
S1 

 

Cobalt-Catalyzed Regio- and Enantioselective Allylic 

Alkylation of Malononitriles 

Samir Ghorai, Sajid Ur Rehman, Wen-Bin Xu, Wen-Yu Huang, Changkun Li* 

Shanghai Key Laboratory for Molecular Engineering of Chiral Drugs, School of Chemistry and Chemical 

Engineering, Frontiers Science Center for Transformative Molecules, Shanghai Jiao Tong University, China 

200240 

 

E-mail: chkli@sjtu.edu.cn  

Context 
1. General information:......................................................................................................................... 2 

2. Synthesis of (S)-2-(2-bromo-5-methoxyphenyl)-4-methyl-4,5-dihydrooxazole (LS1): ..................... 3 

3. General procedure for the ligand synthesis:..................................................................................... 4 

4. List of substrates: .............................................................................................................................. 8 

5. Representative procedure of cobalt-catalyzed allylic alkylation of malonitrile: .............................. 9 

6. Large scale synthesis of 3aa using 2.5 mol% catalyst: ...................................................................... 9 

7. Spectral data of allylic alkylation of malonitrile products: ............................................................. 10 

8. Synthesis of (R)-2-(1-phenylallyl)malononitrile (3ja): ..................................................................... 18 

9. Kinetic resolution study: ................................................................................................................. 19 

10. Synthesis of (R)-2-phenethylbut-3-en-1-ol (4): ............................................................................. 20 

11. Synthesis (R)-2-phenethylcyclopent-3-ene-1,1-dicarbonitrile (5): ............................................... 21 

12. Synthesis (R)-2-phenethyl-4-vinylcyclopent-3-ene-1,1-dicarbonitrile (6): ................................... 21 

13. Synthesis (R)-5-(5-phenylpent-1-en-3-yl)pyrimidine-2,4,6-triamine (7):...................................... 22 

14. NMR spectra of new compounds: ................................................................................................ 23 

15. HPLC spectra of new compounds: ................................................................................................ 55 

16. References: ................................................................................................................................... 80 

 

 



S2 

 

1. General information: 

All air and moisture sensitive manipulations were carried out with standard Schlenk technique or in a nitrogen-

filled glove box. Dried and oxygen free solvents were obtained from solvent purification system (Vigor YJC-7) 

and used thereafter. Column chromatography was performed on a column of silica gels (200-300 mesh) using 

either petroleum ether (PE)/ethyl acetate (EA) or dichloromethane (DCM)/MeOH as an eluent. The NMR spectra 

were recorded on a Bruker-400/500 MHz instrument and chemical shifts are reported in ppm relative to the 

residual deuterated solvents. High-resolution mass spectra (HRMS) were performed at Instrumental Analysis 

Center of Shanghai Jiao Tong University with electrospray spectrometer Waters Micromass Q-TOF Premier 

Mass Spectrometer. Enantiomers ratio were determined by Shimadzu HPLC-16 and Shimadzu HPLC-2030 

instrument using DAICEL chiral column at 40 °C. Melting points were measured with Hanon MP100 melting 

point apparatus. Optical rotations were measured on an Anton Paar MCP100 automatic polarimeter using a 100 

mm path-length cell at 589 nm. Co(BF4)2·6H2O was purchased from Sigma-Aldrich. All other chemicals were 

purchased from TCI, Energy Chemical, Macklin or Alfa Aesar. Magnesium monoperoxyphthalate hexahydrate 

(MMPP) 80% analytical grade was obtained from Bide Pharmatech, China. Solvents were obtained from 

tansoole, China. Liquid substrates were distilled and degassed prior to use. 
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2. Synthesis of (S)-2-(2-bromo-5-methoxyphenyl)-4-methyl-4,5-dihydrooxazole (LS1): 

LS1 compound was prepared in two steps as below: 

 

Step 1:  

 

 

A suspension of 2-bromo-5-methoxybenzoic acid (4.620 g, 20 mmol) in DCM (40 mL) was carefully treated 

with oxalyl chloride (5.080 g, 40 mmol, 2 eq) in the presence of 2 drops of DMF at 0 °C under inert atmosphere. 

After stirring at room temperature for 4-5 hours, a clear solution was obtained. The reaction mixture was 

concentrated under vacuo to get the corresponding benzoyl chloride as light yellowish liquid. The crude product 

was directly used in the next step. 

 

Step 2:  

 

To a solution of (L)-alaninol (1.577 g, 21 mmol) and Et3N (8.8 mL, 3 eq) in DCM (40 mL) was added 2-bromo-

5-methoxybenzoyl chloride (diluted in 10 mL of DCM) dropwise at 0 °C. The reaction mixture was stirred at 

room temperature for 12 hours. After that, it was cooled at 0 °C. Methanesulfonyl chloride (MsCl) (3.3 mL, 2 

eq) and Et3N (8.8 mL, 3 eq) were added carefully. The reaction mixture was stirred at room temperature for 4-5 

hours. Then, it was washed with water twice and with brine twice. Organic layer was dried by Na2SO4, and 

concentrated.  The residue was purified by column chromatography (PE/EA, 6:1) to get LS1 as a colorless oil 

(4.590 g, 85%). 

1H NMR (500 MHz, CDCl3) δ 7.47 (d, J = 8.8 Hz, 1H), 7.20 (d, J = 3.1 Hz, 1H), 6.82 (dd, J = 8.8, 3.1 Hz, 1H), 

4.51 (dd, J = 9.4, 8.0 Hz, 1H), 4.39 (tt, J = 13.4, 6.6 Hz, 1H), 3.97 (t, J = 7.8 Hz, 1H), 3.78 (s, 3H), 1.37 (d, J = 

6.6 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 162.9, 158.7, 134.7, 130.7, 118.5, 116.2, 112.3, 74.4, 62.5, 55.8, 21.6. 

HRMS (ESI): calculated m/z for C11H12BrNO2 [M + H]+ = 270.0124, found 270.0131. 
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3. General procedure for the ligand synthesis: 

 

L1 [R1 = Ph, R2 = Ph, R3 = H]; L2 [R1 = Ph, R2 = iPr, R3 = H]; L3 [R1 = Ph, R2 = tBu, R3 = H]; L4 [R1 = Ph, R2 

= Bn, R3 = H]; L5 [R1 = Ph, R2 = Me, R3 = H] were synthesizd according to the reported literature procedure.1 

 

L6 [R1 = 4-OMe-3,5-tBu2C6H2, R2 = Me, R3 = H], and  L7 [R1 = 4-OMe-3,5-tBu2C6H2, R2 = Me, R3 = OMe] 

were prepared according to the procedure General Method 1, reported in literature.1 

 

L8 [R1 = Me, R2 = Me, R3 = H]; L9 [R1 = Me, R2 = Me, R3 = OMe] were prepared according to the procedure 

General Method 2. 

 

General Method 1:  

 

In a flame dried Schlenk tube, 2-bromooxazoline substrate (6 mmol, 2.0 eq) was dissolved in THF (12 mL) 

under an argon atmosphere and the reaction mixture was cooled down to -78 °C. nBuLi (2.2 eq, 1.6 M in hexane) 

was added dropwise and the mixture was stirred for 1 hour at this temperature. The reaction mixture was further 
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cooled to ~ -100 °C and was added triphenylphosphite (0.931 g, 3 mmol, 1 eq) in 2 mL of THF in one portion 

under vigorous stirring. The reaction was slowly warmed up to room temperature and stirred for 5 hours. 

Phosphinite reaction mixture was used in situ for further substitution to get the desired ligand. 

