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of a threshold difference for the therapeutic and side effects of
RXR agonists. We believe that RXR partial agonists such as 11b
represent a promising class of candidate antitype 2 diabetes
agents.
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1. Chemistry

1.1. General

Melting points were determined with a Yanagimoto hot-stage melting point apparatus and are
uncorrected. IR spectra were recorded on a JASCO FT/IR350 (KBr). '"H-NMR spectra were
recorded on a JEOL INM-AL300 FT-NMR system (300 MHz) spectrometer, a VarianVXR-300
(300 MHz) or a VarianVXR-500 (500 MHz) spectrometer. Elemental analysis was carried out with
a Yanagimoto MT-5 CHN recorder elemental analyzer and results were within + 0.4% of the
theoretical values. FAB-MS was carried out with a VG70-SE.

1.2. Purity determination of compounds by HPLC

Purity of compounds was determined by means of HPLC with a Shimadzu liquid chromatographic
system (Kyoto, Japan) consisting of a LC-10AD pump, SPD-10AV UV-Vis spectrophotometric
detector, CTO-10AS column oven and C-R5A Chromatopac. The chromatographic analyses were
carried out on an Inertsil ODS-3 column (4.6 i.d. x 250 mm, 5 pm, GL Sciences, Tokyo, Japan) with
a guard column of Inertsil ODS-3 (4.6 i.d. x 10 mm, 5 um, GL Sciences) kept at 40°C, using
methanol : 25 mM ammonium acetate (adjusted with acetic acid to pH 5.0) (80:20 v/v) as the
mobile phase. The flow rate was 0.7 mL/min and the absorbance at 280 nm was monitored.

1.3. Schemes
Scheme S1.°
Me Me
NO, .
——— -
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1) Ac,0, AcOH, 1t. 2) p-TsOH-H,0, pyridine, dioxane, 110°C. f) NaNO,, conc. H,SO4, THF, H,O,
0°C to rt. g) 1) NaOH, MeOH, 60°C. 2) HCL

Scheme S2.°
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“Reagents and conditions: a) MeOH, SOCl,, 0-70°C. b) conc. HNOs, conc. H,SO4, 0°C to 1t. ¢)
21a or 21b, Pd,(dba)s, (£)-BINAP, Cs,COs, toluene, 110°C. d) H,, Pd/C, EtOAc, 1t. e-1) 1)Ac,0,
AcOH, rt. 2) p-TsOH-H,0, pyridine, dioxane, 120°C. e-2) 1)Ac,0, AcOH, rt. 2) p-TsOH-H,0,
dioxane, 120°C. f) NaNO,, H,SO4, THF, H,0, 0°C. g) 1) NaOH, MeOH, 60°C. 2) HCL

1.4. Compound data

4-[1-(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydronaphthalen-2-yl)ethenyl]benzoic acid (1)
This compound was prepared according to reference S1.

6-[Ethyl(5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)amino]nicotinic acid (5)
This compound was prepared according to reference S2.

Me_ _Me o 3,5,8,8-Tetramethyl-3-nitro-5,6,7,8-tetrahydronaphthalen-2-ol (13).

@C[ ’ To an ice-cooled solution of 12 (2.0 g, 9.8 mmol) in CH,Cl, (22 mL) was added
Me” ~Me OH " conc. HNO; (0.75 mL) at 0°C. The mixture was stirred at r.t. under an Ar
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atmosphere for 30 min, then poured onto ice and extracted with EtOAc (50 mL x 2). The organic
layer was washed with H,O (50 mL x 2) and brine (50 mL), dried over MgSQ,, filtered and
evaporated under reduced pressure. The residue was recrystallized from MeOH to yield 13 as a pale
yellow powder (640 mg, 26%). "H-NMR (300 MHz, CDCl;) : & 10.28 (s, 1H), 8.02 (s, 1H), 7.05 (s,
1H), 1.69 (s, 4H), 1.29 (s, 12H).

Me. Me NO, Trifluoromethanesulfonic acid 5,5,8,8-tetramethyl-3-nitro-

i;@i 5,6,7,8-tetrahydronaphthalen-2-yl ester (14).
Me” Me "' To a solution of 13 (330 mg, 1.3 mmol) in dry pyridine (2.6 mL) was added
trifluoromethanesulfonic anhydride (240 mL, 1.5 mmol) at 0°C. The mixture was stirred at r.t.
under an Ar atmosphere for 9.0 hr, then poured into 2 mol/L HCI (30 mL) and extracted with EtOAc
(50 mL x 3). The organic layer was washed with H,O (30 mL x 2) and brine (20 mL), dried over
MgSO,, filtered and evaporated under reduced pressure. The residue was purified by flash column
chromatography (EtOAc : n-hexane = 1 : 40) to yield 14 as a yellow powder (470 mg, 94%). 'H-
NMR (500 MHz, CDCls) : $ 8.10 (s, 1H), 7.27 (s, 1H), 1.73 (s, 4H), 1.33 (s, 6H), 1.30 (s, 6H).

