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1. General Methods.

Unless otherwise stated, all reagents were purchased from commercial suppliers and used without
purification. All solvents were obtained from commercial sources and were purified according to standard
procedures. TLC was carried out on silica gel plates (HSGF 254), which were visualized with UV light
and/or staining with phosphomolybdic acids solution. Purification of reaction products was carried out by
column chromatography using silica gel (200-300 mesh). 'H, 13C NMR, and '°F NMR spectra were recorded
on a Varian Mercury-300BB (300 MHz) and a Bruker NMR Spectrometer (400 MHz). All chemical shifts
(8) were given in ppm. Chemical shifts are relative to the resonance of the deuterated solvent as the internal
standard (CDCl;, 67.26 ppm for proton NMR , 77.16 ppm for carbon NMR; DMSO, 62.50 ppm for proton
NMR, 639.52 ppm for carbon NMR). Date are presented as follows: chemical shift, integration, multiplicity
(s = singlet, d = double, t = triplet, q = quartet, m = multiplet), and coupling constant in hertz. Mass spectra
were recorded on a Bruker Agilent 1290 MicrOTOF-Q II instrument. Melting points were measured on a
melting points apparatus and were uncorrected. The enantioselectivity value determination was carried out
using chiral HPLC (Waters) instrumentation with a Chiracel OD-H column and IC-3 column. Optical
rotations were measured on a Shanghai ShenGuang SGW-2 polarimeter at A = 589 nm. Optical rotations are

reported as follows: [a]p?® (¢ = g/100mL, solvent).
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2. Starting Materials.

1a-1q, 1t-1v were prepared according to literature procedures(l- ?); catalysts 3a-3h>-> and  substrate 2b©®
were prepared according to the reported procedures. Synthesis of racemates based on previous literature

report(”.

3. Characterization Data of Products 2b, 3a-3h and 4a-4u,40-1.

F o 4-fluoro-1H-indene-1,3(2H)-dione (2b). White solid, 128.6 mg, 51% yield. '"H NMR (400 MHz,
DMSO) & 8.06 — 7.88 (m, 1H), 7.80 — 7.65 (m, 2H), 3.37 (s, 2H). HRMS (ESI) calculated for
CoHsFO, [M+H]*: 165.0307, found 165.0274.

2 ° _ 3-(((1S)-(6-methoxyquinolin-4-yl)(5-vinylquinuclidin-2-

\OM yDmethyl)amino)-4-((4-nitrophenyl)amino)cyclobut-3-ene-1,2-
dione NQ 0 (3a). Yellow solid, 189.0 mg, 78% yield, m. p. = 212-214 °C, [a]p?® =
-58.6 (c N = 0.1, CHCL3). 'H NMR (400 MHz, DMSO) & 10.23 (s, 1H), 8.83 (d, J
= as NS H Ao, 1H), 8.42 (s, 1H), 8.29 — 8.09 (m, 2H), 7.99 (d, J = 9.2 Hz, 1H)

s ) , 8. ) , 8. . ) , 1. ) . ) )

7.74 (s, 1H), 7.68 (d, J = 4.6 Hz, 1H), 7.57 (m, 2H), 7.46 (m, 1H), 6.24 — 5.70
(m, 2H), 5.16 — 4.90 (m, 2H), 4.42 (s, 1H), 3.95 (s, 3H), 3.48 (s, 1H), 3.30 — 3.09 (m, 2H), 2.85 — 2.55 (m,
2H), 2.30 (s, 1H), 1.57 (d, J = 29.8 Hz, 4H), 0.68 (s, 1H). HRMS (ESI) calculated for C3oH,oNsOs [M+H]":
540.2202, found 540.5804.

z\/> 1-((1S)-(6-methoxyquinolin-4-yl)(5-vinylquinuclidin-2-yl)methyl)-3-(4-

oYy nitrophenyl)urea (3b). Yellow solid, 102.8 mg, 82% yield, m. p. = 216-218 °C, [a]p?®® =
E -62.8 (¢ = 0.1, CHCl;). 'H NMR (400 MHz, DMSO) & 9.67 (s, 1H), 8.73 (d, J = 4.5 Hz,

%/\L NH  1H), 8.26 — 8.01 (m, 2H), 7.97 (d, J = 9.2 Hz, 1H), 7.82 — 7.67 (m, 1H), 7.62 — 7.48 (m,

] N
v N © 3H), 7.48 — 7.38 (m, 1H), 7.16 (s, 1H), 6.03 — 5.76 (m, 1H), 5.38 (s, 1H), 5.10— 4.84 (m,
®» N, 2H), 3.95 (s, 3H), 3.51 — 3.32 (m, 2H), 3.27 —3.19 (m, 1H), 2.76 (d, J = 11.8 Hz, 2H), 2.34
(s, 1H), 1.86 — 1.50 (m, 3H), 1.39 (s, 1H), 1.02 — 0.71 (m, 1H). HRMS (ESI) calculated
for C,7H9NsO,4 [M+H]*: 488.2253, found 488.2257.
o 1-((1S)-(6-methoxyquinolin-4-yl)(5-vinylquinuclidin-2-yl)methyl)-3-(4-
SR\ s nitrophenyl)thiourea (3¢). Yellow solid, 135.0 mg, 73% yield, m. p. = 220-222 °C, [a]p?
%/\LN*NH =-54.8 (¢ = 0.1, CHCI3). 'H NMR (400 MHz, DMSO) & 10.43 (s, 1H), 9.00 (s, 1H), 8.76
NoS H © (d,J=4.2 Hz, 1H), 8.15 (d, ] =9.2 Hz, 2H), 8.00 — 7.77 (m, 4H), 7.61 (d, ] = 4.3 Hz, 1H),
3 7.45 (m, 1H), 6.34 — 5.67 (m, 2H), 5.17 — 4.82 (m, 2H), 3.97 (s, 3H), 3.27 — 3.08 (m, 1H),
2.91-2.62 (m, 2H), 2.39 —2.10 (m, 1H), 1.76 — 1.16 (m, 5H), 0.98 — 0.73 (m, 2H). HRMS
(ESI) calculated for C,7HoNsO3S [M+H]*: 504.2025, found 504.2017.
3-(((1S)-(6-methoxyquinolin-4-yl)(5-vinylquinuclidin-2-yl)methyl)amino)-4-
Of ((4-(trifluoromethyl)phenyl)amino)cyclobut-3-ene-1,2-dione (3d). White solid,
NO o 216.0 mg, 83% yield, m. p. =211-213°C, [a]p**=-70.6 (¢ = 0.1, DMSO). 'H NMR
%/\LH HNOCFg (400 MHz, DMSO) & 9.96 (s, 1H), 8.83 (d, J =4.5 Hz, 1H), 8.32 (s, 1H), 7.99 (d, J
3d

NO,

~

=9.2 Hz, 1H), 7.76 (s, 1H), 7.72 — 7.62 (m, 3H), 7.56 (d, J = 8.4 Hz, 2H), 7.51 —

7.42 (m, 1H), 6.24 — 5.81 (m, 2H), 5.18 — 4.86 (m, 2H), 3.96 (s, 3H), 3.48 (d, J =7.7
Hz, 1H), 3.32 — 3.12 (m, 2H), 2.90 — 2.57 (m, 2H), 2.29 (s, 1H), 1.56 (d, J = 30.8 Hz, 4H), 0.67 (s, 1H). 1°F
NMR (377 MHz, DMSO) & -60. 20. HRMS (ESI) calculated for Cs;H,oF;N,05 [M+H]*: 563.2225, found
563.2214.

