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[0256] When production of starting materials is not particularly described, the 

compounds are known or may be prepared analogously to methods known in the art or as 

disclosed in the preparation of intermediates or examples. One of skill in the art will 

appreciate that synthetic methodologies described herein are only representative of 

5 methods for preparation of the compounds of the present invention, and that other well 

known methods may similarly be used. The present invention is further exemplified, but 

not limited, by the following examples that illustrate the preparation of the compounds of 

the invention. 

10 

Preparation of Intermediates 

Intermediate 1 

5-chloro-7 -( chloromethyl)-2,2-dimethyl-2,3-dihydrobenzofuran (5) 

Xi UAIH,~QH SOCI2 ~I 0 

0/ 

Step D Step E 
Cl Cl Cl 

3 4 5 

[0257] Step A: To a solution of methyl 5-chloro-2-hydroxybenzoate (2.5 g, 13.4 mmol) 

in dimethylformamide (25 mL) was added potassium carbonate (2.22 g, 16.1 mmol) and 

15 3-chloro-2-methylprop-1-ene (1.46 g, 16.1 mmol). The suspension was heated at 70 °C 

for 18 h, cooled to room temperature, diluted with water (50 mL), and extracted with 

ethyl acetate (2 x 25 mL). The organic layers were combined, dried over sodium sulfate, 

filtered and concentrated in vacuo. The residue was purified by chromatography (0-20% 

EtOAc in hexanes) to provide the desired ester (1). 

20 [0258] Step B: To a 20 mL microwave tube was added compound (1) (2.00 g, 8.31 

mmol) and N-methylpyrrolidinone (15 mL). The tube was sealed and heated in the 

microwave at 200 °C for 8 h. The solution was cooled to room temperature, diluted with 

water (50 mL), and extracted with ethyl acetate (2 x 25 mL). The organic layers were 

combined, dried over sodium sulfate, filtered and concentrated. The residue was purified 

25 by chromatography (0-30% EtOAc in hexanes) to provide the desired ester (2). 
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[0259] Step C: Compound (2) (2.00 g, 8.31 mmol) was dissolved in formic acid (10 

mL) and water (1 mL) and refluxed for 18 h. The solution was cooled to room 

temperature, diluted with water (50 mL), and extracted with ethyl acetate (2 x 25 mL). 

The organic layers were combined, dried over sodium sulfate, filtered and concentrated in 

5 vacuo. The residue was purified by chromatography (0-30% EtOAc in hexanes) to 

provide the desired ester (3). 

[0260] Step D: Compound (3) (2.00 g, 8.31 mmol) was dissolved in anhydrous 

tetrahydrofuran (15 mL) and cooled to 0 °C under nitrogen. Lithium aluminum hydride in 

tetrahydrofuran (1.0 M, 8.31 mL, 8.31 mmol) was added over a ten minute period. After 

10 the addition was complete, the solution was allowed to warm to room temperature and 

stirred for an additional sixty minutes. The solution was cooled to 0 °C and quenched by 

the addition of ethyl acetate (10 mL) followed by a saturated sodium sulfate aqueous 

solution (10 mL). The mixture was diluted with ethyl acetate and filtered through a pad 

of celite. The combined filtrates were dried over sodium sulfate and concentrated in 

15 vacuo. The residue was purified by silica gel chromatography (0-100% EtOAc in 

hexanes) to provide the desired alcohol (4). 

[0261] Step E: To a solution of compound (4) (1.00 g, 4.70mmol) in acetonitrile (20 

mL) was added thionyl chloride (0.682 mL, 9.4 mmol). The solution was stirred for 4 h 

and then concentrated in vacuo. The residue was dissolved in ethyl acetate, washed with 

20 water and brine. The organic layer was separated, dried over sodium sulfate, filtered and 

concentrated in vacuo. The residue was purified by chromatography (0-30% EtOAc in 

hexanes) to provide compound (5). 

25 

Intermediate 2 

ethyl 3-(3,5-difluoro-4-hydroxyphenyl)-2-methylpropanoate (9) 

F~ 
HO :::,... I 

HMTA 

F Step A 

0 

F~OEt 
BnO~ I 

F 
8 

0 0 F¢H K2C03 F¢H BnCI 

HO :::,... BnO :::,... 
Step B 

F F 

6 7 

Step D 

0 

F~OEt 
HO~ I 

F 
9 
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[0262] Step A: A solution of 2,6-difluorophenol (25 g, 192 mmol), 

hexamethylenetetramine (26 g, 192 mmol) and trifluoroacetic acid (190 mmol) was 

refluxed overnight. The reaction was cooled and diluted with water (200 mL) and 

extracted with dichloromethane (3 x 100 mL). The organic layer was washed with 10% 

5 aqueous potassium carbonate (2 x 100 mL). The aqueous layer was acidified with 

concentrated hydrochloric acid and extracted with ethyl acetate. The organic layer was 

dried over sodium sulfate, filtered, and concentrated in vacuo to yield 3,5-difluoro-4-

hydroxybenzaldehyde as a white solid. Upon sitting the desired product began to 

precipitate from the original aqueous layer that was extracted with dichloromethane. The 

10 layer was filtered to provide the product (6) as long white crystals. 

[0263] Step B: To a mixture of 3,5-difluoro-4-hydroxybenzaldehyde (6) (8.26 g, 52.2 

mmol), and potassium carbonate (14.4 g, 104.4 mmol) in dimethylformamide (100 mL) 

was added benzyl chloride (7.2 mL, 62.7 mmol) and stirred overnight at 50 °C. The 

reaction was diluted with water and extracted with ethyl acetate (3 x 75 mL). The organic 

15 layer was dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was 

purified by flash column chromatography on silica gel (0-1 00% EtOAc in hexanes) to 

afford 4-(benzyloxy)-3,5-difluorobenzaldehyde (7). 

[0264] Step C: A solution of 4-(benzyloxy)-3,5-difluorobenzaldehyde (7) (1.32 g, 5.34 

mmol) and (1-ethoxycarbonylethylidene )triphenyl phosphorane (2.32 g, 6.41 mmol) in 

20 tetrahydrofuran (53 mL) was refluxed for 2 hours. The reaction was concentrated in vacuo 

and was purified by flash column chromatography (0-100% EtOAc in hexanes) to give 

(E)-ethyl3-(4-(benzyloxy)-3,5-difluorophenyl)-2-methylacrylate (8). 

[0265] Step D: To a solution (E)-ethyl 3-(4-(benzyloxy)-3,5-difluorophenyl)-2-

methylacrylate (8) (1.4 g, 4.21 mmol) in ethanol (25 mL) was added Pd/C (140 mg, 10% 

25 Degussa type). A balloon of hydrogen gas was added and the reaction was evacuated and 

back-filled with hydrogen three times. The reaction was stirred under a hydrogen balloon 

overnight at room temperature, filtered through a pad of celite and concentrated in vacuo 

to give ethyl 3-(3,5-difluoro-4-hydroxyphenyl)-2-methylpropanoate (9). 

Intermediate 3 

30 ethyl 3-(3,5-difluoro-4-hydroxyphenyl)propanoate (11) 
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F'I(YBr 
Hoy 

F 

0 

~OEt 
Pd(OAcb 
P(o-Tolylh 
Et3N, DMF 

Step A 

0 

F~~OEt 
HOY 

F 
10 

Step B 
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0 

F~OEt 
HO~ 

F 
11 

[0266] Step A: In a 350-mL pressure-glass was added 4-bromo-2,6-difluorophenol 

(23.82 g, 0.11 mol), triethylamine (55 mL, 0.39 mol), ethyl acrylate (34.27 g, 0.34 mol), 

DMF (50 mL), palladium (II) acetate (1.29 g, 5.75 mmol), and followed by tri-o-

5 tolyphosphine (2.34 g, 7.6 mmol) under N2. The mixture in the sealed glass was stirred at 

110 oc overnight (21 hours), cooled to room temperature and added EtOAc (150 mL) and 

stirred for 30 minutes, filtered through celite and rinsed with EtOAc (3 x 100 mL). The 

filtrate was acidified with 2N HCl to pH -2. The organic layer was separated, and the 

aqueous layer was extracted with EtOAc (2 x 50 mL). The organic layers were combined 

10 and washed with water (2 x 100 mL), brine (100 mL) and dried over sodium sulfate. After 

filtration, heptane (200 mL) was added and the solution was concentrated in vacuo. The 

resulting precipitate was filtered, washed with heptane (2 x 50 mL) and dried to afford the 

desired product as a light-yellow solid. The mother liquor was concentrated in vacuo to 

obtain additional desired product (10) as a pale-yellow solid. 1H NMR (400 MHz, CDCb) 

15 8: 7.50 (d, J = 15.9 Hz, 1H), 7.09 (d, J = 8.3 Hz, 2H), 6.29 (d, J = 15.9 Hz, 1H), 5.54 (br, 

1H), 4.26 (q, J = 7.1 Hz, 2H), 1.33 (t, J = 7.1 Hz, 3H). 

[0267] Step B: To a solution of (E)-ethyl 3-(3,5-difluoro-4-hydroxyphenyl)acrylate (10) 

(0.751 g, 3.29 mmol) in ethanol (20 mL) was added Pd/C (81 mg, 10% Degussa type). A 

balloon of hydrogen gas was added and the reaction was evacuated and back-filled with 

20 hydrogen three times. The reaction was stirred under a hydrogen balloon overnight at 

room temperature, filtered through a pad of celite and concentrated in vacuo to give ethyl 

3-(3,5-difluoro-4-hydroxyphenyl)propanoate (11). 

Intermediate 4 

ethyl 2-(3,5-difluoro-4-hydroxyphenyl)cyclopropanecarboxylate (12) 
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NH 

0 0 
Me,N)t_N,N02 

0 I I 

F)7B' ~OEt )Q'~OEI 
NO H 

F~OEI Pd(OAcb I aq. KOH 
HO .o Pd(OAch HO .o HO .o 

P(o-Tolylh 
F Et3N, DMF F Step B F 

10 12 
Step A 

[0268] Step A: In a 350-mL pressure-tube was added 4-bromo-2,6-difluorophenol 

(23.82 g, 0.11 mol), triethylamine (55 mL, 0.39 mol), ethyl acrylate (34.27 g, 0.34 mol), 

DMF (50 mL), palladium (II) acetate (1.29 g, 5.75 mmol), and tri-o-tolyphosphine (2.34 

5 g, 7.6 mmol) under N2. The mixture was sealed in the glass tube and was stirred at 110 oc 
overnight (21 hours). The reaction was cooled to room temperature and EtOAc (150 mL) 

was added. The mixture was stirred for 30 minutes, filtered through celite and rinsed with 

EtOAc (3 x 100 mL). The filtrate was acidified with 2N HCl to pH -2. The organic layer 

was separated, and the aqueous layer was extracted with EtOAc (2 x 50 mL). The organic 

10 layers were combined and washed with water (2 x 100 mL), brine (100 mL) and dried 

over sodium sulfate. After filtration, heptane (200 mL) was added and the solution was 

concentrated in vacuo. The resulting precipitate was filtered, washed with heptane (50 mL 

x 2) and dried to afford the desired product as a light-yellow solid. The mother liquor was 

concentrated in vacuo to obtain additional desired product (10) as a pale-yellow solid. 1H 

15 NMR (400 MHz, CDCb) 8: 7.50 (d, J = 15.9 Hz, 1H), 7.09 (d, J = 8.3 Hz, 2H), 6.29 (d, J 

= 15.9 Hz, 1H), 5.54 (br, 1H), 4.26 (q, J = 7.1 Hz, 2H), 1.33 (t, J = 7.1 Hz, 3H). 

[0269] Step B: To a mixture of N-methyl-N' -nitro-N-nitrosoguanidine (TCI-America 

catalogue# M0527, 10 g on a dry weight basis, 0.068 mol) in ether (150 mL) at 0 oc was 

added a cold solution of potassium hydroxide (12.60 g) in water (21 mL). After stirring 

20 for 2 minutes, a portion of the yellow ethereal solution of the resulting diazomethane was 

added to a solution of ethyl 3-(3,5-difluoro-4-hydroxyphenyl)acrylate (10) (2.28 g, 0.010 

mol) in ether (100 mL) at 0 oc. A portion of palladium (II) acetate (0.372 g, 1.66 mmol) 

was added followed by an additional portion of diazomethane solution. This process was 

continued until all the diazomethane solution and palladium (II) acetate was added. The 

25 resulting dark mixture was stirred at 0-5 oc for 4 hours and acetic acid (6 drops) was 

added to quench any excess reagent. After removal of solvent in vacuo, the residue was 

purified by chromatography on silica gel (0-30% EtOAc in hexanes) to afford the desired 

product (12) as a white solid. 1H NMR (400 MHz, CDCb) 8: 6.67 (d, J = 8.4 Hz, 2H), 
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5.05 (br, 1H), 4.20 (q, J = 7.1 Hz, 2H), 2.45-2.40 (m, 1H), 1.87- 1.74 (m, 1H), 1.39-

1.14 (m, 5H). 

Intermediate 5 

(2,2-dimethylchroman-8-yl)methanol (16) 

0 
OH 

C6 \y B MeMgCI HO~ H2S04 n-Buli 

AcOH C02 
OH 

Step A Step B Step C 
13 14 15 

Step D 
~OH 

16 

[0270] Step A: To a solution of methyl magnesium chloride (3M in tetrahydrofuran, 60 

mL, 180 mmol) was added a solution of coumarin ( 11.4 mL, 90 mmol) in tetrahydrofuran 

(20 mL) drop wise over forty minutes. The reaction was stirred for 18 h. The solution 

was quenched with ice cold water (20 mL) and extracted with ethyl acetate (2 x 25 mL). 

10 The organic extracts were combined, dried over sodium sulfate, filtered and concentrated 

in vacuo to obtain the expected compound (13) as a white powder. 

[0271] Step B: Alcohol (13) (7.6 g, 42.2 mmol) was dissolved in acetic acid (45 mL) 

and 20% sulfuric acid was added (17 mL). The solution was heated at 100 °C for 45 

minutes. After allowing the solution to cool to room temperature, ice (20 g) was added. 

15 The mixture was extrated with ethyl acetate (2 x 25 mL), the organic extracts were 

combined, dried over sodium sulfate, filtered and concentrated in vacuo. The residue was 

purified by vacuum distillation (85 °C oil bath, 5 mmHg) to provide (14). 

[0272] Step C: To a solution of n-butyllithium (26 mL, 2.5 Min hexanes) was added 

anhydrous diethyl ether (30 mL). A solution of compound (14) (4.2 g, 26 mmol) in 30 

20 mL of anhydrous diethyl ether was added drop wise. After the addition was complete, the 

reaction was refluxed for 90 minutes. The solution was cooled to room temperature and 

poured into a flask containing a slurry of dry ice in anhydrous diethyl ether. Water was 

added (50 mL) and the solution was extracted with ethyl acetate (2 x 50 mL). The 
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organic extracts were combined, dried over sodium sulfate, filtered and concentrated in 

vacuo to obtain the expected compound (15). 

[0273] Step D: Compound (15) (0.230 g, 1.12 mmol) was dissolved in anhydrous 

tetrahydrofuran (5 mL) and cooled to 0 °C under nitrogen. Lithium aluminum hydride in 

5 tetrahydrofuran (1.0 M, 1.2 mL, 1.2 mmol) was added over a ten minute period. After the 

addition was complete, the solution was allowed to warm to room temperature and stirred 

for an additional sixty minutes. The solution was cooled to 0 °C and quenched by the 

addition of ethyl acetate (10 mL) followed by a saturated sodium sulfate aqueous solution 

(10 mL). The mixture was diluted with ethyl acetate and filtered through a pad of celite. 

10 The combined filtrates were dried over sodium sulfate and concentrated in vacuo. The 

15 

residue was purified by flash column chromatography (0-100% EtOAc in hexanes) to 

provide the desired alcohol (16). 

Intermediate 6 

ethyl 2-(6-fluoro-5-hydroxy-2,3-dihydro-1H-inden-1-yl)acetate (22) 

0 0 FMr pyridine F~ H2, Pd/C 
HO)(_)lOH + 0 I ~ 0 

"" 
0 I ~ -0 OH 

I H Step A I 11 o Step B 

0 0 

F~ 
0 

0 I~ OH MsOH FX)) Br.__)lOEt F:o{OE1 
"" 

I~ 
Zn°, CuCI 

I~ 
I o 0 0 ~ I 

18 Step C 19 Step D I 20 

Step E 

)):{OE1 BBc, 
0

1 

Step F 
21 

[0274] Step A: To a solution of malonic acid (21.5 g, 207 mmol) in pyridine (50 mL) 

was added 4-fluoro-3-methoxybenzaldehyde (16 g, 104 mmol) and piperidine (1.5 mL). 

The reaction was refluxed for 13 h. Water was added (25 mL) followed by concentrated 

HCl ( 40 mL). The precipitated product (17) was collected by filtration and washed with 

20 water. 
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[0275] Step B: To a solution of (17) (25 g, 127 mmol) in ethanol (40 mL) was added 

Pd/C (2 g, 10% Degussa type). A balloon of hydrogen gas was added and the reaction was 

evacuated and back-filled with hydrogen three times. The reaction was stirred under a 

hydrogen balloon overnight at room temperature, filtered through a pad of celite and 

5 concentrated in vacuo to provide compound (18). 

[0276] Step C: To a 20 mL microwave tube was added compound (18) (2.00 g, 10.1 

mmol) and methylsulfonic acid (15 mL). The tube was sealed and heated at 90 °C for 10 

minutes. The resulting solution was poured into an ice bath, neutralized to pH 7 with 

aqueous N aOH. The resulting precipitate was collected by filtration and washed with 

10 water to provide compound (19). 

[0277] Step D: To a solution of ketone (19) (3.56 g, 19.8 mmol) in 

toluene/tetrahydrofuran (50:1, 40 mL) was added Zn° dust (2.6 g, 39.6 mmol) and copper 

(I) chloride (0.4 g, 3.96 mmol). The suspension was heated at 90 °C for 30 minutes. 

After cooling to room temperature, ethylbromoacetate (3.4 mL. 31.6 mmol) was added. 

15 The suspension was heated at 100 °C for 4 hours. After cooling to room temperature, an 

aqueous solution of HCl (50 mL. 2N) was added and the solution was extrated with ethyl 

acetate (2 x 50 mL). The organic extracts were combined, dried over sodium sulfate, 

filtered and concentrated in vacuo. The residue was purified by flash column 

chromatography (0-50% EtOAc in hexanes) to provide the desired ester (20) as a mixture 

20 of isomers. 

[0278] Step E: To a solution of (20) (0.79 g, 3.2 mmol) in ethanol (10 mL) was added 

Pd/C (0.08 g, 10% Degussa type). A balloon of hydrogen gas was added and the reaction 

was evacuated and back-filled with hydrogen three times. The reaction was stirred under a 

hydrogen balloon overnight at room temperature, filtered through a pad of celite and 

25 concentrated in vacuo to provide compound (21). 

[0279] Step F: To a solution of ester (21) (1.06 g, 4.2 mmol) in dichloromethane (40 

mL) at 0 °C was added boron tribromide (3.96 mL, 41.9 mmol). The solution was stirred 

for 2 hours and quenched with ethanol (5 mL) followed by a saturated solution of sodium 

bicarbonate (5 mL). The organic layer was separated, dried over sodium sulfate, filtered 

30 and concentrated in vacuo to obtain the expected product (22). 
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Intermediate 7 

ethyl2-(2-(3,5-difluoro-4-hydroxyphenyl)cyclopropyl)acetate (506) 
NH 

0 0 
Me,N)lN,N02 
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HO 
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Step A 
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BnO 

0 [Me3SibNLi I THF 
BnO 

F Step D 
500 

F~OEt 
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F~H AgN02IH20IEtOH 
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F 
503 

Step G 

F~OHHCI 
BnoAt 0 ~ 

F Step H 
504 

F~OEt 
10 0 

HO 

F 
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[0280] Step A: In a 350-mL pressure-tube was added 4-bromo-2,6-difluorophenol 

5 (23.82 g, 0.11 mol), triethylamine (55 mL, 0.39 mol), ethyl acrylate (34.27 g, 0.34 mol), 

DMF (50 mL), palladium (II) acetate (1.29 g, 5.75 mmol), and tri-o-tolyphosphine (2.34 

g, 7.6 mmol) under N2. The mixture was sealed in the glass tube and was stirred at 110 oc 
overnight (21 hours). The reaction was cooled to room temperature and EtOAc (150 mL) 

was added. The mixture was stirred for 30 minutes, filtered through celite and rinsed with 

10 EtOAc (100 mL x 3). The filtrate was acidified with 2N HCl to pH -2. The organic layer 

was separated, and the aqueous layer was extracted with EtOAc (50 mL x 2). The organic 

layers were combined and washed with water ((100 mL x 2), brine (100 mL) and dried 

over sodium sulfate. After filtration, heptane (200 mL) was added and the solution was 

concentrated in vacuo. The resulting precipitate was filtered, washed with heptane (50 mL 

15 x 2) and dried to afford the desired product (10) (17 .09 g) as a light-yellow solid. The 

mother liquor was concentrated to obtain additional desired product ( 4.29 g) as a pale­

yellow solid. 1H NMR (400 MHz, CDCb) 8: 7.50 (d, J = 15.9 Hz, 1H), 7.09 (d, J = 8.3 

Hz, 2H), 6.29 (d, J = 15.9 Hz, 1H), 5.54 (br, 1H), 4.26 (q, J = 7.1 Hz, 2H), 1.33 (t, J = 7.1 

Hz, 3H). 
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[0281] Step B: To a mixture of N-methyl-N' -nitro-N-nitrosoguanidine (TCI-America 

catalogue# M0527, 10 g on a dry weight basis, 0.068 mol) in ether (150 mL) at 0 oc was 

added a cold solution of KOH (12.60 g) in water (21 mL). After stirring for 2 minutes, a 

portion of the yellow ethereal solution of the resulting diazomethane was added to a 

5 solution of ethyl 3-(3,5-difluoro-4-hydroxyphenyl)acrylate (10) (2.28 g, 0.010 mol) in 

ether (100 mL) at 0 oc. A portion of palladium (II) acetate (0.372 g, 1.66 mmol) was 

added followed by an additional portion of diazomethane solution. This process was 

continued until all the diazomethane solution and palladium (II) acetate was added. The 

resulting dark mixture was stirred at 0-5 oc for 4 hours and acetic acid (6 drops) was 

10 added to quench any excess reagent. After removal of solvent, the residue was purified by 

chromatography on silica gel (0-30% EtOAc in hexanes) to afford 2.04 g of the desired 

product as a white solid (12). 1H NMR (400 MHz, CDCb) 8: 6.67 (d, J = 8.4 Hz, 2H), 

5.05 (br, 1H), 4.20 (q, J = 7.1 Hz, 2H), 2.45-2.40 (m, 1H), 1.87- 1.74 (m, 1H), 1.39-

1.14 (m, 5H). 

15 [0282] Step C: To a mixture of ethyl2-(3,5-difluoro-4-hydroxyphenyl) 

cyclopropanecarboxylate (12) (2.04 g, 8.4 mmol) and pottasium carbonate (1.69 g, 12.2 

mmol) in DMF (15 mL) was added benzyl bromide (1.88g, 11 mmol). The mixture was 

stirred at rt overnight and partitioned between ethyl acetate and water. The organic extract 

was washed with water and brine, dried over sodium sulfate and concentrated in vacuo. 

20 Purification by flash chromatography on silica gel (0-20% EtOAc in hexanes) gave 2.76 g 

of desired product (500) as a white solid. 1H NMR (400 MHz, CDCb) 8: 7.50-7.43 (m, 

2H), 7.38-7.32 (m, 3H), 6.62 (d, J = 9.0 Hz, 2H), 5.12 (s, 2H), 4.19-4.11 (m, 2H), 2.43 

-2.38 (m, 1H), 1.89- 1.76 (m, 1H), 1.65- 1.58 (m, 1H), 1.29- 1.15 (m, 4H). 

[0283] Step D: To a solution of ethyl2-(4-(benzyloxy)-3,5-difluorophenyl)cyclo 

25 propanecarboxylate (500) (2.74 g, 8.24 mmol) in tetrahydrofuran (10 mL) at 0 oc was 

added a solution of LiAlH4 (1N in ether, 12.5 mL). After stirring at room temperature for 

2 hours, 8 mL of EtOAc was added and the solution was stirred for 10 minutes. Water (10 

mL) was added and the mixture was stirred for an additional10 minutes, filtered through 

celite and rinsed with EtOAc. The filtration was partitioned between EtOAc and 

30 water/brine, washed with water/brine, dried over sodium sulfate and concentrated in 

vacuo to afford 2.25 g of desired product (501) as a colorless liquid. The product was 

sufficiently pure to be used directly in subsequent Swern oxidation. 1H NMR (400 MHz, 
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CDCb) 8: 7.49-7.39 (m, 2H), 7.39-7.33 (m, 3H), 6.59 (d, J = 9.2 Hz, 2H), 5.10 (s, 2H), 

3.68-3.51 (m, 2H), 1.81- 1.68 (m, 1H), 1.47- 1.20 (m, 1H), 1.02- 0.83 (m, 2H). 

[0284] Step E: DMSO (2.5 mL) was added to a solution of oxalyl choride (2.12 g, 16.7 

mmol) in anhydrous dichloromethane (15 mL) at -78° C, and then a solution of (2-( 4-

5 (benzyloxy)-3,5-difluorophenyl)-cyclopropyl)methanol (501) (2.25 g, 7.75 mmol) in 

dichloromethane (5 mL) was added, followed by Et3N (5.6 mL). Purification by flash 

chromatography on silica gel (0-30%) gave 2.07 g of desired product (502) as a colorless 

liquid. 1H NMR (400 MHz, CDCb) 8: 9.37 (s, 1H), 7.47-7.41 (m, 2H), 7.40-7.29 (m, 

3H), 6.65 (d, J = 7.1 Hz, 2H), 5.13 (s, 2H), 2.59-2.45 (m, 1H), 2.19-2.10 (m, 1H), 1.78 

10 - 1.65 (m, 1H), 1.51- 1.36 (m, 1H). 

[0285] Steps F, G and H: These reactions were conducted according to the protocol 

described in US patent (US 2004/0092538, pp 40-41). 

[0286] Step 1: To a solution of ethyl2-(2-(4-(benzyloxy)-3,5-

difluorophenyl)cyclopropyl) acetate (505) (0.782 g, 2.25 mmol) in EtOAc/EtOH (5 

15 mL/10 mL) was added 159 mg of 10% Pd/C, and the mixture was stirred under a 

hydrogen balloon overnight. After filtration through celite and washing with EtOH, the 

filtrate was concentrated in vacuo to afford 0.508 g of desired product (506) as a pale­

yellow liquid. The product was sufficiently pure to be used directly in subsequent 

couplings. 1H NMR (400 MHz, CDCb) 8: 6.67 (d, J = 8.4 Hz, 2H), 4.96 (br, 1H), 4.23-

20 4.05 (m, 2H), 2.50-2.26 (m, 2H), 1.70- 1.66 (m, 1H), 1.33- 1.19 (m, 4H), 0.97-0.79 

(m, 2H). 

Intermediate 8 

ethyl2-( 4-hydroxyphenylthio )acetate (507) 

~SH 

HO~ 

0 

osJOEt 
HO 507 

25 [0287] Step A: To a solution of 4-mercaptophenol (49.7 mg, 0.39 mmol) in 

tetrahydrofuran (2 mL) was added cesium carbonate (128 mg, 0.39 mmol) and ethyl 

bromoaceate (44!-lL, 0.39 mmol) and the reaction was stirred at 50 °C overnight. The 

reaction was quenched with water and extracted with ethyl acetate (3 x 10 mL). The 

organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo. The 
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residue was purified by flash column chromatography on silica gel with hexanes and 

EtOAc to afford ethyl2-(4-hydroxyphenylthio)acetate (507). 

Intermediate 9 

7-(chloromethyl)-2-methylbenzo[b]thiophene (511) 

---t6B4r - -«)0 :OH n-butyllithium 
C02(g) 

Step A 

BH,-THF ~H SOCI, 

Step B Step C 

508 509 510 511 

[0288] Step A: The solution of 7-bromo-2-methylbenzo[b]thiophene (508) (0.908 g, 4.0 

mmol) in tetrahydrofuran (16 mL) was cooled to -78 °C under nitrogen. n-butyllithium 

(2.40 mL, 6.0 mmol, l.OM in Hexanes) was added dropwise. After the addition was 

complete, the reaction mixture was stirred at -78 °C for 1h, then poured on to the mixture 

10 of dry ice in ethyl ether (30 mL). The reaction was stirred to reach room temperature for 5 

hours, followed by washing with 1N HCl, brine and dried over sodium sulfate, filtered, 

and concentrated in vacuo. The obtained white solid was washed with hexanes to provide 

2-methylbenzo[b]thiophene-7-carboxylic acid (509) (0.240 g, 31.2%). LC-MS ESI m/z: 

found 191.0 [M-Hr. 

15 [0289] Step B: The carboxylic acid (509) (0.240 g, 1.25 mmol) was dissolved in 

anhydrous tetrahydrofuran (12 mL) and cooled to 0 °C under nitrogen. BH3-

tetrahydrofuran complex (3.12 mL, 3.12 mmol, 1.0 Min tetrahydrofuran) was added 

slowly. After the addition was complete, the solution was allowed to warm to room 

temperature and stirred for an additional 1 hour. The solution was cooled to 0 °C and 

20 quenched by the addition of methanol (5 mL) followed by a saturated sodium sulfate 

aqueous solution (5 mL). The mixture was diluted with ethyl acetate and washed with 

brine and dried over sodium sulfate, filtered, and concentrated in vacuo to provide (2-

methylbenzo[b]thiophen-7-yl)methanol (510) (0.203 g, 91.2%) as a colorless oil. 

[0290] Step C: Thionyl chloride (0.415 mL, 5.69 mmol) was added slowly to an ice 

25 cold solution of the alcohol (510) (0.203 g, 1.14 mmol) in dichloromethane (6.0 mL). The 

reaction mixture was stirred and warmed to room temperature for 1 h. The resulting 

solution was quenched slowly with saturated sodium bicarbonate (10 mL) and extracted 

with dichloromethane, the organic layer was dried over sodium sulfate, filtered, and 
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concentrated in vacuo to provide the intermediate 7-(chloromethyl)-2-

methylbenzo[b]thiophene (511) (0.150 g, 67.0%) as a yellow oil. 