Me Me NO,  4-(5,5,8,8-Tetramethyl-3-nitro-5,6,7,8-tetrahydronaphthalen-2-ylamino)-
@i:[ benzoic acid ethyl ester (15).

NH
Me™  Me To a solution of 14 (740 mg, 1.9 mmol) and ethyl p-aminobenzoate (480 mg,

2.9 mmol) in dry dioxane (20 mL) were added Pd,(dba); (88 mg, 0.097 mmol),
COzEt  (£)-BINAP (90 mg, 0.14 mmol) and Cs,CO; (940 mg, 2.9 mmol). The mixture
was refluxed at 100°C for 30 min and filtered through Celite. The filtrate was evaporated under
reduced pressure. The residue was purified by flash column chromatography (EtOAc : n-hexane =
1: 60) to yield 15 as a red powder (600 mg, 78%). '"H-NMR (300 MHz, CDCl5) : & 9.19 (s, 1H),
8.14 (s, 1H), 8.05 (d, /= 9.0 Hz, 2H), 7.43 (s, 1H), 7.25 (d, /= 9.0 Hz, 2H), 4.38 (q, /= 7.0 Hz,
2H), 1.70 (s, 4H), 1.40 (t, J= 7.0 Hz, 3H), 1.31 (s, 6H), 1.23 (s, 6H).

Me. Me NH,  4-(3-Amino-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-ylamino)-
NH benzoic acid ethyl ester (16).
Me™ Me To a solution of 15 (200 mg, 0.50 mmol) in EtOAc (4.0 mL) and EtOH (1 mL)
was added Pd/C (catalytic amount). The mixture was stirred at r.t. under an H,
COzEt atmosphere overnight and filtered through Celite. The filtrate was evaporated

under reduced pressure to yield 16 as a red oil (180 mg, 97%). '"H-NMR (300 MHz, CDCl;) : & 7.87
S6



(d,J=9.0 Hz, 2H), 7.05 (s, 1H), 6.73 (s, 1H), 6.66 (d, J = 9.0 Hz, 2H), 5.68 (s, 1H), 431 (q,/="7.0
Hz, 2H), 3.62 (br s, 2H), 1.65 (s, 4H), 1.35 (t, J = 7.0 Hz, 3H), 1.27 (s, 6H), 1.20 (s, 6H).

Me Me N 4-(2,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydronaphtho[2,3-d]imidazol-1-
Q@N\f“’e yl)benzoic acid ethyl ester (17a).
Me™ Me To a solution of 16 (90 mg, 0.25 mmol) in AcOH (2.5 mL) was added Ac,0
(230 mL, 2.5 mmol). The mixture was stirred at r.t. for 40 min, poured into
COzEt H,0 (20 mL) and extracted with EtOAc (40 mL x 2). The organic layer was
washed with H,0 (20 mL) and brine (20 mL), dried over MgSQy, filtered and evaporated under
reduced pressure. The residue was purified by flash column chromatography (EtOAc : n-hexane =
1:5) to yield 4-(3-acetylamino-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-
ylamino)benzoic acid ethyl ester (90 mg). To a solution of this compound (90 mg, 0.22 mmol) in
dioxane (2.2 mL) were added p-TsOH-H,0 (47 mg, 0.25 mmol) and dry pyridine (20 mL, 0.25
mmol). The mixture was refluxed at 110°C for 2.0 hr, poured into H,O (30 mL) and extracted with
EtOAc (30 mL x 2). The organic layer was washed with H,O (30 mL) and brine (20 mL), dried over
MgSQ,, filtered and evaporated under reduced pressure. The residue was purified by flash column
chromatography (EtOAc - n-hexane = 1 : 10) to yield 17a as a colorless powder (51 mg, 59%). 'H-
NMR (300 MHz, CDCl;) : 3 8.28 (d, J= 8.5 Hz, 2H), 7.71 (s, 1H), 7.46 (d, J = 8.5 Hz, 2H), 7.07 (s,
1H), 4.45 (g, J= 7.0 Hz, 2H), 2.50 (s, 3H), 1.73 (s, 4H), 1.45 (t, /= 7.0 Hz, 3H), 1.37 (s, 6H), 1.26
(s, 6H).

MescMe N 4-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydronaphtho[2,3-d][ 1,2,3]triazol-1-

CEI y yDhbenzoic acid ethyl ester (17b).

