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I. Reagents and Instruments

AlAr3(THF) was synthesized according to literature procedures1 and kept in a dry box.
Ti(O-i-Pr)4 was freshly distilled prior to use. (S)-(-)-1,1’-bi(2-naphthol) ((S)-BINOL) was
obtained from Lancaster. All ketones were purchased from Acros and Lancaster. Solvents
were dried by heating under refluxing for at least 24 h over P2O5 (dichloromethane) or
sodium/benzophenone (toluene, THF or diethyl ether). All catalytic reactions were carried
out under a dry nitrogen atmosphere. 1H NMR spectra were obtained with a Varian
Mercury-400 (400 MHz) and 13C NMR spectra were recorded with the Varian Mercury-400
(100 MHz) spectrometer. The 1H and 13C NMR chemical shifts were measured relative to
tetramethylsilane as the internal reference. Optical rotations were determined on a
Perkin-Elmer 241 polarimeter. High resolution molecular masses were determined by
Finnigan MAT 95XL spectrometer. Enantiomeric excesses of tertiary alcohols were
performed on a Rainin Dynamax® or an Agilent 1100 HPLC using appropriate chiral
columns from Daicel.
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II. HPLC, 1H and 13C NMR, HRMS Data, and 1H and 13C NMR Spectra of Tertiary
Alcohols

1-Naphthalen-2-yl-1-phenyl-ethanol (Table 2, entry 1; 93% ee)2,3

Column: Chiralcel OJ
Eluent: Hexane/IPA = 80/20
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Ph

Retention time: 14.589 min, 17.673 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 14.589 17.673 Time 14.513 17.460

Height (mAU) 731.907 489.963 Height (mAU) 4.039 84.610

Area (mAU-s) 3.223×104 3.226×104 Area (mAU-s) 156.546 4255.514

Area (%) 49.973 50.026 Area (%) 3.548 96.451

Catalytic Reaction Conditions:
2’-acetonaphthone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol, Ti(O-i-Pr)4:
2.5 mmol, 0 oC, toluene: 6 mL, 12 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.98 (d, J = 1.2 Hz, 1H), 7.84-7.75 (m, 3H), 7.49-7.25 (m,
8H), 2.27 (br, 1H), 2.06 (s, 3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 147.70, 145.22,
132.96, 132.35, 128.22, 128.18, 127.91, 127.45, 127.00, 126.08, 125.92, 124.91, 123.70,
76.31, 30.66 ppm.
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1-Naphthalen-1-yl-1-phenyl-ethanol (Table 2, entry 2; 90% ee)

Column: Chiralcel OJ
Eluent: Hexane/IPA = 90/10
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Ph

Retention time: 12.804 min, 17.963 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 12.804 17.963 Time 12.960 17.958

Height (mAU) 186.591 136.297 Height (mAU) 8.573 107.571

Area (mAU-s) 8162.958 8114.976 Area (mAU-s) 357.434 6473.636

Area (%) 50.147 49.852 Area (%) 5.232 94.767

Catalytic Reaction Conditions:
1’-acetonaphthone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol, Ti(O-i-Pr)4:
2.5 mmol, 0 oC, toluene: 6 mL, 36 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.90-7.80 (m, 4H), 7.49 (dd, J = 7.2, 8.0 Hz, 1H), 7.38-7.32
(m, 3H), 7.27-7.18 (m, 4H), 2.45 (br, 1H), 2.06 (s, 3H) ppm. 13C{1H} NMR (100 MHz,

CDCl3): 148.53, 142.03, 134.88, 130.66, 129.03, 128.73, 128.27, 127.27, 126.71, 125.36,
125.20,125.13, 124.62, 124.04, 77.09, 32.77 ppm.
HRMS: m/z calcd. for C18H16O, 248.1202 [M+]; Found 248.1193.



