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ABSTRACT

This paper described our efforts to develop dianilinopyrimidines as novel EGFR inhibitors. All the target
compounds were tested for inhibitory effects against wild type EGFR (EGFR") and three tumour cells,
including A549, PC-3, and HepG2. Some of the compounds performed well in antitumor activities.
Especially, compound 4c 2-((2-((4-(3-fluorobenzamido)phenyl)amino)-5-(trifluoromethyl) pyrimidin-4-yl)a-
mino)-N-methylthiophene-3-carboxamide showed higher anti-tumour activities than Gefitinib. The IC5, val-
ues of compound 4c against A549, PC-3, and HepG2. reached 0.56 uM, 2.46 uM, and 2.21 uM, respectively.
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In addition, further studies indicated that compound 4c could induce apoptosis against A549 cells and
arrest A549 cells in the G2/M phase. Molecular docking studies showed that compound 4c could closely
interact with EGFR. Generally, compound 4c was the potential for developing into an anti-tumour drug.

1. Introduction

Lung cancer is an incurable respiratory disease. It is one of the
fastest-growing malignant tumours with incidence and mortality
rate worldwide, which seriously endangers human life and
health'™. Among the patients with lung cancer, they were diag-
nosed more than 75% as non-small cell lung cancer (NSCLC).
Moreover, the five-year survival rate of patients with NSCLC is
very low®>”’. Many studies have shown that the epidermal growth
factor receptor (EGFR) tyrosine kinase was one of the critical tar-
gets for treating NSCLC®'°,

EGFR is a receptor for an epithelial growth factor (EGF) cell pro-
liferation and signal transduction'". It belongs to a family of ErbB
receptors, which includes EGFR (HER1 or ErbB-1), HER2 (ErbB-2),
HER3 (ErbB-3) and HER4 (ErbB-4). EGFR plays an essential role in
regulating cell growth, proliferation and differentiation and other
physiological activities of various cancer cells, which is an import-
ant target for anti-cancer drug research'>'*. As shown in Figure
1, lots of EGFR inhibitors such as Gefitinib, Afatinib, and
Osimertinib have been approved in the market, which significantly
improves the clinical treatment of NSCLC patients'>™"”. However,
with the continuously emerging resistance of EGFR inhibitors, the
development of new EGFR inhibitors has become a hot topic in
drug discovery'®2°,

Tremendous researches indicated that phenylaminopyrimidine
(PAP) derivatives were important for new drug design?'2. Many
anti-tumour reagents contained the fragment of PAP, such as
Gleevec?®, Osimertinib®*, and Mobocertinib (Figure 1)*° In add-
ition, a large number of molecules containing the structure of PAP
(Blue colour in Figure 1) are in the stage of clinical research?®~%,
To develop new anti-tumour reagents for the treatment of NSCLC,
we are very interested in designing and synthesising new EGFR

inhibitors. Our strategy is shown in Figure 2. Based on good anti-
tumour activities of PAP, we were using 2-phenylaminopyrimidine
(I, Figure 2) as the main skeleton and introducing aminothiophen
moiety (ll, Figure 2) into the 4-position of pyrimidine ring, which
has been proved as the well bioactive backbone in many anti-
microbial or anti-tumour reaents**>°. This paper will report our
progress in 5-trifluoromethylpyrimidine derivatives bearing 2-ami-
nothiophen moiety as EGFR inhibitors.

2. Experimental section

All chemical reagents were commercially available in Energy
Chemical Reagent Co., Ltd. The NMR spectra were recorded on
Bruker (Avance) 400 MHz and JEOL (Japan) 500 MHz NMR instru-
ment with chemical reported as 6 in CDCl; and DMSO-dg, tetrame-
thylsilane (TMS) as the internal standard. The high-resolution mass
spectrometer (HRMS) was tested in TSQ 8000 and AB SCIEX X500R
QTOF. Elemental analysis was recorded in vario EL Cube
(Elementar, Germany).

2.1. Synthesis

2.1.1. 2-(2-Chloro-5-trifluoromethyl-pyrimidin-4-ylamino)-thio-
phene-3-carboxylic acid methylamide (1)

2,4-Dichloro-5-trifluoromethylpyrimidine (10 mmol) was added to a
stirred solution of 2-amino-N-methylthiophene-3-carboxamide
(11 mmol) and NaHCOs (11 mmol) in anhydrous EtOH (20mL) at
room temperature. The resulted mixture was heated to reflux and
stirred overnight before cool at room temperature. The precipitate
was filtered out, washed with water to give the compound as
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Figure 2. The design strategy of EGFR inhibitors.

Target molecules

yellow solid (1.344g; 40% yield). mp: 136.3-138.2°C; 'H NMR
(400 MHz, DMSO-dg) 6 13.68 (s, 1H), 8.75 (s, 1H), 8.59 (q, /=4.8Hz,
1H), 751 (d, J=6.0Hz, 1H), 7.19 (d, J=6.0Hz, 1H), 2.82 (d,
J=4.4Hz, 3H); "*C NMR (100 MHz, DMSO-d¢) J 166.1, 162.1, 157.1,
153.3, 1448, 1249, 1229, 119.2, 116.7, 107.5, 26.3; ESI-HRMS
Cy1HgCIF3N4OS (IM + Nal*): caled 358.9951, found 358.9949. HMBC
experiment, a correlation was observed between the C*-N-proton
at 13.68ppm and the C°(CFs)-carbon (pyrimidine ring) at
107.5 ppm.

2.1.2. 2-[2-(4-Nitro-phenylamino)-5-trifluoromethyl-pyrimidin-4-yla-
mino]-thiophene-3-carboxylic acid methylamide (2)

To a solution of compound 1 (6 mmol) in TFE (2,2,2-trifluoroetha-
nol, 24 mL) was added 4-nitroaniline (6.6 mmol) and TFA (trifluoro-
acetic acid, 18 mmol). The resulted mixture was heated to reflux
under nitrogen atmosphere and stirred overnight before cooled to
room temperature. The mixture was added EtOAc (100mL) and
washed with saturated NaHCOs (3 x 50 mL). The organic layer was
dried over magnesium sulphate, filtered, and concentrated in
vacuo to afford the crude compound. The residue was purified by
silica-gel column using DCM/MeOH = 30/1 to give the product as
yellow solid (1.13g; 43% yield). mp >250°C; "H NMR (400 MHz,
DMSO-dg) o 13.13 (s, 1H), 1040 (s, 1H), 8.62 (s, 1H), 8.47

Mobocertinib

(d, J=4.4Hz, 1H), 8.24 (d, J=9.2Hz, 2H), 8.05 (d, J=9.2Hz, 2H),
748 (d, J=6.0Hz, 1H), 7.13 (d, J=6.0Hz, 1H), 2.81 (d, /=4.4Hz,
3H); '*C NMR (100 MHz, DMSO-dg) 0 166.2, 160.4, 156.1, 153.2,
146.3, 145.6, 142.0, 125.1, 123.0, 120.3, 117.7, 115.7, 101.2, 100.9,
26.2; ESI-HRMS C;7H;3F3NgOsS (IM +Nal™): caled 461.0620, found
461.0606.

2.1.3.  2-[2-(4-Amino-phenylamino)-5-trifluoromethyl-pyrimidin-4-
ylamino]-thiophene-3-carboxylic acid methylamide (3)

To a solution of compound 2 (876 mg, 2mmol) in methanol
(20mL) was added Pd/C (263 mg). The mixture was stirred at
room temperature under hydrogen atmosphere for 24 h. The solu-
tion was filtered with celite and the filtration was evaporated
under vacuum. The crude solid was recrystallized with methanol
to afford compound 3 as yellow solid (0.286g; 35% yield). mp
>250°C; 'H NMR (400 MHz, DMSO-dg) 6 12.82 (s, TH), 9.38 (s, TH),
8.37 (s, 2H), 7.58 —6.88 (m, 4H), 6.57 (d, J=7.6Hz, 2H), 4.97 (s,
2H), 2.80 (s, 3H); >C NMR (100 MHz, DMSO-dg) & 166.2, 156.3,
153.2, 146.2, 145.9, 138.4, 1344, 130.0, 126.5, 123.8, 122.8, 117.2,
114.9, 114.8, 26.2; ESI-HRMS C;;H;5F3sNgOS (IM+HI"): calcd
409.1052, found 409.1045.

2.1.4. Synthesis of 4a-4f

A mixture of compound 3 (408 mg, 1 mmol) and DMF (8 mL) and
DIEA (258 mg, 2mmol) was stirred at room temperature. And
then, the corresponding acid (1mmol) and HATU (570mg,
1.5 mmol) were added to the solution. The mixture was stirred at
room temperature for 24 h. The solution was extracted with EtOAc
(100 mL x 3), and the combined organic phase was washed with
saturated brine (50mL x 3). The organic layer was dried over
magnesium sulphate, filtered, and concentrated in vacuo to afford
the crude compound. The residue was purified by silica-gel col-
umn using DCM/MeOH = 30/1 to give the product 4a-4f.
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2.1.4.1. 2-{2-[4-(4-Methoxy-benzoylamino)-phenylamino]-5-trifluor-
omethyl-pyrimidin-4-ylamino }-thiophene-3-carboxylic acid methyl-
amide (4a). White solid, 45% yield; mp >250°C; 'H NMR
(400 MHz, DMSO-dg) 6 12.93 (s, 1H), 10.09 (s, 1H), 9.75 (s, TH), 8.48
(s, 1H), 8.44—-8.38 (m, 1H), 7.98 (d, J=8.8Hz, 2H), 7.67 (m, 4H),
7.43 (d, J=6.0Hz, 1H), 7.07 (d, J=8.8Hz, 2H), 3.85 (s, 3H), 2.80 (d,
J=4.4Hz, 3H); >C NMR (125 MHz, DMSO-d¢) § 153.0, 152.1, 149.9,
145.1, 142.6, 138.6, 136.9, 135.6, 127.8, 125.5, 124.0, 122.0, 120.9,
118.3, 1169, 1139, 1122, 1115, 111.3, 64.8, 41.0; ESI-HRMS
CysH>1F3NgO3S (IM+HI™): calcd 543.1420, found 543.1426; Anal.
calcd for CysH,;F3NgO5S: C 55.35, H 3.90, N 15.49; found C 55.31,
H 3.87, N 15.51.

