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1. General Information
Melting points were taken without correction. 1H  NMR  and 13C NMR spectra

were recorded on Bruker 400 spectrometer and the chemical shifts were referenced to
tetramethylsilane (  0.00 ppm) using d6-DMSO or CDCl3 as solvent. 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. Optical rotations were measured on a WZZ-2A digital polarimeter at the
wavelength of the sodium D-line (589 nm). HPLC analysis was performed on Waters
equipment using Daicel Chiralpak AD-H, Chiralcel OD-H Chiralpak or AS-H column
column.

Toluene, THF, and ether were freshly distilled from sodium-benzophenone. Ethyl
acetate, CH2Cl2,  DMF,  and  CH3CN were freshly distilled from CaH2. Thin-layer
chromatography (TLC) was performed on 10-40 m silica  gel  plates.  Column
chromatography was performed, using silica gel (300-400 mesh) eluted with ethyl
acetate and CH2Cl2.

Catalysts A1-A3,1 A4,2 A5-A73 and A84 were  prepared according to literature
procedures.

2. General Procedure for the Cascade Reaction and Characterization
of the Products

To a solution of catalyst A5 (0.002 mmol, 0.8 mg) and allyl pyrazoleamide 1 (0.3
mmol) in 2 mL of CH3CN was added isatin derivative 2 (0.2 mmol) at 25 oC, and the
resulting mixture was stirred at this temperature until the reaction completed
(monitored by TLC). The solvent was removed under reduced pressure and the
residue was puri ed by column chromatography (20/1 CH2Cl2/ethyl acetate) to give
the desired product 3.

(S)-1-methyl-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione (3aa). Yield:
99% (60.5 mg), white solid, mp 192.2-193.2 oC,  91%  ee,  [ ]D

20 +50.2  (c 0.48,
CH3CN); 1H NMR (400 MHz, CDCl3):  7.54-7.52 (m, 2H), 7.47-7.41 (m, 4H), 7.37
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(td, J = 8.0 Hz, 1.2 Hz, 1H), 7.04 (td, J = 7.6 Hz, 0.8 Hz, 1H), 6.87 (d,
J = 7.6 Hz, 1H), 6.57 (s, 1H), 3.34 (dd, J = 18.0 Hz, 1.6 Hz, 1H),
3.20 (s, 3H), 3.09 (dd, J =  18.0  Hz,  1.2  Hz,  1H);  HPLC  analysis
(Daicel Chiralcel OD-H column, n-Hexane/i-PrOH = 65:35, 0.9

mL/min,  = 254 nm): tR =  27.5 min (minor), 31.2 min (major).

(S)-1-benzyl-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione
(3ab). Yield: 98 % (74.6 mg), white solid, mp 185.9-186.3 oC, 91%
ee, [ ]D

20 +36.4 (c 0.58, CH3CN); 1H NMR (400 MHz, d6-DMSO):
7.81 (d, J = 7.6 Hz, 2H), 7.63 (d, J = 7.2 Hz, 1H), 7.52-7.47 (m, 3H),

7.38-7.28 (m, 6H), 7.09 (t, J =  7.2  Hz,  1H),  7.01  (d, J =  8.0  Hz,  1H),  6.73  (s,  1H),
4.36 (d, J =16.0 Hz, 1H), 4.89 (d, J = 16.0 Hz, 1H), 3.53 (d, J = 18.4 Hz, 1H), 3.42 (d,
J =  18.4  Hz,  1H); 13C NMR (100 MHz, d6-DMSO):  172.7, 163.2, 152.2, 142.2,
135.7, 135.4, 131.0, 130.9, 128.9, 128.8, 127.6, 127.5, 127.2, 126.6, 124.4, 123.3,
113.6, 110.1, 79.7, 42.9, 31.1; IR (KBr, cm-1): 2922, 1724, 1620, 1496, 1361, 1257,
1075, 696; HRMS calcd for C25H20NO3[M+H]: 382.1443, found 382.1439; HPLC
analysis (Daicel Chiralcel OD-H column, n-Hexane/i-PrOH = 65:35, 0.9 mL/min,  =
254 nm): tR = 19.2 min (minor), 23.6 min (major).

(S)-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione (3ad).
Yield: 98% (57.2 mg), white solid, mp 125.3-126.4 oC, 94% ee,
[ ]D

20 +50.1 (c 0.40, CH3CN); 1H NMR (400 MHz, d6-DMSO):
10.80 (s, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.54-7.44 (m, 4H), 7.34 (t, J =

8.0 Hz, 1H), 7.03 (t, J = 7.6 Hz, 1H), 6.94 (d, J = 7.6 Hz, 1H), 6.67 (s, 1H), 3.41 (d, J
= 18.4 Hz, 1H), 3.31 (d, J = 18.4 Hz, 1H); 13C NMR (100 MHz, d6-DMSO):  174.2,
163.4, 152.0, 141.8, 135.5, 131.0, 130.9, 128.9, 128.1, 126.6, 124.5, 122.5, 113.7,
110.5, 80.0, 31.1; IR (KBr, cm-1):  3270, 1724, 1620, 1472, 1262, 1121, 1054, 759;
HRMS  calcd  for  C18H14NO3[M+H]: 292.0974, found 292.0966; HPLC analysis
(Daicel Chiralpak AD-H column, n-Hexane/i-PrOH =80:20, 0.9 mL/min,  = 254 nm):
tR = 32.1 min (minor), 34.9 min (major).

