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1. General Information 

1H NMR spectra were recorded on commercial instruments (400 MHz). Chemical shifts were reported in ppm from 

tetramethylsilane with the solvent resonance as the internal standard. Spectra were reported as follows: chemical shift ( 

ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz), integration 

and assignment. 13C{1H} NMR spectra were collected on commercial instruments (100 MHz) with complete proton 

decoupling. Chemical shifts are reported in ppm from the tetramethylsilane with the solvent resonance as internal standard 

(CDCl3,  = 77.0). 19F{1H} NMR spectra were collected at 376 MHz with complete proton decoupling. The enantiomeric 

excesses (ee) were determined by HPLC analysis using the corresponding commercial chiralpak column as stated in the 

experimental procedures at 25 °C. Optical rotations were reported as follows: []D
T (c = g/100 mL, CH2Cl2). HRMS was 

recorded on a commercial apparatus (ESI Source). Solvents were dried according to standard procedures. IR spectra were 

recorded on SHIMADZU IR Tracer-100 FT-IR spectrophotometer. The catalytic reactions were sensitive to water and 

should be performed under nitrogen atmosphere. The solvent was distilled from CaH2. The chalcones1 and diaziridines2-3 

were prepared according to reported procedures. 
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2. General Procedure for the Enantioselective 1,3-Dipolar Cycloaddition Reactions 

 
General procedure: 

A dry reaction tube was charged with chalcone1 1 (0.1 mmol), L-PrPr3 (7.1 mg, 10 mol%), Sc(OTf)3 (7.4 mg, 15 mol%), 

followed by adding dry THF (1.0 mL) under N2 atmosphere. The THF was removed in vacuo after the mixture was stirred 

at 35 °C for 0.5 h. Diaziridine2-3 2 (0.2 mmol) was added to the reaction tube, followed by the addition of dry CH2Cl2 (1.0 

mL), THF (0.05 mL) under N2 atmosphere. The reaction was performed at 20 °C for the indicated time. The reaction 

mixture was subjected to column chromatography on silica gel and eluted with petroleum ether‒ethyl acetate (v/v, 3:1) to 

afford the corresponding product 3. 
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3. Optimization of Reaction Conditions 

Table S1. The screening of metal salts 

 

Entry[a] Metal Salt Time (h) Yield [%][b] ee [%][c] 

1 Sc(OTf)3 24 37 66 

2 Yb(OTf)3 24 17 5 

3 Gd(OTf)3 24 21 20 

4 Dy(OTf)3 24 15 racemic 

5 Ni(OTf)2 48 N.R -- 

6 Mg(OTf)2 48 N.R -- 

7 Cu(OTf)2 48 N.R -- 

8 Zn(OTf)2 72 trace ND 

9 Fe(OTf)3 48 N.R -- 

10 Sc[(NTf)2]3 24 N.R -- 

11 ScCl3·6H2O 24 N.R -- 

12 Sc(OAc)3·H2O 24 N.R -- 

[a] All the reactions were performed with 1a (0.10 mmol), 2a (0.10 mmol), L-PrPr2/Metal Salts (1:1, 10 mol%) in THF (1.0 

mL) at 35 °C for the indicated time. [b] Isolated yield. [c] Determined by HPLC analysis on a chiral stationary phase; ND = 

Not Detected. 
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Table S2. The screening of ligands 

 

Entry[a] Ligand Time (h) Yield [%][b] ee [%][c] 

1 L-RaPr2 36 26 50 

2 L-PrPr2 24 37 66 

3 L-PiPr2 36 28 52 

4 L-PrMe2 36 23 48 

5 L-PrEt2 36 33 60 

6 L-PrtBu2 36 18 30 

7 L-PrEt2Me 36 27 53 

8 L-PrPh 36 27 33 

9 L-PrBn 36 18 11 

[a] All the reactions were performed with 1a (0.10 mmol), 2a (0.10 mmol), Ligand/Metal Salts (1:1, 10 mol%) in THF (1.0 

mL) at 35 °C for the indicated time. [b] Isolated yield. [c] Determined by HPLC analysis on a chiral stationary phase. 

Table S3. The screening of solvents 

 

Entry[a] Solvent Time (h) Yield [%][b] ee [%][c] 

1 hexane 22 10 34 

2 DMF 22 trace 3 

3 CH3CN 22 33 54 

4 CH2Cl2 72 68 73 

5 toluene 22 17 45 

6 EA 22 28 35 

7 THF 24 37 66 

8 iPrOH 22 12 20 

9 CHCl3 18 36 66 

10 DCE 18 49 68 

11 1,1,2-CH2ClCHCl2 18 Trace 58 

12 1,1,2,2-Cl2CHCHCl2 18 40 73 

13[d] CH2Cl2 16 63 77 

[a] All the reactions were performed with 1a (0.10 mmol), 2a (0.10 mmol), L-PrPr2/Sc(OTf)3 (1:1, 10 mol%) in solvent (1.0 

mL) at 35 °C for the indicated time. [b] Isolated yield. [c] Determined by HPLC analysis on a chiral stationary phase. [d] The 

ligand was L-PrPr3.  
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Table S4. The ratio of ligand to metal salt 

 

Entry[a] 
Metal Salts/Ligand 

(x:y) 
Time (h) Yield [%][b] ee [%][c] 

1 1:1.2 16 48 73 

2 1:1 16 63 77 

3 1.2:1 16 74 86 

4 1.5:1 16 80 88 

5 2:1 16 61 88 

6[d] 1:1 16 30 67 

7[e] 1:1 16 68 88 

8[f] 1.5:1 16 30 87 

9[g] 1.5:1 16 57 89 

[a] All the reactions were performed with 1a (0.10 mmol), 2a (0.10 mmol), L-PrPr3/Sc(OTf)3 (x:y, 10 mol%) in CH2Cl2 (1.0 

mL) at 35 °C for the indicated time. [b] Isolated yield. [c] Determined by HPLC analysis on a chiral stationary phase. [d] The 

catalyst loading is 5 mol%. [e] The catalyst loading is 20 mol%. [f] 0 °C. [g] 20 °C. 

Table S5. The ratio of chalcone to diaziridine 

 

Entry[a] 
1a/2a 

(x:y) 
Time (h) Yield [%][b] ee [%][c] 

1 1.2:1 16 49 89 

2 1:1 16 80 88 

3 1:1.2 16 61 89 

4 1:1.5 16 73 89 

5 1:2 16 79 89 

6[d] 1:2 22 85 90 

7[e] 1:2 22 78 59 

[a] All the reactions were performed with 1a (x mmol), 2a (y mmol), L-PrPr3/Sc(OTf)3 (1:1.5, 10 mol%) in CH2Cl2 (1.0 mL) 

at 20 °C for the indicated time. [b] Isolated yield. [c] Determined by HPLC analysis on a chiral stationary phase. [d] THF 

(0.05 mL) was added. [e] The reaction was performed with 1a (1 mmol), 2a (2 mmol), L-PrPr3/Sc(OTf)3 (1:1.5, 10 mol%) 

in CH2Cl2 (10.0 mL) and THF (0.5 mL) at 20 °C for the indicated time. 
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Table S6. The screening of additives 

 

Entry[a] 
Additives 

(5 mol%) 
Time (h) Yield [%][b] ee [%][c] 

1 Sc(OTf)3 3.5 51 90 

2 -- 3.5 21 90 

3 Ni(OTf)2 3.5 25 87 

4 Yb(OTf)3 3.5 34 89 

5 In(OTf)3 3.5 24 84 

6 Al(OTf)3 3.5 37 88 

7 TsOH 3.5 46 89 

8 BF3·OEt2 3.5 Trace racemic 

[a] All the reactions were performed with 1a (0.10 mmol), 2a (0.20 mmol), L-PrPr3/Sc(OTf)3 (1:1.1, 10 mol%) and additives 

(5 mol%) in CH2Cl2 (1.0 mL) and THF (0.05 mL) at 20 °C for 3.5 h. [b] Isolated yield. [c] Determined by HPLC analysis on 

a chiral stationary phase. 

