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1. General Information 

All air-sensitive manipulations were carried out with standard Schlenk techniques 

under nitrogen or argon. NMR spectra were recorded on Bruker AVANCE AV-500 

spectrometer (500 MHz for 1H, 125 MHz for 13C), Bruker AVANCE AV-400 

spectrometer (400 MHz for 1H, 101 MHz for 13C) or Bruker AVANCE AV-300 

spectrometer (300 MHz for 1H, 75 MHz for 13C). Chemical shifts were reported in δ 

(ppm) referenced to the residual solvent peak of CDCl3 (δ 7.26) for 1H NMR and 

CDCl3 (δ 77.0) for 13C NMR. Multiplicity was indicated as follows: s (singlet), d 

(doublet), t (triplet), q (quartet), m (multiplet), br (broad). Coupling constants were 

reported in Hertz (Hz). Specific rotations were measured on an ANTON PAAR MCP 

100 automatic polarimeter. High resolution mass spectra (HRMS) were obtained on 

Thermo Scientific LTQ Orbitrap XL (ESI). For thin layer chromatography (TLC), 

Yantai pre-coated TLC plates (HSGF 254) were used, and compounds were 

visualized with a UV light at 254 nm. Further visualization was achieved by staining 

with KMnO4 followed by heating. Column chromatography separations were 

performed on silica gel (300–400 mesh). Enantiomeric excesses (ee) were determined 

by HPLC analysis on SHIMADZU HPLC system with Daicel chiral columns. 

2. Materials 

Toluene was distilled over benzophenone ketyl under N2. 1,4-Dioxane, 

1,2-dichloroethane, EtOH and THF (Extra Dry, with molecular sieves, stabilized with 

BHT, water ≤50 ppm (by K.F.)) were purchased from commercial supplier and used 

as received. Rhodium complex [Rh(OH)(cod)]2
[1] was prepared according to the 

reported procedures. Catalysts [RhCl(L1)]2,
[2]

 [RhCl(L2)]2
[2], [RhCl(L3)]2

[3] and 

[RhCl((R,R)-Ph-bod)]2
[4]

 were prepared according to the literature procedures. All the 

organoboronic acids were purchased from commercial suppliers and used as received.  

javascript:showMsgDetail('ProductSynonyms.aspx?CBNumber=CB8874926&postData3=CN&SYMBOL_Type=A');
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3. A General Procedure for Table 1 

 

[RhCl(L)]2 (1.0 μmol, 1 mol % Rh), 1a (0.20 mmol) and 2a (0.30 mmol) were 

placed in an oven-dried Schlenk tube under nitrogen. Solvent was added, and the 

reaction was stirred at 60 ℃ for 2 h. Upon completion, the mixture was passed 

through a short pad of silica gel with EtOAc as the eluent. The solvent was removed 

on a rotary evaporator, and the crude product was subjected to silica gel 

chromatography with petroleum ether/EtOAc (v/v = 3/1) to give 3a. 

4. Procedures for Table 2 & Table 3 

 

[RhCl(L1)]2 (0.95 mg, 1.0 μmol, 1 mol % Rh) and 2 (0.30 mmol) were placed in an 

oven-dried Schlenk tube under nitrogen. EtOH (0.4 mL), 1 (0.20 mmol) and another 

portion of EtOH (0.6 mL) was added successively, and the reaction was stirred at 60 ℃ 

for 12 h. Upon completion, the solution was passed through a short pad of silica gel 

with EtOAc as the eluent. The solvent was removed on a rotary evaporator, and the 

crude product was subjected to silica gel chromatography with petroleum 

ether/EtOAc (v/v = 3/1) to give 3. 
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A general procedure for dehydration of hemiacetal product 

TsOH·H2O (0.02 mmol), the hemiacetal product (0.20 mmol) and 4 Å MS (0.20 g) 

were placed in an oven-dried Schlenk tube under nitrogen. Toluene (1.0 mL) was 

added, and the mixture was then heated to 100 oC for 3 h. Upon completion, the 

mixture was passed through a short pad of silica gel with EtOAc as the eluent. The 

solvent was removed on a rotary evaporator, and the crude product was subjected to 

silica gel chromatography with petroleum ether/EtOAc (v/v = 20/1) to give chromene. 

5. Procedures for Scheme 2 

 

BF3·OEt2 (74.0 μL, 0.60 mmol) and enantioenriched 4l (49.0 mg, 0.20 mmol, 97% 

ee) were placed in an oven-dried Schlenk tube under nitrogen. Toluene (1.0 mL) was 

added and the reaction was stirred at 50 ℃ for 12 h. Upon completion, the mixture 

was passed through a short pad of silica gel with EtOAc as the eluent. The solvent 

was removed on a rotary evaporator, and the crude product was subjected to silica gel 

chromatography with petroleum ether/EtOAc (v/v = 10/1) to give 6 (52.2 mg, 90% 

yield, 97% ee) as a pale yellow solid. 

 

Enantioenriched 4m (60.5 mg, 0.20 mmol, 99% ee) was dissolved in CH2Cl2 (2 

mL). The solution was cooled to –78 ℃ , and then silane (3.0 mmol) was added 

followed by the addition of BF3·OEt2 (0.80 mmol). After 1 h, the reaction was warmed 
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to rt and the solvent was removed. The residue was purified by column 

chromatography with petroleum ether/EtOAc (v/v = 20/1) to give 7 (51.4 mg, 90% 

yield, dr > 20:1, 99% ee) as a white solid. 

 

TsOH·H2O (0.04 mmol) and enantioenriched 4o (57.3 mg, 0.20 mmol, 92% ee) 

were placed in an oven-dried Schlenk tube under nitrogen. Toluene (1.0 mL) was 

added and the reaction was stirred at 80 ℃ for 12 h. Upon completion, the mixture 

was passed through a short pad of silica gel with EtOAc as the eluent. The solvent 

was removed on a rotary evaporator, and the crude product was subjected to silica gel 

chromatography with petroleum ether/EtOAc (v/v = 4/1) to give 8 (45.6 mg, 95% 

yield, 91% ee) as a white solid.   

  Enantioenriched 4d (45.2 mg, 0.20 mmol, 96% ee) was dissolved in MeOH (2 mL), 

and NaBH4 (0.40 mmol) was added at 0 oC. Then the reaction was allowed to warm to 

rt and stirred for 2 h. Upon completion, the solvent was removed on a rotary 

evaporator, the residue was subjected to silica gel chromatography with petroleum 

ether/EtOAc (v/v = 1/1) to give 9, which was directly dissolved in CF3CH2OH (1.0 

mL), and PhI(OAc)2 (77.3 mg, 0.24 mmol) was added. The reaction was stirred at rt 

for 2 h. The mixture was purified by flash gel column chromatography eluting with 

petroleum ether /EtOAc (v/v = 10:1) to give 10 (36.6 mg, 81% yield, 96% ee) as a 

pale yellow solid. 
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  Enantioenriched 4b (51.3 mg, 0.20 mmol, 99% ee) was dissolved in MeOH (2.0 

mL)/H2O (1.0 mL), and LiOH·H2O (0.80 mmol) was added. The reaction was stirred 

at 50 oC for 6 h. Upon completion, it was cooled to room temperature and 2N HCl (10 

mL) was added. The mixture was extracted with CH2Cl2 (8 mL*3). The combined 

organic extracts were dried over MgSO4, filtered, and concentrated under vacuum to 

give the crude carboxylic acid, which was used for the next step without further 

purification. Intermediate 12 was dissolved in CF3CH2OH (1.0 mL), and PhI(OAc)2 

(77.3 mg, 0.24 mmol) was added. The reaction mixture was stirred at rt for 1 h. The 

solvent was removed on a rotary evaporator, and the residue was purified by flash gel 

column chromatography eluting with petroleum ether /EtOAc (v/v = 2:1) to give 13 

(45.6 mg, 95% yield, 99% ee) as a pale yellow solid. 