Intermediate 10 

ethyl 2-(6-hydroxy-1,2,3,4-tetrahydronaphthalen-1-yl)acetate (514) 

0 

'o ro 
BBr3 

Step C 

0 J ( 
Jl.;' ~0 

EtO f\, 
0 

Step A 'o 

514 

0 0 

~OEt ~OEt 
H2, Pd/C 

I 
Step B 

I 
'o 

512 513 

[0291] Step A: Sodium hydride (0.5 g, 12.5 mmol) was added slowly to a mixture of 6-

methoxy-1-tetralone (0.881 g, 5.0 mmol) and triethyl phosphonoacetate (2.5 mL, 12.5 

mmol) in anhydrous tetrahydrofuran (25 mL) at 0 °C. The reaction was warmed to room 

temperature and refluxed under nitrogen for 48 hours. The reaction mixture was quenched 

10 with water and extracted with ethyl acetate. The organic phase was washed with water, 

brine, dried with sodium sulfate and concentrated under reduced pressure. The residue 

was purified by flash chromatography on silica gel (40% EtOAc in hexanes) to provide 

ethyl2-(6-methoxy-3,4-dihydronaphthalen-1(2H)-ylidene)acetate (512) (0.792 g, 64.3%) 

as a yellow oil. 

15 [0292] Step B: To a solution of the alkene (512) (0.792 g, 3.22 mmol) in ethanol (53 

mL) was added Pd/C (100 mg, 10% Degussa type). A balloon of hydrogen gas was added 

and the reaction was evacuated and back-filled with hydrogen three times. The reaction 

was stirred under a hydrogen balloon overnight at room temperature, then filtered through 

a pad of celite and concentrated in vacuo to give ethyl2-(6-methoxy-1,2,3,4-

20 tetrahydronaphthalen-1-yl)acetate (513) (0.708 g, 88.7%) as a colorless oil. 

[0293] Step C: To a solution of ethyl2-(6-methoxy-1,2,3,4-tetrahydronaphthalen-1-

yl)acetate (513) (0.708 g, 2.85 mmol) in dichloromethane (28 mL) at 0 °C was added 

boron tribromide (0.809 mL, 8.56 mmol). The solution was stirred for 2 hours and 

quenched with ethanol (5 mL) followed by a saturated solution of sodium bicarbonate (5 

25 mL). The organic layer was separated, dried over sodium sulfate, filtered and 
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concentrated in vacuo to obtain the intermediate ethyl2-(6-hydroxy-1,2,3,4-

tetrahydronaphthalen-l-yl)acetate (514) (0.600g, 90.0%) as an oil residue. 

Intermediate 11 

ethyl 3-(3-chloro-4-hydroxyphenyl)-2-methylpropanoate (516A) 

GIN" I o 
HO ~ 

::;\JyoEt ~ 
::ep: HOY I OEt 

Cl 

515 

Step B 
HO~OE! 

Cl 

516A 

[0294] Step A: The mixture of 3-chloro-4-hydroxybenzaldehyde (0.783 g, 5 mmol) and 

ethyl2-(triphenylphosphoranylidene)propionate (2.72 g, 7.5 mmol) in anhydrous 

tetrahydrofuran (25 mL) was heated at 60 °C under nitrogen for 4 hours. The solvent was 

removed in vacuo and purified by silica gel chromatography (40% EtOAc in hexanes) to 

10 provide ethyl3-(3-chloro-4-hydroxyphenyl)-2-methylacrylate (515) (1.11 g, 95.2%) as a 

white solid. 

[0295] Step B: To a solution of the alkene (515) (0.481 g, 2.0 mmol) in ethyl acetate 

(20 mL) was added Pd/C (48 mg, 10% Degussa type). A balloon of hydrogen gas was 

added and the reaction was evacuated and back-filled with hydrogen three times. The 

15 reaction was stirred overnight under a hydrogen balloon at room temperature, then filtered 

through a pad of celite and concentrated in vacuo to provide the intermediate ethyl 3-(3-

chloro-4-hydroxyphenyl)-2-methylpropanoate (516A) (0.470 g, 96.9%) as a white solid. 

LC-MS ESI m/z: found 243.2 [M+Ht. 

94 



wo 2011/159297 PCT /US201 0/038906 

Intermediate 12 

5-chloro-7 -( chloromethyl)-3H-spiro[benzofuran -2,1 '-cyclopentane] (522) 

0 

Br 6-CI 0 Br Ph, Ph Br Br 

HO~ ---- CrO~ _Ph_"'_P\_sr_-_ (YOn ~ ~ HO~ 
ll_ACI Step A ll_ACI Step B rH Cl Step C ~CI 

Amberlyst 15 
resin 

Step D 

Step G 

~,0~ 
~CI 

519 

- n iCI 

~CI 
522 

H 

5168 517 518 

n-Butyllithium ~ ,o~OH 
__ c_o2 __ ~ BH3-THF 

Step E Cl Step F 

~ n_ iOH 

~CI 
520 521 

[0296] Step A: To a solution of ethyl2-bromo-4-chlorophenol (10.9 g, 52.5 mmol) in 

5 acetone (105 mL) was added pottasium carbonate (14.5 g, 105 mmol), followed by 2-

chlorocyclopentanone (6.3 mL, 63 mmol). The mixture was refluxed at 100 oc overnight, 

then filtered through celite, concentrated in vacuo and purified by flash chromatography 

on silica gel (20% EtOAc in hexanes) to provide 2-(2-bromo-4-

chlorophenoxy)cyclopentanone (516B) (10.8 g, 71.0%) as a yellow oil. 

10 [0297] Step B: To the mixture of methyl triphenylphosphonium bromide (16.0 g, 44.8 

mmol) in anhydrous tetrahydrofuran (125 mL) at 0 °C under nitrogen was added portion 

wise the potassium tert-butoxide (5.0 g, 44.8 mmol). After stirring at 0 °C for 30 minutes, 

the mixture of 2-(2-bromo-4-chlorophenoxy)cyclopentanone (516B) (10.8 g, 37.3 mmol) 

in tetrahydrofuran (40 mL) was added slowly. The resulting mixture was stirred at room 

15 temperature under nitrogen for 3 hours. The reaction mixture was quenched with water 

and extracted with ethyl acetate. The organic phase was washed with water, brine, dried 

with sodium sulfate and concentrated under reduced pressure. The residue was purified by 

flash chromatography on silica gel (5-10% EtOAc in hexanes) to provide 2-bromo-4-

chloro-1-(2-methylenecyclopentyloxy) benzene (517) (6.2 g, 58.2%) as a colorless oil. 

20 [0298] Step C: 2-Bromo-4-chloro-1-(2-methylenecyclopentyloxy) benzene (517) (6.2 

g, 21.7 mmol) was heated at 150 °C for 6 hours. The residue was purified by flash 
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chromatography on silica gel (5-10% EtOAc in hexanes) to provide 2-bromo-4-chloro-6-

(cyclopentenylmethyl)phenol (518) (5.7 g, 53.0%) as a yellow oil. 

[0299] Step D: The mixture of 2-bromo-4-chloro-6-(cyclopentenylmethyl)phenol (518) 

(5.7 g, 19.8 mmol) and Amberlyst® 15 ion-exchange resin (5.2 g) in toluene (100 mL) 

5 was heated at 80 °C for 3 hours. Subsequently, the Amberlyst 15 resin was filtered off and 

the filtrate was concentrated in vacuo to give 7-bromo-5-chloro-3H-spiro[benzofuran-

2,1'-cyclopentane] (519) (5.4 g, 94.9%) as a yellow oil. 

[0300] Step E: Similar manner described for the synthesis of (509) was used to 

synthesize the 5-chloro-3H-spiro[benzofuran-2,1'-cyclopentane]-7-carboxylic acid (520) 

10 (1.0 g, 44.5%) as an off-white solid. 

[0301] Step F: Similar manner described for the synthesis of (510) was used to 

synthesize (5-chloro-3H-spiro[benzofuran-2,1'-cyclopentane]-7-yl)methanol (521) (0.640 

g, 67.8%) as a colorless oil. 

[0302] Step G: Similar manner described for the synthesis of (511) was used to 

15 synthesize the intermediate 5-chloro-7-(chloromethyl)-3H-spiro[benzofuran-2,1'­

cyclopentane] (522) (0.630 g, 91.4%) as a yellow oil. 

Intermediate 13 

7 -( chloromethyl)-5-fluoro-3H-spiro[benzofuran-2, 1 '-cyclopentane] (529) 

0 

Br &cl o Br 

HO~-CrO~ 
Ph, Ph 

P.+ 
Ph,... \ Br-

~CI StepA ~F Step B 
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Step D 
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Step G 
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.0 
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Step F 
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[0303] Similar reaction routes used for the synthesis of (522) was used to synthesize the 

intermediate 7-(chloromethyl)-5-fluoro-3H-spiro[benzofuran-2,1'-cyclopentane] (529) 

[0304] Step A: Provided 2-(2-bromo-4-fluorophenoxy)cyclopentanone (523) (13.3 g, 

92.7% ), as a yellow oil. 

5 [0305] Step B: Provided 2-bromo-4-fluoro-1-(2-methylenecyclopentyloxy)benzene 

(524) (9.7 g, 73.4%) as a colorless oil. 

[0306] Step C: Provided 2-bromo-6-(cyclopentenylmethyl)-4-fluorophenol (525) (8.2 

g, 62.2%) as a yellow oil. 

[0307] Step D: Provided 7-bromo-5-fluoro-3H-spiro[benzofuran-2,1'-cyclopentane] 

10 (526) (8.2 g, 100%), yellow oil. 

[0308] Step E: Provided 5-fluoro-3H -spiro[benzofuran-2,1 '-cyclopentane] -7 -carboxylic 

acid (527) (1.75 g, 86.6%) as an off-white solid. 

[0309] Step F: Provided (5-fluoro-3H-spiro[benzofuran-2,1'-cyclopentane]-7-

yl)methanol (528) (0.610 g, 37.0%) as a colorless oil. 

15 [0310] Step G: Provided the intermediate 7-(chloromethyl)-5-fluoro-3H­

spiro[benzofuran-2,1'-cyclopentane] (529) (0.610 g, 92.3%) as a yellow oil. 

Intermediate 14 

(S)-ethyl2-(5-hydroxy-2,3-dihydro-1H-inden-1-yl)acetate (533) 

0 1) ~ 0 0 
H2N s ,-:; _ __1( _ __1( dOH - Om)OH EtOH, H2S04 m)OEt 

I I 
0 0 
I 

2) HCI I I 
530 Step A 531 Step B 532 

0 

Step C 

_ __1( 
~S) OEt 

HO~ 
533 

20 [0311] Step A: The chiral base (S)-1-phenylethanamine (4.6 mL, 35.7 mmol) was 

added slowly into the stirring mixture of 2-(5-methoxy-2,3-dihydro-1H-inden-1-yl)acetic 

acid (530) (7.0 g, 34.0 mmol) in acetone (170 mL). After the addition was complete, an 

additional portion of acetone (10 mL) was added and stirring was continued for 1 hour. 
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The precipitate was collected by filtration, washed with acetone and dried under vacuum. 

The solids were re-suspended in acetone (100 mL) and warmed to reflux until all the 

solids dissolved. The resulting reaction mixture was slowly cooled down to room 

temperature overnight, during which time the precipitates formed. The suspension was 

5 cooled to 0 °C and the white solid was collected and washed with cold acetone by 

filtration. The solids were dissolved in IN HCl and extracted with EtOAc. The organic 

phase was washed with water, brine, dried with sodium sulfate and concentrated in vacuo 

to provide (S)-2-(5-methoxy-2,3-dihydro-lH-inden-1-yl)acetic (531) (1.65 g, 23.5%, 

99.9% ee) as an oil residue. 

10 [0312] Step B: The mixture of (S)-2-(5-methoxy-2,3-dihydro-1H-inden-1-yl)acetic 

(531) (1.65 g, 8.0 mmol) and H2S04 (0.111 mL, 4.0 mmol) in ethanol (5 mL) was 

refluxed at 100 °C for 2 hours. The solvent was removed in vacuo. The residue was 

dissolved in ethyl acetate and washed with water. The organic layer was separated, dried 

over sodium sulfate, filtered and concentrated in vacuo to provide (S)-ethyl2-(5-methoxy-

15 2,3-dihydro-1H-inden-1-yl)acetate (532) (1.8 g, 96.0%) as an oil 

20 

[0313] Step C: Similar manner described for the synthesis of (514) was used to 

synthesize (S)-ethyl2-(5-hydroxy-2,3-dihydro-1H-inden-1-yl)acetate (533) (1.6 g, 94.5%) 

as an oil residue. 

Intermediate 15 

(S)-ethyl2-(5-hydroxy-2,3-dihydro-1H-inden-1-yl)acetate (536) 

Step B 
530 534 

Step C 
536 

0 
I 
M

0

0Et 

I 

535 

[0314] Similar reaction routes used for the synthesis of (533) was used to synthesize the 

intermediate (S)-ethyl2-(5-hydroxy-2,3-dihydro-1H-inden-1-yl)acetate (536) 
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[0315] Step A: Provided (R)-2-(5-methoxy-2,3-dihydro-1H-inden-1-yl)acetic acid 

(534) (2.67 g, 38.1 %, 92.0% ee pure) as an oil residue. 

[0316] Step B: Provided (R)-ethyl2-(5-methoxy-2,3-dihydro-1H-inden-1-yl)acetate 

(535) (2.9 g, 96.9%) as an oil residue. 

5 [0317] Step C: Provided the intermediate (R)-ethyl 2-(5-hydroxy-2,3-dihydro-1H­

inden-1-yl)acetate (536) (1.7 g, 61.1 %) as an oil residue. 

Intermediate 16 

ethyl2-(3-fluoro-4-hydroxyphenyl)cyclopropanecarboxylate (539) 
NH 

Me,NAN,N02 

0 Ph,p~OEt 

d 
Ph,...l II 

F I~ ____ P_h_o __ _ ~OEt 
I I 
NO H 

Pd(OAcb I aq. KOH 

Step B 'o ,.,::; StepA 'oAY 
F 
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~OEt 
'oAY Step C 

~OEt 
HOAY 
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10 [0318] Step A: The mixture of 3-fluoro-4-methoxybenzaldehyde (5.1g, 33.0 mmol) and 

(carbethoxymethylene)triphenylphosphorane (17.2 g, 49.5 mmol) in anhydrous toluene 

(165 mL) was refluxed at 120 °C under nitrogen for 4 hours. The solvent was removed in 

vacuo and purified by silica gel chromatography (10-20% EtOAc in hexanes) to provide 

(E)-ethyl3-(3-fluoro-4-methoxyphenyl)acrylate (537) (6.5 g, 87.6%) as a white solid. 

15 [0319] Step B: To a mixture of N-methyl-N' -nitro-N-nitrosoguanidine (TCI-America 

catalogue# M0527, 3.7g on a dry weight basis, 25.0 mmol) in ether (50 mL) at 0 oc was 

added a cold solution of 25% aqueous KOH (20mL). After stirring for 2 minutes, a 

portion of the yellow ethereal solution of the resulting diazomethane was added to a 

solution of the alkene (537) (1.1g, 5.0 mmol) in ether (25 mL) at 0 oc. A portion of 

20 palladium (II) acetate (0.112 g, 0.50 mmol) was added followed by an additional portion 

of diazomethane solution. This process was continued until all the diazomethane solution 

and palladium (II) acetate was added. The resulting mixture was stirred at 0-5 oc for 4 

hours and acetic acid (6 drops) was added to quench any excess reagent. The resulting 
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mixture was concentrated in vacuo to provide ethyl2-(3-fluoro-4-

methoxyphenyl)cyclopropane carboxylate (538) (0.990 g, 83.0%) as a yellow oil. 

[0320] Step C: Similar manner described for the synthesis of (514) was used to 

synthesize the intermediate ethyl2-(3-fluoro-4-hydroxyphenyl)cyclopropanecarboxylate 

5 (539) (0.850 g, 91.1 %) as a colorless oil. 

Intermediate 17 

ethyl4-(4-hydroxyphenyl)-3-methylbutanoate (542) 

Ph,p~OEt 
Ph/ I II 

Ph 0 

Step A 
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'o~ I O StepB 'o~ I O 

540 541 

Step C 

~OEt 
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[0321] Step A: Similar manner described for the synthesis of (537) was used to 

10 synthesize ethyl4-(4-methoxyphenyl)-3-methylbut-2-enoate (540) (4.5 g, 64.3%) as a 

colorless oil. 

[0322] Step B: Similar manner described for the synthesis of (513) was used to 

synthesize ethyl 4-( 4-methoxyphenyl)-3-methylbutanoate (541) (2.0 g, 98.4%) as a 

colorless oil. 

15 [0323] Step C: Similar manner described for the synthesis of (514) was used to 

synthesize the intermediate ethyl4-(4-hydroxyphenyl)-3-methylbutanoate (542) (0.80 g, 

42.5%) as a colorless oil. 
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Intermediate 18 

7-(chloromethyl)-2,2-dimethyl-5-phenyl-2,3-dihydrobenzofuran (547) 

-(0 

~ 
Cl 

OH CIAO 

~ ¢ ~CI ¢ I 
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[0324] Step A: Similar manner described for the synthesis of (516B) was used to 

5 synthesize 4-(2-methylallyloxy)biphenyl (543) (5.9 g, 89.5%) as a white solid. 

[0325] Step B: The mixture of 4-(2-methylallyloxy)biphenyl (543) (5.9 g, 26.4 mmol) 

in N-methyl-2-pyrrolidone was microwaved at 210 oc for 8 hours. The residue was 

dissolved in ethyl acetate and washed with water. The organic layer was separated, dried 

over sodium sulfate, filtered and concentrated in vacuo. The residue was purified by flash 

10 chromatography on silica gel (5-10% EtOAc in hexanes) to provide 2,2-dimethyl-5-

phenyl-2,3-dihydrobenzofuran (544) (3.6 g, 60.8%) as a white solid. 

[0326] Step C: To an ice cold solution of 2,2-dimethyl-5-phenyl-2,3-dihydrobenzofuran 

(544) (2.24 g, 10.0 mmol) in dichloromethane (15 mL) was added slowly titanium 

tetrachloride (2 mL, 18 mmol). After stirring of 5 minutes, dichloro(methoxy) methane (1 

15 mL, 11mmol) was added slowly. The resulting mixture was stirred at 0 oc for 3 hours, 

quenched slowly with ice water. The product was extracted with dichloromethane. The 

organic layer was separated, dried over sodium sulfate, filtered and concentrated in vacuo. 

The residue was purified by flash chromatography on silica gel (5-10% EtOAc in 

hexanes) to provide 2,2-dimethyl-5-phenyl-2,3-dih ydro benzofuran -7 -carbaldehyde ( 545). 

20 [0327] Step D: To an ice cold solution of 2,2-dimethyl-5-phenyl-2,3-

dihydrobenzofuran-7-carbaldehyde (545) (1 g, 3.96mmol) in methanol (20 mL) was 

added portion wise sodium borohydride (179.9 mg, 4.76mmol). The resulting mixture 

was stirred at 0 oc for 3 hours, quenched slowly with water. The product was extracted 
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with dichloromethane. The organic layer was separated, dried over sodium sulfate, 

filtered and concentrated in vacuo. The residue was purified by flash chromatography on 

silica gel (20% EtOAc in hexanes) to provide (2,2-dimethyl-5-phenyl-2,3-

dihydrobenzofuran-7 -yl)methanol (546). 

5 [0328] Step E: Similar manner described for the synthesis of (511) was used to 

synthesize the intermediate 7-(chloromethyl)-2,2-dimethyl-5-phenyl-2,3-

dihydrobenzofuran (547). 

10 

Intermediate 19 

6-chloro-4-(chloromethyl)-2,2-dimethyl-2,3-dihydrobenzofuran (552) 

NH2 0 NH2 0 NaN02 
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[0329] Step A: To a mixture of methyl2-amino-3-methoxybenzoate (10 g, 55 mmol) in 

DMF (200 mL) was added N-chlorosuccinimide (8.08 g, 60.5 mmol) at room temperature, 

and the resulting mixture was stirred at 50 oc for 2 hours. The reaction was cooled to 

room temperature, diluted with water (300 mL), and extracted with ethyl acetate (2 x 100 

15 mL). The organic layers were combined and washed with water (2 x 100 mL), brine (100 

mL) and dried over sodium sulfate, filtered and concentrated in vacuo. The residue was 

purified by chromatography to provide the desired product (548). 

[0330] Step B: To a mixture of methyl2-amino-5-chloro-3-methoxybenzoate (548) (5.2 

g, 24 mmol) in water (25 mL) and concentrated sulfuric acid (2.7 mL) was added the 

20 solution of sodium nitrite (1.7 g, 24 mmol) in water (25 mL) at room temperature. The 

mixture was stirred at room temperature for 30 minutes and added to the mixture of 

copper bromide (5.2 g, 36mmol) in concentrated hydrogen bromide (10 mL) and water 
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(20 mL) at room temperature. The mixture was stirred at room temperature overnight, 

was filtered through a pad of celite and rinsed with EtOAc (3 x 100 mL). The organic 

layer was separated, and the aqueous layer was extracted with EtOAc (2 x 50 mL). The 

organic layers were combined and washed with water (2 x 100 mL), brine (100 mL) and 

5 dried over Na2S04 , filtered and concentrated in vacuo. The residue was purified by 

chromatography to provide the desired product (549). 

[0331] Step C: A mixture ofmethyl2-bromo-5-chloro-3-methoxybenzoate (549) (1.1 g, 

4 mmol), 4,4,5,5-tetramethyl-2-(2-methylprop-1-en-1-yl)-1,3,2-dioxaborolane (0.72 g, 4 

mmol), Pd(PPh3)4 (138 mg, 0.12 mmol), 2N aqueous sodium carbonate (8 mL), methanol 

10 (10 mL), and toluene (6.0 mL) was heated in a pressure tube at 120 °C overnight. Ethyl 

acetate and water was added and the layers separated. The aqueous phase was extracted 

with ethyl acetate and the combined organic layers were dried over sodium sulfate, 

filtered and concentrated in vacuo. The crude compound was purified by flash column 

chromatography on silica gel with hexanes and EtOAc to afford the desired product (550). 

15 [0332] Step D: To solution of methyl 5-chloro-3-methoxy-2-(2-methylprop-1-en-1-

yl)benzoate (550) (0.6 g, 2.3mmol) in dichloromethane (20 mL) at -78 °C was added 

boron tribromide (0.67 mL, 6.9 mmol). The solution was allowed to warm to room 

temperature and stirred overnight. The reaction was quenched with methanol (5 mL) 

followed by a saturated solution of sodium bicarbonate (5 mL). The organic layer was 

20 separated, dried over sodium sulfate, filtered and concentrated in vacuo. The crude 

compound was purified by flash column chromatography on silica gel with hexanes and 

EtOAc to afford the desired product (551). 

[0333] Step E: Compound (552) was prepared in a similar manner as that described for 

the synthesis of ( 4) and (5). 
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Intermediate 20 

ethyl 2-( 4-hydroxybenzyl)cyclopropanecarboxylate (556) 
OH 

~ DMSO, (COCI)2 

Step A 

0" 

NH 

Me,NJlN,N02 
I I 
NO H 

Pd(0Ac)2 I aq. KOH 

Step C 
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4 O ~~Ph 
EtO~p'Ph ~OEt 

Step B "o 

0" 

553 554 

~OEt 

"o)J 8 
Step D HO 

~OEt 
)J 8 

555 556 

[0334] Step A: DMSO (5.2 mL, 72.6 mmol) in dichloromethane (14.5 mL) was added 

5 to a solution of oxalyl chloride (3.1 mL, 36.3 mmol) in dichloromethane (83 mL) at -70 

oc under nitrogen. After stirring for 5 minutes, 2-(4-methoxyphenyl) ethanol (5.0 g, 33.0 

mmol) dissolved in dichloromethane (33 mL) was added drop wise (20 min). Stirring was 

continued for an additional20 min. and triethylamine (9.7mL, 69.3 mmol) was added, 

and the reaction mixture was stirred and warmed slowly to room temperature for 1 hour. 

10 The reaction mixture was diluted with water. The organic layer was separated, dried over 

sodium sulfate, filtered and concentrated in vacuo to provide 2-( 4-

methoxyphenyl)acetaldehyde (553) (2.2 g, 44.4%) as an oil residue. 

[0335] Step B: Similar manner described for the synthesis of (537) was used to 

synthesize (E)-ethyl4-(4-methoxyphenyl)but-2-enoate (554) (1.1 g, 38.2%) as a colorless 

15 oil. 

[0336] Step C: Similar manner described for the synthesis of (538) was used to 

synthesize ethyl2-(4-methoxybenzyl)cyclopropanecarboxylate (555) (1.2 g, 99.0%) as a 

colorless oil. 

[0337] Step D: Similar manner described for the synthesis of (514) was used to 

20 synthesize the intermediate ethyl2-(4-hydroxybenzyl)cyclopropanecarboxylate (556) 

(0.945 g, 80.1%) as a colorless oil. 
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Intermediate 21 

ethyl2-(2-(4-hydroxyphenyl)cyclopropyl)acetate (562) 

~0 

Br-
0 

Ph,p+~OH 
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Ph 
'o~ -----------­

stepA 
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'~ OH 0 

~0 
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~0 
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o I 
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0 Step D 
559 560 

Step F 

~0 
HO...v 6Et 
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[0338] Step A: The mixture of (2-carboxyethyl)triphenylphosphonium bromide (20.0 g, 

5 54.0 mmol) and 4-methoxybenzaldehyde (6.5 g, 53.5 mmol) in anhydrous DMSO (64 

mL) was added slowly to the suspension of 60% NaH in mineral oil (4.3 g, 107 mmol) in 

anhydrous tetrahydrofuran (32 mL). The reaction mixture was stirred at 0 °C for 30 

minutes then warmed to room temperature over 4 hours. The reaction mixture was 

quenched with 1N HCl (150 mL) and extracted with ethyl acetate. The organic phase was 

10 washed with water, brine, dried with sodium sulfate and concentrated under reduced 

pressure. The residue was purified by flash chromatography on silica gel (50% EtOAc in 

hexanes) to provide (E)-4-(4-methoxyphenyl)but-3-enoic acid (557) (5.7 g, 55.0%) as a 

yellow solid. 

[0339] Step B: To the mixture of carboxylic acid (557) (5.7 g, 29.5 mmol) in DMF 

15 (150 mL) was added 0-(Benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium 

tetrafluoroborate (9.5 g, 29.5 mol). After stirring for 5 minutes, N,O­

dimethylhydroxylamine. HCl (2.9 g, 29.5 mmol) was added, followed by Et3N (8.2 mL, 

58.9 mmol). The reaction mixture was stirred at room temperature for 3 hours, diluted 

with water and extracted with ethyl acetate. The organic phase was washed with water, 

20 brine, dried over sodium sulfate and concentrated in vacuo. The residue was purified by 

flash chromatography on silica gel (40% EtOAc in hexanes) to provide (E)-N-methoxy-

4-(4-methoxyphenyl)-N-methylbut-3-enamide (558) (2.1 g, 29.6%) as a yellow solid. 
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[0340] Step C: The solution of diethyl zinc in hexanes (1M, 17.4 mL, 17.4 mmol) was 

added slowly to the mixture of iodomethane (2.5 mL, 34.9 mmol), dimethoxy ethane 

(1.82 mL) in dichloromethane (25 mL) at -15 oc. After stirring for 20 minutes, the 

solution of (E)-N-methoxy-4-(4-methoxyphenyl)-N-methylbut-3-enamide (558) (2.0 g, 

5 8.7 mmol) in dichloromethane (10 mL) was added to the reaction mixture. The resulting 

mixture was allowed to warm to room temperature over 24 hours. The reaction mixture 

was diluted with water and extracted with dichloromethane. The organic phase was 

washed with water, brine, dried over sodium sulfate and concentrated in vacuo. The 

residue was purified by flash chromatography on silica gel (30% EtOAc in hexanes) to 

10 provide N-methoxy-2-(2-(4-methoxyphenyl)cyclopropyl)-N-methylacetamide (559) (1.8 

g, 85.2%) as a yellow oil. 

[0341] Step D: The mixture of N-methoxy-2-(2-(4-methoxyphenyl)cyclopropyl)-N­

methylacetamide (559) (1.8 g, 7.4 mmol), 2.5N NaOH (15mL) and EtOH (15 mL) was 

stirred at 60 oc for 24 hours. The reaction mixture was acidified with HCl and extracted 

15 with EtOAc. The organic phase was washed with water, brine, dried over sodium sulfate 

and concentrated in vacuo to provide 2-(2-( 4-methoxyphenyl)cyclopropyl) acetic acid 

(560) (1.5 g, 96.1 %) as a yellow solid. 

[0342] Step E: Similar manner described for the synthesis of (532) was used to 

synthesize ethyl2-(2-(4-methoxyphenyl)cyclopropyl)acetate (561) (1.2 g, 71.3%) as a 

20 colorless oil. 

25 

[0343] Step F: Similar manner described for the synthesis of (514) was used to 

synthesize the intermediate ethyl2-(2-(4-hydroxyphenyl)cyclopropyl)acetate (562) (0.488 

g, 43.6%) as a colorless oil. 

Intermediate 22 

ethyl 3-(4-hydroxy-2,6-dimethylphenyl)propanoate (564) 

Ph,p~OEt 
Ph" I II 

Ph 0 

Step A 

~Et H,,Pd!C 

HO Step 8 

~OEt 
HO~-

563 564 

[0344] Step A: Similar manner described for the synthesis of (537) was used to 

synthesize (E)-ethyl3-(4-hydroxy-2,6-dimethylphenyl)acrylate (563) (3.4 g, 100%) as a 

white solid. 
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[0345] Step B: Similar manner described for the synthesis of (513) was used to 

synthesize the intermediate ethyl 3-( 4-hydroxy-2,6-dimethylphenyl)propanoate (564) (1.0 

g, 97.8%) as a colorless oil. 

Intermediate 23 

ethyl 3-(4-hydroxy-2,5-dimethylphenyl)propanoate (567) 

0 Ph,p~OEt 
Ph"' I II 
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~~OEt 
StepC HOJlA 

567 

)yJOEt 

'o"'Y 
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Step B 
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[0346] Step A: Similar manner described for the synthesis of (537) was used to 

synthesize (E)-ethyl3-(4-methoxy-2,5-dimethylphenyl)acrylate (565) (3.2 g, 91.0%) as a 

white solid. 

10 [0347] Step B: Similar manner described for the synthesis of (513) was used to 

synthesize ethyl3-(4-methoxy-2,5-dimethylphenyl)propanoate (566) (1.1 g, 72.7%) as a 

colorless oil. 

[0348] Step C: Similar manner described for the synthesis of (514) was used to 

synthesize the intermediate ethyl 3-( 4-hydroxy-2,5-dimethylphenyl)propanoate (567) 

15 (0.970 g, 89.1 %) as a colorless oil. 

