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1. General Information: 

All the air or moisture sensitive reactions and manipulations were performed by 

using standard Schlenk techniques and in a nitrogen-filled glovebox. DME, THF, 

dioxane and toluene were distilled from sodium benzophenone ketyl. CH2Cl2 was 

distilled from calcium hydride. Anhydrous MeOH was distilled from magnesium. 1H 

NMR and 13C NMR spectra were recorded on Bruker AV (400 MHz) spectrometers. 

CDC13 was the solvent used for the NMR analysis, with TMS as the internal standard. 

Chemical shifts were reported upfield to TMS (0.00 ppm) for 1H NMR. Data is 

represented as follows: chemical shift, integration, multiplicity (s = singlet, d = 

doublet, dd = double of doublets, t = triplet, q = quartet, m = multiplet) and coupling 

constants (J) in Hertz (Hz). Optical rotation was determined using a Perkin Elmer 241 

MC polarimeter. GC analysis was conducted on an Agilent 7890A series instrument. 

HPLC analysis was conducted on Agilent 1260 series instrument. HRMS were 

recorded on a Waters LCT Premier XE mass spectrometer with APCI or ESI. 

 

2. General procedure for the preparation of compounds 1 and 3. 

General Procedure for the synthesis of compounds 1: [1]  

The appropriate α-keto esters (0.02 mmol) and 

2-(triphenylphosphoranylidene)-acetonitrile (0.024 mmol) were dissolved in toluene 

(30 ml) in a round bottle flask equipped with a reflux condenser. The mixture was 

heated to reflux for 4-8h after which the solvent was removed in vacuo. The residue 

was purified by silica gel column chromatography, using petroleum ether with 

increasing percentage of AcOEt or Et2O as an eluent, in order to separate (E)- and 

(Z)-stereoisomers.  

General Procedure for the synthesis of compounds 3: 

An 100 mL Schlenk tube equipped with a magnetic stir bar was charged with aromatic 
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aldehyde (30 mmol) and 3-benzyl-5-(2-hydroxyethyl)-4-methylthiazolium chloride 

(1.5 mmol) in 20 mL of ethanol, and then sealed tightly with a rubber septum. The 

tube was evacuated and backfilled with argon three times. Et3N (9 mmol) was added 

via a syringe. The mixture was stirred for 24 h at 80 oC under N2. After the reaction 

was completed, the mixture was concentrated and extracted with ethyl acetate, 

washed with water and brine, and then dried with anhydrous Na2SO4. The solvent was 

removed under reduced pressure. The residue was used directly in next step without 

further purification. [2] 

An 50 mL round-bottom flask equipped with a magnetic stir bar was charged with 

the resulting crude product, glacial acetic acid (20 mL), NH4NO3 (37.5 mmol) and 2% 

aqueous solution of CuSO4 (3.75 mL). The resulting mixture was stirred at reflux 

until no materials was detected by TLC, and then poured into ice water. 

The precipitated product was filtered, washed with cold water, dried and 

recrystallization from ethanol to afford the corresponding benzil. 

The appropriate benzil (0.02 mol) and 2-(triphenylphosphoranylidene)-acetonitrile 

(0.024 mol) were dissolved in CH2Cl2 (30 ml) in a round bottle flask equipped with a 

reflux condenser. The solution was stirred at reflux temperature until no starting 

material was detected by TLC. After the solvent was removed in vacuo, the residue 

was purified by silica gel column chromatography using petroleum ether/ AcOEt as an 

eluent. 

 

3. General procedure for asymmetric hydrogenation of compounds 1 and 3. 

A stock solution was made by mixing Rh(COD)2BF4 or [Rh(COD)Cl]2 with (S,S)-f- 

spiroPhos in a 1:1.1 molar ratio of Rh/(S,S)-f-spiroPhos in CH2Cl2 at room 

temperature for 20 min in a nitrogen-filled glovebox. An aliquot of the catalyst 

solution (1.0 mL, 0.001 mmol) was transferred by syringe into the vials charged with 

different substrates (0.1 mmol for each) in anhydrous CH2Cl2 (2.0 mL). The vials 

were then placed into a steel autoclave. The inert atmosphere was replaced by H2 and 

the reaction mixture was stirred under H2 (30 atm) at 40 oC for 8 h. The hydrogen gas 

was released slowly and carefully. The solution was concentrated and passed through 
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a short column of silica gel to remove the metal complex. The ee values of all 

products were determined by GC or HPLC analysis on a chiral stationary phase.   

 

4. General procedure for the synthesis of compounds 5. 

To a stirring solution of the hydrogenation product 4(0.1 mmol) in MeOH (3 mL) 

NaBH4 (0.2 mmol) was added portionwise at 0 oC. The mixture was stirred at 0 oC 

until no starting material was detected by TLC and carefully quenched with H2O. The 

aqueous layer was extracted with ethyl acetate, dried over MgSO4. The solvent was 

removed under reduced pressure. Diastereomeric ratios were determined by 1H NMR 

of crude products. The ee values of all products were determined by HPLC analysis 

on a chiral stationary phase. 

 

5. Characterization data for compounds 1 and 3. 

methyl 3-cyano-2-phenylacrylate: 1a (Z): colorless liquid; Yield: 33%; 1H NMR  

(CDCl3, 400 MHz) δ: 7.48-7.42 (m, 5H), 5.94 (s, 1H), 3.97 (s, 3H). 

1a (E): white solid; MP: 52-54oC; Yield: 59%; 1H NMR (CDCl3, 

400 MHz) δ: 7.50-7.45 (m, 5H), 6.53 (s, 1H), 3.86 (s, 3H).[1] 

ethyl 3-cyano-2-phenylacrylate: 1b (Z): yellow liquid; Yield: 28%; 1H NMR (CDCl3, 

400 MHz) δ: 7.46-7.40 (m, 5H), 5.92 (s, 1H), 4.45 (q, J = 7.2 

Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H). 13C NMR (CDCl3, 100 MHz) 

δ: 164.8, 152.7, 133.1, 131.0, 128.9, 127.5, 115.6, 101.1, 62.6, 

13.9. 1b (E): yellow liquid; Yield: 56%; 1H NMR (CDCl3, 400 MHz) δ: 7.51-7.45 (m, 

5H), 6.51 (s, 1H), 4.33 (q, J = 7.1 Hz, 2H), 1.33 (t, J = 7.1 Hz, 3H). 13C NMR (CDCl3, 

100 MHz) δ: 164.5, 151.7, 132.4, 130.3, 129.2, 128.4, 115.9, 107.1, 62.6, 14.0.[3]  

methyl 3-cyano-2-(p-tolyl)acrylate: 1c (Z): colorless liquid; Yield: 30%; 1H NMR   

(CDCl3, 400 MHz) δ: 7.15 (d, J = 8.2 Hz, 2H), 7.03 (d, J = 8.0 

Hz, 2H), 5.72 (s, 1H), 3.76 (s, 3H), 2.20 (s, 3H). 13C NMR 

(CDCl3, 100 MHz) δ: 165.5, 152.6, 141.7, 130.1, 129.7, 127.4, 

115.8, 100.0, 53.0, 21.3. 1c (E): white solid; MP: 55-57oC; Yield: 64%; 1H NMR 

(CDCl3, 400 MHz) δ: 7.29 (d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 6.33 (s, 1H), 
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3.69 (s, 3H), 2.26 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 165.2, 151.5, 140.8, 129.4, 

129.2, 129.1, 116.0, 106.5, 53.2, 21.4. APCI-HRMS Calcd. for C12H12NO2 [M+H+]: 

202.0868, found 202.0869. 

methyl 3-cyano-2-(4-methoxyphenyl)acrylate: 1d (Z): yellow liquid; Yield: 24%; 

1H NMR (CDCl3, 400 MHz) δ: 7.39 (dd, J = 6.8 Hz, 2.1 Hz, 

2H), 6.91 (dd, J = 6.8 Hz, 2.1 Hz, 2H), 5.83 (s, 1H), 3.96 (s, 

3H), 3.84 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 165.7, 

162.0, 152.2, 129.1, 125.1, 116.0, 114.4, 98.2, 55.5, 53.0. 