9

O
H Ph



10

O
H Ph



11

1-Phenyl-1-o-tolyl-ethanol (Table 2, entry 3; 90% ee)

Column: Chiralcel OJ
Eluent: Hexane/IPA = 95/5
Flow rate: 1 mL/min
Detector: UV, 254 nm

Me OH

Ph

Retention time: 12.197 min, 18.017 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 12.197 18.017 Time 12.373 18.185

Height (mAU) 56.667 41.683 Height (mAU) 3.059 36.741

Area (mAU-s) 2499.153 2468.502 Area (mAU-s) 130.603 2434.692

Area (%) 50.308 49.691 Area (%) 5.091 94.908

Catalytic Reaction Conditions:
2’-methylacetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene: 6 mL, 12 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.71-7.69 (m, 1H), 7.30-7.22 (m, 7H), 7.12-7.10 (m, 1H),
2.12 (br, 1H), 1.98 (s, 3H), 1.94 (s, 3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 147.94,
144.57, 137.10, 132.39, 128.06, 127.61, 126.54, 125.93, 125.32, 125.26, 76.73, 32.05, 21.30
ppm.
HRMS: m/z calcd. for C15H16O, 212.1201 [M+]; Found 212.1207.
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1-(2-Chloro-phenyl)-1-phenyl-ethanol (Table 2, entry 4; 97% ee)

Column: Chiralcel OD-H
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

OHCl

Ph

Retention time: 7.643 min, 8.801 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 7.643 8.801 Time 7.533 8.836

Height (V) 85444 75129 Height (V) 12737 534154

Area (V-sec) 1492028 1518620 Area (V-sec) 181502 10860788

Area (%) 49.558 50.441 Area (%) 1.643 98.356

Catalytic Reaction Conditions:
2’-chloroacetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene: 6 mL, 12 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.80 (d, J = 7.6 Hz, 1H), 7.36-7.25 (m, 8H), 3.40 (br, 1H),
1.96 (s, 3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 147.55, 143.63, 132.56, 131.30,
128.86, 128.12, 128.01, 126.88, 126.73, 125.24, 76.69, 29.86 ppm.
HRMS: m/z calcd. for C14H13ClO, 232.0655 [M+]; Found 232.0651.
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1-(4-Chloro-phenyl)-1-phenyl-ethanol (Table 2, entry 5; 93% ee)5

Column: Chiralcel OD-H
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Cl
Ph

Retention time: 13.431 min 16.476 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 13.431 16.476 Time 13.060 16.210

Height (µV) 6634 5381 Height (µV) 451 7517

Area (µV-sec) 240913 240544 Area (µV-sec) 12775 335659

Area (%) 50.038 49.961 Area (%) 3.666 96.333

Catalytic Reaction Conditions:
4’-chloroacetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC; toluene: 6 mL, 12 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.41-7.26 (m, 9H), 2.14 (br, 1H), 1.94 (s, 3H) ppm. 13C{1H}
NMR (100 MHz, CDCl3): 147.37, 146.50, 132.64, 128.23, 128.15, 127.28, 127.14, 125.72,
75.80, 30.68 ppm.
HRMS: m/z calcd. for C14H13ClO, 232.0655 [M+]; Found 232.0656.
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1-(2-Bromo-phenyl)-1-phenyl-ethanol (Table 2, entry 6; 97% ee)3

Column: Chiralcel OD-H
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

Br OH

Ph

Retention time: 7.780 min, 9.186 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 7.780 9.186 Time 7.948 9.666

Height (V) 101692 82950 Height (V) 9306 379542

Area (V-sec) 1876583 1844405 Area (V-sec) 128082 8425232

Area (%) 50.432 49.567 Area (%) 1.497 98.502

Catalytic Reaction Conditions:
2’-bromracetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene: 6 mL, 36 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.82 (dd, J = 1.6, 7.6 Hz, 1H), 7.54 (dd, J = 1.2, 8.0 Hz, 1H),
7.43-7.39 (m, 1H), 7.30-7.19 (m, 6H), 3.51 (br, 1H), 1.96 (s, 3H) ppm. 13C{1H} NMR (100