(S)-4-chloro-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione
(3ae). Yield: 98% (63.7 mg), white solid, mp 203.9-204.0 oC, 88% ee,
[ ]D

20 +102.7 (c 0.49,  CH3CN); 1H NMR (400 MHz, d6-DMSO):
10.91 (s, 1H), 7.76 (d, J =  6.0  Hz,  2H),  7.65  (d, J =  1.2  Hz,  1H),
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7.48-7.40 (m, 4H), 6.95 (d, J = 8.4 Hz, 1H), 6.67 (s, 1H), 3.50 (d, J = 18.4 Hz, 1H),
3.33 (d, J =  18.4  Hz,  1H); 13C NMR (100 MHz, d6-DMSO):  174.0, 163.1, 151.8,
140.8, 135.4, 130.9, 130.8, 129.9, 129.0, 126.6, 126.4, 124.9, 113.5, 112.1, 79.8, 30.7;
IR  (KBr,  cm-1): 3266, 1724, 1621, 1475, 1262, 1078, 767, 610; HRMS calcd for
C18H11ClNO3[M-H]: 324.0433, found 324.0425; HPLC analysis (Daicel Chiralpak
AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min,  = 254 nm): tR = 18.1 min
(major), 27.6 min (minor).

(S)-4-bromo-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione
(3af). Yield: 98% (72.4 mg), white solid, mp 222.3-222.9 oC, 84% ee,
[ ]D

20 +45.9  (c 0.61,  CH3CN); 1H NMR (400 MHz, d6-DMSO):
10.94 (s, 1H), 7.76 (d, J = 6.8 Hz, 2H), 7.50-7.46 (m, 4H), 7.23 (d, J=

8.0 Hz, 1H), 7.08 (s, 1H), 6.66 (s, 1H), 3.44 (d, J = 18.4 Hz, 1H), 3.33 (d, J = 18.4 Hz,
1H); 13C  NMR  (100  MHz, d6-DMSO): 174.0, 163.1, 152.0, 143.5, 135.4, 130.9,
128.9, 127.4, 126.6, 126.4, 125.1, 123.7, 113.6, 113.4, 79.6, 30.7; IR (KBr, cm-1):
3265, 1720, 1614, 1449, 1261, 1105, 769; HRMS calcd for C18H11BrNO3[M-H]:
367.9928, found 367.9930; HPLC analysis (Daicel Chiralpak AS-H column,
n-Hexane/EtOH = 60:40, 0.9 mL/min,  =  254  nm): tR = 9.4 min (major), 12.4 min
(minor).

(S)-5-methyl-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-
dione (3ag). Yield: 98% (60.4 mg), white solid, mp 230.9-231.6
oC, 97% ee, [ ]D

20 +90.0 (c 0.45,  CH3CN); 1H NMR (400 MHz,
d6-DMSO):  10.68 (s, 1H), 7.79-7.77 (m, 2H), 7.50-7.44 (m, 3H),

7.35 (s, 1H), 7.15 (d, J = 7.6 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 6.66 (s, 1H), 3.38 (d, J
=  18.4  Hz,  1H),  3.28  (d, J =  18.4  Hz,  1H),  2.24  (s,  3H); 13C  NMR  (100  MHz,
d6-DMSO):  174.2, 163.4, 151.9, 139.2, 135.5, 131.5, 131.1, 130.8, 128.9, 128.2,
126.6, 125.0, 113.6, 110.3, 80.0, 31.1, 20.6; IR (KBr, cm-1): 3278, 1720, 1626, 1494,
1262, 1157, 1051, 768, 687; HRMS calcd for C19H14NO3[M-H]: 304.0979, found
304.0962; HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40,
0.9 mL/min,  = 254 nm): tR = 25.7 min (major), 36.8 min (minor).

 (S)-5-methoxy-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione (3ah). Yield:
97% (62.1 mg), white solid, mp 213.6-213.9 oC,  92%  ee,  [ ]D

20 +96.0  (c 0.52,
CH3CN); 1H NMR (400 MHz, d6-DMSO):  10.59 (s, 1H), 7.78-7.76 (m, 2H),
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7.50-7.44 (m, 3H), 7.21 (d, J =  2.0  Hz,  1H),  6.92  (dd, J =  8.4
Hz, J = 2.0 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 6.65 (s, 1H), 3.71
(s, 3H), 3.45 (d, J = 18.4 Hz, 1H), 3.28 (d, J = 18.4 Hz, 1H);
13C NMR (100 MHz, d6-DMSO): 174.3, 163.4, 155.3, 151.8,

135.5, 134.8, 130.8, 129.1, 128.9, 126.6, 115.6, 113.6, 111.5, 111.1, 80.3, 55.6, 31.1;
IR  (KBr,  cm-1): 3265, 1721, 1490, 1264, 1204, 1054, 870, 768; HRMS calcd for
C19H14NO4[M-H]: 320.0928, found 320.0925; HPLC analysis (Daicel Chiralpak
AD-H column, n-Hexane/i-PrOH = 80:20, 0.9 mL/min,  = 254 nm): tR = 35.1 min
(minor), 55.2 min (major).