2.1.4.2. 2-{2-[4-(2-Fluoro-benzoylamino)-phenylamino]-5-trifluoro-
methyl-pyrimidin-4-ylamino }-thiophene-3-carboxylic acid methyla-
mide (4b). White solid, 44% yield; mp: 224.8-226.3°C; '"H NMR
(400 MHz, DMSO-dg) 6 12.94 (s, TH), 10.39 (s, TH), 9.78 (s, 1H), 8.48
(s, TH), 841 (q, J=4.0Hz, 1H), 7.65 (m, 6H), 7.38 (m, 3H), 7.01 (s,
1H), 2.81 (d, J=4.4Hz, 3H); >C NMR (125 MHz, DMSO-dg) & 153.0,
150.4, 148.3, 146.7, 145.1, 142.6, 136.9, 128.2, 126.4, 124.4, 1243,
120.9, 1204, 120.1, 120.1, 119.1, 118.3, 116.4, 113.9, 1134, 113.3,
1122, 41.0; ESI-HRMS C,4HgF4NgO,S (IM+H]™"): caled 531.1220,
found 531.1224; Anal. calcd for Co4H,5F4NgO5S: C 54.34, H 3.42, N
15.84; found C 54.32, H 3.41, N 15.88.

2.1.4.3. 2-{2-[4-(3-Fluoro-benzoylamino)-phenylamino]-5-trifluoro-
methyl-pyrimidin-4-ylamino }-thiophene-3-carboxylic acid methyla-
mide (4c). White solid, 41% yield; mp: 217.1-219.0°C; "H NMR
(400 MHz, DMSO-dg) 6 12.93 (s, TH), 10.32 (s, T1H), 9.78 (s, TH), 8.48
(s, TH), 8.41 (g, J=4.0Hz, 1H), 7.86 — 7.72 (m, 4H), 7.66 — 7.57 (m,
3H), 7.45 (dd, J=6.4, 44Hz, 2H), 7.01 (s, TH), 2.80 (d, J=4.4Hz,
3H); "*C NMR (125MHz, DMSO-dg) & 153.0, 151.5, 150.8, 149.2,
145.1, 142.6, 136.8, 130.3, 124.9, 1249, 120.9, 119.5, 119.2, 118.3,
117.0, 115.2, 115.1, 113.9, 112.2, 112.1, 1119, 41.0; ESI-HRMS
Cy4H18FaNgO5S (M4 H]™): calcd 531.1220, found 531.1226; Anal.
calcd for Cy4HgF4NgO,S: C 54.34, H 3.42, N 15.84; found C 54.29,
H 3.44, N 15.87.

2.1.4.4. 2-{2-[4-(4-Fluoro-benzoylamino)-phenylamino]-5-trifluoro-
methyl-pyrimidin-4-ylamino }-thiophene-3-carboxylic acid methyla-
mide (4d). White solid, 46% vyield; mp: 233.5-235.3°C; 'H NMR
(400 MHz, DMSO-dg) 6 12.93 (s, 1H), 10.26 (s, 1H), 9.78 (s, 1H), 8.48
(s, 1H), 8.41 (q, J=4.0Hz, 1H), 8.06 (dd, J=8.8, 5.6Hz 2H), 7.70
(m, 4H), 747 —-734 (m, 3H), 7.01 (d, J=24Hz 1H), 2.80 (d,
J=4.4Hz, 3H); "*C NMR (125 MHz, DMSO-dg) 6 153.0, 152.4, 151.8,
150.9, 145.1, 145.1, 142.6, 136.8, 125.5, 124.7, 124.7, 120.9, 119.2,
118.3, 117.0, 1139, 1127, 1126, 1122, 41.0; ESI-HRMS
CoaH18FaNg0,S (IM+H]™): calcd 531.1220, found 531.1224; Anal.
calcd for Cy4HqgF4NgO,S: C 54.34, H 3.42, N 15.84; found C 54.38,
H 3.47, N 15.77.

2.1.4.5. 2-{2-[4-(3,4-Difluoro-benzoylamino)-phenylamino]-5-tri-
fluoromethyl-pyrimidin-4-ylamino }-thiophene-3-carboxylic acid
methylamide (4e). White solid, 41% yield; mp: 244.3-245.9°C; 'H
NMR (400 MHz, DMSO-d¢) 6 12.94 (s, 1H), 10.32 (s, TH), 9.79 (s, TH),
8.48 (s, 1H), 8.41 (q, J=4.0Hz, 1H), 8.09 —7.87 (m, 2H), 7.75 —7.60
(m, 5H), 7.44 (d, J=6.0Hz, 1H), 7.00 (s, TH), 2.80 (d, J=4.4Hz, 3H);
'3C NMR (125 MHz, DMSO-dg) 6 153.0, 150.8, 145.1, 142.6, 140.5,
140.5, 139.0, 138.9, 136.8, 128.3, 126.3, 120.6, 119.2, 118.3, 117.0,
1149, 1145, 1142, 1141, 1139, 1122, 41.0; ESI-HRMS

CoaH17FsNg0,S (IM+H]™): calcd 549.1126, found 549.1130; Anal.
calcd for Co4H;7FsNgO,S: C 52.55, H 3.12, N 15.32; found C 52.53,
H 3.10, N 15.38.

2.1.4.6. 2-{5-Trifluoromethyl-2-[4-(3-trifluoromethyl-benzoyla-
mino)-phenylamino]-pyrimidin-4-ylamino }-thiophene-3-carboxylic
acid methylamide (4f). White solid, 38% yield; mp >250°C; 'H
NMR (400 MHz, DMSO-dg) 6 12.94 (s, 1H), 10.48 (s, TH), 9.80 (s, 1H),
8.49 (s, 1H), 841 (g, J=4.0Hz, 1H), 8.34—8.27 (m, 2H), 7.98 (d,
J=7.6Hz, 1H), 7.76 (m, 5H), 744 (d, J=6.0Hz, 1H), 7.01 (d,
J=2.8Hz, 1H), 2.81 (d, J=4.4Hz, 3H); *C NMR (125 MHz, DMSO-
de) 0 153.0, 151.4, 145.1, 142.6, 136.8, 129.1, 128.3, 128.0, 125.9,
124.2, 123.9, 123.7, 1229, 120.9, 120.5, 119.8, 119.2, 118.8, 118.3,
117.1, 113.9, 112.2, 41.0; ESI-HRMS CysH1gFsNgO5S (IM - H1*): caled
581.1188, found 581.1195; Anal. calcd for CysH;gFgNgO,S: C 51.73,
H 3.13, N 14.48; found C 51.71, H 3.12, N 14.52.

2.1.5. 2-{2-[4-(2-Methoxy-3,4-dioxo-cyclobut-1-enylamino)-phenyl-
amino]-5-trifluoromethyl-pyrimidin-4-ylamino } -thiophene-3-car-
boxylic acid methylamide (5)

To a solution of compound 3 (1.224g, 3mmol) in DMF (15mL)
was added dimethyl squarate (426 mg, 3 mmol) and DIEA (516 mg,
4mmol). The mixture was stirred at room temperature for over-
night. The mixture was extracted with EtOAc (150mL x 2) and
the combined organic phase was washed with saturated brine
(1T00mL x 3). The organic layer was dried over Na,SO,, filtered,
and concentrated in vacuo to afford the crude compound. The
residue was purified by silica-gel column using DCM/MeOH = 30/
1 to give the product. White solid 886mg; 57% vyield; mp:
233.1-235.0°C; '"H NMR (400 MHz, DMSO-dg) 6 12.94 (s, 1H), 10.77
(s, TH), 9.79 (d, J=0.8Hz, 1H), 8.55—8.35 (m, 2H), 7.62 (s, 2H),
7.38 (m, 3H), 7.01 (s, TH), 4.39 (s, 3H), 2.80 (d, J=3.6Hz, 3H); >C
NMR (125 MHz, DMSO-dg) 6 187.5, 170.5, 167.2, 155.6, 153.0, 150.3,
145.1, 142.6, 136.8, 132.0, 128.6, 120.8, 119.1, 118.3, 116.4, 114.0,
112.2, 688, 41.0; ESI-HRMS CyoHi7FsNgO,S (IM-+HI"): caled
519.1056, found 519.1061.

2.1.6. Synthesis of 6a—6i

To a solution of compound 5 (518 mg, 1 mmol) in DMF (10 mL)
was the corresponding aniline (1.2mmol) and DIEA (129 mg,
1 mmol). The mixture was stirred at 80°C for 12h. The mixture
was extracted with EtOAc (100 mL x 3) and the combined organic
phase was washed with saturated brine (50 mL x 3). The organic
layer was dried over magnesium sulphate, filtered, and concen-
trated in vacuo to afford the crude compound. The residue was
purified by silica-gel column using DCM/MeOH = 30/1 to give the
product 6a-6i.

