Furthermore, compounds featuring a
branched 3-carbon chain proved to be exhibit a motent inhibitory activity than others. Taken
in concert, via structure—activity relationship s of the four series, compounds of the first
series with a relatively simple structure could fogther modified to obtain compounds with

improved characteristics.

2.2.4 Inhibitory Effects of Yfq07 on EGFR MediatedSignaling Pathways in Cancer Celldn
order to investigate the inhibitory effect on theopphorylation of EGFR and the downstream
signaling transduction, Western blot analysis @& thpresentative compountfq07 in H3255,
HCC827, A431 and H1975 cells was used ( Figuref6dosage of 30 ng/ml of EGF was used for
the following set of experiments. The results iatkd thatyfq07 significantly inhibited EGFR
auto-phosphorylation at Y1068, including the doweein AKT and ERK1/2 phosphorylation, in a

dose-dependent manner.
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Figure 3. Inhibitory effect of YIgO7 on EGFR and its downstream ERK1/2 and AKT
phosphorylation levels in H3255, A431, HCC827 arkb¥b cell lines ;* P < 0.05, ** p < 0.01,
*** n <0.001 compared with the blank control group;P < 0.05, ## p < 0.01, ### p <0.001
compared with the positive drégzD3759.

2.2.5 Compound Yfq07 Induces Cellular Apoptosis an€ell Cycle Arrest in G2/M Phase in
NSCLC We examined the pro-apoptotic effects of compowid07 using an Annexin
V/propidium iodide (PI) assay. Non-treated cellgavased as a negative control and AZD3759
was used as a positive control. As shown in Figyrthe cell lines H3255, A431, HCC827 and
H1975 were treated for 48 h. We found that a comagon of 500 nM exhibited a significant
effect on the overall apoptosis rate. Compoig07 was found to promote apoptosis in a
dose-dependent manner. These results revealedYth@% was the most effective apoptotic
inducer, exhibiting an apoptotic potential higheanAZD3759.

We used flow cytometry to determine the anti-mitdgeeffects ofYfq07 in H3255, A431,
HCC827 and H1975 cell lines. As shown in FiguredmpoundYfq07 was found to block the
cell cycle in a dose-dependent manner. Furtherniioveas found that compoundfq07 blocked
the cells in the G2/M phase, whikZD3759 demonstrated no significant effect. Compound
YfqO7 in particularblocked cells in the G2/M phase in H1975, which lddoe the main reason
for inhibiting the proliferation of H1975 cells. &refore, these results revealed th&d07 may

represent a potential cell cycle inhibitor blockiBg/M phase.
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Figure 4. Effects ofYfq07 on apoptosis in H3255, A431, HCC827 and H1975Itedk; * P
<0.05, * p <0.01, ** p < 0.001 compared withetliblank control group; # P < 0.05, ## p < 0.01;

### p < 0.001 compared with the positive dAX]P3759.
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Figure 5. Effects of compoun&'fq07 on cell cycle arrest in A431, H3255, HCC827 and

H1975 cell lines; * P < 0.05, ** p < 0.01, *** p 8.001 compared with the blank control group.

2.2.6 Molecular Docking and Molecular Dynamics Simiation To kinetically validate that drug
binding could block ATP from binding to this sitee carried out ATP competition experiments by
measuring the inhibitory capacity 0ffq07 and YfqO71 at increasing ATP concentrations. As
shown at Figures 6A and 6B, we found that compoMige7 andYfq071 were dependent on the
ATP concentration. Hence, both compounds were coefi to be ATP-competitive inhibitors.
Through docking results of the active compofd07 and EGFR L858R (Figure 6C), it
could be concluded that the 2,5-dimethoxyphenylugrantroduced to the nitrogen atom in
4-position of the modifiecYfq07 pyrimidine nucleus penetrated into the ATP bindateft of the
receptor protein and one of the methoxy groups éorahydrogen bond with Asp-855. Moreover,
3-methoxyaniline in 6-position of the pyrimidine mty formed one H-bond with the Met-793
residue. In addition, the binding pattern ¥fqg07 with the receptor differed from the lead
compound AZD3759, suggesting that the modified piBmidine diamines may exhibit an

improved molecular flexibility.
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Figure 6. Yfq07 and Yfq071 inhibit EGFR L858R through a mechanism that protede

ATP-concentration-dependent. Selective ATP-competitinase assay of compounds (407,
(B) Yfq071. (C) Molecular docking diagram and two-dimensiomigram highlighting the
binding modes o¥fq07 and EGFRL858R.

2.2.7 Pharmacokinetic Evaluation and n Vivo Antitumor Efficacy Study We evaluated the PK
properties of compoundfg07 in rats following oral administration (Table 8 aRijure 7). Upon
oral administration of compoundfq07, a Gy value of 1056.37 + 394.23 ng/mL was obtained.
After oral administration, a half-life of 4.17 +0& hours was obtained.

Furthermore, compoundfq07 was evaluated for antitumor efficacy evaluatiowivo using
a PC-9 cell xenograft mouse model. Over a 23-daipgecompoundyfq07 (15 mg/kg and 30
mg/kg) was administered intraperitoneally. Morepthe positive control compountiZD3759
(30 mg/kg) was administered intraperitoneally [1As shown in Figure 8, we found that
compound Yfq07 exhibited a significant antitumor efficadp vivo. Furthermore, the mice
exhibited no body weight loss throughout the expent. The immunoblotting assays performed
on the tumor tissue confirmed that the treatmenh wibmpoundYfq07 effectively inhibited
phosphorylation of EGFR, AKT and ERK1/2 (Figure 9mmunohistochemical analysis

confirmed these results (Figure 10).



Table 8 The pharmacokinetic parameters obmpound Yfq07 in rat plasma after oral

administration at a dosage of 30 mg/kg, n=6.

Parameters Mean £ SD
ti2(h) 4.17 £ 2.06
Cmax(ng/mL) 1056.37 + 394.23
MRTo_(h) 6.66 +2.74
AUC,_; (ng/mLeh) 5700.32

AUCq_,» (ng/mLeh) 5822.04

Vq (L/kg) 0.03

t12, elimination half-life; Gax peak concentration; MRT(0-t), mean residence fffr@am time
point O to time t); AUC (0-t), area under the cuingm time zero to the last sampling time point,

AUC (0-0), area under the curve from time zero to the ityfir/ 4, volume of distribution.
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Figure 7. Concentration versus time curves of compo¥fgD7 in rats after a single dose (30

mg/kg) via oral administration.



ACCEPTED MANUSCRIPT

A B Q‘ . . . Vehicle
Vehicle
. B ‘. L= A . Yq07 15mgkg
e b e ' ‘ Yig07 30me/ke
Y107 15mgkg
> - s | 5 AzD3759 30meke
(0 O
a iem 2 3 4 5 B8 T -3 -] 10 i1
Yq07 30mg/ke
D
< et
- KT Weyly .
- i gy ey
i
:
AZD3759 30mg/kg ] H

Figure 8. Effects ofYfg07 andAZD3759 on the growth of nude mice; (A) Representative
tumor-bearing mice after various treatments. (Bnduweights. (C) Tumor volumes. (D) Tumor

weight statistics. * P < 0.05, ** p < 0.01, *** p &001 compared with the blank control group.
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Figure 9. Effects of YIqgO7 on phosphorylation of EGFR and downstream AKT adl as

ERKZ1/2 in tumor tissue; * P < 0.05, ** p < 0.01,*p < 0.001 compared with the blank control

group.
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AZD3759. The statuses of p-EGFR, p-AKT and cleaved-caspasavere evaluated by

immunohistochemistry.

3. CONCLUSIONS
In this study, we reported the synthesis of a sesfeN4, N6-disubstituted pyrimindine-4,

6-diamines and evaluation of their biological atis. Most of the compounds exhibited
inhibitory activities towards non-small cell lungrer cells, similar to AZD3759. Using a
mobility shift assay and Latha screen assay toescthe compounds demonstrated that an
inhibitory effect was only observed on EGFR kinasgitro. The anti-proliferative activity of the
test compounds in non-small cell lung cancer deltduding different types of EGFR mutation
cells (H3255 (EGFR®*®), A431 (overexpressed WT EGFR), HCC827 (EGERF"6-A",
H1975 (EGFRERTM and pPC-9 (EGFR® F"“-A"%%) was evaluated using an MTT assay. In
doing so, similar effects as using AZD3759 could dieserved. While compound Y0d@
significantly increased apoptosis and blockagehan &2/M phase in above mentioned NSCLC

cell lines. Furthermore, compouldg07 demonstrated the ability to down-regulate expogssf



EGFR, AKT and ERK1/2 phosphorylation. Moreover, paundYfq07 significantly inhibited a
PC-9-driven xenograft mouse model. Overall, thesealts showed that compound ®itexhibits
advantages over similar compounds, particularhhwéspects to its anti-EGFR kinase activity,
anti-proliferative effects against non-small ceilhdy cancer cell lines, induction of apoptosis and
blocking of cell cycles. The preliminary biologicattivity screenings of our novel series of N4,
N6-disubstituted pyrimindine-4,6-diamine derivaivemonstrate that these compounds may

potentially be useful for treatment of non-small keng cancer.

4. EXPERIMENTAL SECTION

4.1 Chemistry

4.1.1 GeneralMelting points were determined using a SGWX-4 nmscapic melting point meter
and are reported in uncorrected forid. and**C NMR spectra were recorded on a Bruker 600
MHz NMR spectrometer, using CD{dr DMSO4s as solvents. Chemical shifts are expressed in
ppm with TMS as internal reference. J values aowiged in hertz. Mass spectra were recorded
on a Waters Xevo TQ-S Micro mass spectrometer. ldegolution mass spectrometric data were
obtained on a Thermo Fisher Scientific LTQ FTICR-MStrument. IR spectra were recorded on
a Varian 660 IR spectrometer. Reactions were madtby thin layer chromatography (TLC) on
glass plates coated with silica gel GF-254. Thétyof the all biologically tested compounds was

> 95%. Column chromatography was performed with 200-mesh silica gel.

4.1.2 General Procedure for the Synthesis of All Gopounds in the First SeriesTo a round
bottom flask, 4, 6-dichloropyrimidine 1.00 g wasdad along with ethanol 30 ml and KI 5 mg.
The substituted aniline was then added dropwisdlamdesulting mixture was stirred at 80 °C for
2 h. The resulting crude product was filtered md#f;rystallized and used in the next reaction step
without further purification. A mixture of the abewrude product, another substituted amine,
p-methylbenzene sulfonicacid in ethanol was stiae80 °C for 6 h. The mixture was cooled to
room temperature and the organic layer was washtd saturated aqueous NaCl, dried over
anhydrous N#£0O; and concentratedn vacuo The residue was purifed by silica gel

chromatography to provide the desired product.

4.1.3 General Procedure for the Synthesis of All Gapounds in the Second and the Third
Series To a round-bottomed flask was added 4-chloro-6-apyrimidine (500 mg), benzoyl
chloride, acetone 20 ml, and triethylamine 100 The resulting solution was stirred at 0 °C for 8
h. Then, the solution was concentrated using ay@eaporator and upon addition of saturated
aqueous N#O,, precipitation occurred. The mixture was stirred 3 h and then washed with
10ml dichloromethane and ethyl acetate and filter&te resulting crude product was

recrystallized from a mixture of dichloromethaned agthyl acetate three times to obtain the



desired intermediate. Then, to a solution of thevahintermediate (1.00 mmol), the substituted
amines (2.5 mmol) and benzoic acid hydrate (2.00vepe added. The mixture was stirred at
80 °C for 10 h. After reaction completion, the $mn was concentrated on a rotary evaporator,
washed with the saturated aqueous@&, and concentrateith vacuo The residue was purified

by silica gel chromatography to provide the despratluct.

4.1.4 General Procedure for the Synthesis of All Gopounds in the Fourth SeriesA mixture

of 4-chloro-6-aminopyrimidine (2.00 g), glutarichamiride (3.50 g) or succinic anhydride (3.10 g)
in dioxane (80 ml) was refluxed for 20 h. The siolutwas concentrated on a rotary evaporator,
washed with the saturated aqueous@@, and concentrateth vacuo To the filtrate, 5%
hydrochloric acid was added and the pH was adjust@d3. The forming precipitate was filtered
off and dried to obtain the desired intermediate. & round-bottomed flask was added
intermediate |, the substituted amines, sulfurid &0 uL, and Kl 200 mg in acetone (35 ml). The
mixture was refluxed for 20 h. The resulting crymeduct was filtered off and recrystallized to
obtain intermediate 1l. To a solution of intermadidl in ethanol was added the substitute and a
small amount of concentrated sulfuric acid. Thectiea was refluxed for 5 h. Upon reaction
completion, the solution was concentrated usingtary evaporator, washed with the saturated
aqueous N#£LO; and concentratedn vacuo The residue was purified by silica gel

chromatography to provide the desired product.

4.1.5 N4-(3-Chlorophenyl)-N6-(3-methoxyphenyl)pyrimidihé-diamine Yfg0l) Yield: 87.5%;
mp: 183-185 °C'H NMR (600 MHz, DMSOd), § 9.71 (s, 1H, NH), 9.21(s, 1H, H-2), 8.33 (s,
1H, H-5), 7.88-7.89 (m, 1H, N4-5-PhH), 7.43-7.5%,(1H, N6-5-PhH), 7.29-7.30 (m, 1H,
N6-4'-PhH), 7.21-7.22 (m, 2H, N4-5',6-PhH), 7.18, (1H, N4-2’-PhH), 6.97-6.99 (m, 1H,
N4-4'-PhH), 6.57 (s, 1H, N6-2'-PhH), 6.21 (s, 1HJH), 3.74 (s, 3H, OCH3)}*C NMR (150
MHz, DMSO4dg) 6 160.5, 160.2, 159.7, 157.6, 142.2, 141.5, 13330,2, 129.5, 120.7, 118.5,
117.5,112.3, 107.2, 105.7, 87.3, 55.0. HRMS (B8 [M-H] "calc = 325.0856; found 325.0850
for C;7H1sN4CIO.

4.1.6 N4-(4-Chlorophenyl)-N6-(3-methoxyphenyl)pyrimidihé-diamine Yfg02) Yield: 86.8%;
mp: 227-228 °C; ESI-MS [M+H]+: 326H NMR (600 MHz, DMSOdj), § 9.30 (s, 1H, NH), 9.17
(s, 1H, H-2), 8.29 (s, 1H, H-5), 7.63(d, 2z 9.0 Hz, N4-2', 6’-PhH), 7.33 (d, 2H,= 9.0 Hz,
N4-3',5'-PhH), 7.20-7.21 (m, 2H, N6-5'-PhH, N6-2hP), 7.02 (d, 1H,) = 9.0 Hz, N6-4-PhH),
6.54 (d, 1H,J = 9.0 Hz, N6-6-PhH), 6.18 (s, 1H, -NH), 3.74 &4, -OCH3).2*C NMR (150
MHz, DMSO-<de) & 160.5, 160.3, 159.7, 157.6, 141.5, 139.6, 1298,5] 125.0, 120.9, 112.2,
107.2, 105.8, 89.0, 54.9.

4.1.7 N4-(3-Bromophenyl)-N6-(3-methoxyphenyl)pyrimiding-diamine ¥fg03) Yield: 82.8 %;



mp: 181-183 °C; ESI-MS [M+H]+: 376H NMR (600 MHz, DMSO€g) & 9.34 (s, 1H, NH), 9.22
(s, 1H, H-2), 8.33 (s, 1H, H-5), 8.02 (m, 1H, N6-BhH), 7.51 (m, 1H, N4-6'-PhH), 7.19-7.23 (m,
3H, N4-5-PhH+N6-4',5-PhH)), 7.10-7.12 (m, 2H, N#-PhH+N6-2-PhH), 6.20 (s, 2H,
N4-2-PhH), 3.74 (s, 3H, -OCH3}°C NMR (150 MHz, DMSOde) 5 160.6, 160.2, 159.7, 157.7,
142.4, 141.5, 130.6, 121.7, 121.4, 118.0, 107.3,9.®7.4.

