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General

All commercially available reagents were purchased from Sigma-Aldrich and
used without further purification. Solvents were distilled and reactions requiring inert
conditions were performed under N, or argon. Column chromatography was performed
using silica gel unless otherwise indicated. Flash chromatography was performed using
the Argonaut FlashMaster Solo with an FC204 fraction collector.  Thin layer
chromatography was used to monitor reactions using Selecto Scientific 200 micron silica
gel flexible TLC plates. 'H was recorded on a Varian Unity-INOVA 500MHz
spectrometer. °C NMR were recorded on a Varian 300MHz spectrometer. High
resolution mass spectral data were obtained at the University of Massachusetts Mass
Spectrometry Facility which is supported, in part, by the National Science Foundation.

Experimental Methods

Representative procedure for the synthesis of para-brominated 2-
alkylphenols.

Preparation of 2-Benzyl-4-bromophenol (3e)

Br
— L0
OH OH

2-benzylphenol (4.61 g, 25 mmol) was dissolved in chloroform (200 mL). Tetra-
n-butyl ammonium tribromide (14.47 g, 30 mmol) was added and the solution was stirred
for 3 hours at room temperature. The solvent was removed by rotary evaporation and the
crude product was partitioned between ether and water. The ether layer was washed
sequentially with 1 N HCI (x2) and brine (x2). The organic layer was separated and dried
over magnesium sulfate. Solvent was evaporated and the crude product was purified by
chromatography on silica gel (Hexane/EtOAc, 80:20). The desired product (6.2 g, 95%)
was isolated as a clear yellow oil. "H NMR (500 MHz, CDCI3): § = 7.30 (t, J = 7.5 Hz,
2H), 7.25-7.20 (m, 5H), 6.66 (d, J = 7.0 Hz, 1H), 3.94 (s, 2H) ppm.

2-1sopropyl-4-bromophenol (3b)
Same procedure as 3e. Product isolated in 88% yield as a yellow oil.

"H NMR (500 MHz, CDCI3): & = 7.35 (d, J = 2.5 Hz, 1H), 7.19 (dd, J = 8.5, 2.5 Hz, 1H),
6.67 (d, =9 Hz, 1H), 3.32 (m, J = 7.0 Hz, 1H), 1.27 (d, J = 8.0 Hz, 6H) ppm
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2-sec-Butyl-4-bromophenol (3c)

Same procedure as 3e. Product isolated in essentially quantitative yield as a yellow oil.
'H NMR (500 MHz, CDCls-d): & 7.24 (d, J = 2.5 Hz, 1 H), 7.16 (dd, J = 8 Hz, 2.5 Hz,
1H, 6.65 (d, J = 8 Hz, 1H), 4.82 (br s, 1H), 2.93 (m, 1H), 1.62 (m, 2H), 1.22 (d, J = 6.5
Hz, 3H), 0.877 (t, J = 7 Hz, 3H) ppm.

2-tert-Butyl-4-bromophenol (3d)
Same procedure as 3e. Product isolated in essentially quantitative yield as a yellow oil.

'"H NMR (500 MHz, CDCls-d): § 7.36 (d, J = 2.5 Hz, 1H), 7.17 (dd, J = 8.5 Hz, 2.5 Hz,
1H), 6.57 (d, J = 8 Hz, 1H), 5.01 (br s, 1H), 1.40 (s, 9H) ppm.

Representative procedure for the synthesis of para-hydroxyphenylboronate
esters

Preparation of 2-Benzyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (4e)

Br O\B/O
.00 — a0
OH OH

3e (0.79 g, 3.0 mmol), PdCI,(dppf) (0.15 g, 6 mol %), and potassium acetate (0.59
g, 6.0 mmol) were added to the reaction vessel which was predried under vacuum and
flushed with argon. Anhydrous dioxane (20 ml) was added via syringe. The reaction
mixture was heated to 80 °C and stirred for 30 minutes. Bis(pinacolato)diboron (0.84 g,
3.3 mmol), dissolved in 5 mL dioxane, was added and the reaction was kept under inert
atmosphere, stirred, and heated at 80 °C overnight. The crude mixture was filtered
through activated carbon and Celite, and solvent was removed by rotary evaporation.
The crude mixture was dissolved in ethyl acetate, washed with water (x2), brine (x2) and
dried over magnesium sulfate. The product was purified by flash chromatography using
silica gel (Hexane/EtOAc, 80:20) to afford 0.60 g (65 %) of the desired product as a
white solid (m.p. 119-121°C). 'H NMR (500 MHz, CDCI3): § = 7.70 (s, 1H), 7.65 (dd, J
=17.0, 1.5 Hz, 1H), 7.30 (t, J = 7.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 7.22 (t, J = 7.5 Hz,
1H), 6.81 (d, J =7.0 Hz, 1H), 4.04 (s, 2H), 1.37 (s, 12H) ppm.

2-1sopropyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (4b)
Same procedure as 4e. Product isolated in 95% yield as a white solid (m.p. 148-150 °C).

"H NMR (500 MHz, CDCI3): 6 = 7.68 (s, 1H), 7.57 (dd, J= 8.0, 1.5 Hz, 1H), 6.76 (d, J =
8.0 Hz, 1H), 3.23 (m, J=7.0 Hz, 1H), 1.37 (s, 12 H), 1.30 (d, J = 6.5 Hz, 6H) ppm.
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2-sec-Butyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (4c)

Same procedure as 4e. Product isolated in 58% yield as a white solid (m.p. 114-117 °C).
'H NMR (500 MHz, CDCl;-d): § 7.61 (d, J = 1.5 Hz, 1H), 7.55 (dd, J = 7.5 Hz, 1.5 Hz,
1H), 6.74 (d, J = 7.5 Hz, 1H), 4.93 (br s, 1H), 2.95 (m, 1H), 1.67 (m, 2H), 1.34 (s, 12H),
1.27 (d,J=6.5 Hz, 3H), 0.88 (t, J = 7 Hz, 3H) ppm.
2-tert-Butyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (4d)

Same procedure as 4e. Product isolated in 61% yield as a white solid (m.p. 170-173 °C).

