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I General Information 

All reactions were performed in Schlenk tubes under an atmosphere of argon using 

oven-dried glassware. Commercially obtained reagents were used without further 

purification, unless otherwise noted. THF and toluene were distilled freshly before 

using over sodium and benzophenone. Dichloromethane (DCM) and 1,2-

dichloroethane (DCE) from CaH2. Reactions were checked for completion by TLC 

analysis and plates were visualized with short-wave UV light (254 nm). The 1H and 13C 

NMR spectra were obtained in CDCl3 using a Bruker-BioSpin AVANCE III HD NMR 

spectrometer at 400 and 100 MHz respectively. Chemical shifts are reported in parts 

per million (δ value) calibrated against the residual solvent peak. Signal patterns are 

indicated as follows: s, singlet; d, doublet; t, triplet; q, quartet; m, mul-tiplet. Coupling 

constants (J) are given in hertz (Hz). HPLC analysis of the compounds were done using 

IA-IF and AD-H columns using hexane and isopropanol as eluent. The infrared spectra 

were recorded on a Bruker VERTEX 70 IR spectrometer as KBr pellets, with absorption 

reported in cm-1. High-resolution mass spectra were recorded on a Bruker Impact II 

UHR TOF LC/MS Mass Spectrometry. 
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II Optimization of Reaction Conditions 

Table S1. Screening Catalysts.a 

 

Entry Λ-M d.r.b Yield(%)c ee (%)d 

1 Λ-Ir 53:47 36 0 

2 Λ-Rh1 74:26 72 93 

3 Λ-Rh2 64:36 84 91 

4 Λ-Rh3 75:25 67 50 

5 Λ-Rh4 82:18 65 91 

6 Λ-Rh5 83:17 90 95 

aReaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), catalyst (2 mol%), DCE (0.4 mL) under 

irradiation with 20W blue LEDs. bDetermined by 1H NMR analysis of the crude reaction mixture. 
cNMR yields using 1,3,5-trimethoxybenzene as internal standard. dDetermined by chiral HPLC 

analysis. 

 

Table S2. Screening Solvents.a 

 

Entry Solvent d.r.b Yield(%)c ee (%)d 

1 DCE 83:17 90 95 

2 THF 76:24 33 85 

3 toulene 86:14 36 94 

4 DCM 84:16 73 95 

5 CHCl3 71:29 21 85 

6 MeCN 87:13 69 89 

aReaction conditions:1a (0.1mmol), 2a (0.2mmol), Λ-Rh5(2 mol%) in 0.4 mL solvent under 20W 

blue LEDs. bDetermined by 1H NMR analysis of the crude reaction mixture. cNMR yields using 

1,3,5-trimethoxybenzene as internal standard. dDetermined by chiral HPLC analysis.  
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III Mechanism Investigation 

a) Substrate-Coordinated Rhodium Complex rac-Rh-IM 

 

Procedure: To a Mixture of Michael acceptor 1a (12.0 mg, 0.05mmol) and rac-Rh5 

(63.0 mg, 0.05 mmol) was added DCE (1.0 mL) at room temperature and stirred for 3 

mins. Afterwards, the solution was evaporated for the crude 1H NMR (figure S1). The 

labile ligands (CH3CN) were completely removed. 

  Signals of t-Bu in complex of rac-Rh5  

  Signals of t-Bu in complex of rac-Rh5-IM 

  Signals of CH3CN in complex of rac-Rh5 

  Signals of i-Pr in complex of rac-Rh5-IM 

 

 

Figure S1. 1H NMR spectra of rac-Rh5, rac-Rh5-IM and the crude mixture. 

 

1H NMR of rac-Rh5 

1H NMR of rac-Rh5-IM 

1H NMR of crude mixture after 3mins 
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b) Control experiment with other Lewis catalysts instead of Λ-Rh5 

 

Other Lewis acid catalysts such as Sc(OTf)3 and Gd(OTf)3 were introduced to the 

reaction instead of Λ-Rh5, resulting in sluggish transformations, gave product 3a in 26% 

and 12% yield, respectively.  

c) Control experiment in the presence of air 

 

Performed in analogy to entry 6 of Table S1 by using undegassed DCE as solvent. 

Product 3a was obtained in 43% yield with 80:20 dr, 92% ee after 12 h. 

d) Control experiment with radical inhibitor TEMPO 

 

Under the identical conditions, 2.0 equivalent radical inhibitor TEMPO was added to 

reaction mixture. Product 3a was offered with 25% yield, 80:20 dr and 92% ee after 12 

h. 

e) Control experiments in deuterated solvent 

The deuterium labeling experiments were performed according to general procedure. 

The ratios of H/D was calculated by 1H NMR analysis.  
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f) UV/Vis-Absorption Spectra 

The absorption spectra of the catalyst rac-Rh5 and rac-Rh5-IM were measured in 

solution of DCE. As shown in Figure S2. 

 

Figure S2. UV/Vis-absorption spectra of the catalyst rac-Rh5 and rac-Rh5-IM. 

Measured as solutions in THF (2*10-5 M). a.u. = absorbance units. 

 

g) Luminescence Quenching Experiments 

The luminescence quenching experiments were investigated in the presence of catalyst 

rac-Rh5 and rac-Rh5-IM. Emission intensities were recorded on a Spectra Max M5 

microplate reader in a 10.0 mm quartz cuvette. All the solutions were excited at 280 nm 

and the emission was measured at 420 nm. The concentration of the photoredox catalyst 

solution (rac-Rh5 and rac-Rh5-IM) was 0.2 mM in DCE. The concentration of the 

quencher (2-phenyl-1,2,3,4-tetrahydroisoquinoline 2a) stock solution was 0.18 M in 

DCE. For each quenching experiment, 10 μL of this stock solution were titrated to a 

solution (3.0 mL) of rhodium complex in a screw-top quartz cuvette. The addition of 

10 μL stock solution refers to an increase of the quencher concentration of 0.6 mM. 

After degassing with an argon stream for 5 minutes, the emission intensity was collected. 
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Figure S3. Stern-Volmer plots. I0 and I are respective luminescence intensities in the 

absence and presence of the quencher (2-phenyl-1,2,3,4-tetrahydroisoquinoline 2a). 

h) Quantum Yield Measurement 

1) Measurement of light intensity at 420 nm 

The photon flux of the spectrophotomete was measured by standard 

ferrioxalateactinometry1. A 0.15 M solution of ferrioxalate was prepared by dissolving 

1.47 g of potassium ferrioxalate hydrate in 20 mL of 0.05 M H2SO4. A buffered solution 

of phenanthroline was prepared by dissolving 5.0 mg of phenanthroline and 1.125 g of 

sodium acetate in 5 mL of 0.5 M H2SO4. Both solutions were prepared and stored in 

the dark.  

To determine the photon flux of the spectrophotometer, 2.5 mL of the ferrioxalate 

solution was placed in a cuvette and irradiated for 90.0 seconds at λ = 420 nm with an 

emission slit width at 10.0 nm. After irradiation, 0.44 mL of the phenanthroline solution 

was added to the cuvette. The solution was kept in dark for 1 h to make sure the 

complete coordination. The absorbance of the actinometry solution was monitored at 

510 nm. The absorbance of a non-irradiated (in dark) sample was also measured at 510 

nm. The moles of Fe2+ formed was determined using Beer’s Law: 

 

Where V is the total volume (0.00294 L) of the solution after addition of phenanthroline, 

A is the difference in absorbance at 510 nm between the irradiated and non-irradiated 

solutions, l is the path length (1.0 cm), and the  is the molar absorptivity at 510 nm 

(11,100 mol-1cm-1). ɛ (510 nm) is the molar absorptivity of Fe(phen)3
2+ (11100 L mol-

1cm-1). The photon flux can be calculated as:  

 

Where Φ is the quantum yield for the ferrioxalateactinometer (1.05 for a 0.15 solution 

at 412 nm; 1.04 for a 0.15 solution at 422 nm; 1.03 for a 0.15 solution at 433 nm)1, t is 

the irradiated time (90 s), and f is the fraction of light absorbed at λ = 420 nm (f = 110-

A). The measurement of the fraction of the light at 420 nm for the ferrioxalate solution 

was shown in Figure S4. The absorbance of the ferrioxalate solution at 420 nm is >3 
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indicating f (f = 110-A) is >0.999. The photon flux was calculated (average of three 

experiments) to be 8.4210-10einstein s-1. 

 

Figure S4. Absorbance of the ferrioxalateactinometer solution (0.15 M). 

 

Sample calculation:  

 

2) Measurement of quantum yield: 

Model reaction:  

 

A screw-top cuvette (10.0 mm) was charged with 1a (0.1 mmol, 1.0 eq.), 2a (0.2 mmol, 

2.0 eq.), catalyst rac-Rh5 (2 mol%) and 0.4 mL DCE (0.25 M). The sample was stirred 

and irradiated (λ = 420 nm, slit width = 10.0 nm) for 7200 s (2 h). After irradiation, the 

yield of product formed was determined by 1H NMR base on 1,3,5-trimethoxybenzene 

as internal standard. The quantum yield was determined as following: 
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Figure S5. Absorbance of a 1.0  10-2 M solution of rac-Rh5-IM in DCE. Absorbance 

at 420 nm (>3) demonstrating that the fraction of light absorbed is >0.999 (f = 1-10A(420 

nm)). 

 

i) Explanation of proposed mechanism. 

 

Figure S6. Proposed mechanism. 

The proposed mechanism is shown in Figure S6. Substrate 1 first coordinates with 
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rhodium complex in bidentate fashion to generate intermediate I. Then, N,O-rhodium-

coordinated α, β-unsaturated 2-acyl imidazoles complex (intermediate I) is 

photoexcited and reduced by tetrahydroisoquinoline 2, thus generating an α-amino 

radical, which subsequently added to intermediate I to generate the secondary radical 

intermediate II. Intermediate III (rhodium enolate), which generated from intermediate 

II via single electron transfer (SET) process results in rhodium-coordinated product IV 

by protonation with H+. The desired product is released by replacement of the 

coordinated product IV by 1a. However, a quantum yield measurement shows that a 

quantum yield of this reaction is over 2, which indicates that radical intermediate II 

might not only accept a single electron from the reduced photosensitizer I-, but also 

from substrate 2, thus leading to a chain propagation cycle (M. A. Cismesia and T. P. 

Yoon, Chem. Sci., 2015, 6, 5426-5434). 

  



11 
 

IV Experimental Section 

1. Synthesis of chiral catalysts. 

(a) Ʌ-Ir2, Ʌ-Rh12, Ʌ-Rh22, Ʌ-Rh33 and Ʌ-Rh44 were prepared according to reported 

procedure. 

(b) General procedure to synthesize Ʌ-Rh5. 

Ligand synthesis: 

 

A solution of 2-amino-4-tert-butylphenol (0.825 g, 5.0 mmol) and 3',5'-

bis(trifluoromethyl)-[1,1'-biphenyl]-2-carbaldehyde (1.59 g, 5.0 mmol) in m-xylene 

(16.0 mL) was stirred at 120 °C for 30 mins. 4-Methoxy-TEMPO (46.5 mg, 5 mol%) 

was added to the mixture and the reaction was stirred at this temperature for further 8 

h under oxygen atmosphere. Then the mixture was cooled to room temperature and 

concentrated under reduced pressure. The residue was purified by flash 

chromatography on silica gel (EtOAc/Petroleum ether = 1:20) to obtain the product 

(1.97 g, 85% yield). 

 

White solid, mp = 158-160 oC; 1H NMR (400 MHz, CDCl3): δ = 8.30-8.28 (m, 1H), 

7.91 (s, 1H), 7.82 (s, 2H), 7.68-7.68 (d, J = 1.2 Hz, 1H), 7.63-7.57 (m, 2H), 7.45-7.43 

(m, 1H), 7.37-7.34 (dd, J = 8.8 Hz, 1.5 Hz, 1H), 7.23-7.21 (d, J = 8.4 Hz, 1H), 1.35 (s, 

9H). 13C NMR (CDCl3, 100 MHz): δ = 162.2, 148.5, 148.3, 143.1, 141.4, 139.0, 131.3, 

131.2, 131.1 (q, J = 33.2 Hz), 130.8, 129.6 (q, J = 2.7 Hz), 129.0, 126.2, 123.4 (q, J = 
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271.0 Hz), 123.3, 121.1 (q, J = 3.9 Hz), 116.7, 109.5, 34.9, 31.7. 19F NMR (376.4 MHz, 

CDCl3): δ = -62.8. IR (KBr): ν(cm-1) 3026, 2962, 2870, 1581, 1549, 1481, 1463, 1394, 

1380, 1366, 1334, 1275, 1179, 1162, 1131, 1115, 1045, 904, 774, 680. HRMS (ESI, 

m/z) calcd for C25H20F6NO[M+H]+: 464.1444, found: 464.1442. 

Precursor rhodium complex (Dimer): 

Ligand (1.9 g, 4.1 mmol) was added to RhCl3•3H2O (418.5 mg, 2.0 mmol) in a mixture 

of 2-ethoxyethanol and water (3:1, 92 mL). The reaction mixture was heated at 120 °C 

for 24 h under argon atmosphere. The resulting precipitate was collected by filtration, 

washed with methanol and dried to obtain the product dimer (1.7 g, 81% yield). 

