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1. General information 

Unless otherwise specified, all reagents were obtained commercially and used without further 

purification. THF, MeOH was purchased from Energy Chemical, and used without further 

purification. Analytical thin-layer chromatography (TLC) was conducted with TLC plates (Silica 

gel 60 F254, Qingdao Haiyang). Flash column chromatography was performed on silica gel of 200-

300 mesh. 1H NMR spectra were recorded on a Bruker Advance 400 MHz NMR spectrometer and 

reported in units of parts per million (ppm) relative to tetramethyl silane (δ 0 ppm) or CDCl3 (δ 7.26 

ppm). Multiplicities are given as: brs (broad singlet), s (singlet), d (doublet), t (triplet), q (quartet), 

dd (doublets of doublet), dt (doublets of triplet), td (triplets of doublet), ddd (doublets of doublet of 

doublet), or m (multiplet). Coupling constants were reported as J value in Hz. 13C NMR spectra was 

recorded on a Bruker Advance 400 NMR spectrometer with an operating frequency of 100 MHz 

and reported in ppm relative to tetramethyl silane (δ 0 ppm) or CDCl3 (δ 77.06 ppm). HRMS data 

was recorded on a Bruker UHR-TOF mass spectrometer. 
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2. Synthesis of the CNP ligands 

 

The synthesis of the S11, S22 was according to the procedures in the literature.  

2.1 Synthesis of the compound 1 

 

To a solution of the compound S1 (10 mmol) dissolved in MeOH (25 mL), conc. HCl (30 mmol, 

3 mL) was added dropwisely at 25 oC. The mixture was stirred for an additional 3 h and then diluted 

with water. The pH was adjusted to 14 by the addition of 50% aqueous NaOH solution, with cooling, 

and the resulting solution was extracted with DCM. The combined organic phases were washed with 

brine and concentrated under reduced pressure. The product was purified by flash chromatography 

(PE/EA, 5/1) to obtain product 1 (PE = Petroleum ether, EA = ethyl acetate, DCM = 

Dichloromethane). 

2.2 Synthesis of the compound 2 

 

To a solution of the compound S2 (5 mmol, 1.07 g) dissolved in dry THF (20 mL), s-BuLi (6.5 

mmol, 5 mL, 1.3M in hexane) was added dropwisely at -78 oC under argon. The mixture was stirred 

for an additional 1 h at -78 oC. After the addition of ethyl formate (HCOOEt, 7.5 mmol, 555.6 mg), 

the reaction mixture was stirred at -78 oC for 2 h. Subsequently, the reaction was quenched by the 

addition of water (1 mL), extracted with ethyl acetate (3 × 20 mL) and the combined organic layers 

were dried over anhydrous Na2SO4 and concentrated under vacuum. The residue was purified by 

column chromatography on silica gel (PE/DCM = 3/1) to yield 1.03 g (85 % yield) of 2 as a yellow 

oil.  

2.3 Synthesis of the CNP ligand 3 
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A suspension of 1 (1.2 mmol), 2 (1 mmol, 242.10 mg) and acetic acid (1.3 mmol, 78.07 mg) 

in degassed MeOH (5 mL) was heated at 75 oC and stirred for 3 h under argon. Once cooled to room 

temperature, NaBH3CN (6 mmol, 377.04 mg) was added and the reaction mixture was stirred at 45 

oC overnight. The reaction was quenched by the addition of water (10 mL), extracted with DCM (3 

× 5 mL), the combined organic layers were dried over anhydrous Na2SO4 and concentrated under 

vacuum. Then the residue was redissolved in degassed tetrahydrofuran (THF, 10 mL) and 

triethylenediamine (DABCO, 2 mmol, 224.36 mg) was added under argon. The reaction mixture 

was heated at 55 oC and stirred for 6 h. After cooling to room temperature, the reaction mixture was 

concentrated under vacuum. The residue was purified by flash chromatography on silica gel (PE/EA, 

50/1) to obtain product 3. 

3. Synthesis of the Ru complexes 

3.1 Synthesis of the Ru-CNP complexes 

 

A suspension of the CNP ligand 3 (0.11 mmol), NaOAc (1 mmol) and Ru(PPh3)3Cl2 (0.1 mmol, 

95.88 mg) in degassed i-PrOH (IPA, 5 mL) was stirred at 85 oC for 12 h under argon. The mixture 

was cooled to room temperature and filtered through Celite; the filtrate was concentrated under 

vacuum. The residue was purified by flash chromatography on silica gel (PE/EA, 3/1) to obtain 

compound 4 as a yellow powder. 

3.2 Synthesis of 4k 

 
A suspension of the CNP ligand 3j (0.11 mmol) and Ru(PPh3)3Cl2 (0.1 mmol, 95.88 mg) in 

degassed toluene (5 mL) was stirred at 110 oC for 12 h under argon. The mixture was cooled to room 

temperature and concentrated under vacuum to afford an oil mixture. The product was precipitated 

by the addition of n-hexane, collected by filtration and washed with n-hexane to give a green powder. 

3.3 Large-scale synthesis of Ru-CNP complexes 
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A suspension of the CNP ligand 3b (2.7 mmol, 1.25 g), NaOAc (27 mmol, 2.22 g) and 

Ru(PPh3)3Cl2 (2.45 mmol, 2.35 g) in degassed i-PrOH (25 mL) was heated at 85 oC and stirred for 

24 h under argon. The mixture was cooled to room temperature and filtered through Celite; the 

filtrate was concentrated under vacuum to afford an oil mixture. The product was precipitated by 

the addition of n-hexane, collected by filtration and washed with a mixture of n-hexane/Et2O (10/1, 

Et2O = Ethyl ether) to yield a yellow powder (69% yield, 1.46 g). 

3.4 Synthesis of 4l 

 
In a glove box filled with N2, a Schlenk tube (100 mL) was charged with 4k (300 mg, 0.34 

mmol), 1,2-bis(diphenylphosphino)ethane (dmpe) (1.8 mmol, 300 μL) and THF (30 mL). The tube 

was sealed with a Teflon screw valve and then moved out of the glove box. The reaction mixture 

was then stirred at 45 °C for 24 h. The mixture was cooled to room temperature and concentrated 

under vacuum to afford an oil mixture. The product was precipitated by the addition of n-hexane, 

collected by filtration and washed with n-hexane to yield a white solid powder (4l, 48% yield, 125 

mg). 

3.5 Synthesis of Ru-H of 4l 

 

In a glove box filled with N2, a Schlenk tube (10 mL) was charged with 4l (10 mg, 1 eq.), 

MeOK (3.5 mg, 5 eq.), i-PrOH (0.1 mL) and THF-d8 (0.6 mL). The tube was sealed with a Teflon 

screw valve and then moved out of the glove box. The reaction mixture was then stirred at 40 °C 

for 12 h. The tube was transferred back to the glove box, the mixture was filtered through a nylon 

membrane filter (0.22 μm) to remove the base and directly subjected to 1H NMR measurement. 
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4. Asymmetric hydrogenation of aminoketones 

4.1 Synthesis of the compound 5 

 

The synthesis of α,β-unsaturated ketone was according to the procedures in the literature.3 

The synthesis of the compound 5: A suspension of α,β-unsaturated ketone (10 mmol.) and 

amines (12 mmol) in toluene (20 mL) was stirred at 25 oC for 5 h. The reaction was monitored by 

TLC until the material disappeared. The solvent was concentrated under vacuum, the residue was 

purified by flash chromatography on silica gel (PE/EA, 5/1~2/1) to obtain compound 5. 

4.2 Optimization of reaction conditions for AH of aminoketones 

Table S1. The effect of base 

 
General conditions: 5a (0.2 mmol), 4a (1 mol%), L1 (5 mol%), base (x mol%), THF (1 mL), 50 bar 

H2, 12 h. aDetermined by 1H NMR using 1,3,5-trimethoxybenzene as an internal standard. 
bDetermined by HPLC on a chiral stationary phase. cNot detected. 

Table S2. The effect of solvent 
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General conditions: 5a (0.2 mmol), 4a (1 mol%), L1 (5 mol%), MeOK (5 mol%), solvent (1 mL), 

50 bar H2, 12 h. aDetermined by 1H NMR using 1,3,5-trimethoxybenzene as an internal standard. 
bDetermined by HPLC on a chiral stationary phase. cNot detected. 

Table S3. The effect of bidentate ligands 

 
General conditions: 5a (0.2 mmol), 4a (1 mol%), bidentate ligand (5 mol%), MeOK (5 mol%), 

solvent (1 mL), 50 bar H2, 12 h. aDetermined by 1H NMR using 1,3,5-trimethoxybenzene as an 

internal standard. bDetermined by HPLC on a chiral stationary phase. cNot detected. 

4.3 General procedure for the hydrogenation of aminoketones 

In a glove box filled with N2, a vial (3 mL) was charged with catalyst (1 mol%), 1,2-

bis(diphenylphosphino)ethane (dmpe) (5 mol%, 1 μL) and THF (1 mL). This mixture was stirred in 

the glove box for an additional 30 minutes. Then, the vial was further charged with MeOK (5 mol%, 

0.7 mg) and aminoketone 5 (0.2 mmol). The vial was then placed into the autoclave. The autoclave 

was sealed and purged three times with hydrogen gas, subsequently pressurized to 50 bar and stirred 

at 30 oC for specific time. Afterwards, the vessel was vented carefully in a hood, and the reaction 

mixture was concentrated under vacuum. The residue was purified by flash chromatography on 

silica (PE/EA, 5/1~3/1) to afford the chiral alcohol. The enantiomeric excess (ee) was determined 

by HPLC.  

5. Asymmetric transfer hydrogenation of aminoketones 

The synthesis of the 7 was according to the procedures in the literature4.  

5.1 Optimization of reaction conditions for ATH of aminoketones 

Table S4. The effect of base and solvent 
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General conditions: 5au (0.2 mmol), 4b (1 mol%), L1 (5 mol%), base (5 mol%), solvent (1 mL), i-

PrOH (0.1 mL), 40 oC, 12 h. aDetermined by 1H NMR using 1,3,5-trimethoxybenzene as an internal 

standard. bDetermined by HPLC on a chiral stationary phase. 

5.2 General procedure for the transfer hydrogenation of aminoketones 

In a glove box filled with N2, a plastic tube (10 mL) was charged with 4b (1 mol%), 1,2-

bis(diphenylphosphino)ethane (dmpe) (15 mol%, 3 μL) and THF (1 mL). This mixture was stirred 

in the glove box for an additional 30 minutes. Then, the mixture was transferred to a Schlenk tube 

(10 mL) that already contained EtOK (5 mol%, 0.9 mg) and aminoketone (0.2 mmol, 1 eq.). 

Subsequently, 0.2 mL IPA was added to the mixture. The tube was sealed with a Teflon screw valve 

and removed from the glove box. The reaction mixture was then stirred at 40 °C for specific time. 

After completion of the reaction, the reaction mixture was concentrated under vacuum. The residue 

was purified by flash chromatography on silica (PE/EA, 10/1~3/1) to afford the chiral alcohol. The 

enantiomeric excess (ee) was determined by HPLC. 

6. Gram-scale reaction and synthetic transformations 

6.1 Procedure for the gram-scale synthesis of 6aj 

 

In a glove box filled with N2, a round flask (100 mL) was charged with 4j (35.4 mg, 1 mol%), 

1,2-bis(diphenylphosphino)ethane (dmpe) (5 mol%, 20 μL) and THF (20 mL). This mixture was 

stirred in the glove box for an additional 30 minutes. Then, this mixture was transferred to a Teflon 

tube containing MeOK (5 mol%, 14.0 mg) and aminoketone 5aj (1.01 g, 4 mmol). The tube was 

placed into the autoclave. The autoclave was sealed and purged three times with hydrogen gas, then 

pressurized to 50 bar and stirred at 30 oC for 48 h. Afterwards, the vessel was vented carefully in a 

hood, and the reaction mixture was concentrated under vacuum. The residue was purified by flash 

chromatography on silica (PE/EA, 5/1~3/1) to afford 6aj (847 mg, 83% yield, 96% ee). The 
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enantiomeric excess (ee) was determined by HPLC.  

6.2 Procedure for the gram-scale synthesis of 8s 

 

In a glove box filled with N2, a round flask (100 mL) was charged with 4b (34.5 mg, 1 mol%), 

1,2-bis(diphenylphosphino)ethane (dmpe) (15 mol%, 60 μL) and THF (20 mL). This mixture was 

stirred in the glove box for an additional 30 minutes. Subsequently, the mixture was transferred to 

the Schlenk tube (100 mL) containing EtOK (5 mol%, 18.0 mg) and aminoketone 7s (1.18 g ,4 

mmol). Then, 4.0 mL IPA was added to the mixture. The tube was sealed with a Teflon screw valve 

and removed from the glove box. The reaction mixture was then stirred at 40 °C for 72 h. After 

completion of the reaction, the reaction mixture was concentrated under vacuum. The residue was 

purified by flash chromatography on silica (PE/EA, 5/1~3/1) to afford 8s (973 mg, 82% yield, 87% 

ee). The enantiomeric excess (ee) was determined by HPLC.  

6.3 Procedure for the gram-scale synthesis of 9a 

 

An oven-dried Schlenk tube (10 mL) charged with 6am (75.65 mg, 0.33 mmol) and PPh3 

(262.3 mg, 0.66 mmol), was placed under vacuum and purged with Ar three times. Anhydrous THF 

(2 mL) was added and the solution was cooled to 0 °C. Subsequently, diisopropyl azodicarboxylate 

(DIAD, 133.5 mg, 0.66 mmol) was added dropwisely to the solution. After stirring for 30 min at 

0 °C, diphenyl azidophosphate (DPPA, 81.62 mg, 0.37 mmol) was added to the mixture. The 

reaction mixture was then stirred at room temperature for 12 h. Upon completion of the reaction, 

the reaction mixture was concentrated under vacuum. The residue was purified by flash 

chromatography on silica (PE/DCM, 2/1) to afford 9a (55% yield, 91% ee). The enantiomeric excess 

(ee) was determined by HPLC. 

6.4 Procedure for the gram-scale synthesis of 9b 

 

A Teflon tube (25 mL) charged with 6aj (320 mg, 1.25 mmol), 5% Pd/C (32 mg) and MeOH 

(5 mL). Then, the tube was placed into the autoclave. The autoclave was sealed and purged three 

times with hydrogen gas, then pressurized to 30 bar and stirred at 60 oC for 16 h. Upon completion 

of the reaction, the vessel was vented carefully in a hood and the reaction mixture was concentrated 

under vacuum. The residue was purified by flash chromatography on silica (DCM/MeOH, 95/5~2/1) 

to afford 9b (83%). 

6.5 Procedure for the synthesis of 9c 
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An oven-dried Schlenk tube (10 mL) charged with 6am (75.65 mg, 0.33 mmol) was placed 

under vacuum and purged with Ar three times, anhydrous THF (2 mL) was added and the solution 

was cooled to 0 °C. Et3N (37.44 mg, 0.37 mmol) was added dropwise to the solution. After stirring 

for 5 minutes at 0 °C, ClPPh2 (81.62 mg, 0.37 mmol) was added to the mixture. The reaction mixture 

was then stirred at room temperature for 12 h. Subsequently, S8 (256.52 mg, 1 mmol) was added to 

the mixture then stirred at room temperature for an additional 30 min. After completion of the 

reaction, the reaction mixture was concentrated under vacuum. The residue was purified by flash 

chromatography on silica (PE/DCM, 2/1) to afford 9c (62% yield, 94% ee). The enantiomeric excess 

(ee) was determined by HPLC.  

6.6 Procedure for the gram-scale synthesis of 9d 

 

An oven-dried Schlenk tube (10 mL) charged with 6a (64 mg, 0.216 mmol) and N,N-

carbonyldiimidazole (CDI, 42.1 mg, 0.26 mmol) was placed under vacuum and purged with Ar three 

times, anhydrous THF (2 mL) was added. After stirring for 1 h at room temperature, NH4OH (0.1 

mL) was added to the mixture. The reaction mixture was then stirred at room temperature for an 

additional 12 h. Subsequently, the reaction was quenched by the addition of water, extracted with 

EA and the combined organic layers were dried over anhydrous Na2SO4 and concentrated under 

vacuum. The residue was purified by flash chromatography on silica (EA) to afford 9d (82% yield, 

98% ee). The enantiomeric excess (ee) was determined by HPLC.  

7. Analytic data of products 

(S)-Mesityl(phenyl)methanamine (1a): white solid, 88% yield. [α]
22

D  = -132.

2 (c = 2.90, CHCl3). 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.31-7.25 

(m, 4H), 7.20-7.17 (m, 1H), 6.84 (s, 2H), 5.63 (s, 1H), 2.27 (s, 3H), 2.19 

(s, 6H), 1.75 (brs, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 144.9, 139.2,

 136.44, 136.43, 130.2, 128.2, 125.93, 125.88, 53.4, 20.82, 20.80.  

 

(S)-(2,3,4,5,6-Pentamethylphenyl)(phenyl)methanamine (1b): white solid, 70%

 yield. [α]
22

D  = -129.8 (c = 2.10, CHCl3). 1H NMR (CDCl3, 400 MHz) δ

 (ppm): 7.25-7.16 (m, 4H), 7.12-7.08 (m, 1H), 5.66 (s, 1H), 2.19 (s, 3H), 2.

14 (s, 6H), 2.07 (s, 6H), 1.78 (brs, 2H); 13C NMR (CDCl3, 100 MHz) δ (p

pm): 145.9, 140.0, 133.9, 133.4, 132.1, 128.2, 125.8, 125.7, 54.0, 17.5, 17.1, 

16.9. 
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(S)-Phenyl(2,4,6-triisopropylphenyl)methanamine (1c): white solid, 87% yie

ld. [α]
22

D  = -70.6 (c = 1.24, CHCl3). 1H NMR (CDCl3, 400 MHz) δ (p

pm): 7.25-7.18 (m, 4H), 7.11-7.07 (m, 1H), 6.94 (s, 2H), 5.64 (s, 1H), 3.08

-2.78 (m, 3H), 1.75 (brs, 2H), 1.20-1.12 (m, 18H); 13C NMR (CDCl3, 100 

MHz) δ (ppm): 147.5, 146.4, 137.6, 128.0, 125.9, 125.7, 51.5, 34.1, 29.9, 2

4.7, 24.0. 

 

(S)-(4-Fluoro-2,6-dimethylphenyl)(phenyl)methanamine (1d): yellow solid, 7

7% yield. [α]
22

D  = -138.2 (c = 5.00, CHCl3). 1H NMR (CDCl3, 400 MH

z) δ (ppm): 7.31-7.25 (m, 4H), 7.22-7.18 (m, 1H), 6.72 (d, J = 9.6 Hz, 2H),

 5.63 (s, 1H), 2.22 (s, 6H), 1.88 (brs, 2H); 13C NMR (CDCl3, 100 MHz) δ 

(ppm): 161.2 (d, 1JC-F  = 243.0 Hz), 144.5, 139.0 (d, 3JC-F  = 7.9 Hz), 137.7

 (d, 4JC-F  = 3.3 Hz), 128.3, 126.1, 125.8, 115.7 (d, 2JC-F = 20.3 Hz), 53.0, 21.0 (d, 4JC-F

  = 1.2 Hz). 

 

(S)-(4-Methoxy-2,6-dimethylphenyl)(phenyl)methanamine (1e): white solid, 8

6% yield. [α]
22

D  = -135.4 (c = 2.21, CHCl3). 1H NMR (CDCl3, 400 MH

z) δ (ppm): 7.30-7.24 (m, 4H), 7.19-7.14 (m, 1H), 6.56 (s, 2H), 5.59 (s, 1

H), 3.74 (s, 3H), 2.19 (s, 6H), 1.81 (brs, 2H); 13C NMR (CDCl3, 100 MHz)

 δ (ppm): 157.8, 145.0, 138.0, 134.5, 128.0, 125.8, 125.7, 114.4, 54.9, 52.9, 

21.1. 

 

(S)-((1S,3R,5S,7S)-Adamantan-1-yl)(phenyl)methanamine (1f): white solid, 7

5% yield. [α]
22

D  = -6.3 (c = 1.02, CHCl3). 1H NMR (CDCl3, 400 MHz) 

δ (ppm): 7.24-7.14 (m, 5H), 3.43 (s, 1H), 1.88 (s, 3H), 1.60-1.48 (m, 9H), 

1.41-1.38 (s, 5H); 13C NMR (CDCl3, 100 MHz) δ (ppm):142.9, 128.5, 127.4,

 126.7, 66.1, 38.7, 37.1, 36.5, 28.5. 

 

(S)-(3-Fluorophenyl)(mesityl)methanamine (1g): yellow solid, 82% yield. 

[α]
22

D  = -135.8 (c = 1.78, CHCl3). 1H NMR (CDCl3, 400 MHz) δ (pp

m): 7.25-7.20 (m, 1H), 7.09-7.03 (m, 2H), 6.90-6.84 (m, 3H), 5.58 (s, 1H),

 2.27 (s, 3H), 2.19 (s, 6H), 1.71 (brs, 2H); 13C NMR (CDCl3, 100 MHz) 

δ (ppm): 163.1 (d, 1JC-F  = 243.5 Hz), 148.1 (d, 3JC-F  = 6.6 Hz), 138.7, 

136.7, 136.3, 130.3, 129.6 (d, 3JC-F  = 8.1 Hz), 121.6 (d, 4JC-F  = 2.7 Hz), 113.1 (d, 2JC-F

  = 22.1 Hz), 112.8 (d, 2JC-F  = 21.1 Hz), 53.1 (d, 4JC-F  = 1.4 Hz), 20.8, 20.7.  

 

(S)-Mesityl(3-(trifluoromethyl)phenyl)methanamine (1h): yellow solid, 8

0% yield. [α]
22

D  = -118.6 (c = 1.59, CHCl3). 1H NMR (CDCl3, 400 

MHz) δ (ppm): 7.76 (s, 1H), 7.49-7.36 (m, 3H), 6.88 (s, 2H), 5.65 (s, 1

H), 2.30 (s, 3H), 2.20 (s, 6H), 1.83 (brs, 2H); 13C NMR (CDCl3, 100 

MHz) δ (ppm): 146.3, 138.4, 136.8, 136.2, 130.5 (q, 2JC-F  = 31.7 Hz), 

130.3, 129.5, 128.5, 124.4 (q, 1JC-F  = 270.8 Hz), 122.8 (q, 3JC-F  = 3.7 Hz), 122.7 (q, 3J

C-F  = 3.8 Hz), 53.1, 20.80, 20.76. 
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(S)-(3,5-Dimethoxyphenyl)(mesityl)methanamine (1i): yellow solid, 75%

 yield. [α]
22

D  = -112.3 (c = 3.00, CHCl3). 1H NMR (CDCl3, 400 M

Hz) δ (ppm): 6.82 (s, 2H), 6.49 (s, 2H), 6.31 (s, 1H), 5.53 (s, 1H), 3.7

5 (s, 6H), 2.26 (s, 3H), 2.21 (s, 6H), 1.75 (brs, 2H); 13C NMR (CDCl3,

 100 MHz) δ (ppm): 160.8, 147.8, 138.9, 136.3, 130.1, 104.3, 97.6, 55.

3, 53.4, 20.80, 20.76.  

 

(S)-Mesityl(naphthalen-2-yl)methanamine (1j): white solid, 89% yield. 

