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ABSTRACT: Free fatty acid receptor 1 (FFAR1/GPRA40) attmhctagnificant
attention as a potential target for developing h@rgidiabetic drugs because of its
unique mechanism in glucose homeostasis. Severattsehave expressed concerns
about central nervous system (CNS) penetrationRRE agonists, which is possibly
attributed to their high lipophilicity and low tdtaolar surface area. Herein, we report
our efforts to improve the physicochemical progertand pharmacokinetic profiles of
LY2881835, a GPR40 agonist that had undergone PhaBeical trial, through a
series of structural optimizations. We identifiedaally efficacious compoundjk,
which possessed increased plasma exposure, prdldmgélife and reduced CNS
exposure and liver to plasma distribution ratio paned with LY288183515k is a
potentially valuable lead compound in the developimef safe and efficacious

GPRA40-targeted drugs to treat type 2 diabetestolli
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic diew disease characterized
by both defective insulin secretion and insuliniactin maintaining glucose
homeostasis [1]. T2DM often leads to multiple maeszular and microvascular
complications, including cardiovascular diseasesphnopathy, neuropathy and
retinopathy. [2-4]. The incidence of T2DM is incsegy at an alarming rate. By 2017,
the number of individuals affected worldwide wa®@ah425 million and this figure
may reach 629 million in 2045 [5]. This severe &iiton, along with the undesirable
side effects caused by current hypoglycemic agestgsh as high risk of
hypoglycemia, body weight gain and gastric sympt§®8], stimulate urgent needs

for novel drugs with improved safety and glycenoaatrol.

Free fatty acid receptor 1 (FFARL, also known afR@F belongs to the family
of G protein-coupled receptors (GPCRs) and wasrgdeamized in 2003 as a receptor
for medium- to long-chain free fatty acids (FFA8) 0]. Mainly expressed in beta
cells of pancreatic islets, GPR40 can be activatedhe endogenous FFAs, which
subsequently elicit amplified glucose-dependentlinssecretion without high risk of
hypoglycemia [9, 11-15]. GPR40 is also expressedtha incretin-producing
enteroendocrine L cells of thetestinal tract and its activation results in séion of
incretins such as glucagon like peptide 1 (GLP1D), [L7]. Therefore, the ability of
GPR40 to regulate glucose homeostasis by two meshan glucose-stimulated

insulin secretion and incretin secretion, makeanitexcellent target for T2DM drug



development [18, 19].

Reports described a range of synthetic GPR40 stgomiith desirable safety
and efficacy profiles, compared with existing araibtic therapies such as insulin
and sulfonylureas [20-28]. Among them, several smallecules were tested in the
clinical trial such as TAK-875 [20, 29], AMG 837 12 30], LY2922083 and
LY2881835 [23, 31] (Figure 1). The most advanceshgound TAK-875 (Fasiglifam,
1) from Takeda, while providing proof of concept,smaithdrawn from phase llI trial
due to liver toxicity [32]. The exact reason fas ftepatotoxicity is currently unclear,
but some reports indicated that it may be linkethvinigh distribution of TAK-875
and TAK-875 conjugations (TAK-875 acyl glucuronidBAK-875 glucuronide and
TAK-875 taurine conjugate) in liver, as well as ithability to alter the bile acid
homeostasis [33-35]. Moreover, GPR40 is highly egped in the brain and can be
activated by polyunsaturated FFAs [9]. The exacicfion of GPR40 in the brain
remains unclear, but it might have correlation witntinociception, adult
neurogenesis and neurovascular degeneration [36Fh&fefore, to balance the blood
glucose levels, it would be more preferable to diyetarget the GPR40 in the
pancreatic beta cells and enteroendocrine L catlser than to elicit the undesired

effects in the central nervous system (CNS) orlive

In general, properties such as total polar surtgea (tPSA), LogP, molecular
weight, hydrogen bond,Ka and rigidity of the molecule are closely linkea t

blood-brain barrier (BBB) penetration [42]. Mospoeted GPR40 agonists possess



relatively high lipophilicity [43-45]. Amgen desbed an analogue of AMG 837
(LogP = 6.8, tPSA = 47) with significant CNS expuesiftotal brain-to-plasma drug
distribution ratio, B/P = 0.6). Incorporation oflapgroups, as in AMG-3189 (B/P =
0.04) and AMG-4668 (B/P = 0.02) (Figure 1), subsiédly decreased BBB
penetration [46, 47]. LY288183%) which finished Phase | clinical trial in 2011,
possessed higin vitro potency and selectivity, as well as significanguiim and
GLP-1 secretion in botim vitro andin vivo assays [23, 31]. HoweveZ,(LogP = 6.5,
tPSA = 50), like AMG-837, had a certain amount dSCexposure (B/P = 0.14). In
addition, 2 displayed high clearange vitro (t1, = 18 min in human liver microsomes,
ti2 = 2 min in mouse liver microsomes) and short h#gfin vivo (ty, = 1.3 h). We
sought to modify the pharmacokinetic (PK) and pbtyshemical properties & by
introducing polar atoms, blocking the metabolicalsceptible position and cleaving
the indene ring. After a systematic structure-atgtivelationship (SAR) study and
further optimization, we identified an orally asivvompoundl5k, which exhibited
improved metabolic stability and high plasma expesw@long with lowered CNS

exposure and liver to plasma distribution ratid™(L/
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Figure 1.2 Selected examples of reported GPR40 agorfif#SA and LogP values

were calculated from ChemBioDraw Ultra 12.0.

2. Chemistry

The general synthetic approach for amide anae®gisummarized in scheme 1.
The carboxylic acids of7a-d were protected by tert-butyl group, vyielding
intermediatesBa-d, and subsequent bromination &d-d gave intermediate8a-d. A

nucleophilic substitution reaction between 9a-b and methyl

3-(4-hydroxyphenyl)hex-4-ynoic acid 19), (S)-methyl
3-(4-hydroxyphenyl)hex-4-ynoate 17, methyl
3-cyclopropyl-3-(4-hydroxyphenyl)propanoate 18], methyl
2-(6-hydroxy-2,3-dihydrobenzofuran-3-yl)acetate 19)( or methyl

3-(4-hydroxyphenyl)propanoate 2@ in the presence of K O; produced

intermediateslOa-g Deprotection of the tert-butyl groupith CFRCOOH yielded
5



acidslla-g 11a-gwere then condensed with corresponding amineg t$AirU, and

the resultant amid&2a-v, 14f-i and 15I-v were hydrolyzed to affordetiBa-v, 14a-d

and15a-k.
Scheme 1Synthesis ofl3a-v, 14a-dandl15a-k.
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Reagents and conditions: (a) (BQG) DMAP, DIPEA, DCM, reflux, 24h; (b) NBS,
CCly, 75°C, 4h; (c) KCOs, DMF, rt, overnight; (d) CFECOOH, DCM, rt, overnight;

(e) HATU, DIPEA, DMF, amine, rt, 4-8h; (f) MeOHA®, LiOH, rt, 0.5-12h.
3. Results and Discussion

A diverse set of compounds were synthesized to owgrthe PK and
physicochemical properties d. Compounds’ agonist effects on hGPR40 were
assessed by calcium mobilization assay using hGRRA®93 cell line which stably

expressed human GPR40.

N-dealkylation

;ﬂ

o
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o /I o /
)X\(X )X\(X
\\( f o COOH \\{ \/7/\0 COOH
X=S,0,CH=CH
Y=CH.N

Figure 2. Design of new GPR40 agonists based on the LY288$8&ffold

Preliminary explorations focused on the linke2diTable 1). Lilly reported that the
methylene between the phenyl and the piperidyl gnoas metabolically susceptible
to N-dealkylation, so we replaced the methylenénaitcarbonyl moiety to block the
metabolic site [23, 48] (Figure 2). In additiongtkarbonyl replacement increased

7



tPSA and reduced LogP, which would be expectecetimage the CNS penetration.
Direct replacement with the carbonyl in the lingavel3a 13awas less potent but
possessed lower LogP (5.9) and higher tPSA (67 Zhd@ased on the structure of
another compound from Lilly, LY2922083, we produdg with a thiophene ring in
the linker13b displayed comparable activity to thatX8a Further liver microsomal
stability and Caco-2 permeability assays (Tableiwed thatl3aand13b retained
the permeability of2. Introduction of the carbonyl group gave a sligitrease in
metabolic stability in mouse liver microsomes. &b was more preferred for better
metabolic stability on both human and mouse livecrasomes than 2 and 13a,

5-carbonylthiophene moiety was chosen as linketHersubsequent compounds.

In the optimization of both the stability and adiywe modified the indene ring in
the tail to improve stability because the nonaraendduble bond of indene could be
susceptible to oxidative metabolism in liver miaoeges [49]. First, we opened the
five-member ring of indene in two ways (Figure Bflantroduced a nitrogen atom to
the piperidyl group, affordingl3c and 13d with 4-phenylpiperazine and
4-benzylpiperazine as the tail, respectively. 4rph@iperazine 130 was more
favorable and displayed a 2.2-fold increase in potethan13d. As expected13c
revealed promoted stability in human and mouser limécrosomes. Furthermore,
conversion of the benzene ring into a methyl oflayexyl group gavel3e and 13f
respectively. These two compounds had either mérkddcreased potency or
complete loss of activity, suggesting that the aten ring was critical for

maintaining the agonistic activity. Also, we remdcthe benzene ring with pyridyl
8



rings (L3g 13h, 13i), giving lower LogP and higher tPSA. Alterationtbk benzene
ring into 2-pyridyl (L3i) was well tolerated, while 3-pyridylL8h) and 4-pyridyl 13g)

replacement resulted in more than 16-fold and T@{fwss in potency compared with
13c respectively, demonstrating that moving the n#rogtom to different positions
greatly impacted the activity. In view of these auhes,13cwas selected for further

exploration.

Table 1. Variations of R (the tail) and ring A (the linker)

o COOH
R1J\®/\O
. hGPR40
1 b
Compd R Ring A ECoo(IM)? tPSA’  LogP

13a ; f\©§; 179 67 59
13b ’ £ ﬁ% 172 67 59
13c QNCN% £ @/E 72 70 5.4
13d @VO% £ @/E 155 70 5.1
13e —NCN—g £ ﬁ/ﬁa >5000 70 33
13f NCN% £ ﬁ% 820 70 4.9




13g NQ—NCN% £ \S ) >5000 82 48
N N\ S

13 ¢ NN ;m)a 1136 82 40

. N S

138 ¢ Y N\_/N—§ ;m)a 138 82 41

2 134 50 6.5

qECso was the average of at least 3 determinafiftSA and LogP values were

Calculated from ChemBioDraw Ultra 12.0.

Table 2. Metabolic stability and Caco-2 permeabilityfl3aand13b

Liver microsomal stabilityt{,, min) Caco-2 permeability
compd human mouse ( 1A0‘§((:)n|13/s) Efflux Ratio
2 18 2 15.0 0.4
13a 9 6 10.9 0.3
13b 25 7 19.3 0.3
13c 105 55 ND ND"

%A to B’ means from apical to basolaterdD means not determined.

The SAR ofl3cwas then investigated according to three parte@imnolecule, the
4-phenylpiperazine tail, the central linker, ande tiff-propynyl substituted
3-benzenepropanoic acid head. We first investigatesl influence of various
substituentspara to the phenyl of the tail considering that thara-position was
potentially the major site of oxidative metabolifmnthe phenylpiperazine moiety [50]

(Table 3).
10



Among these substituents3k with atert-butyl group showed the greatest loss of
potency (5.8-fold), while the smaller methyl gro(48j) had a 3-fold decrease in
potency only. This indicated that a bulky substitugt thepara position of the phenyl
group was deleterious to activity. Neither an etactdonating methoxy groud.3l)
nor a strong electron-withdrawing nitro groufBn) was beneficial for activity. A
comparison ofL3l and13m with 13k suggested that the size of €ontributed to the
major loss of potency. Similar outcomes were olegnwith 13n and 130, that the
compound with the bulkier chlorine group3f) was less potent than that with the
smaller fluorine groupl30), and thatl3o had higher potency tha8c These SAR
findings led to our speculation that small substitis at thepara position of the

phenyl would be favorable.

Further explorations at thertho- and meta- postions of the phenyl in the tail
proceeded on the basis of the preliminary reskitst, we investigated the fluorine
group at themeta-(13p) andothro- positions(13q) of the phenyl group, with both
compounds being slightly less potent tHz8o. Surprisingly, conversion of fluorine
into the strong electron withdrawing nitro grouptta ortho- position (39 displayed
a potency similar to that df3g, while 13r (nitro group at theneta position) was less
active thanl3sbut more potent thabh3m. We further examined chlorine and methoxy
substitutionsortho andmetato the phenyl, and a similar trend of potency tat tbf
13r and 13s (data not shown). These results imply that dnio- position is well
tolerated with electron-withdrawing/donating ancerially hindered substituents,

while the length and size of the substituents atrtbta position may impact activity.
11



In addition, we assessed the viability of 1,2,&#ahydroquinoline 13t) and
1,2,3,4-tetrahydroisoquinolinel3u) as the tail on account of our previous SAR
results. To our delightt.3t and13u each had comparable activity to thatl8, with
13u being slightly more potent thalBc Further structural expansion d8t led to
13v, a compoundvith slightly decreased potency. These result aeid that a linear

fused-ring tail was more favorable.

Table 3. Variations of the terminal carboxamide group

(@)
//
R? S

B hGPR40
ECso(nM)?

_ /\
13] ON N— 211 70 5.9
\__/
13k WN N— 417 70 6.8
\__/
\ Vam
13 0 N N 289 79 5.3
\__/
13m OQNON N— 231 121 <
\__/
13n CION N— 133 70 6.0
\__/
130 F4< >7N N— 54 70 5.6
\__/
F
S\ .
13p @N — 97 70 5.6
\__/
1

2

Compd tPSAP LogP




13q / N\ 113 70 5.6
N N%
\_/
O,N
13r / N\ 187 122 -
N N{
\__/
NO,
13s /\ 94 122 e
N N{
\_/
13t 80 67 5.6

13u Q:\N % 57 67 5.3

13v 109 76 5.9

HN—

®ECso was the average of at least 3 determination, Mg & 13j was the average of

2 determinationstPSA and LogP was calculated from ChemBioDraw Ultga0.

“tPSA can not be calculated by ChemBioDraw Ultr&d12.

Altogether, these SAR results revealed that thermyt was strongly impacted by
the size of the substituents and steric hindranacera the phenyl ring in the tail. The
incorporation of a small fluorine group para-position of the tail gave the most
potent compound.3o. Further exploration of the tail led to identifica of another
potent compoundl3u, with a shorter fused-ring as the tail. These Iteswere
followed by continued structural modifications teethead and linker of the chemical

structure.
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Modifications to the-substituted benzenepropanoic acid in the heddofTable
4) did not yield any improvement in potency. Foraewle, replacement of the
1-propynyl group with a cyclopropyl groud4b), direct removal of the propynyl
group (@48 and further alteration of the head moiety into
3-((2,3-dihydrobenzofuran-3-yl))acetate acit¥@ all resulted in markedly eroded
potency. Next, the stereochemistry at fliposition was examined on account of
previous reports that th&isomer was more favorable [23]. Ti&isomer (4d)
indeed had a slightly improved potency o%8o (racemate), while thB-isomer (4e)
had markedly lower potency. These results suppdhad®)-p-propynyl substituted

3-benzenepropanoic acid was an optimal head foartiide structure.

Table 4. Variations of thg-substituents of benzenepropanoic acid in the head

(0]

F
hGPR40 b
Compd R ECo(M)? tPSA LogP
l4a %—<C:j>—\\_ 610 70 5.0
COOH
14b >1667 70 55
COOH

COOH
14c ?_<::2%jf/\ >1667 79 43
(@)
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14d a7 70 5.6

l4e | C // >5000 70 5.6
COOH

3ECso was the average of at least 3 determinaft®8A and LogP was calculated

from ChemBioDraw Ultra 12.0.

The SAR exploration of the linker aimed to replabe thiophene ring with
bioisosteres. Some moieties found to be favoratmgdtency in our previous SAR
findings were combined with the linker in an efféad produce the most potent
compound(s). 9-p-Propynyl substituted 3-benzenepropanoic acid wasen as the
head and, for the tail, 4-fluorine phenylpiperazibg,3,4-tetrahydroisoquinoline and
1,2,3,4-tetrahydro-1-naphthylamine were selecteithh ¥ocus on both potency and
structural diversity. Thiazole, benzene and fuiags were introduced to replace the
thiophene ring of the linker (Table 5). The thiazoihg was deleterious for potency
with three types of tails 16b, 15¢ 15h). The combinations of a
1,2,3,4-tetrahydroisoquinoline and a furan linker 15f( or
1,2,3,4-tetrahydro-1-naphthylamine and a benzerkeli(L59g) afforded high potency,

with 15g exhibiting the best activity.

Table 5. SAR analysis of ring B in the linker

15



o COOH

. hGPR40
R Ring B ECNM)?

15a F N N 5—@—5 114 70 5.5
__/
/\ S

15b F N N— J’J\(J)\ 203 82 5.0

Compd tPSA’  LogP

__/ N
/N (0)

15c F N N— 308 79 4.2
\__/ \ /

15d QDN 4 5—@—% 106 67 5.2
15e QDN . J’J\ﬁ])\ 531 79 4.7

0
15f QDN % 9 50 76 3.9
159 2—@—{ 42 76 5.8

S
15h f\( J/\ 144 88 5.3

15i \ 133 85 4.5

HN—

3ECso was the average of at least 3 determinaft®8A and LogP was calculated

from ChemBioDraw Ultra 12.0.
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15g which was the most active agonist for hGPR40 amibreganalogues we
synthesized, has two chiral centers and hence sexast four diastereomers.
Considering the more favorabconfiguration at the3-position of the head, the
impact of the absolute configuration at the tailswavaluated (Figure 3). The
S,Risomers {5k) had 2-fold promotion in potency over tBeSisomers {5j) and the
racemate X5¢). Furthermorel5k, 15j and14d exhibited good agonistic activities for

both rat and mouse GPR40, indicating low specigeagent differences (Table 6).

@) @)
"UIN N
H H
COOH COOH
15j 15k
hGPR40 Es, = 39 nM hGPR40 Es, = 20 nM

Figure 3. Effect of the stereochemistry of the 1,2,3,4-tefdab-1-naphthylamine

moiety of15gon the hGPR40 activity

Table 6. Agonistic activities for GPR40 from different sjpes

Compd hGPR42\ rGPR40a mGPR42
ECso(NM) ECso(nM) ECso(NM)
14d 47 25 31
15] 39 28 42
15k 20 14 23

®ECso was the average of at least 3 determination

15k, 15j and14d, were then submitted to metabolic stability stadie human and
mouse liver microsomes and permeability test wilt@2 cells (Table 7015k, 15j

and14d all retained excellent permeability(fvalue greater than 15.2 x4@m/s)

17



and displayed modestly improved metabolic stabildympared with2. 14d with
4-fluorine phenylpiperazine as tail demonstrated Hest stability in mouse liver
microsomes. When the tail and linker were replacedvith
(S/R-1,2,3,4-tetrahydro-1-naphthylamine and a benzeng (15k) there was a
markedly improved stability in human liver microsesn TheS,Risomeres 15k) was
more stable than th®,Sisomeres 15j) in both human and mouse liver microsomes,
indicating that the stereochemistry of the tail Hhigite effect on potency but great

impact on metabolic stability.

