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1. General information 

Reagents were purchased from commercial sources and were used as received unless mentioned 

otherwise. All solvents were purified and dried by standard techniques, and distilled prior to use. 

Reactions were monitored by thin-layer chromatography (TLC). 

 
1
H NMR and 

13
C NMR (400 and 100 MHz, respectively) spectra were recorded on Bruker 

AM-400 MHz instruments in CDCl3 or DMSO-d6. 
1
H NMR chemical shifts are reported in ppm 

relative to tetramethylsilane (TMS) with the solvent resonance employed as the internal standard 

(CDCl3 at 7.27 ppm, DMSO-d6 at 2.50 ppm). 
13

C NMR chemical shifts were internally referenced 

to the solvent signal from CDCl3 (δ 77.00) and DMSO-d6 (δ 39.50). The following descriptors 

were used to denote coupling patterns: s (singlet), d (doublet), t (triplet), q (quartet), and m (multi-

plicity). Signals that have singlet multiplicity and are deemed as broad are prefixed with “brs”. 

Fourier-transform infrared (FT-IR) spectra were recorded on a FT-170SX spectrometer. The MS 

data were obtained with EI (70 eV). High-resolution mass spectra (HRMS) data were measured 

by means of the ESI technique on Fourier transform ion cyclotron resonance mass nanlyzer. The 

X-ray single-crystal determination was performed on an Agilent SuperNova single crystal X-ray 

diffractometer. Melting points were recorded on a melting point apparatus and uncorrected. 

Starting materials S1-S5 are known compounds. Substrates 2a, 2u
1
, and all nitroalkene

2
 are 

known compounds. 

 

2. Optimization of the One-pot Reaction Conditions 

Table S1. Screening of the reaction temperature
a
 

 

entry temperature (
o
C) yield (%)

b
 dr (6a: 6a)c

 

1 0 58 1:1.7 

2 -10 63 1:1.5 

3 -20 64 1:1.5 

4 -30 64 1:1.4 

5 -40 64 1:1.2 

6 -50 52 1:1 

7 -60 <5 n.d.
d
 

8 -70 0 - 
a
Reactions were carried out: 2a (0.20 mmol), 4a (0.24 mmol), and 1.1 equiv of 

AlCl3 in 2.0 mL of CH2Cl2 at the corresponding temperature for 1h.
 b
Combined 

isolated yields of products 6 and 6 were reported. 
c
Dr values were determined by 

1
H NMR analysis of the crude products. 

d
n.d. = not detected. 
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When AlCl3 was selected as a Lewis acid, the influence of reaction temperature was investigat-

ed (Table S1). The lower temperature (0 °C − -40 °C) provided a good yield with a decreasing dr 

value (entries 1−5). While the temperature was decreased to -50 °C, both the yield and the dr value 

of the reaction were reduced. Then, by decreasing temperature to -60 °C, only gave a trace amount 

of the product (entry 7). When the temperature was further decreased to -70 °C, the targeted prod-

uct was not obtained. 

Subsequently, different solvents were also screened (Table S2). The results showed that 

CH2Cl2 is the optimal choice. 

 

Table S2. Screening of solvents 
a
 

 

entry solvent yield (%)
b
 dr (6a: 6a)c

 

1 CH2Cl2 58 1:1.7 

2 CHCl3 57 1.4:1 

3 CCl4 14 n.d.
d
 

4 ClCH2CH2Cl 60 1.2:1 

5 THF 0 - 

6 Et2O 23 1:1.2. 

7 toluene 18 1:1.5 

8 acetone 0 - 
a
Reactions were carried out: 2a (0.20 mmol), 4a (0.24 mmol), and 1.1 equiv 

of AlCl3 in solvent (2.0 mL) at 0 °C for 1h. 
b
Combined isolated yields of 

products 6 and 6 were reported. 
c
Dr values were determined by 

1
H NMR 

analysis of the crude products. 
d
n.d. = not detected. 

 

3. Preparation of substrates and spectroscopic data of new compounds. 

3.1 Preparation of substrates 2q–2s: 

 

To a stirred solution of compound S1
3
 (406.0 mg, 1.85 mmol) in CH2Cl2 (20 mL) was added im-

idazole (313.7 mg, 4.61 mmol) and trimethyl chlorosilane (TMSCl) (352 μL, 2.78 mmol) succes-

sively at 0 
o
C. The reaction mixture was allowed to warm to room temperature and stirred for 0.5 

h. The reaction was quenched with water (5 mL). The aqueous layer was extracted with CH2Cl2 
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and the combined organic layer was washed brine, and dried over Na2SO4. The solvent was re-

moved under reduced pressure and the residue was purified by flash column chromatography to 

afford substrate 2q (79% yield, 427 mg) as a colourless oil. 

The similar procedure was used for preparation of substrates 2r and 2s from starting materials S2 

and S3, respectively. 

 

1
H NMR (400 MHz, CDCl3, ppm): δ 6.03 (s, 1H), 2.41-2.30 (m, 6H), 2.18-2.15 (m, 2H), 

2.03-1.96 (m, 2H), 1.75-1.68 (m, 2H), 1.57-1.43 (m, 6H), 0.08 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3):  200.5, 167.7, 123.3, 74.7, 46.0 (2C), 41.3, 39.4, 37.9, 37.7, 24.5, 24.0, 23.6, 22.9, 1.8 

(3C). IR (KBr) 2954, 2868, 1676, 1251, 841 cm
-1

; MS (EI) m/z (%) 292 (11), 236 (22), 207 (28), 

167 (65), 96 (30), 73 (100); HRMS (ESI) calcd for [M+Na]
+
 C17H28N2O2SiNa: 315.1751, found: 

315.1747. 

 

2r was synthesized under the similar procedure from compound S2 (211.8 mg, 0.91 mmol), imid-

azole (153.7 mg, 2.26mmol), and TMSCl (172 μL, 1.36 mmol). Colourless oil, 83% yield (230 

mg). 

1
H NMR (400 MHz, CDCl3, ppm): δ 6.00 (s, 1H), 2.41-2.35 (m, 4H), 2.19-2.16 (m, 2H), 

2.03-1.98 (m, 4H), 1.60-1.57 (m, 2H), 1.41-1.32 (m, 8H), 0.08 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3):  200.7, 168.5, 123.0, 74.6, 45.1, 39.7, 38.2, 37.6, 31.4, 25.7, 24.4, 22.9(2C), 22.7, 

1.8(3C). IR (KBr) 3051, 2945, 2849, 1672, 1449, 839 cm
-1

; MS (EI) m/z (%) 306 (10), 278 (9), 

250 (11), 167 (83), 57 (100); HRMS (ESI) calcd for [M+Na]
+
 C18H30O2SiNa: 329.1907, found: 

323.1907. 

 

2s was synthesized under the similar procedure from compound S3 (664.5 mg, 2.68 mmol), imid-

azole (454.2 mg, 6.69mmol), and TMSCl (510 μL, 4.02 mmol). Colourless oil, 92% yield (789 

mg).  
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1
H NMR (400 MHz, CDCl3, ppm): δ 5.98 (s, 1H), 2.38-2.33 (m, 4H), 2.21-2.18 (m, 2H), 

2.04-1.94 (m, 4H), 1.76-1.74 (m, 2H), 1.47-1.35 (m, 10H), 0.06 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3):  200.5, 168.3, 123.0, 74.3, 46.1 (2C), 43.0, 41.5, 37.6, 34.0, 27.5, 27.4, 24.3, 22.9, 22.8, 

22.8, 1.7 (3C). IR (film) 2925, 2855, 1676, 1459, 841 cm
-1

; MS (EI) m/z (%) 320 (100), 305 (27), 

264 (16), 211 (19), 182 (62), 167 (28); HRMS (ESI) calcd for [M+Na]
+
 C19H32O2SiNa: 343.2064, 

found: 343.2058. 

 

3.2 Preparation of substrate 2t: 

 

Under Ar atmosphere, to a -78 
o
C solution of compound S4

4
 (397 mg, 1.81 mmol, 1.0 equiv) in 

18 mL dry THF was added dropwise 2.5 M n-butyllithium in hexane (1.59 mL, 3.98 mmol, 2.2 

equiv). The resulting solution was stirred at -78 
o
C for 0.5 h. The diethylcyclobutanone (274 mg, 

2.17 mmol, 1.2 equiv) was added, and the reaction mixture was stirred at -78 
o
C for 1 h. The reac-

tion mixture was poured into 5% HCl (10 mL) and extracted with ethyl acetate. The combined 

organic layer was washed with brine and dried over Na2SO4. The solvent was removed under re-

duced pressure and the residue was purified by flash column chromatography to afford vinylogous 

α-ketol mixed with a small quantity of impurity. The crude compound was dissolved in dry 

CH2Cl2 cooled to 0 ºC. Then imidazole (135 mg, 1.99 mmol, 2.5 equiv.) and TMSCl (160 μL, 1.26 

mmol, 1.2 equiv.) were added. The reaction mixture was stirred at room temperature for 0.5 h. The 

reaction mixture was quenched with water, extracted with CH2Cl2, and dried over Na2SO4. The 

solvent was removed under reduced pressure and the residue was purified by flash column chro-

matography to afford desired substrate 2t (41% yield, 217 mg, two steps) as a colourless oil. 

1
H NMR (400 MHz, CDCl3, ppm): δ 5.99 (s, 1H), 2.40-2.34 (m, 4H), 2.15-2.11 (m, 2H), 

2.02-1.95 (m, 4H), 1.57 (q, J = 7.2 Hz, 2H), 1.29 (q, J = 7.5 Hz, 2H), 0.77 (t, J = 7.4 Hz, 3H), 0.68 

(t, J = 7.4 Hz, 3H), 0.07 (s, 9H); 
13

C NMR (100 MHz, CDCl3):  200.6, 168.4, 123.0, 74.3, 

43.7(2C), 37.6, 33.7, 30.7, 29.8, 24.3, 22.9, 8.0, 7.9, 1.7 (3C). IR (film) 3049, 2961, 2875, 1677, 

1458, 841 cm
-1

; MS (EI) m/z (%) 294 (10), 266 (9), 237 (8), 222 (4), 167 (100); HRMS (ESI) 

calcd for [M+Na]
+
 C17H30O2SiNa: 317.1907, found: 317.1903. 

 

3.3 Preparation of substrate 2v: 
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A solution of the known compound S5
5 
(2.500 g, 13 mmol) in CH2Cl2 (25 mL) was treated with 

imidazole (1.945 g, 29 mmol, 2.2 equiv) and tert-Butyldimethylsilyl chloride (TBSCl, 2.159 g, 14 

mmol, 1.1 equiv) at room temperature, and the reaction mixture was stirred for 0.5 h. The reaction 

mixture was quenched with water, extracted with CH2Cl2, and dried over Na2SO4. The solvent was 

removed under reduced pressure and the residue was purified by flash column chromatography to 

afford desired compound S6 (96% yield, 8.190 g) as a colourless oil. 

