Accepted Manuscript =

Discovery of first-in-class thiazole-based dual FFA1/PPARd agonists as potential anti-
diabetic agents A

Zheng Li, Yueming Chen, Zongtao Zhou, Liming Deng, Yawen Xu, Lijun Hu, Bing Liu, /,

Luyong Zhang

PII: S0223-5234(18)31115-2
DOI: https://doi.org/10.1016/j.ejmech.2018.12.069
Reference: EJMECH 11003

To appearin:  European Journal of Medicinal Chemistry

Received Date: 12 November 2018
Revised Date: 26 December 2018
Accepted Date: 26 December 2018

Please cite this article as: Z. Li, Y. Chen, Z. Zhou, L. Deng, Y. Xu, L. Hu, B. Liu, L. Zhang, Discovery
of first-in-class thiazole-based dual FFA1/PPARS agonists as potential anti-diabetic agents, European
Journal of Medicinal Chemistry (2019), doi: https://doi.org/10.1016/j.ejmech.2018.12.069.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ejmech.2018.12.069
https://doi.org/10.1016/j.ejmech.2018.12.069

Discovery of first-in-class thiazole-based dual FFA1/PPARS agonists as potential

anti-diabetic agents

Zheng Li*?, Yueming Chen®, Zongtao Zhou', Liming Deng', Yawen Xu®, Lijun Hu', Bing Liu®™

2% Luyong Zhang"%3%*

! school of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006, PR China.

% Key Laboratory of New Drug Discovery and Evaluation of ordinary universities of Guangdong
province, Guangdong Pharmaceutical University, Guangzhou 510006, PR China.

® Guangzhou Key Laboratory of Construction and Application of New Drug Screening Model
Systems, Guangdong Pharmaceutical University, Guangzhou 510006, PR China.

* Jiangsu Key Laboratory of Drug Screening, China Pharmaceutical University, Nanjing 210009,

PR China.

Graphical Abstract

s o .
\ :
Amgen Inc.  AM-4668 Hybrid FaC S
COOH

SAR

Dual FFA1/PPAR & agonist 32 w7 % y i
f 0._COOH WA ‘ T
% 23 A
e (O ® ‘ BN
N LEu-lJﬁI ';M - VG i 163
o VAL- 1348 | § b 5

GWs501516

Aiming to develop potent dual FFA1/PPARS agonists, we have hybrid the FFA1 agonist AM-4668
with PPARS agonist GW501516 based on their structural similarity, exemplified by the oraly

bioavailable dual FFA1/PPARS agonist 32.
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Abstract

The free fatty acid receptor 1 (FFA1 or GPR40) patbxisome proliferator-activated recepdor
(PPARS) have attracted a lot of attention due to thele i@ promoting insulin secretion and
sensibility, respectively, which are two major feas of diabetes. Therefore, the dual
FFA1/PPAR agonists would increase insulin secretion and ils#ihs by FFA1 and PPAR
activation. In this study, we hybrid FFA1 agonisMA668 with PPAR agonist GW501516,

leading to the identification of orally bioavailabdlual agonisB2, which revealed high selectivity
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Zhang).
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over other PPARs. Moreover, compouB® exhibited good pharmacokinetic profiles with high

plasma concentration, sustained half-life and leamancean vivo. During the hypoglycemic test,

a dual agonisB2 enhanced the tolerance af/ob mice for glucose loading in a dose-dependent

manner. Our results suggest that dual FFA1/RPAgonist could be a valuable therapy for type 2

diabetes.

Keywords: Dual agonist; FFAL; Hybrid; PPAR; Diabetes.

1. Introduction

Type 2 diabetes is usually caused by insufficiaatiiin production and resistance to insulin.[1, 2]

Agents with pharmacological mechanism on improvihg pathogenesis of diabetes are used

singly or combined, such as sulfonylureas, metforand thiazolidinediones. However, there are

several potential risks for most of current drugsluding the limited efficacy, hypoglycemia and

weight gain.[3-6] Hence, there still have many utaimical needs to obtain novel anti-diabetic

drugs.[7-9]

In pancreatig@-cells, the free fatty acid receptor 1 (FFA1/GPRd@motes insulin secretion

dependent on blood glucose levels.[10, 11] Basedtomhysiological mechanism, FFAL is

considered as a novel hypoglycemic target becaluge low possibility of hypoglycemia.[12] At

present, many groups reported FFA1 agonists wiith mwieties Figure 1), and many clinical

trials of candidates (e.g. TAK-875) have been cetagl. Readers want to know more details on

the related research progress may refer to thews\il3, 14] In this field, we also did some

preliminary exploration on FFA1 agonists to extésdhemical space.[15-23]



The peroxisome proliferator-activated receptorsAf®$) have received significant attention

due to their function on regulating energy metatml[24] There are three subtypes for PPARS:

including PPAR:, PPAR, and PPAR. Among them, PPA&R and PPAR exhibited considerable

advantages on improvement of insulin sensibilityl dipid disorder.[25-27] The physiological

mechanisms of PPARNclude anti-inflammatory, adipocyte different@ti insulin sensibilization

and lipid metabolism.[28-31] Notably, PPARactivation protect$d cells from apoptosis,[32]

up-regulating GLP-1 receptor,[33] and increasintpotiondrial function irp cells.[34] Therefore,

PPARS has been considered as a potent target for thieeneat of various metabolic disorders.[35]

Based on their complementary mechanisms, the de@l/PPAR agonists would increase

insulin secretion and sensibility by FFA1 and PBA&tivation, respectively. Interestingly, the

pharmacophoric features of FFA1 and PBAIgonists are very similar,[36] and we have explore

several hits as FFA1/PPARagonists, though the potency is limited to micréarevels.[37] As

shown inFigure 1, AM-4668 (FFA1 agonist)[38] has the same thiazwleiety (red lable in

Figure 1) with GW501516 (a selective PPARgonist).[39] Thus, it will be a feasible stratdgy

hybrid AM-4668 with GW501516 to provide dual FFAPARS agonist. Furthermore, PPAR

agonist GW501516 has the same acid moiety (blue lab~igure 1) with our previous reported

FFA1l agonist CP-1.[40, 41] In this study, FFAl agtsh AM-4668 and CP-1 are hybrid with

PPARS agonist GW501516 to maintain the common scaffalsisnuch as possibl&igure 2).

After comprehensive exploration, compoudd was identified as a dual FFA1l/PPARgonist

with high selectivity over other PPARs. Herein, feeus on the description of hybrid strategy,

structural optimization, and the hypoglycemic efgo ob/ob mice.



2. Results and Discussion

2.1. Chemistry

Preparative process of compourid8 are described ischeme 1 Condensation of raw materials

la-b with methyl bromoacetate providéh-b, which were then converted to compoursdsb

through Baeyer-Villiger oxidation. Hydrolysis ofedates3a-b with sodium methoxide afforded

phenols 4a-b. Cyclization of various thiobenzamidesa-f with ethyl 2-chloroacetoacetate

generated intermediateéga-f, followed by ester reduction using sodium boroidelf42] and

further treated with thionyl chloride under catadytondition yielded chlorinated intermediates

7a-f. Condensation ofa-f with 4a-b using classical Williamson ether synthesis withagsium

carbonate as base, followed by basic hydrolysisished compounds-8. Compound®-14were

synthesized as summarized $theme 2 Condensation of ethyl 2-chloroacetoacetate \8ih

formed oxazol®a, which was further converted to intermediai® Condensing raw materials

11a with 123 followed by region-selective reaction in the mmse of N-bromobutanimide

afforded14a[43] The intermediaté0aor 14awas connected withb or 153 and then hydrolysis

using lithium hydroxide, provided target compourtd$l. The thiazole estet6a or 20a was

prepared by cyclization reaction, and convert tdommated intermediatel7a or 21la

Condensation of halogenate intermediatéih phenolsda-b, followed by hydrolysis under basic

condition, afforded the carboxylic aciéisl4

The compoundd5-20 were synthesized as shown 8theme 3 The condensation of

2-aminoacetophenonsith chloroacetyl chloride provided3a which was further converted to

24a or 25a by cyclization reaction in the condition of phospls oxychlorideor Lawesson’s

reagent, respectively.[44, 45] Similar reactiongass furnished®8a or 29a from the starting

material benzoylhydrazide. Condensation of thederidlated intermediates witla-b, then
4



hydrolysis to provide the target compoundlS-2Q0 Scheme 4 describes the synthesis of

compounds21-32 The phenols30a[21] 31422] and 32g46] were synthesizedia reported

procedures. The optically purgd5a was separated from racemad@a in the presence of

R-phenethylamine. Condensation of phen8Ra¢32a 353 with 7a-h, and then ester hydrolysis,

provide21-32

2.2. SAR study

The potency of synthesized compounds on FFA1l wassuaned using FFAl-expressed Chinese

hamster ovary cells, and the potency of PPARS evaluated in Gal4 receptor cell-based assay.

