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Ⅰ. General Information 

Unless otherwise mentioned, all experiments were carried out under an atmosphere of 

argon in a glovebox or using standard Schlenk techniques. Solvents were dried with 

standard procedures and degassed with N2. Flash column chromatography was 

performed using Tsingdao silica gel (60, particle size 300-400 mesh). NMR spectra 

were recorded on a Bruker DPX 400 spectrometer at 400 MHz for 1H NMR, 101 MHz 

for 13C NMR or 126 MHz for 13C NMR in CDCl3 or CD3OD with tetramethylsilane 

(TMS) as internal standard. Chemical shifts are reported in ppm and coupling constants 

are given in Hz. Chemical shifts were reported relative to TMS (0.00 ppm) for 1H NMR 

and relative to CDCl3 (77.16 ppm) or CD3OD (49.00 ppm) for 13C NMR. Enantiomeric 

excesses were determined by chiral HPLC analysis on Agilent Technologies 1260 

Infinity II instrument or UPLC analysis on Agilent Technologies 1290 Infinity II 

instrument using a chiral stationary phase in comparison with the authentic racemates. 

High resolution mass spectra (HRMS) were obtained on Thermo Scientific Q Exactive 

hybrid quadrupole-Orbitrap mass spectrometer at the Department of Chemistry, 

Southern University of Science and Technology. PE refers to petroleum ether, EA refers 

to ethyl acetate, TFE refers to 2,2,2-trifluoroethanol, and MTBE refers to methyl tert-

butyl ether. 
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Ⅱ. General Procedures for the Synthesis of Substrates 

 

General Procedure: 

 

 

To a suspension of arylglyoxal or its monohydrate[1] (10.0 mmol) and PTS (p-

toluenesulfonic acid, 0.1 equiv) in CH2Cl2 (40 mL) at room temperature was added 

HC(OEt)3 (4.44 g, 30.0 mmol). The mixture was stirred for 2 h at 35 ℃. The reaction 

was quenched by 30 mL saturated NaHCO3 solution and extracted by CH2Cl2 (3 x 30 

mL). The combined organic phase was dried over anhydrous Na2SO4, filtered and 

evaporated under reduced pressure. The residue was subjected to column 

chromatography on silica gel (eluent: Hex/EA = 1/0.02) to afford desired keto acetals.  

 

Characterization data of substrate 

 

 

2,2-Diethoxy-1-phenylethan-1-one (1aa) 

Substrate 1aa is commercially available. 1H NMR (600 MHz, Chloroform-d) δ 8.18 – 

8.14 (m, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.8 Hz, 2H), 5.28 (s, 1H), 3.76 (dq, 

J = 9.6, 7.1 Hz, 2H), 3.66 (dq, J = 9.6, 7.0 Hz, 2H), 1.25 (t, J = 7.0 Hz, 6H). 13C{1H} 

NMR (151 MHz, Chloroform-d) δ 194.2, 133.9, 133.6, 129.8, 128.5, 102.5, 63.3, 15.3. 
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2,2-Dimethoxy-1-phenylethan-1-one (1ab) 

Substrate 1ab was synthesized according to a reported procedure. [1]  

1H NMR (400 MHz, Chloroform-d) δ 8.15 – 8.08 (m, 2H), 7.58 (t, J = 7.4 Hz, 1H), 

7.46 (t, J = 7.7 Hz, 2H), 5.23 (s, 1H), 3.48 (s, 6H). 13C{1H} NMR (101 MHz, 

Chloroform-d) δ 193.5, 133.9, 133.8, 129.6, 128.6, 103.4, 54.7. 

 

 

2,2-Diethoxy-1-(naphthalen-2-yl)ethan-1-one (1b) 

Substrate 1b was synthesized according to General procedure. Light yellow oil, 5.0 

mmol scale, 0.57 g, 2.2 mmol, 44% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 

1H NMR (600 MHz, Chloroform-d) δ 8.78 (s, 1H), 8.15 (dd, J = 8.6, 1.7 Hz, 1H), 7.99 

(d, J = 8.1 Hz, 1H), 7.90 – 7.85 (m, 2H), 7.62 – 7.58 (m, 1H), 7.56 – 7.52 (m, 1H), 5.41 

(s, 1H), 3.81 (dq, J = 9.6, 7.1 Hz, 2H), 3.71 (dq, J = 9.6, 7.0 Hz, 2H), 1.27 (t, J = 7.1 

Hz, 6H). 13C{1H} NMR (151 MHz, Chloroform-d) δ 194.2, 136.0, 132.6, 132.2, 131.2, 

130.1, 128.8, 128.2, 127.9, 126.7, 125.1, 102.7, 63.4, 15.4. The NMR data is consistent 

with that reported.[2] 
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2,2-Diethoxy-1-(o-tolyl)ethan-1-one (1c)  

Substrate 1c was synthesized according to General procedure. Colorless oil, 10 mmol 

scale, 1.4 g, 6.3 mmol, 63% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by purification 

with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 1H NMR 

(400 MHz, Chloroform-d) δ 8.02 – 7.95 (m, 1H), 7.42 – 7.35 (m, 1H), 7.29 – 7.21 (m, 

2H), 5.21 (s, 1H), 3.81 – 3.60 (m, 4H), 2.52 (s, 3H), 1.23 (t, J = 7.1 Hz, 6H). 13C{1H} 

NMR (101 MHz, Chloroform-d) δ 197.5, 139.9, 134.4, 132.0, 131.9, 130.2, 125.4, 

102.5, 63.2, 21.5, 15.3. The NMR data is consistent with that reported.[3] 

 

 

2,2-Diethoxy-1-(m-tolyl)ethan-1-one (1d) 

Substrate 1d was synthesized according to General procedure. Light yellow oil, 10 

mmol scale, 1.34 g, 6.04 mmol, 60% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 

1H NMR (600 MHz, Chloroform-d) δ 8.04 – 7.91 (m, 2H), 7.40 – 7.31 (m, 2H), 5.30 

(s, 1H), 3.75 (p, J = 7.4 Hz, 2H), 3.66 (p, J = 7.5 Hz, 2H), 2.41 (s, 3H), 1.25 (t, J = 7.0 

Hz, 6H). 13C{1H} NMR (151 MHz, Chloroform-d) δ 194.3, 138.3, 134.4, 134.0, 130.2, 

128.4, 127.1, 102.2, 63.2, 21.5, 15.4. The NMR data is consistent with that reported.[3] 

 

 

2,2-Diethoxy-1-(p-tolyl)ethan-1-one (1e) 

Substrate 1e was synthesized according to General procedure. Colorless oil, 1.4 mmol 

scale, 0.24 g, 1.1 mmol, 76% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by purification 
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with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 1H NMR 

(400 MHz, Chloroform-d) δ 8.06 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 8.1 Hz, 2H), 5.26 (s, 

1H), 3.80 – 3.60 (m, 4H), 2.41 (s, 3H), 1.24 (t, J = 7.1 Hz, 6H). 13C{1H} NMR (101 

MHz, Chloroform-d) δ 193.8, 144.5, 131.4, 130.0, 129.2, 102.5, 63.2, 21.9, 15.3. The 

NMR data is consistent with that reported.[2] 

 

 

1-([1,1'-Biphenyl]-4-yl)-2,2-diethoxyethan-1-one (1f) 

Substrate 1f was synthesized according to General procedure. Colorless oil, 18.5 

mmol scale, 4.10 g, 14.4 mmol, 78% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 

1H NMR (400 MHz, Chloroform-d) δ 8.25 (d, J = 8.5 Hz, 2H), 7.70 – 7.60 (m, 4H), 

7.51 – 7.43 (m, 2H), 7.43 – 7.37 (m, 1H), 5.29 (s, 1H), 3.79 (dq, J = 9.5, 7.1 Hz, 2H), 

3.68 (dq, J = 9.6, 7.0 Hz, 2H), 1.27 (t, J = 7.1 Hz, 6H). 13C{1H} NMR (101 MHz, 

Chloroform-d) δ 193.8, 146.2, 140.1, 132.6, 130.5, 129.0, 128.4, 127.4, 127.1, 102.8, 

63.40, 15.4. HRMS (ESI), m/z: [M+Na]+ Calcd for C18H20O3Na+: 307.1305; Found: 

307.1304. 

 

 

2,2-Diethoxy-1-(3-methoxyphenyl)ethan-1-one (1g) 

Substrate 1g was synthesized according to General procedure. Light yellow oil, 9.1 

mmol scale, 1.94 g, 8.15 mmol, 90% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 
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1H NMR (600 MHz, Chloroform-d) δ 7.78 (d, J = 7.7 Hz, 1H), 7.66 (s, 1H), 7.35-7.37 

(t, J = 7.9 Hz, 1H), 7.12 (dd, J = 8.2, 2.0 Hz, 1H), 5.28 (s, 1H), 3.85 (s, 3H), 3.79 – 3.72 

(m, 2H), 3.71 – 3.62 (m, 2H), 1.25 (t, J = 7.1 Hz, 6H). 13C{1H} NMR (151 MHz, 

Chloroform-d) δ 193.9, 159.7, 135.2, 129.5, 122.6, 120.3, 113.8, 102.3, 63.2, 55.5, 15.3. 