Intermediate 24 

ethyl 3-(4-hydroxy-2,6-dimethylphenyl)propanoate (570) 

0 Ph,P~OEt 
Ph"' I II 

Ph 0 

~~OEt 
Step C HO)l) -

570 

~OEt H2, Pd/C 

'oN - StepB 

568 
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[0349] Step A: Similar reaction routes used for the synthesis of (537) was used to 

synthesize (E)-ethyl3-(4-methoxy-2,3-dimethylphenyl)acrylate (568) (3.2 g, 90.7%) as a 

white solid. 

[0350] Step B: Similar reaction routes used for the synthesis of (513) was used to 

5 synthesize ethyl3-(4-methoxy-2,3-dimethylphenyl)propanoate (569) (1.3 g, 86.0%) as a 

white solid. 

10 

[0351] Step C: Similar reaction routes used for the synthesis of (514) was used to 

synthesize the intermediate ethyl 3-( 4-hydroxy-2,3-dimethylphenyl)propanoate (570) (1.2 

g, 89.3%) as a white solid. 

Intermediate 25 

ethyl 2-(2-(2-fluoro-4-hydroxyphenyl)cyclopropyl)acetate (576) 

Br- 0 

F Ph'p+~OH F 
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~0 
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o I Step B 

571 572 
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o I 
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,~0 
0 Step C Step D Step E 

573 574 

Step F 

~0 
HO)l) bEt 
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[0352] Similar reaction routes used for the synthesis of (562) was used to synthesize the 

intermediate ethyl2-(2-(2-fluoro-4-hydroxyphenyl)cyclopropyl)acetate (576) 

15 [0353] Step A: Provided (E)-4-(2-fluoro-4-methoxyphenyl)but-3-enoic acid (571) (5.0 

g, 47.4%) as a yellow oil. 

[0354] Step B: Provided (E)-4-(2-fluoro-4-methoxyphenyl)-N-methoxy-N-methylbut-

3-enamide (572) (3.4 g, 56.7%) as a yellow oil. 

[0355] Step C: Provided 2-(2-(2-fluoro-4-methoxyphenyl)cyclopropyl)-N-methoxy-N-

20 methyl acetamide (573) (3.5 g, 96.7%) as a yellow oil. 
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[0356] Step D: Provided 2-(2-(2-fluoro-4-methoxyphenyl)cyclopropyl)acetic acid (574) 

(2. 7 g, 92.4%) as a yellow oil. 

[0357] Step E: Provided ethyl 2-(2-(2-fluoro-4-methoxyphenyl)cyclopropyl)acetate 

(575) (1.9 g, 62.8%), yellow oil. 

5 [0358] Step F: Provided the intermediate ethyl2-(2-(2-fluoro-4-

hydroxyphenyl)cyclopropyl) acetate (576) (1.4 g, 78.6% ), colorless oil. 

Intermediate 26 

ethyl 3-(5-fluoro-4-hydroxy-2-methylphenyl)propanoate (579) 

,.....OYCI Cl ql TiCI4 ~ 

HO -St-ep_A ____ HO 

F F 
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Step B 
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10 [0359] Step A: Similar manner described for the synthesis of (545) was used to 

synthesize 5-fluoro-4-hydroxy-2-methylbenzaldehyde (577) (0.240 g, 6.5%) as a white 

solid. 

[0360] Step B: Similar manner described for the synthesis of (537) was used to 

synthesize (E)-ethyl 3-(5-fluoro-4-hydroxy-2-methylphenyl)acrylate (578) (0.330 g, 

15 94.5%) as a white solid. 

[0361] Step C: Similar manner described for the synthesis of (513) was used to 

synthesize ethyl 3-(5-fluoro-4-hydroxy-2-methylphenyl)propanoate (579) (0.325 g, 

97.6%) as a colorless oil. 

109 



wo 2011/159297 PCT /US201 0/038906 

Intermediate 27 

ethyl 3-(5-fluoro-4-hydroxy-2-methylphenyl)propanoate (585) 
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[0362] Step A: Similar manner described for the synthesis of (517) was used to 

5 synthesize 2-fluoro-1-methoxy-3-vinylbenzene (580) (3.5 g, 88.5%) as a colorless oil. 

[0363] Step B: Similar manner described for the synthesis of (513) was used to 

synthesize 1-ethyl-2-fluoro-3-methoxybenzene (581) (3.2 g, 89.7%) as a colorless oil. 

[0364] Step C: Similar manner described for the synthesis of (545) was used to 

synthesize 2-ethyl-3-fluoro-4-methoxybenzaldehyde (582) (2.7 g, 73.2%) as a colorless 

10 oil. 

[0365] Step D: Similar manner described for the synthesis of (537) was used to 

synthesize (E)-ethyl3-(2-ethyl-3-fluoro-4-methoxyphenyl)acrylate (583) (1.3 g, 89.4%) 

as a white solid. 

[0366] Step E: Similar manner described for the synthesis of (513) was used to 

15 synthesize ethyl 3-(2-ethyl-3-fluoro-4-methoxyphenyl)propanoate (584) (1.3 g, 98.5%) as 

a colorless oil. 

[0367] Step F: Similar manner described for the synthesis of (514) was used to 

synthesize the intermediate ethyl 3-(5-fluoro-4-hydroxy-2-methylphenyl)propanoate 

(585) (1.2 g, 98.2%) as a colorless oil. 
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Intermediate 28 

ethyl 3-(5-fluoro-4-hydroxy-2-methylphenyl)propanoate (588) 
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[0368] Similar reaction routes used for the synthesis of (567) was used to synthesize the 

5 intermediate ethyl 3-(5-fluoro-4-hydroxy-2-methylphenyl)propanoate (588). 

[0369] Step A: Provided (E)-ethyl 3-(4-methoxy-5,6,7 ,8-tetrahydronaphthalen-1-

yl)acrylate (586) (0.540 g, 78.3%) as a white solid. 

[0370] Step B: Provided ethyl3-(4-methoxy-5,6,7,8-tetrahydronaphthalen-1-

yl)propanoate (587) (0.510 g, 93.7% ), as an oil residue. 

10 [0371] Step C: Provided the intermediate ethyl3-(4-hydroxy-5,6,7,8-

tetrahydronaphthalen-1-yl)propanoate (588) (0.243 g, 50.3%) as an oil residue. 

4 I 
'o 

F 

Intermediate 29 

ethyl3-(2-ethyl-5-fluoro-4-hydroxyphenyl)propanoate (594) 
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15 [0372] Similar reaction routes used for the synthesis of (585) was used to synthesize the 

intermediate ethyl3-(2-ethyl-5-fluoro-4-hydroxyphenyl)propanoate (594). 

[0373] Step A: Provided 1-fluoro-2-methoxy-4-vinylbenzene (589) (1.5g, 30.3%) as a 

colorless oil. 
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[0374] Step B: Provided 4-ethyl-1-fluoro-2-methoxybenzene (590) (1.1 g, 71.7%) as a 

colorless oil. 

[0375] Step C: Provided 2-ethyl-5-fluoro-4-methoxybenzaldehyde (591) (0.980 g, 

76.1 %) as a colorless oil. 

5 [0376] Step D: Provided (E)-ethyl 3-(2-ethyl-5-fluoro-4-methoxyphenyl)acrylate (592) 

(1.3 g, 96.5%) as a colorless oil. 

[0377] Step E: Provided ethyl 3-(2-ethyl-5-fluoro-4-methoxyphenyl)propanoate (593) 

(1.3 g, 96.2%) as a colorless oil. 

[0378] Step F: Provided the intermediate ethyl 3-(2-ethyl-5-fluoro-4-hydroxyphenyl) 

10 propanoate (594) (0.617 g, 51.4%) as a colorless oil. 

Intermediate 30 

ethyl 3-(3-fluoro-4-hydroxy-2-propylphenyl)propanoate (600) 

xSO x5 
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[0379] Similar reaction routes used for the synthesis of (585) was used to synthesize the 

15 intermediate ethyl 3-(3-fluoro-4-hydroxy-2-propylphenyl)propanoate (600) 

[0380] Step A: Provided (E)-2-fluoro-1-methoxy-3-(prop-1-enyl)benzene (595) (1.4g, 

32.5%) as a colorless oil. 

[0381] Step B: Provided 2-fluoro-1-methoxy-3-propylbenzene (596) (1.2 g, 83.0%) as 

a colorless oil. 

20 [0382] Step C: Provided 3-fluoro-4-methoxy-2-propylbenzaldehyde (597) (1.0 g, 

73.4%) as a colorless oil. 
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[0383] Step D: Provided (E)-ethyl3-(3-fluoro-4-methoxy-2-propylphenyl)acrylate 

(598) (1.2 g, 86.8%) as a colorless oil. 

[0384] Step E: Provided ethyl 3-(3-fluoro-4-methoxy-2-propylphenyl)propanoate (599) 

( 1.2 g, 95.9%) as a colorless oil. 

5 [0385] Step F: Provided the intermediate ethyl 3-(3-fluoro-4-hydroxy-2-propylphenyl) 

propanoate (600) (1.1 g, 98.2%) as a colorless oil. 

Intermediate 31 

ethyl 3-(3-fluoro-4-hydroxy-2-pentylphenyl)propanoate (606) 
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10 [0386] Similar reaction routes used for the synthesis of (585) was used to synthesize the 

intermediate ethyl 3-(3-fluoro-4-hydroxy-2-pentylphenyl)propanoate (606). 

[0387] Step A: Provided (E)-2-fluoro-1-methoxy-3-(pent-1-enyl)benzene (601) (3.5 g, 

69.3%) as a colorless oil. 

[0388] Step B: Provided 2-fluoro-1-methoxy-3-pentylbenzene (602) (3.1 g, 88.2%) as a 

15 colorless oil. 

[0389] Step C: Provided 3-fluoro-4-methoxy-2-pentylbenzaldehyde (603) (2.4 g, 

67.9%) as a colorless oil. 

[0390] Step D: Provided (E)-ethyl3-(3-fluoro-4-methoxy-2-pentylphenyl)acrylate 

(604) (2.9 g, 89.7%) as a white solid. 
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[0391] Step E: Provided ethyl 3-(3-fluoro-4-methoxy-2-pentylphenyl)propanoate (605) 

(2. 7 g, 94.4%) as a colorless oil. 

[0392] Step F: Provided the intermediate ethyl 3-(3-fluoro-4-hydroxy-2-pentylphenyl) 

propanoate (606) (2.5 g, 98.7%) as a colorless oil. 

Intermediate 32 

ethyl 3-(2-ethyl-3-fluoro-4-hydroxyphenyl)-2-methylpropanoate ( 609) 
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[0393] Step A: Similar manner described for the synthesis of (515) was used to 

synthesize (E)-ethyl3-(2-ethyl-3-fluoro-4-methoxyphenyl)-2-methylacrylate (607) (1.3 g, 

10 89.4%) as a white solid. 

[0394] Step B: Similar manner described for the synthesis of (513) was used to 

synthesize ethyl 3-(2-ethyl-3-fluoro-4-methoxyphenyl)-2-methylpropanoate (608) (1.3 g, 

98.5%) as a colorless oil. 

[0395] Step C: Similar manner described for the synthesis of (514) was used to 

15 synthesize the intermediate ethyl3-(2-ethyl-3-fluoro-4-hydroxyphenyl)-2-

methylpropanoate ( 609) ( 1.2 g, 98.2%) as a colorless oil. 
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Intermediate 33 

ethyl 3-(3-fluoro-4-hydroxy-2-isopentylphenyl)propanoate (615) 
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[0396] Similar reaction routes used for the synthesis of (585) was used to synthesize the 

5 intermediate ethyl 3-(3-fluoro-4-hydroxy-2-isopentylphenyl)propanoate (615). 

[0397] Step A: Provided (E)-2-fluoro-1-methoxy-3-(3-methylbut-1-enyl)benzene (610) 

(3.5 g, 88.5%) as a colorless oil. 

[0398] Step B: Provided 2-fluoro-1-isopentyl-3-methoxybenzene (611) (3.2 g, 89.7%) 

as a colorless oil. 

10 [0399] Step C: Provided 3-fluoro-2-isopentyl-4-methoxybenzaldehyde (612) (2.8 g, 

73.2%) as a colorless oil. 

[0400] Step D: Provided (E)-ethyl3-(3-fluoro-2-isopentyl-4-methoxyphenyl)acrylate 

(613) (1.3 g, 89.4%) as a white solid. 

[0401] Step E: Provided ethyl 3-(3-fluoro-2-isopentyl-4-methoxyphenyl)propanoate 

15 (614) (1.3 g, 98.5%) as a colorless oil. 

[0402] Step F: Provided the intermediate ethyl 3-(3-fluoro-4-hydroxy-2-

isopentylphenyl) propanoate (615) (1.2 g, 98.2%) as a colorless oil. 
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Intermediate 34 

ethyl 3-(2-butyl-3-fluoro-4-hydroxyphenyl)propanoate (621) 
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[0403] Similar reaction routes used for the synthesis of (585) was used to synthesize the 

5 intermediate ethyl 3-(2-butyl-3-fluoro-4-hydroxyphenyl)propanoate (621). 

[0404] Step A: Provided (E)-1-(but-1-enyl)-2-fluoro-3-methoxybenzene (616) (4.5 g, 

96.1%) as a colorless oil. 

[0405] Step B: Provided 1-butyl-2-fluoro-3-methoxybenzene (617) (4.2 g, 92.7%) as a 

colorless oil. 

10 [0406] Step C: Provided 2-butyl-3-fluoro-4-methoxybenzaldehyde (618) (3.4 g, 69.2%) 

as a colorless oil. 

[0407] Step D: Provided (E)-ethyl 3-(2-butyl-3-fluoro-4-methoxyphenyl)acrylate (619) 

(1.0 g, 76.6%) as a white solid. 

[0408] Step E: Provided ethyl 3-(2-butyl-3-fluoro-4-methoxyphenyl)propanoate (620) 

15 (1.0 g, 97.4%) as a colorless oil. 

[0409] Step F: Provided the intermediate ethyl 3-(2-butyl-3-fluoro-4-

hydroxyphenyl)propanoate (621) (0.937 g, 97.7%) as a colorless oil. 
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Intermediate 35 

ethyl 3-(3-fluoro-4-hydroxyphenyl) )-2,2,3,3-tetradeuteriopropanoate (625) 
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[0410] Step A: To the mixture of 3-fluoro-4-methoxybenzaldehyde (0.589 g, 3.0 

5 mmol), pottasium carbonate (1.8 g, 13.0 mmol) in methanol (65 mL) at room temperature 

was added slowly dimethyl1-diazo-2-oxopropylphosphonate (1.4 g, 7.2 mmol). The 

resulting mixture was stirred at room temperature for 2 hours, quenched with saturated 

sodium bicarbonate and extracted with ethyl acetate. The organic phase was washed with 

water, brine, dried over sodium sulfate and concentrated under reduced pressure. The 

10 residue was purified by flash chromatography on silica gel (10% EtOAc in hexanes) to 

provide 4-ethynyl-2-fluoro-1-methoxybenzene (622) (0.750 g, 76.9%) as a colorless oil. 

[0411] Step B: To the mixture of diisopropylamine (0.262 mL, 1.87 mmol) in 

tetrahydrofuran (5 mL) at -78 °C under nitrogen was added slowly the solution of n­

butyllithium (1.17 mL, 1.87 mmol, 1.6M in hexanes). After stirring for 30 minutes, the 

15 solution of 4-ethynyl-2-fluoro-1-methoxybenzene (622) (0.180 g, 0.94 mmol) in 

tetrahydrofuran (1 mL) was added slowly into the reaction mixture. The mixture was 

allowed to reach 0 °C over 1 hour and ethyl chloroformate (0.134 mL, 1.4 mmol) was 

added. The resulting mixture was stirred to room temperature for 12 hours, quenched with 

saturated ammonium chloride and extracted with ethyl ether. The organic phase was 

20 washed with water, brine, dried over sodium sulfate and concentrated under reduced 

pressure. The residue was purified by flash chromatography on silica gel (5-10% EtOAc 

in hexanes) to provide ethyl3-(3-fluoro-4-methoxyphenyl)propiolate (623) (0.070 g, 

6.3%) as a colorless oil. 
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[0412] Step C: Similar manner described for the synthesis of (513), (except D2 balloon 

used), was used to synthesize deuterated ethyl3-(3-fluoro-4-methoxyphenyl)propanoate 

(624) (0.050g, 68.9%) as a colorless oil. 

[0413] Step D: Similar manner described for the synthesis of (514) was used to 

5 synthesize the intermediate deuterated ethyl 3-(3-fluoro-4-hydroxyphenyl)propanoate 

(625) (0.043 g, 92.1%) as a colorless oil. 

Intermediate 36 

ethyl 3-(3-fluoro-4-hydroxy-2-propylphenyl) )-2,2,3,3-tetradeuteriopropanoate (629) 

F ( 0 -~eN, F ~ # clOEI F ~ ,)-OE! 
'o~ step A 'o~ step B 'o~ 

597 626 627 

0 2 , Pd/C xW BBr3 xW F OEt F OEt 

....... D 
Step C 0 Step D HO 

628 629 

10 [0414] Step A: To a solution of diisopropylamine (0.841 mL, 6.0 mmol) in 

tetrahydrofuran (15 mL) at -78 °C under nitrogen was added slowly the solution of n­

butyllithium (3.75 mL, 6.0 mmol, 1.6M in hexanes). After stirring for 30 minutes, the 

solution of TMS-diazomethane (3.0 mL, 6.0 mmol, 2M in hexanes) was added slowly 

into the reaction mixture. The mixture was stirred for 30 minutes then was added the 

15 solution of 3-fluoro-4-methoxy-2-propylbenzaldehyde (597) (0.589 g, 3.0 mmol) in 

tetrahydrofuran (3 mL). The resulting mixture was stirred at room temperature for 12 

hours, quenched with saturated ammonium chloride and extracted with ethyl ether. The 

organic phase was washed with water, brine, dried over sodium sulfate and concentrated 

under reduced pressure. The residue was purified by flash chromatography on silica gel 

20 (10 % EtOAc in hexanes) to provide 1-ethynyl-3-fluoro-4-methoxy-2-propylbenzene 

(626) (0.180 g, 31.2%) as a colorless oil. 

[0415] Step B: Similar manner described for the synthesis of (623) was used to 

synthesize ethyl 3-(3-fluoro-4-methoxy-2-propylphenyl)propiolate (627) (0.140 g, 56.6%) 

as a colorless oil. 
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[0416] Step C: Similar manner described for the synthesis of (513), (except D2 balloon 

was used), was used to synthesize deuterated ethyl3-(3-fluoro-4-methoxy-2-

propylphenyl)propanoate (628) (0.085 g, 58.9%) as a colorless oil. 

[0417] Step D: Similar manner described for the synthesis of (514) was used to 

5 synthesize the intermediate deuterated ethyl 3-(3-fluoro-4-hydroxy-2-

propylphenyl)propanoate (629) (0.078 g, 96.6%) as a colorless oil. 

Intermediate 37 

ethyl 3-(2-ethyl-3-fluoro-4-hydroxyphenyl) )-2,2,3,3-tetradeuteriopropanoate (633) 

R/ 0 ~,6 
0 \ 0 0-

N+ 'if Cl)lOEt VOEI ':2J II F 

I o N- 7'1 I 
'o :::::,... Step A 'o :::::,... Step B 'o 

582 

0 2, Pd/C 

Step C 

632 

630 631 

633 

10 [0418] Similar reaction routes used for the synthesis of (625) was used to synthesize the 

intermediate (633). 

[0419] Step A: Similar manner described for the synthesis of (622) was used to 

synthesize 2-ethyl-1-ethynyl-3-fluoro-4-methoxybenzene (630) (0.390 g, 72.9%) as a 

colorless oil. 

15 [0420] Step B: Provided ethyl 3-(2-ethyl-3-fluoro-4-methoxyphenyl)propiolate (631) 

(0.100 g, 18.3%) as a colorless oil. 

[0421] Step C: Provided deuterated ethyl 3-(2-ethyl-3-fluoro-4-

methoxyphenyl)propanoate (632) (0.080 g, 77.5%) as a colorless oil. 

[0422] Step D: Provided the intermediate deuterated ethyl 3-(2-ethyl-3-fluoro-4-

20 hydroxyphenyl) propanoate (633) (0.062 g, 82.0%) as a colorless oil. 
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Intermediate 38 

ethyl 3-(3-fluoro-4-hydroxy-2-methyl ph en yl)propanoate ( 637) 
Cl Ph 

't.J(OEt 0 
'-oACI Ph"p\ ':0 'ff Ph 0 F~OEI 

'o I .& Step A 
I o 

Step B 1.& 'o .& 'o 
634 635 

H2, Pd/C '~oEt BBr3 '~oEt 
Step C Step D 'o .& HO .& 

636 637 

[0423] Step A: Similar manner described for the synthesis of (545) was used to 

5 synthesize 3-fluoro-4-methoxy-2-methylbenzaldehyde (634) (0.910 g, 73.1%) as a white 

powder. 

[0424] Step B: Similar manner described for the synthesis of (537) was used to 

synthesize (E)-ethyl3-(3-fluoro-4-methoxy-2-methylphenyl)acrylate (635) (1.2 g, 90.8%) 

as a white powder. 

10 [0425] Step C: Similar manner described for the synthesis of (513) was used to 

synthesize ethyl3-(3-fluoro-4-methoxy-2-methylphenyl)propanoate (636) (1.2 g, 97.5%) 

as a colorless oil. 

[0426] Step D: Similar manner described for the synthesis of (514) was used to 

synthesize the intermediate ethyl 3-(3-fluoro-4-hydroxy-2-methylphenyl)propanoate 

15 (637) (1.0 g, 95.1 %) as a colorless oil. 

Intermediate 39 

ethyl 3-(3-ethyl-4-hydroxyphenyl)propanoate (641) 

Cl Ph 

)) 'oACI 
P.t.J(OEt 

~OEI Ph" ' 
)yo Ph 0 

Step A 
'o 

Step B 
'o 'o 

638 639 

H2, Pd/C )yJOEI BBr3 )yJOEI 
StepC 'o 

Step D 
HO 

640 641 
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[0427] Step A: Similar reaction routes used for the synthesis of (545) was used to 

synthesize 3-ethyl-4-methoxybenzaldehyde (638) (0.690 g, 89.4%) as a yellow oil. 

[0428] Step B: Similar reaction routes used for the synthesis of (537) was used to 

synthesize (E)-ethyl3-(3-ethyl-4-methoxyphenyl)acrylate (639) (0.440 g, 100%) as a 

5 colorless oil. 

[0429] Step C: Similar reaction routes used for the synthesis of (513) was used to 

synthesize ethyl 3-(3-ethyl-4-methoxyphenyl)propanoate (640) (0.360 g, 91.1%) as a 

colorless oil. 

[0430] Step D: Similar reaction routes used for the synthesis of (514) was used to 

10 synthesize the intermediate ethyl3-(3-ethyl-4-hydroxyphenyl)propanoate (641) (0.316 g, 

93.6%) as a colorless oil. 

Intermediate 40 

ethyl 3-(3-ethyl-4-hydroxyphenyl)-2-methylpropanoate (644) 

Ph, tnOEt 
.,..P, )yo Ph Ph 0 

'o Step A 

638 

BBr3 

Step C 
~JlOEt 

HOJl) l 
644 

)y1oEt )y!oEt H2, Pd/C 

'o Step B 'o 
642 643 

15 [0431] Step A: Similar reaction routes used for the synthesis of (515) was used to 

synthesize (E)-ethyl 3-(3-ethyl-4-methoxyphenyl)-2-methylacrylate (642) (0.460 g, 

99.0%) as a white powder. 

[0432] Step B: Similar reaction routes used for the synthesis of (513) was used to 

synthesize ethyl 3-(3-ethyl-4-methoxyphenyl)-2-methylpropanoate (643) (0.400 g, 

20 86.3%) as a colorless oil. 

[0433] Step C: Similar reaction routes used for the synthesis of (514) was used to 

synthesize the intermediate ethyl 3-(3-ethyl-4-hydroxyphenyl)-2-methyl propanoate (644) 

(0.343 g, 90.7%) as a colorless oil. 
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Intermediate 41 

ethyl 3-(4-aminophenyl)-2-methylpropanoate (646) 

OCHO 

Et02CI(Me 
0 0 

PPh3 Pd/C 
oYOEt oYOEt 

0 2N THF H2 

Step A 
0 2N 

Step B 
H2N 

645 646 

[0434] Step A: A solution of 4-nitrobenzaldehyde (2 g, 13.2 mmol) and (1-ethoxy 

5 carbonylethylidene)triphenyl phosphorane (4.80 g, 13.2 mmol) in tetrahydrofuran (130 

mL) was refluxed for 24 hours. The reaction was concentrated in vacuo and was purified 

by flash column chromatography on silica gel with hexanes and EtOAc to give (E)-ethyl 

2-methyl-3-( 4-nitrophenyl)acrylate (645). 

[0435] Step B: To a solution of (E)-ethyl2-methyl-3-(4-nitrophenyl)acrylate (645) 

10 (2.49 g, 10.6 mmol) in ethanol (100 mL) was added Pd/C (250 mg, 10% Degussa type). A 

balloon of hydrogen gas was added and the reaction was evacuated and back-filled with 

hydrogen three times. The reaction was stirred overnight at room temperature, was 

filtered through a pad of celite and concentrated in vacuo to give ethyl 3-( 4-

aminophenyl)-2-methylpropanoate (646). 

15 Intermediate 42 

4-(2-(5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)ethyl)phenol (650) 

~CI 
OCHO 

~CI PPh3 PPh3 
BnO 

Toluene n-Buli 

Step A Step B 
F F F 

647 648 649 

OH 

Pd/C -
H2 

Step C F 

[0436] Step A: 7-(chloromethyl)-5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran (647) (1 

g, 4.66 mmol), triphenylphosphine (1.22 g, 4.66 mmol) and toluene (46 mL) were heated 

20 at reflux for 48 hours. The reaction was filtered and the solid was washed with diethyl 
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ether to provide ((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methyl) triphenyl 

phosphonium chloride (648). 

[0437] Step B: To a solution of ((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-

yl)methyl) triphenyl phosphonium chloride (648) (500 mg, 1.09 mmol) in anhydrous 

5 tetrahydrofuran at room temperature (10 mL) was added n-butyllithium (0.67 mL, 1.31 

mmol, 2M in hexane). After stirring for 10 min 4-(benzyloxy)benzaldehyde (231 mg, 

1.09 mmol) was added and stirred for an additional3 hours. The reaction was quenched 

with water and extracted with ethyl acetate. The combined organic phase was dried over 

sodium sulfate, filtered and concentrated in vacuo. The crude compound was purified by 

10 flash column chromatography on silica gel with hexanes and EtOAc (20%) to give 7-(4-

(benzyloxy)styryl)-5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran as a cis/trans mixture 

(649). 

[0438] Step C: To a solution 7-(4-(benzyloxy)styryl)-5-fluoro-2,2-dimethyl-2,3-

dihydrobenzofuran (649) (207.7 mg, 0.583 mmol) in ethanol (6 mL) was added Pd/C (20 

15 mg, 10% Degussa type). A balloon of hydrogen gas was added and the reaction was 

evacuated and back-filled with hydrogen three times. The reaction was stirred overnight 

at room temperature, was filtered through a pad of celite and concentrated in vacuo to 

give 4-(2-(5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)ethyl)phenol (650). 

20 

Intermediate 43 

ethyl 3-(5-hydroxy-[1,1 '-biphenyl]-2-yl)propanoate (653) 

OH 
I 

Br VB'OH g r(C02Et 

~ OCHO 
PPh3 

Pd(PPh3)4 Toluene OEt 

0 

HO NaHC03 

CHO 

Step A HO Step B HO 

651 652 

Pd/C 
Step C 

653 

[0439] Step A: A mixture of 2-bromo-4-hydroxybenzaldehyde (350 mg, 1.74 mmol), 

phenyl boronic acid (233.5 mg, 1.92 mmol), Pd(PPh3) 4 (60 mg, 0.052 mmol), saturated 
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sodium bicarbonate (6.0 mL), methanol (15 mL), and toluene (6.0 mL) was heated in a 

pressure tube at 120 °C overnight. Ethyl acetate and water were added and the layers 

separated. The aqueous phase was extracted with ethyl acetate and the combined organic 

layers were dried over sodium sulfate, filtered and concentrated in vacuo. The crude 

5 compound was purified by flash column chromatography on silica gel with hexanes and 

EtOAc (30%) to afford 5-hydroxy-[1,1'-biphenyl]-2-carbaldehyde (651). 

[0440] Step B: A solution of 5-hydroxy-[1,1'-biphenyl]-2-carbaldehyde (651) (292 mg, 

1.47 mmol) and (carboxymethylene)-triphenylphosphorane (564.5 mg, 1.62 mmol) in 

toluene (15 mL) was refluxed for 24 hours. The reaction was concentrated in vacuo and 

10 was purified by flash column chromatography on silica gel with hexanes and EtOAc 

(30%) to give (E)-ethyl3-(5-hydroxy-[1,1'-biphenyl]-2-yl)acrylate (652). 

[0441] Step C: To a solution (E)-ethyl3-(5-hydroxy-[1,1'-biphenyl]-2-yl)acrylate (652) 

(420 mg, 1.57 mmol) in ethanol (6 mL) was added Pd/C (42 mg, 10% Degussa type). A 

balloon of hydrogen gas was added and the reaction was evacuated and back-filled with 

15 hydrogen three times. The reaction was stirred overnight at room temperature, was 

filtered through a pad of celite and concentrated in vacuo to give ethyl3-(5-hydroxy-[1,1'­

biphenyl]-2-yl)propanoate (653). 

20 

Intermediate 44 

5-chloro-7-(chloromethyl)-2,2-dimethylbenzofuran-3(2H)-one (657) 

654 

SOCI2 O~CI 
Step C 

Cl 

657 

oi110H BH, • THF y - StepB 

Cl 

655 656 

[0442] Step A: A solution of 5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-

carboxylic acid (654) (2.39 g, 10.5 mmol), potassium persulfate (8.55 g, 31.6 mmol), 

cupric sulfate pentahydrate (2.62 g, 10.5 mmol) and acetonitrile/water (1:1) (90 mL) were 

heated at reflux for 1 hour. Ethyl acetate and water were added and the layers separated. 
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The aqueous phase was extracted with ethyl acetate and the combined organic layers were 

dried over sodium sulfate, filtered and concentrated in vacuo to provide 5-chloro-2,2-

dimethyl-3-oxo-2,3-dihydrobenzofuran-7-carboxylic acid (655) as a yellow solid. 

