
S1 

 

Enantioselective Construction of Spiro-1,3-indandiones with 

Three Stereocenters via Organocatalytic Michael-Aldol Reaction 

of 2-Arylideneindane-1,3-diones and Nitro Aldehydes 

Jindian Duan, Jing Cheng and Pengfei Li* 

Department of Chemistry, South University of Science and Technology of China, Shenzhen, 

Guangdong, 518055, P. R. China; Fax: (+86) 755-88018304. 

E-mail: lipf@sustc.edu.cn or flyli1980@gmail.com. 

Supporting Information 

 

Contents 

 

Experimental section S2 

General  S2 

Compounds characterization S3 

References S7 

NMR Spectra of compounds  

HPLC chromatograms                                        

Crystal Structure and data for compound 3ea           

S8 

S24 

S40 

 

  

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2015

mailto:lipf@sustc.edu.cn


S2 

 

Experimental section 

General 

All reactions were carried out with dry, freshly distilled solvents in anhydrous conditions. 

Toluene and THF were distilled from sodium, while dichloromethane was distilled from CaH2 

immediately prior to use. All chemicals were used without further purification as commercially 

available unless otherwise noted. All reactions were performed under an atmosphere of dry 

nitrogen. Thin-layer chromatography (TLC) was performed on silica gel plates (60F-254) using 

UV-light (254 and 365 nm). Flash chromatography was conducted on silica gel (300–400 

mesh). NMR (400 MHz for 
1
H NMR, 100 MHz for 

13
C NMR) spectra were recorded in CDCl3 

or Acetone with TMS as the internal standard. Chemical shifts are reported in ppm and 

coupling constants are given in Hz. Data for 
1
H NMR are recorded as follows: chemical shift 

(ppm), multiplicity (s, singlet; d, doublet; t, triplet; q, quarter; m, multiplet), coupling constant 

(Hz), integration. Data for 13C NMR are reported in terms of chemical shift (δ, ppm). High 

resolution mass spectral (HRMS) analyses were measured using ESI techniques. Melting points 

were determined in a hanon auto melting point system (MP 450).  

A variety of 2-arylidene-1,3-indandiones 1 were synthesized via Knoevenagel reactions as 

reported in the literature.
1 

4-nitrobutanal and 3-nitropropanal were prepared using general 

procedures reported in the literature.
2
 All the organocatalysts were purchased from Daicel 

Chiral Technologies (China) Co., LTD.
 

 

General procedure for the enantioselective construction of spiro-1,3-indandiones  

Procedure A: 

 

To a stirred solution of 2-arylidene-1,3-indandiones 1 (0.2 mmol), 5Å MS (30 mg) and catalyst 

VI (0.02 mmol) in dichloromethane (2.0 mL) was added 4-nitrobutanal 2a (0.24 mmol) and 

then stirred for 12 h at room temperature. After removal of the solvent, the crude residue was 

purified by column chromatography (petroleum ether/acetone 4/1 v/v) on silica gel to give the 

corresponding product. 

Procedure B:  

 

To a stirred solution of 2-arylidene-1,3-indandiones 1 (0.2 mmol), 5Å MS (30 mg) and catalyst 

VI (0.02 mmol) in dichloromethane (2.0 mL) was added 3-nitropropanal 2b (0.24 mmol) and 

then stirred for 72 h at room temperature. After removal of the solvent, the crude residue was 

purified by column chromatography (petroleum ether/acetone 4/1 v/v) on silica gel to give the 

corresponding product. 
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Compounds characterization 

(2R,3R,6R)-6-Hydroxy-3-nitro-2-phenylspiro[cyclohexane-1,2'-indene]-1',3'-dione (3aa) 

Prepared according to general procedure A to afford 3aa (58 mg, 83 % yield) 

as a white solid; m.p. 203-205 
o
C; [α]D

22
 = - 91.4 (c = 1.0, CHCl3); 

1
H NMR 

(400 MHz, Acetone-D6) δ 7.85-7.72(m, 4H), 7.07-6.97 (m, 5H), 5.89-5.83 (m, 

1H), 4.69 (d, J = 4.4 Hz, 1H), 4.42-4.37 (m, 1H), 3.79 (d, J = 12.0 Hz, 1H), 

2.67-2.61 (m, 1H), 2.53-2.43 (m, 1H), 2.34-2.23 (m, 1H), 2.17-2.11 (m, 1H); 
13

C NMR (100 MHz, Acetone-D6) δ 202.2, 200.8, 143.3, 142.8, 135.8, 135.7, 134.3, 128.6, 128.4, 

