
S1 

 

Supporting Information 

 

Enantioselective synthesis of spiro[indoline-3,4’-pyrano[2,3-c]pyrazole] 

derivatives via organocatalytic asymmetric Michael/cyclization 

cascade reaction 

Jin Xie,
a
 Xiao-Yu Xing,

a
 Feng Sha,

*,a
 Zhi-Yan Wu

b
, Xin-Yan Wu

*, a 

a 
Key Laboratory for Advanced Materials and Institute of Fine Chemicals, School of 

Chemistry & Molecular Engineering, East China University of Science and Technology, 

Shanghai 200237, P. R. China 

b
 Quanzhou High School, Guilin, Guangxi 541500 

E-mail: xinyanwu@ecust.edu.cn 

 

Table of Contents 

1. General Information ................................................................................................ S2 

2. Synthesis of Isatylidene Malononitriles 2e-2p ........................................................ S2 

3. References ............................................................................................................... S6 

4. Copies of NMR Spectra of the Products 3 .............................................................. S7 

5. Copies of NMR Spectra of Substrates 2e-2p ........................................................ S29 

6. Copies of NMR Spectra of Compounds 4-6 ......................................................... S41 

7. Copies of HPLC Spectra of the Products 3-6 ........................................................ S43 

8. X-ray Structure and Crystal Data for Compound 4 ............................................... S71 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2016

mailto:xinyanwu@ecust.edu.cn


S2 

 

1. General Information 

Melting points were taken without correction. 
1
H NMR and 

13
C NMR spectra were 

recorded on Bruker 300 spectrometer or Bruker 400 spectrometer.
 1

H NMR spectra were 

referenced to tetramethylsilane (δ 0.00 ppm) using CDCl3 as solvent or referenced to solvent 

protons (δ 2.50 ppm) using DMSO-d6 as solvent. 
13

C NMR spectra were referenced to solvent 

carbons (δ 77.0 ppm for CDCl3 or δ 39.52 ppm for DMSO-d6). IR spectra were recorded on 

Nicolet Magna-I 550 spectrometer. High resolution mass spectra (HRMS) were performed on 

an electron spray ionization time-of-flight (ESI-TOF) mass spectrometer. Thin-layer 

chromatography (TLC) was performed on 10-40 μm silica gel plates. Column 

chromatography was performed, using silica gel (300-400 mesh) eluted with ethyl acetate and 

CH2Cl2. 

Pyrazolones 1a-1e
1
 and isatylidene malononitriles 2a-2d, 2q-2s

2
 were prepared 

according to literature procedures. 

2. Synthesis of Isatylidene Malononitriles 2e-2p 

 

To a solution of the N-substituted isatins (5.0 mmol) in anhydrous ethanol (10 mL) 

malonodinitrile was added, as well as one drop piperidine as catalyst. The resulting mixture 

was stirred until the reaction completed (monitored by TLC). The solvent was removed under 

reduced pressure and the residue was purified by column chromatography (CH2Cl2) to give 

the desired product 2. 

2-(2-oxo-1-tritylindolin-3-ylidene)malononitrile (2e) 

Red solid, mp: 236.2-239.1 
o
C, 

1
H NMR (DMSO-d6, 400 MHz): δ 7.98 (d, 

J = 7.6 Hz, 1H), 7.48 (d, J = 7.6 Hz, 6H), 7.31 (t, J = 7.6 Hz, 7H), 7.28-7.19 (m, 

3H), 7.13 (t, J = 7.6 Hz, 1H), 6.29 (d, J = 8.4 Hz, 1H);
 13

C NMR (DMSO-d6, 

100 MHz): δ 163.4, 149.9, 146.4, 141.1, 135.9, 128.8, 127.9, 127.1, 125.2, 
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123.3, 119.3, 116.5, 113.1, 111.9, 80.6, 74.4; IR (KBr, cm-1): ν 3421, 3036, 2225, 1719, 1593, 

1579, 1490. 1461, 1448, 1340, 1311, 1279, 1209, 1188, 1210, 1186, 1111, 1033, 1002, 794, 

773, 764, 744, 722, 706, 697, 644; HRMS (ESI) calcd for C30H19KN3O ([M+K]
+
): 476.1165, 

found: 476.1163. 

