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General methods.

Melting points were determined with a
Yanagimoto  hot-stage  melting  point
apparatus and are uncorrected. 'H NMR
spectra were recorded on a VarianVXR-300
(300 MHz), JEOL JMN-AL-300 (300 MHz)
or 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. FAB-MS was carried out with

a VG70-SE.

HPLC conditions

The HPLC system used in this study was a
Shimadzu liquid chromatographic system
(Kyoto, Japan) consisting of an LC-10AD
SPD-10AV UV-Vis

CTO-10AS

pump,
spectrophotometric ~ detector,
column oven and C-R5A Chromatopac. The
samples (each 20 pL) were injected. The
chromatographic analyses were carried out
on an Inertsil ODS-3 (4.6 i.d. x 250 mm, 5
um, GL Sciences, Tokyo, Japan) with a
guard column of Inertsil ODS-3 (4.0 1.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
or 70:30, v/v) as a mobile phase. The flow
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rate was 0.7 mL/min and the absorbance at

278 nm was monitored.

2-Isopropyl-4-nitrophenol (17).

Conc. HNO; (3.4 mL, 45 mmol) was
added to a solution of 2-isopropylphenol (6.1
mL, 45 mmol) in EtOAc (200 mL) in an ice
bath. The reaction mixture was placed in an
ultrasonic reactor, and ZnCl, (6.1 g, 45
mmol) was added, then stirred for 0.8 h. The
reaction mixture was washed with HO (2 x
100 mL) and brine (100 mL), and dried over
MgSO,. The solvent was evaporated under
reduced pressure. The residue was purified
by flash chromatography to yield 17 (4.9 g,
60%) as brown solid. 1H NMR (300 MHz,
CDCl5) 6 : 8.13 (d, J= 2.8 Hz, 1H), 8.00 (dd,
J=9.0,2.8 Hz, 1H), 6.83 (d, /= 9.0 Hz, 1H),
6.04 (s, 1H), 3.26 (sep, J = 7.0 Hz, 1H), 1.30
(d, J=17.0 Hz, 6H).

Isopropoxy-2-isopropyl-4-nitrobenzene
(18).

2-Bromopropane (990 puL,
K,CO; (2.6 g, 19 mmol) and KI (800 mg, 4.8

11 mmol),

mmol) were added to a solution of 17 (1.7 g,
9.6 mmol) in dry DMF (4.8 mL). The
reaction mixture was stirred at 70°C under Ar
atmosphere for 3 h. Then the reaction
mixture was poured into 2N HCI1 (70 mL)
and extracted with EtOAc (3 x 80 mL). The
organic layer was collected, washed with
H,O (2 x 80 mL) and brine (80 mL), and
MgSO4. The solvent

dried over was



evaporated under reduced pressure. The

residue was purified by flash column
chromatography to yield 18 (1.7 g, 80%) as
orange oil. 1H NMR (300 MHz, CDCl;) 6 :
8.13 (d, J = 2.5 Hz, 1H), 8.07 (dd, J = 9.0,
3.0 Hz, 1H), 6.86 (d, J = 9.0 Hz, 1H), 4.70
(sep, J = 6.0 Hz, 1H), 3.31 (sep, /= 7.0 Hz,
1H), 1.40 (d, J= 6.0 Hz, 6H), 1.24 (d, /= 7.0

Hz, 6H).

Methyl
6-[(4-isopropoxy-3-isopropylphenyl)amino
Ipyridine-3-carboxylate (19).

10% activated Pd-C (catalytic amount)
was added to a solution of 18 (4.7 g, 21
mmol) in MeOH (30 mL). The reaction
mixture was stirred under H, atmosphere at
room temperature for 5.5 h. The reaction
mixture was filtered through celite, and the
celite cake was washed with EtOAc. The
solvent was evaporated under reduced
pressure. 6-Chloronicotinic acid (3.7 g, 23
mmol) and MeSOsH (1.5 mL, 23 mmol) was
added to a solution of the residue in dry
dioxane (30 mL). The reaction mixture was
stirred at 120°C under Ar atmosphere for 17
h. The reaction mixture was evaporated
under reduced pressure. Conc. H,SO4 (2.0
mL) was added to a solution of the residue in
dry MeOH (20 mL). The reaction mixture
was stirred at 80°C under Ar atmosphere for

5.7 h. The reaction mixture was evaporated

under reduced pressure, and neutralized with
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2N NaOH, then extracted with EtOAc (3 x
80 mL). The organic layer was collected,
washed with H,O (2 x 100 mL) and brine
(100 mL), and dried over MgSOs. The
solvent was evaporated under reduced
pressure. The residue was purified by flash
column chromatography to yield 19 (5.6 g,
73%) as brown solid. 1H NMR (300 MHz,
CDCl) 8 : 8.79 (d, J=2.2 Hz, 1H), 8.00 (dd,
J=28.8,2.2 Hz, 1H), 7.12-7.09 (m, 2H), 6.90
(s, 1H), 6.85 (d, J=9.2 Hz, 1H), 6.64 (d, J =
8.8 Hz, 1H), 4.54 (sep, J = 6.0 Hz, 1H), 3.88
(s, 3H), 3.33 (sep, J = 7.0 Hz, 1H), 1.36 (d, J

= 6.0 Hz, 6H), 1.20 (d, J = 7.0 Hz, 6H).

