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1. General information

Unless otherwise noted, all reactions were carried out under an atmosphere of 

nitrogen in oven-dried glasswares with magnetic stirring, all reagents obtained from 

commercial suppliers were used without further purification. Reactions were 

monitored by thin-layer chromatography (TLC) on silica gel precoated glass plates 

(0.2 ± 0.03 mm thickness, GF-254, particle size 0.01–0.04 mm) from Yantai 

Chemical Industry Research Institute. TLC was visualized by UV fluorescence (254 

nm). Flash column chromatography was performed with silica gel (particle size 0.04–

0.05 mm). 1H NMR and 13C NMR spectroscopic data were recorded using Bruker 

AMX-400 instrument and calibrated by using the residual solvent peaks as an internal 

reference (CDCl3 [1H: 7.26, 13C: 77.23]. Coupling constants (J) are given in Hz. 

High-resolution mass spectra (HRMS) for all the compounds were determined on a 

Micromass GCT-TOF mass spectrometer with ESI or CI resource. High performance 

liquid chromatography (HPLC) was performed on Agilent 1200 Series 

chromatographs using a Daicel Chiralpak IA-H, or AD-H column (0.46 cm × 25 cm). 

The racemic compounds for HPLC spectrum were obtained by DABCO catalyzed 

reactions, with the exception of 4ab, 4na, 4ca, 4ha and 4ua catalyzed by Et3N.       

X-ray data were recorded on a Rigaku Mercury CCD/AFC diffractomrter. Optical 

rotations are reported as follows: [α]20 D (c in g per 100 mL, solvent).
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2. Screening of catalysts and condition optimization

Scheme S1. Optimization of the reaction conditionsa

N
N

O

Ph

Ph
Ph

CN

NC

Cat.(10 mol%)
toluene, 40 oC, 12 h

NC

NN O

Ph

Ph Ph
H2N

1a 2a 4aa

OH

O

N

N

OH

O

N

N
OBn

O

N

N
OH

HO

N

N

OBn

HO

N

N

HN

S

N
H

CF3

CF3

Ph

Ph

N

N
H

O

N

N
OO

NH
CF3

CF3
NH

F3C

CF3

S

HN

N
H

CF3

CF3

N
H

S

N

HO

N

O

O

HO

N

N
O

HO

N

N H
N

O

N

N

S

H
N

CF3

CF3
H
N

O

N

N

S

H
N

NO2

N
N
H

N
H

CF3

CF3
O O

N
H

O

N

N
OO

NH
CF3

CF3

N
H

O

N

N
OO

F3C

CF3
NH

H
N

O

N

N

S

H
N

CF3

CF3

50% yield, 50:50 dr,94/54% ee

74% yield, 16:84 dr, 23/15% ee37% yield, 54:46 dr,84/43% ee

62% yield, 69:31 dr, 94/0% ee53% yield, 56:44
dr, 96/23% ee

43% yield, 54:46 dr,96/57% ee45% yield, 50:50 dr,92/60% ee

60% yield, 60:40 dr, 96/60% ee

78% yield, 16:84 dr, 27/0% ee

72% yield, 14:86 dr,25/0% ee

82% yield, 15:85 dr, 28/0% ee 68% yield, 20:80 dr, 26/0% ee

33% yield, 54:46 dr, 90/56% ee

87% yield, 10:90 dr, 7/0% ee 84% yield, 8:92 dr, 20/0% ee

76% yield,11:89 dr,23/0% ee 38% yield, 54:46 dr, 82/43%
ee

a) Unless otherwise noted, reactions were carried out with 1a (0.12 mmol), 2a (0.1 
mmol), and 10 mol% Cat. in toluene (1.0 mL) at 40 °C

Table S1. Optimization of solvents a

N
N

O

Ph

Ph
Ph

CN

NC

IV (10 mol%)
solvent, 40 oC, 12 h

NC

NN O

Ph

Ph Ph
H2N

1a 2a 4aa

entry solvent yield (%) b dr c ee (%) d

1 THF < 5% -- --
2 Et2O < 5% -- --
3 EA < 5% -- --
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4 dixone < 5% -- --
5 o-xylene 54 58:42 96/56
6 m-xylene 55 55:45 96/64
7 p-xylene 52 57:43 91/68
8 mesitylene 70 57:43 91/71
9 PhCF3 55 63:37 96/71
10 PhF5 52 65:35 96/78
11 1,4-F2Ph 50 64:36 97/77
12 PhF 47 65:35 81/35
13 toluene 60 40:60 60/96
14 HFIP trace -- --
15 DCE 67 70:30 97/62
16 DCM 60 65:35 94/58

a) Unless otherwise noted, reactions were carried out with 1a (0.12 mmol), 2a (0.1 
mmol,), and 10 mol% IV in corresponding solvent (1.0 mL) at 40 °C for 12 h. b) 

Isolated yield.  c) Measured from the 1H NMR of the crude reaction material. d) 
Determined by chiral HPLC.

