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General information 
Unless otherwise stated, commercially available compounds were used without further 
purification. Column chromatography was carried out with silica gel (200−300 mesh). 
Melting points were measured with a XT-4 melting point apparatus without correction. 1H 
NMR spectra were recorded with a Varian Mercury-plus 400 MHz spectrometer. Chemical 
shifts were reported in ppm with the internal TMS signal at 0.0 ppm as a standard. The data 
are reported as follows: chemical shift (ppm), and multiplicity (s = singlet, d = doublet, t = 
triplet, q = quartet, m = multiplet or unresolved, br s = broad singlet), coupling constant(s) in 
Hz, integration assignment. 13C NMR spectra were recorded at 100 MHz. Infrared spectra 
were obtained with a Perkin Elmer Spectrum One spectrometer. The high resolution MS 
spectra were obtained with ESI ionization using a Bruker APEX IV mass spectrometer. 
Optical rotations were measured with a Krüss P8000 or WZZ−3 polarimeter at the indicated 
concentration with unit g/100 mL. The enantiomeric excesses were determined by chiral 
HPLC using an Agilent 1200 LC instrument with Daicel Chiralcel column AD-H, Daicel 
Chiralpak column IA, or IB.  
 
Materials 

Squaramide catalysts I−VII,1 2-tosylaminoenones 1,2 and 3-ylidenoxindoles 23 were 
prepared according to the reported procedures.  
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Table S1 Optimization of reaction conditionsa 

N
O

N
Ts

Ac

COPh
PhOC

NHTs

Ph

O

I

N
O

Ac

+
solvent

1a 2a 3aa

Ph

O

 
Entry Solvent Loading 

(mol%) t (h) Yieldb (%) drc eed (%)
1 CH2Cl2 5 24 99 > 25:1 88 
2 ClCH2CH2Cl 5 24 99 > 25:1 90 
3 CHCl3 5 24 93 > 25:1 86 
4 PhMe 5 24 54 > 25:1 87 
5 THF 5 24 44 > 25:1 76 
6 MeCN 5 24 80 > 25:1 68 
7e ClCH2CH2Cl 5 48 93 > 25:1 90 
8f ClCH2CH2Cl 5 72 91 > 25:1 90 
9 ClCH2CH2Cl 10 12 94 > 25:1 90 
10 ClCH2CH2Cl 2 36 90 > 25:1 89 

 a Reactions were carried out with 1a (0.11 mmol) and 2a (0.1 mmol) in the solvent  

(0.5 mL). b Isolated yield. c Determined by 1H NMR analysis. d Determined by chiral 
HPLC analysis. e 0 oC. f -10 oC. 

 

General procedure for the enantioselective cascade aza-Michael/Michael addition 
A mixture of 3-ylidenoxindole 2 (0.1 mmol) and squaramide catalyst I (3.2 mg, 0.005 mmol, 
5 mol%) in dichloroethane (0.5 mL) was stirred at room temperature for 10 min. Then 
2-tosylaminoenone 1 (0.11 mmol) was added. After stirring for 12−24 h, the reaction mixture 
was concentrated and directly purified by silica gel column chromatography to afford the 
desired adduct 3. 
 

N
O

N
Ts

Ac

COPh
PhOC

3aa  
(2’R,3’S,4’S)-1-Acetyl-2’-benzoyl-4’-(2-oxo-1-phenylethyl)-2-oxo-1’-tosyl-spiro[indolin

e-3,3’-tetrahydroquinoline] (3aa): The title compound 3aa was obtained according to the 
general procedure (66.8 mg, 99% yield). White solid, m.p. 189−191 oC. Enantiomeric excess 
was determined by HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol = 85:15, flow rate 
1.0 mL/min, detection at 254 nm): major enantiomer tR = 17.2 min, minor enantiomer tR = 
16.0 min, 90% ee. [α]D

20 +2.2 (c 1.11, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.17 (d, J = 
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8.0 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 7.6 Hz, 2H), 
7.55−7.48 (m, 2H), 7.41−7.34 (m, 5H), 7.21−7.11 (m, 6H), 6.77 (t, J = 7.6 Hz, 1H), 6.54 (d, J 
= 7.6 Hz, 1H), 6.46 (s, 1H), 5.29 (d, J = 7.6 Hz, 1H), 3.15 (dd, J1 = 10.4 Hz, J2 = 2.0 Hz, 1H), 
2.67 (dd, J1 = 17.6 Hz, J2 = 10.4 Hz, 1H), 2.47 (s, 3H), 2.44 (s, 3H), 2.28 (dd, J1 = 17.6 Hz, J2 
= 2.4 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 196.0, 194.8, 177.6, 169.7, 144.5, 139.7, 
136.9, 136.1, 135.7, 135.4, 133.5, 132.94, 132.89, 130.0, 129.3, 128.7, 128.6, 128.5, 128.1, 
127.8, 127.5, 126.9, 125.9, 125.3, 125.2, 124.2, 115.7, 69.1, 60.2, 40.0, 34.5, 26.6, 21.7 ppm; 
IR (KBr): ν 3065, 2924, 1747, 1720, 1688, 1598, 1463, 1448, 1370, 1358, 1340, 1295, 1270, 
1237, 1167, 1091, 1018, 970, 812, 754, 694, 663, 587, 560 cm−1; HRMS (ESI): m/z calcd. for 
C40H36N3O6S [M + NH4]+ 686.23193, found 686.23053. 
 

N
O

N
Ts

Ac

PhOC
O

Cl

3ba  
  (2’R,3’S,4’S)-1-Acetyl-2’-benzoyl-4’-(2-oxo-1-(4-chlorophenylethyl))-2-oxo-1’- 
tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3ba): The title compound 3ba was obtained 
according to the general procedure (70.1 mg, 99% yield). White solid, m.p. 107−110 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol 
= 95:5, flow rate 0.8 mL/min, detection at 254 nm): major enantiomer tR = 92.3 min, minor 
enantiomer tR = 100.6 min, 88% ee. [α]D