N 3-((3,5-bis(trifluoromethyl)phenyl)amino)-4-(((1S)-(6-methoxyquinolin-4-
el N'O yD)(5-vinylquinuclidin-2-yl)methyl)amino)cyclobut-3-ene-1,2-dione (3e). White
%/\L EO CF; solid, 206 mg, 77% yield. m. p. = 225-227 °C, [a]p*® = -50.6 (¢ = 0.1, DMSO). 'H
N H NQ NMR (400 MHz, DMSO) & 10.18 (s, 1H), 8.82 (d, J = 4.5 Hz, 1H), 8.32 (s, 1H),
3e

CF, 8.08 —7.86 (m, 3H), 7.75 (s, 1H), 7.70 — 7.59 (m, 2H), 7.46 (m, 1H), 6.22 — 5.87
(m, 2H), 5.02 (m, 2H), 3.95 (s, 3H), 3.48 (d, J = 8.3 Hz, 1H), 3.20 (m, 2H), 2.68 (m,
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2H), 2.30 (s, 1H), 1.57 (d, J = 29.8 Hz, 4H), 0.67 (s, 1H). °F NMR (377 MHz, DMSO) 8 -61. 74. HRMS
(ESI) calculated for C3;,HysFsN4O5; [M+H]*: 631.2099, found 631.5981.
= 3-((3,5-bis(trifluoromethyl)phenyl)amino)-4-(((1S)-quinolin-4-yl(5-
vinylquinuclidin-2-yl)methyl)amino)cyclobut-3-ene-1,2-dione (3f). White
0 cF, solid, 236.0 mg, 83% yield, m. p. = 233-235 °C, [a]p?* = -89.8 (c = 0.1, DMSO).
] H HN '"H NMR (400 MHz, DMSO) 3 10.26 (s, 1H), 8.98 (d, J = 4.5 Hz, 1H), 8.45 (m,
a CF, 2H), 8.09 (d, J= 8.0 Hz, 1H), 7.98 (s, 2H), 7.82 (m, 1H), 7.78 — 7.68 (m, 2H), 7.66
(s, 1H), 6.22 — 5.73 (m, 2H), 5.19 — 4.83 (m, 2H), 3.53 — 3.37 (m, 1H), 3.20 (m,
2H), 2.83 — 2.59 (m, 2H), 2.29 (s, 1H), 1.55 (d, J = 33.3 Hz, 3H), 1.38 (s, 1H), 0.74 (s, 1H). I°F NMR (377
MHz, DMSO) § -61.74. HRMS (ESI) calculated for C5;Hy6FsN4O, [M+H]": 601.1994, found 601.5799.
o 3-((3,5-bis(trifluoromethyl)phenyl)amino)-4-(((1R,2R)-2-
@ ﬁo CF, (dimethylamino)cyclohexyl)amino)cyclobut-3-ene-1,2-dione (3g). White solid,
& ” HN 196.0 mg, 52% yield, m. p. =223-225 °C, [a]p** = +59.8 (¢ = 0.1, DMSO). 'H NMR
- oFs (400 MHz, DMSO) & 10.47 (s, 1H), 8.08 (s, 2H), 7.94 (s, 1H), 7.66 (s, 1H), 3.89 (s,
39 1H), 2.25 (s, 6H), 2.10 (d, J = 12.3 Hz, 1H), 1.95 — 1.81 (m, 1H), 1.81 — 1.59 (m,
2H), 1.46 — 1.11 (m, 5H). °F NMR (377 MHz, DMSO) 8 -61. 74. HRMS (ESI) calculated for C»oH;;FsN30,
[M+H]*: 450.1572, found 450.1580.
3-((3,5-bis(trifluoromethyl)phenyl)amino)-4-(((1S,2S)-2-(dimethylamino)-
Q@ otfo CF, 1,2-diphenylethyl)amino)cyclobutane-1,2-dione (3h). White solid, 256.0 mg,
N