In another flame dried Schlenk tube, lithiation of the 5-bromo-1,3-di-tert-butyl-2-methoxybenzene (1.077 

g, 3.6 mmol, 1.2 eq) was carried out using nBuLi (1.32 eq, 1.6 M in hexane) at -78 °C. Then the reaction 

mixture was added the phosphinite solution via syringe over 10 minutes at -78 °C. Combined reaction 

mixture was allowed to warm to room temperature slowly and stirred overnight. The reaction mixture was 

quenched with water and extracted with ethyl acetate.  The solvent was removed and the residue was 

purified by flash column chromatography on silica gels using PE/EA as an eluent to obtain the pure product. 

 

General Method 2:  

 

 

 

In a flame dried Schlenk tube, 2-bromooxazoline substrate (6 mmol, 2 eq) was dissolved in THF (12 mL) under 

an argon atmosphere and cooled down to -78 °C. nBuLi (2.2 eq, 1.6 M in hexane) was added dropwise and the 

mixture was stirred for 1 hour at this temperature. The reaction mixture was further cooled down to ~ -100 °C 

and was added triphenylphosphite (0.931 g, 3 mmol, 1 eq) in 2 mL of THF in one portion under vigorous stirring. 

The reaction was slowly warmed up to room temperature and stirred overnight. Then, 1.5 mL of MeMgBr (3 M 

in THF) was added dropwise to the reaction mixture at 0 °C. The ice-bath was removed and the reaction mixture 

was stirred for two hours further at room temperature. The recation mixture was quenced with 2 mL of degassed 

water and filtered to remove the solid. Filtrate was dried over Na2SO4 and solvent was removed under reduced 

pressure. Crude product was purified by flash column chromatography on silica gels using PE/EA as an eluent 

to obtain the pure product. 

 

 

 

 

 

 

 



S6 

 

L6 [R1 = 4-OMe-3,5-tBu2C6H2, R2 = Me, R3 = H]: 

White solid; Yield 0.670 g, 39%. 

1H NMR (400 MHz, CDCl3) δ 7.82 (dd, J = 5.5, 3.1 Hz, 2H), 7.34 – 7.24 (m, 

6H), 7.01 – 6.93 (m, 2H), 4.34 – 4.30 (m, 1H), 4.27 – 4.15 (m, 3H), 3.75 (t, J = 

7.6 Hz, 1H), 3.68 (s, 3H), 3.64 (t, J = 7.7 Hz, 1H), 1.33 (s, 18H), 1.10 (d, J = 6.5 

Hz, 3H), 1.06 (d, J = 6.4 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 164.1 (d, J = 9.5 Hz), 160.3 (s), 143.4 (d, J = 8.0 

Hz), 140.6 (dd, J = 24.9, 14.1 Hz), 133.9 (d, J = 5.8 Hz), 133.6 (d, J = 13.0 Hz), 

132.4 (dd, J = 82.0, 22.0 Hz), 130.8 (d, J = 10.6 Hz), 130.3 (d, J = 13.7 Hz), 

129.9 (dd, J = 16.5, 3.7 Hz), 127.8 (d, J = 22.0 Hz), 73.9 (d, J = 4.5 Hz), 64.4 (s), 

62.1 (d, J = 18.9 Hz), 36.0 (s), 32.2 (s), 21.29 (d, J = 16.9 Hz). 

31P NMR (162 MHz, CDCl3) δ –5.70. 

[𝜶]𝑫
𝟐𝟓 = –26.0 (c 0.25, CHCl3). 

HRMS (ESI): m/z [M + H]+ Calcd for C35H44N2O3P  571.3084; found 571.3094. 

 

L7 [R1 = 4-OMe-3,5-tBu2C6H2, R2 = Me, R3 = OMe]: 

White solid; Yield 0.700 g, 37%. 

1H NMR (500 MHz, CDCl3) δ 7.35 (dt, J = 8.5, 2.6 Hz, 2H), 7.25 (d, J = 8.0 Hz, 

2H), 6.92 – 6.83 (m, 4H), 4.34 (dd, J = 9.2, 8.1 Hz, 1H), 4.27 – 4.15 (m, 3H), 

3.82 (s, 6H), 3.77 (t, J = 7.7 Hz, 1H), 3.70 – 3.67 (m, 4H), 1.33 (s, 18H), 1.15 (d, 

J = 6.6 Hz, 3H), 1.08 (d, J = 6.5 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 164.4 (s), 160.2 (s), 159.3 (d, J = 15.7 Hz), 143.4 

(d, J = 7.8 Hz), 135.4 (d, J = 44.3 Hz), 134.3 – 133.4 (m), 133.3 (d, J = 24.1 Hz), 

131.8 – 131.7 (m), 131.7 – 131.5 (m), 116.9 (d, J = 7.0 Hz), 114.7 (dd, J = 8.3, 

4.4 Hz), 74.0 (d, J = 6.8 Hz), 64.4 (s), 62.1 (d, J = 15.6 Hz), 55.6 (d, J = 1.8 Hz), 

36.0 (s), 32.3 (s), 21.3 (d, J = 21.2 Hz). 

31P NMR (202 MHz, CDCl3) δ –9.32. 

[𝜶]𝑫
𝟐𝟓 = –15.6 (c 0.25, CHCl3). 

HRMS (ESI): m/z [M + H]+ Calcd for C37H48N2O5P 631.3295; found 631.3307. 

 

 

 

 

 

 



S7 

 

L8 [R1 = Me, R2 = Me, R3 = H]: 

White solid; Yield 0.418 g, 38%. 

1H NMR (400 MHz, CDCl3) δ 7.75 – 7.71 (m, 2H), 7.38 – 7.26 (m, 6H), 4.35 – 

4.29 (m, 2H), 4.24 – 4.13 (m, 2H), 3.82 (dd, J = 7.9, 7.0 Hz, 1H), 3.65 (t, J = 8.2 

Hz, 1H), 1.62 (d, J = 5.4 Hz, 3H), 1.16 (dd, J = 9.2, 6.6 Hz, 6H). 

13C NMR (101 MHz, CDCl3) δ 164.2 (d, J = 16.1 Hz), 142.5 (t, J = 24.7 Hz), 

132.3 (dd, J = 40.8, 22.3 Hz), 131.6 (d, J = 28.4 Hz), 130.6 (d, J = 7.9 Hz), 129.8 

– 129.7 (m), 127.8 (d, J = 15.6 Hz), 74.0 (d, J = 9.5 Hz), 62.2 (d, J = 16.6 Hz), 

21.4 (d, J = 13.9 Hz), 14.3 (d, J = 17.3 Hz). 

31P NMR (162 MHz, CDCl3) δ –26.51. 

[𝜶]𝑫
𝟐𝟓 = –25.2 (c 0.25, CHCl3). 

HRMS (ESI): m/z [M + H]+ Calcd for C21H24N2O2P  367.1570; found 367.1575. 

 

L9 [R1 = Me, R2 = Me, R3 = OMe]: 

Colorless sticky oil; Yield 0.460 g, 36%. 

