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1. General Information 

All reactions were performed under argon atmosphere with glass storage tube unless otherwise 

stated. Reagents were purchased from commercial sources and were used as received. Solvents were 

purified by VG-P7 solvent drying system or commercial dry solvent. Thin layer chromatography (TLC) 

was performed to monitor reactions by UV light (254 nm) or phosphomolybdate chromogenic agent. 

Silica gel column chromatography was performed using 200-300 Mesh silica gel. 

1H and 13C NMR spectra were recorded at 400 MHz, 100 MHz on a Bruker Avance 400 spectrometer. 

All chemical shifts in 1H NMR spectra are reported in parts per million (ppm) relative to residual CDCl3 

(7.26 ppm) as internal standards. 1H NMR data are reported as follows: chemical shift, multiplicity (s = 

singlet, d = doublet, q = quartet, m = multiplet, dd = doublet of doublets, dt = doublet of triplets, br = 

broad), the number of protons (n) for a given resonance was indicated by nH. Coupling constants were 

reported as a J value in Hz. 19F NMR chemical shiftswere reported in ppm. 13C NMR chemical shifts are 

reported in ppm relative to the central peak of CDCl3 (77.16 ppm) as internal standards. HRMS data 

were obtained by ESI or APCI method with Bruker mass spectrometer (MAXIS). The enantiomeric excess 

(ee) of products were determined by chiral phase HPLC analysis on a Thermo Scientific DIONEX UltiMate 

U3000 HPLC machine. X-Ray crystallographic analyses were performed on Bruker D8 Venture. HRMS 

data were obtained by ESI or APCI method with Bruker mass spectrometer (MAXIS). Optical rotations 

were measured in CHCl3 on a Shanghai Zhuoguang fully automatic Polarimeter using a sodium lamp (λ 

589 nm, D-line). The X-Ray Diffraction (XRD) patterns were collected on Rigaku D/Max2550VB+/PC (Cu 

Kα source) at a scan rate of 2.4o min-1. Scanning Electron Microscopy (SEM) images were obtained on a 

field emission scanning electron microscope (HITACHI SU8220 microscope). Transmission Electron 

Microscopy (TEM) images and element mapping were obtained by a Tecnai G2 F20 transmission 

electron microscopy (FEI, USA). 

A 10 mL liquid storage sealed tube with a polytetrafluoroethylene thread plug was used for all the 

experiments, The photoreactor was an optical parallel reaction instrument produced by TaoBao and a 

50 W*2 red LED lamp was used. (Figure S1). 
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Figure S1. Pictures of photoreactors 

(Note: The reaction was conducted at room temperature) 

2. Optimization of reaction conditions 

Scheme S1. Screening of chiral phosphoric acid (CPA). 

 

Reaction conditions: 1 (0.1 mmol), 2 (1.5 equiv.), mpg-CN (5.0 mg/mL), CPA (20 mol%), 620-630 nm, 

DMAc (0.05 M), Ar, at ambient temperature (25-28 C), 24 h. Yields were determined by 1H NMR analysis 

using 1,3,5-trimethoxybenzene as internal standard. 



S3 
 

Table S1. Screening of temperature. 

 

Reaction conditions: 1 (0.1 mmol), 2 (1.5 equiv.), mpg-CN (5.0 mg/mL), (R)-TRIP (20 mol%), 620-630 nm, 

DMAc (0.05 M), Ar, 24 h. Yields were determined by 1H NMR analysis using 1,3,5-trimethoxybenzene as 

internal standard. 

Table S2. Screening of solvent. 

 

Reaction conditions: 1 (0.1 mmol), 2 (1.5 equiv.), mpg-CN (5.0 mg/mL), (R)-TRIP (20 mol%), 620-630 nm, 

Solvent (0.05 M), at ambient temperature (25-28 C), 24 h. Yields were determined by 1H NMR analysis 

using 1,3,5-trimethoxybenzene as internal standard. 
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Table S3. Screening of chiral phosphoric acid (CPA) loading. 

 

Reaction conditions: 1 (0.1 mmol), 2 (1.5 equiv.), mpg-CN (5.0 mg/mL), (R)-TRIP (x mol%), 620-630 nm, 

2-MeTHF (0.05 M), Ar, 24 h, at ambient temperature (25-28 C), 24 h. Yields were determined by 1H 

NMR analysis using 1,3,5-trimethoxybenzene as internal standard. 

Table S4. Screening of the substrates loading. 

 

Reaction conditions: 1 (0.1 mmol), 2 (x equiv.), mpg-CN (5 mg/mL), (R)-TRIP (30 mol%), 620-630 nm, 2-

MeTHF (0.05 M), Ar, 24 h, at ambient temperature (25-28 C), 24 h. Yields were determined by 1H NMR 

analysis using 1,3,5-trimethoxybenzene as internal standard. 
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Table S5. Screening of concentration. 

 

Reaction conditions: 1 (0.1 mmol), 2 (2.0 equiv.), mpg-CN (5.0 mg/mL), (R)-TRIP (30 mol%), 620-630 nm, 

2-MeTHF (x M), Ar, at ambient temperature (25-28 C), 24 h. Yields were determined by 1H NMR analysis 

using 1,3,5-trimethoxybenzene as internal standard. 

Table S6. Screening of mpg-CN loading. 

 

Reaction conditions: 1 (0.1 mmol), 2 (2.0 equiv.), mpg-CN (x mg/mL), (R)-TRIP (30 mol%), 620-630 nm, 

2-MeTHF (0.05 M), Ar, at ambient temperature (25-28 C), 24 h. Yields were determined by 1H NMR 

analysis using 1,3,5-trimethoxybenzene as internal standard. 
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Table S7. Screening of reaction time. 

 

Reaction conditions: 1 (0.1 mmol), 2 (2.0 equiv.), mpg-CN (5 mg/mL), (R)-TRIP (30 mol%), 620-630 nm, 

2-MeTHF (0.05 M), Ar, at ambient temperature (25-28 C). Yields were determined by 1H NMR analysis 

using 1,3,5-trimethoxybenzene as internal standard. 

 

 

 

Table S8. Screening of different light sources. 

 

Reaction conditions: 1 (0.1 mmol), 2 (2.0 equiv.), mpg-CN (5 mg/mL), (R)-TRIP (30 mol%), hv, 2-MeTHF 

(0.05 M), Ar, at ambient temperature (25-28 C), 24 h. Yields were determined by 1H NMR analysis using 

1,3,5-trimethoxybenzene as internal standard.  
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Table S9. Control experiments. 

 

Reaction conditions: 1 (0.1 mmol), 2 (2.0 equiv.), mpg-CN (5 mg/mL), (R)-TRIP (30 mol%), 620-630 nm, 

2-MeTHF (0.05 M), Ar, at ambient temperature (25-28 C), 24 h. Yields were determined by 1H NMR 

analysis using 1,3,5-trimethoxybenzene as internal standard. 

3. Preparation of mpg-CN and redox-active esters (RAEs). 

3.1 Preparation of mpg-CN 

mpg-CN was synthesized according to the literature procedure1. A mixture of cyanamide (3.00 g) and 

colloidal silica aqueous solution (Ludox HS-40, 40 wt.%, 7.50 g) was stirred in a glass vial at room 

temperature for about 15 minutes until cyanamide was dissolved completely. Water was slowly 

evaporated upon stirring the mixture overnight at 60 oC. Magnetic stirring bar was removed and the 

white solid was transferred into a porcelain crucible and calcinated at 550 oC for ca. 4h under flow of 

nitrogen in a muffle oven. The oven was allowed to cool to room temperature, the content from the 

crucible was transferred into a polypropylene bottle, The resulting brown-yellow powder was treated 

with a 4M NH4HF2 for 24 h to remove the silica template. The powders were then centrifuged and 

washed three times with distilled water and twice with ethanol, and dried overnight in a vacuum oven 

(60 oC).  

 

Fig. S1 SEM images of mpg-CN 
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Fig. S2 TEM images of mpg-CN 

 

Fig. S3 Diffuse reflectance UV-Vis absorption spectrum of mpg-CN. 

 

Fig. S4. Powder X-Ray diffraction pattern of mpg-CN. 

3.2 General procedure for preparation of redox active esters (RAEs).  

 

RAEs were prepared using enantiopure N-acetyl amino acids as starting materials according to the 
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literature procedure.2 The corresponding alkyl carboxylic acid (10.0 mmol, 1.0 equiv.), N-

hydroxyphthalimide (11.0 mmol, 1.1 equiv.), and 4-dimethylaminopyridine (1.0 mmol, 10 mol%) were 

mixed in a flask with a magnetic stirring bar. Dry CH2Cl2 (40 mL) was added. Then a solution of N, N -́

dicyclohexylcarbodiimide (11.0 mmol, 1.1 equiv.) in CH2Cl2 (15 mL) was added slowly at room 

temperature. The reaction mixture was monitored by TLC at room temperature. After completed, the 

white precipitate was filtered off and the solution was concentrated under vacuum. Corresponding 

redox active esters were purified by column chromatography on silica gel (petroleum ether/ethyl 

acetate as eluent). 

