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1. General Information

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. For thin-layer chromatography
(TLC), silica gel plates (HSGF 254) were used and compounds were visualized by
irradiation with UV light. Purification of reaction products was carried out by flash
column chromatography using silica gel (200-300 mesh). *H and 3C NMR spectra
were recorded on a Varian Mercury-300BB (300 MHz), a Bruker NMR Spectrometer
(400 MHz), or a Bruker NMR Spectrometer (500 MHz). All chemical shifts (6) were
given in ppm. Chemical shifts (6 ppm) are relative to the resonance of the
deuterated solvent as the internal standard (CDClz;, 6 7.26 ppm for proton NMR, &
77.16 ppm for carbon NMR;. Data are presented as follows: chemical shift,
integration, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, g = quartet, m
= multiplet) and coupling constant in Hertz (Hz). Mass spectra were recorded on the
Bruker Agilent 1290 MicrOTOF Q Il. Melting points were measured on a melting
point apparatus and were uncorrected. The ee values determination was carried out
using chiral HPLC (Waters) with Chiracel IA-3 column, Chiracel 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?> (c=g/100 mL, solvent)

2. Starting materials

All ketimines were prepared using reported procedures from corresponding isatins.!
The chiral urea 3a? and thioureas 3b?, 3c3, 3d* and 3e® were prepared according to
the procedure had been reported. All oxo-indanecarboxylates were prepared using

reported procedures from corresponding Indanones®.

3. General procedure for racemic mixtures of Mannich reaction

Without protection of inert gases, oxo-indanecarboxylates (0.15 mmol, 1.5 equiv)
and ketimines (0.1 mmol, 1 equiv) were dissolved in toluene (1 mL), the mixture was
stirred at room temperature, DBU (3 uL, 0.2 equiv) was added in one portion, the
resulting suspention was stirred at room temperature. Until complete disappearance
of the starting materialsdetected by TLC, directly concentrated under reduced

pressure. The crude product was purified by flash chromatography (PE/EA=5:1).



4. General procedure for enantio- and diastereoselective Mannich reaction

Method A: Without protection of inert gases, oxo-indanecarboxylates (0.15 mmol,
1.5 equiv) and cat 3e (10 mol %) were dissolved in MTBE (1 mL), the mixture was
stirred at -50 °C, ketimines (0.1 mmol, 1 equiv) was added in one portion, the
resulting suspention was stirred at -50 °C. Until complete disappearance of the
starting materials detected by TLC, directly concentrated under reduced pressure.
The crude product was purified by flash chromatography (PE/EA=5:1).

Method B: Without protection of inert gases, oxo-indanecarboxylates (0.15 mmol,
1.5 equiv) and cat 3e (10 mol %) were dissolved in MTBE (1 mL), the mixture was
stirred at -40 °C, ketimines (0.1 mmol, 1 equiv) was added in one portion, the
resulting suspention was stirred at -40 °C. Until complete disappearance of the
starting materials detected by TLC, directly concentrated under reduced pressure.
The crude product was purified by flash chromatography (PE/EA=5:1).

Method C: Without protection of inert gases, oxo-indanecarboxylates (0.15 mmoaol,
1.5 equiv) and cat 3e (5 mol %) were dissolved in CHCl; (1 mL), the mixture was
stirred at -50 °C, ketimines (0.1 mmol, 1 equiv) was added in one portion, the
resulting suspention was stirred at -50 °C. Until complete disappearance of the
starting materials detected by TLC, directly concentrated under reduced pressure.
The crude product was purified by flash chromatography (PE/EA=5:1).

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-1-oxo
-2,3-dihydro-1H-indene-2-carboxylate (4aa)

Method A, white solid, 56.8 mg, 99% yield, mp = 76-77 °C,
[a]p?>=81.2 (c = 0.5, CHCl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =
95%, dr = 87:13 [Chiralpak IA-3, hexane/i-PrOH = 80:20, 254

nm, 1 mL/min, Major-(tmajor = 19.144 mMin, tminer = 7.516 min),

Minor-(tmajor = 13.205 min, tminor = 7.023 min)].
Data for the major isomer: 'H NMR (500 MHz, CDCl;) § 7.93 — 7.65 (m, 1H), 7.56 (t, J
= 7.4 Hz, 1H), 7.51 - 7.30 (m, 4H), 7.26 — 7.11 (m, 6H), 7.08 — 6.90 (m, 1H), 6.80 (s,

1H), 5.17 — 4.83 (m, 1H), 4.54 (br, 1H), 3.41 (d, J = 18.2 Hz, 1H), 2.63 (br, 1H), 1.46 (s,



9H), 1.35 — 1.25 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 173.67, 153.85, 151.43, 143.87, 136.13, 135.73, 135.18,
129.55, 129.37, 128.75, 128.18, 127.99, 127.75, 127.68, 126.13, 125.85, 124.75,
124.42,122.98, 109.19, 84.15, 79.87, 44.55, 32.03, 31.55, 30.31, 29.80, 29.42, 28.31,
27.89.