1H NMR (400 MHz, CDCl3) δ 7.28 (dd, J = 5.4, 2.7 Hz, 2H), 7.23 – 7.17 (m, 

2H), 6.92 (ddd, J = 8.8, 6.3, 2.7 Hz, 2H), 4.39 – 4.34 (m, 2H), 4.29 – 4.17 (m, 

2H), 3.85 (t, J = 6.0 Hz, 1H), 3.81 (d, J = 0.6 Hz, 6H), 3.73 (t, J = 8.2 Hz, 1H), 

1.57 (d, J = 5.5 Hz, 3H), 1.23 (d, J = 6.6 Hz, 3H), 1.19 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 164.3 (d, J = 10.9 Hz), 159.2 (d, J = 10.3 Hz), 

134.0 – 133.2 (m), 133.2 (s), 132.9 (s), 117.0 (d, J = 5.6 Hz), 114.6 (dd, J = 

9.2, 4.7 Hz), 74.1 (d, J = 6.6 Hz), 62.1 (d, J = 12.1 Hz), 55.5 (d, J = 1.5 Hz), 

21.4 (d, J = 15.5 Hz), 14.5 (d, J = 17.0 Hz). 

31P NMR (202 MHz, CDCl3) δ –30.91. 

[𝜶]𝑫
𝟐𝟓 = –6.4 (c 0.25, CHCl3). 

HRMS (ESI): m/z [M + H]+ Calcd for C23H28N2O4P  = 427.1781; found 427.1789. 
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4. List of substrates: 

 

 

 

 

All the allylic carbonates were synthesized according to the known literature reported procedure.2 2a, 2k and 2l 

were purchased from commercial source directly. Compounds 2b to 2h were also prepared accordingly to the 

known literature procedure.3 2i and 2j were known compounds and prepared from malononitrile (2 eq) and 

corresponding bromide (1 eq) in the presence of Hünig’s base (1 eq) in dichloromethane (0.2 M) solvent.4  
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5. Representative procedure of cobalt-catalyzed allylic alkylation of malonitrile: 

 

In an N2 filled glove box, L9 (8.0 mg, 18.8 ×10-3 mmol, 7.5 mol%) and Co(BF4)2·6H2O (4.3 mg, 12.6×10-3 mmol, 

5 mol%) in 0.2 mL acetonitrile was transferred into a 10 mL reaction tube equipped with a Teflon stopcock and 

a stir bar. Zn dust (1.7 mg, 26.0×10-3 mmol, 10 mol%) was added followed by addition of 0.5 mL acetonitrile to 

complete transfer of zinc. The mixture was allowed to stir for 20 minutes. Afterward, allylic carbonate (0.25 

mmol), malonitrile derivatives (0.5 mmol, 2 eq), bis(trimethylsilyl)acetamide (BSA) (6 L, 25×10-3 mmol, 10 

mol%), and 0.3 mL of acetonitrile were added sequentially to the reaction mixture. The reaction tube was sealed 

and brought out from the glove box. The reaction mixture was then stirred for 24 hours at room temperature. 

Then, solvent was removed and column chromatography was run on a column of silica gels (200-300 mesh) 

using PE/EA as an eluent to get the desired product.  

6. Large scale synthesis of 3aa using 2.5 mol% catalyst: 

 

 

In an N2 filled glove box, a reaction tube equipped with a Teflon stopcock and a stir bar was charged with 3.5 

mol% of L9 (75 mg, 0.18 mmol), and 2.5 mol% of Co(BF4)2·6H2O (43 mg, 0.126 mmol) in 1 mL of acetonitrile. 

Zn dust (16.4 mg, 0.25 mmol, 5 mol%) was added followed by addition of 1 mL acetonitrile to complete transfer 

of zinc. The mixture was stirred for 20 minutes. Then, rac-1a (1.102 g, 5 mmol) and 2a (0.660 g, 10 mmol), 

bis(trimethylsilyl)acetamide (BSA) (60 L, 5 mol%) were added to the reaction mixture sequentially. Then, the 

reaction was monitored by TLC and stopped after 36 hours. The reaction tube was removed from the glove box 

and solvent was removed under reduced pressure. The residue was purified by flash column chromatography 

using PE/EA as an eluent. Yield: 0.930 g, 89%; ee: 99%.  
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7. Spectral data of allylic alkylation of malonitrile products: 

(R)-2-(5-phenylpent-1-en-3-yl)malononitrile (3aa):5,6 

Clear oil; Yield: 47 mg, 89%. 

TLC Rf = 0.5 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.33 (t, J = 7.3 Hz, 2H), 7.25 (t, J = 7.3 Hz, 1H), 7.20 – 

7.18 (m, 2H), 5.79 – 5.70 (m, 1H), 5.45 (dd, J = 32.7, 13.5 Hz, 2H), 3.68 (d, J = 5.4 Hz, 

1H), 2.79 (ddd, J = 14.0, 8.8, 5.3 Hz, 1H), 2.68 – 2.55 (m, 2H), 2.08 – 1.90 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 140.1, 133.8, 128.9, 128.5, 126.7, 122.3, 111.9, 111.7, 44.4, 33.3, 32.8, 28.8. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 10.0:90.0, 1.0 mL/min), Rt 

= 12.95 min (major) and 16.04 min (minor), 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –21.6 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + K]+ Calcd for C14H14N2K  = 249.0794; found 249.0710. 

Assignment of absolute configuration: 

Literature data4 for (R)-enantiomer: [𝜶]𝑫
𝟐𝟒 –8.05 (c = 0.77, CHCl3), 82% ee 

Literature data5 for (S)-enantiomer: [𝜶]𝑫
𝟐𝟓 +21.7 (c = 1.28, CHCl3), 88% ee 

By comparing the literature reported data, the absolute configuration of the product 3aa was assigned as (R) and 

all other compounds were assigned by analogy. 

 

(R)-2-benzyl-2-(5-phenylpent-1-en-3-yl)malononitrile (3ab):5 

White solid; Yield: 65 mg, 87%; M.P. 79-81 °C. 

TLC Rf = 0.6 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.42 – 7.34 (m, 7H), 7.29 – 7.22 (m, 3H), 5.82 (dt, J = 

16.9, 9.9 Hz, 1H), 5.61 (dd, J = 10.2, 1.1 Hz, 1H), 5.41 (d, J = 17.0 Hz, 1H), 3.22 (d, J 

= 13.7 Hz, 1H), 3.04 (d, J = 13.8 Hz, 1H), 2.88 (ddd, J = 13.8, 9.1, 4.6 Hz, 1H), 2.62 – 

2.52 (m, 2H), 2.38 – 2.30 (m, 1H), 2.07 – 1.98 (m, 1H). 

13C NMR (126 MHz, CDCl3) δ 140.3, 133.4, 132.5, 130.3, 129.0, 128.8, 128.6, 126.5, 123.5, 115.0, 114.3, 50.2, 

44.4, 41.7, 32.9, 32.4. 

HPLC (Shimadzu LC-16) (Daicel Chiralpak IG Column, iPrOH:n-Hexane = 1.0:99.0, 1.0 mL/min), Rt = 17.25 

min (minor) and 20.31 min (major), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –26.4 (c 0.05, CHCl3). Literature data4 for (R)-enantiomer: [𝜶]𝑫

𝟐𝟔 –2.4 (c = 0.5, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C21H20N2Na   323.1524; found 323.1525. 

