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 I. General Remarks:  

All reactions were carried out in an oven dried flask. Solvents used for reactions and 
column chromatography were commercial grade and distilled prior to use. Toluene and THF 
were dried over sodium/benzophenone, CH2Cl2 and CHCl3 over CaH2. Solvents for HPLC 
bought as analytical grade and used without further purification. TLC was performed on pre-
coated Merck silica gel aluminium plates with 60F254 indicator, visualised by irradiation with 
UV light. Column chromatography was performed using silica gel Merck 60-100 mesh. 1H-NMR 
and 13C-NMR were recorded on a Bruker AV 500 MHz using CD3OD-d4

 and CDCl3 as solvent 
and multiplicity indicated as follows: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), 
dd (doublet of doublet), dt (doublet of triplet) bs (broad singlet). Coupling constants J were 
reported in Hertz. High resolution mass spectra were obtained by ESI using Thermo scientific  
Orbitrap Elite mass spectrometer. IR spectra were recorded on a Perkin Elmer FT/IR-420 
spectrometer and are reported in terms of frequency of absorption (cm-1). The enantiomeric 
excess is obtained by HPLC analysis using a chiral stationary phase column (CHIRALPAK 
ADH, CHIRALCELL OD-H and Phenomenex Amylose-2. All the physical and spectroscopic 
data of 3a - d, 3aa – ah, 3ba, 3bh and 7a were in complete agreement with the reported 
literature. 

II. General procedure for asymmetric vinylogous Michael addition of vinyl malononitriles             
to nitrostyrene  

 

To a stirred solution of 4 (0.92 mg, 0.002mmol, 5 mol %) and vinyl malanonitriles 1 (0.1 
mmol) in Toluene (1 mL), nitrostyrene 2 (0.12 mmol) was added. The solution was stirred at 
ambient temperature for mentioned days. After the reaction was completed (monitored by TLC), 
the resulting mixture was concentrated under reduced pressure and the residue was purified 
through column chromatography on silica gel to give the product 3. 

2-((S)-2-((R)-2-nitro-1-phenylethyl)-3,4-dihydronaphthalen-1(2H)-ylidene)malononitrile 
3a: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 28.5 mg (0.083mmol) with 83% yield; 91% ee 
determined by HPLC on AS column, 30% 2-propanol/hexane, 1.0ml/min, UV 254nm, tminor=13.3 
min, tmajor =20.4 min. 
2-((S)-3-((R)-2-nitro-1-phenylethyl)chroman-4 ylidene)malononitrile 3b: 
General experimental procedure I was followed to prepare the Michael addtion product 3b. The 
desired product was obtained as white solid 27.9 mg (0.081mmol) with 81% yield; 95% ee was 
determined by HPLC on AS column, 30% 2-propanol/hexane, 1.0ml/min, UV 254nm, tminor = 
15.14 min, tmajor = 17.3mmin; [α]D

25 –172.3° (c 0.15, CHCl3). 



