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HRERN

AcOEt ethyl acetate

AcOH acetic acid

ADDP 1,1'-(azodicarbonyl)dipiperidine
ADME-Tox absorption, distribution, metabolism, excretion and toxicology
AIBN 2,2'-azobis(isobutyronitrile)
aq. aqueous

Arg arginine

AUC area under the curve
B(i-PrO); triisopropyl borate

Bn benzyl

BSA bovine serum albumin

Bu butyl

CHO Chinese hamster ovary

CL clearance

Crax maximum drug concentration
Compd compound

DAG diacylglycerol

dba dibenzylideneacetone

DEAD diethyl azodicarboxylate
DHA docosahexaenoic acid

DMA N,N-dimethylacetamide

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide
DMSO dimethyl sulfoxide

DNA deoxyribonucleic acid

DPP-4 dipeptidyl peptidase-4

dppf (diphenylphosphino)ferrocene

ECso 50% effective concentration



ED
ER
Et
Et;N
EtOH

FFA
FLIPR
GK
GLP-1
GPCR
GPR40
GSIS
HPLC

n-BuyNBr3
n-BuLi
NCS

NE
NH;OAc

effective dose
endoplasmic reticulum
ethyl

triethylamine

ethanol

bioavailability

free fatty acid
fluorometric imaging plate reader
Goto-Kakizaki
glucagon-like peptide-1

G protein-coupled receptor

G protein-coupled receptor 40

glucose-stimulated insulin secretion

high-performance liquid chromatography

inositol trisphosphate
intravenous

leucine

lysine
m-chloroperbenzoic acid
methyl

acetonitrile

methanol
methanesulfonyl chloride
N-bromosuccinimide
tetrabutylammonium tribromide
n-butyl lithium
N-chlorosuccinimide

not effective

ammonium acetate

2-nitrobenzenesulfonyl



NT not tested

OGTT oral glucose tolerance test
P(n-Bu); tributylphosphine

Pd/C palladium on carbon

Phe phenylalanine

PIP, phosphatidylinositol 4,5-bisphosphate
PLC phospholipase C

po per os

PPh; triphenylphosphine

p-TsCl p-toluenesulfonyl chloride

rt room temperature

SD standard deviation

siRNA small interfering ribonucleic acid
SPhos 2-dicyclohexylphosphino-2’,2’-dimethoxybiphenyl
SU sulfonyl urea

TBAF tetrabutylammonium chloride
TBSCI tert-butyldimethylsilyl chloride
TFA trifluoroacetic acid

THF tetrahydrofuran

™ transmembrane

Tmax time to maximum value

Trp tryptophan

Tyr tyrosine



O

0oo

OO00000O0O (International Diabetes Federation) U 0O OO0 OOODOOO
gboooooobog3griooobobboobobobobooobouobobobo
0020300000 505200000000000000000 70000000
WU 000 2000000000000 DbDOODOODbDOObLDOObDOO0d
oo pboboooobooboboboboooooboboboboooo
gboboooobobobooobobobuooboboboobUoboboo
gboboooobobobooobobobuooboboboobUoboboo
gboooooobooboboboboooon

Jooodoooodoooodooon
Oo0o0oboooboognbg (sulfonyl wrea: SU) DOODOOODOOODOOO
goooooooboboboooooooobOUob 1oboboboooog
O (Figure D’0000000000 BOOO ATPODDOOODDOOODOOO
gboboooobobobooobobobuoobobobooboobobo
gboboooobobobooobobobuoobobobooboobobo
000000000000 0000D0000000D0Y 0000000000
goboonb0 puobobobobooooboboboboboboog (oo
0)Y0O0DO0O0D0D0000000000O00000 (General Practice Research
Database) U O U0 o0 U0 OOODOUODODOODOSU0OOOoobOOoooogn
gooboobboboboobobobooboobooboobog (Figure 1) O
000000000000 0000000000000000000 Y000
gboboooobobobooobobobDuoob0obobooobUobuoboo
goboboooooboboooobobobouoob0obooDooboUobuUooo
goboobboobbobosudbdooboobuoobuoobooboobooo
goboboooooboboooobobobouoob0obooDooboUobuUooo

1



gboboooobobobooobobobouoob0obobDooboUobuoboo
godoboOoood (glucose-stimulated insulin secretion: GSIS) U U 0O 0O 0O 0O 0O
D000 0000000000 0 -4 (dipeptidyl peptidase-4: DPP-4) 000 © O
0000000000 -1 (glucagon-like peptide-1: GLP-1) 0000 ? 00000
0000o00oobO0ooboooooboog (Figure HO

Sulfonylurea (SU) Glinide
0.0 O - .
\/
Kf T g N
o e

Glibenclamide H
- 2
Ca?"-2 H,0
DPP-4 inhibitor Mitiglinide calcium hydrate
O
HoN COZH Biguanide

\Q NH NH
Me < J\

N H NH,

Me

Alogliptin benzoate Metformin

GLP-1 analog

[ Ala
P
Ser Pro Proy" ™

DPP-4 _
Exenatide

Figurel. Representative antidiabetic drugs.
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Figure 2. Schematic representation of islet receptors and their main secretory signaling
pathways in B cells.
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Me

Butyric acid (C4) Caproic acid (C6) Caprylic aC|d (C8) Capric acid (C10) Lauric acid (C12) Myristic acid (C14)
Inactive Inactive >300 43 5.7 7.7

OH OH
Me
Me

Palmitic acid (C16)  Stearic acid (C18)  Oleic acid (C18:1)  Linoleic acid (C18:2) Methyl Linoleate

6.8 >300 2.0 1.8 Inactive
OH
Me
NS =

o-Linolenic acid (C18:3) Arachidonic acid (C20:4) Eicosapentaenoic acid (C20:5) Docosahexaenoic acid (C22:6)
2.0 24 2.3 1.1
Figure 3. In vitro GPR40 activities of various free fatty acids.
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CO,H

n ECso (nM)
0 3200
1 510
1 (DHA) 2 3c 2 3500
FLIPR ECgy: 1100 nM active at 100 pM 3d 3 3500
3e 4 1700

Figure 4. Identification of the initial lead compound.
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R: 2->4->3 NH ~ NMe o- >> m-
' 2'-Cl  2-MeO
2 6-di-Me > > >H |(F) ©
2'’Me ~ 2-F

Cl
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H}"s | 4' 2'\
N

. . //3 (D) )\\

S S
j)\ (E) posmon carboxylic acid

-, 4->>2- optimal

Figure 5. Structure activity relationships of phenylpropanoic acid derivatives.
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D0000D00D0D0 (000D000: 3 mgkg, po) D000D000DOOGPR40
000000000000 00000000000000 (Figure 6)*Y0

e O * Potent agonist activity: FLIPR, EC5¢ = 7.7 nM
o F * In vivo efficacy: 3 mg/kg, po (OGTT, female Wistar fatty rats)
O \©/\/\ * High clearance: 1032 mL/h/kg (3 mg/kg, SD rats)
Me H

4a * High lipophilicity: LogD =4.19 (at pH =7.4)

Figure 6. In vitro and in vivo profiles of phenylpropanoic acid 4a.
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Me O Me O
C T = ® RGS
Me Eto\/\o Me
53

b CO,H

4a CO,H
FLIPR, ECsq: 7.7 nM FLIPR, EC5y: 28 nM
Chax: 86.0 ng/mL Chax: 465.4 ng/mL
AUC 5, 0-8h 249.0 ng-h/mL AUC;, o-gn:  2837.4 ng-h/mL
F: 21.5% F: 59.5%

(Rat cassete dosing at 0.1 mg/kg, iv and 1 mg/kg, po)

Figure 7. Design of fused-ring alkanoic acids.
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Introduction of substituent(s)

at the 3'- and/or 5'-position(s) Chiral resolution

3 o o
2
O Me *
5
53 COH
tC
— o
Me«
S/\/\O
O

A Me «0.5 H,O
) 85 CO,H

Optimization of the substituent Me
at the 4'-position ~

Figure8. Design of (2,3-dihydro-1-benzofuran-3-yl)acetic acids.
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Me Me

SOAR U2 0O ¢ U\

Me CO,H Me 7 CO,H
4a 4b

. E??Q
® g d
Me CO.H
4c

Figure 9. Plausible metabolic pathway of 4a.

GrpRAOU OO UOOODLDOUODLDODOOUOOOOUuLLOLOOOO00uooooDoobD

11



oo UUooo
oo UUooo
oo UUooo
UOFgure 100 000O0OODORLULOOOOODLDDODDODUOOUOOOOLDDOOnO
U e pbobodgoogbobbbooooguoboood
oo bboodgguonbobmubbbomooboogd
gbogbbogboobbobboobbobbocepPrR40o OO0 ogn
gbogogbbgbooboboobob2e-udbuogboobbgboobbon
gbogbbogbooboobboobbob (ob A)odgoboodgodoago
gobboogobbooobooobbuooobooobbooobbooobo
gbogbbgboobbobboobbo (oo oo Addooogo
gboboobogbboobAbdbuoobbooobooboooonboon
gggobboboodog cbbboodod buodggoobobooooooobb
gogdbobbbbdodugoobbbodooggouob cobboooog eEnood
gogtotub rodbooogobbbdoogogobobbbbooogoobobboob
ggdobbobboogguoboboooogonboooooouoonoon

Eeaae) o,
T e o

SCO,H

Mitsunobu reaction
or then Hydrolysis

Substitution reaction

HO
R CY

Me R" Hor SOzMe ( m COZR"

Suzuki
reaction Me

=

then
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Figure 10. Design and retrosynthesis of fused-ring alkanoic acids.
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Scheme 1

c, d, e for 5b
HO k
—_—

(0] CO,Et
ba:k=1 6a: k=1 7a: k=1
5b: k=2 Th: k=2
5c:k=3 6c: k=3 7c: k=3

HO 0.0
HO OH f g,h
o My
Cl
8 9

CO,Me CO,Me
HO OH ij
T
CHO COzEt CO,Et
10
[ j ‘\/‘\/OH E— ‘\/‘\/
Br CHO mC02H
12 14-19
14 15 16 17 18 19
X CH,  -(CHy)- ~(CHy)s- (0] (0] -OCHy-
0 0 0 0 0 1

n 1 1 1 1 1 0

bond type (==)| single single single  double single single

“ Reagents and conditions: (a) AlCls, toluene, reflux; (b) benzyl bromide, K,COs;, acetone,
reflux; 91-94% (2 steps); (c) triethyl phosphonoacetate, NaH, toluene, reflux; (d) H, (balloon
pressure), 10% Pd/C, EtOH or MeOH, rt, 54-89% (2 steps), 76-100% for 7e, f; (e) AlICl;,
1-dodecanethiol, toluene, rt, 98%; (f) ethyl 4-chloroacetoacetate, H,SO4, rt, 84%; (g) 1 M
NaOH aq., reflux, 83%; (h) H,SO4, MeOH, reflux, 70%; (i) benzyl chloride, KF, MeCN,
reflux; 43%; (j) ethyl 4-bromobutyrate, Cs,COs;, DMF, 80 °C, 41%; (k)
2,6-dimethylphenylboronic acid, Pd(PPhs)s, 1 M Na,COs aq., EtOH, toluene, reflux, 97%; (1)
NaBH4, DME, THF, 0 °C, 83%; (m) 7a—f, ADDP, P(n-Bu)s, toluene, rt, 23-96%; (n) 2 M
NaOH aq., MeOH or EtOH, THF, rt, 53—80%.

gboooboodgboodn (25,32 000 35 0D00O00OScheme2 ODOOOO
gooobo
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Scheme 2¢

20 21
B —— B ——
CN CO,H CO,H
23 24 25
CI~_N
COEL 1m.n & CO.Et
L e U R e
e m UQ UQ
COH
32
HO
Ty - @O
N R:
H 002
33 34 35

“ Reagents and conditions: (a) Bry, AcOH, rt, 88%; (b) cyanoacetic acid, NH4OAc, pyridine,
toluene, reflux, 80%; (c) NaBH4, MeOH, sat. NaHCOj aq., rt, 98%; (d) DMA, 180 °C, 88%;
(e) NaNH,, NH3 aq., —33 °C, 48%; (f) AICls, 1-dodecyl methyl sulfide, toluene, 0 °C, 79%;
(g) 13, ADDP, P(n-Bu)s, toluene or THF, rt, 62-90%; (h) KOH, EtOH, H,O, rt to reflux,
82—99%; (i) LiAlH4, THF, rt, 88%:; (j) p-TsCl, pyridine, rt, 89%; (k) NaCN, DMSO, rt, 90%;
(D) silica gel, NHs aq., rt, 67%; (m) methyl propiolate, toluene, reflux; (n) heat, DMF, reflux,
34% (2 steps); (o) POCl;, 120 °C, 89%; (p) NBS, AIBN, CCly, reflux, 63%; (q) diethyl
malonate, NaH, toluene, rt, 74%; (r) NaH, toluene, reflux, 99%; (s) 85% H3PO., 185 °C, 85%;
(t) 13, MsCl, EtsN, THF then 30, K,CO;, DMF, 70 °C; (u) NaBH4, MeOH, THF, 0 °C, 6% (2
steps); (v) SOCl,, pyridine, toluene, rt, (w) diethyl malonate, NaH, THF, rt, 53% (2 steps); (x)
2 M NaOH agq., EtOH, THF, 0 °C then toluene, reflux, 38%; (y) ethyl bromoacetate, NaH,
THF, DMF, 4 °C to rt, 83%; (z) KOH aq., EtOH, THF, rt, 76%.
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003-000000000000 (200 004000000000000000
2: 00000000000000000000000000000000000
0000000000000 D000000000000000000*® 000
0000000000000 00 23 000000000000000000
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Scheme 3¢

/@\CHO \a‘ /@\ 41-42

R1
Me
cord O
Q I
/@\ /@\ / 42a—c, f, g b QE)\
CO,Et COzEt S
o
S

(HO):B

C

Kl r
(HO), \ M O i, /@\)\
CHO—’ Ve "
o
Me

Bn

Me e
Br 41d: R? = MeO 42d: R”2=MeO g /é\/\
41e:R?=BnO 42e:R?=Bn0 Me Me
3\ 42h:R3=Bn
(0] Me

i- R3 = EtO
43 42i: R \/\f;J

R2
t@v 45 46 47
g.h R! O\CLOC Me
42ai ———
| oo
CO,H
45-53 2 Q])\ S
S
H H H

R2
48 49 50 51 52 53
Me Me f Me Me Me
©\)\ @\)\ /@\)\ Bn< /ﬁj\A EtO /@\/\\
Me Me Me Me \e Me — O Me ~"0o Me
BnO H H

“ Reagents and conditions: (a) ArBr, Pd(PPh;)s, Cs,CO; or Na,CO;, EtOH, toluene, H,O,
70 °C, 65-94%; (b) ArB(OH),, Pd(PPhs3)s, Cs,CO; or Na,CO;, EtOH, toluene, HO,
70—-80 °C, 76%—quant.; (c) NaBHy4, EtOH or DME-THF or MeOH-THF, 0 °C, 70—99%; (d)
LiAlH4, THF, 0 °C to rt, 95-96%; (e) 2,6-dimethylphenylboronic acid, Pd,(dba);, SPhos,
K3POs, toluene, H,O, 100 °C, quant.; (f) R3—X, K,COs, (KI), DMF, 70 °C, 89-92%; (g) 7e,
ADDP, P(n-Bu)s, toluene, rt, 50—93%; (h) 2 M NaOH aq., MeOH, THF, rt, 55-92%.
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Scheme 4

Y .
0 ij R/O
— >
R CO,Et COH

55R Me;Y =0 61
56a: R=H;Y = H,

i’j R/O
—_— >
CO,Et COH

|:58.R Me,Y (0] 63
56¢c: R=H;Y =H,

O, T O r
CO,Me CO,H R: O
EtO\/\o

Me

bc

b,c

56b: m= 1 62:m=1
56d: m=2 64:m=2

R/O

COzt -Bu COzH
60

“ Reagents and conditions: (a) diethyl carbonate, NaH, toluene, rt to 120 °C, 51-70%; (b)
triethylsilane, TFA, rt; (c) AICl3, 1-octanethiol, CH,Cl,, 0 °C, 32—67% (2 steps); (d) HaSOs,
sodium nitrite, H,O, 0 °C to reflux; (e) benzyl bromide, K,CO3;, DMF, 60 °C, 21% (2 steps);
(f) tert-butyl acetate, lithium diisopropylamide, THF, =78 °C, (g) triethylsilane, TFA, CH,Cl,,
rt, 16% (2 steps); (h) H,, Pd/C, EtOH, rt, 86%; (i) 42i, ADDP, P(n-Bu)s, toluene, rt, 41-85%;
() I M or 2 M NaOH aq., MeOH or EtOH, THF, rt, 57-91%; (k) TFA, toluene, rt, 72%.
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“ Reagents and conditions: (a) ethyl bromoacetate, NaH, DMF, 0 °C to rt, 78%; (b) H,
(balloon pressure), 10% Pd/C, 70% perchloric acid, AcOH, 50 °C, then SOCI,, EtOH, rt,
36%:; (c) AICl;, 1-octanethiol, CH,Cl,, 0 °C, 81%; (d) 42i, ADDP, P(n-Bu)s, toluene, rt, 22%;
(e) 60% HCIlO4, AcOH, 50 °C, 18%; (f) 2-nitrobenzenesulfonyl chloride, pyridine, rt, 77%;
(g) ethyl 4-chloroacetoacetate, H,SOy, 1t, 51%; (h) 1 M NaOH agq., rt, quant.; (i) SOCl,,
MeOH, rt, 62%; (j) 42i, DEAD, PPhs, toluene, rt; (k) mercaptoacetic acid, LIOH-H,O, DMF,
rt 76% (2 steps); (1) H, (balloon pressure), 10% Pd/C, EtOH, rt, 66%; (m) 2 M NaOH agq.,
EtOH, THF, rt, then 4 M HCI/AcOEt, Et,0, rt, 85%.
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Table 1. In Vitro Activities of Fused-Ring Alkanoic Acids

e
(0]
C
Me portion

FLIPR binding affinity
human human rat
compd acidic portion ECso (uM)* Ki (uM)” K; (uM)” LogD*
14 0.033 0.21 0.52 4.40

(0.019-0.057)
CO,H
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Table 1. (Continued)

FLIPR binding affinity
human human rat
compd acidic portion ECso (uLM)* Ki(uM) K (uM)’ LogD°
[ [ ) 0.027
15 0.059 3.7 4.70
(0.016—0.045)
COH
: ) 0.94
16 2.4 >10 5.02
(0.64—1.4)
CO,H
0 49
17 >10 >10 4.04
;\Qi/c (2.4-10)
CO,H
0 0.027
18 0.17 1.1 3.88
;\©1< (0.019-0.038)
CO,H
N 0.070
19 0.27 >10 4.05
m (0.049—0.10)
CO,H
0.069
25 1.2 >10 4.12
m (0.042-0.11)
CO.H
N
z 0.57
> >
32 g (0.38-0.86) 10 10 3.88
CO,H
35 §\©j\> ND' >10 >10 3.93
N
\\COZH
0.0077
4a 0.032 0.054 421

3

(0.0051-0.012)

O,H

“ ECso values are averages of n = 3 in the presence of 0.1% BSA. ECs values and 95%
confidence intervals of each compound were obtained with Prism 5 software (GraphPad).
b All values are averages of n = 2 in the presence of 0.2% BSA. © LogD values were
determined at pH 7.4 according to a reported method.” ¢ Not determined (101% increase of
control at 10 uM, 2% increase of control at 1 uM).
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Table 2. In Vitro Activities of (2,3-Dihydro-1-benzofuran-3-yl)acetic Acids
1 o 0]
R"1573 \©1<
CO,H
FLIPR binding
human human rat
compd R! R? ECso (uM)* K (uM)?  K; (uM)?  LogD°
Me
0.021
45 H 0.041 0.47 4.33
I (0.014-0.032)
0.039
46 H 0.29 >10 3.99
Qj/g (0.024-0.062)
S
0.18
47 H 0.57 >10 3.97
<7:]:::]/% (0.11-0.28)
S
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Table 2. (Continued)

FLIPR binding
human human rat
compd R! R? ECso (uM)*  Ki(uM)’  K; (uM)?  LogD*
Me
0.024
4 M 1 1. 31
8 ﬁj OMe  o015-0.040) O 6 33
Me
Me
0.010
4 B . 1 4.
9 Cﬁ OBn 00750014 006 0.17 53
Me
0.029
H : 1. 4.1
S0 /[;(% (0.018—0.045) 0.057 6 >
Me Me
Me
0.033
51 H 0.036 0.13 447
/@\/ (0.018-0.061)
Me Me
Me
0.028
52 H 0.018 0.10  5.03
/Cﬁ (0.017-0.047)
©Ao Me
Me
0.028
53 B ooisoosy 0032 020  3.83

Me
0.027
1 H 1 1.1 .
8 @\j (0.019-0.038) 0.17 3.88
Me

“ ECsp values are averages of n = 3 in the presence of 0.1% BSA. ECs, values and 95%
confidence intervals of each compound were obtained with Prism 5 software (GraphPad).
» All values are averages of n = 2 in the presence of 0.2% BSA. ¢ The LogD values were
determined at pH 7.4 according to a reported method.*
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Table 3.

In Vitro Activities of Fused-Ring Alkanoic Acids

Me

Eto\/\o O

9y

acidic
portion

(0.018—0.043)

Me
FLIPR binding
human human rat
compd X acidic portion ECso (1M)*  K; (uM)®  K; (uM)®  LogD®
0.96
61 @) >10 >10 4.11
K@i}cow (0.64-1.5)
0.084
62 027  >10 439
© §\©i>_\ (0.055-0.13)
COH
0.14
63 028  >10 433
© m (0.091-0.23)
CO,H
0.51
4 2.1 >1 4,
6 © m (0.32-0.80) 0 67
COH
0.091
65 O o 0.39 0.067 3.6
K@% (0.055-0.15)
CO,H
68 O §\©f¥o ND* >10 >10 3.41
N
\\COZH
o 0.048
73 NH 0.043 011 313
K@{ (0.031-0.076)
CO,H
O,
53 0 m 0.028 0.032 020  3.83

CO,H

& ECs values are averages of N = 3 in the presence of 0.1% BSA. ECs values and 95%

confidence intervals of each compound were obtained with Prism 5 software (GraphPad).
® All values are averages of n =2 or 3 in the presence of 0.2% BSA. ° The LogD values
were determined at pH 7.4 according to the reported method.”> @ Not determined (59%

increase of control at 10 uM, 2% increase of control at 1 pM).
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Leu 186
(human)

9] polar ~#* sidechain acceptor O solventresidue  ~+* nonconserved

©Q acidc  +- sidechain donor metalcomplex  —-*nonpresent

O basic - *backbone acceptor solvent contact @ inconsistent
greasy = backbone donor - metal contact EX@arene-arene
proximity ligand receptor B4 arene-H
contour exposure O contact @+ arene-cation

Figure 11. (A) Docking model of GPR40 in complex with 15 (yellow), 18 (red), and 19
(blue). (B) Overlay of 18 (red) and 53 (white) in complex with human GPR40. (C)
Two-dimensional diagram showing the interaction of 53 with human GPR40 constructed by
MOE.

WIZ, E7 ==L ANZ 2-= hF v N X UEEFITLIRELEY 53 &,
WEWOFHERALAEY 18 L DA T — ROl %217~ 7= (Figure 11B), < Ot F.
INOFEERITFEFICBEVERY 2L, LAEW 53 1L, WA U BREALT
Argl83 (TM5) ¥ L M Arg258 (TM7) L FFEMMAEEHNZ L, ©7 = =LA T
Trp72 (E-1 loop) & @ n—n FH A /EF<°. Leu67 (TM2), Phe82 (TM3). Leu262 (TM7)
IREOBKMET I RE L OBUKMEMEENZ L TWDL Z ERRBRINT
(Figure11C), F£7-. (kAW 53 ORI LEHRETH L 2.2 FF = FF UM
X, TM1 & TM7 OO ZZRICHEDY, 2 DDREBIR 2T HEO Tyrl2 (TM1) <
Lys259 (TM7) EAHAAEHA L CTW D RIEEMEN TR I N, ZOHARIE, 7 ==
VAR O EWIEH R AR T HMERH L L ER LTV D,
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Table 4. Rat PK Profiles for Fused-Ring Alkanoic Acids®

CLotal Cmax Tnax AUC;0,0-8n F
compd (mL/h/kg) (ng/mL) (h) (ng-h/mL) (%)
14 464 285.1 1.67 1701.3 47.8
15 782 220.7 1.33 925.7 56.9
18 296 449.7 2.67 2357.3 69.4
19 293 606.6 1.33 2801.4 68.6
49 1708 84.9 1.00 308.9 52.4
51 625 162.8 2.67 698.7 43.3
52 414 316.9 2.00 1687.8 69.4
53 211 465.4 2.67 2837.4 59.5
65 573 193.1 1.33 871.2 49.2
fffff 73 M8 490 167 2306 702
4a 900 86.0 1.50 249.0 21.5

“ Rat cassette dosing at 0.1 mg/kg, iv and 1 mg/kg, po. All values are averages of 3 rats.
F indicates bioavailability.

l

\ fesy
Me Me (site B)

CO,H

Figure 12. Presumed metabolic sites of fused-ring alkanoic acids.
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Figure 13. Effects of 53 during a 1H-OGTT in female Wistar fatty rats. (A) and (C) show
time-dependent changes of plasma glucose (PG) and plasma insulin levels 1 hour after single
oral doses of 53 (1, 10 mg/kg) followed by 1 g/kg oral glucose challenge, respectively. Data
in (B) and (D) represent AUCy-120 min 0f PG levels and incremental AUCy-120 min Of plasma
insulin levels shown in (A) and (C), respectively. Values are mean £ SD (n = 6). #: P <
0.025 compared with control by one-tailed Williams’ test.
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Figure 14. Effects of 53 during a 4H-OGTT in female Wistar fatty rats. (A) and (C) show
time-dependent changes of plasma glucose (PG) and plasma insulin levels 4 hour after single
oral doses of 53 (10 mg/kg) followed by 1 g/kg oral glucose challenge, respectively. Data in
(B) and (D) represent AUCy-120 min of PG levels and incremental AUCy-120 min Of plasma
insulin levels shown in (A) and (C), respectively. Values are mean £ SD (n =5-6). +: P<
0.05; ++: P <0.01 compared with control by Aspin-Welch test.
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Figure 16. Design of (2,3-dihydro-1-benzofuran-3-yl)acetic acids.
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OH a, e O o o)
T8S+ Me HO Me (S)

R2 R? CO,Me
74g (R? = H) 86a (R2 = H)
74h (R2=Cl) 86b (RZ2=Cl)

D:a, b Condition A: 75-82, 85, 91-95, 97
E f, b Condition B: 83
Condition C: 84
Fig \CE{ Condition D: 87, 89, 90
CO,H

Condition E: 96
87-90, 96 Condition F: 88

“ Reagents and conditions: (a) 7e, g, h (condition A-C) or R'OH (condition D), ADDP,
P(n-Bu)s, toluene, rt, 60-95%; (b) 2 M NaOH aq., MeOH, THF, 50 °C, 32-94% except for 87,
89, 90, 16-42% (from 86a in 2 steps); 94, 15% (from 111¢ in 3 steps); 88 as a HCl-salt; (¢)
m-CPBA, AcOEt, 0 °C, 79%; (d) Oxone®, MeOH, H,O0, 0 °C to rt, 73%; (¢) TBAF, THF, rt,
88-94%; (f) 99b, K5PO4, DMF, 90 °C, 88%; (g) 1-methylpiperidin-4-ol, DEAD, PPhs,
toluene, rt, 63%.
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a

Reagents and conditions: (a) p-TsCl, pyridine, 0 °C, 70%; (b) p-TsCl,
N,N,N',N'-tetramethyl-1,6-hexanediamine, Et;N, toluene, 0 °C, 94%; (c) Oxone®, MeOH,
H,0, 0 °C to rt, 96%; (d) NaBH4, MeOH, THF, 0 °C to rt, 92-97%; (e) R'Cl (for 74a and
74e¢), R'OTs (for 74b and 74f) or 1-oxa-6-thiaspiro[2.5]octane (for 74d), K,COs, (KI), DMF,
70-100 °C, 47-98%; (f) TBSCI, imidazole, DMF, rt, 77%:; (g) tetrahydro-4H-thiopyran-4-ol,
DEAD, PPhs, THF, rt, 86%; (h) i) 1.6 M n-BuLi in hexanes, THF, —78 °C; ii) B(i-PrO)s,
—78 °C to rt; iii) 2 M HCI aq., 1t, 71% (from 43 in 2 steps); (i) methyl 3-bromobenzoate,
Pd(PPhs)s, 2 M Cs,CO3 aq., DME, reflux, 86%; (j) m-CPBA, AcOEt, 0 °C, 85%; (k) LiAlH4,
THF, 10 °C to rt, 93%.
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“ Reagents and conditions: (a) AlCl;, 115 °C, 78%; (b) n-BusNBr;, MeOH, rt, 72%; (c)
dichloromethyl methyl ether, TiCls, CH,Cl,, 0 °C, 40%; (d) H,, Pd/C, MeOH, toluene, rt,
97%; (e) Bry, AcOH, rt, 83%; (f) 1-fluoropyridinium triflate, 1,2-dichloroethane, reflux, 36%;
(g) 3-formylphenylboronic acid, PdCly(dppf)-CH,Cl,, K3PO4, THF, 80 °C, 49-79%; (h) NCS,
DMF, rt, 60—65%; (i) NaBH4, MeOH, THF, 0 °C, 65-98%; (j) TBSCI, imidazole, DMF, rt,
88%; (k) R'OTs, K,COs3, (KI), DMF, 90-95 °C, 53-95%.

44



gogbbooobboobbuooobbodod 10— O 30000 bD0ooonO
gobobogobbooobboodbbbooobb 1092 0D0OooooO
00000O0O0o0oboOoD 109d 00O 109e DOODOODOO 44 0 NODOO
goboooobooboodbboooobbbodmoom™obboO 109 -«
O Scheme8 DU00O0O 200 000000000000 ODOO 74h-n 0000
ERERE

g sd boooboogoo
o000 8 Ui Xouoboooooobgo sboboogo (Figure

170000 8 00000 7900000000000 O0079 000000
sibooooooboobo 7hnO0ROOODOODOO

Me - /‘\/‘\/
CO,H

Figure17. Stereoscopic molecular view and chemical structure of compound 85.
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Table 5. In Vitro Activities of (2,3-Dihydro-1-benzofuran-3-yl)acetic Acids

)

R1\

O Me
CO,H
FLIPR binding
human human rat Caspase
compd R’ stereo ECso (uM)* K (uM)?  K; (uM)?  -3/7°  LogD!
53 Me O rac  0-030 0.032 0.30 32 383
Y (0.019-0.047)
75 Me_oO s 0016 0.023 0.24 1.5 3.86
~Y (0.012-0.023)
76  Me._O R 029 0.28 7.4 10.5 3.86
~Y (0.19-0.44)
77 Ve rac 004 0.021 0.083 23.6  3.86
(0.016-0.035)
(0]
78 e g 0018 0.025 0.11 21.1 3.88
(0.013-0.024)
(e}
Me 0.27
79 R 0.27 2.2 209  3.88
d/\/ (0.18-0.42)
(e}
)\ 0.039
80  o=s 0.083 0.21 04 277
T 0.024-0.065)
O 0.022
81 0=5 S 0.036 0.17 25 275
O\/ (0.016-0.030)
A 0.29
82 0= R 0.30 0.51 13 284
(0.20-0.43)

“ All values are average of n =3 in the presence of 0.1% BSA. Efficacies of compounds at
10 uM were 103—113% of y-linolenic acid at 10 uM. All values are average of n = 2 in
the presence of 0.2% BSA. © Percent of activation at 30 uM was compared to maximal
activity of staurosporine as a reference compound. ¢ The LogD values were determined at
pH 7.4 according to the reported method.*’
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Table 6. In Vitro Activities of (2,3-Dihydro-1-benzofuran-3-yl)acetic Acids

£ C
o o)
R1\

(0] Me (S)
CO,H
FLIPR binding
human human rat Caspase
compd R’ ECso (uM)* K (uM)’  K; (uM)?  -3/7¢ LogD’
OH
0.013
83 0.024  0.17 1.8 2.43
O:ﬁ@/\/ (0.010-0.017)
(6]
g4, AP 0.014 0.037  0.17 13 2.73
S SNY (0.011-0.019)
0.016 c c
85  Mex 0.038  0.14 2.1 2.58
O//S\\;\/\/ (0.012-0.021)°
9 0.017
87 0.031 0.17 3.9 3.22
N> (0.013-0.023)
Me-« 0019
88 N 0.0088  0.066 1.3 3.10
O\/ (0.014-0.025)
s 0.018
89 I\/ 0012  0.36 23.1 427
Me_<\N | (0.013-0.025)
Me
/= 0.017

NN .01 .1 17. .
90 U/\/ (0.013-0.022) 0.015 0.19 7.7 3.80
N

“ All values are average of n =3 in the presence of 0.1% BSA. Efficacies of compounds at
10 uM were 107—113% of y-linolenic acid at 10 pM.  ? All values are average of n =2 or 3
in the presence of 0.2% BSA. ¢ The activity was measured with anhydrous 85. ¢ Percent of

activation at 30 pM was compared to maximal activity of staurosporine as a reference
compound. ¢ The LogD values were determined at pH 7.4 according to the reported
method.”
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Table 7. In Vitro Activities of (2,3-Dihydro-1-benzofuran-3-yl)acetic Acids

(0]
(S)
CO,H
FLIPR binding
human human rat  Caspase
compd R' R R’ R*' ECs (uM)° Ki , Ki . AT LogD*
uM)” (M)
91 Me~s- H H Bt 0017 0.011 0056 124  3.17
o (0.013-0.023)
92 05 Me Me Me 002 0.040 040 123 335
O\/ (0.019-0.044) ' ' '
Me~ 0.018
93 S Me Me M 0033 012 -1.1 3.12
o”‘g\/\f © Y 0.012-0.027)
94 0% FoH Me 2OV 0.031 027 79 295
O\/ (0.014-0.026) ' ' '
0.016
Me- F H M 01 2 11 2.
95 Mewe © (0.012-0020) 018 020 68
OO0
96 Mess N/ Cl H Me 0.016 0.019 0.11 83  3.07
97  Mese N/ Cl Cl Me 0.017 0.012 0059 161  3.53

“ All values are average of n =3 in the presence of 0.1% BSA. Efficacies of compounds at
10 uM were 104—114% of y-linolenic acid at 10 pM.  ” All values are average of n =2 in the
presence of 0.2% BSA. © Percent of activation at 30 uM was compared to maximal activity
of staurosporine as a reference compound. “ The LogD values were determined at pH 7.4
according to the reported method.*
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Table 8. Pharmacokinetic Profiles for (2,3-Dihydro-1-benzofuran-3-yl)acetic Acids®

Crnax Tinax AUC-sp Cin Can
compd (ng/mL) (h) (ng-h/mL) (ng/mL) (ng/mL)
81 2667.7 0.7 13007.6 2614.2 1621.0
83 1082.4 1.0 5210.4 1082.4 638.8
84 1941.3 1.17 9621.7 1737.7 1240.0
85 1883.5 2.00 11840.4 1855.6 1601.7
87 626.4 1.83 3474.9 566.8 477.3
88 743.6 1.58 4372.3 578.0 574.5
93 1275.2 0.67 3963.9 1152.2 340.5
95 2033.3 0.50 8036.1 1541.1 966.6

“ Rat cassette dosing at 1 mg/kg, po (fasted). All values are averages of 3 rats.
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Table 9. Effects of Selected Compounds during an OGTT in Female Wistar Fatty Rats”

ED (mg/kg)”
compd IH-OGTT 4H-OGTT
81 1 3
83 NE* 3
84 NT¢ 3
85 1 3
88 NT¢ NE*
95 1 3

