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Sulfoxide Analogs of TAK-875 as G Protein Coupled Receptor 40
Agonists: Synthesis, Determination of Absolute Configuration and
Biological Activity

Yan, Yugang” Chen, Xueying” Yang, Xinying* Xu, Wenfang™®* Zhang, Yingjie™*
(“ Institute of Medicinal Chemistry, School of Pharmacy, Shandong University, Ji'nan 250012)
¢ Key Laboratory of Cardiovascular Remodeling and Function Research, Chinese Ministry of Education and
Chinese Ministry of Public Health, Qilu Hospital, Shandong University, Ji'nan 250012)
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Abstract G protein coupled receptor 40 (GPR40) is a potential target for treatment of type 2 diabetes. Herein, the
well-known GPR40 agonist TAK-875 (compound 1) was synthesized as a positive control. Besides, an epimeric mixture 11,
which was the sulfoxide analog of compound 1 was also synthesized. The following chiral HPLC separation of 11 led to opti-
cally pure compounds 12 (S,S, 100.0% de) and 13 (R,S, 100.0% de), of which the absolute configurations were determined by
circular dichroism spectra analysis. In vitro biological activity evaluation results showed that the GPR40 agonistic potency of
epimeric mixture 11 (EC5o=77.5 nmol-Lfl) and its two optically pure epimers (12, EC5,=76.1 nmolsL!; 13, EC5,=114.0
nmolsL™") were comparable to that of compound 1 (ECso=84.3 nmolsL™"), which was rationalized by docking analysis.
Compounds 12 and 13 warrant further drug-like property evaluation due to their promising potency and novel structures.
Keywords chirality; GPR40; sulfoxide; Circular dichroism
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B NATT B R 25 AW 755K, A2 90T R IR
R IRE S R, Hod, G B AEEZ A 40 (GPR40)Z
— P A AT AR RO SR AR, R R
B BTN B PN A A A i, FEAAR Y R (Ce~Crp) K
(Cra~Cop) BB A 5 A AN [ HAE W BRED ™. th T
i GPR40 /1 5 (155 5 2R U AR E AR R M (1 50) i
AT DA 205 FARAR 2400 5 2 AU ot DG,

LT, HIR L GPRAO WEh 74 k!, 5t
TAK-8751"2 = JTT-8511" P11187"%, LY2881835!4,
AMG837!"*1 Gw9508!"%), DS-1558"%), Yhhu4488!"",
AM-31891"1, AS25759591%) CNX-011-677%" 2% . H h
TAK-875, JTT-851, P11187, LY2881835 fIl AMG837 # A\
BT IPREF B BR Y. TAK-875 AIBLEMIIHEIE, HA
R HI 25 A7 Eh 2k 7 HiE KRR, E2E IR
SR IAE N I E——/ L GPR40 AVAYT FEARHIHEAN B
= A RIS 1, I R A BRSSO iE T AR IR
WREIZGNE . B TR, 2014 4F, CEHRY 24
8 T TAK-875 5 A U5 GPR40 HI4s i 4. AmF
FUKs TAK-875 FRIANIES [ # s IERIE (4], 38L& ik ik
P, MBS IR BR s, BRI SR fe SR,
2 SN [A] (1) STARAL S Xk B 035 1 (R R

\S/\/\OH _a .
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4 5
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Figure 1 Structure of TAK-875 (1)

2 L AT 3. 4 5 3-FE IR KA
Suzuki V1 5. TEBREREFAEINAME T, 3 55 kAE
HEUR S NASF 6, 4K 5 e NAS 7. 7 5 58 (A
& 8 & Mitsunobu X M 15 9, LA, KRR M1S
F] 11 (Scheme 1).

1.2 HEURFHE R BT A FFIE

E A EY) TAK-875 (WVERFTHRZ W), H ee HAN
100%. BEEAGKR AW 11, XS FE CHI-
RALPAK TA #: i = Z0H AR 1% (HPLO) S ik 540 11 4
WA 2 7 ﬁﬁﬁﬁdiﬂﬁ/EA#@(E 2A). RH#%&F
CHIRALPAK ADH #F, i il £ vy ROBAH 2> B AL &4

gCHO _4d .