[0443] Step B: To a solution of 5-chloro-2,2-dimethyl-3-oxo-2,3-dihydrobenzofuran-7-

5 carboxylic acid (655) (2.67 g, 11.1 mmol) in tetrahydrofuran (56 mL) was added BH3 • 

tetrahydrofuran (11.1 mL, 11.1 mmol) drop wise and stirred overnight. The reaction was 

quenched with water and methanol and then extracted with ethyl acetate. The organic 

layer was washed with saturated sodium bicarbonate and then dried over sodium sulfate, 

filtered and concentrated in vacuo. The crude compound was purified by flash column 

10 chromatography on silica gel with hexanes and EtOAc (50%) to afford 5-chloro-7-

(hydroxymethyl)-2,2-dimethylbenzofuran-3(2H)-one (656) (278 mg). The saturated 

sodium bicarbonate layer was acidified to recover the starting acid (655) (1.68 g). 

[0444] Step C: A solution of 5-chloro-7-(hydroxymethyl)-2,2-dimethylbenzofuran-

3(2H)-one (656) (278 mg, 1.23 mmol) in neat thionyl chloride (5 mL) was stirred at room 

15 temperature for 48 hours. The reaction was concentrated to obtain 5-chloro-7-

(chloromethyl)-2,2-dimethylbenzofuran-3(2H)-one (657) as a brown/grey solid. 

Intermediate 45 

7-(bromomethyl)-5-fluoro-2,2-dimethylbenzofuran-3(2H)-one (660) 

1) 
0 

Hor(Z-0 OH Br~OEt 0~ ~ 0~ 1) Oxalyl Chloride 

K2C03 I~ 2)AICI3 I~ 
F 2) NaOH F F 

Step A 658 Step B 659 

NBS 0~"' Benzoyl Peroxide 
CCI4 

Step C F 

660 

20 [0445] Step A: A solution of 4-fluoro-2-methylphenol (lOg, 79.28 mmol), ethyl2-

bromoisobutyrate (23.2 mL, 158.6 mmol), pottasium carbonate (21.9 g, 158.6 mmol), and 

DMSO (80 mL) was stirred at room temperature for 72 hours. Water and ethyl acetate 

were added and the the layers were separated. The aqueous phase was extracted with ethyl 
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acetate (3 x 50 mL) and the combined organic layers were washed with brine, dried over 

sodium sulfate, filtered and concentrated in vacuo. The crude compound was purified by 

flash column chromatography on silica gel with hexanes and EtOAc (20%) to afford ethyl 

2-(4-fluoro-2-methylphenoxy)-2-methylpropanoate. To a solution of ethyl2-(4-fluoro-2-

5 methylphenoxy)-2-methylpropanoate (13.3 g, 55.44 mmol) in tetrahydrofuran (40 mL) 

and methanol (10 mL) was added NaOH (6.66 g, 166.32 mmol) in water (14 mL) and 

stirred overnight. The volatiles were removed in vacuo and acidified with concentrated 

HCl. The milky white solution was extracted with ethyl acetate, dried over sodium 

sulfate, filtered and concentrated in vacuo to give 2-(4-fluoro-2-methylphenoxy)-2-

10 methylpropanoic acid (658) as a yellow solid. 

[0446] Step B: To a solution of 2-(4-fluoro-2-methylphenoxy)-2-methylpropanoic acid 

(658) (5g, 23.6 mmol) in tetrahydrofuran (50 mL) at 0 °C was added cat. DMF and oxayl 

chloride (2.5 mL, 28.3 mmol). The reaction was warmed to room temperature, stirred for 

1 hour, and concentrated in vacuo. The oil was dissolved in dichloromethane (50 mL), 

15 cooled to -78 °C and AlCb (7.6 g, 56.6 mmol) was added. The reaction was allowed to 

warm to room temperature overnight. Ice water was added and the dichloromethane was 

removed in vacuo. The aqueous phase was extracted with ethyl acetate (3 x 50 mL) and 

washed with saturated sodium bicarbonate dried over sodium sulfate, filtered and 

concentrated in vacuo. The crude compound was purified by flash column 

20 chromatography on silica gel with hexanes and EtOAc (20%) to provide 5-fluoro-2,2,7-

trimethylbenzofuran-3(2H)-one (659). 

[0447] Step C: A solution of provide 5-fluoro-2,2,7-trimethylbenzofuran-3(2H)-one 

(659) (100 mg, 0.515 mmol), N-Bromosuccinimide (100.8 mg, 0.567 mmol), benzoyl 

chloride (1.2 mg, 0.005 mmol) and carbon tetrachloride (2 mL) was heated at reflux 

25 overnight. Saturated sodium bicarbonate was added and extracted with ethyl acetate, dried 

over sodium sulfate, filtered and concentrated in vacuo. The crude compound was 

purified by flash column chromatography on silica gel with hexanes and EtOAc (5%) to 

give 7-(bromomethyl)-5-fluoro-2,2-dimethylbenzofuran-3(2H)-one (660). 
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Intermediate 46 

ethyl 3-(5-fluoro-4-hydroxy-2-propylphenyl)propanoate (666) 

4 
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[0448] Step A- F: Compound (666) was prepared in a similar manner as that described 

5 for the synthesis of (585). 

Intermediate 47 

5-bromo-7 -( chloromethyl)-2,2-dimethyl-2,3-dihydrobenzofuran (670) 

o/0 
Br2 

OH~ ~: OH 

Step A 
Br 
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667 
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Step D 

Br 
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MeOH 

Step B 
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Br 
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Step C ,;; 

Br 
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[0449] Step A: Using a dropping funnel, bromine (0.8 mL, 15.6 mmol) in acetic acid (6 

10 mL) was added to a solution of 2,2-dimethyl-2,3-dihydrobenzofuran-7-carboxylic acid (1 

g, 5.20 mmol) in acetic acid at 0 °C. The reaction was allowed to warm to room 

temperature and stirred overnight. A 2M solution of sodium sulfite was added until all of 

the red color disappeared. The volatiles were removed in vacuo and dichloromethane was 

added and the layers separated. The organic phase was washed with water and brine, dried 

15 over sodium sulfate, filtered and concentrated in vacuo to yield 5-bromo-2,2-dimethyl-

2,3-dihydrobenzofuran-7-carboxylic acid (667). 
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[0450] Step B: Thionyl chloride (0.6 mL, 8.12 mmol) was added slowly to a solution of 

5-bromo-2,2-dimethyl-2,3-dihydrobenzofuran-7-carboxylic acid (667) (1.1 g, 4.06 mmol) 

in methanol (41 mL). After refluxing for 3 hours the solvent was removed in vacuo to 

obtain methyl5-bromo-2,2-dimethyl-2,3-dihydrobenzofuran-7-carboxylate (668). 

5 [0451] Step C: To a solution of methyl 5-bromo-2,2-dimethyl-2,3-dihydrobenzofuran-

7-carboxylate (668) (466 mg, 1.63 mmol) in tetrahydrofuran (16 mL) at 0 °C was added 

LAH (1 mL, 1.96 mmol). The reaction was stirred at 0 °C for 1 hour and quenched with 

0.2 mL of water, 0.2 mL of 15% NaOH and 0.6 mL of water. The reaction was warmed to 

room temperature and diluted with diethyl ether. Magnesium sulfate was added and the 

10 solution was filtered, washed with diethyl ether, and the solvent removed in vacuo to 

provide (5-bromo-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methanol (669). 

[0452] Step D: To a solution of (5-bromo-2,2-dimethyl-2,3-dihydrobenzofuran-7-

yl)methanol (669) (390 mg, 1.51 mmol) in dichloromethane (15 mL) was added thionyl 

chloride (0.56 mL, 7.58 mmol). The reaction was stirred at room temperature for 2 hours 

15 and then concentrated to afford 5-bromo-7-(chloromethyl)-2,2-dimethyl-2,3-

dihydrobenzofuran (670). 

Intermediate 48 

ethyl3-(3-((dimethylamino)methyl)-4-hydroxyphenyl)-2-methylpropanoate (673) 

HO~O 
Ph, J OEt ,..P-:::-1( 
Ph Ph 0 

Step A 
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HOAJ I 
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HOl_......, 

N 
I 
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~OEt 
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20 [0453] Step A: Compound (671) was prepared in a similar manner as that described for 

the synthesis of (515). 

[0454] Step B: Compound (672) was prepared in a similar manner as that described for 

the synthesis of (513). 
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[0455] Step C: To a solution of ethyl3-(4-hydroxyphenyl)-2-methylpropanoate (672) 

(150 mg, 0.72 mmol), potassium carbonate (149.3 mg, 1.08 mmol) in toluene (7 mL) was 

added N,N-dimethylmethylideneammonium iodide (173.2 mg, 0.94 mmol) and stirred for 

72 hours. Water was added and the reaction was extracted with ethyl acetate and the 

5 combined organic layers dried over sodium sulfate, filtered and concentrated in vacuo. 

The crude compound was purified by flash column chromatography on silica gel with 

hexanes and EtOAc (50%) to give ethyl3-(3-((dimethylamino)methyl)-4-

hydroxyphenyl)-2-methylpropanoate (673). 

Intermediate 49 

10 (2,2-dimethyl-5-(1H-tetrazol-1-yl)-2,3-dihydrobenzofuran-7-yl)methanol (678) 
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[0456] Step A: To a solution of ethyl2,2-dimethyl-2,3-dihydrobenzofuran-7-

carboxylate (lg, 4.54 mmol) in trifluoroacetic acid (7 mL) at 0 °C was slowly added nitric 

acid (1.36 mL). The reaction was stirred at 0 °C for one hour and then at room 

15 temperature for 30 minutes. The reaction was added to ice and the resultant solid was 

collected by filtration, and washed with water to provide ethyl2,2-dimethyl-5-nitro-2,3-

dihydrobenzofuran-7-carboxylate (674) as a yellow solid (1.02 g, 83%). 

[0457] Step B: To a solution ethyl2,2-dimethyl-5-nitro-2,3-dihydrobenzofuran-7-

carboxylate (674) (1.02 g, 3.84 mmol) in ethanol (40 mL) was added Pd/C (100 mg, 10% 

20 Degussa type). A balloon of hydrogen gas was added and the reaction was evacuated and 

back-filled with hydrogen three times. The reaction was stirred overnight at room 
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temperature, filtered through a pad of celite and concentrated in vacuo to give ethyl 5-

amino-2,2-dimethyl-2,3-dihydrobenzofuran-7-carboxylate (675) (899 mg, 99%) 

[0458] Step C: A solution of ethyl5-amino-2,2-dimethyl-2,3-dihydrobenzofuran-7-

carboxylate (675) (300 mg, 1.28 mmol), triethyl orthoformate (0.42 mL, 2.55 mmol), 

5 sodium azide (124.8 mg, 1.92 mmol), and acetic acid (12 mL) was heated at 100 °C for 2 

hours. The reaction was cooled to room temperature and water was added. The aqueous 

phase was extracted with ethyl acetate and the combined organic layers dried over sodium 

sulfate, filtered and concentrated in vacuo. The crude compound was purified by flash 

column chromatography on silica gel with hexanes and EtOAc (50%) to afford ethyl 2,2-

10 dimethyl-5-(lH-tetrazol-1-yl)-2,3-dihydrobenzofuran-7-carboxylate (676) (184 mg, 

50%). 

[0459] Step D: A solution of ethyl2,2-dimethyl-5-(1H-tetrazol-1-yl)-2,3-

dihydrobenzofuran-7-carboxylate (676) (182 mg, 0.631 mmol), lithium hydroxide (106 

mg, 2.53 mmol), methanol (1 mL), tetrahydrofuran (1 mL), and water (4 mL) was heated 

15 at 50 °C for 1 hour. The volatiles were removed in vacuo and 2N HCl was added. The 

white solid was collected by filtration washing with water to provide 2,2-dimethyl-5-(1H­

tetrazol-1-yl)-2,3-dihydrobenzofuran-7-carboxylic acid (677) (136 mg, 83% ). 

[0460] Step E: A solution of 2,2-dimethyl-5-(lH-tetrazol-1-yl)-2,3-dihydrobenzofuran-

7-carboxylic acid (677) (135 mg, 0.519 mmol), N-methylmorpholine (57 IlL, 0.519 

20 mmol), and tetrahydrofuran (10 mL) at 0 °C was added isobutylchloroformate (68 IlL, 

0.519 mmol) and stirred for 2 hours. Sodium borohydride (58.9 mg, 1.56 mmol) in water 

(3 mL) was added and stirred for 1 hour and at room temperature for an additional 1 hour. 

The reaction was concentrated in vacuo and water was added. The aqueous phase was 

extracted with ethyl acetate and the combined organic layers dried over sodium sulfate, 

25 filtered and concentrated in vacuo. The crude compound was purified by flash column 

chromatography on silica gel with hexanes and EtOAc (60%) to afford (2,2-dimethyl-5-

(1H-tetrazol-1-yl)-2,3-dihydrobenzofuran-7-yl)methanol (678) (77.8 mg, 61 %). 
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Intermediate 50 

Ethyl 3-(3,5-difluoro-4-hydroxyphenyl)-2-ethoxypropanoate (681) 

Step C 

0 
PPh3 _ Jl 

---- ~01 -oEt 
StepA ~Ph3 

0 

FyvYOEt 

HO~ 6~ 
681 

Cl-

679 

FyYlH 

BnoAf 
F 

DBU, THF 
StepB 

0 

F~OEt 
BnO~ 61 

680 

[0461] Step A: To a solution of 2-chloro-2-ethoxyacetic acid ethyl ester (10 g, 60 

5 mmol) in chloroform (30 mL) was added triphenylphosphine (15.7 g, 60 mmol) and 

stirred overnight at room temperature. The solvent was removed in vacuo, and diethyl 

ether was added. The solvent was again removed and dried on high vacuum to give (1,2-

diethoxy-2-oxoethyl)triphenylphosphonium chloride (21g, 82% yield) (679) as a foamy 

solid. 

10 [0462] Step B: To a solution of (1,2-diethoxy-2-oxoethyl)triphenylphosphonium 

chloride (679) (1.61g, 3.76 mmol) in tetrahydrofuran (56 mL) was added DBU (0.67 ml, 

4.51 mmol) and the reaction was stirred for 10 minutes at room temperature. 4-

(benzyloxy)-3,5-difluorobenzaldehyde (1.40 g, 5.64 mmol) was added in one portion and 

the reaction was stirred at room temperature for 18 hours. The solvent was removed in 

15 vacuo, diethyl ether was added and the solids filtered. The filtrate was concentrated in 

vacuo and the residue oil was purified by flash column chromatography (0-30% EtOAc in 

hexanes) to provide (Z)-ethyl3-(4-(benzyloxy)-3,5-difluorophenyl)-2-ethoxyacrylate 

(680). 

[0463] Step C: To a solution (Z)-ethyl 3-(4-(benzyloxy)-3,5-difluorophenyl)-2-

20 ethoxyacrylate (680) (1.3 g, 3.59 mmol) in ethanol (25 mL) was added Pd/C (140 mg, 

10% Degussa type). A balloon of hydrogen gas was added and the reaction was evacuated 

and back-filled with hydrogen three times. The reaction was stirred overnight at room 

131 



5 

wo 2011/159297 PCT /US201 0/038906 

temperature, was filtered through a pad of celite and concentrated in vacuo to give ethyl 

3-(3,5-difluoro-4-hydroxyphenyl)-2-ethoxypropanoate (0.81 g) (681). 

[0464] 

HO 

Intermediate 51 

ethyl2-(4-hydroxy-3-methylphenoxy)acetate (682) 

DOH 
+ 

682 

A mixture of 2-methylbenzene-1,4-diol (5 g, 40.2 mmol), ethyl2-bromoacetate 

(1.1 eq.), and potassium carbonate (2 eq.) in acetonitrile (50 mL) was heated at 80 °C for 

18 hours. The reaction was cooled to room temperature, and the acetonitrile was removed 

in vacuo. Water was added and the crude residue was extracted with ethyl acetate. The 

10 organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated 

in vacuo. The residue was purified by silica gel chromatography (0-100% EtOAc in 

hexanes) to provide ethyl2-(4-hydroxy-3-methylphenoxy)acetate (682) as a pink solid. 

15 

NaOMe 

StepC 

Intermediate 52 

ethyl2-(4-hydroxy-2-methylphenoxy)acetate (685) 

683 

685 

mCPBA 

TsOH 

Step B 

[0465] Step A: A mixture of 1-(4-hydroxy-3-methylphenyl)ethanone (5 g, 33.3 mmol), 

ethyl2-bromoacetate (1.1 eq.), and cesium carbonate (2 eq.) in acetonitrile (200 mL) was 

stirred at room temperature overnight. The acetonitrile was removed in vacuo, and the 

crude oil was dissolved in ethyl acetate (50mL) and washed with 1M HCl (2 X 50 mL), 

20 water (2 X 50 mL), and brine (50 mL). The organic layer was dried over sodium sulfate, 

filtered and concentrated in vacuo to obtain ethyl2-(4-acetyl-2-methylphenoxy)acetate 

(683). 
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[0466] Step B: A solution of ethyl2-(4-acetyl-2-methylphenoxy)acetate (683) (8.78 g, 

37 mmol), mCPBA (2.eq.), and p-TsOH monohydrate (0.15 eq.) in dichloromethane (160 

mL) was heated at 40 °C overnight. The reaction was cooled to room temperature and 

washed with 1M KI (2 X 200 mL), 5%NaHS03 (2 X 150 mL), and water (200 mL). The 

5 organic layer was dried over sodium sulfate, filtered and concentrated in vacuo. The crude 

material was purified by silica gel chromatography (0-1 00% EtOAc in hexanes) to 

provide ethyl2-(4-acetoxy-2-methylphenoxy)acetate (684) (72%). 

[0467] Step C: To a solution of ethyl2-(4-acetoxy-2-methylphenoxy)acetate (684) 

(6.79 g, 27 mmol) in dry methanol (150 mL) was added sodium methoxide (1.1 eq.) and 

10 the reaction was stirred at room temperature under N2 for 3 hours. The reaction was 

quenched with 1M HCl and the volatiles were removed in vacuo. The oil was dissolved in 

ethyl acetate (lOOmL) and washed with water (2 X 100 mL), and brine (100 mL). The 

organic layer was dried over sodium sulfate, filtered and concentrated in vacuo to 

afforded ethyl 2-( 4-hydroxy-2-methylphenoxy)acetate (685) as a white solid (77% ). 

15 

OH 

0 

NaOMe 

StepC 

+Br~ 

Intermediate 53 

ethyl2-(4-hydroxyphenoxy)acetate (688) 

OEt 

Step A 

686 

mCPBA 

TsOH 
Step B 

688 

[0468] Step A- C: Compound (688) was prepared in a similar manner as that described 

for the synthesis of (685). 
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OH 0 

Intermediate 54 

5-chloro-7-(chloromethyl)-2,3,3-trimethyl-2,3-dihydrobenzofuran (693) 

-\ 
0 0 :r;r cYo/, Br~ K2C03 cYo' [3,3] HC02H 

DMF .0 ~ .0 

0/ 

~ 

Step A Step B Step C Cl Cl Cl 

689 690 

~ LiAIH4 ~OH SOCI2 ~CI 
.0 

0/ 

Step D Step E 
Cl Cl Cl 

691 692 693 

[0469] Step A- E: Compound (693) was prepared in a similar manner as that described 

5 for the synthesis of (5). 

HO 

Intermediate 55 

methyl3-(4-hydroxyphenyl)-4-methylpentanoate (695) 

Pd(OAcb 

~Br 0 
P(o-Tolylh 

+~0/ 
Et3N, DMF fiUo' H2 fiUo' Pd/C 

HO HO 
Step A Step B 

694 695 

[0470] Step A- B: Compound (695) was prepared in a similar manner as that described 

10 for the synthesis of (11). 

Intermediate 56 

methyl 5-hydroxy-2,3-dihydro-1H-indene-2-carboxylate (697) 

0 
H2 

~0 
HCI04 ~0 BBr3 ~0 

'o o 
Step A 'o o Step B HO 0 

I I I 

696 697 

[0471] Step A: A mixture of methyl 5-methoxy-1-oxo-2,3-dihydro-1H-indene-2-

15 carboxylate (5.5 g, 25 mmol) in acetic acid (0.64 M) and perchloric acid (14.9 M) was 

suspended in a pressure vessel and was shook under a hydrogen atmosphere (30 psi) for 4 

hours. The mixture was filtered through a pad of celite and washed with chloroform. The 

organic phase was washed with water (5X) until the pH was neutral, followed with a wash 
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with brine. The organic layer was dried over sodium sulfate, filtered and concentrated in 

vacuo. The crude material was purified by silica gel chromatography (0-100% EtOAc in 

hexanes) to provide methyl 5-methoxy-2,3-dihydro-lh-indene-2-carboxylate (696) 

(46%). 

5 [0472] Step B: To a solution of methyl 5-methoxy-2,3-dihydro-1h-indene-2-

carboxylate (696) (2.35 g, 11.4 mmol) in anhydrous dichloromethane (40 mL) cooled to-

78 °C was added boron tribromide (1.5 eq.). The reaction was allowed to stir at -78 °C for 

30 minutes, 0 °C for 2 hours, and at room temperature overnight. The reaction mixture 

was cooled to 0 °C and quenched slowly with methanol. After stirring for 15 minutes a 

10 saturated sodium bicarbonate solution was added slowly to the mixture and allowed to stir 

at 0 °C for 30 minutes. Ethyl acetate was added and the layers were separated. The 

aqueous layer was extracted with ethyl acetate and the combined organic layers were 

dried over sodium sulfate, filtered and concentrated in vacuo to afford methyl 5-hydroxy-

2,3-dihydro-1H-indene-2-carboxylate (697). 

15 Intermediate 57 

ethyl 3-(4-hydroxy-2-isopropoxyphenyl)propanoate (700) 

~H 
~O)lAOH 
v 

If__ 
Step A 

Pd/C 

Step C 

~0~ 
HO)lAO 

A 
700 

0 ~OEt 0 

d Ph3P 11 ~ 
H 0 I ~ OEt 

~0 0 StepB ~0 .o 0 

V A V A 
698 699 

[0473] Step A: A mixture of 4-(benzyloxy)-2-hydroxybenzaldehyde (1 g, 4.38 mol), 2-

iodopropane (1.2 eq.) and potassium carbonate (2.5 eq.) in acetone (40 mL) was refluxed 

20 overnight. The reaction was cooled to room temperature and filtered through a celite plug, 

and concentrated to dryness. The crude material was purified by flash column 

chromatography with ethyl acetate and hexanes to provide 4-(benzyloxy)-2-

isopropoxybenzaldehyde (698). 

[0474] Step B: A solution of 4-(benzyloxy)-2-isopropoxybenzaldehyde (698) (480 mg, 

25 1.776 mmol) and (carbethoxymethylene)triphenylphosphorane (1.1 eq.) in toluene was 
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heated at 100 °C overnight. The reaction was cooled to room temperature and 

concentrated in vacuo. The crude material was purified by silica gel chromatography (0-

50% EtOAc in hexanes) to afford (E)-ethyl3-(4-(benzyloxy)-2-

isopropoxyphenyl)acrylate (699). 

5 [0475] Step C: To (E)-ethyl3-(4-(benzyloxy)-2-isopropoxyphenyl)acrylate (699) (530 

mg, 1.56 mmol) in ethanol (12 mL) was added Pd/C (0.5 eq, 10% Degussa type). A 

balloon of hydrogen gas was added and the reaction was evacuated and back-filled with 

hydrogen three times. The reaction was stirred overnight at room temperature, filtered 

through a pad of celite and concentrated in vacuo to give ethyl 3-(4-hydroxy-2 

10 isopropoxyphenyl) propanoate (700). 

Intermediate 58 

5-chloro-7 -( chloromethyl)-2-methylbenzofuran (705) 

OH 0 Cl~ 
FL 

0 0 F cYO/ K2C03 cYO/ 
b b 

"" 
Cl Step A Cl Step B 

yt o/ 0/ HC02H 

b 

"" 
b 

0/ 

Cl Step C Cl 

701 702 703 

DMF 

LiAIH4 ~ SOCI2 ~ Step D Step E 
OH Cl 

Cl Cl 

704 705 

[0476] Step A - E: Compound (705) was prepared in a similar manner as that described 

15 for the synthesis of (5). 
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Intermediate 59 

ethyl 3-(4-hydroxynaphthalen-1-yl)propanoate (708) 

H 

Ph3P~OEt 
0 

'o StepA 

H2 

Pd/C 
Step 8 

BBr3 

Step C 

708 

706 707 

[0477] Step A - C : Compound (708) was prepared in a similar manner as that 

5 described for the synthesis of (542). 

Intermediate 60 

ethyl 3-(2-(( dimethylamino )methyl)4-hydroxyphenyl)propanoate (711) 

Jl:t _Be BoBc Jl:t ,Be '!fOE! /~1. ~J_OEt 
HOD K2C03 voD Pd(OAcl2 voD ~ 

Pd/C 
Step C 

Step A I P(o-Tolylh 1 

b 
709 

Et3N, DMF b 
710 

Step 8 

[0478] Step A: A mixture of 4-bromo-3-((dimethylamino)methyl)phenol (4 g, 17.4 

10 mmol), benzylbromide (2 eq.), and potassium carbonate (3 eq.) in DMF (100 mL) was 

stirred at 80 °C overnight. The reaction mixture was cooled to room temperature, 

quenched with water and extracted with ethyl acetate. The combined organic layers were 

washed with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The 

crude material was purified by silica gel chromatography (0-50% EtOAc in hexanes) to 

15 afford 1-(5-(benzyloxy)-2-bromophenyl)-N,N-dimethylmethanamine (709) (98 %). 

[0479] Steps B: Compound (710) was prepared in a similar manner as that described 

for the synthesis of (10). 

[0480] Step C: Compound (711) was prepared in a similar manner as that described for 

the synthesis of (11). 
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Intermediate 61 

ethyl 3-(4-hydroxy-2-met hylbenzofuran-7-yl)propanoate (716) 

FL 
0 w OH 0 0 

Cl 
K2C03 

ij'H + ~F ij'H 
[3,3] H vo vo 11 vo ..-:; Step A ..-:; Step B 

..-:; 
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~ Ph,P~OEt ~ H2 ~ 0 0 ---11 

OEt 

0 0 
Pd/C 

OEt 

Step C 0 StepD 0 "' 
Step E 

HO 

714 716 
~ 

[0481] Step A- C: Compound (714) was prepared in a similar manner as that 

5 described for the synthesis of (3). 

[0482] Step D: Compound (715) was prepared in a similar manner as that described for 

the synthesis of (537). 

[0483] Step E: Compound (716) was prepared in a similar manner as that described for 

the synthesis of (513). 

10 Intermediate 62 

5-chloro-7 -( chloromethyl)-3,3-dimethyl-2,3-dihydrobenzofuran (725) 

OH 
H2S04 Cl~ Cl~ ~ ¢ NaH 

Step A 1,-:; Step B 

Cl Cl Cl 
721 722 

Cl 

~ ~OH ~a TiCI4 Cl)-,_0_..... H NaBH4 SOCI2 

Step C Step D Step E 

Cl Cl Cl 

723 724 725 

[0484] Step A: To a solution of 4-chlorophenol (12.6 g, 0.1 mol) and 3-chloro-2-

methyl-propene (10.8 g, 0.12 mol) was added concentrated sulfuric acid (5 g, 0.05 mol) 

15 and stirred at 0 oc for 1 hour. The mixture was diluted with cold water and extracted with 

ether. The ethereal extract was washed with brine, dried over anhydrous sodium sulfate, 
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filtered, and evaporated under reduced pressure. The residue was purified by flash 

chromatography on silica gel to afford 4-chloro-2-(1-chloro-2-methylpropan-2-yl)phenol 

(721). 

[0485] Step B: To a suspension of NaH (1.44 g, 36 mmol) in anhydrous tetrahydrofuran 

5 was added 4-chloro-2-(1-chloro-2-methylpropan-2-yl)phenol (721) (6.6 g, 30.0 mmol) at 

0 oc. The reaction mixture was stirred at 0 oc for 1hour. The reaction was quenched with 

methanol, diluted with water, and extracted with ether. The ethereal extract was washed 

with brine, dried over anhydrous sodium sulfate, filtered and evaporated in vacuo. The 

residue was purified by flash chromatography on silica gel to give 5-chloro-3,3-dimethyl-

10 2,3-dihydrobenzofuran (722). 

[0486] Step C: Compound (723) was prepared in a similar manner as that described for 

the synthesis of (545). 

[0487] Step D: Compound (724) was prepared in a similar manner as that described for 

the synthesis of (546). 

15 [0488] Step E: Compound (725) was prepared in a similar manner as that described for 

the synthesis of (511). 

20 

Intermediate 63 

3,3-dideuterio-5-chloro-7-(chloromethyl)-2,2-dimethyl-2,3-dihydrobenzofuran (730) 

1¢ 0~ D~ 
Cl 

TiCI4, CIAO....-K2S20s, CuS04 LiAID4, AICI3 
D I: 

Step A 10 Step B Step C 

Cl Cl Cl 

726 727 

~ NaBH4 D~ SOCI2 D~ D I: OH D I: Cl 

0

0 H 
Step D Step E 

Cl Cl Cl 

728 729 730 

[0489] Step A: Compound (726) was prepared in a similar manner as that described for 

the synthesis of (655). 
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[0490] Step B: Lithium aluminum deuteride (0.21 g, 5.0 mmol) in dry ether (10 mL) 

was stirred for 15 min under nitrogen and aluminum chloride (0.7 g, 5.5 mmol) in dry 

ether (10 mL) was slowly added. Five minutes after the addition, a mixture of 5-chloro-

2,2-dimethylbenzofuran-3(2H)-one (726) (1 g, 5 mmol) and aluminum chloride (0.7 g, 5.5 

5 mmol) in dry ether (20 mL) was added to the solution of mixed metal hydride. The 

reaction mixture was vigorously stirred for 45 min under nitrogen, and the reaction was 

quenched with D20 (5 mL) followed by 6 N sulfuric acid (6 mL). The reaction mixture 

was further diluted with water (25 mL), and the aqueous layer was extracted with four 

portions of ether (4 x 30 mL). The combined organic layers were washed with water, 10% 

10 sodium bicarbonate solution, and water and dried over sodium sulfate. The solvent was 

removed in vacuo and the residue was purified by flash chromatography on silica gel to 

afford 3,3-dideuterio-5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran (727). 

[0491] Step C: Compound (728) was prepared in a similar manner as that described for 

the synthesis of (545). 

15 [0492] Step D: Compound (729) was prepared in a similar manner as that described for 

the synthesis of (546). 