2-((S)-3-((R)-2-nitro-1-phenylethyl)thiochroman-4-ylidene)malononitrile 3c: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 28.9 mg (0.080mmol) with 80% yield; 90% ee was 
determined by HPLC on AS column, 35% 2-propanol/hexane, 1.0ml/min, Uv 254nm, tminor = 
15.78 min, tmajor = 31.04min. 
2-((S)-2-((R)-2-nitro-1-phenylethyl)cyclohexylidene)malononitrile 3d: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 16.5 mg (0.056mmol) with 56% yield; 28% ee was 
determined by HPLC on AS column, 30% 2-propanol/hexane, 1.0ml/min, Uv 254nm, tminor = 7.3 
min, tmajor = 9.3 min. 
2-((S)-2-((R)-1-(2-fluorophenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 3aa: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 28.9 mg (0.080mmol) with 80% yield; 85% ee was 
determined by HPLC on AS column, 35% 2-propanol/hexane, 1.0ml/min, Uv 254nm, tminor = 
19.6 min, tmajor = 23.3 min. 
2-((S)-2-((R)-1-(2-chlorophenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 3ab: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 29.4 mg (0.078 mmol) with 78 % yield; 90% ee was 
determined by HPLC on AS column, 35% 2-propanol/hexane, 1.0ml/min, Uv 254nm, tminor = 8.1 
min, tmajor = 10.1 min. 
2-((S)-2-((R)-1-(2-bromophenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 3ac: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 35 mg (0.083mmol) with 93% yield; 86% ee was 
determined by HPLC on AS column, 35% 2-propanol/hexane, 1.0ml/min, Uv 254nm, tminor = 
19.0 min, tmajor = 19.9 min. 
2-((S)-2-((R)-1-(3-chlorophenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 3ad: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 30.5 mg (0.081mmol) with 81% yield; 88% ee was 
determined by HPLC on AS column, 35% 2-propanol/hexane, 1.0ml/min, Uv 254nm, tminor = 
10.3 min, tmajor = 15.8 min. 
2-((S)-2-((R)-1-(3-methoxyphenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 3ae: 



General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 28.0mg (0.075mmol) with 75% yield; 84% ee was 
determined by HPLC on AS column, 35% 2-propanol/hexane, 1.0ml/min, Uv 254nm, tminor = 
29.5 min, tmajor = 27.11 min. 
2-((S)-2-((R)-1-(4-chlorophenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 3af: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 27.1 mg (0.072mmol) with 72% yield; 88% ee was 
determined by HPLC on AS column, 30% 2-propanol/hexane, 1.0ml/min, UV 254nm, tminor=13.5 
min, tmajor =18.6min. 
2-((S)-2-((R)-1-(4-bromophenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 3ag: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 30.4 (0.072mmol) with 72% yield; 92% ee was 
determined by HPLC on AS column, 30% 2-propanol/hexane, 1.0ml/min, UV 254nm, tminor= 
14.0 min, tmajor =19.4 min. 
2-((S)-2-((R)-1-(4-fluorophenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 3ah: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 29.2 mg (0.081mmol) with 81% yield; 87% ee was 
determined by HPLC on AS column, 30% 2-propanol/hexane, 1.0ml/min, UV 254nm, tminor=16.8 
min, tmajor =25.4 min. 
2-((S)-3-((R)-1-(4-methoxyphenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile 3bh: 
General experimental procedure I was followed to prepare the Michael addtion product 3a. The 
desired product was obtained as white solid 28.5 mg (0.076mmol) with 76% yield. 91% ee was 
determined by HPLC on AS column, 80% 2-propanol/hexane, 1.0ml/min, UV 254nm, tminor=10.2 
min, tmajor =13.2 min.  
 

 

2-((S)-3-((R)-1-(2-fluorophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile 

General experimental procedure II was followed to prepare the Michael/hemiketalization 
product 3bb. The desired product was obtained as white solid with 75% 
yield , mp: 183-185°C; 1H NMR (500MHz, CDCl3) δ (ppm) 8.27 (dd, J 
= 1.5, 8.0 Hz, 1H), 7.63 (td, J = 1.5, 6.0 Hz, 1H), 7.44-7.38 (m, 1H), 
7.29-7.22 (m, 2H), 7.19- 7.19 (m, 3H), 7.16 (dd, J = 1.5, 10Hz, 1H), 5.02 
(t, J = 7.5 Hz, 1H), 4.57 (dd, J = 10.5, 18.5 Hz, 1H), 4.16 (dd, J = 3.5, 
12.5 Hz, 2H), 3.58(d, J = 8.5 Hz);  13C NMR (125 MHz, CDCl3) δ (ppm) 

165.0, 155.9, 137.6, 131.1, 127.9, 125.3, 122.4, 118.4, 116.8, 116.6, 114.8, 112.8, 79.4, 76.3, 
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66.8, 59.5; HRMS (ESI) calcd for C20H14FN3O3 [M+H]+ : 386.0911, found: 386.0922; IR (KBr): 
ν 3457, 2928, 2230, 1560, 1542, 1487, 1447, 1378, 1082, 1014, 832, 760 cm-1; 86% ee was 
determined by HPLC on ADH column, 10/90% 2-propanol/hexane, 1.0mL/min, UV 254nm, 
tminor= 19.1 min, tmajor = 21.8 min. 