(S)-5-fluoro-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-
dione (3ai). Yield: 99% (61.3 mg), white solid, mp 232.7-233.6 oC,
90%  ee,  [ ]D

20 +31.6  (c 0.44,  CH3CN); 1H NMR (400 MHz,
d6-DMSO):  10.80 (s, 1H), 7.79-7.77 (m, 2H), 7.51-7.45 (m, 4H),

7.20 (td, J =  8.8  Hz, J = 2.4 Hz, 1H), 6.95-6.92 (m, 1H), 6.66 (s, 1H), 3.47 (d, J =
18.4 Hz, 1H), 3.33 (d, J =  18.4  Hz,  1H); 13C NMR (100 MHz, d6-DMSO):  174.3,
163.2, 158.2 (d, J = 236.9 Hz), 151.7, 138.0, 135.4, 130.9, 129.5 (d, J =  8.1  Hz),
128.9, 126.6, 117.4 (d, J = 23.2 Hz), 113.6, 112.6 (d, J = 25.1 Hz), 111.5 (d, J = 7.9
Hz), 80.0, 30.8; IR (KBr, cm-1): 3269, 1724, 1627, 1488, 1262, 1189, 1051, 767, 687;
HRMS  calcd  for  C18H11FNO3[M-H]: 308.0728, found 308.0719; HPLC analysis
(Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min,  = 254 nm):
tR = 15.2 min (major), 30.7 min (minor).

(S)-5-chloro-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-
dione (3aj). Yield: 98% (63.7 mg), white solid, mp 203.9-204.0
oC, 86% ee, [ ]D

20 +102.7 (c 0.49, CH3CN); 1H NMR (400 MHz,
d6-DMSO):  10.91 (s, 1H), 7.76 (d, J = 6.0 Hz, 2H), 7.65 (d, J =

1.2 Hz, 1H), 7.48-7.40 (m, 4H), 6.95 (d, J = 8.4 Hz, 1H), 6.67 (s, 1H), 3.50 (d, J =
18.4 Hz, 1H), 3.33 (d, J = 18.4 Hz, 1H); 13C NMR (100 MHz, d6-DMSO):  174.0,
163.1, 151.8, 140.8, 135.4, 130.9, 130.8, 129.9, 129.0, 126.6, 126.4, 124.9, 113.5,
112.1, 79.8, 30.7;  IR (KBr, cm-1): 3266, 1724, 1621, 1475, 1262, 1078, 767, 610;
HRMS  calcd  for  C18H11ClNO3[M-H]: 324.0433, found 324.425; HPLC analysis
(Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min,  = 254 nm):
tR = 18.1 min (major), 27.6 min (minor).
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(S)-5-bromo-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-
dione (3ak). Yield: 98% (72.6 mg), white solid, mp 236.5-237.2
oC, 86% ee, [ ]D

20 +101.4 (c 0.60, CH3CN); 1H NMR (400 MHz,
d6-DMSO):  10.91 (s, 1H), 7.79-7.77 (m, 3H), 7.55-7.46 (m, 4H),

6.90 (d, J = 8.4 Hz, 1H), 6.66 (s, 1H), 3.51 (d, J = 18.4 Hz, 1H), 3.32 (d, J = 18.4 Hz,
1H); 13C  NMR  (100  MHz, d6-DMSO):  173.9, 163.1, 151.8, 141.2, 135.4, 133.7,
130.9, 130.2, 128.9, 127.6, 126.6, 114.0, 113.5, 112.6, 79.8, 30.7; IR (KBr, cm-1):
3266, 1721, 1618, 1474, 1261, 1048, 766, 607; HRMS calcd for C18H11BrNO3[M-H]:
367.9928, found 367.9920; HPLC analysis (Daicel Chiralpak AS-H column,
n-Hexane/EtOH = 60:40, 0.9 mL/min,  = 254 nm): tR = 24.0 min (major), 29.5 min
(minor).

 (S)-6-chloro-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-
dione (3al). Yield: 99% (64.3 mg), white solid, mp 236.2-237.1
oC,  92% ee,  [ ]D

20 +51.6  (c 0.53,  CH3CN); 1H NMR (400 MHz,
d6-DMSO): 10.96 (s, 1H), 7.77-7.75 (m, 2H), 7.55 (d, J =  8.0

Hz, 1H), 7.51-7.45 (m, 3H), 7.09 (td, J = 8.0 Hz, J = 1.6 Hz, 1H), 6.96 (s, 1H), 6.66 (s,
1H), 3.44 (d, J =  18.4  Hz,  1H),  3.33  (d, J =  18.0  Hz,  1H); 13C  NMR  (100  MHz,
d6-DMSO): 174.1, 163.2, 152.0, 143.4, 135.4, 135.3, 130.9, 128.9, 126.9, 126.6,
126.1, 122.2, 113.6, 110.7, 79.5, 30.8; IR (KBr, cm-1): 3277, 2922, 1741, 1617, 1448,
1262, 1048, 761; HRMS calcd for C18H11ClNO3[M-H]: 324.0433, found 324.0425;
HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9
mL/min,  = 254 nm): tR = 21.6 min (major), 31.9 min (minor).

