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General 
All reactions were performed in oven-dried glassware under a positive pressure of nitrogen or 
argon. All melting points were measured on a Yanagimoto MP-S3 micro-melting point 
apparatus and are uncorrected. The NMR spectra were recorded on a JEOL ECA–500 (500 
MHz for 1H NMR analysis and 125.8 MHz for 13C NMR analysis) instrument in CDCl3 unless 
otherwise stated and are reported in parts per million (δ) downfield from TMS as an internal 
standard. Mass spectral analyses were performed on a JEOL JMS-700/MStaion mass 
spectrometer. The infrared spectra were measured with a JASCO FTIR-4100 Fourier 
Transform Infrared Spectrophotometer and are reported in wave-numbers (cm–1). Optical 
rotations were measured on a JASCO DIP-370 digital polarimeter. HPLC analysis was carried 
out using a Hitachi L-6200 HPLC system. 
Thin-layer chromatography (TLC) was conducted using Merck Kieselgel 60F-254 plates 
(0.25 mm). Kanto Chemicals silica gel 60N (spherical, neutral 63–210 mm) was used for 
column chromatography. 
All dried solvents were stored over molecular sieves 3Å or 4Å. 

 
The chiral thiourea catalyst was prepared by the procedure as reported by Lattanzi.1 The 
starting 3-alkylidene oxindoles 2 were prepared from isatins 1 as precursors following the 
literature procedure.2 Compounds 2g3 and 2h4 are known. 

 
Ethyl (Z)-2-(4-Bromo-2-oxoindolin-3-ylidene)acetate (2a) 

 
Yellow powder, mp 187–189 °C (sublimed, recryst from hexane/Et2O); FTIR (KBr) ν 3439, 
1720, 1646, 1614, 1577 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.40 (3H, t, J = 7.5 Hz), 4.41 
(2H, q, J = 7.5 Hz), 6.82 (1H, d, J = 8.0 Hz), 7.12 (1H, t, J = 8.0 Hz), 7.18 (1H, d, J = 8.0 Hz), 
7.70 (1H, s), 8.86 (1H, br); 13C NMR (125.8 MHz, CDCl3) δ 13.99, 61.78, 109.31, 118.99, 
119.66, 127.13, 127.48, 131.29, 131.49, 143.33, 166.19, 166.40; Anal. Calcd for 
C12H10BrNO3: C, 48.67%; H, 3.40%; N, 4.73%. Found: C, 48.89%; H, 3.38%; N, 4.68%. 
 
(1)  Lattanzi, A. Synlett 2007, 2106. 
(2)  (a) Brandman, H. A. J. Heterocycl. Chem. 1973, 10, 383. (b) Shimazawa, R.; Kuriyama, 

M.; Shirai, R. Bioorg. Med. Chem. Lett. 2008, 18, 3350. 
(3) Jiang, T.; Kuhen, K. L.; Wolff, K.; Yin, H.; Bieza, K.; Caldwell, J.; Bursulaya, B.; Wu, T. 

Y.-H.; He, Y. Bioorg. Med. Chem. Lett. 2006, 16, 2105. 
(4) Malhotra, S.; Balwani, S.; Dhawan, A.; Singh, B. K.; Kumar, S.; Thimmulappa, R.; 

Biswal, S.; Olsen, C. E.; Van der Eycken, E.; Prasad, A. K.; Ghosh, B.; Parmar, V. S. 
Med. Chem. Commun. 2011, 2, 743. 
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Ethyl (Z)-2-(4-Bromo-1-methyl-2-oxoindolin-3-ylidene)-acetate (2b)  

 
Yellow needles, mp 123–124 °C (recryst from hexane/Et2O); FTIR (KBr) ν 1718, 1645, 1605, 
1577 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.40 (3H, t, J = 7.5 Hz), 3.21 (3H, s), 4.41 (2H, q, J 
= 7.5 Hz), 6.76 (1H, dd, J = 7.0, 2.0 Hz), 7.16-7.20 (2H, m), 7.70 (1H, s); 13C NMR (125.8 
MHz, CDCl3) δ 14.01, 26.06, 61.83, 107.30, 118.86, 119.03, 127.11, 127.17, 130.75, 131.31, 
145.85, 164.63, 166.29; Anal. Calcd for C13H12BrNO3: C, 50.34%; H, 3.90%; N, 4.52%. 
Found: C, 50.20%; H, 3.69%; N. 4.44%. 
 
tert-Butyl (Z)-2-(4-Bromo-2-oxoindolin-3-ylidene)acetate (2c) 

 
Yellow powder, mp 174–178 °C (sublimed, recryst from hexane/Et2O); FTIR (KBr) ν 1720, 
1647, 1611 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.62 (9H, s), 6.78 (1H, d, J = 8.0 Hz), 7.10 
(1H, t, J = 8.0 Hz), 7.18 (1H, d, J = 8.0 Hz), 7.67 (1H, s), 8.54 (1H, br); 13C NMR (125.8 
MHz, CDCl3) δ 28.09 (×3), 83.23, 109.10, 118.85, 119.92, 127.02, 128.83, 130.00, 131.18, 
143.28, 165.19, 166.69; Anal. Calcd for C14H14BrNO3: C, 51.87%; H, 4.35%; N, 4.32%. 
Found: C, 52.10%; H, 4.25%; N, 4.22%. 
 
