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of Its Biology Activity and Toxicity /in vitro
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Abstract Protein tyrosine phosphatase 1B (PTP1B) is an enzyme that downregulates the insulin receptor. It has been con-
sidered as one of the drug targets of diabetes, and the inhibitors for PTP1B to treat type II diabetes have received considerable
attention. The study reports a discovery of a new lead compound inhibiting PTP1B. In this work, PTP1B protein was ex-
pressed, purified and crystallized to the resolution of 2.1 Angstrom in the condition of 19%~21% PEG8000, 200 mmol/L
Mg(Ac),*4H,0. Structural based fragment screening was then performed against 768 fragment chemical compounds. These
small molecular fragments were soaked with the PTP1B crystals, and three of them were found to bind at the active site A of
PTPI1B in the crystals. Then 14 kinds of published molecules which bind to the second active site (site B) were chosen. With
the structures of these bound fragment compounds, hundreds of moleculars were calculated by computer aided drug design.
Compound 20 was selected as the target compound, and it was synthesized by 13 steps with the total yield of 1.7%. The
structure of compound 20 was characterized by '"H NMR and HRMS data. Bioassay of inhibition of PTP1B by the new com-
pounds revealed its ICsy at (3.4%1.2) umol/L, which was better than that of the positive control drug-sodium vanadate. The
result of measurement of glucose uptake by insulin resistant HepG2 cells showed that the new compound can improve glu-
cose uptake and had similar effect as Pioglitazone. The acute toxicity of the new compound was tested by using zebrafish
larvae at two different concentrations (50 and 500 pmol/L). The results showed there was no significant difference in heart
rate, blood flow and morphology between the experiment and control group of zebrafish. All the results above implied the
new compound has a good inhibition on PTP1B and low acute toxicity. It may be a potential lead compound for further drug
discovery.
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Figure 2 (a) 12% SDS-PAGE analysis of purified PTP1B with GST-tag,
(b) 12% SDS-PAGE analysis of purified PTP1B with His-tag and (c) the
crystal and diffraction pattern of PTP1B
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Figure 3 Cartoon representation of interactions between small frag-
ments and active sites on the surface of PTP1B
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DIAD, THF, 0 °C to r.t., 65%; (b) benzyl bromide, K,CO3, DMF, r.t.,
99%; (c) 2 molsL ™" HCl in dioxane, r.t., 92%.
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Scheme 1 The synthetic route of compound 24
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Reagents and conditions: (a) N-(tert-butoxycarbonyl)-L-iodoalanine
methyl ester, I, Zn, P(o-Tol)s, Pd(OAc),, DMF, 50 C, 70%; (b)
NaOH, MeOH/dioxane/H,O (V:V:V=1:1:1),0C, 81%.
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Figure 4 (a) 14 kinds of PTP1B inhibitors binding with B site and (b) the design of compound 20
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Figure 5 (a) The binding mode of compound 20 wtih PTP1B and (b)
surface representation of PTP1B with compound 20. Carbon is in green
for 20 and in purple for key active site residues
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Figure 8 Preliminary zebrafish acute toxicity test results of compound
20

(a) The morphology of zebrafish treated with compound 20 at the concentra-
tion of 50 pmolsL "', (b) the morphology of zebrafish treated with compound
20 at the concentration of 500 pmol/L, (c) the morphology of control group
and (d) heartbeat data comparison chart of three zebrafish groups
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FHE —ENHBERAAEY) 23 (215 mg, 0.5 mmol),
FEBFE 1 h G, B RBRRGEE TS G, B 4
mL ZHERERAE PRI, B2 TS 3 B AE £ 168 mg,
7% 92%. "H NMR (400 MHz, DMSO) ¢: 1.59~1.79 (m,
4H), 2.83 (t, J=7 Hz, 2H), 3.79 (s, 3H), 4.01 (t, J=6 Hz,
2H), 5.15 (s, 2H), 6.75 (dd, J=22, 8 Hz, 2H), 7.26~7.44
(m, 6H), 7.90 (s, 3H); HRMS calcd for C;oH,4sN,0, (M+
H)" 330.1705, found 330.1696.

