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1. General Information

Melting points were taken without correction. *H NMR and *C NMR spectra
were recorded on Bruker 400 spectrometer and the chemical shifts were referenced to
tetramethylsilane (6 0.00 ppm) using de-DMSO or CDCl; as solvent. IR spectra were
recorded on Nicolet Magna-1 550 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, CH,Cl,, DMF, and CH3CN were freshly distilled from CaH,. Thin-layer
chromatography (TLC) was performed on 10-40 um silica gel plates. Column
chromatography was performed, using silica gel (300-400 mesh) eluted with ethyl
acetate and CH,Cl,.

Catalysts A1-A3," A4, A5-A7° and A8* were prepared according to literature
procedures.

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

1 mol% A5
3 "

CH,CN, 25 °C

To a solution of catalyst A5 (0.002 mmol, 0.8 mg) and allyl pyrazoleamide 1 (0.3
mmol) in 2 mL of CH3;CN was added isatin derivative 2 (0.2 mmol) at 25 °C, 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 purified by column chromatography (20/1 CH,Cl./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 °C, 91% ee, [a]o®® +50.2 (c 0.48,
CHsCN); *H NMR (400 MHz, CDCls): 6 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, 2 = 254 nm): tg= 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 °C, 91%
ee, [a]p?® +36.4 (¢ 0.58, CH3CN); *H NMR (400 MHz, dg-DMSO): &

1, 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); *C NMR (100 MHz, ds-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 (KB, Cm'l): v 2922, 1724, 1620, 1496, 1361, 1257,
1075, 696; HRMS calcd for CysHooNOs[M+H]: 382.1443, found 382.1439; HPLC
analysis (Daicel Chiralcel OD-H column, n-Hexane/i-PrOH = 65:35, 0.9 mL/min, 1 =
254 nm): tg = 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 °C, 94% ee,
[a]o®® +50.1 (c 0.40, CHsCN); *H NMR (400 MHz, ds-DMSO): &

i 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); *C NMR (100 MHz, dg-DMSO): 6 174.2,
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™): v 3270, 1724, 1620, 1472, 1262, 1121, 1054, 7509;
HRMS calcd for CigHisNO3[M+H]: 292.0974, found 292.0966; HPLC analysis
(Daicel Chiralpak AD-H column, n-Hexane/i-PrOH =80:20, 0.9 mL/min, 4 = 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 °C, 88% ee,
[a]o®® +102.7 (c 0.49, CHsCN); *H NMR (400 MHz, dg-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); *C NMR (100 MHz, dg-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'l): v 3266, 1724, 1621, 1475, 1262, 1078, 767, 610; HRMS calcd for
Ci1sH11CINO3[M-H]: 324.0433, found 324.0425; HPLC analysis (Daicel Chiralpak
AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min, 2 = 254 nm): tg = 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 °C, 84% ee,
[a]o®® +45.9 (c 0.61, CHsCN); *H NMR (400 MHz, ds-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); *C NMR (100 MHz, de-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'l): A
3265, 1720, 1614, 1449, 1261, 1105, 769; HRMS calcd for C;gH1:BrNO3[M-H]:
367.9928, found 367.9930; HPLC analysis (Daicel Chiralpak AS-H column,
n-Hexane/EtOH = 60:40, 0.9 mL/min, 4 = 254 nm): tg = 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
°C, 97% ee, [o]o®® +90.0 (c 0.45, CH3CN);*H NMR (400 MHz,
de-DMSO): 0 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); *C NMR (100 MHz,
de-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™): v 3278, 1720, 1626, 1494,
1262, 1157, 1051, 768, 687; HRMS calcd for Ci9H14NO3[M-H]: 304.0979, found
304.0962; HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40,
0.9 mL/min, A = 254 nm): tg = 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 °C, 92% ee, [a]o®® +96.0 (c 0.52,
CHsCN); '*H NMR (400 MHz, ds-DMSO): 6 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);
3C NMR (100 MHz, dg-DMSO): 6 174.3, 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 (KB, cm'l): v 3265, 1721, 1490, 1264, 1204, 1054, 870, 768; HRMS calcd for
C19H14aNO4[M-H]: 320.0928, found 320.0925; HPLC analysis (Daicel Chiralpak
AD-H column, n-Hexane/i-PrOH = 80:20, 0.9 mL/min, 4 = 254 nm): tg = 35.1 min
(minor), 55.2 min (major).

Q (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 °C,
90% ee, [a]o®® +31.6 (c 0.44, CHsCN); 'H NMR (400 MHz,
ds-DMSO): 6 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): **C NMR (100 MHz, ds-DMSO0): § 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™): v 3269, 1724, 1627, 1488, 1262, 1189, 1051, 767, 687;
HRMS calcd for CigH1;FNOs[M-H]: 308.0728, found 308.0719; HPLC analysis
(Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min, A = 254 nm):
tr = 15.2 min (major), 30.7 min (minor).

N
H

(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
°C, 86% ee, [a]p?® +102.7 (c 0.49, CH3CN); *H NMR (400 MHz,

i de-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); *C NMR (100 MHz, ds-DMSO0): ¢ 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™): v 3266, 1724, 1621, 1475, 1262, 1078, 767, 610;
HRMS calcd for CygHi1CINO3[M-H]: 324.0433, found 324.425; HPLC analysis
(Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min, A = 254 nm):
tr = 18.1 min (major), 27.6 min (minor).
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Q (S)-5-bromo-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-
b dione (3ak). Yield: 98% (72.6 mg), white solid, mp 236.5-237.2
°C, 86% ee, [¢]p?° +101.4 (c 0.60, CHsCN); *H NMR (400 MHz,
ds-DMSO0): § 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); *C NMR (100 MHz, de-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™): v
3266, 1721, 1618, 1474, 1261, 1048, 766, 607; HRMS calcd for C1gsH1:BrNO3[M-H]:
367.9928, found 367.9920; HPLC analysis (Daicel Chiralpak AS-H column,
n-Hexane/EtOH = 60:40, 0.9 mL/min, 1 = 254 nm): tg= 24.0 min (major), 29.5 min
(minor).