20 −5.1 (c 1.17, CH2Cl2). 1H NMR (400 MHz, CDCl3): 
δ 8.17 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.4 Hz, 1H), 7.72 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 8.4 
Hz, 2H), 7.51 (t, J = 7.6 Hz, 1H), 7.42−7.33 (m, 5H), 7.22−7.12 (m, 6H), 6.77 (t, J = 7.6 Hz, 
1H),  6.52 (d, J = 8.0 Hz, 1H), 6.45 (s, 1H), 5.28 (d, J = 7.6 Hz, 1H), 3.14 (d, J = 8.8 Hz, 1H), 
2.63 (dd, J1 = 17.2 Hz, J2 = 10.8 Hz, 1H), 2.47 (s, 3H), 2.43 (s, 3H), 2.23 (dd, J1 = 17.2 Hz, J2 
= 2.4 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 195.9, 193.8, 177.6, 169.6, 144.5, 140.0, 
139.7, 136.9, 136.1, 135.4, 133.9, 133.0, 132.7, 129.9, 129.4, 129.3, 129.0, 128.8, 128.6, 
128.1, 127.5, 126.9, 125.8, 125.3, 125.2, 124.0, 115.7, 69.1, 60.2, 39.6, 34.6, 26.6, 21.7 ppm; 
IR (KBr): ν 3069, 2925, 1746, 1720, 1688, 1589, 1488, 1463, 1368, 1359, 1272, 1237, 1166, 
1092, 1010, 970, 811, 757, 690, 658, 586, 560 cm−1; HRMS (ESI): m/z calcd. for 
C40H35ClN3O6S [M + NH4]+ 720.19296, found 720.19377. 
 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 S4

N
O

N
Ts

Ac

PhOC
O

Br

3ca  
  (2’R,3’S,4’S)-1-Acetyl-2’-benzoyl-4’-(2-oxo-1-(4-bromophenylethyl))-2-oxo-1’- 
tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3ca): The title compound 3ca was obtained 
according to the general procedure (74.2 mg, 99% yield). White solid, m.p. 119−121 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol 
= 90:10, flow rate 0.8 mL/min, detection at 254 nm): major enantiomer tR = 44.1 min, minor 
enantiomer tR = 48.7 min, 88% ee. [α]D

20 −10.0 (c 1.24, CH2Cl2). 1H NMR (400 MHz, CDCl3): 
δ 8.16 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.71 (d, J = 7.2 Hz, 2H), 7.51−7.48 (m, 
5H), 7.39 (t, J = 7.2 Hz, 1H), 7.33 (d, J = 7.6 Hz, 2H), 7.21−7.12 (m, 6H), 6.76 (t, J = 7.6 Hz, 
1H), 6.52 (d, J = 7.6 Hz, 1H), 6.45 (s, 1H), 5.27 (d, J = 7.6 Hz, 1H), 3.14 (d, J = 10.0 Hz, 1H), 
2.62 (dd, J1 = 17.2 Hz, J2 = 10.4 Hz, 1H), 2.47 (s, 3H), 2.43 (s, 3H), 2.23 (d, J = 17.2 Hz, 1H) 
ppm; 13C NMR (100 MHz, CDCl3): δ 195.9, 194.0, 177.6, 169.6, 144.5, 139.6, 136.9, 136.1, 
135.4, 134.3, 133.0, 132.6, 131.9, 129.9, 129.40, 129.36, 128.8, 128.7, 128.6, 128.1, 127.5, 
126.90. 126.87, 125.8, 125.3, 125.2, 124.0, 115.7, 69.1, 60.2, 39.6, 34.6, 26.6, 21.7 ppm; IR 
(KBr): ν 3065, 2922, 1746, 1720, 1690, 1598, 1585, 1478, 1463, 1368, 1358, 1339, 1270, 
1238, 1167, 1099, 1091, 1008, 970, 812, 756, 697, 658, 585, 560 cm−1; HRMS (ESI): m/z 
calcd. for C40H35BrN3O6S [M + NH4]+ 764.14245, found 764.14366. 
 

N
O

N
Ts

Ac

PhOC
O

Me

3da  
  (2’R,3’S,4’S)-1-Acetyl-2’-benzoyl-4’-(2-oxo-1-(4-methylphenylethyl))-2-oxo-1’- 
tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3da): The title compound 3da was obtained 
according to the general procedure (67.8 mg, 99% yield). White solid, m.p. 101−104 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol 
= 90:10, flow rate 0.8 mL/min, detection at 254 nm): major enantiomer tR = 34.3 min, minor 
enantiomer tR = 32.2 min, 90% ee. [α]D

20 −8.8 (c 1.70, CH2Cl2). 1H NMR (400 MHz, CDCl3): 
δ 8.16 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.4 Hz, 1H), 7.73 (d, J = 7.6 Hz, 2H), 7.55 (d, J = 8.0 
Hz, 2H), 7.47 (t, J = 8.0 Hz, 1H), 7.41−7.34 (m, 3H), 7.21−7.11 (m, 8H), 6.76 (t, J = 8.0 Hz, 
1H), 6.54 (d, J = 7.6 Hz, 1H), 6.46 (s, 1H), 5.29 (d, J = 7.6 Hz, 1H), 3.15 (d, J = 8.8 Hz, 1H), 
2.64 (dd, J1 = 17.2 Hz, J2 = 10.4 Hz, 1H), 2.46 (s, 3H), 2.43 (s, 3H), 2.36 (s, 3H), 2.24 (dd, J1 
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= 17.2 Hz, J2 = 2.4 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 196.0, 194.4, 177.6, 169.7, 
144.44, 144.38, 139.7, 136.9, 136.1, 135.4, 133.2, 133.0, 132.9, 129.9, 129.3, 128.6, 128.4, 
128.1, 127.9, 127.5, 126.9, 126.8, 126.0, 125.3, 125.1, 124.2, 115.7, 69.1, 60.2, 39.6, 34.4, 
26.5, 21.7, 21.6 ppm; IR (KBr): ν 3065, 2924, 1747, 1721, 1684, 1605, 1487, 1478, 1463, 
1370, 1358, 1339, 1294, 1271, 1237, 1167, 1101, 1091, 1017, 970, 811, 758, 692, 659, 584, 
560 cm−1; HRMS (ESI): m/z calcd. for C41H38N3O6S [M + NH4]+ 700.24758, found 
700.24737. 
 

