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I. Synthesis and Spectroscopic Characterization 
 
Synthesis Materials and Methods. Reactions using moisture- or airsensitive reagents were performed in 

anhydrous solvents, which were collected using a solvent dispensing system built by J. C. Meyer based on a 

design developed by Pangborn et al. Reaction progress was followed by TLC on 0.25 mm silica gel glass 

plates containing F-254 indicator. Visualization on TLC was monitored by UV light or phosphomolybdic 

acid indicator. Reactions were performed under a nitrogen atmosphere unless noted otherwise. 1H spectra 

were obtained on 400 or 500 MHz spectrometers. 13C NMR spectra were acquired at 100 or 125 MHz. The 

chemical shifts were reported in parts per million and were referenced to the internal solvent peaks. Coupling 

constants were reported in hertz. Mass spectra were recorded under electron impact conditions at 70 eV. 

McMurry coupled compounds 7 and 8 were synthesized according to published procedures.14  

All compounds assayed were >95% pure in two different HPLC systems (normal and reversed phase); see 

below. All compounds prepared had spectroscopic data (1H and 13C NMR) fully consistent with their 

assigned structures. 

General Procedure for O-Alkylation Reaction. To the mixture of McMurry coupled compound (1.0 equiv) 

and Cs2CO3 or K2CO3 (3 equiv) in CH3CN (15 mL) was added each bromo-ester (1.0 equiv). The mixture 

was stirred at room temperature for 24 h. The reaction mixture was poured into 1 N HCl (100 mL) and 

extracted from the aqueous phase with EtOAc. The organic layer was dried with MgSO4 and evaporated 

under reduced pressure. Flash column chromatography (20% EtOAc/hexane) gave the alkylated products.  

General Procedure for Heck Coupling Reaction. To the mixture of triflate compound (11 or 38, 1.0 equiv), 

Pd(PPh3)2Cl2 (0.2 equiv) and triethylamine (1.0 mL) in DMF (3.0 mL) was added each alkene-ester (10 

equiv) at room temperature under N2 atmosphere. The mixture was stirred at 120 °C for 24 h. The reaction 

mixture was cooled to room temperature and was poured into 1 N HCl (30 mL) and extracted from the 

aqueous phase with EtOAc. The organic layer was dried with MgSO4 and evaporated under reduced pressure. 

Flash column chromatography (20% EtOAc/hexane) gave the Heck-coupled products. 

General Procedure for Hydrolysis of Ester. To the solution of the ester (1.0 equiv) in CH3OH (4.0 mL) 

was added 2N KOH (2.0 mL). The mixture was stirred at room temperature for 24 h. The reaction mixture 

was poured into 1 N HCl (4.0 mL) and extracted from the aqueous phase with EtOAc. The organic layer was 

dried with MgSO4 and evaporated under reduced pressure. Flash column chromatography (10% CH3OH 

/CH2Cl2) gave the acid products. 

9-[(4-hydroxyphenyl)(phenyl)methylene]bicyclo[3.3.1]-nonane (9). Titanium(IV) chloride (1.76 mL, 

16.06 mmol) was added slowly at -10 °C to a stirred suspension of zinc powder (2.1 g, 32.12 mmol) in 25 
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mL of anhydrous THF under nitrogen atmosphere. Addition of titanium(IV) chloride released a yellow fume, 

and the reaction mixture turned a yellow-green color. The cooling was removed, and the reaction mixture 

was refluxed for 2.5 h. The reaction mixture was then cooled to room temperature. A solution of each 4-

hydroxybenzophenone (0.86 g, 4.34 mmol) and bicyclo[3.3.1]nonan-9-one (0.6 g, 4.34 mmol) dissolved in 

THF (20 mL) was injected by syringe, and the reaction was refluxed for 2 h. The reaction mixture was 

cooled to room temperature and was poured slowly into a NaHCO3 solution (300 mL). Et2O (150 mL) was 

added to the aqueous solution with vigorous stirring, and the heterogeneous solution was filtered through 

Celite. After the organic layer was decanted and saved, the aqueous layer was extracted with additional Et2O 

(150 mL). The ether layer was dried (MgSO4) and evaporated under reduced pressure. Flash column 

chromatography (30% Et2OAc/hexane) gave 9 (1.15 g, 87%): 1H NMR (400 MHz, CDCl3)  7.30-7.26 (m, 

2H), 7.21-7.15 (m, 3H), 7.05-7.02 (m, 2H), 2.09-1.98 (m, 2H), 1.88-1.70 (m, 8H), 1.63-1.56 (m, 2H); 13C 

NMR (100 MHz, CDCl3) δ 153.67, 145.45, 143.29, 135.70, 130.54, 129.26, 127.91, 125.87, 114.96, 114.76, 

34.13, 34.03, 33.76, 21.66; MS (EI) m/z 304 (M+, 100), 261, 222. HRMS (EI) m/z calcd for C22H24O 

304.1827, found 304.1820. 

9-[(4-tert-Butyldimethylsilyloxyphenyl) (4-hydroxyphenyl) methylene]bicyclo[3.3.1]-nonane (10). To 

the mixture of 7 (1.50 g, 4.68 mmol) and imidazole (0.48 g, 7.02 mmol) in THF (40 mL) was added 

TBDMSCl (1.06 g, 7.02 mmol) at room temperature. The mixture was stirred at room temperature for 24 h. 

The reaction mixture was poured into water (200 mL) and extracted from the aqueous phase with EtOAc 

(200 mL). The organic layer was dried with MgSO4 and evaporated under reduced pressure. The residue was 

purified by flash column chromatography (20% EtOAc/hexane) to provide 10 (0.91 g, 45%): 1H NMR (400 

MHz, CDCl3) δ 7.03-7.00 (m, 4H), 6.77-6.73 (m, 4H), 5.64 (br, 1H), 2.72 (m,2H), 2.09-1.98 (m,2H), 1.87-

1.78 (m, 8H), 1.61-1.58 (m, 2H), 1.00 (s, 9H), 0.22 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 153.67, 153.579, 

144.77, 136.31, 135.86, 130.48, 130.26, 130.23, 119.26, 114.73, 34.06, 34.01, 33.73, 25.62, 21.66, 18.09, -

4.44 ; MS (EI) m/z 434 (M+), 132, 75 (100). HRMS (EI) m/z calcd for C28H38O2Si 434.2641, found 

434.2643. 

9-[(4-Trifluoromethanesulfonylphenyl) (4-hydroxyphenyl) methylene]bicyclo[3.3.1]-nonane (11). To 

the mixture of 10 (2.10 g, 4.83 mmol) and triflic anhydride (1.06 mL, 6.28 mmol) in CH3Cl2 (50 mL) was 

added triethylamine (0.88 mL, 6.28 mmol) at 0 °C. The mixture was stirred at room temperature for 8 h. The 

reaction mixture was poured into water (200 mL) and extracted from the aqueous phase with EtOAc. The 

organic layer was dried with MgSO4 and evaporated under reduced pressure. The residue was purified by 

flash column chromatography (20% EtOAc/hexane) to provide 11 (1.73 g, 79%) as a colorless oil: 1H NMR 

(500 MHz, CDCl3) δ 7.21-7.15 (m, 4H), 7.00-6.98 (m, 2H), 6.76-6.74 (m, 2H), 4.80 (br, 1H), 2.70-2.60 (m, 
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2H), 2.07-2.00 (m, 2H), 1.82-1.78 (m, 8H), 1.61-1.57 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 154.05, 

147.72, 147.30, 143.59, 134.83, 130.98, 130.56, 128.93, 120.77, 118.70 (q, J = 318.8 Hz), 115.02, 34.21, 

34.19, 33.79, 33.72, 21.52; MS (EI) m/z 452 (M+, 100), 319, 237. HRMS (EI) m/z calcd for C23H23O3SF3 

452.1269, found 452.1264. 

