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[0212] 

Synthesis of Spiro Carboxylic Acid Intermediates 

Intermediates H1A, H1B, H1C and H1D 

0 0 
HO~ TBDPSCI TBDPSO~ 

V.J imidazole, DMF V.J 
(100% crude yield) 

PCT/US2009/060549 

6-hydroxy-1-indanone (Aldrich) H1.1 

Ph3PCH3Br TBDPSO'CO Rh2(0Ac)4 
---=------=---- I "' 

t-BuOK, THF ,-...- N2CHCOOEt 
(99% crude yield) 

H1.2 
(80% yield) 

H 0 

TBDPSO- ~ ~OEt TBAF 

1X> -
H1A H1B 

[0213] 

(80% yield) ~to 0 H 
H1.3 

HO ~ 

I~ + 

H1C H1D 

6-(tert-Butyldiphenylsilyloxy)-2,3-dihydroinden-1-one (Hl.1). A 

mixture of 6-hydroxy-1-indanone (250 g, 1687 mmol) (634549, commercially available 

from Sigma-Aldrich, St. Louis, MO, USA), t-butyldiphenylchlorosilane ( 487 g, 1772 

mmol) and imidazole (138 g, 2025 mmol) in degassed DMF (900 mL) was heated at 60°C 

for 16 hours. The mixture was then concentrated to remove most ofDMF, diluted with 

ether (3000 mL), filtered, and concentrated to give the initial product H1.1 (674 g, 100% 

yield) which was used in the next step reaction without further purification. MS ESI 

(pos.) M/E: 409 (M+Na). 

[0214] tert-Butyl(3-methylene-2,3-dihydro-1H-inden-5-yloxy)diphenylsilane 

(H1.2). To a solution ofH1.1 (607 g, 1570 mmol) and triphenylmethylphosphonium 

bromide (673 g, 1884 mmol) in THF (1000 mL) was added potassium tert-butoxide 1.0 M 
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solution in THF) (1884 mL, 1884 mmol) via an addition funnel over 2 hours. The 

resulting mixture was stirred at room temperature for 16 hour and distilled to remove 

most ofTHF. The resulting mixture was suspended in hexanes, passed through a pad of 

silica gel (1 kg), rinsed with hexanes (total 8 L), and then with 10% EtOAc in hexanes 

(4L). The resulting mixture was concentrated to give H1.2 (600 g, 99% yield). MS ESI 

(pos.) M/E: 385 (M+H). 

[0215] Synthesis ofH1.3. To a solution oftert-butyl(3-methylene-2,3-dihydro-

1H-inden-5-yloxy)diphenylsilane H1.2 (599.6 g, 1559 mmol) and rhodium (ii) acetate, 

dimer (2.8 g, 6.3 mmol) in refluxing DCM (1400 mL) was added ethyl diazoacetate (227 

mL, 2191 mmol) in DCM via addition funnel over 2 hours. The resulting mixture was 

stirred at 45°C for 1 hour and then at room temperature for 2 hours. The reaction mixture 

was concentrated and passed through a short pad of silica gel (1 kg) with 5% EtOAc in 

hexanes (8L) to give H1.3 (588 g, 80% yield) after removal of solvent. 

[0216] Synthesis ofHlA, HlB, HlC and HlD. To a solution ofH1.3 (119 g, 

253 mmol) in THF (500 mL) was added TBAF (303 mL, 303 mmol) in THF. The 

resulting mixture was stirred at room temperature for 1 hour. The mixture was then 

concentrated, redissolved in EtOAc, washed with saturated aqueous NH4Cl, and 

concentrated with silica gel (300 g) to give a yellow solid after high vacuum. The solid 

was loaded into an empty solid load cartridge and purified by column chromatography 

(20% EtOAc in hexanes). The collected products were combined and separated by chiral 

column (ChiralPak® AD, 4% IP A/hexanes) to give HlA (8.3 g, 14% yield, 98%ee, 

retention time 34.5 min on AD-H with 5% IPA/hex, aD= -346°, CDCb), HlB (8.3 g, 

14% yield, 99%ee, retention time 23.9 min on AD-H with 5% IP A/hex, aD= 370°, 

CDCb), HlC (10.0 g, 17% yield, 98%ee, retention time 17.6 min on AD-H with 5% 

IPA/hex, aD= -0.5°, CDCb), HlD (10.0 g, 17% yield, 99%ee, retention time 13.2 min on 

AD-H with 5% IPA/hex, aD= -5°, CDC13). MS ESI (pos.) M/E: 233 (M+H). The 

absolute stereochemistries were assigned based on the agreement of experimental values 

of optical rotations and vibrational circular dichroisms with theoretical calculations. The 

structure ofHlB was further confirmed by X-ray analysis of a crystal derivatized from 

HlB (dibromination followed by hydrolysis). 
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[0217] Intermediates H2A and H2B 

OH 
I 

0 

/0~ (~~ (BF4-h /on) 
I~ I~ N+ 

I 
F 

H2.1 H2.2 H2.3 

[0218] 7-Fluoro-6-methoxy-2,3-dihydroinden-1-one (H2.3). To a solution of 

H2.2 (17.99 g, 111 mmol)(commercially available from Sigma-Aldrich, St. Louis, MO, 

USA) in ACN (600 mL) was added H2.1 (37.5 g, 116 mmol)(commercially available 

from Alfa )(NFTh, 1 OOg on alumina), and the suspension was heated under reflux for 2 

hours. The solvent was removed and the resulting mixture was redissolved in DCM (600 

mL). The mixture was filtered and the filtrate was concentrated to give a residue which 

was purified by CombiFlash® chromatography to give a yellow solid (5.22 g, 26%). 1H 

NMR (400 MHz, CDCh) o ppm 7.25 (d, J = 8Hz,lH), 7.17 (m, lH), 3.94 (s, 3H), 3.10 

(m, 2H), 2.75 (m, 2H). 

[0219] 7-Fluoro-6-methoxy-1-methylene-2,3-dihydro-1H-indene (H2.4). To 

a solution ofH2.3 (5.22 g, 29.0 mmol) and triphenylmethylphosphonium bromide (12.4 

g, 34.8 mmol) in THF (100 mL) was added potassium tert-butoxide (1.0 M solution in 

THF)(34.8 mL, 34.8 mmol) via addition funnel over 15 minutes. The resulting mixture 

was stirred at room temperature for 30 minutes. The resulting mixture was then filtered, 

and the filtrate was concentrated to give a residue which was purified by CombiFlash® 

chromatography to give the product as a solid (3.85 g, 74.6%). 1H NMR (400 MHz, 

CDCh) o ppm 6.94 (d, J= 8Hz, lH), 6.87 (d, J= 8Hz, lH), 5.74 (s, lH), 5.27 (s, lH), 

3.90 (s, 3H), 2.94 (m, 2H), 2.85 (m, 2H). 

M
H COOEt 

_.........0 

~ 

H2.4 H2.5 H2.6 
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[0220] Synthesis ofH2.5 and H2.6. To a solution ofH2.4 (3.90 g, 21.9 mmol) 

and rhodium (ii) acetate, dimer (0.145 g, 0.328 mmol) in refluxing DCM (200 mL) was 

added ethyl diazoacetate (3.41 mL, 32.8 mmol)(commercially available from Sigma­

Aldrich, St. Louis, MO, USA) in DCM via syringe pump over 40 minutes. The resulting 

mixture was stirred at 45°C for 1 hour and filtered. The filtrate was concentrated to give a 

residue which was purified by CombiFlash® chromatography to give two products: trans 

H2.5 and cis H2.6 (the structures of these compounds was confirmed by NMR analysis). 

H2.5 1H NMR (400 MHz, CDC13) 8 ppm 6.89 (d, J =8Hz, lH ), 6.77 (m, lH), 4.14 (q, J 

=8Hz, 2H), 3.85 (s, 3H), 2.96 (m, 2H), 2.57 (m lH), 2.27 (m, 2H), 1.89 (dd, J =8Hz, J = 

4Hz, lH), 1.56 (m, lH), 1.29 (t, J =8Hz ,3H). H2.6 1H NMR (400 MHz, CDCh) 8 ppm 

6.89 (d, J =8Hz, lH ), 6.76 (m, lH), 4.01 (m, 2H), 3.84 (s, 3H), 3.05 (m, lH), 2.78 (dd, J 

= 16Hz,J= 8Hz, lH), 2.45 (m, 2H), 2.01 (m, lH), 1.71 (m, lH), 1.42 (m, lH) 1.14 (t,J= 

8Hz ,3H). 

0 0 

OEt 

HO 

H2.5 H2.7 

[0221] Synthesis ofH2.7. To a solution ofH2.5 (2.50 g, 9.46 mmol) in 20 mL 

ofNMP, was added NaOH (1.70 g, 42.6 mmol) and 1-dodecanethiol (7.94 mL, 33.1 

mmol). The mixture was stirred at 125°C for 16 hours, cooled to room temperature, and 

diluted with 1 N HCl and ether. The organic layer was washed with water and brine, 

dried (MgS04) and concentrated to give a residue which was purified by CombiFlash® 

chromatography to give the desired acid (1.40 g). The solution of acid in 40 mL of 

benzene and 10 mL ofMeOH was treated with (trimethylsilyl)diazomethane, 2.0 Min 

diethyl ether (9.46 mL, 18.9 mmol) at room temperature for 1 hour. Solvent was then 

removed to give H2.7 (1.40g, 63%). MS ESI m/e: 237.10 (M+lt. 

- HO 

0 

& OMe 

.0 

H2A 
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[0222] Synthesis ofH2A and H2B. Chiral separation ofH2.7 was 

accomplished on a CHIRALCEL® OD column (3% IPA in hexane) to provide H2A and 

H2B. The stereochemistry of H2A and H2B was determined based on a comparison of 

their chiral HPLC retention times with those of HlA and HlB. However, absolute 

configurations are not known with certainty. Therefore, when H2A was used to 

synthesize a compound, both enantiomers are shown. 

[0223] 

[0224] 

Intermediates H3A, H3B, H3C and H3D 

F 

- /0~0 
F OH 

H3.1 

(2£)-3-(2,5-Difluoro-4-(methyloxy)phenyl)-2-propenoic acid (H3.1). 

A 250 mL round bottom flask was charged with 2,5-difluoro-4-methyoxybenzaldehyde 

(commercially available from Manchester Organics Ltd., UK) (18.45 g, 107.2 mmol), 

malonic acid (commercially available from Sigma-Aldrich, St. Louis, MO, USA) (12.27 

g, 117.9 mmol), and 10:1 EtOH/pyridine (27 mL). The mixture was stirred overnight at 

70°C under a reflux condenser and cooled to 0°C for 2 hours. The precipitated solid was 

filtered, rinsed with ether, and dried in vacuo to afford H3.1 (16.96 g, 74% yield) as a 

white powder. 

F F 

/0~0 - /o~ oyoH 

~ 
F OH F 

H3.1 H3.2 

[0225] 3-(2,5-Difluoro-4-methoxyphenyl)propanoic acid (H3.2). To a 

homogeneous solution ofH3.1 (6.78 g, 32 mmol) in 1:1 EtOH/EtOAc (384 mL) was 

added wet palladium on carbon (10 wt.% (dry basis), water ca. 50%) (commercially 

available from Sigma-Aldrich, St. Louis, MO, USA) (0.67 g, 0.32 mmol). The mixture 

was subjected to 3 cycles of evacuation/back-filling with H2 and stirred for 2 hours under 

a H2 balloon. The mixture was filtered through Celite® filter aid (EtOAc) and 

concentrated to afford H3.2 ( 6.81 g, 100% yield) as a white solid. 
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F 

_.....o~ oyoH 

~ -
F 

H3.2 

[0226] 4,7-Difluoro-6-methoxy-2,3-dihydroinden-1-one (H3.3). A 200 mL 

round bottom flask was charged with H3.2 (6.75 g, 31.2 mmol), DCM (62 mL), oxalyl 

chloride (5.45 mL, 62.4 mmol), and a catalytic amount ofDMF (0.0242 mL, 0.312 mmol) 

(vigorous gas evolution occurred). The solution was stirred for 30 minutes at room 

temperature and concentrated to afford the desired acid chloride as a yellow oil. A 500 

mL round bottom flask was charged with aluminum(III) chloride (5.00 g, 37.5 mmol) and 

DCM ( 62 mL) and cooled to ooc under N2. To the cold slurry was added a solution of 

the above acid chloride in DCM (62 mL) dropwise. The resulting solution was stirred for 

6 hours at 45°C (reflux). The mixture was carefully poured into ice-cold water (600 mL) 

with stirring and after 1 hour, was extracted with DCM (2 x 300 mL). The combined 

organic layers were washed with 1 N NaOH (1 x 300 mL) and brine (1 x 300 mL), dried 

(MgS04), and concentrated. The initially obtained product was purified by 

recrystallization from hot toluene to afford H3.3 (0.968 g, 16% yield) as a flaky, light 

brown solid . 

[0227] 

.....-oM 
~ 

F 

H3.3 

-
H3.4 

4, 7-Difluoro-6-methoxy-1-methylene-2,3-dihydro-lH-indene (H3.4). 

A screw-cap vial was charged with H3.3 (0.962 g, 4.85 mmol), 

methyltriphenylphosphonium bromide (commercially available from Sigma-Aldrich, St. 

Louis, MO, USA) (2.08 g, 5.83 mmol), and THF (20 mL). To the white slurry was added 

potassium tert-butoxide (1.0 Min THF) (commercially available from Sigma-Aldrich, St. 

Louis, MO, USA) (5.83 mL, 5.83 mmol) dropwise under N2. The resulting brown 

mixture was stirred for 30 minutes at room temperature, quenched with acetone (1 mL) 

and saturated aqueous NH4Cl, and diluted with EtOAc. The organic layer was washed 

with water and brine, dried (MgS04), and concentrated. The residue was suspended in 
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hexanes, filtered, and concentrated, and the initially obtained product was purified by 

silica gel flash chromatography (0-5% EtOAc/hexane) to afford H3.4 (0.835 g, 88% 

yield) as a colorless oil. 

[0228] 

-
H3.4 H3.5 

F 

H3.6 

Synthesis ofH3.5 and H3.6. A 250 mL 3-neck round bottom flask was 

charged with H3.4 (0.835 g, 4.26 mmol), DCM (43 mL), and rhodium(II) acetate dimer 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) (0.0188 g, 0.0426 

mmol) and fitted with two septa and a reflux condenser. The green suspension was 

heated to reflux (45°C bath temperature) under a flaccid balloon, and to it was added a 

solution of ethyl diazo acetate (commercially available from Sigma-Aldrich, St. Louis, 

MO, USA) (0.662 mL, 6.38 mmol) in DCM (6 mL) dropwise over 2 hours (syringe 

pump). The mixture was stirred for an additional 15 minutes, cooled to room 

temperature, filtered through Celite® filter aid (EtOAc ), and concentrated. The initially 

obtained product was purified by silica gel flash chromatography (0-25% EtOAc/hexane) 

to afford (in order of elution) H3.5 (0.351 g, 29% yield) and H3.6 (0.413 g, 34% yield). 

The cis and trans stereochemistries were determined by NMR. 

0 

0 

\ 
HO -

F F 

H3.5 H3.7 

[0229] Synthesis ofH3.7. A screw-cap vial was charged with H3.5 (0.347 g, 

1.23 mmol), N-methylpyrrolidone (NMP)(1.2 mL), NaOH (0.221 g, 5.53 mmol), and 1-

dodecanethiol (commercially available from Sigma-Aldrich, St. Louis, MO, USA) (1.03 

mL, 4.30 mmol). The mixture was stirred overnight at l25°C (sealed vial) and cooled to 

room temperature. The solidified mixture was fractured with a spatula, quenched with 1 

N HCl, and diluted with EtOAc. The organic layer was washed with water and brine, 
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dried (MgS04), and concentrated. The initially obtained product was purified by silica 

gel flash chromatography (0-40% EtOAc/hexane) to afford H3.7 (0.245 g, 83% yield) as 

a white solid. 

HO 

F 

H3.7 

- HO 

F 

H3.8 

[0230] Synthesis ofH3.8. A 100 mL round bottom flask was charged with 

H3.7 (0.242 g, 1.01 mmol) and 10:1 DCM/MeOH (10 mL). To the colorless solution was 

added (trimethylsilyl)diazomethane (2.0 Min ether) (commercially available from Sigma­

Aldrich, St. Louis, MO, USA) (0.604 mL, 1.21 mmol) dropwise (vigorous gas evolution 

occurred). The pale yellow solution was stirred for 15 minutes at room temperature, 

quenched with AcOH (0.0577 mL, 1.01 mmol), and concentrated. The initially obtained 

product was purified by silica gel flash chromatography (0-15% EtOAc/hexane) to afford 

H3.8 (0.207 g, 81% yield) as a crystalline, white solid. 

[0231] 

HO 

HO -
F 

HO 

H3.8 

F 

and 

0 
I 

0 
I 

F 

H3AandH3B 

Synthesis ofH3B and H3A. Racemic H3.8 (0.207 g, 0.81 mmol) was 

resolved by chiral HPLC (CHIRALCEL® OJ column, 4% IPA/hexane, detection at 220 

nm) to afford (in order of elution) H3B (0.083 g, 80% yield, 99% e.e.) and H3A (0.089 g, 

86% yield, 95% e.e.) as white solids. H3B was the first eluting enantiomer; H3A was the 

second eluting enantiomer. 
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[0232] 

F 

H3.6 

- HO -

PCT/US2009/060549 

F 

H3.9 

Synthesis of H3.9. H3.9 was prepared from H3.6 according to the 

analogous methods described for the synthesis ofH3.8. 

H 

HO 

F 
H 

HO - and 

F 
H 

HO 

F 

H3.9 H3C andH3D 

[0233] Synthesis ofH3D and H3C. Racemic H3.9 (0.156 g, 0.61 mmol) was 

resolved by chiral HPLC (CHIRALCEL® OJ column, 6% then 20% IPA/hexane, 

detection at 220 nm) to afford (in order of elution) H3D (0.069 g, 88% yield, 99% e.e.) 

and H3C (0.070 g, 90% yield, 99% e.e.) as white solids. H3D was the first eluting 

enantiomer; H3C was the second eluting enantiomer. 
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[0234] Intermediates H4A and H4B 

H4.1 
(93% yield) 

H4.2 

N2JQ~ v5Et0 HO 
,.......o + 

Rh20Ac4 

(72% yield) 

H4.4 

[0235] 

H4.3 

1) NaOH, thiol 

NMP, 125C 

2) TMSCHN2 

(68% yield) 

H4.4 

H4A H4B 

7-Methoxy-1-methylene-1,2,3,4-tetrahydronaphthalene (H4.2). To a 

solution of7-methoxy-l-tetralone H4.1 (26.9 g, 153 mmol) (commercially available from 

Sigma-Aldrich, St. Louis, MO, USA) and triphenylmethylphosphonium bromide (65.4 g, 

183 mmol) in THF (550 mL) was added potassium tert-butoxide (1.0 M solution in 

THF)(183 mL, 183 mmol) via addition funnel over 1 hour. The resulting mixture was 

stirred at room temperature for 60 minutes after addition. The reaction was then 

concentrated and resuspended in hexanes (250 mL). The mixture was passed through a 

silica gel plug (25g silica) and rinsed with 250 mL ofhexanes. Removal of solvent gave 

H4.2 (24.5 g, 92% yield). MS ESI (pos.) M/E: 175 (M+H). 

[0236] Ethyl 7'-methoxy-3',4'-dihydro-2'H-spiro[cyclopropane-1,1 '-

naphthalene]-2-carboxylate (H4.3 and H4.4). To a solution ofH4.2 (5.23 g, 30.0 

mmol) and rhodium (ii) acetate, dimer (0.133 g, 0.30 mmol) in refluxing DCM (200 mL) 

was added ethyl diazoacetate (4.67 mL, 45.0 mmol) in DCM via syringe pump over 60 

minutes. The resulting mixture was stirred at 45°C for 1 hour and then at room 

temperature for 2 hours. The reaction was concentrated and column purification (20% 

EtOAc in hexane) gave two products with the desired mass (H4.3 and H4.4). H4.3 (2.88 
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g) was obtained as oil which became a white solid after a few days, and NOE using 1H 

NMR showed this to be the cis product. H4.4 (3.04 g) was obtained as a colorless oil, 

and NOE using 1H NMR showed this to be the trans product. MS ESI (pos.) M/E: 261 

(M+H). 

[0237] Synthesis of H4A and H4B. A 100 mL flask was charged with H4.4 

(2.56 g, 9.8 mmol), NMP (22 mL), NaOH (1.77 g, 44.3 mmol), and 1-dodecanethiol (8.25 

mL, 34.4 mmol). The mixture was stirred for 24 hours at l25°C, cooled to room 

temperature, and diluted with 1 N HCl (200 mL) and ether (300mL). The organic layer 

was washed with water and brine, dried (MgS04), and concentrated. Column 

chromatography purification (1 0-40% EtOAc/hex) gave the desired acid (1.45 g, 68% 

yield), which was dissolved in 40 mL ofbenzene and 10 mL ofMeOH, treated with 

(trimethylsilyl)diazomethane (2.0 Min diethyl ether)(8.3 mL, 16.6 mmol) at 0°C for 1 

hour. The reaction mixture was concentrated to give methyl 7'-hydroxy-3',4'-dihydro-

2'H-spiro[ cyclopropane-!, !'-naphthalene ]-2-carboxylate (1.55 g, l 00% yield), which was 

separated from CHIRALCEL® OJ column (15% IPA/hex) to give H4A (>99%ee, peak 2, 

765 mg) and H4B (>99%ee, peak 1, 773 mg). MS ESI (pos.) M/E: 233 (M+H). 

[0238] 

N2CHCOOEt 

(38% yield) 

[0239] 

Intermediates HSA and HSB 

MeO 

ACN 
reflux 

(37% yield) 

6~ 
~ 

$
0

0Et 

~ 

H5.4 

H5.2 

1) NaOH, thiol 

NMP, 125C 

2) TMSCHN2 

(91% yield) 

t-BuOK, THF 

(92% yield) 

HSA 

MeO~ 
llN 

H5.3 

HSB 

8-Fluoro-7-methoxy-3,4-dihydronaphthalen-1(2H)-one (H5.2). To a 

solution of7-methoxy-1-tetralone H4.1 (199 g, 1130 mmol) (commercially available 

from Sigma-Aldrich, St. Louis, MO, USA) in ACN (1200 mL) was added HS.l (200.0 g, 

622 mmol) (NFTh, 400 g on alumina), and the suspension was heated under reflux for 1.5 

hours. The solvent was removed and the residue was redissolved in DCM (1500 mL). 

The resulting mixture was filtered, concentrated, and purified by column chromatography 

(0% to 20% then 40% EtOAc in Hexanes) to give 8-fluoro-7-methoxy-3,4-
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dihydronaphthalen-1 (2H)-one H5.2 ( 43 g). (Reference: Stojan Stavber, Chemical 

Communication 2000, 1323). MS ESI (pos.) M/E: 195 (M+H). 

[0240] 8-Fluoro-7-methoxy-1-methylene-1 ,2,3,4-tetrahydronaphthalene 

(H5.3). To a solution ofH5.2 (44.0 g, 227 mmol) and triphenylmethylphosphonium 

bromide (97.1 g, 272 mmol) in THF (1000 mL) was added potassium tert-butoxide (1.0 

M solution in THF)(272 mL, 272 mmol) via addition funnel over 3 hours. The resulting 

mixture was stirred at room temperature for 30 minutes after addition. The solvent was 

removed and the residue was resuspended in hexanes (1 L ). The resulting mixture was 

passed through a silica gel plug (50 g silica) and rinsed with IL ofhexanes. Removal of 

solvent gave H5.3 ( 40.1 g, 92.1% yield). MS ESI (pos.) M/E: 193 (M+H). 

[0241] Ethyl 8'-fluoro-7'-methoxy-3 ',4'-dihydro-2'H-spiro [cyclopropane-

1,1'-naphthalene]-2-carboxylate (H5.4). To a solution ofH5.3 (4.18 g, 21.7 mmol) and 

rhodium (ii) acetate, dimer (0.0961 g, 0.217 mmol) in refluxing DCM (200 mL) was 

added ethyl diazoacetate (3.38 mL, 32.6 mmol) in DCM via syringe pump over 40 

minutes. The resulting mixture was stirred at 45°C for 1 hour and then at room 

temperature for 2 hours. Solvent was removed and the residue was purified by column 

chromatography (20% EtOAc in hexane) giving two products with the desired mass. The 

cis product (2.31 g) was obtained as an oil that became a white solid after a few days. A 

NOESY 1 established this as the cis product. The trans product H5.4 (2.31 g), was 

obtained as a colorless oil, and a NOESY 1
. MS ESI (pos.) M/E: 279 (M+H). 

[0242] Synthesis of HSA and HSB. A 100 mL flask was charged with H5.4 

(2.30 g, 8.26 mmol), NMP (20mL), sodium hydroxide (1487 mg, 37.2 mmol), and 1-

dodecanethiol (6936 J.!L, 28.9 mmol). The mixture was stirred for 16 hours at l25°C, 

cooled to room temperature, and diluted withIN HCl (200mL) and ether (300mL). The 

organic layer was washed with water and brine, dried (MgS04), and concentrated. 

Column purification (10-40% EtOAc/hex) gave desired the acid (1.77 g, 91% yield). The 

acid was then dissolved in 40 mL ofbenzene and 10 mL ofMeOH, treated with 

(trimethylsilyl)diazomethane (2.0 Min diethyl ether)(8.3 mL, 16.6 mmol) at ooc for 1 

hour. Solvent was removed from the resulting mixture to give methyl 8'-fluoro-7'­

hydroxy-3',4'-dihydro-2'H-spiro[ cyclopropane- I, !'-naphthalene ]-2-carboxylate (1.88 g, 

99% yield), which was separated using a CHIRALCEL® OJ column ( 15% IP A/hex) to 
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[0246] 

0 

Bn-"0yYo/ 
N~o, 

0 

H6.2 

PCT/US2009/060549 

H6.3 

Methyl 2-(benzyloxy)-5-(3-methoxy-3-oxopropyl)isonicotinate (H6.3). 

To 1 mL EtOH was added compound H6.2 (50.0 mg, 152 11mol) and palladium on carbon 

(16.2 mg, 15.2!lmol). The resulting mixture was stirred under a balloon ofH2 for4 

hours. The catalyst was then filtered off, and the solvent was removed. The residue was 

redissolved in 1 mL toluene. To the resulting mixture was added silver carbonate (41.3 

mg, 0.152 mmol) and benzyl bromide (20.5 mg, 0.120 mmol). The resulting mixture was 

stirred at 50°C overnight. After the reaction was done, the mixture was loaded onto silica 

gel and purified by column chromatography with 10% EtOAc/hexane to give desired 

product F.3 (40.3 mg, 80.1 %). MS ESI (pos.) m/e: 330.1 (M+Ht. 

H6.3 

~n 0 
0~ 19 
~~0 

I 

H6.4 

[ 024 7] Methyl 3-(benzyloxy )-5-oxo-6, 7-dihydro-SH -cyclopenta [ c] pyridine-

6-carboxylate (H6.4). To 75 mL dry THF was added methyl2-(benzyloxy)-5-(3-

methoxy-3-oxopropyl)isonicotinate (2.50 g, 7.59 mmol). The temperature of the solution 

was lowered to -78°C. To this solution was added IN sodium bis(trimethylsilyl)amide 

(15.2 mL, 15.2 mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, 

USA) dropwise over 30 minutes. After completion, the reaction was stirred for an hour 

and then quenched by addition of 25 mL saturated NH4Cl. The organic layer was 

extracted with EtOAc and washed with 150 mL water and 100 mL brine, and then dried 

over MgS04. The organic solvent was evaporated, and the residue was purified by 

column chromatography with 15% EtOAc/hexane to give desired product H6.4 (1.90g, 

84.1%). MS ESI (pos.) m/e: 298.1 (M+Ht. 
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[0248] 

0 

Bn'0~ ;9 
~~0---

1 

H6.4 

PCT/US2009/060549 

H6.5 

3-(Benzyloxy)-6, 7-dihydrocyclopenta[ c]pyridin-5-one (H6.5). 

Compound H6.4 (2.50 g, 8.41 mmol) was dissolved in 27 mL DMSO and 3 mL water. 

The resulting mixture was heated to 150°C and stirred for 30 minutes. After the reaction 

was complete, the reaction was diluted with 120 mL water and extracted twice with 50 

mL EtOAc. The combined organic layers were washed with brine, dried over MgS04, 

and concentrated onto silica gel. The resulting product was purified by column 

chromatography with 10% EtOAc/hexane to afford desired product H6.5 (1.76 g, 87.5%). 

MS ESI (pos.) m/e: 240.1 (M+Ht. 

-
H6.5 H6.6 

[0249] 3-(Benzyloxy)-5-methylene-6,7-dihydro-5H-cyclopenta [c]pyridine 

(H6.6). To a 100 mL round bottom flask were added compound H6.5 ( 1. 70 g, 7.10 

mmol) and 35 mL THF. To this solution was added triphenylmethyl phosphonium 

bromide (3.05 g, 8.53 mmol) (commercially available from Sigma-Aldrich, St. Louis, 

MO, USA) and potassium tert-butoxide (8.53 mL, 8.53 mmol) (commercially available 

from Sigma-Aldrich, St. Louis, MO, USA) dropwise. After completion, the reaction was 

stirred another hour and quenched with saturated NH4Cl. The mixture was then extracted 

twice with EtOAc. The combined organic layers were washed with brine and then dried 

over MgS04. The solvent was removed and the residue was purified by column 

chromatography to give H6.6 (1.25 g, 73.9%). MS ESI (pos.) m/e: 238.1 (M+Ht. 

H6.6 H6.7 
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[ 0250] Ethyl 3-(benzyloxy)-6, 7 -dihydrospiro[ cyclopenta [ c] pyridine-5,1 '-

cyclopropane]-2'-carboxylate (H6.7). Compound H6.6 (50.0 mg, 211 J.lmol) and 

rhodium (ii) acetate, dimer (9 .31 mg, 21.1 J.lmol) (commercially available from Sigma­

Aldrich, St. Louis, MO, USA) were mixed in 1.6 mL dry DCM. The resulting solution 

was refluxed at 45°C for 10 minutes. Ethyl diazoacetate (26.2 J.lL, 253 J.lmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) was then added to the 

mixture very slowly. After 1 hour, the reaction was cooled to room temperature. The 

catalyst was then filtered off, and the solvent was concentrated down with silica gel. The 

product was purified by column chromatography to give H6.7 (25.1 mg, 36.9%). NMR 

confirmed that the product was the trans isomer. MS ESI (pos.) m/e: 324.2 (M+Hf. 1H 

NMR (500 MHz, DMSO-d6) 3 ppm 7.55-7.60 (3 H, m), 7.37- 7.47 (4 H, m), 4.90 (2 H, 

d, J=3.7 Hz), 4.12 (2 H, q, J=7.1 Hz), 2.92 (2 H, d, J=l9.3 Hz), 2.82 (1 H, dd, J=8.6, 6.4 

Hz), 2.31 (1 H, dd, J=8.4, 5.0 Hz), 2.19 (2 H, ddd, J=8.7, 6.8, 2.8 Hz), 1.36 (1 H, dd, 

J=6.0, 5.5 Hz), 1.21 (3 H, t, J=7.1 Hz). 

0 

0~ 

H6.7 H6.8 

[0251] Ethyl3-oxo-2,3,6,7-tetrahydrospiro[cyclopenta[c]pyridine-5,1'-

cyclopropane]-2'-carboxylate (H6.8). Compound H6.7 (200 mg, 618 J.lmol) was 

dissolved in 5 mL EtOH. To this solution was added palladium on carbon (65.8 mg, 618 

J.lmol) and hydrogen was introduced by balloon. The reaction was stirred at room 

temperature for 1 hour. After the reaction was complete, the catalyst was filtered off and 

the solvent was removed to provide H6.8 (135 mg, 93.6%). MS ESI (pos.) m/e: 234.2 

(M+Hf. 

H6.8 H6A 

- 95-

d
oo~ 

0 

H 

H6B 



wo 2010/045258 PCT/US2009/060549 

[0252] Ethyl (2'R,5R)-3-oxo-2,3,6,7-tetrahydrospiro[cyclopenta[c]pyridine-

5,1 '-cyclopropane]-2'-carboxylate (H6A) and Ethyl (2'S,5S)-3-oxo-2,3,6,7-tetra 

hydro spiro [ cyclopenta[ c]pyridine-5,1 '-cyclopropane] -2 '-carboxylate (H6B). 

Racemate H6.8 (120 mg, 0.537 mmol) was resolved by ChiralPak® AS-H 

chromatography (15 x 0.46 em, 30% MeOH (0.1% DEA)/C02, 100 bar, 3 mL/min, 220 

nm) to afford the two enantiomers represented by two peaks. The first peak is the 

compound H6B (55.0 mg, 45.8%) and the second peak is H6A (53.0 mg, 44.1%). The 

stereochemistry of H6A and H6B was determined by their chiral HPLC retention times 

compared to those of H1A and H1B. 

[0253] 

[0254] 

Intermediates H7 A. H7B. H7C and H7D 

H7.1 

5-(Benzyloxy)-1,1-dimethoxy-1,2-dihydrocyclobutabenzene (H7.1 ). 

To a 6 mL THF solution of 1-(benzyloxy)-4-bromobenzene (500 mg, 1900 1-1mol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) and ketene dimethyl 

acetal (359 J.!L, 3800 1-1mol) (commercially available from Sigma-Aldrich, St. Louis, MO, 

USA) was added neat sodium amide (107 J.!L, 3800 1-1mol) (commercially available from 

Sigma-Aldrich, St. Louis, MO, USA). The resulting mixture was heated to 80°C and 

stirred for 48 hours. After the reaction was complete, it was quenched by slow addition 

of water. The resulting mixture was then extracted with EtOAc. The organic layer was 

washed with brine and dried over MgS04. Solvent was removed in the presence of silica 

gel, and the residue was purified by column chromatography with 20% EtOAc/hexane to 

afford desired product H7.1 (274 mg, yield, 60%). MS ESI (pos.) m/e: 271.1 (M+Ht, 

[0255] 

cl 
Bn-"

0'0=}-c/ 
H7.1 H7.2 

5-(Benzyloxy)cyclobutabenzen-1(2H)-one (H7.2). H7.1 (270 mg, 1.00 

mmol) was dissolved in 6 mL 5:1 THF and water. To this solution was added 0.5 mL IN 

HCl, and the resulting mixture was stirred for I hour. The resulting mixture was then 
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diluted with 20 mL EtOAc and washed with saturated NaHC03 and brine. The organic 

layer was dried over MgS04, filtered, and concentrated in the presence of silica gel. The 

residue was then purified by column chromatography with 10% EtOAc/hexane to afford 

H7.2 (204 mg, yield, 91.1%). MS ESI (pos.) m/e: 225.1 (M+Hf. 

Bn~l)f 

H7.3 

[0256] 5-(Benzyloxy)-1-methylene-1 ,2-dihydrocyclobutabenzene (H7 .3). 

H7.2 (13.0 g, 58.0 mmol) was dissolved in 300 mL THF. The resulting solution was 

cooled to 0°C in an ice-water bath. Methyltriphenylphosphonium bromide (24.8 g, 69.6 

mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA) was added 

and some yellow solid appeared. Potassium 2-methylpropan-2-olate (69.6 mL, 69.6 

mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA) was then 

added dropwise over an hour. The reaction was stirred at 0°C for another hour and then 

quenched by addition of 200 mL saturated NaHC03• The THF solvent was evaporated by 

vacuum and the residue was extracted twice with 200mL EtOAc. The combined organic 

layers were washed with brine, dried over MgS04, filtered, and then concentrated in the 

presence of silica gel. The residue was purified by column chromatography with 10% 

EtOAc/hexane to afford H7.3 (4.1g, 31.8%). MS ESI (pos.) m/e: 223.1 (M+Hf. 

o'CJ=fj Bn..... I "':: 0 + 

_b. 0 
\___ 

H7.3 H7.4 H7.5 

[0257] Ethyl 4-(benzyloxy)spiro [bicyclo [4.2.0]octane-7,1 '-cyclopropane]-

1,3,5-triene-2'-carboxylate (H7.4 and H7.5). H7.3 (1.77 g, 7.96 mmol) was dissolved 

in 64 mL DCM. To this solution was added rhodium (ii) acetate dimer (0.176g, 0.398 

mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA). The resulting 

mixture was then refluxed at 45°C for 30 minutes. Ethyl diazoacetate (1.36 g, 11.9 mmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) was added to the 

refluxed solution via syringe pump over 1 hour. After completion, the reaction was 
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stirred for another hour. The solution was then filtered through Celite® filter aid, 

concentrated in the presence of silica gel and purified by column chromatography (5% 

EtOAc/hexane) to give compound H7.4 (0.85g, 35%) and compound H7.5 (0.85g, 35%). 

NMR confirmed that H7.4 was the trans isomer and H7.5 was the cis isomer. Compound 

H7.4: MS ESI (pos.) m/e: 309.1 (M+Hf. 1H NMR (400 MHz, DMSO-d6) 8 ppm 7.28-

7.44 (5 H, m), 7.01 (1 H, dd, J=8.0, 0.6 Hz), 6.84 (1 H, dd, J=7.9, 2.2 Hz), 6.66 (1 H, s), 

5.02 (1 H, d, J=3.9 Hz), 4.98 - 5.06 (1 H, m), 4.05 (2 H, qd, J=7.1, 3.4 Hz), 3.15 - 3.29 (2 

H, m), 2.30 (1 H, dd, J=8.4, 6.1 Hz), 1.64 (1 H, dd, J=8.5, 4.8 Hz), 1.55 - 1.60 (1 H, m), 

1.13- 1.18 (3 H, m). Compound H7.5: MS ESI (pos.) m/e: 309.1 (M+Hf. 1H NMR 

(400 MHz, DMSO-d6) 8 ppm 7.30- 7.46 (5 H, m), 7.02 (1 H, d, J=7.8 Hz), 6.83 (1 H, dd, 

J=8.0, 2.2 Hz), 6.72 (1 H, dd, J=1.9, 0.5 Hz), 5.03 (2 H, s), 4.10 (2 H, q, J=7.3 Hz), 3.20-

3.26 (1 H, m), 3.08- 3.14 (1 H, m), 2.25 (1 H, dd, J=8.5, 6.0 Hz), 1.56- 1.66 (2 H, m), 

1.15 - 1.27 (3 H, m). 

0~ Bn" I '-'::: 0 

.0 0 
\.__ 

H7.4 

HO~ 1'-'::: 0 
.0 0 

\.__ 

H7.6 

[0258] Ethyl 4-hydroxyspiro[bicyclo[4.2.0]octane-7,1 '-cyclopropane]-1,3,5-

triene-2'-carboxylate (H7.6). H7.4 (700 mg, 2.27 mmol) was dissolved in 5 mL MeOH. 

To this solution was added I 0% palladium on carbon (242 mg, 0.227mmol) and a balloon 

ofH2 was placed over the reaction. The reaction mixture was stirred for I hour, and the 

catalyst was then removed by filtration. The filtrate was concentrated down in the 

presence of silica gel and purified by column chromatography with 30% EtOAc/hexane to 

give 250 mg compound H7.6 (yield, 50.1%). MS ESI (pos.) m/e: 218.2 (M+Hf. 

HO'Cd): I~ o 
....? 0 

\.._ 

H7.6 

HO'()l): I~ o 
....? 0 

\.._ 

H7A 

+ 
HO'O=f}=''·. H ~ 0 

I o 
....? 0 

\.._ 

H7B 

[0259] Ethyl (2 'R, 7 S)-4-hydroxyspiro [bicyclo [ 4.2.0] octane-7 ,1 '-cyclo 

propane]-1,3,5-triene-2'-carboxylate (H7A) and Ethyl (2'S,7R)-4-hydroxy 

spiro[bicycle[4.2.0] octane-7,1'-cyclopropane]-1,3,5-triene-2'-carboxylate (H7B). 
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Racemate H7.6 (350 mg, 1.60 mmol) was resolved by chiral HPLC (CHIRALCEL® OJ 

column, 10% IPA/hexane). The first peak corresponded to H7B (150 mg, 43%) and the 

second peak corresponded to H7A (152 mg, 43%). The stereochemistry ofH7A and 

H7B was determined by their chiral HPLC retention times compared to those of H1.A 

and Hl.B. 

H7.5 H7.7 

[0260] Ethyl 4-hydroxyspiro[bicyclo[4.2.0]octane-7,1 '-cyclopropane]-1,3,5-

triene-2'-carboxylate (H7.7). The hydrogenation of compound H7.5 (700 mg, 2.27 

mmol) using the method reported for preparation of the compound H7.6 to afford H7.7 

(302 mg, 60.1%). MS ESI (pos.) m/e: 218.2 (M+Ht, 

\__o \__o \__o 

Ho1)=f¢o HO~O Ho1)=f¢o 
I":: H I":: H + "-':: . 

I H 
.,-:; .,-:; .,-:; 

H7.7 H7C H7D 

[0261] Ethyl (2'S,7S)-4-hydroxyspiro[bicyclo [4.2.0]octane-7,1 '-

cyclopropane] -1,3,5-triene-2'-carboxylate (H7C) and Ethyl (2'R,7R)-4-

hydroxyspiro [bicyclo [4.2.0] octane-7 ,1 '-cyclopropane ]-1,3,5-triene-2'-carboxylate 

(H7D). Racemate H7. 7 (300 mg, 1.37 mmol) was resolved by chiral HPLC 

(CHIRALCEL® OJ column, 10% IP A/hexane). The first peak corresponds to H7C (132 

mg, 44%) and the second peak corresponded to H7D (130 mg, 44%). The 

stereochemistry ofH7C and H7D was determined by their chiral HPLC retention times 

compared to those ofH1C and H1D. 
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[0262] Intermediates H9A, H9B, H9C, H9D, H9E, H9F, H9G and H9H 

0 
1) Rh2(0Ac)4 

TBDPSO'():) Ph3PCH2CH3Br TBDPS0'03 N2CHCOOEt 

I~ I~ t-BuOK, THF 
2) TBAF 

(12-38% yield) 
H1.1 (76% yield) H9.1 

HO 

H9A H9B H9C H9D 

H9E H9F H9G H9H 

[0263] tert-Bu ty 1(3-ethy lidene-2,3-dihydro-1 H-in den-S-y loxy )dip heny lsilane 

(H9.1). To a solution ofH1.1 (3.87 g, 10.0 mmol) and ethyltriphenylphosphonium 

bromide ( 4.46 g, 12.0 mmol) in THF (20 mL) was added potassium tert-butoxide, 1.0 M 

solution in THF (12.0 mL, 12.0 mmol). The resulting mixture was stirred at room 

temperature for 4 hours and concentrated to remove most of the THF. The resulting 

mixture was suspended in hexanes (50 mL), passed through a pad of silica gel (2027-U, 

25 g), and rinsed with hexanes (250 mL) to give H9.1 (3.02g, 76% yield) as a mixture of 

cis/trans isomers. MS ESI (pos.) M/E: 399 (M+H). 

[0264] Synthesis ofH9A, H9B, H9C, H9D, H9E, H9F, H9G and H9H. To a 

solution ofH9.1 (2.61g, 6548 J.Lmol) and rhodium (II) acetate, dimer (29 mg, 65 J.Lmol) in 

refluxing DCM (200 mL) was added ethyl diazoacetate (1019 f.LL, 9822 J.Lmol) in 

refluxing DCM via syringe pump over 60 minutes. The resulting mixture was stirred at 

45°C for 1 hour and then at room temperature for 16 hours. The resulting mixture was 

concentrated and purified by flash chromatography (0-10% EtOAc/hexane) to give 

several fractions of mixtures. These fractions were treated individually with 1 equivalent 

ofTBAF in THF at room temperature for 1 hour. The mixtures were diluted with DCM, 
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washed with aqueous NH4Cl, loaded onto a silica gel cartridge, and purified by flash 

chromatography (20% EtOAc/hexane) to give eight fractions. Most of the fractions were 

mixtures of two or three isomers. These eight fractions of mixtures were separated 

individually on an AD column (ChiralPak® AD, 4% IPA/hexanes) to give H9A (54 mg, 

27% yield, 99%ee, retention time 11.7 minutes on AD-H with 4% IP A/hex,); H9B (34 

mg, 17% yield, 99%ee, retention time 13.9 minutes on AD-H with 4% IPA/hex,); H9C 

(33 mg, 16% yield, 99%ee, retention time 20.2 minutes on AD-H with 4% IPA/hex,); 

H9D (61 mg, 30% yield, 99%ee, retention time 23.6 minutes on AD-H with 4% 

IP A/hex,); H9E (53 mg, 26% yield, 99%ee, retention time 28.6 minutes on AD-H with 

4% IPA/hex,); H9F (28 mg, 14% yield, 95%ee, retention time 30.4 minutes on AD-H 

with 4% IP A/hex,); H9G (76 mg, 38% yield, 99%ee, retention time 31.9 minutes on AD­

H with 4% IP A/hex,); and H9H (25 mg, 12% yield, 95%ee, retention time 35.4 minutes 

on AD-H with 4% IPA/hex,). MS ESI (pos.) M/E: 247 (M+H). Relative stereochemistry 

was assigned based on 1H NMR and NOE studies. Absolute configuration was assigned 

based on their chiral HPLC retention times compared to those ofH1A, H1B, H1C, and 

H1D. However, absolute configurations are not known with certainty. Therefore, when 

H9A, H9B, H9C, H9D, H9E, H9F, H9G, or H9H was used to synthesize an Example 

compound, all eight stereoisomers are shown. 

[0265] 

[0266] 

Intermediate H10 

0 MeO'Qj 
H10.1 

MeOv! 
H10.2 

1-Cyclopropylidene-6-methoxy-2,3-dihydro-1H -indene (H1 0.2). NaH 

(1.5 g, 62 mmol) was added to a suspension of cyclopropyltriphenyl-phosphonium 

bromide (24 g, 62 mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, 

USA) in THF (100 mL), and the resulting mixture was stirred at room temperature for 2 

hours. Then, 6-methoxy-1-indanone (H10.1) (Oakwood Products, Inc.) (5.00 g, 31 

mmol) and tris(2-(2-methoxyethoxy)ethyl)amine (commercially available from Sigma­

Aldrich, St. Louis, MO, USA) (1.1 mL, 3.1 mmol) were added slowly. The resulting 

mixture was stirred at room temperature for 10 minutes and then at 62°C for 4 hours. The 

reaction mixture was concentrated and purified by chromatography (silica gel, eluting 
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with I :9 EtOAc/hexane) to provide H10.2 (4.53 g, 79% yield) as a solid. MS ESI (pos.) 

M/E: I87.1 (M+H). 

MeU=S---- MeO,~~o 
VJ 

H10.2 H10.3 and H10.4 

[0267] (S)-6'-Methoxy-2',3'-dihydrospiro[cyclobutane-1,1'-inden]-2-one and 

(R)-6'-methoxy-2' ,3'-dihydrospiro[cyclobutane-1,1 '-inden]-2-one (H10.3 and H10.4). 

At 0-5 °C, 3-chloroperbenzoic acid (5.84 g, 33.8 mmol) (commercially available from 

Sigma-Aldrich, St. Louis, MO, USA) was added portion by portion to a solution of I­

cyclopropylidene-6-methoxy-2,3-dihydro-IH-indene (10.2) (4.50g, 24.2 mmol) in DCM 

(70mL). The resulting mixture was stirred at 0-5 oc for 42 minutes and then at room 

temperature for 60 minutes. The mixture was then diluted with DCM (200 mL), washed 

with IO% NaOH solution and brine, and then dried over anhydrous sodium sulfate. 

Solvent was removed, and the residue was purified by chromatography (silica gel, eluting 

with I :9 EtOAc /hexane) to give the product ketone (1.95 g, 40% yield) as a pale yellow 

oil. MS ESI (pos.) M/E: 203.I (M+H). Chiral separation was conducted on an OD 

column, eluting with I% IP A/hexane. Pure enantiomer H10.3 (0.896 g, oil) (first peak, 

retention time 8.4 minutes) and H10.4 (l.OI g, oil) (second peak, retention time I 0.5 min) 

were obtained. The absolute stereochemistry was not determined for either peak. 

MeO~O MeODSCN Me0'Q8·"CN 
1-& 1-& and I'<::: 

-& 
or or 

MeO~O 
1-& 

MeO~CN 
1-& 

and Meov:S'·"cN 

H10.4 H10.5 

[0268] (1S,2R)-6'-Methoxy-2 ',3'-dihydrospiro [cyclobutane-1,1 '-indene]-2-

carbo nitrile and (1S,2S)-6'-methoxy-2' ,3'-dihydrospiro[ cyclobutane-1,1 '-indene]-2-

carbonitrile or (1R,2R)-6'-methoxy-2' ,3'-dihydrospiro[cyclobutane-1,1 '-indene]-2-

carbonitrile and (1R,2S)-6'-methoxy-2' ,3 '-dihydrospiro [cyclobutane-1,1 '-indene]-2-

carbonitrile (H10.5). At 0-5 °C, potassium 2-methylpropan-2-olate (2.4I g, 21.5 mmol) 
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was added in one portion to a solution ofH10.4 (0.870 g, 4.30 mmol) and tosylmethyl 

isocyanide (1.68 g, 8.60 mmol) (commercially available from Sigma-Aldrich, St. Louis, 

MO, USA) in dimethoxyethane (30 mL) and MeOH (1.4 mL). The resulting mixture was 

stirred at room temperature for 2.4 hours and then the reaction mixture was poured into 

water (20 mL) and neutralized with 1 N HCl to pH 6-7. The mixture was then extracted 

with EtOAc (3 x 100 mL) and the combined organic phase was washed with brine and 

dried over anhydrous sodium sulfate. After filtration, the solvent was removed and the 

residue was purified by chromatography (silica gel, eluting with 1:9 EtOAc /hexane) to 

give H10.5, pale yellow oil, in 24% yield. MS ESI (pos.) M/E: 214.1 (M+H). 

Me00CN MeO~'''CN H00CN HO~'''CN 
10 and I"" 10 and I"" 0 0 

or or 

MeO~CN and Meom···cN HO~CN and HOm'"CN 
I o 

H10.5 H10.6 

[0269] (1S,2R)-6'-Hydroxy-2' ,3'-dihydrospiro [cyclobutane-1,1'-indene ]-2-

carbo nitrile and (1S,2S)-6'-hydroxy-2' ,3'-dihydrospiro[ cyclobutane-1,1'-indene]-2-

carbonitrile or (1R,2R)-6'-hydroxy-2',3'-dihydrospiro[cyclobutane-1,1'-indene]-2-

carbonitrile and (1R,2S)-6'-hydroxy-2' ,3'-dihydrospiro [cyclobutane-1,1'-indene]-2-

carbonitrile (H10.6). A mixture ofH10.5 (0.220 g, 1.0 mmol) and sodium 

methanethiolate (0.506 g, 7.22 mmol) (commercially available from Sigma-Aldrich, St. 

Louis, MO, USA) in DMF (27 mL) was stirred at 135°C for 3 hours. The reaction 

mixture was poured into NH4Cl solution (20 mL). The resulting mixture was extracted 

with EtOAc (230 mL). The organic phase was then washed with brine, dried over 

anhydrous sodium sulfate, and filtered. The solvent was removed and the residue was 

purified by chromatography (silica gel, eluting with 1:3 EtOAc /hexane) to give H10.6 as 

a colorless oil, in 77% yield. MS ESI (pos.) M/E: 200.2 (M+H). 
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[0270] (1S,2R)-6'-Hydroxy-2' ,3'-dihydrospiro [cyclobutane-1,1 '-indene ]-2-

carboxylic acid and (1S,2S)-6'-hydroxy-2' ,3'-dihydrospiro[cyclobutane-1,1 '-indene]-

2- carboxylic acid or (1R,2R)-6'-hydroxy-2',3'-dihydrospiro[cyclobutane-1,1'­

indene]-2- carboxylic acid and (1R,2S)-6'-hydroxy-2',3'-dihydrospiro[cyclobutane-

1,1 '-indene]-2-carboxylic acid (H10.7 and H10.8). A mixture ofH10.6 (0.154 g, 0.77 

mmol) and NaOH (aq., 10%) (5mL) in ethylene glycol (8 mL) was stirred at 135 °C for 2 

hours. The resulting mixture was diluted with water (0.6 mL) and acidified with IN HCI 

to pH 2-5. The resulting solution was purified by reverse phase HPLC to give H10.7 

(shorter retention time), 48 mg, white solid and H10.8 (longer retention time), 18 mg. 

H10.7: MS ESI (pos.) M/E: 219.1 (M+H). H10.8: MS ESI (pos.) M/E: 219.1 (M+H). 

vJco,H vJCO,Me 
HO H HO H 

..? ..? 

or or 

HOvJ:OH vJH HO 
I 2 C02 Me 

..? 

or or vJCO,H vJco,Me 
HO H HO H '-'::: '-'::: 

..? ..? 

or or 
/~ H HOvJH HO~CO,H I : C02Me 

H10.7 H10 

[0271] (1S,2R)-Methyl6'-hydroxy-2' ,3'-dihydrospiro[cyclobutane-1,1 '-

indene]-2-carboxylate or (1S,2S)-methyl 6'-hydroxy-2' ,3 '-dihydrospiro [cyclobutane-
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1,1 '-indene]-2-carboxylate or (1R,2R)-methyl 6'-hydroxy-2' ,3'­

dihydrospiro[cyclobutane-1,1 '-indene]-2-carboxylate or (1R,2S)-methyl 6'-hydroxy-

2' ,3'-dihydrospiro[cyclobutane-1,1 '-indene]-2-carboxylate (H10). A solution of 

H10.7 (0.028 g, 0.13 mmol) in MeOH (7 mL) (containing 2 drops of concentrated H2S04) 

was refluxed for 16 hours. The mixture was then cooled to room temperature and 

neutralized with NaHC03 solution. The mixture was concentrated and extracted with 

EtOAc (120 mL). The organic phase was dried over anhydrous sodium sulfate. After 

removal of solvent, HlO (30 mg) was obtained. MS ESI (pos.) M/E: 250.1 (M+H20). 

[0272] Intermediate Hll 

~co,H ~CO,Me HO H HO H 

~ ~ 

or or 

HO~:OH ~H HO 
I 2 C02 Me 
~ 

or or 

vSCO,H vSco,Me 
HO H HO H -...::::::: -...::::::: 

.0 ~ 

or or 
/-:. H 

HDvSH HD~co,H I : C02Me 

H10.8 Hll 

[0273] (1 S,2R)-Methyl 6' -hydroxy-2' ,3 '-dihydrospiro [ cyclobutane-1 ,1 '-

indene]-2-carboxylate or (1S,2S)-methyl 6'-hydroxy-2' ,3 '-dihydrospiro [cyclobutane-

1,1 '-indene]-2- carboxylate or (1R,2R)-methyl 6'-hydroxy-2' ,3'­

dihydrospiro[cyclobutane-1,1 '-indene]-2-carboxylate or (1R,2S)-methyl6'-hydroxy-

2' ,3'-dihydrospiro[cyclobutane-1,1 '-indene]-2-carboxylate (Hll). Hll was 

synthesized from H10.8 using a procedure similar to that used to prepare H10 from 

H10.7. 
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[0274] Intermediate H12 

MeO,~~o 
UJ 

or 

Me0..._~__00 
UJ 

MeO, ~ _0-cN 

UJ and 

or 

PCT/US2009/060549 

Meo'Q8···cN 
I~ 

.0 

10.3 H12.1 

[0275] (1S,2R)-61-Methoxy-2 1 ,31-dihydrospiro [cyclobutane-1,1 1-indene]-2-

carbonitrile and (1S,2S)-6 1-methoxy-2 1 ,31-dihydrospiro[ cyclobutane-1,1 1-indene]-2-

carbonitrile or (1R,2R)-61-methoxy-21 ,31-dihydrospiro[cyclobutane-1,1 1-indene]-2-

carbonitrile and (1R,2S)-61-methoxy-21 ,3 1-dihydrospiro [cyclobutane-1,1 '-indene]-2-

carbonitrile (H12.1). H12.1 was synthesized from H10.3 using the same procedure used 

to prepare H10.5 from H10.4. 

MeO~CN Meo'Q8···cN HO~CN H0'08'''CN 
I~ and I'<:: 

I~ and I'<:: 
~ ~ 

or or 

MeO~CN and Meom···cN HO~CN and Hom···cN 
I~ 

H12.1 H12.2 

[0276] (1S,2R)-61-Hydroxy-2 1 ,31-dihydrospiro [cyclobutane-1,1 1-indene ]-2-

carbo nitrile and (1S,2S)-61-hydroxy-21 ,3 1-dihydrospiro[ cyclobutane-1,1 1-indene]-2-

carbonitrile or (1R,2R)-61-hydroxy-21,31-dihydrospiro[cyclobutane-1,1 1-indene]-2-

carbonitrile and (1R,2S)-61-hydroxy-21,3 1-dihydrospiro[cyclobutane-1,1 1-indene]-2-

carbonitrile (H12.2). H12.2 was synthesized from H12.1 using the same procedure used 

to prepare H10.6 from H10.5. 