1
H NMR (400 MHz, CDCl3, ppm): δ 6.15 (d, J = 4.0 Hz, 1H), 4.29-4.23 (m, 1H), 2.66-2.64 (m, 

2H), 1.94-1.87 (m, 1H), 1.75-1.70 (m, 2H), 1.66-1.64 (m, 1H), 1.62-1.54 (m, 2H), 0.90 (s, 9H), 

0.07 (s, 3H), 0.06 (s, 3H); 
13

C NMR (100 MHz, CDCl3):  139.6, 124.4, 71.8, 40.4, 35.9, 25.9, 

25.8, 25.8 (3C), 18.1, -4.8, -4.8. IR (film) 2929, 2857, 1642, 837 cm
-1

; MS (EI) m/z (%) 304 (1), 

247 (38), 225 (100), 139 (27); HRMS (ESI) calcd for [M+Na]
+
 C13H25BrOSiNa: 327.0750, found: 

327.0763. 

 

Under Ar atmosphere, 2.5 M t-BuLi (17.0 mL, 22 mmol, 2.2 equiv) was added dropwise to the 

solution of S6 (3.050 g, 10 mmol, 1.0 equiv) in dry THF (100 mL) at -78 
o
C. The reaction mixture 

was stirred at -78 
o
C for 0.5 h and then was added dropwise cyclobutanone (1.5 mL, 20 mmol, 2.0 

equiv). The above mixture was stirred at the same temperature for another 0.5 h. The reaction 

mixture was quenched with saturated ammonium chloride solution, extracted with ethyl acetate, 

and dried over Na2SO4. The solvent was removed under reduced pressure and the residue was pu-

rified by flash column chromatography to afford desired compound S7 (43% yield, 1.277 g) as a 

colourless oil.  

1
H NMR (400 MHz, CDCl3, ppm): δ 5.78 (s, 1H), 4.41-4.39 (m, 1H), 2.34-2.21 (m, 3H), 

2.05-1.92 (m, 4H), 1.89-1.80 (m, 1H), 1.79-1.70 (m, 2H), 1.67-1.56 (m, 3H), 1.53-1.45 (m, 1H), 

1.25-1.16 (m, 1H), 0.91 (s, 9H), 0.08 (s, 3H), 0.08 (s, 3H); 
13

C NMR (100 MHz, CDCl3):  142.2, 

133.4, 78.8, 72.7, 36.9, 33.8, 33.7, 28.3, 28.2, 27.0, 25.9 (3C), 18.3, 12.6, -4.6, -4.7. IR (film) 

3356, 2927, 2856, 1665, 836 cm
-1

; MS (EI) m/z (%) 296 (1), 182 (30), 167 (18), 147 (23), 75 

(100); HRMS (ESI) calcd for [M+Na]
+
 C17H32O2SiNa: 319.2064, found: 319.2064. 

 

A solution of compound S7 (1.76 g, 6 mmol, 2.0 equiv) in THF (60 mL) was treated with 

(Bu)4NF•3H2O (3.132 g, 12 mmol, 2.0 equiv) at room temperature, and the reaction was moni-

tored by TLC. After completion of the reaction, water (12 mL) was added and the aqueous layer 

was extracted with ethyl acetate. The combined organic layer was washed with brine and dried 

over Na2SO4. The solvent was removed under reduced pressure and the residue was purified by 

flash column chromatography to afford desired compound S8 (80% yield, 862 mg) as a colourless 

oil. 
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1
H NMR (400 MHz, CDCl3, ppm): δ 5.74 (s, 1H), 4.41-4.39 (m, 1H), 3.20 (brs, 1H), 2.89 (brs, 

1H), 2.28-2.20 (m, 3H), 2.03-1.92 (m, 4H), 1.87-1.79 (m, 2H), 1.72-1.68 (m, 1H), 1.61-1.44 (m, 

3H), 1.23-1.15 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  143.1, 131.5, 78.6, 71.7, 36.4, 33.6, 33.5, 

28.2, 28.1, 26.7, 12.7. IR (film) 3350, 2927, 2852, 1446, 842, 738 cm
-1

; MS (EI) m/z (%) 164 (9), 

146 (12), 111 (95), 84 (100); HRMS (ESI) calcd for [M+Na]
+
 C11H18O2Na: 205.1199, found: 

205.1207. 

 

To a suspension of S8 (862 mg, 4.74 mmol, 1.5 equiv) in ethyl acetate (50 mL) was added 

2-Iodoxybenzoic acid (IBX) (1.960 g, 7 mmol, 1.5 equiv), and the resulting solution was heated at 

85 °C (oil bath temperature). The reaction was monitored by TLC. After completion of the reac-

tion, the reaction mixture was cooled to room temperature and filtered through a short pad of 

celite. The solvent was removed under reduced pressure and the crude reaction mixture was di-

rectly purified through flash column chromatography on silica gel to afford the desired compound 

S9 (98% yield, 836 mg) as a colourless oil. 

1
H NMR (400 MHz, CDCl3, ppm): δ 5.97 (s, 1H), 3.63 (brs, 1H), 2.51-2.42 (m, 4H), 2.28-2.21 (m, 

2H), 2.10-2.03 (m, 2H), 1.95-1.86 (m, 1H), 1.72-1.71 (m, 4H), 1.56-1.48 (m, 1H); 
13

C NMR (100 

MHz, CDCl3):  205.8, 162.6, 126.1, 78.6, 41.7, 33.9(2C), 26.9, 25.4, 20.9, 13.0. IR (film) 3401, 

2942, 2868, 1655, 888 cm
-1

; MS (EI) m/z (%) 180 (10), 162 (2), 123 (63), 109 (84), 81 (100); 

HRMS (ESI) calcd for [M+Na]
+
 C11H16O2Na: 203.1043, found: 203.1046. 

 

To a stirred solution of substrate S9 (836 mg, 4.64 mmol, 1.0 equiv) in CH2Cl2 (50 mL) was 

added imidazole (790 mg, 11.61 mmol, 2.5 equiv) and TMSCl (883 μL, 6.96 mmol, 1.5 equiv) 

successively at 0 
o
C. The cool bath was removed and the reation mixture was stirred at room tem-

perature for 0.5 h. The reaction was quenched with water and extracted with CH2Cl2. The com-

bined organic layer was washed with brine, dried over Na2SO4, and concentrated under vacuum. 

The crude mixture was purified through flash column chromatography on silica gel to afford 

product 2v (90% yield, 1.05 g) as a colourless oil. 

1
H NMR (400 MHz, CDCl3, ppm): δ 6.05 (s, 1H), 2.57-2.54 (m, 2H), 2.46-2.44 (m, 2H), 

2.26-2.14 (m, 4H), 1.76-1.68 (m, 5H), 1.49-1.37 (m, 1H), 0.04 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3):  204.9, 161.5, 126.0, 79.7, 41.6, 35.0 (2C), 26.8, 25.5, 20.9, 12.7, 1.56(3C). IR (film) 

2950, 2868, 1666, 1456, 841 cm
-1

; MS (EI) m/z (%) 252 (1), 236 (8), 195 (13), 181 (26), 59 (100); 

HRMS (ESI) calcd for [M+Na]
+
 C14H24O2SiNa: 275.1438, found: 275.1430. 

 

4. General procedure of the semipinacol rearrangement/Michael addition/Henry reaction. 

General procedure A for Table 1 (entries 1-2), Table S1, and Table S2: The substrate 2a (47.6 

mg, 0.20 mmol, 1.0 equiv) and (E)-β-nitroalkene 4a (35.8 mg, 0.24 mmol, 1.2 equiv) were mixed 
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in dry solvent (2.0 mL). Then AlCl3 (29.3 mg, 0.22 mmol, 1.1 equiv) was added at the indicated 

temperature and stirred for 1 h. The reaction was quenched carefully with saturated NaHCO3 at 0 

ºC, and stirred at room temperature for 2 h. The mixture was extracted with CH2Cl2, and the com-

bined organic phase washed with brine, dried over Na2SO4, and concentrated in vacuo. The resi-

due was purified by flash column chromatography on silica gel (petroleum ether : ethyl acetate 

=10:1-2:1) to afford products 6a and 6a. 

General procedure B for entries 3-12 of Table 1: A mixture of 2a (47.6 mg, 0.20 mmol, 1.0 

equiv), 4a (35.8 mg, 0.24 mmol, 1.2 equiv), and 1.1 equiv of the first Lewis acid in 2.0 mL 

CH2Cl2 was stirred at 0 °C for 10 min; after that, the second Lewis acid (the indicated equivalent 

in the Table 1) was added at the indicated temperature and stirred for a further 1 h. The reaction 

was quenched carefully with saturated NaHCO3 at 0 ºC, and stirred at room temperature for 2 h. 

The mixture was extracted with CH2Cl2, and the combined organic phase washed with brine, dried 

over Na2SO4, and concentrated in vacuo. The residue was purified by flash column chromatog-

raphy on silica gel (petroleum ether: ethyl acetate =10:1-2:1) to afford products 6a and 6a. 

General procedure C for entries 13-15 of Table 1: A mixture of 2a (47.6 mg, 0.20 mmol, 1.0 

equiv) and TMSOTf (the indicated equivalent in the Table 1) in 2.0 mL CH2Cl2 was stirred for 10 

min at 0 °C, and then, TiCl4 and 4a (35.8 mg, 0.24 mmol, 1.2 equiv) were added successively at 

-78 ºC. The resulting mixture was allowed to stir for an additional 1 hour at -78 ºC. The reaction 

was quenched carefully with saturated NaHCO3 at 0 ºC, and stirred at room temperature for 2 h. 

The mixture was extracted with CH2Cl2, and the combined organic phase washed with brine, dried 

over Na2SO4, and concentrated in vacuo. The residue was purified by flash column chromatog-

raphy on silica gel (petroleum ether : ethyl acetate =10:1-2:1) to afford products 6a and 6a. 

General procedure D: The substrate 2 (0.20 mmol, 1.0 equiv) and TMSOTf (55 μL, 0.30 mmol, 

1.5 equiv) were mixed in dry CH2Cl2 (2.0 mL) at 0 °C. After stirring of the mixture for 10 min, the 

reaction mixture was cooled to -78 ºC, and TiCl4 (1 M in CH2Cl2, 440 μL, 0.44 mmol, 2.2 equiv) 

and nitroalkene 4 (0.24 mmol, 1.2 equiv) was added successively at -78 ºC. The resulting mixture 

was allowed to stir for an additional 1 hour at -78 ºC. The reaction was quenched carefully with 

saturated NaHCO3 at 0 ºC, and stirred at room temperature for 2 h. The mixture was extracted 

with CH2Cl2, and the combined organic phase was washed with brine, dried over Na2SO4, and 

concentrated in vacuo. The residue was purified by flash column chromatography on silica gel 

(petroleum ether : ethyl acetate =10:1-2:1) to afford products 6 and 6. 

 

5. 2 mmol-scale model reaction. 