'"H NMR (500 MHz, CDCls-d): & 7.72 (d, J = 1.5 Hz, 1H), 7.55 (dd, J = 7.5 Hz, 1.5 Hz,
1H), 6.66 (d, J = 8 Hz, 1H), 4.96 (br s, 1H), 1.43 (s, 9H), 1.33 (s, 12H) ppm.

Representative procedure for the synthesis of ethyl 4-bromophenoxyacetates

Preparation of Ethyl 2-(2-benzyl-4-bromophenoxy)acetate (5e)

Br Br
OO — L
OH o
O;\O

3e (2.10 g, 8 mmol) was dissolved in dry THF (75 mL). Sodium hydride (60 % in
oil, 0.45 g, 11.2 mmol) was added and the solution was stirred at room temperature for 30
minutes. Ethyl bromoacetate (1.87 g, 11.2 mmol) was then added slowly and the solution
was stirred for 2 hours at room temperature. The reaction mixture (milky-white
suspension) was quenched with ethanol and concentrated. The concentrate was
partitioned between ethyl acetate and water (x2). The combined organic layers were
washed with brine (x2), dried, and concentrated. The mixture was purified by flash
chromatography on silica gel (Hexane/EtOAc, 90:10) to afford 2.57 g (92%) of the
desired product as a crystalline solid (m.p. 67-70 °C). "H NMR (500 MHz, CDCI3): § =
7.34-7.22 (m, 7H), 6.65 (d, J = 8.5 Hz, 1H), 4.62 (s, 2H), 4.30 (q, J = 6.5 Hz, 2H), 4.05
(s, 2H), 1.32 (t, J= 7.5 Hz, 3H) ppm.

Ethyl 2-(2-isopropyl-4-bromophenoxy)acetate (5b)
Same procedure as 5e. Product was isolated in 78% yield as a yellow oil.
'H NMR (500 MHz, CDCI3): & = 7.35 (d, J = 2.5 Hz, 1H), 7.24 (dd, J = 8.5, 2.5 Hz, 1H),

6.61 (d, J = 8.5 Hz, 1H), 4.64 (s, 2H), 4.28 (q, J = 7.5 Hz, 2H), 3.41 (m, J = 7.0 Hz, 1H),
1.31 (t,J=7.5Hz, 3H), 1.26 (d, J = 6.5 Hz, 6H) ppm.
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Ethyl 2-(2-sec-butyl-4-bromophenoxy)acetate (5¢)

Same procedure as 5e. Product was isolated in 92% yield as a pale yellow oil. "H NMR
(500 MHz, CDCl;-d): 6 7.28 (d, J = 2.5 Hz, 1H), 7.22 (dd, J =9 Hz, 2.5 Hz, 1H), 6.60 (d,
J =9 Hz, 1H), 4.60 (s, 2H), 4.26 (q, J = 7 Hz, 2H), 3.16 (m, 1H), 1.60 (m, 2H), 1.29 (t, J
=7.5Hz, 3H), 1.21 (d, J =7 Hz, 3H), 0.86 (t, J= 7.5 Hz, 3H) ppm.

Ethyl 2-(2-tert-butyl-4-bromophenoxy)acetate (5d)

Same procedure as 5e. Product was isolated in 82% yield as a pale yellow oil. '"H NMR
(500 MHz, CDCls-d): 6 7.41 (d, J=2.5 Hz, 1H), 7.27 (dd, J = 9 Hz, 2.5 Hz, 1H), 6.62 (d,
J =8 Hz, 1H), 4.63 (s, 2H), 4.29 (q, J = 7 Hz, 2H), 1.42 (s, 9H), 1.32 (t, J = 7 Hz, 3H)
ppm.

Representative procedure for the synthesis of biphenyl phenols.

Preparation of Ethyl 2-(1,1’-biphenyl-3,3’-dibenzyl-4’-ol-4-oxy) acetate (6e)

5e (0.210 g, 0.60 mmol), PdCl,(PPhs), (0.026 g, 6 mol %), PPh; (0.010 g, 6 mol
%), and 2M aqueous sodium carbonate (0.8 mL, 1.2 mmol) were added to the reaction
vessel which was vacuumed and flushed with argon. Tetrahydrofuran and water (7 mL :
2 mL) were degassed with argon and added via syringe. The reaction was heated to
reflux and stirred for 30 minutes. 4e (0.224 g, 0.72 mmol), dissolved in 3 mL
tetrahydrofuran, was then added and the reaction was stirred at reflux, overnight, under
an inert atmosphere. Activated carbon was added to the crude solution and the resultant
mixture was filtered through Celite and solvent was evaporated to dryness. The
concentrate was dissolved in ethyl acetate, washed with water (x2) and brine (x2), dried
over magnesium sulfate, and concentrated. @ The mixture was purified by flash
chromatography on silica gel (Hexane/EtOAc, 80:20) to afford 0.165 g (61%) of the
desired product as a white solid (m.p. 142-144 °C). 'H NMR (500 MHz, CDCI3): § =
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7.34-7.27 (m, 12H), 7.24 (t, J = 7.5 Hz, 1H) 7.20 (t, J = 6.5 Hz, 1H), 6.83 (d, J = 7.0 Hz,
1H), 6.81 (d, J = 8.5 Hz, 1H), 4.64 (s, 2H), 4.30 (q, J = 7.0 Hz, 2H), 4.11 (s, 2H), 4.05 (s,
2H), 1.33 (t, J =7.5 Hz, 3H) ppm.

