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General Methods: 
 

Analytical thin layer chromatography (TLC) was performed using Merck 60 F254 precoated silica 
gel plate (0.2 mm thickness). Subsequent to elution, plates were visualized using UV radiation (254 nm) 
on Spectroline Model ENF-24061/F 254 nm. Further visualization was possible by staining with acidic 
solution of ceric molybdate or ethanol solution of ninhydride.  

 
Flash chromatography was performed using Merck silica gel 60 with freshly distilled solvents. 

Columns were typically packed as slurry and equilibrated with the appropriate solvent system prior to 
use. 

 
Infrared spectra were recorded on a Bio-Rad FTS 165 FTIR spectrometer. Liquid samples were 

examined as film between NaCl salt plates. 
 
Proton nuclear magnetic resonance spectra (1H NMR) were recorded on a Bruker Avance DPX 300 

and Bruker AMX 400 spectrophotometer (CDCl3 as solvent). Chemical shifts for 1H NMR spectra are 
reported as d in units of parts per million (ppm) downfield from SiMe4 (d 0.0) and relative to the signal 
of chloroform-d (d 7.2600, singlet). Multiplicities were given as: s (singlet); d (doublet); t (triplet); q 
(quartet); or m (multiplets). The number of protons (n) for a given resonance is indicated by nH. 
Coupling constants are reported as a J value in Hz. Carbon nuclear magnetic resonance spectra (13C 
NMR) are reported as d in units of parts per million (ppm) downfield from SiMe4 (d 0.0) and relative to 
the signal of chloroform-d (d 77.03, triplet). The proportion of diastereomers was determined from the 
integration of 1H NMR and 13C NMR spectra. 
 

Mass spectral analyses were carried out on a VG 7035 micromass mass spectrophotometer at a 
source temperature of 200 oC and at an ion current of 70 eV. Mass spectral data were reported in units of 
mass to charge (m/z) and % intensity. 
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General procedures for the preparation of olefins: 
 

X

NC CN

X

NC CN

+
CN

CN NH4OAc

Toluene  
 
Malononitrile (25 mmol) and the ketone (27.5 mmol) were dissolved in 30 mL of toluene containing ammonium 
acetate (500 mg) and glacial acetic acid (2 mL) in a 50 mL flask. By refluxing vigorously, the water formed in the 
reaction was removed by a Dean and Stark trap placed under the reflux condenser. After the completion of the reaction, 
the reaction mixture was diluted with EtOAc and washed with brine. The organic phase was dried over Na2SO4 and the 
solvent was evaporated under reduced pressure. The residue was recrystallized from alcohol to give pure products. 
 
2-(2,3-Dihydronaphthalen-4(1H)-ylidene) malononitrile 
 

NC CN

 
 
1H NMR (400 MHz, CDCl3): d 8.20 (d, J = 10.5 Hz, 1H), 7.52-7.46 (m, 1H), 7.36-7.26 (m,2H), 3.02 (t, J = 8.7 Hz, 2H), 

2.89 (t, J = 8.3 Hz, 2H), 2.02 (t, J = 8.6 Hz, 2H). 
13C NMR (100 MHz, CDCl3): d 172.6, 142.0, 133.7, 130.0, 129.5, 127.9, 126.9, 114.0, 113.4, 79.8, 33.1, 29.7, 22.2. 
 
2-(6-Methoxy-2,3-dihydronaphthalen-4(1H)-ylidene) malononitrile 
 

NC CN

O  
 
1H NMR (400 MHz, CDCl3): d 8.30 (d, J = 8.9 Hz, 1H), 6.86 (d, J = 8.9 Hz, 1H), 6.76 (s, 1H), 3.88 (s, 3H), 2.99 (t, J = 
6.4 Hz, 2H), 2.85 (t, 6.2 Hz, 2H), 1.99-1.93 (m, 2H). 
13C NMR (100 MHz, CDCl3): d 171.1, 163.5, 146.9, 130.4, 129.6, 126.3, 114.2, 113.0, 112.9, 55.4, 38.9, 30.2, 23.4. 
 