 

(R)-2-(4-cyanobenzyl)-2-(5-phenylpent-1-en-3-yl)malononitrile (3ac): 

White solid; Yield: 71 mg, 87%; M.P. 131-132 °C. 
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TLC Rf = 0.3 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.3 Hz, 2H), 7.46 (d, J = 8.3 Hz, 2H), 7.32 

(t, J = 7.3 Hz, 2H), 7.25 – 7.22 (m, 1H), 7.18 (d, J = 7.1 Hz, 2H), 5.77 (dt, J = 16.8, 9.9 

Hz, 1H), 5.61 (dd, J = 10.2, 0.9 Hz, 1H), 5.40 (d, J = 16.7 Hz, 1H), 3.23 (d, J = 13.7 Hz, 

1H), 3.03 (d, J = 13.7 Hz, 1H), 2.86 (ddd, J = 13.6, 8.7, 4.6 Hz, 1H), 2.54 (dt, J = 22.3, 

10.2 Hz, 2H), 2.33 – 2.25 (m, 1H), 2.05 – 1.95 (m, 1H). 

13C NMR (126 MHz, CDCl3) δ 140.1, 137.7, 133.0, 132.8, 131.2, 128.9, 128.6, 126.7, 124.1, 118.4, 114.5, 113.8, 

113.1, 50.4, 44.0, 41.7, 32.8, 32.5. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 2.0:98.0, 1.0 mL/min), Rt = 

49.73 min (minor) and 53.14 min (major), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –2.6 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C22H19N3Na  348.1477; found 348.1474. 

 

(R)-2-(5-phenylpent-1-en-3-yl)-2-(4-(trifluoromethyl)benzyl)malononitrile (3ad): 

White solid; Yield: 80 mg, 87%; M.P. 120-122 °C. 

TLC Rf = 0.7 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.64 (d, J = 8.1 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H), 7.32 

(t, J = 7.3 Hz, 2H), 7.25 – 7.18 (m, 3H), 5.78 (dt, J = 16.9, 9.9 Hz, 1H), 5.61 (dd, J = 

10.2, 1.2 Hz, 1H), 5.39 (dd, J = 16.9, 0.6 Hz, 1H), 3.23 (d, J = 13.7 Hz, 1H), 3.04 (d, J 

= 13.7 Hz, 1H), 2.86 (ddd, J = 13.7, 8.8, 4.6 Hz, 1H), 2.60 – 2.48 (m, 2H), 2.34 – 2.26 

(m, 1H), 2.05 – 1.95 (m, 1H). 

13C NMR (126 MHz, CDCl3) δ 140.2, 136.5, 133.2, 131.6 – 130.8 (m), 130.8, 128.9, 128.6, 126.7, 126.1 (q, J 

= 3.7 Hz), 127.3 – 120.8 (m), 124.0, 114.7, 114.0, 50.4, 44.1, 41.5, 32.8, 32.5. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 0.1:99.9, 0.5 mL/min), Rt = 

57.50 min (minor) and 61.26 min (major), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –1.0 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C22H19F3N2Na  391.1398; found 391.1387. 

 

(R)-2-(naphthalen-2-ylmethyl)-2-(5-phenylpent-1-en-3-yl)malononitrile (3ae): 

White solid; Yield: 80 mg, 91%; M.P. 103-105 °C. 

TLC Rf = 0.3 (PE:EA, 9:1). 

1H NMR (500 MHz, CDCl3) δ 7.84 (dd, J = 9.2, 3.8 Hz, 4H), 7.52 – 7.48 (m, 2H), 7.45 

(dd, J = 8.5, 1.8 Hz, 1H), 7.31 (t, J = 7.4 Hz, 2H), 7.23 (d, J = 8.2 Hz, 1H), 7.21 – 7.18 

(m, 2H), 5.81 (dt, J = 16.9, 10.0 Hz, 1H), 5.60 (dd, J = 10.2, 1.0 Hz, 1H), 5.40 (d, J = 
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16.9 Hz, 1H), 3.35 (d, J = 13.8 Hz, 1H), 3.17 (d, J = 13.8 Hz, 1H), 2.84 (ddd, J = 13.8, 9.2, 4.6 Hz, 1H), 2.58 – 

2.52 (m, 2H), 2.35 – 2.30 (m, 1H), 2.04 – 1.97 (m, 1H). 

13C NMR (126 MHz, CDCl3) δ 140.4, 133.5, 133.4, 133.3, 130.0, 129.8, 128.9 (2C), 128.6, 128.2, 127.9, 127.7, 

126.8, 126.7, 126.6, 123.7, 115.1, 114.4, 50.4, 44.5, 42.0, 32.9, 32.5. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 8.0:92.0, 1.0 mL/min), Rt = 

14.82 min (minor) and 24.01 min (major), 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –2.6 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C25H22N2Na  373.1681; found 373.1682. 

 

(R)-2-((1-methyl-1H-pyrrol-2-yl)methyl)-2-(5-phenylpent-1-en-3-yl)malononitrile (3af): 

Clear oil; Yield: 65 mg, 86%. 

TLC Rf = 0.4 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.31 (t, J = 7.3 Hz, 2H), 7.25 – 7.18 (m, 3H), 6.62 (dd, J 

= 2.5, 1.9 Hz, 1H), 6.24 (dd, J = 3.6, 1.7 Hz, 1H), 6.12 – 6.10 (m, 1H), 5.76 (dt, J = 16.9, 

9.9 Hz, 1H), 5.58 (dd, J = 10.2, 1.1 Hz, 1H), 5.39 (d, J = 17.0 Hz, 1H), 3.63 (s, 3H), 3.26 

(d, J = 15.2 Hz, 1H), 3.09 (d, J = 15.2 Hz, 1H), 2.83 (ddd, J = 13.9, 9.3, 4.7 Hz, 1H), 

2.59 – 2.51 (m, 2H), 2.32 – 2.23 (m, 1H), 2.02 – 1.92 (m, 1H). 

13C NMR (126 MHz, CDCl3) δ 140.4, 133.4, 128.9, 128.6, 126.6, 124.1, 123.7, 123.0, 115.3, 114.6, 111.1, 107.9, 

49.8, 43.8, 34.3, 32.9, 32.7, 32.5. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 5.0:95.0, 1.0 mL/min), Rt = 

18.29 min (major) and 21.90 min (minor), 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –9.6 (c 0.05, CHCl3). 

HRMS (ESI): m/z  [M + H]+ Calcd for C20H22N3 304.1808; found 304.1815. 

 

(R)-2-(furan-2-ylmethyl)-2-(5-phenylpent-1-en-3-yl)malononitrile (3ag): 

Clear oil; Yield: 60 mg, 83%. 

TLC Rf = 0.5 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.41 (dd, J = 1.8, 0.7 Hz, 1H), 7.32 (t, J = 7.3 Hz, 2H), 

7.25 – 7.18 (m, 3H), 6.40 – 6.37 (m, 2H), 5.74 (dt, J = 16.9, 9.9 Hz, 1H), 5.58 (dd, J = 

10.2, 1.2 Hz, 1H), 5.40 (dd, J = 16.9, 0.7 Hz, 1H), 3.28 (dd, J = 46.9, 15.1 Hz, 2H), 2.83 

(ddd, J = 13.9, 9.3, 4.6 Hz, 1H), 2.58 – 2.45 (m, 2H), 2.32 – 2.23 (m, 1H), 2.01 – 1.92 

(m, 1H). 

13C NMR (126 MHz, CDCl3) δ 146.5, 143.6, 140.4, 133.1, 128.8, 128.6, 126.5, 123.9, 114.7, 114.2, 111.0, 110.8, 

49.3, 42.4, 34.7 32.9, 32.3. 
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HPLC (Shimadzu LC-16) (Daicel Chiralpak IC Column, iPrOH:n-Hexane = 0.5:99.5, 1.0 mL/min), Rt = 20.69 

min (minor) and 22.48 min (major), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –6.3 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C19H18N2ONa  313.1317; found 313.1321. 

 

(R)-2-(cyclohexylmethyl)-2-(5-phenylpent-1-en-3-yl)malononitrile (3ah): 

Clear oil; Yield: 67.5 mg, 88%. 

