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General information 
1H and 13C NMR Spectra were recorded on a Bruker AC-400 FT spectrometer 

(400 MHz and 100 MHz, respectively) using tetramethylsilane as internal reference. 
Chemical shifts (δ) and coupling constants (J) were expressed in ppm and Hz, 
respectively. IR spectra were recorded on a Perkin-Elmer 2000 FTIR spectrometer. 
High resolution mass spectra were recorded on a LC-TOF spectrometer (Micromass). 
Melting points were uncorrected.  

Sulfonamides 2a-l, benzhydrylamine derivatives 2ab-ae,1 and allenes 1b-e2 and 
1f3 were prepared according to literature procedures. The rest of chemicals were 
purchased from the Sinopharm Chemical Reagent Co., Meryer, Acros, and Alfa Aesar, 
and used as received. Solvents were dried over magnesium sulfate before use. 

 
Preparation of allene 1a2  

 

+
• (CH2)7Me

TsO

(CH2)7Me

TsO

CHO
morpholine (1.4 equiv)
ZnI2 ( 0.8 equiv)

PhMe, 130 oC
1a  

Under a nitrogen atmosphere, morpholine (122 mg, 1.4 mmol) was added to a 
mixture of 1-decyne (138 mg, 1.0 mmol), 4-formylphenyl 4-methylbenzenesulfonate 
(497 mg, 1.8 mmol), and ZnI2 (255 mg, 0.80 mmol) in toluene (5.0 mL). The mixture 
was stirred at 130 oC for 10 h, and cooled to room temperature. The mixture was 
purified by silica gel column chromatography, eluting with petroleum ether/ethyl 
acetate (20:1), to give allene 1a (203 mg, 51%) as a colorless oil. 1H NMR (400 MHz, 
CDCl3) δ 7.70 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.8 Hz, 2H), 
6.89 (d, J = 8.8 Hz, 2H), 6.07-6.03 (m, 1H), 5.58-5.53 (m, 1H), 2.44 (s, 3H), 
2.14-2.07 (m, 2H), 1.46-1.40 (m, 2H), 1.38-1.25 (m, 10H), 0.87 (t, J = 7.2 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ 204.4, 147.1, 144.2, 133.3, 131.5, 128.7, 127.5, 126.5, 
121.5, 94.5, 92.5, 30.8, 28.1, 27.6, 21.6, 20.7, 13.1; IR (film) ν 3066, 2927, 1709, 
1597, 1500, 1462 cm-1; HRMS (EI) calcd for C24H30O3S (M) 398.1916, found 
398.1922. 

 
Preparation of allenes 1g-i3 
 

+
(CH2)7Me

Ar • (CH2)7Me

MeCuI ( 5 mol%)
Cs2CO3 (3 equiv)

dioxane, 90 oC

NNHTs

Ar Me
1g-i  

Under a nitrogen atmosphere, 1-decyne (276 mg, 2.0 mmol) was added to a 
mixture of CuI (19.0 mg, 0.10 mmol), Cs2CO3 (1.96 g, 6.0 mmol), and the 
corresponding N-alkylidene-p-tosylhydrazine (2.6 mmol) in dioxane (20 mL). The 
mixture was stirred at 90 oC until no further transformation was detected by TLC 
analysis. The solvent was then removed in vacuo to provide a crude mixture, which 
was purified by column chromatography on silica gel to give the corresponding 
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allene. 
 

• (CH2)7Me

Me

1g
Cl

 
Allene 1g was obtained in 17% yield as a colorless oil. 1H NMR (400 MHz, 

CDCl3) δ 7.31 (d, J = 8.8 Hz, 2H), 7.26 (d, J = 8.8 Hz, 2H), 5.46-5.42 (m, 1H), 
2.13-2.06 (m, 2H), 2.06 (s, 3H), 1.48-1.41 (m, 2H), 1.39-1.25 (m, 10H), 0.87 (t, J = 
7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 204.2, 136.4, 131.9, 128.3, 126.8, 99.5, 
93.5, 31.9, 29.4, 29.3, 29.2, 28.9, 22.7, 19.2, 17.1, 14.1 ; IR (film) ν 3068, 3032, 2927, 
1708, 1599, 1500, 1462 cm-1; HRMS (EI) calcd for C18H25Cl (M) 276.1645, found 
276.1653. 