 

Yellow solid. 1H NMR (400 MHz, CDCl3): δ = 8.26 (s, 4H), 7.99 (s, 4H), 7.92 (s, 8H), 

7.02-7.00 (d, J = 8.8 Hz, 4H), 6.91-6.85 (m, 8H), 6.79-6.77 (d, J = 8.8 Hz, 4H), 6.34-

6.33 (d, J = 7.2 Hz, 4H), 0.88 (s, 36H). 13C NMR (CDCl3, 100 MHz): δ = 169.1, 169.0, 

167.1, 166.8, 148.5, 147.0, 141.8, 138.3, 137.7, 133.8, 130.3, 127.2, 125.8, 124.2, 123.5 

(q, J = 271.0 Hz), 121.2 (q, J = 4.1 Hz), 121.2 (q, J = 3.5 Hz), 115.2, 109.8, 34.7, 31.1. 

19F NMR (376.4 MHz, CDCl3) δ = -62.5, -62.7. IR (KBr): ν(cm-1) 2966, 2908, 2871, 

1619, 1606, 1566, 1516, 1483, 1468, 1444, 1414, 1395, 1377, 1355, 1281, 1252, 1178, 

1136, 1106, 1057, 933, 900, 846, 806, 710, 682. HRMS (ESI, m/z) calcd for 

C100H72ClF24N4O4Rh2[M-Cl]+: 2090.3042, found: 2090.2991. 

Rhodium Auxiliary Complexes 
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To a solution of NaOMe (230 mg, 2.0 mmol) in methanol (120 mL), L-proline (108 

mg, 2.0 mmol) was added in one portion. The mixture was stirred for 10 min, to which 

a suspension of rhodium dimer (2.08 g, 1.0 mmol) was added. The mixture was stirred 

and heated at 50 °C for 12 h. After the mixture cooled to room temperature, CH2Cl2 

(16.0 mL) was added. The reaction mixture was stirred for a further 12 h. The solvent 

was removed in vacuo. The residue was purified by flash chromatography on silica gel 

(EtOAc/DCM = 1:5) to obtain the product Λ-(S) (752 mg, 33% yield). 

 

Yellow solid. [α]D
25 = +123.9 (c = 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 8.19-

8.18 (d, J = 1.2 Hz, 1H), 8.05 (s, 1H), 7.99-7.95 (d, J = 16.4 Hz, 4H), 7.55-7.52 (m, 

2H), 7.35-7.31 (t, J = 8.4 Hz, 2H), 7.28-7.28 (d, J = 1.2 Hz, 1H), 7.04-6.9 (m, 4H), 

6.85-6.83 (d, J = 7.2 Hz, 1H), 6.48-6.46 (d, J = 7.6 Hz, 1H), 4.29-4.24 (q, J = 7.6 Hz, 

1H), 4.07-4.01 (m, 1H), 2.86-2.81 (m, 1H), 2.26-2.21 (m, 2H), 2.09-1.99 (m, 1H), 1.75-

1.70 (m, 1H), 1.61-1.49 (m, 1H), 1.40 (s, 9H), 1.38 (s, 9H). 13C NMR (CDCl3, 100 

MHz): δ = 180.6, 171.5, 171.4,169.9, 169.9, 169.1, 168.8, 168.5, 168.1, 151.5, 150.4, 

147.9, 147.9, 142.0, 141.6, 138.7, 138.6, 137.5, 137.1, 135.3, 134.2, 131.3 (q, J = 33.1 

Hz), 131.0 (q, J = 32.5 Hz), 130.5, 130.4, 129.8, 129.8, 127.7, 127.5, 125.9, 125.4, 

124.3, 124.2, 123.5 (q, J = 271.1 Hz), 123.4 (q, J = 271.1 Hz), 121.6 (q, J = 3.4 Hz), 

121.6 (q, J = 4.3 Hz), 121.2 (q, J = 4.3 Hz), 121.2 (q, J = 3.1 Hz), 115.3, 111.7, 110.6, 

110.5, 63.9, 49.4, 35.4, 35.2, 31.7, 31.7, 29.7, 26.9. 19F NMR (376.4 MHz, CDCl3) δ = 

-62.7. IR (KBr): ν(cm-1) 1618, 1571, 1560, 1507, 1376, 1363, 1278, 1135, 1057, 709, 

682. HRMS (ESI, m/z) calcd for C55H44F12N3O4Rh[M+H]+: 1142.2222, found: 
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1142.2254. 

Synthesis of Non-Racemic Rhodium Catalysts. 

 

A suspension of the rhodium auxiliary complex Λ-(S) (239.0 mg, 0.28 mmol) and 

NH4PF6 (163.0 mg, 2.80 mmol) in acetonitrile (56.0 mL) was heated at 50 C for 24 h 

under argon in the dark. Then removed the solvent under reduced pressure and 

subjected to flash silica gel chromatography (100% CH2Cl2 to CH2Cl2/CH3CN = 20:1) 

to give the enantiopure catalyst Λ-Rh5 (132.7 mg, 49% yield). 

 

Pale yellow solid. [α]D
25 = +115.5 (c = 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 

8.04 (s, 2H), 7.98 (s, 2H), 7.90 (s, 4H), 7.64-7.61 (d, J = 8.8 Hz, 2H), 7.40-7.38 (d, J = 

8.8 Hz, 2H), 7.08-7.00 (s, 4H), 6.45-6.43 (d, J = 7.6 Hz, 2H),2.41 (s, 6H), 1.45 (s, 18H). 

13C NMR (CDCl3, 100 MHz): δ = 167.9, 167.9, 160.8, 160.4, 149.6, 145.8, 139.2, 136.8, 

135.0, 131.1, 129.5 (q, J = 33.2 Hz), 129.4, 128.0, 128.0, 125.4, 124.9, 123.5, 121.5 (q, 

J = 271.2 Hz), 120.5 (q, J = 3.4 Hz), 119.9 (q, J = 3.6 Hz), 119.9 (q, J= 4.0 Hz), 111.4, 

109.4, 33.5, 29.6, 1.4. 19F NMR (376.4 MHz, CDCl3) δ = -62.7, -71.6, -73.5. IR (KBr): 

ν(cm-1) 3056, 2965, 2872, 2289, 1620, 1578, 1517, 1483, 1417, 1378, 1280, 1180, 1135, 
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1107, 847, 709, 682, 558. HRMS (ESI, m/z) calcd for C54H42F12N4O2Rh[M+H]+: 

1110.2244, found: 1110.2187. 

2. General procedure (A) to synthesize α, β-unsaturated 2-acyl imidazoles 1a-1m, 

1p, 1q. 

 

2-Acetyl-imidazole S1(10.0 mmol, 1.0 equiv.) and EtOH (20 mL) were added to a 

50 mL RBF followed by corresponding aromatic aldehyde (10.5 mmol, 1.05 equiv.) 

and NaOH (11.0 mmol, 1.1 equiv.). The solution was stirred until the substrates 

consumption (detect by TLC), then transferred to separatory funnel. Saturated NaCl (30 

mL) and H2O (10 mL) were added and the mixture was extracted with DCM (3 x 25 

mL). The combined organic extracts were dried over sodium sulfate, filtered, and 

concentrated on a rotatory evaporator. The resulting residue was purified by column 

chromatography on silica gel (EtOAc/Petroleum ether = 1:9) to give the desired 

products (65-88% yields). 

 

1H NMR (400 MHz, CDCl3): δ = 8.15-8.11 (d, J = 16 Hz, 1H), 7.83-7.79 (d, J = 16 Hz, 

1H), 7.71-7.69 (m, 2H), 7.40-7.39 (m, 3H), 7.32 (s, 1H), 7.26 (s, 1H), 5.78-5.68 (m, 

1H), 1.50-1.48 (d, J = 8.0 Hz, 6H). 

 

1H NMR (400 MHz, CDCl3): δ = 8.10-8.06 (d, J = 16.0 Hz, 1H), 7.81-7.77 (d, J = 16.0 

Hz, 1H), 7.61-7.59 (d, J = 8.0 Hz, 2H), 7.32 (s, 1H), 7.25 (s, 1H), 7.22-7.20 (d, J = 8.0 
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Hz, 2H), 5.77-5.70 (m, 1H), 2.39 (s, 3H), 1.50-1.48 (d, J = 6.8 Hz, 6H). 

 

1H NMR (400 MHz, CDCl3): δ = 8.13-8.09 (d, J = 16.0 Hz, 1H), 7.80-7.76 (d, J = 16.0 

Hz, 1H), 7.55 (s, 1H), 7.49-7.47 (d, J = 7.6 Hz, 1H), 7.32-7.26 (m, 3H), 7.22-7.20 (d, J 

= 7.6 Hz, 1H), 5.77-5.70 (m, 1H), 2.39 (s, 3H), 1.50-1.49 (d, J = 6.8 Hz, 6H). 

 

1H NMR (400 MHz, CDCl3): δ = 8.12-8.08 (d, J = 15.6 Hz, 1H), 7.80-7.76 (d, J = 16.0 

Hz, 1H), 7.33-7.22 (s, 5H), 6.96-6.93 (m, 1H), 5.76-5.69 (m, 1H), 3.85 (s, 3H), 1.50-

1.48 (d, J = 6.8 Hz, 6H). 13C NMR (CDCl3, 100 MHz): δ = 180.4, 159.8, 143.2, 143.1, 

136.3, 129.7, 123.6, 121.6, 121.4, 116.6, 112.9, 55.3, 49.3, 23.6. IR (KBr): ν(cm-1) 1658, 

1600, 1593, 1452, 1404, 1390, 1378, 1255, 1012, 813, 781, 753, 718. HRMS (ESI, m/z) 

calcd for C16H18N2O3[M+H]+: 271.1441, found: 271.1441. 

 

1H NMR (400 MHz, CDCl3): δ = 8.11-8.07 (d, J = 16.0 Hz, 1H), 7.76-7.72 (d, J = 16.0 

Hz, 1H), 7.64-7.62 (d, J = 8.4 Hz, 2H), 7.38-7.36 (d, J = 8.4 Hz, 2H), 7.33 (s, 1H), 7.26 

(s, 1H), 5.75-5.68 (m, 1H), 1.50-1.49 (d, J = 6.8 Hz, 6H). 
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1H NMR (400 MHz, CDCl3): δ = 8.13-8.09 (d, J = 16.0 Hz, 1H), 7.74-7.70 (d, J = 16.0 

Hz, 1H), 7.57-7.52 (m, 4H), 7.33 (s, 1H), 7.27 (s, 1H), 5.75-5.68 (m, 1H), 1.50-1.49 (d, 

J = 6.8 Hz, 6H). 

 

Yellow solid, mp = 142-144oC; 1H NMR (400 MHz, CDCl3): δ = 8.27-8.22 (m, 3H), 

7.84-7.77 (m, 3H), 7.37 (s, 1H), 7.29-7.27 (d, J = 6.4 Hz, 1H), 5.73-5.66 (m, 1H), 1.52-

1.50 (d, J =6.4 Hz, 6H). 13C NMR (CDCl3, 100 MHz): δ = 179.5, 148.4, 143.0, 141.2, 

139.7, 130.2, 129.1, 127.5, 124.1, 122.1, 49.5, 23.6. IR (KBr): ν(cm-1) 1659, 1610, 1592, 

1511, 1393, 1379, 1342, 1150, 1109, 1006, 842, 777, 765, 732. HRMS (ESI, m/z) calcd 

for C15H15N3O3[M+H]+: 286.1186, found: 286.1185. 

 

1H NMR (400 MHz, CDCl3): δ = 8.21-8.17 (d, J = 16.0 Hz, 1H), 7.81-7.77 (m, 3H), 

7.67-7.65 (d, J = 8.0 Hz, 2H), 7.35 (s, 1H), 7.28 (s, 1H), 5.74-5.68 (m, 1H), 1.51-1.50 

(d, J = 6.8 Hz, 6H). 

 

1H NMR (400 MHz, CDCl3): δ = 7.98-7.94 (d, J = 15.6 Hz, 1H), 7.59-7.55 (d, J = 16.0 

Hz, 1H), 7.52 (s, 1H), 7.31 (s, 1H), 7.25 (s, 1H), 6.74-6.73 (d, J = 3.2 Hz, 1H), 6.50-

6.49 (q, J =1.6 Hz, 1H), 5.75-5.68 (m, 1H), 1.49-1.47 (d, J = 6.8 Hz, 6H). 
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1H NMR (400 MHz, CDCl3): δ = 7.96-7.86 (m, 2H), 7.42-7.41 (d, J = 4.8 Hz, 1H), 

7.38-7.38 (d, J = 3.6 Hz, 1H), 7.32 (s, 1H), 7.25 (s, 1H), 7.09-7.07 (m, 1H), 5.75-5.69 

(m, 1H), 1.50-1.48 (d, J = 6.8 Hz, 6H). 

