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2 1H-EF[d]PRm sl 1 H-ZFE[d][1,2,3]| = RO FT BY E /RER T AE R0
&K% PTP1B $&IE MR

ff #* B W wafsc  F #E* IEmE
(HEII KRR SEFE 133002)
O ERFEBE KRN AR AT K3 130000)
R ERERE LY B ATES L B 201203)

WE EAMZREIRN 1B (PTPIB)/E AR R A =5 51 SE M 7875 H 7, PTP1B #1716 A A NEST IT
RO PRI F AR RERE (L 254, N T S RAERRZE PTPIB M5, il &M T —RFIE 1H-ZIF AR MR, 1H-259F
[d][1,2,3]= P2 /R4 S8, FERHE & #AT T PTPIB #IHIEIENE. 45 R ER, et PTPIB &R H
BB EAmEEE, Hb 2-(1H-ZEIE[d][1,2,3] = M- 1-35)-N"(4-(3-(2'- 25 3)- 3-8 IV I - TR - 1 -0 3 28 10 PV 3 ) 2 Bk JPF (100 375 2
ItE, 1Cs) N(2.9840.04) pmoleL ' FHE [, 2-(1H-FKFE[d][1,2,3] =ME-1-3E)-N'-(4-(3-(4- FF JE 25 3 )-3- S T -1 -1
Ji ) 2R T2 ST F(10n) 72 20 pwg/mL HIVREE X T 4 5 A R A FR B FR M (TCPTP) A iE 1, o 1 U e M.
K48iE  PTPIB #IHI5); LH-ZR I [d]WRME; LH-ZR I [d][1,2,3] =M A /RER

Synthesis and PTP1B Inhibitory Activity of Novel Chalcone
Derivatives Bearing 1H-Benzo[d]imidazol or
1H-Benzo[d][1,2,3]triazol Moieties

Fu, Yang®’ Sheng, Li° Gao, Lixin“ Li, Jia™¢ Sun, Liangpeng™*
(“ Medical College, Yanbian University, Yanji 133002)
(® Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130000)
(“ National Center for Drug Screening, Shanghai Institute of Materia Medica, Chinese Academy of Sciences,
Shanghai 201203)

Abstract Protein tyrosine phosphatase 1B (PTP1B) inhibitor has recently been identified as new candidate drug for type 11
diabetes and obesity due to it is a negative regulator of the insulin and leptin-signaling pathway. In order to find new nonphos-
phonate-based pTyr mimetics, a series of novel chalcone derivatives bearing 1H-benzo[d]imidazol or 1H-benzo[d][1,2,3]-
triazol moieties were designed, synthesized, and evaluated for their PTP1B inhibitory activities. The results demonstrated that
all compounds presented potent inhibitory activities against PTP1B, among which 2-(1H-benzo[d][1,2,3]triazol-1-yl)-N'-(4-
(3-(naphthalen-2-yl)-3-oxoprop-1-en-1-yl)benzylidene)acetohydrazide (10i) exhibited the best potency with ICs, value of
(2.9840.04) pmoleL™". Importantly, 2-(1H-benzo[d][1,2,3]triazol-1-y1)-N'"-(4-(3-0x0-3-(p-tolyl)prop-1-en-1-yl)benzylidene)-
acetohydrazide (10h) showed no significant inhibition on T-cell protein tyrosine phosphatase (TCPTP) at the concentration of
20 pg/mL, suggesting the highly selectivity of this agent toward PTP1B.

Keywords PTP1B inhibitor; 1H-benzo[d]imidazol; 1H-benzo[d][1,2,3]triazol; chalcone
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B, KRBT KRR PTPIB #MHIFRL R0, Xtk &
V2B EA R AR, SEAREEEZE, 2513
F1EE R AR, HMET 2. W T R R A 3R A ok
RS IER . RIS BB m B A A, A hT RE AR
LRI B P 5 T 5 BB @ A T S O ME . B A X
LR AR PR EE R A BT R I, 1,2,5-188 W3- -1,1- AR Ak
Yi(1, TDZ)FH 5 mEmefe-3-Hi-1,1- — 8442, 1ZD)#RH]
PUAER e £ MR PTPIB FITEPEAL &, HFH 5244
W7 X ek BUOR F I M LF . ERRZE PTPIB #1
FIRIB TSR AL T E B