Br.

N
H

Q (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
°C, 92% ee, [a]o”® +51.6 (¢ 0.53, CH3CN): *H NMR (400 MHz,
de-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); *C NMR (100 MHz,
de-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™): v 3277, 2922, 1741, 1617, 1448,
1262, 1048, 761; HRMS calcd for Cy5H1;CINO3[M-H]: 324.0433, found 324.0425;
HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9
mL/min, 2 = 254 nm): tg = 21.6 min (major), 31.9 min (minor).

N
Cl H

o) (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

°C, 92% ee, [a]p® +52.5 (c 0.60, CH3sCN); *H NMR (400 MHz,

de-DMSO0): 6 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); *C NMR (100 MHz,
de-DMSO0): 6 174.3, 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™): v 3133, 1715, 1613, 1447, 1218,
1055, 768; HRMS calcd for CigH1;BrNO3[M-H]: 367.9928, found 367.9912; HPLC
analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min, A =
254 nm): tg = 20.4 min (major), 29.6 min (minor).

N
Br H
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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 °C, 94% ee,
[a]o®® +16.6 (c 0.48, CH3CN); *H NMR (400 MHz, dg-DMSO): &

ve 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); *C NMR (100 MHz,
de-DMSO0): 6 174.7, 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™): v 3263, 1727, 1627, 1448,
1261, 1074, 767; HRMS calcd for CigH14NO3[M-H]: 304.0979, found 304.0967,
HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9
mL/min, 2 = 254 nm): tg = 15.4 min (major), 33.0 min (minor).

(S)-7-fluoro-4'-phenylspiro[indoline-3,2'-pyran]-2,6'(3'H)-dione
(3a0). Yield: 98% (60.6 mg), white solid, mp 253.6-255.1 °C, 88% ee,
[a]o® +32.9 (c 0.50, CHsCN); *H NMR (400 MHz, ds-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); *C NMR (100 MHz, dg-DMSO): 6 174.0, 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™): v 3187, 1747, 1693, 1644, 1491, 1207, 1073,
767; HRMS calcd for C1gH11FNO3[M-H]: 308.0728, found 308.0730; HPLC analysis
(Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min, A = 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 °C, 85% ee,
[a]o?® -30.5 (c 0.53, CH3CN); 'H NMR (400 MHz, dg-DMSO): &

a 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); **C NMR
(100 MHz, d¢-DMSO0): 6 174.2, 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™): v 3178, 2970, 1746,
1691, 1620, 1382, 1276, 1058, 765; HRMS calcd for C15H1:CINO3[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, A = 254 nm): tg = 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 °C, 82% ee,
[a]o® -14.2 (c 0.56, CH3sCN); *H NMR (400 MHz, ds-DMSO): &

o 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); **C NMR
(100 MHz, d¢-DMSO0): 6 174.1, 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™): v 3221, 2970, 1736,
1701, 1618, 1383, 1261, 1056, 767; HRMS calcd for C1gH;::BrNO3[M-H]: 367.9928,
found 367.9917; HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH =
60:40, 0.9 mL/min, A = 254 nm): tg = 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 °C, 95% ee, [o]p®® +56.5 (c 0.58,
CHsCN): *H NMR (400 MHz, ds-DMSO): 6 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); *C NMR (100 MHz, ds-DMSO): 6 174.1,
163.1, 150.5, 141.8, 139.6, 131.1, 130.4 (g, J=31.9Hz), 127.9, 127.5, 125.7, 125.7,
124.6, 122.5, 116.0, 110.6, 80.0, 31.0; IR (KBr, cm™): v 3270, 1736, 1620, 1473, 1326,
1121, 1070, 751; HRMS calcd for Ci9H;3FsNOs[M+H]: 360.0848, found 360.0822;
HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9
mL/min, 2 = 254 nm): tg = 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 °C, 93% ee,
[a]p?® +63.6 (c 0.52, CH3CN); *H NMR (400 MHz, ds-DMSO):
0 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=17.6 Hz, 1H), 6.69 (s, 1H), 3.40 (d, J = 18.0 Hz, 1H), 3.26 (d, J = 18.4 Hz, 1H); **C
NMR (100 MHz, de-DMSO0): ¢ 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™): v 3398, 1736,
1619, 1365, 1217, 1093, 770; HRMS calcd for Ci5H;1CINNaOs[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, A = 254 nm): tg = 14.9 min (major), 18.3 min (minor).

(S)-4'-(4-fluorophenylspiro[indoline-3,2'-pyran]-2,6'(3"H)-dione (3dd) Yield: 99%
- (60.9 mg), white solid, mp 239.6-240.8 °C, 92% ee, [a]p®®

+49.7 (c 0.48, CH3CN); 'H NMR (400 MHz, de-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); *C NMR
(100 MHz, ds-DMSO): 6 174.2, 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 H2z),
113.6, 110.5, 79.9, 31.1; IR (KB, Cm'l): v 3268, 1735, 1600, 1473, 1236, 1054, 835,
753; HRMS calcd for C1gH13FNO3s[M+H]: 310.0879, found 310.0862; HPLC analysis
(Daicel Chiralpak AS-H column, n-Hexane/EtOH = 80:20, 0.9 mL/min, A = 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 °C, 92% ee, [a]p?® +49.7 (c 0.48, CH3CN); 'H
NMR (400 MHz, ds-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); *C NMR (100 MHz, ds-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™): v 3266, 1736, 1602, 1515, 1472, 1248, 1183, 1026, 827, 732; HRMS
calcd for CigHi1sKNO4[M+K]: 360.0638, found 360.0622; HPLC analysis (Daicel
Chiralpak AS-H column, n-Hexane/EtOH = 60:40, 0.9 mL/min, 4 = 254 nm): tg =
22.1 min (major), 34.1 min (minor).