 

1H NMR (400 MHz, CDCl3): δ = 8.16-8.04 (q, J = 16.0 Hz, 2H), 7.83-7.82 (d, J = 7.6 

Hz, 1H), 7.33-7.21 (m, 5H), 5.77-5.70 (m, 1H), 2.50 (s, 3H), 1.51-1.49 (d, J = 6.8 Hz, 

6H). 

 

1H NMR (400 MHz, CDCl3): δ = 8.72-8.68 (d, J = 15.6 Hz, 1H), 8.33-8.31 (d, J = 8.4 

Hz, 1H), 8.25-8.21 (d, J = 16.0 Hz, 1H), 8.05-8.03 (d, J = 7.2 Hz, 1H), 7.92-7.88 (t, J 

= 9.4 Hz, 2H), 7.59-7.49 (m, 3H), 7.35 (s, 1H), 7.28 (s, 1H), 5.81-5.74 (m, 1H), 1.53-

1.52 (d, J = 6.8 Hz, 6H). 

 

Yellow solid, mp =103-105oC; 1H NMR (400 MHz, CDCl3): δ = 8.26-8.22 (d, J = 16.0 

Hz, 1H), 8.09 (s, 1H), 7.99-7.95 (d, J = 16.0 Hz, 1H), 7.89-7.83 (m, 4H), 7.53-7.50 (m, 

2H), 7.34 (s, 1H), 7.28 (s, 1H), 5.79-5.73 (m, 1H), 1.52-1.50 (d, J = 6.4 Hz, 6H). 13C 

NMR (CDCl3, 100 MHz): δ = 180.5, 143.3, 143.2, 134.3, 133.3, 132.5, 130.5, 129.8, 

128.6, 128.5, 127.7, 127.2, 126.5, 124.3, 123.6, 121.4, 49.3, 23.6. IR (KBr): ν(cm-1) 

2920, 1658, 1598, 1567, 1560, 1510, 1400, 1391, 1379, 1011, 811, 734. HRMS (ESI, 

m/z) calcd for C19H18N2O[M+H]+: 291.1492, found: 291.1495. 
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1H NMR (400 MHz, CDCl3): δ = 8.10-8.06 (d, J = 16.0 Hz, 1H), 7.70 (s, 2H), 7.40 (s, 

3H), 7.22 (s, 1H), 7.09 (s, 1H), 4.10 (s, 3H). 

 

White solid, mp = 68-70 oC; 1H NMR (400 MHz, CDCl3): δ = 8.75-8.74 (d, J = 4.0 Hz, 

1H), 8.25-8.25 (d, J = 1.2 Hz, 2H), 8.21-8.19 (d, J = 8.0 Hz, 1H), 7.90-7.84 (m, 2H), 

7.50-7.17 (m, 1H), 7.32-7.22 (m, 3H), 2.52 (s, 3H). 13C NMR (CDCl3, 100 MHz): δ = 

189.5, 154.3, 148.8, 142.2, 138.5, 137.0, 134.0, 130.8, 130.3, 126.8, 126.2, 122.9, 121.8, 

19.8. IR (KBr): ν(cm-1) 3055, 1670, 1610, 1599, 1578, 1332, 1220, 1027, 994, 986, 748. 

HRMS (ESI, m/z) calcd for C15H13NO[M+Na]+: 246.0889, found: 246.0890. 

3. General procedure (B) to synthesize α, β-unsaturated 2-acyl imidazole 1o. 

 

To a solution of Wittig reagent (1.24 g, 3.0 mmol) in toluene (15 mL) was added 

aldehyde (766 mg, 7.5 mmol, 2.5 equiv.), the reaction was stirred in reflux condition 

overnight (18 h). Then DMAP (0.1 equiv.) was added to the reaction mixture. The 

reaction was stirred at -5 °C for 24 h and concentrated in vacuo. The material was 

directly subjected to flash silica chromatography (EtOAc/Petroleum ether = 1:3) to give 

the desired compounds. 1H NMR showed that the material is a mixture of E:Z isomers 

in a ratio of >20:16. 
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1H NMR (400 MHz, CDCl3): δ = 8.36 (d, J = 15.8 Hz, 1H), 7.36-7.28 (m, 2H), 6.91 (d, 

J = 15.8 Hz, 1H), 5.66-5.56 (m, 1H), 4.29 (q, J = 7.1 Hz, 2H), 1.48 (d, J = 6.7 Hz, 6H), 

1.34 (t, J = 5.9 Hz, 3H). 

4. General procedure to synthesis N-aryl-1,2,3,4-tetrahydroisoquinolines 2a-h. 

 

Copper(I) iodide (190 mg, 1.0 mmol) and potassium phosphate (4.24 g, 20.0 mmol) 

were put into a 50 mL three-neck flask. The three-neck flask was evacuated and 

backfilled with argon. 2-Propanol (10.0 mL), ethylene glycol (1.11 mL, 30.0 mmol), 

1,2,3,4-tetrahydro-isoquinoline (1.2 mL, 10 mmol) and aryl iodide (10.0 mmol, 1.0 

equiv.) were added successively by syringe at room temperature. The reaction mixture 

was heated at 90 °C for 24 h and then allowed to cool to room temperature. DCM (20 

mL) and water (20 mL) were then added to the reaction mixture. The organic layer was 

extracted with DCM (2 × 20 mL). The combined organic phases were washed with 

brine and dried over sodium sulfate. The solvent was removed by rotary evaporation 

and purified by column chromatography on silica gel (PE/EA = 20:1), and the fraction 

with Rf = 0.5 was collected to give the desired products 2a-h with 52-86% isolated 

yields7. 

 

1H NMR (400 MHz, CDCl3): δ = 7.31-7.25 (m, 2H), 7.18-7.14 (m, 4H), 7.00-6.98 (d, 

J = 7.6 Hz, 2H), 6.85-6.81 (t, J = 7.2 Hz, 1H), 4.41 (s, 2H), 3.58-3.55 (t, J = 5.6 Hz, 

2H), 3.00-2.97 (t, J = 5.8 Hz, 2H). 
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1H NMR (400 MHz, CDCl3): δ = 7.18-7.03 (m, 4H), 7.11-7.09 (d, J = 8.4 Hz, 2H), 

6.93-6.91 (d, J = 8.4 Hz, 2H), 4.36 (s, 2H), 3.52-3.50 (t, J = 5.8 Hz, 2H), 3.00-2.97 (t, 

J = 5.6 Hz, 2H). 

 

1H NMR (400 MHz, CDCl3): δ = 7.36-7.34 (d, J = 9.2 Hz, 2H), 7.21-7.15 (m, 4H), 

6.84-6.82 (d, J = 8.8 Hz, 2H), 4.38 (s, 2H), 3.55-3.52 (t, J = 5.8 Hz, 2H), 2.99-2.96 (t, 

J = 5.6 Hz, 2H). 

 

Colorless oil. 1H NMR (400 MHz, CDCl3): δ = 7.20-7.11 (m, 4H), 7.09-7.07 (d, J = 8.4 

Hz, 1H), 7.05-7.04 (t, J = 2.0 Hz, 1H), 6.90-6.88 (m, 1H), 6.84-6.81 (m, 1H), 4.36 (s, 

2H), 3.52-3.49 (t, J = 6.0 Hz, 2H), 2.95-2.92 (t, J = 6.0 Hz, 2H). 13C NMR (CDCl3, 100 

MHz): δ = 151.4, 134.7, 133.9, 130.3, 128.4, 126.5, 126.5, 126.1, 123.3, 120.8, 117.2, 

113.0, 49.9, 45.8, 29.0. IR (KBr): ν(cm-1) 1591, 1560, 1508, 1489, 1458, 1474, 1418, 

1387. HRMS (ESI, m/z) calcd for C15H14BrN[M+H]+: 288.0382, found: 288.0373. 

 

1H NMR (400 MHz, CDCl3): δ = 7.95 (d, J = 9.1 Hz, 1H), 7.23-7.17 (m, 4H), 6.87 (d, 

J = 9.0 Hz, 1H), 4.52 (s, 2H), 3.87 (s, 3H), 3.65 (t, J = 5.8 Hz, 2H), 2.99 (t, J = 5.8 Hz, 

2H). 

 



22 
 

1H NMR (400 MHz, CDCl3): δ = 7.31-7.26 (m, 2H), 7.15 (d, J = 7.4 Hz, 2H), 7.08 (d, 

J = 8.3 Hz, 1H), 6.97 (d, J = 8.0 Hz, 2H), 6.85 (t, J = 7.3 Hz, 1H), 4.27 (s, 2H), 3.55 (t, 

J = 5.8 Hz, 3H), 2.94 (t, J = 5.7 Hz, 2H). 

 

1H NMR (400 MHz, CDCl3): δ = 7.31-7.27 (t, J = 8.0 Hz, 2H), 7.00-6.98 (d, J = 8.0 

Hz, 2H), 6.85-6.81 (t, J = 7.2 Hz, 2H), 6.66-6.65 (d, J = 4.4 Hz, 2H), 4.34 (s, 2H), 3.88-

3.87 (t, J = 3.2 Hz, 6H), 3.57-3.54 (t, J = 5.8 Hz, 2H), 2.92-2.89 (t, J = 5.6 Hz, 2H). 

5. General procedure for chiral Rhodium (III) complex catalyzed enantioselective 

-amino radical addition reaction: 

To an oven-dried 25 mL Schlenk tube equipped with a stir bar, Λ-Rh5 (2.5 mg, 2 mol%) 

was added along with -unsaturated 2-acyl imidazoles 1 (0.1 mmol, 1.0 equiv.), N-

aryl-1,2,3,4-tetrahydroisoquinolines 2 (2.0 equiv.) and DCE (0.4 mL). After degassing 

via three freeze-pump-thaw cycles, the Schlenk tube was sealed and positioned at a 

distance of 5-10 cm from 20 W blue LEDs. The reaction was stirred at room 

temperature for 12 h under argon, and then the mixture directly purified by silica gel 

column chromatography (EtOAc/Petroleum ether = 1:10) to afford title products 3. 

 

According to the general procedure, 3a was obtained as yellowish oil; 92% yield, 95% 

ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 96:4, flow rate 1.0 

mL/min, tr1 (major) = 17.93 min, tr1 (minor) = 16.03 min; tr2 (major) = 13.58 min, tr2 

(minor) = 10.39 min); [α]D
25 = -88.3 (c = 0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.25-7.00 (m, 13H), 6.69-6.67 (d, J = 8.0 Hz, 

2H), 6.61-6.57 (t, J = 7.2 Hz, 1H), 5.24-5.17 (m,1H), 5.02-5.00 (d, J = 7.6 Hz, 1H), 
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4.13-4.07 (q, J = 7.6 Hz, 1H), 3.80-3.74 (dd, J = 16.8, J = 8.0Hz, 1H), 3.65-3.53 (m, 

2H), 3.44-3.38 (m, 1H), 2.97-2.93 (t, J = 6.4 Hz, 2H), 1.28-1.22 (q, J = 6.8 Hz, 6H). 

13C NMR (CDCl3, 100 MHz): δ =191.2, 150.0, 142.4, 141.7, 136.7, 135.7, 129.2, 128.8, 

128.6, 128.5, 128.5, 127.9, 126.7, 126.3, 125.2, 120.7, 117.1, 114.2, 63.6, 48.9, 46.2, 

42.8, 42.1, 26.7, 23.4, 23.4. IR (KBr): ν(cm-1) 3420, 2919, 2850, 1676, 1654, 1597, 

1502, 1453, 1395, 1255, 981, 750, 698. HRMS (ESI, m/z) calcd for C30H31N3O [M+H]+: 

450.2540, found: 450.2535. 

 

According to the general procedure, 3b was obtained as yellowish oil; 92% yield, 92% 

ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 96:4, flow rate 1.0 

mL/min, tr1 (major) = 17.86 min, tr1 (minor) = 16.97 min; tr2 (major) = 14.82 min, tr2 

(minor) = 11.73 min); [α]D
25 = -59.3 (c = 0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.17-7.00 (m, 10H), 6.95-6.93 (d, J = 8.0 Hz, 

2H), 6.71-6.69 (d, J = 8.0 Hz, 2H), 6.62-6.58 (t, J = 7.2 Hz, 1H), 5.26-5.19 (m, 1H), 

5.00-4.98 (d, J = 7.2 Hz, 1H), 4.10-4.04 (q, J = 7.2 Hz, 1H), 3.78-3.71 (dd, J = 17.2, J 

= 8.0 Hz, 1H), 3.65-3.51 (m, 2H), 3.45-3.39 (m, 1H), 2.97-2.87 (m, 2H), 2.22 (s, 3H), 

1.28-1.24 (q, J = 6.8 Hz, 6H). 13C NMR (CDCl3, 100 MHz): δ = 191.3, 150.1, 142.4, 

138.6, 136.7, 135.7, 135.7, 129.2, 128.8, 128.6, 128.5, 128.5, 126.6, 125.1, 120.7, 114.3, 

63.7, 48.9, 45.8, 42.7, 42.2, 26.6, 23.5, 23.4, 21.0. IR (KBr): ν(cm-1) 3402, 2918, 2849, 

1684, 1654, 1560, 1507, 1473, 1458, 1395, 1387. HRMS (ESI, m/z) calcd for 

C31H33N3O [M+H]+: 464.2696, found: 464.2691. 
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According to the general procedure, 3c was obtained as yellowish oil; 87% yield, 91% 

ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 98:2, flow rate 1.0 

mL/min, tr1 (major) = 32.32 min, tr1 (minor) = 30.37 min; tr2 (major) = 20.87 min, tr2 

(minor) = 17.57 min); [α]D
25 = -53.6 (c = 0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.14-7.00 (m, 11H), 6.88-6.87 (d, J = 6.0 Hz, 

1H), 6.70-6.68 (d, J = 8.4 Hz, 2H), 6.60-6.57 (t, J = 7.2 Hz, 1H), 5.25-5.18 (m, 1H), 

5.02-5.00 (d, J = 7.2 Hz, 1H), 4.09-4.03 (q, J = 7.2 Hz,1H), 3.75-3.54 (m, 3H), 3.44-

3.39 (m, 1H), 2.98-2.95 (t, J = 6.4 Hz, 2H), 2.19 (s, 3H), 1.29-1.23 (q, J =6.8 Hz, 6H). 