4.1.8 Ethyl-4-((6-((3-methoxyphenyl)amino)pyrimidin-Jayhino)benzoateYfq04) Yield:78.6 %;
mp: 242-243 °C; ESI-MS [M+H]+:364H NMR (600 MHz, DMSO#dg) 5 9.62 (s, 1H, NH), 9.25
(s, 1H, H-2), 8.36 (s, 1H, H-5), 7.87-7.89 (d, 2 9.0 Hz, N6-2',6"-PhH), 7.76-7.78 (d, 28I~
9.0 Hz, N6-3',5’-PhH), 7.21-7.22 (m, 3H, N4-4’,55BhH), 6.56-6.58 (m, 1H, N4-2'-PhH), 6.29
(s, 1H, NH), 4.27-4.28 (q, 2H, = 7.2 Hz, CH2), 3.74 (s, 3H, OCH3), 1.31 (t, 3Hs 7.2 Hz,
CH3). °C NMR (150 MHz, DMSOdg) 5 160.5, 160.2, 159.7, 157.6, 142.2, 141.5, 1330,2,
129.5,120.7, 118.5, 117.5, 112.3, 107.2, 105.8,%2.7, 55.0, 14.1.

4.1.9 4-((6-((3-Methoxyphenyl)amino)pyrimidin-4-yl)amjbenzenesulfonamideYfgo5) Yield:
87.6 %; mp: 167-168 °C; ESI-MS [M+H]+:3714 NMR (600 MHz, DMSOdg) § 9.25 (s, 1H,
H-2), 8.35 (s, 1H, H-5), 7.76-7.78 (d, 2Hs 9.0 Hz, N6-2",6'-PhH), 7.71-7.72 (d, 2Bi= 9.0 Hz,
N6-3’,5-PhH), 7.10-7.12 (m, 1H, N4-4’-PhH), 7.09t0 (m, 2H, N4-5',6’-PhH), 6.57-6.59 (m,
1H, N4-2'-PhH), 6.27 (s, 2H, -NH), 3.75 (s, 3H, -B8). °C NMR (150 MHz, DMSQdg) 5
160.6, 160.0, 159.6, 157.6, 143.8, 141.3, 136.9,512426.7, 118.3, 112.3, 105.9, 87.8, 55.6.

4.1.10 4-((6-((2,5-Dimethoxyphenyl)amino)pyrimidin-4-yl)am)benzenesulfonamide Yf§06)
Yield: 82.4 %; mp: 169-170 °C; ESI-MS [M+H]+: 40iH NMR (600 MHz, DMSOds) &
9.49-9.52 (s, 2H, SO2NH2), 9.25 (s, 1H, H-2), 8(861H, H-5), 7.76-7.79 (d, 2H,= 9.0 Hz,
N6-2',6’-PhH), 7.70-7.72 (d, 2H] = 9.0 Hz, N6-3',5-PhH), 7.10-7.13 (m, 1H, N4-4hR),
7.01-7.11 (m, 2H, N4-5",6'-PhH), 6.57-6.61 (m, 1N4-2'-PhH), 6.25 (s, 1H, -NH), 3.78 (s, 3H,
N4-2"-OCH3), 3.16 (s, 3H, N4-5-OCH3)’C NMR (150 MHz, DMSQds) & 160.6, 160.0, 159.6,
157.6, 143.8, 141.3, 136.1, 129.5, 126.7, 118.3,31105.9, 87.8, 55.6.

4.1.11 N4-(2,5-Dimethoxyphenyl)-N6-(3-methoxyphenyl)pigine-4,6-diamine Yfg07) Yield:
82.7 %; mp: 166-168 °CH NMR (600 MHz, DMSO#dg), § 9.08 (s, 1H, H-2), 8.23 (s, 1H, H-5),
7.45-7.48 (m, 1H, N6-3'-PhH), 7.17-7.20 (m, 1H, BI46’-PhH), 7.10-7.17 (m, 1H, N4-4'-PhH),
6.95-6.96 (m, 1H, N6-4'-PhH), 6.65 (m, 1H, N4-2'#Ph 6.55 (m, 1H, N6-6'-PhH), 6.21 (s, 1H,
NH), 3.70-3.76 (m, 9H, OCH3x35°C NMR (150 MHz, DMSOds)  160.9, 160.4, 157.4, 153.1,
145.0, 141.7, 112.1, 109.7, 107.4, 105.5, 86.6],,%5.3, 54.9. HRMS (ESH/z [M+H] *calc =
353.1613; found 353.1607 for§EogN4Os.

4.1.12 NA4-(2,5-Dimethoxyphenyl)-N6-(4-fluorophenyl)pydme-4,6-diamine Yfg08) Yield:



80.4 %; mp: 168-169 °C; ESI-MS [M+H]+: 3481 NMR (600 MHz, DMSO#) 5 9.10 (s, 1H,
H-2), 8.30 (s, 1H, H-5), 8.21 (s, 1H, NH),7.53-7(852H,J = 9.0 Hz, N6-2',6'-PhH),7.48 (s, 1H,
N4-3'-PhH), 7.10-7.13 (d, 2HJ = 9.0 Hz, N6-3'5-PhH), 6.95-6.96 (m, 1H, N4-4hR),
6.60-6.62 (m, 1H, N4-6'-PhH), 6.13 (s, 1H, NH), &.7s, 3H, N4-2-OCH3), 3.70 (s, 3H,
N4-5'-OCH3).%*C NMR (150 MHz, DMSOdg) & 160.8, 160.6, 157.4, 145.0, 136.9, 129.3, 121.6,
121.5, 115.3, 115.1, 112.1, 109.6, 107.4, 86.2,5.0.

4.1.13 NA4-(4-Chlorophenyl)-N6-(2,5-dimethoxyphenyl)pyriméd4,6-diamine Yfg09) Yield:
88.1 %; mp: 175-177 °C; ESI-MS [M+H]+:3584 NMR (600 MHz, DMSOdg) § 9.24 (s, 1H,
H-2), 8.35 (s, 1H, H-5), 8.25 (s, 1H, NH), 7.60Z (@, 2H,J = 9.0 Hz, N6-2’,6'-PhH), 7.46-7.47
(m, 1H, N4-3'-PhH), 7.31-7.32 (d, 2H,= 9.0 Hz, N6-3',5-PhH), 6.96-6.97 (m, 1H, N4-4hR),
6.62-6.63 (m, 1H, N4-6'-PhH), 6.16 (s, 1H, -NH)73.(s, 6H, -OCH3)**C NMR (150 MHz,
DMSO-dg) 6 160.9, 160.2, 157.4, 153.1, 145.2, 139.6, 12@8 5 120.9, 112.2, 109.8, 107.6,
86.9, 56.1, 55.3.

4.1.14 N4, N6-Bis (2,5-dimethoxyphenyl)pyrimidine-4,6rdiilae {YfqlO) Yield: 88.9 %; mp:
171-173 °C; ESI-MS [M+H]+: 382'H NMR (600 MHz, DMSOds) & 8.20 (m, 3H, H+-NH),
7.47-7.48 (m, 2H, 6'-PhH), 6.93-6.95 (m, 2H, 3'-BhK.55-6.60 (m, 2H, 5'-PhH), 6.26 (s, 1H,
NH), 3.75 (s, 6H, 2'-Ph-OCH3x2), 3.67 (s, 6H, 5-BIEH3%2).*C NMR (150 MHz, DMSOds)

5 160.7, 157.2, 153.0, 144.8, 129.9, 112.0, 1093,2, 86.6, 56.1, 55.3.

4.1.15 N4-(2,5-Dimethoxyphenyl)-N6-(4-(4-methylpiperakighphenyl)pyrimidine-4,6-diamine
(Yfqll) Yield: 79.2 %; mp: 181-183 °C; ESI-MS [M+H]+: 428 NMR (600 MHz, DMSO#dg) 5
8.78 (s, 1H, H-2), 8.18 (s, 1H, H-5), 8.16 (s, INH), 7.35-7.36 (m, 1H, N4-3"-PhH), 7.28-7.30
(d, 2H,J =9.0 Hz, N6-2',6'-PhH), 6.92-6.93 (d, 2Bl 9.0 Hz, N6-3',5’-PhH), 6.88-6.89 (m, 1H,
N4-4'-PhH), 6.56-6.58 (m, 1H, N4-6"-PhH), 6.10 {8}, -NH), 3.75 (s, 3H, N4-2-OCH3), 3.07 (s,
3H, N4-5-OCH3), 3.06-3.07 (m, 4H, H), 2.44-2.50,(AH, H), 2.22 (s, 3H, N-CH3}*C NMR
(150 MHz, DMSO€dg) 6 161.0, 160.6, 157.4, 153.04,146.8, 144.6, 13129.6] 128.0, 122.1,
116.0,112.0, 109.1, 106.9, 85.3, 55.1, 54.7, 46 8.

4.1.16 N4-(2,5-Dimethoxyphenyl)-N6-(2-(thiophen-2-yl)&iyrimidine-4,6-diamine  Yfql2)
Yield: 76.4 %; mp: 186-188 °C; ESI-MS [M+H]+: 3584 NMR (600 MHz, DMSOdg) & 9.55 (s,
1H, H-2), 8.08 (s, 1H, H-5), 7.32-7.33 (m, 1H, N4PBiH), 6.91-6.96 (m, 4H, H+N4-4-PhH),
6.55 (s, 1H, N4-6"-PhH), 3.75 (s, 6H, OCH3), 3.1033(t, 2H,J = 7.2 Hz, 1'-CH2), 2.50-2.50 {(t,
2H, J = 7.2 Hz, 2’-CH2)*C NMR (150 MHz, DMSO-d6p 163.7, 159.7, 158.0, 130.6, 130.3,
124.5, 112.3, 110.0, 108.0, 92.8, 56.1, 55.3, 489,

4.1.17 N4-(4-Chlorophenyl)-N6-(3,4,5-trimethoxyphenyljpydine-4,6-diamine Yfql3) Yield:



68.8 %; mp: 197-198 °C; ESI-MS [M+H]+: 3884 NMR (600 MHz, DMSOds) 5 9.27 (s, 1H,

-NH), 9.05 (s, 1H, H-2), 8.27 (s, 1H, H-5), 7.6B4 (d, 2H,J = 9.0 Hz, N4-2',6"-PhH), 7.31-7.33
(d, 2H,J = 9.0 Hz, N4-3',5'-PhH), 6.87 (s, 2H, N6-2',6'-PWH6.15 (s, 1H, NH), 3.76 (s, 6H,
N6-3',5'-OCH3), 3.63 (s, 3H, N6-4'-OCH3)}*C NMR (150 MHz, DMSOd,) & 160.6, 160.2,

157.7, 52.86, 139.6, 136.2, 132.9, 128.5, 125.0,9,88.3, 86.5, 60.1, 55.8.

4.1.18 N4-(2,5-Dimethoxyphenyl)-N6-ethylpyrimidine-4,&sdine {¥fqld) Yield: 86.7 %; mp:
165-167 °C; ESI-MS [M+H]+: 274*H NMR (600 MHz, DMSOds) & 9.20 (s, 1H, H-2), 8.43 (s,
1H, H-5), 7.55 (m, 1H, N4-2'PhH), 6.99-7.01 (m, 184-4'PhH), 6.69-6.71 (m, 1H, N4-6'PhH),
6.12 (s, 1H, -NH), 4.39 (q, 2H, CH2), 3.78 (s, 3H-2-OCH3), 3.70 (s, 3H, N4-5’-OCH3), 1.32
(t, 3H, CH3)."*C NMR (150 MHz, DMSQd) 5 169.6, 161.6, 157.8, 141.7, 133.1, 130.3, 121.4,
118.7,117.7, 88.8, 61.7, 55.6, 55.1, 14.1.

4.1.19 N4-(3-Chlorophenyl)-N6-ethylpyrimidine-4,6-diamingYfql5) Yield: 84.6 %; mp:
169-171 °C; ESI-MS [M+H]+: 248'H NMR (600 MHz, DMSOdg) & 9.59 (s, 1H, -NH), 8.41 (s,
1H, H-2), 7.90 (m, 1H, N4-6'PhH), 7.43 (m, 1H, N£BEH), 7.23-7.33 (m, 1H, N4-4'PhH),
6.99-7.00 (m, 1H, N4-2'PhH), 6.07 (s, 1H, H-5), 2835 (q, 2H, CH2), 1.31 (t, 3H, CH3C
NMR (150 MHz, DMSOsdg) 6 169.6, 161.6, 157.8, 141.7, 133.1, 130.3, 121.8,71 117.7, 88.8,
61.7, 14.3.

4.1.20N4,N6-bis(3-Chlorophenyl)pyrimidine-4,6-diaminéd16) Yield: 77.3 %; mp: 182-184 °C;
ESI-MS [M+H]+: 330;"H NMR (600 MHz, DMSO-g) 9.44-9.46 (d, 2H,) = 7.8 Hz, -NHx2),
8.38 (s, 1H, H-2), 8.02-8.03 (t, 1H,= 3.6 Hz, PhH), 7.88-7.88 (t, 1H, = 3.6 Hz, PhH),
7.49-7.50 (dd, 1HJ); = 1.2 Hz,J, = 7.8 Hz, PhH), 7.43-7.45 (dd, 1B} = 3.6 Hz,J, = 7.8 Hz,
PhH), 7.29-7.32 (t, 1H] = 8.4 Hz, PhH), 7.24-7.26 (t, 18= 7.8 Hz, PhH), 7.12-7.14 (dd, 184,

= 1.2 Hz,J, = 7.8 Hz, PhH), 6.99-7.01 (dd, 1Bi,= 1.8 Hz,J, = 7.8 Hz, PhH), 6.18 (s, 1H, H-5).
%C NMR (150 MHz, DMSOdg) & 160.1, 157.6, 142.2, 142.2, 130.5, 130.2, 1240,5, 121.5,
121.1,118.6, 118.1, 117.6, 88.8.

4.1.21N4-(3-Bromophenyl)-N6-(3-chlorophenyl) pyrimididg-diamine Yfgl7) Yield: 79.1 %,;
mp: 189~191 °C; ESI-MS [M+H]+: 374H NMR (600 MHz, DMSO-¢) § 9.44~9.46 (d, 2H] =
7.8 Hz, -NHx2), 8.38 (s, 1H, H-2), 8.00~8.01 (t,, DH 3.6 Hz, PhH), 7.88~7.89 (t, 1Bi= 3.6
Hz, PhH), 7.50~7.51 (dd, 18, = 1.2 Hz,J,= 7.8 Hz, PhH), 7.44~7.45 (dd, 18,= 3.6 Hz,J, =
7.8 Hz, PhH), 7.29~7.32 (t, 1H= 8.4 Hz, PhH), 7.23~7.26 (t, 18l= 7.8 Hz, PhH), 7.12~7.14
(dd, 1H,J;= 1.2 Hz,J,= 7.8 Hz, PhH), 6.99~7.00 (dd, 18{,= 1.8 Hz,J, = 7.8 Hz, PhH), 6.19 (s,
1H, H-5)."°C NMR (600 MHz, DMSO-¢) 5 160.2, 157.6, 142.4, 142.2, 130.6, 130.3, 124.0,
121.6,121.5, 121.1, 118.7, 118.1, 117.7, 89.0.



4.1.22 N4-(3-Bromophenyl)chlorophenyl)-N6-(4-chlorophgpytimidine-4,6-diamine Yfql8)
Yield: 75.1 %; mp: 240-241 °C; ESI-MS [M+H]+: 3384 NMR (600 MHz, DMSOdg) & 9.34 (s,
1H, NH), 9.334 (s, 1H, 2-NH), 8.35 (s, 1H, H-2)89.(s, 1H, N4-2'-PhH), 7.62-7.64 (d, 2H=

9.0 Hz, N6-2'-6'-PhH), 7.43-7.44 (dd, 1B,= 1.2 Hz,J, = 8.2 Hz, N4-PhH), 7.33-7.35 (d, 28I,

= 9.0 Hz, N6-3',5’-PhH), 7.29-7.33 (m, 1H, N4-4'-Rj 7.00-7.01 (m, 1H, N4-2'-PhH), 6.17 (s,
1H, NH). °C NMR (150 MHz, DMSOds) & 160.3, 160.1, 157.6, 142.1, 139.4, 133.1, 130.3,
128.5,125.2,121.1, 121.0, 118.6, 117.6, 87.6.