2-(7-Methoxy-2,3-dihydronaphthalen-4(1H)-ylidene) malononitrile 
 

NC CN

O

 
 
1H NMR (400 MHz, CDCl3): d 7.73 (d, J = 2.4 Hz, 1H), 7.18 (d, J = 8.5 Hz, 1H), 7.06 (dd, J = 8.5, 2.5 Hz, 1H), 3.84 (s, 
3H), 3.00 (t, J = 6.5 Hz, 2H), 2.83 (t, J = 6.2 Hz, 2H), 1.99-1.96 (m, 2H). 
13C NMR (100 MHz, CDCl3): d 172.6, 157.9, 134.5, 130.5, 130.4, 121.9, 114.2, 113.5, 110.9, 79.6, 55.7, 33.1, 28.9, 
22.5. 
 
2-(2,3-Dihydrochromen-4-ylidene) malononitrile 
 

O

NC CN

 
 
1H NMR (400 MHz, CDCl3): d 8.36 (dd, J = 8.2, 1.4 Hz, 1H), 7.53-7.48 (m, 1H), 7.07-7.03 (m, 1H), 6.98 (dd, J = 8.4, 
0.9 Hz, 1H), 4.39 (t, J = 6.3 Hz, 2H), 3.15 (t, J = 6.3 Hz, 2H). 
13C NMR (100 MHz, CDCl3): d 163.4, 157.4, 136.8, 127.3, 121.7, 118.7, 117.2, 113.8, 113.2, 64.7, 30.9. 
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2-(2,3-Dihydrothiochromen-4-ylidene) malononitrile 
 

S

NC CN

 
 
1H NMR (400 MHz, CDCl3): d 7.96 (d, J = 8.0 Hz, 1H), 7.42-7.40 (m, 1H), 7.38-7.27 (m, 1H), 7.22-7.18 (m, 1H), 3.31 
(t, J = 6.5 Hz, 2H), 3.16 (t, J = 6.4 Hz, 2H). 
13C NMR (100 MHz, CDCl3): d 169.8, 138.9, 133.5, 129.4, 128.3, 128.0, 125.0, 113.4, 112.8, 81.9, 32.7, 25.7. 
 
2-(1-Phenylpropylidene)malononitrile 
 

NC CN

 
 
1H NMR (400 MHz, CDCl3): d 7.56-7.46 (m, 5H), 2.98 (q, J = 7.5 Hz, 2H), 1.11 (t, J = 7.5 Hz, 3H). 
13C NMR (100 MHz, CDCl3): d 181.7, 134.6, 132.0, 129.2, 127.5, 112.8, 112.5, 84.3, 31.1, 12.8. 
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Preparation of dialkyl-(S)-pyrrolidin-2-yl-methanol 
 

N
H

COOH
BnCl / KOH

HCl

SOCl2

MeOH, refluxN
Bn

COOH N
Bn

COOCH3
 

 
A solution of 17.3 g (0.15mol) of L-proline and 25.4 g (0.45 mol) of KOH in isopropanol (100 mL) was prepared 

with stirring at 40°C. As soon as the solution became transparent, slow addition of freshly distilled BnCl (18.9 mL, 
0.16 mol) was commenced under stirring at the same temperature. The dropwise addition took 3 h to complete, and the 
stirring was continued for another 6 h at the same temperature. The reaction mixture was neutralized with concentrated 
aqueous HCl until pH 5–6, then was added to the reaction mixture CHCl3 (40 ml) with stirring. The mixture was left 
overnight, then filtered and the precipitate was washed with CHCl3. The CHCl3 solutions were combined and 
evaporated, the residue was treated with acetone and the precipitate of crude BP filtered and additionally washed with 
acetone. The solid was dried over P2O5 to yield the unpurified benzylated acid (29.2g, unpurified yield), which was 
used further without any purification. 
  SOCl2 (4 mL, 55 mmol) was added during 10 min at 0 oC to a mixture of N-benzyl-L-proline (12g , 50 mmol) in 40 
mL MeOH and afterwards stirred at reflux for 1h. MeOH and excess of SOCl2 were evaporated under reduced pressure; 
EA (150 mL) was added and washed with saturated sodium bicarbonate solution (50 mL×4). The organic phase was 
dried over anhydrous NaSO4 and evaporated under reduce pressure, remaining a brown oil. The product was used in 
the following step with further purification. Yield: 9.9 g (90 %). 1HNMR (400 MHz, CDCl3): d 7.38-7.23 (m, 5H), 
3.83 (d, J = 29.7 Hz, 1H), 3.59 (s, 3H), 3.46 (d, J = 35 Hz, 1H), 3.26-3.23 (m, 1H), 3.08-3.04 (m, 1H), 2.42-2.36 (m, 
1H), 2.18-2.08 (m, 1H), 2.00-1.86 (m, 2H), 1.81-1.74 (m, 1H). 
 
