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General procedure

All reagents were purchased from commercial sources. Acetonitrile was spectrophotometric grade. All 
other solvents were ACS grade and used without further purification. Compounds 1, 2, and 3 were 
synthesized according to literature procedure.s1 Compound characterization for these samples may be found 
in reference s1. Chiral HPLC data were acquired using an Agilent 1100 series analytical chiral HPLC 
equipped with a photodiode array detector (254 nm) with a Daicel Chiralpak IA column (5 μm particle size, 
4.5 x 250 mm), flow rate of 1.0 mL/min, and either 18% EtOH/hexanes (for compound 2) or 20 % 
EtOH/hexanes (for compound 3). CD screening of the atropisomers 1, 2, and 3 were performed using either 
a Jasco J-815 spectropolarimeter in the Targeted Therapeutic Drug Discovery and Development Program 
facility at the University of Texas at Austin or an Ekko CD microplate reader manufactured by Hinds 
Instruments. Titration study was conducted by using a Cary 100 UV-Vis spectrophotometer from Agilent 
Technology. HyperSep™ silica cartridges (bed weight 50 mg, column capacity 1 mL) were used for a wash-
elute step. All stock solutions for CD analysis were prepared using acetonitrile as the solvent: 1 (17.5 mM), 
2 (17.5 mM), 3 (16 mM), and Cu(OTf)2 (17.5 mM for complexation with 1 and 2, 16 mM for complexation 
with 3). 

CD data collection parameters

Jasco J-815 with auto peltier 6-cell changer: Sample concentration in acetonitrile (1.75 mM for 1 and 2, 
1.6 mM for 3), Type 21 macro cuvette with PTFE stopper (1 mm, UV quartz), sensitivity - standard, D.I.T. 
(integration time) - 1 sec, bandwidth - 1 nm, data pitch - 0.1 nm, scanning speed - 100 nm/min, accumulation 
- 2 times, temperature - measured at 20 oC

Ekko: Sample concentration in acetonitrile (1.75 mM for 2 and 1.6 mM for 3), sample volume (40 μL per 
well), quartz microplate with lid and sealing foil (96 wells, 6.6 mm diameter, well capacity 300 μL, quartz 
glass, Hellma Analytics), 40 mdeg sensitivity, 2 s integration time, room temperature.

Titration study

The titration study was carried out using a Cary 100 UV-Vis spectrophotometer from Agilent Technology 
(10 mm cell, UV quartz). The spectra were obtained at 320 nm where only the complexes can absorb light. 
The concentration of copper(II) triflate in acetonitrile was set to 0.175 mM. The absorbance curve reached 
a plateau at approximately 3:1 ligand–metal molar ratio.

Sample preparation protocol for HT ee determination

Four atroposelective syntheses were performed using (R)-/(S)-TCYP as the catalyst: Two reactions for 2 
(Ra and Sa) and two reactions for 3 (Ra and Sa), respectively. The two reaction solutions were mixed in the 
different ratios such as 19:1, 18:2, 17:3, 15:5, 14:6, 12:8, 11:9, 9:11, 8:12, 6:14, 5:15, 3:17, 2:18, and 1:19, 
affording a total of 14 samples. Calibration curves were constructed with the varied ee values of 2 (-78, -
46, -23, 1, 25, 49, and 80%) and 3 (-82, -50, -26, -2, 22, 46, and 78%), respectively. A sample preparation 
protocol for CD analysis is as follows:

- A crude solution (0.5 mg/mL) in DCM (2 mL) was washed 2 times with 2 mL of 0.01 M HCl (aq).
- A solution (1mL) in DCM layer was loaded onto the silica cartridge.
- Wash the cartridge with either 1:3 EA:Hex (3 x 1mL) for 2 or 1:4 EA:Hex (4 x 1mL) for 3.
- Elute the product with 7:1 DCM:MeOH (200 μL).
- Dry the sample with N2-blowing.
- Dissolve the dried sample in acetonitrile (2mL) and determine the concentration by measuring the 

UV absorbance (241 nm) of solution (200 μL per well) with an Ekko microplate reader. 
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- A solution of copper(II) triflate in acetonitrile (3 eq.) was added to the solution. 
- The concentration was adjusted to 1.75 mM for 2 and 1.6 mM for 3 by adding acetonitrile.
- A solution of the complex (40 μL) was added to a 96-well plate and analyzed by a CD microplate 

reader.

Thin layer chromatography analysis

Figure S1. The sample purification process was monitored using thin layer chromatography (TLC). The 
TLC plates were developed in 1:1 EA:Hex: T1 (the crude mixture of 3), T2 (the crude mixture 3 after 
liquid-liquid extraction (LLE)), T3 (the crude mixture of 2), T4 (the crude mixture 2 after liquid-liquid 
extraction (LLE)), T5 (the pure 3 after a wash-elute (W-E) step), T6 (the pure 2 after a wash-elute (W-E) 
step).
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Additional CD spectra

Figure S2. The CD spectra of 2 (64% ee) obtained with addition of copper(II) triflate (Jasco J-815, 1.75 
mM in acetonitrile, 1 mm cell).

Figure S3. The CD spectra of 3 (64% ee) obtained with addition of copper(II) triflate (Jasco J-815, 1.6 mM 
in acetonitrile, 1 mm cell).
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Figure S4. (A) CD spectra were recorded with [Cu(3)3]OTf2 having known ee values (Jasco J-815, 1.6 mM 
in acetonitrile, 1 mm cell). (B) The calibration curve was linear, exhibiting R2 = 0.9988.
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Figure S5. (A) CD spectra in the HT ee deterimiation of 2 (14 samples). (B) CD spectra in the HT ee 
deterimiation of 3 (14 samples). 
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Chiral HPLC spectra

Chiral HPLC spectra for the 14 samples of 2 (2-1 ~ 2-14)
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Chiral HPLC spectra for the 14 samples of 3 (3-1 ~ 3-14)
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