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(A)  Metal screening, equivalent, and temperature optimization 

 Table S1: Metal screening for the o-chloranil mediated CDC reaction.a 

 

 

a Reaction conditions: (S)-1 (0.1 mmol), 2a (0.12 mmol), o-chloranil (0.12 mmol), metal (0.01 

mmol) and THF (1.0 mL). b Isolated yield of combined 3a (syn and anti). c The diastereomeric 

ratios of 3a determined by 1H NMR. 

 

Table S2: Equivalent screening for the o-chloranil mediated CDC reaction.a 

 

Entry Metal t [h] Yield 

[%]b 

syn/anti
 c 

 

1 CuBr 24 17 1.3:1 

2 CuI 24 13 1.2:1 

3 Cu(OTf) 24 15 1.1:1 

4 CuBr2 24 20 1:1.2 

5 Cu(OAc)2 24 25 1:2 

Entry 1/2a/o-chloranil  t [h] Yield 

[%]b 

syn/anti
 c 
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a Reaction conditions: (S)-1 (0.1 mmol), 2a (0.12 mmol), o-chloranil (0.12 mmol), and THF(1.0 

mL). b Isolated yield of combined 3a (syn and anti). c The diastereomeric ratios of 3a determined 

by 1H NMR. 

 

Table S3: Temperature screening for the o-chloranil mediated CDC reaction.a 

 

 

a Reaction conditions: (S)-1 (0.1 mmol), 2a (0.12 mmol), o-chloranil (0.12 mmol), and THF (1.0 

mL). b Isolated yield of combined 3a (syn and anti). c The diastereomeric ratios of 3a determined 

by 1H NMR. n.d. = not determined. 

  

1 1/1.2/1.2 24 64 4.6:1 

2 1/1.2/1.5 24 50 3:1 

3 1/1.5/1.2 24 65 2.5:1 

4 1.2/1/1 24 55 2.8:1 

Entry T (oC) t [h] Yield 

[%]b 

syn/anti
 c 

 

1 60 8 70 2.3:1 

2 40 16 65 2.5:1 

3 20 24 64 4.6:1 

4 0 36 <10 n.d. 

5 -20 36 0 n.d. 
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(B) Mechanistic experiments and proposed reaction pathways 

The plausible reaction pathway for the coupling is postulated to involve a single-electron transfer 

(SET) radical mechanism1 in Scheme S1. A single electron transfer from the tertiary amine 2a to 

o-chloranil generates a radical cation I and a o-chloranil radical anion. The radical oxygen of the 

o-chloranil radical anion then abstracts α-H-atom from the radical cation I generates the key 

intermediate iminium cation II. With one equivalent of 2,6-di-tert-butyl-4-methylphenol (BHT), a 

radical inhibitor, the yield of the coupling product decreased dramatically from 64% to 21%. 

These results were interpreted as the generation of radicals as key intermediate, and are in 

consistence with the observations by Wang et al2 and Chi et al3. Then the anionic oxygen of 

o-chloranil radical anion then abstracts an α-hydrogen from the glycinate to generate an enolate. 

Finally, the nucleophilic attack of the enolate on the iminium cation II generates the CDC product 

3a and the 3,4,5,6-tetrachlorobenzene-1,2-diol 5. 

 

 

Scheme S1. Mechanistic experiments and proposed reaction pathways 

 

  



S5 

 

(C) Stereochemical Transition of CDC 

Considering the stereochemical outcome of the reaction under study, we could propose two 

transition (TS) A and B (Figure S1), leading to diastereomers (S)(2S,2(1’S))-3/(S)(2S,2(1’R))-3 

(3-syn/3-anti), respectively. In TS A, the N-phenyl group occupies a position of the larger 

substituent, thus avoiding unfavorable non-bonding interactions with the phenyl ring at the imine 

bond of the Ni(II) complex, which render A more favorable than B. Under optimized oxidative 

conditions, iminiums were attacked highly selectively from the si-face of Ni(II) glycinate4,5,6 

generating excellent diastereoselectivity. Therefore, the CDC reaction didn’t generate the 

diastereomers (S)(2R,2(1’R))-3/(S)(2R,2(1’S))-3. The relative and absolute configuration of major 

coupling compound 3a-syn was determined to be (S)(2S,2(1’S)) and the minor one 3k-anti was 

determined to be (S)(2S,2(1’R)) by X-ray crystallography (Figure S3). 

 

Figure S1. Stereochemical Transition of CDC 
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(D) The Absolute Configuration of 3a-syn and 3k-anti 

X-ray Single Crystal Stucture Analysis of (S)(2S,2(1’S))-3a: 

X-ray crystallographic data of (S)(2S,2(1’S))-3a were solutions at T = 293(2) K: C42H38N4NiO3, 

Mr = 705.47, monoclinic. Space group P2 (1), a = 15.670 (3) Å, b = 10.967 (3) Å, c = 21.785 (6) 

Å, α = 90°, β = 107.289 (8)°, γ = 90°, V = 3574.7 (16) Å3, Z = 4. 

