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Abstract

GPRA40 is an attractive target due to its glucosedttited insulin secretion effect with low risk of
causing hypoglycemia, which also can be seen frbm dlinical studies using TAK-875
(fasiglifam). In the present studies, we discoverad series of analogues containing
3,5-dimethylisoxazole as potent GPR40 agonistga@ally compound.1k with an EG, value of
15.9 nM. Moreover, compountlLk reduced glucose excursion to 23.1% in ICR mice 2h08%
in type 2 diabetic C57BL/6 mice at 30 mg/kg. Itcakxhibited satisfactory PK profile. Docking
studies were conducted to explain the interactioderof this series. In summary, compouridk

with robust efficacy in vitro and in vivo is a pr@gimg drug candidate for further investigation.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is mainly charaized by insulin deficiency and insulin
resistance, often accompanied by multiple compbaoat such as cardiovascular disease, renal
failure and retinopathy. Currently, the most comroaal antidiabetic agents include sulfonylureas,
metformin, glitazones, all of which are associatgith limited efficacy and adverse side effects [1,
2]. There are only a few insulin secretagogues Vaith risk of hypoglycemia and weight gain,
such as DPP-IV inhibitors, SGLT2 inhibitors and GLRgonists [3, 4]. The urgent need for novel
oral antidiabetic agents with sustained safety effitacy stimulates efforts to develop new
mechanisms to improve glycemic control.

GPRA40 (also known as FFARL1) has, since its deorpaiéon as a cell surface free fatty acids
receptor in 2003, become an attractive and poteatiget for T2DM therapy [5-7]. GPR40 is a
G-protein-coupled receptor, highly expressed incpaaticp-cells and intestinal enteroendocrine
cells [8]. Activation of GPR40 by medium (C6—C123) long (C14—C24) chain saturated and
unsaturated fatty acids enhances glucose-stimulatsdlin secretion (GSIS). However,
mechanisms of the activation of GPR40 to GSIS afg partially understood and remain to be
fully explained. Several studies have pointed @BR40 is coupled with heterotrimeric G protein
Gag/11, which activates phospholipase C, leadindhéformation of diacylglycerol (DAG) and
inositol-triphosphate (IP3). IP3 binding to its eptor on endoplasmatic reticulum activates an
intracellular C&" mobilization. The generation of DAG stimulatestpio kinase D1 and promotes
F-Actin polymerization. Subsequently, both ?Camobilization and F-Actin polymerization
enhance insulin secretion [9, 10]. The modulatibmsulin secretion via GPR40 is dependent on
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glucose concentration, indicating GPR40 agonistddclbave a low risk of hypoglycemia.

A variety of synthetic GPR40 agonists containingoh&nylpropanoic acid and its
bioisosterehave been reported (Fig. 1) [11-14]. Among theséermomolecules, TAK-875,
developed from a modification of compoutd was the most advanced in clinical phase Ill.
TAK-875 showed significant glycemic control and atlepharmacokinetics profiles. The
dihydrobenzofuran ring of TAK-875 is highly resistdo -oxidation, thus slowing down its rate
of metabolism [15-17]. Unfortunately, the developmef TAK-875 was terminated by Takeda
due to liver toxicity in December 2013 [18]. The difecation of TAK-875 from compound
inspired us to choose compoufichs a starting structure to explore novel GPR4Miagoin a
different way.

It has been recognized that GPR40 is expressebeirbiain. While the consequences of
activation of GPR40 in the brain have not beentifled [19, 20]. A recent study found a GPR40
agonist (AM-3189) with high topological polar suréa area (tPSA) showed minimal CNS
penetration. tPSA is defined as the surface areapied by nitrogen and oxygen atoms, and polar
hydrogens bonded to these heteroatoms [21]. Itnisvael parameter associated with incidence of
toxicity for highly lipophilic and low polarity copounds. To avoid potential effects in central
nervous system, we decided to improve tPSA by dutcong functional groups with greater tPSA
to compoundl, which has a high lipophilicity by itself [22, 23Fompared with compour the
replacement of the 2,6-dimethylphenyl group wite-8imethylisoxazole in compouridaled to
a noticeable increase in the tPSA [24]. The wetkn rule of five describes clog P should less
than 5. For GPR40 agonists, strict range of cLdm$& not been proposed as far. However, a high
cLog P value is related with undesirable ADMET pijes [25]. Most of GPR40 agonists present
cLog P values between 4 and 5. We considered diniger was probably ideal and the value of
compoundl (cLog P = 6.16) was too high. The introduction g5-8imethylisoxazole also
decreased cLog P. Based on compoiitd we designed and synthesized a series of compounds
containing 3,5-dimethylisoxazole. On the one hame,introduced halogen, alkyl or alkoxyl on
the phenyl to obtain compouridb—I and22a—h On the other hand, we replaced phenyl with
pyridyl to obtain compoun@8a—d [26-28]. TUG-770 is a highly potent GPR40 agonisthw
favorable physicochemical and pharmacokinetic ptagee[29]. The introduction of the ethynyl
connecting the phenyl rings is very successful. @amng the size of compountila and
TAK-875, we thought 11a was shorter. So we dectdddtroduce the ethynyl into compou3é
to make the 3,5-dimethylisoxazole closer to thevesal region. Most of these compounds were
proved to be novel GPR40 agonist by biological eatbn in vitro and in vivo, along with
optimized tPSA and cLog P. Among them, compolibkiwas found to be the most efficacious in
vitro and in vivo as a promising lead compound.

Figure 1.
2. Results and discussion
2.1. Chemistry

3,5-dimethylisoxazole derivativelda—| 22a—h 28a—d and 36 were synthesized as outlined
in Schemes 1-4. All compounds were purified byhflakromatography and checked for purity
using HPLC before being tested in biological evadua (purity was > 97%). The structures of
3,5-dimethylisoxazole derivatives were confirmed by NMR and**C NMR spectrum, mass
spectrometry, IR spectrum.



As shown in Scheme 1, the synthesis of (E)-3-(8rfitd-hydroxyphenyl)acrylic acid3)
was carried out by Knoevenagel condensation ofu@rfi-4-hydroxybenzaldehyde?)( with
propanedioic acid in pyridine. The key intermediate methyl
3-(2-fluoro-4-hydroxyphenyl)propanoatb) (was prepared by reduction of intermediaten the
presence of Pd/C, followed by methyl esterificatig®,5-dimethylisoxazol-4-yl)benzaldehyde
(7a—) were synthesized by Suzuki coupling reaction. Thioride intermediates9é—) were
prepared by the substitution of corresponding blesizphols 8a—I) with phosphorus oxychloride,
which were derived from reduction of benzaldehyda—{) with NaBH,. The target compounds
1la-l were obtained by condensation of intermedid&tasl with intermediate5, followed by
hydrolysis of the methyl estei®a—l Derivatives28a—dwere synthesized as outlined in Scheme
3. The synthetic route was similar to that in Scdm

Scheme 1.

As shown in Scheme 2, 3-bromo-5-nitrobenzaldehg8gwas prepared by bromination with
3-nitrobenzaldehydel®). The key intermediat&7 was synthesized by Suzuki coupling reaction
with borate ester and 3-bromo-5-hydroxybenzaldel{gég which was obtained in several steps
by the introduction of 1,3-dioxolane as protectiggoup in intermediatel3, reduction of
intermediate14 employing iron powder, subsequent Sandmeyer macid removal of the
protecting group. Intermediafi8a-h were prepared by condensation of intermediatavith the
corresponding bromoalkanes. The following proceslunere depicted in Scheme 1 to give
compound®2a-h

Scheme 2.
Scheme 3.

As shown in Scheme 4, 3-((trimethylsilyl)ethynyljizaldehyde 30) was synthesized by
Sonogashira coupling of 3-iodobenzaldehyde witmethylsilylacetylene 29). Removal of
trimethylsilyl by TBAF and second Sonogashira reactvith 4-iodo-3,5-dimethylisoxazole were
conducted to give intermediaB2 The desired compourb was prepared as the synthetic route
described previously.

Scheme 4.
2.2. GPR40 agonist activity and SAR study

The GPR40 agonist activities of synthesized comgeuwnere evaluated by FLIPR calcium
assay in Chinese hamster ovary (CHO) cells statpyessing human GPR40. TAK-875 was used
as positive control. The agonist activities weresented in Table 1-4. We initially modified the
substituents on the phenyl connecting with 3,5-tlylessoxazole. As shown in Table 1,
compoundd 1a-l containing halogen, alkyl or alkoxyl maintainetbsy GPR40 agonist activities
with improved tPSA and lowered cLog P values comgparith compoundL. It demonstrated
3,5-dimethylisoxazole was highly tolerable as amteal group in GPR40 agonists. The
introduction of nitrogen and oxygen to the heteobeywas beneficial to tPSA and cLog P. It was
expected to reduce the risk of the potential effent central nervous system. In this series,
compoundsl1b, 11f, 11gand11k showed good potency and were selected for in pradiling.

To understand the binding mode of this series, &éopmed docking studies with Glide docking
in Schrodinger 9.4 (Fig. 2). The first crystal stiure of human GPR40 receptor (PDB ID: 4PHU)
binding to TAK-875 was reported by Takeda in 203@]] A comparison of TAK-875 to energy
minimized conformation of compoundla indicated a high percentage of overlap. Both
carboxylate moiety in two molecules interacted waitginine residues Arg 183 and Arg 258



(displayed as Arg 2258 in Schrodinger 9.4). Therihe atom overlapped with the oxygen atom
on dihydrobenzofuran of TAK-875. The 3,5-dimethgkazole in compoundla and the left
2,6-dimethylphenyl in TAK-875 was orthogonal to th@ddle phenyl ring. The similarities
between 3,5-dimethylisoxazole analogues and TAK-&Wbwed explanation of the GPR40
agonist activities we evaluated.

Table 1.

Figure 2.

Next, we explored alkoxyl into theneta-position of the middle phenyl ring to obtain
compoundsl8a-h (Table. 2). The Eg values ranged from 53.1 nM to 143 nM, indicatihgtt
meta-position of the phenyl could tolerate substituenith differing length with minimal loss of
potency. However, the replacement of the middiengheng with a variety of the pyridine rings
reduced agonist activity significantly (Table. 3)though the tPSA value of compour2a-d
were improved, the pyridine ring was not suitalde the middle ring of GPR40 agonists. The
introduction of the ethynyl connecting the 3,5-dilhydisoxazole and the phenyl gave compound
36 an EGg value of 214 nM (Table. 4).

Table 2.
Table 3.
Table 4.
2.3. Antihyperglycemic effect of 11b, 11f, 11g antiLk in ICR mice

According to the results of GPR40 agonist actiinityitro, compoundl1b, 11f, 11gand11k
were selected for in vivo profiling. Acute oral ghse tolerance test (OGTT) was conducted in
male ICR mice initially. Mice were dosed orally wiingle doses of vehicle, TAK-875 (30 mg/kg)
and test compounds (30 mg/kg), 30 min prior to aalcose load (2 g/kg). Among these
compounds, compourtdlf and11k exhibited robust potency of glycemic control. Campd11f,
11k and TAK-875 reduced area under the curve from D2d min (AUG_120 miy by 19.1%, 23.1%
and 23.3%18f, 785.9 + 31.018k, 746.4 £ 52.3; TAK-875, 744.9 + 24.9), respectmdtig. 3).