“ Effects of compounds during an OGTT in female Wistar fatty rats (» = 6). Sece
experimental section for details. b Effective dose (ED) was determined by statistical
significance on AUC of plasma glucose. ¢ NE: not effective. ¢ NT: not tested.
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Figure 18. Chemical structure of 85.
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Table 10. Selectivity Profile for 85 (Anhydrous)

human human human human
GPR40 GPRA41 GPR43 GPR120
FLIPR ECsy (uM)* 0.016 >10 >10 >10

“ All values are average of n = 2 in the presence of 0.5% BSA. ” The value is average of n =
4 in the presence of 0.1% BSA.
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Figure 19. Docking model of GPR40 in complex with 85 (gray).
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Table 11. Pharmacokinetic Parameters for 85 (Hemihydrate) in Fasted Rats and Dogs”

v po
CL V(ss) tinh tinh Cnax Tmax  AUCpo, 0-24n F
species (mL/h/kg) (mL/kg) (h) (h)  (ug/mL) (h) (ug-h/mL) (%)
rat 34.16 20849 4.7 4.1 5.77 1.0 65.00 76.0
dog 29.79 224.67 59 7.5 3.29 2.0 29.45 92.4

“ Administered at a dose of 1 mg/kg, iv; 3 mg/kg, po in rats. Administered at a dose of 0.5
mg/kg, iv; 1 mg/kg, po in dogs. The values for Ciax and AUC were expressed as equivalent
of anhydrous 85. Data are expressed as mean value (rats, n = 3; dogs, n =4).
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Figure 21. Effects of 85 (hemihydrate) during a IH-OGTT in female Wistar fatty rats. (A)
and (C) show time-dependent changes of plasma glucose (PG) and plasma insulin 1 hour after
oral administration of 85 followed by 1 g/kg oral glucose challenge, respectively. Data in (B)

Incremental AUC of PG (0-120 min)

Incremental AUC of plasma insulin
(pre-30 min) (ng/mL-min)
S
o
o

and (D) represent incremental AUCy 120 min Of PG levels and incremental AUCre 30 min Of
plasma insulin levels shown in (A) and (C), respectively. Values are mean + SD (n = 6). #, p
<0.025 compared with control by one-tailed Williams’ test.
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Figure 22. Effects of 85 (hemihydrate) during a 1H-OGTT in male GK rats. (A) and (C)
show time-dependent changes of plasma glucose and plasma insulin 1 hour after oral
administration of 85 followed by 1 g/kg oral glucose challenge, respectively. Data in (B)
and (D) represent AUC 120 min Of plasma glucose levels and AUCy 120 min Of plasma insulin
levels shown in (A) and (C), respectively. Values are mean + SD (n = 6). #, P < 0.025
compared to vehicle-treated GK rats by one-tailed Shirley—Williams test. $, P < 0.025
compared to vehicle-treated GK rats by one-tailed Williams' test. ++, P < 0.01 compared to
vehicle-treated GK rats by Aspin—Welch test. *, P < 0.05 compared to vehicle-treated GK
rats by Student's t-test.
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General. Reagents and solvents were obtained from commercial sources and used
without further purification. Reaction progress was determined by thin layer
chromatography (TLC) analysis on Merck Kieselgel 60 F254 plates or Fuji Silysia NH plates.
Chromatographic purification was carried out on silica gel columns [(Merck Kieselgel 60,
70-230 mesh or 230—400 mesh, Merck) or (Chromatorex NH-DM 1020, 100200 mesh)] or
on Purif-Pack (SI: 60 uM or NH: 60 uM, Fuji Silysia Chemical, Ltd.). Melting points were
determined on a BUCHI B-545 melting point apparatus and were uncorrected. Proton
nuclear magnetic resonance (‘'H NMR) spectra were recorded on Bruker Ultra Shield-300
(300 MHz) instruments. Chemical shifts are given in parts per million (ppm) with
tetramethylsilane as an internal standard. Abbreviations are used as follows: s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublets, dt = doublet of triplets,
td = triplet of doublets, ddd = doublet of doublets of doublets, br = broad. Coupling
constants (J values) are given in hertz (Hz). Low-resolution mass spectra (MS) were
determined on a Waters Liquid Chromatography—Mass Spectrometer System (MS), using a
CAPCELL PAK UG-120 ODS (Shiseido Co., Ltd.) column (2.0 mm i.d. x 50 mm) with
aqueous CH3CN (10-95%) containing 0.05% trifluoroacetic acid (TFA), and an HP-1100
(Agilent Technologies) apparatus for monitoring at 220 nm. All MS experiments were
performed using electrospray ionization (ESI) in positive ion mode. Analytical HPLC was
performed on a Shimadzu LC-VP instrument, equipped with CAPCELL PAK C18 UG120
S-3 wm, 2.0 x 50 mm column with a 4 min linear gradient from 90/10 to 5/95 and
subsequently with a 1.5 min isocratic elution 5/95 A/B, where A = H,0-0.1% TFA, B =
CH3;CN-0.1% TFA, at a flow rate of 0.5 mL/min, with UV detection at 220 nm, at column
temperature of 25 °C, or performed on a Waters Quattro micro API (Agilent HP1100, Gilson
215) instrument, equipped with CAPCELL PAK C18 UG120 S-3 um, 1.5 x 35 mm column,
by gradient elution: 0.00 min (A/B = 100/0), 2.00 min (A/B = 0/100), 3.00 min (A/B = 0/100),
3.01 min (A/B = 100/0), 3.30 min (A/B = 100/0) where A = 2% CH3;CN/H,O with 5 mM
NH4OAc; B =95% CH5CN/H,O with 5 mM NH4OAc, at a flow rate of 0.5 mL/min, with UV
detection at 220 nm, at column temperature of 40 “C. A part of compounds were assessed
by the following method. The analytical HPLC system consisted of Prominence UFLC
(Shimadzu Corporation, Japan), L-column2 ODS column (30 x 2.1 mm LD., 2 um)
(Chemicals Evaluation and Research Institute, Japan) at column temperature of 50 °C and
nano quantity analyte detector, QT-500 (Quant technologies LLC, MN, USA). The mobile

phase A and B are a mixture of distillated water, 50 mmol/L NH4OAc aqueous solution and
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MeCN (8:1:1,v/v/v) and a mixture of MeCN and 50 mmol/L ammonium acetate aqueous
solution (9:1,v/v), respectively. The flow rate maintained 0.5 mL/min. The mixture ratio
of mobile phase A and B changed from 95/5 to 5/95 with a 2 min linear gradient and
subsequently with a 1 min isocratic elution 5/95. Elemental analyses were carried out by
Takeda Analytical Laboratories Limited, and were within 0.4% of the theoretical values
unless otherwise noted. The purity of compounds was assessed by elemental analysis or
analytical HPLC (>95%). Optical rotations were determined on a JASCO P-1030
polarimeter. Preparative purifications were performed using a Gilson pumping system in
conjunction with a photodiode array detector (Hewlett Packard 1100 Series) and a Gilson 215
auto sampler. Separations were achieved using the following method, which utilized a YMC
packed column (CombiPrep ODS-A, 5 pm, 20 mm i.d. x 50 mm) with a 1 min isocratic
elution 10/90, a 3.7 min linear gradient from 10/90 to 0/100, and then a 2.7 min isocratic
elution 0/100 A/B at a flow rate of 25 mL/min. Abbreviations of the solvents and reagents
are used as follows: CDCls, deuterochloroform; DMSO-ds, hexadeuterodimethyl sulfoxide;
IPA, 2-propanol; Et,0O, diethyl ether; CH,Cl,, dichloromethane; CCly, carbon tetrachloride;
H,, hydrogen; NaH, sodium hydride; NaBH4, sodium borohydride; LiAlH4, lithium aluminum
hydride; AlCls, aluminum chloride; TiCly, titanium (IV) chloride; NaOH, sodium hydroxide;
KOH, potassium hydroxide; LiOH-H,O, lithium hydroxide monohydrate; HCI, hydrochloric
acid; H,SO., sulfuric acid; Hi;POs, phosphoric acid; HCIO4, perchloric acid; NH4Cl,
ammonium chloride; NaNH;, sodium amide; NHs;, ammonia; NaHCO3, sodium hydrogen
carbonate; MgSQO,, magnesium sulfate; Na,SO4, sodium sulfate; K,COs, potassium carbonate;
NayCOs, sodium carbonate; Na;S;03, sodium thiosulfate; KF, potassium fluoride; Cs,COs,
cesium carbonate; K3;PO4, potassium phosphate; KI, potassium iodide; NaCN, sodium
cyanide; POCI;, phosphorousoxy chloride; SOCl,, thionyl chloride; Pd(PPhsj),
tetrakis(triphenylphosphine)palladium(0); PdCl,(dppf)-CH,Cl,, [1,1'-bis(diphenylphosphino)
ferrocene]dichloropalladium(I) complex with CH,Cly;  Pdy(dba)s, tris(dibenzylidene-

acetone)dipalladium(0); Br,, bromine.
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2-Methoxy-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-one (5¢). Step 1: To a solution of
triethyl 4-phosphonocrotonate (24.0 g, 95.9 mmol) in THF (100 mL) was added portionwise
NaH (60% in mineral oil, 3.84 g, 96.0 mmol) at 0 °C, and the mixture was stirred under
nitrogen atmosphere at 0 °C for 30 min. To the mixture was added dropwise a solution of
3-methoxybenzaldehyde (12.3 g, 90.0 mmol) in THF (100 mL) at 0 °C and the mixture was
stirred at room temperature for 2 h. To the mixture was added DMF (50 mL) and the
mixture was further stirred at room temperature for 18 h. The reaction mixture was
concentrated, and the residue was diluted with AcOEt, washed sequentially with 1 M HCI
aqueous solution and brine, dried over anhydrous MgSQO,, and concentrated. The residue
was purified by silica gel column chromatography (AcOEt:hexane = 10:90-30:70) to give
ethyl (2E,4E)-5-(3-methoxyphenyl)penta-2,4-dienoate (7.70 g, 37%) as a yellow oil. 'H
NMR (CDCls) 6 1.32 (t, J = 7.1 Hz, 3H), 3.84 (s, 3H), 4.23 (q, J = 7.1 Hz, 2H), 5.99 (d, J =
15.3 Hz, 1H), 6.85-6.88 (m, 3H), 6.98 (t, /= 1.5 Hz, 1H), 7.06 (d, J = 7.7 Hz, 1H), 7.25-7.30
(m, 1H), 7.44 (ddd, J = 15.3, 6.4, 3.8 Hz, 1H). MS m/z 233 (M + H)". Step 2: The
obtained oil in step 1 was hydrogenated on 10% Pd/C (1.1 g, containing 50% water) in EtOH
(100 mL) under H, atmosphere (balloon pressure) at room temperature. After reaction was
completed, the catalyst was removed by filtration, and the filtrate was concentrated. The
residue was purified by silica gel column chromatography (AcOEt:hexane = 5:95-20:80) to
give ethyl 5-(3-methoxyphenyl)pentanoate (6.01 g, 77%) as a colorless oil. Step 3: To a
solution of the obtained oil (6.01 g, 25.4 mmol) in step 2 in EtOH (50 mL) and THF (50 mL)
was added 2 M NaOH aqueous solution (25 mL), and the mixture was stirred at room
temperature for 3 h. To the mixture was added 1 M HCI aqueous solution, and the mixture
was extracted with AcOEt. The extract was washed with brine, dried over anhydrous
MgSO,, and concentrated to give 5-(3-methoxyphenyl)pentanoic acid (5.28 g, 99%) as a
red-brown oil. 'H NMR (CDCl3) & 1.66-1.70 (m, 4H), 2.36-2.41 (m, 2H), 2.59-2.64 (m,
2H), 3.80 (s, 3H), 6.72-6.78 (m, 3H), 7.17-7.22 (m, 1H). MS m/z209 M +H)". Step 4: A
mixture of phosphorus (V) oxide (10 g) and methanesulfonic acid (70 mL) was stirred at
100 °C for 1 h. The solution was poured into the obtained oil (5.28 g, 25.4 mmol) in step 3
and the resulting mixture was stirred at 100 °C for 1 h. The reaction mixture was poured
into ice water and extracted with AcOEt. The extract was washed with brine, dried over
anhydrous MgSO,, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 0:100-30:70) to give Sc (4.02 g, 83%) as a red-brown oil.
'H NMR (CDCl3) § 1.75-1.93 (m, 4H), 2.67-2.74 (m, 2H), 2.89-2.93 (m, 2H), 3.85 (s, 3H),
6.70 (d, J = 2.5 Hz, 1H), 6.81 (dd, J = 8.7, 2.5 Hz, 1H), 7.79 (d, J = 8.7 Hz, 1H). MS m/z
191 (M + H)".
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5-Benzyloxy-1-indanone (6a). Step 1: To a suspension of 5-methoxy-1-indanone (5a)
(10.3 g, 63.5 mmol) in toluene (150 mL) was added portionwise AICl; (16.9 g, 127 mmol) at
0 °C, and the mixture was stirred under nitrogen atmosphere at reflux for 4 h. The reaction
mixture was allowed to cool to room temperature and poured into ice water. The mixture
was extracted with AcCOEt—THF. The extract was washed with brine, dried over anhydrous
MgSO,, and concentrated to give 5-hydroxy-l-indanone as a yellow solid. Step 2: The
obtained solid in step 1 was suspended in acetone (120 mL). To the suspension were added
benzyl bromide (10.9 g, 64.0 mmol) and K,CO; (12.3 g, 88.9 mmol), and the mixture was
stirred under nitrogen atmosphere at reflux for 1 h. The reaction mixture was concentrated,
and to the residue were added AcOEt and water. The organic layer was washed with brine,
dried over anhydrous MgSO,, and concentrated. The resulting solid was washed with
AcOEt to give 6a (10.8 g) as colorless crystals. The second crop and third crop were
similarly obtained (3.36 g) (washed with hexane—AcOEt). Total 14.2 g (94%). 'H NMR
(CDCl3) 6 2.65-2.69 (m, 2H), 3.09 (t, J = 6.0 Hz, 2H), 5.15 (s, 2H), 6.97-7.00 (m, 2H),
7.32-7.46 (m, 5H), 7.68-7.72 (m, 1H). MS m/z 239 (M + H)".

2-(Benzyloxy)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (6¢). The title compound
was prepared from Sc by a similar to that described for 6a in 91% yield as colorless prisms
(hexane—AcOEt). '"HNMR (CDCls) § 1.76-1.93 (m, 4H), 2.71 (t, J = 6.0 Hz, 2H), 2.91 (t, J
= 6.0 Hz, 2H), 5.11 (s, 2H), 6.79 (d, J = 2.5 Hz, 1H), 6.88 (dd, J = 8.7, 2.5 Hz, 1H),
7.31-7.45 (m, SH), 7.78 (d, J = 8.7 Hz, IH). MS m/z267 (M + H)".

Ethyl (5-Hydroxy-2,3-dihydro-1H-inden-1-yl)acetate (7a). Step 1: To a solution of
triethyl phosphonoacetate (15.7 g, 70.0 mmol) in toluene (50 mL) was added portionwise
NaH (60% in mineral oil, 2.25 g, 56.3 mmol) at 0 °C, and the mixture was stirred under
nitrogen atmosphere at 50 °C for 1 h. The reaction mixture was added dropwise to a
suspension of 6a (10.7 g, 44.9 mmol) in toluene (50 mL) under nitrogen atmosphere at 0 °C,
and the reaction mixture was stirred at reflux for 6 h. The mixture was quenched with
diluted HCI aqueous solution, and extracted with AcOEt. The extract was washed with brine,
dried over anhydrous MgSO,, and concentrated. The residue was purified by silica gel
column chromatography (AcOEt:hexane = 10:90—40:60) to give a yellow oil. Step 2: The
obtained oil in step 1 was dissolved in EtOH (80 mL) and hydrogenated on 10% Pd/C (2.0 g,
containing 50% water) under H, atmosphere (balloon pressure) at room temperature for 24 h.
The catalyst was removed by filtration, and the filtrate was concentrated. The residue was
purified by silica gel column chromatography (AcOEt:hexane = 10:90-40:60) to give 7a
(5.27 g, 54% in 2 steps) as a colorless oil. 'H NMR (CDCls) 6 1.28 (t, J = 7.1 Hz, 3H),
1.69-1.81 (m, 1H), 2.32-2.44 (m, 2H), 2.71 (dd, J = 15.3, 5.8 Hz, 1H), 2.77-2.94 (m, 2H),
3.46-3.56 (m, 1H), 4.18 (q, /= 7.1 Hz, 2H), 4.71 (s, 1H), 6.62 (dd, J = 8.1, 2.2 Hz, 1H), 6.70
(d,J=2.2Hz, 1H), 7.02 (d, J=8.1 Hz, IH). MS m/z 221 (M + H)".
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Ethyl (6-Hydroxy-1,2,3,4-tetrahydronaphthalen-1-yl)acetate (7b). Step 1: Triethyl
phosphonoacetate (15.0 mL, 75.0 mmol) was added dropwise to a suspension of NaH (60% in
mineral oil, 2.80 g, 70.0 mmol) in toluene (35 mL) under nitrogen atmosphere at 0 °C, and the
mixture was stirred at 50 °C for 1 h. The mixture was cooled to 0 °C and a solution of
6-methoxy-1-tetralone (5b) (8.81 g, 50.0 mmol) in toluene (35 mL) was added dropwise.
The resulting mixture was stirred at reflux for 6 h. The mixture was quenched with diluted
HCI aqueous solution, and extracted with AcOEt. The extract was washed with brine, dried
over anhydrous MgSQy,, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 0:100-25:75) to give a colorless oil. Step 2: The
obtained oil in step 1 was hydrogenated on 10% Pd/C (1.0 g, containing 50% water) in EtOH
(100 mL) under H, atmosphere (balloon pressure) at room temperature for 22 h. The
catalyst was removed by filtration, and the filtrate was concentrated. The residue was
purified by silica gel column chromatography (AcOEt:hexane = 0:100—-15:85) to give ethyl
(6-methoxy-1,2,3 4-tetrahydronaphthalen-1-yl)acetate (6.68 g, 54% in 2 steps) as a colorless
oil. Step 3: To a mixture of the obtained oil (6.68 g, 26.9 mmol) in step 2 and
1-dodecanethiol (7.73 mL, 32.3 mmol) in toluene (75 mL) was added portionwise AICl; (10.8
g, 81.0 mmol) at 0 °C, and the resulting mixture was stirred under nitrogen atmosphere at
room temperature for 18 h. The mixture was quenched with ice water, and extracted with
AcOEt. The extract was washed subsequently with 2 M HCI aqueous solution and brine,
dried over anhydrous MgSQy, and concentrated. The residue was purified by silica gel
column chromatography (AcOEt:hexane = 5:95-40:60) to give 7b (6.19 g, 98%) as a pale
yellow oil. 'H NMR (CDCl3) & 1.27 (t, J = 7.1 Hz, 3H), 1.63-1.95 (m, 4H), 2.48 (dd, J =
15.1, 9.6 Hz, 1H), 2.62-2.79 (m, 3H), 3.23-3.32 (m, 1H), 4.17 (q, J = 7.1 Hz, 2H), 4.63 (s,
1H), 6.54 (d, J = 2.5 Hz, 1H), 6.61 (dd, J = 8.2, 2.5 Hz, 1H), 7.02 (d, J = 8.2 Hz, 1H). MS
m/z 235 (M + H)".

Ethyl (2-Hydroxy-6,7,8,9-tetrahydro-SH-benzo[7]annulen-5-yl)acetate (7c). The title
compound was prepared from 6c by a similar to that described for 7a in 89% yield as a
colorless oil. '"H NMR (CDCls) & 1.22 (t, J = 7.2 Hz, 3H), 1.44-1.92 (m, 6H), 2.61-2.86 (m,
4H), 3.36-3.44 (m, 1H), 4.12 (q, J = 7.2 Hz, 2H), 4.66 (s, 1H), 6.54—6.59 (m, 2H), 6.95 (d, J
=79 Hz, 1H). MSm/z249 (M + H)".

4-(Chloromethyl)-7-hydroxy-2H-chromen-2-one (9). Ethyl 4-chloroacetoacetate (14.0
g, 85.0 mmol) was dissolved in concentrated H,SO4 (30 mL) at 0 °C, and resorcinol (8) (8.81
g, 80.0 mmol) was added portionwise. The mixture was stirred at room temperature for 2 h.
The reaction mixture was poured into ice water, and the resulting solid was collected by
filtration, washed with water, and dried to give 9 (14.1 g, 84%) as a beige solid. 'H NMR
(CDCl3) 6 4.63 (s, 2H), 6.42 (s, 1H), 6.88 (dd, J = 8.7, 2.5 Hz, 1H), 6.98 (d, J = 2.5 Hz, 1H),
7.57(d,J=8.7Hz, 1H). MSm/z211 M+ H)".
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Methyl (6-Hydroxy-1-benzofuran-3-yl)acetate (7d). Step 1: A mixture of 9 (10.9 g,
51.8 mmol) and 1 M NaOH aqueous solution (500 mL) was stirred at reflux for 2 h. The
reaction mixture was acidified with concentrated H,SO4 and extracted with AcOEt. The
extract was washed with brine, dried over anhydrous MgSO,, and concentrated to give
(6-hydroxy-1-benzofuran-3-yl)acetic acid (8.27 g, 83%) as brown crystals. 'H NMR
(DMSO-dg) 6 3.60 (s, 2H), 6.73 (dd, J = 8.5, 2.0 Hz, 1H), 6.87 (d, J = 2.0 Hz, 1H), 7.34 (d, J
= 8.5 Hz, 1H), 7.66 (s, 1H), 9.52 (br s, 1H), 12.41 (br's, IH). MS m/z 193 (M + H)". Step
2: (6-Hydroxy-1-benzofuran-3-yl)acetic acid (9.85 g, 51.3 mmol) was suspended in MeOH
(45 mL), and to the suspension was added concentrated H,SO4 (5 mL), and the mixture was
stirred at reflux for 4 h. After evaporation of the solvent, the residue was diluted with Et,0,
washed sequentially with water, saturated NaHCOj; aqueous solution, and brine, dried over
anhydrous MgSQy4, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 10:90-50:50) to give a solid, which was washed with
hexane—AcOEt to give 7d (7.38 g, 70%) as pale-yellow crystals. 'H NMR (CDCls) & 3.67 (d,
J =0.9 Hz, 2H), 3.73 (s, 3H), 4.91 (s, 1H), 6.79 (dd, J = 8.3, 2.2 Hz, 1H), 6.95 (d, J/ = 2.2 Hz,
1H), 7.38 (d, J = 8.3 Hz, 1H), 7.52 (s, IH). MS m/z207 (M + H)".

Methyl (6-Hydroxy-2,3-dihydro-1-benzofuran-3-yl)acetate (7¢). Compound 7d (11.4 g,
55.3 mmol) was hydrogenated on 10% Pd/C (2 g, containing 50% water) in MeOH (100 mL)
under H, atmosphere (balloon pressure) at room temperature for 18 h. The catalyst was
removed by filtration, and the filtrate was concentrated. The residue was purified by silica
gel column chromatography (AcOEt:hexane = 20:80-50:50) to give a solid.
Recrystallization from hexane—AcOEt gave 7e (8.74 g, 76%) as colorless prisms. mp
108-109 °C. 'H NMR (CDCls) & 2.55 (dd, J= 16.4, 9.1 Hz, 1H), 2.74 (dd, J= 16.4, 5.7 Hz,
1H), 3.72 (s, 3H), 3.74-3.84 (m, 1H), 4.26 (dd, /= 9.1, 5.7 Hz, 1H), 4.75 (t, /= 9.1 Hz, 1H),
4.82 (s, 1H), 6.31-6.34 (m, 2H), 6.97 (d, J=8.7 Hz, IH). MS m/z 209 (M + H)".

Ethyl 8-(Benzyloxy)-2,3-dihydro-1-benzoxepine-4-carboxylate (11). Step 1: A mixture
of 2,4-dihydroxybenzaldehyde (10) (13.8 g, 100 mmol), benzyl chloride (20.1 mL, 175 mmol),
and KF (11.6 g, 200 mmol) in CH3CN (100 mL) was stirred at reflux for 20 h. The mixture
was concentrated, diluted with water, and extracted with AcOEt. The extract was washed with
brine, dried over anhydrous MgSOj, and concentrated. The residue was purified by silica
gel column chromatography (AcOEt:hexane = 5:95-40:60) to give
4-(benzyloxy)-2-hydroxybenzaldehyde (9.76 g, 43%) as colorless crystals. Step 2: A
mixture of the obtained crystals (9.76 g, 42.8 mmol) in step 1, ethyl 4-bromobutyrate (7.34
mL, 51.3 mmol), and Cs,CO; (20.9 g, 64.1 mmol) in DMF (100 mL) was stirred at 80 °C for
4 days. After evaporation of the solvent, the residue was diluted with water, and extracted
with AcOEt. The extract was washed with brine, dried over anhydrous MgSO4, and
concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 5:95-40:60) to give a solid. Recrystallization from heptane—AcOEt gave
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11 (5.74 g, 41%) as colorless crystals. 'H NMR (CDCl3) & 1.34 (t, J = 7.2 Hz, 3H),
2.92-2.98 (m, 2H), 4.21-4.30 (m, 4H), 5.06 (s, 2H), 6.59 (d, J= 2.4 Hz, 1H), 6.66 (dd, J = 8.6,
2.4 Hz, 1H), 7.24 (d, J = 8.6 Hz, 1H), 7.30-7.45 (m, 5H), 7.54 (s, 1H). MS m/z 325 M +
H)".

Ethyl 8-Hydroxy-2,3,4,5-tetrahydro-1-benzoxepine-4-carboxylate (7f). The title
compound was prepared from 11 by a similar to that described for 7e in 100% yield as a
colorless 0il. 'H NMR (CDCl3) 8 1.25 (t, J = 7.1 Hz, 3H), 2.10-2.29 (m, 2H), 2.56-2.67 (m,
1H), 2.90-3.10 (m, 2H), 3.77-3.87 (m, 1H), 4.14 (q, J = 7.1 Hz, 2H), 4.23-4.33 (m, 1H), 4.85
(s, IH), 6.43-6.51 (m, 2H), 7.00 (d, /= 8.0 Hz, 1H). MS m/z237 (M + H)".

(2',6'-Dimethylbiphenyl-3-yl)methanol (13). Step 1: 3-Bromobenzaldehyde (12) (18.5 g,
100 mmol) and (2,6-dimethylphenyl)boronic acid (21.0 g, 140 mmol) were dissolved in a
mixture of 1 M Na,COj; aqueous solution (200 mL), EtOH (100 mL), and toluene (200 mL).
After argon substitution, Pd(PPhs)s (5.78 g, 5.00 mmol) was added. The reaction mixture
was stirred under argon atmosphere at 80 °C for 20 h. The reaction mixture was cooled, and
water was added to the reaction mixture. The mixture was diluted with AcOEt, and the
mixture was filtered through a pad of Celite. The organic layer of the filtrate was washed
with brine, dried over anhydrous MgSQO,, and concentrated. The residue was purified by
silica gel column chromatography (AcOEt:hexane = 0:100-10:90) to give
2',6’-dimethylbiphenyl-3-carbaldehyde (20.4 g, 97%) as a colorless oil. '"H NMR (CDCl) &
2.02 (s, 6H), 7.11-7.23 (m, 3H), 7.42-7.46 (m, 1H), 7.61 (t, J = 7.6 Hz, 1H), 7.68-7.69 (m,
1H), 7.86-7.90 (m, 1H), 10.06 (s, 1H). MS m/z 211 (M + H)". Step 2: The obtained oil
(18.5 g, 88.0 mmol) in step 1 was dissolved in a mixture of DME (100 mL) and THF (100
mL), and NaBH4 (1.66 g, 44.0 mmol) was added at 0 °C. The mixture was stirred at 0 °C for
3 h and then at room temperature for 3 h. The reaction mixture was quenched with diluted
HCI aqueous solution and extracted with AcOEt. The extract was washed with brine, dried
over anhydrous MgSQy,, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 10:90-50:50) to give 13 (15.6 g, 83%) as a colorless oil.
'H NMR (CDCl3) § 1.66 (t, J = 5.9 Hz, 1H), 2.03 (s, 6H), 4.74 (d, J = 5.9 Hz, 2H), 7.07-7.19
(m, 5H), 7.35 (d, J= 7.5 Hz, 1H), 7.43 (t,J= 7.5 Hz, 1H). MS m/z 195 (M — 18 + H)".

{5-](2',6’-Dimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1H-inden-1-yl}acetic Acid (14).
Step 1: To a mixture of 7a (0.529 g, 2.40 mmol), 13 (0.637 g, 3.00 mmol), and P(n-Bu); (1.20
mL, 4.80 mmol) in toluene (40 mL) was added ADDP (1.21 g, 4.80 mmol) at 0 °C, and the
mixture was stirred under nitrogen atmosphere at room temperature for 6 h. To the mixture
were added ADDP (0.606 g, 2.40 mmol) and P(n-Bu); (0.606 mL, 2.40 mmol). After stirred
at room temperature for 15 h, ADDP (0.606 g, 2.40 mmol) and P(n-Bu); (0.606 mL, 2.40
mmol) were added, and the mixture was stirred at room temperature for 6 h. Hexane (20
mL) was added, and the precipitate was removed by filtration. The filtrate was concentrated,

and the residue was purified by silica gel column chromatography (AcOEt:hexane =
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0:100-30:70) to give ethyl {5-[(2',6'-dimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1H-inden-
1-yl}acetate (0.239 g, 24%) as a colorless oil. '"H NMR (CDCls) & 1.27 (t, J = 7.1 Hz, 3H),
1.68-1.80 (m, 1H), 2.01 (s, 6H), 2.32-2.44 (m, 2H), 2.71 (dd, J = 15.3, 5.7 Hz, 1H),
2.78-2.96 (m, 2H), 3.47-3.57 (m, 1H), 4.17 (q, J = 7.1 Hz, 2H), 5.08 (s, 2H), 6.78 (dd, J = 8.2,
2.4 Hz, 1H), 6.84 (d, J = 2.4 Hz, 1H), 7.05-7.20 (m, 6H), 7.38-7.46 (m, 2H). MS m/z 415
(M +H)". Step 2: To a solution of the obtained oil (0.238 g, 0.574 mmol) in step 1 in EtOH
(2 mL) and THF (2 mL) was added 2 M NaOH aqueous solution (1.00 mL, 2.00 mmol), and
the mixture was stirred at room temperature for 7 h. The mixture was acidified with 1 M
HCI aqueous solution, and extracted with AcOEt. The extract was washed with brine, dried
over anhydrous MgSO,, and concentrated to give a solid.  Recrystallization from
hexane—AcOEt gave 14 (0.118 g, 53%) as colorless prisms. mp 114 °C. 'H NMR (CDCls)
0 1.71-1.83 (m, 1H), 2.01 (s, 6H), 2.36-2.51 (m, 2H), 2.76-2.96 (m, 3H), 3.49-3.58 (m, 1H),
5.09 (s, 2H), 6.79 (dd, J = 8.3, 2.5 Hz, 1H), 6.85 (s, 1H), 7.08-7.17 (m, 5H), 7.20 (s, 1H),
7.38-7.47 (m, 2H). MS m/z 387 (M + H)". HPLC purity (220 nm) 99.8%. Anal. Calcd
for CosH2603: C, 80.80; H, 6.78. Found: C, 80.63; H, 6.97.

The following compounds 15-19 were also prepared from 13 and appropriate phenols 7b—f
by a similar to that described for 14.

{6-[(2',6’-Dimethylbiphenyl-3-yl)methoxy]-1,2,3,4-tetrahydronaphthalen-1-yl}acetic
Acid (15). Step 1: Ethyl {6-[(2',6'-dimethylbiphenyl-3-yl)methoxy]-1,2,3,4-tetrahydro-
naphthalen-1-yl}acetate in 23% yield as a colorless oil. 'H NMR (CDCls) § 1.27 (t, J = 7.2
Hz, 3H), 1.63-1.93 (m, 4H), 2.01 (s, 6H), 2.48 (dd, J = 15.2, 9.7 Hz, 1H), 2.62-2.74 (m, 3H),
3.25-3.33 (m, 1H), 4.16 (q, J = 7.2 Hz, 2H), 5.07 (s, 2H), 6.67 (d, J = 2.6 Hz, 1H), 6.76 (dd, J
= 8.5, 2.6 Hz, 1H), 7.05-7.19 (m, 6H), 7.37-7.46 (m, 2H). MS m/z 429 (M + H)". Step 2:
15 in 57% yield as colorless prisms (hexane—AcOEt). mp 120 °C. 'H NMR (CDCL) &
1.67-1.98 (m, 4H), 2.01 (s, 6H), 2.55 (dd, J = 15.5, 9.9 Hz, 1H), 2.70-2.77 (m, 3H),
3.26-3.34 (m, 1H), 5.08 (s, 2H), 6.68 (d, J = 2.6 Hz, 1H), 6.78 (dd, J = 8.5, 2.6 Hz, 1H),
7.07-7.19 (m, 6H), 7.37-7.46 (m, 2H). MS m/z 401 (M + H)". HPLC purity (220 nm)
100%. Anal. Calcd for C,7H»503: C, 80.97; H, 7.05. Found: C, 80.89; H, 7.27.