4. Unsuccessful Substrate Scope 
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5. Characterization of the Products 

 

[(1R,2R,3S)-[1-(4-ethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanone (3aa) 

Yellow oil; 85% yield (35.2 mg), 90% ee, >19:1 dr; T: 22 h. []22
D = −27.2 (c 0.45, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(minor) = 6.51 min, tR(major) = 7.02 min. 1H NMR (400 

MHz, CDCl3) δ = 7.51 – 7.44 (m, 4H), 7.44 – 7.36 (m, 2H), 7.34 (s, 1H), 7.29 (t, J = 7.4 Hz, 2H), 7.26 – 7.18 (m, 3H), 

6.82 (d, J = 8.7 Hz, 2H), 4.46 (d, J = 6.7 Hz, 1H), 4.37 – 4.26 (m, 2H), 3.99 (q, J = 7.0 Hz, 2H), 3.32 – 3.09 (m, 4H), 2.36 

– 2.36 (m, 1H), 2.00 – 2.06 (m, 1H), 1.38 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.2, 142.6, 133.9, 133.3, 128.9, 128.7, 128.6, 128.3, 127.4, 127.4, 114.6, 71.7, 

69.0, 63.4, 51.1, 50.8, 23.8, 14.9. HRMS (ESI-TOF): calcd for [C27H28N2O2+H+]: 413.2224, found 413.2223. 
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[(1R,2S,3S)-1-(4-ethoxyphenyl)-3-(4-fluorophenyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-

yl](phenyl)methanone (3ba) 

Yellow oil; 86% yield (37.1 mg), 90% ee, >19:1 dr; T: 18 h. []22
D = −26.9 (c 0.81, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 95/5, 1.0 mL/min) tR(minor) = 7.72 min, tR(major) = 8.64 min. 1H NMR (400 

MHz, CDCl3) δ = 7.42 – 7.48 (m, 5H), 7.33 (d, J = 8.6 Hz, 2H), 7.25 (s, 2H), 6.98 (t, J = 8.7 Hz, 2H), 6.82 (d, J = 8.6 Hz, 

2H), 4.45 (d, J = 7.0 Hz, 1H), 4.32 (d, J = 7.6 Hz, 1H), 4.24 (t, J = 7.3 Hz, 1H), 4.00 (q, J = 7.0 Hz, 2H), 3.31 – 3.08 (m, 

4H), 2.25 – 2.36 (m, 1H), 1.98 – 2.08 (m, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.0, 162.1 (d, J = 244.0 Hz), 158.4, 138.5 (d, J = 3.0 Hz), 136.6, 133.6, 133.4, 

128.9 (d, J = 8.0 Hz), 128.8, 128.6, 128.4, 115.5 (d, J = 21.0 Hz), 114.6, 71.6, 70.9, 69.1, 63.4, 51.1, 50.7, 23.8, 14.8. 

19F{1H} NMR (376 MHz, CDCl3) δ = −115.34. HRMS (ESI-TOF): calcd for [C27H27FN2O2+Na+]: 453.1949, found 

453.1947. 
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[(1S,2S,3R)-1-(4-chlorophenyl)-3-(4-ethoxyphenyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-

yl](phenyl)methanone (3ca) 

Yellow oil; 93% yield (41.7 mg), 90% ee, >19:1 dr; T: 14.0 h. []22
546 = −16.6 (c 0.39, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 95/5, 1.0 mL/min) tR(minor) = 7.45 min, tR(major) = 8.13 min. 1H NMR (400 

MHz, CDCl3) δ = 7.48 (s, 1H), 7.47 – 7.42 (m, 2H), 7.42 (s, 1H), 7.40 (s, 1H), 7.32 (s, 1H), 7.30 (s, 1H), 7.28 (s, 1H), 

7.27 – 7.21 (m, 3H), 6.81 (d, J = 8.6 Hz, 2H), 4.48 (d, J = 6.7 Hz, 1H), 4.28 (d, J = 7.8 Hz, 1H), 4.26 – 4.20 (m, 1H), 4.00 

(q, J = 7.0 Hz, 2H), 3.16 – 3.31 (m, 3H), 3.08 – 3.13 (m, 1H), 2.27 – 2.34 (m, 1H), 2.10 – 1.98 (m, 1H), 1.39 (t, J = 7.0 

Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 199.9, 158.4, 136.5, 133.4, 133.3, 132.9, 128.8, 128.7, 128.6, 128.6, 128.4, 114.6, 

71.8, 70.7, 68.9, 63.4, 51.1, 50.6, 23.7, 14.8. HRMS (ESI-TOF): calcd for [C27H27ClN2O2+H+]: 447.1834 (Cl35), found 

447.1839 (Cl35); 449.1804 (Cl37), found 449.1808 (Cl37). 
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[(1S,2S,3R)-1-(4-bromophenyl)-3-(4-ethoxyphenyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-

yl](phenyl)methanone (3da) 

Yellow oil; 89% yield (43.8 mg), 90% ee, >19:1 dr; T: 14 h. []22
405 = −67.5 (c 0.27, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 95/5, 1.0 mL/min) tR(minor) = 7.71 min, tR(major) = 8.33 min. 1H NMR (400 

MHz, CDCl3) δ = 7.51 – 7.39 (m, 5H), 7.35 (d, J = 8.4 Hz, 2H), 7.31 (s, 1H), 7.29 (s, 1H), 7.25 (d, J = 8.7 Hz, 2H), 6.81 

(d, J = 8.7 Hz, 2H), 4.47 (d, J = 6.6 Hz, 1H), 4.24 (dt, J = 14.4, 7.7 Hz, 2H), 3.99 (q, J = 7.0 Hz, 2H), 3.32 – 3.15 (m, 3H), 

3.09 (m, 1H), 2.30 (m, 1H), 2.10 – 1.97 (m, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 199.9, 142.0, 133.5, 133.3, 131.7, 129.0, 128.8, 128.6, 128.4, 114.6, 71.9, 70.7, 

68.9, 63.4, 51.1, 50.6, 23.8, 14.8. HRMS (ESI-TOF): calcd for [C27H27BrN2O2+H+]: 491.1329 (Br79), found 491.1328 

(Br79); 493.1308 (Br81), 493.1314 (Br81). 
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[(1R,2R,3S)-1-(4-ethoxyphenyl)-3-(4-(trifluoromethyl)phenyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-

yl](phenyl)methanone (3ea) 

Yellow oil; 76% yield (36.4 mg), 84% ee, >19:1 dr; T: 18.5 h. []22
D = −36.8 (c 0.51, CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(major) = 5.83 min, tR(minor) = 6.44 min. 1H NMR (400 

MHz, CDCl3) δ = 7.65 – 7.53 (m, 4H), 7.50 – 7.40 (m, 3H), 7.34 – 7.28 (m, 2H), 7.27 – 7.19 (m, 2H), 6.81 (d, J = 8.6 Hz, 

2H), 4.66 – 4.55 (m, 1H), 4.30 – 4.22 (m, 2H), 3.99 (q, J = 7.0 Hz, 2H), 3.37 – 3.18 (m, 3H), 3.11 – 3.05 (m, 1H), 2.00 – 

2.10 (m, 1H), 2.12 – 1.99 (m, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 199.7, 158.5, 147.3, 147.3, 136.4, 133.6, 132.9, 129.4 (q, J = 32.0 Hz), 128.8, 

128.7, 128.4, 127.5, 125.6 (q, J = 4.0 Hz), 122.8, 114.7, 72.0, 70.6, 68.9, 63.4, 51.3, 50.4, 23.8, 14.8. 19F NMR (376 MHz, 

CDCl3) δ = −62.42. HRMS (ESI-TOF): calcd for [C28H27F3N2O2+H+]: 481.2097, found 481.2096. 
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[(1R,2R,3S)-1-(4-ethoxyphenyl)-3-(p-tolyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanone (3fa) 

Yellow oil; 70% yield (30.1 mg), 90% ee, >19:1 dr; T: 21 h. []22
405 = −154.7 (c 0.13, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 95/5, 1.0 mL/min) tR(minor) = 9.64 min, tR(major) = 10.48 min. 1H NMR (400 

MHz, CDCl3) δ = 7.53 – 7.45 (m, 2H), 7.44 – 7.30 (m, 5H), 7.25 – 7.16 (m, 2H), 7.10 (d, J = 7.8 Hz, 2H), 6.82 (d, J = 

8.6 Hz, 2H), 4.42 (d, J = 6.9 Hz, 1H), 4.30 (dt, J = 14.4, 7.4 Hz, 2H), 4.06 – 3.95 (m, 2H), 3.28 – 3.11 (m, 4H), 2.25 – 

2.36 (m, 4H), 2.07 – 1.97 (m, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.3, 158.3, 139.4, 137.0, 136.7, 134.7, 133.3, 129.3, 128.9, 128.6, 128.3, 127.3, 