First, we explore the hybrids of FFA1 agonist AMB86and PPAR agonist GW501516Table 1),

and briefly investigated the tolerability of substints at terminal B ring. Compouigd a direct

analog of GW501516, exhibited an approximately #80-reduced potency of PPARompared

to positive control GW0742. Replacement of methgugp at A ring with fluorine (compoung)

hardly affected potency on PPBRwhile the agonistic activity of FFA1 has signéit

improvement compared to compouhdThese results indicated that fluorine at A rinighh be a

better substituent to explore the dual FFA1/PBARBonists. Introduction of trifluoromethyl group

at the B ring (compound®and4) drastically increased potency on PRBARuggesting that small

hydrophobic substituent in B ring is very importémt matching with the hydrophobic pocket of

PPARS. Based on previously reported SAR studies on REB8B] the 4-position and 3-position

substituents at B ring were incorporated to evaldlagir potential on dual FFA1l/PPARgonists

in this study. Fluorine and methyl scanning in Byr(compound$-8) indicated that hydrophobic

substitution is preferred in 4-position and tolechin 3-position for the potency on FFA1 and



PPAR.

Meanwhile, we focused on the exploration of othetelocycles to replace the thiazole

scaffold [Table 2). Replacement of sulphur (compou®dwith oxygen (compoun8) resulted in

remarkable reduction of activity on FFAL1 and PBARight attributing to thesdifferences of

sulphur and oxygen between hydrophobic effect dactrenic distribution. Indeed, the potency of

oxazole derivativesl6 and16) was inferior to that of the corresponding thiazahalogl7. The

exchange of sulphur and nitrogen atom in compduprbvided analod 0 appears to diminishing

agonistic activities both in FFA1 and PPARmplying that there is a strict ligand-receptor

interaction in binding pockets. Incorporation oftrogen-containing linker (compoundl)

improved agonistic activity of FFAL1 to some extentile significantly decreased potency on

PPARS. Compoundd2-14revealed lower potencies on FFA1 and PPABmpared to compound

10, which might be attributed to the reduced hydrdptiinteraction due to the absence of methyl

group at thiazole moiety. To decrease the lipophyliof ligand, the thiadiazole and oxdiazole

derivatives 18-20 were designed. However, none of them (compoui®d20 exhibited desired

agonistic activity, probably because of the highygrophobic pockets in FFA1 and PPAR

Based on SAR studies above, thiazole scaffold aipmund3 was selecte@s our starting

point for further optimization. In this part, ouffats were directed to explore whether other acid

scaffolds could also retain dual potency on FFAd BRAR (Table 3). The sulfone acid2(l and

22) and deuterated acid23-295, two reported scaffolds of FFALl agonists,[21, 2&¢re

incorporated to investigate the potency on FFA1 BRARS. The sulfone acid analo@d and 22

revealed moderate activity for FFAL, but their poied to activate PPARwas found to be rather

low (> 10uM). The deuterated acid derivative8-25indicated improved PPARactivities back



to the level of phenoxyacetic acid anakbdput, nevertheless, led to reduced potency on FFAl

(compound4 vs 25). Interestingly, introduction of dihydrobenzofurearboxylic acid of TAK-875

provided compound®6-32 which revealed better balance between FFA1 a®dRBRompared to

phenoxyacetic acid series. In this series, diffesaibstituents at left benzene ring have little&ff

on agonistic activity of FFAL, while 4-methoxy gmycompound30) decreased potency on

PPARS. Notably, compound1 (4-CF) exhibited the best balance between FFA1l and BPAR

which was selected for further evaluation by sefjegdts optimal enantiomer. As expected, the

optimal enantiome82 (FFA1: 68 nM; PPAR: 102 nM) revealed marked improvement compared

with racemate3l (FFA1l: 113 nM; PPAR: 175 nM). Moreover, compoun82 exhibited high

selectivity for FFA1 and PPARover other nuclear receptors of PPAR family (fdrichh EG >

10 uM, Table 4).

2.3. Docking study

Based on co-crystal structure of PRAfRDB number: 1GWX) and FFA1 (4PHU), the induced-fi

docking study was performed to explore the intésael mode of the dual FFA1/PPARxgonist

32. As shown inFigure 3, the dual agonisi2 fitted well with these two receptors in bindingesit

In binding site of PPAR (Figure 3A), carboxylic acid of agonisB2 formed interactions with

residues His449, Tyr473 and His323 by hydrogen-bandetwork. Moreover, trifluoromethyl

group at the left benzene is fitted well with thea#l hydrophobic pocket surrounded by 1le249,

Leu255 and Ala258. Therefore, the un-substitutetdvaive 26 and compound0 with bulkier

substituent revealed significantly reduced actgiton PPAR. In binding site of FFA1Kigure

3B), carboxylic acid of32 formed anchor point with Arg2258 and Arg183. Farthore, an



edge-on interaction was generated between the péarkhydrobenzofuran and Trpl74. The

trifluoromethyl group was exposed to the outsideresfeptor, rationally explained that the left

phenyl ring could tolerate various types of substitts while little effect for FFAL activity.

2.4. Pharmacokinetic study

The pharmacokinetic (PK) profiles of compoud® were evaluated in fasted rats. As shown in

Table 5 compound32 exhibited good PK profiles with high maximum plasmoncentration

(Cmax = 9.45ug/mL), which was 200-fold higher than its gGralues on FFALl and PPAR

Moreover, compoun®2 showed low metabolic clearance (CL = 16.73 mL/h/&agyl sustained

half-life (T, = 4.31 h) suitable for twice daily, resulting ilgh exposurdan vivo (AUCq_24n =

95.62ug/mL-h).

2.5. Hypoglycemic effects of 32

To investigate glucose-lowering efféct vivo, different doses of compour82 (10, 30 and 100

mg/kg) were evaluated iab/ob mice, a genetic defect model with metabolic disessdsuch as

diabetes-related obese and insulin resistancedB]7As shown inFigure 4, the dual agonis32

(10, 30 and 100 mg/kg) exhibited hypoglycemic dffaca dose-dependent manner, with changes

in plasma glucose AULC, 20minOf +1.1%, -6.1%, and -10.9%, respectively. NotaBB(100 mg/kg)

exhibited significantly glucose-lowering effect thgh it is inferior to the typical agonist TAK-875

(-15.7% AUG-120min-

3. Conclusion

In this paper, FFA1 agonist AM-4668 was hybrid wtRAR agonist GW501516 to design dual
8



FFA1/PPAR agonists. After comprehensive SAR exploration, vdentified the orally
bioavailable dual FFA1/PPARagonist32 (FFAl: 68 nM; PPAR: 102 nM), which has high
selectivity over other PPARs. The dual agoBBtexhibited good PK profiles with high plasma
exposure, which ensured the enough effective cdratem to simultaneously activate FFA1 and
PPARS in vivo. Moreover, compound2 reduced the levels of glucose in a dose-resporssen.
These interesting findings indicated that the dagdnist32 is meaningful as a tool compound,

which will help us to seek better dual FFA1/PRA&onist.

4. Experimental section

4.1. General chemistry

Reagents and solvents were purchased from comrhentieces. The progress of reaction was
monitored by thin layer chromatography analysis @R254 plates at 254 and 365 nm.
Chromatographic purification was performed on ailgel (200-300 mesh). Melting points were
carried out on a RY-1 melting-point apparatus. Maclmagnetic resonance specttd KMR at
300 MHz and"C NMR at 75 MHz) were measured by Bruker ACF-30@€truiment, coupling
constants J values) are expressed as hertz (Hz), and chesthiiis are expressed as parts per
million (ppm) relative to internal standard (tetethylsilane). Liquid chromatography-tandem
mass spectrometry (Waters) was used to determindM&Cspectra. Elemental analysis was
recorded on Heraeus CHN-O-Rapid analyzer withirtdf theoretical values. Experimental

protocols for TAK-875 were disclosed in the supjmgrinformation of previous literature.[46]

General synthetic procedure for intermediates 4a ath4b

To a stirred solution dfaor 1b (1 equiv) in acetone was added potassium carb¢8aquiv) and
9



methyl bromoacetate (2 equiv). The mixture wasestiat 45 °C for 12 h, and filtered. The filtrate
was concentrated under vacuum and the residue isgm\wed in ethyl acetate. The organic layers
was washed with brin@ x 20 mL), dried over anhydrous sodium sulfatd fitered. The filtrate
was concentrated under vacuum to give interme@iata 2b as colorless oil, which was used for
the next reaction without further purification. &osolution of intermediat2a or 2b (1 equiv) in
dichloromethanwvas addegb-toluenesulfonic acid (0.1 equiv) and 3-chloropgtmenzoic acid (2
equiv) at 0 °C. The mixture was stirred at room gemature for 24 h and then poured into
saturated sodium bisulfite solution (25 mL) stirfed 20 min. The aqueous layer was separated
and extracted with dichloromethaf@x 10 mL). The combined organic phases were whsaliif
water (15 mL), dried over anhydrous sodium sulfabel filtered. The filtrate was evaporated
under vacuum and the residue was purified by sijjeh column chromatography (petroleum
ether/ethyl acetate, 20:1, v/v) to afford interna¢es3a and3b as white solid. To a solution 8&
or 3b (1 equiv) in methanalas added sodium methoxide (3 equiv). The mixtuas stirred at
room temperature for 4-6 h and then quenched withhydrochloric acid (20 mL). The mixture
was extracted with ethyl acetgBx 10 mL), and the combined organic phases washed with
brine(15 mL), dried and filtered. The filtrate was evegied under vacuum and the residue was
purified by silica gel column chromatography (pktton ether/ethyl acetate, 10:1, v/v) to afford
intermediategla and4b as white solid.