Me™ Me To an ice-cooled solution of 16 (86 mg, 0.24 mmol) in THF (6.3 mL) was

added conc. H,SO, (1.0 mL). Then, a solution of NaNO, (18 mg, 0.26 mmol)

COzEt  in H,O (1.0 mL) was added dropwise. The mixture was stirred at r.t. for 1.5 hr,

poured into 2 mol/L NaOH (10 mL) and extracted with EtOAc (30 mL x 2). The organic layer was

washed with H,O (40 mL) and brine (30 mL), dried over MgSO,, filtered and evaporated under

reduced pressure. The residue was purified by flash column chromatography (EtOAc : n-hexane =

1: 20) to yield 17b as an orange powder (87 mg, 98%). 'H-NMR (300 MHz, CDCl;) : § 8.31 (d, /=

9.0 Hz, 2H), 8.12 (s, 1H), 7.90 (d, J= 9.0 Hz, 2H), 7.70 (s, 1H), 4.45 (q, /= 7.0 Hz, 2H), 1.79 (s,

4H), 1.45(t, J = 7.0 Hz, 3H), 1.41 (s, 6H), 1.39 (s, 6H).
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Me. Me N 4-(2,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydronaphtho[2,3-d]imidazol-1-y1)-
@N\)_Me benzoic acid (9a).
Me™ Me To a solution of 17a (51 mg, 0.13 mmol) in MeOH (1.3 mL) was added 2
mol/L NaOH (1.0 mL). The mixture was stirred at 60°C for 40 min, poured
CO2H into 2 mol/L HCI (3 mL) and extracted with EtOAc (30 mL x 3). The organic
layer was washed with H,O (30 mL) and brine (20 mL), dried over MgSO,, filtered and evaporated
under reduced pressure to yield 9a as a colorless solid (41 mg, 88%). The residue was recrystallized
from MeOH to yield 9a as a colorless powder (6.9 mg). Mp: 290.0-293.0°C; HPLC: 13.03 min.
96.6% purity; FAB-MS m/z: 363 [M+H]". '"H-NMR (500 MHz, DMSO-d;) : 6 8.26 (d, J = 8.5 Hz,
2H), 7.82 (s, 1H), 7.78 (d, J = 8.5 Hz, 2H), 7.26 (s, 1H), 2.51 (s, 3H), 1.70 (s, 4H), 1.36 (s, 6H),
1.23 (s, 6H).

Mes Me N 4-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydronaphtho[2,3-d][1,2,3]triazol-1-
@C{ N yl)benzoic acid (9b).
Me™ Me To a solution of 17b (87 mg, 0.23 mmol) in MeOH (2.0 mL) was added 2
mol/L NaOH (1.0 mL). The mixture was stirred at 60°C for 2.5 hr, poured
COzH  into 2 mol/L HCI1 (3 mL) and extracted with EtOAc (40 mL x 2). The organic
layer was washed with H,O (30 mL) and brine (20 mL), dried over MgSOQ.,, filtered and evaporated
under reduced pressure to yield 9b as a colorless solid (80 mg, q.y.). The residue was recrystallized
from MeOH to yield 9b as orange needles (33 mg, 41%). Mp: 275.0-279.0°C; HPLC: 13.50 min.
98.4% purity; ; FAB-MS m/z: 350 [M+H]+. '"H-NMR (500 MHz, DMSO-d¢) : & 13.2 (br s, 1H),
8.23 (d, J= 8.5 Hz, 2H), 8.18 (s, 1H), 8.03 (d, /= 8.5 Hz, 2H), 7.88 (s, 1H), 1.74 (s, 4H), 1.38 (s,
12H).

| 4-lodobenzoic acid methyl ester (19).
\Qcone To an ice-cooled solution of 4-iodobenzoic acid (5.0 g, 20 mmol) in MeOH (30
mL) was added SOCI, (2.6 mL, 30 mmol). The mixture was refluxed at 70°C for
1.0 hr, then evaporated with toluene to remove excess SOCI,. The residue was dissolved in EtOAc
(150 mL). The solution was washed with sat. NaHCO; (100 mL x 2) and brine (60 mL), dried over
MgSO,, filtered and evaporated under reduced pressure. The residue was recrystallized from
CH,Cly/n-hexane to yield 19 as colorless needles (4.7 g, 91%). 'H-NMR (500 MHz, CDCls) : & 7.80
(d, J=8.0Hz, 2H), 7.74 (d, /= 8.0 Hz, 2H), 3.91 (s, 3H).
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NO» 4-Jodo-3-nitrobenzoic acid methyl ester (20).

To an ice-cooled solution of 19 (1.3 g, 5.0 mmol) in conc. H,SO, (5.0 mL) was

co,Me added dropwise a solution of conc. HNO; (6.0 mL) and conc. HySO4 (9.0 mL). The

mixture was stirred at r.t. for 5.0 hr, then poured onto ice (100 mL), and extracted
with EtOAc¢ (60 mL x 2). The organic layer was washed with saz. NaHCO; (50 mL x 2) and brine
(50 mL), dried over MgSOQsu, filtered and evaporated under reduced pressure. The residue was
recrystallized from CH,Cly/n-hexane to yield 20 as yellow needles (1.2 g, 76%). 'H-NMR (500
MHz, CDClL) : 6 8.45 (d, J= 2.0 Hz, 1H), 8.15 (d, /= 8.0 Hz, 1H), 7.88 (dd, /= 8.0, 2.0 Hz, 1H),
3.97 (s, 3H).