[0493] Step E: Compound (730) was prepared in a similar manner as that described for 

the synthesis of (511). 
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Intermediate 64 

7 -( chloromethyl)-5 ,6-difluoro-2,2-dimethyl-2,3-dihydrobenzofuran (737) 

OH 
K2C03 

f ;: 
¢l + Clr DMF ¢l Buli, C02 ¢(0" 

Step A Step B F F F 

F F F 

;: 731 732 
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Step C Step D Step E F F 
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Step F 

t:L ~oe soc1, t~l -;c YF. StepG YF. 
F F 
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[0494] Step A: A mixture of 3,4-difluorophenol (2 g, 15.37 mmol), 3-chloro-2-

5 methylpropene (1.66 mL, 16.91 mmol), and pottasium carbonate (3.2 g, 23.06 mmol) in 

DMF (10 mL) was stirred at 85 °C for 6 h. The mixture was filtered and the filtrate was 

evaporated to dryness. The residue was purified by flash column chromatography eluting 

with hexanes-EtOAc (2: 1) to provide 1,2-difluoro-4-(2-methylallyloxy)benzene (731) 

(1.78 g, 63%). 1H NMR (400 MHz, CDCb) 8 7.05 (q, J = 9.5 Hz,1H), 6.76-6.71 (m, 1H), 

10 6.63-6.60 (m, 1H), 5.07 (s, 1H), 5.00 (s, 1H), 4.38 (s, 2H), 1.82 (s, 3H). 

[0495] Step B: To a 1.4 M solution of sec-butyllithium in cyclohexane (6.7 mL) and 

anhydrous tetrahydrofuran (15 mL) at -75 °C was added 1,2-difluoro-4-(2-

methylallyloxy)benzene (731) (1.6 g, 8.68 mmol). The resulting mixture was stirred at -75 

°C for 2.5 hours and was then transferred to a round bottom flask containing dry ice. The 

15 resulting mixture was shaken for 5 min, and water (10 mL) was added dropwise. The 

mixture was acidified to pH 1 with concentrated hydrochloric acid and extracted with 

EtOAc (80 mL X 3). The organic phase was washed with brine (60 mL X 2), water (60 

mL), and dried over anhydrous sodium sulfate, and the solvent removed in vacuo to give 

an oil2,3-difluoro-6-(2-methylallyloxy)benzoic acid (732) (1.9 g), The product was used 

20 directly in the next step without further purification. 
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[0496] Step C: A mixture of 2,3-difluoro-6-(2-methylallyloxy)benzoic acid (732) (1.45 

g, 6.35 mmol), 3-chloro-2-methylpropene (0.77 mL, 7.62 mmol), and pottasium carbonate 

(1.76 g, 12.7 mmol) in anhydrous DMF was stirred at 65 °C under N2 overnight. . The 

mixture was filtered and the filtrate was evaporated to dryness. The residue was purified 

5 by flash column chromatography eluting with hexanes-EtOAc (4:1) to provide 2-

methylallyl2,3-difluoro-6-(2-methylallyloxy)benzoate (733) (1.55 g, 87%). 1H NMR 

(400 MHz, CDCb) 8 7.14 (q, J = 9.5 Hz,1H), 6.63-6.60 (m, 1H), 5.09 (s, 1H), 5.06 (s, 

1H), 4.98 (s, 2H), 4.78 (s, 2H), 4.45 (s, 2H), 1.81 (s, 3H), 1.79 (s, 3H). 

[0497] Step D: A solution of 2-methylallyl2,3-difluoro-6-(2-methylallyloxy)benzoate 

10 (733) (1.53 g, 5.42 mmol) in NMP (3.5 mL) was heated in the microwave at 200 °C for 6 

h. The solvent was removed in vacuo to provide 2-methylallyl2,3-difluoro-6-hydroxy-5-

(2-methylallyl)benzoate (734) (1.53 g) which was directly used in the next step reaction 

without further purification. 

[0498] Step E: A solution of 2-methylallyl2,3-difluoro-6-hydroxy-5-(2-

15 methylallyl)benzoate (734) in 96% formic acid (15 mL) was refluxed for 22 hours. The 

solvent was removed in vacuo, and the residue was purified by flash column 

chromatography eluting with hexanes-EtOAc (3: 1) to afford 5,6-difluoro-2,2-dimethyl-

3H-benzofuran-7-carboxylic acid (735) (0.76 g, 61 %). 1H NMR (400 MHz, DMSO-d6) 8 

7.43 (t, J = 9.2 Hz,1H), 2.98 (s, 2H), 1.41 (s, 6H). 

20 [0499] Step F: To 5,6-difluoro-2,2-dimethyl-3H-benzofuran-7-carboxylic acid (735) 

(0.75 g, 3.29 mmol) was added 1.0 M ofborane tetrahydrofuran complex solution (12 

mL), and the mixture was stirred at room temperature overnight. The reaction was cooled 

to 0 °C, acidified with 5 N HCl to pH 1, and then neutralized to pH 8 with 5 N N aOH. 

The mixture was extracted with EtOAc (80 mL X 3) and the combined organic phase was 

25 washed with water (50 mL), dried over anhydrous sodium sulfate, and the solvent 

removed in vacuo. The product was purified by prep HPLC to yield (5,6-difluoro-2,2-

dimethyl-3H-benzofuran-7-yl)methanol (736) (0.4 g, 57%). 1H NMR (400 MHz, DMSO­

d6) 8 7.18 (t, J = 9.0 Hz,1H), 4.38 (s, 2H), 2.97 (s, 2H), 1.40 (s, 6H). 

[0500] Step G: To a solution of (5,6-difluoro-2,2-dimethyl-3H-benzofuran-7-

30 yl)methanol (736) (0.18 g, 0.84 mmol) in anhydrous dichloromethane (5 mL) was added 

SOCh dropwise at 0 °C. The mixture was stirred at room temperature for 2 h. The solvent 
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was removed in vacuo, and the residue was dissolved in EtOAc (100 mL). The solution 

was washed with water (30 mL), dried over anhydrous sodium sulfate, and evaporated in 

vacuo to give a solid 7-(chloromethyl)-5,6-difluoro-2,2-dimethyl-2,3-dihydrobenzofuran 

(737) (0.194 g, 99%). 

Intermediate 65 

ethyl 3-(7-hydroxy-2,3-dihydro-1H-inden-4-yl)propanoate (740) 

Q 
HON 

Step C 

_.....oyc1 
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Step A 
Q~o 
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Ph ..... l II 

Ph 0 

Step B 
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[0501] Step A: Compound (738) was prepared in a similar manner as that described for 

the synthesis of (545). 

10 [0502] Step B: Compound (739) was prepared in a similar manner as that described for 

the synthesis of (537). 

[0503] Step C: Compound (740) was prepared in a similar manner as that described for 

the synthesis of (513). 

Intermediate 66 

15 ethyl 3-(2-bromo-4-hydroxy-5-methoxyphenyl)propanoate (742) 
Br Ph,p~OEt Br 0 Br 0 «0 Ph...- I ~000 H2, Pd/C ~000 Ph 0 

HO 
Step A 

HO 
Step B 

HO 

_.....o ,......o ,......o 

741 742 

[0504] Step A: Compound (741) was prepared in a similar manner as that described for 

the synthesis of (537). 

[0505] Step B: Compound (742) was prepared in a similar manner as that described for 

20 the synthesis of (513). 

143 



wo 2011/159297 PCT /US201 0/038906 

Intermediate 67 

2-(5-hydroxy-2,3-dihydro-1H-inden-1-yl)acetic acid (23) 

23 

[0506] The above intermediate was synthesized by a method as disclosed in WO 

5 2004/011445. 

Intermediate 68 

2-(5-hydroxy-2,3-dihydro-1H-inden-1-yl)acetic acid (24) 

WOE! 
24 

[0507] The above intermediate was synthesized by a method as disclosed in EP 234872. 

10 Intermediate 69 

methyl 2,2-dimethyl-2,3-dihydrobenzofuran-4-carboxylate (25) 

~/ 
25 

[0508] The above intermediate was synthesized by a method as disclosed in WO 

2007/030061. 

15 Intermediates 70 & 71 

[0509] The following intermediates were purchased from commercial sources and used 

to synthesize one or more of the representative compounds of the invention. 

)-o~ ~ 
~ U"'OH 

26 
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Intermediate 72 

(2-methylbenzo[d]oxazol-7-yl)methanol (744) 

(i 
Me 

\--o o \--o Eto+oEt 
~ OH OEt 

NijOEt 
LAH N~OH I 

PTSA .b NH
2 

Step A Step B 
743 744 

[0510] Step A: A solution of 3-amino-2-hydroxybenzoic acid (1 g, 6.53 mmol), 

5 triethylorthoacetate (4 mL), and P-toluenesulfonic acid (40 mg) was heated at 100 °C for 

18 hours. The reaction was concentrated in vacuo and the crude product was purified by 

flash column chromatography on silica gel with hexanes and EtOAc (30%) to afford ethyl 

2-methylbenzo[d]oxazole-7-carboxylate (743) (1.27 g, 95%). 

[0511] Step B: To a solution of ethyl2-methylbenzo[d]oxazole-7-carboxylate (743) 

10 (1.27 g, 6.19 mmol) in tetrahydrofuran (61 mL) at 0 °C was added lithium aluminum 

hydride (7.43 mL, 7.43 mmol, 1M in tetrahydrofuran). The reaction was stirred at 0 °C for 

1 hour and quenched with 0.6 mL of water, 0.6 mL of 15% NaOH and 1.8 mL of water. 

The reaction was warmed to room temperature and diluted with diethyl ether. Magnesium 

sulfate was added and the solution was filtered, washed with diethyl ether, and the solvent 

15 was removed in vacuo to provide (2-methylbenzo[d]oxazol-7-yl)methanol (744) (0.687 g, 

68%). 

Intermediate 73 

methyl2-(6-methoxybenzofuran-3-yl)acetate (745) 

BBr3 

Step A 

745 

20 [0512] Step A: To a solution of 2-(6-methoxybenzofuran-3-yl)acetic acid (0.6 g, 2.9 

mmol) in anhydrous dichloromethane (20 mL) at -78 °C was added boron tribromide (1.5 

eq.) The reaction was stirred at -78 °C for 30 minutes, 0 °C for 2 hours, and at room 

temperature overnight. The reaction mixture was cooled to 0 °C and quenched slowly 

with methanol. After stirring for 15 minutes a saturated sodium bicarbonate solution was 

25 added slowly to the mixture and allowed to stir at 0 °C for 30 minutes. Ethyl acetate was 

added and the layers were separated. The aqueous layer was extracted with ethyl acetate 
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and the combined organic layers were dried over sodium sulfate, filtered and concentrated 

in vacuo to give methyl 2-(6-methoxybenzofuran-3-yl)acetate (745) (67% ). 

Intermediate 7 4 

(R)-4-benzyl-3-((R)-3-(4-hydroxyphenyl)-2-methylpropanoyl)oxazolidin-2-one (748) 

0 0 

~N)\ 

~OH 
BnO~ 

Pd/C 
Step C 

Step A 

748 

~Br 
BnO~ 

746 

~0 
Ph 

NaHMDS 
Step B 

747 

[0513] Step A: To a solution of (4-(benzyloxy)phenyl)methanol (21.4 g, 100 mmol) in 

diethyl ether (250 mL) at 0 °C was added phosphorous tribromide (10.8 g, 40 mmol) and 

stirred at 0 °C for 30 minutes and at room temperature for 3 hours. The reaction was 

quenched with water and the layers were separated. The organic layer was washed with 

10 water (2 x 400 mL), saturated sodium bicarbonate (2 x 400 mL), and brine. The ether 

layer was dried over sodium sulfate, filtered and concentrated in vacuo to afford 1-

(benzyloxy )-4-(bromomethyl) benzene (7 46). 

[0514] Step B: To a solution of (R)-4-benzyl-3-propionyloxazolidin-2-one (17 .0 g, 72.8 

mmol) in tetrahydrofuran (200 mL) at- 78 °C was added sodium bis(trimethylsilyl)amide 

15 (80 mL, 79.4 mmol) and stirred for 1 hour. A solution of 1-(benzyloxy)-4-(bromomethyl) 

benzene (746) (20.0 g, 72.2 mmol) in tetrahydrofuran (50 mL) was added slowly to the 

oxazolidinone solution at - 78 °C and allowed to warm to room temperature overnight. 

The solvent was removed in vacuo and the residue was dissolved with ethyl acetate. The 

organic layer was washed with water, brine, dried over sodium sulfate, filtered, and 

20 concentrated in vacuo. The crude compound was purified by flash column 

chromatography on silica gel with hexanes and EtOAc (20%) to afford (R)-4-benzyl-3-

( (R)-3-( 4-(benzyloxy )phenyl)-2-methylpropanoyl)oxazolidin-2-one (7 47). 
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[0515] Step C: Compound (748) was prepared in a similar manner as that described for 

the synthesis of (513). 

Intermediate 75 

(S)-4-benzyl-3-((S)-3-(4-hydroxyphenyl)-2-methylpropanoyl)oxazolidin-2-one (751) 

0 0 

~N_)( 

r(Y"oH 
BnO~ 

Pd/C 
Step C 

751 

-
Step A 

r(Y"sr 
BnO~ 

749 

( 
.l_P 

Ph 

NaHMDS 
Step B 

750 

[0516] Step A: The synthesis of intermediate (749) was previously described in 

intermediate 75. 

[0517] Step B: Compound (750) was prepared in a similar manner as that described for 

the synthesis of (747). 

10 [0518] Step C: Compound (751) was prepared in a similar manner as that described for 

the synthesis of (513). 
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Intermediate 76 & Intermediate 77 

(R)-4-benzyl-3-((S)-3-(3,5-difluoro-4-hydroxyphenyl)-2-methylpropanoyl)oxazolidin-2-
one (754) and (R)-4-benzyl-3-((R)-3-(3,5-difluoro-4-hydroxyphenyl)-2-

methylpropanoyl)oxazolidin-2-one (755) 

0 

FyYYOEt 

HO,;y I 

F 9 

3) H2, Pd/C 

5 Step C 

Step A 

O LiOH 

F~OEt THF/MeOH 
~I 

BnO Step 8 

0 

FyYYOH 

BnO,;y I 

F 752 F 753 

F~-0 NJlO 
+ I = \_j 

~ - / 
HO Bn 

F 
754 755 

[0519] Step A: To a mixture of ethyl 3-(3,5-difluoro-4-hydroxyphenyl)-2-

methylpropanoate (9) (930 mg, 3.81 mmol) and potassium carbonate (1.05 g, 7.62 mmol) 

in DMF (8 mL) was added benzyl chloride (0.53 mL, 4.57 mmol) and stirred overnight at 

50 °C. The reaction was diluted with water and extracted with ethyl acetate (3 x 25 mL). 

10 The organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo. The 

residue was purified by flash column chromatography on silica gel with hexanes and 

EtOAc to afford ethyl 3-( 4-(benzyloxy)-3,5-difluorophenyl)-2-methylpropanoate (752). 

[0520] Step B: To a mixture of 3-(4-(benzyloxy)-3,5-difluorophenyl)-2-

methylpropanoate (752) (1.09 g, 3.26 mmol) in tetrahydrofuran (10 mL), water (10 mL), 

15 and methanol (20 mL) was added lithium hydroxide (547 mg, 13.04 mmol) and the 

solution was stirred overnight at 80 °C. The reaction was concentrated, acidified with 1N 

hydrochloric acid, and extracted with ethyl acetate. The organic layer was dried over 

sodium sulfate, filtered, and concentrated in vacuo to yield 3-(4-(benzyloxy)-3,5-

difluorophenyl)-2-methylpropanoic acid (753). 

20 [0521] Step C: To a solution of 3-(4-(benzyloxy)-3,5-difluorophenyl)-2-

methylpropanoic acid (753) (0.99 g, 3.23 mmol) in tetrahydrofuran (2.5 mL) at 0 °C was 

added triethylamine (0.50 mL, 3.57 mmol) and pivaloyl chloride (0.44 mL, 3.57 mmol) 

and the reaction was stirred for 30 minutes. In a separate flask (R)-4-benzyloxazolidin-2-

one (0.48 g, 2.69 mmol) was dissolved in tetrahydrofuran (4 mL) and cooled to -78 °C. n-
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butyllithium (1.77 mL, 2.69 mmol, 1.52 Min hexanes) was added and the reaction was 

stirred for 30 minutes. The solution of 3-(4-(benzyloxy)-3,5-difluorophenyl)-2-

methylpropanoic acid was added to the (R)-4-benzyloxazolidin-2-one solution and stirred 

at -78 °C for 3 hours and at room temperature for 30 minutes. The reaction was quenched 

5 with saturated ammonium chloride and extracted with ethyl acetate. The organic layer 

was dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was 

purified by flash column chromatography on silica gel with hexanes and EtOAc to afford 

the two diastereomers (R)-4-benzyl-3-((S)-3-(4-(benzyloxy)-3,5-difluorophenyl)-2-

methylpropanoyl)oxazolidin-2-one and (R)-4-benzyl-3-((R)-3-(4-(benzyloxy)-3,5-

10 difluorophenyl)-2-methylpropanoyl)oxazolidin-2-one. The benzyl group was removed 

with Pd/C under a hydrogen atmosphere as previously described for the synthesis of 

compound (9) to provide (R)-4-benzyl-3-((S)-3-(3,5-difluoro-4-hydroxyphenyl)-2-

methylpropanoyl)oxazolidin-2-one (7 54) and (R)-4-benzyl-3-( (R)-3-(3,5 -difluoro-4-

hydroxyphenyl)-2-methylpropanoyl)oxazolidin-2-one (755). 

15 Intermediate 78 & Intermediate 79 

(R)-4-benzyl-3-((S)-3-(3-fluoro-4-hydroxyphenyl)-2-methylpropanoyl)oxazolidin-2-one 
(7 59) and (R)-4-benzyl-3-( (R)-3-(3-fluoro-4-hydroxyphenyl)-2-

methylpropanoyl)oxazolidin-2-one (760) 

HO_y/OEt 
F 756 

3) H2, Pd/C 

Step C 

Step A 

759 

~OH 
BnoY 1

. 

F 758 

760 

20 [0522] Step A: Compound (757) was prepared in a similar manner as that described for 

the synthesis of (752). 

[0523] Step B: Compound (758) was prepared in a similar manner as that described for 

the synthesis of (753). 
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[0524] Step C: Compounds (759) and (760) were prepared in a similar manner as that 

described for the synthesis of (754) and (755). 

Intermediate 80 & Intermediate 81 

(R)-4-benzyl-3-((S)-3-(4-hydroxy-3-(trifluoromethyl)phenyl)-2-
5 methylpropanoyl)oxazolidin-2-one (764) and (R)-4-benzyl-3-( (R)-3-( 4-hydroxy-3-

(trifluoromethyl)phenyl)-2-methylpropanoyl)oxazolidin-2-one (765) 

~OEt 
HO~ I 

CF3 761 

3) H2 , Pd/C 

Step C 

Step A 

O LiOH 

~OEt THF/MeOH 

BnO~ I StepB 
CF3 762 

~OH 
BnO~ I 

CF3 763 

764 765 

[0525] Step A: Compound (762) was prepared in a similar manner as that described for 

the synthesis of (752). 

10 [0526] Step B: Compound (763) was prepared in a similar manner as that described for 

the synthesis of (753). 

[0527] Step C: Compounds (764) and (765) were prepared in a similar manner as that 

described for the synthesis of (754) and (755). 
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Intermediate 82 

(7-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-4-yl)methanol (779) 

+ '('cl 
DMF 

Step A 

HC02H LiAIH4 

~ ~0/ 
~ 

StepC F Step D 

778 

776 

~OH 
F 

779 

Step B 

HOSyO O/ 

I~ 
F 

777 

[0528] Step A: Compound (776) was prepared in a similar manner as that described for 

5 the synthesis of (1). 

[0529] Step B: Compound (777) was prepared in a similar manner as that described for 

the synthesis of (2). 

[0530] Step C: Compounds (778) were prepared in a similar manner as that described 

for the synthesis of (3). 

10 [0531] Step D: Compound (779) was prepared in a similar manner as that described for 

the synthesis of (4). 

15 

Intermediate 83 

(6-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-4-yl)methanol (783) 

0 ~0 ~ HOVOH '('c1 K2C03 ovo---y - HO I " o---y + 
DMF ~ ~ ~ 

Step A F S~pB F F 

780 781 

1) HC02H ~0/ LiAIH4 ~OH 2) SOCI2, ~ 
MeOH 

Step C F Step D F 
782 783 

[0532] Step A: Compound (780) was prepared in a similar manner as that described for 

the synthesis of (1). 
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[0533] Step B: Compound (781) was prepared in a similar manner as that described for 

the synthesis of (2). Two regioisomers were obtained during the sigmatropic 

rearrangement and were separated by flash column chromatography. 

[0534] Step C: Compounds (782) were prepared in a similar manner as that described 

5 for the synthesis of (3). The acid obtained after the cyclization was esterified by adding 

20 equivalents of thionyl chloride to a solution of the acid in methanol. 

[0535] Step D: Compound (783) was prepared in a similar manner as that described for 

the synthesis of (4). 

Intermediate 84 

10 (5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-4-yl)methanol (787) 

0 -\a ~ HOdOH '('cl K2C03 ado~ ~ HO I "' o~ + 

.o F DMF 
.0 F .0 F 

Step A Step B 

784 785 

1) HC02H LiAIH4 

2)SOq, ~0/ 1x:OH 
MeOH .0 Step D 

F F 

StepC 
786 787 

[0536] Step A: Compound (784) was prepared in a similar manner as that described for 

the synthesis of (1). 

[0537] Step B: Compound (785) was prepared in a similar manner as that described for 

15 the synthesis of (2). Two regioisomers were obtained during the sigmatropic 

rearrangement and were separated by flash column chromatography. 

[0538] Step C: Compounds (786) were prepared in a similar manner as that described 

for the synthesis of (3). The acid obtained after the cyclization was esterified by adding 

20 equivalents of thionyl chloride to a solution of the acid in methanol. 

20 [0539] Step D: Compound (787) was prepared in a similar manner as that described for 

the synthesis of (4). 

152 



wo 2011/159297 PCT /US201 0/038906 

Intermediate 85 

(5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-4-yl)methanol (791) 

0 

HO~OH 
Vl-CI 

1) HC02H 

2) SOCI2, 
MeOH 

StepC 

+ l('cl 

790 

~ 0 HO~ K2C03 0~0~ ~ I '-'::: 0~ 
DMF ~1"1 I L). 0 Cl 

Step A Cl Step B 

Step D 

788 

-;h OH ~'C( 

791 

789 

5 [0540] Step A: Compound (788) was prepared in a similar manner as that described for 

the synthesis of (1). 

[0541] Step B: Compound (789) was prepared in a similar manner as that described for 

the synthesis of (2). Two regioisomers were obtained during the sigmatropic 

rearrangement and were separated by flash column chromatography. 

10 [0542] Step C: Compounds (790) were prepared in a similar manner as that described 

for the synthesis of (3). The acid obtained after the cyclization was esterified by adding 

20 equivalents of thionyl chloride to a solution of the acid in methanol. 

15 

[0543] Step D: Compound (791) was prepared in a similar manner as that described for 

the synthesis of (4). 

Intermediate 86 

dideuterio(5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methanol (792) 

so3 'i-1 x 
StepA y 'OH 

Cl 

'i-11 y 'OH 

Cl 

792 

[0544] Step A: Compound (792) was prepared in a similar manner as that described for 

the synthesis of (510). 
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Intermediate 87 

ethyl2,3-dideuterio-3-(4-hydroxyphenyl)propanoate (794) 

~H 
HOAJ Step A 

~OEt 
HOAJ I 

~OEt 
HOAJ b Step B 

793 794 

[0545] Step A: Compound (793) is prepared in a similar manner as that described for 

5 the synthesis of (537). 

10 

[0546] Step B: Compound (794) is prepared in a similar manner as that described for 

the synthesis of (513) (except D2 balloon is used). 

Intermediate 88 

deuterio(5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methanol (796) 

~
0 

0 ....... ~ I~ H 
-78 °C 0 

Cl StepA Cl 

3 795 

Step B 

\YOH 
Cl 

796 

[0547] Step A: A solution of (3) in toluene is cooled to -78 °C and diisobutylaluminum 

hydride is added under dry nitrogen. The solution is kept at -78 °C before saturated 

sodium bisulfite is added. The solution is allowed to warm to room temperature and the 

layers are separated. The toluene layer is extracted with portions of bisulfite which is 

15 combined with the aqueous layer, basified with 2M sodium hydroxide to pH 8-9 (with 

cooling) and extracted with ether. The ether is washed with water, dried, and evaporated 

to give (795). 

[0548] Step B: Compound (796) is prepared in a similar manner as that described for 

the synthesis of (4). 
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Intermediate 89 

(3-deuterio-5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methanol (800) 

0~~ L~ID, :)~~ TES. BF, y StepA ) y StepB 

Cl Cl 

726 

Cl 

TiC14, CIAO/ 

Step C 

797 

D~H 
Cl 

799 

NaBH4 

Step D 

oi-t y 
Cl 

798 

D~H 
Cl 

800 

[0549] Step A: Compound (797) is prepared in a similar manner as that described for 

5 the synthesis of ( 4). 

[0550] Step B: To a solution of 3-deuterio-5-chloro-2,2-dimethyl-2,3-

dihydrobenzofuran-3-ol (797), triethylsilane and dichloromethane at 0 °C is added boron 

trifluoride diethyl etherate and stirred at room temperature. The reaction is quenched with 

saturated sodium bicarbonate and extracted with ethyL The organic layer is dried over 

10 sodium sulfate, filtered, and concentrated in vacuo to give 3-deuterio-5-chloro-2,2-

dimethyl-2,3-dihydrobenzofuran (798). 

[0551] Step C: Compound (799) is prepared in a similar manner as that described for 

the synthesis of (545). 

[0552] Step D: Compound (800) is prepared in a similar manner as that described for 

15 the synthesis of (546). 
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Intermediate 90 

7-(chloromethyl)-5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran 

OH 0 c1~ yo o OH 0 OH 0 

~OH 
K,C00 , OMF ~O~ 200 "C 

yVo~.~o~ 
F 70 °C, 22 hrs F F major F minor 

Step A Step 8 
801 802A 8028 

HC02H (90%) ~ BH3/THF ~OH SOCI2 Yrl relux, 22 hrs 0 °C toRT 0 °C toRT 
OH 

16 hrs 
Step C F Step D F Step E F 

803 804 647 

[0553] Step A: Compound (801) was prepared in a similar manner as that described for 

5 the synthesis of (1) 

[0554] Step B: Compound (802A) and (802B) were prepared in a similar manner as that 

described for the synthesis of (2). The two compounds were carried on to the next step as 

a mixture. 

[0555] Step C: Compounds (803) were prepared in a similar manner as that described 

10 for the synthesis of (3). 

[0556] Step D: Compound (804) was prepared in a similar manner as that described for 

the synthesis of (510). 

[0557] Step E: Compound (647) was prepared in a similar manner as that described for 

the synthesis of (5). 
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Intermediate 91 

7-(chloromethyl)-5-ethyl-2,2-dimethyl-2,3-dihydrobenzofuran (816) 

TiCI4 

Step D 

Cl~ 

814 

811 

"" 
Step B 

Step E 

812 

815 

TsOH 

Step C 

813 

OH Cl 

Step F 

816 

5 [0558] Step A: Compound (811) was prepared in a similar manner as that described for 

the synthesis of (543). 

[0559] Step B: Compound (812) was prepared in a similar manner as that described for 

the synthesis of (544) except no solvent was used in the rearrangement. 

[0560] Step C: A solution of 4-ethyl-2-(2-methylallyl) phenol (812) (4 g, 22.7 mmol), 

10 p-toluenesulfonic acid monohydrate (400 mg, 2.10 mmol), and chloroform (120 mL) was 

stirred overnight at room temperature. The reaction was concentrated in vacuo, and 

purified by flash column chromatography on silica gel eluting with hexanes and ethyl 

acetate to give 5-ethyl-2,2-dimethyl-2,3-dihydrobenzofuran (813). 

[0561] Step D: Compound (814) was prepared in a similar manner as that described for 

15 the synthesis of (545). 

20 

[0562] Step E: Compound (815) was prepared in a similar manner as that described for 

the synthesis of (546). 

[0563] Step F: Compound (816) was prepared in a similar manner as that described for 

the synthesis of (511). 
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Intermediate 92 

7-(chloromethyl)-2,2,5-trimethyl-2,3-dihydrobenzofuran (822) 

TiCI4 

Step D 

Cl~ 

K2C03 
Acetone 
Step A 

~0 
820 

Step B 
817 

Step E 

818 

821 

TsOH 

CHCI3 

Step C 
819 

822 

[0564] Step A: Compound (817) was prepared in a similar manner as that described for 

5 the synthesis of (543). 

[0565] Step B: Compound (818) was prepared in a similar manner as that described for 

the synthesis of (544) except no solvent was used in the rearrangement. 

[0566] Step C: Compounds (819) were prepared in a similar manner as that described 

for the synthesis of (813). 

10 [0567] Step D: Compound (820) was prepared in a similar manner as that described for 

the synthesis of (545). 

[0568] Step E: Compound (821) was prepared in a similar manner as that described for 

the synthesis of (546). 

[0569] Step F: Compound (822) was prepared in a similar manner as that described for 

15 the synthesis of (511). 
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Intermediate 93 

7-(chloromethyl)-5-isopropyl-2,2-dimethyl-2,3-dihydrobenzofuran (828) 

TiCI4 
Step D 

Cl~ 

K2C03 
Acetone 
Step A 

826 

Step B 

823 

"'o 

Step E 

824 

OH 

827 

TsOH 

CHCI3 

Step C 

Step F 

825 

Cl 

828 

[0570] Step A: Compound (823) was prepared in a similar manner as that described for 

5 the synthesis of (543). 

[0571] Step B: Compound (824) was prepared in a similar manner as that described for 

the synthesis of (544) except no solvent was used in the rearrangement. 

[0572] Step C: Compounds (825) were prepared in a similar manner as that described 

for the synthesis of (813). 

10 [0573] Step D: Compound (826) was prepared in a similar manner as that described for 

the synthesis of (545). 

[0574] Step E: Compound (827) was prepared in a similar manner as that described for 

the synthesis of (546). 

[0575] Step F: Compound (828) was prepared in a similar manner as that described for 

15 the synthesis of (511). 
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Intermediate 94 

(2,2-dimethyl-5-(methylsulfonyl)-2,3-dihydrobenzofuran-7-yl)methanol (831) 

'!--~ ~ VOEt ___2__YtoEt 
Ag2S04 

Step A 

L"'IH, ~~ ~OH 
StepC y . 

