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1. General Information
All the starting materials were obtained from commercial sources and used without further 
purification unless otherwise stated. 1H NMR spectra were recorded on Bruker (400 MHz), Bruker
AVANCE III (500 MHz) or Bruker ASCEND (600 MHz) in CDCl3 using residual solvent signals as the 
internal standard (CDCl3 δ = 7.26 ppm). 13C NMR spectra were recorded at 101 MHz (Bruker), 126 
MHz (Bruker AVANCE III) or 151 MHz (Bruker ASCEND) in CDCl3 using solvent signals as the internal 
standard (CDCl3 δ = 77.16 ppm). High-resolution electrospray ionization mass spectra (HR-ESI-MS) 
were recorded on an Agilent 6545 Q-TOF LCMS spectrometer equipped with an ESI source and 
controlled by using MassHunter software. Melting points (m.p.) were obtained using a Büchi B-
545 apparatus and uncorrected. Chiral HPLC analyses were performed using JASCO LC-2000 Plus 
and Agilent 1260 chromatography. Chiralpak IA, IB, IC, ID and AD-H columns were purchased from 
Daicel Chemical Industries (Shanghai, China). Optical rotations were measured on a Rudolph 
Autopol IV polarimeter. Column chromatography and flash chromatography experiments were 
conducted using silica gel GF254 (200-300 mesh) eluting with ethyl acetate and petroleum ether. 
TLC experiments were carried out on glass-backed silica plates. The 4-hydroxybenzyl alcohol 11 
and β-indanone ester 2a-2g and 2i2, 2h3, 2o4 were prepared according to the reported literature 
procedures.

2. General procedure for the synthesis of 3

HO

R3

OH +

12 mol% L5
10 mol% Cu(OTf)2
DCE, 24 h, 20 oC

1 2 3 Ar=4-OHPh

R1

O O

OR2 R1


O O

OR2
Ar

R3

An oven-dried Schlenk flask was charged with Cu(OTf)2 (0.01 mmol), ligand L5 (0.012 mmol), DCE 
(1.5 mL) and a stir bar. The reaction mixture was stirred at room temperature for 1h. Then β-
ketoesters 2 (0.12 mmol) was added, the reaction solution was stirred for 30 min, and then 4-
hydroxybenzyl alcohol 1 (0.1 mmol) was added to react at 20 °C for 24 h. After completion, the 
mixture was concentrated in vacuum. The residue was purified by flash chromatography on silica 
gel eluting with ethyl acetate/petroleum ether (1:4) to afford the producs 3.
3. Characterization data of product 3

3a: major diastereomer

O

Ph
CO2Me

OH

Methyl (R)-2-((S)-(4-hydroxyphenyl)(phenyl)methyl)-1-oxo-2,3-dihydro-1H-indene-2-
carboxylate
Yield 85% as a white solid, mp: 63-65 °C.
1H NMR (600 MHz, CDCl3) δ 7.67 (d, J = 7.7 Hz, 1H), 7.50 (qd, J = 7.1, 1.2 Hz, 1H), 7.38 (dt, J = 7.7, 
1.0 Hz, 1H), 7.32 (d, J = 7.4 Hz, 1H), 7.29 – 7.28 (m, 2H), 7.25 (dd, J = 7.0, 1.5 Hz, 1H), 7.05 (d, J = 
4.3 Hz, 2H), 6.91 – 6.87 (m, 2H), 6.53 – 6.48 (m, 2H), 5.62 (s, 1H), 5.51 (s, 1H), 4.24 (d, J = 17.5 Hz, 
1H), 3.57 (d, J = 17.1 Hz, 1H), 3.49 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 201.67, 169.88, 154.51, 
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154.17, 141.71, 135.57, 134.57, 131.55, 131.12, 128.57, 128.52, 127.59, 126.53, 126.13, 124.67, 
114.98, 66.67, 53.58, 53.08, 33.57. [α]D

30 = -230.00 (c = 1.0 in CH3OH). The enantiomers were 
analyzed by HPLC using Daicel Chiralpak ID column at 254 nm (n-hexane/i-PrOH = 80/20), 1.0 
mL/min; Major enantiomer: tR = 16.3 min, 25.4 min; minor enantiomer: tR = 15.5 mim, 29.8 min; 
2.6:1 dr, 93/97% ee. HRMS (ESI) calcd for C24H20O4Na m/z [M+Na]+: 395.1254, found: 395.1258.

3b: major diastereomer

O

Ph
CO2Me

OH

Cl

Methyl (R)-6-chloro-2-((S)-(4-hydroxyphenyl)(phenyl)methyl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
Yield 79% as a white solid, mp: 84-86 °C.
1H NMR (600 MHz, CDCl3) δ 7.63 (d, J = 2.0 Hz, 1H), 7.46 (dd, J = 8.2, 2.1 Hz, 1H), 7.36 – 7.29 (m, 
3H), 7.27 – 7.23 (m, 3H), 6.92 – 6.84 (m, 2H), 6.58 – 6.48 (m, 2H), 5.49 (s, 1H), 5.25 (s, 1H), 4.20 (d, 
J = 17.1 Hz, 1H), 3.52 (d, J= 17.1 Hz, 1H), 3.50 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 200.3, 169.5, 154.5, 152.2, 141.4, 136.0, 135.5, 133.9, 131.5, 131.1, 
128.6, 128.5, 127.3, 126.6, 124.3, 115.1, 67.2, 53.6, 53.2, 33.2. [α]D

30 = -314.00 (c = 1.0 in CH3OH). 
The enantiomers were analyzed by HPLC using Daicel Chiralpak IA and IB column respectively and 
at 254 nm (n-hexane/i-PrOH = 85/15), 1.0 mL/min; Major enantiomer: tR = 8.1 min, 9.2 min; minor 
enantiomer: tR = 7.9 min, 15.6 min. 2.7:1 dr, 90/93% ee. HRMS (ESI) calcd for C24H19ClO4Na m/z 
[M+Na]+: 429.0864, found:429.0871.

3c: major diastereomer

O

Ph
CO2Me

OH

Cl

Methyl (R)-5-chloro-2-((S)-(4-hydroxyphenyl)(phenyl)methyl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
Yield 83% as a white solid, mp: 79-83 °C.
1H NMR (600 MHz, CDCl3) δ 7.60 (d, J = 8.2 Hz, 1H), 7.40 – 7.36 (m, 1H), 7.35 – 7.31 (m, 2H), 7.28 – 
7.23 (m, 4H), 6.88 (d, J = 8.5 Hz, 2H), 6.57 – 6.50 (m, 2H), 5.49 (s, 1H), 5.15 (s, 1H), 4.22 (d, J = 17.3 
Hz, 1H), 3.54 (d, J = 17.1 Hz, 1H), 3.50 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 200.08, 169.52, 155.44, 
154.42, 142.16, 141.43, 133.05, 131.53, 131.09, 128.58, 128.51, 128.47, 126.62, 126.35, 125.69, 
115.06, 66.79, 53.55, 53.17, 33.29. [α]D

30 = -283.00(c = 1.0 in CH3OH). The enantiomers were 
analyzed by HPLC using Daicel Chiralpak IA and IC column respectively and at 254 nm (n-hexane/i-
PrOH = 85/15), 1.0 mL/min; Major enantiomer: tR = 6.9 min, 8.2 min; minor enantiomer: tR = 11.0 
min, 15.3 min. 3:1 dr, 93/93% ee. HRMS (ESI) calcd for C24H19ClO4Na m/z [M+Na]+: 429.0864, 
found: 429.0871.
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3d: major diastereomer