4.1.23 N4-(4-Chlorophenyl)-N6-(6-chloropyridin-2-yl)pyridine-4,6-diamine Yfgl19) Yield:
78.4 %; mp: 252-253 °C; ESI-MS [M+H]+: 3314 NMR (600 MHz, DMSOeds) 5 9.34 (s, 1H,
H-2), 8.31 (s, 1H, H-5), 7.62-7.63 (m, 4H, N4-2: @hH+ H-4,5"), 7.34 (s, 1H, H-3'), 7.33-7.34
(d, 2H,J = 9.0 Hz, N4-3',5-PhH), 6.149 (s, 1H, -NHYC NMR (150 MHz, DMSQds) 5 160.9,
160.2, 157.4, 153.1, 142.4, 137.7, 133.0, 130.2,112425.5, 118.4, 117.5, 109.9, 107.7, 87.3.

4.1.24N4, N6-Bis(4-chlorophenyl)pyrimidine-4,6-diamin€d20) Yield: 83.4 %; mp: 165-166 °C;
'H NMR (600 MHz, DMSOdg) § 10.25 (s, 2H, NH), 8.43 (s, 1H, H-2), 7.55-7.43 @i, ArH),
7.43-7.44 (m, 4H, ArH), 6.24 (s, 1H, H-3fC NMR (150 MHz, DMSQd) & 157.7, 153.1, 137.2,
129.1, 123.4, 85.4. HRMS (ESt)/z [M+H] " calc = 331.0517; found 331.0510 fos8;,CloN,.

4.1.25N4-(4-Chlorophenyl)-N6-(4-fluorophenyl) pyrimidides-diamine Yfg21) Yield: 72.1 %;
mp: 255-256 °C; ESI-MS [M+H]+: 314H NMR (600 MHz, DMSOdg) § 9.29 (s, 1H, NH), 9.18
(s, 1H, NH), 8.27 (s, 1H, H-2), 7.62-7.63 (d, 2+ 8.4 Hz, N6-2",6'-PhH), 7.55-7.57 (q, 284, =
5.4 Hz,J, = 9 Hz, N4-2',6’-PhH), 7.32-7.34 (t, 2H,= 6.0 Hz, N6-3’,5'-PhH), 7.13-7.16 (t, 24,
= 9.0 Hz, N4-3',5-PhH), 6.09 (s, 1H, H-5Y°C NMR (150 MHz, DMSOdg) & 160.6, 160.2,
157.6, 152.6, 139.6, 136.7, 128.5, 121.9, 121.8,91215.3, 115.2, 88.5.

4.1.26N4-(4-Chlorophenyl)-N6-(1H-indazol-5-yl) pyrimidide6-diamine Yfg22) Yield: 75.4 %;
mp: 200-201 °C; ESI-MS [M+H]+: 336'H NMR (600 MHz, DMSOds) & 12.73 (s, 1H,
N6-1'-IndazoleH), 9.34 (s, 2H, NHx2), 7.09-8.35 @i}, H-2+ N4-PhH+ N6- IndazoleH), 6.22 (s,
1H, H-5). ®°C NMR (150 MHz, DMSOd) & 160.6, 160.0, 159.6, 157.6, 143.8, 141.3, 136.1,
129.5, 126.7, 118.3, 112.3, 105.9, 87.8.

4.1.27N4,N6-Bis(4-fluorophenyl)pyrimidine-4,6-diaming23) Yield: 85.3 %; mp: 263-264 °C;
'H NMR (600 MHz, DMSOdg) § 9.12 (s, 2H, 2-NH), 8.14-8.22 (m, 4H, H-2), 7.584(d, 2H,J
= 9.0 Hz, N4- 2,6'- PhH), 7.11-7.14 (t, 2H,= 9.0 Hz, N6-3',5’-PhH), 6.03 (s, 2H}°C NMR
(150 MHz, DMSO¢) & 160.5, 157.6, 156.6, 136.8, 121.7, 121.7, 114.8,11 85.7. HRMS (ESI)
m/z [M+H] " calc = 299.1108; found 299.1101 forg8:,F.N..



4.1.28 Diethyl-4,4'-(pyrimidine-4,6-diylbis(azanediyl)) bdinzoate Yfg24) Yield: 72.4 %; mp:
241-242 °C; ESI-MS [M+H]+: 406H NMR (600 MHz, DMSOds) & 10.25 (s, 1H, NH), 9.76 (s,
1H, -NH), 8.58 (s, 1H, H-2), 8.12-8.13 (d, 28 9.0 Hz, PhH), 8.00.-8.01 (d, 28= 9.0 Hz,
2',6’-PhH), 7.89-7.95 (d, 2H] = 9.0 Hz, N6-3’, 5’-PhH), 7.79-7.83 (d, 28i= 9.0 Hz, 2’,6'-PhH),
6.37 (s, 1H, H-5), 4.27-4.29 (q, 4H,= 7.2 Hz, -CH2CH3x2), 1.30-1.32 (t, 6H,= 7.2 Hz,
-CH2CH3x2).2*C NMR (150 MHz, DMSOdg) 5 172.1, 167.3, 166.4, 163.2, 145.4, 132.2, 122.9,
121.1, 113.9, 84.2, 61.3, 14.2.

4.1.29 N-(6-((3-Methoxyphenyl) amino) pyrimidin-4-yl) banrde {fg25) Yield: 78.3 %; mp:
245-249 °C; ESI-MS [M+H]+: 320H NMR (600 MHz, DMSOeg)  10.81 (s, 1H, N4-NH), 9.66
(s, 1H, N6-NH), 8.48 (s, 1H, H-2), 8.00-8.01 (d,,2H= 7.2 Hz, N4-2',6’-PhH), 7.76 (s, 1H,
N4-4'-PhH), 7.60-7.62 (t, 1HJ = 7.2 Hz, N6-5-PhH), 7.50-7.53 (t, 2H] = 7.2 Hz,
N4-3',5'-PhH), 7.40 (s, 1H, N6-2'-PhH), 7.22-7.28,( 2H, N6-4',6’-PhH), 6.60 (s, 1H, H-5),
3.75 (s, 3H, N6-OCH3)**C NMR (150 MHz, DMSOdg) & 165.6, 163.5, 161.8, 157.5, 156.8,
147.0, 130.9, 130.8, 130.2, 121.6, 115.6, 115.8,2156.0.

4.1.30 N-(6-((4-Methoxyphenyl) amino)pyrimidin-4-yl)benzden (Yfg26) Yield: 77.5 %; mp:
243-245 °C; ESI-MS [M+H]+: 320'H NMR (600 MHz, DMSOeg) § 10.77 (s, 1H, CONH), 9.85
(s, 1H, H-2), 8.02 (d] = 8.2 Hz, 2H,ArH), 7.72 (t) = 8.2 Hz, 1H, ArH), 7.65 (t, J = 8.2 Hz, 2H,
ArH), 7.49 (d,J = 7.6 Hz, 2H, ArH), 6.72 (d] = 7.6 Hz, 2H, ArH), 5.56 (s, 1H, H-5), 4.05 (s,,1H
NH), 3.92 (s, 3H, CH3)**C NMR (150 MHz, DMSQds) & 165.7, 163.6, 161.8, 157.6, 156.9,
147.0, 131.0, 130.9, 130.3, 121.8, 115.6, 115.8.,2166.1.

4.1.31 N-(6-((4-Ethoxyphenyl) amino)pyrimidin-4-yl)benzdmi (Yfg27) Yield: 76.3 %; mp:
240-242 °C; ESI-MS [M+H]+: 334'*H NMR (600 MHz, CDC}-ds) 5 8.90 (s, 1H, CONH), 8.25
(s, 1H, H-2), 7.88 (d) = 7.2 Hz, 2H, ArH), 7.67 (s, 1H, H-5), 7.59Jt 7.2 Hz, 1H, ArH), 7.57
(t, J= 7.2 Hz, 1H, ArH), 7.56 (t] = 7.2 Hz, 1H, ArH), 6.94 (d] = 10.8 Hz, 2H, ArH), 6.72 (d,=
10.8 Hz, 2H, ArH), 4.05 (s, 1H, NH), 3.92 (q, 2HCB2), 1.26 (t, 3H,J = 7.2 Hz, CH3),°C
NMR (150 MHz, DMSO+dg) 6 170.0, 164.7, 161.7, 160.4, 152.0, 134.2, 1328,8], 127.5, 121.3,
115.2, 82.6, 64.6, 14.8.

4.1.32 N-(6-((4-Chlorophenyl) amino) pyrimidin-4-yl)benzade(Yfg28) Yield: 81.5 %; mp:
255-257 °C; ESI-MS [M+H]+: 324'H NMR (600 MHz, DMSOds) & 10.88 (s, 1H, NH), 9.88 (s,
1H, H-2), 8.54 (s, 1H, H-5), 8.02 (@= 7.8 Hz, 1H, ArH), 8.00 (d] = 7.8 Hz, 1H, ArH), 7.95 (d,
J=7.2 Hz, 2H, ArH), 7.35 (§ = 7.8 Hz, 1H, ArH), 7.33 ( = 7.8 Hz, 1H, ArH), 7.32 {1 = 7.8

Hz, 1H, ArH), 7.53 (dJ) = 7.8 Hz, 1H, ArH), 7.51 (t) = 7.8 Hz, 1H, ArH), 7.04 (dd] = 7.8 Hz,

1H, NH). **C NMR (150 MHz, DMSOdg) 5 170.4, 164.8, 162.1, 157.6, 140.5, 130.1, 129.0,



128.2, 127.5, 121.3, 116.0, 92.8, 59.6, 20.7, 14.0.

4.1.33 N-(6-((3-Chlorophenyl) amino) pyrimidin-4-yl)benzae (Yfq29) Yield: 71.5 %; mp:
235-237 °C;'H NMR (600 MHz, DMSOds) 5 10.88 (s, 1H, NH), 9.88 (s, 1H, H-2), 8.54 (s, 1H,
ArH), 8.02 (ddJ = 7.8 Hz, 2H, ArH), 7.94 (d] = 7.2 Hz, 1H, ArH), 7.77 (s, 1H, NH), 7.61 Jt=
7.2 Hz, 1H, ArH), 7.53 (m) = 3.6 Hz, 2H, ArH), 7.49 (s, 1H, H-5), 7.33Jt= 7.8 Hz, 1H, ArH),
7.04 (d,J = 6.6 Hz, 1H, ArH).*C NMR (150 MHz, DMSOdg) & 170.4, 164.8, 162.0, 157.6,
140.5, 130.1, 129.2, 128.2, 121.3, 116.2, 92.8,59.8, 14.1.

4.1.34N-(6-((4-Methoxy-2-nitrophenyl) amino) pyrimidinyf)}-benzamide¥Xfg30) Yield: 71.8 %;
mp: 236-238 °C; ESI-MS [M+H]+: 365H NMR (600 MHz, DMSOdg) 5 10.85 (s, 1H, NH),
9.68 (s, 1H, H-2), 8.28 (s, 1H, ArH), 8.00 @ 7.8 Hz, 2H, ArH), 7.99 (s, 1H, H-5), 7.62 {t=
7.2 Hz, 1H, ArH), 7.61 (t) = 7.2 Hz, 1H, ArH), 7.60 (] = 7.2 Hz, 1H, ArH), 7.57 (d] = 9.0 Hz,
1H, ArH), 7.56 (d,J = 9.0 Hz, 1H, ArH), 7.32 (dd] = 6 Hz, 1H, NH), 3.86 (s, 3H, CH3YC
NMR (150 MHz, DMSO+dg) 6 170.4, 165.0, 160.6, 156.3, 152.4, 137.2, 13%4,9], 133.3, 129.2,
128.1, 127.3, 125.2, 118.6, 110.7, 86.8, 56.2.

4.1.35 N-(6-Morpholinopyrimidin-4-yl) benzamideYfg3l) Yield: 67.8 %; mp: 210-212 °C;
ESI-MS [M+H]+: 284;'H NMR (600 MHz, DMSO#dg) § 10.93 (s, 1H, NH), 8.56 (s, 1H, H-2),
7.97 (d,J=7.6 Hz, 2H, ArH), 7.85 (dl = 7.6 Hz, 2H, ArH), 7.49 (s, 1H, H-5), 3.70 (m, AEH2),
3.57 (m, 4H, CH2)"*C NMR (150 MHz, DMSQdg) § 170.4, 162.0, 157.6, 154.3, 130.2, 130.1,
129.2,129.1, 127.6, 127.3, 88.8, 68.7, 68.6, 4B, .

4.1.364-Fluoro-N-(6-((4-methoxyphenyl) amino) pyrimidinsBbenzamideXfg32) Yield: 76.1 %;
mp: 240-241 °C; ESI-MS [M+H]+: 338H NMR (600 MHz, DMSOds) & 10.77 (s, 1H, NH),
9.44 (s, 1H, H-2), 8.03 (d,= 7.6 Hz, 2H, ArH), 7.63 (d] = 7.6 Hz, 2H, ArH), 7.36 (] = 7.6 Hz,
2H, ArH), 7.01 (dJ = 7.6 Hz, 1H, ArH), 6.98 (d] = 7.6 Hz, 2H, ArH), 5.52 (d, 1H, H-5), 4.01 (s,
1H, NH), 3.83 (s, 3H, CH3}’C NMR (150 MHz, DMSOd,) 5 170.8, 166.3, 164.8, 161.5, 155.9,
144.8, 129.2, 120.8, 115.2, 108.1, 104.5, 99.8,&8.5.

4.1.37 4-Fluoro-N-(6-((3-methoxyphenyl) amino) pyrimidin#benzamide Yfg33)™ Yield:

65.6 %; mp: 228-230 °C; ESI-MS [M+H]+: 3384 NMR (600 MHz, DMSOds) § 10.77 (s, 1H,
NH), 9.44 (s, 1H, H-2), 8.03 (d,= 7.6 Hz, 2H, ArH), 7.63 (d] = 7.6 Hz, 2H, ArH), 7.35 (] =

7.6 Hz, 2H, ArH), 6.99 (d] = 7.6 Hz, 2H, ArH), 5.52 (d, 1H, H-5), 4.01 (s, , I&H), 3.84 (s, 3H,
CH3).*C NMR (150 MHz, DMSOd,) & 170.9, 166.2, 164.9, 161.5, 156.0, 144.9, 1220,8,
115.3, 108.2, 104.67, 99.8, 83.1, 56.7.

4.1.38N-(6-((3-Ethoxyphenyl) amino)pyrimidin-4-yl)-4-flebenzamide Xfg34) Yield: 69.5 %;



mp: 231-233 °C; ESI-MS [M+H]+: 352H NMR (600 MHz, DMSOdg) 10.77 (s, 1H, NH), 9.44
(s, 1H, H-2) 8.02 (dJ = 7.6 Hz, 2H, ArH), 7.63 (d] = 7.6 Hz, 2H, ArH), 7.35 () = 7.6 Hz, 2H,
ArH), 7.06 (d,J = 7.6 Hz, 1H, ArH), 6.99 (dl = 7.6 Hz, 2H, ArH), 5.53 (d, 1H, H-5), 4.03 (s, ,1H
NH), 3.83 (s, 3HJ = 6.6 Hz, CH3), 1.26 (t, 3H] = 6.6 Hz, CH3).*C NMR (150 MHz,
DMSO-dg) 8 171.7, 167.0, 164.6, 161.0, 158.5, 156.8, 14436,7, 120.9, 116.3, 108.0, 105.3,
98.8, 88.1, 61.0, 15.2.