 

The substrate 2a (476.0 mg, 2.0 mmol, 1.0 equiv) and TMSOTf (542 μL, 3.0 mmol, 1.5 equiv) 

were mixed in dry CH2Cl2 (20 mL) at 0 °C. After stirring of the mixture for 10 min, the reaction 

S8



mixture was cooled to -78 ºC, and TiCl4 (1 M in CH2Cl2, 4.4 mL, 4.4 mmol, 2.2 equiv) and 

(E)-β-nitrostyrene 4a (357.6 mg, 2.4 mmol, 1.2 equiv) was added successively at -78 ºC. The re-

sulting mixture was allowed to stir for an additional 1 hour at -78 ºC. The reaction was quenched 

carefully with saturated NaHCO3 at 0 ºC, and stirred at room temperature for 2 h. The mixture was 

extracted with CH2Cl2, and the combined organic phase was washed with brine, dried over 

Na2SO4, and concentrated in vacuo. The residue was purified by flash column chromatography on 

silica gel (petroleum ether : ethyl acetate =10:1-3:1) to afford product 6a (284.2 mg) as a white 

solid and 6a (25.6 mg) as a white solid; 49% total yield, 11.1:1 dr value was determined by the 

mass of isolated 6a and 6a. 
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6. X-ray crystal structure and data. 

6.1 X-ray crystal structure and data of compound 6a (CCDC 1962897). 

 

Identification code compound 6a 

Empirical formula C18H21NO4 

Formula weight 315.36 

Temperature/K 293.38(10) 

Crystal system orthorhombic 

Space group P212121 

a/Å  8.6036(7) 

b/Å  12.8834(12) 

c/Å  14.9608(10) 

α/° 90.00 

β/° 90.00 

γ/° 90.00 

Volume/Å
3
 1658.3(2) 

Z 4 

ρcalcg/cm
3
 1.263 

μ/mm
-1

 0.089 

F(000) 672.0 

Crystal size/mm
3
 0.23 × 0.21 × 0.17 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 7.22 to 52.02 

Index ranges -10 ≤ h ≤ 6, -8 ≤ k ≤ 15, -18 ≤ l ≤ 11 

Reflections collected 4218 

Independent reflections 2971 [Rint = 0.0311, Rsigma = 0.0778] 

Data/restraints/parameters 2971/0/209 

Goodness-of-fit on F
2
 1.047 

Final R indexes [I>=2σ (I)] R1 = 0.0612, wR2 = 0.1177 

Final R indexes [all data] R1 = 0.1040, wR2 = 0.1441 

Largest diff. peak/hole / e Å
-3

 0.18/-0.22 

Flack parameter 0(2) 
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6.2 X-ray crystal structure of data of compound 6p (CCDC 1962898). 

 

 

 

Identification code compound 6p 

Empirical formula C14H21NO4 

Formula weight 267.32 

Temperature/K 296.15 

Crystal system monoclinic 

Space group P21/n 

a/Å  7.6167(10) 

b/Å  9.9108(13) 

c/Å  18.091(3) 

α/° 90 

β/° 95.497(2) 

γ/° 90 

Volume/Å
3
 1359.3(3) 

Z 4 

ρcalcg/cm
3
 1.306 

μ/mm
-1

 0.095 

F(000) 576.0 

Crystal size/mm
3
 0.3 × 0.2 × 0.2 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 4.524 to 54.478 

Index ranges -9 ≤ h ≤ 9, -12 ≤ k ≤ 11, -19 ≤ l ≤ 23 

Reflections collected 8036 

Independent reflections 3032 [Rint = 0.0271, Rsigma = 0.0329] 

Data/restraints/parameters 3032/0/174 

Goodness-of-fit on F
2
 0.999 

Final R indexes [I>=2σ (I)] R1 = 0.0706, wR2 = 0.2101 

Final R indexes [all data] R1 = 0.0877, wR2 = 0.2225 

Largest diff. peak/hole / e Å
-3

 0.44/-0.27 
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6.3 X-ray crystal structure of data of compound 6u (CCDC 1962905). 

 

 

 

Identification code compound 6u 

Empirical formula C20H25NO4 

Formula weight 343.41 

Temperature/K 292.77(10) 

Crystal system monoclinic 

Space group C2/c 

a/Å  12.2676(14) 

b/Å  19.2472(18) 

c/Å  16.3321(13) 

α/° 90 

β/° 110.838(11) 

γ/° 90 

Volume/Å
3
 3604.0(6) 

Z 8 

ρcalcg/cm
3
 1.266 

μ/mm
-1

 0.711 

F(000) 1472.0 

Crystal size/mm
3
 0.19 × 0.15 × 0.12 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.978 to 133.128 

Index ranges -11 ≤ h ≤ 14, -20 ≤ k ≤ 22, -19 ≤ l ≤ 19 

Reflections collected 12201 

Independent reflections 3189 [Rint = 0.0348, Rsigma = 0.0281] 

Data/restraints/parameters 3189/0/229 

Goodness-of-fit on F
2
 1.066 

Final R indexes [I>=2σ (I)] R1 = 0.0579, wR2 = 0.1587 

Final R indexes [all data] R1 = 0.0702, wR2 = 0.1724 

Largest diff. peak/hole / e Å
-3

 0.26/-0.26 
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6.4 X-ray crystal structure of data of compound 6u (CCDC 1962899). 

 

 

 

Identification code compound 6u 

Empirical formula C20H25NO4 

Formula weight 343.41 

Temperature/K 294.49(10) 

Crystal system monoclinic 

Space group P21/c 

a/Å  11.6804(3) 

b/Å  13.8086(3) 

c/Å  11.9718(3) 

α/° 90 

β/° 115.551(4) 

γ/° 90 

Volume/Å
3
 1742.09(9) 

Z 4 

ρcalcg/cm
3
 1.309 

μ/mm
-1

 0.736 

F(000) 736.0 

Crystal size/mm
3
 0.19 × 0.15 × 0.12 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 10.398 to 133.198 

Index ranges -11 ≤ h ≤ 13, -16 ≤ k ≤ 14, -14 ≤ l ≤ 8 

Reflections collected 5575 

Independent reflections 2932 [Rint = 0.0186, Rsigma = 0.0231] 

Data/restraints/parameters 2932/0/229 

Goodness-of-fit on F
2
 1.070 

Final R indexes [I>=2σ (I)] R1 = 0.0482, wR2 = 0.1223 

Final R indexes [all data] R1 = 0.0518, wR2 = 0.1261 

Largest diff. peak/hole / e Å
-3

 0.32/-0.33 
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6.5 X-ray crystal structure and data of compound 6v (CCDC 1962903). 

 

 

 

Identification code compound 6v 

Empirical formula C19H23NO4 

Formula weight 329.38 

Temperature/K 296.15 

Crystal system monoclinic 

Space group P21/c 

a/Å  12.493(2) 

b/Å  5.9360(10) 

c/Å  22.661(4) 

α/° 90 

β/° 99.959(3) 

γ/° 90 

Volume/Å
3
 1655.2(5) 

Z 4 

ρcalcg/cm
3
 1.322 

μ/mm
-1

 0.092 

F(000) 704.0 

Crystal size/mm
3
 0.3 × 0.2 × 0.2 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 3.31 to 52.576 

Index ranges -15 ≤ h ≤ 13, -7 ≤ k ≤ 7, -28 ≤ l ≤ 25 

Reflections collected 8864 

Independent reflections 3348 [Rint = 0.0278, Rsigma = 0.0354] 

Data/restraints/parameters 3348/19/218 

Goodness-of-fit on F
2
 1.001 

Final R indexes [I>=2σ (I)] R1 = 0.0445, wR2 = 0.1229 

Final R indexes [all data] R1 = 0.0628, wR2 = 0.1385 

Largest diff. peak/hole / e Å
-3

 0.20/-0.20 
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7. Characterization data for products 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4a (35.8 mg, 0.24 mmol), 

and gave the desired products 6a and 6a: 72% total yield; 11.4 : 1 dr value analyzed by 
1
H NMR. 

 

3a-hydroxy-4-nitro-5-phenyloctahydro-1H-cyclopenta[c]inden-6(7H)-one (6a) 

White solid; m.p. 175-176 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.33-7.27 (m, 4H), 7.25-7.21 

(m, 1H), 5.01 (d, J = 11.2 Hz, 1H), 3.93 (dd, J = 11.4, 11.2 Hz, 1H), 3.18 (d, J = 12.4 Hz, 1H), 

2.93 (d, J = 16.0 Hz, 1H), 2.32-2.27 (m, 2H), 2.20-2.14 (m, 1H), 2.05-1.92 (m, 1H), 1.91-1.79 (m, 

3H), 1.76-1.61 (m, 4H), 1.58-1.50 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  208.0, 137.5, 

128.7(2C), 127.6, 127.4(2C), 102.9, 90.2, 60.3, 58.7, 45.0, 41.2, 37.1, 32.6, 32.3, 24.0, 22.2. IR 

(KBr) 3415, 2968, 1704, 1541, 1365, 1107, 759, 703 cm
-1

; MS (EI) m/z (%) 315 (1), 268 (100), 

251 (15), 91 (86); HRMS (ESI) calcd for [M+Na]
+
 C18H21NO4Na: 338.1368, found: 338.1365. 

 

3a-hydroxy-4-nitro-5-phenyloctahydro-1H-cyclopenta[c]inden-6(7H)-one (6a) 

White solid; m.p. 170-171 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.34-7.31 (m, 2H), 7.28-7.26 

(m, 1H), 7.24-7.22 (m, 2H), 4.83 (d, J = 11.2 Hz, 1H), 4.34 (t, J = 11.8 Hz, 1H), 2.59 (d, J = 12.4 

Hz, 1H), 2.52-2.47 (m, 1H), 2.41-2.35 (m, 2H), 2.30 (s, 1H), 2.17-2.10 (m, 2H), 2.00-1.97 (m, 1H), 

1.90-1.84 (m, 2H), 1.83-1.77 (m, 2H), 1.73-1.68 (m, 1H), 1.63-1.59 (m, 1H); 
13

C NMR (100 MHz, 

CDCl3):  210.3, 136.6, 128.9 (2C), 127.9, 127.2 (2C), 97.1, 88.4, 60.8, 58.4, 49.3, 39.8, 38.7, 

37.8, 28.8, 22.6, 21.9. IR (KBr) 3373,2949, 1690, 1546, 1366, 1099, 698 cm
-1

; MS (EI) m/z (%) 

315 (1), 268 (42), 251 (19), 226 (100), 91 (35); HRMS (ESI) calcd for [M+Na]
+
 C18H21NO4Na: 

338.1368, found: 338.1365.
 
 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4b (39.1 mg, 0.24 mmol), 

and gave the desired products 6b and 6b: 62% total yield; 10.6 : 1 dr value analyzed by 
1
H NMR. 
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3a-hydroxy-4-nitro-5-(p-tolyl)octahydro-1H-cyclopenta[c]inden-6(7H)-one (6b) 

White solid; m.p. 186-188 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.20 (d, J = 8.4 Hz, 2H), 7.11 

(d, J = 7.6 Hz, 2H), 4.99 (d, J = 10.8 Hz, 1H), 3.91 (t, J = 11.8 Hz, 1H), 3.14 (d, J = 12.4 Hz, 1H), 

2.62 (s, 1H), 2.30-2.27 (m, 5H), 2.21-2.15 (m, 1H), 2.07-1.99 (m, 1H), 1.96-1.77 (m, 3H), 

1.74-1.52 (m, 5H); 
13

C NMR (100 MHz, CDCl3):  207.7, 137.2, 134.5, 129.4 (2C), 127.3 (2C), 

103.0, 90.2, 60.4, 58.8, 44.8, 41.2, 37.2, 32.6, 32.3, 24.0, 22.2, 21.0. IR (KBr) 3379, 2951, 1698, 

1543, 1367, 1100, 839, 520 cm
-1

; MS (EI) m/z (%) 329 (6), 282 (100), 265 (19), 226 (49), 105 

(73), 91 (44); HRMS (ESI) calcd for [M+Na]
+
 C19H23NO4Na: 352.1525, found: 352.1531. 