[α]
22

D  = -227.6 (c = 1.12, CHCl3). 1H NMR (CDCl3, 400 MHz) δ (p

pm): 7.86-7.76 (m, 4H), 7.49-7.33 (m, 3H), 6.83 (s, 2H), 6.10 (s, 1H), 2.

26 (s, 3H), 2.22 (s, 6H), 1.83 (brs, 2H); 13C NMR (CDCl3, 100 MHz) 

δ (ppm): 140.4, 138.4, 136.4, 133.9, 131.2, 130.6, 128.8, 127.4, 125.8, 1

25.3, 125.2, 124.4, 123.9, 52.9, 21.3, 20.8. 

 

(2): yellow oil, 85% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 9.73 (t, J 

= 3.2 Hz, 1H), 7.70-7.65 (m, 4H), 7.56-7.46 (m, 6H), 3.42 (dd, J = 12.8, 3.

2 Hz, 2H), 1.43-0.79 (br, 3H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 195.0, 

132.2 (d, J = 9.8 Hz), 132.0 (d, J = 2.6 Hz), 129.2 (d, J = 10.3 Hz), 127.6 (d, J = 55.

2 Hz), 41.8 (d, J = 27.5 Hz); 31P NMR (CDCl3, 162 MHz) δ (ppm): 12.5 (d, J = 51.0 

Hz). 

(S)-2-(Diphenylphosphanyl)-N-(mesityl(phenyl)methyl)ethan-1-amine (3a): 

yellow oil, 65% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.35-7.25 (m, 4H), 

7.22-7.19 (m, 6H), 7.16-7.11 (m, 4H), 7.07-7.05 (m, 1H), 6.71 (s, 2H), 5.23 (s, 

1H), 2.80-2.64 (m, 2H), 2.32-2.19 (m, 2H), 2.17 (s, 3H), 2.07 (s, 6H); 13C NMR 

(CDCl3, 100 MHz) δ (ppm): 143.6, 138.6 (d, J = 12.5 Hz), 137.0, 136.9, 136.2, 

132.8 (d, J = 10.7 Hz), 132.6 (d, J = 10.3 Hz), 130.1, 128.5 (d, J = 3.3 Hz), 128.44 (d, J = 2.7 Hz), 

128.37 (d, J = 3.3 Hz), 128.0, 126.5, 125.9, 60.3, 45.2 (d, J = 18.9 Hz), 29.7 (d, J = 12.4 Hz), 21.0, 

20.8; 31P NMR (CDCl3, 162 MHz) δ (ppm): -20.2. HRMS (ESI) m/z calc. for C30H33NP [M+H]+: 

438.2345, found: 438.2339. 

 

(S)-2-(Diphenylphosphanyl)-N-((2,3,4,5,6-pentamethylphenyl)(phenyl)met

hyl)ethan-1-amine (3b): yellow oil, 60% yield. 1H NMR (CDCl3, 400 

MHz) δ (ppm): 7.35-7.13 (m, 14H), 7.06 (t, J = 7.0 Hz, 1H), 5.33 (s, 

1H), 2.79-2.68 (m, 2H), 2.28-2.13 (m, 5H), 2.11 (s, 6H), 2.02 (s, 6H); 1

3C NMR (CDCl3, 100 MHz) δ (ppm): 144.9, 138.7 (d, J = 13.2 Hz), 1

38.1, 133.7, 132.8 (d, J = 15.0 Hz), 132.7 (d, J = 14.7 Hz), 132.5, 12

8.5 (d, J = 5.2 Hz), 128.42 (d, J = 4.1 Hz), 128.35 (d, J = 4.4 Hz), 128.0, 126.4, 125.

7, 61.1, 45.6 (d, J = 19.0 Hz), 29.7 (d, J = 12.1 Hz), 17.6, 17.2, 16.9. 31P NMR (CDCl

3, 162 MHz) δ (ppm): -20.4; HRMS (ESI) m/z calc. for C32H37NP [M+H]+: 466.2658, fou

nd: 466.2652. 
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(S)-2-(Diphenylphosphanyl)-N-(phenyl(2,4,6-triisopropylphenyl)methyl)et

han-1-amine (3c): yellow oil, 54% yield. 1H NMR (CDCl3, 400 MHz) 

δ (ppm): 7.33-7.11 (m, 14H), 7.04 (t, J = 6.4 Hz, 1H), 6.89 (s, 2H), 5.

25 (s, 1H), 3.15 (s, 2H), 2.82-2.76 (m, 3H), 2.37-2.30 (m, 1H), 2.21-2.1

4 (m, 1H), 1.19-1.10 (m, 18H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 

147.4, 145.4, 138.8 (d, J = 2.9 Hz), 138.6 (d, J = 2.1 Hz), 135.7, 132.

8 (d, J = 9.4 Hz), 132.7 (d, J = 9.2 Hz), 128.6 (d, J = 5.8 Hz), 128.5 (d, J = 1.2 Hz),

 128.4 (d, J = 1.1 Hz), 127.8, 126.5, 125.5, 59.0, 46.3 (d, J = 19.8 Hz), 34.0, 29.8 (d, 

J = 12.3 Hz), 29.6, 24.8, 24.0; 31P NMR (CDCl3, 162 MHz) δ (ppm): -20.3. HRMS (ES

I) m/z calc. for C36H45NP [M+H]+: 522.3284, found: 522.3289. 

 

(S)-2-(Diphenylphosphanyl)-N-((4-fluoro-2,6-dimethylphenyl)(phenyl)met

hyl)ethan-1-amine (3d): yellow oil, 70% yield. 1H NMR (CDCl3, 400 

MHz) δ (ppm): 7.35-7.19 (m, 10H), 7.16-7.06 (m, 5H), 6.59 (d, J = 9.6

 Hz, 2H), 5.21 (s, 1H), 2.80-2.63 (m, 2H), 2.30-2.18 (m, 2H), 2.09 (s, 

6H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 161.1 (d, J = 242.9 Hz), 

143.1, 139.5 (d, J = 7.9 Hz), 138.5 (dd, J = 12.1, 5.0 Hz), 135.7 (d, J

 = 3.0 Hz), 132.7 (dd, J = 18.8, 10.8 Hz), 128.6 (d, J = 5.2 Hz), 128.4 (dd, J = 6.6, 

1.4 Hz), 128.1, 126.4, 126.1, 115.6 (d, J = 20.0 Hz), 60.0, 45.1 (d, J = 18.5 Hz), 29.6 

(d, J = 12.4 Hz), 21.2. 31P NMR (CDCl3, 162 MHz) δ (ppm): -20.3. HRMS (ESI) m/z c

alc. for C29H30FNP [M+H]+: 442.2094, found: 442.2096. 

 

(S)-2-(Diphenylphosphanyl)-N-((4-methoxy-2,6-dimethylphenyl)(phenyl)

methyl)ethan-1-amine (3e): yellow oil, 65% yield. 1H NMR (CDCl3, 4

00 MHz) δ (ppm): 7.35-7.04 (m, 15H), 6.44 (s, 2H), 5.19 (s, 1H), 3.67

 (s, 3H), 2.80-2.64 (m, 2H), 2.30-2.16 (m, 2H), 2.09 (s, 6H); 13C NM

R (CDCl3, 100 MHz) δ (ppm): 157.9, 143.7, 138.6 (d, J = 12.5 Hz), 

138.5, 132.8 (d, J = 10.0 Hz), 132.6 (d, J = 10.0 Hz), 132.4, 128.5 

(d, J = 3.8 Hz), 128.44 (d, J = 2.1 Hz), 128.37 (d, J = 2.2 Hz), 128.0, 126.5, 125.9, 1

14.4, 60.0, 55.0, 45.2 (d, J = 18.7 Hz), 29.7 (d, J = 12.1 Hz), 21.4; 31P NMR (CDCl3, 

162 MHz) δ (ppm): -20.2. HRMS (ESI) m/z calc. for C30H33NOP [M+H]+: 454.2294, fou

nd: 454.2297. 

 

N-((S)-((1r,3R,5R,7S)-Adamantan-1-yl)(phenyl)methyl)-2-(diphenylphosp

hanyl)ethan-1-amine (3f): yellow oil, 45% yield. 1H NMR (CDCl3, 400

 MHz) δ (ppm): 7.28-7.07 (m, 15H), 3.05 (s, 1H), 2.55-2.33 (m, 2H), 2.

20-2.05 (m, 2H), 1.81 (s, 3H), 1.55-1.42 (m, 10H), 1.27 (d, J = 12.0 

Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 140.6, 138.9 (d, J = 12.5 Hz), 138.6 (d,

 J = 12.6 Hz), 132.8 (d, J = 13.7 Hz), 132.6 (d, J = 13.3 Hz), 129.2, 128.5, 128.4, 12

8.3, 127.3, 126.6, 73.3, 44.9 (d, J = 18.3 Hz), 39.3, 37.1, 36.4, 29.1 (d, J = 12.3 Hz), 2

8.6; 31P NMR (CDCl3, 162 MHz) δ (ppm): -20.2. HRMS (ESI) m/z calc. for C31H37NP 

[M+H]+: 454.2658, found: 454.2655. 
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(S)-2-(Diphenylphosphanyl)-N-((3-fluorophenyl)(mesityl)methyl)ethan-

1-amine (3g): yellow oil, 72% yield. 1H NMR (CDCl3, 400 MHz) δ 

(ppm): 7.48-7.32 (m, 10H), 7.19 (q, J = 8.0 Hz, 1H), 7.06 (d, J = 1

0.8 Hz, 1H), 6.99 (d, J = 7.6 Hz, 1H), 6.89-6.84 (m, 3H), 5.29 (s, 1

H), 2.91-2.77 (m, 2H), 2.42-2.27 (m, 5H), 2.19 (s, 6H); 13C NMR 

(CDCl3, 100 MHz) δ (ppm): 163.0 (d, J = 243.1 Hz), 146.8 (d, J = 6.6 Hz), 138.6 (dd, 

J = 11.9, 1.9 Hz), 136.8, 136.6, 136.5, 132.8 (d, J = 12.6 Hz), 132.6 (d, J = 12.6 Hz), 

130.2, 129.4 (d, J = 8.1 Hz), 128.6 (d, J = 4.5 Hz), 128.4 (dd, J = 6.5, 1.3 Hz), 122.1 

(d, J = 2.6 Hz), 113.6 (d, J = 22.2 Hz), 112.8 (d, J = 21.1 Hz), 60.0, 45.3 (d, J = 18.

8 Hz), 29.6 (d, J = 12.4 Hz), 20.9, 20.8; 31P NMR (CDCl3, 162 MHz) δ (ppm): -20.2. 

HRMS (ESI) m/z calc. for C30H32FNP [M+H]+: 456.2251, found: 456.2242. 

 

(S)-2-(Diphenylphosphanyl)-N-(mesityl(3-(trifluoromethyl)phenyl)me

thyl)ethan-1-amine (3h): yellow oil, 75% yield. 1H NMR (CDCl3, 

400 MHz) δ (ppm): 7.82 (s, 1H), 7.56-7.39 (m, 13H), 6.93 (s, 2H),

 5.41 (s, 1H), 3.02-2.89 (m, 2H), 2.53-2.37 (m, 5H), 2.26 (s, 6H); 

13C NMR (CDCl3, 100 MHz) δ (ppm): 145.0, 138.6 (d, J = 7.6 H

z), 138.5 (d, J = 8.5 Hz), 136.7, 136.3, 132.8 (d, J = 17.7 Hz), 1

32.6 (d, J = 17.2 Hz), 130.30 (q, J = 31.6 Hz), 130.26, 130.1, 128.6 (d, J = 7.8 Hz), 1

28.4 (d, J = 6.7 Hz), 128.36, 124.4 (q, J = 270.6 Hz), 123.3 (q, J = 3.7 Hz), 122.9 (q, 

J = 3.7 Hz), 60.1, 45.4 (d, J = 19.0 Hz), 29.6 (d, J = 12.4 Hz), 20.9, 20.8; 31P NMR 

(CDCl3, 162 MHz) δ (ppm): -20.2. HRMS (ESI) m/z calc. for C31H32F3NP [M+H]+: 506.2

219, found: 506.2219. 

 

(S)-N-((3,5-Dimethoxyphenyl)(mesityl)methyl)-2-(diphenylphosphan

yl)ethan-1-amine (3i): yellow oil, 71% yield. 1H NMR (CDCl3, 40

0 MHz) δ (ppm): 7.32-7.17 (m, 10H), 6.70 (s, 2H), 6.41 (s, 2H), 

6.20 (s, 1H), 5.14 (s, 1H), 3.64 (s, 6H), 2.79-2.64 (m, 2H), 2.33-2.

17 (m, 5H), 2.09 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 

160.6, 146.6, 138.7 (d, J = 8.4 Hz), 138.6 (d, J = 9.8 Hz), 136.8,

 136.2, 132.8 (d, J = 19.3 Hz), 132.6 (d, J = 19.0 Hz), 130.1, 128.5 (d, J = 8.1 Hz), 1

28.5 (d, J = 0.9 Hz), 128.4 (d, J = 1.4 Hz), 105.0, 97.7, 60.4, 55.3, 45.3 (d, J = 19.4 

Hz), 29.7 (d, J = 12.3 Hz), 21.0, 20.8; 31P NMR (CDCl3, 162 MHz) δ (ppm): -20.4. HR

MS (ESI) m/z calc. for C32H37NO2P [M+H]+: 498.2556, found: 498.2557. 

 

(S)-2-(Diphenylphosphanyl)-N-(mesityl(naphthalen-2-yl)methyl)ethan

-1-amine (3j): yellow oil, 68% yield. 1H NMR (CDCl3, 400 MHz) 

δ (ppm): 7.70-7.68 (m, 3H), 7.58 (d, J = 5.6 Hz, 1H), 7.36-7.16 

(m, 13H), 6.74 (s, 2H), 5.38 (s, 1H), 2.86-2.72 (m, 2H), 2.35-2.23 

(m, 2H), 2.20 (s, 3H), 2.11 (s, 6H); 13C NMR (CDCl3, 100 MHz) 

δ (ppm): 141.1, 138.7 (d, J = 7.9 Hz), 137.0, 136.7, 136.4, 133.3, 

132.8 (d, J = 12.2 Hz), 132.7 (d, J = 11.9 Hz), 132.2, 130.2, 128.6 (d, J = 3.6 Hz), 12

8.48 (d, J = 2.6 Hz), 128.43 (d, J = 2.7 Hz), 128.0, 127.6, 127.5, 125.8, 125.5, 125.3, 1

24.6, 60.5, 45.3 (d, J = 12.7 Hz), 29.7 (d, J = 8.1 Hz), 21.1, 20.9; 31P NMR (CDCl3, 1
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62 MHz) δ (ppm): -20.3. HRMS (ESI) m/z calc. for C34H35NP [M+H]+: 488.2501, found: 

488.2496. 

 

4a: yellow solid, 51% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.5

1-7.36 (m, 2H), 7.28-7.16 (m, 7H), 7.09-6.87 (m, 17H), 6.55-6.51 (m, 3

H), 6.43 (t, J = 7.2 Hz, 1H), 6.10 (d, J = 7.2 Hz, 1H), 5.25 (d, J = 

9.0 Hz, 1H), 4.79 (brs, 1H), 3.47-3.33 (m, 2H), 2.97-2.90 (m, 1H), 2.57

-2.46 (m, 1H), 2.30 (s, 3H), 2.22 (s, 3H), 2.18 (s, 3H); 13C NMR (CD

Cl3, 100 MHz) δ (ppm): 185.5, 183.8, 154.3, 146.1 (d, J = 5.5 Hz), 14

0.8, 140.4, 139.2, 138.8, 138.0, 137.6, 137.3, 136.4, 134.7 (d, J = 9.7 Hz), 133.4 (d, J =

 10.1 Hz), 132.9 (d, J = 8.9 Hz), 131.7 (d, J = 11.9 Hz), 131.6, 129.1, 128.7, 128.0, 12

7.8 (dd, J = 9.0, 4.2 Hz), 127.24, 127.19, 127.1, 125.9, 123.6, 119.7 (d, J = 4.9 Hz), 65.

7, 60.5, 49.2, 47.1, 37.8 (d, J = 24.3 Hz), 35.5, 27.0, 26.5, 25.6, 23.8, 21.9, 21.3 (d, J 

= 28.2 Hz), 20.9, 20.6 (d, J = 43.9 Hz); 31P NMR (CDCl3, 162 MHz) δ (ppm): 71.7 (d,

 J = 29.5 Hz), 58.0 (d, J = 30.0 Hz). HRMS (ESI) m/z calc. for C48H46NP2Ru [M-Cl]+: 

800.2157, found: 800.2153. 

 

4b: yellow solid, 69% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.6

5-6.87 (m, 24H), 6.53 (t, J = 8.0 Hz, 3H), 6.43 (t, J = 7.4 Hz, 1H), 6.

11 (d, J = 7.3 Hz, 1H), 5.98 (brs, 1H), 5.37 (d, J = 9.2 Hz, 1H), 4.78

-4.76 (m, 1H), 3.42-3.26 (m, 2H), 2.98-2.90 (m, 1H), 2.57-2.45 (m, 1H),

 2.29 (s, 3H), 2.26 (s, 3H), 2.21 (s, 3H), 2.19 (s, 3H), 2.09 (s, 3H); 13

C NMR (CDCl3, 100 MHz) δ (ppm): 183.7, 165.8 (dd, J = 14.5, 8.7 

Hz), 155.4, 146.1 (d, J = 5.5 Hz), 140.7 (d, J = 43.8 Hz), 139.1 (d, J = 35.3 Hz), 137.

0, 135.0 (d, J = 35.1 Hz), 133.8 (d, J = 19.2 Hz), 133.5 (d, J = 10.7 Hz), 133.3 (d, J 

= 16.6 Hz), 132.2, 131.7 (d, J = 8.8 Hz), 129.2, 128.8, 128.5 (d, J = 6.7 Hz), 128.0 12

7.8 (dd, J = 8.9, 2.9 Hz), 123.4, 119.70, 119.66, 66.6, 49.0, 38.0 (d, J = 25.0 Hz), 25.4,

 23.8, 19.5, 17.3 (d, J = 20.8 Hz), 17.2, 16.6; 31P NMR (CDCl3, 162 MHz) δ (ppm): 71.

8 (d, J = 29.5 Hz), 58.0 (d, J = 29.5 Hz). Anal. Calcd for C50H50ClNP2Ru: C, 69.55; H,

 5.84; N, 1.62; Found: C, 69.46; H, 5.96; N, 1.70. HRMS (ESI) m/z calc. for C50H50NP2

Ru [M-Cl]+: 828.2470, found: 828.2464. 

 

4d: yellow solid, 43% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.5

0-7.40 (m, 2H), 7.20-6.93 (m, 21H), 6.84-6.77 (m, 4H), 6.55-6.51 (m, 2

H), 6.44 (t, J = 7.3 Hz, 1H), 6.06 (d, J = 7.3 Hz, 1H), 5.22 (d, J = 

9.2 Hz, 1H), 4.75 (brs, 1H), 3.49-3.30 (m, 2H), 3.00-2.92 (m, 2H), 2.25

 (s, 3H), 2.18 (s, 3H); 31P NMR (CDCl3, 162 MHz) δ (ppm): 71.6 (d, 

J = 30.6 Hz), 58.0 (d, J = 30.7 Hz). HRMS (ESI) m/z calc. for C47H4

3FNP2Ru [M-Cl]+: 804.1906, found: 804.1915. 
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4e: yellow solid, 55% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.4

1 (d, J = 7.7 Hz, 3H), 7.25-6.93 (m, 20H), 6.67-6.62 (m, 2H), 6.55-6.4

9 (m, 4H), 6.45-6.41 (m, 1H), 6.10 (d, J = 7.2 Hz, 1H), 5.23-5.20 (m, 

1H), 4.75-4.73 (m, 1H), 3.81 (s, 3H), 3.50-3.34 (m, 2H), 3.01-2.90 (m, 

1H), 2.57-2.45 (m, 1H), 2.24 (s, 3H), 2.18 (s, 3H); 31P NMR (CDCl3, 

162 MHz) δ (ppm): 71.7 (d, J = 30.2 Hz), 57.9 (d, J = 29.5 Hz). HR

MS (ESI) m/z calc. for C48H46NOP2Ru [M-Cl]+: 816.2106, found: 816.2107. 

 

4h: yellow solid, 68% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm):

 7.55 (d, J = 7.4 Hz, 2H), 7.21-7.02 (m, 19H), 6.96-6.84 (m, 4H), 

6.63-6.51 (m, 4H), 6.25 (s, 1H), 5.22 (d, J = 9.0 Hz, 1H), 4.77 (b

rs, 1H), 3.44-2.96 (m, 4H), 2.32 (s, 3H), 2.18 (s, 3H), 2.16 (s, 3H);

 31P NMR (CDCl3, 162 MHz) δ (ppm): 71.0 (d, J = 29.3 Hz), 57.

1 (d, J = 29.1 Hz). HRMS (ESI) m/z calc. for C49H45F3NP2Ru [M

-Cl]+: 868.2031, found: 868.2035. 

 

4i: yellow solid, 53% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm):

 7.24-7.11 (m, 13H), 7.07-6.95 (m, 11H), 6.82 (s, 1H), 6.76 (s, 1

H), 6.71 (s, 2H), 6.35 (s, 1H), 5.56 (d, J = 9.7 Hz, 1H), 3.79 (s, 

6H), 3.19-3.00 (m, 2H), 2.50-2.40 (m, 2H), 2.35 (s, 3H), 2.23 (s, 

3H), 2.22 (s, 3H); 31P NMR (CDCl3, 162 MHz) δ (ppm): 71.3 (d, 

J = 35.3 Hz), 51.2 (d, J = 35.1 Hz). HRMS (ESI) m/z calc. for 

C50H50NO2P2Ru [M-Cl]+: 860.2369, found: 860.2376. 

 

4j: yellow solid, 43% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 

7.74 (s, 1H), 7.39-7.33 (m, 4H), 7.23-6.92 (m, 24H), 6.73 (d, J = 

7.7 Hz, 1H), 6.56-6.54 (m, 3H), 5.34 (d, J = 9.5 Hz, 1H), 4.84 (d,

 J = 9.4 Hz, 1H), 3.49-3.28 (m, 2H), 3.01-2.93 (m, 1H), 2.61-2.46 

(m, 1H), 2.34 (s, 3H), 2.18 (s, 3H), 2.14 (s, 3H); 13C NMR (CDCl

3, 100 MHz) δ (ppm): 184.0, 154.3, 143.9 (d, J = 5.8 Hz), 140.3 

(d, J = 43.9 Hz), 137.8 (d, J = 13.7 Hz), 137.5, 136.2, 134.7, 133.6 (dd, J = 47.7, 19.3

 Hz), 133.3 (d, J = 10.1 Hz), 131.9, 131.7 (d, J = 8.7 Hz), 129.9, 129.2, 128.7 (d, J = 

16.9 Hz), 128.5, 128.1, 127.8 (dd, J = 9.0, 4.4 Hz), 127.3 (d, J = 8.9 Hz), 126.8, 125.1,

 123.3, 121.6, 116.6, 65.5, 49.0, 37.7 (d, J = 25.4 Hz), 23.8, 21.4 (d, J = 55.6 Hz), 21.

0; 31P NMR (CDCl3, 162 MHz) δ (ppm): 71.5 (d, J = 29.5 Hz), 57.2 (d, J = 30.1 Hz). 