1d (E): yellow solid; MP: 62-64oC; Yield: 56%; 1H NMR (CDCl3, 400 MHz) δ: 7.49 

(dd, J = 6.8 Hz, 2.1 Hz, 2H), 6.97 (dd, J = 6.8 Hz, 2.2 Hz, 2H), 6.40 (s, 1H), 3.86 (s, 

3H), 3.85 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 165.5, 161.3, 150.9, 130.9, 124.4, 

116.3, 113.9, 105.1, 55.4, 53.3. APCI-HRMS Calcd. for C12H12NO3 [M+H+]: 

218.0817, found 218.0819. 

methyl 3-cyano-2-(4-fluorophenyl)acrylate: 1e (Z): yellow liquid; Yield: 32%; 1H 

NMR (CDCl3, 400 MHz) δ: 7.46-7.42 (m, 2H), 7.10 (t, J = 8.6 

Hz, 2H), 5.91 (s, 1H), 3.96 (s, 3H). 13C NMR (CDCl3, 100 MHz) 

δ: 164.9, 164.2 (d, J = 251.0 Hz), 151.2, 129.9 (d, J = 9.0 Hz), 

129.4 (d, J = 4.0 Hz), 116.1 (d, J = 22.0 Hz), 115.5, 102.1, 53.1. 1e (E): white solid; 

MP: 62-64oC; Yield: 47%; 1H NMR (CDCl3, 400 MHz) δ: 7.51-7.48 (m, 2H), 

7.17-7.13 (m, 2H), 6.53 (s, 1H), 3.86 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 165.0, 

164.8, 162.5, 150.3, 131.4 (d, J = 9.0 Hz), 128.2 (d, J = 4.0 Hz), 115.7 (d, J = 22.0 

Hz), 107.5, 53.4. APCI-HRMS Calcd. for C11H9NO2F [M+H+]: 206.0617, found 

206.0617. 

methyl 2-(4-chlorophenyl)-3-cyanoacrylate: 1f (Z): white solid; MP: 58-60oC; Yield: 

33%; 1H NMR (CDCl3, 400 MHz) δ: 7.41-7.36 (m, 4H), 5.94 

(s, 1H), 3.97 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 164.7, 

151.2, 137.2, 131.7, 129.2, 129.1, 115.3, 102.8, 53.3. 1f (E): 

white solid; MP: 55-58oC;  Yield: 51%; 1H NMR (CDCl3, 400 MHz) δ: 7.37 (s, 4H), 

6.48 (s, 1H), 3.80 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 164.6, 150.2, 136.6, 130.6, 

130.5, 128.8, 115.5, 107.9, 53.4. APCI-HRMS Calcd. for C11H9NO2Cl [M+H+]: 

O

O

NC

Cl

O

O

NC

F
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222.0322, found 222.0323. 

methyl 2-(4-bromophenyl)-3-cyanoacrylate: 1g (Z): white 

solid; MP: 62-64oC; Yield: 37%; 1H NMR (CDCl3, 400 MHz) 

δ: 7.54 (t, J = 2.4 Hz, 2H), 7.32-7.29 (m, 2H), 5.95 (s, 1H), 

3.96 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 164.6, 151.2, 

132.1, 129.3, 125.6, 115.3, 102.9, 53.3. 1g (E): white solid; MP: 74-77oC; Yield: 48%; 

1H NMR (CDCl3, 400 MHz) δ: 7.41-7.36 (m, 4H), 5.94 (s, 1H), 3.97 (s, 3H). 13C 

NMR (CDCl3, 100 MHz) δ: 164.5, 150.4, 131.8, 130.9, 130.7, 125.1, 115.5, 107.9, 

53.5. APCI-HRMS Calcd. for C11H9NO2Br [M+H+]: 265.9817, found 265.9818. 

methyl 3-cyano-2-(m-tolyl)acrylate: 1h (Z): colorless liquid; Yield: 32%; 1H NMR  

(CDCl3, 400 MHz) δ: 7.26-7.16 (m, 4H), 5.85 (s, 1H), 3.90 (s, 

3H), 2.31 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 165.4, 152.9, 

138.8, 133.0, 131.9, 128.9, 128.1, 124.7, 115.6, 101.2, 53.1, 21.3. 

1h (E): white solid; MP: 68-70oC; Yield: 57%; 1H NMR (CDCl3, 

400 MHz) δ: 7.28-7.18 (m, 4H), 6.41 (s, 1H), 3.76 (s, 3H), 2.31 (s, 3H). 13C NMR 

(CDCl3, 100 MHz) δ: 165.1, 151.6, 138.2, 132.2, 131.2, 129.6, 128.4, 126.2, 115.8, 

107.2, 53.2, 21.3. APCI-HRMS Calcd. for C12H12NO2 [M+H+]: 202.0868, found 

202.0869. 

methyl 3-cyano-2-(3-methoxyphenyl)acrylate: 1i (Z): white solid; MP: 69-71oC;  

Yield: 39%; 1H NMR (CDCl3, 400 MHz) δ: 7.23 (t, J = 8.0 Hz, 1H), 

6.91-6.84 (m, 3H), 5.84 (s, 1H), 3.85 (s, 3H), 3.72 (s, 3H). 13C 

NMR (CDCl3, 100 MHz) δ: 165.1, 159.8, 152.6, 134.4, 130.0, 

120.0, 116.4, 115.5, 113.2, 101.9, 55.4, 53.1. 1i (E): colorless 

liquid; Yield: 43%; 1H NMR (CDCl3, 400 MHz) δ: 7.29-7.25 (m, 1H), 6.97-6.90 (m, 

3H), 6.42 (s, 1H), 3.75 (s, 3H), 3.73 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 165.0, 

159.4, 151.4, 133.3, 129.6, 121.4, 116.2, 115.7, 114.5, 107.5, 55.4, 53.3. APCI-HRMS 

Calcd. for C12H12NO3 [M+H+]: 218.0817, found 218.0819. 

methyl 3-cyano-2-(3-fluorophenyl)acrylate: 1j (Z): white solid; MP: 42-44oC; Yield: 

28%; 1H NMR (CDCl3, 400 MHz) δ: 7.36-7.30 (m, 1H), 7.19-7.08 (m, 3H), 5.90 (s, 

1H), 3.90 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 163.5, 161.5 (d, J = 246.0 Hz), 
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150.0 (d, J = 3.0 Hz), 134.2 (d, J = 8.0 Hz), 129.6 (d, J = 8.0 Hz), 

122.5 (d, J = 3.0 Hz), 116.8 (d, J = 27.0 Hz), 714.1, 113.8 (d, J = 

23.0 Hz), 102.6, 52.2. 1j (E): colorless liquid; Yield: 50%; 1H 

NMR (CDCl3, 400 MHz) δ: 7.21-7.08 (m, 4H), 6.51 (s, 1H), 3.80 

(s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 164.3, 162.2 (d, J = 245.0 Hz), 150.0 (d, J = 

2.0 Hz), 134.2 (d, J = 8.0 Hz), 130.2 (d, J = 8.0 Hz), 125.0 (d, J = 3.0 Hz), 117.2 (d, J 

= 21.0 Hz), 116.3 (d, J = 23.0 Hz), 115.4, 108.6, 53.3. APCI-HRMS Calcd. for 

C11H9NO2F [M+H+]: 206.0617, found 206.0617. 

methyl 3-cyano-2-(o-tolyl)acrylate: 1k (Z): white solid; MP: 56-58oC; Yield: 34%; 

1H NMR (CDCl3, 400 MHz) δ: 7.28-7.06 (m, 4H), 5.73 (s, 1H), 

3.80 (s, 3H), 2.14 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 164.4, 

153.0, 136.0, 134.5, 130.6, 130.1, 129.0, 126.2, 115.0, 107.1, 53.1, 

19.8. 1k (E): colorless liquid; Yield: 48%; 1H NMR (CDCl3, 400 MHz) δ: 7.28-7.11 

(m, 4H), 6.56 (s, 1H), 3.74 (s, 3H), 2.13 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 

164.8, 152.7, 136.0, 132.5, 130.5, 130.0, 128.9, 126.1, 115.2, 109.8, 53.3, 19.6. 