Me.__Me 3-Nitro-4-[N-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-
ij@\ naphthyl)amino]benzoic acid methyl ester (22a).
Me” Mo NH “ To a solution of 20 (1.1 g, 3.5 mmol) and 21a (0.70 g, 3.5 mmol) in dry
2

toluene (21 mL) were added Pd,(dba); (160 mg, 0.17 mmol), (+)-BINAP
(160 mg, 0.26 mmol) and Cs,CO; (1.6 g, 4.9 mmol). The mixture was
refluxed at 110°C under an Ar atmosphere for 5.0 hr, then filtered through
Celite. The filtrate was washed with H,O (40 mL x 2) and brine (30 mL), dried over MgSQ,,
filtered and evaporated under reduced pressure. The residue was purified by flash column

CO,Me

chromatography (EtOAc : n-hexane = 1 : 5) and crystallized from »-hexane to yield 22a as red
needles (1.2 g, 76%). 'H-NMR (500MHz, CDCL) : § 9.77 (br s, 1H), 8.91 (d, /= 2.0 Hz, 1H), 7.94
(dd, /= 9.0, 2.0 Hz, 1H), 7.37 (d, /= 8.0 Hz, 1H), 7.18 (d, J= 2.0 Hz, 1H), 7.16 (d, /= 9.0 Hz, 1H),
7.04 (dd, J= 8.0, 2.0 Hz, 1H), 3.91 (s, 3H), 1.72 (s, 4H), 1.31 (s, 6H), 1.28 (s, 6H).

Me. Me y 3-Nitro-4-[N-(3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydro-2-
E;@ ¢ naphthyl)amino]benzoic acid methyl ester (22b).
M Mo NH To a solution of 20 (0.92 g, 3.0 mmol) and 21b (0.65 g, 3.0 mmol) in dry

NOz  toluene (30 mL) were added Pdy(dba); (140 mg, 0.15 mmol), (+)-BINAP
(140 mg, 0.22 mmol) and Cs,CO5 (1.4 g, 4.2 mmol). The mixture was

COoMe  refluxed at 110°C under an Ar atmosphere overnight, then filtered through
Celite. The filtrate was evaporated under reduced pressure. The residue was purified by flash
column chromatography (EtOAc : n-hexane = 1 : 10) to yield 22b as a red foam (1.1 g, 94%). 'H-
NMR (300 MHz, CDCls) : § 9.63 (br s, 1H), 8.93 (d, /= 2.0 Hz, 1H), 7.93 (dd, /= 9.0, 2.0 Hz, 1H),
7.24 (s, 1H), 7.17 (s, 1H), 6.82 (d, /= 9.0 Hz, 1H), 3.91 (s, 3H), 2.19 (s, 3H) 1.70 (s, 4H), 1.31 (s,
6H), 1.25 (s, 6H).

3-Amino-4-[N-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-naphthylamino)benzoic acid methyl ester
(23a). ‘
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Me Me

C@\ To a solution of 22a (760 mg, 2.0 mmol) in EtOAc (10 mL) was added
NH

Pd/C (catalytic amount). The mixture was stirred at r.t. under an H,
Me™ Me NH, atmosphere overnight, then filtered through Celite. The filtrate was
evaporated under reduced pressure. The residue was recrystallized from
CH,Cly/n-hexane to yield 23a as colorless needles (660 mg, 94%). 'H-NM
(500 MHz, CDCl3) : & 7.48 (s, 1H), 7.48 (d, /= 9.0 Hz, 1H), 7.23 (d, J= 8.5
Hz, 1H), 7.14 (d, J=9.0 Hz, 1H), 6.94 (s, 1H), 6.81 (d, J = 8.5 Hz, 1H), 5.52(s, 1H), 3.87 (s, 3H),
3.57(br s, 2H), 1.69 (s, 4H), 1.28 (s, 6H), 1.26 (s, 6H).

CO,Me

Me Me  Me 3-Amino-4-[N-(3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydro-2-
@C[ naphthyl)amino]benzoic acid methyl ester (23b).
NH
Me™ Me NH, To a solution of 22b (1.1 g, 2.8 mmol) in EtOAc (20 mL) was added Pd/C

(catalytic amount). The mixture was stirred at r.t. under an H, atmosphere for
1.0 hr, then filtered through Celite. The filtrate was evaporated under reduced
pressure to yield 23b as a white solid (1.0 g, 97%). '"H-NMR (300 MHz,
CDCl3) : 8 7.49 (s, 1H), 7.48 (d, J= 8.0 Hz, 1H), 7.13 (s, 1H), 6.96 (s, 1H), 6.83 (d, /= 8.0 Hz, 1H),
5.39 (brs, 1H), 3.87 (s, 3H), 3.55 (br s, 2H), 2.19 (s, 3H), 1.67 (s, 4H), 1.28 (s, 6H), 1.21 (s, 6H).

