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1. General methods

All reactions were carried out under an atmosphere of nitrogen in oven-dried
glasswares with magnetic stirring, unless otherwise indicated. All solvents employed
in the reactions were distilled from appropriate drying agent prior to use. All other
reagents were used as obtained unless otherwise noted. Flash Chromatography was
performed with silica gel (300-400 mesh) from Yantai Chemical Industry Research
Institute, P. R. China. Analyical thin-layer chromatography was performed with 0.2 &+
0.03 mm coated commercial silica gel plates (GF-254, particle size 0.04-0.05 mm).
'H and **C NMR spectra were recorded in CDCl; or DMSO-dg on Varian Inova (400
MHz and 100 MHz, respectively) spectometer. Chemical shifts (5 ppm) are relative to
the resonance of the deuterated solvent as the internal standard (CDCls, 6 7.26 ppm
for proton NMR, & 77.23 ppm for carbon NMR; DMSO-dg, 6 2.50 ppm for proton
NMR, & 39.52 ppm for carbon NMR). *H NMR data are reported as follows: chemical
shift (6, ppm), multiplicity (s = singlet, d = doublet, q = quartet, m = multiplet),
coupling constants (J) and assignment. Data for *C NMR are reported in terms of
chemical shift (6, ppm). IR spectra were recorded on a Varian 1000 FT-IR
spectrometer. Mass spectra were carried out using Agilent 6120 Quadrupole LC/MS
system with ESI resource. High-resolution mass spectra (HRMS) for all the
compounds were determined on Micromass GCT-TOF mass spertrometer with ESI
resource. High performance liquid chromatography (HPLC) was performed on an
Agilent 1200 Series chromatographs using CHIRALCEL AD-H and OD-H columns.
X-ray data were recorded on a Rigaku Mercury CCD/AFC diffractomrter. Optical
rotations are performed on Rudolph Aupol IV and reported as follows: [a]5 (c in g

per 100 mL, solvent).
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2. Typical experimental procedure
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2.1 General procedure for the preparation of 3 and 4

Under N, atmosphere, Cu(OTf), (0.0025-0.01 mmol, 2.5-10 mol%) and L6
(0.0025-0.01 mmol, 2.5-10 mol%) were charged into a flame-dried vessel, and
anhydrous PhCF; (2 mL) was added via syringe. The resulting mixture was stirred at
room temperature for 0.5 h. Then the substrates 1 (0.1 mmol) and 2a or 2b (0.2 mmol,
2 equiv) was introduced into the vessel. The reaction mixture was stirred at 25 <C
until the reaction was detected complete. The solvent was removed under reduced
pressure, and the resulting residue was purified by column chromatography on silica
gel with petroleum ether/EtOAc (3/1) as eluent to give 3 or 4 as solids. All the
products described in this manuscript were obtained as a mixture all diastereomers.

The racemic samples described in this work were synthesized according above
procedure, which were catalyzed by Cu(OTf), with mixed L6 and ent-L6 as ligands
at 0.025 mmol scale. Because equal amount of L6 and ent-L6 could not be accurately

balanced, slight ee values (<10%) were observed in their racemic HPLC spectra.

Ethyl-(3S,4a'S,8a'S)-1-methyl-2-oxo-4a’,6',7',8a’-tetrahydro-5'H-spiro[indoline-
3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4a

Etooc. _o_ .o White solid; mp 160-161 T; 94% yield (both

diastereomers) >99:1 dr, 94% ee [Daicel Chiralcel AD-H,

N@ hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min™, A = 254.4 nm,
4 t (major) = 12.087, t (minor) = 15.133]; [«]5 = +148.9 (c 0.14,
CHCl3); *H NMR (400 MHz, CDCls) § 7.31 (td, J = 7.6, 1.7 Hz,
1H), 7.16 — 7.02 (m, 2H), 6.84 (d, J = 7.8 Hz, 1H), 5.67 (s, 1H), 5.60 (d, J = 8.9 Hz,

1H), 4.23 (qq, J = 7.5, 3.7 Hz, 2H), 4.13 — 4.00 (m, 1H), 3.63 (td, J = 12.0, 2.5 Hz,
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1H), 3.20 (s, 3H), 1.94 (ddd, J = 12.7, 8.9, 4.2 Hz, 1H), 1.65 — 1.38 (m, 2H), 1.36 —
1.15 (m, 5H); *C NMR (100 MHz, CDCl5) § 175.3, 161.2, 144.1, 143.3, 129.2, 128.6,
122.8, 122.7, 108.3, 107.7, 97.5, 66.3, 61.0, 50.5, 41.7, 26.0, 24.7, 21.7, 13.7; IR
(KBr) vimax: 2947, 2925, 2871, 1719, 1700, 1649, 1608, 1493, 1471, 1370, 1345, 1303,
1275, 1260, 1223, 1176, 1136, 1080, 1057, 1016, 991, 926, 841, 765, 751, 671, 650
cm™; HRMS (ESI): m/z = 366.1310 (calcd for C1oH,:NOs+Na* = 366.1312).
Ethyl-(3S,4a'S,8a'S)-1-methyl-2-oxo0-4a",6",7',8a’-tetrahydro-5"H-spiro[indoline-
3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4b
MeooC. _o. .o White solid; mp 140-141 <C; 76% yield (both diastereomers),
O;E)\J 96:4 dr, 94% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =
/NO 80/20, flow rate: 1.0 mLmin?, A = 254.4 nm, t (major) =

4b

13.307, t (minor) = 18.928]; [¢]® = +191.7 (c 0.1, CHCI3); *H
NMR (400 MHz, CDCl3) 6 7.33 (td, J = 7.5, 1.8 Hz, 1H), 7.16 —
7.06 (m, 2H), 6.85 (d, J = 7.8 Hz, 1H), 5.70 (s, 1H), 5.63 (d, J = 8.9 Hz, 1H), 4.09 (dd,
J =118, 4.6 Hz, 1H), 3.80 (s, 3H), 3.65 (td, J = 12.0, 2.5 Hz, 1H), 3.22 (s, 3H), 1.96
(ddd, J = 12.8, 8.9, 4.2 Hz, 1H), 1.48 (d, J = 13.7 Hz, 2H), 1.37 — 1.26 (m, 2H); °C
NMR (101 MHz, CDCl3) 6 175.3, 161.8, 143.9, 143.3, 128.6, 122.8, 121.4, 119.3,
108.6, 107.7, 97.5, 66.3, 51.9, 50.5, 41.7, 26.0, 24.7, 21.7; IR (KBr) vVmax: 2932, 2867,
1729, 1709, 1639, 1611, 1494, 1371, 1349, 1304, 1282, 1222, 1198, 1169, 1130, 1087,
1024, 991, 956, 883, 763, 673, 653 cm™; HRMS (ESI): m/z = 352.1145 (calcd for
C1gH19NOs+Na" = 352.1155).
Ethyl-(3S,4a'S,8a'S)-1-(methoxymethyl)-2-oxo-4a',6',7",8a’-tetrahydro-5'H-
spiro[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4b
Et00C._O._ .0 White solid;, mp 63-64 <C; 93% yield (both
O;E)\j diastereomers), >99:1 dr, 93% ee [Daicel Chiralcel AD-H,
N\@ hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min™*, A = 254.4 nm,
MOM’ t (major) = 10.943, t (minor) = 12.549]; [¢]% = +185 (c 0.16,
4 CHCI3); *H NMR (400 MHz, CDCl3) 6 7.31 (s, 1H), 7.18 — 7.08
(m, 2H), 7.04 (d, J = 7.9 Hz, 1H), 5.69 (d, J = 1.6 Hz, 1H), 5.59 (dd, J = 9.0, 1.6 Hz,
1H), 5.21 — 4.99 (m, 2H), 4.25 (qq, J = 7.2, 2.6, 2.1 Hz, 2H), 4.14 — 3.99 (m, 1H),
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3.65 (tt, J = 12.1, 2.1 Hz, 1H), 3.33 (s, 3H), 2.04 — 1.93 (m, 1H), 1.65 — 1.36 (m, 3H),
1.34—1.23 (m, 4H); *C NMR (101 MHz, CDCls) § 176.0, 161.2, 144.2, 141.6, 128.7,
128.7, 123.4, 122.9, 109.3, 108.2, 97.5, 71.3, 66.4, 61.2, 56.0, 50.9, 41.6, 24.7, 21.9,
13.7; IR (KBr) vmax: 2935, 2864, 1716, 1643, 1610, 1487, 1466, 1342, 1321, 1296,
1276, 1242, 1175, 1113, 1083, 1055, 1017, 991, 914, 754, 663, 618 cm™; HRMS
(ESI): m/z = 396.1404 (calcd for CooH23sNOg+Na" = 396.1418).
Ethyl-(3S,4a'S,8a'S)-1-allyl-2-oxo0-4a",6',7',8a’-tetrahydro-5'"H-spiro[indoline-
3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4e

White solid; mp 37-38 <C; 88% vyield (both diastereomers), 99:1
EtOOC.__O._ .0

;EJ\) dr, 92% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20,
© N@ flow rate: 1.0 mLmin!, A = 254.4 nm, t (major) = 11.027, t
7 (minor) = 13.066]; [o]? = +149.7 (c 0.18, CHCI5); *H NMR (400
4 MHz, CDCl3) 8 7.29 (dd, J = 7.6, 1.5 Hz, 1H), 7.18 — 7.04 (m,
2H), 6.84 (d, J = 7.8 Hz, 1H), 5.82 (ddt, J = 16.1, 10.4, 5.3 Hz, 1H), 5.69 (s, 1H), 5.62
(d, J = 8.9 Hz, 1H), 5.30 — 5.14 (m, 2H), 4.43 (ddd, J = 16.1, 5.1, 2.3 Hz, 1H), 4.25
(qg, J = 6.2, 3.6 Hz, 3H), 4.09 (dd, J = 11.8, 4.5 Hz, 1H), 3.65 (td, J = 12.0, 2.6 Hz,
1H), 1.97 (ddd, J = 12.7, 8.9, 4.2 Hz, 1H), 1.60 (tdt, J = 12.4, 8.8, 4.5 Hz, 1H), 1.54 —
1.44 (m, 1H), 1.38 — 1.22 (m, 5H); *C NMR (101 MHz, CDCl,) § 175.0, 161.3, 144.2,
142.5, 130.5, 129.2, 128.5, 122.8, 122.8, 117.3, 108.7, 108.3, 97.5, 66.3, 61.1, 50.5,
42.2,41.7,24.7,21.8, 13.7; IR (KBr) Vmax: 2936, 2864, 2361, 2341, 1710, 1644, 1610,
1487, 1465, 1353, 1321, 1302, 1275, 1225, 1175, 1083, 1018, 992, 917, 753, 668
cm™; HRMS (ESI): m/z = 392.1477 (calcd for Co1H,sNOs+Na* = 392.1468).
Ethyl-(3S,4a'S,8a'S)-1-benzyl-2-0xo0-4a’,6°,7",8a’-tetrahydro-5"H-spiro[indoline-
3,4'-pyrano|[2,3-b]pyran]-2'-carboxylate 4f
EtOOC._O._ .0 White solid; mp 156-157 <C; 86% vyield (both diastereomers),
o | 98:2 dr, 92% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =
N@ 80/20, flow rate: 1.0 mL min™*, A = 254.4 nm, t (major) = 13.721,
B t (minor) = 19.254]; [o]® = +152.5 (c 0.22, CHCI3); *H NMR
i (400 MHz, CDCl3) & 7.36 — 7.26 (m, 5H), 7.21 (td, J = 7.7, 1.4

Hz, 1H), 7.14 (dd, J = 7.5, 1.3 Hz, 1H), 7.06 (t, J = 7.5 Hz, 1H), 6.75 (d, J = 7.8 Hz,
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1H), 5.73 (s, 1H), 5.67 (d, J = 8.9 Hz, 1H), 5.06 — 4.78 (m, 2H), 4.27 (qd, J = 7.2, 2.0
Hz, 2H), 4.11 (dd, J = 11.9, 4.5 Hz, 1H), 3.68 (td, J = 12.0, 2.5 Hz, 1H), 2.01 (ddd, J
=11.8, 8.9, 4.3 Hz, 1H), 1.66 — 1.55 (m, 1H), 1.55 — 1.46 (m, 1H), 1.38 (ddd, J = 15.9,
11.5, 6.2 Hz, 2H), 1.30 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCl3) & 175.5,
161.3, 144.2, 142.5, 135.0, 129.36, 128.5, 128.4, 127.3, 126.8, 122.9, 108.8, 108.4,
97.6, 66.4, 61.1, 50.5, 43.8, 41.8, 24.8, 21.9, 13.7; IR (KBr) vmax: 2928, 2868, 2851,
1709, 1648, 1611, 1467, 1351, 1320, 1276, 1228, 1220, 1177, 1077, 1038, 983, 754,
741, 697, 658 cm™t; HRMS (ESI): m/z = 442.1635 (calcd for CsHxsNOs+Na' =
442.1625).
Ethyl-(3S,4a'S,8a'S)-1-acetyl-2-oxo0-4a',6',7",8a’-tetrahydro-5'"H-spiro[indoline-
3,4'-pyrano|2,3-b]pyran]-2'-carboxylate 49

Et00C__O_ .0 White solid; mp 123-124 <C; 63% yield (both diastereomers),

;EJ\) 94:6 dr, 96% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =

O >,

N@ 80/20, flow rate: 1.0 mLmin, A = 254.4 nm, t (major) =

Ac 11.168, t (minor) = 16.163]; [a]® = +127.3 (c 0.06, CHCI3); *H
49

NMR (400 MHz, CDCl3) 6 8.22 (d, J = 8.2 Hz, 1H), 7.42 — 7.32
(m, 1H), 7.28 — 7.23 (m, 1H), 7.16 (dd, J = 7.5, 1.4 Hz, 1H), 5.73 (s, 1H), 5.53 (d, J =
9.0 Hz, 1H), 4.27 (pd, J = 7.2, 4.1 Hz, 3H), 3.66 (td, J = 12.0, 2.7 Hz, 1H), 2.68 (s,
3H), 1.96 (ddd, J = 12.7, 8.9, 3.9 Hz, 1H), 1.51 (dd, J = 13.8, 9.0 Hz, 3H), 1.34 — 1.28
(m, 4H); °C NMR (101 MHz, CDCls) & 176.6, 170.1, 161.0, 144.4, 139.7, 128.9,
128.3, 125.5, 122.5, 116.2, 107.5, 97.4, 66.4, 61.3, 51.0, 42.6, 26.3, 24.7, 21.8, 13.7;
IR (KBr) vmax: 2920, 2850, 2360, 2341, 1748, 1716, 1651, 1462, 1372, 1334, 1299,
1260, 1238, 1199, 1163, 1132, 1115, 1085, 1054, 1032, 1016, 994, 904, 862, 766, 757
cm™; HRMS (ESI): m/z = 394.1266 (calcd for CooH,1NOg+Na* = 394.1261).
Ethyl-(3S,4a’S,8a'S)-5-fluoro-1-methyl-2-oxo-4a’,6',7",8a’-tetrahydro-5"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4h
White solid; mp 132-133 <C; 93% vyield (both diastereomers), 99:1 dr, 94% ee
[Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min™*, A = 254.4
nm, t (major) = 10.926, t (minor) = 13.741]; [a]® = +167.8 (c 0.09, CHCI5); *H NMR
(400 MHz, CDCls) & 7.02 (td, J = 8.8, 2.5 Hz, 1H), 6.88 (dd, J = 7.7, 2.5 Hz, 1H),
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6.78 (dd, J = 8.5, 4.0 Hz, 1H), 5.65 (s, 1H), 5.60 (d, J = 8.9 Hz, 1H), 4.25 (dtd, J = 8.4,
Et00C. _O_ .0 7.0, 6.4, 3.7 Hz, 2H), 4.09 (dt, J = 12.1, 3.0 Hz, 1H), 3.64
p\j (td, J = 12.2, 2.4 Hz, 1H), 3.20 (s, 3H), 1.90 (ddd, J = 12.8,
° N@‘F 8.8, 4.2 Hz, 1H), 1.66 — 1.55 (m, 1H), 1.52 — 1.44 (m, 1H),
d 1.33 —1.23 (m, 5H); *°F NMR (376 MHz, CDCls) 5 -119.1;
an 13C NMR (101 MHz, CDClg) 8 175.0, 161.1, 159.1 (d, J =
240.0 Hz), 144.4, 139.2, 130.9 (d, J = 8.0 Hz), 114.8 (d, J = 23.0 Hz), 111.1 (d, J =
76.0 Hz), 108.3 (d, J = 8.0 Hz), 107.5, 97.4, 66.3, 61.2, 50.9, 41.6, 26.2, 24.6, 21.7,
13.7; IR (KBFr) vmax: 2859, 1712, 1645, 1618, 1489, 1450, 1277, 1261, 1227, 1093,
1080, 994, 880, 811, 670 cm™; HRMS (ESI): m/z = 384.1228 (calcd for
C19H20FNOs+Na’ = 384.1218).
Ethyl-(3S,4a'S,8a'S)-5-chloro-1-methyl-2-oxo-4a',6",7",8a’-tetrahydro-5"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4i
EtOOC.__O._ .0 White solid;, mp 162-163 <TC; 93% vyield (both
O;E)\j diastereomers), 99:1 dr, 99% ee [Daicel Chiralcel AD-H,
/N\©—CI hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min ™, A = 254.4

. nm, t (major) = 10.250, t (minor) = 14.271]; [a]> = +187.1
1

(c 0.07, CHCI3); *H NMR (400 MHz, CDCls) & 7.30 (dd, J =
8.4, 1.9 Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 6.78 (dd, J = 8.3, 1.6 Hz, 1H), 5.65 (d, J =
1.6 Hz, 1H), 5.63 — 5.57 (m, 1H), 4.34 — 4.17 (m, 2H), 4.10 (dd, J = 12.9, 4.1 Hz, 1H),
3.65 (t, J = 12.0 Hz, 1H), 3.21 (s, 3H), 2.01 — 1.84 (m, 1H), 1.49 (d, J = 13.8 Hz, 1H),
1.38 — 1.18 (m, 6H); 3C NMR (101 MHz, CDCl3)§ 174.9, 161.1, 144.5, 141.9, 131.0,
128.5, 128.2, 123.4, 108.7, 107.3, 97.4, 66.3, 61.2, 50.7, 41.6, 26.2, 24.6, 21.7, 13.7,
IR (KBr) vmax: 2968, 2942, 2860, 1715, 1651, 1608, 1488, 1381, 1365, 1322, 1304,
1287, 1273, 1220, 1081, 1057, 1024, 993, 849, 817, 774, 666 cm™; HRMS (ESI): m/z
= 400.0930 (calcd for C1gH,0CINOs+Na” = 400.0922).
Ethyl-(3S,4a'S,8a'S)-5-bromo-1-methyl-2-oxo-4a’,6',7*,8a’-tetrahydro-5"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4j
White solid; mp 181-182 <C; 95% vyield (both diastereomers), >99:1 dr, 99% ee

[Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min™*, A = 254.4
S7



nm, t (major) = 10.738, t (minor) = 13.323]; [a]® = +177.8 (c 0.14, CHCI5); *H NMR
(400 MHz, CDCl3) § 7.45 (dd, J = 8.2, 2.0 Hz, 1H), 7.24 (d, J = 2.0 Hz, 1H), 6.73 (d,
J=8.3Hz, 1H), 5.64 (s, 1H), 5.59 (d, J = 8.9 Hz, 1H), 4.26 (qd,
Y J =172, 4.3 Hz, 2H), 4.15 — 4.03 (m, 1H), 3.64 (td, J = 12.1,
O;EJ\J 2.5 Hz, 1H), 3.20 (s, 3H), 1.91 (ddd, J = 12.7, 8.9, 4.1 Hz, 1H),
/NQ& 1.60 (ddt, J = 12.6, 8.8, 4.4 Hz, 1H), 1.53 — 1.44 (m, 1H), 1.36
—1.23 (m, 5H); *C NMR (101 MHz, CDCls) & 174.8, 161.1,
1445, 142.4, 131.4, 131.3, 126.1, 115.4, 109.2, 107.3, 97.4, 66.3, 61.2, 50.6, 41.6,
26.1, 24.6, 21.7, 13.7; IR (KBr) Vmax: 2969, 2940, 2855, 1713, 1651, 1606, 1493, 1485,
1322, 1304, 1286, 1273, 1261, 1219, 1082, 1057, 1024, 993, 847, 814, 773, 664 cm™;
HRMS (ESI): m/z = 446.0413 (calcd for C19H20BrNOs+Na" = 444.0417).
Ethyl-(3S,4a'S,8a'S)-5-methoxy-1-methyl-2-oxo-4a',6",7',8a’-tetrahydro-5'H-
spiro[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4k
Et00C.__O._ .0 White solid; mp 190-191 <C; 94% vyield (both
| diastereomers), >99:1 dr, 98% ee [Daicel Chiralcel AD-H,

o)