APCI-HRMS Calcd. for C12H12NO2 [M+H+]: 202.0868, found 202.0869. 

methyl 3-cyano-2-(2-methoxyphenyl)acrylate: 1l (Z): white solid; MP: 58-60oC; 

Yield: 13%; 1H NMR (CDCl3, 400 MHz) δ: 7.39-7.35 (m, 1H), 

7.19-7.16 (m, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.86 (d, J = 8.0 Hz, 1H), 

5.83 (s, 1H), 3.82 (s, 3H), 3.75 (s, 3H), 13C NMR (CDCl3, 100 MHz) 

δ: 165.5, 157.0, 151.2, 132.5, 129.5, 123.7, 121.1, 115.6, 111.5, 103.0, 55.9, 52.7. 1l 

(E): white solid; MP: 43-44oC; Yield: 70%; 1H NMR (CDCl3, 400 MHz) δ: 7.43-7.38 

(m, 2H), 7.04-7.00 (m, 1H), 6.94 (d, J = 8.3 Hz, 1H), 6.42 (s, 1H), 3.75 (d, J = 3.8 Hz, 

6H). 13C NMR (CDCl3, 100 MHz) δ: 165.5, 157.0, 150.4, 132.0, 130.2, 122.2, 120.8, 

115.7, 111.3, 107.4, 55.7, 53.0. APCI-HRMS Calcd. for C12H12NO3 [M+H+]: 

218.0817, found 218.0819. 

methyl 3-cyano-2-(naphthalen-1-yl)acrylate: 1m (Z): yellow solid; MP: 128-130oC; 

Yield: 31%; 1H NMR (CDCl3, 400 MHz) δ: 7.92-7.89 (m, 2H), 7.67-7.26 (m, 5H), 

6.00 (s, 1H), 3.84 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 164.8, 152.3, 133.4, 132.5, 

130.8, 130.6, 128.8, 127.3, 127.2, 126.6, 125.2, 124.3, 115.0, 108.0, 53.2. 1m (E): 
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yellow liquid; Yield: 46%; 1H NMR (CDCl3, 400 MHz) δ: 

7.97-7.90 (m, 2H), 7.57-7.47 (m, 5H), 6.83 (s, 1H), 3.76 (s, 3H). 

13C NMR (CDCl3, 100 MHz) δ: 165.3, 152.1, 133.5, 131.0, 

130.6, 130.5, 128.9, 127.5, 127.1, 126.6, 125.3, 124.4, 115.3, 110.9, 53.3. 

APCI-HRMS Calcd. for C15H12NO2 [M+H+]: 238.0868, found 238.0870. 

methyl 3-cyano-2-(naphthalen-2-yl)acrylate: 1n (Z): yellow solid; MP: 116-118oC; 

Yield: 32%; 1H NMR (CDCl3, 400 MHz) δ: 7.80-7.72 (m, 

4H), 7.47-7.34 (m, 3H), 5.91 (s, 1H), 3.9 (s, 3H). 13C NMR 

(CDCl3, 100 MHz) δ: 165.4, 152.7, 134.2, 132.8, 130.3, 

128.9, 128.4, 128.0, 127.8, 127.2, 123.6, 115.7, 101.4, 53.3. 

1n (E): yellow solid; MP: 104-106oC;Yield: 37%; 1H NMR (CDCl3, 400 MHz) δ: 

7.92-7.75 (m, 4H), 7.47-7.41 (m, 3H), 6.49 (s, 1H), 3.76 (s, 3H). 13C NMR (CDCl3, 

100 MHz) δ: 165.2, 151.5, 133.9, 132.7, 129.6, 129.5, 128.7, 128.3, 127.8, 127.7, 

126.8, 125.7, 115.9, 107.5, 53.4. APCI-HRMS Calcd. for C15H12NO2 [M+H+]: 

238.0868, found 238.0870. 

methyl 2-(cyanomethylene)-3-methylbutanoate: 1o (Z): colorless liquid; Yield: 

34%; 1H NMR (CDCl3, 400 MHz) δ: 5.58 (d, J = 1.4 Hz, 1H), 3.86 

(s, 3H), 2.93-2.86 (m, 1H), 1.11 (s, 3H), 1.09 (s, 3H). 1o (E): yellow 

liquid; Yield: 38%; 1H NMR (CDCl3, 400 MHz) δ: 6.12 (s, 1H), 

3.75 (s, 3H), 3.19-3.12 (m, 1H), 1.23 (s, 3H), 1.21 (s, 3H).[1]  

methyl 3-cyano-2-cyclohexylacrylate: 1p (Z): colorless liquid; Yield: 35%; 1H NMR  

(CDCl3, 400 MHz) δ: 5.50 (s, 1H), 3.81 (s, 3H), 2.52-2.46 (m, 1H), 

1.76-1.64 (m, 5H), 1.32-1.02 (m, 5H). 13C NMR (CDCl3, 100 MHz) 

δ: 165.3, 159.4, 115.6, 101.5, 52.6, 41.1, 31.4, 26.0, 25.6. 1p (E): 

white solid; MP: 38-40oC; Yield: 27%; 1H NMR (CDCl3, 400 MHz) δ: 6.11 (s, 1H), 

3.74 (s, 3H), 2.81-2.74 (m, 1H), 1.78-1.60 (m, 7H), 1.32-1.17 (m, 3H). 13C NMR 

(CDCl3, 100 MHz) δ: 165.3, 158.4, 115.4, 105.5, 52.6, 42.3, 30.3, 26.2, 25.4. 

APCI-HRMS Calcd. for C11H16NO2 [M+H+]: 194.1181, found 194.1182.[1] 

(E)-4-oxo-3,4-diphenylbut-2-enenitrile (3a): yellow liquid; Yield: 88%; 1H NMR  

(CDCl3, 400 MHz) δ: 7.76-7.74 (m, 2H), 7.55-7.50 (m, 3H), 7.48-7.34 (m, 5H), 5.69 
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(s, 1H). 13C NMR (CDCl3, 100 MHz) δ: 194.1, 159.3, 135.0, 

134.4, 133.1, 130.9, 130.1, 129.1, 128.9, 128.2, 116.1, 100.4. 

 

(E)-3,4-bis(2-methoxyphenyl)-4-oxobut-2-enenitrile (3b): yellow solid; MP: 

123-125oC; Yield: 87%; 1H NMR (CDCl3, 400 MHz) δ: 7.57 

(dd, J = 7.6 Hz, 1.6 Hz, 2H), 7.53-7.29 (m, 2H), 7.02-6.92 (m, 

2H), 6.73-6.69 (m, 2H), 6.09 (s, 1H), 3.64 (s, 3H), 358 (s, 

3H). 13C NMR (CDCl3, 100 MHz) δ: 194.1, 158.8, 157.6, 

156.6, 133.4, 131.8, 130.9, 130.7, 127.0, 123.0, 120.4, 120.3, 116.7, 110.8, 110.7, 

103.6, 55.2, 55.1. 

(E)-4-oxo-3,4-di-m-tolylbut-2-enenitrile (3c): yellow liquid; Yield: 82%; 1H NMR  

(CDCl3, 400 MHz) δ: 7.72 (s, 1H), 7.63 (d, J = 7.7 Hz, 1H), 7.47-7.25 (m, 6H), 5.71 

(s, 1H), 2.39 (s, 3H), 2.37 (s, 3H). 13C NMR (CDCl3, 100 

MHz) δ: 194.4, 159.7, 138.9, 1388, 135.2, 135.1, 133.0, 

131.7, 130.4, 129.0, 128.7, 128.6, 127.6, 125.4, 116.1, 99.7, 

21.4, 21.3. 

