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General Methods: The 1H NMR and 13C NMR spectra were recorded at 400 MHz and 100 MHz, 

respectively. The chemical shifts are reported in ppm downfield to TMS (δ = 0) for 1H NMR and 

relative to the central CDCl3 resonance (δ = 77.0) for 13C NMR. In the 13C NMR spectra, the 

nature of the carbons (C, CH, CH2 or CH3) was determined by recording the DEPT-135 

experiment, and is given in parentheses. The coupling constants J are given in Hz. Column 

chromatography was performed using Acme’s silica gel (particle size 0.063-0.200 mm). High-

resolution mass spectra were recorded on micromass ESI-TOF MS. GCMS mass spectrometry 

was performed on Shimadzu GCMS-QP2010 mass spectrometer. IR spectra were recorded on 

JASCO FT/IR-5300. Elemental analyses were recorded on a Thermo Finnigan Flash EA 1112 

analyzer. Mass spectra were recorded on either VG7070H mass spectrometer using EI technique 

or Shimadzu-LCMS-2010 A mass spectrometer. The X-ray diffraction measurements were 

carried out at 298 K on an automated Enraf-Nonious MACH 3 diffractometer using graphite 

monochromated, Mo-Kα (λ = 0.71073 Å) radiation with CAD4 software or the X-ray intensity 

data were measured at 298 K on a Bruker SMART APEX CCD area detector system equipped 

with a graphite monochromator and a Mo-Kα fine-focus sealed tube (λ = 0.71073 Å). For thin-

layer chromatography (TLC), silica gel plates Merck 60 F254 were used and compounds were 

visualized by irradiation with UV light and/or by treatment with a solution of p-anisaldehyde (23 

mL), conc. H2SO4 (35 mL), acetic acid (10 mL), and ethanol (900 mL) followed by heating.  
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Materials: All solvents and commercially available chemicals were used as received. Chiral 

bicyclic enones 5a-g were prepared by using the literature procedures.[1]    

 

General Experimental Procedures for the Bio-mimetic Reactions: 

General Procedure for the Reduction of Unsaturated Cyclic Enones: (S)-(+)-1-(2-

Pyrrolidinylmethyl)pyrrolidine 4e (0.019g, 0.125 mmol) and 70% HClO4 (8µL, 0.125 mmol) in 

dry CH3CN (1.0 mL) were stirred at 25 °C for 10 minutes then 0.5 mmol of chiral enone 5 in 

CH3CN (1.0 mL) were added slowly and stirring was continued at the same temperature for the 5 

min. To the reaction mixture added Hantzsch ester 2 (0.253 g, 1mmol) and refluxed for 8h. The 

crude reaction mixture was worked up with aqueous NH4Cl or NaHCO3 solution and the aqueous 

layer was extracted with dichloromethane (3 x 10 mL). The combined organic layers were dried 

(Na2SO4), filtered and concentrated. Pure hydrogenated products 6 were obtained by column 

chromatography (silica gel, mixture of hexane/ethyl acetate).   

Amine/Amino Acid/Acid/Amine-Catalyzed One-Pot Michael/Robinson 

Annulation/Hydrogenation Reactions: In an ordinary glass vial equipped with a magnetic 

stirring bar, to 1.0 mmol of CH-acid 1 and 0.30 mmol of triethylamine was added 3.0 mL of 

CH3CN, and then the freshly distilled methyl vinyl ketone (0.25 mL, 3.0 mmol) was added and 

the reaction mixture was stirred at 25 °C for the 24 h. To the reaction mixture added L-Proline 4a 

(58 mg, 0.5 mmol) and 70% HClO4 (15 µL, 0.25 mmol) and refluxed for 24 h. After the 

confirmation of complete conversion of Michael adduct into the enone 5 through TLC, added (S)-

(+)-1-(2-pyrrolidinylmethyl)pyrrolidine 4e (38 mg, 0.25 mmol) and Hantzsch ester 2 (253 mg, 

1.0 mmol) and continued the reflux for 24 h. The crude reaction mixture was worked up with 

aqueous NH4Cl solution and the aqueous layer was extracted with dichloromethane (3 x 20 mL). 