 
 

N
Bn

COOCH3

RMgBr (4eq.)

THF N
Bn OH

R

R
H2 / Pd-C

EtOH, overnight N
H OH

R

R
 

 
The corresponding alkylmagnesium bromide (80 mmol) in THF was cooled at 0oC and (S)-methyl 

1-benzylpyrrolidine- 2-carboxylate (20 mmol in THF) was added dropwise over 20 min. Then the reaction mixture was 
stirred overnight at rt. The reaction was quenched with saturated NH4Cl. The supernatant liquid was collected leaving 
behind a white precipitate which was extracted with dichloromethane. The combined organic extracts were washed 
with brine and dried over anhydrous Na2SO4. The solvent was evaporated under reduced pressure and the product 
obtained was used in the following step without further purification. 

The crude dialkyl-(1-benzylpyrrolidin-2-yl)methanol (10 mmol) was disolved in 10 mL of ethanol and palladium, (10 
wt. % on activated carbon, 20% mol % weight) was added. The reaction mixture was stirred under hydrogen 
atmosphere (1 atm) at room temperature overnight. The solution was filtered over celite in a Büchner funnel and the 
solvent evaporated under reduced pressure. The crude obtained was purified by column chromatography. 
 

N
H HO  

 
[a ]25,D = -31.4 (c = 2.5, DCM) 
1HNMR (400 MHz, CDCl3) d: 3.49-3.36 (m, 1H), 3.08-2.92 (m, 1H), 2.90-2.76 (m, 2H), 1.75-1.58 (m, 4H), 1.40-1.30 
(m, 3H), 1.35-1.06 (m, 8H), 0.79 (t, J = 6.5 Hz, 6H). 
13C-NMR (100 MHz, CDCl3) d: 73.33, 64.32, 46.42, 37.36, 34.74, 25.82, 25.79, 25.57, 25.19, 23.36, 23.34, 14.03, 
13.95. 
MS: C13H27NO 214.20 [M+H]+. 
 

N
H HO  

 
[a ] 25,D = -15.4 (c 1.6, DCM). 
1HNMR (400 MHz, CDCl3) d: 3.14-3.08 (m, 1H), 2.99-2.91 (m, 2H,), 1.80-1.53 (m, 4H), 1.49-1.18 (m, 20H), 0.89 (t, J 
= 6.8 Hz, 6H).  
13C-NMR (100 MHz, CDCl3) d: 73.48, 64.28, 46.49, 37.80, 35.05, 31.85, 31.76, 30.06, 30.04, 25.93, 25.25, 23.63, 
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23.39, 22.65, 22.62, 14.05.  
MS: C17H35NO 270.25 [M+H]+. 
 
 

N
H HO  

 
[a ] 25,D = -13.8 (c = 2.3, DCM) 
1HNMR (400 MHz, CDCl3) d: 3.15-3.12 (m, 1H), 3.04-2.93 (m, 2H), 1.82-1.70 (m, 3H), 1.57-1.43 (m, 3H), 1.40-1.06 
(m, 22H), 0.88 (t, J = 6.7 Hz, 6H). 
13C-NMR (100 MHz, CDCl3) d: 73.52, 64.39, 46.46, 37.78, 35.07, 31.90, 31.86, 29.71, 29.66, 29.34, 29.24, 29.11, 
25.90, 25.29, 23.70, 23.44, 22.69, 14.11. 
MS: C19H39NO 298.26 [M+1]+. 
 