HRMS (ESI) m/z calc. for C52H48NP2Ru [M-Cl]+: 850.2314, found: 850.2314. (According 

to 1H NMR of 4j, the singlet signal at δ = 7.74 proves that the Ru-C bond was formed 

at β-position of the naphthalene group.) 

 

4k: green solid, 79% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 8.6

0 (s, 1H), 7.75-7.42 (m, 7H), 7.31-7.24 (m, 2H), 7.18-7.00 (m, 16H), 6.

91 (s, 1H), 6.80-6.75 (m, 7H), 5.75 (t, J = 11.7 Hz), 3.21-3.02 (m, 2

H), 2.76-2.70 (m, 1H), 2.60 (s, 3H), 2.43 (t, J = 13.6 Hz, 1H), 2.26 

(s, 3H), 2.24 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 138.7 (d,
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 J = 23.1 Hz), 137.4 (d, J = 16.2 Hz), 137.3 (d, J = 10.7 Hz), 134.9 (d, J = 10.4 Hz),

 134.5, 134.2 (d, J = 10.1 Hz), 134.1, 133.9, 133.7, 133.4, 133.3 (d, J = 8.6 Hz), 132.1,

 131.4, 130.1, 130.0, 129.7, 129.0 (d, J = 1.9 Hz), 128.80, 128.75, 128.5 (d, J = 6.7 H

z), 127.5 (d, J = 31.7 Hz), 127.4 (d, J = 9.6 Hz), 126.0 (d, J = 18.7 Hz), 125.5 (d, J 

= 38.6 Hz), 62.8, 45.4, 22.2, 20.9, 20.7; 31P NMR (CDCl3, 162 MHz) δ (ppm): 81.4 (d, 

J = 40.1 Hz), 48.5 (d, J = 40.1 Hz). HRMS (ESI) m/z calc. for C52H49ClNP2Ru [M-Cl]+:

 886.2078, found: 886.2078. 

 

4l: white solid, 48% yield. 31P NMR (CDCl3, 162 MHz) δ (ppm): 5

4.7 (dd, J = 23.8, 17.4 Hz), 50.5 (dd, J = 22.7, 16.4 Hz), 49.4 (dd,

 J = 24.9, 11.6 Hz), 48.9 (dd, J = 21.7, 11.6 Hz), 30.7 (dd, J = 1

6.1, 11.4 Hz), 26.7 (dd, J = 17.5, 11.7 Hz). HRMS (ESI) m/z calc. 

for C40H49NP3Ru [M-Cl]+: 738.2127, found: 738.2127. 

 

1-(3-Chlorophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-one (5b): wh

ite solid, 85% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.94 (s,

 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.40 (t

 , J = 7.8 Hz, 1H), 7.26 (t, J = 7.8 Hz, 2H), 6.92 (d, J = 8.2 H

z, 2H), 6.85 (t, J = 7.2 Hz, 1H), 3.21-3.17 (m, 6H), 2.90-2.87 (m, 

2H), 2.68-2.65 (m, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 197.7, 151.2, 138.4, 135.

0, 133.0, 130.0, 129.1, 128.2, 126.1, 119.7, 116.0, 53.3, 52.9, 49.1, 36.4.  

 

1-(3-Bromophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-one (5c): wh

ite solid, 80% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 8.10 (s,

 1H), 7.88 (d, J = 7.8 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.34 (t

 , J = 7.9 Hz, 1H), 7.25 (t, J = 8.2 Hz, 2H), 6.92 (d, J = 8.2 H

z, 2H), 6.85 (t, J = 7.3 Hz, 1H), 3.21-3.16 (m, 6H), 2.90-2.86 (m, 

2H), 2.68-2.65 (m, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 197.6, 151.2, 138.6, 135.

9, 131.1, 130.2, 129.1, 126.5, 123.0, 119.7, 116.0, 53.2, 52.9, 49.1, 36.4.  

 

3-(4-Phenylpiperazin-1-yl)-1-(m-tolyl)propan-1-one (5d): white solid,

 69% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.78-7.76 (m, 2

H), 7.39-7.33 (m, 2H), 7.28-7.24 (m, 2H), 6.92 (d, J = 8.1 Hz, 2

H), 6.85 (t, J = 7.3 Hz, 1H), 3.23-3.19 (m, 6H), 2.90 (t, J = 7.6 

Hz, 2H), 2.69-2.67 (m, 4H), 2.41 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 199.2, 

151.3, 138.4, 137.0, 133.9, 129.1, 128.6, 128.5, 125.3, 119.7, 116.1, 53.3, 53.2, 49.1, 36.3,

 21.4.  

 

1-(3-Methoxyphenyl)-3-(4-phenylpiperazin-1-yl)propan-1-one (5e): 

white solid, 73% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.55

 (d, J = 7.6 Hz, 1H), 7.50 (s, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.26

 (t, J = 8.3 Hz, 2H), 7.12-7.10 (m, 1H), 6.92 (d, J = 8.2 Hz, 2H),

 6.85 (t, J = 7.3 Hz, 1H), 3.85 (s, 3H), 3.23-3.19 (m, 6H), 2.91-2.88 (m, 2H), 2.69-2.66 

(m, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 198.8, 159.9, 151.2, 138.3, 129.6, 129.1 
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120.6, 119.7, 119.6 116.0, 112.3, 55.4, 53.3, 53.2, 49.1, 36.4. 

 

1-(3-Fluorophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-one (5f): whi

te solid, 67% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.75 (d,

 J = 7.8 Hz, 1H), 7.67-7.63 (m, 1H), 7.47-7.41 (m, 1H), 7.28-7.24 

(m, 3H), 6.92 (d, J = 8.1 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 3.21

-3.18 (m, 6H), 2.91-2.87 (m, 2H), 2.68-2.66 (m, 4H); 13C NMR (C

DCl3, 100 MHz) δ (ppm): 197.7 (d, 4JC-F = 2.0 Hz), 162.9 (d, 1JC-F = 246.6 Hz), 151.2, 

139.0 (d, 3JC-F = 6.1 Hz), 130.3 (d, 3JC-F = 7.8 Hz), 129.1, 123.8 (d, 4JC-F = 2.9 Hz), 12

0.1 (d, 2JC-F = 21.5 Hz), 119.7, 116.0, 114.8 (d, 2JC-F = 22.2 Hz), 53.3, 53.0, 49.1, 36.5. 

 

3-(4-Phenylpiperazin-1-yl)-1-(3-(trifluoromethyl)phenyl)propan-1-on

e (5g): white solid, 77% yield. 1H NMR (CDCl3, 400 MHz) δ (pp

m): 8.23 (s, 1H), 8.15 (d, J = 7.8 Hz, 1H), 7.82 (d, J = 7.8 Hz, 

1H), 7.61 (t, J = 7.8 Hz, 1H), 7.28-7.24 (m, 2H), 6.93 (d, J = 8.0

 Hz, 2H), 6.86 (t, J = 7.3 Hz, 1H), 3.26-3.19 (m, 6H), 2.91 (t, J 

= 7.4 Hz, 2H), 2.68 (t, J = 5.0 Hz, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm):197.7, 1

51.2, 137.4, 131.3 (q, 2JC-F  = 33.2 Hz), 131.2, 129.5 (q, 3JC-F  = 3.4 Hz), 129.4, 129.1, 

124.9 (q, 3JC-F  = 3.9 Hz), 123.7 (q, 1JC-F  = 271.1 Hz), 119.8, 116.1, 53.3, 52.9, 49.1, 3

6.5. 

 

1-(4-Chlorophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-one (5h):

 white solid, 86% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 

7.91 (d, J = 8.5 Hz, 2H), 7.44 (d, J = 8.5 Hz, 2H), 7.26 (t, J 

= 7.7 Hz, 2H), 6.92 (d, J = 8.3 Hz, 2H), 6.85 (t, J = 7.3 Hz, 

1H), 3.21-3.17 (m, 6H), 2.89 (t, J = 7.4 Hz, 2H), 2.67 (t, J = 5.0 Hz, 4H); 13C NMR 

(CDCl3, 100 MHz) δ (ppm): 197.8, 151.2, 139.6, 135.2, 129.5, 129.1, 129.0, 119.8, 116.1, 

53.3, 53.0, 49.1, 36.3. 

 

1-(4-Bromophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-one (5i): 

white solid, 76% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 

7.83 (d, J = 8.6 Hz, 2H), 7.60 (d, J = 8.6 Hz, 2H), 7.28-7.24 

(m, 2H), 6.92 (d, J = 8.0 Hz, 2H), 6.85 (t, J = 7.3 Hz, 1H), 3.21-3.16 (m, 6H), 2.88 (t,

 J = 7.1 Hz, 2H), 2.66 (t, J = 5.0 Hz, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 198.

0, 151.2, 135.6, 131.9, 129.6, 129.1, 128.3, 119.8, 116.1, 53.3, 53.0, 49.1, 36.3. 

 

3-(4-Phenylpiperazin-1-yl)-1-(p-tolyl)propan-1-one (5j): white so

lid, 87% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.87 (d, 

J = 8.2 Hz, 2H), 7.27-7.24 (m, 4H), 6.92 (d, J = 8.1 Hz, 2H),

 6.85 (t, J = 7.3 Hz, 1H), 3.21-3.18 (m, 6H), 2.89 (t, J = 7.6 

Hz, 2H), 2.67 (t, J = 5.1 Hz, 4H), 2.41 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 

198.7, 151.3, 143.9, 134.5, 129.3, 129.1, 128.2, 119.7, 116.0, 53.3, 53.2, 49.1, 36.1, 21.6. 
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1-(4-Methoxyphenyl)-3-(4-phenylpiperazin-1-yl)propan-1-one 

(5k): white solid, 71% yield. 1H NMR (CDCl3, 400 MHz) δ 

(ppm): 7.98-7.94 (m, 2H), 7.25 (t, J = 8.6 Hz, 2H), 6.95-6.91 

(m, 4H), 6.85 (t, J = 7.3 Hz, 1H), 3.86 (s, 3H), 3.22-3.15 (m, 6H), 2.89 (t, J = 7.7 Hz, 

2H), 2.67 (t, J = 5.0 Hz, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 197.5, 163.5, 151.

2, 130.3, 130.0, 129.1, 119.7, 116.0, 113.7, 55.4, 53.34, 53.26, 49.1, 35.9. 

 

1-(4-Fluorophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-one (5l): y

ellow solid, 68% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 8.

02-7.98 (m, 2H), 7.26 (t, J = 8.4 Hz, 2H), 7.13 (t, J = 8.6 Hz, 

2H), 6.92 (d, J = 8.4 Hz, 2H), 6.85 (t, J = 7.3 Hz, 1H), 3.21-3.18 (m, 6H), 2.89 (t, J 

= 7.5 Hz, 2H), 2.67 (t, J = 5.0 Hz, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 197.4, 

165.8 (d, 1JC-F  = 253.1 Hz), 151.2, 133.4 (d, 3JC-F  = 11.6 Hz), 130.7 (d, 3JC-F  = 9.1 H

z), 129.1, 119.8, 116.1, 115.7 (d, 2J = 21.6 Hz), 53.3, 53.1, 49.1, 36.2. 

 

3-(4-Phenylpiperazin-1-yl)-1-(4-(trifluoromethyl)phenyl)propan-

1-one (5m): white solid, 59% yield. 1H NMR (CDCl3, 400 M

Hz) δ (ppm): 8.07 (d, J = 8.2 Hz, 2H), 7.74 (d, J = 8.2 Hz, 

2H), 7.28-7.24 (m, 2H), 6.93 (d, J = 8.1 Hz, 2H), 6.86 (t, J 

= 7.3 Hz, 1H), 3.26-3.19 (m, 6H), 2.91 (t, J = 7.3 Hz, 2H), 2.68 (t, J = 5.0 Hz, 4H); 1

3C NMR (CDCl3, 100 MHz) δ (ppm): 198.1, 151.2, 139.6, 134.4 (q, 2JC-F  = 32.3 Hz), 1

29.1, 128.4, 125.8 (q, 3JC-F  = 3.7 Hz), 123.6 (q, 1JC-F  = 271.4 Hz), 119.8, 116.1, 53.3, 

52.9, 49.2, 36.7. 

 

3-(4-Phenylpiperazin-1-yl)-1-(o-tolyl)propan-1-one (5n): yellow oil, 

70% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.61 (d, J = 7.7

 Hz, 1H), 7.33 (t, J = 7.4 Hz, 1H), 7.25-7.21 (m, 4H), 6.89 (d, J 

= 8.4 Hz, 2H), 6.83 (t, J = 7.3 Hz, 1H), 3.15-3.08 (m, 6H), 2.82 

(t, J = 7.2 Hz, 2H), 2.60 (t, J = 5.0 Hz, 4H), 2.49 (s, 3H); 13C NMR (CDCl3, 100 MH

z) δ (ppm): 203.3, 151.1, 137.9, 137.8, 131.8, 131.0, 129.0, 128.1, 125.5, 119.5, 115.9, 53.

4, 53.0, 48.9, 39.1, 21.0. 

 

1-(Naphthalen-1-yl)-3-(4-phenylpiperazin-1-yl)propan-1-one (5o): 

yellow solid, 72% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 8.

55 (d, J = 8.5 Hz, 1H), 7.97 (d, J = 8.2 Hz, 1H), 7.87-7.84 (m,

 2H), 7.58-7.47 (m, 3H), 7.27-7.23 (m, 2H), 6.90 (d, J = 8.2 Hz,

 2H), 6.84 (t, J = 7.2 Hz, 1H), 3.27 (t, J = 7.2 Hz, 2H), 3.14 (t, J = 4.9 Hz, 4H), 2.9

2 (t, J = 7.2 Hz, 2H), 2.63 (t, J = 5.0 Hz, 4H),; 13C NMR (CDCl3, 100 MHz) δ (ppm):

 203.7, 151.3, 136.3, 134.0, 132.4, 130.1, 129.1, 128.4, 127.8, 127.0, 126.5, 125.9, 124.3, 

119.7, 116.0, 53.7, 53.1, 49.1, 39.9. 
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1-(Naphthalen-2-yl)-3-(4-phenylpiperazin-1-yl)propan-1-one (5

p): yellow solid, 85% yield. 1H NMR (CDCl3, 400 MHz) δ (p

pm): 8.50 (s, 1H), 8.05-8.03 (m, 1H), 7.96 (d , J = 8.0 Hz, 1

H), 7.89 (t, J = 8.9 Hz, 2H), 7.62-7.54 (m, 2H), 7.28-7.24 (m, 2H), 6.93 (d, J = 8.1 Hz,

 2H), 6.86 (t, J = 7.3 Hz, 1H), 3.36 (t, J = 7.2 Hz, 2H), 3.22 (t, J = 4.9 Hz, 4H), 2.9

6 (t, J = 7.6 Hz, 2H), 2.71 (t, J = 5.0 Hz, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 

199.0, 151.3, 135.6, 134.3, 132.5, 129.8, 129.6, 129.1, 128.5, 127.8, 126.8, 123.8, 119.8, 1

16.1, 53.3, 49.2, 36.4. 

 

1-(3,5-Dimethylphenyl)-3-(4-phenylpiperazin-1-yl)propan-1-one 

(5q): white solid, 90% yield. 1H NMR (CDCl3, 400 MHz) δ (p

pm): 7.58 (s, 2H), 7.25 (t, J = 8.2 Hz, 2H), 7.20 (s, 1H), 6.92 

(d, J = 8.3 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 3.21-3.18 (m, 6

H), 2.89 (t, J = 7.6 Hz, 2H), 2.67 (t, J = 5.0 Hz, 4H), 2.37 (s, 6H); 13C NMR (CDCl3, 

100 MHz) δ (ppm): 199.4, 151.3, 138.2, 137.0, 134.8, 129.1, 125.8, 119.7, 116.0, 53.3, 5

3.2, 49.1, 36.3, 21.2. 

 

3-(4-Phenylpiperazin-1-yl)-1-(thiophen-2-yl)propan-1-one (5r): white

 solid, 87% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.75-7.74 

(m, 1H), 7.64-7.63 (m, 1H), 7.28-7.24 (m, 2H), 7.14-7.12 (m, 1H), 

6.92 (d, J = 8.0 Hz, 2H), 6.85 (t, J = 7.3 Hz, 1H), 3.21-3.13 (m, 

6H), 2.90 (t, J = 7.6 Hz, 2H), 2.67 (t, J = 5.1 Hz, 4H); 13C NMR (CDCl3, 100 MHz) 

δ (ppm): 191.8, 151.2, 144.3, 133.7, 131.9, 129.1, 128.1, 119.7, 116.1, 53.3, 53.2, 49.1, 3

7.0. 

 

1-Phenyl-4-(4-phenylpiperazin-1-yl)butan-2-one (5s): white solid, 

57% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.34-7.20 (m, 

7H), 6.90 (d, J = 8.1 Hz, 2H), 6.84 (t, J = 7.3 Hz, 1H), 3.72 (s,

 2H), 3.14 (t, J = 4.9 Hz, 4H), 2.67 (t, J = 3.6 Hz, 4H), 2.54 

(t, J = 5.0 Hz, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 207.2, 151.2, 134.1, 129.4, 

129.1, 128.7, 127.1, 119.7, 116.0, 53.1, 52.7, 50.4, 49.1, 39.4. 

 

3-(4-(2-Fluorophenyl)piperazin-1-yl)-1-phenylpropan-1-one (5t): 

white solid, 76% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.

98 (d, J = 7.8 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 

7.4 Hz, 2H), 7.07-6.93 (m, 4H), 3.23 (t, J = 7.3 Hz, 2H), 3.13 

(t, J = 4.0 Hz, 4H), 2.93 (t, J = 7.4 Hz, 2H) , 2.73-2.72 (m, 4

H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 199.1, 155.8 (d, 1JC-F  = 244.3 Hz), 140.1 (d,

 3JC-F  = 8.6 Hz), 137.0, 133.2, 128.7, 128.1, 124.5 (d, 4JC-F  = 3.5 Hz), 122.5 (d, 3JC-F  

= 7.7 Hz), 118.9 (d, 4JC-F  = 2.9 Hz), 116.1 (d, 2JC-F  = 20.6 Hz), 53.3, 53.2, 50.5 (d, 4J

C-F  = 3.3 Hz), 36.2. 
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1-Phenyl-3-(4-(o-tolyl)piperazin-1-yl)propan-1-one (5u): white sol

id, 82% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.99 (d, J 

= 7.7 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.4 Hz, 

2H), 7.17 (t, J = 7.6 Hz, 2H), 7.04-6.96 (m, 2H), 3.25 (t, J = 

7.3 Hz, 2H), 2.97-2.91 (m, 6H), 2.70 (s, 4H) , 2.31 (s, 3H); 13C NMR (CDCl3, 100 MH

z) δ (ppm): 199.1, 151.4, 137.0, 133.2, 132.7, 131.1, 128.7, 128.1, 126.6, 123.2, 119.0, 53.

8, 53.3, 51.7, 36.4, 17.9. 

 

3-(4-(2-Methoxyphenyl)piperazin-1-yl)-1-phenylpropan-1-one (5

v): yellow solid, 92% yield. 1H NMR (CDCl3, 400 MHz) δ (pp

m): 7.98 (d, J = 7.5 Hz, 2H), 7.57 (t, J = 7.3 Hz, 1H), 7.47 

(t, J = 7.7 Hz, 2H), 7.02-6.92 (m, 3H), 6.86 (d, J = 7.9 Hz, 1

H), 3.86 (s, 3H), 3.25 (t, J = 7.2 Hz, 2H), 3.11 (s, 4H), 2.93 (t, J = 7.6 Hz, 2H), 2.74 

(s, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 199.1, 152.2, 141.2, 136.9, 133.1, 128.6, 

128.0, 122.9, 121.0, 118.2, 111.1, 55.3, 53.4, 53.2, 50.6, 36.2. 

 

3-(4-(2-Chlorophenyl)piperazin-1-yl)-1-phenylpropan-1-one (5w): 

white solid, 80% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.

98 (d, J = 7.4 Hz, 2H), 7.58 (t, J = 7.3 Hz, 1H), 7.48 (t, J = 

7.8 Hz, 2H), 7.37-7.34 (m, 1H), 7.24-7.20 (m, 1H), 7.06-7.04 (m,

 1H), 6.99-6.95 (m, 1H), 3.24 (t, J = 7.2 Hz, 2H), 3.10 (s, 4H), 2.94 (t, J = 7.6 Hz, 2

H), 2.73 (s, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 199.1, 149.2, 137.0, 133.2, 130.

7, 128.8, 128.7, 128.1, 127.6, 123.7, 120.4, 53.4, 53.2, 51.2, 36.3. 

 

3-(4-(3-Methoxyphenyl)piperazin-1-yl)-1-phenylpropan-1-one

 (5x): yellow oil, 74% yield. 1H NMR (CDCl3, 400 MHz) 

δ (ppm): 7.98 (d, J = 7.6 Hz, 2H), 7.57 (t, J = 7.3 Hz, 1

H), 7.47 (t, J = 7.6 Hz, 2H), 7.17 (t, J = 8.2 Hz, 1H), 6.5

4 (d, J = 8.2 Hz, 1H), 6.47-6.41 (m, 2H), 3.79 (s, 3H), 3.2

5-3.19 (m, 6H), 2.90 (t, J = 7.4 Hz, 2H), 2.67 (t, J = 4.8 Hz, 4H); 13C NMR (CDCl3, 

100 MHz) δ (ppm): 199.0, 160.6, 152.6, 136.9, 133.2, 129.8, 128.7, 128.0, 108.9, 104.4, 

102.5, 55.2, 53.2, 53.1, 49.0, 36.3. 

 

1-Phenyl-3-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)propa

n-1-one (5y): yellow oil, 79% yield. 1H NMR (CDCl3, 400 

MHz) δ (ppm): 7.98 (d, J = 7.8 Hz, 2H), 7.60-7.56 (m, 1H),

 7.50-7.46 (m, 2H), 7.34 (t, J = 7.9 Hz, 1H), 7.11-7.05 (m, 

3H), 3.25-3.24 (m, 6H), 2.94-2.90 (m, 2H), 2.69 (s, 4H); 13C NMR (CDCl3, 100 MHz) δ 

(ppm): 199.0, 151.3, 136.9, 133.2, 131.4 (q, 2JC-F  = 31.4 Hz), 129.6, 128.7, 128.1, 124.3 

(q, 1JC-F  = 270.8 Hz), 118.7, 115.9 (q, 3JC-F  = 3.8 Hz), 112.2 (q, 3JC-F  = 3.8 Hz), 53.1

2, 53.1, 48.7, 36.3. 
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3-(4-(4-Fluorophenyl)piperazin-1-yl)-1-phenylpropan-1-one (5

z): yellow solid, 83% yield. 1H NMR (CDCl3, 400 MHz) δ 

(ppm): 7.98 (d, J = 7.8 Hz, 2H), 7.57 (t, J = 7.5 Hz, 1H), 7.

47 (t, J = 7.4 Hz, 2H), 6.96 (t, J = 8.5 Hz, 2H), 6.89-6.86 

(m, 2H), 3.23 (t, J = 7.3 Hz, 2H), 3.13 (t, J = 4.3 Hz, 4H), 

2.91 (t, J = 7.3 Hz, 2H), 2.69 (t, J = 4.5 Hz, 4H); 13C NMR (CDCl3, 100 MHz) δ (pp

m): 199.0, 157.2 (d, 1JC-F  = 237.5 Hz), 147.9, 136.9, 133.2, 128.7, 128.1, 117.9 (d, 3JC-F 

 = 7.5 Hz), 115.5 (d, 2JC-F  = 21.9 Hz), 53.3, 53.1, 50.2, 36.3. 