The combined organic layers were dried (Na2SO4), filtered and concentrated. Pure one-pot 

products 6 were obtained by column chromatography (silica gel, mixture of hexane/ethyl acetate).   

 

(+)-cis-8a-Methyl-hexahydro-naphthalene-1,6-dione (6a): Purified by 

column chromatography using EtOAc/hexane and isolated as a solid. Mp 48 

°C; [α]D
25 = +8.911° (c = 1.0 g/100 mL, C6H6, 75% ee); IR (Neat): νmax 2940, 

1700 (C=O), 1698 (C=O), 1454, 1310, 1216, 1176, 1102 and 1000 cm-1; 1H 

NMR (CDCl3) δ 2.65-2.35 (4H, m), 2.35-2.25 (4H, m), 2.20-2.05 (1H, m), 2.05-1.89 (2H, m), 

1.60-1.50 (1H, m), 1.50-1.38 (1H, m), 1.36 (3H, s, CH3); 13C NMR (CDCl3, DEPT-135) δ 214.0 

O

O
H

cis-6a
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(C, C=O), 211.0 (C, C=O), 48.4 (C), 45.9 (CH), 43.6 (CH2), 38.3 (CH2), 37.4 (CH2), 33.6 (CH2), 

26.6 (CH2), 23.8 (CH3), 22.8 (CH2); LRMS m/z 181.00 (M + H+), calcd for C11H16O2H 181.1150; 

Anal. calcd for C11H16O2 (180.1150): C, 73.30; H, 8.95. Found: C, 73.274; H, 8.984%. 

(−)-cis-8a-Ethyl-hexahydro-naphthalene-1,6-dione (6b): Purified by column 

chromatography using EtOAc/hexane and isolated as a solid. Mp 45 °C. [α]D
25 

= −2.723° (c = 0.625 g/100 mL, CHCl3, 75% ee); IR (Neat): νmax 2954, 2876, 

1708 (2 x C=O) and 1462 cm-1; 1H NMR (CDCl3, major isomer) δ 2.60-2.40 

(3H, m), 2.40-2.29 (3H, m), 2.29-2.05 (4H, m), 1.99-1.89 (2H, m), 1.60-1.45 (1H, m), 1.45-1.35 

(1H, m), 1.30-1.23 (1H, m), 0.78 (3H, t, J = 7.6 Hz, CH3); 13C NMR (CDCl3, DEPT-135, major 

isomer) δ 213.8 (C, C=O), 211.7 (C, C=O), 52.2 (C), 44.3 (CH), 43.6 (CH2), 38.2 (CH2), 38.0 

(CH2), 30.9 (CH2), 30.3 (CH2), 25.8 (CH2), 22.2 (CH2), 8.0 (CH3); LRMS m/z 195.00 (M + H+), 

calcd for C12H18O2H 195.1307; Anal. calcd for C12H18O2 (194.1307): C, 74.19; H, 9.34. Found: C, 

74.160; H, 9.357%. 

Trans-8a-Ethyl-hexahydro-naphthalene-1,6-dione (6b): Purified by column 

chromatography using EtOAc/hexane and isolated as liquid. IR (Neat): νmax 

2953, 2875, 1717 (C=O), 1711 (C=O), 1441, 1287, 1229, 1105 and 1044 cm-1; 
1H NMR (CDCl3, minor isomer) δ 2.64-2.47 (3H, m), 2.43-2.07 (6H, m), 2.07-

1.82 (3H, m), 1.73-1.39 (3H, m), 0.80 (3H, t, J = 8.0 Hz, CH3); 13C NMR (CDCl3, DEPT-135, 

minor isomer) δ 213.7 (C, C=O), 209.6 (C, C=O), 51.2 (C), 46.1 (CH), 43.4 (CH2), 38.0 (CH2), 

37.1 (CH2), 27.3 (CH2), 27.0 (CH2), 26.2 (CH2), 18.9 (CH2), 7.5 (CH3).  