4.1.39 N-(6-((4-Chlorophenyl)amino pyrimidin-4-yl)-4-flugsenzamide Yfg35) Yield: 73.5 %;
mp: 240-242 °C; ESI-MS [M+H]+: 342H NMR (600 MHz, DMSOdg) 5 10.94 (s, 1H, NH),
9.88 (s, 1H, H-2), 8.54 (s, 1H, H-5), 8.09 (d& 7.6 Hz, 2H, ArH), 7.75 (s, 1H, NH), 7.55 (dH,

= 6.6 Hz, 2H, ArH), 7.36 (d] = 9.0 Hz, 1H, ArH), 7.33 (d] = 8.4 Hz, 1H, ArH), 7.04 (ddl = 6.6

Hz, 2H, ArH).**C NMR (150 MHz, DMSOdg) § 170.2, 166.2, 164.2, 160.1, 156.5, 146.7, 130.0,
129.6, 129.6, 129.1, 129.1, 125.4, 117.7, 117 .5,611115.6, 83.2.

4.1.40N-(6-((3-Chlorophenyl) amino) pyrimidin-4-yl)-4-itobenzamide¥fq36) Yield: 78.1 %;
mp: 244-246 °C'H NMR (600 MHz, DMSOds) & 10.94 (s, 1H, NH), 9.88 (s, 1H, H-2), 7.41 (d,
J = 7.6 Hz, 1H, ArH), 6.62 (s, 1H, ArH), 6.49 @= 7.6 Hz, 2H, ArH), 6.04 (d] = 7.6 Hz, 1H,
ArH), 5.52 (s, 1H, H-2), 5.28 (d,= 7.6 Hz, 1H, ArH), 5.11 (t) = 7.6 Hz, 1H, ArH), 4.68 (d] =
7.6 Hz, 1H, ArH), 4.03 (s, 1H, NH}*C NMR (150 MHz, DMSQdy) § 170.2, 166.2, 164.2, 160.1,
155.8, 146.9, 137.1, 129.8, 119.0, 125.4, 116.8,91186.4. HRMS (ESljn/z [M+H] " calc =
343.0762; found 343.0755 for £11,CIFN,4O.

4.1.41 4-Fluoro-N-(6-((4-morpholinophenyl) amino) pyrinmgé-yl)benzamide Yfg37) Yield:
77.2 %; mp: 222-224 °C; ESI-MS [M+H]+: 3934 NMR (600 MHz, DMSOds) § 10.77 (s, 1H,
NH), 9.40 (s, 1H, H-2), 8.38 (s, 1H, H-5), 8.07 (d& 3.0 Hz, 2H, ArH), 7.46 (d] = 7.8 Hz, 2H,
ArH), 7.33 (d,J = 8.4 Hz, 2H, ArH), 7.61 (s, 1H, NH), 6.93 @z 9.0 Hz, 2H, ArH), 3.74 (] =

4.2 Hz, 4H, CH2), 3.18 (fl = 4.8 Hz, 4H, CH2)**C NMR (150 MHz, DMSQde) & 170.2, 166.1,
164.1, 160.0, 155.7, 139.9, 131.7, 129.3, 129.9,112117.2, 117.2, 115.5, 115.5, 115.4, 115.4,
83.4, 66.7, 66.7, 47.8.

4.1.42 4-Fluoro-N-(6-morpholinopyrimidin-4-yl) benzamideYf¢38) Yield: 77.2 %; mp:
222-224 °C; ESI-MS [M+H]+: 393'H NMR (600 MHz, DMSOds) & 10.77 (s, 1H, NH), 9.40 (s,
1H, H-2), 8.38 (s, 1H, H-5), 8.07 (ddi= 3.0 Hz, 2H, ArH), 7.46 (d] = 7.8 Hz, 2H, ArH), 7.33 (d,

J = 8.4Hz, 2H, ArH), 7.61 (s, 1H, NH), 6.93 @= 9.0 Hz, 2H, ArH), 3.74 (t) = 4.2 Hz, 4H,
CH2), 3.18 (tJ = 4.8 Hz, 4H, CH2)*C NMR (150 MHz, DMSQds) & 170.2, 166.1, 164.1,
160.0, 155.7, 139.9, 131.7, 129.3, 129.1, 129.1,211117.2, 115.5, 115.5, 115.4, 115.4, 83.4, 66.7,
66.7, 47.8.



4.1.43N-(6-((4-Ethoxyphenyl) amino) pyrimidin-4-yl)-4-Glwbenzamide¥fq39) Yield: 87.8 %;
mp: 225-227 °C; ESI-MS [M+H]+: 352H NMR (600 MHz, DMSOdg) 5 10.77 (s, 1H, NH),
9.44 (s, 1H, H-2), 8.38 (s, 1H, H-5), 8.07 (dd; 5.4 Hz, 2H, ArH), 7.60 (s, 1H, NH), 7.49 @5
8.4 Hz, 2H, ArH), 7.33 (t) = 9.0 Hz, 2H, ArH), 6.91 (d] = 9.0 Hz, 1H, ArH), 6.89 (d= 9.0 Hz,
1H, ArH), 4.00 (g, 2H, = 6.6 Hz, CH2), 1.32 (t, 3H] = 6.6 Hz, CH3)!*C NMR (150 MHz,
DMSO-dg) 6 170.9, 166.9, 164.9, 161.5, 155.9, 149.7, 1330,9, 118.3, 116.2, 86.0, 64.2, 15.6.

4.1.44 A-Fluoro-N-(6-(p-tolylamino) pyrimidin-4-yl) benzae (Yfg40) Yield: 77.3 %; mp:
214-216 °C; ESI-MS [M+H]+: 322"H NMR (600 MHz, DMSOds) & 10.69 (s, 1H, NH), 9.64 (s,
1H, H-2), 8.43 (s, 1H, H-5), 7.62 (d= 7.2 Hz, 2H, ArH), 7.47 (t = 6.6 Hz, 2H, ArH), 7.44 (d,
J = 5.4 Hz, 2H, ArH), 7.21 (d = 6.0 Hz, 2H, ArH), 7.71 (s, 1H, NH), 1.75 (s, 3BH3).°C
NMR (150 MHz, DMSO+dg) 6 163.8, 160.6, 158.7, 156.8, 141.5, 141.2, 13480,d, 127.9, 121.5,
112.0, 107.4, 105.7, 93.1, 20.4.

4.1.45N-(6-((4-Methoxyphenyl) amino) pyrimidin-4-yl) camamide Yfg41) Yield: 72.8 %; mp:
248-250 °C; ESI-MS [M+H]+: 346'H NMR (600 MHz, DMSOds) & 10.70 (s, 1H, NH), 9.65 (s,
1H, H-2), 8.43 (s, 1H, H-2), 7.71 (s, 1H, NH), 7@BJ = 7.2 Hz, 2H, ArH), 7.47 (t) = 6.6 Hz,
3H, ArH), 7.44 (dJ = 5.4 Hz, 2H, ArH), 7.22 (d] = 6.0 Hz, 2H, ArH), 7.20 (d, 1H, = 3.0 Hz,
CH=CH), 6.59 (d, 1H] = 3.0 Hz, CH=CH), 3.75 (s, 3H, CH3}C NMR (150 MHz, DMSQdj)
3164.9, 161.5, 157.7, 141.7, 134.5, 130.1, 1229,5, 112.2, 107.4, 105.8, 93.3, 55.0.

4.1.46 N-(6-((4-Ethoxyphenyl)amino)pyrimidin-4-yl)cinnamdm (Yfg42) Yield: 70.6 %; mp:
206-208 °C; ESI-MS [M+H]+: 360'H NMR (600 MHz, DMSOds) & 10.75 (s, 1H, NH), 9.65 (s,
1H, H-2), 8.44 (s, 1H, H-5), 7.97 (s, 1H, NH), 7(d7J = 7.2 Hz, 2H, ArH), 7.56 (] = 6.6 Hz,
3H, ArH), 7.52 (dJ = 5.4 Hz, 2H, ArH), 7.35 (d] = 6.0 Hz, 2H, ArH), 7.27 (d, 1H = 3.0 Hz,
CH=CH), 6.63 (d, 1HJ = 3.0 Hz, CH=CH), 3.88 (q, 2H,= 6.6 Hz, CH2), 1.31 (t, 3H,= 6.6 Hz,
CH3).°C NMR (150 MHz, DMSOdg) 5 164.7, 163.3, 160.9, 157.6, 143.1, 131.5, 13(88,0,
119.6, 116.4, 116.0, 103.9, 66.9, 51.0, 48.8.

4.1.47 N-(6-((3-Methoxyphenyl)amino)pyrimidin-4-yl)cinnamide {Yfg43) Yield: 69.4 %; mp:
238-240 °C; ESI-MS [M+H]+: 346H NMR (600 MHz, DMSOds) & 10.68 (s, 1H, NH), 9.612 (s,
1H, H-2), 7.60 (d,) = 7.6 Hz, 2H, ArH), 7.55 (d] = 7.6 Hz, 2H, ArH), 7.40 () = 7.6 Hz, 1H,
ArH), 7.356 (d, 1H, = 7.6 Hz, CH=CH), 7.28 {t= 7.6 Hz, 1H, ArH), 6.89 (d, 1H} = 7.6 Hz,
CH=CH), 6.82 (d,) = 7.6 Hz, 1H, ArH), 6.60 (s, 1H, ArH), 6.65 (s, 1ArH), 5.52 (s, 1H, H-5),
4.02 (s, 1H, NH), 3.85 (s, 3H, CH3JC NMR (150 MHz, DMSOd,) & 166.9, 161.9, 160.2, 158.4,
157.9, 144.6, 143.9, 135.5, 130.6, 128.1, 126.8,31108.2, 104.2, 99.5, 83.7, 55.8.

4.1.48N-(6-((4-Methoxy-2-nitrophenyl)amino)pyrimidin-4ygihnamamide(fg44) Yield: 86.3 %;



mp: 229-231 °C*H NMR (600 MHz, DMSO#dg) 5 10.74 (s, 1H, NH), 9.67 (s, 1H, H-2), 8.23 (s,
1H, H-2), 7.66 (s, 1H, ArH), 7.63 (@,= 5.4 Hz, 3H, ArH), 7.55 (d] = 9.0 Hz, 2H, ArH), 7.46 (dd,
J=4.2 Hz, 1H, CH=CH), 7.44 (dd,= 4.2 Hz, 1H, CH=CH), 7.32 (dd,= 6.0 Hz, 2H, ArH), 7.03
(d, 1H, NH), 3.85 (s, 3H, CH3J°C NMR (150 MHz, DMSQds) & 168.9, 166.4, 160.2, 156.9,
150.0, 145.1, 136.5, 135.2, 134.4, 128.3, 126.8,81218.9, 111.0, 85.7, 56.0. HRMS (EBi)
[M+H] " calc = 392.1359; found 392.1352 fo5g817NsO..

4.1.49 N-(6-((4-Hydroxyphenyl)amino)pyrimidin-4-yl)cinnamale {¥fg45) Yield: 81.6 %; mp:
252-253 °C; ESI-MS [M+H]+: 332"H NMR (600 MHz, DMSOds) & 10.71 (s, 1H, NH), 9.75 (s,
1H, H-2), 7.60 (dJ = 7.6 Hz, 2H, ArH), 7.40 (dJ = 7.6 Hz, 2H, ArH), 7.37 (d, 1H, CH=CH),
7.33 (t,J = 7.6 Hz, 1H, ArH), 7.22 (d] = 7.6 Hz, 2H, ArH), 6.89 (d, 1H, CH=CH), 6.70 (b=
7.6 Hz, 2H, ArH), 5.52 (s, 1H, H-5), 5.35 (s, 1HHY)4.00 (s, 1H, NH)™C NMR (150 MHz,
DMSO-de) 6 168.4, 165.5, 160.2, 156.8, 148.4, 145.1, 1363%,6] 128.3, 128.2, 126.8, 118.6,
117.1, 116.8, 85.7.

4.1.50N-(6-((4-Morpholinophenyl) amino) pyrimidin-4-yljnmamamide Yfg46) Yield: 75.2 %;
mp: 235-236 °C*H NMR (600 MHz, DMSOds) 6 10.61 (s, 1H, NH), 9.38 (s, 1H, H-2), 8.33 (s,
1H, H-5), 7.64 (dJ = 12.0 Hz, 1H, CH=CH), 7.61 (d,= 3.6 Hz, 2H, ArH), 7.59 (d] = 8.4 Hz,
1H, CH=CH), 7.46 (m, 5H, ArH), 7.04 (s, 1H, NH)98.(d,J = 9.0 Hz, 2H, ArH), 3.74 (t, 4H,
CH2), 3.06 (t, 4H, CH2)**C NMR (150 MHz, DMSQds) & 166.5, 165.4, 161.9, 158.9, 157.6,
142.9, 142.1, 131.8, 131.0, 129.8, 127.0, 121.8,411114.6, 102.7, 55.4. HRMS (ESY)/z
[M+H] " calc = 402.1930; found 402.1923 fo5s8,3N50,.

4.1.51 (E)-N-(6-((4-Chlorophenyl)amino)pyrimidin-4-yl){3-fluorophenyl)acrylamide Yfq47)
Yield: 64.2 %; mp: 257-259 °CH NMR (600 MHz, DMSOs)  9.78 (s, 1H, NH), 8.42 (s, 1H,
H-2), 7.69 (dJ = 7.6 Hz, 2H, ArH), 7.43 (d] = 7.6 Hz, 2H, ArH), 7.35 (d, 1H, CH=CH), 7.23 (d,
J=17.6 Hz, 2H, ArH), 6.89 (d] = 7.6 Hz, 2H, ArH), 5.78 (d, 1H, CH=CH), 5.84 1#J, H-5), 5.71

(s, 1H, NH).*C NMR (150 MHz, DMSOdg) & 170.3, 165.9, 165.2, 163.6, 161.5, 157.6, 141.8,
133.1, 131.1, 131.0, 130.2, 121.5, 118.7, 117.8,41194.5. HRMS (ESljn/z [M+H] " calc =
369.0918; found 369.0911 for ¢, 4CIFN,O.

4.1.52 (E)-3-(4-Fluorophenyl)-N-(6-((4-morpholinophenyl)ar)pyrimidin-4-yl)acrylamide
(Yf48) Yield: 87.1 %; mp: 234-236 °CH NMR (600 MHz, DMSOds) & 10.74 (s, 1H, NH),
9.40 (s, 1H, H-2), 7.72 (d, = 7.6 Hz, 2H, ArH), 7.37 (d, 1H, CH=CH), 7.19 (t= 7.6 Hz, 2H,
ArH), 6.89 (d, 1H, CH=CH), 6.66 (d,= 7.6 Hz, 2H, ArH), 6.45 (d] = 7.6 Hz, 2H, ArH), 5.52 (s,
1H, H-5), 4.00 (s, 1H, NH), 3.65 (t, 4H, CH2), 3(t84H, CH2).*C NMR (150 MHz, DMSQdy)

6 165.2, 164.9, 161.4, 157.7, 156.8, 146.3, 14137,8, 134.5, 133.9, 130.9, 129.1, 128.6, 121.9,
121.5, 117.3, 93.1. HRMS (ESt)/z [M+H] " calc = 420.1836; found 420.1828 fo§:8,,FNsO,.



4.1.53 (E)-N-(6-((2,4-Dichlorophenyl)amino)pyrimidin-4)8-(4-fluorophenyl)acrylamide
(Yfq49) Yield: 76.4 %; mp: 245-246 °C; ESI-MS [M+H]+: 4024 NMR (600 MHz, DMSO#dg) &
9.80 (s, 1H, NH), 8.44 (s, 1H, H-2), 7.73 (m, 3HHA 7.69 (s, 1H, ArH), 7.65 (d] = 15.6 Hz,
1H, ArH), 7.39 (m, 2H, ArH), 7.24 (m, 2H, ArH), §d,J = 15.6 Hz, 1H, ArH), 5.84 (s, 1H, NH).
3¢ NMR (150 MHz, DMSOd,) 6 170.3, 165.7, 163.6, 161.5, 157.5, 141.7, 133Q,Q, 131.0,
130.1, 126.3, 121.4, 118.5, 117.7, 115.4, 94.5.