(S)-4'-(p-tolylspiro[indoline-3,2'-pyran]-2,6'(3'"H)-dione
(3fd). Yield: 97% (59.1 mg), white solid, mp 233.3-235.1 °C,
93% ee, [a]p?® +80.1 (c 0.47, CHsCN);*H NMR (400 MHz,
de-DMSO): ¢ 10.8 (s, 1H), 7.67 (d, J = 2.0 Hz, 2H), 7.51 (d,
J=7.2Hz, 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); **C NMR (100 MHz, de-DMSO0): 6 174.2, 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™): v 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, 2 = 254 nm): tg = 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 °C, 95% ee,
[a]o®® +40.0 (c 0.47, CHsCN); *H NMR (400 MHz, ds-DMSO): 6
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); **C NMR (100 MHz, ds-DMSO0): §
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 (KB, Cm'l): v 3274, 1727, 1620, 1473,
1252, 1093, 865, 680; HRMS calcd for CigHisNNaOs[M+Na]: 328.0950, found
328.0981; HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH = 60:40,
0.9 mL/min, A = 254 nm): tg = 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, [a]o® + 15.3 (c
0.39, CH3CN); *H NMR (400 MHz, CDCly): 6 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); *C NMR (100 MHz, CDCly): 6 174.8, 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™): v 3261,
2959, 1739, 1473, 1246, 1047, 762; HRMS calcd for C16H17NNaOs[M+Na]: 294.1106,
found 294.1104; HPLC analysis (Daicel Chiralpak AS-H column, n-Hexane/EtOH =
60:40, 0.9 mL/min, A = 254 nm): tg = 6.65 min (major), 18.1 min (minor).
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3. Control Reaction of a,f-Unsaturated Pyrazoleamide 1a" with 2d

o 1 mol% A5 o} 1 mol% AS o
N MN CH1CN, 25 °C PhMN cHen,25°c | K AN \
—_—
\} slow \} fast \3
N= N= N=

Allyl pyrazoleamide 1a can be transformed to the corresponding a,f-unsaturated
pyrazoleamide isomer 1a' under the typical reaction condition without the addition of
isatin. The results indicated that the isomerization rate of transforming la 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 1.

(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 °C, and the resulting mixture was
stirred at this temperature for 48 h. The solvent was removed under reduced pressure
and the residue was purified by column chromatography (10/1 petroleum ether/ethyl
acetate) to give 0.42 g (99%) colorless liquid; *H NMR (400 MHz, CDCls): & 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); **C NMR (100 MHz, CDCl): § 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™): v 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

o

H

COCH ¥
R_:\ + Y v SOCh — > 0N '\‘}
= % CH.Cl, L N=

A CHClI; (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 CH,Cl..

The resultant solution was stirred for 2 h at room temperature. After being quenched

with 0.1 M HCI solution (3x10 mL), washed with 0.1 M NaOH solution (3x10 mL)
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and aq NacCl, the organic phase was separated, dry over anhydrous MgSQ,, filtered
and concentrated under reduced pressure, the crude product was purified by
chromatography on silica gel with petroleum ether-ethyl acetate as eluent.

o 3-phenyl-1-(1H-pyrazol-1-yl)but-3-en-1-one (1a). Yield: 85%
@ME§ (1.80 g), colorless liquid; *H NMR (400 MHz, CDCls): § 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); **C NMR (100
MHz, CDCls): 6 169.7, 144.1, 140.3, 139.6, 128.4, 128.4, 127.8, 125.8, 117.0, 109.8,

40.1; IR (KBr, cm'l): v 1736, 1383, 1353, 1200, 1089, 914, 774, 704; HRMS calcd for
C13H12N>NaO [M+Na]: 235.0847, found 235.0843.

o 1-(1H-pyrazol-1-yl)-3-(4-(trifluoromethyl)phenyl)but-3-en
ww§ -1-one (1b). Yield: 81% (2.27 g), colorless liquid; *H NMR
N
FsC

—

3 (400 MHz, CDCl): 6 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); *C NMR (100
MHz, CDCls): § 169.3, 144.3, 143.3, 139.4, 129.7 (q, J = 32.2 Hz), 128.5, 126.2, 125.4
(9, J = 3.7 Hz), 122.7, 119.2, 110.0, 30.0; IR (KBr, cm™): v 3129, 1736, 1619, 1384,
1327, 1121, 915, 764; HRMS calcd for Ci4Hi2F3N2O [M+H]: 281.0902, found
281.0905.

0 3-(4-chlorophenyl)-1-(1H-pyrazol-1-yl)but-3-en-1-one (1c).
J@JQLT\§ Yield: 89% (2.20 g), colorless liquid; *H NMR (400 MHz,
i CDCly): 6 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); **C NMR (100 MHz, CDCls): 6 169.4, 144.2, 139.3, 138.1, 133.6, 128.5,
128.4,127.1, 117.6, 109.9, 40.0; IR (KBr, cm™): v 1736, 1493, 1383, 1200, 1089, 914,
838, 766; HRMS calcd for C;13H1;CIN,NaO [M+Na]: 269.0458, found 269.0459.