2.1.6.1.  2-{2-[4-(3,4-Dioxo-2-propylamino-cyclobut-1-enylamino)-
phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino }-thiophene-3-
carboxylic acid methylamide (6a). White solid, 48% yield; mp
>250°C; '"H NMR (400 MHz, DMSO-dg) & 12.93 (s, 1H), 9.70 (m,
2H), 847 (s, 1H), 8.41 (d, J=4.4Hz, 1H), 7.62 (m, 2H), 7.41 (d,
J=9.2Hz, 3H), 7.01 (d, J=3.2Hz, 1H), 3.58 (m, 2H), 2.80 (d,
J=44Hz, 2H), 1.60 (m, 2H), 0.94 (t, J=7.2Hz, 3H); *C NMR
(125MHz, DMSO-dg) 6 190.4, 170.0, 167.3, 164.6, 158.3, 155.7,
153.0, 151.1, 145.1, 142.6, 136.8, 128.3, 120.9, 118.3, 115.1, 114.0,
112.2, 56.7, 41.0, 39.6, 29.1; ESI-HRMS Cy4H55F3N;03S (IM 4 HI™):



calcd 546.1529, found 546.1533; Anal. calcd for Cy4H»,F3N,03S: C
52.84, H 4.06, N 17.97; found C 52.81, H 4.09, N 17.92.

2.1.6.2. 2-{2-[4-(2-Hexylamino-3,4-dioxo-cyclobut-1-enylamino)-
phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino }-thiophene-3-
carboxylic acid methylamide (6b). White solid, 52% yield; mp
>250°C; '"H NMR (400 MHz, DMSO-dg) & 12.93 (s, 1H), 9.69 (m,
2H), 8.44 (m, 2H), 7.52 (m, 6H), 7.02 (s, TH), 3.61 (s, 2H), 2.80 (s,
3H), 1.57 (s, 2H), 1.30 (s, 6H), 0.88 (s, 3H); "*C NMR (125MHz,
DMSO-dg) 6 190.7, 170.1, 167.4, 164.6, 155.7, 153.0, 151.2, 147.9,
145.1, 1426, 136.8, 120.9, 1183, 115.1, 114.0, 112.2, 554, 451,
44.9, 410, 40.9, 38.1, 31.6; ESI-HRMS C,;H,gF3N;05S (M + Nal™):
calcd 610.1822, found 610.1823; Anal. calcd for Cy7H,gF3N;03S: C
55.19, H 4.80, N 16.69; found C 55.21, H 4.77, N 16.65.

2.1.6.3. 2-(2-{4-[2-(2-Hydroxy-ethylamino)-3,4-dioxo-cyclobut-1-
enylamino]-phenylamino}-5-trifluoromethyl-pyrimidin-4-ylamino)-
thiophene-3-carboxylic acid methylamide (6c). White solid, 39%
yield; mp > 250°C; 'H NMR (400 MHz, DMSO-dg) § 12.93 (s, TH),
9.77 (d, J=11.6Hz, 2H), 8.47 (s, TH), 8.41 (q, /=4.0Hz, 1H), 7.83 (s,
1H), 7.51 (m, 5H), 7.02 (d, J=3.6Hz, 1H), 5.03 (s, 1H), 3.68 (d,
J=4.8Hz, 2H), 3.60 (t, J=52Hz, 2H), 2.80 (d, J=4.4Hz, 3H); *C
NMR (125 MHz, DMSO-dg) ¢ 190.5, 170.2, 167.4, 164.7, 155.8, 153.0,
151.2, 150.3, 149.4, 145.1, 142.6, 128.4, 119.2, 118.3, 115.0, 114.0,
1122, 68.2, 49.0, 41.0; ESI-HRMS Cy3H,0F3N;0,S (IM+HI™): caled
548.1322, found 548.1326; Anal. calcd for Cy3H,50F3N;0,S: C 50.46,
H 3.68, N 17.91; found C 50.44, H 3.71, N 17.88.

2.1.6.4. 2-{2-[4-(2-Isopropylamino-3,4-dioxo-cyclobut-1-enyla-
mino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thio-
phene-3-carboxylic acid methylamide (6d). White solid, 45% yield;
mp >250°C; "H NMR (400 MHz, DMSO-dg) & 12.93 (s, 1H), 9.76 (s,
1H), 9.56 (s, 1H), 8.47 (s, 1H), 841 (d, J=4.4Hz, 1H), 7.62 (d,
J=12.8Hz, 3H), 743 (t, J=6.4Hz 3H), 7.01 (d, J=3.2Hz, 1H), 4.21
(dd, J=14.0, 6.8Hz, 1H), 2.80 (d, J=4.4Hz, 3H), 1.27 (d, J=6.4Hz,
6H); >C NMR (125MHz, DMSO-dg) & 190.3, 169.9, 167.2, 164.5,
155.1, 153.0, 151.2, 150.3, 146.1, 145.1, 142.6, 136.8, 119.2, 118.3,
115.0, 114.0, 112.2, 49.0, 41.0, 39.4; ESI-HRMS C,4H,,F3N;055
(IM+HI"): caled 546.1529, found 546.1533; Anal. calcd for
CoaH25F3N,055: C 52.84, H 4.06, N 17.97; found C 52.81, H 4.09,
N 18.02.

2.1.6.5.  2-{2-[4-(2-Cyclopentylamino-3,4-dioxo-cyclobut-1-enyla-
mino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino }-thio-
phene-3-carboxylic acid methylamide (6e). White solid, 41% yield;
mp > 250°C; "H NMR (400 MHz, DMSO-dg) 6 12.93 (s, 1H), 9.76 (s,
1H), 9.54 (s, 1H), 851 —8.35 (m, 2H), 766 (m, 3H), 7.42 (d,
J=7.6Hz, 3H), 701 (s, 1H), 441 (d, J=6.4Hz, 1H), 2.80 (d,
J=4.0Hz, 3H), 1.98 (dd, /=10.8, 4.4Hz, 2H), 1.72 (d, J=5.6Hz,
2H), 1.67 —1.53 (m, 4H); "*C NMR (125 MHz, DMSO-d¢) & 191.0,
170.1, 167.2, 164.5, 159.0, 155.2, 153.0, 151.2, 150.3, 145.1, 142.6,
136.8, 133.7, 118.3, 115.0, 114.0, 112.2, 64.8, 45.1, 41.0, 38.9; ESI-
HRMS C26H24F3N703S ([M+H]+) calcd 572.1686, found 572.1690;
Anal. calcd for Cy6H54F3N;05S: C 54.63, H 4.23, N 17.15; found C
54.66, H 4.22, N 17.17.

2.1.6.6. 2-{2-[4-(2-Cyclohexylamino-3,4-dioxo-cyclobut-1-enyla-
mino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino }-thio-

phene-3-carboxylic acid methylamide (6f). White solid, 42% vyield;
mp > 250°C; "H NMR (400 MHz, DMSO-dg) § 12.93 (s, 1H), 9.76 (s,
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1H), 9.58 (s, 1H), 8.47 (s, 1H), 8.41 (d, J=4.4Hz, 1H), 7.65 (m, 3H),
7.42 (d, J=8.0Hz, 3H), 7.01 (d, J=2.0Hz, 1H), 3.88 (s, 1H), 2.80 (d,
J=44Hz, 3H), 1.95 (s, 2H), 1.81 — 1.52 (m, 4H), 1.35 (t, J=9.2Hz,
4H); '*C NMR (125MHz, DMSO-dg) & 190.4, 170.1, 167.1, 164.5,
155.0, 153.0, 151.2, 150.3, 145.1, 142.6, 136.8, 127.5, 119.2, 118.3,
115.0, 1140, 1122, 624, 450, 41.0, 40.2, 39.6; ESI-HRMS
Cy7H26F3N;05S (IM+H]™): calcd 586.1842, found 586.1847; Anal.
calcd for C,7H,6F3N;05S: C 55.38, H 4.48, N 16.74; found C 55.34,
H 4.51, N 16.77.

2.1.6.7.  2-(2-{4-[2-(4-Hydroxy-cyclohexylamino)-3,4-dioxo-cyclo-
but-1-enylamino]-phenylamino }-5-trifluoromethyl-pyrimidin-4-yla-
mino)-thiophene-3-carboxylic acid methylamide (6g). White solid,
38% yield; mp > 250°C; 'H NMR (400 MHz, DMSO-dg) & 12.92 (s,
1H), 10.94 (s, 1H), 9.73 (s, TH), 9.38 (s, 2H), 8.90 (s, 1H), 7.50 (d,
J=18.0Hz, 5H), 7.00 (s, 1H), 4.61 (d, J=3.6Hz, 1H), 3.85 (s, 1H),
3.11 (d, J=6.4Hz, 1H), 2.80 (d, J=4.0Hz, 3H), 2.04 —1.85 (m, 4H),
127 (d, J=64Hz, 4H); >*C NMR (125MHz, DMSO-dg) & 190.1,
170.8, 166.9, 164.3, 157.4, 155.3, 153.0, 151.4, 150.3, 145.1, 143.0,
127.0, 119.6, 1184, 114.8, 114.0, 112.2, 63.1, 53.7, 34.8, 33.8, 30.2;
ESI-HRMS  Cy7H,6F3N;0,S  (IM+Na]®): caled 624.1611, found
624.1614; Anal. calcd for Cy;H,6F3N;O,4S: C 53.90, H 4.36, N 16.30;
found C 53.91, H 4.32, N 16.35.