Methyl
6-[ethyl-(4-isopropoxy-3-isopropylphenyl)
amino]pyridine-3-carboxylate (20).
Compound 19 (1.2 g, 3.6 mmol) was
added to a suspension of NaH (200 mg, 5.0
mmol, 60% dispersion in oil) in dry DMF
(6.0 mL) at rt under Ar atmosphere. After
stirring for 5 min, iodoethane (400 uL, 5.0
mmol) was added, and then it was stirred for
0.3 h. The reaction mixture was poured into
ice and extracted with EtOAc (3 x 40 mL).
The organic layer was collected, washed with
H,O (2 x 50 mL) and brine (30 mL), and
dried over MgSO4. The solvent was
evaporated under reduced pressure. The
residue was purified by flash column

chromatography to yield 20 (960 mg, 75%)
as brown oil. 1H NMR (300 MHz, CDCl;) o :



8.83 (d, J = 2.5 Hz, 1H), 7.77 (dd, J = 9.0,
2.5 Hz, 1H), 7.01 (d, J = 2.5 Hz, 1H), 6.95
(dd, J=8.5,2.5 Hz, 1H), 6.88 (d, /= 8.5 Hz,
1H), 6.15 (d, J = 9.0 Hz, 1H), 4.58 (sep, J =
6.0 Hz, 1H), 4.00 (q, J = 7.0 Hz, 2H), 3.85 (s,
3H), 3.32 (sep, J = 7.0 Hz, 1H), 1.38 (d, J =
6.0 Hz, 6H), 1.22 (t, J = 7.0 Hz, 3H), 1.19 (d,
J=17.0 Hz, 6H).

Methyl
6-[ethyl-(4-hydroxy-3-isopropylphenyl)ami
no]pyridine-3-carboxylate (21).

AlCl; (1.2 g, 9.0 mmol) was added to a
solution of 19 (960 mg, 2.7 mmol) in dry
CH,Cl, (14 mL). The reaction mixture was
stirred at rt under Ar atmosphere for 3.5 h.
Then the reaction mixture was poured into
H,O (100 mL) and extracted with EtOAc (3
x 50 mL). The organic layer was collected,
washed with HyO (2 x 50 mL) and brine (50
mL), and dried over MgSQy. The solvent was
evaporated under reduced pressure. The
residue was purified by flash column
chromatography to yield 20 (820 mg, 97%)
as pale yellow oil. 1H NMR (300 MHz,
CDCl;) 6 : 8.83 (d, J= 2.5 Hz, 1H), 7.78 (dd,
J=9.0,2.5Hz, 1H), 7.02 (d, J= 2.5 Hz, 1H),
6.90 (dd, J = 8.5, 2.5 Hz, 1H), 6.82 (d, J =
8.5 Hz, 1H), 6.15 (d, J=9.0 Hz, 1H), 5.06 (s,
1H), 4.00 (q, J = 7.0 Hz, 2H), 3.86 (s, 3H),
3.22 (sep, J = 7.0 Hz, 1H), 1.25 (d, J= 7.0
Hz, 6H), 1.24 (t, /= 7.0 Hz, 3H).

Methyl
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6-[ethyl-(4-isobutoxy-3-isopropylphenyl)a
mino]pyridine-3-carboxylate (22a).
1-Bromo-2-methylpropane (370 pL, 3.4
mmol), K,CO; (240 mg, 1.7 mmol) and KI
(catalytic amount) were added to a solution
of 21 (310 mg, 1.0 mmol) in dry DMF (10
mL). The reaction mixture was stirred at
60°C under Ar atmosphere for 18 h. Then the
reaction mixture was poured into H,O (100
mL) and extracted with EtOAc (3 x 30 mL).
The organic layer was collected, washed with
H,0 (2 x 50 mL) and brine (30 mL), and
dried over MgSO,. The solvent was
evaporated under reduced pressure. The
residue was purified by flash column
chromatography to yield 22a (300 mg, 81%)
as pale yellow oil. 1H NMR (300 MHz,
CDCl;) 6 : 8.83 (d, J=2.5 Hz, 1H), 7.77 (dd,
J=9.0,2.5Hz, 1H), 7.62 (d, J= 2.5 Hz, 1H),
6.97 (dd, J = 8.5, 2.5 Hz, 1H), 6.86 (d, J =
8.5 Hz, 1H), 6.14 (d, J = 9.0 Hz, 1H), 4.00 (q,
J=17.0 Hz, 2H), 3.85 (s, 3H), 3.77 (sep, J =
6.0 Hz,1H), 3.36 (sep, J = 7.0 Hz, 1H),
2.22-2.08 (m, 1H), 1.22 (d, J = 7.0 Hz, 6H),
1.22 (t, J= 7.0 Hz, 3H), 1.08 (d, J = 6.5 Hz,

6H).

Methyl
6-[ethyl-(4-cyclopropylmethoxy-3-isopropy
Iphenyl)amino]pyridine-3-carboxylate
(22b).

(Bromomethoxy)cyclopropane (100 pL,
1.1 mmol), K,CO; (190 mg, 1.4 mmol) and



KI (60 mg, 0.35 mmol) were added to a
solution of 21 (220 mg, 0.69 mmol) in dry
DMF (3.0 mL). The reaction mixture was
stirred at 60°C under Ar atmosphere for 4 h.
Then the reaction mixture was poured into
H,O (20 mL) and acidified with 2N HCI,
then extracted with EtOAc (3 x 30 mL). The
organic layer was collected, washed with
H,O (2 x 30 mL) and brine (30 mL), and
MgSO,. The solvent

dried over was

evaporated under reduced pressure. The
residue was purified by flash column
chromatography to yield 22b (240 mg, 94%)
as pale yellow oil. 1H NMR (300 MHz,
CDCl;) & : 8.82 (dd, J = 2.5, 0.5 Hz, 1H),
7.76 (dd, J = 9.0, 2.5 Hz, 1H), 7.02 (d, J =
2.5 Hz, 1H), 6.95 (dd, J = 8.5, 2.5 Hz, 1H),
6.84 (d, /= 8.5 Hz, 1H), 6.14 (d, /=9.0, 0.5
Hz, 1H), 4.00 (q, J = 7.0 Hz, 2H), 3.86 (d, J
= 7.5 Hz, 2H), 3.85 (s, 3H), 3.37 (sep, J=7.0
Hz, 1H), 1.23-1.20 (m, 5H), 0.67-0.62 (m,
2H), 0.40—-0.38 (m, 2H).