CO,Me

Me. Me 2-Methyl-1-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)- 1 H-
@\ /2"9 benzoimidazole-5-carboxylic acid methyl ester (24a).
Me” Me | N To a solution of 23a (180 mg, 0.50 mmol) in AcOH (5.0 mL) was added

Acy0 (0.50 mL). The mixture was stirred at r.t. for 20 min, then poured into
Coe ice-cooled 2 mol/L NaOH (50 mL) and extracted with EtOAc (30 mL x 2).

The organic layer was washed with H,O (40 mL x 2) and brine (30 mL),
dried over MgSQs, filtered and evaporated under reduced pressure. The residue was recrystallized
from CH,Cl,/n-hexane to yield colorless needles (180 mg). To a solution of the residue (160 mg) in
dioxane were added p-TsOH-H,0O (76 mg, 0.40 mmol) and pyridine (32 mL, 0.40 mmol). The
solution was refluxed at 120°C for 5.0 hr, then poured into HyO (80 mL) and extracted with EtOAc
(30 mL x 2). The organic layer was washed with H,O (40 mL x 2) and brine (30 mL), dried over
MgSO,, filtered and evaporated under reduced pressure. The residue was re-crystallized from
CH,Cly/n-hexane to yield 24a as colorless needles (110 mg, 65%). 'H-NMR (500 MHz, CDCl;) : &
8.44 (s, 1H), 7.93 (d, J= 8.0 Hz, 1H), 7.48 (d, J= 8.0 Hz, 1H), 7.26 (s, 1H), 7.17 (d, /= 8.0 Hz,
1H), 7.10 (d, J = 8.0 Hz, 1H), 3.95 (s, 3H), 2.54 (s, 3H), 1.76 (s, 4H), 1.36 (s, 6H), 1.31 (s, 6H).

1-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydro-2-naphthyl)-1 H-benzotriazole-5-carboxylic acid methyl
ester (24b).
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added a mixture of conc. H,SO, (1.0 mL) and H,O (10 mL). Then, a solution
Me™ Me N ofNaNO, (48 mg, 0.7 mmol) in H,O (1.0 mL) was added dropwise. The

mixture was stirred at 0°C for 20 min, poured into H,O (30 mL) and

Co,Me extracted with EtOAc (30 mL x 2). The organic layer was washed with H,O

(40 mL) and brine (30 mL), dried over MgSOQy, filtered and evaporated under
reduced pressure. The residue was purified by flash column chromatography (EtOAc : n-hexane =
1: 3) to yield 24b as an orange solid (180 mg, 99 %). 'H-NMR (500 MHz, CDCls) : § 8.87 (s, 1H),
8.23 (d,/=9.0 Hz, 1H), 7.73 (d, /= 8.0 Hz, 1H), 7.66 (d, J=2.0 Hz, 1H), 7.55 (d, /= 9.0 Hz, 1H),
7.49 (d,J=8.0,2.0 Hz, 1H), 4.00 (s, 3H), 1.77 (s, 4H), 1.36 (s, 12H).

@ To an ice-cooled solution of 23a (180 mg, 0.5 mmol) in THF (3.0 mL) was
NfN

Me_ _Me 2-Methyl-1-(3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydro-2-naphthyl)- 1 H-

@Me Me  benzoimidazole-5-carboxylic acid methyl ester (25a).
Me” “Me N/\<N To a solution of 23b (150 mg, 0.4 mmol) in AcOH (5.0 mL) was added Ac,O
(0.5 mL). The mixture was stirred at r.t. for 15 min, then poured into ice-
cooled sat. NaHCOs5 (70 mL) and extracted with EtOAc (50 mL x 2). The
organic layer was washed with saz. NaHCO; (70 mL), dried over MgSOQOy,

filtered and evaporated under reduced pressure. The residue (170 mg) and p-TsOH-H,0 (190 mg,

CO,Me

1.0 mmol) were dissolved in dioxane (5.0 mL). The solution was refluxed at 120°C overnight, then
poured into H,O (40 mL) and extracted with EtOAc (30 mL x 2). The organic layer was washed
with H,O (50 mL) and brine (30 mL), dried over MgSOy, filtered and evaporated under reduced
pressure to yield 25a as a brown solid (150 mg, 98%). 'H-NMR (500 MHz, CDCL) : § 8.46 (d, J =
1.5 Hz, 1H), 7.92 (dd, /= 8.5, 1.5 Hz, 1H), 7.30 (s, Ar-H, 1H), 7.12 (s, 1H), 6.98 (s, 1H), 3.95 (s,
3H), 2.42 (s, 3H), 1.90 (s, 3H), 1.74 (s, 4H), 1.36 (s, 6H), 1.26 (s, 6H).