Table 7.In vitro metabolic stability and permeability ®bk, 15j and14d

Liver microsomal stability Caco-2 permeabilify

Compd (t1/2, min)
human mouse AtoB Efflux Ratio
(10°cm/s)
14d 64 120 20.6 0.8
15j 214 27 15.2 1.2
15k 387 74 18.8 0.9

2‘A to B’ means from apical to basolateral

The PK and the tissue distribution profileslék, 15j, 14d and2 (Table 8) in male
ICR mice were assessed5k, 15j, 14d all exhibited prolonged half-lives and
improved plasma exposurgsk achieved the highest concentration (1pgfiL) in
plasma among four compounds. The observation 1bat(S,Sisomers) andl5k
(S,Risomers) differed substantially in peak times g®hk plasma concentrations

indicated that the stereochemistry of the tail digantly affected absorption.

18



Compared with2, 15k had 5.4-fold, 4.1-fold and 15.5-fold improvementglasma

exposure, half-life time and AUC (area under there)y respectively.

Table 8.In vivo PK and distribution parameters of selected comgsum ICR Micé

AUCq3g Crmax

compd (h*ug/mL)? Tiz2(h)*  Tmax(h)? (ug/mLY’ B/P° L/P°
2 5.15 1.3 0.7 2.85 0.14 2.5
14d 28.45 3.8 0.8 13.31 0.018 151
15j 3.76 3.0 0.25 3.77 0.006 0.9
15k 79.98 5.3 1.2 15.45 0.011 0.3

®Dose orally to male ICR mice at 30mg/kg (n = 3hicke was 0.1% Tween-80 in 1%
hydropropylcellulose sodiuniDose orally to male ICR mice at 30mg/kg (n = 3). Al
mice was sacrificed at the time point 0.78bj( 2), 1h @4d, 15k), respectively. B/P

means total brain-to-plasma drug distribution ratil®P means the liver-to-plasma

drug distribution ratio.

Tissue distribution assays showed thdt, 15; and 15k had much lower CNS
exposure (B/P = 0.018, 0.006 and 0.011 respecjitkbn2. We also examined the
distribution of compounds to the liver, based oa iport that TAK-875 had 3 times
higher distribution to the liver than to plasma][385j and 15k displayed lower L/P
compared with2. However, 14d was not studied any further because of safety
concerns associated with its 15-times higher thigtion to the liver than to plasma.
15k, with promising PK and safety profiles, was pr@gesd to irnvivo efficacy studies,

where it demonstrated a significant decrease (P.0910 in blood glucose level

19



following a 2.5 g/kg oral glucose load in the ordlicose tolerated test (OGTT)

(Figure 4).
A
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Figure 4. OGTT assay ofl5k (100mg/kg) in ICR mice. X) blood glucose
concentration of 15k during OGTT; B) blood glucose AUgi20 min after
administraion ofl5k. Compoundl5k was administered orally to ICR mice (n=8) at
30min prior to a oral glucose load (2.5 g/kg). Rloglucose levels were measured
berefore and after glucose load. ** p<0.01, *** p@01 versus control were analyzed

by Student’s t-test. Error bar indicateds SEM.

4. Conclusion

We developed a series of amide derivatives drivethb moderate CNS exposure,
high in vitro clearance and limited oral exposure2oBy inserting a carbonyl at the
position prone td\N-dealkylation metabolism and opening up the indeseyell as
introducing a nitrogen atom to reduce LogP andaeWPSA, we obtaineti3c with

improved physicochemical properties and liver nsomal stability. Further SAR
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research and optimization yieldedbk, which exhibited the besh vitro activity,
excellent permeability and markedly improviedvitro stability. Furthermorestudies
demonstrated thdt5k possessed superior PK properiievivo, lower distribution to
brain and liver than to plasma compared with LYZB8, supporting thal5k is
more likely to avoid the undesired effects in thdSCand liver. In conclusion, our
results disclosed an orally efficacious compodl#, which represents a promising
lead compound for developing a safe antidiabetiggdhat acts via activation of

GPR40.

5. Experimental section
5.1 Chemistry

All reagents were purchased from commercial suppléand used without further
purification. Column chromatography was carried ausilica gel (200-300 mesh) or
with pre-packed silica cartridges (4-40 g) from BarAgela Technologies Inc.
(Tianjin, China) and eluted with a CombiFI&Rf 200 from Teledyne Isco.
Prep-HPLC separation was carried out in UnimicreyiSap-1010 series LC (UV 254
nM, 25 °C, flow rate = 10 mL min) with the column of Agilent Prep-C18 (30n,
21.2x250mm) or CHIRALPAK IG (@m, 10x250mm), while the mobile phase was
40-90% MeOH /HO or 80% MeOH /DCMM NMR and**C NMR spectra were
recorded on a Varian-Mercury Plus-300 or a Brukemarce Il 400 or a Bruker
Avance Il 500 NMR spectrometer using tetramethgis or solvent signals as an

internal reference. High-resolution mass spect@l)(Bere obtained on a Q-TOF or
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Thermo Orbitrap Elite. The purity of tested compdsirwas determined by HPLC
[Agilent LC1260, Agilent ChemStation, ZORBAX SB-C18 um, 4.6 x 150 mm,
UV 254 nM, 20 °C, flow rate = 1.0 mL mif)]. All of the assayed compounds
possess >95% purity. The enantiomeric excasd diastereocisomeric excess were
defined by HPLC [Agilent LC1260, Agilent ChemStatjdCHIRALPAK IG (5 um,
4.6 mm x 150 mm) or CHIRALPAK IA (fum, 4.6 x 250 mm), UV 254 nM, flow
rate = 1.0 mL mii)]. The optical rotation of tested compounds wassneed by

Rudoph Autopol VI automatic polarimeter.
5.1.1. General procedure A for preparation of imediatesBa-d

To a solution of7a-d (1 equiv) in DCM was added DMAP (0.1 equiv) andPBA
(1.5 equiv) at 0°C, then addeti-tert-butyl dicarbonate (2 equiv) dropwise over
15min, and the mixture was stirred at 40°C for ZBhe mixture was washed with
brine, dried over MgSO4, and evaporated in vacue flesidue was purified with
column chromatography (petroleum ether/ethyl aeetaR0:1) to yield intermediate

8a-d
5.1.1.1. tert-butyl 5-methylthiophene-2-carboxy/ksz)

Intermediate 8a was prepared with general procedure A using
5-methylthiophene-2-carboxylic acid to a colorledsn 74.6%.'H NMR (400 MHz,

CDCly) § 7.54 (d,J = 3.7 Hz, 1H), 6.75 (d] = 3.6 Hz, 1H), 2.52 (s, 3H), 1.58 (s, 9H).

5.1.1.2. tert-butyl 5-methylthiazole-2-carboxylé&b)
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Intermediate 8b was prepared with general procedure A using
5-methylthiazole-2-carboxylic acid to afford a ltgfellow oil in 64.9%.'H NMR

(400 MHz, CDC}) 6 8.12 (s, 1H), 2.71 (s, 3H), 1.55 (s, 9H).
5.1.1.3. tert-butyl 5-methylfuran-2-carboxyla8e)

Intermediate 8c was prepared with general procedure A using
5-methylfuran-2-carboxylic acid to afford a lightliow oil in 67.2% NMR (400
MHz, CDCk) 6 6.98 (d,J = 3.3 Hz, 1H), 6.08 (d] = 3.3 Hz, 1H), 2.37 (s, 3H), 1.58

(s, 9H).
5.1.1.4 tert-butyl 4-methylbenzoat8d)

Intermediate8d was prepared with general procedure A using 4-yitethzoic
acid to afford a colorless oil in 69.3%1 NMR (400 MHz, CDCJ) § 7.88 (d,J = 8.2

Hz, 2H), 7.22 (dJ = 8.0 Hz, 2H), 2.40 (s, 3H), 1.60 (s, 9H).
5.1.2. General procedure B for preparation of imediate®a-d

To a solution oBa-d (1 equiv) in CCJ was added N-bromobutanimide (0.9 equiv)
and benzoyl peroxide (0.1 equiv), then the mixtwes refluxed at 75°C for 4h. The
mixture was washed with brine, dried over MgSOHlerfed, and concentrated. The
residue obtained was purified with column chromedpgy (petroleum ether/ethyl

acetate = 20:1) to yield intermedi&a-d.

5.1.2.1. tert-butyl 5-(bromomethyl)thiophene-2-catylate Qa)
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Intermediate9a was prepared with general procedure B usBagto afford a
colorless oil in 85.8%4H NMR (400 MHz, CDC}) § 7.78 (d,J = 3.4Hz, 1H), 7.22 (d,

J=3.4 Hz, 1H), 4.96 (s, 2H), 1.42 (s, 9H).
5.1.2.2. tert-butyl 5-(bromomethyl)thiazole-2-caxplate Ob)

Intermediate9b was prepared with general procedure B usdhgto afford a
light-yellow oil in 71.6%H NMR (400 MHz, CDCJ) § 8.12 (s, 1H), 5.30 (s, 2H),

1.42 (s, 9H).
5.1.2.3. tert-butyl 5-(bromomethyl)furan-2-carbatgl Oc)

Intermediate9c was prepared with general procedure B usdegto afford a
light-yellow oil in 86.9%."H NMR (400 MHz, CDC}) & 7.00 (d,J = 3.2 Hz, 1H),

6.47 (d,J = 3.1 Hz, 1H), 4.49 (s, 2H), 1.58 (s, 9H).
5.1.2.4. tert-butyl 4-(bromomethyl)benzed)

Intermediate9d was prepared with general procedure B usBagto afford a
colorless oil in 84.5%'H NMR (400 MHz, CDCJ) & 7.97 (d,J = 8.3 Hz, 2H), 7.44

(d,J=8.3 Hz, 2H), 4.50 (s, 2H), 1.60 (s, 9H).
5.1.3. General procedure C for preparation of imediateslOa-i

To a solution 0fl6-20 (1 equiv) in DMF was added KOs (2 equiv), stirred for
5min then add the intermediat@s-d (1.1 equiv), then the mixture was stirred at room
temperature overnight. Water was added to the maxand extracted with ethyl

acetate, then washed with brine, dried over MgSiliéred, and concentrated. The
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residue obtained was purified with column chromedpgy (petroleum ether/ethyl

acetate = 8:1) to yield intermedidt@a-i.

5.1.3.1. tert-butyl

5-((4-(1-methoxy-1-oxohex-4-yn-3-yl)phenoxy)metiigiphene-2-carboxylate Qa)

Intermediatel0a was prepared with general procedure C udlagand methyl
3-(4-hydroxyphenyl)hex-4-ynoatd ) to afford a yellow oil in 78.3%H NMR (400
MHz, CDCk) & 7.62 (d,J = 3.7 Hz, 1H), 7.31 (d] = 8.6 Hz, 2H), 7.05 (d] = 3.8 Hz,
1H), 6.93 (dJ = 8.7 Hz, 2H), 5.20 (s, 2H), 4.11 — 4.05 (m, 181B8 (s, 3H), 2.81 —

2.63 (M, 2H), 1.85 (d] = 2.4 Hz, 3H), 1.59 (s, 9H).

5.1.3.2. tert-butyl

5-((4-(1-methoxy-1-oxohex-4-yn-3-yl)phenoxy)metiwgiole-2-carboxylatelQb)

Intermediatel0b was prepared with general procedure C udfbgand methyl
3-(4-hydroxyphenyl)hex-4-ynoatd ) to afford a yellow oil in 82.1%H NMR (400
MHz, CDCk) & 8.29 (s, 1H), 7.33 (d] = 8.6 Hz, 2H), 6.96 (d] = 8.6 Hz, 2H), 5.35
(s, 2H), 4.12 — 4.06 (m, 1H), 3.68 (s, 3H), 2.78, (1= 15.3, 8.3 Hz, 1H), 2.67 (dd,

= 15.3, 7.0 Hz, 1H), 1.85 (d, J = 2.4 Hz, 3H), 1(59H).

5.1.3.3. tert-butyl

5-((4-(1-methoxy-1-oxohex-4-yn-3-yl)phenoxy)metimdh-2-carboxylate X0c)

Intermediate10c was prepared with general procedure C udegand methyl

3-(4-hydroxyphenyl)hex-4-ynoaté ) to afford a yellow oil in 75.2%H NMR (400
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MHz, CDCE) & 7.31 (d,J = 8.6 Hz, 2H), 7.06 (d] = 3.4 Hz, 1H), 6.93 (d] = 8.6 Hz,
2H), 6.49 (d,J = 3.4 Hz, 1H), 5.05 (s, 2H), 4.13-4.05 (m, 1HES(s, 3H), 2.78 (dd,
J=15.3, 8.3 Hz, 1H), 2.67 (dd,= 15.2, 7.0 Hz, 1H), 1.85 (d,= 2.3 Hz, 3H), 1.59

(s, 9H).

5.1.3.4. tert-butyl 4-((4-(1-methoxy-1-oxohex-43yphphenoxy)methyl)benzoate

(10d)

Intermediate10d was prepared with general procedure C udfldgand methyl
3-(4-hydroxyphenyl)hex-4-ynoatel §) to afford a colorless oil in 63.5% NMR
(400 MHz, CDC4) & 8.01 (d,J = 8.3 Hz, 2H), 7.48 (d] = 8.3 Hz, 2H), 7.30 (d] =
8.6 Hz, 2H), 6.92 (dJ = 8.7 Hz, 2H), 5.12 (s, 2H), 4.10 — 4.05 (m, 18{§8 (s, 3H),
2.78 (dd,J = 15.3, 8.3 Hz, 1H), 2.67 (dd,= 15.3, 7.0 Hz, 1H), 1.84 (d,= 2.4 Hz,

3H), 1.62 (s, 9H).

5.1.3.5. tert-butyl
5-((4-(1-cyclopropyl-3-methoxy-3-oxopropyl)phenoxgdhyl)thiophene-2-carboxylat

e (10e)

Intermediate10e was prepared by general procedure C udiagand methyl
3-cyclopropyl-3-(4-hydroxyphenyl)propanoaté&7) to afford a brown oil in 67.7%.
'H NMR (400 MHz, CDCJ) § 7.61 (d,J = 3.7 Hz, 1H), 7.39 (dJ = 15.0 Hz, 2H),
7.04 (d,J = 3.7 Hz, 1H), 6.86 (d] = 14.9 Hz, 2H), 5.19 (s, 2H), 3.60 (s, 3H), 2.79 —

2.67 (M, 2H), 2.34 (dd] = 17.3, 7.6 Hz, 1H), 1.57 (s, 9H), 1.05 — 0.95 {i), 0.62
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— 0.53 (m, 1H), 0.46 — 0.38 (m, 1H), 0.25 (ds 9.6, 4.9 Hz, 1H), 0.14 (td,= 9.8,

5.1 Hz, 1H).

5.1.3.6. (S)-tert-butyl

5-((4-(1-methoxy-1-oxohex-4-yn-3-yl)phenoxy)metiigiphene-2-carboxylate Qf)

Intermediatel0f was prepared by general procedure C uSagnd (S)-methyl
3-(4-hydroxyphenyl)hex-4-ynoaté§) to afford a light-yellow oil in 78.8%H NMR
(400 MHz, CDC4) & 7.61 (d,J = 3.7 Hz, 1H), 7.30 (d] = 8.6 Hz, 2H), 7.04 (d] =
3.7 Hz, 1H), 6.91 (dJ = 8.7 Hz, 2H), 5.19 (s, 2H), 4.09 — 4.04 (m, 18{§7 (s, 3H),
2.76 (dd,J = 15.3, 8.3 Hz, 1H), 2.66 (dd,= 15.3, 7.0 Hz, 1H), 1.84 (d,= 2.4 Hz,

3H), 1.57 (s, 9H).

5.1.3.7. (S)-tert-butyl 4-((4-(1-methoxy-1-oxoheyrd3-yl)phenoxy)methyl)benzoate

(109)

Intermediatel0g was prepared by general procedure C uSdgnd (S)-methyl
3-(4-hydroxyphenyl)hex-4-ynoatel§) to afford a light-yellow oil in 75.9.2%'H
NMR (400 MHz, CDC4) § 8.00 (d,J = 8.4 Hz, 2H), 7.47 (d] = 8.4 Hz, 2H), 7.29 (d,
J=8.6 Hz, 2H), 6.91 (d] = 8.7 Hz, 2H), 5.11 (s, 2H), 4.09 — 4.03 (m, 181H7 (s,
3H), 2.76 (dd,J = 15.3, 8.4 Hz, 1H), 2.66 (dd,= 15.3, 6.9 Hz, 1H), 1.83 (d,= 2.4

Hz, 3H), 1.60 (s, 9H).

5.1.3.8. tert-butyl

5-((4-(3-methoxy-3-oxopropyl)phenoxy)methyl)thiomh@-carboxylatel0h)
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Intermediate10h was prepared by general procedure C udlagand methyl
3-(4-hydroxyphenyl)propanoatd9) to afford a light-yellow oil in 79.4%'H NMR
(400 MHz, CDC4) & 7.61 (d,J = 3.7 Hz, 1H), 7.13 (d] = 8.6 Hz, 2H), 7.04 (d] =
3.7 Hz, 1H), 6.89 (dJ = 8.6 Hz, 2H), 5.18 (s, 2H), 3.67 (s, 3H), 2.90)(t 7.8 Hz,

2H), 2.61 (tJ = 7.8 Hz, 2H), 1.57 (s, 9H).

5.1.3.9. tert-butyl
5-(((3-(2-methoxy-2-oxoethyl)-2,3-dihydrobenzofuityl)oxy)methyl)thiophene-2-

carboxylatg(10i)

Intermediate 10i was prepared by general procedure C udfiagand methyl
2-(6-hydroxy-2,3-dihydrobenzofuran-3-yl)acetag®)(to afford a light-yellow oil in
74.3%.*H NMR (400 MHz, CDCJ) & 7.61 (d,J = 3.7 Hz, 1H), 7.04 (dJ = 4.0 Hz,
1H), 7.03 (s, 1H), 6.47 (dd, = 8.1, 2.3 Hz, 1H), 6.45 (d, = 2.2 Hz, 1H), 5.16 (s,
2H), 4.77 (tJ = 9.0 Hz, 1H), 4.28 (dd] = 9.2, 6.1 Hz, 1H), 3.81 (ddd,= 14.9, 9.1,
5.9 Hz, 1H), 3.72 (s, 3H), 2.76 (ddi= 16.5, 5.5 Hz, 1H), 2.57 (dd,= 16.5, 9.3 Hz,

1H), 1.57 (s, 9H).
5.1.4. General procedure D preparation of internagels11a-i

To a solution ofL0a-i (1 equiv) in DCM was added @EOOH (4 equiv), and the
mixture was stirred at room temperature overnighe solvent was evaporated under

reduced pressure without further purification telgiintermediatd. 1a-i

5.1.4.1. 5-((4-(1-methoxy-1-oxohex-4-yn-3-yl)phghmethyl)thiophene-2-carboxylic

acid (11a)
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Intermediatella was prepared by general procedure D usifg to afford a
light-brown solid in 96.5%'H NMR (400 MHz, CDC}) & 7.79 (d,J = 3.8 Hz, 1H),
7.31 (d,J = 8.6 Hz, 2H), 7.11 (d] = 3.8 Hz, 1H), 6.92 (dJ = 8.7 Hz, 2H), 5.23 (s,
2H), 4.11 — 4.04 (m, 1H), 3.67 (s, 3H), 2.77 (d&; 15.3, 8.3 Hz, 1H), 2.66 (dd,=

15.3, 7.0 Hz, 1H), 1.84 (d,= 2.4 Hz, 3H).