N O

Ny

68% yield, m. p. = 226-228 °C, [a]p® =-52.6 (¢ = 0.1, DMSO). 'H NMR (400
_N_H BN MHz, DMSO) 6 10.34 (s, 1H), 8.48 (s, 1H), 8.07 (s, 2H), 7.67 (s, 1H), 7.26 (m,
3h CFs  4H), 7.22 —7.14 (m, 5H), 7.10 (m, 1H), 5.94 — 5.63 (m, 1H), 4.20 (d, J=11.3 Hz,
1H), 2.13 (s, 6H). '°F NMR (377 MHz, DMSO) & -61. 72. HRMS (ESI) calculated for CygH,5FsN30,
[M+H]*: 550.1885, found 550.1767.
(R)-2-amino-1'-benzyl-2',5-dioxo-5H-spiro[indeno[1,2-b]pyran-4,3'-indoline]-3-
carbonitrile (4a). Yellow solid, 39.7 mg, 92% yield, after recrystallization (85% yield), m.
p.=173-175 °C, [a]p? = +224.8 (¢ =0.1, CHC]l5). ee = 76% (Chiralpak IC-3, hexane/EtOH
= 80:20, 254 nm, 1 mL/min, tmajor = 12.070 min, tminor = 20.155 min). '"H NMR (400
MHz, DMSO) 6 7.79 (s, 2H), 7.58 (m, 1H), 7.52 — 7.15 (m, 10H), 7.03 (m, 1H), 6.86 (d, J
=7.8 Hz, 1H), 5.18 —4.79 (m, 2H). 3C NMR (101 MHz, DMSO) & 189.84, 175.83, 168.60,
161.23, 141.67, 135.85, 135.66, 134.16, 133.74, 131.93, 131.03, 129.61, 129.01, 127.89,
127.80, 127.41, 125.48, 122.82, 119.50, 117.78, 111.37, 106.73, 56.86, 46.73, 43.81. HRMS (ESI)
calculated for C,7H17N305; [M+H]*: 432.1343, found 432.1367. recrystallized 4q
(R)-2-amino-1'-benzyl-4'-chloro-2',5-dioxo-5SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4b). Yellow solid, 41.5 mg, 89% yield, after recrystallization
(80% yield), m. p. = 158-160 °C, [a]p*® = +186.4 (¢ = 0.1, CHCI3). ee = 61% (Chiralpak
1C-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 9.626 min, tminor =17.856 min).
TH NMR (400 MHz, DMSO) 6 7.92 (s, 2H), 7.62 (m, 1H), 7.54 — 7.22 (m, 9H), 7.06 (d, J
=8.2 Hz, 1H), 6.90 (d, J=7.5 Hz, 1H), 5.10 —4.95 (m, 2H). *C NMR (101 MHz, DMSO)
5 189.66, 175.16, 169.02, 161.83, 144.59, 135.80, 135.13, 134.38 , 132.19, 131.59, 130.83, 130.58, 129.02,
127.94, 127.45, 126.54, 124.12, 123.05, 119.60, 117.48, 109.24, 105.48, 54.85, 46.92, 43.98. HRMS (ESI)
calculated for C,7H;6CIN;O3 [M+H]": 466.0953, found 466.4237.
(R)-2-amino-1'-benzyl-4'-bromo-2',5-dioxo-5SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4¢). Yellow solid, 44.4 mg, 87% yield, after recrystallization
(81% yield), m. p. = 218-220 °C, [a]p?® = +179.6 (¢ = 0.1, CHCI;). ee = 60% (Chiralpak
1C-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 10.052 min, tminor =18.735
min). '"H NMR (400 MHz, DMSO) & 7.93 (s, 2H), 7.60 (m, 1H), 7.54 — 7.14 (m, 10H),
7.02 — 6.86 (m, 1H), 5.76 (s, 1H), 5.20 — 4.84 (m, 2H). 3C NMR (101 MHz, DMSO) &
189.62, 175.19, 169.18, 161.91, 144.80, 135.78, 135.16, 134.38, 132.20, 131.76, 130.83,
129.02, 127.95, 127.93, 127.43, 127.16, 123.04, 119.60, 119.46, 117.48, 109.67, 105.39, 54.85, 48.12,
43.89. HRMS (ESI) calculated for C,;H;¢BrN;O5; [M+H]*: 510.0448, found 510.3886.
(R)-2-amino-1'-benzyl-5'-fluoro-2',5-dioxo-5SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4d). Yellow solid, 40.9 mg, 91% yield, after recrystallization
(85% yield), m. p. = 148-150 °C, [a]p? = +214.4 (¢ = 0.1, CHCI;). ee = 78% (Chiralpak
IC-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 10.201 min, tminor =17.233
min). "HNMR (400 MHz, DMSO) 8 7.89 (s, 2H), 7.61 (m, 1H), 7.54 —7.20 (m, 9H), 7.19
4"\\@ —7.03 (m, 1H), 6.88 (m, 1H), 5.16 —4.87 (m, 2H)."3C NMR (101 MHz, DMSO) & 189.82,
176.01, 168.51, 161.21, 158.30, 138.98, 135.98, 135.61, 134.14, 133.56 (d, J = 8.0 Hz),
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131.92, 131.01, 129.00, 127.87, 127.44, 122.81,119.48, 117.79, 116.04 (d, ] =23.6 Hz), 113.19 (d, J =25.2
Hz), 110.82 (d, J = 8.0 Hz), 106.90, 57.03, 46.95, 43.86. '9F NMR (377 MHz, DMSO) § -120.02. HRMS
(ESI) calculated for C,7H;6FN3O5; [M+H]*: 450.1248, found 510.3886.
(R)-2-amino-1'-benzyl-5'-chloro-2',5-dioxo-5SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4e). Yellow solid, 41.9 mg, 90% yield, after recrystallization
(84% yield), m. p. = 155-158 °C, [a]p?’ = +246.8 (c = 0.1, CHC]l;). ee = 76% (Chiralpak
1C-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 8.566 min, tminor = 14.477
min). '"H NMR (400 MHz, DMSO) & 7.86 (s, 2H), 7.68 — 7.53 (m, 2H), 7.52 — 7.20 (m,
9H), 6.88 (d, J = 8.4 Hz, 1H), 5.12 — 4.90 (m, 2H). '3C NMR (101 MHz, DMSO) &
189.84, 175.83, 168.60, 161.23, 141.67, 135.85, 135.66, 134.16, 133.74, 131.93, 131.03, 129.61, 129.01,
127.89, 127.80, 127.41, 125.48, 122.82, 119.50, 117.78, 111.37, 106.73, 56.86, 46.73, 43.81. HRMS (ESI)
calculated for C,;HsCIN3;O5; [M+H]*: 466.0953, found 466.0971.
(R)-2-amino-1'-benzyl-5'-bromo-2',5-dioxo-5SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4f). Yellow solid, 46.9 mg, 92% yield, after recrystallization
(82% yield), m. p. = 169-171 °C, [a]p?® = +273.6 (¢ = 0.1, CHCI3). ee = 73% (Chiralpak
IC-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 8.853 min, tminor = 15.038
min). '"H NMR (400 MHz, DMSO) 6 7.86 (s, 2H), 7.69 (d, ] = 2.0 Hz, 1H), 7.63 — 7.55
(m, 1H), 7.53 — 7.20 (m, 9H), 6.83 (d, J = 8.4 Hz, 1H), 5.10 — 4.90 (m, 2H). '3*C NMR
(101 MHz, DMSO) 6 189.86, 175.71, 168.62, 161.22, 142.08, 135.82, 135.68, 134.17,
134.06, 132.46, 131.93, 131.03, 129.01, 128.17, 127.89, 127.40, 122.82, 119.51, 117.80, 115.55, 111.88,
106.71, 56.85, 46.66, 43.77. HRMS (ESI) calculated for C,7H;¢BrN;O; [M+H]": 510.0448, found 510.3676.
(R)-2-amino-1'-benzyl-5'-iodo-2',5-dioxo-5SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4g). Yellow solid, 51.3 mg, 92% yield, after recrystallization
(84% yield), m. p. = 163-165 °C, [a]p>® = +278.0 (¢ = 0.1, CHCI3). ee = 77% (Chiralpak
IC-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 9.572 min, tminor = 16.746
min). '"H NMR (400 MHz, DMSO) & 7.85 (s, 2H), 7.79 (d, J = 1.6 Hz, 1H), 7.59 (m, 2H),
7.54 —7.22 (m, 8H), 6.71 (d, J = 8.3 Hz, 1H), 5.16 — 4.82 (m, 2H). 3C NMR (101 MHz,
) 6 189.86, 175.51, 168.57, 161.18, 142.56, 138.23, 135.81, 135.69, 134.17, 134.14,
133.46, 131.89, 131.02, 128.98, 127.86, 127.36, 122.79, 119.48, 117.81, 112.32, 106.75, 86.92, 56.91,
46.45, 43.70. HRMS (ESI) calculated for C,;H4IN3O5; [M+H]*: 558.0309, found 558.3913.
(R)-2-amino-1'-benzyl-5'-methyl-2',5-dioxo-5H-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4h). Yellow solid, 41.9 mg, 94% yield, after recrystallization
(85% yield), m. p. = 181-183 °C, [a]p?’ = +272.4 (¢ = 0.1, CHC]I;). ee = 72% (Chiralpak
1C-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 11.776 min, tminor = 21.937
min). "H NMR (400 MHz, DMSO) 6 7.76 (s, 2H), 7.66 — 7.52 (m, 1H), 7.51 — 7.21 (m,
8H), 7.16 (s, 1H), 7.03 (d, J = 7.3 Hz, 1H), 6.72 (d, ] = 8.0 Hz, 1H), 5.11 — 4.83 (m, 2H),
2.21 (s, 3H). 3C NMR (101 MHz, DMSO) 6 189.83, 175.88, 168.16, 161.03, 140.40,
136.26, 135.59, 134.18, 132.72, 131.85,131.82, 130.97, 129.90, 128.92, 127.74, 127.41, 125.52, 122.78,
119.38, 117.87, 109.68, 107.56, 57.67, 46.62, 43.74, 20.98. HRMS (ESI) calculated for C,sH;9N30;
[M+H]*: 446.1499, found 446.1886.
(R)-2-amino-1'-benzyl-5'-methoxy-2',5-dioxo-5H-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4i). Yellow solid, 42.5 mg, 92% yield, after recrystallization
(83% yield), m. p. = 156-158 °C, [a]p?’ = +249.6 (¢ = 0.1, CHCl3). ee = 72% (Chiralpak
1C-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 11.776 min, tminor = 21.937
min). '"H NMR (400 MHz, DMSO) & 7.78 (s, 2H), 7.67 — 7.54 (m, 1H), 7.53 — 7.16 (m,
8H), 7.05 (d, J=2.5 Hz, 1H), 6.78 (m, 2H), 5.16 — 4.80 (m, 2H), 3.67 (s, 3H). *C NMR
(101 MHz, DMSO) 6 189.84, 175.77, 168.28, 161.06, 156.53, 136.28, 136.05, 135.68, 134.11, 133.05,
131.84, 131.05, 128.93, 127.74, 127.42, 122.74, 119.36, 117.90, 114.28, 112.02, 110.39, 107.44, 57.64,
55.99, 46.99, 43.78. HRMS (ESI) calculat-ed for C,sH;9N3O4 [M+H]": 462.1448, found 462.4724.
(R)-2-amino-1'-benzyl-6'-fluoro-2',5-dioxo-5H-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4j). Yellow solid, 41.8 mg, 93% yield, after recrystallization
(86% yield), m. p. = 145-147 °C, [a]p* = +136.8 (¢ = 0.1, CHCI3). ee = 79% (Chiralpak