The NMR data is consistent with that reported.[3] 

 

 

2,2-Diethoxy-1-(4-methoxyphenyl)ethan-1-one (1h) 

Substrate 1h was synthesized according to General procedure. Light yellow oil, 9.1 

mmol scale, 1.99 g, 8.36 mmol, 92% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 

1H NMR (400 MHz, Chloroform-d) δ 8.16 (d, J = 8.9 Hz, 2H), 6.93 (d, J = 8.9 Hz, 2H), 

5.23 (s, 1H), 3.87 (s, 3H), 3.75 (dq, J = 9.6, 7.1 Hz, 2H), 3.64 (dq, J = 9.6, 7.0 Hz, 2H), 

1.24 (t, J = 7.0 Hz, 6H). 13C{1H} NMR (101 MHz, Chloroform-d) δ 192.8, 163.9, 132.3, 

126.9, 113.7, 102.8, 63.2, 55.6, 15.3. The NMR data is consistent with that reported.[2] 

 

 

1-(3,4-Dimethoxyphenyl)-2,2-diethoxyethan-1-one (1i) 

Substrate 1i was synthesized according to General procedure. Light yellow oil, 5 

mmol scale, 1.1 g, 4.1 mmol, 82% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 

1H NMR (600 MHz, Chloroform-d) δ 7.92 (dd, J = 8.5, 2.0 Hz, 1H), 7.67 (d, J = 2.0 

Hz, 1H), 6.90 (d, J = 8.5 Hz, 1H), 5.25 (s, 1H), 3.95 (s, 3H), 3.94 (s, 3H), 3.79 – 3.73 
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(m, 2H), 3.69 – 3.63 (m, 2H), 1.25 (t, J = 7.1 Hz, 6H). 13C{1H} NMR (151 MHz, 

Chloroform-d) δ 192.8, 153.8, 148.9, 126.9, 125.0, 111.7, 110.1, 102.7, 63.3, 56.2, 56.1, 

15.4. The NMR data is consistent with that reported.[2] 

 

 

2,2-Diethoxy-1-(2-fluorophenyl)ethan-1-one (1j) 

Substrate 1j was synthesized according to General procedure. Colorless oil, 15.5 

mmol scale, 2.91 g, 12.9 mmol, 83% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 

1H NMR (400 MHz, Chloroform-d) δ 7.93 – 7.84 (m, 1H), 7.57 – 7.48 (m, 1H), 7.26 – 

7.20 (m, 1H), 7.16 – 7.09 (m, 1H), 5.39 (d, J = 2.3 Hz, 1H), 3.80 – 3.63 (m, 4H), 1.24 

(t, J = 7.1 Hz, 6H). 13C{1H} NMR (101 MHz, Chloroform-d) δ 193.5 (d, J = 4.3 Hz), 

161.7 (d, J = 255.4 Hz), 134.8 (d, J = 9.1 Hz), 131.4 (d, J = 2.9 Hz), 124.5 (d, J = 3.3 

Hz), 124.2 (d, J = 13.7 Hz), 116.5 (d, J = 23.3 Hz), 101.8 (d, J = 5.8 Hz), 63.2, 15.3. 

HRMS (ESI), m/z: [M+Na]+ Calcd for C12H15FO3Na+: 249.0897; Found: 249.0897. 

 

 

2,2-Diethoxy-1-(4-fluorophenyl)ethan-1-one (1k)  

Substrate 1k was synthesized according to General procedure. Light yellow oil, 3.8 

mmol scale, 0.66 g, 2.9 mmol, 77% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 

1/0.02).1H NMR (600 MHz, Chloroform-d) δ 8.22 (dd, J = 8.7, 5.6 Hz, 2H), 7.12 (t, J 

= 8.6 Hz, 2H), 5.18 (s, 1H), 3.82 – 3.74 (m, 2H), 3.69 – 3.60 (m, 2H), 1.25 (t, J = 7.1 
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Hz, 6H). 13C{1H} NMR (151 MHz, Chloroform-d) δ 192.8, 166.1 (d, J = 255.5 Hz), 

132.8 (d, J = 9.3 Hz), 130.1 (d, J = 3.1 Hz), 115.6 (d, J = 21.7 Hz), 103.3, 63.7, 15.3. 

The NMR data is consistent with that reported.[4] 

 

 

1-(3,4-Difluorophenyl)-2,2-diethoxyethan-1-one (1l) 

Substrate 1l was synthesized according to General procedure. Colorless oil, 16.6 

mmol scale, 2.55 g, 10.4 mmol, 63% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 

1H NMR (600 MHz, Chloroform-d) δ 8.04 (ddd, J = 11.1, 7.9, 2.1 Hz, 1H), 8.01 – 7.96 

(m, 1H), 7.23 (ddd, J = 9.8, 8.6, 7.6 Hz, 1H), 5.11 (s, 1H), 3.79 (dq, J = 9.6, 7.1 Hz, 

2H), 3.63 (dq, J = 9.6, 7.0 Hz, 2H), 1.25 (t, J = 7.1 Hz, 6H). 13C{1H} NMR (151 MHz, 

Chloroform-d) δ 191.9, 154.0 (dd, J = 257.6, 13.0 Hz), 150.2 (dd, J = 249.6, 13.0 Hz), 

130.6 (t, J = 4.3 Hz), 127.3 (dd, J = 7.4, 3.6 Hz), 119.5 (d, J = 19.2 Hz), 117.4 (d, J = 

17.6 Hz), 103.8, 64.0, 15.3. HRMS (ESI), m/z: [M+H]+ Calcd for C12H14F2O3Na+: 

267.0803; Found: 267.0802. 

 

 

1-(4-Chlorophenyl)-2,2-diethoxyethan-1-one (1m) 

Substrate 1m was synthesized according to General procedure. Colorless oil, 12 mmol 

scale, 1.68 g, 6.94 mmol, 58% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by purification 

with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 1H NMR 

(600 MHz, Chloroform-d) δ 8.12 (d, J = 8.7 Hz, 2H), 7.42 (d, J = 8.7 Hz, 2H), 5.17 (s, 
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1H), 3.77 (dq, J = 9.5, 7.1 Hz, 2H), 3.64 (dq, J = 9.5, 7.0 Hz, 2H), 1.24 (t, J = 7.1 Hz, 

6H). 13C{1H} NMR (151 MHz, Chloroform-d) δ 193.2, 140.0, 132.0, 131.5, 128.8, 

103.3, 63.7, 15.3. The NMR data is consistent with that reported.[2] 

 

 

1-(4-Bromophenyl)-2,2-diethoxyethan-1-one (1n) 

Substrate 1n was synthesized according to General procedure. Colorless oil, 5 mmol 

scale, 1.20 g, 4.20 mmol, 84% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by purification 

with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 1H NMR 

(600 MHz, Chloroform-d) δ 8.04 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.5 Hz, 2H), 5.17 (s, 

1H), 3.77 (dq, J = 9.4, 7.1 Hz, 2H), 3.64 (dq, J = 9.4, 7.0 Hz, 2H), 1.24 (t, J = 7.1 Hz, 

6H). 13C{1H} NMR (151 MHz, Chloroform-d) δ 193.4, 132.4, 131.8, 131.5, 128.9, 

103.2, 63.7, 15.3. The NMR data is consistent with that reported.[2] 

 

 

Methyl 4-(2,2-diethoxyacetyl)benzoate (1o) 

Substrate 1o was synthesized according to General procedure. Light yellow oil, 8.3 

mmol scale, 1.34 g, 5.04 mmol, 61% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 

1H NMR (400 MHz, Chloroform-d) δ 8.22 (d, J = 8.5 Hz, 2H), 8.10 (d, J = 8.5 Hz, 2H), 

5.23 (s, 1H), 3.95 (s, 3H), 3.78 (dq, J = 9.5, 7.1 Hz, 2H), 3.66 (dq, J = 9.6, 7.1 Hz, 2H), 

1.25 (t, J = 7.1 Hz, 6H). 13C{1H} NMR (101 MHz, Chloroform-d) δ 193.8, 166.4, 137.1, 
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134.1, 129.9, 129.6, 103.0, 63.7, 52.5, 15.3. The NMR data is consistent with that 

reported.[4] 

 

 

2,2-Diethoxy-1-(thiophen-2-yl)ethan-1-one (1p) 

Substrate 1p was synthesized according to General procedure. Light yellow oil, 6.7 

mmol scale, 0.97 g, 4.5 mmol, 68% yield, Rf = 0.6 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 

1H NMR (400 MHz, Chloroform-d) δ 8.07 (dd, J = 3.9, 1.2 Hz, 1H), 7.67 (dd, J = 4.9, 

1.2 Hz, 1H), 7.14 (dd, J = 4.9, 3.8 Hz, 1H), 5.13 (s, 1H), 3.78 (dq, J = 9.5, 7.0 Hz, 2H), 

3.67 (dq, J = 9.5, 7.0 Hz, 2H), 1.28 (t, J = 7.1 Hz, 6H). 13C{1H} NMR (101 MHz, 

Chloroform-d) δ 187.9, 139.8, 134.9, 134.7, 128.1, 102.4, 63.3, 15.3. HRMS (ESI), m/z: 

[M+Na]+ Calcd for C10H14O3SNa+: 237.0556; Found: 237.0555. 