2,2'-[4,4'-(Bicyclo[3.3.1]non-9-ylidenemethylene)bis(4,1-phenylene)]bis(oxy)diacetic acid (12). To the 

mixture of 7 (0.12 g, 0.37 mmol) and Cs2CO3 (0.29 g, 0.88 mmol) in CH3CN (15 mL) was added methyl 

bromoacetate (0.08 mL, 0.08 mmol). The mixture was stirred at room temperature for 24 h. The reaction 

mixture was poured into 1 N HCl (100 mL) and extracted from the aqueous phase with EtOAc. The organic 

layer was dried with MgSO4 and evaporated under reduced pressure. 2N KOH (2.0 mL) was added to the 

reaction residue dissolved in CH3OH (4.0 mL). The mixture was stirred at room temperature for 24 h, and 

poured into 1 N HCl (4.0 mL) and extracted from the aqueous phase with EtOAc. The organic layer was 

dried with MgSO4 and evaporated under reduced pressure. Flash column chromatography 

(CH3COOH/CH3OH/CH2Cl2 = 1/9/90) gave 12 (0.12 g, 75%): 1H NMR (400 MHz, DMSO-d4) δ 6.95 (d, J = 

8.4 Hz, 4H), 6.77 (d, J = 8.0 Hz, 2H), 4.49 (s, 4H), 2.57 (m, 2H), 1.98-1.89 (m, 2H), 1.71 (m, 8H), 1.52-1.50 

(m, 2H); 13C NMR (100 MHz, methanol-d4) δ 171.00, 156.38, 143.83, 135.19, 129.98, 129.78, 114.03, 65.29, 

33.60, 33.26, 21.26; MS (ESI) m/z 437 (M+ + 1, 100), 379. HRMS (ESI) m/z calcd for C26H29O6 437.1964, 

found 437.1952. 

Methyl 2-[4-[bicyclo[3.3.1]non-9-ylidene[4-(tert-butyldimethylsilyloxyphenyl)methyl]phenoxy]acetate 

(14). According to the general procedure for O-alkylation reaction with 10 (0.15 g, 0.34 mmol) and methyl 

2-bromoacetate (0.1 mL, 1.02 mmol), the isolated yield of product 14 was 0.14 g (82%) as a colorless oil. 1H 

NMR (400 MHz, CDCl3) δ 7.10-6.98 (m, 4H), 6.84-6.72 (m, 4H), 4.62 (s, 2H), 3.81 (s, 3H), 2.70-2.69 (m, 

2H), 2.06-1.99 (m, 2H), 1.85-1.74 (m, 8H), 1.61-1.57 (m, 2H), 0.99 (s, 9H), 0.21(s, 6H); 13C NMR (100 

MHz, CDCl3) δ 169.51, 155.94, 153.68, 145.04, 136.93, 136.08, 130.39, 130.22, 130.12, 119.24, 133.95, 

65.29, 52.15, 34.02, 33.73, 33.70, 25.60, 21.62, 18.06, -4.45; MS (EI) m/z 506 (M+, 100), 463, 299. HRMS 

(EI) m/z calcd for C31H42O4Si 506.2852, found 506.2853. 

2-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]acetic acid (15). Starting from 0.1 g 

(0.20 mmol) of the ester 14 and using the general procedure for hydrolysis of ester, 0.07 g (93%) of acid 

product 15 was obtained: 1H NMR (400 MHz, methanol-d4) δ 6.98 (d, J = 6.8 Hz, 2H), 6.88 (d, J = 6.4Hz, 

2H), 6.80 (d, J = 6.8 Hz, 2H), 6.66 (d, J = 6.8Hz, 2H), 4.40 (s, 2H), 2.65-2.62 (m, 2H), 2.03-1.97 (m, 2H), 

1.77-1.70 (m, 8H), 1.55-1.53(m, 2H); 13C NMR (100 MHz, methanol-d4) δ 177.06, 157.95, 156.62, 145.22, 
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137.68, 135.78, 132.31, 131.27, 131.21, 1115.69, 115.37, 68.14, 35.39, 34.77, 34.73, 22.72; MS (EI) m/z 387 

(M+), 334, 150 (100). HRMS (EI) m/z calcd for C24H26O4 378.1831, found 378.1826. 

(E)-Ethyl 3-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]acrylate (16). Following 

the general procedure for Heck coupling reaction and using the triflate 11 and ethyl acrylate as the reactants, 

0.14 g (72%) of 16 was obtained as a white solid: mp 69-70 °C; 1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 

16.4 Hz, 1H), 7.41 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H), 6.79-6.75 (m, 2H), 

6.39 (d, J = 16.4 Hz, 1H), 4.26 (q, J = 7.1 Hz, 2H), 2.71-2.68 (m, 2H), 2.06-1.99 (m, 2H), 1.33 (t, J = 7.0 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 167.52, 154.32, 146.58, 145.71, 144.80, 134.74, 131.94, 130.54, 130.08, 

129.84, 144.80, 134.74, 131.94, 130.54, 130.08, 129.84, 127.78, 117.10, 114.95, 60.58, 34.26, 34.17, 33.79, 

33.74, 21.56, 14.25; MS (EI) m/z 402 (M+, 100), 281, 107. HRMS (EI) m/z calcd for C27H30O3 402.2195, 

found 402.2190. 

(E)-3-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]acrylic acid (17). Starting from 

0.09 g (0.22 mmol) of the ester 16 and using the general procedure for hydrolysis of ester, 0.07 g (88%) of 

acid product 17 was obtained: 1H NMR (400 MHz, methanol-d4) δ 7.63 (d, J = 16.0 Hz, 1H), 7.48 (d, J = 8.0 

Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H), 6.71-6.68 (m, 2H), 6.42 (d, J = 15.6 Hz, 1H), 

2.69-2.63 (m, 2H), 2.09-2.01 (m, 2H), 1.87-1.75 (m, 8H), 1.59-1.56 (m, 2H); 13C NMR (100 MHz, 

methanol-d4) δ 170.56, 157.01, 147.16, 146.88, 146.22, 134.99, 133.52, 132.28, 131.41, 130.94, 128.90, 

118.58, 115.85, 35.69, 35.53, 34.81, 34.76, 22.86; MS (EI) m/z 374 (M+), 149, 135 (100). HRMS (EI) m/z 

calcd for C25H26O3 374.1882, found 374.1888. 

(E)-Methyl 4-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]but-3-enoate (18). 

Following the general procedure for Heck coupling reaction and using the triflate 11 and methyl 3-butenoate 

as the reactants, 0.11 g (61%) of 18 was obtained as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.27 (d, J 

= 8.4 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 7.02-6.99 (m, 2H), 6.75-6.72 (m, 2H), 6.46 (d, J = 16.0 Hz, 1H), 

6.28-6.21 (m, 1H), 4.98 (s, 1H), 3.71 (s, 3H), 3.24 (d, J = 7.2 Hz, 2H), 2.67 (m, 2H), 2.06-1.98 (m, 2H), 

1.86-1.74 (m, 8H), 1.61-1.56 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 173.25, 154.84, 146.72, 143.78, 

136.44, 135.39, 134.36, 131.56, 131.28, 130.54, 126.87, 115.80, 52.97, 39.29, 35.21, 35.11, 34.77, 22.63; 

MS (EI) m/z 402 (M+, 100). HRMS (EI) m/z calcd for C27H30O3 402.2195, found 402.2200. 