4.1.54 (E)-3-(2-Bromo-4-fluorophenyl)-N-(6-((2,4-dichlodognyl)amino)pyrimidin-4-yl)
acrylamide ¥fq50) Yield: 76.4 %; mp: 263-265 °C; ESI-MS [M+H]+: 4784 NMR (600 MHz,

DMSO-dg) 5 10.81 (s, 1H, NH), 9.34 (s, 1H, H-2), 8.34 (s, BtH), 7.83 (s, 1H, ArH), 7.81 (s,
1H, H-5), 7.74 (mJ = 6.4Hz, 2H, ArH), 7.72 (d) = 11.4 Hz, 1H, CH=CH), 7.69 (d,= 1.8 Hz,

1H, ArH), 7.65 (s, 1H, NH), 7.44 (dd,= 6.6 Hz, 1H, ArH), 6.98 (d] = 15.6 Hz, 1H, CH=CH).
%C NMR (150 MHz, DMSOdg) & 171.4, 167.6, 165.3, 162.8, 161.6, 145.9, 13633,0, 132.7,
131.9, 129.1, 127.6, 126.4, 122.6, 122.6, 120.9,811116.4, 83.5.

4.1.55 (E)-3-(2-Bromo-4-fluorophenyl)-N-(6-((4-methoxy-2aphenyl)amino)pyrimidin-4-yl)
acrylamide ¥fg51) Yield: 76.4 %; mp: 251-252 °C; ESI-MS [M+H]+: 48"H NMR (600 MHz,
DMSO-dg) 5 10.72 (s, 1H, NH), 9.33 (s, 1H, H-2), 8.35 (s, A#H), 7.83 (s, 1H, ArH), 7.80 (s,
1H, H-5), 73 (mJ = 6.4 Hz, 2H, ArH), 7.73 (d] = 11.4 Hz, 1H, CH=CH), 7.69 (d,= 1.8 Hz, 1H,
ArH), 7.64 (s, 1H, NH), 7.46 (dd,= 6.6 Hz, 1H, ArH), 6.98 (d] = 15.6 Hz, 1H, CH=CH), 3.79
(s, 3H, CH3).*C NMR (150 MHz, DMSOde) & 171.6, 165.6, 162.9, 161.7, 156.3, 145.9, 141.2,
138.0, 133.0, 132.0, 123.1, 122.4, 119.8, 118.5,511110.2, 84.5, 56.9.

4.1.56(E)-3-(2-Bromo-4-fluorophenyl)-N-(6-((4-morpholipleenyl)amino) pyrimidin-4-yl)
acrylamide ¥fq52) Yield: 84.2 %; mp: 265-268 °C; ESI-MS [M+H]+: 49"H NMR (600 MHz,
DMSO-dg) 6 10.77 (s, 1H, NH), 9.15 (s, 1H, ArH), 8.45 (s, HH2), 7.80 (s, 1H, H-5), 7.72 (4,
= 7.6 Hz, 2H, ArH), 7.37 (d, 1H, CH=CH), 7.19 (= 7.6 Hz, 2H, ArH), 6.89 (d, 1H, CH=CH),
6.66 (d,J = 7.6 Hz, 2H, ArH), 4.00 (s, 1H, NH), 3.65 (t, 46H2), 3.18 (t, 4H, CH2)"*C NMR
(150 MHz, DMSO+dg) 6 165.2, 164.9, 161.4, 157.7, 156.8, 146.3, 14137,77, 134.5, 133.9,
130.9, 128.6, 121.9, 121.5, 117.3, 93.1.

4.1.57(E)-3-(4-Fluorophenyl)-N-(6-((4-(4-methylpiperazinyl)phenyl)amino)pyrimidin-4-yl)
acrylamide ¥fq53) Yield: 76.3 %; mp: 254-254 °C; ESI-MS [M+H]+: 4334 NMR (600 MHz,
DMSO-ds) & 10.59 (s, 1H, NH), 9.35 (s, 1H, H-2), 8.32 (s, H5), 7.67 (d,J) = 3.0 Hz, 2H, ArH),
7.63 (d,J = 13.8 Hz, 2H, CH=CH), 7.42 (d,= 7.2 Hz, 2H, ArH), 7.30 (} = 9.0 Hz, 2H, ArH),
6.98 (s, 1H, NH), 6.91 (d, 2H, ArH), 3.08 (t, 4HH®), 2.50 (t, 4H, CH2), 2.44 (s, 3H, CH3jC
NMR (150 MHz, DMSO€l) 6 172.1, 168.8, 163.1, 160.4, 143.4, 140.5, 1332,3], 132.3, 120.1,



120.0, 119.9, 117.7, 117.7, 115.1, 115.1, 82.8,58.3, 52.0, 52.0, 47.1.

4.1.58(E)-N-(6-((3-Bromophenyl)amino)pyrimidin-4-yl)-3-(dethoxyphenyl)acrylamidé{gs4)
Yield: 79.6 %; mp: 251-253 °C; ESI-MS [M+H]+: 424 NMR (600 MHz, DMSOdg) § 10.63
(s, 1H, NH), 9.39 (s, 1H, H-2), 8.39 (s, 1H, H-B)%8 (d,J = 10.2 Hz, 1H, CH=CH), 7.43-7.64 (d,
J=4.2 Hz, 4H, ArH), 7.42 (d] = 7.8 Hz, 1H, ArH), 7.02 (t] = 7.8 Hz, 1H, ArH), 6.97 (d] = 7.8
Hz, 1H, ArH), 6.86 (s, 1H, ArH), 6.79 (d,= 10.8 Hz, 1H, CH=CH), 4.25 (s, 1H, NH), 3.833H,
CH3). °C NMR (150 MHz, DMSOdg) 5 173.2, 167.3, 162.9, 161.1, 159.3, 142.3, 13438,4]
129.2,124.3, 119.7, 117.8, 83.4, 58.2.

4.1.59 (E)-N-(6-((2,4-Dichlorophenyl)yamino)pyrimidin-4)8-(4-methoxyphenyl)acrylamide
(Yfg55) Yield: 81.5 %; mp: 253-253 °C; ESI-MS [M+H]+: 41% NMR (600 MHz, DMSO#) &
10.73 (s, 1H, NH), 9.43 (s, 1H, H-2), 8.33 (s, H45), 7.86 (s, 1H, ArH), 7.79 (d, = 10.2 Hz,
1H, CH=CH), 7.55 (dJ = 4.2 Hz, 3H, ArH), 7.52 (d] = 8.4 Hz, 1H, ArH), 7.02 (d] = 9.0 Hz,
2H, ArH), 6.76 (dJ = 10.8 Hz, 1H, CH=CH), 4.43 (s, 1H, NH), 3.913sl, CH3).*C NMR (150
MHz, DMSOdg) 6 171.5, 167.5, 163.7, 161.9, 160.3, 143.8, 13432,8] 129.8, 124.5, 120.1,
117.6, 83.7, 57.4.

4.1.60(E)-N-(6-((4-Chlorophenyl)amino)pyrimidin-4-yl){&-methoxyphenyl)acrylamid¥fg56)
Yield: 83.4 %; mp: 249-249 °C; ESI-MS [M+H]+: 3814 NMR (600 MHz, DMSOdg) § 10.71
(s, 1H, NH), 9.39 (s, 1H, H-2), 8.42 (s, 1H, H-B)9 (d,J = 10.2 Hz, 1H, CH=CH), 7.43 (d,=
4.2 Hz, 3H, ArH), 7.41 (d) = 8.4 Hz, 1H, ArH), 7.02 (d = 9.0 Hz, 2H, ArH), 6.80 (d] = 3.0 Hz,
2H, ArH), 6.78 (d,J = 10.8 Hz, 1H, CH=CH), 4.41 (s, 1H, NH), 3.803s, CH3)."*C NMR (150
MHz, DMSO+g) & 172.0, 167.9, 163.8, 161.9, 160.7, 144.0, 13432,9 129.4, 124.6, 120.2,
117.6, 84.0, 57.3.

4.1.61(E)-N-(6-((4-Ethoxyphenyl)amino)pyrimidin-4-yl)-8-(hethoxyphenyl)acrylamidé&g5s7)
Yield: 85.1 %; mp: 261-263 °C; ESI-MS [M+H]+: 39t NMR (600 MHz, DMSO#dg) 5 10.53
(s, 1H, NH), 9.41 (s, 1H, H-2), 8.33 (s, 1H, H-B)58 (d,J = 10.2 Hz, 1H, CH=CH), 7.56 (d,=
4.2 Hz, 3H, ArH), 7.49 (d) = 8.4 Hz, 1H, ArH), 7.02 (dl = 9.0 Hz, 2H, ArH), 6.90 (dl = 3.0 Hz,
2H, ArH), 6.88 (d,J = 10.8 Hz, 1H, CH=CH), 4.01 (s, 1H, NH), 4.0 {5 6.6 Hz, 2H, CH2),
3.80 (s, 3H, CH3), 1.32 (§,= 6.6 Hz, 3H, CH3)*C NMR (150 MHz, DMSOd,) 5 172.3, 168.7,
163.7,162.2, 161.5, 154.3, 143.8, 134.5, 132.8,71423.8, 120.5, 117.1, 84.0, 66.2, 57.3, 16.2.

4.1.62(E)-3-(4-Fluorophenyl)-N-(6-(4-methylpiperazin-yyrimidin-4-yl)acrylamide Yfg58)
Yield: 76.4 %; mp: 245-246 °C; ESI-MS [M+H]+: 34K NMR (600 MHz, DMSOdg) & 10.61
(s, 1H, NH), 8.30 (s, 1H, H-2), 7.66 (dd, 2H, Arf)61 (d,J = 15.6 Hz, 1H, CH=CH), 7.56 (s, 1H,
H-5), 7.30 (dJ = 8.4 Hz, 2H, ArH), 6.96 (d] = 15.6 Hz, 1H, CH=CH), 3.57 @,= 4.8 Hz, 4H,



CH2), 2.37 (t]J = 4.8 Hz, 4H, CH2), 2.21 (s, 3H, CH3jC NMR (150 MHz, DMSOds) 5 170.4,
164.9, 161.7, 157.8, 154.3, 141.6, 134.5, 132.8,11327.9, 122.2, 114.5, 63.2, 59.8, 20.8, 14.1.

4.1.63(E)-3-(2-Bromo-4-fluorophenyl)-N-(6-morpholinopyiaim-4-yl)acrylamide ¥fg59) Yield:
81.2 %; mp: 251-251 °C; ESI-MS [M+H]+: 4084 NMR (600 MHz, DMSOss)  10.81 (s, 1H,
NH), 9.34 (s, 1H, H-2), 8.34 (s, 1H, ArH), 7.81 {8}, H-5), 7.74 (mJ = 6.0 Hz, 1H, ArH), 7.72
(d,J=11.4 Hz, 1H, CH=CH), 7.69 (d,= 6.0 Hz, 1H, ArH), 6.98 (d] = 15.6 Hz, 1H, CH=CH),
3.82 (t,J = 4.8 Hz, 4H, CH2), 3.70 (8§ = 4.8 Hz, 4H, CH2)**C NMR (150 MHz, DMSOdq) &
171.4, 167.6, 165.3, 162.8, 145.9, 136.3, 134.0,713129.1, 127.6, 126.4, 122.6, 120.5, 116.4,
83.5.

4.1.64(E)-3-(4-Methoxyphenyl)-N-(6-morpholinopyrimidiny)-acrylamide ¥fq60) Yield: 78.6;
mp %: 248-249 °C; ESI-MS [M+H]+: 348H NMR (600 MHz, DMSOds) 8 10.73 (s, 1H, NH),
9.39 (s, 1H, H-2), 8.44 (s, 1H, H-5), 7.58 Jd; 10.2 Hz, 1H, CH=CH), 7.47 (d,= 4.2 Hz, 2H,
ArH), 7.40 (d,J = 4.2 Hz, 2H, ArH), 6.78 (d] = 10.8 Hz, 1H, CH=CH), 3.82 (s, 3H, CH3), 3.82
(t, J = 4.8 Hz, 4H, CH2), 3.69 (8, = 4.8 Hz, 4H, CH2)™*C NMR (150 MHz, DMSQdg) 5 171.5,
167.9, 163.8, 162.0, 160.4, 143.8, 134.4, 132.8,71224.8, 120.2, 117.6, 83.6, 57.8.

4.1.65(E)-3-(4-Methoxyphenyl)-N-(6-(4-methylpiperazinfipyrimidin-4-yl)acrylamide Yfq61)
Yield: 77.1 %; mp: 251-253 °C; ESI-MS [M+H]+: 3534 NMR (600 MHz, DMSOdg) & 10.67

(s, 1H, NH), 8.45 (s, 1H, H-2), 7.68 (dd, 2H, Arf)61 (d,J = 15.6 Hz, 1H, CH=CH), 7,55 (s, 1H,
H-5), 7.28 (dJ = 8.4 Hz, 2H, ArH), 6.88 (d] = 15.6 Hz, 1H, CH=CH), 3.80 (s, 3H, CH3), 3.68 {(t,
J = 4.8 Hz, 4H, CH2), 2.48 (l = 4.8 Hz, 4H, CH2), 2.47 (s, 3H, CH3JC NMR (150 MHz,
DMSO-dg) 6 170.4, 164.9, 161.7, 157.8, 154.3, 141.6, 13439,11 127.9, 122.2, 114.5, 63.2,
59.8, 20.8, 14.1.

4.1.66 4-((6-((4-Chlorophenyl)amino)pyrimidin-4-yl)amind}oxobutanoic acid Yfg62) Yield:
73.9 %; mp: 224-227 °C; ESI-MS [M+H]+: 3284 NMR (600 MHz, DMSOds) § 10.64 (s, 1H,
COOH), 9.80 (s, 1H, H-2), 8.41 (s, 1H, H-5), 7.6917(d,J = 9.0 Hz, 2H, Ph-H), 7.52 (s, 1H,
CONH), 7.34-7.35 (d) = 9.0 Hz, 2H, Ph-H), 3.42-3.45 (§= 7.2 Hz, 1H, NH), 2.62-2.65 {,=
12.6 Hz, 2H, CH2), 2.50-2.52 (m, 2H, CH2JC NMR (150 MHz, DMSQd,) § 175.6, 175.6,
172.2,163.0, 153.0, 142.2, 132.7, 129.2, 124.@, ¥B.9, 29.8.

4.1.67 4-((6-((3-Chlorophenyl)amino)pyrimidin-4-yl) amindjoxobutanoic acid fg63) Yield:
77.5 %; mp: 201-202 °C; ESI-MS [M+H]+: 3284 NMR (600 MHz, DMSO-d6p 10.61 (s, 1H,
COOH), 9.77 (s, 1H, H-2), 8.45-8.45 ®= 0.6 Hz, 1H, Ph-H), 7.97 (s, 1H, Ph-H), 7.50 (H,
Ph-H), 7.30-7.33 () = 8.0 Hz, 1H, Ph-H), 6.61 (s, 1H, H-5), 6.53 (4, NH), 6.52 (s, 1H, ArH),
2.65-2.66 (tJ = 3.0 Hz, 2H, CH2), 2.50 (8,= 3.0 Hz, 2H, CH2)"*C NMR (150 MHz, DMSOd,)



6 176.2,175.0, 72.0, 162.7, 152.8, 142.9, 133.9,81225.1, 88.4, 33.6, 28.8.

4.1.68 4-((6-((3-Bromophenyl)amino)pyrimidin-4-yl)amino)efobutanoic acid Yfg64) Yield:
80.4 %; mp: 175-177 °C; ESI-MS [M+H]+:36# NMR (600 MHz, DMSOsds) & 10.69 (s, 1H,
COOH), 9.88 (s, 1H, -NH), 8.46 (s, 1H, H-2), 8.89 1H, H-5), 7.53-7.54 (m, 1H, PhH), 7.52 (s,
1H, 2'-PhH), 7.26-7.27 (m, 1H, PhH), 7.15-7.163 (thi, PhH), 6.73 (s, 1H, NH), 2.64-2.66 (t,
2H, J = 6.0 Hz, CH2CH2COOH), 2.52-2.53 (m, 2H, CH2COOH). **C NMR (150 MHz,
DMSO-dg) 6 173.8, 177, 170.4, 160.3, 151.8, 144.6, 130.6,9,221.6, 116.6, 115.5, 88.5, 28.7.