HO-cefc' and HO-o:?"C' HO-cefco," and HO-c:? "W,H 
lb I'<:: lb lb b 

or 
or 

HO~C' and H0'05"'C' HO-c(fC02H and H0'05"'CO,> 
lb 

H12.2 H12.3 and H12.4 

[0277] (1S,2R)-61-Hydroxy-2 1 ,31-dihydrospiro [cyclobutane-1,1 1-indene ]-2-

carboxylic acid and (1S,2S)-6 1-hydroxy-21 ,31-dihydrospiro[cyclobutane-1,1 1-indene]-
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2- carboxylic acid or (1R,2R)-6'-hydroxy-2',3'-dihydrospiro[cyclobutane-1,1'­

indene]-2- carboxylic acid and (1R,2S)-6'-hydroxy-2' ,3'-dihydrospiro[cyclobutane-

1,1 '-indene]-2-carboxylic acid (H12.3 and H12.4). H12.3 (first peak from reverse 

phase HPLC) and H12.4 were synthesized from H12.2 using the same procedure used to 

convert H10.6 to H10.7 and H10.8. MS ESI (pos.) M/E: 219.1 (M+H). 

'C8C~H 'C8CO,Me 
HO H HO H 

~ ~ 

or or 

HO'C8:0H 'C8H HO 
I 2 C02 Me 
~ 

or or vSCO,H vSco,Me 
HO H HO H "-':: "-':: 

~ ~ 

or or 
/~ H HO'CSH HO~co,H I : C02Me 

H12.3 H12 

(1S,2R)-Methyl 6'-hydroxy-2' ,3'-dihydrospiro [cyclobutane-1,1 '-indene]-2-

carboxylate or (1S,2S)-methyl 6'-hydroxy-2',3'-dihydrospiro[cyclobutane-1,1 '­

indene]-2- carboxylate or (1R,2R)-methyl6'-hydroxy-2',3'­

dihydrospiro[cyclobutane-1,1 '-indene]-2-carboxylate or (1R,2S)-methyl6'-hydroxy-

2' ,3'-dihydrospiro[cyclobutane-1,1 '-indene]-2-carboxylate (H12). H12 was 

synthesized from H12.3 using the same procedure used to convert H10.7 to H10. M/E: 

250.1 (M+H20). 

[0278] Intermediate H13 

0 
MeO~ 

U-J 
H13.1 

MeO "'1 'CO 
H13.2 
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[0279] 1-Cyclopropylidene-7-methoxy-1,2,3,4-tetrahydronaphthalene 

(H13.1). H13.2 was synthesized from 7-methoxy-3,4-dihydro-1(2H)-naphthalenone 

(H13.1, commercially available from Sigma-Aldrich, St. Louis, MO, USA) using the 

same procedure used to prepare H10.2 from H10.1. 

MeO "'¥ OJ 
H13.2 

MeO- ~yo 
UJ 

MeO 
and 

H13.3 and H13.4 

[0280] (S)-7'-Methoxy-3 ',4 '-dihydro-2 'H-spiro [ cyclo butane-1 ,1 '-

0 

naphthalen ]-2-one and (R)-7'-methoxy-3' ,4 '-dihydro-2 'H-spiro[ cyclobutane-1,1 '­

naphthalen]-2-one (H13.3 and H13.4). H13.3 and H13.4 were synthesized from H13.2 

using the same procedure used to prepare H10.3 and H10.4 from H10.2. The racemic 

product gave MS ESI (pos.) M/E: 217.1 (M +H). Chiral separation was conducted on a 

chiral OD column, eluting with 1% IPA/hexane. Pure enantiomer H13.3 (1.35 g, white 

solid) (first peak, retention time 8.06 minutes) and H13.4 (1.37 g, white solid) (second 

peak, retention time 1 01.6 minutes) were obtained. The absolute stereochemistry of the 

products associated with either was not determined. 

MeO'C6° ~CN '03"CN MeO MeO 
10 

and 
0 0 

or or 

~0 ~CN '03"CN MeO MeO MeO 
~ and ~ 

0 0 0 

H13.4 H13.5 

[0281] (1R,2S)-7'-Methoxy-3 ',4 '-dihydro-2 'H -spiro [ cyclo butane-1 ,1 '-

naphthalene]-2-carbonitrile and (1R,2R)-7'-methoxy-3' ,4 '-dihydro-2 'H-

spiro [ cyclobutane-1,1 '-naphthalene]-2-carbonitrile or (1S,2S)-7'-methoxy-3' ,4 '­

dihydro-2'H-spiro[cyclobutane-1,1 '-naphthalene]-2-carbonitrile and (1S,2R)-7'­

methoxy-3' ,4 '-dihydro-2 'H -spiro [cyclobutane-1,1 '-naphthalene]-2-carbonitrile 

(H13.5). H13.5 was synthesized from H13.4 using the same procedure used to prepare 

H10.5 from H10.4. MS ESI (pos.) M/E: 245.2 (M+H20). 
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'C6CN 'C()"CN 'C6CN ro•CN MeO MeO HO HO 
and and 

__,;; __,;; __,;; __,;; 

or or 

'COCN o)"CN 'COCN o)"CN MeO MeO HO and HO 
~ and ~ ~ 

__,;; __,;; 0 __,;; 

H13.5 H13.6 

[0282] (1R,2S)-7'-Hydroxy-3' ,4'-dihydro-2'H-spiro[cyclobutane-1,1'-

naphthalene]-2-carbonitrile and (1R,2R)-7'-hydroxy-3' ,4'-dihydro-2'H-

spiro[ cyclobutane-1,1'-naphthalene]-2-carbonitrile or (1S,2S)-7'-hydroxy-3' ,4'­

dihydro-2'H-spiro[cyclobutane-1,1'-naphthalene]-2-carbonitrile and (1S,2R)-7'­

hydroxy-3' ,4'-dihydro-2'H -spiro [cyclobutane-1,1'-naphthalene]-2-carbonitrile 

(H13.6). H13.6 was synthesized from H13.5 using the same procedure used to prepare 

H10.6 from H10.5. MS ESI (pos.) M/E: 231.1 (M+H). 

'C6CN mCN 'C6co,H m•CO,H HO HO HO HO 
and and 

__,;; 0 

or or 

U)CN u)"CN mC~H u)•CO,H 
HO HO HO and HO 

~ and ~ ~ 

..-:::; __,;; 0 __,;; 

H13.6 H13. 7 and H13.8 

[0283] (1R,2S)-7'-Hydroxy-3' ,4'-dihydro-2'H -spiro [ cyclobutane-1,1'-

naphthalene]-2-carboxylic acid and (1R,2R)-7'-hydroxy-3' ,4'-dihydro-2'H-

spiro [ cyclo butane-1,1'-naphthalene ]-2-carboxylic acid or (1 S,2S)-7'-hydroxy-3' ,4'­

dihydro-2'H-spiro[cyclobutane-1,1'-naphthalene]-2-carboxylic acid and (1S,2R)-7'­

hydroxy-3' ,4'-dihydro-2'H -spiro [ cyclobutane-1 ,1'-naphthalene ]-2-carboxylic acid 

and (1R,2S)-7'-hydroxy-3' ,4'-dihydro-2'H -spiro [ cyclobutane-1 ,1'-naphthalene ]-2-

carboxylic acid (H13.7 and H13.8). H13.7 (first peak from reverse phase HPLC) and 

H13.8 (2nd1 peak from reverse phase HPLC) were synthesized from H13.6 using the 

same procedure used to prepare H10. 7 and H10.8 from H10.6. MS ESI (neg.) M/E: 

231.1 (M-H). 

- 109-



wo 2010/045258 PCT/US2009/060549 

'03"C0,H '03"C02Me HO HO 

~ ~ 

or or 

~C02H ~C02 Me HO HO 

~ ~ 

or or 

'03''C0,H '03''C02Me HO HO 
~ ~ 

~ ~ 

or or 

~CO,H ~C02Me HO HO 
~ ~ 

~ ~ 

H13.7 H13 

[0284] (1R,2S)-Methyl 7'-hydroxy-3' ,4'-dihydro-2'H-spiro[cyclobutane-1,1 '-

naphthalene]-2-carboxylate or (1R,2R)-methyl 7'-hydroxy-3 ',4 '-dihydro-2 'H­

spiro[cyclobutane-1,1 '-naphthalene]-2-carboxylate or (1S,2S)-methyl 7'-hydroxy-

3' ,4'-dihydro-2'H-spiro[cyclobutane-1,1 '-naphthalene]-2-carboxylate or (1S,2R)­

methyl 7'-hydroxy-3 ',4 '-dihydro-2'H-spiro[ cyclobutane-1,1 '-naphthalene ]-2-

carboxylate (H13). H13 was synthesized from H13. 7 using the same procedure used to 

prepare H10 from H10.7. MS ESI (pos.) M/E: 247.2 (M+H). 
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[0285] Intermediate H14 

'C8"C02H 'C8"co2
Me HO HO 

~ ~ 

or or 

~co,H ~C02 Me HO HO 

~ ~ 

or or 

'C8''C02H 'C8''C02
Me HO HO 

~ ~ 

~ ~ 

or or 

~CO,H ~C02Me HO HO 
~ ~ 

~ ~ 

H13.8 H14 

[0286] (1R,2S)-Methyl 7'-hydroxy-3' ,4'-dihydro-2'H-spiro[cyclobutane-1,1 '-

naphthalene]-2-carboxylate or (1R,2R)-methyl 7'-hydroxy-3',4'-dihydro-2'H­

spiro[cyclobutane-1,1 '-naphthalene]-2-carboxylate or (1S,2S)-methyl 7'-hydroxy-

3 ',4 '-dihydro-2'H -spiro [cyclobutane-1,1 '-naphthalene]-2-carboxylate or (1S,2R)­

methyl 7'-hydroxy-3 ',4 '-dihydro-2'H -spiro[ cyclobutane-1,1 '-naphthalene ]-2-

carboxylate (H14). H14 was synthesized from H13.8 using the same procedure used to 

prepare H10 from H10.7. MS ESI (pos.) M/E: 247.2 (M+H). 

[0287] Intermediate H15 

MeO'C8° m-CN '03"CN MeO MeO 
1.6- and 

.6- .6-

or or 

m-0 'COC' '03"CN MeO MeO MeO 
~ and ~ 

.6- .6- .6-

H13.3 H15.1 
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[0288] (1R,2S)-7'-Methoxy-3' ,4'-dihydro-2'H -spiro [ cyclo butane-1 ,1'-

naphthalene]-2-carbonitrile and (1R,2R)-7'-methoxy-3' ,4'-dihydro-2'H-

spiro [ cyclobutane-1,1'-naphthalene]-2-carbonitrile or (1S,2S)-7'-methoxy-3' ,4'­

dihydro-2'H-spiro[cyclobutane-1,1'-naphthalene]-2-carbonitrile and (1S,2R)-7'­

methoxy-3' ,4'-dihydro-2'H -spiro [cyclobutane-1,1'-naphthalene]-2-carbonitrile 

(H15.2). H15.2 was synthesized from H13.3 using the same procedure used to prepare 

H10.5 from H10.4. MS ESI (pos.) M/E: 245.2 (M+H20). 

dSCN 'C()"CN dSCN ro•CN MeO MeO HO HO 
and and 

0 0 0 0 

or or 

'COCN 'CO"CN 'COCN 'CO"CN MeO MeO HO and HO 
and ~ 

0 0 .0 0 

H15.1 H15.2 

[0289] (1R,2S)-7'-Hydroxy-3' ,4'-dihydro-2'H-spiro[cyclobutane-1,1'-

naphthalene]-2-carbonitrile and (1R,2R)-7'-hydroxy-3' ,4'-dihydro-2'H-

spiro[ cyclobutane-1,1'-naphthalene]-2-carbonitrile or (1S,2S)-7'-hydroxy-3' ,4'­

dihydro-2'H-spiro[cyclobutane-1,1'-naphthalene]-2-carbonitrile and (1S,2R)-7'­

hydroxy-3' ,4'-dihydro-2'H -spiro [cyclobutane-1,1'-naphthalene]-2-carbonitrile 

(H15.2). H15.2 was synthesized from H15.1 using the same procedure used to prepare 

H10.6 from H10.5. MS ESI (pos.) M/E: 231.1 (M+H). 

d)CN mCN d)co,H m·C~H HO HO HO HO 
and and 

0 .0 

or or 

mCN tr)"CN mC~H m•CO,H HO HO HO and HO 
~ and ~ ~ 

0 0 .0 0 

H15.2 H15.3 and H15.4 

[0290] (1R,2S)-7'-Hydroxy-3' ,4'-dihydro-2'H-spiro[cyclobutane-1,1'-

naphthalene]-2-carboxylic acid and (1R,2R)-7'-hydroxy-3' ,4'-dihydro-2'H-

spiro [ cyclo butane-1,1'-naphthalene ]-2-carboxylic acid or (1 S,2S)-7'-hydroxy-3' ,4'-
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dihydro-2'H-spiro[cyclobutane-1,1 '-naphthalene]-2-carboxylic acid and (1S,2R)-7'­

hydroxy-3 ',4' -dihydro-2 'H -spiro [ cyclobutane-1 ,1 '-naphthalene] -2-carboxylic acid 

and (1R,2S)-7'-hydroxy-3' ,4'-dihydro-2'H-spiro[ cyclobutane-1,1 '-naphthalene ]-2-

carboxylic acid (H15.3 and H15.4). H15.3 (first peak from reverse phase HPLC) and 

H15.4 (2nd1 peak from reverse phase HPLC) were synthesized from H15.2 using the 

same procedure used to prepare H10. 7 and H10.8 from H10.6. MS ESI (neg.) M/E: 

231.1 (M-H). 

'03"C0,H '03''C02
Me HO HO 

~ ~ 

or or 

~C02H ~C02 Me HO HO 

.0 .0 

or or 

'03"C02H '03''C02
Me HO HO 

~ ~ 

.0 .0 

or or 

~co,H ~C02Me HO HO 
~ ~ 

~ ~ 

H15.3 H15 

[0291] (1R,2S)-Methyl 7'-hydroxy-3 ',4 '-dihydro-2 'H-spiro [cyclobutane-1,1 '-

naphthalene]-2-carboxylate or (1R,2R)-methyl 7'-hydroxy-3',4'-dihydro-2'H­

spiro[cyclobutane-1,1 '-naphthalene]-2-carboxylate or (1S,2S)-methyl 7'-hydroxy-

3 ',4 '-dihydro-2'H -spiro [cyclobutane-1,1 '-naphthalene] -2-carboxylate or (1S,2R)­

methyl 7'-hydroxy-3 ',4 '-dihydro-2'H -spiro[ cyclobutane-1,1 '-naphthalene ]-2-

carboxylate (H15). H15 was synthesized from H15.3 using the same procedure used to 

prepare H10 from H10.7. MS ESI (pos.) M/E: 247.2 (M+H). 
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[0292] 

[0293] 

Synthesis of Biphenyl Intermediates 

Intermediate T1 

T1.1 

PCT/US2009/060549 

OMe 

T1.2 

Methyl6-(1,1-dimethylethyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-

3-carboxylate (T1.2). To a stirred solution ofmethyl3-bromo-4-tert-butylbenzoate T1.2 

(Australian Journal ofChemistry 1990,43, 807-814) (1.00 g, 3.7 mmol) in toluene (4.00 

mL, 4.0 mmol) and DMF (1.00 mL, 13.0 mmol) at 23°C was added 2-fluoro-5-

methoxyphenylboronic acid (2.50 g, 15 mmol) (commercially available from Sigma­

Aldrich, St. Louis, MO, USA) and potassium carbonate (1.50 g, 11 mmol), followed by 

tetrakis(triphenylphosphine)palladium (0.43 g, 0.37 mmol). The mixture was heated at 

100°C for 21 hours and then cooled to room temperature. Water (30 mL) was added to 

the mixture, and the mixture was extracted with EtOAc (3 x 50 mL). The combined 

organic layers were dried over MgS04 and concentrated in vacuo. The residue was then 

purified by flash chromatography (Si02 gel60, eluted with 0%-10% EtOAc in hexanes) 

to give a clear oil (2.3 g, 99% yield). MS ESI (pos.) m/e: 339.1 (M+Nat, 334.1 

(M+H20t, 317.2 (M+Ht. 

OMe 
OMe 

T1.2 T1.3 
[0294] ( 6-(1,1-Dimethylethyl)-2 '-fluoro-5' -( methyloxy)-1,1 '-biphenyl-3-

yl)methanol (T1.3). To a stirred solution ofT1.2 (0.080 g, 0.3 mmol) in THF (10 mL, 3 

mmol) at ooc was added LAH (I. OM solution in THF (0.5 mL, 0.5 mmol)). The mixture 

was stirred for 15 minutes. IN NaOH (5 mL) was then added to quench the reaction, and 
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the resulting solution was extracted with EtOAc (3 x 10 mL ), dried over MgS04, filtered 

and concentrated in vacuo. The residue was then purified by flash chromatography (Si02 

gel 60, eluted with 0-30% EtOAc in hexanes) to give a clear oil (0.07 g, 96% yield). 1H 

NMR (400 MHz, CDCh) o ppm 7.57 (1 H, d, J=8.2 Hz), 7.44-7.31 (1 H, m), 7.04 (1 H, d, 

J= 4.0 Hz), 7.00 (1 H, t, J= 8.0 Hz), 6.86 (1 H, m), 6.78 (1 H, dd, J=5.9, 3.1 Hz), 4.68 (1 

H, d, J=5.9 Hz), 3.79 (3 H, s), 1.63 (1 H, tJ= 5.9 Hz), 1.23 (9 H, s). 

OMe OMe 

T1.3 Tl 
[0295] 5-(Chloromethyl)-2-(1 ,1-dimethylethyl)-2'-fluoro-5' -( methyloxy )-1 ,1 '-

biphenyl (T1). To a stirred solution ofT1.3 (0.07 g, 0.2 mmol) in DCM (10 mL, 155 

mmol) at 23°C was added thionyl chloride (0.04 mL, 0.5 mmol). The resulting mixture 

was stirred for 16 hours and then concentrated in vacuo. The residue was purified by 

flash chromatography (Si02 gel60, eluted with 0%-10% EtOAc in hexanes) to give a 

colorless oil (0.050 g, 67% yield). 1H NMR (400 MHz, CDCb) o ppm 7.56 (1 H, d, 

J=8.2 Hz), 7.37 (1 H, dd, J=8.4, 2.2 Hz), 7.05 (1 H, d, J= 1.6 Hz), 7.01 (lH, t, J= 9.2 Hz), 

6.87 (1 H, m), 6. 79 (1 H, dd, J=5.9, 3.1 Hz), 4.57 (2 H, s ), 3.80 (3 H, s ), 1.23 (9 H, s). 

[0296] Intermediate T2 

y=o S<~y~~ 
T2.1 

[0297] 5,5-Dimethylcyclopent-1-enyl trifluoromethanesulfonate (T2.1). To a 

solution of2,2-dimethylcyclopentanone (available from ChemSampCo)(3.00 g, 26.75 

mmol) in THF (100 mL), was slowly added LDA (14.7 mL, 2.0 M, in heptane) at -78°C. 

The resulting mixture was stirred at -78°C for 1 hour. A solution ofN-phenyltriflimide 

(1 0.00 g, 28.00 mmol) was added to the mixture at -78°C, and the resulting mixture was 

stirred at ooc for 2 hours and then at room temperature overnight. The reaction mixture 

was extracted with hexane (SOx 2 mL). The combined organic layers were washed with 
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saturated Na2C03 (30 mL), brine (20 mL), dried with MgS04, and filtered. The solvent 

was removed, and the residue was purified by Comb iF lash® chromatography (eluent was 

EtOAc and hexane) to give T2.1. 1HNMR (CDCb) o 1.16 (s, 6 H), 1.86 (t,J= 7.1 Hz, 2 

H), 2.36 (t, J = 7.1 Hz, 2 H), 5.56 (m, 1 H). 

S<-~~1-~ 
T2.1 T2.2 

[ 0298] 2-(5,5-Dimethylcyclopent-1-enyl)-4,4,5,5-tetramethyl-l,3,2-

dioxaborolane (T2.2). PdCb(PPh3) 2 (0.56 g, 0.80 mmol), PPh3 (0.63 g, 2.40 mmol), 

bis(pinacolato)diboron (6.80 g, 26.75 mmol) and KOPh (fine powder, 5.30 g, 40.10 

mmol) were added to a flask The flask was flushed with nitrogen and charged with 

toluene (100 mL) and with T2.1 (6.53 g, 26.75 mmol). The mixture was stirred at 50°C 

for 2 hours. The reaction mixture was treated with water at room temperature and 

extracted with benzene (60x 2 mL). The organic layer was dried over MgS04. The 

product was then purified by CombiFlash® column chromatography to give intermediate 

T2.2. 1H NMR (CDC13) o 1.04 (s, 6 H), 1.18 (s, 12 H), 1.57 (t, J = 7.1 Hz, 2 H), 2.29 (t, J 

= 7.1 Hz, 2 H), 6.29 (m, 1 H). 

~o~_ 
HoA( 

Cl 

T2.3 T2.4 
[0299] Ethyl3-chloro-4-(((trifluoromethyl)sulfonyl)oxy)benzoate (T2.4) A 

mixture of ethyl 3-chloro-4-hydroxybenzoate (commercially available from Sigma­

Aldrich, St. Louis, MO, USA) (5.00 g, 25.0 mmol), N-phenyltriflimide (9.30 g, 26.0 

mmol) and TEA (4.2 mL, 30.0 mmol) in DCM (40 mL) with a catalytic amount of 

DMAP, was stirred at ambient temperature overnight. DCM (150 mL) was added, and 

the reaction mixture was washed with brine (30 x 3 mL), dried over MgS04, and the 

solvent was removed under reduced pressure. The product T2.4 was used in the next step 

without further purification. MS ESI (pos.) m/e: 335.0 (M+Nat. 
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0 

0~ 

T2.4 T2.5 

[0300] Ethyl2-chloro-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-carboxylate 

(T2.5) A mixture of ethyl3-chloro-4-(trifluoromethylsulfonyloxy)benzoate T2.4 (3.00 g, 

9.02 mmol), 2-fluoro-5-methoxyphenylboronic acid (commercially available from Sigma­

Aldrich, St. Louis, MO, USA) (1.84 g, 10.8 mmol), 

tetrakis(triphenylphosphine)palladium (0.521 g, 0.451 mmol) and potassium carbonate 

(2.49 g, 18.0 mmol) in DMF (20 mL), was purged with N2 three times and then heated at 

1 00°C for 4 hours. The reaction was cooled to room temperature, and EtOAc (130 mL) 

was added. The mixture was then washed with brine (30 x 4 mL). The organic layer was 

dried over MgS04. The residue was purified by CombiFlash® silica gel column 

chromatography (eluent with hexane/EtOAc; 85/15) to give T2.5. 1 H NMR ( 400 MHz, 

CDCh) 8 ppm 8.08 (d, lH), 7.90 (d, lH), 7.33 (dd, lH), 6.96- 7.02 (m, lH), 6.82- 6.85 

(m, lH), 6.74 (d, lH), 4.33 (q, 2H), 4.31 (s, 3H), 1.34 (t, 3H). MS ESI (pos.) m/e: 309.1 

(M+Ht. 

0 

0~ OH 

-
T2.5 T2.2 T2.6 

[0301] (2-(5,5-Dimethyl-1-cyclopenten-1-yl)-2'-fluoro-5'-(methyloxy)-1,1 '­

biphenyl-4-yl)methanol (T2.6) A mixture of compound T2.5 (1.80 g, 5.80 mmol), 2-

( 5,5-dimethylcyclopent-1-enyl)-4,4,5,5-tetramethyl-1 ,3,2-dioxaborolane (T2.2)(1.40 g, 

6.4 mmol), S-Phos (0.48 g, 1.20 mmol), tripotassium phosphate (3.10 g, 15.0 mmol) and 

palladium acetate (0.13 g, 0.58 mmol) in DMF (10.0 mL) and water (1.0 mL), was purged 

with N2 three times. The resulting mixture was heated at 100 oc overnight. EtOAc (120 

mL) was added, and the mixture was washed with brine (25 x 2 mL). The organic layer 

was dried with MgS04. The residue was purified by CombiFlash® silica gel column 
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chromatography, eluting with hexane/EtOAc, 9/1 to give the Suzuki coupling product as 

an intermediate, ethyl2-(5,5-dimethyl-l-cyclopenten-l-yl)-2'-fluoro-5'-(methyloxy)-1, I'­

biphenyl-4-carboxylate. MS ESI (pos.) m/e: 369.1 (M+Hf. To a solution of ethyl2-

(5,5-dimethyl-l-cyclopenten-l-yl)-2'-fluoro-5'-(methyloxy)-1, 1 '-biphenyl-4-carboxylate 

(1.00 g, 3.0 mmol) in THF (10.0 mL), was slowly added LAH, (l.OM solution in diethyl 

ether, 4.0 mL, 4.0 mmol) at 0°C. After the addition, the reaction mixture was stirred at 

40°C for 1.5 hours, and then at room temperature for 2 hours. A mixture of water (0.22 

mL) in THF (2.0 mL) was slowly added and then 15% sodium hydroxide (0.22 mL) was 

added at 0°C. Finally, water (0.65 mL) was added at room temperature. The solid was 

removed by filtration, and the solvent was removed under reduced pressure. The residue 

was purified by CombiFlash® silica gel column chromatography, eluting with 

hexane/EtOAc, 90/10 to 70/30) to give the title compound T2.6. 1H NMR (400 MHz, 

CDCh) 8 ppm. 7.24 (s, 2H), 7.09- 7.21 (m, IH), 6.84- 6.96 (m, IH), 6.68-6.72 (m, 2H), 

5.43 (s, IH), 4.65 (s, 2H), 3.66 (s, 3H), 2.17 (td, 2H), 1.77 (b, lH), 1.58 (t, 2H), 0.78 (s, 

6H). MS ESI (pos.) m/e: 309.1 (M-HOt, 345.2 (M+H30t. 

OH Br 

-
T2.6 T2.7 

[ 0302] 4-(Bromomethyl)-2-(5,5-dimethyl-1-cyclopenten-1-yl)-2 '-fluoro-5'-

(methyloxy)-1,1 '-biphenyl (T2.7) To a solution of triphenylphosphine (0.13 g, 0.51 

mmol) in DCM (1.0 mL), was slowly added bromine (0.081 g, 0.51 mmol, 0.25 mL, 2M 

in CC14) at 0°C. The resulting mixture was stirred at ooc for 15 minutes and then a 

mixture of compound T2.6 (0.15g, 0.46 mmol) and anhydrous pyridine (0.041 mL, 0.51 

mmol) in DCM (3.0 mL) was added to the mixture. The reaction mixture was stirred at 

room temperature for 2 hours. DCM (80 mL) was added, and the mixture was washed 

with water (20 x 2 mL), and dried overNa2S04. The solvent was removed under reduced 

pressure to provide product T2.7. 1H NMR (400 MHz, CDCh) 8 ppm. 7.16- 7.29 (m, 

3H), 6.88 (t, IH), 6.72 (m, 2 H), 5.45 (s, IH), 4.46 (s, 2 H), 3.68 (s, 3H), 2.16-2.19 (m, 

2H), 1.59 (t, 2H), 0. 78 (s, 6H). 
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OH Cl 

-
T2.6 T2 

4-(Chloromethyl)-2-(5,5-dimethyl-1-cyclopenten-1-yl)-2'-fluoro-5'-(methyloxy)-1,1'­

biphenyl (T2) To a solution of compound T2.6 (1.10 g, 3.37 mmol) and a catalytic 

amount ofDMF (0.10 mL) in DCM (12.0 mL), was slowly added thionyl chloride (0.802 

g, 6.74 mmol) at 0 °C. After addition, the reaction mixture was stirred at room 

temperature for 1 hour. The solvent was removed under reduced pressure, and the 

resulting residue was purified by CombiFlash®® silica gel column chromatography 

eluting with hexane/EtOAc, 100/0 to 95/5) to give the title compound T2 (1.15g). 1H 

NMR (400 MHz, CDCh) o ppm. 7.32-7.39 (m, 2H), 7.28-7.29 (m. 1H), 6.88 (t, 1H), 

6.80-6.82 (m, 2 H), 5.56 (s, 1H), 4.66 (s, 2 H), 3.78 (s, 3H), 2.27-2.29 (m, 2H), 1.69 (t, 

2H), 0.89 (s, 6H). 

[0303] Intermediate T3 

0 Br:d I ~ OH 

HO ~ 

0 Br:d/ I o 
HO ~ 

T3.1 

[0304] Methyl3-bromo-4-hydroxybenzoate (T3.1). To a stirred solution of 3-

bromo-4-hydroxybenzoic acid (available from Alfa Aesar, Avocado, Lancaster) (50.0 g, 

231 mmol) in MeOH (300 mL) was added a cold solution of sulfuric acid (2.50 mL, 47 

mmol). The mixture was heated to 80°C and monitored by TLC. After 16.5 hours, the 

solvent was removed and the reaction mixture was diluted with EtOAc. The organic 

phase was washed carefully two times with saturated aqueous NaHC03, once with brine, 

and then dried over anhydrous sodium sulfate. After filtration, the organic solvent was 

removed in vacuo to yield T3.1 as a white solid (yield 100%) that was used without 

purification. 
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0 

0 Brxi' / I o 
HO .0 

Brxi' / I o 
0 .0 

6 
T3.1 T3.2 

[0305] Methyl3-bromo-4-(tetrahydro-2H-pyran-2-yloxy)benzoate(T3.2). To 

a stirred solution ofT3.1 (38 g, 164 mmol) and 3,4-dihydro-2H-pyran (45 mL, 493 

mmol) in DCM (355 mL,) was added 4-methylbenzenesulfonic acid hydrate (0.63 g, 3.30 

mmol). The mixture was stirred at room temperature and monitored by TLC. After 2 

hours, the solution was washed with a mixed aqueous solution of saturated aqueous 

sodium bicarbonate/brine/water (1: 1 :2). The aqueous layer was extracted three times 

with ether. After drying over anhydrous sodium sulfate and then filtering, the organic 

solvent was removed under reduced pressure. The residue was purified on silica gel (0-

10% EtOAc in hexanes) to yield a white solid. The product was recrystallized from 

MeOH to provide T3.2 (yield 90%). 1H NMR (400 MHz, CDCb) 8 8.24 (1 H, d, J=2.0 

Hz), 7.93 (1 H, dd, J=8.6, 2.0 Hz), 7.17 (1 H, d, J=8.6 Hz), 5.62 (1 H, t, J=2.5 Hz), 3.90 

(3 H, s), 3.83 (1 H, td, J=ll.l, 2.9 Hz), 3.66 (1 H, m), 2.18 (1 H, m), 2.04 (1 H, m), 1.94 

(1 H, m), 1.79 (2 H, m), 1.67 (1 H, m).) 

[0306] 

0 Br:nY' / I o 
0 0 

c 
T3.2 

I 
0 

S-Phos 

T2.2 

T3.3 

Methyl 3-(5,5-dimethylcyclopent-1-enyl)-4-( tetrahydro-2H-pyran-2-

yloxy)benzoate (T3.3). A stirred mixture of T3.2 (10.1 g, 31.9 mmol), ground S-Phos 

(2.62 g, 6.39 mmol), palladium acetate (0.72 g, 3.2 mmol), and potassium phosphate, 
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tribasic (17.0 g, 80.2 mmol) in DMF (70 mL) and water (3.5 mL) was purged three times 

with argon and placed under vacuum three times. Before heating, 2-(5,5-

dimethylcyclopent-1-enyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (T2.2)(8.50 g, 38.3 

mmol) was added via syringe. The resulting mixture was then heated to 75°C. After 21 

hours, the reaction was cooled to room temperature, diluted with water, and extracted 

three times with EtOAc. The organic layers were combined and washed twice with brine. 

After drying over anhydrous sodium sulfate and filtering, the organic solvent was 

removed under reduced pressure. The residue was purified on silica gel (0-20% EtOAc in 

hexanes) to yield T3.3 as a colorless oil that solidified (yield 80%). 1H NMR ( 400 MHz) 

(CDCb) 8 7.91 (1 H, dd, J=8.6, 2.3 Hz), 7.74 (1 H, d, J=2.3 Hz), 7.15 (1 H, d, J=8.6 Hz), 

5.55 (1 H, t, J=2.3 Hz), 5.49 (1 H, t, J=2.9 Hz), 3.88 (3 H, s), 3.82 (1 H, td, J=ll.l, 2.9 

Hz), 3.64 (1 H, m), 2.43 (2 H, td, J=7.0, 2.3 Hz), 1.92 (5 H, m), 1.69 (1 H, m), 1.61 (2 H, 

m), 1.09 (6 H, d, J=l3.7 Hz). 

0 

6 
T3.3 T3.4 

[0307] Methyl 3-(5,5-dimethylcyclopent-1-enyl)-4-hydroxybenzoate (T3.4). 

To a stirred solution ofT3.3 (19.0 g, 57.6 mmol) in MeOH (150 mL) was added 

pyridinium para-toluenesulfonate (PPTS) (1.46 g, 5.80 mmol). The mixture was heated 

to 50°C and monitored with TLC. After 19 hours, the organic solvent was removed under 

reduced pressure and the product was then purified on silica gel (0-15% EtOAc in 

hexanes) to yield T3.4 as a white solid (yield 90%). 1HNMR (400 MHz) (CDC13) 8 7.89 

(1 H, dd, J=8.6, 2.0 Hz), 7.79 (1 H, d, J=2.3 Hz), 6.97 (1 H, d, J=8.6 Hz), 5.87 (1 H, s), 

5.81 (1 H, t, J=2.3 Hz), 3.89 (3 H, s), 2.51 (2 H, td, J=7.1, 2.5 Hz), 1.94 (2 H, t, J=7.0 

Hz), 1.12 (6 H, s). 
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T3.4 

[0308] Methyl 3-(5,5-dimethylcyclopent-1-enyl)-4-

PCT/US2009/060549 

0 
I 

0=8=0 

F~F 
F 

T3.5 

(trifluoromethylsulfonyloxy)benzoate (T3.5). To a stirred solution ofT3.4 (6.00 g, 

24.4 mmol) in dry DCM (35 mL) was added TEA (6.80 mL, 48.9 mmol) and DMAP 

(0.30 g, 2.5 mmol). After about 20 minutes, N-phenyl bis-trifluoromethane sulfonimide 

(10.5 g, 29.3 mmol) was added in portion. Upon complete addition, the solution was 

stirred at room temperature and monitored with TLC. After 3 hours, the reaction was 

diluted with brine and extracted three times with DCM. After drying over anhydrous 

magnesium sulfate and filtering, the organic solvent was removed under reduced pressure 

and the product was then purified on silica gel (0-1 0% EtOAc in hexanes) to yield T3.5 as 

a colorless oil (yield 88%). 1H NMR (400 MHz, CDCh) o 8.02 (1 H, dd, J=8.6, 2.0 Hz), 

7.94 (1 H, d, J=2.0 Hz), 7.35 (1 H, d, J=8.6 Hz), 5.80 (1 H, t, J=2.5 Hz), 3.94 (3 H, s), 

2.48 (2 H, td, J=7.0, 2.3 Hz), 1.91 (2 H, t, J=7.0 Hz), 1.09 (6 H, s). 

0 
I 

0=8=0 

F~F 
F 

[0309] 

0 

T3.5 T3.6 

Methyl2-(5,5-dimethyl-1-cyclopenten-1-yl)-2'-fluoro-5'-(methyloxy)-

1,1'-biphenyl-4-carboxylate (T3.6). To a stirred solution ofT3.5 (8.71 g, 23.0 mmol) in 

DMF (20 mL) at 23°C was added 2-fluoro-5-methoxyphenylboronic acid (7.84 g, 46.1 

mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA) and potassium 

carbonate (9.56 g, 69.1 mmol) followed by tetrakis(triphenylphosphine )palladium (0) 

(2.67 g, 2.31 mmol). The mixture was heated to 90 °C. After 15 hours, LCMS-showed 
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that the reaction was complete. The mixture was then cooled to room temperature and 

diluted with water. After extracting three times with EtOAc, the mixture was 

concentrated in vacuo and then purified on silica gel (0%-1 0% EtOAc/hexane) to give 

T3.6 as a clear oil that solidified (yield 91 %). 1H NMR (400 MHz, CDCh) 8 7.98 (1 H, 

dd, J=8.0, 1.8 Hz), 7.91 (1 H, d, J=2.0 Hz), 7.40 (1 H, d, J=7.8 Hz), 6.98 (1 H, t, J=8.8 

Hz), 6.85 (2 H, m), 5.55 (1 H, s), 3.95 (3 H, s), 3.77 (3 H, s), 2.27 (2 H, td, J=7.0, 2.7 Hz), 

1.68 (2 H, t, J=7.0 Hz), 0.87 (6 H, s). 

MeO 

F 

T3.6 T3.7 

[0310] Methyl2-(2,2-dimethylcyclopentyl)-2'-fluoro-5'-(methyloxy)-1,1 '-

biphenyl-4-carboxylate (T3. 7). To a stirred solution ofT3.6 (0.660 g, 1.86 mmol) in 

MeOH (20.00 mL, 1.86 mmol) at 23°C was added Pd/C (0.0 198 g, 0.186 mmol). The 

resulting mixture was stirred under an atmosphere of hydrogen (0.00375 g, 1.86 mmol) 

for 16 hours. The reaction mixture was then filtered and concentrated in vacuo to give 

T3.7 as a clear oil (0.600 g, 90.4% yield). 

MeO 

OH 
F 

T3.6 T3.7 
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MeO ,p" 

~ OH 

MeO ,p" 

~ OH 

MeO 

OH 

T3.7 T3.8 and T3.9 

[0311] (2-( (18)-2,2-Dimethylcyclopentyl)-2'-fluoro-5'-(methyloxy)-1 ,1 '-

biphenyl-4-yl)methanol and (2-((1R)-2,2-dimethylcyclopentyl)-2'-fluoro-5'­

(methyloxy)-1,1 '-biphenyl-4-yl)methanol (T3.8 and T3.9). To a stirred solution of 

T3.6 (0.500 g, 1.4 mmol) in THF (7.0 mL, 1.4 mmol) at 0°C was added LAH (1.4 mL, 

1.4 mmol). After addition, the reaction was stirred for 1.5 hours. IN NaOH (aq) was 

then added to quench the reaction, and the mixture was extracted with EtOAc. The 

organic layers were dried over magnesium sulfate, filtered, and concentrated in vacuo. 

The resulting product was then purified on silica gel (0%-20% EtOAc/hexane) to give 

T3.7 (0.442 g, 96% yield). Chiral separation ofT3.7 was accomplished on a 

CHIRALCEL® OD column (3%IPA in hexane) to provide T3.8 and T3.9. Both 

enantiomers were used to synthesize example compounds, and both enantiomers gave 

active example compounds. However, the enantiomer corresponding to peak 2 provided 

the most active example compounds. Analytical column (CHIRALCEL® OD column 

(2%IPA in hexane, 45 min run) Peak 1-15.5 mins, Peak 2-38.0 mins). 1 
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F F 

or - or 

F F 

T3.9 T3 

[0312] 4-(Chloromethyl)-2-((1S)-2,2-dimethylcyclopentyl)-2'-fluoro-5'-

(methyloxy)-1,1 '-biphenyl or 4-(chloromethyl)-2-((1R)-2,2-dimethylcyclopentyl)-2'­

fluoro-5'-(methyloxy)-1,1 '-biphenyl T3. Thionyl chloride (1.5 mL, 20 mmol) was 

added to a stirred solution ofT3.9 (3.280 g, 10.0 mmol) (derived from peak two from the 

chiral separation ofT3.7) in DCM (100 mL, 10.0 mmol) and DMF (0.77 mL, 10.0 mmol) 

at 0°C. Stirring was continued at room temperature for 2 hours. The reaction mixture 

was then concentrated in vacuo and purified on silica gel (0-1 0% EtOAc in hexane) to 

give the desired product T3 (3.00 g, 87% yield) as a clear oil. 

[0313] 

[0314] 

Intermediate T4 

C02 Me 

~C02Me 
OH 

C02Me 

~co2Me 
OS02CF3 

T4.1 
Dimethyl4-(trifluoromethylsulfonyloxy)isophthalate (T4.1). To a 

stirred solution of dimethyl4-hydroxyisophthalate (commercially available from Chern 

Service)(37.7 g, 179 mmol) in DCM (256 mL, 179 mmol) at 23°C was added TEA (30 

mL, 215 mmol), and a catalytic amount ofDMAP. N-phenyltriflimide (70 g, 197 mmol) 
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was then added to the mixture and the mixture was stirred at room temperature for 21 

hours. The solvent was removed, and the residue was purified on silica gel (0-1 0% 

EtOAc in hexanes) to yield T4.1 dimethyl4-(trifluoromethylsulfonyloxy)isophthalate as a 

colorless oil (59.00 g, 96% yield). MS ESI (pos.) m/e: 360.0 (M+H20f, 343.0 (M+Hf. 

F 

T4.1 T4.2 
[0315] Dimethyl 2 '-fluoro-5'-(methyloxy)-1,1 '-biphenyl-2,4-dicarboxylate 

(T4.2). To a stirred solution of dimethyl4-(trifluoromethylsulfonyloxy)isophthalate T4.1 

(39.00 g, 114 mmol) in DMF (228 mL, 114 mmol) at 23°C was added 2-fluoro-5-

methoxyphenylboronic acid (29 g, 171 mmol) (commercially available from Sigma­

Aldrich, St. Louis, MO, USA), and potassium carbonate ( 4 7 g, 342 mmol), followed by 

tetrakis(triphenylphosphine)palladium (9.2 g, 8.0 mmol). The mixture was heated to 

90°C and stirred for 18 hours. The reaction was cooled to room temperature. Water was 

then added to the reaction, and the resulting mixture was extracted with EtOAc. The 

combined organic layers were dried over MgS04, and concentrated. The crude product 

was purified by silica gel flash chromatography (0-20% EtOAc/hexane) to afford 

dimethyl2'-fluoro-5'-(methyloxy)-1,1'-biphenyl-2,4-dicarboxylate T4.2 as a clear oil 

(32.00 g, 88% yield). MS ESI (pos.) m/e: 319.1 (M+Hf. 

F 

T4.2 T4.3 
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[0316] 2 '-Fluoro-5'-( methyloxy)-2-( (methyloxy )carbonyl)-1 ,1 '-biphenyl-4-

carboxylic acid (T4.3). To a stirred solution ofT4.2 (36.50 g, 115 mmol) in THF (70.0 

mL, 854 mmol) and MeOH (70.0 mL, 1730 mmol) at 0°C was added potassium 

hydroxide (63 mL, 126 mmol) slowly to maintain the temperature below 6°C. The 

reaction mixture was allowed to warm to room temperature and was stirred for 15 hours. 

The reaction mixture was concentrated in vacuo. IN HCl was added to the aqueous 

phase, and the resulting mixture was extracted with EtOAc. The combined organic layers 

were dried over MgS04, and concentrated in vacuo to give 2'-fluoro-5'-(methyloxy)-2-

((methyloxy)carbonyl)-1,1'-biphenyl-4-carboxylic acid T4.3 as a white solid (35.00 g, 

100% yield). MS ESI (pos.) m/e: 322.1 (M+H20f, 305.0 (M+Hf. 

[0317] 

F 

T4.3 

MeO 

T4.4 

F 

Methyl 2 '-fluoro-4-(hydroxymethyl)-5'-(methyloxy)-1,1 '-biphenyl-2-

carboxylate (T4.4). To a stirred solution of2'-fluoro-5'-(methyloxy)-2-

((methyloxy)carbonyl)-1,1'-biphenyl-4-carboxylic acid T4.3 (35.60 g, 117 mmol) in THF 

(1170 mL, 117 mmol) at 0°C was added borane-THF (234 mL, 234 mmol). The reaction 

was warmed to 23°C, and the mixture was stirred for 6 hours. The mixture was then 

concentrated in vacuo. 1 N HCl was added, and the mixture was extracted with EtOAc. 

The organic layers were combined, dried over MgS04, filtered, and concentrated in 

vacuo. The residue was purified on silica gel (0-40% EtOAc in hexane) to give methyl 

2'-fluoro-4-(hydroxymethyl)- 5' -( methyloxy )-1, 1 '-bipheny 1-2-carboxy late T 4.4 as a clear 

oil (30.00 g, 88% yield). MS ESI (pos.) m/e: 308.0 (M+H20f, 291.1 (M+Ht, 

- 127-



wo 2010/045258 PCT/US2009/060549 

F F 

T4.4 T4.5 
[0318] 1-(2'-Fluoro-4-(hydroxymethyl)-5'-(methyloxy)-1,1 '-biphenyl-2-yl)-

2,2-dimethyl-1-propanone (T4.5). To a stirred solution ofmethyl2'-fluoro-4-

(hydroxymethyl)-5'-(methyloxy)-1,1'-biphenyl-2-carboxylate T4.4 (2.00 g, 7 mmol) in 

THF (138 mL, 7 mmol) at -78°C was added t-butyllithium (1.7M in pentane, 9 mL, 14 

mmol). The resulting mixture was then stirred for 3 hours. A saturated solution of 

ammonium chloride was added, to quench the reaction, and the resulting mixture was 

extracted with EtOAc. The combined organic layers were dried over MgS04, filtered, 

and concentrated in vacuo. The residue was purified by silica gel flash chromatography 

(0-20% EtOAc/hexane) to afford 1-(2'-fluoro-4-(hydroxymethyl)-5'-(methyloxy)-1,1'­

bipheny1-2-yl)-2,2-dimethyl-1-propanone T4.5 as a clear oil (2.00 g, 92% yield). MS ESI 

(pos.) m/e: 334.1 (M+H20)\ 317.2 (M+Ht. 

F 

+ 

F F 

T4.6 T4.7 or T4.8 
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[0319] (1R)-1-(2 '-Fluoro-4-(hydroxymethyl)-5'-(methyloxy)-1,1 '-biphenyl-2-

yl)-2,2-dimethyl-1-propanol and (1S)-1-(2'-fluoro-4-(hydroxymethyl)-5'­

(methyloxy)-1,1 '-biphenyl-2-yl)-2,2-dimethyl-1-propanol (T4.7 and T4.8). To a 

stirred solution of 1-(2'-fluoro-4-(hydroxymethyl)-5'-(methyloxy)-1, I '-biphenyl-2-yl)-2,2-

dimethyl-1-propanone T4.5 (2.00 g, 6.3 mmol) in THF (63 mL, 6.3 mmol) at 0°C was 

added LAH (1.0 Min THF, 13 mL, 13 mmol). The reaction was then stirred for 2 hours. 

IN NaOH (aq) was added to the mixture, and the resulting mixture was extracted with 

EtOAc. The organic layers were combined, dried over MgS04, filtered, and concentrated 

in vacuo. The residue was purified by silica gel flash chromatography (0-30% 

EtOAc/hexane) to afford 1-(2'-fluoro-4-(hydroxymethyl)-5'-(methyloxy)-1, 1 '-biphenyl-2-

yl)-2,2-dimethyl-1-propanol T4.6 (1.50 g, 75% yield) as a white solid. MS ESI (pos.) 

m/e: 336.2 (M+H20t. Chiral separation ofT.4.6 was accomplished on a CHIRALCEL® 

OD column (4%IPA in hexane) to provide T4.7 and T4.8. Both enantiomers were used 

to synthesize example compounds, and both enantiomers gave active example 

compounds. However, the enantiomer corresponding to peak 2 (T4.8) provided the most 

active example compounds. Analytical column (CHIRALCEL® OD column (4%IPA in 

hexane, 45 min run) Peak 1-18.5 mins, Peak 2-24.5 mins). 1 

or or 

T4.8 T4.9 

[0320] (18)-1-( 4-((( (1,1-Dimethylethyl)( dimethyl)silyl)oxy)methyl)-2 '-fluoro-

5'-(methyloxy)-1,1 '-biphenyl-2-yl)-2,2-dimethyl-1-propanol or (1R)-1-( 4-((((1,1-
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dimethylethyl)( dimethyl)silyl)oxy )methyl)-2 '-fluoro-5' -(methyloxy)-1 ,1 '-biphenyl-2-

yl)-2,2-dimethyl-1-propanol (T4.9). To a stirred solution of T4.9 (0.300 g, 0.9 mmol) 

(peak two from the chiral separation ofT4.6) in DCM (10.00 mL, 155 mmol) at 23°C 

was added tert-butyldimethylsilyl chloride (0.2 mL, 1 mmol), followed by TEA (0.2 mL, 

1 mmol) and DMAP (0.01 g, 0.09 mmol). The resulting mixture was stirred for 16 hours. 

The mixture was then concentrated in vacuo to give a residue which was purified by silica 

gel flash chromatography (0-1 0% EtOAc/hexane) to afford T4.9 (0.375 g, 92% yield). 

MS ESI (pos.) m/e: 450.2 (M+H20f. 

or or 

T4.9 T4.10 

[0321] (1 ,1-Dimethylethyl)( ( (2-( (1 S)-2,2-dimethyl-1-(methyloxy )propyl)-2 '-

fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-yl)methyl)oxy)dimethylsilane or (1,1-

dimethylethyl)( ( (2-( (lR)-2,2-dimethyl-1-( methyloxy)propyl)-2 '-fluoro-5'­

(methyloxy)-1,1 '-biphenyl-4-yl)methyl)oxy)dimethylsilane (T4.10). To a stirred 

solution of T4.9 (0.11 0 g, 0.25 mmol) in DMF (2.00 mL, 26 mmol) at 23°C was added 

iodomethane (0.069 g, 0.50 mmol), followed by sodium hydride (0.012 g, 0.50 mmol). 

The resulting mixture was stirred at 50°C for 21 hours. Water was added to the mixture, 

and the resulting mixture was extracted with EtOAc, dried over MgS04, filtered, and 

concentrated in vacuo. The residue thus obtained was purified by silica gel flash 

chromatography (0-5% EtOAc/hexane) to afford T4.10 (0.051 g, 45% yield). 
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or or 

T4.10 T4 

[0322] 4-(Chloromethyl)-2-((1S)-2,2-dimethyl-1-(methyloxy)propyl)-2'-

fluoro-5'-(methyloxy)-1,1 '-biphenyl or 4-(chloromethyl)-2-((1R)-2,2-dimethyl-1-

(methyloxy)propyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl (T4). To a stirred solution 

ofT4.10 (0.082 g, 0.18 mmol) in DCM (2.00 mL, 31 mmol) at 23°C was added DMF 

(0.0014 mL, 0.018 mmol) followed by thionyl chloride (0.027 mL, 0.37 mmol). The 

resulting mixture was stirred for one hour and then concentrated in vacuo. The residue 

was purified by silica gel flash chromatography (0-5% EtOAc/hexane) to afford T4 

(0.063 g, 98% yield). 

[0323] Asymmetric Synthesis ofT4.7 or T4.8 

~ F 

• N H q -'s-o 
F 

1j 
F 
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T4.5 T4.7 or T4.8 

[0324] (1R)-1-(2 '-Fluoro-4-(hydroxymethyl)-5'-(methyloxy)-1 ,1 '-biphenyl-2-

yl)-2,2-dimethyl-1-propanol or (18)-1-(2 '-fluoro-4-(hydroxymethyl)-5'-(methyloxy )-

1,1 '-biphenyl-2-yl)-2,2-dimethyl-1-propanol (T4. 7 or T4.8). To a stirred solution of 

T4.5 (0.050 g, 0.2 mmol) in THF (2 mL, 0.2 mmol) at 0°C was added (R)-3,3-bis(3,5-

dimethylphenyl)-1-o-tolyl-hexahydropyrrolo[l,2-c][l ,3,2]oxazaborole in toluene (0.02 

mL, 0.02 mmol, 1.0 M, commercially available from Sigma-Aldrich, St. Louis, MO, 

USA), followed by dropwise addition ofborane in THF (0.2 mL, 0.2 mmol). The 

reaction was then stirred at 23°C for 4 hours. The reaction was quenched with IN HCl 

( aq) and extracted with EtOAc. The combined organic layers were dried over MgS04, 

filtered, and concentrated in vacuo. The residue was purified on silica gel (0%-20% 

EtOAc/hexane) to yield T4.7 or T4.8 (0.045 g, 89% yield). Chiral HPLC determined that 

the major product was the desired more potent enantiomer with an enantiomeric excess of 

85%. 

[0325] 

HO 

HO 

[0326] 

Intermediate TS 

0 

T5.1 

-

T5.1A 

3-((R)-2,2-Dimethylcyclopentyl)-4-hydroxy-N-((1S,2R)-2-hydroxy-

2,3-dihydro-1H-inden-1-yl)benzamide (T5.1A). Intermediate T5.1 was synthesized by 

a method analogous to that described for compound T7.12. Since the absolute 

configuration of intermediate 5.1 was initially unknown, it was derivatized with (1 S,2R)­

l-amino-2-indanol (commercially available from Sigma-Aldrich, St. Louis, MO) to 

obtain the amide. A single crystal was obtained by slow recrystallization from a 
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EtOAc/hexanes mixture and subjected to x-ray crystallographic structural determination. 

The crystal structure of intermediate TS.lA established that intermediate TS.l is in the R 

configuration at the chiral center in the cyclopentyl ring. 

0 0 

HO 

T5.1 T5.2 

[0327] (R)-Methyl 3-(2,2-dimethylcyclopenty 1)-4-

(trifluoromethylsulfonyloxy)benzoate (T5.2). DMAP (220 mg, 1804 !lmol) was added 

to a flask containing (R)-methyl3-(2,2-dimethylcyclopentyl)-4-hydroxybenzoate (TS.l) 

(8960 mg, 36083 !lmol). The flask was flushed with nitrogen and DCM (87 mL, 36083 

!lmol) was added, followed by addition of TEA (7.5 mL, 54124 !lmol). After 15 minutes, 

PhN(Tf)2 (14180 mg, 39691 !lmol) (commercially available from Sigma-Aldrich, St. 

Louis, MO, USA) was added. The reaction was stirred overnight and concentrated. 

Silica gel chromatography with EtOAc and hexanes as eluent afforded 13.7 g of T5.2 

(100%). 

0 0 

-
T5.2 T5.3 

[0328] Methyl3-((R)-2,2-dimethylcyclopentyl)-4-(5-fluoro-2-

methoxypyridin-4-yl)benzoate (T5.3). To a flask with T5.2 (14.7 g, 38.6 mmol), was 

added 5-fluoro-2-methoxypyridin-4-ylboronic acid (12.7 g, 74.3 mmol, commercially 

available from Asymchem), potassium carbonate (15.6 g, 113 mmol), and Pd(PPh3) 4 ( 4.36 

g, 3.77 mmol). The flask was flushed with nitrogen. Degassed DMF (106 mL) was then 

added. The reaction was heated overnight and partitioned between EtOAc and water. 

Silica gel chromatography with EtOAc and hexanes as e1uents afforded 13.75 g of T5.3 

(100%). MS ESI (pos.) m/e: 358.1 (M+Ht. 
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0 

OH 

T5.3 T5.4 

[0329] (3-((R)-2,2-Dimethylcyclopentyl)-4-(5-fluoro-2-methoxypyridin-4-

yl)phenyl)methanol (T5.4). To a flask containing T5.3 (14290 mg, 40 mmol) was added 

200 mL anhydrous THF. The reaction vessel was then immersed in an ice-bath. LAH 

(60 mL, 60 mmol, 1M solution in THF) (commercially available from Sigma-Aldrich, St. 

Louis, MO, USA) was added slowly. The flask was kept in the ice-bath and the 

temperature of the bath was allowed to rise on its own. After 1.5 hours, the reaction was 

quenched with IN NaOH, and water was added. The reaction mixture was then extracted 

with EtOAc and purified by silica gel chromatography with EtOAc/hexanes gradient 

elution to afford 12 g ofT5.4 (91%) as a colorless oil. MS ESI (pos.) m/e: 330.1 

(M+Ht. 