2T PTPIB BRMIMEALEE Ik 28 1G4 s BA R
H LIRS 2 A 454 PTPIB #HIFIA
AT DASE SR 1) 5 S i SR A, T ELI R DA et i
PRI R AR S 56 = i I SR B, AR 2L
BT BB BG05 7R &5 SR 2R 5
(R s, AT DUE A FRAR 1) 2 P8R 7R &850 B5IA
R R 1 S S AR T T 0 4 B8, U] LA B9 1 2 e 1
B PTPIB I, #REH] 1H-ZE I [d]KPE3)FT 1H-
HRIAI[1,2,3] =) B AT 2 AR e, andi R Bus
PUHIV-1. FoRE . Poli R TR K BpiE U100 |
SRR 2~3 MR T, BETENETFHHAS
SRR AR, TSR S 2k A
PINLE. (R, AR 3 v 14 0 45 b B 2 A0 VS 14 2 b i 24,
BRI LH-ZEFE[d)RMEE 1 H-2K - [d][1,2,3) =M
HFHRT FE— 07, %t 7T BARe e e 1.
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X=CH, 9a~9i
X =N, 10a ~ 10i

R = 4-F (9a), 2,4-Cl, (9b
4-CH3 (99), 3-OCH3
R = 4-F (10a), 3-Cl (10b
3-CHj; (10g), 4-CH3

, 3-Br (9c), 4-Br (9d), H (e), 3-CH; (9f),
9h), CgHg (3,4-fused) (9i)

, 4-Cl (10c), 2,4-Cl, (10d), 4-Br (10e), H (10f),
10h), CgHg (3,4-fused) (10i)

T~ =

Reagents and conditions: (a) ethyl chloroacetate, DMF, TEA,
80 °C, 8 h; (b) N2H4*H,0, EtOH, 80 °C, 12 h; (c) NaOH, EtOH, HCI;
(d) EtOH, CH;COOH, 50 °C, 4 h.

B 1 HAsfe a9 Al 10 6 2

Scheme 1 Synthetic route for target compounds 9 and 10

1 SRS
1.1 BERUEMNERSHRIE

VH-ZRFF[d]RMEAT 1 H-R I [d][1,2,3] = M50 ) 5 54
LR TR NA L T A 6, (L EH 6 ittt &4
7, WAREZEASTHE Z B NG EEEL T
Claisen-Schmidt M, &1 4-(3-HUAIRFE-3- 400 k-
-1 K EE8); HEKBERRER T, (&% 7
5 8 58 Hirba 9 Al 10. 381 'H NMR, “C
NMR F1 HRMS 43 8 F7 35506 BT & U AL G AT 1 3RALE.
'H NMR &, HC=N EE 71559 HI1E 0 5.6 Al
6.1 AR HIE, N—NH B 755755 12.0 £
AL EPLEIE, E 6 7.00~8.90 b F5 IR AR K B XL
AN 755, HRMS B, Fra itk & Bl
T[M+H] .
1.2 E45EMEM

HIR AR 7 B 2 e — MR Ak, DURA
P A E B AT IS PR, 7E 20 pg/mL FIKEE R, X
PTP1B #EATHIT, FEXTHNH] & T 50% b 5T &2
i, £33 ICso. MK 1 W[50, BTSN PTPIB HH
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HHEPE. 72 20 pg/mL FIRET, MH132AN 58.76%~
97.99%; 1Cso N(2.984+0.04)~(22.72+3.14) umoleL ',
Hr A1) 108 (2.98+0.04 pmol-L ™ yE P58, T
B FEA(2.69+0.15 pmoleL ™). 3 Hrib&4 9 #1 10
IR AR, XK A P8 BRI 288 S5 U B
X PRSI AR VE A T EEEUL &1 9e, 9i, 10f A
10i (1) ICso R B, &6 255010 91 A1 10i FITEPER T
A ORI 9e F110f, A TT 58 T 25 /R B A vy 75 24350 5
SEA 2 R AL O A I B K I X, ZEIR R RE 5 2
TR AR BB K A E TS, e &4 9a 5
10a. 9b 5 10d. 9d 5 10e. 9¢ 5 10f. 9f 5 10g. 9g
5 10n. 9i 5 10i (1) ICso KBL, L&Y 10 LAk &4 9
%I PTPIB {er [ S SRANENE. 14510 550 X a4 1
V4, i ELE AL A 9a A1 10a 5 K43 1% HE 4
ATLLR I, 1bEW0 10a B9 =13 E 2 A7 R EUR 75 R
A D R R TR ALA21T SN2 TR T —IRA
k.
#£1 1b&Y 9 10 Xt PTP1B FHIHIE M

Table 1 Inhibitory activities of compounds 9 and 10 against

PTP1B

PTP1B
Inhibition rate’/% I1Cso”/(umolsL ")

Compd. X R

9a CH 4-F 58.76 £4.74 22.72%3.14
99 CH 2,4-Cl, 83.88£2.22 8.51£0.88
9¢ CH 3-Br 81.34+7.38 19.46+3.17
9d CH 4-Br 76.86£4.16 8.31£0.04
9¢ CH H 69.28£2.77 10.19£3.14
9f CH 3-CH; 97.99+1.21 9.33£0.12
9¢ CH 4-CH; 93.46£2.50 6.30£0.24
9h CH 3-OCH; 77.80£3.23 17.23£0.07