Ethyl (Z)-2-(4-Chloro-2-oxoindolin-3-ylidene)acetate (2d) 

 
Yellow needles, mp 182–185 °C (sublimed, recryst from hexane/Et2O); FTIR (KBr) ν 3439, 
1716, 1650, 1616, 1584 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.39 (3H, t, J = 7.5 Hz), 4.41 
(2H, q, J = 7.5 Hz), 6.78 (1H, d, J = 8.0 Hz), 7.00 (1H, d, J = 8.0 Hz), 7.20 (1H, t, J = 8.0 Hz), 
7.50 (1H, s), 8.89 (1H, br); 13C NMR (125.8 MHz, CDCl3) δ 14.00, 61.79, 108.78, 118.20, 
123.89, 127.90, 130.71, 130.82, 131.42, 143.02, 166.28, 166.36; Anal. Calcd for 
C12H10ClNO3: C, 57.27%; H, 4.01%; N, 5.57%. Found: C, 57.64%; H, 3.88%; N, 5.51%. 

 
Ethyl (Z)-2-(4,7-Dichloro-2-oxoindolin-3-ylidene)acetate (2e) 

NMe
O

Br
2b

CO2Et

NH
O

Br
2c

CO2But

NH
O

Cl
CO2Et

2d

S-2



 

 
 

 
Yellow powder, mp 195–198 °C (sublimed, recryst from hexane/Et2O); FTIR (KBr) ν 3446, 
1726, 1651, 1611 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.38 (3H, t, J = 7.5 Hz), 4.40 (2H, q, J 
= 7.5 Hz), 6.97 (1H, d, J = 8.5 Hz), 7.20 (1H, d, J = 8.5 Hz), 7.54 (1H, s), 8.35 (1H, br s); 13C 
NMR (125.8 MHz, CDCl3) δ 13.98, 61.99, 113.93, 119.21, 124.45, 129.07, 129.37, 130.53, 
130.85, 140.23, 164.90, 165.73; Anal. Calcd for C12H9Cl2NO3: C, 50.38%; H, 3.17%; N, 
4.90%. Found: C, 50.76%; H, 3.03%; N, 4.81%. 
 
(Z)-2-(4-Bromo-2-oxoindolin-3-ylidene)acetonitrile (2f) 

 
Yellow needles, mp 259–260 °C (recryst from CHCl3); FTIR (KBr) ν 2214, 1727, 1608, 1575 
cm–1; 1H NMR (500 MHz, CD3OD) δ 6.87-6.89 (1H, m), 7.19-7.26 (2H, m), 7.21 (1H, s); 13C 
NMR (125.8 MHz, CD3OD) δ 101.39, 110.92, 115.83, 120.28, 120.98, 128.15, 135.17, 
144.76, 146.65, 166.00; HRMS for C10H5BrN2O + H: 248.9664, found: 248.9668. 
 
Ethyl (E)-2-(5-Bromo-2-oxoindolin-3-ylidene)acetate (2g)3  

 
Orange needles, mp 175–178 °C (sublimed, recryst from hexane/Et2O); FTIR (KBr) ν 1716, 
1650, 1613, 1586 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.38 (3H, t, J = 7.0 Hz), 4.34 (2H, q, J 
= 7.0 Hz), 6.86 (1H, d, J = 8.0 Hz), 6.88 (1H, s), 7.05 (1H, t, J = 8.0 Hz), 7.32 (1H, t, J = 8.0 
Hz), 8.33 (1H, br), 8.54 (1H, d, J = 8.0 Hz); 13C NMR (125.8 MHz, CDCl3) δ 14.17, 61.24, 
110.08, 120.37, 122.66, 122.89, 129.06, 132.55, 138.05, 143.23, 165.58, 169.17. 
 
Ethyl (E)-2-(2-Oxoindolin-3-ylidene)acetate (2h)4  

 
Orange plates, mp 227–229 °C (sublimed, recryst from hexane/Et2O); FTIR (KBr) ν 1710, 
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1652, 1611, 1448 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.39 (3H, t, J = 7.5 Hz), 4.35 (2H, q, J 
= 7.5 Hz), 6.74 (1H, d, J = 8.5 Hz), 6.91 (1H, s), 7.46 (1H, dd, J = 8.5, 1.5 Hz), 7.68 (1H, br), 
8.74 (1H, d, J = 1.5 Hz); 13C NMR (125.8 MHz, CDCl3) δ 14.17, 61.53, 111.25, 115.51, 
122.01, 124.20, 131.89, 135.02, 136.80, 141.83, 165.19, 168.03. 
 