434 (S)-2-[(RT AL EA]3-(3F FELRK)RER T
f%(26) 494 A%,

EAGEYR, 50 mL =R K DMF
(152 mL). 4E#(5.93 g, 0.09 mol). H./F (80 mg, AL
&), A (S)-N-Boc-3-fift 5 2 B2 F /i (5.00 g, 0.015
mol), HiFkE 20 min JEAHEEEAH; @WIESTF, 1
J3— 50 mL = FUE A IIARHRZK H#(3.66 g, 0.02 mol).
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P(o-Tol); (0.46 £,0.09 mol). BEEREE(0.17 g, 00015 mol),
RSB S — b i BB, Bk RET
50 ‘C/M 2.5 h JEfEik B, WHIZZEREMA 150 mL
K, IR CBEAERL, AHARTE. g, W4a15 2R
A RERALENT[100~200 B, VCAimER) @ (LR LER)
=9 1 WM/ 553 3.38 g WwARCLFEIE, 7% 70%; 'H
NMR (400 MHz, CDCl3) 6: 1.42 (s, 9H), 3.08~3.26 (m,
2H), 3.73 (s, 3H), 4.60~4.67 (m, 1H), 5.02 (d, J=7 Hz,
1H), 7.82 (d, J=8 Hz, 2H),7.32 (d, J=8 Hz, 2H), 10.0 (s,
1H).
435 (S)-2-[(AT AFI)BIL]3-(AF FBLR AL ) AER
(278945,

iR, [ 100 mL = FUR I 30 mL 4753
. KIBSWAIV v v=1:1:11ktk&EW26 (1.6
g, 5.2 mmol), #iiFE 5 min JFUKIE TN 2 moleL ™' NaOH
(5.2 mL, 10.4 mmol), ZEiRHHE 40 min 55 11 V.
A RN 40 mL 7K, FFSERUT ZEmE ALY, FEA L
A JKAHFEA 1 moleL™" HCI ¥V pH 3~4, 4R )5 FH
BRUT FEBRZE, AU T, s, WKRA515 1.24 g 3%
ERuEfA, P25 81%. 'H NMR (400 MHz, DMSO) o:
1.27 (d, J=22 Hz, 9H), 2.80~3.01 (m, 1H), 3.13 (d, J=
10 Hz, 1H), 3.95~4.28 (m, 1H), 7.21 (d, J=8 Hz, 1H),
7.48 (d, J=8 Hz, 2H), 7.83 (d, J=8 Hz, 2H), 9.97 (s, 1H),
12.71 (s, 1H); HRMS calcd for C;sH;sN;Os (M—H)+
292.1185, found 292.1194.
43.6 (S)-2-CRF 2 EAL)-6-4-Q-[(B T &AL RIAL)-3-
(4-F B KR A BL AR ) T 25 ) K T B 7 B (28) 49 &A%,

i F, 10 mL B EF A 3.2 mL DMF. {4
AW 27 (141 mg, 0.48 mmol). O-ZKH =% M:-N,N,N',N"-
DY H 3L iR DY A2 (TBTU) (169 mg, 0.53 mmol) % HOBt
(6 mg, 0.044 mmol), 4V 5 IIAAL A4 24 (160 mg, 0.44
mmol), BFAEFEIR<10 C, MA=2/%133 mg, 1.32
mmol), ZEiRHEFE 1 h 5 TLC IR Bon FRHFE b 52 B,
EARBFEIN 30 mL K, LR AEEZEEL(10 mLX3), HHL
FH R RN R S B VA T S M R B 3K B S5, AN TEZK
TRERAN T e, RS 2. AT 100~200 H
FERS R AEAL VA ) - MR =1 11133 L0
PRI 241 mg, 7% 91%. 'H NMR (400 MHz, CDCl;) 6:
1.37 (s, 9H), 1.63~1.70 (m, 4H), 2.89 (s, 1H), 2.96 (s, 1H),
3.04 (s, 1H), 3.16~3.19 (m, 2H), 3.20~3.29 (m, 2H),
3.87 (s, 3H), 3.97 (t, J=5 Hz, 2H), 4.12 (q, J=7 Hz, 1H),
434 (s, 1H), 5.11 (s, 3H), 6.23 (s, 1H), 6.55~7.78 (m,
12H), 9.94 (s, 1H); HRMS caled for C34HyoNa;N,Og (M+
Na)" 627.2682, found 627.2684.
437 2-CRF R EI)-6-{4-[(S)-2-[( T AHAE) &
HRNN3-3- {4-[((9)-] T A EARBLA) T 2T A} KAL)
ABLIE ) T 25K F B F A5 (29)49 6 A%