O

Ph
CO2Me

OH

Br

Methyl (R)-6-bromo-2-((S)-(4-hydroxyphenyl)(phenyl)methyl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
Yield 74% as a yellow solid, mp: 85-88 °C.
1H NMR (600 MHz, CDCl3) δ 7.80 (d, J = 1.9 Hz, 1H), 7.60 (dd, J = 8.1, 2.0 Hz, 1H), 7.35 – 7.30 (m, 
2H), 7.28 – 7.23 (m, 4H), 6.91 – 6.85 (m, 2H), 6.56 – 6.51 (m, 2H), 5.49 (s, 1H), 5.20 (s, 1H), 4.18 (d, 
J = 17.1 Hz, 1H), 3.50 (d, J = 17.1 Hz, 1H), 3.49 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 200.2, 169.4, 
154.4, 152.6, 141.4, 138.2, 136.4, 131.5, 131.1, 128.6, 128.5, 127.7, 127.4, 126.6, 121.7, 115.1, 
67.1, 53.6, 53.2, 33.2. [α]D

30 = -318.00 (c = 1.0 in CH3OH). The enantiomers were analyzed by HPLC 
using Daicel Chiralpak IA column and at 254 nm (n-hexane/i-PrOH = 85/15), 1.0 mL/min; Major 
enantiomer: tR = 8.2 min, 17.6 min; minor enantiomer: tR = 8.0 min, 16.9 min. 2.2:1 dr, 91/91% ee. 
HRMS (ESI) calcd for C24H19BrO4Na m/z [M+Na]+: 473.0359, found: 473.0367.

3e: major diastereomer

O

Ph
CO2Me

OH

Br

Methyl (R)-5-bromo-2-((S)-(4-hydroxyphenyl)(phenyl)methyl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
Yield 71% as a yellow solid, mp: 102-104 °C.
1H NMR (600 MHz, CDCl3) δ 7.57 – 7.55 (m, 1H), 7.52 (d, J = 8.2 Hz, 1H), 7.44 – 7.41 (m, 1H), 7.35 – 
7.31 (m, 2H), 7.27 – 7.23 (m, 3H), 6.91 – 6.83 (m, 2H), 6.56 – 6.50 (m, 2H), 5.49 (s, 1H), 5.19 (s, 1H), 
4.22 (d, J = 17.1 Hz, 1H), 3.54 (d, J = 17.2 Hz, 1H), 3.50 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 200.30, 
169.45, 155.53, 154.43, 141.42, 133.43, 131.52, 131.33, 131.13, 131.09, 129.45, 128.58, 128.47, 
126.62, 125.74, 115.07, 66.73, 53.53, 53.17, 33.23. [α]D

30 = -223.00 (c = 1.0 in CH3OH). The 
enantiomers were analyzed by HPLC using Daicel Chiralpak IA and IC column respectively and at 
254nm (n-hexane/i-PrOH = 85/15), 1.0 mL/min; Major enantiomer: tR = 7.1 min, 8.4 min; minor 
enantiomer: tR = 10.8 min, 14.5 min. 2.2:1 dr, 98/>99% ee. HRMS (ESI) calcd for C24H19BrO4Na m/z 
[M+Na]+: 473.0359, found:473.0364.

3f: major diastereomer

O

Ph
CO2Me

OH

Methyl (R)-2-((S)-(4-hydroxyphenyl)(phenyl)methyl)-6-methyl-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
Yield 84% as a yellow oil.
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1H NMR (600 MHz, CDCl3) δ 7.50 – 7.44 (m, 1H), 7.35 – 7.30 (m, 3H), 7.29 – 7.22 (m, 4H), 6.90 (d, J 
= 8.1 Hz, 2H), 6.52 (d, J = 8.3 Hz, 2H), 5.50 (s, 1H), 5.31 (s, 1H), 4.17 (d, J = 17.0 Hz, 1H), 3.50 (d, J = 
16.8 Hz, 1H), 3.47 (s, 3H), 2.33 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 201.52, 169.93, 154.33, 151.58, 
141.80, 137.54, 136.90, 134.75, 131.78, 131.13, 128.59, 128.49, 126.49, 125.77, 124.52, 114.97, 
67.00, 53.50, 53.01, 33.19, 20.98. [α]D

30 = -289.00 (c = 1.0 in CH3OH). The enantiomers were 
analyzed by HPLC using Daicel Chiralpak ID and IA column respectively and at 254nm (n-hexane/i-
PrOH = 85/15), 1.0 mL/min; Major enantiomer: tR = 8.4 min, 15.6 min; minor enantiomer: tR = 9.2 
min, 20.5 min. 2.6:1 dr, >99/84% ee. HRMS (ESI) calcd for C25H22O4Na m/z [M+Na]+: 409.1410, 
found: 409.1419.

3g: major diastereomer

O

Ph
CO2Ad

OH

(3S,5S,7S)-Adamantan-1-yl (R)-2-((S)-(4-hydroxyphenyl)(phenyl)methyl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
Yield 72% as a yellow oil.
1H NMR (600 MHz, CDCl3) δ 7.67 (d, J = 7.7 Hz, 1H), 7.47 (dt, J = 7.4, 1.2 Hz, 1H), 7.37 – 7.30 (m, 
5H), 7.28 – 7.23 (m, 2H), 6.89 (d, J = 8.0 Hz, 2H), 6.52 (d, J = 8.2 Hz, 2H), 5.47 (s, 1H), 5.45 (s, 1H), 
4.15 (d, J = 16.6 Hz, 1H), 3.45 (d, J = 16.7 Hz, 1H), 2.01 (p, J = 3.2 Hz, 3H), 1.83 – 1.79 (m, 3H), 1.69 
– 1.64 (m, 3H), 1.51 (q, J = 12.2, 11.6 Hz, 6H). 13C NMR (151 MHz, CDCl3) δ 202.07, 167.57, 154.42, 
154.26, 142.28, 135.27, 134.66, 132.09, 131.06, 128.86, 128.42, 127.36, 126.37, 126.03, 124.51, 
114.96, 82.25, 67.78, 53.55, 40.41, 36.01, 33.65, 30.70. [α]D

30 = -160.00 (c = 1.0 in CH3OH). The 
enantiomers were analyzed by HPLC using Daicel Chiralpak IA column and at 254 nm (n-hexane/i-
PrOH = 85/15), 1.0 mL/min; Major enantiomer: tR = 6.6 min, 12.9 min; minor enantiomer: tR = 6.7 
min, 16.2 min. 7.3:1 dr, 99/98% ee. HRMS (ESI) calcd for C33H32O4Na m/z [M+Na]+: 515.2193, 
found: 515.2198.

3h: major diastereomerO

O

Ph
CO2tBu

OH

Tert-butyl (S)-2-((S)-(4-hydroxyphenyl)(phenyl)methyl)-3-oxo-2,3-dihydrobenzofuran
-2-carboxylate
Yield 87% as a yellow solid, mp: 77-81°C.
1H NMR (500 MHz, CDCl3) δ 7.67 – 7.61 (m, 2H), 7.56 – 7.50 (m, 2H), 7.39 – 7.32 (m, 2H), 7.24 – 
7.20 (m, 1H), 7.12 – 7.07 (m, 2H), 6.99 – 6.91 (m, 2H), 6.53 – 6.47 (m, 2H), 5.11 (s, 1H), 4.97 (s, 1H), 
1.18 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 195.61, 172.66, 163.60, 154.49, 140.54, 138.39, 130.99, 
129.64, 128.68, 128.56, 126.80, 124.58, 122.30, 119.59, 114.84, 113.11, 94.76, 83.82, 54.96, 27.31. 
[α]D

30 = -187.00 (c = 1.0 in CH3OH). The enantiomers were analyzed by HPLC using Daicel Chiralpak 
AD-H column and at 254 nm (n-hexane/i-PrOH = 80/20), 0.8 mL/min; Major enantiomer: tR = 
6.4min, 8.7min; minor enantiomer: tR = 10.8 min, 11.8 min. 2.8:1 dr, 93/78% ee. HRMS (ESI) calcd 
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for C26H24O5 m/z [M-H]-: 415.1551, found: 415.1557.

