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Abstract

SHP2 inhibitors also have problems such as low bioavailability, and SHP2 inhibitors with novel
structures are needed. In order to expand the structural diversity of SHP2 inhibitors, 18 amino-
benzoic acid derivatives were synthesized. Among them, 3-(5-methylfuran-2-carboxamido)benzoic
acid (Compound 15) showed 48.51% inhibitory rate at the concentration of 50 mM. The struc-
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ture-activity relationship analysis results show that the carboxyl group has positive influence on
the activity against SHP2 and can be used as small fragments for subsequent development of SHP2
inhibitors.
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1. 5|8

A B R R R B (PTPs) 5 8 (A B R R B (PTK s) — S U FME FH Y 2 4 pis 3 1] [2]. HAl, ©F %
PR PTKs B/ T4 7508 FDA #bifE b7, 1 BLIE A 1V 2 /T 5 1 Ae T Im KRB B T 1 )02
WA LR PTPs MHMHIFIZ59 i, BEEXT PTPs SCREE & HLANHIFIMAT 7, X+ PTPs 41015 51l
PRIE 0 T A, A SR R IT SR HEHT ) LR (3]

B PTPN11 4afif¥) SHP2, & —FeERk ) 2 AEAE R IS 20 BR B R I, U 42 4t i P 1 2 L R AL /K
F, ZEYNAEGTESN4] [5]. LTI i SHP2 AT DAY 55 52 (R e & R WA 52 45 K % S 4fS S1%
3, #S 5 LA N EBUEE T SHEO N, B0 Jak/STAT [6] [7] PIBK/AKT [8] [9]« RAS/Raf/MAPK
[10][11][12]« PD-1/PD-L1 [13] [14]#1 mTOR iB#&[15]. SHP2 575 iE AL A1 5848 5 22 Pl i i) & A
RIEFEYIAAIE, AN T ILIRRE B0 IR T 254 0 7 /A L 5. 40 i 11 155 (JMML) A 2 P18 R 3 1
I (AML) S5 25 WL B = 5 2RI R VAT F B . H BT SRR SEA/E A I TR 9 SHP2 T {E N iR 3 31 7 16]
[17], R—FhELEN & A il S IERE VR T HE 5[ 18]. H Al SHP2 IS HE B E[19] [20], BEED
BH =AM ST IR RIRES, fFH5 Novartis A F # TNO155 [21], Revolution A &) Fl Sanofi 23 7]
RMC-463025 [22]#1 Jacobio Pharmaceuticals A & (] JAB-3068 [23]. %F T4 2 5 75 % DI A K 5242 1 SHP2,
THAR G Z 5 S FIHIFRI[24] [25] [26] [27] [28]. PRk, REUHA SHP2 #ifi5, F=F SHP2 #HF 12 F¢
PR HLER.

TERTIAM TAE R, RATRILT J5BEIE2E SHP2 #II771[29]. Wwilsl 1 Fras, Jh& SHP2 #5124+
P, AT AR T 18 MEAMEILEFRRAT AN, LWL 'THNMR o IRTIA, A sk &l
2 fRe WEVENNRSE RAEH, # SR SHP2 £ 50 mM W T RoR 7 — 5 M I mdlE k. i
E W15 SHHE 50 mM IKRE N SHP2 R T 48.51% MG, v LAE N Ja 4 SHP2 #7136 M A B

baan
O 7 ;

0) HN 32 / H

OO | B A

0 (0] ) 3\/\ / . ——— OH
1 R s OR o}
LN
ICsy = 7.47 + 1.26 uM against SHP2 fee s Compound 15

Figure 1. The design of target compounds
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2 R2
32 o 32 o
4f‘ 1 _a 4( 1
/\ / o— R3/\ / O_R1
H2N 5 6 5 6

2-10: R" = methyl
b

[11-19: R'=H
2, 11: R? = H, R® = 3-(furan-2-carboxamido)
3, 12: R? = 2-methyl, R® = 3-(furan-2-carboxamido)
4, 13: R? = 4-methyl, R® = 3-(furan-2-carboxamido)
5, 14: R? = 6-methyl, R® = 3-(furan-2-carboxamido)
6, 15: R? = H, R® = 3-(5-methylfuran-2-carboxamido)
7, 16: R? = H, R® = 3-(furan-3-carboxamido)
8, 17: R? = H, R® = 3-(thiophen-2-carboxamido)
9, 18: R? = H, R® = 3-(benzamido)
10, 19: R? = H, R® = 4-(furan-2-carboxamido)

RFUAIZHE: (a) RCOOH, HATU, DIPEA, DMF, rt; (b) NaOH,
MeOH, rt.