Figure 3.
2.4. Antihyperglycemic effect of 11f and 11k in typ 2 diabetic C57BL/6 mice

Based on the data in ICR mi@&GTT, compound.1f and11k were tested in type 2 diabetic
C57BL/6 mice. Mice were dosed orally with singlesds of vehicle, TAK-875 (30 mg/kg),
compoundl1f and11k (30 mg/kg), 30 min prior to oral glucose load (kg). Fig. 4 depicted that
compound11k reduced notably AUE1,0 minby 29.5% and its antihyperglycemic effect was
similar to that of TAK-87511k, 1298.5 + 47.5; TAK-875, 1216.6 + 75.0).

Figure 4.
2.5 Pharmacokinetic profiles of 11k in SD rats

Compound 11k was selected to the further evaludtiporal pharmacokinetic profiles in SD
rats (Table 5.). It exhibited favorable pharmacekimprofiles, with lasting half-life (2.87 + 0.33
h), fast oral absorption (Ex = 1.0 h), high maximum plasma concentratiop(& 0.84 + 0.15
png/mL) and high plasma drug exposure (Al4G= 4.18 £ 0.71ug-h/mL).

Table 5.
3. Conclusion

In summary, we designed and discovered a seriesoe¢l GPR40 agonists containing
3,5-dimethylisoxazole with improved tPSA and idehbg P. Most of these compounds were
confirmed as excellent GPR40 agonists in vitro. degglly, compoundllk exhibited robust



potency of glycemic control in both ICR mice angey2 diabetic C57BL/6 mice compared with
TAK-875. The pharmacokinetic profiles was evaluaded presented desirable results. In addition,
docking studies were conducted to explain the myteh 3,5-dimethylisoxazole analogues. Those
gualities made compouridk a promising lead compound for the treatment of WM2&nhd worth

for further investigation.

4. Experimental section
4.1. Chemistry

All chemical reagents were commercially availabid &reated with standard methods before
use. Solvents were dried and redistilled before Gsdumn chromatography (CC): silica gel 60
(200-300 mesh). Thin-layer chromatography (TLO)caigel 60 F254 plates (250 nm; Qingdao
Ocean Chemical Company, Qingdao, China). M.p.: lieaipi tube, RY-1 capillary apparatus
(Tianjin Optical Instrument Company, Tianjin, Chinauncorrected. %Purity of the target
compounds (> 97%) were determined by HPLC analy$ié detector, wavelength: 272 nm). IR
spectra: Nicolet Impact 410 spectrophotometer Wi disks; in cn. *H and**C NMR spectra:
Bruker ACF-300Q apparatus (300 MHz fot NMR and 75 MHz for°C NMR), in DMSO# or
CDCl; unless otherwise indicated,in ppm rel. to MgSi, J in Hz. Mass spectrometry (MS):
Hewlett-Packard 1100 LC/MSD spectrometer; elemeamralyses: CHN-O-Rapid instrument.
4.1.1. Preparation of (E)-3-(2-fluoro-4-hydroxyphesl)acrylic acid (3)

To a solution o2 (1.0 g, 7.1 mmol) in pyridine (10 mL) was addedganedioic acid (1.1 g,
10 mmol) at room temperature. The reaction mixtuas stirred at 80°C for 24 h. After cooling to
the room temperature, the mixture was acidified W@l (1 N) and filtered. The filter cake was
washed with water and dried to gi8€1.1 g, 84%) as white solidH NMR (300 MHz, DMSO#dq)
8:12.29 (s, 1H), 10.47 (s, 1H), 7.64 1t 8.8 Hz, 1H), 7.56 (d] = 16.1 Hz, 1H), 6.72-6.56 (m,
2H), 6.36 (dJ = 16.1 Hz, 1H).

4.1.2. Preparation of 3-(2-fluoro-4-hydroxyphenyl)popanoic acid (4

To a solution o3 (0.80 g, 4.4 mmol) in THF (25 mL) was hydrogenadedl0% Pd/C under
hydrogen atmosphere (balloon pressure) at roomesahpe for 24 h. The mixture was filtered
through a celite pad, and the filtrate was conegadrto affordt (0.79 g, 99%) as a colorless solid
without further purification’H NMR (300 MHz, DMSOs) &: 11.80 (br s, 1H), 9.93 (br s, 1H),
7.06 (t,J = 8.8 Hz, 1H), 6.60-6.38 (m, 2H), 2.72Jt 7.4 Hz, 2H), 2.44 (1 = 7.5 Hz, 2H).

4.1.3. Preparation of methyl 3-(2-fluoro-4-hydroxyenyl)propanoate (5)

To a solution o# (0.70 g, 3.8 mmol) in methanol (20 mL) was addedcentrated sulfuric
acid (0.50 mL) and then refluxed for 12 h. Afteoling to the room temperature, the solvent was
concentrated in vacuo. The residue was quenchddsattirated NaHC{solution and extracted
with EtOAc (3 x 20 mL). The combined organic layaesre washed with water (30 mL) and brine
(30 mL), dried over N&5O,, and evaporated in vacuo to aff@q0.69 g, 92%) as a brown solid.
'H NMR (300 MHz, DMSOdg) 8: 9.65 (s, 1H), 7.04 (f] = 8.9 Hz, 1H), 6.57-6.42 (m, 2H), 3.56
(s, 3H), 2.74 (t) = 7.5 Hz, 2H), 2.53 (1] = 7.5 Hz, 2H).

4.1.3. The following procedures described the synéisis of compound (11a)

These procedures can also be applied to the sysithfesompound41b—land28a—d
4.1.3.1 Preparation of 3-(3,5-dimethylisoxazol-4-}henzaldehyde (7a)

To a mixture of 3,5-dimethyl-4-(4,4,5,5-tetrametilyB,2-dioxaborolan-2-yl)isoxazole (0.50
g, 2.2 mmol), 3-bromobenzaldehyde (0.50 g, 2.7 md(PPE, (0.13 g, 0.12 mmol) and



sodium carbonate (0.71 g, 6.7 mmol) in toluenefedhied,O (10 mL, 3/1/3) was refluxed under
nitrogen atmosphere for 24 h. Then the mixture diaged with saturated ammonium chloride
solution and EtOAc, and the insoluble material Vittsred through Celite. The organic layer of
the filtrate was washed with water (30 mL) and &80 mL), dried over N&O,, and evaporated
in vacuo. The residue was purified by column chromephy (EtOAc/petroleum ether, 1/15 to
1/5) to give7a (0.37 g, 77%) as a white solitH NMR (300 MHz, DMSOsd) &: 10.08 (s, 1H),
7.99-7.85 (m, 2H), 7.81-7.63 (m, 2H), 2.43 (s, 315 (s, 3H).

4.1.3.2 Preparation of (3-(3,5-dimethylisoxazol-4fphenyl)methanol (8a)

To a solution of7a (0.37 g, 1.8 mmol) in THF/methanol (20 mL, 5/1)snadded NaBH
(0.14 g, 3.7 mmol) in small portions at 0°C. Thaatéon mixture was stirred at room temperature
for 15 min, and then quenched with HCI (1 N). Thigtore was extracted with EtOAc (3 x 20 mL)
and the combined organic layers were washed witer@0 mL) and brine (30 mL), dried over
NaSQy, and concentrated in vacuo to aff@al(0.35 g, 94%) as a colorless solid without further
purification.'H NMR (300 MHz, DMSOd) 8: 7.42 (t,J = 7.5 Hz, 1H), 7.37-7.28 (m, 2H), 7.28—
7.15 (m, 1H), 5.24 (1) = 5.8 Hz, 1H), 4.54 (d] = 5.8 Hz, 2H), 2.39 (s, 3H), 2.22 (s, 3H).
4.1.3.3 Preparation of 4-(3-(chloromethyl)phenyl)-%-dimethylisoxazole (9a)

To a solution of8a (0.35 g, 1.7 mmol) in N-methyl-2-pyrrolidone (3OL) was added
phosphorus oxychloride (0.43 mL, 5.2 mmol) dropvés@°C. The reaction mixture was stirred at
room temperature for 2 h, then quenched with segdreodium bicarbonate solution. The product
was prepiticated, filtered and washed with wateafford 9a (0.34 g, 89%) as a white solitH
NMR (300 MHz, DMSOsdg) 6: 7.57-7.43 (m, 3H), 7.36 (di,= 6.9, 1.8 Hz, 1H), 4.82 (s, 2H),
2.41 (s, 3H), 2.23 (s, 3H).
4.1.3.4Preparation of methyl 3-(4-((3-(3,5-dimethylisoxazis4-yl)benzyl)oxy)-2-fluorophenyl)
propanoate (10a)

To a solution of9a (0.20 g, 0.89 mmol)5 (0.16 g, 0.81 mmol) and potassium carbonate
(0.22 g, 1.6 mmol) in DMF (3.0 mL) was stirred &°6 for 5 h. Then the mixture was quenched
with saturated ammonium chloride solution and extéeé with EtOAc (3 x 20 mL). The combined
organic layers were washed with water (30 mL) andeb(30 mL), dried over N&Q,, and
concentrated in vacuo. The residue was purifieccdlymn chromatography (EtOAc/petroleum
ether, 1/9 to 1/3) to giv&0a (0.23 g, 71%) as a white solitH NMR (300 MHz, DMSO#d) §:
7.53-7.40 (m, 3H), 7.35 (d,= 7.2 Hz, 1H), 7.20 (tJ = 8.8 Hz, 1H), 6.89 (dd] = 12.2, 2.4 Hz,
1H), 6.80 (ddJ = 8.5, 2.5 Hz, 1H), 5.15 (s, 2H), 3.57 (s, 3HY2(t,J = 7.5 Hz, 2H), 2.56 (1] =
7.5 Hz, 2H), 2.38 (s, 3H), 2.21 (s, 3H).
4.1.3.5Preparation of 3-(4-((3-(3,5-dimethylisoxazol-4-yhenzyl)oxy)-2-fluorophenyl)pro-
panoic acid (11a)

To a solution ol0a (0.23 g, 0.60 mmol) and LiOH (60 mg, 2.4 mmol)tethanol/HO (10
mL, 5/1) was stirred at 40°C for 6 h. The solvemtsvevaporated in vacuo and the residue was
acidified with HCI (1 N). The mixture was extractadth EtOAc (3 x 10 mL). The combined
organic layers were washed with water (20 mL) andeb(20 mL), dried over N&Q,, and
concentrated in vacuo. The residue was purifieccdlymn chromatography (EtOAc/petroleum
ether, 1/5 to 1/2) to give compoutia(0.14 g, 63%) as a white solid. m.p.: 106—108tCNMR
(300 MHz, DMSO€dg) 6: 11.71 (br s, 1H), 7.63-7.27 (m, 4H), 7.27-7.07 i), 6.98-6.69 (m,
2H), 5.16 (s, 2H), 2.75 (8, = 7.1 Hz, 2H), 2.47 () = 7.1 Hz, 2H), 2.39 (s, 3H), 2.21 (s, 3Hic
NMR (75 MHz, DMSO#) 4: 173.63 (s), 165.22 (s), 160.96 (dr 224.2 Hz), 158.07 (0= 5.8



Hz), 157.88 (s), 137.48 (s), 130.96 {d; 6.8 Hz), 130.02 (s), 129.06 (s), 128.38 (s),.128§s),
126.88 (s), 119.36 (d, = 16.3 Hz), 115.72 (s), 110.96 @7 2.8 Hz), 102.34 (d] = 26.0 Hz),
69.23 (s), 34.16 (s), 23.18 (s), 11.31 (s), 1045IR (cm'): 3427.73, 2926.25, 1731.75, 1628.47,
1585.31, 1509.12, 1456.27, 1433.66, 1412.74, 186413286.93, 1189.05, 1143.95, 1107.57,
1036.02, 844.93, 805.09, 757.31, 710.14; MS (ESB¥g 368.2 (M-H). Anal. calcd. for
C,1H20FNO,: C, 68.28; H, 5.46; N, 3.79. Found: C, 68.31; 4,/5N, 3.74.