(S)-6-bromo-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-
dione (3am). Yield: 97% (71.6 mg), white solid, mp 231.8-232.9
oC,  92%  ee,  [ ]D

20 +52.5  (c 0.60,  CH3CN); 1H  NMR  (400  MHz,
d6-DMSO): 10.94 (s, 1H), 7.80 (d, J = 6.8 Hz, 2H), 7.52-7.44 (m,

3H), 7.35-7.28 (m, 2H), 6.95 (d, J = 7.2 Hz, 1H), 6.65 (d, J = 2.0 Hz, 1H), 3.70 (dd, J
= 18.8 Hz, J =  2.0  Hz,  1H),  3.39  (d, J =  18.8  Hz,  1H); 13C  NMR  (100  MHz,
d6-DMSO): 174.3, 163.2, 150.7, 144.1, 135.1, 132.9, 130.9, 128.9, 126.6, 126.4,
125.2, 119.3, 113.0, 110.0, 80.5, 28.1; IR (KBr, cm-1): 3133, 1715, 1613, 1447, 1218,
1055, 768; HRMS calcd for C18H11BrNO3[M-H]: 367.9928, found 367.9912; HPLC
analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min,  =
254 nm): tR = 20.4 min (major), 29.6 min (minor).
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(S)-7-methyl-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione
(3an). Yield: 98% (60.0 mg), white solid, mp 271.7-272.7 oC, 94% ee,
[ ]D

20 +16.6 (c 0.48,  CH3CN); 1H NMR (400 MHz, d6-DMSO):
10.82 (s, 1H), 7.78-7.76 (m, 2H), 7.49-7.44 (m, 3H), 7.34 (d, J = 7.6

Hz, 1H), 7.10 (d, J = 7.6 Hz, 1H), 6.94 (t, J = 7.6 Hz, 1H), 6.66 (s, 1H), 3.39 (d, J =
18.4 Hz, 1H), 3.30 (d, J =  18.4  Hz,  1H),  2.23  (s,  3H); 13C  NMR  (100  MHz,
d6-DMSO): 174.7, 163.4, 152.0, 140.3, 135.5, 132.1, 130.9, 128.9, 127.9, 126.6,
122.5, 121.8, 120.0, 113.6, 80.2, 31.1, 16.3; IR (KBr, cm-1): 3263, 1727, 1627, 1448,
1261, 1074, 767; HRMS calcd for C19H14NO3[M-H]: 304.0979, found 304.0967;
HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9
mL/min,  = 254 nm): tR = 15.4 min (major), 33.0 min (minor).

(S)-7-fluoro-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione
(3ao). Yield: 98% (60.6 mg), white solid, mp 253.6-255.1 oC, 88% ee,
[ ]D

20 +32.9  (c 0.50,  CH3CN); 1H NMR (400 MHz, d6-DMSO):
11.34 (s, 1H), 7.79-7.77 (m, 2H), 7.51-7.44 (m, 3H), 7.40 (d, J = 7.6

Hz, 1H), 7.30 (d, J = 9.2 Hz, 1H), 7.09-7.03 (m, 1H), 6.68 (s, 1H), 3.46 (d, J = 18.4
Hz, 1H), 3.37 (d, J = 18.4 Hz, 1H); 13C NMR (100 MHz, d6-DMSO): 174.0, 163.1,
152.1, 146.6 (d, J = 242.0 Hz), 135.4, 130.9, 130.9 (d, J = 3.6 Hz), 129.1, 128.9,
126.6, 123.6 (d, J = 5.7 Hz), 120.6 (d, J = 3.0 Hz), 118.0 (d, J = 17.9 Hz), 113.5, 79.9
(d, J =  3.1  Hz),  30.9;  IR (KBr,  cm-1): 3187, 1747, 1693, 1644, 1491, 1207, 1073,
767; HRMS calcd for C18H11FNO3[M-H]: 308.0728, found 308.0730; HPLC analysis
(Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min,  = 254 nm):
tR = 14.1 min (major), 35.3 min (minor).

(S)-7-chloro-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione
(3ap). Yield: 99% (64.3 mg), white solid, mp 269.5-269.6 oC, 85% ee,
[ ]D

20 -30.5 (c 0.53,  CH3CN); 1H NMR (400 MHz, d6-DMSO):
11.25 (s, 1H), 7.79-7.77 (m, 2H), 7.53-7.43 (m, 5H), 7.07 (t, J = 8.0

Hz, 1H), 6.67 (s, 1H), 3.47 (d, J= 18.4 Hz, 1H), 3.38 (d, J = 18.4 Hz, 1H); 13C NMR
(100 MHz, d6-DMSO): 174.2, 163.1, 152.0, 139.6, 135.4, 130.9, 130.9, 129.9, 128.9,
126.7, 123.9, 123.3, 114.7, 113.5, 80.3, 30.8; IR (KBr, cm-1): 3178, 2970, 1746,
1691, 1620, 1382, 1276, 1058, 765; HRMS calcd for C18H11ClNO3[M-H]-: 324.0433,
found 324.0420; HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH =
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60:40, 0.9 mL/min,  = 254 nm): tR = 15.2 min (major), 45.2 min (minor).