Methyl
6-{ethyl-[3-isopropyl-4-(3-methyl-but-2-en
yloxy)phenyl]amino}pyridine-3-carboxylat
e (22c).

1-Bromo-3-methyl-2-butene (210 pL, 1.8
mmol), K,CO;3.(330 mg, 2.4 mmol) and KI
(catalytic amount) were added to a solution
of 21 (190 mg, 0.60 mmol) in dry DMF (20
mL). The reaction mixture was stirred at

120°C under Ar atmosphere for 21 h. Then
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the reaction mixture was poured into H,O
(120 mL) and extracted with EtOAc (3 x 50
mL). The organic layer was collected,
washed with H,O (2 x 50 mL) and brine (50
mL), and dried over MgSO4. The solvent
was evaporated under reduced pressure. The
residue was purified by flash column
chromatography to yield 22¢ (62 mg, 27%)
as colorless oil. 1H NMR (300 MHz, CDCl;)
6:8.83(dd, J=2.5, 0.5 Hz, 1H), 7.78 (dd, J
=9.0, 2.5 Hz, 1H), 7.02 (d, J = 2.5 Hz, 1H),
6.97 (dd, J = 8.5, 2.5 Hz, 1H), 6.89 (d, J =
8.5 Hz, 1H), 6.16 (dd, J = 9.0, 0.5 Hz, 1H),
5.52 (t, J = 6.5 Hz, 1H), 4.55 (d, J = 6.5 Hz,
2H), 4.01 (q, J = 7.0 Hz, 2H), 3.85 (s, 3H),
3.35 (sep, J= 7.0 Hz, 1H), 1.82 (s, 3H), 1.76
(s, 3H), 1.26 (t, J= 7.0 Hz, 3H), 1.20 (d, J =
7.0 Hz, 6H).

Methyl
6-{ethyl-[3-isopropyl-4-(2-methylallyloxy)p
henyl]amino}pyridine-3-carboxylate (22d).
3-Bromo-2-methylpropene (100 uL, 1.0
mmol), K,CO;3 (69 mg, 0.50 mmol) and KI
(catalytic amount) were added to a solution
of 21 (80 mg, 0.25 mmol) in dry DMF (3.0
mL). The reaction mixture was stirred at
60°C under Ar atmosphere for 4 h. Then the
reaction mixture was poured into H,O (60
mL) and acidified with 2N HCI, then
extracted with EtOAc (3 x 20 mL). The
organic layer was collected, washed with

H,O (40 mL) and brine (40 mL), and dried



over MgSQO4. The solvent was evaporated
under reduced pressure. The residue was
purified by flash column chromatography to
yield 22d (73 mg, 78%) as pale yellow oil.
1H NMR (300 MHz, CDCl;) 6 : 8.83 (dd, J =
2.5, 0.5 Hz, 1H), 7.77 (dd, J = 9.0, 2.5 Hz,
1H), 7.03 (d, J = 2.5 Hz, 1H), 6.97 (dd, J =
9.0, 2.5 Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H),
6.14 (dd, J = 9.0, 0.5 Hz, 1H), 5.15 (s, 1H),
5.02 (s, 1H), 4.47 (s, 2H), 4.01 (q, /= 7.0 Hz,
2H), 3.85 (s, 3H), 3.39 (sep, J= 7.0 Hz, 1H),
1.88 (s, 3H), 1.22 (t, /= 7.0 Hz, 3H), 1.22 (d,
J=7.0 Hz, 6H).

Methyl
6-[(4-butoxy-3-isopropylphenyl)ethylamin
o]pyridine-3-carboxylate (22e).
1-Bromo-butane (69 pL, 0.64 mmol),
K,CO; (88 mg, 0.64 mmol) and KI (catalytic
amount) were added to a solution of 21 (100
mg, 0.32 mmol) in dry DMF (3.0 mL). The
reaction mixture was stirred at 60°C under Ar
atmosphere for 3 h. Then the reaction
mixture was poured into HO (60 mL) and
acidified with 2N HCI, then extracted with
EtOAc (3 x 20 mL). The organic layer was
washed with water (40 mL) and brine (40
mL), and dried over MgSO,. The solution
was evaporated under reduced pressure. The
residue was purified by flash column
chromatography to yield 22e (69 mg, 59%)
as yellow oil. 1H NMR (300 MHz, CDCl,) 6:
8.84 (d, 1H, J = 2.0 Hz), 7.78 (dd, 1H, J =
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9.0, 2.5 Hz), 7.03 (d, 1H, J = 2.5 Hz), 6.98
(dd, 1H, J = 8.5, 2.5 Hz), 6.89 (d, 1H, J=9.0
Hz), 6.15 (d, 1H, J = 9.0 Hz), 4.01 (q, 2H, J
= 7.0 Hz), 4.01 (t. 2H, J = 6.0 Hz), 3.85 (s,
3H), 3.34 (sep, 1H, J = 7.0 Hz), 1.87-1.78
(m, 2H), 1.62-1.51 (m, 2H), 1.22 (t, 3H, J =
7.0 Hz), 1.21 (d, 6H, J = 7.0 Hz), 1.01 (t, 3H,
J=1.5 Hz).