128.0, 122.4, 122.2, 84.8, 73.2, 63.2, 49.4, 28.7; HRMS (ESI): m/z calcd for C20H17NNaO5 

[M+Na] 374.1004, Found 374.1006; HPLC conditions: Daicel Chiralpak OD-H column, 

n-hexane/2-propanol = 85/15, flow rate = 1.0 mL/min, λ = 254 nm, retention time: tR (minor) = 

17.1 min, tR (major) = 20.1 min, 90% ee.  

(2R,3R,6R)-2-(4-Fluorophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione (3ba) 

Prepared according to general procedure A to afford 3ba (59 mg, 80 % yield) as 

a white solid; m.p. 195-197 
o
C; [α]D

22
 = - 95.8 (c = 1.0, CHCl3); 

1
H NMR (400 

MHz, Acetone-D6) δ 7.87-7.76(m, 4H), 7.09-7.06 (m, 2H), 6.87-6.83 (m, 2H), 

5.86-5.79 (m, 1H), 4.72 (d, J = 4.0 Hz, 1H), 4.42-4.37 (m, 1H), 3.80 (d, J = 

12.0 Hz, 1H), 2.67-2.62 (m, 1H), 2.52-2.41 (m, 1H), 2.34-2.27 (m, 1H), 

2.17-2.13 (m, 1H); 
13

C NMR (100 MHz, Acetone-D6) δ 207.3, 205.9, 

168.5(JC-F = 244.1 Hz), 148.5, 147.9, 141.2, 141.1, 135.8, 135.7(JC-F = 3.0 Hz), 127.6(JC-F = 6.7 

Hz), 127.5, 120.5 (JC-F = 20.7 Hz), 90.1, 78.3, 68.4, 53.8, 34.7; HRMS (ESI): m/z calcd for 

C20H16FNNaO5 [M+Na] 392.0910, Found 392.0912; HPLC conditions: Daicel Chiralpak IB-3 

column, n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, λ = 254 nm, retention time: tR 

(major) = 9.3 min, tR (minor) = 13.4 min, 89% ee. 

(2R,3R,6R)-2-(4-Bromophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione (3ca) 

Prepared according to general procedure A to afford 3ca (64 mg, 75 % yield) 

as a white solid; m.p. 232-235 
o
C; [α]D

22
 = -78.5 (c = 1.0, CHCl3); 

1
H NMR 

(400 MHz, CDCl3) δ 7.82-7.81(m, 1H), 7.72-7.66 (m, 3H), 7.13 (d, J = 8.4 Hz, 

2H), 6.89 (d, J = 8.4 Hz, 2H), 5.82-5.77 (m, 1H), 4.40-4.36 (m, 1H), 3.79 (d, J 

= 12.0 Hz, 1H), 2.65-2.61 (m, 1H), 2.53-2.49 (m, 1H), 2.23-2.19 (m, 1H), 

2.15-2.09 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ 201.9, 200.9, 143.1, 142.5, 

136.1, 135.9, 132.4, 131.8, 130.2, 122.9, 122.7, 122.5, 84.1, 73.3, 62.9, 48.8, 29.6, 28.6; HRMS 

(ESI): m/z calcd for C20H16BrNNaO5 [M+Na] 452.0110, Found 452.0109; HPLC conditions: 

Daicel Chiralpak IB-3 column, n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, λ = 254 nm, 

retention time: tR (major) = 9.9 min, tR (minor) = 14.3 min, 86% ee. 

