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1. General Information  

All non-aqueous reactions were performed in oven-dried glassware and standard 

Schlenk tubes under an atmosphere of argon. Solvents were refluxed over magnesium 

(methanol, ethanol), acetonitrile (CH3CN), dichloromethane (DCM) and 

1,2-dichloroethane (DCE) were distilled from CaH2 under inert atmosphere. 

Tetrahydrofuran (THF) and toluene were distilled from sodium under inert 

atmosphere. Chloroform (CHCl3) were distilled from phosphorus pentoxide under 

inert atmosphere. All other solvents and reagents were used as received unless 

otherwise noted. Thin layer chromatography was performed using silica gel HSGF254 

precoated plates (0.2~0.3 mm) and visualized by short-wave UV (254 nm) irradiation, 

potassium permanganate, or iodine stain. Column chromatography was performed 

with silica gel (200-300 mesh, Yantai Xunjiang Economic and Trade Co., Ltd). The 

1H NMR spectra were obtained in CDCl3 using a Varian Avance III spectrometer at 

400 MHz, 13C and 19F NMR spectra were obtained in CDCl3 using a Bruker Avance 

III spectrometer at 500 and 376 MHz, respectively. Chemical shifts (δ) for 1H NMR 

spectra are recorded in parts per million from tetramethylsilane with the solvent 

resonance as the internal standard (chloroform, δ 7.26 ppm). Datas are reported as 

follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, 

qn = quintet, m = multiplet and br = broad), coupling constant in Hz, and integration. 

Chemical shifts for 13C NMR spectra are recorded in parts per million from 

tetramethylsilane using the central peak of deuterochloroform (δ 77.16 ppm) as the 

internal standard. Infrared spectra were prepared as KBr pellets or neat and were 

recorded on a Nicolet iN10 MX spectrometer. HRMS data were obtained on a Thermo 

Fisher Scientific LTQ FT Ultrasystem. Optical rotations were measured with a 

Perkin-Elmer 241 polarimeter at concentrations of 1.0 g/100 mL. X-ray structures 

were obtained with a Microfocus sealed Cu tube from Incote. HPLC analysis were 

conducted on an Agilent 1100 Series chromatograph. Mass spectra were recorded by 

the mass spectrometry service of Shanghai Institute of Organic Chemistry. 
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2. General procedure for the synthesis of Fe-BPsalan 

complexes and starting materials 

General procedure for the synthesis of Fe-BPsalan complexes  

Fe-BPsalan complexes (1a-k) with (R,R’)-bipyrrolidine backbone BPsalan ligands 

were prepared by the corresponding literature procedures reported by our group.1 

Iron(III) complexes were prepared by the corresponding literature procedures.  

N N

R2 R2OH HO

R1 R1

FeCl3

N N

R2 R2
Fe

O O

R1 R1

ClCH3OH, reflux

1a R1=tBu, R2=Br

1b R1=tBu, R2=CF3

1c R1=tBu, R2=tBu

1g R1=iPr, R2

1h R1=Br, R2=

1i R1=Ph, R2
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3. Synthesis of Substrates  

3.1 Synthesis of 1-(1-methyl-1H-imidazol-2-yl)ethanone  

 

Compound S1 was synthesized via a modification of the procedure as literature.2 An 

oven-dried 100 mL round-bottomed flask under an argon atmosphere was charged 

with 1-methylimidazole (7.01 g, 6.8 mL, 85.34 mmol, 1.1 equiv) and dry THF (120 

mL). The solution was cooled to -78 °C in adry ice/ethanol bath for 15 min, then 

n-BuLi (2.5 M in n-hexane, 49.65 mL, 124.13 mmol, 1.6 equiv) was added dropwise 

over 10 min. The mixture was stirred at -78 °C for 2 h, then cannulated into a solution 

of N-Methoxy-N-methylacetamide (8 g, 8.25 mL, 77.58 mmol, 1 equiv) in dry THF 

(80 mL) at -78 °C. The reaction mixture was then stirred at -78 °C for 2 h . Return to 

room temperature and add 120 ml water to quench n-BuLi . The aqueous phase was 

extracted with EtOAc (3 x 60 mL) and the combined organic layer were dried over 

anhydrous MgSO4, gravity filtered and concentrated under reduced pressure. The 

residue was purified by silica gel flash chromatography, eluting with EtOAc/pentane 

(1:2) to provide the title compound (molecular formula: C6H8N2O, MW = 124.14 

g/mol, 5.95 g) as a colorless oil in 62% yield. Rf: 0.31 (EtOAc/pentane = 9:1). IR 

(neat) 3108, 2959, 1674, 1402, 915, 776 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.14 (d, 

J = 0.9 Hz, 1H), 7.02 (br, s, 1H), 3.99 (s, 3H), 2.66 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 190.2 (s), 142.9 (s), 128.7 (d), 126.7 (d), 35.9 (q), 26.8 (q). Spectroscopic 

data were consistent with the literature data for this compound.  
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3.2 Synthesis of α,β-unsaturated acyl imidazoles  

 

ɑ,β-unsaturated 1-acylimidazoles 2a-r were prepared according to a reported 

procedure. Accordingly, 1-Methyl-2-acetylimidazole (20.0 mmol, 1.0 eq) and EtOH 

(10 mL) were added to a 25 mL round-bottom flask followed by the aromatic 

aldehyde (20 mmol, 1 eq) and KOH (5.8 mmol, 0.29 eq). The solution was stirred 

until a lot of precipitate came out. Vacuum filtrated and flushed with PE. The filter 

residue was dissolved in dichloromethane and then extracted with distilled water (3 x 

30 mL) for three times. The organic layers were dried over anhydrous MgSO4, filtered 

and concentrated. The product was recrystallized by DCM and PE. 

 

 

The α,β-unsaturated substrates 1a-b were synthesized via a modification of the 

procedure originally reported by Evans and co-workers.3 An oven-dried, 250 mL 

round-bottomed flask under an argon atmosphere was charged with 

1-methylimidazole (24 mmol, 2.4 equiv) and dry THF (50 mL). The solution was 

cooled to −78 °C in a dry ice/ethanol bath for 15 min, then n-BuLi (2.5 M in n-hexane, 

24 mmol, 2.4 equiv) was added drop-wise over 10 min. The mixture was warmed to rt 

and stirred for 30 min, then cooled back to −78 °C. The desired acid (10 mmol, 1 

equiv) in dry THF (10 mL) was added drop-wise over a 10 min period. The resulting 

solution was stirred at −78 °C for 15 min, then warmed at rt and stirred for 2 h. The 

reaction was eventually quenched with a saturated aqueous NaHCO3 solution (50 mL) 

and the aqueous phase was extracted with EtOAc (3 x 40 mL). The combined organic 
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layers were washed with brine (2 x 40 mL), dried over MgSO4, gravity filtered, and 

concentrated under reduced pressure. The reaction residue was purified by silica gel 

flash chromatography, eluting with EtOAc/pentane (1:3) as the eluent. 

3.3 Synthesis of N,N’-cyclic azomethine imines  

N,N’-cyclic azomethine imines (3a-3l) were prepared according to a general 

procedure.4 Accordingly, methacrylate (10.46 mL) was added to the solution of 

hydrazine hydrate (7.06 mL) in 35 mL ethanol which was cooled in an ice bath. After 

addition, the mixture was heated to reflux for 8 h. Then the solvent and the volatile 

components were removed under reduced pressure. The thick colorless oil, crude 

pyrazolidin-3-one, was obtained in about 95% yield. By subjecting pyrazolidin-3-one 

(1 equiv) to various aromatic aldehydes (1.1 equiv) in methanol (20 mmol in 15 mL 

of methanol) at room temperature, the crude products of the desired 

3-oxo-1,2-pyrazolidinium ylides were formed. After removing the solvent methanol, 

the crude product was recrystallized in ethanol. Washed by ethyl acetate and dried 

under a vacuum, the pure product was obtained. 

4. Asymmetric [3+2] Cycloaddition Reactions  

4.1 Synthesis of racemic products as HPLC references  

General Procedure: A dried 25 mL Schlenk tube was charged with ɑ,β-unsaturated 

ɑ,β-unsaturated 1-acylimidazoles 2 (0.20 mmol), N,N’-cyclic azomethine imines 3 

(0.24 mmol) and Cu(OTf)2 (3.62 mg, 5.0 mol%). The tube was purged with argon and 

anhydrous DCE (2 mL) was added. The reaction mixture was stirred at room 

temperature for indicated time (monitored by TLC) under argon. The mixture was 

purified by flash column chromatography on silica gel (petroleum ether/ EtOAc = 1:1 

to 1:2, basified with 1.0% Et3N) to afford racemic products as HPLC reference for 

determination of enantiomeric excess. 
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4.2 Substrate Scope  

General Procedure: A dried 25 mL Schlenk tube was charged with chiral catalyst 

Fe-BPsalan (5.0 mol%) and added silver salt (5.0 mol% AgSbF6) in the glove box. 