(E)-4-oxo-3,4-di-p-tolylbut-2-enenitrile (3d): yellow liquid; Yield: 67%; 1H NMR  

(CDCl3, 400 MHz) δ: 7.75 (d, J = 8.0 Hz, 2H), 7.55 

(d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 4H), 5.67 (s, 

1H), 2.40 (s, 3H), 2.37 (s, 3H). 13C NMR (CDCl3, 100 

MHz) δ: 194.0, 159.6, 145.5, 141.5, 132.5, 130.3, 

130.2, 129.8, 129.6, 128.2, 116.4, 98.5, 21.8, 21.5. 

(E)-3,4-bis(4-methoxyphenyl)-4-oxobut-2-enenitrile (3e): yellow liquid; Yield: 

82%; 1H NMR (CDCl3, 400 MHz) δ: 7.84-7.81 (m, 

2H), 7.65-7.61 (m, 2H), 6.95-6.88 (m, 4H), 5.55 (s, 

1H), 3.85 (s, 3H), 3.82 (s, 3H). 13C NMR (CDCl3, 

100 MHz) δ: 193.1, 164.5, 161.6, 159.2, 132.6, 130.0, 127.9, 125.6, 116.8, 114.5, 

114.2, 96.1, 55.6, 55.4. 

 

 

O
H3CO

OCH3NC
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6. Characterization data for compounds 2, 4 and 5. 

methyl 3-cyano-2-phenylpropanoate: white solid; MP: 58-60oC; (R)-2a: Yield: 98%; 

98% ee; [α]D
25 = -138.0 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-3 (250 × 4.60mm), ipa : hex = 20:80, 1mL/min, 225 nm; 

tR = 15.9 min (major), tR = 22.4 min (minor). (S)-2a: Yield: 98%; 

97% ee; [α]D
25 = +132.6 (c = 0.5, CHCl3); HPLC condition: Lux 5u Cellulose-3 (250 

× 4.60mm), ipa : hex = 20:80, 1mL/min, 225 nm; tR = 17.3 min (minor), tR = 27.1 min 

(major). 1H NMR (CDCl3, 400 MHz) δ: 7.32-7.18 (m, 5H), 3.87 (t, J = 7.2 Hz, 1H), 

3.64 (s, 3H), 2.95 (q, J = 7.6 Hz, 1H), 2.73 (q, J = 7.3 Hz, 1H).[1] The absolute 

configuration of (R)-2a and (S)-2a was determined by comparison with optical 

rotation data for the reported literature. [1] 

ethyl 3-cyano-2-phenylpropanoate: colorless liquid; 2b: Yield: 97%; 96% ee; [α]D
25 

= -106.4 (c = 0.5, CHCl3); HPLC condition: Lux 5u Cellulose-3 (250 × 4.60mm), ipa : 

hex = 30:70, 1mL/min, 225 nm; tR = 9.2 min (major), tR = 10.9 min (minor). 2b: 

Yield: 98%; 97% ee; [α]D
25 = +121.6 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-3 (250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 

225 nm; tR = 17.3 min (minor), tR = 27.1 min (major). 1H 

NMR (CDCl3, 400 MHz) δ: 7.30-7.18 (m, 5H), 4.16-4.64 (m, 

2H), 3.84 (t, J = 7.6 Hz, 1H), 2.94 (dd, J = 16.8 Hz, 7.6 Hz, 

1H), 2.71 (dd, J = 16.8 Hz, 7.6 Hz, 1H), 1.13 (t, J = 7.1 Hz, 3H). 13C NMR (CDCl3, 

100 MHz) δ: 171.0, 136.0, 129.2, 128.5, 127.5, 117.7, 61.8, 47.7, 21.7, 14.0. 

APCI-HRMS Calcd. for C12H14NO2 [M+H+]: 204.1025, found 204.1026. 

methyl 3-cyano-2-(p-tolyl)propanoate: white solid; MP: 55-57oC; 2c: Yield: 97%; 

96% ee; [α]D
25 = -134.6 (c = 0.5, CHCl3); HPLC condition: 

Lux 5u Cellulose-3 (250 × 4.60mm), ipa : hex = 30:70, 

1mL/min, 225 nm; tR = 10.3 min (major), tR = 14.0 min 

(minor). 2c: Yield: 96%; 97% ee; [α]D
25 = +135.2 (c = 0.5, 

CHCl3); HPLC condition: Lux 5u Cellulose-3 (250 × 4.60mm), ipa : hex = 30:70, 

1mL/min, 225 nm; tR = 9.6 min (minor), tR = 12.5 min (major). 1H NMR (CDCl3, 400 

MHz) δ: 7.11-7.06 (m, 4H), 3.82 (t, J = 7.6 Hz, 1H), 3.62 (s, 3H), 2.92 (dd, J = 16.8 
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Hz, 7.5 Hz, 1H), 2.70 (dd, J = 16.8 Hz, 7.7 Hz, 1H), 2.25 (s, 3H). 13C NMR (CDCl3, 

100 MHz) δ: 171.7, 138.4, 132.8, 129.9, 127.4, 117.7, 52.8, 47.2, 21.8, 21.1. 

APCI-HRMS Calcd. for C12H14NO2 [M+H+]: 204.1025, found 204.1029. 

methyl 3-cyano-2-(4-methoxyphenyl)propanoate: white solid; MP: 60-62oC; 2d: 

Yield: 96%; 97% ee; [α]D
25 = -147.4 (c = 0.5, CHCl3); 

HPLC condition: Lux 5u Cellulose-3 (250 × 4.60mm), ipa : 

hex = 30:70, 1mL/min, 225 nm; tR = 15.4 min (major), tR = 

17.5 min (minor). 2d: Yield: 96%; 97% ee; [α]D
25 = +149.4 (c = 0.5, CHCl3); HPLC 

condition: Lux 5u Cellulose-3 (250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 225 nm; 

tR = 16.1 min (minor), tR = 18.1 min (major). 1H NMR (CDCl3, 400 MHz) δ: 7.12 (d, 

J = 8.7 Hz, 2H), 6.82 (d, J = 8.7 Hz, 2H), 3.82 (t, J = 7.6 Hz, 1H), 3.71 (s, 3H), 3.63 

(s, 3H), 2.92 (dd, J = 16.8 Hz, 7.4 Hz, 1H), 2.71 (dd, J = 16.8 Hz, 7.4 Hz, 1H). 13C 

NMR (CDCl3, 100 MHz) δ: 171.8, 159.7, 128.7, 127.8, 117.7, 114.6, 55.3, 52.7, 46.8, 

21.9. APCI-HRMS Calcd. for C12H14NO3 [M+H+]: 220.0974, found 220.0971. 

methyl 3-cyano-2-(4-fluorophenyl)propanoate: colorless liquid; 2e: Yield: 96%; 97% 

ee; [α]D
25 = -114.6 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-3 (250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 225 

nm; tR = 10.2 min (major), tR = 12.1 min (minor). 2e: Yield: 

97%; 97% ee; [α]D
25 = +120.2 (c = 0.5, CHCl3); HPLC 

condition: Lux 5u Cellulose-3 (250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 225 nm; 

tR = 11.1 min (minor), tR = 12.7 min (major). 1H NMR (CDCl3, 400 MHz) δ: 

7.21-7.17 (m, 2H), 7.01-6.97 (m, 2H), 3.86 (t, J = 7.6 Hz, 1H), 3.64 (s, 3H), 2.93 (dd, 

J = 16.8 Hz, 7.2 Hz, 1H), 2.73 (dd, J = 16.8 Hz, 7.2 Hz, 1H). 13C NMR (CDCl3, 100 

MHz) δ: 171.3, 162.7 (d, J = 246.0 Hz), 131.6 (d, J = 4.0 Hz), 129.4 (d, J = 9.0 Hz), 

117.4, 116.3 (d, J = 21.0 Hz), 52.9, 46.8, 21.8. APCI-HRMS Calcd. for C11H11NO2F 

[M+H+]: 208.0774, found 208.0776. 