MHz, CDCl3): 147.56, 144.91, 134.88, 129.07, 128.43, 128.13, 127.27, 126.87, 125.56,
122.30, 77.43, 30.27 ppm.
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1-(4-Bromo-phenyl)-1-phenyl-ethanol (Table 2, entry 7; 93% ee)4

Column: Chiralcel OD-H
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Br
Ph

Retention time: 15.356 min, 18.808 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 15.356 18.808 Time 14.700 17.803

Height (µV) 11393 9110 Height (µV) 461 7564

Area (µV-sec) 467648 460884 Area (µV-sec) 13623 355273

Area (%) 50.364 49.635 Area (%) 3.692 96.307

Catalytic Reaction Conditions:
4’-bromracetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene: 6 mL, 12 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.44-7.26 (m, 9H), 2.16 (br, 1H), 1.93 (s, 3H) ppm. 13C{1H}
NMR (100 MHz, CDCl3): 147.30, 147.05, 131.13, 128.26, 127.65, 127.18, 125.72, 120.84,
75.86, 30.66 ppm.
HRMS: m/z calcd. for C14H13BrO, 276.0150 [M+]; Found 276.0144.
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1-(2-Iodo-phenyl)-1-phenyl-ethanol (Table 2, entry 8; 96% ee)

Column: Chiralcel OD-H
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

I OH

Ph

Retention time: 7.786 min, 9.523 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 7.786 9.523 Time 7.951 9.858

Height (V) 218575 193554 Height (V) 8741 313662

Area (V-sec) 4989956 4979404 Area (V-sec) 180266 8310323

Area(%) 50.052 49.947 Area(%) 2.123 97.876

Catalytic Reaction Conditions:
2’-iodoacetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol, Ti(O-i-Pr)4:
2.5 mmol, 0 oC, toluene: 6 mL, 168 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.90 (dd, J = 1.2, 8.0 Hz, 1H), 7.83 (dd, J = 1.6, 8.0 Hz, 1H),
7.46-7.42 (m, 1H), 7.32-7.26 (m, 5H), 7.01-6.96 (m, 1H), 3.26 (s, 1H), 1.98 (s, 3H) ppm.
13C{1H} NMR (100 MHz, CDCl3): 147.48, 147.14, 142.34, 129.09, 128.19, 128.17, 127.94,
126.99, 126.43, 96.32, 78.12, 30.65 ppm.
HRMS: m/z calcd. for C14H13IO, 324.0012 [M+]; Found 324.0013.

[]D
25 = + 35.4 (CH2Cl2).
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1-(2-Methoxy-phenyl)-1-phenyl-ethanol(Table 2, entry 9; 30% ee)

Column: Chiralcel OJ
Eluent: Hexane/IPA = 80/20
Flow rate: 1 mL/min
Detector: UV, 254 nm

OHOMe

Ph

Retention time: 6.678 min, 19.958 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 6.678 19.958 Time 6.633 19.549

Height (mAU) 120.649 40.907 Height (mAU) 109.450 66.460

Area (mAU-s) 3173.506 3124.634 Area (mAU-s) 2897.398 5353.871

Area (%) 50.388 49.612 Area (%) 35.114 64.885

Catalytic Reaction Conditions:
2’-methoxyacetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene : 6 mL, 12 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.45-7.42 (m, 1H), 7.32-7.17 (m, 6H), 7.04-7.00 (m, 1H),
6.87 (dd, J = 1.2, 8.4 Hz, 1H), 4.67 (s, 1H), 3.56 (s, 3H), 1.84 (s, 3H) ppm. 13C{1H} NMR