FHET, &SP R 10 mL 8 R AF A 20 mL
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R, 1b&428 (1.0 g, 1.65 mmol), Ti(O-iPr),(1.78 g, 6.3
mmol), FIEHFE 30 min J5IN(S)-FUT 5 Ak Bk it
(0.55 g, 4.54 mmol), FHEZE 60 CHiFE 2 h 5 FEEE(L
A BRRAZRERGE, AR SR
25 mL, #4F 30 min EidfEEE L, BEME, KA FEH
EA ZEHL, A A JCKBER AN T4, ks, Haad
HERFEENT[100~200 H, V(AHE) @ MR LER)=
101 P88 1.25 g 728, 725 97%; 'H NMR (400
MHz, CDCls) §: 1.27 (s, 9H) 1.39 (s, 9H), 1.65~1.71 (m,
4H), 3.04 (s, 1H), 3.14~3.19 (m, 1H), 3.29 (d, J=5 Hz,
2H), 3.90 (s, 3H), 3.99 (t, J=5 Hz, 2H), 5.13 (s, 3H), 6.54
(d, J=8 Hz, 1H), 6.60 (d, /=8 Hz, 1H), 7.28~7.40 (m,
9H), 7.77 (d, J=8 Hz, 2H), 8.56 (s, 1H); HRMS calcd for
C35Hs5oN30gS (M+H) ™ 708.3318, found 708.3327.

43.8 1ot 30 496

SRR, 100 mL = EOEA I 1 moleL ™!
LiHMDS [ THF (8.5 mL, 8.46 mmol)i& i, B&iE &
—75~—80 CJa, MERFHEIN O-BUT ki LR
fi(1.34 g, 7.06 mmol)ff] THF (20 mL)¥A ¥k, 2L
30 min %58, MR —75~—80 CHitE 30 min J5, [AfA
itk &4 29 (1.0 g, 1.41 mmol)f) THF (20 mL)¥%
W, FEHIEEL 30 min FH5E. R —75~—80 CHiH:
SN2 h g R SE A AR R TP 30 mL AR
PR, MR =R, WYEkr2: THF, FR/KAHH
LWR CERAE, AW T, g, W4iss 2.
fnid 200~300 HEERAFEAL][ VA M) © (LR LER)
=1 288 L OHIRY 1.14 g, FF 66%. 'H NMR
(400 MHz, CDCl3) 6: 1.17 (s, 9H), 1.40 (s, 9H), 1.42 (s,
9H), 1.69 (s, 4H), 3.01 (s, 2H), 3.23 (s, 2H), 3.74 (s, 3H),
3.88 (s, 3H), 3.98 (s, 2H), 4.92 (s, 1H), 5.11 (s, 3H), 5.18
(s, 1H), 6.51 ~ 734 (m, 12H); HRMS calcd for
CuHesNaN;015S; (M+Na)™ 920.3979, found 920.3955.
439 1o 31 8946 %