 
 

N
H HO  

 
[a ] 25,D = -10.4 (c = 2.2, DCM) 
1HNMR (400 MHz, CDCl3) d: 3.29-3.23 (m, 1H), 3.08-2.98 (m, 2H), 1.90-1.74 (m, 3H), 1.58-1.44 (m, 3H), 1.38-1.12 
(m, 26H), 0.86 (t, J = 6.7 Hz, 6H). 
13C-NMR (100 MHz, CDCl3) d: 73.55, 65.08, 46.18, 37.48, 35.15, 31.92, 31.88, 30.33, 30.30, 29.70, 29.63, 29.36, 
29.28, 25.45, 25.32, 23.63, 23.39, 22.69, 22.67, 14.12. 
MS: C21H43NO 326.35 [M+H]+. 
 
 

N
H HO  

 
[a ] 25,D = -6.4 (c = 1.8, DCM) 
1HNMR (400 MHz, CDCl3) d: 3.18-3.04 (m, 1H), 2.96-2.86 (m, 2H), 1.72-1.61 (m, 3H), 1.40-1.22 (m, 37H), 0.87 (t, J 
= 7.2 Hz, 6H). 
13C-NMR (100 MHz, CDCl3) d: 73.50, 64.04, 46.61, 37.95, 35.02, 32.86, 31.96, 30.47, 30.44, 29.73, 29.69, 29.61, 
29.48, 29.39, 26.13, 25.80, 25.26, 23.73, 23.47, 22.71, 14.09. 
MS: C25H51NO 382.33 [M+H]+. 
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Direct Vinylogous Michael Addition Reaction: 
 
Typical Procedure (Table 2, entry 1): A mixture of 6a (19.4 mmg, 0.1 mmol), 7a (32 µL, 0.4 mmol), cat. 
(0.02 mmol) and PNBA (3.4 mmg, 0.02 mmol) in brine (0.5 mL) was stirred for 36 h at 0oC. Then the 
reaction was quenched by adding 0.5 mL 1M HCl. The mixture was extracted with EtOAc, dried with 
anhydrous sodium sulfate. The crude product was purified by column chromatography on silica gel to 
give the desired product 8aa in 82% yield with 90% ee, determined by HPLC (Chiralpak AS, 0% 
2-propanol/hexane, 1 mL/min): tminor = 18.756 min, tmajor = 26.674 min. 
 
 
 

NC CN CHO
H

H
 

 
8aa [a] 22

, D = -368 (c 1.02, DCM), 90%ee; 
Rf = 0.32 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.64 (s, 1H), 7.93 (d, J = 7.9 Hz, 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.34 (t, J = 
7.6 Hz, 1H), 7.28-7.26 (m, 1H), 3.04-3.02 (m, 1H), 3.00-2.96 (m, 1H), 2.91-2.84 (m, 1H), 2.45-2.41 (m, 
2H), 2.38-2.19 (m, 2H), 2.12-2.04 (m, 1H), 1.05 (d, J = 6.6 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 200.4, 177.4, 140.2, 133.8, 129.5, 129.2, 128.3, 127.0, 113.5, 113.3, 
81.1, 48.7, 47.1, 28.8, 24.9, 24.5, 17.3; 
IR (KBr): 2226, 1762 cm-1; 
MS: C17H16N2O 264.12 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 18.756 min, tmajor = 26.674 min. 
 
 
 

O

NC CN CHO
H

H
  

 
8ba [a] 22

, D = -475 (c 0.98, DCM), 92%ee; 
Rf = 0.24 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.63 (s, 1H), 8.13 (d, J = 8.2 Hz, 1H), 7.53 (t, J = 7.8 Hz, 1H), 7.06 (t, J = 
7.6 Hz, ), 6.96 (d, J = 8.2 Hz, 1H), 4.68 (dd, J = 1.4, 11.2 Hz, 1H), 4.26 (dd, J = 2.1, 12.6 Hz, 1H), 2.85 
(d, J = 10.1 Hz, 1H), 2.53-2.33 (m, 3H), 1.19 (d, J = 6.5 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 199.9, 167.9, 156.2, 136.9, 127.9, 121.9, 118.2, 115.7, 113.2, 78.5, 66.3, 
48.0, 44.5, 27.8, 17.9; 
IR (KBr): 2225, 1720 cm-1; 
MS: C16H14N2O2 266.09 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 16.176 min, tmajor = 21.493 min. 
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S