5.1.4.2. 5-((4-(1-methoxy-1-oxohex-4-yn-3-yl)phghmethyl)thiazole-2-carboxylic

acid (11b)

Intermediatellb was prepared by general procedure D usifp to afford a
light-brown solid in 94.2%'H NMR (400 MHz, CDC})  8.03 (s, 1H), 7.33 (d] =
10.1 Hz, 2H), 6.92 (dj = 8.7 Hz, 2H), 5.30 (s, 2H), 4.08 (tdl= 7.8, 2.3 Hz, 1H),
3.68 (s, 3H), 2.78 (dd} = 15.3, 8.2 Hz, 1H), 2.67 (dd,= 15.3, 7.0 Hz, 1H), 1.84 (d,

J=2.4 Hz, 3H).

5.1.4.3. 5-((4-(1-methoxy-1-oxohex-4-yn-3-yl)phghmethyl)furan-2-carboxylic acid

(11c)

Intermediatellcwas prepared by general procedure D usidgto afford a yellow
solid in 95.7%H NMR (400 MHz, CDCJ) § 7.33 — 7.28 (m, 3H), 6.91 (d,= 8.7
Hz, 2H), 6.57 (dJ = 3.5 Hz, 1H), 5.07 (s, 2H), 4.10 — 4.03 (m, 1BiB8 (s, 3H), 2.77

(dd,J = 15.2, 8.4 Hz, 1H), 2.67 (dd;= 15.2, 6.9 Hz, 1H), 1.83 (d,= 2.4 Hz, 3H).

5.1.4.4. 4-((4-(1-methoxy-1-oxohex-4-yn-3-yl)phghmethyl)benzoic acifl1d)
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Intermediatel 1d was prepared by general procedure D ugdgto afford a white
solid in 92.8%1H NMR (400 MHz, CDCJ) & 8.12 (d,J = 8.2 Hz, 2H), 7.54 (d] =
8.3 Hz, 2H), 7.31 (dJ = 8.6 Hz, 2H), 6.92 (d] = 8.7 Hz, 2H), 5.14 (s, 2H), 4.11 —
4.04 (m, 1H), 3.67 (s, 3H), 2.77 (dil= 15.3, 8.3 Hz, 1H), 2.66 (dd,= 15.3, 7.0 Hz,

1H), 1.84 (d,J = 2.4 Hz, 3H).

5.1.4.5.
5-((4-(1-cyclopropyl-3-methoxy-3-oxopropyl)phenoxgdhyl)thiophene-2-carboxylic

acid (11e)

Intermediatellewas prepared by general procedure D uiideto afford a yellow
solid in 93.1%!H NMR (400 MHz, CDCJ) & 7.80 (d,J = 3.8 Hz, 1H), 7.18 (d] =
8.6 Hz, 2H), 7.12 (d) = 3.7 Hz, 1H), 6.92 (d] = 8.6 Hz, 2H), 5.23 (s, 2H), 3.61 (s,
3H), 2.77 (ddJ = 14.7, 7.2 Hz, 1H), 2.70 (dd,= 14.8, 8.0 Hz, 1H), 2.34 (dd,=
17.0, 7.8 Hz, 1H), 1.05 — 0.95 (m, 1H), 0.63 — QB4 1H), 0.47 — 0.38 (m, 1H), 0.25

(td,J = 9.5, 4.9 Hz, 1H), 0.13 (td,= 9.8, 5.1 Hz, 1H).

5.1.4.6.
(S)-5-((4-(1-methoxy-1-oxohex-4-yn-3-yl)phenoxyhgighiophene-2-carboxylic

acid (11f)

Intermediatel 1f was prepared by general procedure D uddigto afford a white
solid in 92.6%H NMR (400 MHz, CDC}) § 7.80 (d,J = 2.6 Hz, 1H), 7.33 (d] =

8.0 Hz, 2H), 7.12 (dJ = 1.8 Hz, 1H), 6.94 (d] = 7.9 Hz, 2H), 5.25 (s, 2H), 4.12 —
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4.04 (m, 1H), 3.69 (s, 3H), 2.78 (db= 14.9, 8.1 Hz, 1H), 2.68 (dd= 15.2, 6.5 Hz,

1H), 1.85 (s, 3H).
5.1.4.7. (S)-4-((4-(1-methoxy-1-oxohex-4-yn-3-y@)pixy)methyl)benzoic acidllQ)

Intermediatel1g was prepared by general procedure D ugidgto afford a white
solid in 91.5%H NMR (400 MHz, CDCJ) & 8.13 (d,J = 8.2 Hz, 2H), 7.54 (d] =
8.1 Hz, 2H), 7.31 (dJ = 8.6 Hz, 2H), 6.92 (d] = 8.6 Hz, 2H), 5.14 (s, 2H), 4.11 —
4.03 (m, 1H), 3.68 (s, 3H), 2.77 (dil= 15.2, 8.3 Hz, 1H), 2.67 (dd,= 15.2, 7.0 Hz,

1H), 1.83 (d,J = 2.2 Hz, 3H).

5.1.4.8. 5-((4-(3-methoxy-3-oxopropyl)phenoxy)mgtiigphene-2-carboxylic acid

(11h)

Intermediatellh was prepared by general procedure D usifp to afford a
yellow solid in 94.8%H NMR (400 MHz, CDC}) 5 7.80 (d,J = 3.8 Hz, 1H), 7.15
(d,J =8.6 Hz, 2H), 7.12 (d] = 3.8 Hz, 1H), 6.92 (d] = 8.6 Hz, 2H), 5.24 (s, 2H),

3.69 (s, 3H), 2.92 (i = 7.8 Hz, 2H), 2.63 (] = 7.8 Hz, 2H).

5.1.4.9.
5-(((3-(2-methoxy-2-oxoethyl)-2,3-dihydrobenzofuéay)oxy)methyl)thiophene-2-ca

rboxylic acid(11i)

Intermediatelli was prepared by general procedure D usi@gto afford a
light-yellow solid in 96.1%H NMR (400 MHz, CDGJ) & 7.79 (d,J = 3.6 Hz, 1H),

7.11 (d,J = 3.4 Hz, 1H), 7.05 (d] = 8.1 Hz, 1H), 6.48 (d] = 8.3 Hz, 1H), 6.46 (s,
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1H), 5.21 (s, 2H), 4.77 (8 = 9.0 Hz, 1H), 4.29 (dd] = 9.0, 6.1 Hz, 1H), 3.82 (ddd,
= 14.6, 8.9, 5.7 Hz, 1H), 3.73 (s, 3H), 2.76 (d& 16.5, 5.3 Hz, 1H), 2.58 (dd,=

16.4, 9.2 Hz, 1H).
5.1.5. General procedure E for preparationl@b-v, 14f-i and15I-v

To a solution oflla-i (1equiv) in DMF was added DIPEA (2equiv) and HATU
(2equiv), stirred for 5min, then added the amirfe&dquiv). The mixture was stirred
at room temperature for 4-8h. Then water was adloléide mixture and was extracted
with ethyl acetate, washed with brine, dried ovegS®4, filtered, and concentrated,
and the residue obtained was purified with coluniimomatography to yield

intermediatel2a-v, 14f-i and15I-v.

5.1.5.1. methyl
3-(4-((4-(spiro[indene-1,4'-piperidin]-1'-ylcarboipenzyl)oxy)phenyl)hex-4-ynoate

(12a)

Intermediate 12a was prepared by general procedure E usitiid and
spiro[indene-1,4'-piperidine] to afford a light-h@k solid in 56.8%.H NMR (400
MHz, CDCk) & 7.55 — 7.50 (m, 4H), 7.37 (dd,= 7.1, 5.0 Hz, 2H), 7.33 — 7.29 (m,
3H), 7.28 — 7.23 (m, 1H), 6.94 (@ = 8.7 Hz, 2H), 6.91 (d] = 5.7 Hz, 1H), 6.85 (d]
= 5.7 Hz, 1H), 5.10 (s, 2H), 4.83 (brs, 1H), 4.12.65 (m, 1H), 3.94 (brs, 1H), 3.69
(s, 3H), 3.43 (brs, 1H), 3.26 (brs, 1H), 2.81 -42(f, 1H), 2.68 (ddj = 15.3, 7.0 Hz,
1H), 2.17 (brs, 1H), 2.03 (brs, 1H), 1.85 Jcs 2.4 Hz, 3H), 1.66 (brs, 1H), 1.52 (brs,

1H).
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5.1.5.2. methyl
3-(4-((5-(spiro[indene-1,4'-piperidin]-1'-ylcarboighiophen-2-yl)methoxy)phenyl)he

x-4-ynoate 12b)

Intermediate 12b was prepared by general procedure E usittp and
spiro[indene-1,4'-piperidine] to afford a yellowlisloin 56.1%.*"H NMR (400 MHz,
CDCl) § 7.37 (d,J = 7.9 Hz, 2H), 7.32 (d] = 8.6 Hz, 2H), 7.30 — 7.27 (m, 2H), 7.25
(d,J = 6.0 Hz, 1H), 7.06 (d] = 3.6 Hz, 1H), 6.95 (d] = 8.7 Hz, 2H), 6.91 (d] = 5.7
Hz, 1H), 6.85 (dJ = 5.7 Hz, 1H), 5.22 (s, 2H), 4.56 (brs, 2H), 4(d6,J = 10.9, 4.3
Hz, 1H), 3.68 (s, 3H), 3.41 (brs, 2H), 2.79 (dds 15.3, 8.3 Hz, 1H), 2.68 (dd,=
15.3, 7.0 Hz, 1H), 2.18 — 2.08 (m, 2H), 1.85Jd; 2.3 Hz, 3H), 1.46 (d] = 13.7 Hz,

2H).

5.1.5.3. methyl
3-(4-((5-(4-phenylpiperazine-1-carbonyl)thiophernethoxy)phenyl)hex-4-ynoate

(12¢)

Intermediate 12c was prepared by general procedure E usititp and
1-phenylpiperazine to afford a yellow solid in 5%9'H NMR (400 MHz, CDC}) &
7.30 (t,J = 8.1 Hz, 4H), 7.24 (d] = 3.7 Hz, 1H), 7.05 (d] = 3.7 Hz, 1H), 6.97 — 6.89
(m, 5H), 5.20 (s, 2H), 4.11 — 4.05 (m, 1H), 3.98.88 (m, 4H), 3.67 (s, 3H), 3.27 —

3.19 (m, 4H), 2.81 — 2.75 (m, 1H), 2.70 — 2.65 (i), 1.84 (d,) = 2.4 Hz, 3H).
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5.1.5.4. methyl
3-(4-((5-(4-benzylpiperazine-1-carbonyl)thiophemtinethoxy)phenyl)hex-4-ynoate

(12d)

Intermediate 12d was prepared by general procedure E usittp and
1-benzylpiperazine to afford a yellow solid in 346H NMR (400 MHz, CDC}) &
7.35 — 7.30 (m, 4H), 7.30 — 7.24 (m, 3H), 7.16JXd; 3.6 Hz, 1H), 7.00 (d] = 3.6
Hz, 1H), 6.90 (d,J = 8.6 Hz, 2H), 5.16 (s, 2H), 4.09 — 4.03 (m, 18{Y7 — 3.72 (m,
4H), 3.65 (s, 3H), 3.54 (s, 2H), 2.76 (dds 15.3, 8.3 Hz, 1H), 2.65 (dd,= 15.3, 7.0

Hz, 1H), 2.51 — 2.45 (m, 4H), 1.82 @z 2.3 Hz, 3H).

5.1.5.5. methyl
3-(4-((5-(4-methylpiperazine-1-carbonyl)thiopher2nethoxy)phenyl)hex-4-ynoate

(12e)

Intermediate 12e was prepared by general procedure E usitibp and
1-methylpiperazine to afford a light-yellow oil #9.8%."H NMR (400 MHz, CDC})
§ 7.27 (d,J = 8.6 Hz, 2H), 7.18 (d] = 3.6 Hz, 1H), 7.01 (d] = 3.6 Hz, 1H), 6.89 (d,
J = 8.6 Hz, 2H), 5.16 (s, 2H), 4.07 — 4.00 (m, 18i82 — 3.75 (m, 4H), 3.64 (s, 3H),
2.78 (s, 3H), 2.74 (dd] = 15.3, 8.3 Hz, 1H), 2.67 — 2.62 (m, 1H), 2.61.562(m,

4H), 1.80 (d,) = 2.3 Hz, 3H).

5.1.5.6. methyl
3-(4-((5-(4-cyclohexylpiperazine-1-carbonyl)thiopk2-yl)methoxy)phenyl)hex-4-yno

ate (12f)
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Intermediate 12f was prepared by general procedure E usibbp and
1-cyclohexylpiperazine to afford a yellow solid 81.2%.'H NMR (400 MHz,
CDCl) § 7.28 (d,J = 8.3 Hz, 2H), 7.22 (d] = 3.5 Hz, 1H), 7.02 (d] = 3.5 Hz, 1H),
6.89 (d,J = 8.4 Hz, 2H), 5.17 (s, 2H), 4.07-4.00 (m, 1HB(s, 4H), 3.65 (s, 3H),
2.87 (brs, 4H), 2.74 (dd}, = 15.3, 8.3 Hz, 1H), 2.64 (dd,= 15.2, 6.9 Hz, 2H), 1.90
(brs, 2H), 1.81 (dJ = 1.5 Hz, 3H), 1.62 (d] = 12.5 Hz, 1H), 1.33 (d} = 6.9 Hz, 1H),

1.29-1.21 (m, 5H), 1.15 — 1.04 (m, 1H).

5.1.5.7. methyl
3-(4-((5-(4-(pyridin-4-yl)piperazine-1-carbonyl)ttphen-2-yl)methoxy)phenyl)hex-4-

ynoate 129)

Intermediate 12g was prepared by general procedure E usibibp and
1-(pyridin-4-yl)piperazine to afford a light-browsolid in 52.9%.'H NMR (400
MHz, CDCE) & 8.26 (d,J = 6.4 Hz, 2H), 7.29 (d] = 8.6 Hz, 2H), 7.25 (d] = 3.7 Hz,
1H), 7.04 (dJ = 3.7 Hz, 1H), 6.91 (d] = 8.7 Hz, 2H), 6.72 (d] = 6.6 Hz, 2H), 5.19
(s, 2H), 4.08 — 4.03 (m, 1H), 3.94 — 3.89 (m, 48{B5 (s, 3H), 3.51 — 3.47 (m, 4H),
2.75 (dd,J = 15.3, 8.3 Hz, 1H), 2.64 (dd,= 15.3, 7.0 Hz, 1H), 1.82 (d,= 2.4 Hz,

3H).

5.1.5.8. methyl
3-(4-((5-(4-(pyridin-3-yl)piperazine-1-carbonyl)ttphen-2-yl)methoxy)phenyl)hex-4-

ynoate 12h)
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Intermediate 12h was prepared by general procedure E usibbp and
1-(pyridin-3-yl)piperazine to afford a light-browsolid in 54.2%.'H NMR (400
MHz, CDCk) & 8.33 (s, 1H), 8.18 — 8.13 (m, 1H), 7.30 Jc 8.7 Hz, 2H), 7.24 (d]
= 3.7 Hz, 1H), 7.22 — 7.20 (m, 2H), 7.05 {c& 3.7 Hz, 1H), 6.92 (d] = 8.7 Hz, 2H),
5.20 (s, 2H), 4.09 — 4.03 (m, 1H), 3.95 — 3.91 4i), 3.66 (s, 3H), 3.29 — 3.25 (m,
4H), 2.76 (ddJ) = 15.3, 8.3 Hz, 1H), 2.66 (dd,= 15.3, 7.0 Hz, 1H), 1.83 (d,= 2.4

Hz, 3H).

5.1.5.9. methyl
3-(4-((5-(4-(pyridin-2-yl)piperazine-1-carbonyl)thphen-2-yl)methoxy)phenyl)hex-4-

ynoate 12i)

Intermediate 12i was prepared by general procedure E usitibp and
1-(pyridin-2-yl)piperazine to afford a light-yellowolid in 51.6%.'H NMR (400
MHz, CDCk) § 8.21 (d,J = 4.7 Hz, 1H), 7.55 — 7.49 (m, 1H), 7.31 {d= 8.6 Hz,
2H), 7.24 (dJ = 3.6 Hz, 1H), 7.05 (d] = 3.6 Hz, 1H), 6.93 (d] = 8.6 Hz, 2H), 6.68
(dd, J = 10.4, 4.2 Hz, 2H), 5.20 (s, 2H), 4.11 — 4.03 (H), 3.91 — 3.84 (m, 4H),
3.67 (s, 3H), 3.65 — 3.60 (m, 4H), 2.77 (dck 15.3, 8.3 Hz, 1H), 2.66 (dd,= 15.3,

7.0 Hz, 1H), 1.83 (d] = 2.2 Hz, 3H).

5.1.5.10. methyl
3-(4-((5-(4-(p-tolyl)piperazine-1-carbonyl)thioph&nyl)methoxy)phenyl)hex-4-ynoat

e (12))
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Intermediate 12j was prepared by general procedure E usibtp and
1-(p-tolyl)piperazine to afford a yellow solid i2A%.*"H NMR (400 MHz, CDC}) &
7.31 (d,J = 8.6 Hz, 2H), 7.23 (d] = 3.6 Hz, 1H), 7.11 (d] = 8.3 Hz, 2H), 7.04 (dJ
= 3.6 Hz, 1H), 6.93 (dJ = 8.7 Hz, 2H), 6.87 (d] = 8.5 Hz, 2H), 5.20 (s, 2H), 4.10 —
4.05 (m, 1H), 3.93 — 3.89 (m, 4H), 3.67 (s, 3H263- 3.22 (m, 1H), 3.20 — 3.16 (m,
3H), 2.77 (ddJ = 15.3, 8.3 Hz, 1H), 2.66 (dd,= 15.3, 7.0 Hz, 1H), 2.29 (s, 3H),

1.84 (d,J = 2.4 Hz, 3H).

5.1.5.11. methyl
3-(4-((5-(4-(4-(tert-butyl)phenyl)piperazine-1-cantyl)thiophen-2-yl)methoxy)phenyl

)hex-4-ynoatel2k)

Intermediate 12k was prepared by general procedure E usititp and
1-(4-(tert-butyl)phenyl)piperazine to afford a yeil solid in 53.6%H NMR (400
MHz, CDCk) 6 7.33 (dd,J = 8.6, 5.2 Hz, 4H), 7.24 (d,= 3.6 Hz, 1H), 7.06 (d] =
3.7 Hz, 1H), 6.93 (dd] = 12.5, 8.7 Hz, 4H), 5.22 (s, 2H), 4.12-4.05 (iH),13.96 —
3.88 (m, 4H), 3.69 (s, 3H), 3.26 — 3.19 (m, 4HY8(dd,J = 15.3, 8.3 Hz, 1H), 2.68

(dd,J = 15.3, 7.0 Hz, 1H), 1.85 (d,= 2.3 Hz, 3H), 1.32 (s, 9H).