HRMS (ESI): calculated for C34H37N,0g [M+H]*: 569.2646, found 569.2646.

tert-butyl (S5)-2-((S)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-1
ox0-2, 3-dihydro-1H-indene-2-carboxylate (4ba)

>< Method A, white solid, 49.0 mg, 99% yield, mp = 81-82 °C,
[a]p?®=49.2 (c = 0.5, CHCIl;). Enantiomeric excess and

diastereomer ratio were established by HPLC analysis, ee =

O 90%, dr = 83:17 [Chiralpak IC-3, hexane/i-PrOH = 80:20, 254
nm, 1 mL/min, Major-(tmajor = 37.667 Min, tminor = 43.351 min),

Minor-(tmajor = 11.549 min, tminor = 27.223 min)].

Data for the major isomer: 'H NMR (400 MHz, CDCl3) 6 7.82 — 7.65 (m, 1H), 7.60 —

7.50 (m, 1H), 7.51 = 7.36 (m, 1H), 7.37 = 7.27 (m, 3H), 7.24 = 7.13 (m, 1H), 6.97 (s,

1H), 6.80 (d, J = 7.8 Hz, 1H), 3.45 (d, J = 18.1 Hz, 1H), 3.13 (s, 3H), 3.00 — 2.46 (m, 1H),

1.44 (s, 9H), 1.26 (br, 9H).

13C NMR (101 MHz, CDCl5) 6 173.74, 153.84, 151.40, 144.59, 135.68, 135.37, 129.66,

129.50, 127.97, 127.77, 126.10, 125.75, 124.69, 124.39, 122.81, 108.33, 84.17, 79.88,

77.36, 29.79, 28.25, 27.89, 27.84, 26.55.

HRMS (ESI): calculated for CygH33N,06 [M+H]*: 493.2332, found 493.2332.

tert-butyl (S)-2-((S)-1-benzyl-3-(((benzyloxy)carbonyl)amino)-2-oxoindolin-3-yl)-1-
oxo-2,3-dihydro-1H-indene-2-carboxylate (4ca)

Method A, white solid, 55.1 mg, 92% yield, mp = 84-85 °C,
[a]p?*=94.8 (c = 0.5, CHCl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =

95%, dr = 79:21 [Chiralpak IA-3, hexane/i-PrOH = 80:20, 254




nm, 1 mL/min, Major-(tmajor = 15.395 Min, tminor = 11.545 min), Minor-(tmajor = 14.564
Min, tminor = 10.994 min)].

Data for the major isomer: 'H NMR (400 MHz, CDCl;) 6 7.96 — 7.79 (m, 1H), 7.78 —
7.56 (m, 3H), 7.45 — 7.26 (m, 11H), 7.25 — 7.07 (m, 3H), 6.77 - 6.50 (m, 1H), 5.12 —
4.90 (m, 3H), 4.52 (br, 1H), 3.47 (d, J = 18.3 Hz, 1H), 2.63 (br, 1H), 1.44 (s, 9H).

13C NMR (101 MHz, CDCl5) 6 172.69, 154.45, 151.25, 142.91, 135.94, 135.44, 135.36,
132.56, 128.80, 128.50, 128.45, 128.15, 128.08, 127.92, 127.83, 127.46, 126.08,
125.75, 124.83, 124.49, 115.92, 115.65, 110.72, 110.64, 84.65, 67.12, 44.61, 31.54,
30.16, 29.72, 27.75.