Methyl
6-[ethyl-(3-isopropyl-4-pentyloxyphenyl)a
mino]pyridine-3-carboxylate (22f).

n-Amyl bromide (82 pL, 0.66 mmol),
K>CO; (91 mg, 0.66 mmol) and KI (catalytic
amount) were added to a solution of 21 (104
mg, 0.33 mmol) in dry DMF (3.0 mL). The
reaction mixture was stirred at 60°C under Ar
atmosphere for 6.5 h. Then the reaction
mixture was poured into H20 (60 mL) and
acidified with 2N HCI, then extracted with
EtOAc (3 x 20 mL). The organic layer was
washed with water (40 mL) and brine (40
mlL), and dried over MgSO,. The solution
was evaporated under reduced pressure. The
residue was purified by flash column
chromatography to yield 22f (76 mg, 60%) as
yellow oil. 1H NMR (300 MHz, CDCl;) d:
8.84 (d, 1H, J = 2.5 Hz), 7.78 (dd, 1H, J =
9.0, 2.5 Hz), 7.06 (d, 1H, J = 2.5 Hz), 6.98
(dd, 1H, J=8.5,2.5 Hz), 6.88 (d, 1H, J= 8.5
Hz), 6.15 (d, 1H, J= 9.0 Hz), 4.01 (q, 2H, J
= 7.0 Hz), 4.00 (t. 2H, J = 7.0 Hz), 3.86 (s,
3H), 3.34 (sep, 1H, J = 7.0 Hz), 1.89-1.80



(m, 2H), 1.55-1.41 (m, 4H), 1.22 (t, 3H, J =
6.5 Hz), 1.21 (d, 6H, J = 6.5 Hz), 1.01 (t, 3H,
J=17.0 Hz).

Methyl
6-|ethyl-(4-hexyloxy-3-isopropylphenyl)am
ino]pyridine-3-carboxylate (22g).

1-Iodohexane (97 pL, 0.66 mmol), K,CO;
(91 mg, 0.66 mmol) and KI (catalytic
amount) were added to a solution of 21 (105
mg, 0.33 mmol) in dry DMF (3.0 mL). The
reaction mixture was stirred at 60°C under Ar
atmosphere for 3.7 h. Then the reaction
mixture was poured into H,O (60 mL) and
acidified with 2N HCI, then extracted with
EtOAc (3 x 20 mL). The organic layer was
washed with water (40 mL) and brine (40
mL), and dried over MgSO,. The solution
was evaporated under reduced pressure. The
residue was purified by flash column
chromatography to yield 22g (110 mg, 82%)
as yellow oil. 1H NMR (300 MHz, CDCly) é:
8.84 (d, 1H, J = 2.0 Hz), 7.78 (dd, 1H, J =
9.0, 2.5 Hz), 7.02 (d, 1H, J = 2.5 Hz), 6.98
(dd, 1H, J=8.5,2.5 Hz), 6.88 (d, 1H, J= 8.5
Hz), 6.15 (d, 1H, J = 9.0 Hz), 4.01 (q, 2H, J
= 6.5 Hz), 4.00 (t, 2H, J = 6.5 Hz), 3.85 (s,
3H), 3.34 (sep, 1H, J = 7.0 Hz), 1.88-1.79
(m, 2H), 1.57-1.52 (m, 2H), 1.40-1.35 (m,
4H), 1.22 (t,3H, J= 7.0 Hz), 1.22 (d, 6H, J =
6.5 Hz), 0.92 (t, 3H, J= 7.0 Hz).

Methyl
6-[(4-benzyloxy-3-isopropylphenyl)ethyla
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mino]pyridine-3-carboxylate (22h).

Benzyl bromide (48 pL, 0.40 mmol),
K,COs (69 mg, 0.40 mmol) and KI (catalytic
amount) were added to a solution of 21 (106
mg, 0.34 mmol) in dry DMF (3.0 mL). The
reaction mixture was stirred at 60°C under Ar
atmosphere for 2.5 h. Then the reaction
mixture was poured into H,O (60 mL) and
extracted with EtOAc (3 x 20 mL). The
organic layer was washed with water (2 x 40
mL) and brine (30 mL), and dried over
MgSO,. The solution was evaporated under
reduced pressure. The residue was purified
by flash column chromatography to yield 18h
(76 mg, 55%) as colorless oil. 1H NMR (300
MHz, CDCl;) é: 8.83 (d, 1H, J = 2.5 Hz),
7.78 (dd, 1H, J=9.0, 2.5 Hz), 7.48—7.35 (m,
5H), 7.06—6.97 (m, 3H), 6.16 (d, 1H, J=9.0
Hz), 5.12 (s, 2H), 4.01 (q, 2H, J = 7.0 Hz),
3.85 (s, 3H), 3.42 (sep, 1H, J= 7.0 Hz), 1.23
(d, 6H, J=17.0 Hz), 1.22 (t, 3H, J= 7.0 Hz).

Methyl
6-[ethyl-(3-isopropyl-4-phenethyloxypheny
Dlamino]pyridine-3-carboxylate (22i).
(2-Bromoethyl)benzene (190 pL,
mmol), K,CO; (170 mg, 1.2 mmol) and KI

1.4

(catalytic amount) were added to a solution
of 22 (220 mg, 0.70 mmol) in dry DMF (4.0
mL). The reaction mixture was stirred at
80°C under Ar atmosphere for 16 h. Then the
reaction mixture was poured into H,O (100

mL) and extracted with EtOAc (3 x 30 mL).



The organic layer was washed with water (2
x 40 mL) and brine (30 mL), and dried over
MgSO,. The solution was evaporated under
reduced pressure. The residue was purified
by flash column chromatography to yield 22i
(46 mg, 16%) as colorless oil. 1H NMR (500
MHz, CDCl;) 8: 8.82 (d, 1H, J = 2.0 Hz),
7.76 (dd, 1H, J= 9.0, 2.0 Hz), 7.33—7.32 (m,
5H), 7.00 (d, 1H, J = 2.5 Hz), 6.95 (dd, 1H, J
= 8.5, 2.5 Hz), 6.86 (d, 1H, J = 8.5 Hz), 6.13
(d, 1H, J = 9.0 Hz), 4.21 (t, 2H, J = 6.5 Hz),
4.00 (q, 2H, J = 7.0 Hz), 3.85 (s, 3H), 3.30
(sep, 1H, J= 7.0 Hz), 3.15 (t, 2H, J = 6.5 Hz),
1.21 (t, 3H, J= 7.0 Hz), 1.16 (d, 6H, J = 7.0
Hz).