2.1.6.8.  2-(2-{4-[2-(1-Methyl-piperidin-4-ylamino)-3,4-dioxo-cyclo-
but-1-enylamino]-phenylamino }-5-trifluoromethyl-pyrimidin-4-yla-
mino)-thiophene-3-carboxylic acid methylamide (6h). White solid,
35% vyield; mp > 250°C; "H NMR (400 MHz, DMSO-dg) § 12.93 (s,
1H), 9.77 (s, 2H), 8.44 (m, 2H), 7.89 (s, TH), 7.60 (s, 2H), 7.44 (s, 3H),
7.01 (s, 1H), 3.90 (s, 1H), 2.97 — 2.70 (m, 6H), 2.23 (m, 4H), 1.97 (d,
J=9.2Hz, 2H), 1.61 (d, J=10.8Hz, 2H); '>C NMR (125 MHz, DMSO-
deg) 0 190.8, 170.4, 167.0, 164.6, 159.0, 155.1, 153.0, 151.4, 145.1,
142.6, 136.8, 128.3, 119.2, 1183, 115.0, 114.0, 112.2, 63.0, 60.5,
56.7, 46.4, 41.0; ESI-HRMS Cy,H,,F3NgOsS (IM+H]"): caled
601.1951, found 601.1954; Anal. calcd for C,;H,7F3NgO3S: C 53.99,
H 4.53, N 18.66; found C 54.01, H 4.52, N 18.68.

2.1.6.9. [2-(2-{4-[4-(3-Methylcarbamoyl-thiophen-2-ylamino)-5-tri-
fluoromethyl-pyrimidin-2-ylamino]-phenylamino}-3,4-dioxo-cyclo-
but-1-enylamino)-ethyl]-carbamic acid tert-butyl ester (6i). White
solid, 43% yield; mp > 250°C; '"H NMR (400 MHz, DMSO-dg) &
12.93 (s, 1H), 9.72 (m, 2H), 8.47 (s, 1H), 8.41 (d, J=4.4Hz, 1H), 7.60
(s, 3H), 742 (dd, J=13.2, 7.2Hz, 3H), 6.99 (s, 2H), 3.62 (s, 2H),
3.21—3.14 (m, 2H), 2.80 (d, J=4.4Hz, 3H), 1.37 (s, 9H); >C NMR
(125MHz, DMSO-dg) 6 190.9, 170.8, 167.3, 164.9, 156.0, 153.0,
151.3, 149.4, 145.1, 142.7, 136.8, 127.4, 120.9, 118.3, 115.0, 114.0,
112.2, 827, 555, 533, 43.0, 41.0; ESI-HRMS CygHyoF3NgOsS
(IM+H]"): caled 647.2006, found 647.2009; Anal. calcd for
CogHaoF3NgOsS: C 52.01, H 4.52, N 17.33; found C 52.03, H 4,51,
N 17.31.

2.1.7. 2-(2-{4-[2-(2-Amino-ethylamino)-3,4-dioxo-cyclobut-1-enyla-
mino]-phenylamino}-5-trifluoromethyl-pyrimidin-4-ylamino)-thio-
phene-3-carboxylic acid methylamide (7)

A mixture of compound 6i (646 mg, 1 mmol) and hydrogen chlor-
ide-ethyl acetate solution (3 mL, 1 mol/L) was stirred at room tem-
perature for overnight. The mixture was evaporated under
vacuum and extracted with EtOAc (50 mL x 2) and the combined
organic phase was washed with saturated brine (20mL x 3). The
organic layer was dried over magnesium sulphate, filtered, and
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concentrated in vacuo to afford the crude compound. The residue
was recrystallized with methanol to afford compound 7. Yellow
solid 431 mg; 79% yield; mp: 220.2-222.5°C; 'H NMR (400 MHz,
DMSO-dg) 6 12.93 (s, 1H), 10.19 (s, 1H), 9.77 (d, J=3.2Hz, 1H),
8.50 —8.40 (m, 2H), 8.22 (s, TH), 7.99 (s, 2H), 7.60 (d, J=4.0Hz,
2H), 7.49 — 7.38 (m, 3H), 6.99 (d, J=4.0Hz, 1H), 3.82 (m, 2H), 3.09
(m, 2H), 2.80 (d, J=4.4Hz, 3H); "*C NMR (100 MHz, DMSO-d¢) o
181.2, 169.8, 166.2, 164.8, 159.3, 159.0, 158.6, 156.2, 153.2, 145.9,
130.9, 122.8, 119.0, 118.5, 117.4, 115.5, 115.2, 41.7, 38.9, 26.2; ESI-
HRMS C53H1F3NgO3S (IM 4 H1™): calcd 547.1482, found 547.1489.

2.1.8. Synthesis of 8a-8¢g

A mixture of compound 7 (546 mg, 1 mmol) and DMF (10 mL) and
DIEA (258 mg, 2 mmol) was stirred at room temperature. And then
the corresponding acid (1 mmol) and HATU (760mg, 2 mmol)
were added into the solution. The mixture was stirred at room
temperature for overnight. The solution was extracted with EtOAc
(100mL x 3) and the combined organic phase was washed with
saturated brine (50mL x 3). The organic layer was dried over
Na,SO,4 and concentrated in vacuo to afford the crude compound.
The residue was purified by silica-gel column using DCM/MeOH =
30/1 to give the product 8a-8g.

2.1.8.1. 2-(2-{4-[3,4-Dioxo-2-(2-propionylamino-ethylamino)-cyclo-
but-1-enylamino]-phenylamino}-5-trifluoromethyl-pyrimidin-4-yla-
mino)-thiophene-3-carboxylic acid methylamide (8a). White solid,
58% yield; mp > 250°C; 'H NMR (400 MHz, DMSO-dg) & 12.92 (s,
1H), 10.83 (s, 1H), 9.75 (s, TH), 8.72 (s, TH), 8.45 (d, J=5.2Hz, 4H),
7.52 (m, 4H), 6.99 (s, 1H), 3.63 (d, J=5.2Hz, 2H), 3.17 (s, 2H), 2.79
(d, J=4.4Hz, 3H), 2.14—2.04 (m, 2H), 1.03-0.94 (m, 3H); C
NMR (100 MHz, DMSO-dg) ¢ 180.3, 173.8, 172.6, 170.0, 162.8, 156.3,
145.0, 139.7, 134.9, 128.0, 124.9, 123.7, 119.6, 118.5, 1174, 1171,
114.6, 114.2, 43.8, 39.2, 29.0, 26.2, 10.3; ESI-HRMS CygH,5F3NgO,S
(IM+HI*): caled 603.1744, found 603.1750; Anal. calcd for
CasHasF3NgO,S: C 51.82, H 4.18, N 18.60; found C 51.83, H 4.21,
N 18.57.

2.1.8.2. 2-(2-{4-[2-(2-Isobutyrylamino-ethylamino)-3,4-dioxo-cyclo-
but-1-enylamino]-phenylamino}-5-trifluoromethyl-pyrimidin-4-yla-
mino)-thiophene-3-carboxylic acid methylamide (8b). White solid,
61% vyield; mp > 250°C; 'H NMR (400 MHz, DMSO-dg) § 12.92 (s,
1H), 9.88 —9.69 (m, 2H), 8.51 —8.37 (m, 2H), 7.93 (s, TH), 7.61 (d,
J=5.6Hz, 3H), 7.42 (m, 3H), 7.00 (s, 1H), 3.64 (d, J=3.6Hz, 2H),
3.28 (d, J=5.6Hz, 2H), 2.80 (d, J=4.4Hz, 3H), 2.34 (m, 1H), 0.99
(d, J=6.8Hz, 6H); >*C NMR (100 MHz, DMSO-dg) & 186.7, 176.9,
170.1, 166.2, 164.2, 161.0, 156.3, 153.2, 149.0, 147.3, 145.9, 1344,
132.1, 126.3, 122.9, 118.5, 117.4, 115.2, 43.9, 39.1, 34.5, 26.2, 20.0;
ESI-HRMS  Cy;H,7F3sNg04S  (IM+HI™):  caled 617.1900, found
617.1908; Anal. calcd for Cy7H,7F3NgO,4S: C 52.59, H 4.41, N 18.17;
found C 52.61, H 439, N 18.14.

2.1.8.3.  2-[2-(4-{2-[2-(Cyclopentanecarbonyl-amino)-ethylamino]-
3,4-dioxo-cyclobut-1-enylamino }-phenylamino)-5-trifluoromethyl-

pyrimidin-4-ylamino]-thiophene-3-carboxylic ~acid methylamide
(8c). White solid, 62% yield; mp > 250°C; 'H NMR (400 MHz,
DMSO-dg) 0 12.92 (s, 1H), 10.79 (d, J=2.4Hz, 1H), 9.74 (s, 1H), 8.67
(s, TH), 8.51 —8.39 (m, 3H), 7.95 (s, 2H), 7.65 — 7.42 (m, 3H), 7.00 (s,
1H), 3.69 —3.59 (m, 2H), 3.29 (d, J=5.6Hz, 2H), 2.79 (d, /=4.0Hz,
3H), 1.77 — 1.42 (m, 8H), 1.23 (s, TH); "*C NMR (100 MHz, DMSO-dg)
0 187.9,176.8, 172.7, 168.4, 166.3, 162.8, 147.2, 139.5, 136.9, 134.9,

133.8, 127.8, 125.0, 123.6, 119.3, 118.6, 117.4, 115.2, 44.8, 43.9,
36.3, 31.2, 304, 26.0; ESI-HRMS CyoH,0F3Ng04S (IM+H]™): caled
643.2057, found 643.2062; Anal. calcd for Cy9H,9F3Ng0,4S: C 54.20,
H 4.55, N 17.44; found C 54.22, H 4.54, N 17.42.