Figure 2. Synthetic route for compounds 2~19
2. L&Y 219 IERLERL

2. MMERE
2.1. M8

BT AT AL 2 A 2 O S LR Rk U W 2 o 2 4. 78 Varian MR-400 Yt _Eids® 'H-NMR(400
MHz)Jti, {8 FH DMSO(IH-NMR)¥] 2.50 15 5/E N AR, SHP2 fiAvIsEE (1 b 1 58T 245 9k o0 S50 =
afifk.

22. EM2-199ER

# HATU (4.07 g, 10.71 mmol)Fl DIPEA (2.30 g, 17.86 mmol)JIA 2-FkiR H ER(1.00 g, 8.93 mmol)7E
DMF (10 mL)H [, ERSRS NSRS 1 /N SR 5K A 52K H R H 5 (1.48 g, 9.82 mmol)
RS TEER FRMBER TSR . KNG, MACRCEERE, JEH 1 M HCl SR
TR IR SN AR - e AR SUAGARBE R 2 0, RGN, S3IEY 2 (2.1 g, 8.11 mmol, =3
90.8%). 'H NMR (400 MHz, DMSO-dq) d: 10.40 (s, 1H), 8.42 (t, J =2.0 Hz, 1H), 8.06~8.02 (m, 1H), 7.96 (dd,
J =16, 0.8 Hz, 1H), 7.71~7.67 (m, 1H), 7.50 (t, J = 8.0 Hz, 1H), 7.38 (dd, J = 3.6, 0.8 Hz, 1H), 6.72 (dd, J =
3.6, 1.6 Hz, 1H), 3.87 (s, 3H).

- T7 G it &4 3~10.

3 (kg -2- Y B e 3 ) -2- FPY 3R 48 R PR (3), WA 90.2%: 'H NMIR (400 MHz, DMSO-di) 6: 9.97 (s, 1H),
7.93 (d, J=2.0 Hz, 1H), 7.65 (dd, J = 8.0, 1.6 Hz, 1H), 7.51 (dd, J = 8.0, 1.6 Hz, 1H), 7.37~7.26 (m, 2H), 6.70
(dd, J=3.6, 1.6 Hz, 1H), 2.33 (s, 3H).

3- (R -2- Y B e 3 ) -4- PP 31 48 R RS (4), WAK 85.4%: "H NMIR (400 MHz, DMSO-di) 6: 9.89 (s, 1H),
8.01~7.90 (m, 2H), 7.75 (dd, J = 8.0, 2.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.31 (dd, J = 3.2, 0.8 Hz, 1H), 6.71
(dd, J=3.6,2.0 Hz, 1H), 3.85 (s, 3H), 2.30 (s, 3H).

5-(WRIFG -2- FR WE G 3 ) -2- B A H IR FR R (5), UK 97.7%; 'H NMR (400 MHz, DMSO-d;) d: 10.29 (s,
1H), 8.26 (d, J = 2.4 Hz, 1H), 7.94 (d, J = 2.0 Hz, 1H), 7.87 (dd, J = 8.4, 2.4 Hz, 1H), 7.34 (d, J = 3.6 Hz, 1H),
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7.30 (d, J = 8.4 Hz, 1H), 6.70 (dd, J = 3.6, 1.6 Hz, 1H), 3.84 (s, 4H), 2.48 (s, 4H).

3-(5- I 5 PR R -2 - R T e 2 ) 4% R RS (6), WK 91.1%; 'H NMIR (400 MHz, DMSO-d) d: 10.23 (s, 1H),
8.40 (t, J = 2.0 Hz, 1H), 8.07~8.02 (m, 1H), 7.69~7.65 (m, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.28 (d, J = 3.6 Hz,
1H), 6.34 (dd, J=3.6, 1.2 Hz, 1H), 3.87 (s, 3H), 2.39 (s, 3H).

3-(k g -3- FPY BB e 3 ) 2K F R PR (7)), ISR 97.8%; "H NMIR (400 MHz, DMSO-dg) : 10.13 (s, 1H), 8.41
(s, 1H), 8.35 (t, J = 2.0 Hz, 1H), 8.09~8.00 (m, 1H), 7.81 (t, J = 2.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.50 (t, J
= 8.0 Hz, 1H), 7.01 (d, J=2.0 Hz, 1H), 3.87 (s, 3H).

3-(WEMY-2- FF BE A 3 ) 2 FH R F R (8), WAL 89.1%: "H NMR (400 MHz, DMSO-dj) §: 10.43 (s, 1H), 8.39
(t, J=2.0 Hz, 1H), 8.13~8.02 (m, 2H), 7.87 (dd, J = 4.8, 1.2 Hz, 1H), 7.71~7.67 (m, 1H), 7.50 (t, J = 8.0 Hz,
1H), 7.24 (dd, J = 4.8, 3.6 Hz, 1H), 3.87 (s, 3H).