(100 MHz, CDCl3): 157.02, 149.59, 135.25, 128.73, 127.66, 126.98, 126.20, 124.80,
120.85, 112.22, 76.20, 55.52, 30.08 ppm.
HRMS: m/z calcd. for C15H16O2, 228.1150 [M+]; Found 228.1158.
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1-(3-Methoxy-phenyl)-1-phenyl-ethanol(Table 2, entry 10; 77% ee)

Column: Chiralcel OD
Eluent: Hexane/IPA = 98/2
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH
MeO

Ph

Retention time: 24.536 min, 28.937 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 24.536 28.937 Time 24.836 28.375

Height (mAU) 74.255 63.179 Height (mAU) 10.120 60.481

Area (mAU-s) 4273.956 4255.171 Area (mAU-s) 515.186 4027.693

Area (%) 50.110 49.889 Area (%) 11.340 88.659

Catalytic Reaction Conditions:
3’-methoxyacetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0oC, toluene: 6 mL, 36 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.43-7.41 (m, 2H), 7.34-7.22 (m, 4H), 7.02-6.95 (m, 2H),
6.79 (dd, J = 2.8, 8.4 Hz, 1H), 3.78 (s, 3H), 2.18 (br, 1H), 1.95 (s, 3H) ppm. 13C{1H} NMR

(100 MHz, CDCl3): 159.32, 149.69, 147.76, 129.06, 128.07, 126.87, 125.70, 118.30, 111.91,
76.04, 55.08, 30.67 ppm.
HRMS: m/z calcd. for C15H16O2, 228.1151 [M+]; Found 228.1154.
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1-(4-Methoxy-phenyl)-1-phenyl-ethanol (Table 2, entry 11; 93% ee)

Column: Chiralcel OJ
Eluent: Hexane/IPA = 80/20
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

MeO
Ph

Retention time: 18.052 min, 22.663 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 18.052 22.663 Time 17.936 22.470

Height (mAU) 55.824 40.397 Height (mAU) 31.269 1.140

Area (mAU-s) 3088.596 3007.313 Area (mAU-s) 1562.419 58.108

Area (%) 50.666 49.333 Area (%) 96.414 3.585

Catalytic Reaction Conditions:
4’-methoxyacetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0oC, toluene: 6 mL, 36 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.41-7.23 (m, 7H), 6.84 (d, J = 8.8 Hz, 2H), 3.78 (s, 3H), 2.19
(s, 1H), 1.93 (s, 3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 158.36, 148.23, 140.27,
128.01, 127.09, 126.73, 125.70, 113.36, 75.82, 55.14, 30.88 ppm.
HRMS: m/z calcd. for C15H16O2, 228.1151 [M+]; Found 228.1150.
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1-Phenyl-1-(3-trifluoromethyl-phenyl)-ethanol (Table 2, entry 12; 85% ee)3

Column: Chiralcel OJ
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH
F3C

Ph

Retention time: 18.133 min, 26.247 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 18.133 26.247 Time 18.480 26.048

Height (mAU) 41.559 28.756 Height (mAU) 7.568 50.019

Area (mAU-s) 2495.471 2465.448 Area (mAU-s) 406.190 4871.395

Area (%) 50.302 49.697 Area (%) 7.696 92.303

Catalytic Reaction Conditions:
3’-trifluoromethylacetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0oC, toluene: 6 mL, 12 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.76 (s, 1H), 7.53-7.26 (m, 8H), 2.22 (br, 1H), 1.98 (s, 3H)
ppm. 13C{1H} NMR (100 MHz, CDCl3): 149.05, 147.04, 129.42, 128.56, 128.40, 127.39,
125.79, 123.74, 123.70, 122.36, 122.33, 75.94, 30.73 ppm.
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1-Phenyl-1-(4-trifluoromethyl-phenyl)-ethanol (Table 2, entry 13; 92% ee)4

Column: Chiralcel OD-H
Eluent: Hexane/IPA = 99.5/0.5
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