6

COOMe

COOH

Mt* oey

Reagents and conditions: (a) PTSC, Et;N, DCM, 30 ‘C, 77%. (b) (3-formylphenyl)boronic acid, dichlorobis(triphenylphosphine)palladium(ll),

DMSO, Na,CO; (2 molsL™"), 85 C

, 72%. (c) KzCOs, DMF, 90 ‘C, 80%. (d) NaBHs, MeOH, THF, 0 ‘C~rt., 88%. (e) 8, TPP, DEAD, THF, rt.,

66%. (f) H,0, (30%), TFA, MeOH, THF, 0 °C, r.t., 85%. (g) MeOH, THF, NaOH (2 molsL™"), 50 ‘C, HCI (2 molsL™"), 0 °C, 62%.

B 1 HArEEY 11 15 sk

Scheme 1 Synthetic route of target compound 11
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Figure 2  Analytical chiral HPLC spectra of 11 (A), 12 (B) and 13 (C)

11 58] 7 —xF 2 [H F R4k 12 #1113 (Eq. 1). KA1k
E 0 11 AH R 2% Ao B s O, B S 4 12 F
13 1] de [E#RZ 100% (& 2B, K 20).

CHIRALPAK ADH HPLC separation
CO,/MeOH (V/V = 60/40)

(epimeric mixture)

0 13
long retention time, (R,S)-isomer

FRAE SCHRARERY, drial ik 8 MLaxd MR E(S). RN
1, 11, 12 A1 13 A74 B O (a4 8, FrLAx ik &59)F
PEBR 4 X R T HT B 1ZM(S). SN T e 12 AT 13 SEARGER
SR, i T EA TR —EiE 12 R 13 1)
Cotton 3N b B0 7E 21 1 AR R (1R B2 (50 pg/mlL),
25 ‘C'F, i Chirascan CD Y& M43 3. MIE 3A AT
A0, BT FPEBR Cotton RUBLATEZMA, 12 A1 13 EHAH 43 1]
Cotton Z M ANFETEMIFE]. A T HBFPEB Cotton RN
[RIEEIA, FH 12 1) Cotton RLME I8 2% 13 (1) Cotton 2N AH,
TR TR Cotton ZUNAB FIFEMN, 15 IS 5 UK £ 1)
12 SEARE 5 1A Cotton ZUNAAE, WK 3B fizR, Hig Kk
WL (Amax)7E 197 nm 40 J91E Cotton RS, T AR S SCHERIR G
O 2 R S R(S) 7 A A ) B R () PE 208 nim Ay
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1E Cotton ZENPNE 30), T&43H, H#E CD K1,
Bk, 12 BRI A b T PR R S AR AL S 2 0 1 AL R
(S). FHAR)HE ST E AT AL EY) 13 TAREE 4] B -1
B ST ARAL 2 o R TR O (R). TR, 12 AT 13 (R4 x4
53 7N (S,S)FI(R,S).
1.3 TS TAK-875 KB M ELER

MR 2, WA TAHEYI1, 11, 12 R 13 =5
KA. R 1 ATEL, AR 11 1K
BIER TR EY 1, Jeaillv ik &4 12 #1 13
FIZKIEHER I T 8ORZE 5, EXUMAEYH, 12 1)
EIRPEIR AT, 13 A i 2.

1 FERTIEW 1, 11,12 A1 13 (FK R
Table 1 Solubility of 1, 11, 12 and 13 in water at room temper-

ature

Compd. 1 11 12 13
Solubility /294005 1184004 2.0440.03 03240.04
(ugemL )

© 2017 Chinese Chemical Society & SIOC, CAS

“Results expressed as the meanzstandard deviation of three separate deter-
minations.