114.6, 71.6, 71.5, 69.0, 63.4, 51.0, 50.8, 23.8, 21.2, 21.1, 14.9. HRMS (ESI-TOF): calcd for [C28H30N2O2+H+]: 427.2380, 

found 427.2375. 
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[1-(4-ethoxyphenyl)-3-(4-methoxyphenyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanone (3ga) 

Yellow oil; 75% yield (33.2 mg), 90% ee, >19:1 dr; T: 36.0 h. []22
546 = −10.5 (c 0.57, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 95/5, 1.0 mL/min) tR(minor) = 13.62 min, tR(major) = 15.23 min. 1H NMR (400 

MHz, CDCl3) δ = 7.51 – 7.46 (m, 2H), 7.45 – 7.33 (m, 5H), 7.25 – 7.17 (m, 2H), 6.91 – 6.73 (m, 4H), 4.37 (t, J = 7.4 Hz, 

2H), 4.28 (t, J = 7.4 Hz, 1H), 4.00 (q, J = 7.0, 2H), 3.78 (s, 3H), 3.29 – 3.19 (m, 2H), 3.15 (ddd, J = 11.1, 9.3, 5.4 Hz, 

2H), 2.30 (dtt, J = 11.9, 9.2, 5.9 Hz, 1H), 2.02 (dtt, J = 12.4, 9.3, 5.6 Hz, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.3, 158.9, 158.3, 136.7, 134.4, 134.2, 133.3, 128.8, 128.6, 128.5, 128.3, 114.6, 

114.0, 71.5, 71.4, 69.1, 63.4, 55.3, 55.3, 50.9, 23.8, 14.9. HRMS (ESI-TOF): calcd for [C28H30N2O3+H+]: 443.2329, 

found 443.2323. 
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[(1S,2S,3R)-1-(3-chlorophenyl)-3-(4-ethoxyphenyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-

yl](phenyl)methanone (3ha) 

Yellow oil; 90% yield (40.2 mg), 84% ee, >19:1 dr; T: 18 h. []22
405 = −104.8 (c 0.17, CH2Cl2). 

HPLC (Daicel chiralcel IB, n-hexane/i-PrOH 99/1, 0.8 mL/min) tR(minor) = 5.85 min, tR(major) = 6.33 min. 1H NMR (400 

MHz, CDCl3) δ = 7.54 (m, 1H), 7.51 – 7.41 (m, 3H), 7.34 – 7.18 (m, 7H), 6.87 – 6.76 (m, 2H), 4.50 (dd, J = 5.0, 1.6 Hz, 

1H), 4.30 – 4.21 (m, 2H), 4.00 (q, J = 7.0 Hz, 2H), 3.32 – 3.18 (m, 3H), 3.11 – 3.05 (m, 1H), 2.25 – 2.36 (m, 1H), 1.98 – 

2.09 (m, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 199.8, 145.1, 134.5, 133.5, 133.2, 129.9, 128.9, 128.7, 128.4, 127.5, 127.4, 125.5, 

114.7, 71.9, 70.7, 68.9, 63.4, 51.2, 50.5, 23.8, 14.8. HRMS (ESI-TOF): calcd for [C27H27ClN2O2+H+]: 447.1834 (Cl35), 

found 447.1836 (Cl35); 449.1804 (Cl37), found 449.1806 (Cl37). 
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[1-(2-chlorophenyl)-3-(4-ethoxyphenyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanone (3ia) 

Yellow oil; 38% yield (16.5 mg), 50% ee, >19:1 dr; T: 18 h. 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 99/1, 0.8 mL/min) tR(minor) = 5.85 min, tR(major) = 6.33 min. 1H NMR (400 

MHz, CDCl3) δ = 8.13 (dd, J = 7.8, 1.6 Hz, 1H), 7.49 – 7.33 (m, 4H), 7.26 – 7.08 (m, 6H), 6.87 – 6.69 (m, 2H), 5.04 (d, 

J = 4.9 Hz, 1H), 4.15 (dd, J = 8.5, 4.9 Hz, 1H), 4.05 – 3.93 (m, 3H), 3.56 (td, J = 9.9, 7.5 Hz, 1H), 3.35 (td, J = 9.7, 4.0 

Hz, 1H), 3.21 (ddd, J = 11.8, 9.7, 7.1 Hz, 1H), 2.97 (ddd, J = 12.3, 9.2, 3.8 Hz, 1H), 2.39 – 2.25 (m, 1H), 2.13 – 2.00 (m, 

1H), 1.38 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) = δ 200.4, 158.6, 142.2, 136.7, 133.1, 132.2, 129.1, 129.0, 128.9, 128.7, 128.3, 127.9, 

127.4, 114.6, 73.1, 68.8, 67.5, 63.4, 50.8, 49.6, 23.5, 14.8. HRMS (ESI-TOF): calcd for [C27H27ClN2O2+H+]: 447.1834 

(Cl35), found 447.1836 (Cl35); 449.1804 (Cl37), found 449.1806 (Cl37). 
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[1-(benzo[d][1,3]dioxol-5-yl)-3-(4-ethoxyphenyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-

yl](phenyl)methanone (3ja) 

Yellow oil; 84% yield (38.4 mg), 93% ee, >19:1 dr; T: 21 h. []22
405 = −20.4. (c 0.32, CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(minor) = 21.64 min, tR(major) = 24.53 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.55 – 7.47 (m, 2H), 7.46 – 7.40 (m, 1H), 7.38 – 7.30 (m, 2H), 7.27 – 7.21 (m, 2H), 7.17 (d, J = 

1.7 Hz, 1H), 6.88 – 6.79 (m, 2H), 6.75 (dd, J = 8.0, 1.7 Hz, 1H), 6.67 (d, J = 7.9 Hz, 1H), 5.92 (dd, J = 8.3, 1.5 Hz, 2H), 

4.36 (d, J = 7.1 Hz, 1H), 4.32 (d, J = 7.5 Hz, 1H), 4.26 (t, J = 7.3 Hz, 1H), 4.00 (q, J = 7.0 Hz, 2H), 3.32 – 3.07 (m, 4H), 

2.29 (dtt, J = 11.8, 9.2, 5.8 Hz, 1H), 2.02 (dtt, J = 11.8, 9.2, 5.6 Hz, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.2, 158.3, 148.0, 146.8, 136.6, 136.5, 133.9, 133.4, 128.9, 128.6, 128.4, 120.8, 

114.6, 108.0, 107.6, 101.0, 71.5, 71.5, 69.0, 63.4, 50.9, 50.7, 23.8, 14.9. HRMS (ESI-TOF): calcd for [C28H28N2O4+H+]: 

457.2122, found 457.2125. 
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[(1R,2S,3S)-1-(4-ethoxyphenyl)-3-(naphthalen-2-yl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-

yl](phenyl)methanone (3ka) 

Yellow oil; 80% yield (37.2 mg), 91% ee, >19:1 dr; T: 21 h. []22
546 = −11.3 (c 0.65, CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(major) = 11.82 min, tR(minor) = 15.29 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.84 – 7.74 (m, 4H), 7.70 (dd, J = 8.4, 1.7 Hz, 1H), 7.51 – 7.42 (m, 4H), 7.40 – 7.33 (m, 3H), 7.17 

(dd, J = 8.3, 7.3 Hz, 2H), 6.82 (d, J = 8.7 Hz, 2H), 4.66 (d, J = 6.3 Hz, 1H), 4.43 – 4.31 (m, 2H), 4.00 (q, J = 7.0, 2H), 

3.29 (dddd, J = 17.5, 10.5, 8.6, 5.1 Hz, 3H), 3.18 (ddd, J = 10.9, 9.2, 5.4 Hz, 1H), 2.35 (dtt, J = 12.0, 9.2, 5.9 Hz, 1H), 

2.06 (dtt, J = 12.1, 9.2, 5.6 Hz, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.2, 158.4, 140.0, 136.6, 133.7, 133.3, 132.9, 128.8, 128.7, 128.3, 127.9, 127.6, 

126.1, 126.0, 125.7, 125.3, 114.6, 71.9, 71.8, 68.9, 63.4, 51.2, 50.8, 23.9, 14.9. HRMS (ESI-TOF): calcd for 

[C31H30N2O2+H+]: 463.2380, found 463.2384. 
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[(1R,2R,3S)-1-(4-ethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](4-

fluorophenyl)methanone (3la) 

Yellow oil; 65% yield (28.2 mg), 84% ee, >19:1 dr; T: 20 h. []22
D = −26.8 (c 0.55, CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(minor) = 8.67 min, tR(major) = 10.65 min. 1H NMR (400 

MHz, CDCl3) δ = 7.54 – 7.42 (m, 4H), 7.37 – 7.27 (m, 4H), 7.26 – 7.20 (m, 1H), 6.92 – 6.79 (m, 4H), 4.45 (d, J = 7.1 Hz, 

1H), 4.31 (d, J = 7.6 Hz, 1H), 4.24 (t, J = 7.4 Hz, 1H), 4.00 (q, J = 7.0 Hz, 2H), 3.35 – 3.07 (m, 4H), 2.31 (dtt, J = 11.9, 

9.2, 5.9 Hz, 1H), 2.03 (dtt, J = 12.4, 9.3, 5.6 Hz, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 198.5, 165.9 (d, J = 254.0 Hz), 158.4, 142.5, 133.7, 133.1 (d, J = 2 Hz), 131.6 (d, 

J = 10 Hz), 128.7, 128.6, 127.4, 127.3, 115.4 (d, J = 22 Hz), 114.7, 71.7, 69.1, 63.4, 51.1, 50.8, 23.8, 14.8. 