General Procedure for the Diels-Alder Reaction of 2 with 3b 

  
To a solution of 3-alkylidene-oxindole 2 (0.20 mmol) and the thiourea catalyst (0.060 mmol) 
in CH2Cl2 (2.5 mL) was added Rawal’s diene 3b (0.30 mmol) at –110 ºC under Ar, and the 
resulting orange-colored mixture was stirred at this temperature for a few minutes. The 
mixture was then exposed to silica gel (ca. 10 mg) at r.t. and stirred for 15 min, filtered and 
concentrated. The residue was treated with an excess of MeI (ca. 10 eq) at 50 °C for 15 min. 
After concentration, the mixture was diluted with toluene (1.5 mL) containing 
2,6-di(t-Bu)2pyridine (20 mg), and the mixture was heated at 110 °C for 15 h. After 
concentration, the residue was purified by silica gel column chromatography 
(benzene/acetone) to afford the desired cyclohexenone 4 in a pure form, and its ee was 
determined by chiral HPLC analysis. The results are summarized in Tables 1 and 2.  

 
Ethyl (1S,6R)-4'-Bromo-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate 
(4a-major) 

  
White solid; Rf 0.57 (hexane/acetone = 2 : 1); [α]D

19 +103.8 (c = 0.96, CHCl3, 85% ee); FTIR 
(KBr) ν 3263, 1736, 1681, 1613, 1581 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.06 (3H, t, J = 
7.0 Hz), 2.83 (1H, dd, J = 17.0, 5.0 Hz), 3.67 (1H, dd, J = 17.0, 14.5 Hz), 3.94-4.05 (2H, m), 
4.48 (1H, dd, J = 14.5, 5.0 Hz), 6.34 (1H, d, J = 10.0 Hz), 6.47 (1H, dd, J = 10.0, 1.5 Hz), 
6.89-6.90 (1H, m), 7.17-7.20 (2H, m), 8.16 (1H, br); 13C NMR (125.8 MHz, CDCl3) δ 13.69, 
35.32, 44.90, 53.07, 61.30, 109.53, 118.62, 126.78, 129.27, 130.87, 131.83, 143.22, 145.25, 
170.30, 175.12, 196.46; HRMS for C16H14BrNO4: 363.0106, found: 363.0103. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) 
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= 16.93 min and tR (major) = 24.62 min. 
 

Ethyl (1R,6R)-4'-Bromo-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate (4a-minor) 

  
White solid; Rf 0.42 (hexane/acetone = 2 : 1); 83% ee; FTIR (KBr) ν 3319, 1734, 1613, 1578, 
1447 cm–1; 1H NMR (500 MHz, CDCl3) δ 0.92 (3H, t, J = 7.5 Hz), 2.94 (1H, dd, J = 18.0, 6.5 
Hz), 3.80 (1H, dd, J = 18.0, 13.5 Hz), 3.85-3.95 (2H, m), 3.99 (1H, dd, J = 13.5, 6.5 Hz), 6.22 
(1H, d, J = 10.0 Hz), 6.43 (1H, d, J = 10.0 Hz), 6.94 (1H, dd, J = 7.5, 1.0 Hz), 7.15-7.23 (2H, 
m), 8.66 (1H, br s); 13C NMR (125.8 MHz, CDCl3) δ 13.53, 36.79, 44.01, 54.24, 61.34, 
109.46, 120.12, 127.30, 127.92, 131.06, 132.70, 140.07, 143.36, 169.67, 177.92, 196.72; 
HRMS for C16H14BrNO4 + H 364.0185, found: 364.0194. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (major) 
= 25.78 min and tR (minor) = 29.09 min. 

 
Ethyl 4'-Bromo-1'-methyl-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate 
(4b-major)  

 
Pale yellow solid; Rf 0.46 (hexane/acetone = 2 : 1); [α]D

22 +162.4 (c = 1.03, CHCl3, 69% ee); 
FTIR (KBr) ν 1732, 1719, 1683, 1604, 1580, 1457 cm–1; 1H-NMR (500 MHz, CDCl3) δ 1.04 
(3H, t, J = 7.0 Hz), 2.82 (1H, dd, J = 16.5, 5.0 Hz), 3.26 (3H, s), 3.69 (1H, dd, J = 16.5, 14.5 
Hz), 3.90-4.01 (2H, m), 4.46 (1H, dd, J = 14.5, 5.0 Hz), 6.33 (1H, d, J = 9.5 Hz), 6.41 (1H, d, 
J = 9.5 Hz), 6.85 (1H, d, J = 7.0 Hz), 7.19-7.26 (2H, m); 13C NMR (125.8 MHz, CDCl3) δ 
13.79, 26.95, 35.47, 44.88, 52.41, 61.15, 107.53, 118.57, 126.86, 128.85, 130.83, 131.86, 
145.23, 146.03, 170.21, 173.06, 196.45; HRMS for C17H16BrNO4: 377.0263, found: 377.0241. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) 
= 16.87 min and tR (major) = 19.07 min. 
 