(S)-7-bromo-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione
(3aq). Yield: 99% (73.2 mg), white solid, mp 271.5-273.2 oC, 82% ee,
[ ]D

20 -14.2  (c 0.56,  CH3CN); 1H NMR (400 MHz, d6-DMSO):
11.11 (s, 1H), 7.79-7.77 (m, 2H), 7.57-7.44 (m, 5H), 7.00 (t, J = 8.0

Hz, 1H), 6.67 (s, 1H), 3.47 (d, J = 18.4 Hz, 1H), 3.38 (d, J= 18.4 Hz, 1H); 13C NMR
(100 MHz, d6-DMSO):  174.1, 163.1, 152.0, 141.3, 135.4, 133.8, 130.9, 129.8, 128.9,
126.7, 124.2, 123.7, 113.5, 102.8, 80.6, 30.8; IR (KBr, cm-1): 3221, 2970, 1736,
1701, 1618, 1383, 1261, 1056, 767; HRMS calcd for C18H11BrNO3[M-H]: 367.9928,
found 367.9917; HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH =
60:40, 0.9 mL/min,  = 254 nm): tR = 17.1 min (major), 52.7 min (minor).

(S)-4'-(4-(trifluoromethyl)phenyl)spiro[indoline-3,2'-
pyran]-2,6'(3'H)-dione (3bd). Yield: 98% (70.0 mg), white
solid, mp 248.8-250.3 oC,  95%  ee,  [ ]D

20 +56.5 (c 0.58,
CH3CN); 1H NMR (400 MHz, d6-DMSO):  10.80 (s, 1H),

7.99 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 7.6 Hz, 1H), 7.35 (t, J =
7.6 Hz, 1H), 7.04 (t, J = 7.6 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 6.78 (s, 1H), 3.48 (d, J
= 18.0 Hz, 1H), 3.36 (d, J = 18.0 Hz, 1H); 13C NMR (100 MHz, d6-DMSO): 174.1,
163.1, 150.5, 141.8, 139.6, 131.1, 130.4 (q, J = 31.9 Hz), 127.9, 127.5, 125.7, 125.7,
124.6, 122.5, 116.0, 110.6, 80.0, 31.0; IR (KBr, cm-1): 3270, 1736, 1620, 1473, 1326,
1121, 1070, 751; HRMS calcd for C19H13F3NO3[M+H]: 360.0848, found 360.0822;
HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9
mL/min,  = 254 nm): tR = 9.8 min (major), 13.3 min (minor).

(S)-4'-(4-chlorophenyl)spiro[indoline-3,2'-pyran]-2,6'(3'H)-dione (3cd). Yield:
99% (64.2 mg), white solid, mp 242.9-243.7 oC,  93%  ee,
[ ]D

20 +63.6 (c 0.52, CH3CN); 1H NMR (400 MHz, d6-DMSO):
 10.77 (s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.4 Hz,

3H), 7.35 (t, J = 7.6 Hz, 1H), 7.03 (t, J = 7.6 Hz, 1H), 6.92 (d,
J = 7.6 Hz, 1H), 6.69 (s, 1H), 3.40 (d, J = 18.0 Hz, 1H), 3.26 (d, J = 18.4 Hz, 1H); 13C
NMR (100 MHz, d6-DMSO): 174.1, 163.3, 150.7, 141.8, 135.6, 134.3, 131.0, 128.9,
128.5, 128.0, 124.6, 122.5, 114.2, 110.5, 79.9, 30.9; IR (KBr, cm-1): 3398, 1736,
1619, 1365, 1217, 1093, 770; HRMS calcd for C18H11ClNNaO3[M+Na]: 348.0403,
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found 348.0413; HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH =
60:40, 0.9 mL/min,  = 254 nm): tR = 14.9 min (major), 18.3 min (minor).

(S)-4'-(4-fluorophenyl)spiro[indoline-3,2'-pyran]-2,6'(3'H)-dione (3dd) Yield: 99%
(60.9 mg), white solid, mp 239.6-240.8 oC,  92%  ee,  [ ]D

20

+49.7 (c 0.48,  CH3CN); 1H NMR (400 MHz, d6-DMSO):
10.78 (s, 1H), 7.88-7.84 (m, 2H), 7.52 (d, J =  7.6  Hz,  1H),
7.36-7.28 (m, 3H), 7.02 (t, J =  7.6  Hz,  1H),  6.93  (d, J =  7.6

Hz, 1H), 6.66 (s, 1H), 3.40 (d, J = 18.4 Hz, 1H), 3.31 (d, J = 18.4 Hz, 1H); 13C NMR
(100 MHz, d6-DMSO): 174.2, 163.6 (d, J = 247.8), 163.4, 150.9, 141.8, 132.0 (d, J
= 2.9 Hz), 131.0, 129.2 (d, J = 8.7 Hz), 128.1, 124.5, 122.5, 115.9 (d, J = 21.6 Hz),
113.6, 110.5, 79.9, 31.1; IR (KBr, cm-1): 3268, 1735, 1600, 1473, 1236, 1054, 835,
753; HRMS calcd for C18H13FNO3[M+H]: 310.0879, found 310.0862; HPLC analysis
(Daicel Chiralpak AS-H column, n-Hexane/EtOH = 80:20, 0.9 mL/min,  = 254 nm):
tR = 42.8 min (major), 49.8 min (minor).