  Enantioenriched 4n (76.3 mg, 0.20 mmol, 96% ee) was reacted with PhI(OAc)2 

(77.3 mg, 0.24 mmol) in MeOH (1.0 mL) at 0 ℃ for 4 h. Upon completion, the 

solvent was removed on a rotary evaporator, the residue was subjected to silica gel 

chromatography with petroleum ether/EtOAc (v/v = 10/1) to get 14. Then 

intermediate 14, Pd(OAc)2 (0.02 mmol), K2CO3 (0.80 mmol) and TBAB (0.20 mmol) 

were placed in an oven-dried Schlenk tube under nitrogen. CH3CN (1.0 mL) were 

added, and the reaction was stirred at 80 ℃ for 6 h. Upon completion, the mixture 

was passed through a short pad of silica gel with EtOAc as the eluent. The solvent 

was removed on a rotary evaporator, and the crude product was subjected to silica gel 
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chromatography with petroleum ether/EtOAc (v/v = 10/1) to give 15 (61.4 mg, 93% 

yield, 19:1 dr, 96% ee) as a pale yellow solid. The configuration of the newly 

generated stereocenter of 15 was assigned by NOE study (see part 9, NMR spectra). 

6. Procedures for Scheme 3 

  [RhCl(L3)]2 (0.8 mg, 1.0 μmol, 1 mol % Rh), 1 (0.20 mmol) and 2 (0.30 mmol) 

were placed in an oven-dried Schlenk tube under nitrogen. EtOH (0.4 mL), KOH 

(0.56 mg, 10 μmol, in 0.1 mL H2O) and another portion of EtOH (0.6 mL) were added 

successively, and the reaction was stirred at 60 ℃ for 12 h. Upon completion, the 

mixture was passed through a short pad of silica gel with EtOAc as the eluent. The 

solvent was removed on a rotary evaporator. The residue was dissolved in THF (0.5 

mL) and transferred to an oven-dried Schlenk tube containing Ti(OiPr)4 (0.60 mmol), 

iPr2NH (1.0 mmol) and NaBH3CN (0.60 mmol) under nitrogen. Then 0.5 mL of THF 

was added and the reaction was stirred at 70 ℃ for 12 h. The solvent was removed on 

a rotary evaporator, and the crude product was subjected to silica gel chromatography 

with petroleum ether/EtOAc/Et3N (v/v = 70/30/1) to give the product. 

 

[RhCl(L3)]2 (0.8 mg, 1.0 μmol, 1 mol % Rh), 1q (0.20 mmol) and 

2-OH-5-Me-PhB(OH)2 (0.80 mmol) were placed in an oven-dried Schlenk tube under 

nitrogen. EtOH (0.4 mL), KOH (0.56 mg, 10 μmol, in 0.1 mL H2O) and another 

portion of EtOH (0.6 mL) were added successively, and the reaction was stirred at 60 ℃ 

for 12 h. Upon completion, the mixture was passed through a short pad of silica gel 

http://dict.youdao.com/w/intermediate%20products/#keyfrom=E2Ctranslation
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with EtOAc as the eluent. The solvent was removed on a rotary evaporator. The 

residue was dissolved in THF (0.5 mL) and transferred to an oven-dried Schlenk tube 

containing Ti(OiPr)4 (0.60 mmol), iPr2NH (1.0 mmol) and NaBH3CN (0.60 mmol) 

under nitrogen. Then 0.5 mL of THF was added and the reaction was stirred at 70 ℃ 

for 12 h. The solvent was removed on a rotary evaporator, and the crude product was 

subjected to silica gel chromatography with petroleum ether/EtOAc/Et3N (v/v = 

70/30/1) to give the product.  

7. Procedures for Scheme 4 

  

[RhCl(L1)]2 (9.5 mg, 1 mol % Rh), 1a (2.0 mmol) and 2a (3.0 mmol) were placed in 

an oven-dried Schlenk tube under nitrogen. EtOH (4.0 mL) was added, and the 

reaction was stirred at 60 ℃ for 3 h. Upon completion, the solution was passed 

through a short pad of silica gel with EtOAc as the eluent. The solvent was removed 

on a rotary evaporator, and the crude product was subjected to silica gel 

chromatography with petroleum ether/EtOAc (v/v = 3/1 to 2/1) to give 3 and a 

mixture of recovered catalyst and phenol.  

Recycling of the catalyst: 1a (2.0 mmol) and 2a (3.0 mmol) were placed in an 

oven-dried Schlenk tube under nitrogen, an ethanol solution (4.0 mL) of the recovered 

catalyst with phenol was added. The reaction was stirred at 60 ℃ for 3 h. The workup 

was the same as above. 

 

 

http://dict.youdao.com/w/intermediate%20products/#keyfrom=E2Ctranslation
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8. Characterization of the Products  

(S)-4-(3-Hydroxyphenyl)-4-(4-hydroxyphenyl)butan-2-one (3a) 

Compound 3a. (99% yield, 97% ee (S)). White solid, 51.2 mg at 

0.20 mmol scale. The ee of 3a was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 80/20, 210 

nm, tmajor = 9.0 min (S), tminor = 7.6 min (R)); []20
D − (c 0.47, 

CH3OH) for 97% ee (S). 1H NMR (300 MHz, d6-DMSO) δ 2.05 (s, 

3H), 3.13 (d, J = 7.5 Hz, 2H) , 4.28 (t, J = 7.4 Hz, 1H), 6.56 (d, J = 

7.9 Hz, 1H), 6.63 – 6.70 (m, 4H), 7.02 – 7.07 (m, 3H), 9.23 (s, 1H), 9.26 (s, 1H); 13C 

NMR (75 MHz, d6-DMSO) δ 30.6, 45.2, 49.2, 113.4, 114.9, 115.5, 118.4, 128.9, 129.7, 

135.1, 146.9, 156.1, 157.7, 207.3. HRMS (ESI) calcd for C16H16NaO3
+ [M+Na]+ 

279.0992, found 279.0995. 

(S)-4-(3-Hydroxy-4-methoxyphenyl)-4-(4-hydroxyphenyl)butan-2-one (3b) 

Compound 3b. (99% yield, >99% ee (S)). White solid, 57.2 

mg at 0.20 mmol scale. The ee of 3b was determined by 

HPLC analysis: (Chiralcel IF column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 24.0 min (S), 

tminor = 15.9 min (R)); []20
D + (c 0.61, CH3OH) for >99% 

ee (S). 1H NMR (300 MHz, d6-DMSO) δ 2.03 (s, 3H), 3.07 (d, J = 7.7 Hz, 2H), 3.70 

(s, 3H), 4.23 (t, J = 7.7 Hz, 1H), 6.62 – 6.68 (m, 4H), 6.76 – 6.80 (m, 1H), 7.01 – 7.05 

(m, 2H), 8.76 (s, 1H), 9.16 (s, 1H); 13C NMR (126 MHz, d6-DMSO) δ 30.1, 44.2, 49.0, 

55.7, 112.2, 115.0, 117.7, 128.3, 135.0, 137.7, 145.9, 146.3, 155.5, 206.9. HRMS 

(ESI) calcd for C17H18NaO4
+ [M+Na]+ 309.1097, found 309.1098. 

(S)-4-(4-Hydroxy-3-methoxyphenyl)-4-(4-hydroxyphenyl)butan-2-one (3c) 

Compound 3c. (99% yield, 96% ee (S)). White solid, 57.2 mg 

at 0.20 mmol scale. The ee of 3c was determined by HPLC 

analysis: (Chiralcel IC column, 1.0 mL/min, 

hexane/isopropanol = 70/30, 210 nm, tmajor = 11.8 min (S), 

tminor = 12.8 min (R)); []20
D − (c 1.1, CH3OH) for 96% ee 
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(S). 1H NMR (500 MHz, d6-DMSO) δ 2.06 (s, 3H), 3.16 (d, J = 7.8 Hz, 2H), 3.77 (s, 

3H), 4.33 (t, J = 7.7 Hz, 1H), 6.67 – 6.74 (m, 4H), 6.86 (d, J = 1.5 Hz, 1H), 7.12 (d, J 

= 8.5 Hz, 2H), 8.71 (s, 1H), 9.19 (s, 1H); 13C NMR (126 MHz, d6-DMSO) δ 30.2, 

44.6, 49.2, 55.7, 112.0, 115.1, 115.4, 119.6, 128.3, 135.2, 136.0, 144.8, 147.4, 155.5, 

207.0. HRMS (ESI) calcd for C17H18NaO4
+ [M+Na]+ 309.1097, found 309.1098. 

(S)-4-(3-Chloro-4-hydroxyphenyl)-4-(4-hydroxyphenyl)butan-2-one (3d) 

Compound 3d. (87% yield, 95% ee (S)). White solid, 50.9 mg 

at 0.20 mmol scale. The ee of 3d was determined by HPLC 

analysis: (Chiralcel IC column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 8.7 min (S), tminor 

= 9.6 min (R)); []20
D + (c 0.45, CH3OH) for 95% ee (S). 