(E)-Ethyl 5-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]pent-4-enoate (19). 

Following the general procedure for Heck coupling reaction and using the triflate 11 and methyl 4-

pentenoate as the reactants, 0.13 g (41%) of 19 was obtained as a colorless oil: 1H NMR (500 MHz, CDCl3) 

δ 7.24 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 7.00 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 8.5 Hz, 2H), 6.39 
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(d, J = 16.0 Hz, 1H), 6.19-6.13 (m, 1H), 4.14 (q, J = 7.2 Hz, 2H), 2.74-2.70 (m, 2H), 2.54-2.45 (m, 4H), 

2.06-1.97 (m, 2H), 1.80-1.77 (m, 8H), 1.59-1.56 (m, 2H), 1.26 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, 

CDCl3) δ 173.22, 153.96, 145.56, 142.36, 135.42, 134.97, 130.76, 130.57, 130.37, 129.53, 127.81, 125.61, 

114.80, 60.46, 34.17, 34.12, 34.08, 33.76, 28.27, 21.63, 14.20; MS (EI) m/z 430 (M+, 100), 310, 170. HRMS 

(EI) m/z calcd for C29H34O3 430.2508, found 430.2511. 

(E)-Methyl 6-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]hex-5-enoate (20). 

Following the general procedure for Heck coupling reaction and using the triflate 11 and methyl 5-hexenoate 

as the reactants, 0.17 g (38%) of 20 was obtained as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.25 (d, J 

= 8.0 Hz, 2H), 7.08 (d, J = 12.0 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H), 6.75 (d, J = 8.8 Hz, 2H), 6.37 (d, J = 16.0 

Hz, 1H), 6.17-6.10 (m, 1H), 3.68 (s, 3H), 2.72 (m, 2H), 2.37 (t, J = 7.6 Hz, 2H), 2.24 (q, J = 6.8 Hz, 2H), 

2.08-1.97 (m, 2H), 1.85-1.78 (m, 8H), 1.61-1.56 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 175.46, 154.98, 

146.42, 143.21, 136.33, 136.10, 131.64, 131.51, 130.48, 146.42, 143.21, 136.33, 136.10, 131.64, 131.51, 

130.48, 130.20, 129.75, 126.49, 115.78, 52.62, 35.17, 35.08, 34.75, 34.34, 33.26, 25.49, 22.62; MS (EI) m/z 

430 (M+, 100), 332, 107. HRMS (EI) m/z calcd for C29H34O3 430.2508, found 430.2501. 

(E)-Ethyl 7-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]hept-6-enoate (21). 

Following the general procedure for Heck coupling reaction and using the triflate 11 and methyl 6-

heptenoate as the reactants, 0.09 g (35%) of 21 was obtained as a colorless oil: 1H NMR (500 MHz, CDCl3) 

δ 7.25 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 7.5 Hz, 2H), 7.02 (d, J = 8.5 Hz, 2H), 6.75 (d, J = 9.0 Hz, 2H), 6.36 

(d, J = 16.0 Hz, 1H), 6.20-6.13 (m, 1H), 4.15 (q, J=7.2 Hz, 2H), 2.72 (br, 2H), 2.34 (t, J = 7.5 Hz, 2H), 2.25-

2.20 (m, 2H), 2.03-1.98 (m, 2H), 1.87-1.46 (m, 14H), 1.26 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) 

δ 175.16, 154.96, 146.37, 143.07, 136.39, 136.30, 131.46, 130.98, 130.56, 130.47, 128.89, 126.45, 115.77, 

61.41, 35.21, 35.16, 35.10, 35.07, 34.76, 33.57, 29.82, 25.43, 22.62, 15.17; MS (ESI) m/z 459 (M+ + 1), 364 

(100). HRMS (ESI) m/z calcd for C31H39O3 459.2899, found 459.2899. 

(E)-4-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]but-3-enoic acid (22). Starting 

from 0.11 g (0.27 mmol) of the ester 18 and using the general procedure for hydrolysis of ester, 0.09 g (86%) 

of acid product 22 was obtained: 1H NMR (500 MHz, methanol-d4) δ 7.28 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 

8.0 Hz, 2H), 6.94-6.92 (m, 2H), 6.70-6.67 (m, 2H), 6.46 (d, J = 16.0 Hz, 2H), 6.32-6.26 (m, 1H), 3.20 (d, J = 

7.0 Hz, 2H), 2.69-2.66 (m, 2H), 2.10-2.03 (m, 2H), 1.85-1.77 (m, 8H), 1.60-1.57 (m, 2H); 13C NMR (125 

MHz, methanol-d4) δ 176.03, 156.83, 145.90, 144.00, 136.29, 135.49, 133.98, 132.64, 131.36, 130.49, 

126.82, 123.04, 115.75, 39.32, 35.58, 35.48, 34.79, 22.72; MS (EI) m/z 388 (M+, 100), 149, 57. HRMS (EI) 

m/z calcd for C26H28O3 388.2039, found 388.2042. 
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(E)-5-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]pent-4-enoic acid (23). Starting 

from 0.10 g (0.23 mmol) of the ester 19 and using the general procedure for hydrolysis of ester, 0.08 g (87%) 

of acid product 23 was obtained: 1H NMR (500 MHz, methanol-d4) δ 7.21 (d, J = 8.0 Hz, 2H), 7.01 (d, J = 

8.0 Hz, 2H), 6.92 (d, J = 8.5 Hz, 2H), 6.68 (d, J = 8.0 Hz, 2H), 6.38 (d, J = 15.5 Hz, 2H), 6.19-6.15 (m, 1H), 

2.68-2.61 (m, 2H), 2.44 (m, 4H), 2.06-1.99 (m, 2H), 1.78-1.73 (m, 8H), 1.56-1.53 (m, 2H); 13C NMR (125 

MHz, methanol-d4) δ 177.72, 156.73, 145.75, 143.58, 136.57, 135.49, 132.60, 131.88, 131.35, 130.41, 

129.00, 126.63, 115.72, 35.51, 35.41, 34.77, 34.75, 29.50, 22.71; MS (EI) m/z 402 (M+), 332 (100), 107. 

HRMS (EI) m/z calcd for C27H30O3 402.2195, found 402.2197. 

(E)-6-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]hex-5-enoic acid (24). Starting 

from 0.13 g (0.30 mmol) of the ester 20 and using the general procedure for hydrolysis of ester, 0.10 g (79%) 

of acid product 24 was obtained: 1H NMR (500 MHz, methanol-d4) δ 7.21 (d, J = 8.0 Hz, 2H), 7.01 (d, J = 

8.0 Hz, 2H), 6.92 (d, J = 8.5 Hz, 2H), 6.68 (d, J = 8.0 Hz, 2H), 6.34 (d, J = 16.0 Hz, 2H), 6.18-6.12 (m, 1H), 

2.68-2.65 (m, 2H), 2.31 (t, J = 7.0 Hz, 2H), 2.21 (q, J = 6.8 Hz, 2H), 2.04-1.99 (m, 2H), 1.79-1.73 (m, 8H), 

1.64-1.55 (m, 2H); 13C NMR (125 MHz, methanol-d4) δ 177.73, 156.74, 145.72, 143.46, 136.76, 135.53, 

132.64, 131.80, 131.35, 130.41, 130.08, 126.58, 115.71, 35.52, 35.43, 34.78, 34.46, 33.46, 25.83, 22.72; MS 

(ESI) m/z 417 (M+ + 1, 100), 373. HRMS (ESI) m/z calcd for C28H33O3 417.2430, found 417.2420. 