methyl 2-(4-chlorophenyl)-3-cyanopropanoate: white solid; MP: 68-70oC; 2f: Yield: 

97%; 98% ee; [α]D
25 = -128.0 (c = 0.5, CHCl3); GC condition: Supelco gamma 

DexTM 225 column (30 m × 0.25 mm × 0.25 µm), N2 1.0 mL/min, programmed 100 

oC - 1 oC/min - 210 oC - 50 min; tR = 79.4 min (major), tR = 80.2 min (minor). 2f: 
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Yield: 96%; 96% ee; [α]D
25 = +123.8 (c = 0.5, CHCl3); GC 

condition: Supelco gamma DexTM 225 column (30 m × 0.25 

mm × 0.25 µm), N2 1.0 mL/min, programmed 100 oC - 1 

oC/min - 210 oC - 50 min; tR = 79.7 min (minor), tR = 80.1 min 

(major).1H NMR (CDCl3, 400 MHz) δ: 7.28 (d, J = 1.9 Hz, 2H), 7.15 (d, J = 1.7 Hz, 

2H), 3.85 (t, J = 7.6 Hz, 1H), 3.66 (s, 3H), 2.94 (dd, J = 16.9 Hz, 7.2 Hz, 1H), 2.74 

(dd, J = 16.9 Hz, 7.2 Hz, 1H). 13C NMR (CDCl3, 100 MHz) δ: 171.1, 134.7, 134.1, 

129.5, 129.0, 117.3, 53.0, 46.9, 21.6. APCI-HRMS Calcd. for C11H11NO2Cl [M+H+]: 

224.0478, found 224.0476. 

methyl 2-(4-bromophenyl)-3-cyanopropanoate: white solid; MP: 70-72oC; 2g: 

Yield: 97%; 97% ee; [α]D
25 = -122.6 (c = 0.5, CHCl3); GC 

condition: Supelco gamma DexTM 225 column (30 m × 0.25 

mm × 0.25 µm), N2 1.0 mL/min, programmed 100 oC - 1 

oC/min - 200 oC - 100 min; tR = 88.6 min (major), tR = 89.3 min (minor). 2g: Yield: 

97%; 96% ee; [α]D
25 = +118.0 (c = 0.5, CHCl3); GC condition: Supelco gamma 

DexTM 225 column (30 m × 0.25 mm × 0.25 µm), N2 1.0 mL/min, programmed 100 

oC - 1 oC/min - 200 oC - 100 min; tR = 88.8 min (minor), tR = 89.1 min (major). 1H 

NMR (CDCl3, 400 MHz) δ: 7.44 (dd, J = 6.7 Hz, 1.8 Hz, 2H), 7.09 (dd, J = 6.7 Hz, 

1.8 Hz, 2H), 3.84 (t, J = 7.6 Hz, 1H), 3.65 (s, 3H), 2.93 (dd, J = 16.8 Hz, 7.2 Hz, 1H), 

2.73 (dd, J = 16.8 Hz, 7.2 Hz, 1H). 13C NMR (CDCl3, 100 MHz) δ: 171.0, 134.7, 

132.4, 129.3, 122.8, 117.3, 53.0, 47.0, 21.6. APCI-HRMS Calcd. for C11H11NO2Br 

[M+H+]: 267.9973, found 267.9975. 

methyl 3-cyano-2-(m-tolyl)propanoate: white solid; MP: 57-59oC; 2h: Yield: 98%; 

97% ee; [α]D
25 = -144.6 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-3 (250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 225 nm; 

tR = 8.6 min (major), tR = 10.4 min (minor). 2h: Yield: 98%; 96% 

ee; [α]D
25 = +142.2 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-3 (250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 225 nm; tR = 9.2 min 

(minor), tR = 11.0 min (major). 1H NMR (CDCl3, 400 MHz) δ: 7.20-6.98 (m, 4H), 

3.82 (t, J = 7.6 Hz, 1H), 3.64 (s, 3H), 2.94 (dd, J = 16.8 Hz, 7.6 Hz, 1H), 2.71 (dd, J = 
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16.8 Hz, 7.6 Hz, 1H), 2.27 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 171.6, 139.1, 

135.7, 129.3, 129.1, 128.2, 124.6, 117.7, 52.8, 47.5, 21.7, 21.4. APCI-HRMS Calcd. 

for C12H14NO2 [M+H+]: 204.1025, found 204.1029. 

methyl 3-cyano-2-(3-methoxyphenyl)propanoate: colorless liquid; 2i: Yield: 96%; 

97% ee; [α]D
25 = -130.8 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-3 (250 ×4.60mm), ipa : hex = 30:70, 1mL/min, 225 nm; 

tR = 15.1 min (major), tR = 20.3 min (minor). 2i: Yield: 98%; 95% 

ee; [α]D
25 = +116.0 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-3 (250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 225 nm; tR = 14.6 min 

(minor), tR = 19.1 min (major). 1H NMR (CDCl3, 400 MHz) δ: 7.20 (t, J = 8.0 Hz, 

1H), 6.80-6.73 (m, 3H), 3.83 (t, J = 7.6 Hz, 1H), 3.71 (s, 3H), 3.63 (s, 3H), 2.93 (dd, J 

= 16.8 Hz, 7.6 Hz, 1H), 2.71 (dd, J = 16.8 Hz, 7.6 Hz, 1H). 13C NMR (CDCl3, 100 

MHz) δ: 171.4, 160.1, 137.2, 130.3, 119.7, 117.6, 113.8, 113.5, 55.3, 52.8, 47.5, 21.6. 

APCI-HRMS Calcd. for C12H14NO3 [M+H+]: 220.0974, found 220.0971. 

methyl 3-cyano-2-(3-fluorophenyl)propanoate: colorless liquid; 2j: Yield: 98%; 97% 

ee; [α]D
25 = -121.8 (c = 0.5, CHCl3); GC condition: Supelco beta 

DexTM 120 column (30 m × 0.25 mm × 0.25 µm), N2 1.0 mL/min, 

programmed 100 oC - 1 oC/min - 210 oC - 100 min; tR = 61.9 min 

(minor), tR = 62.6 min (major). 2j: Yield: 97%; 96% ee; [α]D
25 = 

+117.8 (c = 0.5, CHCl3); GC condition: Supelco gamma DexTM 120 column (30 m × 

0.25 mm × 0.25 µm), N2 1.0 mL/min, programmed 100 oC - 1 oC/min - 210 oC - 100 

min; tR = 62.2 min (major), tR = 62.5 min (minor). 1H NMR (CDCl3, 400 MHz) δ: 

7.31-7.19 (m, 1H), 7.01-6.87 (m, 3H), 3.87 (t, J = 7.6 Hz, 1H), 3.66 (s, 3H), 2.95 (dd, 

J = 16.9 Hz, 7.3 Hz, 1H), 2.75 (dd, J = 16.9 Hz, 7.3 Hz, 1H). 13C NMR (CDCl3, 100 

MHz) δ: 171.0, 163.0 (d, J = 247.0 Hz), 137.9 (d, J = 8.0 Hz), 130.9 (d, J = 8.0 Hz), 

123.4 (d, J = 2.0 Hz), 117.2, 115.7 (d, J = 21.0 Hz), 114.7 (d, J = 22.0 Hz), 53.0, 47.2 

(d, J = 1.0 Hz), 21.6. APCI-HRMS Calcd. for C11H11NO2F [M+H+]: 208.0774, found 

208.0776. 
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methyl 3-cyano-2-(o-tolyl)propanoate: white solid; MP: 79-81oC; 2k: Yield: 97%; 

95% ee; [α]D
25 = -140.6 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-1 (250 × 4.60mm), ipa : hex = 20:80, 1mL/min, 225 nm; 

tR = 12.0 min (minor), tR = 22.3 min (major). 2k: Yield: 96%; 98% 

ee; [α]D
25 = +147.4 (c = 0.5, CHCl3); HPLC condition: Lux 5u Cellulose-1 (250 × 

4.60mm), ipa : hex = 20:80, 1mL/min, 225 nm; tR = 12.0 min (major), tR = 22.4 min 