19F NMR (376 MHz, CDCl3) δ = −104.57. HRMS (ESI-TOF): calcd for [C27H27FN2O2+Na+]: 453.1949, found 453.1953. 
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[(1R,2R,3S)-1-(4-ethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](p-tolyl)methanone (3ma) 

Yellow oil; 70% yield (29.8 mg), 90% ee, >19:1 dr; T: 35 h. []22
D = −26.3 (c 0.59, CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 85/15, 1.0 mL/min) tR(minor) = 8.86 min, tR(major) = 12.16 min. 1H NMR (400 

MHz, CDCl3) δ = 7.51 – 7.42 (m, 2H), 7.42 – 7.32 (m, 4H), 7.32 – 7.27 (m, 2H), 7.25 – 7.19 (m, 1H), 7.01 (d, J = 8.0 Hz, 

2H), 6.86 – 6.77 (m, 2H), 4.45 (d, J = 6.9 Hz, 1H), 4.33 (d, J = 7.5 Hz, 1H), 4.27 (t, J = 7.3 Hz, 1H), 4.00 (q, J = 7.0 Hz, 

2H), 3.24 (m, 3H), 3.14 (m, 1H), 2.29 (s, 4H), 2.03 (m, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 199.7, 158.3, 144.3, 142.7, 134.2, 134.0, 129.0, 129.0, 128.6, 127.4, 127.3, 114.6, 

71.7, 68.9, 63.4, 51.1, 50.7, 23.8, 21.6, 21.6, 14.9. HRMS (ESI-TOF): calcd for [C28H30N2O2+H+]: 427.2380, found 

427.2382. 
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[(1R,2S,3S)-1-(4-ethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](4-

methoxyphenyl)methanone (3na) 

Yellow oil; 82% yield (36.3 mg), 90% ee, >19:1 dr; T: 20 h. []22
D = −27.4 (c 0.27, CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 80/20, 1.0 mL/min) tR(minor) = 11.65 min, tR(major) = 17.06 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.52 – 7.42 (m, 4H), 7.39 – 7.27 (m, 4H), 7.25 – 7.19 (m, 1H), 6.86 – 6.76 (m, 2H), 6.74 – 6.63 

(m, 2H), 4.45 (d, J = 7.1 Hz, 1H), 4.32 (d, J = 7.5 Hz, 1H), 4.25 (t, J = 7.4 Hz, 1H), 4.00 (q, J = 7.0 Hz, 2H), 3.77 (s, 3H), 

3.24 (ddq, J = 19.5, 10.9, 4.9 Hz, 3H), 3.14 (ddd, J = 10.9, 9.4, 5.6 Hz, 1H), 2.31 (dtt, J = 12.0, 9.2, 5.9 Hz, 1H), 2.03 (dtt, 

J = 12.1, 9.3, 5.7 Hz, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 198.4, 163.7, 158.3, 142.7, 134.0, 131.3, 129.7, 128.6, 127.4, 127.3, 114.6, 113.5, 

71.7, 68.7, 63.4, 51.1, 50.7, 23.8, 14.9. HRMS (ESI-TOF): calcd for [C28H30N2O3+H+]: 443.2329, found 443.2334. 
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[(1R,2R,3S)-1-(4-ethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](m-tolyl)methanone (3oa) 

Yellow oil; 85% yield (36.3 mg), 90% ee, >19:1 dr; T: 20 h. []22
D = −38.1 (c 0.17, CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 80/20, 1.0 mL/min) tR(minor) = 9.51 min, tR(major) = 10.74 min. 1H NMR (400 

MHz, CDCl3) δ = 7.51 – 7.44 (m, 2H), 7.39 – 7.34 (m, 2H), 7.34 – 7.28 (m, 3H), 7.26 – 7.20 (m, 2H), 7.18 (d, J = 1.9 Hz, 

1H), 7.11 (t, J = 7.6 Hz, 1H), 6.87 – 6.78 (m, 2H), 4.45 (d, J = 7.1 Hz, 1H), 4.34 (d, J = 7.5 Hz, 1H), 4.26 (t, J = 7.3 Hz, 

1H), 4.00 (qd, J = 7.0, 1.2 Hz, 2H), 3.32 – 3.08 (m, 4H), 2.31 (m, 1H), 2.14 (s, 3H), 2.03 (m, 1H), 1.39 (t, J = 7.0 Hz, 

3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.1, 158.3, 142.7, 138.0, 136.5, 134.0, 129.8, 128.7, 128.6, 128.2, 127.5, 127.3, 

126.0, 114.6, 71.5, 71.4, 69.3, 63.4, 51.1, 50.7, 23.8, 21.1, 14.9. HRMS (ESI-TOF): calcd for [C28H30N2O2+H+]: 

427.2380, found 427.2377. 
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[1-(4-ethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](2-methoxyphenyl)methanone (3pa) 

Yellow oil; 46% yield (20.4 mg), 92% ee, >19:1 dr; T: 48 h. []22
D = −19.2 (c 0.43, CH2Cl2). 

HPLC (Daicel chiralcel IB, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(minor) = 6.50 min, tR(major) = 7.34 min. 1H NMR (400 

MHz, CDCl3) δ = 7.43 – 7.38 (m, 2H), 7.36 – 7.26 (m, 5H), 7.25 (d, J = 1.5 Hz, 1H), 7.22 – 7.15 (m, 1H), 6.86 (td, J = 

7.5, 1.0 Hz, 1H), 6.81 – 6.73 (m, 2H), 6.62 (dd, J = 8.4, 0.9 Hz, 1H), 4.47 (t, J = 7.3 Hz, 1H), 4.39 (d, J = 7.1 Hz, 1H), 

4.32 (d, J = 7.4 Hz, 1H), 3.99 (q, J = 7.0 Hz, 2H), 3.22 (tdd, J = 11.1, 5.5, 3.5 Hz, 2H), 3.17 (s, 3H), 3.16 – 3.04 (m, 2H), 

2.29 (dddd, J = 12.6, 9.3, 6.2, 3.5 Hz, 1H), 2.07 – 1.93 (m, 1H), 1.38 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 203.8, 158.0, 157.8, 143.2, 134.6, 133.1, 129.6, 129.2, 128.5, 128.3, 127.4, 126.9, 

120.3, 114.3, 111.2, 72.2, 71.3, 71.1, 63.4, 54.7, 51.0, 50.6, 23.8, 14.9. HRMS (ESI-TOF): calcd for [C28H30N2O3+H+]: 

443.2329, found 443.2334. 
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[(1R,2R,3S)-1-(4-ethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](furan-2-yl)methanone 

(3qa) 

Yellow oil; 83% yield (33.4 mg), 78% ee, >19:1 dr; T: 20 h. []22
D = −29.6 (c 0.28, CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 80/20, 1.0 mL/min) tR(minor) = 6.50 min, tR(major) = 7.34 min. 1H NMR (400 

MHz, CDCl3) δ = 7.55 – 7.41 (m, 3H), 7.40 – 7.27 (m, 4H), 7.26 – 7.19 (m, 1H), 6.88 – 6.76 (m, 2H), 6.49 (d, J = 3.6 Hz, 

1H), 6.28 (dd, J = 3.6, 1.7 Hz, 1H), 4.44 (d, J = 7.4 Hz, 1H), 4.32 (d, J = 7.8 Hz, 1H), 4.07 – 3.89 (m, 3H), 3.31 – 3.05 

(m, 4H), 2.30 (dtt, J = 12.0, 9.2, 5.9 Hz, 1H), 2.03 (dtt, J = 12.5, 9.3, 5.6 Hz, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 187.6, 158.3, 152.4, 147.5, 142.5, 133.8, 128.6, 128.6, 127.3, 127.3, 119. 7, 114.5, 

112.2, 71.4, 71.3, 69.7, 63.4, 51.1, 50.7, 23.8, 14.9. HRMS (ESI-TOF): calcd for [C25H26N2O3+H+]: 403.2016, found 

403.2021. 