Ethyl 4'-Bromo-1'-methyl-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate 
(4b-minor) 
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Pale yellow solid; Rf 0.34 (hexane/acetone = 2 : 1); 70% ee; FTIR (KBr) ν 1726, 1681, 1603, 
1577, 1456 cm–1; 1H-NMR (500 MHz, CDCl3) δ 0.88 (3H, t, J = 7.5 Hz), 2.92 (1H, dd, J = 
18.5, 7.0 Hz), 3.31 (3H, s), 3.79 (1H, dd, J = 18.5, 13.5 Hz), 3.83 (2H, q, J = 7.0 Hz), 3.99 
(1H, dd, J = 13.5, 7.0 Hz), 6.14 (1H, d, J = 10.0 Hz), 6.42 (1H, d, J = 10.0 Hz), 6.88 (1H, t, J 
= 4.5 Hz), 7.23 (2H, d, J = 4.5 Hz); 13C NMR (125.8 MHz, CDCl3) δ 13.65, 27.26, 36.89, 
44.26, 53.63, 61.05, 107.54, 120.09, 126.82, 127.92, 130.96, 132.73, 140.32, 146.30, 169.61, 
176.04, 196.69; HRMS for C17H16BrNO4: 377.0263, found: 377.0269. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) 
= 30.36 min and tR (major) = 36.73 min. 
 
tert-Butyl 4'-Bromo-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate 
(4c-major)  

 
Yellow oil; Rf 0.57 (hexane/acetone = 2 : 1); [α]D

20 +131.2 (c = 0.71, CHCl3, 86% ee); FTIR 
(KBr) ν 3296, 1733, 1679, 1614, 1582, 1450 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.21 (9H, s), 
2.73 (1H, dd, J = 16.5, 5.0 Hz), 3.65 (1H, dd, J = 16.5, 14.5 Hz), 4.37 (1H, dd, J = 14.5, 5.0 
Hz), 6.32 (1H, d, J = 10.0 Hz), 6.47 (1H, d, J = 10.0 Hz), 6.88 (1H, d, J = 7.5 Hz), 7.16-7.21 
(2H, m), 7.90 (1H, br s); 13C NMR (125.8 MHz, CDCl3) δ 27.51 (×3), 35.19, 45.71, 53.35, 
81.97, 109.47, 118.93, 126.83, 129.39, 130.81, 131.92, 143.04, 145.22, 169.31, 174.93, 
197.00; HRMS for C18H18BrNO4: 391.0419, found: 391.0417. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (major) 
= 11.01 min and tR (minor) = 12.41 min. 

 
tert-Butyl 4'-Bromo-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate 
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Yellow oil; Rf 0.51 (hexane/acetone = 2 : 1); 76% ee; FTIR (KBr) ν 1736, 1681, 1613, 1578, 
1518, 1446 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.10 (9H, s), 2.86 (1H, dd, J = 18.0, 6.5 Hz), 
3.77 (1H, dd, J = 18.0, 13.5 Hz), 3.91 (1H, dd, J = 13.5, 6.5 Hz), 6.17 (1H, d, J = 10.0 Hz), 
6.41 (1H, d, J = 10.0 Hz), 6.94 (1H, d, J = 7.5 Hz), 7.17-7.23 (2H, m), 8.15 (1H, br s); 13C 
NMR (125.8 MHz, CDCl3) δ 27.25 (×3), 36.87, 44.03, 54.52, 82.27, 109.55, 120.19, 127.82, 
129.90, 131.01, 132.55, 140.17, 143.62, 168.60, 178.36, 197.22; HRMS for C18H18BrNO4: 
391.0419, found: 391.0410. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) 
= 20.36 min and tR (major) = 21.97 min. 

 
Ethyl 4'-Chloro-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate (4d-major) 

  
Yellow oil; Rf 0.51 (hexane/acetone = 2 : 1); [α]D

21 +83.63 (c = 2.72, CHCl3, 60% ee); FTIR 
(KBr) ν 1736, 1682, 1616, 1588, 1454 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.06 (3H, t, J = 
7.5 Hz), 2.82 (1H, dd, J = 17.0, 5.0 Hz), 3.65 (1H, dd, J = 17.0, 14.5 Hz), 3.94-4.05 (2H, m), 
4.37 (1H, dd, J = 14.5, 5.0 Hz), 6.32 (1H, d, J = 10.0 Hz), 6.47 (1H, d, J = 10.0 Hz), 6.85 (1H, 
d, J = 8.0 Hz), 7.01 (1H, d, J = 8.0 Hz), 7.24 (1H, t, J = 8.0 Hz), 8.24 (1H, br s); 13C NMR 
(125.8 MHz, CDCl3) δ 13.70, 35.44, 44.93, 52.20, 61.34, 108.94, 123.76, 127.67, 130.48, 
130.69, 131.68, 142.91, 145.14, 170.35, 175.14, 196.52; HRMS for C16H14ClNO4: 319.0611, 
found: 319.0617. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) 
= 19.10 min and tR (major) = 29.08 min. 