1C-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 8.735 min, tminor = 13.176
min). "HNMR (400 MHz, DMSO) & 7.82 (s, 2H), 7.59 (m, 1H), 7.52 — 7.22 (m, 9H), 7.02
—6.67 (m, 2H), 5.00 (s, 2H). 3C NMR (101 MHz, DMSO) & 189.80, 176.46, 168.33,
161.12, 144.55 (d, J = 12.4 Hz), 135.90, 135.55, 134.20, 131.94, 130.94, 128.99, 127.91,
127.52, 126.69 (d, J = 12.0 Hz), 122.82, 119.47, 117.74, 109.71, 109.59 (d, J = 22.5 Hz), 107.08, 98.70,
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98.56 (d, J=27.9 Hz), 57.16,46.22,43.81. '9F NMR (377 MHz, DMSO) & -111. 07. HRMS (ESI) calculated
for Cy7H 16FN30; [M+H]*: 450.1248, found 450.4484.
(R)-2-amino-1'-benzyl-6'-chloro-2',5-dioxo-5SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4k). Yellow solid, 44.3 mg, 95% yield, after recrystallization
(85% yield), m. p. = 178-180 °C, [a]p?® = +168.0 (c = 0.1, CHCIy). ee = 75% (Chiralpak
IC-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 8.617 min, tminor = 13.442
min). '"H NMR (400 MHz, DMSO) & 7.86 (s, 2H), 7.50 — 7.43 (m, 2H), 7.43 — 7.34 (m,
5H), 7.34 — 7.25 (m, 3H), 7.09 (m, 1H), 7.01 (d, J = 1.8 Hz, 1H), 5.02 (s, 2H). 3C NMR
(101 MHz, DMSO) 6 189.79, 176.14, 168.45, 161.18, 144.27, 135.85, 135.52, 134.22, 134.10, 131.98,
130.94, 130.52, 129.02, 127.93, 127.45, 126.66, 123.33, 122.85, 119.52, 117.72, 110.24, 106.85, 56.85,
46.31, 43.72. HRMS (ESI) calculated for C,;H;sCIN;O5; [M+H]*: 466.0953, found 466.0964.
(R)-2-amino-1'-benzyl-6'-bromo-2',5-dioxo-5SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (41). Yellow solid, 47.0 mg, 92% yield, after recrystallization
(80% yield), m. p. = 155-157 °C, [a]p?® = +281.2 (¢ = 0.1, CHCI;). ee = 71% (Chiralpak
IC-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 8.754 min, tminor = 13.796
min). "H NMR (400 MHz, DMSO) & 7.87 (s, 2H), 7.68 — 7.53 (m, 1H), 7.54 — 7.17 (m,
10H), 7.14 (d, J = 1.6 Hz, 1H), 5.20 — 4.86 (m, 2H). 3C NMR (101 MHz, DMSO) &
189.79,176.77, 168.46, 161.14, 138.66, 137.73, 135.47, 134.85, 134.26, 132.03, 132.00,
130.90, 128.88, 127.41, 126.30, 125.13, 124.54, 12291, 119.60, 117.78, 114.66, 106.87, 57.07, 46.46,
45.38. HRMS (ESI) calculated for C,;H;¢BrN;O5; [M+H]*: 510.0448, found 510.3895.
(R)-2-amino-1'-benzyl-7'-chloro-2',5-dioxo-5SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4m). Yellow solid, 43.8 mg, 94% yield, after recrystallization
(81% yield), m. p. = 150-152 °C, [a]p® = +166.8 (¢ = 0.1, CHCl3). ee = 71% (Chiralpak
IC-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 8.478 min, tminor = 18.664 min).
'H NMR (400 MHz, DMSO) & 7.91 (s, 2H), 7.59 (m, 1H), 7.55 — 7.16 (m, 10H), 7.09 (m,
1H), 5.49 — 5.06 (m, 2H). 3C NMR (101 MHz, DMSO) & 189.84, 175.83, 168.60, 161.23,
141.67, 135.85, 135.66, 134.16, 133.74, 131.93, 131.03, 129.61, 129.01, 127.89, 127.80,
127.41, 125.48, 122.82, 119.50, 117.78, 111.37, 106.73, 56.86, 46.73, 43.81. HRMS (ESI) calcu-lated for
Cy7H16CIN;O3 [M+H]": 466.0953, found 466.4251.
(R)-2-amino-1'-benzyl-7'-bromo-2',5-dioxo-5H-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4n). Yellow solid, 48.0 mg, 94% yield, after recrystallization
(79% yield), m. p. = 221-223 °C, [a]p® = +212.4 (¢ = 0.1, CHCl3). ee = 65% (Chiralpak
1C-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 8.559 min, tminor = 20.833
min). '"H NMR (400 MHz, DMSO) 8 7.90 (s, 2H), 7.65 — 7.54 (m, 1H), 7.52 — 7.18 (m,
10H), 7.02 (m, 1H), 5.33 (d, J = 16.9 Hz, 2H). 3C NMR (101 MHz, DMSO) & 189.78,
176.94, 168.46, 161.14, 140.11, 137.67, 135.47, 135.38, 135.17, 134.27, 132.04, 130.89,
128.85, 127.35, 126.31, 125.51, 125.05, 122.91, 119.60, 117.78, 106.90, 102.05, 57.12, 46.40, 45.10.
HRMS (ESI) calculated for C,7H;¢BrN;O; [M+H]*: 510.0448, found 510.3890.
(R)-2-amino-1'-benzyl-7'-methyl-2',5-dioxo-5SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (40). Yellow solid, 42.3 mg, 95% yield, after recrystallization
(87% yield), m. p. = 223-225 °C, [a]p?® = +207.6 (¢ = 0.1, CHCl3). ee = 82% (Chiralpak
IC-3, hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 11.415 min, tminor = 31.109
min). '"H NMR (400 MHz, DMSO) & 7.79 (s, 2H), 7.57 (m, 1H), 7.51 — 7.14 (m, 9H),
6.98 (m, 2H), 5.39 — 5.07 (m, 2H), 2.21 (s, 3H). 3C NMR (101 MHz, DMSO) & 189.88,
176.99, 168.18, 160.99, 140.78, 138.22, 135.56, 134.18, 133.51, 132.63, 131.88, 130.94,
129.11, 127.49, 126.04, 123.67, 123.17, 122.78, 119.97, 119.41, 117.99, 107.66, 57.96,
46.11, 45.34, 18.38. HRMS (ESI) calculated for C,sH9N3;O3; [M+H]": 446.1499, found 446.4718.
(R)-2-amino-1'-benzyl-2',5-dioxo-7'-(trifluoromethyl)-SH-spiro[indeno[1,2-
b]pyran-4,3'-indoline]-3-carbonitrile (4p). Yellow solid, 45.9 mg, 92% yield, after
recrystallization (78% yield), m. p. = 221-223 °C, [a]p?® = +158.6 (¢ = 0.1, CHCl;). ee =
64% (Chiralpak OD-H, hexane/ EtOH =90:10, 254 nm, 1 mL/min, tmajor = 12.293 min,
tminor = 20.889 min). 'H NMR (300 MHz, dmso) & 7.97 (s,2H), 7.86 — 7.75 (m, 1H),
7.74 — 7.64 (m, 1H), 7.65 — 7.55 (m, 1H), 7.53 — 7.38 (m, 2H), 7.38 — 7.15 (m, 7H), 5.15
(s, 2H). 3C NMR (101 MHz, DMSO) & 189.74, 177.53, 168.70, 161.31, 140.78, 136.41,
135.44, 134.74, 134.30, 132.09, 130.87, 130.12, 128.65, 127.82 (q, J = 11.1, 5.5 Hz), 127.14, 125.69,
123.89, 122.94,119.67, 117.72, 111.80, 111.47, 106.59, 56.72, 46.11, 45.27. 1°F NMR (377 MHz, DMSO)
5 -53.50. HRMS (ESI) calculated for C,gH;cF3N305; [M+H]*: 500.1177, found 500.1802.
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(R)-2-amino-1'-methyl-2',5-dioxo-5H-spiro[indeno[1,2-b]pyran-4,3'-indoline]-3-
carbonitrile (4q). Yellow solid, 33.1 mg, 93% yield, after recrystallization (86% yield),
m. p. = 209-211 °C, [a]p®® = +78.4 (¢ = 0.1, CHCl;). ee = 80% (Chiralpak IC-3,
hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 24.583 min, tminor = 33.464 min).
'H NMR (400 MHz, DMSO) é 7.74 (s, 2H), 7.57 (m, 1H), 7.49 — 7.22 (m, 5H), 7.15 —
7.00 (m, 2H), 3.21 (s, 3H). 13C NMR (101 MHz, DMSO) & 189.69, 175.68, 168.02,
161.08, 143.75, 135.55, 134.15, 131.84, 131.66, 130.93, 129.80, 124.77, 123.46, 122.67,
119.35, 117.68, 109.23, 107.55, 57.26, 46.50, 27.03. HRMS (ESI) calculated for C,;H;3N;05; [M+H]*":
356.1030, found 356.3911.
(R)-2-amino-1'-benzyl-6-fluoro-2',5-dioxo-SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4r). Yellow solid, 17.5 mg, 39% yield, m. p. = 155-157 °C,
[a]p? =+176.2 (c = 0.1, CHCI3). ee = 35% (Chiralpak IC-3, hexane/EtOH = 80:20, 254
nm, 1 mL/min, tmajor = 13.069 min, tminor =21.281 min). "H NMR (400 MHz, DMSO)
6 7.80 (s, 2H), 7.58 — 7.40 (m, 4H), 7.40 — 7.15 (m, 6H), 7.11 — 6.93 (m, 1H), 6.86 (d, J
= 7.8 Hz, 1H), 5.18 — 4.81 (m, 2H). *C NMR (101 MHz, DMSO) & 188.63, 175.87,
166.90, 160.94, 155.73, 153.18, 142.75, 136.18 , 135.03 (d, J = 6.7 Hz), 133.20, 131.63,
129.75, 128.96, 127.80, 127.43 , 125.14, 123.54 (d, J = 11.6 Hz), 120.38 (d, J = 12.8 Hz), 119.41, 117.69,
109.90, 107.78, 57.2, 46.47, 43.74. '9F NMR (377 MHz, DMSO) 8 -117.86. HRMS (ESI) calculated for
C,7H6FN303 [M+H]*: 450.1209, found 450.1174.
(R)-2-amino-1'-benzyl-9-fluoro-2',5-dioxo-SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-3-carbonitrile (4s). Yellow solid, 22.5 mg, 50% yield, m. p. = 145-147 °C,
[a]p?® = +184.4 (¢ = 0.1, CHCI;). ee = 38% (Chiralpak IC-3, hexane/EtOH = 80:20, 254
nm, 1 mL/min, tmajor = 12.423 min, tminor = 20.031 min). "H NMR (400 MHz, DMSO)
6 7.82 (s, 2H), 7.74 — 7.54 (m, 1H), 7.43 (d, J = 7.3 Hz, 2H), 7.38 — 7.12 (m, 7H), 7.09 —
6.96 (m, 1H), 6.86 (d, J = 7.8 Hz, 1H), 4.99 (s, 2H). 13C NMR (101 MHz, DMSO) &
186.21, 175.82, 166.96, 160.97, 157.95, 155.35, 142.76, 137.59 (d, J = 18.9, 6.3 Hz),
136.17,131.50, 129.77, 128.96, 127.81, 127.43, 125.11, 123.60, 121.28 (d, J =21.3 Hz),
117.72,116.29, 115.36 (d, J = 14.0 Hz), 109.93, 107.99, 57.40, 46.59, 43.75. °F NMR (377 MHz, DMSO)
6 -114.24. HRMS (ESI) calculated for C,7H;6FN;O; [M+H]*: 450.1209, found 450.2005.