 

1-Phenyl-3-(4-(p-tolyl)piperazin-1-yl)propan-1-one (5aa): yell

ow solid, 71% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 

7.98 (d, J = 7.4 Hz, 2H), 7.58 (t, J = 7.3 Hz, 1H), 7.48 (t, 

J = 7.8 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.

5 Hz, 2H), 3.24 (t, J = 7.2 Hz, 2H), 3.17 (t, J = 4.8 Hz, 4

H), 2.91 (t, J = 7.6 Hz, 2H), 2.69 (t, J = 5.0 Hz, 4H), 2.27 (s, 3H); 13C NMR (CDCl3, 

100 MHz) δ (ppm): 199.1, 149.2, 136.9, 133.1, 129.6, 129.3, 128.6, 128.0, 116.4, 53.3, 5

3.2, 49.7, 36.3, 20.4. 

 

3-(4-(4-Methoxyphenyl)piperazin-1-yl)-1-phenylpropan-1-one

 (5ab): yellow solid, 73% yield. 1H NMR (CDCl3, 400 MH

z) δ (ppm): 7.98 (d, J = 7.8 Hz, 2H), 7.57 (t, J = 7.5 Hz,

 1H), 7.47 (t, J = 7.5 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 

6.84 (d, J = 8.8 Hz, 2H), 3.77 (s, 3H), 3.24 (t, J = 7.3 Hz, 2H), 3.11 (t, J = 4.4 Hz, 4

H), 2.92 (t, J = 7.4 Hz, 2H), 2.70 (t, J = 4.5 Hz, 4H); 13C NMR (CDCl3, 100 MHz) δ 

(ppm): 199.1, 153.9, 145.7, 137.0, 133.2, 128.7, 128.1, 118.3, 114.5, 55.6, 53.4, 53.2, 50.6,

 36.3. 

 

3-(4-(4-Bromophenyl)piperazin-1-yl)-1-phenylpropan-1-one (5

ac): white solid, 85% yield. 1H NMR (CDCl3, 400 MHz) δ 

(ppm): 7.97 (d, J = 7.8 Hz, 2H), 7.59-7.55 (m, 1H), 7.47 (t, 

J = 7.4 Hz, 2H), 7.34-7.32 (m, 2H), 6.78 (d, J = 8.4 Hz, 2

H), 3.22 (t, J = 7.3 Hz, 2H), 3.17 (t, J = 4.5 Hz, 4H), 2.90 (t, J = 7.2 Hz, 2H), 2.67 

(t, J = 4.7 Hz, 4H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 199.0, 150.3, 136.9, 133.2, 

131.9, 128.7, 128.1, 117.6, 111.8, 53.1, 49.0, 36.3. 

 

 

3-(4-(4-Chlorophenyl)piperazin-1-yl)-1-phenylpropan-1-one (5

ad): white solid, 80% yield. 1H NMR (CDCl3, 400 MHz) δ 

(ppm): 7.98-7.97 (m, 2H), 7.59-7.56 (m, 1H), 7.47 (t, J = 7.8

 Hz, 2H), 7.22-7.18 (m, 2H), 6.85-6.81 (m, 2H), 3.23 (t, J = 

7.1 Hz, 2H), 3.17 (t, J = 4.9 Hz, 4H), 2.90 (t, J = 7.5 Hz, 2H), 2.68 – 2.66 (m, 4H).; 

13C NMR (CDCl3, 100 MHz) δ (ppm): 199.0, 149.9, 136.9, 133.2, 129.0, 128.7, 128.1, 1

24.6, 117.2, 53.14, 53.11, 49.2, 36.3. 
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1-Phenyl-3-(4-(4-(trifluoromethyl)phenyl)piperazin-1-yl)propa

n-1-one (5ae): white solid, 76% yield. 1H NMR (CDCl3, 40

0 MHz) δ (ppm): 7.98 (d, J = 7.6 Hz, 2H), 7.58 (t, J = 7.

4 Hz, 1H), 7.50-7.46 (m, 4H), 6.92 (d, J = 8.5 Hz, 2H), 3.

29 (t, J = 4.6 Hz, 4H), 3.24 (t, J = 7.2 Hz, 2H), 2.92 (t, 

J = 7.2 Hz, 2H), 2.68 (t, J = 4.7 Hz, 4H).; 13C NMR (CDCl3, 100 MHz) δ (ppm):.198.

9, 153.3, 136.9, 133.2, 128.7, 128.1, 126.4 (q, 3JC-F  = 3.6 Hz), 124.8 (q, 3JC-F  = 270.0 

Hz), 120.5 (q, 2JC-F  = 32.3 Hz), 114.5, 53.1, 53.0, 48.0, 36.3. 

 

3-(4-Ethylpiperazin-1-yl)-1-phenylpropan-1-one (5af): yellow oil, 5

9% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.92 (d, J = 7.6 

Hz, 2H), 7.53 (t, J = 7.3 Hz, 1H), 7.43 (t, J = 7.7 Hz, 2H), 3.16 (t, 

J = 7.3 Hz, 2H), 2.82 (t, J = 7.6 Hz, 2H), 2.52-2.36 (m, 10H), 1.05 

(t, J = 7.2 Hz, 3H).; 13C NMR (CDCl3, 100 MHz) δ (ppm): 199.1, 136.9, 133.1, 128.6, 1

28.0, 53.2, 53.1, 52.7, 52.2, 36.1, 12.0. 

 

3-(4-Isopropylpiperazin-1-yl)-1-phenylpropan-1-one (5ag): yellow o

il, 63% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.93 (d, J = 

7.4 Hz, 2H), 7.53 (t, J = 7.3 Hz, 1H), 7.43 (t, J = 7.7 Hz, 2H), 3.17

 (t, J = 7.3 Hz, 2H), 2.82 (t, J = 7.6 Hz, 2H), 2.65-2.48 (m, 9H), 1.

02 (d, J = 6.5 Hz, 6H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 199.1, 136.9, 133.0, 128.

6, 128.0, 54.4, 53.5, 53.1, 48.6, 36.1, 18.6. 

 

3-Morpholino-1-phenylpropan-1-one (5ah): yellow oil, 70% yield. 1H 

NMR (CDCl3, 400 MHz) δ (ppm): 7.96 (d, J = 7.6 Hz, 2H), 7.57 (t, J

 = 7.2 Hz, 1H), 7.46 (t, J = 7.8 Hz, 2H), 3.72-3.70 (m, 4H), 3.18 (t, J 

= 7.2 Hz, 2H), 2.83 (t, J = 7.4 Hz, 2H), 2.51 (t, J = 4.5 Hz, 4H); 13C NMR (CDCl3, 100 

MHz) δ (ppm): 199.0, 137.0, 133.2, 128.7, 128.1, 67.0, 53.8, 53.6, 36.1. 

 

3-(Indolin-1-yl)-1-phenylpropan-1-one (5ai): white solid, 88% yield. 

1H NMR (CDCl3, 400 MHz) δ (ppm): 7.99-7.96 (m, 2H), 7.60-7.56 

(m, 1H), 7.49-7.46 (m, 2H), 7.10-7.06 (m, 2H), 6.68-6.65 (m, 1H), 6.54

 (d, J = 8.0 Hz, 1H), 3.60 (t, J = 6.9 Hz, 2H), 3.41 (t, J = 8.3 Hz, 

2H), 3.27 (t, J = 7.3 Hz, 2H), 2.97 (t, J = 8.3 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 

(ppm): 199.2, 151.9, 136.9, 133.3, 130.1, 128.7, 128.1, 127.4, 124.5, 117.7, 106.9, 53.3, 4

4.2, 35.8, 28.7. 

 

3-(Benzyl(methyl)amino)-1-phenylpropan-1-one (5aj): yellow oil, 75% 

yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.94-7.92 (m, 2H), 7.57-7.5

3 (m, 1H), 7.46-7.43 (m, 2H), 7.29-7.23 (m, 5H), 3.55 (s, 2H), 3.19 (t, J 

= 7.0 Hz, 2H), 2.88 (t, J = 7.6 Hz, 2H), 2.26 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ (pp

m): 199.5, 138.8, 137.0, 133.0, 129.0, 128.6, 128.3, 128.1, 127.1, 62.4, 52.5, 42.3, 37.0. 
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3-(Dibenzylamino)-1-phenylpropan-1-one (5ak): yellow oil, 68% yield. 

1H NMR (CDCl3, 400 MHz) δ (ppm): 7.82 (d, J = 7.7 Hz, 2H), 7.50 (t,

 J = 7.4 Hz, 1H), 7.40-7.32 (m, 6H), 7.27 (t, J = 7.3 Hz, 4H), 7.21 (t, J 

= 7.3 Hz, 2H), 3.62 (s, 4H), 3.12 (t, J = 7.1 Hz, 2H), 2.94 (t, J = 7.4 Hz, 2H); 13C NMR 

(CDCl3, 100 MHz) δ (ppm): 199.7, 139.4, 136.9, 132.9, 128.8, 128.6, 128.5, 128.3, 128.1,

 127.0, 58.6, 49.3, 37.0. 

 

3-(Diethylamino)-1-phenylpropan-1-one (5al): yellow oil, 43% yield. 1H

 NMR (CDCl3, 400 MHz) δ (ppm): 7.96 (d, J = 7.6 Hz, 2H), 7.55 (t, J 

= 7.4 Hz, 1H), 7.45 (t, J = 7.7 Hz, 2H), 3.13 (t, J = 7.1 Hz, 2H), 2.92 

(t, J = 7.8 Hz, 2H), 2.57 (q, J = 7.2 Hz, 4H), 1.04 (t, J = 7.2 Hz, 6H); 13C NMR (CDCl3,

 100 MHz) δ (ppm): 199.8, 137.1, 133.0, 128.6, 128.1, 47.9, 47.0, 36.4, 11.8. 

 

1-Phenyl-3-(phenylamino)propan-1-one (5am): white solid, 85% yiel

d. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.96 (d, J = 7.6 Hz, 2H), 

7.58 (t, J = 7.3 Hz, 1H), 7.47 (t, J = 7.8 Hz, 2H), 7.19 (t, J = 7.6 H

z, 2H), 6.72 (t, J = 7.3 Hz, 1H), 6.66 (d, J = 8.0 Hz, 2H), 3.63 (t, J = 6.2 Hz, 2H), 3.29 

(t, J = 6.1 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 199.3, 147.7, 136.7, 133.4, 1

29.4, 128.7, 128.1, 117.6, 113.1, 38.7, 37.7. 

 

1-Phenyl-3-(m-tolylamino)propan-1-one (5an): white solid, 90% 

yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.96 (d, J = 8.0 Hz,

 2H), 7.60-7.56 (m, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.08 (t, J = 7.6 

Hz, 1H), 6.55 (d, J = 7.5 Hz, 1H), 6.48 (d, J = 6.8 Hz, 2H), 3.62 

(t, J = 6.2 Hz, 2H), 3.28 (t, J = 6.1 Hz, 2H), 2.29 (s, 3H); 13C NMR (CDCl3, 100 MHz) 

δ (ppm): 199.4, 147.8, 139.1, 136.8, 133.3, 129.2, 128.7, 128.1, 118.6, 113.9, 110.2, 38.8, 

37.8, 21.6. 

 

3-((2-Methoxyphenyl)amino)-1-phenylpropan-1-one (5ao): white solid,

 73% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.96 (d, J = 7.4 

Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.8 Hz, 2H), 6.91-6.87 

(m, 1H), 6.77 (d, J = 7.8 Hz, 1H), 6.69 (t, J = 7.6 Hz, 2H), 3.82 (s, 

3H), 3.65 (t, J = 6.5 Hz, 2H), 3.32 (t, J = 6.4 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 

(ppm): 199.1, 147.1, 137.7, 136.8, 133.3, 128.6, 128.1, 121.3, 116.7, 109.8, 109.6, 55.4, 3

8.5, 38.0. 

 

3-((2-Bromophenyl)amino)-1-phenylpropan-1-one (5ap): white solid, 

84% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.97 (d, J = 7.8 

Hz, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.49-7.41 (m, 3H), 7.20 (t, J = 8.0 

Hz, 1H), 6.72 (dd, J = 8.2 Hz, 1H), 6.58 (t, J = 7.7 Hz, 1H), 3.67 (t, 

J = 6.4 Hz, 2H), 3.32 (t, J = 6.4 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 198.8, 

144.6, 136.7, 133.4, 132.6, 128.7, 128.5, 128.1, 118.0, 111.2, 110.1, 38.7, 37.7. 
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3-((4-Methoxyphenyl)amino)-1-phenylpropan-1-one (5aq): white 

solid, 80% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.95 (d,

 J = 7.6 Hz, 2H), 7.57 (t, J = 7.3 Hz, 1H), 7.46 (t, J = 7.7 Hz, 

2H), 6.79 (d, J = 8.8 Hz, 2H), 6.63 (d, J = 8.8 Hz, 2H), 3.75 (s, 

3H), 3.56 (t, J = 6.1 Hz, 2H), 3.27 (t, J = 6.1 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 

(ppm): 199.4, 152.4, 141.9, 136.8, 133.3, 128.7, 128.0, 115.0, 114.6, 55.8, 39.9, 37.7. 

 

3-((4-Bromophenyl)amino)-1-phenylpropan-1-one (5ar): white soli

d, 87% yield. 1H NMR (Acetone-d6, 400 MHz) δ (ppm): 8.00 (d, 

J = 7.4 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.51 (t, J = 7.8 Hz, 2

H), 7.22 (d, J = 8.8 Hz, 2H), 6.64 (d, J = 8.8 Hz, 2H), 5.20 (brs, 

1H), 3.56-3.52 (m, 2H), 3.35 (t, J = 6.4 Hz, 2H); 13C NMR (Acetone-d6, 100 MHz) δ (pp

m): 199.1, 148.9, 137.9, 133.9, 132.5, 129.5, 128.8, 115.0, 108.0, 39.3, 38.3.  

 

3-(Benzylamino)-1-phenylpropan-1-one (5as): white solid, 80% yield. 1

H NMR (CDCl3, 400 MHz) δ (ppm): 7.96-7.94 (m, 2H), 7.58-7.54 (m, 1

H), 7.45 (t, J = 7.7 Hz, 2H), 7.35-7.30 (m, 4H), 7.25-7.22 (m, 1H), 3.84 

(s, 2H), 3.21 (t, J = 6.2 Hz, 2H), 3.04 (t, J = 6.2 Hz, 2H), 1.78 (brs, 1

H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 199.7, 140.3, 137.0, 133.2, 128.6, 128.5, 128.

1, 128.0, 127.0, 54.2, 44.2, 38.9. 

 

3-(4-((4'-Chloro-2,2-dimethyl-3,4,5,6-tetrahydro-[1,1'-bipheny

l]-2-yl)methyl)piperazin-1-yl)-1-phenylpropan-1-one (5aw): w

hite solid, 76% yield. 1H NMR (CDCl3, 400 MHz) δ (ppm):

 7.95-7.93 (m, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.8 

Hz, 2H), 7.26-7.23 (m, 2H), 6.98-6.95 (m, 2H), 3.16 (t, J = 7.

2 Hz, 2H), 2.82-2.78 (m, 4H), 2.49-1.99 (m, 12H), 1.44 (t, J =

 6.4 Hz, 2H), 0.96 (s, 6H).; 13C NMR (CDCl3, 100 MHz) δ (ppm): 199.2, 142.3, 136.9, 1

34.8, 133.1, 131.8, 129.8, 129.6, 128.6 ,128.2, 128.0, 60.5, 53.3, 53.1, 52.9, 47.0, 36.4, 3

5.4, 29.2, 28.2, 25.7. 

 

3-(4-(8-chloro-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]p

yridin-11-ylidene)piperidin-1-yl)-1-phenylpropan-1-one (5ax):

 yellow oil, 72% yield. 1H NMR (CDCl3, 400 MHz) δ (pp

m): 8.39 (d, J = 4.7 Hz, 1H), 7.94 (d, J = 7.9 Hz, 2H), 7.55

 (t, J = 7.9 Hz, 1H), 7.46-7.41 (m, 3H), 7.13 (d, J = 7.8 Hz,

 3H), 7.09-7.06 (m, 1H), 3.44-3.32 (m, 2H), 3.18 (t, J = 7.3 

Hz, 2H), 2.86-2.75 (m, 6H), 2.56-2.49 (m, 1H), 2.43-2.32 (m, 3H), 2.23-2.15 (m, 2H); 13C N

MR (CDCl3, 100 MHz) δ (ppm): 199.3, 157.6, 146.7, 139.6, 138.7, 137.8, 137.3, 137.0, 1

33.4, 133.1, 132.8, 132.7, 130.8, 129.0, 128.6, 128.1, 126.0, 122.1, 54.98, 54.95, 53.0, 36.

5, 31.9, 31.5, 31.0, 30.8. 
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(R)-1-Phenyl-3-(4-phenylpiperazin-1-yl)propan-1-ol (6a)5: yellow oil,

 94% yield. [α]
22

D  = 26.9 (c = 1.0, CHCl3). 1H NMR (CDCl3, 400 

MHz) δ (ppm): 7.39-7.33 (m, 4H), 7.29-7.23 (m, 3H), 6.93 (d, J = 

8.2 Hz, 2H), 6.87 (t, J = 7.3 Hz, 1H), 4.96 (t, J = 5.7 Hz, 1H), 

3.24 (t, J = 5.0 Hz, 4H), 2.81-2.72 (m, 3H), 2.67-2.60 (m, 3H), 1.93-1.88 (m, 2H); 13C 

NMR (CDCl3, 100 MHz) δ (ppm): 151.1, 144.8, 129.2, 128.3, 127.0, 125.5, 120.0, 116.3, 

75.5, 57.1, 53.3, 49.3, 33.7. 98% ee, HPLC conditions: Chiralpak AD-H column, UV det

ection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 15.3 min 

(major), tR = 9.3 min (minor).  

 

(R)-1-(3-Chlorophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-ol (6b)5: 

yellow oil, 95% yield. [α]
22

D  = 49.3 (c = 6.58, CHCl3). 1H NMR (C

DCl3, 400 MHz) δ (ppm): 7.40 (s, 1H), 7.29-7.20 (m, 5H), 6.92 (d,

 J = 8.1 Hz, 2H), 6.87 (t, J = 7.3 Hz, 1H), 4.93-4.90 (m, 1H), 3.

23 (t, J = 4.7 Hz, 4H), 2.80-2.71 (m, 3H), 2.66-2.59 (m, 3H), 1.88

-1.84 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 151.0, 147.0, 134.2, 129.5, 129.2, 

127.1, 125.8, 123.7, 120.1, 116.3, 75.0, 57.0, 53.2, 49.3, 33.6. 98% ee, HPLC conditions:

 Chiralpak AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow r

ate = 1.0 mL/min; tR = 20.6 min (major), tR = 9.0 min (minor).  

 

(R)-1-(3-Bromophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-ol (6c)5: 

yellow oil, 90% yield. [α]
22

D  = 39.5 (c = 3.08, CHCl3). 1H NMR (C

DCl3, 400 MHz) δ (ppm): 7.56 (s, 1H), 7.38 (d, J = 7.8 Hz, 1H), 

7.28 (t, J = 7.5 Hz, 3H), 7.21 (t, J = 7.8 Hz, 1H), 6.93 (d, J = 

8.2 Hz, 2H), 6.88 (t, J = 7.3 Hz, 1H), 4.94-4.91 (m, 1H), 3.25 (t, J = 4.8 Hz, 4H), 2.8

2-2.73 (m, 3H), 2.68-2.60 (m, 3H), 1.89-1.84 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (p

pm): 151.0, 147.2, 130.0, 129.9, 129.2, 128.7, 124.2, 122.6, 120.1, 116.3, 75.0, 57.1, 53.2,

 49.3, 33.6. 98% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 254 n

m; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 23.5 min (major), tR = 

9.2 min (minor).  

 

(R)-3-(4-Phenylpiperazin-1-yl)-1-(m-tolyl)propan-1-ol (6d)5: yellow 

oil, 99% yield. [α]
22

D  = 43.9 (c = 6.30, CHCl3). 1H NMR (CDCl3, 4

00 MHz) δ (ppm): 7.29-7.21 (m, 4H), 7.16 (d, J = 7.6 Hz, 1H), 7.

06 (d, J = 7.3 Hz, 1H), 6.93 (d, J = 8.2 Hz, 2H), 6.87 (t, J = 7.

3 Hz, 1H), 4.92 (t, J = 4.9 Hz, 1H), 3.24 (t, J = 4.8 Hz, 4H), 2.82-2.72 (m, 3H), 2.66-

2.60 (m, 3H), 2.36 (s, 3H), 1.92-1.87 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 1

51.1, 144.7, 137.8, 129.1, 128.1, 127.7, 126.2, 122.6, 120.0, 116.2, 75.6, 57.2, 53.3, 49.3, 

33.8, 21.5. 98% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 254 nm;

 n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 23.3 min (major), tR = 8.2

 min (minor).  
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(R)-1-(3-Methoxyphenyl)-3-(4-phenylpiperazin-1-yl)propan-1-ol (6e)

5: yellow oil, 93% yield. [α]
22

D  = 25.4 (c = 4.40, CHCl3). 1H NMR 

(CDCl3, 400 MHz) δ (ppm): 7.29-7.24 (m, 3H), 6.97-6.92 (m, 4H), 

6.87 (t, J = 7.3 Hz, 1H), 6.81-6.78 (m, 1H), 4.95-4.92 (m, 1H), 3.

82 (s, 3H), 3.24 (t, J = 4.8 Hz, 4H), 2.81-2.60 (m, 6H), 1.93-1.88 (m, 2H); 13C NMR 

(CDCl3, 100 MHz) δ (ppm): 159.7, 151.1, 146.6, 129.25, 129.16, 120.0, 117.9, 116.3, 112.

4, 111.1, 75.4, 57.0, 55.2, 53.2, 49.3, 33.6. >99% ee, HPLC conditions: Chiralpak AD-H

 column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/mi

n; tR = 30.1 min (major), tR = 12.8 min (minor). 

 

(R)-1-(3-Fluorophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-ol (6f)5: 

yellow oil, 87% yield. [α]
22

D  = 46.6 (c = 4.83, CHCl3). 1H NMR (C

DCl3, 400 MHz) δ (ppm): 7.32-7.25 (m, 3H), 7.13 (d, J = 7.9 Hz, 

2H), 6.94-6.86 (m, 4H), 4.96-4.94 (m, 1H), 3.24 (t, J = 4.7 Hz, 4

H), 2.81-2.72 (m, 3H), 2.66-2.60 (m. 3H), 1.94-1.82 (m, 2H); 13C NMR (CDCl3, 100 MH

z) δ (ppm): 163.0 (d, 1JC-F = 243.6 Hz), 151.0, 147.8 (d, 3JC-F = 6.7 Hz), 129.7 (d, 3JC-F 

= 8.1 Hz), 129.2, 121.1 (d, 4JC-F = 2.7 Hz), 120.1, 116.3, 113.7 (d, 2JC-F = 21.1 Hz), 112.