3-SR T G(9), Y% 81.8%; 'H NMR (400 MHz, DMSO-d;) d: 10.46 (s, 1H), 8.47 (t, J =
2.0 Hz, 1H), 8.09~8.05 (m, 1H), 8.02~7.96 (m, 2H), 7.72~7.68 (m, 1H), 7.64~7.47 (m, 4H), 3.87 (s, 3H).

AT IRg -2- FFY I e 35 2 R PR (10), UACR 93.2%; 'H NMR (400 MHz, DMSO-dy) d: 10.47 (s, 1H),
7.98~7.89 (m, 5H), 7.40 (dd, J = 3.6, 0.8 Hz, 1H), 6.72 (dd, J = 3.6, 1.6 Hz, 1H), 3.83 (s, 3H).

B &9 2 (1.00 g, 4.08 mmol)5E & A fRTE FEE(50 mL)H, FEUKI FINAZ A LE4(816 mg, 20.41
mmol) & NI R . RN TE ST, I8 28 TR 25 FRE S NN K S8 A A AR, AR I 1M HCL R 2 55
TR . g, WA 2 TS 2110 &4 11 (750 mg, 3.25 mmol, %% 79.5%). 'H NMR (400 MHz, DMSO-d;)
5: 12.93 (s, 1H), 10.36 (s, 1H), 8.38 (t, J = 2.0 Hz, 1H), 8.02~7.98 (m, 1H), 7.95 (d, J = 1.6 Hz, 1H), 7.69~7.65
(m, 1H), 7.46 (t, J=8.0 Hz, 1H), 7.37 (d, J= 3.6 Hz, 1H), 6.71 (dd, J = 3.6, 1.6 Hz, 1H).

HERITIES &) 12~19.

3-(k g -2- P R e ) -2- FR AL R (12), YR 76.6%: 'H NMR (400 MHz, DMSO-dj) d: 12.95 (s, 1H),
9.94 (s, 1H), 7.94~7.92 (m, 1H), 7.65 (dd, J = 7.6, 1.2 Hz, 1H), 7.50~7.42 (m, 1H), 7.34~7.24 (m, 2H), 6.70 (dd,
J=13.6,1.6 Hz, 1H), 2.35 (s, 3H).

3-(WRI-2- FR R AL )-4- FR L K IR (13), YK 80.1%: 'H NMR (400 MHz, DMSO-dj) d: 12.88 (s, 1H),
9.88 (s, 1H), 7.95~7.91 (m, 2H), 7.73 (dd, J = 8.0, 1.6 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 3.2 Hz,
1H), 6.71 (dd, J = 3.6, 1.6 Hz, 1H), 2.29 (s, 3H).

5-(WRIE-2-FR R IE )-2- L IR (14), YK 88.7%: 'H NMR (400 MHz, DMSO-d) d: 12.84 (s, 1H),
10.24 (s, 1H), 8.24 (d, J = 2.4 Hz, 1H), 7.94~7.92 (m, 1H), 7.84 (dd, J = 8.0, 2.4 Hz, 1H), 7.34 (d, J = 3.6 Hz,
1H), 7.26 (d, J = 8.4 Hz, 1H), 6.70 (dd, J = 3.6, 1.6 Hz, 1H), 2.48 (s, 4H).

3-(5-F L R IR -2- R I e 3 ) A R (15), YLK 66.3%; 'H NMR (400 MHz, DMSO-d;) d: 12.94 (s, 1H),
10.17 (s, 1H), 8.36 (t, J= 2.0 Hz, 1H), 8.02-7.98 (m, 1H), 7.67~7.63 (m, 1H), 7.45 (t, J = 8.0 Hz, 1H), 7.27 (d, J
=3.6 Hz, 1H), 6.34~6.32 (m, 1H), 2.39 (s, 3H).

3-(k g -3- P R A3 K R (16), WK 69.4%:; '"H NMR (400 MHz, DMSO-d;) J: 10.11 (s, 1H), 8.40 (s,
1H), 8.31 (s, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.79 (s, 1H), 7.66 (d, J = 7.6 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.01
(s, 1H). .