 

3a-hydroxy-4-nitro-5-(p-tolyl)octahydro-1H-cyclopenta[c]inden-6(7H)-one (6b) 

White solid; m.p. 168-169 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.14-7.09 (m, 4H), 4.80 (d, J 

= 10.8 Hz, 1H), 4.31 (dd, J = 12.0, 10.8 Hz, 1H), 2.56 (d, J = 12.4 Hz, 1H), 2.51-2.46 (m, 1H), 

2.41 (s, 1H), 2.38-2.33 (m, 2H), 2.30 (s, 3H), 2.17-2.09 (m, 2H), 1.98-1.95 (m, 1H), 1.89-1.83 (m, 

2H), 1.82-1.76 (m, 2H), 1.71-1.64 (m, 1H), 1.61-1.57 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  

209.9, 137.7, 133.5, 129.6 (2C), 127.0 (2C), 97.4, 88.4, 61.0, 58.5, 49.3, 40.2, 38.7, 37.9, 28.8, 

22.8, 22.1, 21.0. IR (KBr) 3406, 2948, 1693, 1548, 1365, 1097, 812 cm
-1

; MS (EI) m/z (%) 282 

(49), 265 (16), 105 (36), 91 (30); HRMS (ESI) calcd for [M+Na]
+
 C19H23NO4Na: 352.1525, 

found: 352.1526.  

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4c (47.8 mg, 0.24 mmol), and 

gave the desired products 6c and 6c: 73% total yield; 15.0:1 dr value analyzed by 
1
H NMR. 

 

3a-hydroxy-5-(naphthalen-2-yl)-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6c). 
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White solid; m.p. 164-166 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.81-7.78 (m, 4H), 7.49-7.42 

(m, 3H), 5.13 (d, J = 10.8 Hz, 1H), 4.10 (dd, J = 12.4, 11.6 Hz, 1H), 3.27 (d, J = 12.4 Hz, 1H), 

3.08 (brs, 1H), 2.28-2.23 (m, 2H), 2.13-2.08 (m, 1H), 2.02-1.94 (m, 1H), 1.93-1.75 (m, 3H), 

1.73-1.64 (m, 2H), 1.60-1.54 (m, 3H); 
13

C NMR (100 MHz, CDCl3):  208.1, 135.0, 133.3, 132.8, 

128.5, 127.7, 127.5, 126.6, 126.2, 125.9, 125.2, 102.9, 90.3, 60.4, 58.9, 45.2, 41.1, 37.0, 32.5, 32.2, 

23.9, 22.1. IR (KBr) 3415, 2956, 1701, 1544, 1365, 1099, 746, 478 cm
-1

; MS (EI) m/z (%) 365 

(63), 318 (100), 301 (22), 141 (49), 128 (22); HRMS (ESI) calcd for [M+Na]
+
 C22H23NO4Na: 

388.1525, found: 388.1521. 

 

3a-hydroxy-5-(naphthalen-2-yl)-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6c). 

White solid; m.p. 106-107 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.84-7.79 (m, 3H), 7.71 (d, J 

= 1.6 Hz, 1H), 7.49-7.46 (m, 2H), 7.34 (dd, J = 8.8, 2.0 Hz, 1H), 4.93 (d, J = 11.2 Hz, 1H), 4.52 (t, 

J = 11.6 Hz, 1H), 2.70 (d, J = 12.4 Hz, 1H), 2.54-2.48 (m, 2H), 2.40-2.33 (m, 2H), 2.17-2.10 (m, 

2H), 1.96-1.76 (m, 5H), 1.72-1.67 (m, 1H), 1.60-1.57 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  

210.0, 134.0, 133.3, 132.9, 128.9, 127.8, 127.6, 126. 8, 126.4, 126.1, 124.4, 97.1, 88.5, 60.9, 58.5, 

49.6, 40.0, 38.7, 37.9, 28.8, 22.6, 22.0. IR (KBr) 3400, 2949, 1690, 1548, 1366, 1096, 816, 747, 

477 cm
-1

; MS (EI) m/z (%) 365 (4), 318 (87), 301 (17), 276 (100), 141 (31), 128 (31); HRMS 

(ESI) calcd for [M+Na]
+
 C22H23NO4Na: 388.1525, found: 388.1524. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4d (47.8 mg, 0.24 mmol), 

and gave the desired products 6d and 6d: 55% total yield; 12.0:1 dr value analyzed by 
1
H NMR. 

 

3a-hydroxy-5-(naphthalen-1-yl)-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6d). 

White solid; m.p. 140-142 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 8.41 (d, J = 8.4 Hz, 1H), 

7.91 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 7.20 Hz, 1H), 7.62 (td, J = 7.2, 1.2 

Hz, 1H), 7.55-7.48 (m, 2H), 6.09 (s, 1H), 5.23 (d, J = 10.8 Hz, 1H), 4.64 (t, J = 11.6 Hz, 1H), 3.57 

(d, J = 12.0 Hz, 1H), 2.43-2.34 (m, 1H), 2.10-2.05 (m, 1H), 2.02-1.96 (m, 2H), 1.88-1.60 (m, 8H); 

13
C NMR (100 MHz, DMSO-d6):  208.0, 135.3, 133.4, 131.7, 128.4, 127.5, 126.0, 125.7, 125.5, 
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123.7, 123.5, 104.7, 90.1, 61.0, 58.7, 40.5, 39.7, 35.8, 32.4, 32.2, 23.6, 22.0. IR (KBr) 3331, 2925, 

1696, 1543, 775 cm
-1

; MS (EI) m/z (%) 365 (100), 318 (27), 301 (36), 141 (89), 128 (53); HRMS 

(ESI) calcd for [M+Na]
+
 C22H23NO4Na: 388.1525, found: 388.1515. 

 

3a-hydroxy-5-(naphthalen-1-yl)-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6d). 

White solid; m.p. 196-198 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 8.40 (d, J = 8.4 Hz, 1H), 

7.90 (d, J = 8.0 Hz, 1H), 7.81 (t, J = 8.0 Hz, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.52-7.46 (m, 2H), 5.71 

(s, 1H), 5.34 (d, J = 11.2 Hz, 1H), 5.10 (t, J = 11.8 Hz, 1H), 2.57-2.40 (m, 3H), 2.22-2.18 (m, 1H), 

2.14-2.10 (m, 1H), 2.04-2.02 (m, 1H), 1.93-1.90 (m, 1H), 1.83-1.67 (m, 4H), 1.57-1.45 (m, 2H); 

13
C NMR (100 MHz, DMSO-d6):  209.7, 134.5, 133.3, 131.8, 128.5, 127.4, 126.1, 125.5, 125.4, 

124.2, 123.2, 96.3, 88.3, 62.0, 57.1, 41.7, 38.7, 38.3, 38.0, 29.5, 21.7, 21.0. IR (KBr) 3372, 2934, 

1693, 1549, 1371, 1087, 808, 781 cm
-1

; MS (EI) m/z (%) 365 (13), 318 (93), 301 (37), 276 (100), 

141 (47), 128 (99); HRMS (ESI) calcd for [M+Na]
+
 C22H23NO4Na: 388.1525, found: 388.1521. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4e (43.0 mg, 0.24 mmol), and 

gave the desired products 6e and 6e: 57% total yield; 4.4:1 dr value analyzed by 
1
H NMR. 

 

3a-hydroxy-5-(4-methoxyphenyl)-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6e). 

White solid; m.p. 148-150 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.23 (d, J = 8.8 Hz, 2H), 6.83 

(d, J = 8.8 Hz, 2H), 4.96 (d, J = 11.2 Hz, 1H), 3.89 (t, J = 11.8 Hz, 1H), 3.76 (s, 3H), 3.11 (d, J = 

12.4 Hz, 1H), 2.72 (s, 1H), 2.31-2.27 (m, 2H), 2.20-2.15 (m, 1H), 2.05-1.98 (m, 1H), 1.94-1.86 (m, 

2H), 1.84-1.78 (m, 1H), 1.76-1.68 (m, 2H), 1.65-1.61 (m, 2H), 1.59-1.54 (m, 1H); 
13

C NMR (100 

MHz, CDCl3):  207.7, 158.9, 129.5, 128.4 (2C), 114.2 (2C), 103.1, 90.1, 60.4, 58.8, 55.2, 44.4, 

41.2, 37.2, 32.6, 32.3, 24.0, 22.2. IR (KBr) 3411, 2961, 1700, 1543, 1249, 1040, 840 cm
-1

; MS 

(EI) m/z (%) 345 (30), 298 (100), 281 (25), 121(66), 91 (35); HRMS (ESI) calcd for [M+Na]
+
 

C19H23NO5Na: 368.1474, found: 368.1469. 
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3a-hydroxy-5-(4-methoxyphenyl)-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6e). 

White solid; m.p. 146-147 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.14 (d, J = 8.8 Hz, 2H), 6.84 

(d, J = 8.8 Hz, 2H), 4.75 (d, J = 10.8 Hz, 1H), 4.28 (dd, J = 12.4, 10.8 Hz, 1H), 3.77 (s, 3H), 2.54 

(d, J = 12.4 Hz, 1H), 2.50-2.45 (m, 2H), 2.37-2.32 (m, 2H), 2.16-2.09 (m, 2H), 1.97-1.93 (m, 1H), 

1.90-1.72 (m, 4H), 1.69-1.65 (m, 1H), 1.60-1.57 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  210.0, 

159.2, 128.4, 128.3 (2C), 114.3 (2C), 97.5, 88.2, 61.0, 58.4, 55.2, 49.0, 40.2, 38.7, 37.9, 28.8, 22.8, 

22.1. IR (KBr) 3406, 2960, 1688, 1543, 1255, 831 cm
-1

; MS (EI) m/z (%) 345 (1), 298 (63), 281 

(17), 256 (100), 121 (32), 107 (27), 91 (19); HRMS (ESI) calcd for [M+Na]
+
 C19H23NO5Na: 

368.1474, found: 368.1464. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4f (43.0 mg, 0.24 mmol), and 

gave the desired products 6f and 6f: 68% total yield; 9.2:1 dr value analyzed by 
1
H NMR. 

 

 3a-hydroxy-5-(3-methoxyphenyl)-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6f). 