NC CN CHO
H

H
  

 
8ca [a] 22

, D = -514 (c 0.89, DCM), 91%ee; 
Rf = 0.16 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.58 (s, 1H), 7.80 (d, J = 7.9 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.23-7.15 
(m, 2H), 3.48-3.43 (m, 1H), 3.27-3.22 (m, 2H), 2.47-2.23 (m, 3H), 1.15 (d, J = 6.3 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 199.8, 173.4, 138.2, 133.8, 130.3, 127.2, 125.6, 124.9, 113.0, 112.6, 
82.6, 48.1, 43.9, 28.5, 27.9, 17.5; 
IR (KBr): 2229, 1721 cm-1; 
MS: C16H14N2OS 282.09 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 21.464 min, tmajor = 39.825 min. 
 
 

NC CN CHO

O

H

H
  

 
8da[a ] 22

, D = -171 (c 0.85, DCM), 88%ee; 
Rf = 0.18 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.62 (s, 1H), 7.78 (d, J = 8.8 Hz, 1H), 6.84 (d, J = 8.8 Hz, 1H), 6.74 (s, 
1H), 3.86 (s, 3H), 3.06-2.82 (m, 3H), 2.45-2.38 (m, 2H), 2.36-2.21 (m, 2H), 2.09-1.99 (m, 1H), 1.04 (d, J 
= 6.6 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 200.6, 176.4, 163.9, 142.8, 130.6, 121.9, 114.4, 114.2, 113.9, 113.1, 
77.8, 55.6, 48.6, 47.0, 28.6, 25.1, 24.5, 17.5; 
IR (KBr): 2224, 1725 cm-1; 
MS: C18H18N2O2 294.14 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 20.088 min, tmajor = 24.691 min. 
 
 

NC CN CHO

O
H

H
  

 
8ea [a ] 22

, D = -48 (c = 0.32, DCM), 87%ee; 
Rf = 0.17 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.64 (s, 1H), 7.42 (d, J = 2.5 Hz, 1H), 7.16 (d, J = 8.5 Hz, 1H), 7.08-7.05 
(m, 1H), 3.84 (s, 3H), 3.11-3.06 (m, 1H), 2.98-2.89 (m, 1H), 2.83-2.77 (m, 1H), 2.45-2.35 (m, 1H), 
2.31-2.19 (m, 2H), 2.10-2.01 (m, 1H), 1.06 (d, J = 6.5 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 200.5, 177.5, 157.9, 132.3, 130.6, 129.6, 121.7, 113.6, 113.3, 111.6, 
80.7, 55.7, 48.7, 47.1, 28.8, 24.9, 24.1, 17.4; 
IR (KBr): 2221, 1724 cm-1; 
MS: C18H18N2O2 294.4 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 12.136 min, tmajor = 22.946 min. 
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NC CN CHO

H

H
 

 
8fa [a] 24,D = -19 (c = 0.26, DCM), 75%ee; 
Rf = 0.29 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d9.75 (s, 1H), 7.53-7.48 (m, 3H), 7.30-7.28 (m, 2H), 3.16-3.09 (m, 1H), 
2.63-2.58 (m, 1H), 2.39-2.21 (m, 2H), 1.22 (d, J = 6.9 Hz, 3H), 1.07 (d, J = 6.5 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 200.6, 183.9, 134.1, 131.0, 129.1, 127.1, 111.9, 88.4, 48.0, 47.3, 31.2, 
19.3, 17.3; 
IR (KBr): 2228, 1726 cm-1; 
MS: C16H16N2O 252.14 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min) after converted to the alcohol, tminor = 10.742 min, tmajor = 13.389 min. 
 