EIR T, K MeOH.4LA4 30 (832 mg, 0.926 mmol)
I 50 mL i, AR M IRESRR ANV L =
12 2 RAV(1.39 mL), SFRBFE 3 h 5 R 1L 584
R R 10 mL /K, VK3 T 5 mL BORIRRER Z4N
WA pH 7~8, Bk R OB CBRZEEL, A AT
P, HRUE, WRGETS RIS ST 200~300 B EER A4
WIVCa R @ (4R CFR)=2 @ 5148 3 B (iR
450 mg, 773 47%. "H NMR (400 MHz, CDCls) d: 1.38 (s,
9H), 1.43 (s, 9H), 1.50~1.77 (m, 4H), 2.72 (br s, 2H),
2.90~3.10 (m, 2H), 3.23~3.24 (m, 2H), 3.64 (s, 3H),
3.87 (s, 3H), 3.97 (t, J=6 Hz, 2H), 4.38~4.40 (m, 1H),
4.98 (d, J=5 Hz, 0.5H), 4.39 (d, J=5 Hz, 0.5H), 5.10 (s,
3H), 6.19 (s, 1H), 6.55 (dd, J=14, 8 Hz, 2H), 7.14~7.40
(m, 10H); HRMS caled for C4;HsN;O;, (M + H) ©
794.3864, found 794.3876.

Acta Chim. Sinica 2016, 74, 155—164



1 F F ®R

43.10 1o 32 496

EIF, ¥ THF (9 mL). th&4% 31 (440 mg, 0.554
mmol) & N,N-— N % L% (DIEA) (179.0 mg, 1.385
mmol)JIA 50 mL = Ui, VKIBFEIEZE 0~5 Cla,
ANFLEEF(102.8 mg, 0.665 mmol), FILBIFE 1 h 55
B TE A, BIR RIS M 30 mL 4% LREV R,
BT A3 B3 5 mL VO FIRR B S BN VORI S mL M Al &
hAKUEE WSS, 2 200~300 H A Lib[ V(H )
V(R . T8)=2 : 3)3 I A AR 305 mg, =% 60%.
'H NMR (400 MHz, CDCls) &: 1.38 (s, 9H), 1.43 (s, 9H),
1.52~1.70 (m, 4H), 2.99 (d, J=5 Hz, 2H), 3.22~3.23 (m,
2H), 3.55 (s, 2H), 3.65 (s, 3H), 3.87 (s, 3H), 3.96 (t, J=6
Hz, 2H), 4.26 (s, 1H), 5.06~5.10 (m, 4H), 5.61 (d, J=8
Hz, 1H), 6.08 (s, 1H), 6.46~7.33 (m, 17H); HRMS calcd
for CsoHe;N3013 (M+H) ™ 912.4298, found 912.4283.
43.11 Ao 33 494

IR, KA 32 (250 mg, 0.274 mmol) Al 5 mL
2.2 moleL ™" HCl A NIEBMA 5 mL i, =EEH
P 1.5 h JEJERERG A, AR RIBURIRYE 2T IS,
A S mL CHEWRIRAE IR, BTASRL I 3 mL K,
PRI BR R AN VA OR pH 7~8, FTSVEUH 2./ 2.1k
L, BHARTEE, Mg, RS2 158 mg HEE A,
% 81%. '"H NMR (400 MHz, CDCl3) 0: 1.53~1.82 (m,
4H), 2.53~2.70 (m, 1H), 3.14 (dd, J=14, 4 Hz, 1H),
3.20~3.38 (m, 2H), 3.54 (s, 2H), 3.69 (s, 3H), 3.88 (s, 3H),
3.98 (t, J=6 Hz, 2H), 4.41 (d, J=2 Hz, 1H), 5.09 (s, 2H),
5.47 (dd, J=9, 2 Hz, 1H), 6.51~6.58 (m, 3H), 7.05~7.38
(m, 16H); HRMS caled for C4HsN;0y (M + H) *
712.3234, found 712.3231.
43.12 1AW 34 496