(minor). 1H NMR (CDCl3, 400 MHz) δ: 7.15-7.07 (m, 4H), 4.17 (t, J = 7.5 Hz, 1H), 

3.64 (s, 3H), 2.97 (dd, J = 16.8 Hz, 7.7 Hz, 1H), 2.68 (dd, J = 16.8 Hz, 7.4 Hz, 1H), 

2.36 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 171.9, 136.1, 134.4, 131.2, 128.4, 126.9, 

126.3, 117.7, 52.8, 43.2, 21.1, 19.6. APCI-HRMS Calcd. for C12H14NO2 [M+H+]: 

204.1025, found 204.1029. 

methyl 3-cyano-2-(2-methoxyphenyl)propanoate: colorless liquid; 2l: Yield: 95%; 

98% ee; [α]D
25 = -120.2 (c = 0.5, CHCl3); HPLC condition: Lux 

5u Cellulose-3 (250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 225 

nm; tR = 9.3 min (major), tR = 13.2 min (minor). 2l: Yield: 96%; 

98% ee; [α]D
25 = +122.2 (c = 0.5, CHCl3); HPLC condition: Lux 5u Cellulose-3 (250 

× 4.60mm), ipa : hex = 30:70, 1mL/min, 225 nm; tR = 11.7 min (minor), tR = 16.6 min 

(major). 1H NMR (CDCl3, 400 MHz) δ: 7.21-7.08 (m, 2H), 6.90-6.82 (m, 2H), 4.13 (t, 

J = 7.2 Hz, 1H), 3.75 (s, 3H), 3.63 (s, 3H), 2.95 (dd, J = 16.8 Hz, 7.0 Hz, 1H), 2.73 

(dd, J = 16.8 Hz, 7.0 Hz, 1H). 13C NMR (CDCl3, 100 MHz) δ: 171.9, 156.6, 129.7, 

129.2, 124.6, 121.1, 118.2, 111.1, 55.5, 52.6, 42.6, 20.2. APCI-HRMS Calcd. for 

C12H14NO3 [M+H+]: 220.0974, found 220.0971. 

methyl 3-cyano-2-(naphthalen-1-yl)propanoate: white solid; MP: 78-80oC; 2m: 

Yield: 98%; 98% ee; [α]D
25 = -162.0 (c = 0.5, CHCl3); HPLC 

condition: Lux 5u Cellulose-1 (250 × 4.60mm), ipa : hex = 

30:70, 1mL/min, 225 nm; tR = 20.8 min (minor), tR = 30.3 min 

(major). 2m: Yield: 98%; 95% ee; [α]D
25 = +156.8 (c = 0.5, CHCl3); HPLC condition: 

Lux 5u Cellulose-1 (250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 225 nm; tR = 20.7 

min (major), tR = 30.4 min (minor). 1H NMR (CDCl3, 400 MHz) δ: 8.01-7.84 (m, 3H), 

7.62-7.40 (m, 4H), 4.75 (t, J = 7.8 Hz, 1H), 3.71 (s, 3H), 3.22 (dd, J = 16.8 Hz, 8.1 Hz, 
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1H), 2.93 (dd, J = 16.8 Hz, 6.7 Hz, 1H). 13C NMR (CDCl3, 100 MHz) δ: 172.1, 134.2, 

132.1, 130.8, 129.4, 129.3, 127.2, 126.2, 125.5, 125.4, 122.3, 117.8, 52.9, 43.7, 21.2. 

APCI-HRMS Calcd. for C15H14NO2 [M+H+]: 240.1024, found 240.1025. 

methyl 3-cyano-2-(naphthalen-2-yl)propanoate: white solid; MP: 88-90oC; 2n: 

Yield: 98%; 97% ee; [α]D
25 = -146.6 (c = 0.5, CHCl3); HPLC 

condition: Lux 5u Cellulose-3 (250 × 4.60mm), ipa : hex = 

50:50, 1mL/min, 225 nm; tR = 14.5 min (major), tR = 25.3 min 

(minor). 2n: Yield: 98%; 95% ee; [α]D
25 = +142.2 (c = 0.5, CHCl3); HPLC condition: 

Lux 5u Cellulose-3 (250 × 4.60mm), ipa : hex = 50:50, 1mL/min, 225 nm; tR = 14.1 

min (minor), tR = 24.5 min (major). 1H NMR (CDCl3, 400 MHz) δ: 7.75-7.70 (m, 3H), 

7.64 (s, 1H), 7.40-7.24 (m, 3H), 4.00 (t, J = 7.6 Hz, 1H), 3.60 (s, 3H), 2.99 (dd, J = 

16.8 Hz, 7.5 Hz, 1H), 2.77 (dd, J = 16.8 Hz, 7.6 Hz, 1H). 13C NMR (CDCl3, 100 MHz) 

δ: 171.6, 133.4, 133.2, 133.1, 129.3, 128.0, 127.8, 127.1, 126.8, 126.7, 124.8, 117.7, 

52.9, 47.7, 21.7. APCI-HRMS Calcd. for C15H14NO2 [M+H+]: 240.1024, found 

240.1025. 

methyl 2-(cyanomethyl)-3-methylbutanoate: colorless liquid; 2o: Yield: 97%; 97% 

ee; [α]D
25 = -90.2 (c = 0.5, CHCl3); GC condition: Supelco gamma 

DexTM 225 column (30 m × 0.25 mm × 0.25 µm), N2 2.0 mL/min, 

programmed 90 oC – 0.5 oC/min - 210 oC - 100 min; tR = 38.8 min 

(major), tR = 41.9 min (minor). 2o: Yield: 96%; 96% ee; [α]D
25 = +87.6 (c = 0.5, 

CHCl3); GC condition: Supelco gamma DexTM 225 column (30 m × 0.25 mm × 0.25 

µm), N2 2.0 mL/min, programmed 90 oC – 0.5 oC/min - 210 oC - 100 min; tR = 39.6 

min (minor), tR = 40.8 min (major). 1H NMR (CDCl3, 400 MHz) δ: 3.68 (s, 3H), 

2.63-2.43 (m, 3H), 2.07-1.99 (m, 1H), 0.91 (t, J = 6.6 Hz, 6H). 13C NMR (CDCl3, 100 

MHz) δ: 172.6, 118.3, 52.0, 48.0, 30.0, 19.5, 17.0. APCI-HRMS Calcd. for C8H14NO2 

[M+H+]: 156.1025, found 156.1028. 

methyl 3-cyano-2-cyclohexylpropanoate: colorless liquid; 2p: Yield: 95%; 97% ee;  

[α]D
25 = -22.8 (c = 0.5, CHCl3); GC condition: Supelco gamma 

DexTM 225 column (30 m × 0.25 mm × 0.25 µm), N2 0.8 mL/min, 

*
O
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programmed 90 oC – 0.8 oC/min - 200 oC - 50 min; tR = 78.3 min (major), tR = 79.6 

min (minor). 2p: Yield: 96%; 94% ee; [α]D
25 = +20.6 (c = 0.5, CHCl3); GC condition: 

Supelco gamma DexTM 225 column (30 m × 0.25 mm × 0.25 µm), N2 0.8 mL/min, 

programmed 90 oC – 0.8 oC/min - 200 oC - 50 min; tR = 78.5 min (minor), tR = 79.0 

min (major). 1H NMR (CDCl3, 400 MHz) δ: 3.68 (s, 3H), 2.62-2.45 (m, 3H), 

1.71-1.55 (m, 6H), 1.23-0.95 (m, 5H). 13C NMR (CDCl3, 100 MHz) δ: 172.8, 118.3, 

52.0, 47.6, 39.6, 30.1, 30.0, 26.0, 25.9, 25.8, 17.1.[4] 

4-oxo-3,4-diphenylbutanenitrile (4a): colorless liquid; Yield: 96%; 95% ee; [α]D
25 = 

+76.0 (c = 0.5, CHCl3); HPLC condition: Lux 5u Cellulose-1 

(250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 254 nm; tR = 10.2 

min (major), tR = 19.4 min (minor). 1H NMR (CDCl3, 400 MHz) 

δ: 7.81 (d, J = 1.2 Hz, 2H), 7.39-7.16 (m, 8H), 4.78 (t, J = 7.4 Hz, 1H), 2.98 (dd, J = 

16.8 Hz, 6.6 Hz, 1H), 2.78 (dd, J = 16.8 Hz, 6.6 Hz, 1H). 13C NMR (CDCl3, 100 MHz) 

δ: 196.0, 136.5, 135.0, 133.7, 129.7, 129.0, 128.7, 128.5, 128.0, 118.4, 50.3, 22.1.  