 

NC CN CHO
H

H
 

 
8ab [a]23,D=-269 (c 0.58, DCM), 84%ee; 
Rf = 0.39 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.61 (s, 1H), 7.91 (d, J = 7.8 Hz, 1H), 7.50 (t, J = 7.1 Hz, 1H), 7.35-7.26 
(m, 2H), 3.27-3.23 (m, 1H), 2.98-2.88(m, 2H), 2.56-2.49 (m, 1H), 2.22-2.16 (m, 2H), 2.11-2.04 (m, 1H), 
1.61-1.54 (m, 1H), 1.49-1.42 (m, 1H), 1.36-1.28 (m, 1H), 0.89 (t, J = 7.5 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 200.6, 177.5, 140.2, 133.7, 129.4, 129.3, 128.5, 126.9, 113.5, 113.3, 
80.9, 45.2, 44.7, 34.0, 25.1, 24.6, 23.1, 9.6; 
IR (KBr): 2219, 1743 cm-1; 
MS: C18H18N2O 301.11 [M+Na]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 mL/min), 
tminor = 14.866 min, tmajor = 18.309 min. 
 
 

O

NC CN CHO
H

H
  

 
8bb [a] 24,D = - 291 (c = 2.4, DCM), 88%ee; 
Rf = 0.45 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.58 (s, 1H), 8.11 (d, J = 8.2 Hz, 1H), 7.51 (t, J = 7.8 Hz, 1H), 7.04 (t, J = 
8.2 Hz, 1H), 6.98 (d, J = 7.8 Hz, 1H), 4.64 (dd, J = 1.7, 12.6 Hz, 1H), 4.24 (dd, J = 2.2, 12.6 Hz, 1H), 
2.98 (d, J = 8.3 Hz, 1H), 2.60-2.53 (m, 1H), 2.38-2.23 (m, 2H), 1.75-1.68 (m, 2H), 0.93 (t, J = 7.5 Hz, 
3H); 
13C NMR (100 MHz, CDCl3): d 199.9, 168.1, 156.2, 136.9, 127.9, 121.8, 118.1, 115.8, 113.2, 113.1, 
78.5, 66.3, 44.6, 42.1, 32.6, 23.5, 9.46; 
IR (KBr): 2226, 1719 cm-1; 
MS: C17H16N2O2 280.12 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 14.009 min, tmajor = 19.113 min. 
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S

NC CN CHO
H

H
  

 
8cb [a] 24,D= -492 (c = 1.3, DCM), 90%ee; 
Rf = 0.27 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.54 (s, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.23-7.16 
(m, 2H), 3.40 (dd, J = 1.8, 12.5 Hz, 1H), 3.21 (dd, J = 2.3, 12.6 Hz, 1H), 2.48-2.36 (m, 2H), 2.23-2.18 (m, 
1H), 1.73-1.54 (m, 3H), 0.96 (t, J = 7.5 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 199.9, 173.3, 138.2, 133.8, 130.4, 127.1, 125.8, 124.9, 113.0, 112.6, 
82.7, 44.5, 41.4, 32.7, 28.5, 23.1, 9.4; 
IR (KBr): 2223, 1725 cm-1; 
MS: C17H16N2OS 296.12 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 19.394 min, tmajor = 31.557 min. 
 
 

NC CN CHO

O

H

H
 

 
8db [a] 24,D = -198 (c = 2.1, DCM), 84%ee; 
Rf = 0.22 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.60 (s, 1H), 7.94 (d, J = 8.9 Hz, 1H), 6.84( dd, J = 2.6, 8.9 Hz, 1H), 6.74 
(s, 1H), 3.86 (s, 3H), 3.21-3.16 (m, 1H), 2.98-2.94 (m, 1H), 2.88-2.82 (m, 1H), 2.55-2.49 (m, 1H), 
2.28-2.18 (m, 3H), 2.06-2.01 (m, 1H), 1.61-1.55 (m, 1H), 1.50-1.42 (m, 1H), 0.89 (t, J = 7.5 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 200.7, 176.5, 163.9, 142.7, 130.7, 122.1, 114.3, 114.2, 113.9, 113.0, 
77.9, 55.6, 45.2, 44.5, 33.7, 25.3, 24.5, 23.1, 9.4; 
IR (KBr): 2225, 1726 cm-1; 
MS: C19H20N2O2 308.13 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 19.145 min, tmajor = 21.763 min. 
 