N
O

N
Ts

Ac

PhOC
O

OMe

3ea  
(2’R,3’S,4’S)-1-Acetyl-2’-benzoyl-4’-(2-oxo-1-(4-methoxyphenylethyl))-2-oxo-1’- tosyl-

spiro[indoline-3,3’-tetrahydroquinoline] (3ea): The title compound 3ea was obtained 
according to the general procedure (69.3 mg, 99% yield). White solid, m.p. 189−192 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralcel AD-H, 
n-hexane/2-propanol/ethyl acetate = 85:3:12, flow rate 1.0 mL/min, detection at 254 nm): 
major enantiomer tR = 22.6 min, minor enantiomer tR = 25.3 min, 94% ee. [α]D

20 −9.5 (c 1.16, 
CH2Cl2). 1H NMR (400 MHz, CDCl3): δ  8.16 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 
7.73 (d, J = 8.0 Hz, 2H), 7.63 (d, J = 8.0 Hz, 2H), 7.49 (t, J = 8.0 Hz, 1H), 7.41−7.34 (m, 3H), 
7.21−7.11 (m, 6H), 6.84 (d, J = 8.8 Hz, 2H), 6.76 (t, J = 7.6 Hz, 1H), 6.56 (d, J = 7.6 Hz, 1H), 
6.46 (s, 1H), 5.28 (d, J = 7.6 Hz, 1H), 3.82 (s, 3H), 3.15 (d, J = 10.0 Hz, 1H), 2.61 (dd, J1 = 
17.2 Hz, J2 = 10.8 Hz, 1H), 2.47 (s, 3H), 2.43 (s, 3H), 2.22 (d, J = 17.2 Hz, 1H) ppm; 13C 
NMR (100 MHz, CDCl3): δ 196.0, 193.4, 177.6, 169.7, 163.6, 144.5, 139.7, 136.8, 136.1, 
135.4, 133.0, 132.9, 130.1, 129.9, 129.3, 128.7, 128.6, 128.4, 128.1, 127.5, 126.91, 126.86, 
126.0, 125.3, 125.1, 124.3, 115.7, 113.7, 69.1, 60.2, 55.4, 39.7, 34.2, 26.6, 21.7 ppm; IR 
(KBr): ν 3065, 2934, 1747, 1720, 1678, 1600, 1478, 1463, 1368, 1357, 1339, 1263, 1239, 
1167, 1101, 1091, 1018, 970, 810, 758, 693, 660, 584, 560 cm−1; HRMS (ESI): m/z calcd. for 
C41H38N3O7S [M + NH4]+ 716.24250, found 716.24279. 
 

N
O

N
Ts

Ac

PhOC
O OMe

3fa  
  (2’R,3’S,4’S)-1-Acetyl-2’-benzoyl-4’-(2-oxo-1-(2-methoxyphenylethyl))-2-oxo-1’- 
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tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3fa): The title compound 3fa was obtained 
according to the general procedure (66.1 mg, 95% yield). White solid, m.p. 213−216 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol 
= 85:15, flow rate 1.0 mL/min, detection at 254 nm): major enantiomer tR = 21.4 min, minor 
enantiomer tR = 25.6 min, 92% ee. [α]D

20 +35.6 (c 1.10, CH2Cl2). 1H NMR (400 MHz, 
CDCl3): δ 8.16 (d, J = 8.0 Hz, 1H), 7.70−7.74 (m, 3H), 7.64 (d, J = 7.6 Hz, 1H), 7.48 (t, J = 
7.6 Hz, 1H), 7.44−7.36 (m, 4H), 7.20−7.08 (m, 6H), 6.95 (t, J = 7.6 Hz, 1H), 6.81 (d, J = 8.4 
Hz, 1H), 6.73 (d, J = 7.6 Hz, 1H), 6.51 (d, J = 7.6 Hz, 1H), 6.47 (s, 1H), 5.27 (d, J = 7.6 Hz, 
1H), 3.50 (s, 3H), 3.03 (d, J = 10.0 Hz, 1H), 2.63 (dd, J1 = 18.8 Hz, J2 = 10.8 Hz, 1H), 2.51 (s, 
3H), 2.47−2.43 (m, 4H) ppm; 13C NMR (100 MHz, CDCl3): δ 196.1, 177.7, 169.8, 158.6, 
144.4, 139.6, 136.9, 136.2, 135.5, 134.2, 133.2, 132.8, 130.5, 130.0, 129.0, 128.6, 128.2, 
128.0, 127.6, 127.0, 126.7, 126.4, 126.2, 125.2, 124.9, 124.6, 120.7, 115.2, 111.5, 68.7, 60.3, 
54.9, 40.4, 40.0, 26.5, 21.7 ppm; IR (KBr): ν 3065, 2925, 1747, 1719, 1676, 1598, 1485, 1464, 
1370, 1357, 1339, 1294, 1272, 1242, 1167, 1099, 1091, 1018, 971, 811, 756, 695, 661, 586, 
560 cm−1; HRMS (ESI): m/z calcd. for C41H38N3O7S [M + NH4]+ 716.24250, found 
716.24386. 
 

N
O

N
Ts

Ac

PhOC
O

3ga  
  (2’R,3’S,4’S)-1-Acetyl-2’-benzoyl-4’-(2-oxo-1-(3,3-dimethylbutyl))-2-oxo-1’- 
tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3ga): The title compound 3ga was obtained 
according to the general procedure (51.3 mg, 79% yield). White solid, m.p. 205−207 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol 
= 90:10, flow rate 1.0 mL/min, detection at 254 nm): major enantiomer tR = 12.1 min, minor 
enantiomer tR = 14.3 min, 5% ee. [α]D

20 +8.6 (c 1.28, CH2Cl2). 1H NMR (400 MHz, CDCl3): 
δ 8.14 (d, J = 8.0 Hz, 1H), 7.74−7.71 (m, 3H), 7.50 (t, J = 7.6 Hz, 1H), 7.40−7.35 (m, 3H), 
7.22−7.07 (m, 6H), 6.74 (t, J = 7.6 Hz, 1H), 6.46 (d, J = 8.0 Hz, 1H), 6.39 (s, 1H), 5.22 (d, J = 
7.6 Hz, 1H), 2.79 (d, J = 10.0 Hz, 1H), 2.49 (s, 3H), 2.42 (s, 3H), 2.13 (dd, J1 = 18.4 Hz, J2 = 
10.4 Hz, 1H), 1.88 (dd, J1 = 18.4 Hz, J2 = 2.0 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 
210.4, 196.0, 177.7, 169.5, 144.4, 139.5, 136.8, 136.1, 135.4, 133.2, 132.9, 130.0, 129.2, 
128.7, 128.3, 128.1, 127.5, 126.9, 126.8, 125.6, 125.2, 125.1, 124.2, 115.6, 69.1, 60.3, 44.1, 
39.1, 32.4, 26.55, 26.46, 21.6 ppm; IR (KBr): ν 3065, 2967, 2931, 1747, 1713, 1599, 1478, 
1463, 1370, 1358, 1339, 1294, 1272, 1167, 1101, 1091, 1011, 971, 812, 757, 693, 659, 560 
cm−1; HRMS (ESI): m/z calcd. for C38H40N3O6S [M + NH4]+ 666.26323, found 666.26525. 
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N
O