2-((S)-3-((R)-1-(3-chlorophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile: 

General experimental procedure II was followed to prepare the Michael 
addition product 3bc. The desired product was obtained as white solid 
with 82% yield, mp: 187-189°C; 1H NMR (500MHz, CDCl3) δ = 8.28 
(dd, J = 1.6, 8.2 Hz, 1 H), 7.65 (ddd, J = 1.4, 7.2, 8.4 Hz, 1 H), 7.44 - 
7.38 (m, 2 H), 7.36 - 7.31 (m, 1 H), 7.27 - 7.23 (m, 1 H), 7.18 (dt, J = 

1.3, 7.7 Hz, 1 H), 7.10 (dd, J = 1.1, 8.4 Hz, 1 H), 4.85 (dd, J = 10.4, 13.2 Hz, 1 H), 4.52 (dd, J = 
5.2, 13.1 Hz, 1 H), 4.18 (dd, J = 2.4, 12.5 Hz, 1 H), 4.09 (dd, J = 1.7, 12.5 Hz, 1 H), 3.73 (dt, J 
= 5.2, 11.0 Hz, 1 H), 3.32 (td, J = 1.9, 11.3 Hz, 1 H); 13C NMR (126MHz, CDCl3) δ = 164.7, 
156.0, 137.8, 137.5, 135.6, 131.0, 130.0, 129.4, 128.4, 127.9, 122.6, 118.6, 114.8, 113.0, 112.6, 
79.2, 77.1, 66.5, 43.2, 42.7. HRMS (ESI) calcd for C20H14ClN3O3 [M+H]+  : 380.0796, found: 
386.0809; IR (KBr): ν 3470, 2225, 1572, 1556, 1497, 1363, 1094, 1010, 827, 784, 736; 88% ee 
was determined by HPLC on ODH column, 10/90%  2-propanol/hexane, 1.0mL/min, UV 
254nm, tminor = 18.3 min, tmajor = 20.8 min.  

2-((S)-3-((R)-1-(4-chlorophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile: 

General experimental procedure II was followed to prepare the Michael addtion product 3bd. 
The desired product was obtained as white solid with 80% yield, mp: 
177-179 °C; 1H NMR (500MHz, CDCl3) δ = 8.28 (dd, J = 1.6, 8.2 Hz, 
1 H), 7.64 (ddd, J = 1.4, 7.2, 8.4 Hz, 1 H), 7.46 - 7.41 (m, 2 H), 7.29 
(d, J = 8.5 Hz, 2 H), 7.21 - 7.15 (m, 1 H), 7.09 (dd, J = 0.9, 8.5 Hz, 1 
H), 4.84 (dd, J = 10.7, 12.9 Hz, 1 H), 4.51 (dd, J = 5.2, 13.1 Hz, 1 H), 

4.23 - 4.12 (m, 1 H), 4.12 - 4.03 (m, 1 H), 3.74 (dt, J = 5.0, 11.0 Hz, 1 H), 3.29 (td, J = 1.9, 11.4 
Hz, 1 H).13C NMR (125 MHz, CDCl3) δ = 164.8, 156.0, 137.8, 135.2, 135.1, 133.9, 129.9, 
129.5, 127.9, 122.6, 118.6, 114.8, 113.1, 112.7, 79.1, 77.2, 66.5, 43.0. HRMS (ESI) calcd for 
C20H14ClN3O3 [M+H]+ : 380.0796, found: 386.0802. IR (KBr): ν 3468, 2235, 1580, 1560, 1499, 
1365, 1097, 1015, 829, 784, 735 cm-1; 93% ee was determined by HPLC on AS column, 15/85%  
2-propanol/hexane, 1.0mL/min, UV 254nm, tminor= 29.5 min, tmajor = 32.3 min. 