Ethyl (R, Z)-N-(1'-benzyl-3-cyano-7'-methyl-2',5-dioxo-5H-
spiro[indeno|[1,2-b]pyran-4,3'-indolin]-2-yl)formimidate (40-1). Compound 40 (1.0
eq, 44.6 mg) was put into a round bottom flask, added triethoxymethane (1.5 eq, 22.5
mg) and 0.5 mL AcOH, heated and stirred at 120°C for about 4 hours. After the reaction
was complete, the solvent was evaporated in vacuo, Separation and purification of
compound 40-1 by column chromatography. Yellow solid, 49.1 mg, 98% yield, m. p.
= 209-211 °C, [a]p?®® = +198.2 (¢ = 0.1, CHCl;), ee = 95% (Chiralpak IC-3,
hexane/EtOH = 80:20, 254 nm, 1 mL/min, tmajor = 14.755 min, tminor =22.287 min). '"H NMR (300 MHz,
CDCl3) 6 8.51 (s, 1H), 7.51 — 7.18 (m, 9H), 7.18 — 6.81 (m, 3H), 5.31 (q, J =17.1 Hz, 2H), 4.44 (q,J=7.1
Hz, 2H), 2.28 (s, 3H), 1.40 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz, CDCl;) 8 189.26, 175.57, 167.90,
160.43, 158.92, 140.83, 137.09, 135.56, 134.14, 133.00, 131.27, 131.10, 130.92, 128.96, 127.19, 125.84,
123.63, 122.65, 122.60, 120.60, 118.96, 114.95, 107.37, 83.03, 64.99, 47.66, 46.08, 18.67, 13.88. HRMS
(ESI) calculated for C3;H»3N304 [M+H]*: 502.1722, found 502.1809.
(R)-2-amino-2',5-dioxo-5H-spiro[indeno[1,2-b]pyran-4,3'-indoline]-3-carbonitrile
(4t). Yellow solid, 32.0 mg, 94% yield, after recrystallization (84% yield), m. p. = 178-
180 °C, [a]p?® = +198.6 (¢ = 0.1, CHC]l;). ee = 66% (Chiralpak IC-3, hexane/i-PrOH =
90:10, 254 nm, 1 mL/min, tmajor = 26.254 min, tminor = 38.945 min). '"H NMR (400
MHz, DMSO) 6 10.69 (s, 1H), 7.71 (s, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.44 (t, ] = 7.4 Hz,
1H), 7.37 (d, J = 7.1 Hz, 1H), 7.31 (d, J = 7.2 Hz, 1H), 7.24 (t, J = 7.6 Hz, 2H), 6.97 (t,J
= 7.5 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H). 3C NMR (101 MHz, DMSO) & 189.82, 177.31, 167.96, 160.93,
142.30, 135.58, 134.11, 132.49, 131.78, 130.96, 129.62, 125.06, 122.73, 122.66, 119.27, 117.82, 110.22,
107.71, 57.68, 46.86.