4.1.4. Preparation of 3-(4-((3-(3,5-dimethylisoxazéat-yl) -5-methylbenzyl)oxy)-2-fluoro-
phenyl)propanoic acid (11b)

Compound11b (0.12 g, 54%) as a white solid. m.p.: 120-122%¢;NMR (300 MHz,
DMSO-dg) 6: 12.15 (br s, 1H), 7.34-7.11 (m, 4H), 6.95-6.74 Zi), 5.10 (s, 2H), 2.75 @,= 7.1
Hz, 2H), 2.46 (tJ = 7.1 Hz, 2H), 2.37 (s, 6H), 2.19 (s, 3K} NMR (75 MHz, DMSOdp) &:
173.55 (s), 165.11 (s), 162.44 (s), 159.21 (s),.9%1d,J = 11.8 Hz), 138.44 (s), 137.35 (s),
130.94 (d,J = 6.7 Hz), 129.94 (s), 128.97 (s), 127.50 (s),.325s), 119.27 (dJ = 16.1 Hz),
115.74 (s), 110.94 (d,= 2.8 Hz), 102.31 (d] = 26.1 Hz), 69.26 (s), 34.08 (s), 23.13 (s), 2¢HY4
11.29 (s), 10.44 (s); IR (Chx 3440.82, 2930.61, 1705.68, 1627.51, 1587.511 7R 1427.25,
1319.48, 1287.01, 1251.36, 1164.35, 1105.05, 85%898.44; MS (ESl)wWz 382.2 (M-H).
Anal. calcd. for GH,oFNO,: C, 68.92; H, 5.78; N, 3.65. Found: C, 68.88; H3N, 3.64.

4.1.5. Preparation of 3-(4-((3-(3,5-dimethylisoxazal-yl)-5-fluorobenzyl)oxy)-2-fluorophenyl)
propanoic acid (11c)

Compoundllc (0.15 g, 68%) as a white solid. m.p.: 160-161%8;NMR (300 MHz,
DMSO-dg) 6: 12.20 (br s, 1H), 7.49 (d,= 10.2 Hz, 1H), 7.32 (d] = 7.4 Hz, 2H), 7.17 () = 8.8
Hz, 1H), 6.74 (dJ = 12.1 Hz, 1H), 6.65 (dl = 8.4 Hz, 1H), 4.79 (s, 2H), 2.74 {t= 7.5 Hz, 2H),
2.45 (t,J = 7.5 Hz, 2H), 2.19 (s, 3H), 2.01 (s, 3HJC NMR (75 MHz, DMSOde) &: 173.54 (s),
165.80 (s), 162.37 (s), 162.17 (s 243.0 Hz), 159.00 (d, = 22.5 Hz), 157.63 (dl = 11.1 Hz),
138.80 (d,J = 7.7 Hz), 133.44 (d) = 8.5 Hz), 130.97 (d) = 6.8 Hz), 125.44 (d] = 3.1 Hz),
119.64 (dJ = 2.4 Hz), 119.44 (s), 116.26 @7 22.2 Hz), 115.55 (d} = 21.2 Hz), 110.62 (d] =
3.0 Hz), 102.06 (dJ = 26.0 Hz), 67.32 (s), 34.02 (s), 23.11 (s), 111 9.99 (s); IR (ci):
3351.03, 2938.05, 1746.94, 1714.40, 1625.61, 19861807.90, 1409.29, 1278.97, 1264.92,
1243.20, 1179.46, 1162.99, 1148.78, 1096.45, 1048E1.73, 826.81; MS (EShyz 386.1 (M-
H)™. Anal. calcd. for GH1sFNO4: C, 65.11; H, 4.94; N, 3.62. Found: C, 65.06; 1944 N, 3.60.
4.1.6. Preparation of 3-(4-((3-chloro-5-(3,5-dimetlisoxazol-4-yl)benzyl)oxy)-2-fluorophen-
yl)propanoic acid (11d)

Compound1ld (0.16 g, 64%) as a white solid. m.p.: 116-118%&;NMR (300 MHz,
DMSO-dg) &: 12.14 (br s, 1H), 7.53 (s, 1H), 7.45 (s, 1H),17(4, 1H), 7.23 (tJ = 8.8 Hz, 1H),
6.90 (dd,J = 12.1, 2.2 Hz, 1H), 6.82 (dd,= 8.5, 2.0 Hz, 1H), 5.18 (s, 2H), 2.78JtF 7.5 Hz,
2H), 2.47 (tJ = 7.5 Hz, 2H), 2.40 (s, 3H), 2.22 (s, 3HC NMR (75 MHz, DMSOdj) 5: 173.54
(s), 165.85 (s), 160.82 (d~= 243.2 Hz), 158.02 (s), 157.69 (t+ 11.2 Hz), 139.86 (s), 133.64 (Ss),
132.17 (s), 131.00 (d] = 6.8 Hz), 127.87 (s), 126.76 (s), 126.45 (s),.369d,J = 15.8 Hz),
114.68 (s), 110.92 (d,= 2.6 Hz), 102.41 (d] = 25.9 Hz), 68.36 (s), 34.07 (s), 23.15 (s), 11531
10.33 (s); IR (cril): 3439.53, 2926.25, 1704.01, 1625.66, 1588.0561787 1510.35, 1428.02,
1408.71, 1315.85, 1293.73, 1278.87, 1248.75, 1062.948.62, 1104.29, 858.36, 782.15; MS
(ESI), mz: 402.1 (M—H). Anal. calcd. for GH;sCIFNOy: C, 62.46; H, 4.74; N, 3.47. Found: C,
62.44; H, 4.71; N, 3.53.

4.1.7. Preparation of 3-(4-((3-(3,5-dimethylisoxazal-yl)-5-(trifluoromethyl)benzyl)oxy)-2-



fluorophenyl)propanoic acid (11e)

Compoundlle (0.12 g, 48%) as a white solid. m.p.: 153-156%;NMR (300 MHz,
DMSO-dg) &8: 12.15 (br s, 1H), 7.82 (s, 1H), 7.75 (s, 1H),17(8, 1H), 7.22 (tJ = 8.8 Hz, 1H),
6.96-6.87 (m, 1H), 6.87—6.79 (m, 1H), 5.26 (s, 24}/ (t,J = 7.5 Hz, 2H), 2.46 () = 7.5 Hz,
2H), 2.40 (s, 3H), 2.22 (s, 3HYC NMR (75 MHz, DMSOd,) 5: 173.53 (s), 166.07 (s), 160.83 (d,
J = 243.2 Hz), 158.04 (s), 157.69 (U= 11.9 Hz), 139.14 (s), 132.03 (s), 131.42 (s}.02 (d,J
= 6.7 Hz), 129.76 (s), 125.14-124.35 (m), 123.72-@2 (m), 122.15 (s), 119.63 (@= 16.4 Hz),
114.68 (s), 110.91 (d,= 2.7 Hz), 102.42 (d] = 25.8 Hz), 68.40 (s), 34.07 (s), 23.13 (s), 11997
10.27 (s); IR (cril): 3056.05, 2932.15, 2678.47, 1712.24, 1628.2571%8 1508.86, 1452.92,
1438.66, 1419.48, 1348.83, 1275.62, 1238.36, 1769.819.43, 878.08, 698.54; MS (ESt)z
436.1 (M—H). Anal. calcd. for GH1gFsNO4: C, 60.41; H, 4.38; N, 3.20. Found: C, 60.47; H64
N, 3.17.

4.1.8. Preparation of 3-(4-((5-(3,5-dimethylisoxazal-yl)-2-fluorobenzyl)oxy)-2-fluorophenyl)
propanoic acid (11f)

Compound11f (0.15 g, 60%) as a white solid. m.p.: 139-142*8;NMR (300 MHz,
DMSO-dg) 3: 12.16 (br s, 1H), 7.55 (d,= 7.0 Hz, 1H), 7.49-7.29 (m, 2H), 7.22 t= 8.8 Hz,
1H), 6.92 (dJ = 12.2 Hz, 1H), 6.82 (dl = 8.7 Hz, 1H), 5.18 (s, 2H), 2.76 {t= 7.6 Hz, 2H), 2.46
(t, J = 7.6 Hz, 2H), 2.36 (s, 3H), 2.19 (s, 3HJC NMR (75 MHz, DMSOdg) &: 173.63 (s),
165.28 (s), 161.48 (s), 160.83 (Ux 243.5 Hz), 158.14 (d) = 8.5 Hz), 157.74 (d] = 10.9 Hz),
131.31 (d,J = 4.0 Hz), 130.99 (d) = 7.3 Hz), 126.24 (d] = 3.5 Hz), 124.08 (d] = 15.2 Hz),
119.61 (d,J = 16.2 Hz), 116.19 () = 3.2 Hz), 115.91 (s), 114.91 (s), 110.87Jd; 2.7 Hz),
102.35 (d,J = 26.0 Hz), 63.81 (s), 34.12 (s), 23.16 (s), 1491 10.31 (s); IR (ci): 3439.53,
2943.95, 1709.60, 1627.59, 1586.03, 1508.26, 18241806.05, 1281.20, 1258.41, 1249.56,
1220.61, 1149.83, 1108.46, 1098.59, 1013.71, 83643.40; MS (ESI)m/z 386.1 (M-H).
Anal. calcd. for GiH1gF,NOy: C, 65.11; H, 4.94; N, 3.62. Found: C, 65.20; 924N, 3.61.

4.1.9. Preparation of 3-(4-((2-chloro-5-(3,5-dimetlisoxazol-4-yl)benzyl)oxy)-2-fluoro-
phenyl)propanoic acid (119)

Compoundllg (0.14 g, 63%) as a white solid. m.p.: 131-132%;NMR (300 MHz,
DMSO-dg) 8: 12.18 (br s, 1H), 7.64—7.46 (m, 2H), 7.45-7.30 L), 7.20 (t,J = 8.2 Hz, 1H),
6.97-6.67 (m, 2H), 5.11 (s, 2H), 2.75Jt 7.3 Hz, 2H), 2.47 (t) = 7.3 Hz, 2H), 2.31 (s, 3H),
2.13 (s, 3H);*C NMR (75 MHz, DMSOds) 5: 173.55 (s), 166.51 (s), 160.82 (b= 243.0 Hz),
160.60 (s), 158.19 (d,= 60.9 Hz), 157.69 (dl = 43.6 Hz), 133.49 (d] = 3.5 Hz), 131.30 (d] =
3.3 Hz), 130.95 (dJ = 6.9 Hz), 129.94 (d] = 8.4 Hz), 119.42 (d] = 16.2 Hz), 117.12 (d] =
16.2 Hz), 116.17 (dJ = 22.4 Hz), 110.96 (d] = 2.8 Hz), 110.17 (s), 102.37 (@= 25.9 Hz),
68.58 (s), 34.10 (s), 23.16 (s), 11.22 (s), 10s)1IR (cm'): 3433.63, 3050.15, 3002.95, 1726.28,
1627.56, 1508.85, 1464.03, 1365.70, 1296.13, 1052430.43, 1110.93, 838.37; MS (ESiz
402.1 (M—H). Anal. calcd. for gH;sCIFNO,: C, 62.46; H, 4.74; N, 3.47. Found: C, 62.43; H,
4.78; N, 3.50.

