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Abstract

In this study, we designed and synthesized a series of novel benzothiazole-salicylic acid derivatives,
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then their optical properties and biological activities were evaluated. Among them, compound Y5
and Y7 showed obvious inhibitory activities against SHP2, which were 32.3 + 2.0 uM and 3.46 * 0.06
M, respectively. Compound Y7 showed good selectivity against other PTPs. In addition, compound
Y7 exhibited excellent fluorescence properties. This study provided a potential pathway for the de-
velopment of SHP2 molecules with fluorescence properties and biological activity.
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1. 5|8

R S 2R R A — P T 0 B R SS B, el B R SRR I (P TK s) R A 1 1 U IR T IR I (P TPs)
P[] BERRAAN 2 BERR AL 2 (R RSP 2 B4, v SECY 2 FAEY) DI RepdEH b, g R, &=
78, KL TS, TSNS R A, R JERE B B S R R R E 2]
[3]. HEEERRBERLES SHP2 B PTPN11 HEH 45, & —MaEZ 4k PTP, W& N o SH2 4514
B(N-SH2 H1 C-SH2), —/M& ML) B 1 K 2 R W R g (PTP) 25 AL S R — N5 2N B R AL R C il
FEEB[4]. T 2 R A PR(E S, 45 PI3K/AKT. RAS/RAF/MEK/ERK F1 RAS/MAPK [5][6]. tt4h,
WFL KL SHP2 Al PD-1 ifiid PD-1/PD-L1 15 ‘5 i@ B L A A0 % R0, IXBGIN 1 7 G Mg 2 b 4
SHP2 #bil el BEME[7]-[9]. WIS, XA ICALATER L EELE Noonan ZEA1iE(NS). Leopard ZRE1E(LS).
AEHE AR A (JMML) . B 20 S Ik EL 40 1 1095 (B-ALL) A & SR A 1) Sl P Ji g vh R 3% 56
FARRAER[10]-[12]. BT SHP2 B)5H5 220 N B0 2 [AAFE B 2 AR DG, DAL SHP2 A5 24 = FEAH
I A 2 5 AT BE S AR MR BE B VR T R &

ARV T I CRE A S 0 R R R US54 0, TE TG FBAT 2R T, I AR
YA RAR 51 2 W R TR A R AE BB [13] [14]. JTAER, &R & RN/ THIT K
Hok, EHENRIRZOSZ TR RIR T UM NE TR RHRMP P ik, FEFE M
ETEHEZL R AT WAL S R R VR T

BATRNATIATE K T A R AIRE SHP1 A HIHIAEVITEERI 201 A, AR HADH S PEALEH ] 26
K, R RE SZ BIRRGI[15]. dbAb, R T E ML EY) B, ‘& HA SHP2 #IfiliE 1, 1Cs AN 2.11
£0.99 uM [16] (E 1), TERCIERE I, FRA14E S0 HAT BARAE VD35 PR 58 et o i) 2 A6 & 0 10 & kA 7
WHFT, I SCERIA A AR EL, LA S AN 2R 5T B AR R G AT AR B T A G 2 AR =l E2
YIS IURRAS T V2 EE ISR . RIS IR R G S PRI A 10 e . e — R R
BRAEYED T, BOvE REATAMEABENTE, (bW, SR, P, PonsE. susmprER s
Rk, A BONA R R 2 B BRAR ISR . ok, ZRIFMEREER B T AR S R, R A SRS &
&R . RN, KMRRATAYIE N T B R B R B (PTPs) A0 il 7104k 2 wh7e[17] [18]. Uk,
TERT AR R RIFERE b, BRATIFR T — REIZEIFEM - KRBT, IRBILEM R, R
REERIE L N ED N (K 2). HAPRENEY YT HARRRTekE, X SHP2P™ B A 8 3% 14
YEFH(ICs0 = 3.46 £ 0.06 uM).
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Figure 1. Molecular structures of benzothiazole derivatives
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Figure 2. General route for the preparation of Y1-Y7
2. Y1-Y7 (U E R & Lk
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2. SEEGER4y

B EEARFNI I, BRI s, — AL B E B H . "H NMR 7 Bruker a VIII
600 MH #% k41X (Bruker, Billerica, MA, USA) Lid3%. L DMSO-ds ("H NMR/C NMR)ff] 2.50/39.52 NI
B, PLE T35 2 —(ppm) WAL HRIE T AGAAIR . S AMRIBOL S FIOE 2 H SHIMADZU 2550 2848 0] W4y
JENFETHIIE « B2 IEJG I 98 6K S 1% £ SHIMADZU RF-6000 7% 64X Fid 5%

2.1. 4EE

PEE 1, BLED) 1-1 (1.0 eq) MIAHMN IEE(1.2 eq)iF T 4B, #AREI 24 h, ¥WA)E, AKFIT
JEATHLAN 1-2, ETORH QR CERZERL, K, WAREKEEE, BT, A BE A Bai g 1-2. 04
AW 12 T HEEH, N 2M LiOH ¥, INFAEIE 2h, FERERIH pH=1, g+, 558 Y1-Y5.