Methyl 2-(4-hydroxy-2-methylphenoxy)acetate (4a)'H NMR (300 MHz, CDC}J) &: 9.35
(s, 1H), 7.06 — 7.01 (m, 1H), 6.84 — 6.63 (m, 2HY5 (s, 2H), 3.67 (s, 3H), 2.18 (s, 3H). ESI-MS
m/'z 197.1 [M+HT.

Methy! 2-(2-fluoro-4-hydroxyphenoxy)acetate (4b)*H NMR (300 MHz, CDCY) 6: 9.44 (s,

10



1H), 6.92 — 6.85 (m, 1H), 6.63, 6.59 (dds 13.1, 2.8 Hz, 1H), 6.51-6.47 (m, 1H), 4.73 (d).2

3.69 (s, 3H). ESI-M$Wz 201.1 [M+HT.

General synthetic procedure for intermediates 6a-h

A solution of5a-h (1 equiv) and ethyl 2-chloroacetoacetate (1.2v9gui ethanol (25 mL) was
heated to reflux for 6 h, then the mixture waswd#ld to stand at O °C for 10 hrs, and a white
needle crystal was precipitate out. The reactionture was filtered and the filter cake was
washed with ethanol (10 mL), dried to give theettbmpounds.

Ethyl 4-methyl-2-phenylthiazole-5-carboxylate (6a)Yield 75%; white powder*H NMR
(300 MHz, DMSO€g) 9: 7.95 — 7.86 (m, 2H), 7.45 — 7.40 (m, 3H), 4.30J(g 7.1 Hz, 2H), 2.68
(s, 3H), 1.31 (1) = 7.1 Hz, 3H). ESI-MSn/z 248.1 [M+HT.

Ethyl 4-methyl-2-(4-(trifluoromethyl)phenyl)thiazol e-5-carboxylate (6b). Yield 89%;
white powder’H NMR (300 MHz, DMSOdj) 6: 7.92 (d,J = 8.1 Hz, 2H), 7.67 (d) = 8.1 Hz,
2H), 4.29 (qJ = 7.1 Hz, 2H), 2.67 (s, 3H), 1.30 {t= 7.1 Hz, 3H). ESI-MSwz 316.1 [M+H].

Ethyl 2-(4-fluorophenyl)-4-methylthiazole-5-carboxyate (6c¢). Yield 72%; white powder;
'H NMR (300 MHz, DMSOd) d: 8.02 (d,J = 8.6 Hz, 2H), 7.59 (d] = 8.6 Hz, 2H), 4.30 (q] =
7.1 Hz, 2H), 2.90 (s, 3H), 1.30 (t= 7.1 Hz, 3H). ESI-M3$/z 266.1 [M+HT.

Ethyl 2-(3-fluorophenyl)-4-methylthiazole-5-carboxyate (6d). Yield 67%; white powder;
'H NMR (300 MHz, DMSOd) 6: 7.84 — 7.79 (m, 2H), 7.60 — 7.56 (m, 1H), 7.44.40 (m, 1H),
4.29 (9 = 7.1 Hz, 2H), 2.67 (s, 3H), 1.30 JtF 7.1 Hz, 3H). ESI-MS$Wz 266.1 [M+H].

Ethyl 4-methyl-2-(p-tolyl)thiazole-5-carboxylate (6e).Yield 85%; white powderH NMR
(300 MHz, DMSO#d) o: 7.87 (d,J = 8.1 Hz, 2H), 7.32 (d) = 8.1 Hz, 2H), 4.29 (q) = 7.1 Hz,

11



2H), 2.67 (s, 3H), 2.36 (s, 3H), 1.30Jt 7.1 Hz, 3H). ESI-MS/z 262.1 [M+HT.

Ethyl 4-methyl-2-(m-tolyl)thiazole-5-carboxylate (6f). Yield 68%; white powderH NMR
(300 MHz, DMSO€g) 9: 7.86 — 7.81 (m, 1H), 7.76 (d= 7.2 Hz, 1H), 7.41 — 7.38 (m, 2H), 4.28
(9, J = 7.1 Hz, 2H), 2.69 (s, 3H), 2.38 (s, 3H), 1.30J(t 7.1 Hz, 3H). ESI-MSnz 262.1
[M+H] "

Ethyl 2-(4-chlorophenyl)-4-methylthiazole-5-carboxyate (69). Yield 84%; white powder;
'H NMR (300 MHz, DMSOd) d: 8.01 (d,J = 8.6 Hz, 2H), 7.59 (d] = 8.6 Hz, 2H), 4.30 (q] =
7.1 Hz, 2H), 2.69 (s, 3H), 1.30 (t= 7.1 Hz, 3H). ESI-MS$n/z 282.1 [M+HT.

Ethyl 2-(4-methoxyphenyl)-4-methylthiazole-5-carboylate (6h). Yield 67%; white
powder;"H NMR (300 MHz, DMSOd) 6: 7.95 (d,J = 8.7 Hz, 2H), 7.06 (d] = 8.7 Hz, 2H), 4.29
(9, J = 7.1 Hz, 2H), 3.83 (s, 3H), 2.67 (s, 3H), 1.30J(t 7.1 Hz, 3H). ESI-MSwz 278.1

[M+H]".

General synthetic procedure for intermediates 7a-h

To a stirred mixture of sodium borohydride (3 equBa-h (1 equiv) in reflux tetrahydrofuran (20

mL) was added methanol (1 mL). After refluxing fother 30 min, the reaction mixture was
pouring into water (20 mL), and extracted with étagetate (3 x 10 mL), the organic fractions
were combined, washed with saturated brine (2 mlLp prior to drying over anhydrous sodium

sulfate. After filtration and concentrate, the des was dissolved in dichloromethane (20 mL),
thionyl chloride (6 equiv) and catalytic DMF werdded at room temperature. After stirring at
40 °C for 4 h, the reaction was concentrated. Td®due was purified by silica gel column
chromatography (petroleum ether/ethyl acetate,, 20} to afford the title compounds.

12



5-(chloromethyl)-4-methyl-2-phenylthiazole (7a).Yield 83%; yellow semisolid*H NMR
(300 MHz, DMSOd) 6: 7.93 — 7.85 (m, 2H), 7.43 — 7.38 (m, 3H), 5.122), 2.68 (s, 3H).
ESI-MSm/z 224.1 [M+H].

5-(chloromethyl)-4-methyl-2-p-tolyl)thiazole (7e).Yield 89%:; yellow solidH NMR (300
MHz, DMSO<s) J: 7.85 (d,J = 8.1 Hz, 2H), 7.35 (d] = 8.1 Hz, 2H), 5.13 (s, 2H), 2.67 (s, 3H),

2.36 (s, 3H). ESI-M$Wz 238.1 [M+HT.

General synthetic procedure for target compounds B

To a solution ofla-b (1 equiv) and’a-f (1.1 equiv) in acetonitrile was added potassiurb@aate

(2 equiv) and catalytic potassium iodide. The migtwas heated at 45 °C for 12 h. Then the
mixture was cooled followed by filtration and thitréte was concentrated. The residue was
purified by silica gel column chromatography (pkgton ether/ethyl acetate, 10:1, v/v) to afford a
white solid, which was dissolved in the mixed salvef THF/MeOH/HO (18 mL, 2:3:1), and
added lithium hydroxide (1.5 equiv). After stirrilag room temperature for 4 h, the volatiles were
removed under reduced pressure. The residue wdiiextiwith 1N hydrochloric acid solution,
and then filtered and the filter cake was washeat eold water (5 mL), dried in vacuum to afford
a white powder. Recrystallization from 75% ethgoralvides pure target compounds.
2-(2-methyl-4-((4-methyl-2-phenylthiazol-5-yl)methay)phenoxy)acetic acid (1)

Yield 53%; white solid; m.p. 154-156 °&4 NMR (300 MHz, DMSO€,) 6: 12.74 (brs, 1H), 7.90
(d,J = 4.0 Hz, 2H), 7.56 — 7.38 (m, 3H), 6.89 (s, 16186 — 6.70 (m, 2H), 5.22 (s, 2H), 4.62 (s,
2H), 2.43 (s, 3H), 2.21 (s, 3HJC NMR (75 MHz, DMSOdj) d: 170.95, 165.63, 152.19, 151.64,
151.09, 133.46, 130.63, 129.65, 128.10, 127.85,3626118.48, 112.96, 112.76, 65.79, 62.53,
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16.66, 15.54. ESI-M&Vz 367.5 [M-H]. Anal. calcd. For gH;oNO,S: C, 65.02; H, 5.18; N, 3.79;

Found: C, 65.27; H, 5.06; N, 3.73.