White solid; m.p. 134-136 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.21 (t, J = 7.8 Hz, 1H), 

6.90-6.87 (m, 2H), 6.78-6.76 (m, 1H), 5.00 (d, J = 11.2 Hz, 1H), 3.92 (dd, J = 12.4, 11.6 Hz, 1H), 

3.79 (s, 3H), 3.16 (d, J = 12.4 Hz, 1H), 2.71 (s, 1H), 2.36-2.24 (m, 2H), 2.21-2.15 (m, 1H), 

2.06-1.96 (m, 1H), 1.95-1.85 (m, 2H), 1.83-1.69 (m, 3H), 1.66-1.62 (m, 2H), 1.60-1.54 (m, 1H); 

13
C NMR (100 MHz, CDCl3):  207.9, 159.7, 139.2, 129.7, 119.5, 113.8, 112.6, 102.9, 90.2, 60.3, 

58.9, 55.2, 45.0, 41.2, 37.1, 32.6, 32.2, 24.0, 22.1. IR (KBr) 3484, 2959, 1704, 1545, 1261, 1032, 

700 cm
-1

; MS (EI) m/z (%) 345 (100), 298 (96), 281 (27), 121 (44), 91 (39); HRMS (ESI) calcd 

for [M+Na]
+
 C19H23NO5Na: 368.1474, found: 368.1466. 
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3a-hydroxy-5-(3-methoxyphenyl)-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6f). 

White solid; m.p. 143-144 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.23 (t, J = 8.0 Hz, 1H), 

6.81-6.75 (m, 3H), 4.83 (d, J = 10.8 Hz, 1H), 4.34 (t, J = 11.4 Hz, 1H), 3.78 (s, 3H), 2.58 (d, J = 

12.4 Hz, 1H), 2.55-2.46 (m, 1H), 2.41-2.33 (m, 2H), 2.21-2.20 (m, 1H), 2.18-2.07 (m, 2H), 

2.01-1.94 (m, 1H), 1.91-1.68 (m, 5H), 1.62-1.61 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  209.5, 

159.9, 138.5, 130.1, 119.2, 113.7, 112.8, 97.2, 88.5, 61.0, 58.6, 55.2, 49.4, 40.0, 38.6, 37.8, 28.7, 

22.7, 22.0. IR (KBr) 3447, 2947, 1702, 1549, 1266, 698 cm
-1

; MS (EI) m/z (%) 345 (2), 298 (71), 

281 (24), 256 (100), 121 (27), 91 (25); HRMS (ESI) calcd for [M+Na]
+
 C19H23NO5Na: 368.1474, 

found: 368.1472. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4g (50.2 mg, 0.24 mmol), 

and gave the desired products 6g and 6g: 57% total yield; 2.7:1 dr value analyzed by 
1
H NMR. 

 

5-(3,4-dimethoxyphenyl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one 

(6g). 

White solid; m.p. 180-181 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 6.90-6.81 (m, 3H), 5.92 (s, 

1H), 4.98 (d, J = 11.2 Hz, 1H), 3.75 (s, 3H), 3.70 (s, 3H), 3.59 (t, J = 11.8 Hz, 1H), 3.35 (d, J = 

12.4 Hz, 1H), 2.46-2.38 (m, 1H), 2.09-1.90 (m, 3H), 1.81-1.72 (m, 2H), 1.61-1.52 (m, 4H), 

1.47-1.41 (m, 2H); 
13

C NMR (100 MHz, DMSO-d6):  208.2, 148.6, 148.0, 130.7, 119.8, 111.7, 

110.9, 103.5, 89.7, 58.8, 58.3, 55.5, 55.4, 45.0, 40.7, 35.9, 32.5, 32.3, 23.7, 21.8. IR (KBr) 3388, 

2933, 1716, 1546, 1277, 1002 cm
-1

; MS (EI) m/z (%) 375 (85), 328 (91), 311 (23), 151 (57), 138 

(44); HRMS (ESI) calcd for [M+Na]
+
 C20H25NO6Na: 398.1580, found: 398.1564. 

 

5-(3,4-dimethoxyphenyl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one 

(6g). 

White solid; m.p. 185-186 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 6.81-6.75 (m, 2H), 6.71 (d, J 

= 1.6 Hz, 1H), 4.76 (d, J = 11.2 Hz, 1H), 4.31 (t, J = 11.6 Hz, 1H), 3.87 (s, 3H), 3.83 (s, 3H), 2.56 

(d, J = 12.4 Hz, 1H), 2.51-2.33 (m, 4H), 2.16-2.08 (m, 2H), 1.99-1.94 (m, 1H), 1.90-1.78 (m, 4H), 
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1.72-1.67 (m, 1H), 1.60-1.57 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  210.0, 149.1, 148.7, 129.1, 

119.0, 111.4, 110.7, 97.6, 88.3, 60.7, 58.5, 55.9, 55.8, 49.2, 40.1, 38.7, 37.8, 28.8, 22.8, 22.1. IR 

(KBr) 3526, 2922, 1701, 1518, 1255, 1023, 807 cm
-1

; MS (EI) m/z (%) 375 (4), 328 (63), 311 (12), 

286 (100), 151 (16), 138 (44); HRMS (ESI) calcd for [M+Na]
+
 C20H25NO6Na: 398.1580, found: 

398.1567. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4h (46.3 mg, 0.24 mmol), 

and gave the desired products 6h and 6h: 58% total yield; 4.9:1 dr value analyzed by 
1
H NMR. 

 

5-(benzo[d][1,3]dioxol-5-yl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one 

(6h). 

White solid; m.p. 107-108 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 6.80-6.72 (m, 3H), 5.92 (s, 

2H), 4.93 (d, J = 10.8 Hz, 1H), 3.86 (t, J = 11.8 Hz, 1H), 3.10 (d, J = 12.4 Hz, 1H), 2.55 (s, 1H), 

2.37-2.26 (m, 2H), 2.21-2.17 (m, 1H), 2.06-1.99 (m, 1H), 1.95-1.80 (m, 3H), 1.76-1.63 (m, 4H), 

1.60-1.50 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  207.8, 147.9, 146.9, 131.3, 120.7, 108.5, 

107.7, 103.1, 101.1, 90.1, 60.3, 58.7, 44.9, 41.2, 37.1, 32.6, 32.3, 24.0, 22.1. IR (KBr) 3466, 2953, 

1712, 1544, 1255, 1041, 930, 739 cm
-1

; MS (EI) m/z (%) 359 (82), 312 (100), 295 (27), 135 (72); 

HRMS (ESI) calcd for [M+Na]
+
 C19H21NO6Na: 382.1267, found: 382.1263. 

 

5-(benzo[d][1,3]dioxol-5-yl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one 

(6h). 

White solid; m.p. 187-188 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 7.06 (d, J = 1.6 Hz, 1H), 

6.83-6.77 (m, 2H), 5.96 (dd, J = 6.4, 1.2 Hz, 2H), 5.56 (s, 1H), 5.05 (d, J = 11.6 Hz, 1H), 4.11 (t, J 

= 12.0 Hz, 1H), 2.58-2.52 (m, 1H), 2.34-2.27 (m, 2H), 2.15-2.11 (m, 1H), 2.05-1.96 (m, 2H), 

1.83-1.81 (m, 1H), 1.71-1.60 (m, 4H), 1.46-1.35 (m, 2H); 
13

C NMR (100 MHz, DMSO-d6):  

210.1, 147.3, 146.3, 131.6, 121.5, 108.0, 107.9, 100.9, 95.4, 60.8, 57.1, 48.0, 38.9, 38.7, 38.4, 38.1, 

29.3, 22.1, 21.1. IR (KBr) 3357, 2935, 1685, 1548, 1375, 1231, 1037, 817 cm
-1

; MS (EI) m/z (%) 

359 (2), 312 (45), 295 (14), 270 (100), 135 (25), 122 (38); HRMS (ESI) calcd for [M+Na]
+
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C19H21NO6Na: 382.1267, found: 382.1261. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4i (40.1 mg, 0.24 mmol), and 

gave the desired products 6i and 6i: 67% total yield; 11.5:1 dr value analyzed by 
1
H NMR. 

 

5-(4-fluorophenyl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6i). 

White solid; m.p. 160-162 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.29 (dd, J = 7.2, 5.6 Hz, 2H), 

6.99 (t, J = 8.0 Hz, 2H), 4.96 (d, J = 11.2 Hz, 1H), 3.92 (t, J = 11.8 Hz, 1H), 3.11 (d, J = 12.4 Hz, 

1H), 2.54 (s, 1H), 2.32-2.28 (m, 2H), 2.22-2.18 (m, 1H), 2.07-2.00 (m, 1H), 1.97-1.81 (m, 3H), 

1.77-1.63 (m, 4H), 1.60-1.50 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  207.7, 162.1 (d, J = 245 

Hz), 133.3 (d, J = 3 Hz), 129.0 (d, J = 8 Hz, 2C), 115.6 (d, J = 22 Hz, 2C), 102.9, 90.1, 60.4, 58.7, 

44.4, 41.1, 37.1, 32.6, 32.3, 23.9, 22.2. IR (KBr) 3418, 2953, 1709, 1546, 1229, 1103, 738 cm
-1

; 

MS (EI) m/z (%) 333 (2), 286 (100), 269 (16), 109 (90); HRMS (ESI) calcd for [M+Na]
+
 

C18H20FNO4Na: 356.1274, found: 356.1279. 

 

5-(4-fluorophenyl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6i). 

White solid; m.p. 172-174 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.23-7.19 (m, 2H), 7.03-6.07 

(m, 2H), 4.75 (d, J = 10.8 Hz, 1H), 4.31 (t, J = 11.8 Hz, 1H), 2.54 (d, J = 12.4 Hz, 1H), 2.48-2.43 

(m, 1H), 2.42-2.39 (m, 2H), 2.32 (s, 1H), 2.15-2.14 (m, 1H), 2.11-2.07 (m, 1H), 2.00-1.97 (m, 1H), 

1.90-1.68 (m, 5H), 1.64-1.58 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  209.8, 162.3 (d, J = 245 

Hz), 132.5 (d, J = 3 Hz), 129.0 (d, J = 8 Hz, 2C), 115.9 (d, J = 21 Hz, 2C), 97.2, 88.4, 60.8, 58.2, 

48.6, 39.9, 38.7, 38.1, 28.9, 22.5, 22.0. IR (KBr) 3409, 2954, 1687, 1552, 1345, 1250, 831 cm
-1

; 

MS (EI) m/z (%) 286 (35), 269 (15), 244 (100), 109 (44); HRMS (ESI) calcd for [M+Na]
+
 

C18H20FNO4Na: 356.1274, found: 356.1277. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4j (43.9 mg, 0.24 mmol), and 

gave the desired products 6j and 6j: 64% total yield; 14.8:1 dr value analyzed by 
1
H NMR. 
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5-(4-chlorophenyl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6j). 