3i: major diastereomer

O

Ph
CO2Me

OH

Methyl (R)-2-((S)-(4-hydroxyphenyl)(phenyl)methyl)-1-oxo-1,2,3,4-tetrahydronaphthalene
-2-carboxylate
Yield 60% as a black solid, mp: 58-63°C.
1H NMR (600 MHz, DMSO-d6) δ 9.25 (s, 1H), 7.89 (d, J = 1.5 Hz, 1H), 7.42 – 7.36 (m, 4H), 7.33 (t, J = 
7.6 Hz, 2H), 7.25 – 7.22 (m, 3H), 7.19 – 7.16 (m, 1H), 6.64 – 6.59 (m, 2H), 4.98 (s, 1H), 3.34 (s, 3H), 
2.98 – 2.95 (m, 1H), 2.73 – 2.69 (m, 1H), 2.22 (tt, J = 13.6, 12.5, 5.3 Hz, 2H). 13C NMR (151 MHz, 
DMSO) δ 193.28, 170.45, 156.19, 143.38, 141.30, 134.21, 132.48, 131.75, 131.08, 130.53, 129.43, 
128.37, 127.92, 127.21, 126.95, 115.07, 62.63, 60.22, 52.61, 26.12, 14.56. [α]D

30 = 84.00 (c = 1.0 in 
CH3OH). The enantiomers were analyzed by HPLC using Daicel Chiralpak ID column and at 254 nm 
(n-hexane/i-PrOH = 80/20), 1 mL/min; Major enantiomer: tR = 8.8 min, 10.8 min; minor 
enantiomer: tR = 7.3 min, 9.9 min. 1.2:1 dr, 80/84% ee. HRMS (ESI) calcd for C25H21O4 m/z [M-H]-: 
385.1445, found: 385.1449.

3i: minor diastereomer

O

Ph

OH

CO2Me

methyl (R)-2-((R)-(4-hydroxyphenyl)(phenyl)methyl)-1-oxo-1,2,3,4-tetrahydronaphthalene-2-
carboxylate
1H NMR (600 MHz, DMSO-d6) δ 9.29 (s, 1H), 7.87 (d, J = 1.5 Hz, 1H), 7.52 (td, J = 7.4, 1.5 Hz, 2H), 
7.30 – 7.25 (m, 4H), 7.22 – 7.19 (m, 3H), 7.16 – 7.11 (m, 1H), 6.68 – 6.64 (m, 2H), 4.96 (s, 1H), 3.33 
(s, 3H), 3.12 – 2.99 (m, 2H), 2.94 – 2.91 (m, 1H), 2.69 – 2.64 (m, 1H). 13C NMR (151 MHz, DMSO) δ 
193.36, 170.56, 156.50, 143.38, 141.73, 134.21, 132.42, 131.85, 131.08, 130.77, 130.62, 129.43, 
128.22, 127.89, 126.54, 115.19, 62.63, 60.22, 52.61, 26.16, 21.23.

3j: major diastereomer

O

HO

O

CO2Me

Methyl (R)-1-((R)-(4-hydroxyphenyl)(4-methoxyphenyl)methyl)-2-oxocyclopentane-1-
carboxylate
Yield 96% as a yellow oil.
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1H NMR (500 MHz, DMSO-d6) δ 9.33 (s, 1H), 6.83 (d, J = 1.2 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 6.66 (d, 
J = 8.6 Hz, 2H), 6.62 (d, J = 8.6 Hz, 2H), 4.89 (s, 1H), 3.72 (s, 3H), 3.37 (s, 3H), 2.83 – 2.79 (m, 1H), 
2.28 – 2.22 (m, 2H), 1.69 – 1.59 (m, 2H), 1.50 – 1.46 (m, 1H). 13C NMR (126 MHz, DMSO) δ 212.90, 
168.92, 157.48, 155.92, 133.44, 130.76, 130.49, 129.65, 114.90, 113.57, 65.79, 54.90, 53.03, 52.35, 
37.95, 28.89, 19.22. [α]D

30 = -45.00 (c = 1.0 in CH3OH). The enantiomers were analyzed by HPLC 
using Daicel Chiralpak AD-H column and at 254 nm (n-hexane/i-PrOH = 95/5), 0.8 mL/min; Major 
enantiomer: tR = 49.6 min, 88.4 min; minor enantiomer: tR = 56.7 min, 75.7 min. 1.1:1 dr, 89/93% 
ee. HRMS (ESI) calcd for C21H21O5 m/z [M-H]-: 353.1394, found: 353.1398.

3j: minor diastereomer

O

CO2Me

HO

O

methyl (R)-1-((S)-(4-hydroxyphenyl)(4-methoxyphenyl)methyl)-2-oxocyclopentane-1-
carboxylate
1H NMR (500 MHz, DMSO-d6) δ 9.29 (s, 1H), 7.13 (d, J = 8.7 Hz, 2H), 7.03 (d, J = 8.6 Hz, 2H), 6.97 (d, 
J = 8.8 Hz, 2H), 6.84 (d, J = 1.3 Hz, 2H), 4.88 (s, 1H), 3.69 (s, 3H), 3.38 (s, 3H), 2.90 – 2.83 (m, 1H), 
2.21 – 2.11 (m, 2H), 1.78 – 1.69 (m, 2H), 1.56 – 1.50 (m, 1H). 13C NMR (126 MHz, DMSO) δ 212.90, 
168.90, 157.48, 155.64, 132.54, 131.43, 130.79, 129.67, 115.02, 113.46, 65.85, 54.93, 53.03, 52.35, 
37.95, 29.04, 19.20.

3k: major diastereomer

O

HO

O

CO2Et

Ethyl 2-((R)-(4-hydroxyphenyl)(4-methoxyphenyl)methyl)-2-methyl-3-oxobutanoate
Yield 63% as a yellow oil.
1H NMR (500 MHz, DMSO-d6) δ 9.30 (s, 1H), 7.20 (d, J = 2.0 Hz, 2H), 7.08 (d, J = 2.6 Hz, 2H), 6.81 (d, 
J = 2.2 Hz, 2H), 6.64 (d, J = 1.7 Hz, 2H), 4.96 (s, 1H), 3.99 – 3.93 (m, 2H), 3.70 (s, 3H), 2.02 (s, 3H), 
1.41 (s, 3H), 1.03 – 1.02 (m, 3H). 13C NMR (126 MHz, DMSO) δ 204.64, 171.53, 158.04, 156.19, 
133.89, 131.90, 131.21, 131.09, 115.26, 113.80, 65.06, 61.55, 55.39, 52.55, 27.27, 18.27, 14.03. 
[α]D

30 = 6.00 (c = 1.0 in CH3OH). The enantiomers were analyzed by HPLC using Daicel Chiralpak IC 
column and at 254 nm (n-hexane/i-PrOH = 95/5), 0.8 mL/min; Major enantiomer: tR = 30.5 min, 
41.5 min; minor enantiomer: tR = 33.8 min, 38.0 min. 1.1:1 dr, 82/79% ee. HRMS (ESI) calcd for 
C21H23O5 m/z [M-H]-: 355.1551, found: 355.1559.

