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Abstract

Protein tyrosine phosphatase 2 (SHP2) plays a key role in several signaling pathways such as RAS/MAPK
and PI3K/AKT. As an important anti-tumor target, its abnormal expression is associated with the de-
velopment of various tumors. Based on the antitumor activity of quinolone compounds and the
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characteristics of the SHP2 allosteric pocket, this work designed and synthesized a series of novel 2-
quinolone derivatives, followed by structural characterization and bioactivity evaluation. Among these,
the binding mode between the allosteric site of protein SHP2 and representative compound 8b was
investigated by molecular docking. This work provides lead compounds and theoretical foundations
for the subsequent development of 2-quinolone-based allosteric inhibitors of SHP2.
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1. 51§

SHP2 /&1 PTPN11 B ZwAdfAE52 A8 AR QIR RN, © B &M Src [FIH 2 (SH2)Z5 K I(N-
SH2 fl C-SH2). —AMEALEFIRPTP)FI—A C 3 BFB(E 1) [1]. EIRVETERA T, N-SH2 4kt
5 PTP Z5H9HI EAE A, s ARG VE R Ly, A8 SHP2 AbT B 3MHPIRES, BRI AT R 4
AR 2] 2440 32 31 A K R 7 B4 i R SR0nT , N-SH2 25 Mk 5 L 345 5 2R A I BERR 1L Bk 2R (p Tyr)
PrssgsEE, fEBEME, MG SHP2 FVETE[3]. &R SHP2 BT E AL Tt 59 F U GAB.
IRS %), IEfif¥ RAS/MAPK %5(5 5ilis, drimssmgiifisbis. HM54E. SHP2 EAidRiEs
Noonan ZEA1E LR EAZANM (9 M09 DS E . FURRIE . 15 55 22 B SRR 1Y) R A2 R R B DIIAH 9K [4]
DRk, 4] SHP2 35 M AT G 200067 IX S5 o 44800 SHP2 HIHI 771K 22 48 [a) Hof Ak A A, (BT PTP %
TAEAGAT B B = AR M ELUs IR L, RS A A B 22 . RIS B PEAR SR 1) (5], T4
Kk, WEFEERIALT PTP 45M3k5 N-SH2/C-SH2 S5 H3IA8 SAb 1) — A Bk AR 4, RIFR mik st
SHP2 $M 75 14 RhL 6], O 2N HHIF) (W SHP099. TNO155. RMC-4630 25 )ik NI FRAE 7B
B, BRUE TSR T AT [ 7]-[9]0 SR, I A RLFH A A7 A 6t B 24 Ve s RO, DR AR 2R B 370
0B BRI SHP2 AR F 41 77 LA 8 R 2% 5 SCRIE PRANMA

C-SH2 domain

Figure 1. The structure of protein SHP2 (PDB ID: SEHR)
[ 1. SHP2 ZEA#/Y%454(PDB ID: SEHR)
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2-ME i REEM T RGN, L5 T, BA RIFIAYMLZEER[10]. UL 2-ME
BN EHZ L SR « DU PRSI B RILH R I AEYIEE[11]-[14]. ETUMIR T, Hik
2-ME VBT A2 ) COBAROE AR I ) S04 SRR BRI RIS 15] [16]. Bk, AT 2-ME v
— WD SHP2 SR 4L, X AT & BT AEAL, A BRI PR 7 3 AL 77

AHFFELL 2-WE T A BEAZ MR FU RS 21, 38 1d Sonogashira RIS BRSO AR AR I B, A AR T 25
12 MEETIHI 73T B3] 2) o IR SN AT SE 36 R G VPO B AL S VIR E VST, WP RHE &)
IR RBOR R (SAR), FEIEEUR AL G WHEAT 70 F XD T« AN TR N J5 ST T 2 SHP2 41| 7142 it

= N
Fe M EY) SRR IR .
R R R
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Figure 2. The design strategy of 2-quinolone compounds