White solid; m.p. 203-204 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.29-7.24 (m, 4H), 4.95 (d, J 

= 11.2 Hz, 1H), 3.90 (dd, J = 12.4, 11.2 Hz, 1H), 3.10 (d, J = 12.4 Hz, 1H), 2.59 (s, 1H), 2.31-2.27 

(m, 2H), 2.21-2.15 (m, 1H), 2.05-1.98 (m, 1H), 1.96-1.80 (m, 3H), 1.77-1.62 (m, 4H), 1.58-1.49 

(m, 1H); 
13

C NMR (100 MHz, CDCl3):  207.3, 136.1, 133.5, 129.0 (2C),128.8 (2C), 102.7, 90.2, 

60.4, 58.7, 44.6, 41.1, 37.3, 32.6, 32.4, 23.9, 22.2. IR (KBr) 3373, 2968, 1702, 1544, 1367, 1100, 

841, 522 cm
-1

; MS (EI) m/z (%) 349 (4), 302 (100), 260 (15), 125 (66); HRMS (ESI) calcd for 

[M+Na]
+
 C18H20ClNO4Na: 372.0979, found: 372.0983. 

 

5-(4-chlorophenyl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6j). 

White solid; m.p. 188-190 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 7.44-7.42 (m, 2H), 

7.34-7.32 (m, 2H), 5.62 (s, 1H), 5.14 (d, J = 11.6 Hz, 1H), 4.19 (t, J = 11.8 Hz, 1H), 2.58-2.51 (m, 

1H), 2.36-2.33 (m, 2H), 2.18-2.14 (m, 1H), 2.02-1.96 (m, 2H), 1.88-1.80 (m, 1H), 1.75-1.63 (m, 

4H), 1.52-1.47 (m, 1H) 1.40-1.36 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6):  210.1, 137.2, 

131.7, 129.9 (2C), 128.2 (2C), 95.0, 88.3, 60.5, 56.9, 47.3, 38.6, 38.2, 37.9, 29.2, 21.7, 20.9. IR 

(KBr) 3420, 2951, 1689, 1551, 1368, 1088, 826, 529 cm
-1

; MS (EI) m/z (%) 349 (1), 302 (40), 

260 (100), 125 (33); HRMS (ESI) calcd for [M+Na]
+
 C18H20ClNO4Na: 372.0979, found: 

372.0996. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4k (54.5 mg, 0.24 mmol), 

and gave the desired products 6k and 6k: 64% total yield; 18.0:1 dr value analyzed by 
1
H NMR. 

 

5-(4-bromophenyl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6k). 
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White solid; m.p. 210-212 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 7.50 (d, J = 8.4 Hz, 2H), 

7.30 (d, J = 8.8 Hz, 2H), 5.94 (s, 1H), 4.99 (d, J = 11.2 Hz, 1H), 3.64 (t, J = 11.8 Hz, 1H), 3.59 (d, 

J = 12.4 Hz, 1H), 2.46-2.37 (m, 1H), 2.08-2.00 (m, 2H), 1.96-1.88 (m, 1H), 1.83-1.72 (m, 2H), 

1.61-1.52 (m, 4H), 1.45-1.36 (m, 2H); 
13

C NMR (100 MHz, DMSO-d6):  207.9, 137.8, 131.3 

(2C),129.8 (2C), 120.3, 102.9, 89.8, 58.7, 58.2, 44.6, 40.5, 35.7, 32.4, 32.2, 23.5, 21.7. IR (KBr) 

3369, 2924, 1702, 1543, 1366, 1099, 519 cm
-1

; MS (EI) m/z (%) 393 (1), 346 (100), 329 (5), 304 

(5), 169 (11); HRMS (ESI) calcd for [M+Na]
+
 C18H20BrNO4Na: 416.0473, found: 416.0462. 

 

5-(4-bromophenyl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6k). 

White solid; m.p. 186-187 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 7.46 (d, J = 8.4 Hz, 2H), 

7.37 (d, J = 8.4 Hz, 2H), 5.61 (s, 1H), 5.13 (d, J = 11.2 Hz, 1H), 4.17 (t, J = 11.8 Hz, 1H), 

2.57-2.52 (m, 1H), 2.35-2.32 (m, 2H), 2.18-2.14 (m, 1H), 2.03-1.96 (m, 2H), 1.89-1.80 (m, 1H), 

1.74-1.62 (m, 4H), 1.52-1.45 (m, 1H) 1.40-1.36 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6):  

210.1, 137.6, 131.1 (2C), 130.3 (2C), 120.3, 94.9, 88.3, 60.5, 56.9, 47.3, 38.6, 38.2, 37.9, 29.2, 

21.7, 20.9. IR (KBr) 3418, 2949, 1690, 1550, 1367, 1011, 823 cm
-1

; MS (EI) m/z (%) 393 (1), 346 

(40), 329 (22), 304 (100), 169 (23); HRMS (ESI) calcd for [M+Na]
+
 C18H20BrNO4Na: 416.0473, 

found: 416.0456. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4l (52.1 mg, 0.24 mmol), and 

gave the desired products 6l and 6l: 62% total yield; 16.9:1 dr value analyzed by 
1
H NMR. 

 

3a-hydroxy-4-nitro-5-(4-(trifluoromethyl)phenyl)octahydro-1H-cyclopenta[c]inden-6(7H)- 

one (6l). 

White solid; m.p. 197-198 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.58 (d, J = 8.0 Hz, 2H), 7.46 

(d, J = 8.0 Hz, 2H), 5.01 (d, J = 11.2 Hz, 1H), 3.99 (t, J = 11.6 Hz, 1H), 3.16 (d, J = 12.4 Hz, 1H), 

2.56 (s, 1H), 2.33-2.29 (m, 2H), 2.24-2.18 (m, 1H), 2.09-2.00 (m, 1H), 1.99-1.94 (m, 1H), 

1.92-1.83 (m, 2H), 1.80-1.72 (m, 1H), 1.70-1.65 (m, 3H), 1.59-1.51 (m, 1H); 
13

C NMR (100 MHz, 
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CDCl3):  207.3, 141.7, 130.3 (q, J = 33 Hz, 2C), 128.0, 125.8 (q, J = 4 Hz, 2C), 123.9 (q, J = 270 

Hz), 102.5, 90.3, 60.4, 58.8, 45.0, 41.1, 37.2, 32.6, 32.3, 23.8, 22.2. IR (KBr) 3390, 2964, 1706, 

1545, 1327, 848 cm
-1

; MS (EI) m/z (%) 336 (100), 319 (26), 294 (13), 159 (54); HRMS (ESI) 

calcd for [M+Na]
+
 C19H20F3NO4Na: 406.1242, found: 406.1245. 

 

3a-hydroxy-4-nitro-5-(4-(trifluoromethyl)phenyl)octahydro-1H-cyclopenta[c]inden-6(7H)- 

one (6l). 

White solid; m.p. 154-156 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.58 (d, J = 8.0 Hz, 2H), 7.37 

(d, J = 8.0 Hz, 2H), 4.80 (d, J = 11.2 Hz, 1H), 4.40 (t, J = 11.4 Hz, 1H), 2.58 (d, J = 12.0 Hz, 1H), 

2.51-2.35 (m, 4H), 2.17-2.12 (m, 1H), 2.08-2.04 (m, 1H), 2.00-1.96 (m, 1H), 1.90-1.73 (m, 5H), 

1.62-1.57 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  209.6, 141.1, 130.2 (q, J = 32 Hz, 2C), 127.9, 

125.9 (q, J = 4 Hz, 2C), 126.7 (q, J = 293 Hz), 96.5, 88.7, 60.6, 58.1, 48.6, 39.5, 38.7, 38.2, 28.8, 

22.2, 21.8. IR (KBr) 3409, 2962, 1695, 1557, 1328, 1111, 828 cm
-1

; MS (EI) m/z (%) 336 (70), 

319 (48), 294 (100), 159 (34); HRMS (ESI) calcd for [M+Na]
+
 C19H20F3NO4Na: 406.1242, found: 

406.1247. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4m (52.1 mg, 0.24 mmol), 

and gave the desired products as a mixture of two diastereoisomers 6m and 6m: 52% total yield; 

5.0:1 dr value analyzed by 
1
H NMR. 

 

5-(2,3-dichlorophenyl)-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6m). 

White solid; 
1
H NMR (400 MHz, DMSO-d6, ppm) (major isomer): δ 7.56-7.50 (m, 2H), 7.34 (t, 

J = 7.9 Hz, 1H), 6.02 (s, 1H), 5.11 (d, J = 11.2 Hz, 1H), 4.37 (t, J = 11.8 Hz, 1H), 3.36 (d, J = 11.1 

Hz, 1H), 2.40-2.31 (m, 1H), 2.13-1.89 (m, 3H), 1.86-1.73 (m, 2H), 1.70-1.54 (m, 4H), 1.49-1.38 

(m, 2H); 
13

C NMR (100 MHz, DMSO-d6) (major isomer):  207.4, 138.7, 132.3, 132.0, 129.2, 

128.2, 126.4, 102.7, 89.8, 60.3, 58.0, 41.7, 40.2, 35.7, 32.4, 32.3, 23.2, 21.9. MS (EI) m/z (%) 383 

(7), 336 (16), 287 (100), 159 (49), 55 (100); HRMS (ESI) calcd for [M+Na]
+
 C18H19Cl2NO4Na: 

S25



406.0589, found: 406.0574. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4n (37.2 mg, 0.24 mmol), 

and gave the desired product 6n: 55% yield; >20:1 dr value analyzed by 
1
H NMR. 

 

3a-hydroxy-4-nitro-5-(thiophen-2-yl)octahydro-1H-cyclopenta[c]inden-6(7H)-one (6n). 

White solid; m.p. 160-161 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.15 (d, J = 5.2 Hz, 1H), 6.96 

(d, J = 3.2 Hz, 1H), 6.91 (dd, J = 4.8, 3.6 Hz, 1H), 4.99 (d, J = 10.8 Hz, 1H), 4.25 (t, J = 11.6 Hz, 

1H), 3.13 (d, J = 12.4 Hz, 1H), 2.66 (d, J = 10.8 Hz, 1H), 2.41-2.31 (m, 2H), 2.23-2.17 (m, 1H), 

2.07-2.00 (m, 1H), 1.95-1.80 (m, 3H), 1.75-1.62 (m, 4H), 1.58-1.48 (m, 1H); 
13

C NMR (100 MHz, 

CDCl3):  207.5, 140.9, 127.0, 125.3, 124.1, 103.3, 90.1, 61.0, 58.9, 41.2, 40.6, 37.3, 32.6, 32.4, 

24.0, 22.2. IR (KBr) 3403, 2971, 1702, 1543, 1362, 1103, 726 cm
-1

; MS (EI) m/z (%) 321 (4), 274 

(100), 257 (12), 97 (49); HRMS (ESI) calcd for [M+Na]
+
 C16H19NO4SNa: 344.0932, found: 

344.0934. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4o (37.2 mg, 0.24 mmol), 

and gave the desired products 6o and 6o: 68% total yield; 4.5:1 dr value analyzed by 
1
H NMR. 

 

3a-hydroxy-4-nitro-5-(thiophen-3-yl)octahydro-1H-cyclopenta[c]inden-6(7H)-one (6o). 