S02Me 

831 

I 

829 

MeS02Na 

Cui 
Step B 

[0576] Step A: To a solution of ethyl2,2-dimethyl-2,3-dihydrobenzofuran-7-

5 carboxylate (2.03 g, 9.22 mmol) in methanol (40 mL) was added iodine (2.57 g, 10.14 

mmol) and silver sulfate (3.45 g, 11.06 mmol). The reaction was stirred for 3 hours at 

room temperature and was filtered through celite to remove the solids formed. The 

solvent was concentrated in vacuo and the residue was dissolved in ethyl acetate. The 

organic layer was washed with saturated sodium bicarbonate, water, brine, dried over 

10 sodium sulfate, filtered, and concentrated in vacuo to provide ethyl5-iodo-2,2-dimethyl-

2,3-dihydrobenzofuran-7-carboxylate (829) (3.12 g, 98%) as a red solid. 

[0577] Step B: Sodium hydroxide (11.5 mg, 0.288 mmol) was added to a solution of L­

proline (33.1 mg, 0.288 mmol) in DMSO (3 mL) and stirred for 30 minutes. To this 

solution was added ethyl5-iodo-2,2-dimethyl-2,3-dihydrobenzofuran-7-carboxylate (829) 

15 (500 mg, 1.44 mmol), methane sulfinate (176.6 mg, 1.73 mmol), and copper (I) iodide 

(27.4 mg, 0.144 mmol) and the reaction was stirred for 18 hours at 80 °C. Water (20 mL) 

was added and extracted with ethyl acetate (3 x 30 mL). The combined organic layers 

were dried over sodium sulfate, filtered, concentrated in vacuo, and purified by silica gel 

chromatography (eluting with 0- 60% ethyl acetate in hexane) to provide ethyl2,2-

20 dimethyl-5-(methylsulfonyl)-2,3-dihydrobenzofuran-7-carboxylate (830) (186.9 mg, 

44%). 

[0578] Step C: Compound (831) was prepared in a similar manner as that described for 

the synthesis of (4). 
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Intermediate 95 

7-(chloromethyl)-5-iodo-2,2-dimethyl-2,3-dihydrobenzofuran (835) 

Cl 

y, i¢ CIAO 

~ 
I 

12 TiCI4 

Ag2S04 
I 

Step B ~ 

Step A I I 

832 833 

NaBH4 ~H SOCI2 ~CI 
Step C Step D 

I I 

834 835 

[0579] Step A: Compound (832) was prepared in a similar manner as that described for 

the synthesis of (829). 

[0580] Step B: Compound (833) was prepared in a similar manner as that described for 

10 the synthesis of (545). 

15 

[0581] Step C: Compounds (834) were prepared in a similar manner as that described 

for the synthesis of (546). 

[0582] Step D: Compound (835) was prepared in a similar manner as that described for 

the synthesis of (511). 
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Intermediate 96 

7-(Chloromethyl)-2,2-diethyl-5-fluoro-2,3-dihydrobenzofuran (843) 

NBS o 
¢ oY Ph, ,Ph o~ 

~ Amberlyst-15 ~ 

Br 

F ¢ 0 Br-/P,Ph ¢ 
1.& -K2C03 , DMF L'l 

Step A Step B F Step C F Step D 

27 
F 
839 

836 

~ 
F 

840 

TiCI4 

Step F 

~~ . OH SOCI, ~ I Cl v StepH v 
F F 

842 843 

837 838 

~H 
F 

841 

Step G 

[0583] Step A: To a mixture ofpentan-3-one (10.5 g, 100.0 mmol) and Amberlyst-15 

5 resin (75.0 g) in EtOAc (1.0 L) was added N-bromosuccinimide (35.6 g, 200.0 mmol) at 

room temperature. The resulting mixture was stirred at 50 oc for 12 hours. The reaction 

was cooled to room temperature, filtered off the resin, diluted with water (300 mL), and 

extracted with ethyl acetate (2 x 100 mL). The organic layers were combined and washed 

with water (2 x 100 mL), brine (100 mL) and dried over sodium sulfate, filtered and 

10 concentrated in vacuo. Hexanes were added to the reaction mixture to crash out the 

byproduct hydroxy-succinimide. The collected filtrate was purified by flash 

chromatography on silica gel (10 % EtOAc in hexanes) to provide the desired product 2-

bromopentan-3-one (836) (10.7 g, 65.0%) as a colorless oil. 

[0584] Step B: To a solution of 4-fluorophenol (8.0 g, 71.4 mmol) in 

15 dimethylformamide (130.0 mL) was added potassium carbonate (13.5g, 97.4 mmol) and 

2-bromopentan-3-one (836) (10.7 g, 64.9 mmol). The suspension was heated at 70 °C for 
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18 h, cooled to room temperature, diluted with water (50 mL), and extracted with ethyl 

acetate (2 x 25 mL). The organic layers were combined, dried over sodium sulfate, 

filtered and concentrated in vacuo. The residue was purified by chromatography (0-20% 

EtOAc in hexanes) to provide the desired 2-(4-fluorophenoxy)pentan-3-one (837) (5.2 g, 

5 40.8%) as a colorless oil. 

[0585] Step C: Similar manner described for the synthesis of (517) was used to 

synthesize 1-fluoro-4-((3-methylenepentan-2-yl)oxy)benzene (838) (4.4 g, 85.5%) as a 

colorless oil. 

[0586] Step D: Similar manner described for the synthesis of (518) was used to 

10 synthesize (E)-2-(2-ethylbut-2-en-1-yl)-4-fluorophenol (839) (4.4 g, 100%) as a colorless 

oil. 

[0587] Step E: Similar manner described for the synthesis of (519) was used to 

synthesize 2,2-diethyl-5-fluoro-2,3-dihydrobenzofuran (840) (2.3 g, 53.8%) as a colorless 

oil. 

15 [0588] Step F: Similar manner described for the synthesis of (545) was used to 

synthesize 2,2-diethyl-5-fluoro-2,3-dihydrobenzofuran-7 -carbaldehyde (841) ( 1.5 g, 

56.0%) as a yellow oil. 

[0589] Step G: Similar manner described for the synthesis of (546) was used to 

synthesize (2,2-diethyl-5-fluoro-2,3-dihydrobenzofuran-7-yl)methanol (842) (1.5 g, 

20 56.0%) as a yellow oil. 

[0590] Step H: Similar manner described for the synthesis of (511) was used to 

synthesize 7-(chloromethyl)-2,2-diethyl-5-fluoro-2,3-dihydrobenzofuran (843) (1.4 g, 

96.6%) as a colorless oil. 
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Intermediate 97 

7-(Chloromethyl)-5-fluoro-2,2-dipropyl-2,3-dihydrobenzofuran (851) 

¢~ l .,., ¢9~ Ph,R+Ph 
NBS 0 0 /' 

~Amberlyst-15 _,...... Jl _,...... __ F __ _.. .o Br- Ph 

.,- ..,__., Ir " K
2
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3
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Step A 

HC02H 

"" Step E 

OH SOCI2 

Step H 
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F 
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F 
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Step B F Step C 

845 

_.....oyc1 
NaBH4 Cl H 

TiCI4 

Step F 
F 

Step G 

849 

Cl 

~ ¢ -r 
F Step D 
846 

[0591] Similar reaction routes used for the synthesis of (843) were used to synthesize 

5 the intermediate 7-(chloromethyl)-5-fluoro-2,2-dipropyl-2,3-dihydrobenzofuran (851) 

[0592] Step A: Provided 3-bromoheptan-4-one (844) (17 .0 g, 88.1% ), as a colorless 

oil. 

[0593] Step B: Provided 3-(4-fluorophenoxy)heptan-4-one (845) (5.1 g, 28.5%) as a 

yellow oil. 

10 [0594] Step C: Provided 1-fluoro-4-((4-methyleneheptan-3-yl)oxy)benzene (846) (2.4 

g, 47.1%) as a colorless oil. 

[0595] Step D: Provided (E)-4-fluoro-2-(2-propylpent-2-en-1-yl)phenol (847) (2.3 g, 

100% ), yellow oil. 

[0596] Step E: Provided 5-fluoro-2,2-dipropyl-2,3-dihydrobenzofuran (848) (1.5 g, 

15 65.2%) as a colorless oil. 
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[0597] Step F: Provided 5-fluoro-2,2-dipropyl-2,3-dihydrobenzofuran-7 -carbaldehyde 

(849) (1.2 g, 71.1 %) as a yellow oil. 

[0598] Step G: Provided (5-fluoro-2,2-dipropyl-2,3-dihydrobenzofuran-7-yl)methanol 

(850) (0.93 g, 76.9%) as a yellow oil. 

5 [0599] Step H: Provided the intermediate 7-(chloromethyl)-5-fluoro-2,2-dipropyl-2,3-

dihydrobenzofuran (851) (0.954 g, 95.6%) as an oil residue. 

10 

Intermediate 98 

7-(Chloromethyl)-5-fluoro-2-(methoxymethyl)-2,3-dihydrobenzofuran (858) 

OH 

¢ 
F 

TiCI4 

Step E 

l 
0 OH 

NaOH ¢ ~ + ~Br TBAB Ll m-CPBA 

Step A Step B 

~ 

Step C 
F F 

852 853 

~0 N'BH, ~OH SOCI, ~CI 
F Step F F Step G F 

856 857 858 

\ 
OH 0 

~ "'" ~ Mel 1 - ~ 
F Step D F 

854 855 

[0600] Step A: To a solution of 4-fluorophenol (22.4 g, 200 mmol) in DCM (200 mL) 

was added 50% NaOH (aq) (100 mL), 3-bromoprop-1-ene (26.0 mL, 300.0 mmol) and 

tetra-n-butylammonium bromide (1.90 g, 6.0 mmol). The suspension was stirred at room 

temperature for 24 h. The layers were separated and washed with water (2 x 100 mL), 

15 brine (100 mL) and dried over sodium sulfate, filtered and concentrated in vacuo. The 

residue was purified by chromatography (0-20% EtOAc in hexanes) to provide the 

desired 1-(allyloxy)-4-fluorobenzene (852) (29.7 g, 97.8%) as a colorless oil. 

[0601] Step B: Similar manner described for the synthesis of (518) was used to 

synthesize 2-allyl-4-fluorophenol (853) (6.0 g, 100%) as a colorless oil. 
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[0602] Step C: To an ice cold solution of 2-allyl-4-fluorophenol (853) (6.0 g, 36.2 

mmol) in CHCb (180.0 mL) was added slowly the suspension of 77% 3-

chloroperoxybenzoic acid (8.1 g, 36.2 mmol) in CHCb (36.2 mL). The resulting mixture 

was stirred at 0 oc for 2 hours, then washed with NaHC03 (100 mL), water (2 x 100 mL), 

5 brine (100 mL) and dried over sodium sulfate, filtered and concentrated in vacuo. The 

residue was purified by flash chromatography on silica gel (30-40% EtOAc in hexanes) to 

provide the desired product (5-fluoro-2,3-dihydrobenzofuran-2-yl)methanol (854) (3.8 g, 

57.7%) as a yellow oil. 

[0603] Step D: To a solution of (5-fluoro-2,3-dihydrobenzofuran-2-yl)methanol (854) 

10 (1.0 g, 6.0 mmol) in dimethylformamide (130.0 mL) was added 60% NaH in mineral oil 

(0.480 g, 12.0 mmol) and Mel (1.12 mL, 18.0 mmol). The suspension was stirred at room 

temperature for 24 h and diluted with water (50 mL), and extracted with ethyl acetate (2 x 

25 mL). The organic layers were combined, dried over sodium sulfate, filtered and 

concentrated in vacuo. The residue was purified by chromatography (0-10% EtOAc in 

15 hexanes) to provide the desired 5-fluoro-2-(methoxymethyl)-2,3-dihydrobenzofuran (855) 

(0.650 g, 59.5%) as a colorless oil. 

[0604] Step E: Similar manner described for the synthesis of (545) was used to 

synthesize 5-fluoro-2-(methoxymethyl)-2,3-dihydrobenzofuran-7 -carbaldehyde (856) 

(0.175 g, 23.3%) as a yellow oil. 

20 [0605] Step F: Similar manner described for the synthesis of (546) was used to 

synthesize (5-fluoro-2-(methoxymethyl)-2,3-dihydrobenzofuran-7-yl)methanol (857) 

(0 .110 g, 62.3%) as a yellow oil. 

[0606] Step G: Similar manner described for the synthesis of (511) was used to provide 

the intermediate 7-(chloromethyl)-5-fluoro-2-(methoxymethyl)-2,3-dihydrobenzofuran 

25 (858) (0.030 g, 25.1 %) as an oil residue. 
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Intermediate 99 

7-(Chloromethyl)-5-fluoro-2-(methoxymethyl)-2-methyl-2,3-dihydrobenzofuran (865) 

t: OH 

OH OH 

~ NaH 

¢ + ~CI K2C03 ¢~0 m-CPBA Mel 
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F Step A F Step B F Step C F Step D 

859 860 861 

\ \ \ \ 
0 0 0 0 

~ ...--oyCI 

NaBH4 ~OHSOCI, ~CI Cl ~0 TiCI4 
I I 

Step E Step F Step G 
F F F F 

862 863 864 865 

[0607] Similar reaction routes used for the synthesis of (858) was used to synthesize the 

5 intermediate 7-(chloromethyl)-5-fluoro-2-(methoxymethyl)-2-methyl-2,3-dihydrobenzo­

furan (865) 

[0608] Step A: Similar manner described for the synthesis of (1) was used to 

synthesize 1-fluoro-4-((2-methylallyl)oxy)benzene (859) (12.9 g, 38.7%) as a colorless oil 

[0609] Step B: Provided 4-fluoro-2-(2-methylallyl)phenol (861) (6.0 g, 100%) as a 

10 yellow oil. 

[0610] Step C: Provided (5-fluoro-2-methyl-2,3-dihydrobenzofuran-2-yl)methanol 

(861) (3.8 g, 57.8%) as a yellow oil. 

[0611] Step D: Provided 5-fluoro-2-(methoxymethyl)-2-methyl-2,3-dihydrobenzofuran 

(862) ( 1.1 g, 92.6%) as a colorless oil. 

15 [0612] Step E: Provided 5-fluoro-2-(methoxymethyl)-2-methyl-2,3-dihydrobenzofuran-

7-carbaldehyde (863) (0.460 g, 36.9%) as a colorless oil. 

[0613] Step F: Provided (5-fluoro-2-(methoxymethyl)-2-methyl-2,3-dihydrobenzofuran-

7-yl)methanol (864) (0.460 g, 99.1 %) as a yellow oil. 
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[0614] Step G: Provided the intermediate 7-(chloromethyl)-5-fluoro-2-

(methoxymethyl)-2-methyl-2,3-dihydrobenzofuran (865) (0.376 g, 75.6%) as an oil 

residue. 

Intermediate 100 

(7-(Chloromethyl)-5-fluoro-2,3-dihydrobenzofuran-2-yl)methyl acetate (869) 

OH ----1(0 ----1(0 ----1(0 

~ 
0 ,..oyCI 0 0 

~ ~OH 
Cl NaBH4 - TiCI4 ~0 Step A Step B I Step C 

F 
F F F 

854 866 867 868 

----1(0 
0 

SOCI2 ~CI Step D 

F 

869 

[0615] Step A: To an ice cold solution of (5-fluoro-2-methyl-2,3-dihydrobenzofuran-2-

yl)methanol (854) (0.530 g, 3.15 mmol) in DCM (3.2 mL) was added triethylamine 

10 (0.878mL, 6.3 mmol), DMAP (0.077 g, 0.63 mmol) and acetic anhydride (0.222 mL, 2.4 

mmol). The ssolution was stirred at 0°C for 2 h. The layers were separated and washed 

with water (2 x 5 mL), 1N HCl (5 mL), brine (100 mL) and dried over sodium sulfate, 

filtered and concentrated in vacuo. The residue was purified by chromatography (0-10% 

EtOAc in hexanes) to provide the desired (5-fluoro-2,3-dihydrobenzofuran-2-yl)methyl 

15 acetate (866) (0.530 g, 80.0%) as a colorless oil. 

[0616] Step B: Similar manner described for the synthesis of (545) was used to 

synthesize (5-fluoro-7-formyl-2,3-dihydrobenzofuran-2-yl)methyl acetate (867) (0.301 g, 

50.3%) as a yellow solid. 
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[0617] Step C: Similar manner described for the synthesis of (546) was used to 

synthesize (5-fluoro-7-(hydroxymethyl)-2,3-dihydrobenzofuran-2-yl)methyl acetate (868) 

(0.117 g, 38.5%) as a yellow oil. 

[0618] Step D: Similar manner described for the synthesis of (511) was used to provide 

5 the intermediate (7-(chloromethyl)-5-fluoro-2,3-dihydrobenzofuran-2-yl)methyl acetate 

(869) (0.094 g, 74.7%) as an oil residue. 

Intermediate 101 

(7-(Chloromethyl)-5-fluoro-2-methyl-2,3-dihydrobenzofuran-2-yl)methyl acetate (873A) 

OH 40 40 40 

~ 
0 _....oyc1 0 0 
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F 
F F F 
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40 
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[0619] Similar reaction routes used for the synthesis of (869) was used to synthesize the 

intermediate (7-(chloromethyl)-5-fluoro-2-methyl-2,3-dihydrobenzofuran-2-yl)methyl 

acetate (873A) 

[0620] Step A: Provided (5-fluoro-2-methyl-2,3-dihydrobenzofuran-2-yl)methyl 

15 acetate (870) (0.630 g, 89.2%) as a colorless oil. 

[0621] Step B: Provided (5-fluoro-7-formyl-2-methyl-2,3-dihydrobenzofuran-2-

yl)methyl acetate (871) (0.448 g, 63.3%) as a yellow solid. 

[0622] Step C: Provided (5-fluoro-7-(hydroxymethyl)-2-methyl-2,3-dihydrobenzofuran-

2-yl)methyl acetate (872) (0.240 g, 53.1%) as a yellow oil. 
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[0623] Step D: Provided the intermediate (7-(chloromethyl)-5-fluoro-2-methyl-2,3-

dihydrobenzofuran-2-yl)methyl acetate (873A) (0.240 g, 93.1 %) as an oil residue. 

Intermediate 102 

7-(Chloromethyl)-5-cyclopentyl-2,2-dimethyl-2,3-dihydrobenzofuran (876) 

o/ I 
o/'...... 

I 

829 

Step C 

875 

0 
Pd(OAch 
Step A 

OH 
SOCI2 

Step D 

8738 874 

Cl 

876 

[0624] Step A: In a 20-mL microwave-tube was added ethyl 5-iodo-2,2-dimethyl-2,3-

dihydrobenzofuran-7-carboxylate (0.692 g, 2.0 mol), cyclopentene (0.882 mL, 10.0 mol), 

TBAF (0.644 g, 2.0 mol), K2C03 (0.691 g, 5.0 mol), DMF (8.0 mL), palladium (II) 

10 acetate (0.011 g, 0.05 mmol), and tri-o-tolyphosphine (0.030 g, 0.10 mmol) under N2. The 

mixture was sealed in the glass tube and was stirred at 110 oc overnight (21 hours). The 

reaction was cooled to room temperature and EtOAc (10 mL) was added. The mixture 

was stirred for 30 minutes, filtered through celite and rinsed with EtOAc (3 x 5 mL). The 

organic layer was washed with water (2 x 10 mL), brine (10 mL), dried over sodium 

15 sulfate, filtered and concentrated in vacuo. The residue was purified by chromatography 

(0-10% EtOAc in hexanes) to provide the desired ethyl 5-(cyclopent-2-en-1-yl)-2,2-

dimethyl-2,3-dihydrobenzofuran-7-carboxylate (873B) (0.380 g, 66.4%) as a yellow oil. 

[0625] Step B: Similar manner described for the synthesis of (9) was used to synthesize 

ethyl 5-cyclopentyl-2,2-dimethyl-2,3-dihydrobenzofuran-7-carboxylate (874) (0.310 g, 

20 81.0%) as a colorless solid. 
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[0626] Step C: Similar manner described for the synthesis of (4) was used to synthesize 

(5-cyclopentyl-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methanol (875) (0.270 g, 100%) 

as a colorless oil. 

[0627] Step D: Similar manner described for the synthesis of (511) was used to provide 

5 the intermediate 7-(Chloromethyl)-5-cyclopentyl-2,2-dimethyl-2,3-dihydrobenzofuran 

(876) (0.232 g, 80.1%) as an oil residue. 

10 

15 

Intermdiate 103 

3-(4-((5-ethoxy-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2,3-

dimethylphenyl)propanoic acid (881) 

Step A 

877 878 

879 880 881 

[0628] Step A- E: Compound (881) was prepared in a similar manner as that described 

for the synthesis of (5). 

Intermediate 104 

5-chloro-7-(chloromethyl)-2-methyl-2,3-dihydrobenzofuran (884) 

w 
1)Hg(0Acb 

~CI NaOH o/ ~ 2)NaBH4 0/ LiAIH4 ~ OH SOCI2 

L1 1-0--0-

0/ 

Step A Step B Step C 
Cl Cl Cl Cl 
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[0629] Step A: Compound (2) (4.51 g, 20 mmol) and Hg(OAch (6.37 g, 20 mmol) was 

refluxed while stirring in THF (40 mL) for 3 hours. The reaction mixture was cooled to 0 

°C and a solution of sodiumborohydride (760 mg, 20 mmol) in 2N NaOH (7 mL) was 

added dropwise. When addition was complete the reaction was stirred at room 

5 temperature for 2 hours. The reaction mixture was treated with saturated Na2C03, and the 

layers were seperated. The organic layer was treated with brine, dried over sodium 

sulfate, filtered and concentrated in vacuo. The residue was purified by silica gel 

chromatography (0-50% EtOAc in hexanes) to provide the desired ester (882). 

[0630] Step B: Compound (883) was prepared in a similar manner as that described for 

10 the synthesis of (4). 

[0631] Step C: Compound (884) was prepared in a similar manner as that described for 

the synthesis of (5). 

Intermediate 105 

15 7-(chloromethyl-2,2-dimethyl-5-(trifluoromethoxy)-2,3-dihydrobenzofuran (890) 

885 886 

yt 1)SOCI2 yt LiAIH4 ~H SOCI2 ~CI 2)MeOH., 
b 

0/ 
OH 

Step D 
F3C~O 

Step E Step F 

F3C~O 0 ,0 
F3c' F3C 

887 888 889 890 

[0632] Step A: Compound (885) was prepared in a similar manner as that described for 

the synthesis of (1). 

[0633] Step B: Compound (886) was prepared in a similar manner as that described for 

20 the synthesis of (2) except no solvent was used in the rearrangement. 
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[0634] Step C: Compound (887) was prepared in a similar manner as that described for 

the synthesis of (3). 

[0635] Step D: Compound (888) was prepared in a similar manner as that described for 

the synthesis of (668). 

5 [0636] Step E: Compound (889) was prepared in a similar manner as that described for 

the synthesis of (4). 

10 

[0637] Step F: Compound (890) was prepared in a similar manner as that described for 

the synthesis of (5). 

Intermediate 106 

Methyl 7-( chloromethyl)-5-fluoro-2,2-dimethylindoline-1-carboxylate (896) 
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[0638] Step A: 2-bromo-4-fluoro aniline (4.0 g, 21mmol), BF3.0Et2 (2.9 mL, 1.1eq.), 

and tert-butyl2,2,2-trichloroacitiamidate (9.6 mL, 2.5eq.) were stirred at room 

15 temperature in cyclohexane (30 mL). The reaction was quenched with saturated NaHC03, 

and washed with ethyl acetate. The organic layer was collected and washed with brine, 

dried over sodium sulfate and filtered. The organic phase was concentrated in vacuo. The 

residue was purified by silica gel chromatography (0-50% EtOAc in hexanes) to provide 

compound (891). 

20 [0639] Step B: A solution of compound (891) (0.5 g, 2.04 mmol) in methyl 

chloroformate (10 mL) was refluxed for 5 hours. The reaction was allowed to cool to 
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room temperature; water was added and extracted with chloroform. The organic layer was 

separated, dried over sodium sulfate, filtered and concentrated in vacuo. The residue was 

purified by silica gel chromatography (0-40% EtOAc in hexanes) to provide compound 

(892). 

5 [0640] Step C: A mixture of compound (892) (0.620 g, 2.04 mmol), Pd(OAch 

(13.8mg, 0.03 eq.), PCy3.HBF4 (45 mg, 0.06 eq.), CszC03 (931mg, 1.4 eq.), t-BuCOzH 

(62.5 mg, 0.3 eq.) in xylene (20 mL) were heated at 140 °C under N2 atmosphere for 3 

hours. The reaction was cooled to room temperature, filtered through a plug of celite and 

concentrated in vacuo. The residue was purified by silica gel chromatography (0-50% 

10 EtOAc in hexanes) to provide compound (893). 

[0641] Step D: A solution of compound (893) (1.47 g, 6.6 mmol) in THF (30 mL) 

cooled to -78 °C was added t-BuLi (10 mL, 2.6 eq., 1.7 Min THF) and allowed to stir at-

78 °C for 30 min. DMF (10 mL, excess) was added and the reaction was allowed to stir at 

-78 °C for 1 hour, then warmed to room temperature. The reaction was quenched with 

15 saturated NH4Cl, and extracted with ethyl acetate (2X). The combined organic layers 

were washed with brine, dried over sodium sulfate, filtered and concentrated in vacuo. 

The residue was purified by silica gel chromatography (0-30% EtOAc in hexanes) to 

provide compound (894). 

[0642] Step E: Compound (894) (1.0 g, 4.0 mmol) was dissolved in MeOH (40 mL) 

20 and sodium borohydride (0.452 g, 3eq.) was added to the reaction mixture slowly at room 

temperature. The reaction was allowed to stir overnight, followed by quenching with 

water slowly with stirring. Most of the MeOH was removed and the residue was dissolved 

in EtOAc. The organic layer was washed with brine, dried over sodium sulfate, filtered 

and concentrated in vacuo. The residue was purified by silica gel chromatography (0-30% 

25 EtOAc in hexanes) to provide compound (895). 

[0643] Step F: Compound (896) was prepared in a similar manner as that described for 

the synthesis of (5). 
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Intermediate 107 

methyl 3-(2,3-difluoro-4-hydroxyphenyl)propanoate (898) 
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[0644] Step A: Compound (897) was prepared in a similar manner as that described for 

5 the synthesis of (10). 

10 

15 

[0645] Step B: Compound (898) was prepared in a similar manner as that described for 

the synthesis of (11). 

Intermediate 108 

methyl 3-(2,5-difluoro-4-hydroxyphenyl)propanoate (899) 

F 0 F 0 F 0 

*"' ~0 ...... ~/ To' Pd/C 

HO 
Pd(OAcb 

HO H2 HO 

F 
Step A 

F 
Step 8 

F 

899 900 

[0646] Step A: Compound (899) was prepared in a similar manner as that described for 

the synthesis of (10). 

[0647] Step B: Compound (900) was prepared in a similar manner as that described for 

the synthesis of (11). 
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Intermediate 109 

ethyl 3-(2,3-dichloro-4-hydroxyphenyl)propanoate (904) 

Cl 

Cl~ 
'oAJ 

H2. Rh/AI 

StepC 

Step A 

Cl 

Cl+0 

'oAJ 
901 

Cl o 
Cl~ BBr3 ,.. OEt-
'- ~ I StepD 

0 

903 

Ph,p~OEt 
Ph" I II 

Ph 0 

Step B 

CI~CI o 
~I ~ OEt 

'o ~ 

902 

CI~CI o 
~I OEt 

HO ~ 

904 

[0648] Step A: Compound (901) was prepared in a similar manner as that described for 

5 the synthesis of (545). 

[0649] Step B: Compound (902) was prepared in a similar manner as that described for 

the synthesis of (537). 

[0650] Step C: Compounds (903) were prepared in a similar manner as that described 

for the synthesis of (513) except 5% Rhodium on Alumina was used in place of Palladium 

10 on Carbon. 

15 

[0651] Step D: Compound (904) was prepared in a similar manner as that described for 

the synthesis of (514). 

Intermediate 110 

ethyl 3-(3-chloro-4-hydroxy-2-methylphenyl)propanoate (908) 

Cl~ 
'oN 

H2, Pd/C 

StepC 

Step A 
c1+0 'oN .. 

905 

CIX:Jll

0 

BBr3 ,.. OEt-
'- ~ I StepD 

0 

907 
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Ph,p~OEt 
Ph" I II 

Ph 0 

Step B 

906 

908 
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[0652] Step A: Compound (905) was prepared in a similar manner as that described for 

the synthesis of (545). 

[0653] Step B: Compound (906) was prepared in a similar manner as that described for 

the synthesis of (537). 

5 [0654] Step C: Compounds (907) were prepared in a similar manner as that described 

for the synthesis of (513) except 5% Rhodium on Alumina was used in place of Palladium 

on Carbon. 

10 

[0655] Step D: Compound (908) was prepared in a similar manner as that described for 

the synthesis of (514). 

Preparation of GPR120 Agonists 

Example 1 

2-(5-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-6-fluoro-2,3-dihydro-
1H-inden-1-yl)acetic acid (29) 

~CI 
Cl 

5 

LiOH 

THF/MeOH 
Step B 

Fn(00Et 
+ I -...:::.:: 

HO ~ 
Cs2C03 

CH3CN 

Step A 

22 

Cl 

F~
0

0H 
1-..::::: 

~ 
0 

29 

28 

15 [0656] Step A: To a solution of intermediate (5) (0.100 g, 0.43 mmol) in acetonitrile (3 

mL) was added intermediate 22 (0.103 g, 0.43 mmol) and cesium carbonate (0.169 g, 0.52 

mmol). The resulting suspension was stirred at 75 °C for 5 h. The reaction was cooled to 

room temperature and filtered through a pad of celite. The filtrate was concentrated in 

vacuo and the residue was purified by silica gel chromatography (0-20% EtOAc in 

20 hexanes) to yield intermediate (28). 

[0657] Step B: To a solution of intermediate (28) (0.100 g, 0.231 mmol) in 

tetrahydrofuran (1 mL) and methanol (1 mL) was added a solution of lithium hydroxide 

(1.0 M, 1.0 mL). The reaction was stirred at room temperature for 4 h. The mixture was 
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acidified with 1M HCl and diluted with ethyl acetate (5 mL). The organic layer was 

washed with brine (5 mL), dried over sodium sulfate and filtered. The filtrate was 

concentrated in vacuo and the residue was purified by silica gel chromatography (0-100 

% EtOAc in hexanes) to isolate the title compound (29). 1H NMR (400 MHz, CDCb) 8: 

5 7.05 (s, 1H), 6.94-6.90 (m, 3H), 5.03 (s, 2H), 3.54-3.51 (m, 1H), 3.00 (s, 2H), 2.86-2.72 

(m, 3H), 2.50-2.40 (m, 2H), 1.80-1.75 (m, 1H), 1.48 (s, 6H). 