2-(2-fluoro-4-((4-methyl-2-phenylthiazol-5-yl)methxy) phenoxy)acetic acid (2)

Yield 65%; white solid; m.p. 106-108 °&4 NMR (300 MHz, DMSO#d) J: 8.08 — 7.81 (m, 2H),
7.60 — 7.39 (m, 3H), 7.17 — 6.94 (m, 2H), 6.80)(&,8.6 Hz, 1H), 5.27 (s, 2H), 4.68 (s, 2H), 2.44
(s, 3H).2*C NMR (75 MHz, DMSOdg) 6: 170.39, 165.85, 152.82, 152.05, 140.85, 133.38,6H4,
129.62, 127.44, 126.41, 116.66, 111.25, 105.17,88046.59, 62.97, 15.51. ESI-M8z 371.5
[M-H]". Anal. calcd. For @H1sFNO,S: C, 61.12; H, 4.32; N, 3.75; Found: C, 61.35421; N,

3.58.

2-(2-methyl-4-((4-methyl-2-(4-(trifluoromethyl)phenyl)thiazol-5-yl)methoxy)phenoxy)acetic
acid (3)

Yield 61%; white solid; m.p. 160-162 °&4 NMR (300 MHz, DMSOdg) 6: 12.75 (brs, 1H), 8.09
(d,J=7.3 Hz, 2H), 7.82 (d] = 7.3 Hz, 2H), 7.06 — 6.64 (m, 3H), 5.25 (s, 2#HH1 (s, 2H), 2.45
(s, 3H), 2.20 (s, 3H}*C NMR (75 MHz, DMSOde) J: 170.92, 163.64, 152.12, 152.06, 151.12,
136.90, 129.81, 127.86, 126.99, 126.57, 118.43,9412112.76, 65.77, 62.51, 16.64, 15.52.
ESI-MSm/z 435.6 [M-HJ. Anal. calcd. For gH;gFNO,S: C, 57.66; H, 4.15; N, 3.20; Found: C,

57.45; H, 4.27; N, 3.12.

2-(2-fluoro-4-((4-methyl-2-(4-(trifluoromethyl)phenyl)thiazol-5-yl)methoxy)phenoxy)acetic
acid (4)
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Yield 57%; white solid; m.p. 148-150 °&4 NMR (300 MHz, DMSOdg) 6: 12.99 (brs, 1H), 8.10
(d,J=6.7 Hz, 2H), 7.83 (d] = 6.7 Hz, 2H), 7.13 — 6.77 (m, 3H), 5.30 (s, 2HK9 (s, 2H), 2.46
(s, 3H).*C NMR (75 MHz, DMSOdg) 6: 170.34, 163.89, 152.81, 152.47, 140.86, 136.94,0D,
127.05, 126.53, 116.65, 111.23, 105.16, 104.8A48&2.94, 15.47. ESI-M8Vz 439.8 [M-H].

Anal. calcd. For gH1sFsNO,S: C, 54.42; H, 3.43; N, 3.17; Found: C, 54.673135; N, 3.26.

2-(2-fluoro-4-((2-(4-fluorophenyl)-4-methylthiazolb-yl)methoxy) phenoxy)acetic acid (5)

Yield 59%; white solid; m.p. 142-144 °&4 NMR (300 MHz, DMSOdg) 6: 12.72 (brs, 1H), 7.93
(d,d=7.8Hz, 2H), 7.29 (dl = 7.8 Hz, 2H), 7.13 — 6.92 (m, 2H), 6.79 Jd; 8.7 Hz, 1H), 5.25 (s,
2H), 4.69 (s, 2H), 2.42 (s, 3HJC NMR (75 MHz, DMSOsj) d: 170.44, 164.70, 153.87, 152.68,
150.63, 140.70, 130.03, 128.73, 127.49, 116.80,3116111.06, 105.05, 104.77, 66.18, 62.74,
15.47. ESI-MSm/z. 389.6 [M-H]. Anal. calcd. For @H;sFNO,S: C, 58.31; H, 3.86; N, 3.58;

Found: C, 58.53; H, 3.79; N, 3.46.

2-(2-fluoro-4-((2-(3-fluorophenyl)-4-methylthiazolb-yl)methoxy) phenoxy)acetic acid (6)

Yield 52%; white solid; m.p. 128-130 °&4 NMR (300 MHz, DMSOs) 6: 7.77 — 7.63 (m, 2H),
7.61 — 7.46 (m, 1H), 7.36 — 7.21 (m, 1H), 7.10906(m, 2H), 6.79 (dJ = 8.8 Hz, 1H), 5.27 (s, 2H),
4.63 (s, 2H), 2.43 (s, 3H}’C NMR (75 MHz, DMSOsds) 6: 170.46, 164.73, 153.85, 152.69,
150.65, 140.72, 130.06, 127.65, 126.33, 116.81,98]158.15.46, 111.03, 105.05, 104.77, 66.18,
62.74, 15.45. ESI-M®Vz 389.7 [M-H]. Anal. calcd. For @H;sFNO,S: C, 58.31; H, 3.86; N,

3.58; Found: C, 58.58; H, 3.74; N, 3.67.
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2-(2-fluoro-4-((4-methyl-2-(-tolyl)thiazol-5-yl)methoxy)phenoxy)acetic acid (7)

Yield 69%; white solid; m.p. 152-153 °&4 NMR (300 MHz, DMSOds) §: 7.79 (d,J = 8.1 Hz,
2H), 7.30 (dJ = 8.1 Hz, 2H), 7.11 — 6.97 (m, 2H), 6.81, 6.78, (@d 9.0, 1.4 Hz, 1H), 5.26 (s,
2H), 4.70 (s, 2H), 2.42 (s, 3H), 2.35 (s, 3KE NMR (75 MHz, DMSOsdg) d: 170.35, 164.83,
153.81, 152.59, 150.65, 141.85, 140.31, 130.06,452929.07, 127.49, 116.85, 110.87, 105.05,
66.16, 62.78, 21.46, 15.45. ESI-M%$z 386.2 [M-H]. Anal. calcd. For gH1gFNO,S: C, 62.00;

H, 4.68; N, 3.62; Found: C, 62.27; H, 4.56; N, 3.71

2-(2-fluoro-4-((4-methyl-2-(m-tolyl)thiazol-5-yl)methoxy)phenoxy)acetic acid (8)

Yield 54%; white solid; m.p. 138-140 °&4 NMR (300 MHz, DMSO#dg) 6: 13.02 (brs, 1H), 7.79
—7.60 (m, 2H), 7.45 - 7.19 (m, 2H), 7.14 — 6.94 2iH), 6.80 (dJ = 9.1 Hz, 1H), 5.27 (s, 2H),
4.70 (s, 2H), 2.43 (s, 3H), 2.37 (s, 3HC NMR (75 MHz, DMSOd) d: 170.47, 165.99, 154.36,
153.64, 151.99, 139.06, 133.34, 131.41, 129.59,252726.78, 123.64, 116.25, 111.08, 66.12,
62.77, 21.33, 15.53. ESI-M®z 385.6 [M-H]. Anal. calcd. For gH;sFNO,S: C, 62.00; H, 4.68;

N, 3.62; Found: C, 62.15; H, 4.73; N, 3.75.