[0330] 

OH 

T5.4 

F 

I~ 
N .0 

Cl 

TS 

4-(4-(Chloromethyl)-2-((R)-2,2-dimethylcyclopentyl)phenyl)-5-

fluoro-2-methoxypyridine (TS). To a flask containing T5.4 (1 0.7 g, 32 mmol) was 

added 160 mL of DCM. The resulting mixture was cooled in an ice-bath. Thionyl 

chloride ( 4.60 mL, 63 mmol) and DMF (0.5 mL, 6 mmol) were then added, and the 

mixture was stirred at room temperature for 1 hour. The reaction was concentrated and 

diluted with EtOAc. The resulting mixture was washed with NaHC03, brine, and the 

process repeated until the pH of the aqueous mixture was around 6. Silica gel 

chromatography with EtOAc/hexanes gradient elution afforded 9.44 g of the desired 

chloride TS (84%). MS ESI (pos.) m/e: 348.1 (M+Ht. 
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[0331] Intermediate T6 

F 

T4.1 T6.1 

[0332] Dimethyl 4-(5-fluoro-2-(methyloxy )-4-pyridinyl)-1 ,3-

benzenedicarboxylate (T6.1). To a stirred solution of T4.1 (1.00 g, 2.9 mmol) in DMF 

(12 mL) at 23°C was added 5-fluoro-2-methoxypyridin-4-ylboronic acid (0.75 g, 4.4 

mmol, commercially available from Asymchem), potassium carbonate (1.2 g, 8.8 mmol), 

and tetrakis(triphenylphosphine)palladium (0.24 g, 0.20 mmol). The mixture was heated 

to 90°C and stirred for 1 7 hours. The mixture was then cooled to room temperature, 

diluted with brine and extracted three times with EtOAc. The combined organic layers 

were dried over anhydrous magnesium sulfate, filtered, and the organic solvent was 

removed under reduced pressure. The resulting residue was purified on silica gel (0-30% 

EtOAc in hexanes) to yield T6.1 as a colorless solid (0.860 g, 92% yield). 

F 

T6.1 T6.2 

[0333] 4-( 5-Fluo ro-2-( me thy loxy )-4-pyridiny 1)-3-

((methyloxy)carbonyl)benzoic acid (T6.2). To a stirred solution ofT6.1 (0.860 g, 2.7 

mmol) in THF (7.00 mL) and MeOH (7.00 mL) at 0°C was added potassium hydroxide 

(1.5 mL, 3.0 mmol) slowly maintaining the temperature below 6°C. The reaction mixture 

was allowed to warm to room temperature and stirred for 17 hours. The reaction was next 

acidified with IN HCl and extracted three times with EtOAc. The organic layers were 
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combined, dried over anhydrous MgS04, and filtered. The organic solvent was then 

removed under reduced pressure to yield T6.2 as a colorless solid (0.82 g, 100% yield). 

F F 

T6.2 T6.3 

[0334] Methyl 2-(5-fluoro-2-(methyloxy)-4-pyridinyl)-5-

(hydroxymethyl)benzoate (T6.3). To a stirred solution of 4-(5-fluoro-2-

methoxypyridin-4-yl)-3-(methoxycarbonyl)benzoic acid T6.2 (0.416 g, 1 mmol) in THF 

(14 mL) at ooc was added borane-THF (3 mL, 3 mmol, l.OM). The reaction was warmed 

to 23°C and stirred for 46 hours. The reaction was then concentrated in vacuo, diluted 

with IN HCl and extracted three times with EtOAc. The organic layers were combined, 

dried over anhydrous MgS04, and filtered. The organic solvent was removed under 

reduced pressure, and the product was purified on silica gel (0-40% EtOAc in hexanes) to 

yield T6.3 as a colorless solid (0.307 g, 77% yield). 

F F 

T6.3 T6.4 

[0335] 1-(2-( 5-Fluo ro-2-( methyloxy )-4-pyridinyl)-5-

(hydroxymethyl)phenyl)-2,2-dimethyl-1-propanone (T6.4) .. To a stirred solution of 

methyl2-(5-fluoro-2-methoxypyridin-4-yl)-5-(hydroxymethyl)benzoate T6.3 (0.307 g, 1 

mmol) in THF (11 mL) at -78°C was added tert-butyllithium (2 mL, 3 mmol). The 

resulting mixture was stirred for one hour. The reaction was then quenched with a 
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saturated solution of ammonium chloride and extracted three times with EtOAc. The 

combined organic layers were dried over anhydrous magnesium sulfate, filtered, and the 

organic solvent was removed under reduced pressure. The residue was then purified on 

silica gel (0-40% EtOAc in hexanes) to yield T6.4 as a colorless solid (0.28 g, 84% 

yield). 

F F 

T6.4 T6.5 

F F F 

T6.5 T6.6 and T6.7 

[0336] (1R)-1-(2-(5-Fluoro-2-methoxypyridin-4-yl)-5-

(hydroxymethyl)phenyl)-2,2-dimethylpropan-1-ol or (1S)-1-(2-(5-fluoro-2-

methoxypyridin-4-yl)-5-(hydroxymethyl)phenyl)-2,2-dimethylpropan-1-ol (T6.6 and 

T6. 7). To a stirred solution of 1-(2-(5-fluoro-2-methoxypyridin-4-yl)-5-

(hydroxymethyl)phenyl)-2,2-dimethylpropan-1-one T6.4 (0.130 g, 0.4 mmol) in THF (2 

mL) at 0°C was added LAH (0.6 mL, 0.6 mmol, l.OM). The resulting mixture was stirred 

for 3 hours. Next, IN NaOH(aq) was added to quench the reaction mixture. The reaction 

was extracted three times with EtOAc. The organic layers were combined, dried over 

MgS04, filtered, and the organic solvent was removed under reduced pressure. The 

residue was then purified on silica gel (0-20% EtOAc in hexanes) to yield T6.5 as a 

colorless solid (0.120 g, 92% yield). Chiral separation of T6.5 was accomplished on a 

CHIRALCEL® OD column (4%IPA in hexane) to provide T6.6 (peak one-23.87 mins) 

and T6.7 (peak two-29.04 mins). Both enantiomers were used to synthesize example 
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compounds, and both enantiomers gave active example compounds. However, the 

enantiomer corresponding to peak 2 provided the most active example compounds. 1 

F 

or or 

F 

T6.7 T6.8 

[0337] (1R)-1-(5-( (( (1 ,1-Dimethylethyl)( dimethyl)silyl)oxy)methyl)-2-(5-

fluoro-2-(methyloxy)-4-pyridinyl)phenyl)-2,2-dimethyl-1-propanol or (lS)-1-(5-

( ( ( (1 ,1-dimethy lethy I) ( dimethy l)silyl)oxy) methy 1)-2-( 5-fluo ro-2-( methyloxy )-4-

pyridinyl)phenyl)-2,2-dimethyl-1-propanol (T6.8). To a stirred solution ofT6.7 (0.050 

g, 0.2 mmol) (from peak two from the chiral separation of T6.5) in DCM (2 mL) at 23°C 

was added tert-butyldimethylsilyl chloride (0.03 mL, 0.2 mmol), followed by TEA (0.03 

mL, 0.2 mmol) and DMAP (0.002 g, 0.02 mmol). The resulting mixture was stirred for 

24 hours and then concentrated in vacuo. The reaction was extracted three times with 

EtOAc. The combined organic layers were dried over anhydrous MgS04 and filtered. 

The organic solvent was removed under reduced pressure and the product was then 

purified on silica gel (0-20% EtOAc in hexanes) to yield T6.8 as a colorless oil (0.062 g, 

91% yield). 
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or or 

T6.8 T6.9 

[0338] 4-(4-((((1,1-Dimethylethyl)(dimethyl)silyl)oxy)methyl)-2-((1R)-2,2-

dimethyl-1-(methyloxy)propyl)phenyl)-5-fluoro-2-(methyloxy)pyridine or 4-(4-

( ( ((1 ,1-dimethylethyl)( dimethyl)silyl)oxy)methyl)-2-( (1 S)-2,2-dimethyl-1-

(methyloxy)propyl)phenyl)-5-fluoro-2-(methyloxy)pyridine (T6.9). To a stirred 

solution ofT6.8 (0.062 g, 0.14 mmol) in DMF (1.4 mL) at 23°C was added iodomethane 

(0.018 mL, 0.29 mmol), followed by sodium hydride (0.0069 g, 0.29 mmol). The 

resulting mixture was stirred at 50°C for 15 hours and was then diluted with water and 

extracted three times with EtOAc. The combined organic layers were dried over 

anhydrous MgS04, filtered, and the organic solvent was removed under reduced pressure. 

The residue was purified on silica gel (0-40% EtOAc in hexanes) to yield T6.9 as a 

colorless oil (0.047 g, 73% yield). 

- 139-



wo 2010/045258 PCT/US2009/060549 

F 

or or 

F 

T6.9 T6 

[0339] 4-( 4-(Chloromethyl)-2-((1R)-2,2-dimethyl-1-

(methyloxy)propyl)phenyl)-5-fluoro-2-(methyloxy)pyridine or 4-(4-(chloromethyl)-2-

( ( 1 S )-2,2-dimethy 1-1-( methyloxy) propyl)ph enyl)-5-fluoro-2-( me thy loxy )pyridine 

(T6). To a stirred solution ofT6.9 (0.047 g, 0.10 mmol) in DCM (1.0 mL) and DMF 

(0.0081 mL) at 0°C was added thionyl chloride (0.015 mL, 0.21 mmol). The mixture was 

stirred at room temperature for one hour and then the reaction mixture was concentrated 

in vacuo. The product thus obtained was purified on silica gel (0-1 0% EtOAc in hexanes) 

to yield T6 as a colorless solid (0.032 g, 87% yield). 

[0340] 

[0341] 

Intermediate T7 

MoH 
HON 

--- Mo/ 
HON 

T7.1 

Methyl2-fluoro-4-hydroxybenzoate (T7.1). To a round bottom 

containing 2-fluoro-4-hydroxybenzoic acid (Commercially available from TCI America) 

(5.34 g, 34.19 mmol) was added a cold solution ofMeOH (50 mL) and sulfuric acid (2.0 

mL). The mixture was heated to 80°C and monitored with TLC. After 20.5 hours, the 

solvent was removed and the residue was diluted with diethyl ether. The organic phase 

was washed carefully two times with saturated aqueous N aHC03, once with brine, and 
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then dried over anhydrous sodium sulfate. After filtration, the organic solvent was 

removed in vacuo to yield T7.1 as a white solid (5.82, 85% yield). 1H NMR (400 MHz, 

DMSO-d6) 10.79 (1 H, s), 7.75 (1 H, t, J=8.8 Hz), 6.69 (1 H, dd, J=8.6, 2.3 Hz), 6.62 (1 

H, dd, J=13.1, 2.2 Hz), 3.78 (3 H, s). 

T7.1 T7.2 

[0342] Methyl 5-bromo-2-fluoro-4-hydroxybenzoate (T7.2). To a solution of 

T7.1 (2.03 g, 11.9 mmol) in AcOH (65 mL) was added a pre-mixed solution ofbromine 

(0.67 mL, 13.1 mmol) in AcOH (10 mL). The mixture was stirred at 45°C and monitored 

with TLC and LC-MS. After 18 hours, the reaction mixture was concentrated under 

reduced pressure. Brine was added to the residue, and the mixture was extracted three 

times with EtOAc. The combined organic layers were dried over anhydrous magnesium 

sulfate, filtered, and then concentrated to provide T7.2 as a white solid (2.12 g, 71 % 

yield). 1H NMR (400 MHz, CDCh) 8.13 (1 H, d, J=7.4 Hz), 6.82 (1 H, d, J=ll.3 Hz), 

6.04 (1 H, s), 3.92 (3 H, s). 

Hff~---
Br 

T7.2 T7.3 

[0343] Methyl 5-bromo-2-fluoro-4-( tetrahydro-2H-pyran-2-y loxy) benzoate 

(T7.3). To a round bottom containing T7.2 (13.15 g, 52.8 mmol) in dry DCM (90 mL) 

was added 3,4-dihydro-2H-pyran (1 0 mL, 110 mmol) followed by PPTS (0.13 g, 0.53 

mmol). The reaction mixture was heated at a gentle reflux (50°C) and monitored with 

TLC and LC-MS. After 24 hours, the reaction was concentrated under reduced pressure 

and then diluted with MeOH. After concentration, the residue was heated in a round 

bottom flask containing MeOH on a rotary evaporator (without vacuum) at 40 °C. After 

about 30 minutes, the solution was concentrated to a volume of about 5 mL. After 

cooling to room temperature, the white solid was filtered and rinsed once with MeOH to 
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yield T7.3 (13.35 g, 76% yield). 1H NMR (400 MHz, CDCb) 8 ppm 8.25 (1 H, m), 6.96 

(1 H, d, J=l2.5 Hz), 5.56 (1 H, m), 3.91 (3 H, s), 3.79 (1 H, td, J=ll.l, 2.5 Hz), 3.65 (1 H, 

d, J=l0.6 Hz), 2.23 (2 H, m), 1.96 (3 H, m), 1.68 (1 H, m). 

F 0 

T7.3 T7.4 

[0344] Methyl 5-(5,5-dimethylcyclopent-1-enyl)-2-fluoro-4-(tetrahydro-2H-

pyran-2-yloxy)benzoate (T7.4). A stirred mixture of T7.3 (1 0.33 g, 31.0 mmol), ground 

S-Phos (2.55 g, 6.21 mmol), palladium acetate (0.70 g, 3.11 mmol), and potassium 

phosphate, tribasic (16.49 g, 77.7 mmol) in DMF (75 mL) and water (4 mL) was purged 

three times with argon and placed under vacuum three times. 2-(5,5-Dimethylcyclopent-

1-enyl)-4,4,5,5-tetramethyl-1 ,3,2-dioxaborolane (T2.2) (8.96 g, 40.4 mmol) was added 

via syringe, and then the mixture was heated to 7 5°C. After 21 hours, the reaction was 

cooled to room temperature, diluted with water, and extracted three times with EtOAc. 

The combined organic layers were washed twice with brine. After drying over anhydrous 

sodium sulfate and filtration, the organic solvent was removed under reduced pressure. 

The residue was purified by silica gel flash chromatography (0-1 0% EtOAc/hexane) to 

yield T7.4 (5.65 g, 52% yield). 1H NMR (400 MHz, CDC13) o ppm 7.63 (1 H, d, J=8.6 

Hz), 6.93 (1 H, d, J=l3.3 Hz), 5.55 (1 H, t, J=2.3 Hz), 5.43 (1 H, t, J=2.7 Hz), 3.90 (3 H, 

s), 3.82 (1 H, m), 3.67 (1 H, m), 2.41 (2 H, td, J=7.0, 2.3 Hz), 1.97 (5 H, m), 1.79 (3 H, 

m), 1.07 (6 H, d, J=l3.7 Hz). 

F 0 F 0 

T7.4 T7.5 

[0345] Methyl 5-(5,5-dimethylcyclopent-1-enyl)-2-fluoro-4-hydroxybenzoate 

(T7.5). To a stirred mixture ofT7.4 (5.65 g, 16.2 mmol) in MeOH (60 mL) was added 
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PPTS (0.42 g, 1.69 mmol). The mixture was heated to 50°C and monitored with TLC and 

LCMS. After 19 hours, the organic solvent was removed under reduced pressure, and the 

residue was purified on silica gel (0-15% EtOAc in hexanes) to yield T7.5 as a white 

solid (3.47g, 81% yield). 1H NMR (500 MHz, CDCh) o ppm 7.69 (1 H, d, J=8.3 Hz), 

6.71 (1 H, d, J=l2.0 Hz), 5.93 (1 H, d, J=1.7 Hz), 5.80 (1 H, t, J=2.4 Hz), 3.90 (3 H, s), 

2.54 (2 H, m), 1.93 (2 H, t, J=7.1 Hz), 1.11 (6 H, s). 

HO 

T7.5 T7.6 

[0346] Methyl 5-(5,5-dimethylcyclopent-1-enyl)-2-fluoro-4-

(trifluoromethylsulfonyloxy)benzoate (T7.6). To a stirred solution ofT7.5 (0.80 g, 

3.02 mmol) in dry DCM (15 mL) was added TEA (1.0 mL, 7.19 mmol) and DMAP (38.1 

mg, 0.312 mmol). After about 20 minutes, N-phenyl-bis(trifluoromethanesulfonimide) 

(1.30 g, 3.64 mmol) was added in portions. Upon complete addition, the solution was 

stirred at room temperature and monitored with TLC and LC-MS. After 19 hours, the 

organic solvent was removed under reduced pressure, and the residue was then purified 

with silica gel chromatography using 0-10% EtOAc in hexanes to yield T7.6 as a 

colorless oil (1.05 g, 88% yield). 1H NMR (400 MHz, CDC13) o ppm 7.84 (1 H, d, J=7.8 

Hz), 7.13 (1 H, d, J=l0.2 Hz), 5.79 (1 H, t, J=2.3 Hz), 3.96 (3 H, s), 2.47 (2 H, td, J=7.0, 

2.3 Hz), 1.91 (2 H, t, J=7.0 Hz), 1.08 (6 H, s). 

F 0 

T7.6 T7.7 

[0347] Methyl 2-(5,5-dimethyl-1-cyclopenten-1-yl)-2' ,5-difluoro-5'-

(methyloxy)-1,1'-biphenyl-4-carboxylate (T7.7). To a stirred solution ofT7.6 (1.05 g, 

2.65 mmol) in DMF (5 mL) at 23°C was added 2-fluoro-5-methoxyphenylboronic acid 
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(0.90 g, 5.32 mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA) 

and potassium carbonate (1.1 0 g, 7.96 mmol) followed by 

tetrakis(triphenylphosphine)palladium (0.31 g, 0.27 mmol). The mixture was heated to 

90 °C. After 17 hours, the mixture was cooled to room temperature and then diluted with 

water. After extracting three times with EtOAc, the mixture was concentrated in vacuo 

and then purified on silica gel (0%-1 0% EtOAc/hexane) to give T7. 7 as a clear oil that 

was used without further purification (0.92 g, 93% yield). 1H NMR (400 MHz, CDCh) o 

ppm 7.79 (1 H, d, J=7.4 Hz), 7.13 (1 H, d, J=11.3 Hz), 6.99 (1 H, t, J=9.0 Hz), 6.84 (1 H, 

dt, J=8.7, 3.7 Hz), 6.78 (1 H, dd, J=5.9, 3.1 Hz), 5.55 (1 H, s), 3.96 (3 H, s), 3.79 (3 H, s), 

2.27 (2 H, td, J=7.1, 2.5 Hz), 1.67 (2 H, t, J=7.0 Hz), 0.84 (6 H, s). 

F 0 F 

OH 

T7.7 T7.8 

[0348] (2-(5,5-Dimethyl-1-cyclopenten-1-yl)-2' ,5-difluoro-5'-(methyloxy)-

1,1 '-biphenyl-4-yl)methanol (T7.8). To a cooled solution of T7.7 (0.92 g, 2.47 mmol) 

in dry THF (15 mL) at 0°C was added LAH (1.0 Min THF)(5.0 mL, 5.0 mmol) dropwise. 

Upon complete addition, the reaction was maintained at 0°C and was monitored by TLC 

and LCMS. After 45 minutes, IN NaOH was added to quench the reaction (gas evolution 

occurred). The resulting solution was extracted three times with EtOAc. After 

combining the organic layers, drying over anhydrous magnesium sulfate, filtration, and 

concentration, the residue was purified by flash chromatography (Si02 gel 60, eluted with 

0%-50% EtOAc in hexanes). Fractions containing the desired product were combined 

and concentrated to provide T7.8 as a colorless oil (0.70 g, 82% yield). 1H NMR (500 

MHz, CDCh) oppm 7.30 (1 H, m), 7.05 (1 H, dd, J=10.6, 1.1 Hz), 6.97 (1 H, t, J=8.9 

Hz), 6.83 (2 H, m), 5.52 (1 H, td, J=2.4, 0.9 Hz), 4.81 (2 H, s), 3.76 (3 H, s), 2.25 (2 H, td, 

J=7.1, 2.4 Hz), 1.76 (1 H, br. s.), 1.69(2 H, m), 0.85 (6 H, s). 
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OH 

T7.8 

F 

OH 

-

T7.9 

F 

T7.9 

F 

or 
F 

T7.10 and T7.11 

PCT/US2009/060549 

OH 

OH 

OH 

[0349] (2-(2,2-Dimethylcyclopentyl)-2 ',5-difluoro-5'-(methyloxy)-1,1 '-

biphenyl-4-yl)methanol (T7.9). To a dry flask containing T7.8 (0. 70 g, 2.03 mmol) in 

dry MeOH (5 mL) and EtOAc (3 mL) was added Pd, 10 wt.% on activated carbon (77.2 

mg). After purging, the mixture was stirred under an atmosphere of hydrogen at room 

temperature. After 4.5 hours, the mixture was filtered through Celite® filter aid. After 

concentration, the residue was identified as T7.9 as a mixture of enantiomers and 

rotamers (0.31 g, 45% yield). Chiral separation ofT7.9 was accomplished on a 

CHIRALCEL® OJ column (2% IPA in hexane) to provide T7.10 (peak 1) and T7.11 

(peak 2). Both enantiomers were used to synthesize example compounds, and both 

enantiomers gave active compounds. 
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[0350] 

F 

OH 

or 
F 

OH 

T7.10 

F 

or 
F 

T7 

PCT/US2009/060549 

Cl 

Cl 

4-(Chloromethyl)-2-( (1S)-2,2-dimethy lcyclopentyl)-2' ,5-difluoro-5'-

(methyloxy)-1,1 '-biphenyl or 4-( chloromethyl)-2-((1R)-2,2-dimethylcyclopentyl)-2' ,5-

difluoro-5'-(methyloxy)-1,1'-biphenyl (T7). To a solution ofT7.10 (0.71 g, 2.05 mmo1) 

(derived from peak one from the chiral separation ofT7.9) in dry DCM (23 mL) and dry 

DMF (0.18 mL) was added thionyl chloride (0.3 mL, 4.1 mmol) dropwise at 0°C. The 

resulting solution was warmed to room temperature and monitored with TLC and LCMS. 

After 45 minutes, the reaction was concentrated and then purified by silica gel flash 

chromatography (0-5% EtOAc/hexane) to yield T7 as a colorless oil (0.73 g, 97% yield). 

1HNMR (400 MHz, CDCh) o ppm 7.46 (1 H, m), 7.11 (3 H, m), 6.75 (1H, m), 4.78 (2 H, 

m), 3.80 (3 H, s), 2.91 (1 H, m), 2.20 (2 H, m), 1.87 (2 H, m), 1.59 (1 H, m), 1.43 (1 H, 

m), 0.77 (3 H, m), 0.64 (3 H, m). 

[0351] Asymmetric synthesis of T7. The following procedures were used to 

synthesize T7.10 using a highly enantioselective procedure to hydrogenate T7.5 to form 

T7.11. 
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F 

F 

or 

F 

T7.5 T7.12 

[0352] (R)-Methyl 5-(2,2-dimethylcyclopentyl)-2-fluoro-4-hydroxybenzoate 

or (S)-methyl 5-(2,2-dimethylcyclopentyl)-2-fluoro-4-hydroxybenzoate (T7.12). A 

mixture ofRh(COD)2BF4 (Stern Chemical, 35138-22-8, 36.95 mg, 0.091 mmol) and (R)-

1-[ (S)-2-(R )-(Ditertbutylphosphino )ferrocenyl]ethyl-bis-(3 ,5-

bistrifluoromethylphenyl)phosphine (Solvias,SL-J21 0-1, 81.5 mg, 0.100 mmol) in THF 

(75 mL) was stirred under N2 for 60 minutes and a dark red solution formed. To the 

resulting solution was added methyl 5-(5,5-dimethylcyclopent-1-enyl)-2-fluoro-4-

hydroxybenzoate T7.5 (8.2g, 45.4 mmol) and TEA (lOmol%, 0.63 mL, 4.54 mmol). The 

resulting mixture was flushed with H2 (200 psi) three times and stirred at room 

temperature under 200 psi H2 for 2 hours. The resulting mixture was passed through a 

short plug of silica gel, eluting with 1: 1 hexane/EtOAc. The mixture was then 

concentrated affording the desired product T7.12 as a white solid (83% yield (6.8 g), 

99.3% ee). 
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F 

or 

F 

T7.12 T7.13 

[0353] (R)-Methyl 5-(2,2-dimethy lcyclopenty 1)-2-fluo ro-4-

(trifluoromethylsulfonyloxy)benzoate or (S)-methyl 5-(2,2-dimethylcyclopentyl)-2-

fluoro-4-(trifluoromethylsulfonyloxy)benzoate (T7.13). To a stirred solution of T7.12 

(4.02 g, 15.1 mmol) in dry DCM (50 mL) was added TEA (4.2 mL, 30.2 mmol) and 

DMAP (0.19 g, 1.52 mmol). After 20 minutes, N-phenyl­

bis(trifluoromethanesulfonimide) (5 .94 g, 16.6 mmol) was added in portions. Upon 

complete addition, the solution was stirred at room temperature and monitored with TLC 

and LC-MS. After 4 hours, the mixture was washed twice with brine and then dried over 

anhydrous MgS04. After filtration and concentration, the residue was purified with silica 

gel chromatography (0-10% EtOAc in hexanes) to yield T7.13 as a colorless oil (5.51, 

92%). 1HNMR (500 MHz, CDCh) 8 ppm 7.97 (1 H, d, J=7.8 Hz), 7.14 (1 H, d, J=10.0 

Hz), 3.96 (3 H, s), 3.13 (1 H, dd, J=10.1, 8.2 Hz), 2.14 (2 H, m), 1.96 (2 H, m), 1.70 (2 H, 

m), 1.00 (3 H, s), 0.69 (3 H, s). 
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F 

F 

or 

F 

F 

T7.13 T7.14 

[0354] Methyl2-((1R)-2,2-dimethylcyclopentyl)-2',5-difluoro-5'-

(methyloxy)-1,1 '-biphenyl-4-carboxylate or methyl2-((1S)-2,2-dimethylcyclopentyl)-

2' ,5-difluoro-5' -( methyloxy)-1 ,1 '-biphenyl-4-carboxylate (T7 .14 ). To a stirred solution 

ofT7.13 (5.51 g, 13.8 mmol) in DMF (25 mL) at 23°C was added 2-fluoro-5-

methoxyphenylboronic acid (4.71 g, 27.7 mmol) (commercially available from Sigma­

Aldrich, St. Louis, MO, USA) and potassium carbonate (5. 74 g, 41.6 mmol) followed by 

tetrakis(triphenylphosphine)palladium (1.60 g, 1.39 mmol). The mixture was heated to 

90°C. After 3.5 hours, the mixture was cooled to room temperature and then diluted with 

water. After extracting three times with EtOAc, the mixture was concentrated in vacuo 

and then purified on silica gel (0%-10% EtOAc/hexane) to yield T7.14 as an oil that 

solidified (5.11 g, 99%). 
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F F 

F F 

or or 

F F 

F F 

T7.14 T7.10 

[0355] (2-( (1R)-2,2-Dimethylcyclopentyl)-2' ,5-difluoro-5' -( methyloxy)-1 ,1 '-

biphenyl-4-yl)methanol or (2-((1S)-2,2-dimethylcyclopentyl)-2',5-difluoro-5'­

(methyloxy)-1,1 '-biphenyl-4-yl)methanol (T7.10). To a cooled solution of T7.14 (5.11 

g, 13.6 mmol) in dry THF (40 mL) at ooc was added LAH (1.0 Min THF)(27.3 mL, 

27.30 mmol) dropwise. Upon complete addition, the reaction was maintained at ooc and 

monitored by TLC and LCMS. After 45 minutes, IN NaOH was added to quench the 

reaction (gas evolution occurred). The resulting solution was extracted three times with 

EtOAc. After drying over anhydrous magnesium sulfate, filtration, and concentration, the 

residue was purified by silica gel chromatography (0-25% EtOAc in hexanes) to yield 

T7.10 as a colorless oil (3.94 g, 83 %). 1H NMR (400 MHz, CDCh) 8 ppm 7.50 (1 H, 

m), 7.11 (3 H, m), 6.85 (IH, m), 4.81 (2 H, s), 3.80 (3 H, s), 2.92 (IH, m), 2.19 (2 H, m), 

1.83 (1 H, m), 1.72 (1 H, m), 1.59 (2 H, m), 1.42 (1 H, m), 0.82 (3 H, m), 0.65 (3 H, m). 
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[0356] Intermediate T8 

or 

T7.13 T8.1 

[0357] Methyl 5-((lS)-2,2-dimethylcyclopentyl)-2-fluoro-4-(5-fluoro-2-

(methyloxy)-4-pyridinyl)benzoate or methyl 5-((lR)-2,2-dimethylcyclopentyl)-2-

fluoro-4-(5-fluoro-2-(methyloxy)-4-pyridinyl)benzoate (T8.1). To a stirred solution of 

T7.13 (0.7937 g, 1.992 mmol) in DMF (4 mL) at 23 °C was added 5-fluoro-2-

methoxypyridine boronic acid (commercially available from Asymchem)(0.5115 g, 2.992 

mmol) and potassium carbonate (0.8279 g, 5.990 mmol) followed by 

tetrakis(triphenylphosphine)palladium (0.2374 g, 0.2054 mmol). The mixture was heated 

to 90 °C. After 2 hours, LCMS-showed reaction was complete. The mixture was cooled 

to room temperature then diluted with water. After extracting three times with EtOAc, 

the mixture was concentrated in vacuo and then purified on silica gel (0%-20% 

EtOAc/hexane) to afford T8.1 (601.2 mg, 80% yield). MS ESI (pos.) m/e: 376.1 (M+Ht. 
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F F 

F F 

or or 

F F 

F F 

T8.1 T8.2 

[0358] (5-((lS)-2,2-Dimethylcyclopentyl)-2-fluoro-4-(5-fluoro-2-(methyloxy)-

4-pyridinyl)phenyl)methanol or (5-((lR)-2,2-dimethylcyclopentyl)-2-fluoro-4-(5-

fluoro-2-(methyloxy)-4-pyridinyl)phenyl)methanol (T8.2). To a cooled solution of 

T8.1 (0.6012 g, 1.601 mmol) in dry THF (15 mL) at 0 °C was added LAH (l.OM in 

THF)(3.2 mL, 3.2 mmol) dropwise. Upon complete addition, the reaction was maintained 

at 0°C and monitored by TLC and LCMS. After 45 minutes, IN NaOH was added to 

quench the reaction (gas evolution occurred). The resulting solution was extracted three 

times with EtOAc. After drying over anhydrous magnesium sulfate, filtration, and 

concentration, the residue was purified on silica gel (0%-20% EtOAc/hexane) to afford 

T8.2 ( 449.9 mg, 81% yield). MS ESI (pos.) m/e: 348.1 (M+Ht. 
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F F 

F F 

or or 

F F 

F F 

T8.2 T8 

[0359] 4-(4-(Chloromethyl)-2-((lS)-2,2-dimethylcyclopentyl)-5-

fluorophenyl)-5-flu oro-2-(methyloxy)pyridine or 4-( 4-( chloromethyl)-2-( (lR)-2,2-

dimethylcyclopentyl)-5-fluorophenyl)-5-fluoro-2-(methyloxy)pyridine (T8). To a 

solution of T8.2 (0.4463 g, 1.285 mmol) in dry DCM (17 mL) and dry DMF (0.12 mL) 

was added thionyl chloride (0.19 mL, 2.605 mmol) at 0°C. The resulting solution was 

warmed to room temperature and monitored with TLC and LCMS. After 1.5 hours, the 

reaction was concentrated. The residue was diluted with EtOAc and washed once with 

saturated aqueous sodium bicarbonate solution and once with brine. The organic layer 

was subsequently dried over anhydrous sodium sulfate, filtered, concentrated, and 

purified by silica gel flash chromatography (0-15% EtOAc/hexane) to afford T8 ( 446.9 

mg, 95% yield). MS ESI (pos.) m/e: 366.1 (M+Ht. 

[0360] 

~Br 

Intermediate T9 

HO~O 
I~ 

.0 OH 

Br 

T9.1 
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Butyl4-bromo-3-(butyloxy)benzoate (T9.2). To a flask containing 4-bromo-3-

hydroxybenzoic acid (T9.1)(available from Combi-Blocks Inc.)(2.40 g, 11.06 mmol) and 

Cs2C03 (8.287 g, 25.44 mmol) in DMF (40 mL), was added 1-bromobutane (2.494 mL, 

23.22 mmol), and the mixture was stirred overnight. The reaction was diluted with water 

and extracted with EtOAc. The organic layers were washed with brine, dried over 

Na2S04, filtered, concentrated, and then purified by CombiFlash® column 

chromatography (0 to 20% EtOAc/ Hexanes) to provide T9.2 (2.4326 g, 66.81% yield). 

~0~0 
I~ 
_,;:;0~ 

Br 

T9.2 

0~ 

F 

T9.3 

[0361] Butyl 2-(butyloxy)-2 '-fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-

carboxylate (T9.3). To a 2 dram vial charged with 2-fluoro-5-methoxyphenylboronic 

acid (commercially available from Sigma-Aldrich, St. Louis, MO, USA) (2.323 g, 13.67 

mmol), tetrakis(triphenylphosphine) palladium(O) (0.7897 g, 0.6834 mmol), cesium 

fluoride (0.8409 mL, 22.78 mmol), and T9.2 (1.50 g, 4.556 mmol), was added DME (20 

mL). The resulting mixture was heated at 90°C overnight. The reaction was allowed to 

cool and then filtered and concentrated. The residue was purified by CombiFlash® 

column chromatography (0 to 10% EtOAc/ hexanes) yielding T9.3 (1.1530 g, 67.58% 

yield). 

0~ - 0~ 

F F 

T9.3 T9.4 

[0362] (2-(Butyloxy)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-yl)methanol 

(T9.4). To a mixture ofT9.3 (1.1530 g, 3.079 mmol) and THF (10 mL) at ooc was added 

LAH (1.0 M solution in THF (4.619 mL, 4.619 mmol)). The reaction was stirred for one 
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hour and then carefully diluted with water, extracted with EtOAc, washed with brine, 

dried over sodium sulfate, filtered, and concentrated to provide T9.4 (0.9050 g, 96.57% 

yield). 

T9.4 T9 

[0363] 2-(Butyloxy)-4-( chloromethyl)-2'-fluoro-5' -( methyloxy)-1 ,1 '-biphenyl 

(T9). To a stirred solution ofT9.4 (0.8800 g, 2.891 mmol) in DCM (15 mL) at 23 oc was 

added thionyl chloride (0.4218 mL, 5. 783 mmol). The reaction mixture was stirred 

overnight and then concentrated and purified by CombiFlash® column chromatography 

(0 to 10% EtOAc/ Hexanes) to provide T9 (0. 7980 g, 85.50% yield). 

[0364] Intermediate T10 

0 

F~OH 
HON 

T10.1 

[0365] Methyl3-fluoro-4-hydroxybenzoate (T10.1). To a round bottom flask 

containing 3-fluoro-4-hydroxybenzoic acid (commercially available from Sigma-Aldrich, 

St. Louis, MO, USA) (5.03 g, 32.22 mmol) was added a cold solution ofMeOH (50.0 

mL) and sulfuric acid (2.0 mL). The mixture was heated to 80°C and monitored with 

TLC. After 20.5 hours, the solvent was removed and the resulting mixture was diluted 

with diethyl ether. The organic phase was washed carefully two times with saturated 

aqueous NaHC03, once with brine, and then dried over anhydrous sodium sulfate. After 

filtration, the organic solvent was removed in vacuo to afford T10.1 as a white solid (4.79 

g, 87% yield). 1H NMR (400 MHz, CDC13) 7.81 (2 H, m), 7.06 (1 H, t, J=8.4 Hz), 5.62 

(1 H, d, J=4.3 Hz), 3.91 (3 H, s). 

T10.1 T10.2 
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[0366] Methyl3-bromo-5-fluoro-4-hydroxybenzoate (T10.2). Bromine (1.60 

mL, 31.1 mmol) was added dropwise with stirring over 30 minutes to an ice-cooled 

solution ofTlO.l (4.79 g, 28.1 mmol) in a 1:1 mixture ofDCM (20 mL) and AcOH (20 

mL). Upon complete addition, the reaction mixture was allowed to warm to room 

temperature and monitored with TLC and LC-MS. After stirring at room temperature for 

40 hours, the mixture was diluted with EtOAc. The resulting solution was washed twice 

with aqueous saturated Na2S03, once with water, and once with brine. After drying over 

anhydrous MgS04, filtration, and concentration, the white solid was identified as T10.2 

(6.69 g, 95% yield). 1H NMR (400 MHz, CDCb) 8.05 (1 H, m), 7.75 (1 H, dd, J=l0.6, 

2.0 Hz), 6.12 (1 H, s), 3.94 (3 H, s). 

T10.2 

[0367] Methyl3-bromo-5-fluoro-4-(((4-

(methyloxy)phenyl)methyl)oxy)benzoate (T10.3). To a vial containing T10.2 (0.64 g, 

2.58 mmol) in 5.0 mL dry DMF was added Cs2C03 (1.10 g, 3.36 mmol). The mixture 

was stirred at room temperature for 10 minutes and then 4-methoxybenzyl bromide (0.45 

mL, 3.1 mmol) was added. After 4 hours, the reaction was diluted with water and then 

extracted five times with EtOAc. The combined organic layers were then washed once 

with brine and dried over anhydrous MgS04. The solid was filtered off, and the solvent 

was concentrated. The residue was purified by silica gel flash chromatography (0-40% 

EtOAc/hexane) to afford T10.3 as a white solid (679.1 mg, 71% yield). 1H NMR (400 

MHz, CDCb) 8.02 (1 H, t, J=2.0 Hz), 7.72 (1 H, dd, J=l1.5, 2.2 Hz), 7.42 (2 H, m, J=8.6 

Hz), 6.90 (2 H, m), 5.20 (2 H, s), 3.91 (3 H, s), 3.82 (3 H, s). 
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0 

T10.3 T10.4 

[0368] Methyl 3-(5,5-dimethyl-1-cyclopenten-1-yl)-5-fluoro-4-(((4-

(methyloxy)phenyl)methyl)oxy)benzoate (T10.4). A stirred mixture ofT10.3 (1.63 g, 

4.420 mmol), ground S-Phos (0.36 g, 0.88 mmol), palladium acetate (0.1 0 g, 0.45 mmol), 

and potassium phosphate tribasic (2.35 g, 11.06 mmol) in DMF (13 mL) and water (0.4 

mL) was purged three times with argon and placed under vacuum three times. 2-(5,5-

Dimethylcyclopent-1-enyl)-4,4,5,5-tetramethyl-1 ,3,2-dioxaborolane (T2.2) (1.4 7 g, 6.63 

mmol) was added to the mixture via syringe, and the resulting mixture was heated to 

75°C. After 18 hours (black solution), the reaction was cooled to room temperature, 

diluted with water, and extracted three times with EtOAc. The combined organic layers 

were washed twice with brine. After drying over anhydrous sodium sulfate and filtration, 

the organic solvent was removed under reduced pressure. The residue was purified on a 

40 g column of silica gel (0-10% EtOAc in hexanes) to afford T1 0.4 as a white solid 

(1.12 g, 66% yield). 1H NMR (400 MHz, CDCb) 8 ppm 7.69 (1 H, dd, J=ll.7, 2.3 Hz), 

7.57 (I H, dd, J=2.0, 1.2 Hz), 7.31 (2 H, m), 6.88 (2 H, m), 5.56 (1 H, t, J=2.5 Hz), 5.01 

(2 H, s), 3.91 (3 H, s), 3.82 (3 H, s), 2.42 (2 H, td, J=7.0, 2.7 Hz), 1.86 (2 H, t, J=7.2 Hz), 

1.06 (6 H, s). 

T10.4 T10.5 

[0369] Methyl 3-(5,5-dimethyl-1-cyclopenten-1-yl)-5-fluoro-4-

hydroxybenzoate (T10.5). To a flask containing T10.4 (1.12 g, 2.93 mmol) was added a 

premixed solution ofDCM (14 mL) and TFA (I mL). The mixture was stirred at room 

temperature and monitored with TLC and LC-MS. After I hour, the reaction was diluted 

with DCM and then washed once with a saturated aqueous sodium bicarbonate solution 
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and brine. The organic layer was then dried over anhydrous sodium sulfate, filtered, and 

concentrated under vacuum. The residue was purified by flash chromatography (Si02 gel 

60, eluted with 0%-50% EtOAc in hexanes). Fractions containing the desired product 

were combined and concentrated to provide a colorless oil that solidified as T10.5 and 

was used without further purification (732.6 mg, 95 % yield). 

0 

T10.5 T10.6 

[0370] Methyl 3-(5,5-dimethyl-1-cyclopenten-1-yl)-5-fluoro-4-

(((trifluoromethyl)sulfonyl)oxy)benzoate (T10.6). To a stirred solution ofT10.5 

(0.7326 g, 2.77 mmol) in dry DCM (15 mL) was added TEA (0.78 mL, 5.60 mmol) and 

DMAP (0.0354 g, 0.29 mmol). After about 20 minutes, N-phenyl­

bis(trifluoromethanesulfonimide) (1.20 g, 3.36 mmol) was added in portions. Upon 

complete addition, the solution was stirred at room temperature and monitored with TLC 

and LC-MS. After 19 hours, the organic solvent was removed under reduced pressure 

and the residue was purified with silica gel chromatography using 0-10% EtOAc in 

hexanes to afford T10.6 as a colorless oil (946.4 mg, 86% yield). 1H NMR (400 MHz, 

CDCh) 8 ppm 7.82 (1 H, dd, J=9.9, 2.1 Hz), 7.75 (1 H, m), 5.87 (1 H, t, J=2.4 Hz), 3.95 

(3 H, s), 2.49 (2 H, td, J=7.1, 2.4 Hz), 1.92 (2 H, t, J=7.0 Hz), 1.11 (6 H, s). 

0 0 

T10.6 T10.7 

[0371] Methyl 2-(5,5-dimethyl-1-cyclopenten-1-yl)-2' ,6-difluoro-5'-

(methyloxy)-1,1'-biphenyl-4-carboxylate (T10.7). A stirred mixture ofT10.6 (0.9464 

g, 2.39 mmol), ground S-Phos (0.1977 g, 0.482 mmol), palladium acetate (0.0555 g, 
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0.24 7 mmol), 2-fluoro-5-methoxyphenylboronic acid (0.8114 g, 4. 77 mmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA), and potassium 

phosphate tribasic (1.2888 g, 6.072 mmol) in dry DMF (7.000 mL) was purged three 

times with argon and placed under vacuum three times. The mixture was heated to 75°C. 

After 21 hours, the reaction was cooled to room temperature, diluted with water and 

extracted three times with EtOAc. The combined organic layers were washed twice with 

brine. After drying over anhydrous sodium sulfate and filtering, the organic solvent was 

removed under reduced pressure. The residue was purified on an 80 g column of silica 

gel (0-20% EtOAc in hexanes) to afford T10.7 as a colorless oil that was used as is 

without further purification (850.5 mg, 95% yield). MS ESI (pos.) m/e: 373.0 (M+Ht. 

F '::::: C02Me 

10 -

T10.7 T10.8 

[0372] Methyl2-(2,2-dimethylcyclopentyl)-2' ,6-difluoro-5'-(methyloxy)-1,1 '­

biphenyl-4-carboxylate (T10.8). To a flask containing T10.7 (0.7168 g, 1.925 mmol) in 

dry MeOH (8 mL) and EtOAc (5 mL) was added palladium (10wt% on activated carbon, 

(0.2103 g, 0.1976 mmol)). After purging, the mixture was stirred under an atmosphere of 

hydrogen at room temperature. After 18.5 hours, the mixture was filtered through 

Celite® filter aid. After concentration, the residue was identified T10.8 (703.6 mg, 98% 

yield). 1H NMR (400 MHz, CDCh) o ppm 7.88 (1 H, s), 7.65 (1 H, dd, J=9.4, 1.6 Hz), 

7.13 (2 H, m), 6.96 (2 H, m), 6.77 (1 H, dd, J=5.5, 3.1 Hz), 3.95 (3 H, s), 3.80 (3 H, s), 

2.76 (1 H, ddd, J=10.3, 8.3, 1.8 Hz), 2.19 (1 H, m), 2.08 (1 H, m), 1.91 (1 H, m), 1.75 (2 

H, m), 1.45 (1 H, m), 0.78 (3 H, s), 0.64 (3 H, s). 

OH 

T10.8 T10.9 
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OH 

OH 

- or 

OH 

T10.9 T10.10 and T10.11 

[0373] (2-( (1S)-2,2-Dimethylcyclopentyl)-2' ,6-difluoro-5' -( methyloxy)-1,1 '-

biphenyl-4-yl)methanol and (2-((1R)-2,2-dimethylcyclopentyl)-2',6-difluoro-5'­

(methyloxy)-1,1 '-biphenyl-4-yl)methanol (T10.10 and T10.11). To a cooled solution 

ofT10.8 (0.7036 g, 1.879 mmol) in dry THF (15 mL) at 0°C was added LAH (1.0 Min 

THF (4 mL, 4.0 mmol)) dropwise. Upon complete addition, the reaction was maintained 

at 0°C and monitored by TLC and LCMS. After 45 minutes, IN NaOH was added to 

quench the reaction (gas evolution occurred). The resulting mixture was extracted three 

times with EtOAc. The combined organic layers were dried over anhydrous MgS04, 

filtered, and concentrated. The residue was purified by flash chromatography (Si02 gel 

60, eluted with 0%-50% EtOAc in hexanes). Fractions containing the desired product 

were combined and concentrated to provide a colorless oil that solidified as T10.9 (300.5 

mg, 46% yield). 1H NMR (400 MHz, CDCb) 8 ppm 7.16 (1 H, s), 7.10 (2 H, m), 6.92 (1 

H, m), 6.77 (1 H, dd, J=5.9, 3.1 Hz), 4.74 (2 H, s), 3.81 (3 H, m), 2.73 (1 H, ddd, J=l0.3, 

8.3, 1.8 Hz), 2.17 (1 H, m), 2.04 (1 H, m), 1.87 (1 H, m), 1.73 (3 H, m), 1.42 (1 H, m), 

0.78 (3 H, s), 0.64 (3 H, s). Chiral separation ofT10.9 was accomplished on a 

CHIRALCEL®® OJ column (2% IPA in hexane) to provide TlO.lO (peak 1) and TlO.ll 

(peak 2). Both enantiomers were used to synthesize example compounds, and both 

enantiomers gave active compounds. 
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OH Cl 

or or 

OH Cl 

T10.10 T10.12 

[0374] 4-(Chloromethyl)-2-( (1S)-2,2-dimethy lcyclopentyl)-2' ,6-difluoro-5'-

(methyloxy)-1,1 '-biphenyl or 4-( chloromethyl)-2-((1R)-2,2-dimethylcyclopentyl)-2' ,6-

difluoro-5'-(methyloxy)-1,1 '-biphenyl (T10.12). To a solution of T10.10 (0.1171 g, 

0.338 mmol) (derived from peak one of the chiral separation ofT10.9) in dry DCM (4.5 

mL) and dry DMF (0.03 mL) was added thionyl chloride (0.05 mL, 0.685 mmol) at 0°C. 

The resulting solution was warmed to room temperature and monitored with TLC and 

LCMS. After 19 hours, the reaction was concentrated and then purified by silica gel flash 

chromatography (0-5% EtOAc/hexane) to afford T10.12 (99. 7 mg, 81% yield). 1H NMR 

(400 MHz, CDCb) 8 ppm 7.18 (1 H, d, J=1.6 Hz), 7.13 (2 H, m), 6.95 (1 H, m), 6.77 (1 

H, dd, J=5.9, 3.1 Hz), 4.68 (2 H, m), 3.84 (3 H, m), 2.73 (1 H, ddd, J=10.3, 8.3, 1.8 Hz), 

2.18 (1 H, m), 2.01 (1 H, m), 1.88 (1 H, m), 1.73 (3 H, m), 1.44 (1 H, m), 0.78 (3 H, s), 

0.64 (3 H, s). 
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[0375] Intermediate Tll 

OH Cl 

or or 

OH Cl 

T10.11 Tll 

[0376] 4-( Chloromethy 1)-2-( (1R )-2,2-dimethylcyclopentyl)-2' ,6-difluoro-5 '-

(methyloxy)-1,1 '-biphenyl or 4-( chloromethyl)-2-((1S)-2,2-dimethylcyclopentyl)-2 ',6-

difluoro-5'-(methyloxy)-1,1'-biphenyl (Tll). To a solution ofT10.11 (0.1492 g, 0.431 

mmol) (derived from peak two ofthe chiral separation ofT10.9) in dry DCM (4.5 mL) 

and dry DMF (0.035 mL) was added thionyl chloride (0.063 mL, 0.864 mmol) at 0°C. 

The resulting solution was warmed to room temperature and monitored with TLC and 

LCMS. After 20 hours, the reaction was concentrated then purified by silica gel flash 

chromatography (0-5% EtOAc/hexane) to afford Tll that was used as is without further 

purification (117.1 mg, 74% yield). 1H NMR (400 MHz, CDCh) 8 ppm 7.18 (1 H, d, 

J=1.6 Hz), 7.13 (2 H, m), 6.95 (1 H, m), 6.81 (1 H, m), 4.68 (2 H, m), 3.85 (3 H, m), 2.73 

(1 H, ddd, J=10.3, 8.3, 1.8 Hz), 2.18 (1 H, m), 2.01 (1 H, m), 1.80 (1 H, d, J=4.3 Hz), 1.72 

(3 H, m), 1.46 (1 H, m), 0.78 (3 H, s), 0.64 (3 H, s). 

[0377] Intermediate T12 

[0378] 6,6-Dimethyl-1-cyclohexen-1-yl trifluoromethanesulfonate (T12.1 ). 

To a solution of 2,2-dimethylcyclohexanone (2.00 g, 16 mmol, commercially available 

- 162-



wo 2010/045258 PCT/US2009/060549 

from Sigma-Aldrich, St. Louis, MO, USA) in THF (35 mL) at -78°C was added dropwise 

LDA (9 mL, 18 mmol, 2.0 M). The resulting solution was stirred at -78°C for 20 minutes. 

A solution ofN-phenyl-bis(trifluoromethane sulfonimide) (6 g, 17 mmol) in THF (15 

mL) was then slowly added at -78°C. The reaction mixture was then allowed to warm to 

23°C over 3 hours. And then was concentrated in vacuo. The reaction was diluted with 

brine and extracted three times with EtOAc. The combined organic layers were dried 

over anhydrous MgS04 and filtered. The organic solvent was removed under reduced 

pressure, and the product was purified on silica gel (0-1 0% EtOAc in hexanes) to provide 

T12.1 as a clear oil (4.1 g, 100%). 

o;o,cF3 

T12.1 T12.2 

[0379] 2-( 6,6-Dimethyl-1-cyclohexen-1-yl)-4,4,5,5-tetramethyl-1 ,3,2-

dioxaborolane (T12.2). A mixture of triphenylphosphine (0.4 g, 2 mmol), potassium 

phenolate (3 g, 22 mmol), 4,4,5,5-tetramethyl-2-( 4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-

2-yl)-1,3,2-dioxaborolane ( 4 g, 16 mmol) and T12.1 ( 4.1 g, 16 mmol) in toluene (79 mL, 

16 mmol) was degassed using N2. Dichlorobis(triphenylphosphine)palladium(II) (0.6 g, 

0.8 mmol) was then added, and the reaction mixture was further degassed with N2. The 

reaction was then stirred at 50°C for 3.5 hours. The reaction was then diluted with brine 

and extracted three times with EtOAc. The combined organic layers were dried over 

anhydrous MgS04, filtered, and the organic solvent was removed under reduced pressure. 

The product was then purified on silica gel (0-1 0% EtOAc in hexanes) to yield T12.2 as a 

colorless oil (3.00 g, 80% yield). 
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Q:~o, 
F 

Cl 

T12.3 

[0380] Methyl2'-fluoro-5'-(methyloxy)-2-nitro-1,1'-biphenyl-4-carboxylate 

(T12.3). To a stirred solution ofmethyl4-chloro-3-nitrobenzoate (10.00 g, 46 mmol, 

commercially available from TCI) in DMF (15.00 mL, 194 mmol) at 23°C was added 2-

fluoro-5-methoxyphenylboronic acid (12 g, 70 mmol) (commercially available from 

Sigma-Aldrich, St. Louis, MO, USA), potassium carbonate (19 g, 139 mmol), and then 

tetrakis(triphenylphosphine)palladium (2.1 g, 1.9 mmol). The mixture was heated at 90°C 

for 18 hours and then cooled to room temperature. The reaction was diluted with brine 

and extracted three times with EtOAc. The organic layers were combined, dried over 

anhydrous MgS04, and filtered. The organic solvent was removed under reduced 

pressure and the residue was purified on silica gel (0-40% EtOAc in hexanes) to yield 

T12.3 as a colorless oil (14.00 g, 99% yield). 

F 

T12.3 T12.4 

[0381] Methyl 2-amino-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-carboxylate 

(T12.4). To a stirred solution ofT12.3 (1.00 g, 3.3 mmol) in AcOH (2.00 mL, 35 mmol) 

at 23°C was added DME (15.00 mL, 144 mmol), EtOH (10.00 mL), and then tin(II) 

chloride ( 4.7 g, 25 mmol). The mixture was heated at 60°C for 17 hours and then was 

cooled to room temperature. The reaction was diluted with water and extracted three 

times with EtOAc. The organic layers were combined, dried over anhydrous magnesium 
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sulfate, and filtered. The organic solvent was removed under reduced pressure to give the 

T12.4 (0.90 g, 100% yield). 

F 

T12.4 T12.5 

[0382] Methyl 2 '-fluoro-2-iodo-5'-(methyloxy)-1,1 '-biphenyl-4-carboxylate 

(T12.5). To a stirred solution ofT12.4 (1.00 g, 3.6 mmol) in DME (10.00 mL, 96 mmol) 

at 23°C was added sulfuric acid (0.19 mL, 3.6 mmol) in water (8 mL), followed by 

dropwise addition of a solution of sodium nitrite (0.38 g, 5.4 mmol) in water (2 mL) at 

0°C over 30 minutes. The resulting mixture was stirred for 20 minutes and then a solution 

of sodium iodide (3.0 g, 20 mmol) in water (7 mL) was added at 0°C. The resulting 

mixture was stirred for 1 hour and then quenched with sodium thiosulfate and extracted 

three times with diethyl ether. The organic layers were combined, dried over anhydrous 

magnesium sulfate and filtered. The organic solvent was removed under reduced 

pressure, and the product was purified on silica gel (0-40% EtOAc in hexanes) to yield a 

colorless solid T12.5 (0.820 g, 58% yield). 

~ 
o..... ......o 

B + a- F F 

T12.2 T12.5 T12.6 

[0383] Methyl2-(6,6-dimethyl-1-cyclohexen-1-yl)-2'-fluoro-5'-(methyloxy)-

1,1'-biphenyl-4-carboxylate (T12.6). To a stirred solution ofT12.5 (0.750 g, 1.9 mmol) 

in DMF (4.00 mL, 52 mmol) at 23°C was added T12.2 (0.92 g, 3.9 mmol), potassium 

carbonate (0.81 g, 5.8 mmol), and then tetrakis(triphenylphosphine)palladium (0.22 g, 

0.19 mmol). The mixture was heated to 90°C, stirred for 24 hours, and then cooled to 

- 165-



wo 2010/045258 PCT/US2009/060549 

room temperature. The reaction was diluted with brine and extracted three times with 

EtOAc. The organic layers were combined, dried over anhydrous magnesium sulfate and 

filtered. The organic solvent was removed under reduced pressure, and the residue was 

purified on silica gel (0-1 0% EtOAc in hexanes) to yield T12.6 as a colorless oil (0.34 g, 

48% yield). 

MeO 

T12.6 T12.7 

[ 0384] (2-( 6,6-Dimethyl-1-cyclohexen-1-yl)-2 '-fluoro-5' -( methyloxy)-1 ,1 '-

biphenyl-4-yl)methanol (T12. 7). To a stirred solution of T12.6 (0.300 g, 0.814 mmol) 

in THF (0.0587 g, 0.814 mmol) at ooc was added LAH (1.63 mL, 1.63 mmol, l.OM). 

The resulting mixture was stirred for 4.5 hours. Next, IN NaOH(aq) was added to 

quench the mixture. The reaction was extracted three times with EtOAc. The combined 

organic layers were dried over anhydrous magnesium sulfate and filtered. The organic 

solvent was removed under reduced pressure, and the product was purified on silica gel 

(0-20% EtOAc in hexanes) to yield T12.7 as a colorless oil (0.250 g, 90.2% yield). 

MeO 

OTBDMS 
F 

T12.7 T12.8 

[0385] (((2-(6,6-Dimethyl-1-cyclohexen-1-yl)-2'-fluoro-5'-(methyloxy)-1,1 '-

biphenyl-4-yl)methyl)oxy)(1,1-dimethylethyl)dimethylsilane (T12.8). To a stirred 

solution ofT12.7 (0.160 g, 0.5 mmol) in DCM (10.00 mL, 155 mmol) at 23°C was added 
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tert-butyldimethylsilyl chloride (0.09 mL, 0.6 mmol), followed by TEA (0.08 mL, 0.6 

mmol) and DMAP (0.006 g, 0.05 mmol). The mixture was stirred for one hour and then 

was concentrated in vacuo. The residue was purified on silica gel (0-5% EtOAc in 

hexanes) to yield T12.8 as a colorless oil (0.198 g, 93% yield). 