White solid; m.p. 159-161 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.48-7.45 (m, 1H), 7.33-7.32 

(m, 1H), 7.24-7.22 (m, 1H), 5.20 (d, J = 10.8 Hz, 1H), 4.28 (t, J = 11.6 Hz, 1H), 3.30 (d, J = 12.4 

Hz, 1H), 3.03 (s, 1H), 2.56-2.50 (m, 2H), 2.43-2.36 (m, 1H), 2.25-2.17 (m, 1H), 2.15-2.09 (m, 2H), 

2.03-1.97 (m, 1H), 1.93-1.72 (m, 5H); 
13

C NMR (100 MHz, CDCl3):  208.0, 138.6, 126.4, 126.2, 

121.7, 102.5, 90.2, 60.5, 58.9, 41.3, 40.6, 37.3, 32.7, 32.4, 24.1, 22.2. IR (KBr) 3366, 2949, 1699, 

1543, 1314, 1106, 785, 660 cm
-1

; MS (EI) m/z (%) 321 (6), 274 (100), 257 (13), 232 (18), 97 (79); 

HRMS (ESI) calcd for [M+Na]
+
 C16H19NO4SNa: 344.0932, found: 344.0931. 
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3a-hydroxy-4-nitro-5-(thiophen-3-yl)octahydro-1H-cyclopenta[c]inden-6(7H)-one (6o). 

White solid; m.p. 159-161 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.31-7.29 (m, 1H), 7.16-7.15 

(m, 1H), 6.96-6.94 (m, 1H), 4.74 (d, J = 10.4 Hz, 1H), 4.51 (t, J = 11.4 Hz, 1H), 2.59 (d, J = 12.4 

Hz, 1H), 2.56-2.47 (m, 1H), 2.40-2.30 (m, 2H), 2.27 (s, 1H), 2.20-2.08 (m, 2H), 2.00-1.93 (m, 1H), 

1.89-1.68 (m, 5H), 1.63-1.59 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  209.9, 137.9, 126.8, 125.8, 

122.2, 97.4, 88.4, 60.5, 58.8, 44.8, 40.3, 38.7, 37.8, 28.7, 22.9, 22.0.. IR (KBr) 3361, 2950, 1690, 

1546, 1365, 1097, 778 cm
-1

; MS (EI) m/z (%) 321 (1), 274 (48), 257 (17), 232 (100), 97 (25); 

HRMS (ESI) calcd for [M+Na]
+
 C16H19NO4SNa: 344.0932, found: 344.0922. 

 

Prepared by general procedure D from 2a (47.6 mg, 0.20 mmol) and 4p (24.2 mg, 0.24 mmol), 

and gave the desired product 6p: 34% yield; >20:1 dr value analyzed by 
1
H NMR. 

 

5-ethyl-3a-hydroxy-4-nitrooctahydro-1H-cyclopenta[c]inden-6(7H)-one (6p). 

White solid; m.p. 108-110 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 4.58 (d, J = 10.4 Hz, 1H), 

2.92 (s, 1H), 2.87-2.79 (m, 1H), 2.57 (d, J = 12.0 Hz, 1H), 2.33-2.29 (m, 2H), 2.17-2.11 (m, 1H), 

1.89-1.74 (m, 4H), 1.71-1.60 (m, 2H), 1.58-1.51 (m, 3H), 1.48-1.36 (m, 2H), 0.83 (t, J = 7.6 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3):  209.2, 101.5, 90.7, 59.0, 58.9, 41.2, 40.5, 36.8, 32.1, 31.7, 

24.7, 24.0, 21.8, 10.6. IR (KBr) 3467, 2940, 1704, 1546, 1362 cm
-1

; MS (EI) m/z (%) 267 (9), 

220 (22), 219 (70), 203 (10), 163 (60), 123 (89), 55 (100); HRMS (ESI) calcd for [M+Na]
+
 

C14H21NO4Na: 290.1363, found: 290.1372. 

 

Prepared by general procedure D from 2q (58.4 mg, 0.20 mmol) and 4a (35.8 mg, 0.24 mmol), 

and gave the desired products 6q and 6q: 76% total yield; 7.3:1 dr value analyzed by 
1
H NMR. 
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3a-hydroxy-4-nitro-5-phenyloctahydrospiro[cyclopenta[c]indene-2,1'-cyclopentan]-6(1H)- 

one (6q). 

White solid; m.p. 142-144 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.34-7.26 (m, 4H), 7.24-7.20 

(m, 1H), 4.93 (d, J = 10.8 Hz, 1H), 4.03 (dd, J = 12.4, 10.8 Hz, 1H), 3.04 (d, J = 12.4 Hz, 1H), 

2.85 (brs, 1H), 2.28-2.19 (m, 3H), 2.07-1.92 (m, 3H), 1.83-1.75 (m, 3H), 1.67-1.40 (m, 9H); 
13

C 

NMR (100 MHz, CDCl3):  207.1, 137.4, 128.7 (2C), 127.6 (2C), 127.5, 102.2, 90.9, 61.3, 60.8, 

50.0, 47.7, 43.4, 42.8, 40.9, 40.8, 39.9, 30.8, 24.5, 24.1, 23.4. IR (KBr) 3384, 2950, 1697, 1542, 

1370, 760, 699 cm
-1

; MS (EI) m/z (%) 369 (1), 322 (100), 305 (21), 91 (90); HRMS (ESI) calcd 

for [M+Na]
+
 C22H27NO4Na: 392.1838, found: 392.1842. 

 

3a-hydroxy-4-nitro-5-phenyloctahydrospiro[cyclopenta[c]indene-2,1'-cyclopentan]-6(1H)- 

one (6q). 

White solid; m.p. 167-168 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.33-7.30 (m, 2H), 7.27-7.25 

(m, 1H), 7.22-7.20 (m, 2H), 4.99 (d, J = 10.0 Hz, 1H), 4.57 (t, J = 10.8 Hz, 1H), 2.73 (d, J = 11.6 

Hz, 1H), 2.57-2.48 (m, 1H), 2.36-2.27 (m, 2H), 2.23 (s, 1H), 2.18-2.11 (m, 2H), 1.99 (d, J = 14.0 

Hz, 1H), 1.88 (d, J = 5.2 Hz, 2H), 1.84-1.78 (m, 1H), 1.74-1.64 (m, 9H); 
13

C NMR (100 MHz, 

CDCl3):  209.7, 137.7, 129.1 (2C), 127.9, 127.2 (2C), 97.8, 89.2, 62.6, 60.2, 51.8, 51.0, 50.0, 

49.1, 42.5, 42.1, 38.4, 28.4, 23.9, 23.8, 22.7. IR (KBr) 3442, 2950, 1691, 1548, 1366, 697 cm
-1

; 

MS (EI) m/z (%) 369 (1), 322 (100), 305 (25), 91 (43); HRMS (ESI) calcd for [M+Na]
+
 

C22H27NO4Na: 392.1838, found: 392.1835. 

 

Prepared by general procedure D from 2r (61.2 mg, 0.20 mmol) and 4a (35.8 mg, 0.24 mmol), and 

gave the desired products 6r and 6r: 79% total yield; 2.3:1 dr value analyzed by 
1
H NMR. 

 

3a'-hydroxy-4'-nitro-5'-phenyloctahydrospiro[cyclohexane-1,2'-cyclopenta[c]inden]-6'(1'H)-

one (6r). 
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White solid; m.p. 159-162 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.34-7.26 (m, 4H), 7.24-7.20 

(m, 1H), 4.91 (d, J = 10.8 Hz, 1H), 3.91 (t, J = 11.6 Hz, 1H), 2.98 (d, J = 12.4 Hz, 1H), 2.81 (s, 

1H), 2.28-2.18 (m, 3H), 2.12-1.92 (m, 3H), 1.81-1.71 (m, 3H), 1.63-1.58 (m, 1H), 1.51-1.26 (m, 

10H); 
13

C NMR (100 MHz, CDCl3):  206.8, 137.1, 128.7 (2C), 127.6 (3C), 101.8, 90.5, 61.5, 

59.8, 49.6 (2C), 43.2, 40.8, 40.6, 39.4, 38.5, 32.3, 25.7, 24.1, 23.7, 23.1. IR (KBr) 3497, 2918, 

1670, 1542, 1369, 1230, 699 cm
-1

; MS (EI) m/z (%) 383 (2), 336 (95), 319 (23), 91 (100); HRMS 

(ESI) calcd for [M+Na]
+
 C23H29NO4Na: 406.1994, found: 406.1991. 

 

3a'-hydroxy-4'-nitro-5'-phenyloctahydrospiro[cyclohexane-1,2'-cyclopenta[c]inden]-6'(1'H)-

one (6r). 

White solid; m.p. 192-193 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 7.30 (d, J = 4.4 Hz, 4H), 

7.24-7.21 (m, 1H), 5.63 (s, 1H), 5.06 (d, J = 10.4 Hz, 1H), 4.50 (t, J = 10.6 Hz, 1H), 2.60 (d, J = 

11.2 Hz, 1H), 2.57-2.52 (m, 1H), 2.23-2.17 (m, 2H), 2.04-1.95 (m, 3H), 1.85 (d, J = 14.0 Hz, 1H), 

1.81-1.70 (m, 1H), 1.57-1.34 (m, 12H); 
13

C NMR (100 MHz, DMSO-d6):  210.3, 138.9, 128.6 

(2C), 127.6 (2C), 127.2, 97.6, 89.0, 62.4, 59.4, 50.0, 49.0, 48.7, 41.5, 41.1, 39.9, 38.1, 28.6, 25.3, 

23.4, 22.7, 21.9. IR (KBr) 3406, 2920, 1690, 1546, 1369, 697 cm
-1

; MS (EI) m/z (%) 336 (100), 

319 (31), 91 (55); HRMS (ESI) calcd for [M+Na]
+
 C23H29NO4Na: 406.1994, found: 406.1991. 

 

Prepared by general procedure D from 2s (64.0 mg, 0.20 mmol) and 4a (35.8 mg, 0.24 mmol), and 

gave the desired products 6s and 6s: 74% total yield; 2.6:1 dr value analyzed by 
1
H NMR. 

 

3a'-hydroxy-4'-nitro-5'-phenyloctahydrospiro[cycloheptane-1,2'-cyclopenta[c]inden]-6'(1'H)

-one (6s). 

White solid; m.p. 160-162 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.35-7.29 (m, 4H), 7.25-7.22 

(m, 1H), 4.90 (d, J = 11.2 Hz, 1H), 3.81 (t, J = 11.8 Hz, 1H), 2.96 (d, J = 12.0 Hz, 1H), 2.74 (s, 

1H), 2.30-2.22 (m, 3H), 2.09-1.96 (m, 3H), 1.85-1.79 (m, 2H), 1.76-1.71 (m, 2H), 1.67-1.57 (m, 

S29



3H), 1.52-1.39 (m, 8H), 1.31-1.27 (m, 1H); 
13

C NMR (100 MHz, CDCl3):  206.7, 136.8, 128.8 

(2C), 127.6, 127.6 (2C), 101.4, 90.0, 61.9, 59.9, 51.9, 44.5, 44.3, 42.9, 42.8, 40.8, 40.4, 32.2, 29.2, 

28.8, 24.2 (2C), 23.5. IR (KBr) 3522, 2921, 1700, 1584, 1367, 699 cm
-1

; MS (EI) m/z (%) 397 (2), 

350 (56), 333 (13), 171 (100), 91 (90); HRMS (ESI) calcd for [M+Na]
+
 C24H31NO4Na: 420.2151, 

found: 420.2140. 