N
Ts

Ac

COPh
ClC6H4OC

3ab

4

 
  (2’R,3’S,4’S)-1-Acetyl-2’-(4-chlorobenzoyl)-4’-(2-oxo-1-phenylethyl)-2-oxo-1’- 
tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3ab): The title compound 3ab was obtained 
according to the general procedure (68.0 mg, 97% yield). White solid, m.p. 206−208 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralpak IB, n-hexane/2-propanol = 
90:10, flow rate 0.8 mL/min, detection at 254 nm): major enantiomer tR = 16.2 min, minor 
enantiomer tR = 15.1 min, 91% ee. [α]D

20 +40.0 (c 1.13, CH2Cl2). 1H NMR (400 MHz, 
CDCl3): δ 8.14 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 7.6 Hz, 2H), 7.66 (d, 
J = 8.0 Hz, 2H), 7.55−7.48 (m, 2H), 7.40−7.34 (m, 4H), 7.20−7.12 (m, 6H), 6.75 (t, J = 7.6 
Hz, 1H), 6.54 (d, J = 7.6 Hz, 1H), 6.35 (s, 1H), 5.27 (d, J = 7.6 Hz, 1H), 3.13 (d, J = 9.6 Hz, 
1H), 2.68 (dd, J1 = 17.6 Hz, J2 = 10.4 Hz, 1H), 2.52 (s, 3H), 2.44 (s, 3H), 2.29 (d, J1 = 17.2 
Hz, J2 = 1.6 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 195.1, 194.8, 177.5, 169.6, 144.6, 
139.7, 139.4, 136.8, 135.7, 135.1, 134.4, 133.5, 132.8, 130.0, 129.5, 129.1, 128.7, 128.6, 
128.5, 128.4, 127.8, 126.94, 126.92, 126.0, 125.23, 125.19, 124.0, 115.9, 69.4, 60.3, 39.5, 
34.5, 26.5, 21.7 ppm; IR (KBr): ν 3065, 2922, 1747, 1721, 1689, 1596, 1487, 1463, 1370, 
1359, 1339, 1294, 1267, 1234, 1167, 1091, 1018, 1008, 971, 812, 757, 709, 689, 663, 586, 
562 cm−1; HRMS (ESI): m/z calcd. for C40H35ClN3O6S [M + NH4]+ 720.19296, found 
720.19383. 
 

N
O

N
Ts

Ac

COPh
BrC6H4OC

3ac

4

 

  (2’R,3’S,4’S)-1-Acetyl-2’-(4-bromobenzoyl)-4’-(2-oxo-1-phenylethyl)-2-oxo-1’- 
tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3ac): The title compound 3ac was obtained 
according to the general procedure (72.2 mg, 97% yield). White solid, m.p. 196−198 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralpak IB, n-hexane/2-propanol = 
90:10, flow rate 0.8 mL/min, detection at 254 nm): major enantiomer tR = 17.0 min, minor 
enantiomer tR = 15.8 min, 91% ee. [α]D

20 +55.9 (c 1.21, CH2Cl2). 1H NMR (400 MHz, 
CDCl3): δ  8.14 (d, J = 8.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 8.4 Hz, 2H), 7.66 
(d, J = 8.0 Hz, 2H), 7.55−7.48 (m, 2H), 7.40−7.34 (m, 6H), 7.16 (t, J = 8.0 Hz, 1H), 7.05 (d, J 
= 8.4 Hz, 1H), 6.76 (t, J = 7.6 Hz, 1H), 6.54 (d, J = 7.6 Hz, 1H), 6.34 (s, 1H), 5.27 (d, J = 8.0 
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Hz, 1H), 3.12 (d, J = 9.6 Hz, 1H), 2.68 (dd, J1 = 17.2 Hz, J2 = 10.4 Hz, 1H), 2.51 (s, 3H), 2.44 
(s, 3H), 2.28 (dd, J1 = 17.2 Hz, J2 = 2.4 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 195.4, 
194.8, 177.5, 169.6, 144.7, 139.7, 136.8, 135.7, 135.1, 134.9, 133.5, 132.8, 131.4, 130.0, 
129.5, 129.2, 128.7, 128.6, 128.5, 128.0, 127.8, 127.0, 126.9, 126.1, 125.23, 125.21, 124.1, 
115.9, 69.4, 60.3, 39.5, 34.5, 26.4, 21.7 ppm; IR (KBr): ν 3069, 2922, 1747, 1721, 1688, 1598, 
1585, 1478, 1463, 1368, 1359, 1339, 1294, 1267, 1235, 1167, 1097, 1091, 1072, 1008, 971, 
812, 757, 689, 662, 586, 561 cm−1; HRMS (ESI): m/z calcd. for C40H35BrN3O6S [M + NH4]+ 

764.14245, found 764.14430. 
 

N
O

N
Ts

Ac

COPh
MeC6H4OC

3ad

4

 
  (2’R,3’S,4’S)-1-Acetyl-2’-(4-methylbenzoyl)-4’-(2-oxo-1-phenylethyl)-2-oxo-1’- 
tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3ad): The title compound 3ad was obtained 
according to the general procedure (67.7 mg, 99% yield). White solid, m.p. 208−210 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol 
= 80:20, flow rate 1.0 mL/min, detection at 254 nm): major enantiomer tR = 24.6 min, minor 
enantiomer tR = 16.3 min, 89% ee. [α]D