2-(4-chloro-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2f) 

Red solid, mp: 219.2-223.1 
o
C, 

1
H NMR (CDCl3, 300 MHz): δ 7.41 (d, J = 

6.6 Hz, 6H), 7.31-7.23 (m, 9H), 7.09 (t, J = 8.4 Hz, 1H), 6.97 (d, J = 8.1 Hz, 

1H), 6.32 (d, J = 8.1 Hz, 1H);
 13

C NMR (CDCl3, 75 MHz): δ 164.4, 148.2, 147.8, 

140.5, 135.8, 134.2, 128.9, 128.1, 127.5, 125.3, 117.7, 115.0, 113.2, 112.2, 85.7, 

75.7; IR (KBr, cm-1): ν 3420, 2959, 2927, 2852, 1733, 1584, 1455, 1428, 1332, 1279, 1256, 

1226, 1184, 1146, 1084, 1023, 760, 749, 704; HRMS (ESI) calcd for C30H18ClNaN3O 

([M+Na]
+
): 494.1036, found:494.1034. 

2-(4-bromo-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2g) 

Red solid, mp: 217.4-220.3 
o
C, 

1
H NMR (CDCl3, 300 MHz): δ 7.42 (d, J = 

7.5 Hz, 6H), 7.31-7.16 (m, 10H), 6.99 (t, J = 8.4 Hz, 1H), 6.37 (d, J = 8.4 Hz, 

1H);
 13

C NMR (CDCl3, 75 MHz): δ 164.7, 149.3, 148.5, 140.5, 135.7, 128.8, 

128.1, 127.5, 122.2, 119.8, 115.4, 113.1, 111.9, 85.2, 75.7; IR (KBr, cm
-1

): ν 

3421, 2957, 2923, 2849, 2314, 1730, 1635, 1583 ,1454, 1428, 1329, 1273, 1263, 1220, 1177, 

1138, 1088, 766, 750, 704; HRMS (ESI) calcd for C30H18BrNaN3O ([M+Na]
+
): 538.0531, 

found:538.0539. 

2-(5-methoxy-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2h) 

Red solid, mp: 196.9-199.1 
o
C, 

1
H NMR (CDCl3, 300 MHz): δ 7.63 (d, 

J = 2.7 Hz, 1H), 7.41 (d, J = 6.9 Hz, 6H), 7.30-7.17 (m, 9H), 6.74 (dd, J1 = 

9.0 Hz, J2 = 2.7 Hz, 1H), 6.23 (d, J = 9.3 Hz, 1H), 3.74(s, 3H);
 13

C NMR 

(CDCl3, 75 MHz): δ 163.4, 155.5, 150.0, 141.4, 140.8, 129.0, 128.0, 127.3, 

123.4, 119.6, 117.9, 112.7, 111.1, 109.3, 81.3, 75.3, 55.6; IR (KBr, cm
-1

): ν 3434, 2957, 2927, 

2850, 2228, 1727, 1581, 1484, 1449, 1308, 1274, 1265, 1230, 1193, 1164, 1121, 1089, 1035, 

902, 873, 851, 821, 800, 764, 748, 727, 704; HRMS (ESI) calcd for C31H21NaN3O2 

([M+Na]
+
): 490.1531, found: 490.1531. 

2-(5-methyl-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2i) 
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Red solid, mp: 226.7-228.4 
o
C, 

1
H NMR (CDCl3, 300 MHz): δ 7.90 (s, 

1H), 7.41 (d, J = 7.8 Hz, 6H), 7.28-7.23 (m, 9H), 6.97 (d, J = 8.4 Hz, 1H), 

6.21 (d, J = 8.4 Hz, 1H), 3.24 (s, 3H);
 13

C NMR (CDCl3, 75 MHz): δ 163.4, 

149.8, 145.1, 140.8, 137.1, 133.2, 128.9, 127.9, 127.3, 126.0, 119.0, 116.7, 

112.7, 111.2, 80.8, 75.2, 20.6; IR (KBr, cm
-1

): ν 3422, 2958, 2924, 2227, 1725, 1616, 1579, 

1482, 1451, 1314, 1270, 1242, 1196, 1160, 1129, 1087, 1036, 1003, 903, 822, 795, 726, 704; 

HRMS (ESI) calcd for C31H21NaN3O ([M+Na]
+
): 474.1582, found: 474.1578. 