(−)-cis-8a-Propyl-hexahydro-naphthalene-1,6-dione (6c): Purified by 

column chromatography using EtOAc/hexane and isolated as liquid. [α]D
25 = 

−4.449° (c = 0.135 g/100 mL, CHCl3, 73% ee); IR (Neat): νmax 2955, 2872, 

1708 (2 x C=O), 1098 and 632 cm-1; 1H NMR (CDCl3, major isomer) δ 2.71-

2.47 (3H, m), 2.46-2.18 (7H, m), 2.15-1.85 (3H, m), 1.56-1.26 (4H, m), 0.92 

(3H, t, J = 8.0 Hz, CH3); 13C NMR (CDCl3, DEPT-135, major isomer) δ 213.9 (C, C=O), 211.8 

(C, C=O), 52.2 (C), 44.7 (CH), 43.7 (CH2), 40.2 (CH2), 38.4 (CH2), 38.1 (CH2), 31.6 (CH2), 25.9 

(CH2), 22.3 (CH2), 17.0 (CH2), 14.7 (CH3); LRMS m/z 209.10 (M + H+), calcd for C13H20O2H 

209.1463; Anal. calcd for C13H20O2 (208.1463); C, 74.96; H, 9.86. Found: C, 75.057, H, 9.671%. 

Trans-8a-Propyl-hexahydro-naphthalene-1,6-dione (6c): Purified by column 

chromatography using EtOAc/hexane and isolated as liquid. IR (Neat): νmax 

2955, 2871, 1707 (2 x C=O) cm-1; 1H NMR (CDCl3, minor isomer) δ 2.66-2.47 

(3H, m), 2.44-2.14 (7H, m), 2.03-1.89 (3H, m), 1.51-1.22 (4H, m), 0.97 (3H, t, 

O

O

trans-6b
H

O

O

cis-6c
H

O

O

trans-6c
H

O

O
H

cis-6b
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J = 8.0 Hz, CH3); 13C NMR (CDCl3, DEPT-135, minor isomer) δ 213.8 (C, C=O), 209.6 (C, 

C=O), 51.1 (C), 46.3 (CH), 43.4 (CH2), 38.1 (CH2), 37.2 (CH2), 28.7 (CH2), 28.1 (CH2), 27.1 

(CH2), 26.3 (CH2), 16.7 (CH2), 14.8 (CH3).   

(−)-cis-8a-Allyl-hexahydro-naphthalene-1,6-dione (6d): Purified by column 

chromatography using EtOAc/hexane and isolated as a gummy solid. [α]D
25 = 

−29.233° (c = 1.0 g/100 mL, CHCl3, 73% ee); IR (Neat): νmax 2945, 2874, 1709 

(2 x C=O), 1438, 1235, 1105, 996, 919, 666 and 619 cm-1; 1H NMR (CDCl3, 

major isomer) δ 5.71-5.61 (1H, m, RCH=CH2), 5.12 (1H, br d, J = 4.0 Hz), 5.09 (1H, br s) 

[RCH=CH2]; 2.70 (1H, dd, J = 12.0, 8.0 Hz), 2.60-2.48 (3H, m), 2.45-2.10 (7H, m), 2.05-1.90 

(2H, m), 1.55-1.35 (2H, m); 13C NMR (CDCl3, DEPT-135, major isomer) δ 213.0 (C, C=O), 

211.2 (C, C=O), 132.4 (CH, RCH=CH2), 118.8 (CH2, RCH=CH2), 51.9 (C), 43.6 (CH), 43.5 

(CH2), 41.0 (CH2), 38.1 (CH2), 38.0 (CH2), 31.4 (CH2), 26.1 (CH2), 22.5 (CH2); LRMS m/z 

207.05 (M + H+), calcd for C13H18O2H 207.1307; Anal. calcd for C13H18O2 (206.1307): C, 75.69; 

H, 8.80. Found: C, 75.652, H, 8.794%. 