MeO 

OTBDMS 

T12.8 T12.9 

[0386] ( ( (2-(2,2-Dimethylcyclohexyl)-2 '-fluoro-5' -( methyloxy)-1 ,1 '-biphenyl-

4-yl)methyl)oxy)(1,1-dimethylethyl)dimethylsilane (T12.9). To a stirred solution of 

T12.8 (0.090 g, 0.20 mmol) in EtOAc (2.00 mL, 20 mmol) at 23°C was added palladium 

on carbon (0.0021 g, 0.020 mmol). The mixture was stirred under an atmosphere of 

hydrogen (0.00040 g, 0.20 mmol) for 4 days. The reaction mixture was then filtered and 

the filtrate was concentrated in vacuo to yield T12.9 as a colorless oil (0.090 g, 100% 

yield) 

OTBDMS OH -MeO MeO 

T12.9 T12.10 
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F 

-
F 

F 

T12.10 T12.11 and T12.12 

[0387] (2-( (1R)-2,2-Dimethylcyclohexyl)-2 '-fluoro-5' -(methyloxy )-1,1 '-

biphenyl-4-yl)methanol and (2-((1S)-2,2-dimethylcyclohexyl)-2'-fluoro-5'­

(methyloxy)-1,1 '-biphenyl-4-yl)methanol (T12.11 and T12.12). To a stirred mixture of 

T12.9 (0.090 g, 0.20 mmol) in MeOH (0.99 mL, 0.20 mmol) was added PPTS (0.0050 g, 

0.020 mmol). The mixture was stirred for 4.5 hours and then was concentrated in vacuo. 

The residue was purified on silica gel (0-15% EtOAc in hexanes) to yield T12.10 as a 

colorless oil (0. 067 g, 99% yield). Chiral separation of T12.1 0 was accomplished on 

CHIRALCEL® OD (3%IPA in hexane) to provide T12.11 (peak one) and T12.12 (peak 

two). Both enantiomers were used to synthesize example compounds, and both 

enantiomers gave active example compounds. However, the enantiomer corresponding to 

peak 2 provided the most active example compounds. 1 
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MeO MeO 

OH Cl 

or or 

MeO MeO 
OH Cl 

T12.12 T12 

[0388] 4-(Chloromethyl)-2-((1R)-2,2-dimethylcyclohexyl)-2'-fluoro-5'-

(methyloxy)-1,1 '-biphenyl or 4-(chloromethyl)-2-((1S)-2,2-dimethylcyclohexyl)-2'­

fluoro-5'-(methyloxy)-1,1 '-biphenyl (T12). To a stirred solution of T12.12 (0.035 g, 

0.10 mmol) (from peak two from the chiral separation of T12.10) in DCM (2.00 mL, 31 

mmol) at 23°C was added DMF (0.00079 mL, 0.010 mmol) followed by thionyl chloride 

(0.015 mL, 0.20 mmol). The mixture was stirred for one hour and then concentrated in 

vacuo. The residue was purified on silica gel (0-1 0% EtOAc in hexanes) to yield T12 as 

a colorless oil (0.025 g, 68% yield). 

[0389] Intermediate T13 

~0~0 
I~ 

.b 0~ 0~ 

Br 

T9.2 T13.1 

[0390] Propyl2-(butyloxy)-3'-(methyloxy)-1,1 '-biphenyl-4-carboxylate 

(T13.1). To a flask charged with 3-methoxyphenylboronic acid (1.02 g, 6.69 mmol, 

commercially available from Sigma-Aldrich, St. Louis, MO, USA), 

tetrakis(triphenylphosphine)palladium (0) (0.258 g, 0.223 mmol), cesium fluoride (0.411 

mL, 11.1 mmol), and T9.2 (0.734 g, 2.23 mmol), was added DME (20 mL). The 

resulting mixture was then heated at 90°C overnight. The reaction was allowed to cool 
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and was then filtered and concentrated. The residue was purified by silica gel column 

chromatography (0 to 10% EtOAc/ hexanes) yielding T13.1 (795 mg, 99% yield). 

0~ 0~ 

T13.1 T13.2 

[0391] (2-(Butyloxy)-3'-(methyloxy)-1,1 '-biphenyl-4-yl)methanol (T13.2) To 

a mixture ofT13.1 (795 mg, 2230 Jlmol) and THF (10 mL) at 0 °C was added LAH (1.0 

M solution in THF (3345 f.LL, 3345 Jlmol)). The reaction was stirred for one hour and 

then carefully diluted with water and extracted with EtOAc. The combined organic layers 

were washed with brine and then dried over sodium sulfate, filtered, and concentrated to 

provide T13.2 (530 mg, 83.0% yield). 

T13.2 T13 

[0392] 2-(Butyloxy)-4-(chloromethyl)-3'-(methyloxy)-1,1 '-biphenyl (T13). 

To a stirred solution ofT13.2 (530 mg, 1851 Jlmol) in DCM (15 mL) at 23°C was added 

thionyl chloride (270 f.LL, 3702 Jlmol). The resulting mixture was stirred overnight and 

was then concentrated and then purified by silica gel chromatography (0 to I 0% EtOAc/ 

hexanes) to provide T13. 
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[0393] Intermediate T14 

F 

or - or 

F F 

T3.8 T14 

[0394] 4-(Chloromethyl)-2-((1S)-2,2-dimethylcyclopentyl)-2'-fluoro-5'-

(methyloxy)-1,1 '-biphenyl or 4-(chloromethyl)-2-((1R)-2,2-dimethylcyclopentyl)-2'­

fluoro-5'-(methyloxy)-1,1 '-biphenyl (T14). Thionyl chloride (1.5 mL, 20 mmol) was 

added to a stirred solution ofT3.8 (3.280 g, 10.0 mmol) (derived from peak one from the 

chiral separation ofT3.7) in DCM (100 mL, 10.0 mmol) and DMF (0.77 mL, 10.0 mmol) 

at 0°C. The resulting mixture was stirred at room temperature for 2 hours. The reaction 

mixture was then concentrated in vacuo and purified on silica gel (0-1 0% EtOAc in 

hexane) to give the desired product T14 (3.00 g, 87% yield) as a clear oil. 

[0395] Intermediate TlS 

0 0 

OMe OMe 

HO 

T15.1 T15.2 
[0396] Methyl3-tert-butyl-4-(trifluoromethylsulfonyloxy)benzoate (T15.2). 

To a stirred solution ofmethyl3-tert-butyl-4-hydroxybenzoate (T15.1)(avai1ab1e from 
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Apin Chemical Ltd, United Kingdom)(O.IOO g, 0.48 mmol) in DCM (10 mL, 155 mmol) 

at 23°C, was added TEA (0.080 mL, 0.58 mmol) and DMAP (0.0059 g, 0.048 mmol), 

followed by triflic anhydride (0.097 mL, 0.58 mmol). The dark solution was stirred at 

room temperature and monitored by TLC and LC-MS. After 19 hours, the reaction was 

concentrated in vacuo. The residue was then purified by flash chromatography (Si02 gel 

60, eluted with 0%-10% EtOAc in hexanes ). Fractions containing the desired product 

were combined and concentrated to provide T15.2 as a colorless oil (0.16g, 98%). MS 

ESI (pos.) m/e: 341.0 (M+Ht. 

0 0 

OMe OMe 

,.......o 
T15.2 T15.3 

[0397] Methyl2-(1,1-dimethylethyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-

4-carboxylate (T15.3). To a stirred solution of T15.2 (0.1 00 g, 0.29 mmol) in DMF 

(2.00 mL, 26 mmol) at 23°C, was added 2-fluoro-5-methoxyphenylboronic acid 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) (0.100 g, 0.59 

mmol), potassium carbonate (0.12 g, 0.88 mmol), followed by 

tetrakis(triphenylphosphine)palladium (0.034 g, 0.029 mmol). The mixture was heated to 

100 oc. After 2 hours, the reaction was cooled to room temperature and diluted with 

water. The mixture was extracted with EtOAc (3 x 50mL) and concentrated in vacuo. 

The residue was then purified by flash chromatography (Si02 gel 60, eluted with 0%-15% 

EtOAc in hexanes). Fractions containing the desired product were combined and 

concentrated to provide T15.3 as a colorless oil (0.85g, 71 %). MS ESI (pos.) m/e: 317.2 

(M+Ht. 
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0 

OH 

/0 

T15.3 T15.4 
[0398] (2-(1,1-Dimethylethyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-

yl)methanol (T15.4). To a cooled solution of T15.3 (0.85 g, 2.69 mmol) in dry THF 

(10.0 mL, 2.69 mmol) at 0°C, was added LAH (1.0 M solution in THF (6.0 mL, 6.0 

mmol)). Upon complete addition, the reaction was allowed to warm to room temperature 

and monitored by TLC and LCMS. Upon completion, IN NaOH (5 mL) was carefully 

added to quench the reaction. The resulting solution was extracted with EtOAc (3 x I 0 

mL). The combined organic layers were dried over MgS04, filtered, and concentrated in 

vacuo. The residue was then purified by flash chromatography (Si02 gel 60, eluted with 

0%-40% EtOAc in hexanes). Fractions containing the desired product were combined 

and concentrated to provide T15.4 as a colorless oil (0.56g, 72%). MS ESI (pos.) m/e: 

311.2 (M+Nat. 

OH Cl 

......... o ......... o 
T.15.4 T15 

[0399] 4-(Chloromethyl)-2-(1,1-dimethylethyl)-2'-fluoro-5'-(methyloxy)-1,1 '-

biphenyl (T15). To a cooled solution of T15.4 (0.56 g, 1.93 mmol) in dry DCM (3.60 

mL, 1.93 mmol) at 0°C, was added thionyl chloride (0.40 mL, 5.48 mmol) dropwise. 

Upon complete addition of thionyl chloride, the mixture was allowed to warm to room 

temperature. After 18 hours, the reaction was concentrated in vacuo. The residue was 

then purified by flash chromatography (Si02 gel 60, eluted with 0%-15% EtOAc in 

hexanes). Fractions containing the desired product were combined and concentrated to 

provide T15 as a colorless solid (0.44g, 74%). 1H NMR (500 MHz, CDCh) 8 ppm 7.56 
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(1 H, s), 7.25 (5 H, dd, J=7.7, 1.6 Hz), 7.01 (2 H, m), 6.86 (1 H, dd, J=9.0, 3.2 Hz), 6.77 

(1 H, dd, J=5.9, 3.2 Hz), 4.65 (3 H, s), 3.79 (3 H, s), 1.24 (9 H, s). 

[0400] Intermediate T16 

0 
0 

OMe 
OMe 

T15.2 T16.1 

[0401] Methyl 2-(1,1-dimethylethyl)-3 '-(methyloxy)-1,1 '-biphenyl-4-

carboxylate (T16.1). A dry round bottom flask containing T15.2 (1.40 g, 4.1 mmol), 3-

methoxyphenylboronic acid (commercially available from Sigma-Aldrich, St. Louis, MO, 

USA) (1.27 g, 8.34 mmol), tetrakis(triphenylphosphine)palladium (0.49 g, 0.42 mmol), 

and potassium carbonate (1.71 g, 12.36 mmol) was evacuated and backfilled three times 

with argon. Dry DMF (12.0 mL) was added via syringe under argon, and the mixture was 

then heated to 100 °C and monitored by TLC. After 2 hours, the reaction was cooled to 

room temperature and diluted with water. The mixture was extracted three times with 

EtOAc and then concentrated under reduced pressure. The residue was then purified by 

flash chromatography (Si02 gel60, eluted with 0%-15% EtOAc in hexanes). Fractions 

containing the desired product were combined and concentrated to provide T16.1 as a 

colorless oil (1.01, 82%). MS ESI (pos.) m/e: 299.2 (M+Ht. 

0 
OH 

OMe 

-
,.....o 

T16.1 T16.2 

[ 0402] (2-(1,1-Dimethylethyl)-3 '-( methyloxy )-1 ,1 '-biphenyl-4-yl)methanol 

(T16.2). To a cooled solution ofT16.1 (1.01 g, 3.38 mmol) in dry THF (10.0 mL) at 0°C, 

was added LAH (1.0 M solution in THF (6.7 mL, 6.7 mmol)). Upon complete addition, 

the reaction was allowed to warm to room temperature and monitored by TLC and 
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LCMS. Upon completion, IN NaOH (5 mL) was carefully added to quench the reaction. 

The resulting solution was extracted with EtOAc (3 x 10 mL ), dried over MgS04, filtered 

and concentrated in vacuo. The residue was then purified by flash chromatography (Si02 

gel 60, eluted with 0%-40% EtOAc in hexanes). Fractions containing the desired product 

were combined and concentrated to provide T16.2 as a colorless oil (0.82, 90%). 1H 

NMR (500 MHz, CDCh) o ppm 7.56 (1 H, s), 7.29 (1 H, t, J=3.8 Hz), 7.24 (1 H, m), 7.07 

(1 H, d, J=7.6 Hz), 6.93 (2H, m), 6.86 (lH, d, J=l.5 Hz), 4.77 (2 H, s), 3.85 (3 H, s), 1.72 

(lH, s), 1.26 (9 H, s). 

[0403] 

OH 

-
T16.2 

/0 

T16 

Cl 

4-( Chloromethyl)-2-(1 ,1-dimethylethyl)-3 '-(methyloxy)-1,1 '-biphenyl 

(T16). A dry, round bottom flask containing T16.2 (0.82 g, 3.04 mmol) and DCM (8.5 

mL) was cooled to 0°C. After 15 minutes, thionyl chloride (1.50 mL, 20.56 mmol) was 

carefully added dropwise at 0°C. Upon complete addition of thionyl chloride, the mixture 

was allowed to warm to room temperature and stirred overnight. After 25 hours, the 

reaction was concentrated under reduced pressure. The residue was then purified by flash 

chromatography (Si02 gel 60, eluted with 0%-15% EtOAc in hexanes ). Fractions 

containing the desired product were combined and concentrated to provide T16 as a 

colorless oil (0.82, 93%). 1H NMR (500 MHz, CDCb) 8 ppm 7.53 (1 H, d, J= 1.7 Hz), 

7.28 (3 H, m), 7.03 (1 H, d, J= 7.8 Hz), 6.90 (3 H, m), 4.65 (2H, s), 3.82 (3 H, s), 1.23 

(9H, s). 

[0404] Intermediates T17 A and T17B 

0 

HO 
HO 

T17.1 
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[0405] 1-(3-(1,1-Dimethylethyl)-4-hydroxyphenyl)ethanone (T17.1 ). To a 

dry, round bottom flask was added aluminum chloride (4.402g, 33.0 mmol). The flask 

was then cooled to -45°C. After 10 minutes, dry toluene (80 mL) was added followed by 

dropwise addition of2-tert-butylphenol (5.00 mL, 32.7 mmol) (commercially available 

from Sigma-Aldrich, St. Louis, MO, USA). The mixture was stirred and maintained at-

4°C. After 1.5 hours, acetyl chloride (2.40 mL, 33.8 mmol) was carefully added 

dropwise. The mixture was allowed to warm to room temperature and monitored with 

TLC and LC-MS. After 18 hours, the mixture was slowly poured onto crushed ice. This 

mixture was stirred at room temperature and the crystals were collected by filtration. The 

light yellow solid was identified as T17.1 ( 4.2589 g, 68%). MS ESI (pos.) m/e: 193.1 

(M+Ht. 

0 0 

HO 

T17.1 T17.2 

[0406] 4-Acetyl-2-(1,1-dimethylethyl)phenyl trifluoromethanesulfonate 

(T17.2). To a stirred solution of T17.1 (2.0006 g, 10.41 mmol) in dry DCM (37 mL) was 

added TEA (3.0 mL, 21.57 mmol) and DMAP (0.1309 g, 1.071 mmol). After 20 minutes, 

N-phenyltrifluoromethanesulfonimide (5.5846 g, 15.63 mmol) was added in portions. 

Upon complete addition, the solution was stirred at room temperature and monitored with 

TLC and LC-MS. After 4.5 hours, the reaction was diluted with brine and extracted three 

times with DCM. After drying over anhydrous magnesium sulfate and filtration, the 

solvent was removed under reduced pressure. The residue was purified by silica gel flash 

chromatography (0-20% EtOAc/hexane) to yield T17.2 (3.0227 g, 90% yield). MS ESI 

(pos.) m/e: 325.1 (M+Ht. 
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0 

0 

T17.2 T17.3 

[0407] 1-(2-(1,1-Dimethylethyl)-2'-fluoro-5'-(methyloxy)-1,1'-biphenyl-4-

yl)ethanone (T17.3). A dry round bottom containing T17.2 (3.0227 g, 9.3202 mmol), 2-

fluoro-5-methoxyphenylboronic acid (2.4005 g, 14.125 mmol) (commercially available 

from Sigma-Aldrich, St. Louis, MO, USA), tetrakis(triphenylphosphine)palladium 

(1.0853 g, 0.93920 mmol), and potassium carbonate (3.9996 g, 28.940 mmol) was 

evacuated and backfilled three times with argon. Dry DMF (25 mL) was added via 

syringe under argon, then the mixture was heated to 100 °C and monitored with TLC. 

After 3 hours, the reaction was cooled to room temperature, then diluted with water. The 

mixture was extracted three times with EtOAc then concentrated under reduced pressure. 

The residue was purified by silica gel flash chromatography (0-15% EtOAc/hexane) to 

yield T17.3 (2.6053 g, 93% yield). MS ESI (pos.) m/e: 301.1 (M+Ht. 

0 

OH 

/0 

T17.3 T17.4 
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'o 
OH 

OH 

-
'o 

OH 

T17.4 T17.5 and T17.6 

[0408] 1-(2-(1,1-Dimethylethyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-

yl)ethanol (T17.4). To a dry round bottom flask containing T17.3 (2.5921 g, 8.630 

mmol) was added a premixed solution of dry MeOH (10 mL) and dry DCM (10 mL). 

After stirring at 0 °C for about 15 minutes, sodium borohydride (0.6632 g, 17.53 mmol) 

was carefully added at 0 °C. Upon complete addition, the reaction was allowed to warm 

to room temperature. After 2 hours, the reaction was cooled in an ice bath, then carefully 

quenched with water and extracted three times with DCM. After drying over anhydrous 

magnesium sulfate and filtration, the organic solvent was removed under reduced 

pressure. The residue was purified by silica gel flash chromatography (0-15% 

EtOAc/hexane) to yield T17.4 (2.5329 g, 97% yield). MS ESI (pos.) m/e: 285.1 (M­

H20f. Chiral separation ofT17.4 was accomplished using SFC with 9 g/min MeOH 

(0.6% DEA) + 81 g/min C02 on a 250 x 30 mm OD-H column. The outlet pressure of 

the system was set to 140 bar, temperature at 25 oc and detector wavelength was 220 nm. 

Sample was dissolved to 54 mg/mL in MeOH and separations on 13.5 mg injections were 

performed at a rate of one injection per 1.65 minutes to provide T7.5 (peak 1) and T17.6 

(peak 2). 

- 178-



wo 2010/045258 PCT/US2009/060549 

"o "o 
OH Cl 

or - or 

"o 
OH Cl 

T17.6 T17A 

[0409] 4-( (18)-1-Chloroethyl)-2-(1,1-dimethy lethyl)-2 '-fluoro-5'-

(methyloxy)-1,1 '-biphenyl or 4-((1R)-1-chloroethyl)-2-(1,1-dimethylethyl)-2'-fluoro-

5'-(methyloxy)-1,1 '-biphenyl (T17 A). A dry, round bottom flask containing T17.6 

(1.0221 g, 3.380 mmol) was evacuated and backfilled with argon. Dry DCM (14 mL) 

was added under argon, and the homogeneous solution was cooled to 0 °C. After 15 

minutes, thionyl chloride (1.0 mL, 13.71 mmol) was carefully added dropwise at 0 °C. 

Upon complete addition of thionyl chloride, the mixture was allowed to warm to room 

temperature and stirred overnight. After 2.5 hours, the reaction was concentrated under 

reduced pressure. The residue was purified by silica gel flash chromatography (0-15% 

EtOAc/hexane) to yield T17A (744.7 mg, 69% yield). MS ESI (pos.) m/e: 338.2 

(M+H20t. 

[0410] 4-( (18)-1-Chloroethyl)-2-(1,1-dimethy lethyl)-2 '-fluoro-5'-

(methyloxy)-1,1 '-biphenyl or 4-((1R)-1-chloroethyl)-2-(1,1-dimethylethyl)-2'-fluoro-

5'-(methyloxy)-1,1 '-biphenyl (T17B). This compound is prepared from T17.5 using the 

same procedure described above with respect to T17 A. 

[0411] Intermediates T18A and T18B 

HOyyBr v 
T18.1 

- 179-



wo 2010/045258 PCT/US2009/060549 

[0412] 1-Bromo-3-(difluoromethoxy)benzene (T18.1). To a solution of3-

bromophenol (commercially available from Sigma-Aldrich, St. Louis, MO, USA) (1.28 g, 

7.39 mmol) in DMF (12.0 mL) was added sodium 2-chloro-2,2-difluoroacetate 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) (2.82 g, 18.49 mmol) 

and Cs2C03 (4.82 g, 14.79 mmol). The reaction mixture was heated at 100°C. Gas was 

released from the reaction so care should be taken. After 2 hours, the reaction was cooled 

to room temperature then diluted with EtOAc, washed with water and then brine andre­

extracted three times with EtOAc. The combined organic layers were dried over 

magnesium sulfate and then filtered, concentrated, and purified with silica gel 

chromatography (0-5% EtOAc in hexanes) to yield T18.1 as an oil that was used without 

further purification (yield 61% ). 

T18.1 T18.2 

[ 0413] 2-(3-(Difluoromethoxy )phenyl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (T18.2). A stirred mixture of T18.1 (1.00 g, 4.50 mmol), 

bis(pinacolato)diboron (1.26 g, 4.95 mmol), potassium acetate (1.34 g, 13.70 mmol), and 

dichloro [ 1, 1'-bis( diphenylphosphino )ferrocene ]dichloride palladium(II) DCM adduct 

(0.17 g, 0.23 mmol) in dry 1 ,4-dioxane (1 0. 0 mL )was purged three times with argon and 

placed under vacuum three times. The mixture was heated to 1 00°C and monitored with 

LC-MS and TLC. After 21 hours, the reaction was cooled to room temperature and then 

filtered through Celite® filter aid. The organic solvent was removed under reduced 

pressure, and the residue was purified on silica gel (0-1 0% EtOAc in hexanes) to yield 

T18.2 as a colorless oil (0.41 g, 34%). 1H NMR (400 MHz, CDCb) 8 ppm 7.67 (1 H, d, 

J=7.4 Hz), 7.56 (1 H, d, J=2.3 Hz), 7.41 (1 H, m), 7.22 (1 H, dd, J=7.8, 2.3 Hz), 6.73 (lH, 

t, J= 74Hz), 1.36 (12 H, s). 

~0/ 
HO~ 

Br 

T3.1 T18.3 
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[0414] Methyl4-(benzyloxy)-3-bromobenzoate (T18.3). To a solution of T3.1 

(53.2 g, 230 mmol) in DMSO ( 45.0 mL) was added 1-(bromomethyl)benzene (35.6 mL, 

299 mmol). After cooling in an ice water bath, Cs2C03 (128 g, 391 mmol) was carefully 

added to the mixture, and the mixture was allowed to warm to room temperature. After 

overnight stirring, the mixture was diluted with water and extracted three times with 

EtOAc. The organic layers were combined and then washed with brine. After drying 

over anhydrous magnesium sulfate and filtration, the organic solvent was removed under 

reduced pressure to yield T18.3 as a white solid. 

0 

T18.3 T18.4 

[0415] Methyl 4-(benzyloxy)-3-(5,5-dimethylcyclopent-1-enyl)benzoate 

(T18.4). A stirred mixture ofT18.3 (3.75 g, 11.66 mmol), ground S-Phos (0.96 g, 2.33 

mmol), palladium acetate (0.26 g, 1.17 mmol), and potassium phosphate, tribasic (6.19 g, 

29.17 mmol) in DMF (28.0 mL) and water (1.50 mL) was purged three times with argon 

and placed under vacuum three times. Before heating, 2-(5,5-dimethylcyclopent-l-enyl)-

4,4,5,5-tetramethyl-1,3,2-dioxaborolane (T2.2) (3.11 g, 13.99 mmol) was added via 

syringe, then the mixture was heated to 75 °C. After 21 hours (black solution), the 

reaction was cooled to room temperature, diluted with water, and extracted three times 

with EtOAc. The combined organic layers were washed twice with brine. After drying 

over anhydrous sodium sulfate and filtration, the organic solvent was removed under 

reduced pressure. The residue was purified on silica gel (0-10% EtOAc in hexanes) to 

yield T18.4 as a colorless oil (3.03 g, 77%). MS ESI (pos.) m/e: 337.0 (M+Ht. 

0 0 

HO 

T18.4 T18.5 
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[0416] Methyl 3-(2,2-dimethylcyclopentyl)-4-hydroxybenzoate (T18.5). To a 

flask containing T18.4 (3.03 g, 9.0 mmol) in MeOH (25.0 mL) was added palladium, 

10% wt. on activated carbon (0.48 g, 0.45 mmol). After purging, the mixture was stirred 

under an atmosphere of hydrogen at room temperature. The reaction was monitored with 

TLC and LC-MS. After 27.5 hours, the reaction was filtered through Celite® filter aid. 

After concentration, the residue was purified on silica gel using 0-50% EtOAc in hexanes 

to yield T18.5 as a colorless oil that solidified (1.99 g, 89%). 1H NMR (400 MHz, 

CDCh) 8 ppm 7.91 (1 H, d, J=2.3 Hz), 7.79 (1 H, dd, J=8.4, 2.2 Hz), 6.82 (1 H, d, J=8.2 

Hz), 5.54 (1 H, s), 3.90 (3 H, s), 3.17 (1 H, dd, J=10.4, 8.0 Hz), 2.17 (1 H, m), 2.04 (1 H, 

m), 1.92 (1 H, m), 1.81 (1 H, m), 1.68 (2 H, m), 1.06 (3 H, s), 0.72 (3 H, s). 

0 0 

T18.5 T18.6 

[0417] Methyl 3-(2,2-dimethylcyclopentyl)-4-

(trifluoromethylsulfonyloxy)benzoate (T18.6). To a stirred solution ofT18.5 (0.93 g, 

3.74 mmol) in dry DCM (10.0 mL) was added TEA (1.1 mL, 7.89 mmol) and 4-

(dimethylamino)pyridine (46.2 mg, 0.378 mmol). After about 20 minutes, N-phenyl­

bis(trifluoromethanesulfonimide) (1.61 g, 4.51 mmol) was added in portions. Upon 

complete addition, the solution was stirred at room temperature and monitored with TLC 

and LC-MS. After 3.5 hours, the reaction was diluted with brine and extracted three 

times with DCM. After drying over anhydrous magnesium sulfate and filtration, the 

organic solvent was removed under reduced pressure and the residue was purified with 

silica gel chromatography using 0-10% EtOAc in hexanes to yield T18.6 as a colorless oil 

(1.21 g, 85%). 1H NMR (400 MHz, CDCh) 8 ppm 8.08 (1 H, d, J=2.2 Hz), 7.95 (1 H, dd, 

J=8.6, 2.2 Hz), 7.35 (1 H, d, J=8.6 Hz), 3.95 (3 H, s), 3.21 (1 H, dd, J=9.8, 8.4 Hz), 2.14 

(2 H, m), 1.95 (1 H, m), 1.86 (1 H, m), 1.69 (2 H, m), 1.02 (3 H, s), 0.70 (3 H, s). 
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0 0 

T18.6 T18.7 

[0418] Methyl 3 '-(( difluoromethyl)oxy)-2-(2,2-dimethylcyclopentyl)-1,1 '-

biphenyl-4-carboxylate (T18. 7). A stirred mixture of T18.6 (0.48 g, 1.26 mmol), 

ground S-Phos (1 04.8 mg, 0.255 mmol), palladium acetate (29.1 mg, 0.130 mmol), and 

potassium phosphate tribasic (0.6727 g, 3.17mmol) in dry DMF (5.0 mL) was purged 

with argon and placed under vacuum (repeated three times). Before heating, T18.2 

(0.512 g, 1.89 mmol) was added via syringe, and then the mixture was heated to 75°C. 

After 16 hours, the reaction was cooled to room temperature, diluted with water and 

extracted three times with EtOAc. The combined organic layers were washed twice with 

brine. After drying over anhydrous sodium sulfate and filtration, the organic solvent was 

removed under reduced pressure. The residue was purified on silica gel (0-20% EtOAc in 

hexanes) to yield T18.7 as a colorless oil (308.9 mg, 65%). 1H NMR (500 MHz, CDCh) 

o ppm 8.11 (1 H, d, J=l.7 Hz), 7.90 (1 H, dd, J=7.9, 1.8 Hz), 7.44 (1 H, m), 7.28 (1 H, m), 

7.16 (2 H, m), 7.07 (1 H, s), 6.57 (1H, t, J =75Hz), 3.97 (3 H, s), 3.10 (1 H, t, J=9.4 Hz), 

2.13 (2 H, m), 1.90 (1 H, m), 1.73 (1 H, m), 1.61 (1 H, m), 1.38 (1 H, ddd, J=12.6, 9.4, 

7.6 Hz), 0.75 (3 H, s), 0.58 (3 H, s). 

0 
OH 

Tl8.7 Tl8.8 
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OH 

OH 

OH 

T18.8 T18.9 and T18.10 

[0419] (3 '-( (Difluoromethyl)oxy)-2-(2,2-dimethylcyclopentyl)-1,1 '-biphenyl-

4-yl)methanol (T18.8). To a cooled solution ofT18.7 (308.9 mg, 0.82 mmol) in dry 

THF (8.0 mL) at ooc was added LAH, 1.0 Min THF (1.70 mL, 1.70 mmol) dropwise. 

Upon complete addition, the reaction was maintained at ooc and was monitored by TLC 

and LCMS. After 45 minutes, IN NaOH was added to quench the reaction. The resulting 

solution was extracted three times with EtOAc. After drying over anhydrous magnesium 

sulfate, filtration, and concentration, the residue was purified by flash chromatography 

(Si02 gel 60, eluted with 0%-50% EtOAc in hexanes). Fractions containing the desired 

product were combined and concentrated to yield T18.8 as a colorless oil (261.6 mg, 

92%). 1H NMR (500 MHz, CDCh) 8 ppm 7.41 (2 H, m), 7.26 (1 H, m), 7.21 (1 H, m), 

7.14 (2 H, m), 7.05 (1 H, s), 6.55 (IH, t, J =75Hz), 4.76 (2 H, m), 3.07 (1 H, dd, J=l0.3, 

8.6 Hz), 2.10 (2 H, m), 1.86 (1 H, m), 1.71 (1 H, m), 1.55 (1 H, ddd, J=l2.7, 8.1, 4.9 Hz), 

1.37 (1 H, ddd, J=12.5, 9.5, 7.6 Hz), 0.75 (3 H, s), 0.60 (3 H, s). Chiral separation of 

T18.8 was accomplished on a CHIRALCEL® OD column (3% IPA in hexane) to provide 

T18.9 (peak 1) and T18.10 (peak 2). 
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OH Cl 

or or 

OH Cl 

T18.9 or T18.10 T18A or T18B 

[0420] 4-( Chloromethyl)-3 '-( ( difluoromethyl)oxy )-2-( (1 S)-2,2-

dimethylcyclopentyl)-1,1 '-biphenyl or 4-( chloromethyl)-3 '-(( difluoromethyl)oxy)-2-

((1R)-2,2-dimethylcyclopentyl)-1,1 '-biphenyl (T18Aor T18B). To a solution of T18.9 

or T18.10 (112.7 mg, 0.325 mmol) in dry DCM (4.0 mL) and dry DMF (0.03 mL) was 

added thionyl chloride (0.06 mL, 0.823 mmol) at 0°C. The resulting solution was 

warmed to room temperature and monitored with TLC and LCMS. After 45 minutes, the 

reaction was concentrated then purified by silica gel flash chromatography (0-5% 

EtOAc/hexane) to yield T18A or T18B(99.5 mg, 84 %). 1H NMR (400 MHz, CDCh) 8 

ppm 7.42 (2 H, m), 7.25 (l H, d, J=2.0 Hz), 7.19 (l H, m), 7.11 (2 H, dd, J=7.8, 2.0 Hz), 

7.03 (l H, s), 6.54 (lH, t, J= 74Hz), 4.66 (2 H, m), 3.04 (l H, dd, J=l0.4, 8.4 Hz), 2.14 (2 

H, m), 1.88 (1 H, m), 1.73 (l H, m), 1.54 (2 H, ddd, J=l2.7, 8.2, 4.9 Hz), 1.41 (1 H, m), 

0.73 (3 H, s), 0.56 (3 H, s). 

[0421] Intermediate T19 

0 

T3.5 T19.1 T19.2 

[0422] Methyl 3-(5,5-dimethylcyclopent-1-enyl)-4-(5-fluoro-2-

methoxypyridin-4-yl)benzoate (T19.2). To a flask with methyl 3-(5,5-
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dimethylcyclopent-1-eny1)-4-(trifluoromethylsulfonyloxy)benzoate T3.5 ( 404 mg, 1068 

!lmol) was added Pd(PPh3)4 (123 mg, 107 !lmol), potassium carbonate ( 443 mg, 3203 

!lmol), 5-fluoro-2-methoxypyridin-4-ylboronic acid T19.1 ( 456 mg, 2669 !lmol, 

commercially available from Asymchem). The mixture was then degassed, and DMF (3 

mL) was added. The reaction was stirred overnight at 87°C and worked up with EtOAc 

and water. Silica gel chromatography (0-50% EtOAc/Hexanes) afforded methyl3-(5,5-

dimethylcyclopent-1-enyl)-4-(5-fluoro-2-methoxypyridin-4-yl)benzoate T19.2 (295 mg. 

78%). 

0 

MeO 

OH 

T19.2 T19.3 

[ 0423] (3-(5,5-Dimethylcyclopent-1-enyl)-4-(5-fluoro-2-methoxypyridin-4-

yl)phenyl)methanol (T19.3). To methyl3-(5,5-dimethylcyclopent-1-enyl)-4-(5-fluoro-

2-methoxypyridin-4-yl)benzoate T19.2 (295 mg, 830 !lmol) was added THF. The 

mixture was cooled to 0°C, and LAH (1660 flL, 1660 !lmol) was added dropwise. The 

reaction was stirred at room temperature for 1 hour, and was quenched with water and a 

small amount of Rochelle's salt solution. Purification with silica gel chromatography 

afforded (3 -( 5,5 -dimethy lcyclopent-1-enyl)-4-( 5-fluoro-2-methoxypyridin-4-

yl)phenyl)methanol T19.3 (201 mg) as an oil (74%). 

MeO MeO 
OH Cl 

T19.3 T19 

[0424] 4-( 4-( Chlo ro methyl)-2-( 5,5-dimethy lcyclopent-1-eny l)ph enyl)-5-

fluoro-2-methoxypyridine (T19). To (3-(5,5-dimethylcyclopent-1-enyl)-4-(5-fluoro-2-

methoxypyridin-4-yl)phenyl)methanol T19.3 (34.5 mg, I 05 !lmol) was added DCM (1.1 
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mL) and DMF (8.2 11L, 105 11mo1) followed by thiony1 chloride (15 11L, 211 11mol) in an 

ice bath. The reaction was then stirred at room temperature for 1 hour. The reaction was 

concentrated and directly purified on silica gel to afford 4-( 4-(chloromethyl)-2-(5,5-

dimethylcyclopent-1-enyl)phenyl)-5-fluoro-2-methoxypyridine T19 (36 mg) as an oil 

(99%). 

[0425] Intermediate T20 

-
F 

T20.1 T20.2 

[0426] Methyl 2'-fluoro-5'-(methyloxy)-2-nitro-1,1 '-biphenyl-4-carboxylate 

(T20.2). To a stirred solution ofmethyl4-chloro-3-nitrobenzoate T20.1 (10.00 g, 46 

mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA) in DMF 

(15.00 mL, 194 mmol) at 23°C was added 2-fluoro-5-methoxyphenylboronic acid (12 g, 

70 mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA), and 

potassium carbonate (19 g, 139 mmol). Tetrakis(triphenylphosphine)palladium (2.1 g, 

1.9 mmol) was then added to the mixture, and the mixture was heated at 90°C for 18 

hours. The mixture was then cooled to room temperature, diluted with brine and 

extracted three times with EtOAc. After drying over anhydrous magnesium sulfate and 

filtering, the organic solvent was removed under reduced pressure and the product was 

purified on silica gel (0-40% EtOAc in hexanes) to yield T20.2 as a colorless oil (14.00 g, 

99% yield). 

N02 -

F F 

OMe 

T20.2 T20.3 

- 187-



wo 2010/045258 PCT/US2009/060549 

[0427] Methyl 2-amino-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-carboxylate 

(T20.3). To a stirred solution ofT20.2 (1.00 g, 3.3 mmol) in acetic acid (2.00 mL, 35 

mmol) at 23°C was added DME (15.00 mL, 144 mmol), EtOH (10.00 mL), followed by 

tin(II) chloride (4.7 g, 25 mmol). The mixture was heated at 60°C for 17 hours. After 

which, the reaction was cooled to room temperature. The reaction was diluted with water 

and extracted three times with EtOAc. After drying over anhydrous magnesium sulfate 

and filtering, the organic solvent was removed under reduced pressure to give the product 

T20.3 (0.90 g, 100% yield). 

C02Me C02Me 

T2Q3 T2Q4 

[0428] Methyl2'-fluoro-2-iodo-5'-(methyloxy)-1,1 '-biphenyl-4-carboxylate 

(T20.4). To a stirred solution ofT20.3 (1.00 g, 3.6 mmol) in DME (10.00 mL, 96 mmol) 

at 23°C was added sulfuric acid (0.19 mL, 3.6 mmol) in water (8 mL), followed by 

dropwise addition of a solution of sodium nitrite (0.38 g, 5.4 mmol) in water (2 mL) at 

0°C over 30 minutes. The reaction was then stirred for 20 minutes. To the mixture was 

added a solution of sodium iodide (3.0 g, 20 mmol) in water (7 mL) at 0°C. The resulting 

mixture was then stirred for 1 hour. The reaction was quenched with sodium thiosulfate 

and extracted three times with diethyl ether. After drying over anhydrous magnesium 

sulfate and filtering, the organic solvent was removed under reduced pressure and the 

product was purified on silica gel (0-40% EtOAc in hexanes) to yield a colorless solid 

T20.4 (0.820 g, 58% yield). 

-
F F 

T20.4 T20.5 
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[0429] Methyl2'-fluoro-5'-(methyloxy)-2-((1R,4R)-1,7,7-

trimethylbicyclo[2.2.l]hept-2-en-2-yl)-l,l '-biphenyl-4-carboxylate (T20.5). To a 

stirred solution of T20.4 (0.200 g, 0.52 mmol) in DMF ( 4.00 mL, 52 mmol) at 23°C was 

added (1 S,4R)-1,7,7-trimethylbicyclo[2.2.l]hept-2-en-2-ylboronic acid (0.19 g, 1.0 mmol, 

commercially available from Combi-Blocks, Cat. No. BB-2567), potassium carbonate 

(0.21 g, 1.6 mmol), and then tetrakis(triphenylphosphine)palladium (0.060 g, 0.052 

mmol). The mixture was heated at 90°C for 19 hours and then cooled to room 

temperature. The reaction was diluted with brine and extracted three times with EtOAc. 

After drying over anhydrous magnesium sulfate and filtering, the organic solvent was 

removed under reduced pressure and the product was purified on silica gel (0-1 0% EtOAc 

in hexanes) to yield T20.5 as a colorless oil (0.165 g, 81% yield). 

F F 

T20.5 T20.6 

[0430] (2 '-Fluoro-5'-(methyloxy)-2-((1R,4R)-1, 7, 7-

trimethylbicyclo [2.2.1] hept-2-en-2-yl)-1,1 '-biphenyl-4-yl)methanol (T20.6). To a 

stirred solution ofT20.5 (0.050 g, 0.1 mmol) in THF (4 mL) at 0°C was added LAH in 

THF (0.3 mL, 0.3 mmol, l.OM). The resulting mixture was stirred for 2 hours. IN 

NaOH(aq) was added to the mixture to quench it. The reaction was then extracted three 

times with EtOAc. After drying over anhydrous magnesium sulfate and filtering, the 

organic solvent was removed under reduced pressure and the product was purified on 

silica gel (0-20% EtOAc in hexanes) to yield T20.6 as a colorless oil (0.035 g, 75% 

yield). 
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F F 

T20.6 T20 

[0431] 4 '-(Chloromethyl)-6-fluoro-2 '-((1R,4R)-1, 7,7-

trimethylbicyclo[2.2.1]hept-2-en-2-yl)-1,1 '-biphenyl-3-yl methyl ether (T20). To a 

stirred solution ofT20.6 (0.035 g, 0.10 mmol) in DCM (2.00 mL) and DMF (0.01 mL) at 

ooc was added thionyl chloride (0.0 1 g, 0.10 mmol). The reaction was then stirred at 

room temperature for 2 hours and was then concentrated in vacuo. The resulting product 

was then purified on silica gel (0-1 0% EtOAc in hexanes) to yield T20 as a colorless oil 

(0.035 g, 95% yield). 

[0432] Intermediate T21 OS02
CF

3 

T21.1 T21.2 

[0433] 1-Cycloocten-1-yl trifluoromethyl sulfone (T21.2). To a stirred 

solution of cyclooctanone (T21.1) (5.00 g, 40 mmol) (commercially available from 

Sigma-Aldrich, St. Louis, MO, USA) in THF (35 mL) at -78°C was added LDA (22 mL, 

44 mmol, 2.0M). The resulting solution was stirred at -78°C for 20 minutes. Then, a 

solution ofN-phenyl-bis(trifluoromethane sulfonimide) (16 g, 44 mmol) in THF (15 mL) 

was added slowly at -78°C. The reaction mixture was allowed to warm to 23°C over 3 

hours and then was concentrated in vacuo. The residue was diluted with water and 

extracted three times with hexanes. After drying over anhydrous magnesium sulfate and 

filtering, the organic solvent was removed under reduced pressure and the product was 

then purified on silica gel (0-5% EtOAc in hexanes) to yield T21.2 as a colorless oil 

(10.00 g, 98% yield). 
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T21.2 T21.3 

[0434] 2-(1-Cycloocten-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

(T21.3). A mixture of triphenylphosphine (1 g, 4 mmol), potassium phenolate (7 g, 54 

mmol), 4,4,5,5-tetramethyl-2-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1 ,3,2-

dioxaborolane (10 g, 39 mmol) and T21.2 (10.00 g, 39 mmol) in toluene (194 mL) was 

degassed with nitrogen. Then, dichlorobis(triphenylphosphine)palladium(II) (1 g, 2 

mmol) was added and the mixture was further degassed with nitrogen. The reaction 

mixture was stirred at 50°C for 3.5 hours. The reaction mixture was diluted with water 

and extracted three times with EtOAc. After drying over anhydrous magnesium sulfate 

and filtering, the organic solvent was removed under reduced pressure and the product 

was then purified on silica gel (0-5% EtOAc in hexanes) to yield T21.3 as a colorless oil 

(7.00 g, 77% yield). 

[0435] 

~ 
0, ,.....0 

B 

6 
T21.3 

F F 

T20.4 T21.4 

Methyl 2-(1-cycloocten-1-yl)-2'-fluoro-5' -( methyloxy )-1 ,1 '-biphenyl-

4-carboxylate (T21.4). To a stirred solution of T20.4 (0.750 g, 1.9 mmol) in DMF ( 4.00 

mL, 52 mmol) at 23°C was added (Z)-2-cyclooctenyl-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane T21.3 (0.92 g, 3.9 mmol), potassium carbonate (0.81 g, 5.8 mmol), and 

then tetrakis(triphenylphosphine)palladium (0.22 g, 0.19 mmol). The mixture was heated 

at 90 °C for 19 hours and then cooled to room temperature. The reaction was diluted with 

brine and extracted three times with EtOAc. After drying over anhydrous magnesium 

sulfate and filtering, the organic solvent was removed under reduced pressure and the 
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product was purified on silica gel (0-1 0% EtOAc in hexanes) to yield T21.4 as a colorless 

oil (0.35 g, 49% yield). 

C02 Me 

OH 
F 

T21.4 T21.5 

[0436] (2-(1-Cycloocten-1-yl)-2 '-fluoro-5' -( methyloxy)-1 ,1 '-biphenyl-4-

yl)methanol (T21.5). To a stirred solution ofT21.4 (0.350 g, 0.9 mmol) in THF (9 mL, 

0.9 mmol) at ooc was added LAH in THF (2 mL, 2 mmol, I. OM). The reaction was 

stirred for I hour. IN NaOH(aq) was then added to quench the reaction. The reaction 

was extracted three times with EtOAc. After drying over anhydrous magnesium sulfate 

and filtering, the organic solvent was removed under reduced pressure and the product 

was then purified on silica gel (0-20% EtOAc in hexanes) to yield T21.5 as a colorless oil 

(0.387 g, I20% yield). 

T21.5 T21.6 

[0437] (2-Cyclooctyl-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-yl)methanol 

(T21.6). To a stirred solution ofT21.5 (0.387 g, I mmol) in EtOAc (II mL) at 23°C was 

added palladium on carbon (O.I g, I mmol). The reaction was placed under an 

atmosphere of hydrogen and stirred for 2 hours. The reaction mixture was then filtered 

and concentrated in vacuo. The residue was purified on silica gel (0-20% EtOAc in 

hexanes) to yield T21.6 as a colorless oil (0.13 g, 33% yield). 
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F F 

T21.6 T21 

[0438] 4-(Chloromethyl)-2'-fluoro-5'-(methyloxy)-2-cyclooctyl-1,1 '-biphenyl 

(T21). To a stirred solution ofT21.6 (0.130 g, 0.4 mmo1) in DCM (2.00 mL) and DMF 

(0.03 mL) at ooc was added thionyl chloride (0.06 mL, 0.8 mmol). The reaction was 

stirred at room temperature for 2 hours. After which, the reaction was concentrated in 

vacuo and the product was then purified on silica gel (0-1 0% EtOAc in hexanes) to yield 

T21 as a colorless oil (0.130 g, 95% yield). 

[0439] Intermediates T22A and T22B 

0 

~ 
T22.1 

[0440] Synthesis of T22.1. To a solution of3,3-dimethylbutan-2-one (5.00 g, 

50 mmol, commercially available from Sigma-Aldrich, St. Louis, MO, USA) in THF (71 

mL) at -78°C was added dropwise a solution ofLDA (28 mL, 56 mmol). The resulting 

solution was stirred at -78°C for 20 minutes. A solution ofN-phenyl-bis(trifluoromethane 

sulfonimide) (20 g, 55 mmol) in THF (15 mL) was then added slowly at -78°C. The 

reaction mixture was allowed to room temperature over 3 hours. The reaction was 

concentrated in vacuo. The reaction was then diluted with water and extracted three times 

with EtOAc. After drying over anhydrous magnesium sulfate and filtering, the organic 

solvent was removed under reduced pressure and the product was purified on silica gel 

(0-5% EtOAc in hexanes) to yield T22.1 as a colorless oil (10.00 g, 86% yield) 
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~F, 'i+ 
o, ,.....o 

B 

~ 
T22.1 T22.2 

[0441] Synthesis of T22.2. A mixture of triphenylphosphine (0.90 g, 3.4 

mmol), potassium phenolate (6.4 g, 48 mmol), 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane (8.7 g, 34 mmol) and T22.1 (8.00 g, 34 

mmol) in toluene (172 mL) was degassed by N2• Then 

dichlorobis(triphenylphosphine)palladium(II) (1.2 g, 1.7 mmol) was added, and the 

reaction mixture was further degassed with N2• The reaction was then stirred at 50°C for 

3.5 hours. The reaction was then filtered and concentrated in vacuo. The product was 

purified on silica gel (0-5% EtOAc in hexanes) to yield T22.2 as a colorless oil (5.0 g, 

69% yield). 

_J / Br"r(YC02Me 

ol'l ~~ 

~0 0 

6 
T3.2 T22.3 T22.2 

[0442] Methyl 3-(1-(1 ,1-dimethylethyl)ethenyl)-4-( tetrahydro-2H -pyran-2-

yloxy)benzoate (T22.3). A stirred solution ofmethyl3-bromo-4-(tetrahydro-2H-pyran-

2-yloxy)benzoate T3.2 (2.50 g, 7.9 mmol), palladium acetate (0.18 g, 0. 79 mmol), S-Phos 

(0.65 g, 1.6 mmol), tripotassium phosphate (1.6 mL, 20 mmol) in DMF (15.00 mL, 194 

mmol) and water (0.600 mL, 33 mmol) was purged 3 times with nitrogen and placed 

under vacuum and the process repeated three times. Before heating, T22.2 (2.0 g, 9.5 

mmol) was added, and the mixture was heated to 70°C and stirred for 19 hours. The 

resulting mixture was then cooled to room temperature, diluted with water and extracted 

three times with EtOAc. After drying over anhydrous magnesium sulfate and filtering, 
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the organic solvent was removed under reduced pressure and the product was then 

purified on silica gel (0-20% EtOAc in hexanes) to yield T22.3 as a colorless oil (2.50 g, 

99% yield). 

T22.3 T22.4 

[0443] Methyl 3-(1-(1 ,1-dimethylethyl)ethenyl)-4-hydroxybenzoate (T22.4 ). 

To a stirred solution ofT22.3 (2.500 g, 7.85 mmol) in MeOH (10.00 mL, 7.85 mmol) at 

23°C was added PPTS (0.197 g, 0. 785 mmol). The reaction was heated to 60°C and 

stirred for 19 hours. The reaction was then concentrated in vacuo to give a clear oil. The 

product was then purified on silica gel (0-20% EtOAc in hexanes) to yield T22.4 as a 

colorless oil (1.50 g, 81.5% yield). 

T22.4 T22.5 

[0444] Methyl 3-(1-(1 ,1-dimethylethyl)ethenyl)-4-

(((trifluoromethyl)sulfonyl)oxy)benzoate (T22.5). To a stirred solution ofT22.4 (0.500 

g, 2 mmol) in DCM (11 mL) at 23°C was added TEA (0.4 mL, 3 mmol), DMAP 

(catalytic), and then N-phenyltriflimide (0.8 g, 2 mmol). The reaction was further stirred 

for 19 hours and then concentrated in vacuo. The product was purified on silica gel (0-

1 0% EtOAc in hexanes) to yield T22.5 as a colorless oil (0.1 g, 13% yield). 
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F 

T22.5 T22.6 

[0445] Methyl 2-(1-(1 ,1-dimethylethyl)ethenyl)-2 '-fluoro-5'-( methyloxy)-

1,1 '-biphenyl-4-carboxylate (T22.6). To a stirred solution of T22.5 (0.550 g, 1.5 mmol) 

in DMF (3.0 mL, 1.5 mmol) at 23°C was added 2-fluoro-5-methoxyphenylboronic acid 

(0.38 g, 2.3 mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA), 

potassium carbonate (0.62 g, 4.5 mmol) and then tetrakis(triphenylphosphine)palladium 

(0.12 g, 0.11 mmol). The mixture was heated to 90 °C and stirred for 17 hours. The 

resulting mixture was then cooled to room temperature, diluted with water and extracted 

three times with EtOAc. After drying over anhydrous magnesium sulfate and filtering, 

the organic solvent was removed under reduced pressure and the product was then 

purified on silica gel (0-1 0% EtOAc in hexanes) to yield T22.6 as a colorless oil (0.1 00 g, 

19% yield). 

MeO 

OH 
F 

T22.6 T22.7 

[0446] (2-(1-(1,1-Dimethylethyl)ethenyl)-2'-fluoro-5'-(methyloxy)-1,1'-

biphenyl-4-yl)methanol (T22. 7). To a stirred solution of T22.6 (0.400 g, 1 mmol) in 

THF (6 mL) at ooc was added LAH in THF (2 mL, 2 mmol, l.OM). The resulting 

mixture was stirred for 2 hours. IN NaOH(aq) was then added to the mixture, and the 

resulting mixture was extracted three times with EtOAc. After drying over anhydrous 

magnesium sulfate and filtering, the organic solvent was removed under reduced pressure 

- 196-



wo 2010/045258 PCT/US2009/060549 

and the product was then purified on silica gel (0-20% EtOAc in hexanes) to yield T22.7 

as a colorless oil (0.273 g, 74% yield). 

F 

T22.7 T22.8 

[0447] (1 ,1-Dimethylethyl)( ( (2-(1-(1 ,1-dimethylethyl)ethenyl)-2'-fluoro-5'-

(methyloxy)-1,1 '-biphenyl-4-yl)methyl)oxy)dimethylsilane (T22.8). To a stirred 

solution ofT22.7 (0.273 g, 0.9 mmol) in DCM (2.00 mL) at 23°C was added tert­

butyldimethylsilyl chloride (0.2 mL, 1 mmol), followed by TEA (0.1 mL, 1 mmol) and 

DMAP (0.01 g, 0.09 mmol). The resulting mixture was then stirred for 16 hours and then 

was concentrated in vacuo to give the product. The product was purified on silica gel (0-

5% EtOAc in hexanes) to yield T22.8 as a colorless oil (0.374 g, 100% yield). 

T22.8 T22.9 

[0448] (1,1-Dimethylethyl)(((2'-fluoro-5'-(methyloxy)-2-(1,2,2-

trimethylpropyl)-1,1 '-biphenyl-4-yl)methyl)oxy)dimethylsilane (T22.9). To a stirred 

solution ofT22.8 (0.400 g, 0.93 mmol) in EtOAc (2.00 mL) at 23°C was added palladium 

on carbon (0.0099 g, 0.093 mmol). The resulting mixture was stirred under an 

atmosphere of hydrogen for 21 hours and then was filtered and concentrated in vacuo. 

The product was purified on silica gel (0-5% EtOAc in hexanes) to yield T22.9 as a 

colorless oil (0.400 g, 100% yield). 
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F 

T22.9 T22.10 

F 

F 

F 

T22.10 T22.11 and T22.12 

[0449] (2 '-Fluoro-5'-(methyloxy)-2-((1R)-1,2,2-trimethylpropyl)-1,1 '-

biphenyl-4-yl)methanol and (2'-fluoro-5'-(methyloxy)-2-((1S)-1,2,2-trimethylpropyl)-

1,1 '-biphenyl-4-yl)methanol (T22.11 and T22.12). To a stirred solution of T22.9 

(0.400 g, 0.929 mmol) in MeOH (10.00 mL, 0.929 mmol) at 23°C was added PPTS 

(0.0233 g, 0.0929 mmol). The mixture was stirred for 19 hours and then was 

concentrated in vacuo to give a clear oil. The product was then purified on silica gel (0-

20% EtOAc in hexanes) to yield T22.10 as a colorless oil (0.250 g, 85% yield). Chiral 
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separation ofT22.10 was accomplished on a CHIRALCEL® OD column (3%IPA in 

hexane) to provide T22.11 (peak one) and T22.12 (peak two). 1 

F 

or or 

F F 

T22.11 or T22.12 T22Aor T22B 

[0450] 4-( Chloromethyl)-2 '-fluoro-5' -(methyloxy )-2-( (1R)-1 ,2,2-

trimethylpropyl)-1,1 '-biphenyl or 4-(chloromethyl)-2'-fluoro-5'-(methyloxy)-2-((18)-

1,2,2-trimethylpropyl)-1,1 '-biphenyl (T22A or T22B). To a stirred solution of T22.11 

or T22.12 (0.050 g, 0.16 mmol) in DCM (2.00 mL) at 23°C was added DMF (0.0012 mL) 

followed by thionyl chloride (0.023 mL, 0.32 mmol). The mixture was stirred for one 

hour and then was concentrated in vacuo. The resulting product was purified on silica gel 

(0-10% EtOAc in hexanes) to yield T22A or T22B as a colorless oil (0.050 g, 94% yield). 
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[0451] Intermediate T23 

Br~C02Me 
C02 Me 

1.0 
0 

6 0 

6 
T3.2 T23.1 

[0452] Methyl 3-(2-methyl-l-propenyl)-4-(tetrahydro-2H -pyran-2-

yloxy)benzoate (T23.1). A mixture ofmethyl3-bromo-4-(tetrahydro-2H-pyran-2-

yloxy)benzoate T3.2 (0.500 g, 1.6 mmol), palladium acetate (0.036 g, 0.16 mmol), S­

Phos (0.13 g, 0.32 mmol) and tripotassium phosphate (0.32 mL, 4.0 mmol) in DMF 

(10.00 mL, 129 mmol) and water (0.40 mL, 22 mmol) was stirred. The mixture was 

purged with nitrogen and placed under vacuum and the process repeated three times. 

Before heating, 2-methylprop-1-enylboronic acid (0.24 g, 2.4 mmol, commercially 

available from Synthonix, Cat. No. D3007G 1) was added, and the mixture was heated to 

70°C and stirred for 23 hours. The mixture was then cooled to room temperature, diluted 

with brine, and extracted three times with EtOAc. After drying over anhydrous 

magnesium sulfate and filtering, the organic solvent was removed under reduced pressure 

and the product was then purified on silica gel (0-1 0% EtOAc in hexanes) to yield T23.1 

as a colorless oil (0.460 g, 100% yield). 