13C NMR (CDCl3, 100 MHz): δ = 191.2, 149.9, 142.4, 141.6, 137.3, 136.7, 135.6, 129.4, 

129.2, 128.7, 128.6, 128.4, 127.7, 127.0, 126.7, 125.7, 125.1, 120.7, 117.0, 114.1, 63.7, 

48.9, 46.0, 42.7, 42.1, 26.7, 23.4, 23.4, 21.3. IR (KBr): ν(cm-1) 3419, 2918, 2850, 1684, 

1676, 1654, 1500, 1490, 1458, 1405, 1395, 1387. HRMS (ESI, m/z) calcd for 

C31H33N3O [M+H]+: 464.2696, found: 464.2694. 

 

According to the general procedure, 3d was obtained as yellowish oil; 78% yield, 92% 

ee (HPLC: chiralpak AD-H column, 254 nm, hexane/isopropanol = 95:5, flow rate 1.0 

mL/min, tr1 (major) = 19.70 min, tr1(minor) = 12.39 min; tr2 (major) = 11.46 min, tr2 

(minor) = 17.69 min); [α]D
25 = -23.1 (c =1.0, CHCl3) (major), [α]D

25 = +14.1 (c = 0.5, 

CHCl3) (minor). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.17-7.01 (m, 9H), 6.84 (d, J = 8.3 Hz, 1H), 
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6.70 (d, J = 8.4 Hz, 3H), 6.64-6.58 (m, 2H), 5.26-5.20 (m, 1H), 5.02 (d, J = 7.3 Hz, 1H), 

4.11-4.06 (m, 1H), 3.78 (dd, J = 17.0 Hz, J = 8.1 Hz, 1H), 3.61-3.51 (m, 5H), 3.44-3.38 

(m, 1H), 2.95 (t, J = 6.4 Hz, 2H), 1.28 (d, J = 6.7 Hz, 3H), 1.25 (d, J = 6.7 Hz, 3H). 13C 

NMR (CDCl3, 100 MHz): δ =191.2, 159.1, 150.0, 143.3, 142.5, 136.7, 135.7, 129.3, 

128.9, 128.6, 126.8, 125.2, 121.2, 120.8, 117.2, 114.3, 114.1, 112.4, 63.6, 55.1, 49.0, 

46.4, 42.8, 42.0. 26.7, 23.5, 23.4. IR (KBr): ν(cm-1) 3419, 2963, 2919, 1672, 1654, 1597, 

1502, 1490, 1454, 1436, 1395, 1260, 1088, 1037, 802, 748, 694. HRMS (ESI, m/z) 

calcd for C31H33N3O2[M+H]+: 480.2646, found: 480.2645. 

1H NMR (400 MHz, CDCl3) (minor): δ = 7.21-7.15 (m, 3H), 7.10-7.06 (m, 3H), 7.01 

(d, J = 7.4 Hz, 1H), 6.89-6.87 (m, 3H), 6.73-6.69 (m, 2H), 6.65 (d, J = 10.0 Hz, 1H), 

6.46-6.41 (m, 2H), 5.43-5.35 (m, 1H), 4.87 (d, J = 8.1 Hz, 1H), 4.02-3.90 (m, 2H), 3.70-

3.63 (m, 4H), 3.54-3.48 (m, 1H), 2.81-3.74 (m, 1H), 2.42-2.35 (m, 1H), 1.36-1.31 (m, 

6H). 13C NMR (CDCl3, 100 MHz): δ = 191.1, 159.2, 149.4, 143.1, 142.5, 135.7, 135.6, 

129.3, 129.1, 128.9, 128.5, 127.9, 126.7, 125.0, 121.9, 120.7, 117.4, 114.5, 114.0, 112.8, 

63.8, 55.2, 49.0, 48.0, 43.2, 42.8, 26.6, 23.6. IR (KBr): ν(cm-1) 2923, 2852, 1671, 1654, 

1596, 1501, 1490, 1465, 1458, 1395, 1255, 748, 693. HRMS (ESI, m/z) calcd for 

C31H33N3O2[M+H]+: 480.2646, found: 480.2647. 

 

According to the general procedure, 3e was obtained as yellowish oil; 89% yield, 93% 

ee (HPLC: chiralpak IA column, 254 nm, hexane/isopropanol = 95:5, flow rate 1.0 

mL/min, tr1 (major) = 14.76 min, tr1 (minor) = 12.10 min; tr2 (major) = 10.56 min, tr2 

(minor) = 13.18 min); [α]D
25 = -77.0 (c = 1.0, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.19-7.03 (m,12H), 6.71-6.69 (d, J = 8.0 Hz, 

2H), 6.65-6.61 (t, J = 7.2 Hz, 1H), 5.26-5.19 (m, 1H), 4.99-4.97 (d, J = 7.6Hz, 1H), 
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4.09-4.03 (q, J = 7.2 Hz, 1H), 3.80-3.74 (dd, J = 16.8, J = 8.4 Hz, 1H), 3.60-3.39 (m, 

3H), 2.99-2.85 (m, 2H), 1.29-1.25 (t, J = 8.0 Hz, 6H). 13C NMR (CDCl3, 100 MHz): δ 

= 190.9, 150.0, 142.4, 140.3, 136.4, 135.6, 132.1, 130.0, 129.4, 128.9, 128.7, 128.5, 

128.0, 126.9, 125.3, 120.9, 117.6, 114.6, 63.4, 49.0, 45.9, 42.9, 42.1, 26.5, 23.4, 23.4. 

IR (KBr): ν(cm-1) 2923, 2851, 1672, 1654, 1596, 1490, 1458, 1394, 1363, 1255, 752, 

689. HRMS (ESI, m/z) calcd for C30H30ClN3O[M+H]+: 484.2150, found: 484.2144. 

 

According to the general procedure, 3f was obtained as yellowish oil; 91% yield, 94% 

ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 97:3, flow rate 1.0 

mL/min, tr1 (major) = 14.13 min, tr1 (minor) = 27.04 min; tr2 (major) = 15.83 min, tr2 

(minor) = 10.83 min); [α]D
25= -72.6 (c = 0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.26-7.24 (t, J = 3.4 Hz, 2H), 7.19-7.03 (m, 

10H), 6.71-6.69 (d, J = 8.0 Hz, 2H), 6.65-6.61 (t, J = 7.6 Hz, 1H), 5.26-5.19 (m, 1H), 

4.99-4.97 (d, J = 7.2Hz, 1H), 4.07-4.02 (q, J = 7.2 Hz, 1H), 3.81-3.74 (dd, J = 16.8, J= 

8.4 Hz, 1H), 3.59-3.39 (m, 3H), 2.99-2.86 (m, 2H), 1.29-1.25 (dd, J = 8.4, J = 7.2 Hz, 

6H). 13C NMR (CDCl3, 100 MHz): δ = 190.9, 150.0, 142.3, 140.8, 136.3, 135.6, 130.9, 

130.4, 129.4, 128.9, 128.7, 128.5, 126.9, 125.3, 121.0, 120.2, 117.6, 114.6, 63.3, 49.0, 

45.9, 42.9, 42.0, 26.5, 23.4, 23.3. IR (KBr): ν(cm-1) 2923, 1673, 1596, 1502, 1488, 1393, 

747. HRMS (ESI, m/z) calcd for C30H30BrN3O[M+H]+: 528.1645, found: 528.1637. 
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According to the general procedure, 3g was obtained as brown oil; 66% yield, 99.1% 

ee (HPLC: chiralpak AD-H column, 254 nm, hexane/isopropanol = 90:10, flow rate 1.0 

mL/min, tr1 (major) = 17.44 min, tr1(minor) = 14.50 min; tr2 (major) = 12.21 min, tr2 

(minor) = 19.03 min); [α]D
25 = -61.6 (c = 0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 8.01-7.99 (d, J = 8.8 Hz, 2H), 7.43-7.40 (d, J 

= 8.4 Hz, 2H), 7.26-7.04 (m, 8H), 6.68-6.61 (m, 3H), 5.25-5.18 (m, 1H), 5.04-5.02 (d, 

J = 8.0 Hz, 1H), 4.20-4.14 (m, 1H), 3.92-3.85 (q, J = 8.8 Hz, 1H), 3.63-3.52 (m, 2H), 

3.47-3.41 (m, 1H), 3.01-2.92 (m, 2H), 1.30-1.28 (d, J= 6.8 Hz, 3H), 1.27-1.25 (d, J= 

6.4 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ = 190.2, 150.0, 149.7, 146.5, 142.1, 135.9, 

135.5, 129.5, 129.4, 128.9, 128.9, 128.4, 127.2, 125.5, 123.0, 121.3, 118.0, 114.7, 63.1, 

49.1, 46.4, 43.0, 42.0, 26.4, 23.4, 23.3. IR (KBr): ν(cm-1) 2923, 2852, 1675, 1596, 1517, 

1507, 1395, 1344, 1255, 750, 693. HRMS (ESI, m/z) calcd for C30H30N4O3 [M+H]+: 

495.2391, found: 495.2390. 

 

According to the general procedure, 3h was obtained as yellowish oil; 70% yield, 91% 

ee (HPLC: chiralpak IA column, 254 nm, hexane/isopropanol = 92:8, flow rate 1.0 

mL/min, tr1 (major) = 9.57 min, tr1 (minor) = 7.81 min; tr2 (major) = 6.94 min, tr2 

(minor) = 8.31 min); [α]D
25 = -50.4 (c = 0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.42-7.33 (m, 4H), 7.20-7.02 (m, 8H), 6.68-

6.60 (m, 3H), 5.24-5.27 (m, 1H), 5.02-5.01 (d, J = 7.6 Hz, 1H), 4.17-4.11 (m, 1H), 3.86-

3.79 (dd, J = 8.4 Hz, J = 17.2 Hz, 1H), 3.62-3.61 (d, J = 6.4 Hz, 1H), 3.58-3.51 (m, 1H), 

3.47-3.40 (m, 1H), 3.02-2.89 (m, 2H), 1.28-1.27 (d, J = 6.8 Hz, 3H), 1.25-1.23 (d, J = 

6.8 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ = 190.6, 149.9, 146.0, 142.2, 136.2, 135.6, 

129.4, 128.9, 128.9, 128.8, 128.5, 128.4, 127.0, 125.3, 124.8, 124.7, 122.8, 121.0, 117.7, 
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114.6, 63.4, 49.0, 46.2, 42.8, 42.0, 26.5, 23.4, 23.3. IR (KBr): ν(cm-1) 2923, 1676, 1655, 

1508, 1396, 1324.1121. HRMS (ESI, m/z) calcd for C31H30F3N3O[M+H]+: 518.2414, 

found: 518.2410. 

 

According to the general procedure, 3i was obtained as yellowish oil; 80% yield, 94% 

ee (HPLC: chiralpak ID column, 254 nm, hexane/isopropanol = 90:10, flow rate 1.0 

mL/min, tr1 (major) = 9.99 min, tr1(minor) = 11.46 min; tr2 (major) = 12.75 min, tr2 

(minor) = 9.37 min); [α]D
25 = -4.5 (c = 1.0, CHCl3) (major), [α]D

25 = +71.0 (c =1.0, 

CHCl3) (minor). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.60 (m,1H), 7.19-7.13 (m, 6H), 7.10-7.02 

(m, 1H), 6.94 (d, J = 7.5 Hz, 1H), 6.82 (d, J = 8.2 Hz, 2H), 6.66 (t, J = 7.2 Hz, 1H), 

6.13-6.12 (m, 1H), 5.87 (d, J = 3.2 Hz, 1H), 5.36-5.26 (m, 1H), 5.11 (d, J = 6.8 Hz, 1H), 

4.18-4.13 (m, 1H), 3.74 (dd, J = 17.2 Hz, J = 9.0 Hz, 1H), 3.58-3.52 (m, 1H), 3.50-3.36 

(m, 2H), 3.12-3.05 (m, 1H), 3.01-2.94 (m, 1H), 1.31 (d, J = 6.7 Hz, 6H). 13C NMR 

(CDCl3, 100 MHz): δ = 190.8, 155.1, 149.6, 142.3, 140.9, 136.1, 135.7, 129.4, 129.0, 

128.3, 128.1, 126.9, 125.5, 121.0, 117.2, 113.8, 110.3, 107.1, 62.0, 49.1, 43.2, 40.2, 

39.5, 27.5, 23.5. IR (KBr): ν(cm-1) 2923, 2852, 1677, 1597, 1508, 1406, 1385, 747, 693. 