1.4 E45EMEMR

1, 11, 12 A1 13 1AAMI GPR40 FIBEhIEE, 4558
BITESR 2 Hh. R o7 LTS B & i Ak & A ok
R4 7 5 R 25 W 35 . El I T Dk B 24 0 R 1
A AL A T TR I AR [, DA R AN [R) ST AR R L ) I
PREEH], S &R AME P& B SR, XS T
12 F1 13 RAFIARING 5 H TR AN, F—25
5y IR A o B U TAE.
1.5 TTEHIERIX#E
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Figure 3 Shows Cotton effects in CD spectra of 12 and 13 (A),
12-13 and 13-12 (B), and hexyl methyl sulfoxide (C)

F2 AW, 11, 12, 13 F1 p-SERRER 1L B A St
GPRA40 F#a % 1k

Table 2 Configurations and in vitro agonist activities for
GPR40 of 1, 11, 12, 13 and y-linolenic acid

Compd. Stereo ECs“/(nmoleL™")
1 S 84.3
11 (*,9 71.5
12 (S, S) 76.1
13 (R, S) 114.0
y-Linolenic acid 520

“Values are means of three experiments, the standard derivations are <<20%
of the mean. ® The ECs of y-linolenic acid, unit is |.1m01°L’1, values are means
of three experiments, and the standard derivations are <<20% of the mean.
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B4 TAK-875 K HATAEY) S GPRAO FETEAL R I x HeAsi Ay
Figure 4 TAK-875, 12 and 13 docked into the active site of

GPR40
Carbon atom colored gray is TAK-875, blue is 12, green is 13. The dock-
ing processes were performed using Glide and GOLG 5.0

AT EY) TAK-875, 12 #1 13 5 GPR40 i 7 X240
5. MWE 4 FTLLE H 12 F1 13 [ ARG 15 TAK-875 1)
I — AR R E A 45 A, A& TG 1.

2 i

4 TAK-875 (1) ot 355 25 4) 50 Sy S0 R 1 25 1T 7
BT ERFAARESY 1, @ TR SRR 11
B3| 7 2R gl 2 ) SRR 12 (S,S, 100.0% de)Fil 13 (R,S,
100.0% de), FIH R — (3 04 7 v 0 58 T 40 i AL
AN E A AR AP35 GPR4A0 ) ECsy, & HBLASZI
IR AW 5 WA E ALY B A AH S AR AMEPE, X
WA LA AL &S hGPR40 (45 G115 2 k.
12 113 RAMARE T R B3EYE, RIRHEX AN S48
EARGE A FISEARA BUAR e, T — 20 I AR AT DAy ol 5 2
EATTI 2

3 LIRS
31 E5EHA

BBk Ui, i ERL, W E R AF, R
DAl . ROBLE R SR Al R i R
B (TLC, 0.25 mm FER GF254)45 & 4MT . 1b&
WAL @A E T RSk S, AR E T F R
NIEFA300~400 H C18HEK:, 1% #% N Combiflash Rf 200
(Teledyne Isco). "H NMR 1 *C NMR 111 45 K244k 2B
Brucker DRX (300 MHz 5 400 MHz) B % g JL 4R AR L
KAFFBE Brucker DRX (600 MHz) % k% il 3L 4R A &
BT RV 7719 DMSO-dg), bR A I F B EEBE(TMS);
HRMS 11 AR B BB LR KA 2B 1200RRLC-
6520 Accurate-Mass Q-TOF LC/MS B i it {3 5, ESI-
MS H 111 2R K225 22058 2 AR R O APT 4000 B 5 1543
TE; TR F LU AR BB L 4K 2R 24 24 58 43 B il ik v
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> Nicolet 6700 FT-IR Spectrometer 7 2T 434S 5,
FE ALK AR R i, M i RY-1 48 s A
M RETFARERIE), FHEGI% KT R AW F 1+
R A RA R4 FE HPLC 287K A Shimadzu
20A TAEuGHEST, ikt A CHIRALPAK IA kE; et/
B MCP 200 FeXaACE; B8 = tik(CD)H i R K52
2EBE BT IR A0 Chirascan CD Y& iE A AE .
3.2 ZLWAHE
32,1 (8)-2-(6-((2,6-="F K& -4'-(3-(F & BLA) A AA)
BOR-3-2)F #05)-2,3- R = A7k w9-3- ) TR (1) A
AR