4.1.9. Preparation of 3-(4-((5-(3,5-dimethylisoxazal-yl)-2-methoxybenzyl)oxy)-2-fluoro-
phenyl)propanoic acid (11h)

Compound11h (0.13 g, 54%) as a white solid. m.p.: 125-127%&;NMR (300 MHz,
DMSO-dg) 6: 7.43—7.27 (m, 2H), 7.25-7.09 (m, 2H), 6.92-6 M3 2ZH), 5.08 (s, 2H), 3.85 (s, 3H),
2.75 (t,J = 7.2 Hz, 2H), 2.45 () = 7.2 Hz, 2H), 2.31 (s, 3H), 2.14 (s, 3H)C NMR (75 MHz,
DMSO-dg) 8: 173.54 (s), 164.65 (s), 160.85 (o= 243.1 Hz), 158.15 (s), 158.03 (s), 156.46 (s),



130.94 (d,J = 6.8 Hz), 129.92 (d] = 10.3 Hz), 124.78 (s), 121.71 (s), 119.22)¢, 15.9 Hz),
115.46 (s), 111.47 (s), 110.75 @5 2.6 Hz), 102.24 (d] = 25.7 Hz), 64.80 (s), 55.65 (s), 34.12
(s), 23.15 (s), 11.16 (s), 10.35 (s); IR ®m3091.45, 2979.35, 2843.66, 1740.33, 1628.35,
1609.89, 1585.33, 1509.33, 1491.55, 1464.35, 140519292.77, 1252.61, 1155.33, 1103.87,
1037.17, 827.05; MS (ESlwz 398.2 (M-H). Anal. calcd. for GH»,FNOs: C, 66.16; H, 5.55;

N, 3.51. Found: C, 66.13; H, 5.62; N, 3.47.

4.1.10. Preparation of 3-(4-((3-(3,5-dimethylisoxa#-4-yl)-2-fluorobenzyl)oxy)-2-fluoro-
phenyl)propanoic acid (11i)

Compound1li (0.12 g, 52%) as a white solid. m.p.: 132-134%8;NMR (300 MHz,
DMSO-dg) 8: 12.20 (br s, 1H), 7.65-7.56 (m, 1H), 7.44 @& 7.5, 1.9 Hz, 1H), 7.34 (8= 7.6
Hz, 1H), 7.22 (tJ = 8.8 Hz, 1H), 6.92 (dd] = 12.1, 2.5 Hz, 1H), 6.82 (dd,= 8.5, 2.4 Hz, 1H),
5.18 (s, 2H), 2.77 (t] = 7.5 Hz, 2H), 2.46 (t] = 7.5 Hz, 2H), 2.33 (s, 3H), 2.15 (s, 3 C NMR
(75 MHz, DMSO#) 6: 173.62 (s), 166.55 (s), 160.86 {d 243.3 Hz), 158.67 (s), 157.86 (0
11.1 Hz), 155.93 (s), 131.89 (@= 2.6 Hz), 131.03 (d] = 6.7 Hz), 130.67 (d] = 4.0 Hz), 124.78
(d,J=4.3Hz), 124.41 (dl = 15.1 Hz), 119.64 (dl = 15.8 Hz), 117.47 (s), 110.86 (Hx 2.7 Hz),
102.32 (d,J = 25.8 Hz), 63.96 (s), 34.12 (s), 23.17 (s), 1492 10.20 (s); IR (ci): 2991.15,
1706.73, 1627.14, 1581.58, 1508.62, 1457.43, 18201Q90.99, 1255.86, 1148.86, 1096.61,
1007.33, 966.47; MS (ESIyz 386.1 (M—H). Anal. calcd. for GHF:NOy: C, 65.11; H, 4.94;
N, 3.62. Found: C, 65.12; H, 4.96; N, 3.65.

4.1.11. Preparation of 3-(4-((3-(3,5-dimethylisoxa#-4-yl)-4-fluorobenzyl)oxy)-2-fluoro-
phenyl)propanoic acid (11j)

Compound1lj (0.15 g, 60%) as a white solid. m.p.: 111-113%8;NMR (300 MHz,
DMSO-dg) 6: 12.15 (br s, 1H), 7.66— .55 (m, 2H), 7.42 (d&; 8.2, 2.2 Hz, 1H), 7.22 (§ = 8.8
Hz, 1H), 6.93 (ddJ = 12.1, 2.4 Hz, 1H), 6.82 (dd,= 8.4, 2.3 Hz, 1H), 5.19 (s, 2H), 2.76JtF
7.5 Hz, 2H), 2.46 () = 7.5 Hz, 2H), 2.35 (s, 3H), 2.18 (s, 3HC NMR (75 MHz, DMSO¢) &
173.57 (s), 165.58 (s), 160.86 (d, J = 243.3 H&R.05 (s), 157.75 (d, J = 11.0 Hz), 134.55 (s),
132.07 (s), 131.06 (d, J = 6.9 Hz), 130.69 (s),.28(s), 129.97 (s), 129.10 (s), 119.66 (d, J =
15.8 Hz), 114.80 (d, J = 1.7 Hz), 110.83 (s), 1RZd} J = 26.0 Hz), 67.06 (s), 34.09 (s), 23.15 (s)
11.27 (s), 10.35 (s); IR (Chr 2985.25, 1709.06, 1627.47, 1588.01, 1509.589.D87 1450.46,
1423.33, 1288.56, 1241.81, 1194.47, 1161.44, 16531909.62, 1096.28, 1062.48, 1031.96,
968.22, 836.24; MS (ESliwz 386.1 (M—H). Anal. calcd. for GH;oFNO,4: C, 65.11; H, 4.94; N,
3.62. Found: C, 65.15; H, 4.88; N, 3.57.

4.1.12. Preparation of 3-(4-((4-chloro-3-(3,5-diméllisoxazol-4-yl)benzyl)oxy)-2-fluoro-
phenyl)propanoic acid (11Kk)

Compound11k (0.13 g, 54%) as a white solid. m.p.: 143-145%;NMR (300 MHz,
DMSO-d) 6: 12.14 (br s, 1H), 7.64 (d,= 8.3 Hz, 1H), 7.52 (dd} = 8.2, 2.0 Hz, 1H), 7.46 (d,=
1.9 Hz, 1H), 7.21 (t) = 8.8 Hz, 1H), 6.87 (dd] = 12.2, 2.4 Hz, 1H), 6.79 (dd,= 8.4, 2.4 Hz,
1H), 5.14 (s, 2H), 2.76 (8= 7.5 Hz, 2H), 2.46 (1) = 7.5 Hz, 2H), 2.25 (s, 3H), 2.07 (s, 3HC
NMR (75 MHz, DMSO#) 6: 173.56 (s), 166.23 (s), 160.83 {d+ 243.2 Hz), 158.61 (s), 157.77
(d,J=11.6 Hz), 136.47 (s), 132.77 (s), 131.64 (sP.98 (d,J = 6.7 Hz), 129.69 (d] = 32.4 Hz),
128.44 (s), 119.49 (d,= 15.6 Hz), 113.79 (d} = 19.9 Hz), 110.99 (dl = 3.0 Hz), 102.42 (d] =
25.8 Hz), 68.44 (s), 34.07 (s), 23.13 (s), 11.3418.18 (s); IR (crl): 3398.23, 2973.45, 1736.09,
1628.70, 1588.09, 1509.08, 1460.68, 1357.83, 18951389.95, 1160.55, 1149.09, 1114.39,
1097.53, 1085.66, 818.17; MS (ESiyz 402.1 (M—H). Anal. calcd. for gH;sCIFNO,: C,



62.46; H, 4.74; N, 3.47. Found: C, 62.52; H, 4/693.48.
4.1.13. Preparation of 3-(4-((3-(3,5-dimethylisoxa#-4-yl)-4-methoxybenzyl)oxy)-2-fluoro-
phenyl)propanoic acid (111)

Compound11l (0.15 g, 58%) as a white solid. m.p.: 140-142%8;NMR (300 MHz,
DMSO-dg) 8: 12.16 (s, 1H), 7.46 (dd,= 8.5, 2.2 Hz, 1H), 7.28 (d,= 2.1 Hz, 1H), 7.19 () =
8.8 Hz, 1H), 7.13 (d) = 8.6 Hz, 1H), 6.86 (dd] = 12.2, 2.5 Hz, 1H), 6.78 (dd,= 8.4, 2.4 Hz,
1H), 5.05 (s, 2H), 3.78 (s, 3H), 2.750t 7.4 Hz, 2H), 2.45 () = 7.4 Hz, 2H), 2.23 (s, 3H), 2.06
(s, 3H);°*C NMR (75 MHz, DMSO#dg) 5: 173.57 (s), 165.58 (s), 160.83 Jd5 243.2 Hz), 159.04
(s), 158.04 (dJ = 11.2 Hz), 156.59 (s), 131.22 (s), 130.90)(¢, 6.7 Hz), 129.64 (s), 128.75 (s),
119.18 (d,J = 15.8 Hz), 118.01 (s), 111.56 (s), 111.01Xd; 2.7 Hz), 102.34 (d) = 25.8 Hz),
69.06 (s), 55.44 (s), 34.10 (s), 23.15 (s), 11s3010.32 (s); IR (cil): 3445.43, 2932.15, 1732.65,
1625.59, 1508.45, 1458.87, 1441.34, 1363.13, 19971253.68, 1191.98, 1146.87, 1098.23,
1027.57, 813.30; MS (ESlwz 398.2 (M-H). Anal. calcd. for GH»,FNOs: C, 66.16; H, 5.55;
N, 3.51. Found: C, 66.21; H, 5.56; N, 3.43.

4.1.14. Preparation of 3-bromo-5-nitrobenzaldehydél 3)

To a solution of 3-nitrobenzaldehyde (1.0 §,®&mol) in concentrated sulfuric acid (4.0 mL)
was added N-bromosuccinimide (1.4 g, 7.9 mmolnmals portions at room temperature and then
heated to 65°C for 1 h. After cooling to the romperature, the solution was poured into ice
water and the precipitate was filtered. The cruadelpct was dried over N8O, and recrystallized
from EtOAc/petroleum ether (1/10) to obtdiB (1.3 g, 82%) as white crystafid NMR (300
MHz, DMSOg) 6: 10.09 (s, 1H), 8.79-8.55 (m, 2H), 8.51 (s, 1H).

4.1.15. Preparation of 2-(3-bromo-5-nitrophenyl)-13-dioxolane (14)

To a solution of 3-bromo-5-nitrobenzaldehyi®(0.90 g, 3.9 mmol), ethylene glycol
(2.2 mL, 39 mmol ) and p-TsOH (70 mg, 0.39 mmol}aluene (25 mL) was refluxed for 5 h.
After cooling to the room temperature, the solutieas diluted with EtOAc (25 mL) and washed
with brine (20 mL). The organic layers were driegioNaSO, and concentrated to afford a crude
product14 (0.99 g, 92%) as a pale yellow solid without fertpurification.
4.1.16. Preparation of 3-bromo-5-(1,3-dioxolan-2-yniline (15)

To a solution ofl4 (0.99 g, 3.6 mmol) and ammonium chloride (0.29%5g, mmol) in
ethanol/HO (30 mL, 5/2) was added iron powders (1.0 g, 18ofhrat room temperature. The
reaction mixture was refluxed for 4 h and therefdd. The filtrate was diluted with EtOAc (30
mL) and washed with brine (20 mL). The organic taysere dried over N80, and concentrated
to afford15 (0.72 g, 82%) as a yellow oily produtif NMR (300 MHz, DMSOdg) &: 6.71 (t,J =
1.8 Hz, 1H), 6.65 (s, 1H), 6.60 (s, 1H), 5.56 (3),15.46 (s, 2H), 4.03-3.88 (M, 4H).