LR 2, LG 2-1 (1.0 eq) MIEE 2-2 (1.2 eq)¥ T DMF H, I TBAB (1.2 eq), M#AFI 1 h, #
HE, WAKPEES Y6.

R 3, BUALA YD 3-1 (1.0 eq) 1 BB AR ER (1.2 eq)i& T 1,4- 48 /NFAF, I PACLP(Ph)3(0.1 eq)-
IR HH(3.0eq), No BEHe=Ik, IFAENR Lh, W5, HOMROBEZER, K, WMEIKEdEk, et o
o B aifh 53] 3-2. Tk, TS 3-2 (1.2 eq). 4 IR-/KHEE(1.0 eq)« PACLP(Ph)3(0.1 eq). IR
(3.0 e IIAE] 1,4- 3, N B#He =ik, 80°C NRM. FFIEMRMNFERSE, HARAEERER, K,
WORI B b KPS, T, WA AR 3-3. L&Y 3-3 (1.0 eq)is T HEEH, ML EIREFI 2-
(2-7R I MEME) 1R £ BR(1.5 eq), Zila M. 2 h, AT G, #IES Y 3-4. €454 3-4 I\ 2M LiOH
W, AR 2 h, FSRERVE pH =1, HhJETHE, 18778 Y7,

2.2. 44 Y1-Y7 59 'H NMR #1 3C NMR

(E)-2-(2-CGEF [dBERE-2-3) Z 45 3 K F R (Y1)

KB 1 4 Y. B8 [ 6GEA. "THNMR (600 MHz, DMSO) & 8.43 (d, J=16.2 Hz, 1H), 8.11 (d, J
=7.9 Hz, 1H), 8.00 (t,J= 7.5 Hz, 2H), 7.92 (d, J = 7.8 Hz, 1H), 7.64 (t, J= 7.6 Hz, 1H), 7.56 - 7.49 (m, 3H), 7.45
(t, J = 7.6 Hz, 1H). 3C NMR (151 MHz, DMSO) & 168.40, 166.50, 153.49, 135.97, 135.68, 134.08, 132.13,
130.63, 130.56, 129.14, 127.26, 126.60, 125.62, 123.79, 122.72, 122.26.

(E)-3-2-(GE I [d)BERE-2-35) Z 15 35 K R (Y2)

KB 1 4 Y2, B8 AMGEA. 'THNMR (600 MHz, DMSO) § 13.17 (s, 1H), 8.28 (d, J = 6.9 Hz,
1H), 8.09 (dd, J = 30.0, 8.0 Hz, 2H), 7.97 (dd, J = 29.1, 8.1 Hz, 2H), 7.82 - 7.67 (m, 2H), 7.55 (dt, J=29.1, 8.0
Hz, 2H), 7.44 (d, J=8.0 Hz, 1H). *C NMR (151 MHz, DMSO) § 167.09, 166.21, 153.43, 136.47, 135.62, 134.22,
131.85, 131.34, 130.06, 129.23, 128.62, 126.57, 125.57, 122.85, 122.64, 122.24.

(E)-4-(2-CEH:[dBEME-2-3E) Z 45 35) K F IR (Y3)

KRB 1 &R Y3, B AEGEA. "THNMR (600 MHz, DMSO) 6 8.12 (d, J = 8.0 Hz, 1H), 7.99 (dd, J
=15.3, 8.0 Hz, 3H), 7.89 (d, J= 8.1 Hz, 2H), 7.74 (d, J = 2.4 Hz, 2H), 7.53 (t,J= 7.6 Hz, 1H), 7.46 (t,J=7.6 Hz,
1H). 3C NMR (151 MHz, DMSO) 6 167.33, 166.10, 153.46, 138.72, 136.36, 134.23, 132.85, 129.76, 127.59,
126.63, 125.66, 123.66, 122.72, 122.26.