(E)-7-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]hept-6-enoic acid (25). Starting 

from 0.10 g (0.22 mmol) of the ester 21 and using the general procedure for hydrolysis of ester, 0.08 g (88%) 

of acid product 25 was obtained: 1H NMR (500 MHz, methanol-d4) δ 7.23 (d, J = 8.5 Hz, 2H), 7.02 (d, J = 

8.0 Hz, 2H), 6.92 (d, J = 9.0Hz, 2H), 6.68 (d, J = 8.5 Hz, 2H), 6.36 (d, J = 15.5 Hz, 1H), 6.22-6.17 (m, 1H), 

2.69-2.66 (m, 2H), 2.29 (t, J = 7.5 Hz, 2H), 2.25-2.19 (m, 2H), 2.10-2.02 (m, 2H), 2.00-1.75 (m, 8H), 1.68-

1.47 (m, 6H); 13C NMR (125 MHz, methanol-d4) δ 177.89, 156.75, 145.68, 143.38, 136.92, 135.55, 

132.68,131.36, 130.68, 130.40, 130.12, 126.53, 115.72, 35.53, 35.44, 35.38, 34.95, 34.77, 33.75, 30.00, 

25.69, 22.72; MS (ESI) m/z 431 (M+ + 1, 100), 358. HRMS (ESI) m/z calcd for C29H35O3 431.2586, found 

431.2585. 

Methyl hydrogen 4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]styrylphosphonate (26). To 

the mixture of 11 (0.22 g, 0.49 mmol), Pd(PPh3)2Cl2 (0.07 mmol, 0.01 mmol) and triethylamine (1.0 mL) in 

DMF (3.0 mL) was added dimethyl vinylphosphonate (0.67 g, 4.9 mmol) at room temperature under N2 

atmosphere. The mixture was stirred at 120 °C for 24 h. The reaction mixture was cooled to room 

temperature and was poured into 1 N HCl (30 mL) and extracted from the aqueous phase with EtOAc. The 

organic layer was dried with MgSO4 and evaporated under reduced pressure. 2N KOH (2.0 mL) was added 
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to the reaction residue dissolved in CH3OH (4.0 mL). The mixture was stirred at room temperature for 24 h, 

and poured into 1 N HCl (4.0 mL) and extracted from the aqueous phase with EtOAc. The organic layer was 

dried with MgSO4 and evaporated under reduced pressure. Flash column chromatography (10% CH3OH 

/CH2Cl2) gave 26 (0.12 g, 57 %) as a white solid: mp 145-146 °C; 1H NMR (400 MHz, DMSO-d6) δ 7.49 (d, 

J = 7.5 Hz, 2H), 7.25-7.17 (m, 1H), 7.06 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H), 6.67 (d, J = 8.5 Hz, 

2H), 6.42-6.35 (m, 1H), 3.49 (d, J = 11.0 Hz, 3H), 2.61-2.54 (m, 2H), 2.00-1.94 (m, 2H), 1.72-1.71 (m, 8H), 

1.53-1.51 (m, 2H); 13C NMR (125 MHz, methanol-d4) δ 155.90, 144.65, 144.42, 133.22, 133.00, 132.69, 

130.33, 130.00, 129.32, 127.34, 117.38 (d, J = 232.4 Hz), 114.97, 51.30 (d, J = 5.8 Hz), 33.80, 33.61, 33.29, 

33.25, 21.20; MS (ESI) m/z 425 (M+ + 1, 100). HRMS (ESI) m/z calcd for C25H30O4P 425.1882, found 

425.1868. 

Ethyl 4-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]butanoate (27). According to 

the general procedure for O-alkylation reaction with 7 and ethyl 4-bromobutanoate, the isolated yield of 

product 27 was 0.07 g (40%) as a white solid: 78-79 °C; 1H NMR (400 MHz, CDCl3) δ 7.06-6.98 (m, 4H), 

6.80-6.72 (m, 4H), 4.91 (s, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.97 (t, J = 6.0 Hz, 2H), 2.69 (m, 2H), 1.84-2.12-

1.98 (m, 4H), 1.85-1.73 (m, 8H), 1.60-1.56 (m, 2H), 1.25 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

174.46, 157.99, 154.71, 145.95, 136.93, 136.86, 131.49, 131.30, 131.08, 115.73, 114.78, 67.51, 61.48, 35.10, 

34.76, 31.85, 25.66, 22.67, 15.18; MS (EI) m/z 434 (M+), 227, 115 (100). HRMS (EI) m/z calcd for C28H34O4 

434.2457, found 434.2452. 

Methyl 5-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]pentanoate (28). According 

to the general procedure for O-alkylation reaction with 7 and methyl 5-bromopentanoate, the isolated yield 

of product 28 was 0.07 g (41%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.06-6.99 (m, 4H), 6.80-

6.72 (m, 4H), 3.94 (t, J = 5.6 Hz, 2H), 2.07-1.97 (m, 2H), 1.84-1.73 (m, 25H), 1.60-1.56 (m, 2H); 13C NMR 

(100 MHz, CDCl3) δ 175.27, 158.03, 154.81, 145.82, 136.78, 131.46, 131.28, 131.11, 115.71, 114.73, 88.79, 

68.12, 52.64, 35.07, 34.74, 34.67, 29.63, 22.66, 22.61; MS (EI) m/z 434 (M+, 100). HRMS (EI) m/z calcd for 

C28H34O4 434.2457, found 434.2451. 

Ethyl 6-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoate (29). According to 

the general procedure for O-alkylation reaction with 7 and ethyl 6-bromohexanoate, the yield of compound 

29 was 0.21 g (45%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.06-6.99 (m, 4H), 6.81-6.74 (m, 4H), 

5.90 (br, 1H), 4.15 (q, J = 7.1 Hz, 2H), 3.93 (t, J = 6.4 Hz, 2H), 2.71 (br, 2H), 2.35 (t, J = 7.4 Hz, 2H), 2.08-

1.97 (m, 2H), 1.86-1.67 (m, 12H), 1.60-1.46 (m, 4H), 1.26 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 175.18, 158.09, 154.96, 145.70, 136.74, 136.62, 131.41, 131.26, 131.18, 115.71, 114.73, 68.42, 61.45, 
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35.24, 35.04, 34.72, 29.90, 26.60, 25.64, 22.63, 15.14; MS (EI) m/z 462 (M+, 100). HRMS (EI) m/z calcd for 

C30H38O4 462.2770, found 462.2766. 

Ethyl 7-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]heptanoate (30). According 

to the general procedure for O-alkylation reaction with 7 and ethyl 7-bromoheptanoate, the isolated yield of 

product 30 was 0.18 g (38%) as a colorless oil: 1H NMR (500 MHz, CDCl3) δ 7.06 (d, J = 8.5 Hz, 2H), 7.02 

(d, J = 9.0 Hz, 2H), 6.81 (d, J = 8.5 Hz, 2H), 6.76 (d, J = 8.5 Hz, 2H), 5.94 (s, 1H), 4.16 (q, J = 7.0 Hz, 2H), 

3.93 (t, J = 6.5 Hz, 2H), 2.73 (br, 2H), 2.34 (t, J = 7.5 Hz, 2H), 2.08-1.99 (m, 2H), 1.87-1.75 (m, 10H), 1.71-

1.58 (m, 4H), 1.51-1.37 (m, 4H), 1.27 (t, J = 7.2 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 175.32, 158.14, 

154.95, 145.67, 136.70, 136.63, 131.40, 131.24, 131.20, 115.71, 114.74, 68.60, 61.42, 35.25, 35.04, 34.71, 

30.04, 29.76, 26.67, 25.79, 22.62, 15.14; MS (EI) m/z 476 (M+), 446 (100), 255. HRMS (EI) m/z calcd for 

C31H40O4 476.2927, found 476.2918. 