TAK-875 ()VEJgxt H254, 42 B SCHRHR IE 1) 77 7%
A mp. 120~122 CCCHREN 127~129 C);
100.0% ee [F:F: CHIRALPAK IA (4.6 mm L.D.X250
mm, 5 pm); FahA: VOE S8/ VR N EE) =80/20; it
W 0.8 mL/min; #&: UV 286 nm; HJE: =ik [alb
+5.2 (¢ 0.24, methanol); 'H NMR (DMSO-ds, 300 MHz)
5: 1.92 (s, 6H), 2.11~2.20 (m, 2H), 2.50~2.53 (m, 1H),
2.70 (dd, J=11.1, 5.4 Hz, 1H), 3.04 (s, 3H), 3.26~3.31
(m, 2H), 3.63~3.73 (m, 1H), 4.09 (t, J=6.3 Hz, 2H), 4.19
(dd, J=2.1, 6.9 Hz, 1H), 4.68 (t, J=9.0 Hz, 1H), 5.09 (s,
2H), 6.46~6.50 (m, 2H), 6.71 (s, 2H), 7.04~7.12 (m,
2H), 7.15 (s, 1H), 7.37~7.47 (m, 2H), 12.37 (s, 1H); "*C
NMR (DMSO-d;, 75 MHz) 6: 20.69, 22.04, 37.04, 39.10,
40.19, 50.55, 65.36, 69.29, 77.08, 96.89, 106.92, 113.26,
121.90, 124.51, 125.79, 128.53, 128.72, 133.90, 136.58,
137.31, 140.22, 156.92, 159.07, 160.65, 173.08; IR (KBr)
v: 3020, 2924, 2885, 1720, 1704, 1614, 1597, 1498, 1315,
1279, 1156, 1127, 1071, 1035, 993, 974, 825, 788, 711,
634, 533 cm™'; ESI-MS m/z: 523.6 [M—H] . HRMS
(AP-ESI) calcd for CpoH3,0,S [M—H] 523.1869; found
523.1808.
322 3-(FPHUE)A A-4-FK B P B (3) 69 4 &

FRECH B 2R BE (1.2 g) T 250 mL A, N
A 100 mL JE/K Z&H S, A 12 mL =2, =i~
TN 3-FARFE A (2)(4.0 mL), 30 C M. AKX
B AR, 2 moleL ' BhERVE B ME, WA LN
WEWE, KBRS TS, H LR B/ kA 5
T flash ¥, 2113 8.0 g LRI 312 72 77%.
'H NMR (DMSO-ds, 400 MHz) 6: 1.80~1.86 (m, 2H),
1.96 (s, 3H), 2.41~2.50 (m, 5H), 4.11 (t, J=6.2 Hz, 2H),
7.47 (d, J=8.1 Hz, 2H), 7.79 (d, J=8.3 Hz, 2H); “*C
NMR (DMSO-d,, 100 MHz) J: 14.84, 21.51, 28.20, 29.37,
69.82, 128.02, 130.59, 132.89, 145.34; IR (KBr) v: 2960,
2919, 1598, 1363, 1189, 1097, 958, 915, 815, 665, 576,
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555 cm”'; ESI-MS m/z: 261.2 [M+H]".
323 4-3K-0.6-=F HEORHK-3-F BE(5) 69 A%

PR 4 (2.0 ) 3-F BRI IR (1.6 g) FIX = 2R L fik
TEALAE0.07 g) T 100 mL MFUHF, I 20 mL - H
FEAN. B, WEAAY. A 2 moleL ™ BREREAN A
(6 mL), HEZ, phESRY. 85 CRMIE . A4
FEEIR, IMAKEK, AR OEEAER =, 1 molL '
IRV R TR 2 ERYE, T A &AL BN e P
W, KRR TRE, AR O/ AihEk RS
flash #, T3 1.62 g AR 5%, 723 72%. m.p.
110~112 C; '"H NMR (DMSO-d,, 300 MHz) §: 1.90 (s,
6H), 6.57 (s, 2H), 7.45~7.48 (m, 1H), 7.63~7.68 (m,
2H), 7.86~7.89 (m, 1H), 9.27 (s, 1H), 10.05 (s, 1H); "*C
NMR (DMSO-ds, 75 MHz) 6: 20.59, 114.18, 127.24,
129.25, 130.95, 131.03, 135.93, 136.29, 136.39, 141.47,
156.29, 193.23; IR (KBr) v: 3343, 1683, 1679, 1611, 1577,
1456, 1382, 1309, 1245, 1184, 1152, 1029, 853, 726, 705,
651 cm™'; ESI-MS m/z: 225.4 [M—H] .
324 2.6-=FHK-4-[3-(Fri)m AL BHERK-3-F
B2(6) 89 & A%,