 

 

Methyl 4,4-dimethoxy-3-oxobutanoate (1q) 

Substrate 1q is commercially available. 1H NMR (600 MHz, Chloroform-d) δ 11.8 (s, 

0.19 H), 5.44 (s, 0.18 H), 5.84 (s, 0.18 H), 4.58 (s, 1H), 3.77 (s, 0.55H), 3.74 (s, 3H), 

3.60 (s, 2H), 3.43 (s, 6H), 3.38 (s, 1.17H). 13C NMR (151 MHz, Chloroform-d) δ 198.2, 

167.6, 103.7, 99.6, 90.6, 55.1, 53.5, 52.5, 51.6, 44.3. 
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1,1-Diethoxy-3-phenylpropan-2-one (1r) 

Substrate 1r was synthesized according to a reported procedure. [5] 

1H NMR (400 MHz, Chloroform-d) δ 7.35 – 7.18 (m, 6H), 4.63 (s, 1H), 3.89 (s, 2H), 

3.70 (dq, J = 9.5, 7.1 Hz, 2H), 3.55 (dq, J = 9.5, 7.1 Hz, 2H), 1.25 (t, J = 7.1 Hz, 6H). 

The NMR data is consistent with that reported.[5] 

 

 

2,2-Dimethoxy-1,2-diphenylethan-1-one (1s) 

Substrate 1s is commercially available. 1H NMR (400 MHz, Chloroform-d) δ 8.09 – 

8.01 (m, 2H), 7.64 – 7.59 (m, 2H), 7.46 – 7.40 (m, 1H), 7.37 – 7.27 (m, 5H), 3.22 (s, 

6H).13C{H1} NMR (101 MHz, Chloroform-d) δ 195.3, 137.0, 134.4, 133.0, 130.1, 

129.1, 128.7, 128.27, 127.1, 103.7, 50.2. 

 

 

2,2-Diethoxy-1-(4-nitrophenyl)ethan-1-one (1t) 

Substrate 1t was synthesized according to General procedure. Light yellow oil, 19.7 

mmol scale, 1.04 g, 4.11 mmol, 22% yield, Rf = 0.5 (Hex/EA = 95/5), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.02). 

1H NMR (400 MHz, Chloroform-d) δ 8.40 – 8.24 (m, 4H), 5.15 (s, 1H), 3.89 – 3.77 (m, 
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2H), 3.72 – 3.60 (m, 2H), 1.26 (t, J = 7.0 Hz, 6H). 13C{1H} NMR (101 MHz, 

Chloroform-d) δ 192.9, 150.5, 138.2, 131.2, 123.5, 104.0, 64.3, 15.3. The NMR data is 

consistent with that reported.[4] 
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Ⅲ. General Procedures for Direct Asymmetric Reductive Amination of α-Keto 

Acetals 

3.1 General Procedure for direct asymmetric reductive amination of α-keto acetals 

The catalyst Ru(OAc)2(L) was synthesized according to reported procedures.[6]  

In a glovebox, Ru(OAc)2(L) (0.002 mmol), substrate (0.2 mmol), ammonium salt 

(30.8 mg, 0.4 mmol) and TFE (1.0 ml) were successively added to a 5 mL vial equipped 

with a magnetic stirring bar. The mixture was then transferred to a stain-less autoclave 

and purged by three cycles of pressurization/venting with H2. The required H2 pressure 

(50 atm) was then installed, and the autoclave was placed in an oil bath preheated to 

90 ℃. The autoclave was cooled down to room temperature after 20 h and the pressure 

was slowly released in the hood. The reaction was quenched by saturated NaHCO3 

solution (2 mL) and extracted with DCM (3 mL x 3). The combined organic phase was 

dried over anhydrous Na2SO4, filtered and evaporated under reduced pressure. The 

residue was subjected to column chromatography on silica gel (eluent: 

DCM/MeOH/Et3N = 1/0.01/0.002) to afford desired products.  

To facilitate the measurement of enantiomeric excess, the chiral primary amines 

obtained were all derived into their acylamides or benzylamides. Procedure: primary 

amine (0.2 mmol) was dissolved in dichloromethane (1 mL), followed by addition of 

triethylamine (80 L) and acetic anhydride (40 μL) or BzCl (40 μL) at 0 °C. After 

stirred at room temperature for 2 h, saturated NaHCO3 solution (1 mL) was added to 

quench the reaction. The organic phase was separated, dried, and evaporated under 

reduced pressure. The corresponding acetamides obtained were used for HPLC test to 

evaluate the ee value. For primary amine products 2ab, 2c, 2j and 2q, the yields and 

characterizations were determined after acetylation or benzoylation due to difficulty of 

purification.  



15 

 

 

3.2 Determination of products’ absolute configuration 

The absolute configuration of 2aa was established by converting it to a known 

amino alcohol. For the details, please see 4.4 Reduction to amino alcohol.  

 

3.3 Evaluation of hydrogen pressure 

 

entry solvent P/bar yield ee 

1 TFE 50 87% 97% 

2 TFE 40 85% 95% 

3 TFE 30 88% 95% 

4 TFE 2 0 - 

Reaction conditions: 1 (0.1 mmol), Ru(OAc)2(S)-L1b (0.001 mmol), NH4OAc (0.2 

mmol), TFE (0.5 mL), H2, 90 oC, 20 h.  

 

3.4 Characterization data of products 

 

(S)-2-Bromo-5,6-dihydro-[1,1'-biphenyl]-3(4H)-ol (2aa) 

Light yellow oil, 36.4 mg, 0.174 mmol, 87% yield (41.8 mg 1aa used), 97% ee, [α]27
D 

= +9.6 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with 

flash column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 
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1H NMR (600 MHz, Chloroform-d) δ 7.41 (d, J = 7.3 Hz, 2H), 7.32 (t, J = 7.5 Hz, 2H), 

7.27 – 7.24 (m, 1H), 4.38 (d, J = 6.1 Hz, 1H), 4.00 (d, J = 6.1 Hz, 1H), 3.80 – 3.73 (m, 

1H), 3.58 – 3.52 (m, 1H), 3.52 – 3.45 (m, 1H), 3.26 – 3.18 (m, 1H), 1.22 (t, J = 7.0 Hz, 

3H), 1.02 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 MHz, Chloroform-d) δ 141.6, 128.2, 

127.9, 127.4, 107.1, 64.2, 63.9, 58.9, 15.4, 15.2. The ee value were determined after 

acylation. HPLC: Chiracel OD-3 Column (250 mm); detected at 210 nm; n-hexane / i-

propanol = 90/10; flow = 0.8 mL/min; Retention time: 6.9 min (major), 8.5 min (minor). 

HRMS (ESI), m/z: [M+H]+ Calcd for C12H20NO2
+: 210.1489; Found: 210.1493.  

 

 

(S)-2,2-Dimethoxy-1-phenylethan-1-amine (2ab) 

Because of difficulty of purification, the yield and characterization of 2c is determined 

after acetylation to 2ab-Ac. 

 

 

(S)-N-(2,2-Dimethoxy-1-phenylethyl)acetamide (2ab-Ac) 

White solid, 40.6 mg, 0.182 mmol, 91% overall yield after acetylation (36.2 mg 1ab 

used), 94% ee, [α]27
D = +38.6 (c=0.5, CHCl3), Rf = 0.4 (Hex/EA = 65/35), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.2). 

1H NMR (600 MHz, Chloroform-d) δ 7.34 – 7.30 (m, 4H), 7.28 – 7.24 (m, 1H), 6.44 – 

6.27 (m, 1H), 5.18 (dd, J = 8.4, 3.2 Hz, 1H), 4.42 (d, J = 3.2 Hz, 1H), 3.43 (s, 3H), 3.37 

(s, 3H), 2.03 (s, 3H). 13C{1H} NMR (151 MHz, Chloroform-d) δ 169.8, 138.6, 128.5, 

127.7, 127.5, 106.5, 56.2, 55.8, 54.7, 23.5. HPLC: Chiracel OD-H Column (250 mm); 
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detected at 210 nm; n-hexane / i-propanol = 95/5; flow = 0.8 mL/min; Retention time: 

20.0 min (major), 25.1 min (minor). HRMS (ESI), m/z: [M+Na]+ Calcd for 

C12H17NO3Na+: 246.1101; Found: 246.1100. 

 

 

(S)-2,2-Diethoxy-1-(naphthalen-2-yl)ethan-1-amine (2b) 

Light yellow oil, 47.1 mg, 0.182 mmol, 91% yield (51.8 mg 1b used), 98% ee, [α]24
D = 

+7.6 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with flash 

column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 1H 

NMR (600 MHz, Chloroform-d) δ 7.89 – 7.87 (m, 1H), 7.84 – 7.81 (m, 2H), 7.80 (d, J 

= 8.7 Hz, 1H), 7.56 (dd, J = 8.4, 1.7 Hz, 1H), 7.47 – 7.43 (m, 2H), 4.48 (d, J = 6.2 Hz, 

1H), 4.18 (d, J = 6.1 Hz, 1H), 3.84 – 3.73 (m, 1H), 3.59 – 3.48 (m, 2H), 3.26 – 3.18 (m, 

1H), 1.23 (t, J = 7.0 Hz, 3H), 1.00 (t, J = 7.0 Hz, 3H). 13C{1H} NMR (151 MHz, 

Chloroform-d) δ 139.2, 133.4, 133.1, 128.1, 127.8, 127.7, 126.6, 126.3, 126.0, 125.8, 

107.1, 64.3, 64.0, 59.0, 15.5, 15.3. The ee value were determined after acylation. HPLC: 

Chiracel ODH Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; 

flow = 0.8 mL/min; Retention time: 16.8 min (minor), 25.8 min (major). HRMS (ESI), 

m/z: [M+Na]+ Calcd for C16H22NO2
+: 260.1645; Found: 260.1644. 