Ethyl 2-(1,1’-biphenyl-3,3’-diisopropyl-4’-ol-4-oxy) acetate (6b)

Same procedure as 6e. Product was isolated in 49% yield as a white solid (m.p. 111-113
°C). '"H NMR (500 MHz, CDCls): & = 7.40 (d, J = 2 Hz, 1H), 7.36 (d, J = 2.5 Hz, 1H),
7.29 (dd, J = 8.0, 2.5 Hz, 1H), 7.25 (dd, J = 7.8, 2.3 Hz, 1H), 6.80 (d, J = 6.5 Hz, 1H),
6.77 (d, J = 7.0 Hz, 1H), 4.68 (s, 2H), 4.29 (q, J = 7.0 Hz, 2H), 3.46 (7let, J = 7.0 Hz,
1H), 3.26 (7let, J = 7.2 Hz, 1H), 1.32 (d, J = 6.5 Hz, 6H), 1.32 (t, J = 7.0 Hz, 3H), 1.30
(d, J=8 Hz, 6H) ppm

Ethyl 2-(1,1’-biphenyl-3,3’-disec-butyl-4’-0l-4-oxy) acetate (6c¢)

Same procedure as 6e. Product was isolated in 27% yield as a white solid (m.p. 119-121
°C). 'H NMR (500 MHz, CDCl3-d): & 7.36 (d, J =2 Hz, 1H), 7.32 (d, J = 2 Hz, 1H), 7.30
(dd, J = 8.5 Hz, 2.5 Hz, 1H), 6.82 (d, J = 7.5 Hz, 1H), 6.78 (d, J = 8 Hz, 1H), 4.73 (s,
1H), 4.67 (s, 2H), 4.29 (q, J = 7 Hz, 2H), 3.23 (m, 1H), 3.01 (m, 1H), 1.73 (m, 2H), 1.65
(m, 2H), 1.31 (m, 9H), 0.93 (t, J= 7.5 Hz, 3H), 0.91 (t, J = 7.5 Hz, 3H) ppm.

Ethyl 2-(1,1’-biphenyl-3,3’-ditert-butyl-4’-0l-4-oxy) acetate (6d)

Same procedure as 6e. Product was isolated in 32% yield as a white solid (m.p. 174-177
°C). 'H NMR (500 MHz, CDCl;-d): § 7.48 (d, J = 2.5 Hz, 1H), 7.44 (d, J = 2.5 Hz, 1H),
7.32 (dd, J=2 Hz, 8.5 Hz, 1 H), 7.25 (dd, J = 2 Hz, 8.5 Hz, 1H), 6.78 (d, J = 8 Hz, 1H),
6.73 (d,J=7.5, 1H), 4.68 (s, 2H), 4.30 (q, J = 7 Hz, 2H), 1.48 (s, 9H), 1.46 (s, 9H), 1.33
(t, J=7.5 Hz, 3H) ppm.

Representative procedure for the synthesis of the dimethylaminoethoxy ethyl
ester

Preparation of Ethyl 2-(1,1’-biphenyl-3,3’-dibenzyl-4’-[2-(dimethylamino) ethoxy]-
4-oxy) acetate (7e)
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OH O
—
3 Bl

A mixture containing 6e (81 mg, 0.18 mmol), 2-(dimethylamino)ethyl chloride
hydrochloride (83 mg, 0.57 mmol), and potassium carbonate (132 mg, 0.95 mmol) in
acetone (15 mL) was heated at reflux overnight. The reaction was monitored by thin
layer chromatography using C18 plates. The reaction mixture was concentrated under
reduced pressure. The resultant solid was then partitioned between ethyl acetate and
water. The organic layer was washed with brine, dried over magnesium sulfate, filtered
and concentrated under reduced pressure. The crude product was purified by flash
column chromatography on C18 gel (Hexane/EtOAc) to yield 55 mg (60%) of the desired
product as a colorless oil. 'H NMR (500 MHz, CDCl;): & = 7.31-7.16 (m, 14H), 6.87 (d,
J=9Hz, 1H), 6.76 (d, J = 8.5 Hz, 1H), 4.61 (s, 2H), 4.26 (q, J = 7.5 Hz, 2H), 4.10 (t, J =
5.8 Hz, 2H), 4.08 (s, 2H), 4.00 (s, 2H), 2.76 (t, J = 5.5 Hz, 2H), 2.34 (s, 6H), 1.30 (t, J =
7.3 Hz, 3H) ppm; °C NMR (75.5 MHz , CDCls): & = 169.2, 155.9, 155.1, 141.2, 141.0,
134.6, 133.6, 130.8, 130.1, 129.6, 129.4, 129.3, 129.2, 129.0 128.8, 128.7, 128.3, 126.3,
126.0, 125.8, 125.6, 112.2, 112.1, 111.9, 111.7, 66.5, 66.1, 61.5, 58.3, 46.0, 45.7, 36.9,
36.4, 14.1 ppm.

Ethyl 2-(1,1’-biphenyl-3,3’-diisopropyl-4’-[2-(dimethylamino) ethoxy]-4-oxy) acetate
(7b)

Same procedure as 7e. Product was isolated in 51% yield as a colorless oil. '"H NMR
(500 MHz, CDCls): 6 = 7.40 (d, J = 2.5 Hz, 1H), 7.37 (d, J = 3.0 Hz, 1H), 7.30 (dd, J =
8.5,2.5 Hz, 1H), 7.29 (dd, J =8.5, 2.5 Hz, 1H), 6.89 (d, J = 8.5 Hz, 1H), 6.76 (d, J = 8.5
Hz, 1H), 4.66 (s, 2H), 4.27 (q, J = 8.5 Hz, 2H), 4.13 (t, J = 5.8 Hz, 2H), 3.45 (7let, J =7
Hz, 1H), 3.37 ( 7let, J = 7 Hz, 1H), 2.81 (t, J = 5.8 Hz, 2H), 2.38 (s, 6H), 1.30 (t,J=7.5
Hz, 3H), 1.29 (d, J = 7 Hz, 6H), 1.26 (d, J = 7 Hz, 6H) ppm; "“C NMR (75.5 MHz ,
CDCl): 6 = 169.4, 155.4, 154.5 ,137.9, 137.5, 135.3, 134.1, 125.5, 125.1 ,125.1, 125.0,
111.8,111.8,67.1, 66.1, 61.5, 58.7, 46.3, 27.4, 27.2, 23.0, 22.9, 14.4 ppm.