Ethyl 11-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]nudecanoate (31). 

According to the general procedure for O-alkylation reaction with 7 and ethyl 11-bromoundecanoate, the 

isolated yield of product 31 was 0.24 g (36%) as a colorless oil: 1H NMR (500 MHz, CDCl3) δ 7.08-7.00 (m, 

4H), 6.84-6.76 (m, 4H), 4.16 (q, J = 7.2 Hz, 2H), 3.94 (t, J = 6.5 Hz, 2H), 2.73 (br, 2H), 2.33 (t, J = 7.7 Hz, 

2H), 2.08-1.99 (m, 2H), 1.87-1.58 9 (m 14H), 1.48-1.42 (m, 2H), 1.38-1.26 (m, 13H); 13C NMR (125 MHz, 

CDCl3) δ 175.51, 158.71, 155.04, 145.56, 136.67, 136.53, 131.36, 131.27, 131.22, 115.72, 114.75, 68.79, 

61.39, 35.35, 35.04, 35.01, 34.70, 30.38, 30.26, 30.22, 30.11, 30.00, 26.97, 25.87, 22.62, 15.12; MS (EI) m/z 

532 (M+), 446 (100), 223. HRMS (EI) m/z calcd for C35H48O4 532.3553, found 532.3558. 

4-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]butanoic acid (32). Starting from 

0.15 g (0.34 mmol) of the ester 27 and using the general procedure for hydrolysis of ester, 0.14 g (97%) of 

acid product 32 was obtained: 1H NMR (500 MHz, methanol-d4) δ 7.26 (s 1H), 7.05-6.99 (m, 4H), 6.80-6.71 

(m, 4H), 3.98 (t, J = 6.0 Hz, 2H), 2.69 (br, 2H), 2.58 (t, J = 7.5 Hz, 2H), 2.12-1.98 (m, 4H), 1.84-1.77 (m, 

8H), 1.60-1.54 (m, 2H); 13C NMR (125 MHz, methanol-d4) δ 177.16, 158.67, 156.69, 145.12, 137.26, 135.92, 

132.49, 131.29, 131.27, 115.66, 114.96, 67.98, 35.48, 35.45, 34.77, 31.52, 25.94, 22.75; MS (EI) m/z 406 

(M+), 285, 141 (100). HRMS (EI) m/z calcd for C26H30O4 406.2144, found 406.2143. 

5-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]pentanoic acid (33). Starting from 

0.12 g (0.28 mmol) of the ester 28 and using the general procedure for hydrolysis of ester, 0.11 g (92%) of 

acid product 33 was obtained: 1H NMR (400 MHz, methanol-d4) δ 7.00-6.90 (m, 4H), 6.78-6.66 (m, 4H), 

3.91 (t, J = 5.2 Hz, 2H), 2.66 (br, 2H), 2.35 (br, 2H), 2.08-1.98 (m, 2H), 1.84-1.72 (m, 12H), 1.58-1.54 (m, 

2H); 13C NMR (100 MHz, methanol-d4) δ 177.43, 158.70, 156.62, 145.07, 137.07, 135.91, 132.42, 131.31, 
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131.25, 115.65, 114.89, 68.50, 35.41, 30.77, 29.85, 22.84, 22.76; MS (EI) m/z 420 (M+, 100), 285, 107. 

HRMS (EI) m/z calcd for C27H32O4 420.2301, found 420.2301. 

6-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoic acid (34). Starting from 

0.09 g (0.19 mmol) of the ester 29 and using the general procedure for hydrolysis of ester, 0.08 g (98%) of 

acid product 34 was obtained: 1H NMR (400 MHz, methanol-d4) δ 6.98 (d, J = 6.8 Hz, 2H), 6.91 (d, J = 

6.8Hz , 2H), 6.76 (d, J = 6.8 Hz, 2H), 6.67 (d, J = 6.8 Hz, 2H), 3.89 (t, J = 5.0 Hz, 2H), 2.66 (br, 2H), 2.29 (t, 

J = 5.8 Hz, 2H), 2.07-1.98 (m, 2H), 1.80-1.44 (m, 16H); 13C NMR (100 MHz, methanol-d4) δ 177.73, 

158.80, 156.67, 145.07, 137.05, 135.93, 132.48, 131.34, 131.27, 115.66, 114.90, 68.70, 35.41, 34.90, 34.76, 

30.13, 26.76, 25.85, 22.76; MS (ESI) m/z 435 (M+ + 1, 100). HRMS (ESI) m/z calcd for C28H35O4 435.2535, 

found 435.2556. 

7-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]heptanoic acid (35). Starting from 

0.11 g (0.23 mmol) of the ester 30 and using the general procedure for hydrolysis of ester, 0.10 g (96%) of 

acid product 35 was obtained: 1H NMR (500 MHz, methanol-d4) δ 6.98 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.5 

Hz, 2H), 6.77 (d, J = 8.5 Hz, 2H), 6.67 (d, J = 8.5 Hz, 2H), 4.89 (br, 1H), 3.90 (t, J = 6.5 Hz, 2H), 2.67-2.66 

(m, 2H), 2.80 (t, J = 7.2 Hz, 2H), 2.08 -1.99 (m, 2H), 1.84-1.70 (m, 10H), 1.64-1.53 (m, 4H), 1.49-1.35 (m, 

4H); 13C NMR (125 MHz, methanol-d4) δ 177.65, 158.82, 156.64, 145.06, 137.04, 135.94, 132.49, 131.31, 

131.24, 115.65, 114.92, 68.84, 35.45, 35.43, 34.87, 34.77, 30.28, 29.96, 26.88, 26.01, 22.75; MS (EI) m/z 

448 (M+, 100), 284, 141. HRMS (EI) m/z calcd for C29H36O4 448.2614, found 448.2619. 

11-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]nudecanoic acid (36). Starting 

from 0.15 g (0.28 mmol) of the ester 31 and using the general procedure for hydrolysis of ester, 0.14 g (99%) 

of acid product 36 was obtained: 1H NMR (500 MHz, methanol-d4) δ 6.99-6.90 (m, 4H), 6.76-6.66 (m, 4H), 

3.87 (t, J = 6.5 Hz, 2H), 2.66 (br, 2H), 2.25 (t, J = 7.5 Hz, 2H), 2.05 -1.98 (m, 2H), 1.78-1.68 (m, 10H), 1.57-

1.56 (m, 4H), 1.42-1.29 (m, 12H); 13C NMR (125 MHz, methanol-d4) δ 177.87, 158.80, 156.62, 145.02, 

136.98, 135.92, 132.48, 131.31, 131.24, 115.66, 114.91, 68.92, 35.42, 35.06, 34.77, 30.66, 30.54, 30.49, 

30.46, 30.41, 30.24, 27.17, 26.12, 22.76; MS (EI) m/z 504 (M+), 446 (100), 141. HRMS (EI) m/z calcd for 

C33H44O4 504.3240, found 504.3234. 