5.1.5.12. methyl
3-(4-((5-(4-(4-methoxyphenyl)piperazine-1-carbothydphen-2-yl)methoxy)phenyl)h

ex-4-ynoate}2l)

Intermediate 121 was prepared by general procedure E usititp and

1-(4-methoxyphenyl)piperazine to afford a lightigel solid in 58.3%H NMR (400
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MHz, CDCE) & 7.31 (d,J = 8.7 Hz, 2H), 7.23 (d] = 3.7 Hz, 1H), 7.04 (d] = 3.7 Hz,
1H), 6.92 (d,J = 8.9, 4H), 6.86 (dJ = 9.1 Hz, 2H), 5.20 (s, 2H), 4.10 — 4.04 (m, 1H),
3.93 — 3.89 (m, 4H), 3.78 (s, 3H), 3.67 (s, 3H)33= 3.09 (m, 4H), 2.77 (dd, =

15.3, 8.3 Hz, 1H), 2.66 (dd,= 15.3, 7.0 Hz, 1H), 1.83 (d,= 2.4 Hz, 3H).

5.1.5.13. methyl
3-(4-((5-(4-(4-nitrophenyl)piperazine-1-carbonylbhen-2-yl)methoxy)phenyl)hex-

4-ynoate(12m)

Intermediate 12m was prepared by general procedure E usititp and
1-(4-nitrophenyl)piperazine to afford a brown soiid57.3%."H NMR (400 MHz,
CDCl) § 8.12 (d,J = 9.3 Hz, 2H), 7.30 (d] = 8.7 Hz, 2H), 7.26 (d] = 3.7 Hz, 1H),
7.05 (d,d = 3.7 Hz, 1H), 6.91 (d] = 8.7 Hz, 2H), 6.82 (dJ = 9.4 Hz, 2H), 5.19 (s,
2H), 4.09 — 4.03 (m, 1H), 3.97 — 3.91 (m, 4H), 3(§63H), 3.55 — 3.48 (M, 4H), 2.76

(dd,J = 15.3, 8.2 Hz, 1H), 2.65 (dd;= 15.3, 7.0 Hz, 1H), 1.82 (d,= 2.4 Hz, 3H).

5.1.5.14. methyl
3-(4-((5-(4-(4-chlorophenyl)piperazine-1-carbonkiliiphen-2-yl)methoxy)phenyl)hex

-4-ynoate {2n)

Intermediate 12n was prepared by general procedure E usititp and
1-(4-chlorophenyl)piperazine to afford a light-yeil solid in 63.4%H NMR (400
MHz, CDCk) 6 7.32 (d,J = 8.6 Hz, 2H), 7.27 — 7.22 (m, 3H), 7.06 {d5 3.6 Hz,

1H), 6.94 (d,J = 8.6 Hz, 2H), 6.87 (d] = 8.8 Hz, 2H), 5.21 (s, 2H), 4.12 — 4.05 (m,
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1H), 3.96 — 3.88 (m, 4H), 3.68 (s, 3H), 3.25 — (8 4H), 2.78 (dd,) = 15.3, 8.3

Hz, 1H), 2.68 (ddJ = 15.3, 7.0 Hz, 1H), 1.85 (d,= 2.2 Hz, 3H).

5.1.5.15. methyl
3-(4-((5-(4-(4-fluorophenyl)piperazine-1-carbonyigphen-2-yl)methoxy)phenyl)hex

-4-ynoate {20)

Intermediate 120 was prepared by general procedure E usititp and
1-(4-fluorophenyl)piperazine to afford a yellow isbin 61.5%.*H NMR (400 MHz,
CDCl) § 7.30 (d,J = 8.6 Hz, 2H), 7.23 (d] = 3.7 Hz, 1H), 7.04 (d] = 3.7 Hz, 1H),
6.99 (t,J = 8.7 Hz, 2H), 6.94 — 6.88 (m, 4H), 5.19 (s, 210 — 4.04 (m, 1H), 3.94 —
3.89 (m, 4H), 3.66 (s, 3H), 3.17 — 3.12 (m, 4HY72(dd,J = 15.3, 8.3 Hz, 1H), 2.66

(dd,J = 15.3, 7.0 Hz, 1H), 1.83 (d,= 2.4 Hz, 3H).

5.1.5.16. methyl
3-(4-((5-(4-(3-fluorophenyl)piperazine-1-carbonyigphen-2-yl)methoxy)phenyl)hex

-4-ynoate 1{2p)

Intermediate 12p was prepared by general procedure E usittp and
1-(3-fluorophenyl)piperazine to afford a light-y@i solid in 53.8%H NMR (400
MHz, CDCk) § 7.32 (d,J = 8.6 Hz, 2H), 7.27 — 7.20 (m, 2H), 7.06 {d= 3.6 Hz,
1H), 6.94 (dJ = 8.7 Hz, 2H), 6.73 — 6.67 (m, 1H), 6.65 — 6.57 @), 5.22 (s, 2H),
4.12 — 4.05 (m, 1H), 3.96 — 3.89 (m, 4H), 3.683(3), 3.31 — 3.23 (m, 4H), 2.78 (dd,

J=15.3, 8.3 Hz, 1H), 2.68 (dd= 15.3, 7.0 Hz, 1H), 1.85 (d,= 2.3 Hz, 3H).
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5.1.5.17. methyl
3-(4-((5-(4-(2-fluorophenyl)piperazine-1-carbonligphen-2-yl) methoxy)phenyl)hex

-4-ynoate(12q)

Intermediate 12q was prepared by general procedure E usitiga
1-(2-fluorophenyl)piperazine to afford a light-y@it solid in 56.4% NMR (400
MHz, CDCk) § 7.31 (d,J = 8.6 Hz, 2H), 7.23 (d) = 3.7 Hz, 1H), 7.11 — 7.06 (m,
2H), 7.04 (dJ = 3.8 Hz, 1H), 7.01 — 6.94 (m, 2H), 6.93 Jd= 8.7 Hz, 2H), 5.20 (s,
2H), 4.11 — 4.04 (m, 1H), 3.96 — 3.91 (m, 4H), 3(§73H), 3.16 — 3.10 (m, 4H), 2.77

(dd,J = 15.3, 8.3 Hz, 1H), 2.66 (dd= 15.3, 7.0 Hz, 1H), 1.83 (d,= 2.4 Hz, 3H).

5.1.5.18. methyl
3-(4-((5-(4-(3-nitrophenyl)piperazine-1-carbonylgbhen-2-yl) methoxy)phenyl)hex-

4-ynoate(12r)

Intermediate 12r was prepared by general procedure E usititp and
1-(3-nitrophenyl)piperazine to afford a light-broveolid in 74.5%.'"H NMR (400
MHz, CDCk) § 7.74 — 7.69 (m, 2H), 7.41 @,= 8.0 Hz, 1H), 7.30 (d] = 8.6 Hz, 2H),
7.25 (d,J = 3.7 Hz, 1H), 7.21 (ddl = 8.2, 1.8 Hz, 1H), 7.06 (d,= 3.7 Hz, 1H), 6.92
(d, J = 8.7 Hz, 2H), 5.20 (s, 2H), 4.10 — 4.04 (m, 1BIp7 — 3.92 (m, 4H), 3.66 (s,
3H), 3.38 — 3.32 (m, 4H), 2.76 (ddi= 15.3, 8.3 Hz, 1H), 2.66 (dd,= 15.3, 7.0 Hz,

1H), 1.83 (d,J = 2.4 Hz, 3H).
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5.1.5.19. methyl
3-(4-((5-(4-(2-nitrophenyl)piperazine-1-carbonylgbhen-2-yl) methoxy)phenyl)hex-

4-ynoate(12s)

Intermediate 12s was prepared by general procedure E usititp and
1-(2-nitrophenyl)piperazine to afford a light-broveolid in 68.7%.'H NMR (400
MHz, CDCk) & 7.81 (dd,J = 8.1, 1.5 Hz, 1H), 7.55 — 7.50 (m, 1H), 7.30J¢; 8.6
Hz, 2H), 7.22 (d) = 3.7 Hz, 1H), 7.17 (d] = 8.4 Hz, 1H), 7.13 (d] = 8.3 Hz, 1H),
7.04 (d,J = 3.7 Hz, 1H), 6.92 (d] = 8.7 Hz, 2H), 5.19 (s, 2H), 4.09 — 4.03 (m, 1H),
3.95 — 3.90 (m, 4H), 3.66 (s, 3H), 3.14 — 3.08 4id), 2.76 (ddJ = 15.3, 8.3 Hz,

1H), 2.66 (dd,) = 15.3, 7.0 Hz, 1H), 1.83 (d,= 2.4 Hz, 3H).

5.1.5.20. methyl
3-(4-((5-(1,2,3,4-tetrahydroquinoline-1-carbonyidphen-2-yl)methoxy)phenyl)hex-4
-ynoate(12t)

Intermediate 12t was prepared by general procedure E usihtp and
1,2,3,4-tetrahydroquinline to afford a light-yellogolid in 58.1%."H NMR (400
MHz, CDCk) § 7.29 (d,J = 8.5 Hz, 2H), 7.20 (d) = 7.5 Hz, 1H), 7.13 — 7.07 (m,
1H), 7.01 (dJ = 5.7 Hz, 2H), 6.91 — 6.87 (m, 3H), 6.86 {d= 3.8 Hz, 1H), 5.13 (s,
2H), 4.10 — 4.05 (m, 1H), 3.93 (t= 6.7 Hz, 2H), 3.67 (s, 3H), 2.83 — 2.74 (m, 3H),

2.66 (dd,J = 15.3, 6.9 Hz, 1H), 2.07 — 2.02 (m, 2H), 1.84Xd,2.4 Hz, 3H).
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5.1.5.21. methyl
3-(4-((5-(1,2,3,4-tetrahydroisoquinoline-2-carbo)tiglophen-2-yl)methoxy)phenyl)he
x-4-ynoate 12u)

Intermediate 12u was prepared by general procedure E usittp and
1,2,3,4-tetrahydroisoquinline to afford a lightgeV solid in 63.2%.*H NMR (400
MHz, CDCh) & 7.30 (t,J = 6.2 Hz, 3H), 7.23-7.17 (m, 3H), 7.14 (brs, 1AN6 (d,J
= 3.7 Hz, 1H), 6.93 (dJ = 8.6 Hz, 2H), 5.21 (s, 2H), 4.88 (s, 2H), 4.1@.63 (m,
1H), 3.95 (tJ = 5.9 Hz, 2H), 3.67 (s, 3H), 2.97 {t= 5.9 Hz, 2H), 2.77 (dd] = 15.3,
8.3 Hz, 1H), 2.66 (dd] = 15.3, 7.0 Hz, 1H), 1.83 (d,= 2.3 Hz, 3H).

5.1.5.22. methyl
3-(4-((5-((1,2,3,4-tetrahydronaphthalen-1-yl)carbayt)thiophen-2-yl)methoxy)pheny
lhex-4-ynoate{2v)

Intermediate 12v was prepared by general procedure E usititp and
1,2,3,4-tetrahydronaphthalen-1-amine to afford ghtlyellow solid in 61.8%:H
NMR (400 MHz, CDC}) 6 7.37 (d,J = 3.7 Hz, 1H), 7.34 — 7.30 (m, 1H), 7.29 Jc&
8.6 Hz, 2H), 7.19 (td) = 6.6, 1.7 Hz, 2H), 7.12 (dd,= 7.0, 1.5 Hz, 1H), 7.03 (d,=
3.7 Hz, 1H), 6.90 (dj = 8.7 Hz, 2H), 6.18 (d] = 8.5 Hz, 1H), 5.34 (dd] = 13.4, 5.8
Hz, 1H), 5.18 (s, 2H), 4.09 — 4.02 (m, 1H), 3.663H), 2.86 — 2.81 (m, 1H), 2.75
(dd,J = 15.3, 8.3 Hz, 2H), 2.64 (dd= 15.3, 7.0 Hz, 1H), 2.18 — 2.08 (m, 1H), 1.96 —

1.85 (m, 2H), 1.82 (d] = 2.4 Hz, 3H), 1.70 — 1.63 (m, 1H).
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5.1.5.23. methyl
3-(4-((5-(4-(4-fluorophenyl)piperazine-1-carbonyigphen-2-yl) methoxy)phenyl)pro
panoate {4f)

Intermediate 14f was prepared by general procedure E usitith and
1-(4-fluorophenyl)piperazine to afford a light-y@it solid in 68.1% NMR (400
MHz, CDCh) & 7.23 (d,J = 3.7 Hz, 1H), 7.13 (d] = 8.6 Hz, 2H), 7.05 (d] = 3.7 Hz,
1H), 6.99 (tJ = 8.7 Hz, 2H), 6.90 (ddl = 8.8, 3.6 Hz, 4H), 5.19 (s, 2H), 3.94 — 3.88
(m, 4H), 3.67 (s, 3H), 3.17 — 3.12 (m, 4H), 2.91(t 7.7 Hz, 2H), 2.61 (t) = 7.7
Hz, 2H).
5.1.5.24. methyl
3-cyclopropyl-3-(4-((5-(4-(4-fluorophenyl)piperaeii-carbonyl)thiophen-2-yl)metho
xy)phenyl)propanoateldg)

Intermediate 14g was prepared by general procedure E usihiep and
1-(4-fluorophenyl)piperazine to afford a yellow isbin 51.9%.'H NMR (400 MHz,
CDCl) § 7.27 — 7.20 (m, 2H), 7.05 (d,= 3.6 Hz, 1H), 6.98 (§J = 8.7 Hz, 2H), 6.90
(d,J = 4.6 Hz, 1H), 6.88 (dd} = 8.3, 4.0 Hz, 3H), 6.82 (dd,= 8.0, 1.7 Hz, 1H), 5.20
(s, 2H), 3.93 — 3.87 (m, 4H), 3.60 (s, 3H), 3.18.30 (m, 4H), 2.80 — 2.67 (m, 2H),
2.35 (ddJ = 17.2, 7.6 Hz, 1H), 1.06 — 0.96 (m, 1H), 0.61.530(m, 1H), 0.47 — 0.38
(m, 1H), 0.26 (td] = 9.6, 4.9 Hz, 1H), 0.14 (td,= 9.8, 5.0 Hz, 1H).
5.1.5.25. methyl
2-(6-((5-(4-(4-fluorophenyl)piperazine-1-carbonyigphen-2-yl)methoxy)-2,3-dihydr

obenzofuran-3-yl)acetat@4h)
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Intermediate 14h was prepared by general procedure E usij and
1-(4-fluorophenyl)piperazine to afford a light-y@i solid in 48.6%H NMR (400
MHz, CDCk) § 7.24 (d,J = 3.7 Hz, 1H), 7.06 (d] = 4.3 Hz, 1H), 7.06 — 6.98 (m,
3H), 6.95 — 6.89 (m, 2H), 6.50 (ddi= 8.1, 2.3 Hz, 1H), 6.47 (d,= 2.2 Hz, 1H), 5.19
(s, 2H), 4.78 (tJ = 9.0 Hz, 1H), 4.29 (dd] = 9.2, 6.1 Hz, 1H), 3.96 — 3.89 (m, 4H),
3.86 — 3.80 (m, 1H), 3.74 (s, 3H), 3.15Jd; 5.0 Hz, 4H), 2.77 (dd] = 16.5, 5.5 Hz,
1H), 2.58 (dd,) = 16.4, 9.2 Hz, 1H), 1.63 (s, 3H).
5.1.5.26. (S)-methyl
3-(4-((5-(4-(4-fluorophenyl)piperazine-1-carbonyigphen-2-yl)methoxy)phenyl)hex
-4-ynoate 14i)

Intermediate 14i was prepared by general procedure E usihtf and
1-(4-fluorophenyl)piperazine to afford a light-y@i solid in 49.1%H NMR (400
MHz, CDCL) 6 7.52 — 7.45 (m, 4H), 7.31 (d= 8.6 Hz, 2H), 6.99 (1] = 8.6 Hz, 2H),
6.93 (d,J = 8.7 Hz, 2H), 6.90 (dd] = 9.0, 4.6 Hz, 2H), 5.09 (s, 2H), 4.11 — 4.04 (m,
1H), 3.93 (brs, 2H), 3.67 (s, 3H), 3.65 — 3.44 i), 3.24 — 2.98 (m, 4H), 2.78 (dd,
=15.3, 8.3 Hz, 1H), 2.67 (dd,= 15.3, 7.0 Hz, 1H), 1.84 (d,= 2.3 Hz, 3H).
5.1.5.27. methyl
3-(4-((4-(4-(4-fluorophenyl)piperazine-1-carbonyd)izyl)oxy)phenyl)hex-4-ynoate
(151)

Intermediate 151 was prepared by general procedure E usihtd and
1-(4-fluorophenyl)piperazine to afford a light-y@it solid in 52.6% NMR (400

MHz, CDCk) 5 7.48 (q,J = 8.3 Hz, 4H), 7.31 (d] = 8.6 Hz, 2H), 6.99 (1] = 8.6 Hz,
44



2H), 6.93 (dJ = 8.7 Hz, 2H), 6.90 (ddl = 9.0, 4.6 Hz, 2H), 5.09 (s, 2H), 4.11 — 4.04
(m, 1H), 3.93 (brs, 2H), 3.67 (s, 3H), 3.65-3.45 @H), 2.98-3.24 (m, 4H), 2.78 (dd,
J=15.3, 8.3 Hz, 1H), 2.67 (dd= 15.3, 7.0 Hz, 1H), 1.84 (d,= 2.3 Hz, 3H).

5.1.5.28. methyl
3-(4-((2-(4-(4-fluorophenyl)piperazine-1-carboniligzol-5-yl)methoxy)phenyl)hex-4
-ynoate(15m)

Intermediate 15m was prepared by general procedure E usiip and
1-(4-fluorophenyl)piperazine to afford a yellow isbin 43.7%.'"H NMR (400 MHz,
CDCl) § 7.95 (s, 1H), 7.32 (dl = 8.6 Hz, 2H), 7.02 — 6.94 (m, 4H), 6.90 (dd; 9.1,
4.6 Hz, 2H), 5.34 (s, 2H), 4.07 (tdi= 8.5, 2.3 Hz, 1H), 3.92 — 3.86 (m, 4H), 3.66 (s,
3H), 3.19 — 3.12 (m, 4H), 2.77 (dd= 15.3, 8.2 Hz, 1H), 2.66 (dd,= 15.3, 7.0 Hz,
1H), 1.83 (d,J = 2.2 Hz, 3H).