 
Ethyl 4'-Chloro-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate (4d-minor) 
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Yellow oil; Rf 0.43 (hexane/acetone = 2 : 1); 61% ee; FTIR (KBr) ν 1739, 1684, 1616, 1585, 
1449 cm–1; 1H NMR (500 MHz, CDCl3) δ 0.92 (3H, t, J = 7.5 Hz), 2.94 (1H, dd, J = 18.5, 6.5 
Hz), 3.63 (1H, dd, J = 18.5, 14.0 Hz), 3.84-3.98 (3H, m), 6.23 (1H, d, J = 10.5 Hz), 6.41 (1H, 
d, J = 10.5 Hz), 6.91 (1H, d, J = 7.5 Hz), 7.04 (1H, d, J = 7.5 Hz), 7.26 (1H, t, J = 7.5 Hz), 
8.72 (1H, br s); 13C NMR (125.8 MHz, CDCl3) δ 13.55, 36.51, 44.06, 53.48, 61.34, 108.86, 
124.61, 125.12, 130.91, 131.80, 132.26, 140.16, 143.05, 169.67, 177.82, 196.67; HRMS for 
C16H14ClNO4: 319.0611, found: 319.0618. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (major) 
= 28.78 min and tR (minor) = 33.51 min. 
 
Ethyl 4',7'-Dichloro-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate 
(4e-major)  

 
Pale yellow solid; Rf 0.38 (hexane/acetone = 2 : 1); [α]D

23 +96.7 (c = 1.75, CHCl3, 72% ee); 
FTIR (KBr) ν 1737, 1667, 1612, 1567, 1472 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.08 (3H, t, 
J = 7.5 Hz), 2.85 (1H, dd, J = 17.0, 5.0 Hz), 3.64 (1H, dd, J = 17.0, 14.5 Hz), 3.98-4.07 (2H, 
m), 4.35 (1H, dd, J = 14.5, 5.0 Hz), 6.34 (1H, d, J = 10.0 Hz), 6.45 (1H, d, J = 10.0 Hz), 6.98 
(1H, d, J = 9.0 Hz), 7.25 (1H, d, J = 9.0 Hz), 8.77 (1H, br); 13C NMR (125.8 MHz, CDCl3) δ 
13.68, 35.36, 44.88, 53.23, 61.46, 114.10, 124.39, 128.6(6), 128.7(2), 130.42, 131.87, 140.68, 
144.02, 170.02, 174.12, 196.13; HRMS for C16H13Cl2NO4: 353.0222, found: 353.0225. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) 
= 18.06 min and tR (major) = 22.27 min. 

 
Ethyl 4',7'-Dichloro-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate 
(4e-minor)  

NH

O

CO2Et
O

Cl 4d-minor

NH

O

CO2Et
O

Cl
4e-major

Cl

S-8



 

 
 

 
Pale yellow solid; Rf 0.34 (hexane/acetone = 2 : 1); 87% ee; FTIR (KBr) ν 1737, 1667, 1616, 
1612, 1567, 1472 cm–1; 1H NMR (500 MHz, CDCl3) δ 0.95 (3H, t, J = 7.0 Hz), 2.95 (1H, dd, 
J = 18.0, 6.0 Hz), 3.56 (1H, dd, J = 18.0, 13.5 Hz), 3.86-4.00 (3H, m), 6.23 (1H, d, J = 9.5 
Hz), 6.41 (1H, d, J = 9.5 Hz), 7.00 (1H, d, J = 8.5 Hz), 7.26 (1H, d, J = 8.5 Hz), 8.32 (1H, br 
s); 13C NMR (125.8 MHz, CDCl3) δ 13.51, 36.45, 44.18, 54.50, 61.46, 114.10, 125.13, 130.04, 
130.54, 132.53, 139.24, 140.63, 169.47, 176.32, 196.29; HRMS for C16H13Cl2NO4: 353.0222, 
found: 353.0219. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46× 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (major) = 
20.60 min and tR (minor) = 25.16 min. 
 
4'-Bromo-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carbonitrile (4f-major) 

 
White crysts; Rf 0.21 (hexane/acetone = 2 : 1); [α]D

25 +4.57 (c = 0.67, CHCl3, 4% ee); FTIR 
(KBr) ν 2246, 1732, 1690, 1614, 1582, 1450 cm–1; 1H NMR (500 MHz, CDCl3) δ 2.85 (1H, 
dd, J = 17.0, 5.0 Hz), 3.71 (1H, dd, J = 17.0, 14.0 Hz), 4.43 (1H, dd, J = 14.0, 5.0 Hz), 6.42 
(1H, d, J = 10.5 Hz), 6.60 (1H, d, J = 10.5 Hz), 6.98-7.01 (1H, m), 7.28-7.29 (2H, m), 8.30 
(1H, br); 13C NMR (125.8 MHz, CDCl3) δ 31.42, 34.63, 52.81, 110.04, 116.57, 119.10, 126.83, 
127.59, 132.17, 132.48, 142.44, 143.32, 172.13, 192.87; HRMS for C16H9BrN2O2: 315.9847, 
found: 315.9844. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) 
= 25.80 min and tR (major) = 32.21 min. 
 