Table S2. Optimization of additives a

N
N

O

Ph

Ph
Ph

CN

NC

IV (2.5 mol%)
additive (X mg)
DCE, 40 oC, 16 h

NC

NN O

Ph

Ph Ph
H2N

1a 2a 4aa

entry additive X yield (%) b dr c ee (%) d

1 LiBr 20 trace -- --
2 Tf2NH 20 trace -- --
3 3 Å MS 25 55 75:25 97/55
4 4 Å MS 25 50 75:25 97/50
4 5Å MS 25 51 75:25 97/54
4 CsF 20 trace -- --
5e KI 20 58 66:34 91/61
7 Ph3P 20 56 70:30 97/60
8 Ph3PO 20 58 66:34 97/60
9 K3PO4 20 69 60:40 96/55
10 PhCOOH 20 trace -- --
11 Trip-CPA 5 trace -- --
12 Cu(OTf)2 5 trace -- --

a) Unless otherwise noted, reactions were carried out with 1a (0.12 mmol), 2a (0.1 
mmol,), and 2.5 mol% IV in DCE (1.0 mL) at 40 °C for 16 h. b) Isolated yield.  c) 
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Measured from the 1H NMR of the crude reaction material. d) Determined by chiral 
HPLC.
3. Copies of 1H NMR and 13C NMR spectra
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4. HPLC profile spectrum of compounds
4aa

NC

N
N O

Ph

Ph
H2N

NO

8

NC

N
N O

Ph

Ph
H2N

NO

8



73

4ab



74

4ac



75

4ad

4ae



76

4an



77

4af



78

4ai



79

4aj

4ak



80

4al



81

4ca



82

4da



83

4fa

4ga



84

4ha



85

4ia



86

4ja



87

4la

4ma



88

4na



89

4oa



90

 

4pa



91

4qa



92

4ra



93

4sa

4ta



94

4ua



95

5



96

8

5. Crystal data and ORTEP diagram for compound 

X-ray data of 3ab
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Empirical formula C33H23ClN4O

Formula weight 527.00

Temperature 120 K

Wavelength 0.71073 Å

Crystal system, space group triclinic, P -1

a = 9.3289 (4) Å, α = 87.2370 (10) deg.

b = 10.9229 (5) Å, β = 78.6140 (10) deg.Unit cell dimensions

c = 12.8668 (6) Å, γ = 85.6810 (10) deg.

Volume 1280.91(10) Å3

Z, Calculated density 17, 1.730 Mg/cm3

Absorption coefficient 0.985 mm-1

F(000) 663

Crystal size 0.20 x 0.18 x 0.15 mm

Radiation MoK\a (λ = 0.71073)

Theta range for data collection 1.615 to 27.533 deg.

Index ranges -12≤ h ≤ 12, -14 ≤ k ≤ 14, -16≤ l ≤ 16

Reflections collected 42789/5876 [R(int) = 0.0327]

Completeness to theta = 25.242 99.8%

Absorption correction multi-scan

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 5876/0/352

Goodness-of-fit on F2 1.148

Final R indexes [I>=2σ (I)] R1 = 0.0369, wR2 = 0.1022

Final R indexes [all data] R1 = 0.0479, wR2 = 0.1242

Largest diff. peak/hole / eÅ-3    0.571 and -0.515
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Figure S1. ORTEP drawing of 3ab
The crystal was prepared from the solution of 3ab in acetonitrile. CCDC 1821024 
contains the supplementary crystallographic data for this paper. These data can be 
obtained free of charge from The Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data request/cif.

X-ray data of 4ab

Empirical formula C33H23ClN4O,CH3CN

Formula weight 568.06

Temperature 296.15 K

Wavelength 0.71073 Å

Crystal system, space group orthorhombic, P 21 21 21

a = 11.351(2) Å, α = 90 deg.

b = 11.9996(17) Å, β = 90 deg.Unit cell dimensions

c = 21.215(3) Å, γ = 90 deg.

Volume 2889.7(8) Å3
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Z, Calculated density 4, 1.306 Mg/cm3

Absorption coefficient 0.170 mm-1

F(000) 1184

Crystal size 0.6 x 0.6 x 0.3 mm

Radiation MoK\a (λ = 0.71073)

Theta range for data collection 2.47 to 27.55 deg.

Limiting indices -7≤ h ≤ 15, -13 ≤ k ≤ 16, -27≤ l ≤ 28

Reflections collected / unique 11645/ 7159 [R(int) = 0.0382]

Completeness to theta = 25.242 99.6%

Absorption correction Semi-empirical from equivalents

Refinement method least-squares 

Data / restraints / parameters 7159/2/386

Goodness-of-fit on F2 1.078

Final R indexes [I>=2σ (I)] R1 = 0.0640, wR2 = 0.1786

Final R indexes [all data] R1 = 0.0864, wR2 = 0.1920

Largest diff. peak/hole / eÅ-3    0.317 and -0.279

Absolute structure parameter 0.02(5)
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Figure S2. ORTEP drawing of 4ab
The crystal was prepared from the solution of 4ab in petroleum ether/n-hexane/ethyl 
acetate. CCDC 1820660 contains the supplementary crystallographic data for this 
paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.