 

3.3 Procedure for the preparation of 4-phenylquinoline 

4-phenylquinoline was synthesized according to the literature procedure.3 

 

A vessel was charged with 4-bromoquinoline (416 mg, 2.0 mmol, 1.0 equiv.), and ethanol (2 mL), water 

(4 mL), toluene (8 mL), phenylboronic acid (366 mg, 3.0 mmol, 1.5 equiv.), K2CO3 (1.10 g, 8.0 mmol, 4.0 

equiv.), PPh3 (88 mg, 0.30 mmol, 15 mol%), and Pd(OAc)2 (22 mg, 0.10 mmol, 5 mol%) were added. The 

green reaction mixture was heated at 95 °C for 16 hours. After cooling to room temperature, the 

biphasic solution was diluted with saturated aqueous NH4Cl (10 mL) and CH2Cl2 (10 mL). The aqueous 

phase was extracted with CH2Cl2 (2 x 10 mL) and the combined organic layers were washed with water 
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(10 mL) and saturated aqueous NaHCO3 (10 mL). The organic phase was dried over MgSO4 and filtered. 

The filtrate was concentrated in vacuo and purified by flash column chromatography eluting with 40% 

EtOAc in petroleum ether (40-60) to afford 4-phenylquinoline (395 mg, 1.92 mmol, 96%) as a yellow oil.  

1H NMR (400 MHz, CDCl3) δH 8.95 (d, J = 4.4 Hz, 1H), 8.19 (d, J = 8.0 Hz, 1H), 7.92 (dd, J = 8.5, 0.9 

Hz, 1H), 7.74-7.70 (m, 1H), 7.57-7.44 (m, 6H), 7.33 (d, J = 4.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δC 

150.0, 148.7, 148.5, 138.0, 129.9, 129.6, 129.3, 128.6, 128.4, 126.8, 126.6, 125.9, 121.3. 

3.4 Procedure for the preparation of 4-(4-bromophenoxy)quinoline. 

4-(4-Bromophenoxy)quinoline was synthesized according to the literature procedure.3 

 

4-Chloroquinoline, (327 mg, 2.00 mmol), 4-bromophenol (410 mg, 4.40 mmol, 1.2 equiv.) and K2CO3 

(830 mg, 6.00 mmol, 3.0 equiv.) were suspended in dry dimethylformamide (DMF, 2.5 mL). The 

resulting mixture was heated under reflux and vigorous stirring for 14 h. The reaction mass was diluted 

with water (12.5 mL) and extracted with dichloromethane (3 x 30 mL). Finally, the organic phases were 

dehydrated using Na2SO4, concentrated under vacuum and the crude mixture purified by flash column 

chromatography eluting with 25% EtOAc in petroleum ether (40-60) to afford 4-(4-

bromophenoxy)quinoline (573 mg, 1.90 mmol, 95%) as white wax block-shaped solid. 

1H NMR (400 MHz, CDCl3) δH 8.69 (d, J = 5.1 Hz, 1H), 8.32 (dd, J = 8.4, 1.0 Hz, 1H), 8.11 (d, J = 8.5 

Hz, 1H), 7.79-7.75 (m, 1H), 7.62-7.53 (m, 3H), 7.11-7.03 (m, 2H), 6.57 (d, J = 5.1 Hz, 1H); 13C NMR 

(100 MHz, CDCl3) δC 161.4. 153.6, 151.0, 149.8, 133.4, 130.3, 129.1, 126.4, 122.8, 121.7, 121.4, 

118.5, 104.5. 

3.5 Procedure for the preparation of 5-Arylimidine. 4 

 

The (2-methoxynaphthalen-1-yl)boronic acid (10 mmol, 1.0 equiv.), 5-bromo-2-methyl-pyrimidine (10 
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mmol, 1.0 equiv.), Pd(PPh3)4 (0.25 mmol, 0.025 equiv.) and Cs2CO3 (25 mmol, 2.5 equiv.) were dissolved 

into EtOH (20 mL) and H2O (10 mL). The resulting solution was stirred at 80 oC for overnight. After 

completion of the reaction (TLC), the reaction was diluted with Et2O (100 mL) and washed with H2O. 

The organic layer was washed with brine, dried over Na2SO4. The product was purified by flash column 

chromatography on silica gel using (petroleum ether/ethyl acetate) as eluent to afford S-3 as a yellow 

solid. 

 

To a solution of S3 (1.0 equiv.) in CH2Cl2 (0.1 M) was added BBr3 (1.2 equiv.) slowly, and the mixture was 

stirred at room temperature under argon until the reaction was complete (TLC). The mixture was 

diluted with water and extracted with CH2Cl2. The aqueous layer was extracted with DCM and the 

combined organic extracts were washed with brine, dried over Na2SO4, the solvent was removed under 

vacuum and the residue was subjected to column chromatography on SiO2 with EtOAc-Petroleum ether 

as an eluent to give a colorless oil. Then the colorless oil (1.0 equiv.) and imidazole (3.0 equiv.) were 

dissolved into CH2Cl2 (0.1 M), then tert-Butyldimethylsilyl chloride (2.0 equiv.) was added to the 

resulting solution at room temperature. The reaction mixture was stirred overnight. After completion, 

the precipitate was removed by filtration and the filtrate was concentrated under reduced pressure to 

afford a crude product, which was purified by silica-gel column chromatography (petroleum ether/ethyl 

acetate) to afford S-4 

1H NMR (400 MHz, CDCl3) δH 8.69 (s, 2H), 7.86-7.80 (m, 2H), 7.47-7.38 (m, 3H), 7.18 (d, J = 8.9 Hz, 1H), 

2.84 (s, 3H), 0.77 (s, 9H), 0.05 (s, 6H); 13C NMR (100 MHz, CDCl3) δC 166.5, 158.9, 151.1, 133.5, 130.3, 

129.3, 128.3, 127.6, 127.0, 124.1, 120.7, 120.0, 25.7, 25.4, 18.0, -4.2. 
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1H NMR (400 MHz, CDCl3) δH 8.83 (d, J = 1.8 Hz, 1H), 8.14-8.06 (m, 2H), 7.78-7.71 (m, 3H), 7.69-7.63 (m, 

1H), 7.52-7.40 (m, 2H), 7.31-7.22 (m, 2H), 7.16-7.09 (m, 1H), 0.55 (s, 9H), -0.15 (t, J = 4.8 Hz, 6H); 13C 

NMR (101 MHz, CDCl3) δ (ppm) 153.2, 151.0, 146.9, 138.1, 133.8, 130.1, 129.7, 129.4, 129.4, 129.2, 

128.1, 128.0, 127.7, 126.7, 126.7, 124.7, 123.8, 123.6, 121.0, 25.3, 17.9, -4.3. 

4. General procedure for the catalytic reactions  

4.1 Standard procedure for the synthesis of products 

To an oven-dried 10 mL glass storage tube with a stir bar were added N-heteroarene (1.0 equiv., 0.3 

mmol), redox active ester (2.0 equiv., 0.6 mmol), mpg-CN (30 mg) and (R)-TRIP-PA (30 mol%). The 

mixture was evacuated and backfilled with argon for 3 times before 2-MeTHF (6.0 mL) were added. The 

reaction mixture was placed in a photo reactor, and maintained at approximately room temperature. 

The mixture was then stirred rapidly and irradiated for 24-48 hours. mpg-CN was obtained by rapid 

filtration of the reaction mixture, and the filtrate was concentrated under vacuo. The product was 

purified via flash column chromatography on silica gel (petroleum ether/ethyl acetate = 10:1~2:1). 

4.2 Standard procedure for gram-scale synthesis  

An oven-dried 100 mL flask equipped with a magnetic stir bar was sequentially charged with N-

heteroarene (1.0 equiv., 3.0 mmol), redox active ester (2.0 equiv., 6.0 mmol), mpg-CN (300 mg) and 

(R)-TRIP (30 mol%), 2-Me THF (60.0 mL) in the glove box. The flask was sealed and removed from the 

glove box. The reaction mixture was placed in a photo reactor, and maintained at approximately room 

temperature. The mixture was then stirred rapidly and irradiated for 72 h. mpg-CN was obtained by 

rapid filtration of the reaction mixture, and the filtrate was concentrated under vacuo. The product was 

purified via flash column chromatography on silica gel (petroleum ether/ethyl acetate = 10:1~2:1). 
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4.3 Characterization of compounds 

 

(S)-N-(1-(4-methylquinolin-2-yl)-2-phenylethyl)acetamide (3)3: white solid, 87% yield. 