10 

Example 2 

3-( 4-( (2,2-dimethylchroman-8-yl)methoxy )-3,5-difluorophenyl)-2-methylpropanoic acid 
(31) 

~OH 0 ~':y!oEt )~~~oEt PS-PPh3 
+ DIAD 0 .0 

HO .-;:; THF 
F 

F Step A 
16 9 30 

LiOH ~':y!oH THF/MeOH 0 .0 

Step B F 

31 

[0658] Step A: To a solution of intermediate (16) (0.140 g, 0.73 mmol) in 

tetrahydrofuran (3 mL) was added intermediate 9 (0.178 g, 0.73 mmol), polymer 

supported triphenylphosphine (3 mmol/g, 0.36 g, 1.1 mmol) and 

diisopropylazodicarboxylate (0.214 mL, 1.1 mmol). The resulting suspension was stirred 

15 for 18 h. The reaction was diluted with ethyl acetate and filtered through a pad of celite. 

The filtrate was concentrated in vacuo and the residual was purified by silica gel 

chromatography (0-20% EtOAc in hexanes) to yield the intermediate (30). 

[0659] Step B: To a solution of intermediate (30) (0.100 g, 0.256 mmol) in 

tetrahydrofuran (1 mL) and methanol (1 mL) was added a solution of lithium hydroxide 

20 (1.0 M, 1.0 mL). The reaction was stirred at room temperature for 4 h. The mixture was 

acidified with 1M HCl and diluted with ethyl acetate (5 mL). The organic layer was 

washed with brine (5 mL), dried over sodium sulfate and filtered. The filtrate was 

concentrated in vacuo and the residue was purified by silica gel chromatography (0-100 

% EtOAc in hexanes) to isolate the title compound (31). 1H NMR (400 MHz, CDCb) 8: 
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7.28 (d, 1H), 7.03 (d, 1H), 6.82 (t, 1H), 6.71 (d, 2H), 5.15 (s, 2H), 3.00-2.95 (m, 1H), 2.77 

(t, 2H), 2.73-2.70 (m, 1H), 2.62-2.57 (m, 1H), 1.77 (t, 2H), 1.19 (d, 3H), 0.89 (s, 6H). 

[0660] Representative compounds of the invention, prepared by following procedures 

described in the above examples using appropriate starting materials that will be apparent 

5 to those skilled in the art, are shown below. 

Example 3 

3-( 4-( (2,3-dihydrobenzofuran-7-yl)methoxy )-3,5-difluorophenyl)-2-methylpropanoic acid 
(32) 

0 F~OH 
0~ I 

F 

10 [0661] 1H NMR (400 MHz, CDCb) 8: 7.21-7.16 (m, 2H), 6.83 (t, 1H), 6.70 (d, 2H), 

5.13 (s, 2H), 4.57 (t, 2H), 3.21 (t, 2H), 2.99-2.94 (m, 1H), 2.74-2.69 (m, 1H), 2.62-2.56 

(m, 1H), 1.19 (d, 3H). 

Example 4 

2-methyl-3-(4-((2,2,5-trimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)propanoic 
15 acid (33) 

~OH ON I 

[0662] 1H NMR (400 MHz, CDCb) 8: 7.09-7.05 (m, 3H), 6.95-6.90 (m, 3H), 4.98 (s, 

2H), 3.03-2.99 (m, 1H), 2.98 (2H, s), 2.78-2.51 (m, 1H), 2.63-2.58 (m, 1H), 2.27 (s, 3H), 

1.47 (s, 6H), 1.16 (d, 3H). 

20 Example 5 

3-(3,5-difluoro-4-((2,2,5-trimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
methylpropanoic acid (34) 

0 

F~OH 
0~ I 

F 
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[0663] 1H NMR (400 MHz, CDCb) 8: 7.03 (s, 1H), 6.90 (s, 1H), 6.69 (d, 2H), 5.10 (s, 

2H), 2.99-2.96 (m, 1H), 2.94 (s, 2H), 2.74-2.69 (m, 1H), 2.61-2.56 (m, 1H), 2.26 (s, 3H), 

1.40 (s, 6H), 1.18 (d, 3H). 

Example 6 

5 3-(4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3-methylphenyl)-2-
methylpropanoic acid (35) 

[0664] 1H NMR (400 MHz, CDCb) 8: 7.00- 6.78 (m, 5H), 4.98 (s, 2H), 3.00 (s, 2H), 

2.96- 3.00 (m, 1H), 2.76- 2.70 (m, 1H), 2.61- 2.55 (m, 1H), 2.26 (s, 3H), 1.48 (s, 6H), 

10 1.18 (d, J = 7.2 Hz, 3H). LC-MS ESI m/z: found 371.2 [M-Hr 

Example 7 

3-(4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3-methoxyphenyl)-2-
methylpropanoic acid (36) 

~OH 
0~ I 

/' 0 

F 

15 [0665] 1H NMR (400 MHz, CDCb) 8: 7.02- 6.99 (dd, J = 10.0 Hz, 2.4 Hz, 1H), 6.84 

(d, J = 8.4 Hz, 1H), 6.78- 6.75 (dd, J = 5.2 Hz, 2.4 Hz, 1H), 6.71 (s, 1H), 6.66- 6.64 (m, 

1H), 5.06 (s, 2H), 3.87 (s, 3H), 3.02- 2.97 (m, 3H), 2.76- 2.70 (m, 1H), 2.62- 2.57 (m, 

1H), 1.48 (s, 6H), 1.16 (d, J = 7.2 Hz, 3H). 

Example 8 

20 3-(3-fluoro-4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
methylpropanoic acid (37) 
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[0666] 1H NMR (400 MHz, CDCb) 8: 6.90-6.70 (m, 3H), 6.79- 6.83 (m, 2H), 5.04 (s, 

2H), 2.99 (s, 2H), 2.95- 2.99 (m, 1H), 2.68- 2.74 (m, 1H), 2.57- 2.62 (m, 1H), 1.47 (s, 

6H), 1.17 (d, J = 7.2 Hz, 3H). LC-MS ESI m/z: found 375.1 [M-Hr 

Example 9 

5 3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3-(trifluoromethyl) 
phenyl)-2-methylpropanoic acid (38) 

~OH oAY I 

CF3 

Cl 

[0667] 1H NMR (400 MHz, CDCb) 8: 7.39 (s, 1H), 7.26 (m, 2H), 7.05 (s, 1H), 7.01 (d, 

J = 9.2 Hz, 1H), 5.06 (s, 2H), 3.00 (s, 2H), 3.04- 2.99 (m, 1H), 2.77-2.72 (m, 1H), 2.69 

10 -2.64 (m, 1H), 1.48 (s, 6H), 1.19 (d, J = 6.8 Hz, 3H). LC-MS ESI m/z: found 441.1 [M­

Hr 

15 

Example 10 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3-fluorophenyl)-2-
methylpropanoic acid (39) 

[0668] 1H NMR (400 MHz, CDCb) 8: 7.25 (s, 1H), 7.04 (s, 1H), 6.97- 6.91 (m, 2H), 

6.84-6.82 (m, 1H), 5.03 (s, 2H), 3.00 (s, 2H), 2.99-2.95 (m, 1H), 2.75-2.70 (m, 1H), 

2.63-2.58 (m, 1H), 1.48 (s, 6H), 1.18 (d, J = 6.4 Hz, 3H). LC-MS ESI m/z: found 390.1 

[M-Hr 
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Example 11 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3-methylphenyl)-2-
methylpropanoic acid ( 40) 

5 [0669] 1H NMR (400 MHz, CDCb) 8: 7.25 (s, lH), 7.04 (s, lH), 6.97- 6.93 (m, 2H), 

6.82 (d, J = 8.0 Hz, lH), 4.96 (s, 2H), 3.00 (s, 2H), 2.99-2.96 (m, lH), 2.76-2.70 (m, 

lH), 2.63-2.58 (m, lH), 2.26 (s, 3H), 1.48 (s, 6H), 1.18 (d, J = 7.2 Hz, 3H). 

Example 12 

3-(3-chloro-4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
10 methylpropanoic acid (41) 

[0670] 1H NMR (400 MHz, CDCb) 8: 7.30 (s, lH), 7.21 (d, J = 2.0 Hz, lH), 7.05 (s, 

lH), 6.98 (dd, J = 8.4, 2.0 Hz, lH), 6.92 (d, J = 8.4 Hz, 1H), 5.04 (s, 2H), 3.00 (s, 2H), 

2.98-2.94 (m, 1H), 2.74-2.70 (m, 1H), 2.63-2.58 (m, 1H), 1.48 (s, 6H), 1.18 (d, J = 
15 6.4 Hz, 3H). LC-MS ESI m/z: found 407.0 [M-Hr 

Example 13 

3-(3,5-dichloro-4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-
2-methylpropanoic acid ( 42) 

20 [0671] 1H NMR (400 MHz, CDCb) 8: 7.24 (s, 1H), 7.09 (d, J = 8.8 Hz, 2H), 7.04 (s, 

1H), 6.91 (d, J = 8.8 Hz, 2H), 4.96 (s, 2H), 3.00 (s, 2H), 3.03-2.98 (m, 1H), 2.76-2.73 
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(m, 1H), 2.65-2.60 (m, 1H), 1.48 (s, 6H), 1.18 (d, J = 6.8 Hz, 3H). LC-MS ESI m/z: 

found 373.2 [M-Hr 

Example 14 

3-(3,5-dichloro-4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-
5 2-methylpropanoic acid (43) 

10 

tt_:~~OH y Cl 

Cl 

[0672] 1H NMR (400 MHz, CDCb) 8: 7.38 (s, 1H), 7.13 (s, 2H), 7.07 (s, 1H), 4.98 (s, 

2H), 2.99 (s, 2H), 3.02-2.96 (m, 1H), 2.77-2.73 (m, 1H), 2.63-2.60 (m, 1H), 1.44 (s, 

6H), 1.21 (d, J = 6.8 Hz, 3H). LC-MS ESI m/z: found 441.0, 443.3, 445.3 [M-Hr 

Example 15 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3-methoxyphenyl)-2-
methylpropanoic acid (44) 

[0673] 1H NMR (400 MHz, CDCb) 8: 7.27 (s, 1H), 7.02 (s, 1H), 6.84 (d, J = 8.4 Hz, 

15 1H), 6.72 (d, J = 1.6 Hz, 1H), 6.64 (dd, J = 8.4, 1.6 Hz, 1H), 5.04 (s, 2H), 3.87 (s, 3H), 

2.99 (s, 2H), 3.01-2.97 (m, 1H), 2.76-2.71 (m, 1H), 2.63-2.58 (m, 1H), 1.48 (s, 6H), 

1.18 (d, J = 6.8 Hz, 3H). LC-MS ESI m/z: found 403.0 [M-Hr 

Example 16 

3-(4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
20 methylpropanoic acid ( 45) 

[0674] 1H NMR (400 MHz, CDCb) 8: 7.09 (d, J = 8.6 Hz, 2H), 6.97 (d, J = 10.0 Hz, 

1H), 6.91 (d, J = 8.6 Hz, 2H), 6.79 (d, J = 7.6 Hz, 1H), 4.98 (s, 2H), 3.00 (s, 2H), 3.03-
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2.98 (m, 1H), 2.76-2.71 (m, 1H), 2.65-2.59 (m, 1H), 1.48 (s, 6H), 1.17 (d, J = 7.2 Hz, 

3H). LC-MS ESI m/z: found 357.1 [M-Hr 

Example 17 

3-(4-((2,2-dimethyl-2,3-dihydrobenzofuran-4-yl)methoxy)phenyl)-2-methylpropanoic 
5 acid~6) 

10 

[0675] 1H NMR (400 MHz, CDCb) 8: 7.15-7.10 (m, 3H), 6.90-6.88 (m, 3H), 6.72 

(d, J = 8.4 Hz, 1H), 4.95 (s, 2H), 3.04 (s, 2H), 3.03-2.98 (m, 1H), 2.75-2.72 (m, 1H), 

2.67-2.62 (m, 1H), 1.48 (s, 6H), 1.18 (d, J = 6.8 Hz, 3H). 

Example 18 

3-(3,5-difluoro-4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-
2-methylpropanoic acid ( 47) 

[0676] 1H NMR (400 MHz, CDCb) 8: 6.97 (dd, J = 9.2, 2.4 Hz, 1H), 6.8 (dd, J = 9.2, 

15 2.4 Hz, 1H), 6.71 (d, J = 8.8 Hz, 2H), 5.08 (s, 2H), 2.96 (s, 2H), 2.99-2.94 (m, 1H), 2.74 

-2.66 (m, 1H), 2.59 (dd, J = 13.6, 6.8 Hz, 1H), 1.41 (s, 6H), 1.18 (d, J = 6.8 Hz, 3H). 

20 

Example 19 

2-(3,5-difluoro-4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy) 
phenyl)cyclopropanecarboxylic acid (48) 

[0677] 1H NMR (400 MHz, CDCb) 8: 6.96 (dd, J = 9.6, 2.4 Hz, 1H), 6.8 (dd, J = 9.6, 

2.4 Hz, 1H), 6.62 (d, J = 8.4 Hz, 2H), 5.08 (s, 2H), 2.96 (s, 2H), 2.54-2.46 (m, 1H), 1.84-

1.8 (m, 1H), 1.68-1.62 (m, 1H), 1.41 (s, 6H), 1.38-1.30 (m, 1H). 
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Example 20 

3-(3,5-difluoro-4-( (2-methyl-2,3-dihydrobenzofuran-7-yl)methoxy )phenyl)-2-
methylpropanoic acid ( 49) 

5 [0678] 1H NMR (400 MHz, CDCb) 8: 7.21 (d, J = 7.6 Hz, lH), 7.11 (d, J = 7.2 Hz, 

lH), 6.81 ( t, J = 7.6 Hz, lH), 6.72 (d, J = 8.8 Hz, 2H), 5.15 (d, J = 11.4 Hz, lH), 5.12 (d, 

J = 11.4 Hz, lH), 4.95-4.88 (m, lH), 3.30 (dd, J = 15.2, 7.6 Hz, lH ), 2.86 (t, J = 7.6 Hz, 

2H), 2.79 ( dd, J = 15.2, 7.6 Hz, lH), 2.64 (t, J = 7.6 Hz, 2H), 1.41 (d, J = 6.4 Hz, 3H). 

Example 21 

10 3-(4-((2,2-dimethyl-2,3-dihydrobenzofuran-4-yl)methoxy)-3,5-difluorophenyl)-2-
methylpropanoic acid (50) 

[0679] 1H NMR (400 MHz, CDCb) 8: 7.08 (t, J = 8.0 Hz, lH), 6.84 (d, J = 8.0 Hz, lH), 

6.76-6.68 (m, 3H), 5.04 (s, 2H), 3.11 (s, 2H), 2.96 (dd, J = 13.6, 7.4 Hz, lH), 2.74-2.66 

15 (m, lH), 2.59 (dd, J = 13.6, 7.4 Hz, lH), 1.48 (s, 6H), 1.18 (d, J = 6.8 Hz, 3H). 

Example 22 

2-(4-((2,2-dimethyl-2,3-dihydrobenzofuran-4-yl)methoxy)-3,5-difluorophenyl) 
cyclopropanecarboxylic acid (51) 

20 [0680] 1H NMR (400 MHz, CDCb) 8: 7.08 (t, J = 7.8 Hz, lH), 6.83 (d, J = 7.2 Hz, lH), 

6.71 (d, J =8Hz, lH), 6.63 (d, J = 8.8 Hz, 2 H), 5.04 (s, 2H), 3.11 (s, 2H), 2.52-2.46 (m, 

lH), 1.88-1.8 (m, lH), 1.68-1.62 (m, lH), 1.48 (s, 6H), 1.34-1.3 (m, lH) .. 
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Example 23 

3-( 4-( (2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3,5-difluorophenyl)-2-
methylpropanoic acid (52) 

F~OH 
0~ I 

F 

5 [0681] 1H NMR (400 MHz, CDCb) 8 7.21 (d, J = 7.6 HZ, lH), 7.06 (dd, J = 7.2, 1.2 

HZ, lH), 6.79 (t, J = 7.4 Hz, lH), 6.70 (m, 2H), 5.14 (s, 2H), 2.98 (s, 2H,). 2.97-2.93 

(m, lH), 2.72-2.68 (m, lH), 2.60-2.55 (m, lH), 1.42 (s, 6H), 1.19 (d, J = 6.8 Hz, 3H). 

Example 24 

2-( 4-( (2,2-dimethyl-2,3-dihydrobenzofuran-7 -yl)methoxy)-3,5-difluorophenyl) 
10 cyclopropanecarboxylic acid (53) 

15 

F~OH 
0~ 

F 

[0682] 1H NMR (400 MHz, CDCb) 8 7.21 (d, J = 7.6 HZ, lH), 7.08 (dd, J = 7.2, 1.2 

HZ, lH), 6.79 (t, J = 7.4 Hz, lH), 6.61 (m, 2H), 5.13 (s, 2H), 2.98 (s, 2H), 2.49-2.45 

(m, lH), 1.84- 1.80 (m, lH), 1.66- 1.61 (m, lH), 1.41 (s, 6H), 1.33- 1.28 (m, lH). 

Example 25 

3-( 4-( (2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3,5-difluorophenyl)propanoic 
acid (54) 

F~OH 
0~ 

F 

[0683] 1H NMR (400 MHz, DMSO-d6) 8 12.14 (s, lH), 7.14-7.09 (m, 2H), 6.96 (s, lH), 

20 6.93 (br s, lH), 6.76 (t, J = 7.5 Hz, lH), 5.00 (s, 2H), 2.95 (s, 2H), 2.73 (t, J = 7.6 Hz, 

2H), 2.49 (m, 2H), 1.31 (s, 6H). 
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Example 26 

3-(2-chloro-4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
methylpropanoic acid (55) 

5 [0684] 1H NMR (400 MHz, DMSO-d6) 8 12.18 (s, lH), 7.22-7.17 (m, 3H), 7.07 (d, J = 
2.5 Hz, lH), 6.90 (dd, J = 8.5, 2.5 Hz, lH), 4.93 (s, 2H), 3.03 (s, 2H), 2.96-2.89 (m, lH), 

2.66-2.60 (m, 2H), 1.43 (s, 6H), 1.03 (d, J = 6.3 Hz, 3H). LC-MS ESI m/z: found 407.1 

[M-Hr 

Example 27 

10 2-(3,5-difluoro-4-((4-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy) 
phenyl)cyclopropanecarboxylic acid (56) 

'~oH 
0~ 

F 
F 

[0685] 1H NMR (400 MHz, DMSO-d6) 8 12.34 (s, 1H), 7.16-7.12 (m, 1H), 6.95-6.91 

(m, 2H), 6.63-6.59 (m, 1H), 4.96 (s, 2H), 2.99 (s, 2H), 2.37-2.32 (m, 1H), 1.81- 1.77 (m, 

15 1H), 1.41- 1.28 (m, 8H). LC-MS ESI m/z: found 390.9 [M-Hr 

Example 28 

3-(3,5-difluoro-4-((4-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-
2-methylpropanoic acid (57) 

'~oH 
0~ I 

F 
F 

20 [0686] 1H NMR (400 MHz, DMSO-d6) 8 12.18 (s, 1H), 8 7.16-7.12 (m, 1H), 6.93-

6.90 (m, 2H), 6.63-6.58 (m, 1H), 4.98 (s, 2H), 3.00 (s, 2H), 2.80 (dd, J = 12.9, 6.6, 1H), 

2.63-2.51 (m, 2H), 1.34 (s, 6H), 1.00 (d, J = 6.7 Hz, 3H). LC-MS ESI m/z: found 392.8 

[M-Hr 

187 



wo 2011/159297 PCT /US201 0/038906 

Example 29 

3-(3-fluoro-4-((4-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
methylpropanoic acid (58) 

~OH 
0~ I 

F 
F 

5 [0687] 1H NMR (400 MHz, DMSO-d6) 8 12.12 (s, lH), 7.24-7.21 (m, lH), 7.14-7.10 

(m, lH), 7.03-7.0l(m, lH), 6.91-6.89(m, lH), 6.66 (t, J = 8.6 Hz, lH), 4.95 (s, 2H), 3.06 

(s, 2H), 2.80 (m, lH), 2.59- 2.53 (m, 2H), 1.42 (s, 6H), 1.00 (d, J = 6.5 Hz, 3H). LC-MS 

ESI m/z: found 375.0 [M-Hr 

Example 30 

10 3-(4-((4-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
methylpropanoic acid (59) 

[0688] 1H NMR (400 MHz, DMSO-d6) 8 12.07 (s, 1H), 7.23-7.20 (m, 1H), 7.07 (d, J 

= 8.4 Hz, 2H), 6.87 (d, J = 8.5 Hz, 2H), 6.65 (t, J = 8.6 Hz, 1H), 4.87 (s, 2H), 3.06 (s, 

15 2H), 2.81-2.78 (m, 1H), 2.56-2.51 (m, 2H), 1.45 (s, 6H), 1.00 (d, J = 6.5 Hz, 3H). LC-MS 

ESI m/z: found 357.2 [M-Hr 

20 

Example 31 

2-(4-((2,2-dimethyl-4-(trifluoromethyl)-2,3-dihydrobenzofuran-7-yl)methoxy)-3,5-
difluorophenyl)cyclopropanecarboxylic acid (60) 

[0689] 1H NMR (400 MHz, DMSO-d6) 8 12.27 (s, 1H), 7.36 (d, J = 7.9 Hz, 1H), 7.12 

(d, J = 7.9 Hz, 1H), 6.97-6.95 (m, 2H), 5.06 (s, 2H), 3.12 (s, 2H), 2.38-2.32 (m, 1H), 

1.81-1.79 (m, 1H), 1.42- 1.30 (m, 8H). LC-MS ESI m/z: found 441.3 [M-Hr 
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Example 32 

3-(4-((2,2-dimethyl-4-(trifluoromethyl)-2,3-dihydrobenzofuran-7-yl)methoxy)-3,5-
difluorophenyl)-2-methylpropanoic acid (61) 

5 [0690] 1H NMR (400 MHz, DMSO-d6) 8 12.19 (s, lH), 7.36 (d, J = 8.1 Hz, lH), 7.12 

(d, J = 7.9 Hz, lH), 6.96-6.94 (m, 2H), 5.07 (s, 2H), 3.13 (s, 2H), 2.81 (dd, J = 12.8, 6.6 

Hz, lH), 2.68-2.48 (m, 2H), 1.37 (s, 6H), 1.00 (d, J = 6.7 Hz, 3H). LC-MS ESI m/z: 

found 443.2 [M-Hr 

Example 33 

10 3-( 4-( (2,2-dimethyl-4-(trifluoromethyl)-2,3-dihydro benzofuran-7 -yl)methoxy)-3-
fluorophenyl)-2-methylpropanoic acid (62) 

[0691] 1H NMR (400 MHz, DMSO-d6) 8 12.13 (s, 1H), 7.40 (d, J = 7.9 Hz, 1H), 7.16-

7.03 (m, 3H), 6.91 (d, J = 8.3 Hz, 1H), 5.06 (s, 2H), 3.18 (s, 2H), 2.81-2.79 (m, 1H), 2.62 

15 -2.51 (m, 2H), 1.46 (s, 6H), 1.00 (d, J = 6.6 Hz, 3H). LC-MS ESI m/z: found 425.0 [M­

Hr 

20 

Example 34 

3-(4-((2,2-dimethyl-4-(trifluoromethyl)-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
methylpropanoic acid (63) 

[0692] 1H NMR (400 MHz, DMSO-d6) 8 12.07 (s, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.12-

7.07 (m, 3H), 6.89 (d, J = 8.5 Hz, 2H), 4.99 (s, 2H), 3.18 (s, 2H), 2.81-2.78 (m, 1H), 2.58-

2.51 (m, 2H), 1.46 (s, 6H), 1.00 (d, J = 6.5 Hz, 3H). LC-MS ESI m/z: found 407.1 [M-Hr 
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Example 35A and 35B 

2-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3,5-difluoro 
phenyl)cyclopropanecarboxylic acid (64) 

5 [0693] 1H NMR (400 MHz, CDCb) 8 7.21 (s, lH), 7.05 (s, lH), 6.65-6.60 (m, 2H), 

5.03 (s, 2H), 2.51-2.47 (m, lH), 1.84- 1.81 (m, lH), 1.67- 1.62 (m, lH), 1.38 (s, 6H), 

1.33 - 1.30 (m, lH). 

Chiral separation of (64), using preparative Regis Pack, 51100, 250 x 21.1 mm, flow rate 

30 mL/min, solvent system 2.5: 97.5: 0.1 of iso-Propanol: Hexanes: Acetic acid, provided 

10 (64A) (RT = 15 -25 minutes) and (64B) (RT = 26- 35 minutes). (64A): 1H NMR (400 

MHz, CDCb) 8 7.21 (s, lH), 7.04 (s, lH), 6.62 (d, J = 7.2 Hz, 2H), 5.05 (s, 2H), 2.96 (s, 

2H), 2.48 (s, lH), 1.83 (s, lH), 1.64 (s, lH), 1.40 (s, 6H), 1.31 (s, lH). LC-MS ESI m/z: 

found 407.0 (M-H)-. 

Chiral separation of (64), using preparative Regis Pack, 51100, 250 x 21.1 mm, flow rate 

15 30 mL/min, solvent system 2.5: 97.5: 0.1 of iso-Propanol: Hexanes: Acetic acid, provided 

(64A) (RT = 15 -25 minutes) and (64B) (RT = 26- 35 minutes). (64B): 1H NMR (400 

MHz, CDCb) 8 7.21 (s, 1H), 7.05 (s, 1H), 6.62 (d, J = 7.8 Hz, 2H), 5.05 (s, 2H), 2.95 (s, 

2H), 2.54-2.40 (m, 1H), 1.86- 1.80 (m, 1H), 1.66- 1.60 (m, 1H), 1.40 (s, 6H), 1.35-

1.27 (m, 1H). LC-MS ESI m/z: found 407.0 (M-Hr. 

20 Example 36 

2-(5-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2,3-dihydro-1H­
inden-1-yl)acetic acid (65) 

0 

~OdOH 
Cl 
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[0694] 1H NMR (400 MHz, CDCb) 8 7.24 (s, 1H), 7.09 (d, J = 8.3 Hz, 1H), 7.04 (s, 

1H), 6.87 (s, 1H), 6.81 (d, J = 8.3 Hz, 1H), 4.96 (s, 2H), 3.61-3.45 (m, 1H), 3.00 (s, 2H), 

2.95-2.77 (m, 3H), 2.50-2.38 (m, 2H), 1.82-1.75 (m, 1H), 1.48 (s, 6H). 

Example 37 

5 2-(5-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2,3-dihydro-1H-
inden-1-yl)acetic acid (66) 

[0695] 1H NMR (400 MHz, CDCb) 8 7.08 (m, 1H), 7.02-6.93 (m, 1H), 6.87 (s, 1H), 

6.80 (m, 2H), 4.97 (s, 2H), 3.61-3.45 (m, 1H), 2.99 (s, 2H), 2.92-2.74 (m, 3H), 2.50-

10 2.35 (m, 2H), 1.77 (m, 1H), 1.48 (s, 6H). 

Example 38 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3,5-difluorophenyl)-
2-methylpropanoic acid (67) 

15 [0696] 1H NMR (400 MHz, CDCb) 8 7.22 (s, 1H), 7.04 (s, 1H), 6.72 (s, 1H), 6.70 (s, 

1H), 5.07 (s, 2H), 3.03-2.91 (m, 3H), 2.72 (m, 1H), 2.59 (m, 1H), 1.42 (s, 6H), 1.19 (d, J 

= 7.0 Hz, 3H). 

Example 39 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2-methoxyphenyl)-2-
20 methylpropanoic acid (68) 
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[0697] 1H NMR (400 MHz, CDCb) 8 7.05-6.99 (m, 3H), 6.52-6.48 (m, 2H), 4.96 (s, 

2H), 3.79 (s, 3H), 3.00 (s, 2H), 2.98-2.94 (m, 1H), 2.84-2.80 (m, 1H), 2.66-2.61 (m, 1H), 

1.48 (s, 6H), 1.15 (d, J = 7.0 Hz, 3H). 

Example 40 

5 3-( 4-( (2,3-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3,5-difluorophenyl)-2-
methylpropanoic acid (69) 

F~OH 
oY I 

F 

[0698] LC-MS ESI m/z: found 375.1 [M-Hr 

Example 41 

10 2-(2-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3,5-
difluorophenyl)cyclopropyl)acetic acid (70) 

F~OH 
oY b 

F 

Cl 

[0699] 1H NMR (400 MHz, CDCb) 8 7.23 (s, 1H), 7.04 (s, 1H), 6.61 (d, J = 8.9 Hz, 

2H), 5.04 (s, 2H), 2.95 (s, 2H), 2.50-2.38 (m, 2H), 1.74- 1.65 (m, 1H), 1.40 (s, 6H), 

15 1.30- 1.25 (m, 1H), 0.98 - 0.88 (m, 2H). 

Example 42 

3-(4-((5,6-difluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3,5-
difluorophenyl)-2-methylpropanoic acid (71) 

F~OH 
0~ I 

F 
F 

F 

20 [0700] 1H NMR (400 MHz, DMSO-d6) 8 7.27 (t, J = 9.2 Hz, 1H), 6.91 (d, J = 9.2 Hz, 

2H), 5.04 (s, 2H), 2.91 (s, 2H), 2.82-2.77 (m, 1H), 2.61-2.51 (m, 2H), 1.25 (s, 6H), 

0.98 (d, J = 6.4 Hz, 3H). LC-MS ESI m/z: found 411.1 [M-Hr. 
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Example 43 

3-(4-((5,6-difluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
methylpropanoic acid (72) 

5 [0701] 1H NMR (400 MHz, DMSO-d6) 8 7.31 (t, J = 9.0 Hz, lH), 7.07 (d, J = 8.8 Hz, 

2H), 6.90 (d, J = 8.8 Hz, 2H), 4.93 (s, 2H), 3.00 (s, 2H), 2.79 (m, lH), 2.54 (m, 2H), 1.31 

(s, 6H), 0.99 (d, J = 6.4 Hz, 3H). LC-MS ESI m/z: found 375.1 [M-Hr. 

Example 44 

3-(4-(((2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)oxy)methyl)-3-fluorophenyl)-2-
10 methylpropanoic acid (73) 

~OH 
0~ I 

F 

[0702] 1H NMR (400 MHz, DMSO-d6) 8 12.20 (s, 1H), 7.41-7.37 (m, 1H), 7.08-

7.02 (m, 2H), 6.84 (d, J = 8.0 Hz, 1H), 6.77 (d, J = 7.2 Hz, 1H), 6.71-6.67 (m, 1H), 5.03 

(s, 2H), 2.96 (s, 2H), 2.89-2.85 (m, 1H), 2.64- 2.60 (m, 2H), 1.37 (s, 6H), 1.02 (d, J = 
15 6.0 Hz, 3H). LC-MS ESI m/z: found 357.1 [M-Hr. 