PR 3 (1.76 g). 5 (1.84 o) FIERFR#H(0.93 ), MM 15
mL HEFIRBERZ, 90 'C&AY 24 h. WEIRER, A
KK, F R OHERE =3, 1 molsL ™' #hfR¥k LR &
g2 2wt TSN R I, oK IR EE
TG, H O OB/ Ak /it flash #, Z&F4 1.7
g LOHPIRIBUE, 7% 80%. 'H NMR (DMSO-d,, 400
MHz) §: 1.93 (s, 6H), 1.95~2.01 (m, 2H), 2.04 (s, 3H),
2.61 (t, J=7.2 Hz, 2H), 4.05 (t, J=6.2 Hz, 2H), 6.72 (s,
2H), 7.41 (d, J=7.6 Hz, 1H), 7.61 (t, J=7.6 Hz, 1H), 7.66
(s, 1H), 7.86 (d, J=7.7 Hz, 1H), 10.03 (s, 1H); *C NMR
(DMSO-d,, 100 MHz) §: 15.14, 21.11, 28.86, 30.37, 66.20,
113.78, 127.98, 129.66, 131.18, 133.08, 136.09, 136.98,
137.02, 141.72, 158.04, 193.21; IR (KBr) v: 3042, 2916,
2865, 2724, 1693, 1602, 1578, 1466, 1320, 1281, 1177,
1162, 1150, 1065, 855, 800, 704, 651 cm '; ESI-MS m/z:
315.3 [M+H]". HRMS (AP-ESI) calcd for C;9H,,0,SNa
[M+Na]" 337.1341; found 337.1296.
325 (2,6-=F A -4-3-(FAA)m A )R L 3-
)P EL(T) 0 Ak

FRiE 6 (1.7 g) T 50 mL M, IIATC/K HEE(S
mL)FITE/K Y EMRI(16 mL). VKIBHEE FZEZ A 0.2
g EALEN, 0.5 h, oK, =R&MNER. AR
K, HZBROEERI =, 1 molL ' HFER¥: LR 2.1k
FERmYE, RSN R, TR R e T
KeJE, OB CBE/ A kA R0 flash £, 2T 1.5 ¢

Chin. J. Org. Chem. 2017, 37, 858~865
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T TRBAARS, 772 88%. 'H NMR (DMSO-dq, 400
MHz) 6: 1.95 (s, 6H), 1.97~2.02 (m, 2H), 2.06 (s, 3H),
2.63 (t, J=7.2 Hz, 2H), 4.05 (t, J=6.1 Hz, 2H), 4.56 (s,
2H), 5.20 (s, 1H), 6.70 (s, 2H), 6.96 (d, J=7.4 Hz, 1H),
7.06 (s, 1H), 7.29 (d, J=7.6 Hz, 1H), 7.38 (t, J=7.6 Hz,
1H); *C NMR (DMSO-d;, 100 MHz) §: 15.16, 21.24,
28.86, 30.31, 63.35, 66.18, 113.61, 125.12, 127.80, 128.11,
128.58, 134.61, 136.99, 140.55, 143.19, 157.60; IR (KBr)
v: 3416, 2917, 2869, 1606, 1468, 1437, 1316, 1181, 1155,
1066, 1039, 855, 796, 713, 640 cm™'; ESI-MS m/z: 317.5
[M+H]".
32.6 (8)-2-(6-FHK-23-KRHAF A kH-3-K)TER T
i (8) 49 4~ &,