 
 Retention Time % Area 
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2 15.370 49.53 
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[(1R,2R,3S)-1-(4-ethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](naphthalen-2-

yl)methanone (3ra) 

Yellow oil; 76% yield (35.2 mg), 91% ee, >19:1 dr; T: 39 h. []22
546 = −10.6 (c 0.45, CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 80/20, 1.0 mL/min) tR(minor) = 9.58 min, tR(major) = 12.05 min. 1H NMR (400 

MHz, CDCl3) δ = 7.83 (dd, J = 8.7, 1.8 Hz, 1H), 7.75 (dd, J = 12.5, 8.4 Hz, 2H), 7.60 (d, J = 1.7 Hz, 1H), 7.51 (dt, J = 

8.2, 2.0 Hz, 3H), 7.46 – 7.37 (m, 4H), 7.35 – 7.24 (m, 3H), 6.89 – 6.78 (m, 2H), 4.53 (d, J = 6.1 Hz, 1H), 4.42 (d, J = 6.1 

Hz, 2H), 3.98 (p, J = 6.9 Hz, 2H), 3.40 – 3.12 (m, 4H), 2.33 (dddd, J = 12.6, 9.3, 6.2, 3.5 Hz, 1H), 2.05 (dtt, J = 15.1, 6.3, 

3.7 Hz, 1H), 1.38 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 199.6, 158.4, 142.8, 135.6, 134.1, 133.7, 132.1, 131.8, 129.7, 128.8, 128.7, 128.7, 

128.2, 127.5, 127.4, 126.6, 124.1, 114.7, 71.5, 69.6, 63.4, 51.2, 50.8, 23.8, 14.9. HRMS (ESI-TOF): calcd for 

[C31H30N2O2+H+]: 463.2380, found 463.2382. 
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1 9.574 49.17 

2 11.912 50.83 
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benzo[d][1,3]dioxol-5-yl[(1R,2R,3S)-1-(4-ethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-

yl)methanone (3sa) 

Yellow oil; 79% yield (36.1 mg), 91% ee, >19:1 dr; T: 20 h. []22
D = +20.1 (c 0.58, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(minor) = 10.47 min, tR(major) = 12.57 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.54 – 7.48 (m, 2H), 7.47 – 7.40 (m, 1H), 7.37 – 7.31 (m, 2H), 7.24 – 7.22 (m, 1H), 7.17 (d, J = 

1.6 Hz, 1H), 6.88 – 6.78 (m, 2H), 6.75 (dd, J = 7.9, 1.7 Hz, 1H), 6.67 (d, J = 8.0 Hz, 1H), 5.93 (dd, J = 8.4, 1.4 Hz, 2H), 

4.36 (d, J = 7.1 Hz, 1H), 4.32 (d, J = 7.5 Hz, 1H), 4.25 (t, J = 7.3 Hz, 1H), 4.05 – 3.96 (m, 2H), 3.28 – 3.06 (m, 4H), 2.29 

(dddd, J = 12.5, 9.2, 6.2, 3.4 Hz, 1H), 2.02 (dddd, J = 15.0, 9.3, 7.9, 4.7 Hz, 1H), 1.39 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.2, 158.3, 148.0, 146.8, 136.7, 136.5, 133.9, 133.3, 128.9, 128.5, 128.4, 120.8, 

114.6, 108.0, 107.6, 100.9, 71.5, 71.5, 69.0, 63.4, 50.9, 50.7, 23.8, 14.8. HRMS (ESI-TOF): calcd for [C28H28N2O4+H+]: 

457.2122, found 457.2119. 
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(1,3-diphenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl)(phenyl)methanone (3ab) 

Yellow oil; 11% yield (4.2 mg); T: 25 h. 1H NMR (400 MHz, CDCl3) δ = 7.49 – 7.43 (m, 6H), 7.41 (dt, J = 7.3, 1.4 Hz, 

1H), 7.33 – 7.27 (m, 4H), 7.26 – 7.18 (m, 4H), 4.44 (d, J = 7.3 Hz, 2H), 4.37 – 4.30 (m, 1H), 3.28 (ddd, J = 10.8, 9.4, 5.8 

Hz, 2H), 3.18 (ddd, J = 10.8, 9.3, 5.6 Hz, 2H), 2.33 (dtt, J = 11.9, 9.3, 5.8 Hz, 1H), 2.05 (dddd, J = 15.0, 12.5, 9.3, 5.6 Hz, 

1H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.1, 142.2, 136.6, 133.3, 128.9, 128.7, 128.3, 127.5, 71.9, 69.0, 51.0, 23.8. 

HRMS (ESI-TOF): calcd for [C25H24N2O+H+]: 369.1961, found 369.1963. 

 

[(1R,2R,3S)-1-(4-chlorophenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanone (3ac) 

Yellow oil; 20% yield (8.1 mg), 90% ee, >19:1 dr; T: 69 h. []27
436 = −35.9 (c 0.23, CH2Cl2). 

HPLC (Daicel chiralcel IB, n-hexane/i-PrOH 95/5, 1.0 mL/min) tR(minor) = 5.10 min, tR(major) = 6.43 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.46 (dt, J = 8.7, 1.5 Hz, 3H), 7.42 – 7.36 (m, 4H), 7.33 – 7.27 (m, 3H), 7.26 – 7.19 (m, 4H), 4.45 

(d, J = 7.1 Hz, 1H), 4.38 (d, J = 7.5 Hz, 1H), 4.26 (t, J = 7.3 Hz, 1H), 3.33 – 3.22 (m, 2H), 3.22 – 3.11 (m, 2H), 2.32 (dddd, 

J = 12.6, 9.3, 6.2, 3.5 Hz, 1H), 2.12 – 2.00 (m, 1H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 199.8, 141.7, 141.1, 136.5, 133.5, 133.1, 128.8, 128.7, 128.7, 128.4, 127.6, 127.5, 

72.1, 71.0, 69.0, 51.0, 50.8, 23.8. HRMS (ESI-TOF): calcd for [C25H23ClN2O+H+]: 403.1572 (Cl35), found 403.1572 

(Cl35); 405.1548 (Cl37), found 405.1554 (Cl37). 
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 Retention Time % Area   Retention Time % Area 

1 5.082 49.53  1 5.101 5.05 

2 6.446 50.47  2 6.434 94.95 

 

phenyl((1S,2R,3R)-1-phenyl-3-(p-tolyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl)methanone (3ad) 

Yellow oil; 24% yield (9.2 mg), 90% ee, >19:1 dr; T: 93 h. []27
436 = −64.9 (c 0.56, CH2Cl2). 

SFC (Daicel chiralcel OD, MeOH 95/5, 1.5 mL/min) tR(minor) = 7.04 min, tR(major) = 8.21 min. 1H NMR (400 MHz, 

CDCl3) δ = 7.46 (ddd, J = 8.0, 3.0, 1.2 Hz, 4H), 7.44 – 7.39 (m, 1H), 7.37 – 7.27 (m, 4H), 7.25 – 7.18 (m, 3H), 7.10 (d, J 

= 7.8 Hz, 2H), 4.41 (dd, J = 10.9, 7.3 Hz, 2H), 4.31 (t, J = 7.3 Hz, 1H), 3.26 (ddt, J = 12.6, 9.9, 6.3 Hz, 2H), 3.22 – 3.10 

(m, 2H), 2.31 (m, 4H), 2.09 – 1.98 (m, 1H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.2, 142.4, 139.0, 137.1, 136.6, 133.3, 129.3, 128.9, 128.6, 128.3, 127.5, 127.4, 

71.9, 71.8, 69.0, 51.1, 50.9, 23.8, 21.2, 21.1. HRMS (ESI-TOF): calcd for [C26H26N2O+H+]: 383.2118, found 383.2118. 

