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Figure 1 Structures of some potent and selective FAK inhibitors
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Figure 2 Designing strategy of the 2 ,4-disubstituted pyridine FAK inhibitors
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Reagents and conditions: (i) N-methylsulfamide, Cs,CO,
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,MeCN, 80 C; (ii) BH,/Me,S, THF,45 °C; (iii) MsCl,

DCM, pyridine 0 C ; (iv) CH,I,K,CO, ,DMF,0 C;(v) MeNH,,0 C;(vi) Pd/C,H,,MeOH,40 C;(vii) BrCN,MeOH:
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Figure 3 Synthesis of intermediates 3,6,10,14 and 19
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Reagents and conditions; (i) different aromatic amines,Cs,CO, ,Pd( AcO), ,X-phos, dioxane,85 C;(ii) 14 or 19,Cs,CO,,

Pd( AcO), ,X-phos,dioxane,85 C.

Figure 4 Synthesis route of compounds Z1 - Z8
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Table 1 Physical and spectral data of target compounds Z1 — 78

ESI-MS or HRMS

/C
P m/z[M+H]*

Compd.

"H-NMR (400 MHz)8

71

72

73

VA

77

150 - 155

163 - 167

170 - 172

180 — 183

187 - 189

175 - 177

205 -208

220 -224

455.1

525.1

524.2

491. 1

535.1

524.1

525.1639

524. 1686

8.18(s,1H),7.47(dd,J =6.8,2. 1 Hz,1H),7.36 —7.31(m,4H) ,7. 15(s,
1H),5.92(s,1H),5.56(s,1H),5.27(s,1H) ,4.81(s,1H) ,4.59(s,1H),
3.43(s,3H),2.97(s,3H) ,2. 13(s,3H)

8.18(s,1H),7.47(dd,J=6.8,2. 1 Hz,1H),7.36 -7.31(m,4H) ,7. 15(s,
1H),5.92(s,1H) ,5.56(s,1H),5.27(s,1H) ,4.81(s,1H),4.59(s,1H),
3.43(s,3H),2.97(s,3H) ,2. 13(s,3H)

8.07(s,1H),7.52(s,1H),7.38 —=7.33(m,3H),7.29 -7.27(m,1H) ,7. 20
(s,1H),6.31(s,1H),5.70(s,1H) ,5.16(s,1H) ,4.57(d,J =5.7 Hz,2H) ,
4.15-4.07(m,1H) ,3.22 -3.16(m,5H) ,2.97(s,3H) ,2.72(td,J = 12. 5,
2.2 Hz,2H),2.08(d,/ =13.7 Hz,2H) ,1.87 = 1.77(m,2H)

11.87(s,1H),10.49(s,1H) ,8.21(s,1H),7.59(dd,/J=7.3,1.8 Hz,1H),
7.38 -7.34(m,4H),7.28 =7.24(m,1H),7.00(dd,J=5.8,3.1 Hz,2H) ,
6.96(t,J=5.7 Hz,1H) ,6.24(s,1H) ,4.61(dd,J =18.7,3.6 Hz,2H) ,3. 35
(s,3H),3.12(s,3H)

8.16(s,1H),7.56 -7.50(m,1H),7.37(dd,J=5.7,3.6 Hz,2H) ,7.32(dd,
J=6.3,2.7Hz,1H),7.24 - 7.16(m,2H) ,6.74(d,J=7.7 Hz,1H) ,6. 68
(s,1H),5.26(s,1H) ,4.67 (s,2H),3.86(s,3H),3.66(s,3H),3.34 (s,
3H),2.98(s,3H)

9.45(s,1H),8.09(s,1H),7.56(d,J=5.5 Hz,1H),7.38 -7.33(m,2H) ,
7.26(d,J =5.0 Hz,1H) ,6.70(s,1H) ,6.66(s,1H) ,6.17(s,1H) ,4.56(d,
J=7.1Hz,2H) ,4.15(s,2H) ,3.72(t,J =5.8 Hz,2H) ,3.26(s,3H),3. 11
(s,3H),2.97(s,3H)