1H NMR (500 MHz, d6-DMSO) δ 2.06 (s, 3H), 3.15 (d, J = 7.8 Hz, 2H), 4.30 (t, J = 

7.7 Hz, 1H), 6.69 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.3 Hz, 1H), 7.03 – 7.09 (m, 3H), 

7.21 (d, J = 1.8 Hz, 1H), 9.20 (s, 1H), 9.89 (s, 1H); 13C NMR (126 MHz, d6-DMSO) δ 

30.1, 43.6, 48.7, 115.1, 116.5, 119.3, 126.9, 128.3, 128.5, 134.6, 137.0, 151.1, 155.6, 

206.7. HRMS (ESI) calcd for C16H15NaClO3
+ [M+Na]+ 313.0602, found 313.0598. 

(S)-4-(3,5-Dibromo-4-hydroxyphenyl)-4-(4-hydroxyphenyl)butan-2-one (3e) 

Compound 3e. (85% yield, 95% ee (S)). White solid, 70 mg at 

0.20 mmol scale. The ee of 3e was determined by HPLC 

analysis: (Chiralcel IC column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 8.9 min (S), tminor 

= 11.0 min (R)); []20
D − (c 0.68, CH3OH) for 95% ee (S). 

1H NMR (500 MHz, d6-DMSO) δ 2.07 (s, 3H), 3.14 – 3.27 (m, 

2H), 4.32 (t, J = 7.6 Hz, 1H), 6.70 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 7.44 

(s, 2H), 9.24 (s, 1H), 9.68 (s, 1H); 13C NMR (126 MHz, d6-DMSO) δ 30.0, 43.2, 48.2, 

111.8, 115.2, 128.3, 131.0, 134.0, 139.8, 148.7, 155.7, 206.5. HRMS (ESI) calcd for 

C16H14Na79Br2O3
+ [M+Na]+ 434.9202, found 434.9207. 

 

 



S11 

 

(R)-4-(4-Hydroxyphenyl)-4-phenylbutan-2-one (3f) 

Compound 3f. (99% yield, 97% ee (R)). White solid, 48 mg at 

0.20 mmol scale. The ee of 3f was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 80/20, 

210 nm, tmajor = 8.2 min (R), tminor = 7.3 min (S)); []20
D + (c 

0.45, CH3OH) for 97% ee (R). 1H NMR (300 MHz, d6-DMSO) δ 

2.05 (s, 3H), 3.19 (d, J = 7.7 Hz, 2H), 4.38 (t, J = 7.7 Hz, 1H), 6.68 (d, J = 8.3 Hz, 

2H), 7.08 − 7.16 (m, 3H), 7.22 – 7.29 (m, 4H), 9.25 (s, 1H); 13C NMR (101 MHz, 

d6-DMSO) δ 30.6, 45.3, 49.1, 115.6, 126.4, 127.9, 128.8, 128.9, 135.1, 145.5, 156.1, 

207.3. HRMS (ESI) calcd for C16H16NaO2
+ [M+Na]+ 263.1043, found 263.1040. 

(R)-4-(4-Hydroxyphenyl)-4-(4-(trifluoromethyl)phenyl)butan-2-one (3g) 

Compound 3g. (99% yield, 96% ee (R)). White solid, 61.6 

mg at 0.20 mmol scale. The ee of 3g was determined by 

HPLC analysis: (Chiralcel IC column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 5.4 min (R), 

tminor = 6.7 min (S)); []20
D + (c 0.47, CH3OH) for 96% ee 

(R). 1H NMR (300 MHz, d6-DMSO) δ 2.06 (s, 3H), 3.15 – 

3.36 (m, 2H), 4.48 (t, J = 7.6 Hz, 1H), 6.69 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.4 Hz, 

2H), 7.49 (d, J = 8.1 Hz, 2H), 7.60 (d, J = 8.2 Hz, 2H), 9.25 (s, 1H); 13C NMR (126 

MHz, d6-DMSO) δ 30.5, 45.0, 48.6, 115.7, 125.6 (q, J = 3.7 Hz), 127.0, 127.3, 128.7, 

128.9, 134.2, 150.4, 156.3, 206.9. HRMS (ESI) calcd for C17H15NaF3O2
+ [M+Na]+ 

331.0916, found 331.0915.  

(S)-4-(4-Chlorophenyl)-4-(4-hydroxyphenyl)butan-2-one (3h) 

Compound 3h. (99% yield, 97% ee (S)). White solid, 54.8 mg 

at 0.20 mmol scale. The ee of 3h was determined by HPLC 

analysis: (Chiralcel IF column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 6.8 min (S), tminor 

= 6.5 min (R)); []20
D + (c 0.54, CH3OH) for 97% ee (S). 1H 

NMR (300 MHz, d6-DMSO) δ 2.05 (s, 3H), 3.08 – 3.28 (m, 2H), 4.38 (t, J = 7.6 Hz, 
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1H), 6.68 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 7.29 (s, 4H), 9.23 (s, 1H); 13C 

NMR (126MHz, d6-DMSO) δ 30.6, 44.5, 48.9, 115.7, 128.6, 128.8, 129.7, 131.0, 

134.6, 144.6, 156.2, 207.0. HRMS (ESI) calcd for C16H15NaClO2
+ [M+Na]+ 297.0653, 

found 297.0645. 

(S)-4-(3-Bromophenyl)-4-(4-hydroxyphenyl)butan-2-one (3i) 

Compound 3i. (99% yield, 96% ee). Pale yellow solid, 63.6 mg 

at 0.20 mmol scale. The ee of 3i was determined by HPLC 

analysis: (Chiralcel IC column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 6.7 min (S), tminor 

= 8.4 min (R)); []20
D − (c 0.52, CH3OH) for 96% ee (S). 

1H NMR (400 MHz, d6-DMSO) δ 2.06 (s, 3H), 3.12 – 3.33 (m, 2H), 4.38 (t, J = 7.6 

Hz, 1H), 6.69 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 7.17 – 7.25 (m, 1H), 7.26 

– 7.36 (m, 2H), 7.47 (s, 1H), 9.27 (s, 1H). 13C NMR (101 MHz, d6-DMSO) δ 30.6, 

44.8, 48.6, 115.7, 122.1, 126.9, 128.9, 129.3, 130.7, 130.9, 134.4, 148.5, 156.3, 207.0. 

HRMS (ESI) calcd for C16H15Na79BrO2
+ [M+Na]+ 341.0148, found 341.0149. HRMS 

(ESI) calcd for C16H15Na81BrO2
+ [M+Na]+ 343.0127, found 343.0131. 

(R)-4-Cyclohexyl-4-(4-hydroxyphenyl)butan-2-one (3j) 

Compound 3j. (99% yield, 99% ee (R)). White solid, 49.2 mg at 

0.20 mmol scale. The ee of 3j was determined by HPLC analysis: 

(Chiralcel IC column, 1.0 mL/min, hexane/isopropanol = 80/20, 

210 nm, tmajor = 7.4 min (R), tminor = 9.9 min (S)); []20
D + (c 0.48, 

CH3OH) for 99% ee (R). 1H NMR (300 MHz, d6-DMSO) δ 0.68 – 

1.41 (m, 7H), 1.55 – 1.73 (m, 4H), 1.92 (s, 3H), 2.62 – 2.82 (m, 3H), 6.64 (d, J = 8.3 

Hz, 2H), 6.91 (d, J = 8.3 Hz, 2H), 9.10 (s, 1H); 13C NMR (75 MHz, d6-DMSO) δ 25.8, 

25.95, 25.98, 30.0, 30.5, 42.7, 45.6, 46.7, 114.7, 128.9, 133.3, 155.4, 207.7. HRMS 

(ESI) calcd for C16H22NaO2
+ [M+Na]+ 269.1512, found 269.1509. 

(S)-4-(4-Hydroxyphenyl)octan-2-one (3k) 

Compound 3k. (99% yield, 97% ee (S)). Colorless oil, 44.0 mg 

at 0.20 mmol scale. The ee of 3k was determined by HPLC 
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analysis: (Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 90/10, 210 nm, 

tmajor = 7.1 min (S), tminor = 7.7 min (R)); []20
D + (c 0.55, CH3OH) for 97% ee (S). 