T23.1 T23.2 

[0453] Methyl4-hydroxy-3-(2-methyl-l-propenyl)benzoate (T23.2). To a 

stirred mixture ofT23.1 (0.460 g, 2 mmol) in MeOH (8 mL) was added PPTS (0.04 g, 0.2 

mmol). The reaction mixture was then stirred for 24 hours and then concentrated in 

vacuo. The residue was purified on silica gel (0-20% EtOAc in hexanes) to yield T23.2 

as a colorless oil (0.320 g, 98% yield). 
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[0454] 

OH 

T23.2 T23.3 

PCT/US2009/060549 

Methyl 4-hydroxy-3-(2-methylpropyl) benzoate (T23.3). To a stirred 

solution ofmethyl4-hydroxy-3-(2-methylprop-l-enyl)benzoate T23.2 (0.320 g, 1.6 

mmol) in EtOAc (2.00 mL, 20 mmol) at 23°C was added palladium on carbon (0.017 g, 

0.16 mmol). The reaction was stirred under an atmosphere of hydrogen (0.0031 g, 1.6 

mmol) for 16 hours. The reaction mixture was then filtered and concentrated in vacuo to 

give a clear oil. The residue was purified on silica gel (0-20% EtOAc in hexanes) to yield 

T23.3 as a colorless oil (0.256 g, 79% yield) 

[0455] 

OH 

T23.3 

Methyl 3-(2-methylpropyl)-4-

(((trifluoromethyl)sulfonyl)oxy)benzoate (T23.4). To a stirred solution of T23.3 

(0.256 g, 1 mmol) in DCM (12 mL, 1 mmol) at 0°C was added TEA (0.2 mL, 1 mmol), 

and a catalytic amount ofDMAP. N-phenyltriflimide (0.5 g, 1 mmol) was then added 

and the mixture was stirred at room temperature for 20 hours. The reaction was 

concentrated in vacuo, and the residue was purified on silica gel (0-1 0% EtOAc in 

hexanes) to yield T23.4 as a colorless oil (0.400 g, 96% yield). 
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F 

T23.4 T23.5 

[0456] Methyl 2 '-fluoro-5' -( methyloxy)-2-(2-methylpropyl)-1,1 '-biphenyl-4-

carboxylate (T23.5). To a stirred solution ofT23.4 (0.400 g, 1.2 mmol) in DMF (4.00 

mL, 52 mmol) at 23°C was added 2-fluoro-5-methoxyphenylboronic acid (0.40 g, 2.4 

mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA), potassium 

carbonate (0.49 g, 3.5 mmol), and then tetrakis(triphenylphosphine)palladium (0.14 g, 

0.12 mmol). The mixture was heated to 90 °C and stirred for 22 hours. The mixture was 

cooled to room temperature, diluted with brine, and extracted three times with EtOAc. 

After drying over anhydrous magnesium sulfate and filtering, the organic solvent was 

removed under reduced pressure and the product was then purified on silica gel (0-1 0% 

EtOAc in hexanes) to yield T23.5 as a colorless oil (0.293 g, 79% yield). 

C02 Me 

F F 

T23.5 T23.6 

[0457] (2 '-Fluoro-5' -( methyloxy)-2-(2-methylpropyl)-1 ,1 '-biphenyl-4-

yl)methanol (T23.6). To a stirred solution ofT23.5 (0.293 g, 0.9 mmol) in THF (5 mL, 

0.9 mmol) at ooc was added LAH in THF (2 mL, 2 mmol, I. OM). The reaction was 

stirred for one hour and then IN NaOH(aq) was added to quench the mixture. The 

reaction was extracted three times with EtOAc. After drying over anhydrous magnesium 

sulfate and filtering, the organic solvent was removed under reduced pressure and the 

product was then purified on silica gel (0-20% EtOAc in hexanes) to yield T23.6 as a 

colorless oil (0.260 g, 97% yield). 
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MeO MeO -OH Cl 

T23.6 T23 

[ 0458] 4-( Chloromethyl)-2 '-fluoro-5' -(methyloxy )-2-(2-methylpropyl)-1 ,1 '­

biphenyl (T23). To a stirred solution ofT23.6 (0.260 g, 0.90 mmol) in DCM (2.00 mL, 

31 mmol) at 23°C was added DMF (0.0070 mL, 0.090 mmol) followed by thionyl 

chloride (0.13 mL, 1.8 mmol). The reaction was stirred for one hour and then the reaction 

was concentrated in vacuo. The residue was then purified on silica gel (0-1 0% EtOAc in 

hexanes) to yield T23 as a colorless oil (0.252 g, 91% yield). 

[0459] Intermediate T24 

MeO HO 

T3.7 T24.1 

[ 0460] Methyl 2-(2,2-dimethylcyclopentyl)-2'-fluoro-5'-hydroxy-l ,1 '-

biphenyl-4-carboxylate (T24.1). To a stirred solution ofT3.7 (0.400 g, 1.12 mmol) in 

DCM (10.00 mL) at 0°C was added boron tribromide (l.OM in DCM)(4.49 mL, 4.49 

mmol). The reaction was stirred for one hour at 0°C. Water was then added, and the 

mixture was extracted three times with EtOAc. After drying over anhydrous magnesium 

sulfate and filtering, the organic solvent was removed under reduced pressure and the 

desired product was isolated. The initial product was dissolved in a 1/1 mixture of 

THF/EtOH and to this was added IN NaOH (aq), the resulting solution was stirred for 16 

hours, after which it was concentrated in vacuo. The reaction was acidified with IN HCl 

and the resulting solution was extracted three times with EtOAc. After drying over 

anhydrous magnesium sulfate and filtering, the organic solvent was removed under 

reduced pressure. The resulting product was dissolved in MeOH and a drop of sulfuric 
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acid was added. The mixture was heated at 70°C for 16 hours. The reaction mixture was 

then concentrated in vacuo. The product was then purified on silica gel (0-20% EtOAc in 

hexanes) to yield T24.1 as a colorless oil (0.250 g, 65% yield). 

HO 

o, 

T24.1 T24.2 

[0461] Methyl 2-(2,2-dimethylcyclopentyl)-2'-fluoro-5' -( (2,2,2-

trifluoroethyl)oxy)-1,1 '-biphenyl-4-carboxylate (T24.2). To a flask containing T24.1 

(0.100 g, 0.29 mmol) and Cs2C03 (0.29 g, 0.88 mmol) in DMF (2 mL) was added 1,1,1-

trifluoro-2-iodoethane (0.12 g, 0.58 mmol) (commercially available from Sigma-Aldrich, 

St. Louis, MO, USA), and stirring was continued for 5 hours. The reaction was diluted 

with water and extracted three times with EtOAc. After drying over anhydrous 

magnesium sulfate and filtering, the organic solvent was removed under reduced pressure 

and the product was then purified on silica gel (0-10% EtOAc in hexanes) to yield T24.2 

as a colorless oil (0.113 g, 91% yield). 

C02 Me 

OH 
F 

T24.2 T24.3 
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F 

F 

F 

T24.3 T24.4 and T24.5 

[0462] (2-((1R)-2,2-Dimethylcyclopentyl)-2'-fluoro-5'-((2,2,2-

trifluoroethyl)oxy)-1,1 '-biphenyl-4-yl)methanol and (2-((1S)-2,2-

dimethylcyclopentyl)-2'-fluoro-5'-((2,2,2-trifluoroethyl)oxy)-1,1 '-biphenyl-4-

yl)methanol (T24.4 and T24.5). To a stirred solution of T24.2 (0.113 g, 0.3 mmol) in 

THF (5 mL) at ooc was added LAH in THF (0.5 mL, 0.5 mmol, I. OM). The mixture was 

stirred for one hour and then IN NaOH(aq) was added to quench the reaction. The 

reaction mixture was extracted three times with EtOAc. After drying over anhydrous 

magnesium sulfate and filtering, the organic solvent was removed under reduced pressure 

and the product was then purified on silica gel (0-20% EtOAc in hexanes) to yield T24.3 

as a colorless oil (0.075 g, 71% yield). Chiral separation of T24.3 was accomplished on 

CHIRALCEL® OD (3%IPA in hexane) to provide T24.4 (peak one) and T24.5 (peak 

two). 1 
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OH Cl 

or or 

OH Cl 

T24.4 or T24.5 T24Aor T24B 

[0463] 4-(Chloromethyl)-2-((1R)-2,2-dimethylcyclopentyl)-2'-fluoro-5'-

((2,2,2-trifluoroethyl)oxy)-1,1 '-biphenyl or 4-( chloromethyl)-2-((1S)-2,2-

dimethylcyclopentyl)-2'-fluoro-5'-((2,2,2-trifluoroethyl)oxy)-1,1 '-biphenyl (T24A or 

T24B). To a stirred solution ofT24.4 or T24.5 (0.022 g, 0.055 mmol) in DCM (2.00 mL) 

at 23°C was added DMF (0.00043 mL) followed by thionyl chloride (0.0081 mL, 0.11 

mmol). The reaction was stirred for two hours and then the reaction mixture was 

concentrated in vacuo. The product was then purified on silica gel (0-10% EtOAc in 

hexanes) to yield T24A or T24B as a colorless oil (0.019 g, 83% yield). 

[0464] Intermediates T25A and T25B 

F 

T3.5 T16.1 

[0465] Methyl 2-(5,5-dimethyl-1-cyclopenten-1-yl)-5'-( ethyloxy)-2 '-fluoro-

1,1 '-biphenyl-4-carboxylate (T25.1). To a stirred solution ofmethyl3-(5,5-

dimethylcyclopent-l-enyl)-4-(trifluoromethylsulfonyloxy)benzoate T3.5 (0.400 g, 1.1 

mmol) in DMF (4.00 mL) at 23°C was added 5-ethoxy-2-fluorophenylboronic acid (0.29 
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g, 1.6 mmol, commercially available from Sigma-Aldrich, St. Louis, MO, USA), 

potassium carbonate (0.44 g, 3.2 mmol), and then tetrakis(triphenylphosphine)palladium 

(0.12 g, 0.11 mmol). The mixture was heated to 90 °C and stirred for 21 hours. The 

mixture was then cooled to room temperature, diluted with brine, and extracted three 

times with EtOAc. After drying over anhydrous magnesium sulfate and filtering, the 

organic solvent was removed under reduced pressure and the product was then purified on 

silica gel (0-10% EtOAc in hexanes) to yield T25.1 as a colorless oil (0.350 g, 90% 

yield). 

EtO 

F 

T25.1 T25.2 

[0466] Methyl 2-(2,2-dimethylcyclopentyl)-5' -( ethyloxy)-2'-fluoro-1,1 '-

biphenyl-4-carboxylate (T25.2). To a stirred solution ofT25.1 (0.400 g, 1.09 mmol) in 

MeOH (1 0.00 mL, 1.09 mmol) at 23°C was added palladium on carbon (0.116 g, 1.09 

mmol). The reaction was placed under an atmosphere of hydrogen and stirred for 23 

hours. The mixture was then filtered and concentrated in vacuo. The initial product was 

then purified on silica gel (0-20% EtOAc in hexanes) to yield T25.2 as a colorless oil 

(0.400 g, 99.5% yield). 

EtO 

OH 
F 

T25.2 T25.3 

- 207-



wo 2010/045258 PCT/US2009/060549 

F 

F 

F 

T25.3 T25.4 and T25.5 

[0467] (2-( (1R)-2,2-Dimethylcyclopentyl)-5' -( ethyloxy)-2 '-fluoro-1,1 '-

biphenyl-4-yl)methanol and (2-( (1 S)-2,2-dimethylcyclopentyl)-5'-( ethyloxy)-2 '­

fluoro-1,1 '-biphenyl-4-yl)methanol (T25.4 and T25.5). To a stirred solution of T25.2 

(0.400 g, 1.1 mmol) in THF (15.00 mL, 183 mmol) at ooc was added LAH in THF (2.2 

mL, 2.2 mmol, I. OM). The mixture was stirred for one hour and then IN NaOH(aq) was 

added to quench the reaction. The reaction mixture was extracted three times with 

EtOAc. After drying over anhydrous magnesium sulfate and filtering, the organic solvent 

was removed under reduced pressure and the product was then purified on silica gel (0-

20% EtOAc in hexanes) to yield T25.3 as a colorless oil (0.320 g, 87% yield). Chiral 

separation ofT25.3 was accomplished on a CHIRALCEL® OD column (3%IPA in 

hexane) to provide T25.4 (peak one) and T25.5 (peak two). 1 
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EtO EtO 

OH Cl 

or or 

EtO EtO 

OH Cl 

T25.4 or T25.5 T25Aor T25B 

[0468] 4-( Chloromethyl)-2-( (1R)-2,2-dimethylcyclopentyl)-5' -( ethyloxy )-2 '-

fluoro-1,1 '-biphenyl or 4-( chloromethyl)-2-((1S)-2,2-dimethylcyclopentyl)-5'­

(ethyloxy)-2'-fluoro-1,1 '-biphenyl (T25A or T25B). To a stirred solution of T25.4 or 

T25.5 (0.147 g, 0.43 mmol) in DCM (2.00 mL) at 23°C was added DMF (0.0033 mL) 

followed by thionyl chloride (0.063 mL, 0.86 mmol). The reaction was then stirred for 4 

hours and then concentrated in vacuo. The initial product was then purified on silica gel 

(0-10% EtOAc in hexanes) to yield T25A or T25B as a colorless oil (0.120 g, 77% yield). 

[0469] Intermediates T26A and T26B 
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or or 

T4.9 T26.1 or T26.2 

[0470] (1,1-Dimethylethyl)( ((2-( (1R)-1-( ethyloxy)-2,2-dimethylpropyl)-2 '-

fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-yl)methyl)oxy)dimethylsilane or (1,1-

dimethylethyl)( ( (2-( (1 S)-1-( ethyloxy )-2,2-dimethylpropyl)-2 '-fluoro-5' -(methyloxy )-

1,1 '-biphenyl-4-yl)methyl)oxy)dimethylsilane (T26.1 or T26.2). To a stirred solution 

of T4.9 (derived from peak two from chiral separation of T4.6) (0.11 0 g, 0.25 mmol) in 

DMF (2.00 mL) at 23°C was added iodoethane (0.048 g, 0.31 mmol), followed by sodium 

hydride (0.0073 g, 0.31 mmol). The mixture was stirred at 60°C for 21 hours and then 

cooled to room temperature. The reaction was diluted with brine and extracted three 

times with EtOAc. After drying over anhydrous magnesium sulfate and filtering, the 

organic solvent was removed under reduced pressure and the product was then purified on 

silica gel (0-10% EtOAc in hexanes) to yield T26.1 or T26.2 as a colorless oil (0.065 g, 

55% yield). 
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[0471] 

or 

T26.1 or T26.2 

PCT/US2009/060549 

or 

F OEt 

OMe 

T26Aor T26B 

4-( Chloromethyl)-2-( (1R)-1-( ethyloxy)-2,2-dimethylpropyl)-2'-flu oro-

5'-(methyloxy)-1,1 '-biphenyl or 4-( chloromethyl)-2-( (1S)-1-( ethyloxy)-2,2-

dimethylpropyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl (T26A or T26B). To a stirred 

solution ofT26.1 orT26.2 (0.065 g, 0.1 mmol) in DCM (2.00 mL) at 23°C was added 

DMF (0.001 mL) followed by thionyl chloride (0.02 mL, 0.3 mmol). The mixture was 

stirred for 2 hours and then concentrated in vacuo. The product was then purified on 

silica gel (0-10% EtOAc in hexanes) to yield T26A or T26B as a colorless oil (0.04 g, 

78% yield). 

[0472] Intermediates T27A and T27B 

F 

T4.5 T27.1 
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[0473] 1-(4-((((1,1-Dimethylethyl)(dimethyl)silyl)oxy)methyl)-2'-fluoro-5'-

(methyloxy)-1,1 '-biphenyl-2-yl)-2,2-dimethyl-1-propanone (T27.1). To a stirred 

solution ofT4.5 (1.00 g, 3 mmol) in DCM (10.00 mL) at 23°C was added tert­

butyldimethylsilyl chloride (0.6 mL, 4 mmol), followed by TEA (0.5 mL, 4 mmol) and 

DMAP (0.04 g, 0.3 mmol). The reaction was stirred for 16 hours and then the reaction 

was concentrated in vacuo. The product was purified on silica gel (0-1 0% EtOAc in 

hexanes) to yield T27.1 as a colorless oil (1.30 g, 96% yield). 

T27.1 T27.2 

[0474] 1-(4-((((1,1-Dimethylethyl)(dimethyl)silyl)oxy)methyl)-2'-fluoro-5'-

(methyloxy)-1,1 '-biphenyl-2-yl)-2,2-dimethyl-1-propanol (T27.2). To a stirred 

solution ofT27.1 (0.500 g, 1.2 mmol) in THF (15.00 mL, 183 mmol) at ooc was added 

LAH in THF (2.3 mL, 2.3 mmol, I. OM). The reaction was stirred for two hours. IN 

NaOH(aq) was added to quench the reaction mixture, and the reaction was then extracted 

three times with EtOAc. After drying over anhydrous magnesium sulfate and filtering, 

the organic solvent was removed under reduced pressure and the product was then 

purified on silica gel (0-10% EtOAc in hexanes) to yield T27.2 as a colorless oil (0.400 g, 

80% yield). 

F F 

T27.2 T27.3 
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[0475] (1,1-Dimethylethyl)(((2'-fluoro-2-(1-fluoro-2,2-dimethylpropyl)-5'-

(methyloxy)-1,1 '-biphenyl-4-yl)methyl)oxy)dimethylsilane (T27.3). To a solution of 

T27.2 (0.400 g, 0.925 mmol) in toluene (1 0 mL) at -78°C was added DAST (0.209 g, 

1.29 mmol) dropwise. The reaction was stirred at -78°C for 30 minutes and then warmed 

to 23°C and stirred for an additional2 hours. Water was added to quench the reaction 

mixture. The reaction was then extracted three times with EtOAc. After drying over 

anhydrous magnesium sulfate and filtering, the organic solvent was removed under 

reduced pressure and the product was then purified on silica gel (0-1 0% EtOAc in 

hexanes) to yield T27.3 as a colorless oil (0.400 g, 99% yield). 

F 

T27.3 T27.4 

F 

F 

F 

T27.4 T27.5 and T27.6 
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[0476] (2 '-Fluoro-2-( (1R)-1-fluoro-2,2-dimethylpropyl)-5' -(methyloxy )-1 ,1 '-

biphenyl-4-yl)methanol and (2 '-fluoro-2-( (18)-1-fluoro-2,2-dimethylpropyl)-5'­

(methyloxy)-1,1 '-biphenyl-4-yl)methanol (T27.5 and T27.6). To a stirred solution of 

T27.3 (0.400 g, 0.920 mmol) in MeOH (1 0.00 mL) at 23 °C was added PPTS (0.0231 g, 

0.0920 mmol). The reaction was stirred for 19 hours and then concentrated in vacuo to 

give a clear oil. The product was then purified on silica gel (0-20% EtOAc in hexanes) to 

yield T27.4 as a colorless oil (0.272 g, 92% yield). Chiral separation ofT27.4 was 

accomplished on a CHIRALCEL® OD colunm (3%IPA in hexane) to provide T27.5 and 

T27.6. 

[0477] 

F 

or 

F 

T27.5 or T27.6 

F 

or 

F F 

OMe 

T27Aor T27B 

4-( Chloromethyl)-2 '-fluoro-2-( (1R)-1-fluoro-2,2-dimethylpropyl)-5'-

(methyloxy)-1,1'-biphenyl or 4-(chloromethyl)-2'-fluoro-2-((1R)-1-fluoro-2,2-

dimethylpropyl)-5'-(methyloxy)-1,1 '-biphenyl (T27 A or T27B). To a stirred solution 

ofT27.5 or T27.6 (0.102 g, 0.3 mmol) in DCM (2.00 mL) at 23°C was added DMF 

(0.002 mL) followed by thionyl chloride (0.05 mL, 0.6 mmol). The reaction was stirred 

for 1.5 hours. The reaction was concentrated in vacuo. The product was then purified on 

silica gel (0-10% EtOAc in hexanes) to yield T27A or T27B as a colorless oil (0.09 g, 

83% yield). 
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[0478] 

[0479] 

Intermediates T28A and T28B 

A Me 

~C02 Me 

OS02CF3 

T4.1 

PCT/US2009/060549 

T28.1 

Dimethyl2'-fluoro-1,1'-biphenyl-2,4-dicarboxylate (T28.1). To a 

stirred solution of dimethyl4-(trifluoromethylsulfonyloxy)isophthalate T4.1 (1.60 g, 4. 7 

mmol) in DMF (9.4 mL, 4.7 mmol) at 23°C was added 2-fluorophenylboronic acid (0.98 

g, 7.0 mmol, commercially available from Sigma-Aldrich, St. Louis, MO, USA), 

potassium carbonate (1.9 g, 14 mmol), and then tetrakis(triphenylphosphine)palladium 

(0.54 g, 0.47 mmol). The reaction mixture was heated to 90°C and the reaction was 

stirred for 22 hours. The reaction was then cooled to room temperature, diluted with 

water, and extracted three times with EtOAc. After drying over anhydrous magnesium 

sulfate and filtering, the organic solvent was removed under reduced pressure and the 

product was then purified on silica gel (0-1 0% EtOAc in hexanes) to yield T28.1 as a 

colorless oil (1.1 0 g, 82% yield). 

F 

T28.1 T28.2 

[0480] 2 '-Fluoro-2-((methyloxy)carbonyl)-1,1 '-biphenyl-4-carboxylic acid 

(T28.2). To a stirred solution ofT28.1 (1.00 g, 3.5 mmol) in THF (70.0 mL) and MeOH 

(70.0 mL) at 0°C was slowly added potassium hydroxide (1.9 mL, 3.8 mmol) to maintain 

the temperature below 6°C. The reaction mixture was allowed to warm to room 
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temperature and stirred for 48 hours. The reaction mixture was then concentrated in 

vacuo, acidified with IN HCl, and extracted three times with EtOAc. After drying over 

anhydrous magnesium sulfate and filtering, the organic solvent was removed under 

reduced pressure and to give a white solid T28.2 (0.90 g, 95% yield). 

MeO 

F F 

T28.2 T28.3 

[0481] Methyl 2'-fluoro-4-(hydroxymethyl)-1,1 '-biphenyl-2-carboxylate 

(T28.3). To a stirred solution ofT28.2 (0.90 g, 3 mmol) in THF (33 mL) at ooc was 

added borane-THF complex (7 mL, 7 mmol, l.OM). The reaction was allowed to warm to 

23°C and stirred for 7 hours. The reaction mixture was then concentrated in vacuo. The 

reaction was diluted with IN HCl and extracted three times with EtOAc. After drying 

over anhydrous magnesium sulfate and filtering, the organic solvent was removed under 

reduced pressure and the product was then purified on silica gel (0-40% EtOAc in 

hexanes) to yield T28.3 as a colorless solid (0.850 g, 100% yield). 

OMe 

F 

T28.3 T28.4 

[0482] 1-(2'-Fluoro-4-(hydroxymethyl)-1,1'-biphenyl-2-yl)-2,2-dimethyl-1-

propanone (T28.4). To a stirred solution ofT28.3 (0.850 g, 3 mmol) in THF (33 mL) at 

-78°C was added tert-butyllithium (6 mL, 10 mmol, 1.7M). The reaction was stirred for 5 

hours and then a saturated solution of ammonium chloride was added and the mixture was 
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extracted three times with EtOAc. After drying over anhydrous magnesium sulfate and 

filtering, the organic solvent was removed under reduced pressure and the product was 

then purified on silica gel (0-40% EtOAc in hexanes) to yield T28.4 as a colorless oil 

(0.670 g, 72% yield). 

F F 

T28.4 T28.5 

F 

F 

F 

T28.5 T28.6 and T28. 7 

[0483] (1R)-1-(2 '-Fluoro-4-(hydroxymethyl)-1,1 '-biphenyl-2-yl)-2,2-

dimethyl-1-propanol and (1S)-1-(2'-fluoro-4-(hydroxymethyl)-1,1 '-biphenyl-2-yl)-

2,2-dimethyl-1-propanol (T28.6 and T28. 7). To a stirred solution of T28.4 (0.670 g, 2 

mmol) in THF (6 mL) at 0°C was added LAH in THF (5 mL, 5 mmol, l.OM). The 

reaction was stirred for 1.5 hours and then 1 N N aO H( aq) was added to quench the 

reaction mixture. The reaction was then extracted three times with EtOAc. After drying 
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over anhydrous magnesium sulfate and filtering, the organic solvent was removed under 

reduced pressure and the product was purified on silica gel (0-20% EtOAc in hexanes) to 

yield T28.5 as a colorless oil (0.450 g, 67% yield). Chiral separation ofT28.5 was 

accomplished on a CHIRALCEL® OD colunm (3%IPA in hexane) to provide T28.6 and 

T28.7. 

F 

or or 

F 

T28.6 or T28. 7 T28.8 or T28.9 

[0484] (1R)-1-( 4-( ( ( (1 ,1-Dimethylethyl)( dimethyl)silyl)oxy)methyl)-2'-flu oro-

1,1 '-biphenyl-2-yl)-2,2-dimethyl-1-propanol or (18)-1-(4-((((1,1-

dimethylethyl)( dimethyl)silyl)oxy )methyl)-2 '-fluoro-1 ,1 '-biphenyl-2-yl)-2,2-dimethyl-

1-propanol (T28.8 or T28.9). To a stirred solution ofT28.6 or T28.7 (0.200 g, 0.7 

mmol) in DCM (1 0.00 mL) at 23°C was added tert-butyldimethylsilyl chloride (0.1 mL, 

0.8 mmol), followed by TEA (0.1 mL, 0.8 mmol) and DMAP (0.008 g, 0.07 mmol). The 

reaction was stirred for 14 hours and then concentrated in vacuo. The product was then 

purified on silica gel (0-10% EtOAc in hexanes) to yield T28.8 or T28.9 as a colorless oil 

(0.250 g, 90% yield). 
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or or 

T28.8 or T28.9 T28.10 or T28.11 

[0485] (1 ,1-Dimethylethyl)( ( (2-( (1R)-2,2-dimethyl-1-(methyloxy )propyl)-2 '-

fluoro-1,1 '-biphenyl-4-yl)methyl)oxy)dimethylsilane or (1,1-dimethylethyl)(((2-((1S)-

2,2-dimethyl-1-(methyloxy)propyl)-2 '-fluoro-1,1 '-biphenyl-4-

yl)methyl)oxy)dimethylsilane (T28.10 or T28.11). To a stirred solution ofT28.8 or 

T28.9 (0.060 g, 0.15 mmol) in DMF (2.00 mL) at 23°C was added iodomethane (0.025 g, 

0.18 mmol), followed by sodium hydride (0.0043 g, 0.18 mmol). The reaction was stirred 

at 60 oc for 19 hours, diluted with water, and the mixture was extracted three times with 

EtOAc. After drying over anhydrous magnesium sulfate and filtering, the organic solvent 

was removed under reduced pressure and the product was then purified on silica gel (0-

5% EtOAc in hexanes) to yield T28.10 or T28.11 as a colorless oil (0.062 g, 100% yield). 
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F 

or or 

F 

T28.10 or T28.11 T28Aor T28B 

[0486] 4-( Chloromethyl)-2-( (1R)-2,2-dimethyl-1-(methyloxy )propyl)-2'-

fluoro-1,1 '-biphenyl or 4-( chloromethyl)-2-((1S)-2,2-dimethyl-1-(methyloxy)propyl)-

2'-fluoro-1,1 '-biphenyl (T28A or T28B). To a stirred solution ofT28.10 or T28.11 

(0.071 g, 0.17 mmol) in DCM (1.7 mL) and DMF (0.013 mL) at 0°C was added thionyl 

chloride (0.025 mL, 0.34 mmol). The reaction was stirred at room temperature for 1.5 

hours and then concentrated in vacuo. The product was then purified on silica gel (0-5% 

EtOAc in hexanes) to yield T28A or T28B as a colorless oil (0.036 g, 66% yield). 

[0487] Intermediate T29 

OH 0 

T29.1 T29.2 

[0488] Methyl 3-( cyclopropyl(hydroxy)methyl)-4-hydroxybenzoate (T29.2). 

In an ice-bath, methyl3-formyl-4-hydroxybenzoate T29.1 (900 mg, 5 mmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) was dissolved in 5 

mL THF. Then cyclopropylmagnesium bromide, 0.5 min THF (22000 J.LL, 11 mmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) was added slowly. 
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The reaction was raised to room temperature immediately and stirred at room temperature 

for 2 hours. After quenching with IN HC111 mL, the reaction was extracted with EtOAc 

and dried. Silica gel chromatography afforded 950 mg of the product T29.2 (85%). 

OH 0 0 0 

T29.2 T29.3 

[0489] Methyl3-(cyclopropanecarbonyl)-4-hydroxybenzoate (T29.3). To a 

flask with methyl3-(cyclopropyl(hydroxy)methyl)-4-hydroxybenzoate (T29.2) (845 mg, 

0.38 mmol) was added manganese (IV) oxide (1.65 g, 1.9 mmol). Then dioxane 3.5 mL 

was added and the reaction was heated at reflux for 4 hours. The reaction was filtered 

and concentrated and silica gel chromatography afforded 693 mg of T29.3 (83%). 

0 0 
0 0 

T29.3 T29.4 

[0490] Methyl 3-( cyclopropanecarbonyl)-4-

(trifluoromethylsulfonyloxy)benzoate (T29.4). To a flask with methyl 3-

(cyclopropanecarbonyl)-4-hydroxybenzoate T29.3 (693 mg, 3.1 mmol) was added DMAP 

(38mg, 0.31 mmol), and the mixture was flushed with nitrogen. DCM was then added 

followed by TEA (0.88 mL, 6.3 mmol). After stirring at room temperature for 20 

minutes, PhN(Tf)2 (1.2 g, 3.5 mmol) was added. The reaction gradually turned red and 

was stirred for another hour. The mixture was concentrated and purified by silica gel 

chromatography to afford 1.077g ofT29.4 as a colorless oil (97%). 

0 0 0 0 

T29.4 T29.5 
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[0491] Methyl 3-( cyclopropanecarbonyl)-4-(2-fluoro-5-

methoxyphenyl))benzoate (T29.5). Methyl3-(cyclopropanecarbonyl)-4-

(trifluoromethylsulfonyloxy)benzoate (T29.4) (1.077g, 3.1 mmol) was dried under 

vacuum. To a second flask was added 2-fluoro-5-methoxyphenylboronic acid (1.5 g, 8.9 

mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA), Cs2C03 (3.5 

g, 11 mmol), and tetrakis(triphenylphosphine)Palladium (0) (0.35 g, 0.31 mmol). Both 

flasks were flushed with nitrogen followed by vacuum. Degassed DME was then added 

to the flask with T29.4 (3 mL). Another 17 mL DME was added to the flask with the 

palladium catalyst followed by the DME solution ofT29.4. The resulting slurry was 

stirred overnight in a 95°C oil-bath. The reaction was filtered, concentrated, and purified 

by silica gel chromatography to afford 0.94g of the desired product T29.5 (94%). 

0 0 0 0 

OH 

T29.5 T29.6 

[0492] 3-(Cyclopropanecarbonyl)-4-(2-fluoro-5-methoxyphenyl))benzoic 

acid (T29.6). To a flask with methyl3-(cyclopropanecarbonyl)-4-(2-fluoro-5-

methoxyphenyl))benzoate (T29.5) (523 mg, 1593 11mol) was added 9.6 mL ofMeOH and 

1 N N aOH (3186 11L, 3186 11mol). The reaction was heated to 55 C for 2 hours. The 

mixture was then acidified with IN HCl, concentrated, and extracted with EtOAc. 

Removal of the solvent afforded 500 mg ofT29.6 (100%). 

0 0 OH 0 

OH OH 

T29.6 T29.7 

[0493] 3-(Cyclopropyl(hydroxy)methyl)-4-(2-fluoro-5-

methoxyphenyl))benzoic acid (T29. 7). To a flask with 3-( cyclopropanecarbonyl)-4-(2-

fluoro-5-methoxyphenyl))benzoic acid (T29.6) (500 mg, 1591 11mol) was added 

anhydrous EtOH 10 mL, followed by addition of sodium borohydride (361 mg, 0.95 
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mmol). The reaction mixture was stirred overnight, quenched with water, and extracted 

with EtOAc. Removal of solvent gave 503 mg of T29. 7 in racemic form. 

OH 0 OH 0 

OH 

T29.7 T29.8 

[0494] Methyl 3-( cyclopropyl(hydroxy )methyl)-4-(2-fluoro-5-

methoxyphenyl))benzoate (T29.8). To a flask with 3-(cyclopropyl(hydroxy)methyl)-4-

(2-fluoro-5-methoxyphenyl))benzoic acid (T29.7), (503 mg, 1.6 mmol) was added 10 mL 

DCM and 2 mL MeOH. TMSdiazomethane (795 jlL, 1590 jlmol) in ether was then 

added, and the reaction was stirred at room temperature for 1 hour, and then quenched 

with a acetic acid. Water was added, and the reaction was extracted with EtOAc. 

Purification by silica gel chromatography afforded 484 mg of T29.8 (92%) in racemic 

form. 

[0495] 

OH 

T29.8 

COOMe 

T29.9 

Methyl 3-( azido( cyclopropyl)methyl)-4-(2-fluoro-5-

COO Me 

methoxyphenyl))benzoate (T29.9). To methyl3-(cyclopropyl(hydroxy)methyl)-4-(2-

fluoro-5-methoxyphenyl))benzoate (T29.8) (235 mg, 711 11mol) was added DMF 4 mL, 

then 1,8-diazabicyclo[5.4.0]undec-7-ene (160 11L, 1067 11mol), and diphenylphosphoryl 

azide (231 11L, 1067 11mol). The mixture was heated to 80°C. After 3 hours, 1.5 

equivalents more of each of the 1,8-diazabicyclo[5.4.0]undec-7-ene and 

diphenylphosphoryl azide were added. The reaction was heated for two more hours and 

water was then added followed by EtOAc extraction. Purification by silica gel 

chromatography afforded 260 mg ofT29.9 mixed with a non-polar side product. The 

product thus obtained was carried to the next step without further purification. 
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'o 

[0496] 

Pd 

COO Me 

T29.9 

PCT/US2009/060549 

T29.10 

COOM 
e 

Methyl 3-( amino( cyclopropyl)methyl)-4-(2-fluoro-5-

methoxyphenyl))benzoate (T29.10). To a flask with methyl 3-

( azido( cyclopropyl)methyl)-4-(2-fluoro-5-methoxyphenyl) )benzoate (T29.9) (260 mg, 

732 11mol) was added 10% Pd/C (78 mg, 732 11mol), and then 6 mL of MeOH was added. 

The reaction was purged with hydrogen and stirred under a hydrogen balloon for about 6 

hours. The reaction was filtered through a pad of Celite® filter aid, concentrated, and 

purified by silica gel chromatography to afford 76 mg of the desired product T29.10 (32% 

for 2 steps). 

[0497] 

'o 

COOMe 

T29.10 

_......N........_ 

T29.11 

COO Me 

Methyl 3-( cyclopropyl( dimethylamino )methyl)-4-(2-fluoro-5-

methoxyphenyl)benzoate (T29.11). To a flask with methyl 3-

(amino(cyclopropyl)methyl)-4-(2-fluoro-5-methoxyphenyl))benzoate (T29.10) (76 mg, 

231 11mol) were added 2 mL DCM, formaldehyde (70 JlL, 923 11mol), and acetic acid (26 

JlL, 461 11mol). Sodium triacetoxyborohydride (245 mg, 1154 11mol) was then added to 

the reaction mixture. The reaction was stirred for 1.5 hours and worked up with water 

and EtOAc. Silica gel chromatography afforded 35 mg ofT29.11 (43%). 

'o 

_......N........_ 

T29.11 

o, 

0 

'o 
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[0498] (3-( Cyclopropyl( dimethylamino )methyl) )-4-(2-fluoro-5-

methoxyphenyl)phenyl)methanol (T29.12). To a flask with methyl 3-

( amino( cyclopropyl)methyl)-4-(2-fluoro-5-methoxyphenyl) )benzoate (T29.11) (35 mg, 

98 J.Lmol) was added THF (1.5 mL). The mixture was cooled to 0°C and then IM LAH 

(196 J.LL, 196 J.Lmol, IM solution in THF) was added. The temperature was slowly raised 

to room temperature over I hour. Water and a small amount of Rochelle's salt solution 

were added to quench the reaction and it was then extracted with EtOAc. Silica gel 

chromatography afforded 26 mg of T29.12 (81 %). 

'o 

[0499] 

OH 

/N......._ 

T29.12 

(5-(Chloromethyl)-2-(2-fluoro-5-

'o 
Cl 

methoxyphenyl)phenyl)(cyclopropyl)-N,N-dimethylmethanamine (T29). To a flask 

with (3-( cyclopropyl( dimethylamino )methyl))-4-(2-fluoro-5-

methoxyphenyl)phenyl)methanol (T29.12) (26 mg, 79 J.Lmol) was added DCM. The 

mixture was cooled in an ice-bath and then thionyl chloride (12 f.LL, 158 J.Lmol) and DMF 

(6 f.LL, 79 J.Lmol) were added. The reaction was stirred at room temperature for I hour, 

and then it was concentrated and purified by silica gel chromatography to afford 28 mg of 

T29 (102%). 

[0500] 

[0501] 

Intermediate T30 

0 

H:rM· 
0 

T30.1 

F. 0 0 

Ft~-:rM· 
0 

T30.2 

Methyl3-formyl-4-(trifluoromethylsulfonyloxy)benzoate (T30.2). 

Compound T30.2 was synthesized from methyl3-formyl-4-hydroxybenzoate T30.1 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) using a method 
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analogous to the method used to prepare compound T3.5 from T3.4. MS ESI m/e: 

313.2 (M+Ht. 

F. 0 0 

F+-hl-o~~ 
II - OM F 0 e 

H 
0 

F 

T30.2 T30.3 

[0502] 2'-Fluoro-2-formyl-5'-methoxy-biphenyl-4-carboxylic acid methyl 

ester (T30.3). To a round bottle flask, was added methyl 3-formyl-4-

(trifluoromethylsulfonyloxy)benzoate (6300 mg, 20 mmol), 2-fluoro-5-

methoxyphenylboronic acid (10 g, 61 mmol) (commercially available from Sigma­

Aldrich, St. Louis, MO, USA), potassium phosphate tribasic (6.6 mL, 81 mmol) 

(granular) and tetrakis(triphenylphosphine)palladium (2.3 g, 2.0 mmol). The flask was 

flushed with nitrogen, DME was added, and the mixture was heated at 90°C for 6 hours. 

The reaction mixture was diluted with EtOAc and water. The organic phase was washed 

with water and brine and then dried over anhydrous sodium sulfate. After filtration, the 

organic solvent was removed in vacuo to give a residue which was purified by 

chromatography to give the product as a yellow solid (5.80g, 100%). MS ESI m/e: 

289.2 (M+Ht. 

F 
F 

T30.3 T30.4 
[0503] 2'-Fluoro-2-(1-hydroxy-2,2-dimethyl-but-3-enyl)-5'-methoxy-

biphenyl-4-carboxylic acid methyl ester (T30.4). To a mixed solution of sodium iodide 

(2080 mg, 13876 Jlmol), indium (2000mg, 6938 1-1mol) and 1-bromo-3-methylbut-2-ene 

(1616 JlL, 13876 1-1mol) in DMF(30 mL), was added T30.3 (1593 mg, 13876 1-1mol). The 

mixture was stirred at room temperature for 1 hour, and then was diluted with EtOAc and 

water. The organic phase was washed with water and brine and then dried over 
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anhydrous sodium sulfate. After filtration, the organic solvent was removed in vacuo to 

give a residue which was purified by chromatography to give the product as an oil (2.30g, 

92%). MS ESI m/e: 376.1 (M+l8f. 

F F 

T30.4 T30.5 
[ 0504] 2 '-Fluoro-5'-methoxy-2-(1-methoxy-2,2-dimethyl-but-3-enyl)-

biphenyl-4-carboxylic acid methyl ester (T30.5). To a solution of T30.4 ( 1530 mg, 

4269 11mol) in DMF ( 40 mL), was added sodium hydride (60% in oil)(213 11L, 8538 

11mol). The mixture was stirred at room temperature for 10 minutes and then methyl 

iodide (530 11L, 8538 11mol) was added in one portion and the mixture was stirred at room 

temperature for 3 0 minutes. Water was added and the mixture was, extracted with 

EtOAc. The organic phase was washed with water and brine and then dried over 

anhydrous sodium sulfate. After filtration, the organic solvent was removed in vacuo to 

give the product as a residue which was purified by chromatography to give the product 

as an oil (0.75g, 47%). MS ESI m/e: 373.2 (M+ I Sf. 

F F 

T30.5 T30.6 
[ 0505] [2 '-Fluoro-5'-methoxy-2-(1-methoxy-2,2-dimethyl-but-3-enyl)-

biphenyl-4-yl]-methanol (T30.6). Compound T30.6 was synthesized from T30.5 by a 

method analogous to that used to prepare compound T15.4 from T15.3. MS ESI m/e: 

345.2 (M+Hf. 
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F F 

T30.6 T30 

[ 0506] 4-Chloromethyl-2'-fluoro-5'-methoxy-2-(1-methoxy-2,2-dimethyl-

but-3-enyl)-biphenyl (T30). Compound T30 was synthesized from T30.6 by a method 

analogous to the method used to prepare compound T15 from T15.4. MS ESI m/e: 

363.2 (M+Hf. 

[0507] 

[0508] 

Intermediate T31 

MoH 
HO)l) 

T31.1 

Methyl2-fluoro-4-hydroxybenzoate (T31.1). To a round bottom 

containing 2-fluoro-4-hydroxybenzoic acid (5.34 g, 34.19 mmol) (commercially available 

from Matrix Scientific and TCI America) was added a cold solution ofMeOH (50 mL) 

and sulfuric acid (2.0 mL). The mixture was heated to 80°C and monitored with TLC. 

After 20.5 hours, the solvent was removed, and the mixture was diluted with diethyl 

ether. The organic phase was washed carefully two times with saturated. aqueous 

NaHC03, once with brine, and then dried over anhydrous sodium sulfate. After filtration, 

the organic solvent was removed in vacuo to yield T31.1 as a white solid (5.82, 85% 

yield). 1H NMR (400 MHz, DMSO-d6) 8 ppm 10.79 (1 H, s), 7.75 (1 H, t, J=8.8 Hz), 

6.69 (1 H, dd, J=8.6, 2.3 Hz), 6.62 (1 H, dd, J= 13.1, 2.2 Hz), 3. 78 (3 H, s ). 

Mo/- Mo/ 
HO~ HO~ 

Br 

T31.1 T31.2 
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[0509] Methyl 5-bromo-2-fluoro-4-hydroxybenzoate (T31.2). To a solution 

ofT31.1 (2.03 g, 11.9 mmol) in acetic acid (65 mL) was added a pre-mixed solution of 

bromine (0.67 mL, 13.1 mmol) in acetic acid (10 mL). The mixture was stirred at 45°C 

and monitored with TLC and LC-MS. After 18 hours, the reaction mixture was 

concentrated under reduced pressure. Brine was added to the residue, and the mixture 

was extracted three times with EtOAc. The combined organic layers were dried over 

anhydrous magnesium sulfate, filtered and concentrated to provide T31.2 as a white solid 

(2.12 g, 71 %yield). 1HNMR(400 MHz, CDCh) oppm 8.13 (1 H, d, J=7.4 Hz), 6.82 (1 

H, d, J=11.3 Hz), 6.04 (1 H, s), 3.92 (3 H, s). 

Br 

T31.2 T31.3 

[0510] Methyl5-bromo-2-fluoro-4-(tetrahydro-2H-pyran-2-yloxy)benzoate 

(T31.3). To a round bottom containing T31.2 (13.15 g, 52.8 mmol) in dry DCM (90 mL) 

was added 3,4-dihydro-2H-pyran (1 0 mL, 110 mmo1) followed by PPTS (0.13 g, 0.53 

mmol). The reaction mixture was heated to a gentle reflux (50 °C) and monitored with 

TLC and LC-MS. After 24 hours, the reaction was concentrated under reduced pressure 

and then diluted with MeOH. After concentration, the residue was heated in a round 

bottom flask containing MeOH on the rotary evaporator (without vacuum.) at 40°C. After 

about 30 minutes, the solution was concentrated to a volume of about 5 mL. After 

cooling to room temperature, the white solid was filtered and rinsed once with MeOH to 

yield T31.3 (13.35 g, 76% yield). 1H NMR (400 MHz, CDCb) o ppm 8.25 (1 H, m), 

6.96 (1 H, d, J=12.5 Hz), 5.56 (1 H, m), 3.91 (3 H, s), 3.79 (1 H, td, J=11.1, 2.5 Hz), 3.65 

(1 H, d, J=10.6 Hz), 2.23 (2 H, m), 1.96 (3 H, m), 1.68 (1 H, m). 
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F 0 

T31.3 T31.4 

[0511] Methyl 5-(5,5-dimethylcyclopent-1-enyl)-2-fluoro-4-(tetrahydro-2H-

pyran-2-yloxy)benzoate (T31.4). A stirred mixture ofT31.3 (10.33 g, 31.0 mmol), 

ground S-Phos (2.55 g, 6.21 mmol), palladium acetate (0.70 g, 3.11 mmol), and 

potassium phosphate, tribasic (16.49 g, 77.7 mmol) in DMF (75 mL) and water (4 mL) 

was purged with argon and placed under vacuum and the process repeated three times. 

Before heating, 2-(5,5-dimethylcyclopent-1-enyl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (T2.2) (8.96 g, 40.4 mmol) was added via syringe. The mixture was then 

heated at 7 5° C. After 21 hours, the reaction was cooled to room temperature, diluted with 

water, and extracted three times with EtOAc. The organic layers were combined and 

washed twice with brine. After drying over anhydrous sodium sulfate and filtration, the 

organic solvent was removed under reduced pressure. The residue was purified by silica 

gel flash chromatography (0-10% EtOAc/hexane) to yield T31.4 (5.65 g, 52% yield). 1H 

NMR (400 MHz, CDCh) o ppm 7.63 (1 H, d, J=8.6 Hz), 6.93 (1 H, d, J=l3.3 Hz), 5.55 (1 

H, t, J=2.3 Hz), 5.43 (1 H, t, J=2.7 Hz), 3.90 (3 H, s), 3.82 (1 H, m), 3.67 (1 H, m), 2.41 

(2 H, td, J=7.0, 2.3 Hz), 1.97 (5 H, m), 1.79 (3 H, m), 1.07 (6 H, d, J=l3.7 Hz). 

F 0 F 0 

HO 

T31.4 T31.5 

[ 0512] Methyl 5-(5,5-dimethylcyclopent-1-enyl)-2-fluoro-4-hydroxybenzoate 

(T31.5). To a stirred mixture ofT31.4 (5.65 g, 16.2 mmol) in MeOH (60 mL) was added 

PPTS (0.42 g, 1.69 mmol). The mixture was heated to 50 °C and monitored with TLC 
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and LCMS. After 19 hours, the organic solvent was removed under reduced pressure, and 

the residue was then purified on silica gel (0-15% EtOAc in hexanes) to yield T31.5 as a 

white solid (3.47g, 81% yield). 1H NMR (500 MHz, CDCh) 8 ppm 7.69 (1 H, d, J=8.3 

Hz), 6.71 (1 H, d, J=l2.0 Hz), 5.93 (1 H, d, J=1.7 Hz), 5.80 (1 H, t, J=2.4 Hz), 3.90 (3 H, 

s), 2.54 (2 H, m), 1.93 (2 H, t, J=7.1 Hz), 1.11 (6 H, s). 

F 0 F 0 

HO 

T31.5 T31.6 

[0513] Methyl 5-(5,5-dimethylcyclopent-1-enyl)-2-fluoro-4-

(trifluoromethylsulfonyloxy)benzoate (T31.6). To a stirred solution ofT31.5 (0.80 g, 

3.02 mmol) in dry DCM (15 mL) was added TEA (1.0 mL, 7.19 mmol) and 4-

dimethylaminopyridine (38.1 mg, 0.312 mmol). After about 20 minutes, N-phenyl­

bis(trifluoromethanesulfonimide) (1.30 g, 3.64 mmol) was added in portions. Upon 

complete addition, the solution was stirred at room temperature and monitored with TLC 

and LC-MS. After 19 hours, the organic solvent was removed under reduced pressure 

and the resulting residue was purified with silica gel chromatography using 0-10% EtOAc 

in hexanes to yield T31.6 as a colorless oil (1.05 g, 88% yield). 1H NMR (400 MHz, 

CDCh) 8 ppm 7.84 (1 H, d, J=7.8 Hz), 7.13 (1 H, d, J=10.2 Hz), 5.79 (1 H, t, J=2.3 Hz), 

3.96 (3 H, s), 2.47 (2 H, td, J=7.0, 2.3 Hz), 1.91 (2 H, t, J=7.0 Hz), 1.08 (6 H, s). 

F 0 F 0 

T31.6 T31.7 
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[0514] Methyl 2-(5,5-dimethyl-1-cyclopenten-1-yl)-2' ,5-difluoro-5'-

(methyloxy)-1,1'-biphenyl-4-carboxylate (T31.7). To a stirred solution ofT31.6 (1.05 

g, 2.65 mmol) in DMF (5 mL) at 23 °C was added 2-fluoro-5-methoxyphenylboronic acid 

(0.90 g, 5.32 mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA) 

and potassium carbonate (1.1 0 g, 7.96 mmol) followed by 

tetrakis(triphenylphosphine)palladium (0.31 g, 0.27 mmol). The mixture was heated to 

90 °C. After 17 hours, the mixture was cooled to room temperature and then diluted with 

water. After extracting three times with EtOAc, the mixture was concentrated in vacuo 

and then purified on silica gel (0%-1 0% EtOAc/hexane) to give T31. 7 as a clear oil that 

was used without further purification (0.92 g, 93% yield). 1H NMR (400 MHz, CDCh) 8 

ppm 7.79 (1 H, d, J=7.4 Hz), 7.13 (1 H, d, J=l1.3 Hz), 6.99 (1 H, t, J=9.0 Hz), 6.84 (1 H, 

dt, J=8.7, 3.7 Hz), 6.78 (1 H, dd, J=5.9, 3.1 Hz), 5.55 (1 H, s), 3.96 (3 H, s), 3.79 (3 H, s), 

2.27 (2 H, td, J=7.1, 2.5 Hz), 1.67 (2 H, t, J=7.0 Hz), 0.84 (6 H, s). 

F 0 F 

OH 

T31.7 T31.8 

[0515] (2-(5,5-Dimethyl-1-cyclopenten-1-yl)-2' ,5-difluoro-5'-(methyloxy)-

1,1'-biphenyl-4-yl)methanol (T31.8). To a cooled solution ofT31.7 (0.92 g, 2.47 

mmol) in dry THF (15 mL) at 0 °C was added LAH (1.0 Min THF)(5.0 mL, 5.0 mmol) 

dropwise. Upon complete addition, the reaction was maintained at 0°C and was 

monitored by TLC and LCMS. After 45 minutes, IN NaOH was added to quench the 

reaction (gas evolution occurred). The resulting solution was extracted three times with 

EtOAc. After drying over anhydrous magnesium sulfate, filtration, and concentration, the 

residue was purified by flash chromatography (silica gel 60, eluted with 0%-50% EtOAc 

in hexanes ). Fractions containing the desired product were combined and concentrated to 

provide T31.8 as a colorless oil (0.70 g, 82% yield). 1H NMR (500 MHz, CDCh) 8 ppm 

7.30 (1 H, m), 7.05 (1 H, dd, J=l0.6, 1.1 Hz), 6.97 (1 H, t, J=8.9 Hz), 6.83 (2 H, m), 5.52 
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(1 H, td, J=2.4, 0.9 Hz), 4.81 (2 H, s), 3.76 (3 H, s), 2.25 (2 H, td, J=7.1, 2.4 Hz), 1.76 (1 

H, br. s.), 1.69(2 H, m), 0.85 (6 H, s). 

F F 

OH Cl 

T31.8 T31 

[ 0516] 4-( Chloromethyl)-2-(5,5-dimethyl-1-cyclopenten-1-yl)-2' ,5-difluoro-

5'-(methyloxy)-1,1 '-biphenyl (T31). To a solution ofT31.8 (0.17 g, 0.48 mmol) in dry 

DCM (2.0 mL) and dry DMF (0.020 mL) was added thionyl chloride (0.080 mL, 1.1 

mmol) dropwise at 0 °C. The resulting solution was warmed to room temperature and 

monitored with TLC and LCMS. After 45 minutes, the reaction was concentrated and 

then purified by silica gel flash chromatography (0-5% EtOAc/hexane) to afford T31 as a 

colorless oil (0.16 g, 93% yield). 1H NMR (400 MHz, CDC13) 8 ppm 7.29 (1 H, d, J=7.8 

Hz), 7.08 (1 H, d, J=l0.2 Hz), 6.98 (1 H, t, J=9.0 Hz), 6.85 (2 H, m), 5.56 (1 H, s), 4.69 (2 

H, s), 3.77 (3 H, s), 2.27 (2 H, td, J=7.0, 2.7 Hz), 1.68 (2 H, t, J=7.0 Hz), 0.86 (6 H, s). 

[0517] Intermediate T32 

T32.1 

[0518] 3-Bromophenyl cyclopropyl ether (T32.1). To a solution of3-

bromophenol (0.57 g, 3.29 mmol) (commercially available from Sigma-Aldrich, St. 

Louis, MO, USA) in dry DMF (5.0 mL) was added cyclopropyl bromide (0.53 mL, 6.62 

mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA), sodium 

iodide (50.1 mg, 0.334 mmol), and Cs2C03 (3.2 g, 9.86 mmol). The reaction mixture was 

heated in a pressure tube to 150°C. After 19 hours, the reaction was cooled to room 

tempemture then diluted with EtOAc, washed with water, and extracted three times with 

EtOAc. The combined organic layers were dried over sodium sulfate, filtered, and 
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concentrated. The residue was purified by silica gel flash chromatography (0-5% 

EtOAc/hexane) to afford T32.1 as a colorless oil ( 144 mg, 21% yield). 1 H NMR ( 400 

MHz, CDCb) 8ppm 7.29 (1 H, m), 7.19 (2 H, m), 6.99 (1 H, d, J=7.8 Hz), 3.74 (1 H, 

ddd, J=8.9, 5.8, 3.3 Hz), 0.81 (4 H, ddd, J=11.2, 9.0, 8.8 Hz.). 

T32.1 T32.2 

[0519] 2-( 3-( Cyclop ropy loxy )p heny 1)-4,4,5,5-tetramethy 1-1 ,3 ,2-

dioxaborolane (T32.2). A stirred mixture of T32.1 (0.144 g, 0.676 mmol), 

bis(pinacolato)diboron (0.189 g, 0.745 mmol), potassium acetate (0.2007 g, 2.04 mmol), 

and dichloro[1,1'-bis(diphenylphosphino)ferrocene]palladium (II) DCM adduct (25.3 mg, 

0.0346 mmol) in dry 1,4-dioxane (3.0 mL) was purged three times with argon and placed 

under vacuum three times. The mixture was heated to 1 00°C, and monitored with LC-MS 

and TLC. After 21 hours, the reaction was cooled to room temperature and filtered 

through Celite® filter aid. The organic solvent was removed under reduced pressure. 