5 (d, 2JC-F = 21.7 Hz), 75.0, 57.0, 53.2, 49.3, 33.5. 98% ee, HPLC conditions: Chiralpak

 AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 

mL/min; tR = 15.8 min (major), tR = 9.0 min (minor). 

 

(R)-3-(4-Phenylpiperazin-1-yl)-1-(3-(trifluoromethyl)phenyl)propan-1

-ol (6g)5: colorless oil, 87% yield. [α]
22

D  = 25.3 (c = 1.50, CHCl3). 

1H NMR (CDCl3, 400 MHz) δ (ppm): 7.71 (s, 1H), 7.59-7.52 (m, 

2H), 7.47 (t, J = 7.6 Hz, 1H), 7.32-7.28 (m, 2H), 6.96 (d, J = 7.9

 Hz, 2H), 6.90 (t, J = 7.3 Hz, 1H), 5.04-5.01 (m, 1H), 3.27 (t, J = 5.0 Hz, 4H), 2.84-2.

77 (m, 3H), 2.69-2.62 (m, 3H), 1.93-1.88 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm):

151.0, 145.9, 130.6 (q, 2JC-F = 31.9 Hz). 129.2, 128.9, 128.7, 124.3 (q, 1JC-F = 270.8 Hz),

 123.8 (q, 3JC-F = 3.8 Hz), 122.4 (q, 3JC-F = 3.8 Hz), 120.1, 116.3, 75.0, 57.0, 53.2, 49.3,

 33.6. 96% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 254 nm; n-h

exane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 13.0 min (major), tR = 6.7 min

 (minor). 

 

(R)-1-(4-Chlorophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-ol (6

h)5: white solid, 96% yield. [α]
22

D  = 42.3 (c = 1.28, CHCl3). 1H 

NMR (CDCl3, 400 MHz) δ (ppm): 7.23-7.17 (m, 6H), 6.85 (d, 

J = 8.1 Hz, 2H), 6.80 (t, J = 7.3 Hz, 1H), 4.86-4.83 (m, 1H), 

3.16 (t, J = 4.9 Hz, 4H), 2.73-2.64 (m, 3H), 2.59-2.51 (m, 3H), 1.80-1.75 (m, 2H); 13C 

NMR (CDCl3, 100 MHz) δ (ppm): 151.0, 143.3, 132.5, 129.2, 128.4, 126.9, 120.1, 116.3, 

74.9, 57.0, 53.2, 49.3, 33.6. 98% ee, HPLC conditions: Chiralpak AD-H column, UV det

ection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 15.5 min 

(major), tR = 10.7 min (minor). 
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(R)-1-(4-Bromophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-ol (6i)

5: white solid, 96% yield. [α]
22

D  = 21.3 (c = 0.95, CHCl3). 1H N

MR (CDCl3, 400 MHz) δ (ppm): 7.46 (d, J = 8.4 Hz, 2H), 7.2

9-7.25 (m, 4H), 6.93 (d, J = 8.2 Hz, 2H), 6.88 (t, J = 7.3 Hz, 

1H), 4.93-4.90 (m, 1H), 3.24 (t, J = 4.8 Hz, 4H), 2.81-2.72 (m, 3H), 2.67-2.59 (m, 3H), 

1.90-1.83 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 151.0, 143.9, 131.3, 129.2, 12

7.3, 120.7, 120.1, 116.3, 75.0, 57.1, 53.3, 49.3, 33.6. 98% ee, HPLC conditions: Chiralpa

k AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0

 mL/min; tR = 17.3 min (major), tR = 11.6 min (minor). 

 

(R)-3-(4-Phenylpiperazin-1-yl)-1-(p-tolyl)propan-1-ol (6j)5: yello

w solid, 97% yield. [α]
22

D  = 26.1 (c = 0.80, CHCl3). 1H NMR 

(CDCl3, 400 MHz) δ (ppm): 7.32-7.28 (m, 4H), 7.19 (d, J = 7.

9 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 6.90 (t, J = 7.3 Hz, 1H),

 4.98 (t, J = 5.7 Hz, 1H), 3.27 (t, J = 5.0 Hz, 4H), 2.83-2.73 (m, 3H), 2.69-2.62 (m, 3

H), 2.37 (s, 3H), 1.94-1.90 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 151.1, 141.8,

 136.5, 129.1, 128.9, 125.4, 120.0, 116.2, 75.3, 57.0, 53.2, 49.2, 33.8, 21.1. 99% ee, HP

LC conditions: Chiralpak AD-H column, UV detection at 254 nm; n-hexane: isopropanol 

= 88:12; flow rate = 1.0 mL/min; tR = 15.8 min (major), tR = 10.5 min (minor). 

 

(R)-1-(4-Methoxyphenyl)-3-(4-phenylpiperazin-1-yl)propan-1-ol 

(6k)5: white solid, 41% yield. [α]
22

D  = 25.9 (c = 1.20, CHCl3). 

1H NMR (CDCl3, 400 MHz) δ (ppm): 7.31-7.24 (m, 4H), 6.9

3-6.85 (m, 5H), 4.91-4.88 (m, 1H), 3.79 (s, 3H), 3.23 (t, J = 

4.9 Hz, 4H), 2.81-2.70 (m, 3H), 2.65-2.58 (m, 3H), 1.94-1.82 (m, 2H); 13C NMR (CDCl3,

 100 MHz) δ (ppm): 158.6, 151.1, 137.0, 129.1, 126.7, 120.0, 116.2, 113.6, 75.1, 57.1, 5

5.3, 53.2, 49.2, 33.8. 98% ee, HPLC conditions: Chiralpak AD-H column, UV detection 

at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 20.0 min (majo

r), tR = 14.6 min (minor). 

 

(R)-1-(4-Fluorophenyl)-3-(4-phenylpiperazin-1-yl)propan-1-ol (6l)

5: yellow solid, 98% yield. [α]
22

D  = 29.1 (c = 1.48, CHCl3). 1H N

MR (CDCl3, 400 MHz) δ (ppm): 7.36-7.32 (m, 2H), 7.29-7.24 

(m, 2H), 7.02 (t, J = 8.7 Hz, 2H), 6.93-6.85 (m, 3H), 4.93-4.91 (m, 1H), 3.24 (t, J = 4.

9 Hz, 4H), 2.81-2.72 (m, 3H), 2.66-2.59 (m, 3H), 1.88-1.84 (m, 2H); 13C NMR (CDCl3, 

100 MHz) δ (ppm): 161.9 (d, 1JC-F = 243.0 Hz), 151.0, 140.5 (d, 4JC-F = 3.0 Hz), 129.1, 

127.1 (d, 3JC-F = 7.8 Hz), 120.0, 116.2, 115.0 (d, 2JC-F = 21.1 Hz), 74.9, 57.1, 53.2, 49.2,

 33.8. 98% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 254 nm; n-h

exane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 12.3 min (major), tR = 9.4 min

 (minor). 

 

(R)-3-(4-Phenylpiperazin-1-yl)-1-(4-(trifluoromethyl)phenyl)prop

an-1-ol (6m)5: white solid, 89% yield. [α]
22

D  = 43.3 (c = 2.10, 

CHCl3). 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.60 (d, J = 8.
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2 Hz, 2H), 7.50 (d, J = 8.2 Hz, 2H),7.29-7.24 (m, 2H), 6.93 (d, J = 8.0 Hz, 2H), 6.88 

(t, J = 7.3 Hz, 1H), 5.02-5.00 (m, 1H), 3.25 (t, J = 4.9 Hz, 4H), 2.80-2.75 (m, 3H), 2.6

8-2.60 (m, 3H), 1.94-1.82 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm):151.0, 148.9, 1

29.191, 129.189 (q, 2JC-F = 32.1 Hz), 125.8, 125.2 (q, 3JC-F = 3.7 Hz), 124.3 (q, 1JC-F = 

270.2 Hz), 120.1, 116.3, 75.1, 57.1, 53.2, 49.3, 33.5. 95% ee, HPLC conditions: Chiralpa

k AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0

 mL/min; tR = 10.1 min (major), tR = 8.2 min (minor). 

 

(R)-3-(4-Phenylpiperazin-1-yl)-1-(o-tolyl)propan-1-ol (6n)5: colorless 

oil, 40% yield. [α]
22

D  = 37.1 (c = 1.05, CHCl3). 1H NMR (CDCl3, 4

00 MHz) δ (ppm): 7.56 (d, J = 7.6 Hz, 1H), 7.28-7.22 (m, 3H), 7.

17-7.10 (m, 2H), 6.92 (d, J = 8.0 Hz, 2H), 6.87 (t, J = 7.3 Hz, 1

H), 5.13 (t, J= 5.6 Hz, 1H), 3.25 (t, J = 5.0 Hz, 4H), 2.83-2.71 (m, 3H), 2.66-2.61 (m, 

3H), 2.31 (s, 3H), 1.86-1.82 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 151.0, 142.

6, 133.8, 130.2, 129.1, 126.8, 126.0, 125.4, 120.0, 116.2, 72.2, 57.2, 53.2, 49.2, 32.1, 18.

9. 99% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 254 nm; n-hexa

ne: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 10.6 min (major), tR = 8.9 min 

(minor). 

 

(R)-1-(Naphthalen-1-yl)-3-(4-phenylpiperazin-1-yl)propan-1-ol (6o)

5: colorless oil, 42% yield. [α]
22

D  = 66.4 (c = 0.90, CHCl3). 1H N

MR (CDCl3, 400 MHz) δ (ppm): 8.07 (d, J = 7.9 Hz, 1H), 7.92

 (d, J = 7.9 Hz, 1H), 7.83-7.81 (m, 2H), 7.58-7.50 (m, 3H), 7.3

3 (t, J = 7.9 Hz, 2H), 6.99-6.92 (m, 3H), 5.79-5.77 (m, 1H), 3.31 (t, J = 4.8 Hz, 4H), 

2.84-2.64 (m, 6H), 2.20-2.01 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 151.0, 140.

1, 133.7, 130.1, 129.1, 128.9, 127.4, 125.8, 125.5, 125.2, 122.9, 122.8, 120.0, 116.2, 72.1, 

57.0, 53.2, 49.2, 32.6. 99% ee, HPLC conditions: Chiralcel OJ-H column, UV detection 

at 254 nm; n-hexane: isopropanol = 50:50; flow rate = 1.0 mL/min; tR = 46.7 min (majo

r) , tR = 26.3 min (minor). 

 

(R)-1-(Naphthalen-2-yl)-3-(4-phenylpiperazin-1-yl)propan-1-ol 

(6p)5: white solid, 95% yield. [α]
22

D  = 68.5 (c = 2.13, CHCl3). 1

H NMR (CDCl3, 400 MHz) δ (ppm): 7.91-7.85 (m, 4H), 7.52-

7.46 (m, 3H), 7.33-7.29 (m, 2H), 6.98-6.90 (m, 3H), 5.15 (t, J = 5.8 Hz, 1H), 3.29 (t, J 

= 4.9 Hz, 4H), 2.84-2.76 (m, 3H), 2.71-2.63 (m, 3H), 2.03-1.99 (m, 2H); 13C NMR (CD

Cl3, 100 MHz) δ (ppm): 151.0, 142.2, 133.4, 132.7, 129.1, 127.94, 127.91, 127.6, 126.0, 

125.5, 124.1, 124.0, 120.0, 116.2, 75.5, 57.0, 53.2, 49.2, 33.6. 98% ee, HPLC conditions:

 Chiralpak AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 80:20; flow r

ate = 1.0 mL/min; tR = 26.4 min (major), tR = 10.9 min (minor). 

 

(R)-1-(3,5-Dimethylphenyl)-3-(4-phenylpiperazin-1-yl)propan-1-o

l (6q)5: white solid, 99% yield. [α]
22

D  = 30.1 (c = 1.83, CHCl3). 

1H NMR (CDCl3, 400 MHz) δ (ppm): 7.31 (t, J = 7.9 Hz, 2

H), 7.04 (s, 2H), 6.98-6.90 (m, 4H), 4.93-4.90 (m, 1H), 3.28 (t,
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 J = 4.8 Hz, 4H), 2.86-2.75 (m, 3H), 2.69-2.66 (m, 3H), 2.37 (s, 3H), 2.00-1.86 (m, 2H);

 13C NMR (CDCl3, 100 MHz) δ (ppm): 151.0, 144.7, 137.7, 129.1, 128.6, 123.3, 119.9, 

116.2, 75.5, 57.2, 53.2, 49.2, 33.8, 21.3. 97% ee, HPLC conditions: Chiralpak AD-H col

umn, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR

 = 35.0 min (major), tR = 6.7 min (minor). 

 

(R)-3-(4-Phenylpiperazin-1-yl)-1-(thiophen-2-yl)propan-1-ol (6r)5: w

hite solid, 97% yield. [α]
22

D  = 19.7 (c = 1.98, CHCl3). 1H NMR (C

DCl3, 400 MHz) δ (ppm): 7.28-7.20 (m, 3H), 6.98-6.96 (m, 1H), 6.

92-6.84 (m, 4H), 5.19 (t, J = 5.8 Hz, 1H), 3.21 (t, J = 5.0 Hz, 4

H), 2.79-2.61 (m, 6H), 2.03-1.98 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 151.0. 

149.3. 129.1. 126.6. 123.8. 122.3. 120.0, 116.2, 71.9, 56.7, 53.2, 49.2, 33.7. 98% ee, HP

LC conditions: Chiralpak AD-H column, UV detection at 254 nm; n-hexane: isopropanol 

= 88:12; flow rate = 1.0 mL/min; tR = 13.4 min (major), tR = 10.9 min (minor). 

 

(S)-1-Phenyl-4-(4-phenylpiperazin-1-yl)butan-2-ol (6s)5: white soli

d, 11% yield. [α]
22

D  = -6.05 (c = 0.63, CHCl3). 1H NMR (CDCl3, 

400 MHz) δ (ppm): 7.31-7.18 (m, 7H), 6.90-6.84 (m, 3H), 4.07-4.

01 (m, 1H), 3.18 (t, J = 4.9 Hz, 4H), 2.90-2.78 (m, 3H), 2.71-2.

50 (m, 5H), 1.75-1.65 (m, 1H), 1.57-1.51 (m, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm):

 151.0, 138.9, 129.3, 129.1, 128.3, 126.1, 120.0, 116.2, 74.9, 57.8, 53.2, 49.2, 44.2, 30.8. 

29% ee, HPLC conditions: Chiralcel OD-H column, UV detection at 210 nm; n-hexane: 

isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 25.4 min (major), tR = 19.2 min (mino

r). 

 

(R)-3-(4-(2-Fluorophenyl)piperazin-1-yl)-1-phenylpropan-1-ol (6t)

5: colorless oil, 96% yield. [α]
22

D  = 30.0 (c = 1.28, CHCl3). 1H N

MR (CDCl3, 400 MHz) δ (ppm): 7.39-7.32 (m, 4H), 7.26-7.22 

(m, 1H), 7.07-6.92 (m, 4H), 4.95 (t, J = 5.7 Hz, 1H), 3.14 (s, 4

H), 2.81-2.60 (m, 6H), 1.91-1.87 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 155.7 

(d, 1JC-F = 244.3 Hz), 144.8, 139.8 (d, 3JC-F = 8.6 Hz), 128.2, 126.9, 125.5, 124.5 (d, 4JC

-F = 3.5 Hz), 122.6 (d, 3JC-F = 7.8 Hz), 118.9 (d, 4JC-F = 2.8 Hz), 116.1 (d, 2JC-F = 20.6

 Hz), 75.4, 57.0, 53.2, 50.5 (d, 4JC-F = 3.1 Hz), 33.6. 98% ee, HPLC conditions: Chiral

pak AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 

1.0 mL/min; tR = 12.7 min (major), tR = 7.4 min (minor). 

 

(R)-1-Phenyl-3-(4-(o-tolyl)piperazin-1-yl)propan-1-ol (6u)5: white 

solid, 92% yield. [α]
22

D  = 34.0 (c = 1.35, CHCl3). 1H NMR (CD

Cl3, 400 MHz) δ (ppm): 7.39-7.31 (m, 4H), 7.23 (t, J = 7.1 Hz,

 1H), 7.15 (t, J = 7.2 Hz, 2H), 7.01-6.95 (m, 2H), 4.94 (t, J = 

5.7 Hz, 1H), 2.95-2.94 (m, 4H), 2.75-2.59 (m, 6H), 2.28 (s, 3H), 1.90-1.87 (m, 2H); 13C 

NMR (CDCl3, 100 MHz) δ (ppm): 151.1, 144.8, 132.5, 131.0, 128.1, 126.8, 126.6, 125.5, 

123.3, 119.0, 75.4, 57.0, 53.6, 51.6, 33.6, 17.8. 98% ee, HPLC conditions: Chiralpak AD

-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/
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min; tR = 9.0 min (major), tR = 6.2 min (minor). 

 

(R)-3-(4-(2-Methoxyphenyl)piperazin-1-yl)-1-phenylpropan-1-ol 

(6v)5: colorless oil, 97% yield. [α]
22

D  = 24.7 (c = 1.43, CHCl3). 

1H NMR (CDCl3, 400 MHz) δ (ppm): 7.40-7.32 (m, 4H), 7.24 

(t, J = 6.8 Hz, 1H), 7.03-6.99 (m, 1H), 6.95-6.90 (m, 2H), 6.8

6 (d, J = 7.7 Hz, 1H), 4.96 (t, J = 5.7 Hz, 1H), 3.85 (s, 3H), 3.14-2.62 (m, 10H), 1.92-

1.88 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 152.2, 144.9, 141.0, 128.2, 126.9, 1

25.5, 123.1, 121.0, 118.3, 111.2, 75.5, 57.1, 55.3, 53.4, 50.6, 33.6. 97% ee, HPLC condit

ions: Chiralpak AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; fl

ow rate = 1.0 mL/min; tR = 13.0 min (major), tR = 8.9 min (minor). 

 

(R)-3-(4-(2-Chlorophenyl)piperazin-1-yl)-1-phenylpropan-1-ol (6w)

5: colorless oil, 90% yield. [α]
22

D  = 14.5 (c = 0.93, CHCl3). 1H N

MR (CDCl3, 400 MHz) δ (ppm): 7.40-7.33 (m, 5H), 7.27-7.20 

(m, 2H), 7.05-6.95 (m, 2H), 4.97 (t, J = 5.6 Hz, 1H), 3.12-2.63 

(m, 10H), 1.92-1.88 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 149.0, 144.8, 130.6, 

128.8, 128.2, 127.7, 126.9, 125.5, 123.9, 120.5, 75.6, 57.1, 53.4, 51.2, 33.6. 98% ee, HP

LC conditions: Chiralpak AD-H column, UV detection at 254 nm; n-hexane: isopropanol 

= 88:12; flow rate = 1.0 mL/min; tR = 12.1 min (major), tR = 7.4 min (minor). 

 

(R)-3-(4-(3-Methoxyphenyl)piperazin-1-yl)-1-phenylpropan-1

-ol (6x)5: white solid, 94% yield. [α]
22

D  = 35.7 (c = 2.00, C

HCl3). 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.38-7.32 (m,

 4H), 7.26-7.22 (m, 1H), 7.17 (t, J = 8.2 Hz, 1H), 6.54-6.

52 (m, 1H), 6.47-6.41 (m, 2H), 4.94 (t, J = 5.7 Hz, 1H), 3.77 (s, 3H), 3.23 (t, J = 5.0 

Hz, 4H), 2.79-2.70 (m, 3H), 2.65-2.58 (m, 3H), 1.92-1.87 (m, 2H); 13C NMR (CDCl3, 10

0 MHz) δ (ppm): 160.5, 152.4, 144.7, 129.8, 128.2, 126.9, 125.5, 108.9, 104.7, 102.6, 75.

3, 57.0, 55.1, 53.1, 49.1, 33.7. 98% ee, HPLC conditions: Chiralpak AD-H column, UV 

detection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 20.5 

min (major), tR = 14.2 min (minor). 

 

(R)-1-Phenyl-3-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)p

ropan-1-ol (6y)5: colorless oil, 99% yield. [α]
22

D  = 27.9 (c = 

2.70, CHCl3). 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.30-7.

22 (m, 5H), 7.17-7.14 (m, 1H), 7.02-6.94 (m, 3H), 4.85 (t, 

J = 5.7 Hz, 1H), 3.17 (t, J = 4.9 Hz, 4H), 2.69-2.60 (m, 3

H), 2.55-2.48 (m, 3H), 1.83-1.79 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 151.1, 

144.7, 131.4 (q, 2JC-F = 31.6 Hz). 129.6, 128.2, 127.0, 125.5, 124.3 (q, 1JC-F = 270.9 Hz),

 118.8, 116.1 (q, 3JC-F = 3.8 Hz), 112.3 (q, 3JC-F = 3.8 Hz), 75.3, 56.9, 52.9, 48.7, 33.8. 

98% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 254 nm; n-hexane: 

isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 11.9 min (major), tR = 7.7 min (mino

r). 
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(R)-3-(4-(4-Fluorophenyl)piperazin-1-yl)-1-phenylpropan-1-ol 

(6z)5: colorless oil, 97% yield. [α]
22

D  = 25.2 (c = 1.28, CHCl3).

 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.39-7.33 (m, 4H), 7.

27-7.23 (m, 1H), 7.00-6.94 (m, 2H), 6.89-6.86 (m, 2H), 4.96 

(t, J = 5.6 Hz, 1H), 3.17 (t, J = 4.8 Hz, 4H), 2.82-2.72 (m, 

3H), 2.68-2.61 (m, 3H), 1.93-1.88 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 157.4 

(d, 1JC-F = 237.7 Hz), 147.8, 144.8, 128.3, 127.0, 125.5, 118.1 (d, 3JC-F = 7.7 Hz), 115.6 

(d, 2JC-F = 22.0 Hz), 75.5, 57.0, 53.2, 50.3, 33.7. 98% ee, HPLC conditions: Chiralpak 

AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 

mL/min; tR = 15.3 min (major), tR = 10.3 min (minor). 

 

(R)-1-Phenyl-3-(4-(p-tolyl)piperazin-1-yl)propan-1-ol (6aa)5: c

olorless oil, 96% yield. [α]
22

D  = 48.6 (c = 1.25, CHCl3). 1H N

MR (CDCl3, 400 MHz) δ (ppm): 7.39-7.33 (m, 4H), 7.27-7.2

3 (m, 1H), 7.08 (d, J = 8.3 Hz, 2H), 6.85 (d, J = 8.4 Hz, 

2H), 4.96 (t, J = 5.6 Hz, 1H), 3.20 (t, J = 4.8 Hz, 4H), 2.8

3-2.73 (m, 3H), 2.69-2.62 (m, 3H), 2.27 (s, 3H), 1.93-1.91 (m, 2H); 13C NMR (CDCl3, 1

00 MHz) δ (ppm): 149.0, 144.8, 129.7, 129.6, 128.3, 127.0, 125.6, 116.7, 75.5, 57.1, 53.3,

 49.8, 33.7, 20.5. 98% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 

254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 11.1 min (major), 

tR = 9.0 min (minor). 

 

(R)-3-(4-(4-Methoxyphenyl)piperazin-1-yl)-1-phenylpropan-1-

ol (6ab)5: yellow oil, 83% yield. [α]
22

D  = 47.4 (c = 1.45, C

HCl3). 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.39-7.32 (m, 

4H), 7.27-7.23 (m, 1H), 6.91-6.88 (m, 2H), 6.86-6.83 (m, 2

H), 4.96 (t, J = 5.6 Hz, 1H), 3.76 (s, 3H), 3.14 (t, J = 4.