. CeHs
9i CH (3 4-fused) 79.46£1.98 8.05£0.39
10a N 4-F 81.68+1.80 5.92+1.43
10b N 3-Cl 73.48£5.08 3.32+0.41
10c N 4-Cl 80.70+1.57 8.53+0.68
10d N 24-Cl, 73.94£2.94 5.14£1.11
10e N 4-Br 92.61£3.97 4.58£0.76
10f N H 80.62+3.64 6.18+£1.42
10g N 3-CH;, 87.53£3.92 3.19£0.12
10h N  4-CH; 78.94£4.24 430£0.21

. CeHs

10i N (3 4-fused) 75.14£5.21 2.98£0.04

OA° 2.69£0.15

“ Values tested at 20 pg/mL concentration. b The PpNPP assay. ICs values were
determined by regression analyses and expressed as meanstSD of three
replications. ¢ Positive control.

MEHUH TER T I A1) 9g, 91, 10h, 103 X Ho Al AH G
PTP, U1 TCPTP, ZHHuH /R EH 25B (cell division
cycle 25 homolog B, CDC25B)AH [ 4 g 3 [A] 4t S5 AH < 2
1 (leukocyte antigen-related phosphatase, LAR), M &
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SH2 2538 A RS A IR BEIREF 1 A1 2 (Src homology
phosphatase, SHP-1 I SHP-2)iJFATiE £ MEVENY, 455 a0
£ 2R, &7 10h LLAL, 9g, 9i, 10i 7F 20 pg/mL HIHEE
X} CDC25B, LAR, SHP-1 fil SHP-2 B4 il g i, &
I T BTk, ST TCPTP, 9g, 9i, 10i &7s 1 it
2~4 FEPEREE, TIAY) 10h 75 20 pg/mL FIKEE T
X TCPTP 3% A G, SR 7 8 ik Bk

HNT R EENED S BRI, FH
Discovery Studio 2016 (DS) 44 & A4 di ik 45 44 (ID:
INNY) KBk /N7 (9a A1 102)3ET 707X 4. & 2
FT, A6 R R 2 Bk i D 2 5 = 1 2B SR 3
¥Ife fidls PTPIB fEALIEMEH O, HIES ARG221,
GLN266 JE A EAEAH, 5 GLY220 JER C—H ##
AHEAER; RIFBKPEIAAN R I = MR 7370 5 ALA217 T
B Alkyl #HEAEH, RIFIEE TYR46 KA n-n AH HAEH.
HAERENRE, W —F R, B =MF L2 KN

RG)
LY )
221/
& A220 A221
A115
f;‘éG } 3 G
&, 17\ PRI A266
> 4 NP
A/ :
Lys
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A115
{Are)
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\ V4
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%
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SN s
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Interactions

[ conventional hydrogen bond [ n-n T-shaped
:] Carbon hydrogen bond [:] Alkyl
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Figure 2 Docking result of compound 9a and 10a in the PTP1B
catalytic pocket
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LIS it
F2 WALEYRAEIE PTPs 0415 1 [1Cso/(umolsL1)]*
Table 2 Inhibitory activity [ICs/(umolsL™")] of selected compounds against related PTPs
Compd. PTP1B TCPTP CDC25B LAR SHP-1 SHP-2
9g 6.30+0.24 13.27+0.52 NA® NA NA NA
9i 8.054+0.39 20.72+0.35 NA NA NA NA
10h 430%0.21 NA 42.93+6.99 NA NA NA
10i 2.98+0.04 10.43+0.04 NA NA NA NA

“The pNPP assay. ICs values were determined by regression analyses and expressed. ? Not active at 20 pg/mL concentration.

JRTF5 ALA217 B 2T — &S EAE . B /KRR
P43 AR FE AL M A0 BT X K, LYS116 43 5
IREA A B FRIE Y n-Cation A1 n-Alkyl A EAEF, B
4395 ARG112 F1 GLU115 JE A BEA C—H 4 AH BAF
H. o FriEa RGNS, BfstbamsS
PTP1B Bt S8 A i K AR S AR L4 A