 

3a'-hydroxy-4'-nitro-5'-phenyloctahydrospiro[cycloheptane-1,2'-cyclopenta[c]inden]-6'(1'H)

-one (6s).  

White solid; m.p. 168-170 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.34-7.30 (m, 2H), 7.27-7.25 

(m, 1H), 7.20-7.18 (m, 2H), 4.96 (d, J = 9.6 Hz, 1H), 4.56 (dd, J = 12.0, 9.2 Hz, 1H), 2.73 (d, J = 

12.4 Hz, 1H), 2.61-2.53 (m, 1H), 2.35-2.29 (m, 1H), 2.25 (s, 1H), 2.22-2.13 (m, 3H), 2.04 (d, J = 

14.0 Hz, 1H), 1.84-1.68 (m, 8H), 1.54-1.47 (m, 8H); 
13

C NMR (100 MHz, CDCl3):  209.8, 137.4, 

129.2 (2C), 128.0, 127.1 (2C), 98.8, 89.2, 63.1, 60.8, 53.9, 51.6, 50.8, 46.1, 45.3, 43.5, 38.2, 29.1, 

28.9, 28.2, 24.1, 23.5, 23.4. IR (KBr) 3425, 2924, 1688, 1546, 1445, 697 cm
-1

; MS (EI) m/z (%) 

397 (1), 350 (100), 333 (45), 91 (81); HRMS (ESI) calcd for [M+Na]
+
 C24H31NO4Na: 420.2151, 

found: 420.2148. 

 

Prepared by general procedure D from 2t (58.8 mg, 0.20 mmol) and 4a (35.8 mg, 0.24 mmol), and 

gave the desired products 6t and 6t: 58% total yield; 3.3:1 dr value analyzed by 
1
H NMR. 

 

2,2-diethyl-3a-hydroxy-4-nitro-5-phenyloctahydro-1H-cyclopenta[c]inden-6(7H)-one (6t). 

White solid; m.p. 160-162 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.34-7.26 (m, 4H), 7.23-7.20 

(m, 1H), 4.90 (d, J = 11.6 Hz, 1H), 3.81 (t, J = 11.8 Hz, 1H), 2.98-2.95 (m, 2H), 2.27-2.19 (m, 3H), 

2.11-1.94 (m, 3H), 1.73-1.64 (m, 3H), 1.58-1.52 (m, 2H), 1.36-1.19 (m, 3H), 0.78-0.73 (m, 6H); 

13
C NMR (100 MHz, CDCl3):  206.8, 136.8, 128.7 (2C), 127.5 (3C), 101.4, 90.1, 61.6, 59.5, 

49.3, 43.6, 42.9, 41.6, 40.7, 32.4, 30.8, 28.7, 24.2, 8.8, 8.5. IR (KBr) 3429, 2960, 1700, 1543, 
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1367, 765, 700 cm
-1

; MS (EI) m/z (%) 371 (1), 324 (54), 307 (18), 91 (100); HRMS (ESI) calcd 

for [M+Na]
+
 C22H29NO4Na: 394.1994, found: 394.1978. 

 

2,2-diethyl-3a-hydroxy-4-nitro-5-phenyloctahydro-1H-cyclopenta[c]inden-6(7H)-one (6t). 

White solid; m.p. 154-155 °C; 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.34-7.30 (m, 2H), 7.27-7.25 

(m, 1H), 7.19-7.17 (m, 2H), 4.94 (d, J = 9.6 Hz, 1H), 4.55 (dd, J = 12.4, 9.2 Hz, 1H), 2.73 (d, J = 

12.4 Hz, 1H), 2.63-2.54 (m, 1H), 2.34-2.26 (m, 2H), 2.23-2.12 (m, 2H), 2.11-2.04 (m, 1H), 

1.97-1.94 (m, 1H), 1.80-1.67 (m, 4H), 1.63-1.57 (m, 2H), 1.52-1.46 (m, 2H), 0.84 (t, J = 7.6 Hz, 

3H), 0.80 (d, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3):  209.8, 137.3. 129.2 (2C), 128.0, 

127.0 (2C), 99.1, 89.0, 63.0, 60.8, 51.6, 51.0, 48.6, 45.7, 38.1, 33.0, 31.3, 28.2, 23.5, 9.1, 8.6. IR 

(KBr) 3435, 2979, 1691, 1550, 1372, 1094, 698 cm
-1

; MS (EI) m/z (%) 371 (1), 324 (100), 307 

(33), 91 (59); HRMS (ESI) calcd for [M+Na]
+
 C22H29NO4Na: 394.1994, found: 394.1993. 

 

Prepared by general procedure D from 2u (53.2 mg, 0.20 mmol) and 4a (35.8 mg, 0.24 mmol), 

and gave the desired products 6u and 6u: 69% total yield; 4.6:1 dr value analyzed by 
1
H NMR. 

 

3a-hydroxy-8,8-dimethyl-4-nitro-5-phenyloctahydro-1H-cyclopenta[c]inden-6(7H)-one (6u). 

White solid; m.p. 194-196 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 7.34-7.27 (m, 4H), 

7.24-7.20 (m, 1H), 5.99 (s, 1H), 4.95 (d, J = 11.2 Hz, 1H), 3.60 (t, J = 11.8 Hz, 1H), 3.45 (d, J = 

12.4 Hz, 1H), 2.46 (d, J = 13.6 Hz, 1H), 2.09 (d, J = 13.6 Hz, 1H), 1.90 (d, J = 13.2 Hz, 1H), 

1.85-1.72 (m, 2H), 1.60-1.49 (m, 4H), 1.43-1.35 (m, 1H), 1.14 (s, 3H), 1.02 (s, 3H),; 
13

C NMR 

(100 MHz, DMSO-d6):  207.5, 138.2, 128.5 (2C), 127.5 (2C), 127.2, 103.4, 90.3, 57.5, 56.7, 54.7, 

45.7, 44.9, 37.9, 35.5, 34.3, 34.0, 30.1, 22.1. IR (KBr) 3357, 2958, 1700, 1545, 1365, 1099, 698 

cm
-1

; MS (EI) m/z (%) 294 (34), 279 (14), 254 (18), 199 (100), 91 (95); HRMS (ESI) calcd for 

[M+Na]
+
 C20H25NO4Na: 366.1681, found: 366.1684. 
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3a-hydroxy-8,8-dimethyl-4-nitro-5-phenyloctahydro-1H-cyclopenta[c]inden-6(7H)-one (6u). 

White solid; m.p. 202-204 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 7.39 (d, J = 7.6 Hz, 2H), 

7.29-7.24 (m, 2H), 7.22-7.18 (m, 1H), 5.64 (s, 1H), 5.04 (d, J = 11.6 Hz, 1H), 4.10 (t, J = 12.2 Hz, 

1H), 2.72 (d, J = 13.2 Hz, 1H), 2.37-2.33 (m, 2H), 2.25 (d, J = 13.2 Hz, 1H), 1.86-1.76 (m, 3H), 

1.72-1.56 (m, 2H), 1.51-1.44 (m, 1H), 1.23 (d, J = 14.8 Hz, 1H), 1.09 (s, 3H), 0.86 (s, 3H),; 
13

C 

NMR (100 MHz, DMSO-d6):  210.3, 137.2, 128.3 (2C), 127.7 (2C), 127.3, 95.1, 88.8, 60.2, 55.9, 

51.0, 48.6, 42.2, 40.9, 38.4, 36.1, 32.5, 26.4, 21.3. IR (KBr) 3399, 2960, 1695, 1547, 1369, 1126, 

698 cm
-1

; MS (EI) m/z (%) 294 (46), 279 (34), 254 (100), 91 (43); HRMS (ESI) calcd for 

[M+Na]
+
 C20H25NO4Na: 366.1681, found: 366.1667. 

 

Prepared by general procedure D from 2v (50.4 mg, 0.20 mmol) and 4a (35.8 mg, 0.24 mmol), 

and gave the desired products 6v and 6v: 56% total yield; 2.0:1 dr value analyzed by 
1
H NMR. 

 

3a-hydroxy-4-nitro-5-phenyldecahydrocyclopenta[c]azulen-6(1H)-one (6v). 

White solid; m.p. 209-211 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 7.38-7.35 (m, 2H), 

7.29-7.25 (m, 2H), 7.21-7.17 (m, 1H), 5.56 (s, 1H), 5.16 (d, J = 12.4 Hz, 1H), 3.71 (t, J = 12.1 Hz, 

1H), 3.57 (d, J = 12.0 Hz, 1H), 2.30-2.25 (m, 1H), 2.14-2.05 (m, 1H), 1.99-1.94 (m, 1H), 

1.86-1.70 (m, 3H), 1.68-1.58 (m, 3H), 1.55-1.51 (m, 3H), 1.43-1.33 (m, 1H), 1.26-1.19 (m, 1H); 

13
C NMR (100 MHz, DMSO-d6):  208.8, 138.0, 128.3 (2C), 128.0 (2C), 127.1, 99.5, 89.4, 59.8, 

53.9, 44.4, 42.4, 37.1, 35.0, 33.5, 25.2, 22.7, 22.2. IR (KBr) 3526, 2934, 1692, 1535, 1373, 698 

cm
-1

; MS (EI) m/z (%) 282 (99), 265 (62), 195 (57), 91 (100), 77 (31); HRMS (ESI) calcd for 

[M+Na]
+
 C19H23NO4Na: 352.1519, found: 352.1528. 
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3a-hydroxy-4-nitro-5-phenyldecahydrocyclopenta[c]azulen-6(1H)-one (6v). 

White solid; m.p. 160-162 °C; 
1
H NMR (400 MHz, DMSO-d6, ppm): δ 7.39-7.37 (m, 2H), 

7.28-7.24 (m, 2H), 7.19-7.15 (m, 1H), 5.50 (s, 1H), 5.14 (d, J = 12.4 Hz, 1H), 4.42 (dd, J = 12.4, 

10.4 Hz, 1H), 3.00 (d, J = 10.4 Hz, 1H), 2.43-2.37 (m, 1H), 2.34-2.29 (m, 1H), 2.22-2.16 (m, 1H), 

2.13-1.90 (m, 3H), 1.82-1.70 (m, 2H), 1.67-1.56 (m, 3H), 1.49-1.42 (m, 1H), 1.39-1.32 (m, 1H), 

1.30-1.23 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6):  208.8, 140.1, 128.3 (2C), 128.2 (2C), 

126.7, 93.9, 91.0, 65.0, 52.4, 45.3, 41.9, 37.3, 34.0, 29.9, 23.6, 22.8, 20.2. IR (KBr) 3385, 2928, 

1685, 1547, 1372, 698 cm
-1

; MS (EI) m/z (%) 282 (95), 265 (67), 240 (34), 91 (100), 77 (35); 

HRMS (ESI) calcd for [M+Na]
+
 C19H23NO4Na: 352.1519, found: 352.1504.
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