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An earlier reported series of 1,2,4-thiadiazoleellaagonists of FFAL1 (GPR40) was evolved into
two structurally distinct series of compounds. Qridahe series (structurally related to known
FFA1 agonist GW9508) displayed low micromolar peaterwhile the other (representing a
truncated version of the earlier reported poterAFRgonists) was, surprisingly, found to be
devoid of agonist potencyn silico docking of representative compounds into the atyst

structure of FFA1 revealed possible structural gasufor the observed SAR.
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1. Introduction

The deorphanization of GPR40 as free fatty acideptr 1 (FFAL1l) in 2003 and the
demonstration of its involvement in the regulatadnnsulin secretion [1] offered much hope for
the development of novel therapeutic approacheargatment of type Il diabetes mellitus. This
resulted in an intense drug discovery race thae hes to numerous advanced agonists among
which compounds incorporating 3-phenylpropanoid anpiety (such as TAK-875, AMG 837,
GW9508 and LY2881845 shown in Fig. 1) are notalle Unfortunately, this area of drug
development was adversely affected by the discoation of TAK-875 (fasiglifam) in the
course of phase lll clinical trials, when the hepaxicity risk outweighed the benefit of
reducing the blood glucose levels in patients TBle latter aspect, despite the fate of fasiglifam,
constitutes a proof of concept [4] for the new #pautic approach involving activation of FFA1
in pancreati3-cells. Therefore, development of new FFA1l agonikgoid of toxic effects in
the liver can revive this class of potentially igaving antidiabetic therapies [5]. Hepatotoxicity
of fasiglifam may be caused by the lipophilic cluaea of its 3-phenylpropanoic acid core [6-8]
and, therefore, various heterocyclic replacememtghe phenyl ring in this important FFA1
pharmacophore [9-12] as well as introduction ofigieral polar motifs [13-15] represent a

viable drug design strategy.
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Fig. 1. GPR40 agonists based on 3-phenylpropanoic acel cor

Last year, we reported 1,2,4-thiadiazdleas a moderately potent FFAL1 agonist [16]. Its
subsequent medicinal chemistry evolution led toempotent compound® and 3 [17]. More
recently, we have continued the exploration of4ttBjadiazole core as a basis for FFAL agonist



design. Herein, we report the synthesis and biolkgevaluation, for FFAL activation, of two

novel 1,2,4-thiadiazole-based compound seriésrdS (Fig. 2).
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Fig. 2. 1,2,4-Thiadiazole-based FFA1 agonists reportedshbgarlier {-3) [16-17] and explored
in this work @-5).

The former series can be viewed as congeners of 3B®/@here 3-(phenoxy)benzyl portion is
replaced by 1,3,4-thiadiazole-2-carbonyl moietyrimeplipophilic periphery groups. Seriésis
closely related to compourg] in which the oxygen atom was removed from thkdimbetween
the 1,2,4-thiadiazole and phenyl moieties (thustehang it) and replaced one of the methylene
groups in the 3-phenylpropionic acid moiety (reprégig a recently reported viable FFAl
agonist modification [18]).

2. Results and discussion
2.1 Chemistry

The two series investigated in this workd—and 5 - were accessed via a similar strategy
involving acylation of the thiosemicarbazide teralinitrogen followed by cyclodehydration in
glacial acetic acid [16]. For the preparation aihgmundsfa-t, knowntert-butyl ester6 [19] was
acylated with chloroacetyl chloride. The resultolgyivative, without isolation, was transformed
into thiosemicarbazid& via the treatment with elemental sulfur, trietmglae and morpholine
(triggering a Willgerodt-Kindler-type reaction) folved by the addition of hydriazine hydrate.



Acylation of 7 with a series of commercially available carboxyéicids 8a-t activated by
carbonyl-1,1-diimidazole (CDI) followed by cyclodehydration mefluxing glacial acetic acid
and removal otert-butyl group gave compoundi-t in fair to excellent yieldsv(de infra).

Similarly, known carboxylic aci® [20] activated by CDI was employed in the acylatwf a
series of thiosemicarbazidea-q (prepared as described previously [16]). The tawyl
adducts, without isolation, were subjected to tlgelatlehydratiortért-butyl ester hydrolysis
routine to deliver compound®-q (Scheme 1).
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Scheme 1. Preparation of compounds-t and5a-q.

Reagents and conditions: (a) chloroacetyl chloritg\, THF, 0 °C-> r. t.; (b) S, morpholine,
EtsN, DMF, r. t., 16 h; (c) hH4-H,O, DMF, r. t., 16 h; (d) RCOOHB&-t), CDI, DCM, . t., 16 h;
(e) glacial AcOH, reflux, 30 min; () 4M HCI in 21.dioxane, r. t., 16 h; (g)
ArNHCOC(S)NHNH; (10a-q).

2.2 Biological activity

All compounds synthesized as described above vested for FFAL activation using calcium
flux assay employing Chinese hamster ovary (CHdIs @ngineered to stably express human
FFAL. All compounds were first tested in a singbexcentration (% FFAL activation at /)
format using 10uM concentration of full agonist GW9508 [21] as asitiwe control.
Compounds which displayed >30% FFAL activation weged in dose-response mode (see
Experimental) in order to determine theirdg@alues.

As can be seen from Table 1, all compouadisplayed substantial FFAL activation in single-
concentration experiments and theirsgE€alues were determined to be in the low-micromolar
range. The FFAL affinity of compounds-t appears to be relatively insensitive to steric or
electronic effects in the variable lipophilic porti of the molecule. However, addition of a
second aromatic group in compoundia-p noticeably enhanced the potency, which can be

attributed to the lipophilicity contribution to tHeFA1 affinity [22]. This strongly supports the



fundamental correctness of the series design, the.possibility to replace the lipophilic
periphery of GW9508 with 1,2,4-thiazole-3-carboxdenmoiety (rich in hydrogen-bond donors
and acceptors) bearing lipophilic groups. This vieiurther supported by the findings from the

in silico modeling experimentyide infra).

At the same time, all compoun8a-q were found to be devoid of any agonism with respec
FFAL. This discovery sets substantial SAR bounddoehe variation of the substituents around
the 3-phenylpropanoic acid pharmacophore or, is ttase, its phenoxyacetic acid isostere.
Indeed, Compoundsa-g can be viewed as minimally truncated isosteresoafpounds3 which
delivered compounds of submicromolar potency [¥&pparently, positioning of the 1,2,4-
thiazole-3-carboxamide moiety one atom closer t® ¢arboxylic acid terminus completely

ablates the antagonist potency.

Table 1. Activation of FFA1 by compound$a-t and5a-g.
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Compound R activation (1uM)? ECso, UM
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4a L 48.5 5.39
4ab 0] 88.2 1.53
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4c o 91.2 1.38
\_
Cl
4d o 82.9 1.57
%
4e 0 64.9 1.13
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3.26
1.17
2.17
2.43
1.52
2.71

1.35

1.02

82.4
74.4
76.9
72.5
89.9
84.9

78.9

68.6
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N\«
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4h
4
4k
4
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40

412
3.67
2.39
5.02
2.39
>10.0

60.3
70.1
79.4
60.3
72.3
6.6
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Cl
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F
5b F@* 6.6 >10.0
5¢ ~©— 7.0 >10.0
F
5d @ 6.0 >10.0
5e Q 6.0 >10.0
Bf FO* 6.0 >10.0
59 u@* 4.2 >10.0
5h Q 9.2 >10.0
MeO
F
5i - >D . 6.6 >10.0
5i z > ) 2.8 >10.0
5k %} 6.6 >10.0
5m @ 6.6 >10.0
5n Q 6.4 >10.0
EtO,C
50 EtOzC@* 9.4 >10.0
S
5p \NIV/>— 0.8 >10.0
“N
59 Br . 5.9 >10.0

& Determined relative to the activation of FFAL I§y M concentration of GW9508.