8.42(d,J=3.2 Hz,1H),8.13(s,1H),7.77(d,J=6.9 Hz,1H),7.62 (s,
1H),7.32(dd,J=7.7,4.8 Hz,1H) ,6.62(s,1H),6.52(s,1H),5.33 (s,
1H),4.70(d,J=5.8 Hz,2H) ,4.27 =4.22(m,2H) ,3.74 —=3.70(m,2H) ,
3.25(s,3H),3.10(d,J =3.8 Hz,3H),3.07(s,3H)

8.18 8. 11(m,2H),7.42 —=7.37(m,2H) ,7.28(d,J =5.7 Hz,2H) ,6.62 (s,
1H) ,6.55(s,1H),5.27(s,1H) ,4.46(d,J=5. 1 Hz,2H) ,4.26(t,J =5.9 Hz,
2H),3.75(t,J =6.0 Hz,2H) ,3.28(s,3H) ,3. 12(s,3H) ,2. 78(s,3H)

3 EMEEN
3.1 {RSMEEHDHIE MK

HTRF KinEASETM - TK X7 &4 [ Cisbio

S b iR 5L A ) R S PE BT ( TK Antibody )
I REEAZ IR XL-665 5 i) 1 i o 4% B R A
FAYMRE AR REENE S Y RY & A
BEFR AL 5, 5 S Pk B M U ) 9 1R 2k 141 O &5 B 7

Bioassays ;384 LI {4 B3 & K% F2 M W A Ther-
moFisher Scientific, FAK ¥ 4 fk. i ) i Carna
Biosciences,

FIFH AR ] 73 B2 HOR (HTRE) i H
PG YR FAK B0 06 M, UL FAK #0157
TAE-226 1E R FHPEXT HRAL A 410 45 SR 0L
2,

PEFTAR S Bt 6 1 DU ), BE G A 46 (Bu’™ )
(7RI EVE R R AEA A HAE 7T IR

WA b I, XL-665 B DLk S K & 5
620 nm 1Y & 5 G &, K & H 665 nm 1Y & 5
St

SEYARAE T, SN 2% R A 8 mmol - L~
WL DMSO fifi 5l th B W B 54, 1C,
(A A AT Y, X T A — MR K 4 pl
&Y 4 pLIREY 1(ATP + Y TK) A1 2 pL
(G (0. 111 mg-L~") BN BN E L el
WAE 25 C FIFE 50 min, 2R 5 A0 10 pL
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%31 &

RAY) 2 (Sa-XL665 + TK-Antibody-Cryptate ) £
1B N, TER 4B E (ZR T 60 min) f5, 1
Infinite® F500 f# L M 132 %0 8% ( & + Tecan) fE
620 nm( Cryptate ) F1 665 nm ( XL665 ) Ab il £ 2¢
3 ,3k1% HTRF {55,318 665 nm 1 620 nm
BAFLEIE S 3 (665/620) , XiF IC,, B I i
i 1] Prism %K {4 ( GraphPad %) #E47 IH—1LH
G .

mZ 2 FroR, 4 R iy N-H IR me 2R ARG B
(Z1),%F FAK A %58 1Y w30 i 5% M (1Cy, =
20.6 nmol-L ") , b F 45 48k Sy U S it g 56 ( Z2)
PRI (IC,, =24.9 nmol - L") | #4f g R i 5t

(Z3) 152 TF (IC,, =8.7 nmol-L "), 24 R &
T WK s 25 K (Z4) B, B O P IC, =
19.6 nmol-L™', X4 R N 6-H 5 3E-1-FF H-1 H-H
IR d] WK (Z5) I, 35 PR AH X &8 25 (IC,, =
61.3 nmol-L™"), 34 R i 5-H %6, 7- SNk mk
I 1,5-a] M4 (5H) - (Z6) i}, 15 P 58
(IC5, =6.6 nmol-L ") . K, NG Z6 1Y
R AR B, WA R Ba AT S5 R 81, 7E
RIS EGIA N JEF B R A G DA
PR | AL ARG 27 F1 28, i Z,
AUFEN LS Y 26 27 T Z8 RGN H IS 1
BE P X HEAH 2