3,4-bis(2-methoxyphenyl)-4-oxobutanenitrile (4b): colorless liquid; Yield: 97%; 96% 

ee; [α]D
25 = +50.8 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-1 (250 × 4.60mm), ipa : hex = 10:90, 1mL/min, 254 

nm; tR = 14.4 min (major), tR = 20.3 min (minor). 1H NMR 

(CDCl3, 400 MHz) δ: 7.61 (d, J = 1.2 Hz, 1H), 7.59-7.05 (m, 

3H), 6.91-6.71 (m, 4H), 5.11 (t, J = 6.7 Hz, 1H), 3.74 (s, 3H), 3.71 (s, 3H), 3.20 (dd, J 

= 16.8 Hz, 6.2 Hz, 1H), 2.78 (dd, J = 16.8 Hz, 6.2 Hz, 1H). 13C NMR (CDCl3, 100 

MHz) δ: 199.4, 157.6, 156.7, 133.4, 130.7, 130.0, 129.3, 126.9, 125.3, 120.7, 120.5, 

119.2, 111.0, 110.6, 55.1, 49.5, 19.3. 

4-oxo-3,4-di-m-tolylbutanenitrile (4c): colorless liquid; Yield: 95%; 91% ee; [α]D
25 

= +73.3 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-1 (250 × 4.60mm), ipa : hex = 30:70, 

1mL/min, 254 nm; tR = 6.3 min (major), tR = 11.2 min 

(minor). 1H NMR (CDCl3, 400 MHz) δ: 7.77-7.69 (m, 

2H), 7.31-7.20 (m, 3H), 7.12-7.07 (m, 3H), 4.83 (t, J = 7.3 Hz, 1H), 3.06 (dd, J = 16.8 

Hz, 6.7 Hz, 1H), 2.68 (dd, J = 16.8 Hz, 6.7 Hz, 1H), 2.33 (s, 3H), 2.30 (s, 3H). 13C 
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NMR (CDCl3, 100 MHz) δ: 196.3, 139.4, 138.6, 136.5, 135.1, 134.4, 129.5, 129.4, 

129.2, 128.5, 128.4, 126.3, 125.2, 118.5, 50.3, 22.1, 21.4, 21.3. 

4-oxo-3,4-di-p-tolylbutanenitrile (4d): colorless liquid; Yield: 95%; 92% ee; [α]D
25 = 

+67.1 (c = 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-1 (250 × 4.60mm), ipa : hex = 30:70, 

1mL/min, 254 nm; tR = 8.9 min (major), tR = 9.8 

min (minor). 1H NMR (CDCl3, 400 MHz) δ: 7.82 (d, J = 8.3 Hz, 2H), 7.19-7.12 (m, 

6H), 4.81 (t, J = 7.7 Hz, 1H), 3.03 (dd, J = 16.8 Hz, 6.5 Hz, 1H), 2.84 (dd, J = 16.8 

Hz, 6.5 Hz, 1H), 2.33 (s, 3H), 2.28 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ: 195.7, 

144.5, 138.2, 133.7, 132.6, 130.3, 129.4, 129.1, 127.8, 118.5, 49.9, 22.1, 21.6, 21.1. 

3,4-bis(4-methoxyphenyl)-4-oxobutanenitrile (4e): colorless liquid; Yield: 96%; 94% 

ee; [α]D
25 = +63.2 (c = 0.5, CHCl3); HPLC 

condition: Lux 5u Cellulose-1 (250 × 4.60mm), 

ipa : hex = 30:70, 1mL/min, 254 nm; tR = 20.8 min 

(major), tR = 26.3 min (minor). 1H NMR (CDCl3, 400 MHz) δ: 7.88 (d, J = 9.0 Hz, 

2H), 7.19 (d, J = 8.7 Hz, 2H), 6.86-6.82 (m, 4H), 4.75 (t, J = 6.2 Hz, 1H), 3.79 (s, 3H), 

3.74 (s, 3H), 3.01 (dd, J = 16.8 Hz, 6.4 Hz, 1H), 2.83 (dd, J = 16.8 Hz, 6.4 Hz, 1H). 

13C NMR (CDCl3, 100 MHz) δ: 194.6, 163.7, 159.5, 131.3, 129.0, 128.9, 128.0, 118.6, 

115.0, 113.9, 55.5, 55.2, 49.2, 22.2. 

4-hydroxy-3,4-diphenylbutanenitrile (5a): white solid; MP: 88-90oC; Yield: 92%; 

95% ee; [α]D
25 = -52.6 (c = 0.5, CHCl3); HPLC condition: Lux 

5u Cellulose-1 (250 × 4.60mm), ipa : hex = 10:90, 1mL/min, 

254 nm; tR = 25.0 min (major), tR = 33.9 min (minor). 1H 

NMR (CDCl3, 400 MHz) δ: 7.27-7.12 (m, 10H), 4.90 (d, J = 7.1 Hz, 1H), 3.14 (dd, J 

= 14.0 Hz, 7.9 Hz, 1H), 2.58 (dd, J = 16.8 Hz, 5.8 Hz, 1H), 2.41 (q, J = 8.3 Hz, 1H), 

2.03 (s, 1H). 13C NMR (CDCl3, 100 MHz) δ: 140.9, 137.6, 128.8, 128.6, 128.5, 128.4, 

128.0, 126.5, 118.4, 76.1, 49.7, 21.1. 

4-hydroxy-3,4-bis(2-methoxyphenyl)butanenitrile (5b): colorless liquid; Yield: 

89%; 96% ee; [α]D
25 = -41.4 (c = 0.5, CHCl3); HPLC condition: Lux 5u Cellulose-1 

(250 × 4.60mm), ipa : hex = 30:70, 1mL/min, 254 nm; tR = 15.8 min (major), tR = 
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23.2 min (minor). 1H NMR (CDCl3, 400 MHz) δ: 7.13-7.01 (m, 

4H), 6.84-6.69 (m, 4H), 5.19 (s, 1H), 3.79-3.71 (m, 1H), 3.68 

(s, 3H), 3.54 (s, 3H), 2.69 (s, 1H), 2..56-2.50 (m, 2H). 13C 

NMR (CDCl3, 100 MHz) δ: 157.5, 156.6, 129.6, 129.3, 128.8, 128.7, 127.5, 126.4, 

120.8, 120.7, 119.0, 110.9, 110.4, 71.5, 55.4, 55.3, 19.9. 

4-hydroxy-3,4-di-m-tolylbutanenitrile (5c): colorless 

liquid; Yield: 90%; 90% ee;  [α]D
25 = -42.2 (c = 0.5, 

CHCl3); HPLC condition: Lux 5u Cellulose-1 (250 × 

4.60mm), ipa : hex = 10:90, 1mL/min, 254 nm; tR = 17.4 

min (major), tR = 19.8 min (minor). 1H NMR (CDCl3, 400 MHz) δ: 7.14-7.09 (m, 2H), 

7.01-6.92 (m, 6H), 4.75 (d, J = 7.6 Hz, 1H), 3.07-3.02 (m, 1H), 2.43 (dd, J = 16.8 Hz, 

5.4 Hz, 1H), 2.31 (q, J = 8.6 Hz, 1H), 2.22 (d, J = 1.0 Hz, 6H), 1.99 (s, 1H). 13C NMR 

(CDCl3, 100 MHz) δ: 140.8, 138.5, 138.4, 137.8, 129.2, 129.1, 128.9, 128.8, 128.5, 

127.3, 125.4, 123.8, 118.4, 76.4, 49.8, 21.5, 21.4, 21.2. 