2 g

EE/RIAR) B 3 FIEEEREMGINT 1H- R H[d]
RPN 1 H-ZRF[d][1,2,3] =P 4238, &A1 18 N
R E/REATAEY), BAvmbEY4 'H NMR, °C NMR
Ml HRMS 5 SLasm). i MEgs R, 2R a1t
PTP1B EA BT 4 E A, T HARAH I PTP s 1
BT IR, R LA 100 7F 20 ug/mL IR E R
X TCPTP WA TE . 73 F X4 AR, JRIFIRME 2t
JIFRNZR I = I 2 B JE 0 4 o HR B T A A G e rp oy, UK
5 o AL A 2 R A X 8, SREIERL T 240084 G . wid
MR, RIT B RLIF PTPIB HIHNETER & A 1 H-2
IR PR AT 1H-25 - [d][1,2,3] = M 28 FF 1 25 SR B AT 4
Y, WSS S04 PTPIB & M A 350K
R, Nt B A M B E T A

3 XIS
3.1 (NS

15 5 BN EIE, BE T ARZLAIE; 'H NMR,
C NMR ] BRUKER AV-300 Z % i 3E4R 400 5 (TMS
NWFR, DMSO-ds N¥%577); ESI-HRMS H Thermo scien-
tific LTQ Orbitrap XL 155 73 i 0 2 . A% S BT FH
FUXIN AR ZRER CP 2%, FHM: X B8 245557 B (oleanolic
acid, 5)°4 HPLC =98% {1kt i
32 EMMERK
32,1 4-(3-BAREA-3-A A -H-1-H AL )R FEES)
EORESEY

AR 8 FRHESCHR[13, 1414538 i 7 V1l 45
322 2-(1H-RHF[d]kee-1- X)L R THs 3 2-(1H-R
FH[d][1,2,3]=v%-1- %) T B TEE(6) 49 & &

¥ 11.8 mmol 1H-ZRIF[d]WKME(EL 1H-2RFF[d][1,2,3]
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=), 23.6 mmol & LFRAMEE. 3.1 mL = Z &A1 2 mL
N,N-—F B L (DMF) 73 7 A E] 100 mL R K eH
HLON, PR, FHEZE 80 C, =M 8 h, {ZMIE(TLO)IR
BN E e e, YR &R DMF, /b &E/KAT CH,Cl, A
W3R, GIFANIZE, KRBT, HhiE, Jkzbk
BAGEAR M, HSRERREER BN &R
Fe) - V(HEE) =100 : 113565 6.

323 2-(1H-RHF[d]ked-1-K) T BB 2-(1H-R5F
[d][1,2,3]=%-1-5) TBLHF(T) 89 A &

¥ 2.16 mmol L&Y 6. 2 mL /K& AT 10 mL Fo/K
A HIIMAE] 100 mL BFER A, N, (297, FHEZE
80 °C, M 12 h, TLC FREFR IS, J8UE 78 BRI 71
JE R, SR EN S A AT ) -
fi¥)=100 : 11325 W 7.

3.2.4 L& 9a~9i A= 10a~10i #9 4 A&

43 3B 1 mmol LAY 7 A1 8 T 100 mL 5 JE B,
INE R TR RS, EARKZER, Ny fRY7, Ik
50 C, R4 h. TLC Wil % /e N 5E 4, E#dhig, >
WK IR, TR, 5403 HMLEY 9a~9i
F1 10a~10i.

2-(1H-ZK F [d] DK -1 - 5 )-N"-(4-(3-(4- 5 R 25 )-3-
Y F TR -1 58 2 0 FH ) Z8EfF(9a): iR 93.9%,
BRI K. mp. 270.5~272.1 ‘C; '"H NMR (DMSO-d,
300 MHz) 6: 11.92 (s, 1H, NH), 8.32~8.28 (m, 2H, ArH),
8.24 (s, 1H, NH, ImidazoH), 8.11 (s, IH, CH=N), 8.01 ~
7.23 (m, 12H, ArH, CH=CH), 5.62 (s, 2H); *C NMR
(125 MHz, DMSO-dq) 6: 188.13, 169.14, 166.60 (d, Jop=
251.25 Hz), 145.61, 143.83, 143.81, 143.68, 136.57,
136.42, 135.22, 134.69, 134.37, 132.12 (d, Jor=10 Hz),
129.90, 127.90, 123.06, 122.71, 121.82, 119.72, 116.41 (d,
Jor =21.25 Hz), 111.07, 45.93; ESI-HRMS caled for
C,sH,0FN,O, [M+H]" 427.1565, found 427.1569.