Then the tube was purged with argon and anhydrous DCE (2 mL) was added. Stir at 

room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles (0.20 mmol) was 

add continue stirring at room temperature for 30 minutes, finally N,N’-cyclic 

azomethine imines 3 (0.24 mmol) was added. The reaction mixture was stirred at 

room temperature for indicated time (monitored by TLC) under argon. The mixture 

was purified by flash column chromatography on silica gel (petroleum ether/ EtOAc = 

1:1 to 1:2, basified with 1.0% Et3N) to afford chiral products. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with chiral 

catalyst Fe-BPsalan (5.0 mol%) and added silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a (42.45 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 4a 

as white foamed solid (73.1 mg, yield: 95%, dr>99:1), the dr value was determined by 

crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee = 

95% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH = 90:10, flow rate: 0.5 

mL/min, 25 ℃, tr(minor) = 20.38 min, tr(major) = 12.53 min). [α]D = -53.6780 (c 1.0, 
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CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.25 (d, J = 8.7 Hz, 2H), 7.12 (t, J = 7.5 Hz, 2H), 

7.07 – 7.01 (m, 1H), 7.00 – 6.92 (m, 3H), 6.86 (dd, J = 7.1, 2.4 Hz, 2H), 6.72 (s, 1H), 

6.54 (s, 1H), 5.56 (d, J = 6.1 Hz, 1H), 4.83 (dd, J = 7.8, 6.1 Hz, 1H), 4.60 (d, J = 8.0 

Hz, 1H), 3.34 (s, 3H), 3.06 – 2.85 (m, 2H), 2.37 (ddd, J = 16.6, 9.3, 4.9 Hz, 1H), 2.15 

(s, 1H); 13C NMR (125 MHz, Chloroform-d) δ 187.37, 167.85, 142.67, 139.82, 

134.09, 129.12, 129.05, 128.85, 128.36, 128.32, 127.74, 126.82, 126.37, 70.13, 

65.74, 55.91, 45.57, 35.46, 34.65; 

HRMS (ESI, m/z) calcd for C23H22N4O2Na [M+Na]+: 409.1634, found: 

409.1635. 

 

N

N N

O

N

O

Ph

OMe

4b  

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and added silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2b 

(48.46 mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 

product 4b as white foamed solid (58.4 mg, yield: 71%, dr>99:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 
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HPLC analysis, ee = 95% (Chiralpak column IA, λ = 254 nm,CH3OH/i-PrOH = 

90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 17.19 min, tr(major) = 9.73 min). 

[α]D = -36.2792 (c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.41 – 7.34 (m, 2H), 7.14 (d, J = 7.0 Hz, 

3H), 7.05 (d, J = 7.7 Hz, 2H), 6.91 (s, 1H), 6.85 (d, J = 8.8 Hz, 2H), 6.73 (s, 1H), 5.74 

– 5.61 (m, 1H), 5.02 (dd, J = 7.9, 6.1 Hz, 1H), 4.81 – 4.68 (m, 1H), 3.75 (s, 3H), 3.52 

(s, 3H), 3.19 – 3.02 (m, 2H), 2.56 (dt, J = 16.5, 7.0 Hz, 1H), 2.38 (s, 1H). 13C NMR 

(125 MHz, Chloroform-d) δ 187.58 , 167.32 , 159.16 ,142.75, 134.16 , 131.74 , 

129.10 , 128.96 , 128.31 , 128.26 , 127.73 , 126.80 , 114.25 , 70.24 , 65.67 , 55.60 , 

55.33 , 45.95 , 35.45 , 34.91 . 

HRMS (ESI, m/z) calcd for C24H24N4O3Na [M+Na]+: 439.1752, found: 

439.1741. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and added silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2c 

(48.46 mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 

product 4c as white foamed solid (78.6 mg, yield: 95%, dr>70:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 
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HPLC analysis, ee = 97% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH = 

90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 27.92 min, tr(major) = 14.11 min). 

[α]D = -53.7798 (c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.45 (dd, J = 15.4, 7.6 Hz, 1H), 7.37 (d, J 

= 5.9 Hz, 3H), 7.24 (s, 3H), 7.20 (s, 1H), 7.13 (s, 1H), 6.95 (s, 2H), 5.95 (d, J = 5.9 

Hz, 1H), 5.33 – 5.14 (m, 1H), 5.01 (d, J = 7.6 Hz, 1H), 3.98 (s, 3H), 3.75 (s, 3H), 3.40 

(t, J = 9.8 Hz, 1H), 3.30 (s, 1H), 2.77 (ddd, J = 15.1, 8.9, 4.7 Hz, 1H), 2.53 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 187.31 , 167.92 , 159.93 , 142.65 , 141.53 , 

134.07 , 129.92 , 129.11 , 129.06 , 128.35 , 128.29 , 126.80 , 118.55 , 113.06 , 112.12 , 

70.04 , 65.73 , 55.78 , 55.24 , 45.45 , 35.43 , 34.58 . 

HRMS (ESI, m/z) calcd for C24H24N4O3Na [M+Na]+: 439.1745, found: 

439.1741. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and added silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2d 

(54.46 mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 

product 4d as white foamed solid (83.3 mg, yield: 93%, dr>90:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 
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HPLC analysis, ee = 96% (Chiralpak column IA, λ = 254 nm,CH3OH/i-PrOH = 

90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 12.89 min, tr(major) = 9.54 min). 

[α]D = -72.1552(c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.17 – 7.11 (m, 3H), 7.05 – 6.98 (m, 2H), 

6.90 (s, 1H), 6.73 (s, 1H), 6.59 (d, J = 2.3 Hz, 2H), 6.31 (d, J = 1.2 Hz, 1H), 5.67 (d, J 

= 5.8 Hz, 1H), 4.98 (dd, J = 7.8, 6.1 Hz, 1H), 4.77 (d, J = 7.7 Hz, 1H), 3.73 (s, 6H), 

3.51 (s, 3H), 3.18 (q, J = 10.1 Hz, 1H), 3.05 (s, 1H), 2.53 (ddd, J = 15.1, 9.5, 5.1 Hz, 

1H), 2.28 (s, 1H).13C NMR (125 MHz, Chloroform-d) δ 187.24 , 167.97 , 161.10 , 

142.62 , 142.42 , 134.03 , 129.10 , 129.04 , 128.33 , 128.28 , 126.78 , 104.33 , 99.49 , 

69.93 , 65.71 , 55.80 , 55.32 , 45.30 , 35.40 , 34.51 . 

HRMS (ESI, m/z) calcd for C25H26N4O4Na [M+Na]+: 469.1841, found: 

469.1846. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and added silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2e 

(45.26 mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 

product 4e as white foamed solid (71.8 mg, yield: 90%, dr>99:1), the dr value was 
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determined by crude 1H NMR analysis. Enantiomeric excess was determined by 

HPLC analysis, ee = 95% (Chiralpak column IA, λ = 254 nm,CH3OH/i-PrOH = 

90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 13.51 min, tr(major) = 9.51 min). 

[α]D = -43.8725(c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.34 (d, J = 8.0 Hz, 2H), 7.18 – 7.10 (m, 

5H), 7.06 (d, J = 6.7 Hz, 2H), 6.91 (s, 1H), 6.73 (s, 1H), 5.69 (d, J = 5.8 Hz, 1H), 5.08 

– 4.98 (m, 1H), 4.76 (d, J = 7.9 Hz, 1H), 3.53 (d, J = 1.9 Hz, 3H), 3.23 – 2.98 (m, 2H), 

2.63 – 2.52 (m, 1H), 2.45 (s, 1H), 2.29 (s, 3H). 

13C NMR (125 MHz, Chloroform-d) δ 187.53 , 167.31 , 142.73 , 137.39 , 

136.66 , 134.13 , 129.50 , 129.08 , 128.97 , 128.29 , 128.25 , 126.78 , 126.37 , 70.17 , 

65.66 , 55.81 , 45.97 , 35.44 , 34.89 , 21.15 . 

HRMS (ESI, m/z) calcd for C24H24N4O2Na [M+Na]+: 423.1803, found: 

423.1792. 

N

N N

O

N

O

Ph

4f  

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and add silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2f 

(45.26 mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 
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product 4f as white foamed solid (71.7 mg, yield: 90%, dr>50:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 

HPLC analysis, ee = 95% (Chiralpak column IA, λ = 254 nm,CH3OH/i-PrOH = 

90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 10.95 min, tr(major) = 8.29 min). 

[α]D = -59.1702(c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.25 – 7.11 (m, 6H), 7.08 – 7.01 (m, 3H), 

6.91 (s, 1H), 6.73 (s, 1H), 5.72 (d, J = 6.1 Hz, 1H), 5.04 – 4.99 (m, 1H), 4.79 (d, J = 

7.6 Hz, 1H), 3.52 (s, 3H), 3.19 (q, J = 9.8 Hz, 1H), 3.09 (s, 1H), 2.56 (ddd, J = 15.0, 

9.1, 4.8 Hz, 1H), 2.47 (s, 1H), 2.31 (s, 3H). 13C NMR (125 MHz, Chloroform-d) δ 

187.39 , 167.74 , 142.68 , 139.75 , 138.45 , 134.13 , 129.08 , 129.05 , 128.71 , 128.53 , 

128.33 , 128.27 , 126.98 , 126.77 , 123.44 , 70.11 , 65.77 , 55.84 , 45.50 , 35.42 , 

34.65 , 21.52 . 

HRMS (ESI, m/z) calcd for C24H24N4O2Na [M+Na]+: 423.1785, found: 

423.1792. 

 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and add silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2g 

(46.05mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 
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TLC) under argon. The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 

product 4g as white foamed solid (45.6 mg, yield: 57%, dr>90:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 

HPLC analysis, ee = 95% (Chiralpak column IA, λ = 254 nm,CH3OH/i-PrOH = 

90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 12.08 min, tr(major) = 8.63 min). 

[α]D = -52.7004(c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ7.43 (dd, J = 8.0, 4.0 Hz, 2H), 7.16 (q, J = 

4.0 Hz, 3H), 7.10-6.97 (m, 4H), 6.94 (s, 1H), 6.76 (s, 1H), 5.76 (d, J = 4.0 Hz, 1H), 

4.98 (t, J = 8.0 Hz, 1H), 4.81 (d, J = 4.0 Hz, 1H), 3.54 (s, 3H), 3.26 3.02 (m, 2H), 

2.62-2.49 (m, 1H), 2.31 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 187.25, 168.33, 161.38, 142.69, 135.73, 

134.07, 129.25, 129.12, 128.47, 128.43, 128.25, 128.18, 126.91, 115.85, 115.68, 

70.24, 65.87, 55.37, 45.38, 35.51, 34.57. 

