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Abstract: Recent studies indicate that insulin-sensitizing activity of TZDs occurs through the inhibition of
PPARy Ser273 phosphorylation mediated by cyclin-dependent kinase 5(Cdk5), which is resulted from the binding
activity for PPARy. While, the side effects of TZDs may be related to the agonistic potency for PPARy. In this
article, 15 target compounds were designed and synthesized based on the structure of PPARy partial agonist
INT131, with the aim of maintaining the insulin-sensitizing activity and reducing the side effects of INT131.
The structures of these compounds were confirmed by *H NMR and ESI-MS, and their binding activities and
agonistic potencies for PPARy were measured. The binding activity of compound 15 is 88.47% of rosiglitazone,
which is similar to INT131 (98.55%), but the agonistic potency of compound 15 is 1.41% of rosiglitazone,
obviously lower than INT131 (15.18%).
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Figure2 Structure of INT131 and strategy of designing
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Table1l Structuresand physical property of the target compounds

Compd. Structural Vidd% o HR-ESI-MS (m/z)
formula Calcd.[M+H]* Found [M+H]*
cl
| g ¢
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o Cu = Nz =
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5% 4 N
o ﬁf‘\/ N
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A s
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H
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Table2 Spectral data of target compounds

Compd. *H NMR (400 MHz, DM SO-dg)

1 611.02 (s, 1H, -NH-), 8.42 (d, J = 8.8 Hz, 1H, ArH), 8.10 (d, J = 8.5 Hz, 1H, ArH), 7.95 (d, J = 5.9 Hz, 2H, ArH), 7.72-7.60 (m, 2H, ArH),
7.56-7.44 (m, 2H, ArH), 7.31 (dd, J = 14.3, 9.1 Hz, 3H, ArH), 7.15 (d, J = 8.7 Hz, 1H, ArH).

2 51119 (s, 1H, -NH-), 8.42 (d, J = 8.8 Hz, 1H, ArH), 8.32 (d, J = 8.2 Hz, 1H, ArH), 8.20 (s, 1H, ArH), 7.97 (dd, J = 18.0, 8.0 Hz, 2H, ArH),
7.63(t, J=7.6 Hz, 1H, ArH), 7.49 (t, J = 8.9 Hz, 2H, ArH), 7.32 (dd, J = 17.9, 9.0 Hz, 3H, ArH), 7.22—7.14 (m, 1H, ArH).

3 410.82 (s, 1H, -NH-), 8.43 (d, J = 8.8 Hz, 1H, ArH), 8.04 (d, J = 2.2 Hz, 4H, ArH), 7.95 (d, J= 8.0 Hz, 1H, ArH), 7.64 (t, J = 7.6 Hz, 1H,
ArH), 7.50 (dd, J = 17.5, 8.3 Hz, 2H, ArH), 7.37-7.27 (m, 3H, ArH), 7.16 (dd, J = 8.8, 2.3 Hz, 1H, ArH).

4 510.82 (s, 1H, -NH-), 8.81 (dd, J = 2.8, 1.1 Hz, 1H, ArH), 8.05-8.00 (m, 5H, ArH), 7.88 (d, J = 8.2 Hz, 1H, ArH), 7.68 (dd, J = 8.3, 7.0 Hz,
1H, ArH), 7.61-7.56 (m, 2H, ArH), 7.34 (dd, J = 2.3, 1.1 Hz, 1H, ArH), 7.27 (dd, J = 8.8, 1.1 Hz, 1H, ArH), 7.16-7.11 (m, 1H, ArH).

5 61122 (s, 1H, -NH-), 8.79 (d, J = 29 Hz, 1H, ArH), 8.30 (d, J = 8.2 Hz, 1H, ArH), 8.19 (s, 1H, ArH), 8.00 (dd, J = 15.7, 8.4 Hz, 2H, ArH),
7.87(d, J=8.2 Hz, 1H, ArH), 7.67 (t, J = 7.6 Hz, 1H, ArH), 7.58 (q, J = 6.3 Hz, 2H, ArH), 7.36 (d, J = 2.6 Hz, 1H, ArH), 7.26 (d, J = 8.9 Hz,
1H,ArH), 7.16 (dd, J = 8.9, 2.6 Hz, 1H, ArH).