Ethyl 4-methyl-2-phenyloxazole-5-carboxylate (9a)A solution of benzamide (1.0 g, 8.3
mmol) and ethyl 2-chloroacetoacetate (1.6 g, 9.%Mmim ethanol (20 mL) was heated to reflux
for 16 h,the solvent was removed under reduced pressurgharrédsidue was washed with water
(25 mL) and extracted with ethyl acetate (3 x 15.nlhe organic layer was dried over anhydrous
sodium sulfate and concentrated. The residue weaBepluby silica gel column chromatography
(petroleum ether/ethyl acetate, 25:1, v/v) to affitre title compound (0.8 g, 42%) as a white solid.
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'H NMR (300 MHz, DMSO#d) J: 8.07 — 8.01 (m, 2H), 7.43 — 7.38 (m, 3H), 4.34)(g 7.11 Hz,

2H), 2.57 (s, 3H), 1.35 (= 7.11 Hz, 3H). ESI-M$Vz 232.1 [M+H]"

2-(2-fluoro-4-((4-methyl-2-phenyloxazol-5-yl)methoy)phenoxy)acetic acid (9)

The title compound was prepared by the method aintd that described for compoufidising
the intermediat®a asstarting material. Yield 37%; white solid; m.p. 1561 °C;'H NMR (300
MHz, DMSOd) 6: 12.87 (brs, 1H), 8.12 — 7.97 (m, 2H), 7.56 — {#23H), 7.19 — 6.96 (m, 2H),
6.85 (d,J = 8.4 Hz, 1H), 5.31 (s, 2H), 4.67 (s, 2H), 2.4331d)."*C NMR (75 MHz, DMSO#) 6:
170.42, 158.34, 154.65, 153.16, 141.63, 138.13,5P30.29.65, 128.73, 127.56, 125.47, 116.92,
110.97, 103.42, 66.57, 62.95, 15.23. ESI-M3 356.1 [M-H]. Anal. calcd. For gH;¢FNOs: C,

63.86; H, 4.51; N, 3.92; Found: C, 63.58; H, 4M33.76.

4-(bromomethyl)-5-methyl-2-phenylthiazole (14a)A solution of thiobenzamide (1.0 g, 7.3
mmol) and 3-chloro-2-butanone (1.2 g, 8.5 mmoktimanol (20 mL) was heated at reflux for 6 h.
The reaction mixture was concentrated, diluted Wkhsodium bicarbonate solution (15 mL) and
ethyl acetate (25 mL), and then washed with watek (15 mL) and brine (1 x 15 mL). The
organic layer was dried over anhydrous sodium tylféiltered and evaporated under reduced
pressure to provide 4,5-dimethyl-2-phenyl-1,3-thlaz(134). *H NMR (300 MHz, DMSO#dg)
7.93, 7.91 (ddJ = 7.6, 1.3 Hz, 2H), 7.45-7.40 (m, 3H), 2.38 (s, 3RiR1 (s, 3H). ESI-M$nWz
190.1 [M+HT".

To a solution ofLt3a (1 g, 5.3 mmol) in acetonitrile (8 mL) was addedidmosuccinimide
(0.9 g, 5.3 mmol) and the mixture was stirred atmaemperature for 2 h. To the mixture, water
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(10 mL) was added dropwise at room temperatureve gplourless to pale yellow precipitation.
The mixture was stirred at 0-5 °C for 1 h. The mmigation was filtered and washed with cold
water (8 mL) to afford the title compouridia (0.7 g, 50%)*H NMR (300 MHz, DMSOs) o:
7.93, 7.91 (ddJ = 7.6, 1.3 Hz, 2H), 7.45-7.40 (m, 3H), 4.56 (s, 2RiB6 (s, 3H). ESI-M3nz

268.1 [M+HT.

2-(2-fluoro-4-((5-methyl-2-phenylthiazol-4-yl)ymethxy)phenoxy)acetic acid (10)

The title compound was prepared by the method ainid that described for compoufidising
the intermediatd 4aasstarting material. Yield 75%; white solid; m.p. 2121 °C;*"H NMR (300
MHz, DMSOdg) 6: 7.98 — 7.83 (m, 2H), 7.57 — 7.45 (m, 3H), 7.1887 (m, 2H), 6.76 (d] = 8.8
Hz, 1H), 5.28 (s, 2H), 4.65 (s, 2H), 2.43 (s, 3. NMR (75 MHz, DMSOds) 6: 170.25, 168.12,
154.37, 153.62, 152.09, 143.37, 141.87, 130.96,282928.74, 123.13, 116.93, 110.94, 103.42,
68.73, 62.58, 12.35. ESI-M®z 372.1 [M-HJ. Anal. calcd. For @H;6FNO,S: C, 61.12; H, 4.32;

N, 3.75; Found: C, 61.31; H, 4.24; N, 3.58.

2-(2-fluoro-4-(((5-methyl-2-phenylthiazol-4-yl)mettyl)amino)phenoxy)acetic acid (11)

To a solution ofl4a (0.20 g, 0.75 mmol) anti5a (0.15 g, 0.75 mmol) in ethanol (20 mL) was
added sodium bicarbonate (0.19 g, 2.25 mmol) amréemperature. The reaction mixture was
stirred at room temperature for 24 h. Then theti@agnixture was filtrated and the filtrate was
concentrated. The residue was purified by silicd ggumn chromatography (petroleum
ether/ethyl acetate, 8:1, v/v) to afford a whitéics§0.18 g, 64%), which was dissolved in the
mixed solvent of THF/MeOH/D (18 mL, 2:3:1), and added lithium hydroxide (0§20.73
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mmol). After stirring at room temperature for 4 the volatiles were removed under reduced
pressure. The residue was acidified with 1N hydiarah acid solution (pH = 5 — 6), then filtered
and the filter cake was washed with cold water (b),ndried to afford a white powder.
Recrystallization from 75% ethanol gave the titenpoundll (0.12 g, 67%) as white solid, m.p.
136-138 °C;'H NMR (300 MHz, DMSO#dg) 6: 7.95 — 7.81 (m, 2H), 7.54 — 7.43 (m, 4H), 7.06 —
6.82 (m, 1H), 6.62 (d) = 14.1 Hz, 1H), 6.44 (s, 1H), 4.54 (s, 2H), 4.853H), 2.49 (s, 3H}C
NMR (75 MHz, DMSO#dg) d: 170.60, 164.53, 152.95, 152.07, 143.56, 141.89,4B, 130.93,
129.08, 128.76, 123.15, 116.69, 111.47, 103.58,6742.85, 14.35. ESI-M8Vz 371.1 [M-H].

Anal. calcd. For GH17FN,OsS: C, 61.28; H, 4.60; N, 7.52; Found: C, 61.574H43; N, 7.36.

Ethyl 2-phenylthiazole-4-carboxylate (16a)A solution of ethyl bromopyruvate (0.68 g, 3.5
mmol) and thiobenzamide (0.40 g, 2.9 mmol) in eth§R0 mL) was heated at reflux for 4 h. The
solvent was removed, and the residue was added {@&tenL) and extracted with ethyl acetate (3
x 15 mL). The organic layer was dried over anhydreodium sulfate and concentrated. The
residue was purified by silica gel column chromaaphy (petroleum ether/ethyl acetate, 20:1, v/v)
to afford the title compound (0.52 g, 76%) as atevisolid."*H NMR (300 MHz, DMSOd) &:
8.96 (s, 1H), 7.89 (d] = 8.0 Hz, 2H), 7.31 (m, 3H), 4.39 (@= 7.1 Hz, 2H), 1.34 () = 7.1 Hz,

3H). ESI-MSm/z 234.1 [M+H].

2-(2-fluoro-4-((2-phenylthiazol-4-yl)methoxy)phenox)acetic acid (12)
The title compound was prepared by the method ainid that described for compoufidising
the intermediatel6a and 4b as starting material. Yield 46%; white solid; m.p. 1582 °C;*H
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NMR (300 MHz, DMSO#) : 12.74 (brs, 1H), 8.01 — 7.90 (m, 2H), 7.77 (s),1H58 — 7.43 (m,
3H), 7.11 — 6.99 (m, 2H), 6.89 — 6.76 (m, 1H), 5(382H), 4.70 (s, 2H}’C NMR (75 MHz,
DMSO-dg) &: 170.15, 168.95, 159.31, 154.55, 153.12, 143.23,67, 130.96, 129.63, 128.59,
116.93, 115.62, 110.92, 103.46, 66.67, 62.74. ESlz 357.6 [M-H]. Anal. calcd. For

C1sH14FNO,S: C, 60.16; H, 3.93; N, 3.90; Found: C, 60.393H8; N, 3.82.

2-(2-methyl-4-((2-phenylthiazol-4-yl)methoxy)phenoy)acetic acid (13)

The title compound was prepared by the method ainid that described for compoufidising
the intermediatel6a and 4a as starting material. Yield 53%; white solid; m.p. 1Ba6 °C;'H
NMR (300 MHz, DMSOsg) d: 12.74 (brs, 1H), 8.12 — 7.86 (m, 2H), 7.71 (s),IH61 — 7.43 (m,
3H), 6.91 (s, 1H), 6.87 — 6.70 (M, 2H), 5.15 (s),2H61 (s, 2H), 2.20 (s, 3HJC NMR (75 MHz,
DMSO-de) d: 170.81, 167.76, 153.91, 152.78, 150.98, 133.80,7b, 129.70, 127.95, 126.61,
118.48, 118.24, 113.10, 112.69, 66.47, 66.12, 1&S9-MSnVz 353.7 [M-H]. Anal. calcd. For

CidH1/NO,4S: C, 64.21; H, 4.82; N, 3.94; Found: C, 64.47418; N, 3.75.