3k: minor diastereomer

O

CO2Et

O

HO
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Ethyl (R)-2-((S)-(4-hydroxyphenyl)(4-methoxyphenyl)methyl)-2-methyl-3-oxobutanoate
1H NMR (500 MHz, DMSO-d6) δ 9.29 (s, 1H), 7.22 (d, J = 2.0 Hz, 2H), 7.10 (d, J = 2.6 Hz, 2H), 6.80 (d, 
J = 2.1 Hz, 2H), 6.62 (d, J = 1.7 Hz, 2H), 4.96 (s, 1H), 4.04 – 3.97 (m, 2H), 3.70 (s, 3H), 2.02 (s, 3H), 
1.42 (s, 3H), 1.03 – 0.97 (m, 3H). 13C NMR (126 MHz, DMSO) δ 204.64, 171.46, 158.07, 156.26, 
133.34, 131.31, 131.27, 131.03, 115.10, 113.67, 65.08, 61.55, 55.39, 52.48, 27.25, 18.18, 14.03.

3l: major diastereomer

O

Ph
CO2Et

OH

Methyl (2R,3S)-2-benzoyl-3-(4-hydroxyphenyl)-3-phenylpropanoate
Yield 83% as a white solid, mp: 69-72°C.
1H NMR (600 MHz, DMSO-d6) δ 9.23 (s, 1H), 8.09 (dd, J = 2.9, 1.4 Hz, 2H), 7.53 – 7.50 (m, 3H), 7.41 
– 7.36 (m, 2H), 7.34 – 7.30 (m, 2H), 7.15 – 7.10 (m, 2H), 7.05 – 6.99 (m, 1H), 6.71 – 6.62 (m, 2H), 
5.84 (d, J = 2.8 Hz, 1H), 4.75 (d, J = 2.1 Hz, 1H), 3.87 – 3.82 (m, 2H), 0.82 (t, J = 7.1 Hz, 3H). 13C NMR 
(151 MHz, DMSO) δ 193.61, 167.99, 156.39, 143.32, 136.46, 134.34, 132.84, 129.65, 129.26, 
129.08, 128.71, 128.47, 126.47, 115.46, 61.21, 58.34, 50.60, 14.06. [α]D

30 = 10.00 (c = 1.0 in 
CH3OH). The enantiomers were analyzed by HPLC using Daicel Chiralpak IC column and at 254 nm 
(n-hexane/i-PrOH = 80/20), 1.0 mL/min; Major enantiomer: tR = 5.9 min, 14.7 min; minor 
enantiomer: tR = 7.3 min, 11.8 min. 1.1:1 dr, 76/82% ee. HRMS (ESI) calcd for C24H21O4 m/z [M-H]-: 
373.1445, found: 373.1442.

3l: minor diastereomer

O

Ph
CO2Et

OH

Ethyl (2R,3R)-2-benzoyl-3-(4-hydroxyphenyl)-3-phenylpropanoate
1H NMR (600 MHz, DMSO-d6) δ 9.12 (s, 1H), 8.11 (dd, J = 2.9, 1.2 Hz, 2H), 7.68 – 7.63 (m, 2H), 7.55 
– 7.53 (m, 3H), 7.29 – 7.24 (m, 2H), 7.22 – 7.18 (m, 2H), 7.18 – 7.15 (m, 1H), 6.54 – 6.48 (m, 2H), 
5.86 (d, J = 2.8 Hz, 1H), 4.77 (d, J = 2.1 Hz, 1H), 3.82 – 3.73 (m, 2H), 0.78 (t, J = 7.1 Hz, 3H). 13C NMR 
(151 MHz, DMSO) δ 193.74, 167.97, 156.09, 143.57, 136.36, 134.37, 133.05, 129.28, 129.25, 
129.21, 128.65, 127.91, 126.76, 115.42, 61.17, 58.05, 50.69, 13.99.

3m: major diastereomerS

O

Ph
CO2Et

OH

Ethyl (2R,3S)-3-(4-hydroxyphenyl)-3-phenyl-2-(thiophene-2-carbonyl)propanoate
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Yield 89% as a yellow oil.
1H NMR (500 MHz, DMSO-d6) δ 9.17 (s, 1H), 8.42 – 8.39 (m, 2H), 7.53 – 7.50 (m, 2H), 7.34 – 7.32 
(m, 2H), 7.28 (d, J = 0.9 Hz, 1H), 7.24 – 7.20 (m, 2H), 7.03 (t, J = 7.4 Hz, 1H), 6.54 – 6.52 (m, 2H), 
5.69 (d, J = 1.2 Hz, 1H), 4.72 (d, J = 3.1 Hz, 1H), 3.86 – 3.81 (m, 2H), 0.81 (t, J = 7.1 Hz, 3H). 13C NMR 
(126 MHz, DMSO) δ 186.47, 167.86, 156.16, 143.82, 143.29, 137.09, 135.96, 132.75, 129.55, 
129.16, 128.67, 128.36, 126.77, 115.49, 61.23, 59.04, 50.54, 14.02. [α]D

30 = 7.00 (c = 1.0 in CH3OH). 
The enantiomers were analyzed by HPLC using Daicel Chiralpak IC column and at 254 nm (n-
hexane/i-PrOH = 80/20), 1.0 mL/min; Major enantiomer: tR = 7.5 min, 20.5 min; minor enantiomer: 
tR = 9.6 min, 18.1 min. 1.3:1 dr, 82/89% ee. HRMS (ESI) calcd for C22H19O4S m/z [M-H]-: 379.1011, 
found: 379.1010.

3m: minor diastereomerS

O

Ph
CO2Et

OH

Ethyl (2R,3R)-3-(4-hydroxyphenyl)-3-phenyl-2-(thiophene-2-carbonyl)propanoate
1H NMR (500 MHz, DMSO-d6) δ 9.26 (s, 1H), 8.09 – 7.98 (m, 2H), 7.42 – 7.38 (m, 2H), 7.31 – 7.29 
(m, 2H), 7.28 (d, J = 4.6 Hz, 1H), 7.19 – 7.11 (m, 3H), 6.69 – 6.64 (m, 2H), 5.71 (d, J = 1.3 Hz, 1H), 
4.74 (d, J = 3.1 Hz, 1H), 3.93 – 3.86 (m, 2H), 0.86 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, DMSO) δ 
186.35, 167.86, 156.40, 143.68, 143.22, 137.06, 135.87, 132.82, 129.39, 129.16, 128.73, 127.98, 
126.59, 115.44, 61.28, 59.24, 50.43, 14.10.