(4-tert-Butyldimethylsilyloxyphenyl) (4-hydroxyphenyl) methylenecyclohexane (37). To the mixture of 8 

(2.17 g, 7.74 mmol) and imidazole ( 0.74 g, 10.84 mmol) in THF (50 mL) was added TBDMSCl (1.63 g, 

10.84 mmol) at room temperature. The mixture was stirred at room temperature for 24 h. The reaction 

mixture was poured into water (200 mL) and extracted from the aqueous phase with EtOAc (200 mL). The 

organic layer was dried with MgSO4 and evaporated under reduced pressure. The residue was purified by 
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flash column chromatography (20% EtOAc/hexane) to provide 37 (1.22 g, 40%): 1H NMR (400 MHz, 

CDCl3) δ 6.99-6.97 (m, 4H), 6.77-6.74 (m, 4H), 6.40 (br, 1H), 2.27-2.26 (m, 4H), 1.61 (br, 6H), 1.00 (s, 9H), 

0.22 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 153.90, 153.65, 138.11, 136.44, 135.72, 133.56, 131.01, 130.83, 

119.22, 114.71, 32.43, 28.62, 25.61, 18.08, -4.47; MS (EI) m/z 394 (M+, 100), 337, 187. HRMS (EI) m/z 

calcd for C25H34O2Si 394.2328, found 394.2329. 

(4-Hydroxyphenyl) (4-trifluoromethanesulfonylphenyl) methylenecyclohexane (38). To the mixture of 

37 (0.33 g, 0.84 mmol) and triflic anhydride (0.18 mL, 1.09 mmol) in CH3Cl2 (50 mL) was added 

triethylamine (0.15 mL, 1.09 mmol) at 0 °C. The mixture was stirred at room temperature for 8 h. The 

reaction mixture was poured into water (200 mL) and extracted from the aqueous phase with EtOAc. The 

organic layer was dried with MgSO4 and evaporated under reduced pressure. The residue was purified by 

flash column chromatography (20% EtOAc/hexane) to provide 38 (0.28 g, 82%) as a colorless oil: 1H NMR 

(500 MHz, CDCl3) δ 7.17-6.95 (m, 6H), 6.77-6.76 (m, 2H), 4.98 (s, 1H), 2.26-2.19 (m, 4H), 1.61-1.59 (m, 

6H); 13C NMR (125 MHz, CDCl3) δ 154.02, 147.90, 143.67, 140.75, 134.85, 132.04, 131.88, 131.06, 120.90, 

118.80 (q, J = 318.9 Hz), 114.82, 32.43, 28.46, 26.54; MS (EI) m/z 412 (M+, 100), 279, 211. HRMS (EI) m/z 

calcd for C20H19O4SF3 412.0956, found 412.0960. 

(E)-ethyl 3-[4-[cyclohexylidene(4-hydroxyphenyl)methyl]phenyl]acrylate (39). Following the general 

procedure for Heck coupling reaction and using the triflate 38 and methyl acrylate as the reactants, 0.12 g 

(65%) of 39 was obtained as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 16.0 Hz, 1H), 7.40 (d, 

J = 8.4 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 6.97-6.94 (m, 2H), 6.79-6.76 (m, 2H), 6.39 (d, J = 16.0 Hz, 1H), 

4.26 (q, J = 7.1 Hz, 2H), 2.27-2.24 (m, 4H), 1.60 (m, 6H), 1.33 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 167.56, 154.39, 145.79, 144.82, 139.82, 134.76, 133.34, 131.96, 131.06, 130.36, 127.67, 117.16, 

114.87, 60.61, 32.47, 28.61, 26.70, 14.24; MS (EI) m/z 362 (M+, 100), 333, 101. HRMS (EI) m/z calcd for 

C24H26O3 362.1882, found 362.1879. 

Ethyl 6-[4-[cyclohexylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoate (40). According to the general 

procedure for O-alkylation reaction with 8 and ethyl 6-bromohexanoate, the isolated yield of product 40 was 

0.18 g (34%) as a colorless oil: 1H NMR (500 MHz, CDCl3) δ 7.02-6.95 (m, 4H), 6.80-6.73 (m, 4H), 5.85 (s, 

1H), 4.15 (q, J = 7.2 Hz, 2H), 3.93 (t, J = 6.2 Hz, 2H), 2.35 (t, J = 7.5 Hz, 2H), 2.25-2.24 (m, 4H), 1.99-1.67 

(m, 4H), 1.59-1.57 (m, 6H), 1.53-1.46 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 

174.15, 157.14, 153.97, 138.11, 135.77, 135.70, 133.43, 130.98, 130.81, 114.63, 113.67, 67.46, 60.44, 34.25, 

32.42, 28.90, 28.62, 26.81, 25.60, 24.64, 14.15; MS (EI) m/z 422 (M+, 100), 279, 143. HRMS (EI) m/z calcd 

for C27H34O4 422.2457, found 422.2466. 
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Methyl 2-[4-[cyclohexylidene(4-tert-butyldimethylsilyloxyphenyl)methyl]phenoxy]acetate (41). 

According to the general procedure for O-alkylation reaction with 37 and methyl 2-bromoacetate, the 

isolated yield of product 41 was 0.26 g (77%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.03 (d, J = 

8.8 Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 6.74 (d, J = 8.4 Hz, 2H), 4.62 (s, 2H), 3.81 (s, 

3H), 2.22 (m, 4H), 1.59 (m, 6H), 0.98 (s, 9H), 0.20 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 169.50, 155.95, 

153.75, 138.44, 136.98, 136.14, 133.33, 130.95, 130.77, 119.20, 113.86, 65.29, 52.18, 32.41, 28.62, 26.80, 

25.61, 18.09, -4.45; MS (EI) m/z 466 (M+, 100), 446, 275. HRMS (EI) m/z calcd for C28H38O4Si 466.2539, 

found 466.2544. 

(E)-3-[4-[cyclohexylidene(4-hydroxyphenyl)methyl]phenyl]acrylic acid (42). Starting from 0.11 g (0.30 

mmol) of the ester 39 and using the general procedure for hydrolysis of ester, 0.09 g (85%) of acid product 

42 was obtained: 1H NMR (500 MHz, methanol-d4) δ 7.63 (d, J = 15.6 Hz, 1H), 7.48 (d, J = 8.4 Hz, 2H), 

7.10 (d, J = 8.0 Hz, 2H), 6.90-6.86 (m, 2H), 6.71-6.67(m, 2H), 6.43 (d, J = 16.0 Hz, 1H), 2.25-2.20 (m, 4H), 

1.59 (m, 6H); 13C NMR (125 MHz, methanol-d4) δ 170.54, 157.02, 147.26, 146.21, 140.34, 135.35, 135.11, 

133.54, 131.94, 131.46, 128.80, 118.64, 115.76, 33.51, 29.73, 27.87; MS (EI) m/z 334 (M+, 100), 253, 150. 

HRMS (EI) m/z calcd for C22H22O3 334.1569, found 334.1573. 

6-[4-[cyclohexylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoic acid (43). Starting from 0.16 g (0.38 

mmol) of the ester 40 and using the general procedure for hydrolysis of ester, 0.14 g (93%) of acid product 

43 was obtained: 1H NMR (500 MHz, methanol-d4) δ 6.94-6.85 (m, 4H), 6.77-6.66 (m, 4H), 3.90 (t, J = 6.2 

Hz, 2H), 2.30 (t, J = 7.5 Hz, 2H), 2.22-2.19 (m, 4H), 1.77-1.46 (m, 12H); 13C NMR (125 MHz, methanol-d4) 

δ 177.68, 158.77, 156.64, 138.58, 137.12, 136.00, 135.52, 131.86, 131.80, 115.55, 114.80, 68.71, 34.91, 

33.47, 30.12, 29.75, 27.97, 26.75, 25.85; MS (ESI) m/z 395 (M+ + 1), 228 (100), 115. HRMS (ESI) m/z calcd 

for C25H31O4 395.2222, found 395.2216. 