The residue was purified by silica gel flash chromatography (0-1 0% EtOAc/hexane) to 

afford T32.2 as a colorless oil (72 mg, 41% yield). 1 H NMR ( 400 MHz, CDC h) 8 ppm 

7.51 (1 H, d, J=2.7 Hz), 7.44 (I H, d, J=7.0 Hz), 7.34 (1 H, m), 7.14 (1 H, dd, J=7.6, 2.2 

Hz), 3.80 (1 H, ddd, J=8.8, 5.9, 3.3 Hz), 1.36 (12 H, s), 0.82 (4 H, m). 
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0 0 

and + and 

0 0 

T18.6 T32.2 T32.3 

[0520] Methyl 3 '-( cyclopropyloxy)-2-(2,2-dimethylcyclopentyl)-1,1 '-

biphenyl-4-carboxylate (T32.3). To a stirred solution ofT18.6 (438.2 mg, 1.15 mmol) 

in dry DMF (5.0 mL) at 23 oc was added potassium carbonate (480.3 mg, 3.47 mmol) 

followed by tetrakis(triphenylphosphine)palladium (140.2 mg, 0.121 mmol). The mixture 

was purged three times with argon and placed under vacuum three times. Before heating, 

T32.2 (523.1 mg, 2.01 mmol) was added via syringe and then the mixture was heated to 

90°C. After 19 hours, LCMS showed that the reaction was complete. The mixture was 

cooled to room temperature and then diluted with water. After extracting three times with 

EtOAc, the mixture was concentrated in vacuo and then purified on silica gel (0%-1 0% 

EtOAc/hexane) to afford T32.3 as a colorless oil that was used without further 

purification (411.5 mg, 98% yield). MS ESI (pas.) m/e: 365.0 (M+Hf. 
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0 

OH 

and - and 

0 

OH 

T32.3 T32.4 and T32.5 

[0521] (S)-(3'-Cyclopropoxy-2-(2,2-dimethylcyclopentyl)biphenyl-4-

yl)methanol and (R)-(3'-cyclopropoxy-2-(2,2-dimethylcyclopentyl)biphenyl-4-

yl)methanol (T32.4 and T32.5). To a cooled solution ofT32.3 (0.4115 g, 1.129 mmol) 

in dry THF (10 mL) at 0 °C was added LAH (1.0 Min THF) (2.30 mL, 2.3 mmol) 

dropwise. Upon complete addition, the reaction was maintained at 0°C and was 

monitored by TLC and LCMS. After 45 minutes, IN NaOH was added to quench the 

reaction. The resulting mixture was extracted three times with EtOAc. After drying over 

anhydrous magnesium sulfate, filtration, and concentration, the residue was purified by 

flash chromatography (Si02 gel60, eluted with 0%-50% EtOAc in hexanes). Fractions 

containing the desired product were combined and concentrated to provide a colorless oil 

(317.1 mg, 83% yield, MS ESI (pos.) m/e: 319.0 (M-H20t). The mixture ofenantiomers 

was then separated by chiral chromatography on a CHIRALCEL® OD chromatography 

column (3% IPA in hexane) to provide T32.4 (first peak) and T32.5 (second peak). 
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OH Cl 

or - or 
OH Cl 

T32.5 T32 

[0522] 4-(Chloromethyl)-3 '-( cyclopropyloxy )-2-((1 S)-2,2-

dimethylcyclopentyl)-1,1 '-biphenyl or 4-( chloromethyl)-3 '-( cyclopropyloxy)-2-((1R)-

2,2-dimethylcyclopentyl)-1,1'-biphenyl (T32). To a solution ofT32.5 (0.1335 g, 0.397 

mmol) in dry DCM (4 mL) and dry DMF (0.03 mL) was added thionyl chloride (0.07 

mL, 0.96 mmol) at 0°C. The resulting solution was warmed to room temperature and 

monitored with TLC and LCMS. After 45 minutes, the reaction was concentrated and 

then purified by silica gel flash chromatography (0-5% EtOAc/hexane) to afford T32 as a 

colorless oil (118.3 mg, 84% yield). 1H NMR (400 MHz, CDC13) o ppm 7.39 (1 H, d, 

J=1.6 Hz), 7.34 (), 3.78 (1 H, m), 3.15 (1 H, dd, J=10.4, 3 H, m), 7.01 (1 H, dd, J=7.8, 3.1 

Hz), 6.98 (1 H, m), 6.85 (1 H, d, J=7.4 Hz), 4.69 (2 H, m 8.4 Hz), 2.13 (2 H, m), 1.88 (1 

H, m), 1.72 (1 H, m), 1.59 (1 H, m), 1.41 (1 H, m), 0.82 (6 H, m), 0.58 (3 H, s). 

[0523] 

[0524] 

Intermediate T33 

0 

F~OH 
HO)l) 

0 

F~o/ 
HO)l) 

T33.1 

Methyl3-fluoro-4-hydroxybenzoate (T33.1). To a round bottom flask 

containing 3-fluoro-4-hydroxybenzoic acid (5.03 g, 32.22 mmol) (commercially available 

from Sigma-Aldrich, St. Louis, MO, USA) was added a cold solution ofMeOH (50.0 

mL) and sulfuric acid (2.0 mL). The mixture was heated to 80°C and monitored with 

TLC. After 20.5 hours, the solvent was removed and the mixture was diluted with diethyl 

ether. The organic phase was washed carefully twice with saturated aqueous NaHC03 
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and once with brine. The organic phase was then dried over anhydrous sodium sulfate. 

After filtration, the organic solvent was removed in vacuo to afford T33.1 as a white solid 

(4.79 g, 87% yield). 1H NMR (400 MHz, CDCb) 8 ppm 7.81 (2 H, m), 7.06 (1 H, t, 

J=8.4 Hz), 5.62 (1 H, d, J=4.3 Hz), 3.91 (3 H, s). 

0 0 FJY0/ F 0/ 

HO 
0 

HO 

Br 

T33.1 T33.2 

[0525] Methyl 3-bromo-5-fluoro-4-hydroxybenzoate (T33.2). Bromine (1.60 

mL, 31.1 mmol) was added dropwise with stirring over 30 minutes to an ice-cooled 

solution ofT33.1 (4.79 g, 28.1 mmol) in a 1:1 mixture ofDCM (20 mL) and acetic acid 

(20 mL). Upon complete addition, the reaction mixture was allowed to warm to room 

tempemture and monitored with TLC and LC-MS. After stirring at room tempemture for 

40 hours, the mixture was diluted with EtOAc, and then the resulting solution was washed 

twice with aqueous saturated Na2S03, once with water, and once with brine. After drying 

over anhydrous magnesium sulfate, filtration, and concentration, the white solid T33.2 

was obtained 6.69 g, 95% yield). 1H NMR (400 MHz, CDCb) 8 ppm 8.05 (1 H, m), 7.75 

(1 H, dd, J=l0.6, 2.0 Hz), 6.12 (1 H, s), 3.94 (3 H, s). 

Br 

[0526] 

0 

T33.2 

F 

~0 
'o~ 

T33.3 

Br 

Methyl 3-bromo-5-fluoro-4-( ( ( 4-( methyloxy)phenyl)-

0 

methyl)oxy)benzoate (T33.3). To a vial containing T33.2 (0.64 g, 2.58 mmol) in 5.0 mL 

dry DMF was added Cs2C03 (1.10 g, 3.36 mmol). The mixture was stirred at room 

temperature for 10 minutes and then 4-methoxybenzy1 bromide (0.45 mL, 3.1 mmol) was 

added. After 4 hours, the reaction was diluted with water and then extracted five times 
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with EtOAc. The combined organic layers were then washed one time with brine and 

dried over anhydrous magnesium sulfate. The solid was filtered off, and the solvent was 

concentrated. The residue was purified by silica gel flash chromatography (0-40% 

EtOAc/hexane) to afford T33.3 as a white solid (679.1 mg, 71% yield). 1H NMR (400 

MHz, CDCb) 8 ppm 8.02 (1 H, t, J=2.0 Hz), 7.72 (1 H, dd, J=11.5, 2.2 Hz), 7.42 (2 H, m, 

J=8.6 Hz), 6.90 (2 H, m), 5.20 (2 H, s), 3.91 (3 H, s), 3.82 (3 H, s). 

0 

T33.3 T33.4 

[0527] Methyl3-(5,5-dimethyl-l-cyclopenten-1-yl)-5-fluoro-4-(((4-

(methyloxy)phenyl)methyl)oxy)benzoate (T33.4). A stirred mixture ofT33.3 (1.63 g, 

4.420 mmol), ground S-Phos (0.36 g, 0.88 mmol), palladium acetate (0.1 0 g, 0.45 mmol), 

and potassium phosphate tribasic (2.35 g, 11.06 mmol) in DMF (13 mL) and water (0.4 

mL) was purged with argon and placed under vacuum and the process repeated three 

times. Before heating, 2-( 5,5 -dimethylcyclopent -1-enyl)-4 ,4 ,5 ,5-tetramethyl-1 ,3 ,2-

dioxaborolane (T2.2) (1.4 7 g, 6.63 mmol) was added via syringe and then the mixture 

was heated to 75°C. After 18 hours, the reaction was cooled to room temperature, diluted 

with water, and extracted three times with EtOAc. The organic layers were combined and 

washed twice with brine. After drying over anhydrous sodium sulfate and filtration, the 

organic solvent was removed under reduced pressure. The residue was purified on a 40 g 

column of silica gel (0-10% EtOAc in hexanes) to afford T33.4 as a white solid (1.12 g, 

66% yield). 1H NMR (400 MHz, CDCh) 8 ppm 7.69 (1 H, dd, J=11.7, 2.3 Hz), 7.57 (1 

H, dd, J=2.0, 1.2 Hz), 7.31 (2 H, m), 6.88 (2 H, m), 5.56 (1 H, t, J=2.5 Hz), 5.01 (2 H, s), 

3.91 (3 H, s), 3.82 (3 H, s), 2.42 (2 H, td, J=7.0, 2.7 Hz), 1.86 (2 H, t, J=7.2 Hz), 1.06 (6 

H, s). 
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0 0 

T33.4 T33.5 

[0528] Methyl 3-(5,5-dimethyl-1-cyclopenten-1-yl)-5-fluoro-4-

hydroxybenzoate (T33.5). To a flask containing T33.4 (1.12 g, 2.93 mmol) was added a 

premixed solution ofDCM (14 mL) and TFA (1 mL). The mixture was stirred at room 

temperature and monitored with TLC and LC-MS. After 1 hour, the reaction was diluted 

with DCM and then washed once with saturated aqueous sodium bicarbonate solution and 

brine. After washing, the organic layer was dried over anhydrous sodium sulfate, filtered, 

and concentrated in vacuo. The residue was purified by flash chromatography (Si02 gel 

60, eluted with 0%-50% EtOAc in hexanes). Fractions containing the desired product 

were combined and concentrated to provide a colorless oil that solidified as T33.5and 

which was used without further purification (732.6 mg, 95 %yield). 

0 0 

T33.5 T33.6 

[0529] Methyl 3-(5,5-dimethyl-1-cyclopenten-1-yl)-5-fluoro-4-

(((trifluoromethyl)sulfonyl)oxy)benzoate (T33.6). To a stirred solution ofT33.5 

(0.7326 g, 2.77 mmol) in dry DCM (15 mL) was added TEA (0.78 mL, 5.60 mmol) and 

4-(dimethylamino)pyridine (0.0354 g, 0.29 mmol). After about 20 minutes, N-phenyl­

bis(trifluoromethanesulfonimide) (1.20 g, 3.36 mmol) was added in portions. Upon 

complete addition, the solution was stirred at room temperature and monitored with TLC 

and LC-MS. After 19 hours, the organic solvent was removed under reduced pressure 

and the product thus obtained was then purified with silica gel chromatography using 0-

10% EtOAc in hexanes to afford T33.6 as a colorless oil (946.4 mg, 86 % yield). 1 H 
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NMR (400 MHz, CDCh) o ppm 7.82 (1 H, dd, J=9.9, 2.1 Hz), 7.75 (1 H, m), 5.87 (1 H, 

t, J=2.4 Hz), 3.95 (3 H, s), 2.49 (2 H, td, J=7.1, 2.4 Hz), 1.92 (2 H, t, J=7.0 Hz), 1.11 (6 

H, s). 

0 0 

T33.6 T33.7 

[0530] Methyl 2-(5,5-dimethyl-1-cyclopenten-1-yl)-2' ,6-difluoro-5'-

(methyloxy)-1,1'-biphenyl-4-carboxylate (T33.7). A stirred mixture ofT33.6 (0.9464 

g, 2.39 mmol), ground S-Phos (0.1977 g, 0.482 mmol), palladium acetate (0.0555 g, 

0.247 mmol), 2-fluoro-5-methoxyphenylboronic acid (0.8114 g, 4.77 mmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA), and potassium 

phosphate tribasic (1.2888 g, 6.072 mmol) in dry DMF (7.000 mL) was purged with 

argon and placed under vacuum and the process repeated three times. The mixture was 

then heated to 75°C and the reaction was stirred for 21 hours. The reaction was then 

cooled to room temperature, diluted with water and extracted three times with EtOAc. 

The organic layers were combined and washed twice with brine. After drying over 

anhydrous sodium sulfate and filtration, the organic solvent was removed under reduced 

pressure. The residue was purified on an 80 g column of silica gel (0-20% EtOAc in 

hexanes) to afford T33.7 as a colorless oil that was used without further purification 

(850.5 mg, 95% yield). MS ESI (pos.) m/e: 373.0 (M+Hf. 

0 
OH 

T33.7 T33.8 
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[0531] (2-(5,5-Dimethyl-1-cyclopenten-1-yl)-2' ,6-difluoro-5'-(methyloxy)-

1,1'-biphenyl-4-yl)methanol (T33.8). To a cooled solution ofT33.7 (0.1435 g, 0.385 

mmol) in dry THF (9 mL) at 0 °C was added LAH (1.0 Min THF)(0.8 mL, 0.80 mmol) 

dropwise. Upon complete addition, the reaction was maintained at 0°C and was 

monitored by TLC and LCMS. After 45 minutes, IN NaOH was added to quench the 

reaction (gas evolution occurred), and the resulting solution was extracted three times 

with EtOAc. After drying over anhydrous magnesium sulfate, filtration, and 

concentration, the residue was purified by flash chromatography (Si02 gel 60, eluted with 

0%-50% EtOAc in hexanes). Fractions containing the desired product were combined 

and concentrated to provide T33.8 as a colorless oil (114.9 mg, 87% yield). 1H NMR 

(400 MHz, CDCb) 8 ppm 7.12 (1 H, dd, J=9.8, 1.6 Hz), 7.04 (2 H, m), 6.84 (1 H, dt, 

J=9.0, 3.5 Hz), 6.74 (1 H, dd, J=5.5, 3.1 Hz), 5.50 (1 H, t, J=2.3 Hz), 4.74 (2 H, s), 3.76 (3 

H, s), 2.24 (2 H, td, J=7.0, 2.3 Hz), 1.75 (5 H, m), 0.97 (3 H, s), 0.78 (3 H, s). 

OH Cl 

T33.8 T33 

[0532] 4-(Chloromethyl)-2-(5,5-dimethyl-1-cyclopenten-1-yl)-2' ,6-difluoro-

5'-(methyloxy)-1,1 '-biphenyl (T33). To a solution ofT33.8 (0.1149 g, 0.334 mmol) in 

dry DCM (4 mL) and dry DMF (0.03 mL) was added thionyl chloride (0.05 mL, 0.685 

mmol) at 0 °C. The resulting solution was warmed to room temperature and monitored 

with TLC and LCMS. After 45 minutes, the reaction was concentrated and then purified 

by silica gel flash chromatography (0-5% EtOAc/hexane) to afford T33 as a colorless oil 

(35.6 mg, 29% yield). 1H NMR (400 MHz, CDC13) 8 ppm 7.14 (1 H, dd, J=9.4, 1.6 Hz), 

7.06 (1 H, s), 7.00 (1 H, t, J=9.0 Hz), 6.85 (1 H, dt, J=9.0, 3.7 Hz), 6.74 (1 H, dd, J=5.5, 

3.1 Hz), 5.53 (1 H, t, J=2.3 Hz), 4.61 (2 H, s), 3.76 (3 H, s), 2.25 (2 H, td, J=7.1, 2.5 Hz), 

1.73 (2 H, m), 0.97 (3 H, s), 0.78 (3 H, s). 
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[0533] Intermediate T34 

F 

Br 

T34.1 

[0534] 2-( 5-(Difluorom ethy 1)-2-fluoropheny 1)-4,4,5,5-tetramethy 1-1,3,2-

dioxaborolane (T34.1). A stirred mixture of 1-bromo-5-difluoromethyl-2-fluorobenzene 

(commercially available from Oakwood Products, Inc.) (2.0231 g, 8.991 mmol), 

bis(pinacolato)diboron (2.5123 g, 9.893 mmol), dichloro[l,l'­

bis(diphenylphosphino)ferrocene]palladium (II) DCM adduct (0.3688 g, 0.4516 mmol), 

and potassium acetate (2.6504 g, 27.01 mmol) in dry 1,4-dioxane (35 mL) was purged 

with argon and placed under vacuum and the purging vacuum process repeated three 

times. The mixture was heated to 90°C and monitored with LC-MS and TLC. After 18 

hours, the reaction was cooled to room temperature and then filtered through Celite® 

filter aid. The organic solvent was removed under reduced pressure, and the residue was 

purified on a 40 g column of silica gel (0-1 0% EtOAc in hexanes) to afford T34.1 as a 

colorless oil that was used without further purification (1.60 19 g, 65% yield). 1 H NMR 

(400 MHz, CDCb) 8 ppm 7.89 (1 H, td, J=2.7, 1.2 Hz), 7.63 (1 H, m), 7.09 (1 H, t, J=8.6 

Hz), 6.62 (IH, t), 1.35 (12 H, s). 

0 0 

0/ F 0~ 0/ 

~B-0 
~ 

F F 

T3.5 T34.1 T34.2 

[0535] Methyl 5'-( difluoromethyl)-2-(5,5-dimethyl-1-cyclopenten-1-yl)-2'-

fluoro-1,1'-biphenyl-4-carboxylate (T34.2). To a stirred solution ofT3.5 (1.1209 g, 

2.962 mmol) in dry DMF (1 0 mL) at 23°C was added potassium carbonate (1.2262 g, 

8.872 mmol) and then tetrakis(triphenylphosphine)palladium (0.3408 g, 0.2949 mmol). 
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The mixture was purged with argon and placed under vacuum and the purging and 

vacuum process repeated three times. Before heating, T34.1 (1.6019 g, 5.888 mmol) was 

added via syringe and then the mixture was heated to 90 °C. After 19 hours, LC-MS 

showed that the reaction was complete. The mixture was cooled to room temperature and 

then diluted with water. After extracting three times with EtOAc, the mixture was 

concentrated in vacuo and then purified on silica gel (0%-1 0% EtOAc!hexane) to afford 

T34.2 as a clear oil (994.4 mg, 90% yield). 1H NMR ( 400 MHz, CDC h) 8 ppm 8.00 (1 

H, dd, J=8.0, 1.8 Hz), 7.94 (1 H, d, J=l.6 Hz), 7.50 (3 H, m), 7.16 (1 H, t, J=9.0 Hz), 6.63 

(lH, t), 5.53 (1 H, s), 3.96 (3 H, s), 2.25 (2 H, td, J=7.0, 2.3 Hz), 1.65 (2 H, t, J=7.0 Hz), 

0.85 (6 H, s). 

OH 

T34.2 T34.3 

[ 0536] (5'-(Difluoromethyl)-2-(5,5-dimethyl-1-cyclopenten-1-yl)-2 '-fluoro-

1,1 '-biphenyl-4-yl)methanol (T34.3). To a cooled solution of T34.2 (0.2349 g, 0.6274 

mmol) in dry THF (5 mL) at 0 oc was added LAH (1.0 Min THF)(l.3 mL, 1.3 mmol) 

dropwise. Upon complete addition, the reaction was maintained at 0°C and was 

monitored by TLC and LCMS. After 45 minutes, IN NaOH was added to quench the 

reaction (gas evolution occurred). The resulting solution was extracted three times with 

EtOAc. After drying over anhydrous magnesium sulfate, filtration, and concentration, the 

residue was then purified by flash chromatography (Si02 gel 60, eluted with 0%-50% 

EtOAc in hexanes ). Fractions containing the desired product were combined and 

concentrated to a colorless oil as T34.3 (166.6 mg, 77% yield). 1 H NMR ( 400 MHz, 

CDCh) 8 ppm 7.47 (2 H, m), 7.38 (2 H, m), 7.14 (1 H, t, J=9.0 Hz), 6.62 (lH, t), 5.50 (1 

H, td, J=2.4, 1.0 Hz), 4.76 (2 H, s), 2.23 (2 H, td, J=7.0, 2.3 Hz), 1.74 (3 H, m), 0.85 (6 H, 

s). 
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OH Cl 

T34.3 T34 

[0537] 4-( Chloromethyl)-5' -( difluoromethy 1)-2-(5,5-dimethyl-1-cyclopenten-

1-yl)-2'-fluoro-1,1 '-biphenyl (T34). To a solution of T34.3 (0.1666 g, 0.481 mmol) in 

dry DCM (3 mL) and dry DMF (0.06 mL) was added thionyl chloride (0.07 mL, 0.96 

mmol) at 0°C. The resulting solution was warmed to room temperature and monitored 

with TLC and LCMS. After 45 minutes, the reaction was concentrated and then purified 

by silica gel flash chromatography (0-5% EtOAc/hexane) to afford T34 (172.1 mg, 98% 

yield). 1H NMR (500 MHz, CDCh) o ppm 7.46 (2 H, m), 7.39 (1 H, m), 7.33 (1 H, m), 

7.28 (1 H, d, J=1.7 Hz), 7.17 (1 H, m), 6.62 (1H, t), 5.51 (1 H, td, J=2.3, 1.0 Hz), 4.64 (2 

H, s), 2.24 (2 H, td, J=7.1, 2.4 Hz), 1.68 (2 H, m), 0.85 (6 H, s). 

[0538] Intermediates T35A and T35B 

0 
0 

T34.2 T35.1 

[ 0539] Methyl 5' -( difluoromethyl)-2-(2,2-dimethylcyclopentyl)-2 '-fluoro-

1,1 '-biphenyl-4-carboxylate (T35.1). To a dry flask containing T34.2 (0.8621 g, 2.303 

mmol) in dry MeOH (10 mL) and EtOAc (2 mL) was added palladium (10% wt. on 

activated carbon)(0.2455 g, 0.2307 mmol). After purging, the mixture was stirred under 

an atmosphere of hydrogen at room temperature. The reaction was monitored with TLC 

and LC-MS. After 22.5 hours, the reaction was filtered through Celite® filter aid. After 

concentration, the residue was identified as T35.1 and was used without purification (863 

mg, 99% yield). MS ESI (pos.) m/e: 376.9 (M+Ht. 
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0 

T35.1 

OH 

-

T35.2 

F 

F 

T35.2 

T35.3 and T35.4 

PCT/US2009/060549 

OH 

OH 

OH 

[ 0540] (5' -(Difluoromethyl)-2-(2,2-dimethylcyclopentyl)-2'-fluoro-1,1 '-

biphenyl-4-yl)methanol (T35.2). To a cooled solution of T35.1 (0.8631 g, 2.293 mmol) 

in dry THF (15.4 mL) at 0 °C was added LAH (1.0 Min THF)(4.6 mL, 4.6 mmol) 

dropwise. Upon complete addition, the reaction was maintained at 0°C and was 

monitored by TLC and LCMS. After 45 minutes, IN NaOH was added to quench the 

reaction (gas evolution occurred). The resulting solution was extracted three times with 

EtOAc. After drying over anhydrous magnesium sulfate, filtration, and concentration, the 

residue was then purified by flash chromatography (Si02 gel 60, eluted with 0%-100% 

EtOAc in hexanes ). Fractions containing the desired product were combined and 

concentrated to a colorless oil as T35.2 (617.1 mg, 77% yield). MS ESI (pos.) m/e: 331.0 

(M-H20t. Chiral separation ofT35.2 was accomplished on a CHIRALCEL® OD 

column (4% IPA in hexane) to provide T35.3 (peak 1) and T35.4 (peak 2). Both 

-246-



wo 2010/045258 PCT/US2009/060549 

enantiomers were used to synthesize example compounds, and both enantiomers gave 

active compounds. 

OH Cl 

or 

OH Cl 

T35.4 T35A 

[0541] 4-(Chloromethyl)-5'-(difluoromethyl)-2-((1S)-2,2-

dimethylcyclopentyl)-2'-fluoro-1,1 '-biphenyl or 4-( chloromethyl)-5'-

( difluoromethyl)-2-((1R)-2,2-dimethylcyclopentyl)-2 '-fluoro-1,1 '-biphenyl (T35A). 

To a solution ofT35.4 (0.2882 g, 0.827 mmol) in dry DCM (10.5 mL) and dry DMF 

(0.08 mL) was added thionyl chloride (0.12 mL, 1.65 mmol) at 0 °C. The resulting 

solution was warmed to room temperature and monitored with TLC and LCMS. After 45 

minutes, the reaction was concentrated and then purified by silica gel flash 

chromatography (0-5% EtOAc/hexane) to afford T35A. (272.1 mg, 90% yield). 

[ 0542] 4-( Chloromethyl)-5' -( difluoromethyl)-2-( (1S)-2,2-

dimethylcyclopentyl)-2'-fluoro-1,1 '-biphenyl or 4-( chloromethyl)-5'-

( difluoromethyl)-2-((1R)-2,2-dimethylcyclopentyl)-2 '-fluoro-1,1 '-biphenyl (T35B). 

To a solution of T35.3 (0.2798 g, 0.803 mmol) in dry DCM (10 mL) and dry DMF (0.076 

mL) was added thionyl chloride (0.12 mL, 1.65 mmol) at 0°C. The resulting solution was 

warmed to room temperature and monitored with TLC and LCMS. After 45 minutes, the 

reaction was concentrated and then purified by silica gel flash chromatography (0-5% 

EtOAc/hexane) to afford T35B (282.5 mg, 96% yield). 
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[0543] Intermediate T36 

0 

T3.5 T36.1 

[0544] Methyl 2-(5,5-dimethyl-1-cyclopenten-1-yl)-2 '-fluoro-5'-

(trifluoromethyl)-1,1 '-biphenyl-4-carboxylate (T36.1). To a stirred solution of T3.5 

(0.7595 g, 2.007 mmol) in DMF (5 mL) at 23 °C was added 2-fluoro-5-

(trifluoromethyl)phenylboronic acid (commercially available from Sigma-Aldrich, St. 

Louis, MO, USA) (0.8352 g, 4.017 mmol) and potassium carbonate (0.8357 g, 6.047 

mmol) followed by tetrakis(triphenylphosphine)palladium (0.2364 g, 0.2046 mmol). The 

mixture was heated to 90°C. After 17 hours, LCMS-showed that the reaction was 

complete. The mixture was cooled to room temperature and then diluted with water. 

After extracting three times with EtOAc, the mixture was concentrated in vacuo and then 

purified on silica gel (0%-1 0% EtOAc/hexane) to afford T36.1 as a clear oil that was used 

without further purification ( 414.2 mg, 53% yield). 

0 
OH 

T36.1 T36.2 

[0545] (2-(5,5-Dimethyl-1-cyclopenten-1-yl)-2'-fluoro-5'-( trifluoromethyl)-

1,1'-biphenyl-4-yl)methanol (T36.2). To a cooled solution ofT36.1 (0.4142 g, 1.056 

mmol) in dry THF (7.8 mL) at 0 °C was added LAH (1.0 Min THF)(2.2 mL, 2.200 

mmol) dropwise. Upon complete addition, the reaction was maintained at 0°C and was 

monitored by TLC and LCMS. After 45 minutes, IN NaOH was added to quench the 

reaction (gas evolution occurred). The resulting solution was extracted three times with 

EtOAc. After drying over anhydrous magnesium sulfate, filtration, and concentration, the 

residue was purified by flash chromatography (Si02 gel 60, eluted with 0%-100% EtOAc 
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in hexanes ). Fractions containing the desired product were combined and concentrated to 

afford T36.2 as a colorless oil (257.4 mg, 67% yield). 1H NMR (400 MHz, CDCh) o 
ppm 7.61 (2 H, m), 7.40 (2 H, m), 7.17 (1 H, t, J=8.8 Hz), 5.52 (1 H, m), 4. 77 (2 H, s), 

2.24 (2 H, td, J=7.0, 2.3 Hz), 1.71 (3 H, m), 0.84 (6 H, s). 

OH Cl 

T36.2 T36 

[0546] 4-(Chloromethyl)-2-(5,5-dimethyl-1-cyclopenten-1-yl)-2'-fluoro-5'-

(trifluoromethyl)-1,1'-biphenyl (T36). To a solution of T36.2 (0.2574 g, 0.706 mmol) 

in dry DCM (10 mL) and dry DMF (0.07 mL) was added thionyl chloride (0.11 mL, 1.51 

mmol)at 0 °C. The resulting solution was warmed to room temperature and monitored 

with TLC and LCMS. After 45 minutes, the reaction was concentrated and then purified 

by silica gel flash chromatography (0-5% EtOAc/hexane) to afford T36 (242.8 mg, 90% 

yield). 1H NMR (400 MHz, CDCh) o ppm 7.60 (2 H, m), 7.40 (1 H, m), 7.35 (2 H, m), 

7.21 (1 H, m), 5.52 (1 H, td, J=2.4, 0.9 Hz), 4.66 (2 H, m), 2.24 (2 H, td, J=7.0, 2.3 Hz), 

1.68 (2 H, m), 0.84 (6 H, s). 

[0547] 

[0548] 

Intermediate T37 

H:~-{_ 
0 

T37.1 

T:~-{_ 
0 

T37.2 

Methyl3-formyl-4-(trifluoromethylsulfonyloxy)benzoate (T37.2). 

TEA (6.81 mL, 48.8 mmol), and N,N-dimethylpyridin-4-amine (0.298 g, 2.44 mmol) 

were added to a solution ofmethyl3-formyl-4-hydroxybenzoate (T37.1) (commercially 

available from Sigma-Aldrich, St. Louis, MO, USA) (4.40 g, 24.4 mmol) in DCM (26 

mL). The resulting mixture was stirred at room temperature for 20 minutes and then N­

phenyltrifluoromethanesulfonimide (9.60 g, 26.9 mmol) was added in one portion. The 
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mixture was then stirred at room temperature for 30 minutes. After removing solvent, the 

residue was purified by flash chromatography (silica gel, 1: 1 EtOAc I hexane) and gave 

T37.2, a colorless oil, in 99% yield (7.57 g). 

[0549] 

T37.2 

F 

0 

T37.3 

Methyl2'-fluoro-2-formyl-5'-(methyloxy)-1,1 '-biphenyl-4-

carboxylate (T37.3). A mixture of methyl 3-formyl-4-(trifluoromethyl­

sulfonyloxy)benzoate (T37.2) (7.57 g, 24.2 mmol), 2-fluoro-5-methoxy-phenylboronic 

acid (commercially available from Sigma-Aldrich, St. Louis, MO, USA) (12.4 g, 72.7 

mmol), Cs2C03 (27.6 g, 84.9 mmol), and tetrakis(triphenylphosphine) palladium (2.80 g, 

2.42 mmol) in 1,2-dimethoxyethane (DME) (75 mL) was degassed with N2 at room 

temperature The mixture was heated at 95°C for 9 hours. After removing solvent, the 

residue was purified by flash chromatography (silica gel, 1: 19 EtOAc I hexane) and gave 

T37.3, a white solid, in 56% yield (2.9 g). 1H NMR (400 MHz, DMSO-d6) 8 ppm 9.88 

(dd, J =4Hz, IH), 8.45 (s, IH), 8.28 (m, IH), 7.69 (d, j =8Hz, IH), 7.29 (t, J =9HZ, 

IH), 7.08 (m, 2H), 3.92 (s, 3H), 3.79 (s, 3H). 

F 
F 

-
T37.3 T37.4 

[0550] Methyl 2 '-fluoro-2-(1-hydroxy-2,2-dimethyl-3-butenyl)-5'-

(methyloxy)-l,l'-biphenyl-4-carboxylate(T37.4). To a mixture ofT37.3 (0.38 g, 1.3 

mmol), 1-bromo-3-methylbut-2-ene (commercially available from Sigma-Aldrich, St. 

Louis, MO, USA) (0.31 mL, 2.6 mmol) and sodium iodide (0.40 g, 2.6 mmol) in DMF (8 

mL), was added indium (0.30 g, 2.6 mmol). The resulting mixture was stirred at room 

temperature for 1 hour and then additionall-bromo-3-methylbut-2-ene (100 mg) and 

indium (1 00 mg) were added and the mixture was stirred at room temperature for one 
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more hour. The reaction was quenched with water (20 mL) and extracted with EtOAc 

(200 mL). The organic phase was washed with brine, dried over anhydrous sodium 

sulfate, and filtered. After removing solvent, the residue was purified by flash 

chromatography (silica gel, 1:4 EtOAc I hexane) and gave product (T37.4), in 94% yield. 

F F 

-

T37.4 T37.5 

[0551] Methyl 2'-fluoro-2-(3-iodo-2,2-dimethylcyclopentyl)-5'-(methyloxy)-

1,1 '-biphenyl-4-carboxylate (T37.5). To a mixture ofNaHC03 (0.035 g, 0.42 mmol) 

and T37.4 (0.050 g, 0.14 mmol) in ACN (2 mL), was added iodine (0.12 g, 0.49 mmol). 

The mixture was then stirred at room temperature for 16 hours. Next, the mixture was 

poured into a 0.2 M solution ofNa2S20 3 and extracted with EtOAc. The organic phase 

was dried over anhydrous Na2S04 and filtered. After removing solvent, the residue was 

purified by flash chromatography (silica gel, 1:19 EtOAc I hexane) and gave product 

T37.5, a white solid, in 84% yield . 

F 

F 

- F 

T37.5 T37.6 and T37.7 
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[0552] (1S)-1-(2'-Fluoro-4-(hydroxymethyl)-5'-(methyloxy)-1,1 '-biphenyl-2-

yl)-2,2-dimethyl-3-buten-1-ol and (1R)-1-(2 '-fluoro-4-(hydroxymethyl)-5'­

(methyloxy)-1,1 '-biphenyl-2-yl)-2,2-dimethyl-3-buten-1-ol (T37.6 and T37.7). To a 

mixture of T37.5 (0.460 g, 0.950 mmol) in THF (12 mL), was added LAH (0.108 g, 2.85 

mmol), and the mixture was stirred at room temperature for 45 minutes. The reaction 

mixture was then poured into water and extracted with EtOAc. The organic phase was 

dried over anhydrous Na2S04 and filtered. After removing solvent, the residue was 

purified by flash chromatography (silica gel, 1 :2 EtOAc I hexane) and gave racemic 

product, which was separated by chiral chromatography (column: OD-H; solvent: 6% 

IPA/hexane) to yield T37.6 (72 mg) (retention time =12.9 min) and T37.7 (74 mg) 

(retention time =18.2 min). 

F F 

or or 

F F 

T37.6 T37 

[0553] (18)-1-( 4-(Chloromethyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-2-

yl)-2,2-dimethyl-3-buten-1-ol or (1R)-1-(4-( chloromethyl)-2 '-fluoro-5'-(methyloxy)-

1,1'-biphenyl-2-yl)-2,2-dimethyl-3-buten-1-ol (T37). Thionyl chloride (0.27 g, 2.2 

mmol) was added to a solution ofT37.6 (0.074 g, 0.22 mmol) in DCM (2 mL), and the 

mixture was stirred at room temperature for 40 minutes. After removing solvent, T37 

was obtained. 
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[0554] 

[0555] 

Intermediate T38 

F 

T37.4 

PCT/US2009/060549 

F 

T38.1 

Methyl 2 '-fluoro-2-(1-hydroxy-2,2-dimethylbutyl)-5' -(methyloxy )-

1,1 '-biphenyl-4-carboxylate (T38.1). To a solution ofT37.4 (0.453 g, 1.26 mmol) in 

MeOH (10 mL)(degassed by N2), was added palladium on carbon (0.135 g, 1.26 mmol). 

The resulting mixture was stirred at room temperature under H2 for 18 hours. The 

reaction mixture was then filtered through silica gel. After removing solvent, T38.1 

(394mg) was obtained as a colorless oil. 

F F 

T38.1 T38.2 

[0556] Methyl 2-(2,2-dimethyl-1-(methyloxy) butyl)-2 '-fluoro-5'-

(methyloxy)-1,1 '-biphenyl-4-carboxylate (T38.2). To a solution of T38.1 (0.39 g, 1.1 

mmol) in DMF (5 mL), was added NaH (0.034 g, 1.4 mmol). The mixture was stirred at 

room temperature for I 0 minutes and then iodomethane (0.20 mL, 3.2 mmol) was added. 

The mixture was stirred at room temperature for 60 minutes and then it was diluted with 

EtOAc, washed with water and brine, and dried over anhydrous Na2S04. After removing 

solvent, the residue was purified by flash chromatography (silica gel, 1:9 EtOAc I hexane) 

and gave T38.2, colorless oil, in 64% yield (260mg). 
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F 

F 

or 

F 

T38.2 T38.3 and T38.4 

[0557] (2-((18)-2,2-Dimethyl-1-(methyloxy)butyl)-2'-fluoro-5'-(methyloxy)-

1,1 '-biphenyl-4-yl)methanol and (2-((1R)-2,2-dimethyl-1-(methyloxy)butyl)-2 '­

fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-yl)methanol (T38.3 and T38.4). To a solution 

ofT38.2 (0.26 g, 0.69 mmol) in THF (4 mL), was added LAH (0.026 g, 0.69 mmol). The 

resulting mixture was stirred at room temperature for 10 minutes and then was poured 

into to water and extracted with EtOAc. The combined organic layers were dried over 

anhydrous Na2S04 . After removing solvent, the residue was purified by flash 

chromatography (silica gel, I :6 EtOAc I hexane) and gave racemic product (157 mg) as a 

colorless oil, which was separated by chiral chromatography (column: OD; solvent: 6% 

IP A/hexane) to yield T38.3 ( 68 mg) (retention time = 11.8 min) and T38.4 (70 mg) 

(retention time =15.1 min). 
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F F 

or or 

F F 

OH 

T38.3 T38 

[0558] 4-(Bromomethyl)-2-((1S)-2,2-dimethyl-1-( methyloxy) butyl)-2'-flu oro-

5'-(methyloxy)-1,1 '-biphenyl or 4-(bromomethyl)-2-((1R)-2,2-dimethyl-1-

(methyloxy)butyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl (T38). To a solution of 

T38.3 (0.070 g, 0.20 mmol) in THF (2 mL), was added triphenylphosphine (0.11 g, 0.40 

mmol) and 1-bromopyrrolidine-2,5-dione (0.072 g, 0.40 mmol). The resulting mixture 

was stirred at room temperature for l 0 minutes. After removing solvent, the residue was 

purified by flash chromatography (silica gel, I :6 EtOAc I hexane) and gave T38 (73 mg). 

[0559] 

[0560] 

Intermediate T39 

F 

H 

T37.3 

-
F 

OH 

T39.1 

Methyl 2 '-fluoro-2-(hydroxymethyl)-5'-(methyloxy)-1,1 '-biphenyl-4-

carboxylate (T39.1). Sodium tetrahydroborate (commercially available from Sigma­

Aldrich, St. Louis, MO, USA) (0.656 g, 17.3 mmol) was added portion by portion slowly 

to T37.3 (1.00 g, 3.47 mmol) in MeOH (20 mL). The resulting mixture was stirred at 

room temperature for 25 minutes. After removing solvent, the residue was purified by 

flash chromatography (silica gel, 1:2 EtOAc I hexane) and gave T39.1 (725mg) in 72% 

yield. 
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F F 

OH Br 

T39.1 T39.2 

[0561] Methyl2-(bromomethyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-4-

carboxylate (T39.2). To a solution ofT39.1 (0.725 g, 2.50 mmol) and 

triphenylphosphine (2.62 g, 9.99 mmol) in THF (20 mL) was added portion by portion 1-

bromopyrrolidine-2,5-dione (commercially available from Sigma-Aldrich, St. Louis, MO, 

USA) (1.78 g, 9.99 mmol). The resulting mixture was stirred at room temperature for 20 

minutes. After removing solvent, the residue was purified by flash chromatography 

(silica gel, 1:9 EtOAc I hexane) and gave T39.2 (882mg) in 100% yield. 

F F 

Br 

T39.2 T39.3 

[0562] 2-( ( (1,1-Dimethylethyl)oxy )methyl)-2'-fluoro-5' -( methyloxy )-1,1 '-

biphenyl-4-carboxylic acid (T39.3). A mixture of T39.2 (0.245 g, 0.69 mmol) and 

sodium 2-methylpropan-2-olate (0.20 g, 2.1 mmol) in DMF (6 mL) was stirred at room 

temperature for 28 minutes. The mixture was acidified with IN HCl to pH 3-4 and then 

was extracted with EtOAc (100 mL). The organic phase was washed with brine and dried 

over anhydrous Na2S04. After removing solvent, the residue was purified by flash 

chromatography (silica gel, I :4 EtOAc I hexane) and gave T39.3 ( 49mg) in 20% yield. 

F F 

T39.3 T39.4 
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[0563] (2-(((1,1-Dimethylethyl)oxy)methyl)-2 '-fluoro-5'-(methyloxy)-1,1 '-

biphenyl-4-yl)methanol (T39.4). LAH (0.15 mL, 0.15 mmol) was added to a solution of 

T39.3 (0.049 g, 0.15 mmol) in THF (2 mL). The resulting mixture was stirred at room 

temperature for 1 0 minutes and then was poured slowly into brine ( 5 mL ). The mixture 

was extracted with EtOAc (2 x 50 mL). The organic phase was dried over anhydrous 

sodium sulfate. After filtering and removing solvent, the residue was purified by flash 

chromatography (silica gel, 1:2 EtOAc I hexane) and gave T39.4 (6 mg). 

F F 

T39.4 T39 

[0564] 4-(Bromomethyl)-2-(((1,1-dimethylethyl)oxy)methyl)-2'-fluoro-5'-

(methyloxy)-1,1'-biphenyl (T39). Bromomethyl compound T39 was prepared using an 

analogous procedure to that set forth for the synthesis of T39.2. 

[0565] Intermediate T40 

F 
F 

-
Br 0 

T39.2 T40.1 

[0566] Methyl2'-fluoro-5'-(methyloxy)-2-(1-piperidinylmethyl)-1,1'-

biphenyl-4-carboxylate (T40.1). Piperidine (commercially available from Sigma­

Aldrich, St. Louis, MO, USA) (0.038 g, 0.44 mmol) was added to a solution ofT39.2 

(0.13 g, 0.37 mmol) in DMSO (3 mL). Cs2C03 (0.18 g, 0.55 mmol) was then added to 

the reaction and it was stirred at room temperature for 1 hour. EtOAc (100 mL) was 

added and the organic phase was washed with water and brine and dried over anhydrous 

sodium sulfate. After removing solvent, the residue was purified by flash 
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chromatography (silica gel, 1:1 EtOAc/DCM) and gave T40.1 (lOOmg) in 76% yield. 

MS ESI (pos.) m/e: 358 (M+Ht. 

F F 

-
0 0 

T40.1 T40.2 

[0567] (2 '-Fluoro-5' -( methyloxy)-2-(1-piperidinylmethyl)-1,1 '-biphenyl-4-

yl)methanol (T40.2). LAH (1.0 M solution in THF) (0.55 mL, 0.55 mmol) was added to 

a solution ofT40.1 (0.098 g, 0.27 mmol) in THF (5 mL). The resulting mixture was 

stirred at room temperature for 1 hour and then it was diluted with EtOAc, washed with 

water and brine, and dried over anhydrous Na2S04. After removing solvent, T40.2 was 

obtained as a colorless oil in 100% yield. 

F F 

Cl -
0 0 

T40.2 T40 

[0568] 1-(( 4-(Chloromethyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-2-

yl)methyl)piperidine (T40). Thionyl chloride (0.066 g, 0.56 mmol) was added to a 

solution ofT40.2 (0.023 g, 0.070 mmol) in DCM (1 mL). The resulting mixture was 

stirred at room temperature for 2 hours. After removing solvent, T40 was obtained in 

100% yield. 
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[0569] 

[0570] 

Intermediate T41 

0 

...... o 

T20.3 

...... o 

PCT/US2009/060549 

0 

HN~Br 

0 

T41.1 

Methyl 2-((5-bromopentanoyl)amino )-2'-fluoro-5'-(methyloxy)-1,1 '-

biphenyl-4-carboxylate (T41.1). To a dry round bottom flask containing T20.3 (0.7779 

g, 2.83 mmol) was added dry chloroform (8 mL) at 0°C. After five minutes, 5-

bromovaleryl chloride (0.5 mL, 3.73 mmol) (commercially available from Sigma-Aldrich, 

St. Louis, MO, USA) was added followed by dropwise addition of dry pyridine (0.31 mL, 

3.80 mmol). The reaction mixture was allowed to warm to room temperature and 

monitored with TLC and LC-MS. After 3 hours, the reaction was diluted with DCM and 

washed twice with saturated aqueous sodium bicarbonate solution, twice with water, and 

once with brine. The organic layer was dried over anhydrous sodium sulfate then filtered 

and concentrated. The residue was purified by recrystallization from isopropanol to 

afford T41.1 as an off white solid (726.2 mg, 59% yield). 1H NMR (400 MHz, CDCh) 8 

ppm 8.78 (1 H, s), 7.91 (1 H, d, J=7.8 Hz), 7.36 (1 H, d, J=7.8 Hz), 7.15 (1 H, t, J=9.2 

Hz), 7.08 (1 H, s), 6.97 (1 H, dt, J=9.0, 3.7 Hz), 6.81 (1 H, dd, J=5.9, 3.1 Hz), 3.94 (3 H, 

s), 3.83 (3 H, s), 3.39 (2 H, t, J=6.3 Hz), 2.28 (2 H, t, J=7.0 Hz), 1.89 (2 H, m), 1.82 (2 H, 

m). 

...... o 

[0571] 

0 

HN~Br 

0 

T41.1 

_......0 

T41.2 

0 

OH 

2 '-Fluoro-5'-( methyloxy)-2-(2-oxo-1-piperidinyl)-1 ,1 '-biphenyl-4-

carboxylic acid (T41.2). To a dry vial containing T41.1 (0.5858 g, 1.337 mmol) was 

added dry DMF (25 mL). The mixture was stirred at 0 °C for about 15 minutes, then 

potassium tert-butoxide (0.3766 g, 3.356 mmol) was carefully added in portions. The 

- 259-



wo 2010/045258 PCT/US2009/060549 

mixture was heated to 145°C and monitored with TLC and LC-MS. After 2.5 hours, the 

reaction was cooled to room temperature and then carefully quenched with 2 M aqueous 

citric acid solution. After extracting three times with DCM, the organic layer was dried 

over anhydrous magnesium sulfate, filtered and concentrated. The residue was purified 

with silica gel flash chromatography (0-25% MeOH in DCM) to afford T41.2 as an oil 

(440.1 mg, 96% yield). MS ESI (neg.) m/e: 342.0 (M-Hf. 

OH OH 

T41.2 T41.3 

[0572] 2'-Fluoro-5'-(methyloxy)-2-(1-piperidinyl)-1,1 '-biphenyl-4-carboxylic 

acid (T41.3). To a cooled solution ofT41.2 (0.4401 g, 1.282 mmol) in dry THF (8 mL) 

at 0 °C was added borane·THF complex, 1.0 Min THF (2.5 mL, 2.5 mmol) dropwise. 

Upon complete addition, the reaction was maintained at 0 °C and monitored by TLC and 

LCMS. After 3 hours, water was added to quench the reaction, and the resulting solution 

was extracted three times with EtOAc. The organic extractions were combined and 

washed successively with saturated aqueous sodium bicarbonate, water, and then brine. 

After drying over anhydrous magnesium sulfate, filtration, and concentration, the residue 

was purified with silica gel flash chromatography (0-25% MeOH in DCM) to afford 

T41.3 as an oil (292.9 mg, 69% yield). 1H NMR (400 MHz, CDCh) 8 ppm 7.85 (2 H, 

m), 7.36 (1 H, d, J=7.8 Hz), 7.11 (2 H, m), 6.86 (1 H, dt, J=8.9, 3.6 Hz), 3.83 (3 H, s), 

2.85 (4 H, m), 1.46 (6 H, m). 

0 
OH 

OH 

T41.3 T41.4 
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[0573] (2 '-Fluoro-5'-(methyloxy)-2-(1-piperidinyl)-1,1 '-biphenyl-4-

yl)methanol (T41.4). To a cooled solution ofT41.3 (0.2929 g, 0.8893 mmol) in dry 

THF (10 mL) at 0 °C was added LAH (IM in THF)(1.8 mL, 1.8 mmol). Upon complete 

addition, the reaction was maintained at 0°C and was monitored by TLC and LCMS. 

After 2 hours, IN NaOH was added to quench the reaction (gas evolution occurred). The 

resulting solution was extracted three times with EtOAc. After drying over anhydrous 

magnesium sulfate, filtration, and concentration, the residue was purified by flash 

chromatography (Si02 gel60, eluted with 0%-50% EtOAc in hexanes). Fractions 

containing the desired product were combined and concentrated to afford T41.4 as a 

colorless oil (231.8 mg, 83% yield). 1H NMR (400 MHz, CDCh) o ppm 7.25 (1 H, d, 

J=9.0 Hz), 7.11 (4 H, m), 6.82 (1 H, dt, J=9.0, 3.5 Hz), 4.71 (2 H, d, J=5.5 Hz), 3.81 (3 H, 

s), 2.81 (4 H, m), 1.69 (1 H, s), 1.43 (6 H, m). 

OH Cl 

T41.4 T41 

[0574] 1-( 4-(Chloromethyl)-2 '-fluoro-5'-(methyloxy)-1,1 '-biphenyl-2-

yl)piperidine (T41). To a solution ofT41.4 (0.2318 g, 0.73 mmol) in dry DMF (0.03 

mL) and dry DCM (3 mL) was added thionyl chloride (0.13 mL, 1.8 mmol) at 0 °C. The 

resulting solution was warmed to room temperature and monitored with TLC and LCMS. 

After 45 minutes, the reaction was diluted with DCM and then washed once with 

saturated aqueous sodium bicarbonate and once with brine. After drying over anhydrous 

magnesium sulfate, filtering, and removing the solvent under reduced pressure, the 

residue was purified by silica gel flash chromatography (0-5% EtOAc/hexane) to afford 

T41 (86.3 mg, 35% yield). 1HNMR (400 MHz, CDCh) o ppm 7.16 (1 H, m), 7.00 (4 H, 

m), 6.72 (1 H, dt, J=9.0, 3.5 Hz), 4.50 (2 H, s), 3.71 (3 H, s), 2.71 (4 H, m), 1.34 (6 H, m). 
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[0575] Intermediate T42 

F 

OH 

T39.1 

C02Me_ 

PCT/US2009/060549 

F 

T42.1 

[0576] Methyl 2-(( ethyloxy)methyl)-2'-fluoro-5'-(methyloxy)-1,1 '-biphenyl-

4-carboxylate (T42.1). To a solution ofT39.1 (0.200 g, 0.689 mmol) in DMF (5 mL), 

was added NaH (0.0198 g, 0.827 mmol). The reaction was stirred at room temperature 

fori 0 minutes. Ethyl iodide was then added and the reaction was stirred at room 

temperatures for I hour. The mixture was diluted with EtOAc, washed with water and 

brine, and dried over anhydrous Na2S04. After removing solvent, the residue was 

purified by flash chromatography (silica gel, 1:1 EtOAc/hexane) and gave T42.1 in 79% 

yield. MS ESI (pos.) m/e: 336 (M+ 18f. 

F F 

C02Me_ 

T42.1 T42.2 

[0577] (2-( (E thyloxy )methyl)-2 '-fluoro-5' -( methyloxy )-1,1 '-biphenyl-4-

yl)methanol (T42.2). Example T42.1 was reduced using LAH using a procedure similar 

to those described herein to yield T42.2. 

F F 

- Cl 

T42.2 T42 

[0578] 4-( Chloromethyl)-2-( ( ethyloxy )methyl)-2 '-fluoro-5' -(methyloxy)-1 ,1 '-

biphenyl (T42). Compound T42.2 was converted to the chloromethyl compound T42 

using a procedure analogous to those described herein. 
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[0579] Intermediate T43 

F 

F 

C02 Me -
OH 

T39.1 T43.1 

[0580] 3-Methyl-2-butenyl2'-fluoro-2-(((3-methyl-2-butenyl)oxy)methyl)-5'-

(methyloxy)-1,1 '-biphenyl-4-carboxylate (T43.1). To a solution of T39.1 (0.322 mmol) 

in DMF (4 mL), was added NaH (0.0100 g, 0.419 mmol). The resulting mixture was 

stirred at room temperature for 10 minutes. 1-Bromo-3-methylbut-2-ene (0.240 g, 1.61 

mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA) was added 

and the mixture was stirred at room temperature for 2 hours. After removing solvent, the 

residue was purified by flash chromatography (silica gel, 1:6 EtOAc I hexane) and gave 

T43.1 as a colorless oil, in 77% yield. MS ESI (pos.) m/e: 430 (M+ 18t. 

F 
F 

-
0~ 

T43.1 T43.2 

[0581] (2'-Fluoro-2-(((3-methyl-2-butenyl)oxy)methyl)-5'-(methyloxy)-1,1 '-

biphenyl-4-yl)methanol (T43.2). The conversion of ester T43.1 to hydroxymethyl 

compound T35.2 was conducted using a procedure analogous to that described in 

Example T39.4. 
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F F 

OH -
0'=< 0'=< 

T43.2 T43 

[0582] 4-(Bromomethyl)-2'-fluoro-2-(((3-methyl-2-butenyl)oxy)methyl)-5'-

(methyloxy)-1,1'-biphenyl (T43). Hydroxymethyl compound T43.2 was converted to 

bromomethyl T43 using a procedure analogous to that of Example T38. 

[0583] Intermediate T44 

OMe 

T20.4 

COO Me 
F 

OMe 

T44.1 

COO Me 

[0584] 2'-Fluoro-2-isopropylsulfanyl-5'-methoxy-biphenyl-4-carboxylic acid 

methyl ester (T44.1). A tube was charged withT20.4 (213 mg, 552 11mol), N-ethyl-N­

isopropylpropan-2-amine (143 mg, 1103 11mol) and toluene, evacuated and back-filled 

with nitrogen three times. Pd2(dba)3, 4,5-bis(diphenylphosphino)-9,9-dimethyl-9H­

xanthene (31.9 mg, 55.2 11mol) and propane-2-thiol (63.0 mg, 827 11mol) were added to 

the mixture and then the mixture was degassed three times. The suspension was refluxed 

overnight, filtered, and concentrated to give a residue which was purified by silica gel 

chromatography to give T44.1 as a pale yellow solid (164mg, 89%). MS ESI m/e: 335.2 

(M+It. 

OMe 

T44.1 

COO Me 
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[0585] 4-Chloromethyl-2'-fluoro-2-isopropylsulfanyl-5'-methoxy-biphenyl 

(T44). The reduction and chlorination ofT44.1 was conducted in an analogous manner 

to that described herein. MS ESI m/e: 325.10 (M+Ht. 

[0586] Intermediate T45 

H0~0-
0 

-rBr 
DMSO 

-ro~:-

[0587] 

T45.t 

Methyl4-(3-methylbut-2-enyloxy)benzoate (T45.1). A mixture of 4-

hydroxybenzoic acid, methyl ester (17.0 mL, 66 mmol) (commercially available from 

Sigma-Aldrich, St. Louis, MO, USA), 1-bromo-3-methylbut-2-ene (12.0 g, 79 mmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) and potassium 

carbonate (23.0 g, 164 mmol) in DMSO (25 mL) was stirred at room temperature for 24 

hours. EtOAc (150 mL) was added, and the mixture was washed with water (25 x 3 mL) 

and brine (25 x 2 mL) and dried over MgS04• The solvent was removed, and the product 

was purified by CombiFlash® silica gel column chromatography, eluent with 

hexane/EtOAc, 90/10 to give T45.1 (12.0 g, yield 83%). 1H NMR (500 MHz, CDCb) 

o ppm 7.99 (2 H, d, J=8.8 Hz), 6.92 (2 H, d, J=8.8 Hz), 5.42- 5.58 (1 H, m), 4.57 (2 H, 

d, J=6.8 Hz), 3.89 (3 H, s), 1.81 (3 H, s), 1.76 (3 H, s). 

[0588] 
T45.1 

N,N-diethylaniline '- ,Q,N, / 
--Si ~ Si-

/ \ 

HO~ )C o-

T45.2 
Methyl 4-hydroxy-3-(2-methylbut-3-en-2-yl)benzoate (T45.2). The 

reaction mixture ofT45.1 (1.2 g, 5.0 mmol), N,N-diethylaniline (3.0 mL, 16 mmol) and 

N,O-bis(trimethylsilyl)acetamide (2.0 mL, 8 mmol) in a 15 mL sealed tube was heated at 

210 °C for 48 hours. Ether (60 mL) was added, and the mixture was washed over HCl 

(3N in water, 20 mL). The organic layer was separated, and the solvent was removed. 

The residue was dissolved in MeOH (10 mL) and HCl (3N in water, 2 mL) and was 

stirred at room temperature for 30 minutes. Ether (80 mL) was added, and the mixture 

was washed with N aHC03 (30 mL) and brine (15 mL ). The organic layer was then dried 

over MgS04. The solvent was removed, and the residue was purified by CombiFlash® 
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silica gel column chromatography, eluent with hexane/EtOAc, 95/5 to give T45.2 (0.30 g, 

25% yield). MS ESI (pos.) m/e: 221.2 (M+Ht. 1H NMR (500 MHz, CDCh) 8 ppm 8.01 

(1 H, d, J=2.0 Hz), 7.87 (1 H, dd, J=8.4, 2.0 Hz), 6.87 (1 H, d, J=8.4 Hz), 6.32 (1 H, s), 

6.21 (1 H, dd, J=17.9, 10.5 Hz), 5.24-5.45 (2 H, m), 3.90 (3 H, s), 1.48 (6 H, s). 