2. 2-REIABR AL S YIRDIR T IR

2. MR EA*
2.1. (LEE5IXF

AT T A F (0 4 2R 2 o B S HoR A ratisli Ak 224t B sk &9 I REER 20 ('H NMR)
Lk (13C NMR) AT & 52 AVIIL 600 MHz AZRESARAXIE ,,  PLTARZ HEA(DMSO-d6) () 2.50 15 5 ('H
NMR)A1 39.50 {5 5(13C NMR) N bR. i (MS) 8 i1 224846 1260 Infinity TT 7857 556 F G 5E

2.2. &Y 5a~8c AR

B 2 I AR E R (LAY 1) (5 g, 25.13 mmol) FIAHIE 2. Z.HE(10 g, 75.19 mmol) i Z. /R 57K (1:1,
50 mL)VARE T 70°C i o B R RS o 2 i (TLC) Ml [ SRR o [ B SE G, ¥ I S
ANVKAKH, B, s, ST R E O EEREEY 2(5.18 g, WLE 77%). #:3E, UL THF
(15 ml)¥EBONTE T, ¥4 59 2 (1.2 g, 4.48 mmol)- L& 3a (0.55 g, 5.39 mmol)~ Cul (0.034 g, 0.18 mmol)~
Pd(PPhs3)>C12(0.063 g, 0.09 mmol)Al TEA (3 m)MKZIMARN+ . Ny B 3 K5, ¥R ET 70°CHs
B AR S 2 he TLC MM BITERUE, BEZABRZVER, S Kaifu5EmalEi a4 4a (1.07 g, 12
2 82%). LAY 4b Fl de HIE BT ESEY) 4a AHIF( 3).

HEEY) 4a (0.8 g, 2.76 mmol). R Z.H5(0.5 g, 3.01 mmol)F1 KoCOs (1.14 g, 8.26 mmol)f) DMF
W T =R R S h, TLC WP, RM5ERUE, FKEG x 50 mldes, 4G4 Kaifl 515 Gl
&, 2.3k 2-(3-THFE-2- 5 AR -7-(COF L bR FE) WEIR- 1 (2H)- %) Z R B (5a) (0.91 g, UK 88%). 'HNMR (600 MHz,
DMSO-ds) 6 9.10 (s, 1H), 8.08 (d, J=8.4 Hz, 1H), 7.91 (s, 1H), 7.64 (dd, J=6.3,2.7 Hz, 2H), 7.60 (d, J=
8.4 Hz, 1H), 7.50~7.48 (m, 3H), 5.22 (s, 2H), 4.20 (q,J=7.2 Hz, 2H), 124 (t,J=7.2 Hz, 3H), 3C NMR
(151 MHz, DMSO-ds) 0 168.17, 154.13, 153.84, 147.70, 140.81, 137.79, 132.14, 129.43, 126.87, 121.90,
118.33, 61.89, 45.31, 14.50; MS(ESI): m/zcalcd for C2;HisN,Os [M+H]"377.1, found377.1. &%) 5b
S BIE BOTES G Sa MIF (E 3).

L 2-(7-((4- AR LRI ) £ R )-3- il 25 -2- S AR - 1 (2H)-25) SRR (Sb), Ll ik, YR 82%:;
'H NMR (600 MHz, DMSO-ds) §9.07 (s, 1H), 8.04(d,J=8.4Hz, 1H), 7.84(s, 1H), 7.58(d,J=9.0 Hz, 2H),

DOI: 10.12677/hjmce.2026.141009 91 251k


https://doi.org/10.12677/hjmce.2026.141009

AT

7.57~7.55 (m, 1H), 7.04 (d,J=9.0 Hz, 2H), 5.21(s,2H), 4.21(q,J=7.2Hz, 2H), 3.82(s,3H), 1.25(t,J=
7.2Hz,3H); *CNMR (151 MHz, DMSO-ds) 5 168.17, 160.70, 154.14, 140.88, 139.37, 137.88, 133.87,
132.48, 129.28, 126.72, 117.93, 117.03, 115.09, 113.75, 94.70, 88.27, 61.89, 55.85, 45.27, 14.50;
MS (ESI): m/z caled for CooH sN,06 [M+H]* 407.1, found 407.3.