-,

/NOOMe hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min™, A = 254.4
4K nm, t (major) = 14.524, t (minor) = 16.544]; [a]> = +154.0
(¢ 0.20, CHCI3); *H NMR (400 MHz, CDCl3) 5 6.83 (dd, J = 8.5, 2.5 Hz, 1H), 6.76 (s,
1H), 6.74 — 6.71 (m, 1H), 5.68 (s, 1H), 5.60 (d, J = 8.9 Hz, 1H), 4.24 (qq, J = 7.4, 3.8
Hz, 2H), 4.12 — 4.03 (m, 1H), 3.78 (s, 3H), 3.64 (td, J = 12.0, 2.5 Hz, 1H), 3.18 (s,
3H), 1.91 (ddd, J = 12.7, 8.9, 4.2 Hz, 1H), 1.58 (tq, J = 12.4, 4.2 Hz, 1H), 1.51 — 1.42
(m, 1H), 1.34 — 1.24 (m, 5H); **C NMR (101 MHz, CDCls) § 175.0, 161.3, 156.0,
144.1, 136.7, 130.6, 112.8, 110.0, 108.3, 108.1, 97.5, 66.3, 61.1, 55.3, 50.9, 41.8, 26.1,
24.7, 21.7, 13.7; IR (KBr) Vmax: 2966, 2926, 2871, 1708, 1644, 1598, 1493, 1464,
1440, 1357, 1318, 1289, 1276, 1259, 1230, 1204, 1174, 1139, 1116, 1083, 1057, 1020,
996, 839, 802, 774, 666 cm™; HRMS (ESI): m/z = 396.1426 (calcd for
C2oH23NOg+Na" = 396.1418).
Ethyl-(3S,4a'S,8a'S)-1,5,7-trimethyl-2-oxo-4a',6',7",8a’-tetrahydro-5"H-spiro

[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 41
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White solid; mp 158-159 <C; 83% vyield (both diastereomers), 97:3 dr, 97% ee
[Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min*, A = 254.4

H —_ H —_ . 25
Et00C. _O_ .0 nm, t (major) = 9.212, t (minor) = 10.499]; [a]s = +180.7 (c

;Ej\j 0.14, CHCls); *H NMR (400 MHz, CDCl5) § 6.84 (s, 1H), 6.75
° f (d, J = 1.7 Hz, 1H), 5.66 (s, 1H), 5.61 (d, J = 8.9 Hz, 1H), 4.24
d Q— (qd, J = 7.1, 4.8 Hz, 2H), 4.08 (ddd, J = 9.9, 4.5, 2.3 Hz, 1H),
41 3.64 (td, J = 12.0, 2.5 Hz, 1H), 3.46 (s, 3H), 2.52 (s, 3H), 2.26
(s, 3H), 1.88 (ddd, J = 12.7, 8.9, 4.1 Hz, 1H), 1.61 — 1.46 (m, 2H), 1.36 — 1.23 (m,
5H); *C NMR (101 MHz, CDCls) 6 175.9, 161.4, 143.9, 138.6, 132.6, 132.3, 129.9,
121.4, 119.0, 108.9, 97.6, 66.3, 61.0, 50.0, 42.0, 29.3, 24.7, 21.7, 20.3, 18.3, 13.7; IR
(KBFr) Vmax: 2921, 2857, 1721, 1700, 1633, 1602, 1474, 1343, 1306, 1262, 1177, 1135,
1110, 1084, 1067, 1042, 1019, 996, 958, 850, 778, 747, 677 cm™; HRMS (ESI): m/z
=394.1619 (calcd for Cy;HosNOs+Na* = 394.1625).
Ethyl-(3S,4a'S,8a'S)-6-chloro-1-methyl-2-oxo-4a’,6',7",8a’-tetrahydro-5"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4m
Etooc.__o. .o. White solid; mp 181-182 C; 92% vyield (both
| diastereomers), >99:1 dr, 93% ee [Daicel Chiralcel AD-H,
N hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min*, A = 254.4 nm,
g Q t (major) = 12.572, t (minor) = 21.554]; [«¢]5 = +102.8 (c 0.11,
am CHCI3); *H NMR (400 MHz, CDCl3) & 7.13 — 6.98 (m, 2H),
6.85 (d, J = 1.7 Hz, 1H), 5.63 (s, 1H), 5.59 (d, J = 8.9 Hz, 1H), 4.25 (qq, J = 7.2, 3.8
Hz, 2H), 4.08 (dd, J = 11.8, 4.5 Hz, 1H), 3.63 (td, J = 12.0, 2.6 Hz, 1H), 3.20 (s, 3H),
1.91 (ddd, J = 12.7, 8.9, 4.1 Hz, 1H), 1.64 — 1.42 (m, 2H), 1.38 — 1.15 (m, 5H); **C
NMR (101 MHz, CDCl3) 6 175.3, 161.1, 144.5, 144.4, 134.4, 127.6, 123.7, 122.7,
108.5, 107.6, 97.4, 66.3, 61.2, 50.3, 41.6, 26.1, 24.6, 21.7, 13.7; IR (KBr) Vmax: 2931,
2855, 1724, 1711, 1637, 1607, 1366, 1278, 1252, 1174, 1132, 1087, 1068, 1056, 1021,
1005, 993, 925, 841, 776, 764, 665 cm™; HRMS (ESI): m/z = 400.0930 (calcd for
C19H20CINOs+Na* = 400.0922).
Ethyl-(3S,4a'S,8a'S)-7-fluoro-1-methyl-2-oxo-4a’,6°,7',8a’-tetrahydro-5'"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4n
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White solid; mp 104-105 <C; 90% vyield (both diastereomers), 98:2 dr, 92% ee
[Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min*, A = 254.4
EtOOC.__O._ .0 nm, t (major) = 12.046, t (minor) = 17.247]; [a]y = +162.0 (c

O;E')\j 0.10, CHCI); *H NMR (400 MHz, CDCl3) & 7.11 — 6.99 (m,

/NQ 2H), 6.91 (dd, J = 6.2, 2.1 Hz, 1H), 5.66 (s, 1H), 5.60 (d, J =
- 8.9 Hz, 1H), 4.26 (qq, J = 7.5, 3.6 Hz, 2H), 4.13 — 4.00 (m,
4n 1H), 3.65 (td, J = 12.0, 2.6 Hz, 1H), 3.42 (s, 3H), 1.92 (ddd, J
=127, 8.8, 4.1 Hz, 1H), 1.59 (ddt, J = 12.5, 8.0, 4.4 Hz, 1H), 1.53 — 1.46 (m, 1H),
1.38 — 1.23 (m, 5H); *F NMR (376 MHz, CDCls) 5 —136.2; *C NMR (101 MHz,
CDCl3) 6 175.0, 161.2, 148.2, 144.3, 132.1, 130.0, 123.4 (d, J = 6.0 Hz), 118.6, 116.5
(d, J = 18.0 Hz), 107.7, 97.3, 66.3, 61.2, 50.8, 41.8, 28.5, 24.6, 21.7, 13.7; IR (KBr)
Vmax: 2923, 2857, 1712, 1656, 1627, 1483, 1371, 1322, 1301, 1277, 1236, 1138, 1110,
1083, 1061, 1053, 1026, 992, 983, 865, 789, 770, 756, 736, 678 cm™; HRMS (ESI):
m/z = 384.1224 (calcd for C1gH,0FNOs+Na' = 384.1218).
Ethyl-(3S,4a'S,8a'S)-1,7-dimethyl-2-oxo-4a’,6',7",8a’-tetrahydro-5'H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 40
EtooCc.__0O._ .0 White solid; mp 125-126 <C; 95% yield (both diastereomers),
O;E)\j 98:2 dr, 94% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =
N 80/20, flow rate: 1.0 mL min*, A = 254.4 nm, t (major) = 11.430,
. @ t (minor) = 13.997]; [¢]® = +161.0 (c 0.10, CHCls); 'H NMR
40 (400 MHz, CDCl3) 8 7.06 — 7.01 (m, 1H), 6.99 — 6.92 (m, 2H),
5.67 (s, 1H), 5.62 (d, J = 8.9 Hz, 1H), 4.25 (qd, J = 7.1, 3.8 Hz, 2H), 4.15 — 4.01 (m,
1H), 3.65 (td, J = 12.0, 2.6 Hz, 1H), 3.49 (s, 3H), 2.58 (s, 3H), 1.91 (ddd, J = 12.7, 8.9,
4.1 Hz, 1H), 1.59 (dtd, J = 12.6, 8.3, 4.2 Hz, 1H), 1.52 — 1.43 (m, 1H), 1.35 — 1.22 (m,
5H); *C NMR (101 MHz, CDCls) 6 176.0, 161.3, 144.0, 141.0, 132.2, 129.8, 122.7,
120.7, 119.3, 108.7, 97.6, 66.3, 61.0, 49.9, 42.0, 29.4, 24.7, 21.7, 18.5, 13.7; IR (KBr)
Vmax: 2942, 2864, 1721, 1674, 1484, 1365, 1321, 1242, 1183, 983, 834, 754, 647 cm™;
HRMS (ESI): m/z = 380.1477 (calcd for CooH23sNOs+Na ™ = 380.1468).
Ethyl-(3aS,4S,7aR)-1"-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro[furo[2,3-b]

pyran-4,3'-indoline]-6-carboxylate 3a
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White solid; mp 172-173 <C; 93% vyield (both diastereomers), 88:12 dr, 80% ee for
the major, 60% ee for the minor [Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20,
flow rate: 1.0 mL mint, & = 254.4 nm, t (major) = 13.944, t
EtOOC.__O.__o ]
| (minor) = 23.288]; [«]® = -148.0 (c 0.15, CHCI5); *H NMR (400
Ox¢” MHz, CDCls) & 7.31 (t, J = 7.7 Hz, 1H), 7.16 (d, J = 7.3 Hz, 1H),
/NQ 7.08 (t, J = 7.5 Hz, 1H), 6.86 (d, J = 7.8 Hz, 1H), 5.80 (d, J = 3.3
3a Hz, 2H), 4.32 — 4.19 (m, 3H), 4.01 — 3.84 (m, 1H), 3.24 (s, 3H),
2.53 - 2.36 (M, 1H), 2.30 — 2.20 (m, 1H), 2.10 — 2.01 (m, 1H), 1.28 (t, J = 7.1 Hz, 3H);
3C NMR (101 MHz, CDCls) § 175.9, 161.3, 142.9, 141.8, 132.6, 128.6, 123.4, 122.7,
108.0, 105.3, 99.3, 68.2, 61.1, 47.6, 43.9, 26.1, 24.1, 13.7; IR (KBr) vmax: 2921, 1703,
1650, 1608, 1489, 1469, 1369, 1346, 1301, 1254, 1195, 1136, 1083, 1069, 1045, 1022,
1000, 928, 885, 844, 765, 749, 683 cm™; HRMS (ESI): m/z = 352.1166 (calcd for
C1gH19NOs+Na" = 352.1155).
Ethyl-(3aS,4S,7aR)-5"-chloro-1'-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro[furo
[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3b
EtOOC._O.__0o White solid; mp 181-182 <C; 85% vyield (both diastereomers),
oj?;i) 87:13 dr, 99% ee for the major, 99% ee for the minor [Daicel
/NQ/C' Chiralcel 1A-H, hexanes/i-PrOH = 80/20, flow rate: 1.0
3b mLmin?, A = 254.4 nm, t (major) = 13.201, t (minor) =
18.577]; [o]® =-124.2 (c 0.24, CHCI3); 'H NMR (400 MHz, CDCls) § 7.29 (dt, J =
8.3, 1.9 Hz, 1H), 7.22 — 7.10 (m, 1H), 6.79 (dd, J = 8.4, 1.7 Hz, 1H), 6.15 — 5.54 (m,
2H), 4.32 — 4.19 (m, 3H), 3.94 (dt, J = 9.3, 7.5 Hz, 1H), 3.22 (s, 3H), 2.43 (tt, J = 12.1,
9.7 Hz, 1H), 2.34 — 2.18 (m, 1H), 2.13 — 1.96 (m, 1H), 1.32 — 1.27 (m, 3H); *C NMR
(101 MHz, CDCIs) ¢ 175.5, 161.2, 143.3, 140.4, 134.1, 128.5, 128.1, 124.0, 108.9,
104.5, 99.2, 68.2, 61.3, 47.7, 43.7, 26.3, 24.0, 13.7; IR (KBr) Vmax: 2920, 2893, 1728,
1712, 1648, 1607, 1491, 1475, 1362, 1344, 1249, 1183, 1146, 1096, 1070, 1047, 1020,
989, 960, 882, 864, 842, 820, 766, 739, 680 cm™; HRMS (ESI): m/z = 386.0779
(calcd for C1gH1gCINOs+Na”™ = 386.0766).
Ethyl-(3aS,4S,7aR)-5"-bromo-1'-methyl-2'-ox0-2,3,3a,7a-tetrahydrospiro[furo

[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3c
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White solid; mp 201-202 <C; 93% vyield (both diastereomers), 88:12 dr, 99% ee for
the major, 99% ee for the minor [Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20,
flow rate: 1.0 mL min™, A = 254.4 nm, t (major) = 13.690, t
1|/>;£> (minor) = 20.131]; [o]% = -173.2 (c 0.21, CHCly); 'H NMR
© :@Br (400 MHz, CDCl3) 5 7.44 (dd, J = 8.3, 2.0 Hz, 1H), 7.28 (s,
1H), 6.74 (d, J = 8.3 Hz, 1H), 5.82 — 5.74 (m, 2H), 4.36 —
4.14 (m, , 3H), 3.94 (q, J = 8.6, 8.1 Hz, 1H), 3.22 (s, 3H),
2.55 — 2.34 (m, 1H), 2.32 — 2.17 (m, 1H), 2.12 — 1.96 (m, 1H), 1.36 — 1.26 (M, 3H);
3¢ NMR (101 MHz, CDCl3) 6 175.4,161.2, 143.3, 140.8, 134.5, 131.4, 126.7, 115.3,
109.4, 104.5, 99.2, 68.2, 61.3, 47.7, 43.7, 26.3, 24.0, 13.7; IR (KBr) vmax: 2955, 2889,
1728, 1714, 1647, 1605, 1489, 1420, 1363, 1342, 1249, 1181, 1093, 1070, 1047, 1019,
1005, 988, 882, 864, 842, 818, 765, 675 cm™; HRMS (ESI): m/z = 430.0265 (calcd
for C1gH1gBrNOs+Na” = 430.0261).
Ethyl-(3aS,4S,7aR)-5"-methoxy-1'-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro[furo
[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3d

EtOOC.__O.__o White solid; mp 201-202 <C; 84% vyield (both
Oy) diastereomers), 84:16 dr, 98% ee for the major, 77% ee for
N_®/OM9 the minor [Daicel Chiralcel AD-H, hexanes/i-PrOH =

’ 3d 80/20, flow rate: 1.0 mL min™, A = 254.4 nm, t (major) =

16.390, t (minor) = 22.553]; [0]® = -155.2 (¢ 0.25, CHCIls); *H NMR (400 MHz,
CDCl3) & 6.89 — 6.64 (m, 3H), 6.22 — 5.52 (m, 2H), 4.38 — 4.14 (m, 3H), 4.00 — 3.88
(m, 1H), 3.76 (s, 3H), 3.21 (s, 3H), 2.55 — 2.35 (m, 1H), 2.30 — 2.15 (m, 1H), 2.13 —
1.94 (m, 1H), 1.34 — 1.24 (m, 3H); **C NMR (101 MHz, CDCls)  175.6, 161.3, 156.0,
142.9, 135.2, 133.8, 112.7, 110.9, 108.4, 105.4, 99.2, 68.3, 61.1, 55.4, 48.0, 43.9, 26.2,
24.1, 13.7; IR (KBr) Vmax: 2920, 2894, 1727, 1708, 1647, 1598, 1494, 1455, 1352,
1287, 1251, 1227, 1157, 1101, 1068, 1049, 1036, 886, 834, 813, 771, 684, cm™;
HRMS (ESI): m/z = 382.1251 (calcd for C19H21NOg+Na* = 382.1261).
Ethyl-(3aS,4S,7aR)-6'-chloro-1'-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro[furo
[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3e
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White solid; mp 67-68 <C; 91% yield (both diastereomers), 85:15 dr, 83% ee for the
major, 50% ee for the minor [Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow

. s 1A . _ .
Et00C._O _o rate: 1.0 mL min~, A = 254.4 nm, t (major) = 18.481, t (minor)

ll;):) = 34.963]; [o]® = -192.0 (c 0.08, CHCIls); *H NMR (400
O "’/
Q MHz, CDCls) & 7.15 — 6.99 (m, 2H), 6.87 (dd, J = 8.3, 1.8 Hz,

N
/ o 1H), 6.13 — 5.46 (m, 2H), 4.39 — 4.12 (m, 3H), 4.04 — 3.83 (m,

Se 1H), 3.22 (s, 3H), 2.53 — 2.33 (m, 1H), 2.32 — 2.17 (m, 1H),

2.11 — 1.96 (m, 1H), 1.29 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCl5) § 175.9,
161.2, 143.1, 143.0, 134.4, 130.9, 124.4, 122.5, 108.7, 104.7, 99.2, 68.2, 61.2, 47.3,
43.8, 26.3, 24.0, 13.7; IR (KBr) Vmax: 2919, 2851, 1716, 1650, 1605, 1493, 1366, 1298,
1248, 1106, 1071, 1049, 1023, 1002, 930, 893, 846, 718, 682 cm *; HRMS (ESI):
m/z = 386.0777 (calcd for C1gH13CINOs+Na" = 386.0766).

2.2 Procedure for the preparation of 5

6]
EtOO0C Cu(OTf), (10 mol%)
Br J . \WOMe L6 (10 mol%)
(0] PhCF3 (0.1 M)
N\ 25°C, 24 h
1j 2c 5

Under N, atmosphere, Cu(OTf), (0.01 mmol, 10 mol%) and L6 (0.01 mmol, 10
mol%) were charged into a flame-dried vessel, and anhydrous PhCF; (1 mL) was
added via syringe. The resulting mixture was stirred at room temperature for 0.5 h.
Then the substrates 1j (0.1 mmol) and 2¢ (0.4 mmol, 4 equiv) was introduced into the
vessel. The reaction mixture was stirred at 25 <C for 24 h. When the reaction was
detected complete (by TLC analysis), the solvent was removed under reduced
pressure, and the resulting residue was purified by column chromatography on silica
gel with petroleum ether/EtOAc (3/1) as eluent to give 5 as a white solid.
Ethyl-(3R)-5-bromo-2'-methoxy-1,2'-dimethyl-2-oxo-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 5
White solid; mp 56-57 <C; 92% yield (both diastereomers), 99:1 dr, 93% ee [Daicel
Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min*, A = 254.4 nm, t
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(major) = 6.932, t (minor) = 8.501]; [¢]? = +62.1 (c 0.10, CHCIs); *H NMR (400
MHz, CDCl3) 5 7.74 (d, J = 2.0 Hz, 1H), 7.40 (dd, J = 8.2, 2.1 Hz, 1H), 6.71 (d, J =
8.2 Hz, 1H), 5.77 (s, 1H), 4.38 — 4.04 (m, 2H), 3.39 (s, 3H),
EtOOC
3.20 (s, 3H), 2.50 (d, J = 14.1 Hz, 1H), 2.10 (d, J = 14.0 Hz,

1H), 1.63 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H); *C NMR (101

MHz, CDCl3) 6 177.0, 161.7, 142.0, 141.5, 133.8, 130.8,
S 130.3, 115.1, 110.5, 109.0, 98.6, 60.9, 48.6, 47.2, 39.6,
26.4, 22.1, 13.7; IR (KBr) Vmax: 2936, 2836, 1719, 1650, 1605, 1466, 1362, 1335,
1294, 1260, 1229, 1200, 1179, 1156, 1126, 1095, 1076, 1050, 1021, 852, 832, 808,
649 cm™; HRMS (ESI): m/z = 432.0426 (calcd for C1gH20BrNOs+H"* = 432.0417).

2.3 Procedure for the preparation of 6
0

EtOOC
EtOOC Cu(OTf), (10 mol%)
Br / R rSPh L6 (10 mol%) o
0 PhCF3 (0.1 M)
N 25°C, 24 h
\
1j 2d 6

Under N, atmosphere, Cu(OTf), (0.01 mmol, 10 mol%) and L6 (0.01 mmol, 10
mol%) were charged into a flame-dried vessel, and anhydrous PhCF; (1 mL) was
added via syringe. The resulting mixture was stirred at room temperature for 0.5 h.
Then the substrates 1j (0.1 mmol) and 2d (0.2 mmol, 2 equiv) was introduced into the
vessel. The reaction mixture was stirred at 25 <C for 24 h. When the reaction was
detected complete (by TLC analysis), the solvent was removed under reduced
pressure, and the resulting residue was purified by column chromatography on silica

gel with petroleum ether/EtOAc (3/1) as eluent to give 6 as a white solid.