 

NC CN CHO
H

H
  

 
8ac [a]23,D=-269 (c 0.58, DCM), 85%ee; 
Rf = 0.59 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.61 (s, 1H), 7.89 (d, J = 7.9 Hz, 1H), 7.50 (t, J = 7.2 Hz, 1H), 7.33 (t, J = 
7.6 Hz, 1H), 7.26 (d, J = 8.5 Hz, 1H), 3.28-3.23 (m, 1H), 3.01-2.94 (m, 1H), 2.89-2.82 (m, 1H), 
2.53-2.45 (m, 1H), 2.30-2.23 (m, 2H), 2.19-2.13 (m, 1H), 2.11-2.04 (m, 1H), 1.46-1.28 (m, 4H), 
1.27-1.19 (m, 1H), 0.89 (t, J = 7.0 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 200.6, 177.5, 140.2, 133.7, 129.5, 129.4, 128.4, 126.9, 113.5, 113.3, 
81.0, 46.0, 45.3, 33.2, 32.9, 25.2, 24.5, 18.8, 14.3; 
IR (KBr): 2225, 1730 cm-1; 
MS: C19H20N2O 292.10 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 12.974 min, tmajor = 15.776 min. 
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O

NC CN CHO
H

H
 

 
8bc [a]23,D=-529 (c 0.63, DCM), 87%ee; 
Rf = 0.35 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.57 (s, 1H), 8.08 (d, J = 7.1 Hz, 1H), 7.51 (t, J = 8.4 Hz, 1H), 7.05 (t, J = 
7.5 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 4.64 (dd, J = 1.4, 12.3 Hz, 1H), 4.24 (dd, J = 2.2, 12.6 Hz, 1H), 
2.98 (d, J = 9.9 Hz, 1H), 2.57-2.49 (m, 1H), 2.39-2.32 (m, 2H), 1.65-1.42 (m, 2H), 1.40-1.24 (m, 2H), 
0.93 (t, J = 7.3 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 200.0, 168.2, 156.2, 136.9, 127.9, 121.8, 118.1, 115.8, 113.2, 78.6, 66.4, 
45.3, 42.7, 33.4, 31.8, 18.8, 14.2; 
IR (KBr): 2228, 1744 cm-1; 
MS: C18H18N2O2 294.14 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 12.723 min, tmajor = 16.203 min. 
 
 

S

NC CN CHO
H

H
  

 
8cc [a ]23,D=-278 (c 2.8, DCM), 84%ee; 
Rf = 0.28 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.54 (s, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.24-7.16 
(m, 2H), 3.45-3.42 (m, 2H), 3.24-3.20 (m, 1H), 2.45-2.42 (m, 2H), 2.27-2.19 (m, 1H), 1.38-1.14 (m, 4H), 
0.92 (t, J = 7.1 Hz, 3H); 
13C NMR (100 MHz, CDCl3): d 200.7, 174.1, 137.8, 133.6, 130.2, 127.2, 126.1, 125.1, 113.1, 112.5, 
82.9, 44.5, 42.7, 34.2, 32.7, 28.8, 19.6, 13.9; 
IR (KBr): 2221, 1724 cm-1; 
MS: C18H18N2OS 310.12 [M]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 17.132 min, tmajor = 24.571 min. 
 
 

NC CN

Ph

CHO
H

H
 

 
8ad [a]23,D=-176 (c 1.8, DCM), 85%ee; 
Rf = 0.31 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.40 (s, 1H), 8.03 (d, J = 7.9 Hz, 1H), 7.55 (t, J = 7.2 Hz, 1H), 7.39-7.25 
(m, 7H), 3.59-3.54 (m, 1H), 3.20-3.13 (m, 1H), 3.08-2.92 (m, 2H), 2.87-2.81 (m, 1H), 2.56-2.51 (m, 1H), 
1.98-1.88 (m, 1H), 1.79-1.74 (m, 1H); 
13C NMR (100 MHz, CDCl3): d 199.6, 176.5, 140.0, 139.9, 134.2, 129.9, 129.2, 128.7, 128.4, 127.8, 
127.1, 113.5, 113.4, 80.8, 48.1, 47.3, 43.5, 40.4, 25.3, 24.3; 
IR (KBr): 2213, 1748 cm-1; 
MS: C22H18N2O 327.13 [M+H]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 mL/min), 
tmajor = 20.732 min, tminor = 30.280 min. 
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O