3-(WEMY-2- FR BRI K R (17), YU 76.8%: 'H NMR (400 MHz, DMSO-dq) d: 12.99 (s, 1H), 10.40 (s,
1H), 8.34 (t, J = 2.0 Hz, 1H), 8.06 (dd, J = 4.0, 1.2 Hz, 1H), 8.02 (dd, J = 8.0, 2.4 Hz, 1H), 7.93~7.84 (m, 1H),
7.74~7.64 (m, 1H), 7.48 (t,J = 8.0 Hz, 1H), 7.24 (dd, J = 5.2, 3.6 Hz, 1H).

3-SR HIEEE R IR(8), U 63.6%: 'H NMR (400 MHz, DMSO-dg) 6: 12.97 (s, 1H), 10.42 (s, 1H),
8.43 (d, J=2.0 Hz, 1H), 8.05~8.03 (m, 1H), 8.01~7.95 (m, 2H), 7.73~7.64 (m, 1H), 7.65~7.43 (m, 4H).
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AT PRg -2- FFY P e 35 ) 26 F R (19), YL 91.4%; "H NMR (400 MHz, DMSO-dg) J: 12.71 (s, 1H), 8.00~7.86
(m, 5H), 7.40 (d, J = 3.6 Hz, 1H), 6.72 (dd, J= 3.6, 1.6 Hz, 1H).

3. ZRE5WiE

AW T LA NasVOs fE NI IR, 22 1 Al 73 &L 2K R AT AEM(2~19)%F SHP2™™ (i) i o4
HAR[29], LIS REN, SHELEYI~8)% SHP2 KIFMHITE 1 I & 55 T & R ER & 1(11~17),
IX ezt LR B, FRILE T H i B (1 vE M A B AR A1 F o TE R B R A B N (LAY 12~14),
VRS TR A 11, XEeZE U, 7RI B NHEE, AR T 6 s e . 8 ek
R BURFE M 45 MR (L &7 15~19), (L& 15 (5 5-HI 3R -2- FEERE), , (L&Y 16 (WRIR-3-F L
JHE) R A 17 (MW -2- FR B ) th (s HE S04 11 (5 k-2 - FR B e )i AL v v, AL &4 18

AR )T SHP2 IS 1 B S T B o T e 45 SR 10 ) R 522 4 1 07 B 28 A X i A0 A5 0 A T il
WM IR . B 11 1 3 A RIR -2- FR RS B e B 4 47 R EIGAY) 19, A% SHP2
MBS — R T . BRI, AT SHP2 A 4k 33 1) 0 i ¥ 14 W S AR T B ek Xt 1
Na;VO;,

Table 1. SHP2"™ inhibitory activities of compounds 2~19
= 1. LAY 2~19 3 SHP2"™ RUHIHIEN

R2
Comp R, R, R; Inhibition® (%)

2 methyl H 3-(furan-2-carboxamido) 20.13+£2.52
3 methyl 2-methyl 3-(furan-2-carboxamido) 1.13+0.93
4 methyl 4-methyl 3-(furan-2-carboxamido) 3.72+0.83
5 methyl 6-methyl 3-(furan-2-carboxamido) -032+143
6 methyl H 3-(5-methylfuran-2-carboxamido) 19.21+£0.43
7 methyl H 3-(furan-3-carboxamido) 10.32 +1.92
8 methyl H 3-(thiophen-2-carboxamido) 6.82+£0.89
9 methyl H 3-(benzamido) 2.54+0.32
10 methyl H 4-(furan-2-carboxamido) 25.63 £1.54
11 H H 3-(furan-2-carboxamido) 41.32+291
12 H 2-methyl 3-(furan-2-carboxamido) 13.43£0.74
13 H 4-methyl 3-(furan-2-carboxamido) 9.23+2.10
14 H 6-methyl 3-(furan-2-carboxamido) 6.12+1.11
15 H H 3-(5-methylfuran-2-carboxamido) 48.51 £ 1.54
16 H H 3-(furan-3-carboxamido) 43.61 £1.51
17 H H 3-(thiophen-2-carboxamido) 39.12+2.41
18 H H 3-(benzamido) 9.23+1.65
19 H H 4-(furan-2-carboxamido) 35.59+0.87

Na;VO;® 90.18 + 0.91

a Values tested at 50 uM concentration; b Positive control.
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4. g

AR SHP2 HI I G5/ 2 FEVE, Wit IFa R 17 18 NEIEIRHRRATAED), Herh 3-(5- 1 LWk

2-FRMEHEH) R R W) 15)R I T — %€ BHE 1, EIEROCR T, 45 RRWIREEXT TiE kA
TR . A, EZE E S NKIZRIAHIRAL DL G5 0 IR AR, XA A W 7 2R — 58 52
ZRAEY D TEA, BHTRTAN, ATUMEEE R BOS T 5 8260 SHP2 #lF5] (7T 4 .
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