L3 2-(T-((4-FA AL ) L BRI -3- il 2L -2- AR HEIBE- 1 (2H) - 3 LR T (Se), 5 e [E A, % 78%; 'HNMR
(600 MHz, DMSO-ds) § 9.07 (s, 1H), 8.06 (d,J=8.4Hz, 1H), 7.89 (s, IH), 7.71~7.69 (m, 2H), 7.59 (dd,J=
8.4,1.1Hz, 1H), 7.36~7.33 (m,2H), 5.22(s,2H), 4.21(t,J=7.2Hz, 2H), 1.25(t,J=7.2Hz, 3H); 3CNMR
(151 MHz, DMSO-ds) 0 168.15, 163.80, 162.16, 154.11, 139.62, 137.78, 134.63, 134.57, 132.53, 128.59,
126.81, 118.29, 117.36, 116.83, 116.68, 93.01, 89.03, 61.91, 45.29, 14.50; MS (ESI): m/z calcd for
C21HisFN,0s [M+H]" 395.1, found 395.2.

F NaOH (0.09 g, 2.25 mmol)[FI7K (2 ml)¥ERAE VK A & 4LA40 5a (0.2 g, 0.53 mmol) ] H (4
m)ER T, RN 8h, TLC MM HERE . R TERE, TEZERR R, el iR T K (50
mL), RS, F NaHCO; KA pH 2 10, Hri[EK, Shif k5 /A e, 2-(3-mdk-2-54K-
7-(FK LRI IHR- 1 (2H)-35) Z.12(6a) (0.16 g, WK 86%).

'H NMR (600 MHz, DMSO-ds) 6 13.38 (s, 1H), 9.06 (s, IH), 8.05(d,J=7.8 Hz, 1H), 7.85(s, 1H), 7.64
(s,2H), 7.58 (d,J=7.8 Hz, 1H), 7.49 (s, 3H), 5.15(s,2H); *CNMR (151 MHz, DMSO-ds) § 169.43, 140.84,
139.77, 137.52, 132.45, 132.17, 130.11, 129.40, 128.59, 126.73, 118.34, 117.29, 89.28, 45.17; MS
(ESI): m/z caled for CioH2N,Os [M+H]* 349.0, found 349.0. 1b&47 6b Al 6¢ )& B 715 54L& 6a A
EERE

2-(7-((4- A I TR IE) 2 b Ik )-3- it - 2- AR B - 1 2H)-FE) 2 /R (6b), B (A 1A, Y% 90%; 'HNMR
(600 MHz, DMSO-de) § 13.34 (s, 1H), 9.05 (s, 1H), 8.03 (d,J=8.4Hz, 1H), 7.79 (s, IH), 7.60~7.58 (m, 2H),
7.55 (dd, J=8.4, 1.1 Hz, 1H), 7.05~7.03 (m, 2H), 5.14 (s, 2H), 3.82 (s, 3H); '*C NMR (151 MHz, DMSO-
ds) 0 169.45, 160.70, 139.53, 137.62, 133.90, 132.41, 129.17, 126.59, 117.95, 116.99, 115.07, 113.77,
94.65, 55.85, 55.39; MS (ESI): m/z caled for CaoH1aN2Og [M+H]" 379.1, found 379.3.

2-(7-((4-5 K I ) 2 FE)-3- il - 2- S AR MR- 1 QH)-35%) 212 (6¢), P44, Y% 88%; 'H NMR (600
MHz, DMSO-de) 6 13.36 (s, 1H), 9.06 (s, 1H), 8.05 (d,J=28.2 Hz, 1H), 7.85 (s, 1H), 7.73~7.70 (m, 2H),
7.59~7.57 (m, 1H), 7.34(t,J=8.8 Hz,2H), 5.14(s,2H); “*CNMR (151 MHz, DMSO-ds) § 163.78, 162.14,
154.07, 140.81, 139.76, 137.49, 134.65, 134.59, 132.43, 128.46, 126.66, 118.31, 117.30, 116.79, 116.64,
92.95, 89.04, 49.06, 45.16; MS (ESI): m/z calcd for CioH; FN,Os [M+H]" 367.1, found 367.1.