 

• (CH2)7Me

Me

1h

Me

 
Allene 1h was obtained in 19% yield as a colorless oil. 1H NMR (400 MHz, 

CDCl3) δ 7.21-7.17 (m, 3H), 7.00 (s, 1H), 5.44-5.39 (m, 1H), 2.34 (s, 3H), 2.26-2.22 
(m, 1H), 2.13-2.07 (m, 1H), 2.07 (s, 3H), 1.52-1.26 (m, 12H), 0.87 (t, J = 7.2 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ 204.1, 137.7, 131.3, 128.1, 127.1, 126.3, 122.7, 100.3, 
92.9, 31.8, 29.2, 28.9, 28.4, 22.7, 21.5, 19.2, 17.2, 14.1; IR (film) ν 3023, 2925, 1712, 
1607, 1487, 1463 cm-1; HRMS (EI) calcd for C19H28 (M) 256.2191, found 256.2192. 

 

• (CH2)7Me

Me

1i
Cl

 
Allene 1i was obtained in 14% yield as a colorless oil. 1H NMR (400 MHz, 

CDCl3) δ 7.37-7.34 (m, 1H), 7.30-7.27 (m, 1H), 7.21-7.12 (m, 2H), 5.24-5.18 (m, 1H), 
2.31-2.29 (m, 1H), 2.09-2.02 (m, 4H), 1.45-1.36 (m, 2H), 1.32-1.25 (m, 10H), 0.88 (t, 
J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 203.9, 138.4, 130.0, 127.8, 126.6, 
124.6, 121.7, 98.7, 91.3, 31.9, 29.7, 29.4, 29.3, 29.1, 28.7, 22.7, 20.2, 14.1; IR (film) ν 
3063, 2924, 1730, 1594, 1463, 1435 cm-1; HRMS (EI) calcd for C18H25Cl (M) 
276.1645, found 276.1648. 

 
General procedure for the synthesis of polysubstituted indenes from 

arylallenes and N-alkyl sulfonamides 
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+
FeCl3 (10 mol%)

MeNO2, 90 oC
1 2 3

• R3

R3
R5

R4

R4 R5

NHTs
R2

R1
R1 R2

 
To a solution of N-alkyl sulfonamide 2 (0.20 mmol) in dry nitromethane (2.0 mL) 

under nitrogen were added arylallene 1 (0.30 mmol) and FeCl3 (3.3 mg, 0.020 mmol). 
The resulting mixture was stirred at 90 oC until no further transformation was detected 
by TLC analysis. The mixture was cooled to room temperature, and purified by silica 
gel column chromatography, eluting with petroleum ether/ethyl acetate (50:1 to 10:1), 
to give indene 3. 

 
Analytical data for the products 

 

3a
(CH2)7Me

Ph

Ph

TsO

  
Indene 3a, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 8.4 Hz, 2H), 

7.34-7.18 (m, 10H), 7.15 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.0 Hz, 1H), 6.94-6.92 (m, 
1H), 6.79-6.75 (m, 1H), 6.09 (s, 1H), 5.01 (s, 1H), 3.37-3.34 (m, 1H), 2.42 (s, 3H), 
1.80-1.68 (m, 2H), 1.30-1.17 (m, 12H), 0.88 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ 157.3, 149.0, 147.0, 145.0, 143.0, 142.6, 142.3, 132.7, 128.6, 126.5, 120.7, 
120.5, 117.4, 51.9, 50.4, 31.9, 29.9, 29.7, 29.4, 29.3, 24.0, 22.7, 21.7, 14.1; IR (film) ν 
3062, 3027, 2927, 1598, 1494, 1466 cm-1; HRMS (EI) calcd for C37H40O3S (M) 
564.2698, found 564.2695. 