(S)(2S,2(1’S))-3a: 

 

Figure S2. The crystal structure of (S)(2S,2(1’S))-3a by X-ray analysis. 

 

(S)(2S,2(1’R))-3k: 
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Figure S3. The crystal structure of (S)(2S,2(1’R))-3k by X-ray analysis. 

These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif, the CCDC numbers are 927172 for (S)(2S,2(1’S))-3a, and 

962699 for (S)(2S,2(1’R))-3k. 
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(E) HPLC spectra for de determination 

3a 

 

The de was determined by HPLC with a Chiralpak AD-H column (n-hexane/i-PrOH = 75/25, λ = 

254 nm, 0.8 mL/min). For the syn-isomer: tR (major enantiomer) = 31.61 min, tR (minor 

enantiomer) = 50.85 min, > 99% de; for the anti-isomer: tR (major enantiomer) = 143.18 min, tR 

(minor enantiomer) = 43.91 min, 88% de. 

 

3b 

  

The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 33.68 min, tR (minor enantiomer) = 

12.14 min, 96% de; for the anti-isomer: tR (major enantiomer) = 143.25 min, tR (minor enantiomer) 

= 17.61 min, 97% de. 

 

3c 
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The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 38.88 min, tR (minor enantiomer) = 

13.48 min, 98% de; for the anti-isomer: tR (major enantiomer) = 164.17 min, tR (minor enantiomer) 

= 12.01 min, 98% de. 

 

3f 

 

The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 22.28 min, tR (minor enantiomer) = 

10.54 min, 98% de; for the anti-isomer: tR (major enantiomer) = 72.41 min, tR (minor enantiomer) 

= 14.63 min, 98% de. 

 

3g 
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The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 75/25, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 19.09 min, tR (minor enantiomer) = 

10.99 min, 97% de; for the anti-isomer: tR (major enantiomer) = 72.15 min, tR (minor enantiomer) 

= 25.54 min, 98% de. 

 

3h 

 

The de was determined by HPLC with a Chiralpak AD-H column (n-hexane/i-PrOH = 80/20, λ = 

254 nm, 0.8 mL/min). For the syn-isomer: tR (major enantiomer) = 31.64 min, tR (minor 

enantiomer) = 23.18 min, 90% de; for the anti-isomer: tR (major enantiomer) = 95.10 min, tR 

(minor enantiomer) = 66.38 min, 96% de. 

 

3i 

 

The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 25.49 min, tR (minor enantiomer) = 

12.21 min, 99% de; for the anti-isomer: tR (major enantiomer) = 147.17 min, tR (minor enantiomer) 

= 14.68 min, > 98% de. 

 

3j 
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The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 27.55 min, tR (minor enantiomer) = 

12.54 min, 93% de; for the anti-isomer: tR (major enantiomer) = 100.13 min, tR (minor enantiomer) 

= 18.98 min, > 99% de. 

 

3k 

 

The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 24.87 min, tR (minor enantiomer) = 

12.95 min, 98% de; for the anti-isomer: tR (major enantiomer) = 80.08 min, tR (minor enantiomer) 

= 19.35 min, 98% de. 

 

3l 
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The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 14.83 min, tR (minor enantiomer) = 

7.97 min, > 99% de; for the anti-isomer: tR (major enantiomer) = 49.99 min, tR (minor enantiomer) 

= 8.70 min, > 99% de. 

 

3m 

 

The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 28.47 min, tR (minor enantiomer) = 

11.21 min, 89% de; for the anti-isomer: tR (major enantiomer) = 132.25 min, tR (minor enantiomer) 

= 13.93 min, 96% de. 

 

3n-Syn 
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The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 19.40 min, tR (minor enantiomer) = 

9.08 min, 99% de. 

 

3n-anti 

 

The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the anti-isomer: tR (major enantiomer) = 17.52 min, tR (minor enantiomer) = 

6.98 min, 98% de. 

 

3o 

 

The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 60/40, λ = 254 

nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 45.36 min, tR (minor enantiomer) = 

22.48 min, 97% de; for the anti-isomer: tR (major enantiomer) = 57.83 min, tR (minor enantiomer) 

= 28.42 min, 97% de. 

 

3p 
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The de was determined by HPLC with a Chiralpak AD-H column (n-hexane/i-PrOH = 75/25, λ = 

254 nm, 1.0 mL/min). For the syn-isomer: tR (major enantiomer) = 80.42 min, tR (minor 

enantiomer) = 39.52 min, 99% de; for the anti-isomer: tR (major enantiomer) = 46.22 min, tR 

(minor enantiomer) = 54.76 min, 98% de. 