HRMS (ESI, m/z) calcd for C28H30N3O2[M+H]+: 440.2333, found: 440.2329. 

1H NMR (400 MHz, CDCl3) (minor): δ = 7.36 (d, J = 1.0 Hz, 1H), 7.18-7.14 (m, 3H), 

7.09-7.03 (m, 3H), 6.01-6.87 (m, 3H), 6.69 (t, J = 7.2 Hz, 1H), 6.28 (d, J = 7.6 Hz, 1H), 

6.21 (dd, J = 3.0 Hz, J = 1.84 Hz, 1H),5.84 (d, J = 3.0 Hz, 1H), 5.47-5.37 (m, 1H), 4.99 

(d, J = 9.5 Hz, 1H), 4.11-4.05 (m, 1H), 3.88 (dd, J = 15.8 Hz, J = 6.1 Hz, 1H), 3.73-

3.67 (m, 1H), 3.55-3.45 (m, 2H), 2.98-2.90 (m, 1H), 2.67-2.60 (m, 1H), 1.36 (d, J = 6.7 

Hz, 3H), 1.35 (d, J = 6.7 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ = 190.6, 149.4, 142.3, 

141.1, 136.1, 135.0, 129.4, 129.1, 128.3, 127.8, 126.7, 125.1, 120.7, 117.8, 114.6, 110.3, 

107.9, 61.8, 49.0, 42.3, 42.0, 41.9, 26.0, 23.6, 23.6. IR (KBr): ν(cm-1) 2923, 2852, 1674, 



29 
 

1597, 1504, 1455, 1394, 1255, 748, 692. HRMS (ESI, m/z) calcd for 

C28H30N3O2[M+H]+: 440.2333, found: 440.2332. 

 

According to the general procedure, 3j was obtained as brown oil; 80% yield, 92% ee 

(HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 90:10, flow rate 1.0 

mL/min, tr1 (major) = 12.54 min, tr2 (minor) = 7.81 min; tr2 (major) = 9.34 min, tr2 

(minor) = 7.09 min); [α]D
25 = -22.6 (c =0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.18-7.02 (m, 9H), 6.79-6.74 (m, 4H), 6.66-

6.62 (t, J = 7.2 Hz, 1H), 5.33-5.26 (m, 1H), 5.01-4.99 (d, J = 7.2 Hz, 1H), 4.37-4.31 (q, 

J = 6.8 Hz, 1H), 3.87-3.81 (dd, J = 17.2, J = 8.0 Hz, 1H), 3.68-3.62 (dd, J = 17.2, J = 

6.4 Hz, 1H), 3.52-3.42 (m, 2H), 2.95-2.91 (m, 2H), 1.32-1.29 (dd, J = 6.8, J = 2.0 Hz, 

6H). 13C NMR (CDCl3, 100 MHz): δ =190.7, 150.1, 145.0, 142.3, 136.3, 135.9, 129.4, 

128.9, 128.5, 128.4, 126.9, 126.2, 125.5, 124.9, 123.8, 120.9, 117.5, 114.5, 63.7, 49.0, 

43.3, 42.6, 41.9, 26.8, 23.4. IR (KBr): ν(cm-1) 2923, 1286, 1596, 1502, 1459, 1396, 

1254, 751, 692. HRMS (ESI, m/z) calcd for C28H30N3OS[M+H]+: 456.2104, found: 

456.2103. 

 

According to the general procedure, 3k was obtained as white solid; m.p. = 91-93 oC, 

81% yield, 93% ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 95:5, 

flow rate 1.0 mL/min, tr1 (major) = 11.35 min, tr1(minor) = 14.63 min; tr2 (major) = 

10.29 min, tr2 (minor) = 8.13 min); [α]D
25 = -58.4 (c = 0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.46-7.44 (d, J = 8.0 Hz, 1H), 7.24-7.22 (d, J 
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= 7.2 Hz, 1H), 7.11-7.06 (m, 5H), 7.01-6.92 (m, 5H), 6.60-6.54 (m, 3H), 5.12-5.05 (m, 

2H), 4.45-4.39 (q, J = 7.6 Hz, 1H), 3.70-3.61 (m, 2H), 3.50-3.38 (m, 2H), 3.03-2.92 (m, 

2H), 2.21 (s, 3H), 1.23-1.21 (d, J = 6.8 Hz, 6H). 13C NMR (CDCl3, 100 MHz): δ = 

191.0, 149.7, 142.4, 141.0, 137.1, 136.9, 135.8, 130.1, 129.2, 128.8, 128.7, 128.1, 126.8, 

126.1, 125.9, 125.3, 120.6, 117.0, 113.7, 64.2, 48.8, 44.1, 43.7, 26.9, 23.4, 23.3, 19.8. 

IR (KBr): ν(cm-1) 3445, 2923, 2851, 1673, 1650, 1596, 1503, 1454, 1393, 1255, 744. 

HRMS (ESI, m/z) calcd for C31H33N3O[M+H]+: 464.2696, found: 464.2696. 

 

According to the general procedure, 3l was obtained as yellowish oil; 87% yield, 92% 

ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 90:10, flow rate 1.0 

mL/min, tr1 (major) = 9.27 min, tr1(minor) = 11.04 min; tr2 (major) = 8.19 min, tr2 

(minor) = 7.06 min); [α]D
25 = -28.7 (c = 1.0, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 8.13 (d, J = 7.8 Hz, 3H), 7.71 (d, J = 7.8 Hz, 

1H), 7.60-7.58 (m, 2H), 7.39-7.30 (m, 3H), 7.15 (d, J = 7.2 Hz, 1H), 7.11 (s, 1H), 7.08-

7.07 (m, 3H), 6.98-6.93 (m, 3H), 6.60-6.53 (m, 3H), 5.18 (d, J = 7.8 Hz, 1H), 5.06-4.96 

(m, 2H), 3.88 (dd, J = 16.4 Hz, J = 6.7 Hz, 1H), 3.65-3.59 (m, 2H), 3.35-3.29 (m, 1H), 

3.13-3.06 (m, 1H), 2.99-2.92 (m, 1H), 1.13-1.12 (m, 6H). 13C NMR (CDCl3, 100 MHz): 

δ = 190.8, 149.7, 142.3, 139.0, 137.0, 135.6, 133.7, 132.5, 129.2, 128.8, 128.7, 128.6, 

126.9, 125.5, 125.3, 125.1, 125.0, 123.4, 120.7, 117.4, 114.7, 63.9, 48.9, 44.1, 43.4, 

26.8, 23.4, 23.3. IR (KBr): ν(cm-1) 2923, 2852, 1675, 1671, 1654, 1597, 1502, 1491, 

1405, 1394, 1254, 748, 690. HRMS (ESI, m/z)calcd for C34H33N3O[M+H]+: 500.2696, 

found: 500.2693. 

1H NMR (400 MHz, CDCl3) (minor): δ = 7.71-7.66 (m,2H), 7.59 (d, J = 8.7 Hz, 1H), 

7.37-7.35 (m, 2H), 7.30-7.21 (m, 4H), 7.12-7.09 (m, 3H), 6.94-6.91 (m, 4H), 6.73 (t, J 
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= 7.2 Hz, 1H), 6.67-6.62 (m, 1H), 6.36 (d, J = 7.6 Hz, 1H), 5.29-5.23 (m, 1H), 5.12-

5.05 (m, 2H), 4.11 (dd, J = 15.6 Hz, J = 5.7 Hz, 1H), 3.62 (dd, J = 15.5 Hz, J = 7.8 Hz, 

1H), 3.47-3.41 (m, 2H), 3.31-3.25 (m, 1H), 2,71-2.64 (m, 1H), 2.25-2.18 (m, 1H), 1.22 

(d, J = 6.7 Hz, 3H), 1.17 (d, J = 6.7 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ = 191.2, 

149.4, 142.4, 138.3, 135.6, 135.4, 133.4, 133.2, 129.3, 129.2, 128.1, 127.9, 127.7, 127.1, 

126.7, 125.5, 125.1, 125.0, 123.4, 120.7, 117.2, 113.5, 70.6, 64.5, 48.9, 43.7, 43.3, 40.5, 

26.8, 26.5, 23.5, 23.4. IR (KBr): ν(cm-1) 2923, 2851, 1675, 1596, 1501, 1491, 1394, 

1255, 776, 747, 690. HRMS (ESI, m/z) calcd for C34H33N3O[M+H]+: 500.2696, found: 

500.2693. 

 

According to the general procedure, 3m was obtained as yellowish oil; 90% yield, 93% 

ee (HPLC: chiralpak IA column, 254 nm, hexane/isopropanol = 96:4, flow rate 1.0 

mL/min, tr1 (major) = 20.21 min, tr1 (minor) = 16.78 min; tr2 (major) = 14.96 min, tr2 

(minor) = 17.79 min); [α]D
25 = -44.5 (c = 1.0, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.71-7.67 (m, 3H), 7.62 (d, J = 8.5 Hz, 1H), 

7.40-7.35 (m, 3H), 7.21 (d, J = 7.4 Hz, 1H), 7.13-7.00 (m, 7H), 6.72 (d, J = 8.2 Hz, 1H), 

6.57 (t, J = 7.2 Hz, 1H), 5.23-5.14 (m, 1H), 5.13 (d, J = 7.2 Hz, 1H), 4.28 (q, J = 7.2 

Hz, 1H), 3.90 (dd, J = 17.0 Hz, J = 8.2 Hz, 1H), 3.72 (dd, J = 17.0 Hz, J = 8.2 Hz, 1H), 

3.60-3.52 (m, 1H), 3.25-3.39 (m, 1H), 2.99-2.83 (m, 2H), 1.24 (d, J = 6.7 Hz, 3H), 1.17 

(d, J = 6.7 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ = 191.2, 150.1, 142.5, 139.5, 136.7, 

135.7, 133.3, 132.3, 129.3, 128.9, 128.7, 128.7, 127.8, 127.5, 127.5, 127.3, 127.2, 126.8, 

125.6, 125.3, 125.2, 120.9, 117.4, 114.6, 63.5, 49.0, 46.5, 42.8, 42.4, 26.5, 23.5, 23.3. 

IR (KBr): ν(cm-1) 2920, 2851, 1654, 1508, 1490, 1458, 1395, 1260, 745, 689. HRMS 

(ESI, m/z) calcd for C34H33N3O[M+H]+: 500.2696, found: 500.2696. 
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1H NMR (400 MHz, CDCl3) (minor): δ = 7.78-7.76 (m,1H), 7.68-7.64 (m, 2H), 7.43-

7.40 (m, 3H), 7.24-7.17 (m, 3H), 7.13 (s, 1H), 7.07-7.98 (m, 3H), 6.94 (d, J = 8.2 Hz, 

2H), 6.78-6.71 (m, 2H), 6.33 (d, J = 7.6 Hz, 1H), 5.38-5.32 (m, 1H), 4.99 (d, J = 8.4 

Hz, 1H), 4.21-4.15 (m, 1H), 4.04 (dd, J = 15.9 Hz, J = 6.4 Hz, 1H), 3.73-3.58 (m,2H), 

3.41-3.33 (m, 1H), 2.78-2.72 (m, 1H), 2.39-2.32 (m, 1H), 1.30 (d, J = 6.7 Hz, 3H), 1.26 

(d, J = 6.7 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ = 191.0, 149.5, 142.5, 139.2, 135.7, 

135.5, 133.2, 132.5, 129.3, 129.2, 128.5, 128.0, 128.0, 127.8, 127.7, 127.5, 127.5, 126.7, 

125.7, 125.4, 125.0, 120.7, 117.5, 114.0, 63.8, 49.0, 48.1, 43.2, 43.1, 26.7, 23.6, 23.5. 

IR (KBr): ν(cm-1) 2923, 2852, 1672, 1596, 1501, 1452, 1394, 1255, 746, 689. HRMS 

(ESI, m/z) calcd for C34H33N3O[M+H]+: 500.2696, found: 500.2694. 

 

According to the general procedure, 3n was obtained as yellowish oil; 54% yield, 97 % 

ee (HPLC: chiralpak IE column, 254 nm, hexane/isopropanol = 97:3, flow rate 1.0 

mL/min, tr1 (major) = 21.04 min, tr1 (minor) = 18.18 min; tr2 (major) = 19.36 min, tr2 

(minor) = 16.59 min. 