2-((S)-3-((R)-1-(3-bromophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile: 

General experimental procedure II was followed to prepare the Michael 
addition product 3be. The desired product was obtained as white solid 
with 79% yield, mp: 182-185 °C; 1H NMR (500MHz, CDCl3) δ = 8.28 
(dd, J = 1.6, 8.2 Hz, 1 H), 7.64 (ddd, J = 1.4, 7.2, 8.4 Hz, 1 H), 7.55 
(qd, J = 1.1, 7.9 Hz, 1 H), 7.48 (t, J = 1.7 Hz, 1 H), 7.37 - 7.32 (m, 1 

H), 7.30 (t, J = 1.4 Hz, 1 H), 7.18 (ddd, J = 0.9, 7.3, 8.2 Hz, 1 H), 7.10 (dd, J = 1.1, 8.4 Hz, 1 
H), 4.84 (dd, J = 10.6, 13.1 Hz, 1 H), 4.52 (dd, J = 5.0, 13.2 Hz, 1 H), 4.18 (dd, J = 2.4, 12.5 
Hz, 1 H), 4.09 (dd, J = 1.7, 12.5 Hz, 1 H), 3.72 (dt, J = 5.2, 11.0 Hz, 1 H), 3.32 (td, J = 2.0, 11.4 
Hz, 1 H); 13C NMR (125 MHz, CDCl3) δ = 164.7, 156.0, 137.8, 137.8, 132.4, 131.3, 131.2, 
127.9, 126.6, 123.7, 122.6, 118.6, 114.8, 113.0, 112.6, 79.2, 77.1, 66.5, 43.1, 42. HRMS (ESI) 



calcd for C20H14BrN3O3 [M+Na]+: 446.0110, found: 446.0121; IR (KBr): 3468, 2928, 2232, 
1585, 1561, 1494, 1437, 1375, 1094, 1015, 830, 768, 738, 641; 87% ee was determined by 
HPLC on ODH column, 20/80% 2-propanol/hexane, 1.0mL/min, UV 254nm, tminor = 17.6 min, 
tmajor = 21.9 min. 

2-((S)-3-((R)-1-(4-bromophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile 

General experimental procedure II was followed to prepare the Michael 
addition product 3bf. The desired product was obtained as white solid 
with 83% yield, mp: 178-180 °C; 1H NMR (500MHz, CDCl3) δ = 8.28 
(dd, J = 1.3, 8.2 Hz, 1 H), 7.64 (ddd, J = 1.6, 7.1, 8.4 Hz, 1 H), 7.62 - 
7.56 (m, 2 H), 7.26 - 7.20 (m, 2 H), 7.20 - 7.15 (m, 1 H), 7.09 (dd, J = 

0.9, 8.5 Hz, 1 H), 4.84 (dd, J = 10.7, 12.9 Hz, 1 H), 4.51 (dd, J = 5.0, 12.9 Hz, 1 H), 4.16 (dd, J 
= 2.4, 12.5 Hz, 1 H), 4.12 - 4.05 (m, 1 H), 3.73 (dt, J = 5.0, 11.0 Hz, 1 H), 3.29 (td, J = 2.0, 11.4 
Hz, 1 H); 13C NMR (125 MHz, CDCl3) δ = 164.8, 156.0, 137.8, 134.4, 132.9, 129.7, 127.9, 
123.3, 122.6, 118.6, 114.8, 113.1, 112.7, 79.1, 77.2, 66.5, 43.0, 42.7. HRMS (ESI) calcd for 
C20H14BrN3O3[M+Na]+: 446.0110, found: 446.0121; IR (KBr): v 3466, 2929, 2234, 1587, 1564, 
1497, 1439, 1379, 1095, 1017, 832, 770, 740, 641 cm-1; 86% ee was determined by HPLC on 
ODH column, 10/90% 2-propanol/hexane, 1.0mL/min, UV 254nm, tminor = 12.6 min, tmajor = 18.6 
min. 