) 3-(4-fluorophenyl)-1-(1H-pyrazol-1-yl)but-3-en-1-one (1d).
/@JJ\)LNN§ Yield: 86% (1.98 g), colorless liquid; *H NMR (400 MHz,
F CDCly): 6 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); *C
NMR (100 MHz, CDCly): 6 169.5, 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™): v 1736, 1511, 1383, 1237, 1084, 915, 842, 765; HRMS calcd for
Ci13H1:FN2NaO [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; *"H NMR (400 MHz, CDCls): 6 8.23 (s, 1H),

i 7.74 (s, 1H), 7.41 (d, J = 8.0 Hz, 2H), 6.84 (d, J = 8.0 Hz,
MEOQJQLE§ 2H), 6.36-6.33 (m, 1H), 5.55 (s, 1H), 5.20 (s, 1H), 4.35 (s,
2H), 3.78 (s, 3H); *C NMR (100 MHz, CDCl): ¢ 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'l): v 2835, 1736, 1608, 1514, 1250, 1032, 914, 765; HRMS calcd for
C14H15N202[M+H]: 243.1134, found 243.1134.

) 1-(1H-pyrazol-1-yl)-3-(p-tolyl)but-3-en-1-one (1f). Yield:
/@MNN§ 90% (2.04 g), colorless liquid; *H NMR (400 MHz, CDCly): ¢
Me 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); **C NMR (100 MHz, CDCly): 6 169.7, 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™): v 1736, 1515, 1383, 1088, 915,
832, 608; HRMS calcd for C14H14N2NaO [M+Na]: 249.1004, found 249.1004.

i 1-(1H-pyrazol-1-yl)-3-(m-tolyl)but-3-en-1-one (1g). Yield: 88%

“\:l§ (1.99 g), colorless liquid; *H NMR (400 MHz, CDCls): ¢ 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); **C NMR (100 MHz, CDCls): 6 169.7, 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™): v 1736,

1383, 1352, 1120, 1088, 916, 769, 723; HRMS calcd for Ci4H14N;NaO [M+Na]:
249.1004, found 249.1003.

\/\)ui 3-methylene-1-(1H-pyrazol-1-yl)heptan-1-one (1h). Yield:

'§§ 90% (1.28 g), colorless liquid, *H NMR (400 MHz, CDCly): &

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); *C NMR (100 MHz, CDCls): 6 169.9, 143.8, 142.0, 128.2, 114.0,

109.6, 40.6, 35.7, 29.4, 22.1, 13.8; IR (KBr, cm™): v 2958, 1739, 1383, 1200, 1088,
919, 768; HRMS calcd for C1;H17N,O [M+H]: 193.1341, found 193.1346.
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6. Copies of NMR Spectra of the Products
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Copies of NMR Spectra of the the Substrates

7.

40001

30001

20001

10001

08E'y

1a

ISAR

F1o8
T 108

} 10z

} 330

F 206
F 100

T 1.00

0.0

5.0

10.0
ppm (t1)

5000(

£010F

289°9L
00044 p o

BlE L —

G6LE0L
SEEOLL —

89452
E0ELEL |// —

GLEBZL -
A 4T —
FEO'GEL ——

GZEOFL
ES0FFL

099'691

I
100

I
150

I
200

ppm (1)

S38



60000

0000

I3

40000
30000
20000

o = o = o o
2 2 2 2 2 2
2 2 2 2 2 2
2 2 3 2 2 3
5] ul - o ] — (=]
1 111 L1 11 1111 L1 11 1111 L1 11 11
@
z—Z
o

o]

-
Ty - Fz2az

Q,

aLyg ik —— 1106
SEYE - F105
851’9
0ar'g F1.02
a5z L —
BLEL ———

- I 4.09
el -— =i
0zzs
Rw.mur ———= 100

0.0

10.0
ppm (t1}

9E0°0F

fzip= 1
ooo°LL
LhELL

9ECOLE
LELELL
AT

05E° 5T L
LBEEZL
b STl
£9F 5T L
SE18T1
248zl |/

LET BT L
S5 6T
LBE BT
0Zz 0el
oFE el
CETEFL
L9T°FF L

OFE" 69l

@
ZzZ—Z
O
2
o)
[T

10000

S39

100

200

ppm (1)




50000

40000

30000

20000

10000

0LES
L09°G

otrta
TN
afFa

[A=Tr
A=A %
88T°L
Q8L

a0FL
GELL

S8
Tore —

(o]

Cl

1c

212

F1.05
T 108

0.0

I
10.0

ppm (1)

0000

c
0

oF0°0F

zag'as
00022 W
BlELL

826 601 ——-.
GlE Ll ——
GBF L LTL

gev 8zl R
925 8T 1 HV

FEY 6AL

(o]

1c

Cl

I
100

ppm (t1}

S40



50000

40000

30000

20000

10000

o}

1d

T z10

+1.05
+1.05

F1m

Fzos

T206
1o

+1.00

0.0

ppm (1)

0000

I

40000

20000

10000

n. n.
2 2
2 2
2 2
- w

11 |

vz or

zag'as

QS.RW

ale s

20660

THLGLL

mmm.m:H/

AN

VGt LT L -

KESU;/,

i BZL ——

8L GEL

lEeE)

o BE L ——
eFLppL ———

EEL 19 ———
apareal

£F5 691

o}

1d

I
100

ppm (1}

S41



n. n. n. n. n.
2 2 2 2 2
2 2 2 2 2
2 2 2 2 2
ul - o1 o -— [=]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
@
z—Z
(o]
U
2
Q
[]
=
aue - = 328
[R='43 - T 204
GELG -3 T
zE5G —_— I im
cEr'g
acy'a -—— =0
vega
[ T 208
L —
TobL —— —
gorL —— = Fazm
=7} — Toos
gzze - T ogs