 

3b
(CH2)7Me

Ph

Ph

 
Indene 3b, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.33-7.09 (m, 14H), 6.16 

(s, 1H), 5.06 (s, 1H), 3.43-3.39 (m, 1H), 1.97-1.85 (m, 1H), 1.82-1.73 (m, 1H), 
1.28-1.19 (m, 12H), 0.87 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 155.8, 
147.6, 144.1, 142.7, 130.0, 129.2, 129.0, 128.5, 128.3, 126.6, 126.4, 124.2, 122.8, 
120.5, 51.9, 50.2, 31.8, 30.0, 29.7, 29.4, 29.3, 24.1, 22.7, 14.1; IR (film) ν 3062, 3025, 
2926, 1601, 1492, 1458 cm-1; HRMS (EI) calcd for C30H34 (M) 394.2661, found 
394.2662. 
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3c
(CH2)7Me

Ph

Ph

Cl

 
Indene 3c, white solid, m.p. 118-120 oC; 1H NMR (400 MHz, CDCl3) δ 

7.34-7.24 (m, 9H), 7.17-7.15 (m, 3H), 7.08 (d, J = 8.0 Hz, 1H), 6.11 (s, 1H), 5.03 (s, 
1H), 3.42-3.39 (m, 1H), 1.97-1.89 (m, 1H), 1.80-1.74 (m, 1H), 1.29-1.20 (m, 12H), 
0.88 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 156.4, 149.4, 142.7, 142.6, 
142.4, 129.1, 128.6, 126.8, 126.5, 123.3, 121.2, 51.9, 50.4, 31.8, 29.9, 29.5, 29.4, 29.3, 
24.0, 22.7, 14.1; IR (film) ν 3062, 3026, 2956, 2926, 1598, 1561, 1493, 1462 cm-1; 
HRMS (EI) calcd for C30H33Cl (M) 428.2271, found 428.2279. 

 

3d
(CH2)7Me

Ph

Ph

Br

 
Indene 3d, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.41 (s, 1H), 7.32-7.23 

(m, 5H), 7.23-7.20 (m, 4H), 7.17-7.14 (m, 2H), 7.02 (d, J = 8.0 Hz, 1H), 6.10 (s, 1H), 
5.02 (s, 1H), 3.41-3.38 (m, 1H), 1.92-1.81 (m, 1H), 1.79-1.73 (m, 1H), 1.28-1.15 (m, 
12H), 0.88 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 156.4, 149.7, 143.0, 
142.7, 142.3, 129.4, 129.1, 128.6, 126.7, 126.1, 121.7, 118.3, 51.9, 50.4, 31.8, 29.9, 
29.5, 29.3, 29.2, 24.0, 22.7, 14.1; IR (film) ν 3060, 3025, 2925, 1600, 1492, 1451 cm-1; 
HRMS (EI) calcd for C30H33Br (M) 472.1766, found 472.1773. 

 

3e
Ph

Ph

Ph

 
Indene 3e, white solid, m.p. 96-98 oC; 1H NMR (400 MHz, CDCl3) δ 7.34-7.15 

(m, 13H), 7.12-7.01 (m, 4H), 7.00-6.88 (m, 2H), 6.27 (s, 1H), 4.73 (s, 1H), 4.38 (s, 
1H); 13C NMR (100 MHz, CDCl3) δ 157.1, 148.9, 144.0, 143.0, 142.2, 139.6, 129.8, 
129.3, 128.8, 128.6, 128.2, 126.9, 126.7, 126.3, 124.9, 124.0, 120.6, 57.7, 51.5; IR 
(film) ν 3029, 2927, 1599, 1502, 1459 cm-1; HRMS (EI) calcd for C28H22 (M) 
358.1722, found 358.1721. 

