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Advances in Small-Molecule GPR40 Agonists for
Treatment of Type 2 Diabetes Mellitus

Li, He Long, Yaqiu®
(Chinese Academy of Sciences Key Laboratory of Receptor Research, Shanghai Institute of Materia Medica,
Chinese Academy of Sciences, Shanghai 201203)

Abstract Currently, the majority of the chemotherapy for type 2 diabetes mellitus (T2DM) functions through glycemic con-
trol by administration of oral or injectable hypoglycemic drugs. Though a range of anti-diabetic drugs with different modes of
action have been launched, there still remains a significant need for development of effective and highly safe anti-diabetic
agents for the increasing diabetic population. GPR40 belongs to the GPCR family and the activation of GPR40 can amplify
glucose-stimulated insulin secretion (GSIS). Due to the advantage of minimizing the hypoglycemia risk, GPR40 has drawn
more and more attention and emerged as a promising new target for T2DM treatment. Therefore, the recent progress on the
structural optimization and further development of small molecule GPR40 agonists as novel treatment for T2DM is reviewed,
focused on those under clinical trials or at preclinical stage. A variety of small molecule GPR40 agonists were summarized
from the literature and patents based on the pharmacophore model, including the critical phenylpropanoic acid core, the hy-
drophobic terminus and the linker. The structural features and advantage of different sources of GPR40 agonists were analyzed
and highlighted.

Keywords type II diabetes mellitus; GPR40; agonists; glucose-stimulated insulin secretion; phenylpropanoic acid
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Figure 1 GPR40-mediated signaling pathways
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Figure 2 Pharmacophore model of GPR40 agonists
THFRME, RO 2~ 4 MR T 50T, DARREE
2. 578 i Be— oy 2 BUR AR B R T & A 45
e X557 F Fr BOSHR T 3R (0 7 7, AN 2834 0T
A UASINGERKEER], DABGE L SR B TR .

HF GPR40 a7 1025 R AR R W, 57 BN IR
N T EBEH], MR R R AR FE 5 2
F7s B =AU e AT, 0t ¢ LR LU AR BL. (A1
FRATH 5 DL N i PRSI 3 s s R W7 49F 7 FA) 0% 6 25 47)
7 RRER, BET AL GPRAO WEh IR R 1 SCE A
TR, 2wl = AN S5 M AR A BT T HEAT 7 2R A
9, LRRIZ AN BB i e .

1 Takeda 28] TAK-875 Bif &k [H 12

HilE&f £ K Aa I KK GPRA0 #sh7lidt 17 it ik
PREZEGHT T, 5140 Takeda 73 &) 1) TAK-875 & i\ =
% FR; Tobacco. Amgen. Eli Lilly. fEFf Al Piramal 25/
AR E AT T s WG IR SR A, AT R
GPRA40 1E A PuHHE R 5 245 48 /A7 285 vk B2 43 77 I PRSI 4%
Horp, Takeda 2 FF & ) TAK-875 I AR 7832k Jig de p
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Figure 3 GPR40 agonists developed by Takeda
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PEBEhFI . KEENRIER, BT DMBA TN — R Y& 05 &
IR DIBRIEAT 1 iRk, 45 R R IMKNBRLE 100 umol/L
X GPR40 A H EE B . LA BT, SR
IR R R ORISR BSOS, AR IR EAR R A 2 e HL Y
A7 B 55, Takeda AFFE] TR FED 1 (K 3). Hf
A 57 ity S I P A B 3 AT DR I A 5 4 v ) A
RIMRFF—E M T A, MEEE o LE (hE&Ym
1 B T IR S R AMNE M (EC5=8.8 nmol/L), {H&
HAMRIHEACA 0.9%. WF 78N G4 AT 58 )5 (K 8
FREN B AL G RAE B A, FECRNRRAT A IUE A
R HERAT AT, FeF AR, BN BB AR
5B AL NEIERAREE M T, Fﬁxﬁzf@W&ET B EUL,
P T AR R ER, 5FH, B 7R W% B 3 1 4 )
P BRI AT A SR, (S)- M L A — S R IR R AT
AT L T (R)- P B Ak, A AE 2,6-
FORHE Bl NSRRIk e, A )34k 1
i, 33 T FIEZGY) TAK-875. TAK-875 [f] ECso=14
nmol/L, HAEAERE: Wistar K SR oGTT (17 A % H i =
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Figure 4 Co-crystal structure of hGPR40 and TAK-875
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Figure 5 GPRA40 agonists developed by Amgen