1H NMR (300 MHz, d6-DMSO) δ 0.78 (t, J = 7.0 Hz, 3H), 1.03 – 1.23 (m, 4H), 1.34 – 

1.51 (m, 2H), 1.96 (s, 3H), 2.57 – 2.72 (m, 2H), 2.82 – 3.0 (m, 1H), 6.67 (d, J = 8.1 

Hz, 2H), 6.97 (d, J = 8.1 Hz, 2H), 9.11 (s, 1H); 13C NMR (126 MHz, d6-DMSO) δ 

13.8, 22.0, 29.0, 30.1, 35.9, 39.7, 50.2, 115.0, 128.1, 134.7, 155.4, 207.4. HRMS (ESI) 

calcd for C14H20NaO2
+ [M+Na]+ 243.1356, found 243.1356. 

(R)-4-(3-Chloro-4-hydroxyphenyl)-4-(4-hydroxyphenyl)butan-2-one (3l) 

Compound 3l. (96% yield, 97% ee). White solid, 55.7 mg at 

0.20 mmol scale. The ee of 3l was determined by HPLC 

analysis: (Chiralcel IC column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 9.4 min (R), tminor 

= 8.6 min (S)); []20
D − (c 0.66, CH3OH) for 97% ee (R). 

1H NMR (400 MHz, d6-DMSO) δ 2.05 (s, 3H), 3.15 (d, J = 7.9 Hz, 2H), 4.29 (t, J = 

7.7 Hz, 1H), 6.69 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 8.3 Hz, 1H), 7.00 – 7.12 (m, 3H), 

7.21 (d, J = 2.1 Hz, 1H), 9.25 (s, 1H), 9.96 (s, 1H). 13C NMR (101 MHz, d6-DMSO) δ 

30.6, 44.1, 49.1, 115.6, 116.9, 119.8, 127.4, 128.8, 129.0, 135.1, 137.5, 151.6, 156.1, 

207.3. HRMS (ESI) calcd for C16H15NaClO3
+ [M+Na]+ 313.0602, found 313.0598. 

(R)-4-(4-Hydroxy-2-methylphenyl)-4-(4-hydroxyphenyl)butan-2-one (3m) 

Compound 3m. (84% yield, >99% ee). White solid, 45.4 mg 

at 0.20 mmol scale. The ee of 3m was determined by HPLC 

analysis: (Chiralcel IF column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 7.1 min (R), tminor 

= 6.3 min (S)); []20
D − (c 0.51, CH3OH) for >99% ee (R). 

1H NMR (400 MHz, d6-DMSO) δ 2.02 (s, 3H), 2.17 (s, 3H), 2.97 – 3.15 (m, 2H), 4.44 

(t, J = 7.6 Hz, 1H), 6.48 – 6.59 (m, 2H), 6.64 (d, J = 8.5 Hz, 2H), 6.98 (d, J = 8.5 Hz, 

2H), 7.05 (d, J = 8.3 Hz, 1H), 9.08 (s, 1H), 9.17 (s, 1H). 13C NMR (101 MHz, 

d6-DMSO) δ 20.0, 30.6, 40.4, 50.0, 113.1, 115.4, 117.5, 127.6, 129.0, 133.4, 135.1, 
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137.0, 155.6, 155.8, 207.5. HRMS (ESI) calcd for C17H18NaO3
+ [M+Na]+ 293.1148, 

found 293.1146. 

(R)-4-(3-Hydroxyphenyl)-4-(4-hydroxyphenyl)butan-2-one (ent-3a) 

Compound ent-3a. (99% yield, 96% ee (R)). White solid, 51.2 

mg at 0.20 mmol scale. The ee of ent-3a was determined by 

HPLC analysis: (Chiralcel IF column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 7.2 min (R), tminor 

= 8.6 min (S)); []20
D + (c 0.44, CH3OH) for 96% ee (R). 1H NMR (400 MHz, 

CD3OD) δ 2.05 (s, 3H), 3.13 (d, J = 7.5 Hz, 2H), 4.37 (t, J = 7.8 Hz, 1H), 6.55 – 6.64 

(m, 1H), 6.64 – 6.76 (m, 4H), 7.00 – 7.14 (m, 3H); 13C NMR (101 MHz, CD3OD) δ 

29.2, 45.4, 49.2, 112.8, 114.3, 114.8, 118.5, 128.4, 129.1, 134.9, 146.2, 155.4, 157.1, 

209.2. HRMS (ESI) calcd for C16H16NaO3
+ [M+Na]+ 279.0992, found 279.0995. 

(R)-4-(4-Fluoro-3-hydroxyphenyl)-4-(4-hydroxyphenyl)butan-2-one (3n) 

 Compound 3n. (82% yield, 94% ee). White solid, 45.0 mg at 

0.20 mmol scale. The ee of 3n was determined by HPLC 

analysis: (Chiralcel IF column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 7.3 min (R), tminor 

= 8.6 min (S)); []20
D − (c 0.35, CH3OH) for 94% ee (R).  

1H NMR (400 MHz, d6-DMSO) δ 2.05 (s, 3H), 3.11 (d, J = 7.7 Hz, 2H), 4.27 (t, J = 

7.7 Hz, 1H), 6.64 – 6.71 (m, 3H), 6.79 (dd, J = 8.6, 2.1 Hz, 1H), 6.99 (dd, J = 11.3, 

8.4 Hz, 1H), 7.05 (d, J = 8.5 Hz, 2H), 9.24 (s, 1H), 9.69 (s, 1H). 13C NMR (101 MHz, 

d6-DMSO) δ 30.6, 44.5, 49.2, 115.6, 116.1 (d, J = 18.0 Hz), 117.4 (d, J = 2.4 Hz), 

118.4 (d, J = 6.4 Hz), 128.8, 135.0, 142.0 (d, J = 3.3 Hz), 144.8 (d, J = 12.4 Hz), 

151.1 (d, J = 239.7 Hz), 156.1, 207.3. HRMS (ESI) calcd for C16H15NaFO3
+ [M+Na]+ 

297.0897, found 297.0899.  

(S)-4-(4-Hydroxyphenyl)-4-phenylbutan-2-one (ent-3f) 

Compound ent-3f. (99% yield, 94% ee (S)). White solid, 48 

mg at 0.20 mmol scale. The ee of enti-3f was determined by 

HPLC analysis: (Chiralcel IF column, 1.0 mL/min, 
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hexane/isopropanol = 80/20, 210 nm, tmajor = 7.3 min (S), tminor = 8.6 min (R)); []20
D 

− (c 0.44, CH3OH) for 94% ee (S). 1H NMR (400 MHz, d6-DMSO) δ 2.05 (s, 3H), 

3.13 – 3.26 (m, 2H), 4.38 (t, J = 7.7 Hz, 1H), 6.68 (d, J = 8.4 Hz, 2H), 7.08 – 7.16 (m, 

3H), 7.23 – 7.29 (m, 4H), 9.23 (s, 1H); 13C NMR (101 MHz, d6-DMSO) δ 30.6, 45.3, 

49.1, 115.6, 126.4, 127.9, 128.8, 128.9, 135.1, 145.5, 156.1, 207.3. HRMS (ESI) calcd 

for C16H16NaO2
+ [M+Na]+ 263.1043, found 263.1040. 

(S)-4-(3-Hydroxyphenyl)-4-phenylbutan-2-one (3p) 

Compound 3p. (98% yield, 96% ee (S)). White solid, 47.1 mg at 

0.20 mmol scale. The ee of 3p was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 80/20, 

210 nm, tmajor = 7.7 min (S), tminor = 6.9 min (R)); []20
D − (c 

0.56, CH3OH) for 96% ee (S). 1H NMR (400 MHz, d6-DMSO) δ 

2.07 (s, 3H), 3.22 (d, J = 7.7 Hz, 2H), 4.40 (t, J = 7.7 Hz, 1H), 6.57 – 6.60 (m, 1H), 

6.67 – 6.69 (m, 1H), 6.74 (d, J = 7.7 Hz, 1H), 7.07 (t, J = 7.8 Hz, 1H), 7.13 – 7.19 (m, 

1H), 7.24 – 7.31 (m, 4H), 9.31 (s, 1H); 13C NMR (101 MHz, d6-DMSO) δ 30.6, 45.9, 

48.8, 113.58, 115.1, 118.6, 126.5, 128.0, 128.8, 129.8, 144.9, 146.3, 157.8, 207.1. 