Ethyl 2-(1,1’-biphenyl-3,3’-disec-butyl-4’-[2-(dimethylamino) ethoxy]-4-oxy) acetate
(7¢)
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Same procedure as 7e. Product was isolated in 50% yield as a colorless oil. 'H NMR
(500 MHz, CDCls-d): & 7.35 (d, J = 2 Hz, 1H), 7.30 (m, 3H), 6.89 (d, J = 8.5 Hz, 1H),
6.76 (d, J = 8 Hz, 1H), 4.65 (s, 2H), 4.27 (q, J = 7.5 Hz, 2H), 4.11 (t, J = 6 Hz, 2H), 3.22
(m, 1H), 3.14 (m, 1H), 2.78 (t, J = 6 Hz, 2H), 2.37 (s, 6H), 1.71 (m, 2H), 1.59 (m, 2H),
1.27 (m, 9H), 0.89 (t, J = 7.5Hz, 3 H), 0.88 (t, J = 7.5 Hz, 3H) ppm; °C NMR (75.5
MHz, CDCls-d): 6 169.42, 155.76, 154.80, 136.86, 136.53, 135.16, 133.96, 126.14,
125.74, 125.03, 124.95, 111.92, 111.85, 67.25, 66.13, 61.44, 58.68, 46.35, 34.28, 34.00,
30.18, 30.08, 20.67, 14.40, 12.54, 12.51 ppm.

Ethyl 2-(1,1’-biphenyl-3,3’-ditert-butyl -4’-[2-(dimethylamino) ethoxy]-4-oxy)
acetate (7d)

Same procedure as 7e. Product was isolated in 54% yield as a colorless oil. 'H NMR
(500 MHz, CDCl3-d): & 7.48 (s, 1H), 7.45 (s, 1H), 7.33 (d, 1H), 7.31 (d, 1H), 6.93 (d, J =
8.5 Hz, 1H), 6.77 (d, J =8 Hz, 1H), 4.67 (s, 2H), 4.29 (q, J = 7.5 Hz, 2H), 4.15 (t, J = 6.5,
2H), 2.84 (t, J = 6 Hz, 2H), 2.37 (s, 6H), 1.47 (s, 9H), 1.43 (s, 9H), 1.32 (t, J =7 Hz, 3H)
ppm; C NMR (75.5 MHz, CDCls-d): & 13.15, 28.75, 28.82, 33.92, 33.98, 45.11, 57.47,
60.24, 64.40, 65.62, 110.98, 111.45, 124.16, 124.27, 124.64, 124.95, 132.53, 133.59,
137.30, 137.64, 154.59, 155.78, 167.97 ppm.

Representative procedure for the synthesis of the carboxylic acid and the
hydrochloride salt.

Preparation of 2-(1,1’-Biphenyl-3,3’-dibenzyl-4’-[2-(dimethylamino) ethoxy]-4-oxy)
acetic acid (le)

|
NH

| |
N N
~N ~N @ >
© cH
@] O O

— —
O;\ O;\ O;\
o~ O O~ OH o~ OH

1 N aqueous sodium hydroxide (0.10 mL, 0.10 mmol) was added to a solution of
7e (25 mg, 0.048 mmol) in methanol or ethanol (3 mL). The solution was heated to 40
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°C for 2-4 hours. The reaction was monitored by thin layer chromatography using C18
plates. Upon completion, the solution was concentrated under reduced pressure. The
residue was acidified with 1 N hydrochloric acid (25 mL) and extracted with ethyl
acetate. The organic layer was then washed with water and brine, dried with magnesium
sulfate, filtered and concentrated under reduced pressure yielding the carboxylic acid (21
mg, 89%)

The carboxylic acid of 7e (21 mg, 0.042 mmol) was dissolved in ethyl acetate or
dioxane (2 mL). To this solution was added 4 N hydrochloric acid in dioxane or ethyl
acetate (3 mL). The reaction was allowed to stir at ambient temperature for 12-24 hours.
The solvent was removed under reduced pressure. The resulting solid was rinsed with a
minimal volume of ethyl acetate and hexanes, and the hydrochloride salt was collected by
filtration (9 mg, 40%). 'H NMR (500 MHz, CD;0D): & = 7.27 (s, 1H), 7.25 (s, 1H),
7.22-7.11 (m, 10H), 7.06 (s, 1H), 7.05 (s, 1H), 6.78 (d, J = 8.5 Hz, 1H), 6.74 (d, J =9.0
Hz, 1H), 4.50 (s, 2H), 4.10 (t, J = 5.3 Hz, 2H), 4.04 (s, 2H), 3.94 (s, 2H), 3.34 (t, 2H),
2.72 (s, 6H) ppm

2-(1,1’-Biphenyl-3,3’-diisopropyl-4’-[2-(dimethylamino) ethoxy]-4-oxy) acetic acid
(1b)

Same procedure as le. Hydrolysis resulted in 100 % conversion. 'H NMR (500 MHz,
CD;0D): 6 =7.37 (d, J = 1.5 Hz, 1H), 7.36 (d, J = 2 Hz, 1H), 7.22 (dd, J = 8.5, 2.5 Hz,
1H), 7.17 (dd, J = 8.5, 2.5 Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H),
4.57 (s, 2H), 4.33 (t, J =4.5 Hz, 2H), 3.61 (t, J = 4.5 Hz, 2H), 3.49 (7let, J = 6.8 Hz, 1H),
3.39 (7let, J = 6.8 Hz, 1H), 3.01 (s, 6H), 1.27 (d, J = 7.0 Hz, 6H), 1.24 (d, J= 7.5 Hz, 6H)
ppm. Further conversion to the hydrochloride salt proceeded in 59 % yield.

2-(1,1’-Biphenyl-3,3’-disec-butyl-4’-[2-(dimethylamino) ethoxy]-4-oxy) acetic acid
(1c)

Same procedure as 1e. Hydrolysis resulted in 72% isolated yield. "H NMR (500 MHz,
CDCl3-d): & 7.34 (m, 4H), 7.07 (d, J = 8.5 Hz, 1H), 6.90 (d, J = 8 Hz, 1H), 4.70 (s, 2H),
4.41 (br s, 2H), 3.68 (br s, 2H), 3.24 (m, 2H), 3.06 (s, 6H), 1.70 (m, 4H), 1.28 (d, J=4.5
Hz, 2H), 1.27 (d, J = 4 Hz, 2H), 0.90 (t, J = 7.5 Hz, 3H), 0.89 (t, J = 7.5 Hz, 3H) ppm.
Further conversion to the hydrochloride salt proceeded in 40% yield.