Ethyl 2',4-Dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate (4g-major) 

NH

O

CO2Et
O

Cl
4e-minor

Cl

NH

O

CN
O

Br 4f-major
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Yellow oil; Rf 0.51 (hexane/acetone = 2 : 1); [α]D

24 –21.4 (c = 0.94, CHCl3, 25% ee); FTIR 
(KBr) ν 1747, 1718, 1680, 1609, 1470 cm–1; 1H NMR (500 MHz, CDCl3) δ 0.92 (3H, t, J = 
7.5 Hz), 3.00 (1H, dd, J = 18.0 5.0 Hz), 3.11 (1H, dd, J = 18.0 14.0 Hz), 3.82-3.95 (3H, m), 
6.25 (1H, d, J = 10.0 Hz), 6.46 (1H, d, J = 10.0 Hz), 6.99 (1H, d, J = 8.0 Hz), 7.04 (1H, t, J = 
8.0 Hz), 7.21 (1H, d, J = 8.0 Hz), 7.30 (1H, t, J = 8.0 Hz), 9.15 (1H, br); 13C NMR (125.8 
MHz, CDCl3) δ 13.53, 35.68, 44.37, 52.53, 61.32, 110.52, 123.22, 124.85, 126.77, 129.58, 
129.84, 141.09, 144.86, 169.62, 178.87, 196.43; HRMS for C16H15NO4: 285.1001, found: 
285.1008. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) 
= 24.62 min and tR (major) = 28.73 min. 
 
Ethyl 2',4-Dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate (4g-minor) 

 
Yellow oil; Rf 0.57 (hexane/acetone = 2 : 1); 17% ee; FTIR (KBr) ν 3282, 1732, 1678, 1620, 
1487, 1472 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.02 (3H, t, J = 7.0 Hz), 2.78-2.86 (1H, m), 
3.62-3.70 (2H, m), 3.92-4.00 (2H, m), 6.26 (1H, d, J = 10.0 Hz), 6.42 (1H, d, J = 10.0 Hz), 
6.97 (1H, d, J = 7.5 Hz), 7.07 (1H, t, J = 7.5 Hz), 7.14 (1H, d, J = 7.5 Hz), 7.29 (1H, dt, J = 
7.5, 1.0 Hz), 9.16 (1H, br s); 13C NMR (125.8 MHz, CDCl3) δ 13.62, 35.83, 47.85, 51.31, 
61.25, 110.48, 122.80, 122.95, 129.27, 130.49, 131.47, 141.26, 146.81, 170.09, 176.33, 
196.76; HRMS for C16H15NO4 + H: 286.1079, found: 286.1079. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) 
= 28.68 min and tR (major) = 32.20 min. 
 
Ethyl 5'-Bromo-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate (4h-major)  

NH

O

CO2Et
O

4g-major

NH

O

CO2Et
O

4g-minor
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Yellow oil; Rf 0.49 (hexane/acetone = 2 : 1); [α]D

26 –30.86 (c = 1.33, CHCl3, 17% ee); FTIR 
(KBr) ν 1743, 1719, 1680, 1609, 1472 cm–1; 1H NMR (500 MHz, CDCl3) δ 0.99 (3H, t, J = 
7.5 Hz), 3.03-3.09 (2H, m), 3.86 (1H, dd, J = 12.5, 7.0 Hz), 3.89-4.01 (2H, m), 6.27 (1H, d, J 
= 9.5 Hz), 6.43 (1H, d, J = 9.5 Hz), 6.87 (1H, d, J = 8.5 Hz), 7.30 (1H, s), 7.43 (1H, dd, J = 
8.5, 1.5 Hz), 8.68 (1H, br s); 13C NMR (125.8 MHz, CDCl3) δ 13.64, 35.57, 44.55, 52.42, 
61.52, 111.86, 115.57, 127.94, 128.99, 130.04, 132.68, 140.13, 143.98, 169.38, 178.10, 
195.87; HRMS for C16H14BrNO4: 363.0106, found: 363.0094. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 95 : 5, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) = 
50.88 min and tR (major) = 56.41 min. 