4.1.694-((6-((3-Methoxyphenyl)amino)pyrimidin-4-yl)amirdoxobutanoic acid Yfge5) Yield:
60.1 %; mp: 203-204 °C; ESI-MS [M+H]+: 3184 NMR (600 MHz, DMSOds) § 10.67 (s, 1H,
OH), 9.71 (s, 1H, H-2), 8.40 (s, 1H, H-5), 7.501(8l, ArH), 7,32 (s, 1H, NH), 7.21 (t, J = 7.8 Hz,
1H, ArH), 7.17 (d, J = 8.4 Hz, 1H, ArH), 6.76 ($J,INH), 6.60 (dd,) = 6.0 Hz, 1H, ArH), 3.58 (s,
3H, CH3), 2.64 (tJ) = 6.6 Hz, 2H, CH2), 2.05 (dd,= 1.8 Hz, 2H, CH2). 13C NMR (150 MHz,
DMSO-dg) 6 174.6, 173.7, 172.5, 163.3, 152.1, 143.9, 13@24%,9, 121.5, 117.1, 115.4, 89.3, 55.9,
28.0.

4.1.704-((6-((4-(Ethoxycarbonyl)phenyl)amino)pyrimidingjamino)-4-oxobutanoic acidr{q66)
Yield: 57.3 %; mp: 213-216 °CH NMR (600 MHz, DMSOdg) 5 10.64 (s, 1H, OH), 9.99 (s, 1H,
NH), 8.48 (s, 1H, H-2), 7.83-7.90 (q, 4H, ArH), Z.6, 1H, H-5), 6.81 (s, 1H, NH), 4.26-4.29 (q,
2H,J=7.2 Hz, OCH2CH3), 2.64-2.66 (t, 2Bi= 6.6 Hz, NHCOCH2CH2COOH), 2.50-2.53 (m,
2H, NHCOCH2CH2COOH), 1.29-1.32 (t, 38= 7.2 Hz, COOCH2CH3)"*C NMR (150 MHz,
DMSO-dg) 6 173.9, 173.8, 170.4, 165.9, 160.3, 151.8, 14%0,71 120.1, 111.7, 60.4, 28.9, 14.1.
HRMS (ESI)m/z [M+H] * calc = 359.1355; found 359.1348 for/8:dN4Os.

4.1.71 3-((6-(3-Carboxypropanamido)pyrimidin-4-yl)aminojtm®ic acid Yfg67)Yield: 60.2 %;
mp: 195-197 °C; ESI-MS [M+H]+: 330H NMR (600 MHz, DMSO#g) § 10.72 (s, 1H, COOH),
10.67 (s, 1H, OH), 9.92 (s, 1H, NH), 8.44 (s, 1H2}8.28 (s, 1H, H-5), 7.90-7.91 (m, 1H, ArH),
7.57-7.58 (m, 1H, ArH), 7.51 (s, 1H, ArH), 7.42Z.@n, 1H, ArH), 6.81 (s, 1H, NH), 2.64-2.66 (t,
2H, J = 7.2 Hz, CH2CH2COOH), 2.52-2.53 (m, 2H, CH2CH2G90"C NMR (150 MHz,
DMSO-dg) 6 173.9, 173.8, 170.4, 166.4, 160.3, 151.2, 14238,8] 128.7, 123.1, 120.5, 114.6,
88.3, 28.9.

4.1.724-((6-((4-(4-Methylpiperazin-1-yl)phenyl)amino) pyidin-4-yl)amino)-4-oxobutanoic acid
(Yfg68) Yield: 56.8 %; mp: 186-187 °C; ESI-MS [M+H]+: 384 NMR (600 MHz, DMSOdg) 5

10.77 (s, 1H, COOH), 9.85 (s, 1H, NH), 8.42 (s, HL), 8.28 (s, 1H, H-5), 7.90-7.91 (m, 1H,
ArH), 7.57-7.59 (m, 1H, ArH), 7.51 (s, 1H, ArH),42-7.44 (m, 1H, ArH), 6.81 (s, 1H, NH),
2.64-2.66 (t, 2H,) = 72 Hz, CH2CH2COOH), 3.68 @,= 4.8 Hz, 4H, CH2), 2.51-2.52 (m, 2H,



CH2CH2COOH), 2.48 (tJ = 4.8 Hz, 4H, CH2), 2.47 (s, 3H, CH3YC NMR (150 MHz,
DMSO-ds) § 173.9, 173.8, 170.4, 160.3, 151.8, 139.7, 130.8,5] 113.7, 88.5, 61.4, 57.3, 52.1,
46.7, 28.9.

4.1.735-0x0-5-((6-(phenylamino)pyrimidin-4-yl)amino)pemtéc acid {¥fq69) Yield: 67.5 %; mp:
175-177 °C; ESI-MS [M+H]+: 300H NMR (600 MHz, DMSOd) § 10.53 (s, 1H, COOH), 8.42
(s, 1H, H-2), 8.39 (s, 1H, NH), 8.28 (s, 1H, H-B)70-7.71 (dJ = 9.0 Hz, 2H, PhH), 6.55-6.57 (t,
J=7.8 Hz, 3H, PhH), 2.50 (s, 1H, NH), 2.41-2.44)(t 7.2 Hz, 2H, CH2), 2.27-2.42 @,= 3.0
Hz, 2H, CH2), 1.75-1.80 (m, 2H, CHZYC NMR (150 MHz, DMSQd) & 175.3, 173.7, 170.2,
160.4, 151.7, 139.3, 130.3, 118.8, 113.5, 88.2,6.9, 52.3, 46.7, 28.6.

4.1.74 5-((6-((4-Chlorophenyl)amino)pyrimidin-4-yl)amin&}oxopentanoic acidYfq70) Yield:
79.4 %; mp: 181-184 °C; ESI-MS [M+H]+: 3344 NMR (600 MHz, DMSOds) § 10.53 (s, 1H,
COOH), 9.74 (s, 1H, H-2), 8.39 (s, 1H, NH), 7.7@47(d,J = 9.0 Hz, 2H, PhH), 7.55 (s, 1H, H-5),
7.33-7.34 (dJ = 9.0 Hz, 2H, PhH), 2.50 (s, 1H, NH), 2.41-2.44 )t 7.2 Hz, 2H, CH2),
2.27-2.42 (tJ = 3.0 Hz, 2H, CH2), 1.75-1.80 (m, 2H, CHZC NMR (150 MHz, DMSOdg) §
173.3,170.3, 166.1, 160.7, 151.1, 142.4, 133.8,78 123.0, 20.4, 114.7, 88.2, 28.9.

4.1.75 5-((6-((3-Chlorophenyl)amino)pyrimidin-4-yl)amin&Yoxopentanoic acidYfq71) Yield:
82.2 %; mp: 184-185 °C; ESI-MS [M+H]+: 3344 NMR (600 MHz, DMSOd) & 10.54 (s, 1H,
COOH), 9.78 (s, 1H, H-2), 8.44 (s, 1H, NH), 7.991(¢, PhH), 7.55 (s, 1H, ArH), 7.33-7.35 (dd,
J = 9.0 Hz, 1H, PhH), 6.57-6.58 (m, 1H, ArH), 6.555 (t,J = 9.5 Hz, 1H, PhH), 6.52 (s, 1H,
NH), 2.49-2.51 (m, 2H, CH2), 2.44-2.45 Jt= 3.0 Hz, 2H, CH2), 2.27-2.42 @,= 7.8 Hz, 2H,
CH2).*C NMR (150 MHz, DMSOd,) & 173.8, 173.7, 170.4, 166.1, 160.3, 151.8, 14436,6],
123.9, 121.6, 116.6, 115.5, 88.5, 28.7.

4.1.76 5-((6-((2-Bromophenyl)amino)pyrimidin-4-yl)amino)e&opentanoic acid fg72) Yield:
80.3 %; mp: 189-191 °C; ESI-MS [M+H]+: 3784 NMR (600 MHz, DMSOds) § 10.73 (s, 1H,
COOH), 9.42 (s, 1H, H-2), 8.47 (s, 1H, NH), 7.98 8l, H-5), 7.35-7.36 (dd, J = 9.0 Hz, 2H,
PhH), 6.57 -6.58 (m, 1H, PhH), 6.55-6.57J(t 9.5 Hz, 1H, PhH), 6.52 (s, 1H, NH), 2.49-2.51 (m
2H, CH2), 2.45 (tJ = 3.0 Hz, 2H, CH2), 2.27-2.42 (t= 7.8 Hz, 2H,CH2)*C NMR (150 MHz,
DMSO-dg) 6 173.8, 173.9, 170.6, 166.3, 160.3, 151.5, 14439,2, 123.2, 121.5, 116.9, 115.2,
88.9, 28.9.

4.1.77 5-((6-((4-(Ethoxycarbonyl)phenyl)amino)pyrimidinglamino)-5-oxopentanoic  acid
(Yfq73) Yield: 58.6 %; mp: 248-249 °C; ESI-MS [M+H]+: 3724 NMR (600 MHz, DMSO#dg) &
10.53 (s, 1H, COOH), 9.74 (s, 1H, 2-pyrimindineB)39 (s, 1H, NH), 7.70-7.71 (d,= 9.0 Hz,
2H, PhH), 7.55 (s, 1H, 5-pyrimindineH), 7.33-7.84J= 9.0 Hz, 2H, PhH), 4.26-4.29 (q, 245



7.2 Hz, OCH2CHB3), 2.50 (s, 1H, NH), 2.41-2.44)( 7.2 Hz, 2H, CH2), 2.27-2.42 (= 3.0 Hz,
2H, CH2), 1.75-1.80 (m, 2H, CH2), 1.29-1.32 (t, 3t 7.2 Hz, COOCH2CH3)*C NMR (150
MHz, DMSO-ds) & 173.8, 173.3, 170.5, 166.3, 160.4, 151.5, 14439,3] 123.3, 121.5, 116.8,
115.3, 88.5, 28.9.

4.1.785-((6-((2,5-Dimethoxyphenyl)amino)pyrimidin-4-yl)ao)-5-oxopentanoic acidvfq74)
Yield: 57.9 %; mp: 240-242 °C; ESI-MS [M+H]+: 3684 NMR (600 MHz, DMSOdg) & 10.97
(s, 1H, COOH), 9.56 (s, 1H, H-2), 8.40 (s, 1H, KH-BBO (s, 2H, PhH), 7.02 (d,= 10.2 Hz, 1H,
PhH), 6.75-6.76 (q) = 3.0 Hz, 1H, PhH), 3.75 (s, 3H, OCH3), 3.71 (4, ®CH3), 2.50 (s, 1H,
NH), 2.43-2.45 (t, 2H, CH2), 2.26-2.43 (t, 2H, CH2)74-1.78 (m, 2H, CH2)>C NMR (150
MHz, DMSO4dg) 6 179.3, 173.2, 172.1, 162.0, 154.7, 153.1, 14138,1], 113.0, 107.2, 105.3,
90.0, 57.3, 35.1, 33.3, 22.1.

4.1.795-((6-((3-Methoxyphenyl)amino)pyrimidin-4-yl)amirpxopentanoic acidYfq75) Yield:
62.0 %; mp: 224-226 °C; ESI-MS [M+H]+: 3384 NMR (600 MHz, DMSOs) 5 11.13 (s, 1H,
OH), 10.28 (s, 1H, H-2), 8.48 (s, 1H, H-5), 8.421(d, NH), 7.35 (s, 1H, ArH), 7.27 d,= 3.6 Hz,
1H, ArH), 7.25 (s, 1H, NH), 7.15 (d,= 7.8 Hz, 1H, PhH ), 6.69 (dd,= 6.6 Hz, 1H, ArH), 3.78
(s, 3H, CH3), 2.48 (q] = 6.6 Hz, 2H, CH2), 2.27 (§,= 7.2 Hz, 2H, CH2), 1.81 (§,= 7.2 Hz, 2H,
CH2).*C NMR (150 MHz, DMSOdg) & 179.4, 173.2, 172.3, 164.0, 161.7, 153.5, 14433, 1,
113.0, 112.7, 103.3, 90.0, 57.4, 35.8, 33.5, 22.3.

4.1.80 5-((6-((3-Bromophenyl)amino)pyrimidin-4-yl)amino)e&opentanoic acid fq76) Yield:
79.3 %; mp: 212-213 °C; ESI-MS [M+H]+: 3784 NMR (600 MHz, DMSOd) & 10.61 (s, 1H,
COOH), 9.59 (s, 1H, H-2), 8.46 (s, 1H, NH), 7.911(d, H-5), 7.54 (s, 1H, PhH), 7.34-7.35 (dd,
= 9.0 Hz, 1H, PhH), 6.57-6.58 (m, 1H, PhH), 6.5866(t,J = 9.5 Hz, 1H, PhH), 6.56 (s, 1H, NH),
2.49-2.51 (m, 2H, CH2), 2.44-2.45 {t= 3.0 Hz, 2H, CH2), 2.27-2.42 {,= 7.8 Hz, 2H, CH2).
%C NMR (150 MHz, DMSOdg) & 173.8, 173.7, 170.4, 166.1, 160.3, 151.8, 14436,6, 123.9,
121.6, 116.6, 115.5, 88.6, 28.5.

4.1.815-((6-Morpholinopyrimidin-4-yl)amino)-5-oxopentawcacid (Yfq77) Yield: 76.5 %; mp:
237-239 °C; ESI-MS [M+H]+: 294'H NMR (600 MHz, DMSOd) & 10.44 (s, 1H, OH), 8.46 (s,
1H, NH), 8.28 (s, 1H, H-2), 7.42 (s, 1H, H-5), 3@6) = 4.2 Hz, 4H, CH2), 3.51 (] = 4.8 Hz,
4H, CH2), 2.42 (tJ = 7.2 Hz, 2H, CH2), 2.24 (f] = 7.2 Hz, 2H,CH2), 1.76 (m, 2H, HZYC
NMR (150 MHz, DMSO€g) 6 180.1, 173.2, 172.1, 162,5, 152,9, 89.0, 68.2,5M.2, 33.6, 21.6.

4.1.82 5-((6-(4-Methylpiperazin-1-yl)pyrimidin-4-yl)amin&)oxopentanoic acidYfq78) Yield:
75.1 %; mp: 240-241 °C; ESI-MS [M+H]+: 30" NMR (600 MHz, DMSOds) & 10.40 (s, 1H,
OH), 8.40 (s, 1H, NH), 8.25 (s, 1H, H-2), 7.424Hl, H-5), 3.44 (tJ = 6.6 Hz, 4H, CH2), 2.50 (t,



J = 1.8 Hz, 2H, CH2), 2.41 (§ = 7.2 Hz, 4H, CH2), 2.36 (fl = 4.8 Hz, 2H, CH2), 2.22 (s, 3H,
CH3), 1.76 (m, 2H, CH2)*C NMR (150 MHz, DMSQdg) & 179.7, 172.4, 172.3, 162.3, 152.9,
90.2, 68.5, 59.2, 49.0, 47.2, 34.2, 33.5, 21.6.

4.1.83 Ethyl-4-((6-((3-bromophenyl)amino)pyrimidin-4-yl)am)-4-oxobutanoate fq79) Yield:
61.8 %; mp: 178-179 °C; ESI-MS [M+H]+: 3924 NMR (600 MHz, DMSOds) § 10.63 (s, 1H,
CONH), 9.75 (s, 1H, NH), 8.45 (s, 1H, H-2), 8.11, (&H, H-5), 7.14-7.56 (m, 4H, PhH),
4.03-4.07 (9, 2H,J = 7.2 Hz, OCH2CH3), 2.68-2.70 (t, 2HJ = 6.0 Hz,
NHCOCH2CH2COOC2H5), 2.56-2.58 (t, 2B~ 6.0 Hz, NHCOCH2CH2COOC2H5), 1.16-1.9
(t, 3H,J = 7.2 Hz, CH2CH3)**C NMR (150 MHz, DMSOdg) 5 173.2, 170.2, 160.8, 151.5, 144.7,
130.9, 123.7, 116.9, 115.4, 88.6, 61.3, 28.8, 14.1.