B 8 4 HSCHRIRIE K )7 724 Y. mp. 64~
66 C; 100.0% ee [#£F: CHIRALPAK IA (4.6 mm 1.D. X
250 mm, 5 pm); JsHAH: VOIE k) V(S N EE) = 80/20;
WMi#E: 0.8 mL/min; P UV 286 nm; IRE: EE];
[a]5 +10.5 (¢ 1.2, acetonitrile); '"H NMR (DMSO-ds, 300
MHz) §: 2.56 (dd, J=7.5, 9.0 Hz, 1H), 2.74 (dd, J=10.5,
6.0 Hz, 1H), 3.63~3.71 (m, 4H), 4.16 (dd, J=2.4, 6.6 Hz,
1H), 4.64 (t, J=9.0 Hz, 1H), 6.17 (d, J=2.1 Hz, 1H), 6.24
(dd, J=6.0, 2.1 Hz, 1H), 6.94~6.97 (m, 1H), 9.30 (s, 1H);
BC NMR (DMSO-d;, 75 MHz) d: 37.03, 51.37, 76.68,
97.03, 107.17, 119.50, 124.42, 158.10, 160.59, 172.01; IR
(KBr) v: 3446, 3425, 1711, 1621, 1607, 1507, 1457, 1366,
1344, 1303, 1184, 1171, 1102, 984, 864, 804, 764, 638,
631, 578 cm™'; ESI-MS m/z: 209.3 [M+H]". HRMS
(AP-ESI) caled for C;;H;,04 [M—H] 207.0736; found
207.0657.
32,7 (8)-2-(6-((2,6-="F K -4'-(3-(F s i) A A H)EK
A3 A A)-2,3-RHF = Ak H-3- ) TR F B
(9) 49 &A%,

FRE 7 (2.85 g)« 8 (2.25 gfI =AM G3.6 g), BT
50 mL Jo/KPUERH, =R T, BHEEAZHR L6
(22 mLET 10 mL JosK VU SRR, 500 2 & R H,
RS, O OB/ mEsA RIS flash #, 15
3.0 g TOWPBAE, 72K 66%. [ald +9.35 (¢ 1.7, ace-
tonitrile); '"H NMR (DMSO-ds, 300 MHz) d: 1.92 (s, 6H),
1.96~2.02 (m, 2H), 2.07 (s, 3H), 2.54~2.65 (m, 3H),
2.77 (dd, J=10.8, 5.7 Hz, 1H), 3.63 (s, 3H), 3.68~3.82
(m, 1H), 4.04 (t, J=6.0 Hz, 2H), 4.20 (dd, J=2.4, 6.6 Hz,
1H), 4.67 (t, J=9.0 Hz, 1H), 5.09 (s, 2H), 6.46~6.49 (m,
2H), 6.69 (s, 2H), 7.03~7.09 (m, 2H), 7.15 (s, 1H), 7.36~
7.46 (m, 2H); *C NMR (DMSO-ds, 75 MHz) o: 20.66,
28.33, 29.78, 37.05, 38.59, 51.37, 65.69, 69.33, 76.88,
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96.92, 106.97, 113.17, 121.60, 124.47, 125.71, 128.49,
128.73, 133.68, 136.52, 137.27, 140.31, 157.19, 159.18,
160.67, 171.91; IR (KBr) v: 2951, 2915, 1735, 1619, 1598,
1499, 1458, 1437, 1355, 1316, 1279, 1199, 1155, 1146,
1111, 1074, 1034, 989, 893, 841, 792, 713, 645 cm ';
ESI-MS m/z: 507.5 [M+H]". HRMS (AP-ESI) calcd for
C30H34,0sSNa [M+Na]" 529.2127; found 529.2029.

3.2.8  2-((35)-6-((2,6'- = F & -4-3-(F ZaEELA)A
AA)VBER A 3-H)F A H)-23-FKF = AkE-3-£)T
% B5 (10) 89 4 A%,

e 9 (3.0 )T 100 mL M, A FHEL(36
mL)FIPUEFRIE(18 mL), ¥KIG T, Wl 30%XE 7K (9.0
mL), i IN5EREKE FRE N 1.0 mL =3 488, &M0.5
h J&, BUKE, RSN 2 d B F R AR bk R
flash i, ZT132.6 g LMK, =K 85%. [ald +
6.39 (c 0.3, methanol); '"H NMR (DMSO-d;, 300 MHz) ¢:
1.91 (s, 6H), 2.04~2.14 (m, 2H), 2.54~2.63 (m, 4H),
2.73~2.97 (m, 3H), 3.63 (s, 3H), 3.65~3.75 (m, 1H),
4.09 (t, J=6.0 Hz, 2H), 4.20 (dd, J=2.4, 6.6 Hz, 1H), 4.67
(t, J=9.0 Hz, 1H), 5.09 (s, 2H), 6.46~6.49 (m, 2H), 6.71
(s, 2H), 7.04~7.09 (m, 2H), 7.14 (s, 1H), 7.36~7.47 (m,
2H); C NMR (DMSO-d;, 75 MHz) J: 20.68, 22.15,
37.03, 38.06, 38.59, 49.89, 51.41, 66.04, 69.32, 76.86,
96.94, 107.02, 113.27, 121.62, 124.50, 125.77, 128.51,
128.73, 133.82, 136.55, 137.30, 140.25, 157.02, 159.16,
160.65, 171.94; IR (KBr) v: 3416, 2970, 2918, 1735, 1620,
1598, 1497, 1470, 1438, 1316, 1277, 1156, 1112, 1049,
881, 792, 713, 630 cm '; ESI-MS m/z: 523.5 [M+H]".
HRMS (AP-ESI) caled for CsH34,0¢SNa [M + Na] *
545.2076; found 545.1969.