® Each value is an average of n = 4 in the preseh@&5% DMSO (see Supporting Information).



All"active FFA1 agonists4a-t) were not found to display any appreciable aganiattivity
when tested at 1QuUM concentration (in quadruplicates) against CHOI deles stably
overexpressing other free fatty acid receptors @E&RR41, FFA2/GPR43 and FFA4/GPR120).

2.3 In silico modeling

Fig. 3. Docked poses of GW9508 add at FFAL. (A) Overlay of GW9508nd4o in the FFAL
binding site. GW9508 ando are in green and magenta color, respectively.eRrdigand
interactions are visualized fdo only. (B) Surface representation of FFA1 with tBerinal bis-
aromatic tail of4o. Hydrogen bonds angl-r interactions are in a yellow and blue dashed-line,
respectively. The FFAl surface is coloured accgdito the normalized consensus
hydrophobicity scale [23] ranging from green to tehlless to more hydrophobic). Residues are
labeled with their position followed by the Ballesis and Weinstein numbering
[24] Transmembrane helices are labeled in red.

To rationalize the observed submicromolar poterfcgoonpounddo we docked this compound
and the potent agonist GW9508 into the FFAL bindiitg, Fig. 3A. The phenylpropanoic acid
moiety of the docked compounds adopts an idenpicsition within the binding cavity forming
the critical hydrogen bonds with Y93, R183 35 Y240;5; and R2583s This inner core is
further stabilized by a complex network »fr interactions occurring between B83 F87% 33,
F142,6; and W174., of the receptor and the aromatic rings of thendg The hydrophilic
1,2,4-thiadizole is well accommodated in the gajwben the transmembrane (TM) helices 3
and 4 adopting a similar conformation as the edentabenzene ring of GW9508. The role of
the 2-(4-fluorophenyl)-2-(phenyl)ethyl tail db is to lock the inner moiety into a stable position
which is achieved by burying the aromatic tail loé tompound within the hydrophobic pocket



of P8Q.es V81357, V843 30and L1355, 1ocated at the interface with the phospholipitstaf the
bi-layer, Figure 3B. It appears that the more hptibic extension added to the 1,2,4-thiadizole
likely attributes to the ligand ability to bury \winh this hydrophobic pocket and hence results in

better stabilization of the complex leading to itn@roved potency.
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Figure 4. Docked poses @l and3 at FFAL. (A) Overlay obl and3in the FFAL binding site.
5 and3 are in blue and orange color, respectively. Pnedggand interactions are visualized for
compound3 only. (B) Surface representation of FFA1 with array of the terminal tails dl
and 3. (C) Overlay of the terminal moieties BF and 3 visualizing the interactions occurring
between the terminal moiety and TM3 and TM4 of FFAYdrogen bonds ane-r interactions
are in a yellow and blue dashed-line, respectiv8yrface is coloured according to the
normalized consensus hydrophobicity scale [20] irapdrom green to white (less to more
hydrophobic). Residues are labeled with their pasitollowed by the Ballesteros and Weinstein
numbering [21]. Transmembrane helices are labeledd.

In order to understand the structural alteratidwas tesulted in the loss of potency observed with
seriesb, we docked compounsl and compoun@® from our previous study [26], which differs
by having an additional atom linker between thengtmopanoic acid head and the 1,2,4-
thiadizole. As visualized in Fig. 4A, despite theustural similarity, the conformations of both
compounds are significantly different. Here, theslof the additional atom linker forcBlsinto

an unfavorable position between TM3 and TM4 wher#y steric hindrance between the
helices and 1,2,4-thiadizole forces the taibbto point straight out of the binding cavity (Fig.
4B), which leads to the loss of the critical hydengbond with the backbone of R8@
Furthermore, this prevents the tail from buryingthivi the hydrophobic pocket of TMS3

consisting of P86 V813,; and V84 30 which otherwise facilitates the binding of the hga



(Fig. 4C). Indeed, a flexible extension onto themixyacetic acid core would be required to

facilitate the stabilizing interactions of the tail
3. Conclusion

We have reported design, chemical synthesis arlddwal evaluation, as FFA1 agonists, of two
structurally distinct series of 1,2,4-thiadiazokesbd compounds which represent an SAR-
informative evolution of the earlier reported FFAsQonists. One of the seriedaft) is
structurally related to classical FFA1 agonist G\W®%and has delivered compounds of low
micromolar. Moreover, counter-screening of thesenpounds against other free fatty acid
receptors (FFA2-4) confirmeghb-t to be selective agonists of FFAL as no activatibRFA2-4
was observed at 1AM concentration. The other seriesa{q) was designed as a truncated
version of the earlier reported seri&sHowever, contrary to the expectations, the comgsu
5a-q turned out to be inactive. With the structural emstianding of this phenomenon gained
through in silico docking into the crystal struawf FFAL, this sets important boundaries to the

periphery design of FFA1 agonists.
4. Experimental protocols

All reactions were conducted in oven-dried glasgwaratmosphere of nitrogen. Melting points
were measured with a BucBi520 melting point apparatus and were not correcdaglytical
thin-layer chromatography was carried out on SIufy-254 silica gel plates using appropriate
mixtures of ethyl acetate and hexane. Compounds wisualized with short-wavelength UV
light. *"H NMR and **C NMR spectra were recorded on Bruker MSL-300 spewgters in
DMSO-D6-ds using TMS as an internal standard. Mass spectra veeorded using Shimadzu
LCMS-2020 system with electron impact (El) ionipati All and reagents and solvents were

obtained from commercial sources and used withofipation.
4.1 Synthesis
4.1.1. tert-Butyl 3-(4-{[ hydraz nyl(thioxo)acetyl] amino} phenyl)propanoate (7)

tert-Butyl 3-(4-aminophenyl)propanoate (1,105 mg, 5:@at) was dissolved in THF (25 mL).
Triethylamine (0.765 mL, 5.5 mmol) and chloroacetiyloride (0.4 mL, 5.0 mmol) were added
and the reaction mixture was stirred at room teaipee for 16 h. The precipitate of
triethylammonium chloride was filtered off and tiiteate concentrated in vacuo. The crude tert-
butyl 3-{4-[(chloroacetyl)amino]phenyl}propanoateus obtained was judged Byt NMR to be

sufficiently pure to be used in the next step withfoirther purification.



To a suspension of elementary sulfur (512 mg, 16M@ol) in dry DMF (20 mL) was
sequentially added (in dropwise fashion) triethyil@n(2.25 mL, 16.0 mmol), morpholine (90
uL, 1.06 mmol) and the resulting mixture was stif@d30 min. It was treated with a solution of
tert-butyl 3-{4-[(chloroacetyl)amino]phenyl}propaate (1.5 g, 0.5 mmol) in DMF (5 mL). The
resulting mixture was stirred overnight, pouredintater (50 mL) and the resulting precipitate
was separated by filtration and air-dried. It waspended in acetone (50mL) and the insoluble
residue of excess unreacted sulfur was filterecantf discarded. The filtrate was evaporated to
dryness and the residue was dissolved in dry DNoF6L), treated with hydrazine hydrate (2.5
mL) and stirred for 12 hours. The reaction mixtwas poured into water; the pH of the aqueous
medium was adjusted to 5.0 with 2M aqueous HCI. pieeipitate formed was filtered off and
air dried to provide the title compounds (0.72 5aover three steps) as yellow solid: m.p. 176-
180 €. 'H NMR (300 MHz, DMSOsg) & ppm 10.16 (br s, 1H), 7.67 — 7.61 (m, 2H), 7.24 —
7.18 (m, 2H), 2.84 — 2.74 (m, 2H), 2.57 — 2.51 @hl), 1.36 (s, 9H);*C NMR (75 MHz,
DMSO-tg) 6 ppm 71.5, 166.9, 158.0, 136.8, 135.5, 128.6, 1B3B2, 34.3, 27.7; M8Vz 324.5
(M+H™).