 

3f
(CH2)7Me

Ph

Ph
Me

  
Indene 3f, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.34-7.13 (m, 14H), 5.35 
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(s, 1H), 3.40-3.35 (m, 1H) 1.99-1.87 (m, 1H), 1.65 (s, 3H), 1.62-1.40 (m, 1H), 
1.19-1.03 (m, 12H), 0.86 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 146.9, 
146.8, 146.4, 143.3, 142.9, 134.9, 129.2, 128.4, 128.2, 126.4, 126.2, 124.3, 122.5, 
118.3, 51.8, 50.7, 31.8, 30.2, 29.7, 29.4, 25.0, 22.7, 14.1, 11.4; IR (film) ν 3062, 3026, 
2926, 1601, 1493, 1467 cm-1; HRMS (EI) calcd for C31H36 (M) 408.2817, found 
408.2825. 

 

3g
(CH2)7Me

Ph

Ph
Me

Cl

  
Indene 3g, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.31-7.10 (m, 13H), 5.32 

(s, 1H), 3.40-3.33 (m, 1H), 1.94-1.86 (m, 1H), 1.63 (s, 3H), 1.61-1.56 (m, 1H), 
1.22-1.02 (m, 12H), 0.87 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 148.5, 
146.8, 145.4, 142.9, 142.6, 134.4, 130.4, 129.2, 128.5, 128.3, 126.5, 126.3, 122.9, 
119.1, 51.8, 50.7, 31.8, 30.0, 29.8, 29.3, 24.8, 22.7, 14.1, 11.4; IR (film) ν 3064, 3027, 
2927, 1649, 1597, 1490, 1465 cm-1; HRMS (EI) calcd for C31H35Cl (M) 442.2427, 
found 442.2420. 

 

3h
(CH2)7Me

Ph

Ph
Me

Me

  
Indene 3h, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.29-7.14 (m, 11H), 7.05 

(s, 1H), 6.97 (d, J = 8.4 Hz, 1H), 5.34 (s, 1H), 3.38-3.30 (m, 1H), 2.39 (s, 3H), 
1.96-1.85 (m, 1H), 1.64 (s, 3H), 1.51-1.45 (m, 1H), 1.26-0.95 (m, 12H), 0.86 (t, J = 
7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 147.1, 146.7, 143.9, 143.3, 142.9, 135.8, 
134.7, 129.3, 128.3, 128.2, 126.3, 126.2, 125.0, 122.2, 119.1, 51.5, 50.7, 31.8, 30.3, 
29.9, 29.4, 29.3, 25.1, 22.7, 21.6, 14.1, 11.4; IR (film) ν 3061, 3025, 2926, 1600, 1493, 
1461, 1414 cm-1; HRMS (EI) calcd for C32H38 (M) 422.2974, found 442.2979. 

 

3i
(CH2)7Me

Ph

Ph
MeCl

  
Indene 3i, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.31-7.16 (m, 12H), 

7.05-7.01 (m, 1H), 5.38 (s, 1H), 3.44-3.34 (m, 1H), 2.06 (s, 3H), 1.90-1.80 (m, 1H), 
1.28-1.21 (m, 1H), 1.16-0.96 (m, 12H), 0.86 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ 150.0, 148.1, 142.9, 142.6, 142.2, 135.8, 129.2, 129.1, 128.4, 126.6, 126.4, 
126.3, 125.3, 121.0, 52.0, 50.6, 31.8, 29.8, 29.3, 29.2, 24.8, 22.7, 15.3, 14.1; IR (film) 
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ν 3060, 3026, 2926, 1600, 1564, 1493, 1451 cm-1; HRMS (EI) calcd for C31H35Cl (M) 
442.2427, found 442.2426. 
 