6 6 11.06 (s, 1H, -NH-), 8.80 (d, J = 2.8 Hz, 1H, ArH), 8.09 (d, J = 8.5 Hz, 1H, ArH), 8.02 (d, J = 8.4 Hz, 1H, ArH), 7.93 (t, J = 2.2 Hz, 1H,
ArH), 7.88 (d, J= 8.1 Hz, 1H, ArH), 7.71-7.64 (m, 2H, ArH), 7.58 (dd, J = 8.2, 5.4 Hz, 2H, ArH), 7.33 (d, J= 2.5 Hz, 1H, ArH), 7.26 (d, J =
8.8 Hz, 1H, ArH), 7.14 (dd, J = 8.9, 2.5 Hz, 1H, ArH).

7 61112 (d, J= 4.6 Hz, 1H, -NH-), 8.65 (d, J = 2.1 Hz, 1H, ArH), 8.48-8.42 (m, 1H, ArH), 8.09 (d, J = 8.6 Hz, 1H, ArH), 7.98-7.91 (m, 2H,
ArH), 7.74-7.65 (m, 3H, ArH), 7.35-7.30 (m, 2H, ArH), 7.24 (d, J = 2.0 Hz, 1H, ArH), 7.16-7.13 (m, 1H, ArH).

8 611.30 (s, 1H, -NH-), 8.47 (d, J = 8.8 Hz, 1H, ArH), 8.15 (d, J = 8.6 Hz, 1H, ArH), 7.99-7.94 (m, 2H, ArH), 7.72 (dd, J = 8.6, 2.1 Hz, 1H,
ArH), 7.67-7.63 (m, 1H, ArH), 7.54—7.48 (m, 2H, ArH), 7.39 (d, J = 8.8 Hz, 1H, ArH), 7.27 (s, 2H, ArH).

9 4 11.08 (s, 1H, -NH-), 8.47 (d, J = 8.8 Hz, 1H, ArH), 8.06 (d, J = 9.4 Hz, 4H, ArH), 7.99-7.95 (m, 1H, ArH), 7.67-7.61 (m, 1H, ArH),
7.54-7.48 (m, 2H, ArH), 7.39 (d, J = 8.8 Hz, 1H, ArH), 7.30 (s, 2H, ArH).

10  611.45(s, 1H, -NH-), 8.46 (d, J = 8.8 Hz, 1H, ArH), 8.36 (d, J = 8.2 Hz, 1H, ArH), 8.23 (d, J = 1.3 Hz, 1H, ArH), 8.01 (dd, J= 8.3, 1.3 Hz,
1H, ArH), 7.96 (d, J = 8.2 Hz, 1H, ArH), 7.66—7.61 (m, 1H, ArH), 7.53-7.47 (m, 2H, ArH), 7.39 (d, J = 8.8 Hz, 1H, ArH), 7.30 (s, 2H, ArH).

11 §11.16(s 1H, -NH-), 8.86 (d, J = 3.0 Hz, 1H, ArH), 8.10-8.01 (m, 5H, ArH), 7.87 (dd, J = 8.2, 1.2 Hz, 1H, ArH), 7.67—7.65 (m, 1H, ArH),
7.60-7.56 (M, 1H, ArH), 7.46 (d, J = 2.9 Hz, 1H, ArH), 7.35-7.34 (m, 2H, ArH).

12 §11.45(s, 1H, -NH-), 8.75 (d, J = 2.2 Hz, 1H, ArH), 8.48-8.43 (m, 1H, ArH), 8.19 (d, J = 8.6 Hz, 1H, ArH), 7.95 (dd, J = 6.4, 2.3 Hz, 2H,
ArH), 7.74-7.65 (m, 3H, ArH), 7.31 (s, 2H, ArH), 7.18 (d, J = 2.1 Hz, 1H, ArH).

13 611.03(s, 1H, -NH-), 8.48 (d, J = 8.6 Hz, 1H, ArH), 8.04 (s, 4H, ArH), 7.99 (dd, J= 7.1, 1.8 Hz, 2H, ArH), 7.84 (d, J = 2.5 Hz, 1H, ArH),
7.70-7.66 (M, 1.5 Hz, 1H, ArH), 7.61-7.52 (m, 2H, ArH), 7.36 (d, J = 8.8 Hz, 1H, ArH).