TLC Rf = 0.7 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.31 (t, J = 7.3 Hz, 2H), 7.20 (dd, J = 20.4, 7.2 Hz, 3H), 

5.66 (dt, J = 16.9, 9.9 Hz, 1H), 5.49 (dd, J = 10.2, 1.2 Hz, 1H), 5.30 (dd, J = 16.9, 0.8 

Hz, 1H), 2.82 (ddd, J = 13.8, 9.0, 4.6 Hz, 1H), 2.56 – 2.48 (m, 1H), 2.40 – 2.34 (m, 1H), 

2.27 – 2.19 (m, 1H), 1.97 – 1.85 (m, 3H), 1.81 – 1.63 (m, 6H), 1.31 – 1.24 (m, 2H), 1.18 

– 1.12 (m, 1H), 1.09 – 0.98 (m, 2H). 

13C NMR (126 MHz, CDCl3) δ 140.5, 133.5, 128.8, 128.6, 126.6, 123.2, 115.8, 115.3, 51.4, 43.0, 40.4, 35.9, 

33.7, 33.5, 32.9, 32.1, 26.1, 26.1, 26.0. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 1.0:99.0, 1.0 mL/min), Rt = 

6.88 min (major) and 7.66 min (minor), 96 % ee. 

[𝜶]𝑫
𝟐𝟓 = –14.1 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C21H26N2Na  329.1994; found 329.1992. 

 

(R)-2-allyl-2-(5-phenylpent-1-en-3-yl)malononitrile (3ai):5 

Clear oil; Yield: 53 mg, 85%. 

TLC Rf = 0.6 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.33 (t, J = 7.3 Hz, 2H), 7.26 – 7.19 (m, 3H), 5.92 – 5.81 

(m, 1H), 5.70 (dt, J = 16.8, 9.9 Hz, 1H), 5.54 (dd, J = 10.2, 1.2 Hz, 1H), 5.41 – 5.32 (m, 

3H), 2.87 – 2.80 (m, 1H), 2.69 (dd, J = 14.0, 7.1 Hz, 1H), 2.59 – 2.43 (m, 3H), 2.28 – 

2.20 (m, 1H), 2.00 – 1.91 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 140.3, 133.1, 128.8, 128.6, 126.5, 123.4, 123.2, 114.9, 114.3, 49.2, 42.2, 40.1, 

32.8, 32.3. 

 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 5.0 :95.0, 1.0 mL/min), Rt = 

11.66 min (minor) and 12.65 min (major), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –6.3 (c 0.05, CHCl3). Literature data4 for (R)-enantiomer: [𝜶]𝑫

𝟐𝟔  = –2.78 (c = 0.5, CHCl3), 71% ee. 

HRMS (ESI): m/z [M + Na]+ Calcd for C17H18N2Na   273.1368; found 273.1370. 
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(R)-2-(5-phenylpent-1-en-3-yl)-2-(prop-2-yn-1-yl)malononitrile (3aj): 

Clear oil; Yield: 47 mg, 76%. 

TLC Rf = 0.6 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.32 (t, J = 7.3 Hz, 2H), 7.22 (dd, J = 18.6, 7.2 Hz, 3H), 

5.71 – 5.62 (m, 1H), 5.55 (dd, J = 10.1, 1.5 Hz, 1H), 5.43 (dd, J = 16.7, 1.2 Hz, 1H), 

2.97 – 2.77 (m, 3H), 2.68 (ddd, J = 12.0, 9.6, 2.7 Hz, 1H), 2.60 – 2.52 (m, 1H), 2.34 (t, 

J = 2.6 Hz, 1H), 2.29 – 2.20 (m, 1H), 2.01 – 1.91 (m, 1H). 

13C NMR (126 MHz, CDCl3) δ 140.2, 132.4, 128.8, 128.6, 128.6, 126.6, 124.1, 114.3, 113.7, 75.3, 74.7, 48.6, 

41.3, 32.9, 32.3, 27.3. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 5.0:95.0, 1.0 mL/min), Rt = 

8.32 min (minor) and 10.60 min (major), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –11.1 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C17H16N2Na  271.1211; found 271.1210. 

 

(R)-methyl 2-cyano-3-phenethylpent-4-enoate (3ak): 

Clear oil; Yield: 34 mg, 56%. 

TLC Rf = 0.3 (PE:EA, 9:1). 

1H NMR (500 MHz, CDCl3) δ 7.30 (t, J = 7.4 Hz, 2H), 7.23 – 7.16 (m, 3H), 5.79 – 

5.69 (m, 1H), 5.31 – 5.20 (m, 2H), 3.77 (s, 3H), {3.59 (d, J = 4.8 Hz, 0.6H), 3.52 (d, 

J = 6.0 Hz, 0.4H); d/r = 1.0:1.5.}, 2.81 – 2.69 (m, 2H), 2.55 (ddd, J = 25.8, 15.2, 8.4 

Hz, 1H), 1.97 – 1.80 (m, 2H). 

13C NMR (126 MHz, CDCl3) δ 165.9, 165.8, 141.0, 140.9, 136.3, 135.4, 128.7, 128.7, 128.5, 126.4, 126.3, 120.2, 

119.7, 115.4, 115.1, 53.5, 53.5, 44.2, 44.1, 43.5, 43.5, 34.4, 33.2, 33.1, 33.0. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak IC Column, iPrOH:n-Hexane = 0.1:99.1, 1.0 mL/min), d/r = 

1.0:1.5. Rt = 40.78 min (minor) and 46.95 min (major), > 99% ee for the major diastereomer.  

[𝜶]𝑫
𝟐𝟓 = –5.3 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C15H17NO2Na  266.1157; found 266.1158. 

 

(R)-(2-vinylpentane-1,1-diyldisulfonyl)dibenzene (3al): 

White solid; Yield: 58 mg, 61%; M.P. 91-93 °C. 

TLC Rf = 0.2 (PE:EA, 9:1). 

1H NMR (500 MHz, CDCl3) δ 7.93 (t, J = 8.1 Hz, 4H), 7.70 – 7.64 (m, 2H), 7.54 (dd, 

J = 17.3, 8.0 Hz, 4H), 6.12 (dt, J = 17.2, 9.5 Hz, 1H), 5.07 (d, J = 10.1 Hz, 1H), 4.92 (d, 

J = 17.1 Hz, 1H), 4.60 (s, 1H), 3.06 – 3.01 (m, 1H), 1.90 (ddd, J = 23.8, 10.3, 4.8 Hz, 1H), 1.63 – 1.56 (m, 1H), 

1.34 – 1.28 (m, 1H), 1.11 – 1.04 (m, 1H), 0.80 (t, J = 7.3 Hz, 3H). 
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13C NMR (126 MHz, CDCl3) δ 140.0, 139.0, 137.7, 134.7, 134.4, 129.8, 129.5, 129.3, 129.2, 118.4, 88.0, 44.5, 

32.7, 21.5, 13.7. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak IG Column, iPrOH:n-Hexane = 3.0:97.0, 0.5 mL/min), Rt = 

86.38 min (major) and 90.37 min (minor), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = +7.6 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C19H22O4S2Na  401.0857; found 401.0856. 

 

(R)-2-benzyl-2-(but-3-en-2-yl)malononitrile (3bb): 

White solid; Yield: 49 mg, 93%; M.P. 40-42 °C. 

TLC Rf = 0.4 (PE:EA, 9:1). 