HRMS (ESI): calculated for C37H35N,Og [M+H]*: 603.2490, found 603.2490.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-1- oxo-
2,3-dihydro-1H-indene-2-carboxylate (4ab)

Method C, white solid, 52.2 mg, 99% vyield, mp = 85-86 °C,
[a]p?°=96.8 (c = 0.5, CHCIl;). Enantiomeric excess and

diastereomer ratio were established by HPLC analysis, ee =

N 99%, dr = 91:9 [Chiralpak IA-3, hexane/i-PrOH = 80:20, 254
nm, 1 mL/min, Major-(tmajor = 21.016 Min, tminer = 7.595 min),

Minor-(tmajor = 31.231 mMin, tminor = 14.313 min)].
Data for the major isomer: 'H NMR (500 MHz, CDCl;) 6 7.87 — 7.64 (m, 1H), 7.58 (t, J
= 7.4 Hz, 1H), 7.51 - 7.26 (m, 5H), 7.26 — 6.89 (m, 6H), 6.80 (d, J = 6.8 Hz, 1H), 5.16 —
4.78 (m, 1H), 4.62 (br, 1H), 3.78 (s, 3H), 3.46 (d, J = 18.3 Hz, 1H), 2.86 (br, 1H), 1.27
(br, 9H).
13C NMR (126 MHz, CDCl5) 6 173.55, 153.87, 151.13, 143.77, 135.98, 135.88, 135.57,
135.36, 129.60, 129.40, 128.69, 128.09, 127.83, 127.64, 126.02, 125.86, 124.81,
124.55, 122.96, 109.17, 80.04, 77.28, 53.40, 44.51, 29.67, 28.18.

HRMS (ESI): calculated for C3;H3:N,0g [M+H]*: 527.2177, found 527.2177.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-5-fluoro-2-oxoindolin-

3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylat (4da)



Method A, white solid, 58.5 mg, 99% yield, mp = 86-87 °C,
[a]p?> =80 (c = 0.5, CHCls3). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee

=94%, dr = 82:18 [Chiralpak IC-3, hexane/i-PrOH =

90:10, 254 nm, 1 mL/min, Major-(tmajor = 21.949 min, tminor
=39.401 min), Minor-(tmsjor = 6.370 Min, tminor = 18.779 min)].

Data for the major isomer: TH NMR (500 MHz, CDCl3) 6 7.94 — 7.64 (m, 1H), 7.58 (t, J
= 7.3 Hz, 1H), 7.51 - 7.26 (m, 5H), 7.25 — 7.10 (m, 4H), 7.03 — 6.84 (m, 1H), 6.70 (s,
1H), 5.05 — 4.85 (m, 1H), 4.55 (br, 1H), 3.40 (d, J = 18.1 Hz, 1H), 2.68 (br, 1H), 1.44 (s,
9H), 1.35-1.26 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 173.56, 160.36, 158.42, 153.91, 151.30, 139.86, 135.82,
135.67, 135.33, 135.01, 128.82, 128.12, 127.92, 127.80, 126.14, 125.87, 124.84,
124.56, 115.77 (d, J = 23.5 Hz), 109.66, 84.33, 80.16, 44.70, 32.03, 31.55, 30.31,
29.80, 29.46, 28.33, 27.85.

HRMS (ESI): calculated for C34H36FN,Og [M+H]*: 587.2552, found 587.2552.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-5-fluoro-2-oxoindolin-
3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4db)

Method C, white solid, 54.3 mg, 99% yield, mp = 70-71 °C,
[a]p?>=96 (c = 0.5, CHCl3). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee

=99%, dr = 88:12 [Chiralpak IA-3, hexane/i-PrOH =

80:20, 254 nm, 1 mL/min, Major-(tmajor = 17.092 min, tminor
=6.967 min), Minor-(tmsjor = 19.957 min, tyinor = 16.404 min)].
Data for the major isomer: H NMR (500 MHz, CDCl3) 6 7.91 - 7.71 (m, 1H), 7.60 (t, J
= 7.2 Hz, 1H), 7.55 = 7.26 (m, 5H), 7.24 — 6.79 (m, 5H), 6.70 (s, 1H), 5.41 — 4.75 (m,
1H), 4.61 (br, 1H), 3.76 (s, 3H), 3.44 (d, J = 18.3 Hz, 1H), 2.87 (br, 1H), 1.39 — 1.27 (m,
9H).
13C NMR (126 MHz, CDCl5) 6 173.43, 160.26, 158.34, 153.91, 151.00, 139.80, 136.06,

135.67, 135.49, 128.75, 128.23, 127.98, 127.86, 127.75, 126.05, 125.89, 124.91,



124.70, 115.83 (d, J = 23.5 Hz), 109.66 (d, J = 8.0 Hz), 80.30, 53.45, 44.65, 31.94,
31.45, 30.21, 29.71, 29.35, 28.20.