(R)-2-amino-2',5-dioxo-1'-trityl-SH-spiro[indeno|[1,2-b]pyran-4,3'-indoline]-3-

carbonitrile (4u). Yellow solid, 59.9 mg, 96% yield, after recrystallization (82% yield),
m. p. = 165-167 °C, [a]p?® = +242.4 (¢ = 0.1, CHCl;). ee = 63% (Chiralpak IC-3,
hexane/EtOH = 90:10, 254 nm, 1 mL/min, tmajor = 20.150 min, tminor = 45.032 min). 'H
NMR (400 MHz, DMSO) 8 7.76 (s, 2H), 7.60 — 7.53 (m, 1H), 7.53 — 7.41 (m, 8H), 7.35 —
7.17 (m, 11H), 7.01 — 6.85 (m, 2H), 6.31 — 6.19 (m, 1H). 13C NMR (101 MHz, DMSO) &
189.93, 176.87, 168.14, 161.06, 143.20, 142.23, 135.56, 134.15, 131.98, 131.90, 130.93,

S6




129.57, 128.06, 127.23, 124.65, 123.10, 122.90, 119.37, 118.19, 115.99, 107.71, 74.73, 58.00, 47.32.
tert-butyl (R)-2-amino-3-cyano-2',5-dioxo-SH-spiro[indeno[1,2-b]pyran-4,3'-
indoline]-1'-carboxylate. Yellow solid, 22.9 mg, 52% yield, m. p. = 179-181 °C, [a]p*
=+166.2 (c = 0.1, CHCI3). ee = 14% (Chiralpak IA, hexane/EtOH = 95:5, 254 nm, 1
mL/min, tmajor = 32.394 min, tminor = 35.553 min). 'H NMR (400 MHz, DMSO) &
7.93 (s, 2H), 7.80 (d, J = 8.2 Hz, 1H), 7.59 (t, ] = 7.2 Hz, 1H), 7.51 — 7.31 (m, 5H), 7.21
(t, J = 7.4 Hz, 1H), 1.59 (s, 9H). 3C NMR (101 MHz, DMSO) & 189.75, 174.65, 168.12, 161.03,
148.74, 139.26, 135.38, 134.28, 132.08, 130.77, 130.35, 130.08, 125.69, 125.41, 122.88, 119.68,
117.61, 114.96, 107.15, 84.98, 57.33, 47.34, 28.07.
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5. NMR spectra of catalyst, substrate 2b and addition products 4a-4u,40-1
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6. HPLC traces of compounds 4a-4u, 40-1
034
025
0.204
g 015
0.1
0.0+
l:l.ElCl--k
o sto 1000 1500 " 2000 2500 3000 " 300
rEh
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak RT Area G Height
Description MName | (min} | (f*sec) R (B8) remark: i—Peak
1| W2489 ChA 254nm | i1 | 10.773 | 22245436 | 5136 | 313401 A Hme{min)
B—mAU
2 | W2453 ChA 254nm | 02 19.581 | 21063149 | 45.64 | 235706
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.S,DJ-I — .10!00.