1H NMR (400 MHz, CDCl3) δH 8.03 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 7.70 (t, J = 7.9 Hz, 1H), 

7.55 (t, J = 7.9 Hz, 1H), 7.23 (br s, 1H), 7.16-7.14 (m, 3H), 6.95-6.93 (m, 2H), 6.80 (s, 1H), 5.41-5.36 

(m, 1H), 3.34 (d, J = 13.3, 5.2 Hz, 1H), 3.16 (q, J = 13.5, 8.1 Hz, 1H), 2.58 (s, 3H), 2.08 (s, 3H).; 13C 

NMR (100 MHz, CDCl3) δC 169.5, 158.7, 147.1, 144.6, 137.2, 129.7, 129.4, 129.3, 128.1, 127.4, 

126.4, 126.2, 123.8, 121.5, 55.5, 42.2, 23.6, 18.7. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC),  

tr(minor) = 11.48 min, tr(major) = 13.37 min, 95% ee. 

 

(S)-N-(2-(4-fluorophenyl)-1-(4-methylquinolin-2-yl)ethyl)acetamide (4)5: white solid, 69% yield.  

1H NMR (400 MHz, CDCl3) δH 8.00 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.69 (t, J = 8.1 Hz, 1H), 

7.54 (t, J = 8.0 Hz, 1H), 7.28 (bt d, J = 7.2 Hz, 1H), 6.89-6.80 (m, 5H), 5.36 (dt, J = 7.6, 7.5 Hz, 1H), 

3.28 (dd, J = 13.4, 5.0 Hz, 1H), 3.16 (dd, J = 13.4, 7.8, Hz, 1H), 2.59 (s, 3H), 2.07 (s, 3H).; 13C NMR 

(100 MHz, CDCl3) δC 169.5, 162.8, 160.4, 158.5, 147.1, 144.7, 132.9 (d, J = 3.2 Hz), 131.1(d, J = 7.9 
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Hz), 129.4 (d, J = 8.5 Hz), 127.4, 126.2, 123.8, 121.4, 114.9 (d, J = 21.2 Hz), 55.4, 41.2, 23.6, 18.7; 

19F NMR (376 MHz, CDCl3) δF -166.69. 

Chiral HPLC analysis, Chiralpak AD-H (95:5 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC),, 

tr(major) = 9.30 min., tr(minor) = 10.52 min, 96% ee. 

 

(S)-4-(2-acetamido-2-(4-methylquinolin-2-yl)ethyl)phenyl acetate (5): light yellow solid, 50% yield. 

1H NMR (400 MHz, CDCl3) δH 8.03 (d, J = 8.3 Hz, 1H), 7.96 (d, J = 8.3 Hz, 1H), 7.73 (dt, J = 8.2, 7.0 

Hz, 1H), 7.55 (dt, J = 8.2, 7.0 Hz, 1H), 7.33 (br d, J = 4.6 Hz, 1H), 6.93 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 

9.4 Hz, 2H), 6.79 (s, 1H), 5.36 (dt, J = 7.8, 5.0 Hz, 1H), 3.34 (dd, J = 13.3, 5.0 Hz, 1H), 3.14 (dd, J = 

13.3, 8.1 Hz, 1H), 2.59 (s, 3H), 2.26 (s, 3H), 2.08 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 169.5, 169.5, 

158.4, 149.3, 147.1, 144.8, 134.9, 130.6, 129.4, 129.3, 127.4, 126.2, 123.9, 121.5, 121.2, 55.4, 41.5, 

23.6, 21.2, 18.7. 

HRMS(ESI+) m/z: [M + H]+calcd. for [C22H23N2O3]+ expect 363.1703; found 363.1707. 

Chiral HPLC analysis, Chiralpak OD (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(minor) = 9.69 min., tr(major) = 11.02 min; [α]D
27.4 = +48.7 (c 1.0, CHCl3), 93% ee.  

 

(S)-N-(1-(4-methylquinolin-2-yl)-2-(naphthalen-2-yl)ethyl)acetamide (6): light yellow solid, 56% 

yield. 

1H NMR (400 MHz, CDCl3) δH 8.03 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 8.3 Hz, 1H), 7.76 (t, J = 3.5 Hz 1H), 

7.70-7.62 (m, 3H), 7.56-7.53 (t, J = 7.5 Hz, 1H), 7.46 (s, 1H), 7.42-7.39 (m, 2H), 7.28 (d, J = 7.1 Hz, 

1H), 7.06 (d, J = 8.4 Hz, 1H), 6.83 (s, 1H), 5.50 (q, J = 6.9 Hz, 1H), 3.51 (dd, J = 13.3, 5.0 Hz, 1H), 3.36 

(dd, J = 13.2, 7.9 Hz, 1H), 2.52 (s, 3H), 2.08 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 169.4, 158.7, 

147.1, 144.6, 134.8, 133.3, 132.2, 129.4, 129.2, 128.3, 128.0, 127.5, 127.5, 127.5, 127.4, 126.1, 

125.8, 125.3, 123.8, 121.4, 55.4, 42.2, 23.5, 18.5. 

HRMS(ESI+) m/z: [M + H]+calcd. for [C24H23N2O]+ expect 355.1805; found 355.1807. 
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Chiral HPLC analysis, Chiralpak IF (80:20 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(major) = 10.35 min., tr(minor) = 11.73 min. [α]D
27.6 = + 88.8 (c 1.0, CHCl3), 93% ee. 

 

 

(S)-N-(1-(4-methylquinolin-2-yl)-2-(thiophen-2-yl)ethyl)acetamide (7): light yellow solid, 74% yield. 

1H NMR (400 MHz, CDCl3) δH 8.02 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.3 Hz, 1H), 7.69 (t, J = 6.9 Hz 1H), 

7.54 (t, J = 7.0 Hz 1H), 7.30 (br s, 1H), 7.04-7.02 (m, 2H), 6.79 (t, J = 5.0 Hz, 1H), 6.56 (d, J = 3.2 Hz 

1H), 5.42 (dd, J = 12.4, 7.0 Hz 1H), 3.59-3.48 (m, 2H), 2.64 (s, 3H), 2.10 (s, 3H);13C NMR (100 MHz, 

CDCl3) δC 169.6, 158.2, 147.0, 144.9, 138.9, 129.5, 129.3, 127.5, 126.6, 126.5, 126.2, 124.2, 123.8, 

121.1, 55.0, 35.6, 23.6, 18.8. 

HRMS(ESI+) m/z: [M + H]+calcd. for [C20H27N2O3]+ expect 311.1213; found 311.1214. 

Chiral HPLC analysis, Chiralpak AD-H (95:5 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), tr 

(major) = 17.42 min., tr(minor) = 18.65 min, 88% ee; [α]D
27.6 = -23.5 (c 1.0, CHCl3). 

 

(S)-N-(1-(4-methylquinolin-2-yl)-3-phenylpropyl)acetamide (8)3: white solid, 90% yield. 

1H NMR (400 MHz, CDCl3) δH 8.08 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.3 Hz, 1H), 7.75-7.69 (m, 1H), 

7.60-7.53 (m, 1H), 7.28 (br d, J = 3.6 Hz, 1H), 7.25 (t, J = 8.0 Hz, 2H), 7.14 (t, J = 8.0 Hz, 4H), 5.30 (q, 

J = 6.4 Hz, 1H), 2.69 (s, 3H), 2.66-2.61 (m, 1H), 2.59-2.52 (m, 1H), 2.41-2.32 (m, 1H), 2.22-2.13 (m, 

1H), 2.09 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 169.7, 159.5, 147.2, 145.2, 141.7, 129.5, 129.4, 

128.4, 128.3, 127.5, 126.2, 125.8, 123.9, 121.0, 53.9, 37.7, 31.6, 23.6, 18.8. 

Chiral HPLC analysis, Chiralpak IF (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(major) = 11.200 min., tr(minor) = 13.630 min, 92% ee.  
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(S)-N-(1-(4-methylquinolin-2-yl)ethyl)acetamide (9)3: white solid, 85% yield. 

1H NMR (400 MHz, CDCl3) δH 8.07 (d, J = 8.4 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.72 (t, J = 7.3 Hz, 1H), 

7.56 (t, J = 7.4 Hz, 1H), 7.48 (s, 1H), 7.16 (s, 1H), 5.21 (p, J = 6.8 Hz, 1H), 2.71 (s, 3H), 2.11 (s, 3H), 

1.54 (d, J = 6.7 Hz, 3H); 13C NMR (100 MHz, CDCl3) δC 169.6, 160.6, 147.0, 145.6, 129.6, 129.4, 

127.6, 126.3, 123.9, 120.5, 50.1, 23.8, 22.8, 18.9. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC) 

tr(minor) = 12.86 min, tr(major) = 16.04 min, 89% ee.  

 

(S)-N-(3-methyl-1-(4-methylquinolin-2-yl)butyl)acetamide (10)5: white solid, 80% yield. 