1H NMR (500 MHz, CDCl3) δ 7.41 – 7.38 (m, 5H), 5.89 (ddd, J = 17.0, 10.3, 8.8 Hz, 1H), 5.40 

(dd, J = 22.5, 13.6 Hz, 2H), 3.20 (d, J = 13.7 Hz, 1H), 3.08 (d, J = 13.8 Hz, 1H), 2.77 – 2.71 (m, 

1H), 1.46 (d, J = 6.8 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 135.0, 132.6, 130.3, 129.1, 128.9, 121.0, 114.9, 114.4, 45.2, 44.9, 41.6, 17.2. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OJ-H Column, iPrOH:n-Hexane = 5.0:95.0, 1.0 mL/min), Rt = 

9.75 min (major) and 15.05 min (minor), 90 % ee. 

[𝜶]𝑫
𝟐𝟓 = –22.0 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C14H14N2Na 233.1055; found 233.1054. 

 

(R)-2-benzyl-2-(hex-1-en-3-yl)malononitrile (3cb): 

White solid; Yield: 52 mg, 87%; M.P. 42-43 °C. 

TLC Rf = 0.5 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.43 – 7.37 (m, 5H), 5.71 (dt, J = 16.9, 9.9 Hz, 1H), 5.49 

(dd, J = 10.2, 1.2 Hz, 1H), 5.35 (dd, J = 16.9, 0.6 Hz, 1H), 3.23 (d, J = 13.7 Hz, 1H), 3.05 

(d, J = 13.7 Hz, 1H), 2.54 – 2.48 (m, 1H), 1.94 – 1.86 (m, 1H), 1.71 – 1.65 (m, 1H), 1.55 – 1.44 (m, 1H), 1.34 – 

1.23 (m, 1H), 0.96 (t, J = 7.3 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 133.7, 132.6, 130.4, 129.1, 128.8, 122.8, 115.2, 114.5, 50.9, 44.6, 41.9, 33.1, 

20.3, 13.8. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 5.0:95.0, 1.0 mL/min), Rt = 

6.27 min (minor) and 7.15 min (major), 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –29.9 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+  Calcd for C16H18N2Na  261.1368; found 261.1368. 
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(R)-2-benzyl-2-(6-((tert-butyldimethylsilyl)oxy)hex-1-en-3-yl)malononitrile (3db): 

White solid; Yield: 68 mg, 74%; M.P. 43-44 °C. 

TLC Rf = 0.7 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.40 (s, 5H), 5.76 – 5.67 (m, 1H), 5.51 (d, J = 10.2 Hz, 

1H), 5.36 (d, J = 16.9 Hz, 1H), 3.65 (t, J = 6.0 Hz, 2H), 3.23 (d, J = 13.7 Hz, 1H), 

3.06 (d, J = 13.8 Hz, 1H), 2.54 (t, J = 10.2 Hz, 1H), 2.11 – 2.04 (m, 1H), 1.74 – 1.64 (m, 2H), 1.55 – 1.44 (m, 

1H), 0.91 (s, 9H), 0.06 (s, 6H). 

13C NMR (126 MHz, CDCl3) δ 133.7, 132.6, 130.4, 129.1, 128.8, 123.0, 115.0, 114.5, 62.5, 50.8, 44.6, 41.9, 

30.2, 27.5, 26.1, 18.5, -5.1. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak AD-H Column, iPrOH:n-Hexane = 2.0:98.0, 1.0 mL/min), Rt = 

10.40 min (major) and 11.84 min (minor), 99% ee. 

 [𝜶]𝑫
𝟐𝟓 = –15.3 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + H]+ Calcd for C22H33N2OSi  369.2357; found 369.2361; and [M + Na]+ Calcd for 

C22H32N2OSiNa  391.2182; found 391.2168. 

 

(R)-2-benzyl-2-(5-methylhex-1-en-3-yl)malononitrile (3eb): 

White solid; Yield: 55.5 mg, 88%; M.P. 80-81 °C. 

 TLC Rf = 0.6 (PE:EA, 9:1). 

1H NMR (500 MHz, CDCl3) δ 7.40 (s, 5H), 5.74 – 5.66 (m, 1H), 5.49 (d, J = 10.2 Hz, 1H), 

5.36 (d, J = 17.0 Hz, 1H), 3.22 (d, J = 13.7 Hz, 1H), 3.04 (d, J = 13.8 Hz, 1H), 2.60 (t, J = 

10.5 Hz, 1H), 1.74 – 1.60 (m, 3H), 0.99 (d, J = 5.6 Hz, 3H), 0.89 (d, J = 5.6 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 133.8, 132.7, 130.4, 129.1, 128.8, 122.7, 115.2, 114.5, 49.4, 44.8, 41.9, 40.0, 

25.3, 24.0, 20.7. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 5.0:95.0, 1.0 mL/min), Rt = 

5.25 min (minor) and 6.28 min (major), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –14.5 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C17H20N2Na 275.1524; found 275.1525. 

 

(S)-2-benzyl-2-(1-cyclopropylallyl)malononitrile (3fb): 

White solid; Yield: 56 mg, 95%; M.P. 51-53 °C. 

TLC Rf = 0.4 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.42 – 7.36 (m, 5H), 5.95 – 5.86 (m, 1H), 5.45 (dd, J = 10.3, 0.9 

Hz, 1H), 5.33 (d, J = 16.9 Hz, 1H), 3.24 – 3.12 (m, 2H), 2.00 (t, J = 9.0 Hz, 1H), 1.21 – 1.13 (m, 

1H), 0.89 – 0.83 (m, 1H), 0.70 – 0.58 (m, 2H), 0.32 – 0.25 (m, 1H). 
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13C NMR (126 MHz, CDCl3) δ 133.1, 132.7, 130.4, 129.0, 128.8, 121.7, 114.9, 114.8, 54.8, 44.8, 42.0, 12.6, 

6.7, 3.1. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 5.0:95.0, 1.0 mL/min), Rt = 

9.04 min (minor) and 9.74 min (major), 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –11.5 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C16H16N2Na  259.1211; found 259.1211. 

 

(R)-2-benzyl-2-(4-methylpent-1-en-3-yl)malononitrile (3gb): 

White solid; Yield: 40 mg, 67%; M.P. 82-83 °C. 

TLC Rf = 0.4 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.39 (s, 5H), 5.89 (dt, J = 16.8, 10.1 Hz, 1H), 5.56 (dd, J = 10.2, 

1.4 Hz, 1H), 5.34 (d, J = 16.9 Hz, 1H), 3.27 (d, J = 13.7 Hz, 1H), 3.03 (d, J = 13.7 Hz, 1H), 

2.38 (dd, J = 7.3, 3.7 Hz, 2H), 1.12 (d, J = 6.6 Hz, 3H), 1.00 (d, J = 6.5 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 132.5, 130.6, 130.5, 129.0, 128.9, 124.1, 115.1, 115.0, 55.9, 43.4, 42.6, 30.4, 

22.7, 17.1. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 5.0:95.0, 1.0 mL/min), Rt = 

6.07 min (minor) and 7.83 min (major), 98% ee. 

[𝜶]𝑫
𝟐𝟓 = –11.5 (c 0.05, CHCl3). 

HRMS (ESI): m/z  [M + Na]+ Calcd for C16H18N2Na 261.1368; found 261.1363. 

 

(S)-2-benzyl-2-(1-cyclohexylallyl)malononitrile (3hb): 

White solid; Yield: 49 mg, 70%; M.P. 130-132 °C. 

TLC Rf = 0.5 (PE:EA, 9:1). 