{2-[(2',6’-Dimethylbiphenyl-3-yl)methoxy]-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-
yl}acetic Acid (16). Step 1: Ethyl {2-[(2',6'-dimethylbiphenyl-3-yl)methoxy]-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-yl}acetate in 72% yield as a colorless oil. 'H NMR
(CDCl3) 6 1.22 (t, J = 7.1 Hz, 3H), 1.45-1.92 (m, 6H), 2.01 (s, 6H), 2.62-2.88 (m, 4H),
3.36-3.45 (m, 1H), 4.11 (q, J = 7.1 Hz, 2H), 5.08 (s, 2H), 6.70 (dd, J = 8.3, 2.7 Hz, 1H), 6.74
(d, J=2.7 Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 7.08-7.20 (m, 5H), 7.37-7.46 (m, 2H). MS m/z
443 (M + H)". Step 2: 16 in 60% yield as colorless crystals (hexane—~AcOEt). mp
86-88 °C. 'H NMR (CDCls3) & 1.44-1.92 (m, 6H), 2.01 (s, 6H), 2.68-2.89 (m, 4H),
3.36-3.44 (m, 1H), 5.08 (s, 2H), 6.70-6.75 (m, 2H), 7.00 (d, J = 8.3 Hz, 1H), 7.06-7.19 (m,
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5H), 7.37-7.46 (m, 2H). MS m/z 415 (M + H)". HPLC purity (220 nm) 99.5%. Anal.
Calcd for CogH3005: C, 81.13; H, 7.29. Found: C, 81.03; H, 7.53.
{6-](2',6’-Dimethylbiphenyl-3-yl)methoxy]|-1-benzofuran-3-yl}acetic Acid (17). Step
1: Methyl {6-[(2',6'-dimethylbiphenyl-3-yl)methoxy]-1-benzofuran-3-yl}acetate in 96% yield
as a colorless oil. 'H NMR (CDCls) & 2.01 (s, 6H), 3.67 (d, J = 1.0 Hz, 2H), 3.72 (s, 3H),
5.15 (s, 2H), 6.97 (dd, J = 8.6, 2.2 Hz, 1H), 7.07-7.19 (m, 5H), 7.23 (s, 1H), 7.40-7.48 (m,
3H), 7.53 (s, 1H). MS m/z 401 (M + H)". Step 2: 17 in 80% yield as colorless plates
(hexane—AcOEt). mp 128-129 °C. 'H NMR (CDCls) & 2.01 (s, 6H), 3.71 (d, J = 0.8 Hz,
2H), 5.15 (s, 2H), 6.97 (dd, J = 8.6, 2.2 Hz, 1H), 7.07-7.19 (m, 5H), 7.23 (s, 1H), 7.40-7.48
(m, 3H), 7.54 (s, 1H). MS m/z387 (M +H)". HPLC purity (220 nm) 99.4%. Anal. Calcd
for Co5H»,04: C, 77.70; H, 5.74. Found: C, 77.52; H, 5.49.
{6-[(2',6’-Dimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1-benzofuran-3-yl}acetic Acid
(18). Step 1: Methyl {6-[(2',6’-dimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1-benzofuran-
3-yl}acetate in 72% yield as a colorless oil. 'H NMR (CDCls) & 2.01 (s, 6H), 2.55 (dd, J =
16.5, 9.2 Hz, 1H), 2.75 (dd, J=16.5, 6.0 Hz, 1H), 3.71 (s, 3H), 3.75-3.85 (m, 1H), 4.26 (dd, J
=9.2, 6.0 Hz, 1H), 4.75 (t, J= 9.2 Hz, 1H), 5.06 (s, 2H), 6.45-6.50 (m, 2H), 7.02 (d, J="7.9
Hz, 1H), 7.08-7.19 (m, 5H), 7.37-7.46 (m, 2H). MS m/z 403 (M + H)". Step 2: 18 in 73%
yield as colorless needles (hexane—AcOEt). mp 147-148 °C. 'H NMR (CDCls) & 2.01 (s,
6H), 2.61 (dd, J=16.8, 9.2 Hz, 1H), 2.81 (dd, J = 16.8, 5.7 Hz, 1H), 3.76-3.86 (m, 1H), 4.29
(dd, J=9.2,5.7 Hz, 1H), 4.76 (t,J = 9.2 Hz, 1H), 5.07 (s, 2H), 6.46—6.51 (m, 2H), 7.04-7.19
(m, 6H), 7.37-7.46 (m, 2H). MS m/z 389 (M + H)". HPLC purity (220 nm) 99.4%. Anal.
Calcd for Cy5H2404: C, 77.30; H, 6.23. Found: C, 77.08; H, 6.25.
8-[(2',6'-Dimethylbiphenyl-3-yl)methoxy]-2,3,4,5-tetrahydro-1-benzoxepine-4-carbox-
ylic Acid (19). Step 1: Ethyl 8-[(2’,6'-Dimethylbiphenyl-3-yl)methoxy]-2,3,4,5-tetrahydro-
1-benzoxepine-4-carboxylate in 90% yield as a colorless oil. 'H NMR (CDCl3) § 1.25 (t, J =
7.2 Hz, 3H), 2.01 (s, 6H), 2.15-2.29 (m, 2H), 2.57-2.65 (m, 1H), 2.94 (dd, J = 14.3, 2.3 Hz,
1H), 3.05 (dd, J = 14.3, 9.6 Hz, 1H), 3.76-3.84 (m, 1H), 4.13 (q, J = 7.2 Hz, 2H), 4.24-4.32
(m, 1H), 5.07 (s, 2H), 6.59—6.63 (m, 2H), 7.02-7.19 (m, 6H), 7.37-7.46 (m, 2H). MS m/z
431 (M + H)". Step 2: 19 in 76% yield as colorless crystals (hexane—~AcOEt). mp
100-101 °C. 'H NMR (CDCls) § 2.01 (s, 6H), 2.17-2.29 (m, 2H), 2.63-2.72 (m, 1H),
2.96-3.11 (m, 2H), 3.79-3.85 (m, 1H), 4.25-4.32 (m, 1H), 5.07 (s, 2H), 6.60-6.64 (m, 2H),
7.04-7.19 (m, 6H), 7.37-7.46 (m, 2H). MS m/z 403 (M + H)". Anal. Calcd for CysH2O4:
C,77.59; H, 6.51. Found: C, 77.53; H, 6.48.
2-Bromo-5-methoxybenzaldehyde (21). To a suspension of 3-methoxybenzaldehyde
(20.4 g, 150 mmol) in AcOH (400 mL) was added dropwise a solution of Br, (7.68 mL, 150
mmol) in AcOH (50 mL) at room temperature, and the mixture was stirred at room
temperature for 24 h, then added to water. The resulting crystals were collected by filtration,

washed with water, and dried to give 21 (28.2 g, 88%) as colorless crystals. mp 71-72 °C.
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'H NMR (CDCls) & 3.85 (s, 3H), 7.04 (dd, J = 8.9, 3.2 Hz, 1H), 7.42 (d, J = 3.2 Hz, 1H),
7.50-7.55 (m, 1H), 10.32 (s, 1H). HPLC purity (220 nm) >99%. Anal. Calcd for
CsH7BrO;: C, 44.68; H, 3.28. Found: C, 44.81; H, 3.41.
3-(2-Bromo-5-methoxyphenyl)propanenitrile (22). Step 1: A mixture of 21 (20.6 g,
95.8 mmol), cyanoacetic acid (8.96 g, 105 mmol), and NH4sOAc (1.11 g, 14.4 mmol) in
toluene (55 mL) and pyridine (32 mL) was stirred with a Dean-Stark apparatus at reflux for
0.5 h. The mixture was cooled and diluted with toluene. The resulting crystals were
collected by filtration and washed with toluene. The obtained ammonium salts were treated
with 1 M HCI aqueous solution, and the resulting free acids were collected by filtration,
washed with water, and dried. = The product was washed with MeOH to give
3-(2-bromo-5-methoxyphenyl)-2-cyanoacrylic acid (21.5 g, 80%) as yellow crystals. 'H
NMR (DMSO-ds) 6 3.82 (s, 3H), 7.15 (dd, /= 8.9, 3.0 Hz, 1H), 7.66 (d, J = 3.0 Hz, 1H), 7.74
(d, J = 89 Hz, 1H), 839 (s, 1H). HPLC purity (220 nm) >99%. Anal. Calcd for
C1HgBrNOs: C, 46.84; H, 2.86; N, 4.97. Found: C, 46.93; H, 2.85; N, 4.94. Step 2: Toa
suspension of the obtained crystals (21.0 g, 74.4 mmol) in step 1 in saturated NaHCO;
aqueous solution (55 mL) and MeOH (270 mL) was added portionwise NaBH4 (8.20 g, 217
mmol) at 0 °C, and the mixture was stirred under nitrogen atmosphere at room temperature
for4 h. After MeOH was evaporated, the residue was diluted with water, acidified with 6 M
HCI aqueous solution, and extracted with Et,0. The extract was washed with brine, dried
over anhydrous MgSO,, and concentrated to give 3-(2-bromo-5-methoxyphenyl)-2-cyano-
propanoic acid (20.8 g, 98%) as colorless crystals. 'H NMR (CDCl3) & 3.18 (dd, J = 13.7,
9.9 Hz, 1H), 3.52 (dd, J=13.7, 5.8 Hz, 1H), 3.80 (s, 3H), 4.02 (dd, /=9.9, 5.8 Hz, 1H), 6.76
(dd, J = 8.8, 3.0 Hz, 1H), 6.92 (d, J = 3.0 Hz, 1H), 7.47 (d, J = 8.8 Hz, 1H). HPLC purity
(220 nm) >99%. Anal. Calcd for C;;H;(BrNOs: C, 46.50; H, 3.55; N, 4.93. Found: C,
46.47; H, 3.50; N, 4.92. Step 3: A suspension of the obtained crystals (20.0 g, 70.4 mmol) in
step 2 in DMA (40 mL) was stirred under nitrogen atmosphere at 180 °C for 2 h. After
cooling, the mixture was concentrated, diluted with water, and extracted with Et,O. The
organic layer was washed with brine, dried over anhydrous MgSQO,, and concentrated. The
residue was purified by silica gel column chromatography (AcOEt:hexane = 0:100-25:75) to
give 22 (14.9 g, 88%) as a colorless oil. 'H NMR (CDCls) & 2.67 (t, J = 7.3 Hz, 2H), 3.04 (t,
J="17.3 Hz, 2H), 3.80 (s, 3H), 6.72 (dd, J = 8.9, 3.0 Hz, 1H), 6.85 (d, J= 3.0 Hz, 1H), 7.44 (d,
J=8.9Hz, 1H). HPLC purity (220 nm) >99%.
3-Hydroxybicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile (23). Step 1: NaNH, (6.24 g,
160 mmol) was added to liquid NHj3 (ca. 500 mL) at =78 °C.  After stirring at —33 °C for 0.5
h, 22 (9.60 g, 40.0 mmol) was added, and the mixture was stirred at =33 °C for 1 h. After
removal of the solvent, the residue was then cooled down to —78 °C and quenched with
NH4CI aqueous solution. The mixture was extracted with AcOEt. The extract was washed

with brine, dried over anhydrous MgSQO,, and concentrated. The residue was purified by
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silica gel column chromatography (AcOEt:hexane = 0:100-25:75) to give
3-methoxybicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile (2.87 g, 48%) as a light green oil.
'H NMR (CDCl;) & 3.49 (dd, J = 14.1, 2.7 Hz, 1H), 3.62 (dd, J = 14.1, 5.4 Hz, 1H), 3.79 (s,
3H), 4.17 (dd, J = 5.4, 2.7 Hz, 1H), 6.71 (d, J = 2.1 Hz, 1H), 6.84 (dd, J = 8.3, 2.1 Hz, 1H),
7.12 (d, J= 8.3 Hz, 1H). MS m/z 160 (M + H)". Step 2: To a mixture of the obtained oil
(0.796 g, 5.00 mmol) in step 1 and dodecyl methyl sulfide (3.25 g, 15.0 mmol) in toluene (10
mL) was added portionwise AICl; (2.00 g, 15.0 mmol) at 0 °C, and the mixture was stirred
under nitrogen atmosphere at 0 °C for 3 h. The mixture was quenched with diluted HCl
aqueous solution, and extracted with AcOEt. The extract was washed with brine, dried over
anhydrous MgSO,, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 5:95-40:60) to give 23 (0.573 g, 79%) as colorless crystals.
'H NMR (CDCl3) § 3.48 (dd, J = 14.3, 2.7 Hz, 1H), 3.61 (dd, J = 14.3, 5.7 Hz, 1H), 4.16 (dd,
J=15.7,2.7 Hz, 1H), 5.02 (s, 1H), 6.65 (d, J = 2.1 Hz, 1H), 6.75 (dd, J = 8.1, 2.1 Hz, 1H),
7.07 (d, J= 8.1 Hz, 1H). MS m/z 146 (M + H)". Anal. Calcd for CoH;NO: C, 74.47; H,
4.86; N, 9.65. Found: C, 74.64; H, 4.86; N, 9.67.
3-[(2',6’-Dimethylbiphenyl-3-yl)methoxy]bicyclo[4.2.0]octa-1,3,5-triene-7-carboxylic
Acid (24). Step 1: 3-[(2',6’-Dimethylbiphenyl-3-yl)methoxy]bicyclo[4.2.0]octa-1,3,5-triene-
7-carbonitrile was prepared from 13 and 23 by a similar to that described for 14-step 1 in 90%
yield as a colorless oil. 'H NMR (CDCls) & 2.01 (s, 6H), 3.43-3.51 (m, 1H), 3.56-3.65 (m,
1H), 4.16 (dd, J = 5.6, 2.5 Hz, 1H), 5.09 (s, 2H), 6.76 (d, J = 1.7 Hz, 1H), 6.91 (dd, J = 8.3,
2.1 Hz, 1H), 7.07-7.20 (m, 6H), 7.36—7.41 (m, 1H), 7.42-7.48 (m, 1H). MS m/z 352 (M +
Na)”. Step 2: To a solution of the obtained oil (2.28 g, 6.72 mmol) in step 1 in EtOH (10
mL) was added KOH (0.943 g, 16.8 mmol), and the mixture was stirred at room temperature
for 60 h. Water (3 mL) was added to the mixture, which was stirred at reflux for 9 h.  After
cooling, the mixture was acidified with 1 M HCI aqueous solution, and extracted with AcOEt.
The extract was washed with brine, dried over anhydrous MgSQOs, and concentrated to give 24
(2.38 g, 99%) as a yellow oil. 'H NMR (CDCl3) & 2.01 (s, 6H), 3.41 (d, J = 4.1 Hz, 2H),
4.25 (t,J=4.1 Hz, 1H), 5.08 (s, 2H), 6.76 (d, /= 2.1 Hz, 1H), 6.87 (dd, J = 8.1, 2.1 Hz, 1H),
7.04-7.21 (m, 6H), 7.36-7.47 (m, 2H). MS m/z 359 (M + H)".
{3-[(2',6’-Dimethylbiphenyl-3-yl)methoxy]|bicyclo[4.2.0]octa-1,3,5-trien-7-yl}acetic

Acid (25). Step 1: To a mixture of 24 (2.38 g, 6.65 mmol) in THF (15 mL) was added
portionwise LiAlHy4 (0.473 g, 9.98 mmol) at 0 °C, and the mixture was stirred under nitrogen
atmosphere at room temperature for 1 h. The mixture was cooled to 0 °C and Na;SO4-10
H,0O was added portionwise to the mixture. ~After stirring at room temperature overnight, the
mixture was filtered through a pad of Celite, and the filtrate was concentrated. The residue
was purified by silica gel column chromatography (AcOEt:hexane = 20:80-50:50) to give
{3-[(2",6'-dimethylbiphenyl-3-yl)methoxy]bicyclo[4.2.0]octa-1,3,5-trien-7-yl } methanol (2.01
g, 88%) as a colorless oil. 'H NMR (CDCls) & 1.41 (t, J = 5.7 Hz, 1H), 2.01 (s, 6H), 2.86
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(dd, J =14.1, 2.3 Hz, 1H), 3.23 (dd, J = 14.1, 5.2 Hz, 1H), 3.59-3.67 (m, 1H), 3.80-3.93 (m,
2H), 5.08 (s, 2H), 6.76 (d, J = 2.0 Hz, 1H), 6.83 (dd, J = 8.0, 2.0 Hz, 1H), 7.01 (d, J = 8.0 Hz,
1H), 7.07-7.21 (m, 5H), 7.37-7.47 (m, 2H). MS m/z 327 (M — 18 + H)". Step 2: To a
mixture of the obtained oil (2.01 g, 5.84 mmol) in step 1 in pyridine (15 mL) was added
portionwise p-TsCl (2.00 g, 10.5 mmol) at room temperature, and the mixture was stirred
under nitrogen atmosphere at room temperature for 14 h. The mixture was added to diluted
HCI aqueous solution at 0 °C and extracted with Et;0. The extract was washed with brine,
dried over anhydrous MgSO,4, and concentrated to give {3-[(2',6'-dimethylbiphenyl-3-yl)
methoxy]bicyclo[4.2.0]octa-1,3,5-trien-7-yl} methyl 4-methylbenzenesulfonate (2.58 g, 89%)
as a colorless oil. '"H NMR (CDCls) & 2.00 (s, 6H), 2.44 (s, 3H), 2.75 (dd, J = 14.4, 2.3 Hz,
1H), 3.24 (dd, J = 144, 5.1 Hz, 1H), 3.64-3.73 (m, 1H), 4.11-4.19 (m, 1H), 4.22-4.30 (m,
1H), 5.06 (s, 2H), 6.71 (d, J = 2.0 Hz, 1H), 6.79 (dd, J = 8.1, 2.0 Hz, 1H), 6.91 (d, J = 8.1 Hz,
1H), 7.06-7.20 (m, 5H), 7.33 (d, J = 7.9 Hz, 2H), 7.36-7.40 (m, 1H), 7.41-7.47 (m, 1H),
7.75-7.81 (m, 2H). MS m/z 499 (M + H)". Step 3: To a suspension of NaCN (0.505 g,
10.3 mmol) in DMSO (7 mL) was added dropwise a solution of the obtained oil (2.58 g, 5.17
mmol) in step 2 in DMSO (15 mL) at room temperature, and the mixture was stirred under
nitrogen atmosphere at room temperature for 48 h. The mixture was poured into NaHCO;
aqueous solution at 0 °C, and extracted with Et;O. The extract was washed with brine, dried
over anhydrous MgSQOy, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 0:100-25:75) to give {3-[(2',6'-dimethylbiphenyl-3-yl)me-
thoxy]bicyclo[4.2.0]octa-1,3,5-trien-7-yl }acetonitrile (1.65 g, 90%) as a yellow oil. 'H
NMR (CDCls) 6 2.01 (s, 6H), 2.67-2.73 (m, 2H), 2.85 (dd, J = 14.4, 2.3 Hz, 1H), 3.43 (dd, J
= 14.4, 5.1 Hz, 1H), 3.67-3.76 (m, 1H), 5.08 (s, 2H), 6.76 (d, J = 2.0 Hz, 1H), 6.86 (dd, J =
8.2, 2.0 Hz, 1H), 7.06-7.21 (m, 6H), 7.37-7.48 (m, 2H). MS m/z 354 (M + H)". Step 4:
Compound 25 was prepared from the obtained oil in step 3 by a similar to that described for
24-step 2 in 82% yield as a yellow viscous oil. 'H NMR (CDCls) & 2.01 (s, 6H), 2.72-2.84
(m, 3H), 3.39 (dd, J = 14.4, 5.3 Hz, 1H), 3.71-3.81 (m, 1H), 5.08 (s, 2H), 6.74 (d, J = 2.0 Hz,
1H), 6.82 (dd, J = 8.2, 2.0 Hz, 1H), 7.03 (d, J = 8.2 Hz, 1H), 7.07-7.21 (m, 5H), 7.37-7.48
(m, 2H). MS m/z373 (M +H)". HPLC purity (220 nm) 100%.

Ethyl 2-Methyl-6-0x0-1,6-dihydropyridine-3-carboxylate (27). Step 1: To a mixture of
ethyl acetoacetate (26.0 g, 200 mmol) and silica gel (2 g) was added dropwise 28% NHj3
aqueous solution (14.6 g, 240 mmol) at room temperature, and the mixture was stirred at
room temperature for 18 h. The mixture was filtered, and the filtrate was diluted with water,
and then extracted with AcOEt. The extract was washed with brine, dried over anhydrous
Na,S04, and concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 5:95-40:60) to give ethyl (22)-3-aminobut-2-enoate (21.5 g, ca. 80% purity,
67%) as a colorless oil. 'H NMR (CDCls) 8 1.26 (t, J = 7.1 Hz, 3H), 1.90 (s, 3H), 4.11 (q,J
= 7.1 Hz, 2H), 4.52 (s, 1H). Step 2: A mixture of the obtained oil (21.5 g, ca. 133 mmol) in
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step 1 and methyl propiolate (11.8 g, 140 mmol) in toluene (140 mL) was stirred under
nitrogen atmosphere at reflux for 4 h. To the mixture was added methyl propiolate (5.64 g,
67.1 mmol), and the mixture was stirred under nitrogen atmosphere at reflux for 12 h. To
the mixture was added again methyl propiolate (8.48 g, 101 mmol), and the mixture was
stirred under nitrogen atmosphere at reflux for 20 h. After cooling, the mixture was
concentrated to give crude 5-ethyl 1-methyl (2E,47)-4-(1-aminoethylidene)pent-2-enedioate
as a orange solid. This product was used for the next reaction without further purification.
'H NMR (CDCl3) & 1.36 (t, J = 7.2 Hz, 3H), 2.27 (s, 3H), 3.73 (s, 3H), 4.26 (q, J = 7.2 Hz,
2H), 5.43 (br s, 1H), 6.18 (d, J = 15.5 Hz, 1H), 7.65 (d, J = 15.5 Hz, 1H), 9.58 (br s, 1H).
Step 3: A solution of the crude product in DMF (350 mL) was stirred under nitrogen
atmosphere at reflux for 6 days. After evaporation of the solvent, the resulting solid was
washed with toluene to give 27 (7.49 g) as yellow crystals. The mother liquor was purified
by silica gel column chromatography (AcOEt:hexane = 50:50-100:0) to give the second crop
(0.62 g) as yellow crystals. Total 8.11 g (34% in 2 steps). 'H NMR (DMSO-de) & 1.27 (t, J
= 7.0 Hz, 3H), 2.52 (s, 3H), 4.20 (q, J = 7.0 Hz, 2H), 6.20 (d, J = 9.5 Hz, 1H), 7.81 (d, J =
9.5 Hz, 1H), 12.04 (brs, 1H). MS m/z 182 (M + H)".

Ethyl 6-Chloro-2-methylnicotinate (28). A mixture of 27 (8.09 g, 44.6 mmol) and
POCI; (20.0 g, 130 mmol) was stirred under nitrogen atmosphere at 120 °C for 2 h.  After
cooling, the mixture was poured into ice water, basified with § M NaOH aqueous solution,
and extracted with AcOEt. The extract was washed with brine, dried over anhydrous
MgSO,, and concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 5:95-30:70) to give 28 (7.88 g, 89%) as colorless crystals. 'H NMR
(CDCl3) 6 1.40 (t,J = 7.2 Hz, 3H), 2.82 (s, 3H), 4.38 (q, J/ = 7.2 Hz, 2H), 7.24 (d, J = 8.3 Hz,
1H), 8.16 (d, J = 8.3 Hz, IH). MS m/z200 (M + H)".

Ethyl 2-Chloro-5-0x0-6,7-dihydro-5H-cyclopenta[b]pyridine-6-carboxylate (29). Step
1: A mixture of 28 (7.88 g, 39.5 mmol), NBS (7.74 g, 43.5 mmol), and AIBN (64.9 mg, 0.395
mmol) in CCls (80 mL) was stirred under nitrogen atmosphere at reflux for 4 h. The mixture
was concentrated, and the residue was washed with Et,O. The filtrate was concentrated.
The residue was purified by silica gel column chromatography (AcOEt:hexane =
0:100-25:75) to give ethyl 2-(bromomethyl)-6-chloronicotinate (6.94 g, 63%) as a pale
yellow oil. 'H NMR (CDCl3) & 1.43 (t, J = 7.1 Hz, 3H), 4.44 (q, J = 7.1 Hz, 2H), 4.97 (s,
2H), 7.35 (d, J = 8.3 Hz, 1H), 8.24 (d, J = 8.3 Hz, 1H). MS m/z 278 (M + H)". Step 2:
To a solution of diethyl malonate (8.01 g, 50.0 mmol) in THF (100 mL) was added
portionwise NaH (60% in mineral oil, 2.00 g, 50.0 mmol) at room temperature, and the
mixture was stirred under nitrogen atmosphere at room temperature for 0.5 h. To the
mixture was added the obtained oil (6.49 g, 24.9 mmol) in step 1, and the mixture was stirred
under nitrogen atmosphere at room temperature for 12 h. The mixture was poured into ice

water, neutralized with 1 M HCI aqueous solution, acidified with diluted citric acid aqueous
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solution, and extracted with AcOEt. The extract was washed with brine, dried over
anhydrous MgSQOy4, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 5:95-30:70) to give diethyl {[6-chloro-3-(ethoxy-
carbonyl)pyridin-2-ylJmethyl} malonate (6.58 g, 74%) as a colorless oil. 'H NMR (CDCls) &
1.27 (t,J = 7.1 Hz, 6H), 1.40 (t, J = 7.1 Hz, 3H), 3.82 (d, J = 7.5 Hz, 2H), 4.14 (t, J = 7.5 Hz,
1H), 4.21 (q,J = 7.1 Hz, 4H), 4.39 (q, J = 7.1 Hz, 2H), 7.23 (d, J = 8.3 Hz, 1H), 8.17 (d, J =
8.3 Hz, 1H). MS m/z 358 (M + H)". Step 3: To a suspension of NaH (60% in mineral oil,
0.88 g, 22.0 mmol) in toluene (300 mL) was added dropwise a solution of the obtained oil
(6.58 g, 18.4 mmol) in step 2 in toluene (100 mL) at room temperature, and the mixture was
stirred under nitrogen atmosphere at reflux for 4 h. The mixture was poured into ice water,
neutralized with 1 M HCI aqueous solution, acidified with diluted citric acid aqueous solution,
and extracted with AcOEt. The extract was washed with brine, dried over anhydrous
MgSO,, and concentrated to give a solid, which was washed with MeOH to give 29 (1.58 g)
as yellow crystals. The mother liquor was concentrated to give the second crop (3.06 g).
Total 4.40 g (99%). 'H NMR (CDCl3) & 1.38 (t, J = 7.1 Hz, 3H), 3.63 (s, 2H), 4.35 (q, J =
7.1 Hz, 2H), 7.35 (d, J = 8.1 Hz, 1H), 7.84 (d, J = 8.1 Hz, 1H), 10.49 (br s, IH). MS m/z
286 (M + H)".

2-Hydroxy-6,7-dihydro-5H-cyclopenta[b]pyridin-5-one (30). A mixture of 29 (4.40 g,
18.4 mmol) and 85% H3PO4 (50 mL) was stirred under nitrogen atmosphere at 185 °C for 3 h.
After cooling, the mixture was poured into ice water, and neutralized with 8 M NaOH
aqueous solution and NaHCO;. The mixture was concentrated, and diluted with EtOH.
The insoluble material was removed by filtration, washed with EtOH, and the filtrate was
concentrated. The resulting solid was washed with EtOH, and dried to give 30 (2.33 g, 85%)
as a khaki solid. 'H NMR (DMSO-dg) & 2.25-2.33 (m, 2H), 2.56-2.65 (m, 2H), 5.78 (d, J =
8.9 Hz, 1H), 7.19 (d, J = 8.9 Hz, 1H). MS m/z 150 (M + H)".

2-[(2',6’-Dimethylbiphenyl-3-yl)methoxy]-6,7-dihydro-5H-cyclopenta[b]pyridin-5-ol
(31). Step 1: To a solution of 13 (1.78 g, 8.40 mmol) and Et;N (1.41 mL, 10.1 mmol) in
THF (15 mL) was added portionwise MsClI (0.782 mL, 10.1 mmol) at 0°C, and the mixture
was stirred under nitrogen atmosphere at room temperature for 1 h. The mixture was diluted
with THF, and the insoluble material was removed by filtration, and the filtrate was
concentrated. The residue was dissolved in DMF (15 mL), and to the solution were added
30 (1.04 g, 7.00 mmol) and K,CO; (1.16, 8.40 mmol) at room temperature. The mixture
was stirred under nitrogen atmosphere at 80 °C for 13 h. The mixture was poured into water
and extracted with AcOEt. The extract was washed with brine, dried over anhydrous
MgSO,, and concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 30:70-80:20) to give a crude oil (0.36 g). Step 2: To a solution of the
obtained oil in step 1 in MeOH (1 mL) and THF (2 mL) was added portionwise NaBH,4 (42

mg, 1.00 mol) at 0 °C, and the mixture was stirred under nitrogen atmosphere at 0 °C for 2 h.
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The mixture was poured into diluted citric acid aqueous solution and extracted with AcOEt.
The extract was washed with brine, dried over anhydrous MgSQO,, and concentrated. The
residue was purified by silica gel column chromatography (AcOEt:hexane = 20:80-60:40) to
give 31 (0.147 g, 6% in 2 steps) as a colorless oil. 'H NMR (CDCls) 8 1.72 (d, J = 6.8 Hz,
1H), 1.92-2.04 (m, 7H), 2.49-2.62 (m, 1H), 2.77-2.89 (m, 1H), 3.02-3.14 (m, 1H), 5.18-5.27
(m, 1H), 5.42 (s, 2H), 6.66 (d, J = 8.3 Hz, 1H), 7.07-7.19 (m, 4H), 7.24 (s, 1H), 7.40-7.46 (m,
2H), 7.60 (d, J = 8.3 Hz, IH). MS m/z 346 (M + H)".
{2-[(2',6'-Dimethylbiphenyl-3-yl)methoxy]-6,7-dihydro-5H-cyclopenta[b]pyridin-5-yl}

acetic Acid (32). Step 1: To a solution of 31 (0.142 g, 0.411 mmol) in toluene (1 mL)
were sequentially added SOCl, (0.073 mL, 1.00 mmol) and pyridine (0.0809 mL, 1.00 mmol)
at room temperature, and the mixture was stirred under nitrogen atmosphere at room
temperature for 1 h. The mixture was quenched with saturated NaHCO; aqueous solution
and extracted with AcOEt. The extract was washed with brine, dried over anhydrous
MgSO,, and concentrated to give a brown oil. Step 2: To a solution of diethyl malonate
(0.160 g, 1.00 mmol) in THF (3 mL) was added NaH (60% in mineral oil, 40 mg, 1.00 mmol)
at room temperature and the mixture was stirred under nitrogen atmosphere at room
temperature for 1 h. The mixture was added into the obtained oil in step 1 at room
temperature, and the resulting mixture was stirred under nitrogen atmosphere at room
temperature for 14 h. The mixture was diluted with citric acid aqueous solution and
extracted with AcOEt. The extract was washed with brine, dried over anhydrous MgSQy,
and concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 0:100-25:75) to give diethyl {2-[(2',6'-dimethylbiphenyl-3-yl)methoxy]-
6,7-dihydro-5H-cyclopenta[b]pyridin-5-yl}malonate (0.106 g, 53% in 2 steps) as a yellow oil.
'H NMR (CDCl3) § 1.18-1.32 (m, 6H), 1.96-2.08 (m, 7H), 2.30-2.44 (m, 1H), 2.79-3.04 (m,
2H), 3.53 (d, J = 8.3 Hz, 1H), 3.82-3.91 (m, 1H), 4.14-4.25 (m, 4H), 5.38 (s, 2H), 6.55 (d, J
= 8.3 Hz, 1H), 7.05-7.20 (m, 4H), 7.23 (s, 1H), 7.37-7.44 (m, 3H). MS m/z 488 (M + H)".
Step 3: To a solution of the obtained oil (0.102 g, 0.209 mmol) in step 2 in EtOH (1 mL) and
THF (2 mL) was added 2 M NaOH aqueous solution (0.4 mL, 0.800 mmol) at room
temperature, and the mixture was stirred at 50 °C for 2.5 h. The mixture was acidified with
diluted citric acid aqueous solution and extracted with AcOEt. The extract was washed with
brine, dried over anhydrous MgSOs, and concentrated to give a solid, which was suspended in
toluene (4 mL), and the suspension was stirred under nitrogen atmosphere at reflux for 12 h.
The mixture was concentrated, and the residue was purified by silica gel column
chromatography (AcOEt:hexane = 10:90-80:20) to give crystals. Recrystallization from
heptane—AcOEt gave 32 (31.0 mg, 38%) as colorless crystals. mp 136-137 °C. 'H NMR
(CDCl3) 6 1.74-1.88 (m, 1H), 2.02 (s, 6H), 2.38-2.57 (m, 2H), 2.67-2.78 (m, 1H), 2.82-3.02
(m, 2H), 3.49-3.61 (m, 1H), 5.39 (s, 2H), 6.59 (d, J = 8.3 Hz, 1H), 7.06-7.19 (m, 4H), 7.24 (s,
1H), 7.39-7.46 (m, 3H). MS m/z388 (M + H)". HPLC purity (220 nm) 100%.
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5-[(2',6'-Dimethylbiphenyl-3-yl)methoxy]-1H-indole (34). The title compound was
prepared from 33 and 13 by a similar to that described for 14-step 1 in 62% yield as a pale
brown oil. 'H NMR (CDCls) & 2.02 (s, 6H), 5.15 (s, 2H), 6.42—6.48 (m, 1H), 6.93 (dd, J =
8.8, 2.6 Hz, 1H), 7.04-7.50 (m, 10H), 8.05 (brs, 1H). MS m/z 328 (M + H)".

{5-](2',6’-Dimethylbiphenyl-3-yl)methoxy]-1H-indole-1-yl}acetic Acid (35). Step 1: To
a solution of 34 (0.95 g, 2.90 mmol) in THF (30 mL) and DMF (4 mL) was added NaH (60%
in mineral oil, 0.12 g, 3.0 mmol) at 4 °C, and the mixture was stirred under nitrogen
atmosphere at 4 °C for 20 min. To the mixture was added ethyl bromoacetate (0.36 mL, 3.25
mmol) at 4 °C, and the resulting mixture was stirred at room temperature for 2 days. The
mixture was diluted with citric acid aqueous solution and extracted with AcOEt. The extract
was washed with water and then brine, dried over anhydrous MgSQO,, and concentrated. The
residue was purified by silica gel column chromatography (AcOEt:hexane = 1:10-1:5) to give
ethyl {5-[(2',6’-dimethylbiphenyl-3-yl)methoxy]-1H-indole-1-yl}acetate (1.0 g, 83%) as a
pale yellow oil. '"H NMR (CDCls) & 1.25 (t, J = 7.0 Hz, 3H), 2.03 (s, 6H), 4.20 (q, J = 7.0
Hz, 2H), 4.80 (s, 2H), 5.14 (s, 2H), 6.45 (dd, J = 3.2, 0.8 Hz, 1H), 6.95 (dd, J = 8.8, 2.6 Hz,
1H), 7.04-7.48 (m, 10H). MS m/z 414 (M + H)". Step 2: To a solution of the obtained oil
(0.27 g, 0.65 mmol) in step 1 in MeOH (10 mL) and THF (10 mL) was added a solution of
KOH (85%, 130 mg, 1.97 mmol) in water (5 mL) at room temperature, and the mixture was
stirred for 18 h. The mixture was acidified with diluted citric acid aqueous solution and
extracted with AcOEt. The extract was washed with brine, dried over anhydrous MgSQy,
and concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 1:2-2:1) to give 35 (0.19 g, 76%) as a pale yellow amorphous powder. 'H
NMR (CDCls) & 2.02 (s, 6H), 4.84 (s, 2H), 5.14 (s, 2H), 6.46 (d, J = 3.2 Hz, 1H), 6.96 (dd, J
= 8.8, 2.2 Hz, 1H), 7.00-7.48 (m, 10H). MS m/z 386 (M + H)". HPLC purity (220 nm)
97.4%.

3-(2-Methylnaphthalen-1-yl)benzaldehyde (41a). To a mixture of 1-bromo-2-methyl-
naphthalene (3.32 g, 15.0 mmol), (3-formylphenyl)boronic acid (36) (2.13 g, 15.0 mmol), and
1 M Na,COs aqueous solution (30 mL, 30.0 mmol) in EtOH (15 mL) and toluene (30 mL)
was added Pd(PPhs)s (0.867 g, 0.750 mmol), and the mixture was stirred under argon
atmosphere at 80 °C for 24 h.  After cooling, the mixture was partitioned between water and
AcOEt. The organic layer was washed with brine, dried over anhydrous MgSO,, and
concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 0:100-20:80) to give 41a (2.39 g, 65%) as a pale yellow oil. 'H NMR
(CDCl3) 6 2.23 (s, 3H), 7.27-7.45 (m, 4H), 7.57 (dt, J = 7.6, 1.4 Hz, 1H), 7.69 (t, J = 7.6 Hz,
1H), 7.81-7.88 (m, 3H), 7.98 (dt, J= 7.6, 1.4 Hz, 1H), 10.09 (s, IH). MS m/z 247 M +H)".

3-(1-Benzothiophen-3-yl)benzaldehyde (41b). The title compound was prepared from
36 and 3-bromo-1-benzothiophene by a similar to that described for 41a in 94% yield as a
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pale yellow oil. 'H NMR (CDCl;) & 7.40-7.48 (m, 1H), 7.49 (s, 1H), 7.67 (t, J = 7.4 Hz,
1H), 7.83-8.14 (m, SH). MS m/z239 (M + H)".

3-(1-Benzothiophen-5-yl)benzaldehyde (41¢). The title compound was prepared from 36
and 5-bromo-1-benzothiophene by a similar to that described for 41a in 70% yield as a pale
yellow oil. 'H NMR (CDCls) & 7.41 (t, J= 5.6 Hz, 1H), 7.52 (t, J = 5.6 Hz, 1H), 7.60-8.04
(m, 5H), 8.08 (d, J= 1.6 Hz, 1H), 8.17-8.21 (m, 1H). 10.12 (s, IH). MS m/z239 (M + H)".