Chin. J. Org. Chem. 2016, 36, 736~743



Chinese Journal of Organic Chemistry

REVIEW

837 1E 10 mg/kg &, X THAER/NREKIH 7 BE
) B IR 5 T T+ GPRAO BRI/ N R, 35 R
HH B O B B OR ), R TE e R AR R, Ak
EY) AMG 837 JEE HHEHEN T —HAIG R SZEE. IRAREL
PRUESE T PR AR, M THEREREE TS, AMG 837
FHA G I 5 2 KT T e B B AL (B — I
RSZIR4E R G, T AMG 837 IV&A Ja8:AkiE, Alks
T2 MR EN . Eh—AEHEEREET
AMG 837 WIS IR RIS s MR PER T/, AT BBt N AKX
RYE, 5l fEmT.

M 2012 EFF4R, Amgen A ] X SEHGE T GPR40
) 58 215075 AM 1638 Al AM 5262(181 5). %2584
FIFIALNTEEE R K ST AMG 837, 11 HAE WS
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mg/kg 75 AH 24 f e B AT
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Figure 6 GPR40 agonists developed by Piramal
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Figure 7 GPRA40 agonists developed by Bristol-Myers Squibb
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Figure 8 GPR40 agonists developed by Hengrui
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Figure 9 GPRA40 agonists developed by Ulven Trond’s group
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2.2.3  Daiichi Sankyo 2 3]

Daiichi Sankyo /A & 4}3E ] GPR40 #3)) 77 DS-1558,
AN EA BEE T (ECso=3.7 nmol/L), i H.4r T &A%
NE 10, HEREE S J5 B 3T T BB, B
NI, 1ERE: p ALl NSRS, PTG 54 B
a4k R B ARIRER, QA iEAA S (ECso=20 nmol/L)™7.
B2 5 BRI, 0 0.37 h dlid G
W o, BERN GO 07 & R Boh R B R A &

i LA HZARE 1, A 31L& DS-1558. ZHuEA
RS T A EYE, B2 R s,
2K B 55 B 5 YA IR m. DS-1558 12 AN FhE an K
B KRR B3 ROR T RUFRIAEYRIF B, 78 ZDF KR
oGTT #i% || DS-1558 7E 0.1 mg/kg 7 & E ik 3
sitagliptin 7 10 mg/kg 78 T [R5 B# opE K728
B0, AR G, GPRA0 #)5E
w ELA PR G5 R 2 J0 ) 2R R P IR % ) complex,
P A RN B R i KU 7. R, A A A AE R B A
FIN A EE NI L BRIER (S, B10), BEANRZ
FKorFH— KA.
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Figure 10 GPR40 agonists developed by Daiichi Sankyo

2.2.4 Sanofi-Aventis 4 8]

Sanofi-Aventis A @] - HAHE T KEERR TR ATAED
5 GPR40 Bzh#A, (HREWIFAEA, WihaY 6 1
ECso=740 nmol/L(F 1) Tk, %A AR
Bt B [F S0 I S L RS T (ECso=1630
nmol/L), K% Pz HEREME R T RO Bl 2,/ — iR ek
RGP O E R, (b AT B E (A 1),
SAR1 HIEAMEMEIL R EC50=0.4 nmol/L. {EALH ZDF
KB oGTT B I, SAR1 /NG 20T 1 mg/kgt™.
2.2.5 Merck /A )

Merck AFRJEfGH K T ZMEEFEELE] GPR40
. HE IR GPR4A0 Pzh) TR — 55 ik
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Figure 11 GPRA40 agonists developed by Sanofi-Aventis
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AR N ipGTT B I, 252457128 30 mg/kg Hf,
AJULSE B BE MR, XFT GPRA0 mBRII/NR, [FIZE%S
IR, (haY) 8 KFULH IR A MG B, 2
PR ISATAEY 9 IR SMEE ECso="T71 nmol/L; 7E/) 1)
ipGTT 7 I, 425754 10 mg/kg B, A W23 % M
WS (A 9 AR ERAEMFIHE, N8
h),