HRMS (ESI): calculated for C3;H30FN,Og [M+H]*: 545.2082, found 545.2081.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-5-chloro-2-oxoindolin
-3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4ea)

)< Method A, white solid, 60.3 mg, 99% yield, mp = 78-79 °C,
[a]p?*=112.4 (c = 0.5, CHCl5). Enantiomeric excess and

diastereomer ratio were established by HPLC analysis, ee

c =94%, dr = 84:16 [Chiralpak IC-3, hexane/i-PrOH =
90:10, 254 nm, 1 mL/min, Major-(tmajor = 19.563 min,
tminor = 36.908 min), Minor-(tmajor = 6.042 Min, tminor =

12.775 min)].

Data for the major isomer: 'H NMR (500 MHz, CDCl;) § 7.93 — 7.66 (m, 1H), 7.60 (t, J
= 7.3 Hz, 1H), 7.58 - 7.29 (m, 5H), 7.28 — 6.95 (m, 5H), 6.73 (s, 1H), 5.08 — 4.89 (m,
1H), 4.57 (br, 1H), 3.45 (d, J = 18.1 Hz, 1H), 2.68 (br, 1H), 1.47 (s, 9H), 1.38 — 1.28 (m,
9H).

13C NMR (126 MHz, CDCl5) 6 173.34, 153.94, 151.32, 142.43, 135.91, 135.67, 135.62,
135.36, 129.43, 129.32, 128.84, 128.80, 128.13, 127.84, 126.12, 125.86, 125.34,
124.84, 124.55, 110.15, 84.46, 80.22, 44.67, 32.03, 31.55, 30.31, 29.80, 29.46, 28.35,
27.85.

HRMS (ESI): calculated for C34H36CIN,Og [M+H]*: 603.2256, found 603.2257.

tert-butyl (S5)-2-((S)-1-benzyl-5-bromo-3-((tert-butoxycarbonyl)amino)-2-oxoindolin
-3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4fa)

Method A, white solid, 64.7 mg, 99% yield, mp = 83-84 °C,
[a]p?>= 72 (c = 0.5, CHCl3). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee
=93%, dr = 85:15 [Chiralpak IC-3, hexane/i-PrOH =

90:10, 254 nm, 1 mL/min, Major-(tmajor = 19.834 Min, tminor




=38.317 min), Minor-(tmajor = 6.072 min, tyinor = 11.749 min)].

Data for the major isomer: 'H NMR (300 MHz, CDCl;) 6 7.80 (br, 1H), 7.67 — 7.47 (m,
2H), 7.46 — 7.26 (m, 4H), 7.26 — 7.01 (m, 5H), 6.65 (d, J = 7.4 Hz, 1H), 5.03 — 4.84 (m,
1H), 4.55 (br, 1H), 3.43 (d, J = 18.2 Hz, 1H), 2.67 (br, 1H), 1.44 (s, 9H), 1.35-1.23 (m,
9H).

13C NMR (126 MHz, CDCl5) 6 173.25, 153.92, 151.32, 142.90, 135.65, 135.61, 135.39,
132.33, 132.21, 128.85, 128.81, 128.14, 127.95, 127.86, 127.03, 126.12, 125.87,
124.86, 124.54, 110.67, 84.51, 80.27, 53.55, 44.66, 31.70, 31.56, 30.31, 29.81, 28.36,
27.86.

HRMS (ESI): calculated for C34H36BrN,Og [M+H]*: 647.1751, found 647.1751.

tert-butyl (S5)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-5-iodo-2-oxoindolin-
3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4ga)

Method A, white solid, 69.5 mg, 99% yield, mp = 80-81 °C,
[a]p?°=60.8 (c = 0.5, CHCl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =

94%, dr = 84:16 [Chiralpak IC-3, hexane/i-PrOH = 90:10, 254

nm, 1 mL/min, Major-(tmajor = 22.199 Min, tminer = 43.875
min), Minor-(tmajor = 6.304 mMin, tyiner = 11.251 min)].