1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.4 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.69 (t, J = 7.6 Hz, 1H), 

7.53 (t, J = 7.8 Hz, 1H), 7.19 (s, 1H), 6.96 (d, J = 1.8 Hz, 1H), 5.26 (dd, J = 14.6, 7.8 Hz, 1H), 2.69 (s, 

3H), 2.05 (s, 3H), 1.77-1.67 (m, 2H), 1.65-1.58 (m, 1H), 0.98 (d, J = 6.4 Hz, 3H), 0.94 (d, J = 6.5 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 169.5, 160.9, 147.4, 145.0, 129.4, 129.3, 127.4, 126.0, 123.8, 

121.2, 52.6, 46.1, 25.0, 23.6, 23.0, 22.7, 18.8. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC), 

tr(minor) = 6.96 min, tr(major) = 9.66 min, 82% ee. 

 

(S)-N-(1-(4-methylquinolin-2-yl)-3-(methylthio)propyl)acetamide (11)3: white solid, 77% yield. 

1H NMR (400 MHz, CDCl3) δH 8.04 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.71 (t, J = 7.9 Hz, 1H), 

7.56 (t, J = 8.0 Hz, 1H), 7.27 (s, 1H), 7.20 (s, 1H), 5.32 (q, J = 6.4 Hz, 1H), 2.70 (s, 3H), 2.55-2.48 (m, 

1H), 2.40-2.25 (m, 2H), 2.17-2.07 (m, 7H).; 13C NMR (100 MHz, CDCl3) δC 169.7, 158.9, 147.1, 145.4, 

129.5, 129.4, 127.5, 126.3, 123.8, 120.9, 53.2, 35.8, 30.0, 23.6, 18.8, 15.4. 
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Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC), 

tr(minor) = 12.93 min., tr(major) = 16.46 min, 92% ee. 

 

(S)-N-(cyclohexyl(4-methylquinolin-2-yl)methyl)acetamide (12): white solid, 91% yield. 

1H NMR (400 MHz, CDCl3) δH 8.03 (d, J = 8.4Hz, 1H), 7.96 (d, J = 8.3 Hz, 1H), 7.75-7.63 (m, 1H), 

7.56-7.48 (m, 1H), 7.13 (s, 1H), 7.10 (d, J = 8.8 Hz, 1H), 5.03 (dd, J = 6.0, 1.1 Hz, 1H), 2.68 (s, 3H), 

2.06 (s, 3H), 1.90-1.82 (m, 1H), 1.73-1.54 (m, 5H), 1.19-0.97(m, 5H).; 13C NMR (100 MHz, CDCl3) δC 

169.6, 159.6, 147.3, 144.3, 129.5, 129.2, 127.4, 126.0, 123.8, 122.2, 58.6, 44.0, 29.9, 29.0, 26.3, 

26.2, 26.1, 23.7, 18.8. 

HRMS(ESI+) m/z: [M + H]+calcd. for [C19H25N2O]+ expect 297.1961; found 297.1964. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC), 

tr(minor) = 8.71 min., tr(major) = 13.84 min, 91% ee; [α]D
27.4 = -119.8 (c 1.0, CHCl3). 

 

 

(S)-N-(2-methyl-1-(4-methylquinolin-2-yl)propyl)acetamide (13)3: white solid, 87% yield. 

1H NMR (400 MHz, CDCl3) δH 8.03 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.3 Hz, 1H), 7.68 (t, J = 7.1 Hz, 1H), 

7.52 (t, J = 7.2 Hz, 1H), 7.14 (s, 1H), 7.11 (br d, J = 8.2 Hz, 1H), 5.05 (dd, J = 8.5, 7.8 Hz, 1H), 2.67 (s, 

3H), 2.27-2.19 (m, 1H), 2.08 (s, 3H), 0.92 (d, J = 6.8 Hz, 3H), 0.87 (d, J = 6.8 Hz, 3H).; 13C NMR (100 

MHz, CDCl3) δC 169.7, 159.5, 147.2, 144.4, 129.5, 129.2, 127.4, 126.0, 123.8, 122.0, 59.0, 34.2, 

23.7, 19.4, 18.8, 18.4. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC),  

tr(minor) = 8.53 min, tr(major) = 13.53 min, 92% ee. 

 



S18 
 

(S)-N-(1-(4-methylquinolin-2-yl)pentyl)acetamide (14)2: white solid, 88% yield. 

1H NMR (400 MHz, CDCl3) δH 8.04 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.3 Hz, 1H), 7.67 (t, J = 7.3 Hz, 1H), 

7.52 (t, J = 7.6 Hz, 1H), 7.29 (br d, J = 7.2 Hz, 1H), 7.15 (s, 1H), 5.18 (q, J = 6.7 Hz, 1H), 2.67 (s, 3H), 

2.06 (s, 3H), 1.98-1.93 (m, 1H), 1.87-1.78 (m, 1H), 1.30-1.19 (m, 4H), 0.81 (t, J = 6.5 Hz, 3H).; 13C 

NMR (100 MHz, CDCl3) δC 169.5, 160.1, 147.2, 144.9, 129.4, 129.3, 127.4, 126.0, 123.8, 121.1, 54.1, 

36.1, 27.5, 23.6, 22.7, 18.8, 14.0. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(minor) = 8.11 min., tr(major) = 11.14 min, 90% ee. 

 

tert-butyl (S)-4-acetamido-4-(4-methylquinolin-2-yl)butanoate (15)3: white solid, 79% yield. 

1H NMR (400 MHz, CDCl3) δH 8.00 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.65 ( t, J = 9.6 Hz, 1H), 

7.50 (br t, J = 9.4 Hz, 1H), 7.37 (br d, J = 7.4 Hz, 1H), 7.16 (s, 1H), 5.22 (dd, J = 12.8, 7.9 Hz, 1H), 2.64 

(s, 3H), 2.34-2.24 (m, 2H), 2.18-2.13 (m, 1H), 2.06-2.02 (m, 4H), 1.35 (s, 9H).; 13C NMR (100 MHz, 

CDCl3) δC 172.4, 169.6, 159.0, 146.9, 145.1, 129.3, 129.2, 127.3, 126.0, 123.6, 120.6, 80.1, 53.1, 

31.2, 31.1, 27.8, 23.4, 18.6. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(minor) = 14.85 min., tr(major) = 25.52 min, 87% ee. 

 

tert-butyl (S)-(5-acetamido-5-(4-methylquinolin-2-yl)pentyl)carbamate (16)3: white solid, 74% 

yield. 

1H NMR (400 MHz, CDCl3) δH 8.04 (d, J = 8.4 Hz, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.70 (t, J = 7.2 Hz, 1H), 

7.54 (t, J = 7.8 Hz, 1H), 7.22 (d, J = 7.4 Hz, 1H), 7.15 (s, 1H), 5.18 (q, J = 6.5 Hz, 1H), 4.54 (br s, 1H), 

3.04 (d, J = 6.0 Hz, 2H), 2.70 (s, 3H), 2.09 (s, 3H), 2.01-1.95 (m, 1H), 1.87-1.79 (m, 1H), 1.48-1.40 

(m, 11H), 1.34-1.28 (m, 2H); 13C NMR (100 MHz, CDCl3) δC 169.7, 159.8, 156.1, 147.2, 145.2, 129.5, 

129.4, 127.5, 126.2, 123.8, 121.0, 79.0, 54.0, 40.3, 36.1, 29.9, 28.5, 23.7, 22.5, 18.9. 



S19 
 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(minor) = 13.51 min., tr(major) = 20.01 min, 88% ee.  

 

(S)-N-(2-phenyl-1-(quinolin-2-yl)ethyl)acetamide (17)3: white solid, 60% yield. 

1H NMR (400 MHz, CDCl3) δH 8.03 (d, J = 8.4 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 

7.71 (t, J = 7.4 Hz, 1H), 7.53 (t, J = 7.3 Hz, 1H), 7.28 (d, J = 6.1 Hz, 1H), 7.16-7.14 (m, 3H), 6.95-6.93 

(m, 3H), 5.44 (dd, J = 6.8, 5.6 Hz, 1H), 3.37 (dd, J = 13.1, 3.8 Hz, 1H), 3.15 (dd, J = 12.0, 8.5 Hz, 1H), 

2.09 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 169.5, 159.2, 147.4, 137.1, 136.3, 129.7, 129.6, 128.9, 

128.2, 127.7, 127.4, 126.5, 126.4, 120.9, 55.8, 42.4, 23.6. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC),  

tr(minor) = 10.25 min., tr(major) = 11.07 min, 91% ee. 

 

(S)-N-(1-(3-methylquinolin-2-yl)-2-phenylethyl)acetamide (18)3: white solid, 84% yield. 