Methyl
6-{ethyl-[(3-isopropyl-4-phenylpropoxy)ph
enyljJamino}pyridine-3-carboxylate (22j).
3-Phenylpropyl bromide (54 upL, 0.36
mmol), K,CO; (83 mg, 0.60 mmol) and KI
(17 mg, 0.10 mmol) were added to a solution
of 21 (75 mg, 0.24 mmol) in dry DMF (3.0
mL). The reaction mixture was stirred at
90°C under Ar atmosphere for 14 h. Then the
reaction mixture was poured into H,O (100
mL) and extracted with EtOAc (3 x 30 mL).
The organic layer was washed with water (2
x 40 mL) and brine (30 mL), and dried over
MgSO,. The solution was evaporated under
reduced pressure. The residue was purified
by flash column chromatography to yield 22j
(76 mg, 73%) as white oil. 1H NMR (300
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MHz, CDCls) &: 8.83 (d, 1H, J = 2.5 Hz),
7.78 (d, 1H, J = 9.0, 2.5 Hz), 7.35-7.22 (m,
5H), 7.03 (d, 1H, J = 2.5 Hz), 6.96 (dd, 1H, J
=8.5,2.5 Hz), 6.84 (d, 1H, J = 8.5 Hz), 6.15
(d, 1H, J = 9.0 Hz), 4.01 (t, 2H, J = 6.0 Hz),
4.01 (q, 2H, J = 7.5 Hz), 3.85 (s, 3H), 3.37
(sep, 1H, J=7.0 Hz), 2.87 (t, 2H, J = 7.0 Hz),
2.22-2.12 (m, 2H), 1.24 (d, 6H, J = 7.0 Hz),
1.22 (t, 3H, J= 7.5 Hz).

6-[Ethyl-(4-isobutoxy-3-isopropylphenyl)a
mino|pyridine-3-carboxylic acid (15a).

To a solution of 22a (300 mg, 0.81 mmol)
in MeOH (10 mL) were added 2 N NaOH
(4.0 mL) and THF (3.0 mL). The reaction
mixture was stirred at 60 °C for 2 hr. The
reaction mixture was evaporated under
reduced pressure, then neutralized with 2N
HCI. The mixture was extracted with EtOAc
(3 X 20 mL). The organic layer was washed
with water (2 x 40 mL) and brine (30 mL),
and dried over MgSO,. The solution was
evaporated under reduced pressure and the
residue was recrystallized with MeOH to
yield 15a (140 mg, 49%) as white needles.
Mp 162.0-164.0 °C. IR (KBr) cm™: 1677
(CO). 1H NMR (300 MHz, CDCls) &: 8.90 (d,
1H, J = 2.5 Hz), 7.81 (dd, 1H, J = 9.0, 2.5
Hz), 7.03 (d, 1H, J= 2.5 Hz), 6.98 (dd, 1H, J
=8.5, 2.5 Hz), 6.88 (d, 1H, J= 8.5 Hz), 6.16
(d, 1H, J = 9.0 Hz), 4.00 (q, 2H, J = 7.0 Hz),
3.77 (d, 2H, J = 6.0 Hz), 3.49 (s, 1H), 3.36
(sep, 1H, J=7.0 Hz), 1.23 (t, 3H, J= 7.0 Hz),



1.22 (d, 6H, J=7.0 Hz), 1.08 (d, 6H, J= 6.5
Hz). FAB-MS m/z: 357 [M + H]+. Anal
Calcd for C,HsN,O5: C, 70.76; H, 7.92; N,
7.86. Found: C, 70.49; H, 7.64; N, 7.73.

6-[Ethyl-(4-cyclopropylmethoxy-3-isoprop
ylphenyl)amino]pyridine-3-carboxylic acid
(15b).

To a solution of 22b (130 mg, 0.35 mmol)
in MeOH (8.0 mL) were added 2 N NaOH
(5.0 mL) and THF (2.0 mL). The reaction
mixture was stirred at 60 °C for 1.5 hr. The

reaction mixture was evaporated under

reduced pressure, then poured into sat. NH4CI.

The mixture was extracted with EtOAc (3 x
30 mL). The organic layer was washed with
water (2 x 40 mL) and brine (40 mL), and
dried over MgSO,. The solution was
evaporated under reduced pressure and the
residue was recrystallized with MeOH to
yield 15b (120 mg, 93%) as white needles.
Mp 194.0-196.0 °C. 1H NMR (300 MHz,
DMSO0-d6) 6 : 8.65 (dd, J = 2.5, 0.8 Hz, 1H),
7.76 (dd, J = 9.0, 2.5 Hz, 1H), 7.05-7.01 (m,
3H), 6.13 (d, /= 9.0, 0.8 Hz, 1H), 3.94 (q, J
= 7.0 Hz, 2H), 3.88 (q, /= 7.0 Hz, 2H), 1.14
(d, J=17.0 Hz, 6H), 1.12 (t, J= 7.0 Hz, 3H),
0.62-0.56 (m, 2H), 0.38-0.33 (m, 2H).
FAB-MS m/z: 355 [M + HJ+. Anal. Calcd
for C;;HysN,O5: C, 71.16; H, 7.39; N, 7.90.
Found: C, 70.99; H, 7.25; N, 7.81.

6-{Ethyl-[3-isopropyl-4-(3-methyl-but-2-en
yloxy)phenyl]amino}pyridine-3-carboxylic
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acid (15c¢).