2',6'-Dimethyl-6-methoxybiphenyl-3-carbaldehyde (41d). The title compound was
prepared from (2-methoxy-5-formylphenyl)boronic acid (39) and 1-bromo-2,6-dimethyl-
benzene by a similar to that described for 41a in 87% yield as a colorless oil. 'H NMR
(CDCl3) 6 1.99 (s, 6H), 3.84 (s, 3H), 6.98-7.22 (m, 4H), 7.60 (d, J = 2.2 Hz, 1H), 7.91 (dd, J
=8.8,2.2 Hz, 1H), 9.92 (s, 1H). MS m/z241 (M +H)".

6-(Benzyloxy)-2',6'-dimethylbiphenyl-3-carbaldehyde (41e). To a mixture of
4-(benzyloxy)-3-bromobenzaldehyde (40) (11.6 g, 39.8 mmol), 2,6-dimethylphenylboronic
acid (6.60 g, 44.0 mmol), and K3PO4 (17.0 g, 80.0 mmol) in toluene (240 mL) and H,O (60
mL) were added Pdy(dba); (0.549 g, 0.600 mmol) and SPhos (0.985 g, 2.40 mmol), and the
mixture was stirred under argon atmosphere at 100 °C for 24 h.  After cooling, the mixture
diluted with water and AcOEt, and filtered through a pad of Celite, and the filtrate was
concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 0:100-30:70) to give 41e (12.6 g, quantitative) as a yellow oil. 'H NMR
(CDCl3) 6 2.02 (s, 6H), 5.15 (s, 2H), 7.09-7.33 (m, 9H), 7.63 (d, J = 2.0 Hz, 1H), 7.85 (dd, J
=8.5,2.0 Hz, 1H), 9.91 (s, 1H). MSm/z317 M+ H)".

Ethyl 2',4’-Dimethylbiphenyl-3-carboxylate (41f). The title compound was prepared
from ethyl 3-bromobenzoate (38) and (2,4-dimethylphenyl)boronic acid by a similar to that
described for 41a in quantitative yield as a colorless oil. 'H NMR (CDCl3) & 1.39 (t, J = 7.0
Hz, 3H), 2.23 (s, 3H), 2.37 (s, 3H), 4.38 (q, J = 7.0 Hz, 2H), 7.02—7.54 (m, 5H), 8.00-8.05 (m,
2H).

2',4',6’-Trimethylbiphenyl-3-carbaldehyde (41g). The title compound was prepared
from 3-bromobenzaldehyde (37) and (2,4,6-trimethylphenyl)boronic acid by a similar to that
described for 41a in 76% yield as a colorless oil. MS m/z 225 (M + H)".

[3-(2-Methylnaphthalen-1-yl)phenyl]methanol (42a). To a solution of 41a (2.39 g, 9.70
mmol) in DME (10 mL) and THF (10 mL) was added portionwise NaBH,4 (0.189 g, 5.00
mmol) at 0 °C, and the mixture was stirred under nitrogen atmosphere at 0 °C for 3 h. To
the mixture was added HCI aqueous solution, and the mixture was extracted with AcOEt.
The extract was washed with brine, dried over anhydrous MgSOj, and concentrated. The
residue was purified by silica gel column chromatography (AcOEt:hexane = 5:95-30:70) to
give 42a (1.96 g, 81%) as a colorless viscous oil. 'H NMR (CDCl3) & 1.66 (t, J = 5.9 Hz,
1H), 2.03 (s, 6H), 4.74 (d, J = 5.9, 2H Hz), 7.07-7.19 (m, 5H), 7.35 (d, J = 7.5 Hz, 1H), 7.43
(t,J=7.5Hz, 1H). MSm/z231 (M —18+H)".
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[3-(1-Benzothiophen-3-yl)phenyljmethanol (42b). To a solution of 41b (2.1 g, 8.81
mmol) in dry THF (30 mL) was added LiAlH4 (0.37 g, 9.75 mmol) at 0 °C, and the resulting
mixture was stirred at room temperature for 2 h. The mixture was cooled to 0 °C,
NaS04-10 H,0 (3.0 g, 5.74 mmol) was added carefully and the mixture was stirred at room
temperature for 1 h. The insoluble material was removed by filtration, and the filtrate was
concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 1:5-1:3) to give 42b (2.0 g, 95%) as a colorless oil. 'H NMR (CDCl3) &
1.72 (t, J = 5.8 Hz, 1H), 4.80 (d, J = 5.8 Hz, 2H), 7.35-7.64 (m, 7H), 7.88-7.98 (m, 2H).
MS m/z 264 (M + Na)".

[3-(1-Benzothiophen-5-yl)phenyljmethanol (42¢). The title compound was prepared
from 41¢ by a similar to that described for 42a in 99% yield as colorless prisms. 'H NMR
(CDCl3) 6 1.73 (t, J= 6.0 Hz, 1H), 4.79 (d, J = 6.0 Hz, 2H), 7.35-7.63 (m, 6H), 7.68 (s, 1H),
7.94 (d, J=8.1 Hz, 1H), 8.04 (d,J= 1.8 Hz, 1H). MS m/z 264 (M + Na)".

(2',6’-Dimethyl-6-methoxybiphenyl-3-yl)methanol (42d). The title compound was
prepared from 41d by a similar to that described for 42a in 88% vyield as a colorless oil. 'H
NMR (CDCls) 6 2.01 (s, 6H), 3.74 (s, 3H), 4.65 (d, /= 5.2 Hz, 2H), 6.97 (d, J = 8.4 Hz, 1H),
7.03 (d, J=2.2 Hz, 1H), 7.06-7.24 (m, 3H), 7.35 (dd, J = 8.4, 2.6 Hz, 1H). MS m/z 225 (M
- 18+ H)".

(6-Benzyloxy-2',6’-dimethylbiphenyl-3-yl)methanol (42e). The title compound was
prepared from 41e by a similar to that described for 42a in 99% yield as a colorless oil. 'H
NMR (CDCl3) 6 2.03 (s, 6H), 4.64 (s, 2H), 5.02 (s, 2H), 6.99 (d, J = 8.3 Hz, 1H), 7.05-7.32
(m, 10H). MSm/z301 (M — 18 +H)".

(2',4’-Dimethylbiphenyl-3-yl)methanol (42f). The title compound was prepared from
41f by a similar to that described for 42b in 96% yield as a colorless oil. 'H NMR (CDCl;) &
2.24 (s, 3H), 2.36 (s, 3H), 4.73 (d, /= 6.0 Hz, 2H), 7.00-7.45 (m, 7H).

(2',4',6'-Trimethylbiphenyl-3-yl)methanol (42g). The title compound was prepared
from 41g by a similar to that described for 42a in 70% yield as a colorless oil. 'H NMR
(CDCl3) 6 2.00 (s, 6H), 2.33 (s, 3H), 4.73 (d, /= 6.2 Hz, 2H), 6.94 (s, 2H), 7.00-7.42 (m, 4H).
MS m/z 250 (M + Na)".

4'-Hydroxy-2',6'-dimethylbiphenyl-3-carbaldehyde (44). The title compound was
prepared from 4-bromo-3,5-dimethylphenol (43) and 36 by a similar to that described for 41a
in 83% as pale yellow crystals. 'H NMR (CDCls) & 1.97 (s, 6H), 4.69 (s, 1H), 6.62 (s, 2H),
7.42 (dt, J=17.7, 1.4 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.66 (t, J = 1.7 Hz, 1H), 7.86 (dt, J =
7.6, 1.5 Hz, 1H), 10.05 (s, 1H). MS m/z 227 (M + H)".

[4'-(Benzyloxy)-2',6'-dimethylbiphenyl-3-yljmethanol (42h). Step 1: A mixture of 44
(2.26 g, 10.0 mmol), benzyl bromide (3.42 g, 20.0 mmol), and K,CO; (2.76 g, 20.0 mmol) in
DMF (10 mL) was stirred at 70 °C for 2 h. The mixture was diluted with water and

extracted with AcOEt. The organic layer was washed with brine, dried over anhydrous
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MgSO,, and concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 0:100-10:90) to give 4’-(benzyloxy)-2',6'-dimethylbiphenyl-3-carbaldehyde
(2.90 g, 92%) as a colorless oil. 'H NMR (CDCls) & 2.00 (s, 6H), 5.09 (s, 2H), 6.77 (s, 2H),
7.31-7.49 (m, 6H), 7.59 (t, J = 7.5 Hz, 1H), 7.66-7.68 (m, 1H), 7.84-7.89 (m, 1H), 10.05 (s,
1H). MSm/z317 (M +H)". Step2: Compound 42h was prepared from the obtained oil by
a similar to that described for 42a in 95% yield as a colorless oil. 'H NMR (CDCls) & 1.65 (t,
J=5.9 Hz, 1H), 2.01 (s, 6H), 4.73 (d, /= 5.9 Hz, 2H), 5.07 (s, 2H), 6.75 (s, 2H), 7.07 (d, J =
7.3 Hz, 1H), 7.13 (s, 1H), 7.30-7.48 (m, 7H). MS m/z 319 (M + H)".
[4'-(2-Ethoxyethoxy)-2’,6’-dimethylbiphenyl-3-yljmethanol  (42i). Step 1:
4'-(2-Ethoxyethoxy)-2',6'-dimethylbiphenyl-3-carbaldehyde was prepared from 44 and
2-chloroethyl ethyl ether by a similar to that described for 42h-step 1 in 89% as a colorless oil.
'H NMR (CDCl3) & 1.26 (t, J = 7.0 Hz, 3H), 1.99 (s, 6H), 3.62 (q, J= 7.0 Hz, 2H), 3.81 (t,J =
4.9 Hz, 2H), 4.15 (t, J = 4.9 Hz, 2H), 6.71 (s, 2H), 7.42 (dt, J= 7.5, 1.5 Hz, 1H), 7.58 (t, J =
7.5 Hz, 1H), 7.66 (t, J = 1.5 Hz, 1H), 7.86 (dt, J = 7.5, 1.5 Hz, 1H), 10.05 (s, 1H). MS m/z
299 (M +H)". Step 2: Compound 42i was prepared from the obtained oil by a similar to that
described for 42a in 98% yield as colorless crystals. 'H NMR (CDCls) & 1.25 (t, J= 7.1 Hz,
3H), 1.66 (t, J = 5.9 Hz, 1H), 2.00 (s, 6H), 3.62 (q, J = 7.1 Hz, 2H), 3.80 (t, J = 5.1 Hz, 2H),
4.14 (t, J= 5.1 Hz, 2H), 4.73 (d, J = 5.9 Hz, 2H), 6.69 (s, 2H), 7.06 (d, J = 7.3 Hz, 1H), 7.12
(s, 1H), 7.33 (d, J=7.3 Hz, 1H), 7.40 (t, J=7.3 Hz, IH). MS m/z 301 (M + H)".
The following compounds 45-53 were also prepared from 7e and appropriate alcohols
42a-i by a similar to that described for 14.
(6-{[3-(2-Methylnaphthalen-1-yl)benzyl]oxy}-2,3-dihydro-1-benzofuran-3-yl)acetic
Acid (45). Step 1: Methyl (6-{[3-(2-methylnaphthalen-1-yl)benzyl]oxy}-2,3-dihydro-1-
benzofuran-3-yl)acetate in 91% yield as a colorless oil. 'H NMR (CDCls) & 2.22 (s, 3H),
2.55 (dd, J = 16.5, 9.3 Hz, 1H), 2.74 (dd, J = 16.5, 5.4 Hz, 1H), 3.71 (s, 3H), 3.75-3.85 (m,
1H), 4.26 (dd, /= 9.3, 6.0 Hz, 1H), 4.75 (t, /= 9.3 Hz, 1H), 5.09 (s, 2H), 6.47-6.51 (m, 2H),
7.02 (d, J = 79 Hz, 1H), 7.21-7.25 (m, 1H), 7.28-7.34 (m, 2H), 7.37-7.42 (m, 3H),
7.47-7.54 (m, 2H), 7.76-7.84 (m, 2H). MS m/z 439 (M + H)". Step 2: 45 in 55% yield as
colorless needles (hexane—AcOEt). mp 115-116 °C. 'H NMR (CDCls) & 2.23 (s, 3H),
2.61 (dd, J=16.8,9.2 Hz, 1H), 2.81 (dd, /= 16.8, 5.4 Hz, 1H), 3.76-3.86 (m, 1H), 4.29 (dd,
J=9.2,6.0 Hz, 1H), 4.76 (t, J = 9.2 Hz, 1H), 5.10 (s, 2H), 6.48-6.52 (m, 2H), 7.05 (d, /= 8.1
Hz, 1H), 7.21-7.25 (m, 1H), 7.28-7.34 (m, 2H), 7.37-7.42 (m, 3H), 7.47-7.54 (m, 2H), 7.78
(d, J = 8.5 Hz, 1H), 7.83 (d, J = 7.7 Hz, IH). MS m/z 425 (M + H)". HPLC purity (220
nm) 99.6%. Anal. Calcd for CpsH404: C, 79.22; H, 5.70. Found: C, 79.02; H, 6.01.
(6-{[3-(1-Benzothiophen-3-yl)benzyl]oxy}-2,3-dihydro-1-benzofuran-3-yl)acetic ~ Acid
(46). Step 1: Methyl (6-{[3-(1-benzothiophen-3-yl)benzyl]oxy}-2,3-dihydro-1-benzofuran-
3-yl)acetate in 72% yield as a colorless oil. 'H NMR (CDCl3) 6 2.56 (dd, J = 16.4, 9.2 Hz,
1H), 2.75 (d, J=16.4, 5.4 Hz, 1H,), 3.71 (s, 3H), 3.76-3.86 (m, 1H), 4.27 (dd, /= 9.2, 6.0 Hz,
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1H), 4.76 (t, J = 9.2 Hz, 1H), 5.10 (s, 2H), 6.49-6.53 (m, 2H), 7.04 (d, J = 7.9 Hz, 1H),
7.35-7.56 (m, 6H), 7.63 (s, 1H), 7.84-7.94 (m, 2H). MS m/z 431 (M + H)". Step 2: 46 in
69% vyield as colorless needles (hexane—AcOEt). mp 126-128 °C. 'H NMR (CDCl;) &
2.62 (dd, J=16.8, 9.3 Hz, 1H), 2.81 (dd, J = 16.8, 5.4 Hz, 1H), 3.77-3.87 (m, 1H), 4.29 (dd,
J=9.3,6.0 Hz, 1H), 4.77 (t, J= 9.3 Hz, 1H), 5.11 (s, 2H), 6.49-6.54 (m, 2H), 7.07 (d, J = 8.1
Hz, 1H), 7.36-7.57 (m, 6H), 7.64 (s, 1H), 7.85-7.95 (m, 2H). MS m/z 417 (M + H)".
HPLC purity (220 nm) 100%. Anal. Calcd for C,sH2004S: C, 72.09; H, 4.84. Found: C,
71.92; H, 4.82.
(6-{[3-(1-Benzothiophen-5-yl)benzyl]oxy}-2,3-dihydro-1-benzofuran-3-yl)acetic  Acid
(47). Step 1: Methyl (6-{[3-(1-benzothiophen-5-yl)benzyl]oxy}-2,3-dihydro-1-benzofuran-
3-yl)acetate in 74% yield as a colorless oil. 'H NMR (CDCls) & 2.56 (dd, J = 16.4, 9.2 Hz,
1H), 2.75 (dd, J = 16.4, 5.7 Hz, 1H), 3.71 (s, 3H), 3.76-3.86 (m, 1H), 4.27 (dd, J = 9.2, 6.1
Hz, 1H), 4.76 (t, J = 9.2 Hz, 1H), 5.09 (s, 2H), 6.50—6.54 (m, 2H), 7.04 (d, J = 8.1 Hz, 1H),
7.38-7.50 (m, 4H), 7.57-7.63 (m, 2H), 7.70 (s, 1H), 7.94 (d, /= 8.3 Hz, 1H), 8.03 (d, /= 1.7
Hz, 1H). MS m/~z 431 (M + H)". Step 2: 47 in 84% yield as colorless plates
(hexane—AcOEt). mp 139-140 °C. 'H NMR (CDCl3) & 2.62 (dd, J = 16.8, 9.3 Hz, 1H),
2.82 (dd, J=16.8, 5.4 Hz, 1H), 3.82 (m, 1H), 4.29 (dd, J = 9.3, 6.0 Hz, 1H), 4.77 (t, J=9.3
Hz, 1H), 5.10 (s, 2H), 6.50-6.55 (m, 2H), 7.07 (d, J = 8.1 Hz, 1H), 7.38-7.50 (m, 4H),
7.58-7.63 (m, 2H), 7.71 (s, 1H), 7.94 (d, J = 8.3 Hz, 1H), 8.03 (d, J= 1.5 Hz, 1H). MS m/z
417 (M + H)+. HPLC purity (220 nm) 99.8%. Anal. Calcd for C,5sH004S: C, 72.09; H,
4.84. Found: C, 71.95; H, 5.01.
{6-[(6-Methoxy-2',6'-dimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1-benzofuran-3-yl}
acetic Acid (48). Step 1: Methyl {6-[(6-methoxy-2',6'-dimethylbiphenyl-3-yl)methoxy]-
2,3-dihydro-1-benzofuran-3-yl}acetate in 73% yield as a colorless oil. 'H NMR (CDCl3) &
2.00 (s, 6H), 2.55 (dd, J = 16.4, 9.2 Hz, 1H), 2.74 (dd, J = 16.4, 5.4 Hz, 1H), 3.71 (s, 3H),
3.74 (s, 3H), 3.77-3.85 (m, 1H), 4.25 (dd, J=9.2, 6.0 Hz, 1H), 4.74 (t, J = 9.2 Hz, 1H), 4.97
(s, 2H), 6.45-6.49 (m, 2H), 6.97-7.03 (m, 2H), 7.07-7.18 (m, 4H), 7.39 (dd, J = 8.4, 2.2 Hz,
1H). MS m/z433 (M +H)". Step 2: 48 in 58% yield as colorless prisms (hexane—AcOEt).
mp 138-140 °C. '"H NMR (CDCl;s) & 2.00 (s, 6H), 2.61 (dd, J = 16.8, 9.2 Hz, 1H), 2.80 (dd,
J=16.8,5.4 Hz, 1H), 3.74 (s, 3H), 3.77-3.85 (m, 1H), 4.28 (dd, /=9.2, 6.0 Hz, 1H), 4.75 (4,
J=9.2 Hz, 1H), 4.98 (s, 2H), 6.45-6.50 (m, 2H), 6.97-7.19 (m, 6H), 7.39 (dd, J = 8.5, 2.3 Hz,
1H). Anal. Calcd for C,6H»605:0.25 H,O: C, 73.83; H, 6.31. Found: C, 73.73; H, 6.41.
(6-{[6-(Benzyloxy)-2’,6'-dimethylbiphenyl-3-yljmethoxy}-2,3-dihydro-1-benzofuran-3-
yDacetic Acid (49). Step 1: Methyl (6-{[6-(benzyloxy)-2',6'-dimethylbiphenyl-3-yl]
methoxy}-2,3-dihydro-1-benzofuran-3-yl)acetate in 50% yield as a colorless oil. 'H NMR
(CDCls) 6 2.03 (s, 6H), 2.55 (dd, J = 16.5, 9.1 Hz, 1H), 2.74 (dd, J = 16.5, 5.4 Hz, 1H), 3.71
(s, 3H), 3.74-3.86 (m, 1H), 4.25 (dd, J=9.1, 6.1 Hz, 1H), 4.74 (t, J = 9.1 Hz, 1H), 4.92-5.08
(m, 4H), 6.43—6.50 (m, 2H), 6.96-7.04 (m, 2H), 7.08-7.45 (m, 10H). MS m/z 509 (M + H)".
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Step 2: 49 in 76% yield as colorless prisms (heptane—AcOEt). mp 102-104 °C. 'H NMR
(CDCl3) 6 2.03 (s, 6H), 2.56-2.67 (m, 1H), 2.76-2.86 (m, 1H,), 3.75-3.86 (m, 1H), 4.28 (dd,
J =9.1, 6.0 Hz, 1H), 4.75 (t, J = 9.1 Hz, 1H), 4.92-5.09 (m, 4H), 6.43-6.52 (m, 2H),
6.96-7.46 (m, 12H). MS m/z 495 (M + H)+. Anal. Calcd for C5,H3005: C, 77.01; H, 6.16.
Found: C, 77.10; H, 6.07.
{6-[(2',4’-Dimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1-benzofuran-3-yl}acetic Acid
(50). Step 1: Methyl {6-[(2',4'-dimethylbiphenyl-3-yl)methoxy-2,3-dihydro-1-benzofuran-
3-yl]acetate in 67% yield as a colorless oil. 'H NMR (CDCls) & 2.22 (s, 3H), 2.36 (s, 3H),
2.55 (dd, J =16.5, 9.3 Hz, 1H), 2.75 (dd, J = 16.5, 5.4 Hz, 1H), 3.71 (s, 3H), 3.75-3.85 (m,
1H), 4.26 (dd, J=9.3, 6.0 Hz, 1H), 4.75 (t, J = 9.3 Hz, 1H), 5.05 (s, 2H), 6.47-6.51 (m, 2H),
7.01-7.14 (m, 4H), 7.25-7.28 (m, 1H), 7.36-7.44 (m, 3H). MS m/z 403 (M + H)". Step 2:
50 in 92% yield as colorless prisms (hexane—AcOEt). mp 167-168 °C. '"H NMR (CDCls)
6 2.23 (s, 3H), 2.36 (s, 3H), 2.62 (dd, J = 16.8, 9.2 Hz, 1H), 2.81 (dd, J = 16.8, 5.4 Hz, 1H),
3.76-3.86 (m, 1H), 4.29 (dd, J = 9.2, 6.0 Hz, 1H), 4.76 (t, J = 9.2 Hz, 1H), 5.06 (s, 2H),
6.47-6.53 (m, 2H), 7.05-7.15 (m, 4H), 7.25-7.28 (m, 1H), 7.36-7.44 (m, 3H). MS m/z 389
M + H)+. HPLC purity (220 nm) 99.8%. Anal. Calcd for CysH2404:0.25 H,O: C, 76.41; H,
6.28. Found: C, 76.61; H, 6.41.
{6-[(2',4',6'-Trimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1-benzofuran-3-yl}acetic
Acid (51). Step 1: Methyl {6-[(2',4",6'-trimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1-
benzofuran-3-yl}acetate in 78% yield as a colorless oil. 'H NMR (CDCl3) & 1.98 (s, 6H),
2.32 (s, 3H), 2.55 (dd, J = 16.4, 9.2 Hz, 1H), 2.74 (dd, J = 16.4, 5.4 Hz, 1H), 3.71 (s, 3H),
3.75-3.85 (m, 1H), 4.26 (dd, J = 9.2, 6.0 Hz, 1H), 4.74 (t, J = 9.2 Hz, 1H), 5.05 (s, 2H),
6.45-6.50 (m, 2H), 6.93 (s, 2H), 7.01 (d, J = 8.1 Hz, 1H), 7.07-7.10 (m, 1H), 7.17 (s, 1H),
7.36-7.45 (m, 2H). MS m/z 417 (M + H)". Step 2: 51 in 75% yield as colorless plates
(hexane—AcOEt). mp 158 °C. 'H NMR (CDCls) & 1.98 (s, 6H), 2.32 (s, 3H), 2.61 (dd, J =
16.8, 9.2 Hz, 1H), 2.80 (dd, J = 16.8, 5.4 Hz, 1H), 3.75-3.85 (m, 1H), 4.28 (dd, J=9.2, 6.1
Hz, 1H), 4.76 (t, J=9.2 Hz, 1H), 5.06 (s, 2H), 6.46—6.51 (m, 2H), 6.93 (s, 2H), 7.03-7.10 (m,
2H), 7.18 (s, 1H), 7.36-7.45 (m, 2H). MS m/z 403 (M + H)". HPLC purity (220 nm) 100%.
Anal. Calcd for CocHy604: C, 77.59; H, 6.51. Found: C, 77.51; H, 6.61.
(6-{[4'-(Benzyloxy)-2',6'-dimethylbiphenyl-3-yljmethoxy}-2,3-dihydro-1-benzofuran-3-
yDacetic Acid (52). Step 1: Methyl (6-{[4'-(benzyloxy)-2’,6'-dimethylbiphenyl-3-yl]
methoxy}-2,3-dihydro-1-benzofuran-3-yl)acetate in 93% yield as a colorless oil. 'H NMR
(CDCl3) 6 1.99 (s, 6H), 2.55 (dd, J = 16.5, 9.1 Hz, 1H), 2.75 (dd, J = 16.5, 5.4 Hz, 1H), 3.71
(s, 3H), 3.75-3.85 (m, 1H), 4.26 (dd, J = 9.1, 6.1 Hz, 1H), 4.75 (t, J = 9.1 Hz, 1H), 5.05 (s,
2H), 5.07 (s, 2H), 6.45-6.50 (m, 2H), 6.75 (s, 2H), 7.01 (d, J = 8.1 Hz, 1H), 7.08 (dt, J = 7.0,
1.5 Hz, 1H), 7.17 (s, 1H), 7.30-7.48 (m, 7H). MS m/z 509 (M + H)". Step 2: 52 in 91%
yield as colorless prisms (hexane—AcOE?). 'H NMR (CDCls) 6 1.99 (s, 6H), 2.61 (dd, J =
16.8, 9.2 Hz, 1H), 2.81 (dd, J = 16.8, 5.4 Hz, 1H), 3.75-3.86 (m, 1H), 4.28 (dd, J = 9.2, 6.0
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Hz, 1H), 4.76 (t, J = 9.2 Hz, 1H), 5.06 (s, 2H), 5.07 (s, 2H), 6.46—6.51 (m, 2H), 6.75 (s, 2H),
7.03-7.10 (m, 2H), 7.17 (s, 1H), 7.30-7.48 (m, 7H). MS m/z 495 (M + H)". HPLC purity
(220 nm) 98.8%. Anal. Calcd for C3,H300s5: C, 77.71; H, 6.11.  Found: C, 77.59; H, 6.28.

(6-{|4’-(2-Ethoxyethoxy)-2',6'-dimethylbiphenyl-3-yl|methoxy}-2,3-dihydro-1-benzofu-
ran-3-yl)acetic Acid (53). Step 1: Methyl (6-{[4'-(2-ethoxyethoxy)-2',6'-dimethylbiphenyl-
3-ylJmethoxy}-2,3-dihydro- 1-benzofuran-3-yl)acetate in 89% yield as a colorless oil. 'H
NMR (CDCl3) 6 1.25 (t, J = 7.1 Hz, 3H), 1.98 (s, 6H), 2.55 (dd, J = 16.5, 9.2 Hz, 1H), 2.75
(dd, J=16.5, 5.4 Hz, 1H), 3.62 (q, J = 7.1 Hz, 2H), 3.71 (s, 3H), 3.75-3.85 (m, 3H), 4.14 (t,J
= 5.1 Hz, 2H), 4.26 (dd, J = 9.2, 6.0 Hz, 1H), 4.75 (t, J = 9.2 Hz, 1H), 5.05 (s, 2H), 6.45-6.50
(m, 2H), 6.68 (s, 2H), 7.01 (d, J = 8.1 Hz, 1H), 7.08 (dt, J = 7.0, 1.6 Hz, 1H), 7.16 (s, 1H),
7.35-7.44 (m, 2H). MS m/z 491 (M + H)". Step 2: 53 in 59% yield as colorless prisms
(hexane-AcOEt). mp 72 °C. 'H NMR (CDCls) & 1.25 (t, J = 7.1 Hz, 3H), 1.98 (s, 6H),
2.61 (dd, J = 16.8, 9.2 Hz, 1H), 2.80 (dd, J = 16.8, 5.4 Hz, 1H), 3.62 (q, J = 7.1 Hz, 2H),
3.75-3.85 (m, 3H), 4.14 (t, /= 5.0 Hz, 2H), 4.28 (dd, /=9.2, 6.0 Hz, 1H), 4.75 (t, J=9.2 Hz,
1H), 5.05 (s, 2H), 6.45-6.51 (m, 2H), 6.68 (s, 2H), 7.03—7.10 (m, 2H), 7.16 (s, 1H), 7.34-7.44
(m, 2H). MS m/z 477 (M + H)". HPLC purity (220 nm) 100%. Anal. Calcd for
Co9H3,04: C, 73.09; H, 6.77. Found: C, 73.06; H, 6.73.

Ethyl 6-Methoxy-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (55). To a solution of
diethyl carbonate (14.8 g, 125 mmol) in toluene (100 mL) was added portionwise NaH (60%
in mineral oil, 7.51 g, 188 mmol) at room temperature and the mixture was stirred at 120 °C
for 30 min. To the mixture was added a solution of 6-methoxy-1-indanone (54) (10.2 g, 62.6
mmol) in toluene (100 mL), and the resulting mixture was stirred at 120 °C for 3 h. After
cooling to room temperature, | M HCI aqueous solution was added to the mixture, and the
mixture was extracted with AcOEt. The extract was washed with water and then brine, dried
over anhydrous MgSOy, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 5:95-40:60) to give 55 (7.42 g, 51%) as a yellow powder.
'H NMR (CDCls) § 1.31 (t, J = 7.2 Hz, 3H), 3.25-3.35 (m, 1H), 3.42-3.51 (m, 1H), 3.74 (dd,
J=28.0,3.9 Hz, 1H), 3.83 (s, 3H), 4.25 (q, J = 7.2 Hz, 2H), 7.14-7.28 (m, 2H), 7.39 (d, J =
8.3 Hz, 1H). MSm/z235(M+H)".

Ethyl 5-Hydroxy-2,3-dihydro-1H-indene-2-carboxylate (56a). Step 1: To a solution of
55 (7.42 g, 31.7 mmol) in TFA (100 mL) was added triethylsilane (11.1 g, 95.1 mmol) at 0 °C,
and the mixture was stirred at 0 °C for 2 h. To the mixture was added triethylsilane (11.1 g,
95.1 mmol), and the mixture was stirred at room temperature for 2 h. The mixture was
concentrated, and the residue was poured into saturated NaHCOs aqueous solution, and
extracted with AcOEt. The extract was washed with water and then brine, dried over
anhydrous MgSQy4, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 3:97-40:60) to give ethyl S5-methoxy-2,3-dihydro-

1 H-indene-2-carboxylate (5.81 g) as a colorless oil.  Step 2: To an ice-cooled solution of the
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obtained oil (5.81 g, 26.4 mmol) in step 1 in dichloromethane (50 mL) were added
sequentially AICI; (10.5 g, 79.2 mmol) and 1-octanethiol (7.72 g, 52.8 mmol), and the
mixture was stirred at 0 °C for 0.5 h, and then at room temperature for 3 h. The mixture was
poured into ice water and extracted with AcOEt. The extract was washed with water and
then brine, dried over anhydrous MgSQy, and concentrated. The residue was purified by
silica gel column chromatography (AcOEt:hexane = 8:92-60:40) to give 56a (2.08 g, 32% in
2 steps) as colorless crystals. mp 57-58 °C. 'H NMR (CDCls) & 1.28 (t, J = 7.2 Hz, 3H),
3.06-3.24 (m, 4H), 3.23-3.39 (m, 1H), 4.18 (q, J = 7.2 Hz, 2H), 5.02 (s, 1H), 6.63 (dd, J = 8.1,
2.5 Hz, 1H), 6.68 (d, J= 2.5 Hz, 1H), 7.04 (d, J= 8.1 Hz, 1H). MS m/z207 (M + H)".

Ethyl 6-Methoxy-1-0x0-1,2,3,4-tetrahydronaphthalene-2-carboxylate (58). The title
compound was prepared from 6-methoxy-1-tetralone (57) by a similar to that described for 55
in 70% yield as a yellow oil. MS m/z 271 (M + Na)".

Ethyl 6-Hydroxy-1,2,3,4-tetrahydronaphthalene-2-carboxylate (56c). The title
compound was prepared from 58 by a similar to that described for 56a in 67% yield as
colorless crystals. mp 78-79 °C. 'H NMR (CDCls) & 1.28 (t, J = 7.2 Hz 3H), 1.74-1.90
(m, 1H), 2.11-2.22 (m, 1H), 2.62-2.75 (m, 1H), 2.76-3.00 (m, 4H), 4.18 (q, J = 7.2 Hz, 2H),
4.90 (s, 1H), 6.56 (d, J=2.5 Hz, 1H), 6.61 (dd, /= 8.3, 2.5 Hz, 1H), 6.96 (d, /= 8.3 Hz, 1H).
MS m/z 220 (M + H)".  Anal. Calcd for C;3H;6053: C, 70.89; H, 7.32. Found: C, 70.87; H,
7.20.

5-(Benzyloxy)-2-benzofuran-1(3H)-one (60). Step 1: To a stirred suspension of
5-aminophthalide (59) (5.00 g, 33.5 mmol) in 5% H,SO, aqueous solution (50 mL) was added
sodium nitrite (2.54 g, 36.9 mmol) in water (2.5 mL) at 0 °C. The mixture was stirred at
0 °C for 15 min, at room temperature for 15 min, and then at reflux for 1 h. The mixture was
cooled to room temperature. The resulting crystals were collected by filtration, washed with
water and dried to give reddish crystals (4.47 g). Step 2: The obtained crystals in step 1
were suspended in DMF (100 mL), and then K,CO; (4.52 g, 32.7 mmol) and benzyl bromide
(3.9 mL, 32.7 mmol) were added. The mixture was stirred at 60 °C for 5 h. The mixture
was quenched with saturated NH4Cl aqueous solution (50 mL) and extracted with AcOEt.
The extract was washed sequentially with water and brine, dried over anhydrous MgSQ,, and
concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 15:85-50:50) to give 60 (1.66 g, 21% in 2 steps) as colorless crystals. mp
119-120 °C. 'H NMR (CDCl3) & 5.16 (s, 2H), 5.24 (s, 2H), 6.98 (d, J = 1.5 Hz, 1H), 7.12
(dd, J = 8.6, 1.5 Hz, 1H), 7.32-7.47 (m, 5H), 7.83 (d, J = 8.6 Hz, 1H). MS m/z 241 M +
H)".

tert-Butyl (5-Hydroxy-1,3-dihydro-2-benzofuran-1-yl)acetate (56e). Step 1: To a
solution of diisopropylamine (1.23 mL, 8.79 mmol) in THF (45 mL) was added dropwise 1.6
M n-BuLi in hexane (5.49 mL, 8.79 mmol) under nitrogen atmosphere at —78 °C, and the

mixture was stirred at =78 °C for 30 min. To the mixture was added tert-butyl acetate (1.18
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mL, 8.79 mmol) at =78 °C, and the mixture was stirred at =78 °C for 30 min. To the
mixture was added dropwise a solution of 60 (1.66 g, 6.91 mmol) in THF (95 mL) at =78 °C,
and the mixture was stirred at —78 °C for 1.5 h, and then allowed to warm to room
temperature for 2 h. The mixture was quenched with saturated NH4CI aqueous solution and
extracted with AcOEt. The extract was washed sequentially with water and brine, dried over
anhydrous MgSQy4, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 15:85-60:40) to afford tert-butyl [5-(benzyloxy)-1-
hydroxy-1,3-dihydro-2-benzofuran-1-yl]acetate (1.66 g, crude) as colorless crystals. Step 2:
To a solution of the obtained crystals (1.50 g) in step 1 in CH,Cl, (50 mL) were added
triethylsilane (4 mL) and TFA (8 mL) at 0 °C, and the mixture was stirred at room
temperature for 1 h. The mixture was concentrated and azeotroped with toluene twice. The
residue was purified by silica gel column chromatography (AcOEt:hexane = 10:90-50:50) to
afford tert-butyl [5-(benzyloxy)-1,3-dihydro-2-benzofuran-1-yljacetate (0.381 g, 16%) as a
colorless oil. "H NMR (CDCls) & 1.45 (s, 9H), 2.61-2.71 (m, 2H), 4.93-5.19 (m, 4H), 5.56
(t, J = 6.0 Hz, 1H), 6.82 (s, 1H), 6.88 (dd, J = 8.3, 2.3 Hz, 1H), 7.10 (d, J = 8.3 Hz, 1H),
7.29-7.48 (m, SH). MS m/z 363 (M +Na)". Step 3: A mixture of the obtained oil (0.381 g,
1.12 mmol) in step 2 and 10% Pd/C (75 mg, containing 50% water) in EtOH (11 mL) was
stirred under H, atmosphere (balloon pressure) at room temperature for 2 h. The mixture
was diluted with AcOEt and passed through a pad of Celite, and the filtrate was concentrated.
The residue was purified by silica gel column chromatography (AcOEt:hexane =
30:70-90:10) to afford 56e (0.240 g, 86%) as a colorless oil. 'H NMR (CDCls) & 1.45 (s,
9H), 2.57-2.72 (m, 2H), 4.89-5.15 (m, 3H), 5.54 (t, J/ = 6.2 Hz, 1H), 6.58-6.84 (m, 2H), 7.05
(d,J=8.1Hz, 1H). MS m/z273 (M + Na)".