5.1.5.29. methyl
3-(4-((5-(4-(4-fluorophenyl)piperazine-1-carbonyijan-2-yl)methoxy)phenyl)hex-4-y
noate (5n)

Intermediate 15n was prepared by general procedure E usititr and
1-(4-fluorophenyl)piperazine to afford a yellow isbin 45.3%.'"H NMR (400 MHz,
CDCly) § 7.31 (d,J = 8.6 Hz, 2H), 7.02 (d] = 3.4 Hz, 1H), 6.98 (d] = 8.4 Hz, 2H),
6.94 — 6.88 (M, 4H), 6.52 (d,= 3.4 Hz, 1H), 5.04 (s, 2H), 4.10 — 4.04 (m, 18193
(s, 4H), 3.67 (s, 3H), 3.16 — 3.10 (m, 4H), 2.7d, (M= 15.3, 8.2 Hz, 1H), 2.69 — 2.63

(m, 1H), 1.82 (dJ = 2.3 Hz, 3H).
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5.1.5.30. methyl
3-(4-((4-(1,2,3,4-tetrahydroisoquinoline-2-carbo)ingnzyl)oxy)phenyl)hex-4-ynoate
(150)

Intermediate 150 was prepared by general procedure E usittd and
1,2,3,4-tetrahydroisoquinoline to afford a lightiges solid in 53.9%.H NMR (400
MHz, CDCh) & 7.48 (d,J = 8.5 Hz, 4H), 7.31 (d] = 8.6 Hz, 2H), 7.20 (dd] = 12.4,
6.5 Hz, 4H), 6.93 (dJ = 8.7 Hz, 2H), 5.09 (s, 2H), 4.91 (brs, 1H), 4(6ts, 1H),
4.10-4.05 (m, 1H), 4.00 (brs, 1H), 3.67 (s, 3HR43(brs, 1H), 2.99 (brs, 1H), 2.89
(brs, 1H), 2.78 (ddJ = 15.3, 8.3 Hz, 1H), 2.67 (dd,= 15.3, 7.0 Hz, 1H), 1.84 (d,=
2.4 Hz, 3H).
5.1.5.31. methyl
3-(4-((2-(1,2,3,4-tetrahydroisoquinoline-2-carbo)tiglazol-5-yl)methoxy)phenyl)hex-
4-ynoate {5p)

Intermediate 15p was prepared by general procedure E usititp and
1,2,3,4-tetrahydroisoquinoline to afford a lightiges solid in 48.4%.*H NMR (400
MHz, CDCk) & 8.03 (s, 1H), 7.34 (d] = 8.7 Hz, 2H), 7.23 (ddd] = 13.2, 7.8, 4.2
Hz, 4H), 6.98 (d,) = 8.7 Hz, 2H), 5.37 (s, 2H), 4.89 (s, 2H), 4.12.66 (m, 1H), 3.96
(t, J = 4.9 Hz, 2H), 3.69 (s, 3H), 3.00 {= 5.9 Hz, 2H), 2.79 (dd] = 15.3, 8.3 Hz,
1H), 2.68 (dd, = 15.3, 7.0 Hz, 1H), 1.85 (d,= 2.4 Hz, 3H).
5.1.5.32. methyl
3-(4-((5-(2,2,3,4-tetrahydroisoquinoline-2-carbo)iyran-2-yl)methoxy)phenyl)hex-4

-ynoate(15q)
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Intermediate 15q was prepared by general procedure E usittz and
1,2,3,4-tetrahydroisoquinoline to afford a lighttges solid in 57.3%.*H NMR (400
MHz, CDCk) § 7.31 (d,J = 8.6 Hz, 2H), 7.23 — 7.10 (m, 4H), 7.01 {d= 3.4 Hz,
1H), 6.93 (dJ = 8.7 Hz, 2H), 6.51 (d] = 3.4 Hz, 1H), 5.05 (s, 2H), 4.87 (s, 2H), 4.10
— 4.03 (m, 1H), 3.95 () = 5.8 Hz, 2H), 3.66 (s, 3H), 2.96 (@ = 4.4 Hz, 2H), 2.76
(dd,J = 15.3, 8.3 Hz, 1H), 2.65 (dd= 15.3, 7.0 Hz, 1H), 1.82 (d,= 2.4 Hz, 3H).
5.1.5.33. methyl
3-(4-((4-((1,2,3,4-tetrahydronaphthalen-1-yl)carbay)benzyl)oxy)phenyl)hex-4-yno
ate(15r)

Intermediate 15r was prepared by general procedure E usitid and
1,2,3,4-tetrahydronaphthalen-1-amine to afford ghtlyellow solid in 51.7%:H
NMR (400 MHz, CDC}) § 7.80 (d,J = 8.2 Hz, 2H), 7.48 (d] = 8.1 Hz, 2H), 7.37 —
7.32 (m, 1H), 7.29 (d] = 8.7 Hz, 2H), 7.22 — 7.18 (m, 2H), 7.17 — 7.12 (i), 6.90
(d, J = 8.6 Hz, 2H), 6.37 (d] = 8.3 Hz, 1H), 5.40 (dd] = 13.6, 5.9 Hz, 1H), 5.10 (s,
2H), 4.09 — 4.02 (m, 1H), 3.67 (s, 3H), 2.86 Jtt 12.4, 6.1 Hz, 2H), 2.76 (dd,=
15.3, 8.3 Hz, 1H), 2.65 (dd,= 15.3, 7.0 Hz, 1H), 2.22 — 2.11 (m, 1H), 1.97, @d
11.7, 5.8 Hz, 1H), 1.93 — 1.86 (m, 2H), 1.83J¢; 2.3 Hz, 3H).
5.1.5.34. methyl
3-(4-((2-((1,2,3,4-tetrahydronaphthalen-1-yl)carbayt)thiazol-5-yl)methoxy)phenyl)
hex-4-ynoatelbs)

Intermediate 15s was prepared by general procedure E usititp and

1,2,3,4-tetrahydronaphthalen-1-amine to afford ghtlyellow solid in 46.8%H
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NMR (400 MHz, CDC}) & 8.08 (s, 1H), 7.32 (d] = 8.5 Hz, 3H), 7.23 — 7.18 (m,
2H), 7.16-7.12 (m, 1H), 6.94 (d,= 8.6 Hz, 2H), 6.32 (J = 7.8 Hz, 1H), 5.39-5.34
(m, 1H), 5.33 (s, 2H), 4.11 — 4.05 (m, 1H), 3.673Hd), 2.85 (dd,J = 16.5, 10.2 Hz,
2H), 2.80 — 2.73 (m, 1H), 2.66 (ddi= 15.3, 7.0 Hz, 1H), 2.15 (di,= 11.8, 6.1 Hz,
1H), 2.00 — 1.87 (m, 3H), 1.85 (@= 2.4 Hz, 3H).

5.1.5.35. methyl
3-(4-((5-((1,2,3,4-tetrahydronaphthalen-1-yl)carbayhfuran-2-yl)methoxy)phenyl)h
ex-4-ynoate 15t)

Intermediate 15t was prepared by general procedure E usihtc and
1,2,3,4-tetrahydronaphthalen-1-amine to afford ghtlyellow solid in 57.4%:H
NMR (400 MHz, CDC}) & 7.38 — 7.33 (m, 1H), 7.30 (d,= 8.0 Hz, 2H), 7.24 — 7.19
(m, 2H), 7.15 (dJ = 3.4 Hz, 2H), 6.90 (d] = 8.7 Hz, 2H), 6.64 (d] = 8.6 Hz, 1H),
6.54 (d,J = 3.4 Hz, 1H), 5.41 — 5.35 (m, 1H), 4.97 (s, 2407 (t,J = 5.6 Hz, 1H),
3.68 (s, 3H), 2.93 — 2.81 (m, 2H), 2.77 (dc 15.3, 8.3 Hz, 1H), 2.65 (dd,= 15.3,
7.0 Hz, 1H), 2.19 — 2.09 (m, 1H), 2.00 — 1.88 (ii),3L.84 (d,J = 2.4 Hz, 3H).
5.1.5.36. (S)-methyl
3-(4-((4-(((S)-1,2,3,4-tetrahydronaphthalen-1-yhgamoyl)benzyl)oxy)phenyl)hex-4-
ynoate {5u)

Intermediate 15u was prepared by general procedure E usittgp and
(9-1,2,3,4-tetrahydronaphthalen-1-amine to afforiight-yellow solid in 53.6%:H
NMR (400 MHz, CDC}) § 7.79 (d,J = 8.3 Hz, 2H), 7.47 (d] = 8.2 Hz, 2H), 7.33 (d,

J=8.4 Hz, 1H), 7.28 (d] = 8.6 Hz, 2H), 7.19 (td] = 6.5, 1.7 Hz, 2H), 7.14 (8, =
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7.3 Hz, 1H), 6.90 (d] = 8.7 Hz, 2H), 6.47 (d] = 8.4 Hz, 1H), 5.39 (dd] = 13.6, 5.9
Hz, 1H), 5.09 (s, 2H), 4.08 — 4.02 (m, 1H), 3.663H), 2.83 (dd,] = 14.5, 6.5 Hz,
2H), 2.75 (ddJ = 15.3, 8.4 Hz, 1H), 2.64 (dd,= 15.3, 7.0 Hz, 1H), 2.14 (df, =
10.7, 4.2 Hz, 1H), 1.97 — 1.88 (m, 3H), 1.83J¢; 2.4 Hz, 3H).

5.1.5.37. (S)-methyl
3-(4-((4-(((R)-1,2,3,4-tetrahydronaphthalen-1-yllsamoyl)benzyl)oxy)phenyl)hex-4-
ynoate(15v)

Intermediate 15v was prepared by general procedure E usititg and
(R)-1,2,3,4-tetrahydronaphthalen-1-amine to affolyat-yellow solid in 54.9%H
NMR (400 MHz, CDC}) § 7.79 (d,J = 8.1 Hz, 2H), 7.47 (d] = 8.0 Hz, 2H), 7.33 (d,
J=6.7 Hz, 1H), 7.28 (d] = 8.6 Hz, 2H), 7.19 (] = 5.7 Hz, 2H), 7.13 (d] = 7.2 Hz,
1H), 6.89 (dJ = 8.6 Hz, 2H), 6.42 (d] = 8.3 Hz, 1H), 5.43 — 5.35 (m, 1H), 5.09 (s,
2H), 4.09 — 4.02 (m, 1H), 3.66 (s, 3H), 2.90-2.80 BH), 2.75 (dd) = 15.3, 8.3 Hz,
1H), 2.65 (dd,J = 15.3, 6.9 Hz, 1H), 2.19-2.11 (m, 1H), 1.98-1(87 3H), 1.83 (d,
= 2.2 Hz, 3H).

5.1.6. General Procedure F for Preparation of Compo13a-v, 14a-e and 15a-k

To a solution ofl2a-v, 14f-i and 15I-v (1 equiv) in menthol/THF/O (VIVIV =
2:1:1) was added LiOH (2 equiv). The resulting migt was stirred at room
temperature for 0.5 to 12h. The solution was comaged under vacuum and water
was added to the residue. Adjusted the pH to 248 WwiM HCI (aqg), and the crude
was collected after filtration. The crude was fertlpurified by preparative HPLC to

afford 13a-z 14a-eand15a-k
49



5.1.6.1.
3-(4-((4-(spiro[indene-1,4'-piperidin]-1'-ylcarboipenzyl)oxy)phenyl)hex-4-ynoic
acid(13a)

13awas prepared by general procedure F ugeto afford a light-brown solid in
87.5%."H NMR (400 MHz, DMSOds) 5 7.54 (dd,J = 8.0, 4.1 Hz, 5H), 7.35 (d,=
6.8 Hz, 1H), 7.29 (dJ = 8.7 Hz, 2H), 7.26 — 7.17 (m, 2H), 7.14 {ds 5.7 Hz, 1H),
6.97 (d,J = 8.7 Hz, 2H), 6.85 (d] = 5.6 Hz, 1H), 5.14 (s, 2H), 4.58 (brs, 1H), 3.95
(dt,J=7.4, 3.7 Hz, 1H), 3.69 (brs, 1H), 3.46 (brs, 1Bp4 (brs, 1H), 2.60 (d,= 7.6
Hz, 2H), 2.06 (brs, 2H), 1.78 (d,= 2.3 Hz, 3H), 1.30 (brs, 1H), 1.16 (brs, 1L
NMR (126 MHz, DMSOdg) & 171.90 (s), 169.08 (s), 157.19 (s), 151.43 (s}, 47
(s), 141.42 (s), 138.51 (s), 135.87 (s), 133.63129.94 (s), 128.43 (s), 127.59 (s),
127.01 (s), 125.33 (s), 122.03 (s), 121.32 (s), 28.4s), 80.66 (s), 78.27 (s), 68.86
(s), 52.20 (s), 42.84 (s), 40.10 (s), 39.94 (s)7324s), 3.25 (s). HRMS (ESI) m/z
calcd for GsH3NOy4 ([M + H]Y), 506.2331; found 506.2326.
5.1.6.2.
3-(4-((5-(spiro[indene-1,4'-piperidin]-1'-ylcarboighiophen-2-yl)methoxy)phenyl)he
x-4-ynoic acid13b)

13b was prepared by general procedure F u$Rigto afford a light-yellow solid in
86.6%.'H NMR (400 MHz, CDCY) § 7.36 (d,J = 7.0 Hz, 2H), 7.32 (d] = 8.4 Hz,
2H), 7.29-7.22 (m, 3H), 7.05 (d= 2.7 Hz, 1H), 6.93 (d] = 8.2 Hz, 2H), 6.90 (d] =
5.7 Hz, 1H), 6.84 (d] = 5.4 Hz, 1H), 5.21 (s, 2H), 4.57 (brs, 2H), 4(bs, 1H), 3.41

(brs, 2H), 2.81 (dd] = 15.5, 8.2 Hz, 1H), 2.71 (dd= 15.5, 6.8 Hz, 1H), 2.17 — 2.05
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(td, J =12.0, 4.2 Hz, 2H), 1.83 (s, 3H), 1.45 M= 13.0 Hz, 2H)*C NMR (126
MHz, CDCh) & 175.35 (s), 163.42 (s), 156.82 (s), 150.74 (s2.63!(s), 142.39 (s),
139.55 (s), 137.08 (s), 133.74 (s), 130.52 (s),.42§s), 128.22 (s), 126.96 (s),
125.72 (s), 125.29 (s), 121.42 (s), 121.34 (s),984s), 79.14 (s), 78.76 (s), 64.76
(s), 51.87 (s), 42.89 (s), 33.54 (s), 32.93 (s)329s), 3.35 (s). HRMS (ESI) m/z
caled for GiH3oNO4S ([M + H]"), 512.1896; found 512.1892.
5.1.6.3.
3-(4-((5-(4-phenylpiperazine-1-carbonyl)thiophemd2nethoxy)phenyl)hex-4-ynoic
acid (13c)

13cwas prepared by general procedure F uiRagto afford a light-yellow solid in
89.4%."H NMR (400 MHz, CDCY) § 7.34 — 7.30 (m, 3H), 7.28 (d,= 5.0 Hz, 1H),
7.24 (d,J = 3.6 Hz, 1H), 7.04 (d] = 3.6 Hz, 1H), 6.94 (t) = 9.2 Hz, 5H), 5.20 (s,
2H), 4.10-4.03 (m, 1H), 3.95 — 3.88 (m, 4H), 3.23.20 (m, 4H), 2.81 (dd] = 15.6,
8.2 Hz, 1H), 2.70 (dd] = 15.6, 6.9 Hz, 1H), 1.84 (d,= 2.2 Hz, 3H)C NMR (126
MHz, CDCh) & 175.78 (s), 163.56 (s), 157.21 (s), 150.92 (s3.36(s), 137.08 (s),
134.17 (s), 129.41 (s), 129.16 (s), 128.65 (s),.124s), 120.86 (s), 116.87 (s),
115.31 (s), 79.57 (s), 79.17 (s), 65.12 (s), 4994 43.33 (s), 33.34 (s), 3.79 ().
HRMS (ESI) m/z calcd for §H2oN-04S ([M + HJ"), 489.1848; found 489.1845.
5.1.6.4.
3-(4-((5-(4-benzylpiperazine-1-carbonyl)thiophempinethoxy)phenyl)hex-4-ynoic

acid (13d)
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13d was prepared by general procedure F u$Rdjto afford a light-yellow solid in
69.5%.'H NMR (400 MHz, CDC}) § 7.32 (ddJ = 10.3, 6.5 Hz, 7H), 7.12 (d,= 3.7
Hz, 1H), 6.96 (dJ = 3.6 Hz, 1H), 6.90 (d] = 8.6 Hz, 2H), 5.14 (s, 2H), 4.08-4.02 (m,
1H), 3.71 (brs, 4H), 3.61 (s, 2H), 2.81 (dds 15.3, 7.5 Hz, 1H), 2.70 (dd,= 15.3,
7.8 Hz, 1H), 2.55 (brs, 4H), 1.82 (@ = 2.2 Hz, 3H)C NMR (126 MHz, CDG)) 5
174.83 (s), 163.17 (s), 156.94 (s), 143.20 (s),.88€s), 135.31 (s), 134.37 (s),
129.71 (s), 128.89 (s), 128.55 (s), 128.47 (s),827s), 125.89 (s), 115.03 (s), 79.96
(s), 78.60 (s), 64.92 (s), 62.19 (s), 52.31 (s)623s), 33.46 (s), 30.29 (s), 29.66 (5),
3.65 (s). HRMS (ESI) m/z calcd for,6:1N-04,S ([M + HJ), 503.2005; found

503.2000.

5.1.6.5.
3-(4-((5-(4-methylpiperazine-1-carbonyl)thiophemd2nethoxy)phenyl)hex-4-ynoic
acid (13e)

13e was prepared by general procedure F udigto afford a white solid in
78.3%."H NMR (400 MHz, CDCJ) & 7.32 (d,J = 8.2 Hz, 2H), 7.16 (d] = 3.2 Hz,
1H), 6.99 (dJ = 2.9 Hz, 1H), 6.89 (d] = 8.2 Hz, 2H), 5.17 (s, 2H), 4.04 (brs, 1H),
3.88 (s, 4H), 2.91 — 2.77 (m, 5H), 2.69 (dds 15.2, 8.5 Hz, 1H), 2.56 (s, 3H), 1.83
(s, 3H).Y*C NMR (151 MHz, CDGJ) § 174.76 (s), 163.30 (s), 156.98 (s), 143.58 (s),
136.94 (s), 134.75 (s), 129.03 (s), 128.88 (s),d26s), 115.04 (s), 80.47 (s), 78.46
(s), 65.06 (s), 45.04 (s), 33.78 (s), 29.84 (s)729s), 29.47 (s), 29.37 (s), 3.85 (S).

HRMS (ESI) m/z calcd for §H2N204S ([M + HJ'), 427.1692; found 427.1687.
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5.1.6.6.
3-(4-((5-(4-cyclohexylpiperazine-1-carbonyl)thiopk2-yl)methoxy)phenyl)hex-4-yno
ic acid (13f)

13f was prepared by general procedure F usfgo afford a light-yellow solid in
82.1%."H NMR (400 MHz, CDGJ) & 7.30 (d,J = 8.1 Hz, 2H), 7.14 (d] = 2.9 Hz,
1H), 6.96 (d,J = 2.3 Hz, 1H), 6.86 (d] = 8.2 Hz, 2H), 5.14 (s, 2H), 4.03 (brs, 1H),
3.94 (brs, 4H), 2.99 (brs, 4H), 2.88 (dds 15.6, 7.2 Hz, 1H), 2.79 (dd,= 15.2, 6.4
Hz, 1H), 2.68 (dd) = 14.9, 8.8 Hz, 1H), 2.08 (d,= 9.4 Hz, 2H), 1.88 (d] = 11.7
Hz, 2H), 1.80 (s, 3H), 1.68 (d,= 13.4 Hz, 1H), 1.44 — 1.27 (m, 4H), 1.17 — 1.6% (
1H). *C NMR (126 MHz, CDGJ) & 175.01 (s), 163.30 (s), 156.80 (s), 144.30 (s),
135.81 (s), 134.88 (s), 129.66 (s), 128.76 (s),126s), 115.05 (s), 80.53 (s), 78.37
(s), 65.30 (s), 64.95 (s), 48.12 (s), 48.10 (s)p94s), 33.68 (s), 26.97 (s), 25.33 (s),
25.25 (s), 3.78 (s). HRMS (ESI) m/z calcd fosgldssN.0,S ([M + HJ"), 495.2318;

found 495.2322.