2.1.8.4. 2-[2-(4-{2-[2-(Cyclohexanecarbonyl-amino)-ethylamino]-3,4-
dioxo-cyclobut-1-enylamino }-phenylamino)-5-trifluoromethyl-pyrimi-
din-4-ylamino]-thiophene-3-carboxylic acid methylamide (8d). White
solid, 66% vyield; mp >250°C; 'H NMR (400 MHz, DMSO-d¢) &
12.92 (s, 1H), 10.07 (s, 1H), 9.76 (s, TH), 8.59 (d, J=3.6 Hz, 4H), 8.40
(d, J=8.4Hz, 4H), 7.60 (s, 2H), 7.00 (s, 1H), 3.64 (d, J=8.4Hz, 3H),
3.13 (d, J=6.8Hz, 4H), 2.80 (d, J=4.4Hz, 4H), 1.66 (d, J=10.8Hz,
5H), 1.29—1.20 (m, 12H); >C NMR (100 MHz, DMSO-ds)  184.8,
176.0, 170.4, 167.9, 166.2, 153.8, 148.5, 146.0, 142.6, 139.8, 134.9,
131.0, 128.2, 123.0, 119.9, 1184, 117.4, 115.2, 44.5, 39.0, 31.1, 29.6,
262, 25.8, 24.4; ESIFHRMS CsoH3:F3sNgO,S (IM+HI™): caled
657.2213, found 657.2218; Anal. calcd for C3oH3;F3NgO,4S: C 54.87,
H 4.76, N 17.06; found C 54.89, H 4.75, N 17.05.

2.1.8.5. 2-[2-(4-{3,4-Dioxo-2-[2-(3-phenyl-acryloylamino)-ethyla-
mino]-cyclobut-1-enylamino }-phenylamino)-5-trifluoromethyl-pyri-
midin-4-ylamino]-thiophene-3-carboxylic acid methylamide (8e).
White solid, 47% yield; mp > 250°C; '"H NMR (400 MHz, DMSO-d)
0 1292 (s, TH), 9.78 (s, 2H), 8.41 (m, 3H), 7.82 — 7.33 (m, 12H), 7.01
(d, J=4.8Hz, 1H), 6.64 (d, J=15.6Hz, 1H), 3.73 (d, J=2.0Hz, 2H),
3.45 (d, J=3.2Hz, 2H), 2.80 (d, J=2.8Hz, 3H); >C NMR (100 MHz,
DMSO-d¢) 6 187.4, 181.7, 174.0, 169.8, 166.2, 162.9, 156.2, 149.5,
144.6, 140.1, 1394, 137.0, 135.3, 134.4, 130.0, 129.4, 128.0, 123.8,
1224, 121.1, 119.9, 119.4, 118.7, 114.1, 42.7, 38.4, 26.2; ESI-HRMS
C35H>7F3Ng04S (IM+HI™): calcd 677.1900, found 677.1909; Anal.
calcd for C3,H57F3Ng0,4S: C 56.80, H 4.02, N 16.56; found C 56.82,
H 4.00, N 16.51.

2.1.8.6.  2-{2-[4-(2-{2-[3-(3-Fluoro-phenyl)-acryloylamino]-ethyl-
amino}-3,4-dioxo-cyclobut-1-enylamino)-phenylamino]-5-trifluoro-
methyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid
methylamide (8f). White solid, 45% vyield; mp > 250°C; '"H NMR
(400 MHz, DMSO-d¢) 6 12.92 (s, TH), 9.99 (s, 1H), 9.76 (s, 1H), 8.63
(d, J=3.6Hz, 3H), 844 (d, J=8.8Hz 5H), 7.95 (s, 4H), 7.60 (d,
J=7.2Hz, 3H), 7.00 (s, TH), 3.73 (d, J=10.4Hz, 2H), 3.15—3.10 (m,
2H), 2.80 (d, J=4.4Hz, 3H); >C NMR (100 MHz, DMSO-d¢) & 183.9,
176.9, 173.9, 166.2, 165.5, 164.3, 164.1, 161.7, 156.3, 153.2, 1484,
1459, 138.0, 131.4, 131.3, 126.3, 124.1, 122.8, 118.7, 117.4, 117.0,
116.7, 116.5, 115.2, 1145, 1143, 43.8, 39.0, 26.2; ESI-HRMS
C3oH26FaNg04S (IM+HIT): calcd 695.1806, found 695.1807; Anal.
calcd for C35H56F4NgO,S: C 55.33, H 3.77, N 16.13; found C 55.31,
H 3.79, N 16.11.

2.1.8.7.  2-{2-[4-(2-{2-[3-(4-Fluoro-phenyl)-acryloylamino]-ethyl-
amino}-3,4-dioxo-cyclobut-1-enylamino)-phenylamino]-5-trifluoro-
methyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid
methylamide (8g). White solid, 42% yield; mp >250°C; "H NMR
(400 MHz, DMSO-dg) 6 12.92 (s, TH), 11.03 (d, J=5.6Hz, 1H), 9.74
(s, TH), 8.98 (s, TH), 8.45 (m, 4H), 7.95 (s, 1H), 7.55 (m, 9H), 7.00 (s,
1H), 3.69 (d, J=5.6Hz, 2H), 3.16 —3.02 (m, 2H), 2.79 (d, J=4.4Hz,
3H); "*C NMR (100 MHz, DMSO-dg) & 188.5, 171.7, 165.7, 164.0,
162.8, 161.9, 155.7, 148.5, 146.9, 145.9, 143.3, 138.0, 134.9, 130.2,
130.1, 127.7, 124.0, 122.5, 119.3, 117.4, 1165, 116.2, 115.2, 113.9,
43.7, 363, 26.2; ESI-HRMS CsHu6F4NgO,S (IM+HI™): caled
695.1806, found 695.1810; Anal. calcd for C35H56F4Ng0,4S: C 55.33,
H 3.77, N 16.13; found C 55.28, H 3.80, N 16.12.



2.2. In vitro EGFR"'-TK assay

In vitro activities against wild type EGFR tyrosine kinase (EGFR"")
of compounds 4a-4f, 6a-6i, and 8a-8g were tested with ELISA
assay. The corresponding biochemical reagents were purchased
from PTM Bio. Co., Ltd. The ICs5q values of compounds 4b, 4c, 6e,
6i, and 8e-8g were calculated from the dose — response curve,
which was diluted to the corresponding concentration with kinase
reaction buffer.

2.3. In vitro activity assay at cell level

2.3.1. Cytotoxicity evaluation (MTT assay)

Three tumour cells with high expression of EGFR"' were used
to test the antitumor activity of the compounds including, A549
(Human non-small-cell lung cancer cell line) cells, PC-3 (Human
prostate cancer cell line) cells, and HepG2 (Human hepatocellu-
lar carcinomas cell line) cells. They were all purchased from the
Shanghai Cell Bank of the Chinese Academy of Sciences. L02
(normal human liver cell line) cells were also used to evaluate
the cytotoxicity. In vitro cytotoxicity of compounds 4a-4f,
6a-6i, and 8a-8g against three cancer cells and the normal
cells were tested with MTT assay as our previous report®', and
Gefitinib were used as positive controls. The ICs, values were
calculated from the dose — response curve under Graph-Pad
Prism.

2.3.2. Cell apoptosis and cycle analysis

A549 cells were treated with different concentrations of com-
pound 4c under the kit's instruction and then measured with
Annexin V — FITC/PI apoptosis detection kit and Annexin V - FITC/
Pl cell cycle detection kit. The experimental data of apoptosis and
cell cycle for A549 cells were evaluated in BD Accuri C6 flow
cytometry (American BD Corporation Shanghai Co., Ltd.), provided
by the School of Pharmaceutical Sciences, Guizhou University.
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2.4. Molecular docking

The X-ray crystal structures of EGFR were obtained from the
PDB bank (PDB entry 1M17 and PDB entry 6DUK), which
defined the binding modes. The possible binding modes of
compound 4c were predicted with Sybyl X-2.0 software from
Tripos Inc. USA.

2.5. Predicted ADMET studies

The absorption, distribution, metabolism, elimination, and toxicity
(ADMET) parameters of compounds 4b, 4c, 6e, 6i, 8e-8g and
Gefitinib were calculated in CHARMM Force Field of Discovery
Studio 2.5 Software (Accelrys, Inc., San Diego, USA).

3. Results and discussions
3.1. Chemistry

The syntheses of compounds 4a-4f were depicted in Scheme 1.
Initially, 2,4-dichloro-5-trifluoromethyl-pyrimidine reacted with 2-
amino-N-methylthiophene-3- carboxamide to produce compound
1 with 40% vyield, which was confirmed by 'H-NMR, '*C-NMR,
HRMS and HMBC (CF; group interaction with N*-H in com-
pound 1). Subsequently, the 2-chloro group in the pyrimidine
ring was substituted by 4-nitroaniline to give compound 2 with
43% vyield. The nitro group of 2 was reduced to amino group
at the presence of Pd/C, and compound 3 was obtained with
35% vyield. At last, compound 3 reacted with different substi-
tuted carboxylic acids to obtain the compounds 4a-4f in
38%—46% yield.