4.1.17. Preparation of 3-bromo-5-hydroxybenzaldehyel (16)

To a solution ofl5 (0.71 g, 6.0 mmol) in AcOH/A$0,/H,O (5.0 mL, 8/1/1) was added
sodium nitrite aqueous solution (0.24 g, 3.5 mrhakL) dropwise and stirred for 1 h at 0°C. The
reaction was added 10% sulphuric acid (20 mL) afidixed for 2 h. After cooling to the room
temperature, the reaction mixture was extractetl wtOAc (3 x 30 mL), washed with saturated
sodium bicarbonate solution (3 x 30 mL) and brid@ fnL). The combined organic layers were
dried over NgSQO, and concentrated. The residue was purified by colwhromatography
(EtOAc/petroleum ether, 1/8) to gié (0.47 g, 80%) as a pale yellow softth NMR (300 MHz,
DMSO-dg) 8: 10.43 (s, 1H), 9.88 (s, 1H), 7.51 (s, 1H), 7.3181m, 2H).

4.1.18. Preparation of 3-(3,5-dimethylisoxazol-4-}45-hydroxybenzaldehyde (17)



To a mixture of 3,5-dimethyl-4-(4,4,5,5-tetrametilyB,2-dioxaborolan-2-yl)isoxazole (0.50
g, 2.0 mmol),16 (0.41 g, 2.0 mmol), Pd(PRK (0.12 g, 0.10 mmol) and sodium carbonate (0.43 g,
4.0 mmol) in toluene/ethanolf® (15 mL, 3/1/3) was refluxed under nitrogen atnimasp for 24 h.
Then the mixture was diluted with saturated ammonahloride solution and EtOAc, and the
insoluble material was filtered through Celite. Tdrganic layer of the filtrate was washed with
water (30 mL) and brine (30 mL), dried over,88)y, and evaporated in vacuo. The residue was
purified by column chromatography (EtOAc/petroleather, 1/5 to 1/3) to givé7 (0.30 g, 69%)
as a pale yellow solidH NMR (300 MHz, DMSOd) &: 10.15 (s, 1H), 9.96 (s, 1H), 7.37 (s, 1H),
7.25 (s, 1H), 7.08 (s, 1H), 2.42 (s, 3H), 2.243(4).

4.1.19. Preparation of 3-(3,5-dimethylisoxazol-4-}45-methoxybenzaldehyde (18a)

To a solution of,L7 (0.14 g, 0.64 mmol), iodomethane (0.11 g, 0.77 thraond potassium
carbonate (0.18 g, 1.3 mmol) in DMF (3.0 mL) wasatl at 60°C for 5 h. Then the mixture was
guenched with saturated ammonium chloride soludimeh extracted with EtOAc (3 x 20 mL). The
combined organic layers were washed with watem{8) and brine (30 mL), dried over B&O;,
and concentrated in vacuo. The residue was purifiegd column chromatography
(EtOAc/petroleum ether, 1/9 to 1/5) to gi¥6a (0.12 g, 81%) as a white solitH NMR (300
MHz, DMSOdg) &: 10.03 (s, 1H), 7.52 (s, 1H), 7.43 (s, 1H), 7.291H), 3.88 (s, 3H), 2.43 (s,
3H), 2.25 (s, 3H).

4.1.20. Preparation of 3-(4-((3-(3,5-dimethylisoxa#-4-yl)-5-methoxybenzyl)oxy)-2-fluoro-
phenyl)propanoic acid (22a)

Compound22awas prepared frorh8aaccording to the general procedures of compdilrad
These procedures can also be applied to the sysitbesompound®2b-h. Compound?2a (80
mg, 64%) as a white solid. m.p.: 142-144*8;NMR (300 MHz, DMSOd) 5: 7.19 (t,J = 8.7
Hz, 1H), 7.01 (s, 1H), 6.99 (s, 1H), 6.93-6.72 8M), 5.11 (s, 2H), 3.79 (s, 3H), 2.72Jt= 7.6
Hz, 2H), 2.44-2.30 (m, 5H), 2.20 (s, 3H}C NMR (75 MHz, DMSOd) &: 174.36 (s), 165.28 (s),
160.41 (dJ = 204.8 Hz), 159.66 (s), 157.94 (b= 22.7 Hz), 138.97 (s), 131.26 (s), 130.90(d,
7.2 Hz), 120.36 (s), 115.71 (s), 113.88 (s), 112s30110.87 (dJ = 2.5 Hz), 102.29 (d] = 25.8
Hz), 69.13 (s), 55.29 (s), 35.47 (s), 23.67 (s)311(s), 10.43 (s); IR (c): 3457.23, 2938.05,
1711.15, 1628.62, 1593.95, 1508.72, 1457.13, 14]171334.09, 1287.19, 1253.87, 1156.05,
1114.12, 859.39, 830.45; MS (ESt)z 398.2 (M—H). Anal. calcd. for GH»,FNGs: C, 66.16; H,
5.55; N, 3.51. Found: C, 66.21; H, 5.54; N, 3.53.

4.1.21. Preparation of 3-(4-((3-(3,5-dimethylisoxai-4-yl)-5-ethoxybenzyl)oxy)-2-fluoro-
phenyl)propanoic acid (22b)

Compound22b (0.10 g, 66%) as a white solid. m.p.: 166-168%8;NMR (300 MHz,
DMSO-dg) 6: 12.17 (s, 1H), 7.20 (8 = 8.8 Hz, 1H), 6.98 (d] = 6.3 Hz, 2H), 6.91-6.76 (m, 3H),
5.11 (s, 2H), 4.07 (¢ = 6.9 Hz, 2H), 2.75 (i) = 7.3 Hz, 2H), 2.47 () = 7.4 Hz, 2H), 2.37 (s,
3H), 2.20 (s, 3H), 1.33 (8 = 6.9 Hz, 3H);"*C NMR (75 MHz, DMSOds) 5: 173.53 (s), 165.24
(s), 160.82 (dJ = 243.0 Hz), 158.92 (s), 158.08 (s), 157.91J(d,11.0 Hz), 138.91 (s), 131.26 (s),
130.92 (d,J = 6.9 Hz), 120.21 (s), 119.32 (d,= 16.0 Hz), 115.72 (s), 114.25 (s), 112.74 (s),
110.95 (dJ = 2.6 Hz), 102.35 (d] = 25.8 Hz), 69.12 (s), 63.23 (s), 34.07 (s), 23s)514.59 (s),
11.30 (s), 10.43 (s); IR (Chx 3445.43, 2991.15, 1709.11, 1629.33, 1589.761 B&] 1284.11,
1267.68, 1252.88, 1155.03, 1116.18, 1045.04, 86B&3(ESI),m/z 412.2 (M—H). Anal. calcd.
for C,3H24FNOs: C, 66.82; H, 5.85; N, 3.39. Found: C, 66.86; 815N, 3.41.

4.1.22. Preparation of 3-(4-((3-(3,5-dimethylisoxai-4-yl)-5-propoxybenzyl)oxy)-2-fluoro-



phenyl)propanoic acid (22c)

Compound22c (80 mg, 57%) as a pale yellow solid. m.p.: 126=€28H NMR (300 MHz,
DMSO-dg) 8: 12.16 (br s, 1H), 7.20 (§,= 8.8 Hz, 1H), 7.00 (s, 1H), 6.97 (s, 1H), 6.98B35(m,
2H), 6.83-6.76 (m, 1H), 5.11 (s, 2H), 3.97J(t 6.5 Hz, 2H), 2.75 (] = 7.6 Hz, 2H), 2.45 (d] =
7.6 Hz, 2H), 2.37 (s, 3H), 2.20 (s, 3H), 1.80-1(85 2H), 0.98 (t,] = 7.4 Hz, 3H)*C NMR (75
MHz, DMSO4g) 8: 173.51 (s), 165.23 (s), 160.80 {d5 243.3 Hz), 159.07 (s), 158.07 (s), 157.90
(d,J=11.0 Hz), 138.90 (s), 131.25 (s), 130.92])(d,6.8 Hz), 120.22 (s), 119.31 @+ 16.1 Hz),
115.72 (s), 114.27 (s), 112.82 (s), 110.95](d,2.8 Hz), 102.35 (d] = 25.8 Hz), 69.11 (s), 69.03
(s), 34.07 (s), 23.12 (s), 22.00 (s), 11.30 (s)42(Qs), 10.39 (s); IR (cf): 2938.05, 1713.15,
1629.71, 1589.66, 1509.86, 1420.92, 1337.64, 198219264.25, 1251.46, 1154.94, 1116.18,
859.26; MS (ESI)m/z 426.2 (M—HJ. Anal. calcd. for GHFNOs: C, 67.43; H, 6.13; N, 3.28.
Found: C, 67.41; H, 6.10; N, 3.35.

4.1.23. Preparation of 3-(4-((3-(3,5-dimethylisoxa#-4-yl)-5-isopropoxybenzyl)oxy)-2-fluoro-
phenyl)propanoic acid (22d)

Compound22d (80 mg, 56%) as a clear oily produtt. NMR (300 MHz, DMSO#dg) 5: 7.21
(t, J=9.0 Hz, 1H), 7.01-6.71 (m, 5H), 5.11 (s, 2HY,44-4.60 (m, 1H), 2.76 (§ = 7.0 Hz, 2H),
2.46 (t,J = 7.0 Hz, 2H), 2.38 (s, 3H), 2.20 (s, 3H), 1.3431(m, 6H);**C NMR (75 MHz,
DMSO-dg) 8: 173.57 (s), 165.24 (s), 160.82 §dr 243.1 Hz), 158.11 (s), 157.99 (s), 157.85](d,
= 5.1 Hz), 138.97 (s), 131.29 (s), 130.95Jds 6.9 Hz), 120.10 (s), 119.33 (d,= 15.8 Hz),
115.74 (s), 115.18 (s), 113.90 (s), 110.973(d,3.0 Hz), 102.36 (d]l = 25.7 Hz), 69.29 (s), 69.11
(s), 34.11 (s), 23.15 (s), 21.80 (s), 11.36 (s)48Qs); IR (crt): 3439.53, 2979.35, 1710.75,
1627.51, 1589.22, 1508.42, 1421.24, 1323.76, 18851@58.54, 1207.13, 1152.89, 1110.11,
1015.84, 847.88; MS (ESlwz 426.2 (M-H). Anal. calcd. for GH»sFNOs: C, 67.43; H, 6.13;
N, 3.28. Found: C, 67.28; H, 6.15; N, 3.29.