 

 Retention Time % Area 

1 7.049 49.92 

2 8.570 50.08 
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 Retention Time % Area 

1 7.040 5.03 

2 8.209 94.97 

 

[(1R,2R,3S)-1-(4-methoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanone 

(3ae) 

Yellow oil; 81% yield (32.3 mg), 89% ee, >19:1 dr; T: 36 h. []27
436 = −24.6 (c 0.12, CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 80/20, 1.0 mL/min) tR(minor) = 7.50 min, tR(major) = 8.54 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.47 (dt, J = 8.1, 1.1 Hz, 4H), 7.44 – 7.35 (m, 3H), 7.33 – 7.26 (m, 2H), 7.26 – 7.19 (m, 3H), 6.88 

– 6.77 (m, 2H), 4.46 (d, J = 6.9 Hz, 1H), 4.36 (d, J = 7.5 Hz, 1H), 4.33 – 4.27 (m, 1H), 3.77 (s, 3H), 3.37 – 3.09 (m, 4H), 

2.32 (dtt, J = 12.0, 9.2, 5.9 Hz, 1H), 2.11 – 1.99 (m, 1H).  

13C{1H} NMR (100 MHz, CDCl3) δ = 200.1, 159.0, 142.4, 136.6, 133.9, 133.3, 128.8, 128.7, 128.3, 127.4, 127.3, 114.0, 

71.8, 71.7, 69.0, 55.3, 55.2, 51.1, 50.8, 23.8. HRMS (ESI-TOF): calcd for [C26H26N2O2+H+]: 399.2067, found 399.2068. 
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1 7.483 49.46 

2 8.518 50.54 
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[(1R,2R,3S)-1-(4-(tert-butoxy)phenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanone 

(3af) 

Yellow oil; 86% yield (37.9 mg), 90% ee, >19:1 dr; T: 26 h. []27
436 = −71.9 (c 0.61, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(minor) = 6.53 min, tR(major) = 7.86 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.46 (ddt, J = 8.6, 6.9, 1.5 Hz, 4H), 7.41 (td, J = 7.3, 1.3 Hz, 1H), 7.36 – 7.28 (m, 4H), 7.25 – 7.17 

(m, 3H), 6.94 – 6.88 (m, 2H), 4.52 (dd, J = 5.3, 1.9 Hz, 1H), 4.31 (d, J = 5.3 Hz, 2H), 3.33 – 3.23 (m, 2H), 3.22 – 3.12 

(m, 2H), 2.32 (dtt, J = 11.9, 9.3, 5.8 Hz, 1H), 2.09 – 2.00 (m, 1H), 1.31 (s, 9H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.0, 154.7, 142.2, 136.8, 136.6, 133.3, 129.5, 128.9, 128.7, 128.3, 128.0, 127.4, 

127.4, 124.4, 78.5, 71.9, 71.4, 69.1, 51.0, 28.8, 23.8. HRMS (ESI-TOF): calcd for [C29H32N2O2+H+]: 441.2537, found 

441.2534. 

 

 Retention Time % Area 

1 6.525 50.05 

2 7.875 49.95 
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[1-(3-methoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanone (3ag) 

Yellow oil; 18% yield (7.2 mg), 92% ee, >19:1 dr; T: 36 h. []27
436 = −36.6 (c 0.20, CH2Cl2). 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 99/1, 1.0 mL/min) tR(major) = 18.54 min, tR(minor)= 20.80 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.50 – 7.40 (m, 5H), 7.32 – 7.27 (m, 2H), 7.26 – 7.16 (m, 4H), 7.08 (dd, J = 2.6, 1.5 Hz, 1H), 7.00 

(dt, J = 7.6, 1.3 Hz, 1H), 6.78 (ddd, J = 8.3, 2.6, 1.0 Hz, 1H), 4.42 (dd, J = 7.3, 4.3 Hz, 2H), 4.32 (t, J = 7.3 Hz, 1H), 3.76 

(s, 3H), 3.34 – 3.24 (m, 2H), 3.18 (dddd, J = 10.8, 9.2, 7.8, 5.7 Hz, 2H), 2.32 (dtt, J = 11.9, 9.2, 5.8 Hz, 1H), 2.13 – 1.99 

(m, 1H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.1, 159.9, 143.9, 136.6, 133.4, 129.6, 128.9, 128.7, 128.3, 127.5, 119.8, 113.2, 

112.7, 71.9, 68.9, 55.2, 51.0, 50.9, 23.8. HRMS (ESI-TOF): calcd for [C26H26N2O2+H+]: 399.2067, found 399.2067. 

 

 Retention Time % Area 

1 18.502 49.99 

2 20.726 50.01 
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[1-(2-methoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanone (3ah) 

Yellow oil; 43% yield (17.1 mg), 91% ee, >19:1 dr; T: 87 h. []27
436 = +116.3 (c 0.39, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(major) = 5.76 min, tR(minor)= 7.72 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.98 (dd, J = 7.4, 1.7 Hz, 1H), 7.52 – 7.46 (m, 2H), 7.43 – 7.39 (m, 1H), 7.35 – 7.29 (m, 2H), 7.25 

– 7.14 (m, 6H), 7.05 (td, J = 7.5, 1.1 Hz, 1H), 6.64 (dd, J = 8.1, 1.0 Hz, 1H), 4.78 (d, J = 5.9 Hz, 1H), 4.23 (d, J = 8.3 Hz, 

1H), 4.15 (dd, J = 8.3, 6.0 Hz, 1H), 3.50 (td, J = 9.9, 6.9 Hz, 1H), 3.39 – 3.31 (m, 1H), 3.31 – 3.22 (m, 1H), 3.15 (s, 3H), 

3.13 – 3.05 (m, 1H), 2.34 (dddd, J = 17.5, 9.4, 5.0, 2.0 Hz, 1H), 2.15 – 2.01 (m, 1H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 201.0, 155.9, 137.3, 132.8, 128.6, 128.4, 128.2, 127.8, 127.6, 127.0, 120.9, 109.4, 

100.0, 72.9, 66.6, 54.1, 51.2, 50.0, 23.8. HRMS (ESI-TOF): calcd for [C26H26N2O2+H+]: 399.2067, found 399.2070. 

 
 Retention Time % Area 

1 5.678 50.85 

2 7.733 49.15 
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[1-(3,5-dimethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanone (3ai) 

Yellow oil; 23% yield (9.8 mg), 94% ee, >19:1 dr; T: 87 h. []27
436 = −49.6 (c 0.25, CH2Cl2). 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(major) = 8.82 min, tR(minor) = 10.01 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.53 – 7.48 (m, 2H), 7.44 (ddt, J = 8.4, 6.1, 1.5 Hz, 3H), 7.33 – 7.26 (m, 2H), 7.26 – 7.20 (m, 3H), 

6.64 (d, J = 2.3 Hz, 2H), 6.33 (t, J = 2.3 Hz, 1H), 4.42 (d, J = 7.3 Hz, 1H), 4.37 (d, J = 7.2 Hz, 1H), 4.31 (t, J = 7.3 Hz, 

1H), 3.72 (s, 6H), 3.28 (dddd, J = 10.7, 9.2, 7.4, 5.9 Hz, 2H), 3.17 (dddd, J = 13.4, 10.7, 9.2, 5.6 Hz, 2H), 2.32 (dddd, J = 

12.5, 9.3, 6.3, 3.4 Hz, 1H), 2.05 (tdd, J = 9.0, 7.5, 4.2 Hz, 1H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.1, 160.9, 144.8, 142.1, 136.6, 133.4, 128.9, 128.6, 128.3, 127.5, 127.4, 105.2, 

99.6, 71.9, 71.8, 68.7, 55.3, 55.2, 51.1, 51.0, 23.8. HRMS (ESI-TOF): calcd for [C27H28N2O3+H+]: 429.2173, found 

429.2163. 

 

 Retention Time % Area 

1 8.832 50.60 

2 9.999 49.40 

 

 Retention Time % Area 

1 8.816 97.39 

2 10.007 2.61 

 

Phenyl[1-phenyl-3-(3,4,5-trimethoxyphenyl)tetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl]methanone (3aj) 
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Yellow oil; 55% yield (25.2 mg), 87% ee, 96:4 dr; T: 87 h. []27
436 = −46.6 (c 0.67, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 80/20, 1.0 mL/min) tR(minor) = 15.47 min, tR(major) = 22.27 min. 1H 

NMR (400 MHz, CDCl3) δ = 7.53 – 7.42 (m, 5H), 7.32 – 7.22 (m, 5H), 6.70 (s, 2H), 4.50 (d, J = 6.5 Hz, 1H), 4.32 (d, J 

= 6.5 Hz, 2H), 3.81 (s, 3H), 3.77 (s, 6H), 3.37 – 3.24 (m, 2H), 3.17 (dddd, J = 14.3, 10.9, 9.1, 5.6 Hz, 2H), 2.33 (dddd, J 

= 12.4, 9.1, 6.2, 3.2 Hz, 1H), 2.13 – 2.01 (m, 1H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 199.8, 153.3, 137.1, 136.6, 133.5, 128. 9, 128.7, 128.4, 127.6, 127.4, 104.2, 100.0, 

72.3, 71.5, 68.6, 60.8, 60.8, 56.1, 56.0, 51.4, 51.1, 24.0. HRMS (ESI-TOF): calcd for [C28H30N2O4+H+]: 459.2278, found 

459.2270. 