Trans-8a-Allyl-hexahydro-naphthalene-1,6-dione (6d): Purified by column 

chromatography using EtOAc/hexane and isolated as a gummy solid. IR (Neat): 

νmax 2946, 2252, 1708 (2 x C=O), 907, 730, 656 and 645 cm-1; 1H NMR 

(CDCl3, minor isomer) δ 5.69-5.49 (1H, m, RCH=CH2), 5.20-5.09 (2H, m, 

RCH=CH2), 2.75-2.45 (4H, m), 2.45-2.25 (6H, m), 2.25-1.90 (3H, m), 1.90-1.65 (1H, m), 1.57-

1.39 (1H, m); 13C NMR (CDCl3, DEPT-135, minor isomer) δ 212.7 (C, C=O), 209.3 (C, C=O), 

131.6 (CH, RCH=CH2), 118.7 (CH2, RCH=CH2), 51.0 (C), 45.9 (CH), 43.4 (CH2), 38.2 (CH2), 

36.9 (CH2), 31.1 (CH2), 28.3 (CH2), 27.2 (CH2), 26.2 (CH2). 

(−)-cis-8a-Benzyl-hexahydro-napthalene-1,6-dione (6e): Purified by column 

chromatography using EtOAc/hexane and isolated as liquid. [α]D
25 = −30.834° 

(c = 0.25 g/100 mL, CHCl3, 70% ee); IR (Neat): νmax 2949, 2875, 1717 (C=O), 

1710 (C=O), 1446, 1189, 1157 and 704 cm-1; 1H NMR (CDCl3, major isomer) δ 

7.28-7.23 (3H, m), 7.06 (2H, d, J = 6.3 Hz) [Ph-H]; 3.23 (1H, d, J = 13.7 Hz), 

3.03 (1H, d, J = 13.7 Hz) [PhCH2]; 2.83 (1H, td, J = 15.08, 9.5 Hz), 2.55-2.15 (8H, m), 2.10-1.95 

(2H, m), 1.57-1.52 (1H, m), 1.44-1.37 (1H, m); 13C NMR (CDCl3, DEPT-135, major isomer) δ 

213.2 (C, C=O), 211.3 (C, C=O), 136.1 (C), 129.9 (2 x CH), 128.3 (2 x CH), 127.0 (CH), 52.9 

(C), 43.53 (CH), 43.47 (CH2), 42.8 (CH2), 38.2 (CH2), 38.1 (CH2), 31.6 (CH2), 26.0 (CH2), 22.2 

(CH2); LRMS m/z 257.00 (M + H+), calcd for C17H20O2H 257.1463; Anal. calcd for C17H20O2 

(256.1463): C, 79.65; H, 7.86. Found: C, 79.676; H, 7.840%. 

O

O

cis-6d
H

O

O

trans-6d
H

O

O

cis-6e
H
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Trans-8a-Benzyl-hexahydro-napthalene-1,6-dione (6e): Purified by column 

chromatography using EtOAc/hexane and isolated as liquid. IR (Neat): νmax 

1720 (C=O), 1703 (C=O), 1697, 1275, 1266, 1259, 750 and 628 cm-1; 1H NMR 

(CDCl3, minor isomer) δ 7.26-7.23 (3H, m), 7.07-7.03 (2H, m) [Ph-H]; 3.41 

(1H, d, J = 16.0 Hz), 3.13 (1H, d, J = 16.0 Hz) [PhCH2]; 2.64 (1H, t, J = 16.0 

Hz), 2.56-2.21 (8H, m), 2.13-1.93 (2H, m), 1.84-1.52 (1H, m), 1.44-1.36 (1H, 

m); 13C NMR (CDCl3, DEPT-135, minor isomer) δ 212.9 (C, C=O), 209.3 (C, C=O), 136.0 (C), 

128.9 (2 x CH), 128.6 (2 x CH), 127.1 (CH), 52.3 (C), 46.8 (CH), 43.4 (CH2), 38.7 (CH2), 37.4 

(CH2), 32.6 (CH2), 28.4 (CH2), 27.3 (CH2), 26.7 (CH2). 