Ethyl-(S,E)-3-(5-bromo-1-methyl-2-oxo0-3-(2-(phenylthio)vinyl)indolin-3-yl)-
2-0xopropanoate 6

White solid; mp 86-87 <C; 88% yield (both diastereomers),90:10 E/Z, 99% ee for the
major, 99% ee for the minor [Daicel Chiralcel AD-H, hexanes/i-PrOH = 95/5, flow
rate: 1.0 mL mint, & = 254.4 nm, t (major) = 25.165, t (minor) = 42.134]; [«]? =
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~193.0 (c 0.12, CHCls); *H NMR (400 MHz, CDCl3) & 7.51 — 7.14 (m, 7H), 6.76 (d, J
= 8.3 Hz, 1H), 6.25 (d, J = 15.2 Hz, 1H), 5.75 (d, J = 15.3 Hz, 1H), 4.25 (q, J = 7.1

Hz, 2H), 3.85 — 3.43 (m, 2H), 3.23 (s, 3H), 1.31 (t, J = 7.1
EtOOC
Hz, 3H); *C NMR (101 MHz, CDCls) & 189.3, 175.4, 159.1,

142.8, 133.1, 131.2, 130.7, 129.9, 128.8, 127.1, 127.0,

126.89, 126.1, 114.7, 109.7, 62.4, 51.3, 45.1, 26.3, 13.4; IR

6 (KBF) Vmax: 2932, 1713, 1651, 1605, 1488, 1466, 1336, 1296,
1261, 1230, 1095, 1052, 941, 817, 742, 701, 649 cm *; HRMS (ESI): m/z = 496.0199
(calced for CoH20SBrNO4+Na™ = 496.0189).

2.4 Procedure for the preparation of 7

0
EtO0C Cu(OTf), (10 mol%)
Br / . N L6 (10 mol%)
0 N PhCF5 (0.1 M)
N H 25°C, 24 h
1j 2e 7

Under N, atmosphere, Cu(OTf), (0.01 mmol, 10 mol%) and L6 (0.01 mmol, 10
mol%) were charged into a flame-dried vessel, and anhydrous PhCF; (1 mL) was
added via syringe. The resulting mixture was stirred at room temperature for 0.5 h.
Then the substrates 1j (0.1 mmol) and 2e (0.2 mmol, 2 equiv) was introduced into the
vessel. The reaction mixture was stirred at 25 <C for 24 h. When the reaction was
detected complete (by TLC analysis), the solvent was removed under reduced
pressure, and the resulting residue was purified by column chromatography on silica

gel with petroleum ether/EtOAc (3/1) as eluent to give 7 as a yellow solid.

Ethyl-3-(5-bromo-3-(2,3-dimethyl-3H-indol-3-yl)-1-methyl-2-oxoindolin-3-yl)-
2-oxopropanoate 7

Yellow solid; mp 92-93 <C; 33% vyield, 83:17 dr, 0% ee [Daicel Chiralcel AD-H,
hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min ™, A = 254.4 nm, t (major) = 23.056, t
(minor) = 26.836]; *H NMR (400 MHz, CDCls) & 7.75 (s, 1H), 7.51 — 7.32 (m, 3H),
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7.19 (d, J = 1.8 Hz, 1H), 7.05 (dd, J = 8.3, 1.8 Hz, 1H), 6.79 (d, J = 8.3 Hz, 1H), 4.25
(qd, J = 7.1, 1.7 Hz, 2H), 4.16 — 3.90 (m, 2H), 3.23 (s, 3H), 2.32 (s, 3H), 2.17 (s, 3H),
1.31 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCls) &
189.9, 177.5, 159.3, 143.4, 134.7, 133.3, 131.4, 130.8,
129.8, 126.7, 117.8, 116.8, 114.4, 109.4, 107.7, 106.5,
62.3, 52.3, 46.9, 29.2, 26.3, 13.4, 11.1, 7.9; IR (KBr) Viax:

7 2918, 2850, 1718, 1705, 1606, 1487, 1467, 1363, 1340,
1260, 1095, 1054, 1022, 806, 730, 689, 648, 632 cm™; HRMS (ESI): m/z = 505.0727
(calcd for Co4H23BrN,O4+Na’ = 505.0733).

2.5 General procedure for the preparation of 9

5
Et0OC
Rff_: A ? Cu(OT), (10 mol%) EtOOC
3" Aon L4 (10 mol%)
2 PhCF; (0.05 M), 25 °C
e N ™ 0]

1 8 9

Under N, atmosphere, Cu(OTf), (0.01 mmol, 10 mol %) and L4 (0.01 mmol, 10
mol %) were charged into a flame-dried vessel, and anhydrous PhCF3; (2 mL) was
added via syringe. The resulting mixture was stirred at room temperature for 0.5 h.
Then the substrates 1 (0.1 mmol) and 8 (0.12 mmol, 1.2 equiv) was introduced into
the vessel. The reaction mixture was stirred at 25 <C until the reaction was detected
complete. The solvent was removed under reduced pressure, the resulting residue was
purified by column chromatography on silica gel with petroleum ether/EtOAc (3/1) as
eluent to give 9 as solids.

The racemic samples described in this work were synthesized according above
procedure, which were catalyzed by Cu(OTf), with mixed L4 and ent-L4 as ligands in
toluene. Because equal amount of L4 and ent-L4 could not be accurately balanced,
slight ee values (<10%) were observed in their racemic HPLC spectra. And a little
amount of unseperate byproduct was detected in some cases due to the use of toluene

as reaction media. In addition, for the preparation of racemic 9a, the reaction was
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stirred at 90 T for extra 3 h to give 9a with relatively low diastereoselectivity.
Ethyl(2'R,3R)-2'-(2-hydroxyphenyl)-1-methyl-2-oxo0-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9a

White solid; mp 83-84 <C; 95% yield (both diastereomers),
98:2 dr, 93% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =
80/20, flow rate: 1.0 mLmin?, A = 254.4 nm, t (major) =
16.723, t (minor) = 12.119]; [a]y = —104.6 (¢ 0.19, CHCly);
'H NMR (400 MHz, CDCl3) § 7.44 — 7.31 (m, 2H), 7.21 (dd,
J=7.7,1.7 Hz, 1H), 7.17 — 7.09 (m, 2H), 6.95 — 6.80 (m, 4H),

5.88 (d, J = 1.7 Hz, 1H), 5.61 (dd, J = 12.3, 2.1 Hz, 1H), 4.26 (qd, J = 7.2, 1.2 Hz,
2H), 3.26 (s, 3H), 2.58 (dd, J = 13.7, 12.3 Hz, 1H), 2.09 (dt, J = 13.7, 2.0 Hz, 1H),
1.30 (t, J = 7.1 Hz, 3H); **C NMR (100 MHz, CDCl5) & 177.0, 161.6, 153.7, 146.0,
142.3, 1325, 129.1, 128.5, 126.2, 124.0, 123.8, 122.7, 119.9, 116.4, 108.5, 108.1,
73.0,61.2, 47.1, 36.1, 26.3, 13.7; IR (KBr) vmax: 3411, 1713, 1687, 1644, 1609, 1491,
1469, 1457, 1371,1352, 1296, 1243, 1169, 1133, 1112, 1087, 1044, 1019, 983, 859,
822, 752, 688 cm™; HRMS (ESI): m/z = 380.1499 (calcd for CyHyNOs+H" =
380.1492).

Ethyl (2'R,3R)-1-allyl-2'-(2-hydroxyphenyl)-2-oxo-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9b

White solid; mp 81-82 <C; 88% yield (both diastereomers),
93:7 dr, 93% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =
75/25, flow rate: 1.0 mLmin?, A = 254.4 nm, t (major) =

9.166, t (minor) = 6.158]; [¢]® = -98.0 (c 0.3, CHCIs); *H

9b NMR (400 MHz, CDCls) & 7.42 (d, J = 7.4 Hz, 1H), 7.35 —
7.28 (m, 1H), 7.23 (dd, J = 7.7, 1.6 Hz, 1H), 7.17 — 7.07 (m, 2H), 6.96 — 6.78 (m, 4H),
5.92 — 5.87 (m, 1H), 5.82 (dq, J = 10.5, 5.4 Hz, 1H), 5.63 (dd, J = 12.4, 2.1 Hz, 1H),
5.33 — 5.13 (m, 2H), 4.51 — 4.15 (m, 4H), 2.71 — 2.46 (m, 1H), 2.11 (dt, J = 13.6, 2.1
Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCl;) 5 176.8, 161.7, 153.7,
146.0, 141.4, 132.5, 130.5, 129.1, 128.3, 126.3, 124.1, 123.8, 122.6, 120.0, 117.4,
116.3, 109.0, 108.4, 72.9, 61.3, 47.1, 42.2, 36.4, 13.7; IR (KBr) Vmax: 3456, 1732,
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1701, 1609, 1486, 1458, 1357, 1298, 1268, 1240, 1209, 1181, 1098, 1086, 1028, 1013,
860, 819, 771, 758, 732, 691 cm™’; HRMS (ESI): m/z = 406.1659 (calcd for
Co4HasNOs+H" = 406.1649).

Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1-(methoxymethyl)-2-oxo0-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9c

White solid; mp 67-68 <C; 82% yield (both diastereomers),
96:4 dr, 94% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =
80/20, flow rate: 1.0 mL min*, A = 254.4 nm, t (major) =
15.888, t (minor) = 8.507]; [a]5 = —100.0 (c 0.13, CHCly);
'H NMR (400 MHz, CDCl3) § 7.42 (dd, J = 7.6, 1.2 Hz, 1H),

7.34 (td, J = 7.8, 1.2 Hz, 1H), 7.24 (dd, J = 7.7, 1.6 Hz, 1H),
7.19 — 7.06 (m, 3H), 6.94 — 6.75 (m, 3H), 5.90 (d, J = 1.7 Hz, 1H), 5.62 (dd, J = 12.3,
2.1 Hz, 1H), 5.26 — 5.04 (m, 2H), 4.27 (qt, J = 6.4, 3.3 Hz, 2H), 3.33 (s, 3H), 2.57 (t, J
= 13.0 Hz, 1H), 2.11 (dt, J = 13.7, 2.0 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H); *C NMR
(101 MHz, CDCI3) 6 177.8, 161.7, 153.5, 146.1, 140.4, 132.1, 129.1, 128.5, 126.3,
124.2,123.9, 123.2, 120.0, 116.2, 109.6, 108.1, 72.6, 71.2, 61.3, 55.9, 47.4, 36.6, 13.7;
IR (KBr) Vmax: 2936, 1719, 1646, 1610, 1485, 1457, 1366, 1345, 1292, 1246, 1198,
1172, 1128, 1090, 1076, 1045, 1019, 984, 913, 821, 752, 691 cm™; HRMS (ESI): m/z
=410.1605 (calcd for Cp3Ho3NOg+H" = 410.1598).

Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1,5-dimethyl-2-oxo0-2",3"-dihydro
spiro[indoline-3,4'-pyran]-6’-carboxylate 9e

White solid; mp 235-236 <C; 92% yield (both diastereomers),

HO,

98:2 dr, 98% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH

80/20, flow rate: 1.0 mL min?, A = 254.4 nm, t (major)
13.211, t (minor) = 8.387]; [o]¥ =-140.0 (c 0.17, CHCIl5); *H

NMR (400 MHz, CDCls)§ 7.17 (dd, J = 15.8, 8.1 Hz, 4H),
6.98 (d, J = 24.6 Hz, 1H), 6.90 — 6.84 (m, 2H), 6.80 (d, J = 8.0 Hz, 1H), 5.88 (s, 1H),
5.60 (d, J = 12.1 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 3.24 (s, 3H), 2.61 (t, J = 13.1 Hz,
1H), 2.36 (s, 3H), 2.12 (d, J = 13.7 Hz, 1H), 1.30 (t, J = 7.2 Hz, 3H); *C NMR (101

MHz, CDCl;) 6 176.8, 161.5, 154.1, 145.7, 139.9, 132.5, 132.3, 129.2, 128.7, 126.1,
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124.86, 123.6, 119.9, 116.7, 108.9, 107.8, 73.5, 61.2, 47.0, 35.9, 26.3, 20.7, 13.7; IR
(KBr) vimax: 3218, 1728, 1680, 1649, 1605, 1498, 1459, 1367, 1291, 1264, 1239, 1156,
1106, 1089, 1074, 1036, 1022, 985, 969, 867, 822, 800, 779, 757, 666 cm™; HRMS
(ESI): m/z = 394.1655 (calcd for Co3H23sNOs+H" = 394.1649).

Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-5-methoxy-1-methyl-2-oxo-2",3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9f

White solid; mp 198-199 <C; 88% yield (both
diastereomers), 98:2 dr, 92% ee [Daicel Chiralcel AD-H,
hexanes/i-PrOH = 75/25, flow rate: 1.0 mL min*, A =
254.4 nm, t (major) = 10.385, t (minor) = 8.791]; [a]5 =

of —187.5 (c 0.20, CHCl5); *H NMR (400 MHz, CDCls) &
7.23 (d, J = 7.6 Hz, 1H), 7.15 (dt, J = 15.6, 7.3 Hz, 1H), 6.99 (d, J = 28.8 Hz, 2H),
6.91 — 6.76 (m, 4H), 5.95 — 5.81 (m, 1H), 5.59 (d, J = 12.1 Hz, 1H), 4.32 — 4.18 (m,
2H), 3.79 (s, 3H), 3.22 (s, 3H), 2.55 (t, J = 13.1 Hz, 1H), 2.09 (d, J = 13.8 Hz, 1H),
1.29 (t, J = 7.1 Hz, 3H); **C NMR (101 MHz, CDCl3) 5 176.7, 161.6, 155.9, 153.6,
146.1, 135.7, 133.8, 129.0, 126.2, 123.9, 119.9, 116.3, 112.6, 111.7, 108.4, 108.4,
72.8,61.2,55.5,47.5, 36.1, 26.4, 13.6; IR (KBr) Vmax: 2979, 1725, 1678, 1637, 1603,
1497, 1458, 1371, 1299, 12809, 1275, 1253, 1241, 1232, 1137, 1107, 1073, 1038, 1023,
818, 766, 668 cm™; HRMS (ESI): m/z = 410.1606 (calcd for C,sHysNOg+H" =
410.1598).
Ethyl (2'R,3R)-5-fluoro-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2",3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9g

HO White solid; mp 96-97 <C; 93% vyield (both diastereomers),

97:3 dr, 97% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH
= 80/20, flow rate: 1.0 mL min*, A = 254.4 nm, t (major) =
11.465, t (minor) = 14.901]; [¢]* = —65.4 (c 0.13, CHCIy);
'H NMR (400 MHz, DMSO-dg) & 9.70 (s, 1H), 7.53 (dd, J

= 8.5, 2.6 Hz, 1H), 7.46 — 7.38 (m, 1H), 7.22 (dtd, J = 22.1,
8.3, 7.7, 2.1 Hz, 2H), 7.13 (dd, J = 8.6, 4.3 Hz, 1H), 6.91 (t, J = 7.5 Hz, 1H), 6.85 (d,

J=8.0 Hz, 1H), 5.86 — 5.74 (m, 1H), 5.63 (dd, J = 11.8, 2.2 Hz, 1H), 4.23 (g, J = 7.0
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Hz, 2H), 3.19 (s, 3H), 2.24 — 1.92 (m, 2H), 1.26 (t, J = 7.1 Hz, 3H); *F NMR (376
MHz, CDCl3) 8 —119.4; *C NMR (101 MHz, DMSO-dg) & 176.4, 161.6, 158.6 (d, J
= 236.0 Hz), 153.8, 146.8, 139.2, 134.3 (d, J = 8.0 Hz), 128.9, 126.4, 125.8, 119.2,
115.2, 114.7 (d, J = 23.0 Hz), 112.4 (d, J = 25.0 Hz), 109.6 (d, J = 8.0 Hz), 108.1,
70.4, 61.0, 47.6, 36.7, 26.7, 14.0; IR (KBr) Vmax: 2961, 1725, 1689, 1493, 1458, 1259,
1087, 1020, 862, 799, 752, 699, 670, 630, 616 cm™; HRMS (ESI): m/z = 398.1410
(calcd for CoHFNOs+H™ = 398.1398).

Ethyl (2'R,3R)-5-chloro-2'-(2-hydroxyphenyl)-1-methyl-2-oxo0-2",3"-dihydro
spiro[indoline-3,4'-pyran]-6’-carboxylate 9h

White solid; mp 211-212 <C; 94% vyield, 99:1 dr, 98% ee
[Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow
rate: 1.0 mL min*, A = 254.4 nm, t (major) = 13.110, t
(minor) = 11.333]; [a]5¥ = —215.1 (c 0.23, CHCl); 'H
NMR (400 MHz, CDCl3) § 7.38 (d, J = 2.1 Hz, 1H), 7.33

(dd, J = 8.3, 2.1 Hz, 1H), 7.23 (dd, J = 7.8, 1.6 Hz, 1H),
7.17 (td, J = 7.7, 1.7 Hz, 1H), 6.92 — 6.80 (m, 3H), 6.68 (s, 1H), 5.85 (d, J = 1.8 Hz,
1H), 5.54 (dd, J = 12.3, 2.1 Hz, 1H), 4.27 (p, J = 7.0 Hz, 2H), 3.24 (s, 3H), 2.57 (t, J =
13.1 Hz, 1H), 2.11 (dt, J = 13.8, 2.1 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H); **C NMR (101
MHz, CDCls3) 6 176.5, 161.4, 153.6, 146.3, 140.9, 134.1, 129.2, 128.4, 128.0, 126.2,
1245, 123.6, 120.1, 116.4, 109.0, 107.6, 73.0, 61.3, 47.2, 35.9, 26.4, 13.6; IR (KBr)
Vmax: 3411, 1705, 1638, 1605, 1485, 1458, 1361, 1344, 1300, 1274, 1256, 1179, 1139,
1117, 1096, 1011, 822, 775, 763, 656, 628 cm™; HRMS (ESI): m/z = 414.1113 (calcd
for CooH2CINOs+H™ = 414.1103).
Ethyl (2'R,3R)-5-bromo-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2',3"-dihydro
spiro[indoline-3,4'-pyran]-6’-carboxylate 9i
White solid; mp 217-218 <C; 92% vyield, 99:1 dr, 99% ee [Daicel Chiralcel AD-H,
hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min ™, A = 254.4 nm, t (major) = 14.380, t
(minor) = 10.363]; [¢]¥ = —148.0 (c 0.25, CHCI3); *H NMR (400 MHz, CDCls) &
7.52 (d, J = 2.0 Hz, 1H), 7.47 (dd, J = 8.2, 2.0 Hz, 1H), 7.25 (s, 1H), 7.15 (t, J = 7.8

Hz, 1H), 6.82 (dh, J = 24.0, 7.8 Hz, 4H), 5.91 — 5.76 (m, 1H), 5.62 — 5.45 (m, 1H),
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4.26 (p, J = 7.0 Hz, 2H), 3.24 (s, 3H), 2.56 (t, J = 13.1 Hz, 1H), 2.10 (dt, J = 13.7, 2.1
Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H); **C NMR (101 MHz, CDCls) & 176.5, 161.4, 153.6,
146.4, 141.3, 1345, 131.3, 129.1, 127.2, 126.2, 123.7,
120.1, 116.3, 115.3, 109.5, 107.6, 72.8, 61.3, 47.2, 35.9,
26.4, 13.7; IR (KBr) Vmax: 3452, 1715, 1704, 1629, 1600,
1478, 1458, 1366, 1342, 1298, 1240, 1175, 1160, 1117,

1086, 1056, 1017, 999, 820, 758, 733, 698 cm™; HRMS
(ESI): m/z = 458.0601 (calcd for Co,H2oBrNOs+H* = 458.0598).
Ethyl (2'R,3R)-6-chloro-2'-(2-hydroxyphenyl)-1-methyl-2-oxo0-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9j

HO White solid; mp 103-104 <C; 82% vyield (both
diastereomers), 93:7 dr, 89% ee [Daicel Chiralcel AD-H,

hexanes/i-PrOH = 90/10, flow rate: 1.0 mLmin™, A
254.4 nm, t (major) = 21.280, t (minor) = 15.597]; [a]5

9] ~128.3 (c 0.12, CHCls); *H NMR (400 MHz, CDCls) §
7.30 (d, J = 8.0 Hz, 1H), 7.26 — 7.22 (m, 1H), 7.16 — 7.05 (m, 2H), 6.97 — 6.83 (m,
3H), 6.79 (d, J = 8.1 Hz, 1H), 5.83 (d, J = 1.7 Hz, 1H), 5.64 — 5.46 (m, 1H), 4.26 (q, J
= 7.1 Hz, 2H), 3.23 (s, 3H), 2.65 — 2.42 (m, 1H), 2.17 — 1.97 (m, 1H), 1.30 (t, J = 7.1
Hz, 3H); *C NMR (101 MHz, CDCls) & 177.1, 161.6, 153.4, 146.4, 143.5, 134.4,
130.9, 129.0, 126.2, 124.9, 123.9, 122.4, 120.1, 116.1, 108.8, 107.6, 72.5, 61.3, 46.8,
36.2, 26.4, 13.6; IR (KBr) vmax: 2961, 1717, 1699, 1685, 1652, 1647, 1605, 1491,
1457, 1367, 1295, 1247, 1170, 1088, 1073, 1042, 1016, 818, 754, 712, 668 cm™;
HRMS (ESI): m/z = 414.1113 (calcd for CoHz0CINOs+H" = 414.1103).
Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1,7-dimethyl-2-oxo-2',3"-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9k
White solid; mp 84-85 <C; 95% yield (both diastereomers), 96:4 dr, 96% ee [Daicel
Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow rate: 1.0 mL mint, A = 254.4 nm, t
(major) = 20.484, t (minor) = 11.478]; [a]¥ =-102.6 (c 0.43, CHCIl3); *H NMR (400
MHz, CDCl3) & 7.25 — 7.18 (m, 2H), 7.15 — 7.05 (m, 2H), 7.03 — 6.92 (m, 2H), 6.89 —

6.77 (m, 2H), 5.86 (d, J = 1.7 Hz, 1H), 5.59 (dd, J = 12.3, 2.1 Hz, 1H), 4.25 (qd, J =
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7.1, 1.9 Hz, 2H), 3.53 (s, 3H), 2.60 (s, 3H), 2.58 — 2.48 (m, 1H), 2.06 (dt, J = 13.7, 1.9
Hz, 1H), 1.29 (t, J = 7.1 Hz, 3H); **C NMR (101 MHz,
CDCls) & 177.9, 161.7, 153.7, 145.8, 134.0, 133.2, 132.2,

. 129.0, 126.2, 123.9, 122.5, 122.1, 119.9, 119.7, 116.3, 108.8,
N 72.7,61.2, 46.5, 36.5, 29.7, 18.6, 13.6; IR (KBr) Vimax: 3340,
9k 1699, 1642, 1597, 1456, 1361, 1298, 1247, 1174, 1137,

1118, 1093, 1064, 1010, 757, 750, 701 cm™*; HRMS (ESI): m/z = 394.1660 (calcd for
C3H2sNOs+H" = 394.1649).