 

 

(S)-2,2-Diethoxy-1-(o-tolyl)ethan-1-amine (2c) 

Because of difficulty of purification, the yield and characterization of 2c is determined 

after acetylation to 2c-Ac.  
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(S)-N-(2,2-Diethoxy-1-(o-tolyl)ethyl)acetamide (2c-Ac) 

White solid, 27.0 mg, 0.102 mmol, 52% overall yield after acetylation (44.4 mg 1c 

used), 78 % ee, [α]27
D = +6.1 (c=0.5, CHCl3), Rf = 0.3 (Hex/EA = 65/35), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.2). 

1H NMR (600 MHz, Chloroform-d) δ 7.34 – 7.27 (m, 1H), 7.23 – 7.11 (m, 3H), 6.39 

(d, J = 8.1 Hz, 1H), 5.39 (dd, J = 8.1, 2.7 Hz, 1H), 4.47 (d, J = 2.8 Hz, 1H), 3.73 (dq, J 

= 9.0, 7.1 Hz, 1H), 3.66 (dq, J = 8.8, 7.1 Hz, 1H), 3.58 (dq, J = 9.0, 7.1 Hz, 1H), 3.37 

(dq, J = 9.2, 7.1 Hz, 1H), 2.45 (s, 3H), 2.02 (s, 3H), 1.21 (t, J = 7.0 Hz, 3H), 1.14 (t, J 

= 7.1 Hz, 3H). 13C{H1} NMR (151 MHz, Chloroform-d) δ 169.6, 137.4, 136.1, 130.4, 

127.4, 126.9, 126.0, 103.6, 64.5, 63.7, 51.6, 23.6, 19.7, 15.3, 15.2. HPLC: Chiracel OD-

3 Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow = 0.8 

mL/min; Retention time: 9.4 min (major), 10.9 min (minor). HRMS (ESI), m/z: 

[M+Na]+ Calcd for C15H23NO3Na+: 288.1570; Found: 288.1568. 

 

 

(S)-2,2-Diethoxy-1-(m-tolyl)ethan-1-amine (2d) 

Light yellow oil, 27.1 mg, 0.122 mmol, 61% yield (44.5 mg 1d used), >99% ee, [α]22
D 

= +6.4 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with 

flash column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 

1H NMR (400 MHz, Chloroform-d) δ 7.25 – 7.17 (m, 3H), 7.10 – 7.04 (m, 1H), 4.39 

(d, J = 6.1 Hz, 1H), 3.96 (d, J = 6.1 Hz, 1H), 3.84 – 3.71 (m, 1H), 3.61 – 3.44 (m, 2H), 
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3.29 – 3.18 (m, 1H), 2.35 (s, 3H), 1.22 (t, J = 7.0 Hz, 3H), 1.03 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (101 MHz, Chloroform-d) δ 141.5, 137.8, 128.6, 128.2, 128.1, 125.0, 

107.1, 64.1, 63.9, 58.8, 21.6, 15.4, 15.2. The ee value were determined after acylation. 

HPLC: Chiracel ODH Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 

95/5; flow = 0.8 mL/min; Retention time: 9.8 min (minor), 11.5 min (major). HRMS 

(ESI), m/z: [M+H]+ Calcd for C13H22NO2
+: 224.1645; Found: 224.1643. 

 

 

(S)-2,2-Diethoxy-1-(p-tolyl)ethan-1-amine (2e) 

Light yellow oil, 34.3 mg, 0.154 mmol, 77% yield (44.6 mg 1e used), 97 % ee, [α]21
D 

= +11.8 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with 

flash column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 

1H NMR (400 MHz, Chloroform-d) δ 7.28 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 7.9 Hz, 2H), 

4.37 (d, J = 6.1 Hz, 1H), 3.96 (d, J = 6.1 Hz, 1H), 3.81 – 3.71 (m, 1H), 3.59 – 3.44 (m, 

2H), 3.28 – 3.18 (m, 1H), 2.33 (s, 3H), 1.22 (t, J = 7.0 Hz, 3H), 1.03 (t, J = 7.0 Hz, 3H). 

13C{1H} NMR (101 MHz, Chloroform-d) δ 138.5, 137.0, 128.9, 127.7, 107.1, 64.1, 

63.9, 58.6, 21.2, 15.4, 15.3. The ee value were determined after acylation. HPLC: 

Chiracel OD-3 Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; 

flow = 1.0 mL/min; Retention time: 8.9 min (major), 10.6 min (minor). HRMS (ESI), 

m/z: [M+H]+ Calcd for C13H22NO2
+: 224.1645; Found: 224.1642. 

 

 

(S)-1-([1,1'-Biphenyl]-4-yl)-2,2-diethoxyethan-1-amine (2f) 
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Light yellow oil, 49.6 mg, 0.174 mmol, 87% yield (57.0 mg 1f used), 94% ee, [α]26
D = 

+21.3 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with 

flash column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 

1H NMR (600 MHz, Chloroform-d) δ 7.59 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 7.9 Hz, 2H), 

7.48 (d, J = 7.9 Hz, 2H), 7.42 (t, J = 7.5 Hz, 2H), 7.33 (t, J = 7.1 Hz, 1H), 4.45 (d, J = 

6.0 Hz, 1H), 4.05 (d, J = 6.0 Hz, 1H), 3.83 – 3.74 (m, 1H), 3.63 – 3.48 (m, 2H), 3.33 – 

3.23 (m, 1H), 1.23 (t, J = 7.0 Hz, 3H), 1.05 (t, J = 7.0 Hz, 3H). 13C{1H} NMR (151 

MHz, Chloroform-d) δ 141.0, 140.4, 140.3, 128.9, 128.3, 127.3, 127.1, 127.0, 106.8, 

64.2, 64.0, 58.5, 15.4, 15.3. The ee value were determined after acylation. HPLC: 

Chiracel OD-3 Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; 

flow = 1.0 mL/min; Retention time: 11.4 min (major), 12.8 min (minor). HRMS (ESI), 

m/z: [M+H]+ Calcd for C18H24NO2
+: 286.1802; Found: 286.1806. 

 

 

(S)-2,2-Diethoxy-1-(3-methoxyphenyl)ethan-1-amine (2g) 

Light yellow oil, 42.6 mg, 0.178 mmol, 89% yield (47.8 mg 1g used), 95% ee, [α]26
D = 

+5.1 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with flash 

column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 1H 

NMR (400 MHz, Chloroform-d) δ 7.23 (t, J = 8.1 Hz, 1H), 7.02 – 6.96 (m, 2H), 6.84 – 

6.79 (m, 1H), 4.38 (d, J = 6.0 Hz, 1H), 3.98 (d, J = 6.1 Hz, 1H), 3.83 – 3.72 (m, 4H), 

3.61 – 3.44 (m, 2H), 3.29 – 3.19 (m, 1H), 1.22 (t, J = 7.1 Hz, 3H), 1.04 (t, J = 7.0 Hz, 

3H). 13C{1H} NMR (101 MHz, Chloroform-d) δ 159.6, 143.3, 129.2, 120.3, 113.3, 

113.1, 107.0, 64.3, 64.0, 58.9, 55.3, 15.4, 15.3. The ee value were determined after 

acylation. HPLC: Chiracel AD-3 Column (250 mm); detected at 210 nm; n-hexane / i-

propanol = 95/5; flow = 0.8 mL/min; Retention time: 16.2 min (minor), 20.2 min 
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(major). HRMS (ESI), m/z: [M+H]+ Calcd for C13H22NO3
+: 240.1594; Found: 

240.1592. 

 

 

(S)-2,2-Diethoxy-1-(4-methoxyphenyl)ethan-1-amine (2h) 

Light yellow oil, 34.9 mg, 0.146 mmol, 73% yield (47.8 mg 1h used), 92% ee, [α]22
D = 

+12.0 (c=0.5, CH2Cl2), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with 

flash column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 

1H NMR (600 MHz, Chloroform-d) δ 7.32 (d, J = 8.7 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 

4.34 (d, J = 6.2 Hz, 1H), 3.95 (d, J = 6.1 Hz, 1H), 3.80 (s, 3H), 3.78 – 3.73 (m, 1H), 

3.58 – 3.44 (m, 2H), 3.27 – 3.18 (m, 1H), 1.22 (t, J = 7.0 Hz, 3H), 1.03 (t, J = 7.0 Hz, 

3H). 13C{1H} NMR (151 MHz, Chloroform-d) δ 158.9, 133.7, 128.9, 113.6, 107.2, 64.2, 

63.9, 58.2, 55.3, 15.4, 15.3. The ee value were determined after acylation. HPLC: 

Chiracel ODH Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; 

flow = 0.8 mL/min; Retention time: 9.6 min (major). HRMS (ESI), m/z: [M+H]+ Calcd 

for C13H22NO3
+: 240.1594; Found: 240.1590. 