14 611.23(s, 1H, -NH-), 8.79 (d, J = 2.7 Hz, 1H, ArH), 8.25 (d, J = 8.3 Hz, 1H, ArH), 8.18 (d, J = 3.1 Hz, 2H, ArH), 8.05 (d, J = 8.3 Hz, 1H,
ArH), 7.94 (dd, J = 13.8, 5.1 Hz, 2H, ArH), 7.82 (q, J = 2.4 Hz, 2H, ArH), 7.76—7.74 (m, 1H, ArH), 7.67-7.62 (m, 1H, ArH).

15  610.84 (s, 1H, -NH-), 8.81 (d, J= 2.7 Hz, 1H, ArH), 8.19 (d, J = 2.7 Hz, 1H, ArH), 8.06 (d, J = 8.4 Hz, 1H, ArH), 7.99 (s, 4H, ArH),

7.98-7.94 (m, 1H, ArH), 7.81 (d, J = 2.4 Hz, 1H, ArH), 7.78-7.74 (m, 2H, ArH), 7.67-7.63 (m, 1H, ArH).

Table3 Activity of compounds 1-7

Rs
Cl
L
.0
O"S‘ N
H

Frame 1
PPARy transactivation PPARy affinity
Compd. R, R3 R4 - - AIT
Fold Percentage/% (rosig.) Fold Percentage/% (rosig.)
1 D@ cl cl 1.30 201 1.28 34.37 1181
e Ry
2 1 CFs cl 162 5.93 134 39.89 6.73
e R S
3 1 CFs H 1.29 284 154 54.84 1931
4 T CFs H 231 1262 235 89.58 7.10
NT
T R
5 | CFs cl 214 10.98 335 109.60 9.98
NT
6 T cl cl 243 13.80 250 93.65 6.79
NT
T
7 (N:l\¢ cl cl 273 16.68 2.99 104.02 6.24
o
INT131 258 15.18 271 98,55 6.50
Rosig. 11.39 100 2.78 100.00
DMSO 1.00 0.00 1.00 0.00
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Table4 Activity of compounds 8-12
Rs
cl
Ry o . Rz
05N cl
H
Frame 2
PPARy transactivation PPARy affinity
Compd. R R R4 9 9 AIT
2 3 Fold Percent-age’ % Fold Percmtlagd %
(rosig.) (rosig.)
8 m cl cl 1.64 6.16 1.25 30.92 5.02
= =
9 (j\/i CFs H 176 7.27 119 24.61 3.39
Nz =
10 m CFs cl 0.98 -0.20 1.19 2525 0
P P
e Ry
1 ]I\/:]:; CFs H 144 4.26 2.05 80.12 1881
N
12 N cl cl 1.97 9.37 2.89 102.12 10.90
6
RV VS
INT131 f:]:; cl cl 2.58 15.18 271 98.55 6.50
N
Rosig. 11.39 100 2.78 100.00
DMSO 1.00 0.00 1.00 0.00
Table5 Activity of compounds 13—-15
R3
cl
Ry o N R,
O”S:N s
H
Frame 3
PPARy transactivation PPARy affinity
Compd. R R R4 9 9 AIT
2 3 Fold Percent.age/ % Fold Percentlagd %
(rosig.) (rosig.)
13 m CFs H 115 1.44 1.40 44.78 31.10
= =
14 fj:: CF3 cl 1.92 8.88 2.94 103.03 11.60
N
e Ry
15 f:]:; CF3 H 1.15 1.41 2.31 88.47 62.74
N
INT131 2.58 15.18 2.71 98.55 6.50
Rosig. 11.39 100 2.78 100.00
DMSO 1.00 0.00 1.00 0.00

ligands (CDOCKER) #2 /7 #EAT 1 431 % # LA A & T
AR FE L INT 131 AL A4 15 45 7] 5 PPARy (PDB: 3FUR)
Rt gs R 3. LAY 15 VRN AT DUR i Hh
BEN PPARy 25 & i, TR T — & A B A%, IFH
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AT S B I M LA R T, XA E T 2% ekt
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e 5 INT131 4r 7 B B e Je A e — A&