(2R,3R,6R)-6-Hydroxy-3-nitro-2-(p-tolyl)spiro[cyclohexane-1,2'-indene]-1',3'-dione (3da) 

Prepared according to general procedure A to afford 3da (55 mg, 76 % yield) 

as a white solid; m.p. 228-230 
o
C; [α]D

22
 = -82.8 (c = 1.0, CHCl3); 

1
H NMR 

(400 MHz, Acetone-D6) δ 7.87-7.73 (m, 4H), 6.92-6.84 (m, 4H), 5.86-5.79 (m, 

1H), 4.65 (d, J = 4.4 Hz, 1H), 4.39-4.34 (m, 1H), 3.75 (d, J = 11.6 Hz, 1H), 

2.65-2.59 (m, 1H), 2.48-2.40 (m, 1H), 2.32-2.25 (m, 1H), 2.15-2.09 (m, 1H), 

2.04 (s, 3H); 
13

C NMR (100 MHz, Acetone-D6) δ 202.3, 200.8, 143.4, 142.9, 

O

O
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NO2

O

O
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NO2

F

O

O

OH

NO2
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O
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137.6, 135.8, 135.7, 131.3, 128.9, 128.5, 122.4, 122.2, 85.0, 73.2, 73.1，63.2, 48.9, 28.7, 19.9; 

HRMS (ESI): m/z calcd for C21H19NNaO5 [M+Na] 388.1161, Found 388.1156; HPLC conditions: 

Daicel Chiralpak IB-3 column, n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, λ = 254 nm, 

retention time: tR (major) = 8.4 min, tR (minor) = 11.8 min, 86% ee. 

(2R,3R,6R)-6-Hydroxy-2-(4-methoxyphenyl)-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione (3ea) 

Prepared according to general procedure A to afford 3ea (61 mg, 80 % yield) 

as a white solid; m.p. 230-232 
o
C; [α]D

22
 = -40.9 (c = 1.0, CHCl3); 

1
H NMR 

(500 MHz, CDCl3) δ 7.79-7.78 (m, 1H), 7.68-7.58 (m, 3H), 6.90 (d, J = 8.5 Hz, 

2H), 6.50 (d, J = 8.5 Hz, 2H), 5.79-5.74 (m, 1H), 4.38-4.36 (m, 1H), 3.74 (d, J 

= 12.0 Hz, 1H), 3.56 (s, 3H), 2.61-2.56 (m, 1H), 2.53-2.47 (m, 1H), 2.24-2.14 

(m, 2H), 2.11-2.07 (m, 1H); 
13

C NMR (125 MHz, CDCl3) δ 202.2, 201.4, 

159.1, 143.2, 142.6, 135.7, 135.6, 129.6, 125.2, 122.8, 122.6, 113.9, 84.5, 73.2, 63.3, 54.9, 48.8, 

29.6, 28.6; HRMS (ESI): m/z calcd for C21H19NNaO6 [M+Na] 404.1110, Found 404.1112; HPLC 

conditions: Daicel Chiralpak IB-3 column, n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, 

λ = 254 nm, retention time: tR (major) = 11.6 min, tR (minor) = 16.5 min, 88% ee. 

(2R,3R,6R)-2-(3-Bromophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione (3fa) 

Prepared according to general procedure A to afford 3fa (69 mg, 80 % yield) 

as a white solid; m.p. 226-228 
o
C; [α]D

22
 = -74.7 (c = 1.0, CHCl3); 

1
H NMR 

(400 MHz, CDCl3) δ 7.85-7.83 (m, 1H), 7.75-7.65 (m, 3H), 7.15-7.09 (m, 2H), 

6.97-6.95 (m, 1H), 6.89-6.86 (m, 1H), 5.81-5.74 (m, 1H), 4.43-4.37 (m, 1H), 

3.78 (d, J = 12.0 Hz, 1H), 2.67-2.61 (m, 1H), 2.56-2.49 (m, 1H), 2.28-2.19 

(m,1H), 2.17-2.11 (m,1H), 1.89 (d, J = 5.2 Hz, 1H); 
13

C NMR (400 MHz, 

CDCl3) δ 201.6, 200.7, 143.1, 142.4, 135.9, 135.8, 135.6, 131.5, 130.1, 122.9, 122.7, 122.6, 83.9, 

73.2, 62.8, 48.9, 29.6, 28.7; HRMS (ESI): m/z calcd for C20H16BrNNaO5 [M+Na] 452.0110, 

Found 452.0108; HPLC conditions: HPLC conditions: Daicel Chiralpak IB-3 column, 

n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, λ = 254 nm, retention time: tR (major) = 

10.0 min, tR (minor) = 13.3 min, 77% ee. 