2-(1H-ZR I [d] K- 1-55)-N"-(4-(3-(2,4- S A FE)-3-
S - - 105 25 2K 7 H ) ZBEFE(9b): IS 56.0%,
EESOM A, mp. 219.3~221.1 C; '"H NMR (DMSO-
ds, 300 MHz) 0: 11.88 (s, 1H, NH), 8.21 (s, 1H, Imidaz-
oH), 8.09 (s, 1H, CH=N), 7.87~7.21 (m, 13H, ArH,

Chin. J. Org. Chem. 2019, 39, 1029~1036
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CH=CH), 5.59 (s, 2H, CH,); *C NMR (75 MHz, DMSO-
de) o: 192.81, 169.13, 146.39, 145.60, 143.68, 137.78,
136.87, 136.18, 135.94, 135.21, 131.74, 131.22, 130.19,
129.90, 128.05, 127.18, 122.72, 121.83, 119.72, 111.04,
49.08; ESI-HRMS caled for C,sH;oCLN,O, [M+H]"
477.0880, found 477.0885.

2-(1H-ZK I [d] Wk M -1- 35 )-N"-(4-(3-(3- TR H 3 )-3- 44
V. F- P - 147558 2K 0 H L) ZBEFE(9¢): R 43.4%, ¥
ORI K. mp. 2684~271.1 ‘C; '"H NMR (DMSO-d;,
300 MHz) &: 11.90 (s, 1H, NH), 8.24 (s, 1H, ImidazoH),
8.11 (s, 1H, CH=N), 8.07~7.22 (m, 14H, ArH, CH=
CH), 5.60 (s, 2H, CH,); *C NMR (75 MHz, DMSO-dj) o:
206.93, 169.13, 145.61, 144.46, 143.73, 139.80, 136.51,
13531, 135.21, 134.35, 133.41, 131.38, 130.05, 128.69,
127.87, 127.66, 122.77, 121.81, 119.73, 111.06, 45.92;
ESI-HRMS calcd for C,sH,,BrN,O, [M—|—H]+ 487.0764,
found 487.0754.

2-(1H- 2K I [d] WK M -1-35)-N"-(4-(3-(4- TR 4 3E)-3- 5
M F - - 10 58 2R W0 FE ) Z Bk JE(9d): R 90.0%, ¥
HOM K. mp. 235.3~263.1 C; '"H NMR (DMSO-dj,
300 MHz) J: 11.91 (s, 1H, NH), 8.23 (s, 1H, ImidazoH),
8.11 (s, 1H, CH=N), 8.14~7.22 (m, 14H, ArH, CH=
CH), 5.61 (s, 2H, CH,); >C NMR (125 MHz, DMSO-d;)
J: 188.75, 169.14, 145.61, 144.17, 143.79, 143.68, 136.51,
136.50, 132.37, 131.09, 129.95, 127.90, 122.94, 122.71,
111.07, 45.93; ESI-HRMS calcd for C,sH,,BrN,O, [M+
H]" 487.0764, found 487.0759.

2-(1H-Z I [k M- 13 )-N"-(4-(3- K F=-3- S T 3 -
P-1-45 528 2R 0 H S ) B FF(9e): WS 64.2%, 1R Rk
WA, mp. 266.5~268.0 C; 'H NMR (DMSO-d,, 300
MHz) ¢: 11.90 (s, 1H, NH), 8.24 (s, 1H, ImidazoH), 8.11
(s, 1H, CH=N), 8.20~7.22 (m, 13H, ArH, CH=CH),
5.61 (s, 2H, CH,); “C NMR (75 MHz, DMSO-d;) o:
189.58, 169.18, 147.22, 145.63, 143.78, 137.94, 136.60,
136.37, 133.75, 129.88, 129.32, 129.07, 127.91, 123.21,
122.73, 121.84, 119.69, 111.10, 45.95; ESI-HRMS calcd
for C,sH,N,O, [M+H]™ 409.1659, found 409.1649.

2-(1H-Z5 I [d] WK e -1- 35 )-N"-(4-(3-(3- F Jk ZR 4 )-3-
AT R - T -1 -0 22 ) 2R 3 ) T Bk (9): 0% 69.0%,
WO, mp. 247.5~249.5 “C; 'H NMR (DMSO-dj,
300 MHz) J: 11.91 (s, 1H, NH), 8.24 (s, 1H, ImidazoH),
8.11 (s, 1H, CH=N), 8.05~7.22 (m, 14H, ArH, CH=
CH), 5.59 (s, 2H, CH,), 2.43 (s, 3H, CH;); >C NMR (75
MHz, DMSO-ds) J: 189.58, 169.16, 145.63, 143.67,
138.73, 137.98, 136.63, 136.33, 135.23, 134.36, 129.86,
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129.32, 127.96, 126.30, 123.28, 122.73, 121.84, 119.71,
111.11, 45.94, 21.39; ESI-HRMS caled for CysHy3N,40,
[M-+H]" 423.1816, found 423.1811.