Example 45 

3-(4-((6-fluoro-4H-benzo[d][1,3]dioxin-8-yl)methoxy)phenyl)-2-methylpropanoic acid 
(74) 

0 

~O~OH 
y 

F 

20 [0703] 1H NMR (400 MHz, DMSO-d6) 8 12.08 (s, 1H), 7.12-7.07 (m, 3H), 6.94 (d, J 

= 8.4 Hz, 1H), 6.89 (d, J = 7.6 Hz, 2H), 5.28 (s, 2H), 4.96 (s, 2H), 4.88 (s, 2H), 2.80-2.79 

(m, 1H), 2.57-2.54 (m, 2H), 0.99 (d, J = 6.0 Hz, 3H). LC-MS ESI m/z: found 345.1 [M­

Hr. 
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Example 46 

3-(4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2-
methylphenyl)propanoic acid (75) 

5 [0704] 1H NMR (400 MHz, DMSO-d6) 8 12.09 (s, lH), 7.01- 6.99 (m, 2H), 6.95-

6.92 (m, lH), 6.76 (s, lH), 6.71-6.69 (m, lH), 4.86 (s, 2H), 3.01 (s, 2H), 2.70 (t, J = 7.6 

Hz, 2H), 2.40 (t, J = 7.6 Hz, 2H), 2.20 (s, 3H), 1.41 (s, 6H). LC-MS ESI m/z: found 357.5 

[M-Hr. 

10 

Example 47 

3-(2-chloro-4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-
yl)methoxy)phenyl)propanoic acid (76) 

[0705] 1H NMR (400 MHz, DMSO-d6) 8 12.20 (s, 1H), 7.23-7.20 (m, 1H), 7.05-

7.01 (m, 2H), 6.97-6.95 (m, 1H), 6.90-6.88 (m, 1H), 4.92 (s, 2H), 3.01 (s, 2H), 2.84-

15 2.79 (m, 2H), 2.48-2.43 (m, 2H), 1.41 (s, 6H). LC-MS ESI m/z: found 377.1 [M-Hr. 

Example 48 

3-(2-fluoro-4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-
yl)methoxy)phenyl)propanoic acid (77) 

20 [0706] 1H NMR (400 MHz, DMSO-d6) 8 12.15 (s, 1H), 7.16 (t, J = 8.6 Hz, 1H), 7.02 

(d, J = 7.6 Hz, 1H), 6.96 (d, J = 10.0 Hz, 1H), 6.81 (d, J = 12.0 Hz, 1H), 6.73 (d, J = 8.4 

Hz, 1H), 4.90 (s, 2H), 3.01 (s, 2H), 2.72 (t, J = 7.6 Hz, 2H), 2.44 (t, J = 7.6 Hz, 2H), 1.40 

(s, 6H). LC-MS ESI m/z: found 361.4 [M-Hr. 
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Example 49 

3-(2,6-difluoro-4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-
yl)methoxy)phenyl)propanoic acid (78) 

5 [0707] 1H NMR (400 MHz, DMSO-d6) 8 12.20 (s, lH), 7.04 (d, J = 8.4 Hz, lH), 6.98 

(d, J = 9.6 Hz, lH), 6.75 (d, J = 9.2 Hz, lH), 4.91 (s, 2H), 3.01 (s, 2H), 2.73 (t, J = 7.6 

Hz, 2H), 2.39 (t, J = 7.4 Hz, 2H), 1.40 (s, 6H). LC-MS ESI m/z: found 379.1 [M-Hr. 

10 

15 

Example 50 

3-(4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2-
methoxyphenyl)propanoic acid (79) 

[0708] 1H NMR (400 MHz, DMSO-d6) 8 12.02 (s, lH), 7.02- 6.95 (m, 3H), 6.56 (s, 

lH), 6.47 (d, J = 8.0 Hz, lH), 4.89 (s, 2H), 3.73 (s, 3H), 3.01 (s, 2H), 2.66 (t, J = 7.6 Hz, 

2H), 2.37 (t, J = 7.4 Hz, 2H), 1.40 (s, 6H). LC-MS ESI m/z: found 373.4 [M-Hr. 

Example 51 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2-
methylphenyl)propanoic acid (80) 

[0709] 1H NMR (400 MHz, DMSO-d6) 8 12.10 (s, lH), 7.17 (d, J = 10.4 Hz, 2H), 7.00 

20 (d, J = 8.4 Hz, lH), 6.77 (s, lH), 6.71 (d, J = 8.4 Hz, lH), 4.86 (s, 2H), 3.01 (s, 2H), 2.70 

(t, J = 7.6 Hz, 2H), 2.40 (t, J = 7.8 Hz, 2H), 2.20 (s, 3H), 1.41 (s, 6H). LC-MS ESI m/z: 

found 373.2 [M-Hr. 
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Example 52 

3-(2-chloro-4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)­
propanoic acid (81) 

5 [0710] 1H NMR (400 MHz, DMSO-d6) 8 12.18 (s, lH), 7.23-7.18 (m, 3H), 7.05 (s, 

lH), 6.89 (d, J = 8.4 Hz, lH), 4.92 (s, 2H), 3.01 (s, 2H), 2.81 (t, J = 7.6 Hz, 2H), 2.45 (t, J 

= 8.0 Hz, 2H), 1.41 (s, 6H). LC-MS ESI m/z: found 393.3 [M-Hr. 

Example 53 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2-fluorophenyl)-
1 0 propanoic acid (82) 

15 

[0711] 1H NMR (400 MHz, DMSO-d6) 8 12.14 (s, 1H), 7.20-7.14 (m, 3H), 6.82 (d, J 

= 11.6 Hz, 1H), 6.74 (d, J = 8.4 Hz, 1H), 4.90 (s, 2H), 3.02 (s, 2H), 2.73 (t, J = 7.6 Hz, 

2H), 2.44 (t, J = 7.6 Hz, 2H), 1.41 (s, 6H). LC-MS ESI m/z: found 377.2 [M-Hr. 

Example 54 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2,6-
difluorophenyl)propanoic acid (83) 

[0712] 1H NMR (400 MHz, DMSO-d6) 8 12.19 (br, 1H), 7.27-7.20 (m, 2H), 6.75 (d, J 

20 = 9.2 Hz, 2H), 4.92 (s, 2H), 3.02 (s, 2H), 2.74 (t, J = 7.6 Hz, 2H), 2.40 (t, J = 7.6 Hz, 2H), 

1.41 (s, 6H). LC-MS ESI m/z: found 395.1 [M-Hr. 

196 



wo 2011/159297 PCT /US201 0/038906 

Example 55 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2-
methoxyphenyl)propanoic acid (84) 

5 [0713] 1H NMR (400 MHz, DMSO-d6) 8 12.03 (br, lH), 7.21-7.17 (m, 2H), 6.98 (d, J 

= 8.0 Hz, lH), 6.56 (s, lH), 6.47 (d, J = 8.0 Hz, lH), 4.89 (s, 2H), 3.74 (s, 3H), 3.02 (s, 

2H), 2.66 (t, J = 7.6 Hz, 2H), 2.38 (t, J = 7.8 Hz, 2H), 1.41 (s, 6H). LC-MS ESI m/z: 

found 389.4 [M-Hr. 

Example 56 

10 3-(2-bromo-4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-5-
methoxyphenyl)propanoic acid (85) 

[0714] 1H NMR (400 MHz, DMSO-d6) 8 12.20 (br, 1H), 7.14 (s, 1H), 7.03-6.92 (m, 

3H), 4.90 (s, 2H), 3.72 (s, 3H), 3.01 (s, 2H), 2.80 (m, 2H), 2.47 (m, 2H), 1.40 (s, 6H). LC-

15 MS ESI m/z: found 452.1 [M-Hr. 

Example 57 

3-(2-bromo-4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-5-
methoxyphenyl)propanoic acid (86) 

Cl 

)pJoH 
0~ 

0 / 

20 [0715] 1H NMR (400 MHz, DMSO-d6) 8 12.21 (br, 1H), 7.20-7.14 (m, 3H), 6.96 (s, 

1H), 4.90 (s, 2H), 3.71 (s, 3H), 3.01 (s, 2H), 2.80 (m, 2H), 2.47 (m, 2H), 1.41 (s, 6H). LC­

MS ESI m/z: found 467.0 [M-Hr. 
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Example 58 

2-( ( 4-( (5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7 -yl)methoxy)phenyl)thio )-acetic 
acid (87) 

5 [0716] 1H NMR (400 MHz, DMSO-d6) 8 12.58 (br, lH), 7.30 (d, J = 7.2 Hz, 2H), 7.02 

-6.94 (m, 4H), 4.90 (s, 2H), 3.61 (s, 2H), 3.00 (s, 2H), 1.40 (s, 6H). LC-MS ESI m/z: 

found 361.2 [M-Hr. 

Example 59 

2-((4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)thio)-acetic 
10 acid (88) 

15 

[0717] 1H NMR (400 MHz, DMSO-d6) 8 12.60 (br, 1H), 7.30 (d, J = 7.2 Hz, 2H), 7.23 

-7.18 (m, 2H), 6.95 (d, J = 8.0 Hz, 2H), 4.90 (s, 2H), 3.61 (s, 2H), 3.01 (s, 2H), 1.41 (s, 

6H). LC-MS ESI m/z: found 377.0 [M-Hr. 

Example 60 

(E)-3-(2-ethyl-4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-
yl)methoxy)phenyl)acrylic acid (89) 

F 

[0718] 1H NMR (400 MHz, DMSO-d6) 8 12.27 (br, 1H), 7.77-7.73 (m, 1H), 7.68-

20 7.62 (m, 1H), 7.04-7.00 (m, 1H), 6.99-6.96 (m, 1H), 6.87-6.84 (m, 2H), 6.29 (d, J = 
15.6 Hz, 1H), 4.95 (s, 2H), 3.01 (s, 2H), 2.69-2.67 (m, 2H), 1.41 (s, 6H), 1.10- 1.08 

(m, 3H). LC-MS ESI m/z: found 369.2 [M-Hr. 
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Example 61 

3-(4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2-
(trifluoromethyl)phenyl)propanoic acid (90) 

5 [0719] 1H NMR (400 MHz, DMSO-d6) 8 12.22 (br, lH), 7.39-7.37 (m, lH), 7.23-

7.20 (m, 2H), 7.03-6.97 (m, 2H), 4.98 (s, 2H), 3.00 (s, 2H), 2.89-2.86 (m, 2H), 2.49-

2.44 (m, 2H), 1.40 (s, 6H). LC-MS ESI m/z: found 411.5 [M-Hr. 

10 

Example 62 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2-
(trifluoromethyl)phenyl)propanoic acid (91) 

[0720] 1H NMR (400 MHz, DMSO-d6) 8 12.22 (br, 1H), 7.40-7.38 (m, 1H), 7.23-

7.19 (m, 4H), 4.98 (s, 2H), 3.01 (s, 2H), 2.89-2.86 (m, 2H), 2.49-2.45 (m, 2H), 1.40 (s, 

6H). LC-MS ESI m/z: found 427.4 [M-Hr. 

15 Example 63 

3-(7-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2,3-dihydro-1H­
inden-4-yl)propanoic acid (92) 

[0721] 1H NMR (400 MHz, CDCb) 8 6.99- 6.96 (m, 1H), 6.94-6.90 (m, 1H), 6.79-

20 6.77 (m, 1H), 6.72-6.68 (m, 1H), 5.00 (s, 2H), 3.00 (s, 2H), 2.98-2.85 (m, 6H), 2.62 (t, 

J = 8.0 Hz, 2H), 2.12-2.06 (m, 2H), 1.48 (s, 6H). LC-MS ESI m/z: found 383.1 [M-Hr. 
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Example 64 

3-(7-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2,3-dihydro-lH­
inden-4-yl)propanoic acid (93) 

5 [0722] 1H NMR (400 MHz, CDCb) 8 7.26-7.24 (m, 1H), 7.05-7.02 (m, 1H), 6.92 (d, 

J = 8.2Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H), 4.98 (s, 2H), 3.00 (s, 2H), 2.97-2.83 (m, 6H), 

2.62 (t, J = 7.8 Hz, 2H), 2.10 (t, J = 7.8 Hz, 2H), 1.48 (s, 6H). LC-MS ESI m/z: found 

399.3 [M-Hr. 

Example 65 

10 (R)-3-(4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
methylpropanoic acid (94) 

0 

~I R=' o,~JZ A) ~ ( LiOH, H202 

Ph 

~o~H 
F F 

805 94 

[0723] To a solution of lithium hydroxide (65 mg, 1.55 mmol) in water (2 mL) was 

added 30% hydrogen peroxide (0.4 mL, 3.88 mmol) and stirred for 30 minutes. The 

15 solution was cooled to 0 °C and was added to a solution of (S)-5-benzyl-1-((R)-3-(4-((5-

fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-

methylpropanoyl)pyrrolidin-2-one (805) (500 mg, 0.97 mmol) in 4:1 

tetrahydrofuran/water (5 mL) at 0 °C. The reaction was stirred for 1 hour at 0 °C and was 

quenched with sodium sulfite (489 mg, 3.88 mmol) in water (3 mL). The solvent was 

20 removed in vacuo at room temperature. The solution was cooled to 0 °C and was acidified 

with 6N HCl. The aqueous layer was exctracted with ethyl aceate, dried over sodium 

sulfate, filtered, and concentrated in vacuo. The crude compound was purified by flash 

column chromatography on silica gel with hexanes and EtOAc (20%) to afford (R)-3-(4-

((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-methylpropanoic 

25 acid (94). 1H NMR (400 MHz, CDCb) 8: 7.09 (d, J = 8.5 Hz, 2H), 6.97 (d, J = 9.7 Hz, 

1H), 6.91 (d, J = 8.5 Hz, 2H), 6.79 (d, J = 7.6 Hz, 1H), 4.97 (s, 2H), 3.05-2.95 (m, 3H), 
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2.75-2.58 (m, 2H), 1.48 (s, 6H), 1.16 (d, J = 4.0 Hz, 3H). LC-MS ESI m/z: found 357.0 

[M-Hr. 

Example 66 

(S)-3-(4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
5 methylpropanoic acid (95) 

t1 ~0~6 UOH. "''" y Ph 

F 

806 95 

[0724] Compound (95) was prepared in a similar manner as that described for the 

synthesis of (94). 1H NMR (400 MHz, CDCb) 8: 7.09 (d, J = 8.5 Hz, 2H), 6.94 (d, J = 9.7 

Hz, 1H), 6.91 (d, J = 8.5 Hz, 2H), 6.79 (d, J = 7.6 Hz, 1H), 4.97 (s, 2H), 3.05-2.95 (m, 

10 3H), 2.75-2.58 (m, 2H), 1.48 (s, 6H), 1.16 (d, J = 4.0 Hz, 3H). LC-MS ESI m/z: found 

357.0 [M-Hr. 

15 

Example 67 

3-(4-(((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methyl)amino)phenyl)-2-
methylpropanoic acid (96) 

~~~OH 
F 

[0725] 1H NMR (400 MHz, DMSO-d6) 8 6.93-6.77 (m, 4H), 6.49 (d, J = 7.8 Hz, 2H), 

4.05 (s, 2H), 2.98 (s, 2H), 2.70-2.66 (m, 1H), 2.47-2.39 (m, 2H), 1.40 (s, 6H), 0.95 (d, 

J = 8.0 Hz, 3H). LC-MS ESI m/z: found 356.3 [M-Hr. 

Example 68 

20 3-(4-(5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-carboxamido)phenyl)-2-
methylpropanoic acid (97) 

0 

1) ~OEt 
H2N)l) I 

646 

2) LiOH 

201 

97 



wo 2011/159297 PCT /US201 0/038906 

[0726] 5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7 -carboxylic acid (803) 

(Compound was prepared in a similar manner as that described for the synthesis of (735) 

(101.3 mg, 0.482 mmol) was dissolved in dichloromethane (4 mL) and ethyl3-(4-

aminophenyl)-2-methylpropanoate (646) (100 mg, 0.482 mmol), triethylamine (0.4 mL, 

5 2.89 mmol), and 1-propanephosphonic acid cyclic anhydride (0.34 mL, 0.58 mmol, 50% 

in ethyl acetate) were added and stirred overnight at room temperature. The reaction was 

purified in vacuo and purified by flash column chromatography on silica gel with hexanes 

and EtOAc to give ethyl3-(4-(5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-

carboxamido)phenyl)-2-methylpropanoate. The ester was dissolved in tetrahydrofuran 

10 (1.0 mL), methanol (1.0 mL) and water (3 mL). Lithium hydroxide was added and the 

reaction was stirred at room temperature for 4 h. The mixture was acidified with 1M HCl 

and diluted with EtOAc (3 mL). The organic layer was washed with brine (3 mL), dried 

over sodium sulfate and filtered. The filtrate was concentrated in vacuo to yield 3-(4-(5-

fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7 -carboxamido )phenyl)-2-methylpropanoic 

15 acid (97). 1H NMR (400 MHz, CDCb) 8 9.53 (br, lH), 7.66 (dd, J = 9.9, 2.6 Hz, lH), 

7.57 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 7.02 (dd, J = 9.9, 2.6 Hz, lH), 3.13-

3.00 (m, 3H), 2.72 (m, 2H), 1.60 (s, 6H), 1.19 (d, J = 8.0 Hz, 3H). 

Example 69 

3-(3,5-difluoro-4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-
20 2-ethoxypropanoic acid (98) 

[0727] 1H NMR (400 MHz, CDCb) 8 6.94 (d, J = 9.4 Hz, lH), 6.77 (m, 3H), 5.09 (s, 

2H), 4.03 (m, lH), 3.62 (m, lH), 3.44 (m, lH), 3.09-2.82 (m, 4H), 1.42 (s, 6H), 1.19 (t, 

J = 7.0 Hz, 3H). LC-MS ESI m/z: found 423.4 [M-Hr. 
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Example 70 

2-(4-(2-(5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)ethyl)phenoxy)acetic acid 
(99) 

1) 0 

Br~OEt 

F F 

650 99 

5 [0728] A solution of 4-(2-(5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-

yl)ethyl)phenol (650) (164.1 mg, 0.573 mmol), ethyl bromoacetate (95.7 mg, 0.573 

mmol), cesium carbonate (265 mg, 0.688 mmol) and acetonitrile (5 mL) was heated at 50 

°C for 18 hours. The reaction was concentrated in vacuo and then purified by flash 

column chromatography with hexanes and EtOAc (30% ). The ester was dissolved in 

10 tetrahydrofuran (1.0 mL), methanol (1.0 mL) and water (3 mL). Lithium hydroxide was 

added and the reaction was stirred at room temperature for 24 hours. The mixture was 

acidified with 1M HCl and diluted with EtOAc (3 mL). The organic layer was washed 

with brine (3 mL), dried over sodium sulfate and filtered. The filtrate was concentrated in 

vacuo to yield 2-(4-(2-(5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-

15 yl)ethyl)phenoxy)acetic acid (99). 1H NMR (400 MHz, CDCb) 8 7.11 (d, J = 7.8 Hz, 2H), 

6.83 (d, J = 8.4 Hz, 2H), 6.69 (d, J = 8.4 Hz, lH), 6.56 (d, J = 8.4 Hz, lH), 4.65 (s, 2H), 

2.96 (s, 2H), 2.88-2.73 (m, 4H), 1.43 (s, 6H). LC-MS ESI m/z: found 343.4 [M-Hr. 

Example 71 

3-(5-( (5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7 -yl)methoxy)-[ 1,1 '-biphenyl]-2-
20 yl)propanoic acid (100) 

I~ 

Cl 

[0729] 1H NMR (400 MHz, DMSO-d6) 8 7.48-7.12 (m, 8H), 6.92 (s, 1H), 6.73 (s, 

1H), 4.92 (s, 2H), 2.99 (s, 2H), 2.66 (m, 2H), 2.26 (m, 2H), 1.33 (s, 6H). LC-MS ESI m/z: 

found 435.4 [M-Hr. 
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Example 72 

3-(5-( (5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7 -yl)methoxy)-[ 1,1 '-biphenyl]-2-
yl)propanoic acid (101) 

I~ 

~ 0::::,... 

1.0 
F 

5 [0730] 1H NMR (400 MHz, DMSO-d6) 8 12.00 (br, lH), 7.48-7.13 (m, 6H), 6.95-

6.90 (m, 3H), 6.73 (s, lH), 4.91 (s, 2H), 2.98 (s, 2H), 2.66 (m, 2H), 2.26 (m, 2H), 1.33 (s, 

6H). LC-MS ESI m/z: found 419.3 [M-Hr. 

Example 73 

3-(4-((5-chloro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-5-fluoro-2-
10 propylphenyl)propanoic acid (102) 

OH 

[0731] 1H NMR (400 MHz, DMSO-d6) 8 12.15 (br, 1H), 7.18 (m, 2H), 6.96 (m, 2H), 

4.96 (s, 2H), 3.01 (s, 2H), 2.70 (m, 2H), 2.42 (m, 4H), 1.47 (m, 2H), 1.40 (s, 6H), 0.87 (t, 

J = 8.0 Hz, 3H). LC-MS ESI m/z: found 419.4 [M-Hr. 

15 Example 74 

3-(5-fluoro-4-((5-fluoro-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-2-
propylphenyl)propanoic acid (103) 

Yro OH 

F 

F 
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[0732] 1H NMR (400 MHz, DMSO-d6) 8 12.14 (br, 1H), 6.99 (m, 2H), 6.96 (m, 2H), 

4.95 (s, 2H), 3.00 (s, 2H), 2.70 (m, 2H), 2.45 (m, 4H), 1.46 (m, 2H), 1.39 (s, 6H), 0.87 (d, 

J = 7.2 Hz, 3H). LC-MS ESI m/z: found 403.4 [M-Hr. 

Example 75 

5 3-(4-((5-chloro-2,2-dimethyl-3-oxo-2,3-dihydrobenzofuran-7-yl)methoxy)-2-ethyl-3-
fluorophenyl)propanoic acid (104) 

[0733] 1H NMR (400 MHz, DMSO-d6) 8 12.16 (br, 1H), 7.85 (s, 1H), 7.70 (s, 1H), 7.03 

(m, 1H), 6.92 (m, 1H), 5.14 (s, 2H), 2.76 (m, 2H), 2.58 (m, 2H), 1.38 (s, 6H), 1.06 (m, 

10 3H). LC-MS ESI m/z: found 419.3 [M-Hr. 

Example 76 

3-(4-((5-chloro-2,2-dimethyl-3-oxo-2,3-dihydrobenzofuran-7-yl)methoxy)-2-
propylphenyl)propanoic acid (105) 

15 [0734] 1H NMR (400 MHz, DMSO-d6) 8 12.11 (br, 1H), 7.85 (s, 1H), 7.67 (s, 1H), 7.05 

(m, 1H), 6.80 (m, 2H), 5.07 (s, 2H), 2.73 (m, 2H), 2.41 (m, 4H), 1.50 (m, 2H), 1.40 (s, 

6H), 0.89 (t, J = 8.0 Hz, 3H). LC-MS ESI m/z: found 415.1 [M-Hr. 

Example 77 

3-(4-((5-chloro-2,2-dimethyl-3-oxo-2,3-dihydrobenzofuran-7-yl)methoxy)-3-
20 fluorophenyl)-2-methylpropanoic acid (106) 
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[0735] 1H NMR (400 MHz, DMSO-d6) 8 12.12 (br, 1H), 7.86 (s, 1H), 7.70 (s, 1H), 7.20 

-7.16 (m, 1H), 7.04 (d, J = 12.0 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 5.16 (s, 2H), 2.78 (m, 

1H), 2.56 (m, 2H), 1.39 (s, 6H), 1.00 (d, J = 4.0 Hz, 3H). LC-MS ESI m/z: found 405.3 

[M-Hr. 

Example 78 

3-(3-fluoro-4-((5-fluoro-2,2-dimethyl-3-oxo-2,3-dihydrobenzofuran-7-
yl)methoxy)phenyl)-2-methylpropanoic acid (107) 

[0736] 1H NMR (400 MHz, DMSO-d6) 8 12.14 (br, 1H), 7.73 (dd, J = 8.0, 4.0 Hz, 1H), 

10 7.48 (dd, J = 8.0, 4.0 Hz, 1H), 7.19 (t, J = 8.0 Hz, 1H), 7.02 (d, J = 12.0 Hz, 1H), 6.93 (d, 

J = 8.0 Hz, 1H), 5.16 (s, 2H), 2.79-2.75 (m, 1H), 2.56-2.51 (m, 2H), 1.39 (s, 6H), 1.00 

(d, J = 6.3 Hz, 3H). LC-MS ESI m/z: found 389.1 [M-Hr. 

Example 79 

3-(4-((5-chloro-2,2-dimethyl-3-oxo-2,3-dihydrobenzofuran-7-yl)methoxy)-3-
15 (trifluoromethyl)phenyl)-2-methylpropanoic acid (108) 

[0737] 1H NMR (400 MHz, CDCb) 8 7.77 (s, 1H), 7.58 (s, 1H), 7.43 (s, 1H), 7.32 (d, J 

= 8.4 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 5.19 (s, 2H), 3.09-2.97 (m, 1H), 2.76-2.68 (m, 

2H), 1.48 (s, 6H), 1.20 (d, J = 6.7 Hz, 3H). LC-MS ESI m/z: found 455.0 [M-Hr. 

20 Example 80 

3-(4-((5-chloro-3-hydroxy-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)-3-
fluorophenyl)-2-methylpropanoic acid (109) 

106 

NaBH4 

THF/MeOH 
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[0738] To a solution of 3-(4-((5-chloro-2,2-dimethyl-3-oxo-2,3-dihydrobenzofuran-7-

yl)methoxy)-3-fluorophenyl)-2-methylpropanoic acid (106) (80 mg, 0.197 mmol) in 

tetrahydrofuran/methanol (2:1, 2 mL) was added sodium borohydride (15 mg, 0.393 

mmol). After the reaction was stirred at room temperature for 1.5 hours water was added 

5 and the solution was extracted with ethyl acetate, dried over sodium sulfate and filtered. 

The filtrate was concentrated in vacuo to yield 3-(4-((5-chloro-3-hydroxy-2,2-dimethyl-

2,3-dihydrobenzofuran-7-yl)methoxy)-3-fluorophenyl)-2-methylpropanoic acid (109). 1H 

NMR (400 MHz, CDCb) 8 7.40 (s, lH), 7.31 (s, lH), 6.92 (m, 2H), 6.82 (d, J = 12.0 Hz, 

lH), 5.04 (s, 2H), 4.75 (s, lH), 2.93 (m, lH), 2.71 (m, lH), 2.64 (m, lH), 1.49 (s, 3H), 

10 1.34 (s, 3H), 1.18 (d, J = 6.9 Hz, 3H). LC-MS ESI m/z: found 407.3 [M-Hr. 

Example 81 

3-(4-((5-bromo-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
methylpropanoic acid (110) 

15 [0739] 1H NMR (400 MHz, CDCb) 8 7.31 (s, 1H), 7.11 (s, 1H), 7.02 (d, J = 8.2 Hz, 

2H), 6.84 (d, J = 8.2 Hz, 2H), 4.89 (s, 2H), 2.95-2.91 (m, 3H), 2.73-2.47 (m, 2H), 1.41 

(s, 6H), 1.10 (d, J = 6.8 Hz, 3H). LC-MS ESI m/z: found 418.0 [M-Hr. 

Example 82 

3-( 4-( ( 5-( 4-chlorophenyl)-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
20 methylpropanoic acid (111) 

110 

1) (YB(OHb 

Cl~ 
Pd(PPh3)4 , NaHC03 

2) LiOH 

Cl 

[0740] A solution of ethyl3-(4-((5-bromo-2,2-dimethyl-2,3-dihydrobenzofuran-7-

yl)methoxy)phenyl)-2-methylpropanoate (110) (80 mg, 0.179 mmol), 4-chlorophenyl 

boronic acid (30.8 mg, 0.197 mmol), Pd(PPh3) 4 (7 mg, 00.006 mmol), saturated sodium 
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bicarbonate (0.64 mL), methanol (1.5 mL), and toluene (0.64 mL) was heated in a 

microwave reactor for 40 minutes at 110 °C. To the solution was added water and ethyl 

acetate and the two layers were separated. The crude compound was purified by flash 

column chromatography on silica gel with hexanes and EtOAc (30%) to afford ethyl 3-( 4-

5 ((5-(4-chlorophenyl)-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-

methylpropanoate. The ester was dissolved in tetrahydrofuran (1.0 mL), methanol (1.0 

mL) and water (3 mL). Lithium hydroxide was added and the reaction was stirred at room 

temperature for 24 hours. The mixture was acidified with 1M HCl and diluted with 

EtOAc (3 mL). The organic layer was washed with brine (3 mL), dried over sodium 

10 sulfate and filtered. The filtrate was concentrated in vacuo to yield 3-(4-((5-(4-

chlorophenyl)-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-

methylpropanoic acid (111). 1H NMR (400 MHz, CDCb) 8 7.43-7.39 (m, 3H), 7.34 (d, 

J = 8.3 Hz, 2H), 7.28 (d, J = 8.3 Hz, lH), 7.09 (d, J = 8.2 Hz, 2H), 6.94 (d, J = 8.3 Hz, 

2H), 5.05 (s, 2H), 3.07 (s, 2H), 3.00 (dd, J = 13.4, 6.4 Hz, lH), 2.73-2.67 (m, lH), 2.62 

15 -2.58 (m, lH), 1.51 (s, 6H), 1.17 (d, J = 6.8 Hz, 3H). LC-MS ESI m/z: found 449.1 [M­

Hr. 

20 

Example 83 

3-(4-((5-(4-fluorophenyl)-2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)methoxy)phenyl)-2-
methylpropanoic acid (112) 

110 

1) OB(OHh 

I~ 
F 

Pd(PPh3)4 , NaHC03 

2) LiOH 

F 

[0741] Compound (112) was prepared in a similar manner as that described for the 

synthesis of (111). 1H NMR (400 MHz, CDCb) 8 7.44-7.38 (m, 4H), 7.16-7.02 (m, 

4H), 6.95 (d, J = 8.3 Hz, 2H), 5.05 (s, 2H), 3.07 (s, 2H), 3.03 (dd, J = 13.4, 6.4 Hz, 1H), 

2.80-2.68 (m, 1H), 2.67-2.56 (m, 1H), 1.51 (s, 6H), 1.17 (d, J = 6.8 Hz, 3H). LC-MS 

25 ESI m/z: found 433.2 [M-Hr. 
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