20 +28.8 (c 1.13, CH2Cl2). 1H NMR (400 MHz, 
CDCl3): δ 8.16 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.72 (dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 
2H), 7.65 (d, J = 7.6 Hz, 2H), 7.54−7.47 (m, 2H), 7.39−7.33 (m, 4H), 7.17−6.97 (m, 6H), 6.75 
(t, J = 8.0 Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H), 6.42 (s, 1H), 5.28 (d, J = 7.6 Hz, 1H), 3.14 (d, J 
= 10.4 Hz, 1H), 2.66 (dd, J1 = 17.2 Hz, J2 = 10.4 Hz, 1H), 2.49 (s, 3H), 2.43 (s, 3H), 
2.29−2.25 (m, 4H) ppm; 13C NMR (100 MHz, CDCl3): δ 195.6, 194.9, 177.7, 169.7, 144.4, 
143.9, 139.7, 136.9, 135.7, 135.4, 133.5, 132.9, 129.9, 129.3, 128.7, 128.6, 128.4, 127.8, 
127.7, 126.9, 126.8, 125.9, 125.3, 125.1, 124.3, 115.7, 69.0, 60.3, 39.6, 34.6, 26.5, 21.7, 21.5 
ppm; IR (KBr): ν 3043, 2924, 1747, 1721, 1691, 1604, 1488, 1477, 1463, 1368, 1358, 1339, 
1294, 1268, 1239, 1167, 1091, 1018, 1007, 813, 781, 756, 689, 662, 586, 559 cm−1; HRMS 
(ESI): m/z calcd. for C41H38N3O6S [M + NH4]+ 700.24758, found 700.24752. 
 

N
O

N
Ts

Ac

COPh
MeOC6H4OC

3ae

4

 

  (2’R,3’S,4’S)-1-Acetyl-2’-(4-methoxybenzoyl)-4’-(2-oxo-1-phenylethyl)-2-oxo-1’- 
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tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3ae): The title compound 3ae was obtained 
according to the general procedure (65.6 mg, 94% yield). White solid, m.p. 198−200 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol 
= 85:15, flow rate 1.0 mL/min, detection at 254 nm): major enantiomer tR = 62.9 min, minor 
enantiomer tR = 32.2 min, 89% ee. [α]D

20 +43.7 (c 1.09, CH2Cl2). 1H NMR (400 MHz, 
CDCl3): δ 8.16 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.72 (d, J = 8.0 Hz, 2H), 7.66 (d, 
J = 7.6 Hz, 2H), 7.55−7.48 (m, 2H), 7.40−7.33 (m, 4H), 7.21−7.10 (m, 4H), 6.75 (t, J = 7.6 
Hz, 1H), 6.68 (d, J = 8.8 Hz, 2H), 6.54 (d, J = 7.6 Hz, 1H), 6.40 (s, 1H), 5.30 (d, J = 8.0 Hz, 
1H), 3.77 (s, 3H), 3.16 (d, J = 8.8 Hz, 1H), 2.67 (dd, J1 = 17.6 Hz, J2 = 10.4 Hz, 1H), 2.54 (s, 
3H), 2.43 (s, 3H), 2.28 (dd, J1 = 17.6 Hz, J2 = 2.4 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): 
δ 194.9, 194.3, 177.8, 169.8, 163.4, 144.4, 139.6, 137.1, 135.7, 135.5, 133.5, 132.9, 129.9, 
129.2, 128.7, 128.6, 128.4, 127.8, 126.9, 126.8, 125.9, 125.3, 125.1, 124.3, 115.6, 113.4, 68.7, 
60.5, 55.4, 39.6, 34.7, 26.6, 21.7 ppm; IR (KBr): ν 2928, 2845, 1746, 1721, 1690, 1600, 1510, 
1463, 1368, 1356, 1340, 1265, 1243, 1166, 1091, 1017, 971, 756, 689, 662, 586, 560 cm−1; 
HRMS (ESI): m/z calcd. for C41H38N3O7S [M + NH4]+ 716.24250, found 716.24271. 

N
O

N
Ts

Ac

COPh
MeOC

3af  
(2’R,3’S,4’S)-1,2’-Diacetyl-4’-(2-oxo-1-phenylethyl)-2-oxo-1’-tosyl-spiro[indoline-3,3’-tet
rahydroquinoline] (3af): The title compound 3af was obtained according to the general 
procedure (58.3 mg, 96% yield). White solid, m.p. 198−201 oC. Enantiomeric excess was 
determined by HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol = 85:15, flow rate 1.0 
mL/min, detection at 254 nm): major enantiomer tR = 9.2 min, minor enantiomer tR = 7.3 min, 
85% ee. [α]D

30 −4.6 (c 1.45, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8..22 (d, J = 8.0 Hz, 1H), 
8.03 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 8.0 Hz, 2H), 7.56−7.50 (m, 4H), 7.42−7.34 (m, 4H), 
7.26−7.19 (m, 2H), 6.73 (t, J = 8.0 Hz, 1H), 6.57 (d, J = 7.6 Hz, 1H), 5.25 (s, 1H), 5.21 (d, J = 
8.0 Hz, 1H), 2.82 (d, J = 10.4 Hz, 1H), 2.72 (s, 3H), 2.66 (dd, J1 = 17.6 Hz, J2 = 11.2 Hz, 1H), 
2.44 (s, 3H), 2.37 (d, J = 17.6 Hz, 1H), 2.15 (s, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 
207.8, 194.9, 176.6, 170.7, 145.2, 140.7, 136.4, 135.7, 133.6, 133.54, 133.50, 130.1, 129.7, 
128.7, 128.5, 128.0, 127.8, 127.4, 127.1, 126.8, 124.8, 124.7, 122.9, 116.6, 72.6, 59.7, 38.7, 
34.7, 28.4, 26.8, 21.7 ppm; IR (KBr): ν 3067, 2925, 1750, 1718, 1689, 1599, 1477, 1463, 
1417, 1361, 1337, 1295, 1270, 1232, 1187, 1169, 1014, 925, 916, 813, 759, 690, 663, 585, 
568 cm−1. HRMS (ESI): m/z calcd. for C35H30N2NaO6S [M + Na]+ 629.17168, found 
629.17189. 
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N
O

N
Ts

Ac

COPh
t-BuOC

3ag  
(2’R,3’S,4’S)-1-Acetyl-2’-(2,2-dimethylpropionyl)-4’-(2-oxo-1-phenylethyl)-2-oxo-1’-tosy
l-spiro[indoline-3,3’-tetrahydroquinoline] (3ag): The title compound 3ag was obtained 
according to the general procedure (55.4 mg, 85% yield). White solid, m.p. 174−176 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralpak ASH, n-hexane/2-propanol 
= 95:5, flow rate 0.5 mL/min, detection at 254 nm): major enantiomer tR = 20.1 min, minor 
enantiomer tR = 33.4 min, 86% ee. [α]D

