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Abstract

SHP2 is closely associated with the development of many cancers as a key phosphatase. Highly ac-
tivated SHP2 is one of the important targets for cancer treatment as it increases the incidence of
several cancers, including gastric and breast cancer. In order to find efficient SHP2 inhibitors, in
this work, based on the 1, 2, 4-triazole parent nucleus with potential antitumour activity, ten novel
1, 2, 4-triazole derivatives were designed and completed by chemical synthesis. The structures
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were characterised by NMR hydrogen spectroscopy and evaluated for biological activity, which
laid a certain foundation for the later discovery of SHP2 inhibitors based on the parent nucleus of
1, 2, 4-triazole.
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1.1. SHP2 HyThEE

A2 AT BR A 2 R ER I No. 11 (FiAR: SHP2), BT A5 12 5 4etafk i) PTPNLL J D6 4 i i
FR[1], SHP2 & —FTESh) A P H ik 2k 1) s SRR R B (PTP), TEZE i Fh, SHP2 {9k & R B
BEEFA)— o, E e R L 1) T S R VA I [ 8 428 B 1 R R R R B T T B R AL SR S A R S S e 5,
RAS-MAPK. JAK-STAT. PI3K-AKT. NF-«xB &% £ KRB MG @, MimfEhlgifigiE. ok, T
MBET-5E— R4 i #2[2]. Hahhy bl ke 741 8%k 4 E (W1 GABL-3. FRS-2. IRS1-4 55)5 SHP2
M SH2 Gh Rl b i e 7 siAH FAE T IR0, 75 SHP2 MIRTE P B i 44 G A8 oy e fE A s PE T
AR, FHdE— D TR e MR AT R A, e BUBEAME 5 S R3]

1.2. SHP2 5 ii&g

SHP2 (4wt 5L RI7E PTP SRk i Z e bl I\ e v IR 5L R, SHP2 B 2 PTP S b H A vk — Bl ik S
50 B A [4], AW RE G )T RO, 8K B IEATSS B 45 A 1E(50%) [S1ANE-FmiE R, #RAHL T
SHP2 [ R4 3 B0 i BEWOE ,  miE A SHP2 {45 I 15 e A 7L s 1R R A2 22 1 K [6] [7] [8] [9]
M H, SHP2 5 PD-L1/PD-1 {55 @B AHOC, R4l T 4HMusfb, XA e BRI S e b o7 (138 7748 55
(= 1 pR). BEE, XFT SHP2 /N FHIfil A K, CoA Y TR

IEECRE EHRTS

Figure 1. Activation of SHP2 protein
[ 1. SHP2 EARHIE
13. ZHMATEY

ZRMATEYE TR EY, A EA AN R, BRI R, et A e Fkms
R, )| s T s E LA R, ARG A NLECIAR[10]. B4R, 1,2, 4-=RMATEY T
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Figure 2. Chemical structure of triazole derivatives

2. ZRMITEMM L F S

2. SKhy
2.1 LER 5

AB54-S #% % H TR F-(METTLER TOLEDO); DF-101Z £ # G E IR N HHE F 195 B 3% G4 PH R 22 52 36 A%
WA AT); R-1001 R 78 RAXCE MK F T 57 54 FR A 1) SHK-I #F3A 7K 3 2 F 25 22 (48 M
BERSLIAR R R AR AF): ZF-6 =R A (LilEZ IR A R A F]); AVENCE 111/400 MHZ #%
REHEHRIY(BRUKE, German); —80°CAKIR VKA (SANYO): HEEF B 2% (Thermo Scientific); Envision £ IhfiE
LI BEFR A (Perkin Elmer); AKTA Avant 2 (4 44k A 2% GE A 7).

ZKHER(98%, LHHEMPEARBEARAR); &M, E25ERLHRFERAF); N, N-
TR (i e, BRI EERIA IR A R): SRRl B2 R A F):
FIMBE(ATAL, E LI ERFA R AR KBGO TE, EZAERNERFERAR); 1,4-2
FANHGrtral, EZAERMAFARAR): ShROriral, H2EBERFIERAR): LR EEGr
Mréad, B 255 L R0 PR A | ) SEA (P al, B 258 L 5050 PR A A s S B TRK £2(98%,
GRS R 2GR A BRA F])s DU T 3 IRAL 4 (TBAB) (98%, i HE 7515 25 R4 47 BR A 1) . Tris Base. NaCl.
=R (H ). Tween-20. EDTA. Z&4E. MnCI2 28338 1k 24855 R H P2 o Hrafi ik (AR %), —Fih
(DT A i T AR AR, I DMSO (4r#r4al, [E 2547kl BRA ).