4.1.2. General procedure for the preparation of compounds 4a-u and 5a-q

To a solution of the respective carboxylic add-(1 or 9, 0.5 mmol) in DCM (4 mL) carbonyl-
1,17-diimidazole (0.55 mmol, 90 mg) was added and tlndure was stirred at r. t. for 30 min.
To the resulting solution of the carboxylic acididiezolide, respective thiohydrazidé ¢r 10a-

q) was added and the reaction mixture was stirred tatfor 16 h. The solvent was removied
vacuo, the residue was dissolved in glacial acetic #8ianL) and the solution was heated at
reflux for 30 min. It was then cooled down to r. goured into water (50 mL), the resulting
precipitate was collected by filtration and driedzacuo. It was then combined with 4M solution
of HCI in 1,4-dioxane (5 mL); the mixture was stglrat r. t. for 16 h and poured into water (50
mL). The precipitate was collected by filtrationasthied with water and air-dried to provide the

titte compounds in yields indicated.

4.1.2.1. 3-{4-[ ({5-[ (4-Fluorophenoxy)methyl] -1,3,4-thiadiazol - 2-

yl}carbonyl)amino] phenyl} propanoic acid (4a)

White solid, m.p. 160-165C, yield 56 %:*H NMR (300 MHz, DMSOsdg) & ppm 11.10 (s,
1H), 7.73 (dJ = 8.4 Hz, 2H), 7.23 (d] = 8.4 Hz, 2H), 7.19 — 7.10 (m, 4H), 5.66 (s, 2HR12(t,
J= 7.5 Hz, 2H), 2.54 (t) = 7.5 Hz, 2H):**C NMR (75 MHz, DMSOsdg) & ppm 173.6, 171.1,
166.8, 155.8, 153.4, 137.3, 135.5, 128.4, 120.8,86.1, 29.8; M$vz 402.5 (M+H); HRMS
(ESI), m/z calcd for GeH17FN3O4S [M+H'] 402.0924, found 402.0918.



4122. 3-{4-[({5-[ (2,5-Dimethyl phenoxy)methyl] -1,3,4-thiadiazol-2-
yl}carbonyl)amino] phenyl} propanoic acid (4b)

White solid, m.p. 155-157C, yield 42 %;*H NMR (300 MHz, DMSO€s) & ppm 12.07 (br s,
1H), 11.10 (s, 1H), 7.73 (d,= 8.3 Hz, 2H), 7.23 (d]) = 8.3 Hz, 2H), 7.07 (dJ = 7.5 Hz, 1H),
6.97 (s, 1H), 6.75 (dl = 7.4 Hz, 1H), 5.65 (s, 2H), 2.81 &= 7.5 Hz, 2H), 2.54 (1) = 7.5 Hz,
2H), 2.28 (s, 3H), 2.18 (s, 3H}*C NMR (75 MHz, DMSO€s) & ppm 173.6, 172.0, 166.6,
155.8, 155.1, 137.3, 136.3, 135.5, 130.4, 128.2.8.2122.0, 120.8, 112.9, 64.4, 35.1, 29.8,
20.9, 15.4; MSm/iz 412.5 (M+H); HRMS (ESI),m/z calcd for GiH2:NaNsO,S [M+Na']
434.1150, found 434.1145.

4.1.2.3. 3-{4-[ ({5-((2,3-Dihydro-1H-inden-6-yloxy)methyl)-1,3,4-thiadiazol - 2-
yl}carbonyl)amino] phenyl} propanoic acid (4c)

White solid, m.p. 168-171C, yield 48 %;H NMR (300 MHz, DMSOsdg) & ppm 12.1 (br s,
1H), 11.15 (s, 1H), 7.73 (d,= 8.4 Hz, 2H), 7.23 (d) = 8.4 Hz, 2H), 7.15 (dJ = 8.2 Hz, 1H),
6.98 (s, 1H), 6.84 (ddl = 8.2, 2.2 Hz, 1H), 5.63 (s, 2H), 2.89 — 2.73 (m),6H54 (t,J= 7.5
Hz, 2H), 2.00 (tJ = 7.5 Hz, 2H);**C NMR (75 MHz, DMSOds) 5 ppm 173.4, 171.5, 166.5,
155.9, 155.7, 145.3, 137.2, 136.8, 135.4, 128.3,6,2120.7, 113.0, 111.0, 64.4, 35.0, 32.4,
31.2, 29.7, 25.1; M3z 424.5 (M+H); HRMS (ESI),m/z calcd for GHzN3z0,S [M+H']
424.1331, found 424.1326.

4.1.2.4. 3-{4-[ ({5-[ (3-Chlorophenoxy)methyl] - 1,3,4-thiadiazol -2-
yl}carbonyl)amino] phenyl }propanoic acid (4d)

White solid, m.p. 162-165C, yield 45 %;:'H NMR (300 MHz, DMSOedg) & ppm 12.09 (br s,
1H), 11.11 (s, 1H), 7.73 (d,= 8.4 Hz, 2H), 7.37 (t) = 8.2 Hz, 1H), 7.28 — 7.20 (m, 3H), 7.09
(dd,J = 8.1, 2.1 Hz, 2H), 5.72 (s, 2H), 2.81 Jt= 7.5 Hz, 2H), 2.54 (t) = 7.5 Hz, 2H);"*C
NMR (75 MHz, DMSO¢és)  ppm 173.6, 170.6, 166.9, 158.0, 155.7, 137.3,6,383.8, 131.0,
128.6, 128.4, 121.8, 120.8, 115.1, 114.1, 64.4,,39.8; MSm/z 419.0 (M+H); HRMS (ESI),
m/z calcd for GoH17CIN3O4S [M+H'] 418.0628, found 418.0623.

4.1.2.5. 3-{4-[ ({5-[ (3,4-Dimethyl phenoxy)methyl] - 1,3,4-thiadiazol - 2-
yl}carbonyl)amino] phenyl }propanoic acid (4€)

White solid, m.p. 155-158C, yield 42 %:*H NMR (300 MHz, DMSOds)  ppm 11.10 (s, 1H),
7.73 (d,J= 8.2 Hz, 2H), 7.23 (dJ = 8.2 Hz, 2H), 7.00 (d) = 7.1 Hz, 1H), 5.63 (s, 2H), 2.81 (t,
J= 7.5 Hz, 2H), 2.53 () = 7.5 Hz, 2H), 2.22 (s, 3H), 2.19 (s, 3K} NMR (75 MHz, DMSO-



ds) & ppm 173.6, 172.1, 166.6, 155.8, 153.1, 137.3,5,3631.4, 130.3, 128.4, 127.1, 125.8,
120.8, 112.1, 64.6, 35.1, 29.8, 20.0, 15.8; M8 412.5 (M+H); HRMS (ESI),m/z calcd for
C,1H2oN304S [M+H+] 412.1331, found 412.1326.