Cyclobutene diketone was a kind of important fragment
found in many kinase inhibitors®**3, Based on the widely bio-
logical activity of cyclobutene diketone, we introduced it into
our target compounds. As shown in Scheme 2, compounds
6a-6i and 8a-8g were prepared. Compound 3 in Scheme 1 as
the starting material successfully reacted with 3,4-dimethoxy-3-
cyclobutene-1,2-dione to obtain intermediate 5 in 57% yield.

CF3 CF
/\/CF3 N/\ CF3 N~ N/\ 3
SR | E.
A/J\ P HN" >N >NH O HN- SN SNH O
Cl N Cl Cl N NH O P
2N X7ON = N -
s N
s Y H/ - ‘ \:J H - ‘ S\// H
\— -
NO, NH,
1 2 3
Jd
R'= 40 ()0 4 CF
\ 7 \ 7 N/j 3
\
E F HN" N NH O

4e: :<\_/(LF af: Q
F

CF3

E-N

Scheme 1. Synthetic route of target compounds 4a-4f. Reagents and conditions: (a) 2-amino-N-methylthiophene-3-carboxamide, NaHCO;, EtOH, rt, overnight, 40%
yield; (b) 4-nitroaniline, TFA, TFE, reflux, overnight, 43% vyield; (c) Pd/C, MeOH, rt, 24 h, 35% yield; (d) corresponding acid, HATU, DIEA, DMF, rt, 12 h, 38%-46% vyield.
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Scheme 2. Synthetic route of target compounds 6 and 8. Reagents and conditions: (a) dimethyl squarate, DIEA, DMF, rt, overnight, 57% vyield; (b) corresponding
amine, DIEA, DMF, 80°C, 12h, 38%-48% yield; (c) hydrogen chloride-ethyl acetate solution, 79% yield; (d) corresponding acid, HATU, DIEA, DMF, rt, overnight,

42%-66% yield.

Table 1. In vitro activities of target compounds for EGFR"*-TK and cancer cell lines®

ICso (LM)°
Comp. EGFR"'-TK inhibition rate (%, 1 M) A549 PC-3 HepG2 L02
4a 31.57+£3.27 9.32+0.68 12.32+0.89 11.46£0.77 >40
4b 52.08+1.93 433+0.59 7.81+0.53 7.62+0.46 >40
4c 61.69 +£2.08 0.56+0.12 2461042 2.21+0.50 >40
4d 7.59+0.25 >20 >20 >20 >40
4e 27.88+1.34 >20 >20 >20 >40
4f 30.79+1.09 6.14+0.78 8.51+0.64 8.36+0.49 >40
6a 15.33+0.48 >20 >20 >20 >40
6b 17.41+£0.32 >20 >20 >20 >40
6¢ 16.60 £0.21 >20 >20 >20 >40
6d 29.14+1.03 10.13+1.96 >20 14.09+1.28 >40
6e 53.17 £3.05 7.14+0.92 9.24+0.86 9.00+0.78 >40
6f 34.06+1.29 18.11+245 >20 >20 >40
69 9.27 £0.25 >20 >20 >20 >40
6h 10.58 +£0.93 >20 >20 >20 >40
6i 57.37+£1.82 3.11+0.48 5.33+047 5.24+0.51 >40
8a 6.86+0.11 >20 >20 >20 >40
8b 7.92+0.54 >20 >20 >20 >40
8c 28.14+1.27 7.32+0.65 9.69+1.13 9.54+0.91 >40
8d 29.03+1.55 6.14+0.72 8.35+0.74 8.28+0.69 >40
8e 53.11+£1.75 3151044 4.12+£0.65 4.31+0.39 >40
8f 58.87+£1.92 2.17+£0.54 3.48+0.22 3.09+0.66 >40
8g 52.08+1.93 3.14+£0.92 6.08 +£0.94 5.33+0.58 >40
Gefitinib 68.48 +£0.79 8.48+0.55 17.75+1.38 15.86 +0.86 >40

*The values are mean + SD of three replicates.

Then, compound 5 reacted with different substituted amines,
giving the compounds 6a-6i in 35%—52% yields. After depro-
tected Boc group in compound 6i under HCl, we got the other
critical intermediate 7 with a high yield. Finally, the target com-
pounds 8a-8g were synthesised in the corresponding acid under
the coupling reagent with moderate yield.

3.2. In vitro anti-tumour activity against cancer cell lines and
kinases

Three tumour cell lines (A549, PC-3, and HepG2) were used to
evaluate the antiproliferative activities of the final compounds
with methyl thiazolyl tetrazolium colorimetric (MTT) assay®*. The
ICso values are listed in Table 1. Gefitinib was performed as the



Table 2. ICs values for EGFR™*

R
Entry Comp. R EGFRY-TK ICso (M)
1 4b F AN 0.89+0.12
H |
N X
0
2 4c 7 0.32+0.047
N
Y F
(@]
3 6e . H o] 0.74%0.10
T,
—NH
4 6i H 0] 0.66+0.13
T,
—NH
0
HN—/
—a
5 8e o) H O 0.64+0.10
N \/\ N )Jv/ AN
/ H |
0 Pz
NH
6 8f o) H O 0.57+£0.29
J H u
1) P
NH
7 89 1) H O 0.59+0.15
o / H \ P
NH F
8 Gefitinib 0.0061 +0.0003

*The values are mean = SD of three replicates.

positive control. The results suggested that some of the com-
pounds exhibited well activities for all cancer cell lines. Against
A549 cells, compounds 4b, 4c, 4f, 6e, 6i, and 8c-8g were more
potent than Gefitinib (ICso = 8.48 uM). Especially, the 1Cs5o value of
compound 4c reached 0.56 uM for A549 cells. Against PC-3 cells,
compounds 4a-4c, 4f, 6e, 6i, and 8c-8g were more potent than
Gefitinib (ICso = 17.75puM). Against HepG2 cells, compounds
4a-4c, 4f, 6d, 6e, 6i, and 8c-8g were more potent than Gefitinib
(ICso = 15.86 uM). In order to preliminarily estimate the activities
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of compounds against EGFRY', the inhibition effects of target
compounds at 1 uM were tested with ELISA assay. It can be dis-
cerned from the results in Table 1 that only compounds 4b, 4c,
6e, 6i, and 8e-8g were more than 50% against EGFR". Hence,
these seven compounds 4b, 4c, 6e, 6i, and 8e-8g were selected
for further studies to access corresponding ICso values against
EGFR™.

As shown in Table 2, the ICso values of compound 4c reached
0.32 uM against EGFR"". The others were much higher than com-
pound 4c. Based on the results of EGFR"', and three tumour cells,
we found a similar structure-activity relationship (SAR) in both of
them. The amide group (4a-4f) in the targets was more potent
than the cyclobutene diketone derivatives (6a-6i). In addition, the
extended chain compounds 8a-8g also performed moderate anti-
proliferative activities. In general, compound 4c was the best in all
the target compounds, which was potentially developing into an
anti-tumour reagent as the reports in literature®>~38,

3.4. Effects of compound 4c on cell apoptosis of A549 cell line

Apoptosis of A549 cells is an efficient route to clear out the extra
cancer cells in the tissue homeostasis. It has been found that
many drugs for EGFR could induce apoptosis of A549 cells®.
Therefore, compound 4c was employed to investigate apoptosis
against A549 cells. As shown in Figure 3(A), flow cytometry ana-
lysis of A549 treated with 4c and Gefitinib at 1uM, 5uM, and
10 uM for 48 h demonstrated a notable increase in apoptotic cells
with a dose-dependent fashion. Compared compound 4c with
Gefitinib at the same concentration (Figure 3(B)), the results
showed that compound 4c could better induce A549 cell apop-
tosis. Surprisingly, the ratio of apoptotic cells for compound 4c
reached 10.70% (early) and 57.84% (late) at 10 puM, which was
much higher than the ratio of Gefitinib (7.77% and 10.62%).

3.5. Effects of compound 4c on cell cycle of A549 cell line

In order to investigate the effects of compound 4c on the A549
cell cycle, flow cytometry was employed. As shown in Figure 4,
A549 cell lines were treated with compound 4c at 1M, 5uM and
10 uM. For Gefitinib, the G2/M phase cells were slowly increased
from 17.16% to 21.71%. Surprisingly, the G2/M phase cells of com-
pound 4c sharply increased from 17.16% to 59.32%, which
reached 51.09% at 1pM concentration. These data indicated that
compound 4c could arrest A549 cells in the G2/M phase.

3.6. Molecular docking studies

Aiming to explain the activities of compound 4c against EGFR, the
possible binding modes were investigated in molecular docking
through Sybyl X-2.0 software. The crystal structures of EGFR (PDB
entry TM17)*° were used for identifying candidate binding modes.
As shown in Figure 5(@ and b), compound 4c formed hydrogen
bonds with multiple amino acids, including Met769 (hydrogen
bond length 2.8A), Asp776 (hydrogen bond length 2.7 A), and
Lys721 (hydrogen bond length 1.9A). Besides, compound 4c
weakly formed hydrophobic interactions with Leu694, Val702,
Leu764, Thr766, Gly772, Cys773 and Asp776. The other crystal
structures of EGFR (PDB entry 6DUK)*" were also used for predict-
ing possible binding modes. However, it was quite weaker than
the allosteric inhibitor JBJ-04-125-02 (Supplementary Figure S1
and S2). These results indicate that compound 4c could closely
combine with EGFR like the first-generation EGFR inhibitors*?.
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Figure 3. Compound 4c induced A549 cell apoptosis in Annexin V-FITC assay. (A) Density plots were obtained by flow cytometry in the presence of different concen-
trations (1 uM, 5 uM and 10 pM); Gefitinib was used as the positive control. (B) Total apoptotic cells (%) at various concentrations of 4c and Gefitinib.