4.1.24. Preparation of 3-(4-((3-butoxy-5-(3,5-diméylisoxazol-4-yl)benzyl)oxy)-2-fluoro-
phenyl)propanoic acid (22e)

Compound22e (80 mg, 52%) as a clear oily produtf NMR (300 MHz, DMSOd) &
12.21 (br s, 1H), 7.20 (8,= 8.8 Hz, 1H), 7.00 (s, 1H), 6.97 (s, 1H), 6.9836(m, 2H), 6.83-6.74
(m, 1H), 5.11 (s, 2H), 4.01 @,= 6.5 Hz, 2H), 2.75 (t) = 7.5 Hz, 2H), 2.45 (§ = 7.5 Hz, 2H),
2.37 (s, 3H), 2.20 (s, 3H), 1.76-1.64 (m, 2H), +BB86 (m, 2H), 0.93 (tJ = 7.4 Hz, 3H);"*C
NMR (75 MHz, DMSO#g) &: 173.55 (s), 165.26 (s), 160.81 {dr 242.8 Hz), 159.09 (s), 158.09
(s), 157.91 (dJ = 11.7 Hz), 138.90 (s), 131.25 (s), 130.94)(¢,6.9 Hz), 120.23 (s), 119.99 @,
= 66.0 Hz), 115.73 (s), 114.27 (s), 112.82 (s),.96(d,J = 3.0 Hz), 102.35 (dJ = 25.9 Hz),
69.12 (s), 67.33 (s), 34.09 (s), 30.73 (s), 2303 18.75 (s), 13.72 (s), 11.33 (s), 10.45 (s); IR
(cm™): 2967.55, 1710.48, 1627.67, 1592.05, 1508.38,1B& 1328.41, 1304.07, 1285.79,
1259.00, 1207.44, 1152.19, 1109.42, 1098.47, 1824561.01; MS (ESI)m/z 440.2 (M—H).
Anal. calcd. for GsHogFNOs: C, 68.01; H, 6.39; N, 3.17. Found: C, 67.99; 356N, 3.21.

4.1.25. Preparation of 3-(4-((3-(3,5-dimethylisoxa-4-yl)-5-isobutoxybenzyl)oxy)-2-fluoro-
phenyl)propanoic acid (22f)

Compound22f (90 mg, 62%) as a pale yellow solid. m.p.: 122=C24H NMR (300 MHz,
DMSO-dg) 8: 12.10 (br s, 1H), 7.20 (§,= 8.8 Hz, 1H), 7.01 (s, 1H), 6.97 (s, 1H), 6.90'66(m,
3H), 5.11 (s, 2H), 3.79 (d,= 6.5 Hz, 2H), 2.76 (] = 7.4 Hz, 2H), 2.45 () = 7.3 Hz, 2H), 2.37
(s, 3H), 2.19 (s, 3H), 2.07-1.96 (m, 1H), 0.98B(), 0.97 (s, 3H)**C NMR (75 MHz, DMSOd)

8: 173.57 (s), 165.26 (s), 160.82 &5 243.7 Hz), 159.04 (s), 158.11 (s), 157.90)(d,11.2 Hz),



138.89 (s), 131.25 (s), 130.94 @= 6.8 Hz), 120.23 (s), 119.34 (d,= 15.6 Hz), 115.73 (s),
114.38 (s), 112.79 (s), 110.97 @5 2.7 Hz), 102.37 (d] = 25.9 Hz), 72.23 (s), 69.12 (s), 34.11
(s), 23.17 (s), 11.33 (s), 10.46 (s), 10.13 (s)53s); IR (crif): 3463.13, 2908.55, 1716.10,
1628.88, 1588.68, 1508.91, 1423.01, 1335.26, 13051282.11, 1263.62, 1248.12, 1202.33,
1157.26, 1115.32, 1100.72, 1028.72, 965.75, 85832 20; MS (ESI)i/z: 440.2 (M—HJ. Anal.
calcd. for GsH,gFNOs: C, 68.01; H, 6.39; N, 3.17. Found: C, 68.00; 376N, 3.22.

4.1.26. Preparation of 3-(4-((3-(cyclopropylmethoxy5-(3,5-dimethylisoxazol-4-yl)benzyl)
oxy)-2-fluorophenyl)propanoic acid (22g)

Compound22g (0.10 g, 69%) as a clear oily produtiit NMR (300 MHz, DMSOd) 5:
12.07 (br s, 1H), 7.20 (§,= 8.8 Hz, 1H), 7.05-6.93 (m, 2H), 6.91-6.74 (m), 311 (s, 2H), 3.86
(d,J=7.0 Hz, 2H), 2.76 () = 7.5 Hz, 2H), 2.45 (d] = 7.5 Hz, 2H), 2.37 (s, 3H), 2.19 (s, 3H),
1.29-1.18 (m, 1H), 0.65 — 0.49 (m, 2H), 0.39-0.25 2H); **C NMR (75 MHz, DMSO#d) &:
173.55 (s), 165.25 (s), 160.81 (H= 244.9 Hz), 158.09 (s), 157.97 @= 2.5 Hz), 157.84 (s),
138.91 (s), 131.27 (s), 130.94 @z 7.0 Hz), 120.28 (s), 119.33 (d,= 16.4 Hz), 115.73 (s),
114.30 (s), 112.91 (s), 110.95 @5 2.8 Hz), 102.36 (d] = 25.7 Hz), 73.89 (s), 69.12 (s), 34.10
(s), 27.71 (s), 23.15 (s), 19.06 (s), 11.32 (s),440(s); IR (crl): 2960.05, 1711.11,
1627.59,1592.24, 1508.28, 1469.64, 1421.73, 13271885.32, 1259.37, 1208.02, 1152.09,
1109.38, 1098.30, 1031.56, 846.61; MS (E8¥g 438.2 (M—H). Anal. calcd. for GsHyFNOx:

C, 68.32; H, 5.96; N, 3.19. Found: C, 68.35; H16M, 3.15.
4.1.27. Preparation of 3-(4-((3-(cyclopentyloxy)-%3,5-dimethylisoxazol-4-yl)benzyl)oxy)-2-
fluorophenyl)propanoic acid (22h)

Compound22h (90 mg, 62%) as a clear oily produti NMR (300 MHz, DMSOdj) 3
12.18 (br s, 1H), 7.20 (§,= 8.8 Hz, 1H), 6.95 (s, 2H), 6.91-6.74 (m, 3H},06(s, 2H), 4.86 (1] =
5.8 Hz, 1H), 2.75 () = 7.5 Hz, 2H), 2.45 () = 7.5 Hz, 2H), 2.38 (s, 3H), 2.20 (s, 3H), 2.0@41.
(m, 2H), 1.77-1.51 (m, 6HJ°C NMR (75 MHz, DMSO#dg) 5: 173.56 (s), 165.24 (s), 160.83 {d,
= 242.9 Hz), 159.71 (s), 158.05 = 6.2 Hz), 157.86 (s), 138.92 (s), 131.22 (s),.930d,J =
6.9 Hz), 119.97 (s), 119.33 (@= 15.8 Hz), 115.75 (s), 114.90 (s), 113.88 (sP.971 (d,J = 2.8
Hz), 102.36 (dJ = 25.7 Hz), 78.82 (s), 69.11 (s), 34.11 (s), 349)623.66 (s), 23.15 (s), 11.35
(s), 10.48 (s); IR (cf): 3463.13, 2960.75, 1710.08, 1627.41, 1589.7381%) 1421.09, 1327.49,
1302.92, 1285.50, 1258.64, 1206.58, 1152.32, 18090198.16, 1016.96, 849.80; MS (ESiz
452.2 (M—H). Anal. calcd. for GHogFNOs: C, 68.86; H, 6.22; N, 3.09. Found: C, 68.89; H,76
N, 3.11.

4.1.28. Preparation of 3-(4-((6-(3,5-dimethylisoxa#-4-yl)pyridin-2-yl)methoxy)-2-fluoro-
phenyl)propanoic acid (28a)

Compound28a (0.11 g, 76%) as a white solid. m.p.: 97-100%8; NMR (300 MHz,
DMSO-dg) 8: 12.18 (br s, 1H), 7.92 (§ = 7.8 Hz, 1H), 7.56-7.40 (m, 2H), 7.21 It 8.9 Hz,
1H), 6.96-6.75 (m, 2H), 5.22 (s, 2H), 2.76)& 7.4 Hz, 2H), 2.56 (s, 3H), 2.46 = 7.4 Hz,
2H), 2.37 (s, 3H)**C NMR (75 MHz, DMSOdg) 8: 173.57 (s), 167.50 (s), 160.83 (b= 243.2
Hz), 158.38 (s), 157.87 (d,= 11.3 Hz), 156.54 (s), 149.50 (s), 137.95 (s}.08 (d,J = 6.9 Hz),
121.93 (s), 119.83 (s), 119.49 (= 16.0 Hz), 115.16 (s), 110.86 @= 2.8 Hz), 102.36 (d] =
25.9 Hz), 70.46 (s), 34.05 (s), 23.13 (s), 12.201(5.26 (s); IR (crl): 3415.93, 2926.25, 1739.94,
1624.57, 1584.38, 1571.98, 1510.54, 1474.32, 14491@39.21, 1296.20, 1185.13, 1166.36,
1102.90, 963.15; MS (ESIyz 369.2 (M—H). Anal. calcd. for GoH1oFN,O,4: C, 64.86; H, 5.17;
N, 7.56. Found: C, 64.89; H, 5.15; N, 7.55.



4.1.29. Preparation of 3-(4-((5-(3,5-dimethylisoxa#-4-yl)pyridin-3-yl)methoxy)-2-fluoro-
phenyl)propanoic acid (28b)

Compound28b (0.12 g, 83%) as a white solid. m.p.: 162—-164%;NMR (300 MHz,
DMSO-dg) 8: 12.13 (br s, 1H), 8.68 (s, 1H), 8.60 (s, 1H),17(8, 1H), 7.24 (tJ = 8.8 Hz, 1H),
6.92 (d,J=12.1 Hz, 1H), 6.85 (d} = 8.4 Hz, 1H), 5.22 (s, 2H), 2.78 Jt= 7.5 Hz, 2H), 2.48 (d]
= 7.5 Hz, 2H), 2.43 (s, 3H), 2.25 (s, 3H)C NMR (75 MHz, DMSOdg) &: 173.59 (s), 166.25 (s),
160.36 (d,J = 315.7 Hz), 158.05 (dl = 32.9 Hz), 148.93 (s), 148.09 (s), 135.83 (s2.33 (s),
131.04 (d,J = 6.6 Hz), 125.84 (s), 119.63 (@ = 16.1 Hz), 112.74 (s), 110.98 @= 2.4 Hz),
102.46 (d,J = 25.9 Hz), 67.04 (s), 34.10 (s), 23.16 (s), 1493 10.34 (s); IR (ci): 3439.53,
2938.05, 1711.52, 1628.40, 1586.42, 1510.45, 19331887.10, 1284.10, 1233.01, 1148.92,
1111.69, 841.96, 714.98; MS (ESt)z 369.1 (M—-H). Anal. calcd. for GoH1oFN,O4: C, 64.86;
H, 5.17; N, 7.56. Found: C, 64.83; H, 5.18; N, 7.45
4.1.30. Preparation of 3-(4-((2-(3,5-dimethylisoxa#-4-yl)pyridin-4-yl)methoxy)-2-fluoro-
phenyl)propanoic acid (28c)

Compound28c (0.11 g, 73%) as a white solid. m.p.: 162-164%;NMR (300 MHz,
DMSO-dg) 8: 12.15 (s, 1H), 8.64 (d,= 5.6 Hz, 1H), 7.51 (s, 1H), 7.35 @= 9.7 Hz, 1H), 7.20 (t,
J=8.8 Hz, 1H), 6.94-6.71 (m, 2H), 5.23 (s, 2HY4(t,J = 7.6 Hz, 2H), 2.51 (s, 3H), 2.44 @,
= 7.4 Hz, 2H), 2.32 (s, 3HJ’C NMR (75 MHz, DMSOd) 8: 173.59 (s), 167.43 (s), 160.87 {d,
= 243.3 Hz), 158.34 (s), 157.57 07 11.2 Hz), 150.14 (s), 149.88 (s), 146.91 (s}.03 (d,J =
6.8 Hz), 120.83 (s), 120.07 (s), 119.74J¢; 16.2 Hz), 115.36 (s), 110.90 (M= 2.9 Hz), 102.45
(d, J = 25.9 Hz), 67.74 (s), 34.06 (s), 23.15 (s), 120811.27 (s); IR (ci): 3433.63, 2926.25,
1719.39, 1627.41, 1585.40, 1511.83, 1449.93, 14231896.09, 1194.35, 1182.19, 1153.18,
965.96, 842.49, 824.80, 618.05; MS (Eatjz 369.1 (M—H). Anal. calcd. for GoH1oFNO4: C,
64.86; H, 5.17; N, 7.56. Found: C, 64.92; H, 51237.51.