0.0

10.0
ppm i1

Y
i

50000

2E1°0F

oo
-+
1o
wr

zooal
00022 W
glE 4L

69L 600 ——.
ool el |/

¥EZELL

alracl
ko' el

ELE 9L |/

879 6EL
PO vr L

PO E5 L

95 691

o}

z—Z

1e

MeO

I
100

ppm (t1)

S42



0000
40000
30000
20000
10000

I

0000

5

40000
30000

20000
10000

o= =

= =

= =

= =

~ @
Ll

LLEE

CHEF

SETS

ogs

1f

316

Fzo7

104
F104

F1.00

F 203
Fzo4

Fogs

Fogs

0.0

10.0

ppm (t1}

£F0° LT

all ok

zaoal
00022 W
BLE 4L

54600 ——-.
Gl
==}

S\

FELEDL

o}

1f

Me

S43

100

200

ppm (t1)




60000

50000
40000
30000
20000
10000

LEE'T

LLEF

ik =]
EL95
[ =]
[t =]
SE¥S
ety =]
G042
E60°L
rals
€074
A
Lot
WETAYS
[ FA
jalTAF
SELL
rice
Leoa

N

Q)Li
Me 19

W

I II

T 206

T 199

F1.00
F100

Foos

=085

TFaas

Tosgs

Foas

0.0

ppm (1}

50000

LEFIT

o5l 0

£89°9
oo i
BLELL

99, 60k
el akl
==t
PEE AT L
£40°8TL
et =T
LLg ezl

w_‘m.hm_‘|/

299 6EL ————

LT O
LED Fb L |\

2V

9zl 6oL

o}

Me

I
100

ppm (t1)

S44



60001

50000

4000(

30001

20001

1000(

GER'D
45870
GLE0
BEEL
S8z
Ly
V6T

08
ole’
8ze’
1ae"
GEE’
gl
GEF
GEFL
¥oL'z
ANA
rke

EZRE

GEE't

FLE't

MGE'D

09g’L

nag’s

FATA]

™

o}

1h

T 319

- T 210
- T 19
- F 187

=== T} 200

————=—== T [}

—— 1]

- TF o0

0.0

5.0

10.0
ppm (1)

1000(

50001

09L°E)

LPVED

E0F G2

arl'Ge
a0g'0f

2899l —
noo'dl HHV

GlELL

95560}
096°El}

0L18zl

2oer ——.

Z0LER

58689}

o}

1h

I
100

I
150

I
200

ppm (t1)

S45



1000
5000

50001

0.0

(o]

la'
50

ppm (t1)

ri08

89 .
00022 W
BIELL

RIVEDL ——
BEGPLL ———
05851

iz ~
e —

VapezL —
SIIE——

QE0ER L

MAVO9L ——
GGEZ9

40001
30001
2000
10001

50

(o]

la'

S46

100

150

200

ppm (t1)



Conc.
100 0000
Conc.

492683
30.7317

6.000

325
34
Area

Area

6239666.000
6443500.000

1270

33

3z

Height
3138.469
30 H
Height

2

60834.992

Time(min)
Results
64283 477
1
28
Time(min)
Results

28

T

Sk Bk el it sl Il

Ret Time
30.740
Ret Time

e e e e e CE R L R,

e

e

|
'
'
'
.

PeakID

Peak ID

1401 --
1204 --
20-
20}-

i

T
o
w

1004
50
804
70
30

Peak No.
Total
Peak No.

8. Copies of HPLC Spectra of the Products

43323
93,6673

307569.363
11207894.000
11715463.563

3927883

1
W
~
=1

100.0000

3344339

S47

31.163

Total




100.0000

Conc.
30.1323
49 8677

Fmmmmm———-
Fom------r-

Area

681083.313
677488.688
1358572.000

Height
9569344
7332.167
16901.511

Time(min)

R

19.027

Ret Time
24038

[

S

3ab

R

Peak ID

JE

.

B e e B Sk B

\
Bn

S

o

124 -

'
T

0w

-

(AT

51 -

Peak No.
Total

1
1
1
1
1
]
1
1 '
1 '
1 '
[ '
[ ——
T T T T T T T T
= (=1 = = (=1 = (=1 [=
=) " = ™ = =] L= -
— — — —

m..uE_uw_ It

Conc.
45630
954311

100 0000

Area

378129623
12073368.000
1263534097.623

3604 380
132085.656
140690.336

Height

Results
S48

Ret Time
19.158
23620

T sab

Peak ID

Peak No.
Total




EIE——

[

Bad

1804

1604 --

1404 --

1204 --

3
60--

R

Time(min)

Results

Conc.
496043

Area

6376079.000
6985788.000
13861867.000

Height
116630.703

Ret Time

Peak ID

Peak No.

30.262
33082

30.3957

112269078

]

100.0000

228899781

Total

et s

e s s Ct
34

-204--

B

Time(min)

Results

Conc.

Height Area
399,

Ret Time

Peak ID

Peak No.

29153
07.0847

330483.500
11005803.000

11336286300

3
1711625313

34048

L]

100.0000

376

176361

Total

S49



404--

(GET]

104 --

Results

Cone.

Height Area
42360.832

Ret Time

Peak ID

Peak No.

50.1769
49.8231

3326875.500

38203

5

3487906.000

22386.371
110147

64747

0.208

100.0000

313

203

Total

'
.
'
L-
h
.

1303 ----
1204 ----
100%----

(AL

Results

Cone.

Height Area
104106332

Ret Time

Peak ID

Peak No.

943433

368.000

123

35117
48.003

5.6543

749369.188
13256137.188

3437.008

107

100.0000

43.360

5

Total

S50



R E e il el T Tt Tl Sl

e e FU U

gz -

Ny-

'
doo-

Br--

e o e F

i)
'
'

No-----
H

e e e

3af

| A p—

R Rl Rl Tl T Tttt Tl iieg

1204 -----

1004 -----

904 -----

'
'
[
'
'
'
'
'
+
=

M~ W

[T

(A T

I

Time(min)

Resulis

Conc.