Ethyl (2'R,3R)-7-fluoro-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9l

White solid; mp 92-93 <C; 92% yield (both diastereomers),
94:6 dr, 94% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =
90/10, flow rate: 1.0 mL mint, A = 254.4 nm, t (major) =
26.956, t (minor) = 9.556]; [¢]® = -108.6 (c 0.14, CHCIs);

'H NMR (400 MHz, CDCls) § 7.24 — 7.01 (m, 6H), 6.87 (td,
B J=75,1.2 Hz, 1H), 6.81 (dd, J = 8.2, 1.2 Hz, 1H), 5.86 (d,
J=1.8Hz, 1H), 5.57 (dd, J = 12.4, 2.1 Hz, 1H), 4.27 (q, J = 7.1 Hz, 2H), 3.47 (d, J =
2.8 Hz, 3H), 2.55 (dd, J = 13.8, 12.3 Hz, 1H), 2.10 (dt, J = 13.8, 2.1 Hz, 1H), 1.30 (t,
J = 7.1 Hz, 3H); *F NMR (376 MHz, CDCls) & —135.8; *C NMR (101 MHz,
CDCl3) 8 176.6, 161.5, 153.6, 148.6, 146.2, 135.2 (d, J = 3.0 Hz), 129.1, 129.0 (d, J =
8.0 Hz), 127.2 (d, J = 11.0 Hz), 126.20, 123.7, 123.1 (d, J = 6.0 Hz), 120.1, 119.8 (d,
J =4.0 Hz), 116.4 (d, J = 19.0 Hz), 116.3, 107.8, 72.7, 61.3, 47.3, 47.2, 36.3, 28.8,
28.8, 13.6; IR (KBr) vmax: 3363, 1716, 1695, 1644, 1628, 1598, 1477, 1457, 1367,
1296, 1240, 1173, 1131, 1119, 1086, 1056, 1019, 754, 733, 698 cm™; HRMS (ESI):
m/z = 420.1226 (calcd for Cy,H,0FNOs+Na* = 420.1218).
Ethyl (2'R,3R)-2'-(2-hydroxy-5-methylphenyl)-1-methyl-2-oxo-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9m
White solid; mp 231-232 <C; 60% vyield (both diastereomers), 99:1 dr, 85% ee
[Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min?, A = 254.4

nm, t (major) = 19.636, t (minor) = 12.410]; [o]2 = -75.0 (c 0.14, CHCIl3); *H NMR
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(400 MHz, CDClg) 8 7.46 — 7.31 (m, 2H), 7.12 (t, J = 7.6 Hz, 1H), 7.01 (s, 1H), 6.93
(dd, J = 17.1, 8.0 Hz, 2H), 6.73 (d, J = 8.2 Hz, 1H), 6.62 (s, 1H), 5.87 (s, 1H), 5.56 (d,
J =122 Hz, 1H), 4.26 (g, J = 7.1 Hz, 2H), 3.25 (s, 3H),

HO

2.56 (t, J = 13.0 Hz, 1H), 2.23 (s, 3H), 2.08 (d, J = 13.8 Hz,
1H), 1.30 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCls)
§ 177.0, 161.6, 151.4, 146.0, 142.3, 132.6, 129.5, 129.1,

128.4, 126.7, 124.0, 123.5, 122.7, 116.3, 108.4, 108.1,
73.08, 61.2, 47.1, 36.3, 26.3, 20.0, 13.6; IR (KBr) Vmax:
3239, 2925, 1734, 1693, 1610, 1489, 1374, 1353, 1273, 1241, 1188, 1176, 1122, 1108,
1088, 1019, 817, 766, 738, 689, 644 cm™; HRMS (ESI): m/z = 416.1472 (calcd for
C23H23NOs+Na" = 416.1468).
Ethyl (2'R,3R)-2'-(5-(tert-butyl)-2-hydroxyphenyl)-1-methyl-2-oxo-2",3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9n
White solid; mp 93-94 <C; 92% vyield (both diastereomers),
98:2 dr, 94% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH
= 80/20, flow rate: 1.0 mL min™*, A = 254.4 nm, t (major)
= 29.446, t (minor) = 7.340]; [«]> = -126.3 (c 0.27,
CHCl3); *H NMR (400 MHz, CDCls) § 7.42 (d, J = 7.5 Hz,

1H), 7.36 (t, J = 7.8 Hz, 1H), 7.23 — 7.09 (m, 3H), 6.92 (d,
J=7.9Hz, 1H), 6.79 (d, J = 8.4 Hz, 1H), 6.67 (s, 1H), 5.92 — 5.84 (m, 1H), 5.66 —
5.55 (m, 1H), 4.26 (qt, J = 7.4, 3.6 Hz, 2H), 3.27 (s, 3H), 2.61 (t, J = 13.0 Hz, 1H),
2.13 (d, J = 13.7 Hz, 1H), 1.30 (t, J = 7.2 Hz, 3H), 1.25 (s, 9H); *C NMR (101 MHz,
CDCI3) 6 177.1, 161.6, 151.5, 146.02, 142.7, 142.3, 132.6, 128.5, 126.0, 124.1, 123.1,
122.9, 122.7, 116.0, 108.3, 108.1, 73.3, 61.2, 47.1, 36.0, 33.7, 31.0, 26.3, 13.6; IR
(KBFr) Vmax: 2961, 1716, 1646, 1610, 1490, 1469, 1422, 1371, 1295, 1272, 1190, 1170,
1111, 1086, 988, 919, 820, 751, 689, 668 cm™; HRMS (ESI): m/z = 436.2115 (calcd
for CogHoNOs+H" = 436.2118).
Ethyl (2'R,3R)-2'-(5-chloro-2-hydroxyphenyl)-1-methyl-2-oxo0-2",3"-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 90
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White solid; mp 92-93 <C; 75% yield (both diastereomers), 97:3 dr, 88% ee [Daicel
Chiralcel AD-H, hexanes/i-PrOH = 90/10, flow rate: 1.0 mL min*, A = 254.4 nm, t
(major) = 12.213, t (minor) = 9.915]; [«]5 =-102.9 (c 0.28,
CHCI3); *H NMR (400 MHz, CDCl3) § 7.46 (s, 1H), 7.40 (d,
J = 7.4 Hz, 1H), 7.38 — 7.31 (m, 1H), 7.20 (d, J = 2.7 Hz,
1H), 7.11 (t, J = 7.6 Hz, 1H), 6.99 (dd, J = 8.6, 2.6 Hz, 1H),
9 6.90 (d, J = 7.8 Hz, 1H), 6.66 (d, J = 8.7 Hz, 1H), 5.87 (d, J

= 1.6 Hz, 1H), 5.60 (dd, J = 12.4, 2.0 Hz, 1H), 4.26 (g, J = 7.1 Hz, 2H), 3.25 (s, 3H),
2.54 (t, J = 13.0 Hz, 1H), 2.01 (dt, J = 13.7, 2.1 Hz, 1H), 1.29 (t, J = 7.1 Hz, 3H); **C
NMR (101 MHz, CDCl3) 6 177.1, 162.1, 152.3, 145.9, 142.2, 132.3, 128.8, 128.5,
126.2, 125.2, 1245, 124.0, 122.8, 117.4 108.5, 108.2, 71.2, 61.5, 47.1, 35.8, 26.3,
13.6; IR (KBr) vmax: 2933, 1717, 1686, 1609, 1491, 1470, 1372, 1349, 1260, 1195,
1109, 1091, 1053, 1021, 815, 752 cm™; HRMS (ESI): m/z = 414.1091 (calcd for
C22H2CINOs+H" = 414.1103).
Ethyl (2'R,3R)-2'-(2-hydroxy-4-methylphenyl)-1-methyl-2-oxo-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9p

HO White solid; mp 89-90 <C; 92% vyield (both
diastereomers), 93:7 dr, 94% ee [Daicel Chiralcel AD-H,
hexanes/i-PrOH = 75/25, flow rate: 1.0 mL min?, A =
254.4 nm, t (major) = 15.510, t (minor) = 22.949]; [a]5> =

9p ~101.9 (¢ 0.16, CHCIs); *H NMR (400 MHz, CDCly)
7.41(dd, J = 7.6, 1.2 Hz, 1H), 7.34 (td, J = 7.8, 1.2 Hz, 1H), 7.15 — 7.05 (m, 2H), 7.04
~ 6.98 (M, 1H), 6.90 (d, J = 7.7 Hz, 1H), 6.64 (dd, J = 7.9, 1.6 Hz, 1H), 6.59 (d, J =
1.6 Hz, 1H), 5.86 (d, J = 1.8 Hz, 1H), 5.61 (dd, J = 12.3, 1.9 Hz, 1H), 4.25 (qd, J =
7.1, 1.4 Hz, 2H), 3.25 (s, 3H), 2.61 (dd, J = 13.7, 12.4 Hz, 1H), 2.20 (s, 3H), 2.04 (dd,
J=13.7, 4.0 Hz, 1H), 1.29 (t, J = 7.1 Hz, 3H); **C NMR (101 MHz, CDCl3) § 177.2,
161.9, 153.7, 146.1, 142.3, 139.2, 132.6, 128.4, 125.9, 124.1, 122.7, 120.7, 120.6,
116.9, 108.3, 108.1, 72.4, 61.2, 47.2, 35.9, 26.3, 20.6, 13.6; IR (KB) Vmax: 2977, 1716,
1686, 1646, 1610, 1490, 1470, 1419, 1371, 1296, 1243, 1132, 1107, 1087, 1018, 947,
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806, 753, 741, 729, 687 cm™; HRMS (ESI):: m/z = 394.1649 (calcd for
C3H2sNOs+H" = 394.1649).
Ethyl (2'R,3R)-2'-(2-hydroxy-4-methoxyphenyl)-1-methyl-2-oxo0-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9q

White solid; mp 156-157 <C; 91% vyield (both
OMe diastereomers), 98:2 dr, 91% ee [Daicel Chiralcel

IA-H, hexanes/i-PrOH = 80/20, flow rate: 1.0
mL min, A = 254.4 nm, t (major) = 45.899, t (minor)

= 29.764]; [o]® = -126.5 (c 0.33, CHCI3); 'H NMR
(400 MHz, CDCl3) 6 7.45 — 7.31 (m, 2H), 7.11 (dd, J = 14.6, 7.0 Hz, 2H), 7.02 (d, J =
9.2 Hz, 1H), 6.91 (d, J = 7.8 Hz, 1H), 6.40 (s, 2H), 5.88 (d, J = 1.7 Hz, 1H), 5.58 —
5.51 (m, 1H), 4.27 (g, J = 7.1 Hz, 2H), 3.73 (s, 3H), 3.27 (s, 3H), 2.65 (t, J = 13.1 Hz,
1H), 2.13 — 2.03 (m, 1H), 1.30 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCls) &
177.0, 161.7, 160.3, 155.4, 145.9, 142.3, 132.6, 128.5, 126.9, 124.0, 122.6, 116.0,
108.5, 108.1, 105.8, 102.1, 73.0, 61.3, 54.8, 47.1, 36.0, 26.3, 13.6; IR (KBr) Vmax:
3412, 1734, 1705, 1610, 1520, 1491, 1472, 1423, 1372, 1306, 1286,1256, 1234, 1205,
1171, 1110, 1100, 1088, 1036, 1019, 959, 837, 810, 770, 687 cm™; HRMS (ESI): m/z
=410.1590 (calcd for CosH23NOg+H™ = 410.1598).
Ethyl(2'R,3R)-2'-(2-hydroxy-3-methoxyphenyl)-1-methyl-2-oxo-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9r
White solid; mp 215-216 <C; 92% vyield, 99:1 dr, 92% ee

Ho P [Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow
rate: 1.0 mL mint, A = 254.4 nm, t (major) = 18.934, t
(minor) = 45.530]; [a]? = -127.8 (c 0.32, CHCIs); 'H
NMR (400 MHz, CDCl3) § 7.52 — 7.44 (m, 1H), 7.34 (td, J
= 7.8, 1.2 Hz, 1H), 7.21 — 7.09 (m, 2H), 6.95 (s, 1H), 6.89
(dt, J = 8.0, 4.1 Hz, 2H), 6.80 (dd, J = 8.1, 1.5 Hz, 1H), 5.84 (d, J = 1.8 Hz, 1H), 5.72

(dd, J = 12.1, 2.1 Hz, 1H), 4.25 (qd, J = 7.2, 2.8 Hz, 2H), 3.84 (s, 3H), 3.24 (s, 3H),
2.39 (dd, J = 13.7, 12.1 Hz, 1H), 2.06 (dt, J = 13.9, 2.1 Hz, 1H), 1.28 (t, J = 7.1 Hz,

3H); °C NMR (101 MHz, CDCl3) § 177.26, 161.81, 146.8, 145.6, 142.3, 141.8, 132.8,
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128.2, 125.0, 124.1, 122.6, 119.6, 118.4, 109.7, 107.9, 107.6, 70.1, 60.9, 55.6, 47.3,
36.6, 26.2, 13.7; IR (KBr) vmax: 3376, 1725, 1699, 1609, 1485, 1470, 1374, 1351,
1278, 1250, 1220, 1176, 1139, 1121, 1114, 1093, 1075, 1045, 1020, 969, 779, 755,
740, 730, 687 cm™; HRMS (ESI): m/z = 410.1590 (calcd for CyHosNOg+H™ =
410.1598).

Ethyl (2'R,3R)-2'-(2-hydroxy-3-methylphenyl)-1-methyl-2-oxo-2",3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9s

White solid; mp 168-169 <C; 81% yield, 99:1 dr, 95% ee
[Daicel Chiralcel AD-H, hexanes/i-PrOH = 95/5, flow rate:
1.0 mL min™, A = 254.4 nm, t (major) = 60.586, t (minor) =
55.470]; [o]® =-126.9 (c 0.28, CHCIs); 'H NMR (400 MHz,

CDCl3) & 7.44 — 7.31 (m, 2H), 7.16 — 7.05 (m, 2H), 7.01 —
6.95 (m, 1H), 6.91 (d, J = 7.8 Hz, 1H), 6.83 — 6.72 (m, 2H), 5.90 (d, J = 1.7 Hz, 1H),
5.56 (dd, J = 12.4, 2.1 Hz, 1H), 4.27 (g, J = 7.1 Hz, 2H), 3.26 (s, 3H), 2.63 (dd, J =
13.7, 12.4 Hz, 1H), 2.25 (s, 3H), 2.10 (dt, J = 13.8, 2.0 Hz, 1H), 1.31 (t, J = 7.1 Hz,
3H); **C NMR (101 MHz, CDCls3) 5 176.8, 161.4, 152.4, 145.8, 142.3, 132.5, 130.5,
128.5, 125.3, 123.9, 123.8, 123.0, 122.6, 119.6, 108.8, 108.1, 74.2, 61.2, 47.0, 36.0,
26.3, 15.5, 13.7; IR (KBr) vmax: 3214, 1731, 1716, 1683, 1607, 1470, 1372, 1325,
1296, 1269, 1252, 1243, 1205, 1189, 1168, 1107, 1082, 1043, 1015, 963, 845, 787,
761, 687 cm™; HRMS (ESI): m/z = 416.1478 (calcd for CsHasNOs+Na* = 416.1468).
Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1,3'-dimethyl-2-oxo-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9t

White solid; mp 87-88 <C; 78% yield (both diastereomers),
92:8 dr, 67% ee [Daicel Chiralcel OD-H, hexanes/i-PrOH =
95/5, flow rate: 1.0 mL mint, A = 254.4 nm, t (major) =
78.289, t (minor) = 90.193]; [o]? = -35.0 (¢ 0.14, CHCIy);

'H NMR (400 MHz, CDCl3) & 7.40 (t, J = 8.0 Hz, 2H), 7.31 —
7.24 (m, 2H), 7.19 (td, J = 7.6, 2.4 Hz, 2H), 6.99 — 6.90 (M, 2H), 6.86 (d, J = 8.2 Hz,
1H), 5.92 (s, 1H), 5.46 (d, J = 11.1 Hz, 1H), 4.36 — 4.18 (m, 2H), 3.30 (d, J = 10.4 Hz,

3H), 1.34 (s, 4H), 0.34 (d, J = 7.0 Hz, 3H); **C NMR (101 MHz, CDCls) & 177.2,
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162.0, 154.1, 145.7, 143.0, 129.3, 129.1, 128.4, 128.2, 125.0, 122.9, 122.6, 119.9,
116.1, 108.9, 107.9, 61.1, 51.9, 38.3, 26.2, 13.6, 10.8; IR (KBr) vmax: 2983, 1716,
1685, 1652, 1609, 1490, 1470, 1458, 1372, 1350, 1273, 1208, 1121, 1087, 1072, 752,
688 cm; HRMS (ESI): m/z = 394.1648 (calcd for CpsHosNOs+H™ = 394.1649).
Ethyl-(S,E)-3-(3-(2-(2-hydroxyphenyl)prop-1-en-1-yl)-1-methyl-2-oxoindolin-
3-yl)-2-oxopropanoate 9v

White solid; mp 78-79 <C; 88% vyield, 99:1 E/Z, 0% ee

Eto0G [Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow rate:

OH 10mL mint, A = 254.4 nm, t (major) = 8.115, t (minor) =

12.871]; *H NMR (400 MHz, CDCl3) & 7.32 (t, J = 7.4 Hz,

ov 2H), 7.14 — 7.04 (m, 2H), 7.03 — 6.94 (m, 2H), 6.90 (dd, J =
8.0, 4.9 Hz, 2H), 6.82 (t, J = 7.5 Hz, 1H), 5.79 (s, 1H), 4.23 (g, J = 7.1 Hz, 2H), 3.82
(d, J = 18.3 Hz, 1H), 3.40 — 3.19 (m, 4H), 1.46 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H); **C
NMR (101 MHz, CDCl3) 6 190.4, 177.1, 159.5, 151.8, 143.2, 137.2, 130.9, 130.3,
128.7, 128.3, 128.2, 127.8, 123.8, 122.8, 119.5, 115.6, 108.1, 62.3, 49.9, 46.9, 26.2,
17.9, 13.4; IR (KBr) vmax: 2926, 1718, 1686, 1609, 1490, 1470, 1447, 1373, 1261,
1090, 1053, 1022, 836, 751 cm™; HRMS (ESI): m/z = 394.1646 (calcd for
C3H2sNOs+H" = 394.1649).
Ethyl-(S,E)-3-(3-(2-(2-hydroxyphenyl)-2-phenylvinyl)-1-methyl-2-oxoindolin-
3-yl)-2-oxopropanoate 9w

White solid; mp 94-95 <C; 65% yield, 90:10 E/Z, 60% ee

EtOOC  ph [Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow rate:
1.0 mLmin?, A = 254.4 nm, t (major) = 9.175, t (minor) =
12.384]; [¢]® = +81.2 (c 0.17, CHCI3); *H NMR (400 MHz,
CDCls) 8 7.27 — 7.24 (m, 1H), 7.17 (td, J = 7.8, 1.3 Hz, 1H),
7.13 — 7.07 (m, 1H), 7.07 — 6.89 (m, 5H), 6.80 (dd, J = 7.7,
1.8 Hz, 2H), 6.73 (dd, J = 7.3, 1.2 Hz, 1H), 6.70 — 6.66 (m, 2H), 6.54 (d, J = 7.8 Hz,

1H), 6.26 (s, 1H), 4.22 (qd, J = 7.2, 1.5 Hz, 2H), 3.76 (d, J = 18.0 Hz, 1H), 3.25 (dd, J
= 17.9, 1.4 Hz, 1H), 2.84 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz,

CDCls) 6 190.9, 176.5, 159.4, 152.6, 142.7, 141.6, 137.9, 131.7, 129.8, 129.6, 128.6,
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128.5, 128.4, 128.0, 127.0, 126.9, 123.8, 122.4, 119.4, 116.0, 107.9, 99.5, 62.3, 50.6,
46.2, 25.7, 13.4; IR (KBr) vmax: 3186, 1744, 1718, 1685, 1610, 1493, 1470, 1446,
1391, 1350, 1253, 1234, 1055, 830, 751, 736, 700 cm™; HRMS (ESI): m/z =
456.1812 (calcd for CogHasNOs+H™ = 456.1805).