B = 80 BRI F U 2 R RO A R
4 INEE

AT SCHRIRIE () PPARy 384> B sh 71 INT131
T8, B FEHETERITIFE T 34
HHLER 15 N EAML Y. WISV L, K
D&Y 15 B Bom 45 A i AR AR 13
WEME, FIYEN PPARy FEBISNFISE GG M AT i —
WA, AR TS B BT 1 B 28R AR 11
AR A T — BRI FE YIS R R T,
KIZFAEYIH Ry=CF3. R=H B} H 45 &5 5
EPE LB EGS, Y Re=CRs X T @& GGt S
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Figure3 Docking of compound INT131 (A) and 15 (B) with 3FUR
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1E . MREFLIRAC N Varian Mercury 400M, RN
TMS. Jiiit{X A Agilent Technologies LC/MS TOF &,
Thermo Exactive plus-orbitrap. A il 4 85 A EE G
(200~300 H), # = Ak ik GF254 1 H & B il
LT SEg R GRS oA all, DUERRRE (THF).
N,N-— H L ik iz (DMF) fl —& 4t (DCM) H4
I TR AR B, HA I TR AR A48 H R 2 b B
1 EEBS
11 a®AEMEZE KBAFEDCHEEES (2 mmol).
3 FpFLE Rl E 3-F2 3L Rk (2.4 mmol). Cs,CO;
(2.4 mmol) JI %] 100 mL 13, A 40 mL DMF
¥ THF, 35°C F#i#E 5h, TLC Wil Rk} 58 4 S B .
INiE & 2R CFEFRRE, KPE 2~3 K, WATELIK
W, TKBREREN T8, 1uE, W48, Hapkaifh
f ] A
12 bSEREZE K aPr=¥ (24 mmol) % TR
GBI (FEE-—/K=20: 1), In#AEl 45°C, HiFE A
Zn#y (24 mmol) &A% (24 mmol), IRETFE 70°C,
SR 30 min, TLC Wil e B2 58 ik, B 22 il f et
Uk, RRRRYAE, MIEEK, LROBEERHK, H
HUAH F A0 A AN KV W B, AR5 FH JE /K IR BR 4M T
Mo YR, WRAEFTAR EAR B TR — 2 R,
13 cHERBEZE K bI~Y (L1 mmol) Tk
KEH LG, BiRE N mAERE (1 mL). fEAER

DMAP 1 2,4- — SURTEBE S (1.2 mmol), &7 Ayt
2L, RSP, KH TLC A R B 5E o
JEACER: ¥R N ZE T, N 20 mL LR LBk, AR
R SN D W IR, K, MR SRR TRE, B
IKBREREN T . LU, 4R, Ak ai b8 A0 R H
G
14 dLERBEE ¥ B L mmol) & T 51,
TN 3-FEE A (2 mmol), EEHHEE R . TLC
Mo W0 2 5 B 0 S A R RE, VR Bk R B K I
Wk, WA EhKYE, KRR T, TIE, W48,
45 S BT
2 HEYEMSEE

PPARy BCAR&E & id 1k fEMALAR 28 J5 InN 32
R EY. Fluromone %% 3 ] UL K AR M. ) PPARy
Puik, IR AIG, BECHEE BUN, RIS LR
JBRIE (A5 495 nm, ZAAY Y 520 nm). iH5
TR-FRET LU{E (520 nm % J6{E/495 nm % GAH), X
ANFREE T 152 3840 &1 TR-FRET AR AW -
B A th 2k

LR AR 1Cs X K fH:

1Cs,
tracer]

1+[ K,

Horb[tracer] Jysr Il s B H e K TR-FRET fELA B
MBI IR, A Seib b i N 5 nmol-L 7Y Kp Al
WICIGE B R, ARSI Ko {0 2.8+0.8 nmol L™
|Cso NIE F e K TR-FRET {8 — 1 B Bz ) £ Dl £k
BEVIIRTE

PPARy BRI aEYE: # 293E Al 478t R
Wi i 15 HE K (Peak12-6xGal4UAS-luci) 13 ik # 4
(pcDNA3.1-hPPARyLBD-Gal4DB) JL#£#y, #: 4L 24 h
JG, S BN SZARAL B AT B AL &4, &
AbEE 24 h fERRANME, I REIRY), H 2 D6
B BR AR 26 D A M o v AL & AN ()

K, =




A PPARy ARSI ECR: T PRPARy ¥ 2> Bshl M 45 it

+ 1431 -

T PSE T A B B A e R R 72 O 3R B 1 A5 # (fold of
luciferase activity) =Value wan/Value suamo. LPL7E4H
B30 2 k& HU R ) e KOG R BEE TEE Y 100%, 1 E
S G PIAEAS [ BE T B bR #EAL 786 FR BTG 1 A

St (% normalized luciferase activity) 2.
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