2-[4-[Cyclohexylidene(4-hydroxyphenyl)methyl]phenoxy]acetic acid (44). Starting from 0.20 g (0.43 

mmol) of the ester 41 and using the general procedure for hydrolysis of ester, 0.14 g (95%) of acid product 

44 was obtained: 1H NMR (500 MHz, methanol-d4) δ 6.97 (d, J = 8.0 Hz, 2H), 6.84 (d, J = 8.5 Hz, 2H), 6.81 

(d, J = 8.0 Hz, 2H), 6.67 (d, J = 8.0 Hz, 2H), 4.57 (s, 2H), 2.20 (m, 4H), 1.55 (m, 6H); 13C NMR (125 MHz, 

methanol-d4) δ 173.62, 157.72, 156.67, 138.87, 138.02, 135.84, 135.30, 131.83, 115.58, 114.98, 66.25, 33.42, 

29.71, 27.93; MS (ESI) m/z 339 (M+ + 1), 250 (100). HRMS (ESI) m/z calcd for C21H23O4 339.1596, found 

339.1602. 

Ethyl 6-[4-[bicyclo[3.3.1]non-9-ylidene(phenyl)methyl]phenoxy]hexanoate (45). According to the 

general procedure for O-alkylation reaction with 9 and ethyl 6-bromohexanoate, the yield of compound 29 
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was 0.34 g (99%) as a colorless oil: 1H NMR (500 MHz, CDCl3) δ 7.30-7.26 (m, 2H), 7.21-7.17 (m, 3H), 

7.09 (d, J = 8.5 Hz, 2H), 6.82 (d, J = 8.5 Hz, 2H), 4.15 (q, J = 7.2 Hz, 2H), 3.95 (t, J = 6.2 Hz, 2H), 2.76-

2.70 (m, 2H), 2.35 (t, J = 7.5 Hz, 2H), 2.10-2.01 (m, 2H), 1.90-1.49 (m, 16H), 1.28 (t, J = 7.0 Hz, 3H); 13C 

NMR (125 MHz, CDCl3) δ 174.54, 158.24, 146.16, 144.32, 136.31, 131.76, 131.24, 130.20, 128.82, 126.78, 

114.74, 68.35, 61.13, 35.17, 35.09, 34.99, 34.72, 29.93, 26.61, 25.64, 22.62, 15.17; MS (EI) m/z 446(M+, 

100), 303, 143. HRMS (EI) m/z calcd for C30H38O3 446.2821, found 446.2820. 

6-[4-[bicyclo[3.3.1]non-9-ylidene(phenyl)methyl]phenoxy]hexanoic acid (46). Starting from 0.30 g (0.67 

mmol) of the ester 45 and using the general procedure for hydrolysis of ester, 0.27 g (97%) of acid product 

46 was obtained: 1H NMR (500 MHz, methanol-d4) δ 7.23-7.20 (m, 2H), 7.14-7.09 (m, 3H), 7.00 (d, J = 9.0 

Hz, 2H), 6.77 (d, J = 9.0 Hz, 2H), 3.89 (t, J = 6.5 Hz, 2H), 2.68-2.60 (m, 2H), 2.29 (t, J = 7.2 Hz, 2H), 2.08-

1.99 (m, 2H), 1.85-1.44 (m, 16H); 13C NMR (125 MHz, methanol-d4) δ 177.68, 158.90, 145.89, 144.63, 

136.52, 132.74, 131.26, 130.22, 128.96, 127.03, 115.01, 68.74, 35.51, 35.38, 34.95, 34.76, 30.13, 26.78, 

25.87, 22.72 ; MS (EI) m/z 418 (M+, 100), 221, 69. HRMS (EI) m/z calcd for C28H34O3 418.2508, found 

418.2507. 



SERDs with Alternate Core Structures - SI March 3, 2010 Kieser et al. 
 

 
Page S14 

II. 1H and 13C NMR Spectra 
 
9-[(4-hydroxyphenyl)(phenyl)methylene]bicyclo[3.3.1]-nonane (9).  
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 

 
 
9-[(4-tert-Butyldimethylsilyloxyphenyl) (4-hydroxyphenyl) methylene]bicyclo[3.3.1]-nonane (10). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 
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9-[(4-Trifluoromethanesulfonylphenyl) (4-hydroxyphenyl) methylene]bicyclo[3.3.1]-nonane (11).  
1H NMR (500 MHz, CDCl3) 

 
13C NMR (125 MHz, CDCl3) 

 
 
2,2'-[4,4'-(Bicyclo[3.3.1]non-9-ylidenemethylene)bis(4,1-phenylene)]bis(oxy)diacetic acid (12). 
1H NMR (400 MHz, DMSO-d4) 

 
13C NMR (100 MHz, DMSO-d4) 
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Methyl 2-[4-[bicyclo[3.3.1]non-9-ylidene[4-(tert-butyldimethylsilyloxyphenyl)methyl]phenoxy]acetate 
(14). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 

 
 
2-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]acetic acid (15). 
1H NMR (400 MHz, methanol-d4) 

 
13C NMR (100 MHz, methanol-d4) 
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(E)-Ethyl 3-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]acrylate (16). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 

 
 
(E)-3-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]acrylic acid (17). 
1H NMR (400 MHz, methanol-d4) 

 
13C NMR (100 MHz, methanol-d4) 
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(E)-Methyl 4-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]but-3-enoate (18). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 

 
 
(E)-Ethyl 5-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]pent-4-enoate (19). 
1H NMR (500 MHz, CDCl3) 

 
13C NMR (125 MHz, CDCl3) 
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(E)-Methyl 6-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]hex-5-enoate (20). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 

 
 
(E)-Ethyl 7-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]hept-6-enoate (21). 
1H NMR (500 MHz, CDCl3) 

 
13C NMR (125 MHz, CDCl3) 
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(E)-4-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]but-3-enoic acid (22). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 

 
 
(E)-5-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]pent-4-enoic acid (23). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 
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(E)-6-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]hex-5-enoic acid (24). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 

 
 
(E)-7-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]hept-6-enoic acid (25). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 
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Methyl hydrogen 4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]styrylphosphonate (26). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 

 
 
Ethyl 4-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]butanoate (27). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 
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Methyl 5-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]pentanoate (28). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 

 
 
Ethyl 6-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoate (29). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 
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Ethyl 7-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]heptanoate (30). 
1H NMR (500 MHz, CDCl3) 

 
13C NMR (125 MHz, CDCl3) 

 
 
Ethyl 11-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]nudecanoate (31). 
1H NMR (500 MHz, CDCl3) 

 
13C NMR (125 MHz, CDCl3) 
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4-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]butanoic acid (32). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 

 
 
5-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]pentanoic acid (33). 
1H NMR (400 MHz, methanol-d4) 

 
13C NMR (100 MHz, methanol-d4) 
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6-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoic acid (34). 
1H NMR (400 MHz, methanol-d4) 

 
13C NMR (100 MHz, methanol-d4) 

 
 
7-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]heptanoic acid (35). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 
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11-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]nudecanoic acid (36). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 

 
 
(4-tert-Butyldimethylsilyloxyphenyl) (4-hydroxyphenyl) methylenecyclohexane (37). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 
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(4-Hydroxyphenyl) (4-trifluoromethanesulfonylphenyl) methylenecyclohexane (38). 
1H NMR (500 MHz, CDCl3) 

 
13C NMR (125 MHz, CDCl3) 

 
 