 
Ethyl 5'-Bromo-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6-carboxylate (4h-minor)  

 
Yellow oil; Rf 0.57 (hexane/acetone = 2 : 1); 7% ee; FTIR (KBr) ν 3269, 1735, 1678, 1618, 
1477 cm–1; 1H NMR (500 MHz, CDCl3) δ 1.10 (3H, t, J = 7.5 Hz), 2.81-2.88 (1H, m), 
3.57-3.65 (2H, m), 3.94-4.07 (2H, m), 6.26 (1H, d, J = 10.0 Hz), 6.37 (1H, d, J = 10.0 Hz), 
6.85 (1H, d, J = 8.5 Hz), 7.25 (1H, d, J = 2.0 Hz), 7.43 (1H, dd, J = 8.5, 2.0 Hz), 8.31 (1H, br 
s); 13C NMR (125.8 MHz, CDCl3) δ 13.74, 35.79, 47.81, 51.27, 61.54, 111.82, 115.36, 126.31, 
130.83, 132.19, 133.67, 140.20, 145.64, 169.96, 175.64, 196.21; HRMS for C16H14BrNO4: 
363.0106, found: 363.0103. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 95 : 5, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (major) = 
46.38 min and tR (minor) = 56.92 min. 
 
Ethyl 
(1S,6R)-4'-Bromo-1'-(4-bromobenzoyl)-2',4-dioxospiro[cyclohex[2]ene-1,3'-indoline]-6- 
carboxylate (5) 

NH

O

CO2Et
O

4h-major

Br

NH

O

CO2Et
O

4h-minor

Br
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To a solution of 4a (30.0 mg, 0.10 mmol) in CH2Cl2 (1.0 mL) were added 4-BrC6H4COCl 
(22.0 mg, 0.10 mmol) and Et3N (0.03 mL, 0.20 mmol) at r.t., and the mixture was stirred for 
72 h. The mixture was diluted with CH2Cl2, washed with sat. NaHCO3 and brine, and dried 
(Na2SO4). After evaporation, the crude product was purified by silica gel column 
chromatography (elution with hexane-acetone) and recrystallized from hexane-Et2O to afford 
5 (20 mg, 50%). 
Colorless plates; mp 187-189 °C (sublimed, recryst from hexane/Et2O); Rf 0.71 
(hexane/acetone = 2 : 1); 98% ee; FTIR (KBr) ν 1762, 1734, 1694, 1683, 1588, 1447 cm–1; 1H 
NMR (500 MHz, CDCl3) δ 1.09 (3H, t, J = 7.0 Hz), 2.81 (1H, dd, J = 17.0, 5.0 Hz), 3.43 (1H, 
dd, J = 17.0, 14.5 Hz), 4.00-4.10 (2H, m), 4.57 (1H, dd, J = 14.5, 5.0 Hz), 6.32 (1H, d, J = 
10.0 Hz), 6.52 (1H, d, J = 10.0 Hz), 7.32 (1H, t, J = 8.0 Hz), 7.39 (1H, d, J = 8.0 Hz), 
7.61-7.63 (2H, m), 7.76-7.78 (2H, m), 7.85 (1H, d, J = 8.0 Hz); 13C NMR (125.8 MHz, 
CDCl3) δ 13.83, 35.31, 46.22, 52.89, 61.74, 114.53, 118.43, 128.11, 128.48, 129.46, 131.15, 
131.18 (×2), 131.62 (×2), 132.26, 132.39, 142.06, 144.14, 168.03, 170.73, 172.64, 195.24; 
Anal. Calcd for C23H17Br2NO5: C, 50.48%; H, 3.13%; N, 2.56%. Found: C, 50.32%; H, 
2.94%; N, 2.42%. 
The ee of the product was determined by chiral HPLC analysis with a Chiralpak AD column 
(0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 min–1, λ = 254 nm): tR (minor) 
= 17.69 min and tR (major) = 19.40 min. 

 
DBU-catalyzed Isomerisation of 4a-minor  

 
To a solution of 4a-minor (27 mg, 0.08 mmol) in toluene (2.0 mL) was added DBU (3.6 mL, 
0.02 mmol) at r.t., and the mixture was stirred at 110 °C for 4 h. After concentration, the 
residue was purified by silica gel column chromatography (hexane/acetone = 1 : 1) to afford 
the desired product (27 mg, >99% yield) in a pure form. This was indistinguishable from 
4a-major with respect to 1H NMR data, but the ee was found to be reversed by chiral HPLC 
analysis: Chiralpak AD column (0.46 × 25 cm, hexane/2-propanol = 90 : 10, flow rate 1.0 cm3 
min–1, λ = 254 nm): tR (major) = 17.86 min and tR (minor) = 25.92 min. 

N

O

CO2Et
O 5

Br

O
Br

NH

O

CO2Et
O

Br

4a-minor NH

O

CO2Et
O

Br
DBU (cat.)

toluene, 110 °C, 4 h
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Datablock: 
Empirical Formula C17H18BrNO5 
Formula Weight 396.24 
Temperature 0 °C 
Crystal Dimensions 0.200 × 0.200 × 0.100 mm 
Radiation MoKα (λ = 0.71075 Å) 
Crystal System triclinic 
Lattice Type primitive 
Lattice Parameters a =   7.226(8) Å 
 b =  11.001(12) Å 
 c =  12.114(13) Å 
 α =  69.75(3)° 
 β =  80.82(4)° 
 γ =  84.36(4)° 
 V = 891(2) Å3 
Space Group P-1 (#2) 
Z value 2 
Dcalc 1.477 g / cm3 
F000 404.00 
µ(MoKα) 23.386 cm–1 
Reflection / Parameter Ratio 17.24 
Residuals: R (I>2.00σ(I)) 0.0471 
Residuals: R (All reflections) 0.0534 
Residuals: wR (All reflections) 0.0564 
Goodness of Fit Indicator 5.670 
Max Shift / Error in Final Cycle 0.000 
Maximum peak in Final Diff. Map 0.85 e– / Å3 
Minimum peak in Final Diff. Map –0.65 e– / Å3 