30 −46.1 (c 1.38, CH2Cl2). 1H NMR (400 MHz, CDCl3): 
δ 8.19 (d, J = 8.4 Hz, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.68−7.63 (m, 4H), 7.56−7.46 (m, 2H), 
7.39 (t, J = 7.6 Hz, 2H), 7.30−7.24 (m, 3H), 7.16 (t, J = 7.6 Hz, 1H), 6.83 (t, J = 7.6 Hz, 1H), 
6.54 (d, J = 7.6 Hz, 1H), 6.03 (s, 1H), 5.52 (d, J = 7.6 Hz, 1H), 3.03 (d, J = 10.0 Hz, 1H), 2.72 
(s, 3H), 2.62 (dd, J1 = 17.2 Hz, J2 = 10.4 Hz, 1H), 2.41 (s, 3H), 2.28 (dd, J1 = 17.6 Hz, J2 = 
2.4 Hz, 1H), 0.85 (s, 9H) ppm; 13C NMR (100 MHz, CDCl3): δ 211.5, 194.7, 178.0, 170.4, 
144.4, 139.8, 137.5, 135.8, 135.3, 133.5, 132.9, 129.8, 129.4, 129.1, 128.7, 128.3, 127.8, 
127.1, 126.8, 126.7, 125.7, 125.0, 124.6, 116.0, 67.4, 61.1, 44.2, 40.5, 34.2, 26.9, 26.3, 21.7 
ppm; IR (KBr): ν 3066, 2961, 2922, 1748, 1718, 1686, 1599, 1479, 1463, 1449, 1369, 1354, 
1339, 1294, 1266, 1232, 1167, 1088, 1046, 1015, 976, 812, 758, 689, 664, 585, 561 cm−1. 
HRMS (ESI): m/z calcd. for C38H40N3O6S [M + NH4]+ 666.26323, found 666.26339. 
 

N
O

N
Ts

Ac

COPh
PhOC

F

3ah  
  (2’R,3’S,4’S)-1-Acetyl-2’-benzoyl-5-fluoro-4’-(2-oxo-1-phenylethyl)-2-oxo-1’- 
tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3ah): The title compound 3ah was obtained 
according to the general procedure (67.8 mg, 99% yield). White solid, m.p. 105−108 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralpak IA, n-hexane/2-propanol = 
90:10, flow rate 0.8 mL/min, detection at 254 nm): major enantiomer tR = 24.6 min, minor 
enantiomer tR = 21.4 min, 76% ee. [α]D

20 +14.7 (c 1.13, CH2Cl2). 1H NMR (400 MHz, 
CDCl3): δ 8.16 (d, J = 8.0 Hz, 1H), 7.82−7.79 (m, 1H), 7.72 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 
8.0 Hz, 2H), 7.56−7.50 (m, 2H), 7.42−7.34 (m, 5H), 7.28−7.16 (m, 5H), 6.84 (dt, J1 = 8.8 Hz, 
J2 = 2.4 Hz, 1H), 6.56 (d, J = 7.6 Hz, 1H), 6.45 (s, 1H), 4.97 (dd, J1 = 8.0 Hz, J2 = 2.4 Hz, 
1H), 3.18 (d, J = 10.4 Hz, 1H), 2.68 (dd, J1 = 17.2 Hz, J2 = 10.4 Hz, 1H), 2.45 (s, 3H), 2.44 (s, 
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3H), 2.25 (dd, J1 = 17.2 Hz, J2 = 2.8 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 195.6, 
194.6, 177.2, 169.4, 158.2, 144.6, 136.8, 136.0, 135.8, 135.6, 135.3, 133.6, 133.2, 132.5, 
128.8 (d, 1JCF = 236.9 Hz), 128.9, 128.74, 128.70, 128.2, 127.8, 127.0, 126.9, 126.3, 126.2, 
126.0, 117.1 (d, 3JCF= 7.9 Hz), 116.1 (d, 2JCF = 22.4 Hz), 112.9 (d, 2JCF = 25.6 Hz), 70.0, 60.4, 
39.6, 34.5, 26.4, 21.7 ppm; IR (KBr): ν 3066, 2925, 1751, 1721, 1689, 1598, 1477, 1448, 
1370, 1359, 1291, 1251, 1168, 1091, 1011, 970, 813, 759, 738, 695, 666, 581, 565 cm−1; 
HRMS (ESI): m/z calcd. for C40H35FN3O6S [M + NH4]+ 704.22251, found 704.22153. 
 

N
O

N
Ts

Ac

COPh
PhOC

Cl

3ai  
  (2’R,3’S,4’S)-1-Acetyl-2’-benzoyl-5-chloro-4’-(2-oxo-1-phenylethyl)-2-oxo-1’- 
tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3ai): The title compound 3ai was obtained 
according to the general procedure (69.6 mg, 99% yield). White solid, m.p. 102−105 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralpak IA, n-hexane/2-propanol = 
95:5, flow rate 0.8 mL/min, detection at 254 nm): major enantiomer tR = 46.9 min, minor 
enantiomer tR = 41.9 min, 89% ee. [α]D

20 −10.1 (c 1.19, CH2Cl2). 1H NMR (400 MHz, CDCl3): 
δ 8.16 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.8 Hz, 1H), 7.72 (d, J = 7.6 Hz, 2H), 7.66 (d, J = 8.4 
Hz, 2H), 7.56−7.51 (m, 2H), 7.44−7.34 (m, 5H), 7.25−7.17 (m, 5H), 7.12 (dd, J1 = 8.8 Hz, J2 
= 2.4 Hz, 1H), 6.56 (d, J = 7.2 Hz, 1H), 6.43 (s, 1H), 5.15 (d, J = 2.0 Hz, 1H), 3.17 (d, J = 8.8 
Hz, 1H), 2.69 (dd, J1 = 17.6 Hz, J2 = 2.4 Hz, 1H), 2.46 (s, 3H), 2.44 (s, 3H), 2.25 (dd, J1 = 
17.6 Hz, J2 = 2.4 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 195.7, 194.6, 176.9, 169.5, 
144.6, 138.2, 136.8, 136.0, 135.6, 135.3, 133.6, 133.1, 132.5, 130.6, 130.0, 129.4, 128.9, 
128.8, 128.7, 128.2, 127.8, 127.7, 127.0, 126.9, 126.1, 126.0, 125.4, 116.9, 69.1, 60.3, 39.6, 
34.4, 26.4, 21.7 ppm; IR (KBr): ν 3069, 2925, 1752, 1723, 1689, 1597, 1487, 1468, 1448, 
1368, 1359, 1321, 1293, 1258, 1237, 1167, 1104, 1091, 1008, 969, 812, 756, 742, 726, 695, 
666, 613, 569 cm−1; HRMS (ESI): m/z calcd. for C40H35ClN3O6S [M + NH4]+ 720.19296, 
found 720.19306. 
 