4.1.2.6. 3-{4-[ ({5-[ (2,4-Dimethyl phenoxy)methyl] - 1,3,4-thiadiazol-2-
yl}carbonyl)amino] phenyl }propanoic acid (4f)

White solid, m.p. 160-163C yield 39 %;'H NMR (300 MHz, DMSOds) & ppm 11.09 (s,
1H), 7.72 (dJ = 8.3 Hz, 2H), 7.23 (dJ = 8.3 Hz, 2H), 7.07 (d) = 8.2 Hz, 1H), 6.91 (s, 1H),
6.82 (d,J = 8.1 Hz, 1H), 5.62 (s, 2H), 2.81 {t= 7.5 Hz, 2H), 2.53 () = 7.5 Hz, 2H), 2.20 (s,
3H), 2.15 (s, 3H);*C NMR (75 MHz, DMSOds) 5 ppm 173.6, 171.6, 166.6, 155.8, 155.1,
137.6, 137.3, 135.5, 130.2, 129.4, 128.4, 120.8,411111.9, 64.2, 35.1, 29.8, 19.5, 18.3; MS
m'z 412.5 (M+H); HRMS (ESI),mVz calcd for GiH21NaNsOsS [M+Na’] 434.1150, found
434.1145.

4.1.2.7. 3-(4-{[ (5-{[ 3-(Trifluoromethyl)phenoxy] methyl}-1,3,4-thiadiazol-2-
yl)carbonyl] amino} phenyl)propanoic acid (4g)

White solid, m.p. 152-154C yield 44 %;:*H NMR (300 MHz, DMSOdg) & ppm 12.07 (br s,
1H), 11.11 (s, 1H), 7.73 (d,= 8.3 Hz, 2H), 7.59 (t) = 7.9 Hz, 1H), 7.50 — 7.35 (m, 3H), 7.23
(d,J = 8.3 Hz, 2H), 5.80 (s, 2H), 2.81 {t= 7.5 Hz, 2H), 2.54 () = 7.5 Hz, 2H);**C NMR (75
MHz, DMSOds) & ppm 173.7, 170.5, 167.0, 157.5, 155.8, 137.4,6.3630.9, 130.4 (¢ =
32.0 Hz), 128.5, 123.9 (d,= 272.6 Hz), 120.8, 119.4, 118.4 ()= 3.7 Hz), 111.7 () = 3.6
Hz), 64.5, 35.2, 29.8; M®vVz 452.5 (M+H); HRMS (ESI), 'z calcd for GoH17FsN30sS
[M+H*] 452.0892, found 452.0886.

4.1.2.8. 3-{4-[ ({5-[ (3-Methyl phenoxy)methyl] -1,3,4-thiadiazol -2-
yl}carbonyl)amino] phenyl }propanoic acid (4h)

White solid, m.p. 195-197C yield 40 %;:*H NMR (300 MHz, DMSOdg) & ppm 12.14 (br s,
1H), 11.15 (s, 1H), 7.73 (d,= 8.4 Hz, 2H), 7.30 — 7.17 (m, 3H), 6.98 — 6.81 8H), 5.66 (s,
2H), 2.80 (tJ = 7.5 Hz, 2H), 2.54 () = 7.5 Hz, 2H), 2.29 (s, 3H}*C NMR (75 MHz, DMSO-
ds) & ppm 73.6, 171.4, 166.7, 157.1, 155.8, 139.3, 13¥35.5, 129.3, 128.4, 122.5, 120.8,
115.7, 111.9, 64.1, 35.1, 29.8, 20.9; M%& 398.5 (M+H); HRMS (ESI), m/z calcd for
CooH20N304S [M+H'] 398.1174, found 398.1169.

4.1.2.9. 3-{4-[ ({5-[ (4-Ethyl phenoxy)methyl] -1,3,4-thiadiazol -2-
yl}carbonyl)amino] phenyl} propanoic acid (4i)



White solid, m.p. 168-170C°, vield 48 %:*H NMR (300 MHz, DMSOdg) § ppm 12.06 (br s,
1H), 11.09 (s, 1H), 7.73 (d,= 8.2 Hz, 2H), 7.23 (d]) = 8.2 Hz, 2H), 7.16 (dJ = 8.3 Hz, 2H),
7.01 (d,J = 8.3 Hz, 2H), 5.64 (s, 2H), 2.80 &= 7.5 Hz, 2H), 2.57 (t) = 7.5 Hz, 2H)2.53 (d,

J = 3.2 Hz, 2H), 1.15 (&) = 7.6 Hz, 3H);"*C NMR (75 MHz, DMSO) ppm 173.61, 171.52,
166.69, 155.77, 155.13, 137.32, 137.16, 135.52,7728.28.43, 120.79, 114.92, 64.29, 35.13,
29.78, 27.20, 15.72; MBV/z 412.5 (M+H+); HRMS (ESInz calcd for GiH2N304S [M+H']
412.1331, found 412.1326.

4.1.2.10. 3-{4-[ ({5-[ (4-Methyl phenoxy)methyl] -1,3,4-thiadiazol - 2-
yl}carbonyl)amino] phenyl }propanoic acid (4j)

White solid, m.p. 211-214C yield 43 %;'H NMR (300 MHz, DMSOds) § ppm 11.10 (s,
1H), 7.73 (dJ = 8.4 Hz, 2H), 7.23 (d] = 8.4 Hz, 2H), 7.14 (d] = 8.4 Hz, 2H), 6.99 (d] = 8.5
Hz, 2H), 5.64 (s, 2H), 2.81 @,= 7.5 Hz, 2H), 2.54 (t) = 7.5 Hz, 2H), 2.25 (s, 3H}’C NMR
(75 MHz, DMSO#g) & ppm 173.6, 171.5, 166.7, 155.8, 155.0, 137.3,5,3%80.7, 129.9, 128.4,
120.8, 114.9, 64.3, 35.1, 29.8, 20.0; M% 398.5 (M+H+); HRMS (ESI)/z calcd for
Ca0H20N30,S [M+H"] 398.1174, found 398.11609.

4.1.2.11. 3-{4-[ ({5-[ (4-Methoxyphenoxy)methyl] -1,3,4-thiadiazol -2-
yl}carbonyl)amino] phenyl }propanoic acid (4k)

White solid, m.p. 178-180C:, vield 49 %:;'H NMR (300 MHz, DMSOds) & ppm 12.15 (br s,
1H), 11.15 (s, 1H), 7.73 (d,= 8.4 Hz, 2H), 7.23 (d] = 8.4 Hz, 2H), 7.04 (d) = 6.2 Hz, 2H),
6.90 (d,J = 9.1 Hz, 2H), 5.61 (s, 2H), 3.71 (s, 3H), 2.8Q)(% 7.5 Hz, 2H), 2.54 (1) = 7.5 Hz,
2H): *C NMR (75 MHz, DMSOsg) & ppm 173.6, 171.6, 166.7, 155.8, 154.3, 151.0,4137.
135.5, 128.4, 120.8, 116.3, 114.7, 64.9, 55.3,,3018; MSm/z 414.5 (M+H); HRMS (ESI),
m/z calcd for GoH1gNaNsOsS [M+Na'] 436.0943, found 436.0938.

4.1.2.12. 3-{4-[ {5-[ (2-Methyl phenoxy)methyl] -1,3,4-thiadiazol - 2-
yl}carbonyl)amino] phenyl} propanoic acid (4)

White solid, m.p. 188-182C, yield 43 %;*H NMR (300 MHz, DMSO€s) & ppm 12.07 (br s,
1H), 11.10 (s, 1H), 7.73 (d,= 8.4 Hz, 2H), 7.27 — 7.16 (m, 5H), 7.12 (d= 8.0 Hz, 1H), 6.93
(t, J= 7.3 Hz, 1H), 5.67 (s, 2H), 2.81 &= 7.5 Hz, 2H), 2.54 (t) = 7.5 Hz, 2H), 2.23 (s, 3H);
3C NMR (75 MHz, DMSOsdg) 6 ppm 173.6, 171.9, 166.6, 155.8, 155.2, 137.3751380.7,
128.4, 127.0, 126.0, 121.5, 120.8, 112.1, 64.5],39.8, 15.8; MSwz 398.5 (M+H); HRMS
(ESI),mVz calcd for GoH1gNaNsO4S [M+Na'] 420.0994, found 420.0988.