F3C
Ph

Retention Time: 27.828 min, 31.871 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 27.828 31.871 Time 28.091 30.730

Height (µV) 65110 58438 Height (µV) 7328 98505

Area (µV-sec) 5752147 5886697 Area (µV-sec) 453160 10828396

Area (%) 49.421 50.578 Area (%) 4.016 95.983

Catalytic Reaction Conditions:
4’-trifluoromethylacetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0oC, toluene: 6 mL, 12 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.56-7.54 (m, 4H), 7.42-7.26 (m, 5H), 2.21 (br, 1H), 1.97 (s,
3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 151.92, 147.03, 129.16, 128.84, 128.37,
127.39, 126.12, 125.81, 125.53, 125.11, 125.07, 125.04, 125.00, 122.82, 75.97, 30.56 ppm.
HRMS: m/z calcd. for C15H13OF3, 266.0919 [M+]; Found 266.0925.
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1-(4-Nitro-phenyl)-1-phenyl-ethanol (Table 2, entry 14; 93% ee)

Column: Chiralcel OJ
Eluent: Hexane/IPA = 90/10
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

O2N
Ph

Retention time: 30.005 min, 35.645 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 30.005 35.645 Time 29.768 35.851

Height (mAU) 84.264 70.742 Height (mAU) 176.037 6.260

Area (mAU-s) 6985.151 7011.107 Area (mAU-s) 1.572×104 577.305

Area (%) 49.907 50.092 Area (%) 96.459 3.541

Catalytic Reaction Conditions:
4’-nitroacetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol, Ti(O-i-Pr)4:
2.5 mmol, 0oC, toluene: 6 mL, 12 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 8.16 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 7.42-7.26
(m, 5H), 2.27 (br, 1H), 1.99 (s, 3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 155.29,
146.59, 146.41, 128.49, 127.62, 126.61, 125.72, 123.29, 75.88, 30.43 ppm.
HRMS: m/z calcd. for C14H13NO3, 243.0895 [M+]; Found 243.0886.
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2-Bromo-1-naphthalen-2-yl-1-phenyl-ethanol (Table 2, entry 15; 80% ee)

Column: Chiralcel OD
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH
Br

Ph

Retention time: 40.787 min, 44.344 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 40.787 44.344 Time 40.523 43.580

Height (mAU) 96.001 84.773 Height (mAU) 1.344 11.068

Area (mAU-s) 8102.891 8100.793 Area (mAU-s) 98.061 965.377

Area (%) 50.006 49.993 Area (%) 9.221 90.778

Catalytic Reaction Conditions:
-bromo-2’-acetonaphthone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0oC, toluene: 6 mL, 12 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.97 (s, 1H), 7.83-7.80 (m, 3H), 7.52-7.47 (m, 5H), 7.37-7.26
(m, 3H), 4.23 (dd, J = 10.8, 19.2 Hz, 2H), 3.21 (s, 1H) ppm. 13C{1H} NMR (100 MHz,

CDCl3): 143.17, 140.63, 132.90, 132.62, 128.37, 128.33, 128.17, 127.77, 127.49, 126.37,
126.31, 126.26, 125.12, 124.45, 77.26, 43.80 ppm.
HRMS: m/z calcd. for C18H15BrO, 326.0306 [M+]; Found 326.0304.
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2,4-Diphenyl-but-3-en-2-ol (Table 2, entry 16; 87% ee)3

Column: Chiralcel OD
Eluent: Hexane/IPA = 95/5
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Ph
Ph

Retention time: 13.067 min, 16.734 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 13.067 16.734 Time 12.306 15.104