4.1.84 Ethyl-4-((6-((4-chlorophenyl)amino)pyrimidin-4-yh@ano)-4-oxobutanoateY{q80) Yield:
60.3 %; mp: 187-189 °C; ESI-MS [M+H]+: 3484 NMR (600 MHz, DMSOd) & 10.61 (s, 1H,
CONH), 9.74 (s, 1H, H-2), 8.39 (s, 1H, NH), 7.70%(d,J = 9.0 Hz, 2H, PhH), 7.55 (s, 1H, H-5),
7.33-7.34 (dJJ = 9.0 Hz, 2H, PhH), 4.03-4.07 (q, 281 7.2 Hz, OCH2CH3), 2.68-2.70 (t, 28,
= 6.0 Hz, NHCOCH2CH2COOC2H5), 2.56-2.58 (t, 24 6.0 Hz, NHCOCH2CH2COOC2H5),
1.16-1.19 (t, 3H, = 7.2 Hz, CH2CH3)**C NMR (150 MHz, DMSQds) 5 172.2, 170.2, 165.9,
160.2, 150.8, 142.1, 133.4, 128.3, 123.5, 120.2,71B7.5, 28.4.

4.1.85 Ethyl-4-((6-((3-methoxyphenyl) amino) pyrimidin{d-yamino)-4-oxobutanoate Y{q81)
Yield: 57.8 %; mp: 211-212 °C; ESI-MS [M+H]+: 344 NMR (600 MHz, DMSOdg) 5 10.57 (s,
1H, CONH), 9.55 (s, 1H, NH), 8.39 (s, 1H, H-2), 4.5, 1H, H-5), 7.34 (s, 1H, 2'-PhH),
7.17-7.21 (m, 2H, ArH), 6.57-6.58 (m, 1H, ArH), 8.0y, 2H,J = 7.2 Hz, -COO-CH2CH3), 3.73
(s, 3H, OCH3), 2.67-2.69 (t, 2H,= 6.6 Hz, COCH2CH2COOC2H5), 2.55-2.58 (t, 2H; 6.6
Hz, NHCOCH2CH2COOC2HS5), 1.16-1.18 (t, 3H= 6.9 Hz, CH2CH3)*C NMR (150 MHz,
DMSO-dg) 6 61.5, 157.6, 141.3, 129.5, 112.1, 107.4, 105.8,93.0, 85.7, 80.9, 59.9, 55.0, 30.9,
28.4,18.0, 14.1.

4.1.86 Ethyl-4-((6-((2,5-dimethoxyphenyl)amino)pyrimidir¥lamino)-4-oxobutanoate Y{q82)
Yield: 51.6 %; mp: 223-226 °C; ESI-MS [M+H]+: 3744 NMR (600 MHz, DMSOdg) & 10.48
(s, 1H, CONH), 8.75 (s, 1H, H-2), 8.32 (s, 1H, H-B)2-7.53 (m, 2H, PhH+NH), 6.95-6.96 (m,
1H, PhH), 6.63-6.64 (m, 1H, PhH), 4.04-4.05 (q, BH2CH3), 3.74 (s, 3H, OCH3), 3.70 (s, 3H,
OCH3), 2.65-2.66 (m, 2H, CH2CH2COOC2H5), 2.55-2.66, 2H, CH2CH2COOC2H5),
1.16-1.18 (t, 3H, CH2CH3}’C NMR (150 MHz, DMSOdg) & 172.2, 166.2, 162.0, 157.4, 156.7,
153.0, 145.3, 112.3, 110.0, 108.0, 92.8, 61.1,,50®, 28.4, 14.1.

4.1.87 Ethyl-4-((6-(4-ethoxy-4-oxobutanamido)pyrimidinaynino)benzoate Yfg83) Yield:



55.5 %; mp: 190-192 °C; ESI-MS [M+H]+: 3884 NMR (600 MHz, DMSOds) & 10.67 (s, 1H,
CONH), 9.99 (s, 1H, NH), 8.48 (s, 1H, H-2), 7.897(d, 2H,J = 9.0 Hz, 2',6"-PhH), 7.83-7.85
(d, 2H,J = 9.0 Hz, 3',5"-PhH), 7.63 (s, 1H, H-5), 4.26-4.¢f) 2H,J = 7.2 Hz, COOCH2CH?3),
4.05-4.06 (9, 2H,J = 7.2 Hz, COOCH2CH3), 2.68-2.71 (t, 2H] = 6.0 Hz,
NHCOCH2CH2COOC2H5), 2.57-2.59 (t, 2Bi= 6.0 Hz, COCH2CH2COOC2H5), 1.29-1.32 (t,
3H, J = 7.2 Hz, COOCH2CH3), 1.16-1.19 (t, 3B~ 7.2 Hz, COOCH2CH3)**C NMR (150
MHz, DMSO<s) & 173.7, 170.4, 165.9, 160.3, 151.8, 145.2, 130,11, 111.2, 88.6, 61.3, 60.8,
28.9, 14.1.

4.1.88 Ethyl-3-((6-(4-ethoxy-4-oxobutanamido)pyrimidinaynino)benzoate Yfqd4) Yield:

52.1 %; mp: 193-195 °C; ESI-MS [M+H]+: 3884 NMR (600 MHz, DMSOds) § 10.61 (s, 1H,
CONH), 9.80 (s, H, NH), 8.43 (s, 1H, H-2), 8.281Hl, H-5), 7.99-8.00 (dd, 1H; = 1.2 Hz,J, =

8.4 Hz, 5'-PhH), 7.56-7.57 (d, 2H,= 8.4 Hz, 4',6-PhH), 7.43-7.46 (t, 1H,= 8.4 Hz, 2"-PhH),
4.30-4.33 (g, 2HJ = 7.2 Hz, COOCH2CH3), 4.04-4.07 (q, 28i= 7.2 Hz, COOCH2CH3),
2.68-2.70 (t, 2H,J = 6.0 Hz, CH2CH2COOC2H5), 2.56-2.59 (t, 2H, = 6.0 Hz,
CH2CH2COOC2H5), 1.31-1.34 (t, 38= 7.2 Hz, COOCH2CH3), 1.16-1.19 (t, 3#H5= 7.2 Hz,
COOCH2CH3)*C NMR (150 MHz, DMSOdg) § 173.2, 170.5, 1657, 160.6, 151.6, 142.4, 133.7,
131.0, 122.4, 119.9, 114.3, 88.5, 61.0, 61.3, ZBID.

4.1.89 Ethyl-4-oxo0-4-((6-((4-sulfamoylphenyl)amino)pyrimidi-yl)amino)butanoate Yfq85)
Yield: 53.4 %; mp: 218-220 °C; ESI-MS [M+H]+: 3934 NMR (600 MHz, DMSOdg) § 10.56
(s, 1H, CONH), 9.95 (s, 1H, NH), 8.47 (s, 1H, H-2)84-7.85 (d, 2H) = 9.0 HZ, 2',6’-PhH),
7.73-7.74 (d, 2HJ) = 9.0 HZ, 2’,6’-PhH), 7.62 (s, 1H, H-5), 7.20 &, SO2NH2), 4.04-4.07 (q,
2H,J = 7.2 Hz, COOCH2CH3), 2.68-2.71 (t, 2H7= 6.0 Hz, CH2CH2COOC2H5), 2.50-2.59 (t,
2H, J = 6.0 Hz, CH2CH2COOC2H5), 1.16-1.19 (t, 3H= 7.2 Hz, COOCH2CH3):*C NMR
(150 MHz, DMSO+dg) 6 173.2, 170.2, 160.8, 151.5, 144.7, 130.9, 1306,9 88.5, 61.9, 28.8,
14.1.

4.1.90 Ethyl-4-((6-((4-(4-methylpiperazin-1-yl)phenyl)am)pyrimidin-4-yl)amino)-4-oxobutano-
ate (Yfg86) Yield: 51.2 %; mp: 187-189 °C; ESI-MS [M+H]+: 412H NMR (600 MHz,
DMSO-dg) & 10.46 (s, 1H, CONH), 9.26 (s, 1H, NH), 8.29 (s,, H#2), 7.40 (s, 1H, H-5),
7.39-7.40 (d, 2HJ = 9.0 Hz, PhH), 6.89-6.91 (d, 28l= 9.0 Hz, PhH), 4.03-4.06 (q, 28~ 7.2
Hz, CH2CH3), 3.32-3.43 (m, 4H, piperazineH), 3.0923(m, 4H, piperazineH), 2.55-2.56 (m, 2H,
CH2CH2COOC2H5), 2.52-2.54 (m, 2H, CH2CH2COOC2H®)74s, 3H, N-CH3), 1.18-1.19 {(t,
3H, J = 7.2 Hz, CH2CH3)**C NMR (150 MHz, DMSQdy) § 173.9, 173.8, 170.4, 160.3, 151.8,
139.7, 130.4, 118.5, 113.7, 88.5, 61.4, 57.3, 58617, 28.9, 14.1.

4.1.91 Ethyl-4-oxo0-4-((6-((2-(thiophen-2-yl)ethyl)aminojpyidin-4-yl)amino)butanoate Yfq87)



Yield: 67.3 %; mp: 193-195 °C; ESI-MS [M+H]+: 3484 NMR (600 MHz, DMSO#dg) 5 10.35
(s, 1H, CONH), 8.20 (s, 1H, -NH), 7.50 (s, 1H, H-2)32-7.33 (d, 1HJ = 5.4 Hz, Thiophene-H),
7.16 (s, 1H, H-5), 6.94-6.95 (t, 18,= 5.0 Hz, Thiophene-H), 6.89-6.90 (m, 1H, Thiopét),
4.02-4.06 (g, 2HJ = 7.2 Hz, COOCH2CH3), 3.48-3.51 (m, 2H, 1'-CH2)B3.04 (t, 2H,) = 7.2
Hz, 2-CH2), 2.63-2.65 (t, 2H] = 6.6 Hz, CH2CH2COOC2H5), 2.53-2.55 (t, 2Hz 6.6 Hz,
CH2CH2COOC2H5), 1.16-1.18 (t, 3H, = 7.2 Hz, COOCH2CH3)*C NMR (150 MHz,
DMSO-dg) § 173.2, 163.0, 160.3, 151.5, 137.3, 128.2, 1224%,6, 88.1, 61.6, 46.0, 28.8, 14.3.

4.1.92Ethyl-5-((6-((3-chlorophenyl)amino)pyrimidin-4-ytyano)-5-oxopentanoater{q88) Yield:
74.2 %; mp: 197-198 °C; ESI-MS [M+H]+: 3624 NMR (600 MHz, DMSOs)  10.33 (s, 1H,
CONH), 9.78 (s, 1H, H-2), 8.44 (s, 1H, NH), 7.9918l, PhH), 7.55 (s, 1H, H-5), 7.33-7.35 (dd,
= 9.0 Hz, 1H, PhH), 6.57-6.58 (m, 1H, ArH), 6.556(t,J = 9.5 Hz, 1H, PhH), 4.03-4.06 (q, 2H,
J=7.2 Hz, CH2CH3), 2.49-2.51 (m, 2H, CH2), 2.448(4 J = 3.0 Hz, 2H,CH2), 2.27-2.42 (,

= 7.8 Hz, 2H, CH2), 1.18-1.19 (t, 3d,= 7.2 Hz, CH2CH3)**C NMR (150 MHz, DMSOdg) &
173.8,170.4, 166.1, 160.3, 151.8, 144.6, 130.8,91221.6, 116.6, 115.5, 88.5, 62.2, 28.7, 15.1.

4.1.93 Ethyl-5-((6-((2,5-dimethoxyphenyl)amino) pyrimidirylamino)-5-oxopentanoateY{g89)
Yield: 69.5 %; mp: 224-223 °C; ESI-MS [M+H]+: 3884 NMR (600 MHz, DMSO#dg) 5 10.97
(s, 1H, CONH), 9.56 (s, 1H, H-2), 8.40 (s, 1H, NFABO (s, 2H, PhH+H-5), 7.02 (d= 10.2 Hz,
1H, PhH), 6.75-6.76 (m, 1H, PhH), 4.12-4.22 (q, 2i4,7.2 Hz, OCH2CH3), 3.75 (s, 3H, OCH3),
3.71 (s, 3H, OCH3), 2.43-2.45 (t, 2H, COOCH2CH2GH2P6-2.43 (t, 2H, COCH2), 1.74-1.78
(m, 2H, CH2CH2CH2), 1.18-1.19 (t, 3H, = 7.2 Hz, OCH2CH3).*C NMR (150 MHz,
DMSO-tg) 6 179.3, 173.2, 172.1, 162.0, 154.7, 153.1, 1413511 113.0, 107.2, 105.3, 90.0,
67.3,35.1, 22.1.

4.1.94 Pentan-2-yl-4-((6-((3-bromophenyl)amino)pyrimidinfamino)-4-oxobutanoate Y{q90)
Yield: 52.8 %; mp: 249-253 °C; ESI-MS [M+H]+: 43%4 NMR (600 MHz, DMSOdq) & 10.62

(s, 1H, CONH), 9.76 (s, 1H, -NH), 8.45 (s, 1H, H-8)11 (s, 1H, H-5), 7.55-7.57 (m, 2H, PhH),
7.25-7.26 (m, 1H, PhH), 7.14-7.15 (m, 1H, PhH)94730 (m, 1H, -OCH), 2.67-2.69 (m, 2H,
COCH2CH2CO0O0), 2.50 (m, 2H, COCH2CH2COO0), 1.15-1(th6 2H, CHCH2CH2CH3), 1.15
(m, 2H, CH2CH2CH3), 1.13-1.14 (d, 3d,= 6.6 Hz, CHCH3), 0.82-0.84 (t, 3H,= 7.2 Hz,
CH2CH2CH3).2*C NMR (150 MHz, DMSOdg) 5 173.7, 170.4, 160.3, 151.8, 144.6, 130.6, 123.9,
121.6, 116.8, 115.5, 88.5, 71.5, 38.9, 32.4, 28, 18.7, 14.1.

4.1.95 Pentan-2-yl-3-((6-(4-oxo-4-(pentan-2-yloxy)butanda)pyrimidin-4-yl)amino)benzoate
(Yfq91) Yield: 50.2 %; mp: 260-262 °C; ESI-MS [M+H]+: 4784 NMR (600 MHz, DMSOdg) &

10.60 (s, 1H, CONH), 9.81 (s, 1H, NH), 8.42 (s, H42), 8.26 (s, 1H, H-5), 8.00-8.01 (m, 1H,
PhH), 7.54-7.56 (m, 2H, PhH), 7.42-7.45 (m, 1H, R3404-5.09 (m, 1H, COOCH(CH3)C3H7),



4.77-4.83 (m, 1H, COOCH(CH3)C3H7), 2.67-2.69 (t,,2H= 6.0 Hz, NHCOCH2CH2),
2.55-2.57 (t, 2H,J = 6.0 Hz, NHCOCH2CH2), 1.23-1.71 (m, 8H, CH(CH3®IEH2CH3),
1.29-1.30 (d, 3HJ = 6.6 Hz, CHCH3), 1.13-1.14 (d, 3BI= 6.6 Hz, CHCH3), 0.90-0.92 (t, 34,

= 7.2 Hz, CH2CH2CH3), 0.82-0.84 (t, 38,= 7.2 Hz, CH2CH2CH3)**C NMR (150 MHz,
DMSO-dg) § 173.2, 170.5, 165.7, 160.6, 151.6, 145.2, 13®@0,a7, 111.3, 88.5, 71.6, 38.9, 28.9,
20.2, 18.7.

4.1.96 Isopropyl-4-((6-(4-isopropoxy-4-oxobutanamido)pyidm-4-yl)amino)benzoate Y{q92)
Yield: 54.8 %; mp: 252-253 °C; ESI-MS [M+H]+: 41%4 NMR (600 MHz, DMSO#dg) 5 10.95
(s, 1H, CONH), 10.29 (s, 1H, NH), 8.51 (s, 1H, H-2)82-7.90 (m, 4H, PhH), 7.55 (s, 1H, H-5),
5.09-5.11 (m, 1H, OCH(CH3)2), 4.87-4.89 (m, 1H, QCH3)2), 2.69-2.71 (t, 2H] = 6.6 Hz,
CH2CH2COO0), 2.54-2.56 (m, 2H, = 6.6 Hz, CH2CH2COO), 1.30-1.31 (t, 6B,= 6.0 Hz,
OCHCH3x2), 1.16-1.17 (t, 6H] = 6.0 Hz, OCHCH3x2)"*C NMR (150 MHz, DMSOdq) &
173.7,170.4, 165.9, 160.3, 151.2, 145.8, 130.8,51411.2, 88.7, 69.8, 67.3, 28.8, 21.3.