N
O

N
Ts

Ac

COPh
PhOC

MeO

3aj  
  (2’R,3’S,4’S)-1-Acetyl-2’-benzoyl-5-methoxy-4’-(2-oxo-1-phenylethyl)-2-oxo-1’- 
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tosyl-spiro[indoline-3,3’-tetrahydroquinoline] (3aj): The title compound 3aj was obtained 
according to the general procedure (69.2 mg, 99% yield). White solid, m.p. 94−97 oC. 
Enantiomeric excess was determined by HPLC (Daicel Chiralpak IA, n-hexane/2-propanol = 
95:5, flow rate 0.8 mL/min, detection at 254 nm): major enantiomer tR = 65.1 min, minor 
enantiomer tR = 58.3 min, 90% ee. [α]D

20 +8.7 (c 1.15, CH2Cl2). 1H NMR (400 MHz, CDCl3): 
δ 8.18 (d, J = 8.0 Hz, 1H), 7.74−7.66 (m, 5H), 7.55−7.48 (m, 2H), 7.40−7.34 (m, 5H), 
7.24−7.15 (m, 5H), 6.65 (dd, J1 = 8.8 Hz, J2 = 2.4 Hz, 1H), 6.58 (d, J = 8.0 Hz, 1H), 6.43 (s, 
1H), 4.78 (d, J = 2.8 Hz, 1H), 3.32 (s, 3H), 3.15 (dd, J1 = 10.4 Hz, J2 = 2.0 Hz, 1H), 2.68 (dd, 
J1 = 17.6 Hz, J2 = 10.4 Hz, 1H), 2.44 (s, 3H), 2.43 (s, 3H), 2.30 (dd, J1 = 17.6 Hz, J2 = 2.4 Hz, 
1H) ppm; 13C NMR (100 MHz, CDCl3): δ 195.9, 194.9, 177.5, 169.3, 156.5, 144.5, 137.1, 
136.2, 135.7, 135.4, 133.5, 133.14, 133.05, 132.9, 130.0, 128.9, 128.7, 128.4, 128.1, 127.8, 
127.6, 126.9, 126.8, 126.2, 125.2, 116.8, 115.7, 109.7, 69.2, 60.4, 55.0, 39.6, 34.6, 26.4, 21.7 
ppm; IR (KBr): ν 3065, 2925, 1747, 1715, 1689, 1597, 1485, 1448, 1358, 1295, 1256, 1184, 
1167, 1099, 1091, 1008, 970, 813, 758, 737, 695, 666, 656, 562 cm−1; HRMS (ESI): m/z 
calcd. for C41H38N3O7S [M + NH4]+ 716.24250, found 716.24258. 
 
Further investigation of substrate scope 
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EtO2C

3ak  
(2’R,3’S,4’S)-2’-Ethyl 1-acetyl-4’-(2-oxo-1-phenylethyl)-2-oxo-1’-tosyl-spiro[indoline- 

3,3’-tetrahydroquinoline]-2’-carboxylate (3ak): The title compound 3ak was obtained 
according to the general procedure with −10 oC instead of room temperature (61.6 mg, 97% 
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yield). White solid, m.p. 196−198 oC. Enantiomeric excess was determined by HPLC (Daicel 
Chiralcel AD-H, n-hexane/2-propanol = 85:15, flow rate 1.0 mL/min, detection at 254 nm): 
major enantiomer tR = 13.4 min, minor enantiomer tR = 16.9 min, 84% ee. [α]D

20 +3.7 (c 1.03, 
CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.21 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 
7.70 (d, J = 8.0 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.48−7.39 (m, 3H), 
7.32 (d, J = 8.0 Hz, 2H), 7.25 (t, J = 8.0 Hz, 1H), 7.15 (t, J = 7.6 Hz, 1H), 6.76 (t, J = 7.6 Hz, 
1H), 6.54 (d, J = 7.6 Hz, 1H), 5.55 (s, 1H), 5.28 (d, J = 7.6 Hz, 1H), 3.74−3.66 (m, 1H), 
3.60−3.52 (m, 1H), 2.98 (d, J = 8.8 Hz, 1H), 2.75−2.68 (m, 4H), 2.42−2.37 (m, 4H), 0.70 (t, J 
= 7.2 Hz, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 194.9, 177.2, 170.6, 167.6, 144.6, 140.4, 
136.3, 135.7, 134.8, 133.5, 132.9, 129.9, 129.6, 128.7, 128.45, 128.42, 127.8, 127.0, 126.9, 
126.1, 125.0, 124.8, 124.1, 116.0, 66.1, 61.5, 60.0, 39.1, 34.6, 26.8, 21.7, 13.2 ppm; IR (KBr): 
ν 3065, 2978, 2926, 1756, 1721, 1688, 1599, 1478, 1463, 1368, 1362, 1340, 1299, 1270, 1243, 
1186, 1168, 1102, 1095, 1018, 1009, 810, 758, 690, 662, 586, 560 cm−1; HRMS (ESI): m/z 
calcd. for C36H36N3O7S [M + NH4]+ 654.22685, found 654.22775. 
 

N
O

N
Ts

Ac

COPh
EtO2C

Cl

3al  
(2’R,3’S,4’S)-2’-Ethyl 1-acetyl-5-chloro-4’-(2-oxo-1-phenylethyl)-2-oxo-1’-tosyl-spiro 

[indoline-3,3’-tetrahydroquinoline]-2’-carboxylate (3al): The title compound 3al was 
obtained according to the general procedure with −10 oC instead of room temperature (66.8 
mg, 99% yield). White solid, m.p. 187−189 oC. Enantiomeric excess was determined by 
HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol = 80:20, flow rate 1.0 mL/min, detection 
at 254 nm): major enantiomer tR = 10.3 min, minor enantiomer tR = 8.9 min, 78% ee. [α]D