2.6 General procedure for the preparation of 12

MeNH,
EtOH, rt, 12 h R\©:
R =H: 9a, 98:2 dr, 93% ee R = H: 12a, 92% yield, 99:1 dr, 93% ee
R = Br: 9i, 99:1 dr, 99% ee R =Br: 12b, 90% yield, 96:4 dr, 99% ee

9a or 9i (0.1 mmol) was added into a vessel, methylamine alcohol solution (2 mL)
was added via syringe and the system was stirred at room temperature for 12 h. Then
the solvent was evaporated under reduced pressure and the residue was purified by
column chromatography on silica gel with EtOAc/petroleum ether (1/1) as eluent to
give 12a or 12b as a white solid.
(2'R,3R)-2'-(2-Hydroxyphenyl)-N,1-dimethyl-2-ox0-2',3'-dihydrospiro[indoline-
3,4'-pyran]-6'-carboxamide 12a
White solid; mp 151-152 <C; 92% yield, 99:1 dr, 93% ee
[Daicel Chiralcel AD-H, hexanes/i-PrOH = 80/20, flow rate:
1.0 mL min™t, A = 254.4 nm, t (major) = 10.272, t (minor) =
8.579]; [0]® =-105.4 (c 0.21, EtOH); *H NMR (400 MHz,
CDCls) & 8.13 (s, 1H), 7.34 — 7.11 (m, 3H), 7.07 — 6.88 (m,

2H), 6.86 — 6.63 (M, 4H), 5.68 (s, 1H), 5.59 (d, J = 12.1 Hz,
1H), 3.10 (s, 3H), 2.68 (d, J = 4.9 Hz, 3H), 2.38 (t, J = 13.0 Hz, 1H), 1.86 (d, J = 13.7
Hz, 1H); *C NMR (100 MHz, CDCl3) & 177.8, 162.3, 153.4, 148.4, 142.0, 132.9,
128.9, 128.1, 126.3, 125.2, 124.0, 122.7, 119.5, 115.5, 108.0, 104.1, 70.7, 47.4, 36.6,
26.3, 25.6; IR (KBr) Vmax: 3276, 2961, 2925, 2301, 1698, 1645, 1608, 1540, 1490,
1457, 1372, 1351, 1291, 1262, 1127, 1039, 1020, 979, 750, 686, 624, 612 cm™;
HRMS (ESI): m/z = 387.1303 (calcd for Cp3H2oN,04+Na* = 387.1315).
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(2'R,3R)-5-Bromo-2'-(2-hydroxyphenyl)-N,1-dimethyl-2-oxo0-2',3'-dihydrospiro
[indoline-3,4'-pyran]-6'-carboxamide 12b

White solid; mp 283-284 <C; 90% vyield (both
diastereomers), 96:4 dr, 99% ee [Daicel Chiralcel AD-H,
hexanes/i-PrOH = 80/20, flow rate; 1.0 mLmin?, A =
254.4 nm, t (major) = 16.811, t (minor) = 8.168]; [a]> =

\ ~200.9 (c 0.11, EtOH); *H NMR (400 MHz, DMSO-dg) &

9.68 (s, 1H), 7.94 (q, J = 4.7 Hz, 1H), 7.64 (d, J = 2.0 Hz,

1H), 7.54 (ddd, J = 17.2, 8.0, 1.9 Hz, 2H), 7.16 (td, J = 7.7, 1.8 Hz, 1H), 7.07 (d, J =

8.3 Hz, 1H), 6.89 (td, J = 7.5, 1.1 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 5.57 (dd, J = 8.8,

5.1 Hz, 1H), 5.50 (s, 1H), 3.15 (s, 3H), 2.69 (d, J = 4.7 Hz, 3H), 2.08 — 1.99 (m, 2H);

13C NMR (100 MHz, DMSO-dg) § 176.6, 161.4, 153.6, 149.7, 142.2, 135.5, 131.1,

128.7, 126.8, 126.6, 126.0, 119.2, 115.0, 114.2, 110.9, 102.8, 70.6, 47.2, 37.0, 26.6,

25.8; IR (KBI) Vmax: 3417, 2924, 1724, 1643, 1605, 1545, 1506, 1456, 1359, 1343,

1274, 1256, 1173, 1134, 1081, 1057, 1036, 1015, 976, 863, 812, 768, 614 cm™;
HRMS (ESI): m/z = 465.0413 (calcd for CpH1oBrN,O4+Na* = 465.0420).

2.7 Procedure for the preparation of 13

p-TsOH (20 mol%)

toluene (0.1 M)
110 °C, 24 h

12a, 99:1 dr, 93% ee 13, 63% yield, 92% ee

Under N, atmosphere, 12a (0.1 mmol) was added into a vessel, anhydrous
toluene (2 mL) was added via syringe and the system was stirred at 110 <C for 24 h.
Then the solvent was evaporated under reduced pressure and the residue was purified
by column chromatography on silica gel with EtOAc/petroleum ether (1/1) as eluent
to give 13 as a white solid.

(S,E)-3-(3-(2-Hydroxystyryl)-1-methyl-2-oxoindolin-3-yl)-N-methyl-2-oxopropan
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amide 13

White solid; mp 120-121 <C; 63% vyield, 92% ee [Daicel Chiralcel AD-H,
hexanes/i-PrOH = 80/20, flow rate: 1.0 mL min %, & = 254.4
nm, t (major) = 26.367, t (minor) = 33.210]; [a]5 =-108.7 (c
0.15, CHCI3); *H NMR (400 MHz, CDCls3) § 7.32 (d, J = 7.6
Hz, 1H), 7.21 (t, J = 7.4 Hz, 2H), 7.06 (t, J = 7.7 Hz, 2H),
6.91 (d, J = 7.7 Hz, 1H), 6.82 — 6.69 (m, 3H), 6.64 (d, J =

16.5 Hz, 2H), 6.35 (d, J = 16.1 Hz, 1H), 4.06 (d, J = 19.1 Hz,
1H), 3.66 (d, J = 19.0 Hz, 1H), 3.29 (s, 3H), 2.78 (d, J = 5.2 Hz, 3H); *C NMR (101
MHz, CDCls) & 194.7, 177.5, 159.8, 153.2, 143.6, 129.7, 128.6, 128.4, 128.1, 127.4,
125.9, 123.2, 122.9, 122.2, 119.9, 115.6, 108.0, 51.5, 42.7, 26.2, 25.4; IR (KBT) Vmax:
3416, 2914, 1726, 1653, 1612, 1536, 1511, 1453, 1327, 1323, 1277, 1286, 1144, 1131,
1036, 1014, 977, 812, 777, 618 cm™; HRMS (ESI): m/z = 387.1306 (calcd for
C21HaoN,04+Na" = 387.1315).

3. X-ray data of chiral 3c, 4j, 9i and 12b

3.1 Crystal structure determination of compound 3c:

Crystal data and structure refinement for 3c:

Empirical formula C1sH1sBrNOs
Formula weight 408.24
Temperature 223(2) K
Wavelength 0.71073 A

Crystal system, space group orthorhombic, P 21 21 21
Unit cell dimensions a=5.7193 (6) A, a = 90 deg.
b =17.0464 (16) A, 5 = 90 deg.
c =18.2530 (18) A, y = 90 deg.
Volume 1779.5(3) A2

Z, Calculated density 4,1.524 Mg/cm?®
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Absorption coefficient

F(000)

Crystal size

Radiation

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.24
Data / restraints / parameters
Goodness-of-fit on F?

Final R indexes [I>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / eA™

Absolute structure parameter

2.338 mm*

832

0.600 x0.150 %0.060 mm
MoKa (A =0.71073)

2.531 to 27.462 deg.
—4<h<7,-22<k<20,-23<1<10
6271/3932 [R(int) = 0.0797]
99.5%

3932/0/228

1.139

Ry = 0.0898, WR, = 0.2169
Ry = 0.1554, WR; = 0.2537
0.713 and -1.121

0.080(19)

EtOOC._ORLo

O "’/
Q/Br

N
/

3c

Figure S1. OPTEP drawing of 3c (40% thermal ellipsoids)
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Figure S2. Packing of moleculars in a unit cell of 3c

The crystal was prepared from the solution of 3c in DCM and n-hexane. CCDC

1550834 contains the supplementary crystallographic data for this paper. These data

can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

3.2 Crystal structure determination of compound 4j:

Crystal data and structure refinement for 4;j:

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system, space group

C19H20BrNOs
422.26

120 K
0.71073 A

orthorhombic, P 21 21 21
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Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Radiation

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.242
Data / restraints / parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / eA™

Absolute structure parameter

a=6.12950(10) A, o = 90 deg.
b =15.9652(4) A, S = 90 deg.
¢ =18.5922(5) A, y = 90 deg.
1819.41(7) A3

4, 1.542 Mg/cm?®

2.289 mm™

864

0.34 x0.25%0.22 mm

MoKa (A =0.71073)

2.54 t0 27.44 deg.
—7<h<7,-29<k<20,-24<1<24
28025/4160 [R(int) = 0.0696]
99.7%

4160/0/237

1.197

R1=0.0297, WR;, = 0.0606

R1 = 0.0391, wR; = 0.0652
0.304 and -0.329

0.032(6)

EtOOC.__0O_ .0

[ ‘(\S)
S,
o %

4

Figure S1. OPTEP drawing of 4j (40% thermal ellipsoids)
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BB Bhe B
B8R BB B
BB Bbe B

Figure S2. Packing of moleculars in a unit cell of 4j
The crystal was prepared from the solution of 4j in DCM and n-hexane. CCDC
2040769 contains the supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data request/cif.
3.3 Crystal structure determination of compound 9i:

Crystal data and structure refinement for 9i:

Empirical formula C2H20BrNOs CHCI; (M+CHCl3)
Formula weight 577.66 (M+ CHCI,)

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group monoclinic, P 21

a=9.6151(4) A, o =90 deg.
Unit cell dimensions b =14.8507(5) A, = 118.7867(12) deg.
¢ =9.7033(4) A, y = 90 deg.
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Volume 1214.32(8) A3

Z, Calculated density 2, 1.580 Mg/cm®

Absorption coefficient 2.058 mm™*

F(000) 584

Crystal size 0.25x0.23 x 0.20 mm

Radiation MoKa (A =10.71073)

Theta range for data collection 2.395 to 27.513 deg.

Limiting indices -12<h<12,-19<k<19,-12<1<12
Reflections collected / unique 19735/5578 [R(int) = 0.0334]
Completeness to theta = 27.51 99.7 %

Absorption correction Semi-empirical from equivalents
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 5486/1/301

Goodness-of-fit on F? 1.030

Final R indexes [[>=2c (I)] R;=0.0297, wR, = 0.1018

Final R indexes [all data] R; =0.0420, wR, = 0.0606
Largest diff. peak/hole / eA™ 0.968 and - 0.901

Absolute structure parameter 0.021(4)

Figure S1. OPTEP drawing of 9i (40% thermal ellipsoids)
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:

The crystal was prepared from the solution of 9i in CHCIl;. CCDC 1543203

Figure S2. Packing of moleculars in a unit cell of 9i

contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data request/cif.

3.4 Crystal structure determination of compound 12b:

Crystal data and structure refinement for 12b:

Empirical formula C21H19BrN2O4
Formula weight 443.29
Temperature 120(2) K
Wavelength 0.71073 A
Crystal system, space group monoclinic, C2

a=16.2892(11) A, a = 90 deg.
Unit cell dimensions b =8.2430(5) A, S = 108.044(2) deg.
¢ =15.3465(11) A, ¢ = 90 deg.
Volume 108.044(2) A

Z, Calculated density 4,1.503 Mg/cm®
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Absorption coefficient

F(000)

Crystal size

Radiation

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 27.55
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / eA

Absolute structure parameter

2.128 mm™

904

0.25x0.15x 0.05 mm

MoK\o. (A = 0.71073)

2.57 t0 27.55 deg.
-21<h<20,-10<k<10,-19<1<19
16441/4468 [R(int) = 0.0698]
99.4%

Semi-empirical from equivalents
Full-matrix least-squares on F2
4468/1/260

0.984

R; = 0.0335, wR; = 0.0660

R; =0.0419, wR, = 0.0693
0.301 and —0.553

0.005(7)

Figure S3. OPTEP drawing of 12b (40% thermal ellipsoids)
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Figure S4. Packing of moleculars in a unit cell of 12b

The crystal was prepared from the solution of 12b in EtOH. CCDC 1549570
contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

S38



4."H NMR, ®F NMR and **C NMR spectra
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3,4'-pyrano|2,3-b]pyran]-2'-carboxylate 4a
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Ethyl-(3S,4a'S,8a'S)-1-allyl-2-oxo0-4a',6",7',8a’-tetrahydro-5"H-spiro[indoline-

3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4e

2"l 4 g
ON.— O . i
Lz’ S . Lol
6zl : 2 D 8LIEy
H_um._ e | pLYT P

€19 ~ ,, o
ze'l e _; = $ 4
ey o e Pms g N
Y g ~= pocilt @ Lipy &
%8 T & % bzt Ly’
9¢" | 1 il

] < = - fiil @ SPOS
9¢" |
LE'] o0 2 299
8€'l M " 8019 S HE88FKo
€'l 9 C e Z899- ¥
681 t =
Lp'l =
Mw. “ 2 PE'R0 1 g

. ~ L $9'80 1
0s'1 L Az
o] 61y o E .
11 125 — & =f R g
LSl £2°6~ n.\“WMlk 0T vy <+ & 5
es'| sz B pE'801
09°1 ve's’ ! _7 L v 59801 o
29'l = ¥ opun =1
S6'1 _ - & 8L'ZZ 1 pELII m.
8 , o R AR -
L5 1 _ | === |poz SP'STI+ uﬁ
ol nE A o el
66'1 e Sﬂ e w\Mm”o_ wioo (S0 MMMM__/ ) -
89 — i . ) —3|
wm.o £9°5| -!‘rﬂu_ [P & b o LTbIn a
sz o5t —R [P S SIMl .
ore] SLS |~
erey 08 J,/.__M Sl g & SP'ST 1~ - 8
&1L _w”m __-Am - | s 17621~ f
4R3I = boot [ = Reso| o 1S°08 1 “
sred il f —— pPOC[ ™ -
QN.P,N Ly . ,.4 [} e y8L0 )
seL] S8 o | L POSLIS ‘
8T'L | r~

10

50 40 30 20

70 60

f1 (ppm)
S42

180 170 160 150 140 130 120 110 100 S0 &0



Ethyl-(3S,4a'S,8a'S)-1-benzyl-2-oxo-4a’,6',7',8a’-tetrahydro-5'H-spiro[indoline-

3,4'-pyrano|[2,3-b]pyran]-2'-carboxylate 4f
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Ethyl-(3S,4a'S,8a'S)-1,7-dimethyl-2-oxo-4a’,6',7",8a"-tetrahydro-5"H-spiro

[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 40
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Ethyl-(3aS,4S,7aR)-1"-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro[furo[2,3-b]

pyran-4,3'-indoline]-6-carboxylate 3a
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Ethyl-(3aS,4S,7aR)-5"-chloro-1'-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro[furo

[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3b
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Ethyl-(3aS,4S,7aR)-5"-bromo-1'-methyl-2'-oxo0-2,3,3a,7a-tetrahydrospiro[furo

[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3c
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Ethyl-(3aS,4S,7aR)-5"-methoxy-1'-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro[furo
[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3d
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[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3e
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Ethyl-(3R)-5-bromo-2'-methoxy-1,2'-dimethyl-2-oxo0-2',3'-dihydrospiro

[indoline-3,4'-pyran]-6'-carboxylate 5
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Ethyl-(S,E)-3-(5-bromo-1-methyl-2-oxo0-3-(2-(phenylthio)vinyl)indolin-3-yl)-

2-0xopropanoate 6
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Ethyl-3-(5-bromo-3-(2,3-dimethyl-3H-indol-3-yl)-1-methyl-2-oxoindolin-3-yl)-

2-oxopropanoate 7
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Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2',3'-dihydrospiro[indoline-

3,4'-pyran]-6'-carboxylate 9a
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Ethyl (2'R,3R)-1-allyl-2'-(2-hydroxyphenyl)-2-oxo-2",3"-dihydrospiro[indoline-

3,4'-pyran]-6'-carboxylate 9b
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Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1-(methoxymethyl)-2-oxo-2",3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9c
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Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1,5-dimethyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6’-carboxylate 9e
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Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-5-methoxy-1-methyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9f
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Ethyl (2'R,3R)-5-fluoro-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2",3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9g
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Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1,7-dimethyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9k
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Ethyl (2'R,3R)-7-fluoro-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9l
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Ethyl (2'R,3R)-2'-(2-hydroxy-5-methylphenyl)-1-methyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9m
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Ethyl (2'R,3R)-2'-(5-(tert-butyl)-2-hydroxyphenyl)-1-methyl-2-oxo0-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9n
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Ethyl (2'R,3R)-2'-(5-chloro-2-hydroxyphenyl)-1-methyl-2-oxo-2",3"-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 90
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Ethyl (2'R,3R)-2'-(2-hydroxy-4-methylphenyl)-1-methyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9p
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Ethyl (2'R,3R)-2'-(2-hydroxy-4-methoxyphenyl)-1-methyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9q
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Ethyl (2'R,3R)-2'-(2-hydroxy-3-methoxyphenyl)-1-methyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9r
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Ethyl (2'R,3R)-2'-(2-hydroxy-3-methylphenyl)-1-methyl-2-oxo-2',3'-dihydro

spiro[indoline
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Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1,3'-dimethyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9t
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Ethyl-(S,E)-3-(3-(2-(2-hydroxyphenyl)-2-phenylvinyl)-1-methyl-2-oxoindolin-3-

yl)-2-oxopropanoate 9v
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Ethyl-(S,E)-3-(3-(2-(2-hydroxyphenyl)-2-phenylvinyl)-1-methyl-2-oxoindolin-3-

yl)-2-oxopropanoate 9w
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(2'R,3R)-2'-(2-Hydroxyphenyl)-N,1-dimethyl-2-oxo-2",3'-dihydrospiro[indoline-3,

4'-pyran]-6'-carboxamide 12a
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(2'R,3R)-5-Bromo-2'-(2-hydroxyphenyl)-N,1-dimethyl-2-oxo0-2',3'-dihydrospiro

[indoline-3,4'-pyran]-6'-carboxamide 12b
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(S,E)-3-(3-(2-Hydroxystyryl)-1-methyl-2-oxoindolin-3-yl)-N-methyl-2-oxopropan

amide 13
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5. HPLC spectra

Ethyl-(3S,4a'S,8a'S)-1-methyl-2-oxo0-4a",6',7',8a’-tetrahydro-5"H-spiro[indoline-
3,4'-pyrano|2,3-b]pyran]-2'-carboxylate 4a