4.1.97 Isopropyl-4-((6-((4-fluorophenyl)amino)pyrimidinyd}amino)-4-oxobutanoate Y{q93)
Yield: 63.5 %; mp: 238-240 °CH NMR (600 MHz, DMSOs) 5 10.52 (s, 1H, CONH), 9.55 (s,
1H, NH), 8.35 (s, 1H, H-2), 7.46 (s, 1H, H-5), 7-BB4 (d, 2HJ = 9.0 Hz, PhH), 7.13-7.14 (d,
2H, J = 9.0 Hz, PhH), 4.89-4.91 (m, 1H, CH), 2.65-2.65 @H, CH2CH2COO), 2.50-2.52 (m,
2H, CH2CH2CO0O0), 1.15-1.16 (m, 6H, CH2CH3x%C NMR (150 MHz, DMSQd) & 171.9,
171.7, 161.4, 157.6, 156.6, 136.5, 121.6, 121.5,31115.2, 92.6, 87.2, 31.0, 28.7, 21.6. HRMS
(ESI)m/z [M+H] *calc = 347.1519; found 347.1513 for/816FN,Os.

4.1.9&thyl-2-((6-(4-isopropoxy-4-oxobutanamido)pyrimidiryl)amino)-4,5,6,7-tetrahydrobenzo
[b] thiophene-3-carboxylateYfq94) Yield: 52.8 %; mp: 268-269 °C; ESI-MS [M+H]+: 46tH
NMR (600 MHz, DMSO#d) & 10.89 (s, 1H, CONH), 10.78 (s, 1H, NH), 8.54 (4, H-2), 7.60 (s,
1H, H-5), 4.87-4.90 (m, 1H, OCH), 4.27-4.28 (q, &+ 6.0 Hz, CH2CH3), 2.68-2.69 (m, 4H,
cyclohexaneH), 2.55-2.59 (m, 2H, CH2CH2COQOO), 2.5%2m, 2H, CH2CH2COO0), 1.71-1.73
(m, 4H, cyclohexaneH), 1.31-1.33 (t, 3H= 6.0 Hz, CH2CH3), 1.28-1.31 (m, 6H, CH3x&C
NMR (150 MHz, DMSO+dg) 6 173.7, 173.1, 170.1, 160.2, 152.1, 151.8, 1488,4], 128.8, 112.4,
88.5, 69.5, 60.9, 28.9, 25.0, 23.4, 21.6, 14.1.

4.1.99Ethyl-3-((6-((4-fluorophenyl)amino)pyrimidin-4-yh@no)-3-oxopropanoateyfq9s) Yield:
72.7 %; mp: 223-225 °C; ESI-MS [M+H]+: 3184 NMR (600 MHz, DMSOds) & 9.56 (s, 1H,
NH), 8.97 (s, 1H, H-2), 7.54 (d, 2H,= 7.2 Hz, PhH), 7.49 (d, 2H,= 7.2 Hz, PhH), 7.34 (s, 1H,
H-5), 6.56 (s, 1H, NH), 4.26 (g, 2= 6.0 Hz, CH2CH3), 3.71 (s, 2H, OCH2CH3), 1.43H,J

= 6.0 Hz, OCH2CH3)}*C NMR (150 MHz, DMSOdg) & 172.1, 171.1, 166.1, 162.1, 159.8, 153.9,
138.4, 122.8, 118.4, 89.5, 62.9, 38.8, 16.2.



4.2 Biological Activities

4.2.1 Cell Lines and Reagent#431 (epidermoid carcinoma, EGFR overexpressiom) R€-9
(NSCLC, EGFR del 19) cells were grown in DMEM (GIBL containing 10% FBS (GIBCO).
HCC827 (NSCLC, EGFR del E746_A750), H3255 (NSCLGHR L858R), H1975 (NSCLC,
EGFRL858R/T790M) and BEAS-2B (human bronchial egliil) cells were grown in
RPMI-1640 (GIBCO) containing 10% FBS (GIBCO). Thalldines were obtained from ATCC

maintained at 37 °C in a 5% Gcubator.

4.2.2 Kinase Inhibition AssayThe procedure was as follows: Prepare 2.5 x enagiwion; add
kinase in 1 kinase base buffer. Prepare 2.5 x geegtilution, add FAM-labeled (GL Biochem, Cat.
No. 112396, Lot. No. P100804-XZ112396) peptide ANE (Sigma, Cat. No. A7699-1G, CAS No.
987-65-5) in a 1x kinase base buffer. The assay plready containsyb of compound in 10%
DMSO (Sigma, Cat. No. D2650, Lot. No. 474382). Bfan 2.5x enzyme solution to the assay
plate, add 1@l of 2.5x enzyme solution to each well of the 38dii{Corning, Cat. No. 3573, Lot.
No. 12608008) assay plate. Incubate at room teriyerdor 10 min. Transfer 2.5x peptide
solution to the assay plate. Add [10of 2.5x peptide solution to each well of the 38dH assay
plate. Incubate at 28°C for specified period ofetilmdd 25uL of buffer to quench reaction. The
data was collected using Caliper. Convert convarsialues to inhibition values, percent
inhibition = (max-conversion) / (max-min) x100, tHaax” stands for DMSO control; “min”
stands for low control. Fit the data in XLfit exaald-in version 4.3.1 to obtain J§values. The
equation used was Y = Bottom + (Top-Bottom)/(1+(1@s0/X)xHillSlope)). Including EGFR
(Carna, Cat. No. 08-115, Lot. No 13CBS-0005L), FGHRarna, Cat. No. 08-133, Lot. No
09CBS-0989), KDR (Carna, Cat. No. 08-191, Lot. N&CBS-0540), EGFR L858R (Invitrogen,
Cat.No PR7447A, Lot. 853375A) and EGFR (d746-75Qarfla , Cat.No 08-527, Lot.
11CBS-1129C) were tested. The same method wagaipedform the kinase selectivity test of 27
tyrosine kinases. AURA, EGFR, FGFR1, FGFR2, FGFR4 3, HER2, HER4, IKKb, JAK1,
JAK2, MET, MAP4K2, MAP4K4, PAK2, PDGFRb, RET, SRTYK2, and TRK-A came from
Carna. BRAF, FLT1 (VEGFR1), FLT4 (VEGFR3), IGF1RdaRDGFRa were purchased from
Invitrogen. AKT1 was purchased from BPS. cKIT wagghased from Millipore. Throughout
experiments for testing the relationship betweemmmundsYfq07 or Yfq071 and ATP, the
concentration of the substrate was constant, wiileconcentration of ATP was set at 81, 27, 9, 3,
1, 0.333,0.111 and 0.037 uM. The gbbal competitive inhibition fit for the compoundsasv
performedbased on a %-conversion = (Vmax_X){km_[(1 + I/Ki}n X}, where X is the ATP

concentratiorand n is the Hill coefficient.

4.2.3 MTT AssayPC-9, HCC827, H3255, A431, H1975 and BEAS-2B wetlauced in 10% FBS

respective growth medium in 96-well plates (300Usaeell) overnight. Nine concentrations



(0.458 to 30,000 nM) were set for the compoundse Tells were treated with various

concentrations of each compound and cultured in E®% medium for 72 h in triplicate. The

control cells were treated with dimethyl sulfoxid@VSQO) only. During the last 4 h of incubation,

tetrazolium dye (MTT) solution (5 mg/mL, 20 pL/weWas added to each well. After discarding
the supernatant completely, the generated formemeatals were dissolved in 150 pL of DMSO

and the absorbance was read spectrophotometriabldy test wavelength of 490 nm using an
enzyme-linked immunosorbent assay plate reader. dete were calculated using Graph Pad
Prism version 5.0. The lg values were fitted using a non-linear regressiosdeh with a

sigmodial dose response.

4.2.4 Cell Apoptosis AssayA431, HCC827, H3255, H1975 (2 x 2Ccells were seeded into
6-well plates overnight. Fresh growth media witly07 (100, 250, 500 and 1000 nM) as well as
positive drug AZD3759 (1000 nM) were used and medwith 1%, DMSO was used as control.
After 48 h, the growth medium was collected andscelere trypsined and collected with the
corresponding medium. After centrifugation at 1509 at 4 °C for 5 min, the supernatant was
removed completely and the cells were washed twite pre-cold PBS. 100 puL 1 x binding
buffer, 5 uL PI (PI, BD) and 5 pL annexin-V (FITGAexin V, BD) were added. The cells were
then gently vortex-mixed and incubated for 15 mi@®°C in the dark and 1 x binding buffer was
used for dilution to 500 pL. The cells were theairstd with PI, Annexin-V alone as positive
control. The samples were measured with a BD AE2U@i6 flow cytometer (Becton Dickinson)

and the data were processed using FlowJo 7.6.1.

4.2.5 Cell Cycle AssayA431, HCC827, H3255, H1975 (2 x °)@ells were seeded into 6-well
plates overnight. Fresh growth media witfg07 (50, 100, 250 and 500 nM) as well as positive
drug AZD3759 (500 nM) were used and medium with D¥SO was used as control. After 24 h,
the growth medium was collected and the cells weyesined and collected in the corresponding
medium. After centrifugation at 1500 x g at 4 °G f min, the supernatant was removed
completely and the cells were washed twice withqmle PBS. The cells were fixed in 70% cold
ethanol, incubated at —20 °C overnight, and thenst with PI/RNase staining buffer (BD
Pharmingen). The samples were measured with a BEurlf¥ C6 flow cytometer (Becton

Dickinson) and the data were processed using FlouGla.

4.2.6 Western Blot AssayThe cells were harvested, homogenized in protesatéy buffer, and
debris was removed by centrifugation at 12,000rglfdb min at 4 °C. After addition of sample
loading buffer, the protein samples (50g) were electrophoresed and transferred to
poly-vinylidene difluoride transfer membranes. B@lent amounts of proteins were loaded into 8%
SDS-PAGE and transferred by nitrocellulose memtzadsing ECL kit (Bio-Rad, Hercules, CA)

to visualize the immunoreactive bands, the resudie analyzed using ImageJ computer software



(National Institute of Health, MD). EGF receptohgspho-EGF receptor (Tyrl068), AKT (pan),
phospho-AKT (Serd73), p44/42 MAPK (Erkl/2), phosgifig/42 MAPK (Erk1/2) (Thr202/
Tyr204) antibody (cell signaling technology) wersed for immunoblotting. The GAPDH

antibody used was obtained from Bioword Technology.

4.2.7 Xenograft Tumor Growth in Vivo Six-week-old BALB/C-nu mice were obtained from
Shanghai SLAC Laboratory Animal Co., Ltd.. The aaliticense number was SCXK (Shanghai)
2012-0002. All micaverehousedatthe WenzhoMedicalUniversityLaboratory Animal Research
Center. The animals were housed under controbeditions(22 °C)with a natural light-dark
cycle. All experimental procedures were conductecbading to the Institutional Animal Care
guidelines and approved by the Administration Cottaaiof Experimental Animals, Laboratory
Animal Center of Wenzhou Medical University. Injects were performed subcutaneously into
the right flank at a total volume of 0.1 mL/mousighvabout 2x180.1ml PC-9 cells. As the PC-9
tumors reached a size 60.2-0.4 cn, the mice were randomly divided into four groupgs (
mice/group) for subsequent studies. Compowid07 and AZD3759 were dissolved in
DMSO:Span-8eddH,O = 21:50 solution. Three groups of mice treated with cour Yfq07,
AZD3759 and vehicle every day lasting for 19 daysnor volumes were calculated as follows:
tumor volume (mr) = [(W ? x L)/2]; L stands for length and W refers to width

4.2.8 Pharmacokinetics Study in Micen vivo Four female and four male Sprague-Dawley rats
(weight: 200-220 g) were obtained from Shanghai GLRaboratory Animal Co., Ltd.. The
animal license number was SCXK (Shanghai) 2012-0082 ratswerehouseditthe
WenzhouMedicalUniversityLaboratory Animal Research Center. All animals weoesed under
controlledconditions (22 °C) witlanaturallight-darkcycle. All experimental procedures were
conducted according to the Institutional Animal €aguidelines and approved by the
Administration Committee of Experimental, AnimalsaboratoryAnimal Centeiof Wenzhou
Medical University. The rats were fasted for 12dfdpe the beginning of all drug treatments via
oral administration (0.5% CMC-Na suspension at $@kgn dose). At time points 0.083 h, 0.25 h,
0.5h,1h,2h,4h,8h, and 24 h after admiaistn, blood samples were collected from each
animal and separated by centrifugation (4000 rfmirlO min). Then, the samples were analyzed
by UPLC-MS/MS and the acquired data were analyastguMasslynx 4.0.

4.2.9 Immunohistochemical AssaysXenotransplanted tumor tissues were sectionedur(b
thickness), deparaffinized and hydrated. Heat-irduantigen retrieval was performed with 10
mM sodium citrate buffer. Before blocking in 5% lbo serum albumin (BSA), all sections were
subjected to 3% }D,. The mixture was stored overnight at 4 °C in &Q:8ilution of cleaved
caspase 3 antibody (cell signaling technology),spho-EGF receptor (Tyr1068), antibody (Cell
signaling Technology) and a 1:100 dilution of pHumpAKT antibody. The negative-control



sections were incubated with Phosphate Buffereth&&@PBS) instead. Goat anti-rabbit secondary
antibodies were choosed and visualized with-&@&ninobenzidine tetrahydrochloride (DAB)
solution (Sigma-Aldrich). The sections were theralgred the next day under the Nikon

fluorescence microscope (400x magnification; Niktapan).

4.2.10 Docking Simulations and Binding Free EnergyCalculations Molecular simulation

docking was performed using the Ligand Fit modutenf the Discovery Studio 2.5 software
package developed by Accelrys. Compouviidj07 was calculated in the three-dimensional
EGFR®**F complex structure (PDB code: 4LQM) http://www.rasia/pdb/explore/explore.do?

structureld=4LQM. The docked complex was used &edMD simulation was finished with the

Amber 11 package. The compound was then solvatedithng 1.8 nm of a TIP3P spherical water
layer to the outer layer of the composite. At tlegihning of the simulation, the energy of the
50,000 steps was optimized by the conjugate gradiegthod. Then, the 0.5-position MD

simulation was performed and the MD simulation wesformed for 15.0 ns. In the MD

simulation process, the step length is set to 2,0ahd the truncation radius of the non-bond
interaction was set to 1.2 nm. The SHAKE method usesdl to constrain the bond length. Finally,
a 0.5-1.0 ns MD simulation of the trajectory wasf@ened for data analysis. After obtaining the

kinetic trajectory of the complex model, the freegy AGying) Was calculated as follows:

AGyng = AG,.s — AGL, — AGE,, + AG2E

solv solv solv (1)

+AE

AG,,, = AH —=TAS = (AE,,, + AE o) ~ TAS ;s (2)

int ra

AG

son = DAGpg +AAGs, (3)
The combination of free energy was used to anatiiee contribution of Van-der-Waals
interaction and hydrophobic interaction energied #re main interaction residues. Finally, the

Pymol software was used for analysis.

4.2.11 Statistical Analysisin addition to the kinase assay, all experimentsewassayed in

triplicates (n = 3), and the data are presentednean + SEM. All statistical analyses were
performed using the GraphPad Pro Prism 5.0 softpackage (GraphPad, San Diego, CA). The
student’s t-test and two-way ANOVA were employeditalyze the differences between treatment

groups. A p-value of < 0.05 was considered sta#ilii significant.
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A novel series of 4, 6-disubstituted pyrimidines derivatives were designed and
synthesized.

Compound Yfq07 showed the best activity inaMTT assay.

Compound Yfq07 was selected for cell cycle analysis and apoptosis assay to study the
inhibitory activity against phosphorylated EGFR, AKT and ERK 1/2.

Compound Yfq07 showed potential inhibitory activity in a PC-9 xenograft model in
Vivo.