4.1.31. Preparation of 3-(4-((4-(3,5-dimethylisoxa-4-yl)pyridin-2-yl)methoxy)-2-fluoro-
phenyl)propanoic acid (28d)

Compound28d (0.12 g, 81%) as a white solid. m.p.: 176-179%;NMR (300 MHz,
DMSO-dg) 8: 8.72 (d,J = 5.2 Hz, 1H), 7.65 (s, 1H), 7.55 @@= 5.1 Hz, 1H), 7.23 (J = 8.8 Hz,
1H), 6.93 (d,J = 12.0 Hz, 1H), 6.84 (d] = 8.5 Hz, 1H), 5.29 (s, 2H), 2.77 &= 7.4 Hz, 2H),
2.49-2.39 (m, 5H), 2.27 (s, 3HJC NMR (75 MHz, DMSOdg) &: 173.57 (s), 168.11 (s), 160.85
(d,J=243.3 Hz), 158.04 (s), 157.44 (&7 11.1 Hz), 154.64 (s), 146.87 (s), 142.35 (s).13 (d,

J = 6.8 Hz), 123.61 (s), 122.64 (s), 120.02Jd 15.9 Hz), 113.40 (s), 110.95 @@= 2.6 Hz),
102.63 (d,J = 25.9 Hz), 68.49 (s), 34.10 (s), 23.19 (s), 11)9 10.57 (s); IR (ci): 3362.83,
3079.65, 1730.02, 1612.11, 1506.15, 1424.41, 18031285.17, 1261.58, 1174.88, 1157.83,
1103.49, 964.52, 843.18; MS (ESt)z 369.1 (M-H). Anal. calcd. for GoH1oFN,O4: C, 64.86;

H, 5.17; N, 7.56. Found: C, 64.86; H, 5.24; N, 7.53

4.1.32. Preparation of 3-((trimethylsilyl)ethynyl)benzaldehyde (30)

To a mixture of 3-iodobenzaldehyde (0.50 g, 2.2 Wymomethylsilylacetylene (0.24 g, 2.4
mmol), Pd(PP$)4 (70 mg, 0.060 mmol) and Cul (40 mg, 0.19 mmol}riathylamine (15 mL)
was refluxed under nitrogen atmosphere for 24 tenTthe mixture was filtered through a celite
pad and the filtrate concentrated in vacuo. Thalueswas purified by column chromatography
(EtOAc/petroleum ether, 1/20 to 1/15) to gBR@(0.31 g, 71%) as a yellow oily produtti NMR
(300 MHz, DMSO#dg) 8: 10.00 (s, 1H), 7.98 (s, 1H), 7.91 (s 7.7 Hz, 1H), 7.77 (d] = 7.7 Hz,
1H), 7.61 (tJ = 7.7 Hz, 1H), 0.25 (s, 9H).



4.1.33. Preparation of 3-ethynylbenzaldehyde (31)

To a solution of30 (0.30 g, 1.5 mmol) in THF (20 mL) was added tattgtammonium
fluoride (0.78 g, 3.0 mmol) in small portions abno temperature. The reaction mixture was
stirred for 3 h at room temperature and concertristeacuo. The residue was purified by column
chromatography (EtOAc/petroleum ether, 1/20 to LtdOgive31 (0.17 g, 88%) as a white solid.
'H NMR (300 MHz, DMSO#dg) &: 10.01 (s, 1H), 8.00 (s, 1H), 7.93 (s 7.7 Hz, 1H), 7.81 (d]
= 7.8 Hz, 1H), 7.63 (1) = 7.7 Hz, 1H), 4.38 (s, 1H).

4.1.34. Preparation of 3-((3,5-dimethylisoxazol-4fethynyl)benzaldehyde (32)

To a mixture of 4-iodo-3,5-dimethylisoxazole (0.861.2 mmol), 31 (0.15 g, 1.2 mmol),
Pd(PPh)4 (40 g, 0.030 mmol) and Cul (20 mg, 0.10 mmol)riethylamine (10 mL) was refluxed
under nitrogemn atmosphere for 24 h. Then the maxivas filtered through a celite pad and the
filtrate concentrated in vacuo. The residue wasifipdr by column chromatography
(EtOAc/petroleum ether, 1/20) to gi&2 (0.22 g, 85%) as a white solitH NMR (300 MHz,
DMSO-dg) 8: 10.03 (s, 1H), 8.08 (s, 1H), 7.94 (&= 7.7 Hz, 1H), 7.88 (d] = 7.8 Hz, 1H), 7.67 (t,
J=7.7 Hz, 1H), 2.54 (s, 3H), 2.31 (s, 3H).

4.1.35. Preparation of 3-(4-((3-((3,5-dimethylisoxal-4-yl)ethynyl)benzyl)oxy)-2-fluoro-
phenyl)propanoic acid (36)

Compound36 was prepared frorB2 according to the general procedures of compdiirad
Compound36 (90 mg, 92%) as a white solid. m.p.: 104—106+#CNMR (300 MHz, DMSOd) 5:
12.18 (s, 1H), 7.63 (s, 1H), 7.56—7.42 (m, 3H)1112J = 8.8 Hz, 1H), 6.91-6.76 (m, 2H), 5.11 (s,
2H), 2.76 (tJ = 7.6 Hz, 2H), 2.51 (s, 3H), 2.46 {t= 7.4 Hz, 2H), 2.29 (s, 3H}*C NMR (75
MHz, DMSO4g) 8: 173.62 (s), 171.70 (s), 161.29 Mz 178.5 Hz), 159.25 (s), 157.92 @F=
11.3 Hz), 137.57 (s), 130.99 (@= 6.8 Hz), 130.83 (s), 130.42 (s), 129.02 (s),.22&s), 122.13
(s), 119.45 (dJ = 16.1 Hz), 111.34 (s), 110.89 @5 2.7 Hz), 102.33 (d] = 25.8 Hz), 93.93 (s),
77.60 (s), 68.95 (s), 34.12 (s), 23.20 (s), 11sJ210.13 (s); IR (ci): 3421.83, 2949.85, 1717.33,
1629.28, 1583.29, 1508.97, 1309.06, 1293.68, 1P631228.85, 1163.39, 1098.05, 1018.39,
830.69; MS (ESI)m/z 392.2 (M—HJ. Anal. calcd. for GH,FNO,4: C, 70.22; H, 5.12; N, 3.56.
Found: C, 70.26; H, 5.18; N, 3.49.

4.2. Biological evaluation
4.2.1. Calcium flux assay in the GPR40 FLIPER assay

The culture medium was removed carefully and CHIB stably expressing human GPR40
were washed with PBS (5 mL). Trypsin (3 mL) wasextldnd cells were incubated in 37°C for 2—
5 min. Then plate medium (10 mL) was added to su$gells. The cells suspension (@0 was
seeded into 96-well plates at a density of 1.5 %c&lis/well, and the assay plates were placed in
37°C, 5% CQ incubator for 16—24 hours. After incubation, tHat@ medium was removed and
dye solution (3QuL) was added to each well. The assay plates waeedlin 37°C, 5% CQOto
incubator for 1 hour. Various concentrations of 's@mpounds were added into the cells, and
calcium flux signal after addition was monitored FgxStation3 Molecular Devices. Efof each
compound was calculated using GraphPad Prism \(ft@are.

4.2.2. Animals

Male ICR mice (20 = 2 g), male C57BL/6 mice (20 gRand male SD rats (200 + 20 g)
were obtained from Comparative Medicine Centre afigzhou University and left to acclimatize
for 1 week before the experimental period. The ahiwvere selected for the study and maintained
at a controlled temperature of 25 £+ 2 °C and cantdtamidity (50—70%) under a 12-h light—dark



cycle, with free access to diet and water. The ahgtudy was performed accord the international
rules considering animal experiments and the iaté&naly accepted ethical principles for
laboratoryanimal use and care.
4.2.2.1. Oral glucose tolerance test in male ICR e

Male ICR mice aged 10 weeks were fasted for 12dighted, randomized into groups (n =
6). Mice were dosed orally with single doses ofigleh(0.5% methylcellulose aqueous solution),
TAK-875 (suspended in vehicle; 10 mL/kg; 30 mg/kg)test compounds (suspended in vehicle;
10 mL/kg; 30 mg/kg), 30 min prior to oral glucosad (20% aqueous glucose solution, 2 g/kg).
The blood glucose levels were measured by bloodogk test strips (SanNuo GA-3 type,
ChangSha, China) before administration of vehithe-875 or test compounds (—30 min). After
glucose oral adminstration, blood glucose were oreaisat 0, 15, 30, 45, 60 and 120 min.
4.2.2.2. Oral glucose tolerance test in male typed?Zabetic C57BL/6 mice

Male C57BL/6 mice left to acclimatize for 1 weekreded with high-fat diet (MD 12032,
rodent diet with 45 kcal% fat, from Mediscience L.tdangzhou, China) for 12 weeks to induce
insulin resistance. The mice with fasting blood cgke level 11.1 mmol/L or higher were
considered as type 2 diabetic model and selecteatfde oral glucose tolerance test[31, 32]. Type
2 diabetic C57BL/6 mice were fasted for 12 h, wagh randomized into groups (n = 6). Mice
were dosed orally with single doses of vehicle¥@rhethylcellulose aqueous solution), TAK-875
(suspended in vehicle; 10 mL/kg; 30 mg/kg) or teshpounds (suspended in vehicle; 10 mL/kg;
30 mg/kg), 30 min prior to oral glucose load (10&tu@ous glucose solution, 1 g/kg). The blood
glucose levels were measured by blood glucosestiegs (SanNuo GA-3 type, ChangSha, China)
before administration of vehicle, TAK-875 or tesimpounds (—30 min). After glucose oral
adminstration, blood glucose were measured at,(3@0,545, 60 and 120 min.
4.2.2.3. Pharmacokinetic profiles of 11k in SD rats

Male SD rats were fasted for 12 h and were adneirgst orally with compound1k
(suspended in 0.5% methylcellulose aqueous solulianL/kg; 1 mg/kg). Blood samples were
collected at 0, 0.25, 0.5, 0.75, 1, 2, 4, 8, 12h2dfter the dose via orbital sinus puncture into
microcentrifuge tubes containing heparin sodiumermblood samples were centrifuged at 10000
rpm for 10 min to separate plasma. 300of acetonitrile and fL of internal standard (diazepam)
were added tolOQuL of plasma sample to precipitate plasma proteigsvbrtexing and
centrifugation at 14000 rpm for 10 min. The supt@anbwas concentrated and dissolved in 100
uL of methanol again. The mixture was vortexed agmtrifuged at 10000 rpm for 5 min. 20 of
the supernatant was injected into the LC-MS/MSe&wsfor analysis. Pharmacokinetic profiles
were performed using DAS 2.0 statistical softwanagpam.
4.3. Docking studies

Docking studies were performed with Glide dagkin Schrodinger 9.4. The crystal structure
of GPR40 with TAK-875 (PDB ID: 4PHU) was downloadiedm the Protein Data Bank (PDB).
Before ligand docking, the protein was treated wimoval of crystallized ligand, deletion of
water, automatical optimization with ProtAssignbSequently, OPLS-2005 force field was added
to constrain and the binding site was defined pedgiby grid calculation. Glide docking was
carried out in standard precision mode to ontp conformation for every molecule and then
these conformations were ranked with the scoringtfan.
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Figure 1. Representative GPR40 agonists.