DAD1A. Sig=254,4 Ref=350,100 (E:\WXW\DATALINECF 20030329 230000420 D)
mAU - =
i *
w0 | |
w03
50 4
L e NARE SR e rere— B e e e————————
25 5 75 10 126 15 115 20 25 m
Peak RetTime Type Width Area Height Area
% [min] [min] [mAU*s] [mAU] %
|- === |- | === - R | === |
1 12.010 MM R 0.3275 5837.26318 287.04694 54.2712
2 14.926 BB 0.3989 4918.47314 184.56526 45.7288
UALT A, Sig=ihd, 4 Ree=0, TOU (B W XWWOATALINECHZ ORI A LI0uoIesz.O)
mAU ! 2
i EtOOC.__O._ .0 :
800 | | =
600 0 ~,
200 4a ?:
+—————————— — ‘:,-‘ = — —
25 5 75 50 125 15 175 20 25 m
Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAU* 3] [mAU] %
- === | === [======- | === | === | =======- |
1 12.087 VB 0.3099 1.60170e4 772.60522 96.9208
2 15.133 BE 0.3817 508.86807 20.07600 3.07892

Ethyl-(3S,4a'S,8a'S)-1-methyl-2-oxo0-4a’,6',7',8a’-tetrahydro-5"H-spiro[indoline-
3,4'-pyrano|2,3-b]pyran]-2'-carboxylate 4b
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DADT A, 5ig=254.4 Ref=360,100 (E\WXWIDATALINECF2009032UNKO00475.0)

400 |I §
50 || IF‘;
06 3 I | |'I
50 E [ \ g :' '.“
04— =5 CE— . = B “\_ = e L.J)
2'5 5 7I5 0 125 I5 175 2‘0 25 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
e R | ===mmm s | === | === |
1 10.752 BB 0.3003 54.88220 2.68702 0.5001
2 13.305 BB 0.3375 6194.37500 274.22784 56.4408
3 15.866 BB 0.4140 192.70087 6.939859 1.7558
4 18.863 BB 0.4821 4533.04590 140.61958 41.3034
DADY A, Sig=254 .4 Ref=380, 100 (EAW )XW DATALINECF 20090328 LNKDOJTA D)
o ;
2 MeOOC.__O._ .0 ﬁ
1754 |
1504 O;E'J\J “
125 “
100 /N\Q "
755 |
5? 4b § | 1' §
53 r [\ -]
e e e —= :
5 10 15 25 o
Peak RetTime Type Width Area Height Area
# (min] [min] [mAU*s] [mAU] %
—=== == R | === | === |====mm- |
11.167 VB 0.3886 182.03857 6.50266 3.5533
13.307 BB 0.3345 4781.81055 214.19316 93.3390
18.928 BB 0.4539 159.20613 5.30844 3.1076

Ethyl-(3S,4a’S,8a'S)-1-(methoxymethyl)-2-oxo-4a’,6',7",8a’-tetrahydro-5"H-spiro

[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4d

DAD1 A, Sig=254 4 Raf=350, 100 (E2WXW\DATAILINECF 20080320 LNKOD04T4 D)

AU %
B0 -

- 12.530

||
40 \ i I
[ | [
204 I | | |
" ol J
I v N\l e
04
1 = 1 I I \ ! S OW v
25 5 75 10 125 5 175 20 225 n



Peak RetTime Type Width Area Height Area
% (min] (min] [MAU*s] [mAU] %

1 10.956 BB 0.2773 1896.75244 102.80277 54.8727
2 12.539 BB 0.3135 1553.59802  75.05650 45.0273

DAD1 A, Big=254,4 Ral<380,100 (EWXWIDATALINECFR 200803 29 L NKI004TT D)
nAU ]

EtOOC. _O_ .0 ¥

i X e
400 | ‘
300 4 ©) ‘

i 2

!

100 | i
4d * N
e et srinacs e
25 5 7.5 10 12.6 15 75 20 25 mr
Peak RetTime Type Width Area Height Area
4 (min] [min] [(mAU*s] (mAU] %

mmmm | mmmm - | === | = | == mmm e e | =mmm e |
1 10.943 BB 0.2779 9004.24316 486.66345 96.7267

-~

2 12.549 BB 0.3066 304.70853 15.15050 L PR R

Ethyl-(3S,4a'S,8a'S)-1-allyl-2-oxo0-4a’,6",7°,8a’-tetrahydro-5'H-spiro[indoline-3,4'
-pyrano[2,3-b]pyran]-2'-carboxylate 4e

OADI A, Sgm2td.4 Ref=300, 100 (E4W XW\DAT AILINEC FI20080329NK000453.0)
naL 5
N
~ : &
350 b
(1 A
300 4 |
250 | |
20 ‘ | |
150 1 | |
100 ‘ '
5 \ J
0- - - N — b

D e T e e T T e B T T e e e
25 s 75 10 1235 15 175 2 m

Peak RetTime Type Width Area Height Area
& [min] [min] [mAU*s] [mAU] %

1 10.941 BB 0.2855 B8194.08789 431.67407 52.8284
2 12.932 BB 0.3435 7316.6713% 319.105%0 47.1716
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DAD1 A, Sig=254 4 Ref=350, 100 (E/\WXW DATAUNECH 20080329/ LNK0CO4S2.0)

100 3 de R % g
04 : : s ~ . ;
25 5 75 10 125 15 5 20 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—===|mm————- |====|======= | === | ====m———-- | ======--
1 11.027 BB 0.2854 1.35841ed4  715.71893 95.9715
2 13.066 BB 0.3380 534.81958 23.81756  3.7785
3 15.285 BB 0.3568  35.39359 1.49165  0.2501

Ethyl-(3S,4a'S,8a'S)-1-benzyl-2-oxo-4a’,6°,7",8a’-tetrahydro-5'"H-spiro[indoline-
3,4'-pyrano|2,3-b]pyran]-2'-carboxylate 4f

DADT A, Sg=254 4 Ref=350,100 (£ 'WXWIDATAUNECF 200003 29 INKI00443 D
nAL - i
803 i

1
0 3

. M
50 3
|
-
20- [ ] [\
50 'I.\ = j“‘ '..‘ / k'\‘
. A = S—— = Sl S === ¥ st L

Width

Peak RetTime Type
% [min]

1 13.933 MM R 0.4044 2018.16931
2 19.753 MM R 0.6075 1758.61572

DAD1 A, Sige254 4 Ref=350, 100 {E\WXW\DATALINECF 20050G22LNKDOMT0 D)

nAU fE

EtOOC.__O._.0 i
250 | {
200 O~"", I
180 N ’

1 B’ |
100 ‘

i & | 3
* y ‘WA
03 s il . SRl T SN

5 " s 20

S90

Height
[mAU] %

83.17106 53.4362
48,24860 46,5638



Peak RetTime Type Width Area Height Area

# [min] [min] [(mAU* s ] [maU] %
——m= |- | ====|======= | =========- | ====————-- | ======== |
1 12.120 VB 0.3932 204.05815 7.14549 2.4711
2 13.721 BB 0.3678 7759.70703 316.79370 93.9695
3 19.254 BB 0.4936 293.92038 8.89187 3.5594

Ethyl-(3S,4a'S,8a'S)-1-acetyl-2-oxo0-4a’',6',7',8a’-tetrahydro-5'"H-spiro[indoline-
3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4¢g

DADTA, 5ig=2048 & Het=350 W (EWXWILA T ALINEUHEDSUIZRUNKDUUSST )
nﬂL_f a
120 -
T':l:“_. ‘M ~
0= < |
5y || 3
S S S RS T T T R T
Peak RetTime Type Width Area Height Area
% [min] [min] [(mAU*s] [mAU] %
e e | === |=mmmmmmm e |=====-- |
1 9.957 BB 0.2798 110.86740 6.10669 2.6876
2 11.327 BB 0.2879 2125.10913 110.74290 51.5158
3 12.841 BB 0.3472 91.56317 4.02854 2.219%6
4 16.527 BB 0.4330 1797.6181¢ 62.23427 43.5770
DAD! A, Sig=254 4 Ruf=380, 100 (E.\W XWIDATALINECFI200800828L NKODDST2 D)
"> Etooc._0._ .0 :
175 ;
160 % \
s 0 3 l
I«—E AC ‘
50 ‘: 8 o
54 4qg g | p s
03 — =
5 10 15 2 2 "
Peak RetTime Type Width Area Height Area
# (min] [min] (mAU*s] [mAU] %
e e e = )} e e | S | S [
1 9.769 BV 0.2524 76.65792 4.64903 2.4027
2 11.168 VB 0.2855 2949.37134 153.98323 92.4414
3 12.495 BB 0.4240 111.89490 3.72971 3BT
4 16.163 BB 0.3499 52.60800 2.14678 1.6489

Ethyl-(3S,4a'S,8a'S)-5-fluoro-1-methyl-2-oxo-4a’,6',7",8a’-tetrahydro-5"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4h
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DAD1 A, Syy*254 4 Ral=360,100 (E\WXWIDATALINECFZ0090323LNKJI00454.D)

&
1047

2
1
13813

g 8

5 10 15 2 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] &
—===| == | === === | ====m———=- | === | ======== |
1 11.017 BB 0.2878 2834.57202 147.73360 54.4191
2 13.813 VB 0.3669 2374.20654 96.53751 45,5809

DAD1 A, Sig=254 4 Rof=360, 100 (E:\WXVWIDATALINECF 2009332/ LNK000471.0)

504 | 1 5‘ E
1 4h | N L)
Q -’ S -
28 } re 1 128 A 174 2 224 .
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 10.926 BB 0.2760 4708.45117 254.34621 96.3520
12.121 BB 0.2843 48.59465 2.55041 0.9944
3 13.741 BB 0.3219 125.67451 6.30725 2.6536
Ethyl-(3S,4a'S,8a'S)-5-chloro-1-methyl-2-oxo-4a’,6°,7",8a’-tetrahydro-5'"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4i

DADY A. Sig=254,4 Ref=380, 100 {E\WXW DAT ALINECF 20080328 NK00J450.D)
W g
|

=

=
—— 14,583

adassadasaalasisa

=

25 5 15 10 125 14 175 20 25 mi
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Peak RetTime Type Width LArea Height Area
# [min] [min] [mAU* s [mAU] %
- === | ====]======= | =======—-= | === | =======- |
1 10.396 BB 0.2724 4454.45752 244.68129 53.9118
2 14.583 BB 0.3949 3808.03027 144.73879 46.0882

DADY A, Sig=254.4 Ref=350.100 (E'\WXW\DATAILINECF 20080326 UNK 000487 D |

Y g
800 Et0OOC._ _O_ .0 ﬁ

gt
e"“ O;EJ\J |
i /N\<:j>_m 1

200 4i " E g
0 /" \ - i A:
: — s e e et
25 3 75 10 125 15 175 20 225 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e EEEEEEE | mmmm | = mmmmes | =mmmmm e e e |
10.250 BB 0.2641 1.63457e4 925.41730 98.8751

1
2 11.399 BB 0.2957 157.20070 7.98390 0.9509
3 14.271 BB 0.3126 28.75981 1.37202 0.1740

Ethyl-(3S,4a'S,8a'S)-5-bromo-1-methyl-2-oxo-4a’,6',7",8a’-tetrahydro-5"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4j

DADT A, Sig=254.4 Rel=360,100 (E:\W XW\DATALINECF 2009032 NKOD475 D}

AU 4 g
g ™~

i \l :

| i

100 ' \ || ‘

- f ‘l \’. )l |

0- : i

25 5 75 10 125 5 175 20 25
Peak RetTime Type Width Area Height Area
£ [min] [min] [mAU*s] [mAU] %

Sl R e | === | === | === mmmm |
1 10.728 BB 0.2767 4665.54639 253.458553 53.9320

2 14.697 BB 0.3861 3985.25464 154.91707 46.0680
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DAD1 A, Sige254.4 Ref=350,100 (E:\WXW\DATAILINECF200903220LNKOD)478.0)

EtOOC.__O._ .0 g

caa | ) !
o oo |

|
003 4 ,‘ '.‘ §

03 —— = ﬂ‘___‘gﬁ__-_ —
R T P S 20
Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [(mAU*s] [mAU] %

——m | == R | === - | === | ===~ |
1 10.738 BB L2779 9683.71094 518.58678 89,5324
2

0
2 13.323 BB 0.3220  45.49331 2.15739 0.4676

Ethyl-(3S,4a'S,8a’S)-5-methoxy-1-methyl-2-oxo0-4a’,6’,7',8a’-tetrahydro-5"H-
spiro[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4k

DAD! A, Sig=254.4 Ref=350, 100 {E-WWXWIDATALINECF 20090329/ NKD0J451.D|
e $
8 ¥
70 -; ‘ |
803 f
504 || ‘
&) —i |
¥4 4
204 T

03 A /A .
10 . RN ) 1 A / . Q

16 736

25 5 75 10 125 15 115 20 25 mir

Peak RetTime Type Width Area Height Area
% [min] [min] [MAU*s] [mAU] %
=== === | ===~ === | === | === | ======-- |
1 14.503 BB 0.3872 2190.33447  84.83643 56.0969
2 16.736 BB 0.4467 1714.21924 57.68462 43.9031
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DADTA, Sig=254 4 Ref=380, 100 {(EAWXW\DATALUNECF200S0G2LNKOD04EE D)

- g

0 EtOOC.__O._ .0 f

0 | [

NE ®) 4 \ |

& |

$ /N\<<:j>_OMe | |

0- 4k [\ 3

- ———— — e — - E

25 g 75 !YO 125 1T5 1?].5 20 22].5 m
Peak RetTime Type Width Area Height Area
& [min] [min] [mAU*s] [mAU] %

1 14.524 BB 0.4046 1.898912e4 742.25098 99.3367
2 16.544 BB 0.4180 132.81369 4,81237 0.6633

Ethyl-(3S,4a'S,8a'S)-1,5,7-trimethyl-2-oxo0-4a",6',7',8a’-tetrahydro-5"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 41

UAUT A, Sig=204, 4 Ret=380, 100 W XWIUATALINECHZODSUIZALNKUINNS .U |

U3 > 3

]
12{):? [ “
1004 ‘

14227

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* 3] [mAU] %
e R | ====mmmmm | ===mmmme- |======--
1 9.187 BB 0.2416 2667.77417 165.88712 46.6740
2 10.464 BB 0.2744 2708.00146 147.33783 47.3778
3 14.227 BB 0.3554 339.98495 14.61717 5.9482

DADT A, Sig=254 4 Ref=380,100 (E"WXW\DATALINECF20000328 LNKCO04E0 D)

595



Peak RetTime Type Width Area Height Lrea

# [min] [min] [mAU*s) [mAU] %
- | ====|=-====== | ======——=- | === | ========
1 212 BB 0.2445 B591.64063 526.04712 95.313
2 10 8 BV 0.2226 125.16537 B.56043 1.3
3 0 VB 0.3821 267.00815 9.32289 2.
4 13.334 BB 0.3083 30.2547¢6 1.42164 0.33

Ethyl-(3S,4a'S,8a'S)-6-chloro-1-methyl-2-oxo-4a’,6',7",8a’-tetrahydro-5"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4m

DAD? A, Sigv254,4 Rel=380.100 {EVW XN DATALINECF 20060020 LNK000455.D)
Wl g g
140 ;
1204 ‘
100 i ‘ E
"
&0 —% |\
, 3 2
2 g “
0 - ;1 . Bz T T = T
5 in 15 25 K m
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*s] [mAU] %
B e | === | === | ====m=- |
1 10.990 BB 0.3055 84.59505 4,15579 1.3936
2 12 BB 0.3261 3242.03125 148.86288 53.4069
3 13.831 BB 0.2731 20.87761 1.16491 0.34389
4 21.289 BB 0.5905 2722.93115 69.59356 44.8556

Peak RetTime Type Width Area Height Lrea
¥ [min] [min] [mMAU*s] [mAU] %
=== | == e | === | ===mmmmm - | ===mm e
1 12.572 BB 0.3212 1513.23401 70.84232 96.5902
2 21.554 MM R 0.5124 53.42019 1.73742 3.40098

Ethyl-(3S,4a'S,8a'S)-7-fluoro-1-methyl-2-oxo-4a’,6',7",8a’-tetrahydro-5'"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 4n
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DAD1 A, Sig=254.4 Ref=360.100 (E W XW\DATALINECF20080329UNK000452,D)

’
503 ‘ 2
25 ’:
003 | I\
rs—; || | |
53 s || g [
23 2 ,‘ § [\
E —— s . e
5 10 15 20 25 m
Peak RetTime Type Width Area Height Area
% [min] [min] [mAU*s] [mAU] %
e e |=m=mmmm oo | =m=mm o |-m-—mm-- |
1 10.320 BB 0.2928 35.94599 1.89945 0.4491
2 12.204 BB 0.3105 4245.49121 204.24701 53.0391
3 14.448 BB 0.3516 43.33517 1.90386 0.5414
4 17.434 BB 0.4631 3679.67749 119.55741 45.9704

DAD1T A, Sig=254,4 Ref=350,100 {E'"WXWIDATALINECT 200603230 LNKDD04E9.D )
sl Et0OOC.__O._ .0

%0

00 4 o

., “
%03 /N\Q ‘ ]
10 P 'l g :
an F g ¥ =
03 === R e :
é 1'D 15 i} 25 m
Peak RetTime Type Width Area Height Area
¥ [min] [min] [MAU*s] [mAU] %

0.2832 68.15168 3.56302 0.6871
12.064 BB 0.3055 8337.32910 458.69473 94.1320
0.3501 123.70676 5.42459 1.2471
0.4278 390.21054 13.80235 3.9338

Ethyl-(3S,4a'S,8a'S)-1,7-dimethyl-2-oxo-4a’,6°,7",8a’-tetrahydro-5"H-spiro
[indoline-3,4'-pyrano[2,3-b]pyran]-2'-carboxylate 40

DAD1 A, Sig=254 4 Ref=380, 100 (EAWXWIDATALINECF 20090320 L NKDD0458.0)

o

140 5 .
120 E
100 : |
53“3 ‘ |
53.2 ' “ | |
&= |
27 | 2 .
01— e e - - T

5 10 15 20 % m

= 14.033
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Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [mAU] 3
—mm= |- | ====|======- | === | ===m=——=—- | ======== |
1 11.488 BB 0.3060 3380.42969 164.30180 53.2745
2 12.516e MM R 0.2236 19.70224 1.46831 0.3105
3 12.966 MM R 0.2464 13.96570 9.44507e-1 0.2201
4 14.038 VB 0.3739 2931.21045 117.14506 46.1949

DAD1 A, 5ig=254.4 Ref=350, 100 (EW XWDATALINECF20080G 20 LNKD00466.0)

1\ g 8
J ~ ]
3 o '\.,..--Q Lk
!"» 10 1'5 20 21.’) m
Peak RetTime Type Width LArea Height Lrea
¥ [min] [min] [mAU*s] [mAU] %

e R R | ==mmmm e | ==mm e | ===mmme-
1 11.430 BB 0.2%960 7501.94043 380.56445 95.8281

2 12.475 BB 0.3164 101.46614 5.13864 1.2961
3 13.997 BB 0.3476 225.13338 89.81604 2.8758

Ethyl-(3aS,4S,7aR)-1"-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro[furo[2,3-b]

pyran-4,3'-indoline]-6-carboxylate 3a

DAD1A, Sig=254.4 Ref=380, %00 (EWXW\DATALINECF 2008032 ANKOD0Z68 D)

LIE § i
. it :
0 1 2 2
g R
L& H i N f
0 “ I
2 [
40- o |
. | | |
3 g .
,, f [ ‘| 2 [ ]
&7 || | A | | |
10 A I’\ | | 1 ¢" [ \
- \ \ \ / \ / \ )
| Y | Ik, P LN U A, VAR N, SO V. S e —
0- A v v T ™7 |
5 12 15 2 25 ]
Peak RetTime Type Width Area Height Area
= {min] [min] (mAU*s) [{mAU] 3
----------- | == emesee | cecnrtrcces | shrreveses | meewe s |
1 10.751 BB 0.2965 430.66455 21.07034 5.2725
2 12.22& BB 0.3056 1524.06018 74.84279 18.6587
3 13.954 BB 0.3442 1964.79907 B5.47923 24,0545
4 16.080 BB 0.4011 418.91193 15.61116 5.1286
5 18.815 BB 0.4819 1803.,22607 56.26804 22.07c4
6 23.338 BB 0.5805 2026.43823 53.192C8 24.8092
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DADT A, S5=254 4 Rel=350 100 (E:\WXW'DATALINECF20090328\UNKOD0351 D)

n’ﬁUt i
ecé aooc;g:tl:j> ﬁ
80+ Ox¢ ‘
2 3a ; | g §
04 A _,I.‘; —yy \__i - _./‘9‘\\_ '
5 10 5 2 2B m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== == | ====]======- | ========== | =========- | ======== |
1 10.801 BB .2670 238.85457 13.46161 8.8673
2 1

.3690  58.42741 2,44328  2.1691

0

.944 BB 0.3471 2261.82666  98.07587 83.9691
0
0.5208 134.53406 3.78362  4.9945

Ethyl-(3aS,4S,7aR)-5"-chloro-1'-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro[furo