(2R,3R,6R)-6-Hydroxy-3-nitro-2-(3-nitrophenyl)spiro[cyclohexane-1,2'-indene]-1',3'-dione (3ga) 

Prepared according to general procedure A to afford 3ga (54 mg, 68 % yield) 

as a white solid; m.p. 241-242 
o
C; [α]D

22
 = -75.4 (c = 1.0, CHCl3); 

1
H NMR 

(400 MHz, Acetone-D6) δ 7.93-7.78 (m, 6H), 7.50-7.44 (m, 2H), 5.94-5.93 

(m, 1H), 4.82 (m, 1H), 4.44 (m, 1H), 4.00-3.97 (m, 1H), 2.72-2.69 (m, 1H), 

2.49-2.34 (m, 2H), 2.20-2.17 (m, 1H); 
13

C NMR (100 MHz, Acetone-D6) δ 

201.8, 200.4, 147.9, 143.2, 142.6, 136.6, 136.3, 136.2, 134.9, 130.1, 123.1, 

122.6, 122.4, 84.5, 73.2, 63.1, 48.7; HRMS (ESI): m/z calcd for C20H16N2NaO7 [M+Na] 419.0855, 

Found 419.0852; HPLC conditions: Daicel Chiralpak IB-3 column, n-hexane/2-propanol = 80/20, 

flow rate = 1.5 mL/min, λ = 254 nm, retention time: tR (major) = 10.6 min, tR (minor) = 13.8 min, 

66% ee. 

(2S,3R,6R)-2-(2-Chlorophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione (3ha) 

Prepared according to general procedure A to afford 3ha (56 mg, 73 % yield) as a white solid; 

m.p. 206-208 
o
C; [α]D

22
 = -68.7 (c = 1.0, CHCl3); 1H NMR (400 MHz, Acetone-D6) δ 7.94-7.92 

(m, 1H), 7.87-7.73 (m, 4H), 7.26-7.21 (m, 2H), 7.03-7.01 (m, 2H), 5.78-5.71 (m, 1H), 4.81 (d, J = 

O

O

OH

NO2

OMe

O

O

OH

NO2

Br

O
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4.0 Hz, 1H), 4.57 (d, J = 12.0 Hz, 1H), 4.47-4.42 (m, 1H), 2.67-2.63 (m, 1H), 

2.57-2.44 (m, 1H), 2.38-2.28 (m, 1H), 2.19-2.15 (m, 1H); 
13

C NMR (100 MHz, 

Acetone-D6) δ 202.8, 198.9, 143.4, 142.7, 135.9, 135.8, 134.6, 132.3, 130.4, 

129.5, 128.4, 127.1, 122.5, 122.4, 85.6, 73.3, 73.1，62.3, 44.2, 28.5; HRMS 

(ESI): m/z calcd for C20H16ClNNaO5 [M+Na] 408.0615, Found 408.0612; 

HPLC conditions: Daicel Chiralpak IB-3 column, n-hexane/2-propanol = 85/15, flow rate = 1.5 

mL/min, λ = 254 nm, retention time: tR (major) = 11.7 min, tR (minor) = 13.6 min, 86% ee. 

(2S,3R,6R)-2-(2-Bromophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione (3ia) 

Prepared according to general procedure A to afford 3ia (64 mg, 75 % yield) as 

a white solid; m.p. 225-227 
o
C; [α]D

22
 = -35.4 (c = 1.0, CHCl3); 

1
H NMR (400 

MHz, Acetone-D6) δ 7.94 (d, J = 7.6 Hz, 1H), 7.88-7.73 (m, 3H), 7.41 (dd, J = 

8.0, 1.2 Hz, 1H), 7.25 (dd, J = 8.0, 1.2 Hz, 1H), 7.07-7.03 (m, 1H), 6.96-6.91 

(m, 1H), 5.77-5.70 (m, 1H), 4.76 (d, J = 4.4 Hz, 1H), 4.55 (d, J = 12.0 Hz, 1H), 

4.48-4.42 (m, 1H), 2.67-2.62 (m, 1H), 2.58-2.48 (m, 1H), 2.39-2.28 (m, 1H), 2.20-2.14 (m, 1H); 
13

C NMR (100 MHz, Acetone-D6) δ 202.8, 198.8, 143.5, 142.8, 135.9, 135.8, 133.9, 129.7, 128.5, 

127.6, 125.6, 122.5, 122.4, 85.6, 73.3, 62.3,  46.9, 29.5, 28.5; HRMS (ESI): m/z calcd for 

C20H16BrNNaO5 [M+Na] 452.0110, Found 452.0108; HPLC conditions: Daicel Chiralpak IB-3 

column, n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, λ = 254 nm, retention time: tR 

(major) = 9.8 min, tR (minor) = 15.3 min, 86% ee. 