41.2.13. 3-(4-(5-(2-(4-Chlorophenyl)-2-phenylethyl)-1,3,4-thiadiazole-2-

car boxamido)phenyl)propanoic acid (4m)

White solid, m.p. 220-222C, yield 48 %;*H NMR (300 MHz, DMSOe€s) & ppm 12.16 (br s,
1H), 10.98 (s, 1H), 7.71 — 7.63 (m, 2H), 7.51 -97(®, 4H), 7.39 — 7.26 (m, 4H), 7.25 — 7.14
(m, 3H), 4.60 (dJ = 6.1 Hz, 1H), 4.03 (d) = 5.0 Hz, 2H), 2.88 — 2.71 (m, 2H), 2.52J& 7.5
Hz, 2H); *C NMR (75 MHz, DMSOds) 5 ppm 173.6, 172.6, 165.6, 155.9, 142.6, 142.1,237.
135.5, 131.2, 129.5, 128.6, 128.4, 128.4, 127.6,7,2120.7, 49.8, 35.1, 34.8, 29.8; M¥%z
493.2 (M+H); HRMS (ESI),m/z calcd for GgH23CIN3O3S [M+H'] 492.1149, found 492.1143.

4.1.2.14. 3-(4-(5-(2-(4-Methoxyphenyl)-2-phenyl ethyl )-1,3,4-thiadiazol e-2-

carboxamido)phenyl)propanoic acid (4n)

White solid, m.p. 215-217C yield 45 %;:*H NMR (300 MHz, DMSOdg) & ppm 12.07 (br s,
1H), 10.94 (s, 1H), 7.67 (d,= 8.3 Hz, 2H), 7.41 (d] = 7.4 Hz, 2H), 7.38 — 7.25 (m, 4H), 7.20
(d,J = 8.4 Hz, 3H), 6.86 (d] = 8.4 Hz, 2H), 4.50 (t) = 8.1 Hz, 1H), 3.98 (d] = 7.8 Hz, 2H),
3.70 (s, 3H), 2.79 (] = 7.5 Hz, 2H), 2.53 (t) = 7.5 Hz, 2H);"*C NMR (75 MHz, DMSOsdg) &
ppm 173.6, 173.0, 165.5, 157.9, 155.9, 143.5, 131B38.5, 134.9, 128.7, 128.4, 128.4, 127.5,
126.4, 120.7, 113.9, 54.9, 49.8, 35.2, 35.1, 248z 488.5 (M+H); HRMS (ESI),m/z calcd

for Co7H26N304S [M+H'] 488.1644, found 488.1639.

4.1.2.15. 3-(4-(5-(2-(2-Fluor ophenyl)-2-phenyl ethyl )-1,3,4-thiadiazol e-2-

carboxamido)phenyl)propanoic acid (40)

White solid, m.p. 232-234C, yield 47 %:*H NMR (300 MHz, DMSO¢s) 5 ppm 10.98 (s, 1H),
7.70 - 7.61 (m, 3H), 7.40 (d= 7.6 Hz, 2H), 7.31 (d] = 7.5 Hz, 2H), 7.29 — 7.09 (m, 6H), 4.85
(t, J = 8.2 Hz, 1H), 4.05 (d) = 8.2 Hz, 2H), 2.79 (t) = 7.5 Hz, 2H), 2.53 () = 7.5 Hz, 2H);
13C NMR (75 MHz, DMSO€g) & ppm 173.6, 172.5, 165.7, 159.8 (= 244.4 Hz), 155.9,
141.7, 137.2, 135.5, 129.5 @@= 14.0 Hz), 128.8 (dJ = 4.0 Hz), 128.7 (dJ = 8.5 Hz), 128.5,
128.4, 127.7, 126.8, 120.7, 124.6 Jd&; 3.4 Hz), 115.5 (dJ = 22.3 Hz), 43.3, 43.3, 35.1, 34.1,
29.8; MSm/z 476.5 (M+H); HRMS (ESI),nVz calcd for GgH23FNzOsS [M+H'] 476.1444,
found 476.1439.

4.1.2.16. 3-(4-(5-(2-(Benzo[ d] [ 1,3] dioxol-6-yl)-2-phenyl ethyl)-1,3,4-thiadiazol e-2-

carboxamido)phenyl)propanoic acid (4p)

White solid, m.p. 212-214C, yield 42 %;:*H NMR (300 MHz, DMSOedg) & ppm 12.06 (br s,
1H), 10.94 (s, 1H), 7.67 (d,= 7.9 Hz, 2H), 7.43 (d) = 7.1 Hz, 2H), 7.29 (1) = 7.1 Hz, 2H),



7.20 (d,J = 7.8 Hz, 3H), 7.07 (s, 1H), 6.85 (dti= 23.6, 7.8 Hz, 2H), 5.95 (d,= 4.4 Hz, 2H),
4.48 (t,J = 7.8 Hz, 1H), 4.03 — 3.93 (m, 2H), 2.79t 7.5 Hz, 2H), 2.52 (t) = 7.5 Hz, 2H);
3C NMR (75 MHz, DMSOsds) 5 ppm 173.6, 172.9, 165.5, 155.9, 147.4, 145.8,3,4837.2,
136.9, 135.5, 128.4, 128.4, 127.5, 126.5, 120.9,712108.1, 108.0, 100.8, 50.2, 35.1, 35.0,
29.7; MSm/z 502.5 (M+H); HRMS (ESI),mz calcd for GH24N30sS [M+H'] 502.1437, found
502.1431.

4.1.2.17. 3-(4-{[ (5-Benzyl-1,3,4-thiadiazol - 2-yl )car bonyl] amino} phenyl) propanoic acid (4q)

White solid, m.p. 155-257C, yield 51 %;*H NMR (300 MHz, DMSO€g) & ppm 12.11 (br s,
1H), 11.05 (s, 1H), 7.71 (d,= 8.5 Hz, 2H), 7.38 (d]) = 4.6 Hz, 2H), 7.36 — 7.27 (m, 2H), 7.21
(d,J = 8.5 Hz, 2H), 4.56 (s, 2H), 2.79 {t= 7.5 Hz, 2H), 2.53 (t) = 7.5 Hz, 2H)*C NMR (75
MHz, DMSO-dg) 6 ppm 174.2, 173.6, 166.2, 155.9, 137.3, 137.2,613628.8, 128.8, 128.4,
127.2, 120.7, 35.1, 29.8; M&z 368.5 (M+H); HRMS (ESI), m/z calcd for GgH1gN30sS
[M+H"] 368.1069, found 368.1063.

4.1.2.18.  3-[4-({[5-(3-Chlorobenzyl)-1,3,4-thiadiazol -2-yl] carbonyl}amino)phenyl] propanoic
acid (4r)

White solid, m.p. 161-163C, yield 48 %:*H NMR (300 MHz, DMSOds)  ppm 11.01 (s, 1H),
7.71 (d,J = 8.5 Hz, 2H), 7.49 (s, 1H), 7.42 — 7.33 (m, 3HRZ7(d,J = 8.5 Hz, 2H), 4.60 (s,
2H), 2.80 (tJ = 7.5 Hz, 2H), 2.53 (tJ = 7.5 Hz, 2H);"*C NMR (75 MHz, DMSOds) & ppm
173.7, 173.3, 166.4, 155.9, 139.7, 137.3, 135.8,313130.7, 128.8, 128.5, 127.6, 127.3, 120.8,
35.2, 34.6, 29.8; M®3vz 403.0 (M+H); HRMS (ESI),m/z calcd for GegH17CIN3OsS [M+H']
402.0679, found 402.0674.