HRMS (ESI, m/z) calcd for C23H21N4O2NaF [M+Na]+: 427.1546, found: 

427.1541. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2h (58.23 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 
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argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 4h 

as white foamed solid (90.4mg, yield: 97%, dr>99:1), the dr value was determined by 

crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee 

= 98% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH = 90:10, flow rate: 0.5 

mL/min, 25 ℃, tr(minor) = 30.12 min, tr(major) = 14.86 min). [α]D = -46.3460(c 1.0, 

CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.50 – 7.39 (m, 2H), 7.33 (d, J = 8.5 Hz, 

2H), 7.16 (dd, J = 5.4, 1.9 Hz, 3H), 7.02 (dd, J = 6.8, 2.8 Hz, 2H), 6.94 (s, 1H), 6.75 

(s, 1H), 5.73 (d, J = 6.3 Hz, 1H), 5.01 – 4.92 (m, 1H), 4.81 (d, J = 7.8 Hz, 1H), 3.53 (s, 

3H), 3.19 (dd, J = 14.4, 5.8 Hz, 1H), 3.08 (q, J = 8.7 Hz, 1H), 2.54 (ddd, J = 16.9, 9.4, 

4.9 Hz, 1H), 2.29 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 187.03 , 168.39 , 142.57 , 139.06 , 

133.96 , 131.94 , 129.26 , 129.10 , 128.45 , 128.44 , 128.22 , 126.93 , 121.66 , 70.16 , 

65.71 , 55.40 , 45.32 , 35.48 , 34.43 . 

HRMS (ESI, m/z) calcd for C23H21N4O2NaBr [M+Na]+: 487.0751, found: 

487.0740. 

 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and add silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2i 

(49.34mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 
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finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 

product 4i as white foamed solid (81.4 mg, yield: 97%, dr>99:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 

HPLC analysis, ee = 98% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH = 

90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 30.12 min, tr(major) = 14.86 min). 

[α]D = -50.5944(c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.25 (d, J = 8.5 Hz, 2H), 7.14 (dd, J = 9.7, 

3.3 Hz, 2H), 7.02 (dd, J = 5.7, 2.0 Hz, 3H), 6.88 (dd, J = 6.8, 2.8 Hz, 2H), 6.80 (s, 

1H), 6.61 (s, 1H), 5.60 (d, J = 6.2 Hz, 1H), 4.82 (t, J = 7.1 Hz, 1H), 4.67 (d, J = 8.0 

Hz, 1H), 3.39 (s, 3H), 3.06 (q, J = 9.8 Hz, 1H), 2.95 (s, 1H), 2.40 (ddd, J = 16.8, 9.3, 

4.9 Hz, 1H), 2.14 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 187.07 , 168.37 , 142.58 , 138.53 , 133.97 

, 133.49 , 129.25 , 129.09 , 128.99 , 128.44 , 128.43 , 127.87 , 126.92 , 70.17 , 65.75 , 

55.34 , 45.32 , 35.46 , 34.44 . 

HRMS (ESI, m/z) calcd for C23H21N4O2NaCl [M+Na]+: 443.1249, found: 

443.1245. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2j (58.23 
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mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 4j 

as white foamed solid (91.4mg, yield: 98%, dr>99:1), the dr value was determined by 

crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee 

= 94% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH = 90:10, flow rate: 0.5 

mL/min, 25 ℃, tr(minor) = 26.25 min, tr(major) = 13.03 min). [α]D = -58.5334(c 1.0, 

CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.59 (t, J = 1.9 Hz, 1H), 7.42 – 7.32 (m, 

2H), 7.21 – 7.12 (m, 4H), 7.01 (dd, J = 6.6, 2.9 Hz, 2H), 6.97 – 6.85 (m, 1H), 6.82 – 

6.67 (m, 1H), 5.76 (d, J = 6.4 Hz, 1H), 4.95 (dd, J = 7.8, 6.4 Hz, 1H), 4.84 (s, 1H), 

3.53 (s, 3H), 3.24 (q, J = 9.9 Hz, 1H), 3.15 – 2.98 (m, 1H), 2.53 (ddd, J = 16.5, 9.6, 

4.8 Hz, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 186.85 , 168.88 , 142.50 , 133.94 , 

130.89 , 130.43 , 129.33 , 129.25 , 129.17 , 128.48 , 128.45 , 126.92 , 125.14 , 122.95 , 

70.11 , 65.83 , 55.23 , 44.86 , 35.46 , 34.18 . 

HRMS (ESI, m/z) calcd for C23H21N4O2NaBr [M+Na]+: 487.0748, found: 

487.0740. 

 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) andsilver salt (5.0 mol% AgSbF6) to the glove 
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box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2k (49.34 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 4k 

as white foamed solid (80.1mg, yield: 95%, dr>99:1), the dr value was determined by 

crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee 

= 95% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH = 90:10, flow rate: 0.5 

mL/min, 25 ℃, tr(minor) = 22.05 min, tr(major) = 12.35 min). [α]D = -62.4594(c 1.0, 

CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.51 (s, 1H), 7.40 (d, J = 7.4 Hz, 1H), 7.34 

– 7.21 (m, 5H), 7.12 – 7.05 (m, 2H), 7.01 (s, 1H), 6.83 (s, 1H), 5.84 (d, J = 6.3 Hz, 

1H), 5.03 (t, J = 7.1 Hz, 1H), 4.91 (d, J = 7.9 Hz, 1H), 3.61 (s, 3H), 3.32 (q, J = 10.0 

Hz, 1H), 3.14 (t, J = 12.1 Hz, 1H), 2.61 (ddd, J = 15.2, 9.5, 4.7 Hz, 1H), 2.30 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 186.90 , 168.81 , 142.53 , 142.21 , 134.70 

, 133.96 , 130.16 , 129.25 , 129.17 , 128.48 , 128.44 , 127.95 , 126.92 , 126.47 , 

124.65 , 70.13 , 65.82 , 55.30 , 44.94 , 35.46 , 34.22 . 

HRMS (ESI, m/z) calcd for C23H21N4O2NaCl [M+Na]+: 443.1250, found: 

443.1245. 
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Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) inthe glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2l (67.63 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 4l 

as white foamed solid (94mg, yield: 92%, dr>90:1), the dr value was determined by 

crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee 

= 96% (Chiralpak column IA, λ = 254 nm,CH3OH /i-PrOH =50:50, flow rate: 0.7 

mL/min, 25 ℃, tr(minor) = 25.91 min, tr(major) = 8.11min). [α]D = -57.1557(c 1.0, 

CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.78 (t, J = 1.8 Hz, 1H), 7.56 (dd, J = 8.0, 

1.4 Hz, 1H), 7.42 (d, J = 7.8 Hz, 1H), 7.20 – 7.12 (m, 3H), 7.08 – 6.98 (m, 3H), 6.94 

(s, 1H), 6.75 (s, 1H), 5.82 – 5.64 (m, 1H), 5.00 – 4.91 (m, 1H), 4.84 (d, J = 7.8 Hz, 

1H), 3.53 (s, 3H), 3.25 (q, J = 9.9 Hz, 1H), 3.05 (s, 1H), 2.53 (ddd, J = 16.7, 9.6, 4.8 

Hz, 1H), 2.22 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 186.84 , 168.88 , 142.51 , 136.86 , 

135.16 , 133.96 , 130.55 , 129.25 , 129.18 , 128.48 , 128.44 , 126.91 , 125.80 , 94.90 , 

70.10 , 65.84 , 55.11 , 44.85 , 35.48 , 34.17 . 

HRMS (ESI, m/z) calcd for C23H21N4O2NaI [M+Na]+: 535.0620, found: 

535.0601. 
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Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and add silver salt  (5.0 mol% AgSbF6)to the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 

2m(51.45 mg, 0.20 mmol) was add continue stirring at room temperature for 30 

minutes, finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was 

added. The reaction mixture was stirred at room temperature for indicated time 

(monitored by TLC) under argon.The mixture was purified by flash column 

chromatography on silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% 

Et3N) to afford chiral product 4m as white foamed solid (57.7 mg, yield: 70%, 

dr>99:1), the dr value was determined by crude 1H NMR analysis. Enantiomeric 

excess was determined by HPLC analysis, ee = 97% (Chiralpak column IG, λ = 254 

nm,CH3OH/i-PrOH =90:10, flow rate: 0.5 mL/min, 25℃, tr(minor) = 21.96 min, 

tr(major) = 12.95min). [α]D = -71.6221(c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.76 (d, J = 1.8 Hz, 1H), 7.69 (d, J = 8.0 

Hz, 1H), 7.54 (d, J = 7.7 Hz, 1H), 7.43 (t, J = 7.8 Hz, 1H), 7.19 (dd, J = 6.5, 3.7 Hz, 

3H), 7.05 – 6.98 (m, 2H), 6.96 (s, 1H), 6.79 (s, 1H), 5.85 (d, J = 6.0 Hz, 1H), 4.90 (d, 

J = 5.9 Hz, 2H), 3.56 (s, 3H), 3.30 (q, J = 10.0 Hz, 1H), 3.08 (td, J = 10.7, 4.8 Hz, 

1H), 2.58 – 2.47 (m, 1H), 2.18 (s, 1H). 

13C NMR (126 MHz, Chloroform-d) δ 186.60 , 169.62 , 142.43 , 141.97 , 

133.83 , 131.45 , 131.00 , 130.09 , 129.75 , 129.41 , 129.26 , 128.61 , 127.08 , 118.77 , 

112.97 , 70.22 , 65.87 , 60.46 , 55.16 , 44.65 , 35.53 , 33.91 , 21.14 , 14.27 . 
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HRMS (ESI, m/z) calcd for C24H21N5O2Na [M+Na]+: 434.1583, found: 

434.1587. 

 

N
N

NO

N

O

Ph

O2N

4n  

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and add silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2n 

(51.45 mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 

product 4n as yellow foamed solid (34.5 mg, yield: 40%, dr>20:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 

HPLC analysis, ee = 90% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH 

=90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 56.48 min, tr(major) = 20.59min). 