3j

Me(CH2)7
TsO

OMe

OMe
 

Indene 3j, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 8.0 Hz, 2H), 
7.27 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 7.06-6.98 (m, 3H), 6.91 (s, 1H), 
6.86-6.81 (m, 4H), 6.79-6.76 (m, 1H), 6.08 (s, 1H), 4.92 (s, 1H), 3.78 (s, 6H), 
3.35-3.31 (m, 1H), 2.42 (s, 3H), 1.81-1.68 (m, 2H), 1.22-1.16 (m, 12H), 0.88 (t, J = 
6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 158.4, 158.2, 149.0, 147.0, 145.0, 143.1, 
132.7, 129.6, 128.6, 122.0, 120.5, 117.3, 114.0, 113.7, 55.2, 50.3, 50.2, 31.9, 29.9, 
29.7, 29.4, 29.3, 24.0, 22.7, 21.7, 14.1; IR (film) ν 3062, 3026, 2926, 1597, 1491, 
1455, 1408 cm-1; HRMS (EI) calcd for C39H44O5S (M) 624.2909, found 624.2911. 

 

3k

Me(CH2)7

TsO

Cl

Cl
 

Indene 3k, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.4 Hz, 2H), 
7.30-7.24 (m, 6H), 7.13 (d, J = 8.4 Hz, 2H), 7.06-7.02 (m, 3H), 6.95 (s, 1H), 
6.80-6.77 (m, 1H), 6.07 (s, 1H), 4.96 (s, 1H), 3.35-3.30 (m, 1H), 2.43 (s, 3H), 
1.82-1.76 (m, 1H), 1.70-1.63 (m, 1H), 1.25-1.09 (m, 12H), 0.88 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 156.1, 148.8, 147.3, 145.1, 142.6, 140.6, 140.4, 130.1, 
129.6, 129.0, 128.6, 120.9, 120.7, 117.5, 50.6, 50.4, 31.8, 29.9, 29.7, 29.4, 29.3, 24.2, 
22.7, 21.7, 14.1; IR (film) ν 3062, 3028, 2927, 1606, 1509, 1464 cm-1; HRMS (EI) 
calcd for C37H38O3SCl2 (M) 632.1919, found 632.1927. 

 

3l

Me(CH2)7

TsO
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Indene 3l, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.4 Hz, 2H), 
7.35-7.32 (m, 1H), 7.25 (d, J = 8.4 Hz, 2H), 7.19-7.08 (m, 7H), 6.97 (d, J = 8.4 Hz, 
1H), 6.83 (s, 1H), 6.76-6.73 (m, 1H), 5.91 (s, 1H), 4.77 (s, 1H), 3.43-3.39 (m, 1H), 
3.28-3.21 (m, 1H), 3.10-3.85 (m, 2H), 2.54-2.48 (m, 1H), 2.41 (s, 3H), 1.82-1.68 (m, 
2H), 1.33-1.00 (m, 12H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 
157.9, 149.0, 146.8, 145.0, 142.9, 141.4, 141.1, 138.7, 137.8, 132.7, 131.7, 131.6, 
129.7, 129.6, 129.3, 128.3, 127.6, 126.9, 126.3, 125.9, 120.5, 117.2, 55.3, 49.7, 31.9, 
29.8, 29.5, 29.3, 22.7, 21.7, 14.1; IR (film) ν 3061, 3017, 2927, 1598, 1494, 1464 cm-1; 
HRMS (EI) calcd for C39H42O3S (M) 590.2855, found 590.2852. 

 

3m

Me(CH2)7

TsO
O

 
Indene 3m, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 8.4 Hz, 2H), 

7.28-7.00 (m, 11H), 6.86 (s, 1H), 6.74-6.71 (m, 1H), 6.25 (s, 1H), 5.08 (s, 1H), 
3.30-3.27 (m, 1H), 2.40 (s, 3H), 1.89-1.79 (m, 1H), 1.75-1.67 (m, 1H), 1.30-1.02 (m, 
12H), 0.88 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 156.7, 151.8, 151.5, 
149.0, 147.1, 145.0, 142.6, 132.5, 129.6, 129.5, 128.8, 128.6, 128.2, 128.1, 127.5, 
123.4, 123.2, 123.1, 122.8, 120.9, 120.5, 117.2, 116.8, 116.7, 49.3, 39.7, 29.7, 29.4, 
29.3, 23.8, 22.7, 21.7, 14.1; IR (film) ν 3065, 3041, 2926, 1599, 1575, 1476, 1458 
cm-1; HRMS (EI) calcd for C37H38O4S (M) 578.2491, found 578.2483.  