2-(2-(1-(4-Methylphenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-ylidene)malononitrile. 
General experimental procedure II was followed to prepare the 
Michael addition product 3bg. The desired product was obtained as 
white solid with 81% yield mp: 183-185°C; 1H NMR (500MHz, 
CDCl3) δ (ppm) 8.26 (dd, J = 1.0, 8.0 Hz, 1H), 7.63 (td, J = 7.5, 
0.5 Hz, 1H), 7.29-7.26 (m, 4H),  7.17 (td, J = 1, 7.0 Hz, 1H), 7.07 
(dd, J = 1.0, 8.5 Hz, 1H), 4.84 (dd, J = 2.5, 13.0 Hz, 1H), 4.49 (dd, 
J = 5.5, 12.5Hz, 1H), 4.12- 4.11 (m, 2H),  3.69 (dt, J = 3, 11.5 Hz, 

1H), 3.30 (dd, J = 2, 13.5Hz, 1H; 13C NMR (125 MHz, CDCl3) δ (ppm) 174.4, 166.0, 156.1, 
139. 9, 137.7, 132.2, 131.7, 130.3, 127.9, 122.4, 114.9, 78.9, 77.3, 66.6, 43.3, 43.1, 21.1; HRMS 
(ESI) calcd for C21H17N3O3 [M+H]+: 360.1342, found: 360.1331; IR (KBr):  3468, 2230, 1574, 
1559, 1515, 1378, 1260, 1180, 1037, 828, 775, 751  cm-1; 90% ee was determined by HPLC on 
ADH column, 15/85% 2-propanol/hexane, 1.0mL/min, UV 254nm, tminor = 21.5 min, tmajor = 26.4 
min. 

(R)-3-((R)-2-nitro-1-phenylethyl)chroman-4-one: 

To a stirred solution of 3ba (1 equiv) in acetone and water as 
solvent , KMnO4 (2 equiv) was added. The solution was stirred at 
ambient temperature for 4h. After the reaction was completed 
(monitored by TLC), the resulting mixture was concentrated under 
reduced pressure and the residue was purified through column 
chromatography on silica gel to give the product 7b.The desired 
product 7b was obtained as white solid with 67% yield; mp: 155-

157°C; 1H NMR (500MHz, CDCl3) δ = 7.95 (dd, J = 1.9, 7.9 Hz, 1 H), 7.56 (ddd, J = 1.7, 7.1, 
8.5 Hz, 1 H), 7.44 - 7.40 (m, 2 H), 7.38 - 7.34 (m, 1 H), 7.33 - 7.30 (m, 2 H), 7.13 - 7.08 (m, 1 
H), 7.04 - 7.00 (m, 1 H), 4.96 (dd, J = 5.0, 13.2 Hz, 1 H), 4.82 (dd, J = 10.6, 13.4 Hz, 1 H), 4.28 
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(dd, J = 3.5, 11.7 Hz, 1 H), 4.04 (dd, J = 5.2, 11.8 Hz, 1 H), 3.95 (dt, J = 4.7, 10.9 Hz, 1 H), 
2.84 - 2.78 (m, 1 H); 13C NMR (125 MHz, CDCl3) δ = 192.8, 161.4, 136.7, 136.3, 129.4, 128.5, 
128.0, 127.7, 122.0, 120.0, 117.9, 78.5, 68.7, 48.6, 41.2; HRMS (ESI) calcd for C17H15NO4 
[M+H]+: 298.1074, found: 298.1087; IR (KBr): 3467, 2228, 1779, 1575, 1560, 1525, 1381, 
1265, 1182, 1034, 820, 770  cm-1; 