[α]D = -49.7906(c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 8.24 – 8.12 (m, 2H), 7.68 – 7.61 (m, 2H), 

7.24 – 7.17 (m, 3H), 7.08 – 6.93 (m, 3H), 6.79 (s, 1H), 5.94 (d, J = 6.3 Hz, 1H), 5.05 

– 4.85 (m, 2H), 3.57 (s, 3H), 3.37 – 3.25 (m, 1H), 3.10 (s, 1H), 2.55 (ddd, J = 15.5, 

9.8, 4.9 Hz, 1H), 2.20 (t, J = 7.5 Hz, 1H). 
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13C NMR (125 MHz, Chloroform-d) δ 186.44 , 169.66 , 147.45 , 142.35 , 

133.72 , 129.39 , 129.21 , 128.60 , 127.35 , 127.03 , 124.18 , 70.16 , 65.70 , 60.43 , 

55.31 , 44.67 , 35.49 , 33.86 , 14.22 . 

HRMS (ESI, m/z) calcd for C23H21N5O4Na [M+Na]+: 454.1492, found: 

454.1486. 

 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) to the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2o(56.67 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon. The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 4o 

as white foamed solid (85 mg, yield: 92%, dr>80:1), the dr value was determined by 

crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee 

= 97% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH =90:10, flow rate: 0.5 

mL/min, 25℃, tr(minor) = 27.40 min, tr(major) = 18.49min). [α]D = -53.8854(c 1.0, 

CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.67 (s, 1H), 7.58 (d, J = 6.9 Hz, 2H), 7.50 

– 7.38 (m, 5H), 7.32 (t, J = 7.4 Hz, 1H), 7.18 (d, J = 6.4 Hz, 3H), 7.07 (d, J = 7.6 Hz, 
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2H), 6.93 (s, 1H), 6.73 (s, 1H), 5.88 (d, J = 6.3 Hz, 1H), 5.12 – 5.04 (m, 1H), 4.86 (d, 

J = 7.7 Hz, 1H), 3.53 (s, 3H), 3.24 (q, J = 9.8 Hz, 1H), 3.11 (s, 1H), 2.64 – 2.54 (m, 

1H), 2.34 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 187.22 , 168.19 , 142.62 , 141.82 , 

141.09 , 140.52 , 134.10 , 129.28 , 129.12 , 128.68 , 128.38 , 128.32 , 127.32 , 127.29 , 

126.81 , 126.64 , 125.23 , 70.08 , 65.90 , 55.90 , 45.29 , 35.41 , 34.51 . 

HRMS (ESI, m/z) calcd for C29H27N4O2 [M+H]+: 463.2122, found: 463.2129. 

 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and add silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2p 

(52.46 mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 

product 4p as white foamed solid (83.7 mg, yield: 96%, dr>50:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 

HPLC analysis, ee = 97% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH 

=90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 45.40 min, tr(major) = 18.30min). 
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[α]D = -62.8942(c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.92 (s, 1H), 7.86 – 7.76 (m, 3H), 7.62 (d, 

J = 8.5 Hz, 1H), 7.47 – 7.38 (m, 2H), 7.19 (d, J = 7.0 Hz, 3H), 7.13 – 7.06 (m, 2H), 

6.92 (s, 1H), 6.72 (s, 1H), 5.97 (d, J = 6.2 Hz, 1H), 5.17 – 5.09 (m, 1H), 4.89 (d, J = 

7.9 Hz, 1H), 3.54 (s, 3H), 3.28 (q, J = 10.0 Hz, 1H), 3.14 (s, 1H), 2.62 (ddd, J = 16.6, 

9.4, 4.8 Hz, 1H), 2.36 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 187.23 , 168.20 , 142.62 , 137.23 , 

134.15 , 133.33 , 133.00 , 129.13 , 128.93 , 128.38 , 128.33 , 128.03 , 127.64 , 126.82 , 

126.16 , 125.93 , 125.48 , 124.15 , 70.23 , 65.70 , 56.11 , 45.39 , 35.41 , 34.57 . 

HRMS (ESI, m/z) calcd for C27H25N4O2 [M+H]+: 437.1978, found: 437.1972. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2q 

(52.46mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 

product 4q as pale yellow foamed solid (78.9 mg, yield: 91%, dr>70:1), the dr value 

was determined by crude 1H NMR analysis. Enantiomeric excess was determined by 

HPLC analysis, ee = 95% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH 
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=90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 45.37 min, tr(major) = 18.40min). 

[α]D = -53.1880(c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.92 (s, 1H), 7.87 – 7.76 (m, 3H), 7.62 (d, 

J = 8.5 Hz, 1H), 7.49 – 7.37 (m, 2H), 7.19 (d, J = 6.7 Hz, 3H), 7.09 (dd, J = 7.3, 2.2 

Hz, 2H), 6.92 (s, 1H), 6.72 (s, 1H), 5.97 (d, J = 6.2 Hz, 1H), 5.20 – 5.07 (m, 1H), 4.89 

(d, J = 7.9 Hz, 1H), 3.54 (s, 3H), 3.28 (q, J = 9.7, 9.2 Hz, 1H), 3.14 (s, 1H), 2.62 (ddd, 

J = 16.6, 9.4, 4.8 Hz, 1H), 2.36 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 187.31 , 168.23 , 142.70 , 137.25 , 

134.22 , 133.39 , 133.06 , 129.18 , 128.98 , 128.43 , 128.37 , 128.09 , 127.68 , 126.83 , 

126.21 , 125.97 , 125.55 , 124.19 , 70.28 , 65.75 , 56.17 , 45.48 , 35.48 , 34.64 . 

HRMS (ESI, m/z) calcd for C27H25N4O2 [M+H]+: 437.1964, found: 437.1972. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2r (40.44 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 4r 

as pale yellow foamed solid (18.4 mg, yield: 25%, dr>30:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 
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HPLC analysis, ee = 88% (Chiralpak column IA, λ = 254 nm,CH3OH/i-PrOH = 

90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 36.18 min, tr(major) = 17.69min). 

[α]D = - 15.36 (c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.46 – 7.39 (m, 1H), 7.18 – 7.07 (m, 5H), 

6.90 (s, 1H), 6.73 (s, 1H), 6.45 (d, J = 3.2 Hz, 1H), 6.39 – 6.26 (m, 1H), 5.76 – 5.45 

(m, 1H), 5.32 (dd, J = 7.8, 4.6 Hz, 1H), 4.66 (s, 1H), 3.60 (s, 3H), 3.28 (s, 1H), 3.02 

(d, J = 11.0 Hz, 1H), 2.60 (s, 2H). 

13C NMR (125 MHz, Chloroform-d) δ 187.79 , 166.60 , 150.13 , 142.97 , 

142.89 , 133.97 , 129.24 , 128.60 , 128.33 , 128.24 , 126.97 , 110.63 , 109.00 , 70.96 , 

61.17 , 50.40 , 48.13 , 35.68 , 35.42 . 

HRMS (ESI, m/z) calcd for C21H20N4O3Na [M+Na]+: 399.1432, found: 

399.1428. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2s(43.65 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 4s 

as pale yellow foamed solid (25.9 mg, yield: 33%, dr>20:1), the dr value was 



27 

 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 

HPLC analysis, ee = 94% (Chiralpak column IA, λ = 254 nm,CH3OH/i-PrOH 

=90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 36.18 min, tr(major) = 17.69min). 

[α]D = - -16.93 (c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.26 – 7.22 (m, 1H), 7.20 – 7.07 (m, 6H), 

7.05 – 6.86 (m, 2H), 6.75 (s, 1H), 5.96 (s, 1H), 5.16 (dd, J = 7.7, 5.3 Hz, 1H), 4.74 (s, 

1H), 3.60 (s, 3H), 3.26 – 3.03 (m, 2H), 2.64 – 2.38 (m, 2H). 

13C NMR (125 MHz, Chloroform-d) δ 187.41 , 167.51 , 143.02 , 142.77 , 

133.86 , 129.29 , 128.88 , 128.41 , 128.39 , 127.07 , 126.95 , 125.67 , 125.30 , 70.46 , 

65.58 , 52.44 , 46.80 , 35.64 , 35.08 . 

HRMS (ESI, m/z) calcd for C21H20N4O3Na [M+Na]+: 415.1199, found: 

415.1199. 

 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and add silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2t 

(38.45 mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3a (41.81 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral 

product 4t as white solid (41.8 mg, yield: 57%, dr>20:1), the dr value was determined 
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by crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, 

ee = 95 % (Chiralpak column IA, λ = 254 nm,CH3OH/i-PrOH/DEA = 90:10:0.1 , 

flow rate: 0.5 mL/min, 25 , tr(minor) = ℃ 10.06 min, tr(major) = 9.07 min). [α]D = 

-72.9546(c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.16 – 7.10 (m, 3H), 7.00 (s, 1H), 6.90 – 

6.83 (m, 2H), 6.75 (s, 1H), 4.79 (d, J = 5.1 Hz, 2H), 4.70 (d, J = 3.1 Hz, 1H), 3.42 (s, 

3H), 3.38 – 3.29 (m, 1H), 2.88 – 2.77 (m, 1H), 2.16 (ddd, J = 17.3, 10.4, 3.6 Hz, 1H), 

1.66 – 1.54 (m, 1H), 1.01 (s, 9H). 

13C NMR (125 MHz, Chloroform-d) δ 187.82 , 174.12 , 142.83 , 134.88 , 

130.04 , 128.99 , 128.46 , 128.27 , 126.46 , 70.55 , 61.72 , 57.25 , 41.59 , 35.27 , 

32.51 , 26.69 . 