1H NMR (400 MHz, CDCl3) δH 8.03 (d, J = 8.4 Hz, 1H), 7.80 (s, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.67 (t, J 

= 7.3 Hz, 1H), 7.52 (t, J = 7.2 Hz, 1H), 7.27 (d, J = 7.8 Hz, 1H), 7.15-7.13 (m, 3H), 6.91-6.8 (m, 2H), 

5.70 (q, J = 6.2 Hz, 1H), 3.29-3.19 (m, 2H), 2.17 (s, 3H), 2.07 (s, 3H); 13C NMR (100 MHz, CDCl3) δC 

169.2, 159.4, 146.1, 137.0, 136.4, 129.7, 129.3, 128.7, 128.5, 128.1, 127.6, 126.9, 126.4, 126.4, 

51.7, 42.5, 23.6, 18.4. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC),   

tr(minor) = 7.83 min., tr(major) = 8.58 min, 97% ee.  

 

(S)-N-(2-phenyl-1-(4-phenylquinolin-2-yl)ethyl)acetamide (19)2: white solid, 58% yield. 

1H NMR (400 MHz, CDCl3) δH 8.12 (d, J = 9.2 Hz, 1H), 7.88 (d, J = 8.4 Hz, 1H), 7.72 (dt, J = 8.3, 1.3 

Hz, 1H), 7.50-7.46 (m, 4H), 7.35-7.26 (m, 3H), 7.19-7.17 (m, 3H), 6.99 (dd, J = 7.0, 3.6 Hz, 2H), 6.80 
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(s, 1H), 5.49-5.43 (m, 1H), 3.44 (dd, J = 13.1, 5.2 Hz, 1H), 3.11 (dd, J = 13.1, 8.4 Hz, 1H), 2.11 (s, 3H); 

13C NMR (100 MHz, CDCl3) δC 169.5, 158.6, 148.5, 147.9, 137.7, 137.3, 129.7, 129.5, 129.3, 128.5, 

128.4, 128.3, 126.5, 126.5, 125.9, 125.9, 121.2, 55.8, 42.6, 23.6. (one carbon signals were 

overlapped) 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC),  

tr(minor) = 9.64 min., tr(major) = 11.37 min, 92% ee. 

 

(S)-N-(1-(4-(4-bromophenoxy)quinolin-2-yl)-2-phenylethyl)acetamide (20)3: white solid, 80% yield. 

1H NMR (400 MHz, CDCl3) δH 8.24 (d, J = 8.3, 0.8 Hz, 1H), 8.05 (d, J = 8.4 Hz, 1H), 7.75 (dt, J = 8.1, 

1.0 Hz, 1H), 7.55 (dt, J = 8.1, 1.0 Hz, 1H), 7.46 (m, 2H), 7.33 (d, J = 7.4 Hz, 1H), 7.18-7.12 (m, 3H), 

6.91 (dd, J = 7.9, 1.5 Hz, 2H), 6.76-6.72 (m, 2H), 5.93 (s, 1H), 5.21-5.16 (m, 1H), 3.35 (dd, J = 13.0, 

5.0 Hz, 1H), 2.91 (dd, J = 13.0, 9.3 Hz, 1H), 2.06 (s, 3H); 13C NMR (100 MHz, CDCl3) δC 169.2, 160.7, 

160.2, 152.8, 148.9, 137.2, 133.1, 130.3, 129.4, 128.4, 128.1, 126.3, 125.9, 122.5, 121.6, 120.3, 

118.3, 104.0, 56.1, 42.7, 23.4. 

Chiral HPLC analysis, Chiralpak IF (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC),  

tr(major) = 9.01 min., tr(minor) = 11.18 min, 96% ee. 

 

(S)-N-(1-(4-chloro-6-methoxyquinolin-2-yl)-2-phenylethyl)acetamide (21): light yellow solid, 55% 

yield. 

1H NMR (400 MHz, CDCl3) δH 7.93 (d, J = 8.9 Hz, 1H), 7.43 (d, J = 6.7 Hz, 2H), 7.17 (s, 3H), 7.04 (d, J 

= 12.0 Hz, 2H), 6.95 (s, 2H), 5.37 (q, J = 6.4 Hz, 1H), 3.96 (s, 3H), 3.31 (dd, J = 13.3, 5.0 Hz, 1H), 3.14 

(dd, J = 12.3, 7.8 Hz, 1H), 2.06 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 169.5, 158.6, 156.6, 144.2, 

141.0, 136.9, 130.8, 129.6, 128.3, 126.7, 126.6, 123.4, 121.0, 101.7, 55.7, 55.3, 42.1, 23.6. 

HRMS(ESI+) m/z: [M+H]+ calcd. for [C20H20ClN2O2]+ expect 355.1208; found 355.1215. 
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Chiral HPLC analysis, Chiralpak IF (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC),  

tr(minor) = 10.17 min., tr(major) = 14.75 min, 95% ee; [α]D
27.4 = -12.7 (c 1.0, CHCl3). 

 

(S)-N-(1-(6-methylquinolin-2-yl)-2-phenylethyl)acetamide (22): light yellow solid, 88% yield. 

1H NMR (400 MHz, CDCl3) δH 7.84 (d, J = 9.1 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.50-7.45 (m, 2H), 

7.21-7.17 (m, 1H), 7.08-7.05 (m, 3H), 6.85-6.81 (m, 3H), 5.37-5.31 (m, 1H), 3.27 (dd, J = 13.2, 4.9 

Hz, 1H), 3.06 (dd, J = 13.2, 8.1 Hz, 1H), 2.45 (s, 3H), 2.00 (s, 3H); 13C NMR (100 MHz, CDCl3) δC 169.4, 

158.1, 145.9, 137.1, 136.2, 135.5, 131.8, 129.6, 128.5, 128.1, 127.3, 126.5, 126.3, 120.8, 55.5, 42.3, 

23.5, 21.5. 

HRMS(ESI+) m/z: [M+H]+ calc’d for [C20H21N2O]+ expect 305.1648; found 305.1647. 

Chiral HPLC analysis, Chiralpak AD-H (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(minor) = 9.19 min, tr(major) = 11.35 min, 90% ee; [α]D
27.5 = +32.8 (c 1.0, CHCl3). 

 

(S)-N-(1-(6-methoxyquinolin-2-yl)-2-phenylethyl)acetamide (23)3: white solid, 81% yield. 

1H NMR (400 MHz, CDCl3) δH 7.92 (d, J = 9.2 Hz, 1H), 7.86 (d, J = 8.4 Hz, 1H), 7.35 (dd, J = 9.0, 2.3 

Hz, 1H), 7.22 (d, J = 6.9 Hz, 1H), 7.16-7.13 (m, 3H), 7.04 (d, J = 2.3 Hz, 1H), 6.93-6.91 (m, 2H), 6.88 

(d, J = 8.4 Hz, 1H), 5.42-5.37 (m, 1H), 3.92 (s, 3H), 3.35 (dd, J = 13.2, 5.0 Hz, 1H), 3.12 (dd, J = 13.1, 

8.2 Hz, 1H), 2.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δC 169.4, 157.7, 156.5, 143.4, 137.2, 134.9, 

130.3, 129.7, 128.3, 128.1, 126.4, 122.3, 121.1, 105.1, 55.6, 55.5 42.3, 23.5. 

Chiral HPLC analysis, Chiralpak AD-H (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(minor) = 8.92 min., tr(major) = 11.66 min, 88% ee. 

 

(S)-N-(1-(6-fluoroquinolin-2-yl)-2-phenylethyl)acetamide (24)3: white solid, 65% yield. 

1H NMR (400 MHz, CDCl3) δH 8.02 (dd, J = 9.2, 5.3 Hz, 1H), 7.91 (d, J = 8.5 Hz, 1H), 7.46 (dt, J = 8.6, 

2.8 Hz, 1H), 7.39 (dd, J = 8.8, 2.3 Hz, 1H), 7.19-7.14 (m, 4H), 6.96 (d, J = 8.5 Hz, 1H), 6.93-6.91 (m, 
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2H), 5.47-5.42 (m, 1H), 3.35 (dd, J = 13.2, 5.2 Hz, 1H), 3.14 (dd, J = 13.3, 8.1Hz, 1H), 2.08 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δC 169.5, 160.3 (d, J = 247 Hz), 158.6 (d, J = 3.0 Hz), 144.4, 137.0, 135.5 (d, 

J = 5 Hz), 131.3 (d, J = 9 Hz), 129.6, 128.2, 127.9 (d, J = 10 Hz), 126.5, 121.6, 119.8 (d, J = 26 Hz), 

110.7 (d, J = 21 Hz), 55.6, 42.3, 23.6. 

Chiral HPLC analysis, Chiralpak AD-H (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC),  

tr(minor) = 7.66 min., tr(major) = 9.82 min, 94% ee.  

 

methyl (S)-2-(1-acetamido-2-phenylethyl)quinoline-6-carboxylate (25): white solid, 64% yield. 