(E)-3-Q2-CGEF[d]EM-2-38) Z 45 5 -4- B K HER(Y4)

KL 2 &R Y4, BRI AGREA, 755N 32%. "HNMR (600 MHz, DMSO) § 12.66 (s, 1H), 11.13
(s, 1H), 8.24 (d, J = 2.2 Hz, 1H), 8.09 (d, J= 7.9 Hz, 1H), 7.98 (d, J= 8.0 Hz, 1H), 7.86 - 7.64 (m, 3H), 7.52 (t, J
=7.6 Hz, 1H), 7.43 (t, J= 7.6 Hz, 1H), 7.02 (d, J= 8.2 Hz, 1H). 3C NMR (151 MHz, DMSO) & 167.01, 166.95,
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160.09, 153.52, 134.05, 132.35, 131.98, 130.09, 126.53, 125.38, 122.53, 122.34, 122.18, 122.14, 121.73, 116.10.

(E)-5-Q-(ZE [ BEME-2-35) 7 5 3E)-2- 2 K R (Y 5)

KA 2 & YS. B3 AAE A, 'THNMR (400 MHz, DMSO) 6 8.06 (d, J = 7.3 Hz, 2H), 7.94 (d, J
= 8.0 Hz, 1H), 7.84 (dd, J = 8.6, 2.4 Hz, 1H), 7.61 (d, J = 16.3 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.44 - 7.36 (m,
2H), 6.89 (d, J = 8.6 Hz, 1H). 3C NMR (151 MHz, DMSO) & 170.94, 170.70, 158.35, 153.59, 138.40, 133.77,
131.43, 130.39, 130.37, 127.92, 126.32, 124.96, 123.19, 122.12, 122.00, 117.38. MS (ESI*) m/z calcd. for
C16H12NOsS [M + HJ* 298.05, found 298.00.

(E)-5-2-CGR I [d]MERL-2-5)-2-FE IR B)-2- R B IR R (Y 6)

KR 2 & Y6. 1558 (0f {4 . 'H NMR (400 MHz, DMSO) ¢ 8.68 (d, J = 2.4 Hz, 1H), 8.37 (s,
1H), 8.27 (dd, J = 8.8, 2.5 Hz, 1H), 8.20 - 8.13 (m, 1H), 8.06 (d, /= 8.2 Hz, 1H), 7.61 - 7.54 (m, 1H), 7.53 - 7.47
(m, 1H), 7.17 (d, J= 8.8 Hz, IH). *C NMR (151 MHz, DMSO) § 170.98, 163.68, 152.92, 147.45, 147.29, 136.85,
136.72, 134.19, 133.81, 133.73, 127.02, 126.09, 122.94, 122.37, 118.47, 118.42, 116.40.

5-(3-CRIE[aEm-2-)-2- MR -2H- (A 4-7-50)2- R E R R (Y7)

KR 3 & YT. BRI E AR, 7735 30%. "HNMR (600 MHz, DMSO) § 9.28 (s, 1H), 8.23 -
8.18 (m, 2H), 8.13 (d, /= 8.2 Hz, 1H), 8.10 (d, J= 8.1 Hz, 1H), 8.03 (dd, J = 8.6, 2.4 Hz, 1H), 7.84 (s, 1H), 7.79
(d, J= 8.1 Hz, 1H), 7.59 (t, J= 7.7 Hz, 1H), 7.49 (t, J = 7.5 Hz, 1H), 7.11 (d, J = 8.6 Hz, 1H). *C NMR (151
MHz, DMSO) 6 171.33, 159.93, 159.64, 154.15, 151.99, 146.31, 144.84, 141.78, 135.92, 130.75, 128.79, 126.69,
125.38, 125.37, 122.93, 122.49, 122.26, 118.44, 117.85, 117.34, 113.55, 113.45, 112.82. MS (ESI*) m/z calcd.
for C3H;oNOsS [M-H]™ 414.04, found 413.90.

2.3. {&5p SHP2 FKAHE PTPs 4465

K gl e 384 FLARA SHP2 FAHSE PTPs MUFMEI/E A . faiffsthist, Kk itk & Wi i e
DMSO 1, FHIES R B IHI IR AR, FE i R 6,8- 5 -4- F 3 B i R R (DIFMUP) ) 25
MRk, 76358 RsE SHP2 FIAHE PTPs HIBREYE, 4AJ5 81T EnVision £ FRZMIEELEEAE 355 nm UKk
BAEAT 460 nm K FPEK PP . fELAAEFUN 50 uLy 7 60 mM HEPES. pH 7.2, 75 mM NaCl. 75
mM KCI. 1 mM EDTA. 0.05% Tween-20. 5 mM DTT. 2 nM E§#1 20 pM JEY)(DIFMUP) 2644 T 34T
SHP2 FIA15% PTPs Ml %E. ¥ 10 uL [FALEYIAN 20 pL EEH, 5 E 20 min, RS0 20 pL (R
(DiIFMUP). i i B S .3 7727 i 28 (1 A2 1 X R AE T B IR A W0 Ui, FE 4k & 4 i) 4 s v
HEAT TSR . SRAVA—1k ICso [FIVA MR E, XTRRIA—1k, 3 Hrdisilinm & - R,