9 Hz, 4H), 2.82-2.72 (m, 3H), 2.68-2.61 (m, 3H), 1.92-1.88 (m, 2H); 13C NMR (CDCl3, 

100 MHz) δ (ppm): 154.0, 145.4, 144.8, 128.3, 127.0, 125.5, 118.4, 114.5, 75.5, 57.1, 55.

6, 53.4, 50.8, 33.7. 98% ee, HPLC conditions: Chiralpak AD-H column, UV detection at

 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 18.2 min (major),

 tR = 13.4 min (minor). 

 

(R)-3-(4-(4-Bromophenyl)piperazin-1-yl)-1-phenylpropan-1-ol 

(6ac)5: white solid, 95% yield. [α]
22

D  = 22.2 (c = 1.30, CHCl3).

 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.38-7.33 (m, 6H), 7.

26-7.23 (m, 1H), 6.80-6.76 (m, 2H), 4.95 (t, J = 5.7 Hz, 1H),

 3.20 (t, J = 5.0 Hz, 4H), 2.79-2.71 (m, 3H), 2.65-2.59 (m, 3H), 1.92-1.88 (m, 2H); 13C 

NMR (CDCl3, 100 MHz) δ (ppm): 150.1, 144.7, 131.9, 128.3, 127.0, 125.5, 117.8, 112.1, 

75.4, 57.0, 53.0, 49.1, 33.7. 97% ee, HPLC conditions: Chiralpak AD-H column, UV det

ection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 16.4 min 

(major), tR = 12.9 min (minor). 
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(R)-3-(4-(4-Chlorophenyl)piperazin-1-yl)-1-phenylpropan-1-ol 

(6ad)5: white solid, 90% yield. [α]
22

D  = 39.3 (c = 3.22, CHCl3).

 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.39-7.33 (m, 4H), 7.

27-7.20 (m, 3H), 6.83 (d, J = 8.9 Hz, 2H), 4.95 (t, J = 5.6 

Hz, 1H), 3.21 (t, J = 5.0 Hz, 4H), 2.80-2.72 (m, 3H), 2.67-2.

60 (m, 3H), 1.93-1.88 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 149.7, 144.7, 129.

0, 128.3, 127.0, 125.5, 124.9, 117.4, 75.4, 57.0, 53.1, 49.3, 33.7. 97% ee, HPLC conditi

ons: Chiralpak AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; fl

ow rate = 1.0 mL/min; tR = 15.4 min (major), tR = 11.8 min (minor). 

 

(R)-1-Phenyl-3-(4-(4-(trifluoromethyl)phenyl)piperazin-1-yl)p

ropan-1-ol (6ae)5: white solid, 89% yield. [α]
22

D  = 33.4 (c = 

1.78, CHCl3). 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.49 (d,

 J = 8.7 Hz, 2H), 7.39-7.33 (m, 4H), 7.28-7.24 (m, 1H), 6.

92 (d, J = 8.7 Hz, 2H), 4.96 (t, J = 5.7 Hz, 1H), 3.33 (t, 

J = 5.0 Hz, 4H), 2.80-2.72 (m, 3H), 2.67-2.60 (m, 3H), 1.94-1.89 (m, 2H); 13C NMR (C

DCl3, 100 MHz) δ (ppm): 153.1, 144.7, 128.3, 127.1, 126.5 (q, 3JC-F = 3.7 Hz). 124.7 (q,

 1JC-F = 268.9 Hz), 120.9 (q, 2JC-F = 32.7 Hz), 114.7, 75.4, 57.0, 52.9, 48.0, 33.8. 98% e

e, HPLC conditions: Chiralpak AD-H column, UV detection at 254 nm; n-hexane: isopro

panol = 88:12; flow rate = 1.0 mL/min; tR = 13.3 min (major), tR = 10.9 min (minor). 

 

(R)-3-(4-Ethylpiperazin-1-yl)-1-phenylpropan-1-ol (6af)5: white soli

d, 99% yield. [α]
22

D  = 21.5 (c = 2.22, CHCl3). 1H NMR (CDCl3, 40

0 MHz) δ (ppm): 7.28-7.21 (m, 4H), 7.16-7.12 (m, 1H), 4.81 (t, J 

= 5.0 Hz, 1H), 2.58-2.28 (m, 12H), 1.77-1.75 (m, 2H), 1.01-0.97 

(m, 3H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 144.8, 128.0, 126.7, 125.3, 75.0, 56.7, 5

2.9, 52.6, 52.0, 33.7, 11.8. 97% ee, HPLC conditions: Chiralpak AD-H column, UV dete

ction at 220 nm; n-hexane: isopropanol = 97:3; flow rate = 1.0 mL/min; tR = 19.1 min 

(major), tR = 13.7 min (minor). 

 

(R)-3-(4-Isopropylpiperazin-1-yl)-1-phenylpropan-1-ol (6ag)5: colorl

ess oil, 99% yield. [α]
22

D  = 27.0 (c = 4.18, CHCl3). 1H NMR (CDC

l3, 400 MHz) δ (ppm): 7.37-7.30 (m, 4H), 7.26-7.21 (m, 1H), 4.92 

(t, J = 5.6 Hz, 1H), 2.70-2.52 (m, 11H), 1.86-1.81 (m, 2H), 1.05 (s, 3H), 1.03 (s, 3H); 1

3C NMR (CDCl3, 100 MHz) δ (ppm): 144.9, 128.1, 126.8, 125.5, 75.5, 57.0, 54.4, 53.4, 

48.6, 33.6, 18.6. 97% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 2

20 nm; n-hexane: isopropanol = 97:3; flow rate = 1.0 mL/min; tR = 14.5 min (major), tR 

= 10.5 min (minor). 

 

(R)-3-Morpholino-1-phenylpropan-1-ol (6ah)5: colorless oil, 97% yield.

 [α]
22

D  = 15.5 (c = 2.25, CHCl3).1H NMR (CDCl3, 400 MHz) δ (ppm):

 7.38-7.32 (m, 4H), 7.26-7.23 (m, 1H), 4.94 (t, J = 5.7 Hz, 1H), 3.76

 (t, J = 4.6 Hz, 4H), 2.72-2.51 (m, 6H), 1.90-1.85 (m, 2H); 13C NMR (CDCl3, 100 MH

z) δ (ppm): 144.7, 128.3, 127.0, 125.5, 75.5, 66.9, 57.6, 53.7, 33.4. 98% ee, HPLC cond
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itions: Chiralpak AD-H column, UV detection at 220 nm; n-hexane: isopropanol = 97:3; f

low rate = 1.0 mL/min; tR = 23.4 min (major), tR = 17.9 min (minor). 

 

(R)-3-(Indolin-1-yl)-1-phenylpropan-1-ol (6ai)5: colorless oil, 98% yi

eld. [α]
22

D  = 17.9 (c = 1.50, CHCl3). 1H NMR (CDCl3, 400 MHz) δ 

(ppm): 7.42-7.36 (m, 4H), 7.32-7.28 (m, 1H), 7.13-7.08 (m, 2H), 6.7

4 (t, J = 7.3 Hz, 1H), 6.56 (d, J = 7.8 Hz, 1H), 4.97-4.94 (m, 1H), 3.46-3.32 (m, 2H), 

3.29-3.18 (m, 2H), 2.99 (t, J = 8.2 Hz, 2H), 2.10-2.05 (m, 2H); 13C NMR (CDCl3, 100 

MHz) δ (ppm): 152.3, 144.5, 130.5, 128.5, 127.5, 127.4, 125.8, 124.6, 118.8, 108.3, 73.8, 

54.0, 48.2, 36.0, 28.6. 97% ee, HPLC conditions: Chiralpak AD-H column, UV detection

 at 254 nm; n-hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 15.0 min (majo

r), tR = 15.9 min (minor). 

 

(R)-3-(Benzyl(methyl)amino)-1-phenylpropan-1-ol (6aj)5: yellow oil, 95%

 yield. [α]
22

D  = 53.7 (c = 0.78, CHCl3). 1H NMR (CDCl3, 400 MHz) δ 

(ppm): 7.36-7.20 (m, 10H), 4.90 (dd, J = 7.8, 3.8 Hz, 1H), 3.64 (d, J 

= 12.8 Hz, 1H), 3.46 (d, J = 12.8 Hz, 1H), 2.83-2.77 (m, 1H), 2.61-2.56 (m, 1H), 2.25 

(s, 3H), 1.94-1.82 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 144.9, 137.7, 129.2, 1

28.5, 128.2, 127.4, 126.8, 125.5, 75.7, 62.8, 56.5, 41.8, 34.5. 96% ee, HPLC conditions: 

Chiralpak AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow ra

te = 1.0 mL/min; tR = 7.6 min (major), tR = 6.3 min (minor). 

 

(R)-3-(Dibenzyl amino)-1-phenylpropan-1-ol (6ak)5: colorless oil, 95% 

yield. [α]
22

D  = 11.5 (c = 1.55, CHCl3). 1H NMR (CDCl3, 400 MHz) δ 

(ppm): 7.35-7.18 (m, 15H), 6.32 (brs, 1H), 4.70 (d, J = 8.5 Hz, 1H), 3.

82 (d, J = 13.1 Hz, 2H), 3.37 (d, J = 13.1 Hz, 2H), 2.85-2.79 (m, 1

H), 2.63-2.59 (m, 1H), 1.97-1.79 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 144.7, 

137.8, 129.4, 128.5, 128.1, 127.4, 126.8, 125.5, 75.2, 58.5, 52.3, 34.8. 96% ee, HPLC co

nditions: Chiralpak AD-H column, UV detection at 220 nm; n-hexane: isopropanol = 97:3;

 flow rate = 1.0 mL/min; tR = 14.2 min (major), tR = 17.6 min (minor). 

 

(R)-3-(Diethylamino)-1-phenylpropan-1-ol (6al)5: yellow oil, 22% yield.

 [α]
22

D  = 9.3 (c = 0.85, CHCl3). 1H NMR (CDCl3, 400 MHz) δ (ppm): 

7.38-7.30 (m, 4H), 7.24-7.21 (m, 1H), 4.90 (t, J = 5.0 Hz, 1H), 2.85-2.

51 (m, 6H), 1.87-1.82 (m, 2H), 1.11 (t, J = 7.2 Hz, 6H); 13C NMR (CDCl3, 100 MHz) 

δ (ppm): 145.0, 128.1, 126.9, 125.5, 74.9, 52.0, 46.6, 34.2, 11.0. 96% ee, HPLC conditio

ns: Chiralcel OD-H column, UV detection at 220 nm; n-hexane: isopropanol = 88:12; flo

w rate = 1.0 mL/min; tR = 4.9 min (major), tR = 6.5 min (minor). 

 

(R)-1-Phenyl-3-(phenylamino)propan-1-ol (6am)6: white solid, 97% y

ield. [α]
22

D  = 37.9 (c = 1.00, CHCl3). 1H NMR (CDCl3, 400 MHz) δ 

(ppm): 7.38-7.30 (m, 5H), 7.21-7.17 (m, 2H), 6.74 (t, J = 7.3 Hz, 1

H), 6.66-6.63 (m, 2H), 4.92-4.89 (m, 1H), 3.29 (t, J = 6.4 Hz, 2H), 2.13-2.00 (m, 2H); 1

3C NMR (CDCl3, 100 MHz) δ (ppm): 148.1, 144.4, 129.3, 128.6, 127.7, 125.7, 118.0, 11
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3.5, 73.7, 41.9, 38.2. 94% ee, HPLC conditions: Chiralcel OD-H column, UV detection 

at 254 nm; n-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR = 29.4 min (majo

r), tR = 26.6 min (minor). 

 

(R)-1-Phenyl-3-(m-tolylamino)propan-1-ol (6an)6: colorless oil, 9

6% yield. [α]
22

D  = 20.2 (c = 1.58, CHCl3). 1H NMR (CDCl3, 400 

MHz) δ (ppm): 7.38-7.33 (m, 5H), 7.13-7.09 (m, 1H), 6.61-6.59 

(m, 1H), 6.47 (s, 2H), 4.87 (t, J = 5.8 Hz, 1H), 3.27 (t, J = 6.4 Hz, 4H), 2.32-2.30 (m, 

3H), 2.08-2.02 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 148.2, 144.4, 139.0, 129.

1, 128.5, 127.6, 125.7, 118.8, 114.1, 110.5, 73.6, 41.7, 38.2, 21.6. 94% ee, HPLC conditi

ons: Chiralcel OD-H column, UV detection at 254 nm; n-hexane: isopropanol = 90:10; flo

w rate = 1.0 mL/min; tR = 29.3 min (major), tR = 23.9 min (minor). 

 

(R)-3-((2-Methoxyphenyl)amino)-1-phenylpropan-1-ol (6ao)6: colorles

s oil, 93% yield. [α]
22

D  = 19.1 (c = 2.40, CHCl3). 1H NMR (CDCl3, 

400 MHz) δ (ppm): 7.40-7.35 (m, 4H), 7.32-7.28 (m, 1H), 6.92-6.88 

(m, 1H), 6.81-6.79 (m, 1H), 6.74-6.70 (m, 1H), 6.67-6.65 (m, 1H), 4.

91-4.88 (m, 1H), 3.86 (s, 3H), 3.29 (t, J = 6.5 Hz, 2H), 2.15-2.04 (m, 2H); 13C NMR 

(CDCl3, 100 MHz) δ (ppm): 147.1, 144.4, 138.1, 128.5, 127.5, 125.8, 121.3, 116.9, 110.5, 

109.5, 73.4, 55.4, 41.3, 38.3. 94% ee, HPLC conditions: Chiralpak AD-H column, UV d

etection at 254 nm; n-hexane: isopropanol = 93:7; flow rate = 1.0 mL/min; tR = 17.4 min

 (major), tR = 18.8 min (minor). 

 

(R)-3-((2-Bromophenyl)amino)-1-phenylpropan-1-ol (6ap)6: colorless 

oil, 94% yield. [α]
22

D  = 13.5 (c = 1.18, CHCl3). 1H NMR (CDCl3, 40

0 MHz) δ (ppm): 7.46-7.29 (m, 6H), 7.19 (t, J = 8.0 Hz, 1H), 6.66

-6.58 (m, 2H), 4.89-4.86 (m, 1H), 3.35-3.25 (m, 2H), 2.18-2.02 (m, 2H); 13C NMR (CDC

l3, 100 MHz) δ (ppm): 145.0, 144.2, 132.4, 128.6, 128.5, 127.8, 125.7, 117.8, 111.5, 109.

9, 73.2, 41.1, 37.9. 94% ee, HPLC conditions: Chiralcel AD-H column, UV detection at 

254 nm; n-hexane: isopropanol = 98:2; flow rate = 0.5 mL/min; tR = 71.1 min (major), tR

 = 66.7 min (minor). 

 

(R)-3-((4-Methoxyphenyl)amino)-1-phenylpropan-1-ol (6aq)6: ye

llow oil, 94% yield. [α]
22

D  = 30.5 (c = 2.38, CHCl3). 1H NMR 

(CDCl3, 400 MHz) δ (ppm): 7.37-7.34 (m, 4H), 7.31-7.27 (m, 1

H), 6.80-6.78 (m, 2H), 6.65-6.62 (m, 2H), 4.91 (t, J = 6.0 Hz, 

1H), 3.75 (s, 3H), 3.26 (t, J = 6.2 Hz, 2H), 2.06-2.02 (m, 2H); 13C NMR (CDCl3, 100 

MHz) δ (ppm): 152.7, 144.5, 142.2, 128.6, 127.6, 125.7, 115.1, 114.9, 74.0, 55.8, 43.2, 3

8.3. 94% ee, HPLC conditions: Chiralcel OD-H column, UV detection at 220 nm; n-hex

ane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR = 39.4 min (major), tR = 34.1 min 

(minor). 
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(R)-3-((4-Bromophenyl)amino)-1-phenylpropan-1-ol (6ar)6: colorle

ss oil, 97% yield. [α]
22

D  = 14.3 (c = 1.33, CHCl3). 1H NMR (CD

Cl3, 400 MHz) δ (ppm): 7.35-7.25 (m, 5H), 7.22-7.19 (m, 2H), 6.

43-6.40 (m, 2H), 4.80-4.77 (m, 1H), 3.21-3.14 (m, 4H), 2.02-1.92 

(m, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 147.2, 144.2, 131.9, 128.6, 127.8, 125.7, 

114.7, 109.1, 73.4, 41.5, 37.8. 95% ee, HPLC conditions: Chiralpak AD-H column, UV 

detection at 254 nm; n-hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 39.2 mi

n (major), tR = 41.9 min (minor). 

 

(R)-3-(Benzylamino)-1-phenylpropan-1-ol (6as)6: yellow oil, 92% yield.

 [α]
22

D  = 31.9 (c = 1.25, CHCl3). 1H NMR (CDCl3, 400 MHz) δ (ppm):

 7.34-7.19 (m, 10H), 4.91 (dd, J = 8.6, 3.1 Hz, 1H), 3.80-3.72 (m, 2

H), 2.95-2.81 (m, 2H), 1.92-1.85 (m, 1H), 1.80-1.72 (m, 1H); 13C NMR (CDCl3, 100 MH

z) δ (ppm): 145.0, 139.2, 128.5, 128.2, 128.1, 127.2, 126.9, 125.5, 75.4, 53.7, 47.7, 37.3. 

97% ee, HPLC conditions: Chiralcel OD-H column, UV detection at 254 nm; n-hexane: 

isopropanol = 97:3; flow rate = 1.0 mL/min; tR = 35.8 min (major), tR = 42.9 min (mino

r). 

 

(R)-3-(Benzylamino)-1-(4-fluorophenyl)propan-1-ol (6at)6: yellow oil, 

63% yield. [α]
22

D  = 19.4 (c = 1.08, CHCl3). 1H NMR (CDCl3, 400 M

Hz) δ (ppm): 7.37-7.27 (m, 7H), 7.00 (t, J = 8.7 Hz, 2H), 4.93 (dd, 

J = 8.6, 2.6 Hz, 1H), 3.86-3.78 (m, 2H), 3.01-2.86 (m, 2H), 1.92-1.8

6 (m, 1H), 1.81-1.72 (m, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 161.8 (d, 1JC-F = 2

42.7 Hz), 140.7, 138.9, 128.5 (d, 2JC-F = 25.7 Hz), 127.4, 127.1 (d, 3JC-F = 7.8 Hz), 115.

0, 114.8, 74.9, 53.7, 47.6, 37.3. 93% ee, HPLC conditions: Chiralpak AD-H column, UV

 detection at 220 nm; n-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR = 21.1 

min (major), tR = 17.8 min (minor). 

 

tert-butyl (R)-(4-Hydroxy-4-phenylbutyl)carbamate (6au)4: yellow oi

l, 94% yield. [α]
22

D  = 16.6 (c = 1.60, CHCl3). 1H NMR (CDCl3, 400

 MHz) δ (ppm): 7.35-7.24 (m, 5H), 4.68-4.65 (m, 2H), 3.13-3.12 (m,

 2H), 2.55 (brs, 1H), 1.82-1.66 (m, 2H), 1.63-1.46 (m, 2H), 1.42 (s, 9H); 13C NMR (CD

Cl3, 100 MHz) δ (ppm): 156.1, 144.8, 128.4, 127.5, 125.8, 79.1, 74.0, 40.3, 36.0, 28.4, 2

6.4. 95% ee, HPLC conditions: Chiralcel OD-H column, UV detection at 210 nm; n-hex

ane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 20.0 min (major), tR = 17.4 min 

(minor). 

 

tert-butyl (R)-(4-(2,5-Difluorophenyl)-4-hydroxybutyl)carbamate (6

av)4: yellow oil, 97% yield. [α]
22

D  = 4.8 (c = 1.30, CHCl3). 1H N

MR (CDCl3, 400 MHz) δ (ppm): 7.21-7.17 (m, 1H), 6.97-6.86 (m,

 2H), 5.00 (t, J = 6.2 Hz, 1H), 4.64 (brs, 1H), 3.18-3.11 (m, 2H),

 2.58 (m, 1H), 1.74 (q, J = 6.9 Hz, 2H), 1.68-1.52 (m, 2H), 1.42 (s, 9H); 13C NMR (C

DCl3, 100 MHz) δ (ppm): 159.0 (dd, J = 240.2, 1.8 Hz), 156.3, 155.4 (dd, J = 239.2, 2.

5 Hz), 133.8 (dd, J = 17.3, 7.7 Hz), 116.3 (dd, J = 24.9, 8.5 Hz), 114.9 (dd, J = 24.4, 



S37 

 

8.6 Hz), 113.8 (dd, J = 24.7, 5.0 Hz), 79.5, 67.5, 40.2, 34.8, 28.4, 26.4. 88% ee, HPLC

 conditions: Chiralcel OD-H column, UV detection at 210 nm; n-hexane: isopropanol = 9

5:5; flow rate = 1.0 mL/min; tR = 10.6 min (major), tR = 10.0 min (minor). 

 

(R)-3-(4-((4'-Chloro-2,2-dimethyl-3,4,5,6-tetrahydro-[1,1'-biph

enyl]-2-yl)methyl)piperazin-1-yl)-1-phenylpropan-1-ol (6aw): 

colorless oil, 66% yield. [α]
22

D  = 38.0 (c = 1.03, CHCl3). 1H 

NMR (CDCl3, 400 MHz) δ (ppm): 7.35-7.20 (m, 7H), 6.96-

6.94 (m, 2H), 4.89 (dd, J = 7.5, 3.6 Hz, 1H), 2.79-1.99 (m, 

16H), 1.87-1.76 (m, 2H), 1.44 (t, J = 6.4 Hz, 2H), 0.96 (s, 

6H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 144.9, 142.2, 134.9, 132.0, 129.7, 129.4, 128.

3, 128.2, 126.8, 125.5, 75.5, 60.4, 56.9, 53.3, 52.8, 47.0, 35.4, 33.6, 29.2, 28.3, 28.2, 25.

6. 99% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 254 nm; n-hexa

ne: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 6.0 min (major), tR = 4.5 min (mi

nor). HRMS (ESI) m/z calc. for C28H38ClN2O [M+H]+: 453.2667, found: 453.2670. 

 

(R)-3-(4-(8-Chloro-5,6-dihydro-8H-benzo[5,6]cyclohepta[1,2-b]

pyridin-11-ylidene)piperidin-1-yl)-1-phenylpropan-1-ol (6ax): 

yellow oil, 72% yield. [α]
22

D  = 3.6 (c = 1.35, CHCl3). 1H N

MR (CDCl3, 400 MHz) δ (ppm): 8.38 (d, J = 4.5 Hz, 1H), 

7.41-7.27 (m, 5H), 7.21 (t, J = 7.2Hz, 1H), 7.14-7.12 (m,3

H), 7.07-7.04 (m, 1H), 4.92 (t, J = 5.7 Hz, 1H), 3.42-3.30 (m, 2H), 2.93-2.73 (m, 4H), 

2.67-2.32 (m, 7H), 2.19-2.15 (m, 1H), 1.86-1.82 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ

 (ppm): 157.2 (d, J = 4.1 Hz), 146.5, 144.8 (d, J = 2.5 Hz), 139.4 (d, J = 2.6 Hz), 13

7.9 (d, J = 3.1 Hz), 137.6 (d, J = 3.5 Hz), 137.2 (d, J = 2.6 Hz), 133.2, 133.0, 132.6, 

130.6 (d, J = 3.3 Hz), 128.8 (d, J = 2.3 Hz), 128.0, 126.7 (d, J = 2.3 Hz), 125.9, 125.