The following compounds 61-64 were also prepared from 42i and appropriate phenols
56a—d by a similar to that described for 14.

5-{[4’-(2-Ethoxyethoxy)-2',6'-dimethylbiphenyl-3-yl|methoxy}-2,3-dihydro-1H-indene-
2-carboxylic Acid (61). Step 1: Ethyl 5-{[4'-(2-ethoxyethoxy)-2',6'-dimethylbiphenyl-3-
ylJmethoxy}-2,3-dihydro-1H-indene-2-carboxylate in 41% yield as a colorless oil. 'H NMR
(CDCl3) 6 1.22-1.32 (m, 3H), 1.99 (s, 6H), 3.07-3.23 (m, 4H), 3.23-3.40 (m, 1H), 3.62 (q, J
=7.0 Hz, 2H), 3.78-3.83 (m, 2H), 4.08—4.23 (m, 4H), 5.07 (s, 2H), 6.69 (s, 2H), 6.75-6.85 (m,
2H), 7.05-7.11 (m, 2H), 7.17 (br s, 1H), 7.35-7.46 (m, 2H). MS m/z 489 (M + H)". Step
2: 61 in 90% yield as a colorless oil. 'H NMR (CDCl3) & 1.23-1.28 (m, 3H), 1.98 (s, 6H),
3.10-3.28 (m, 4H), 3.30-3.45 (m, 1H), 3.62 (q, J = 7.0 Hz, 2H), 3.77-3.84 (m, 2H),
4.07-4.18 (m, 2H), 5.07 (s, 2H), 6.69 (s, 2H), 6.75-6.87 (m, 2H), 7.05-7.12 (m, 2H), 7.17 (s,
1H), 7.34-7.48 (m, 2H). MS m/z 461 (M +H)". HPLC purity (220 nm) 99.9%.

(5-{[4'-(2-Ethoxyethoxy)-2’,6'-dimethylbiphenyl-3-yl|methoxy}-2,3-dihydro-1H-
indene-2-yl)acetic Acid (62). Step 1: Methyl (5-{[4'-(2-ethoxyethoxy)-2',6'-dimethyl-
biphenyl-3-yl]methoxy}-2,3-dihydro-1H-indene-2-yl)acetate in 70% yield as a colorless oil.
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'H NMR (CDCls) 8 1.25 (t, J= 7.0 Hz, 3H), 1.98 (s, 6H), 2.48 (d, J = 7.3 Hz, 2H), 2.51-2.64
(m, 2H), 2.80-2.95 (m, 1H), 3.01-3.13 (m, 2H), 3.62 (q, /= 7.0 Hz, 2H), 3.69 (s, 3H), 3.80 (t,
J=5.0 Hz, 2H), 4.14 (t, /= 5.0 Hz, 2H), 5.07 (s, 2H), 6.69 (s, 2H), 6.76 (dd, J = 8.2, 2.4 Hz,
1H), 6.80—6.83 (m, 1H), 7.04—7.10 (m, 2H), 7.17 (s, 1H), 7.35-7.45 (m, 2H). MS m/z 489
(M + H)". Step 2: 62 in 78% yield as colorless crystals (hexane—AcOEt). mp 83-84 °C.
'H NMR (CDCl3) § 1.25 (t, J = 7.0 Hz, 3H), 1.98 (s, 6H), 2.50-2.68 (m, 4H), 2.81-2.97 (m,
1H), 3.05-3.17 (m, 2H), 3.62 (q, J = 7.0 Hz, 2H), 3.77-3.84 (m, 2H), 4.11-4.17 (m, 2H), 5.07
(s, 2H), 6.69 (s, 2H), 6.77 (d, J = 8.1 Hz, 1H), 6.82 (s, 1H), 7.07 (d, J = 7.2 Hz, 2H), 7.17 (s,
1H), 7.35-7.45 (m, 2H). MS m/z 475 (M + H)". HPLC purity (220 nm) 100%. Anal.
Calcd for C30H340s5: C, 75.92; H, 7.22. Found: C, 75.82; H, 7.15.
6-{[4'-(2-Ethoxyethoxy)-2',6’-dimethylbiphenyl-3-yljmethoxy}-1,2,3,4-tetrahydronaph-
thalene-2-carboxylic Acid (63). Step 1: Ethyl 6-{[4'-(2-ethoxyethoxy)-2',6’-dimethylbiphe-
nyl-3-yllmethoxy}-1,2,3,4-tetrahydronaphthalene-2-carboxylate in 85% yield as a colorless
oil. '"H NMR (CDCl3) & 1.21-1.32 (m, 6H), 1.73-1.90 (m, 1H), 1.99 (s, 6H), 2.10-2.25 (m,
1H), 2.61-2.74 (m, 1H), 2.76-3.02 (m, 4H), 3.62 (q, J = 7.0 Hz, 2H), 3.77-3.83 (m, 2H),
4.07-4.23 (m, 4H), 5.06 (s, 2H), 6.69 (br s, 3H), 6.76 (dd, J = 8.4, 2.7 Hz, 1H), 7.00 (d, J =
8.4 Hz, 1H), 7.05-7.11 (m, 1H), 7.17 (s, 1H), 7.35-7.46 (m, 2H). MS m/z 503 (M + H)".
Step 2: 63 in 57% vyield as colorless crystals (hexane—AcOEt). mp 118-119 °C. 'H NMR
(CDCl3) 6 1.25 (t, J = 7.1 Hz, 3H), 1.73-1.96 (m, 1H), 1.98 (s, 6H), 2.16-2.28 (m, 1H),
2.66-3.07 (m, 5H), 3.62 (q, J = 7.1 Hz, 2H), 3.77-3.84 (m, 2H), 4.10-4.17 (m, 2H), 5.06 (s,
2H), 6.67-6.71 (m, 3H), 6.77 (dd, J = 8.4, 2.5 Hz, 1H), 7.01 (d, /= 8.4 Hz, 1H), 7.04-7.10 (m,
1H), 7.17 (s, 1H), 7.35-7.46 (m, 2H). MS m/z 475 (M + H)". HPLC purity (220 nm)
98.3%. Anal. Calcd for C;30H3405°0.25 H,O: C, 75.21; H, 7.26. Found: C, 75.35; H, 7.05.
(6-{[4'-(2-Ethoxyethoxy)-2',6’-dimethylbiphenyl-3-yljmethoxy}-1,2,3,4-tetrahydro-
naphthalen-2-yl)acetic Acid (64). Step 1: Methyl (6-{[4'-(2-ethoxyethoxy)-2',6"-dimethyl-
biphenyl-3-yl]methoxy}-1,2,3,4-tetrahydronaphthalen-2-yl)acetate in 57% yield as a colorless
oil. 'H NMR (CDCly) § 1.21-1.30 (m, 3H), 1.36-1.53 (m, 1H), 1.87-2.03 (m, 7H),
2.16-2.33 (m, 1H), 2.33-2.49 (m, 3H), 2.74-2.88 (m, 3H), 3.62 (q, J = 7.0 Hz, 2H), 3.70 (s,
3H), 3.77-3.83 (m, 2H), 4.08-4.17 (m, 2H), 5.06 (s, 2H), 6.69 (s, 3H), 6.71-6.77 (m, 1H),
6.95 (d, J = 8.5 Hz, 1H), 7.05-7.10 (m, 1H), 7.17 (s, 1H), 7.34-7.46 (m, 2H). MS m/z 525
(M + Na)". Step 2: 64 in 91% yield as a colorless oil. 'H NMR (CDCls) & 1.20-1.31 (m,
3H), 1.39-1.57 (m, 1H), 1.92-2.03 (m, 7H), 2.18-2.35 (m, 1H), 2.37-2.52 (m, 3H), 2.75-2.93
(m, 3H), 3.62 (q, J = 7.1 Hz, 2H), 3.78-3.83 (m, 2H), 4.08-4.18 (m, 2H), 5.06 (s, 2H), 6.69 (s,
3H), 6.71-6.79 (m, 1H), 6.96 (d, J = 8.3 Hz, 1H), 7.03—7.12 (m, 1H), 7.17 (s, 1H), 7.32-7.48
(m, 2H). MS m/z 489 (M + H)". HPLC purity (220 nm) 99.7%.
(5-{[4'-(2-Ethoxyethoxy)-2',6’-dimethylbiphenyl-3-yljmethoxy}-1,3-dihydro-2-benzofu-
ran-1-ylacetic Acid (65). Step 1: tert-Butyl (5-{[4'-(2-ethoxyethoxy)-2',6'-dimethylbi-
phenyl-3-ylJmethoxy}-1,3-dihydro-2-benzofuran-1-yl)acetate was prepared from 42i and 56e
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by a similar to that described for 14-step 1 in 75% yield as a colorless oil. 'H NMR (CDCl;)
6 1.26 (t,J = 7.0 Hz, 3H), 1.45 (s, 9H), 1.98 (s, 6H), 2.65 (dd, J = 5.7, 1.9 Hz, 2H), 3.62 (q, J
= 7.0 Hz, 2H), 3.80 (t,J = 5.1 Hz, 2H), 4.12 (t, J = 5.1 Hz, 2H), 4.94-5.14 (m, 4H), 5.55 (t,J
= 5.7 Hz, 1H), 6.69 (s, 2H), 6.77-6.93 (m, 2H), 7.08 (d, J = 8.5 Hz, 2H), 7.17 (s, 1H),
7.33-7.49 (m, 2H). MS m/z 555 (M + Na)". Step 2: To a solution of the obtained oil
(0.380 g, 0.713 mmol) in step 1 in toluene (10 mL) was added dropwise TFA (5 mL) at 0 °C,
and the mixture was stirred at 0 °C for 0.5 h, and allowed to warm to room temperature for 5
h. The mixture was concentrated and azeotroped with toluene (50 mL) twice. The
resultant residue was purified by silica gel column chromatography (AcOEt:hexane =
30:70-90:10) to afford crystals, which was washed with hexane—AcOEt to afford 65 (0.246 g,
72%) as colorless crystals. mp 73-74 °C.  'H NMR (CDCl;) & 1.26 (t, J = 7.0 Hz, 3H),
1.98 (s, 6H), 2.74 (dd, J = 16.0, 4.2 Hz, 1H), 2.85 (dd, J = 16.0, 4.2 Hz, 1H), 3.62 (q, J = 7.0
Hz, 2H), 3.80 (t, J = 5.1 Hz, 2H), 4.12 (t, J = 5.1 Hz, 2H), 4.97-5.21 (m, 4H), 5.53-5.65 (m,
1H), 6.69 (s, 2H), 6.82 (d, J = 1.9 Hz, 1H), 6.86-6.96 (m, 1H), 7.05-7.21 (m, 3H), 7.34-7.48
(m, 2H). MS m/z 499 (M + Na)". HPLC purity (220 nm) 100%. Anal. Calcd for
Cy9H3,0¢: C, 73.09; H, 6.77. Found: C, 72.74; H, 6.72.

Ethyl (5-Hydroxy-2-0x0-2,3-dihydro-1H-indol-1-yl)acetate (67). Step 1: To a solution
of 5-methoxyisatin (66) (10.9 g, 61.5 mmol) in DMF (60 mL) was added portionwise NaH
(60% in mineral oil, 2.95 g, 73.8 mmol) at 0 °C, and the mixture was stirred at 0 °C for 1 h.
To the mixture was added ethyl bromoacetate (8.87 mL, 80.0 mmol) at 0 °C, and the mixture
was stirred at room temperature for 2 h. The mixture was diluted with water, and extracted
with AcOEt. The organic layer was washed with brine, dried over MgSOs, and concentrated.
The residue was purified by silica gel column chromatography (AcOEt:hexane =
30:70-40:60), and washed with hexane—AcOEFEt to give ethyl (5-methoxy-2,3-dioxo-2,3-
dihydro-1H-indol-1-yl)acetate (12.6 g, 78%) as vermilion crystals. mp 85-86 °C. 'H
NMR (CDCls) 6 1.28 (t,J = 7.2 Hz, 3H), 3.81 (s, 3H), 4.24 (q, J = 7.2 Hz, 2H), 4.46 (s, 2H),
6.71 (d, J = 8.5 Hz, 1H), 7.15 (dd, J = 8.5, 2.8 Hz, 1H), 7.19 (d, J = 2.8 Hz, IH). MS m/z
264 (M + H)+. HPLC purity (220 nm) >96%. Anal. Calcd for C;3H;3NOs: C, 59.31; H,
4.98; N, 5.32. Found: C, 59.16; H, 5.01; N, 5.42. Step 2: The obtained crystals (2.63 g,
10.0 mmol) in step 1 was hydrogenated on 10% Pd/C (1.25 g, containing 50% water) in 70%
perchloric acid (2 mL) and AcOH (100 mL) under H, atmosphere (balloon pressure) at 50 °C
for 20 h. The catalyst was removed by filtration, and the filtrate was concentrated. The
residue was esterified with SOCL, (1.45 mL, 20.0 mmol) in EtOH (50 mL) at room
temperature for 20 h. The mixture was concentrated, and the residue was diluted with
AcOEt, washed with saturated NaHCO; aqueous solution and then brine, dried over
anhydrous MgSQy4, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 20:80-60:40) to give ethyl (5-methoxy-2-o0xo0-2,3-
dihydro-1H-indol-1-yl)acetate (0.309 g) as slightly purple needles. The second crop (0.589
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g) was similarly obtained. Total 0.898 g (36%). mp 95-96 °C. 'H NMR (CDCl;) & 1.27
(t,J =7.2 Hz, 3H), 3.58 (s, 2H), 3.78 (s, 3H), 4.22 (q, J = 7.2 Hz, 2H), 4.44 (s, 2H), 6.61 (d, J
= 8.5 Hz, 1H), 6.78 (dd, J = 8.5, 2.4 Hz, 1H), 6.90 (d, J = 2.4 Hz, 1H). MS m/z 250 (M +
H)+. HPLC purity (220 nm) >98%. Anal. Caled for C;3HsNO4: C, 62.64; H, 6.07; N, 5.62.
Found: C, 62.74; H, 6.04; N, 5.54. Step 3: To a solution of the obtained needles (0.838 g,
3.36 mmol) in step 2 in CH,Cl, (20 mL) was added portionwise AICl; (2.24 g, 16.8 mmol) at
0 °C, and then 1-octanethiol (2.92 mL) was added. The mixture was stirred under nitrogen
atmosphere at 0 °C for 3.5 h. The mixture was concentrated, and the residue was quenched
with 1 M HCI aqueous solution, and extracted with AcOEt-THF. The extract was washed
with brine, dried over anhydrous MgSO4, and concentrated to give crystals.
Recrystallization from hexane—AcOEt gave 67 (0.637 g, 81%) as colorless prisms. mp
185 °C (decomp.). 'H NMR (CDCl3) § 1.28 (t, J = 7.2 Hz, 3H), 3.55 (s, 2H), 4.23 (q, J =
7.2 Hz, 2H), 4.44 (s, 2H), 5.05 (br s, 1H), 6.54 (d, J = 8.4 Hz, 1H), 6.70 (dd, J = 8.4, 2.2 Hz,
1H), 6.77 (d, J = 2.2 Hz, 1H). MS m/z 236 (M + H)". HPLC purity (220 nm) >99%.
Anal. Calcd for C;,H13NO4-0.2 H,O: C, 60.35; H, 5.65; N, 5.86. Found: C, 60.42; H, 5.51;
N, 5.86.
(5-{[4'-(2-Ethoxyethoxy)-2’,6'-dimethylbiphenyl-3-yl|methoxy}-2-0x0-2,3-dihydro-1H-
indol-1-yl)acetic Acid (68). Step 1: Ethyl (5-{[4'-(2-ethoxyethoxy)-2',6'-dimethylbiphenyl-
3-yllmethoxy}-2-0x0-2,3-dihydro-1H-indol-1-yl)acetate was prepared from 67 and 42i by a
similar to that described for 14-step 1 in 22% yield as a brown oil. 'H NMR (CDCls) d:
1.23-1.30 (m, 6H), 1.98 (s, 6H), 3.60-3.70 (m, 4H), 3.80-3.86 (m, 2H), 4.14 (t, J = 4.9 Hz,
2H), 4.22 (q,J = 7.1 Hz, 2H), 4.45 (s, 2H), 5.07 (s, 2H), 6.62 (d, J = 8.5 Hz, 1H), 6.68 (s, 2H),
6.86 (dd, J = 8.5,2.4 Hz, 1H), 6.97 (d, J = 2.4 Hz, 1H), 7.09 (d, J = 7.3 Hz, 1H), 7.17 (s, 1H),
7.35-7.40 (m, 1H), 7.43 (t, J = 7.3 Hz, 1H). MS m/z 518 (M + H)". HPLC purity (220
nm) >99%. Step 2: A mixture of the obtained oil (1.18 g, 2.28 mmol) in step 1 and 60%
perchloric acid (0.500 mL, 4.97 mmol) in AcOH (15 mL) was stirred at 50 °C for 6 h. The
mixture was concentrated, diluted with water, and extracted with AcOEt. The organic layer
was washed with brine, dried over anhydrous MgSOj, and concentrated. The residue was
purified by silica gel column chromatography (AcOEt:hexane = 30:70-80:20) to give 68
(0.200 g, 18%) as a brown oil. 'H NMR (CDCl3) § 1.25 (t, J = 7.0 Hz, 3H), 1.97 (s, 6H),
3.58 (s, 2H), 3.63 (q, J = 7.0 Hz, 2H), 3.81 (t, J = 4.9 Hz, 2H), 4.14 (t, J = 4.9 Hz, 2H), 4.49
(s, 2H), 5.07 (s, 2H), 6.63 (d, J = 8.6 Hz, 1H), 6.68 (s, 2H), 6.86 (dd, J = 8.6, 2.4 Hz, 1H),
6.95 (d,J = 2.1 Hz, 1H), 7.08 (d, J = 7.4 Hz, 1H), 7.15 (s, 1H), 7.34-7.39 (m, 1H), 7.42 (t, J
=74Hz, 1H). MS m/z490 (M +H)". HPLC purity (220 nm) >99%.
N-[4-(Choromethyl)-2-0x0-2H-chromen-7-yl]-2-nitrobenzenesulfonamide (70). Step
1: To a mixture of 3-aminophenol (5.46 g, 50.0 mmol) and pyridine (75 mL) was added
portionwise 2-nitrobenzenesulfonyl chloride (11.6 g, 52.5 mmol) at room temperature, and

the mixture was stirred under nitrogen atmosphere at room temperature for 72 h. After
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evaporation of the solvent, the residue was diluted with AcOEt, washed with saturated
NaHCO; aqueous solution and then brine, dried over anhydrous MgSQO., and concentrated.
The residue was purified by silica gel column chromatography (AcOEt:hexane =
20:80-60:40) to give N-(3-hydroxyphenyl)-2-nitrobenzenesulfonamide (11.3 g, 77%) as a
brown oil. 'H NMR (CDCl;) § 5.48 (br s, 1H), 6.62—6.68 (m, 1H), 6.71 (ddd, J = 8.1, 2.2,
0.7 Hz, 1H), 6.79 (t, /= 2.2 Hz, 1H), 7.11 (t,J= 8.1 Hz, 1H), 7.16-7.31 (br s, 1H), 7.60 (td, J
=17.8, 1.3 Hz, 1H), 7.70 (td, J= 7.8, 1.3 Hz, 1H), 7.87 (td, /= 7.8, 1.3 Hz, 2H). MS m/z 295
(M +H)". Step 2: Compound 70 was prepared from the obtained oil in step 1 by a similar to
that described for 9 in 51% yield as a beige powder. 'H NMR (DMSO-dq) & 4.94 (s, 2H),
6.56 (s, 1H), 7.10 (d, J= 2.1 Hz, 1H), 7.15 (dd, J=8.7, 2.1 Hz, 1H), 7.76 (d, J = 8.7 Hz, 1H),
7.83-7.93 (m, 2H), 8.01-8.05 (m, 1H), 8.09-8.13 (m, 1H), 11.49 (s, 1H). MS m/z 282 (M +
H)".

Methyl (6-{[(2-Nitrophenyl)sulfonyl]amino}-1-benzofuran-3-yl)acetate (71). Step 1: A
mixture of 70 (14.3 g, 36.2 mmol) and 1 M NaOH aqueous solution (120 mL) was stirred at
room temperature for 24 h. The mixture was acidified with 1 M HCI aqueous solution and
extracted with AcOEt-THF. The extract was washed with brine, dried over anhydrous
MgSO,, and concentrated to give a solid (13.6 g, quantitative). Step 2: To a suspension of
the obtained solid (2.84 g, 7.55 mmol) in MeOH (8 mL) was added dropwise SOCI, (2 mL,
27.4 mmol) at 0 °C, and the mixture was stirred at room temperature for 2.5 h. The mixture
was concentrated, and the residue was diluted with water and extracted with AcOEt. The
extract was washed with brine, dried over anhydrous MgSQOy, and concentrated. The residue
was purified by silica gel column chromatography (AcOEt:hexane = 20:80—60:40) to give
crystals. Recrystallization from hexane-AcOEt gave 71 (1.82 g, 62%) as yellow prisms.
'H NMR (CDCl3) & 3.66 (d, J = 0.9 Hz, 2H), 3.72 (s, 3H), 7.05 (dd, J = 8.4, 1.8 Hz, 1H), 7.35
(s, 1H), 7.39-7.45 (m, 2H), 7.55 (td, J= 7.7, 1.5 Hz, 1H), 7.61 (t, J = 0.9 Hz, 1H), 7.68 (td, J
=7.7, 1.5 Hz, 1H), 7.81 (dd, J= 7.7, 1.5 Hz, 1H), 7.87 (dd, J = 7.7, 1.5 Hz, 1H). MS m/z
391 (M + H)".

Methyl [6-({[4’-(2-Ethoxyethoxy)-2',6'-dimethylbiphenyl-3-yl|methyl}amino)-1-benzo-
furan-3-yl]acetate (72). Step 1: To a mixture of 71 (0.781 g, 2.00 mmol), 42i (0.661 g, 2.00
mmol) and PPh; (1.05 g, 4.00 mmol) in toluene (40 mL) was added DEAD (40% toluene
solution, 1.81 mL, 4.00 mmol), and the mixture was stirred at room temperature for 20 h.
After evaporation of the solvent, the residue was purified by silica gel column
chromatography (AcOEt:hexane = 20:80-60:40) to give methyl (6-{{[4'-(2-ethoxyethoxy)-
2',6'-dimethylbiphenyl-3-ylJmethyl} [(2-nitrophenyl)sulfonyl]amino } -1-benzofuran-3-yl)ace-
tate as a brown oil. MS m/z 673 (M + H)". Step 2: To a solution of the obtained oil in step
1 and mercaptoacetic acid (0.278 mL, 4.00 mmol) in DMF (2 mL) was added lithium
hydroxide hydrate (0.336 g, 8.00 mmol), and the mixture was stirred at room temperature for
22 h. The mixture was diluted with AcOEt, washed sequentially with saturated NaHCO;
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aqueous solution and brine, dried over anhydrous Na,SO4, and concentrated. The residue
was purified by silica gel column chromatography (AcOEt:hexane = 5:95-30:70) to give 72
(0.743 g, 76% in 2 steps) as a brown oil. 'H NMR (CDCl;) & 1.25 (t, J = 7.1 Hz, 3H), 1.97
(s, 6H), 3.57-3.66 (m, 4H), 3.71 (s, 3H), 3.77-3.82 (m, 2H), 4.10-4.15 (m, 2H), 4.20 (s, 1H),
4.40 (s, 2H), 6.62 (dd, J = 8.5, 2.1 Hz, 1H), 6.67 (s, 2H), 6.69 (d, J = 1.9 Hz, 1H), 7.04 (dt, J
=7.0, 1.6 Hz, 1H), 7.14 (s, 1H), 7.27-7.42 (m, 4H). MS m/z 488 (M + H)".

[6-({[4’-(2-Ethoxyethoxy)-2',6'-dimethylbiphenyl-3-yljmethyl}amino)-2,3-dihydro-1-
benzofuran-3-yl]acetic Acid Hydrochloride (73). Step 1: Compound 72 (0.494 g, 1.01
mmol) was hydrogenated on 10% Pd/C (0.25 g, containing 50% water) in MeOH (5 mL) and
THF (2 mL) under H, atmosphere (balloon pressure) at room temperature for 16 h. The
catalyst was removed by filtration, and the filtrate was concentrated. The residue was
purified by silica gel column chromatography (AcOEt:hexane = 5:95-30:70) to give methyl
[6-({[4'-(2-ethoxyethoxy)-2',6'-dimethylbiphenyl-3-ylJmethyl} amino)-2,3-dihydro-1-benzo-
furan-3-yl]acetate (0.325 g, 66%) as a colorless oil. 'H NMR (CDCls) & 1.25 (t,J = 7.0 Hz,
3H), 1.97 (s, 6H), 2.47-2.57 (m, 1H), 2.67-2.77 (m, 1H), 3.61 (q, J = 7.0 Hz, 2H), 3.69-3.82
(m, 6H), 4.06—4.17 (m, 3H), 4.21 (dd, J = 9.0, 5.9 Hz, 1H), 4.32 (s, 2H), 4.69 (t, J = 9.0 Hz,
1H), 6.09-6.21 (m, 2H), 6.67 (s, 2H), 6.91 (d, J = 7.9 Hz, 1H), 7.03 (dt, J = 7.4, 1.4 Hz, 1H),
7.10 (s, 1H), 7.28-7.33 (m, 1H), 7.37 (t, J = 7.4 Hz, IH). MS m/z 490 (M + H)". Step 2:
To a solution of the obtained oil (0.325 g, 0.664 mmol) in step 1 in MeOH (3 mL) and THF (3
mL) was added 2 M NaOH aqueous solution (1 mL), and the mixture was stirred at room
temperature for 70 h. The mixture was acidified with diluted citric acid aqueous solution
and extracted with AcOEt. The extract was washed with brine, dried over anhydrous
Na,S04, and concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 30:70-100:0) to give a pale yellow oil (0.320 g). This oil was dissolved in
AcOEt (1.5 mL) and treated with 4 M HCI in AcOEt (0.5 mL) and the mixture was diluted
with Et,O to give 73 (0.288 g, 85%) as colorless crystals. mp 140 °C. 'H NMR (CDCls) &
1.25 (t, J = 7.1 Hz, 3H), 1.81 (s, 6H), 2.44-2.55 (m, 1H), 2.59-2.69 (m, 1H), 3.58-3.75 (m,
3H), 3.79 (t, J= 6.1 Hz, 2H), 4.10 (t, J = 6.1 Hz, 2H), 4.23 (dd, J = 9.2, 6.5 Hz, 1H), 4.46 (s,
2H), 4.64 (t, J =9.2 Hz, 1H), 6.61 (s, 2H), 6.68 (d, J = 1.3 Hz, 1H), 6.75-6.83 (m, 2H), 7.00
(d, /=79 Hz, 1H), 7.07 (d, J=7.7 Hz, 1H), 7.39 (t, J= 7.7 Hz, 1H), 7.60 (d, /= 7.0 Hz, 1H),
11.70 (br's, IH). MS m/z 476 (free form, M + H)". HPLC purity (220 nm) 99.8%. Anal.
Calcd for CooH33NOs-HCI: C, 68.02; H, 6.69; N, 2.74. Found: C, 67.77; H, 6.72; N, 2.50.

Ca Influx Activity of CHO Cells Expressing Human GPR40 (FLIPR Assay). CHO
dhfr cells stably expressing human GPR40 (accession no. NM 005303) were plated and
incubated overnight in 5% CO; at 37 °C. Then, cells were incubated in loading buffer
(recording medium containing 2.5 pg/mL fluorescent calcium indicator Fluo 4-AM
(Molecular Devices), 2.5 mmol/L probenecid (Dojindo) and 0.1% fatty acid-free BSA

(Sigma)) for 60 min at 37 °C. Various concentrations of test compounds or y-linolenic acid
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(Sigma) were added into the cells and increase of the intracellular Ca®" concentration after
addition were monitored by FLIPR Tetra system (Molecular Devices) for 90 seconds. The
agonistic activities of test compounds and y-linolenic acid on human GPR40 were expressed
as [(A-B)/(C-B)] X 100 (increase of the intracellular Ca’" concentration (A) in test
compounds-treated cells, (B) in vehicle-treated cells and (C) in 10 pM vy-linolenic acid-treated
cells). ECsg value of each compound was obtained with Prism 5 software (GraphPad).

Preparation of CHO Membrane for GPR40 Receptor Binding Assay. Cell lines stably
expressing human GPR40 and rat GPR40 were used for the experiments. Each cell was
cultured in Minimum Essential Medium Alpha (MEM-Alpha, Invitrogen) supplemented with
10% dialyzed Fetal-Bovine-Serum (dialyzed FBS, Thermo Trace Ltd.), 100 unit/mL
penicillin and 100 unit/mL streptomycin in 5% CO,/95% air atmosphere at 37 °C. Cells
were harvested at confluence in Dulbecco’s Phosphate-Buffered-Saline (D-PBS, Invitrogen)
containing 1 mM EDTA and centrifuged. Cells were homogenized in ice-cold membrane
preparation buffer (50 mM Tris-HCI (pH 7.5), 5 mM EDTA, 0.5 mM PMSF (Wako), 20
pg/mL leupeptin, 0.1 pg/mL pepstatin A, 100 pg/mL Phosphoramidon, Peptide Institute, Inc.)
and centrifuged (700 x g, 10 min, 4 °C). The supernatant was filtered through 40 um Cell
Strainer (BD Falcon) and ultracentrifuged (100,000 x g, 1 h, 4 °C) with Optima™™ L-100 XP
Ultracentrifuge (Beckman Coulter). The precipitation was suspended in the same buffer,
and the protein concentration was determined with the BCA Protein assay reagent (Pierce)
following membrane solubilization with 0.1% SDS and 0.1 M NaOH aqueous solution. The
membrane suspension was stored at —80 °C until receptor binding assay.

GPR40 Receptor Binding Assay. The frozen cell membranes were resuspended in
ice-cold assay buffer (25 mmol/L Tris-HCI (pH7.5), 5 mmol/L EDTA, 0.5 mmol/L PMSF, 20
pg/mL leupeptin, 0.1 pg/mL pepstatin A, 0.05% CHAPS (Wako), 0.2% fatty-acid-free BSA
(Sigma)), and used for receptor binding assay. To determine the Kd values of
3-[4-({2',6'-dimethyl-6-[(4-[’H])phenylmethoxy]biphenyl-3-yl} methoxy)phenyl] ~ propanoic
acid (Amersham Biosciences) for human and rat GPR40, binding assays were performed in
the presence of various concentrations of the labeled ligand. After incubation at room
temperature for 90 min, the membranes were harvested GF/C filter plates (MILLIPORE), and
washed with ice-cold 50 mmol/L Tris-HCI (pH7.5) using FilterMate Harvester (PerkinElmer).
The membrane-associated radioactivities were counted using TopCount liquid scintillation
counter (PerkinElmer). Non-specific binding was defined as binding in the presence of 10
umol/L of the unlabeled ligand. To determine the binding affinities of test compounds to
human and rat GPR40, binding assays were performed in the presence of both various
concentrations of test compounds and 2 nmol/L or 6 nmol/L of the labeled ligand. The 50%
inhibitory concentrations (ICsp values) of test compounds for the labeled ligand were
calculated using non-linear regression analysis in GraphPad Prism 3.0 (GraphPad Software).
Ki values were converted as Ki = ICsy/ {1 + (the concentration of the labeled ligand) / Kd}.
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Homology Modeling and Ligand Docking. A homology model of GPR40 was
constructed using the crystal structure of bovine rhodopsin (PDB code 1GZM),”* which
obtained from the RCSB Protein Data Bank, as a structural template. An alignment of the
amino acid sequences between human/rat GPR40 and rhodopsin was created using Clustal X
(version 2.0.11)” and manually revised. Procedures of homology modeling were performed
in MOE (version 2008.10).”° The CL2 loop on the extra cellular domain was excluded
except Cys170 forming disulfide bond due to the difficulty of estimation. In the previous
step, compound 18 was docked into the obtained receptor model using the program GOLD
(version 4.1).”7  Then, the resultant docking modes with receptor models, replacing
compound 18 with 15 or 19, were subjected energy minimization with MOE after connecting
each residual substituent. In the energy minimization process, the MMFF94s force field was
used and the dielectric constant was set to 2*r, where r is the distance between two interacting
atoms.

Pharmacokinetic Analysis in Rat Cassette Dosing. Test compounds were administered
as a cassette dosing to non-fasted rats. After oral and intravenous administration, blood
samples were collected. The blood samples were centrifuged to obtain the plasma fraction.
The plasma samples were deproteinized with MeCN containing an internal standard. After
centrifugation, the supernatant was diluted and centrifuged again. The compound
concentrations in the supernatant were measured by LC/MS/MS.

Oral Glucose Tolerance Test (OGTT). The care and use of the animals and the
experimental protocols used in this research were approved by the Experimental Animal Care
and Use Committee of Takeda Pharmaceutical Company Limited. Female Wistar fatty (WF)
rats were obtained from Takeda Rabics, Ltd (Hikari, Japan). They were fed a commercial
diet CE-2 (Clea Japan Co.) and tap water ad libitum. Female WF rats (17-19 weeks old)
were fasted overnight and orally given vehicle (0.5% methylcellulose) or compounds. All
animals were received an oral glucose load (1 g/kg) one or four hours after drug
administration. Blood samples were collected from tail vein before drug administration
(pre), and just before glucose load (time 0), and 10, 30, 60 and 120 minutes after glucose load.
Plasma glucose and plasma insulin levels were measured by Autoanalyzer 7080 (Hitachi,
Japan) and radioimmunoassay (Millipore, USA), respectively. In the dose-dependent study,
statistical significances versus vehicle control were assessed by one-tailed Williams test.

Differences between two groups were analyzed by Aspin-Welch test.

97



20000

Methyl [(35)-6-Hydroxy-2,3-dihydro-1-benzofuran-3-yljacetate (7g) and Methyl
[(3R)-6-Hydroxy-2,3-dihydro-1-benzofuran-3-yljacetate (7h). Methyl (6-hydroxy-2,3-
dihydro-1-benzofuran-3-yl)acetate (7e) was optically resolved using normal phase preparative
HPLC [column: CHIRALPAK AD, 50 mmID x 500 mmL; mobile phase: hexane/EtOH
(88/12) (v/v) by isocratic elution; flow rate: 60 mL/min; detection: UV 220 nm; temperature:
30 °C]. Retention times of the two enantiomers were 16.3 and 18.7 min. The (S)-isomer
7g (retention time 16.3 min) was thus obtained with a 99.7% ee [column: CHIRALPAK
AD-H, 4.6 mmID x 250 mmL; mobile phase: hexane/IPA (80/20) (v/v) by isocratic elution;
flow rate: 0.5 mL/min; detection: UV 220 nm; temperature: 30 °C]. [a]p +5.4° (c 0.92,
CHCIl;). The (R)-isomer 7h (retention time 18.7 min) was thus obtained with a 99.1% ee
[column: CHIRALPAK AD-H, 4.6 mmID x 250 mmL; mobile phase: hexane/IPA (80/20)
(v/v) by isocratic elution; flow rate: 0.5 mL/min; detection: UV 220 nm; temperature: 30 “C].
[a]p —6.4° (c 0.94, CHCI,).