 

 Retention Time % Area 

1 15.267 47.76 

2 17.145 1.82 

3 20.158 2.08 

4 22.845 48.34 

 

 

 Retention Time % Area 

1 15.080 6.30 

2 16.862 1.60 

 19.805 2.75 

 22.267 89.34 

 

[(1R,2R,3S)-1-(benzo[d][1,3]dioxol-5-yl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-

yl](phenyl)methanone (3ak) 

15
.2

67

17
.1

45

20
.1

58

22
.8

45A
U

0.00

0.10

0.20

minutes

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

1
5
.0

8
0

1
6
.8

6
2

1
9
.8

0
5

2
2
.2

6
7

A
U

0.00

0.20

minutes

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00



35 
 

Yellow oil; 76% yield (31.3 mg), 91% ee, >19:1 dr; T: 47 h. []27
436 = −127.8 (c 1.1, CH2Cl2). 

HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(major) = 7.18 min, tR(minor) = 8.06 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.52 – 7.47 (m, 2H), 7.47 – 7.40 (m, 3H), 7.32 – 7.26 (m, 2H), 7.25 – 7.19 (m, 3H), 7.16 (d, J = 

1.7 Hz, 1H), 6.74 (dd, J = 8.0, 1.7 Hz, 1H), 6.66 (d, J = 7.9 Hz, 1H), 5.96 – 5.89 (m, 2H), 4.42 (d, J = 7.2 Hz, 1H), 4.34 

(d, J = 7.4 Hz, 1H), 4.29 (t, J = 7.3 Hz, 1H), 3.26 (dddd, J = 11.4, 9.3, 5.8, 2.0 Hz, 2H), 3.21 – 3.11 (m, 2H), 2.31 (dtt, J 

= 11.9, 9.2, 5.8 Hz, 1H), 2.04 (dtt, J = 12.4, 9.3, 5.6 Hz, 1H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.0, 148.0, 146.9, 142.1, 136.6, 136.0, 133.4, 128.9, 128.7, 128.4, 127.5, 127.4, 

121.0, 108.0, 107.7, 101.0, 100.97 71.8, 71.8, 68.9, 51.0, 50.8, 23.8. HRMS (ESI-TOF): calcd for [C26H24N2O3+H+]: 

413.1860, found 413.1854. 

 

 Retention Time % Area 

1 7.151 50.71 

2 8.014 49.29 

 

 Retention Time % Area 

1 7.178 95.48 

2 8.060 4.52 

 

(E)-(1-(4-methoxystyryl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl)(phenyl)methanone (3al) 

Yellow oil; 66% yield (28.1 mg), 59% ee, >19:1 dr; T: 33 h. []27
436 = −137.8 (c 0.10, CH2Cl2). 
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HPLC (Daicel chiralcel IC, n-hexane/i-PrOH 90/10, 1.0 mL/min) tR(major) = 10.89 min, tR(minor) = 12.84 min. 1H NMR 

(400 MHz, CDCl3) δ = 7.76 – 7.68 (m, 2H), 7.48 – 7.42 (m, 3H), 7.34 – 7.27 (m, 6H), 7.25 – 7.20 (m, 1H), 6.86 – 6.78 

(m, 2H), 6.41 – 6.24 (m, 2H), 4.44 (d, J = 7.3 Hz, 1H), 4.22 (t, J = 7.2 Hz, 1H), 4.00 – 3.93 (m, 1H), 3.79 (s, 3H), 3.22 

(dtt, J = 12.4, 6.0, 2.3 Hz, 3H), 3.11 (ddd, J = 10.8, 9.2, 5.6 Hz, 1H), 2.31 (dddd, J = 12.3, 9.1, 6.3, 2.9 Hz, 1H), 2.04 

(dddd, J = 12.3, 9.0, 6.2, 3.2 Hz, 1H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 200.0, 159.3, 142.2, 136.7, 133. 5, 131.9, 129.3, 129.0, 128.7, 128.5, 127.7, 127.53, 

127.5, 127.4, 113.9, 71.1, 70.9, 66.2, 55.3, 55.3, 51.0, 50.4, 24.0. HRMS (ESI-TOF): calcd for [C28H28N2O2+H+]: 

425.2224, found 425.2221. 

 

 Retention Time % Area 

1 10.981 49.32 

2 12.890 50.68 

 

 Retention Time % Area 

1 10.892 79.60 

2 12.839 20.40 

 

 

6. General Procedure for the Transformation of 3aa 

 
Procedure: KBH4 (2.0 equiv) was gradually added to the mixture of compound 3aa (0.1 mmol) in CH3OH at −40 °C, 

stirring for 14 h. Then the reaction was quenched with water, extracted with CH2Cl2 (3  10 mL). The combined organic 
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layer was evaporated in vacuo and the product was purified by column chromatography. 1H NMR spectrum indicated that 

the sample is a mixture of diastereomers (63:37 dr). 

 

[(1R,2S,3S)-1-(4-ethoxyphenyl)-3-phenyltetrahydro-1H,5H-pyrazolo[1,2-a]pyrazol-2-yl](phenyl)methanol (4) 

White solid; 90% yield (37.4 mg), 90/90% ee, 63:37 dr (the two diastereomers could not be separated). 

HPLC (Phenomenex Lux 5u Cellulose-2, n-hexane/i-PrOH 90/10, 1.0 mL/min, 210 nm) tR1(minor) = 23.78 min, 

tR1(major) = 36.56 min; tR2(major)= 26.40 min, tR2(minor) = 46.64 min. 1H NMR (400 MHz, CDCl3) δ = 7.26 – 7.19 (m, 

3H), 7.16 (tq, J = 6.1, 3.8, 3.2 Hz, 6H), 7.11 (dt, J = 6.8, 2.9 Hz, 3H), 6.79 – 6.67 (m, 2H), 4.79 (dd, J = 7.7, 5.8 Hz, 1H), 

4.13 – 4.03 (m, 1H), 3.97 (dq, J = 11.4, 7.0 Hz, 2H), 3.85 (dd, J = 20.3, 7.9 Hz, 1H), 3.24 – 3.02 (m, 3H), 2.88 – 2.75 (m, 

2H), 2.46 (s, 1H), 2.19 (dddd, J = 12.3, 9.3, 6.4, 2.6 Hz, 1H), 1.90 (ddd, J = 12.8, 9.1, 4.9 Hz, 1H), 1.37 (dt, J = 9.1, 6.9 

Hz, 3H). 

1H NMR (400 MHz, THF-d8) δ = 6.75 – 6.69 (m, 1H), 6.59 – 6.50 (m, 1.68 H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 157.98, 157.58, 144.76, 143.00, 142.80, 142.65, 136.22, 134.33, 128.88, 128.60, 

128.30, 128.23, 128.22, 128.13, 127.69, 127.61, 127.54, 127.42, 126.85, 126.33, 126.30, 126.17, 114.32, 114.23, 74.55, 

73.95, 69.50, 69.29, 69.09, 68.43, 63.38, 63.34, 50.88, 50.53, 50.11, 23.64, 14.89. HRMS (ESI-TOF): calcd for 

[C27H30N2O2+H+]: 415.2386, found 415.2390. 

 

 Retention Time % Area 

1 23.651 21.27 

2 27.240 28.47 

3 37.642 22.11 

4 45.886 28.15 
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 Retention Time % Area 

1 23.783 2.47 

2 26.398 49.60 

3 36.561 45.24 

4 46.637 2.69 
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7. Determination of the Absolute Configuration of 4 and Catalyst by X-ray Crystallography 

 

Single crystal of compound 4 [C27H28N2O2] was obtained from the mixed diastereomers in hexane, CH2Cl2 and 

toluene. The absolute configuration of 3aa is (1R,2R,3S). CCDC 1936005 contains the supplementary crystallographic 

data which can be obtained free of charge from the Cambridge Crystallographic Data Center via 

https://www.ccdc.cam.ac.uk/structures/. 