3. RS
3.1. EMERR

RAEERLE 1 & 7B B 2R I e K R ATAEN) Y1-Y5. VLZRRIE N, Kb & 1-1 SEACEEH
BT AR IRAR R T BB A 1-2. BATY Y1-Y5 LKA RLEY Y1-YS. 3k, IR
EERLL 2 T ATAEY) Y6. LAY 2-1 FAL &) 2-2 £ TBAB HIMEAL T ELEES R 7L &Y Y6. i),
MR IRLE 3 G T T Y7o 4G 3-1 FEARMEA 25 A T 5 B Aime i Jse B, 8 €0 43 0 45 281 1) v )
e 3-2. AW 3-2 7E46E 1) Suzuki 50 NG RBL, ZEi%5SERIM R4k 3-3. K5, 1k
E103-3 BRI, KRS BRI YT
3.2. FEMEMN

L 6,8- - %-4-F I T B 3 BR i (DIFMUP) N A, X AT & AT A AT is k. e 1 R,
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MALEY) Y1-Y5 (0045 AT UE H, 1b&% Y1-Y4 LW S SHP2 #IHETE, LaY Y2 #IH T
BRI FIR EE YNSRI, MH R AT, U HR R IR
AL (YS), X SHP2 FHLH T B IS PE(ICso = 32.3 £2.0), X Eu4s i B AT AW b (R E 3L 6t 0
il SHP2 M EEAE . JEIEb & Y6 R &4 Y7 [k sl ol AE ok, 7800 F 51 NFIENT
VRTINS TR BURES, WEMEE T RET, AT EY YS KRBURE T 9.3 fi5.
XA S HEE R A ENEYIEIER K.

Table 1. SHP2 inhibitory activities of compounds Y1-Y7
= 1. LAY Y1-Y7 #) SHP2 HIHIEM

Inhibition (%) Structure Comp Inhibition (%

)
at 50 uM ©atsopM G0 (BM)

Structure Comp

COCH

N
©: \>_//_§:> Y1 25.6+2.9 NJGOH Y5  65.1+21 323+2.0
s’ Hoo ©: )
" N CN COOH
@[ \>_//_Q Y2 315+75 @[?—Q\_QOH Y6  13.8+27 -
S

COOH

@EN\ / cooH Y3 52413 @N\ ) v1 934429 3464006

COOH

\

@EN / Y4 47.8+43 NSC-87877 20.95+0.33
S H

FATIEH R TAEY) Y5 A1 YT X SHPL. PTP1B A1 TCPTP Mik#M:. sk 2 pion, L& Y5 Xt
SHP2 )ik #e 2 SHP1 9 1.43 1%, 1h-&% Y7 % SHP2 [k #1445l & SHP1. PTP1B 1 TCPTP ] 1.65
Ty 1.69 5801 2.65 5. (L&Y YT HIEFRMMGEE T EY YS, (B2 EA TR 5 P ATk 5 248+ FH 4 %
I NSC-87877.

Table 2. The ICso values of compound Y5 and Y7 against SHP17™?, SHP2P™", PTP1B and TCPTP
2. LAY Y5 1 Y7 X SHPIP™?, SHP2P™P, PTPIB #1 TCPTP AY ICso {&

1Cs0 (M) 1Cs0 (uUM)
Comp. SHP2/SHP1
SHP1PT? SHP2PTP PTPIB TCPTP
YS 46.2 +1.32 323+20 1.43 >50 >50
Y7 5.71 £0.61 3.46 +£0.06 1.65 5.85+0.05 9.18 £0.15
NSC-87877 20.95+0.33 27.17+4.12 42.34+0.03 53.26 £0.68