T, 17 10 mL B ORI G 33 (158 mg,
0.22 mmol). —F % 3 mL. = 4% (45 mg, 0.44 mmol)
o AT 3 T HRIREE(97 mg, 0.444 mmol), ISR R=E
BB 2 h J5ER A e 4. Bk Rk e 5 &
200~300 HEERIAL[ VA ) @ (LR LB =1 :
4], BEI A GEA 99 mg, 773 55%. 'H NMR (400 MHz,
DMSO) d: 1.24 (s, 1H), 1.28 (s, 9H), 1.42~1.68 (m, 4H),
2.61~2.93 (m, 2H), 3.01~3.16 (m, 2H), 3.35 (s, 2H),
3.49 (s, 3H), 3.76 (s, 3H), 3.97 (t, J=6 Hz, 2H), 4.33 (dd,
J=6, 4 Hz, 1H), 5.14 (s, 2H), 5.24 (dd, J=9, 3 Hz, 1H),
5.71 (d, J=6 Hz, 1H), 6.73 (dd, J=19, 8 Hz, 2H), 6.86 (d,
J=8 Hz, 1H), 7.14~7.40 (m, 15H), 7.88 (t, J=6 Hz, 1H),
8.48 (d, /=9 Hz, 1H); HRMS calcd for C4sHs;N;0;; (M+
H)" 812.3759, found 812.3784.
43.13 B AFLE 6 495

FIR T, 10 mL P P IANEY) 34 (99 mg,
0.122 mmol). — & FHt(2 mL) & Dess-Martin % f£.71(129
mg, 0.305 mmol), /AR pH 5~6, FiEMHFE 1 h )5,
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JRRHEEALSE A, MR RPN 3 mL MEFAEACHR BREN A
W, M, KA 3 mL SRR AHUEEIE,
26 )5 P AR R BR S AN VA 2 mL S WA 257K 2 mL ¥E )
WA, P2 200~300 HEERAT: AL VA hiEE) -
VIR CHEE)=1 : 213 B Ak 69 mg, =% 70%. 'H
NMR (400 MHz, DMSO) d: 1.22~1.35 (m, 9H), 1.69~
1.41 (m, 4H), 2.64~2.98 (m, 2H), 3.13 (d, J=34 Hz, 2H),
3.67 (s, 2H), 3.75 (s, 3H), 3.90~4.03 (m, 2H), 4.03~4.17
(m, 1H), 5.14 (s, 2H), 5.76 (s, 1H), 5.95 (d, J=6 Hz, 1H),
6.73~7.39 (m, 17H), 8.06~7.75 (m, 1H), 9.10 (t, J=5 Hz,
1H); HRMS caled for C4sHs,N;0;; (M+H)'810.3602,
found 810.3579.
4.4 Bt EYEgENIR

SNEAR R 2N 50 mmoleL ™" Tris-Cl, pH7.2,
10 mmolsL "' NaCl, 10% glycerol, 0.1% BSA, 7E 96 fLiK
B RBAAZRA 100 L, SEERARALIKIKIAN 48 pL
100 nmolsL ™" PTPIB, 2 pL i) 50 mmol-L ' {b&4,
=% 30 siR2], 30 CHFE 10 min, ZR/E I 50 pL 50
mmolsL ' pNPP, &% 30 s 7%, 43 sill5E 17X 405 nm
JEW W, WE 300 K, [ EF T E N T T T 0 ) 7
Na;VO, MFLNBHMEXT A, AN A1 (0 FL o BH %
HREH, RBIFE30 C AT, SFATIE 3 k. BAPEXTIEZH
il S NEATE R Vo, SEIRHRG IR AR RN Vi, ViV, 3R
IR AP G B TR A i M, ik & 9% PTPIB
B HE RN EI ) A 1= Vi/Vo. KA EREAT B R i
B, DE ANFNREE N &% PTPIB 40l %, H
Origin FAFHEAT 7 T 43 AL B VI HEM S 1Cs
{H.
4.5 BfrtEPEMNEIRE
451 miRE