Height (mAU) 165.473 135.582 Height (mAU) 172.342 1800.710

Area (mAU-s) 4742.026 4721.952 Area (mAU-s) 3490.712 4.836×104

Area (%) 50.106 49.893 Area (%) 6.731 93.268

Catalytic Reaction Conditions:
benzylideneacetone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol, Ti(O-i-Pr)4:
2.5 mmol, 0oC, toluene: 6 mL, 12 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.54-7.52 (m, 2H), 7.41-7.24 (m, 8H), 6.65 (d, J = 16.0 Hz,
1H), 6.52 (dd, J = 1.2, 16.0 Hz, 1H), 1.98 (br, 1H), 1.78 (s, 3H) ppm. 13C{1H} NMR (100

MHz, CDCl3): 146.56, 136.65, 136.29, 128.50, 128.24, 127.60, 127.54, 127.00, 126.51,
125.22, 74.60, 29.69 ppm.
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1-Cyclohex-1-enyl-1-phenyl-ethanol (Table 2, entry 17; 91% ee; 20 mol%)3

Column: Chiralcel OD-H
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Ph

Retention time: 6.823 min, 7.982 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 6.823 7.982 Time 6.245 7.554

Height (mAU) 7.466 6.364 Height (mAU) 2.599 41.076

Area (mAU-s) 100.555 101.523 Area (mAU-s) 29.499 597.487

Area (%) 49.760 50.239 Area (%) 4.705 95.295

Catalytic Reaction Conditions:
1-acetyl-1-cyclohexene: 0.5 mmol, (S)-BINOL: 20 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene: 6 mL, 12 h.
Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.43-7.41 (m, 2H), 7.34-7.30 (m, 2H), 7.26-7.21 (m, 1H),
5.92-5.90 (m, 1H), 2.13-2.12 (m, 2H), 1.94-1.68 (m, 3H), 1.64 (s, 3H), 1.58-1.52 (m, 4H)

ppm. 13C{1H} NMR (100 MHz, CDCl3): 146.80, 142.38, 127.93, 126.51, 125.25, 121.49,
76.97, 28.69, 25.15, 24.48, 22.81, 22.21 ppm.
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3-Bromo-2,4-diphenyl-but-3-en-2-ol (Table 2, entry 18; 87% ee; 20 mol%)

Column: Chiralcel OD
Eluent: Hexane/IPA = 95/5
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Ph
Br

Ph

Retention time: 10.701 min, 12.871 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 10.701 12.871 Time 10.749 12.887

Height (mAU) 355.198 292.136 Height (mAU) 53.879 639.574

Area (mAU-s) 6659.967 6701.150 Area (mAU-s) 982.374 1.439×104

Area (%) 49.845 50.154 Area (%) 6.387 93.612

Catalytic Reaction Conditions:
3-bromo-4-phenyl-but-3-en-2-one: 0.5 mmol, (S)-BINOL: 20 mol%, AlPh3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene: 6 mL, 24 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.61-7.52 (m, 4H), 7.40-7.31 (m, 7H), 2.76 (br, 1H), 1.92 (s,
3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 145.20, 135.58, 134.56, 129.12, 128.36,
128.14, 128.09, 127.81, 127.57, 125.46, 78.67, 28.95 ppm.
HRMS: m/z calcd. for C16H15OBr, 302.0306 [M+]; Found 302.0299.
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1-Furan-2-yl-1-phenyl-ethanol (Table 2, entry 19; 84% ee; 20 mol%)

Column: Chiralcel OD
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Ph

O

Retention time: 18.362 min, 20.142 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 18.362 20.142 Time 18.020 20.211

Height (mAU) 15.669 14.063 Height (mAU) 9.726 8.297×10-1

Area (mAU-s) 465.980 463.530 Area (mAU-s) 278.575 23.873

Area (%) 50.131 49.868 Area (%) 92.106 7.893

Catalytic Reaction Conditions:
2-acetylfuran: 0.5 mmol, (S)-BINOL: 20 mol%, AlPh3(THF): 1.25 mmol, Ti(O-i-Pr)4: 2.5
mmol, 0 oC, toluene: 6 mL, 16 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.41-7.25 (m, 6H), 6.34-6.33 (m, 1H), 6.25-6.24 (m, 1H),
2.56 (br, 1H), 1.87 (s, 3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 158.90, 145.78, 142.10,
128.13, 127.27, 125.19, 110.01, 106.19, 72.94, 29.19 ppm.
HRMS: m/z calcd. for C12H12O2, 188.0837 [M+]; Found 188.0834.
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1-Naphthalen-2-yl-1-p-tolyl-ethanol (Table 2, entry 20; 91% ee)