Additional comment on the structure of compounds 3 and 4: According to the X-ray single-crystal structure of 

compound 4, it seems that the nitrogen-center chirality was observed in solid condition. We did not observe the 

diastereomers from the solution of compound 3aa in CDCl3. Considering that the energy barrier for Walden inversion at 

nitrogen-center, currently, we can’t a conclusion that nitrogen stereogenic center was fixed in the fused diaza-bicyclic 

systems 3 and 4. 

For other examples of fused diaza-bicyclic systems, see: 

(3) A. O. Chagarovskiy, V. S. Vasin, V. V. Kuznetsov, O. A. Ivanova, V. B. Rybakov, A. N. Shumsky, N. N. Makhova and I. V. 

Trushkov, Angew. Chem. Int. Ed., 2018, 57, 10338. 

(4) A. Suarez, C. W. Downey and G. C. Fu, J. Am. Chem. Soc., 2005, 127, 11244. 

(5) M. P. Sibi, D. Rane, L. M. Stanley and T. Soeta, Org. Lett., 2008, 10, 2971. 

Table 1 Crystal data and structure refinement for cu_20190621_hhp_01_0m_a. 

Identification code cu_20190621_hhp_01_0m_a 

Empirical formula C27H30N2O2 

Formula weight 414.53 

Temperature/K 300(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 9.74490(10) 

b/Å 12.7804(2) 

c/Å 18.8024(3) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 2341.72(6) 

Z 4 

ρcalcg/cm3 1.176 

μ/mm-1 0.581 

F(000) 888.0 

Crystal size/mm3 0.180 × 0.170 × 0.160 

Radiation CuKα (λ = 1.54178) 

2Θ range for data collection/° 8.364 to 130.348 

https://www.ccdc.cam.ac.uk/structures/
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Index ranges -11 ≤ h ≤ 11, -15 ≤ k ≤ 13, -21 ≤ l ≤ 22 

Reflections collected 14959 

Independent reflections 3968 [Rint= 0.0361, Rsigma= 0.0266] 

Data/restraints/parameters 3968/0/283 

Goodness-of-fit on F2 0.953 

Final R indexes [I>=2σ (I)] R1= 0.0395, wR2= 0.1089 

Final R indexes [all data] R1= 0.0433, wR2= 0.1147 

Largest diff. peak/hole / e Å-3 0.41/-0.16 

Flack parameter -0.02(10) 

 

Single crystal of the [ Sc(OTf)3)/L-PrPr3·THF] complex was obtained from the mixed solvents of hexane and THF. 

CCDC 1936200 contains the supplementary crystallographic data which can be obtained free of charge from the Cambrige 

Crystallographic Data Center via https://www.ccdc.cam.ac.uk/structures/. (The solvent was squeezed). 

Table 2 Crystal data and structure refinement for mo_20190416_yjq_01_0m_a_sqd. 

Identification code mo_20190416_yjq_01_0m_a_sqd 

Empirical formula C50H76F9N4O14S3Sc 

Formula weight 1269.28 

Temperature/K 170(2) 

Crystal system monoclinic 

Space group P21 

a/Å 18.00(2) 

b/Å 9.931(10) 

c/Å 19.56(3) 

α/° 90 

β/° 109.71(4) 

γ/° 90 

Volume/Å3 3292(7) 

Z 2 

ρcalcg/cm3 1.280 

μ/mm-1 0.290 

F(000) 1332.0 

Crystal size/mm3 0.570 × 0.150 × 0.140 

https://www.ccdc.cam.ac.uk/structures/
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Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 4.424 to 52.998 

Index ranges -22 ≤ h ≤ 22, -12 ≤ k ≤ 12, -24 ≤ l ≤ 24 

Reflections collected 48380 

Independent reflections 13554 [Rint= 0.0347, Rsigma= 0.0369] 

Data/restraints/parameters 13554/962/741 

Goodness-of-fit on F2 1.056 

Final R indexes [I>=2σ (I)] R1= 0.0542, wR2= 0.1503 

Final R indexes [all data] R1= 0.0610, wR2= 0.1604 

Largest diff. peak/hole / e Å-3 0.66/-0.48 

Flack parameter 0.020(9) 

 

8. The Control Experiments and Operando IR Experiment 

General procedure for the operando IR experiment 

 

First, the infrared absorption spectra of each reactants and product 3aa in the mixture of CH2Cl2 (0.1 mL) and THF (0.05 

mL) were collected. The picture 1 shows the absorption of each participant minus the absorption of solvent. Peak at 1515 

cm−1 was identified as the characteristic absorption of product 3aa and 1018 cm−1 for chalcone 1a. A new absorption peak 

at 1032 cm−1 emerged when we tested infrared absorption spectrum of the mixture of diaziridine and Sc(OTf)3, which 

indicating that a new species was generated. 

Picture 1: The characteristic absorption spectra of each participants. 

 

Then, a three-necked reaction tube was charge with L-PrPr3 (10 mol %), Sc(OTf)3 (15 mol %), chalcone 1a (0.4 mmol) 

followed by adding CH2Cl2 (4.0 mL) and THF (0.2 mL). The mixture was stirred at 20 ºC for 15 min. The IR probe was 

inserted into the middle neck through an adapter. Then staring to collect the data. Finally, the diaziridine 2a (0.8 mmol) 

was added. And the reaction was monitored for 6 h. The collected spectra are as shown below (Picture 2 and 3). 

 

 

Int-A 

Chalcone 1a 

Product 3aa 
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Picture 2: The 2D spectra 

 

 

 

Picture 3: The 3D 

 
Procedure for control experiments 

1) 

 

Entry[a] Particitant Condition Results 

1 Diaziridine (2a) Sc(OTf)3 Decomposition  

2 Diaziridine (2a) Sc(OTf)3/L-PrPr3 Decomposition  

[a] The reactions were carried out with 2a in CH2Cl2 (1.0 mL) and THF (0.05 mL) at 35 °C for 4 h. 

General Procedure: The diaziridine 2a was added to the mixture of Sc(OTf)3 or Sc(OTf)3/L-PrPr3 in CH2Cl2 (0.10 mL) 

and THF (0.05 mL) at 35 °C, stirring for 4 h. 

2) 

 

General Procedure: Chalcone 1a (0.1 mmol), L-PrPr3 (7.1 mg, 10 mol%) or Sc(OTf)3 (4.9 mg, 10 mol%) were dissolved 
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in CH2Cl2 (0.10 mL) and THF (0.05 mL). The mixture was stirred at 35 °C for 0.5 h. Then diaziridine 2a (0.2 mmol) was 

added and the reaction was performed at 20 °C for 3 h. 

3) 

 

Procedure for 3a: A dry reaction tube was charged with chalcone 1a (0.1 mmol), L-PrPr3 (7.1 mg, 10 mol%), Sc(OTf)3 

(4.9 mg, 10 mol%), followed by adding dry THF (1.0 mL) under N2 atmosphere. The THF was removed in vacuo after 

the mixture was stirred at 35 °C for 0.5 h. Diaziridine 2a (0.2 mmol) and additives (5 mol%), were added to the reaction 

tube, followed by the addition of dry CH2Cl2 (1.0 mL), THF (0.05 mL) under N2 atmosphere. The reaction was performed 

at 20 °C for 3.5 h. 

 

 

 

 

 

 

 

 

 

 

 

 

9. The 2D NMR of Product 3aa 
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HMBC spectra of 3aa 

 

 

NOE spectra of 3aa 
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HSQC spectra of 3aa 

 

10. Copy of 1H, 13C{1H} and 19F{1H} NMR Spectra 

Compound 3aa 
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Compound 3ba 
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Compound 3ca 
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Compound 3da 
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Compound 3ea 
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Compound 3fa 
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Compound 3ga 
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Compound 3ha 
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Compound 3ia 
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Compound 3ja 
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Compound 3ka 
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Compound 3la 
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Compound 3ma 
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Compound 3na 
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Compound 3oa 
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Compound 3pa 
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Compound 3qa 
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Compound 3ra 
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Compound 3sa 
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Compound 3ab 
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Compound 3ac 
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Compound 3ad 
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Compound 3ae 
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Compound 3af 
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Compound 3ag 
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Compound 3ah 
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Compound 3ai 
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Compound 3aj 
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Compound 3ak 
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Compound 3al 
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11. Copies of CD Spectra in CH3CN 
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