3n: major diastereomerO

O

Ph
CO2Et

OH

Ethyl (2R,3S)-2-(furan-2-carbonyl)-3-(4-hydroxyphenyl)-3-phenylpropanoate
Yield 75% as a yellow solid, mp: 62-66°C.
1H NMR (500 MHz, DMSO-d6) δ 9.18 (s, 1H), 8.02 – 7.98 (m, 2H), 7.49 (d, J = 7.5 Hz, 2H), 7.32 – 7.24 
(m, 4H), 7.04 (t, J = 7.3 Hz, 1H), 6.75 (d, J = 4.6 Hz, 1H), 6.52 (d, J = 8.5 Hz, 2H), 5.49 (s, 1H), 4.71 (d, 
J = 3.6 Hz, 1H), 3.91 – 3.77 (m, 2H), 0.83 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, DMSO) δ 181.17, 
167.78, 156.21, 151.79, 149.66, 143.31, 132.52, 129.19, 128.68, 128.26, 126.76, 122.20, 115.48, 
113.30, 61.21, 58.59, 50.32, 14.06. [α]D

30 = 43.00 (c = 1.0 in CH3OH). The enantiomers were 
analyzed by HPLC using Daicel Chiralpak IC column and at 254 nm (n-hexane/i-PrOH = 80/20), 1.0 
mL/min; Major enantiomer: tR = 16.5 min, 20.0 min; minor enantiomer: tR = 10.8 min, 24.5 min. 
1.2:1 dr, 85/85% ee. HRMS (ESI) calcd for C22H19O5 m/z [M-H]-: 363.1238, found: 363.1240.
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3n: minor diastereomerO

O

Ph
CO2Et

OH

Ethyl (2R,3R)-2-(furan-2-carbonyl)-3-(4-hydroxyphenyl)-3-phenylpropanoate
1H NMR (500 MHz, DMSO-d6) δ 9.26 (s, 1H), 7.94 – 7.89 (m, 2H), 7.37 (d, J = 7.6 Hz, 2H), 7.19 (d, J 
= 8.5 Hz, 2H), 7.16 (d, J = 1.5 Hz, 1H), 7.14 (d, J = 7.6 Hz, 2H), 6.74 (d, J = 4.3 Hz, 1H), 6.66 (d, J = 8.5 
Hz, 2H), 5.47 (s, 1H), 4.69 (d, J = 3.7 Hz, 1H), 3.91 – 3.86 (m, 2H), 0.87 (t, J = 7.1 Hz, 3H). 13C NMR 
(126 MHz, DMSO) δ 181.27, 167.78, 156.39, 151.70, 149.66, 143.02, 132.82, 129.44, 128.73, 
128.02, 126.65, 122.20, 115.45, 113.30, 61.26, 58.41, 50.21, 14.13.

3o: major diastereomer

O

Ph
CO2Me

OH

Methyl (2R,3S)-2-(2-naphthoyl)-3-(4-hydroxyphenyl)-3-phenylpropanoate
Yield 50% as a yellow oil.
1H NMR (500 MHz, DMSO-d6) δ 9.33 (s, 1H), 9.02 (s, 1H), 8.18 (d, J = 2.1 Hz, 1H), 7.99 (d, J = 6.4 Hz, 
2H), 7.95 (d, J = 1.7 Hz, 1H), 7.73 – 7.69 (m, 2H), 7.42 (d, J = 7.2 Hz, 2H), 7.38 (d, J = 8.5 Hz, 2H), 
7.35 – 7.26 (m, 2H), 7.18 (t, J = 7.4 Hz, 1H), 6.70 (d, J = 8.4 Hz, 2H), 6.08 (d, J = 5.1 Hz, 1H), 4.85 (d, 
J = 4.7 Hz, 1H), 3.39 (s, 3H). 13C NMR (126 MHz, DMSO) δ 193.82, 168.58, 156.40, 143.34, 135.72, 
133.74, 132.58, 132.00, 130.29, 129.65, 129.50, 129.22, 128.70, 128.30, 128.03, 127.62, 126.79, 
126.52, 124.21, 115.56, 57.45, 52.71, 50.88. [α]D

30 = 8.00 (c = 1.0 in CH3OH). The enantiomers were 
analyzed by HPLC using Daicel Chiralpak IC column and at 254 nm (n-hexane/i-PrOH = 80/20), 1.0 
mL/min; Major enantiomer: tR = 6.7 min, 17.0 min; minor enantiomer: tR = 7.8 min, 14.1 min. 1.1:1 
dr, 68/86% ee. HRMS (ESI) calcd for C27H21O4 m/z [M-H]-: 409.1445, found: 409.1442.

3o: minor diastereomer

O

Ph
CO2Me

OH

Methyl (2R,3R)-2-(2-naphthoyl)-3-(4-hydroxyphenyl)-3-phenylpropanoate
1H NMR (500 MHz, DMSO-d6) δ 9.14 (s, 1H), 9.02 (s, 1H), 8.20 (d, J = 2.5 Hz, 1H), 7.98 – 7.96 (m, 
2H), 7.95 – 7.93 (m, 1H), 7.69 – 7.64 (m, 2H), 7.59 – 7.55 (m, 2H), 7.26 – 7.21 (m, 2H), 7.10 (t, J = 
7.6 Hz, 2H), 7.00 – 6.96 (m, 1H), 6.52 – 6.44 (m, 2H), 6.11 (d, J = 5.1 Hz, 1H), 4.82 (d, J = 4.7 Hz, 1H), 
3.38 (s, 3H). 13C NMR (126 MHz, DMSO) δ 193.65, 168.58, 156.10, 143.53, 135.70, 133.66, 132.80, 
132.58, 131.93, 130.29, 129.65, 129.22, 128.89, 128.76, 128.30, 128.14, 127.62, 126.79, 124.23, 
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115.45, 57.83, 52.66, 50.79.

3p: major diastereomer

O

OH

Br

FCO2Me

Methyl (R)-6-bromo-2-((R)-(4-fluorophenyl)(4-hydroxyphenyl)methyl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
Yield 93% as a yellow solid, mp: 62-66 °C.
1H NMR (600 MHz, CDCl3) δ 7.79 (d, J = 1.9 Hz, 1H), 7.61 (dd, J = 8.1, 2.0 Hz, 1H), 7.29 – 7.26 (m, 
1H), 7.25 – 7.20 (m, 2H), 7.05 – 6.99 (m, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.55 (d, J = 8.7 Hz, 2H), 5.46 
(s, 1H), 5.39 (s, 1H), 4.15 (d, J = 17.0 Hz, 1H), 3.51 (s, 3H), 3.47 (d, J = 17.0 Hz, 1H). 13C NMR (151 
MHz, CDCl3) δ 199.90, 169.30, 161.5(d, J = 245.6 Hz), 154.60, 152.45, 138.31, 137.20(d, J = 3.6 Hz), 
136.30, 131.13, 130.95, 130.00 (d, J = 8.0 Hz), 127.66, 127.46, 121.78, 115.50(d, J = 21.1 Hz) 115.17, 
67.10, 53.25, 52.87, 33.05. 19F NMR (565 MHz, DMSO) δ -116.47. [α]D

30 = -257.00 (c = 1.0 in CH3OH). 
The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column and at 254nm (n-
hexane/i-PrOH = 85/15), 1.0 mL/min; Major enantiomer: tR = 8.4 min, 10.1 min; minor enantiomer: 
tR = 8.2 min, 14.3 min. 1.9:1 dr, 86/91% ee. HRMS (ESI) calcd for C24H18BrFO4Na m/z [M+Na]+: 
491.0265, found:491.0267.

3p: minor diastereomer

O

OH

Br

FCO2Me

Methyl (R)-6-bromo-2-((S)-(4-fluorophenyl)(4-hydroxyphenyl)methyl)-1-oxo-2,3-dihydro-1H-
Indene-2-carboxylate
1H NMR (600 MHz, DMSO-d6) δ 9.38 (s, 1H), 7.79 (dd, J = 8.2, 2.0 Hz, 1H), 7.72 (d, J = 1.9 Hz, 1H), 
7.52 (d, J = 8.2 Hz, 1H), 7.08 – 7.05 (m, 2H), 7.05 – 7.01 (m, 2H), 6.95 – 6.90 (m, 2H), 6.76 – 6.70 
(m, 2H), 5.24 (s, 1H), 4.03 (d, J = 7.0 Hz, 1H), 3.52 (d, J = 17.8 Hz, 1H), 3.46 (s, 3H). 13C NMR (151 
MHz, DMSO) δ 199.83, 169.27, 161.18(d, J = 243.9 Hz), 156.42, 153.05, 138.80, 136.56(d, J = 3.0 
Hz), 136.45, 131.86(d, J = 8.0 Hz), 131.35, 129.95, 129.15, 126.80, 121.57, 115.78, 115.33(d, J = 
21.0 Hz), 66.74, 53.42, 33.52, 21.21.