4-hydroxy-3,4-di-p-tolylbutanenitrile (5d): colorless liquid; Yield: 89%; 92% ee;  

[α]D
25 = -43.6 (c = 0.5, CHCl3); HPLC condition: Lux 5u Cellulose-1 (250 × 4.60mm), 

ipa : hex = 10:90, 1mL/min, 254 nm; tR = 9.4 min 

(major), tR = 11.5 min (minor). 1H NMR (CDCl3, 

400 MHz) δ: 7.18-7.13 (m, 8H), 4.90 (d, J = 20.7 Hz, 

1H), 3.21-3.16 (m, 1H), 2.59 (dd, J = 16.8 Hz, 5.5 

Hz, 1H), 2.44 (q, J = 8.0 Hz, 1H), 2.36 (s, 6H), 2.14 (s, 1H). 13C NMR (CDCl3, 100 

MHz) δ: 138.2, 137.9, 137.7, 134.8, 129.6, 129.3, 128.3, 126.5, 118.5, 76.2, 49.4, 21.3, 

21.2, 21.1. 

4-hydroxy-3,4-bis(4-methoxyphenyl)butanenitrile (5e): white solid; MP: 

118-120oC; Yield: 91%; 94% ee; [α]D
25 = -51.0 (c 

= 0.5, CHCl3); HPLC condition: Lux 5u 

Cellulose-1 (250 × 4.60mm), ipa : hex = 10:90, 

1mL/min, 254 nm; tR = 9.5 min (major), tR = 17.9 

min (minor). 1H NMR (CDCl3, 400 MHz) δ: 7.16 (dd, J = 8.6 Hz, 1.9 Hz, 4H), 

6.89-6.85 (m, 4H), 4.89 (d, J = 7.2 Hz, 1H), 3.80 (s, 6H), 3.18-3.13 (m, 1H), 2.62 (dd, 
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J = 16.8 Hz, 5.6 Hz, 1H), 2.45 (q, J = 8.2 Hz, 1H), 205 (s, 1H). 13C NMR (CDCl3, 100 

MHz) δ: 159.6, 159.3, 133.0, 129.7, 129.5, 127.8, 118.5, 114.3, 114.0, 75.9, 55.3, 55.2, 

49.1, 21.3. 

 

7. Procedure for the synthesis of compound 6 and 7.[5] 

 

To a stirring solution of the hydrogenation product (0.2 mmol) in MeOH (3 mL) 

NiCl2•6H2O (0.4 mmol) was first added, then NaBH4 (1.6 mmol) was added 

portionwise at 0 oC over 1 h. The mixture was stirred at room temperature for 15 min 

and carefully quenched with H2O. The aqueous layer was extracted with ethyl acetate, 

dried over MgSO4. The solvent was removed in vacuo, the residue was heated and 

stirred at 40 oC in MeOH for 1h. After the usual workup, the residue was purified by 

silica gel column chromatography using petroleum ether/ AcOEt as an eluent. 

3-phenylpyrrolidin-2-one (6): Yield: 83%; white solid; MP: 84-86oC; 94% ee;  

[α]D
25 = +22.0 (c = 0.5, CHCl3); GC condition: Supelco gamma 

DexTM 225 column (30 m × 0.25 mm × 0.25 µm), N2 5.0 mL/min, 

programmed 100 oC – 8 oC/min - 200 oC - 100 min; tR = 15.3 min 

(minor), tR = 16.2 min (major). 1H NMR (CDCl3, 400 MHz) δ: 7.30-7.17 (m, 5H), 

6.75 (s, 1H), 3.58-3.40 (m, 1H), 3.39-3.33 (m, 2H), 2.57-2.50 (m, 1H), 2.23-2.15 (m, 

1H).[6] 

3-(4-methoxyphenyl)pyrrolidin-2-one (7): Yield: 85%; white solid; MP: 122-124oC; 

96% ee; [α]D
25 = -28.6 (c = 0.5, CHCl3); GC condition: 

Supelco gamma DexTM 225 column (30 m × 0.25 mm × 

0.25 µm), N2 5.0 mL/min, programmed 100 oC – 8 oC/min - 

200 oC - 50 min; tR = 24.8 min (major), tR = 28.9 min (minor). 1H NMR (CDCl3, 400 

MHz) δ: 7.22-7.18 (m, 2H), 6.90-6.87 (m, 2H), 6.70 (s, 1H), 3.79 (s, 3H), 3.57 (t, J = 

9.1 Hz, 1H), 3.48-3.39 (m, 2H), 2.62-2.53 (m, 1H), 2.26-2.16 (m, 1H). 13C NMR 
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(CDCl3, 100 MHz) δ: 179.1, 158.7, 131.4, 129.0, 114.2, 55.3, 46.7, 40.5, 30.8. 

APCI-HRMS Calcd. for C11H14NO2 [M+H+]: 192.1025, found 192.1029. 

 

8. Procedure for the synthesis of compound 8 and 9.[1] 

 

To a stirring solution of the hydrogenation product (0.2 mmol) in MeOH (3 mL) 

Boc2O (0.4 mmol) and NiCl2•6H2O (0.4 mmol) were first added, then NaBH4 (1.6 

mmol) was added portionwise at 0 oC over 1 h. The mixture was stirred at room 

temperature until no starting material was detected by TLC and carefully quenched 

with H2O. The aqueous layer was extracted with ethyl acetate, dried over MgSO4. 

After the solvent was removed in vacuo, the residue was purified by silica gel column 

chromatography using petroleum ether/ AcOEt as an eluent. 

 

methyl 4-((tert-butoxycarbonyl)amino)-2-phenylbutanoate (8): Yield: 83%; 

colorless liquid; 97% ee; [α]D
25 = +60.4 (c = 0.5, CHCl3); HPLC 

condition: Lux 5u Cellulose-3 (250 × 4.60mm), ipa : hex = 3:97, 

1mL/min, 230 nm; tR = 17.4 min (minor), tR = 18.1 min (major). 

1H NMR (CDCl3, 400 MHz) δ: 7.31-7.23 (m, 5H), 4.58 (s, 1H), 3.65-3.59 (m, 4H), 

3.11-3.06 (m, 2H), 2.32-2.23 (m, 1H), 1.99-1.91 (m, 1H), 1.42 (s, 9H). [7]  

methyl 4-((tert-butoxycarbonyl)amino)-2-(4-methoxyphenyl)butanoate (9): Yield: 

79%; colorless liquid; 97% ee; [α]D
25 = +59.4 (c = 0.5, 

CHCl3); HPLC condition: Lux 5u Cellulose-3 (250 × 

4.60mm), ipa : hex = 5:95, 1mL/min, 230 nm; tR = 19.6 

min (minor), tR = 20.5 min (major). 1H NMR (CDCl3, 400 MHz) δ: 7.20 (dd, J = 6.7 

Hz, 2.0 Hz, 2H), 6.85 (dd, J = 6.7 Hz, 2.0 Hz, 2H), 4.55 (s, 1H), 3.77 (s, 3H), 3.64 (s, 

3H), 3.55 (t, J = 7.6 Hz, 1H), 3.09-3.04 (m, 2H), 2.28-2.19 (m, 1H), 1.96-1.88 (m, 

1H), 1.42 (s, 9H). 13C NMR (CDCl3, 100 MHz) δ: 174.3, 158.9, 155.8, 130.4, 128.9, 
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114.2, 79.2, 55.2, 52.1, 48.2, 38.8, 33.6, 28.4. APCI-HRMS Calcd. for C17H26NO5 

[M+H+]: 324.1811, found 324.1807. 
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