 

3q 

 

The de was determined by HPLC with a Chiralpak IA column (n-hexane/i-PrOH = 80/20, λ = 254 

nm, 1.0 mL/min). For the anti-isomer: tR (major enantiomer) = 32.57 min, tR (minor enantiomer) = 

19.99 min, 98% de. 
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(2S,2(1S’))-4a 

 

 

 

 

The enantiomeric excess was determined by HPLC with a Chirobiotic T column (25 cm × 4.6 mm, 

5 μm) (H2O/MeOH = 60/40, λ = 254 nm, 0.5 mL/min). For the syn-isomer: tR (major enantiomer) 

= 15.32 min, tR (minor enantiomer) = 18.13 min, 98% ee; for the anti-isomer: tR (major enantiomer) 

= 12.68 min, tR (minor enantiomer) = 13.68 min, 80% ee. 

 

(2S,2(1S’))-4i 
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The enantiomeric excess was determined by HPLC with a Chirobiotic T column (25 cm × 4.6 mm, 

5 µm) (H2O/MeOH = 50/50, λ = 254 nm, 0.5 mL/min). For the syn-isomer: tR (major enantiomer) 

= 19.59 min, tR (minor enantiomer) = 21.73 min, 90% ee; for the anti-isomer: tR (major enantiomer) 

= 16.17 min, tR (minor enantiomer) = 16.94 min, 73% ee. 
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(F) Copies of 
1
H NMR and 

13
C NMR Spectra for the Products 

Nickel(II)-(S)-BPB/2-Amino-2-(2-phenyl-1,2,3,4-tetrahydroisoquinolin-1-yl) acetic acid 

Schiff Base Complex 3a 
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Nickel(II)-(S)-BPB/2-amino-2-(2-(4-methoxyphenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl) 

acetic acid Schiff Base Complex 3b 
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Nickel(II)-(S)-BPB/2-amino-2-(2-(3-methoxyphenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl) 

acetic acid Schiff Base Complex 3c 
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Nickel(II)-(S)-BPB/2-Amino-2-(2-(2-methylphenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl) acetic 

acid Schiff Base Complex 3e 
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Nickel(II)-(S)-BPB/2-Amino-2-(2-(4-methylphenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl) acetic 

acid Schiff Base Complex 3f 
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Nickel(II)-(S)-BPB/2-Amino-2-(2-(4-tert-butylphenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl) 

acetic acid Schiff Base Complex 3g 
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Nickel(II)-(S)-BPB/2-Amino-2-(2-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroisoquinolin- 

1-yl) acetic acid Schiff Base Complex 3h 
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Nickel(II)-(S)-BPB/2-Amino-2-(2-(4-fluorophenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl) acetic 

acid Schiff Base Complex 3i 
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Nickel(II)-(S)-BPB/2-Amino-2-(2-(4-chlorophenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl) acetic 

acid Schiff Base Complex 3j 

 

 



S26 

 

Nickel(II)-(S)-BPB/(S)2-Amino-2-((S)-2-(4-bromophenyl))-1,2,3,4-tetrahydroisoquinolin-1-yl

) acetic acid Schiff Base Complex 3k-syn 

 

 

 



S27 

 

Nickel(II)-(S)-BPB/(S)2-Amino-2-((R)-2-(4-bromophenyl))-1,2,3,4-tetrahydroisoquinolin-1-yl

) acetic acid Schiff Base Complex 3k-anti 
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Nickel(II)-(S)-BPB/2-Amino-2-(2-(3,4-dimethylphenyl))-1,2,3,4-tetrahydroisoquinolin-1-yl) 

acetic acid Schiff Base Complex 3l 
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Nickel(II)-(S)-BPB/2-Amino-2-(2-(3-chloro-4-methylphenyl))-1,2,3,4-tetrahydroisoquinolin-1

-yl) acetic acid Schiff Base Complex 3m 
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Nickel(II)-(S)-BPB/(S)-2-Amino-2-((S)-2-(3,5-bis(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroi

soquinolin-1-yl) acetic acid Schiff Base Complex 3n-syn 
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Nickel(II)-(S)-BPB/(S)-2-Amino-2-((R)-2-(3,5-bis(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroi

soquinolin-1-yl) acetic acid Schiff Base Complex 3n-anti 
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Nickel(II)-(S)-BPB/2-amino-2-((6-(4-bromophenyl)-5,6,7,8-tetrahydro-[1,3]dioxolo[4,5-g]isoq

uinolin-5-yl) acetic acid Schiff Base Complex 3o 
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Nickel(II)-(S)-BPB/2-amino-2-(2-(4-bromophenyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquino

lin-1-yl) acetic acid Schiff Base Complex 3p 
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Nickel(II)-(S)-BPB/2-amino-2-(2-benzyl-1,2,3,4-tetrahydroisoquinolin-1-yl) acetic acid Schiff 

Base Complex 3q 
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(S)-2-amino-2-((S)-2-phenyl-1,2,3,4-tetrahydroisoquinolin-1-yl)acetic acid 4a 
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(S)-2-amino-2-((S)- 2-(4-fluorophenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl)acetic acid 4i 
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