[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3b

DADI A Sig=254 4 Ref=350, 100 (E WXW DATALINECF20000329L NKOD0S31 D
nau '§
200 1v ? 5
150 :3 9
L s AV A !
5 10 5 2 2% i
Peak RetTime Type Width Area Height Area
¥ [min] [min] [MAU*s ] [mAU] %
=== | === | === | == | ===~ |
1 10.629 BB 0.2701 786.42365 43.66556 6.7838
2 13.237 BB 0.3363 5356.98096 240.07552 46.2104
3 14.374 BB 0.3599 696.31366 29.23241 6.0065
4 18.625 BB 0.4779 4752.87549 149.90973 40.9992
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DALY A, Sigelodg 4 MaT=E5p, TUU (EWVVAVWILA | AVLINE CHF\ZOUDVUSZWLINIKULLL SN L)

200 \’
o Et0OC.__O.__o |
150 |
125 ng |
100 @/CI
TG N
/ = |
26 3 ' E
Peak RetTime Type Width Area Height Area
$  [min] [min] [mAU*s] [mAU] %

i B === e === == | == |
1 10.613 BV 0.2859 734.50970 37.60733 12.7552

2 13.201 BB 0.3337 4996.41260 224.43411 86.7657
3 18.577 MM R 0.3798  27.58817 1.21064  0.4791

Ethyl-(3aS,4S,7aR)-5"-bromo-1'-methyl-2'-oxo0-2,3,3a,7a-tetrahydrospiro[furo
[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3c

DADT A, Sige254 4 Re(=380 100 (E WXV DATALINECF20000328: 210000403 D)
'Al_n; g
100—3 )
. I 2
40 g b1
:’_‘ — - \ > i - Lo
‘n t‘: ﬂ: 2 m
Peak RetTime Type Width Area Height Area
# [min] [min] [MAUY= ] [mAU] %
———— |- e | —————————- | —————————- | ———————- |
1 11.082 BB 0.2895 332.47650 17.19897 5.7236
2 13.514 BB 0.3422 2758.70532 120.91506 47.4910
3 14.654 BB 0.36356 293.25732 12.06721 5.0484
4 20.131 BB 0.5127 2424.46533 71.65974 41.7370
DADY A. Big=254 4 Ref=350, 100 {E\WXWIDATALINECF 20090328 NKODOI72 D)
ol | EtOOC g
180 E|
i |
120 i ‘
100 o |
80 3
3 |l
*3 - |\
204 N J
oA 3¢ il ol N
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Peak RetTime Type Width Area Height Area

¥ [min] [min] [mAU*s] [mAU] %
el | ====|======= | ========== | ========== | ========
1 11.188 BB 0.2856 507.82199 26.73195 11.3762
2 13.690 BB 0.3484 3956.09229 170.67818 B88.6238

Ethyl-(3aS,4S,7aR)-5"-methoxy-1'-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro[furo
[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3d

DAD1T A, Sig=254 4 Ref=360,100 (E\WXWIDATAWINECF\200903289UNKO0O534 O)

o
16403

@
225%

5 §
! < N
51 :“ =
s 10 45 20 25 30 m
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
e [t en piniiin [ i [ i | it |
| 12.923 BB 0.3447 181.47644 7.76368 T2
2 14.595 BB 0.3318 50.73218 2.27792 2.0289
3 16.403 BB 0.4124 1108.98450 40.88911 44,3504
4 18.300 BB 0.4644 160.84711 5.12163 6.4326
5 19.611 MM R 0.4150 27.06433 1.08689 1.0824
6 22.538 BB 0.5628 8971.40411 26.42713 38.8483
DADT A, Sig=254 4 Ref=300, 100 (LW XN IDATAUNEC 200800 22ANK 000537 D)
ALY EtOOC
0
& -
= (0]
204
04
= A g
10 fl > )
ot ——— L e % LR e (eI A x
5 1o 15 20 25 0 mr
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

1 12.915 BB 0.3339 349.98914 15.83376 14.1639
2 16.3%0 BB 0.4144 2052.26880 74.25538 83.0541
3 18.538 BB 0.3739 44.98888 1.69358 1.8207
4 22.553 MM R 0.5438 23.75512 7.28012e-1 0.9614

Ethyl-(3aS,4S,7aR)-6"-chloro-1'-methyl-2'-0x0-2,3,3a,7a-tetrahydrospiro
[furo[2,3-b]pyran-4,3'-indoline]-6-carboxylate 3e
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DADT A, Sig=254.4 Ret=360, 100 (EAWXW\DATALINECF\ZOUgS0329\LNKDOOUS32 D)
nAL

18817

70

- 36186

&
11.801

15118

20

10
10 2‘0 36 46 mi
Peak RetTime Type Width Area Height Area

4 [min] [min] [mAU* s ] [mAU] %

0.2912 377.18604 19.54281 7.6232
2 15.116 BB 0.3599 353.62659 14.95205 7.1471
3 18.617 BB 0.4654 2307.94507 74.92004 46.6454
4 35.185 BB 0.8552 1909.09387 33.68399 38.5843

DAD1 A, Sig=254 4 Rel=360,100 (E\WXW\DATAWINECF\Z0080320\0.NKO0O0O535 D)

nAU | £
aso E &=
300 |
250
200 : ey
o,
| B
e 3e Cl = - &
[*x3
S0 | e =
o] . : _ : — _
‘I‘D 20 '3‘0 4‘0 m
Peak RetTime Type Width Lrea Height LArea
# [min] [min] [MAU* 3] [mAU] %
- | === | - | - | - I
1 11.753 BB 0D.299% 1678.19324 83.70175 11.5652
2 15.050 BB 0.3811 573.53693 22.67105 3.9525
3 18.481 BB 0D.4705 1.12107=4 358.81314 77.2577
4 34.%63 BB 0D.83597 1048.34155 18.7e808 7.224¢6

Ethyl-(3R)-5-bromo-2'-methoxy-1,2'-dimethyl-2-oxo-2",3'-dihydrospiro[indoline-
3,4'-pyran]-6'-carboxylate 5
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DADT A, Sig=254 4 Ret=360.100 (E WOV DATAILUNECH 20090329\LNKODI5E1 D)

Wy 3 3
; f 3

1 | 1

o | |

300 [ [

203 | |

~wé ||t ‘R

Peak RetTime Type Width Area Height Area
¢ [min] [min]  [mAU*s] [mAU] %

-ems | mmmmne e == mmmee | ==mmmmne == |
1 6.932 BB 0.1738 7150.37744 623.34607 52.2221

2 8.498 VB 0.2071 ©541.85889 473.73734 47.7779

DADT A, Sg=254.4 Rat=360.100 (E "W XWIDATALINECF 200800 20INKUI0053 D)

i ¥ Etooc.__o._PMe
B *
00 [| |
0 o) ",
’ N
50 | /
- '
E | | 2 5
2 4 8 B 10 2 " on
Peak RetTime Type Width Area Height Area
& [min] [min] [mAU*s] [mAl] %
il B | === ]======= | === | ===———————= [ —======= |
1 6.932 BB 0.1833 4431.47803 365.97577 96.7341
2 8.501 BB 0.2184 149.61469 10.36438 3.2659

Ethyl-(S,E)-3-(5-bromo-1-methyl-2-oxo0-3-(2-(phenylthio)vinyl)indolin-3-yl)-2-
oxopropanoate 6

DADT A, Sg=254 & Ref=350, 100 (E 'WXW\DATALUNECF200S03ZRULNKDO05S D)

Aué § 1
¥R

80 <4 ‘

i ‘ (|
" (|

i []\8

- | |
2 |/ |g 3
104 | v o a b

| \ s
0 | - = e Y\r,,* iy ,/\
e i ———rty ——— . - r
10 ol 0 40 50 E0m

S103



Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
e R R | —-mm oo R |
1 23.200 BV 0.8133 3050.51318 54.14260 40.7615
2 25.354 vV 0.8521 3674.71167 63.22395 49.1022
3 26.723 VB 0.6306 439.76517 10.20808 5.8762
4 42.134 BB 0.7584 318.81830 5.36433 4.2601
; . - i ) SPh
DAD1 A, Sge254 2 Ralw3B0,100 (E\WXWDATALINECF 2003 2MNILNKONISEE. D)
i ; ?ic
TS fi 7
150 % 7,
1254 /| @/Br
100 X ‘ [
;i fﬁé 6
.'2 ’ ~ J‘"i > v r—— . > v - ,7-/: I’ ‘I.\.ii - v - - * - v "
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* 3] [mAU] %

1 25.165 BV 0.8635 1.15330e4 194,57463 90.1348
26.546 VB 0.6352 1262.28638 29.61836 9.8652

W)

Ethyl-3-(5-bromo-3-(2,3-dimethyl-3H-indol-3-yl)-1-methyl-2-oxoindolin-3-yl)-2-

oxopropanoate 7

DADT A, Sig=25¢.4 Ret=360 100 (EW XW'DATALINECF2005C329NKLO0511 D)

Wy
25
204 § -«
2 &
15 - I %
1 ‘ 1
10 } i \ B3
| £y o 83
= | T e S R, WL o |
' i w T2 ’ ) o o "
Peak RetTime Type Width Area Height Area
& [min] [min] [mAU*s] [mAU] %

3.081 MM R
6.874 MM R
2
4

0

0
705 MM R 0.9197 91.24595
.3%8 MM R O

AU
40 -

36~




Peak RetTime Type Width Area Height Area

# [min] [min) [mAU* s ) [mAU] %
o - | o e o [} ]t o o e o e [t i, o wem . e 1§t i e e [ e e e |
1 23.056 BB 0.7264 2153.54126 44.,20094 41.914¢0
2 26.8326 BB 0.8353 2108.663257 37.77490 41.0406
3 32.674 BV 0.8834 405.60217 6.74695 7.8942
4 34.360 VB 0.9459 470.19055 7.21833 9. 1512

Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2',3'-dihydrospiro

[indoline-3,4'-pyran]-6'-carboxylate 9a

DADI A, Sige254 4 Rel=360, 100 (EWXW'DATALINECPI20080327ILNKDCC 88 D)

wJ
400 -
Z
300 B
| §
200 | |' g 2 ;_-I‘
5052 [ ] ? s ||
i WA Fa fﬁ
LK > o LN NN \, ——e
e T P
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* s [mAU] %
o 1 e e e oy e e [ o e | e e i o i e |
1 12.054 BV 0.3857 €994.57031 274.13824 38.1120
2 13.075 vv 0.4098 2881.30151 104.46043 15.6996
3 15.415 BV 0.4527 2444.81348 81.33291 13.3213
4 16.699 VB 0.5202 6031.97900 175.84213 32.8670
DADT A 5ig=254 4 Raf=3560, 100 {E W XWIDAT ALINECF 20050327\ LNKDO0DCZ.0 }
w3 <]
175 -‘ g
150 3 |
125 3 '|
100 - ' |
753 I Il
5 3 2 o v |
25 - & ﬁ 3 ! \
o4 i e e e
2?5 12’.5 l‘! ; 5 2’0 25 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
o] e o el . | g . e || oo e ey e [ e e e e .o o e e
1 12.119 BB 0.3869 244.,38368 9.54034 3.2892
2 13.246 BV 0.3998 101.55199 3.75148 1.3668
3 15.472 MM R 0.4193 48.71481 1.93636 0.6557
A 16.723 MM R 0.5856 7035.20166 200.23108 94.6883

Ethyl (2'R,3R)-1-allyl-2'-(2-hydroxyphenyl)-2-oxo0-2',3'-dihydrospiro
[indoline-3,4'-pyran]-6'-carboxylate 9b
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DAD? A, Sig=254,4 Ref=350,100 (2000032 MLNK0D0027.D)
WU 3 g
1204 z
1004 ’

= 9 205

80— ‘
80 ’

404 u
i | |
20+ [ [ |
< " | [\
0 A ik i NN, -
< T T T T 4 ' T T T g 0z T T T Y T T T
25 5 78 10 125 15 175 b 25

Peak RetTime Type Width Area Height Area
£ [min] [min] [mAU*s] [mAU] %

11 >10234

0.2084 1818.82751 133.99493 45.2267
9.205 BB 0.3032 1660.04761  82.34208 41.2785
0.3689 358.97867 14.10462  8.9263
18.657 BB 0.5200 183.72543 5.33153  4.5685

1750
ol
4350
10004
TS0
=50 3 o
250 - f
5 T R B e ff::*’- R AT
28 5 7.8 10 128 15 78 2 28 m
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAl] %
- - |———= === | === |- |-———————-
1 6.158 VB 0.2049 1047.68359 77.89876 2.8840
2 9.166 BV 0.3079 3.27062e4 1617.28748 90.0313
3 10.210 VB 0.3891 954.05750 36.00725 2.6263
4 18.645 EB 0.5760 1619.64514 472 .36364 4,4584

Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1-(methoxymethyl)-2-oxo0-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9c
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DADTA, Sig=254 4 Ref=380, 100 (2009032 TILNKOD0022.D)

mAY 2
: |
50 | 3
’ 2
&) 4 A
n
30 ‘ H
|
2 1 [ 3
10 A Al [ 8
xS | T — = ¢ ~— A\ .t
5 10 1'5 2'11 25 mi
Peak RetTime Type Width LArea Height Area
¥ [min] [min] [mAU* s ] [mAU] %

- [ = |-——= | -=-—--- | ——mmm - | ——m—— o - | == -
1 8.503 BB 0.2675 1259.61096 71.50252 46.2512
2 15.943 BB 0.5107 1309.37170 39.30514 48.0784
3 20.764 BB 0.5434 154.4287% 4,19619 5.6704

DADTA, Sig=254.4 Ref=360.100 2006032 TWNKD00027 )
HO

1
o
“
|
|
[ |
[ | 2
| “. =
— e I 53
a 115 ) 25 m
Peak RetTime Type Width Area Height Area
3 [min] [min] [mAU*s] [mAU] %

e e | ==mmm e P | ====mmn |
1 8.507 BB 0.2652 465.59503 26.73774 2.8060
2 15.888 BB 0.5065 1.53972e4 459.97644 92,7937
3 20.753 VB 0.6232 730.14520 17.62785 4.4003

Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1,5-dimethyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9e

DAD1 A, Sig=254 4 Ref=350,100 { 2008032 TLNX000002.D)
Nk n

160 §
140 4 ‘ ~
120 | !
100 1
4] " ‘I
[
o i A
w-
I | g
2 [\ @& |\ -
A \ A 10X ~
0 , - v NN P — - " ™ e,
T T
5 10 15 2 5 ™
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

— L

R '-Ye ——— 2Ir — it 2: ™
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
- |- | ====]======- | ===——————- | ========-- | =======- I
1 8.387 VB 0.2769 52.49780 2.84999 0.6510
2 13.211 BB 0.4336 7829.94824 273.82190 97.0889
3 23.060 BB 0.5903 181.44005 4,48233 2.2500

Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-5-methoxy-1-methyl-2-oxo-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9f

DAD1 AL Sig=254 4 Ref=360,100 (200S0G2TILNKO0C025.D)

mAl ] 5
] g
] o
2\:0? ‘ :
150
:' |
1004 ‘ | |
RS
5 ‘ “ g 8
4 | | = g
| \ N
03 A\ e Do gt NN N
- -
5 10 15 il & m
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* s3] [mAU] %

1 0.3093 5360.87598 261.36469 50.7842
2 10.396 BB 0.3559 4522.99561 191.22839 42.8469

0.3043 416.89713 16.98600 3
4 20.455 BB 0.5753 255.41197 £.63238  2.4195

2004
150

100 -

Z ;
/] \ &
0 — y— _——— _
5 10 1 2 %
Peak RetTime Type Width Area Height Area
¢ [min] [min] [mAU*s] [mAU] %
pininial Bkl | === === | === | === | === |
1 8.791 MM R 0.3361 219.91698 10.90433 3.5428
2 10.385 BB 0.3580 5855.68018 249.33177 94.3331
3 20.457 BB 0.5449 131.85168 3.58689  2.1241

Ethyl (2'R,3R)-5-fluoro-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9g

DAD1 A, Sig=254 4 Ref=360,100 (2009032T\LNKDD0014.D)
Wi §

140 &
123—:; ‘
1m§ ! M
mg ‘

8 | i

> 12.533

é
;
r
P

KAl

o
L)
&
e
5
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Peak RetTime Type Width Area Height Area
% [min] (min] [mAU*s] (maU] %
mmm | mmmmme- R | === |==mmmmm-- | ==m=---- |
1 11.470 BB 0.3849 3903.25659 153.37061 44,8511
2 12.533 BV 0.3757 280.07782 11.04964 3.2183
3 14.702 BB 0.5262 4384.60303 126.56998 50.3821
4 27.105 BB 0.6131 134.76987 3.05261 1.5486

DAD! A, Sig=254,4 Ref=380.100 (2008032NLNK000D15.D)
ma 1 ¢

-

”;

200':

E g R

.3; / "u'.—_j;h RH —

5 '-lﬂ ' 15 2 sl n N

Peak RetTime Type Width Area Height Area

& (min] [min] (mAU*s] (mAU] %

1 11.465 BB 0.3703 1.58331ed 649.73273 96.
2 12.538 BV 0.3308 82.17564 3.67639  0.4992
3 14.901 BB 0.4673 185.98126 6.03924 1
4 27.178 BB 0.7279 361.12943 7.21533 2

Ethyl (2'R,3R)-5-chloro-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2',3'-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9h

DADT A Sg=264 4 Ref=350,100 { 2008032 TUNK 000002 D)

AU 2 R
i g &
= f o
',[)C—_. ‘ fi
80 [ | [
i (|
60 3 [ |
nd >
a4 | | | ?
3 o \ I u
204 - Bl
1 A p= 3
04— e—— T PP S o N —
T T T T !
25 5 1.5 10 125 15 175 20 mi
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Peak RetTime Type Width Area Helght
# [min] [min] [mAU*s] [mAU]

1 0.2873 53.55437 2.82286
2 11.081 MM R 0.4094 3274.27563 133.29955
3 13.12% BE 0.4253 2916.85889 104.62659
4 14.353 BB 0.4425 114.08827 3.84095

DADT A, Sge254,4 Ral=360, 100 (2009032 T\UNKOODX10 D)

i s EtOOC
700 5 a
m |
00 | || ol
a00 3 | | \T:::l\
300 3 ‘ ‘
f:f 2 g ! \
25‘ ; 5 - -7f5 1 '—“"1£5 15 175 2 m
Peak RetTime Type Width Lrea Height Lrea
¥ [min] [min] [mAU*3] [mAU] %
=== === | === ======- | —==—==———= | === | —======- |
1 8.989 BB 0.3401 261.27390 11.04163 1.1678
2 11.333 BV 0.4902 241.12262 6.69437 1.0778
3 13.110 VB 0.4335 2.186G8e4 769.71008 G87.7544

Ethyl (2'R,3R)-5-bromo-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2",3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9i

DADT A, Sg=254 4 Raf=350,100 (2009032 UNKOO000T B)

AL %
20
=
w00 3
w0 | :
€ : I | | ‘i
40 [ | 2 Jh o
20 | || 2 1‘ \ =
o4 J \ Y D gt NS4 N—_ — —44 S— - -
é n llﬁ 0 7'5
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il At e i | === | === | === |
1 10.358 BB 0.3448 2913.79297 129.36554 50.3975
2 11.979 BB 0.3405 128.84715 5.81618 2.2286
3 14.408 BB 0.4671 2589.68457 84.14172 44.7917
4 20.460 BB 0.5684 149.29741 3.86732 2.5823
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DADT A, Sp=254 4 Ref=350 100 (20030327 INK000002 D)

mAL) -
500
400 -
300
200
00 8 :
3Aﬁvgw%;ingg,,,.gq,:f;f‘;'
5 10 15 20 5 n
Peak RetTime Type Width Area Height Area
# (min] (min] [(mAU*s] (mAU] %

1 10.363 BV 0.3177 88.98271 4.36727 0.4784
2 11.212 VB 0.3374 67.30452 3.00380 0.3619
3 14.380 BB 0.4793 1.84420e4 585.83435 99.1597

Ethyl (2'R,3R)-6-chloro-2'-(2-hydroxyphenyl)-1-methyl-2-oxo-2",3"-dihydro
spiro[indoline-3,4'-pyran]-6'-carboxylate 9j

DAD1 A S=254 4 Rat=360.100 (2008032 NINK000012.0

A §

804 #

404

=~21.449

b
L

= 13878

=
("]
=
"

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 13.878 VB 0.4281 266.72836 9.42606 6.5299
2 15.605 BB 0.4860 1976.27563 61.98442 48,3818
3 21.449 BB 0.6731 1642.40869 37.49339 40.2084
4 33.671 MM R 1.0616 189.32048 3.12933 4,.8798

DADT A, Sige254 4 Re"!ﬂ”@ (20090327\LNK000013.D)

nal 1 EtOOC %
8004
[ |
400 W
200-Cl N 5 | |
oo ] \ g 3 | 3
) m -
i 9_j> Fa s -‘.-\ A \ ﬁ
o 3- ~ — e A bt S — - _~N— —
s S Sl LD BT e T R ey +
5 10 15 20 25 0 35
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Peak RetTime Type
[min]