Ret Time Height Area

Peak ID

Peak No.

405804
50.4106

227

3

8879

9973
12.143

4.750

701
3337040.000

40713.438

=]

100.0000

20308.664

1

Total

(min)

Tim

Results

Conc.

et Time Height Area

Peak ID

Peak No.

921243

12630039000

448155250

78757

1079740.123

223

388

3
463

12390

~

100.0000

23

13709779.1

3434735

Total

S51



100.0000

Conc.
082783

917.906

Area

2
12897374.000

13123291.906

40

Height
2686.233
T4114.477

T6800.709

35

Time(min)

Results
S52

30

Ret Time
25678
36.783

20

(=1
=)
oo [=1]
gl 8|S
- =
CH Rl =1 0 0 0 0 T T T T T T T T T
Wl o = B e e R R TR PR
" o=t i i ] ] ]
: A .
' A o
| | I I I I
: - ole A o
: s S| = A o
. L 22 A I i [
1 a |8 8o EEREELEEN
1 =]
' w o~ | B _ ' ' ' '
! HlE = e - [
1 a _mw_j m 0 ] 1 1 1
: oz
! i~ A o
' U 1 1 1 1
' U 1 1 1 1
N U 1 1 1 1
N U 1 1 1 1
" U ] ] ] ]
15 - ]
" 0 ] ] ] ]
: A o
! \ I I I I
' = =g A o
| H o _UM \ . 1 1 1
: : - M_ @ Al A . Lo
iy I P g2 5 2 L P
1 e B %] A e —--L [ p—,
' ' ' ' ' ' ﬂ Iu. U ] ] ] ]
: zT | 0 8 B A o
~0" Lo H @ A o
Lo I H 4 L o
. N o A o
. o8 . - Lo
L . ! ! . ! N - U ] 1 1 1
' ' ' ' ' ' ' ' ' ' ' W@ ' : | : '
A A El= 2 [ o
I - ' I I I 3 ' I =gy A= : ! ! ! !
Lo T o e w g o o o
o U ] ] ]
A e A |7 . o
' ' ' 1 ' ' ' ' ' ' ! ' ' '
' ' T ] ' ' ' 1 1 ' ! ' ' '
' ' ' [l ] 1 1 ' ! ' ' '
' ' ' ' ' ' T ] ' ' ! ' ' '
o [ ' 1 ] V1 ' o lw ! ' ' '
R e L O
A A . Lo
' ' ' ] ] ' ' ' ] ] ' o i ' ' |
IS s L i e i s e sy T & --
A S R ) Hakabal " et
B~ ® @ 4 @A A= - & e o e e o 6 5 a o o
& L B Y - f o™
Ay (At ! ' '
AL
=} —
- o
N =
= -~ ..m
L1
[ =

PeakID

Peak No.
Total




A

' ' '
B R e L

L bl LR

[
ot

(=21

[YERN

(AL}

5 S

Aot

- = JE

Time(min)

Results

Conc.

Ret Time Height Area

PeakID

Peak No.

30,6228
493772

3866317.300

31230

721963.000
11358282500

~

-

"

26623.018

~

100.0000

33938.341

Total

'
T
'
'
'
'
'
-
'
'
'
'
'
'
'
[
v
'
'
'
'
'
'
'
.

L At bl Rttt el el ettt Rl

100}------

A

_and------

e e L epepe g

Time{min)

Results

Conc.

Ret Time Height Area

PeakID

Peak No.

41122
93.8878

320627.688

8221.466
78173.711

19135268000
19955805.688

55.193

~

100.0000

86303.177

Total

S53



Results

Peak No. Peak ID Ret Time Height Area Conc.

1 15.503 39718336 4272878.500 306093

2 30.043 37720.148 4169966.730 49,3805
Total 47438484 84428435230 100.0000

Results
Peak No. Peak ID Ret Time Height Area Conc.
1 15.168 226079.406 16983002.000 94.8083
2 30.728 3041277 020040.363 3.1913
Total 254120683 17912951.563 100.0000

S54



e e T

20d-----
204-----

1604 -----

Conc.

Area

5084320.000
8063422.500

Height
104296 086

Ret Time

Peak ID

Peak No.

30,0583
400415

15.920
20177

64000.084

o]

100.0000

16149742300

169197.070

Total

350

{A)y

(2]
il

Conc.

Ret Time Height Area

Peak ID

Peak No.

93.1196
6.8804

387834.363 30642214.000

18.073

2264084.000
32006205.000

2.867
408387.430

L]

100.0000

Total

S55



Br<;

'
-

Femmmmsmmmmsmsepemeee——

Femmmmsmmmmsmsepemeee——

50%-

(AL

154 -

RTEN

Results

Conc.

Height Area
42890.621

Ret Time

Peak ID

Peak No.

502472
49,7328

4087179.750

40469683

23.583
30.083

32763.349

100.0000

3134148.250

73634.170

Total

GoioBaki

.
'

coooooo =
NEREINREcSSSES
(A

Tims(min)

Results

Cone.

Height Area
243629.688

Ret Time

Peak ID

Peak No.

83.1927

24008240.000

24.038
29515

6.8073

1733693125
23761933.123

14745289

100.0000

260374.977

Total

S56



(A

Time{min)

Results

Conc.

Ret Time Height Area

Peak ID

Peak No.

50.8699
49,1301

5614878.000

5422837300
11037715.500

63838.203
54357.031

22718
33437

~

100.0000

118415234

Total

L iy bl it S B it Ittt et

[ RpRpr pupupe ey gy B

401 ----

20}-----

Time(min)

Results

Conc.