HRMS (ESI) calcd for C16H16NaO2
+ [M+Na]+ 263.1043, found 263.1040. 

(R)-4-(4-Hydroxyphenyl)-4-(4-methoxyphenyl)butan-2-one (3q) 

Compound 3q. (99% yield, 97% ee (R)). White solid, 54.1 mg 

at 0.20 mmol scale. The ee of 3q was determined by HPLC 

analysis: (Chiralcel IF column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 8.3 min (R), tminor 

= 9.5 min (S)); []20
D − (c 0.52, CH3OH) for 97% ee (R). 

1H NMR (300 MHz, d6-DMSO) δ 2.02 (s, 3H), 3.12 (d, J = 7.7 Hz, 2H), 3.69 (s, 3H), 

4.31 (t, J = 7.6 Hz, 1H), 6.65 (d, J = 8.2 Hz, 2H), 6.81 (d, J = 8.2 Hz, 2H), 7.05 (d, J = 

8.0 Hz, 2H), 7.16 (d, J = 8.1 Hz, 2H), 9.16 (s, 1H); 13C NMR (126 MHz, d6-DMSO) δ 

30.1, 44.0, 49.0, 54.9, 113.6, 115.0, 128.2, 128.3, 135.0, 137.0, 155.5, 157.4, 206.8. 

HRMS (ESI) calcd for C17H18NaO3
+ [M+Na]+ 293.1148, found 293.1149. 
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(S)-4-(3-Hydroxyphenyl)-4-(p-tolyl)butan-2-one (3r) 

Compound 3r. (99% yield, 97% ee (S)). White solid, 50.8 mg at 

0.20 mmol scale. The ee of 3r was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 80/20, 210 

nm, tmajor = 6.9 min (S), tminor = 6.3 min (R)); []20
D − (c 0.52, 

CH3OH) for 97% ee (S). 1H NMR (400 MHz, d6-DMSO) δ 2.06 (s, 

3H), 2.24 (s, 3H), 3.18 (d, J = 7.7 Hz, 2H), 4.35 (t, J = 7.7 Hz, 1H), 

6.57 (dd, J = 7.9, 2.0 Hz, 1H), 6.64 – 6.67 (m, 1H), 6.71 (d, J = 7.7 Hz, 1H), 7.03 – 

7.09 (m, 3H), 7.15 – 7.18 (m, 2H), 9.29 (s, 1H); 13C NMR (101 MHz, d6-DMSO) δ 

21.0, 30.6, 45.5, 48.8, 113.5, 115.0, 118.5, 127.9, 129.4, 129.7, 135.5, 141.8, 146.5, 

157.8, 207.2. HRMS (ESI) calcd for C16H18NaO2
+ [M+Na]+ 277.1199, found 

277.1199. 

(R)-3-(4-Hydroxyphenyl)-1,3-diphenylpropan-1-one (4a) 

Compound 4a. (99% yield, 95% ee (R)). White solid, 60.4 mg 

at 0.20 mmol scale. The ee of 4a was determined by HPLC 

analysis: (Chiralcel IC column, 1.0 mL/min, 

hexane/isopropanol = 90/10, 210 nm, tmajor = 15.0 min (R), 

tminor = 14.1 min (S)); []20
D + (c 0.58, CH3OH) for 95% ee 

(R). 1H NMR (400 MHz, d6-DMSO) δ 3.76 – 3.90 (m, 2H), 4.60 (t, J = 7.4 Hz, 1H), 

6.69 (d, J = 8.4 Hz, 2H), 7.13 (t, J = 7.3 Hz, 1H), 7.19 (d, J = 8.4 Hz, 2H), 7.25 (t, J = 

7.6 Hz, 2H), 7.36 (d, J = 7.6 Hz, 2H), 7.50 (t, J = 7.6 Hz, 2H), 7.62 (t, J = 7.3 Hz, 1H), 

8.02 (d, J = 7.5 Hz, 2H), 9.24 (s, 1H); 13C NMR (101 MHz, d6-DMSO) δ 44.1, 45.5, 

115.6, 126.3, 128.0, 128.7, 129.05, 129.14, 133.6, 135.4, 137.3, 145.8, 156.1, 198.7. 

HRMS (ESI) calcd for C21H18NaO2
+ [M+Na]+ 325.1199, found 325.1200. 

Methyl (R)-3-(4-hydroxyphenyl)-3-phenylpropanoate (4b) 

Compound 4b. (99% yield, 99% ee (R)). Pale yellow oil, 51.2 

mg at 0.20 mmol scale. The ee of 4b was determined by HPLC 

analysis: (Chiralcel IF column, 1.0 mL/min, hexane/isopropanol 

= 85/15, 210 nm, tmajor = 6.3 min (R), tminor = 5.8 min (S)); []20
D 
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+ (c 0.55, CH3OH) for 99% ee (R). 1H NMR (400 MHz, d6-DMSO) δ 3.00 – 3.14 

(m, 2H), 3.49 (s, 3H), 4.36 (t, J = 8.0 Hz, 1H), 6.67 – 6.71 (m, 2H), 7.10 – 7.18 (m, 

3H), 7.24 – 7.31 (m, 4H), 9.26 (s, 1H); 13C NMR (101 MHz, d6-DMSO) δ 40.2, 46.3, 

51.7, 115.6, 126.6, 127.8, 128.8, 134.6, 144.9, 156.2, 172.2. HRMS (ESI) calcd for 

C16H16NaO3
+ [M+Na]+ 279.0992, found 279.0987. 

(R)-N-benzyl-3-(4-hydroxyphenyl)-3-phenylpropanamide (4c) 

Compound 4c. (92% yield, 98% ee (R)). White solid, 60.9 mg at 

0.20 mmol scale. The ee of 4c was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 70/30, 

210 nm, tmajor = 6.6 min (R), tminor = 6.0 min (S)); []20
D + (c 

0.49, CH3OH) for 98% ee (R). 1H NMR (300 MHz, d6-DMSO) δ 2.89 (d, J = 8.0 Hz, 

2H), 4.14 – 4.29 (m, 2H), 4.45 (t, J = 8.0 Hz, 1H), 6.71 (d, J = 8.4 Hz, 2H), 6.86 – 

6.90 (m, 2H), 7.10 (d, J = 8.4 Hz, 2H), 7.17 – 7.21 (m, 4H), 7.24 – 7.29 (m, 4H), 8.34 

(t, J = 5.7 Hz, 1H), 9.24 (s, 1H); 13C NMR (126 MHz, d6-DMSO) δ 41.7, 41.7, 46.2, 

115.1, 125.9, 126.4, 126.7, 127.5, 128.0, 128.2, 128.5, 134.4, 139.2, 144.8, 155.7, 

170.3. HRMS (ESI) calcd for C22H22NO2
+ [M+H]+ 332.1645, found 332.1641. 

(R)-3-(4-Hydroxyphenyl)-3-phenylpropanal (4d) 

Compound 4d. (91% yield, 96% ee (R)). White solid, 41.2 mg at 

0.20 mmol scale. The ee of 4d was determined by HPLC analysis: 

(Chiralcel IC column, 1.0 mL/min, hexane/isopropanol = 80/20, 

210 nm, tmajor = 8.3 min (R), tminor = 9.4 min (S)); []20
D − (c 

0.40, CH3OH) for 96% ee (R). 1H NMR (400 MHz, CDCl3) δ 3.08 

– 3.22 (m, 2H), 4.59 (t, J = 7.8 Hz, 1H), 6.70 – 6.80 (m, 2H), 7.05 – 7.15 (m, 2H), 

7.19 – 7.25 (m, 3H), 7.27 – 7.35 (m, 2H), 9.75 (t, J = 2.0 Hz, 1H); 13C NMR (101 

MHz, CDCl3) δ 44.2, 49.6, 115.7, 126.7, 127.6, 128.8, 128.9, 135.0, 143.6, 154.5, 

202.4. HRMS (ESI) calcd for C15H14NaO2
+ [M+Na]+ 249.0886, found 249.0885. 

(R)-3-(4-Hydroxyphenyl)-3-phenylpropanenitrile (4e) 

Compound 4e. (67% yield, 80% ee (R)). White solid, 41.2 mg at 

0.20 mmol scale. The ee of 4e was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 90/10, 
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210 nm, tmajor = 14.3 min (R), tminor = 13.5 min (S)); []20
D + (c 0.31, CH3OH) for 

80% ee (R). 1H NMR (400 MHz, d6-DMSO) δ 3.27 (d, J = 8.1 Hz, 2H), 4.32 (t, J = 

8.1 Hz, 1H), 6.72 (d, J = 8.4 Hz, 2H), 7.16 (d, J = 8.5 Hz, 2H), 7.19 − 7.25 (m, 1H), 

7.29 – 7.38 (m, 4H), 9.36 (s, 1H); 13C NMR (101 MHz, d6-DMSO) δ 23.4, 46.3, 115.7, 

120.3, 127.2, 127.8, 128.96, 128.97, 133.1, 143.4, 156.7. HRMS (ESI) calcd for 

C15H13NaNO+ [M+Na]+ 246.0889, found 246.0894. 