 

 

(S)-1-(3,4-Dimethoxyphenyl)-2,2-diethoxyethan-1-amine (2i) 

Light yellow oil, 42.0 mg, 0.156 mmol, 78% yield (53.8 mg 1i used), 85% ee, [α]23
D = 

+4.3 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with flash 

column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 1H 

NMR (600 MHz, Chloroform-d) δ 7.00 (d, J = 1.9 Hz, 1H), 6.95 (dd, J = 8.2, 1.9 Hz, 
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1H), 6.83 (d, J = 8.2 Hz, 1H), 4.35 (d, J = 6.2 Hz, 1H), 3.95 (d, J = 6.2 Hz, 1H), 3.89 

(s, 3H), 3.87 (s, 3H), 3.80 – 3.74 (m, 1H), 3.57 – 3.46 (m, 2H), 3.26 – 3.17 (m, 1H), 

1.23 (t, J = 7.1 Hz, 3H), 1.04 (t, J = 7.0 Hz, 3H). 13C{1H} NMR (151 MHz, Chloroform-

d) δ 148.8, 148.4, 134.0, 120.0, 111.0, 110.9, 107.1, 64.4, 64.3, 63.9, 58.6, 56.0, 15.4, 

15.3. The ee value were determined after acylation. HPLC: Chiracel OJ-3 Column (250 

mm); detected at 210 nm; n-hexane / i-propanol = 90/10; flow = 0.8 mL/min; Retention 

time: 10.6 min (minor), 13.9 min (major). HRMS (ESI), m/z: [M+H]+ Calcd for 

C14H24NO4
+: 270.1700; Found: 270.1969. 

 

 

(S)-2,2-Diethoxy-1-(2-fluorophenyl)ethan-1-amine (2j) 

Because of difficulty of purification, the yield and characterization of 2j is determined 

after acetylation to 2j-Ac.  

 

 

(S)-N-(2,2-Diethoxy-1-(2-fluorophenyl)ethyl)acetamide (2j-Ac) 

Light yellow oil, 41.2 mg, 0.153 mmol, 77% overall yield after acetylation (45.3 mg 1j 

used), 99% ee, [α]27
D = +9.6 (c=0.5, CHCl3), Rf = 0.2 (Hex/EA = 65/35), obtained by 

purification with flash column chromatography on silica gel (eluent: Hex/EA = 1/0.2). 

1H NMR (600 MHz, Chloroform-d) δ 7.30-7.28 (td, J = 7.6, 1.7 Hz, 1H), 7.26 – 7.21 

(m, 1H), 7.13 – 7.07 (m, 1H), 7.06 – 6.98 (m, 1H), 6.39 (d, 1H), 5.46 (dd, J = 8.4, 2.9 

Hz, 1H), 4.59 (d, J = 3.0 Hz, 1H), 3.74 – 3.64 (m, 2H), 3.64 – 3.57 (m, 1H), 3.42 – 3.35 

(m, 1H), 2.06 (s, 3H), 1.21 (t, J = 7.0 Hz, 3H), 1.09 (t, J = 7.1 Hz, 3H). 13C{1H} NMR 
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(151 MHz, Chloroform-d) δ 169.8, 160.6 (d, J = 245.6 Hz), 129.1, 129.1 (d, J = 3.4 

Hz), 125.8 (d, J = 13.4 Hz), 124.1 (d, J = 3.6 Hz), 115.4 (d, J = 21.9 Hz), 102.8 (d, J = 

1.8 Hz), 64.2, 63.7, 50.4, 23.5, 15.2, 15.1. HPLC: Chiracel OD-3 Column (250 mm); 

detected at 210 nm; n-hexane / i-propanol = 95/5; flow = 0.8 mL/min; Retention time: 

10.3 min (minor), 10.6 min (major). HRMS (ESI), m/z: [M+Na]+ Calcd for 

C14H20FNO3Na+: 292.1319; Found: 292.1318. 

 

 

(S)-2,2-Diethoxy-1-(4-fluorophenyl)ethan-1-amine (2k) 

Light yellow oil, 28.6 mg, 0.126 mmol, 63% yield (45.4 mg 1k used), 98% ee, [α]23
D = 

+7.0 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with flash 

column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 1H 

NMR (400 MHz, Chloroform-d) δ 7.42 – 7.35 (m, 2H), 7.03 – 6.98 (m, 2H), 4.34 (d, J 

= 6.1 Hz, 1H), 3.99 (d, J = 6.1 Hz, 1H), 3.81 – 3.70 (m, 1H), 3.62 – 3.44 (m, 2H), 3.28 

– 3.16 (m, 1H), 1.22 (t, J = 7.0 Hz, 3H), 1.03 (t, J = 7.0 Hz, 3H). 13C{1H} NMR (101 

MHz, Chloroform-d) δ 162.3 (d, J = 245.0 Hz), 137.2 (d, J = 3.0), 129.4 (d, J = 7.9 Hz), 

115.0 (d, J = 21.2 Hz), 107.0, 64.4, 64.0, 58.2, 15.4, 15.2. The ee value were determined 

after acylation. HPLC: Chiracel AD-3 Column (250 mm); detected at 210 nm; n-hexane 

/ i-propanol = 95/5; flow = 0.8 mL/min; Retention time: 14.4 min (minor), 16.3 min 

(major). HRMS (ESI), m/z: [M+H]+ Calcd for C12H19FNO2
+: 228.1394; Found: 

228.1392. 
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(S)-1-(3,4-Difluorophenyl)-2,2-diethoxyethan-1-amine (2l) 

Light yellow oil, 29.9 mg, 0.122 mmol, 61% yield (49.0 mg 1l used), 98% ee, [α]25
D = 

+3.2 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with flash 

column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 1H 

NMR (600 MHz, Chloroform-d) δ 7.31 (ddd, J = 11.5, 7.7, 2.1 Hz, 1H), 7.17 – 7.14 (m, 

1H), 7.13 – 7.07 (m, 1H), 4.40 (d, J = 5.9 Hz, 1H), 4.01 (d, J = 5.9 Hz, 1H), 3.79 – 3.72 

(m, 1H), 3.64 – 3.57 (m, 1H), 3.52 (dq, J = 9.3, 7.0 Hz, 1H), 3.33 – 3.25 (m, 1H), 1.22 

(t, J = 7.0 Hz, 3H), 1.06 (t, J = 7.0 Hz, 3H). 13C{1H} NMR (151 MHz, Chloroform-d) 

δ 150.2 (dd, J = 247.6, 13.8 Hz), 149.9 (dd, J = 247.6 12.8 Hz)137.2, 124.2 (dd, J = 6.2, 

3.5 Hz), 117.0 (d, J = 10.7), 116.9 (d, J = 9.9), 105.8, 64.6, 64.2, 57.9, 15.4, 15.2. The 

ee value were determined after acylation. HPLC: Chiracel OD-3 Column (250 mm); 

detected at 210 nm; n-hexane / i-propanol = 95/5; flow = 0.8 mL/min; Retention time: 

10.1 min (minor), 10.7 min (major). HRMS (ESI), m/z: [M+H]+ Calcd for 

C12H18F2NO2
+: 246.1300; Found: 246.1296. 

 

 

(S)-1-(4-Chlorophenyl)-2,2-diethoxyethan-1-amine (2m) 

Light yellow oil, 39.8 mg, 0.164 mmol, 79% yield (50.2 mg 1m used), >99% ee, [α]26
D 

= +8.2 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with 

flash column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 

1H NMR (600 MHz, Chloroform-d) δ 7.36 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H), 

4.37 (d, J = 6.0 Hz, 1H), 4.00 (d, J = 6.0 Hz, 1H), 3.79 – 3.73 (m, 1H), 3.60 – 3.54 (m, 

1H), 3.53 – 3.47 (m, 1H), 3.28 – 3.22 (m, 1H), 1.21 (t, J = 7.0 Hz, 3H), 1.04 (t, J = 7.0 

Hz, 3H). 13C{1H} NMR (151 MHz, Chloroform-d) δ 139.6, 133.3, 129.4, 128.4, 106.5, 

64.5, 64.1, 58.3, 15.4, 15.2. The ee value were determined after acylation. HPLC: 

Chiracel OJ-3 Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; 
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flow = 0.8 mL/min; Retention time: 15.7 min (major). HRMS (ESI), m/z: [M+H]+ 

Calcd for C12H19ClNO2
+: 244.1099; Found: 244.1096. 

 

 

(S)-1-(4-Bromophenyl)-2,2-diethoxyethan-1-amine (2n) 

Light yellow oil, 43.2mg, 0.150 mmol, 74% yield (58.4 mg 1n used), 95% ee, [α]21
D = 

+9.4 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with flash 

column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 1H 

NMR (400 MHz, Chloroform-d) δ 7.57 (d, J = 8.5 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 

4.46 (d, J = 6.0 Hz, 1H), 4.09 (d, J = 6.1 Hz, 1H), 3.93 – 3.84 (m, 1H), 3.74 – 3.57 (m, 

2H), 3.41 – 3.31 (m, 1H), 1.34 (t, J = 7.0 Hz, 3H), 1.17 (t, J = 7.0 Hz, 3H). 13C{1H} 

NMR (101 MHz, Chloroform-d) δ 140.7, 131.3, 129.7, 121.3, 106.8, 64.4, 64.0, 58.4, 

15.4, 15.2. The ee value were determined after acylation. HPLC: Chiracel AD-3 

Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow = 0.8 

mL/min; Retention time: 14.8 min (minor), 16.7 min (major). HRMS (ESI), m/z: 

[M+H]+ Calcd for C12H19BrNO2
+: 288.0594; Found: 288.0598. 