2-(1,1’-biphenyl-3,3’-ditert-butyl-4’-[2-(dimethylamino) ethoxy]-4-oxy) acetic acid
(1d)

Same procedure as le. Hydrolysis resulted in 89% isolated yield. 'H NMR (500 MHz,
CDCls-d): 6 7.37 (d, J = 1.5 Hz, 1H), 7.34 (d, J = 2.5 Hz, 1H), 7.26 (dd, J = 8.5 Hz, 2.5
Hz, 1H), 7.20 (dd, J = 8.5 Hz, 2 Hz, 1H), 6.98 (d, J = 8 Hz, 1 H), 6.79 (d, J = 8.5 Hz,
1H), 4.57 (s, 2H), 4.33 (br t, J =4.5 Hz, 2H), 3.58 (br t, J = 5 Hz, 2H), 2.95 (s, 6H), 1.36
(s, 9H), 1.35 (s, 9H) ppm. Further conversion to the hydrochloride salt proceeded in 79%
yield.
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Synthesis of compound 1a.

Preparation of Ethyl 2-(4-iodophenoxy)acetate (5a)

4-Todophenol (1.1 g, 5 mmol) was dissolved in dry THF (45 mL). Sodium hydride, (60 %
in oil, 0.28 g, 7 mmol) was added and the solution was stirred at room temperature for 30
minutes. Ethyl bromoacetate (1.2 g, 7 mmol) was then added slowly and the solution was
stirred for 1.5 hours at room temperature. The reaction mixture was diluted with ethyl
acetate and washed with water (x2). After drying over magnesium sulfate, the mixture
was purified by column chromatography on silica gel (Hexane/EtOAc, 80:20) to afford
1.02 g (67%) of the desired product as a solid (m.p. 57-61 °C). 'H NMR (500 MHz,
CDCl): 6=17.57 (d,J=7 Hz, 2H), 6.69 (d, J = 6.5 Hz, 2H), 4.59 (s, 2H), 4.27 (q,J =
7Hz, 2 H), 1.30 (t, J = 6.5 Hz, 3H) ppm.

Preparation of Ethyl 2-(1,1’-biphenyl-4’-ol-4-oxy) acetate (6a)

2-(4-lodo-phenyl-)-4-oxy) acetic acid (0.100g, lequiv) and 4-hydroxyphenylboronic acid
(0.0541g, 1.2 equiv) were combined with PdCl,(PPh;), (0.0230g, 10 mol %), triphenyl
phosphine (0.00858g, 10 mol %) and 2M sodium carbonate (0.0858g) in a sealed vial and
dissolved in 4mL THF and 1mL H,O. The reaction underwent microwave irradiation at
110°C for 20 minutes using a Biotage Initiator (TM) 2.0. The crude reaction mixture was
concentrated and purified by flash chromatography on silica gel(Hexane/EtOAc 90:10) to
afford 0.030g (34%) of the desire product as a white solid (m.p. 131-133 °C). 'H NMR
(500 MHz, CDCl3): 6 =7.45 (d, J =7 Hz, 2H), 7.41 (d, J = 6.5 Hz, 2H), 6.95 (d, J=6.5
Hz, 2H), 6.87 (d, J = 6.5 Hz, 2H), 4.97 (s, 1H), 4.66 (s, 2H), 4.29 (q, J = 6.5 Hz, 2H),
1.31(t,J=7.5 Hz, 3H) ppm
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Preparation of Ethyl 2-(1,1’-biphenyl-4’-[2-(dimethylamino) ethoxy]-4-oxy) acetate
(7a)
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Same procedure as 7e. Product was isolated in 74 % yield as a white solid. "H NMR (500
MHz, CDCl;): & 7.47 (d, J = 7.0 Hz, 2H), 7.46 (d, J = 6.5 Hz, 2H), 6.97 (d, J = 6.0 Hz,
2H), 6.95 (d, J = 6.0 Hz, 2H), 4.65 (s, 2H), 4.29 (q, J = 7.5 Hz, 2H), 4.12 (t, J = 6.0 Hz,
2H), 2.79 (t, J = 5.5 Hz, 2H), 2.39 (s, 6H), 1.31 (t, J = 7.5 Hz, 3H) ppm. °C NMR (75.5
MHz, CDCl3): 8§ 207.2, 158.2, 157, 134.8, 134, 128.1, 128.0, 115.2, 115.1, 65.8, 61.7,
58.5,46.0,31.2, 14.3 ppm

Preparation of 2-(1,1’-Biphenyl-4’-[2-(dimethylamino) ethoxy]-4-oxy) acetic acid
(1a)

la was isolated as a sodium salt by stopping the procedure of le after the initial
hydrolysis step and recovering the salt from ethyl acetate.

Biological Methods

TR-FRET CBI Assay

This assay was performed as previously described.! Briefly, an N-terminally His-
tagged ligand binding domain of ERo. (residues 304-554; C381, 530S)* was expressed,
purified and labeled with biotin-maleimide (Quanta BioDesign) through the one
remaining reactive cysteine (Cys417) while bound to a nickel column. The SRC3 nuclear
receptor domain (NRD) (residues 627-829) includes all three NR-boxes and was non-
specifically labeled through four available cysteines using 5-iodoacetamido-fluorescein
(Invitrogen).

The ER was subsequently tagged with a streptavidin-terbium complex (FRET
donor, Aem = 495 nm) and activated with a high concentration of agonist ligand estradiol
to promote recruitment of fluorescein SRC3 (FRET acceptor, Aem = 520 nm) and
production of a high FRET signal. The biphenyl compounds were then serially diluted
and added to each well of the assay mixture to test the ability of these compounds to
disrupt the receptor/coactivator interaction and produce a subsequent decrease in FRET.
The final concentrations of the reagents were as follows: ERa-417 (2 nM),
streptavidin—terbium (0.5 nM), estradiol (1 uM), test compound (0—1 mM), SRC3-NRD
(50 nM).