Me  Me 1-(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydro-2-naphthyl)-1 H-
ij@[ benzotriazole-5-carboxylic acid methyl ester (25b).

N To an ice-cooled solution of 23b (150 mg, 0.40 mmol) in THF (2.0 mL) was
added a mixture of conc. H,SO, (1.0 mL) and H,O (10 mL). Then, a solution
of NaNO, (41 mg, 0.60 mmol) in H,O (2.0 mL) was added dropwise. The
reaction mixture was refluxed at 0°C for 30 min, poured into H,O (20 mL),

and extracted with EtOAc (30 mL x 2). The organic layer was washed with H,O (40 mL) and brine
(30 mL), dried over MgSQ,, filtered and evaporated under reduced pressure. The residue was

COo,Me

purified by flash column chromatography (EtOAc : n-hexane = 1 : 1). The product was again
purified by flash column chromatography (EtOAc : n-hexane = 1 : 3) to yield 25b as an orange solid
(140 mg, 91 %). '"H-NMR (500 MHz, CDCl;) : § 8.87 (d, /= 1.5 Hz, 1H), 8.19 (dd, J= 8.5, 1.5 Hz,
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1H), 7.40 (d, J = 8.5 Hz, 1H), 7.35 (s, 1H), 7.29 (s, 1H), 4.00 (s, 3H), 2.07 (s, 3H), 1.75 (s, 4H),
1.36 (s, 6H), 1.29 (s, 6H).

Me. Me 2-Methyl-1-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-naphthyl)- 1L H-
Me benzoimidazole-S-carboxylic acid (10a).

M;;M@\N/\(N To a solution of 24a (87 mg, 0.23 mmol) in MeOH (10 mL) was added 2
mol/L NaOH (10 mL). The mixture was stirred at 60°C for 20 min, poured
into 1 mol/LL HCI1 (20 mL) and extracted with EtOAc (30 mL % 3). The

COH  organic layer was washed with H,O (60 mL) and brine (40 mL), dried over

MgSO,, filtered and evaporated under reduced pressure to yield 10a as a white solid (65 mg, 78%).

Mp >295°C; "H-NMR (500 MHz, DMSO-dy) : § 12.71 (brs, 1H), 8.19 (s, 1H), 7.82 (d J = 8.5 Hz,

1H), 7.58 (d, /= 8.5 Hz, 1H), 7.51 (s, 1H), 7.29 (d, /= 8.0 Hz, 1H), 7.19 (d, /= 8.0 Hz, 1H), 2.47

(s, 3H), 1.71 (s, 4H), 1.33 (s, 6H), 1.29 (s, 6H); IR (KBr) : v =2960 (OH), 1698 (CO) cm™'; FAB-MS

m/z: 363 [M+H]".

1-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydro-2-naphthyl)- 1 H-benzotriazole-5-

carboxylic acid (10b).
n-N.  To a solution of 24b (180 mg, 0.5 mmol) in MeOH (10 mL) was added 2

Me™ e N mol/L NaOH (8.0 mL). The mixture was stirred at 60°C for 15 min, poured
into 1 mol/L HCI (20 mL), and extracted with EtOAc (30 mL x 2). The

CO.H organic layer was washed with H,O (40 mL % 2) and brine (30 mL), dried over
MgSOQ,, filtered and evaporated under reduced pressure to yield 10b as an orange solid (170 mg,
q.y.). Mp: 260.0-261.0°C; 'H-NMR (300 MHz, DMSO-dj) : 8 13.39 (brs, 1H), 8.72 (d, /= 1.5 Hz,
1H), 8.19 (d,/=9.0, 1.5 Hz, 1H), 7.90 (d, /= 9.0 Hz, 1H), 7.77 (d, /= 2.0 Hz, 1H), 7.67 (d, /= 8.5
Hz, 1H), 7.60 (d, J = 8.5, 2.0 Hz, 1H), 1.73 (s, 4H), 1.34 (s, 12H) ; IR (KBr): v=2961-2933 (OH),
1713 (CO) cm™'; FAB-MS m/z: 350 [M+H]".