WEY) Y5 F1 YT RIHEAF ) SHP2P™ $l g1t Ak — PR A& Y5 #1 Y7 5 SHP2P™ &
A HAE F A% R, 20 BB &4 Y5 A1 YT 55 SHP2P™ 2 [9(PDB code: 305X)BE(T 4> T % 2. B %6,
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X st B R Y7-SHP2P™ £ 41(—8.15 keal/mol) A Eb Y5-SHP2P™ £ 45(—6.7 keal/mol)¥UfE F AR Xt 245
Hhe, RHUWAY YT 5 SHP2PP SR ISR AI DBk, B2 T3k, 200k A Y7-SHP2F™ F1 Y5-SHP2P™ 1) %
WA G150 75 5 A RIYIARSE A R AR o @t 3 AT CUE L &9 YT XHEAE SHP2P™ (3%
PERL pi B, A& YS XTHEAE SHP2PT Ry EIX 38, XRG4 YT FIREEL Y5 A B [ SHP2P™
HHIVER . 546, Y7-SHP2P™ &L T L Y5-SHP2P™ 5S4 LA AR . tb&¥) YT Zrh &
SR HEET 305 GIn506 F1 Asn281 JERK | A A AR, & O 2 8k 55k 5 11e282 F1 Alad61 7
A RAE m-o Al r-fe AR AR, IXATREIE S8 T AGEY) YT 5 SHP2P™ FAH BLAE A o ax 2o Al FLVE F AT e & i
B A YT % SHP2P™P (i vE A &1 Y5 38 5 1) 22 A

—OH
RS
0"
4
Ty !
Int ti
éeé‘z;figlzt:ional Hydrogen Bond E gi—gonor Hydrogen Bond
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A:460
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A S, 5
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A A%k eI A%
3o

Interactions

[ Conventional Hydrogen Bond I Pi-Sigma
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Figure 3. (a), (c) The initial binding mode of ligand Y5, Y7 and SHP2P™” protein. (b), (d) The interactions between ligand Y5,
Y7 and SHP2P™P protein
[ 3. (), (0BCHF Y5, Y75 SHP2P® EEHMFGEASRN. (b), (DEH Y5, Y7 5 SHP2P" &R Z [BIMHEEIER

3.3. M
BAVIEIE T ATEY Y1-YT £ DMSO A1 PBS:DMSO (9: 1) B8 SN UL/ 't 2 St . &l 4 s

I ] 4(a)n] DL HOR, 24238 A BRI (Y1-Y3), PR FE AR ZER K57 1) fe R AT it K e (Y 3:
350nm). Y5 ANFREESE(Y4-YS), SRRSO 4 240 7%4(Y4: 350 nm, Y5: 360 nm). >4 5] N IR HEXL
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BEH R E EEZHE(Y6-YT), BN KA TR, &Y YT M KB K IR T 405
nm. $FK, DLW IR KA B OR K R IR Y1-Y7 (56 R 5. Wil 40 s, A RiEn
WED(Y1-YI) AW H R IER W EY(Y4-YT) BA BRSO RS, XUl 7R T 20 A
HEREEH. Ho, ALEY YT BILE 510 nm A1 640 nm & AN BIE A9 R SR K, X6 T nn BT
TR R S R R I N AT R RS (ICT) . H2E, M5l NRER)S, RIBEART N, XARee
PR FR B AR IL T il o N A, AT | T S 501

NT VG Y1-YT TRV RGP B EN I RE )T, BRATIE 90%MERR #h 2% #h /K (PBS)H il & 1
BT ORI A 4(b) T LB K, 46 &) Y1-YT £E 90% PBS H [ e KW et K32 A # T DMSO
AR . BT E AT LE K, B TiEY Y4, 1bEY Y1-Y3, Y5-Y7 7 90% PBS T Kk
SRR FRITE DMSO HIf R R F K — 8. (B2, FORRMHE FREAER R, XfeeRhts
YITE PBS H IR fEME AN I S 300

1.0 4 1.2
—s—Y1
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Figure 4. Absorption spectra of compounds Y1-Y7 in DMSO (a) and PBS: DMSO (9:1) (b) at room temperature (100 uM).
Emission spectra of compounds compounds Y1-Y7 in DMSO (c¢) and PBS: DMSO (9:1) (d) at room temperature (100 uM)
4. ZBT(100 uM), &4 Y1-Y7 £ DMSO (a)F PBS:DMSO (9:1) (b)) IR LIE. FRT(100 uM), &40
Y1-Y7 7£ DMSO (c)#1 PBS:DMSO (9:1) () HI% 51 ¢itE, F=BT(100 uM)

4. &g
e TR, N T RILEA BRSO BRI A R BRI S A R, BATRH RS
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Tg

RIYVKIFFEEMERTAEY), FEX S SHP2 HHMHIEEROC Y EE BUEAT | VP4 . SRR, Eav) Y7

X} SHP2 R 1 ¢ e (R4 1 (ICs0 = 3.46 + 0.06 uM), X HE PTPs RILH T RIAFHIEFE. 47Xt
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