NC CN

Ph

CHO
H

H
  

 
8bd [a] 22

, D = -218 (c 1.08, DCM), 87%ee; 
Rf = 0.26 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.44 (s, 1H), 8.20 (d, J = 8.1 Hz, 1H), 7.56 (t, J = 7.8 Hz, 1H), 7.41-7.37 
(m, 2H), 7.33-7.29 (m, 3H), 7.10 (t, J = 7.7 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 4.12-4.02 (m, 2H), 
3.45-3.38 (m, 1H), 3.28-3.18 (m, 1H), 3.12-3.05 (m, 1H), 2.65-2.59 (m, 1H); 
13C NMR (100 MHz, CDCl3): d 199.2, 167.1, 156.3, 139.2, 137.3, 129.4, 128.1, 128.0, 122.0, 118.4, 
115.3, 113.2, 78.7, 66.5, 46.8, 45.2, 39.5; 
IR (KBr): 2224, 1719 cm-1; 
MS: C21H16N2O2 327.15 [M-H]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 
mL/min), tminor = 19.582 min, tmajor = 22.589 min. 
 
 
 

O

NC CN

C6H4Cl-4

CHO
H

H
 

8be  [a ]24,D=-153 (c 0.67, DCM), 88% ee. 
Rf = 0.38 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d9.44 (s, 1H), 8.19 (d, J = 8.1 Hz, 1H), 7.56 (t, J = 8.2 Hz, 1H), 7.53 (d, J = 
8.2 Hz, 2H), 7.22 (d, J = 8.2 Hz, 2H), 7.10 (t, J = 8.4 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 4.13-4.01 (m, 2H), 
3.45-3.35 (m, 1H), 3.19-3.02 (m, 2H), 2.68-2.63 (m, 1H); 
13C NMR (100 MHz, CDCl3): d198.6, 166.7, 156.2, 137.8, 137.4, 132.5, 129.9, 127.9, 122.2, 118.4, 
116.2, 115.2, 113.4, 113.0, 78.8, 66.4, 46.7, 44.9, 38.6; 
IR (KBr): 2216, 1720 cm-1; 
MS: C21H15ClN2O2 363.11 [M+H]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 mL/min), 
tminor = 20.517 min, tmajor = 23.797 min. 
 
 

O

NC CN

C6H4Br-4

CHO
H

H
 

8bf [a ]24,D=-174 (c 0.45, DCM), 85% ee; 
Rf = 0.33 (Hex:EA = 4 : 1); 
1H NMR (400 MHz, CDCl3): d 9.46 (s, 1H), 8.20 (d, J = 8.1 Hz, 1H), 7.57 (t, J = 7.8 Hz, 1H), 7.53 (d, J 
= 8.2 Hz, 2H), 7.20 (d, J = 8.2 Hz, 2H), 7.11 (t, J = 8.3 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 4.12-4.01 (m, 
2H), 3.44-3.37 (m, 1H), 3.19-3.04 (m, 2H), 2.66-2.61 (m, 1H); 
13C NMR (100 MHz, CDCl3): d 198.6, 166.7, 156.2, 138.4, 137.4, 132.5, 129.9, 127.9, 122.2, 118.4, 
116.2, 115.2, 113.4, 113.1, 78.8, 66.4, 46.7, 44.9, 38.8; 
IR (KBr): 2209, 1719cm-1; 
MS: C21H15BrN2O2 429.03 [M+Na]+. 
The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20% 2-propanol/hexane, 1 mL/min), 
tminor = 22.685 min, tmajor = 25.682 min. 
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HPLC spectra of products: 
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