2-(1H-5 FF [d] WK e - 1-FE )-N"-(4-(3-(4- F 3 Z5 3 )-3-
S P - 100 268 ) R F G ) TR R (9g): Y% 49.8%,
WK, mp. 239.5~241.5 “C; "H NMR (DMSO-d;,
300 MHz) &: 11.87 (s, 1H, NH), 8.23 (s, 1H, ImidazoH),
8.11 (s, 1H, CH=N), 8.23~7.22 (m, 14H, ArH, CH=
CH), 5.61 (s, 2H, CH,), 2.41 (s, 3H, CH3); °C NMR (125
MHz, DMSO-ds) 6: 189.02, 169.13, 145.61, 144.19,
143.84, 143.68, 143.29, 129.87, 129.81, 129.21, 127.90,
123.32, 122.71, 121.81, 111.08, 45.93, 21.69; ESI-HRMS
caled for C,HnN,O, [M + H] ©  423.1816, found
423.1807.

2-(1H- 7K FF [d] Bk W -1- 55 )-N"-(4-(3-(3- H %A 2 7K
B8 )-3- 480 7 Fk— T - 1- 0 2 ) 2R I R 5k ) Z T JE (9h): U 2
73.7%, 7 B (o K. mop. 230.4~2312 ‘C; 'H NMR
(DMSO-d, 300 MHz) 0: 11.89 (s, 1H, NH), 8.23 (s, 1H,
ImidazoH), 8.11 (s, 1H, CH=N), 8.02~7.22 (m, 14H,
ArH, CH=CH), 5.61 (s, 2H, CH,), 3.86 (s, 3H, CH;); "*C
NMR (75 MHz, DMSO-ds) J: 189.32, 169.14, 160.05,
145.61, 143.76, 143.66, 139.41, 136.48, 135.22, 134.81,
130.45, 129.91, 127.88, 123.28, 122.71, 121.70, 119.73,
113.52, 111.08, 55.86, 49.07; ESI-HRMS calcd for
CaHasN,O, [M+H]" 439.1765, found 439.1770.

2-(1H-ZE I [d] WK e -1-38)-N"-(4-(3-(2- Z5 %5 )-3- .
- TA-1-00 ) 2800 F ) BRI 91): R 89.6%, 3K
SRR, mp. 257.9~259.0 'C; '"H NMR (DMSO-d;,
300 MHz) &: 11.89 (s, 1H, NH), 8.23 (s, 1H, ImidazoH),
8.11 (s, 1H, CH=N), 8.18~7.21 (m, 17H, ArH, CH=
CH), 5.60 (s, 2H, CH,); >C NMR (75 MHz, DMSO-d;) o:
189.13, 169.13, 145.63, 143.70, 143.55, 136.71, 136.38,
135.56, 135.31, 132.80, 131.02, 130.10, 129.87, 128.97,
12821, 127.92, 127.47, 124.61, 123.32, 122.73, 121.83,
119.75, 111.07, 45.96; ESI-HRMS calcd for CyeH»N,4O,
[M+H]" 459.1816, found 459.1806.

2-(LH- 2K IF [d][1,2,3] = M -1- 3 )-N"-(4-(3-(4- 5 K
B )-3- SV - P - 1 - M5 2 ) 2R 0 PR G ) T8k D (10a): Wi
56.2%, WE O A, mp. 2104~211.5 C; 'H NMR
(DMSO-d, 300 MHz) 6: 12.00 (s, 1H, NH), 8.13 (s, 1H,
CH=N), 8.32~7.39 (m, 14H, ArH, CH=CH), 6.11 (s,
2H, CH,); “C NMR (125 MHz, DMSO-d;) J: 188.12,
168.06, 166.59 (d, Jop=250 Hz), 145.58, 144.23, 143.82,
136.63, 136.34, 134.68, 134.66, 134.56, 132.12 (d, Jor=
10 Hz), 129.87, 127.99, 127.72, 124.28, 123.07, 119.47,
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116.40 (d, Jer=21.25 Hz), 111.56, 49.33; ESI-HRMS
caled for C,4H|oFN;O, [M + H]+ 428.1517, found
428.1505.

2-(1H- 2 IF [d][1,2,3] = M -1- 3£ )-N"-(4-(3-(3- & 7K
H8)-3- 5 - P - - 482 ) 2K 0 R ) T ik (10b): Wi
84.3%; R MM K. mp. 245.1~246.4 ‘C; 'H NMR
(DMSO-ds, 300 MHz) 6: 12.02 (s, 1H, NH), 8.13 (s, 1H,
CH=N), 8.32~7.42 (m, 14H, ArH, CH=CH), 6.11 (s,
2H, CH,); “C NMR (75 MHz, DMSO-d;) o: 188.31,
168.11, 145.56, 144.47, 144.18, 141.89, 139.75, 136.46,
134.34, 133.45, 131.29, 130.05, 128.70, 127.83, 124.30,
12278, 119.47, 111.57, 49.07; ESI-HRMS calcd for
CoyH9CINsO, [M+H]" 444.1222, found 444.1217.