To a solution of 22¢ (62 mg, 0.16 mmol)
in MeOH (3.0 mL) were added 2 N NaOH
(3.0 mL) and THF (2.0 mL). The reaction
mixture was stirred at 60 °C for 0.75 hr. The
reaction mixture was evaporated under
reduced pressure, then poured into sat.NH,Cl
(40 mL). The mixture was extracted with
EtOAc (3 x 30 mL). The organic layer was
washed with water (2 x 30 mL) and brine (30
mL), and dried over MgSO4. The solution
was evaporated under reduced pressure and
the residue was recrystallized with MeOH to
yield 15¢ (7.2 mg, 12%) as white needles.
Mp 139.5-141.0 °C. IR (KBr) cm™: .1671
(CO). 1H NMR (300 MHz, DMSO-d6) 6 :
8.66 (d, J = 2.5 Hz, 1H), 7.76 (dd, J = 9.0,
2.5 Hz, 1H), 7.06-7.05 (m, 3H), 6.14 (d, J =
9.0 Hz, 1H), 5.48 (t, /= 6.5 Hz, 1H), 4.58 (d,
J = 6.5 Hz, 2H), 3.94 (q, J = 7.0 Hz, 2H),
1.78 (s, 3H), 1.73 (s, 3H), 1.15 (d, /= 7.0 Hz,
6H), 1.12 (t, J = 7.0 Hz, 3H). FAB-MS m/z:
369 [M + H]+. Anal. Caled for C;HpsN,05:
C, 71.71; H, 7.66; N, 7.60. Found: C, 71.77,
H, 7.62; N, 7.57.

6-{Ethyl-[3-isopropyl-4-(2-methylallyloxy)
phenyl]amino}pyridine-3-carboxylic acid
(15d).

To a solution of 22d (73 mg, 0.20 mmol)
in MeOH (3.0 mL) was added 2 N NaOH

(3.0 mL). The reaction mixture was stirred at

60 °C for 2 hr. The reaction mixture was



evaporated under reduced pressure, then
neutralized with 2N HCIl. The mixture was
extracted with EtOAc (3 x 30 mL). The
organic layer was washed with water (40
mL) and brine (40 mL), and dried over
MgSO,. The solution was evaporated under
reduced pressure and the residue was
recrystallized with MeOH to yield 15d (26
37%) Mp
162.0-163.5 °C. IR (KBr) cm™: 1677 (CO).
1H NMR (300 MHz, CDCI3) 6 : 891 (d, J =
2.0 Hz, 1H), 7.82 (dd, J = 9.0, 2.5 Hz, 1H),
7.05 (d, J = 2.5 Hz, 1H), 6.99 (dd, J = 8.5,
2.5 Hz, 1H), 6.90 (d, /= 9.0 Hz, 1H), 6.17 (d,
J=9.0 Hz, 1H), 5.15 (s, 1H), 5.02 (s, 1H),
4.47 (s, 2H), 4.03 (q, J = 7.0 Hz, 2H), 3.39
(sep, J= 7.0 Hz, 1H), 1.88 (s, 3H), 1.23 (t, J
= 7.0 Hz, 3H), 1.23 (d, J = 7.0 Hz, 6H).
FAB-MS m/z: 355 [M + H]+. Anal. Calcd
for C,1HN,O3: C, 71.16; H, 7.39; N, 7.90.
Found: C, 71.54; H, 7.52; N, 7.95.

mg, as white needles.

6-[(4-Butoxy-3-isopropylphenyl)ethylamin
o]pyridine-3-carboxylic acid (15e).

To a solution of 22e (69 mg, 0.19 mmol)
in MeOH (3.0 mL) were added 2 N NaOH
(3.0 mL). The reaction mixture was stirred at
60 °C for 4 hr. The reaction mixture was
evaporated under reduced pressure, then
neutralized with 2N HCl. The mixture was
extracted with EtOAc (3 x 20 mL). The
organic layer was washed with water (40

mL) and brine (40 mL), and dried over
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MgSQO,. The solution was evaporated under
reduced pressure and the residue was
recrystallized with MeOH to yield 15e (29
44%) Mp
161.0-163.5 °C. IR (KBr) cm™: 1613 (CO).
IH NMR (300 MHz, DMSO-d6) &: 8.66 (d,
1H, J = 2.0 Hz), 7.76 (dd, 1H, J = 9.0, 2.5
Hz), 7.09-7.00 (m, 3H), 6.13 (d, 1H, J=9.0
Hz), 4.01 (t, 2H, J= 6.0 Hz), 3.93 (q, 2H, J =
7.0 Hz), 3.24 (sep, lH, J 7.0 Hz),
1.79-1.70 (m, 2H), 1.55-1.43 (m, 2H), 1.16
(d, 6H, J = 7.0 Hz), 1.11 (t, 3H, J = 7.0 Hz),
0.95 (t, 3H, J = 7.5 Hz). FAB-MS m/z: 357
[M + H]+. Anal. Calcd for CyHysN,O5: C,
70.76; H, 7.92; N, 7.86. Found: C, 70.70; H,
7.73; N, 7.86.

mg, as white needles.

6-|Ethyl-(3-isopropyl-4-pentyloxyphenyl)a
mino]pyridine-3-carboxylic acid (15f).

To a solution of 22f (76 mg, 0.20 mmol) in
MeOH (6.0 mL) were added 2 N NaOH (3.0
mL) and THF (1.5 mL). The reaction mixture
was stirred at 60 °C for 3 hr. The reaction
mixture was evaporated under reduced
pressure, then neutralized with 2N HClL. The
mixture was extracted with EtOAc (3 x 20
mL). The organic layer was washed with
water (40 mL) and brine (40 mL), and dried
over MgSO,4. The solution was evaporated
under reduced pressure and the residue was
recrystallized with MeOH to yield 15f (47
mg, 64%) as pale yellow needles. Mp

154.5-156.0 °C. IR (KBr) cm™: 1691 (CO).



1H NMR (300 MHz, DMSO-d6) &: 8.67 (d,
IH, J = 2.5 Hz), 7.77 (dd, 1H, J = 9.0, 2.5
Hz), 7.10-7.01 (m, 3H), 6.14 (d, 1H, J = 9.0
Hz), 4.02 (t, 2H, J= 6.0 Hz), 3.94 (q, 2H, J =
7.0 Hz), 3.26 (sep, 1H, J = 7.0 Hz),
1.82-1.73 (m, 2H), 1.49-1.37 (m, 4H), 1.17
(d, 6H, J = 6.5 Hz), 1.12 (t, 3H, J = 7.0 Hz),
0.92 (t, 3H, J = 7.0 Hz). FAB-MS m/z: 371
[M + HJ+. Anal. Calcd for C»H30N,Os: C,
71.32; H, 8.16; N, 7.56. Found: C, 71.16; H,
7.98; N, 7.29.