2-(5-fluoro-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2j) 

Red solid, mp: 224.2-228.2 
o
C, 

1
H NMR (CDCl3, 400 MHz): δ 7.83 (dd, 

J1 = 7.6 Hz, J2 = 2.4 Hz, 1H), 7.41-7.38 (m, 6H), 7.31-7.21 (m, 9H), 6.89 (dt, 

J1 = 8.8 Hz, J2 = 2.8 Hz, 1H), 6.30 (dd, J1 = 9.2 Hz, J2 = 4.0 Hz, 1H);
 13

C 

NMR (CDCl3, 75 MHz): δ 163.0, 159.9, 156.6, 149.1, 143.5, 140.5, 128.9, 

128.1, 127.5, 123.0 (d, JC-F = 23.3 Hz), 119.6 (d, JC-F = 8.6 Hz), 118.1 (d, JC-F = 7.4 Hz), 

112.5 (d, JC-F = 25.1 Hz), 111.4 (d, JC-F = 107.8 Hz), 82.9, 75.6; IR (KBr, cm
-1

): ν 3447, 2227, 

1729, 1587, 1480, 1451, 1316, 1301, 1268, 1223, 1185, 1167, 1155, 1114, 1084, 1036, 1006, 

980, 903, 872, 823, 810, 743, 726, 704; HRMS (ESI) calcd for C30H18FNaN3O ([M+Na]
+
): 

478.1332, found: 478.1332. 

2-(5-chloro-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2k) 

Red solid, mp: 210.3-212.6 
o
C, 

1
H NMR (CDCl3, 300 MHz): δ 8.07 (s, 

1H), 7.39 (d, J = 7.2 Hz, 6H), 7.27 (d, J = 7.5 Hz, 9H), 7.13 (d, J = 8.7 Hz, 

1H), 6.29 (d, J = 9.3 Hz, 1H);
 13

C NMR (CDCl3, 75 MHz): δ 162.8, 148.5, 

145.6, 140.4, 135.7, 128.9, 128.1, 127.5, 125.3, 120.0, 118.0, 112.1, 110.6, 

82.9, 75.6; IR (KBr, cm
-1

): ν 3427, 2957, 2928, 2853, 2320, 1726, 1598, 1457, 1304, 1267, 

1182, 1125, 1088, 1052, 957, 903, 878, 821, 766, 745, 726, 704; HRMS (ESI) calcd for 

C30H18ClNaN3O ([M+Na]
+
): 494.1036, found: 494.1033. 

2-(5-bromo-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2l) 

Red solid, mp: 225.4-227.8 
o
C, 

1
H NMR (CDCl3, 300 MHz): δ 8.21 (s, 

1H), 7.39 (d, J = 6.9 Hz, 6H), 7.31-7.24 (m, 10H), 6.23 (d, J = 9.0 Hz, 1H);
 

13
C NMR (CDCl3, 75 MHz): δ 162.7, 148.3, 146.1, 140.4, 138.5, 128.9, 

128.2, 128.1, 127.6, 120.4, 118.3, 116.4, 112.1, 110.6, 82.9, 75.6; IR (KBr, 

cm
-1

): ν 3423, 2958, 2926, 2850, 2222, 1723, 1592, 1463, 1302, 1267, 1186, 1127, 1080, 1033, 
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951, 902, 881, 819, 766, 747, 724, 701; HRMS (ESI) calcd for C30H18BrNaN3O ([M+Na]
+
): 

538.0531, found: 538.0529. 

2-(6-methyl-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2m) 

Red solid, mp: 239.5-242.1 
o
C, 

1
H NMR (CDCl3, 300 MHz): δ 7.99 (d, 

J = 8.1 Hz, 1H), 7.41 (d, J = 7.2 Hz, 6H), 7.31-7.23 (m, 9H), 6.82 (d, J = 7.8 

Hz, 1H), 6.03 (s, 1H), 2.11 (s, 3H);
 13

C NMR (CDCl3, 75 MHz): δ 163.7, 

149.3, 148.6, 147.6, 140.9, 129.0, 127.9, 127.3, 125.9, 124.3, 117.6, 116.8, 

112.9, 111.3, 79.6, 75.3, 23.2; IR (KBr, cm
-1

): ν 3421, 2954, 2925, 2848, 2320, 1725, 1613, 

1589, 1448, 1346, 1273, 1260, 1192, 1124, 1090, 900, 817, 764, 749, 723, 701; HRMS (ESI) 

calcd for C31H21NaN3O ([M+Na]
+
): 474.1582, found: 474.1581. 

2-(6-chloro-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2n) 

Red solid, mp: 258.1-258.5 
o
C, 

1
H NMR (DMSO-d6, 400 MHz): δ 7.97 

(d, J = 8.4 Hz, 1H), 7.46 (d, J = 8.0 Hz, 6H), 7.35 (t, J = 7.6 Hz, 6H), 

7.30-7.26 (m, 4H), 6.08 (d, J = 1.6 Hz, 1H);
 13

C NMR (CDCl3, 75 MHz): δ 

163.2, 148.2, 148.1, 142.6, 140.4, 128.9, 128.2, 127.6, 127.2, 126.6, 123.7, 

117.5, 117.3, 112.5, 110.9, 107.6, 75.8; IR (KBr, cm
-1

): ν 3431, 2956, 2921, 2849, 2223, 1726, 

1641, 1631, 1591, 1421, 1344, 1270, 1244, 1190, 1119, 1082, 1051, 980, 956, 936, 906, 819, 

794, 768, 747, 726, 698; HRMS (ESI) calcd for C30H18ClNaN3O ([M+Na]
+
): 494.1036, found: 

494.1030. 