4, 122.0, 75.2 (d, J = 9.4 Hz), 56.7 (d, J = 9.8 Hz), 55.1 (d, J = 6.7 Hz), 54.4 (d, J 

= 9.1 Hz), 33.9, 31.6 (d, J = 2.5 Hz), 31.3 (d, J = 2.4 Hz), 30.7 (d, J = 6.3 Hz), 30.5 

(d, J = 6.8 Hz). 99% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 2

20 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0 mL/min; tR = 26.6 min (major), tR

 = 21.2 min (minor). HRMS (ESI) m/z calc. for C28H30ClN2O [M+H]+: 445.2041, found: 

445.2044. 

 

tert-butyl (R)-(4-Hydroxy-4-phenylbutyl)carbamate (6au, Synthesis v

ia ATH)4: Pale yellow oil, 98% yield. [α]
25

D  = 12.9 (c = 1.68, CHCl

3). 1H NMR (400 MHz, CDCl3) δ 7.36-7.24 (m, 5H), 4.71-4.68 (m, 

1H), 4.58 (brs, 1H), 3.16-3.15 (m, 2H), 1.85-1.68 (m, 2H), 1.66-1.48 (m, 2H), 1.43 (s, 9

H); 13C NMR (100 MHz, CDCl3) δ 156.1, 144.7, 128.5, 127.6, 125.8, 79.2, 74.2, 40.4, 3

6.1, 28.5, 26.5. 95% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 21

0 nm; n-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR = 18.5 min (major), tR 

= 14.6 min (minor).  
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tert-butyl (R)-(4-Hydroxy-4-(p-tolyl)butyl)carbamate (8a)4: Color

less oil, 76% yield. [α]
25

D  = 18.5 (c = 3.45, CHCl3). 1H NMR (4

00 MHz, CDCl3) δ 7.19 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 7.9 

Hz, 2H), 4.71 (brs, 1H), 4.61-4.58 (m, 1H), 3.08 (s, 2H), 2.80 (brs, 1H), 2.32 (s, 3H), 1.

79-1.61 (m, 2H), 1.59-1.41 (m, 11H); 13C NMR (100 MHz, CDCl3) δ 156.1, 141.8, 136.9,

 129.0, 125.7, 79.0, 73.7, 40.3, 36.0, 28.3, 26.3, 21.0. 96% ee, HPLC conditions: Chiral

pak AD-H column, UV detection at 210 nm; n-hexane: isopropanol = 90:10; flow rate = 

1.0 mL/min; tR = 16.7 min (major), tR = 15.1 min (minor).  

 

tert-butyl (R)-(4-(4-Chlorophenyl)-4-hydroxybutyl)carbamate (8b)

4: Colorless oil, 92% yield. [α]
25

D  = 10.0 (c = 1.75, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.32-7.26 (m, 4H), 4.71-4.68 (m, 1H),

 4.59 (brs, 1H), 3.16 (s, 2H), 1.81-1.66 (m, 2H), 1.64-1.43 (m, 11H); 13C NMR (100 M

Hz, CDCl3) δ 156.2, 143.3, 133.2, 128.6, 127.2, 79.3, 73.5, 40.2, 36.0, 28.4, 26.5. 90% e

e, HPLC conditions: Chiralpak AD-H column, UV detection at 210 nm; n-hexane: isopro

panol = 90:10; flow rate = 1.0 mL/min; tR = 15.7 min (major), tR = 14.5 min (minor).  

 

tert-butyl (R)-(4-(4-Fluorophenyl)-4-hydroxybutyl)carbamate (8c)4:

 Colorless oil, 86% yield. [α]
25

D  = 15.0 (c = 1.53, CHCl3). 1H NM

R (400 MHz, CDCl3) δ 7.31-7.27 (m, 2H), 7.03-6.99 (m, 2H), 4.6

9-4.66 (m, 2H), 3.13 (s, 2H), 2.50 (brs, 1H), 1.81-1.47 (m, 4H), 1.42 (s, 9H); 13C NMR 

(100 MHz, CDCl3) δ 162.1 (d, 1JC-F = 243.6 Hz), 156.2, 140.5, 127.4 (d, 3JC-F = 7.9 Hz),

 115.2 (d, 2JC-F = 21.2 Hz), 79.3, 73.4, 40.2, 36.1, 28.4, 26.5. 92% ee, HPLC condition

s: Chiralpak AD-H column, UV detection at 210 nm; n-hexane: isopropanol = 90:10; flow

 rate = 1.0 mL/min; tR = 13.4 min (major), tR = 11.3 min (minor).  

 

tert-butyl (R)-(4-Hydroxy-4-(m-tolyl)butyl)carbamate (8d)4: Colorles

s oil, 82% yield. [α]
25

D  = 7.5 (c = 1.40, CHCl3). 1H NMR (400 MH

z, CDCl3) δ 7.20 (t, J = 7.4 Hz, 1H), 7.13-7.05 (m, 3H), 4.63-4.60 

(m, 2H), 3.11 (s, 2H), 2.61 (brs, 1H), 2.34 (s, 3H), 1.81-1.64 (m, 2

H), 1.59-1.42 (m, 11H); 13C NMR (100 MHz, CDCl3) δ 156.1, 144.7, 138.0, 128.3, 128.2,

 126.5, 122.9, 79.1, 74.0, 40.4, 36.0, 28.4, 26.4, 21.4. 93% ee, HPLC conditions: Chiral

pak AD-H column, UV detection at 210 nm; n-hexane: isopropanol = 90:10; flow rate = 

1.0 mL/min; tR = 19.1 min (major), tR = 14.2 min (minor).  

 

tert-butyl (R)-(4-(3-Chlorophenyl)-4-hydroxybutyl)carbamate (8e)4: 

Colorless oil, 98% yield. [α]
25

D  = 14.5 (c = 3.58, CHCl3). 1H NMR 

(400 MHz, CDCl3) δ 7.33-7.17 (m, 4H), 4.71-4.63 (m, 2H), 3.11 (s, 

2H), 2.98 (brs, 1H), 1.78-1.63 (m, 2H), 1.62-1.47 (m, 2H), 1.41 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ 156.3, 147.0, 134.2, 129.6, 127.4, 126.0, 124.0, 79.

3, 73.2, 40.2, 36.0, 28.4, 26.3. 87% ee, HPLC conditions: Chiralpak AD-H column, UV 

detection at 210 nm; n-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR = 16.9 
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min (major), tR = 12.2 min (minor).  

 

tert-butyl (R)-(4-(3-Fluorophenyl)-4-hydroxybutyl)carbamate (8f)4: C

olorless oil, 95% yield. [α]
25

D  = 6.4 (c = 1.08, CHCl3). 1H NMR (40

0 MHz, CDCl3) (400 MHz, CDCl3) δ 7.31-7.28 (m, 1H), 7.10-7.05 

(m, 2H), 6.96-6.92 (m, 1H), 4.71 (t, J = 5.8 Hz, 1H), 4.60 (brs, 1

H), 3.15 (s, 2H), 2.20 (brs, 1H), 1.81-1.67 (m, 2H), 1.64-1.48 (m, 2H), 1.42 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 163.0 (d, 1JC-F = 244.6 Hz), 156.2, 147.5, 130.0 (d, 3JC-F = 

8.1 Hz), 121.4 (d, 4JC-F = 2.8 Hz), 114.3 (d, 2JC-F = 21.0 Hz), 112.7 (d, 2  JC-F = 21.7 

Hz), 79.4, 73.5, 40.2, 36.0, 28.4, 26.5. 90% ee, HPLC conditions: Chiralpak AD-H colu

mn, UV detection at 210 nm; n-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR 

= 15.8 min (major), tR = 12.0 min (minor).  

 

tert-butyl (R)-(4-Hydroxy-4-(3-methoxyphenyl)butyl)carbamate (8g)4:

 Colorless oil, 85% yield. [α]
25

D  = 14.7 (c = 2.10, CHCl3). 1H NMR 

(400 MHz, CDCl3) δ 7.24 (t, J = 8.1 Hz, 1H), 6.90-6.89 (m, 2H), 

6.81-6.79 (m, 1H), 4.68-4.62 (m, 2H), 3.80 (s, 3H), 3.14 (s, 2H), 2.

28 (brs, 1H), 1.83-1.67 (m, 2H), 1.64-1.46 (m, 2H), 1.42 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ 159.8, 156.1, 146.5, 129.5, 118.1, 113.0, 111.3, 79.2, 74.1, 55.2, 40.3, 36.0, 28.

4, 26.5. 92% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 210 nm; n

-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR = 32.4 min (major), tR = 23.3 

min (minor).  

 

tert-butyl (R)-(4-Hydroxy-4-(o-tolyl)butyl)carbamate (8h)4: yellow s

olid, 46% yield. [α]
25

D  = 5.5 (c = 1.08, CHCl3). 1H NMR (400 MHz,

 CDCl3) δ 7.45 (d, J = 7.6 Hz, 1H), 7.23-7.10 (m, 3H), 4.94-4.91 

(m, 1H), 3.17-3.11 (m, 2H), 2.31 (s, 3H), 1.74-1.53 (m, 4H), 1.42 (s,

 9H). 13C NMR (100 MHz, CDCl3) δ 156.1, 142.9, 134.3, 130.4, 127.2, 126.3, 125.1, 79.

2, 70.3, 40.5, 34.9, 28.4, 26.6, 19.0; 98% ee, HPLC conditions: Chiralpak AD-H column,

 UV detection at 210 nm; n-hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 3

5.7 min (major), tR = 33.1 min (minor).  

 

tert-butyl (R)-(4-(3,5-Dimethylphenyl)-4-hydroxybutyl)carbamate 

(8i)4: Colorless oil, 81% yield. [α]
25

D  = 16.6 (c = 1.50, CHCl3). 1

H NMR (400 MHz, CDCl3) δ 6.93 (s, 2H), 6.89 (s, 1H), 4.61-4.

57 (m, 2H), 3.12 (s, 2H), 2.40 (brs, 1H), 2.30 (s, 6H), 1.81-1.42

 (m, 13H); 13C NMR (100 MHz, CDCl3) δ 156.1, 144.7, 137.9, 129.1, 123.6, 79.1, 74.1, 

40.4, 36.0, 28.4, 26.5, 21.3. 91% ee, HPLC conditions: Chiralpak AD-H column, UV det

ection at 210 nm; n-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR = 17.9 min 

(major), tR = 13.3 min (minor).  
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tert-butyl (R)-(4-(2,5-Difluorophenyl)-4-hydroxybutyl)carbamate 

(6av, Synthesis via ATH)4: Pale yellow oil, 96% yield. [α]
25

D  = 2.0

 (c = 0.93, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.20-7.16 (m,

 1H), 6.96-6.84 (m, 2H), 4.99 (t, J = 6.2 Hz, 1H), 4.69 (brs, 1H), 3.12-2.98 (m, 3H), 1.

75-1.68 (m, 2H), 1.66-1.49 (m, 2H), 1.40 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 159.0 

(dd, J = 242.6, 2.0 Hz), 156.4, 155.3 (dd, J = 239.1, 2.1 Hz), 133.9 (dd, J = 15.7, 6.6 

Hz), 116.2 (dd, J = 24.9, 8.6 Hz), 114.8 (dd, J = 24.2, 8.6 Hz), 113.8 (dd, J = 24.8, 5.

0 Hz), 79.4, 67.4, 40.2, 34.8, 28.4, 26.23. 85% ee, HPLC conditions: Chiralpak AD-H c

olumn, UV detection at 210 nm; n-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; 

tR = 15.5 min (major), tR = 11.3 min (minor).  

 

tert-butyl (R)-(4-Hydroxy-4-(naphthalen-2-yl)butyl)carbamate (8

j)4: Colorless oil, 84% yield. [α]
25

D  = 23.1 (c = 2.58, CHCl3). 1H

 NMR (400 MHz, CDCl3) δ 7.81-7.78 (m, 3H), 7.73 (s, 1H), 7.

46-7.42 (m, 3H), 4.80-4.79 (m, 1H), 4.67 (brs, 1H), 3.11 (s, 2H), 2.89 (brs, 1H), 1.87-1.7

2 (m, 2H), 1.57-1.41 (m, 11H); 13C NMR (100 MHz, CDCl3) δ 156.1, 142.1, 133.2, 132.

9, 128.2, 127.9, 127.6, 126.1, 125.7, 124.5, 124.0, 79.1, 74.0, 40.2, 35.8, 28.4, 26.4. 91% 

ee, HPLC conditions: Chiralpak AD-H column, UV detection at 210 nm; n-hexane: isopr

opanol = 90:10; flow rate = 1.0 mL/min; tR = 29.5 min (major), tR = 22.8 min (minor).  

 

tert-butyl (R)-(4-Hydroxy-4-(thiophen-2-yl)butyl)carbamate (8k)4: Co

lorless oil, 55% yield. [α]
25

D  = 7.6 (c = 2.58, CHCl3). 1H NMR (400 

MHz, CDCl3) δ 7.25-7.24 (m, 1H), 6.97-6.95 (m, 2H), 4.96 (t, J = 

6.4 Hz, 1H), 4.59 (brs, 1H), 3.17 (s, 2H), 1.93-1.80 (m, 3H), 1.70-1.52 (m, 2H), 1.44 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ 156.2, 148.9, 126.6, 124.4, 123.6, 79.2, 69.8, 40.2, 

36.3, 28.4, 26.4. 95% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 2

10 nm; n-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR = 15.5 min (major), tR

 = 14.1 min (minor).  

 

tert-butyl (S)-(4-Hydroxy-5-phenylpentyl)carbamate (8l)4: Colorles

s oil, 34% yield. [α]
25

D  = -2.1 (c = 1.90, CHCl3). 1H NMR (400 

MHz, CDCl3) δ 7.31-7.28 (m, 2H), 7.23-7.18 (m, 3H), 4.73 (brs, 1H), 3.84-3.78 (m, 1H), 

3.18-3.06 (m, 2H), 2.80-2.76 (m, 1H), 2.69-2.64 (m, 1H), 2.19 (brs, 1H), 1.68-1.47 (m, 4

H), 1.43 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 156.1, 138.4, 129.4, 128.5, 126.4, 79.1, 

72.2, 44.2, 40.5, 33.6, 28.4, 26.4. 30% ee, HPLC conditions: Chiralpak AD-H column, 

UV detection at 210 nm; n-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR = 9.

8 min (major), tR = 11.8 min (minor).  

 

(R)-N-(4-Hydroxy-4-phenylbutyl)benzamide (8m)4: Colorless oil, 68%

 yield. [α]
25

D  = 11.8 (c = 1.35, CHCl3).1H NMR (400 MHz, CDCl3) δ

 7.72-7.70 (m, 2H), 7.44 (t, J = 7.4 Hz, 1H), 7.34 (t, J = 7.8 Hz, 2

H), 7.30 (d, J = 4.3 Hz, 4H), 7.27-7.22 (m, 1H), 6.77 (brs, 1H), 4.70-4.67 (m, 1H), 3.46

-3.36 (m, 2H), 3.03 (brs, 1H), 1.86-1.58 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 167.8, 



S41 

 

144.7, 134.5, 131.3, 128.45, 128.40, 127.4, 126.9, 125.8, 74.0, 39.9, 36.2, 25.9. 81% ee, 

HPLC conditions: Chiralpak AD-H column, UV detection at 210 nm; n-hexane: isopropan

ol = 90:10; flow rate = 1.0 mL/min; tR = 31.3 min (major), tR = 25.1 min (minor).  

 

Isopropyl (R)-(4-Hydroxy-4-phenylbutyl)carbamate (8n)4: yellow 

oil, 94% yield. [α]
25

D  = 13.2 (c = 1.58, CHCl3). 1H NMR (400 M

Hz, CDCl3) δ 7.36-7.26 (m, 5H), 4.92-4.83 (m, 1H), 4.71-4.68 (m,

 2H), 3.18 (t, J = 6.2 Hz, 2H), 2.15 (brs, 1H), 1.85-1.46 (m, 4H), 1.20 (d, J = 6.2 Hz, 

6H); 13C NMR (100 MHz, CDCl3) δ 156.5, 144.7, 128.5, 127.6, 125.8, 74.2, 68.0, 40.7, 

36.0, 26.5, 22.2. 94% ee, HPLC conditions: Chiralpak AD-H column, UV detection at 2

10 nm; n-hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; tR = 14.0 min (major), tR

 = 12.9 min (minor).  

 

tert-butyl (R)-(3-Hydroxy-3-phenylpropyl)carbamate (8o)4: Colorless o

il, 84% yield. [α]
25

D  = 3.7 (c = 1.25, CHCl3). 1H NMR (400 MHz, CD

Cl3) δ 7.34-7.25 (m, 5H), 5.00 (brs, 1H), 4.72 (t, J = 5.7 Hz, 1H), 3.

43-3.42 (m, 2H), 3.19-3.11 (m, 1H), 1.86-1.81 (m, 2H), 1.44 (s, 9H); 13C NMR (100 MH

z, CDCl3) δ 156.8, 144.3, 128.4, 127.4, 125.7, 79.5, 71.7, 39.6, 37.6, 28.4. 96% ee, HPL

C conditions: Chiralcel OJ-H column, UV detection at 220 nm; n-hexane: isopropanol = 

90:10; flow rate = 1.0 mL/min; tR = 7.9 min (major), tR = 12.1 min (minor).  

 

tert-butyl (R)-(2-Hydroxy-2-phenylpentyl)carbamate (8p)4: Colorle

ss oil, 94% yield. [α]
25

D  = 7.7 (c = 1.68, CHCl3). 1H NMR (400 

MHz, CDCl3) δ 7.37-7.32 (m, 4H), 7.28-7.23 (m, 1H), 4.66-4.58 

(m, 2H), 3.08-3.07 (m, 2H), 2.28 (brs, 1H), 1.84-1.66 (m, 2H), 1.

49-1.26 (m, 13H); 13C NMR (100 MHz, CDCl3) δ 156.1, 144.8, 128.4, 127.5, 125.8, 79.1,

 74.3, 40.3, 38.6, 29.9, 28.4, 22.9. 95% ee, HPLC conditions: Chiralcel OD-H column, 

UV detection at 210 nm; n-hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 29.

2 min (major), tR = 24.5 min (minor).  

 

tert-butyl (R)-(2-Hydroxy-2-(p-tolyl)pentyl)carbamate (8q): Pal

e yellow oil, 74% yield. [α]
25

D  = 13.7 (c = 3.13, CHCl3). 1H N

MR (400 MHz, CDCl3) δ 7.20 (d, J = 7.8 Hz, 2H), 7.13 (d, 

J = 7.8 Hz, 2H), 4.60-4.57 (m, 2H), 3.06 (s, 2H), 2.35-2.32 (m, 4H), 1.82-1.63 (m, 2H), 

1.60-1.42 (m, 13H); 13C NMR (100 MHz, CDCl3) δ 156.0, 141.8, 137.0, 129.0, 125.8, 79.

0, 74.1, 40.3, 38.5, 30.0, 28.4, 22.9, 21.1. 97% ee, HPLC conditions: Chiralcel OD-H co

lumn, UV detection at 210 nm; n-hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR

 = 26.8 min (major), tR = 22.2 min (minor).  

 

tert-butyl (R)-(2-(4-Chlorophenyl)-2-hydroxypentyl)carbamate 

(8r): Colorless oil, 90% yield. [α]
25

D  = 33.8 (c = 1.65, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.30-7.24 (m, 4H), 4.64-4.59 

(m, 2H), 3.08-3.07 (m, 2H), 2.44 (brs, 1H), 1.81-1.62 (m, 2H), 1.48-1.26 (m, 13H); 13C N
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MR (100 MHz, CDCl3) δ 156.1, 143.4, 133.0, 128.5, 127.2, 79.2, 73.5, 40.2, 38.6, 29.9, 

28.4, 22.7. 91% ee, HPLC conditions: Chiralcel OD-H column, UV detection at 210 nm;

 n-hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 26.5 min (major), tR = 23.5

 min (minor).  

 

tert-butyl (R)-(2-(4-Fluorophenyl)-2-hydroxypentyl)carbamate (8

s): Pale yellow oil, 92% yield. [α]
25

D  = 13.1 (c = 1.93, CHCl3). 1

H NMR (400 MHz, CDCl3) δ 7.30-7.27 (m, 2H), 7.00 (t, J = 8.

6 Hz, 2H), 4.64-4.61 (m, 2H), 3.07 (s, 2H), 2.49 (brs, 1H), 1.82-1.62 (m, 2H), 1.50-1.26 

(m, 13H); 13C NMR (100 MHz, CDCl3) δ 162.1 (d, J = 243.6 Hz), 156.1, 140.6 (d, J =

 3.2 Hz), 127.5 (d, J = 8.0 Hz), 115.1 (d, J = 21.2 Hz), 79.2, 73.6, 40.3, 38.7, 29.9, 28.

4, 22.8. 93% ee, HPLC conditions: Chiralcel OD-H column, UV detection at 210 nm; n-

hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 21.9 min (major), tR = 18.7 mi

n (minor).  

 

tert-butyl (R)-(2-Hydroxy-2-(3-methoxyphenyl)pentyl)carbamate 

(8t): Colorless oil, 85% yield. [α]
25

D  = 10.8 (c = 2.50, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.24 (t, J = 8.1 Hz, 1H), 6.90-6.89 

(m, 2H), 6.81-6.79 (m, 1H), 4.64-4.58 (m, 2H), 3.80 (s, 3H), 3.08

 (s, 2H), 2.25 (brs, 1H), 1.83-1.65 (m, 2H), 1.49-1.26 (m, 13H); 13C NMR (100 MHz, C

DCl3) δ 159.6, 156.0, 146.6, 129.3, 118.1, 112.7, 111.3, 79.0, 74.0, 55.1, 40.3, 38.5, 29.8, 

28.3, 22.8. 96% ee, HPLC conditions: Chiralcel OD-H column, UV detection at 210 nm;

 n-hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 54.1 min (major), tR = 41.8

 min (minor).  

 

tert-butyl (R)-(2-(3-Fluorophenyl)-2-hydroxypentyl)carbamate (8u): 

Colorless oil, 97% yield. [α]
25

D  = 7.9 (c = 1.20, CHCl3). 1H NMR 

(400 MHz, CDCl3) δ 7.29-7.24 (m, 1H), 7.06 (t, J = 7.4 Hz, 2H), 

6.92 (t, J = 8.6 Hz, 1H), 4.67-4.61 (m, 2H), 3.05 (m, 2H), 2.91 

(brs, 1H), 1.78-1.64 (m, 2H), 1.46-1.26 (m, 13H); 13C NMR (100 MHz, CDCl3) δ 162.9 

(d, J = 244.2 Hz), 156.2, 147.7 (d, J = 6.5 Hz), 129.8 (d, J = 8.1 Hz), 121.4 (d, J = 

2.8 Hz), 114.0 (d, J = 21.1 Hz), 112.7 (d, J = 21.4 Hz), 79.1, 73.4, 40.2, 38.6, 29.8, 28.

4, 22.7. 92% ee, HPLC conditions: Chiralcel OD-H column, UV detection at 210 nm; n-

hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 22.3 min (major), tR = 19.2 mi

n (minor).  