1H NMR (500 MHz, CDCl3) δ 7.42 – 7.37 (m, 5H), 5.94 – 5.87 (m, 1H), 5.52 (dd, J = 10.2, 

1.4 Hz, 1H), 5.31 (dd, J = 16.9, 1.1 Hz, 1H), 3.26 (d, J = 13.7 Hz, 1H), 3.02 (d, J = 13.7 Hz, 

1H), 2.34 (dd, J = 10.2, 3.4 Hz, 1H), 2.11 (d, J = 12.7 Hz, 1H), 2.01 – 1.95 (m, 1H), 1.82 – 

1.75 (m, 2H), 1.68 (d, J = 13.0 Hz, 1H), 1.39 – 1.06 (m, 6H). 

13C NMR (126 MHz, CDCl3) δ 132.5, 131.7, 130.6, 129.0, 128.9, 123.5, 115.1, 115.1, 56.2, 43.4, 42.3, 40.5, 

32.8, 28.0, 26.5, 26.3, 26.2. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 5.0:95.0, 1.0 mL/min), Rt = 

5.68 min (minor) and 6.77 min (major), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –20.3 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+Calcd for C19H22N2Na 301.1681; found 301.1669. 
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(S)-2-benzyl-2-(1-phenylallyl)malononitrile (3ib): 

White solid; Yield: 60.5 mg, 89%; M.P. 73-74 °C. 

 TLC Rf = 0.3 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.48 – 7.35 (m, 10H), 6.40 (ddd, J = 16.8, 10.0, 9.3 Hz, 1H), 

5.52 (d, J = 10.2 Hz, 1H), 5.46 (d, J = 16.8 Hz, 1H), 3.75 (d, J = 9.2 Hz, 1H), 3.19 (d, J = 13.7 

Hz, 1H), 2.98 (d, J = 13.7 Hz, 1H). 

13C NMR (126 MHz, CDCl3) δ 136.1, 133.3, 132.4, 130.4, 129.4, 129.2, 129.1, 128.9, 122.2, 114.9, 114.5, 56.5, 

45.6, 42.5. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 5.0:95.0, 1.0 mL/min), Rt = 

9.23 min (minor) and 10.30 min (major), 99% ee. 

[𝜶]𝑫
𝟐𝟓 = +19.8 (c 0.05, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C19H16N2Na 295.1211; found 295.1211. 

 

8. Synthesis of (R)-2-(1-phenylallyl)malononitrile (3ja):6 

 

 

In an N2 filled glove box, L9 (16 mg, 37.5 ×10-3 mmol, 15 mol%) and Co(BF4)2·6H2O (8.6 mg, 25.2×10-3 mmol, 

10 mol%) in 0.2 mL acetonitrile was taken into a 10 mL reaction tube equipped with a Teflon stopcock and a 

stir bar. Zn dust (3.3 mg, 50.5×10-3 mmol, 20 mol%) and 0.5 mL acetonitrile to complete transfer of zinc were 

added to it. The mixture was allowed to stir for 20 minutes. Afterward, (E)-cinnamyl methyl carbonate (1j) (48.2 

mg, 0.25 mmol, 1 eq), malonitrile (2a) (33 mg, 0.5 mmol, 2 eq), bis(trimethylsilyl)acetamide (BSA) (6 L, 

25×10-3 mmol, 10 mol%), and 0.3 mL of acetonitrile were added sequentially to the reaction mixture. The 

reaction tube was sealed and brought out from the glove box. The reaction mixture was then stirred for 24 hours 

at 60 °C in oil bath. Then, it was cooled to room temperature. and solvent was removed under reduced pressure. 

The desired pure product was obtained by silica gels (200-300 mesh) column chromatography using PE/EA as 

an eluent. 

Clear oil; Yield: 20.5 mg, 45%. 

TLC Rf = 0.2 (PE:EA, 9:1). 

1H NMR (400 MHz, CDCl3) δ 7.45 – 7.32 (m, 5H), 6.17 (ddd, J = 17.0, 10.3, 7.7 Hz, 1H), 5.49 (d, J = 10.3 Hz, 

1H), 5.43 (dd, J = 17.0, 0.8 Hz, 1H), 4.01 (d, J = 6.6 Hz, 1H), 3.94 (t, J = 7.2 Hz, 1H). 
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13C NMR (126 MHz, CDCl3) δ 136.3, 133.3, 129.6, 129.1, 128.0, 121.1, 111.8, 111.8, 50.3, 29.9. 

HPLC (Shimadzu LC-16) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 10.0:90.0, 1.0 mL/min), Rt = 

17.01 min (minor) and 22.55 min (major), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = +6.1 (c 0.05, CHCl3). Literature report: [𝜶]𝑫

𝟐𝟒 = +41.4 (c 0.54, CHCl3), 91% ee. 

HRMS (ESI): m/z [M + K]+ calculated for C12H10N2K 221.0481; found 221.0396. 

 

9. Kinetic resolution study: 

 

 

In an N2 filled glove box, a reaction tube contains L9 (8 mg, 18.8 ×10-3 mmol, 7.5 mol%) and Co(BF4)2·6H2O 

(4.3 mg, 12.6×10-3 mmol, 5 mol%) in 0.2 mL acetonitrile was added Zn dust (1.7 mg, 26.0×10-3 mmol, 10 mol%). 

Additionally, 0.5 mL of acetonitrile was added to complete transfer of zinc. The mixture was allowed to stir for 

20 minutes. Afterward, rac-1a (110 mg, 0.5 mmol, 2 eq), malonitrile (2a) (17 mg, 0.25 mmol, 1 eq), 

bis(trimethylsilyl)acetamide (BSA) (6 L, 25×10-3 mmol, 10 mol%), and 0.3 mL of acetonitrile were added 

sequentially to the reaction mixture. The reaction tube was sealed with Teflon stopcock and brought out from 

the glove box. The reaction mixture was then stirred for 16 hours at room temperature. Then, solvent was 

removed and column chromatography was run on a column of silica gels (200-300 mesh) using PE/EA as an 

eluent to get the desired product.  

The amount of recovery 1a was 70 mg, 64% yield; ee 8%. 

The amount of product 3aa was 31 mg, 30% yield; ee 99%. 

Enantiomeric excess of recovered 1a was determined by HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H 

Column, iPrOH:n-Hexane = 5.0:95.0, 1.0 mL/min), Rt = 4.65 min (minor) and 4.92 min (major), 6% ee. 
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10. Synthesis of (R)-2-phenethylbut-3-en-1-ol (4): 

 

 

Compound 3aa (84 mg, 0.4 mmol) was dissolved in MeOH (3 mL) in a 10 mL round bottom flask at 0 °C. 

Li2CO3 (45 mg, 0.6 mmol, 1.5 eq) and Magnesium monoperoxyphthalate hexahydrate (MMPP) 80% analytical 

grade (144 mg, 0.92 eq) were added sequentially to it. The reaction mixture was stirred for 3 hours at 0 °C. Then, 

it was diluted with EA (20 mL) and filtered through a pad of celite to remove solid residues and concentrated in 

vacuo. The crude product was further dissolved in EA (20 mL) and filtered through a pad of celite to get the 

clear oily product. The crude oily product was treated with LiAlH4 (66 mg, 4 eq) in 8 mL THF at 0 °C and stirred 

continue at room temperature for 5 hours. The reaction mixture was quenched with water (5 mL) carefully and 

5 mL of dil. HCl (1 M) was added and extracted with EA. The organic phase was dried on Na2SO4 and 

chromatographed on a column of silica gels (PE/EA as an eluent). 

Clear oil; Yield: 48 mg, 68%. 

TLC Rf = 0.3 (PE:EA, 4:1). 