[(35)-6-{|4'-(2-Ethoxyethoxy)-2',6'-dimethylbiphenyl-3-yl|methoxy}-2,3-dihydro-1-
benzofuran-3-yl]acetic Acid (75). Step 1: To a mixture of 7g (0.250 g, 1.20 mmol), 74a
(0.360 g, 1.20 mmol), and P(n-Bu); (0.388 g, 1.92 mmol) in toluene (20 mL) was added
gradually ADDP (0.484 g, 1.92 mmol), and the mixture was stirred under nitrogen
atmosphere at room temperature for 20 h. Hexane (10 mL) was added and the insoluble
material was removed by filtration. The filtrate was concentrated, and the residue was
purified by silica gel column chromatography (AcOEt:hexane = 5:95-40:60) to give methyl
[(3S5)-(6-{[4"-(2-ethoxyethoxy)-2',6'-dimethylbiphenyl-3-yl]methoxy}-2,3-dihydro-1-benzofu-
ran-3-yl)acetate (0.456 g, 77%) as a colorless oil. 'H NMR (CDCls) & 1.25 (t, J = 7.0 Hz,
3H), 1.98 (s, 6H), 2.50-2.61 (m, 1H), 2.70-2.79 (m, 1H), 3.62 (q, J = 7.0 Hz, 2H), 3.71 (s,
3H), 3.75-3.86 (m, 3H), 4.11-4.16 (m, 2H), 4.26 (dd, J=9.1, 6.1 Hz, 1H), 4.75 (t, /= 9.1 Hz,
1H), 5.05 (s, 2H), 6.44—6.51 (m, 2H), 6.69 (s, 2H), 7.01 (d, J = 8.1 Hz, 1H), 7.08 (dt, J= 7.1,
1.5 Hz, 1H), 7.16 (s, 1H), 7.34-7.45 (m, 2H). MS m/z 491 (M + H)". HPLC purity (220
nm) 100.0%. Step 2: To a solution of the obtained ester (0.451 g, 0.919 mmol) in MeOH (2
mL) and THF (4 mL) was added 2 M NaOH aqueous solution (0.750 mL, 1.50 mmol) at room
temperature, and the mixture was stirred at 50 °C for 2 h. The mixture was diluted with
water, acidified with 10% citric acid aqueous solution, and extracted with AcOEt. The
organic layer was washed with brine, dried over anhydrous MgSQO,, and concentrated. The
residue was purified by silica gel column chromatography (AcOEt:hexane = 30:70-80:20) to
give an oil, which was treated with hexane to give crystals. Recrystallization from
hexane—AcOEt gave 75 (0.315 g, 72%) as colorless crystals. mp 58-59 °C. [a]p +6.5° (c
0.30, CH3sCN). 99.7% ee [column: CHIRALPAK AD, 4.6 mmID x 250 mmL; mobile
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phase: hexane/IPA/TFA (85/15/0.1) (v/v/v) by isocratic elution; flow rate: 0.5 mL/min;
detection: UV 220 nm; temperature: room temperature]. 'H NMR (CDCl3) § 1.25 (t, J = 7.0
Hz, 3H), 1.98 (s, 6H), 2.55-2.66 (m, 1H), 2.76-2.85 (m, 1H), 3.62 (q, J = 7.0 Hz, 2H),
3.75-3.86 (m, 3H), 4.14 (t, /= 5.0 Hz, 2H), 4.28 (dd, /= 9.1, 6.0 Hz, 1H), 4.75 (t, /= 9.1 Hz,
1H), 5.05 (s, 2H), 6.44—6.52 (m, 2H), 6.68 (s, 2H), 7.02-7.10 (m, 2H), 7.16 (s, 1H), 7.34-7.45
(m, 2H). MS m/z 477 M + H)". HPLC purity (220 nm) 100.0%. Anal. Caled for
Cy9H3,0¢: C, 73.09; H, 6.77. Found: C, 73.02; H, 6.73.

The following compounds 76—82 were also prepared from appropriate phenols 7e, g or h
and alcohols 74a—c by a method similar to that described for 75.

[(3R)-6-{[4'-(2-Ethoxyethoxy)-2',6’-dimethylbiphenyl-3-yl|methoxy}-2,3-dihydro-1-
benzofuran-3-yl]acetic Acid (76). Step 1: Methyl [(3R)-6-{[4'-(2-ethoxyethoxy)-2',6'-di-
methylbiphenyl-3-yl]methoxy}-2,3-dihydro-1-benzofuran-3-yl]acetate in 89% yield as a
colorless oil. '"H NMR (CDCls) & 1.25 (t, J= 7.1 Hz, 3H), 1.98 (s, 6H), 2.50-2.61 (m, 1H),
2.69-2.79 (m, 1H), 3.62 (q, J = 7.1 Hz, 2H), 3.71 (s, 3H), 3.74-3.85 (m, 3H), 4.11-4.16 (m,
2H), 4.26 (dd, J = 9.1, 6.1 Hz, 1H), 4.75 (t, J= 9.1 Hz, 1H), 5.05 (s, 2H), 6.44-6.51 (m, 2H),
6.68 (s, 2H), 7.01 (d, J = 8.1 Hz, 1H), 7.08 (dt, J = 7.2, 1.6 Hz, 1H), 7.16 (s, 1H), 7.34-7.45
(m, 2H). MS m/z 491 (M +H)". HPLC purity (220 nm) 100.0%. Step 2: 76 in 80% yield
as colorless crystals (hexane—AcOEt). mp 59-60 °C. [a]p —7.5° (¢ 0.31, CH3CN). 99.8%
ee [column: CHIRALPAK AD, 4.6 mmID x 250 mmL; mobile phase: hexane/IPA/TFA
(85/15/0.1) (v/v/v) by isocratic elution; flow rate: 0.5 mL/min; detection: UV 220 nm;
temperature: room temperature]. 'H NMR (CDCl) & 1.25 (t, J = 7.0 Hz, 3H), 1.98 (s, 6H),
2.55-2.67 (m, 1H), 2.76-2.85 (m, 1H), 3.62 (q, J = 7.0 Hz, 2H), 3.75-3.86 (m, 3H), 4.14 (t, J
=5.0 Hz, 2H), 4.28 (dd, J=9.1, 6.1 Hz, 1H), 4.75 (t, J=9.1 Hz, 1H), 5.05 (s, 2H), 6.44-6.52
(m, 2H), 6.68 (s, 2H), 7.02-7.11 (m, 2H), 7.16 (s, 1H), 7.34-7.45 (m, 2H). MS m/z 477 (M
+ H)+. HPLC purity (220 nm) 100.0%. Anal. Calcd for C,9H3,0¢: C, 73.09; H, 6.77.
Found: C, 73.02; H, 6.77.

[6-({2',6'-Dimethyl-4’-[(3-methyloxetan-3-yl)methoxy|biphenyl-3-yl} methoxy)-2,3-di-
hydro-1-benzofuran-3-yl]acetic Acid (77). Step 1: Methyl [6-({2',6'-dimethyl-4'-[(3-meth-
yloxetan-3-yl)methoxy]biphenyl-3-yl} methoxy)-2,3-dihydro-1-benzofuran-3-yl]acetate in
89% yield as a yellow oil. 'H NMR (CDCls) & 1.45 (s, 3H), 2.00 (s, 6H), 2.49-2.61 (m, 1H),
2.69-2.80 (m, 1H), 3.71 (s, 3H), 3.74-3.86 (m, 1H), 4.04 (s, 2H), 4.26 (dd, J = 9.1, 6.1 Hz,
1H), 4.47 (d, J=5.9 Hz, 2H), 4.64 (d, J = 5.9 Hz, 2H), 4.75 (t, J= 9.1 Hz, 1H), 5.06 (s, 2H),
6.44-6.51 (m, 2H), 6.70 (s, 2H), 7.02 (d, J = 8.1 Hz, 1H), 7.08 (dt, J= 7.1, 1.5 Hz, 1H), 7.17
(s, 1H), 7.35-7.46 (m, 2H). MS m/z 503 (M + H)". Step 2: 77 in 65% yield as colorless
crystals (hexane—AcOEt). mp 150-151 °C.  '"H NMR (CDCls) & 1.45 (s, 3H), 2.00 (s, 6H),
2.55-2.67 (m, 1H), 2.75-2.86 (m, 1H), 3.75-3.87 (m, 1H), 4.04 (s, 2H), 4.28 (dd, /= 9.1, 6.0
Hz, 1H), 4.48 (d, J = 5.9 Hz, 2H), 4.65 (d, J = 5.9 Hz, 2H), 4.76 (t, J = 9.1 Hz, 1H), 5.06 (s,
2H), 6.44-6.52 (m, 2H), 6.70 (s, 2H), 7.01-7.11 (m, 2H), 7.17 (s, 1H), 7.34-7.46 (m, 2H).
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MS m/z 489 (M + H)+. HPLC purity (220 nm) 99.9%. Anal. Calcd for C3oH3,0¢: C, 73.75;
H, 6.60. Found: C, 73.53; H, 6.61.
[(39)-6-({2',6'-Dimethyl-4'-[(3-methyloxetan-3-yl)methoxy]biphenyl-3-yl} methoxy)-2,
3-dihydro-1-benzofuran-3-yl]acetic Acid (78). Step 1: Methyl [(3S)-6-({2',6"-dimethyl-
4'-[(3-methyloxetan-3-yl)methoxy]biphenyl-3-yl} methoxy)-2,3-dihydro-1-benzofuran-3-yl]
acetate in 95% yield as a pale yellow oil. 'H NMR (CDCls) § 1.45 (s, 3H), 2.00 (s, 6H),
2.50-2.60 (m, 1H), 2.70-2.79 (m, 1H), 3.72 (s, 3H), 3.74-3.86 (m, 1H), 4.04 (s, 2H), 4.26 (dd,
J=29.1, 6.0 Hz, 1H), 4.47 (d, J = 5.8 Hz, 2H), 4.64 (d, J = 5.8 Hz, 2H), 4.75 (t, J = 9.1 Hz,
1H), 5.06 (s, 2H), 6.44-6.51 (m, 2H), 6.70 (s, 2H), 7.02 (d, J = 8.1 Hz, 1H), 7.05-7.11 (m,
1H), 7.17 (s, 1H), 7.35-7.46 (m, 2H). Step 2: 78 in 66% yield as colorless crystals
(hexane—AcOEt). mp 140-142 °C. [a]p +5.6° (c 0.30, CH3CN). 99.8% ee [column:
CHIRALPAK OD, 4.6 mmID x 250 mmL; mobile phase: hexane/IPA/TFA (80/20/0.1)
(v/v/v) by isocratic elution; flow rate: 0.5 mL/min; detection: UV 220 nm; temperature:
30 °C]. '"H NMR (CDCls) § 1.45 (s, 3H), 2.00 (s, 6H), 2.56-2.67 (m, 1H), 2.76-2.85 (m,
1H), 3.75-3.86 (m, 1H), 4.04 (s, 2H), 4.29 (dd, J=9.1, 6.0 Hz, 1H), 4.48 (d, /= 5.9 Hz, 2H),
4.65 (d, J = 5.9 Hz, 2H), 4.76 (t, J = 9.1 Hz, 1H), 5.06 (s, 2H), 6.44—6.52 (m, 2H), 6.70 (s,
2H), 7.02-7.11 (m, 2H), 7.17 (s, 1H), 7.35-7.46 (m, 2H). MS m/z 489 (M + H)". HPLC
purity (220 nm) 98.0%. Anal. Caled for C3oH3,06: C, 73.75; H, 6.60. Found: C, 73.50; H,
6.73.
[(3R)-6-({2',6'-Dimethyl-4'-[(3-methyloxetan-3-yl)methoxy]|biphenyl-3-yl}methoxy)-2,
3-dihydro-1-benzofuran-3-yl]acetic Acid (79). Step 1: Methyl [(3R)-6-({2',6'-dimethyl-
4'-[(3-methyloxetan-3-yl)methoxy]biphenyl-3-yl} methoxy)-2,3-dihydro-1-benzofuran-3-yl]
acetate in 90% yield as a colorless oil. 'H NMR (CDCls) & 1.45 (s, 3H), 2.00 (s, 6H),
2.50-2.61 (m, 1H), 2.70-2.80 (m, 1H), 3.72 (s, 3H), 3.74-3.86 (m, 1H), 4.04 (s, 2H), 4.26 (dd,
J=29.0, 6.1 Hz, 1H), 4.47 (d, J = 5.8 Hz, 2H), 4.64 (d, J = 5.8 Hz, 2H), 4.75 (t, J = 9.0 Hz,
1H), 5.06 (s, 2H), 6.44—6.51 (m, 2H), 6.70 (s, 2H), 7.02 (d, J = 7.9 Hz, 1H), 7.08 (dt, J= 7.1,
1.6 Hz, 1H), 7.17 (s, 1H), 7.35-7.46 (m, 2H). Step 2: 79 in 56% yield as colorless crystals
(hexane—AcOEt). mp 136-138 °C. [a]p —5.6° (¢ 0.31, CH3CN). 99.4% ee [column:
CHIRALPAK OD, 4.6 mmID x 250 mmL; mobile phase: hexane/IPA/TFA (80/20/0.1)
(v/v/v) by isocratic elution; flow rate: 0.5 mL/min; detection: UV 220 nm; temperature:
30 °C]. '"H NMR (CDCls) & 1.45 (s, 3H), 2.00 (s, 6H), 2.55-2.67 (m, 1H), 2.75-2.86 (m,
1H), 3.75-3.87 (m, 1H), 4.04 (s, 2H), 4.29 (dd, J=9.2, 6.0 Hz, 1H), 4.48 (d, /= 5.8 Hz, 2H),
4.65 (d, J = 6.0 Hz, 2H), 4.76 (t, J = 9.0 Hz, 1H), 5.06 (s, 2H), 6.44—6.52 (m, 2H), 6.71 (s,
2H), 7.02-7.11 (m, 2H), 7.17 (s, 1H), 7.35-7.46 (m, 2H). MS m/z 489 (M + H)". Anal.
Calcd for C30H3,04: C, 73.75; H, 6.60. Found: C, 73.58; H, 6.77.
[6-({4'-[(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)oxy]-2’,6’-dimethylbiphenyl-3-yl}
methoxy)-2,3-dihydro-1-benzofuran-3-yljacetic Acid (80). Step 1: Methyl [6-({4'-[(1,1-
dioxidotetrahydro-2H-thiopyran-4-yl)oxy]-2’,6'-dimethylbiphenyl-3-yl}-methoxy)-2,3-dihy-
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dro-1-benzofuran-3-yl]acetate in 93% yield as a pale yellow oil. 'H NMR (CDCl3) & 1.99 (s,
6H), 2.31-2.60 (m, 5H), 2.70-2.79 (m, 1H), 2.89-3.00 (m, 2H), 3.39-3.52 (m, 2H), 3.72 (s,
3H), 3.75-3.86 (m, 1H), 4.26 (dd, J=9.1, 6.1 Hz, 1H), 4.64—4.70 (m, 1H), 4.75 (t, J=9.1 Hz,
1H), 5.06 (s, 2H), 6.44-6.50 (m, 2H), 6.67 (s, 2H), 7.02 (d, /= 7.9 Hz, 1H), 7.07 (dt, J = 7.1,
1.5 Hz, 1H), 7.16 (s, 1H), 7.35-7.46 (m, 2H). MS m/z 551 (M + H)". HPLC purity (220
nm) 99.6%. Step 2: 80 in 80% yield as colorless crystals (hexane—AcOEt). mp
159-161 °C. 'H NMR (CDCls) & 1.99 (s, 6H), 2.31-2.56 (m, 4H), 2.56-2.67 (m, 1H),
2.76-2.85 (m, 1H), 2.90-3.00 (m, 2H), 3.39-3.52 (m, 2H), 3.75-3.87 (m, 1H), 4.29 (dd, J =
9.1, 6.0 Hz, 1H), 4.64-4.70 (m, 1H), 4.76 (t,J = 9.1 Hz, 1H), 5.06 (s, 2H), 6.44-6.52 (m, 2H),
6.67 (s, 2H), 7.03-7.10 (m, 2H), 7.16 (s, 1H), 7.35-7.46 (m, 2H). MS m/z 537 (M + H)".
HPLC purity (220 nm) 100.0%. Anal. Calcd for C;0H3,04S: C, 67.14; H, 6.01. Found: C,
66.97; H, 6.12.
[(35)-6-({4'-[(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)oxy]-2',6'-dimethylbiphenyl-3-
yl}methoxy)-2,3-dihydro-1-benzofuran-3-yljacetic Acid (81). Step 1: Methyl
[(35)-6-({4'-[(1,1-dioxidotetrahydro-2 H-thiopyran-4-yl)oxy]-2',6'-dimethylbiphenyl-3-yl} me-
thoxy)-2,3-dihydro-1-benzofuran-3-ylJacetate in 79% vyield as a colorless oil. 'H NMR
(CDCl3) 6 1.99 (s, 6H), 2.31-2.60 (m, SH), 2.70-2.79 (m, 1H), 2.89-3.00 (m, 2H), 3.39-3.52
(m, 2H), 3.72 (s, 3H), 3.75-3.86 (m, 1H), 4.26 (dd, J = 9.1, 6.0 Hz, 1H), 4.64—4.69 (m, 1H),
4.75 (t, J = 9.1 Hz, 1H), 5.06 (s, 2H), 6.44-6.50 (m, 2H), 6.67 (s, 2H), 7.02 (d, J = 7.9 Hz,
1H), 7.04-7.09 (m, 1H), 7.16 (s, 1H), 7.35-7.46 (m, 2H). MS m/z 551 (M + H)". Step 2:
81 in 85% yield as colorless crystals (heptane—AcOEt). mp 154-155 °C. [a]p +6.1° (c
0.30, CH;CN). 'H NMR (CDCls) & 1.99 (s, 6H), 2.30-2.44 (m, 2H), 2.45-2.56 (m, 2H),
2.56-2.67 (m, 1H), 2.75-2.86 (m, 1H), 2.89-3.00 (m, 2H), 3.38-3.52 (m, 2H), 3.75-3.87 (m,
1H), 4.29 (dd, /= 9.1, 6.1 Hz, 1H), 4.63—4.70 (m, 1H), 4.76 (t, J = 9.1 Hz, 1H), 5.06 (s, 2H),
6.44-6.52 (m, 2H), 6.67 (s, 2H), 7.02-7.10 (m, 2H), 7.16 (s, 1H), 7.35-7.46 (m, 2H). MS
m/z 537 (M + H)". HPLC purity (220 nm) 99.8%. Anal. Calcd for C30H3,0,S: C, 67.14; H,
6.01. Found: C, 67.10; H, 6.06.
[(3R)-6-({4'-|(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)oxy]-2’',6’-dimethylbiphenyl-3-

yl}methoxy)-2,3-dihydro-1-benzofuran-3-yljacetic Acid (82). Step 1: Methyl
[(3R)-6-({4'-[(1,1-dioxidotetrahydro-2 H-thiopyran-4-yl)oxy]-2’,6'-dimethylbiphenyl-3-yl} me-
thoxy)-2,3-dihydro- 1-benzofuran-3-yl]acetate in 86% yield as a colorless foam. 'H NMR
(CDCl3) 6 1.99 (s, 6H), 2.30-2.61 (m, SH), 2.70-2.79 (m, 1H), 2.89-2.99 (m, 2H), 3.38-3.52
(m, 2H), 3.72 (s, 3H), 3.74-3.86 (m, 1H), 4.26 (dd, J = 9.1, 6.0 Hz, 1H), 4.63—4.69 (m, 1H),
4.75 (t, J = 9.1 Hz, 1H), 5.06 (s, 2H), 6.42—6.50 (m, 2H), 6.67 (s, 2H), 6.99-7.10 (m, 2H),
7.16 (s, 1H), 7.35-7.46 (m, 2H). Step 2: 82 in 92% yield as colorless crystals
(heptane—AcOEt). mp 156-157 °C. [a]p —4.4° (¢ 0.30, CH;CN). 'H NMR (CDCl;) &
1.99 (s, 6H), 2.30-2.44 (m, 2H), 2.45-2.67 (m, 3H), 2.74-2.86 (m, 1H), 2.89-3.00 (m, 2H),
3.38-3.52 (m, 2H), 3.75-3.87 (m, 1H), 4.29 (dd, J = 9.1, 6.0 Hz, 1H), 4.63-4.69 (m, 1H),
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4.76 (t, J = 9.1 Hz, 1H), 5.06 (s, 2H), 6.44-6.52 (m, 2H), 6.67 (s, 2H), 7.02-7.10 (m, 2H),
7.16 (s, 1H), 7.35-7.46 (m, 2H). MS m/z 537 (M + H)". HPLC purity (220 nm) 99.8%.
Anal. Calcd for C30H3,05S: C, 67.14; H, 6.01. Found: C, 66.94; H, 6.02.
[(35)-6-({4'-[(4-Hydroxy-1,1-dioxidotetrahydro-2H-thiopyran-4-yl)methoxy]|-2’,6'-di-
methylbiphenyl-3-yl}methoxy)-2,3-dihydro-1-benzofuran-3-yljacetic Acid (83). The
title compound was prepared from 7g and 74d by a method similar to that described for 75
except for step 2. Step 1: Methyl [(35)-6-({4'-[(4-hydroxytetrahydro-2H-thiopyran-4-yl)me-
thoxy]-2',6'-dimethylbiphenyl-3-yl} methoxy)-2,3-dihydro-1-benzofuran-3-yl]acetate in 90%
yield as a yellow oil. "H NMR (CDCls) & 1.77-1.89 (m, 2H), 1.99 (s, 6H), 2.06-2.15 (m, 2H),
2.18 (s, 1H), 2.42-2.60 (m, 3H), 2.70-2.79 (m, 1H), 3.04-3.17 (m, 2H), 3.72 (s, 3H),
3.74-3.86 (m, 3H), 4.26 (dd, J = 9.1, 6.0 Hz, 1H), 4.75 (t, J = 9.1 Hz, 1H), 5.05 (s, 2H),
6.44-6.51 (m, 2H), 6.67 (s, 2H), 7.01 (d, J = 7.9 Hz, 1H), 7.04-7.09 (m, 1H), 7.15 (s, 1H),
7.35-7.45 (m, 2H). MS m/z 531 (M — 18 + H)". Step 2: To a solution of the obtained oil
(0.586 g, 1.07 mmol) in AcOEt (5 mL) was added gradually m-CPBA (0.568 g, 2.14 mmol) at
0 °C, and the mixture was stirred at 0 °C for 2 h. The mixture was quenched with Na,S,0;
aqueous solution and saturated NaHCO3 aqueous solution, and extracted with AcOEt. The
organic layer was washed with brine, dried over anhydrous MgSQO,, and concentrated. The
residue was purified by silica gel column chromatography (AcOEt:hexane = 40:60—80:20) to
give methyl [(35)-6-({4'-[(4-hydroxy-1,1-dioxidotetrahydro-2H-thiopyran-4-yl)methoxy]-2’,
6'-dimethylbiphenyl-3-yl} methoxy)-2,3-dihydro-1-benzofuran-3-yl]acetate (0.489 g, 79%) as
a colorless oil. 'H NMR (CDCls) & 2.00 (s, 6H), 2.16-2.33 (m, 4H), 2.46 (s, 1H), 2.50-2.61
(m, 1H), 2.69-2.80 (m, 1H), 2.90-3.01 (m, 2H), 3.43-3.57 (m, 2H), 3.72 (s, 3H), 3.74-3.86
(m, 1H), 3.88 (s, 2H), 4.26 (dd, J = 9.1, 6.1 Hz, 1H), 4.75 (t, J = 9.1 Hz, 1H), 5.06 (s, 2H),
6.43-6.51 (m, 2H), 6.67 (s, 2H), 6.99-7.10 (m, 2H), 7.15 (s, 1H), 7.35-7.47 (m, 2H). MS
m/z 581 (M + H)". Step 3: 83 in 76% yield as colorless crystals (hexane—AcOEt). mp
198-201 °C. [a]p +5.1° (¢ 0.30, CH;CN). 'H NMR (CDCls) § 2.00 (s, 6H), 2.17-2.33 (m,
4H), 2.56-2.67 (m, 1H), 2.76-2.85 (m, 1H), 2.90-3.01 (m, 2H), 3.43-3.56 (m, 2H), 3.75-3.86
(m, 1H), 3.88 (s, 2H), 4.29 (dd, J = 9.1, 6.0 Hz, 1H), 4.76 (t, J = 9.1 Hz, 1H), 5.06 (s, 2H),
6.44-6.52 (m, 2H), 6.67 (s, 2H), 7.02-7.09 (m, 2H), 7.15 (s, 1H), 7.35-7.46 (m, 2H). MS
m/z 567 (M + H)". HPLC purity (220 nm) 99.4%. Anal. Calcd for C3;H3405S: C, 65.71; H,
6.05. Found: C, 65.69; H, 6.03.
[(35)-6-({4'-[2-(Ethylsulfonyl)ethoxy]-2’,6'-dimethylbiphenyl-3-yl} methoxy)-2,3-dihy-
dro-1-benzofuran-3-yljacetic Acid (84). The title compound was prepared from 7g and
74e by a method similar to that described for 75 except for step 3. Step 1: Methyl
[(3S5)-6-({4'-[2-(ethylsulfanyl)ethoxy]-2',6’-dimethylbiphenyl-3-yl} methoxy)-2,3-dihydro-1-
benzofuran-3-yl]acetate in 60% yield as a pale yellow oil. 'H NMR (CDCls) 8 1.31 (t, J =
7.4 Hz, 3H), 1.99 (s, 6H), 2.50-2.79 (m, 4H), 2.92 (t, J = 7.0 Hz, 2H), 3.71 (s, 3H), 3.74-3.86
(m, 1H), 4.15 (t, J= 7.0 Hz, 2H), 4.26 (dd, J = 9.1, 6.1 Hz, 1H), 4.75 (t, J = 9.1 Hz, 1H), 5.05
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(s, 2H), 6.44-6.51 (m, 2H), 6.66 (s, 2H), 7.01 (d, J = 7.9 Hz, 1H), 7.05-7.10 (m, 1H), 7.16 (s,
1H), 7.34-7.45 (m, 2H). MS m/z 507 (M + H)". Step 2: [(3S)-6-({4'-[2-(Ethylsulfanyl)
ethoxy]-2',6'-dimethylbiphenyl-3-yl} methoxy)-2,3-dihydro-1-benzofuran-3-yl]acetic acid in
89% vyield as a colorless oil. 'H NMR (CDCls) & 1.31 (t, J = 7.4 Hz, 3H), 1.99 (s, 6H),
2.56-2.71 (m, 3H), 2.76-2.86 (m, 1H), 2.92 (t, J = 7.0 Hz, 2H), 3.75-3.87 (m, 1H), 4.15 (¢, J
= 6.8 Hz, 2H), 4.28 (dd, J=9.1, 6.1 Hz, 1H), 4.76 (t, J = 9.1 Hz, 1H), 5.05 (s, 2H), 6.44-6.52
(m, 2H), 6.66 (s, 2H), 7.02-7.10 (m, 2H), 7.16 (s, 1H), 7.34-7.45 (m, 2H). MS m/z 493 (M
+ H)". Step 3: To a solution of the obtained oil (0.304 g, 0.617 mmol) in MeOH (10 mL)
was added dropwise a solution of Oxone® (0.569 g, 0.926 mmol) in water (5 mL) at 0 °C, and
the mixture was stirred at 0 °C to room temperature for 12 h. MeOH was evaporated. The
residue was diluted with water, and extracted with AcOEt. The extract was washed with
brine, dried over anhydrous MgSO,, and concentrated. The residue was purified by
preparative HPLC to give crystals. Recrystallization from heptane—AcOEt gave 84 (0.237 g,
73%) as colorless crystals. mp 130-131 °C. [a]p +6.6° (¢ 0.30, CH;CN). 'H NMR
(CDCl3) 6 1.47 (t, J = 7.5 Hz, 3H), 1.99 (s, 6H), 2.55-2.67 (m, 1H), 2.75-2.86 (m, 1H), 3.19
(q,J=7.5Hz, 2H), 3.42 (t,J = 5.4 Hz, 2H), 3.75-3.87 (m, 1H), 4.29 (dd, J=9.1, 6.0 Hz, 1H),
4.44 (t,J=9.1 Hz, 2H), 4.76 (t,J = 5.4 Hz, 1H), 5.06 (s, 2H), 6.44-6.52 (m, 2H), 6.64 (s, 2H),
7.02-7.09 (m, 2H), 7.15 (s, 1H), 7.35-7.46 (m, 2H). MS m/z 525 (M + H)". HPLC purity
(220 nm) 99.8%. Anal. Calcd for Cy9H3,05S: C, 66.39; H, 6.15. Found: C, 66.35; H, 6.15.
[(35)-6-({2',6’-Dimethyl-4'-[3-(methylsulfonyl)propoxy]biphenyl-3-yl} methoxy)-2,3-di-

hydro-1-benzofuran-3-yljacetic Acid Hemihydrate (85). Step 1: To a mixture of 7g
(0.208 g, 1.00 mmol), 74f (0.348 g, 1.00 mmol), and P(n-Bu); (0.324 g, 1.60 mmol) in
toluene (15 mL) was added portionwise ADDP (0.404 g, 1.60 mmol), and the mixture was
stirred under nitrogen atmosphere at room temperature for 1.5 h. Hexane (8 mL) was added,
and the insoluble material was removed by filtration. The filtrate was concentrated, and the
residue was purified by silica gel column chromatography (AcOEt:hexane = 40:60-80:20) to
give methyl [(35)-6-({2',6'-dimethyl-4'-[3-(methylsulfonyl)propoxy]biphenyl-3-yl} methoxy)-
2,3-dihydro-1-benzofuran-3-yl]acetate (0.442 g, 82%) as a colorless oil. 'H NMR (CDCls) &
1.99 (s, 6H), 2.30-2.41 (m, 2H), 2.49-2.61 (m, 1H), 2.69-2.79 (m, 1H), 2.97 (s, 3H),
3.23-3.31 (m, 2H), 3.71 (s, 3H), 3.74-3.86 (m, 1H), 4.08-4.13 (m, 2H), 4.26 (dd, J=9.1, 6.1
Hz, 1H), 4.75 (t, J = 9.1 Hz, 1H), 5.05 (s, 2H), 6.43-6.51 (m, 2H), 6.64 (s, 2H), 7.01 (d, J =
8.0 Hz, 1H), 7.07 (dt, J= 7.1, 1.6 Hz, 1H), 7.15 (s, 1H), 7.34-7.46 (m, 2H). MS m/z 539 (M
+H)". Step 2: To a solution of the obtained oil (11.2 g, 20.8 mmol) in MeOH (40 mL) and
THF (80 mL) was added 2 M NaOH aqueous solution (20.0 mL, 40.0 mmol), and the mixture
was stirred at 50 °C for 2 h. The mixture was concentrated, diluted with water, acidified
with 1 M HCI aqueous solution, and extracted with AcOEt. The organic layer was washed
with brine, dried over MgSQO,, and concentrated to give crystals, which were washed with
heptane—AcOEt. Recrystallization from EtOH-H,O gave 85 (9.31 g, 85%) as colorless
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crystals. mp 127-129 °C. J[a]p +5.3° (c 0.3085, CHi;CN). 99.6% ee [column,
CHRALPAK AD-3 (NC002), 4.6 mmID x 250 mmL; mobile phase, hexane/IPA/TFA =
500/500/1 (v/v/v) by isocratic elution; flow rate, 0.5 mL/min; detection, UV 220 nm; column
temperature, 30 °C]. 'H NMR (CDCls) & 1.99 (s, 6H), 2.29-2.41 (m, 2H), 2.61 (dd, J = 16.9,
9.2 Hz, 1H), 2.81 (dd, J = 16.9, 5.5 Hz, 1H), 2.97 (s, 3H), 3.23-3.31 (m, 2H), 3.75-3.87 (m,
1H), 4.13 (t, /= 5.8 Hz, 2H), 4.28 (dd, J = 9.1, 6.0 Hz, 1H), 4.76 (t, /= 9.1 Hz, 1H), 5.06 (s,
2H), 6.44-6.52 (m, 2H), 6.64 (s, 2H), 7.02-7.10 (m, 2H), 7.16 (s, 1H), 7.35-7.46 (m, 2H).
MS m/z 525 (M + H)". HPLC purity (220 nm) 100.0%. Anal. Calcd for C,9H3,0,S-0.5
H,0: C, 65.27; H, 6.23. Found: C, 65.23; H, 6.15.

Methyl {(35)-6-[(4'-Hydroxy-2',6'-dimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1-
benzofuran-3-yl}acetate (86a). Step 1: Methyl {(35)-6-[(4'-{[tert-butyl(dimethyl)silyl]
oxy}-2',6'-dimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1-benzofuran-3-yl}acetate was
prepared from 7g and 74g by a method similar to that described for 75-step 1 in 85% yield as
a colorless solid. '"H NMR (CDCls) 6 0.23 (s, 6H), 1.00 (s, 9H), 1.95 (s, 6H), 2.55 (dd, J =
16.5, 9.3 Hz, 1H), 2.75 (dd, J=16.5, 5.5 Hz, 1H), 3.71 (s, 3H), 3.74-3.88 (m, 1H), 4.26 (dd, J
=9.2, 6.0 Hz, 1H), 4.75 (t, J = 9.2 Hz, 1H), 5.05 (s, 2H), 6.44-6.51 (m, 2H), 6.57 (s, 2H),
7.01 (d, J=17.9 Hz, 1H), 7.06-7.10 (m, 1H), 7.17 (s, 1H), 7.33-7.44 (m, 2H). MS m/z 533
(M + H)". Step 2: To a solution of the obtained solid (2.27 g, 4.26 mmol) in THF (25 mL)
was added 1 M TBAF in THF (4.7 mL, 4.7 mmol) at room temperature and the mixture was
stirred under nitrogen atmosphere at room temperature for 1 h. The mixture was
concentrated and the residue was partitioned between water and AcOEt. The organic layer
was separated, washed with brine, dried over anhydrous MgSO,, and concentrated. The
residue was purified by silica gel column chromatography (AcOEt:hexane = 20:80-60:40) to
give 86a (1.67 g, 94%) as a colorless oil. '"H NMR (CDCls) & 1.97 (s, 6H), 2.55 (dd, J =
16.5, 9.8 Hz, 1H), 2.75 (dd, J = 16.5, 4.8 Hz, 1H), 3.72 (s, 3H), 3.74-3.86 (m, 1H), 4.26 (dd, J
=9.0, 6.2 Hz, 1H), 4.63 (s, 1H), 4.75 (t, J = 9.0 Hz, 1H), 5.05 (s, 2H), 6.43-6.50 (m, 2H),
6.59 (s, 2H), 7.01 (d, J = 8.1 Hz, 1H), 7.04-7.11 (m, 1H), 7.16 (s, 1H), 7.34-7.46 (m, 2H).
MS m/z 419 (M + H)".