(2R,3R,6R)-2-(Furan-2-yl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione (3ja) 

Prepared according to general procedure A to afford 3ja (57 mg, 84 % yield)as 

a white solid; m.p. 135-137 
o
C; [α]D

22
 = -60.1 (c = 1.0, CHCl3); 

1
H NMR (400 

MHz, Acetone-D6) δ 7.91-7.84 (m, 4H), 7.07 (d, J = 1.2 Hz, 1H), 6.03-5.97 (m, 

2H), 5.70-5.63 (m, 1H), 4.65 (d, J = 4.4 Hz, 1H), 4.38-4.33 (m, 1H), 3.93 (d, J 

= 8.0 Hz, 1H), 2.63-2.57 (m, 1H), 2.47-2.39 (m, 1H), 2.31-2.23 (m, 1H), 

2.14-2.09 (m, 1H); 
13

C NMR (100 MHz, Acetone-D6) δ 200.9, 200.3, 148.5, 143.1, 142.7, 142.5, 

135.8, 135.6，122.5, 122.4, 110.1, 108.8, 84.1, 72.6, 61.4, 43.2, 29.2, 28.4; HRMS (ESI): m/z 

calcd for C18H15NNaO6 [M+Na] 364.0797, Found 364.0795; HPLC conditions: Daicel Chiralpak 

IB-3 column, n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, λ = 254 nm, for major 

diastereomer: retention time: tR (major) = 7.9 min, tR (minor) = 10.1 min, 88% ee, 97.8:2.1 dr. 

(2R,3R,6R)-6-Hydroxy-3-nitro-2-(thiophen-2-yl)spiro[cyclohexane-1,2'-indene]-1',3'-dione (3ka) 

Prepared according to general procedure A to afford 3ka (43 mg, 61 % yield) 

as a white solid; m.p. 151-153 
o
C; [α]D

22
 = -81.7 (c = 1.0, CHCl3); 

1
H NMR 

(400 MHz, Acetone-D6) δ 7.91-7.82 (m, 4H), 7.09 (d, J = 5.2 Hz, 1H), 

6.73-6.67 (m, 2H), 5.75-5.68 (m, 1H), 4.75 (d, J = 5.2 Hz, 1H), 4.39-4.34 (m, 

1H), 4.10 (d, J = 11.6 Hz, 1H), 2.65-2.59 (m, 1H), 2.45-2.38 (m, 1H), 

2.32-2.25 (m, 1H), 2.16-2.09 (m, 1H); 
13

C NMR (100 MHz, Acetone-D6) δ 202.1, 200.7, 143.5, 

142.9, 136.0, 135.9, 135.8, 127.4, 126.5, 125.5, 122.5, 122.3, 86.4, 73.0, 63.3, 44.5, 29.5, 28.5; 

HRMS (ESI): m/z calcd for C18H15NNaO5S [M+Na] 380.0569, Found 380.0566; HPLC 

conditions: Daicel Chiralpak IA-3 column, n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, 

λ = 254 nm, retention time: tR (minor) = 11.4 min, tR (major) = 12.2 min, 74% ee. 
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(2R,3R,5R)-5-Hydroxy-3-nitro-2-phenylspiro[cyclopentane-1,2'-indene]-1',3'-dione (3ab) 

Prepared according to general procedure B to afford 3ab (63mg, 94 % yield) 

as a pale off-white sticky oil; [α]D
22

 = - 58.7 (c = 1.0, CHCl3); 
1
H NMR (400 

MHz, Acetone-D6) δ 7.94-7.91 (m, 1H), 7.89-7.86 (m, 3H), 7.23-7.09 (m, 

5H), 6.11-6.05 (m, 1H), 5.08 (s, 1H), 5.05-5.00 (m, 1H), 4.31 (d, J = 9.6 Hz, 

1H), 2.97-2.92 (m, 2H); 
13

C NMR (100 MHz, Acetone-D6) δ 199.8, 199.5, 

143.2, 142.9, 136.4, 136.1, 134.3, 128.7, 128.2, 128.1, 122.8, 122.7, 86.1, 76.9, 70.3, 53.5, 37.2; 