(3R,3aS,9bR)-3-phenyl-2,3,3a,4,5,9b-hexahydro-1H-benzo[g]indole:  

To a stirred solution of 7a (1 equiv) in acetic acid as solvent, Zn dust (10 equiv) was added. The 
solution was stirred at ambient temperature for 8h. After the reaction was 
completed (monitored by TLC), the resulting mixture was concentrated 
under reduced pressure and the residue was purified through column 
chromatography on silica gel to give the product 8a. The desired product 

was obtained as pasty solid with 61% yield; 1H NMR (500MHz, CDCl3) δ = 7.47 (d, J = 7.3 Hz, 
1 H), 7.37 - 7.29 (m, 4 H), 7.25 - 7.10 (m, 4 H), 4.45 (d, J = 8.2 Hz, 1 H), 3.49 (dd, J = 6.8, 10.6 
Hz, 1 H), 3.09 - 3.04 (m, 1 H), 3.04 - 2.98 (m, 1 H), 2.84 - 2.77 (m, 1 H), 2.64 (ddd, J = 4.1, 9.1, 
15.8 Hz, 1 H), 2.55 - 2.45 (m, 1 H), 1.95 - 1.88 (m, 1 H), 1.60 (dtd, J = 4.1, 8.8, 13.2 Hz, 1 H); 
13C NMR (125 MHz, CDCl3) δ = 144.5, 138.4, 138.2, 129.7, 128.9, 128.4, 127.9, 126.7, 126.5, 
126.4, 59.7, 55.1, 52.6, 46.9, 28.3, 26.7; HRMS (ESI) calcd for C18H19N [M+Na]+: 298.1074, 
found: 298.1087; IR (KBr): 3625, 3650, 2230, 1625, 1556, 1378, 1271, 1185, 1037, 838, 779  
cm-1;85% ee was determined by HPLC on phenomenex Amylose 2 column, 20/80% 2-
propanol/hexane, 1.0mL/min, UV 254nm, tminor= 19.6 min, tmajor = 22.3 min. 

(3R,3aS,9bR)-3-phenyl-1,2,3,3a,4,9b-hexahydrochromeno[4,3-b]pyrrole: 

To a stirred solution of 7b (1 equiv) in acetic acid as solvent, Zn dust (10 
equiv) was added. The solution was stirred at ambient temperature for 8h. 
After the reaction was completed (monitored by TLC), the resulting 
mixture was concentrated under reduced pressure and the residue was 
purified through column chromatography on silica gel to give the product 
8b. The desired product 8b was obtained as pasty solid with 64% yield; 1H 

NMR (500MHz, DMSO-d6) δ = 7.40 (dd, J = 1.6, 7.6 Hz, 1 H), 7.36 - 7.30 (m, 4 H), 7.25 - 7.20 
(m, 1 H), 7.18 - 7.12 (m, 1 H), 6.94 (dt, J = 1.3, 7.4 Hz, 1 H), 6.84 (dd, J = 1.3, 8.2 Hz, 1 H), 
4.23 - 4.12 (m, 2 H), 3.67 (dd, J = 9.8, 10.7 Hz, 1 H), 3.31 (dd, J = 7.9, 10.7 Hz, 1 H), 2.88 (d, J 
= 5.4 Hz, 1 H), 2.77 (dd, J = 8.7, 10.6 Hz, 1 H), 2.43 (tdd, J = 5.1, 6.9, 9.8 Hz, 1 H); 13C NMR 
(125 MHz, DMSO-d6) δ = 155.1, 144.4, 131.1, 129.0, 128.3, 128.0, 126.7, 125.1, 121.2, 116.9, 
66.0, 56.3, 55.3, 48.3, 45.8; HRMS (ESI) calcd for C17H17NO [M+H]+: 252.1383, found: 
252.1370; IR (KBr): 3628, 3655, 2235, 1628, 1558, 1374, 1275, 1182, 1039, 845, 740 cm-1 ; 
75% ee was determined by HPLC on ODH column, 30/70% 2-propanol/hexane, 1.0mL/min, UV 
254nm, tminor= 49.6 min, tmajor = 59.0 min. 
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1H NMR of 2-(2-(1-(2-fluorophenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 