 

 

(S)-Methyl-4-(1-amino-2,2-diethoxyethyl)benzoate (2o)  

Light yellow oil, 37.4 mg, 0.140 mmol, 70% yield (53.4 mg 1o used), 96% ee, [α]22
D = 

+2.6 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with flash 

column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 1H 

NMR (600 MHz, Chloroform-d) δ 8.00 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.1 Hz, 2H), 
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4.38 (d, J = 6.0 Hz, 1H), 4.07 (d, J = 5.9 Hz, 1H), 3.91 (s, 3H), 3.79 – 3.71 (m, 1H), 

3.60 – 3.54 (m, 1H), 3.52 – 3.45 (m, 1H), 3.26 – 3.19 (m, 1H), 1.21 (t, J = 7.0 Hz, 3H), 

1.02 (t, J = 7.0 Hz, 3H). 13C{1H} NMR (151 MHz, Chloroform-d) δ 167.2, 146.9, 129.5, 

129.3, 128.0, 106.7, 64.5, 64.0, 58.8, 52.2, 15.4, 15.2. The ee value were determined 

after acylation. HPLC: Chiracel AD-3 Column (250 mm); detected at 210 nm; n-hexane 

/ i-propanol = 90/10; flow = 0.8 mL/min; Retention time: 12.0 min (major), 14.9 min 

(minor). HRMS (ESI), m/z: [M+H]+ Calcd for C14H22NO4
+: 268.1543; Found: 

268.1539. 

 

 

(R)-2,2-Diethoxy-1-(thiophen-2-yl)ethan-1-amine (2p) 

Light yellow oil, 36.3 mg, 0.169 mmol, 85% yield (42.8 mg 1p used), 62% ee, [α]22
D = 

+2.6 (c=0.5, CHCl3), Rf = 0.3 (DCM/MeOH = 95/5), obtained by purification with flash 

column chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002). 1H 

NMR (400 MHz, Chloroform-d) δ 7.22 (dd, J = 5.1, 1.2 Hz, 1H), 7.04 (d, J = 3.4 Hz, 

1H), 6.97 (dd, J = 5.1, 3.5 Hz, 1H), 4.39 (d, J = 5.9 Hz, 1H), 4.33 – 4.25 (m, 1H), 3.84 

– 3.74 (m, 1H), 3.69 – 3.50 (m, 2H), 3.41 – 3.29 (m, 1H), 1.24 (t, J = 7.0 Hz, 3H), 1.12 

(t, J = 7.0 Hz, 3H). 13C{1H} NMR (101 MHz, Chloroform-d) δ 145.4, 126.6, 124.9, 

124.5, 106.6, 64.4, 64.0, 55.1, 15.4, 15.3. The ee value were determined after acylation. 

UPLC: Chiracel OD-3 Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 

95/5; flow = 0.5 mL/min; Retention time: 3.9 min (major), 4.4 min (minor). HRMS 

(ESI), m/z: [M+H]+ Calcd for C10H18NO2S
+: 216.1053; Found: 216.1056. 

 

 



27 

 

Methyl 3-amino-4,4-dimethoxybutanoate (2q) 

For direct asymmetric reductive amination of 2q, MeOH was used as solvent instead 

of TFE. Because of difficulty of purification, the yield and characterization of 2q is 

determined after benzoylation to 2q-Bz.  

 

 

Methyl 3-benzamido-4,4-dimethoxybutanoate (2q-Bz) 

White solid, 46.6 mg, 0.166 mmol, 83% yield (35.4 mg 1q used), 98% ee, [α]24
D = -2.3 

(c=1.0, CHCl3), Rf = 0.5 (Hex/EA = 80/20), obtained by purification with flash column 

chromatography on silica gel (eluent: Hex/EA = 1/0.1). 1H NMR (600 MHz, 

Chloroform-d) δ 7.82 – 7.78 (m, 2H), 7.51 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 

7.04 – 6.92 (m, 1H), 4.71 – 4.64 (m, 1H), 4.50 (d, J = 3.9 Hz, 1H), 3.70 (s, 3H), 3.46 

(s, 3H), 3.43 (s, 3H), 2.70 (qd, J = 15.7, 5.8 Hz, 2H). 13C NMR (151 MHz, Chloroform-

d) δ 172.7, 167.1, 134.4, 131.8, 128.7, 127.2, 104.8, 56.2, 55.6, 52.0, 48.2, 33.6. HPLC: 

Chiracel AD-3 Column (250 mm); detected at 230 nm; n-hexane / i-propanol = 90/10; 

flow = 0.8 mL/min; Retention time: 17.2 min (minor), 19.9 min (major). HRMS (ESI), 

m/z: [M+Na]+ Calcd for C14H19NO5Na+: 304.1155; Found: 304.1153. 
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IV. Product Transformations 

4.1 Gram-scale reaction: 

 

In a glovebox, Ru(OAc)2(S-L1b) (70 mg, 0.050 mmol), 1aa (1.01 g, 4.9 mmol), 

ammonium salt (0.77 g, 10 mmol) and TFE (20 ml) were successively added to a 50 

mL reaction tube equipped with a magnetic stirring bar. The mixture was then 

transferred to a stain-less autoclave and purged by three cycles of pressurization/venting 

with H2. The required H2 pressure (50 atm) was then installed, and the autoclave was 

placed in an oil bath preheated to 90 ℃. The autoclave was cooled down to room 

temperature after 48 h and the pressure was slowly released in the hood. The reaction 

was quenched by saturated NaHCO3 solution (20 mL) and extracted with DCM (30 mL 

x 3). The combined organic phase was dried over anhydrous Na2SO4, filtered and 

evaporated under reduced pressure. The residue was subjected to column 

chromatography on silica gel (eluent: DCM/MeOH/Et3N = 1/0.01/0.002) to afford 

desired products 0.81 g, 80% yield, 96% ee. 

 

4.2 N-Alkylation: 

 

AcOH (0.3 mmol，18 μL) was added to the solution of 2aa (0.2 mmol, 40.8 mg ) and 

PhCHO (0.3 mmol, 31.8 mg) in 3 mL MeOH, and the mixture was stirred for 3 h at 

room temperature. Then, NaBH3CN (0.6 mmol, 38 mg) was added, and the reaction 

was stirred at 40 ℃ for 15 h. Upon completion of reaction, the reaction was quenched 

by 3 mL of saturated NH4Cl/H2O solution, followed by extraction with EA (10 mL x 3 

times). The organic layer was combined, dried over anhydrous Na2SO4, filtered and 
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then evaporated under reduced pressure. The residue was subjected to flash column 

chromatography on silica gel (eluent: Hex/EA = 1/0.1) to afford 3 as a yellow solid. 

 

 

(S)-N-Benzyl-2,2-diethoxy-1-phenylethan-1-amine (3) 

Yellow solid, 46.6 mg, 0.156 mmol, 78% yield, 95% ee, [α]22
D = +35.0 (c=0.5, CHCl3), 

Rf = 0.3 (Hex/EA = 95/5). 1H NMR (400 MHz, Chloroform-d) δ 7.48 – 7.41 (m, 2H), 

7.36 – 7.20 (m, 8H), 4.42 (d, J = 7.0 Hz, 1H), 3.79 – 3.60 (m, 3H), 3.53 – 3.42 (m, 3H), 

3.12 – 3.03 (m, 1H), 1.21 (t, J = 7.1 Hz, 3H), 0.93 (t, J = 7.0 Hz, 3H). 13C{1H} NMR 

(101 MHz, Chloroform-d) δ 140.7, 139.8, 129.0, 128.4, 128.3, 128.2, 127.5, 126.9, 

106.5, 65.3, 64.5, 63.0, 51.1, 15.4, 15.1. HPLC: Chiracel AD-3 Column (250 mm); 

detected at 210 nm; n-hexane / i-propanol = 95/5; flow = 0.8 mL/min; Retention time: 

5.5 min (major), 6.6 min (minor). HRMS (ESI), m/z: [M+H]+ Calcd for C19H26NO2
+: 

300.1958, Found: 300.1957. 

 

4.3 N-Benzoylation: 

 

 

Primary amine 2aa (41.8 mg, 0.2 mmol) was dissolved in dichloromethane (1 mL), 

followed by addition of triethylamine (80 L) and BzCl (40 L) at 0 °C. After stirred 

at room temperature for 2 h, saturated NaHCO3 solution (3 mL) was added to quench 

the reaction, followed by extraction with DCM (5 mL x 3 times). The organic phase 

was combined, dried over anhydrous Na2SO4, filtered, and then evaporated under 
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reduced pressure. The residue was subjected to flash column chromatography on silica 

gel (eluent: Hex/EA = 1/0.1) to afford 4 as a white solid.  