Ethyl 4-phenylthiazole-2-carboxylate (20a)A solution of ethyl thiooxamate (0.40 g, 3.0
mmol) and 2-Bromoacetophenone (0.60 g, 3.0 mmaéditanol (15 mL) was heated to reflux for
6 h. The mixture was concentrated, then dilutedh wthyl acetate (20 mL), and washed with 1N
sodium bicarbonate solution (2 x 15 mL) and brib® (nL). The organic layer was dried over
anhydrous sodium sulfate, filtered and evaporateteureduced pressure. The crude product was
purified by silica gel column chromatography (pktton ether/ethyl acetate, 20:1, v/v) to afford
the title compound (0.52 g, 74%) as a white sHINMR (300 MHz, DMSOds) J: 8.55 (s, 1H),
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8.03 (d,J = 1.2 Hz, 1H), 8.01 (d] = 7.2 Hz, 1H), 7.52-7.39 (m, 3H), 4.42 {= 7.1 Hz, 2H),

1.37 (t,J = 7.1 Hz, 3H). ESI-MSn/z 234.1 [M+H]".

2-(2-fluoro-4-((4-phenylthiazol-2-yl)methoxy)phenox)acetic acid (14)

The title compound was prepared by the method aintd that described for compoufidising
the intermediat@0aasstarting material. Yield 48%:; white solid; m.p. 1¥46 °C;'"H NMR (300
MHz, DMSO-dg) ¢: 8.11 (s, 1H), 8.03 — 7.90 (m, 2H), 7.56 — 7.30 &), 7.17 — 7.00 (m, 2H),
6.86 (d,J = 8.9 Hz, 1H), 5.46 (s, 2H), 4.66 (s, 2L NMR (75 MHz, DMSOds) d: 170.41,
166.72, 154.75, 152.42, 134.42, 129.27, 128.59,5126.16.63, 115.52, 111.04, 105.10, 104.81,
68.02, 66.65. ESI-M$®vz 357.6 [M-H]. Anal. calcd. For gH1,FNO,S: C, 60.16; H, 3.93; N,

3.90; Found: C, 60.27; H, 3.83; N, 3.87.

2-chloro-N-(2-oxo0-2-phenylethyl)acetamide (23a)lhe choroacetylchloride (1.71 mL, 22.7
mmol) dissolved in dichloromethane (15 mL) was addéropwise to a solution of
2-aminoacetophenonehydrochloride (3 g, 17.5 mmud) taethylamine (7.27 mL, 52.4 mmol) in
dichloromethane (30 mL), keeping at 0 °C for 2t #hen stirred at room temperature for 16 h.
The reaction solution was washed with 1IN hydrogblacid (2 x 15 mL), saturated sodium
carbonate solutiof2 x 15 mL), and brine (1 x 15 mL) in sequence. diganic layer was dried
over anhydrous sodium sulfate, filtered and evapdrander reduced pressure. The crude product
was purified by silica gel column chromatographgt(pleum ether/ethyl acetate, 5:1, v/v) to
afford the title compound (2.3 g, 62%) as a whitiids'H NMR (300 MHz, DMSOd) J: 8.58 (s,
1H), 7.99 (dJ = 7.2 Hz, 2H), 7.71-7.53 (m, 3H), 4.69 (5 5.5 Hz, 2H), 4.21 (s, 2H). ESI-MS
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miz 212.1 [M+H].

2-(chloromethyl)-5-phenyloxazole (24a).To a solution of23a (1.0 g, 4.8 mmol) in
acetonitrile (20 mL) was added phosphorus oxyctior(0.86 mL, 9.4 mmol) at ambient
temperature. After addition was complete, the sahuivas heated to reflux for 4 h. The reaction
mixture was concentrated, then diluted with etlodtate (25 mL), and washed with water (2 x 15
mL), 1N sodium bicarbonate solution (2 x 15 mL) dmishe (25 mL). The organic layer was dried
over anhydrous sodium sulfate, filtered and evapdrander reduced pressure. The crude product
was purified by silica gel column chromatographet(pleum ether/ethyl acetate, 20:1, v/v) to
afford the title compound (0.71 g, 77%) as a whitéd.’H NMR (300 MHz, DMSOds) 5: 8.21
(s, 1H), 7.70, 7.69 (ddl = 7.1, 0.9 Hz, 2H), 7.48-7.36 (m, 3H), 5.13 (s, 2B%I-MSm/z. 194.1

[M+H]".

2-(chloromethyl)-5-phenylthiazole (25a). To a solution of23a (1 g, 4.7 mmol) in
tetrahydrofuran (20 mL) was added Lawesson’s réadeb4 g, 2.8 mmol), and the mixture was
heated to reflux for 4 h. The reaction mixture wascentrated, then diluted with ethyl acetate (30
mL), and washed with 1N sodium bicarbonate solu{@rx 20 mL) and brine (20 mL). The
organic layer was dried over anhydrous sodium tylféiltered and evaporated under reduced
pressure. The crude product was purified by siljgdh column chromatography (petroleum
ether/ethyl acetate, 30:1, v/v) to afford the tittenpound (0.75 g, 75%) as a white sditiNMR
(300 MHz, DMSO#) d: 8.23 (s, 1H), 7.70, 7.69 (dd,= 7.1, 0.9 Hz, 2H), 7.49-7.37 (m, 3H),
5.14 (s, 2H). ESI-M$vz 210.0 [M+HT.
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2-(2-fluoro-4-((5-phenyloxazol-2-yl)methoxy)phenoXyacetic acid (15)

The title compound was prepared by the method aintd that described for compoufidising
the intermediate24a and 4b as starting material. Yield 42%; white solid; m.p. 1568 °C;'H
NMR (300 MHz, DMSO#dg) d: 7.80 — 7.62 (m, 3H), 7.57 — 7.34 (m, 3H), 7.16.96 (m, 2H),
6.89 — 6.79 (M, 1H), 5.25 (s, 2H), 4.70 (s, 2f0.NMR (75 MHz, DMSO#dg) 6: 170.41, 159.21,
154.26, 152.00, 150.13, 129.63, 129.30, 127.61,5524.23.29, 116.29, 110.82, 104.99, 104.70,
66.15, 62.99. ESI-M&Vz 341.5 [M-H]. Anal. calcd. For gH;,FNOs: C, 62.97; H, 4.11; N, 4.08;

Found: C, 62.83; H, 4.23; N, 4.15.

2-(2-methyl-4-((5-phenyloxazol-2-yl)methoxy)phenoXcetic acid (16)

The title compound was prepared by the method ainid that described for compoufidising
the intermediate?4a and 4a as starting material. Yield 47%; white solid; m.p. 1586 °C;'H
NMR (300 MHz, DMSO#dg) d: 7.80 — 7.65 (m, 3H), 7.56 — 7.30 (m, 3H), 6.96.70 (m, 3H),
5.19 (s, 2H), 4.63 (s, 2H), 2.18 (s, 3HC NMR (75 MHz, DMSOds) J: 170.87, 159.68, 152.08,
151.88, 151.22, 129.62, 129.25, 127.87, 127.68,5224123.24, 118.34, 112.74, 65.78, 62.83,
16.66. ESI-MSn/z 338.1 [M-HJ. Anal. calcd. For &H;/NOs: C, 67.25; H, 5.05; N, 4.13; Found:

C, 67.46; H, 5.12; N, 4.25.

2-(2-fluoro-4-((5-phenylthiazol-2-yl)methoxy)phenoy)acetic acid (17)
The title compound was prepared by the method aintdl that described for compoufidusing

the intermediat€25a and 4b as starting material. Yield 57%; white solid; m.p. 1225 °C:H
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NMR (300 MHz, DMSO¢) &: 7.83 — 7.67 (m, 2H), 7.52 — 7.38 (m, 3H), 7.18.65 (m, 1H),
7.04 (s, 1H), 6.95 — 6.76 (m, 2H), 5.27 (s, 2HJ24(s, 2H)*C NMR (75 MHz, DMSO#d) o:
170.41, 168.95, 154.56, 153.13, 141.86, 141.32,973232.46, 129.31, 128.76, 126.47, 116.27,
110.85, 103.76, 67.85, 66.43. ESI-Mfz 358.1 [M-HJ. Anal. calcd. For GH1.FNO,S: C, 60.16;

H, 3.93; N, 3.90; Found: C, 60.34; H, 3.78; N, 3.85

N'-(2-chloroacetyl)benzohydrazide (27a).To the slurry of benzoylhydrazide (3 g, 22.0
mmol) in acetonitrile (20 mL) were added simultamgg choroacetylchloride (2 mL, 26.4 mmol)
and 50% sodium hydroxide (26.4 mmol) while mairitagntemperature below 0°C. After 1h, the
resulting slurry was filtered and the solid was s with water (2 x 5 mL). The filter cake was
dried to provide the title compound (3.2 g, 68%jpashite solid’H NMR (300 MHz, DMSO#d)
5:10.50 (s, 1H), 10.38 (s, 1H), 7.80-7.90 (m, 2ZH56-7.63 (M, 1H), 7.40-7.55 (m, 2H), 4.21 (s,

2H). ESI-MSm/z 213.1 [M+HT".