2014 4 Merck AR AW EFRFHE T — K505
R EE T GPR4A0O WahiFl. RN RIERIEN o F1 B
LAY SN TF YR R R RIA TR 2L, JF FoR &2 52K T
8 R B 2R BR R ER,  DAAS 24 G [ 5 1 7 (B
12). X —dUE R & TSP aE T, s
b &1 ECso<<1 nmol/LEY,

23 MEFERBRNSEHEBUE
2.3.1 Tobacco /2 8]

Tobacco A HI4L &4 JTT-851 8 233 N — IR IR
SEEG, {H & H BARGE R 2 4 A& A A . Tobacco 2 & A A
& FIHRIE T — RFVIBEIF S GPRA0 BN 7)(K 13). %K
I3 T BRSO B R T I B (AN 05 A R, T 2 XU
FRJHEIA 25 4 7).
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Figure 12 GPR40 agonists developed by Merck
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Figure 13 GPR40 agonists developed by Tobacco
2.3.2 EliLilly 5 9]

Eli Lily Aal®a#N—WkEKMWILED
LY2881835, 75 i BEAN 2 AN RN ELHARIE, T2
IR IR IR 75 B A R (K 14)PY. LY 2881835 {4
AhXF GPR40 3% 1 4 ECso=233 nmol/L. 14 SEL
SR, fF ipGTT #i% FH EC50=0.14 mg/kg; 7£ KA
oGTT 7Y |, 1Y2881835 & 1T 2 ¥ 41 R i 71 =
AT P B I BB GE 2. 2011 4 8 H, Eli Lilly 2 &) 7E 3£ 58
BT LY2881835 1 — MG R S5, {H2 BT E1EH 5
R, %Ak A I o ol Ak A ),

2013 4F, Eli Lilly 2" AW EF P #HE T
LY2881835 KM 10(1& 14), H ARSI ECso=150
nmol/L. 7E MING i 7K~ -2 T HH 751 5 0t 1) i Jk &
K WENE(~10 pmol/L); &M ipGTT ] EDs,=1

[40]

mg/kg
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Figure 14 GPR40 agonists developed by Eli Lilly

2.3.3 Connexios /2 &)

Connexios 2 & & F| R R4 T —J8H 454 GPR40
Bsh, HA b & EC5o<<10 nmol/L. %4> 111
758 B oy B A R A, 2 BUETE T IREE B AL
RFIEIUR, (HI2 %A A I AR AT BARTEAN 1 B35
E(E 15 Z AR 2013 FEIRIE T HBFR S I
GPR40 #2557 CNX-011-67 (EC5,=0.24 nmol/L), LA 5
mg/kg A2, fE ZDF KR N 7 A sgietl 4
REIR, CNX-011-67 A BEW 175 3 5 ) 5l HOR ) 68 5
For b, BRARIMLTE R e Ie iR AN H i =l & &, iLhe
YR/ B B MMTET:. (H2 CNX-011-67 [ HAKE,
M AR A A

R® O
| N OH
- N X
R | | s o TR
X | o s
N\R2
Formula

B 15 Connexios A ][] GPR40 #zh7
Figure 15 GPR40 agonists developed by Connexios
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GPR40 1E A 41T HT 11 BRE FRIF T T A AR THE A, TR
51 T AERK RS2 w IR DG, — R A1 &S
PE) GPR40 WBhFIAHGk B e, (HJ2, T Takeda A
F] 1) TAK-875 R 83 4 1) i 2 0 E T = AR R 58, Bt DA
BN O 128 55 S FE BT a5 e . AN, A
GPR40 TEJHAEHEA 7040, ATl TAK-875 SEUNI
PETTRE S S IO, 1 H., TAK-875 IR B t s
GPR40 #shifl B A PR 11 B48E RS N\ HbAle K25 HE
MBE BRI RL. Rk, Bl GPRAO 1 AT T 2B fR I 5

742 http://sioc-journal.cn/

© 2016 Chinese Chemical Society & SIOC, CAS

R IFRH 2 i ik, BEETTSURIRA, T
KAE GPRAO BEhFIIIIT A fErh, B8 2 i RUA] RE 75 22
WOE RRIE, RIfb SRR e BEh SRR, WAk
PSS, XA R I GPR40 FshHIHwt
RARAT RPN, BEE SATBr 45t GPR40 a1
RWRE, A4 )5 GPRAO BshilImE 7t 571 & 3852
T REFRSAL. 2R GPR40 HEhithR
A REAEARSK KT 11 ZRLHE PR s 473 16 B 1 £ £
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