1H NMR (400 MHz, CDCl3) (major): δ =7.26-7.02 (m, 8H), 6.87 (d, J = 8.1 Hz, 2H), 

6.69-6.62 (m, 1H), 5.39-5.33 (m, 1H), 4.68 (d, J = 8.8 Hz, 1H), 3.81-3.69 (m, 1H), 3.55-

3.48 (m, 1H), 3.25 (d, J = 6.4 Hz, 2H), 3.15-2.92 (m, 2H), 2.86-2.74 (m, 1H), 1.40 (s, 

1H), 1.38 (s, 1H), 1.09 (d, J = 6.9 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ = 192.2, 

150.2, 142.7, 137.6, 135.6, 129.3, 129.1, 128.4, 128.1, 126.7, 125.4, 121.0, 116.8, 113.6, 

62.6, 49.1, 43.7, 43.3, 35.9, 27.0, 23.7, 23.5, 18.0.  

1H NMR (400 MHz, CDCl3) (minor): δ = 7.26-7.02 (m, 8H), 6.79 (d, J = 8.0 Hz, 2H), 

6.69-6.62 (m, 1H), 5.50-5.43 (m, 1H), 4.49 (d, J = 9.3 Hz, 1H), 3.81-3.69 (m, 1H), 3.55-

3.48 (m, 1H), 3.43-3.37(m, 1H), 3.15-2.92 (m, 3H), 2.86-2.74 (m, 1H), 1.36 (s, 3H), 

1.34 (s, 3H), 1.04 (d, J = 6.4 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ = 192.3, 149.6, 

142.7, 137.1, 135.4, 129.2, 128.9, 128.7, 128.5, 126.8, 125.2, 120.6, 117.2, 114.1, 63.6, 
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49.1, 43.5, 42.9, 36.7, 26.7, 23.8, 23.5, 18.4. IR (KBr): ν(cm-1) 2965, 2931, 1677, 1596, 

1503, 1458, 1393, 752, 691. HRMS (ESI, m/z) calcd for C25H29N3O[M+H]+: 388.2383, 

found: 388.2382. 

 

According to the general procedure, 3o was obtained as yellowish oil; 54% yield, 92 % 

ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 90:10, flow rate 1.0 

mL/min, tr1 (major) = 18.54 min, tr1(minor) = 26.05 min; tr2 (major) = 16.54 min, tr2 

(minor) = 27.58 min); [α]D
25 = -6.7 (c = 1.0, CHCl3) (major), [α]D

25 = +51.1 (c = 1.0, 

CHCl3) (minor). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.22-7.09 (m, 8H), 6.91 (d, J = 8.2 Hz, 2H), 

6.71 (t, J = 7.2 Hz, 1H), 5.42-5.32 (m, 1H), 5.09 (d, J = 9.0 Hz, 1H), 4.03-3.78 (m, 4H), 

3.54-3.44 (m, 2H), 3.35 (dd, J = 18.0 Hz, J = 3.9 Hz, 1H), 3.24-3.16 (m, 1H), 3.08-3.01 

(m, 1H), 1.37 (d, J = 6.6 Hz, 3H),1.32 (d, J = 6.6 Hz, 3H), 1.07 (t, J = 7.1 Hz, 3H). 13C 

NMR (CDCl3, 100 MHz): δ = 190.3, 173.4, 148.9, 141.9, 136.0, 135.4, 129.6, 129.1, 

128.7, 127.8, 127.4, 125.8, 121.0, 117.6, 113.9, 60.7, 60.2, 49.1, 46.8, 43.1, 40.2, 39.6, 

27.1, 26.9, 23.6, 23.5, 14.0. IR (KBr): ν(cm-1)2978, 2930, 1734, 1675, 1597, 1502, 1458, 

1395, 1256, 748, 692. HRMS (ESI, m/z) calcd for C27H31N3O3[M+Na]+: 468.2258, 

found: 468.2255. 

1H NMR (400 MHz, CDCl3) (minor): δ = 7.19-7.08 (m, 8H), 6.90 (d, J = 8.1 Hz, 2H), 

6.72 (t, J = 7.2 Hz, 1H), 5.49-5.39 (m, 1H), 5.15 (d, J = 8.5 Hz, 1H), 4.07-3.92 (m, 2H), 

3.73-3.55 (m, 5H), 3.03-2.95 (m, 1H), 2.89-2.82 (m, 1H), 1.38 (d, J = 6.7 Hz, 6H) 1.05 

(t, J = 7.2 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ = 190.5, 173.8, 149.6, 141.9, 136.1, 

135.1, 129.5, 129.0, 128.8, 127.2, 127.1, 125.7, 120.8, 118.4, 115.5, 60.5, 59.5, 49.0, 

48.6, 43.0, 40.2, 26.0, 23.6, 23.5, 13.9. IR (KBr): ν(cm-1) 2924, 2852, 1731, 1673, 1597, 

1503, 1396, 748, 693. HRMS (ESI, m/z) calcd for C27H31N3O3[M+Na]+: 468.2258, 

found: 468.2253. 
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According to the general procedure, 3p was obtained as yellowish oil; 91% yield, 91% 

ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 95:15, flow rate 1.0 

mL/min, tr1 (major) = 20.78 min, tr1 (minor) = 11.90 min; tr2 (major) = 15.79 min, tr2 

(minor) = 8.25 min); [α]D
25 = -72.0 (c = 0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.25-7.23 (m, 2H), 7.16-6.97 (m, 10H), 6.90 

(s, 1H), 6.68-6.66 (d, J = 8.4 Hz, 2H), 6.61-6.58 (t, J = 7.2 Hz, 1H), 5.00-4.98 (d, J = 

7.6 Hz, 1H), 4.13-4.07 (q, J = 7.56 Hz, 1H), 3.77-3.68 (m, 1H), 3.71 (s, 3H), 3.63-3.55 

(m, 2H), 3.44-3.37 (m, 1H), 2.98-2.95 (m, 2H). 13C NMR (CDCl3, 100 MHz): δ = 190.9, 

149.9, 143.1, 141.7, 136.6, 135.7, 128.8, 128.6, 128.5, 128.4, 127.9, 126.8, 126.6, 126.4, 

125.1, 117.2, 114.2, 63.7, 46.0, 42.9, 41.5, 35.9, 26.7. IR (KBr): ν(cm-1) 2919, 2850, 

1676, 1654, 1596, 1507, 1490, 1473, 1458, 1405, 1387, 1374, 751, 698. HRMS (ESI, 

m/z) calcd for C27H31N3O3[M+H]+: 422.2224, found: 422.2227. 

 

According to the general procedure, 3q was obtained as yellowish oil; 73% yield, 92% 

ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 96:4, flow rate 1.0 

mL/min, tr1 (major) = 14.12 min, tr1(minor) = 20.01 min; tr2 (major) = 13.12 min, tr2 

(minor) = 8.81 min. 

1H NMR (400 MHz, CDCl3) (major): δ = 8.62 (d, J = 4.5 Hz, 1H), 7.73-7.67 (m, 2H), 

7.43 (d, J = 7.7 Hz, 1H), 7.39-7.36 (m, 1H), 7.30-7.21 (m, 1H), 7.12-6.94 (m, 7H), 6.76-

6.72 (m, 1H), 6.66-6.61 (m, 2H), 6.56 (t, J = 7.2 Hz, 1H), 5.11 (d, J = 7.2 Hz, 1H), 4.48-

4.42 (m, 1H), 3.78 (dd, J = 7.5 Hz, J = 17.5 Hz, 1H), 3.61-3.55 (m, 2H), 3.39-3.33 (m, 

1H), 2.92-2.89 (m, 2H), 2.18 (s, 3H). 13C NMR (CDCl3, 100 MHz): δ = 200.2, 153.3, 
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149.8, 148.7, 141.2, 137.3, 137.0, 136.6, 135.8, 130.2, 128.8, 128.2, 127.9, 126.9, 126.9, 

126.2, 125.9, 125.5, 121.7, 117.0, 113.8, 63.9, 43.9, 43.0, 42.2, 26.8, 19.9. 

1H NMR (400 MHz, CDCl3) (minor): δ = 8.43 (d, J = 4.3 Hz, 1H), 7.92 (d, J = 7.8 Hz, 

1H), 7.73-7.67 (m, 2H), 7.49 (d, J = 7.7 Hz, 1H), 7.30-7.21 (m, 1H), 7.12-6.94 (m, 8H), 

6.76-6.72 (m, 1H), 6.66-6.61 (m, 1H), 6.06 (d, J = 7.6 Hz, 1H), 4.80 (d, J = 9.4 Hz, 1H), 

4.40-4.29 (m, 2H), 3.61-3.55 (m, 1H), 3.32-3.25 (m, 1H), 3.22-3.17 (m, 1H), 2.86-2.72 

(m, 2H), 1.65 (s, 3H). 13C NMR (CDCl3, 100 MHz): δ = 199.0, 153.4, 149.3, 148.7, 

140.9, 138.0, 136.5, 135.4, 130.0, 128.9, 128.1, 127.9, 127.4, 126.7, 126.3, 126.1, 125.0, 

121.5, 117.6, 114.2, 64.3, 43.5, 42.2, 40.7, 26.4, 19.3. HRMS (ESI, m/z) calcd for 

C27H31N3O3[M+H]+: 455.2094, found: 455.2097. 

 

According to the general procedure, 3r was obtained as white solid; 74% yield, 96% ee 

(HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 96:4, flow rate 1.0 

mL/min, tr1 (major) = 14.12 min, tr1 (minor) = 20.01 min; tr2 (major) = 13.12 min, tr2 

(minor) = 8.81 min); [α]D
25 = -46.4 (c =1.0, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.43 (d, J = 7.7 Hz, 1H), 7.21 (d, J = 7.52 Hz, 

1H), 7.11-7.05 (m, 5H), 7.01-6.94 (m, 3H), 6.82 (d, J = 8.4 Hz, 2H), 6.53 (d, J = 8.6 

Hz, 2H), 5.15-5.05 (m, 1H), 4.96 (d, J = 7.8 Hz, 1H), 4.43-4.37 (m, 1H), 3.68-3.61 (m, 

2H), 3.47 (dd, J = 16.7 Hz, J = 7.4 Hz, 1H), 3.41-3.34 (m, 1H), 2.99-2.87 (m, 2H), 2.21 

(s, 3H), 2.13 (s, 3H), 1.22 (d, J = 6.7 Hz, 6H). 13C NMR (CDCl3, 100 MHz): δ = 191.1, 

147.9, 142.4, 141.2, 137.1, 137.0, 135.9, 130.1, 129.3, 129.2, 128.9, 128.3, 126.7, 126.5, 

126.0, 125.9, 125.2, 120.6, 114.5, 64.7, 48.9, 44.1, 44.0, 26.7, 23.5, 23.4, 20.2, 19.9. IR 

(KBr): ν(cm-1) 2963, 2919, 1670, 1517, 1457, 1395, 1256, 757. HRMS (ESI, m/z) calcd 

for C32H35N3O[M+H]+: 478.2853, found: 478.2855. 
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According to the general procedure, 3s was obtained as white solid; m.p. = 75-77 oC, 

86% yield, 94% ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 97:3, 

flow rate 1.0 mL/min, tr1 (major) = 14.13 min, tr1 (minor) = 27.04 min; tr2 (major) = 

15.88 min, tr2 (minor) = 10.83 min; [α]D
25 = -67.2 (c =1.0, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.46 (d, J = 7.7 Hz, 1H), 7.24 (d, J = 7.5 Hz, 

1H), 7.13-7.06 (m, 5H), 7.04-6.95 (m, 4H), 6.92 (d, J = 7.2 Hz, 1H), 6.40-6.36 (m, 2H), 

5.12-5.02 (m, 1H), 4.96 (d, J = 8.5 Hz, 1H), 4.42-4.36 (m, 1H), 3.70-3.64 (m, 1H), 3.59 

(dd, J = 16.6 Hz, J = 7.5 Hz, 1H), 3.44 (dd, J = 16.6 Hz, J = 7.3 Hz, 1H), 3.33-3.27 (m, 

1H), 3.17-3.10 (m, 1H), 2.98-2.91 (m, 1H), 2.21 (s, 3H), 1.22 (s, 3H), 1.20 (s, 3H). 13C 

NMR (CDCl3, 100 MHz): δ = 190.8, 148.4, 142.3, 140.9, 136.9, 136.8, 135.6, 131.2, 

130.3, 129.3, 128.8, 127.1, 126.3, 126.1, 125.5, 120.7, 114.8, 108.6, 64.5, 48.9, 44.0, 

26.9, 23.4, 23.4, 19.8. IR (KBr): ν(cm-1) 2964, 2924, 1671, 1587, 1491, 1463, 1393, 

1256, 759, 725.HRMS (ESI, m/z) calcd for C31H32BrN3O[M+H]+: 542.1802, found: 

542.1803. 