2-(chloromethyl)-5-phenyl-1, 3, 4-thiadiazole (28a)lhe title compound was obtained from
27aaccording to the method described for the synthafsiae compoun@5ain 63% yield as a
white solid."H NMR (300 MHz, DMSOd) d: 8.04, 8.02 (ddJ = 7.6, 1.3 Hz, 2H), 7.76-7.57 (m,

3H), 5.26 (s, 2H). ESI-M&Vz 211.0 [M+HT.

2-(2-fluoro-4-((5-phenyl-1,3,4-thiadiazol-2-yl)metloxy)phenoxy)acetic acid (18)
The title compound was prepared by the method aintd that described for compoufidusing

the intermediat28a and 4b as starting material. Yield 65%; white solid; m.p. 1¥24 °C:H
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NMR (300 MHz, DMSO¢) &: 8.03 — 7.90 (m, 2H), 7.67 — 7.48 (m, 3H), 7.18.99 (m, 2H),
6.86 (d,J = 8.7 Hz, 1H), 5.58 (s, 2H), 4.67 (s, 2IC NMR (75 MHz, DMSO#d) J: 170.30,
169.66, 166.78, 152.24, 152.11, 131.93, 129.91,8524.28.18, 116.65, 111.11, 105.21, 66.55,
65.42. ESI-MSm/z. 358.6 [M-H]. Anal. calcd. For GH:sFN,O,S: C, 56.66; H, 3.64; N, 7.77;

Found: C, 56.43; H, 3.57; N, 7.56.

2-(2-methyl-4-((5-phenyl-1,3,4-thiadiazol-2-yl)metbxy)phenoxy)acetic acid (19)

The title compound was prepared by the method ainid that described for compoufidising
the intermediate?8a and 4a as starting material. Yield 47%; white solid; m.p. 18537 °C;'H
NMR (300 MHz, DMSOeg) 6: 8.11 — 7.94 (m, 2H), 7.69 — 7.48 (m, 3H), 7.04706m, 3H), 5.55 (s,
2H), 4.63 (s, 2H), 2.19 (s, 3HJC NMR (75 MHz, DMSOds) J: 170.89, 169.46, 167.62, 151.65,
151.44, 131.95, 129.95, 129.86, 128.18, 128.03,4218112.87, 112.79, 65.81, 65.16, 16.65.
ESI-MSm/z: 354.6 [M-HJ. Anal. calcd. For ¢H16N-O,S: C, 60.66; H, 4.53; N, 7.86; Found: C,

60.89; H, 4.65; N, 7.73.

2-(chloromethyl)-5-phenyl-1, 3, 4-oxadiazole (29aJ.he title compound was obtained from

27aaccording to the method described for the synthafsiae compoun@4ain 75% yield as a

white solid.*H NMR (300 MHz, DMSOe) o: 8.03, 8.01 (ddJ = 7.6, 1.3 Hz, 2H), 7.65-7.60 (m,

3H), 5.16 (s, 2H). ESI-M&Vz 195.1 [M+H]".

2-(2-fluoro-4-((5-phenyl-1,3,4-oxadiazol-2-yl)methoy)phenoxy)acetic acid (20)
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The title compound was prepared by the method ainid that described for compoufidising
the intermediate?9a and 4b as starting material. Yield 53%; white solid; m.p. 1888 °C;'H
NMR (300 MHz, DMSO#dg) d: 8.08 — 7.95 (m, 2H), 7.69 — 7.46 (m, 3H), 7.16.97 (m, 2H),
6.84 — 6.73 (M, 1H), 5.43 (s, 2H), 4.58 (s, 2f0.NMR (75 MHz, DMSO#dg) 6: 170.30, 165.43,
163.15, 154.52, 153.16, 141.85, 129.35, 128.16,4¥27123.45, 116.92, 110.96, 103.42, 66.18,
62.93. ESI-MSm/z. 343.1 [M-H]. Anal. calcd. For gH13FN,Os: C, 59.31; H, 3.81; N, 8.14;

Found: C, 59.56; H, 3.65; N, 8.27.

4.2. FLIPR Assay

Human FFAl-expressed CHO cells were plated andated in the condition of 5% G@r 16 h

at 37 °C. After, removed the medium and washed, tliading cells with buffer (containing 2.5
ug/mL Fluo 4-AM, 0.1% fatty acid-free bovine seruthianin and 2.5 mmol/L probenecid) for 1

h at 37 °C. During the tesglinolenic acid (Sigma) or compounds with differemncentrations
were added and the signals of intracellular caldiumafter addition were measured using FLIPR
(Molecular Devices). The potency of compound onAfFRvas calculated as the equation of
[(A-B)/(C-B)]*x100%. Among them, the raise of calgidevel in compound-treated cells was
expressed as A, the increase of calcium level hicletreated cells was expressed as B, and the
increase of calcium level in M y-linolenic acid-treated cells was expressed as@q Ealues

were obtained from GraphPad 5.00 (San Diego, USA).

4.3. Evaluation for PPARa, PPARy and PPARS

Detailed descriptions on transfection and cell-dasealuation for PPAR PPAR and PPAR

were given in our previously reported literaturé][®Briefly, HepG2 or HEK293 cells were
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transfected with pBIND-PPA®R PPAR or PPAR according to the manufacturer’s protocol.
After transfection, positive controls or compoundth different concentrations were added and
incubated for 18 h, then lysed with lysis buffendaadded Luciferase Assay Reagent Il. The
luciferase signals of firefly and renilla were me@sl using Dual Luciferase Reporter Assay

System (Promega). E§values were obtained from GraphPad 5.00 (San DIg§4.).

4.4, Docking studies

The induced-fit docking study was performed on M2IH4.0901 (Montreal, Canada) based on
structure of PPAR (PDB number: 1GWX) and FFA1 (4PHU). Before docksigdy, removing
water and other ligands from co-crystal structamed then performed by Protonate 3D to add
hydrogen at co-crystal complex. After that, Gaus§lantact surface was analyzed around ligand
to identify property of binding site, and then &eld. In the binding pocket, compou8d was
docked by using the induced-fit mode and set asdmelon dG scoring. Moreover, the Forcefield
Refinement was performed and set as London dG ngcdar energy minimization. Docking

image was drawn by Pymol-1.5.0.3 (DeLano Scientiki€).

4.5, Animals

Male SD rats (180-200 g) were obtained from Guangdbledical Laboratory Animal Center
(Guangzhou, China), and mabb/ob mice (six weeks old) were obtained from Model Aaim
Research Center of Nanjing University (Nanjing, iz Before experimental operations, rats and
mice were acclimatized for one week. Under circadtaythm of 12 h light/black, animal room

was maintained relative humidity 50 + 10% at 23 #2throughout experimental period. The
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standard food and water were allowed ad libituneasdor animals unless otherwise stated, and

0.5% Carboxy Methyl Cellulose solution was usedetscle for drug administration. The ethical

committee of Guangdong Pharmaceutical University &pproved all experimental procedures

involved in animal, and these experimental procesluvere performed based on Laboratory

Animal Management Regulations in China and adh&wethe Guide for the Care and Use of

Laboratory Animals (NIH publication, 2011).

4.6. Pharmacokinetic studies

SD rats acclimatized for seven days were fastedlfoh, and weighted (n = 4). After oral

administration of compoun8? (3 mg/kg), collect blood samples at 5, 15, 30, 45 amd 1, 2, 4, 6,

8, 12, 18, 24 h. By centrifuging, the plasma sasmlere separated, and acetonitrile containing

internal standard was used to precipitate protdihe.supernatant was diluted and determined by

LC-MS/MS (Waters) to obtain the plasma concentratid compound32 PK parameters were

analyzed by DAS 2.1.1.

4.7. Hypoglycemic effects of 32

ob/ob mice were fasted for 12 h, weighted, and randothiméo 5 groups (n = 6). Mice were

orally administrated with single doses of vehidiaK-875 (40 mg/kg), or compoun8? (10, 30,

100 mg/kg) and then orally dosed with 3 g/kg glecsslution after 30 min. Blood were collected

before drug administration (-30 min), before gliedsading (0 min), and at 15, 30, 60 and 120

min after glucose challengeThe levels of glucose were measured by glucom@anNuo

ChangSha, China). Data were performed using GrapsR8 (San Diego, USA).
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Table 1: In vitro activities of human FFAL and PPAR

AT ot
N o 1
[~
o~ COOH

Compd. R R, hFFAL hPPARS (LBD)-GAL4
ECso (NM) ECso (NM)

TAK-875 45 ND
GWO0742 ND" 13

1 Me H > 10uM 1650

2 F H 374 1320

3 Me 4-CRy >10puM 315

4 F 4-CRy 149 436

5 F 4-F 112 729

6 F 3-F 185 780

7 F 4-Me 156 564

8 F 3-Me 247 1160

2ECs, value represent the mean of three determinatiwhigh is the concentration giving 50% of the maxima
activity determined for the tested compound.