Column: Chiralcel OJ
Eluent: Hexane/IPA = 70/30
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Retention time: 9.785 min, 15.191 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 9.785 15.191 Time 9.773 14.776

Height (V) 168292 101183 Height (V) 57344 499455

Area (V-sec) 5440161 5443639 Area (V-sec) 1697256 34374422

Area (%) 49.984 50.015 Area (%) 4.705 95.294

Catalytic Reaction Conditions:
2’-acetonaphthone: 0.5 mmol, (S)-BINOL: 10 mol%, Al(4-MeC6H4)3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene: 6 mL, 12 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.96 (s, 1H), 7.83-7.72 (m, 3H), 7.47-7.38 (m, 3H), 7.33-7.31
(m, 2H), 7.12-7.10 (m, 2H), 2.32 (s, 3H), 2.28 (br, 1H), 2.01 (s, 3H) ppm. 13C{1H} NMR

(100 MHz, CDCl3): 145.46, 144.88, 136.68, 133.01, 132.36, 128.89, 128.24, 127.88,
127.47, 126.06, 125.89, 125.85, 124.93, 123.64, 76.22, 30.73, 20.97 ppm.
HRMS: m/z calcd. for C19H18O, 262.1358 [M+]; Found 262.1364.
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1-Naphthalen-2-yl-1-phenyl-ethanol (Table 2, entry 21; 90% ee)

Column: Chiralcel OJ
Eluent: Hexane/IPA = 80/20
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Retention time: 14.589 min, 17.673 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 14.589 17.673 Time 13.353 16.390

Height (mAU) 731.907 489.963 Height (µV) 73367 4242

Area (mAU-s) 3.223×104 3.226×104 Area (µV-sec) 3295433 174300

Area (%) 49.973 50.026 Area (%) 94.976 5.023

Catalytic Reaction Conditions:
acetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, Al(2-naphthyl)3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene: 6 mL, 12 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.98 (d, J = 1.2 Hz, 1H), 7.84-7.75 (m, 3H), 7.49-7.25 (m,
8H), 2.27 (br, 1H), 2.06 (s, 3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 147.70, 145.22,
132.96, 132.35, 128.22, 128.18, 127.91, 127.45, 127.00, 126.08, 125.92, 124.91, 123.70,
76.31, 30.66 ppm.
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1-Phenyl-1-(4-trimethylsilanyl-phenyl)-ethanol (Table 2, entry 22; 93% ee)

Column: Chiralcel OJ
Eluent: Hexane/IPA = 95/5
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

TMS Retention time: 6.506 min, 9.936 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 6.506 9.936 Time 6.631 10.376

Height (µV) 169337 106392 Height (µV) 273363 7952

Area (µV-sec) 4029018 3957472 Area (µV-sec) 7531014 266969

Area (%) 50.447 49.552 Area (%) 96.576 3.423

Catalytic Reaction Conditions:
acetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, Al(4-TMSC6H4)3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene: 6 mL, 12 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.50-7.25 (m, 9H), 2.22 (br, 1H), 1.96 (s, 3H), 0.27 (s, 9H)
ppm. 13C{1H} NMR (100 MHz, CDCl3): 148.48, 147.93, 138.93, 133.26, 128.15, 126.92,
125.81, 125.10, 76.17, 30.75, -1.14 ppm.
HRMS: m/z calcd. for C17H22SiO, 270.1440 [M+]; Found 270.1433.
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1-(4-Methoxy-phenyl)-1-phenyl-ethanol (Table 2, entry 23; 78% ee)