5.1.6.7.
3-(4-((5-(4-(pyridin-4-yl)piperazine-1-carbonyl)ttphen-2-yl)methoxy)phenyl)hex-4-
ynoic acid(13g)

13gwas prepared by general procedure F usRgto afford a light-yellow solid in
82.7%.™H NMR (400 MHz, DMSOds) & 8.29 (d,J = 7.3 Hz, 2H), 7.41 (d) = 3.7
Hz, 1H), 7.28 (dJ = 8.6 Hz, 2H), 7.22 (d] = 3.7 Hz, 1H), 7.14 (d] = 7.4 Hz, 2H),
6.97 (d,J = 8.6 Hz, 2H), 5.30 (s, 2H), 3.96-3.91 (m, 1HB3B(d,J = 9.3 Hz, 8H),

2.60 (s, 1H), 2.58 (s, 1H), 1.76 @z 2.2 Hz, 3H)XC NMR (151 MHz, DMSOde) &
53



172.28 (s), 162.76 (s), 156.99 (s), 144.18 (s),.291qs), 137.68 (s), 134.36 (s),
129.84 (s), 128.85 (s), 127.40 (s), 115.24 (s),807s), 81.04 (s), 78.67 (s), 64.62
(s), 45.53 (s), 43.20 (s), 40.49 (s), 33.09 ($83s). HRMS (ESI) m/z calcd for
Co7H2eN304S (M + HY), 490.1801; 490.1803.
5.1.6.8.
3-(4-((5-(4-(pyridin-3-yl)piperazine-1-carbonyl)ttphen-2-yl)methoxy)phenyl)hex-4-
ynoic acid {3h)

13hwas prepared by general procedure F u$Rtgto afford a light-yellow solid in
86.3%.*H NMR (400 MHz, CDCJ) § 7.72 (d,J = 6.8 Hz, 2H), 7.42 (t) = 8.2 Hz,
1H), 7.32 (dJ = 8.6 Hz, 2H), 7.25 (d] = 3.7 Hz, 1H), 7.23 — 7.19 (m, 1H), 7.06 {d,
= 3.7 Hz, 1H), 6.93 (d] = 8.6 Hz, 2H), 5.21 (s, 2H), 4.09 — 4.03 (m, 1899 — 3.92
(m, 4H), 3.39 — 3.32 (m, 4H), 2.81 (dii= 15.6, 8.1 Hz, 1H), 2.70 (dd,= 15.6, 7.0
Hz, 1H), 1.83 (dJ = 2.2 Hz, 3H)**C NMR (126 MHz, CDGJ) § 176.01 (s), 163.69
(s), 157.16 (s), 151.41 (s), 149.34 (s), 143.75%35.64 (s), 134.19 (s), 130.04 (s),
129.40 (s), 128.64 (s), 126.14 (s), 121.71 (s),23%s), 114.67 (s), 110.27 (s), 79.56
(s), 79.16 (s), 65.07 (s), 48.76 (s), 43.36 (S)3BJs), 29.78 (s), 3.76 (s). HRMS
(ESI) m/z calcd for gH2eN304S ([M + H]"), 490.1801; found 490.1799.
5.1.6.9.
3-(4-((5-(4-(pyridin-2-yl)piperazine-1-carbonyl)ttphen-2-yl)methoxy)phenyl)hex-4-
ynoic acid(13i)

13i was prepared by general procedure F usigo afford a light-yellow solid in

83.9%.'H NMR (400 MHz, CDCJ) & 8.21 (d,J = 4.9 Hz, 1H), 7.69 (1) = 7.8 Hz,
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1H), 7.32 (dJ = 8.6 Hz, 2H), 7.25 (d] = 3.6 Hz, 1H), 7.05 (d] = 3.5 Hz, 1H), 6.92
(d, J = 8.6 Hz, 2H), 6.84 — 6.77 (m, 2H), 5.25 (s, 249 — 4.04 (m, 1H), 3.92 —
3.87 (m, 4H), 3.74 (brs, 4H), 2.84 (dbi= 15.6, 7.3 Hz, 1H), 2.71 (dd,= 15.6, 8.0
Hz, 1H), 1.84 (d,J = 2.3 Hz, 3H)X*C NMR (151 MHz, MeODY 174.74 (s), 165.44
(s), 158.46 (s), 158.22 (s), 146.01 (s), 144.7618).45 (s), 137.63 (s), 135.68 (s),
130.78 (s), 129.53 (s), 127.40 (s), 116.08 (s),86.4s), 110.88 (s), 80.76 (s), 79.53
(s), 65.91 (s), 49.43 (s), 46.44 (s), 44.55 (s)p34s), 3.15 (s). HRMS (ESI) m/z
calcd for G/H2eN304S ([M + HJY), 490.1801; found 490.1800.
5.1.6.10.
3-(4-((5-(4-(p-tolyl)piperazine-1-carbonyl)thioph&ayl)methoxy)phenyl)hex-4-ynoic
acid (13))

13j was prepared by general procedure F usjgo afford a light-yellow solid in
84.2%.'"H NMR (400 MHz, CDCY)) § 7.31 (d,J = 8.6 Hz, 2H), 7.22 (d] = 3.6 Hz,
1H), 7.10 (dJ = 8.3 Hz, 2H), 7.03 (d] = 3.6 Hz, 1H), 6.92 (d] = 8.6 Hz, 2H), 6.86
(d, J = 8.4 Hz, 2H), 5.18 (s, 2H), 4.09-4.02 (m, 1HRRB- 3.87 (M, 4H), 3.20 — 3.12
(m, 4H), 2.80 (ddJ = 15.6, 8.2 Hz, 1H), 2.69 (dd= 15.6, 6.9 Hz, 1H), 2.28 (s, 3H),
1.83 (d,J = 2.2 Hz, 3H).*C NMR (126 MHz, CDGJ) & 175.72 (s), 163.53 (s),
157.22 (s), 148.76 (s), 143.33 (s), 137.08 (s),.1B4s), 130.57 (s), 129.92 (s),
129.14 (s), 128.63 (s), 126.09 (s), 117.28 (s),29.%s), 79.60 (s), 79.14 (s), 65.12
(s), 50.45 (s), 43.36 (s), 33.35 (s), 20.58 (s}73s). HRMS (ESI) m/z calcd for

CasH3:N>04S (M + HJ), 503.2005; found 503.2002.
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5.1.6.11.
3-(4-((5-(4-(4-(tert-butyl)phenyl)piperazine-1-canyl)thiophen-2-yl)methoxy)phenyl

)hex-4-ynoic aciq13k)

13k was prepared by general procedure F u$Rigto afford a light-yellow solid in
83.1%."H NMR (400 MHz, CDCY) § 7.36 (d,J = 8.3 Hz, 2H), 7.33 (d] = 8.4 Hz,
2H), 7.25 (dJ = 2.6 Hz, 1H), 7.11 — 6.99 (m, 3H), 6.94 J& 8.4 Hz, 2H), 5.22 (s,
2H), 4.11 — 3.95 (m, 5H), 3.26 (brs, 4H), 2.83 (@ld, 15.6, 8.1 Hz, 1H), 2.72 (dd=
15.6, 7.0 Hz, 1H), 1.85 (d,= 1.8 Hz, 3H), 1.32 (s, 9H)*C NMR (126 MHz, CDG))
§ 175.71 (s), 163.71 (s), 157.15 (s), 143.77 (sh.BB (s), 134.21 (s), 129.47 (s),
128.66 (s), 126.76 (s), 126.61 (s), 126.20 (s),3A%s), 115.21 (s), 79.58 (s), 79.17
(s), 65.34 (s), 65.13 (s), 43.24 (s), 34.40 (S)333s), 31.45 (s), 29.81 (s), 3.77 (S).

HRMS (ESI) m/z calcd for §H37N-O4S ([M + HJ'), 545.2474; found 545.2466.

5.1.6.12.
3-(4-((5-(4-(4-methoxyphenyl)piperazine-1-carbothygphen-2-yl)methoxy)phenyl)h

ex-4-ynoic aciq13l)

13l was prepared by general procedure F usRigo afford a light-yellow solid in
81.4%."H NMR (400 MHz, DMSOds) & 7.35 (d,J = 3.5 Hz, 1H), 7.29 (d) = 8.4
Hz, 2H), 7.19 (dJ = 3.4 Hz, 1H), 6.97 (d] = 8.4 Hz, 2H), 6.92 (d] = 9.0 Hz, 2H),
6.84 (d,J = 8.9 Hz, 2H), 5.29 (s, 2H), 3.96 (brs, 1H), 3(Bi5, 4H), 3.68 (s, 3H), 3.05
(brs, 4H), 2.58 (dJ = 6.3 Hz, 2H), 1.77 (d) = 1.5 Hz, 3H).**C NMR (126 MHz,

DMSO-ds) & 172.16 (s), 162.04 (s), 156.56 (s), 153.40 (SE.08! (s), 143.10 (s),
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137.33 (s), 134.13 (s), 128.93 (s), 128.40 (s),.8R€{s), 118.10 (s), 114.82 (s),
114.34 (s), 80.81 (s), 78.13 (s), 64.23 (s), 5%39150.09 (s), 43.16 (s), 32.77 (s),
3.24 (s). HRMS (ESI) m/z calcd for,6121N,0sS (M + HJ"), 519.1954; found

519.1950.

5.1.6.13.
3-(4-((5-(4-(4-nitrophenyl)piperazine-1-carbonylitbhen-2-yl)methoxy)phenyl)hex-

4-ynoic acid(13m)

13mwas prepared by general procedure F ui2mm to afford a light-yellow solid
in 82.7%.*H NMR (400 MHz, CDCJ) § 8.13 (d,J = 9.2 Hz, 2H), 7.45 (d] = 3.5 Hz,
1H), 7.34 (dJ = 8.4 Hz, 2H), 7.26 (d] = 3.3 Hz, 1H), 7.03 (t) = 8.0 Hz, 4H), 5.35
(s, 2H), 4.00 (brs, 1H), 3.87 (brs, 4H), 3.65 (ld), 2.64 (dJ = 7.3 Hz, 2H), 1.82
(s, 3H).23C NMR (126 MHz, DMSOdg) & 171.98 (s), 162.23 (s), 156.56 (s), 154.25
(s), 143.48 (s), 137.32 (s), 137.00 (s), 134.03189.21 (s), 128.40 (s), 126.88 (s),
125.78 (s), 114.82 (s), 112.40 (s), 80.69 (s), F8s), 64.23 (s), 45.83 (s), 42.96 (s),
39.94 (s), 39.77 (s), 32.72 (s), 3.23 (s). HRMSI{ESz calcd for GgH2gN306S ([M

+ H]"), 534.1699; found 534.1690.

5.1.6.14.
3-(4-((5-(4-(4-chlorophenyl)piperazine-1-carbonkiliiphen-2-yl)methoxy)phenyl)hex

-4-ynoic acid(13n)

13nwas prepared by general procedure F u$iwto afford a light-yellow solid in

83.9%.'H NMR (400 MHz, CDCJ) § 7.32 (d,J = 7.9 Hz, 2H), 7.24 (d] = 4.9 Hz,
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3H), 7.05 (brs, 1H), 6.93 (d,= 7.7 Hz, 2H), 6.86 (d] = 8.2 Hz, 2H), 5.20 (s, 2H),
4.06 (brs, 1H), 3.91 (brs, 4H), 3.19 (brs, 4H),12(8d,J = 15.2, 8.2 Hz, 1H), 2.71
(dd, J = 15.3, 6.6 Hz, 1H), 1.84 (s, 3HJC NMR (126 MHz, CDGJ) § 176.07 (s),
163.62 (s), 157.20 (s), 149.49 (s), 143.52 (s),.834s), 134.15 (s), 129.29 (s),
129.25 (s), 128.63 (s), 126.11 (s), 125.74 (s),04.8s), 115.26 (s), 79.53 (s), 79.19
(s), 65.10 (s), 49.77 (s), 43.33 (s), 33.31 (s)729s), 3.76 (s). HRMS (ESI) m/z

calcd for GgH2sCIN2O4S ([M + HJ'), 523.1458; found 523.1454.

5.1.6.15.
3-(4-((5-(4-(4-fluorophenyl)piperazine-1-carbonyigphen-2-yl)methoxy)phenyl)hex

-4-ynoic acid(130)

13owas prepared by general procedure F u$Rmto afford a light-yellow solid in
84.5%.'H NMR (400 MHz, CDCY)) § 7.31 (d,J = 8.5 Hz, 2H), 7.22 (d] = 3.6 Hz,
1H), 7.03 (d,J = 3.7 Hz, 1H), 7.02 — 6.97 (m, 2H), 6.90 (dg&; 8.3, 5.6 Hz, 4H), 5.19
(s, 2H), 4.10 — 4.02 (m, 1H), 3.93 — 3.87 (m, 4B)L7 — 3.11 (m, 4H), 2.79 (dd,=
15.4, 8.0 Hz, 1H), 2.68 (dd,= 15.5, 7.0 Hz, 1H), 1.82 (d,= 2.0 Hz, 3H)*C NMR
(151 MHz, DMSO#g) 5 162.02 (s), 156.82 (d = 1237.07 Hz), 156.52 (s), 147.62
(s), 143.14 (s), 137.29 (s), 134.13 (s), 128.96188.40 (s), 126.84 (s), 117.78 (s),
117.73 (s), 115.47 (s), 115.33 (s), 114.77 (sBB(s), 78.07 (s), 64.17 (s), 49.33 (s),
40.06 (s), 32.75 (s), 3.26 (s). HRMS (ESI) m/z dditar GogHasFNo04S ([M + HJ),

507.1754; found 507.1749.
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5.1.6.16.
3-(4-((5-(4-(3-fluorophenyl)piperazine-1-carbonligphen-2-yl) methoxy)phenyl)hex

-4-ynoic acid(13p)

13p was prepared by general procedure F u$Rgto afford a light-yellow solid in
83.6%.'H NMR (400 MHz, CDCY) § 7.32 (d,J = 8.5 Hz, 2H), 7.22 (d] = 3.6 Hz,
1H), 7.08 (dJ = 7.7 Hz, 1H), 7.04 (d] = 3.8 Hz, 1H), 7.03 — 7.00 (m, 1H), 6.99 (s,
1H), 6.98 — 6.94 (m, 1H), 6.93 (d= 8.6 Hz, 2H), 5.21 (s, 2H), 4.10 — 4.03 (m, 1H),
3.96 — 3.91 (m, 4H), 3.16 — 3.10 (m, 4H), 2.81 (#d,15.6, 8.2 Hz, 1H), 2.70 (dd,
=15.5, 7.1 Hz, 1H), 1.84 (d,= 2.1 Hz, 3H)*C NMR (126 MHz, CDGJ) § 174.74
(s), 163.49 (dJ = 238.14 Hz), 163.51 (d] = 244.44Hz), 163.14 (s), 156.77 (s),
143.07 (s), 136.57 (s), 133.80 (s), 129.99 (s),.12§s), 128.23 (s), 125.71 (s),
114.98 (s), 111.32 (s), 106.58 (s), 106.41 (s),9®Zs), 79.15 (s), 78.76 (s), 64.74
(s), 48.76 (s), 42.83 (s), 32.96 (s), 30.02 (s)329s), 3.35 (s). HRMS (ESI) m/z

calcd for GgH2gFNO4S (M + HJ), 507.1754; found 507. 1757.

5.1.6.17.
3-(4-((5-(4-(2-fluorophenyl)piperazine-1-carbonligphen-2-yl) methoxy)phenyl)hex

-4-ynoic acid(13q)

13qwas prepared by general procedure F u$Ruto afford a light-yellow solid in
83.2%."H NMR (400 MHz, Chlorofornd) § 7.33 (d,J = 8.5 Hz, 2H), 7.23 (d] = 3.7
Hz, 1H), 7.13 — 7.06 (m, 2H), 7.05 @= 3.6 Hz, 1H), 7.04 — 6.99 (m, 1H), 6.99 —

6.94 (m, 1H), 6.92 (dJ = 8.6 Hz, 2H), 5.20 (s, 2H), 4.07 (brs, 1H), 3:93.92 (m,
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4H), 3.17 — 3.11 (m, 4H), 2.77 (dd= 15.0, 8.3 Hz, 1H), 2.67 (dd,= 15.0, 6.7 Hz,
1H), 1.83 (d,J = 1.9 Hz, 3H).23C NMR (126 MHz, CDGJ) § 163.53 , 157.11 (s),
156.93 (d,J = 246.76 Hz), 143.39 (s), 139.63 (U= 8.6 Hz), 137.23 (s), 134.78 (s),
129.03 (s), 128.69 (s), 126.08 (s), 124.72 (s),.3R3s), 119.43 (s), 116.36 (s),
115.27 (s), 80.22 (s), 78.71 (s), 65.17 (s), 59244.29 (s), 33.73 , 29.84 (s), 3.83

(s). HRMS (ESI) m/z calcd for ggH26FN-04S ([M + H]"), 507.1754; found 507.1752.

5.1.6.18.
3-(4-((5-(4-(3-nitrophenyl)piperazine-1-carbonylbhen-2-yl)methoxy)phenyl)hex-

4-ynoic acid(13r)

13r was prepared by general procedure F usRrgo afford a light-yellow solid in
85.3%.'H NMR (400 MHz, CDCJ) § 7.72 (d,J = 6.8 Hz, 2H), 7.42 (t) = 8.2 Hz,
1H), 7.32 (dJ = 8.6 Hz, 2H), 7.25 (d] = 3.7 Hz, 1H), 7.23 — 7.19 (m, 1H), 7.06 {d,
= 3.7 Hz, 1H), 6.93 (d] = 8.6 Hz, 2H), 5.21 (s, 2H), 4.09 — 4.03 (m, 1899 — 3.92
(m, 4H), 3.39 — 3.32 (m, 4H), 2.81 (dii= 15.6, 8.1 Hz, 1H), 2.70 (dd,= 15.6, 7.0
Hz, 1H), 1.83 (dJ = 2.2 Hz, 3H)**C NMR (126 MHz, CDGJ) § 176.01 (s), 163.69
(s), 157.16 (s), 151.41 (s), 149.34 (s), 143.75%35.64 (s), 134.19 (s), 130.04 (s),
129.40 (s), 128.64 (s), 126.14 (s), 121.71 (s),23%s), 114.67 (s), 110.27 (s), 79.56
(s), 79.16 (s), 65.07 (s), 48.76 (s), 43.36 (S)3BJs), 29.78 (s), 3.76 (s). HRMS

(ESI) m/z calcd for ggH2eN306S ([M + H]"), 534.1699; found 534.1693.
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5.1.6.19.
3-(4-((5-(4-(2-nitrophenyl)piperazine-1-carbonylgbhen-2-yl) methoxy)phenyl)hex-

4-ynoic acid(13s)

13swas prepared by general procedure F usgto afford a light-yellow solid in
87.9%."H NMR (400 MHz, CDCJ) § 7.81 (dd,JJ = 8.1, 1.2 Hz, 1H), 7.56 — 7.50 (m,
1H), 7.31 (d,J = 8.5 Hz, 2H), 7.22 (dJ = 3.7 Hz, 1H), 7.15 (dd] = 16.1, 8.0 Hz,
2H), 7.04 (d,J = 3.6 Hz, 1H), 6.92 (d] = 8.6 Hz, 2H), 5.20 (s, 2H), 4.09-4.02 (m,
1H), 3.95 — 3.89 (m, 4H), 3.14 — 3.08 (m, 4H), 2(86,J = 15.6, 8.2 Hz, 1H), 2.70
(dd,J = 15.6, 6.9 Hz, 1H), 1.83 (d,= 2.1 Hz, 3H)*C NMR (151 MHz, CDG)) &
175.78 (s), 163.66 (s), 157.18 (s), 145.64 (s),.2%4s), 143.44 (s), 137.03 (s),
134.16 (s), 133.81 (s), 129.17 (s), 128.65 (s),.1R4s), 126.00 (s), 123.24 (s),
121.73 (s), 115.30 (s), 79.57 (s), 79.17 (s), 6%s)052.25 (s), 43.33 (s), 33.33 (s),
30.43 (s), 29.82 (s), 3.81 (s). HRMS (ESI) m/z ddiar GogH2gN306S (M + HJ"),

534.1699; found 534.1692.