HRMS (ESI): m/z calcd for C19H15NNaO5 [M+Na] 360.0848, Found 360.0842; HPLC conditions: 

Daicel Chiralpak OD-H column, n-hexane/2-propanol = 80/20, flow rate = 1.0 mL/min, λ = 254 

nm, retention time: tR (major) = 11.4 min, tR (minor) = 14.4 min, 90% ee. 

(2R,3R,5R)-2-(4-Fluorophenyl)-5-hydroxy-3-nitrospiro[cyclopentane-1,2'-indene]-1',3'-dione (3bb) 

Prepared according to general procedure B to afford 3bb (64 mg, 90 % yield) 

as a pale off-white sticky oil; [α]D
22

 = -84.2 (c = 1.0, CHCl3); 
1
H NMR (400 

MHz, Acetone-D6) δ 7.96-7.89 (m, 4H), 7.29-7.25 (m, 2H), 6.99-6.94(m, 

2H), 6.08-6.02(m, 1H), 5.10 (s, 1H), 5.03-4.99 (m, 1H), 4.31 (d, J = 9.6 Hz, 

1H), 2.97-2.92 (m, 2H); 
13

C NMR (100 MHz, Acetone-D6) δ 199.7, 199.5, 

163.5(JC-F = 243.7 Hz), 143.1 (JC-F = 15.4 Hz), 136.5, 136.2, 130.5(JC-F = 2.8 

Hz), 130.3(JC-F = 8.5 Hz), 122.9, 122.7, 115.5, 115.3, 86.2, 76.9, 70.3, 52.6, 37.1; HRMS (ESI): 

m/z calcd for C19H14FNNaO5 [M+Na] 378.0754, Found 378.0751; HPLC conditions: Daicel 

Chiralpak IB-3 column, n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, λ = 254 nm, 

retention time: tR (major) = 9.0 min, tR (minor) = 11.1 min, 87% ee. 

(2R,3R,5R)-5-Hydroxy-3-nitro-2-(p-tolyl)spiro[cyclopentane-1,2'-indene]-1',3'-dione (3db) 

Prepared according to general procedure B to afford 3db (43 mg, 62 % yield) 

as a pale off-white sticky oil; [α]D
22

 = -59.7 (c = 1.0, CHCl3); 
1
H NMR (400 

MHz, Acetone-D6) δ 7.94-7.90 (m, 1H), 7.89-7.83 (m, 3H), 7.11-7.08 (m, 

2H), 6.97-6.95 (m, 2H), 6.06-6.00 (m, 1H), 5.06-4.99 (m, 2H), 4.28 (d, J = 

10.0 Hz, 1H), 2.95-2.90 (m, 2H), 2.12-2.10 (m, 3H); 
13

C NMR (101 MHz, 

Acetone-D6) δ 199.9, 199.6, 143.2, 143.0, 137.8, 136.4, 136.1, 131.2, 129.3, 

128.1, 122.8, 122.7, 86.4, 76.9, 70.3, 53.3, 37.2, 20.00; HRMS (ESI): m/z calcd for C20H17NNaO5 

[M+Na] 374.1004, Found 374.1007; HPLC conditions: Daicel Chiralpak IB-3 column, 

n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, λ = 254 nm, retention time: tR (major) = 7.9 

min, tR (minor) = 9.5 min, 87% ee. 