HRMS (ESI, m/z) calcd for C21H26N4O2Na [M+ Na]+: 389.1952, found: 

389.1948. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and added silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added and stirred at room temperature for 30 minutes. ɑ,β-unsaturated 

1-acylimidazoles 2a (42.45 mg, 0.20 mmol) was added and the mixture was further 

stirred at room temperature for 30 minutes, finally N,N’-cyclic azomethine imines 3a’ 

(45.18 mg, 0.24 mmol) was added. The reaction mixture was stirred at room 

temperature for indicated time (monitored by TLC) under argon.The mixture was 
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purified by flash column chromatography on silica gel (petroleum ether/ EtOAc = 

1:2, basified with 1.0% Et3N) to afford chiral product 5a as white foamed solid 

(75.7mg, yield: 95%, dr>99:1), the dr value was determined by crude 1H NMR 

analysis. Enantiomeric excess was determined by HPLC analysis, ee = 92% 

(Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH =90:10, flow rate: 0.5 mL/min, 

25 ℃, tr(minor) = 20.80 min, tr(major) = 14.07min). [α]D = 22.92 (c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.42 (d, J = 7.1 Hz, 2H), 7.33 (t, J = 7.6 

Hz, 2H), 7.27 – 7.24 (m, 1H), 7.22 – 7.15 (m, 1H), 7.07 – 7.01 (m, 1H), 6.97 (td, J = 

7.5, 1.5 Hz, 1H), 6.88 (d, J = 7.5 Hz, 1H), 6.81 (s, 1H), 6.68 (s, 1H), 5.60 (s, 1H), 

5.06 (dd, J = 7.8, 4.7 Hz, 1H), 4.87 (s, 1H), 3.53 (s, 3H), 3.08 (d, J = 74.1 Hz, 2H), 

2.60 (s, 2H), 2.26 (s, 3H). 

13C NMR (125 MHz, Chloroform-d) δ 188.19 , 166.10 , 142.94 , 139.38 , 

137.77 , 131.92 , 130.47 , 128.95 , 128.84 , 127.87 , 127.00 , 126.83 , 126.46 , 125.76 , 

66.13 , 64.14 , 56.34 , 47.58 , 35.63 , 35.29 , 19.79 . 

HRMS (ESI, m/z) calcd for C24H24N4O2Na [M+ Na]+: 423.1792, found: 

423.1791. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and add silver salt (5.0 mol% AgSbF6) in the 

glove box. Then the tube was purged with argon and anhydrous DCE (2 mL) was 

added. Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 

2a(42.4 5mg, 0.20 mmol) was add continue stirring at room temperature for 30 
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minutes, finally N,N’-cyclic azomethine imines 3b (45.18 mg, 0.24 mmol) was 

added. The reaction mixture was stirred at room temperature for indicated time 

(monitored by TLC) under argon. The mixture was purified by flash column 

chromatography on silica gel (petroleum ether/ EtOAc = 1:2, basified with 1.0% 

Et3N) to afford chiral product 5b as white foamed solid (73 mg, yield: 91%, dr>99:1), 

the dr value was determined by crude 1H NMR analysis. Enantiomeric excess was 

determined by HPLC analysis, ee = 91% (Chiralpak column IG, λ = 254 

nm,CH3OH/i-PrOH =90:10, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 26.90 min, 

tr(major) = 12.70min). [α]D = -39.20 (c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.44 (d, J = 7.1 Hz, 2H), 7.32 (t, J = 7.6 

Hz, 2H), 7.26 – 7.20 (m, 1H), 7.05 (t, J = 7.8 Hz, 1H), 6.93 (d, J = 13.8 Hz, 2H), 6.87 

(d, J = 5.3 Hz, 2H), 6.74 (s, 1H), 5.82 – 5.64 (m, 1H), 5.02 (dd, J = 7.8, 5.9 Hz, 1H), 

4.72 (s, 1H), 3.55 (s, 3H), 3.15 (d, J = 8.5 Hz, 2H), 2.58 (dt, J = 16.5, 6.8 Hz, 1H), 

2.39 (d, J = 21.9 Hz, 1H), 2.21 (s, 3H). 

13C NMR (125 MHz, Chloroform-d) δ 187.64 , 167.59 , 142.82 , 139.76 , 

138.05 , 133.95 , 129.81 , 129.05 , 129.00 , 128.88 , 128.23 , 127.78 , 126.75 , 126.44 , 

125.87 , 70.21 , 65.70 , 56.03 , 45.87,35.47 , 34.91 , 21.30 . 

HRMS (ESI, m/z) calcd for C24H24N4O2Na [M+ Na]+: 423.1795, found: 

423.1791. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 
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box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a (42.45 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3c(45.18 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 5c 

as white foamed solid (74.5mg, yield: 93%, dr>30:1), the dr value was determined by 

crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee 

= 92% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH =90:10, flow rate: 0.5 

mL/min, 25 ℃, tr(minor) = 23.25 min, tr(major) = 13.55min). [α]D = -76.52 (c 1.0, 

CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.47 (d, J = 7.4 Hz, 2H), 7.32 (dd, J = 15.4, 

7.6 Hz, 2H), 7.23 (d, J = 7.1 Hz, 1H), 7.00 (d, J = 7.9 Hz, 2H), 6.95 (d, J = 7.8 Hz, 

3H), 6.78 (s, 1H), 5.82 (d, J = 6.3 Hz, 1H), 5.06 – 4.97 (m, 1H), 4.85 (d, J = 7.6 Hz, 

1H), 3.58 (s, 3H), 3.24 (q, J = 9.8 Hz, 1H), 3.14 – 3.01 (m, 1H), 2.56 (ddd, J = 14.7, 

9.5, 4.9 Hz, 1H), 2.24 (s, 4H). 13C NMR (125 MHz, Chloroform-d) δ 187.31 , 168.52 , 

142.66 , 140.13 , 138.09 , 130.89 , 129.12 , 129.08 , 128.80 , 127.65 , 126.74 , 126.31 , 

69.84 , 65.83 , 55.84 , 44.90 , 35.47 , 34.35 , 21.06 . 

HRMS (ESI, m/z) calcd for C24H24N4O2Na [M+ Na]+: 423.1795, found: 

423.1792. 



32 

 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a (42.45 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3d (49.01 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 5d 

as white foamed solid (46 mg, yield: 55%, dr>80:1), the dr value was determined by 

crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee 

= 91% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH =90:10, flow rate: 0.5 

mL/min, 25 ℃, tr(minor) = 31.64 min, tr(major) = 13.74min). [α]D = -75.57 (c 1.0, 

CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 8.06 – 7.94 (m, 2H), 7.45 – 7.41 (m, 2H), 

7.35 (dd, J = 8.0, 6.5 Hz, 4H), 7.32 – 7.25 (m, 1H), 6.90 (s, 1H), 6.79 (s, 1H), 5.66 (d, 

J = 5.3 Hz, 1H), 5.13 – 5.05 (m, 1H), 4.83 (s, 1H), 3.65 (s, 3H), 3.15 (t, J = 8.8 Hz, 

2H), 2.72 – 2.51 (m, 2H). 
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13C NMR (125 MHz, Chloroform-d) δ 186.78 , 166.27 , 147.65 , 142.29 , 

142.11 , 138.79 , 129.90 , 129.50 , 129.04 , 128.16 , 127.54 , 126.55 , 123.26 , 69.53 , 

65.43 , 56.28 , 47.18 , 35.89 , 35.37 . 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a (42.45 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3e (46.13 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:1, basified with 1.0% Et3N) to afford chiral product 5e 

as white foamed solid (72.4mg, yield: 90%, dr>99:1), the dr value was determined by 

crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee 

= 95% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH =90:10, flow rate: 0.7 

mL/min, 25 ℃, tr(minor) = 18.49 min, tr(major) = 11.79min). [α]D = -36.94 (c 1.0, 

CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (d, J = 7.3 Hz, 2H), 7.37 – 7.29 (m, 

2H), 7.23 (d, J = 7.1 Hz, 1H), 7.06 (dd, J = 8.4, 5.4 Hz, 2H), 6.92 (s, 1H), 6.86 (t, J = 

8.5 Hz, 2H), 6.78 (s, 1H), 5.72 (d, J = 6.0 Hz, 1H), 5.06 – 4.97 (m, 1H), 4.79 (s, 1H), 
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3.61 (s, 3H), 3.25 – 3.00 (m, 2H), 2.59 (ddd, J = 17.0, 9.2, 4.8 Hz, 1H), 2.39 (s, 

1H).13C NMR (125 MHz, Chloroform-d) δ 187.26 , 167.57 , 163.46 , 161.49 , 142.56 , 

139.59 , 130.84 , 130.79 , 130.02 , 130.00 , 129.27 , 128.91 , 127.86 , 127.05 , 126.42 , 

115.42 , 115.25 , 69.48 , 65.63 , 55.92 , 45.82 , 35.66 , 34.78 . 

HRMS (ESI, m/z) calcd for C23H21N4O2FNa [M+ Na]+: 427.1550, found: 

427.1541. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a (42.45 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3f (50.07 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:2, basified with 1.0% Et3N) to afford chiral product 5f 

as white foamed solid (77.5mg, yield: 92%, dr>30:1), the dr value was determined by 

crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee 

= 93% (Chiralpak column IG, λ = 254 nm,CH3OH/i-PrOH =60:40, flow rate: 0.7 

mL/min, 25 ℃, tr(minor) = 23.49 min, tr(major) = 10.89min). [α]D = -74.62 (c 1.0, 

CHCl3). 



35 

 

1H NMR (400 MHz, Chloroform-d) δ 7.46 – 7.40 (m, 2H), 7.32 (t, J = 7.5 Hz, 

2H), 7.25 (d, J = 6.3 Hz, 1H), 7.14 (d, J = 8.5 Hz, 2H), 7.02 (d, J = 8.3 Hz, 2H), 6.93 

(s, 1H), 6.79 (s, 1H), 5.71 (d, J = 5.8 Hz, 1H), 5.05 – 4.96 (m, 1H), 4.78 (d, J = 8.0 Hz, 

1H), 3.62 (s, 3H), 3.24 – 3.03 (m, 2H), 2.59 (ddd, J = 16.7, 9.3, 4.7 Hz, 1H), 2.40 (s, 

1H). 