1500

]
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak RT Area s Height
i = B Yo Area :
Description Name | (min) | (Bf*sec) (i)
1| W2459 ChA 254nm | g1 12.070| 10588812 | 11.92| 198429
2 | W2489 ChA 254nm | IEE2 20155 | 78224476 | 58.08 [ 1131232
0.204
0.15
0.104
[
o
L1l
0.05 T recrystallized 4a
¥
0.0 LA r.1
00 sb0 1000 1500 2000 2500 3000 3500 4000 4500 s000  S500
Sl

——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel Peak RT Area RS Height
Description Name | (min) | (i"sec) (%)

1 |W2489 ChA 254nm | i1 11.802| 473776 31 5007

2 | W2489 ChA 254nm | 2 19.905 | 14759605 | 96.89 | 2164859
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0.6H
0.5H
0.4
3 030
0.2H
0.4H
003 13, =
o 20 40 600 800 1000 1200 1400 1600 1800 2000 20
SHEp
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak RT Area 9, Area Height
Description Name | (min) | (B sec) (BE)
1| W2439 ChA 254nm | 151 9.530 | 29902180 | 5067 |583353
2 | W2489 ChA 264nm | Iif2 17.640 | 29114383 | 49533 | 438640
030]
025
021 NH,
1 w
i [
] ©
2 015] @
: &
0.104
00e] 4b
0.0
000 200 400 600 800 1000 1200 1400 2m
S
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area T O Height
Description Name | (min) | (f§*sec) | © (6%)
1| W2489 ChA 254nm | i1 9.626| 4794168 | 19.54| 98831
2 | W2489 ChA 254nm | #§2 17.856 | 19740517 | 80.46 | 299369
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0.30]
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0.2 =
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A
0. ] v r-3 [
00 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
bl
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area Height
Description Name | (min) | (#"sec) Fri (8%)
1| W2489 ChA 254nm | i1 10.162 | 4845339| 11.09| 94571
2 | W2489 ChA 254nm | 2 18.647 | 38840847 | 88.91 | 555441
0.3
025
0z
015 ~
] =
0.10
0057
0.00]
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
B

——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel Peak | RT Area % Area Height
Description Name | (min) | (f§*sec) (B%)
1| W2489 ChA 254nm | i1 10.031 | 17140167 | 50.75|323197
2 |W2489 ChA 254nm [#§2 | 18.662 | 16636876 | 49.25|235185

S43



021 -
] o~
: o &
4 wy
0.15 o
1 o
2] 5
0.10-: =
oce
1] ] & K- r3
0..1}‘ ) ZIDD ) .4.:‘I)I ) BE‘.O ) SI[‘.U ) '10.'00' ) '12'00' ) '14'.m' ) .16Imb ) ’18&0. ) .211103' ) '29.'00' )
s
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area % Afea Height
Description Name | (min) | (f*sec) (8%)
1| W2489 ChA 254nm | 1 10.052| 4320070| 19.79| 85060
2 | W2489 ChA 254nm | %2 18.735| 17511677 | 80.21 251231
0604
0503 :
040] NH, 4
2 El:ﬂ: CN
1 =
< o™
020 \\© ~
1 =
0 10—: recrystallized 4c E-
00 o/\\_ = = :
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
s
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area % Afea Height
Description Name | (min) | (f"sec) (8%)
1| W2489 ChA 254nm | 1 10.729 | 2732516 566 | 46886
2 | W2489 ChA 254nm | %2 19.705| 45519870 | 94.34 |628809
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0.40+

0304 y
F 020
0.104
0.00+ a3 [
0 "sbo’ oo 150 2000 ‘2500 ‘00 | 3|\m | 400
el
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak RT Area 9%, Area Height
Description Name | {(min) | (f#fi*sec) (6&)
1| W2489 ChA 254nm | I&1 10.201 | 20167573 | 48.81 | 3958356
2 | W2489 ChA 254nm | lif2 17.233 | 21150002| 51.19 (323723
0.801
0.60-
2 g0 =
(=]
=
@
0.2 5
0.00 ot a/k v =
00 s 1000 1500 2000 2500 0000 000
e

——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel Peak | RT Area &% Arda Height

Description Name | (min) | (#§*sec) (5%)
1| W2489 ChA 254nm | i1 9.780 | 6527208 | 10.99 (134019
2 | W2489 ChA 254nm | i§2 16.357 | 55284752 | §9.01| 870067
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0.20

7.512

recrystallized 4d

[ -3

—
1200

b

S A e s —
14.00 16.00 18.00 20.00 2m; 2400

——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel RT Area 9% Area Height
Description {min) | (#¥*sec) ()
1| W2489 ChA 254nm | 7.512 89265 0.15 3333
2 | W24389 ChA 254nm | 15364 | 61116065 | 99.85 1030271
0.104
0.0+ §
1 -
0.05+ '
4 o™~
| =
0.04
0.024
00] ~ g :
0.00 S 2.ICI) s 4.&0 ) ) 6.::0 ) ) 3.:1} I ) 10I.ml o 12'.!:0' o 14I.CD. o 16'.!:0'

b

——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel Peak | RT Area % Aéa Height

Description Name | (min) | (#"sec) (6)
1| W2489 ChA 254nm | i1 8.561 4655373 | 50.25 (100590
2 | W2489 ChA 254nm | #§2 14.525 4608586 | 49.75| 82499
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2 015

0.10

-3 = = T

000 20 40 600 800 100 1200 1400 1800 1800
Grep
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel Peak | RT Area Height
Description Name | (min) | (#"sec) e (8%)

W2489 ChA 254nm | i1 8.566 | 2245919| 12.03| 53147
2 | W2489 ChA 254nm | i§2 14.477 | 16426376 | &7.97 | 305839

-

H2 -

0507

060
040_ recrystallized 4e

¥1 -9.028

0.204

0.0 -3 -y

2
2

0..1}. ) 2ICO ) .4.I(I). ) 6:10 ) I&bﬂ. ) .10!&‘.'. ) .1?,‘03. ) .14I.CK}' ) 16I.CO‘ ) ‘18:[10'
prbe
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel Peak | RT Area % Area Height
Description Name | (min) | (f§*sec) (6%)