 
Figure 1. X-Ray Structure of 2a-Boc. 
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Datablock:  
Empirical Formula C23H16Br2NO5 
Formula Weight 546.19 
Temperature 0 °C 
Crystal Dimensions 0.200 × 0.200 × 0.200 mm 
Radiation MoKα (λ = 0.71075 Å) 
Crystal System monoclinic 
Lattice Type primitive 
Lattice Parameters a =  12.307(3) Å 
 b =  11.266(2) Å 
 c =  16.704(4) Å 
 β = 109.865(9)° 
 V = 2178.1(8) Å3 
Space Group P21 / c (#14) 
Z value 4 
Dcalc 1.665 g / cm3 
F000 1084.00 
µ(MoKα) 37.677 cm–1 
Reflection / Parameter Ratio 16.76 
Residuals: R (I>2.00σ(I)) 0.1405 
Residuals: R (All reflections) 0.1559 
Residuals: wR (All reflections) 0.1764 
Goodness of Fit Indicator 4.426 
Max Shift / Error in Final Cycle 0.143 
Maximum peak in Final Diff. Map 3.11 e– / Å3 
Minimum peak in Final Diff. Map –3.40 e– / Å3 
 

Figure 2. X-Ray Structure of 5. 
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Sample Exptl No.  MTG-511 (major) 

 Data:  2014/05/14 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NNO-566 (minor) 

 Data:  2016/06/23 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NKT-73 (major) 

 Data:  2015/10/22 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NKT-73 (minor) 

 Data:  2015/10/22 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  MTG-352 (major) 

 Data:  2014/05/15 

  Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

  Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NKT-107 (minor) 

 Data:  2016/01/15 

  Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

  Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NKT-105 (major) 

 Data:  2015/10/22 

  Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

  Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NKT-105 (minor) 

 Data:  2015/10/24 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NKT-75 (major) 

 Data:  2015/11/06 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  MTG-334 (minor) 

 Data:  2016/06/01 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NNO-541 (major) 

 Data:  2016/05/28 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NKT-101 (major) 

 Data:  2015/12/21 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NNO-555 (minor) 

 Data:  2016/05/28 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 

 

 

 

 

 

 

 

 

S-75



Sample Exptl No.  NNO-557 (major) 

 Data:  2016/04/28 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 95 : 5 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  NNO-557 (minor) 

 Data:  2016/04/28 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 95 : 5 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 
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Sample Exptl No.  MTG-375 

 Data:  2014/03/18 

 Column:  CHIRALPAK AD 

 Solvent:   hexane / 2-propanol = 90 : 10 

 Flow Speed:  1.0 cm3 / min 

 Conc.  3.0 mg / mL  

 Vol.  3 µL 

 UV:  254 nm 

 

 

 

 

 

 

S-78


	Supporting
	Diels-Alder-data
	diels-alder-nmr
	sm-nmr
	2a_proton
	2a_carbon
	2b_proton
	2b_carbon
	2c_proton
	2c_carbon
	2d_proton
	2d_carbon
	2e_proton
	2e_carbon
	2f_proton
	2f_carbon
	2g_proton
	2g_carbon
	2h_proton

	da-nmr
	4a-major_proton
	4a-major_carbon
	4a-minor_proton
	4a-minor_carbon
	4b-major_proton
	4b-major_carbon
	4b-minor_proton
	4b-minor_carbon
	4c-major_proton
	4c-major_carbon
	4c-minor_proton
	4c-minor_carbon
	4d-major_proton
	4d-major_carbon
	4d-minor_proton
	4d-minor_carbon
	4e-major_proton
	4e-major_carbon
	4e-minor_proton
	4e-minor_carbon
	4f-major_proton
	4f-major_carbon
	4g-major_proton
	4g-major_carbon
	4g-minor_proton
	4g-minor_carbon
	4h-major_proton
	4h-major_carbon
	4h-minor_proton
	4h-minor_carbon
	5_proton
	5_carbon


	hplc
	DA-4Br(major)
	DA-4Br(minor)
	DA-4Br-NMe(major)
	DA-4Br-NMe(minor)
	DA-4Br-tBu(major)
	DA-4Br-tBu(minor)
	DA-4Cl(major)
	DA-4Cl(minor)
	DA-4,7Cl(major)
	DA-4,7Cl(minor)
	DA-4Br-CN(major)
	DA-4H(major)
	DA-4H(minor)
	DA-5Br(major)
	DA-5Br(minor)
	DA-4Br-pb