[0589] 

HO~O 
JC: o-

T45.2 

F F 
o,, XF 
cfsb~o 

Y::: o-

T45.3 
Methyl3-(2-methylbut-3-en-2-yl)-4-(trifluoromethyl-

sulfonyloxy)benzoate (T45.3). The reaction mixture ofT45.2 (0.28 g, 1.3 mmol), 

pyridine (0.23 mL, 2.8 mmol), and trifluoromethanesulfonic anhydride (0.28 mL, 1.7 

mmol) with a catalytic amount ofDMAP was stirred at ambient temperature overnight. 

EtOAc (70 mL) was added, and the mixture was washed with citric acid (15 mL), brine 

(20 mL), and then dried with MgS04. The solvent was removed. The product T45.3 was 

used without further purification in the next step, (0.45 g, 99% yield). 1 H NMR (500 

MHz, CDCh) 8 ppm 8.20 (1 H, d, J=2.2 Hz), 7.99 (1 H, dd, J=8.8, 2.2 Hz), 7.42 (1 H, d, 

J=8.8 Hz), 6.08 (1 H, dd,J=l7.4, 10.6 Hz), 5.10 (1 H, d, J=l0.6 Hz), 4.97 (1 H, d,J=17.4 

Hz), 3.91(3 H, s), 1.53 (6 H, s). 

F OH F qLoH __ _ 
--0 

T45.3 T45.4 

[0590] Methyl 4-(5-fluoro-2-methoxypyridin-4-yl)-3-(2-methylbut-3-en-2-

yl)benzoate (T45.4). The reaction mixture of T45.3 (0.45 g, 1.3 mmol), 5-fluoro-2-

methoxypyridin-4-ylboronic acid (0.55 g, 3.2 mmol), potassium phosphate (0.81 g, 3.8 

mmol), S-phos (0.11 g, 0.26 mmol) and palladium acetate (0.03 g, 0.13 mmol) in DMF 

(1.5 mL) was purged with nitrogen three times. The resulting mixture was heated at 90° 

C for 2 hours. The mixture was then purified by CombiFlash® silica gel 

chromatography, eluent with hexane/EtOAc, 9/1 to give T45.4. MS ESI (pos.) m/e: 

330.2 (M+Ht, 1H NMR (400 MHz, CDCh) o ppm 8.26 (1 H, d, J=l.8 Hz), 7.95 (1 H, s), 
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7.90 (1 H, dd, J=7.8, 1.8 Hz), 7.06 (1 H, d, J=7.8 Hz), 6.59 (1 H, d, J=4.9 Hz), 5.88 - 6.02 

(1 H, m), 4.75-4.85 (2 H, m), 3.95 (3 H, s), 3.94 (3H, s), 1.38 (3 H, s), 1.36 (3H, s) 

F F 

T45.4 T45.5 

[0591] (4-(5-Fluoro-2-methoxypyridin-4-yl)-3-(2-methylbut-3-en-2-

yl)phenyl)methanol (T45.5). To a solution ofT45.4 (68.0 mg, 0.21 mmol) in THF (3.0 

mL) was slowly added lithium aluminum hydride (17.3 IlL, 1.0 M solution in diethyl 

ether, 0.41 mmol) at room temperature. The resulting mixture was stirred at 45 °C for 5 

hours. Water (0.07 mL) was added at 0 oc and then 0.07 mL ofNaOH (15% in water) 

was added. The reaction mixture was stirred for 10 minutes and then 0.21 mL of water 

was added, and the mixture was stirred at room temperature for 1 0 minutes. The 

precipitate was filtered away and washed with THF (10 x 3 mL). The organic layer was 

dried over Na2S04 and then the solvent was removed. T45.5 was used in the next step 

without further purification. MS ESI (pos.) m/e: 302.2 (M+Ht. 

F 
F 

T45.5 T45 
[0592] 4-(4-(Chloromethyl)-2-(2-methylbut-3-en-2-yl)phenyl)-5-fluoro-2-

methoxypyridine (T45). To a solution ofT45.5 (57.0 mg, 0.19 mmol) in DCM (4.0 mL) 

and DMF (10 IlL) was slowly added thionyl chloride (13.8 jlL, 0.19 mmol) at 0 °C. After 

addition, the resulting mixture was stirred at room temperature for 1 hour. The solvent 

was removed to provide T45 which was used to provide compounds as described herein. 

MS ESI (pos.) m/e: 320.2 (M+Ht. 
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[0593] 

0 0 

'"' F)(S,0 
F F 

[0594] 

PCT/US2009/060549 

Intermediate T46 

0 

OCI 
......._ ,....OH 

0 B 

0/ 
I 

OH 

+ and - and 

....(XCI 
......._ ,....OH 

0 N B 
I 

OH 

T5.2 T46.1 

Methyl 4-(5-chloro-2-methoxypyridin-4-yl)-3-((R)-2,2-

0 

0 

dimethylcyclopentyl)benzoate and methyl 4-(3-chloro-6-methoxypyridin-2-yl)-3-

((R)-2,2-dimethylcyclopentyl)benzoate (T46.1). To a flask with T5.2 (401 mg, 1.05 

mmol) was added 5-chloro-2-methoxypyridin-4-ylboronic acid ( 494 mg, 2.64 mmol, 

commercially from Chern-IMP EX Lot # JI -02-031, also containing 3 0% 3-chloro-6-

methoxypyridin-2-yl boronic acid), potassium carbonate ( 437 mg, 3.16 mmol), and trans­

dichlorobis(triphenylphosphine )palladium (II) (74 mg, 0.11 mmol, commercially 

available from Alfa Aesar). The flask was flushed with nitrogen. Degassed DMF (8 mL) 

was then added. The resulting mixture was heated at 90 oc for 3.0 hours, cooled to room 

temperature, treated with water, and extracted with EtOAc. After removal of organic 

solvents under reduced pressure, purification of the residue through silica gel 

chromatography with 0-20% EtOAc in hexanes as eluents afforded T46.1, a mixture of 

two compounds that showed two peaks on LCMS with identical mass (498 mg, 92%). 

MS ESI (pos.) m/e: 374.0 (M+Hf. 
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0 

OH 

and 
0 - and 

OH 

T46.1 T46.2 (mixture of two compounds) 

[0595] (4-(5-Chloro-2-methoxypyridin-4-yl)-3-((R)-2,2-dimethylcyclopentyl) 

phenyl)methanol and ( 4-(3-chloro-6-methoxypyridin-2-yl)-3-( (R)-2,2-

dimethylcyclopentyl)phenyl)methanol (T46.2). To a flask containing T46.1 (195 mg, 

1.37 mmol) was added 4 mL anhydrous THF. The reaction vessel was cooled to -78 °C 

and diisobutylaluminum hydride (244 !lL, 1369 !lmol, 1.0 Min toluene, commercially 

available from Sigma-Aldrich, St. Louis, MO, USA) was added slowly. The resulting 

solution was allowed to warm to room temperature with an ice bath and left overnight. 

To the mixture was added MeOH (2.0 mL). After removal of organic solvents, the 

resulting mixture was treated with 1.0 N HCl (1.0 mL) and water (3.0 mL), and then was 

extracted with EtOAc. After removal of organic solvents under reduced pressure, 

purification of the residue through silica gel chromatography with 0-50% EtOAc in 

hexanes as eluents afforded T46.2 (77 mg, 65% ), a mixture of two compounds that 

showed two peaks on LCMS but were of identical mass. MS ESI (pos.) m/e: 346.2 

(M+Ht. 
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OH 
Cl 

and 
and 

OH 
Cl 

T46.2 T46 

[0596] 5-Chlo ro-4-( 4-( chlo rom ethyl)-2-( (R )-2,2-dimethy Icyclopen ty I) 

phenyl)-2-methoxypyridine AND 3-chlo ro-2-( 4-( chloromethyl)-2-( (R)-2,2-

dimethylcyclopentyl)phenyl)-6-methoxypyridine (T46). The title mixture of 

compouuds was synthesized from T46.2 using a procedure analogous to that described for 

synthesizing T5 from T5.4. The final product T46 was isolated as a mixture of two 

compouuds that showed two peaks on HPLC which had an identical mass on LCMS. MS 

ESI (pos.) M/E: 364.1 (M+l). 

[0597] Intermediate T47 

o, 

T5.1 T47.1 
[0598] (R)-Methyl3-(2,2-dimethylcyclopentyl)-4-methoxybenzoate (T47.1). 

To a flask containing T5.1 (75.0 mg, 302 J.lmol) and Cs2C03 (226 mg, 695 J.lmol) in DMF 

(1 mL) was added Mel (37.8 f.lL, 604 J.lmol) (commercially available from Sigma­

Aldrich, St. Louis, MO, USA), and the resulting mixture was stirred overnight. The 

reaction was diluted with water and extracted with EtOAc. The combined organic layers 
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were washed with brine, dried over Na2S04, filtered, concentrated, and then purified by 

CombiFlash® chromatography (0 to 20% EtOAc/ hexanes) to provide T47.1 (73.9 mg, 

93.3% yield). MS ESI (pos.) m/e: 263.0 (M+Hf. 

OH 

T47.1 T47 

[0599] (R)-Methyl 3-(2,2-dimethylcyclopenty 1)-4-methoxybenzoate (T 4 7). 

To T47.1 (62.1 mg, 237 llmol) in THF (2 mL) at 0°C was added a 1.0 M THF solution of 

lithium aluminum hydride (355 11L, 355 llmol). The resulting mixture was stirred for one 

hour and was then carefully diluted with water, extracted with EtOAc, washed with brine, 

dried over sodium sulfate, filtered, and concentrated to provide T47 (57.6 mg, 104% 

yield). MS ESI (pos.) m/e: 217.1 (M-OHf. 

[0600] 

[0601] 

Intermediate T48 

OH 

T48 

((R)-(3-(2,2-Dimethylcyclopentyl)-4-propoxyphenyl)methanol (T48). 

T48 was synthesized analogously to T47 from T5.1 and 1-bromopropane (commercially 

available from Sigma-Aldrich, St. Louis, MO, USA). MS ESI (pos.) m/e: 245.2 (M­

OHf. 

[0602] Intermediate T49 

OH 

T49 
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[0603] (R)-(3-(2,2-Dimethylcyclopentyl)-4-isobutoxyphenyl)methanol (T49). 

T49 was synthesized analogously to T47 from T5.1 and 1-bromo-2-methylpropane 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA). MS ESI (pos.) m/e: 

259.1 (M-OHt. 

[0604] 

[0605] 

Intermediate T50 

T50 

(R)-(3-(2,2-Dimethylcyclopenty 1)-4-(2-

OH 

methoxyethoxy)phenyl)methanol (T50). T50 was synthesized analogously to T47 from 

T5.1 and 1-bromo-2-methoxyethane (commercially available from Sigma-Aldrich, St. 

Louis, MO, USA). MS ESI (pos.) m/e: 261.1 (M-OHt. 

Synthesis of Example Compounds 

[0606] 

T2 

[0607] 

Example 1 

H 0 

HO..._~ _!f-{OEt llJ_) ' 

H1A 

--
1.1 

Compound 1.1. A mixture of compound T2 (0.038g, 0.11 mmol), 

compound H1A (0.023 g, 0.10 mmol) and Cs2C03 (0.065 g, 0.20 mmol) in DMF (1 mL) 

were stirred at 50°C for 3 hours. The reaction mixture was loaded directly onto a silica 

gel cartridge and purified using column chromatography (1 :7 EtOAc:hexanes) to obtain 

product 1.1. 
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H 

0 '05COOEt 
I~ 

.--::; 

MeO --
1.1 1 

PCT/US2009/060549 

H 

0 '05COOH 
I~ 

.--::; 

[0608] Example 1. A mixture of1.1, LiOH (2.0 M, 1 mL), MeOH (1 mL) and 

THF (2 mL) was stirred at 50°C for 15 hours. The mixture was concentrated by 

removing EtOH and water (2 mL) was added. The mixture was then acidified with 1 N 

HCl to a pH of3-5. The product was purified by HPLC (reverse phase, Cl8, 0.1% TFA 

in water/0.1% TFA in ACN, 10-95%) to give Example 1 (24 mg, 47% yield over two 

steps). MS ESI (pos.) M/E: 535 (M+Na). 1HNMR (CDC13-d3) 8 ppm 7.32- 7.40 (2 H, 

m), 7.14 (1 H, d, J=8.2 Hz), 6.97 (1 H, t, J=9.4 Hz), 6.77- 6.87 (3 H, m), 6.36 (1 H, d, 

J=2.7 Hz), 5.53 (1 H, t, J=2.7 Hz), 5.06 (2 H, s), 3.76 (3 H, s), 2.99 (2 H, dt, J=l5.1, 2.0 

Hz), 2.22-2.44 (4 H, m), 2.01 - 2.07 (2 H, m), 1.65- 1.71 (3 H, m), 1.50 (1 H, dd, J=8.6, 

4.7 Hz), 0.86 (6 H, s) 

[0609] Example 2 

W
Ho 

HO OEt 

.4-

T2 H1B 2.1 

[0610] Compound 2.1. The title compound was synthesized from compound 

T2 and compound H1B using a procedure analogous to that described for synthesizing 

1.1. 

2.1 2 

[0611] Example 2. The title compound was synthesized from 2.1 using a 

procedure analogous to that described for synthesizing 1 from 1.1. MS ESI (pos.) M/E: 

535 (M+Na). 
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[0612] Example 3 

--
T2 H1C 3.1 

[0613] Compound 3.1. The title compound was synthesized from compound 

T2 and compound H1C using a procedure analogous to that described for synthesizing 

1.1. 

COOEt COOH 
MeO 0~H I~ 

8 

MeO 0~H I~ 
8 

3.1 3 

[0614] Example 3. The title compound was synthesized from 3.1 using a 

procedure analogous to that described for synthesizing 1 from 1.1. MS ESI (pos.) M/E: 

535 (M+Na). 

[0615] Example 4 

T2 H1D 4.1 

[0616] Compound 4.1. The title compound was synthesized from compound 

T2 and compound H1D using a procedure analogous to that described for synthesizing 

1.1. 
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MeO MeO -
4.1 4 

[0617] Example 4. The title compound was synthesized from 4.1 using a 

procedure analogous to that described for synthesizing 1 from 1.1. MS ESI (pos.) M/E: 

535 (M+Na). 

[0618] Example 5 

Meo~:l c1 + 
lA 

F 

H 0 

HO..__~_y--{OEt 
UJ' -

T1 H1A 5.1 

[0619] Compound 5.1. The title compound was synthesized from compound 

T1 and compound H1A using a procedure analogous to that described for synthesizing 

1.1. 

-
5.1 5 

[0620] Example 5. The title compound was synthesized from 5.1 using a 

procedure analogous to that described for synthesizing 1 from 1.1. MS ESI (pos.) M/E: 

497 (M+Na). 

[0621] Example 6 

Meo~:l c1 + 
lA 

F 
W

Ho 

HO OEt 

A 

T1 H1B 6.1 

[0622] Compound 6.1. The title compound was synthesized from compound 

T1 and compound H1B using a procedure analogous to that described for synthesizing 

1.1. 
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6.1 6 

[0623] Example 6. The title compound was synthesized from 6.1 using a 

procedure analogous to that described for synthesizing 1 from 1.1. MS ESI (pos.) M/E: 

497 (M+Na). 

[0624] Example 7 

MeO~c,+ 
~ F 

T1 H1C 7.1 

[0625] Compound 7.1. The title compound was synthesized from compound 

Tl and compound HlC using a procedure analogous to that described for synthesizing 

1.1. 

-
7.1 7 

[0626] Example 7. The title compound was synthesized from 7.1 using a 

procedure analogous to that described for synthesizing 1 from 1.1. MS ESI (pos.) M/E: 

497 (M+Na). 

[0627] Example 8 

Meo~c,+ 
~ F 

Tl HlD 8.1 

[0628] Compound 8.1. The title compound was synthesized from compound 

Tl and compound HlD using a procedure analogous to that described for synthesizing 

1.1. 
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-
8.1 8 

[0629] Example 8. The title compound was synthesized from 8.1 using a 

procedure analogous to that described for synthesizing 1 from 1.1. MS ESI (pos.) M/E: 

497 (M+Na). 

[0630] Example 9 

~CI 
/0 H 0 

~CI+HO~~t-

/0 

"o 

or 

yj[OH 

T14 H1A 9 

[0631] Example 9. To a stirred solution ofT14 (10.0 mg, 28.8 J.Lmol) and H1A 

(6.57 mg, 28.3 J.Lmol) in DMSO (1 mL) was added Cs2C03 (12.0 mg, 36.7 J.Lmol). The 

resulting mixture was stirred at 23°C for 16 hours and then 2N LiOH (0.5mL) and MeOH 

(1 mL) were added, and the mixture was stirred for 15 hours at 50°C. The mixture was 

acidified with 2N HCl (0.6 mL), diluted with ACN, and purified by HPLC (reverse phase, 

CIS, 0.1% TFA in water/0.1% TFA inACN, 10-95%) to give 9 (10.5 mg, 72% yield) as 

white solid. MS ESI (pos.) M/E: 537 (M+Na). 
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[0632] Example 10 

'o 

or 

'o 

T14 H1B 10 

[0633] Example 10. The title compound was synthesized from T14 and H1B 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

537 (M+Na). 

[0634] Example 11 

'o 

H 0 

+ HO,~~OEt -or 
or 

VJ' 
~CI 
/0 

T3 

[0635] 

H1A 11 

Example 11. The title compound was synthesized from T3 and H1A 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

537 (M+Na). 
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[0636] Example 12 

Cl 

'o 

or 

utOH 
T4 H1A 12 

[0637] Example 12. The title compound was synthesized from T4 and H1A 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

541 (M+Na). 

[0638] Example 13 

+ MeO~~o 0 0"'""'-

1""' 
A' 

H1A 13.1 T4.6 

[0639] Compound 13.1. To a stirred solution of H1A (81 mg, 349 llmol) in 

THF (1.20 mL, 14645 llmol) at 23°C was added T4.6 (122 mg, 384 llmol) and 

triphenylphosphine (137 mg, 523 llmol), followed by dropwise addition of DEAD (0.083 

mL, 523 llmol) over 3 hours. The product was loaded onto a column and purified (1 0% 

EtOAc in hexanes) to give 13.1 (186 mg, 100% yield). MS ESI (pos.) M/E: 555 

(M+Na). 

Me0~£0 
0 0~ 
I~ 

h 

Me0~£0 

------· 0 0~ I~ 
h 

13.1 13.2 

[0640] Compound 13.2. To a stirred solution of 13.1 (186 mg, 0.349mmol) in 

DCM (5.00 mL, 78 mmol) at 23°C was added DMF (2.69 11L, 0.0349 mmol) followed by 
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thionyl chloride (50.9 IlL, 0.698 mmol). The resulting mixture was stirred for 1.5 hours 

at 23°C. The reaction was then concentrated in vacuo and the residue was purified on 

silica gel (0-20% EtOAc/hexane) to give 13.2 (109 mg, 57% yield). MS ESI (pos.) M/E: 

573 (M+Na). 

13.2 13.3 

[0641] Compound 13.3. To a stirred solution of 13.3 (1 09 mg, 197.5 !lmol) in 

toluene (3 mL) at 23°C was added 2,2'-azobis(2-methylpropanenitrile) (3.24 mg, 19.75 

!lmol) followed by tri-n-butyltin hydride (157.0 IlL, 592.4 1-lmol). The resulting mixture 

was stirred at 1 oooc for 1.5 hours and then was cooled to room temperature and purified 

on HPLC (reverse phase, Cl8, 0.1% TFA in water/0.1% TFA in ACN, 10-95%) to give 

13.3. MS ESI (pos.) M/E: 539 (M+Na). 

MeO 

13.3 13 

[0642] Example 13. To a stirred solution of 13.3 in MeOH (2 mL) at 23°C was 

added THF (4 mL) and 2N LiOH (2 mL). The resulting mixture was stirred at 50°C for 3 

hours and then was acidified with 2N HCl (3 mL). The resulting mixture was extracted 

with water and EtOAc. The solvent was removed and the residue was purified on HPLC 

(reverse phase, Cl8, 0.1% TFA in water/0.1% TFA in ACN, 10-95%) to give 13 (42.4 

mg, 44% yield over two steps). MS ESI (pos.) M/E: 511 (M+Na). 
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[0643] 

T7 

[0644] 

Example 14 

H 0 

HO,~~OEt --
VJ' 

H1A 

'o 

'o 

PCT/US2009/060549 

F ~O OH 

0 ~ 

1-0 
or 

F ~O OH 

0 ~ 

I~ 

14 

Example 14. The title compound was synthesized from H1A and T7 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

555 (M+Na). 

[0645] 

F 

or 

F 

T12 

[0646] 

Example 15 

+ 

0 

HO~ ~ 00Et 
U) 

H1A 

or 

15 

Example 15. To a stirred solution ofH1A (0.0234 g, 0.1 mmol) in DMF 

(2.00 mL) at 23°C was added T12 (0.036 g, 0.1 mmol) followed by Cs2C03 (0.066 g, 0.2 

mmol). The resulting mixture was stirred for 20 hours. Water was then added to the 

reaction, and the resulting mixture was extracted with EtOAc. The combined organic 

layers were dried over magnesium sulfate, filtered, and concentrated in vacuo. The 

residue was purified on silica gel (0%-20% EtOAc/hexane) to give the ester (0.045 g, 
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80.0% yield). To a stirred solution of the ester (0.045 g, 0.081 mmol) in THF (2.00 mL) 

and EtOH (2.00 mL) at 23°C was added LiOH (1.0 mL, l.OM). The mixture was stirred 

at 23°C for 16 hours. The reaction mixture was then concentrated in vacuo. IN HCl was 

then added, and the resulting mixture was extracted with EtOAc. The combined organic 

layers were dried over magnesium sulfate, filtered and concentrated in vacuo. The 

residue was purified on silica gel (0%-30% EtOAc/hexane) to give 15 (0.0375 g, 88% 

yield). MS ESI (neg.) m/e: 527.2 (M-Hf. 

[0647] Example 16 

'o 

or 

'o 

T10 H1A 16 

[0648] Example 16. The alkylation and hydrolysis were conducted in an 

analogous manner to Example 15 using T10 and H1A to yield 16 (38.1 mg). 1H NMR 

(500 MHz, CDCb) 8 ppm 7.19 (1 H, d, J=l.O Hz), 7.17 (3 H, m), 6.90 (1 H, dt, J=9.0, 3.5 

Hz), 6.83 (1 H, dd, J=8.2, 2.3 Hz), 6.78 (1 H, dd, J=5.6, 3.2 Hz), 6.34 (1 H, d, J=2.2 Hz), 

5.06 (2 H, s), 3.80 (3 H, s), 3.06 (2 H, m), 2.73 (1 H, ddd, J=IO.l, 8.3, 1.7 Hz), 2.46 (1 H, 

m), 2.35 (1 H, m), 2.18 (1 H, m), 2.03 (1 H, dd, J=8.3, 6.1 Hz), 1.99 (1 H, m ), 1.85 (1 H, 

m), 1.74 (2 H, m), 1.57 (2 H, m), 1.42 (1 H, m), 0.75 (3 H, s), 0.64 (3 H, s). MS ESI 

(neg.) m/e: 531.1 (M-Hf. 
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[0649] Example 17 

F 

or 

T7 H1A 17 

[0650] Example 17. The alkylation and hydrolysis were conducted in an 

analogous manner to Example 15 using T7 and H1A to yield 17 (34.3 mg). MS ESI 

(pos.) m/e: 534.2 (M+Ht. MS ESI (neg.) m/e: 532.1 (M-Ht. 

[0651] Example 18 

'o 

or 

'o 

Tll H1A 18 

[0652] Example 18. The alkylation and hydrolysis were conducted in an 

analogous manner to Example 15 using Tll and H1A to yield 18 ( 46.4 mg). 1 H NMR 

(500 MHz, CDCb) 8 ppm 7.19 (1 H, s), 7.17 (3 H, m), 6.90 (1 H, dt, J=9.0, 3.5 Hz), 6.84 

(1 H, dd, J=8.1, 2.4 Hz), 6.78 (1 H, dd, J=5.6, 3.2 Hz), 6.34 (1 H, d, J=2.4 Hz), 5.06 (2 H, 

s), 3.84 (3 H, m), 3.06 (2 H, m), 2.74 (1 H, ddd, J=lO.l, 8.2, 1.7 Hz), 2.47 (1 H, m), 2.35 

(1 H, m), 2.20 (1 H, m), 2.07 (2 H, m), 1.88 (1 H, m), 1.75 (2 H, m), 1.59 (2 H, m), 1.44 

(1 H, m), 0.79 (3 H, m), 0.65 (3 H, s). MS ESI (neg.) m/e: 531.1 (M-Ht. 
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Example 19 

0 
I 

H1A 19.1 

Compound 19.1. To a flask containing T5 (39 mg, 112 !lmol) was 

added H1A (29 mg, 123 !lmol), Cs2C03 (55 mg, 168 !lmol), and then DMF (1.5 mL). 

The reaction mixture was stirred at 40°C for about 6 hours and was then partitioned 

between water and EtOAc. Silica gel chromatography afforded 60 mg of 19.1 (98%). 

MS ESI (pos.) m/e: 544.3 (M+Ht. 

0 0 
I - I 

19.1 19 

[0655] (1R,2R)-6'-(3-((R)-2,2-Dimethylcyclopentyl)-4-(5-fluoro-2-

methoxypyridin-4-yl) benzyloxy )-2' ,3 '-dihydrospiro [ cyclopropane-1 ,1 '-indene ]-2-

carboxylic acid (19). To a flask containing 19.1 (60 mg, 0.11 mmol) was added 0.5 mL 

THF, 0.5 mL MeOH and 1 mL IN LiOH. The reaction was heated at 40°C overnight and 

partitioned between water and EtOAc. Silica gel chromatography afforded 45 mg of 19 

(79%) as a white solid. MS ESI (pos.) m/e: 516.3 (M+Ht. 1H NMR (400 MHz, CDCh) 

o ppm 7.97- 8.13 (m, 1 H) 7.39- 7.49 (m, 1 H) 7.31 - 7.38 (m, 1 H) 7.10- 7.21 (m, 2 H) 

6.84 (dd, J=8.22, 2.35 Hz, 1 H) 6.53- 6.71 (m, 1 H) 6.34 (d, J=I.96 Hz, 1 H) 5.07 (s, 2 

H) 3.97 (s, 3 H) 2.63- 3.03 (m, 3 H) 2.35-2.44 (m, 1 H) 2.25- 2.34 (m, 1 H) 1.96-2.21 

(m, 3 H) 1.62- 1.87 (m, 3 H) 1.46- 1.58 (m, 2 H) 1.33- 1.44 (m, 1 H) 0.66-0.74 (m, 3 

H) 0.55 - 0.65 (m, 3 H). 
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[0656] Example 20 

OH OH 

OMe 

T4.5 20.1 

[ 0657] 4-(2 '-Fluoro-4-hydroxymethyl-5' -methoxy-biphenyl-2-yl)-hepta-1 ,6-

dien-4-ol (20.1) To a solution ofT4.5 (712 mg, 2453 J.lmol) in benzene, was added 

allylmagnesium bromide (24528 f.lL, 24528 J.lmol) in ether (10 mL). The mixture was 

stirred at room temperature for 1 hour and then quenched with saturated NH4Cl. EtOAc 

was added, and the organic layer was washed with water and brine, dried, and 

concentrated to give a residue which was purified by flash column to give the title 

compound as an oil (670 mg, 80%). 

OH 

20.1 20.2 
[0658] 4-[4-(tert-Butyl-dimethyl-silanyloxymethyl)-2'-fluoro-5'-methoxy-

biphenyl-2-yl]-hepta-1,6-dien-4-ol (20.2). Compound 20.2 was synthesized by a 

method analogous to the method used to prepare compound 21.6 from 21.5. MS ESI 

m/e: 457.3 (M+lf. 

20.2 20.3 
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[0659] 1-[4-(tert-Butyl-dimethyl-silanyloxymethyl)-2 '-fluoro-5'-methoxy-

biphenyl-2-yl]-cyclopent-3-enol (20.3). Under nitrogen atmosphere, to a solution of 

20.2 (259 mg, 567 J.lmol) in 20 mL ofDCM, was added Grubbs reagent (53 mg, 85 J.lmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) in 20 mL ofDCM by 

syringe. The mixture was stirred at room temperature for 2 hours and then the solvent 

was removed in vacuo to give a residue which was purified by CombiFlash® 

chromatography to give an oil (11 0 mg, 45%). MS ESI m/e: 429.3 (M+Hf. 

20.3 20.4 
[ 0660] 1-[4-(tert-Butyl-dimethyl-silanyloxymethyl)-2 '-fluoro-5'-methoxy-

biphenyl-2-yl]-cyclopentanol (20.4). To a solution of20.3 (100 mg, 212 J.lmol) in 2 mL 

ofEtOAc, was added 10% Pt02/C (50mg). The resulting mixture was stirred under a 

hydrogen atmosphere for 0.5 hours and then filtered. The filtrate was concentrated to 

give an oil which was used in the next step. 

20.4 20.5 
[0661] tert-Butyl-[2'-fluoro-5'-methoxy-2-(1-methoxy-cyclopentyl)-biphenyl-

4-ylmethoxy]-dimethyl-silane (20.5). To a solution of20.4 (54 mg, 125 J.lmol) in DMF 

(3 mL), was added sodium hydride, 60% in oil (15 mg, 376 J.lmol). The mixture was 

stirred at room temperature for 10 minutes and then methyl iodide (36 mg, 251 J.lmol) was 

added in one portion. The resulting mixture was stirred at room temperature for 30 

minutes. The reaction was then quenched with water and extracted with EtOAc. The 

organic phase was washed with water and brine and then dried over anhydrous sodium 

- 286-



wo 2010/045258 PCT/US2009/060549 

sulfate. After filtration, the organic solvent was removed in vacuo to give a residue which 

was purified by CombiFlash® chromatography to give the product as an oil (50 mg, 

89%). MS ESI m/e: 445.3 (M+Hf. 

OH 

20.5 20.6 
[0662] [2 '-Fluoro-5'-methoxy-2-(1-methoxy-cyclopentyl)-biphenyl-4-yl]-

methanol (20.6). To a solution of20.5 (66 mg, 168 J.lmol) in MeOH (3 mL), was added 

PPTS (II mg, 45 J.lmol). The resulting mixture was stirred overnight. Solvent was 

removed in vacuo to give a residue which was purified by CombiFlash® chromatography 

to give an oil (30 mg, 6I %). MS ESI m/e: 331.2 (M+Hf. 

F 

OMe 

20.6 
[0663] 

OH 
Cl 

20.7 
4-Chloromethyl-2-cyclopent-1-enyl-2 '-fluoro-5' -methoxy-biphenyl 

(20. 7) Compound 20.6 was synthesized by a method analogous to the method used to 

prepare compound 21.9 from 21.8. MS ESI m/e: 3I7.I (M+ I f. 

H Cl clH COOEt 

HO "-':::: -----

1# 

0 
I ov51:, 

20.7 
[0664] 

H1A 20.8 
Compound 20.8. Compound 20.8 was synthesized from 20.7 and H1A 

by a method analogous to the method used to prepare compound 1.1. MS ESI m/e: 

513.2 (M+Ht, 
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0 
I 

[0665] Example 20. Compound 20 was synthesized from 20.8 by a method 

analogous to the method used for Example 1. MS ESI m/e: 502.1 (M+18f. 1HNMR 

(400 MHz, CDCb) 7.42 (s, 1H,), 7.33 (m, 2H), 7.14 (d, J =8Hz, 1H), 6.99 (m, 1H), 6.81 

(m, 3H), 6.37 (s, lH), 5.52 (m, 1H), 5.04 (s, 2H) 3.78 (s, 3H), 2.99 (m, 2H), 2.34 (m, 

6H), 2.04 (m, lH), 2.57 (m, 2H), 1.68 (m, lH), 1.49 (m, lH). 

[0666] Example 21 

HO=?-<~ O 
- OMe 

H 
0 

F. 0 0 

F+--~-0=?-<~ II - OM F 0 e 
H 

0 

21.1 21.2 

[0667] Methyl3-formyl-4-(trifluoromethylsulfonyloxy)benzoate (21.2). TEA 

(12.2 mL, 87.7 mmol) and N,N-dimethylpyridin-4-amine (0.536 g, 4.39 mmol) were 

added to a solution ofmethyl3-formyl-4-hydroxybenzoate (7.90 g, 43.9 mmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) in 20 mL ofDCM. 

The mixture was stirred at room temperature for 20 minutes and then N­

phenyltrifluoromethanesulfonimide (18.8 g, 52.6 mmol) was added in one portion and the 

mixture was stirred at room temperature for another 32 minutes. The solvent was 

removed in vacuo to give a residue which was purified by CombiFlash® chromatography 

to give the product as an oil (1 O.Og, 73%). MS ESI m/e: 313.2 (M+Hf. 

F. 0 0 

F+--~-0=?-<~ II - OM F 0 e 
H 

0 

F 

21 .2 21.3 

[0668] 2'-Fluoro-2-formyl-5'-methoxy-biphenyl-4-carboxylic acid methyl 

ester (21.3). To a round bottle flask, was added methy13-formyl-4-
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(trifluoromethylsulfonyloxy)benzoate (6300 mg, 20 mmol), 2-fluoro-5-

methoxyphenylboronic acid (1 0 g, 61 mmol), potassium phosphate tribasic (6.6 mL, 81 

mmol) (granular) and tetrakis(triphenylphosphine)palladium (2.3 g, 2.0 mmol). The flask 

was flushed with nitrogen and then 40 mL of DME was added. The resulting mixture was 

then heated at 90°C for 6 hours. The reaction mixture was diluted with EtOAc and water. 

The organic phase was washed with water and brine and then dried over anhydrous 

sodium sulfate. After filtration, the organic solvent was removed in vacuo to give a 

residue which was purified by CombiFlash® chromatography to give a yellow solid (5.80 

g, 100%). MS ESI m/e: 289.2 (M+Ht. 

F 
F 

21.3 21 .4 

[0669] 2'-Fluoro-2-(1-hydroxy-2,2-dimethyl-but-3-enyl)-5'-methoxy-

biphenyl-4-carboxylic acid methyl ester (21.4). To a mixed solution of sodium iodide 

(2080 mg, 13876 1-1mol), indium (2000 mg, 6938 1-1mol, commercially available from 

Sigma-Aldrich, St. Louis, MO, USA) and 1-bromo-3-methylbut-2-ene (1616 J.!L, 13876 

1-1mol, commercially available from Sigma-Aldrich, St. Louis, MO, USA) in DMF (30 

mL), was added 21.3 (1593 mg, 13876 1-1mol). The mixture was stirred at room 

temperature for 1 hour and then diluted with EtOAc and water. The organic phase was 

washed with water and brine and then dried over anhydrous sodium sulfate. After 

filtration, the organic solvent was removed in vacuo to give a residue which was purified 

by CombiFlash® chromatography to give the product as an oil (2.30g, 92%). MS ESI 

m/e: 376.1 (M+l8t. 

OH 

COO Me 

21.4 21.5 
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[0670] 1-(2 '-Fluo ro-4-hydroxymethy 1-5'-methoxy-bipheny 1-2-yl)-2,2-

dimethyl-but-3-en-1-ol (21.5). To a solution of21.4 (530 mg, 1479 11mol) in THF (20 

mL), was added LAH(168 mg, 4436 11mol ). The resulting mixture was stirred at room 

temperature for 1 hour. The solvent was then removed, and the residue was diluted with 

EtOAc. The organic layer was washed with IN NaOH, water, and brine. The organic 

layer was then dried over sodium sulfate, filtered, and the organic solvent was removed in 

vacuo to give an oil ( 44 2 mg, 90%) which was used without further purification. MS ESI 

m/e: 331.2 (M+Hf. 

OH 

21.5 21.6 

[0671] 1-[4-(tert-Butyl-dimethyl-silanyloxymethyl)-2 '-fluoro-5'-methoxy-

biphenyl-2-yl]-2,2-dimethyl-but-3-en-1-ol (21.6). To a solution of21.5 (442 mg, 1338 

11mol) and imidazole (221 11L, 3344 11mol) in DMF (5 mL), was added tert­

butylchlorodimethylsilane (222 mg, 1472 11mol). The mixture was stirred overnight and 

diluted with EtOAc. The organic layer was washed with water and brine, dried over 

sodium sulfate, and filtered. The organic solvent was removed in vacuo to give a residue 

which was purified by CombiFlash® chromatography to give the product as an oil (520 

mg, 87%). MS ESI m/e: 445.3 (M+1f. 

-
21.6 21.7 

[0672] tert-Bu ty 1- [9-(1 ,1-dimethy 1-ally 1)-5-fluo ro-8-methoxy-9 H-fluoren-2-

ylmethoxy]-dimethyl-silane (21. 7). Allyltrimethylsilane (723 11L, 4552 11mol, 
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commercially available from Sigma-Aldrich, St. Louis, MO, USA) was added to a 

mixture of21.6 (506 mg, 1138 J.Lmol) and indium (iii) chloride (62.9 mg, 284J.Lmol, 

commercially available from Sigma-Aldrich, St. Louis, MO, USA) in dichloroethane (7 

mL) under a nitrogen atmosphere. The mixture was then refluxed for 3 hours. The 

organic solvent was removed in vacuo to give a residue which was purified by 

CombiFlash® chromatography to give the product as an oil (I 00 mg, 20% ). 

OH 

21.7 21.8 
[0673] [9-(1 ,1-Dimethyl-allyl)-5-fluoro-8-methoxy-9 H-fluo ren-2-y I]-

methanol (21.8). To a solution of 21.7 (1 00 mg, 234 J.Lmol) in MeOH, was added PPTS 

(12 mg, 47 J.Lmol). The resulting mixture was stirred overnight. Solvent was then 

removed in vacuo to give a residue which was purified by CombiFlash® chromatography 

to give the product as an oil (70 mg, 96% ). MS ESI m/e: 330.2 (M+ I8t. 

OH Cl 

21.9 
[0674] 7 -Chloromethyl-9-(1 ,1-dimethyl-allyl)-4-fluoro-1-methoxy-9H-

fluorene (21.9). To a solution of 21.8 ( 40 mg, 128 J.Lmol) in DCM (0.8 mL), was added 

thionyl chloride (30 mg, 256 J.Lmol). The resulting mixture was stirred at room 

temperature for I hour. Solvent was removed in vacuo to give a residue which was used 

without purification (40 mg, 94%). 
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EtOOC 

+ -
H~ 
0~ 

Cl 

213 H1A 
[0675] Compound 21.10. To a solution of21.9 (100 mg, 234 jlmol) and HlA 

in DMF (0.5 mL), was added Cs2C03 (117 mg, 361 jlmol). The mixture was stirred 

overnight and diluted with EtOAc. The organic layer was then washed with water and 

brine, dried over sodium sulfate, and filtered. The organic solvent was removed in vacuo 

to give a residue which was purified by CombiFlash® chromatography to give the 

product as an oil (40mg, 63%). MS ESI m/e: 527.3 (M+ It. 

0 
I 

and 

21.10 
[0676] Example 21. To a solution of21.10 (40 mg, 76jlmol) in a 1 mL of 

mixed solvent (THF/CH30H/H20 = 2/211), was added LiOH (9 mg, 380 jlmol). The 

resulting mixture was stirred at 50°C for 3 hours. The organic solvent was then removed 

in vacuo to give a residue which was purified by HPLC to give 21. MS ESI m/e: 516.3 

(M+I8t. 1HNMR(400MHz,CDCh)7.95(dd,J=8Hz,J=4Hz, IH), 7.34(m, IH), 

7.25 (s, IH), 7.14 (d, J= 8Hz, 1H), 7.01 (m, 1H) 6.83 (m, 2H), 6.37 (d, J= 4Hz, 1H), 

5.75 (m, 1H), 5.08 (d,J=16Hz ,1H) 5.03 (s, 2H), 4.95 (d,J= 8Hz ,1H), 3.81 (s, 3H), 

3.01 (m, 3H), 2.35 (m, 2H), 2.04 (m, 1H), 1.70 (m, 1H), 1.51 (m, 1H), 1.40 (s, 3H), 1.12 

(s, 3H). 
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[0677] Example 22 

OH 

20.6 22.1 
[0678] Methanesulfonic acid 2'-fluoro-5'-methoxy-2-(1-methoxy-

cyclopentyl)-biphenyl-4-ylmethyl ester (22.1). To a solution of20.6 ( 30 mg, 91 11mol) 

in I mL of DCM at 0°C, was added TEA (II mg, I 09 11mol) followed by 

methanesulfonyl chloride (12 mg, I 09 11mol). The mixture was stirred at room 

temperature for 30 minutes. The reaction was then quenched with water and extracted 

with EtOAc. The organic layers were combined, washed with water and brine and then 

dried over anhydrous sodium sulfate. After filtration, the organic solvent was removed in 

vacuo to give the product as a residue which was used without further purification. MS 

ESI m/e: 409.1 (M+Ht. 

22.1 

[0679] 

0~ .-;.0 
s--

d v5H COOEt HO ~ ________ _. 
I~ 

H1A 

H 
0 
I 0~:. 

22.2 

Compound 22.2 Compound 22.2 was synthesized form 22.1 and H1A 

by a method analogous to the method used for compound 1.1. MS ESI m/e: 545.3 

(M+Ht. 

~ ---------.~ ~0'('' ~: 
I l)J o 

22 
[0680] Example 22. Example 22 was synthesized from 22.2 by a method 

analogous to the method used for compound 1. 1H NMR (400 MHz, CDC13) 7.53 (s, 

lH,), 7.37 (m, IH), 7.17 (m, 2H), 6.99 (t, J =12Hz, IH), 6.85 (m, 2H), 6.75 (m IH), 6.35 
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(s, IH) 5.06 (s, 2H), 3.77 (s, 3H) 2.99 (m, 2H), 2.94 (s, 3H), 2.32 (m, 2H), 2.05 (m, 2H), 

1.82 (m, IH), 1.69 (m, 7H), 1.49 (m, IH). 

or 

0 
I 

[0681] Example 23. Example 23 was separated from compound 21 (a mixture 

of two diastereomers) by HPLC. MS ESI m/e: 516.3 (M+ I St. 

[0682] Example 24 

24 

[0683] Example 24. The title compound was prepared from T9 and H1A 

according to the methods described for Example 15. MS ESI (neg.) m/e: 491.2 (M+Ht. 

[0684] Example 25 

25 
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Example 25. The title compound was prepared from T13 and H1A according to the 

methods described in Example 15. MS ESI (neg.) m/e: 490.3 (M+H20t. 

[0685] Example 26 

Br~ 

26.1 

[0686] Methyl4-(allyloxy)benzoate (26.1). The reaction mixture of 4-

hydroxybenzoic acid, methyl ester (20.0 g, 131.0 mmol) (commercially available from 

Sigma-Aldrich, St. Louis, MO, USA), allyl bromide (17.0 g, 138.0 mmol) and potassium 

carbonate (45.0 g, 329.0 mmol) in DMSO (30.0 mL) was stirred at room temperature for 

8 hours. EtOAc (150 mL) was added, and the organic layer was washed with water (30 x 

3 mL) and then dried over MgS04. After filtration, the solvent was removed. The 

product was used in the next step without further purification, (25.0 g, yield 99%). 1H 

NMR(400 MHz, CDCb) 8 ppm 7.91 (2 H, m), 6.86 (2 H, m), 5.98 (1 H, dt, J=17.2, 5.3 

Hz), 5.35 (1 H, dd, J=17.2, 1.6 Hz), 5.24 (1 H, dd, J=10.6, 1.6 Hz), 4.52 (2 H, d, J=5.5 

Hz), 3.81 (3 H, s). 

26.1 26.2 
[0687] Methyl 4-(2-cyclopentylideneethoxy)benzoate (26.2). To a solution of 

methyl4-(allyloxy)benzoate 26.1 (3.00 g, 16.0 mmol) and methylenecyclopentane (1.9 g, 

23.0 mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA) in DCM 

(5.0 mL) was added Hoveyda-Grubbs reagent (0.39 g, 0.62 mmol), (commercially 

available from Sigma-Aldrich, St. Louis, MO, USA) at room temperature. The resulting 

reaction mixture was degassed three times and then stirred at 55°C under nitrogen 

overnight. The reaction mixture was purified by CombiFlash® silica gel column 

chromatography (hexane/EtOAc 95/5) to give 26.2, (2.60 g, yield 68 %). 1H NMR(500 
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MHz, CDCb) 8 ppm 7.82- 7.93 (2 H, m), 6.80- 6.88 (2 H, m), 5.44- 5.56 (1 H, m), 4.47 

(2 H, d, J=6.6 Hz), 3.80 (3 H, s), 2.20-2.31 (4 H, m), 1.50- 1.71 (4 H, m). 

26.2 26.3 
[0688] Methyl4-hydroxy-3-(1-vinylcyclopentyl)benzoate (26.3). The reaction 

mixture ofmethyl4-(2-cyclopenty1ideneethoxy) benzoate 26.2 (0.50g, 2.0 mmo1), N,N­

diethy1aniline (3.2 mL, 20 mmol) and N,O-bis(trimethylsilyl)acetamide (2.5 mL, 10 

mmo1) in a 20 mL seal tube was heated at 240°C for 48 hours. The reaction was then 

cooled to room temperature. Diethy1 ether (60 mL) was added, and the organic layer was 

washed with HCl (3N, 20 mL). The organic layer was separated and the solvent was 

removed. The residue was dissolved in MeOH (10 mL) and HCl (3N, 2 mL) and stirred 

at room temperature for 30 minutes. Diethy1 ether (80 mL) was added, and the organic 

layer was washed with NaHC03 (30 mL) and brine (15 mL). The organic layer was dried 

over MgS04. After filtration, the solvent was removed, and the residue was purified by 

CombiFlash® silica gel column chromatography, eluting with hexane/EtOAc, 95/5 to 

give 26.3 (0.15g, yield 30 %). 1H NMR (500 MHz, CDCb) 8 ppm 7.90 (1 H, d, J=2.2 

Hz), 7.80 (1 H, dd, J=8.3, 2.0 Hz), 6.81 (1 H, d, J=8.3 Hz), 5.99 (1 H, dd, J=17.6, 10.5 

Hz), 5.77 (1 H, s), 5.18 (1 H, dd, J=10.5, 1.0 Hz), 5.08 (1 H, d, J=17.6 Hz), 3.82 (3 H, s), 

1.89-2.03 (4 H, m), 1.56- 1.78 (4 H, m). MS ESI (neg.) m/e: 245.1 (M-Ht. 

[0689] 
26.3 
Methyl4-(trifluoromethylsulfonyloxy)-3-(1-

26.4 

vinylcyclopentyl)benzoate (26.4). To a solution ofmethyl4-hydroxy-3-(1-

vinylcyclopentyl)benzoate (0.19g, 0.77 mmol) and a catalytic amount ofDMAP in 

pyridine (1.5 mL) was slowly added trifluoromethanesulfonic anhydride (0.17 mL, 1.0 
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mmol) at 0°C. After addition, the reaction mixture was stirred at ambient temperature 

overnight. EtOAc (70 mL) was added, and the mixture was washed with citric acid (15.0 

mL, 1 Min water), brine (20.0 mL) and dried with magnesium sulfate. After filtration, 

the solvent was removed. The product 26.4 thus obtained was used in the next step 

without further purification. 1H NMR (400 MHz, CDCh) 8 ppm 8.06 (1 H, d, J=2.3 Hz), 

7.87 (1 H, dd, J=8.6, 2.0 Hz), 7.16 (1 H, s), 5.85 (1 H, dd, J=l7.2, 10.6 Hz), 4.95 (1 H, d, 

J=10.6 Hz), 4.72 (1 H, d, J=l7.2 Hz), 3.83 (3 H, s), 2.12- 2.28 (2 H, m), 1.74- 1.94 (2 H, 

m), 1.66 (4 H, m). 

F 

26.4 26.5 
[0690] Methyl 4-(5-fluoro-2-methoxypyridin-4-yl)-3-(1-

vinylcyclopentyl)benzoate (26.5). The reaction mixture ofmethyl4-

(trifluoromethylsulfonyloxy)-3-(1-vinylcyclopentyl)benzoate 26.4 (0.29 g, 0.8 mmol), 5-

fluoro-2-methoxypyridin-4-ylboronic acid (0.2 g, 1.0 mmol) (commercially available 

from Sigma-Aldrich, St. Louis, MO, USA), potassium phosphate (0.5 g, 2.0 mmol), S­

phos (0.06 g, 0.2 mmol) and palladium acetate (0.02 g, 0.08 mmol) in DMF (1.5 mL) was 

purged with nitrogen three times. The resulting mixture was heated at 90°C for 2 hours. 

After work up, the product was purified by CombiFlash® silica gel column 

chromatography, eluting with hexane/EtOAc 9/1, to give the compound 26.5. 1H NMR 

(500 MHz, CDCb) 8 ppm 8.20 (1 H, d, J=I.7 Hz), 8.00 (1 H, s), 7.91 (1 H, dd, J=7.8, 1.7 

Hz), 7.10 (1 H, d, J=8.1 Hz), 6.63 (1 H, d, J=4.9 Hz), 5.87 (1 H, dd, J=17.4, 10.5 Hz), 

4.97 (1 H, d, J=10.5 Hz), 4.69 (1 H, d, J=17.4 Hz), 3.98 (3 H, s), 3.85 (3 H, s), 2.00- 2.20 

(1 H, m), 1.80- 1.96 (1 H, m), 1.51 - 1.75 (6 H, m). MS ESI (pos.) m/e: 355.9 (M+Ht. 
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F F 

26.5 26.6 
[0691] ( 4-(5-Fluoro-2-methoxypyridin-4-yl)-3-(1-

vinylcyclopentyl)phenyl)methanol (26.6). To a solution ofmethyl4-(5-fluoro-2-

methoxypyridin-4-yl)-3-(1-vinylcyclopentyl)benzoate 26.5 (51.0 mg, 143 11mol) in THF 

(2.0 mL) was slowly added LAH, (1.0 M solution in diethyl ether (0.30 mL, 287 11mol)) 

at room temperature. The resulting mixture was stirred at 50°C for 1 hour. The product 

was obtained after work up and solvent removal. The desired product was used in the 

next step without further purification. MS ESI (pos.) m/e: 328.2 (M+Ht. 

F F 

26.6 26.7 
[0692] 4-(4-(Chloromethyl)-2-(1-vinylcyclopentyl)phenyl)-5-fluoro-2-

methoxypyridine (26. 7). To a solution of ( 4-(5-fluoro-2-methoxypyridin-4-yl)-3-(1-

vinylcyclopentyl)phenyl)methanol (47.0 mg, 144 11mol) in DMF (0.01 mL) and DCM 

(4.0 mL) was slowly added thionyl chloride (14.7 11L, 201 11mol) at 0°C. After addition, 

the resulting mixture was stirred at room temperature for I hour. The solvent was 

removed, and the product thus obtained was used in the next step without further 

purification. 1H NMR (400 MHz, CDCb) 8 ppm 8.01- 8.11 (1 H, m), 7.98 (1 H, m), 7.47 

(1 H, s), 6.94 (1 H, d, J=7.8 Hz), 6.69- 6.82 (1 H, m), 5.80 (1 H, dd, J=l7.2, 10.6 Hz), 

4.89 (1 H, d, J=I0.2 Hz), 4.52- 4.69 (3 H, m), 3.89 (3 H, s), 1.68- 1.84 (4 H, m), 1.49-

1.67 (4 H, m). 
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N~~> r ~ " ""- ...,_ ~:_/ ~ oJ 
-o UJ) 'a o~ ~ ~o 

~ ~ UJ) 
26.7 H1A 26.8 

[0693] Compound 26.8. The reaction mixture of 4-( 4-( chloromethyl)-2-(1-

viny lcyclopentyl)phenyl)-5-fluoro-2-methoxypyridine (24. Omg, 69.4 J.Lmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA), compound H1A 

(16.1 mg, 69.4 J.Lmol) and Cs2C03 (Cabot high purity grade)(33.9 mg, 104 J.Lmol) in DMF 

(1.0 mL) was stirred at room temperature overnight. LCMS indicated that the reaction 

was complete. EtOAc (50 mL) was added, and the organic layer was washed with brine 

(15 x 2 mL) and dried with MgS04. After filtration and solvent removal, the product was 

obtained as a residue which was used in the next step without further purification. MS 

ESI (pos.) m/e: 542.2 (M+Ht. 

26.8 26 
[0694] Example 26. The reaction mixture of compound 26.8 (37.6 mg, 69 

J.Lmol) and LiOH (0.20 mL, 3.33mmo1 in water, 694.0 J.Lmol) in MeOH (1.0 mL) was 

stirred at room temperature overnight. The reaction mixture was then neutralized by HCl 

(3.0 N in water) and purified by preparative HPLC (reverse phase) to give the product, 

26. MS ESI (pos.) m/e: 514.2 (M+Ht, 

[0695] Example 27 

F F 

26.5 27.1 
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[0696] Methyl 4-(5-fluoro-2-methoxypyridin-4-yl)-3-(1-

(hydroxymethyl)cyclopentyl)benzoate (27.1). The mixture ofmethyl4-(5-fluoro-2-

methoxypyridin-4-yl)-3-(1-formylcyclopentyl)benzoate (0.13 g, 0.36 mmol) in DCM( 6.0 

mL) and MeOH (1.5 mL) was reacted with ozone gas at -78°C for 10 minutes. The 

excess ozone was removed by flushing with nitrogen, and dimethylsulfide (0.3 mL) was 

added. The resulting reaction mixture was stirred at room temperature for 30 minutes. 

Sodium borohydride (0.13 mL, 3.6 mmol) was added to the reaction mixture, and the 

reaction was stirred at room temperature overnight. EtOAc (50 mL) was added, and the 

organic layer was washed with brine (20 x 2 mL) and dried over Na2S04. After filtration, 

the solvent was removed. The product thus obtained was used in the next step without 

further purification. MS ESI (pos.) m/e: 360.2 (M+Hf. 

F F 

27.1 27.2 
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[0697] Methyl 4-(5-fluoro-2-methoxypyridin-4-yl)-3-(1-

(methoxymethyl)cyclopentyl)benzoate (27.2). To a suspension of sodium hydride (20.0 

mg 60% in oil, 522 11mol) in DMF (1.0 mL) was slowly added methyl4-(5-fluoro-2-

methoxypyridin-4-yl)-3-(1-(hydroxymethyl)cyclopentyl)benzoate (75.0 mg, 209.0 11mol) 

at 0°C. The resulting mixture was stirred at room temperature for 30 minutes and then 

methyl iodide (296.0 mg, 2087 11mol) was added to the reaction mixture. The resulting 

mixture was stirred at room temperature overnight. EtOAc (60.0 mL) was added, and the 

organic layers were washed with brine (20 x 2 mL) and dried over MgS04. The product 

was obtained after filtration and solvent removal. The product was used in the next step. 

MS ESI (pos.) m/e: 374.0 (M+Ht. 

F F 

27.2 27.3 

[0698] ( 4-(5-Fluoro-2-methoxypyridin-4-yl)-3-(1-

(methoxymethyl)cyclopentyl)phenyl)methanol (27.3). To a solution ofmethyl4-(5-

fluoro-2-methoxypyridin-4-yl)-3-(1-(methoxymethyl)cyclopentyl)benzoate (77.0 mg, 206 

11mol) in THF (4.0 mL) was added LAH (0.42 mL, 1.0 M solution in diethyl ether, 412.0 

11mol) at 0°C. The reaction mixture was stirred at 45°C for 3 hours. After work up, the 

solvent was removed to provide the product which was used in the next step. MS ESI 

(pos.) m/e: 346.2 (M+Ht. 

F F 

27.3 27.4 
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[0699] 4-( 4-( Chlo romethyl)-2-(1-( methoxymethyl) cyclopentyl)ph eny 1)-5-

fluoro-2-methoxypyridine (27.4). To a solution of ( 4-(5-fluoro-2-methoxypyridin-4-yl)-

3-(1-(methoxymethyl)cyclopentyl)phenyl)methanol (71.0 mg, 206J.lmol) DMF (10 uL), 

and DCM (4.0 mL) was slowly added thionyl chloride (15.0 J.lL, 206 J.lmol) at 0°C. After 

addition, the resulting mixture was stirred at room temperature for 1 hour. The solvent 

was removed providing the product which was used in the next step. MS ESI (pos.) m/e: 

364.2 (M+Hf. 

27.4 H1A 27.5 

[0700] Compound (27.5) The reaction mixture of 4-( 4-( chloromethyl)-2-(1-

(methoxymethyl)cyclopentyl)phenyl)-5-fluoro-2-methoxypyridine (25.0mg, 68.7 J.lmol), 

compound H1A (19.2 mg, 82.5 J.lmol) and Cs2C03 (Cabot high purity grade )(56.0 mg, 

172 J.lmol) in DMSO (1.0 mL) was stirred at room temperature overnight. The LCMS 

results indicated that the reaction was complete. EtOAc (50 mL) was added, and the 

organic layer was washed with brine (15 x 2 mL), dried with MgS04, and then filtered. 