Methyl {(35)-6-[(3’-Chloro-4'-hydroxy-2',6’-dimethylbiphenyl-3-yl)methoxy]-2,3-dihy-
dro-1-benzofuran-3-yl}acetate (86b). The title compound was prepared from 7g and 74h
by a method similar to that described for 86a. Step 1: Methyl {(35)-6-[(4'-{[tert-butyl
(dimethyl)silylJoxy}-3'-chloro-2',6'-dimethylbiphenyl-3-yl)methoxy]-2,3-dihydro-1-benzofu-
ran-3-yl}acetate in 77% yield as colorless crystals. 'H NMR (CDCls) & 0.26 (s, 6H), 1.06 (s,
9H), 1.92 (s, 3H), 2.04 (s, 3H), 2.50-2.61 (m, 1H), 2.70-2.79 (m, 1H), 3.71 (s, 3H), 3.75-3.86
(m, 1H), 4.26 (dd, J= 9.1, 6.0 Hz, 1H), 4.75 (t, J = 9.1 Hz, 1H), 5.05 (s, 2H), 6.44—6.51 (m,
2H), 6.65 (s, 1H), 6.99-7.07 (m, 2H), 7.14 (s, 1H), 7.36-7.46 (m, 2H). MS m/z 567 (M +
H)". Step 2: 86b in 88% yield as a colorless oil. 'H NMR (CDCls) & 1.94 (s, 3H), 2.04 (s,
3H), 2.49-2.61 (m, 1H), 2.69-2.80 (m, 1H), 3.71 (s, 3H), 3.74-3.86 (m, 1H), 4.26 (dd, J=9.1,
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6.0 Hz, 1H), 4.75 (t, J= 9.1 Hz, 1H), 5.06 (s, 2H), 5.55 (s, 1H), 6.43—6.51 (m, 2H), 6.81 (s,
1H), 6.99-7.07 (m, 2H), 7.13 (s, 1H), 7.36-7.47 (m, 2H). MS nvz453 (M + H)".
[(39)-6-({2',6'-Dimethyl-4'-[3-(2-oxopyrrolidin-1-yl)propoxy]biphenyl-3-yl} methoxy)-
2,3-dihydro-1-benzofuran-3-yljacetic Acid (87). Step 1: To a mixture of 86a (0.325 g,
0.777 mmol), 1-(3-hydroxypropyl)pyrrolidin-2-one (0.167 g, 1.16 mmol), and P(n-Bu);
(0.314 g, 1.55 mmol) in toluene (15 mL) was added ADDP (0.392 g, 1.55 mmol), and the
mixture was stirred at room temperature for 15 h. Hexane (15 mL) was added, and the
insoluble material was removed by filtration. The filtrate was concentrated and the residue
was purified by silica gel column chromatography (AcOEt:hexane = 30:70—-100:0) to afford
methyl [(39-6-({2',6'-dimethyl-4'-[3-(2-oxopyrrolidin-1-yl)propoxy]biphenyl-3-yl} me-
thoxy)-2,3-dihydro-1-benzofuran-3-yl]acetate (0.420 g, crude) as a colorless oil. The crude
product was used for next reaction without further purification. MS m/z 544 (M + H)'.
Step 2: Compound 87 was prepared from the obtained oil by a method similar to that
described for 75-step 2 in 42% yield (from 86a) as colorless crystals (heptane—MeCN). mp
90-92 °C. [o]p +5.2° (¢ 0.32, CH;CN). 'H NMR (CDCl3) 8§ 1.94-1.99 (m, 6H), 1.99-2.10
(m, 4H), 2.41 (t, J = 8.1 Hz, 2H), 2.59 (dd, J=16.5, 9.3 Hz, 1H), 2.78 (dd, J = 16.5, 5.4 Hz,
1H), 3.42-3.52 (m, 4H), 3.73-3.85 (m, 1H), 4.00 (t, J= 6.3 Hz, 2H), 4.28 (dd, J=9.2, 5.8 Hz,
1H), 4.74 (t, J= 9.2 Hz, 1H), 5.06 (s, 2H), 6.43-6.50 (m, 2H), 6.64 (s, 2H), 7.02-7.09 (m, 2H),
7.13 (s, 1H), 7.33-7.44 (m, 2H). MS m/z 530 (M + H)". HPLC purity (220 nm) 99.7%.
Anal. Calcd for C;3,H35sNOg 0.5 H,O: C, 71.36; H, 6.74; N, 2.60. Found: C, 71.39; H, 6.60;
N, 2.61.
[(35)-6-({2',6’-Dimethyl-4'-[(1-methylpiperidin-4-yl)oxy]|biphenyl-3-yl} methoxy)-2,3-

dihydro-1-benzofuran-3-yl]acetic Acid Hydrochloride (88). Step 1: To a mixture of 86a
(0.350 g, 0.836 mmol), 1-methylpiperidin-4-ol (0.143 g, 1.25 mmol), and PPh; (0.351 g, 1.34
mmol) in toluene (15 mL) was added 40% DEAD in toluene (0.582 g, 1.34 mmol), and the
mixture was stirred at room temperature for 15 h. Then, 1-methylpiperidin-4-ol (0.098 g,
0.851 mmol), PPh; (0.197 g, 1.05 mmol), and 40% DEAD in toluene (0.328 g, 0.750 mmol)
were added to the mixture. After stirred at room temperature for 8 h, hexane (15 mL) was
added to the mixture, and the insoluble material was removed by filtration. The filtrate was
concentrated, and the residue was purified by basic silica gel column chromatography
(AcOEt:hexane = 20:80-50:50) to afford methyl [(39-6-({2',6'-dimethyl-4'-[(1-methylpi-
peridin-4-yl)oxy]biphenyl-3-yl} methoxy)-2,3-dihydro-1-benzofuran-3-ylJacetate (0.270 g,
63%) as a colorless oil. 'H NMR (CDCl;) & 1.80-1.93 (m, 2H), 1.95-2.10 (m, 8H),
2.24-2.36 (m, 5H), 2.55 (dd, J=16.5, 9.3 Hz, 1H), 2.66-2.80 (m, 3H), 3.71 (s, 3H), 3.74-3.87
(m, 1H), 4.21-4.39 (m, 2H), 4.75 (t, J= 9.0 Hz, 1H), 5.05 (s, 2H), 6.44-6.51 (m, 2H), 6.66 (s,
2H), 7.01 (d, J= 7.9 Hz, 1H), 7.06-7.11 (m, 1H), 7.17 (s, 1H), 7.33-7.45 (m, 2H). MS m/z
516 (M + H)". Step 2: To a stirred solution of the obtained oil (0.270 g, 0.52 mmol) in
MeOH (4 mL) and THF (8 mL) was added 2 M NaOH aqueous solution (2.0 mL, 4.0 mmol).
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The mixture was stirred at room temperature for 15 h. Then, the mixture was neutralized
with saturated NH4Cl aqueous solution. To the mixture was added sodium chloride and the
mixture was extracted with AcOEt-THF-CH,Cl,. The extract was dried over anhydrous
MgSO,, and concentrated. The resultant residue was treated with 4 M HCI in AcOEt (5 mL,
20 mmol). Then, hexane (20 mL) was added to the mixture and the resulting crystals were
collected by filtration to afford 88 (91 mg, 32%) as colorless crystals. mp 165-167 °C.
MS m/z 502 (M + H)" as a free form. '"H NMR (DMSO-de) & 1.82-2.30 (m, 4H), 1.92 (s,
6H), 2.40-2.56 (m, 1H), 2.61-2.84 (m, 4H), 3.03-3.46 (m, 5H), 3.59-3.72 (m, 1H), 4.18 (dd,
J=09.1, 6.9 Hz, 1H), 4.67 (t, J = 9.1 Hz, 1H), 5.10 (s, 2H), 6.40-6.53 (m, 2H), 6.77 (s, 2H),
7.02-7.15 (m, 3H), 7.35-7.49 (m, 2H). HPLC purity (220 nm) 99.0%.

The following compounds 89 and 90 were also prepared from 86a and the appropriate
alcohols by a method similar to that described for 87.

[(395)-6-({4'-[(2,4-Dimethyl-1,3-thiazol-5-yl)methoxy]-2’,6'-dimethylbiphenyl-3-yl} me-
thoxy)-2,3-dihydro-1-benzofuran-3-yljacetic Acid (89). Step 1: Methyl [(35)-6-({4"-[(2,4-
dimethyl-1,3-thiazol-5-yl)methoxy]-2',6’-dimethylbiphenyl-3-yl} methoxy)-2,3-dihydro-1-
benzofuran-3-yl]acetate as a crude product (a colorless oil). MS m/z 544 (M + H)". Step 2:
89 in 24% yield (from 86a) as colorless crystals (hexane—AcOEt). mp 158-159 °C. 'H
NMR (CDCls) 6 1.91 (s, 6H), 2.34 (s, 3H), 2.59 (s, 3H), 2.61-2.80 (m, 2H), 3.56-3.74 (m,
1H), 4.18 (dd, J = 9.0, 6.8 Hz, 1H), 4.68 (t, J = 9.0 Hz, 1H), 5.09 (s, 2H), 5.20 (s, 2H),
6.42-6.56 (m, 2H), 6.77 (s, 2H), 7.02-7.16 (m, 3H), 7.35-7.49 (m, 2H). MS m/z 530 (M +
H)". HPLC purity (220 nm) 99.1%.

[(35)-6-{|4'-(Imidazo[1,2-a]pyridin-5-ylmethoxy)-2’,6’-dimethylbiphenyl-3-yl|me-
thoxy}-2,3-dihydro-1-benzofuran-3-yl]acetic Acid (90). Step 1: Methyl [(35)-6-{[4'-
(imidazo[ 1,2-a]pyridin-5-ylmethoxy)-2',6’-dimethylbiphenyl-3-ylJmethoxy}-2,3-dihydro-1-
benzofuran-3-yl]acetate as a crude product (a colorless oil). MS m/z 549 (M + H)". Step 2:
90 in 16% yield (from 86a) as colorless crystals (hexane—AcOEt). mp 204205 °C. 'H
NMR (DMSO-ds) 6 1.93 (s, 6H), 2.38 (dd, J = 16.5, 9.0 Hz, 1H), 2.62 (dd, J = 16.5, 5.5 Hz,
1H), 3.56-3.71 (m, 1H), 4.16 (dd, J = 9.0, 6.9 Hz, 1H), 4.66 (t, J = 9.0 Hz, 1H), 5.09 (s, 2H),
5.46 (s, 2H), 6.41-6.49 (m, 2H), 6.90 (s, 2H), 7.03—7.12 (m, 2H), 7.12-7.17 (m, 2H), 7.31 (dd,
J=9.0, 6.8 Hz, 1H), 7.35-7.48 (m, 2H), 7.60-7.71 (m, 2H), 7.93 (s, 1H). MS m/z 535 (M +
H)". HPLC purity (220 nm) 99.3%.

The following compounds 91-95 were also prepared from 7g and appropriate alcohols
74i—m by a method similar to that described for 75.

[(35)-6-({2',6'-Diethyl-4'-[3-(methylsulfonyl)propoxy]|biphenyl-3-yl} methoxy)-2,3-dihy-
dro-1-benzofuran-3-yljacetic Acid (91). Step 1: Methyl [(35)-6-({2',6'-diethyl-4'-[3-
(methylsulfonyl)propoxy]biphenyl-3-yl} methoxy)-2,3-dihydro-1-benzofuran-3-yl]acetate in
93% yield as a yellow oil. 'H NMR (CDCls) 8 0.98 (t, J = 7.5 Hz, 6H), 2.22-2.43 (m, 6H),
2.49-2.60 (m, 1H), 2.70-2.78 (m, 1H), 2.97 (s, 3H), 3.25-3.33 (m, 2H), 3.71 (s, 3H),
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3.74-3.85 (m, 1H), 4.12-4.18 (m, 2H), 4.25 (dd, /=9.0, 6.1 Hz, 1H), 4.74 (t,J=9.0 Hz, 1H),
5.06 (s, 2H), 6.43—6.49 (m, 2H), 6.66 (s, 2H), 7.00 (d, J = 8.1 Hz, 1H), 7.07-7.11 (m, 1H),
7.18 (s, 1H), 7.36-7.44 (m, 2H). MS m/z 567 (M + H)". Step 2: 91 in 81% yield as
colorless crystals (heptane—AcOEt). mp 87-89 °C. [a]p +5.5° (c 0.30, CH3CN). 'H
NMR (CDCl3) & 0.98 (t, J = 7.5 Hz, 6H), 2.22-2.42 (m, 6H), 2.55-2.66 (m, 1H), 2.75-2.85
(m, 1H), 2.97 (s, 3H), 3.25-3.33 (m, 2H), 3.74-3.86 (m, 1H), 4.15 (t, J = 5.7 Hz, 2H), 4.28
(dd, J=9.1, 6.1 Hz, 1H), 4.75 (t, J = 9.1 Hz, 1H), 5.07 (s, 2H), 6.43—6.51 (m, 2H), 6.66 (s,
2H), 7.04 (d, J = 8.3 Hz, 1H), 7.06-7.12 (m, 1H), 7.18 (s, 1H), 7.35-7.45 (m, 2H). MS m/z
553 (M +H)". HPLC purity (220 nm) 99.9%. Anal. Calcd for C,0H3,05S-0.15 heptane: C,
67.81; H, 6.82. Found: C, 67.88; H, 6.84.

[(395)-6-({4'-|(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)oxy]-2',3',5',6’-tetramethylbi-
phenyl-3-yl}methoxy)-2,3-dihydro-1-benzofuran-3-yljacetic Acid (92). Step 1: Methyl
[(35)-6-({4'-[(1,1-dioxidotetrahydro-2 H-thiopyran-4-yl)oxy]-2',3',5',6'-tetramethylbiphenyl-3-
yl}methoxy)-2,3-dihydro-1-benzofuran-3-yl]acetate in 81% yield as a colorless amorphous
powder. 'H NMR (CDCls) & 1.87 (s, 6H), 2.20 (s, 6H), 2.30-2.60 (m, 5H), 2.70-2.79 (m,
1H), 2.95-3.08 (m, 2H), 3.31-3.43 (m, 2H), 3.72 (s, 3H), 3.75-3.86 (m, 1H), 3.94-4.03 (m,
1H), 4.26 (dd, /= 9.1, 6.0 Hz, 1H), 4.75 (t, /= 9.1 Hz, 1H), 5.05 (s, 2H), 6.44-6.51 (m, 2H),
6.99-7.06 (m, 2H), 7.12 (s, 1H), 7.35-7.45 (m, 2H). MS m/z 579 (M + H)". Step 2: 92 in
64% vyield as colorless crystals (heptane-AcOEt). mp 143-145 °C. [a]p +2.8° (¢ 0.30,
CHCl3). 'H NMR (CDCls) § 1.87 (s, 6H), 2.20 (s, 6H), 2.29-2.55 (m, 4H), 2.55-2.67 (m,
1H), 2.75-2.85 (m, 1H), 2.95-3.08 (m, 2H), 3.31-3.44 (m, 2H), 3.74-3.87 (m, 1H), 3.94-4.04
(m, 1H), 4.28 (dd, J= 9.1, 6.1 Hz, 1H), 4.76 (t, J = 9.1 Hz, 1H), 5.05 (s, 2H), 7.00-7.08 (m,
2H), 7.12 (s, 1H), 7.35-7.46 (m, 2H). MS m/z 565 (M + H)". HPLC purity (220 nm)
99.6%. Anal. Calcd for C;,H3605S: C, 68.06; H, 6.43. Found: C, 67.80; H, 6.40.

[(39)-6-({2',3',5",6'-Tetramethyl-4’-[3-(methylsulfonyl)propoxy|biphenyl-3-yl} me-
thoxy)-2,3-dihydro-1-benzofuran-3-yljacetic Acid (93). Step 1: Methyl [(35)-6-({2",3",5',
6'-tetramethyl-4'-[3-(methylsulfonyl)propoxy]biphenyl-3-yl} methoxy)-2,3-dihydro-1-benzo-
furan-3-yl]acetate in 82% yield as a colorless oil. 'H NMR (CDCls) & 1.87 (s, 6H), 2.19 (s,
6H), 2.32-2.43 (m, 2H), 2.50-2.61 (m, 1H), 2.70-2.79 (m, 1H), 3.00 (s, 3H), 3.35-3.43 (m,
2H), 3.71 (s, 3H), 3.74-3.90 (m, 3H), 4.26 (dd, J=9.1, 6.0 Hz, 1H), 4.75 (t, /= 9.1 Hz, 1H),
5.05 (s, 2H), 6.43-6.51 (m, 2H), 6.99-7.07 (m, 2H), 7.13 (s, 1H), 7.35-7.45 (m, 2H). MS
m/z 567 (M + H)". Step 2: 93 in 94% yield as colorless crystals (heptane—AcOEt). mp
160-162 °C. [a]p +6.3° (¢ 0.30, CH;CN). 'H NMR (CDCl3) § 1.87 (s, 6H), 2.19 (s, 6H),
2.32-2.43 (m, 2H), 2.56-2.66 (m, 1H), 2.75-2.85 (m, 1H), 3.00 (s, 3H), 3.35-3.43 (m, 2H),
3.75-3.89 (m, 3H), 4.28 (dd, J = 9.1, 6.0 Hz, 1H), 4.76 (t, J = 9.1 Hz, 1H), 5.05 (s, 2H),
6.44-6.52 (m, 2H), 7.01-7.07 (m, 2H), 7.13 (s, 1H), 7.35-7.45 (m, 2H). MS m/z 553 (M +
H)+. HPLC purity (220 nm) 99.3%. Anal. Caled for C;H3cO4S: C, 67.37; H, 6.57.
Found: C, 67.39; H, 6.64.
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[(395)-6-({4'-|(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)oxy]-3'-fluoro-2’,6’-dimethyl-
biphenyl-3-yl}methoxy)-2,3-dihydro-1-benzofuran-3-yljacetic Acid (94). Step 1: Methyl
[(35)-6-({4'-[(1,1-dioxidotetrahydro-2 H-thiopyran-4-yl)oxy]-3'-fluoro-2',6'-dimethylbiphe-
nyl-3-yl} methoxy)-2,3-dihydro-1-benzofuran-3-yl]acetate as a crude product (a colorless oil).
MS m/z 569 (M + H)". Step 2: 94 in 15% yield (from 111¢) as colorless crystals
(hexane—diisopropyl ether). mp 112-113 °C. 'H NMR (CDCl;) & 1.89-1.97 (m, 6H),
2.29-2.45 (m, 2H), 2.46-2.56 (m, 2H), 2.61 (dd, J = 16.8, 9.0 Hz, 1H), 2.81 (dd, /=16.8, 5.7
Hz, 1H), 2.90-3.01 (m, 2H), 3.46-3.59 (m, 2H), 3.75-3.86 (m, 1H), 4.29 (dd, /=9.2, 6.0 Hz,
1H), 4.56-4.64 (m, 1H), 4.76 (t,J=9.2 Hz, 1H), 5.06 (s, 2H), 6.44—6.51 (m, 2H), 6.74 (d, J =
8.3 Hz, 1H), 7.02-7.08 (m, 2H), 7.14 (s, 1H), 7.37-7.48 (m, 2H). MS m/z 535 (M + H)".
HPLC purity (220 nm) 99.4%.

[6-({3'-Fluoro-2',6'-dimethyl-4'-[3-(methylsulfonyl)propoxy|biphenyl-3-yl} methoxy)-2,
3-dihydro-1-benzofuran-3-yl]acetic Acid (95). Step 1: Methyl [(35)-6-({3'-fluoro-2',6'-
dimethyl-4'-[3-(methylsulfonyl)propoxy|biphenyl-3-yl} methoxy)-2,3-dihydro- 1 -benzofuran-
3-ylJacetate in 77% yield as colorless crystals (heptane—AcOEt). mp 101-103 °C. 'H
NMR (CDCl3) 6 1.90-1.93 (m, 3H), 1.96 (s, 3H), 2.33-2.44 (m, 2H), 2.55 (dd, J = 16.5, 5.7
Hz, 1H), 2.75 (dd, J = 16.5, 9.0 Hz, 1H), 2.98 (s, 3H), 3.28-3.35 (m, 2H), 3.72 (s, 3H),
3.74-3.86 (m, 1H), 4.17-4.29 (m, 3H), 4.75 (t, J = 9.0 Hz, 1H), 5.06 (s, 2H), 6.44—6.51 (m,
2H), 6.70 (d, J = 8.3 Hz, 1H), 6.99-7.07 (m, 2H), 7.13 (s, 1H), 7.36-7.46 (m, 2H). MS m/z
557 (M + H)". Anal. Caled for C3pH33FO5S: C, 64.73; H, 5.98. Found: C, 64.75; H, 5.90.
Step 2: 95 in 90% yield as colorless crystals (heptane—AcOEt). mp 115-117 °C. [a]p
+5.9° (¢ 0.30, CH;CN). 'H NMR (CDCl3) § 1.89-1.98 (m, 6H), 2.32-2.44 (m, 2H), 2.60 (dd,
J=16.8, 9.0 Hz, 1H), 2.80 (dd, J = 16.8, 5.4 Hz, 1H), 2.98 (s, 3H), 3.27-3.35 (m, 2H),
3.73-3.86 (m, 1H), 4.20 (t, /= 5.7 Hz, 2H), 4.28 (dd, /=9.2, 6.0 Hz, 1H), 4.75 (t, J=9.2 Hz,
1H), 5.06 (s, 2H), 6.44-6.51 (m, 2H), 6.70 (d, J = 8.1 Hz, 1H), 7.02-7.08 (m, 2H), 7.13 (s,
1H), 7.37-7.46 (m, 2H). MS m/z 543 (M + H)". HPLC purity (220 nm) 99.9%. Anal.
CxH3,FO5S: C, 64.19; H, 5.76. Found: C, 64.40; H, 5.92.

[(35)-6-({3'-Chloro-2',6'-dimethyl-4'-[3-(methylsulfonyl)propoxy]biphenyl-3-yl} me-
thoxy)-2,3-dihydro-1-benzofuran-3-yljacetic Acid (96). Step 1: A mixture of 86b (0.616
g, 1.36 mmol), 99b (0.517 g, 1.77 mmol), and K5PO4 (0.433 g, 2.04 mmol) in DMF (2 mL)
was stirred under nitrogen atmosphere at 90 °C for 2.5 h. The mixture was diluted with
water and extracted with AcOEt. The organic layer was washed with brine, dried over
anhydrous MgSQy4, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 30:70-80:20) to give methyl [(3S5)-6-({3'-chloro-2',6'-di-
methyl-4'-[3-(methylsulfonyl)propoxy|biphenyl-3-yl } methoxy)-2,3-dihydro-1-benzofuran-3-
yl]acetate (0.681 g, 88%) as a colorless viscous oil. '"H NMR (CDCls) § 1.97 (s, 3H), 2.05 (s,
3H), 2.35-2.46 (m, 2H), 2.55 (dd, J = 16.5, 9.1 Hz, 1H), 2.75 (dd, J = 16.5, 5.7 Hz, 1H), 2.99
(s, 3H), 3.31-3.41 (m, 2H), 3.71 (s, 3H), 3.75-3.86 (m, 1H), 4.20 (t, J= 5.9 Hz, 2H), 4.26 (dd,
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J=9.2,6.2 Hz, 1H), 4.75 (t, J = 9.2 Hz, 1H), 5.06 (s, 2H), 6.43-6.51 (m, 2H), 6.69 (s, 1H),
6.99-7.07 (m, 2H), 7.13 (s, 1H), 7.37-7.47 (m, 2H). MS m/z 573 (M + H)". Step 2:
Compound 96 was prepared by a method similar to that described for 75-step 2 in 63% yield
as colorless crystals (Et;,O-AcOEt). mp 127-128 °C. [a]p +5.6° (c 0.30, CH3CN). 'H
NMR (CDCls) 8 1.97 (s, 3H), 2.05 (s, 3H), 2.35-2.47 (m, 2H), 2.62 (dd, J = 16.8, 9.2 Hz, 1H),
2.81(dd, J=16.8, 5.5 Hz, 1H), 2.99 (s, 3H), 3.32-3.40 (m, 2H), 3.75-3.87 (m, 1H), 4.20 (t, J
=5.7 Hz, 2H), 4.29 (dd, J=9.1, 6.0 Hz, 1H), 4.76 (t, /= 9.1 Hz, 1H), 5.06 (s, 2H), 6.44-6.52
(m, 2H), 6.69 (s, 1H), 7.02-7.08 (m, 2H), 7.13 (s, 1H), 7.37-7.47 (m, 2H). MS m/z 559 (M
+ H)+. HPLC purity (220 nm) 99.63%. Anal. Caled for C,9oH3,CIO;S: C, 62.30; H, 5.59.
Found: C, 62.03; H, 5.58.

[(35)-6-({3',5'-Dichloro-2',6'-dimethyl-4'-[3-(methylsulfonyl)propoxy]biphenyl-3-yl}
methoxy)-2,3-dihydro-1-benzofuran-3-yllacetic Acid (97). The title compound was
prepared from 7g and 74n by that described for 75. Step 1: Methyl [(35)-6-({3',5'-dichloro-
2',6'-dimethyl-4'-[3-(methylsulfonyl)propoxy]biphenyl-3-yl} methoxy)-2,3-dihydro-1-benzo-
furan-3-ylJacetate in 89% yield as a yellow oil. 'H NMR (CDCls) & 2.02 (s, 6H), 2.35-2.47
(m, 2H), 2.50-2.61 (m, 1H), 2.70-2.79 (m, 1H), 3.00 (s, 3H), 3.43-3.52 (m, 2H), 3.72 (s, 3H),
3.75-3.86 (m, 1H), 4.16 (t, /= 5.7 Hz, 2H), 4.26 (dd, /= 9.1, 6.0 Hz, 1H), 4.75 (t,J = 9.1 Hz,
1H), 5.06 (s, 2H), 6.43-6.50 (m, 2H), 6.99-7.05 (m, 2H), 7.11 (s, 1H), 7.39-7.49 (m, 2H).
MS m/z 607 (M + H)". Step 2: 97 in 86% yield as colorless crystals (heptane—AcOEt). mp
115-116 °C. [a]p +4.7° (¢ 0.30, CH;CN). 'H NMR (CDCls) § 2.02 (s, 6H), 2.36-2.47 (m,
2H), 2.56-2.67 (m, 1H), 2.76-2.85 (m, 1H), 3.00 (s, 3H), 3.43-3.52 (m, 2H), 3.75-3.87 (m,
1H), 4.16 (t, J = 5.7 Hz, 2H), 4.29 (dd, J = 9.1, 6.0 Hz, 1H), 4.76 (t, J = 9.1 Hz, 1H), 5.06 (s,
2H), 6.44-6.51 (m, 2H), 7.00-7.08 (m, 2H), 7.11 (s, 1H), 7.39-7.49 (m, 2H). MS m/z 593
M + H)+. HPLC purity (220 nm) 99.8%. Anal. Calcd for Cy9H3(0C1,05S: C, 58.69; H, 5.09.
Found: C, 58.69; H, 4.99.

(3-Methyloxetan-3-yl)methyl 4-Methylbenzenesulfonate (99a). To a suspension of
p-TsCl (14.3 g, 75.0 mmol) in pyridine (60 mL) was added slowly 3-methyl-3-oxetane-
methanol (98a) (5.11 g, 50.0 mmol) at 0 °C, and the mixture was stirred under nitrogen
atmosphere at 0 °C for 4 h. The mixture was added to ice water, and stirred for 1 h. The
precipitate was collected by filtration, washed with cold water, and dried to give 99a (8.97 g,
70%) as colorless crystals. mp 60-61 °C. 'H NMR (CDCls) & 1.31 (s, 3H), 2.47 (s, 3H),
4.11 (s, 2H), 4.32-4.39 (m, 4H), 7.37 (d, /= 8.4 Hz, 2H), 7.81 (d, /= 8.4 Hz, 2H). MS m/z
257 (M + H)". HPLC purity (220 nm) 98.6%. Anal. Caled for C;2H;604S: C, 56.23; H,
6.29. Found: C, 56.21; H, 6.22.

3-(Methylsulfonyl)propyl 4-Methylbenzenesulfonate (99b). Step 1: To a solution of
3-methylthio-1-propanol (98b) (5.30 g, 50.0 mmol), EtsN (10.5 mL, 75.0 mmol), and
N,N,N',N'-tetramethyl-1,6-hexanediamine (0.861 g, 5.00 mmol) in toluene (50 mL) was added
dropwise p-TsClI (14.3 g, 75.0 mmol) in toluene (50 mL) at 0 °C, and the mixture was stirred
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under nitrogen atmosphere at 0 °C for 3 h. The mixture was quenched with water and
extracted with AcOEt. The extract was washed with brine, dried over anhydrous Na;SOy,
and concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 10:90—40:60) to give 3-(methylthio)propyl 4-methylbenzenesulfonate (12.2
g, 94%) as a colorless oil. '"H NMR (CDCl3) § 1.87-1.98 (m, 2H), 2.04 (s, 3H), 2.45 (s, 3H),
2.51(t,J=17.1 Hz, 2H), 4.14 (t, J = 6.1 Hz, 2H), 7.35 (d, /= 8.2 Hz, 2H), 7.80 (d, /= 8.2 Hz,
2H). MS m/z 261 (M + H)". Step 2: To a solution of the obtained sulfonate (12.2 g, 46.9
mmol) in MeOH (250 mL) was added dropwise a solution of Oxone® (57.7 g, 93.8 mmol) in
water (250 mL) at 0 °C, and the mixture was stirred at 0 °C to room temperature for 20 h.
After evaporation of the solvent, the residue was diluted with water, and extracted with
AcOEt. The extract was washed with brine, dried over anhydrous Na,SO,, and concentrated.
The resulting crystals were washed with heptane—AcOEt to give 99b (13.1 g, 96%) as
colorless crystals. mp 8889 °C. 'H NMR (CDCl3) & 2.17-2.28 (m, 2H), 2.46 (s, 3H), 2.92
(s, 3H), 3.07-3.15 (m, 2H), 4.18 (t, J = 5.9 Hz, 2H), 7.37 (d, J = 8.3 Hz, 2H), 7.79 (d, /= 8.3
Hz, 2H). MS m/z293 (M + H)". Anal. Calcd for C;1H;605S,: C, 45.19; H, 5.52. Found: C,
44.96; H, 5.53.

3'-(Hydroxymethyl)-2,6-dimethylbiphenyl-4-0l (100). To a solution of 4’-hydroxy-2’,6'-
dimethylbiphenyl-3-carbaldehyde (44) (6.95 g, 30.7 mmol) in MeOH (30 mL) and THF (60
mL) was added gradually NaBH4 (1.29 g, 30.7 mmol) at 0 °C, and the mixture was stirred
under nitrogen atmosphere at 0 °C to room temperature for 20 h. The mixture was
concentrated, quenched with water and 1 M HCI aqueous solution, and extracted with AcOEt.
The organic layer was washed with brine, dried over anhydrous MgSO,, and concentrated to
give crystals. Recrystallization from heptane—AcOEt gave 100 (6.56 g, 93%) as colorless
crystals. mp 175 °C. 'H NMR (CDCl) & 1.67 (t, J = 5.8 Hz, 1H), 1.98 (s, 6H), 4.65 (s,
1H), 4.74 (d, J = 5.8 Hz, 2H), 6.59 (s, 2H), 7.06 (dt, J = 7.3, 1.5 Hz, 1H), 7.12 (s, 1H), 7.33
(dt, J=17.5,1.5Hz, 1H), 7.41 (t, J=7.5Hz, 1H). MSm/z211 (M — 18 +H)". Anal. Calcd
for CisH¢0,: C, 78.92; H, 7.06. Found: C, 78.76; H, 7.04.

[4’-(2-Ethoxyethoxy)-2',6’-dimethylbiphenyl-3-yljmethanol (74a). A mixture of 100
(4.57 g, 20.0 mmol), 2-chloroethyl ethyl ether (3.29 mL, 30.0 mmol), K,CO; (3.32 g, 24.0
mmol), and KI (0.332 g, 2.00 mmol) in DMF (30 mL) was stirred under nitrogen atmosphere
at 80 °C for 70 h. The mixture was diluted with water and extracted with AcOEt. The
organic layer was washed sequentially with 1 M NaOH aqueous solution and brine, dried over
anhydrous MgSQO,, and concentrated. The residue was purified by basic silica gel column
chromatography (AcOEt:hexane = 20:80-60:40), and crystallized from heptane—AcOEt to
give 74a (4.43 g, 74%) as colorless crystals. mp 62-63 °C.  'H NMR (CDCl3) & 1.25 (t, J =
7.1 Hz, 3H), 1.66 (t, J = 5.9 Hz, 1H), 2.00 (s, 6H), 3.62 (q,J = 7.1 Hz, 2H), 3.80 (t, /= 5.1 Hz,
2H), 4.14 (t, J = 5.1 Hz, 2H), 4.73 (d, J = 5.9 Hz, 2H), 6.69 (s, 2H), 7.06 (d, J = 7.3 Hz, 1H),
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7.12 (s, 1H), 7.33 (d, J = 7.3 Hz, 1H), 7.40 (t, J = 7.3 Hz, 1H). MS m/z 301 (M + H)".
Anal. Calcd for C;9H»405: C, 75.97; H, 8.05. Found: C, 75.75; H, 8.10.
{4'-]2-(Ethylthio)ethoxy]-2’,6’-dimethylbiphenyl-3-yl}methanol (74e). The title
compound was prepared from 100 and 2-chloroethyl ethyl sulfide by a method similar to that
described for 74a in 47% yield as a colorless oil. '"H NMR (CDCls) & 1.31 (t, J = 7.3 Hz,
3H), 1.67 (t, J = 5.8 Hz, 1H), 2.00 (s, 6H), 2.67 (q, J = 7.3 Hz, 2H), 2.92 (t, J = 7.0 Hz, 2H),
4.16 (t, J=17.0 Hz, 2H), 4.73 (d, J = 5.8 Hz, 2H), 6.66 (s, 2H), 7.06 (dt, J= 7.3, 1.3 Hz, 1H),
7.12 (s, 1H), 7.30-7.36 (m, 1H), 7.41 (t, J=7.3 Hz, IH). MS m/z299 (M — 18 + H)".
Compounds 101a—¢ were prepared from 44 and appropriate alkylating agents (99a,
1-oxa-6-thiaspiro[2.5]octane, or 99b) by a method similar to that described for 74a.
2',6'-Dimethyl-4'-[(3-methyloxetan-3-yl)methoxy]biphenyl-3-carbaldehyde (101a).
98% yield as a colorless oil. '"H NMR (CDCl3) & 1.46 (s, 3H), 2.01 (s, 6H), 4.06 (s, 2H),
4.48 (d, J= 5.8 Hz, 2H), 4.65 (d, J = 5.8 Hz, 2H), 6.73 (s, 2H), 7.42 (dt, /= 7.6, 1.4 Hz, 1H),
7.59 (t,J=17.6 Hz, 1H), 7.67 (t, J= 1.4 Hz, 1H), 7.87 (dt, J= 7.6, 1.4 Hz, 1H), 10.05 (s, 1H).
MS m/z 333 (M + Na)".
4'-[(4-Hydroxytetrahydro-2H-thiopyran-4-yl)methoxy|-2',6’-dimethylbiphenyl-3-
carbaldehyde (101b). 89% yield as colorless crystals. 'H NMR (CDCls) & 1.70 (t, J = 5.8
Hz, 1H), 1.76-1.90 (m, 2H), 2.01 (s, 6H), 2.05-2.16 (m, 2H), 2.20 (s, 1H), 2.40-2.53 (m, 2H),
3.03-3.18 (m, 2H), 3.80 (s, 2H), 4.73 (d, J = 5.8 Hz, 2H), 6.67 (s, 2H), 7.02-7.09 (m, 1H),
7.12 (s, 1H), 7.31-7.37 (m, 1H), 7.41 (t, J= 7.4 Hz, 1H).
2',6'-Dimethyl-4’-|3-(methylsulfonyl)propoxy|biphenyl-3-carbaldehyde (101c¢). 77%
yield as colorless crystals. mp 91-94 °C. 'H NMR (CDCls) 6 1.99 (s, 6H), 2.30-2.42 (m,
2H), 2.97 (s, 3H), 3.24-3.32 (m, 2H), 4.14 (t, /= 5.7 Hz, 2H), 6.67 (s, 2H), 7.41 (dt, J = 7.6,
1.5 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.66 (t, J= 1.5 Hz, 1H), 7.87 (dt, J= 7.6, 1.5 Hz, 1H),
10.05 (s, 1H). MS m/z 347 (M + H)+. Anal. Calcd for C;9H»04S: C, 65.87; H, 6.40.
Found: C, 65.82; H, 6.47.
4'-{tert-Butyl(dimethyl)silyl}oxy}-2’,6’-dimethylbiphenyl-3-carbaldehyde (101d). To
a solution of 44 (9.0 g, 39.8 mmol) and imidazole (2.98 g, 43.8 mmol) in DMF (100 mL) was
added TBSCI (6.6 g, 43.8 mmol) at room temperature, and the mixture was stirred at room
temperature for 4 h. The mixture was diluted with AcOEt, washed sequentially with water
and brine, dried over MgSO,, and concentrated. The residue was purified by silica gel
column chromatography (AcOEt:hexane = 9:91-20:80) to give 101d (10.5 g, 77%) as a
yellow oil. "HNMR (CDCl3) § 0.25 (s, 6H), 1.02 (s, 9H), 1.97 (s, 6H), 6.62 (s, 2H), 7.44 (dt,
J=1.5,1.5Hz, 1H), 7.59 (t,J=7.5 Hz, 1H), 7.68 (t,J = 1.5 Hz, 1H), 7.86 (dt, /= 7.5, 1.5 Hz,
1H), 10.06 (s, 1H). MS m/z 341 (M + H)".
Compounds 74b, d, f, and g were prepared from 101a—d by a method similar to that
described for 100.
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{2',6’-Dimethyl-4'-[(3-methyloxetan-3-yl)methoxy|biphenyl-3-yl} methanol (74b).
92% yield as colorless crystals. mp 82 °C. 'H NMR (CDCls) & 1.45 (s, 3H), 1.68 (t, J =
5.9 Hz, 1H), 2.01 (s, 6H), 4.05 (s, 2H), 4.47 (d, J = 5.9 Hz, 2H), 4.65 (d, /= 5.9 Hz, 2H), 4.74
(d, J = 5.9 Hz, 2H), 6.71 (s, 2H), 7.07 (d, J = 7.5 Hz, 1H), 7.13 (s, 1H), 7.32-7.37 (m, 1H),
741 (t, J = 7.5 Hz, 1H). MS m/z 313 (M + H)". HPLC purity (220 nm) 98.0%. Anal.
Calcd for C,0H»405: C, 76.89; H, 7.74. Found: C, 76.71; H, 7.87.