Ret Time Height Area

PeakID

Peak No.

938033
4.0963

152342.563 13347878.000

21.383
31.863

370131.688
13918029 688

6031.783

(=]

100.0000

138304.348

Total

S57



3am

.
'
'

Y I (P . Y

e

and--
204 --
203 --

204 --

Results

Conc.

Area

3906776.000

3963884.500

Height

47200.508

Ret Time
21.087
30228

Peak ID

Peak No.

502066

49,7934

39983508

100.0000

1960660.300

87193.016

Total

Results

Conc.

Area

Height

81386.598
3226972

Ret Time

Peak ID

Peak No.

93,9409

6733831.000
283823.781

20373

4.0391

29.633

100.0000

T041636.781

B4613.871

Total

S58



e mm e

'
'
'
'
.
'
'
'
'
'
'
'
'
'
'
'
'
.
'
'
'
'
'
'
'
'
'
'
'
'
T
'
'
'
'
'
'
'
'
'
'
'

H

Y

S

40

30

E,

20

160 --------

1403 --------

604--------

(G

20

Time(min)

Results

Conc.

Ret Time Height Area

Peak ID

Peak No.

30.5899
454101

4938927.500

92881.789

4843274 500

47144340

33.872

]

100.0000

2802202.000

140026.129

Total

14

e

6

1

Time(min)

Results

Conc.

Ret Time Height Area

Peak ID

Peak No.

97.0255
29743

9633887.000

180590.719

293937.063

3777073

33.033

~

100.0000

9049844 063

184367.792

Total

S59



Conc.
6.1316
100.0000

93.8684

Area

11203871.000
731844300
11935715.500

Height

274775438
7964.771
282740200

Timstmin)

Results
S60

14.063
33317

Ret Time

(=]
(=1
[—T—] (=1
gl= = 2
sle nE
Qs e~
N N Al 1 1 ' ' 1 ' ' '
N N 1 1 ' ' 1 ' ' '
N N 1 1 ' ' 1 ' '
" " w ] ] 1 1 ] 1 1
d - - R A [ UE [ I
N N 1 1 ' ' 1 ' '
" " H ] ] 1 1 ] 1 1
[ ' o o= e ! ! ! ! ! ! !
Lo : 22| R ; ; : : ; : : -
' ' ' P [ L (=i 1 1 1 1 ' ' '
" " " o _..J_m.._ m mﬁ ] ] 1 1 ] 1 1
N H | - 3 ; ; i i ; i i
o _ g |z 2|4 " ; : : ; : :
N N ' [= " =] --—--- === r----- r----- T----- T----- a---- -
" " " =t =t | o 1 1 1 1 i 1 1
N N ' 1 1 ' ' 1 ' '
N N . 1 1 ' ' 1 ' '
N N . 1 1 ' ' 1 ' '
Lo : ) ' ' ' ' ' ' '
amer 1 o . . H H . H H
N N . 1 1 ' ' 1 ' '
N N . 1 1 ' ' 1 ' '
N N . I - -———— - - +--——— PR
" " " ] ] ' ' ] ' '
Do : 2= " " e " : :
o ' = e B ' ' o ' ' ' '
"o = - = | e es i i : : ' : :
TR g ol RIS " " : : " : :
[ [ . L [ == ' ' ' ' ' il il
[ [ R R ; ; . ; : i
RN T B SR " L _ L8
Lo 4 = oo EEEREE SEEEEE - REEEEEEEEEEE o
v (7 . = 1 1 = © .
Lo o\ [ n \ \ \ H
v . . Y . e . H
I/ m
Y ; ; | i
e M : : :
Lo I - - 4 -
] ] ' ' ' L 1 1 N
Lo I gl ' ' :
T . & [l iy ' ' :
Lo H - - r ! ! : L
' ' [T L — i i N
ol = : : :
Lo T e -
" : " T :
: = " " _ : : : ;
N . 1 1 ' ' 1 ' '
N N . N 1 1 ' ' 1 ' ' 1
N N . N 1 1 ' ' 1 ' '
N N . N 1 1 ' ' 1 ' '
N N . N 1 1 ' ' 1 ' '
N N . N 1 1 ' ' 1 ' '
" " " " ] ] ' ' ] ' '
S . Liide A R e T Tooee- FRi
o Ui = _ Lo : Lo :
L)
prrrprrrprrtrertrert et
oo oo oo JANS A - = = - - = = -
L L B - I'H] = I"H] = IH] = "]
ELIgYcC2 [ ] ] ] [ =
[GIETET {nn )
] -
z o
A
—i ERS ..m
LY
Ay =

Peak ID

Peak No.
Total




[,

B e L e

200——

1803 ------

00f------

Time(min)

Results

Conc.

Area

Height

87861.069
33218.957

Ret Time

Peak ID

Peak No.

0.3
40,4735

3

4460438300

"y

]
"y

4376206.000

384

~

100.0000

3734300

121080.926

Total

[CUYETE]

Time{min)

Results

Conc.

Height Area
100707.688

Ret Time

Peak ID

Peak No.

92.6

3102755.000

406420.188
330917

15.188

13772

3136.021

~

100.0000

5.188

103843.708

Total

S61



W

a0d-----

I/ SR

(AL T

60

55

50

45

40

35

30

25

20

15

Time{min)

Results

Conc.

Area

Height

62238.250

Ret Time

Peak ID

Peak No.

50.7213
492787

3907139.750

17.333
33.690

3796013.000

77031

23333.363

100.0000

2.730

3

85391.613

Total

0
'
'
'
'
'
'
'
+

[ N

Results

Cone.

Area

Height

37734734

2223173

Ret Time

Peak ID

Peak No.