M. Mo 2-Methyl-1-(3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydro-2-naphthyl)-1H-
@@Me Me benzoimidazole-5-carboxylic acid (11a : CBiM-PMN).
N/\< To a solution of 25a (150 mg, 0.4 mmol) in MeOH (10 mL) was added 2
Me™ Me N mol/L NaOH (10 mL). The mixture was stirred at 60°C for 20 min, poured into
1 mol/L HCI (20 mL) and extracted with EtOAc (30 mL x 2). The organic
Co,H layer was washed with H,O (40 mL) and brine (30 mL), dried over MgSOs,
filtered and evaporated under reduced pressure to yield 11a as a brown solid (140 mg, 93%). The

residue was recrystallized from MeOH to yield a colorless powder (84 mg). Mp: 295.0°C; '"H-NMR
(300 MHz, DMSO-dg) : 6 12.71 (br s, 1H), 8.20 (s, 1H), 7.81 (d J = 8.5 Hz, 1H), 7.47 (s, 1H), 7.36
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(s, 1H), 6.94 (d, J = 8.5 Hz, 1H), 2.32 (s, 3H), 1.85 (s, 3H), 1.69 (s, 4H), 1.33 (s, 6H), 1.25 (s, 3H),
1.24 (s, 3H); IR (KBr): v = 2957-2925 (OH), 1701 (CO) cm’'; FAB-MS m/z: 377 [M+H]".

Me Me Me 1-(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahy dro-2-naphthyl)-1H-benzotriazole-5-
C@: carboxylic acid (11b: CBt-PMN).
Me™ Me N To a solution of 25b (140 mg, 0.36 mmol) in MeOH (6.0 mL) was added 2
mol/L NaOH (6.0 mL). The mixture was stirred at 60°C for 15 min, poured
CO.H  into 1 mol/L HCI (12 mL), and extracted with EtOAc (20 mL x 2). The organic
layer was washed with HO (20 mL) and brine (20 mL), dried over MgSOs, filtered and evaporated
under reduced pressure to yield 11b as a pale yellow solid (120 mg, 86%). The residue was
recrystallized from EtOAc/n-hexane as colorless needles. Mp: 238.0-239.0°C; 'H-NMR (300 MHz,
DMSO-dy) : 8 13.26 (1H, brs), 8.72 (1H, d, /= 1.5 Hz), 8.14 (1H, dd, J= 8.5, 1.5 Hz) , 7.56 (1H, d,
J=8.5Hz),7.52 (1H, s), 7.49 (1H, s), 2.00 (3H, s), 1.71 (4H, s), 1.34 (6H, s), 1.27 (6H, s); IR
(KBr): v=2961 (OH), 1714 (CO) cm™'; FAB-MS m/z: 364 [M+H]".

S13



2. Purity

2.1. Combustion analysis data

Table S1. Combustion analysis data for compounds 10a, 10b, 11a, and 11b

compound | Formula Calculated Found
C H N C H N
10a Cy3H6N,0,°5/3H,0 7038  7.53 7.14 70.61  7.27 6.97
10b CuiHa3N50, 72.18  6.63 12.03 | 72.02  6.79 11.93
11a CasHosN,Oo 76.56  7.50 7.44 76.31  7.65 7.40
11b CoHosN50, 7270 7270  11.56 | 72.55 6.97 11.54
2.2. HPLC Charts
9a:
zs.é:’.d :
. 9%6 TIHE - é.;:m BE O LANE SENE nans C
' 1: 30584 .
DIRL ;Q
9b:

. i 150682

S
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8. LHRONATLPAL

183388
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3. Luciferase Reporter Gene Assay
3.1. Culture of COS-1 cells
COS-1 cells were maintained in Dulbecco’s modified Eagle’s medium supplemented with 10% FBS

in a humidified atmosphere of 5% COs in air at 37°C.

3.2. Luciferase reporter gene assay

Luciferase reporter gene assays were performed using COS-1 cells transfected with three kinds of
vectors: each receptor subtype, a luciferase reporter gene under the control of the appropriate RXR
response element, and secreted alkaline phosphatase (SEAP) gene as a background. CRBPII-tk-Luc,
tk-PPREx3-Luc, and tk-rBARx3-Luc reporters were used as RXR, PPAR, and LXR response
elements, respectively. The amounts of each receptor subtype and response element were 1.0 pg and
4.0 pg, respectively. Transfection was performed with QIA Effectene Transfection reagent
according to the supplier’s protocol. In the case of heterodimer assay, RXRa (0.5 pg), each partner
receptor (PPARy or LXRa, 0.5 mg) and the partner response element (4.0 ug) were transfected into
COS-1 cells as described above. Test compound solutions (DMSO concentration below 1%) were
added to the suspension of transfected cells, which were seeded at about 2.0x 10* cells/well in 96-
well white plates. After incubation in a humidified atmosphere of 5% CO, at 37°C for 18 h, 25 uLL
of the medium was used for analyzing SEAP activities and the remaining cells were used for
luciferase reporter gene assays with a Steady-Glo Luciferase Assay system (Promega) according to
the supplier’s protocol. The luciferase activities were normalized using SEAP activities. The assays
were carried out in triplicate three times.