A 15-mer SRCI1-Box II peptide and a published guanylhydrazone coactivator
binding inhibitor compound® were used as positive controls in the TR-FRET and reporter
gene assays, respectively. The compounds showed modest activity in this assay;

! Parent, A.A., Gunther, J.R., Carlson, K.E., Katzenellenbogen, J.A. J. Med. Chem. 2008, 51, 6512-6530.

2 Tamrazi, A., Carlson, K.E., Daniels, J.R., Hurth, K.M., Katzenellenbogen, J.A. Mol. Endocrinol. 2002,
16, 2706-2719.

3 Lafrate, A.L., Gunther, J.R., Carlson K.E., Katznellenbogen, J.A Bioorganic& Medicinal Chemistry.
2008, 16, 10075-10084.
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compound 1¢ produced the most complete displacement of coactivator with a K; of 33uM
in the TR-FRET assay.

Radiometric Binding Assay

Performed as previously described.* Relative binding affinities (RBA) were
determined using 2 nM [3H]estradi01 as tracer ([2,4,6,7-3H]estra-1,3,5,(10)-triene-3,17[3-
diol, 89 Ci/mmol, Amersham/GE Healthcare Bio-Sciences Corporation, Piscataway, NJ)
and purified full-length human ERa and ERP receptors (PanVera/Invitrogen, Carlsbad,
CA). Incubations were for 18-24 h at 0 °C. Hydroxyapaptite (Bio-Rad, Hercules, CA)
was used to absorb the receptor—ligand complexes, and free ligand was washed away.
The binding affinities are expressed as relative binding affinity (RBA) values with that of
estradiol set to 100%. Estradiol binds to ERa with a K4 of 0.2 nM and to ERP with a Kq4
of 0.5 nM.

Compound ERa RBA ERB RBA

la <0.001 <0.001
1b <0.001 <0.001
1c ~0.001 ~0.001
1d 0.055 0.018

0.038 0.017

0.049 £ 0.016 0.018 +0.001

le <0.001 ~0.001

The most promising CBI, compound 1c, shows insignificant binding as a ligand
and should not be considered a traditional antagonist.

Luciferase Reporter Gene Assay

Human endometrial cancer (HEC-1) cells were maintained in culture as described
and transfected in 24-well plates.’” A mixture of HBSS (50 pL/well), Holo-transferrin
(Sigma T1408) (20 uL/well), and lipofectin (Invitrogen #18292-011) (5 uL/well) were
incubated at room temperature for 5 min. The DNA mixture was made by adding 200 ng
of pCMV-galactosidase as internal control, 500 ng of the estrogen-responsive reporter
gene plasmid 2ERE Luc, and 100 ng of full-length ERa expression vector with 75 uLb
HBSS per well and, after addition to the first mixture, allowed to incubate for 20 min at
room temperature. The cell media were changed to Opti-MEM (350 pL/well) and 150 L.
of the transfection mixture was added to each well. The cells were incubated at 37 °C in a
5% CO; containing incubator for 6 h. The medium was then replaced with fresh medium
containing 5% charcoal-dextran-treated calf serum and the desired concentrations of

4 Carlson, K.E., Choi, L, Gee, A., Katzenellenbogen, B.S., Katzenellenbogen, J.A. Biochemistry. 1997, 36,
14897-14905.

5 7. Sun, M.J. Meyers, B.E. Fink, R. Rajendran, J.A. Katzenellenbogen and B.S. Katzenellenbogen,
Endocrinology 140 (1999), p. 800.
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compounds. Reporter gene activity was assayed at 24 h after compound addition.
Luciferase activity, normalized for the internal control B-galactosidase activity, was
assayed as previously described. In the initial screen, antagonist activity was determined
at four concentrations, ranging from 20 to 0.6 uM, in the presence of 10° M estradiol
(Ey).
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STANDARD PROTON PARAMETERS
PW-1-36

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
INOVA-500 'waters500"

Pulse 45.0 degrees
Acqg. time 2.048 sec
Width 8000.0 Hz

16 repetitions

0BSERVE H1, 499.7029602 MHz

DATA PROCESSING
FT size 32768
Total time 0 min, 32 sec

3b
Br

OH
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p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW-111-B3-11

Fulge Seguence: sipul

Selvent: COCTE
Azlrient temperature
INOVA-500  “waterssol!

Pulse 4%.0 degrees

Acq. Lime F.043 sec

Width &a00.0 Hz

16 repetitions

OBEERVE H1, 408.7127366 HMH=z
DATA PROCESSTING
FT sijzd 3276E
Total time 0 min, 32 sec

1,02 1,40
.44

3¢

Br
OH
|
|
|
= I
| |
|
|
JL i i I P ks —
| ' T i 1 T ' - 1 i
4 2 % 1] ppm
0 515 ].-' .J_?u 1) 3 ._3.-'
0,93

-1 2.51


p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW-111-53~-11
Pulse Sequenca: s2poal

Solvent: CODCIS Br
Ambient temperaturs
THONMA-500 "walers3ODO"

Fulse 435 B degrees

Acg, time 2,048 sec

width BoGG.0 HzZ

16 repetitions
OBSERYL H1, 499,7127366 HHz
OaTaA PHOCESSING |

FT size 32708
Total tim; Fmin, 32 sec CJ+1
|
[ £
| | i _,rll.
_l' I .l - . = l g
& 7 B 3 q 3 & 1 ] ppm
1,03 1.00 ' S16 10,91

L .88


p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


STANDARD PROTON PARAMETERS

PwW-1-35

Pulse Sequence: s2pul

Solvent: CDC13

Ambient temperature

File: PwW-1-35

INOVA-500 '"waters500"