6-[Ethyl-(4-hexyloxy-3-isopropylphenyl)a
mino]pyridine-3-carboxylic acid (15g).

To a solution of 22g (109 mg, 0.27 mmol)
in MeOH (6.0 mL) were added 2 N NaOH
(3.0 mL) and THF (1.5 mL). The reaction
mixture was stirred at 60 °C for 2.3 hr. The
reaction mixture was evaporated under
reduced pressure, then neutralized with 2N
HCI. The mixture was extracted with EtOAc
(3 x 20 mL). The organic layer was washed
with water (40 mL) and brine (40 mL), and
dried over MgSO4. The solution was
evaporated under reduced pressure and the
residue was recrystallized with MeOH to
yield 15g (64 mg, 61%) as white needles. Mp
167.0-169.0 °C. IR (KBr) cm™: 1654 (CO).
1H NMR (300 MHz, DMSO-d6) §: 8.67 (d,
1H, J = 2.5 Hz), 7.77 (dd, 1H, J = 9.0, 2.5
Hz), 7.10-7.01 (m, 3H), 6.14 (d, 1H, J=9.0
Hz), 4.02 (t, 2H, J = 6.0 Hz), 3.94 (q, 2H, J =
7.0 Hz), 3.26 (sep, 1H, J = 7.0 Hz),
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1.81-1.72 (m, 2H), 1.50-1.44 (m, 2H),
1.37-1.30 (m, 4H), 1.17 (d, 6H, J = 7.0 Hz),
1.12 (t, 3H, J= 7.0 Hz), 0.89 (t, 3H, J = 7.0
Hz). FAB-MS m/z: 385 [M + H]+. Anal
Calcd for Cp3H3N,O5: C, 71.84; H, 8.39; N,
7.29. Found: C, 71.63; H, 8.38; N, 7.37.

6-[(4-benzyloxy-3-isopropylphenyl)ethyla
mino]pyridine-3-carboxylic acid (15h).

To a solution of 22h (76 mg, 0.19 mmol)
in MeOH (8.0 mL) were added 2 N NaOH
(3.0 mL) and THF (2.0 mL). The reaction
mixture was stirred at 60 °C for 2 hr. The
reaction mixture was evaporated under
reduced pressure, then neutralized with 2N
HCI. The mixture was extracted with EtOAc
(3 x 20 mL). The organic layer was washed
with water (2 x 40 mL) and brine (30 mL),
and dried over MgSO,. The solution was
evaporated under reduced pressure and the
residue was recrystallized with MeOH to
yield 15h (38 mg, 52%) as colorless cube.
Mp 183.0-184.5 °C. IR (KBr) cm™: 1674
(CO). 1H NMR (300 MHz, DMSO-d6) 3 :
12.36 (br s, 1H), 8.65 (d, 1H, J = 2.5 Hz),
7.76 (dd, 1H, J = 9.0, 2.5 Hz), 7.51-7.35 (m,
5H), 7.16—7.04 (m, 3H), 6.14 (d, 1H, J=9.0
Hz), 5.15(s, 2H), 3.95 (q, 2H, J = 7.0 Hz),
1.19 (d, 6H, J= 7.0 Hz), 1.13 (t, 3H, J= 7.0
Hz). FAB-MS m/z: 391 [M + HJ+. Anal.
Calcd for CysH6N,O3: C, 73.82; H, 6.71; N,
7.17. Found: C, 73.58; H, 6.93; N, 7.14.

6-[Ethyl-(3-isopropyl-4-phenethyloxyphen



yDlamino]pyridine-3-carboxylic acid (15i).

To a solution of 22i (46 mg, 0.11 mmol) in
MeOH (6.0 mL) were added 2 N NaOH (2.0
mL) and THF (2.0 mL). The reaction mixture
was stirred at 60 °C for 4.3 hr. The reaction
mixture was evaporated under reduced
pressure, then neutralized with 2N HCI1. The
mixture was extracted with EtOAc (3 x 20
mL). The organic layer was washed with
water (2 x 30 mL) and brine (30 mL), and
dried over MgSO,. The solution was
evaporated under reduced pressure and the
residue was purified by flash column
chromatography, then was recrystallized with
MeOH to yield 15i (25 mg, 58%) as colorless
cube. Mp 167.5-169.0 °C. IR (KBr) cm™:
1693 (CO). 1H NMR (300 MHz, DMSO-d6)
8:8.63 (d, 1H, J=2.5Hz), 7.72 (dd, 1H, J =
9.0, 2.5 Hz), 7.36—7.22 (m, 5H), 7.03—6.99
(m, 3H) 6.10 (d, 1H, J=9.0 Hz), 4.23 (t, 2H,
J = 6.5 Hz), 3.93 (q, 2H, J = 7.0 Hz), 3.19
(sep, 1H, J= 7.0 Hz), 3.08 (t, 2H, J= 6.5 Hz),
1.12 (t, 3H, J= 7.0 Hz), 1.09 (d, 6H, J = 7.0
Hz). FAB-MS m/z: 405 [M + HJ+. Anal.
Calcd for CsHxN.O5: C, 74.23; H, 6.98; N,

6.93. Found: C, 74.33; H, 6.88; N, 7.06.

6-{Ethyl-[(3-isopropyl-4-phenylpropoxy)p
henyl]amino}pyridine-3-carboxylic  acid
(15j).