2-(1H- 2 3F [d][1,2,3] = M -1- 3L )-N"-(4-(3-(4- . 7K
H2)-3- 5V - T - 1- 47 22 ) 2R I HH %) B Bk (10¢): Wi
81.4%, WK A, mp. 272.7~2753 ‘C; 'H NMR
(DMSO-ds, 300 MHz) 6: 12.00 (s, 1H, NH), 8.13 (s, 1H,
CH=N), 8.22~7.42 (m, 14H, ArH, CH=CH), 6.11 (s,
2H, CH,); “C NMR (75 MHz, DMSO-d;) o: 188.50,
168.08, 145.57, 144.17, 143.40, 138.68, 136.51, 134.55,
130.98, 129.93, 129.41, 128.04, 127.72, 124.28, 122.95,
119.47, 111.56, 49.07; ESI-HRMS calcd for Co4H;4CIN5O,
[M+H]" 444.1222, found 444.1226.

2-(1H- I [d][1,2,3] = M -1-F)-N"-(4-3-(2,4- — &
IR Jk)-3- S8 B - T - -0 2 ) R R R ) R ik (1od): i
K 54.9%, HHEOMA. mp. 240.5~241.3 C; 'H NMR
(DMSO-ds, 300 MHz) d: 12.00 (s, 1H, NH), 8.11 (s, 1H,
CH=N), 7.32~8.30 (m, 13H, ArH, CH=CH), 6.09 (s,
2H, CH,); “C NMR (75 MHz, DMSO-d;) o: 192.80,
168.07, 146.38, 145.60, 144.10, 137.78, 136.79, 136.09,
134.55, 131.75, 131.23, 130.19, 129.89, 128.09, 127.71,
127.20, 124.27, 119.46, 111.53, 49.33; ESI-HRMS calcd
for Co4H 5CLNsO, [M+H]" 478.0832, found 478.0839.

2-(1H- 2 IF [d][1,2,3] = M -1- 3£ )-N"-(4-(3-(4- IR 7E
H2)-3- 5V B - P - 1- 47 25 ) 2R I HH %) 2 T ik (10e): W0
81.5%, W OK A, mp. 282.2~283.5 ‘C; 'H NMR
(DMSO-ds, 300 MHz) 6: 12.02 (s, 1H, NH), 8.13 (s, 1H,
CH=N), 8.11~7.40 (m, 14H, ArH, CH=CH), 6.12 (s,
2H, CH,); “C NMR (75 MHz, DMSO-d;) o: 188.69,
168.07, 145.57, 144.16, 136.93, 136.55, 136.40, 134.55,
132.34, 131.07, 129.92, 127.94, 127.72, 124.27, 122.89,
119.47, 111.56, 49.08; ESI-HRMS calcd for C,4H;oBrNsO,
[M+H]" 488.0717, found 488.0722.

2-(1H-EFF [d][1,2,3] = ME-1-FE)-N"-(4-(3- K I -3- 44
V. FE - - 105 38 280 FH ) ZL Bk (10): USSR 92.9%, ¥
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AR K. mp. 235.5~237.0 °C; 'H NMR (DMSO-d;,
300 MHz) o: 12.01 (s, 1H, NH), 8.13 (s, 1H, CH=N),
8.20~7.43 (m, 15H, ArH, CH=CH), 6.12 (s, 2H, CH,);
C NMR (75 MHz, DMSO-d;) J: 189.56, 168.10, 145.56,
14422, 143.69, 137.94, 136.65, 136.28, 134.56, 133.74,
129.86, 129.19, 127.87, 124.28, 123.22, 119.46, 111.57,
49.35; ESI-HRMS caled for CyHyNsO, [M + H] '
410.1612, found 410.1608.

2-(LH-KFF [d][1,2,3] = ME-1-3)-N"-(4-(3-(3- FF HE
B )-3- 50 - P - 1- M5 2 ) 2R R G ) T8 D (10g): Wiz
96.8%, HRE MM A, mp. 223.3~2243 ‘C; 'H NMR
(DMSO-d, 300 MHz) 6: 12.01 (s, 1H, NH), 8.13 (s, 1H,
CH=N), 8.09~7.42 (m, 14H, ArH, CH=CH), 6.10 (s,
2H, CH,), 2.43 (s, 3H, CH;); “C NMR (75 MHz,
DMSO-ds) d: 189.58, 168.08, 145.56, 144.23, 143.52,
138.73, 137.98, 136.69, 134.45, 129.84, 129.46, 129.18,
127.98, 127.73, 126.31, 124.29, 123.34, 119.46, 111.57,
49.06, 21.38; ESI-HRMS calced for CpsHy,NsO, [M+H]*
424.1768, found 424.1758.