3q: major diastereomer

O

OH

Br

CO2Me

Methyl (R)-6-bromo-2-((S)-(4-hydroxyphenyl)(p-tolyl)methyl)-1-oxo-2,3-dihydro-1H-indene-2-
carboxylate
Yield 52% as a brown oil.
1H NMR (600 MHz, CDCl3) δ 7.82 – 7.77 (m, 1H), 7.60 (dd, J = 8.1, 1.9 Hz, 1H), 7.27 (d, J = 8.2 Hz, 
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1H), 7.13 (d, J = 1.2 Hz, 4H), 6.92 – 6.85 (m, 2H), 6.57 – 6.49 (m, 2H), 5.44 (s, 1H), 5.04 (s, 1H), 4.17 
(d, J = 17.1 Hz, 1H), 3.51 (s, 3H), 3.49 (d, J = 17.0 Hz, 1H), 2.34 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 
200.18, 169.45, 154.32, 152.61, 138.28, 138.15, 136.46, 136.14, 131.76, 131.05, 129.24, 128.36, 
127.65, 127.38, 121.65, 115.02, 67.15, 53.23, 53.17, 33.20, 21.00. [α]D

30 = -239.00 (c = 1.0 in 
CH3OH). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column and at 254nm 
(n-hexane/i-PrOH = 85/15), 1.0 mL/min; Major enantiomer: tR = 7.4 min, 12.9 min. 1.8:1 dr, 93% 
ee, --. HRMS (ESI) calcd for C25H21BrO4Na m/z [M+Na]+: 487.0515, found: 487.0521.

3r: major diastereomer

O

OH

Br

OCO2Me

Methyl (R)-6-bromo-2-((R)-(4-hydroxyphenyl)(4-methoxyphenyl)methyl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
Yield 71% as a yellow solid, mp: 72-76 °C.
1H NMR (600 MHz, DMSO-d6) δ 9.21 (s, 1H), 7.78 (dd, J = 8.1, 2.0 Hz, 1H), 7.71 (d, J = 1.9 Hz, 1H), 
7.52 (d, J = 8.2 Hz, 1H), 7.17 – 7.12 (m, 2H), 6.89 – 6.85 (m, 2H), 6.78 – 6.72 (m, 2H), 6.50 – 6.41 
(m, 2H), 5.19 (s, 1H), 4.05 (d, J = 17.6 Hz, 1H), 3.74 (s, 3H), 3.53 (d, J = 17.6 Hz, 1H), 3.43 (s, 3H). 13C 
NMR (151 MHz, DMSO-d6) δ 204.58, 174.09, 162.81, 161.06, 157.97, 141.26, 138.62, 135.74, 
134.91, 134.63, 126.22, 120.02, 118.96, 84.37, 84.15, 83.93, 71.66, 60.16, 58.06, 57.50, 38.14. 
[α]D

30 = -275.00 (c = 1.0 in CH3OH). The enantiomers were analyzed by HPLC using Daicel Chiralpak 
IA column and at 254nm (n-hexane/i-PrOH = 85/15), 1.0 mL/min; Major enantiomer: tR = 10.9 min, 
14.0 min; minor enantiomer: tR = 9.4 min, 15.3 min. 1.2:1 dr, 77/82% ee. HRMS (ESI) calcd for 
C25H21BrO5Na m/z [M+Na]+: 503.0465, found: 503.0464.

3r: minor diastereomer

O

OH

Br

OCO2Me

Methyl (R)-6-bromo-2-((S)-(4-hydroxyphenyl)(4-methoxyphenyl)methyl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
1H NMR (600 MHz, DMSO-d6) δ 9.47 (s, 1H), 7.78 (dd, J = 8.2, 2.0 Hz, 1H), 7.72 (d, J = 1.9 Hz, 1H), 
7.52 (d, J = 8.2 Hz, 1H), 7.07 – 7.02 (m, 2H), 6.93 – 6.88 (m, 2H), 6.75 – 6.69 (m, 2H), 6.68 – 6.63 
(m, 2H), 5.20 (s, 1H), 4.06 (d, J = 7.4 Hz, 1H), 3.58 (s, 2H), 3.52 (d, J = 17.7 Hz, 1H), 3.44 (s, 3H). 13C 
NMR (151 MHz, DMSO) δ 199.80, 169.31, 158.14, 156.32, 153.19, 138.71, 136.51, 132.26, 131.83, 
131.05, 129.86, 129.16, 126.81, 121.52, 115.70, 113.86, 67.08, 55.29, 53.35, 33.45, 21.21.

3s: major diastereomer

O

OH

Br

CO2Me

O
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Methyl (R)-6-bromo-2-((R)-(4-hydroxyphenyl)(3-methoxyphenyl)methyl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
Yield 89% as a white solid, mp: 78-84°C.
1H NMR (600 MHz, CDCl3) δ 7.79 (d, J = 1.9 Hz, 1H), 7.60 (dt, J = 8.1, 1.7 Hz, 1H), 7.28 – 7.22 (m, 
2H), 6.89 (d, J = 8.4 Hz, 2H), 6.86 – 6.83 (m, 1H), 6.79 (ddd, J = 6.6, 2.2, 1.0 Hz, 2H), 6.56 – 6.51 (m, 
2H), 5.45 (s, 1H), 5.30 (s, 1H), 4.16 (d, J = 17.1 Hz, 1H), 3.78 (d, J = 0.9 Hz, 3H), 3.52 (s, 3H), 3.48 (d, 
J = 17.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 200.15, 169.37, 159.64, 154.49, 152.67, 143.01, 
138.23, 136.36, 131.27, 131.03, 129.51, 127.65, 127.41, 121.69, 120.74, 115.08, 114.70, 111.81, 
67.09, 55.17, 53.58, 53.23, 33.25. [α]D

30 = -191.38 (c = 1.0 in CH3OH). The enantiomers were 
analyzed by HPLC using Daicel Chiralpak IA column and at 254nm (n-hexane/i-PrOH = 85/15), 1.0 
mL/min; Major enantiomer: tR = 8.9 min, 28.4 min; minor enantiomer: tR = 8.9 min, 21.6 min. 1.3:1 
dr, 90/90% ee. HRMS (ESI) calcd for C25H21BrO5Na m/z [M+Na]+: 503.0465, found: 503.0465.

3s: minor diastereomer

O

OH

Br

CO2Me

O

Methyl (R)-6-bromo-2-((S)-(4-hydroxyphenyl)(3-methoxyphenyl)methyl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxylate
1H NMR (600 MHz, DMSO-d6) δ 9.50 (s, 1H), 7.79 (dd, J = 8.2, 1.9 Hz, 1H), 7.74 (d, J = 1.9 Hz, 1H), 
7.55 – 7.51 (m, 1H), 7.09 – 7.05 (m, 2H), 7.02 (t, J = 8.0 Hz, 1H), 6.75 – 6.70 (m, 2H), 6.61 (ddd, J = 
8.3, 2.6, 0.9 Hz, 1H), 6.57 – 6.54 (m, 1H), 6.52 (t, J = 2.1 Hz, 1H), 5.22 (s, 1H), 4.02 (d, J = 17.6 Hz, 
1H), 3.56 (s, 3H), 3.52 (d, J = 17.6 Hz,1H), 3.45 (s, 3H). 13C NMR (151 MHz, DMSO) δ 199.78, 169.28, 
159.13, 156.46, 153.14, 141.99, 138.74, 136.57, 131.27, 130.01, 129.58, 129.19, 126.82, 122.16, 
121.55, 116.16, 115.73, 112.02, 66.93, 55.22, 53.41, 53.30, 33.71.