HALEY) 5a (0.4 g, 1.06 mmol)Fl NH,CI (0.56 g, 10.57 mmol)i& T Z.8E 57K (1:1, 6 mlyiEw+, &L T+
W2 90°C, IR 30 min. BEJE A s S H IINEERT (0.4 g, 1.06 mmol), ZE4ETE 90°C I FE T [\l s M
2 h. TLC MM N 5EfG, RHREIE, H LR CERG x 50 m)AHL, AU GOk, £ 2-
(3-F FE-2-FAR-7-CF ik k-1 (2H)- 3 2. FR iR (7a) (0.32 g, WK 87%). "HNMR (600 MHz, DMSO-ds)
57.56 (dd, J=17.8, 1.7 Hz, 2H), 7.52(d,J=1.8 Hz, 1H), 7.48 (d,J= 8.4 Hz, 1H), 7.46~7.41 (m, 3H), 7.31
(dd, J =82, 1.5 Hz, 1H), 6.83 (s, IH), 5.81 (s, 2H), 5.18 (s, 2H), 4.19 (q,J=7.2 Hz, 2H), 124 (t,J=72
Hz, 3H); 3C NMR (151 MHz, DMSO-ds) 6 168.78, 158.24, 138.07, 133.03, 131.72, 129.25, 129.13, 125.99,
125.93, 123.60, 122,92, 118.02, 117.17, 106.49, 90.68, 89.78, 61.54, 44.80, 14.54; MS (ESI): m/z
caled for Co1H sN>O3 [M+H]* 347.1, found 347.1. L&) 7b Al 7e MG 7540690 Ta HF( 3).

03 2-(B-BFE-T-((4- LRI R ) - 2- S AR MR- 1 (2H)-55) 4R IS (Th), B AR, ISR 85%;
'H NMR (600 MHz, DMSO-de)  7.51~7.48 (m, 2H), 7.48 (s, 1H), 7.46(d,J=8.4Hz, 1H), 7.28 (dd, /=738,
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1.2 Hz, 1H), 7.01~6.98 (m, 2H), 6.82 (s, 1H), 5.77 (s, 2H), 5.17 (s, 2H), 4.19 (q,J="7.2 Hz, 2H), 3.80 (s,
3H), 1.24(t,J=7.2Hz, 3H); 'CNMR (151 MHz, DMSO-ds) 5 168.80, 159.94, 137.91, 133.31, 133.08,
125.92, 125.86, 123.28, 118.55, 116.93, 114.90, 106.60, 89.95, 89.26, 61.53, 55.76, 44.78, 14.55;
MS (ESI): m/z caled for C22Hz0N,04 [M+H]* 377.1, found 377.3.

LI 2-(3-FIE-T-((4- IR L) L HIE)-2- AR ME I - 1 (2H) - 38 Z R (T¢), B EAlE A, I 95%; 'HNMR
(600 MHz, DMSO-ds) § 7.63~7.60 (m, 2H), 7.52 (s, 1H), 7.48 (d,J=8.4 Hz, 1H), 7.31~7.27 (m, 3H), 6.83
(s, 1H), 5.81 (s, 2H), 5.17 (s, 2H), 4.19 (q, J=7.2 Hz, 2H), 1.24 (t,J=7.2 Hz, 3H); 3C NMR (151 MHz,
DMSO-ds) 5 168.76, 161.58, 158.24, 134.06, 134.01, 133.02, 125.93, 123.63, 119.41, 117.89, 117.16,
116.59, 116.44, 106.47, 88.72, 61.54, 44.79, 40.40, 14.54; MS (ESI): m/z calcd for C;H7FN,O3 [M+H]*
365.1, found 365.1.

&%) 8a. 8b Fil 8¢ S5LAY) 6a KSR & LA 3).