(E)-ethyl 3-[4-[cyclohexylidene(4-hydroxyphenyl)methyl]phenyl]acrylate (39). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 
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Ethyl 6-[4-[cyclohexylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoate (40). 
1H NMR (500 MHz, CDCl3) 

 
13C NMR (125 MHz, CDCl3) 

 
 
Methyl 2-[4-[cyclohexylidene(4-tert-butyldimethylsilyloxyphenyl)methyl]phenoxy]acetate (41). 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (100 MHz, CDCl3) 
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(E)-3-[4-[cyclohexylidene(4-hydroxyphenyl)methyl]phenyl]acrylic acid (42). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 

 
 
6-[4-[cyclohexylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoic acid (43). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 
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2-[4-[Cyclohexylidene(4-hydroxyphenyl)methyl]phenoxy]acetic acid (44). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 

 
 
Ethyl 6-[4-[bicyclo[3.3.1]non-9-ylidene(phenyl)methyl]phenoxy]hexanoate (45). 
1H NMR (500 MHz, CDCl3) 

 
13C NMR (125 MHz, CDCl3) 
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6-[4-[bicyclo[3.3.1]non-9-ylidene(phenyl)methyl]phenoxy]hexanoic acid (46). 
1H NMR (500 MHz, methanol-d4) 

 
13C NMR (125 MHz, methanol-d4) 
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HPLC Spectra 
 
9-[(4-Trifluoromethanesulfonylphenyl) (4-hydroxyphenyl) methylene]bicyclo[3.3.1]-nonane (11). 
 
Reverse Phase (Method H2O:MeOH:AcOH 10:90:0.1, Flow rate 1mL/min) 
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Normal Phase (Method EtOAc:Hx:AcOH 10:90:0.2, Flow rate 1mL/min) 
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2-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]acetic acid (15). 
 
Reverse Phase (Method H2O:MeOH:AcOH 20:80:0.1, Flow rate 1mL/min) 
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Normal Phase (Method i-PrOH:CH2Cl2:AcOH 10:90:0.5, Flow rate 1mL/min) 
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(E)-3-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]acrylic acid (17). 
 
Reverse Phase (Method H2O:MeOH:AcOH 20:80:0.1, Flow rate 1mL/min) 
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Normal Phase (Method i-PrOH:CH2Cl2:Hx:AcOH 5:35:60:0.5, Flow rate 1mL/min) 
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(E)-4-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]but-3-enoic acid (22). 
 
Reverse Phase (Method H2O:MeOH:AcOH 15:85:0.1, Flow rate 1mL/min) 
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Normal Phase (Method i-PrOH:CH2Cl2:Hx:AcOH 5:35:60:0.5, Flow rate 1mL/min) 
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(E)-5-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]pent-4-enoic acid (23). 
 
Reverse Phase (Method H2O:MeOH:AcOH 10:90:0.1, Flow rate 1mL/min) 
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Normal Phase (Method i-PrOH:CH2Cl2:Hx:AcOH 3:27:70:0.5, Flow rate 1mL/min) 
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(E)-6-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]hex-5-enoic acid (24). 
 
Reverse Phase (Method H2O:MeOH:AcOH 10:90:0.1, Flow rate 1mL/min) 

 



SERDs with Alternate Core Structures - SI March 3, 2010 Kieser et al. 
 

 
Page S44 

 
Normal Phase (Method EtOAc:Hx:AcOH 25:75:0.2, Flow rate 1mL/min) 
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(E)-7-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenyl]hept-6-enoic acid (25). 
 
Reverse Phase (Method H2O:MeOH:AcOH 10:90:0.1, Flow rate 1mL/min) 
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Normal Phase (Method EtOAc:Hx:AcOH 25:75:0.2, Flow rate 1mL/min) 

 
 



SERDs with Alternate Core Structures - SI March 3, 2010 Kieser et al. 
 

 
Page S47 

Methyl hydrogen 4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]styrylphosphonate (26). 
 
Reverse Phase (Method H2O:MeOH:AcOH 10:90:0.2, Flow rate 1mL/min) 
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Normal Phase (Method EtOAc:Hx:AcOH 20:79:1.0, Flow rate 1mL/min) 
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Ethyl 6-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoate (29). 
 
Reverse Phase (Method H2O:MeOH:AcOH 5:95:0.1, Flow rate 1mL/min) 
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Normal Phase (Method EtOAc:Hx:AcOH 25:75:0.2, Flow rate 1mL/min) 
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4-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]butanoic acid (32). 
 
Reverse Phase (Method H2O:MeOH:AcOH 10:90:0.1, Flow rate 1mL/min) 
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Normal Phase (Method EtOAc:Hx:AcOH 25:75:0.2, Flow rate 1mL/min) 
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5-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]pentanoic acid (33). 
 
Reverse Phase (Method H2O:MeOH:AcOH 10:90:0.1, Flow rate 1mL/min) 

 



SERDs with Alternate Core Structures - SI March 3, 2010 Kieser et al. 
 

 
Page S54 

 
Normal Phase (Method EtOAc:Hx:AcOH 25:75:0.2, Flow rate 1mL/min) 
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6-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoic acid (34). 
 
Reverse Phase (Method H2O:MeOH:AcOH 10:90:0.1, Flow rate 1mL/min) 
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Normal Phase (Method EtOAc:Hx:AcOH 25:75:0.2, Flow rate 1mL/min) 
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7-[4-[Bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]heptanoic acid (35). 
 
Reverse Phase (Method H2O:MeOH:AcOH 10:90:0.1, Flow rate 1mL/min) 
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Normal Phase (Method EtOAc:Hx:AcOH 25:75:0.2, Flow rate 1mL/min) 
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11-[4-[bicyclo[3.3.1]non-9-ylidene(4-hydroxyphenyl)methyl]phenoxy]nudecanoic acid (36). 
 
Reverse Phase (Method H2O:MeOH:AcOH 5:95:0.1, Flow rate 1mL/min) 
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Normal Phase (Method EtOAc:Hx:AcOH 25:75:0.2, Flow rate 1mL/min) 
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(E)-3-[4-[cyclohexylidene(4-hydroxyphenyl)methyl]phenyl]acrylic acid (42). 
 
Reverse Phase (Method H2O:MeOH:AcOH 20:80:0.1, Flow rate 1mL/min) 
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Normal Phase (Method i-PrOH:CH2Cl2:Hx:AcOH 5:35:60:0.5, Flow rate 1mL/min) 

Area percent : >99% 
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6-[4-[cyclohexylidene(4-hydroxyphenyl)methyl]phenoxy]hexanoic acid (43). 
 
Reverse Phase (Method H2O:MeOH:AcOH 10:90:0.1, Flow rate 1mL/min) 
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Normal Phase (Method EtOAc:Hx:AcOH 25:75:0.2, Flow rate 1mL/min) 
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2-[4-[Cyclohexylidene(4-hydroxyphenyl)methyl]phenoxy]acetic acid (44). 
 
Reverse Phase (Method H2O:MeOH:AcOH 20:80:0.1, Flow rate 1mL/min) 
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Normal Phase (Method i-PrOH:CH2Cl2:AcOH 10:90:0.5, Flow rate 1mL/min) 
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6-[4-[bicyclo[3.3.1]non-9-ylidene(phenyl)methyl]phenoxy]hexanoic acid (46). 
 
Reverse Phase (Method H2O:MeOH:AcOH 5:95:0.1, Flow rate 1mL/min) 
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Normal Phase (Method EtOAc:Hx:AcOH 25:75:0.2, Flow rate 1mL/min) 

 
 
 