13C NMR (125 MHz, Chloroform-d) δ 187.11 , 167.54 , 142.51 , 139.55 , 

134.28 , 132.80 , 130.43 , 129.32 , 128.93 , 128.55 , 127.90 , 127.11 , 126.43 , 69.51 , 

65.65 , 55.94 , 45.82 , 35.69 , 34.78 . 

HRMS (ESI, m/z) calcd for C23H21N4O2ClNa [M+ Na]+: 443.1251, found: 

443.1245. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a 

(42.45mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, 

finally N,N’-cyclic azomethine imines 3g (50.07 mg, 0.24 mmol) was added. The 

reaction mixture was stirred at room temperature for indicated time (monitored by 

TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:1, basified with 1.0% Et3N) to afford chiral 

product 5g as white foamed solid (75.8mg, yield: 90%, dr>99:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 
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HPLC analysis, ee = 96% (Chiralpak column IA, λ = 254 nm,CH3OH/i-PrOH 

=60:40, flow rate: 0.5 mL/min, 25 ℃, tr(minor) = 41.91 min, tr(major) = 15.71min). 

[α]D = -28.21 (c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.45 – 7.38 (m, 2H), 7.32 (t, J = 7.5 Hz, 

2H), 7.26 – 7.22 (m, 1H), 7.09 (dd, J = 6.2, 3.5 Hz, 3H), 7.00 (dq, J = 4.7, 2.3, 1.8 Hz, 

1H), 6.90 (s, 1H), 6.77 (s, 1H), 5.64 (d, J = 5.4 Hz, 1H), 5.02 (dd, J = 7.9, 5.4 Hz, 1H), 

4.64 (d, J = 7.3 Hz, 1H), 3.63 (s, 3H), 3.25 – 3.03 (m, 2H), 2.68 – 2.45 (m, 2H). 

13C NMR (125 MHz, Chloroform-d) δ 187.26 , 166.47 , 142.61 , 139.10 , 

136.34 , 134.25 , 129.60 , 129.28 , 128.99 , 128.94 , 128.45 , 127.96 , 127.16 , 126.84 , 

126.50 , 69.72 , 65.42 , 56.07 , 47.03 , 35.64 , 35.34 . 

HRMS (ESI, m/z) calcd for C23H21N4O2ClNa [M+ Na]+: 443.1250, found: 

443.1245. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a (42.45 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3h (50.07 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:1, basified with 1.0% Et3N) to afford chiral product 5h 
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as white foamed solid (82.5 mg, yield: 98%, dr>50:1), the dr value was determined 

by crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, 

ee = 96% (Chiralpak column IA, λ = 254 nm,CH3OH/i-PrOH =90:10, flow rate: 0.5 

mL/min, 25 ℃, tr(minor) = 17.53 min, tr(major) = 13.69 min). [α]D = 24.37 (c 1.0, 

CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.44 (d, J = 7.5 Hz, 2H), 7.33 (t, J = 7.6 

Hz, 2H), 7.26 (d, J = 7.3 Hz, 2H), 7.18 – 7.02 (m, 3H), 6.88 (s, 1H), 6.73 (s, 1H), 5.61 

(s, 1H), 5.24 (s, 1H), 5.14 – 5.04 (m, 1H), 3.61 (s, 3H), 3.24 (s, 1H), 3.09 (s, 1H), 2.57 

(s, 2H).13C NMR (125 MHz, Chloroform-d) δ 187.79 , 166.63 , 142.59 , 139.15 , 

135.31 , 131.69 , 129.81 , 129.35 , 129.30 , 128.93 , 128.62 , 127.94 , 127.16 , 126.52 , 

66.12 , 63.92 , 56.53 , 47.44 , 35.50 . 

HRMS (ESI, m/z) calcd for C23H21N4O2ClNa [M+ Na]+: 443.1252, found: 

443.1245. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a 

(42.45mg, 0.20 mmol) was added continue stirring at room temperature for 30 

minutes, finally N,N’-cyclic azomethine imines 3i (60.74 mg, 0.24 mmol) was added. 

The reaction mixture was stirred at room temperature for indicated time (monitored 
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by TLC) under argon.The mixture was purified by flash column chromatography on 

silica gel (petroleum ether/ EtOAc = 1:1, basified with 1.0% Et3N) to afford chiral 

product 5i as white foamed solid (83.1mg, yield: 90%, dr>99:1), the dr value was 

determined by crude 1H NMR analysis. Enantiomeric excess was determined by 

HPLC analysis, ee = 97% (Chiralpak column IA, λ = 254 nm, MeOH/i-PrOH =90:10, 

flow rate: 0.7 mL/min, 25 ℃, tr(minor) = 24.28 min, tr(major) = 11.13min). [α]D = 

-84.83 (c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (d, J = 7.5 Hz, 2H), 7.31 (dd, J = 13.8, 

7.9 Hz, 4H), 7.23 (d, J = 7.1 Hz, 1H), 6.99 – 6.90 (m, 3H), 6.80 (s, 1H), 5.71 (d, J = 

5.9 Hz, 1H), 5.01 (dd, J = 7.8, 6.1 Hz, 1H), 4.84 – 4.69 (m, 1H), 3.61 (s, 3H), 3.17 (t, 

J = 9.7 Hz, 1H), 3.07 (s, 1H), 2.59 (ddd, J = 16.7, 9.3, 4.7 Hz, 1H), 2.41 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 187.05 , 167.51 , 142.48 , 139.52 , 

133.30 , 131.48 , 130.70 , 129.31 , 128.90 , 127.87 , 127.11 , 126.40 , 122.47 , 69.53 , 

65.59 , 55.91 , 45.80 , 35.67 , 34.76 . 

HRMS (ESI, m/z) calcd for C23H22N4O2Br [M+ H]+: 465.0920, found: 465.0921. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a (42.45 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3j (52.61 mg, 0.24 mmol) was added. The reaction 
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mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:1, basified with 1.0% Et3N) to afford chiral product 5j 

as yellow foamed solid (57.4 mg, yield: 67%, dr>30:1), the dr value was determined 

by crude 1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, 

ee = 95% (Chiralpak column IG, λ = 254 nm,CH3OH /i-PrOH =90:10, flow rate: 0.5 

mL/min, 25 ℃, tr(minor) = 28.05 min, tr(major) = 12.61min). [α]D = -87.17 (c 1.0, 

CHCl3). 

HRMS (ESI, m/z) calcd for C23H21N5O4Na [M+ Na]+: 454.1489, found: 

454.1486. 

 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a 

(42.45mg, 0.20 mmol) was added continue stirring at room temperature for 30 

minutes, finally N,N’-cyclic azomethine imines 3k (53.82 mg, 0.24 mmol) was 

added. The reaction mixture was stirred at room temperature for indicated time 

(monitored by TLC) under argon.The mixture was purified by flash column 

chromatography on silica gel (petroleum ether/ EtOAc = 1:1, basified with 1.0% 
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Et3N) to afford chiral product 5k as pale yellow foamed solid (62.7 mg, yield: 72%, 

dr>99:1), the dr value was determined by crude 1H NMR analysis. Enantiomeric 

excess was determined by HPLC analysis, ee = 93% (Chiralpak column IA, λ = 254 

nm CH3OH/i-PrOH =90:10, flow rate: 0.7 mL/min, 25 ℃, tr(minor) = 31.05 min, 

tr(major) = 12.65min). [α]D = -96.59 (c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.75 – 7.65 (m, 2H), 7.61 (d, J = 8.5 Hz, 

1H), 7.55 (s, 1H), 7.46 (d, J = 7.6 Hz, 2H), 7.41 (dd, J = 6.3, 3.2 Hz, 2H), 7.33 (t, J = 

7.5 Hz, 2H), 7.23 (d, J = 7.6 Hz, 1H), 7.16 (dd, J = 8.6, 1.8 Hz, 1H), 6.85 (s, 1H), 

6.57 (s, 1H), 5.82 (s, 1H), 5.09 (dd, J = 7.8, 5.9 Hz, 1H), 4.93 (s, 1H), 3.38 (s, 3H), 

3.17 (t, J = 10.1 Hz, 2H), 2.56 (dt, J = 14.5, 6.9 Hz, 1H), 2.37 (s, 1H). 

13C NMR (125 MHz, Chloroform-d) δ 187.46, 167.59, 142.68, 139.77, 132.90, 

131.67, 129.13, 128.93, 128.43, 128.00, 127.86, 127.53, 126.84, 126.49, 126.44, 

70.36, 65.85, 56.12, 46.08, 35.39, 34.91. 

N

N

O

N
N

O

S

5l  

Following General Procedure, A dried 25 mL Schlenk tube was charged with 

chiral catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove 

box. Then the tube was purged with argon and anhydrous DCE (2 mL) was added. 

Stir at room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles 2a (42.45 

mg, 0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3l (43.25 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:1, basified with 1.0% Et3N) to afford chiral product 5l 
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as white crystal (22.4 mg, yield: 29%, dr>99:1), the dr value was determined by crude 

1H NMR analysis. Enantiomeric excess was determined by HPLC analysis, ee = 84% 

(Chiralpak column IG, λ = 254 nm, MeOH/i-PrOH =90:10, flow rate: 0.5 mL/min, 25 

℃, tr(minor) = 28.05 min, tr(major) = 12.61min). [α]D = -89.16 (c 1.0, CHCl3). 

1H NMR (400 MHz, Chloroform-d) δ 7.52 (d, J = 7.5 Hz, 2H), 7.37 (t, J = 7.6 

Hz, 2H), 7.29 (d, J = 8.4 Hz, 1H), 7.24 (d, J = 5.1 Hz, 1H), 7.08 (s, 1H), 6.99 – 6.84 

(m, 2H), 6.78 (d, J = 2.5 Hz, 1H), 5.91 (d, J = 7.5 Hz, 1H), 5.37 (d, J = 7.1 Hz, 1H), 

4.98 (t, J = 7.3 Hz, 1H), 3.71 (s, 3H), 3.43 (q, J = 10.0 Hz, 1H), 3.13 (q, J = 10.2 Hz, 

1H), 2.64 (ddd, J = 16.7, 10.3, 6.4 Hz, 1H), 2.28 (s, 1H).13C NMR (125 MHz, 

Chloroform-d) δ 186.15 , 169.59 , 142.58 , 140.25 , 135.37 , 129.39 , 128.92 , 128.58 , 

127.77 , 127.41 , 126.94 , 126.74 , 126.40 , 66.31 , 64.97 , 55.20 , 43.63 , 35.73 , 

33.85 . 