1H NMR (400 MHz, CDCl3) δH 8.54 (s, 1H), 8.29 (d, J = 8.8 Hz, 1H), 8.06 (d, J = 8.4 Hz, 2H), 7.19 (d, J 

= 6.7 Hz, 1H), 7.14 (m, 3H), 7.01 (d, J = 8.4 Hz, 1H), 6.92 (m, 2H), 5.47 (d, J = 6.8 Hz, 1H), 3.99 (s, 

3H), 3.35 (dd, J = 13.1, 3.8 Hz, 1H), 3.15 (dd, J = 12.6, 8.4 Hz, 1H), 2.09 (s, 3H).; 13C NMR (100 MHz, 

CDCl3) δC 169.0, 166.7, 161.7, 149.3, 137.5, 136.9, 130.9, 129.7, 129.3, 128.3, 128.1, 126.7, 126.6, 

121.7, 55.8, 52.6, 42.4, 23.6. (From the DEPT(135o) spectrum, it can be observed that there are 

two types of carbon signals at 129.3 ppm, which overlap with each other.) 

HRMS(ESI+) m/z: [M+H]+ calc’d for [C21H21N2O3]+ expect 349.1547; found 349.1556. 

Chiral HPLC analysis, Chiralpak AD-H, (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(minor) = 11.32 min., tr(major) = 13.68 min, 84% ee; [α]D
27.5 = +19.4 (c 1.0, CHCl3).  

 

(S)-N-(1-(7-methylquinolin-2-yl)-2-phenylethyl)acetamide (26): white solid, 60% yield. 

1H NMR (400 MHz, CDCl3) δH 7.92 (d, J = 8.4 Hz, 1H), 7.82 (s, 1H), 7.67 (d, J = 8.3 Hz, 1H), 7.35 (dd, 

J = 8.3, 1.1 Hz, 1H), 7.28 (d, J = 7.0 Hz, 1H), 7.14 (t, J = 3.0 Hz, 3H), 6.94-6.92 (m, 2H), 6.87 (d, J = 8.4 

Hz, 1H), 5.45-5.39 (m, 1H), 3.36 (dd, J = 13.2, 5.1 Hz, 1H), 3.14 (dd, J = 13.2, 8.2 Hz, 1H), 2.56 (s, 

3H), 2.08 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 169.4, 159.0, 147.6, 140.0, 137.2, 135.9, 129.7, 

128.7, 128.1, 127.9, 127.3, 126.4, 125.4, 120.1, 55.7, 42.4, 23.6, 21.9. 

HRMS(ESI+) m/z: [M+H]+ calcd. for [C20H21N2O]+ expect 305.1648; found 305.1647. 

Chiral HPLC analysis, Chiralpak AD-H (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 
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tr(minor) = 5.98 min., tr(major) = 9.75 min, 82% ee; [α]D
27.4 = +49.0 (c 1.0, CHCl3). 

 

(S)-N-(1-(7-methoxyquinolin-2-yl)-2-phenylethyl)acetamide (27): light yellow solid, 72% yield. 

1H NMR (400 MHz, CDCl3) δH 7.80 (d, J = 8.2 Hz, 1H), 7.57 (d, J = 8.9 Hz, 1H), 7.28 (s, 1H), 7.16 (d, J 

= 6.5 Hz, 1H), 7.10-7.06 (m, 4H), 6.86 (s, 2H), 6.74 (d, J = 8.2 Hz, 1H), 5.32(d, J = 6.8 Hz, 1H), 3.88 (s, 

3H), 3.27 (d, J = 10.4 Hz, 1H), 3.06 (dd, J = 12.9, 8.2 Hz, 1H), 2.00 (s, 3H).; 13C NMR (100 MHz, CDCl3) 

δC 169.4, 160.9, 159.3, 149.1, 137.2, 135.9, 129.7, 128.7, 128.2, 126.4, 122.6, 119.5, 118.7, 107.0, 

55.7, 55.5, 42.4, 23.6. 

HRMS(ESI+) m/z: [M+H]+ calc’d for [C20H21N2O2]+ expect 321.1598; found 321.1605. 

Chiral HPLC analysis, Chiralpak IF (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC),  

tr(minor) = 11.93 min., tr(major) = 13.40 min, 91% ee; [α]D
27.6 = +80.3 (c 1.0, CHCl3). 

 

(S)-N-(1-(benzo[h]quinolin-2-yl)-2-phenylethyl)acetamide (28): white solid, 60% yield. 

1H NMR (400 MHz, CDCl3) δH 9.17 (d, J = 7.7 Hz, 1H), 7.89 (d, J = 8.2 Hz, 1H), 7.84 (d, J = 7.3 Hz, 1H), 

7.71 (d, J = 8.8 Hz, 1H), 7.67-7.61 (m, 2H), 7.56 (d, J = 8.8 Hz, 1H), 7.11 (d, J = 7.1 Hz, 1H), 7.06-7.04 

(m, 3H), 6.96 (d, J = 8.2 Hz, 1H), 6.90-6.88 (m, 2H), 5.47-5.42 (m, 1H), 3.36 (dd, J = 13.1, 5.1 Hz, 1H), 

3.14 (dd, J = 13.1, 8.5 Hz, 1H), 2.04 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 169.4, 157.7, 145.6, 137.3, 

136.1, 133.8, 131.1, 129.7, 128.3, 128.2, 128.0, 127.6, 126.9, 126.4, 125.4, 125.2, 124.2, 121.4, 

55.9, 42.8, 23.7.  

HRMS(ESI+) m/z: [M+H]+ calcd. for [C21H21N2O3]+ expect 349.1547; found 349.1556. 

Chiral HPLC analysis, Chiralpak IF (85:15 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(minor) = 11.21 min., tr(major) = 12.37 min, 88% ee; [α]D
27.4 = +85.4 (c 1.0, CHCl3). 
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methyl (S)-6-(1-acetamido-2-methylpropyl)nicotinate (29)3: light yellow solid, 76% yield. 

1H NMR (400 MHz, CDCl3) δH 9.07 (s, 1H), 8.16 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 7.8 Hz, 1H), 6.72 (d, J 

= 8.0 Hz, 1H), 4.88 (t, J = 7.6 Hz, 1H), 3.88 (s, 3H), 2.10-2.01 (m, 1H), 1.97 (s, 3H), 0.86 (d, J = 6.8 Hz, 

3H), 0.72 (d, J = 6.8 Hz, 3H).; 13C NMR (100 MHz, CDCl3) δC 169.7, 165.6, 163.8, 150.4, 137.3, 124.7, 

122.7, 59.0, 52.4, 33.8, 23.4, 19.1, 18.5. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC),  

tr(minor) = 14.43 min., tr(major) = 20.86 min, 87% ee. 

 

methyl (S)-6-(1-acetamido-2-methylpropyl)-2-methylnicotinate (30)3: white solid, 88% yield. 

1H NMR (400 MHz, CDCl3) δH 8.10 (d, J = 8.0 Hz, 1H), 7.05 (d, J = 8.0 Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 

4.86 (t, J = 7.9 Hz, 1H), 3.88 (s, 3H), 2.78 (s, 3H), 2.14-2.05 (m, 1H), 2.02 (s, 3H), 0.89 (d, J = 6.8 Hz, 

3H), 0.76 (d, J = 6.7 Hz, 3H); 13C NMR (100 MHz, CDCl3) δC 169.6, 166.8, 161.7, 159.6, 138.7, 123.8, 

120.1, 58.7, 52.2, 33.8, 24.9, 23.5, 19.1, 18.5. 

Chiral HPLC analysis, Chiralpak IC (80:20 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC), 

tr(minor) = 15.89 min., tr(major) = 27.08 min, 96% ee. 

 

methyl (S)-2-(1-acetamido-2-methylpropyl)-6-methylisonicotinate (31)3: white solid, 69% yield. 

1H NMR (400 MHz, CDCl3) δH 7.59 (s, 1H), 7.52 (s, 1H), 6.72 (d, J = 5.8 Hz, 1H), 4.91 (t, J = 7.9 Hz, 

1H), 3.93 (s, 3H), 2.59 (s, 3H), 2.16-2.08 (m, 1H), 2.03 (s, 3H), 0.92 (d, J = 6.7 Hz, 3H), 0.78 (d, J = 6.7 

Hz, 3H).; 13C NMR (100 MHz, CDCl3) δC 169.6, 165.8, 159.9, 159.1, 137.8, 121.2, 119.2, 59.0, 52.7, 

33.9, 24.4, 23.5, 19.2, 18.6. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC),  

tr(minor) = 11.06 min., tr(major) = 21.69 min, 94% ee.  
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(S)-N-(1-(5-cyano-6-methylpyridin-2-yl)-2-methylpropyl)acetamide (32)3: white solid, 49% yield. 

1H NMR (400 MHz, CDCl3) δH 7.81 (d, J = 7.9 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 6.58 (d, J = 7.9Hz, 1H), 

4.87 (t, J = 7.6 Hz, 1H), 2.74 (s, 3H), 2.12-2.05 (m, 1H), 2.03 (s, 3H), 0.90 (d, J = 6.8 Hz, 3H), 0.78 (d, 

J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δC 169.6, 163.0, 161.2, 140.1, 120.2, 116.8, 107.5, 59.0, 

33.6, 23.7, 23.4, 19.1, 18.4. 