4-({|3'-(Hydroxymethyl)-2,6-dimethylbiphenyl-4-yl]oxy}methyl)tetrahydro-2H-thio-
pyran-4-ol (74d). 94% yield as colorless crystals. 'H NMR (CDCls) & 1.70 (t, J= 5.8 Hz,
1H), 1.76-1.90 (m, 2H), 2.01 (s, 6H), 2.05-2.16 (m, 2H), 2.20 (s, 1H), 2.40-2.53 (m, 2H),
3.03-3.18 (m, 2H), 3.80 (s, 2H), 4.73 (d, J = 5.8 Hz, 2H), 6.67 (s, 2H), 7.02-7.09 (m, 1H),
7.12 (s, 1H), 7.31-7.37 (m, 1H), 7.41 (t, J= 7.4 Hz, 1H).

{2',6’-Dimethyl-4'-[3-(methylsulfonyl)propoxy|biphenyl-3-yl}methanol (74f). 97%
yield as colorless crystals. mp 96-98 °C. 'H NMR (CDCls) & 1.68 (t, J= 5.9 Hz, 1H), 2.00
(s, 6H), 2.30-2.40 (m, 2H), 2.97 (s, 3H), 3.24-3.31 (m, 2H), 4.13 (t, J = 5.7 Hz, 2H), 4.73 (d,
J=5.9 Hz, 2H), 6.64 (s, 2H), 7.03-7.08 (m, 1H), 7.12 (s, 1H), 7.31-7.37 (m, 1H), 7.41 (t, J =
7.5 Hz, 1H). MS m/z 331 (M — 18 + H)+. Anal. Calcd for C9H2404S: C, 65.49; H, 6.94.
Found: C, 65.25; H, 7.19.

(4'-{tert-Butyl(dimethyl)silyl} oxy)-2’,6'-dimethylbiphenyl-3-yl)methnol (74g). 94%
yield as colorless crystals. 'H NMR (CDCls) & 0.23 (s, 6H), 1.00 (s, 9H), 1.96 (s, 6H), 4.73
(s, 2H), 6.58 (s, 2H), 7.07 (d, J = 7.5 Hz, 1H), 7.13 (s, 1H), 7.32 (t, /= 7.5 Hz, 1H), 7.40 (t, J
=7.5 Hz, 1H).

[2,6-Dimethyl-4-(tetrahydro-2H-thiopyran-4-yloxy)phenyl]boronic Acid (102). Step
1: 4-(4-Bromo-3,5-dimethylphenoxy)tetrahydro-2H-thiopyran was prepared from 43 and
tetrahydro-4H-thiopyran-4-ol by a method similar to that described for 88-step 1 in 86% yield
as a white solid. 'H NMR (CDCls) & 1.93-2.07 (m, 2H), 2.10-2.23 (m, 2H), 2.37 (s, 6H),
2.49-2.62 (m, 2H), 2.85-2.98 (m, 2H), 4.25-4.36 (m, 1H), 6.65 (s, 2H). Step 2: To a
solution of the obtained solid (3.01 g, 10.0 mmol) in THF (50 mL) was added dropwise a
solution of 1.6 M n-BuLi in hexane (6.57 mL, 10.5 mmol) under argon atmosphere at =78 °C.
The mixture was stirred at =78 °C for 1.5 h and then B(i-PrO); (6.92 mL, 30.0 mmol) was
added at the same temperature. The mixture was gradually warmed to room temperature and
stirred for 16 h.  After the mixture was cooled to 0 °C, 2 M HCI aqueous solution (50 mL)
was added. The resulting mixture was stirred at 0 °C for 2.5 h. The phases were separated,
and the aqueous phase was extracted with AcOEt (pH of the aqueous phase was adjusted to
neutral with saturated NaHCOs aqueous solution). The combined organic phase was dried
over anhydrous MgSQOy4, and concentrated to give a white solid. The resulting solid was
washed with cold hexane and dried to afford 102 (1.89 g, 71%) as a white solid. 'H NMR
(CDCl3) 6 1.90-2.06 (m, 2H), 2.09-2.23 (m, 2H), 2.35 (s, 6H), 2.48-2.62 (m, 2H), 2.83-2.98
(m, 2H), 4.28-4.40 (m, 1H), 6.51 (s, 2H), 6.59 (s, 2H).
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{4’-|(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)oxy]-2',6'-dimethylbiphenyl-3-yl} meth-
anol (74c). Step 1: A mixture of 102 (1.41 g, 5.30 mmol), methyl 3-bromobenzoate (1.14 g,
5.30 mmol), and Pd(PPhs)4 (0.306 g, 0.265 mmol) in 2 M Cs,COs3 (6.35 mL) and DME (20
mL) was stirred under argon atmosphere at 95 °C for 24 h. The mixture was diluted with
water, and extracted with AcOEt. The combined organic layer was washed with brine, dried
over anhydrous MgSQOy, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 0:100-25:75) to give crystals. Recrystallization from
hexane—AcOEt gave methyl 2',6'-dimethyl-4'-(tetrahydro-2H-thiopyran-4-yloxy)biphenyl-3-
carboxylate (1.63 g, 86%) as colorless crystals. mp 69-71 °C. 'H NMR (CDClL) &
1.92-2.13 (m, 8H), 2.15-2.29 (m, 2H), 2.52-2.66 (m, 2H), 2.89-3.03 (m, 2H), 3.91 (s, 3H),
4.33-4.44 (m, 1H), 6.66 (s, 2H), 7.34 (dt, J= 7.8, 1.5 Hz, 1H), 7.49 (t,J= 7.8 Hz, 1H), 7.84 (t,
J=1.5Hz, 1H), 8.01 (dt, J= 7.8, 1.5 Hz, 1H). MS m/z 379 (M + Na)". HPLC purity (220
nm) 99.7%. Anal. Calcd for C,;H,405S: C, 70.75; H, 6.79. Found: C, 70.73; H, 6.80.
Step 2: Methyl 4'-[(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)oxy]-2’,6'-dimethylbiphenyl-3-
carboxylate was prepared from the obtained crystals by a method similar to that described for
83-step 2 in 85% yield as colorless crystals. mp 180 °C. 'H NMR (CDCls) & 1.99 (s, 6H),
2.30-2.45 (m, 2H), 2.45-2.59 (m, 2H), 2.88-3.02 (m, 2H), 3.37-3.53 (m, 2H), 3.92 (s ,3H),
4.63—4.72 (m, 1H), 6.69 (s, 2H), 7.33 (dt, J= 7.6, 1.4 Hz, 1H), 7.50 (t, /= 7.6 Hz, 1H), 7.83 (t,
J=1.6 Hz, 1H), 8.02 (dt, J= 7.6, 1.4 Hz, 1H). MS m/z 389 (M + H)". HPLC purity (220
nm) 98.6%. Step 3: To a solution of the obtained crystals (0.128 g, 0.33 mmol) in THF (2
mL) was added gradually LiAlH4 (80%, 15.7 mg, 0.33 mmol) at 0 °C. The mixture was
stirred at 0 °C for 1.5 h, followed by gradually addition of Na;SO4-10 H,O at the same
temperature. After stirring at room temperature for 1 h, the mixture was filtered through a
pad of Celite. The filtrate was concentrated to afford 74¢ (0.111 g, 93%) as a colorless solid.
'H NMR (CDCls)  1.76 (t, J = 5.6 Hz, 1H), 2.00 (s, 6H), 2.29-2.44 (m, 2H), 2.44-2.58 (m,
2H), 2.87-3.02 (m, 2H), 3.37-3.53 (m, 2H), 4.63—4.70 (m, 1H), 4.74 (d, /= 5.6 Hz, 2H), 6.68
(s, 2H), 7.05 (dt, J = 7.4, 1.5 Hz, 1H), 7.12 (s, 1H), 7.31-7.38 (m, 1H), 7.42 (t, J = 7.4 Hz,
1H). MSm/z343 (M —18+H)". HPLC purity (220 nm) 97.1%.

3,5-Diethylphenol (104). A mixture of 4-ethylphenol (103) (25.7 g, 210 mmol) and AlCl;
(62.5 g, 469 mmol) was stirred under nitrogen atmosphere at 115 °C for 4 h. The reaction
mixture was cooled to 60 °C, poured onto crushed ice, and extracted with AcOEt. The
extract was washed with brine, dried over anhydrous MgSQy, and concentrated. The residue
was purified by silica gel column chromatography (AcOEt:hexane = 0:100-25:75) to give 104
(12.3 g, 78%) as a reddish brown oil. 'H NMR (CDCl3) & 1.21 (t, J = 7.7 Hz, 6H), 2.58 (q,J
= 7.7 Hz, 4H), 4.66 (s, 1H), 6.49-6.52 (m, 2H), 6.60-6.63 (m, 1H). MS m/z 151 (M + H)".

4-Bromo-3,5-diethylphenol (105a). To a solution of 104 (3.00 g, 20.0 mmol) in MeOH
(30 mL) was added n-BusNBr3; (9.64 g, 20.0 mmol) at room temperature, and the mixture was

stirred for 1 h. After evaporation of the solvent, the residue was diluted with water, and
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extracted with AcOEt. The extract was washed with brine, dried over anhydrous MgSOs,
and concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 0:100-25:75) to give 105a (3.28 g, 72%). An analytical sample was
obtained as colorless crystals (heptane). 'H NMR (CDCls) & 1.21 (t, J= 7.6 Hz, 6H), 2.73 (q,
J=17.6 Hz, 4H), 4.65 (s, 1H), 6.59 (s, 2H). Anal. Calcd for C;oH;3BrO: C, 52.42; H, 5.72.
Found: C, 52.22; H, 5.66.

2-Hydroxy-3,4,6-trimethylbenzaldehyde (107). To a solution of 2,3,5-trimethylphenol
(106) (13.6 g, 100 mmol) in CH,Cl, (20 mL) was added dropwise TiCly (41.7 g, 220 mmol)
under nitrogen atmosphere at 0 °C over 0.5 h and the mixture was stirred at 0 °C for 1 h. To
the mixture was added dropwise dichloromethyl methyl ether (11.5 g, 100 mmol), and the
mixture was stirred at 0 °C for 6 h. The mixture was quenched with saturated NH4Cl
aqueous solution and extracted with CH,Cl,. The organic layer was washed sequentially
with diluted HCI aqueous solution, NaHCO; aqueous solution and brine, dried over
anhydrous MgSQOy4, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 5:95-50:50) to give 107 (6.58 g, 40%) as pale brown
crystals. 'H NMR (CDCls) & 2.13 (s, 3H), 2.27 (s, 3H), 2.53 (s, 3H), 6.53 (s, 1H), 10.23 (s,
1H), 12.29 (s, 1H). MS m/z 165 (M + H)".

2,3,5,6-Tetramethylphenol (108). Compound 107 (6.58 g, 40.1 mmol) was hydrogenated
on 10% Pd/C (1.0 g, containing 50% water) in MeOH (120 mL) under H, atmosphere
(balloon pressure) at room temperature for 22 h.  The catalyst was removed by filtration, and
the filtrate was concentrated to give 108 (5.83 g, 97%). An analytical sample was obtained
from MeOH as colorless plates. 'H NMR (CDCls)  2.14 (s, 6H), 2.22 (s, 6H), 4.59 (s, 1H),
6.60 (s, IH). MS m/z 151 (M + H)+. Anal. Calcd for C;oH140: C, 79.96; H, 9.39. Found:
C, 80.02; H, 9.42.

4-Bromo-2,3,5,6-tetramethylphenol (105b). To a suspension of 108 (5.10 g, 34.0 mmol)
in AcOH (90 mL) was added dropwise a solution of Br, (1.98 mL, 38.6 mmol) in AcOH (30
mL) at room temperature, and the mixture was stirred at room temperature for 5 h. The
mixture was concentrated, and the residue was diluted with AcOEt, washed sequentially with
Na,S,0; aqueous solution and brine, dried over anhydrous MgSQ,, and concentrated to give
105b (6.48 g, 83%). An analytical sample was obtained from petroleum ether as off-white
crystals. 'H NMR (CDCls) & 2.23 (s, 6H), 2.40 (s, 6H), 4.59 (s, 1H).

4-Bromo-2-fluoro-3,5-dimethylphenol (105¢). A mixture of 43 (2.00 g, 9.95 mmol) and
N-fluoropyridinium triflate (6.15 g, 24.9 mmol) in 1,2-dichloroethane (20 mL) was stirred at
reflux for 7 h. The mixture was quenched with 1 M Na,S,03 aqueous solution and extracted
with AcOEt. The extract was washed sequentially with water and brine, dried over
anhydrous MgSQy4, and concentrated. The residue was purified by silica gel column
chromatography (AcOEt:hexane = 0:100-30:70) to afford 105¢ (0.790 g, 36%) as colorless
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crystals. 'H NMR (CDCl3) § 2.29-2.36 (m, 6H), 5.04 (d, J = 4.0 Hz, 1H), 6.79 (d, J = 9.0
Hz, 1H).

Compound 109a—c was prepared from 105a—c and 3-formylphenylboronic acid by a
method similar to that described for 74b-step 1.

2',6'-Diethyl-4'-hydroxybiphenyl-3-carbaldehyde (109a). 68% yield as a yellow oil.
'H NMR (CDCl3) & 1.00 (t, J = 7.5 Hz, 6H), 2.25 (q, J = 7.5 Hz, 4H), 4.92 (s, 1H), 6.65 (s,
2H), 7.44 (dt, J=17.6, 1.5 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H), 7.68 (t,J = 1.5 Hz, 1H), 7.87 (dt,
J=17.6,1.5Hz, 1H), 10.05 (s, 1H). MS m/z255 (M +H)".

4'-Hydroxy-2',3",5',6'-tetramethylbiphenyl-3-carbaldehyde (109b). 79% yield as
colorless crystals. mp 136-137 °C. 'H NMR (CDCls) & 1.90 (s, 6H), 2.22 (s, 6H), 4.73 (s,
1H), 7.39 (dt, J= 7.6, 1.5 Hz, 1H), 7.58 (t, /= 7.6 Hz, 1H), 7.63 (t,J = 1.5 Hz, 1H), 7.86 (dt,
J=17.6, 1.5 Hz, 1H), 10.05 (s, 1H). MS m/z 255 (M + H)". Anal. Calcd for C;7H,30,: C,
80.28; H, 7.13. Found: C, 80.36; H, 7.20.

3'-Fluoro-4'-hydroxy-2',6'-dimethylbiphenyl-3-carbaldehyde (109¢c). 49% yield as
colorless crystals (heptane—AcOEt). mp 116-117 °C. 'H NMR (CDCls) & 1.91-1.97 (m,
6H), 5.10 (d, /= 4.7 Hz, 1H), 6.78 (d, /= 8.9 Hz, 1H), 7.40 (dt, J= 7.6, 1.5 Hz, 1H), 7.61 (4,
J=17.6 Hz, 1H), 7.65 (t, J= 1.5 Hz, 1H), 7.88 (dt, J = 7.6, 1.5 Hz, 1H), 10.06 (s, 1H). MS
m/z 245 (M + H)". Anal. Calcd for C;sH;3FO»: C, 73.76; H, 5.36. Found: C, 73.64; H,
5.29.

3'-Chloro-4'-hydroxy-2',6’-dimethylbiphenyl-3-carbaldehyde (109d). To a solution of
44 (11.3 g, 50.0 mmol) in DMF (50 mL) was added gradually NCS (6.68 g, 50.0 mmol) at
0 °C, and the mixture was stirred at room temperature for 13 h. The mixture was heated to
50 °C, and stirred for 3 h. To the mixture was added NCS (1.34 g, 10.0 mmol), and the
mixture was stirred at 50 °C for 3 h. To the mixture was added NCS (0.668 g, 5.00 mmol),
and the resulting mixture was stirred at 50 °C for 1 h. The mixture was poured into water,
and extracted with AcOEt. The extract was washed with brine, dried over anhydrous
MgSO,, and concentrated. The residue was purified by silica gel column chromatography
(AcOEt:hexane = 5:95-40:60) to give crystals. Recrystallization from heptane—AcOEt gave
109d (8.47 g, 65%) as colorless crystals. mp 85-86 °C. 'H NMR (CDCl3) & 1.95 (s, 3H),
2.05 (s, 3H), 5.61 (s, 1H), 6.84 (s, 1H), 7.36-7.42 (m, 1H), 7.57-7.66 (m, 2H), 7.85-7.91 (m,
1H), 10.06 (s, 1H). MS m/z261 (M + H)". Anal. Calced for C;5H;3ClO,: C, 69.10; H, 5.03.
Found: C, 69.16; H, 4.97.

3',5'-Dichloro-4'-hydroxy-2',6’-dimethylbiphenyl-3-carbaldehyde (109e). To a
solution of 44 (11.3 g, 50.0 mmol) in DMF (50 mL) was added gradually NCS (13.4 g, 100
mmol) at 0 °C, and the mixture was stirred at room temperature for 14 h. The mixture was
heated to 50 °C, and the mixture was stirred for 2 h. The mixture was poured into water, and
extracted with AcOEt. The extract was washed with brine, dried over anhydrous MgSOs,

and concentrated. The resulting crystals were triturated with heptane—AcOEt to give 109e
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(8.88 g, 60%) as colorless crystals. mp 116-117 °C. 'H NMR (CDCls) & 2.03 (s, 6H), 6.00
(s, 1H), 7.35-7.40 (m, 1H), 7.60-7.66 (m, 2H), 7.88-7.94 (m, 1H), 10.06 (s, 1H). MS m/z
294 (M +H)". Anal. Caled for C;sH,,C1,0,: C, 61.04; H, 4.10. Found: C, 60.91; H, 3.98.

Compounds 110b—c were prepared from 109b—c by a method similar to that described for
100.

3'-(Hydroxymethyl)-2,3,5,6-tetramethylbiphenyl-4-ol (110b). 93% yield as colorless
crystals (heptane—AcOEt). mp 152-153 °C. 'H NMR (CDCl) & 1.65 (t, J = 5.9 Hz, 1H),
1.91 (s, 6H), 2.21 (s, 6H), 4.68 (s, 1H), 4.73 (d, J = 5.9 Hz, 2H), 7.01-7.06 (m, 1H),
7.08-7.10 (m, 1H), 7.31-7.36 (m, 1H), 7.40 (t, J= 7.4 Hz, 1H). MS m/z239 (M — 18 + H)".
Anal. Calcd for C17H00;: C, 79.65; H, 7.86. Found: C, 79.32; H, 7.97.

3-Fluoro-3'-(hydroxymethyl)-2,6-dimethylbiphenyl-4-o0l (110c). 65% yield as colorless
crystals. mp 123-124 °C. "H NMR (CDClLs) & 1.68 (t, J = 6.0 Hz, 1H), 1.90—1.97 (m, 6H),
4.74 (d, J= 6.0 Hz, 2H), 5.04 (d, /=4.7 Hz, 1H), 6.75 (d, J = 8.9 Hz, 1H), 7.00-7.07 (m, 1H),
7.11 (s, 1H), 7.32-7.46 (m, 2H). MS m/z229 (M — 18 + H)".

Compounds 74j-1 were prepared from 110b—¢ and appropriate tosylates
(1,1-dioxidotetrahydro-2H-thiopyran-4-yl 4-methylbenzenesulfonate or 99b) by a method
similar to that described for 74a.

{4'-[(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)oxy]-2',3’,5',6'-tetramethylbiphenyl-3-
yl}methanol (74j). 88% yield as colorless crystals (heptane—AcOEt). mp 203-205 °C.
'H NMR (CDCls) § 1.67 (t, J = 5.9 Hz, 1H), 1.88 (s, 6H), 2.21 (s, 6H), 2.29-2.55 (m, 4H),
2.96-3.08 (m, 2H), 3.31-3.44 (m, 2H), 3.95-4.04 (m, 1H), 4.74 (d, J= 5.9 Hz, 2H), 7.02 (d, J
=7.4 Hz, 1H), 7.08 (s, 1H), 7.32-7.37 (m, 1H), 7.41 (t, /= 7.4 Hz, 1H). MS m/z 371 (M —
18 + H)+. Anal. Calcd for C»,H»504S: C, 68.01; H, 7.26. Found: C, 67.93; H, 7.32.

{2",3',5',6'-Tetramethyl-4'-[3-(methylsulfonyl)propoxy]biphenyl-3-yl}methanol (74Kk).
85% yield as colorless crystals (heptane—AcOEt). mp 132-134 °C. 'H NMR (CDCl;) &
1.66 (t,J=5.9 Hz, 1H), 1.88 (s, 6H), 2.20 (s, 6H), 2.32-2.43 (m, 2H), 3.00 (s, 3H), 3.35-3.43
(m, 2H), 3.86 (t, J = 5.8 Hz, 2H), 4.73 (d, /= 5.9 Hz, 2H), 7.03 (dt, /= 7.3, 1.3 Hz, 1H), 7.09
(s, 1H), 7.31-7.36 (m, 1H), 7.41 (t, J = 7.3 Hz, 1H). MS m/z 359 (M — 18 + H)". Anal.
Calcd for C,;H»304S: C, 66.99; H, 7.50. Found: C, 66.67; H, 7.32.

{4'-[(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)oxy]-3'-fluoro-2',6’-dimethylbiphenyl-
3-yl}methanol (741). A crude product (quantitative) as a colorless oil. MS m/z 361 (M —
18+ H)".

4'-{|tert-Butyl(dimethyl)silyl]Joxy}-3'-chloro-2',6'-dimethylbiphenyl-3-carbaldehyde
(111a). The title compound was prepared from 109d by a method similar to that described
for 101d in 88% yield as a colorless oil. 'H NMR (CDCls) § 0.27 (s, 6H), 1.06 (s, 9H), 1.92
(s, 3H), 2.04 (s, 3H), 6.68 (s, 1H), 7.37-7.42 (m, 1H), 7.56-7.66 (m, 2H), 7.85-7.90 (m, 1H),
10.05 (s, 1H). MS m/z 375 (M + H)".
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Compounds 111b—d were prepared from tosylate 99b and phenols 109a, 109¢, or 109e by a
method similar to that described for 74a.
2',6'-Diethyl-4'-[3-(methylsulfonyl)propoxy]biphenyl-3-carbaldehyde (111b). 80%
yield as a pale yellow oil. 'H NMR (CDCl5) & 1.00 (t, J = 7.5 Hz, 6H), 2.27 (q, J=7.5 Hz,
4H), 2.32-2.43 (m, 2H), 2.98 (s, 3H), 3.24-3.33 (m, 2H), 4.17 (t, J = 5.9 Hz, 2H), 6.69 (s, 2H),
7.40-7.46 (m, 1H), 7.58 (t, J = 7.6 Hz, 1H), 7.65-7.70 (m, 1H), 7.84-7.90 (m, 1H), 10.05 (s,
1H). MSm/z375 (M +H)".
3'-Fluoro-2',6’-dimethyl-4’-[3-(methylsulfonyl)propoxy|biphenyl-3-carbaldehyde
(111c). 95% vyield as colorless crystals (heptane—AcOEt). mp 117-118 °C. 'H NMR
(CDCl3) 6 1.93 (d, J = 2.8 Hz, 3H), 1.97 (s, 3H), 2.34-2.45 (m, 2H), 2.99 (s, 3H), 3.28-3.36
(m, 2H), 4.22 (t, J = 5.7 Hz, 2H), 6.73 (d, J = 8.3 Hz, 1H), 7.39 (dt, J = 7.6, 1.4 Hz, 1H),
7.58-7.66 (m, 2H), 7.89 (dt, J = 7.6, 1.4 Hz, 1H), 10.06 (s, 1H). MS m/z 365 (M + H)".
Anal. Calcd for C19H;1FO4S: C, 62.62; H, 5.81. Found: C, 62.66; H, 5.81.
3',5'-Dichloro-2’,6'-dimethyl-4'-[3-(methylsulfonyl)propoxy]biphenyl-3-carbaldehyde
(111d). 53% yield as colorless crystals (heptane—AcOEt). mp 135-136 °C. 'H NMR
(CDCl3) 6 2.03 (s, 6H), 2.37-2.48 (m, 2H), 3.00 (s, 3H), 3.44-3.51 (m, 2H), 4.18 (t, J = 5.7
Hz, 2H), 7.34-7.39 (m, 1H), 7.61-7.68 (m, 2H), 7.89-7.94 (m, 1H), 10.06 (s, 1H). MS m/z
415 (M+H)". Anal Calcd for Cj9H20CLO4S: C, 54.94; H, 4.85. Found: C, 54.93; H, 4.89.
Compounds 74h, i, m, n were prepared from 111a—d by a method similar to that described
for 100.
(4'-{[tert-Butyl(dimethyl)silyl]joxy}-3’-chloro-2’,6’-dimethylbiphenyl-3-yl)methanol
(74h).  97% yield as a colorless oil. '"H NMR (CDCl3) & 0.26 (s, 6H), 1.06 (s, 9H), 1.69 (br
s, 1H), 1.93 (s, 3H), 2.05 (s, 3H), 4.74 (s, 2H), 6.66 (s, 1H), 7.01-7.07 (m, 1H), 7.09-7.13 (m,
1H), 7.32-7.45 (m, 2H). MS m/z 377 M + H)".
{2',6'-Diethyl-4'-[3-(methylsulfonyl)propoxy|biphenyl-3-yl}methanol (74i). 84% yield
as colorless crystals (heptane—AcOEt). mp 115-116 °C. 'H NMR (CDCl;) & 1.01 (t, J =
7.5 Hz, 6H), 1.66 (t, J = 5.9 Hz, 1H), 2.24-2.42 (m, 6H), 2.97 (s, 3H), 3.25-3.33 (m, 2H),
4.16 (t, J= 5.7 Hz, 2H), 4.73 (d, J = 5.9 Hz, 2H), 6.67 (s, 2H), 7.06-7.10 (m, 1H), 7.12-7.16
(m, 1H), 7.32-7.43 (m, 2H). MS m/z 359 (M — 18 + H)". Anal. Calcd for CyH30,S: C,
66.99; H, 7.50. Found: C, 66.92; H, 7.46.
{3'-Fluoro-2',6’-dimethyl-4'-[|3-(methylsulfonyl)propoxy]biphenyl-3-yl}methanol
(74m). 94% vyield as colorless crystals (heptane—AcOEt). mp 62-63 °C. 'H NMR
(CDCl3) 6 1.70 (t, J= 5.9 Hz, 1H), 1.93 (d, J = 3.0 Hz, 3H), 1.97 (s, 3H), 2.32-2.45 (m, 2H),
2.98 (s, 3H), 3.27-3.37 (m, 2H), 4.20 (t,J = 5.8 Hz, 2H), 4.74 (d, /= 5.9 Hz, 2H), 6.70 (d, J =
8.3 Hz, 1H), 6.99-7.08 (m, 1H), 7.10 (s, 1H), 7.32-7.47 (m, 2H). MS m/z 349 M — 18 +
H)". Anal. Calcd for C19H»;FO,S: C, 62.27; H, 6.33.  Found: C, 62.63; H, 6.65.
{3',5'-Dichloro-2',6'-dimethyl-4'-|3-(methylsulfonyl)propoxy|biphenyl-3-yl} methanol
(74n).  98% yield as a colorless oil. '"H NMR (CDCls) & 1.76 (t, J = 5.7 Hz, 1H), 2.03 (s,
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6H), 2.36-2.47 (m, 2H), 3.00 (s, 3H), 3.43-3.51 (m, 2H), 4.16 (t, /= 5.7 Hz, 2H), 4.75 (d, J =
5.7 Hz, 2H), 6.97-7.03 (m, 1H), 7.07-7.08 (m, 1H), 7.36-7.48 (m, 2H). MS m/z 417 (M +
H)".

Caspase-3/7 Activity Assay. HepG2 cells were cultured at 37°C, 5% CO, in DMEM
supplemented with 10% fetal bovine serum, 50 IU/ml penicillin and 50 pg/ml streptomycin.
Cells were seeded at 2x10%cells/well in a 96-well white plate (Costar), and cultured with test
compounds in DMEM supplemented with 0.5% fetal bovine serum, 2 mM L-glutamine, 1
mM sodium pyruvate, 50 IU/ml penicillin and 50 pg/ml streptomycin for 1 day.
Caspase-3/7 activity was measured by using Caspase-GloTM 3/7 assay Kit (Promega)
according to the manufacture's instruction. Caspase-3/7 activity was calculated (n = 3) to the
following. Caspase-3/7 activity (%) = (RLU of compound - RLU of 1% DMSO) / (RLU of
30 uM Staurosporine - RLU of 1% DMSO)x 100.

Pharmacokinetic Analysis in Rat Cassette Dosing. Test compounds were administered
as a cassette dosing to fasted rats. After oral administration, blood samples were collected.
The blood samples were centrifuged to obtain the plasma fraction. The plasma samples
were deproteinized with MeCN containing an internal standard. After centrifugation, the
supernatant was diluted and centrifuged again. The compound concentrations in the
supernatant were measured by LC/MS/MS.

Homology Modeling and Ligand Docking. A homology model of GPR40 was
constructed using the crystal structure of bovine rhodopsin (PDB code 1GZM),”* which
obtained from the RCSB Protein Data Bank, as a structural template. An alignment of the
amino acid sequences between GPR40 and rhodopsin was created using Clustal X (version
2.0.11)"”° and manually revised. Procedures of homology modeling were performed in MOE
(version 2008.10).° The CL2 loop on the extra cellular domain was excluded except
Cys170 forming disulfide bond due to the difficulty of estimation. In the previous step,
compound 7 was docked into the obtained receptor model using the program GOLD (version
4.1).”7 Then, the resultant docking modes with receptor models, replacing compound 18
with 85, were subjected energy minimization with MOE after connecting each residual
substituent. In the energy minimization process, the MMFF94s force field was used and the
dielectric constant was set to 2*r, where r is the distance between two interacting atoms.

Oral Glucose Tolerance Test (OGTT). The care and use of the animals and the
experimental protocols used in this research were approved by the Experimental Animal Care
and Use Committee of Takeda Pharmaceutical Company Limited. Female Wistar fatty WF
rats and Male GK rats were obtained from Takeda Rabics Limited (Hikari, Japan). They
were fed the commercial diet CE-2 (Clea Japan Co.) and tap water ad libitum. Female WF
(12 — 17 weeks old) and male GK (41 weeks old) rats were fasted overnight and orally given
vehicle (0.5% methylcellulose) or compounds.  All animals received an oral glucose load (1

g/kg) one or four hours after drug administration. Blood samples were collected from tail
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vein before drug administration (pre), and just before glucose load (time 0), and 10, 30, 60
and 120 minutes after glucose load. Plasma glucose and plasma insulin levels were
measured by Autoanalyzer 7080 (Hitachi, Japan) and radioimmunoassay (Millipore, USA),
respectively.  Statistical differences were analyzed by the Student’s t-test or the
Aspin-Welch test. In the dose-dependent study, statistical significances versus vehicle

control were assessed by the one-tailed Williams test or the Shirley-Williams test.

A. Crystal Data.

Empirical Formula Cy9H3,04S .1/2H,0
Formula Weight 533.64
Crystal Color, Habit colorless, platelet
Crystal Dimensions 0.30x 0.20 x 0.05 mm
Crystal System triclinic
Lattice Type Primitive
No. of Reflections Used for Unit
Cell Determination (2@ range) 25654 (7.3-136.5°)
Indexing Images 3 oscillations at 3.0 minutes
Camera Radius 127.40 mm
Lattice Parameters a=79122) 4
b=9.698(3) 4
¢ =36.602(9) A
o =91.59(2)°
B=92.35(2)°

v=107.59(2)°
V=2672(4) 4

Space Group P1(#1)
Z value 4
Decatc 1.326 g/em’
Fooo 1132.00
w(CuKov) 14.80 cm™
B. Intensity Measurements
Diffractometer Rigaku RAXIS-RAPID Imaging Plate
Radiation CuKo (A= 1.54186 4)
graphite monochromated
Temperature -173.0 °C
Voltage, Current 50 kV, 100 mA
Collimator Size 0.5 mm
Detector Aperture 460.0 mm x 256.0 mm
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Data Images

Oscillation Range (¢=0.0°,7=50.0°)
Oscillation Range (¢=90.0°, 3=50.0°)
Oscillation Range (¢=195.0°, y=50.0°)
Oscillation Range (¢#=270.0°,7=50.0°)
Oscillation Range (¢=60.0°, y=10.0°)
Camera Radius

Pixel Size

2 Bax

No. of Reflections Measured

Corrections

45 exposures at 1.5 minutes per degree
®50.0 - 230.0° with 20.0° step
®50.0 - 230.0° with 20.0° step
®50.0 - 230.0° with 20.0° step
®50.0 - 230.0° with 20.0° step
®50.0 - 230.0° with 20.0° step
127.40 mm

0.100 mm

136.5°

Total: 27623

Unique: 8873 (Rin = 0.040)
Lorentz-polarization
Absorption

(trans. factors: 0.6381-0.9287)

C. Structure Solution and Refinement

Structure Solution
Refinement
Function Minimized

Least Squares Weights

No. of Reflections

No. Variables
Reflection/Parameter Ratio
Residuals: R; Rw

Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

Flack Parameter

Direct Methods (SIR92)
Full-matrix least-squares (SHELXL-97)
Yo(Fo® - Fc?)?

o= [6*(Fo*)+(0.0587P)*+ 0.0000P]"!
where P=(Fo® + 2Fc*)/3

12146

1348

9.01

0.063 ;0.166

1.01

0.00

0.70 /4>

-0.55 ¢/4°

-0.05(2)
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