The solvent was removed providing the product as a residue which was used in the next 

step without further purification. MS ESI (pos.) m/e: 560.3 (M+Hf. 

2~ n 
[0701] Example 27. The reaction mixture of compound 27.5 (38.5 mg, 69 

J.lmol) and LiOH (0.1 mL LiOH, 3.33 mmol in water, 344.0 J.lmol) in MeOH (0.6 mL) 

was stirred at room temperature for 3 hours. The reaction mixture was purified by 

CombiFlash® silica gel column chromatography, eluting with hexane/EtOAc, 95/5, to 

provide 27. 1H NMR (400 MHz, CDCh) 8 ppm 7.93 (1 H, s), 7.41 (1 H, s), 7.19- 7.30 (1 

H, m), 7.06 (1 H, d, J=8.2 Hz), 6.92 (1 H, d, J=7.8 Hz), 6.76 (1 H, dd, J=8.2, 2.3 Hz), 
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6.65 (1 H, d, J=5.1 Hz), 6.27 (1 H, s), 4.97 (2 H, s), 3.87 (3 H, s), 3.16-3.27 (2 H, m), 

3.12 (3 H, s), 2.76-2.99 (3 H, m), 2.15-2.37 (3 H, m), 1.80-1.96 (3 H, m), 1.47- 1.70 (6 

H, m), 1.42 (1 H, dd, J=8.3, 4.8 Hz). MS ESI (pos.) m/e: 532.2 (M+Hf. 

[0702] 

F 

F 

T6 

[0703] 

Example 28 

H 0 

HO,~~OEt-
VJ' 

H1A 

or 

28 

Example 28. The title compound was prepared from H1A and T6 

according to the procedure described above to provide 28 as colorless solid (46 mg, 84%). 

1HNMR(400MHz, CDCh) oppm 7.97 (br. s., 1 H), 7.51 (br. s., 1 H), 7.36 (d,J= 7.43 

Hz, 1 H), 6.99- 7.17 (m, 2 H), 6.75 (dd, J = 8.22, 2.35 Hz, 1 H), 6.55 (br. s., I H), 6.25 

(d, J = 2.35 Hz, 1 H), 5.02 (s, 2 H), 3.88 (s, 3 H), 3.19 (br. s., 3 H), 2.89 (t, J = 7.43 Hz, 2 

H), 2.25-2.38 (m, 1 H), 2.15-2.25 (m, 1 H), 1.93 (dd, J = 8.22, 5.87 Hz, 1 H), 1.61 (t, J 

= 5.48 Hz, 1 H), 1.40 ( dd, J = 8.22, 4. 70Hz, 1 H), 0.63 (s, 9 H), MS ESI (pos) m/e: 520.2 

(M+H). 

[0704] Example 29 

MeO 
MeO 

OH 
OH 

T4.4 29.1 
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[0705] 2 '-Fluoro-4-(hydroxymethyl)-5' -(methyloxy)-1 ,1 '-biphenyl-2-

carboxylic acid (29.1). To a room temperature solution of T4.4 (1.30 g, 4.5 mmol) in 

dioxane (15 mL) was added LiOH (2.0 M, 6.7 mL, 13.4 mol). The mixture was heated at 

55°C for 2.5 hours, cooled to room temperature, and then acidified with 1.0 N HCl to a 

pH of 4.0. The resulting mixture was diluted with water (1 0 mL). The resulting mixture 

was extracted with 30% IPA/chloroform (3 x 20 mL). The organic layers were 

combined. After removal of organic solvents under reduced pressure, purification of the 

residue by flash chromatography on silica gel with 0-10% MeOH/DCM for elution gave 

29.1 as colorless solid (1.18 g, 95%). 

MeO MeO oyk OH 

0 

29.1 29.2 

[0706] 4-(((2,2-Dimethylpropanoyl)oxy)methyl)-2'-fluoro-5'-(methyloxy)-

1,1 '-biphenyl-2-carboxylic acid (29.2). To a ooc mixture of 29.1 (2.2 g, 7.9 mmol) in 

THF (20 mL) was added pyridine (1.56 g, 19.8 mmol) followed by pivaloyl chloride 

(0.96 g, 7.9 mmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA). 

The resulting solution was stirred at 0-25°C overnight and was then quenched with water 

and treated with 2.0 N HCl (15 mL). The mixture was extracted with EtOAc (3 x 30 

mL). The organic layers were combined and washed with water (10 mL) and brine (10 

mL ). After removal of organic solvents under reduced pressure, purification of the 

residue by flash chromatography on silica gel with 0-65% EtOAc/hexanes for elution 

gave 29.2 as white solid (1.60 g, 56%). 

MeO MeO 

-
29.2 29.3 

[0707] (2 '-Fluoro-2-(((1-methylethyl)amino )carbonyl)-5'-(methyloxy)-1,1 '-

biphenyl-4-yl)methyl 2,2-dimethylpropanoate (29.3). To a room temperature solution 
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of29.2 (432 mg, 1199 Jlmol) in DCM (6.0 mL) was added two drops ofDMF followed 

by thionyl chloride (0.26 mL, 3596 Jlmol). The mixture was refluxed under N2 for 1.5 

hours, cooled to room temperature, and the organic solvent was removed under reduced 

pressure. The residue was treated with neat isopropylamine (2.0 mL, 23515 Jlmol) 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA), and the mixture was 

heated at 50°C for 45 minutes. The reaction was then quenched with water (5 mL) and 

extracted with (3 x 5 mL) EtOAc. After removal of organic solvents under reduced 

pressure, purification of the residue by flash chromatography on silica gel with 0-50% 

EtOAc/hexanes for elution gave 29.3 as white solid (378 mg, 79%). 

F 

MeO MeO -
29.3 29.4 

[0708] (2'-Fluoro-2-(4-(1-methylethyl)-4H-1,2,4-triazol-3-yl)-5'-(methyloxy)-

1,1 '-biphenyl-4-yl)methyl 2,2-dimethylpropanoate (29.4). To a room temperature 

solution of29.3 (244 mg, 608 Jlmol) in toluene was added 2,4-bis(4-methoxyphenyl)-1,3-

dithia-2,4-diphosphetane-2,4-disulfide (369 mg, 912 Jlmol, Acros Organics). The mixture 

was heated at l20°C for 1.0 hour, cooled to room temperature, treated with water, and 

then extracted with EtOAc. After removal of organic solvent under reduced pressure, the 

residue was dissolved in dioxane (4 mL). To the solution was added formohydrazide 

(208 mg, 3461 Jlmol) (commercially available from Sigma-Aldrich, St. Louis, MO, USA) 

and mercuric acetate (202 JlL, 2076 Jlmol, Acros Organics). The resulting mixture was 

heated at 130°C for 1.5 hours, cooled to room temperature, treated with water, and 

extracted with 30% IP A. After removal of organic solvents under reduced pressure, 

purification of the residue by flash chromatography on silica gel with 0-60% 

EtOAc/hexanes for elution gave 29.4 as a colorless oil (135 mg, 52%). 

MeO MeO - OH 

29.4 29.5 
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[0709] (2 '-Fluoro-2-( 4-(1-methylethyl)-4 H -1 ,2,4-triazol-3-yl)-5' -(methyloxy )-

1,1 '-biphenyl-4-yl)methanol (29.5). To a room temperature solution of 29.4 (50 mg, 

118 !lmol) in MeOH (3.0 mL) was added LiOH monohydrate (1.0 M, 494 flL, 494 !lmol). 

The mixture was stirred at room temperature for 30 minutes, diluted with water, and 

extracted with 30% IP A/chloroform. After removal of organic solvents under reduced 

pressure, purification of the residue by flash chromatography on silica gel with 0-10% 

MeOH/DCM for elution gave 29.5 as colorless solid (86 mg, 89%) 

MeO 
OH MeO - Cl 

29.5 

[0710] 3-( 4-(Chloromethyl)-2 '-fluoro-5' -(methyloxy)-1 ,1 '-biphenyl-2-yl)-4-

(1-methylethyl)-4H-1,2,4-triazole (29.6). To a room temperature solution of29.5 (60 

mg, 176 !lmol) in DCM was added one drop ofDMF followed by SOCh (63 mg, 527 

!lmol). The mixture was stirred at room temperature for 2.0 hours. After removal of 

organic solvents under reduced pressure, purification of the residue by flash 

chromatography on silica gel with 0-5% MeOH/EtOAc provided 29.6 as a colorless oil 

(44 mg, 70%). 

29.6 

[0711] 

H 0 

HO...._~~OEt VJ 0 

H1A 29 

Compound 29. The title compound was prepared from 29.6 and H1A 

according to the procedure described above to provide 29 as colorless solid. (MS ESI 

(pos.) m/e: 536.2 (M+H). 
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[0712] Example 30 

'o 

Mo OMe 

HO 

.--:; 

Cl 'o 

+ 

M
ar 

0 

OMe 

HO 

.--:; 

or 

'o 

0 

MOH 

0 

.--:; 

H2A T6A 30 

[0713] Example 30. To a stirred solution ofH2A (28 mg, 119 11mol) and T6A 

(42 mg, 119 llmol) in DMSO (0.5 mL), was added Cs2C03 (78 mg, 239 llmol). The 

resulting mixture was stirred at room temperature overnight and then 2N LiOH (0.5 mL) 

and MeOH (1 mL) were added and the reaction was stirred for another 16 hours at 50°C. 

The mixture was acidified with 2N HCl (0.8 mL) and then purified by HPLC to give 30 

(41 mg, 64%). MS ESI m/e: 538.2 (M+lt. 
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[0714] Example 31 

MeO M
0

0H 

0 

h 

Cl 

or + or 

Mo OMe 

HO 
~ 

..-::; 

H2A T4A 31 

[0715] Example 31. Example 31 was synthesized from H2A and T4A by a 

method analogous to the method used for compound 30. MS ESI m/e: 537.2 (M+ It 
1HNMR (400 MHz, CDCh) 8 ppm 7.57 (m, IH,), 7.44 (m, IH), 7.19 (m, IH), 7.04 (m, 

IH), 6.87 (m, 3H), 6.75 (m IH), 5.16 (s, 2H), 4.20 (s, 0.3H) 3.96 (s, 0.7H), 3.81 (s, 3H), 

3.31 (s, 0.9H), 3.25 (s, 2.1H), 2.98 (m, 2H), 2.59 (m, 1H), 2.35 (m, 1H), 2.30 (m, 1H), 

2.00 (m, 1H), 1.61 (m, 1H), 0.71 (s, 9H). 

[0716] Example 32 

MeO 

M
H COOH 

0 
'-'::: 

h 

H2A TS 32 
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[0717] Example 32. Compound 32 was synthesized from H2A and T5 by a 

method analogous to the method used for compound 30. MS ESI m/e: 534.2 (M+ It, 
1HNMR (400 MHz, CDCh) 8 ppm 8.12 (m, lH,), 7.44 (m, lH), 7.36 (m, lH), 7.17 (m, 

lH), 6.86 (m, 2H), 6.75 (m, 0.67H), 6.62 (m, 0.23H), 5.14 (s, 2H), 3.99 (s, 3H) 2.99 (m, 

2H), 2.86 (m, 0.3H), 2.70 (m, 0.7H), 2.61 (dd, J =8Hz, J =4Hz, lH), 2.38 (m, lH), 2.30 

(m, lH), 2.13 (m, 1H), 2.02 (m, 2H), 1.82 (m, 1H), 1.72 (m, 1H), 1.63 (m,lH), 1.54 (m, 

lH), 1.41 (m, lH), 0.70 (s, 0.9H), 0.68 (s, 2.1H), 0.64 (s, 0.9H), 0.59 (s, 2.1H). 

[0718] Example 33 

or 

or or or 

¥
Ho 

HO O 
I 

.0 

F 

or 

T3 H3A 33 

[0719] Example 33. A screw-cap vial was charged with H3A (0.015 g, 0.059 

mmol), T3 (0.023 g, 0.065 mmol), DMF (1 mL), and Cs2C03 (0.029 g, 0.089 mmol). 

The mixture was stirred overnight at room temperature, diluted with water, and extracted 

with EtOAc. The combined organic layers were dried (MgS04), filtered, and 

concentrated. The crude product was purified by silica gel flash chromatography (0-1 0% 

EtOAc/hexane) to afford the desired alkylation product as a colorless oil. 
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[0720] A screw-cap vial was charged with the above alkylation product, 2:1 

THF/MeOH (1.5 mL), and 1 N LiOH (0.500 mL, 0.50 mmol). The mixture was stirred 

overnight at room tempemture, concentmted, quenched with a slight excess of 1 N HCl 

(0.60 mL), and extracted with EtOAc. The combined organic layers were dried (MgS04), 

filtered, and concentrated to afford 33 (0.031 0 g, 95% yield) as a white solid. MS ESI 

(neg.) m/e: 549.2 (M-H). 

[0721] 

[0722] 

Example 34 

0 
I 

0 
I 

0 
I 

0 
I 

¥
Ho 

O OH 
~ 

0 

F 
or 

¥
Ho 

O OH 
~ 

0 

F 
or 

or 

34 

Example 34. The title compound was prepared from T3 and H3B 

according to the analogous methods described for the synthesis of compound 33. MS ESI 

(neg.) m/e: 549.2 (M-H). 
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[0723] 

[0724] 

Example 35 

0 
I 

0 
I 

0 
I 

0 
I 

35 

0 

or 

0 

or 

0 

or 

0 

PCT/US2009/060549 

H 

F 

H 

F 

H 

F 

H 

F 

Example 35. The title compound was prepared from T3 and H3C 

according to the analogous methods described for the synthesis of compound 33. MS ESI 

(neg.) m/e: 549.2 (M-H). 
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[0725] 

[0726] 

Example 36 

0 
I 

0 
I 

0 
I 

0 
I 

36 

PCT/US2009/060549 

0 

F 
or 

0 

F 
or 

0 

F 
or 

0 

F 

Example 36. The title compound was prepared from T3 and H3D 

according to the analogous methods described for the synthesis of compound 33. MS ESI 

(neg.) m/e: 549.2 (M-H). 
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[0727] 

[0728] 

Example 37 

0 
I 

0 
I 

0 
I 

0 
I 

37 

0 

or 

0 

or 

0 

or 

0 

PCT/US2009/060549 

F 

F 

OH 

F 

F 

Example 37. The title compound was prepared from T4 and H3A 

according to the analogous methods described for the synthesis of compound 33. MS ESI 

(neg.) m/e: 553.2 (M-H). 
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[0729] 

[0730] 

Example 38 

0 
I 

0 
I 

0 
I 

0 
I 

38 

PCT/US2009/060549 

0 

F 
or 

0 

F 
or 

0 

F 
or 

0 

F 

Example 38. The title compound was prepared from T4 and H3B 

according to the analogous methods described for the synthesis of compound 33. MS ESI 

(neg.) m/e: 553.2 (M-H). 
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[0731] 

[0732] 

Example 39 

0 
I 

0 
I 

0 
I 

0 
I 

39 

PCT/US2009/060549 

0 

F 
or 

0 

F 
or 

0 

F 
or 

0 

F 

Example 39. The title compound was prepared from T4 and H3C 

according to the analogous methods described for the synthesis of compound 33. MS ESI 

(neg.) m/e: 553.2 (M-H). 

- 315 -



wo 2010/045258 

[0733] 

[0734] 

Example 40 

0 
I 

0 
I 

0 
I 

0 
I 

40 

PCT/US2009/060549 

0 

F 
or 

0 

F 
or 

0 

F 
or 

0 

F 

Example 40. The title compound was prepared from T4 and H3D 

according to the analogous methods described for the synthesis of compound 33. MS ESI 

(neg.) m/e: 553.2 (M-H). 
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[0735] 

[0736] 

PCT/US2009/060549 

Example 41 

0 
I 

or 

0 
I 

41 

(1R,2R)-6'-(3-((R)-2,2-dimethylcyclopentyl)-4-(5-fluoro-2-

methoxypyridin-4-yl) benzyloxy)-4', 7'-difluoro-2 ',3'-dihydrospiro[ cyclopropane-1,1 '­

indene]-2-carboxylic acid or (1S,2S)-6'-(3-((R)-2,2-dimethylcyclopentyl)-4-(5-fluoro-

2-methoxypyridin-4-yl) benzyloxy)-4', 7' -difluoro-2 ',3 '-dihydrospiro [cyclopropane-

1,1 '-indene]-2-carboxylic acid 41. The title compound was prepared from T5 and H3A 

according to the analogous methods described for the synthesis of compound 33. MS ESI 

(neg.) m/e: 550.2 (M-H). 

[0737] Example 42 

0 
I 0 

F 
or 

0 
I 0 

F 

42 
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[0738] Example 42. The title compound was prepared from TS and H3B 

according to the analogous methods described for the synthesis of compound 33. MS ESI 

(neg.) m/e: 550.2 (M-H). 

[0739] 

T8 

[0740] 

Example 43 

or -

H4A 43 

Example 43. The alkylation and hydrolysis were conducted in an 

analogous manner to Example 15 using T8 and H4A to yield 43 as a TFA salt. MS ESI 

(pos.) m/e: 548.2 (M+Ht, MS ESI (neg.) m/e: 546.1 (M-Ht. 

[0741] Example 44 

or 

44 

[0742] Example 44. The title compound was prepared starting from compound 

T6 and H4A according to the procedure described above to provide 44 as colorless solid 

(46 mg, 84%). 1H NMR (400 MHz, CDCh) 8 ppm 7.97 (br. s., 1 H), 7.50 (br. s., 1 H), 

7.36 (d,J= 7.43 Hz, 1 H), 7.08 (d,J= 7.43 Hz, 1 H), 6.94 (d,J= 8.22 Hz, 1 H), 6.71 
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(dd, J = 8.41, 2.54 Hz, 1 H), 6.55 (br. s., 1 H), 6.26 (d, J = 2.74 Hz, 1 H), 5.02 (s, 2 H), 

3.88 (s, 3 H), 3.18 (br. s., 3 H), 2.74 (t, J = 6.46 Hz, 2 H), 1.85- 2.02 (m, 4 H), 1.63 -

1.85 (m, 2 H), 1.45- 1.59 (m, 2 H), 1.13- 1.25 (m, 1 H), 0.63 (s, 9 H); (MS ESI (pos.) 

m/e: 534.2 (M+H). 

[0743] 

T7 

[0744] 

Example 45 

Ho 
+ ~OMe_ 

HO ~ 
1.--:; 

H4A 

'o 

or 

0 

F ~OH 
0 ~ 

1.--:; 

45 

Example 45. The title compound was synthesized from H4A and T7 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

569 (M+Na). 

[0745] Example 46 

Cl 

or + 

"o 

H4A 46 T4 

[0746] Example 46. The title compound was synthesized from H4A and T4 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

555 (M+Na). 
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[0747] 

T3 

[0748] 

or 

PCT/US2009/060549 

Example 47 

or 

H4A 47 

Example 47. The title compound was synthesized from T3 and H4A 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

551 (M+Na). 

[0749] Example 48 

0 

~""" + --HO 

h 

T5 H4A 48 

[0750] Example 48. The title compound was synthesized from T5 and H4A 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

552 (M+Na). 

[0751] Example 49 

~CI+ 
,...o 

H4A 46 T2 

[0752] Example 49. The title compound was synthesized from H4A and T2 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

549 (M+Na). 
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[0753] 

T2 

[0754] 

PCT/US2009/060549 

Example 50 

H4B 50 

Example 50. The title compound was synthesized from H4B and T2 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

549 (M+Na). 

[0755] 

T3 

[0756] 

or 

Example 51 

0 

+ $H OMe 
HO ~ 

I~ 

H5A 

-

51 

Example 51. The title compound was synthesized from H5A and T3 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

569 (M+Na). 

[0757] Example 52 

or 
+ t60 OMe 

HO -~ 

~ 

T3 H5B 52 
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[0758] Example 52. The title compound was synthesized from H5B and T3 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

569 (M+Na). 

[0759] 

or 

T6 

[0760] 

Example 53 

H 0 

+ $0Me 
HO --1-., 

~ 

M
OOH 

0 
~ 

Cl 

or 

H5A 53 

Example 53. The title compound was synthesized from H5A and T6 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

574 (M+Na). 

[0761] Example 54 

'o M
OOH 

0 

~ 

Cl 

or 

Ho 
+ $0Me 

HO --1-., 
~ 

or 

'o 

T4 H5A 54 

[0762] Example 54. The title compound was synthesized from H5A and T 4 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

573 (M+Na). 
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[0763] Example 55 

0 

~'"" + -HO 

b 

T5 H5A 55 

[0764] Example 55. The title compound was synthesized from H5A and T5 

using a procedure analogous to that described for synthesizing Example 9. MS ESI (pos.) 

M/E: 548 (M+H). 

[0765] 

T7 

[0766] 

F 

Example 56 

Cl 

0 

+ $H OMe HO ~ 

lb 

H5A 

'o 

--
'o 

0 

F MH OH 
0 ~ 

lb 
or 

0 

F MH OH 
0 ~ 

lb 

56 

Example 56. The title compound was synthesized from H5A & T7 

using a procedure analogous to that described for synthesizing 9. MS ESI (pos.) M/E: 

587 (M+Na). 
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[0767] 

T.8 

[0768] 

Example 57 

H5A 57 

PCT/US2009/060549 

or 

F MH C02H 
0 '-'::: 

14 

Example 57. The alkylation and hydrolysis were conducted in an 

analogous manner to Example 15 using Tll and H5A to yield 57 (38.7 mg). MS ESI 

(pos.) m/e: 566.2 (M+Ht. MS ESI (neg.) m/e: 564.1 (M-Ht. 

[0769] Example 58 

'o 

or 

58 

[0770] (2 1R,5R)-3-( {4-(5-Fluoro-2-methoxypyridin-4-yl)-3-[ (1S)-1-methoxy-

2,2-dimethylpropyl] phenyl} methoxy)-6, 7 -dihydrospiro [ cyclopenta [ c] pyridine-5,1 1-

cyclopropane]-21-carboxylic acid or (2 1R,5R)-3-({4-(5-fluoro-2-methoxypyridin-4-yl)-

3-[(1R)-1-methoxy-2,2-dimethylpropyl]phenyl} methoxy)-6,7-

dihydrospiro [ cyclopenta [ c] pyridine-5,1 1-cyclopropan e] -21 -carboxylic acid (58). 

Compound 58 was synthesized from compounds H6A and T6 using the same method 

used to prepare compound 33. MS ESI (pos.) m/e: 521.1 (M+Ht. 1H NMR (400 MHz, 
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CDCh) 8 ppm 8.24 (1 H, s), 8.11 (IH, s), 7.60 (lH,s), 7.46 (lH,s), 6.66 (lH, s) 6.41 (lH, 

s), 5.48 (2H, s), 3.98 (3 H, s), 3.27 (3 H, br. s.), 3.14 (2 H, m), 2.47 (2 H, m), 2.22 (1 H, 

dd, J=8.7, 6.4 Hz), 1.91 (1 H, t, J=5.9 Hz), 1.61 (1 H, m), 0.71 (9 H, s). 

[0771] Example 59 

or 

59 

[0772] (2 'S,5S)-3-( {4-(5-Fluoro-2-methoxypyridin-4-yl)-3-[ (1S)-1-methoxy-

2,2-dimethylpropyl] phenyl} methoxy)-6, 7 -dihydrospiro [ cyclopenta [ c] pyridine-5,1 '­

cyclopropane]-2'-carboxylic acid or (2'S,5S)-3-({4-(5-fluoro-2-methoxypyridin-4-yl)-

3-[(1R)-1-methoxy-2,2-dimethylpropyl]phenyl} methoxy)-6,7-

dihydrospiro [ cyclopenta [ c] pyridine-5,1 '-cyclopropane] -2' -carboxylic acid (59). 

Example 59 was synthesized from compounds H6B and T6 using the same method used 

to prepare compound 33. MS ESI (pos.) m/e: 521.1 (M+Ht. 1H NMR (400 MHz, 

CDCh) 8 ppm 8.24 (1 H, s), 8.21 (1H, s), 7.61 (1H,s), 7.46 (IH,s), 7.22 (1 H, s), 6.66 

(1H, s) 6.41 (lH, s), 5.49 (2H, s), 3.98 (3 H, s), 3.28 (3 H, br. s.), 3.14 (2 H, m), 2.47 (2 

H, m), 2.23 (1 H, dd, J=8.7, 6.4 Hz), 1.92 (1 H, t, J=5.9 Hz), 1.63 (1 H, m), 0.71 (9 H, s). 

[0773] Example 60 

'o ovf): I~ o 
~ HO 

60 
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[0774] (2 'R, 7 S)-4--(3-( ( (2-(5,5-Dimethyl-1-cyclopenten-1-yl)-2 '-fluoro-5'-

(methyloxy )-1,1 '-biphenyl-4-yl)methyl)oxy)hydroxyspiro [bicyclo [ 4.2. 0] octane-7 ,1 '­

cyclopropane]-1,3,5-triene-2'-carboxylic acid (60). Example 60 was synthesized from 

compounds H7A and T2 using the same method used to prepare compound 33. MS ESI 

(pos.) m/e: 499.2 (M+Ht, 1H NMR (400 MHz, CDCb) 8 ppm 7.38 (lH, m), 7.26-7.34 

(2 H, m), 6.93- 7.02 (2 H, m), 6.87- 6.91 (2 H, m), 6.80- 6.78 (2 H, m), 5.52 (1 H, s), 

5.03 (2 H, s), 3.76 (3 H, s), 3.31 (2 H, m), 2.25 (3 H, br.), 1.81 (1 H, d, J=5.5 Hz), 1.64-

1.69 (2 H, m), 0.85 (6 H, d, J=3.9 Hz). 

[0775] Example 61 

'o 

0~~0 
VUHd 

61 

[0776] (2 'S, 7 R)-4--(3-( ( (2-(5,5-Dimethyl-1-cyclopenten-1-yl)-2 '-fluoro-5'-

(methyloxy )-1,1 '-biphenyl-4-yl)methyl)oxy)hydroxyspiro [bicyclo [ 4.2. 0] octane-7 ,1 '­

cyclopropane]-1,3,5-triene-2'-carboxylic acid (61). Example 61 was synthesized from 

compounds H7B and T2 using the same method used to prepare compound 33. MS ESI 

(pos.) m/e: 499.2 (M+Ht. lH NMR (400 MHz, CDCb) 8 ppm 7.38 (1H, m), 7.26- 7.34 

(2 H, m), 6.93- 7.02 (2 H, m), 6.87- 6.91 (2 H, m), 6.80- 6.78 (2 H, m), 5.52 (1 H, s), 

5.03 (2 H, s), 3.76 (3 H, s), 3.31 (2 H, m), 2.25 (3 H, br.), 1.81 (1 H, d, J=5.5 Hz), 1.64-

1.69 (2 H, m), 0.85 (6 H, d, J=3.9 Hz). 

[0777] Example 62 

'o OD=KHO 0 
I H 
~ 

62 

[0778] (2 'S,7S)-4--(3-(((2-(5,5-Dimethyl-1-cyclopenten-1-yl)-2 '-fluoro-5'-

( methyloxy )-1,1 '-biphenyl-4-yl)methyl)oxy)hydroxyspiro [bicyclo [ 4.2. 0] octane-7 ,1 '-
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cyclopropane]-1,3,5-triene-2'-carboxylic acid (62). Compound 62 was synthesized 

from compounds H7C and T2 using the same method used to prepare compound 33. MS 

ESI (pos.) m/e: 499.2 (M+Ht. 1H NMR (400 MHz, CDCb) 8 ppm 7.37 (2 Hm), 7.04 (1 

H, d, J=8.2 Hz), 6.99 -6.93 (1 H, m), 6.90 (1 H, dd, J=8.0, 2.2 Hz), 6.80 (2 H, m), 6.56 (1 

H, d, J=2.3 Hz), 5.53 (1 H, s), 5.05 (2 H, s), 3.76 (3 H, s), 3.36 (2 H, s), 2.27 (3 H, m), 

1.82 (1 H, t, J=5.5 Hz), 1.63 (1 H, d, J=3.1 Hz), 1.66 (2 H, t, J=7.0 Hz), 0.86 (6 H, s). 

[0779] Example 63 

'o HO 

0~::'',, 0 "-':::: . 

I H 
h-

63 

[0780] (2 'R, 7 R)-4--(3-(((2-(5,5-Dimethyl-1-cyclopenten-1-yl)-2 '-fluoro-5'-

( methyloxy )-1,1 '-biphenyl-4-yl)methyl)oxy)hydroxyspiro [bicyclo [ 4.2. 0] octane-7 ,1 '­

cyclopropane]-1,3,5-triene-2'-carboxylic acid (63). Compound 63 was synthesized 

from compounds H7D and T2 using the same method used to prepare compound 33. MS 

ESI (pos.) m/e: 499.2 (M+Ht. IH NMR ( 400 MHz, CDC h) 8 ppm 7.37 (2 Hm), 7.04 (1 

H, d, J=8.2 Hz), 6.99 -6.93 (1 H, m), 6.90 (1 H, dd, J=8.0, 2.2 Hz), 6.80 (2 H, m), 6.56 (1 

H, d, J=2.3 Hz), 5.53 (1 H, s), 5.05 (2 H, s), 3.76 (3 H, s), 3.36 (2 H, s), 2.27 (3 H, m), 

1.82 (1 H, t, J=5.5 Hz), 1.63 (1 H, d, J=3.1 Hz), 1.66 (2 H, t, J=7.0 Hz), 0.86 (6 H, s). 

[0781] Examples 64-67. Examples 64-67 are synthesized according to the 

following scheme: 
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0 0 0 ° 0 0 

MeO~ u MeO~ (OHEt3SiH MeO.._~ l-OH AICI3 Me0~ 
V AICI3 VyJ TFA u_j V__l 

or 

or 

or 

[0782] 

0 0 

MeOW N2CHCOOMe d50Me 1) CH3(CH2l11SH 
I ~~------~ MeO 

.--;; Rh2(0Ac)4 2) TMSCHN2 
3) chiral separation 

1) Cmpd T2/K2C03 

2) NaOH 

1) Cmpd T2/K2C03 

2) NaOH 

Examples 68-71. Examples 68-71 are synthesized according to the 

following scheme. One of the four stereoisomers was synthesized as described in 

Example 151. 
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0 
MeO~ 

V-l 
1) i>-PPh3Br NaH MeO~ ~ Q=o 1) Ph3PCH20Me 

2) mCPBA 'l)_) 2) HCI 

MeO~CHO PCC MeO~COOH 
I ~ - I 

0 0 

H 
~ ~ \)LcooMe 

HO ~ 1) Cmpd T2/K2C03 

2) NaOH 

MeO 

or 

/">.H 
HO~COOMl) Cmpd T2/K2C03 

~ 2)NaOH 

MeO 

or 

COO Me 

HO~H 1) Cmpd T2/K2C03 
10 

2) NaOH 

MeO 

or 

/", COOMe 
HO~H 1) Cmpd T2/K2C03 

~ 2)NaOH 

MeO 

See Nemoto et aL, Org. Lett., 1(3), pp. 517-519 (1999). 

1) CH3(CH2)11 SH 

2) TMSCHN2 
3) chiral separation 

H 

0 'C8COOH 
I~ 

0 

H 

o'C8"-."'. COOH 
I~ 

0 

[0783] Examples 72-75. Examples 72-75 are synthesized according to the 

following scheme: 

- 329-



wo 2010/045258 PCT/US2009/060549 

Cl 

PMBO~ 

~OH 
__ PMBOnJ 0 

heating PMso'CXJ 
--- lb 

0 

COOEt m 1)TFA 
N2CHC00Et PMBO ------

2) TMSCHN2 . 
Rh2(0Ac)4 0 3) chiral separat1on 

H 

H mCOOMe 1) Cmpd T2/K2C03 MeO -ooCOOH HO 

0 b 
2) NaOH 

b 

0 

0 
H 

H 'C()COOMe 1) Cmpd T2/K2C03 
MeO 'C()COOH HO 

0 b 2) NaOH 

b 

0 

0 
COO Me 

COOH HOmH 1) Cmpd T2/K2C03 
MeO 0-oo-H lb 2) NaOH 

lb 
0 

0 
COO Me 

COOH 'C() 1) Cmpd T2/K2C03 
MeO 

'C() 
HO 

0 b 

H 

2) NaOH 

b 

H 
0 

0 

h d n 45(1) pp 309-318 (1989). . 1 G t al Tetra e ro , ' 
See Anama a, . e ., thesized according to the 

I 76 79 Examples 76-79 are syn Examp es - · [0784] 

following scheme: 
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Me 

HOd)CONEt2 
1'-"::: 

.4-

1) Cmpd T2/K2C03 

2) Tf20/pyridine 

CONEt2 

Hod) Me 1) Cmpd T2/K2C03 

1'-"::: 

.4- 2) Tf20/pyridine 

PCT/US2009/060549 

Me CONEt2 

MeO. I~ "5!: 1) CH3(CH2)11 SH 

UJ 2) TMSCHN2 

MeO 

MeO 

79 

3) chiral separation 

Me 

od)COOH 
I~ 

,0 

See Concell6n et al. Org. Lett., 9(16), pp. 2981-2984 (2007). 

[0785] Examples 80-83. Examples 80-83 are synthesized according to the 

following scheme: 
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0 
TBDPSO~ 

~ 
A.1 

BOA 

808 

[0786] 

PCT/US2009/060549 

i-PrMgCI TBDPSO. .,.,... r ;}-OEt TBDPS0'0300Et TBAF 

bezene, reflux m - , I : Chiral Separation 
Reference: JOG 1958, 786 Reference: JOG 1967 3351 

80.1 80.2 
F 

MeO ~COOH 
0 "' I 

-0 

2) LiOH, MeOH, DMSO 

80 

2) LiOH, MeOH, DMSO 

1) Cmpd T2, K2C03,DMSO MeO 

2) LiOH, MeOH, DMSO 

1) Cmpd T2, K2C03,DMSO 

2) LiOH, MeOH, DMSO 

MeO _j COOH 0'66H 
83 

Examples 84-87. Examples 84-87 are synthesized according to the 

following scheme: 
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Br~ 
Br 

F 
MeO~B(OHb 

EtOAc 8,~ l) MeOM N,CHCOO!Bc 

LOA MeOOC Pd(OAch V lCOOMe Rh2(0Ac)4 

F COOtBu F COOtBu F COOtBu 

MeOij\ Me0'69 MeO.._~'X_ 1)CH3(CH2)11 SH 

I I UrJ 
.& COO Me 1) NaOH .& DAST C 2) chiral separation 

2) SOCI2 O F2 

H 
3)AICI3 

HO~ ~~ ~COOtBu 1) Cmpd T2/K2C03 

UCJ 2)TFA 
F2 

H 

M HO COOtBu 
~ 

c 
F2 

COOtBu 

HOMH I~ 
.& c 

F2 

M
COO!Bu 

HO H 
~ 

c 
F2 

2)TFA 

2)TFA 

1) Cmpd T2/K2C03 

2)TFA 

MeO 

MeO 

MeO 

MeO 

H 

otc)COOH 
I~ 

.& c 
F2 

H 

M O COOH 
~ 

c 
F2 

M
COOH 

0 H 
~ 

c 
F2 

[0787] Examples 88-91. Examples 88-91 are synthesized according to the 

following scheme: 
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Me0!11 

~OH 
0 

H 

HOWCOOMe 
1'-=::: 

h N.Me 

0 

H 

HO~COOMe 
Vrr~·Me 

0 

References: 

MeOyyl 

~OH 
0 

1) Cmpd T2/K2C03 

2) NaOH 

1) Cmpd T2/K2C03 

2) NaOH 

1) Cmpd T2/K2C03 

2) NaOH 

1) Cmpd T2/K2C03 

2) NaOH 

1) JOC 2007, 72(9), 3419; 
2) TL 2003, 44(19), 3785. 

PCT/US2009/060549 

MeO~I ~ 
--- lh N -·Me 

0 

COOEt 

MeO~ 1) CH3(CH2)11 SH 

Vn~·Me 2) TMSCHN2 

MeO 

MeO 

MeO 

MeO 

o 3) chiral separation 

H 

ov)COOH 
1'-=::: 

h N.Me 

0 

H 

o~COOH 
Vrr~·Me 

0 

[0788] Examples 92-107. Examples 92-103 and 105-107 are synthesized by 

reacting compound H1A with commercially available starting materials or chloro or 

hydroxy reagents described herein or in various patent applications including U.S. Patent 

Application Publication No. US 2006/0004012; U.S. Patent Application Publication No. 

US 2006/0270724; U.S. Patent Application Publication No. US 2007/0066647; U.S. 

Patent Application Publication No. US 2007 /0244155; U.S. Patent Application 

Publication No. US 2008/0090840; and U.S. Patent Application Publication No. US 
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2008/0119511 and then hydrolyzing the ester obtained using the methodology described 

herein. 

[0789] Example 92. Example 92 is synthesized from HlA and the appropriate 

biphenyl reagent. 

[0790] Example 93. Example 93 is synthesized from HlA and the appropriate 

tail reagents and boronic acid reagents using the method described in Examples 47, 59, 

and 62 ofUS 2007/0066647. 

[0791] Example 94. Example 94 is synthesized from HlA and the appropriate 

tail reagents and boronic acid reagents using a method analogous to that described in 

Examples 47, 59, and 62 ofUS 2007/0066647 starting with the appropriate indane 

compound. 

[0792] Example 95. Example 95 is synthesized from HlA and 1-indanol 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) using the method 

described in Example 46 ofUS 2007/0066647. 

[0793] Example 96. Example 96 is synthesized from HlA and 2-indanol 

(commercially available from Sigma-Aldrich, St. Louis, MO, USA) using the method 

described in Example 27 ofUS 2007/0066647. 

[0794] Example 97. Example 97 is synthesized from HlA and the appropriate 

chloromethyl thiazole phenyl compound (commercially available) which is prepared 

using the method described in Example 3.1 of US 2006/0004012. 

[0795] Example 98. Example 98 is synthesized from HlA and the appropriate 

oxadiazole phenyl compound which is prepared using the method described in Example 

27.1 ofUS 2006/0004012. 

[0796] Example 99. Example 99 is synthesized according to the following 

scheme: 

H 0 ,OB(OH)2 H 0 

HO I A 0 
.... ~~OMe Br ~ '~~OMe 
l..;l) , Cu(OAc)z/NEt

3 
Br~ l..;l) , 

MeO~B(OH)2 

v 
Suzuki Coupling 

o,~~:Me 
MeO l..;l) , NaOH 

A 
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[0797] Example 100. Example 100 is synthesized according to the following 

scheme: 

Cl H 0 

NaOH ~o,~~OH JV V-J 0 

F3C 

100 

[0798] Example 101. Example 101 is synthesized according to the following 

scheme: 

H 0 B(OH) H 0 

HO,~~OMe v 2

(YO,~~OMe NaOH 

U) ° Cu(OAcb/NEt3 Y U) 
0 

101 

[0799] Example 102. Example 102 is synthesized from H1A and commercially 

available benzyl chloride or benzyl bromide using the method described herein. 

[0800] Example 103. Example 103 is synthesized from H1A and 2-

(bromomethyl)naphthalene or 2-(hydroxymethyl)naphthalene (which are commercially 

available from Sigma-Aldrich, St. Louis, MO, USA) using the methods described herein. 

[0801] Example 104 

H1A 104.1 

[0802] Compound 104.1. Compound 104.1 was synthesized from 6-

( chloromethyl)-1, 1 ,4,4-tetramethyl-1 ,2,3,4-tetrahydronaphthalene (commercially 

available from May bridge) and compound H1A using a procedure analogous to that 

described for synthesizing 1.1. 
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104.1 104 

[0803] (1 R,2R )-6 '-( ( 5,5,8,8-tetramethyl-5,6, 7,8-tetrahydro-2-

naphthalenyl)methoxy)-2 ',3 '-dihydrospiro[ cyclopropane-1,1 '-indene ]-2-carboxylic 

acid (104). Example 104 was synthesized from 104.1 using a procedure analogous to that 

described for synthesizing 1 from 1.1. MS ESI (neg.) m/e: 403 (M-H). 

[0804] Example 105. Example 105 is synthesized from H1A and commercially 

available cyclohexylmethyl bromide using the methods described herein or in Example 68 

ofUS 2007/0066647. 

[0805] Example 106. Example 106 is synthesized from H1A and either (2-

bromoethyl)benzene or 2-phenylethanol (which are both commercially available from 

Sigma-Aldrich, St. Louis, MO, USA) using the methods described herein. 

[0806] Example 107. Example 107 is synthesized from H1A and either (3-

bromopropyl)benzene or 3-phenyl-1-propanol (which are both commercially available 

from Sigma-Aldrich, St. Louis, MO, USA) using the methods described herein. 

[0807] Examples 108-122 are synthesized by reacting intermediate H8A (shown 

in the scheme below) with commercially available starting materials or biphenyl reagents 

described herein or in various patent applications including U.S. Patent Application 

Publication No. US 2006/0004012; U.S. Patent Application Publication No. US 

2006/0270724; U.S. Patent Application Publication No. US 2007 /0066647; U.S. Patent 

Application Publication No. US 2007/0244155; U.S. Patent Application Publication No. 

US 2008/0090840; and U.S. Patent Application Publication No. US 2008/0119511 and 

then hydrolyzing the ester obtained using the methodology described herein. 
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0 Co Ph3P+CH 3Br-

d ~ 
t-BuOK 

TsOH THF 
HO DCM THPO 

~d' 
0 

D!s [Rh(OAchb 
N2CH2C02Et 

+ ""=:: ""=:: 

DCM THFO THPO I ~ 

1) TsOH ''< 0 d' ~0 d'vSO d' 
2) chiral separation I -..:::: I -..:::: ·' 

THFO HO ~ HO ~ 

HBA HBB 

[0808] Example 108. Example 108 is synthesized from H8A and commercially 

available starting materials. 

[0809] Example 109. Example 109 is synthesized from H8A and T1 using the 

method described herein. 

[0810] Example 110. Example 110 is synthesized from H8A and commercially 

available starting materials. 

[0811] Examples 111-112. Examples 111 and 112 are synthesized using a 

procedure similar to that used to prepare Example 99 using intermediate H8A and 

commercially available starting materials. 

[0812] Example 113. Example 113 is synthesized using a procedure similar to 

that used to prepare Example 100 using intermediate H8A and commercially available 

starting materials. 

[0813] Example 114. Example 114 is synthesized using a procedure similar to 

that used to prepare Example 101 using intermediate H8A and commercially available 

starting materials. 

[0814] Example 115. Example 115 is synthesized from H8A and the 

appropriate chloromethyl thiazole phenyl compound (commercially available) which is 

prepared using the method described in Example 3.1 of US 2006/0004012. 

[0815] Example 116. Example 116 is synthesized from H8A and the 

appropriate oxadiazole phenyl compound which is prepared using the method described 

in Example 27.1 ofUS 2006/0004012. 
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[0816] Example 117. Example 117 is synthesized from H8A and 6-

bromomethyl-1, 1 ,4,4-tetramethyl-1,2,3,4-tetrahydronaphthalene or 6-chloromethyl-

1, 1 ,4,4-tetramethyl-1,2,3,4-tetrahydronaphthalene which are commercially available 

using the method described herein. See also General Procedure E ofUS 2007/0066647. 

[0817] Example 118. Example 118 is synthesized from H8A and commercially 

available cyclohexylmethyl bromide using the methods described herein or in Example 68 

ofUS 2007/0066647. 

[0818] Example 119. Example 119 is synthesized from H8A and commercially 

available benzyl chloride or benzyl bromide using the methods described herein. 

[0819] Example 120. Example 120 is synthesized from H8A and commercially 

available 1-bromomethylnaphthalene using the methods described herein. 

[0820] Example 121. Example 121 is synthesized from H8A and either (2-

bromoethyl)benzene or 2-phenylethanol (which are both commercially available from 

Sigma-Aldrich, St. Louis, MO, USA) using the methods described herein. 

[0821] Example 122. Example 122 is synthesized from H8A and either (3-

bromopropyl)benzene or 3-phenyl-1-propanol (which are both commercially available 

from Sigma-Aldrich, St. Louis, MO, USA) using the methods described herein. 

[0822] The following scheme may be used to synthesize intermediates necessary 

to synthesize tetrahydronaphthalene analogs of Examples 108-122. 

roo Co 
TsOH 

HO DCM 

Php'CH3B( ro 
t-BuOK 

I"" 
THF THPO _.:; 

TsOH 

THF 

[0823] Example 123 

T45 

0 

HO,~~O~ w 
H1A 

[Rh(OAc),], 
N2CH2C02Et 

DCM 

""'tcf' + 

THFOW 

123.1 

~
0 

I"" 
THPO _.:; 

[0824] (1R,2R)-Ethyl 6'-(4-(5-fluoro-2-methoxypyridin-4-yl)-3-(2-

methylbut-3-en-2-yl) benzyloxy)-2 ',3 '-dihydrospiro [ cyclopropane-1 ,1 '-indene ]-2-
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carboxylate (123.1). The reaction mixture ofT45 (30.0 mg, 93.8 11mol), H1A (21.8 mg, 

93.8 11mol) and Cs2C03 (76.4 mg, 235 11mol) in DMSO (1.0 mL) was stirred at room 

temperature overnight. The LCMS results indicated that the reaction was complete. The 

reaction mixture was used in the next step without further purification. MS ESI (pos.) 

M/E: 516.2 (M+H). 

123.1 123 

[0825] (1R,2R)- 61 
-( 4-( 5-Fluoro-2-methoxypyridin-4-yl)-3-(2-methylbut-3-

en-2-yl)benzyloxy)-2 1,31 -dihydrospiro [ cyclopropane-1 ,1 1 -indene] -2-carboxyic acid 

(123). The reaction mixture of compound 123.1 ( 48.4 mg, 94 11mol) and lithium 

hydroxide (0.25 mL 3.3 M LiOHcaq), 0.75 mmol) in MeOH (0.6 m 1) was stirred at room 

temperature for 3 hours. The resulting mixture was purified by preparative HPLC 

(reverse phase) to give Example 123 (30.0 mg, 66% yield over two steps). MS ESI (pos.) 

M/E: 488.2 (M+H). 1H-NMR (500 MHz, CDCh) o ppm 7.94 (1 H, s), 7.58 (1 H, s), 7.33 

(1 H, d,J=7.8 Hz), 7.15 (1 H, d,J=8.1 Hz), 7.00 (1 H, d,J=7.8 Hz), 6.85 (1 H, dd,J=8.3, 

2.4 Hz), 6.62 (1 H, d, J=4.9 Hz), 6.36 (1 H, d, J=2.2 Hz), 5.96 (1 H, dd, J=17.5, 10.6 Hz), 

5.05 (2 H, s), 4.71 - 4.86 (2 H, m), 3.88 (3 H, s), 2.93- 3.05 (2 H, m), 2.39 (1 H, dd, 

J=8.3, 6.2 Hz), 2.32 (1 H, dd, J=8.3, 6.2 Hz), 1.96- 2.06 (1 H, m), 1.70 (1 H, t, J=5.4 

Hz), 1.51 (1 H, dd, J=8.3, 4.8 Hz), 1.27 (3 H, s), 1.25 (3 H, s). 

[0826] Example 124 

HO 

~( 
0 

HO 

~OH 
0 

H1A 124.1 

[0827] Compound 124.1. The title compound was synthesized from H1A using 

a procedure analogous to that described for synthesizing 1 from 1.1. 
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[0828] 

OH 

HO....._~ .0o 
lJJ 

124.1 

PCT/US2009/060549 

124 

(1R,2R)-6 1 -(3-Bromo-4-( trifluoromethyl)phenoxy )-2 1,31
-

dihydrospiro[cyclopropane-1,1 1-indene]-2-carboxylic acid (124). A mixture of 2-

bromo-4-fluoro-1-(trifluoromethyl)benzene (0.030 g, 0.12 mmol) (commercially available 

from Oakwood), compound 124.1 (0.017 g, 0.083 mmol), and Cs2C03 (0.081 g, 0.25 

mmol) in DMF (1 mL) were stirred at 120 °C for 18 hours. The reaction mixture was 

loaded directly onto a silica gel cartridge and purified using column chromatography (1: 1 

EtOAc:hexanes) to obtain product 124 (0.024 g, 67% yield). MS ESI (neg.) m/e: 853.0 

(2M-H). 1HNMR (CDCb) 8 ppm 7.60 (1 H, d, J=8.8 Hz), 7.22- 7.26 (2 H, m), 6.84-

6.94 (2 H, m), 6.42 (1 H, d, J=2.2 Hz), 3.00- 3.13 (2 H, m), 2.40- 2.48 (1 H, m), 2.31 -

2.39 (1 H, m), 2.01 (1 H, dd, J=8.3, 6.1 Hz), 1.73 (1 H, t, J=5.5 Hz), 1.49 (1 H, dd, J=8.4, 

5.0 Hz). 
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.0 
I 

N 

o, 
and 

Cl 

PCT/US2009/060549 

+ OR OR 

H2A 125.1 (mixture of two compounds) T46 

[0829] (1R,2R)-Ethyl 6'-(4-(5-chloro-2-methoxypyridin-4-yl)-3-((R)-2,2-

dimethylcyclopentyl)benzyloxy)-7'-fluoro-2',3'-dihydrospiro[cyclopropane-1,1'­

indene]-2-carboxylate and (1R,2R)-ethyl 6'-(4-(3-chloro-6-methoxypyridin-2-yl)-3-

( (R)-2,2-dimethylcyclopentyl) benzyloxy )-7'-fluoro-2' ,3 '-dihydrospiro [cyclopropane-

1,1 '-indene]-2-carboxylate, or (1S,2S)-ethyl6'-(4-(5-chloro-2-methoxypyridin-4-yl)-

3-( (R)-2,2-dimethylcyclopentyl) benzyloxy )-7'-fluoro-2' ,3 '­

dihydrospiro[cyclopropane-1,1 '-indene]-2-carboxylate and (1S,2S)-ethyl 6'-(4-(3-

chloro-6-methoxypyridin-2-yl)-3-((R)-2,2-dimethylcyclopentyl)benzyloxy)-7'-fluoro-

2' ,3'-dihydrospiro[cyclopropane-1,1 '-indene]-2-carboxylate (125.1). The title 

compounds were synthesized from the mixture of compounds T46 and compound H2A 

using a procedure analogous to that described for synthesizing 1.1. 
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OR 
OR 

125.1 (mixture of two compounds) 125 and 126 

[0830] Examples 125 and 126. The title compounds were synthesized from 

125.1 using a procedure analogous to that described for synthesizing 1 from 1.1. 

Purification of the product using prep-HPLC provided pure compound 125. [MS ESI 

(pos.) M/E: 550.2 (M+ 1)] and pure compound 126 [MS ESI (pos.) M/E: 550.2 (M+ 1)]. 
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[0831] Example 127 

or 

or 

¥
Ho 

o OH 
'-'::: 

0 

F 
or 

¥
Ho 

O OH 
'-'::: 

0 

F 

127 

[0832] Example 127. The title compound was prepared from T6 and H3A 

according to the analogous methods described for the synthesis of compound 33. MS ESI 

(neg.) m/e: 554.2 (M-H). 
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[0833] Example 128 

0 

OH 

0 

or 

128 

[0834] Example 128. 128 was synthesized from T47 and H4A according to the 

procednre utilized for 13.1 followed by the ester hydrolysis method utilized for 1. MS 

ESI (neg.) m/e: 433.3 (M-Hf. 

[0835] Example 129 

0 

OH 

0 

or 

129 

[0836] Example 129. 129 was synthesized from T48 and H4A according to the 

procednre utilized for 13.1 followed by the ester hydrolysis method utilized for 1. MS 

ESI (neg.) m/e: 461.2 (M-Hf. 
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[0837] 

0 

OH 

0 

or 

130 

[0838] Example 130. 130 was synthesized from T48 and H4A according to the 

procednre utilized for 13.1 followed by the ester hydrolysis method utilized for 1. MS 

ESI (neg.) m/e: 475.3 (M-Ht. 

[0839] Example 131 

0 

OH 

0 

or 

131 

[0840] Example 131. 131 was synthesized from T48 and H4A according to the 

procednre utilized for 13.1 followed by the ester hydrolysis method utilized for 1. MS 

ESI (neg.) m/e: 477. (M-Ht. 
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[0841] 

[0842] 

PCT/US2009/060549 

Example 132 

132.1 

Methyl4-bromo-3-(hydroxymethyl)benzoate (132.1). To a -78 oc 

solution of dimethyl4-bromoisophthalate (21.0 g, 77 mmol)(commercially available from 

Maybridge) in THF (1 00 mL) was slowly added diisobutylaluminum hydride (269 mL, 

269 mol, 1.0 M solution in hexane, commercially available from Sigma-Aldrich, St. 

Louis, MO, USA) over 20 minutes. After stirring at -78 °C for 3 hours, the resulting 

mixture was treated with MeOH. Organic solvents were removed under reduced pressure 

and the residue was redissolved in EtOAc and washed with 1.0 N HCL After removal of 

organic solvents under reduced pressure, purification of the residue through silica gel 

chromatography with 0-35% EtOAc in hexanes as eluents afforded 132.1 (7.1 g, 38%). 

[0843] 

"'Y) 
~C02Me 

OH 

132.1 132.2 

Methyl 4-bromo-3-formylbenzoate (132.2). To a room temperature 

solution of132.2 (5.050 g, 20.6 mmol) in DCM (16 mL) was added pyridinium 

dichromate (11.6 g, 30.9 mmol, commercially available from Sigma-Aldrich, St. Louis, 

MO, USA). The mixture was stirred at room temperature for 3.0 hours, treated with silica 

gel, diluted with DCM ( 40 mL) and the solid was filtered off. After removal of organic 

solvents under reduced pressure, purification of the residue by silica gel chromatography 

with 0-45% EtOAc in hexanes as eluents afforded 132.2 (3.17 g, 63%). 

132.2 132.3 
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[0844] (S)-Methyl4-bromo-3-(1-hydroxy-2,2-dimethylpropyl)benzoate and 

(R)-methyl 4-bromo-3-(1-hydroxy-2,2-dimethylpropyl)benzoate (132.3). To a -78 oc 

solution of132.2 (2.35 g, 9.67 mmol) in THF (35 mL) was added tert-butylmagnesium 

chloride ( 5318 jlL, 10635 jlmol, 2. 0 M solution in diethyl ether, commercially available 

from Sigma-Aldrich, St. Louis, MO, USA). The mixture was allowed to warm to 0 °C 

over 3.0 hours. The reaction mixture was quenched with saturated aqueous NH4Cl 

solution (15 mL), diluted with water (30 mL) and extracted with EtOAc. After removal 

of organic solvents under reduced pressure, purification of the residue through silica gel 

chromatography with 0-65% EtOAc in hexanes as eluents afforded 132.3 (1.50 g, 52%). 

C02 Me C02 Me 

and and 

132.3 132.4 

[0845] (R)-Methyl 4-bromo-3-(1-methoxy-2,2-dimethylpropyl) benzoate and 

(S)-methyl4-bromo-3-(1-methoxy-2,2-dimethylpropyl)benzoate (132.4). To a 0 oc 

solution of132.3 (1660 mg, 5.51 mmol) and iodomethane (1.57 g, 11.0 mmol) in DMF 

(20 mL) was added sodium hydride (530 mg, 13.8 mmo1, 60% in mineral oil, 

commercially available from Strem Chemicals). The mixture was allowed to warm to 

room temperature over 20 minutes, and quenched carefully with water, saturated aqueous 

NH4Cl. The mixture was then extracted with EtOAc. The combined organic layers were 

then washed with water and brine. After removal of organic solvents under reduced 

pressure, purification of the residue through silica gel chromatography with 0-50% 

EtOAc in hexanes as eluents afforded 132.4 (1.50 g, 52%). 
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OH 

and and 

OH 

132.4 132.5 

[ 0846] (R)-( 4-Bromo-3-(1-methoxy-2,2-dimethylpropyl)phenyl)methanol 

and (S)-(4-bromo-3-(1-methoxy-2,2-dimethylpropyl)phenyl)methanol (132.5). To a 0 

oc solution of132.4 (1135 mg, 36011-lmol) in THF (18 mL) was added 

diisobutylaluminum hydride (12.6 mL, 12.6 mmol, 1.0 M solution in toluene, 

commercially available from Sigma-Aldrich, St. Louis, MO, USA) over 20 minutes. The 

resulting mixture was stirred at 0-10 oc for 1.5 hours and was then quenched with MeOH. 

Organic solvents were removed under reduced pressure and the residue was redissolved 

in EtOAc and washed with 1. 0 N HCI. After removal of organic solvents under reduced 

pressure, purification of the residue through silica gel chromatography with 50-70% 

EtOAc in hexanes as eluent afforded 132.5 (910 mg, 88%). 

OH Cl 

and and 

OH Cl 

132.5 132.6 
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