 

(S)-N-(2,2-Diethoxy-1-phenylethyl)benzamide (4) 

White solid, 58.8 mg, 0.188 mmol, 94% yield, 97% ee, [α]22
D = -34.1 (c=0.5, CHCl3), 

Rf = 0.5 (Hex/EA = 80/20). 1H NMR (400 MHz, Methanol-d4) δ 7.84 – 7.79 (m, 2H), 

7.54 – 7.50 (m, 1H), 7.48 – 7.42 (m, 4H), 7.35 – 7.29 (m, 2H), 7.28 – 7.22 (m, 1H), 

5.24 (d, J = 6.2 Hz, 1H), 4.80 (d, J = 6.2 Hz, 1H), 3.76 – 3.61 (m, 2H), 3.56 (dq, J = 

9.4, 7.0 Hz, 1H), 3.41 (dq, J = 9.4, 7.0 Hz, 1H), 3.31 (p, J = 1.7 Hz, 1H), 1.15 (t, J = 

7.1 Hz, 3H), 1.06 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (101 MHz, Methanol-d4) δ 169.9, 

140.5, 135.9, 132.7, 129.6, 129.2, 129.0, 128.4, 128.4, 105.0, 64.8, 63.5, 57.6, 15.6, 

15.4. HPLC: Chiracel AS-3 Column (250 mm); detected at 230 nm; n-hexane / i-

propanol = 90/10; flow = 0.8 mL/min; Retention time: 9.2 min (major), 14.2 min 

(minor). HRMS (ESI), m/z: [M+Na]+ Calcd for C19H23NO3Na+: 336.1570, Found: 

336.1568. 

 

4.4 Reduction to amino alcohol: 

 

Compound 4 (31.3 mg, 0.1 mmol) was dissolved in 0.5 mL acetone at room 

temperature, then 0.5 mL of 6 mol/L HCl was added. The reaction was stirred at room 

temperature for 20 min and monitored by TLC. Upon completion of reaction, 3 mL 

H2O was added, followed by extraction with EA (3 x 5 mL). The organic phase was 

combined, dried over anhydrous Na2SO4, filtered, and then evaporated under reduced 
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pressure to obtained crude aldehyde S2, which could be used in the next step without 

further purification.  

The crude S2 (ca. 0.1 mmol) obtained in the last step was dissolve in 1 mL MeOH, 

then NaBH4 (5.5 mg) was added at 0 oC and stirred for 30 min. Upon completion of 

reaction, 3 mL saturated NH4Cl solution was added to quench the reaction, followed by 

extraction with EA (3 x 5 mL). The residue was subjected to flash column 

chromatography on silica gel (eluent: Hex/EA = 1/0.1) to afford 5 as white solid.  

 

 

 

(S)-N-(2-Hydroxy-1-phenylethyl)benzamide (5) 

White solid, 23.5 mg, 0.0975 mmol, 98% yield over two steps, 97% ee, [α]23
D = -16.6 

(c=0.5, MeOH), Rf = 0.5 (Hex/EA = 90/10). 1H NMR (600 MHz, Methanol-d4) δ 7.88 

– 7.84 (m, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.41 (d, J = 7.6 Hz, 

2H), 7.33 (t, J = 7.5 Hz, 2H), 7.25 (t, J = 7.4 Hz, 1H), 5.20 (t, J = 6.6 Hz, 1H), 3.86 (d, 

J = 6.6 Hz, 2H). 13C{1H} NMR (151 MHz, Methanol-d4) δ 170.4, 141.4, 135.9, 132.7, 

129.5, 129.5, 128.4, 128.4, 128.0, 66.1, 57.8. HRMS (ESI), m/z: [M+H]+ Calcd for 

C15H16NO2
+: 242.1176, Found: 242.1174. HPLC: Chiracel OJ-3 Column (250 mm); 

detected at 210 nm; n-hexane / i-propanol = 90/10; flow = 0.8 mL/min; Retention time: 

14.9 min (major), 16.8 min (minor). The absolute configuration of 5 was determined 

by comparing its sign of the optical rotation with that reported in the literature.[7] The 

absolute configuration of 2aa, 2ab, 2c-2p was thus determined by similarity with 5. 

4.5 Oxidation to amino acid: 
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Jones’s reagent was added to crude S2 (0.2 mmol, see 4.4 for preparation) in 1.5 mL 

acetone over 0.5 h at 0 oC. The reaction was then stirred for 3 h at this temperature. 

Several drops of i-PrOH were added to quench the reaction and then concentrated. 

Water (4 mL) was then added, and the organic layers were extracted by DCM (3x 4 

mL). The organic phase was combined, dried over anhydrous Na2SO4, filtered, and then 

evaporated under reduced pressure. The residue was subjected to flash column 

chromatography on silica gel (eluent: DCM/MeOH = 1/0.03) to afford 6 as white solid.  

 

 

(S)-2-Benzamido-2-phenylacetic acid (6) 

White solid, 37.7 mg, 0.148 mmol, 74% yield over 2 steps, 91% ee, [α]23
D = +48.0 

(c=0.5, MeOH), Rf = 0.2 (DCM/MeOH = 95/5). 1H NMR (400 MHz, Methanol-d4) δ 

7.92 – 7.82 (m, 2H), 7.56 – 7.43 (m, 5H), 7.33 – 7.19 (m, 3H), 5.44 (s, 1H). 13C NMR 

(151 MHz, Methanol-d4) δ 176.0, 168.9, 140.7, 135.5, 132.8, 129.6, 129.4, 128.5, 128.3, 

60.4. HRMS (ESI), m/z: [M-H]- Calcd for C15H12NO3
-: 254.0823, Found: 254.0819. 

HPLC: Chiral-NZ(2) Column (250 mm); detected at 230 nm; n-hexane / (EtOH+0.1% 

TEA) = 50/50; flow = 0.5 mL/min; Retention time: 7.8 min (minor), 8.7 min (major). 

The absolute configuration of 6 was established by comparison of its sign of the optical 

rotation with that reported in the literature.[8] 

 

4.6 Formal synthesis of (-)-Cytoxazone 
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In a glovebox, Ru(OAc)2(R-L1b) (54 mg, 0.040 mmol), 2g (0.87 g, 3.7 mmol), 

ammonium salt (0.62 g, 8.1 mmol) and TFE (15 ml) were successively added to a 50 

mL reaction tube equipped with a magnetic stirring bar. The mixture was then 

transferred to a stain-less autoclave and purged by three cycles of pressurization/venting 

with H2. The required H2 pressure (50 atm) was then installed, and the autoclave was 

placed in an oil bath preheated to 90 ℃. The autoclave was cooled down to room 

temperature after 48 h and the pressure was slowly released in the hood. The reaction 

was quenched by saturated NaHCO3 solution (20 mL) and extracted with DCM (30 mL 

x 3). The combined organic phase was dried over anhydrous Na2SO4, filtered and 

evaporated under reduced pressure. The residue was subjected to the next step without 

purification. 

Primary amine obtained in the last step was dissolved in dichloromethane (20 mL) 

followed by addition of triethylamine (1.6 mL) and BzCl (3.2 mL) at 0 °C. After stirred 

at room temperature for 2 h, saturated NaHCO3 solution (20 mL) was added to quench 

the reaction. The organic phase was separated, dried over anhydrous Na2SO4, filtered 

and evaporated under reduced pressure. The residue was subjected to flash column 

chromatography on silica gel (eluent: Hex/EA = 1/0.2) to afford 7 as white solid (0.76 

g, 61% yield over 2 steps). 

Compound 7 (34.3 mg, 0.100 mmol) was dissolved in 0.5 mL acetone at room 

temperature, then 6 mol/L HCl (0.5 mL) was added. The reaction was stirred at room 

temperature for 20 min and monitored by TLC. Upon completion of reaction, H2O (3 
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mL) was added and the organic layers were extracted with EA (3 x 5 mL). The organic 

phase was combined, dried over anhydrous Na2SO4, filtered and then evaporated under 

reduced pressure. The residue was subjected to flash column chromatography on silica 

gel (eluent: Hex/EA = 1/0.15) to afford 7 as a white solid (25.7 mg, 95% yield). 

 

 

(R)-N-(2,2-Diethoxy-1-(4-methoxyphenyl)ethyl)benzamide (7) 

White solid, 0.76 g, 2.2 mmol, 61% yield over 2 steps, 92% ee, [α]23
D = +39.7 (c=0.5, 

CHCl3), Rf = 0.6 (Hex/EA = 80/20). 1H NMR (600 MHz, Methanol-d4) δ 7.84 – 7.78 

(m, 2H), 7.55 – 7.51 (m, 1H), 7.48 – 7.44 (m, 2H), 7.37 – 7.34 (m, 2H), 6.92 – 6.85 (m, 

2H), 5.19 (d, J = 6.2 Hz, 1H), 4.76 (d, J = 6.2 Hz, 1H), 3.77 (s, 3H), 3.74 – 3.63 (m, 

2H), 3.56 (dq, J = 9.4, 7.0 Hz, 1H), 3.42 (dq, J = 9.5, 7.0 Hz, 1H), 3.31 (p, J = 1.6 Hz, 

2H), 1.16 (t, J = 7.0 Hz, 3H), 1.07 (t, J = 7.0 Hz, 3H). 13C{1H} NMR (151 MHz, 

Methanol-d4) δ 169.8, 160.5, 136.0, 132.7, 132.5, 130.1, 129.6, 128.4, 114.6, 105.1, 

64.8 63.6, 57.0, 55.7, 15.6, 15.4. HRMS (ESI), m/z: [M+Na]+ Calcd for C20H25NO4Na+: 

366.1676, Found: 366.1675. HPLC: Chiracel OJ-3 Column (250 mm); detected at 210 

nm; n-hexane / i-propanol = 95/5; flow = 0.8 mL/min; Retention time: 20.4 min (major), 

29.3 min (minor). 