Pulse 45.0 degrees
Acq. time 2.048 sec

Width 8000.0 Hz
16 repetitions

OBSERVE H1, 499.7029798 MHz

DATA PROCESSING
FT size 32768
Total time 0 min,

32 sec

Je
Br

OH
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p.tongcharoensirikul
Stamp
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Stamp


STANDARD PROTON PARAMETERS
PW-1-71

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
INOVA-500 "waters500"

Pulse 45.0 degrees

Acq. time 2.048 sec

Width 8000.0 Hz

16 repetitions

OBSERVE H1, 499.7029602 MHz
DATA PROCESSING

FT size 32768
Total time 0 min, 32 sec

4b

OH

~—

S18

12.96

ppm



p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW-TTII-61-11c

Fulse Sequence: sZpul 4':
Solvent: CDCT3

Ambient temperature

INOVA-500 “waters500" #_P
Fulze 5.0 degrees

Acg. time 2.048 sec O (@]
Width &000.0 Hz "B~
16 repetitions

OBESEEVE Hi, 433 7127366 HHz

DATA PROCESSING

FT size 3ETGE
Total time 0 min, 32 seq

OH

l.ll__JgL S e — s e = oy Al

7 5 5 4 3 2 1 -0 ppm

Ihﬂgﬁ L.as . $19 1.05 .13 d.E0
0. 8% 1.14 13. 21 32X


p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW-111-69-24b
STANDNRD PROTON PARAMETERS 4d

Pulse Sequence: 52pul

Solvent: CDC1E
Amblent temperature
IHNOVA-500 “waters500"

0...0
Pulse 45.0 degrees B
Acg. time 2_048 sec
Width BO00.0 Hz
16 repetitions
OBEERVE H1, 439_.F1E741F MH:z
DATA PROCESSING
FT =ize 3E7GH
Total time 0 min, 32 5ac OH

& . 7 ] 5 4 3 2 L 0 ppm
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p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


STANDARD PROTON PARAMETERS
PW-1-75
Pulse Sequence:

Solvent: CDC13
Ambient temperature
INOVA-500 "waters500"

s2pul

Pulse 45.0 degrees

Acg. time 2.048 sec

Width 8000.0 Hz

16 repetitions
OBSERVE H-,
DATA PROCESSING
FT size 32768
Total time 0 min, 32 sec

499.7029602 MHz

|
|

OH

Yy
0.95
0.91

B
w

ppm
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p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW-III-81-53
STANDARD PROTON PARAMETERS

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
INOVA-500 "watersS500"

Pulse 45.0 degrees

Acqg. time 2.048 sec

Width 8000.0 Hz

16 repetitions
OBSERVE H1, 499.7029724 MHz
DATA PROCESSING

FT size 32768
Total time 0 min, 32 sec



p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


STANDARD PROTON PARAMETERS &b
PW-1-44

Br

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
INOVA-500 ‘"waters500"

o]

Pulse 45.0 degrees

Acq. time 2.048 sec

Width 8000.0 Hz

16 repetitions
OBSERVE H1, 499.7029602 MHz
DATA PROCESSING

FT size 32768
Total time 0 min, 32 sec

= I WA ,A_.)'lJ S Fesy,
T T T T T T T T T T T T T T
9 8 7 6 5
i Al ks Y e
0.91 1.00 2:25
1.00 2.113

. S
T | T T [ T T ‘ == I
3 2 1 ppm
wy
3.45
6.14



p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW-T111-33-71

Fulse Beguance:
50Twent: CDBCIS

s2pul

Ambient temperature

INOVA-500  "wat

Fulss 45.4 dayg
Acg. bime Z.0d
Width &000,0 H
16 repetitions

ODBSERVE H1, 498.7127366 MHZ

DATA PROCESSING
FT size 327GH
Total time 0 mi

ers5ga”

rags
B.seq
&

i, 38 sec

Lo Ve
g e
8 7
I.B;
085

-89

5c

Br

4 3 Z 1 0 ppm


p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW-I1I-32-48a
STANDARD PROTON PARAMETERS

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
INOVA-500 '"watersSo00"

Pulse 45.0 degrees

Acg. time 2.048 sec

Width 8000.0 Hz

16 repetitions
OBSERVE H1, 499.7029743 MHz
DATA PROCESSING

FT size 32768

Total time 0 min, 32 sec

5d
Br

| R S

n

haahd g
34225634
5164687

had
34.90
4.98

! L

73.95 10.67

S§25

69.57

12.76
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Stamp


STANDARD PROTON PARAMETERS
PW-1-39 Br

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
INOVA-500 ‘“"watersSo00"

Pulse 45.0 degrees o
Acg. time 2.048 sec

Width 8000.0 Hz
16 repetitions

4.305
4.292

4.051

-
OBSERVE H1, 499.7029602 MHz <
DATA PROCESSING
FT size 32768 S
Total time 0 min, 32 sec
o
o
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p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW-III-84-62 Ea

STANDARD PROTON PARAMETERS
()—’knﬂ;()~y,f

Pulse Sequence: s2pul 0O
Solvent: CDCI13

Ambient temperature
INOVA-500 "waters500"

Pulse 45.0 degrees

Acq. time 2.048 sec

Width 8000.0 Hz

16 repetitions
OBSERVE H1, 499.7029727 MHz OH

DATA PROCESSING
FT size 32768
Total time 0 min, 32 sec

r‘[ T T T | T T ’ T T T T [ T T T T ( T T L T T T I T T T I T T T ‘ T T T T ] T T T T | T T T
9 8 74 6 5 4 3 2 1 = ppm
e e Y o e
1.88 1.84 0.82 1.77
1.86 1.80 2.00 2.78
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Stamp
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Stamp


Pul-1-74
S1ANDARD PROTOGN FARAHCTERS Eb

O~ O

Putse Bequence: sZpul

Solvent: COCIE
amblent tempsrature
IROVA-508 "watars5aa©

Pulse 450 degress

Acg. time Z.018 ssc

Width E0CR0.D HZ

16 repetitions
DEZERVE Hl, 44%Y9.7127366 MHz
DATA PROCESETNG
FT size 32768
Totai time 0 min, 32 sec