HRMS (ESI, m/z) calcd for C21H20N4O2NaS [M+ Na]+: 415.1200, found: 

415.1199. 

 

Following General Procedure, A dried 25 mL Schlenk tube was charged with chiral 

catalyst Fe-BPsalan (5.0 mol%) and silver salt (5.0 mol% AgSbF6) in the glove box. 

Then the tube was purged with argon and anhydrous DCE (2 mL) was added. Stir at 

room temperature for 30 minutes. ɑ,β-unsaturated 1-acylimidazoles  (41.85 mg, 

0.20 mmol) was add continue stirring at room temperature for 30 minutes, finally 

N,N’-cyclic azomethine imines 3a (43.25 mg, 0.24 mmol) was added. The reaction 

mixture was stirred at room temperature for indicated time (monitored by TLC) under 

argon.The mixture was purified by flash column chromatography on silica gel 

(petroleum ether/ EtOAc = 1:1, basified with 1.0% Et3N) to afford chiral product 6 as 

a white foamed solid (57.2 mg, yield: 75%). m.p. 181-183 oC 
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1H NMR (400 MHz, CDCl3) δ 8.48 (d, J = 4.8 Hz, 1H), 7.63–7.43 (m, 4H), 7.33 (t, J 

= 7.6 Hz, 2H), 7.28 (s, 1H), 7.23 (d, J = 8.1 Hz, 1H), 7.13–7.04 (m, 3H), 7.02–6.93 

(m, 2H), 5.94 (d, J = 6.4 Hz, 1H), 5.16 (t, J = 7.2 Hz, 1H), 4.96 (s, 1H), 3.35–3.19 (m, 

1H), 3.08–2.95 (m, 1H), 2.61–2.42 (m, 1H), 2.30–2.11 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 197.06, 168.97, 152.70, 148.56, 140.54, 136.68, 

134.19, 129.34, 128.89, 128.59, 128.38, 127.67, 127.13, 126.30, 122.28, 69.74, 65.28, 

56.39, 44.73, 34.21. 

HRMS (ESI, m/z) calcd for C24H21N3O2Na [M+Na]+: 406.1526, found: 406.1522. 

HPLC: Chiralpak column AD-H, λ = 254 nm, heptane/isopropanol 70:30; flow 

rate=0.7 ml/min; detection. tr (major) = 13.09 min; tr (minor) = 21.14 min (ee = 76%). 

[α]D 27 = -114.1 (c = 0.1425, CHCl3) 
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5. 1H NMR and 13C NMR Spectra 

 

 

 

Figure S1. 1H and 13C NMR spectrum of 4a. 
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Figure S2. 1H and 13C NMR spectrum of 4b. 
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Figure S3. 1H and 13C NMR spectrum of 4c. 
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Figure S4. 1H and 13C NMR spectrum of 4d. 
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Figure S5. 1H and 13C NMR spectrum of 4e. 
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Figure S6. 1H and 13C NMR spectrum of 4f. 

 

 

 



 

Figurre S7. 1H an
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nd 13C NMRR spectrum of 4g. 

 

 



50 

 

 

 

 

 

Figure S8. 1H and 13C NMR spectrum of 4h. 
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Figure S9. 1H and 13C NMR spectrum of 4i. 
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Figure S10. 1H and 13C NMR spectrum of 4j. 
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Figure S11. 1H and 13C NMR spectrum of 4k. 
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Figure S12. 1H and 13C NMR spectrum of 4l. 
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Figure S13. 1H and 13C NMR spectrum of 4m. 
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Figure S14. 1H and 13C NMR spectrum of 4n. 

 

. 
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Figure S15. 1H and 13C NMR spectrum of 4o. 

 

 



58 

 

 

 

Figure S16. 1H and 13C NMR spectrum of 4p. 
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Figure S17. 1H and 13C NMR spectrum of 4q. 
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Figure S18. 1H and 13C NMR spectrum of 4r. 

 

\ 
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Figure S19. 1H and 13C NMR spectrum of 4s. 
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Figure S20. 1H and 13C NMR spectrum of 4t. 
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Figure S21. 1H and 13C NMR spectrum of 5a. 
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Figure S22. 1H and 13C NMR spectrum of 5b. 
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Figure S23. 1H and 13C NMR spectrum of 5c. 
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Figure S24. 1H and 13C NMR spectrum of 5d. 
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Figure S25. 1H and 13C NMR spectrum of 5e. 
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Figure S26. 1H and 13C NMR spectrum of of 5f. 
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Figure S27. 1H and 13C NMR spectrum of of 5g. 
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Figure S28. 1H and 13C NMR spectrum of of 5h. 
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Figure S29. 1H and 13C NMR spectrum of 5i. 
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Figure S30. 1H and 13C NMR spectrum of 5j. 
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Figure S32. 1H and 13C NMR spectrum of 5l. 
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Figure S33. 1H and 13C NMR spectrum of 6. 
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7. X-Ray Crystallography 

Product 4i 

 

 

Table 1.  Crystal data and structure refinement for mj21404_0m. 

Identification code  mj21404_0m 

Empirical formula  C23 H21 Cl N4 O2 

Formula weight  420.89 

Temperature  212.99 K 

Wavelength  1.34139 Å 

Crystal system  Orthorhombic 

Space group  P212121 

Unit cell dimensions a = 6.35740(10) Å = 90°. 

 b = 17.1204(3) Å = 90°. 

 c = 19.4098(4) Å  = 90°. 

Volume 2112.59(7) Å3 

Z 4 

Density (calculated) 1.323 Mg/m3 

Absorption coefficient 1.196 mm-1 

F(000) 880 

Crystal size 0.15 x 0.08 x 0.06 mm3 

Theta range for data collection 2.994 to 54.816°. 

Index ranges -7<=h<=5, -15<=k<=20, -23<=l<=17 
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Reflections collected 12916 

Independent reflections 3796 [R(int) = 0.0486] 

Completeness to theta = 53.594° 98.1 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7508 and 0.5250 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3796 / 0 / 272 

Goodness-of-fit on F2 1.052 

Final R indices [I>2sigma(I)] R1 = 0.0337, wR2 = 0.0854 

R indices (all data) R1 = 0.0363, wR2 = 0.0873 

Absolute structure parameter 0.066(8) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.189 and -0.168 e.Å-3 

 

 

Table 2.   Bond lengths [Å] and angles [°] for  mj21404_0m. 

_____________________________________________________  

Cl(1)-C(16)  1.742(2) 

O(1)-C(19)  1.214(3) 

O(2)-C(4)  1.221(3) 

N(1)-N(2)  1.447(2) 

N(1)-C(1)  1.495(3) 

N(1)-C(6)  1.492(3) 

N(2)-C(3)  1.461(2) 

N(2)-C(4)  1.360(3) 

N(3)-C(20)  1.328(3) 

N(3)-C(21)  1.363(3) 

N(4)-C(20)  1.358(3) 

N(4)-C(22)  1.359(4) 

N(4)-C(23)  1.463(4) 

C(1)-H(1)  0.9900 

C(1)-C(2)  1.550(3) 

C(1)-C(7)  1.514(3) 

C(2)-H(2)  0.9900 

C(2)-C(3)  1.549(3) 

C(2)-C(19)  1.513(3) 

C(3)-H(3)  0.9900 
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C(3)-C(13)  1.510(3) 

C(4)-C(5)  1.503(3) 

C(5)-H(5A)  0.9800 

C(5)-H(5B)  0.9800 

C(5)-C(6)  1.519(4) 

C(6)-H(6A)  0.9800 

C(6)-H(6B)  0.9800 

C(7)-C(8)  1.392(3) 

C(7)-C(12)  1.391(3) 

C(8)-H(8)  0.9400 

C(8)-C(9)  1.386(3) 

C(9)-H(9)  0.9400 

C(9)-C(10)  1.375(5) 

C(10)-H(10)  0.9400 

C(10)-C(11)  1.377(5) 

C(11)-H(11)  0.9400 

C(11)-C(12)  1.385(4) 

C(12)-H(12)  0.9400 

C(13)-C(14)  1.388(3) 

C(13)-C(18)  1.381(3) 

C(14)-H(14)  0.9400 

C(14)-C(15)  1.390(3) 

C(15)-H(15)  0.9400 

C(15)-C(16)  1.370(4) 

C(16)-C(17)  1.382(4) 

C(17)-H(17)  0.9400 

C(17)-C(18)  1.384(3) 

C(18)-H(18)  0.9400 

C(19)-C(20)  1.458(3) 

C(21)-H(21)  0.9400 

C(21)-C(22)  1.356(5) 

C(22)-H(22)  0.9400 

C(23)-H(23A)  0.9700 

C(23)-H(23B)  0.9700 

C(23)-H(23C)  0.9700 

 

N(2)-N(1)-C(1) 103.86(14) 

N(2)-N(1)-C(6) 103.53(17) 
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C(6)-N(1)-C(1) 117.57(17) 

N(1)-N(2)-C(3) 109.90(15) 

C(4)-N(2)-N(1) 114.58(16) 

C(4)-N(2)-C(3) 124.83(17) 

C(20)-N(3)-C(21) 104.7(2) 

C(20)-N(4)-C(22) 106.7(2) 

C(20)-N(4)-C(23) 128.0(2) 

C(22)-N(4)-C(23) 125.1(2) 

N(1)-C(1)-H(1) 108.3 

N(1)-C(1)-C(2) 99.33(15) 