3t: major diastereomer

O

Ph
CO2Me

OH

methyl (R)-2-((S)-(4-hydroxy-2-methylphenyl)(phenyl)methyl)-1-oxo-2,3-dihydro-1H-indene-2-
carboxylate
Yield 86% as a white oil.
1H NMR (600 MHz, DMSO-d6) δ 9.08 (s, 1H), 7.66 (td, J = 7.4, 1.2 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 
7.36 (d, J = 7.5 Hz, 1H), 7.27 (t, J = 7.6 Hz, 2H), 7.18 (d, J = 7.3 Hz, 1H), 7.17 (s, 1H), 7.07 (t, J = 7.5 
Hz, 1H), 6.98 – 6.95 (m, 1H), 6.77 (d, J = 8.5 Hz, 1H), 6.47 (d, J = 2.6 Hz, 1H), 6.23 (dd, J = 8.5, 2.7 
Hz, 1H), 5.50 (s, 1H), 4.05 (d, J = 7.1 Hz, 1H), 4.03 (d, J = 7.1 Hz, 1H), 3.57 (s, 3H), 1.99 (s, 3H).
13C NMR (151 MHz, DMSO) δ 200.47, 170.84, 155.90, 153.75, 142.38, 138.22, 136.04, 135.22, 
130.20, 129.06, 128.68, 128.42, 128.26, 127.07, 126.67, 124.27, 117.77, 112.94, 66.03, 53.43, 
47.95, 35.02, 20.66. [α]D

30 = -11.5 (c = 1.0 in CH3OH). The enantiomers were analyzed by HPLC 
using Daicel Chiralpak ID column and at 254nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major 
enantiomer: tR = 12.9 min, 13.6 min; minor enantiomer: tR = 22.6 min, 31.4 min. 4:1 dr, 94/92% ee. 
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HRMS (ESI) calcd for C25H22O4Na m/z [M+Na]+: 409.141, found: 409.1416.

3u: major diastereomer

O

Ph
CO2Me

OH

Cl

methyl (R)-2-((R)-(2-chloro-4-hydroxyphenyl)(phenyl)methyl)-1-oxo-2,3-dihydro-1H-indene-2-
carboxylate
Yield 84% as a yellow oil.
1H NMR (600 MHz, DMSO-d6) δ 9.74 (s, 1H), 7.67 (td, J = 7.4, 1.2 Hz, 1H), 7.62 – 7.59 (m, 1H), 7.53 
(dt, J = 7.7, 1.0 Hz, 1H), 7.40 – 7.37 (m, 1H), 7.28 – 7.24 (m, 2H), 7.20 – 7.16 (m, 3H), 7.06 (d, J = 8.7 
Hz, 1H), 6.74 (d, J = 2.6 Hz, 1H), 6.44 (dd, J = 8.7, 2.6 Hz, 1H), 5.73 (s, 1H), 4.04 (d, J = 7.1 Hz, 1H), 
3.83 (d, J = 9.1 Hz, 1H), 3.59 (s, 3H). 13C NMR (151 MHz, DMSO) δ 200.04, 170.75, 157.06, 153.29, 
140.81, 136.11, 135.44, 134.64, 130.29, 129.28, 128.72, 128.45, 128.39, 127.17, 127.00, 124.34, 
116.72, 114.61, 65.74, 53.51, 48.56, 35.53. [α]D

30 = -5.7 (c = 1.0 in CH3OH). The enantiomers were 
analyzed by HPLC using Daicel Chiralpak ID column and at 254nm (n-hexane/i-PrOH = 90/10), 1.0 
mL/min; Major enantiomer: tR = 16.0 min, 20.9 min; minor enantiomer: tR = 9.6 min, 10.6 min. 4:1 
dr, 94/92% ee. HRMS (ESI) calcd for C24H19ClO4Na m/z [M+Na]+: 429.0875, found: 429.0871.

3v: major diastereomer

O

Ph
CO2Me

OH

Br

Methyl (R)-2-((S)-(3-bromo-4-hydroxyphenyl)(phenyl)methyl)-1-oxo-2,3-dihydro-1H-indene-2-
carboxylate
Yield 79% as a yellow oil.
1H NMR (600 MHz, DMSO-d6) δ 10.07 (s, 1H), 7.67 – 7.61 (m, 3H), 7.36 – 7.32 (m, 2H), 7.28 (d, J = 
7.4 Hz, 2H), 7.17 – 7.12 (m, 1H), 7.05 (d, J = 2.2 Hz, 1H), 7.02 – 6.99 (m, 1H), 6.80 (dd, J = 8.5, 2.3 
Hz, 1H), 6.66 (d, J = 8.5 Hz, 1H), 5.28 (s, 1H), 4.14 (d, J = 17.5 Hz, 1H), 3.57 (d, J = 17.5 Hz, 1H), 3.41 
(s, 3H). 13C NMR (151 MHz, DMSO) δ 200.92, 169.57, 154.23, 153.11, 141.67, 136.43, 134.28, 
132.03, 130.38, 130.02, 129.03, 128.85, 127.05, 126.95, 126.58, 124.51, 116.31, 109.17, 66.04, 
53.28, 52.88, 33.88. [α]D

30 =  -10.5 (c = 1.0 in CH3OH). The enantiomers were analyzed by HPLC 
using Daicel Chiralpak ID column and at 254nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major 
enantiomer: tR = 15.4 min, 27.8 min; minor enantiomer: tR = 12.9 min, 32.3 min. 4:1 dr, 94/92% ee. 
HRMS (ESI) calcd for C24H19BrO4Na m/z [M+Na]+: 473.0359, found: 473.0361.

3v: minor diastereomer

O

Ph
CO2Me

OH

Br

Methyl (R)-2-((R)-(3-bromo-4-hydroxyphenyl)(phenyl)methyl)-1-oxo-2,3-dihydro-1H-indene-
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2-carboxylate
1H NMR (600 MHz, DMSO-d6) δ 10.22 (s, 1H), 7.59 – 7.55 (m, 3H), 7.44 (d, J = 2.1 Hz, 1H), 7.38 (d, 
J = 7.4 Hz, 2H), 7.27 – 7.24 (m, 2H), 7.22 – 7.18 (m, 1H), 7.02 (d, J = 7.6 Hz, 1H), 6.94 (d, J = 8.4 Hz, 
1H), 6.89 (d, J = 8.3 Hz, 1H), 5.28 (s, 1H), 4.04 (d, J = 7.1 Hz, 1H), 3.59 (d, J = 9.8 Hz, 1H), 3.47 (s, 
3H). 13C NMR (151 MHz, DMSO) δ 200.61, 169.64, 154.07, 153.21, 139.94, 136.31, 134.44, 133.86, 
133.29, 130.97, 128.53, 128.45, 127.41, 127.20, 127.17, 124.86, 116.45, 109.67, 66.08, 53.38, 
52.83, 33.73.