(S)-4'-(4-methoxyphenyl)spiro[indoline-3,2'-pyran]-2,6'
(3'H)-dione (3ed). Yield: 93% (59.7 mg), white solid, mp
254.3-255.0 oC,  92%  ee,  [ ]D

20 +49.7  (c 0.48,  CH3CN); 1H
NMR (400 MHz, d6-DMSO):  10.76 (s, 1H), 7.76 (d, J =

8.4 Hz, 2H), 7.50 (d, J = 7.2 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.03-6.99 (m, 3H),
6.92 (d, J = 7.6 Hz, 1H), 6.58 (s, 1H), 3.80 (s, 3H), 3.35 (d, J = 18.4 Hz, 1H), 3.26 (d,
J =  18.4  Hz,  1H); 13C NMR (100 MHz, d6-DMSO): 174.2, 163.6, 161.5, 151.5,
141.8, 130.9, 128.4, 128.3, 127.5, 124.5, 122.5, 114.3, 111.2, 110.5, 79.8, 55.4, 30.9;
IR (KBr, cm-1): 3266, 1736, 1602, 1515, 1472, 1248, 1183, 1026, 827, 732; HRMS
calcd for C19H15KNO4[M+K]: 360.0638, found 360.0622; HPLC analysis (Daicel
Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min,  = 254 nm): tR =
22.1 min (major), 34.1 min (minor).

(S)-4'-(p-tolyl)spiro[indoline-3,2'-pyran]-2,6'(3'H)-dione
(3fd). Yield: 97% (59.1 mg), white solid, mp 233.3-235.1 oC,
93% ee,  [ ]D

20 +80.1 (c 0.47, CH3CN); 1H NMR (400 MHz,
d6-DMSO):  10.8 (s, 1H), 7.67 (d, J = 2.0 Hz, 2H), 7.51 (d,

J = 7.2 Hz, 1H), 7.34 (t, J = 7.2 Hz, 1H), 7.26 (d, J = 8.0 Hz, 2H), 7.01 (t, J = 7.2 Hz,
1H), 6.93 (d, J = 7.6 Hz, 1H), 6.62 (s, 1H), 3.36 (d, J = 18.4 Hz, 1H), 3.26 (d, J = 18.4
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Hz, 1H), 2.33 (s, 3H); 13C NMR (100 MHz, d6-DMSO): 174.2, 163.5, 151.9, 141.8,
141.0, 132.6, 130.9, 129.5, 128.2, 126.5, 124.5, 122.5, 112.6, 110.5, 79.9, 31.0, 20.9;
IR  (KBr,  cm-1): 3369, 1707, 1618, 1263, 1095, 818, 769; HRMS calcd for
C19H15NNaO3[M+Na]: 328.0950, found 328.0948; HPLC analysis (Daicel Chiralpak
AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min,  = 254 nm): tR = 16.6 min
(major), 25.7 min (minor).

(S)-4'-(m-tolyl)spiro[indoline-3,2'-pyran]-2,6'(3'H)-dione (3gd)
Yield: 98% (60.4 mg), white solid, mp 192.6-193.6 oC, 95% ee,
[ ]D

20 +40.0 (c 0.47, CH3CN); 1H NMR (400 MHz, d6-DMSO):
10.79 (s, 1H), 7.61-7.51 (m, 3H), 7.36-7.26 (m, 3H), 7.03 (t, J =
7.6 Hz, 1H), 6.94 (d, J = 7.6 Hz, 1H),  6.66 (s,  1H),  3.39 (d, J =

17.6 Hz, 1H), 3.39 (d, J = 17.6 Hz), 2.33 (s, 3H); 13C NMR (100 MHz, d6-DMSO):
174.2, 163.4, 152.1, 141.8, 138.3, 135.4, 131.5, 131.0, 128.8, 128.2, 127.2, 124.5,
123.7, 122.5, 113.4, 110.5, 79.9, 31.2 20.9; IR (KBr, cm-1): 3274, 1727, 1620, 1473,
1252, 1093, 865, 680; HRMS calcd for C19H15NNaO3[M+Na]: 328.0950, found
328.0981; HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40,
0.9 mL/min,  = 254 nm): tR = 18.6 min (major), 35.4 min (minor).

(S)-4'-butylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione (3hd).
Yield: 94% (50.9 mg), viscous liquid, 88% ee, [ ]D

20 +  15.3  (c
0.39, CH3CN); 1H NMR (400 MHz, CDCl3):  9.01 (s, 1H), 7.37
(d, J =  7.6  Hz,  1H),  7.29-7.25  (m,  1H),  7.00  (t, J =  7.6  Hz,  1H),

6.92 (d, J = 7.6 Hz, 1H), 6.05 (s, 1H), 2.91 (d, J = 18.0 Hz, 1H), 2.61 (d, J = 18.0 Hz,
1H), 2.30 (t, J = 7.6 Hz, 2H), 1.55-1.47 (m, 2H), 1.41-1.32 (m, 2H), 0.92 (t, J = 7.2
Hz, 3H); 13C  NMR  (100  MHz,  CDCl3): 174.8, 163.1, 158.5, 140.3, 130.9, 128.1,
124.0, 123.2, 115.2, 111.1, 80.2, 36.4, 34.0, 28.1, 22.2, 13.7; IR (KBr, cm-1): 3261,
2959, 1739, 1473, 1246, 1047, 762; HRMS calcd for C16H17NNaO3[M+Na]: 294.1106,
found 294.1104; HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH =
60:40, 0.9 mL/min,  = 254 nm): tR = 6.65 min (major), 18.1 min (minor).