5.1.6.20.
3-(4-((5-(1,2,3,4-tetrahydroquinoline-1-carbonyidphen-2-yl)methoxy)phenyl)hex-4

-ynoic acid(13t)

13t was prepared by general procedure F usRitgo afford a light-yellow solid in
81.5%.'"H NMR (400 MHz, CDCJ) 6 7.31 (d,J = 8.5 Hz, 2H), 7.21 (d] = 7.5 Hz,
1H), 7.14 — 7.08 (m, 1H), 7.01 (@= 3.1 Hz, 2H), 6.89 (d] = 9.5 Hz, 3H), 6.85 (d]

= 3.6 Hz, 1H), 5.14 (s, 2H), 4.10-4.03 (m, 1H),3B(8J = 6.7 Hz, 2H), 2.85-2.77 (M,
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3H), 2.71 (dd,) = 15.6, 6.7 Hz, 1H), 2.10 — 2.01 (m, 2H), 1.853(d). :°C NMR (126
MHz, CDC) & 175.63 (s), 163.74 (s), 157.11 (s), 143.28 (s}.8B(s), 134.09 (s),
132.84 (s), 128.96 (s), 128.67 (s), 128.52 (s),.82€s), 126.60 (s), 126.41 (s),
126.04 (s), 115.24 (s), 79.50 (s), 79.03 (s), 6%)743.27 (s), 33.25 (s), 29.71 (s),
29.13 (s), 3.68 (s). HRMS (ESI) m/z calcd fostdeNO4S ([M + H]Y), 460.1583;

found 460.1577.

5.1.6.21.
3-(4-((5-(1,2,3,4-tetrahydroisoquinoline-2-carboytglophen-2-yl) methoxy)phenyl)he

x-4-ynoic acid 13u)

13uwas prepared by general procedure F usihgto afford a light-yellow solid in
83.9%.'H NMR (400 MHz, CDCY) § 7.32 (d,J = 8.7 Hz, 2H), 7.29 (d] = 3.7 Hz,
1H), 7.20 (ddd, = 16.2, 7.8, 4.1 Hz, 3H), 7.13 (brs, 1H), 7.06J& 3.7 Hz, 1H),
6.93 (d,J = 8.7 Hz, 2H), 5.20 (s, 2H), 4.88 (s, 2H), 4.18.63 (m, 1H), 3.95 (t) =
5.9 Hz, 2H), 2.97 (tJ = 5.9 Hz, 2H), 2.81 (dd] = 15.6, 8.3 Hz, 1H), 2.70 (dd,=
15.6, 6.9 Hz, 1H), 1.84 (d,= 2.4 Hz, 3H)**C NMR (126 MHz, CDGJ) 5 175.77 (s),
163.84 (s), 157.23 (s), 143.39 (s), 137.71 (s),.8(B4s), 134.17 (s), 132.96 (s),
129.08 (s), 128.78 (s), 128.63 (s), 126.98 (s),.AR{s), 126.55 (s), 126.15 (s),
115.34 (s), 79.58 (s), 79.16 (s), 65.18 (s), 43.3a.35 (s), 30.45 (s), 29.82 (), 29.56
(s), 3.79 (s). HRMS (ESI) m/z calcd for8.6NO,S ([M + HJ"), 460.1583; found

460.1578.
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5.1.6.22.
3-(4-((5-((1,2,3,4-tetrahydronaphthalen-1-yl)carbayt)thiophen-2-yl)methoxy)pheny

l)hex-4-ynoic acid 13v)

13vwas prepared by general procedure F usihgto afford a light-yellow solid in
82.5%."H NMR (400 MHz, CDC}J) & 7.37 (d,J = 3.7 Hz, 1H), 7.32 (t) = 7.6 Hz,
3H), 7.24 — 7.16 (m, 2H), 7.14 @@= 7.6 Hz, 1H), 7.04 (d] = 3.6 Hz, 1H), 6.91 (d]
= 8.5 Hz, 2H), 6.16 (d] = 8.6 Hz, 1H), 5.35 (dd] = 13.2, 5.6 Hz, 1H), 5.20 (s, 2H),
4.09 — 4.02 (m, 1H), 2.91 — 2.76 (m, 3H), 2.70 (@d,15.6, 6.9 Hz, 1H), 2.17 — 1.97
(m, 2H), 1.88 (ddJ = 10.3, 4.7 Hz, 2H), 1.84 (d,= 1.8 Hz, 3H)."*C NMR (126
MHz, CDCE) 4 161.18 (s), 157.18 (s), 144.58 (s), 139.16 (s},.9B(s), 136.49 (s),
134.25 (s), 129.43 (s), 128.96 (s), 128.69 (s),.A®8s), 127.64 (s), 126.79 (s),
126.57 (s), 115.49 (s), 79.59 (s), 79.22 (s), 6%s3,748.22 (s), 43.19 (s), 33.43 (s),
30.35 (s), 29.39 (s), 20.18 (s), 3.80 (s). HRMSI BBz calcd for GgH2gNO4S ([M +

H]"), 474.1739; found 474.1732.

5.1.6.23.
3-(4-((5-(4-(4-fluorophenyl)piperazine-1-carbonigphen-2-yl) methoxy)phenyl)pro
panoic acid(14a)

14awas prepared by general procedure F ug#fgo afford a light-yellow solid in
89.2%."H NMR (400 MHz, DMSOdg) § 7.36 (d,J = 3.5 Hz, 1H), 7.19 (d) = 3.4
Hz, 1H), 7.15 (dJ) = 8.3 Hz, 2H), 7.08 () = 8.7 Hz, 2H), 6.99 (d] = 4.5 Hz, 1H),

6.97 (d,J = 4.8 Hz, 1H), 6.94 (dJ = 8.4 Hz, 2H), 5.28 (s, 2H), 3.78 (brs, 4H), 3.14
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(brs, 4H), 2.75 (tJ = 7.5 Hz, 2H), 2.48 (d) = 7.8 Hz, 2H).X*C NMR (126 MHz,
DMSO-dg) § 173.96 (s), 162.23 (s), 156.18 (s), 155.58)(d,236.88 Hz), 143.42 (s),
137.32 (s), 133.67 (s), 129.43 (s), 129.12 (s),.9®qs), 118.05 (s), 117.99 (s),
115.65 (s), 115.47 (s), 114.92 (s), 64.33 (s), @9y, 40.02 (s), 39.86 (s), 35.65 (),
29.65 (s). HRMS (ESI) m/z calcd fora4E,6FN.O4S (M + H]Y), 469.1597; found

469.1595.

5.1.6.24.
3-cyclopropyl-3-(4-((5-(4-(4-fluorophenyl)piperaehi-carbonyl)thiophen-2-yl)metho
xy)phenyl)propanoic acidlfb)

14b was prepared by general procedure F usdgto afford a light-yellow solid in
76.3%."H NMR (400 MHz, CDCJ) § 7.24 (t,d = 7.9 Hz, 1H), 7.19 (d] = 3.7 Hz,
1H), 7.02 — 6.96 (m, 3H), 6.94 — 6.88 (m, 3H), 6(88,J = 8.1, 2.1 Hz, 1H), 6.80 (s,
1H), 5.23 (s, 2H), 3.93 — 3.87 (m, 4H), 3.16 — 3(. 4H), 2.78 (ddJ = 15.0, 6.0
Hz, 1H), 2.68 (dd,] = 14.9, 9.0 Hz, 1H), 2.36 — 2.29 (m, 1H), 1.07.980(m, 1H),
0.62 — 0.54 (m, 1H), 0.47 — 0.40 (m, 1H), 0.28 Jt&, 9.5, 4.8 Hz, 1H), 0.16 (di,=
13.9, 4.8 Hz, 1H)*C NMR (126 MHz, CDGJ) 5 176.06 (s), 163.76 (s), 157.76 {d,
= 240.66 Hz), 157.70 (s), 147.48 (= 2.0 Hz), 146.09 (s), 143.53 (s), 136.57 (s),
129.50 (s), 128.96 (s), 126.02 (s), 120.81 (s),.73§s), 118.67 (s), 115.85 (s),
115.67 (s), 115.56 (s), 113.50 (s), 65.32 (s), B(s], 47.21 (s), 41.79 (s), 29.71 (s),
17.23 (s), 5.23 (s), 4.31 (s). HRMS (ESI) m/z caled CrsHsoFN,04S ([M + HIY),

509.1910; found 509.1903.
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5.1.6.25.
2-(6-((5-(4-(4-fluorophenyl)piperazine-1-carbonyigphen-2-yl)methoxy)-2,3-dihydr
obenzofuran-3-yl)acetic acid4c)

1l4cwas prepared by general procedure F us#digto afford a light-yellow solid in
81.6%.'H NMR (400 MHz, DMSOds) & 7.36 (d,J = 3.6 Hz, 1H), 7.19 (d) = 3.5
Hz, 1H), 7.12 (d,J = 8.8 Hz, 1H), 7.08 () = 8.8 Hz, 2H), 6.98 (dd] = 9.0, 4.6 Hz,
2H), 6.49 (d,J = 5.4 Hz, 2H), 5.26 (s, 2H), 4.69 {t= 9.0 Hz, 1H), 4.19 (dd = 8.5,
7.4 Hz, 1H), 3.78 (brs, 4H), 3.74-3.70 (m, 1H),3(brs, 4H), 2.66 (dd] = 16.4, 5.4
Hz, 1H), 2.44 (dd) = 16.5, 9.2 Hz, 1H)!*C NMR (126 MHz, DMSOdg) 5 173.43
(s), 162.11 (s), 160.76 (s), 158.49 (s), 156.37(d,236.88 Hz), 147.64 (s), 143.20
(s), 137.25 (s), 128.99 (s), 126.83 (s), 124.7318.74 (s), 117.83 (s), 117.77 (s),
115.51 (s), 115.34 (s), 106.95 (s), 96.93 (s), 713, 64.44 (s), 49.37 (s), 39.92 (s),
39.77 (s), 37.32 (s). HRMS (ESI) m/z calcd fogsFN.OsS ([M + HJ"), 497.1546;

found 497.1547 d]p = +7.00° (c 0.50, CKOH).

5.1.6.26.
(S)-3-(4-((5-(4-(4-fluorophenyl)piperazine-1-carlybyphiophen-2-yl)methoxy)phenyl)
hex-4-ynoic acid14d)

14d was prepared by general procedure F uiiido afford a light-yellow solid in
83.6%. 14d (retention time 4.06 min) was obtained with a 99.8% [column,
CHIRALPAK IG (5 um, 4.6 mm x 150 mm); mobile phase, MeOH/DCM/HAc =
80/20/0.1 (V/IVIV) by isocratic elution; flow rat&,0 mL/min; detection, UV 254 nm;

temperature, 35 °C){H NMR (400 MHz, CDCJ) 6 7.34 (brs, 2H), 7.24 (s, 1H), 7.06
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(s, 1H), 7.01 (tJ = 8.5 Hz, 2H), 6.96 — 6.89 (m, 4H), 5.21 (s, 2808 (brs, 1H),
3.93 (brs, 4H), 3.15 (brs, 4H), 2.82 (brs, 1H)42(Brs, 1H), 1.85 (s, 3H}’C NMR
(151 MHz, DMSO#g) & 162.47 (s), 156.92 (s), 156.77 (s 251.72 Hz),148.06 (s),
143.60 (s), 137.73 (s), 134.78 (s), 129.41 (s),.82§s), 127.26 (s), 118.22 (s),
118.17 (s), 115.91 (s), 115.77 (s), 115.19 (sUBLs), 78.38 (s), 64.62 (s), 49.77 (s),
47.16 (s), 44.03 (s), 40.49 (s), 33.32 (s), 3.70 KKRMS (ESI) m/z calcd for
CogHasFN2O,S (M + H]), 507.1754; found 507.17510]p = +5.25° (¢ 0.40,
CHzOH).
5.1.6.27.
(R)-3-(4-((5-(4-(4-fluorophenyl)piperazine-1-carbydithiophen-2-yl)methoxy)phenyl)
hex-4-ynoic aciql4e)

14e was was optically resolved using normal phase gregiye HPLC [column,
CHIRALPAK IG (5 um, 10 mm x 250 mm); mobile phase, MeOH/DCM/HAc =
80/20/0.1 (VIVIV) by isocratic elution; flow raté0 mL/min; detection, UV 254 nm;
temperature, 35 °C)] from3o 14e (retention time 3.51 min) was obtained with a
98.6% ee (column, CHIRALPAK IG 4.6 mm i.d. x 150 iymmobile phase,
MeOH/DCM/HAc = 80/20/0.1 (VIVIV) by isocratic elatn; flow rate, 1.0 mL/min;
detection, UV 254 nm; temperature, 35 “6) NMR (400 MHz, CDCJ) § 7.32 (d,J
= 7.2 Hz, 2H), 7.22 (d] = 3.5 Hz, 1H), 7.03 (d] = 3.4 Hz, 1H), 6.99 () = 8.6 Hz,
2H), 6.93 — 6.87 (m, 4H), 5.18 (s, 2H), 4.06 (W), 3.93 — 3.87 (m, 4H), 3.16 —
3.11 (m, 4H), 2.75 (brs, 1H), 2.69 (brs, 1H), 1(823H).2*C NMR (151 MHz, CDG)

5 163.56 (s), 157.85 (d,= 201.60 Hz), 157.09 (s), 147.62 (&5 2.0 Hz), 143.48 (s),
66



137.06 (s), 134.70 (s), 129.15 (s), 128.72 (s),.1#qs), 118.85 (s), 118.80 (s),
115.97 (s), 115.83 (s), 115.22 (s), 80.14 (s), I8y, 65.11 (s), 50.88 (s), 44.80 (s),
33.68 (s), 29.85 (s), 3.87 (S). HRMS (ESI) m/z ddtr CogHosFN20,S (M + H]),
507.1754; found 507.175X]p = -7.00° (c 0.50, CEOH).
5.1.6.28.
3-(4-((4-(4-(4-fluorophenyl)piperazine-1-carbony)izyl)oxy)phenyl)hex-4-ynoic
acid (15a)

15awas prepared by general procedure F usbido afford a light-yellow solid in
80.9%.*H NMR (400 MHz, CDCY) § 7.51 — 7.42 (m, 4H), 7.30 (d,= 8.4 Hz, 2H),
7.03 (m, 4H), 6.91 (dJ = 8.5 Hz, 2H), 5.08 (s, 2H), 4.09 — 3.89 (m, 3Bi)0 (brs,
2H), 3.17 (brs, 4H), 2.80 (dd,= 15.6, 8.1 Hz, 1H), 2.69 (dd,= 15.6, 7.0 Hz, 1H),
1.83 (d,J = 2.1 Hz, 3H).*C NMR (126 MHz, CDG)) & 175.54 (s), 174.75 (s),
170.28 (s), 157.54 (s), 139.29 (s), 134.60 (s),.7ABJs), 133.65 (s), 128.50 (s),
127.54 (s), 116.24 (s), 116.06 (s), 115.08 (s),A1%s), 79.46 (s), 79.01 (s), 69.51
(s), 69.48 (s), 43.18 (s), 42.97 (s), 33.19 (s)729s), 3.66 (s). HRMS (ESI) m/z
caled for GoH3oFN2O4S ([M + HJ), 501.2190; found 501.2189.
5.1.6.29.
3-(4-((2-(4-(4-fluorophenyl)piperazine-1-carbonfligzol-5-yl)methoxy)phenyl)hex-4
-ynoic acid(15b)

15b was prepared by general procedure F udtm to afford a light-yellow solid
in 81.8%."H NMR (400 MHz, CDC}) & 7.84 (s, 1H), 7.33 (d] = 8.5 Hz, 2H), 7.00

(t, J = 8.7 Hz, 2H), 6.94 — 6.89 (M, 4H), 5.27 (s, 2856 (brs, 2H), 4.10 — 4.02 (m,
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1H), 3.96 (brs, 2H), 3.19 (brs, 4H), 2.81 (dd 15.4, 8.2 Hz, 1H), 2.70 (dd = 15.6,
6.9 Hz, 1H), 1.84 (dJ = 2.0 Hz, 3H).**C NMR (151 MHz, CDG)) 5 175.26 (s),
165.38 (s), 159.20 (s), 158.24(# = 241.6 Hz) 156.88 (s), 146.87 (s), 141.93 (s),
139.65 (s), 134.49 (s), 128.77 (s), 119.18 (s),.139s), 116.11 (s), 115.96 (s),
115.37 (s), 79.47 (s), 79.28 (s), 62.77 (s), 5159651.08 (s), 46.20 (S), 43.18 (s),
33.34 (s), 29.84 (s), 3.81 (s). HRMS (ESI) m/z ddtwr C7Hp7FN3OsS ([M + HJ),
508.1706; found 508.1702.
5.1.6.30.
3-(4-((5-(4-(4-fluorophenyl)piperazine-1-carbonuijn-2-yl)methoxy)phenyl)hex-4-y
noic acid(15c)

15cwas prepared by general procedure F usbgto afford a light-yellow solid in
82.7%."H NMR (400 MHz, CDC}) & 7.32 (d,J = 8.3 Hz, 2H), 7.11 — 6.98 (m, 5H),
6.92 (dd,J = 14.3, 8.5 Hz, 2H), 6.53 (dd,= 9.2, 3.3 Hz, 1H), 5.08 (s, 2H), 4.05 (brs,
1H), 3.94 (brs, 2H), 3.55 (brs, 2H), 3.17 (brs, 4R{B4 (dd,J = 15.7, 7.1 Hz, 1H),
2.71 (dd,J = 14.8, 8.5 Hz, 1H), 1.81 (d = 2.1 Hz, 3H).**C NMR (151 MHz,
CDCl) & 175.49 (s), 159.04 (s), 157.90@= 220.1 Hz), 157.21 (s), 152.15 (s),
147.88 (s), 147.50 (d] = 2.1 Hz), 134.21 (s), 128.66 (s), 118.92 (s),.814s),
117.81 (s), 115.94 (s), 115.80 (s), 115.19 (s),34.1s), 79.56 (s), 79.18 (s), 62.44
(s), 50.97 (s), 43.24 (s), 33.30 (s), 3.77 (s). HRM#&SI) m/z calcd for £gH2gFN2Os

(IM + H] "), 491.1982; found 491.1977.
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5.1.6.31.
3-(4-((4-(1,2,3,4-tetrahydroisoquinoline-2-carbo)ingnzyl)oxy)phenyl)hex-4-ynoic
acid (15d)

15d was prepared by general procedure F usbmto afford a light-yellow solid in
81.6%."H NMR (400 MHz, CDC}) § 7.48 (s, 4H), 7.32 (d} = 8.6 Hz, 2H), 7.20 (dd,
J=13.4, 7.2 Hz, 4H), 6.93 (d,= 8.6 Hz, 2H), 5.09 (s, 2H), 4.91 (brs, 1H), 4(Bfs,
1H), 4.07 (brs, 1H), 4.00 (brs, 1H), 3.66 (brs, 199 (brs, 1H), 2.88 (brs, 1H), 2.80
(dd,J = 15.6, 8.2 Hz, 1H), 2.69 (dd,= 15.6, 6.8 Hz, 1H), 1.83 (d,= 2.3 Hz, 3H).
13C NMR (126 MHz, CDGJ) 6 175.34 (s), 170.93 (s), 157.59 (s), 139.03 (s5.4B
(s), 133.81 , 132.82 (s), 129.03 (s), 128.67 (88.90 (s), 127.41 (s), 127.27 (s),
126.93 (s), 126.67 (s), 126.40 (s), 125.89 (s),914s), 79.66 (s), 78.89 (s), 69.56
(s), 67.93 (s), 43.34 (s), 33.24 (s), 25.60 (%93s). HRMS (ESI) m/z calcd for

CogHosNO4 ([M + H]+), 454.2018; found 454.2012.