Table 2 The results of enzyme inhibitory activity of target compounds in vitro

| | |
HN Z>NH HN" N NH HN" N NH
R z N N7
bR 2 D SR &
\N N \N N/ N
1.0 Q_ O 1.0 Q_ (0]
O’/S\ N\ O’/S\ N\ O\\S:\N\
| O
Z1-76 77 78
Compd. R IC,,/(nmol-L™") Compd. R IC,,/(nmol-L™")
s N
o)
z1 X 20.6 zs %*/N o 61.3
3 I
72 24.9 76 ~r N7 6.6
N
_E_CN \N’N\)
NH
73 JQ 8.7 z7 9.3
X
=N
N
74 -§<’N]© 19.6 78 14.2
H
TAE-226 7.0

The IC,, values were presented as the mean(nmol-L ") values from two separate experiments.

3.2 ¢RREIETEIDH)E MR

¥ A549 ( A\ 40 i) \MDA-MB-231 ( AFL
HRJE 20 ) A U-87MG (A I 98 98 200 ifL ) 44t i
96 LA 1 L 4000 ~ 5000 />4 LA 35 E 5 55, IF
TE 37 C MFGE 5% 1) CO, {3 5% 15 77
24 h, KRR AL AW LATE 7 1 B 2 B T n 21
Rigerp W E 72 h, INAHTEERY MTT ¥ 0197
B 4h BB A FL A RO A R A AE 150 pL

DMSO H', 3f{#i Ff Thermo Reade ( Multiskan GO)
FE A =490 nmAb I AL RO E . LA
Yy 72 73 .74 F1 76 X FAK =350 US7-MG
1 AS49 iRk EFEMEITE AN 3 PR,
AL &Y 74 X U8T-MG (1C,, =6.66 pmol L")
Hl AS49(IC,, =7. 68 pmol - L ") 33 F il fit 42 41 g
ARV FH e
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Table 3 The results of antiproliferative activity of

target compounds in vitro

IC,,/ (pmol-L™")

Compd.
U-87MG A549
72 12.47 £0. 21 14.61 £0. 51
73 11.75 £0. 18 24.87 £0.77
74 6.66 =0. 15 7.68 +0.24
Z6 8.68 £0. 19 34.02 £3. 41
TAE-226 1.57 £0. 11 1.60 +0.03

Cell proliferation was measured using the MTT assay
after incubation with the compounds for 72 h. The mean val-
ues of three independent experiments + SD are reported.

4 HRSIR

WAL BT A S5 R WoR B Z6 ik
A7 BT ) TP 0 4 Y 3 A o 3 AR R O X
L&Y 26 5 FAK HH ATP 4560087 T4
TXHEI ST, B 5 WoR, mhne B 5 BcEE X )
Cys-502 JE RS R i A2 (R A AR, =
SRR 5 145 R A Met-499 T i K A HAE
N-F LR b i B B W [ 36 AL 3F X 3 F H 5 DFG
FFHY Asp-564 T RS A BAEF , J& BN 24
A R B,

Figure 5 Molecular docking mode of compound
Z6 with the FAK active site
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Design , synthesis and biological activity evaluation of
2 ,4-disubstituted-5-( trifluoromethyl )
pyrimidine as FAK inhibitors

ZHAO Xiang-xin, YU Si-jia, QIN Qiao-hua, WU Tian-xiao,
WANG Rui-feng,ZHAO Dong-mei

(Key Laboratory of Structure-Based Drug Design & Discovery( Shenyang Pharmaceutical University)
Ministry of Education ,Shenyang 110016, China)

Abstract: Eight 2, 4-disubstituted-5-( trifluoromethyl ) pyrimidine compounds were designed and
synthesized ,and the inhibitory activities against FAK were evaluated. Starting from 2-fluoronicotinonitrile ,
the target compounds were obtained via substitution, reduction, cyclization, esterification and coupling
reaction. The structures of the compounds were confirmed by ESI-MS and 'H-NMR. The preliminary
biological activity evaluation tests in vitro showed that compound Z6 had strong enzyme inhibitory activity
and cell proliferation inhibitory activity [ FAK: IC,, = 6.6 nmol - L™', U87-MG: IC,, = (6.66 =
0.19) wmol-L ™", A549.IC,, = (7. 68 +3.41) umol-L '], owning further research value.
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