2-(LH-FEFF [d][1,2,3] = ME-1-3E)-N"-(4-(3-(4- F 3L o
H)-3- 5 WV 2 - T - 1 -4 255 ) 2R 0 68 ) 4 Tt JjF(10h): Wig e
74.3%, HiE O K. mp. 251.3~252.6 C; 'H NMR
(DMSO-d, 300 MHz) 6: 12.00 (s, 1H, NH), 8.13 (s, 1H,
CH=N), 8.11~7.38 (m, 14H, ArH, CH=CH), 6.11 (s,
2H, CH,), 2.41 (s, 3H, CH;); “C NMR (75 MHz,
DMSO-d) o: 188.96, 168.09, 145.56, 144.21, 143.32,
136.72, 136.19, 135.43, 134.56, 129.83, 129.21, 127.86,
124.29, 123.22, 119.46, 111.57, 49.33, 21.68; ESI-HRMS
caled for C,sHpNsO, [M + H] ©  424.1768, found
424.1756.

2-(1H-ZEFH[d][1,2,3] = Me-1-F5)-N"-(4-(3-(2'- 25 3%)-3-
S TR - 105 58 2K 7 S R IR (10): USSR 93.5%,
WESG O K. mp. 243.6 ~2448 ‘C; 'H NMR
(DMSO-d, 300 MHz) 6: 12.02 (s, 1H, NH), 8.15 (s, 1H,
CH=N), 7.39~8.33 (m, 17H, ArH, CH=CH), 6.12 (s,
2H, CH,); “C NMR (75 MHz, DMSO-dy) J: 193.35,
168.09, 145.56, 144.23, 143.52, 136.76, 136.30, 135.56,
135.27, 134.55, 132.79, 131.06, 129.99, 128.12, 127.61,
124.57, 123.30, 119.46, 111.47, 49.06; ESI-HRMS calcd
for CogH,,NsO, [M+H]" 460.1768, found 460.1759.

3.3 PTP1B K H PTPs $H5E M4 8903

2 R0 B A B SR 20k RO SE . AR
TIEZIRSCHR[17], DAXTAHZE R IR —N(pNPP) N KA,
CLEVAIE PTPIB 57 3¢ 35 SR R B 1 f [ 24511,
PTPIB %44 % Jy: 30 nmoleL™' GST-PTP1B, 2 mmole
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L' pNPP, 50 mmol-L ' 3-M5 ik i fi 2 (Mops), pH=6.5, 2
mmolsL " “HiFHEEE(DTT), 1 mmolsL ' 2 — &l 2.
(EDTA). XH#IFHIH 2 =T 50% 040 & Pl il PE 57
KR OC ZR, I RE S S PR SR B AT JEZR A AL AT
23 1Cso, T BT #44: A Graphpad Prism 5, L& Fifif
FH 74 5 sigmoidal dose-response (varible slope), &
ity 28 JEC S AN TS 43 ) 5 9 0 A 100, HoARAHOC PTP B
I3 e k5 38 % 5 5 ) PTPAB F s,
3.4 TR

3T xR Accelrys A ] [1) DS 2016 ¥, &%
SCHER[20, 21], BA PTPIB gnfAZ5#4(ID: INNY)/E 0%
ZAK, INNY HE@Ed DS W A 4548 %2 (PDB) T
| pH HBE N 7.00, &AM SALE L Macro-
molecules/Prepare Protein 153 T[] Clean Protein 2B
HZRMR, (hrRdEe B RIS, )
FH Sketching f4ZEL 54 9a F1 10a 1] 3D AR, &
Small Molecules/Prepare or Filter Ligands %3t~ [
Prepare Ligands 403 5, Ff%4t Small Molecules/ Minimize
Ligands BT [#) Full Minimization %4>+ &5 #3710
k. FJH Receptor-Ligands Interactions 1t ] Define
and Edit Bing Site %€ XHTEAL A5, $447 Dock Ligands
(LibDock) 7 ¥ Xt #2115, Input Receptor: INNY, Input
Site Sphere: 31.1939, 26.6815, 25.6829, 15.6, HAhZ%
KA E, A ER RIECAR 7153 0 5 AR TE
GG AR, REdTREENAL, BE IR
TR A

4 BT KL(Supporting Information) L&) 9a~9i
10a~10i f] '"H NMR, °C NMR fl1HRMS i, ixLLpt
REAT DL G 2 WA T 9 355 (http://sioc-journal.cn/)_F N %K.

Bogr IO s X v R FE 50T 24 9 3 v v Bl
SE, TEUEXTARATTA S B R s ik 2 1
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