Chiral HPLC analysis, Chiralpak IC (70:30 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC),  

tr(minor) = 21.60 min., tr(major) = 27.18 min, 96% ee.  

 

N-((S)-1-(5-((R)-2-((tert-butyldimethylsilyl)oxy)naphthalen-1-yl)-2-methylpyrimidin-4-

yl)ethyl)acetamide (33)4: white solid, 74% yield. 

1H NMR (400 MHz, CDCl3) δH (ppm) 8.42 (s, 1H), 7.86-7.82 (m, 2H), 7.39-7.35 (m, 2H), 7.25-7.21 

(m, 2H), 7.17 (d, J = 8.9 Hz, 1H), 5.06-5.00 (m, 1H), 2.84 (s, 3H), 1.98 (s, 3H), 0.98 (d, J = 6.7 Hz, 3H), 

0.65 (s, 9H), 0.22 (s, 3H), -0.06 (s, 3H); 13C NMR (100 MHz, CDCl3) δC (ppm) 168.7, 168.6, 166.8, 

159.3, 150.6, 133.7, 130.6, 129.3, 128.4, 127.0, 125.2, 124.0, 123.8, 120.5, 118.9, 47.4, 25.8, 25.0, 

23.5, 21.9, 17.7, -3.8, -4.6. 

Chiral HPLC analysis, Chiralpak IC (97:3 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC),  

tr(major) = 6.84 min., tr(minor) = 10.62 min, >99% ee , >19:1 dr. 

 

N-((S)-1-(5-((R)-2-((tert-butyldimethylsilyl)oxy)naphthalen-1-yl)-2-methylpyrimidin-4-yl)-2-

phenylethyl)acetamide (34)4: white solid, 76% yield. 
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1H NMR (400 MHz, CDCl3) δH 8.47 (s, 1H), 7.89-7.84 (m, 2H), 7.37-7.32 (m, 2H), 7.25-7.20 (m, 2H), 

7.06-7.00 (m, 3H), 6.78 (d, J = 7.7 Hz, 1H), 6.58 (d, J = 7.8 Hz, 2H), 5.40-5.35 (m, 1H),  2.93 (dd, J = 

13.6, 6.0 Hz, 1H), 2.70 (s, 3H), 2.43 (dd, J = 13.6, 5.0 Hz, 1H), 1.91 (s, 3H), 0.65 (s, 9H), 0.21 (s, 3H), 

-0.11 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 168.5, 166.9, 166.3, 159.3, 150.7, 136.2, 133.5, 130.6, 

129.7, 129.4, 128.4, 127.7, 127.2, 126.3, 125.7, 124.0, 123.8, 120.7, 119.0, 51.6, 40.2, 25.7, 25.1, 

23.4, 17.7, -3.8, -4.7. 

Chiral HPLC analysis, Chiralpak OD (99:1 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC),  

tr(major) = 15.48 min, tr(minor) = 22.82 min, 98% ee , >19:1 dr. 

 

5-((S)-2-acetamido-2-(5-((R)-2-((tert-butyldimethylsilyl)oxy)naphthalen-1-yl)-2-methylpyrimidin-

4-yl)ethyl)phenyl acetate (35)4: white solid, 51% yield. 

1H NMR (400 MHz, CDCl3) δH 8.48 (s, 1H), 7.89-7.84 (m, 2H), 7.38-7.34 (m, 2H), 7.22-7.20 (m, 2H), 

6.81 (d, J = 7.7 Hz, 1H), 6.75 (d, J = 8.4 Hz, 2H), 6.58 (d, J = 8.5 Hz, 2H), 5.39-5.34 (m, 1H), 2.92 (dd, 

J = 13.7, 6.1 Hz, 1H), 2.72 (s, 3H), 2.42 (dd, J = 13.7, 5.0 Hz, 1H), 2.26 (s, 3H), 1.93 (s, 3H), 0.65 (s, 

9H), 0.21 (s, 3H), -0.11 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 169.4, 168.6, 166.7, 166.4, 159.3, 

150.7, 149.2, 133.8, 133.4, 130.7, 130.6, 129.4, 128.5, 127.3, 125.7, 124.1, 123.6, 120.8, 120.7, 

118.8, 51.5, 39.6, 25.6, 25.1, 23.4, 21.1, 17.7, -3.8, -4.7.  

Chiral HPLC analysis, Chiralpak OD (97:3 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC),  tr 

(major) = 12.83 min, tr(minor) = 16.54 min, 98% ee , >19:1 dr. 

 

N-((S)-1-(5-((R)-2-((tert-butyldimethylsilyl)oxy)naphthalen-1-yl)-2-methylpyrimidin-4-yl)-3-

phenylpropyl)acetamide (36)4: white solid, 74% yield.  
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1H NMR (400 MHz, CDCl3) δH 8.45 (s, 1H), 7.86-7.83 (m, 2H), 7.40-7.34 (m, 2H), 7.23 (d, J = 2.2 Hz, 

1H), 7.16 (d, J = 8.9 Hz, 1H), 7.13 (d, J = 7.7 Hz, 1H), 7.07-7.01 (m, 3H), 6.69 (dd, J = 7.7, 1.92 Hz, 

2H), 5.20-5.15 (m, 1H), 2.84 (s, 3H), 2.21-2.17 (m, 2H), 1.98 (s, 3H), 1.79 – 1.71 (m, 1H), 1.52-1.43 

(m, 1H), 0.65 (s, 9H), 0.23 (s, 3H), -0.07 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 168.8, 167.6, 166.5, 

159.4, 150.7, 141.4, 133.7, 130.6, 129.3, 128.5, 128.1, 128.0, 127.1, 125.5, 125.5, 124.0, 123.8, 

120.5, 118.8, 50.9, 37.1, 31.2, 25.9, 25.1, 23.5, 17.7, -3.8, -4.7. 

Chiral HPLC analysis, Chiralpak OD (97:3 Hexane:i-PrOH, flow rate 1.0 mL/min, 254 nm, 25 oC),  

tr(major) = 9.23 min, tr(minor) = 12.73 min, >99% ee, >19:1 dr. 

 

N-((S)-1-(5-((R)-2-((tert-butyldimethylsilyl)oxy)naphthalen-1-yl)-2-methylpyrimidin-4-yl)-3-

(methylthio)propyl) acetamide (37)4: white solid, 63% yield. 

1H NMR (400 MHz, CDCl3) δH 8.45 (s, 1H), 7.87-7.83 (m, 2H), 7.39-7.36 (m, 2H), 7.24 (d, J = 5.5 Hz, 

1H), 7.19 (d, J = 9.0 Hz, 1H), 7.10 (d, J = 7.7 Hz, 1H), 5.16-5.11 (m, 1H), 2.83 (s, 3H), 1.98 (s, 3H), 

1.75-1.68 (m, 1H), 1.53-1.40 (m, 5H), 0.89-0.80 (m, 1H), 0.65 (s, 9H), 0.23 (s, 3H), -0.07 (s, 3H).; 13C 

NMR (100 MHz, CDCl3) δC 168.9, 167.2, 166.6, 159.4, 150.7, 133.7, 130.7, 129.4, 128.5, 127.2, 

125.5, 124.1, 123.8, 120.6, 118.7, 50.5, 35.7, 29.8, 25.8, 25.0, 23.5, 17.7, 14.8, -3.8, -4.7. 

Chiral HPLC analysis, Chiralpak OD (95:5 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 

tr(major) = 6.03 min., tr(minor) = 7.61 min, >99% ee, >19:1 dr. 

 

6-N-((S)-1-(3-((R)-2-((tert-butyldimethylsilyl)oxy)naphthalen-1-yl)quinolin-2-yl)ethyl)acetamide 

(38)4: white solid, 71% yield. 

1H NMR (400 MHz, CDCl3) δH 8.16 (d, J = 8.4 Hz, 1H), 7.99 (s, 1H), 7.88-7.75 (m, 5H), 7.57 (t, J = 7.1 

Hz, 1H), 7.38-7.33 (m, 3H), 7.21 (d, J = 8.9 Hz, 1H), 5.25-5.18 (m, 1H), 2.06 (s, 3H), 1.01 (d, J = 6.6 
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Hz, 3H), 0.52 (s, 9H), 0.20 (s, 3H), -0.18 (s, 3H).; 13C NMR (100 MHz, CDCl3) δC 168.7, 161.5, 150.4, 

146.4, 139.3, 134.1, 130.1, 129.5, 129.5, 129.0, 128.7, 128.3, 127.4, 127.3, 126.7, 126.5, 124.5, 

123.8, 122.5, 120.6, 48.3, 24.9, 23.7, 22.3, 17.6, -3.9, -4.7. 