Methyl (R)-5-(4-hydroxyphenyl)-3-oxo-5-phenylpentanoate (4f) 

Compound 4f. (99% yield, >99% ee (R)). White solid, 59.6 

mg at 0.20 mmol scale. The ee of 4f was determined by HPLC 

analysis: (Chiralcel IB column, 1.0 mL/min, 

hexane/isopropanol = 85/15, 210 nm, tmajor = 19.4 min (R), 

tminor = 46.1 min (S)); []20
D + (c 0.40, CH3OH) for >99% ee (R). 1H NMR (300 

MHz, d6-DMSO) δ 3.32 (d, J = 7.5 Hz, 2H), 3.53 − 3.65 (m, 5H), 4.37 (t, J = 7.5 Hz, 

1H), 6.67 (d, J = 8.3 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 7.11 −   (m, 1H), 7.25 (d, 

J = 4.2 Hz, 4H), 9.19 (s, 1H); 13C NMR (126 MHz, d6-DMSO) δ 44.3, 48.0, 48.8, 

51.7, 115.1, 125.9, 127.3, 128.2, 128.3, 134.3, 144.7, 155.6, 167.4, 201.5. HRMS 

(ESI) calcd for C18H18NaO4
+ [M+Na]+ 321.1097, found 321.1098. 

Dimethyl (R)-(4-(4-hydroxyphenyl)-2-oxo-4-phenylbutyl)phosphonate (4g) 

Compound 4g. (96% yield, 96% ee (R)). White solid, 66.8 

mg at 0.20 mmol scale. The ee of 4g was determined by 

HPLC analysis: (Chiralcel IF column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 15.2 min (R), 

tminor = 14.2 min (S)); []20
D + (c 0.52, CH3OH) for 96% ee (R). 1H NMR (300 

MHz, d6-DMSO) δ 3.20 – 3.38 (m, 4H), 3.59 (s, 3H), 3.63 (s, 3H), 4.39 (t, J = 7.4 Hz, 

1H), 6.67 (d, J = 8.3 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 7.12 – 7.17 (m, 1H), 7.25 (d, J 

= 4.2 Hz, 4H), 9.20 (s, 1H); 13C NMR (126 MHz, d6-DMSO) δ 40.8, 44.1, 49.1, 52.5, 

52.5, 125.9, 127.4, 128.2, 128.4, 134.4, 144.8, 155.6, 200.20, 200.24. HRMS (ESI) 

calcd for C18H22O5P
+ [M+H]+ 349.1199, found 349.1203. 

 



S19 

 

(R)-3-(4-Hydroxyphenyl)cyclohexan-1-one (4h) 

Compound 4h. (99% yield, 98% ee (R)). White solid, 38.1 mg at 

0.20 mmol scale. The ee of 4h was determined by HPLC analysis: 

(Chiralcel IC column, 1.0 mL/min, hexane/isopropanol = 80/20, 

210 nm, tmajor = 10.0 min (R), tminor = 11.1 min (S)); []20
D + (c 

0.39, CH3OH) for 98% ee (R). 1H NMR (300 MHz, d6-DMSO) δ 1.55 – 1.92 (m, 3H), 

1.93 – 2.06 (m, 1H), 2.17 – 2.33 (m, 2H), 2.33 – 2.47 (m, 1H), 2.56 (t, J = 13.1 Hz, 

1H), 2.86 (t, J = 11.5 Hz, 1H), 6.70 (d, J = 8.2 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H), 9.20 

(s, 1H); 13C NMR (126 MHz, d6-DMSO) δ 25.4, 33.0, 40.9, 43.6, 49.1, 115.6, 127.9, 

135.6, 156.2, 210.7. HRMS (ESI) calcd for C12H15O2
+ [M+H]+ 191.1067, found 

191.1061. 

(R)-3-(4-Hydroxyphenyl)cyclopentan-1-one (4i) 

Compound 4i. (99% yield, 99% ee (R)). White solid, 35.2 mg at 0.20 

mmol scale. The ee of 4i was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 90/10, 210 

nm, tmajor = 15.1 min (R), tminor = 14.1 min (S)); []20
D + (c 0.42, 

CH3OH) for 99% ee (R). 1H NMR (300 MHz, d6-Acetone) δ 2.29 – 

2.47 (m, 1H), 2.62 – 2.82 (m, 4H), 2.90 – 3.05 (m, 1H), 3.70 – 3.91 (m, 1H), 7.26 (d, 

J = 8.4 Hz, 2H), 7.62 (d, J = 8.4 Hz, 2H), 8.61 (s, 1H); 13C NMR (126 MHz, 

d6-Acetone) δ 32.1, 39.2, 42.3, 46.4, 116.0, 128.6, 135.4, 156.7, 217.4. HRMS (ESI) 

calcd for C11H12NaO2
+ [M+Na]+ 199.0730, found 199.0730. 

(R)-4-(4-Hydroxyphenyl)tetrahydro-2H-pyran-2-one (4j) 

Compound 4j. (98% yield, 84% ee (R)). White solid, 37.7 mg at 0.20 

mmol scale. The ee of 4j was determined by HPLC analysis: 

(Chiralcel IC column, 1.0 mL/min, hexane/isopropanol = 70/30, 210 

nm, tmajor = 19.0 min (R), tminor = 23.5 min (S)); []20
D −6.3 (c 0.33, 

CH3OH) for 84% (R). 1H NMR (400 MHz, d6-Acetone) δ 1.94 – 2.17 

(m, 2H), 2.51 – 2.61 (m, 1H), 2.72 – 2.82 (m, 1H), 3.18 – 3.29 (m, 1H), 4.49 – 4.33 

(m, 2H), 6.63 – 6.93 (m, 2H), 7.10 – 7.20 (m, 2H), 8.29 (s, 1H); 13C NMR (101 MHz, 
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d6-Acetone) δ 30.4, 36.6, 37.7, 68.3, 115.4, 127.6, 134.9, 156.2, 170.0. HRMS (ESI) 

calcd for C11H12NaO3
+ [M+Na]+ 215.0679, found 215.0680. 

(R)-3-(3-Hydroxyphenyl)-1,3-diphenylpropan-1-one (4k) 

Compound 4k. (99% yield, 94% ee (R)). White solid, 60.4 mg at 

0.20 mmol scale. The ee of 4k was determined by HPLC analysis: 

(Chiralcel IC column, 1.0 mL/min, hexane/isopropanol = 90/10, 210 

nm, tmajor = 16.1 min (R), tminor = 12.8 min (S)); []20
D − (c 0.60, CH3OH) for 94% 

ee (R). 1H NMR (300 MHz, d6-DMSO) δ 3.84 (d, J = 7.3 Hz, 2H), 4.60 (t, J = 7.3 Hz, 

1H), 6.59 (d, J = 7.9 Hz, 1H), 6.73 – 6.87 (m, 2H), 7.06 (t, J = 7.8 Hz, 1H), 7.14 (t, J 

= 7.1 Hz, 1H), 7.26 (t, J = 7.4 Hz, 2H), 7.37 (d, J = 7.4 Hz, 2H), 7.50 (t, J = 7.5 Hz, 

2H), 7.61 (t, J = 7.1 Hz, 1H), 8.02 (d, J = 7.5 Hz, 2H), 9.28 (s, 1H); 13C NMR (126 

MHz, d6-DMSO) δ 43.4, 45.7, 113.0, 114.7, 118.2, 126.0, 127.6, 128.0, 128.2, 128.6, 

129.2, 133.1, 136.8, 144.6, 146.0, 157.3, 197.9. HRMS (ESI) calcd for C21H18NaO2
+ 

[M+Na]+ 325.1199, found 325.1200. 