00 24 PR 2 T B Hep G2 4, 3R & T 37 “Cok
BRY, (F4UMFE 1 min ELL; #1% T/EG PR
JE A REE N5 3.5 mL = 8% DMEM R 77 55(% 10%0h
A M) ) K B B0 A, 800 r/min 2540 5 min. A8 T
fE& A% B3GR, MG DMEM 25 1 mL, &%
WIS 5], GBS TR 50 3.5 mL =i bk
DMEM 485, JR5]J5 B T 40 s 748 N 55 7%
452 kA

TRACHCHIRAA, 5597/ 4 L5 /DMSO /AR EL
NS4, BRATKT 4 CUKR R TNA. FH4pRE
WO 4 HEAT AL S, LA 800 t/min B0 5 min. 7ETCHE
BiFE W, 775 RER, IMNGEER, BRERITIRS.
G0 M B NRAFE R, 1 mL/AE, TS O s B 1,
FriC i 4 BRI AT H . B IR NG A R A
—80 CUKFHII G, N ATEIRAE.
453 mifEAR

MK S, LB FRI, PBS BRIk —IR, I 1
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mL & R AR, BRI FT (40 f 77 L0 4
i MBS 77 LB BT8 JE NN 3.5 mL =4 DMEM £ 37 5%
(& 10%f64 i) 2 by Ak, & NK R O E 1, 800
r/min B0 S min. F_F3EWR, MO 1 mL &% DMEM £
FRIE(E 10% a4 3E) RS, # 2 JE4Mn 9 mL 4
5, IR A BT AR R A A B R,

454 PREFRIFAAER GE S 50

COYBIAR A7 200 Mo A 3 5 7 ML IS 30, P e 2 1 ol
HepG2 41 i1k, 800 r/min &0 5 min, 3% FiEWR, A
A DMEM 15 7225 (5 10%08 25 1352 7% . M40 i 2
A, IR X 10 FLRRBR N, HKan iR o e i
N 96 FLANFES TR H 4k 21 7%

Q) R 6 h JE4iMuTE = NGEE, A PBS Pk
2~3 WK, Vi IR EE O E 5 ¥ 0 0 i i (K R
DMEM #5775 754K 12 h.

(3)FEF: [Pk 12 h J5, BERAF RIS 0.1
pmol/L HiZE K Ha [F{EHE DMEM K7 373E 100 pL; = (A%t
FECZH A g A FL I N A S5 R AR A B Hb KA TR 11
DMEM #5775, 4 RE 756 A 15 5% 24 h

(4) 45%5: 24 h )G, HEEIR X 96 FLAR H HIEE TR,
FH pH 7.4 1] PBS PE¥ 2 1K, 25 R HEZH DL K2 9 14 % HEL 2
(IRYMA TG « TCH4 DMEM 100 uL, 25445 510
AT 50 wmoleL ™" £hER VTS 1 i 1 JC 1375 JC By 4 A% b
DMEM. & 50 umoleL ' fb&4 20 [ 7C i T My 41 A
B% DMEM. 42373597 24 h.

GYRI: 24 h J5, EIBEBREZEH 96 LR, JR 96
FUBRAFFLAINA 100 pL 9 1 XMTT 25009, 4 h J5 35
1A, &AFLIN 150 uL ) DMSO, BEtR{CH IR 30 s Jim il
SE A492 LUK AST0 WROGAE. R 2 AR A X ) [
B SE AL B - 1 45 1k S B V% (Glucose  oxidase-peroxidase,
GOD-POD)¥Z: il i 20 i - 37 9 Hh & 2 i 1 5 1, Rt
AR M % AR FEE L 40 o T T R P I R A R 26 B A X Y
¥

HoywmaEmseEritr®EA A0 MEaRnsE
(mmoleL ") =5.4 X [A(SZ 6 )/A(krHE)]; 78 %5 B ke =
(mmoleL™")= 3577 i 1 47 0 2 i — 40 B P 4
WS B A NS T = S8 2H (A s70)/ X R 2H (A s70); 781 7 1
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X FE i (mmol oL ™) = 200 Jf 3] 4 i 4 /200 LS .
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