5.1.6.32.
3-(4-((2-(1,2,3,4-tetrahydroisoquinoline-2-carbo)tiglazol-5-yl)methoxy)phenyl)hex-
4-ynoic acid {5e)

15ewas prepared by general procedure F usbmto afford a light-yellow solid in
84.9%.'H NMR (400 MHz, CDCY) § 7.87 (d,J = 8.3 Hz, 1H), 7.33 (d] = 8.2 Hz,
2H), 7.17 (dddJ = 12.8, 9.1, 5.3 Hz, 4H), 6.92 @= 7.6 Hz, 2H), 5.50 (s, 1H), 5.27
(s, 2H), 4.90 (s, 1H), 4.51 (,= 5.8 Hz, 1H), 4.09-4.03 (m, 1H), 4.00 Jt= 6.0 Hz,
1H), 3.00 (ddJ = 12.3, 6.2 Hz, 2H), 2.81 (dd,= 15.7, 8.3 Hz, 1H), 2.71 (dd,=

15.6, 6.9 Hz, 1H), 1.84 (d,= 2.1 Hz, 3H)°C NMR (126 MHz, CDGJ) § 175.68 (s),
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165.72 (s), 159.88 (s), 156.96 (s), 142.01 (s),.4B4s), 128.92 (s), 128.75 (s),
128.67 (s), 126.98 (s), 126.79 (s), 126.59 (s),3R6s), 125.65 (s), 115.44 (s), 79.49
(s), 79.28 (s), 62.87 (s), 48.51 (s), 43.27 (s)184s), 33.37 (s), 30.47 (s), 3.80 (s).
HRMS (ESI) m/z calcd for §H2sN-04S ([M + HJ"), 461.1535; found 461.1531.
5.1.6.33.
3-(4-((5-(1,2,3,4-tetrahydroisoquinoline-2-carbo)iytan-2-yl)methoxy)phenyl)hex-4
-ynoic acid {5f)

15f was prepared by general procedure F usbmto afford a light-yellow solid in
85.6%.'H NMR (400 MHz, CDCY) § 7.34 (d,J = 8.5 Hz, 2H), 7.20 (d] = 7.5 Hz,
4H), 7.03 (dJ = 3.3 Hz, 1H), 6.96 (d] = 8.5 Hz, 2H), 6.53 (d] = 3.3 Hz, 1H), 5.07
(s, 2H), 4.90 (s, 2H), 4.12 — 4.05 (m, 1H), 4.08.94 (m, 2H), 2.97 (t) = 5.6 Hz,
2H), 2.82 (dd,) = 15.6, 8.3 Hz, 1H), 2.71 (dd,= 15.6, 6.8 Hz, 1H), 1.85 (d,= 2.0
Hz, 3H).2°C NMR (151 MHz, CDG)) § 175.86 (s), 157.24 (s), 152.20 (s), 148.00 (s),
134.17 (s), 132.99 (s), 128.64 (s), 126.92 (s),.624s), 117.39 (s), 115.15 (s),
111.24 (s), 79.55 (s), 79.17 (S), 62.57 (s), 43s3533.29 (s), 3.79 (s). HRMS (ESI)
m/z calcd for GH2eNOs ([M + H]Y), 444.1811; found 444.1807.
5.1.6.34.
3-(4-((4-((1,2,3,4-tetrahydronaphthalen-1-yl)carbay)benzyl)oxy)phenyl)hex-4-yno
ic acid (159)

15gwas prepared by general procedure F usbrgo afford a light-yellow solid in
83.9%.'H NMR (400 MHz, DMSO¢s) & 8.82 (d,J = 8.6 Hz, 1H), 7.97 (dJ = 8.2

Hz, 2H), 7.56 (d,) = 8.2 Hz, 2H), 7.32 (d] = 8.6 Hz, 2H), 7.25 — 7.21 (m, 1H), 7.17
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(ddd,J = 8.6, 6.4, 1.7 Hz, 3H), 7.00 (d,= 8.6 Hz, 2H), 5.30 (dt) = 12.8, 6.4 Hz,
1H), 5.20 (s, 2H), 3.99 (td,= 7.4, 2.3 Hz, 1H), 2.87 — 2.76 (m, 2H), 2.63J& 6.5

Hz, 2H), 1.99 (dd)) = 19.5, 5.9 Hz, 2H), 1.92 — 1.82 (m, 2H), 1.81J& 2.2 Hz,
3H). *C NMR (151 MHz, DMSOdg) & 165.68 (s), 156.83 (s), 140.40 (s), 137.70 (s),
137.20 (s), 134.32 (s), 133.93 (s), 128.75 (s),.3R4s), 127.80 (s), 127.63 (s),
127.11 (s), 126.64 (s), 125.87 (s), 114.65 (sUBLs), 77.66 (s), 68.64 (s), 47.22 (s),
44.14 (s), 32.95 (s), 29.89 (s), 28.93 (s), 20s943.29 (s). HRMS (ESI) m/z calcd for

CaoH30NO4 ([M + H]™), 468.2175; found 468.2177.

5.1.6.35.
3-(4-((2-((1,2,3,4-tetrahydronaphthalen-1-yl)carbayhthiazol-5-yl)methoxy)phenyl)
hex-4-ynoic acid15h)

15h was prepared by general procedure F usbgto afford a light-yellow solid in
82.1%.'H NMR (400 MHz, CDCY) § 8.07 (s, 1H), 7.33 (d] = 8.3 Hz, 3H), 7.24 —
7.10 (m, 3H), 6.93 (d] = 8.3 Hz, 2H), 6.41 (d] = 8.0 Hz, 1H), 5.35 (J = 7.2 Hz,
1H), 5.31 (s, 2H), 4.10-4.02 (m, 1H), 2.91 — 2.7#§ 8H), 2.69 (ddJ = 15.6, 7.0 Hz,
1H), 2.18 — 2.08 (m, 1H), 1.99-1.93 (m, 1H), 1.9861(m, 2H), 1.84 (dJ = 1.2 Hz,
3H). °C NMR (126 MHz, CDGCJ) & 171.49 (s), 159.81 (s), 156.65 (s), 142.92 (s),
137.91 (s), 136.08 (s), 135.36 (s), 134.87 (s),.429s), 128.93 (s), 128.80 (s),
127.74 (s), 126.59 (s), 115.13 (s), 79.75 (s), §9s), 67.46 (s), 48.39 (s), 43.63 (s),
33.43 (s), 30.20 (s), 29.32 (s), 20.08 (s), 3.7 KRMS (ESI) m/z calcd for

CaH2N,04S (M + H]Y), 475.1692; found 475.1691.
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5.1.6.36.
3-(4-((5-((1,2,3,4-tetrahydronaphthalen-1-yl)carbayt)furan-2-yl)methoxy)phenyl)h
ex-4-ynoic acid 15i)

15i was prepared by general procedure F usbtgo afford a light-yellow solid in
81.5%.'H NMR (400 MHz, CDCJ) 6 7.33 (d,J = 6.7 Hz, 1H), 7.29 (d] = 8.4 Hz,
2H), 7.20 (s, 2H), 7.16 — 7.11 (m, 2H), 6.87 J& 8.3 Hz, 2H), 6.62 (d] = 9.7 Hz,
1H), 6.52 (d,J = 3.1 Hz, 1H), 5.39 — 5.33 (m, 1H), 4.95 (s, 2#D6-4.02 (m, 1H),
2.87 — 2.80 (m, 2H), 2.75 (dd,= 15.3, 8.5 Hz, 1H), 2.65 (dd,= 15.1, 6.7 Hz, 1H),
2.17 — 2.09 (m, 1H), 1.96-1.87 (m, 3H), 1.82 (s).3fC NMR (126 MHz, CDGCJ) &
174.97 (s), 157.73 (s), 157.24 (s), 152.06 (s),.241§s), 137.87 (s), 136.44 (s),
134.24 (s), 129.40 (s), 129.09 (s), 128.64 (s),.AR7s), 126.51 (s), 115.35 (s),
115.13 (s), 112.25 (s), 79.49 (s), 79.27 (s), 62H447.39 (s), 43.15 (s), 33.34 (s),
30.36 (s), 29.38 (s), 20.14 (s), 3.78 (s). HRMSI(E8z calcd for GgH2gNOs ([M +

H]"), 458.1967; found 458.1963.

5.1.6.37.
(S)-3-(4-((4-(((S)-1,2,3,4-tetrahydronaphthalenticgrbamoyl)benzyl)oxy)phenyl)he
x-4-ynoic acid 15j)

15j was prepared by general procedure F usbgto afford a light-yellow solid in
85.2%. 15j (retention time 6.59 min) was obtained with a 99.4% [column,
CHIRALPAK IA (5 um, 4.6 x 250 mm); mobile phase, n-hexane/IPA/TFA =
85/15/0.1 (V/IVIV) by isocratic elution; flow rat&,0 mL/min; detection, UV 254 nm;

temperature, 20 °CtH NMR (400 MHz, DMSO#) 5 8.82 (d,J = 8.6 Hz, 1H), 7.97
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(d,J = 8.2 Hz, 2H), 7.56 (d] = 8.2 Hz, 2H), 7.32 (d] = 8.6 Hz, 2H), 7.25 — 7.21 (m,
1H), 7.17 (ddd,) = 8.6, 6.4, 1.7 Hz, 3H), 7.00 (d= 8.6 Hz, 2H), 5.30 (df] = 12.8,
6.4 Hz, 1H), 5.20 (s, 2H), 3.99 (d= 7.4, 2.3 Hz, 1H), 2.87 — 2.76 (m, 2H), 2.63 (d,
J = 6.5 Hz, 2H), 1.99 (dd] = 19.5, 5.9 Hz, 2H), 1.92 — 1.82 (m, 2H), 1.81)d, 2.2
Hz, 3H).°*C NMR (126 MHz, DMSOdg) 5 172.06 (s), 165.85 (s), 157.07 (s), 140.46
(s), 137.73 (s), 137.30 (s), 134.01 (s), 133.74188.84 (s), 128.44 (s), 127.84 (s),
127.71 (s), 127.20 (s), 126.73 (s), 125.94 (s),8584s), 80.76 (s), 78.26 (s), 68.76
(s), 47.35 (s), 43.00 (s), 32.79 (s), 29.95 (s)92§s), 20.61 (s), 3.29 (s). HRMS
(ESI) m/z calcd for gHzoNO, ([M + H]*), 468.2175; found 468.217Qx]p = -5.80°
(c 0.50, CHOH).
5.1.6.38.
(S)-3-(4-((4-(((R)-1,2,3,4-tetranydronaphthalendJegrbamoyl)benzyl)oxy)phenyl)he
x-4-ynoic acid 15k)

15k was prepared by general procedure F usbgto afford a light-yellow solid in
84.3%. 15k (retention time 5.03 min) was obtained with a 99.4% [column,
CHIRALPAK IA (5 um, 4.6 x 250 mm); mobile phase, n-hexane/IPA/TFA =
85/15/0.1 (VIVIV) by isocratic elution; flow rat&,0 mL/min; detection, UV 254 nm;
temperature, 20 °C}H NMR (400 MHz, CDC}) § 7.80 (d,J = 8.1 Hz, 2H), 7.48 (d,
J=8.1 Hz, 2H), 7.35 (d] = 6.8 Hz, 1H), 7.31 (d] = 8.5 Hz, 2H), 7.21 (td] = 6.4,
1.4 Hz, 2H), 7.16 () = 6.4 Hz, 1H), 6.91 (d] = 8.6 Hz, 2H), 6.42 (d] = 8.3 Hz,
1H), 5.41 (dd,J = 13.3, 5.9 Hz, 1H), 5.10 (s, 2H), 4.07 (s, 1HR>— 2.77 (m, 3H),

2.71 (dd,J = 15.6, 6.7 Hz, 1H), 2.21 — 2.12 (m, 1H), 2.01.951(m, 1H), 1.91 (ddJ
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= 11.2, 5.3 Hz, 2H), 1.84 (d,= 2.1 Hz, 3H)}*C NMR (151 MHz, CDGJ) & 175.84
(s), 166.53 (s), 157.50 (s), 140.78 (s), 137.77 48p.50 (s), 134.05 (s), 133.60 (s),
129.30 (s), 128.79 (s), 128.46 (s), 127.45 (s),.227s), 127.28 (s), 126.40 (s),
114.96 (s), 79.44 (s), 79.04 (s), 69.33 (s), 48€)643.19 (s), 33.16 (s), 30.16 (s),
29.28 (s), 20.05 (s), 3.68 (s). HRMS (ESI) m/z dallor CsoHzoNO4 (M + H]),

468.2175; found 468.2174]p = +20.60° (c 0.50, C}DH).
5.2. Calcium mobilization assay in human GPR40-H&Xeells

HEK293 cells stably expressing human GPR40 (hGPR4&d¢ plated into 96- well
plates at a density of 25K cells/well in dulbescahodified eagle medium
supplemented with 10% fetal bovine serum for 24r&of@fter removal of the culture
media, cells were incubated with 1@@/well of Hank's Balanced Salt Solution
(containing 2M Fluo-8, 2 mM Probenecid, 1.5mM Tartrazine and 4rbld Red 1)
at 37 °C for 1 hour. Compounds diluted to desiredcentration with HBSS (Hank's
Balanced Salt Solution) were added to cells by $tkion Il instrument (Molecular
Devices, CA) and fluorescent values were detect@dp Ealue of compounds was

estimated by Prism 5 software (GraphPad).
5.2. In Vitro Liver Microsomal Stability Assay

The test compound was dissolved in DMSO and diltdetie desired concentration
with DMSO and 0.1% aqueous BSA. Liver microsomesewecubated in a 96-well
plate containing 0.1M Tris buffer (pH 7.4), 0.33/md. microsomes protein, 0.1 mM

test compound, 5.0 mM Mg&10.005% BSA, and 1.0 mM NADPH. Incubations
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were conducted at 37 °C. An aliquot was removeceath time point and the
enzymatic reaction was stopped by protein predipiian methanol. The loss of the

test compound was determined by liquid chromatdgrapndem mass spectrometry.

Half-live of the compound in livemicrosomeswas calculated using the following

equation:

T]_/z =0.693/k

(-k) was the slope of the linear regression frog[Eubstrate] versus time plot.

5.3. Caco-2 Permeability Assay.

Caco-2 cells were obtained from the American Typeltue Collection
(Cat#HTB-37) and maintained in Dulbecco’s modifteagle’s Medium containing 10%
fetal bovine serum, 1% glutamine, 1% nonessentrmina acids, 100ug/mL
streptomycin, and 100 U/mL penicillin. Caco-2 cellere cultured at 37 °C in a 5%
CO, and 90% relative humidity environment. Caco-2 cellere passaged every 7
days at a ratio of 1:10. Cells were used betwessguges 30 and 40. After 21 days of
culture, the integrity of the cell monolayer wasrified by measuring the
transepithelial electrical resistance. Drug tramsdoom the apical side to the
basolateral side (A-B) and from the basolateraé gwl the apical side (B—A) was
measured simultaneously under the same conditimpr&nolol and atenolol were
used as the hypertonic and hypotonic control, r@spy. Digoxin was used as the
positive control for Pgp-mediated drug efflux. Indh, the method was as follows.

After washing the monolayer with HBSS three timié& compounds were diluted
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and added to the appropriate well (pH 6.8 for dpade and pH 7.4 for basolateral
side). The plate was incubated at 37 °C for 95 f@amples were collected from the
donor side at 5 and 95 min, and from the receivde sat 35 and 95 min
post-incubation. The concentration of samples wa®asured by liquid
chromatography-tandem mass spectrometry. The Was calculated from the

following equation:

Papp= (VA/(SAXT))x([druglacceptof [durgjnitial donor)

Where V, is the volume of the acceptor welA is the surface area of the
membrane] is the total transport time, [drugleptoriS the drug level at the acceptor

side, and [drug]initial donor is the drug leveltla¢ donor side af = 0.

5.4. Animals

Male ICR mice were purchased from the Shanghai SLaBoratory Animal Co.
Ltd. (Shanghai, China). Animal experiments wereraped by the Animal Care and
Use Committee (IACUC), Shanghai Institute of Madvledica, Chinese Academy of

Sciences (IACUC approval no.:2017-02-YY-05).

5.5. PK studies

Test compounds were subjected to PK studies on i@&enice with three animals
in each group. Compounds for oral administratidh rf8y/kg) were dispersed in 0.1%
Tween-80 and 1% hydroxypropyl methylcellulose sodiuBlood samples were

collected at predose, 0.25, 0.5, 0.75, 1, 2, HHdB2th following oral administration.
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The concentration of compounds in the plasma sawsées determined with a liquid
chromatography-mass spectrometry. PK parameters wadculated from the mean

serum concentration by non-compartmental analysieg) IDAS software 2.1.1.

5.6. Tissue Distribution Study

Compound, 14d, 15j, 15k was dosed orally (30 mg/kg) to overnight-fasted
ICR mice with three animals in each group. Bloochgkes were collected at 0.755,
2) and 1h {4d, 15k), respectively. Blood samples were collected aoden at -20 °C.
Then brains and livers were perfused with salimgl Bver and brain tissues were
excised and frozen at -20 °C. The brain and liv&sues were then thawed, added
solution of methanol/acetonitrile (V/V = 1:1), soated and centrifuged 15,000 RPM
for 5 min. The supernatant fraction was collectad aixed with water for further
analysis. The concentration of compounds in theméa samples, brain and liver

tissues was determined with a liquid chromatograplags spectrometry.

5.7. Oral Glucose Tolerated Test in ICR mice

100 mg/kg ofl5k was administered orally to overnight-fasted ICR enjn = 8)
30 min prior to the oral glucose load of 2.5 g/Btpod glucose levels were measured
via blood drops obtained by clipping the tail ofetimice using an Accu-Chek
Advantage Il Glucose Monitor (Roche, Indianapadlié, USA) at -30, 0, 15, 30, 60,
and 120 min. The area under the concentration—tom@e from 0 to 120 min
(AUCo-120 min Glu) of blood glucose after the glucose load wakulated by the

trapezoidal rule.
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5.8. Statistical Analysis

All data were expressed as the mean or mean = JHEB!statistical analysis was
performed by using the Student’s t-test. P < 0.@ wonsidered to be statistically

significant.
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Highlights:

e A series of amide analogues has been synthesized.

e Compound 15k had promoted liver microsomal stability and potency in vitro.

e Compound 15k displayed improved plasma concentration and prolonged half-time
in ICR mice.

e Compound 15k possessed minima central nervous system exposure and
live/plasma distribution ratio in ICR mice.