3.7. Predicted ADMET and stability studies

Computer-aided drug design (CADD) has been widely used to cal-
culate ADMET for many years*’. Although there are some limits
and disadvantages in predication of ADMET, it would provide
some useful information for further studies. Therefore, the ADMET
properties of selected compounds 4b, 4c, 6e, 6i, and 8e-8g were
calculated through Discovery Studio 2.5 software (Accelrys, Inc.,
San Diego, USA). The calculated results indicated that all the tar-
get compounds were less toxic than Gefitinib. As shown in Table
3, the solubility levels of the target compounds were better than
Gefitinib except for compound 8e. However, the absorption of
Gefitinib was significantly potent than the target compounds.
CYP2D6 (non-inhibitor of cytochrome P450 enzyme) is always

used to predict drug toxicity*®. In the meantime, the calculated
hepatotoxicity values, PPB values and log p values of target com-
pounds showed well oral bioavailability, which were a little lower
than Gefitinib.

4. Conclusion

In conclusion, a novel series of dianilinopyrimidines as EGFR inhib-
itors were designed and synthesised. All the target compounds
were confirmed by 'H-NMR, '>C-NMR, and HRMS. And then, these
compounds were tested for inhibitory effects against EGFR and
tumour cells (A549, PC-3, HepG2). The results showed that some
of the compounds performed well in anti-tumour activities. In
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Figure 4. Cell cycle distribution of compound 4c and Gefitinib against A549 was studied by flow cytometry. (A) A549 cells were cultured in the presence of different
concentrations of 4c (1 pM, 5uM and 10 uM) or Gefitinib (1 uM, 5 M and 10 uM) for 48 h, harvested, fixed, and labelled with Pl, then analysed by FACS. Percentage
of cells in GO/G1, S and G2/M phases are indicated. (B) Profiles obtained by FACS. The percentages for different phases of the cell cycle were illustrated in the

histogram.
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Figure 5. Docking structures of compound 4c. (a) Binding configuration of compounds 4c with EGFR™ (PDB: 1M17); (b) The 2D model of compound 4c bound to

EGFR"* (PDB: 1M17).
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Table 3. Predicted ADMET properties of the target compounds.

Comp. Solubility ~ Absorption  CYP2D6 Hepatotoxicity PPB  AlogP98
4b 1 2 0 1 2 5.19
4c 1 2 0 1 2 5.19
6e 1 2 0 0 2 432
6i 1 3 0 0 0 3.68
8e 2 3 0 1 1 4.24
8f 1 3 0 1 1 4.44
8g 1 3 0 1 1 4.44
Gefitinib 2 0 1 0 1 4.20

particular, compound 4c showed the best activities against all
tumour cells (ICso of 0.56 uM, 2.46 uM, and 2.21 uM, respectively).
Further studies indicated that compound 4c could induce apop-
tosis A549 cells and arrest A549 cells in the G2/M phase. In add-
ition, molecular docking and ADMET of compound 4c were also
investigated.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was financially supported by GZU (Guizhou University)
Found for Newly Enrolled Talent ([2019]15), GZU (Guizhou
University) Found for Cultivation ([2019165), and the State Key
Laboratory of Functions and Applications of Medicinal Plants,
Guizhou Medical University [Grant number FAMP202005K];
Guizhou Science and Technology Platform Talents [QKHRCPT
[2019]5106].

ORCID

Longjia Yan http://orcid.org/0000-0003-3703-6704

References

1. Riihimaki M, Hemminki A, Fallah M, et al. Metastatic sites
and survival in lung cancer. Lung Cancer 2014;86:78-84.

2. Lemjabbar-Alaoui H, Hassan OU, Yang YW, Buchanana P.
Lung cancer: biology and treatment options. Biochim
Biophys Acta 2015;1856:189-210.

3. Al-Sanea MM, Al-Ansary GH, Elsayed ZM, et al. Development
of 3-methyl/3-(morpholinomethyl)benzofuran derivatives as
novel antitumor agents towards non-small cell lung cancer
cells. J Enzyme Inhib Med Chem 2021;36:987-99.

4. Xu K, Zhang C, Du T, et al. Progress of exosomes in the
diagnosis and treatment of lung cancer. Biomed
Pharmacother 2021;134:111111.

5. Rotow J, Bivona TG. Understanding and targeting resistance
mechanisms in NSCLC. Nat Rev Cancer 2017;17:637-58.

6. Fennell DA, Summers Y, Cadranel J, et al. Cisplatin in the
modern era: the backbone of first-line chemotherapy for
non-small cell lung cancer. Cancer Treat Rev 2016;44:42-50.

7. Ferrer |, Zugazagoitia J, Herbertz S, et al. KRAS-Mutant non-
small cell lung cancer: from biology to therapy. Lung Cancer
2018;124:53-64.

8. Soliman AM, Algahtani AS, Ghorab M. Novel sulphonamide
benzoquinazolinones as dual EGFR/HER2 inhibitors,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

apoptosis inducers and radiosensitizers. J Enzyme Inhib Med
Chem 2019;34:1030-40.

Milik SN, Lasheen DS, Serya RAT, et al. How to train your
inhibitor: design strategies to overcome resistance to
Epidermal Growth Factor Receptor inhibitors. Eur J Med
Chem 2017;142:131-51.

Singh SS, Mattheolabakis G, Gu X, et al. A grafted peptido-
mimetic for EGFR heterodimerization inhibition: implications
in NSCLC models. Eur J Med Chem 2021;216:113312.

Ayati A, Moghimi S, Salarinejad S, et al. A review on progres-
sion of epidermal growth factor receptor (EGFR) inhibitors
as an efficient approach in cancer targeted therapy. Bioorg
Chem 2020;99:103811.

Gharwan H, Groninger H. Kinase inhibitors and monoclonal
antibodies in oncology: clinical implications. Nat Rev Clin
Oncol 2016;13:209-27.

Roskoski R. Jr., Properties of FDA-approved small molecule
protein kinase inhibitors: a 2020 update. Pharmacol Res
2020;152:1046009.

Ewes WA, Elmorsy MA, El-Messery SM, et al. Synthesis, bio-
logical evaluation and molecular modeling study of [1,2,4]-
Triazolo[4,3-c]lquinazolines: new class of EGFR-TK inhibitors.
Bioorg Med Chem 2020;28:115373.

Passaro A, Mok T, Peters S, et al. Recent advances on the
role of EGFR tyrosine kinase inhibitors in the management
of NSCLC with uncommon, Non Exon 20 insertions, EGFR
mutations. J Thorac Oncol 2021;16:764-73.

Girard N. Optimizing outcomes in EGFR mutation-positive
NSCLC: which tyrosine kinase inhibitor and when? Future
Oncol 2018;14:1117-32.

Kim ES, Melosky B, Park K, et al. EGFR tyrosine kinase inhibi-
tors for EGFR mutation-positive non-small-cell lung cancer:
outcomes in Asian populations. Future Oncol 2021;17:
2395-408.

Min HY, Yun HJ, Lee JS, et al. Targeting the insulin-like
growth factor receptor and Src signaling network for the
treatment of non-small cell lung cancer. Mol Cancer 2015;
14:113.

Hsu PC, Yang CT, Jablons DM, et al. The crosstalk between
Src and Hippo/YAP signaling pathways in Non-Small Cell
Lung Cancer (NSCLC). Cancers 2020;12:1361.

Filosto S, Baston DS, Chung S, et al. Src mediates cigarette
smoke-induced resistance to tyrosine kinase inhibitors in
NSCLC cells. Mol Cancer Ther 2013;12:1579-90.

Kilic T, Alberta JA, Zdunek PR, et al. Intracranial inhibition of
platelet-derived growth factor-mediated glioblastoma cell
growth by an orally active kinase inhibitor of the 2-phenyla-
minopyrimidine class. Cancer Res 2000;60:5143-50.

Chang S, Yin SL, Wang J, et al. Design and synthesis of
novel 2-phenylaminopyrimidine (PAP) derivatives and their
antiproliferative effects in human chronic myeloid leukemia
cells. Molecules 2009;14:4166-79.

Druker BJ. STI571 (Gleevec™) as a paradigm for cancer ther-
apy. Trends Mol Med 2002;8:514-S8.

Li L, Wang Y, Jiao L, et al. Protective autophagy decreases
osimertinib cytotoxicity through regulation of stem cell-like
properties in lung cancer. Cancer Lett 2019;452:191-202.
Han H, Li S, Chen T, et al. Targeting HER2 Exon 20 insertion-
mutant lung adenocarcinoma with a Novel tyrosine kinase
inhibitor mobocertinib. Cancer Res 2021;81:5311-24.

Pillonel C. Evaluation of phenylaminopyrimidines as antifun-
gal protein kinase inhibitors. Pest Manag Sci 2005;61:
1069-76.



27.

28.

29.

30.

31.

32.

33.

34.

35.