 

tert-butyl (R)-(2-(3-Chlorophenyl)-2-hydroxypentyl)carbamate (8v):

 Colorless oil, 98% yield. [α]
25

D  = 11.8 (c = 1.60, CHCl3). 1H NM

R (400 MHz, CDCl3) δ 7.20-7.11 (m, 4H), 4.58-4.55 (m, 1H), 4.4

7 (brs, 1H), 3.03-3.01 (m, 2H), 1.96 (brs, 1H), 1.75-1.58 (m, 2H), 

1.44-1.20 (m, 13H); 13C NMR (100 MHz, CDCl3) δ 156.2, 147.0, 134.4, 129.7, 127.6, 12

6.1, 124.0, 79.2, 73.7, 40.2, 38.6, 30.0, 28.5, 22.7. 93% ee, HPLC conditions: Chiralcel 
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OD-H column, UV detection at 210 nm; n-hexane: isopropanol = 95:5; flow rate = 1.0 m

L/min; tR = 24.3 min (major), tR = 20.1 min (minor).  

 

tert-butyl (R)-(2-Hydroxy-2-(naphthalen-2-yl)pentyl)carbamate 

(8w): Colorless oil, 93% yield. [α]
25

D  = 18.2 (c = 6.75, CHCl3).

 1H NMR (400 MHz, CDCl3) δ 7.84-7.77 (m, 4H), 7.50-7.44 

(m, 3H), 4.84 (t, J = 6.4 Hz, 1H), 4.51 (brs, 1H), 3.10-3.09 (m, 2H), 1.94-1.79 (m, 3H), 

1.52-1.30 (m, 13H); 13C NMR (100 MHz, CDCl3) δ 156.1, 142.2, 133.3, 132.9, 128.2, 12

7.9, 127.6, 126.1, 125.7, 124.5, 124.1, 79.1, 74.3, 40.3, 38.5, 29.9, 28.4, 22.9. 92% ee, H

PLC conditions: Chiralpak IB-3 column, UV detection at 210 nm; n-hexane: isopropanol 

= 95:5; flow rate = 1.0 mL/min; tR = 34.5 min (major), tR = 32.3 min (minor).  

 

tert-butyl (R)-(5-Hydroxy-5-(thiophen-2-yl)pentyl)carbamate (8x): 

Colorless oil, 23% yield. [α]
25

D  = 7.6 (c = 2.20, CHCl3). 1H NMR 

(400 MHz, CDCl3) δ 7.23-7.21 (m, 1H), 6.95-6.93 (m, 2H), 4.90 (t,

 J = 6.1 Hz, 1H), 4.57 (brs, 1H), 3.10-3.09 (m, 2H), 2.40 (brs, 1H), 1.93-1.77 (m, 2H), 

1.52-1.42 (m, 13H); 13C NMR (100 MHz, CDCl3) δ 156.1, 148.9, 126.6, 124.4, 123.6, 79.

1, 70.1, 40.3, 38.8, 29.8, 28.4, 22.9. 97% ee, HPLC conditions: Chiralcel OD-H column,

 UV detection at 210 nm; n-hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 2

8.6 min (major), tR = 25.0 min (minor). 

 

(S)-N-(3-Azido-3-phenylpropyl)aniline (9a): colorless oil, 55% yield. [α]
20

D  = -69.1 (c = 2.00, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.33-7.23 

(m, 5H), 7.09 (t, J = 7.6 Hz, 2H), 6.64 (t, J = 7.2 Hz, 1H), 6.51 (d, 

J = 7.9 Hz, 2H), 4.54 (t, J = 6.9 Hz, 1H), 3.74 (brs, 1H), 3.14 (t, J = 6.7 Hz, 2H), 2.

07-1.91 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 147.7, 139.2, 129.3, 129.0, 128.5, 126.9,

 117.8, 113.0, 64.2, 41.0, 35.8. 91% ee, HPLC conditions: Chiralcel OD-H column, UV 

detection at 254 nm; n-hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; tR = 21.7 mi

n (major), tR = 25.1 min (minor). HRMS (ESI) m/z calc. for C15H17N4 [M+H]+: 253.1448,

 found: 253.1445. 

 

(R)-3-(methylamino)-1-phenylpropan-1-ol (9b)7: yellow oil, 83% yield. 

[α]
18

D  = 29.5 (c = 2.93, CHCl3). 1H NMR (600 MHz, CDCl3) δ 7.37 (d,

 J = 7.4 Hz, 2H), 7.33 (t, J = 7.4 Hz, 2H), 7.24 (t, J = 7.2 Hz, 1H),

 4.93 (dd, J = 8.7, 2.8 Hz, 1H), 4.06 (brs, 1H), 2.91-2.82 (m, 1H), 2.44 (s, 3H), 1.90-1.

86 (m, 1H), 1.80-1.74 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 145.1, 128.2, 126.9, 125.

6, 75.5, 50.4, 36.8, 36.0.  

 

(R)-O-(1-Phenyl-3-(phenylamino)propyl) diphenylphosphinothioate (9c):

 colorless oil, 62% yield. [α]
20

D  = -1.0 (c = 1.88, CHCl3). 1H NMR (40

0 MHz, CDCl3) δ 7.95-7.90 (m, 2H), 7.61-7.46 (m, 5H), 7.32 (t, J = 7.

2 Hz, 1H), 7.20-7.12 (m, 9H), 6.67 (t, J = 7.2 Hz, 1H), 6.54 (d, J = 

8.0 Hz, 2H), 5.75-5.69 (m, 1H), 3.88 (brs, 1H), 3.27-3.23 (m, 2H), 2.35-2.26 (m, 1H), 2.
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24-2.13 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 147.8, 140.2 (d, J = 2.8 Hz), 135.2 (d,

 J = 115.4 Hz), 133.8 (d, J = 104.6 Hz), 131.8 (d, J = 3.0 Hz), 131.57 (d, J = 11.7 H

z), 131.55 (d, J = 3.0 Hz), 130.9 (d, J = 11.1 Hz), 129.2, 128.5 (d, J = 13.4 Hz), 128.

3, 128.0 (d, J = 13.1 Hz), 127.8, 126.8, 117.1, 112.9, 76.1, 39.6, 37.3 (d, J = 5.3 Hz);  

31P NMR (CDCl3, 162 MHz) δ (ppm): 82.5. 94% ee, HPLC conditions: Chiralcel OD-H 

column, UV detection at 254 nm; n-hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; 

tR = 12.5 min (major), tR = 17.5 min (minor). HRMS (ESI) m/z calc. for C27H27NOPS 

[M+H]+: 444.1540, found: 444.1544. 

 

(R)-1-Phenyl-3-(4-phenylpiperazin-1-yl)propyl carbamate (9d)8: wh

ite solid, 82% yield. [α]
17

D  = 8.4 (c = 2.76, CHCl3). 1H NMR (400 

MHz, CDCl3) δ 7.25-7.15 (m, 7H), 6.83 (d, J = 7.8 Hz, 2H), 6.77 

(t, J = 7.0 Hz, 1H), 5.63 (t, J = 6.4 Hz, 1H), 4.89 (brs, 2H), 3.1

0 (s, 4H), 2.50-2.49 (m, 4H), 2.34-2.32 (m, 2H), 2.12-2.07 (m, 1H),

 1.92-1.88 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 156.4, 151.2, 140.6, 129.1, 128.4, 12

7.9, 126.3, 119.7, 116.0, 75.2, 54.5, 53.1, 49.0, 33.8. 98% ee, HPLC conditions: Chiralpa

k AD-H column, UV detection at 254 nm; n-hexane: isopropanol = 88:12; flow rate = 1.0

 mL/min; tR = 18.1 min (major), tR = 16.4 min (minor).  



S45 

 

8. Reference 

1. Niklas Plobeck, D. P. Asymmetric Synthesis of Diarylmethylamines by Diastereoselective Addition 

of Organometallic Reagents to Chiral N-tert-Butanesulfinimines: Switchover of Diastereofacial 

Selectivity. Tetrahedron: Asymmetry 2002, 13, 303-310. 

2. Woźnicki, P.; Korzeniowska, E.; Stankevič, M. Intramolecular Nucleophilic Substitution of ω-

Haloalkylphosphine Derivatives. J. Org. Chem 2017, 82, 10271-10296. 

3. Bera, N.; Samanta, S.; Sarkar, D. Stereoselective Synthesis of Oxacycles via Ruthenium-Catalyzed 

Atom-Economic Coupling of Propargyl Alcohols and Michael Acceptors. J. Org. Chem 2021, 86, 16369-

16395. 

4. Yin, C.; Zhang, R.; Pan, Y.; Gao, S.; Ding, X.; Bai, S.-T.; Lang, Q.; Zhang, X. PPM Ir-f-phamidol-

Catalyzed Asymmetric Hydrogenation of γ-Aminoketones Followed by Stereoselective Cyclization for 

Construction of Chiral 2-Aryl-pyrrolidine Pharmacophores. J. Org. Chem 2023, 89, 527-533. 

5. Xu, R.; Wang, K.; Liu, H.; Tang, W.; Sun, H.; Xue, D.; Xiao, J.; Wang, C. Anti‐Markovnikov 

Hydroamination of Racemic Allylic Alcohols to Access Chiral γ‐Amino Alcohols. Angew. Chem. Int. Ed. 

2020, 59, 21959-21964. 

6. Wang, J.; Wang, Y.; Liu, D.; Zhang, W. Asymmetric Hydrogenation of β‐Secondary Aminoketones 

Catalyzed by a Ruthenocenyl Phosphino‐oxazoline‐ruthenium Complex (RuPHOX‐Ru): the Synthesis 

of γ‐Secondary Amino Alcohols. Adv. Synth. Catal. 2015, 357, 3262-3272. 

7. Rej, R. K.; Das, T.; Hazra, S.; Nanda, S. Chemoenzymatic Asymmetric Synthesis of Fluoxetine, 

Atomoxetine, Nisoxetine, and Duloxetine. Tetrahedron: Asymmetry 2013, 24, 913-918. 

8. Chae, E.; Yi, H.; Choi, Y.; Cho, H.; Lee, K.; Moon, H. Synthesis and Pharmacological Evaluation of 

Carbamic Acid 1-Phenyl-3-(4-phenyl-piperazine-1-yl)-propyl Ester Derivatives as New Analgesic 

Agents. Bioorg. Med. Chem. Lett. 2012, 22, 2434-2439. 



S46 

 

9. NMR of the products 

1H NMR of compound 1a 

13C NMR of compound 1a 



S47 

 

 
1H NMR of compound 1b 

 
13C NMR of compound 1b 



S48 

 

1H NMR of compound 1c 

13C NMR of compound 1c 



S49 

 

1H NMR of compound 1d 

13C NMR of compound 1d 



S50 

 

1H NMR of compound 1e 

13C NMR of compound 1e 



S51 

 

1H NMR of compound 1f 

13C NMR of compound 1f 



S52 

 

1H NMR of compound 1g

13C NMR of compound 1g 



S53 

 

1H NMR of compound 1h

13C NMR of compound 1h 



S54 

 

1H NMR of compound 1i

13C NMR of compound 1i 



S55 

 

1H NMR of compound 1j 

13C NMR of compound 1j 



S56 

 

1H NMR of compound 2

13C NMR of compound 2



S57 

 

31P NMR of compound 2

1H NMR of compound 3a



S58 

 

13C NMR of compound 3a

31P NMR of compound 3a



S59 

 

1H NMR of compound 3b

13C NMR of compound 3b



S60 

 

31P NMR of compound 3b

1H NMR of compound 3c



S61 

 

13C NMR of compound 3c

31P NMR of compound 3c



S62 

 

1H NMR of compound 3d

13C NMR of compound 3d



S63 

 

31P NMR of compound 3d

1H NMR of compound 3e



S64 

 

13C NMR of compound 3e

31P NMR of compound 3e



S65 

 

1H NMR of compound 3f 

13C NMR of compound 3f



S66 

 

31P NMR of compound 3f

1H NMR of compound 3g



S67 

 

13C NMR of compound 3g

31P NMR of compound 3g



S68 

 

1H NMR of compound 3h

13C NMR of compound 3h



S69 

 

31P NMR of compound 3h

1H NMR of compound 3i



S70 

 

13C NMR of compound 3i

31P NMR of compound 3i



S71 

 

1H NMR of compound 3j

13C NMR of compound 3j 



S72 

 

31P NMR of compound 3j

1H NMR of compound 4a



S73 

 

13C NMR of compound 4a

31P NMR of compound 4a 



S74 

 

1H NMR of compound 4b 

13C NMR of compound 4b



S75 

 

31P NMR of compound 4b

1H NMR of compound 4d 



S76 

 

31P NMR of compound 4d 

1H NMR of compound 4e 



S77 

 

31P NMR of compound 4e

1H NMR of compound 4h 



S78 

 

31P NMR of compound 4h 

1H NMR of compound 4i 



S79 

 

31P NMR of compound 4i 

1H NMR of compound 4j 



S80 

 

 

13C NMR of compound 4j

31P NMR of compound 4j 



S81 

 

1H NMR of compound 4k 

13C NMR of compound 4k 



S82 

 

31P NMR of compound 4k 

31P NMR of compound 4l



S83 

 

 

1H NMR of compound 4m



S84 

 

 

 

1H NMR of compound 5b 

 

13C NMR of compound 5b 



S85 

 

1H NMR of compound 5c 

 

 13C NMR of compound 5c  



S86 

 

1H NMR of compound 5d 

13C NMR of compound 5d 



S87 

 

1H NMR of compound 5e 

13C NMR of compound 5e 



S88 

 

1H NMR of compound 5f 

13C NMR of compound 5f 



S89 

 

1H NMR of compound 5g 

13C NMR of compound 5g 



S90 

 

1H NMR of compound 5h 

13C NMR of compound 5h 



S91 

 

1H NMR of compound 5i 

13C NMR of compound 5i 



S92 

 

1H NMR of compound 5j 

13C NMR of compound 5j 



S93 

 

1H NMR of compound 5k 

13C NMR of compound 5k 



S94 

 

1H NMR of compound 5l 

13C NMR of compound 5l 



S95 

 

1H NMR of compound 5m 

13C NMR of compound 5m 



S96 

 

1H NMR of compound 5n 

13C NMR of compound 5n 



S97 

 

1H NMR of compound 5o 

13C NMR of compound 5o 



S98 

 

1H NMR of compound 5p 

13C NMR of compound 5p



S99 

 

1H NMR of compound 5q 

13C NMR of compound 5q 



S100 

 

1H NMR of compound 5r 

13C NMR of compound 5r 



S101 

 

1H NMR of compound 5s 

13C NMR of compound 5s 



S102 

 

 

1H NMR of compound 5t 

 

13C NMR of compound 5t 



S103 

 

 

1H NMR of compound 5u 

 

13C NMR of compound 5u 



S104 

 

 

1H NMR of compound 5v 

 

13C NMR of compound 5v 



S105 

 

 

1H NMR of compound 5w 

 

13C NMR of compound 5w 



S106 

 

 

1H NMR of compound 5x 

 

13C NMR of compound 5x 



S107 

 

 

1H NMR of compound 5y 

 

13C NMR of compound 5y 



S108 

 

 

1H NMR of compound 5z 

 

13C NMR of compound 5z 



S109 

 

 

1H NMR of compound 5aa 

 

13C NMR of compound 5aa 



S110 

 

 

1H NMR of compound 5ab 

 

13C NMR of compound 5ab 



S111 

 

 

1H NMR of compound 5ac 

 

13C NMR of compound 5ac 



S112 

 

 

1H NMR of compound 5ad 

 

13C NMR of compound 5ad 



S113 

 

 

1H NMR of compound 5ae 

 

13C NMR of compound 5ae 



S114 

 

 

1H NMR of compound 5af 

 

13C NMR of compound 5af 



S115 

 

 

1H NMR of compound 5ag 

 

13C NMR of compound 5ag 



S116 

 

 

1H NMR of compound 5ah 

 

13C NMR of compound 5ah 



S117 

 

 

1H NMR of compound 5ai 

 

13C NMR of compound 5ai 



S118 

 

 

1H NMR of compound 5aj 

 

13C NMR of compound 5aj 



S119 

 

 

1H NMR of compound 5ak 

 

13C NMR of compound 5ak 



S120 

 

 

1H NMR of compound 5al 

 

13C NMR of compound 5al 



S121 

 

 

1H NMR of compound 5am 

 

13C NMR of compound 5am 



S122 

 

 

1H NMR of compound 5an 

 

13C NMR of compound 5an 



S123 

 

 

1H NMR of compound 5ao 

 

13C NMR of compound 5ao 



S124 

 

 

1H NMR of compound 5ap 

 

13C NMR of compound 5ap 



S125 

 

 

1H NMR of compound 5aq 

 

13C NMR of compound 5aq 



S126 

 

 

1H NMR of compound 5ar 

 

13C NMR of compound 5ar 



S127 

 

 

1H NMR of compound 5as 

 

13C NMR of compound 5as 



S128 

 

 

1H NMR of compound 5aw 

 

13C NMR of compound 5aw 



S129 

 

 

1H NMR of compound 5ax 

 

13C NMR of compound 5ax 



S130 

 

 

1H NMR of compound 6a 

 

13C NMR of compound 6a 



S131 

 

 
1H NMR of compound 6b 

 

13C NMR of compound 6b 



S132 

 

1H NMR of compound 6c 

13C NMR of compound 6c 



S133 

 

1H NMR of compound 6d 

13C NMR of compound 6d 



S134 

 

1H NMR of compound 6e 

13C NMR of compound 6e 



S135 

 

1H NMR of compound 6f 

13C NMR of compound 6f 



S136 

 

1H NMR of compound 6g 

13C NMR of compound 6g 



S137 

 

1H NMR of compound 6h 

13C NMR of compound 6h 



S138 

 

1H NMR of compound 6i 

13C NMR of compound 6i 



S139 

 

1H NMR of compound 6j 

13C NMR of compound 6j 



S140 

 

1H NMR of compound 6k 

13C NMR of compound 6k 



S141 

 

1H NMR of compound 6l 

13C NMR of compound 6l 



S142 

 

1H NMR of compound 6m 

13C NMR of compound 6m 



S143 

 

1H NMR of compound 6n 

13C NMR of compound 6n 



S144 

 

1H NMR of compound 6o 

13C NMR of compound 6o 



S145 

 

1H NMR of compound 6p 

13C NMR of compound 6p



S146 

 

1H NMR of compound 6q 

13C NMR of compound 6q 



S147 

 

1H NMR of compound 6r 

13C NMR of compound 6r 



S148 

 

1H NMR of compound 6s 

13C NMR of compound 6s 



S149 

 

1H NMR of compound 6t 

13C NMR of compound 6t 



S150 

 

1H NMR of compound 6u 

13C NMR of compound 6u 



S151 

 

1H NMR of compound 6v 

13C NMR of compound 6v 



S152 

 

1H NMR of compound 6w 

13C NMR of compound 6w 



S153 

 

1H NMR of compound 6x 

13C NMR of compound 6x 



S154 

 

1H NMR of compound 6y 

13C NMR of compound 6y 



S155 

 

1H NMR of compound 6z 

13C NMR of compound 6z 



S156 

 

1H NMR of compound 6aa 

13C NMR of compound 6aa 



S157 

 

1H NMR of compound 6ab 

13C NMR of compound 6ab 



S158 

 

1H NMR of compound 6ac 

13C NMR of compound 6ac 



S159 

 

1H NMR of compound 6ad 

13C NMR of compound 6ad 



S160 

 

1H NMR of compound 6ae 

13C NMR of compound 6ae 



S161 

 

1H NMR of compound 6af 

13C NMR of compound 6af 



S162 

 

1H NMR of compound 6ag 

13C NMR of compound 6ag 



S163 

 

1H NMR of compound 6ah 

13C NMR of compound 6ah 



S164 

 

1H NMR of compound 6ai 

13C NMR of compound 6ai 



S165 

 

1H NMR of compound 6aj 

13C NMR of compound 6aj 



S166 

 

1H NMR of compound 6ak 

13C NMR of compound 6ak 



S167 

 

1H NMR of compound 6al 

13C NMR of compound 6al 



S168 

 

1H NMR of compound 6am 

13C NMR of compound 6am 



S169 

 

1H NMR of compound 6an 

13C NMR of compound 6an 



S170 

 

1H NMR of compound 6ao 

13C NMR of compound 6ao 



S171 

 

1H NMR of compound 6ap 

13C NMR of compound 6ap 



S172 

 

1H NMR of compound 6aq 

13C NMR of compound 6aq 



S173 

 

1H NMR of compound 6ar 

13C NMR of compound 6ar 



S174 

 

1H NMR of compound 6as 

13C NMR of compound 6as 



S175 

 

1H NMR of compound 6at 

13C NMR of compound 6at 



S176 

 

1H NMR of compound 6au 

13C NMR of compound 6au 



S177 

 

1H NMR of compound 6av 

13C NMR of compound 6av 



S178 

 

1H NMR of compound 6aw 

13C NMR of compound 6aw 



S179 

 

1H NMR of compound 6ax 

13C NMR of compound 6ax 



S180 

 

1H NMR of compound 6au (Synthesis via ATH)

13C NMR of compound 6au (Synthesis via ATH)



S181 

 

1H NMR of compound 8a

13C NMR of compound 8a



S182 

 

1H NMR of compound 8b 

13C NMR of compound 8b 



S183 

 

1H NMR of compound 8c 

13C NMR of compound 8c



S184 

 

1H NMR of compound 8d

13C NMR of compound 8d 



S185 

 

1H NMR of compound 8e 

13C NMR of compound 8e



S186 

 

1H NMR of compound 8f

13C NMR of compound 8f 



S187 

 

1H NMR of compound 8g

13C NMR of compound 8g



S188 

 

1H NMR of compound 8h

13C NMR of compound 8h 



S189 

 

1H NMR of compound 8i 

13C NMR of compound 8i 



S190 

 

1H NMR of compound 6av (Synthesis via ATH) 

13C NMR of compound 6av (Synthesis via ATH) 



S191 

 

1H NMR of compound 8j 

13C NMR of compound 8j



S192 

 

1H NMR of compound 8k

13C NMR of compound 8k 



S193 

 

1H NMR of compound 8l 

13C NMR of compound 8l 



S194 

 

1H NMR of compound 8m

13C NMR of compound 8m 



S195 

 

1H NMR of compound 8n

13C NMR of compound 8n 



S196 

 

 
1H NMR of compound 8o

13C NMR of compound 8o 

 



S197 

 

1H NMR of compound 8p

13C NMR of compound 8p



S198 

 

1H NMR of compound 8q

13C NMR of compound 8q



S199 

 

1H NMR of compound 8r

13C NMR of compound 8r 



S200 

 

1H NMR of compound 8s 

13C NMR of compound 8s



S201 

 

1H NMR of compound 8t

13C NMR of compound 8t



S202 

 

1H NMR of compound 8u

13C NMR of compound 8u 



S203 

 

1H NMR of compound 8v 

13C NMR of compound 8v



S204 

 

1H NMR of compound 8w

13C NMR of compound 8w 



S205 

 

1H NMR of compound 8x 

13C NMR of compound 8x



S206 

 

1H NMR of compound 9a 

 
13C NMR of compound 9a



S207 

 

1H NMR of compound 9b 

13C NMR of compound 9b 



S208 

 

1H NMR of compound 9c

13C NMR of compound 9c 



S209 

 

31P NMR of compound 9c



S210 

 

 

1H NMR of compound 9d 

13C NMR of compound 9d



S211 
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