N(1)-C(1)-C(7) 115.99(17) 

C(2)-C(1)-H(1) 108.3 

C(7)-C(1)-H(1) 108.3 

C(7)-C(1)-C(2) 116.01(17) 

C(1)-C(2)-H(2) 107.8 

C(3)-C(2)-C(1) 105.88(15) 

C(3)-C(2)-H(2) 107.8 

C(19)-C(2)-C(1) 113.63(16) 

C(19)-C(2)-H(2) 107.8 

C(19)-C(2)-C(3) 113.72(16) 

N(2)-C(3)-C(2) 102.55(15) 

N(2)-C(3)-H(3) 108.9 

N(2)-C(3)-C(13) 113.91(17) 

C(2)-C(3)-H(3) 108.9 

C(13)-C(3)-C(2) 113.41(16) 

C(13)-C(3)-H(3) 108.9 

O(2)-C(4)-N(2) 123.7(2) 

O(2)-C(4)-C(5) 128.7(2) 

N(2)-C(4)-C(5) 107.59(18) 

C(4)-C(5)-H(5A) 110.8 

C(4)-C(5)-H(5B) 110.8 

C(4)-C(5)-C(6) 104.82(17) 

H(5A)-C(5)-H(5B) 108.9 

C(6)-C(5)-H(5A) 110.8 

C(6)-C(5)-H(5B) 110.8 

N(1)-C(6)-C(5) 107.36(18) 

N(1)-C(6)-H(6A) 110.2 

N(1)-C(6)-H(6B) 110.2 
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C(5)-C(6)-H(6A) 110.2 

C(5)-C(6)-H(6B) 110.2 

H(6A)-C(6)-H(6B) 108.5 

C(8)-C(7)-C(1) 124.3(2) 

C(12)-C(7)-C(1) 117.7(2) 

C(12)-C(7)-C(8) 118.0(2) 

C(7)-C(8)-H(8) 119.6 

C(9)-C(8)-C(7) 120.8(2) 

C(9)-C(8)-H(8) 119.6 

C(8)-C(9)-H(9) 119.9 

C(10)-C(9)-C(8) 120.3(3) 

C(10)-C(9)-H(9) 119.9 

C(9)-C(10)-H(10) 120.1 

C(9)-C(10)-C(11) 119.8(3) 

C(11)-C(10)-H(10) 120.1 

C(10)-C(11)-H(11) 120.0 

C(10)-C(11)-C(12) 120.1(3) 

C(12)-C(11)-H(11) 120.0 

C(7)-C(12)-H(12) 119.5 

C(11)-C(12)-C(7) 121.0(3) 

C(11)-C(12)-H(12) 119.5 

C(14)-C(13)-C(3) 119.45(19) 

C(18)-C(13)-C(3) 121.52(18) 

C(18)-C(13)-C(14) 119.0(2) 

C(13)-C(14)-H(14) 119.9 

C(13)-C(14)-C(15) 120.3(2) 

C(15)-C(14)-H(14) 119.9 

C(14)-C(15)-H(15) 120.2 

C(16)-C(15)-C(14) 119.6(2) 

C(16)-C(15)-H(15) 120.2 

C(15)-C(16)-Cl(1) 119.87(19) 

C(15)-C(16)-C(17) 121.1(2) 

C(17)-C(16)-Cl(1) 119.0(2) 

C(16)-C(17)-H(17) 120.5 

C(16)-C(17)-C(18) 118.9(2) 

C(18)-C(17)-H(17) 120.5 

C(13)-C(18)-C(17) 121.1(2) 

C(13)-C(18)-H(18) 119.5 
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C(17)-C(18)-H(18) 119.5 

O(1)-C(19)-C(2) 122.17(19) 

O(1)-C(19)-C(20) 121.95(19) 

C(20)-C(19)-C(2) 115.87(18) 

N(3)-C(20)-N(4) 111.6(2) 

N(3)-C(20)-C(19) 123.7(2) 

N(4)-C(20)-C(19) 124.7(2) 

N(3)-C(21)-H(21) 124.6 

C(22)-C(21)-N(3) 110.7(3) 

C(22)-C(21)-H(21) 124.6 

N(4)-C(22)-H(22) 126.8 

C(21)-C(22)-N(4) 106.4(2) 

C(21)-C(22)-H(22) 126.8 

N(4)-C(23)-H(23A) 109.5 

N(4)-C(23)-H(23B) 109.5 

N(4)-C(23)-H(23C) 109.5 

H(23A)-C(23)-H(23B) 109.5 

H(23A)-C(23)-H(23C) 109.5 

H(23B)-C(23)-H(23C) 109.5 

_____________________________________________________________  

 

 

Table 3.  Torsion angles [°] for mj21404_0m. 

________________________________________________________________  

Cl(1)-C(16)-C(17)-C(18) 179.11(19) 

O(1)-C(19)-C(20)-N(3) 163.0(2) 

O(1)-C(19)-C(20)-N(4) -15.5(4) 

O(2)-C(4)-C(5)-C(6) -176.2(2) 

N(1)-N(2)-C(3)-C(2) 13.98(19) 

N(1)-N(2)-C(3)-C(13) -108.97(18) 

N(1)-N(2)-C(4)-O(2) -174.01(19) 

N(1)-N(2)-C(4)-C(5) 7.7(2) 

N(1)-C(1)-C(2)-C(3) -34.11(18) 

N(1)-C(1)-C(2)-C(19) -159.63(16) 

N(1)-C(1)-C(7)-C(8) 79.6(3) 

N(1)-C(1)-C(7)-C(12) -99.4(2) 

N(2)-N(1)-C(1)-C(2) 42.34(18) 
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N(2)-N(1)-C(1)-C(7) -82.7(2) 

N(2)-N(1)-C(6)-C(5) 14.2(2) 

N(2)-C(3)-C(13)-C(14) -147.9(2) 

N(2)-C(3)-C(13)-C(18) 33.7(3) 

N(2)-C(4)-C(5)-C(6) 1.9(2) 

N(3)-C(21)-C(22)-N(4) 1.0(3) 

C(1)-N(1)-N(2)-C(3) -37.1(2) 

C(1)-N(1)-N(2)-C(4) 109.33(18) 

C(1)-N(1)-C(6)-C(5) -99.6(2) 

C(1)-C(2)-C(3)-N(2) 13.37(18) 

C(1)-C(2)-C(3)-C(13) 136.65(17) 

C(1)-C(2)-C(19)-O(1) 118.6(2) 

C(1)-C(2)-C(19)-C(20) -60.6(2) 

C(1)-C(7)-C(8)-C(9) 179.9(2) 

C(1)-C(7)-C(12)-C(11) 178.4(2) 

C(2)-C(1)-C(7)-C(8) -36.4(3) 

C(2)-C(1)-C(7)-C(12) 144.6(2) 

C(2)-C(3)-C(13)-C(14) 95.3(2) 

C(2)-C(3)-C(13)-C(18) -83.1(2) 

C(2)-C(19)-C(20)-N(3) -17.9(3) 

C(2)-C(19)-C(20)-N(4) 163.6(2) 

C(3)-N(2)-C(4)-O(2) -33.3(3) 

C(3)-N(2)-C(4)-C(5) 148.5(2) 

C(3)-C(2)-C(19)-O(1) -2.7(3) 

C(3)-C(2)-C(19)-C(20) 178.22(18) 

C(3)-C(13)-C(14)-C(15) -178.7(2) 

C(3)-C(13)-C(18)-C(17) 178.8(2) 

C(4)-N(2)-C(3)-C(2) -128.28(19) 

C(4)-N(2)-C(3)-C(13) 108.8(2) 

C(4)-C(5)-C(6)-N(1) -10.3(3) 

C(6)-N(1)-N(2)-C(3) -160.48(17) 

C(6)-N(1)-N(2)-C(4) -14.0(2) 

C(6)-N(1)-C(1)-C(2) 155.96(17) 

C(6)-N(1)-C(1)-C(7) 30.9(3) 

C(7)-C(1)-C(2)-C(3) 90.9(2) 

C(7)-C(1)-C(2)-C(19) -34.6(2) 

C(7)-C(8)-C(9)-C(10) 1.1(4) 

C(8)-C(7)-C(12)-C(11) -0.7(4) 
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C(8)-C(9)-C(10)-C(11) 0.7(5) 

C(9)-C(10)-C(11)-C(12) -2.4(5) 

C(10)-C(11)-C(12)-C(7) 2.4(4) 

C(12)-C(7)-C(8)-C(9) -1.1(3) 

C(13)-C(14)-C(15)-C(16) -0.1(4) 

C(14)-C(13)-C(18)-C(17) 0.4(3) 

C(14)-C(15)-C(16)-Cl(1) -179.0(2) 

C(14)-C(15)-C(16)-C(17) 0.3(4) 

C(15)-C(16)-C(17)-C(18) -0.2(4) 

C(16)-C(17)-C(18)-C(13) -0.2(4) 

C(18)-C(13)-C(14)-C(15) -0.3(4) 

C(19)-C(2)-C(3)-N(2) 138.83(17) 

C(19)-C(2)-C(3)-C(13) -97.89(19) 

C(20)-N(3)-C(21)-C(22) -0.5(3) 

C(20)-N(4)-C(22)-C(21) -1.0(3) 

C(21)-N(3)-C(20)-N(4) -0.1(3) 

C(21)-N(3)-C(20)-C(19) -178.8(2) 

C(22)-N(4)-C(20)-N(3) 0.7(3) 

C(22)-N(4)-C(20)-C(19) 179.4(2) 

C(23)-N(4)-C(20)-N(3) 175.0(3) 

C(23)-N(4)-C(20)-C(19) -6.4(4) 

C(23)-N(4)-C(22)-C(21) -175.5(3) 

________________________________________________________________  

 

 

Table 4.  Hydrogen bonds for mj21404_0m  [Å and °]. 

____________________________________________________________________________  

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

____________________________________________________________________________  
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