(2R,3R,5R)-2-(3-Bromophenyl)-5-hydroxy-3-nitrospiro[cyclopentane-1,2'-indene]-1',3'-dione(3fb) 

Prepared according to general procedure B to afford 3fb (63 mg, 76 % yield) 

as a pale off-white sticky oil; [α]D
22

 = -64.2 (c = 1.0, CHCl3); 
1
H NMR (400 

MHz, Acetone-D6) δ 7.96-7.95 (m, 1H), 7.92-7.90 (m, 3H), 7.48-7.44 (m, 

1H), 7.33-7.31 (m, 1H), 7.25-7.23 (m, 1H), 7.16-7.13(m, 1H), 6.11-6.07 (m, 

1H), 5.12 (s, 1H), 5.04-4.99 (m, 1H), 4.32 (d, J = 10.0 Hz, 1H), 2.99-2.94 

(m, 2H); 
13

C NMR (100 MHz, Acetone-D6) δ 199.5, 199.3, 143.1, 142.9, 137.2, 136.6, 136.3, 

131.2, 131.1, 130.6, 127.3, 122.9, 122.7, 122.2, 85.7, 77.0, 70.4, 52.5, 36.9; HRMS (ESI): m/z 

calcd for C19H14BrNNaO5 [M+Na]
 

437.9953, Found 437.9947; HPLC conditions: Daicel 

Chiralpak IB-3 column, n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, λ = 254 nm, 

retention time: tR (major) = 8.9 min, tR (minor) = 10.3 min, 68% ee.  
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(2R,3R,5R)-5-Hydroxy-3-nitro-2-(3-nitrophenyl)spiro[cyclopentane-1,2'-indene]-1',3'-dione (3gb) 

Prepared according to general procedure B to afford 3gb (55 mg, 72 % yield) 

as a pale off-white sticky oil; [α]D
22

 = -59.5 (c = 1.0, CHCl3); 
1
H NMR (400 

MHz, Acetone-D6) δ 8.14 (s, 1H), 8.05-8.03 (m, 1H), 7.97-7.88 (m, 4H), 

7.71-7.69 (m, 1H), 7.56-7.52(m, 1H), 6.24-6.18 (m, 1H), 5.18 (s, 1H), 

5.06-5.02 (m, 1H), 4.50 (d, J = 9.6 Hz, 1H), 3.04-2.96 (m, 2H); 
13

C NMR 

(100MHz, Acetone-D6) δ 199.3, 199.2, 148.3, 143.0, 142.9, 137.0, 136.7, 

136.3, 134.8, 130.1, 123.0, 123.0, 122.8, 85.5, 77.1, 70.5, 52.1, 36.8; HRMS (ESI): m/z calcd for 

C19H14N2NaO7 [M+Na] 405.0699, Found 405.0697; HPLC conditions: Daicel Chiralpak IB-3 

column, n-hexane/2-propanol = 85/15, flow rate = 1.5 mL/min, λ = 254 nm, retention time: tR 

(major) = 18.9 min, tR (minor) = 23.7 min, 65% ee. 
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NMR Spectra of compounds  

(2R,3R,6R)-6-Hydroxy-3-nitro-2-phenylspiro[cyclohexane-1,2'-indene]-1',3'-dione(3aa) 
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(2R,3R,6R)-2-(4-Fluorophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ba) 
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(2R,3R,6R)-2-(4-Bromophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ca) 
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(2R,3R,6R)-6-Hydroxy-3-nitro-2-(p-tolyl)spiro[cyclohexane-1,2'-indene]-1',3'-dione(3da) 
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(2R,3R,6R)-6-Hydroxy-2-(4-methoxyphenyl)-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ea) 
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(2R,3R,6R)-2-(3-Bromophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3fa) 
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(2R,3R,6R)-6-Hydroxy-3-nitro-2-(3-nitrophenyl)spiro[cyclohexane-1,2'-indene]-1',3'-dione(3ga) 
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(2S,3R,6R)-2-(2-Chlorophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ha) 
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(2S,3R,6R)-2-(2-Bromophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ia) 
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(2R,3R,6R)-2-(Furan-2-yl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ja) 
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 (2R,3R,6R)-6-Hydroxy-3-nitro-2-(thiophen-2-yl)spiro[cyclohexane-1,2'-indene]-1',3'-dione(3ka) 
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 (2R,3R,5R)-5-Hydroxy-3-nitro-2-phenylspiro[cyclopentane-1,2'-indene]-1',3'-dione(3ab) 
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(2R,3R,5R)-2-(4-Fluorophenyl)-5-hydroxy-3-nitrospiro[cyclopentane-1,2'-indene]-1',3'-dione(3bb) 
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(2R,3R,5R)-5-Hydroxy-3-nitro-2-(p-tolyl)spiro[cyclopentane-1,2'-indene]-1',3'-dione(3db) 
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(2R,3R,5R)-2-(3-Bromophenyl)-5-hydroxy-3-nitrospiro[cyclopentane-1,2'-indene]-1',3'-dione(3fb) 
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(2R,3R,5R)-5-Hydroxy-3-nitro-2-(3-nitrophenyl)spiro[cyclopentane-1,2'-indene]-1',3'-dione(3gb) 
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HPLC chromatograms 

