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HTP Catalyst Screen. Inside a glove-box, a 96-well plate was pre-loaded with ligands (0.22 μmol for bi-dentate (P-P) ligands and 0.44 μmol for 
mono-dentate (P) ligands, see legend on page S-3). To each well, a glass bead and stock solution of [CuOTf]2*toluene complex (50μL, 0.1 μmol) 
were added. The plate was stirred by an orbital shaker at approx. 14°C for 15 min. Then stock solutions of imine 3 (50μL, 2.2 μmol), KOtBu (50μL, 
1.6μmol), and nitro olefin 2 (50μL, 2.0μmol) were added, and the plate was stirred by orbital shaker at approx. 0°C for 18 h inside a glove-box. The 
plate was analyzed by RP-HPLC (conversion, d.e.) and chiral HPLC (e.e. endo product).

e.e. endo (%)
1 2 3 4 5 6 7 8 9 10 11 12
56 17 -6 61 73 -35 -25 -10 30 -34 60 10
63 61 25 3 -23 -25 6 NA -28 -39 ND 14
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Conversion (%)
1 2 3 4 5 6 7 8 9 10 11 12

A 98 99 99 99 75 99 80 99 98 98 99 69
B 100 99 100 98 97 100 99 0 72 96 1 99
C 99 100 100 99 99 77 99 98 99 54 98 98
D 98 97 98 99 52 83 99 99 98 62 100 75
E 99 100 100 100 96 96 99 99 99 98 99 98
F 100 94 98 99 58 51 99 99 99 78 99 100
G 99 99 57 87 96 99 99 73 77 99 98 81
H 100 99 69 78 99 79 99 99 100 100 99 99

d.e. (%)
1 2 3 4 5 6 7 8 9 10 11 12

A 34 6 -10 68 86 -26 48 -34 -18 -6 98 98
B 4 26 -6 42 -28 -22 48 NA -9 -22 ND -28
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H 95 55 96 14 92 38 0 38 2 66 94 -4
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Compound 2 (1H-NMR Spectrum):
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Compound 3 (1H-NMR Spectrum; impurity signals annotated by compound number):
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Compound 3 (13C-NMR Spectrum):
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Compound 4 (1H-NMR spectrum)
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Compound 4 (13C-NMR spectrum)
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Compound 11 (1H-NMR spectrum)
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Analytical methods. 

Crude reaction mixtures were analyzed by Agilent 1200 HPLC system comprising of an 
Agilent Binary pump, degasser, column compartment, autosampler and diode-array detector 
equipped with an Ascentis Express C18 (4.6 mm × 15 cm, 2.7 micron). Mobile phase A was 
0.1% phosphoric acid in water and mobile phase B was acetonitrile. Flow rate was 1.0 mL/min 
with a column temperature of 35°C. The gradient was as follows: 0 min 10% B, 0-10 min 10-
90% B, 10-16 min 90% B, 16-17 min 90-10% B. Starting material 2 has a retention time of 8.60 
min, desired endo isomer 4 has a retention time of 10.16 min, exo isomer 11 has a retention time 
of 10.57 min.

Chiral purity was measured with a similar HPLC system equipped with a Chirapak IC 
column (4.6 mm x 15 cm, 5 micron). Mobile phase A was hexanes, mobile phase B was ethanol. 
An isocratic method (80:20 hexanes/ethanol) was used at 1.0 mL/min with an uncontrolled 
column temperature. Desired enantiomer 4 has a retention time of 5.48 min, undesired 
enantiomer 12 has a retention time of 8.07 min.

Representative Cycloaddition Reaction Mixture HPLC:
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Representative Isolated 4 HPLC:

Chiral HPLC Trace of Racemic 4:
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Chiral HPLC Trace of Isolated 4 (98.5 : 1.5 e.r.):
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Powder X-ray diffraction (PXRD) analysis. Samples for PXRD analysis were prepared by 
spreading the wet cake or sample powder in a thin layer on an aluminum sample holder and 
gently leveling with a glass microscope slide.  The aluminum sample holder was then mounted 
on the rotating sample holder of the XRG 3000 diffractometer (Inel Corp., Artenay, France) and 
diffraction data is collected at ambient conditions.  The XRG 3000 diffractometer was equipped 
with a curved position sensitive detector and parallel beam optics and was operated with a 
copper anode tube (1.5 kW fine focus) energized at 40 kV and 30 mA.  An incident beam 
germanium monochromoter was utilized to provide monochromatic Kα1 radiation (λ=1.540562 
Å).  The diffractometer was calibrated using the attenuated direct beam at one-degree intervals.  
Calibration was checked using a silicon powder line position reference standard (NIST 640c).  
The instrument was controlled using the Symphonix 1.0 software (Inel Corp., Artenay, France) 
and the data was analyzed using MDI Jade software (version 9.0 Materials Data, Inc., Livermore, 
CA).  

PXRD of 4 Racemate:
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PXRD of Enantiopure 4:
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