=
3a:R=H
NO, R 3b: R=0Me

3c:R=F

o~
Suget Sl '
Br NH, Br ” [0} Cul, TEA, THF, Pd(PPhj3),Cl, R

ACOH/H,0
1 2

Br/\ﬂ/o\/

- o .
K DMF, rt
2C0, DMF, 1t

NaOH
MeOH/H,0=2:1

Figure 3. The synthesis routes of compounds 5a~8c

& 3. k&4 5a~8c IS A %%

2-(3-FFE-2-5AR-T-CRK LI IR -1 (2H)-25) 2. R (8a), T4, E 95%; 'H NMR (600 MHz,
DMSO-de) 6 7.59~7.57 (m, 2H), 7.51(d,J=8.2 Hz, 1H), 7.49 (s, 1H), 7.46~7.42 (m, 3H), 7.32(dd,.J= 8.0,
1.3 Hz, 1H), 6.93 (s, 1H), 5.11(s,4H); 3CNMR (151 MHz, DMSO-ds) 6 170.05, 15821, 133.47, 131.78,
129.26, 129.18, 12621, 125.95, 123.26, 122.87, 118.48, 117.23, 90.60, 44.66; MS (ESI): m/z caled
for C1oH14N,03 [M+H]* 319.1, found 319.1.

2-(3-G Ik -7-((4- A IE TR IE) 2 I )-2- AR B - 1 2H)-FE) 2 BR(8b), AR, W& 57%; '"HNMR
(600 MHz, DMSO-ds) 6 7.53~7.49 (m, 2H), 7.47 (d,J= 8.1 Hz, 1H), 7.43 (s, 1H), 7.28 (dd, J=8.0, 1.2 Hz,
1H), 7.02~6.97 (m,2H), 6.87(s, 1H), 5.10(s,2H), 3.80(s,3H), 3.68(s,2H); *CNMR (151 MHz, DMSO-
ds) 5170.09, 159.96, 158.23, 137.44, 133.35, 133.31, 126.03, 125.78, 123.07, 116.94, 114.89, 11481,
107.42, 90.05, 44.62; MS (ESI): m/z calcd for CooHi¢N2O4 [M+H]" 349.1, found 349.3.

2-(3-FIE-T-((4-F R IE) 2 I )-2- S AR MR- 1 2H)-38) 1R (8¢), Tl 44, Y& 94%; 'H NMR (600
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MHz, DMSO-ds) 6 13.13 (s, 1H), 7.65~7.62 (m, 2H), 7.48~7.46 (m, 2H), 7.31~7.27 (m, 3H), 6.82 (s, IH),
5.80 (s, 2H), 5.09 (s, 2H); '>C NMR (151 MHz, DMSO-d¢) 6 169.41, 154.09, 140.82, 139.78, 137.52,
134.66, 134.61, 132.46, 128.48, 126.68, 118.33, 117.32, 116.81, 116.66, 92.97, 55.39, 45.15; MS (ESI):
m/z caled for CoH sFN2Os [M+H]" 337.1, found 337.1.

2.3. SHP2 IR

K HIEG (o0 6 ) 2-nE i 2R A 57 Sa~8¢ #EAT SHP2PTP BIHIEVE I E . A< 5E58 LA DIFMUP
NTICIRY, FEAE 384 FURCPASIIERE . 1568 SHP2P™ 25 ((ZIRE N 2 nM) S & E T8 1%
DMSO MG )T 25 CHLI#E 15 min, BE/E I DIFMUP JEY. N =AE 158615 5 il it Envision
% T RSB AR AL R %K 340 nm AR SHE K 450 nm (5EE A, RN ALEE . BEE I TS
SR 2-MEE T R RAT A A, s P R IR BE A R S A A 06T SHP2PTP (R i

2.4. PFIHERR

F Schrodinger % SHP2 25 A MIBCAAHEAT FALFL . 326 VR A RA 2 T AP O B8 720 A
x 20 A x 20 A). XTEER AR RS B A HERASE. DR RMEXT 7 0 SHP2 & H SRk T
HATXEE, R Schrodinger AR AT —F IS5 GRS, IRBUR A ST 45 BT o

3. ER571e
3.1. SHP2 JNHIFEME M

Table 1. Inhibitory activity of compounds 5a~8¢ against SHP2PTP
= 1. (L&Y Sa~8c 3f SHP2P™ Nl 5E M