 

3n

Me(CH2)7

TsO
S

 
Indene 3n, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.4 Hz, 2H), 

7.48-7.42 (m, 2H), 7.36-7.15 (m, 8H), 6.91-6.88 (m, 2H), 6.67-6.40 (m, 1H), 5.83 (s, 
1H), 5.01 (s, 1H), 3.10-3.07 (m, 1H), 2.38 (s, 3H), 1.99-1.94 (m, 2H), 1.33-1.22 (m, 
12H), 0.90 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 151.0, 149.2, 147.0, 
145.0, 142.8, 136.3, 135.7, 133.4, 133.1, 132.6, 129.6, 128.6, 127.4, 127.1, 127.0, 
126.8, 126.7, 121.9, 120.8, 120.4, 117.2, 49.3, 48.9, 31.9, 30.0, 29.6, 29.4, 23.8, 22.7, 
21.7, 14.2; IR (film) ν 3062, 3014, 2927, 1597, 1466 cm-1; HRMS (EI) calcd for 
C37H38O3S2 (M) 594.2262, found 594.2266. 

 

3o
(CH2)7Me

Me

Ph

TsO
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Indene 3o, 54:46 dr, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.0 
Hz, 2H), 7.33-7.14 (m, 8H), 7.00-6.95 (m, 1H), 6.87-6.82 (m, 1H), 6.67 (s, 1H), 
3.78-3.65 (m, 1H), 3.08-3.05 (m, 1H), 2.42 (s, 3H), 1.87-1.60 (m, 2H), 1.54 (d, J = 7.2 
Hz, 3H), 1.29-1.11 (m, 12H), 0.87 (t, J = 7.2 Hz, 3H); Partial 1H NMR for the minor 
diastereomer δ 6.03 (s, 1H), 3.51-3.48 (m, 1H), 1.52 (d, J = 7.2 Hz, 3H); IR (film) ν 
3062, 3027, 2927, 1599, 1496, 1464 cm-1; HRMS (EI) calcd for C32H38O3S (M) 
502.2542, found 502.2549. 

 

3p
(CH2)7Me

MeTsO

OMe

 
Indene 3p, 55:45 dr, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J =    

8.0 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2 H), 7.19-7.13 (m, 1H), 7.06 (d, J = 8.8 Hz, 1H), 
7.00-6.95 (m, 1H), 6.89-6.73 (m, 4H), 6.64 (s, 1H), 3.77 (s, 3H), 3.73-3.62 (m, 1H),  
3.13-3.02 (m, 1H), 2.42 (s, 3H), 1.88-1.59 (m, 2H), 1.51 (d, J = 7.6 Hz, 3H), 
1.30-1.05 (m, 12H), 0.87 (t, J = 7.2 Hz, 3H); Partial 1H NMR for the minor 
diastereomer δ 6.63 (s, 1H), 3.80 (s, 3H), 3.50-3.46 (m, 1H), 1.49 (d, J = 7.6 Hz, 3H); 
IR (film) ν 3063, 3029, 2927, 1602, 1510, 1464 cm-1; HRMS (EI) calcd for 
C33H40O4S (M) 532.2647, found 532.2642. 