4.1.2.19. 3-[4-({[5-(3-Fluorobenzyl)-1,3,4-thiadiazol -2-yl] car bonyl }amino)phenyl] propanoic
acid (4s)

White solid, m.p. 175-177C, yield 46 %;'H NMR (300 MHz, DMSOedg) & ppm 12.07 (br s,
1H), 11.03 (s, 1H), 7.71 (d,= 7.9 Hz, 2H), 7.43 (ddJ = 14.4, 7.2 Hz, 1H), 7.31 — 7.19 (m,
2H), 7.14 (tJ = 8.6 Hz, 1H), 4.61 (s, 2H), 2.80 &= 7.5 Hz, 2H), 2.53 () = 7.5 Hz, 2H);**C
NMR (75 MHz, DMSO#dg) & ppm 173.6, 173.3, 166.3, 162.1 Jc& 244.2 Hz), 155.9, 139.8 (d,
J=7.7Hz), 137.2, 135.5, 130.7 @= 8.4 Hz), 128.4, 125.0 (d,= 2.6 Hz), 120.8, 115.7 (d,

= 21.8 Hz), 114.1 (d) = 20.8 Hz), 35.1, 34.7, 29.8; M&z 386.5 (M+H); HRMS (ESI),m/z
calcd for GoH1gNaFNsOsS [M+Na'] 408.0794, found 408.0789.



41.2.20.  3-[4-({[5-(4-Chlorobenzyl)-1,3,4-thiadiazol - 2-yl] carbonyl}amino)phenyl] propanoic
acid (4t)

White solid, m.p. 181-183C, yield 42 %:*H NMR (300 MHz, DMSOds) 5 ppm 11.02 (s, 1H),
7.71 (dJ = 8.4 Hz, 2H), 7.42 (s, 2H), 7.25 — 7.19 (m, 2HR84(s, 2H), 2.80 (1) = 7.5 Hz, 2H),
2.53 (t,J = 7.5 Hz, 2H);*C NMR (75 MHz, DMSOds) 5 ppm 173.8, 173.8, 166.4, 155.9,
137.3, 136.3, 135.6, 132.0, 130.8, 128.8, 128.8,8,85.5, 34.4, 29.8; M8/z 402.8 (M+H);
HRMS (ESI),mVz calcd for GgH17CIN3OsS [M+H'] 402.0679, found 402.0674.

4.1.2.21. [ 4-({5-[ (2-Methoxy-5-methyl phenyl)car bamoyl] -1,3,4-thiadiazol - 2-
yl}methyl)phenoxy] acetic acid (5a)

White solid, m.p. 167-170C, yield 47 %;'H NMR (300 MHz, DMSOsdg) & ppm 13.05 (br s,
1H), 9.79 (s, 1H), 7.87 (s, 1H), 7.30 (b= 8.5 Hz, 2H), 7.06 — 6.96 (m, 2H), 6.90 (&= 8.6
Hz, 2H), 4.67 (s, 2H), 4.48 (s, 2H), 3.86 (s, 3B1R6 (s, 3H)*C NMR (75 MHz, DMSOdg) 5
ppm 175.3, 170.0, 165.6, 156.9, 155.1, 147.5, 1229.7, 129.4, 125.9, 125.3, 121.5, 114.8,
111.2, 64.5, 56.0, 34.4, 20.4; Mi%z 414.5 (M+H).

4.1.2.22. [4-({5-[(2,4-Difluorophenyl)carbamoyl] -1,3,4-thiadiazol-2-yl } methyl ) phenoxy] acetic
acid (5b)

White solid, m.p. 169-17Z, yield 67 %:*H NMR (300 MHz, DMSOds)  ppm 12.90 (s, 1H),
10.89 (s, 1H), 7.57 (td, J = 8.8, 6.3 Hz, 1H), 7-4434 (m, 1H), 7.30 (d,= 8.6 Hz, 2H), 7.18 —
7.07 (m, 1H), 6.90 (d) = 8.6 Hz, 2H), 4.66 (s, 2H), 4.49 (s, 2H5C NMR (75 MHz, DMSO-
ds) & ppm 175.3, 170.2, 165.1, 160.2 (dd= 245.7, 11.7 Hz), 157.0, 156.6, 156.2 (dds
251.0, 12.9 Hz), 130.0, 129.8, 128.6 (de& 10.3, 1.9 Hz), 120.8 (dd,= 12.7, 3.8 Hz),114.8,
111.5 (ddJ = 22.2, 3.6 Hz), 104.6 (dd,= 26.7, 24.5 Hz), 64.4, 34.4; M8z 406.2 (M+H).

4.1.2.23. [4-({5-[ (4-Methylphenyl)carbamoyl] -1,3,4-thiadiazol -2-yl} methyl ) phenoxy] acetic acid
(5¢)

White solid, m.p. 195-199C, yield 52 %;:'H NMR (300 MHz, DMSOedg) & ppm 13.01 (br s,
1H), 11.03 (s, 1H), 7.69 (d,= 8.4 Hz, 2H), 7.30 (d] = 8.6 Hz, 2H), 7.16 (d) = 8.4 Hz, 2H),
6.90 (d,J = 8.6 Hz, 2H), 4.66 (s, 2H), 4.48 (s, 2H), 2.273d); *C NMR (75 MHz, DMSOd)

& ppm 175.0, 170.2, 166.2, 157.0, 156.0, 135.2,813330.0, 129.8, 129.1, 120.7, 114.8, 64.4,
34.4,20.5; MSwz 384.5 (M+H).

4.1.2.24. [4-({5-[ (2-Fluorophenyl)carbamoyl] -1,3,4-thiadiazol -2-yl} methyl ) phenoxy] acetic acid
(5d)



White solid, m.p. 218-220C°, vield 83 %:*H NMR (300 MHz, DMSOdg) § ppm 12.99 (br s,
1H), 10.83 (s, 1H), 7.59 (8,= 7.8 Hz, 1H), 7.36 — 7.27 (m, 4H), 7.26 — 7.19 (i), 6.91 (d,J

= 8.6 Hz, 2H), 4.66 (s, 2H), 4.49 (s, 2K5C NMR (75 MHz, DMSO€g) & ppm 174.9, 169.9,
165.0, 156.9, 156.2, 155.5 @@= 247.8 Hz), 129.8, 129.7, 127.6 (U= 7.8 Hz), 126.6 (dJ =
1.1 Hz), 124.3 (dJ = 3.7 Hz), 124.1 (dJ = 12.2 Hz), 115.8 (d] = 19.7 Hz), 114.8, 64.5, 34.36;
MS m/z 388.5 (M+H).

4.1.2.25. [4-({5-[ (3-Methylphenyl)carbamoyl] -1,3,4-thiadiazol -2-yl} methyl ) phenoxy] acetic acid
(5e)

White solid, m.p. 210-212C, yield 44 %;*H NMR (300 MHz, DMSO€s) & ppm 13.00 (br s,
1H), 11.00 (s, 1H), 7.67 (s, 1H), 7.59 ds 8.2 Hz, 1H), 7.30 (d) = 8.6 Hz, 2H), 7.24 (t) =
7.8 Hz, 1H), 6.97 (d) = 7.5 Hz, 1H), 6.91 (d) = 8.6 Hz, 2H), 4.66 (s, 2H), 4.48 (s, 2H), 2.30
(s,J = 9.2 Hz, 3H);"*C NMR (75 MHz, DMSOdg) § ppm 175.0, 170.1, 166.1, 156.9, 156.1,
138.0, 137.5, 129.9, 129.8, 128.5, 125.3, 121.8,011114.8, 64.5, 34.4, 21.1; M8z 384.5
(M+H™).