Column: Chiralcel OJ
Eluent: Hexane/IPA = 80/20
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

OMe Retention time: 14.265 min, 17.500 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 14.265 17.500 Time 14.813 18.218

Height(uV) 317485 236568 Height(uV) 11380 60188

Area(uV-sec) 18102188 17776126 Area(uV-sec) 493939 3900009

Area(%) 50.454 49.545 Area(%) 11.241 88.758

Catalytic Reaction Conditions:
acetophenone: 0.5 mmol, (S)-BINOL: 10 mol%, Al(4-OMeC6H4)3(THF): 1.25 mmol,
Ti(O-i-Pr)4: 2.5 mmol, 0 oC, toluene: 6 mL, 12 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.41-7.23 (m, 7H), 6.84 (d, J = 8.8 Hz, 2H), 3.78 (s, 3H), 2.19
(s, 1H), 1.93 (s, 3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 158.36, 148.23, 140.27,
128.01, 127.09, 126.73, 125.70, 113.36, 75.82, 55.14, 30.88 ppm.
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2-Phenyl-hexan-2-ol (Table 2, entry 24; 19% ee)

Column: Chiralcel OJ
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Ph

Retention time: 9.135 min, 13.045 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 9.135 13.045 Time 9.231 13.173

Height (V) 68200 46998 Height (V) 20486 22099

Area (V-sec) 1984825 1983039 Area (V-sec) 582548 861730

Area (%) 50.022 49.977 Area (%) 40.334 59.665

Catalytic Reaction Conditions:
2-hexanone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol, Ti(O-i-Pr)4: 2.5
mmol, 0 oC, toluene: 6 mL, 12 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.43-7.41 (m, 2H), 7.34-7.30 (m, 2H), 7.23-7.20 (m, 1H),
1.95 (br, 1H), 1.81-1.76 (m, 2H), 1.54 (s, 3H), 1.28-1.21 (m, 3H), 1.13-1.09 (m, 1H),

0.85-0.82 (m, 3H) ppm. 13C{1H} NMR (100 MHz, CDCl3): 148.09, 128.02, 126.38, 124.74,
74.63, 43.91, 30.03, 26.10, 22.96, 13.93 ppm.
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3-Methyl-2-phenyl-butan-2-ol (Table 2, entry 25; 33% ee)2,3

Column: Chiralcel OJ
Eluent: Hexane/IPA = 99/1
Flow rate: 1 mL/min
Detector: UV, 254 nm

OH

Ph

Retention time: 13.086 min, 20.053 min

Racemic standard Catalytic Reaction Product

Peak No. 1 2 Peak No. 1 2

Time 13.086 20.053 Time 13.341 19.606

Height (V) 169125 115218 Height (V) 14605 19088

Area (V-sec) 6266740 6320229 Area (V-sec) 462426 921556

Area (%) 49.787 50.212 Area (%) 33.418 66.587

Catalytic Reaction Conditions:
3-methyl-2-butanone: 0.5 mmol, (S)-BINOL: 10 mol%, AlPh3(THF): 1.25 mmol, Ti(O-i-Pr)4:
2.5 mmol, 0 oC, toluene: 6 mL, 36 h.

Spectroscopic Data:
1H NMR (400 MHz, CDCl3): 7.43-7.41 (m, 2H), 7.35-7.31 (m, 2H), 7.25-7.21 (m, 1H),
2.06-1.99 (m, 1H), 1.53 (s, 3H), 0.89 (d, J = 6.8 Hz, 3H), 0.81 (d, J = 6.8 Hz, 3H) ppm.
13C{1H} NMR (100 MHz, CDCl3): 147.72, 127.77, 126.31, 125.20, 76.70, 38.52, 26.53,
17.35, 17.11 ppm.
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