(2R,3R,6R)-6-Hydroxy-3-nitro-2-phenylspiro[cyclohexane-1,2'-indene]-1',3'-dione(3aa) 

 

 

 

 

 

 

  



S25 

 

(2R,3R,6R)-2-(4-Fluorophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ba) 
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(2R,3R,6R)-2-(4-Bromophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ca) 
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(2R,3R,6R)-6-Hydroxy-3-nitro-2-(p-tolyl)spiro[cyclohexane-1,2'-indene]-1',3'-dione(3da) 
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(2R,3R,6R)-6-Hydroxy-2-(4-methoxyphenyl)-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ea) 
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(2R,3R,6R)-2-(3-Bromophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3fa) 

 

 

 

 

 

 

  



S30 

 

(2R,3R,6R)-6-Hydroxy-3-nitro-2-(3-nitrophenyl)spiro[cyclohexane-1,2'-indene]-1',3'-dione(3ga) 
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(2S,3R,6R)-2-(2-Chlorophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ha) 
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(2S,3R,6R)-2-(2-Bromophenyl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ia) 
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(2R,3R,6R)-2-(Furan-2-yl)-6-hydroxy-3-nitrospiro[cyclohexane-1,2'-indene]-1',3'-dione(3ja) 
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 (2R,3R,6R)-6-Hydroxy-3-nitro-2-(thiophen-2-yl)spiro[cyclohexane-1,2'-indene]-1',3'-dione(3ka) 
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 (2R,3R,5R)-5-Hydroxy-3-nitro-2-phenylspiro[cyclopentane-1,2'-indene]-1',3'-dione(3ab) 
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(2R,3R,5R)-2-(4-Fluorophenyl)-5-hydroxy-3-nitrospiro[cyclopentane-1,2'-indene]-1',3'-dione(3bb) 
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(2R,3R,5R)-5-Hydroxy-3-nitro-2-(p-tolyl)spiro[cyclopentane-1,2'-indene]-1',3'-dione(3db) 
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(2R,3R,5R)-2-(3-Bromophenyl)-5-hydroxy-3-nitrospiro[cyclopentane-1,2'-indene]-1',3'-dione(3fb) 
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(2R,3R,5R)-5-Hydroxy-3-nitro-2-(3-nitrophenyl)spiro[cyclopentane-1,2'-indene]-1',3'-dione(3gb) 
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Crystal Structure and data for compound 3ea 
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Crystal data and structure refinement for compound 3ea 

Identification code  shelx 

Empirical formula  C21 H19 N O6 

Formula weight  381.37 

Temperature  293(2) K 

Wavelength  1.54187 Å 

Crystal system  Orthorhombic 

Space group  P 21 21 21 

Unit cell dimensions a = 10.85690(10) Å = 90°. 

 b = 14.9130(2) Å = 90°. 

 c = 23.1808(16) Å  = 90°. 

Volume 3753.2(3) Å3 

Z 8 

Density (calculated) 1.350 Mg/m3 

Absorption coefficient 0.831 mm-1 

F(000) 1600 

Crystal size 0.20 x 0.20 x 0.20 mm3 

Theta range for data collection 7.034 to 68.581°. 

Index ranges -12<=h<=13, -17<=k<=17, -27<=l<=27 

Reflections collected 52124 

Independent reflections 6840 [R(int) = 0.0484] 

Completeness to theta = 67.687° 99.5 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.861 and 0.684 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6840 / 1 / 512 

Goodness-of-fit on F2 1.097 

Final R indices [I>2sigma(I)] R1 = 0.0978, wR2 = 0.2475 

R indices (all data) R1 = 0.1036, wR2 = 0.2574 

Absolute structure parameter 0.03(7) 

Extinction coefficient 0.0016(6) 

Largest diff. peak and hole 0.735 and -0.302 e.Å-3 