3.2.9 2-((35)-6-((2,6'-=F A -4-3-(F LABLIK)A
AR -3 ) F AH)-2,3-RHF = Ak hw-3-4) T
B2 (11) 89 5 n%,

FRE 10 (2.62 )i T FHEE(13 mL)FIPY S (26
mL)JB& S, IO 2 moleL ™' S AL4#H(8.0 mL), 50 C
N2 h, BEEUKIAH 2 molL ' EifRER 1L, ARKEAT
WARNTH, F R QR =, M S e is
VeI, JoKERBREE TS, M/ ST ik Rl
flash #%, T, B FRMAE 1.57 g kA, =%
62%. [a]d +5.89 (¢ 1.0, acetonitrile); "H NMR (DMSO-
ds, 300 MHz) §: 1.92 (s, 6H), 2.05~2.14 (m, 2H), 2.44~
2.51 (m, 1H), 2.58 (s, 3H), 2.66~2.98 (m, 3H), 3.62~
3.72 (m, 1H), 4.09 (t, J=6.0 Hz, 2H), 4.16~4.21 (m, 1H),
4.68 (t, J=9.0 Hz, 1H), 5.09 (s, 2H), 6.46~6.49 (m, 2H),
6.71 (s, 2H), 7.04~7.14 (m, 3H), 7.37~7.47 (m, 2H),
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12.35 (s, 1H); *C NMR (DMSO-d,, 75 MHz) ¢: 20.70,
22.15, 37.04, 38.03, 39.10, 49.86, 66.01, 69.29, 77.07,
96.89, 106.92, 113.24, 121.90, 124.51, 125.78, 128.52,
128.72, 133.81, 136.55, 137.31, 140.23, 157.01, 159.07,
160.64, 173.07; IR (KBr) v: 3418, 2918, 2578, 1718, 1619,
1599, 1496, 1470, 1316, 1275, 1182, 1154, 1004, 829, 797,
712, 633 cm™'; ESI-MS m/z: 507.3 [M—H] . HRMS
(AP-ESI) caled for CyH;3,06S [M—H] 507.1920; found
507.1857.
32,10 FHAH & EFRALSY 2-((5)-6-((2.,6'-=
T A -4-(3-((S)- T LA B A )7 A IR A -3-5) P &
#)-2,3- 3K I = A vk h-3- ) TER (12)F= 2-((S)-6-((2,6'-
Z WA A4-3-((R)-F Tazmt &) BB R A -3-35)F
A H)-2,3-RH = A vkh-3-K) TER(13)

WE 11 BTl & AL R A TR
B = AT . F )% % 48 A+ CHIRALPAK
ADH, 0.46 cm LD.X25 cmeL; WishH: V(= A4Lm)
V(FFEE)=60/40; iiE: 2.0 mL/min; #&J1: UV 208 nm;
WAz 35 C. AEY 12 FEREEINTAA 14.2 min, (L&)
13 (LR BE IS 1E] 17.6 min.