1H NMR (400 MHz, CDCl3) δ 7.32 – 7.28 (m, 2H), 7.22 – 7.18 (m, 3H), 5.66 (ddd, J = 17.2, 10.3, 8.8 Hz, 1H), 

5.22 (ddd, J = 18.3, 13.8, 1.4 Hz, 2H), 3.59 (dd, J = 10.6, 5.2 Hz, 1H), 3.47 (dd, J = 10.6, 8.0 Hz, 1H), 2.72 (ddd, 

J = 15.0, 10.0, 5.3 Hz, 1H), 2.58 (ddd, J = 13.8, 9.8, 6.9 Hz, 1H), 2.32 – 2.23 (m, 1H), 1.82 – 1.73 (m, 1H), 1.67 

(s, 1H), 1.64 – 1.55 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 142.3, 139.8, 128.6, 128.5, 125.9, 118.0, 65.7, 46.6, 33.4, 32.6. 

[𝜶]𝑫
𝟐𝟓 = +5.6 (c 0.25, CHCl3). 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OJ-H Column, iPrOH:n-Hexane = 1.0 : 99.0, 1.0 mL/min), Rt = 

22.97 min (minor) and 24.04 min (major), > 99% ee. 

HRMS (ESI): m/z [M + Na]+ Calcd for C12H16ONa 199.1099; found 199.1096. 
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11. Synthesis (R)-2-phenethylcyclopent-3-ene-1,1-dicarbonitrile (5): 

 

 

In a Schlenk tube equipped with Teflon stop cock and stir bar, 3ai (53 mg, 0.21 mmol) and Grubbs II (18 mg, 

0.021 mmol, 10 mol%) were mixed in DCM (5 mL) under argon atmosphere. The reaction mixture was heated 

at 40 °C in oil bath for 16 hours. Then solvent was removed and column chromatography was performed on 

silica gels using PE/EA as an eluent. 

Clear oil; Yield: 36 mg, 77%. 

TLC Rf = 0.3 (PE:EA, 20:1). 

1H NMR (400 MHz, CDCl3) δ 7.33 – 7.30 (m, 2H), 7.24 – 7.21 (m, 3H), 5.82 – 5.76 (m, 2H), 3.31 (ddd, J = 8.4, 

3.7, 1.8 Hz, 1H), 3.24 – 3.12 (m, 2H), 2.81 (dd, J = 11.7, 4.8 Hz, 2H), 2.15 (tt, J = 14.0, 7.2 Hz, 1H), 2.00 (ddd, 

J = 12.2, 7.9, 6.2 Hz, 1H). 

13C NMR (126 MHz, CDCl3) δ 140.3, 132.4, 128.9, 128.5, 127.2, 126.6, 116.9, 115.0, 54.7, 44.9, 37.9, 33.6. 

HPLC (Shimadzu LC-16) (Daicel Chiralpak AD-H Column, iPrOH:n-Hexane = 2.0:98.0, 0.5 mL/min), Rt = 

16.92 min (minor) and 18.11 min (major), > 99% ee. 

[𝜶]𝑫
𝟐𝟓 = –92.8 (c 0.25, CHCl3). 

HRMS (ESI): m/z [M + Na]+ Calcd for C15H14N2Na  245.1055; found 245.1059. 

12. Synthesis (R)-2-phenethyl-4-vinylcyclopent-3-ene-1,1-dicarbonitrile (6): 

 

Under Argon atmosphere, a Schlenk tube equipped with Teflon stop cock and stir bar was charged with 3aj 

(0.124 g, 0.5 mmol) and PtCl2 (5.5 mg, 0.02 mmol, 4 mol%) in Toluene (5 mL). The reaction mixture was heated 
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at 80 °C in oil bath for 4 hours. Then, solvent was removed and column chromatography was performed on silica 

gels using PE/EA as an eluent. 

Clear oil; Yield: 109 mg, 88%. 

TLC Rf = 0.3 (PE:EA, 4:1). 

1H NMR (400 MHz, CDCl3) δ 7.33 – 7.29 (m, 2H), 7.24 – 7.21 (m, 3H), 6.47 (dd, J = 17.6, 10.8 Hz, 1H), 5.67 

(s, 1H), 5.27 (d, J = 10.8 Hz, 1H), 5.15 (d, J = 17.6 Hz, 1H), 3.37 (t, J = 7.7 Hz, 1H), 3.34 – 3.19 (m, 2H), 2.81 

(t, J = 7.9 Hz, 2H), 2.17 (dt, J = 14.5, 7.8 Hz, 1H), 2.00 (dq, J = 13.7, 8.1 Hz, 1H). 

13C NMR (126 MHz, CDCl3) δ 140.3, 139.1, 131.0, 129.3, 128.9, 128.5, 126.6, 118.2, 116.7, 114.9, 54.4, 43.2, 

37.9, 33.7, 33.5. 

[𝜶]𝑫
𝟐𝟓 = –133.2 (c 0.25, CHCl3). 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH:n-Hexane = 1.0 : 99.0, 0.5 mL/min), Rt 

= 45.73 min (minor) and 47.24 min (major), > 99% ee 

HRMS (ESI): m/z [M + Na]+ Calcd for C17H16N2Na 271.1211; found 271.1215. 

13. Synthesis (R)-5-(5-phenylpent-1-en-3-yl)pyrimidine-2,4,6-triamine (7): 

 

To an ethanolic solution of 3aa (63 mg, 0.3 mmol) and guanidine hydrochloride (36 mg, 0.38 mmol, 1.25 eq), 

was added NaOEt (32 mg, 0.45 mmol, 1.5 eq) and the reaction mixture was refluxed in oil bath for 12 hours. 

Then, solvent was removed and column chromatography was performed on silica gels using DCM/MeOH as an 

eluent. 

Light yellow solid; Yield: 66 mg, 82%; M.P. 63-64 °C. 

TLC Rf = 0.3 (PE:EA, 4:1). 

1H NMR (400 MHz, MeOD) δ 7.21 (dd, J = 10.1, 4.7 Hz, 2H), 7.14 – 7.10 (m, 3H), 6.07 – 5.99 (m, 1H), 5.17 

(d, J = 2.3 Hz, 1H), 5.13 (dt, J = 3.6, 1.5 Hz, 1H), 4.93 (s, 6H), 3.46 (dtt, J = 11.1, 4.4, 2.3 Hz, 1H), 2.64 – 2.48 

(m, 2H), 2.10 – 2.04 (m, 2H). 

13C NMR (126 MHz, MeOD) δ 163.5, 161.4, 143.8, 141.0, 129.5, 129.5, 126.9, 115.1, 88.0, 39.1, 35.2, 33.8. 

[𝜶]𝑫
𝟐𝟓 = –35.6 (c 0.25, MeOH). 

HRMS (ESI): m/z [M + H]+ Calcd for C15H20N5 270.1713; found 270.1714. 
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14. NMR spectra of new compounds:  

500 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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162 MHz, CDCl3 

 

500 MHz, CDCl3 
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126 MHz, CDCl3 

 

202 MHz, CDCl3 
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400 MHz, CDCl3 

 

101 MHz, CDCl3 
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162 MHz, CDCl3 

 

400 MHz, CDCl3 
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101 MHz, CDCl3 

 

202 MHz, CDCl3 
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400 MHz, CDCl3 

 

101 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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500 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

101 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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500 MHz, CDCl3 

 

126 MHz, CDCl3 
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500 MHz, CDCl3 

 

126 MHz, CDCl3 
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500 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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500 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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500 MHz, CDCl3 

 

126 MHz, CDCl3 
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500 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

101 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CDCl3 

 

126 MHz, CDCl3 
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400 MHz, CD3OD 

 

126 MHz, CD3OD 
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15. HPLC spectra of new compounds: 
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