N
H

O

O

O

Me



S11

3. Control Reaction of , -Unsaturated Pyrazoleamide 1a' with 2d

1 mol%
A5

CH
3 CN, 25 oC

48 h

Allyl pyrazoleamide 1a can be transformed to the corresponding , -unsaturated
pyrazoleamide isomer 1a' under the typical reaction condition without the addition of
isatin. The results indicated that the isomerization rate of transforming 1a to 1a' is
much slower than the rate of the tandem reaction between 1a and isatin. As predicted,
1a' is an unreactive nucleophile in the vinylogous aldol reaction, probably because it
couldn’t be deprotonated by the tertiary amine to form the key intermediates I.

(E)-3-phenyl-1-(1H-pyrazol-1-yl)but-2-en-1-one(1a').
To a solution of catalyst A5 (0.02 mmol, 8.4 mg) in 20 mL of CH3CN was added

allyl pyrazoleamide 1a (0.2 mmol, 0.42 g) at 25 oC, and the resulting mixture was
stirred at this temperature for 48 h. The solvent was removed under reduced pressure
and the residue was puri ed by column chromatography (10/1 petroleum ether/ethyl
acetate) to give 0.42 g (99%) colorless liquid; 1H NMR (400 MHz, CDCl3):  8.35 (d,
J = 2.8 Hz, 1H), 7.70 (s, 1H), 7.61-7.57 (m, 3H), 7.38-7.36 (m, 3H),6.42-6.41 (m, 1H),
2.71 (s, 3H); 13C NMR (100 MHz, CDCl3):  163.0, 160.2, 143.1, 141.9, 129.5, 128.4,
128.2, 126.4, 114.6, 109.2, 18.7; IR (KBr, cm-1):  3164, 1697, 1610, 1382, 1099,
1030, 765, 694; HRMS calcd for C13H12N2NaO [M+Na]: 235.0847, found 235.0844.

4. Preparation and Characterization of the Substrates

A CH2Cl2 (5 mL) solution of thionyl chloride (13 mmol) were added dropwise to
a  mixture  of  10  mmol  pyrazole,  40  mmol  allyl  carboxylic  acid  and  25  mL  CH2Cl2.
The resultant solution was stirred for 2 h at room temperature. After being quenched
with 0.1 M HCl solution (3×10 mL), washed with 0.1 M NaOH solution (3×10 mL)
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and aq NaCl, the organic phase was separated, dry over anhydrous MgSO4, filtered
and concentrated under reduced pressure, the crude product was purified by
chromatography on silica gel with petroleum ether-ethyl acetate as eluent.

3-phenyl-1-(1H-pyrazol-1-yl)but-3-en-1-one (1a). Yield: 85%
(1.80 g), colorless liquid; 1H NMR (400 MHz, CDCl3):  8.22 (d, J
= 2.8 Hz, 1H), 7.73 (s, 1H), 7.47 (d, J = 7.6 Hz, 2H), 7.33-7.24 (m,

3H), 6.43 (d, J = 1.2 Hz, 1H), 5.63 (s, 1H), 5.29 (s, 1H), 4.38 (s, 2H); 13C NMR (100
MHz, CDCl3):  169.7, 144.1, 140.3, 139.6, 128.4, 128.4, 127.8, 125.8, 117.0, 109.8,
40.1; IR (KBr, cm-1): 1736, 1383, 1353, 1200, 1089, 914, 774, 704; HRMS calcd for
C13H12N2NaO [M+Na]: 235.0847, found 235.0843.

1-(1H-pyrazol-1-yl)-3-(4-(trifluoromethyl)phenyl)but-3-en
-1-one (1b). Yield: 81% (2.27 g), colorless liquid; 1H NMR
(400 MHz, CDCl3):  8.22 (d, J = 2.8 Hz, 1H),  7.75 (s,  1H),

7.58 (s, 4H), 6.46-6.45 (m, 1H), 5.70 (s, 1H), 5.42 (s, 1H), 4.41 (s, 2H); 13C NMR (100
MHz, CDCl3):  169.3, 144.3, 143.3, 139.4, 129.7 (q, J = 32.2 Hz), 128.5, 126.2, 125.4
(q, J = 3.7 Hz), 122.7, 119.2, 110.0, 30.0; IR (KBr, cm-1): 3129, 1736, 1619, 1384,
1327, 1121, 915, 764; HRMS calcd for C14H12F3N2O [M+H]: 281.0902, found
281.0905.

3-(4-chlorophenyl)-1-(1H-pyrazol-1-yl)but-3-en-1-one (1c).
Yield: 89% (2.20 g), colorless liquid; 1H NMR (400 MHz,
CDCl3):  8.22 (d, J = 2.8 Hz, 1H),  7.74 (s,  1H),  7.40 (d, J =

8.8 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 6.45-6.44 (m, 1H), 5.61(s, 1H), 5.31 (s, 1H),
4.35 (s, 2H); 13C NMR (100 MHz, CDCl3):  169.4, 144.2, 139.3, 138.1, 133.6, 128.5,
128.4, 127.1, 117.6, 109.9, 40.0; IR (KBr, cm-1): 1736, 1493, 1383, 1200, 1089, 914,
838, 766; HRMS calcd for C13H11ClN2NaO [M+Na]: 269.0458, found 269.0459.