4.1.2.26. [4-({5-[ (4-Fluorophenyl)carbamoyl] -1,3,4-thiadiazol -2-yl} methyl ) phenoxy] acetic acid
(5f)

White solid, m.p. 216-219C, yield 60 %;'H NMR (300 MHz, DMSOedg) & ppm 13.01 (br s,
1H), 11.20 (s, 1H), 7.89 — 7.80 (m, 2H), 7.30J¢ 8.6 Hz, 2H), 7.21 (t) = 8.9 Hz, 2H), 6.91
(d, J = 8.6 Hz, 2H), 4.67 (s, 2H), 4.49 (s, 2H5C NMR (75 MHz, DMSOsdg) & ppm 175.0,
170.0, 165.9, 158.8 (d,= 241.5 Hz), 156.9, 156.1, 134.0 (= 2.7 Hz), 129.9, 129.8, 122.6
(d,J= 8.0 Hz), 115.3 (d) = 22.4 Hz), 114.8, 64.4, 34.4; M8z 388.4 (M+H).

4.1.2.27. [4-({5-[ (4-Chlorophenyl)carbamoyl] -1,3,4-thiadiazol-2-yl} methyl ) phenoxy] acetic acid
(59)

White solid, m.p. 222-224C, yield 83 %;'H NMR (300 MHz, DMSOdg) & ppm 13.00 (br s,
1H), 11.26 (s, 1H), 7.86 (d,= 8.9 Hz, 2H), 7.43 (d] = 8.9 Hz, 2H), 7.30 (d] = 8.6 Hz, 2H),
6.91 (d,J = 8.6 Hz, 2H), 4.66 (s, 2H), 4.49 (s, 2} NMR (75 MHz, DMSOsg) 8 ppm 175.1,
170.1, 165.8, 157.0, 156.3, 136.6, 129.9, 129.8,612128.4, 122.3, 114.8, 64.5, 34.4; Mz

404.5 (M+H).

4.1.2.28. [4-({5-[ (3-Methoxyphenyl)carbamoyl] -1,3,4-thiadiazol-2-yl } methyl ) phenoxy] acetic
acid (5h)



White solid, m.p. 193-195C° yield 63 %:*H NMR (300 MHz, DMSOdg) § ppm 3.01 (s, 1H),
11.07 (s, 1H), 7.49 (4 = 2.1 Hz, 1H); 7.44 (d) = 8.1 Hz, 2H), 7.33 — 7.23 (m, 3H), 6.91 Jc&
8.6 Hz, 2H), 6.73 (dd] = 8.2, 2.3 Hz, 1H), 4.67 (s, 2H), 4.49 (s, 2H), 3343H);"*C NMR (75
MHz, DMSO-ds) 5 ppm 175.0, 170.0, 166.0, 159.4, 156.9, 156.1,8,3829.9, 129.7, 129.5,
114.8,112.9, 110.1, 106.6, 64.4, 55.0, 34.4:iM8 400.5 (M+H).

4.1.2.29. [4-({5-[(3,4-Difluorophenyl)carbamoyl] -1,3,4-thiadiazol - 2-yl} methyl ) phenoxy] acetic
acid (5i)

White solid, m.p. 223-226C, yield 56 %;*H NMR (300 MHz, DMSO€s) & ppm 13.01 (br s,
1H), 11.37 (s, 1H), 7.93 (ddd= 13.0, 7.4, 2.4 Hz, 2H); 7.71 — 7.63 (m, 1H), 7(d6,J = 19.6,
9.3 Hz, 1H), 7.30 (dJ = 8.6 Hz, 2H), 6.91 (d) = 8.6 Hz, 2H), 4.67 (s, 2H), 4.49 (s, 2¥5C

NMR (75 MHz, DMSOsdg) 6 ppm 175.2, 170.0, 165.6, 156.9, 156.3, 149.0 {dd201.9, 12.9
Hz), 145.8 (ddJ = 201.6, 12.9 Hz), 134.6 (dd= 9.0, 3.0 Hz), 129.9, 129.7, 117.4 {¢ 18.5

Hz), 117.2 (ddJ = 3.4, 2.7 Hz), 114.8, 109.8 (d,= 21.7 Hz), 64.4, 34.4;, M®&/z 406.5
(M+H™).

4.1.2.30. [4-({5-[(3,4-Dimethylphenyl)carbamoyl] -1,3,4-thiadiazol -2-yl} methyl ) phenoxy] acetic
acid (5))

White solid, m.p. 211-213C, yield 89 %;'H NMR (300 MHz, DMSOedg) & ppm 12.96 (br s,
1H), 10.88 (s, 1H), 7.60 (s, 1H), 7.51 (&= 8.1 Hz, 1H), 7.30 (d] = 8.6 Hz, 2H), 7.10 (d] =
8.1 Hz, 1H), 6.91 (d, J = 8.6 Hz, 2H), 4.66 (s, 2848 (s, 2H), 2.21 (s, 3H), 2.19 (s, 3HC
NMR (75 MHz, DMSO¢) 5 ppm 174.8, 170.0, 166.1, 156.9, 155.8, 136.3,31382.5, 129.9,
129.8, 129.5, 121.8, 118.2, 114.8, 64.4, 34.4, 1BB; MSm/z 398.5 (M+H).

4.1.2.31. [4-({5-[(2,3-Dimethylphenyl)carbamoyl] -1,3,4-thiadiazol - 2-yl} methyl ) phenoxy] acetic
acid (5k)

White solid, m.p. 188-192C, yield 40 %;'H NMR (300 MHz, DMSOedg) & ppm 13.02 (br s,
1H), 10.70 (s, 1H), 7.31 (d,= 8.6 Hz, 2H), 7.18 — 7.08 (m, 3H), 6.91 Jd; 8.6 Hz, 2H), 4.67
(s, 2H), 4.48 (s, 2H), 2.27 (s, 3H), 2.09 (s, 3HE NMR (75 MHz, DMSOds) § ppm 174.8,
170.1, 165.9, 156.9, 156.4, 137.1, 134.7, 132.5,91.2129.8, 128.1, 125.3, 124.4, 114.8, 64.4,
34.5, 20.0, 14.1; M&Vz 398.5 (M+H).

4.1.2.32. (4-{[ 5-(Phenyl car bamoyl)-1,3,4-thiadiazol-2-yl] methyl } phenoxy)acetic acid (51)

White solid, m.p. 152-154C, yield 69 %;"H NMR (300 MHz, DMSOds) & ppm 12.99 (br s,
1H), 11.09 (s, 1H), 7.82 (d,= 7.9 Hz, 2H), 7.40 — 7.28 (m, 4H), 7.16JtF 7.4 Hz, 1H), 6.91



(d, J = 8.6 Hz, 2H), 4.67 (s, 2H), 4.49 (s, 2H5C NMR (75 MHz, DMSOd;) § ppm 175.1,
170.1, 166.1, 156.9, 156.2, 137.7, 130.0, 129.8,712124.7, 120.8, 114.8, 64.4, 34.4; \ifx
370.4 (M+H).