(R)-3-Cyclohexyl-3-(3-hydroxyphenyl)-1-phenylpropan-1-one (4l) 

Compound 4l. (99% yield, 97% ee (R)). White solid, 61.6 mg 

at 0.20 mmol scale. The ee of 4l was determined by HPLC 

analysis: (Chiralcel IB column, 1.0 mL/min, 

hexane/isopropanol = 90/10, 254 nm, tmajor = 5.3 min (R), tminor 

= 9.3 min (S)); []20
D + (c 0.47, CH3OH) for 97% ee (R). 1H NMR (300 MHz, 

CDCl3) δ 0.77 – 1.33 (m, 5H), 1.47 – 1.70 (m, 4H), 1.71 – 1.92 (m, 2H), 3.08– 3.22 

(m, 1H), 3.25 – 3.50 (m, 2H), 6.58 (s, 1H), 6.64 – 6.80 (m, 3H), 7.10 (t, J = 7.8 Hz, 

1H), 7.43 (t, J = 7.5 Hz, 2H), 7.54 (t, J = 7.3 Hz, 1H), 7.82 – 7.97 (m, 2H); 13C NMR 

(101 MHz, CDCl3) δ 26.4, 26.6, 30.9, 31.4, 42.6, 43.1, 47.2, 113.3, 115.6, 120.4, 

128.2, 128.6, 129.2, 133.1, 137.1, 145.5, 155.8, 200.9. HRMS (ESI) calcd for 

C21H24NaO2
+ [M+Na]+ 331.1669, found 331.1668. 

(S)-3-(2-Bromophenyl)-3-(4-hydroxyphenyl)-1-phenylpropan-1-one (4n) 

Compound 4n. (99% yield, 95% ee (S)). White solid, 76.0 mg 

at 0.20 mmol scale. The ee of 4n was determined by HPLC 
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analysis: (Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 80/20, 210 nm, 

tmajor = 7.2 min (S), tminor = 7.6 min (R)); []20
D − (c 0.73, CH3OH) for 95% ee (S). 

1H NMR (400 MHz, CDCl3) δ 3.49 – 3.66 (m, 2H), 5.10 (t, J = 7.3 Hz, 1H), 6.22 (s, 

1H), 6.49 – 6.61 (m, 2H), 6.86 – 7.01 (m, 3H), 7.10 (d, J = 4.7 Hz, 2H), 7.32 (t, J = 

7.6 Hz, 2H), 7.44 (t, J = 7.2 Hz, 2H), 7.83 (d, J = 8.1 Hz, 2H). 13C NMR (101 MHz, 

CDCl3) δ 44.3, 44.5, 115.6, 124.8, 127.7, 128.0, 128.2, 128.8, 129.3, 133.4, 133.5, 

133.9, 136.7, 143.4, 154.6, 198.8. HRMS (ESI) calcd for C21H17Na79BrO2
+ [M+Na]+ 

403.0304, found 403.0313. HRMS (ESI) calcd for C21H17Na81BrO2
+ [M+Na]+ 

405.0284, found 405.0297. 

Ethyl (S)-3-(2-hydroxyphenyl)-3-(4-hydroxyphenyl)propanoate (4o) 

Compound 4o. (98% yield, 92% ee (S)). White solid, 56.1 mg 

at 0.20 mmol scale. The ee of 4o was determined by HPLC 

analysis: (Chiralcel IB column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 210 nm, tmajor = 6.7 min (S), tminor 

= 10.5 min (R)); []20
D − (c 0.57, CH3OH) for 92% ee (S). 

1H NMR (300 MHz, d6-DMSO) δ 1.04 (t, J = 6.9 Hz, 3H), 2.97 (d, J = 7.9 Hz, 2H), 

3.95 (q, J = 6.8 Hz, 2H), 4.70 (t, J = 7.9 Hz, 1H), 6.61 – 6.82 (m, 4H), 6.90 – 7.02 (m, 

1H), 7.03 – 7.18 (m, 3H), 9.17 (s, 1H), 9.39 (s, 1H); 13C NMR (75 MHz, d6-DMSO) δ 

14.4, 39.66, 39.74, 60.0, 115.3, 115.5, 119.3, 127.4, 128.0, 129.1, 131.0, 134.2, 154.8, 

156.0, 171.9. HRMS (ESI) calcd for C17H18NaO4
+ [M+Na]+ 309.1097, found 

309.1102. 

(R)-2-Methyl-4-phenyl-4H-chromene (5a) 

Compound 5a. (99% yield, >99% ee (R)). White solid, 44.4 mg at 

0.20 mmol scale. The ee of 5a was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 98/2, 254 

nm, tmajor = 4.4 min (R), tminor = 4.1 min (S)); []20
D + (c 0.31, 

CH3OH) for >99% ee (R). 1H NMR (400 MHz, d6-DMSO) δ 1.95 (s, 3H), 4.67 (d, J = 

2.4 Hz, 1H), 4.87 (dd, J = 4.0, 1.0 Hz, 1H), 6.93 – 6.99 (m, 3H), 7.13 – 7.23 (m, 4H), 

7.28 – 7.32 (m, 2H); 13C NMR (126 MHz, d6-DMSO) δ 18.8, 39.7, 100.4, 116.0, 
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123.0, 123.2, 126.3, 127.5, 127.8, 128.4, 129.6, 146.5, 146.9, 150.4. HRMS (ESI) 

calcd for C16H15O
+ [M+H]+ 223.1117, found 223.1112. 

(R)-2,4-Diphenyl-4H-chromene (5b) 

Compound 5b. (99% yield, 99% ee (R)). White solid, 56.8 

mg at 0.20 mmol scale. The ee of 5b was determined by 

HPLC analysis: (Chiralcel IB column, 1.0 mL/min, 

hexane/isopropanol = 98/2, 254 nm, tmajor = 5.2 min (R), tminor 

= 4.9 min (S)); []20
D + (c 0.49, CH3OH) for 99% ee (R). 1H NMR (400 MHz, 

d6-DMSO) δ 4.90 (d, J = 4.5 Hz, 1H), 5.84 (d, J = 4.5 Hz, 1H), 6.96 – 7.06 (m, 2H), 

7.14 – 7.24 (m, 3H), 7.27 – 7.35 (m, 4H), 7.35 – 7.47 (m, 3H), 7.71 – 7.83 (m, 2H); 

13C NMR (126 MHz, d6-DMSO) δ 39.8, 101.0, 116.4, 123.2, 123.6, 124.2, 126.5, 

127.7, 127.9, 128.4, 128.6, 129.5, 133.3, 146.4, 147.0, 150.3. HRMS (ESI) calcd for 

C21H17O
+ [M+H]+ 285.1274, found 285.1275. 

(S)-1-Cyclohexyl-3-phenyl-1H-inden-6-ol (6) 

Compound 6. (90% yield, 97% ee). Pale yellow solid, 52.2 mg at 

0.20 mmol scale. The ee of 6 was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 90/10, 

254 nm, tmajor = 5.1 min (S), tminor = 5.5 min (R)); []20
D + (c 

0.40, CH3OH) for 97% ee (S). 1H NMR (300 MHz, d6-DMSO) δ 

0.81 – 0.97 (m, 1H), 1.02 – 1.15 (m, 2H), 1.20 – 1.33 (m, 3H), 1.50 – 1.65 (m, 2H), 

1.67 – 1.79 (m, 1H), 1.82 – 1.98 (m, 2H), 3.23 – 3.38 (m, 1H), 6.43 (d, J = 1.6 Hz, 

1H), 6.71 (dd, J = 8.2, 1.9 Hz, 1H), 6.94 (s, 1H), 7.27 (d, J = 8.2 Hz, 1H), 7.31 – 7.39 

(m, 1H), 7.39 – 7.50 (m, 2H), 7.57 (d, J = 7.2 Hz, 2H), 9.27 (s, 1H). 13C NMR (75 

MHz, d6-DMSO) δ 26.38, 26.45, 26.8, 28.2, 32.0, 40.8, 54.8, 111.8, 113.5, 120.6, 

127.5, 127.8, 129.0, 131.6, 134.9, 136.2, 143.7, 149.8, 156.0. HRMS (ESI) calcd for 

C21H23O
+ [M+H]+ 291.1743, found 291.1745. 