3-(4-fluorophenyl)-1-(1H-pyrazol-1-yl)but-3-en-1-one (1d).
Yield: 86% (1.98 g), colorless liquid; 1H NMR (400 MHz,
CDCl3):  8.23 (d, J = 2.8 Hz, 1H), 7.74 (s, 1H), 7.46-7.42 (m,

2H), 7.00 (m, 2H), 6.45-6.44 (m, 1H), 5.57 (s, 1H), 5.28 (s, 1H), 4.36 (s, 2H); 13C
NMR (100 MHz, CDCl3):  169.5, 162.4 (d, J = 245.3 Hz), 144.1, 139.4, 135.8 (d, J=
3.2 Hz), 128.4, 127.5 (d, J = 8.0 Hz), 117.0, 115.2 (d, J = 21.3 Hz), 109.9, 40.2; IR
(KBr, cm-1): 1736, 1511, 1383, 1237, 1084, 915, 842, 765; HRMS calcd for
C13H11FN2NaO [M+Na]: 253.0753, found 253.0758.
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3-(4-methoxyphenyl)-1-(1H-pyrazol-1-yl)but-3-en-1-one(1e). Yield: 84% (2.03 g),
colorless liquid; 1H NMR (400 MHz, CDCl3):  8.23 (s, 1H),
7.74 (s, 1H), 7.41 (d, J = 8.0 Hz, 2H), 6.84 (d, J =  8.0  Hz,
2H), 6.36-6.33 (m, 1H), 5.55 (s, 1H), 5.20 (s, 1H), 4.35 (s,
2H), 3.78 (s, 3H); 13C  NMR  (100  MHz,  CDCl3):  169.8,

159.3, 144.0, 139.6, 132.0, 128.4, 126.9, 115.3, 113.7, 109.8, 55.1, 40.1; IR (KBr,
cm-1): 2835, 1736, 1608, 1514, 1250, 1032, 914, 765; HRMS calcd for
C14H15N2O2[M+H]: 243.1134, found 243.1134.

1-(1H-pyrazol-1-yl)-3-(p-tolyl)but-3-en-1-one (1f). Yield:
90% (2.04 g), colorless liquid; 1H NMR (400 MHz, CDCl3):
8.23 (d, J = 2.8 Hz, 1H), 7.73 (s, 1H), 7.37 (d, J = 8.0 Hz, 2H),

7.12 (d, J = 8.0 Hz, 2H), 7.43-7.42 (m, 1H), 5.60 (s, 1H), 5.24 (s, 1H), 4.36 (s, 2H),
2.32 (s, 3H); 13C NMR (100 MHz, CDCl3):  169.7, 144.0, 140.1, 137.6, 136.7, 129.1,
128.4, 125.6, 116.1, 109.8, 40.1, 21.0; IR (KBr, cm-1):  1736, 1515, 1383, 1088, 915,
832, 608; HRMS calcd for C14H14N2NaO [M+Na]: 249.1004, found 249.1004.

1-(1H-pyrazol-1-yl)-3-(m-tolyl)but-3-en-1-one (1g). Yield: 88%
(1.99 g), colorless liquid; 1H NMR (400 MHz, CDCl3):  8.23 (d,
J = 2.8 Hz, 1H), 7.74 (s, 1H), 7.29-7.13 (m, 3H), 7.08 (d, J = 7.2
Hz, 1H), 8.44-8.43 (m, 1H), 5.61 (s, 1H), 5.26 (s, 1H), 4.37 (s,

2H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3):  169.7, 144.0, 140.5, 139.7, 137.9,
128.6, 128.4, 128.3, 126.6, 122.9, 116.8, 109.8, 40.2, 21.4; IR (KBr, cm-1): 1736,
1383, 1352, 1120, 1088, 916, 769, 723; HRMS calcd for C14H14N2NaO [M+Na]:
249.1004, found 249.1003.

3-methylene-1-(1H-pyrazol-1-yl)heptan-1-one (1h). Yield:
90% (1.28 g), colorless liquid, 1H NMR (400 MHz, CDCl3):
8.22 (s, 1H), 7.66 (s, 1H), 6.39 (s, 1H), 4.95 (s, 1H), 4.90 (s,

1H), 3.82 (s, 2H), 2.12 (t, J = 7.6 Hz, 2H), 1.46-1.38 (m, 2H), 1.33-1.24 (m, 2H), 0.86
(t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): 169.9, 143.8, 142.0, 128.2, 114.0,
109.6, 40.6, 35.7, 29.4, 22.1, 13.8; IR (KBr, cm-1): 2958, 1739, 1383, 1200, 1088,
919, 768; HRMS calcd for C11H17N2O [M+H]: 193.1341, found 193.1346.
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6. Copies of NMR Spectra of the Products
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7. Copies of NMR Spectra of the the Substrates



S39



S40

O

N

N
Cl

1c

O

N

N
Cl

1c



S41



S42



S43



S44



S45



S46

O

N

N

1a'

O

N

N

1a'



S47

8. Copies of HPLC Spectra of the Products
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