 

 

(R)-N-(1-(4-Methoxyphenyl)-2-oxoethyl)benzamide (8) 

Pale yellow solid, 25.7 mg, 0.0956 mmol, 95% yield. [α]27
D = -1.8 (c=0.5, CHCl3), Rf 

= 0.4 (Hex/EA = 80/20). 1H NMR (400 MHz, Chloroform-d) δ 9.62 (s, 1H), 7.87 – 7.81 
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(m, 2H), 7.55 – 7.40 (m, 4H), 7.29 (d, J = 8.7 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 5.71 

(d, J = 5.8 Hz, 1H), 3.80 (s, 3H). 13C{1H} NMR (101 MHz, Chloroform-d) δ 195.0, 

166.9, 160.2, 133.7, 132.1, 129.7, 128.8, 127.3, 125.1, 115.0, 63.4, 55.5. HRMS (ESI), 

m/z: [M+H]+ Calcd for C16H16NO3
+: 270.1125, Found: 270.1124. The NMR data is 

consistent with that reported.[9]  
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Ⅴ. Proposed enantioinduction models 

 

A pair of enantioinduction models for this reaction are tentatively proposed to explain 

the observed high enantiocontrol. As depicted in the figure, (S)-product favored 

transition state can avoid the steric repulsion between the aryl group on substrate and 

the DTBM group on P atom, while this steric hindrance repulsion is envisaged in the 

case of (R)-product favored transition state. The energy difference between two 

transition states led to S product as the major product.  
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ⅤI. NMR spectra 

1H NMR (600 MHz, Chloroform-d) of compound 1aa 

 
13C{1H} NMR (151 MHz, Chloroform-d) of compound 1aa 
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1H NMR (400 MHz, Chloroform-d) of compound 1ab 

 
13C{1H} NMR (101 MHz, Chloroform-d) of compound 1ab 
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1H NMR (600 MHz, Chloroform-d) of compound 1b 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 1b 
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1H NMR (400 MHz, Chloroform-d) of compound 1c 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 1c 
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1H NMR (600 MHz, Chloroform-d) of compound 1d 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 1d 
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1H NMR (400 MHz, Chloroform-d) of compound 1e 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 1e 
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1H NMR (400 MHz, Chloroform-d) of compound 1f 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 1f 
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1H NMR (600 MHz, Chloroform-d) of compound 1g 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 1g 
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1H NMR (400 MHz, Chloroform-d) of compound 1h 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 1h 
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1H NMR (600 MHz, Chloroform-d) of compound 1i 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 1i 
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1H NMR (400 MHz, Chloroform-d) of compound 1j 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 1j 
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1H NMR (600 MHz, Chloroform-d) of compound 1k 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 1k 
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1H NMR (600 MHz, Chloroform-d) of compound 1l 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 1l 
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1H NMR (600 MHz, Chloroform-d) of compound 1m 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 1m 
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1H NMR (600 MHz, Chloroform-d) of compound 1n 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 1n 
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1H NMR (400 MHz, Chloroform-d) of compound 1o 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 1o 
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1H NMR (400 MHz, Chloroform-d) of compound 1p 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 1p 
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1H NMR (600 MHz, Chloroform-d) of compound 1q 

 
13C{1H} NMR (151 MHz, Chloroform-d) of compound 1q 
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1H NMR (400 MHz, Chloroform-d) of compound 1r 
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1H NMR (400 MHz, Chloroform-d) of compound 1s 

 
13C{1H} NMR (101 MHz, Chloroform-d) of compound 1s 
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1H NMR (400 MHz, Chloroform-d) of compound 1t 

 
13C{1H} NMR (101 MHz, Chloroform-d) of compound 1t 
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1H NMR (600 MHz, Chloroform-d) of compound 2aa 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 2aa 
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1H NMR (600 MHz, Chloroform-d) of compound 2ab-Ac 

 
13C{1H} NMR (151 MHz, Chloroform-d) of compound 2ab-Ac 
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1H NMR (600 MHz, Chloroform-d) of compound 2b 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 2b 
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1H NMR (600 MHz, Chloroform-d) of compound 2c-Ac 

 
13C{1H} NMR (151 MHz, Chloroform-d) of compound 2c-Ac 
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1H NMR (400 MHz, Chloroform-d) of compound 2d 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 2d 
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1H NMR (400 MHz, Chloroform-d) of compound 2e 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 2a 
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1H NMR (600 MHz, Chloroform-d) of compound 2f 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 2f 
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1H NMR (400 MHz, Chloroform-d) of compound 2g 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 2g 
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1H NMR (600 MHz, Chloroform-d) of compound 2h 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 2h 
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1H NMR (600 MHz, Chloroform-d) of compound 2i 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 2i 
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1H NMR (400 MHz, Chloroform-d) of compound 2j-Ac 

 
13C{1H} NMR (101 MHz, Chloroform-d) of compound 2j-Ac 
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1H NMR (400 MHz, Chloroform-d) of compound 2k 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 2k 
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1H NMR (600 MHz, Chloroform-d) of compound 2l 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 2l 
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1H NMR (600 MHz, Chloroform-d) of compound 2m 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 2m 
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1H NMR (400 MHz, Chloroform-d) of compound 2n 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 2n 
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1H NMR (600 MHz, Chloroform-d) of compound 2o 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 2o 
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1H NMR (400 MHz, Chloroform-d) of compound 2p 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 2p 
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1H NMR (600 MHz, Chloroform-d) of compound 2q-Bz 

 
13C{1H} NMR (151 MHz, Chloroform-d) of compound 2q-Bz 
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1H NMR (400 MHz, Chloroform-d) of compound 3 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 3 
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1H NMR (400 MHz, Chloroform-d) of compound 4 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 4 
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1H NMR (600 MHz, Chloroform-d) of compound 5 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 5 
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1H NMR (400 MHz, Chloroform-d) of compound 6 

 
13C{1H} NMR (151 MHz, Chloroform-d) of compound 6 

 

 

 



80 

 

1H NMR (600 MHz, Chloroform-d) of compound 7 

 

13C{1H} NMR (151 MHz, Chloroform-d) of compound 7 
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1H NMR (400 MHz, Chloroform-d) of compound 8 

 

13C{1H} NMR (101 MHz, Chloroform-d) of compound 8 
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ⅤII. HPLC spectra  
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ⅤIII. HRMS spectra  

1-([1,1'-biphenyl]-4-yl)-2,2-diethoxyethan-1-one (1f) 

 

2,2-diethoxy-1-(2-fluorophenyl)ethan-1-one (1j) 

 

1-(3,4-difluorophenyl)-2,2-diethoxyethan-1-one (1l) 

 

2,2-diethoxy-1-(thiophen-2-yl)ethan-1-one (1p) 
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2-bromo-5,6-dihydro-[1,1'-biphenyl]-3(4H)-ol (2aa) 

 

(S)-N-(2,2-dimethoxy-1-phenylethyl)acetamide (2ab-Ac) 

 

(S)-2,2-diethoxy-1-(naphthalen-2-yl)ethan-1-amine (2b) 
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(S)-N-(2,2-diethoxy-1-(o-tolyl)ethyl)acetamide (2c-Ac) 

 

(S)-2,2-diethoxy-1-(m-tolyl)ethan-1-amine (2d) 

 

(S)-2,2-diethoxy-1-(p-tolyl)ethan-1-amine (2e) 

 

(S)-1-([1,1'-biphenyl]-4-yl)-2,2-diethoxyethan-1-amine (2f) 
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(S)-2,2-diethoxy-1-(3-methoxyphenyl)ethan-1-amine (2g) 

 

(S)-2,2-diethoxy-1-(4-methoxyphenyl)ethan-1-amine (2h) 

 

(S)-1-(3,4-dimethoxyphenyl)-2,2-diethoxyethan-1-amine (2i) 

 

(S)-N-(2,2-diethoxy-1-(2-fluorophenyl)ethyl)acetamide (2j-Ac) 
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(S)-2,2-diethoxy-1-(4-fluorophenyl)ethan-1-amine (2k) 

 

(S)-1-(3,4-difluorophenyl)-2,2-diethoxyethan-1-amine (2l) 

 

(S)-1-(4-chlorophenyl)-2,2-diethoxyethan-1-amine (2m) 

 

(S)-1-(4-bromophenyl)-2,2-diethoxyethan-1-amine (2n) 
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(S)-methyl (S)-4-(1-amino-2,2-diethoxyethyl)benzoate (2o)  

 

(R)-2,2-diethoxy-1-(thiophen-2-yl)ethan-1-amine (2p) 

 

methyl 3-benzamido-4,4-dimethoxybutanoate (2q-Bz) 

 

(S)-N-benzyl-2,2-diethoxy-1-phenylethan-1-amine (3) 
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(S)-N-(2,2-diethoxy-1-phenylethyl)benzamide (4) 

 

(S)-N-(2-hydroxy-1-phenylethyl)benzamide (5) 

 

(S)-2-benzamido-2-phenylacetic acid (6) 
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(S)-N-(2,2-diethoxy-1-(4-methoxyphenyl)ethyl)benzamide (7) 

 

(S)-N-(1-(4-methoxyphenyl)-2-oxoethyl)benzamide (8) 
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