Comp. R! R? R3 Inhibition Rate% (50 pM)
5a H -NO: -CH2COOEt 8.23+2.04
5b -OMe -NO: -CH2COOEt 6.59 + 10.66
5c F -NO: -CH2COOEt 9.44 £3.82
6a H -NO: -CH,COOH 14.93 + 3.50
6b -OMe -NO: -CH,COOH 14.30 £ 10.37
6¢ F -NO: -CH,COOH 21.47 +2.49
7a H -NH: -CH2COOEt 7.68 £5.23
) -OMe -NH: -CH2COOEt 15.18 £ 0.78
7e F -NH: -CH2COOEt 2.67 +8.04
8a H -NH: -CH,COOH 20.05 + 1.24
8b -OMe -NH: -CH,COOH 42.02 +0.45
8¢ F -NH: -CH,COOH 15.29 + 1.65

DOI: 10.12677/hjmce.2026.141009 94 251k


https://doi.org/10.12677/hjmce.2026.141009

KA

2-WEVERSRATEY) Sa~8e X SHP2P™ HUAMEIEPEAN A 1 fr. 45 REH], RIRFEM S P(6a~6¢, 8a~8c¢)
PR 1 L v S S8 PR R 2R A B ) (Sa~5e, Ta~Te), X VT RESE TR IRIL AIFE A 38 pH 2644 T RS
BRI, E55EATERBERIAHLAEN . tih, ZEEBCHIL G YI(Ta~8e) Bl B KL &4
(Sa~6¢)iF VEMS A IR TF . A HRAGZ, R HUACEE 1 HL 1 RN PR RS A A F o 24 R? VAL (Sa~6¢),
RN BTG TESR T, % r TR NI R R T R? VIR (Ta~8¢), R' N4 THEEVEE &, M
W R S AR B o T ERATIAREIN R A SR P R B AR 2 5 LA SR B PR TR B P R T RE
WV R AL ) BT 2 AT, BETT RS R S 45 5 DRI AR AR, A2 DL L 2-Mein R SRAT A b,
E1) 8b I AR AN TS P 2% = 42.02% £ 0.45%), KIGEPAL A 8b HEATHIE 47 AE AL
W

3.2. SF R

WIS R PR ARG Y 8b 5 SHP2 EEEIEAIERNLG]. WHEERERUAEY 8b A TE
SHP2 & AR fU(E] 4(A)), F H A EARMINT 44T 53(—-6.572), WIRERZ SHP2 AR HIHIFR . # T
K, X&) 8b 5 SHP2 & H /7 A MAH AR SRR .t 4B)Fs, &%) 8b 5 SHP2 HHH ™
AT IS AMMEAER. EWZ BTN R, HEY 8b MR 25 SHP2 M4 T 2 ANEEAH
ER, BT rS5EANEE. I, EY 8b M ALES SHP2 & A1) GLU249 A PHE113 JERL 1
WEBAMAHEAER, 5 HIS114 BT a-ledEMBAER . XA EAE - FITER, AR T 5 E9
8b 5 SHP2 B A MIEA ), HHA e e SHP2 A MA KA A, LUEAT 5 5R A0S 1 .

(A) (B)

HIS
C-SH2 domain Lx e

/i
\

Interactions

D Attractive Charge D Pi-Cation
QU / - Conventional Hydrogen Bond D Pi-Pi Stacked
N-SH2 domain\J :I Carbon Hydrogen Bond |:] Pi-Alkyl

Figure 4. (A) Molecular docking results of compound 8b with protein SHP2 (PDB ID: SEHR). (B) Interactions between
compound 8b and protein SHP2 (PDB ID: SEHR)

4.(A)L A4 8b 5 SHP2 ZEH(PDB ID: SEHR)MIS FRI1ZELER. (B)LE4 8b 5 SHP2 Z2H(PDB ID: SEHR)Z [E]AY
HEER

4. it
ARG T — R 2-WE R KA AR, JFT SHP2P™ & (M yE P 7T . ik 54 8b Xt
SHP2P™ R 5 H AR B 3R (42.02% £ 0.45%) 0 43 T3 HA R BIL &4 8b AEUE4E & 78 SHP2 RIS 4 I
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