 

3q
(CH2)7Me

MeTsO

Cl

 
Indene 3q, 93:7 dr, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 8.4 

Hz, 2H), 7.29-7.22 (m, 4H), 7.16 (d, J = 8.0 Hz, 1H), 7.08 (d, J = 8.4 Hz, 2H), 
6.96-6.83 (m, 2H), 6.67 (s, 1H), 3.70-3.65 (m, 1H), 3.06-3.03 (m, 1H), 2.43 (s, 3H), 
1.78-1.70 (m, 1H), 1.69-1.60 (m, 1H), 1.52 (d, J = 7.2 Hz, 3H), 1.29-1.13 (m, 12H), 
0.87 (t, J = 7.2 Hz, 3H); Partial 1H NMR for the minor diastereomer δ 6.03 (s, 1H), 
3.50-3.47 (m, 1H); IR (film) ν 3065, 3028, 2927, 1598, 1490, 1465 cm-1; HRMS (EI) 
calcd for C32H37ClO3S (M) 536.2174, found 536.2155. 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



 S-10

3r
(CH2)7Me

MeTsO
Cl

 
Indene 3r, 65:35 dr, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.4 

Hz, 2H), 7.40-7.34 (m, 1H), 7.27 (d, J = 8.8 Hz, 2H), 7.21-7.10 (m, 3H), 7.03-6.95 (m, 
1H), 6.90-6.75 (m, 2H), 6.71 (s, 1H), 4.35-4.26 (m, 1H), 3.10-3.06 (m, 1H), 2.42 (s, 
3H), 1.90-1.59 (m, 2H), 1.50 (d, J = 6.8 Hz, 3H), 1.25-1.10 (m, 12H), 0.87 (t, J = 7.2 
Hz, 3H); Partial 1H NMR for the minor diastereomer δ 7.68 (d, J = 8.4 Hz, 2H), 6.00 
(s, 1H), 3.52-3.48 (m, 1H), 1.51 (d, J = 7.2 Hz, 3H); IR (film) ν 3064, 2927, 1598, 
1577, 1496, 1467 cm-1; HRMS (EI) calcd for C32H37ClO3S (M) 536.2174, found 
536.2160. 

 

3s
(CH2)7Me

TsO Ph

Ph

 
Indene 3s, 50:50 dr, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.10-7.67 (m, 

2H), 7.32-7.12 (m, 12H), 7.05-6.95 (m, 2H), 6.82-6.67 (m, 1H), 6.46 (s, 1H), 
6.42-6.31 (m, 2H), 4.44 (d, J = 7.2 Hz, 1H), 3.21-3.18 (m, 1H), 2.42 (s, 3H), 
1.91-1.73 (m, 2H), 1.30-1.15 (m, 12H), 0.88 (t, J = 7.2 Hz, 3H); Partial 1H NMR for 
the other diastereomer δ 6.14 (s, 1H), 4.50 (d, J = 7.6 Hz, 1H), 3.57-3.54 (m, 1H); IR 
(film) ν 3060, 3027, 1598, 1496, 1464 cm-1; HRMS (EI) calcd for C39H42O3S (M) 
590.2855, found 590.2848. 

 

3t
(CH2)7Me

TsO Me

Ph

 
Indene 3t, 55:45 dr, colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 8.4 

Hz, 2H), 7.40 (d, J = 8.4 Hz, 1H), 7.35-7.15 (m, 6H), 7.13-6.91 (m, 2H), 6.83-6.76 (m, 
1H), 6.46-6.33 (m, 3H), 3.48-3.40 (m, 1H), 3.35-3.27 (m, 1H), 2.43 (s, 3H), 1.90-1.78 
(m, 1H), 1.76-1.68 (m, 1H), 1.35 (d, J = 6.8 Hz, 3H), 1.30-1.09 (m, 12H), 0.86 (t, J = 
7.2 Hz, 3H); Partial 1H NMR for the minor diastereomer δ 6.13-6.06 (m, 1H), 
3.34-3.28 (m, 1H), 1.42 (d, J = 6.8 Hz, 3H); IR (film) ν 3060, 3026, 2927, 1598, 1496, 
1465 cm-1; HRMS (EI) calcd for C34H40O3S (M) 528.2698, found 528.2672. 
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The crystal of compound 3c was obtained by leaving alone its solution in toluene at 
room temperature in the open air for several days. The crystal data of compound 3c have been 
deposited in CCDC with number 889428. 
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