2.2. &Y a-j HEREE

10 g (L AR H R 1a (82 mmol) I E 100 ml FEJEFEMEH, A 40 mL =& H ke fl 8.0 mL &1L
TEAR(100 mmol), ZEME A N, N-—F 3L FEEfE (DMF) 4 %, IIERER, KM SESEE, RN E 7%
R G EAERT — R R HR (250 mL), DA Z B TmRER £5(13.6 g, 100 mmol), A 1, 4- —4%(7S#(100 mL)
ViR, EEVOKI F R 5 min, RSV IEERS . BN TBAB (1.6 g, 5 mmol) &4, 48
JE e AR I AL S Y ZE S 1b (7.03 g, 50 mmol), BT =i FkE, RIS 12 h, N SEEE
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Je, A e 2R AX R VR o KB R AR VA TK(75 mL), IR TR ST, H NaOH 7KW pH
212, 4 HEE AT TS S 2 E ) 2-28 F B E-1- F K 1c (7.93 g, 89.1%) - BRI EC e (250 mL)
I 7.93 g 117 1c, M\ 50 mL /KR, JCE 100 CB A FEd® . N 58 B Ja A K& G E AT
e TR S SR P Y 5-2K 3E-4H-1, 2, 4- =% M:-3-% a (7.05 g, 98.9%).

WA b-j WM& BT S W EY) a HIFE(nE 3).

H
HN_ N-NH,

o N
o \m H N-
DMF H H2CO3 0 S—NH
R-COOH 4 i rRococl  _ NHTEPs o N__NH,  Hp0,100°C I O—NH,
a->al oo RTON \'Ll( —_ R)\N
T H H
B
A
la-10a 1b-10b B 1c-10c aj

Figure 3. The synthetic route of compound a-j

3. EM aj A ARERE

2.3. WAMINEHTRAE

RIERE

5- K HE-4H-1, 2, 4- = FME-3-ik(a): A, Y. 98.9%. 1H NMR (400 MHz, DMSO-d6) §: 12.09
(s, 1H), 7.88 (dd, J = 8.4, 1.2 Hz, 2H), 7.40 (t, J = 7.2 Hz, 2H), 7.33 (t, J = 7.2 Hz, 1H), 5.94 (s, 2H).

5-(3-MEmE JE)-4H-1, 2, 4- = ZME-3-i%(b): H B fiElAk, W2 h: 94.5%. 1H NMR (400 MHz, DMSO-d6) §:
12.18 (s, 1H,), 9.04 (s, 1H), 8.53 (d, J = 4.4 Hz, 1H), 8.17 (d, J = 8.0 Hz, 1H), 7.42 (dd, J = 4.8, 2.8 Hz, 1H),
6.14 (s, 2H).

5-(2-MRMEJE)-4H-1, 2, 4- = ME-3-i%(c): AL Ealflfg, Y AN: 95.6%. 1H NMR (400 MHz, DMSO-d6) §:
12.05 (s, 1H), 7.67 (s, 1H), 6.67 (d, J = 3.2 Hz, 1H), 6.53 (dd, J = 2.8, 1.6 Hz, 1H), 6.04 (s, 2H).

5-(2, 3- SR IE)-4H-1, 2, 4- = Me-3- i (d) : £ ElE A, 1% : 98.1%. 1H NMR (400 MHz, DMSO-d6)
8:12.24 (s, 1H), 7.75 (d, ] = 8.0 Hz, 1H), 7.64 (d, ] = 7.6 Hz, 1H), 7.39 (t, ] = 8.0 Hz, 1H), 6.11 (s, 2H).

5-(3-HH LA TL)-4H-1, 2, 4- = Me-3-JiZ (e): ¥ (fEl {4, W Jy: 95.3%. 1H NMR (400 MHz, DMSO-d6)
8:12.29 (s, 1H), 8.63 (t,J = 2.0 Hz, 1H), 8.28 (m, J = 8.0, 1.2 Hz, 1H), 8.19 (m, J = 8.4, 2.0 Hz, 1H), 7.71 (t, J =
8.0 Hz, 1H), 6.20 (s, 2H).

5-([A] R JE)-4H-1, 2, 4- = M-3-Jlz (). st fE Ak, W3 A: 70.2%. 1H NMR (400 MHz, DMSO-d6) &:
11.99 (s, 1H), 7.71 (s, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.26 (t, J = 7.2 Hz, 1H), 7.13 (d, J = 7.2 Hz, 1H), 5.99 (s,
2H), 2.33 (s, 3H)-

5-(3- AR HE)-4H-1, 2, 4- =28 ME-3-Jl%(g) - 21l 44, WL ZEh: 97.8%. 1H NMR (400 MHz, DMSO-d6)
8: 12.08 (s, 1H), 7.52 -7.43 (m, 1H), 7.42 (m, 1H), 7.30 (t, J = 8.0 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 5.93 (s,