Chiral HPLC analysis, Chiralpak OD (95:5 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), tr 

(major) = 5.21 min, tr(minor) = 8.88 min, >99% ee, >19:1 dr. 

 

(S)-N-(2-methyl-1-(5-(2-methyl-2-(pyridin-4-yl)propanoyl)pyridin-2-yl)propyl)acetamide (41)3 : 

light yellow solid, 57% yield. 

1H NMR (400 MHz, CDCl3) δH 8.60 (s, 2H), 8.55 (d, J = 4.5Hz, 1H), 7.71 (d, J = 8.1, 1.6 Hz, 1H), 7.59 

(d, J = 8.0 Hz, 1H), 7.31-7.28 (m, 1H), 7.09 (d, J = 8.2 Hz, 1H), 6.56 (d, J = 8.6 Hz, 1H), 4.83 (t, J = 7.7 

Hz, 1H ), 2.05-1.99 (m, 1H), 1.98 (s, 3H), 1.65 (s, 6H), 0.86 (d, J = 6.8 Hz, 3H), 0.73 (d, J = 6.8 Hz, 3H).; 

13C NMR (100 MHz, CDCl3) δC 200.8, 169.6, 162.7, 150.4, 148.7, 147.5, 139.9, 137.3, 133.4, 129.7, 

124.0, 122.5, 58.8, 50.3, 33.7, 27.4, 27.3, 23.4, 19.2, 18.5. 

Chiral HPLC analysis, Chiralpak IC (60:40 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), tr 

(major) = 19.73 min., tr(minor) = 27.86 min, 93% ee. 

 

2-((3-(4-chlorophenyl)-2,2-dimethylpropanoyl)oxy)ethyl (S)-6-(1-acetamido-2-methylpropyl)- 

Nicotinate (43)3 : light yellow solid, 51% yield. 

1H NMR (400 MHz, CDCl3) δH 9.00 (s, 1H), 8.05 (dd, J = 8.0, 2.0 Hz, 1H), 7.27-7.25 (m, 1H), 7.09 (d, 

J = 7.3 Hz, 2H), 6.86 (t, J = 8.1 Hz, 1H), 6.73 (d, J = 8.8 Hz, 2H), 4.97 (t, J = 7.2 Hz, 1H), 4.51 (d, J = 3.4 

Hz, 4H), 2.14-2.09 (m, 1H), 2.03 (s, 3H), 1.58 (s, 6H), 0.93 (d, J = 6.7 Hz, 3H), 0.78 (d, J = 6.7 Hz, 3H).; 

13C NMR (100 MHz, CDCl3) δC 173.9, 169.8, 164.6, 164.0, 153.9, 150.3, 137.4, 129.2, 127.2, 124.2, 

122.9, 120.1, 79.3, 63.0, 62.7, 59.0, 33.8, 25.3, 25.2, 23.4, 19.2, 18.6. 

Chiral HPLC analysis, Chiralpak AD-H (80:20 Hexane:i-PrOH, flow rate 1.0 mL/min, 220 nm, 25 oC), 
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tr(minor) = 7.63 min., tr(major) = 10.22 min, 89% ee. 

4.4 Determination of absolute configuration of compound 3a 

  

 

Table 1 Crystal data and structure refinement for 3a. 

Identification code 3a 

Empirical formula C20H20N2O 

Formula weight 304.38 

Temperature/K 237.00 

Crystal system orthorhombic 

Space group P212121 

a/Å 8.8814(3) 

b/Å 9.6260(3) 

c/Å 19.8518(7) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 1697.18(10) 

Z 4 

ρcalcg/cm3 1.191 

μ/mm-1 0.580 

F(000) 648.0 

Crystal size/mm3 0.3 × 0.2 × 0.1 

Radiation CuKα (λ = 1.54178) 
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2Θ range for data collection/° 10.212 to 136.752 

Index ranges -10 ≤ h ≤ 10, -11 ≤ k ≤ 11, -23 ≤ l ≤ 23 

Reflections collected 28669 

Independent reflections 3077 [Rint = 0.0373, Rsigma = 0.0169] 

Data/restraints/parameters 3077/0/210 

Goodness-of-fit on F2 1.058 

Final R indexes [I>=2σ (I)] R1 = 0.0261, wR2 = 0.0703 

Final R indexes [all data] R1 = 0.0264, wR2 = 0.0706 

Largest diff. peak/hole / e Å -3 0.11/-0.10 

Flack parameter 0.10(5) 
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6. HPLC spectra of products 
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7. NMR spectral data for compounds  

 

1H NMR (400 MHz, CDCl3) spectrum of compound S-1 

 

13C NMR (100 MHz, CDCl3) spectrum of compound S-1 
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1H NMR (400 MHz, CDCl3) spectrum of compound S-2 

 

13C NMR (100 MHz, CDCl3) spectrum of compound S-2 
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1H NMR (400 MHz, CDCl3) spectrum of compound S-4 

 

13C NMR (100 MHz, CDCl3) spectrum of compound S-4 
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1H NMR (400 MHz, CDCl3) spectrum of compound S-5 

 

13C NMR (100 MHz, CDCl3) spectrum of compound S-5 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3 

 

13C NMR (100 MHz, CDCl3) spectrum of compound 3 
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1H NMR (400 MHz, CDCl3) spectrum of compound 4 

 

13C NMR (100 MHz, CDCl3) spectrum of compound 4 
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19F NMR (100 MHz, CDCl3) spectrum of compound 4 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 5 
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13C NMR (100 MHz, CDCl3) spectrum of compound 5 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 6 
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13C NMR (100 MHz, CDCl3) spectrum of compound 6 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 7 
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13C NMR (100 MHz, CDCl3) spectrum of compound 7 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 8 
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13C NMR (100 MHz, CDCl3) spectrum of compound 8 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 9 
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13C NMR (100 MHz, CDCl3) spectrum of compound 9 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 10 
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13C NMR (100 MHz, CDCl3) spectrum of compound 10 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 11 
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13C NMR (100 MHz, CDCl3) spectrum of compound 11 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 12 
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13C NMR (100 MHz, CDCl3) spectrum of compound 12 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 13 
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13C NMR (100 MHz, CDCl3) spectrum of compound 13 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 14 
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13C NMR (100 MHz, CDCl3) spectrum of compound 14 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 15 
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13C NMR (100 MHz, CDCl3) spectrum of compound 15 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 16 
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13C NMR (100 MHz, CDCl3) spectrum of compound 16 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 17 
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13C NMR (100 MHz, CDCl3) spectrum of compound 17 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 18 
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13C NMR (100 MHz, CDCl3) spectrum of compound 18 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 19 
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13C NMR (100 MHz, CDCl3) spectrum of compound 19 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 20 
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13C NMR (100 MHz, CDCl3) spectrum of compound 20 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 21 
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13C NMR (100 MHz, CDCl3) spectrum of compound 21 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 22 
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13C NMR (100 MHz, CDCl3) spectrum of compound 22 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 23 
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13C NMR (100 MHz, CDCl3) spectrum of compound 23 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 24 
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13C NMR (100 MHz, CDCl3) spectrum of compound 24 

 

19F NMR (100 MHz, CDCl3) spectrum of compound 24 
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1H NMR (400 MHz, CDCl3) spectrum of compound 25 

 

13C NMR (100 MHz, CDCl3) spectrum of compound 25 
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13C NMR (100 MHz, CDCl3) Dept 135 spectrum of compound 25 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 26 
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13C NMR (100 MHz, CDCl3) spectrum of compound 26 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 27 
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13C NMR (100 MHz, CDCl3) spectrum of compound 27 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 28 
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13C NMR (100 MHz, CDCl3) spectrum of compound 28 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 29 
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13C NMR (100 MHz, CDCl3) spectrum of compound 29 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 30 
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13C NMR (100 MHz, CDCl3) spectrum of compound 30 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 31 
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13C NMR (100 MHz, CDCl3) spectrum of compound 31 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 32 
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13C NMR (100 MHz, CDCl3) spectrum of compound 32 
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1H NMR (400 MHz, CDCl3) spectrum of compound 33 

 

13C NMR (100 MHz, CDCl3) spectrum of compound 33 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 34 
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13C NMR (100 MHz, CDCl3) spectrum of compound 34 
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1H NMR (400 MHz, CDCl3) spectrum of compound 35 

 

13C NMR (100 MHz, CDCl3) spectrum of compound 35 
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1H NMR (400 MHz, CDCl3) spectrum of compound 36 

 

13C NMR (100 MHz, CDCl3) spectrum of compound 36 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 37 
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13C NMR (100 MHz, CDCl3) spectrum of compound 37 

 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 38 
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13C NMR (100 MHz, CDCl3) spectrum of compound 38 

 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 41 
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13C NMR (100 MHz, CDCl3) spectrum of compound 41 

 

 

1H NMR (400 MHz, CDCl3) spectrum of compound 43 
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13C NMR (100 MHz, CDCl3) spectrum of compound 43 

 