 

According to the general procedure, 3t was obtained as yellowish solid, m.p. = 79-81 

oC, 93% yield, 93% ee (HPLC: chiralpak AD-H column, 254 nm, hexane/isopropanol 

= 90:10, flow rate 1.0 mL/min, tr1 (major) = 7.69 min, tr1 (minor) = 6.20 min; tr2 (major) 

= 5.23 min, tr2 (minor) = 9.30 min); [α]D
25 = -42.9 (c = 0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.49-7.47 (d, J = 7.6 Hz, 1H), 7.25-7.25 (d, J 

= 2.0 Hz, 1H), 7.16-7.07 (m, 5H), 7.01-7.00 (t, J = 7.2 Hz, 2H), 6.93-6.92 (d, J = 7.2 
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Hz, 1H), 6.81-6.77 (m, 1H), 6.63-6.63 (m, 2H), 6.42-6.39 (m, 1H), 5.12-5.06 (m, 1H), 

5.01-4.99 (d, J = 8.4 Hz, 1H), 4.43-4.37 (q, J = 8.0 Hz, 1H), 3.69-3.57 (m, 2H), 3.48-

3.42 (dd, J = 7.2 Hz, J = 16.4 Hz, 1H), 3.32-3.26 (m, 1H), 3.19-3.11 (m, 1H), 2.20 (s, 

3H), 1.23-1.21 (d, J = 6.4 Hz, 6H). 13C NMR (CDCl3, 100 MHz): δ = 190.7, 150.4, 

142.1, 140.6, 136.8, 136.8, 135.5, 130.2, 129.7, 129.2, 128.7, 127.9, 127.1, 126.3, 126.1, 

125.5, 122.9, 120.7, 119.2, 115.6, 111.2, 64.3, 48.8, 44.1, 43.9, 27.0, 23.4, 23.3, 19.7. 

IR (KBr): ν(cm-1) 2919, 2850, 1684, 1676, 1587, 1550, 1507, 1458, 1405. HRMS (ESI, 

m/z) calcd for C31H32BrN3O[M+H]+: 542.1802, found: 542.1792. 

 

According to the general procedure, 3u was obtained as yellowish oil; 78% yield, 90% 

ee (HPLC: chiralpak AD-H column, 254 nm, hexane/isopropanol = 90:10, flow rate 1.0 

mL/min, tr1 (major) = 24.36 min, tr1 (minor) = 31.01 min; tr2 (major) = 18.37 min, tr2 

(minor) = 19.17 min; [α]D
25 = -52.0 (c = 0.5, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.63-7.60 (d, J = 9.2 Hz, 2H), 7.51-7.49 (d, J 

= 7.2 Hz, 1H), 7.28-7.27 (d, J = 7.2 Hz, 1H), 7.14-7.08 (m, 5H), 7.03-6.94 (m, 2H), 

6.88-6.86 (d, J = 7.2 Hz, 1H), 6.45-6.43 (d, J = 9.2 Hz, 2H), 5.18-5.15 (d, J = 8.8 Hz, 

1H), 5.09-5.03 (m, 1H), 4.46-4.41 (q, J = 7.6 Hz, 1H), 3.85-3.75 (m, 1H), 3.78 (s, 3H), 

3.61-3.55 (dd, J = 7.2 Hz, J = 16.8 Hz, 1H), 3.49-3.27 (m, 3H), 3.02-2.96 (m, 1H), 2.18 

(s, 3H), 1.21-1.19 (d, J = 6.8 Hz, 6H). 13C NMR (CDCl3, 100 MHz): δ = 190.4, 167.2, 

152.1, 142.1, 140.3, 136.8, 136.7, 135.3, 130.6, 130.2, 129.2, 128.6, 127.8, 127.3, 126.4, 

126.1, 125.6, 120.7, 117.0, 110.9, 63.8, 51.3, 48.8, 44.1, 43.9, 27.2, 23.3, 23.2, 19.5. IR 

(KBr): ν(cm-1) 2919, 2850, 1701, 1672, 1603, 1517, 1434, 1394, 1283, 1186, 767. 

HRMS (ESI, m/z) calcd for C33H35N3O3[M+Na]+: 544.2571, found: 544.2573. 
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According to the general procedure, 3v was obtained as yellowish oil; 82% yield, 97% 

ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 95:5, flow rate 1.0 

mL/min, tr1 (major) = 7.46 min, tr1 (minor) = 13.00 min; tr2 (major) = 8.51 min, tr2 

(minor) = 23.33 min); [α]D
25 = +44.7 (c = 1.0, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.49-7.47 (d, J = 7.2 Hz, 2H), 7.19-7.07 (m, 

3H), 7.04-6.94 (m, 3H), 6.90-6.80 (m, 3H), 6.70-6.61 (m, 3H), 5.80-5.78 (d, J = 7.6 Hz, 

1H), 5.32-5.25 (m, 1H), 4.39-4.37 (d, J = 10.8 Hz, 1H), 4.31-4.24 (m, 1H), 4.20-4.15 

(dd, J = 4.8 Hz, J = 16.4 Hz, 1H), 3.92-3.85 (m, 1H), 3.76 (s, 3H), 3.73-3.61 (m, 2H), 

2.88-2.79 (m, 1H), 2.71-2.66 (dd, J = 4.0 Hz, J = 16.8 Hz, 1H), 1.27-1.24 (t, J = 6.8 Hz, 

6H). 13C NMR (CDCl3, 100 MHz): δ = 192.9, 152.7, 142.8, 140.8, 138.4, 136.7, 134.9, 

129.6, 129.0, 128.5, 127.8, 126.0, 126.0, 125.9, 124.4, 122.1, 121.1, 120.7, 120.2, 111.6, 

65.6, 55.5, 48.8, 44.4, 41.8, 41.6, 25.6, 23.5, 23.3, 19.1. IR (KBr): ν(cm-1) 2923, 2852, 

1672, 1497, 1458, 1405, 1387, 1238, 1027, 744. HRMS (ESI, m/z) calcd for 

C32H35N3O2[M+Na]+: 494.2802, found: 494.2802. 

 

According to the general procedure, 3w was obtained as yellowish oil; 96% yield, 99% 

ee (HPLC: chiralpak IC column, 254 nm, hexane/isopropanol = 98:2, flow rate 1.0 

mL/min, tr1 (major) = 14.20 min, tr1 (minor) = 18.45 min; tr2 (major) = 16.64 min, tr2 

(minor) = 12.70 min. 

1H NMR (400 MHz, CDCl3) (major): δ = 7.42 (d, J = 7.8 Hz, 1H), 7.25-7.22 (m, 2H), 

7.18-7.09 (m, 3H), 7.04-6.95 (m, 5H), 6.83 (d, J = 8.1 Hz, 1H), 6.60 (t, J = 7.2 Hz, 1H), 
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6.62-6.58 (m, 2H), 5.17-5.07 (m, 1H), 5.00 (d, J = 8.0 Hz, 1H), 4.45-4.40 (m, 1H), 3.82 

(dd, J = 8.2 Hz, J = 16.8 Hz, 1H), 3.67-3.61 (m, 1H), 3.51-3.31 (m, 2H), 2.98-2.84 (m, 

2H), 2.22 (s, 3H), 1.26 (s, 3H), 1.25 (s, 3H). 13C NMR (CDCl3, 100 MHz): δ =190.7, 

149.6, 142.2, 140.7, 139.0, 136.6, 134.3, 131.1, 129.6, 129.5, 129.1, 128.8, 128.1, 126.8, 

126.3, 126.0, 120.9, 117.6, 114.2, 64.2, 49.0, 43.4, 42.1, 26.1, 23.5, 23.3, 19.9. 

1H NMR (400 MHz, CDCl3) (minor): δ = 7.47 (d, J = 7.7 Hz, 1H), 7.25-7.22 (m, 1H), 

7.18-7.09 (m, 4H), 7.04-6.95 (m, 5H), 6.92 (d, J = 8.2 Hz, 1H), 6.72 (t, J = 7.2 Hz, 1H), 

5.91 (d, J = 2.0 Hz, 1H), 5.41-5.33 (m, 5.41-5.33), 4.67 (d, J = 9.9 Hz, 1H), 4.36-4.30 

(m, 1H), 4.02 (dd, J = 6.4 Hz, J = 15.9 Hz, 1H), 3.81-3.75 (m, 1H), 3.59-3.53 (m, 1H), 

3.51-3.31 (m, 1H), 2.98-2.84 (m, 1H), 2.68-2.60 (m, 1H), 1.65 (s, 3H), 1.31-1.29 (m, 

6H). 13C NMR (CDCl3, 100 MHz): δ = 191.2, 149.5, 142.5, 139.9, 138.0, 137.5, 133.6, 

130.2, 130.0, 129.4, 129.3, 128.5, 127.4, 126.7, 126.6, 126.4, 120.6, 118.4, 115.2, 63.8, 

49.0, 43.9, 42.4, 25.4, 23.6, 23.5, 19.2. IR (KBr): ν(cm-1) 2965, 2928, 1671, 1596, 1502, 

1464, 1394, 1255, 746, 691. HRMS (ESI, m/z) calcd for C32H35N3O2 [M+H]+: 498.2307, 

found: 498.2307. 

 

According to the general procedure, 3x was obtained as white solid; m.p. = 63-65 oC. 

78% yield, 94% ee (HPLC: chiralpak IA column, 254 nm, hexane/isopropanol = 90:10, 

flow rate 1.0 mL/min, tr1 (major) = 10.10 min, tr1(minor) = 7.38 min; tr2 (major) = 8.35 

min, tr2 (minor) = 9.36 min); [α]D
25 = +62.9 (c = 1.0, CHCl3) (major), [α]D

25 = -38.0 (c 

= 1.0, CHCl3) (minor). 

1H NMR (400 MHz, CDCl3) (major): δ = 7.58-7.56 (d, J = 7.6 Hz, 1H), 7.27-7.23 (m, 

1H), 7.15-7.11 (t, J = 7.2 Hz, 3H), 7.08-7.05 (t, J = 7.2 Hz, 1H), 7.02 (s, 1H), 6.94-6.92 

(d, J = 7.6 Hz, 1H), 6.85-6.83 (d, J = 8.4 Hz, 2H), 6.71-6.68 (t, J = 7.2 Hz, 1H), 6.47 

(s, 1H), 5.44 (s, 1H), 5.40-5.33 (m, 1H), 4.64-4.61 (d, J = 11.2 Hz, 1H), 4.39-4.33 (dd, 

J = 16.8 Hz, J = 7.2 Hz, 1H), 4.11-4.05 (dd, J = 15.6 Hz, J = 6.4 Hz, 1H), 3.85-3.79 (m, 
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1H), 3.77 (s, 3H), 3.63-3.59 (m, 1H), 3.44-3.38 (q, J = 7.6 Hz, 1H), 3.23 (s, 3H), 2.93-

2.85 (m, 1H), 2.63-2.59 (d, J = 16.0 Hz, 1H), 1.67 (s, 3H), 1.31-1.29 (d, J = 6.4 Hz, 

6H). 13C NMR (CDCl3, 100 MHz): δ = 191.0, 149.7, 147.2, 145.4, 142.2, 140.8, 138.3, 

129.9, 129.0, 128.9, 127.5, 127.5, 126.5, 126.2, 126.1, 120.4, 118.2, 115.6, 110.8, 110.6, 

63.9, 55.5, 54.9, 48.8, 43.7, 42.2, 42.0, 25.1, 23.4, 23.4, 19.4. IR (KBr): ν(cm-1) 2933, 

2833, 1670, 1596, 1502, 1463, 1393, 1250, 1210, 749. HRMS (ESI, m/z) calcd for 

C33H37N3O3[M+H]+: 524.2908, found: 524.2908. 

1H NMR (400 MHz, CDCl3) (minor): δ = 7.41-7.19 (d, J = 8.0 Hz, 1H), 7.27-7.23 (m, 

1H), 7.14-7.00 (m, 5H), 5.11-5.04 (m, 1H), 4.92-4.90 (d, J = 8.0 Hz, 1H), 4.52-4.46 (m, 

1H), 3.99-3.93 (dd, J= 8.4 Hz, J= 16.8 Hz, 1H), 3.80 (s, 3H), 3.71-3.62 (m, 1H), 3.66 

(s, 3H), 3.44-3.37 (m, 1H), 3.32-3.27 (dd, J = 6.0 Hz, J= 16.8 Hz, 1H), 3.04-2.97 (m, 

1H), 2.92-2.85 (m, 1H), 2.29 (s, 3H), 1.26-1.23 (t, J = 6.0 Hz, 6H). 13C NMR (CDCl3, 

100 MHz): δ = 190.4, 149.7, 147.5, 146.2, 142.2, 141.3, 136.6, 130.1, 129.1, 128.7, 

128.7, 128.1, 127.7, 126.0, 125.9, 120.8, 117.2, 114.1, 111.8, 111.0, 64.0, 55.7, 55.6, 

48.9, 43.8, 43.6, 26.4, 23.5, 23.1, 19.9. IR (KBr): ν(cm-1) 2919, 2850, 1676, 1596, 1507, 

1465, 1395, 1254, 747. HRMS (ESI, m/z) calcd for C33H37N3O3[M+H]+: 524.2908, 

found: 524.2908. 