-

ARG- 2258
~

) - . ‘

A J@‘
p f\‘\ pARGISB

\(\,\’\t’ ) ( )

>
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Figure 3. Effect of compounds (30 mg/kg) on oral glucoseetamhce test in male ICR mice. (A) show
time-dependent changes of blood glucose afterashatinistration of compounds, followed by 2 g/kglglacose
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Figure 4. Effect of compounds (30 mg/kg) on oral glucoserahce test in type 2 diabetic C57BL/6 mice. (A)
show time-dependent changes of blood glucose aftdradministration of compounds, followed by 1 gytkral
glucose challenge. Date in (B) represent AU minOf blood glucose levels. Values are mean + SEM @).* P
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Scheme 1. General synthesisldf-l. Reagents and conditions: (a) propanedioic aciddiog, 80°C; (b) Pd/C, §
THF, rt; (c) conc. BSO,, methanol, reflux; (d) 3,5-dimethyl-4-(4,4,5,5r@hethyl-1,3,2-dioxaborolan-2-yl)
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N-methyl-2-pyrrolidone, 0°C to rt; (g) 05, DMF, 60°C; (h) LiOH, methanol, 4, 40°C.
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Scheme 3. General synthesi28t-d Reagents and conditions: (a) 3,5-dimethyl-4-(4%4t6tramethyl-1,3,2-
dioxaborolan-2-yl)isoxazole, Pd(P£h NaCO;, toluene, ethanol, 0, 80°C; (b) NaBH, methanol, THF, 0°C to
rt; (c) POC}, N-methyl-2-pyrrolidone, 0°C to rt; (d)J0s;, DMF, 60°C; (e) LiOH, methanol, J@, 40°C.
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Table
Table 1
Structures and GPR40 agonistic activities of cormpisdla—I



Compound R, R, R:s Ry hGPR40 Emax (%0)°  tPSA®  cLog P

ECso(nM)*®
TAK-875 - - - - 27.5 0.6 100.0£3.3 99.1 4.70
1 - - - - 7.7 - 46.5 6.16
1l1a H H H H 248+14 103.7+£0.3 68.1 3.68
11b Me H H H 12.0+£3.2 107.0£1.9 68.1 4.18
1l1c F H H H 33.2%x19 827+18 68.1 3.85
11d Cl H H H 389+04 985+0.8 68.1 4.42
1l1e Ckr H H H 114 + 16 100.6 £ 0.5 68.1 4.62
11f H F H H 111 +0.8 1024 +£0.1 68.1 3.85
119 H Cl H H 9.3+1.8 10150 68.1 4.42
11h H OMe H H 243+4.1 98.7+x13 774 3.70
11i H H F H 259+3.1 888+14 68.1 3.85
11j H H H F 252+73 101.5+1.2 68.1 3.85
11k H H H CI 159+26 1059+1.0 68.1 4.17
111 H H H OMe 229x0.1 108413 77.4 3.14

2Calcium flux assay in GPR40-transfected CHO cells,esmare mean + SEM (n = 3).

® 9% Compared to reference TAK-875, values are me8BEM (n = 3).

“Topological polar surface area values were caledlay ChemBioDraw Ultra 14.0.

9 cLog P values were calculated by the BioByte’s afjm as implemented in ChemBioDraw Ultra 14.0.

¢ The EGq value of compound was presented in reference[17].

Table 2
Structures and GPR40 agonistic activities of cormgis@2a-h

N COOH
o =
o F
OR

Compound R hGPR40 Emax (%)°  tPSA° clLog P
ECso(nM)?
22a Me 53.1+53 98.7+1.5 77.4 3.70
22b Et 69.1+1.4 101.4+16 77.4 4.23
22¢c n-Pr 96.7+139 1020+02 774 4.76
22d i-Pr 79.2+5.6 105.3+0 77.4 4.54
22e n-Bu 89.3+57 101.3+0.8 77.4 5.29
22f i-Bu 143 +10 102.0+0 77.4 5.16
22¢g cyclopropyl 90.9+0.7 104.3+09 774 4.68
methyl
22h cyclopentyl 102 +3 106.2+0.1 774 5.18

&Calcium flux assay in GPR40-transfected CHO cells,esmhre mean = SEM (n = 3).
® 05 Compared to reference TAK-875, values are me3EM (n = 3).



“Topological polar surface area values were caledlay ChemBioDraw Ultra 14.0.
4 cLog P values were calculated by the BioByte’s dfjm as implemented in ChemBioDraw Ultra 14.0.

Table 3
Structures and GPR40 agonistic activities of compls@8a-d

Ne COOH
O, =
o F

Compound R hGPR40 Emax (%0)°  tPSA®  clLog P
ECso(nM)?
28a N_ ) 50649  981%0 805 257
‘ 7
28b N 4980 £ 1379 80.5%5.1 80.5 2.36
\ e
28c ~ 862 + 27 107.6 £3.4 805 2.57
N~
28d A~ 19902107 85010 805 236
N

&Calcium flux assay in GPR40-transfected CHO cells,esmare mean + SEM (n = 3).
® 9% Compared to reference TAK-875, values are me8BEM (n = 3).
“Topological polar surface area values were caledlay ChemBioDraw Ultra 14.0.

9 cLog P values were calculated by the BioByte's afjm as implemented in ChemBioDraw Ultra 14.0.

Table 4
Structure and GPR40 agonistic activity of compo86d

N=

o COOH
X
O F

Compound hGPR40 Emax (%)°  tPSA®  cLog P
ECso(nM)?
36 214 2 995+1.0 681 5.03
&Calcium flux assay in GPR40-transfected CHO cells,esmhre mean = SEM (n = 3).
® 05 Compared to reference TAK-875, values are me3EM (n = 3).

¢ Topological polar surface area values were caledlay ChemBioDraw Ultra 14.0.
4 cLog P values were calculated by the BioByte’s afjm as implemented in ChemBioDraw Ultra 14.0.

Table 5.

Pharmacokinetic profiles dfLk in SD rat8
Route Dose (mg/kg) T (h) Tmax (N)  Crax(Rg/ML)  AUCqg1(ng-VmL)
po 1.0 2.87+0.33 1.0 0.84+0.15 4.18+0.71

2Data are expressed as mean + SEM (n = 4).



Table 1
Structures and GPR40 agonistic activities of cormplsdla—I

H
Ne R cool
O =

o F

Ri R,
Ry

Compound R, R, R:s Ry hGPR40 Emax (%)° tPSA°  clLog P

ECso(nM)?
TAK-875 - - - - 275 100 99.1 4.70
1 - - - - 7.7 - 46.5 6.16
1la H H H H 24.8 104 68.1 3.68
11b Me H H H 12.0 99 68.1 4.18
1lc F H H H 33.2 83 68.1 3.85
11d Cl H H H 38.9 98 68.1 4.42
1le Cr H H H 114 101 68.1 4.62
11f H F H H 111 98 68.1 3.85
119 H Cl H H 9.3 102 68.1 4.42
11h H OMe H H 24.3 91 77.4 3.70
11i H H F H 25.9 89 68.1 3.85
11j H H H F 25.2 95 68.1 3.85
11k H H H CI 15.9 93 68.1 4.17
111 H H H OMe 229 99 77.4 3.14

&Calcium flux assay in GPR40-transfected CHO cells. Medithree experiments.

® o5 Compared to reference TAK-875.

“Topological polar surface area values were caledlay ChemBioDraw Ultra 14.0.

9 cLog P values were calculated by the BioByte’s afjm as implemented in ChemBioDraw Ultra 14.0.

¢ The EGq value of compound was presented in reference[17].

Table 2
Structures and GPR40 agonistic activities of cormgis@2a-h

N COOH
o =
o F
OR

Compound R hGPR40 Emax (%)  tPSA°  cLog P
ECso(NM)?
22a Me 53.1 99 774  3.70
22b Et 69.1 101 774 423
22¢ n-Pr 96.7 94 774 476
22d i-Pr 79.2 99 774 454
22e n-Bu 89.3 98 774  5.29
22f i-Bu 143 102 774  5.16
22g cyclopropyl 90.9 92 77.4 4.68
methyl

22h cyclopentyl 102 99 77.4 5.18




&Calcium flux assay in GPR40-transfected CHO cells. Idedithree experiments.

® o5 Compared to reference TAK-875.

“Topological polar surface area values were caledlay ChemBioDraw Ultra 14.0.

4 cLog P values were calculated by the BioByte’s dfm as implemented in ChemBioDraw Ultra 14.0.

Table 3
Structures and GPR40 agonistic activities of compls@8a-d

Ne /@[\/COOH
=
o F

@)

Compound R hGPR40 Emax (%)°  tPSA°  cLog P
ECso(nM)?
28a Ng 506 98 80.5 2.57
‘ 7
28b N 4980 81 80.5 2.36
\ -
28c ~ 862 108 80.5 2.57
N~
28d A~ 1930 85 80.5 2.36
N

&Calcium flux assay in GPR40-transfected CHO cells. Medithree experiments.
® o5 Compared to reference TAK-875.
“Topological polar surface area values were caledlay ChemBioDraw Ultra 14.0.

9 cLog P values were calculated by the BioByte’s afjm as implemented in ChemBioDraw Ultra 14.0.

Table 4
Structure and GPR40 agonistic activity of compo86d

N=

o COOH
A
O F

Compound hGPR40 Emax (%)°  tPSA®  cLog P
ECso(nM)?
36 214 105 68.1  5.03

&Calcium flux assay in GPR40-transfected CHO cells. Iedithree experiments.

® 95 Compared to reference TAK-875.

¢ Topological polar surface area values were caledlay ChemBioDraw Ultra 14.0.

4 cLog P values were calculated by the BioByte’s dfjm as implemented in ChemBioDraw Ultra 14.0.

Table 5

Pharmacokinetic profiles dfLk in SD rat8
Route Dose (mg/kg) T (h) Tmax () Crax(Rg/ML)  AUCqg1(ng-VmL)
po 1.0 2.87+0.33 1.0 0.84+0.15 4.18+0.71

2Data are expressed as mean + SEM (n = 4).
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Highlights

Synthesis of a series of novel 3,5-dimethylisoxazole derivatives with ideal tPSA values is
described.

GPR40 agonist activity screening in vitro for al the targeted compounds was conducted.
Compound 11k (ECso = 15.9 nM) exhibited robust potency of glycemic control.

Compound 11k showed similar potency to TAK-875 in vitro and in vivo.