 

13C NMR of 2-(2-(1-(4-fluorophenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 

 



1H NMR of 2-(3-(1-(3-Chlorophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile. 

 
13C  NMR of  2-(3-(1-(3-Chlorophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile. 

 



1H NMR of  2-(3-(1-(4-chlorophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile. 

 
13C  NMR of  2-(3-(1-(4-chlorophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile. 

 



1H NMR of  2-(3-(1-(3-bromophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile. 

 
13C NMR of  2-(3-(1-(3-bromophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile. 

 



1H NMR of  2-(3-(1-(4-bromophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile. 

13C NMR of  2-(3-(1-(4-bromophenyl)-2-nitroethyl)chroman-4-ylidene)malononitrile. 

 



1H NMR of  2-(2-(1-(4-Methylphenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-
ylidene)malononitrile 

 
13C NMR of  2-(2-(1-(4-Methylphenyl)-2-nitroethyl)-3,4-dihydronaphthalen-1(2H)-

ylidene)malononitrile 

 
 
 



1H NMR of  (R)-3-((R)-2-nitro-1-phenylethyl)chroman-4-one. 

 
13C NMR of  (R)-3-((R)-2-nitro-1-phenylethyl)chroman-4-one  

 
 



1H NMR of  (3R,3aS,9bR)-3-phenyl-2,3,3a,4,5,9b-hexahydro-1H-benzo[g]indole. 

 
13C NMR of  (3R,3aS,9bR)-3-phenyl-2,3,3a,4,5,9b-hexahydro-1H-benzo[g]indole. 

. 
 



NOESY spectrum  of  (3R,3aS,9bR)-3-phenyl-2,3,3a,4,5,9b-hexahydro-1H-benzo[g]indole. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1H NMR of  (3R,3aS,9bR)-3-phenyl-1,2,3,3a,4,9b-hexahydrochromeno[4,3-b]pyrrole  

 
13C NMR of  (3R,3aS,9bR)-3-phenyl-1,2,3,3a,4,9b-hexahydrochromeno[4,3-b]pyrrole. 

 
 
 
 
 



HPLC profile for table3, entry 1 

 

 
 



HPLC profile for table3, entry 2 

 
 

 



 
 
HPLC profile for table3, entry 3 
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HPLC profile for table3, entry 4 

 

 



HPLC profile for table 4, entry 1 

 
 

 
 
 



HPLC profile for table 4, entry 2 

 

 
 
 



HPLC profile for table 4, entry 3 

 

 
 



HPLC profile for table 4, entry 4 

 

 



HPLC profile for table 4, entry 5 

 

 
 
 
 



 
HPLC profile for table 4, entry 6 

 

 
 



HPLC profile for table 4, entry 7 

 

 



 
HPLC profile for table 4, entry 8 

 

 
 



 
HPLC profile for table 5, entry 1 

 

 



 
HPLC profile for table 5, entry 2 

 

 
 



 
HPLC profile for table 5, entry 3 

 

 
 
 
 



 
HPLC profile for table 5, entry 4 

 

 



 
HPLC profile for table 5, entry 5 

 

 



HPLC profile for table 5, entry 6 

 

 
 



HPLC profile for table 5, entry 7 

 
 



HPLC profile for table 5, entry 8 

 

 
 
 
 



HPLC profile for Scheme 2, entry 8a 

 

 
 

 



HPLC profile for Scheme 2, entry 8b 

 

 