To a solution of 22j (76 mg, 0.18 mmol) in
MeOH (7.0 mL) were added 2 N NaOH (2.0

mL) and THF (3.0 mL). The reaction mixture
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was stirred at 60 °C for 2 hr. The reaction

mixture was evaporated under reduced
pressure, then poured into sat. NH4Cl. The
mixture was extracted with EtOAc (3 x 30
mL). The organic layer was washed with
water (2 x 30 mL) and brine (30 mL), and
dried over MgSO4. The solution was
evaporated under reduced pressure and
recrystallized with CH,Cl,/n-Hexane to yield
15j (56 mg, 75%) as colorless plate. Mp
171.5-176.0 °C. IR (KBr) cm™: 1660 (CO).
1H NMR (300 MHz, DMSO-d6) 6: 8.65 (d,
1H, J=2.0 Hz), 7.75 (d, 1H, J=9.0, 2.5 Hz),
7.33~7.17 (m, 5H), 7.05-7.01 (m, 3H), 6.13
(d, 1H, J = 9.0 Hz), 4.01 (t, 2H, J = 6.0 Hz),
3.94 (q, 2H, J= 7.0 Hz), 2.81 (t, 2H, J= 8.0

Hz), 2.13-2.04 (m, 2H), 1.20 (d, 6H, J = 7.0

M

e Me Me Me Me

‘O CH, [: I)\ o~

Me Me Me Me N Me
=N

® (;
COzH COzH

LGD1069 NEt-TMN
(RXR full-agonist) (RXR futl-agonist)

Me =

aS SN,
o N"Me Me\(\©\
R | N Me

N7 Me
~N
_ P
CO,H CO,H

R: FPr (NEt-31P)
: i-Bu (NEt-3IB)
: n-Hex (NEt-3Hex)
: (CHp)5-Ph (NEt-3PPh)

R: Pr (NEt-4IP)
: i-Bu (NEt-41B)

Figure 11. Chemical structures of RXR
agonists.



Hz), 1.13 (t, 3H, J = 7.0 Hz). FAB-MS m/z:
419 [M + H]+. Anal. Calcd for CysH30N,0Os:
C, 74.61; H, 7.22; N, 6.69. Found: C, 74.61;

H, 7.22; N, 6.69.

LGD1069.

This compound was prepared according to

reference 21.

NEt-31B.

This compound was prepared according to

reference 8.

NEt-3nHex, NEt-3PPh.

These  compounds  were

according to reference 7.

(&% 3CHk]

prepared

21.J. Med. Chem., 1994, 37,2930-2941.

Table 10. Luciferase reporter gene assay data for compounds 15a-j

R
O
Me\}D\ N,Et
Me [ N
=
COyH
RXRa?
Efficacy (%)

Compound R 1 uM 10 uM ECs, (nM)° E o (%)
15a i-Bu 53+0 54+3 169 +3 55x2
15b CH,c-Pr 52+6 640 324 + 62 622
15¢ CH,CH=C(CH), 77 +2 84 +2 268 =32 84+3
15d CH,C(CH,;)=CH, 78+ 6 836 218 £55 83+3
15e n-Bu 53+3 75+3 567 +57 73+3
15f n-Pen 37+2 58+3 772 + 80 57+4
15¢g n-Hex 28+ 1 511 918 £53 52+1
15h CH,-Ph 521 75+1 540 +4 73+ 1
15i (CH,),-Ph 15+3 49+ 2 1130 + 60 45 + 1
15j (CH,);-Ph 202 44 2 1030 + 80 422

a) Luciferase activity of LGD1069 at 1 uM was defined as 100%.
b) ECj, values were determined from full dose-response curves in COS-1 cells.
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Figure 12. A) Relative transactivation data of CBt-PMN, NEt-3IB, and NEt-4IB (15a) towards
RXRa. B) Relative transactivation data of NEt-3IB with LGD1069 (RXR full agonist), or NEt-4IB
(15a) with LGD1069 towards RXRa. Luciferase activity of LGD1069 at 1 uM was defined as 1.
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Figure 13. Relative transactivation data of CBt-PMN, NEt-31B, and NEt-4IB (15a) towards LXRa,
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Figure 15. Structures of RXRa LBP in complex with agonists. Crystal structure of RXRa LBD in
complex with LGD1069 (pdb code : 3HOA). Docking model using AutoDock4.2. (A), (B) and (C) is
modeled CBt-PMN, NEt-4IB (15a) and NEt-3IB.
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mg/kg by oral administration). The horizontal scale is elapsed time in hours and the vertical scale is
normalized by the micromolar concentration. Data shown are the average (n =4-7) + SEM.
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Figure 17. Repeated oral administration (30 mg/kg/day) of NEt-3IB and NEt-41B (15a) to male ICR
mice for 7 days. A) Time-dependent change of body weight for 7 days. B) Liver weight (g) / Body
weight (g). C) Triglyceride (mg/dL). Data shown are the average (n = 8) + SEM and analyzed by
one-way ANOVA followed by Bonferroni test. ** : p < 0.01 vs. vehicle respectively.
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Figure 18. Repeated oral administration (30 mg/kg/day) of NEt-31B and NEt-4IB (15a) to male and
female SD rats for 28 days. A) Time-dependent change of male SD rat’s body weight for 28 days. B)

Time-dependent change of female SD rat’s body weight for 28 days. C) Liver weight (g) / Body

weight (g). D) Triglyceride (mg/dL). Data shown are the average (n = 6) = SEM and analyzed by
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Figure 19. Anti-inflammatory effect in NBD-Cl induced inflammatory bowel disease model mice.

Pred. indicates Prednisolone. Repeated oral administration of each compounds (0.2 mg x 2

times/day) for 4 days. A) Time-dependent change of body weight for 5 days. B) Picture of Colon of
day 5. C) Colon length. D) Liver weight (g) / Body weight (g). Data shown are the average (n = 3-6)
+ SEM and analyzed by one-way ANOVA followed by Bonferroni test. * : p < 0.05 and ** : p <

0.01 vs. vehicle respectively.
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Figure 20. Safety index (SI) in each groups. Data shown are the average (n = 3-6) = SEM and

analyzed by one-way ANOVA followed by Bonferroni test. * : p < 0.05 and ** : p < 0.01 vs. vehicle

respectively.
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