6. General procedure for Synthetic Transformation: 

 

To an oven-dried 25 mL Schlenk tube equipped with a stir bar, 3a (90.0 mg, 0.2 mmol, 

1.0 equiv.) was added along with 4Å molecular sieves (100 mg) and acetonitrile (1.5 

mL). The suspension was stirred vigorously at 30 oC for 2 hours. Then methyl 

trifluoromethanesulfonate (49.2 mg, 0.3 mmol, 34 µL, 1.5 equiv.) was added. The 

mixture was stirred for 1 hour. An additional 10 µL of methyl 

trifluoromethanesulfonate was added to Schlenk tube and the resulting solution was 

stirred for 1 hour. TLC at this point showed only trace amounts of 3a remained. 1.2 mL 
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of methanol and 0.4 mL of DBU was added to the tube. The reaction was stirred at 30 

oC for 30 min. The reaction was directly loaded on flash silica chromatography (Rf = 

0.3, EtOAc/Petroleum ether = 1:20) to afford 48 (44.5 mg, 60% yield). 

 

 

According to the general procedure, 4 was obtained as white solid; m.p. = 78-80 oC. 

60% yield, 97% ee (HPLC: chiralpak IA column, 254 nm, hexane/isopropanol = 98:2, 

flow rate 1.0 mL/min, tr1 (major) = 10.21 min, tr2 (minor) = 8.18 min; tr2 (major) = 

8.92 min, tr2 (minor) = 7.13 min); [α]D
25 = -31.6 (c = 1.0, CHCl3) (major). 

1H NMR (400 MHz, CDCl3) (major) δ = 7.34-7.02 (m, 10H), 6.97-6.91 (m, 1H), 6.77 

(d, J = 8.1 Hz, 2H), 6.68 (t, J = 7.2 Hz, 1H), 5.0 (d, J = 6.3 Hz, 1H), 3.90-3.84 (m, 1H), 

3.46 (d, J = 0.6 Hz, 3H), 3.42-3.28 (m, 2H), 2.93-2.86 (m, 2H), 2.79-2.70 (m, 2H). 13C 

NMR (CDCl3, 100 MHz): δ = 172.8, 150.2, 141.0, 136.1, 135.8, 129.0, 128.6, 128.4, 

128.4, 128.1, 126.9, 126.7, 125.5, 117.7, 114.8, 63.1, 51.5, 47.3, 43.2, 37.3, 26.7. 

1H NMR (400 MHz, CDCl3) (major) δ = 7.34-7.02 (m, 11H), 6.87 (t, J = 7.4 Hz, 1H), 

6.79-6.77 (m, 1H), 6.34 (d, J = 7.6 Hz, 1H), 4.85 (d, J = 8.4 Hz, 1H), 3.77-3.71 (m, 1H), 

3.65-3.61 (m, 1H), 3.55 (d, J = 0.6 Hz, 3H), 3.42-3.28 (m, 1H), 3.07 (dd, J = 6.7 Hz, J 

= 15.7 Hz, 1H), 2.79-2.70 (m, 2H), 2.39-2.31 (m, 1H). 13C NMR (CDCl3, 100 MHz): δ 

= 712.9, 149.6, 141.2, 135.8, 135.4, 129.3, 129.0, 128.3, 128.2, 128.0, 127.0, 126.9, 

125.0, 117.4, 113.5, 63.3, 51.5, 48.1, 43.5, 37.9, 26.8. IR (KBr): ν(cm-1) 2951, 2926, 

2836, 1716, 1594, 1502, 1429, 1320, 1258, 743, 698. HRMS (ESI, m/z) calcd for 

C25H25NO2[M+H]+: 372.1958, found: 372.1956. 

 

7. Synthesis of Intermediate Complexe rac-Rh5-IM. 
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The racemic complex rac-Rh5-IM was obtained by reacting Michael acceptor 1a (12.0 

mg, 0.05 mmol) with rac-Rh5 (63.0 mg, 0.05mmol) at room temperature for 3 mins in 

CH2Cl2 (1.0 mL). Afterwards, the solution was evaporated and the resulting solid was 

dissolved in CH2Cl2 (1.0 mL) follow by concentrated under vacuum. The labile ligands 

(CH3CN) were completely removed via dissolved-evaporated for three cycles. The 

orange solid was obtained (70.0 mg, 99% yield).  

1H NMR (400 MHz, CDCl3) δ = 8.51-8.47 (d, J = 15.2 Hz, 1H), 8.04-7.96 (t, J = 22.5 

Hz, 7H), 7.81-7.79 (m, 2H), 7.69-7.65 (d, J = 12.8 Hz, 1H), 7.54-7.52 (m, 3H), 7.48-

7.42 (td, J1 = 1.6 Hz, J2 = 8.8 Hz, J3 = 13.2 Hz, 2H), 7.32-7.26 (m, 5H), 7.20-7.09 (m, 

4H), 6.66-6.64 (t, J = 6.4 Hz, 2H), 6.25-6.25 (d, J = 1.2 Hz, 1H), 5.40-5.34 (m, 1H), 

1.77-1.75 (d, J = 6.4 Hz, 3H), 1.69-1.67 (d, J = 6.4 Hz, 3H), 1.17 (s, 9H), 1.13 (s, 9H). 

19F NMR (376.4 MHz, CDCl3) δ = -62.7, 62.7, -72.0, 73.9.  

Reference:  
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V. NMR Spectra of Substrates and Products 

 

 
1H NMR spectra of Ligand 

 

 

 

13C NMR spectra of Ligand 
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19F NMR spectra of Ligand 
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1H NMR spectra of Dimer 

 

 

 

13C NMR spectra of Dimer 
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19F NMR spectra of Dimer 
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1H NMR spectra of Λ-(S)-Rh complex 

 

 

 

13C NMR spectra of Λ-(S)-Rh complex 
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19F NMR spectra of Λ-(S)-Rh complex 
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1H NMR spectra of catalyst Λ-Rh5 

 

 

 

13C NMR spectra of catalyst Λ-Rh5 
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19F NMR spectra of catalyst Λ-Rh5 
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1H NMR spectra of compound 1a 

 

 

 

1H NMR spectra of compound 1b 
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1H NMR spectra of compound 1c 
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1H NMR spectra of compound 1d 

 

 

 

13C NMR spectra of compound 1d 
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1H NMR spectra of compound 1e 

 

 

 

1H NMR spectra of compound 1f 
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1H NMR spectra of compound 1g 

 

 

 

13C NMR spectra of compound 1g 
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1H NMR spectra of compound 1q 
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1H NMR spectra of compound 2a 
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1H NMR spectra of compound 3s 

 

 

 

13C NMR spectra of compound 3s 
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1H NMR spectra of compound 3t 

 

 

 

 
13C NMR spectra of compound 3t 
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1H NMR spectra of compound 3u 

 

 

 

13C NMR spectra of compound 3u 
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1H NMR spectra of compound 3v 

 

 

 

13C NMR spectra of compound 3v 
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1H NMR spectra of compound 3w 

 

 

 

13C NMR spectra of compound 3w 
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1H NMR spectra of compound 3x 

 

 

13C NMR spectra of compound 3x 
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1H NMR spectra of compound 3x 

 

 
13C NMR spectra of compound 3x 
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1H NMR spectra of compound 4 

 

 

 
 

13C NMR spectra of compound 4 
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VI Chiral HPLC analysis trace 

Racemic 3a: 

 
Chiral 3a: 

 

HPLC traces of rac-3a (reference) and chiral-3a. Area integration = 2.2:78.7 (95% ee). 
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Racemic 3b: 

 

Chiral 3b: 

 

HPLC traces of rac-3b (reference) and chiral-3b. Area integration = 3.2:76.7 (92% ee). 
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Racemic 3c: 

 

 
Chiral 3c: 

 

 

HPLC traces of rac-3c (reference) and chiral-3c. Area integration = 3.5:77.6 (91% ee). 
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Racemic 3d: 

 

 

Chiral 3d: 

 

HPLC traces of rac-3d (reference) and chiral-3d. Area integration = 3.4:79.6 (92% ee). 
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Racemic 3e: 

 

 

Chiral 3e: 

 

 
HPLC traces of rac-3e (reference) and chiral-3e. Area integration = 2.6:74.6 (93% ee). 
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Racemic 3f: 

 

 

 

Chiral 3f: 

 

 

HPLC traces of rac-3f (reference) and chiral-3f. Area integration = 2.2:79.4 (94% ee). 
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Racemic 3g: 

 

 

Chiral 3g: 

 

 
HPLC traces of rac-3g (reference) and chiral-3g. Area integration = 0.3:71.6 (99.1% ee). 
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Racemic 3h 

 

 

Chiral 3h: 

 

 

HPLC traces of rac-3h (reference) and chiral-3h. Area integration = 4.5:74.6 (91% ee). 
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Racemic 3i 

 

 

Chiral 3i: 

 

 

HPLC traces of rac-3i (reference) and chiral-3i. Area integration = 1.8:53.4(94% ee). 
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Racemic 3j: 

 

 

Chiral 3j: 

 

 

HPLC traces of rac-3j (reference) and chiral-3j. Area integration = 3.0:72.3 (92% ee). 
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Racemic 3k: 

 

 

Chiral 3k: 

 

 

HPLC traces of rac-3k (reference) and chiral-3k. Area integration = 74.9:2.8 (93%ee). 
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Racemic 3l: 

 

l 

Chiral 3l: 

 

HPLC traces of rac-3l (reference) and chiral-3l. Area integration = 72.5:3.1 (92% ee). 



111 
 

Racemic 3m: 

 

 

Chiral 3m: 

 

 

HPLC traces of rac-3m (reference) and chiral-3m. Area integration = 2.9:74.4 (93% ee). 
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Racemic 3n: 

 

 

Chiral 3n: 

 

 

HPLC traces of rac-3n (reference) and chiral-3n. Area integration = 1.7:64.5 (97% ee). 
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Racemic 3o: 

 

 

Chiral 3o: 

 

 

HPLC traces of rac-3o (reference) and chiral-3o. Area integration = 49.1:2.4 (92% ee). 
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Racemic 3p: 

 

 

 

 

Chiral 3p: 

 

 

HPLC traces of rac-3p (reference) and chiral-3p. Area integration = 4.1:89.1 (91% ee). 
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Racemic 3q: 

 

Chiral 3q: 

 

 

 

HPLC traces of rac-3q (reference) and chiral-3q. Area integration = 2.7:55.1 (91% ee). 
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Racemic 3r: 

 

 

Chiral 3r: 

 

 

HPLC traces of rac-3r (reference) and chiral-3r. Area integration = 79.2:1.7 (96% ee). 
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Racemic 3s: 

 

Chiral 3s: 

 

 
HPLC traces of rac-3s (reference) and chiral-3s. Area integration = 93.0:2.9 (94% ee). 

 

 



118 
 

Racemic 3t: 

 

 

Chiral 3t: 

 

HPLC traces of rac-3t (reference) and chiral-3t. Area integration = 2.5:75.1(93% ee). 
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Racemic 3u: 

 

 

Chiral3u: 

 

 

HPLC traces of rac-3u (reference) and chiral-3u. Area integration = 83.3:4.6 (90% ee). 

 



120 
 

 

Racemic 3v: 

 

 

Chiral3v: 

 

 

HPLC traces of rac-3v (reference) and chiral-3v. Area integration = 92.6:1.4(97% ee). 
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Racemic 3w: 

 

 

Chiral3w: 

 

 

HPLC traces of rac-3w (reference) and chiral-3w. Area integration = 61.4:0.8 (99%). 
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Racemic 3x: 

 

 

Chiral3x: 

 

 

HPLC traces of rac-3x (reference) and chiral-3x. Area integration = 2.1:72.3 (94%). 
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Racemic 4: 

 

 

Chiral 4: 

 

HPLC traces of rac-4(reference) and chiral-4. Area integration = 2.2:80.3 (97%). 
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Ⅶ Single Crystal X-Ray Diffraction of 3k 

Table S3. Crystal data and structure refinement for 3k. 

 

 

Identification code  3k 

Empirical formula  C31 H33 N3 O 

Formula weight  463.60 

Temperature  100.0(3) K 

Wavelength  1.54184 Å 

Crystal system  Monoclinic 

Space group  P 21 

Unit cell dimensions a = 12.5308(3) Å  

 b = 7.8842(2) Å 

98.906(2)°. 

 c = 12.7592(3) Å  

Volume 1245.35(5) Å3 

Z 2 

Density (calculated) 1.236 Mg/m3 

Absorption coefficient 0.583 mm-1 

F(000) 496 

Crystal size 0.140 x 0.130 x 0.100 mm3 

Theta range for data collection 3.506 to 73.359°. 

Index ranges -15<=h<=15, -9<=k<=8, -14<=l<=15 

Reflections collected 4859 

Independent reflections 3345 [R(int) = 0.0225] 

Completeness to theta = 67.684° 99.8 %  

Absorption correction Semi-empirical from equivalents 
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Max. and min. transmission 1.00000 and 0.81204 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3345 / 1 / 319 

Goodness-of-fit on F2 1.065 

Final R indices [I>2sigma(I)] R1 = 0.0329, wR2 = 0.0852 

R indices (all data) R1 = 0.0347, wR2 = 0.0868 

Absolute structure parameter 0.1(3) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.146 and -0.193 e. Å-3 

 