W2489 ChA 254nm | i1 9.028| 3542185 3.44) 79492
2 | W2489 ChA 254nm | 52 15.039 [ 99428755 | 96.56 | 1757052

—_
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040
03]
oz
0.1{}5 4
0001
000 500 " 1000 50 2000 250 300 3300
il
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Chapngl Peak RT Area % A Height
Description Name | (min) | (#"sec) (%)
1| W2489 ChA 254nm | i1 §.728 124637788 | 50.51|540216
2 | W2489 ChA 254nm | #§2 14.925 124143264 | 49.49|432288
0.6
| o
0,60 E
04 8
[v0]
o
0.00 - = r) = )
000 200 400 600 800 1000 1200 1400 1600 1800 2000
el
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area % A Height
Description Name | (min) | (#§*sec) (8%)
1| W2489 ChA 254nm | i1 8.853| 7552481| 13.31|167138
2 | W2489 ChA 254nm | #§2 15.038 | 49183619 | 86.69 | 869499
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0604
0.504
; v
0.404 &
2 0304
020 ©
: 3
o] recrystallized 4f @
. &
0.00- = = 3
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
e
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area % Area Height
Description Name | (min) | (#"sec) |~ (%)
1| W2489 ChA 254nm | I§1 8.946 527142 150 11341
2 | W2489 ChA 254nm | 2 15.297 [ 34642920 | 98.50 | 596901
0.204
ms{ NH, i
5 ;
0.104 g‘
8.0 49
0. - -
000 200 400 600 800 1000 1200 1400 1600 1300 2000 2200
G

——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel Peak | RT Area % A Height

Description Name | (min) | (#§*sec) (8%)
1| W2489 ChA 254nm | i1 9.809| 10878117 | 50.12 231694
2 | W2489 ChA 254nm | i§2 17.211|10826489 | 49.88 | 174963
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030
=
] o~
] =
0:20 -
2 015 o
4 -
1 0
0.10 e
] ¥
] /L
0. ‘ —= T = 3
T ————— —
0.00 200 400 6.00 800 10.00 1200 1400 18.00
SrEp
—— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area
Description Name | (min) | (#"sec) Sl
1| W2489 ChA 254nm | i1 9.572| 2393569 | 11.54
2 |W2489 ChA 254nm | 2 16.746 [ 18343850 | 88.46 | 305212
0.
05
0401 NH, (B
30.30:
0201 \\© =3
o
recrystallized 4g !
0.107 —
g
0. ")A 2 &
R S —— S — A — T
0 200 400 6.00 800 10,00 12 16.00 18.00 .00 200
Srep
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area Height
Description Name | (min) | (#"sec) Fri (8%)
1 [W2489 ChA 254nm | i1 9.184| 2301821 6.37| 51099
2 | W2489 ChA 254nm | #52 16.004 [ 33818398 | 93.63 | 573780
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035

s

——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel Peak | RT Area % Area Height
Description Name | (min) | (#§*sec) (8%)

1| W2489 ChA 254nm | %1 11.776| 4538717 | 13.99| 85526

2 | W2489 ChA 254nm | #%2 21.937 [ 27903545 | 86.01 | 386566
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0.2
R e
0.15 by
0.10-
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0.0 —
0 " s 100 1500 200 200 " 2000 Tasm
4
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area % Ara Height
Description Name | (min) | (#%*sec) (8%)
1| W2489 ChA 254nm | i1 11.694 | 19858123 | 50.35|371616
2 | W2489 ChA 254nm | #%2 21.834 19579514 | 4965271071
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0.357

0.3
0.257
0.2
015 3
o0
w
0.107 o
tallized 4h =
— recrystallize 5
oo I - =
S 0N (PO P P P3P (L Y OO T, W P | R R ST | L/ . M RN B PP 7 VP AL, T L
0.00 200 4,00 6.00 8.00 10,00 1200 14.00 16.00 1800 2000 2200 2400 2600 2500
wHEp
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak RT Area 9, Area Height
Description MName | (min) | (#"sec) (B)
1| W2459 ChA 254nm | IE1 11.898| 1733877 6.57| 31242
2 [ W2489 ChA 254nm | 2 22107 | 24645604 | 93.43|342326
2}
=
@
0.15+4 o
o~
NH, #
0101 CN
0.05+ :
] 4i
0.00 P .3 =
00 500 1000 1500 2000 2500 a0 000 380
S

——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel Peak | RT Area % Area Height
Description Name | (min) | (#§*sec) (8%)
1[W2489 ChA 254nm | i1 14.903 | 12295599 | 50.25| 188983
2 | W2489 ChA 254nm | #§2 28.919 12174058 | 49.75(123500
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020]
0.15]
1 [=]
&
2 ] <
0.10 =
¥
0.05
000+ - -
0@  s® e 150 20 250
SrEp
—— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area o Height
Description Name | (min) | (f§"sec) (B%)
1| W2489 ChA 254nm | i1 14.890| 3981506 | 14.85| 63060
2 |W2489 ChA 254nm |#§2 | 28.844 | 22828033 | 85.15|231822
030}
025]
020
2Eusf
4 -
4 w0
0.104 o
recrystallized 4i A
005- b
0. : -z/L )
T — S ——
0.00 5.00 10.00 15.00 2000 2500
SrEp
—— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area o Height
Description Name | (min) | (f§"sec) (B%)
1| W2489 ChA 254nm | i1 15.054 | 1710033 496 | 26698
2 | W2489 ChA 254nm | k52 29.116| 32749635 | 95.04 | 325099

S53




0.50+
s
0.301
0204
0.107
0 & -3 -
G o R e R e I e
000 200 400 600 800 1000 1200 1400 1600 1800 2000 22 2400 2600 2800
Srep
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel Peak | RT Area Height
Description Name | (min) | (#"sec) Fri (8%)
1| W2489 ChA 254nm | i1 §.79123319305| 51.46| 505711
2 |W2489 ChA 254nm |52 | 13.478 (21992223 | 48.54|394643
3004
250]
20
2 1.50]
] F
1.0
0.5
0
0 200 40 600 800 1000 1200 1400 1600
s

——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0

Channel Peak | RT Area % Area Height
Description Name | (min) | (#%"sec) (%)
1| W2489 ChA 254nm | i1 8.735| 13222145 10.74| 553649
2 | W2489 ChA 254nm | i§2 13.176 [ 109879853 | 89.26 | 2953574
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0.1
0104
o
0.0 o
! ©
0. T_/\T o3
T LT T T Tt
000 200 400 600 800 10,00 1200 14.00 16.00
bl
——— Channel: W2489 ChA; Channel Desc.: W2489 ChA 254nm; Processing Method: 0
Channel RT Area Height
Description min) | @rsec) [®A% @
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