®ND: not determined.
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Table 2:In vitro activities of designed compounaith various heterocycle scaffolfis

~>COOH
Compd. Het hFFAL hPPARS (LBD)-GAL4
ECso (NM)/Act% (10uM)  ECso (NM)/Act% (10pM)
TAK-875 45 ND
GW0742 NDP 13
1 \(zﬁ\/ o Me > 10uM (13%9) 1650
S

2 17@ o F 374 1320
\(Qs

9 \(Niﬁ\/ o F 1350 2660
O

10 \/zé\/ o) F > 10uM (37%) > 10uM (31%)
\N
11 \/zé\/ NH F > 10uM (42%) > 10uM (12%)
\N
12 @3\/ 0 F > 10uM (23%) > 10uM (20%)
N
13 @W\/ o Me > 10uM (5%) > 10uM (35%)
N
14 ‘([ f)\/ o] F > 10uM (15%) > 10uM (11%)
N
15 \/[ ﬁ\/ o) F > 10uM (2%) > 10uM (8%)
O
16 \/[ ﬁ\/ o) Me > 10uM (2%) > 10pM (12%)
O
17 \/[ g\/ o) F > 10uM (31%) > 10uM (23%)
S
18 \(2'5 o F > 10uM (19%) > 10uM (4%)
>~
19 \(2'5 o) Me > 10uM (1%) > 10uM (9%)
>~
20 A o) F > 10uM (6%) > 10uM (3%)
P

2ECso value represent the mean of three determinatiwhigh is the concentration giving 50% of the maxima
activity determined for the tested compound.
®ND: not determined.

¢ Agonist activities at 1QM are averages of three independent experiments.
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Table 3:In vitro activities of target compounagth various acid moieties

R N
\
AT o
(s
Compd. R Acid head hFFA1 hPPARS (LBD)-GAL4
ECso (NM) ECso (NM)
TAK-875 45 ND
GW0742 NDP 13
3 4-CF; > 10puM 315
o~ ~COOH
4 4-CRy ' 149 436
o~ COOH
21 H 370 > 10uM
S COOH
o
22 4-F /\©\ 253 > 10uM
O
>§_COOH
23 H /\Q\BE 590 972
COOH
24 4-F /\Q\BE 251 529
COOH
25 4-CF /\Q\BE 325 376
COOH
O.
26 H ;\g_z, 102 863
COOH
O.
27 4-F ;\g_z, 79 306
COOH
O.
28 4-Cl ;\g_z, 105 264
COOH
O.
29 4-Me ;\g_z, 94 218
COOH
O.
30 4-MeO ;\g_z, 156 920
COOH
O.
31 4-CFy ;\m 113 175
COOH
32 4-CF, © 68 102

: \—COOH

2ECso value represent the mean of three determinatiwhih is the concentration giving 50% of the maxima

activity determined for the tested compound.

®ND: not determined.
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Table 4: Selectivity profile for compounﬂza

hFFAL hPPAR: (LBD)-GAL4  hPPARy (LBD)-GAL4  hPPARS (LBD)-GAL4
ECso (NM) ECso (M) ECso (uM) ECso (NM)

Compound32 68 nM > 10uM >10uM 102 nM

&The values represent the mean of three determirsati
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Table 5: Pharmacokinetic parameters of compoG8&dn fasted SD rats

PK profiles Dose (p8)  CL (mL/h/kg) Crax (ng/mL) AUC_o4n (ng/mL-h) Ty2(h)

Compound32 3 mg/kg 16.73 +5.26 9.45 +2.06 95.62 + 13.57 43196

& po = oral administration. Results are expressemh@an + SD for four male SD rats (fasted for 12rhpach

group. Test compounds were suspended in 0.5% noethuylbse aqueous solution.
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FFA1 agonist

g
e Y
Q\ //
0 COOH O COOH

Takeda TAK-875 Amgen Inc.  AMG-837
ECs: 14 nM ECs: 13 nM

o
0 l T
e s 870 0" ~COoOH
3 A I\ o}
N
Amgen Inc.  AM-4668 Our previous reported CP-1
ECs: 36 nM ECs: 62nM
PPAR & agonist
0._COOH 0._-COOH
S S
)
O~ St
N N
F
GW501516 GWO0742
PPARS: | nM PPARS: 1 1M

Figure 1: Structure of FFAL or PPARagonists, the common scaffold was labeled.
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ACCEPTED MANUSCRIPT

F3c‘©__<\:l/\o

Amgen Inc.  AM-4668
FFA1 ECs:  36nM

f 0._-COOH
e~ ®
N

GW501516
PPARS: | nM

Ry

Hybrid = 3 @
/Q“<\ T °
Ry N

Hybrid dual FFA1/PPAR & ag

O or
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Figure 2: Our strategy to obtain dual FFA1/PPARgonists by hybrid the common scaffold of PBARd FFAL

agonists.

43



ACCEPTED MANUSCRIPT

-

Figure 3: The docking model of compour®® (green carbon) in crystal structure of PRARGWX, A) and FFA1
(4PHU, B). Key residues are labeled in black, areltixdrogen-bonding interactions are representegebgw

dashed lines.
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Figure 4: Dose-response relationship of compo®2dexplored inob/ob mice. (A) represented time-dependent
changes of glucose levels after oral administrabbrcompound32, followed by oral glucose load (3 g/kg),
respectively. (B) represented AWlG,omin Of glucose levels. Results are mean + SD (n = @pmip). *p<0.05 and

* <0.01 was analyzed using a one-way ANOVA with Tukaeylultiple-comparison post hoc test.
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Scheme 1.Synthesis of compoundk-8. Reagents and conditions: (a) Methyl bromoacet&t€0,, acetone,
45 °C, 12 h; (bm-CPBA, p-TSA, CHCl,; (c) CH:ONa, CHOH; (d) Ethyl 2-chloroacetoacetate, EtOH, reflux, 6
h; (e) NaBH, MeOH, THF, reflux, and then SOCICH,Cl,, DMF, 40 °C, 4 h; (f4a-b, K,CO;, acetonitrile, K,

45 °C, 12 h, and then LiOH-B, THF/MeOH/HO, r.t., 4 h.
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Scheme 2 Synthesis of compounds14 Reagents and conditions: (a) Ethyl 2-chloroacetizgie, EtOH, reflux,
16 h; (b) NaBH, MeOH, THF, reflux, and then SOCICH,Cl,, DMF, 40 °C, 4 h; (cfaor 4h, K,CO;s, acetonitrile,
Kl, 45 °C, 12 h, and then LiOH-B®, THF/MeOH/HO, r.t., 4 h; (d) 3-chloro-2-butanone, EtOH, refld% h; (e)
NBS, acetonitrile, r.t., 2h; (f) NaHGOEtOH, rt, 24 h, and then LiOH»B, THF/MeOH/HO, r.t., 4 h; (g) Ethyl

bromopyruvate, EtOH, reflux, 4 h; (h) EtOH, refluxh.
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Scheme 3. Synthesis of target compoundk5-2Q Reagents and conditions: (a) Choroacetyl chloride,
trimethylamine, 0 °C to r.t., 16 h; (b) PQCacetonitrile, reflux, 4 h; (c) Lawesson's reagédiitF, reflux, 4 h; (d)
4a or 4b, K,CG;, acetonitrile, Kl, 45 °C, 12 h, and then LiOH® THF/MeOH/HO, r.t., 4 h; (e) Choroacetyl

chloride, NaOH, 0 °C, 1 h.
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Scheme 4Synthesis of compoundXl-32 Reagents and conditions: (a) Ethyl 2-chloroacetiaae, EtOH, reflux,

6 h; (b) NaBH, MeOH, THF, reflux, and then SOCICH,Cl,, DMF, 40 °C, 4 h; (c) BCG;, acetonitrile, Kl, 45 °C,

12 h, and then LiOH-}©, THF/MeOH/HO, r.t., 4 h; (d) R-Phenethylamine, acetone, refl@y 1 M HCI; ()

H,SO,, MeOH, reflux.
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A therapeutic strategy that simultaneous targets insulin secretion and resistance.
Thefirst-in-class dual FFA1/PPARS agonist was identified by the hybrid strategy.
Compound 32 revealed high activity on FFA1/PPARS and high selectivity over other PPARS.
Compound 32 revealed excellent pharmacokinetic profiles.

Compound 32 suppressed the excursion of glucose levels in a dose-dependent manner.