90.8792

33048633

17.098

32.673

9.1208

360788.344

100.0000

3835631.844

59979909

Total

S62



I
I
t

=

I

(i

1804 ----+

1 G R R

L e R R B e L e e L L L L

Time(min)

Results

Conc.

Ret Time Height Area

Peak ID

Peak No.

7327057300
T281735.000

14608792500

211862.188

1

9.927
13.330

495449

62372.641
374234 828

~

100.0000

Total

P T 1P U N AP JU U WO PR

S Y H

'
'
U P
1
'
'
'
Sm s mssmmmmmmme-

Lt

'
'
'
e )

B e il fintie Sl Tttt et ittt el elielielielielield ai il

00 ---
aood---

7003 --- -

800 ---

500 ---

=

s
[l
Ba

200%---

Time{min)

Results

Conc.
07 4088

Area

30064930000

Height
846723.188

Ret Time

Peak ID

Peak No.

9.802
13.333

799773500
30864708.300

18671.773

~

100.0000

863394 963

Total

S63



Time(min)

Conc.

Area

17229668000

Height

965428

263343313

G17001.000

0047638

100.0000

17846669000

S64

=
=
R
g5 22
CH LN =1
[} [= T =1
2R
.
.
.
|
| = ale !
Il o | e i
Il [l o = |
1 a o | e '
| s |9 els
| 2 El= ;
i a2 lm e = '
| s EE .
| 2 a5 .
1 m A3 '
| .
!
| .
| .
| :
| .
| .
| I
| h
i
| .
= g '
| 18 37 |
i = e - R a5 N R A,
! N FE- .
- E )
| ’ T | == | mu
| ol e = ' :
| 2! o= . .
| T . . .
| m = [ [ AR R e 4 N
| A 2 ; h h ; h
! nM_ | H | | |
m Lo Lo "
! R [ AR SRR SR S 1w
lo P P "
T . . . . .
| W . i . : .
i E o e b _ _
| == = R hhbl ot R S REREE R R Ehhby B
- £ |= r 1 H : : | | H |
— W
" 3 A e "
" 1 1 1 1 1 1 v 1
1 I U S S S, SN 1=
| | H H H | 1 H 1
" ] ' ' ] ] ] ' ]
1 | H H | | | H |
| EEETEErE ro---r [ L EECEE EEEEEEETEY CEEE h g
|
| o . . . . . . .
1= . . . . . . . .
| =| I "
| o I S s SN A 4 ey
| | ; h h h ; d l 1=
e I L -ttt
- =¥ =] =1 o o =1 =1 o =] o
"} L'r] u (=] oy (=3 ul (=] uy uy
= i Mmoo o e = l
G TR
] —
A K
— ERS .._mv_
LY
=¥ ]

Results

14.863
18.263

Ret Time

Peak ID

Peak No.
Total




1 g gy

56

54

2

Time{min)

Results

Conc.

Area

Height
10972.609

13818.933
24791

Ret Time

Peak ID

Peak No.

49.0582

2240754.750

33673
61.603

50.9418

2326787230

100.0000

4367342000

542

Total

Results

Cone.

Height Area
43033.180

Ret Time

Peak ID

Peak No.

96.1608

38392

T730841.3

42793

300447363

2221133
_.1_

45,848

100.0000

3060259.063

3234313

Total

S65



[ —

'

'

'

'

'
-

'

'

'

'

L
['y]

oo™
(AU T

nd----

Time{min)

Results

Cone.

Ret Time Height Area

Peak ID

Peak No.

502270
49.7730

30362031 2499027500

22315
33.833

2476439.000

21389.068

[}

100.0000

4975466.300

51951.100

Total

1604 -----

(ALY T

Time{min)

Results

Cone.

Ret Time Height Area

Peak ID

Peak No.

96.3107

16339878.000

184507.109

3.6893

$34341.438

6226.667
1907

34.137

(]

17194219438 100.0000

33.776

Total

S66



[ - S

Sfd -

-

e
bmmmmmmm-

[

24

o
704
504 -------

104

T/ N

20t

16

Results

Conc.

Area

Height
46989.043

34604.713

Ret Time

Peak ID

Peak No.

30.1241
490.8759

2688806.000

2673492.750

16.657
23177

100.0000

3364208.750

81303.758

Total

Results

L R Ll Ehd

R el Sl Sl

Rk Rl | dld

1804 ---
804---
204---

Cone.

Height Area
204797.734

Ret Time

Peak ID

Peak No.

96.3903

13633393000

16.632
23732

3.6003

511351031
14166844031

6168.125

100.0000

210965.839

Total

S67



[ e e R

E
=104

(AL

Cone.

Height Area
34024335

Ret Time

Peak ID

Peak No.

50.3623
49.6377

2471100000

19.023
35320

549.750

4906649.750

3

21879.636

100.0000

33%04.191

Total

1-

204-------i-

'
'
'
'
'
'
'
t

=

=
=

LA T

1803 -------

40

35

30

25

20

Time(min)

Results

Cone.

Height Area
235680.331

Ret Time

Peak ID

Peak No.

972656
27344

18345082.000

18.608

515726.750
18860808.750

5020489

100.0000

240701.020

Total

S68



I EEEE

[E | PR

2004 ----

1604 ----

Time{min)

Results

Conc.

Ret Time Height Area

Peak ID

Peak No.

526382

214875.500

3

15936.344

2

6.763
20430

473418

500
000

2800200

38112

2284744

5

=]

100.0000

3

17

6103

36

Total

R S

LET1 % .

Can )

Time(min)

Resulis

Conc.

Height Area
1

Ret Time

Peak ID

Peak No.

5.9339
94.0660

2776813

87
13835417.000

3

b]

34813.113

18.097

(]

100.0000

14708193813

116377343

Total

S69