(S,S)-F KA 12: 100.0% de [#EF: CHIRALPAK 1A
(4.6 mm 1.D.X250 mm, 5 pm); JBhA: V(IESkE) :
W(ZHBE) © (TR TR © (=M ZB)=75:10: 15 :
0.1; JiE: 1 mL/min; #&3: UV 284 nm; JEE: =HE];
[a]} +35.93 (¢ 0.8, acetonitrile); 'H NMR (DMSO-dq,
600 MHz) 6: 1.92 (s, 6H), 2.04~2.12 (m, 2H), 2.46~2.51
(m, 1H), 2.58 (s, 3H), 2.69 (dd, J=5.4, 10.8 Hz, 1H),
2.77~2.82 (m, 1H), 2.90~2.95 (m, 1H), 3.66~3.68 (m,
1H), 4.09 (t, J=6.0 Hz, 2H), 4.17~4.20 (m, 1H), 4.68 (t,
J=9.0 Hz, 1H), 5.09 (s, 2H), 6.46~6.48 (m, 2H), 6.71 (s,
2H), 7.05~7.14 (m, 3H), 7.36~7.45 (m, 2H); *C NMR
(DMSO-ds, 150 MHz) §: 21.19, 22.62, 37.53, 38.49, 39.50,
50.31, 66.47, 69.74, 77.57, 97.34, 107.38, 113.70, 122.40,
124.91, 126.26, 129.00, 129.01,129.20, 134.28, 137.03,
137.78, 140.71, 157.47, 159.53, 161.11, 173.60; IR (KBr)
v: 3423, 2918, 2579, 1717, 1618, 1600, 1496, 1470, 1316,
1275, 1182, 1154, 1005, 826, 797, 712, 632 cm . HRMS
(AP-ESI) caled for CaoH306S [M—H]™ 507.1920; found
507.1724.

(R,S)- M1 13: 100.0% de [#:T: CHIRALPAK 1A
(4.6 mm L.D.X250 mm, 5 um); AsIAH: VOECke)/ (4
B V(LR B8/ V(=5 LB8R) = 75/10/15/0.1; s 1
mL/min; #30: UV 284 nm; #E: Ei]; [alh —20.32
(c 0.7, acetonitrile); '"H NMR (DMSO-d;, 600 MHz) o:
1.92 (s, 6H), 2.07~2.11 (m, 2H), 2.47 (dd, J=7.8, 9.0 Hz,
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1H), 2.58 (s, 3H), 2.69 (dd, J=5.4, 11.4 Hz, 1H), 2.77~
2.82 (m, 1H), 2.90~2.95 (m, 1H), 3.66~3.68 (m, 1H),
4.09 (t, J=6.0 Hz, 2H), 4.17~4.20 (m, 1H), 4.68 (t, J=
9.0 Hz, 1H), 5.09 (s, 2H), 6.4~6.48 (m, 2H), 6.71 (s, 2H),
7.05~7.14 (m, 3H), 7.37~7.45 (m, 2H); *C NMR
(DMSO-dj, 150 MHz) 0: 21.18, 22.61, 37.55, 38.48, 39.50,
39.64, 50.31, 66.49, 69.73, 77.59, 97.33, 107.37, 113.69,
122.43, 124.98, 126.26, 128.99, 129.01, 129.19, 134.27,
137.03, 137.78, 140.70, 157.47, 159.51, 161.11, 173.63; IR
(KBr) v: 3421, 2918, 1713, 1619, 1598, 1496, 1470, 1317,
1278, 1182, 1156, 1001, 824, 791, 712, 632 cm™'. HRMS
(AP-ESI) calcd for C,H;30¢S [M—H] 507.1920; found
507.1723.

3.3 HEK 293/GPR40/NFAT/Bla 4HAf Z 455746 M S 16

BN 37T CRNEH 5% CO, MZ%4F T, ¥ HEK
293/GPR40/NFAT/Bla 4iiffl Z%(HD Biosciences)$s 7= 1 &
H 10%64- M5 ) dulbecco's modified eagle medium
(DMEM)E;: 7236 0. 24 h J5, /&R FRE. ZEMA
Fluo8 (AN 45 4Lk, £37 C TR 1h. WHE %
B, AR A PIARORIAS Sk 7B 2] FLIPR (Molecular
Devices) [ AH AR A7 E@EAT MR, K SEE0 45 A Screen
Works 3 . FFH1EEI# A Prism 5 (GraphPad) i
AP 2R, TH5H ECs .

HHBh#1 kL (Supporting Information) L&) 1~13 K
'HNMR 1 °C NMR i [&; 1644 1, 6, 8~13 ) HRMS
R S 1, 8 MmO AT . X PR AT DA S 9
AT 3 (http://sioc-journal.cn/)_F T %k,
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