4. Gram-Scale Synthesis

HO

OH

Ph O
O

OMe

+

12 mol% L5
10 mol% Cu(OTf)2

DCE, 24 h, 20 oC

O

Ph

OH

CO2MeCl Cl
1a (0.5g, 2.5mmol) 2c (0.672g, 3mmol) 3c (82% yield, 2.4:1 dr,

90/90% ee)

An oven-dried Schlenk flask was charged with Cu(OTf)2 (0.09g, 0.25 mmol), ligand L5 (0.1275g 0.3 
mmol), DCE (37.5 mL) and a stir bar. The reaction mixture was stirred at room temperature for 1h. 
Then β-ketoesters 2c (0.672g, 3 mmol) was added, the reaction solution was stirred for 30 min, 
and then 4-hydroxybenzyl alcohol 1a (0.5g, 2.5 mmol) was added to react at 20 °C for 24 h. After 
completion, the mixture was dried and concentrated. The residue was purified by flash 
chromatography on silica gel eluting with ethyl acetate/petroleum ether (1:4) to afford the 
producs 3c (82%yield, 0.83g).

5. Synthesis of Compound 4

NaBH4 (5.0 equiv)

3e (>99% ee, >99:1 dr) 4 (94% yield, 93% ee,>99:1 dr)

MeOH, r.t., 2 h

O

O
Br

O

HO

O

HO
Br

O

HO

To a solution of compound 3e (225 mg, 0.5 mmol) in methanol (50 mL) was added NaBH4 (95 mg, 
2.5 mmol) in portions. The reaction mixture was then stirred at rt for 2 hours. After completion, 
the reaction mixture was quenched with saturated NH4Cl solution and extracted with ethyl acetate 
(3 × 50 mL). The combined organic solvents were concentrated under reduced pressure. The 
residue was purified by silica gel column chromatography (petroleum ether/ethyl acetate = 6/1) 
to afford a colorless soild 4.

OH

Br CO2Me
Ph

OH
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Methyl(2R)-5-bromo-1-hydroxy-2-((S)-(4-hydroxyphenyl)(phenyl)methyl)-2,3-dihydro-1H-
indene-2-carboxylate (4)
1H NMR (600 MHz, CDCl3) δ 7.46 – 7.43 (m, 2H), 7.31 (m, 2H), 7.27 (d, J = 1.8 Hz, 1H), 7.24 – 7.20 
(m, 1H), 7.19 – 7.13 (m, 4H), 6.63 – 6.57 (m, 2H), 5.44 (s, 1H), 4.95 (s, 1H), 3.58 (d, J = 16.1 Hz, 1H), 
3.41 (s, 3H), 3.26 (d, J = 16.1 Hz, 1H), 2.07 (s, 1H), 1.29 (t, J = 7.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) 
δ 175.42, 154.25, 143.37, 141.95, 141.40, 132.75, 131.19, 130.00, 128.96, 128.40, 127.60, 126.59, 
125.63, 122.46, 114.68, 78.85, 64.53, 52.09, 51.50, 38.24. HRMS (ESI) calcd for C24H21BrO4 m/z [M-
H]-: 451.0550, found: 451.0554.

6. DFT calculations

pathway 1
TS1 = + 23.6771 kcal/mol

VS

pathway 2
TS2 = + 10.3715 kcal/mol

HO

OH

Ph O

CO2Me+

12 mol% L
10 mol% Cu(OTf)2

DCE, 24 h, 20 oC

1a 2a
3a

O

Ph
CO2Me

OH

NO
N N

O

Cu Oi-Bu

O O

OMe

H

Ph

i-Bu

H

TfO

**

NO
N N

O

Cu Oi-Bu

O O

OMe

H

Ph

i-Bu**

Discussion: The molecular structure of 1a, 2a, 3a and the catalysts involved in the reaction were 
optimized by Gaussian 09W software and semi-empirical PM6 method. The preliminary 
conclusions reached are as follows: 
(1) Two envisaged pathways (TS1 and TS2) is thermodynamically feasible and belongs to 
exothermic reactions (the heat of reaction is -10.15 kcal/mol) ;
(2) The designed pathway 1, the transition state energy barrier TS1 without proton participation 
was to be 23.6771 kcal/mol (with the reactant 1a + 2a as the zero point); the presumed pathway 
2, the transition state energy barrier with proton participation TS2 = 10.3715 kcal/mol (with the 
reactant 1a + 2a as the zero point); 
(3) Comparing the kinetic energy barrier of the two pathways, because TS2 < TS1, it is speculated 
that pathway 2 is more conducive to the progression of the reaction.
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9. 1H-NMR and 13C-NMR spectra
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10. Crystal data and structure refinement for the enantiopure major diastereomer 
of 3e and minor diastereomer of 3c.
Crystals of enantiopure major diastereomer of 3e suitable for X-ray analysis were obtained from 
crystallization in a 
solution of CH2Cl2 and MeOH.

Br

O

CO2Me
Ph

OH

3e

(ellipsoid contour at 50% probability level)
CCDC                                     2132066

Empirical formula C24 H19 Br O4

Formula weight 451.30

Temperature 193.01 K

Wavelength 1.34139 Å

Crystal system Orthorhombic

Space group P212121
Unit cell dimensions a = 6.76460(10) Å = 90°.

b = 16.0325(3) Å = 90°.

c = 19.2455(3) Å  = 90°.

Volume 2087.24(6) Å3

Z 4

Density (calculated) 1.436 Mg/m3

Absorption coefficient 1.986 mm-1

F(000) 920

Crystal size 0.05 x 0.03 x 0.03 mm3

Theta range for data collection 3.121 to 54.909°.

Index ranges -8<=h<=6, -19<=k<=19, -23<=l<=23

Reflections collected 22356

Independent reflections 3955 [R(int) = 0.0415]

Completeness to theta = 53.594° 99.5 % 

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7508 and 0.5097

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3955 / 0 / 264

Goodness-of-fit on F2 1.072
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Final R indices [I>2sigma(I)] R1 = 0.0249, wR2 = 0.0632

R indices (all data) R1 = 0.0255, wR2 = 0.0638

Absolute structure parameter 0.046(6)

Extinction coefficient n/a

Largest diff. peak and hole 0.223 and -0.661 e.Å-3
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Crystals of enantiopure minor diastereomer of 3c suitable for X-ray analysis were obtained from 
crystallization in a solution of CH2Cl2 and MeOH.

O

Ph
CO2Me

OH

Cl
(ellipsoid contour at 50% probability level)

CCDC 2165881

Empirical formula C25H22ClO5

Formula weight 437.87

Temperature/K 173.00

Crystal system orthorhombic

Space group P212121

a/Å 9.1420(11)

b/Å 11.4280(15)

c/Å 22.2670(19)

α/° 90

β/° 90

γ/° 90

Volume/Å3 2326.3(5)

Z 4

ρcalcg/cm3 1.250

μ/mm-1 1.723

F(000) 916.0

Crystal size/mm3 0.12 × 0.11 × 0.1

Radiation CuKα (λ = 1.54178)

2Θ range for data collection/° 10.46 to 158.42

Index ranges -10 ≤ h ≤ 11, -13 ≤ k ≤ 14, -27 ≤ l ≤ 22

Reflections collected 20073

Independent reflections 4711 [Rint = 0.1189, Rsigma = 0.0858]

Data/restraints/parameters 4711/0/284

Goodness-of-fit on F2 0.978

Final R indexes [I>=2σ (I)] R1 = 0.0690, wR2 = 0.1787

Final R indexes [all data] R1 = 0.0985, wR2 = 0.2080

Largest diff. peak/hole / e Å-3 0.26/-0.30

Flack parameter 0.080(17)