Width Lrea Height
[min] [mAU*s] [mAU]
0.4610 1070.91882 34.22635
0.4860 1662.04651 52.40936
0.7027 2.94381e4 637.58710
0.9785 1244.88574 19.37881

Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1,7-dimethyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9k

DAD! A, Sig=254.4 Ref=360.100 (2008032 NLNKO0D00S.0)

e ﬁ
ol :
804 1 3
“é H & =
: I 8
c: fl_ s X ER . Sl -
5 10 5 ® 25 0
Peak RetTime Type Width LArea Height Area
% [min] [min] [mMAU*s] [mAU] %
—mm | e | —======—== | —========- | —====——- |
1 11.456 BB 0.3925 2839.08179 109.48750 49.0800
2 13.862 VB 0.4425 343.74103 11.50884 5.9424
3 20.490 BB 0.6581 2400.12427 55.76483 41.4917
4 23.001 BB 0.6050 201.64821 4,93243 3.4860
DADY A, Sg=254 4 Rat=350, 00 (2008032 \UNKOONI0E O)
200 | |
180 |
100 ‘
5 1 15 N 25 an n
Peak RetTime Type Width LArea Height Area
¥ [min] [min] [mAU*s] [mAU] %
SRRRIEEEEEEE | === =mmmmmn | === | === | ===mmmm- |
1 11.478 BB 0.3561 234.82748 10.21978 8093
2 13.843 MM R 0.4706 194.80270 6.89891 .500¢9
3 20.484 BB 0.6645 1.22637e4 281.37967 94.4878
4 22.981 BB 0.6032 285.80978 6.92953 2.2021 Et

hyl (2'R,3R)-7-fluoro-2'-(2-hydroxyphenyl)-1-methyl-2-oxo0-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9l
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DADT A, Sig=254 4 Ref=380, 100 (2009032 \UNKDDD0 16 D}

W ;
H
40
304 ‘ 8
o | 3 2 g
1 1 | p® - /\
" —— | b e e P O AR 12
5 (11 15 7In 2 1}‘ m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt |====|=====-- | —===—==—=- | —========= | —======= I
1 9.518 BB 0.2965 1282.92688 65.49512 50.3692
2 12.153 MM R 0.3382 97.38918 4.79935 3.823¢6
3 24,173 MM R 0.6773 96.86373 2.38354 3.8030
4 26.959 BB 0.7999 106%.86816 19.873949 42.0042
DALY A, $6=254.4 Rat=350,100 {2008032TLNK000017.0)
'WJ_ EtOO0C g
"V)<' (1
1:):)— \ | |
wg @ i "
’va—' | \\
= =SS e —
5 10 15 20 ) a0 n
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
il Bt |====|=—====== | === | === | —======= |
1 9.566 BB 0.2837 234.2878¢9 12.67134 2.6138
2 12.215 MM R 0.4595 192.02715 6.96575 2.1423
3 24.239 BB 0.6411 302.46597 7.21517 3.3744
4 26.956 BB 0.8500 8234.75586 146.89319 ©91.8695

Ethyl (2'R,3R)-2'-(2-hydroxy-5-methylphenyl)-1-methyl-2-oxo-2",3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9m
DADTA, Sig=254.4 Rel=360,100 (E'\WXW\DATALINECF20080G27\LNK D00 161.D)
e
m -
300 4
251 R
200 - |
|
s | | A

—

= 19574

R



Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAU*s] [maU] %
—===| == | ====]======- | ========== | =========- | =======- |
1 12.295 BB 0.4082 1.04853e4 389.35651 53.6746
2 19.574 BB 0.6221 9049.68359 220.81812 46.3254

DADT A, Sig=254,4 Ref=380 100 (E:WXWIDATALINECF 20080027LNKO00 162.0)

| EtOOC
203 2
100 z
% - /|
4 Iy
| 5 [
24 - ;—‘ ,"
03— e i i — ,";'/ j,\,, —————
15 2 25 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mal*s=s] [mal] %
———= | m—————- | === | e | === e | == e | === |
1 12.410 BB 0.400% Z25B.65B17 11.13603 T7.4253
2 19.6326 BB 0.8134 3723.53076 92.15330 92.5747

Ethyl (2'R,3R)-2'-(5-(tert-butyl)-2-hydroxyphenyl)-1-methyl-2-oxo0-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9n

OAD1 A, Sig=254.4 Ref=380,100 (EA\WXOVIDATAILINECF.SNAPSHOT D}

" !
-] 4
m -
253 -t
200 ‘
o
150 ‘ 4
100 8
5 , § g N
® (=] \
0 ”, ./l '7""“\1' lar:_'“ J”_ =y
é ‘ 10 ‘llﬁ ?]ﬂ 715 'é') K] 4:3 ]
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
eSS e ae oo ['==es] =s==== [los=o=seses es=g=e o= === aes [
1 7.336 BV 0.2417 6457.59863 405.61664 52.0472
2 8.869 BB 0.2673 311.94751 17.55669 2.5142
3 20.879 BB 0.5812 198.05103 5.16645 1.5963
4 29.446 BB 1.0152 5439.60303 81.86147 43.8423

S115



T DADTA. 5ig=254 & Ref=350. 100 (£ W XWDATALNECF 20080527 LNKO00 134 0}
mAL) ]
{

8 —i
o
40 -3
1 3 a
23«: 2oy 5
{ i A A @B &
a 3 J LI\ PASSE L ~ — —
) ']l‘ s 7111 )"\ 0 LY an
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

L0377 6666.28516 98.23561 8

Ethyl (2'R,3R)-2'-(5-chloro-2-hydroxyphenyl)-1-methyl-2-oxo-2",3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 90

DAD1 A Sig=254.4 Ref=350,100 (E:\W XWADATAILINECF2009032MLNKO00130.0)

| :

]
100 | 3

i (| ol
80 .

] | [ |'|
B | |

1 ! '
8 \ [

] @ i} -
X 1 : § »‘ ‘ "’ )
[ 5 St T —“:\v—"‘;n\*"“ o ‘— H-/\ S—— —

2 4 6 8 10 12 4 18 18
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

0 2

0.2742 52.83976 2.90475 1.0792
.884 BB 0.3496 2779.27563 121.16463 56.7645

0.4015 2024.20886 76.79546 41,3428
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DAD! A, Sig=254 4 Ref=380, 100 ([E\\WXW'DATAILINECP200S032TLNKOD0131,.D0)

400 i
3005 [ |
. R
2007
jl il
1 4 o p14 | \I
100 : o ? S : "'i \
0 < i e g Ny —
)'5 ‘]\ 7lﬁ 1'n 25 15 178 (]
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [maU] %

1 7.465 BV 0.2254 246.26666 16.57381 1.7920
2 8.720 BV 0.2681 206.30502 11.68094 1.5012
3 9.915 VB 0.3212 794.76880 38.13157 5.7833
4 12.213 BB 0.4068 1.24952e4 466.11136 90.9235

Ethyl (2'R,3R)-2'-(2-hydroxy-4-methylphenyl)-1-methyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9p
DAD! A, Sig=254 4 Ref=360, 100 (EAW XWDATAILINECF20090327UNK000127.0)

e 3
¥ 2
80 ~
‘I §
80 + ‘ | |1 |Il
I )
4 “
g - n
«© |
2 - | l‘ A ul \
f I|n‘| ] 5 ‘.' \ J l‘..
D e — s
— p— 12 ——— * pe— * ! _— —“1_'Y_‘?—"_T'—'"""""—'~—' —
& 1'n 1I§ n 72 () ’{G
Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [(mAU*s] [mAU] %

e e R R R |- |
12.457 BB 0.3969 332.80569 12.73566 4.52472

1

2 15.604 BB 0.4980 3145.75928 96.07786 42.7639
3 18.117 BB 0.5511 581.86841 16.04621 7.9100
4 22.758 BB 0.7897 3295.68457 64.11639 44.8020

DAD1 A Sig=254 4 Ref=360. 100 [EVW XW\DATAWINECF2009032T\LNKO00 123.0 )

mAU g
250 ’
200 |
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|l
100 4 [ g ‘
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0 'J a/\\ L.)\_,.-\
: T T T T 1
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Peak RetTime Type
# [min]

1 12.290 BB
2 15.510 BB
3 18.864 MM R
4 22.949 BV

Width

0.4109
0.5046
0.4791
0.7609

393.19601
1.05314e4

429.66769

330.55057

14.56518
316.15125
14.94637
6.57035

90.1290
3.6771
2.8289

Ethyl (2'R,3R)-2'-(2-hydroxy-4-methoxyphenyl)-1-methyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9q

DAD1 A, Sige254 4 Ref=350, 100 (EX\WXW\DATALLINECF20090327LNK00151.0)

I\A;; : g
30 ‘ g
25 | | ?
20 [ | [\
15 I I| \
e ‘ ™ | I|
10 | - ', -7 f \
54 I! J‘ ‘\/- EJ: lI\ :2. "’ “\
10 20 an 40 '
Peak RetTime Type Width Area Height Area
¢ [min] [min] [mAU* s [mAU] %
e R |===mmm - R |===m---- |
1 28B.296 MM R 0.7999 39.79426 8.29152e-1 0.9794
2 30.393 BB 0.9513 2134.70874 33.96127 52.5373
3 33.853 MM R 1.0208 46.74310 7.63208e-1 1.1504
4 46.002 BB 1.2882 1841.97571 20.42399 45.3329
DAD1T A, Sig=254.4 Ref=350, 100 (E"WXW\DATALUNECRZ0080G2T\LNKG00163.0)
nAL 11 §
120 OMe ﬁ
100 i || !|
6 “ “
“3 s B i
203 48 .
I —— e N,
: 1n 20 3'0 4](1 ‘ul minl
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
mmm=|mmmm e e | =mmmm - | ===mmmm - | === |
1 28.234 MM R 0.6104 73.82506 2.01578 0.6126
2 29.764 MM R 1.4604 524.72772 5.88821 4.,3542
3 33.789 MM R 1.0402 139.70941 2.23847 1.1593
4 45,899 BB 1.4069 1.13128e4 117.75182 983.8739

S118



Ethyl (2'R,3R)-2'-(2-hydroxy-3-methoxyphenyl)-1-methyl-2-oxo-2',3'-dihydro

spiro[indoline-3,4'-pyran]-6'-carboxylate 9r

DAD1 A, Sigv254 4 Ref=350,100 ([E'W XWDATALINECF2009032TLNKD0135.D)

mALl -4
-
140 4 [
1204 ‘ &
o4 | g
&0 (| i
€04
04
20 4 \
e h——— N = = r——y ,
10 2 ' 0 " w 5 "
Peak RetTime Type Width Area Height Area
# (min] [min] (mAU*s] (mAU] %

e et R |- | === | === |
1 18.878 BB 0.5605 6400.74854 171.08636 47.8155

2 43.327 BB 1.2481 6985.60156 85.77898 52.1845

DAY A, Sign204,4 Ret=300, 100 (W

2 HO .«1‘6'&%'1\‘%1'(' CFRI00SEOZTANKODN TN D)
- EtOOC .
I
10 J‘ : N\ \ ?
0 ; . 9r - - \ - - - - T - . s - . 2
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* 3] [mAU] %

- | ==~ | === [ == et | === - | —=---—-- |
1 18.934 BB 0.5405 1602.65662 44.46686 95.9846

2 43,530 MM R 1.0169 67.04601 1.09884  4,0154
Ethyl (2'R,3R)-2'-(2-hydroxy-3-methylphenyl)-1-methyl-2-oxo-2',3'-dihydrospiro
[indoline-3,4'-pyran]-6'-carboxylate 9s

DAD1T A, Sig=254.4 Ref=360, 100 (EAWXWIDATAILINECF 20060327\ LNK000192.0)

- 60137
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T : T T
20 30 40 5 60 M 80
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Peak RetTime Type Width Area
# [min] [min] [mAU* 5]

mmmm |- | === | = | ==mmmm e | ==mmmmm e | ==mmmmmm |
105.08260

1 55.7%8 BB
2 60.137 BB

DADY A, Sige254.4 Ref=380,100 (E:\WXW\DATALINECR20080327LNKOD0183.0|

Wl

& _ EtOOC

0

o

x4

10 —i |

ol L .

"G 2‘ 50

Peak RetTime Type Width Area

¥ [min] [min] [mAU*s]

1 56.470 MM R 1.3332 164.896535
1.5703 7260.64551

2 60.586 BB

1.5966 1.11205e4
1.6472 9182.09668

83.61021

Height
[mAU]

- |- e e | === | === | =======-
2.06224

67.42653

54.7737
45.2263

2.2216

87.7784

Ethyl (2'R,3R)-2'-(2-hydroxyphenyl)-1,3'-dimethyl-2-oxo-2',3'-dihydrospiro

[indoline-3,4'-pyran]-6'-carboxylate 9t

DAD?C. Sg=210,8 Rat=360, 100 (E\WXW\DATAILINECP200803ZTLNKO024.0)

Al 4
o
2mé
U ke o bondy
n @ ® T
Peak RetTime Type Width Area Height Area
2 [min] [min] [MAU*s] [mAU] %
Sl Rt e e R | -==-m-- |
1 22.942 MM R 3.7737 3722.04639 16.43859 18.4693
2 32.310 BB 1.8104 4200.38867  28.32001 20.8429
3 82.702 BB 3.2406 6195.11475  22.38603 30.7409
4 94,908 MM R 3.0921 6035.09912 22.89668 29.9469
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DADY C, Sig=210.8 Ret=350, 100 (E'WXW\DATALINECFZ00803ZNLNKDIDZNS D)

mAL
€00 EtO0C
00
400 - \
300 4 h
: Bk ;
A - 2 2
100 3 -
o—"— 4 NN —— U /\bw'g\,_,_ —
20 40 " % B 100 10
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* 5] [mAU] %

1 24,131 BB 1.8916 5644.10645 41.84425 11.7802
2 31.801 BB 1.6667 4558,04434 36.41339 9.5153
3 78.289 MM R 5.0233 3.1631Ze4 104.94801 66.0186
4 90.193 BB 3.0510 6077.58154 23.42393 12.6849

Ethyl-(S,E)-3-(3-(2-(2-hydroxyphenyl)prop-1-en-1-yl)-1-methyl-2-oxoindolin-

3-yl)-2-oxopropanoate 9v
DAD1 A, S5=254 4 Refe330, 100 (E\WXW.DATALINECF200903271LNK000144 D)
naly 4
ok
80+
i | (|
504 | (1
PE ‘l | |
i \ | |
M3 [ |
24 | | |
104 \ I / \
3 e M SO R e S \\__,____.,&/ —

j- — —
0 : =

@ g
¢ 5

Peak RetTime Type Width Lrea Height Area
# [min] [min] [(mAU*s] [mAU] %
———= |- | ====|======- | ====—————- | ===——————- | =======- I
1 8.158 BB 0.3313 1790.37341 75.86448 50.2115
2 12.868 BB 0.4307 1775.29358 59.73475 49.7885

DAD® A, Sg=254 4 Ral=350,100 (EXWXW'DATALLINECP200803ZNLNKO00137.0)

AU a 4
; 3 & EtOOC
4 l‘ :.4
804 A
|
| | I
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Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
mininial Bl | === === | === | === |=====m-= |
1 8.155 BB 0.3297 2291.95093 97.70203 50.4314
2 12.871 BB 0.4282 2252.74219  76.35545 49,5686

Ethyl-(S,E)-3-(3-(2-(2-hydroxyphenyl)-2-phenylvinyl)-1-methyl-2-oxoindolin-

3-yl)-2-oxopropanoate 9w

DADT A, Sige254 4 Refa60,100 (E'WXWIDATAUNECF20090327LNKO00 145 0|

nal) 4 < ::
A > &
i a E
53? "
04 ‘ \ |
i [
N | ‘
24 | | ;‘
3 1‘. | \ {
10 \ \ Ji N
;_ _‘ ey ‘: - e & - \‘—_—' ".\____- = __/’\-_ N
0= r T T T T T T
25 5 75 10 125 15 175 2 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

- | = | === | ==mm- | ===mmm e |===mmmm- | ===mm- |
1 9.174 BB 0.3702 1223.53979 46.01573 43.0388
1619

2 12.375 BB 0.4142 .33545  56.87083 56.9612

DAD? A, Sigv254.4 Refe360,100 (E:\WXWIDATALINECF20020327UNKI00148.D)
AU

zoué EtOOC Ph@ g
'50-2 “\l OH [
i o |
- 1 3
| S A
50+ =~ J \
1 9W /\ \ ,I \
04+ N S sl et I\_ — T— — s
25 8 7.5 14 125 15 1725 20 25 1
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
=== |- |====|======= | =========- | ========-- | =======- |
1 7.602 MM R 0.3192 767.70575  40.08863 9.9137
2 9.175 MM R 0.4821 5630.79736 194.67307 72.7125
3 12.384 MM R 0.4291 1345.41528  52.26243 17.3738

(2'R,3R)-2'-(2-Hydroxyphenyl)-N,1-dimethyl-2-oxo0-2',3'-dihydrospiro[indoline-
3,4'-pyran]-6'-carboxamide 12a
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DADT A, Sig=254.4 Raf=380,100 {EAW OV \DATAILINECP 2008032TLNKLC0ZT9.D)

nAU i "
1754 % B
£ 3 1
] A
j ‘ ‘ | |
'G':'-i‘ [ | (|
754 ‘ |
50-3 .il \I | |I.
2-3—; . A, S .,
0d : — e e s —
2 4 ] 8 ) 12 " 16 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e | === | e | === m |- |-~ |
1 8.380 BB 0.3563 4448.,54346 190.59363 52.4965
2 9.937 BB 0.4117 4025.44092 147.83041 47.5035

DAD1T A, Sig=254 4 Ral=360,100 (E\WXW DATALINECF2006(G2TLNKDO0Z81.0)

WU E
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000+ rl
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600 ; || |
4004 ( ‘,
200 7 e i
0 . ’J%iff' e -
; g 10 12 !7-1 % n
Peak RetTime Type Width Area Height Lrea
¥ [min] [min] [mAU*s] (mAU] %

-mmm|mmmmmee === | === | ===mmmmmee | ==mmm e | ===mmnm
1 8.579 BB 0.3603 1143.31653  48.27978  3.1905
2 10.272 BB 0.4251 3.460917e4 1252.48169 96.8095

(2'R,3R)-5-Bromo-2'-(2-hydroxyphenyl)-N,1-dimethyl-2-oxo0-2',3'-dihydrospiro
[indoline-3,4'-pyran]-6'-carboxamide 12b

DADY A Sign25¢,4 Refw360.100 (EAWXWIDATAILINECFZ0090327\LNK000285 )
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FPeak RetTime Type Width Area Height LArea
# [min] [min] [mAU*s] [mAU] %
=== == |====|======- | =========- | ===== === | =======- |
1 7.023 BB 0.2343 58.46277 3.78347 0.9908
2 8.207 BB 0.3029 3097.85278 155.17172 52.5001
3 10.980 BB 0.3592 59.34491 2.53461 1.0057
4 17.050 BB 0.6185 2685.00586 66.29771 45.5034

DAD1 A, Sig=254.4 Ref=350, 100 (EWXWDATALNECP20090327\LNK200235.0)

nau .
120 g
100 “ ‘T
80 [ |
80 .? \
40 o \' ||
£ | |
20 = \
o Y. N \
Ww 125 ‘5 s x " ms
Peak RetTime Type Width Lrea Height Lrea
t [min] [min] [MAU*s ] [mAU] %

1 6.961 MM R 0.2419 23.40681 1.61266 0.3714
2 8.168 VB 0.3385 31.66816 1.41829 0.5025
3 10.853 BB 0.4146 242.51257 9.10797 3.8480
4 16.811 BB 0.6873 6004.71582 133.35417 85,2781

(S,E)-3-(3-(2-Hydroxystyryl)-1-methyl-2-oxoindolin-3-yl)-N-methyl-2-oxopropan

amide 13
DAD1 A, Sig=254 4 Ref=350,100 (E'\WXW\DATALINECF20080328/LNK000336.D)
Wy
! o
1 [ ]
124 2 3
] £ 2
{ . g

=
ala

P l’\k« R «.-j.l‘-. S 5\____,_/ "\___/‘ A t— i~

le 2 3IC 40 5ll‘ m

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e et | === === e |- | === |
1 26.873 MM R 0.9370 364.00021 6.47490 49.9536

2 33.593 MM R 1.0849 364.67700 5.60233 50.0464
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DADT A, Sig=254 4 Rel=350, 100 [E\WXVWADATALINECF 20080328 NKO00435 D)

2

& g ® B R
A[..L. U PUTE TUTY FETE FRTS FOWE oS

5

5 B

10 20 30 0 50 mir

Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [maU] %
- == | ====|=-=====- | === | === | =======
1 26.367 BB 1.0372 1.02837e4 142.29344 95,8769
2 33.210 BB 0.9135 442.23703 5.96092 4.1231
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