2-(6-bromo-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2o) 

Red solid, mp: 238.4-242.6 
o
C, 

1
H NMR (DMSO-d6, 400 MHz): δ 7.88 

(d, J = 8.4 Hz, 1H), 7.45 (d, J = 8.0 Hz, 6H), 7.42-7.39 (m, 1H), 7.35 (t, J = 

7.6 Hz, 6H), 7.29 (d, J = 7.2 Hz, 3H), 6.23 (s, 1H);
 13

C NMR (DMSO-d6, 

100 MHz): δ 163.2, 148.8, 147.1, 140.7, 128.8, 128.0, 127.4, 126.4, 126.2, 

119.0, 118.6, 113.1, 111.8, 81.2, 74.8; IR (KBr, cm
-1

): ν 3428, 2960, 2930, 2312, 1726, 1640, 

1633, 1590, 1411, 1334, 1270, 1242, 1188, 1160, 1120, 1072, 1012, 922, 902, 864, 819, 797, 

725, 698; HRMS (ESI) calcd for C30H18BrNaN3O ([M+Na]
+
): 538.0531, found: 538.0526. 

2-(7-fluoro-2-oxo-1-tritylindolin-3-ylidene)malononitrile (2p) 

Red solid, mp: 228.9-229.9 
o
C, 

1
H NMR (CDCl3, 300 MHz): δ 8.08 (d, J 
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= 7.8 Hz, 1H), 7.39-7.36 (m, 6H), 7.28-7.23 (m, 9H), 7.07-6.93 (m, 2H);
 13

C NMR (CDCl3, 

75 MHz): δ 162.6, 148.9, 148.2, 144.9, 142.1, 133.5 (d, JC-F = 9.2 Hz), 128.5, 127.7, 127.1, 

126.5 (d, JC-F = 23.3 Hz), 125.2 (d, JC-F = 7.4 Hz), 122.5, 121.2, 111.6 (d, JC-F = 123.2 Hz), 

83.0, 76.0; IR (KBr, cm
-1

): ν 3408, 2955, 2927, 2849, 1729, 1643, 1594, 1492, 1450, 1301, 

1266, 1250, 1207, 1190, 1157, 1088, 923, 902, 862, 838, 801, 763, 745, 725, 702; HRMS 

(ESI) calcd for C30H18FNaN3O ([M+Na]
+
): 478.1332, found: 478.1330. 
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4. Copies of NMR Spectra of the Products 3 
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5. Copies of NMR Spectra of Substrates 2e-2p 
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6. Copies of NMR Spectra of Compounds 4-6  
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7. Copies of HPLC Spectra of the Products 3-6 
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8. X-ray Structure and Crystal Data for Compound 4 

The crystal data of 4 have been deposited in CCDC with number 1468155. 

 

Table 1. Crystal data and structure refinement for 4. 

Identification code  4 

Empirical formula  C43H32BrN5O3 

Formula weight  746.64 

Temperature  296.15 K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 1 21 1 

Unit cell dimensions a = 13.218(2) Å  90°. 

 b = 16.657(3) Å  92.527(3)°. 

 c = 16.344(3) Å  = 90°. 

Volume 3595.2(10) Å3 

Z 4 

Density (calculated) 1.379 Mg/m3 

Absorption coefficient 1.192 mm-1 

F(000) 1536 

Crystal size 0.15 x 0.12 x 0.08 mm3 

Theta range for data collection 1.542 to 27.705°. 
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Index ranges -17<=h<=17, -21<=k<=18, -20<=l<=21 

Reflections collected 29858 

Independent reflections 15941 [R(int) = 0.0554] 

Completeness to theta = 26.000° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7456 and 0.6136 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 15941 / 1 / 941 

Goodness-of-fit on F2 0.866 

Final R indices [I>2sigma(I)] R1 = 0.0474, wR2 = 0.0811 

R indices (all data) R1 = 0.1338, wR2 = 0.1057 

Absolute structure parameter -0.003(6) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.287 and -0.263 e.Å-3 

 