20 
−37.1 (c 1.11, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.18 (d, J = 8.4 Hz, 1H), 8.05 (d, J = 
8.0 Hz, 1H), 7.71 (d, J = 7.6 Hz, 2H), 7.62−7.55 (m, 3H), 7.50 (t, J = 8.0 Hz, 1H), 7.42 (t, J = 
7.2 Hz, 2H), 7.32 (d, J = 7.6 Hz, 2H), 7.24−7.17 (m, 2H), 6.57 (d, J = 7.6 Hz, 1H), 5.54 (s, 
1H), 5.14 (s, 1H), 3.82−3.64 (m, 2H), 3.00 (d, J = 10.8 Hz, 1H), 2.77−2.70 (m, 4H), 2.43 (s, 
3H), 2.37 (d, J = 17.2 Hz, 1H), 0.77 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 
194.7, 176.6, 170.6, 167.6, 144.9, 139.1, 136.3, 135.7, 134.8, 133.8, 132.7, 130.6, 130.2, 
129.7, 128.9, 128.8, 128.0, 127.3, 127.0, 126.9, 126.3, 124.6, 117.4, 109.8, 66.2, 61.9, 60.2, 
39.2, 34.6, 26.9, 21.9, 13.5 ppm; IR (KBr): ν 3069, 2980, 2927, 1759, 1723, 1688, 1598, 1487, 
1469, 1368, 1323, 1295, 1258, 1241, 1187, 1168, 1106, 1092, 1009, 809, 754, 726, 690, 662, 
613, 570 cm−1; HRMS (ESI): m/z calcd. for C36H35ClN3O7S [M + NH4]+ 688.18788, found 
688.18777. 
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3am  
(2’R,3’S,4’S)-2’-Ethyl 1-acetyl-5-methoxy-4’-(2-oxo-1-phenylethyl)-2-oxo-1’-tosyl- 

spiro[indoline-3,3’-tetrahydroquinoline]-2’-carboxylate (3am): The title compound 3am 
was obtained according to the general procedure with −10 oC instead of room temperature 
(65.2 mg, 98% yield). White solid, m.p. 99−102 oC. Enantiomeric excess was determined by 
HPLC (Daicel Chiralcel AD-H, n-hexane/2-propanol = 85:15, flow rate 1.0 mL/min, detection 
at 254 nm): major enantiomer tR = 16.1 min, minor enantiomer tR = 18.1 min, 84% ee. [α]D

20 
−15.2 (c 1.09, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.13 (d, J = 8.8 Hz, 1H), 8.07 (d, J = 
8.0 Hz, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.63−7.54 (m, 3H), 7.49−7.40 (m, 3H), 7.33 (d, J = 8.0 
Hz, 2H), 7.17 (t, J = 7.6 Hz, 1H), 6.76 (dd, J1 = 9.2 Hz, J2 = 2.4 Hz, 1H), 6.57 (d, J = 7.6 Hz, 
1H), 5.53 (s, 1H), 4.80 (s, 1H), 3.80−3.72 (m, 1H), 3.66−3.58 (m, 1H), 3.32 (s, 3H), 2.97 (d, J 
= 10.0 Hz, 1H), 2.77−2.69 (m, 4H), 2.43−2.39 (m, 4H), 0.74 (t, J = 7.2 Hz, 3H) ppm; 13C 
NMR (100 MHz, CDCl3): δ 194.9, 177.0, 170.2, 167.5, 156.3, 144.6, 136.4, 135.7, 134.8, 
133.64, 133.56, 133.1, 130.0, 128.7, 128.6, 128.3, 127.8, 127.0, 126.9, 126.4, 125.9, 117.1, 
115.4, 109.0, 66.0, 61.5, 60.1, 54.9, 39.1, 34.6, 26.6, 21.7, 13.3 ppm; IR (KBr): ν 3065, 2939, 
1755, 1716, 1689, 1597, 1485, 1450, 1361, 1297, 1257, 1185, 1169, 1103, 1095, 1034, 1008, 
812, 755, 742, 691, 662, 617, 579 cm−1; HRMS (ESI): m/z calcd. for C37H38N3O8S [M + 
NH4]+ 684.23741, found 684.23865. 
 

N
O

N
Ts

Boc

COPh
PhOC

3an  
(2’R,3’S,4’S)-1-tert-Butyl 2’-benzoyl-4’-(2-oxo-1-phenylethyl)-2-oxo-1’-tosyl-spiro 

-[indoline-3,3’-tetrahydroquinoline]-1-carboxylate (3an): The title compound 3an was 
obtained according to the general procedure (72.0 mg, 99% yield). White solid, m.p. 108−111 
oC. Enantiomeric excess was determined by HPLC (Daicel Chiralcel AD-H, 
n-hexane/2-propanol = 85:15, flow rate 1.0 mL/min, detection at 254 nm): major enantiomer 
tR = 22.3 min, minor enantiomer tR = 14.4 min, 53% ee. [α]D

20 +4.7 (c 1.20, CH2Cl2). 1H 
NMR (400 MHz, CDCl3): δ 8.17 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 7.6 Hz, 2H), 7.66 (d, J = 8.4 
Hz, 2H), 7.54−7.46 (m, 2H), 7.40−7.28 (m, 6H), 7.22−7.06 (m, 6H), 6.72 (t, J = 7.6 Hz, 1H), 
6.55 (d, J = 7.6 Hz, 1H), 6.51 (s, 1H), 5.27 (d, J = 7.6 Hz, 1H), 3.12 (d, J = 9.6 Hz, 1H), 2.60 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 S15

(dd, J1 = 17.2 Hz, J2 = 10.8 Hz, 1H), 2.41−2.36 (m, 4H), 1.57 (s, 9H) ppm; 13C NMR (100 
MHz, CDCl3): δ 195.8, 195.1, 175.6, 147.7, 144.2, 139.2, 136.9, 135.9, 135.6, 133.3, 133.2, 
132.6, 129.9, 129.1, 128.9, 128.5, 128.3, 128.2, 127.8, 127.6, 126.9, 126.8, 126.0, 125.5, 
124.4, 124.0, 114.0, 85.1, 68.8, 60.2, 39.5, 34.7, 27.9, 21.6 ppm; IR (KBr): ν 3060, 2980, 
2931, 1790, 1754, 1740, 1708, 1691, 1598, 1479, 1464, 1448, 1357, 1298, 1239, 1167, 1150, 
1093, 971, 753, 694, 664, 561 cm−1; HRMS (ESI): m/z calcd. for C43H42N3O7S [M + NH4]+ 

744.27380, found 744.27502. 
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Copies of 1H and 13C NMR spectra of new compounds  
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Copies of HPLC profiles of Michael addition products 
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