4.1.2.33. [4-({5-[ (2-Methylphenyl)carbamoyl] -1,3,4-thiadiazol -2-yl} methyl ) phenoxy] acetic acid
(5m)

White solid, m.p. 170-173C, yield 76 %;:*H NMR (300 MHz, DMSOdg) & ppm 12.96 (br s,
1H), 10.56 (s, 1H), 7.38 (d,= 6.7 Hz, 1H), 7.34 — 7.24 (m, 3H), 7.23 — 7.15 2#H), 6.91 (d,]

= 8.5 Hz, 2H), 4.66 (s, 2H), 4.49 (s, 2H), 2.243H); *C NMR (75 MHz, DMSOds) 8 ppm
175.1, 170.3, 165.9, 157.0, 156.4, 134.9, 133.6,513130.1, 129.9, 126.7, 126.4, 126.2, 114.9,
64.5, 34.5, 17.8; M&Vz 384.5 (M+H).

4.1.2.34. {4-[ (5-{[ 3-(Ethoxycar bonyl )phenyl] carbamoyl}-1,3,4-thiadiazol-2-
yl)methyl] phenoxy}acetic acid (5n)

White solid, m.p. 168-170C;, yield 74 %;:*H NMR (300 MHz, DMSO¢) 5 12.98 (br s, 1H),
11.34 (s, 1H), 8.53 (s, 1H), 8.05 (ts 8.7 Hz, 1H), 7.74 (d] = 7.8 Hz, 1H), 7.52 (J = 7.9 Hz,
1H), 7.31 (d,J = 8.6 Hz, 2H), 6.91 (dJ = 8.6 Hz, 2H), 4.66 (s, 2H), 4.50 (s, 2H), 4.32.J6

7.1 Hz, 2H), 1.33 (i = 7.1 Hz, 3H)3C NMR (75 MHz, DMSOgg) & ppm 175.1, 170.1, 165.8,
165.4, 157.0, 156.5, 138.1, 130.4, 129.9, 129.8,212125.2, 125.2, 121.3, 114.8, 64.5, 60.9,
34.4,14.1; MSWwz 4425 (M+H).

4.1.2.35. {4-[ (5-{[ 4-(Ethoxycar bonyl )phenyl] carbamoyl}-1,3,4-thiadiazol-2-
yl)methyl] phenoxy}acetic acid (50)

White solid, m.p. 174-178C, yield 87 %;'H NMR (300 MHz, DMSOedg) & ppm 12.94 (br s,
1H), 11.38 (s, 1H), 8.02 — 7.93 (m, 4H), 7.31J¢ 8.6 Hz, 2H), 6.91 (d] = 8.6 Hz, 2H), 4.66
(s, 2H), 4.50 (s, 2H), 4.30 (d,= 7.1 Hz, 2H), 1.32 (1) = 7.1 Hz, 3H);**C NMR (75 MHz,
DMSO-dg) 6 ppm 175.4, 170.1, 165.7, 165.2, 157.0, 156.7,0,4230.0, 130.0, 129.8, 125.6,
120.2, 114.8, 64.4, 60.6, 34.4, 14.2; M& 442.5 (M+H).

4.1.2.36. [4-({5-[ (5-Methyl-1,3,4-thiadiazol-2-yl)carbamoyl] - 1,3,4-thiadiazol -2-
yl}methyl)phenoxy] acetic acid (5p)

White solid, m.p. 179-181C;, yield 38 %;'H NMR (300 MHz, DMSOsdg) & ppm 13.32 (br s,
1H), 7.30 (dJ = 8.4 Hz, 2H), 6.90 (d) = 8.4 Hz, 2H), 4.66 (s, 2H), 4.48 (s, 2H), 2.633(d);
3%C NMR (75 MHz, DMSOds) & ppm 175.0, 170.1, 159.7, 159.7, 159.5, 159.5,05[30.0,
129.8, 114.8, 64.5, 34.4, 15.2; M%z 392.5 (M+H).



4.1.2.37. [4-({5-[ (4-Bromophenyl)carbamoyl] -1,3,4-thiadiazol-2-yl }methyl)phenoxy] acetic acid
(50)

White solid, m.p. 172-174C, yield 76 %;*H NMR (300 MHz, DMSO€s) & ppm 12.97 (br s,
1H), 11.23 (s, 1H), 7.80 (d,= 8.9 Hz, 2H), 7.56 (d] = 8.9 Hz, 2H), 7.30 (d] = 8.6 Hz, 2H),
6.91 (d,J = 8.6 Hz, 2H), 4.66 (s, 2H), 4.49 (s, 1C NMR (75 MHz, DMSOds) 5 ppm 175.2,
170.1, 165.8, 156.9, 156.3, 137.1, 131.6, 129.9,8.2122.6, 116.5, 114.8, 64.4, 34.4; Mix

449.6 (M+H).

4.2. Biological assays

CHO cells stably expressing human FFAL (stable GBRR40 line created at Enamine Ltd.)
were seeded (12,500 cells/well) into 384-well blackl, clear-bottom microtiter plates 24 h
prior to assay. Cells were loaded for 1 h with theding solution containing Fluo-8 AM
(Abcam, ab142773), Probenecid (Sigma, P8761), PlurBsl27 (Sigma, P2443), Tartrazine (Sigma,
T0388), Amaranth (Sigma, A101@&nd tested using fluorometric imaging plate readdnPR
Tetrd® High Throughput Cellular Screening System, MolacuDevices Corp.). Maximum
change in fluorescence over base line was usecttErmdine agonist response. A potent and
selective agonist for FFA1 GW9508 (Selleckchem,138@vas tested with the test compounds
as a positive control. To obtain concentration oese curve data nonlinear regression with
variable slope (four parameters) were fitted usBrgphPad Prism version 7.03 for Windows,
GraphPad Software, La Jolla California USA, wwwgdnaad.com. For specificity screening for
possible GPR41, GPR43 and GPR120 agonism, CHOireedl stably expressing the respective
receptors (purchased from The European Collecti&et Cultures, ECACC) were used.

4.3. Docking studies

The initial 3D structure of FFA1 was obtained frdhe Protein Data Bank (PDB ID: 4PHU)
[25] and used for subsequent docking procedureteifrand ligand preparation, refinement and
docking was performed within Schrédinger's Maestession 2017-2 [26]. To prepare the FFA1
receptor for docking, hydrogens and missing atoraevadded, alternate residue positions were
defined and the hydrogen bonding network was furtpimized by re-orientating hydroxyls,
amides and imidazole rings (of histidine residuesihg the Protein Preparation Wizard [27]. To
validate our docking protocol, the co-crystallis€AK-875 was re-docked onto FFAl and
compared to the crystal structure orientation, \&itrRMSD <2.5 A [28]. To further improve the
docking performance the atomic electrostatic-paaénESP) charges were calculated with
Jaguar [29] at the level of Density Functional Tiye@®FT) with the B3LYP/6-31G** basis set.



These parameters were then combined with the OR$8 field [30] and used throughout the
docking procedure. The remaining parameters angs dier receptor grid generation, ligand
preparation and docking protocols were similari® methodology of our previous studies [13,
15, 17]. Here we utilized the MacroModel [31], LigP [32] and GLIDE [33] modules of

Schrédinger's Maestro. Images for the molecular etliod rational were rendered in PyMol

[34]. To allow the comparison of residue positionghin the GPCR family, the labels of

residues are shown the Ballesteros Weinstein imgesystem in subscript [24].
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Two 1,2,4-thiadiazole-based series of FFA1 agonists were designed and synthesized
The two series stem from an earlier reported hit

One of series with low micromolar potency is related to known FFA1 agonist GW9508
The other, inactive series is a close analog of the earlier reported compounds
Structural basis for the observed SAR findings is provided via docking simulation