3.3 Supplementary data 1

i RXRa

1.0 1
0.8 -
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0.2 1
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Relative activity

-8 -7: -é -5 -4
Concentration (Log[M])

Figure S1. Dose-dependence of RXRa-agonistic activities of CBt-PMN (11b) (squares) and
RXRuo-antagonistic activity of CBt-PMN (11b) in the presence of 1 uM LGD1069 (1) (diamonds).
The transactivation activity is shown as relative activity based on the luciferase activity of 1 pM
LGD1069 (1) taken as 1.0. Error bars are s.e.m.
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Figure S2. Relative transactivation activities toward RARa, RARP and RARy by NEt-TMN (5),
CBiM-PMN (11a), and CBt-PMN (11b). The data are relative activity with respect to the luciferase
activity of 1 uM Am80 (RARa/B selective agonist) (S3) (toward RARa/B) or ATRA (toward
RARy) taken as 1.0. Circles, triangles, and squares indicate NEt-TMN (5), CBiM-PMN (11a), and
CBt-PMN (11b), respectively. The data (n = 3) represent the mean + s.e.m.
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Figure S3. Relative transactivation activities toward PPARy, PPARy/RXRa.,, LXRa, and
LXRa/RXRa by NEt-TMN (5), CBiM-PMN (11a), and CBt-PMN (11b). The data are relative
activity with respect to the luciferase activity of 1 uM LGD1069 (1) taken as 1.0. (a) Relative
transactivation data for PPARy, based on the luciferase activity of 1 pM TIPP703 (PPAR pan-
agonist) taken as 1.0. (b) Relative transactivation data for PPARY/RXRa., based on the luciferase
activity of 1 uM TIPP703 taken as 1.0. (¢) Relative transactivation data for LXRa, based on the
luciferase activity of 1 uM carba-T0901317 (LXR pan-agonist) taken as 1.0. (d) Relative
transactivation data for LXRa/RXRa, based on the luciferase activity of 1 uM carba-T0901317
taken as 1.0. TIPP703 or carba-T0901317 at 1 uM give each En.x value. Circles, triangles, and
squares indicate NEt-TMN (5), CBiM-PMN (11a), and CBt-PMN (11b), respectively. The data (n =

3-6) represent the mean =+ s.e.m.

S17



4. In vivo assay

4.1. Measurement of serum concentration of test compounds after oral administration of 30
mg/kg to mice .

Groups of six-week-old ICR male mice (n = 5-9 in each) were treated with solutions of test
compound 30 mg/kg (1% ethanol and 0.5% CMC in distilled water) at a volume of 10 mL/kg of
body weight by oral administration. At the indicated times, 0.6 mL of blood was taken from the
inferior vena cava under diethyl ether anesthesia. Each blood sample was centrifuged at 9,000 rpm
for 5 min at r.t. To 100 pL of the resulting plasma were added 100 uL of ice-cold 5 mM ammonium
acetate solution (adjusted with acetic acid to pH 5.0) and 1 mL of ice-cold ethyl acetate. The
resulting mixture was vortexed for 30 sec, kept at room temperature for 10 min, and centrifuged at
9,000 rpm for 30 sec at room temperature. An 800 uL aliquot of the ethyl acetate phase was
removed and concentrated to dryness in a centrifugal evaporator. To the resulting residue was added
100 uL of HPLC-grade methanol. This solution was directly subjected to HPLC analysis, and the
concentration of each compound was determined from the peak area of the sample with reference to

a calibration plot obtained with the authentic compound.

4.2. HPLC conditions

The HPLC system used in this study was a Shimadzu liquid chromatographic system (Kyoto,
Japan) consisting of an SCL-10A system controller, LC-10AD pump, SPD-10AV UV-Vis
spectrophotometric detector, SIL-10AD autoinjector, CTO-10A column oven, DGU-14A degasser
and C-R7A Chromatopac. The samples (each 20 uL) were injected using a refrigerated autosampler
kept at 10°C. The chromatographic analyses were carried out on an Inertsil ODS-3 (4.6 i.d. x 250
mm, 5 mm, GL Sciences, Tokyo, Japan) kept at 40°C, using methanol : 33.3 mM ammonium
acetate (adjusted with acetic acid to pH 5.0) (85:15, v/v) as a mobile phase. The flow rate was 0.7
ml/min and the absorbance at 280 nm was monitored.

4.3. Observation of side effects after once-daily oral administration of 30 mg/kg for 7 consecutive
days in male ICR mice

Six-week-old male ICR mice were purchased from Charles River Laboratories Japan, Inc.. This
experiment was conducted in accordance with the Guidelines for Animal Experiments at Okayama
University Advanced Science Research Center, and all procedures were approved by the Animal
Research Control Committee of Okayama University. After the arrival of the animals, all were
group-housed and acclimated to the colony for 1 day before the experiment. Before the experiment,
they were housed with four mice per cage, with free access to water and chow pellets in a light (12
hr on, 8:00 A.M. /12 hr off, 8:00 P.M.), temperature (23 + 1°C), and relative humidity (50 £ 20%)-
controlled environment. At 1 day before experiments, mice were assigned to experimental groups to

minimize the variance between groups based on the measured weight (four per cage (17 x 33 x 15
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