OH

ot b n b i - L -

1. 0035 1.0% 63 1,46 L
S28
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p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW=-TTT-78-43b
STANDARD PROTON PARAHETERS

Pulse Seguence: =Zpul

Solvent: COC1S EC

Ambisnt tamperature

INOVN-500 “watershoo" ()
FPulse 15.40 degrees 0O
Acq. timg Z_04E sec

Widih 3000.0 HZ

G4 repetitions
DRSERVE HL1, A%8_TLETSLT MHZ
DATA PROCESSING

FT sizc 327GE
Total time 2 min, 11 sec

CH

:
|
il |
I |
] |
. o ) —
& 7 B 5 il
Lt \
10988 1.98 1.496
omeEn .z 1.72

S§29
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p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW-TTI-73-34

Pulze Seguence! spnl

Aalvent: CDCIE . Bd

smbient temperafure

LuoyA-500  "watersSopY O/\ﬂ/ow
Pulse 45.0 Oegrees (@]

Acg. Lime Z2.048 se¢

Width E000.0 Hz

16 repetitions

DESERVE H1, 493._.7127366 RHz
DATA PROCESSING

FT size 3ETEE .
Total time 4 min, 3% sec
OH
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p.tongcharoensirikul
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p.tongcharoensirikul
Stamp


STANDARD PROTON PARAMETERS
PW-1-77

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
INOVA-500 "waters500"

Pulse 45.0 degrees

Acqg. time 2.048 sec
Width 8000.0 Hz

16 repetitions
OBSERVE H1, 499.7029602
DATA PROCESSING

FT size 32768
Total time 0 min, 32 sec

MHZz

O

OH

e
0.5 1404 0.41.00
0.4H1680 0.8000

2:12 2.25
2.312.17
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p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


PW-I-82

STANDARD PROTON PARAMETERS

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
INOVA-500 "waters500"

Pulse 45.0 degrees
Acq. time 2.048 sec

Width 8000.0

Hz

16 repetitions

OBSERVE H1,

499.7029733 MHz

DATA PROCESSING

FT size 32768

Total time 0 min, 32 sec
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Stamp


PW-1-82_C13 Ta

Weiser, Pat 8-20-09 ()fr-jrﬁ()aﬁ,,»

waters500: hanson

Pulse Sequence: s2pul O
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p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


M=1-7F

SO0 HME
Tb
STANDARLD. PROTON PARAMLTERS o
Pulse Seglence: sZpul O —
Solvant: COC13 (@]
Amhieni Lemperalure
IHOWA-500. “waterssoo"
PFulse 4.0 degrees
Acg. time: Z.048 EBC
Width BO00.0 HZ
16 repetitions
OBESERVE HE, A8 _FIZ7455 MHz
DATA PROCESSING
FT size 327GE
Total time O min, 32 seC ()\N//N\N,/
|
|
|
|
[] S
[ .f _
| £
| || I | “ bl
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Stamp


Mulee Scgupnie:

Salwent: COC13
ambinnt Lempérature

File: PW-1=76-G13

Harcary-200 “psciant

FULSE SLQUENCE

Helax. dobay 1,000 58cC

Pulse T8._4 degricy

S Lime L7333 s2c

width 18867 .9 Hz

4178 repetitions
DRSTRVE ©CLa, A5 AE25935% Mliz
DECOUPLE . A1, 233_.05113841 WMHEZ
Power 291 di

cont fouous 1y an

WALTE-LE moduTaled

NaTa PROCESSLMNG

Line hrosdentnoyg L.0 Hz

FT size 131072
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Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
INOVA-500 "watersS500"

Pulse 45.0 degrees

Acg. time 2.048 sec

Width 8000.0 Hz

16 repetitions
OBSERVE H1, 499.7127440 MHz
DATA PROCESSING

FT size 32768
Total time 0 min, 32 sec

//ka//“\c

/ /
U AU o K.. |
| U Iy 3 e R T T T 54 R s’ Ml e e K T LT B TR 1 S R R R el Ui s o L A N T AN A S g
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Stamp


€13 AW-III-79-44a

sec-butyl product

Pulse Sequence:

Solvent: CDC13
Ambient temperature
Mercury-300 "nmr300"

PULSE SEQUENCE
Relax. delay 1.000 sec

Pulse 56.6 degrees

Acg. time 1.738 sec

Width 18867.9 Hz

19524 repetitions
OBSERVE C13, 75.4225938 MHz
DECOUPLE H1, 299.9519364 MHz
Power 39 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 131072
Total time 40 hr,

s2pul

45 sec

12 min,

Tc
O’IHTT’O"”’t

(s

TT B o 0 B TEET T T T 77 TT T T [T 7T
T
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220 200 180
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160 140 120 100 80

S37

LA ILL  I B

T T T 0T [ ¥ 0T R T T YT L R v T T T T YT J VORI OOV F FETYT I TTIONT
T T T T T

60 40 20 0 ppm


p.tongcharoensirikul
Stamp

p.tongcharoensirikul
Stamp


AW-111-7¢-al1-postla
500 NHR

ETANDARD PROTON FARAMETERS

Pulse Sequerncs: sEpul

Zolvent: CDCTZ
Ambient tsmperatore
INOYA=50D “watershio"

Pulse 45.0 degrees

Avg. time 2,048 %ec

Width EDDD.D Hz

? repelitfons

OBSERVE Hi, #499.7127926 MH=2
opnTA PROCESSING

FT 213e Z276E

Total time 0 min, & seéc
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1.88

o

Td
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Pulse Sequence:

Solvent: CDC13
Ambient temperature
Mercury-300 "nmr300"

PULSE SEQUENCE
Relax. delay 1.000 sec
Pulse 56.6 degrees
Acg. time 1.738 sec
Width 18867.9 Hz
21104 repetitions

OBSERVE C13,

s2pul

75.4225938 MHz

DECOUPLE H1, 299.9519364 MHz

Power 39 dB

continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 131072
Total time 31 hr, 39 min,
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pectrum #1 “0.79

Max Error ( i ) i
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i Min Error (mmu) i
defect (ppm)
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Calculate
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