Cui J, Fu R, Zhou LH, et al. BCR-ABL tyrosine kinase inhibitor
pharmacophore model derived from a series of phenylami-
nopyrimidine-based (PAP) derivatives. Bioorg Med Chem
Lett 2013;23:2442-50.

Ture A, Ergul M, Ergul M, et al. Design, synthesis, and anti-
cancer activity of novel 4-thiazolidinone-phenylaminopyrimi-
dine hybrids. Mol Divers 2021;25:1025-50.

Vlasov SV, Kovalenko SM, Shynkarenko PE, et al. Synthesis
and antimicrobial evaluation of 3-(4-arylthieno[2,3-d]pyrimi-
din-2-yl)- 2H-chromen-2-ones. Heterocycl Commun 2018;24:
237-40.

Saravanan J, Mohan S, Roy JJ. Synthesis of some 3-substi-
tuted amino-4,5-tetramethylene thieno[2,3-d][ 1,2,3]-triazin-
4(3H)-ones as potential antimicrobial agents. Eur J Med
Chem 2010;45:4365-9.

Zhang Y, Wang Q, Li L, et al. Synthesis and preliminary
structure-activity relationship study of 3-methylquinazoli-
none derivatives as EGFR inhibitors with enhanced antiproli-
ferative activities against tumour cells. J Enzyme Inhib Med
Chem 2021;36:1205-16.

Agnew-Francis KA, Williams CM. Squaramides as bioisosteres
in contemporary drug design. Chem Rev 2020;120:11616-50.
Li B, Li Y, Tomkiewicz-Raulet C, et al. Design, synthesis, and
biological evaluation of covalent inhibitors of Focal
Adhesion Kinase (FAK) against human malignant glioblast-
oma. J Med Chem 2020;63:12707-24.

Sylvester PW. Optimization of the tetrazolium dye (MTT) col-
orimetric assay for cellular growth and viability. Methods
Mol Biol 2011;716:157-68.

Weber H, Miller D, Muller M, et al. Cell lines expressing
recombinant transmembrane domain-activated receptor kin-
ases as tools for drug discovery. J Biomol Screen 2014;19:
1350-61.

36.

37.

38.

39.

40.

41.

42.

43,

44,

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 843

Asquith CRM, Maffuid KA, Laitinen T, et al. Targeting an
EGFR water network with 4-Anilinoquin(az)oline inhibitors
for chordoma. ChemMedChem 2019;14:1693-700.

Guo T, Ma S. Recent advances in the discovery of multitar-
geted tyrosine kinase inhibitors as anticancer agents.
ChemMedChem 2021;16:600-20.

Asquith CRM, Naegeli KM, East MP, et al. Design of a cyclin
G Associated Kinase (GAK)/Epidermal Growth Factor
Receptor (EGFR) inhibitor set to interrogate the relationship
of EGFR and GAK in chordoma. J Med Chem 2019;62:
4772-8.

Aziz MW, Kamal AM, Mohamed KO, et al. Design, synthesis
and assessment of new series of quinazolinone derivatives
as EGFR inhibitors along with their cytotoxic evaluation
against MCF7 and A549 cancer cell lines. Bioorg Med Chem
Lett 2021;41:127987.

Cui Z, Chen S, Wang Y, et al. Design, synthesis and evalu-
ation of azaacridine derivatives as dual-target EGFR and Src
kinase inhibitors for antitumor treatment. Eur J Med Chem
2017;136:372-81.

To C, Jang J, Chen T, et al. Single and dual targeting of
mutant EGFR with an allosteric inhibitor. Cancer Discov
2019;9:926-43.

Minnelli C, Laudadio E, Mobbili G, et al. Conformational
insight on WT- and mutated-EGFR receptor activation and
inhibition by epigallocatechin-3-Gallate: over a rational basis
for the design of selective non-small-cell lung anticancer
agents. Int J Mol Sci 2020;21:1721.

Leelananda SP, Lindert S. Computational methods in drug
discovery. Beilstein J Org Chem 2016;12:2694-718.

Darney K, Lautz LS, Bechaux C, et al. Human variability in
polymorphic CYP2D6 metabolism: implications for the risk
assessment of chemicals in food and emerging designer
drugs. Environ Int 2021;156:106760.



	Abstract
	Introduction
	Experimental section
	Synthesis
	2-(2-Chloro-5-trifluoromethyl-pyrimidin-4-ylamino)-thiophene-3-carboxylic acid methylamide (1)
	2-[2-(4-Nitro-phenylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-thiophene-3-carboxylic acid methylamide (2)
	2-[2-(4-Amino-phenylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-thiophene-3-carboxylic acid methylamide (3)
	Synthesis of 4a–4f
	2-{2-[4-(4-Methoxy-benzoylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (4a)
	2-{2-[4-(2-Fluoro-benzoylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (4b)
	2-{2-[4–(3-Fluoro-benzoylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (4c)
	2-{2-[4-(4-Fluoro-benzoylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (4d)
	2-{2-[4-(3,4-Difluoro-benzoylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (4e)
	2-{5-Trifluoromethyl-2-[4-(3-trifluoromethyl-benzoylamino)-phenylamino]-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (4f)

	2-{2-[4-(2-Methoxy-3,4-dioxo-cyclobut-1-enylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (5)
	Synthesis of 6a–6i
	2-{2-[4-(3,4-Dioxo-2-propylamino-cyclobut-1-enylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (6a)
	2-{2-[4-(2-Hexylamino-3,4-dioxo-cyclobut-1-enylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (6b)
	2–(2-{4-[2-(2-Hydroxy-ethylamino)-3,4-dioxo-cyclobut-1-enylamino]-phenylamino}-5-trifluoromethyl-pyrimidin-4-ylamino)-thiophene-3-carboxylic acid methylamide (6c)
	2-{2-[4-(2-Isopropylamino-3,4-dioxo-cyclobut-1-enylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (6d)
	2-{2-[4-(2-Cyclopentylamino-3,4-dioxo-cyclobut-1-enylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (6e)
	2-{2-[4-(2-Cyclohexylamino-3,4-dioxo-cyclobut-1-enylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (6f)
	2-(2-{4-[2–(4-Hydroxy-cyclohexylamino)-3,4-dioxo-cyclobut-1-enylamino]-phenylamino}-5-trifluoromethyl-pyrimidin-4-ylamino)-thiophene-3-carboxylic acid methylamide (6g)
	2-(2-{4-[2-(1-Methyl-piperidin-4-ylamino)-3,4-dioxo-cyclobut-1-enylamino]-phenylamino}-5-trifluoromethyl-pyrimidin-4-ylamino)-thiophene-3-carboxylic acid methylamide (6h)
	[2-(2-{4-[4-(3-Methylcarbamoyl-thiophen-2-ylamino)-5-trifluoromethyl-pyrimidin-2-ylamino]-phenylamino}-3,4-dioxo-cyclobut-1-enylamino)-ethyl]-carbamic acid tert-butyl ester (6i)

	2-(2-{4-[2-(2-Amino-ethylamino)-3,4-dioxo-cyclobut-1-enylamino]-phenylamino}-5-trifluoromethyl-pyrimidin-4-ylamino)-thiophene-3-carboxylic acid methylamide (7)
	Synthesis of 8a–8g
	2-(2-{4-[3,4-Dioxo-2-(2-propionylamino-ethylamino)-cyclobut-1-enylamino]-phenylamino}-5-trifluoromethyl-pyrimidin-4-ylamino)-thiophene-3-carboxylic acid methylamide (8a)
	2-(2-{4-[2-(2-Isobutyrylamino-ethylamino)-3,4-dioxo-cyclobut-1-enylamino]-phenylamino}-5-trifluoromethyl-pyrimidin-4-ylamino)-thiophene-3-carboxylic acid methylamide (8b)
	2-[2–(4-{2-[2-(Cyclopentanecarbonyl-amino)-ethylamino]-3,4-dioxo-cyclobut-1-enylamino}-phenylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-thiophene-3-carboxylic acid methylamide (8c)
	2-[2-(4-{2-[2-(Cyclohexanecarbonyl-amino)-ethylamino]-3,4-dioxo-cyclobut-1-enylamino}-phenylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-thiophene-3-carboxylic acid methylamide (8d)
	2-[2-(4-{3,4-Dioxo-2-[2-(3-phenyl-acryloylamino)-ethylamino]-cyclobut-1-enylamino}-phenylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-thiophene-3-carboxylic acid methylamide (8e)
	2-{2-[4–(2-{2-[3-(3-Fluoro-phenyl)-acryloylamino]-ethylamino}-3,4-dioxo-cyclobut-1-enylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (8f)
	2-{2-[4–(2-{2-[3–(4-Fluoro-phenyl)-acryloylamino]-ethylamino}-3,4-dioxo-cyclobut-1-enylamino)-phenylamino]-5-trifluoromethyl-pyrimidin-4-ylamino}-thiophene-3-carboxylic acid methylamide (8g)


	In vitro EGFRwt-TK assay
	In vitro activity assay at cell level
	Cytotoxicity evaluation (MTT assay)
	Cell apoptosis and cycle analysis

	Molecular docking
	Predicted ADMET studies

	Results and discussions
	Chemistry
	In vitro anti-tumour activity against cancer cell lines and kinases
	Effects of compound 4c on cell apoptosis of A549 cell line
	Effects of compound 4c on cell cycle of A549 cell line
	Molecular docking studies
	Predicted ADMET and stability studies

	Conclusion
	Disclosure statement
	Funding
	Orcid
	References