(2S,4R)-2,4-Diphenylchromane (7) 

Compound 7. (90% yield, dr > 20:1, 99% ee). White solid, 

51.4 mg at 0.20 mmol scale. The ee of 7 was determined by 
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HPLC analysis: (Chiralcel ID column, 1.0 mL/min, hexane/isopropanol = 98/2, 210 

nm, tmajor = 5.5 min (S), tminor = 5.9 min (R)); []20
D − (c 0.51, CH3OH) for 99% ee 

(4R). 1H NMR (400 MHz, CDCl3) δ 2.29 – 2.42 (m, 1H), 2.45 – 2.53 (m, 1H), 4.43 

(dd, J = 12.1, 5.9 Hz, 1H), 5.18 – 5.39 (m, 1H), 6.82 – 6.92 (m, 2H), 7.04 (d, J = 8.1 

Hz, 1H), 7.18 – 7.24 (m, 1H), 7.28 – 7.35 (m, 3H), 7.39 (t, J = 7.3 Hz, 3H), 7.47 (t, J 

= 7.4 Hz, 2H), 7.56 (d, J = 7.4 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 40.7, 43.6, 

78.2, 117.1, 120.6, 125.8, 126.2, 126.8, 127.8, 128.1, 128.6, 128.7, 129.9, 141.3, 

144.6, 155.6. HRMS (ESI) calcd for C21H19O
+ [M+H]+ 287.1430, found 287.1428. 

(S)-4-(4-Hydroxyphenyl)chroman-2-one (8) 

Compound 8. (95% yield, 91% ee). White solid, 45.6 mg at 0.20 

mmol scale. The ee of 8 was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 80/20, 254 

nm, tmajor = 8.4 min (S), tminor = 7.5 min (R)); []20
D + (c 0.33, 

CH3OH) for 91% ee (S). 1H NMR (300 MHz, CDCl3) δ 2.85 – 3.03 

(m, 2H), 4.20 (t, J = 6.6 Hz, 1H), 6.70 (d, J = 8.4 Hz, 2H), 6.84 – 6.97 (m, 3H), 6.97 – 

7.09 (m, 2H), 7.16 – 7.27 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 37.2, 39.8, 116.0, 

117.1, 124.8, 126.1, 128.3, 128.66, 128.73, 132.0, 151.5, 155.3, 168.5. HRMS (ESI) 

calcd for C15H13O3
+ [M+H]+ 241.0859, found 241.0865. 

(R)-4-Phenylchroman-7-ol (10) 

Compound 10. (81% yield, 96% ee). Pale yellow solid, 36.6 mg at 

0.20 mmol scale. The ee of 10 was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 90/10, 210 

nm, tmajor = 7.8 min (R), tminor = 7.6 min (S)); []20
D + (c 0.14, 

CH3OH) for 96% ee (R). 1H NMR (300 MHz, CDCl3) δ 2.03 – 2.19 

(m, 1H), 2.24 – 2.42 (m, 1H), 4.09 – 4.27 (m, 3H), 6.32 (d, J = 2.6 Hz, 1H), 6.60 –

6.70 (m, 1H), 6.75 – 6.84 (m, 1H), 7.19 (d, J = 7.1 Hz, 2H), 7.23 – 7.40 (m, 3H). 13C 

NMR (126 MHz, CDCl3) δ 31.8, 41.4, 64.0, 115.3, 116.4, 117.5, 125.4, 126.6, 128.5, 

128.6, 145.4, 149.0, 149.2. HRMS (ESI) calcd for C15H15O2
+ [M+H]+ 227.1067, found 

227.1064. 
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(R)-4-Phenyl-1-oxaspiro[4.5]deca-6,9-diene-2,8-dione (13) 

Compound 13. (95% yield, 99% ee). Pale yellow solid, 45.6 mg at 

0.20 mmol scale. The ee of 13 was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 80/20, 210 

nm, tmajor = 14.6 min (R), tminor = 16.5 min (S)); []20
D + (c 0.57, 

CH3OH) for 99% ee (R). 1H NMR (400 MHz, CDCl3) δ 3.05 – 3.15 (m, 1H), 3.17 – 

3.29 (m, 1H), 3.88 (dd, J = 10.9, 8.6 Hz, 1H), 6.02 (dd, J = 10.3, 1.9 Hz, 1H), 6.37 (dd, 

J = 10.1, 1.9 Hz, 1H), 6.61 (dd, J = 10.3, 3.2 Hz, 1H), 6.98 (dd, J = 10.1, 3.2 Hz, 1H), 

7.07 – 7.17 (m, 2H), 7.30 – 7.36 (m, 3H). 13C NMR (75 MHz, CDCl3) δ 32.8, 50.0, 

81.8, 127.4, 128.7, 128.9, 130.2, 130.5, 133.6, 143.0, 145.6, 174.2, 184.2. HRMS 

(ESI) calcd for C15H13O3
+ [M+H]+ 241.0859, found 241.0865. 

(9R,9aR)-9a-Methoxy-9-(2-oxo-2-phenylethyl)-9,9a-dihydro-3H-fluoren-3-one (15) 

Compound 15. (93% yield, dr = 19:1, 96% ee). Pale yellow solid, 

61.4 mg at 0.20 mmol scale. The ee of 15 was determined by 

HPLC analysis: (Chiralcel IF column, 1.0 mL/min, 

hexane/isopropanol = 80/20, 254 nm, tmajor = 7.3 min (R), tminor = 

8.8 min (S)); []20
D − (c 0.29, CH3OH) for 96% ee (9R). 1H NMR (500 MHz, 

d6-DMSO) δ 2.67 (d, J = 14.0 Hz, 1H), 2.95 (s, 3H), 3.17 (dd, J = 13.9, 8.4 Hz, 1H), 

4.01 (d, J = 8.2 Hz, 1H), 6.30 (dd, J = 9.9, 1.6 Hz, 1H), 6.76 (d, J = 1.5 Hz, 1H), 6.94 

(dd, J = 6.5, 2.9 Hz, 2H), 7.13 – 7.21 (m, 3H), 7.24 (d, J = 7.3 Hz, 1H), 7.33 – 7.42 

(m, 2H), 7.48 (d, J = 9.9 Hz, 1H), 7.89 (d, J = 7.3 Hz, 1H). 13C NMR (126 MHz, 

d6-DMSO) δ 48.1, 50.3, 50.7, 87.1, 111.9, 120.5, 123.5, 126.0, 126.1, 128.0, 128.5, 

129.9, 132.2, 136.4, 141.4, 144.9, 149.2, 160.0, 186.8. HRMS (ESI) calcd for 

C22H18NaO3
+ [M+Na]+ 353.1148, found 353.1154. 

Tolterodine[5] 

(S)-Tolterodine. (97% yield, >99% ee). Colorless oil, 63.0 

mg at 0.20 mmol scale. The ee of (S)-Tolterodine was 

determined by HPLC analysis: (Chiralcel IC column, 1.0 

mL/min, hexane/isopropanol = 99.5/0.5, 210 nm, tmajor = 9.2 
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min (S); []20
D − (c 0.23, MeOH) for 99% ee. [lit.[5]

 value for the S enantiomer: 

[]20
D −27 (c 1.0, CH3OH).] (R)-Tolterodine. (86% yield, 99% ee). Colorless oil, 

55.9 mg at 0.20 mmol scale. The ee of (R)-Tolterodine was determined by HPLC 

analysis: (Chiralcel IC column, 1.0 mL/min, hexane/isopropanol = 99.5/0.5, 210 nm, 

tmajor = 9.9 min (R), tminor = 9.4 min (S); []20
D + (c 0.11, MeOH) for 99% ee. [lit.[5]

 

value for the R enantiomer: []20
D +26 (c 1.0, CH3OH)]. 1H NMR (400 MHz, CDCl3) 

δ 1.12 (d, J = 6.7 Hz, 6H), 1.17 (d, J = 6.7 Hz, 6H), 2.10 – 2.15 (m, 1H), 2.16 (s, 3H), 

2.37 – 2.48 (m, 2H), 2.69 – 2.80 (m, 1H), 3.18 – 3.34 (m, 2H), 4.53 (dd, J = 11.1, 3.9 

Hz, 1H), 6.60 (s, 1H), 6.79 – 6.92 (m, 2H), 7.23 – 3.34 (m, 1H), 7.32 – 7.39 (m, 4H). 
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10. NMR Spectra  
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11. HPLC Charts  
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