DOI: 10.12677/hjmce.2024.122016 143 i


https://doi.org/10.12677/hjmce.2024.122016

’ Eijﬁ

2H), 3.78 (t, J = 1.6 Hz, 3H).
5-(3-F AR IE)-4H-1, 2, 4- = ME-3-i(h): A, W h: 97.7%. 1H NMR (400 MHz, DMSO-d6) §:
7.93~7.73 (m, 2H), 7.40 (m, 2H), 6.06 (s, 2H).
5-(3-1RAIE)-4H-1, 2, 4- = ME-3- i (i): AL ElEA, WA 97.7%. 1H NMR (400 MHz, DMSO-d6) &:
12.15 (s, 1H), 7.99 (s, 1H), 7.93~7.77 (m, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.36 (t, J = 8.0 Hz, 1H), 6.10 (s, 2H).
5-(4-JRRFE)-4H-1, 2, 4- = ME-3-%(j): A, 13 A: 95.2%. 1H NMR (400 MHz, DMSO-d6) &:
12.11 (s, 1H), 7.98~7.71 (m, 2H), 7.58 (d, J = 8.4 Hz, 2H), 6.07 (s, 2H)-

2.4. WAMREDEETN

N K E R E 7w ERE GST-SHP2 A, &t GSH-Sepharose EA1Z #7455 15 244k 1
GST-SHP2 [ . i 52403 W B A IS S B B R R Y SHP2 5 Rl % 201 GST-SHP2 5 AH LI B 2= K51
R R R 3208 R 4Gi ik GST-SHP2 fifbaifyts, DL GST @& E b AET LiE, MRWES
GSH-sRAIkE4lifk, IRTGFRG 8 F3ET GST-SHP2 il 751 )i 1 57 ik

XA AR RN 10 A 1, 2, 4-=FMSRAT AT RSN SHP2 73 g T vPAY, B KB 8 R4t fE R
ik GST-SHP2 Al & M, wGJEYI N DIFUMP, ff 384 FLE LIk (OptiPlate-384, Perkin Elmer) =4 il
FEEEPE, SEIN SHP2 B (24K N 2 nM) 20 uL, Fidt SHP2 HH %65 10 pl #ll LA PI7E 25°C %A T
JLHEE 15 min, JEIIAJEY) DIFMUP, ZKFE(10 uM) 20 pL 246 N, [ itk R4&AKF A 50 uL, DMSO
[1% (vIV)], 13 F B bR A (Envision) &I R 55 340/450 nM JEIE (S 58, 8 TH 515 30 S AT FE .
IINB R L, 2, A-=FMERATAEY), SO0 B AR S LS VAR AL, 1T 75 BAS R A Prxt
o B I H R O o

3. /R5WiE
3.1 HAEMEMFEEMESR

Tablel. Compound biological activity results

# 1 HAYEETER

Compound name it SHP2"™ Inhibition Rate% (50 pM)
H—NH
la (j/L >\ 2 6.54 + 1.58
N- N
I D>—NH
2b NTX >\ 2 27.37 +1.07
I P4
N-N
A\
3 o M P—NH, 5.19 + 0.94
\ [ "
cl N-N
I D—NH
4d C'\(j/LH% 2 5.02 + 2.69
N’N

I D>—NH
5e OZNO/‘\H% 2 44.61 +5.43
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Bk

6f —1.67 +4.57

79 ~ N 1.29+1.12

gh cl 2.85 + 1.48

480+2.14

10g N —1.90 +0.49

3.2. WAMEMEELERSH

T LICR T 1, 2, 4-=5AT A% SHP2 B E e, 7 8 MEG TR R AR, £1X 8
MeEwt, BATKI, SINGHBTFRENEYRT SHP2 IHIHIETEREAR; 1719 AW T SHP-2PTP
AR 2 B LR AR, AR AL I NBREE S, L&) Be X SHP2 HIMHIE R 08 SIAKRIE TG,
&Y 4d, 8h, 9i, 10g X SHP2 HUFNHIE PE S, XA REP VAHZE o ik )i & B 1K, 55 SHP2 J& TEAL
RIXIE R S 4. AL &Y, e AU AL &4 2b LERRIR AL &4 3¢ (K]
SR - R (1 PP R e Y R/ OF 1k Py 5/ (A8

4, &Eig

AN SHP2 IR I Z A, Bt &R T 10 A 1, 2, 4- =5 AT AN, I RTHBHRE
TR HEAT 7 RAL, JFX AT AEE LRV, AR TR W], SRR LSRR T I SN A AT
BRI, TR AL &7 A — B R . X2 — A B ) SHP2 /Ny TALEW), 12344k
EWrTEA, TN, NI SEEENE R BOT R 2 1K) SHP2 #ii s (i 1 B 2 2kAit .
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