(+)-cis-7a-Methyl-hexahydro-indene-1,5-dione (6f): Purified by column 

chromatography using EtOAc/hexane and isolated as a solid. Mp 68°C; [α]D
25 = 

+78.546° (c = 0.283 g/100 mL, CHCl3, 86% ee); IR (Neat): νmax 2951, 2914, 

2877, 1736 (C=O), 1729 (C=O), 1707, 1253, 1151 and 1057 cm-1; 1H NMR 

(CDCl3) δ 2.60 (1H, dd, J = 15.0, 6.2 Hz), 2.50-2.00 (6H, m), 2.20-1.95 (2H, m), 1.70-1.55 (2H, 

m), 1.25 (3H, s, CH3); 13C NMR (CDCl3, DEPT-135) δ 220.2 (C, C=O), 210.7 (C, C=O), 47.2 

(C), 44.6 (CH), 41.8 (CH2), 37.1 (CH2), 35.2 (CH2), 29.9 (CH2), 25.1 (CH2), 20.6 (CH3); LRMS 

(MALDI-TOF) m/z 167.026 (M + H+), calcd for C10H14O2 166.0994; Anal. calcd for C10H14O2 

(166.10): C, 72.26; H, 8.49. Found: C, 72.252, H, 8.493%. 

(+)-cis-7a-Ethyl-hexahydro-indene-1,5-dione (6g): Purified by column 

chromatography using EtOAc/hexane and isolated as liquid. [α]D
25 = +44.495° 

(c = 0.297 g/100 mL, CHCl3, 85% ee); IR (Neat): νmax 2963, 1720 (2 x C=O), 

1237 and 642 cm-1; 1H NMR (CDCl3, major isomer) δ 2.63-2.52 (2H, m), 2.45-

2.24 (4H, m), 2.20-2.11 (2H, m), 2.09-2.02 (1H, m), 1.75-1.65 (3H, m), 1.60-1.51 (1H, m), 0.90 

(3H, t, J = 8.0 Hz, CH2CH3); 13C NMR (CDCl3, DEPT-135, major isomer) δ 220.4 (C, C=O), 

211.2 (C, C=O), 51.0 (C), 42.1 (CH2), 40.1 (CH), 37.0 (CH2), 36.3 (CH2), 28.6 (CH2), 27.3 

(CH2), 25.4 (CH2), 8.6 (CH3); LRMS (MALDI-TOF) m/z 180.008, calcd for C11H16O2 180.1150; 

Anal. calcd for C11H16O2 (180.12): C, 73.30; H, 8.95;. Found: C, 73.310, H, 8.948%. 

Trans-7a-Ethyl-hexahydro-indene-1,5-dione (6g): Purified by column 

chromatography using EtOAc/hexane and isolated as liquid. IR (Neat): νmax 

2960, 1729 (C=O) and 1714 (C=O) cm-1; 1H NMR (CDCl3, minor isomer) δ 

2.63-2.50 (2H, m), 2.45-1.92 (6H, m), 1.86-1.44 (4H, m), 1.40-1.19 (1H, m), 

O

trans-6e
H

O

O

O

cis-6f
H

O

O

cis-6g
H

O

O

trans-6g
H
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0.90 (3H, t, J = 8.0 Hz, CH2CH3); 13C NMR (CDCl3, DEPT-135, minor isomer) δ 216.7 (C, 

C=O), 209.6 (C, C=O), 49.7 (C), 45.2 (CH), 42.1 (CH2), 36.5 (CH2), 36.1 (CH2), 25.3 (CH2), 23.2 

(CH2), 16.4 (CH2), 7.5 (CH3). 
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