Data for the major isomer: 'H NMR (300 MHz, CDCl3) 6 7.94 — 7.64 (m, 2H), 7.63 —
7.46 (m, 2H), 7.45 — 7.26 (m, 4H), 7.26 — 6.99 (m, 4H), 6.56 (d, J = 7.6 Hz, 1H), 5.07 —
4.84 (m, 1H), 4.54 (br, 1H), 3.44 (d, J = 18.4 Hz, 1H), 2.64 (br, 1H), 1.45 (s, 9H), 1.35 —
1.23 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 172.92, 153.81, 151.28, 143.46, 138.16, 138.05, 135.53,
135.48, 135.30, 133.38, 128.75, 128.70, 128.03, 127.76, 126.00, 125.76, 124.75,
124.49, 124.40, 111.19, 84.45, 80.15, 44.50, 31.94, 31.46, 30.22, 29.71, 29.37, 28.27,
27.78.

HRMS (ESI): calculated for C34H36IN,Og [M+H]*: 695.1613, found 695.1614.

tert-butyl (5)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-6-fluoro-2-oxoindolin-



3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4ha)

>< Method A, white solid, 58.5 mg, 99% yield, mp = 73-74 °C,
[a]p?®=103.2 (c = 0.5, CHCI5). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =

93%, dr = 82:18 [Chiralpak IC-3, hexane/i-PrOH =

90:10, 254 nm, 1 mL/min, Major-(tmajor = 25.210 Min, tminor
=36.502 min), Minor-(tmajor = 6.492 Min, tyiner = 22.753 min)].

Data for the major isomer: 'H NMR (500 MHz, CDCl;) § 7.90 — 7.64 (m, 1H), 7.58 (t, J
=7.4 Hz, 1H), 7.53 - 7.26 (m, 6H), 7.25 — 6.88 (m, 3H), 6.82 — 6.28 (m, 2H), 5.13 —
4.74 (m, 1H), 4.52 (br, 1H), 3.41 (d, / = 18.1 Hz, 1H), 2.67 (br, 1H), 1.43 (s, 9H), 1.35 -
1.25 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 173.92, 164.62, 162.66, 153.90, 151.29, 145.51, 135.88,
135.74, 135.60, 135.31, 128.88, 128.11, 127.89, 126.19, 125.87, 124.81, 124 .47,
123.48, 109.00, 98.06 (d, J = 22.1 Hz), 84.25, 80.12, 44.76, 31.55, 30.31, 29.81, 29.47,
28.33, 27.86.

HRMS (ESI): calculated for C34H3gFN,Og [M+H]*: 587.2552, found 587.2551.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-6-chloro-2-oxoindolin-
3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4ia)

Method A, white solid, 60.2 mg, 99% vyield, mp = 73-74 °C,
[a]p?>=72.8 (c = 0.5, CHCl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =

92%, dr = 84:16 [Chiralpak IA-3, hexane/i-PrOH =
Cl

90:10, 254 nm, 1 mL/min, Major-(tmajor = 14.721 mMin, tminor
=6.531 min), Minor-(tmajor = 9.719 mMin, tminor = 6.249 min)].
Data for the major isomer: 'H NMR (500 MHz, CDCl;) 6 7.89 — 7.64 (m, 1H), 7.58 (t, J
= 7.4 Hz, 1H), 7.51 - 7.27 (m, 6H), 7.25 = 7.11 (m, 3H), 7.07 — 6.87 (m, 1H), 6.77 (s,
1H), 5.07 —=4.76 (m, 1H), 4.51 (br, 1H), 3.40 (d, J = 18.0 Hz, 1H), 2.65 (br, 1H), 1.43 (s,
9H), 1.34 — 1.25 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 173.82, 153.90, 151.28, 145.15, 135.67, 135.58, 135.34,



Br

135.31, 135.09, 128.89, 128.13, 128.09, 127.90, 126.25, 125.88, 124.84, 124.47,
122.89, 122.73, 109.88, 84.27, 80.21, 44.71, 32.01, 31.54, 30.31, 29.81, 29.47, 28.34,
27.86.

HRMS (ESI): calculated for C34H36CIN,Og [M+H]*: 603.2256, found 603.2256.

tert-butyl (S5)-2-((S)-1-benzyl-6-bromo-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-
3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4ja)

Method A, white solid, 64.6 mg, 99% yield, mp = 87-88 °C,
[a]p2>=91.6 (c = 0.5, CHCIl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =
92%, dr = 84:16 [Chiralpak IA-3, hexane/i-PrOH =

90:10, 254 nm, 1 mL/min, Major-(tmajor = 13.748 mMin, tminer =

6.516 min), Minor-(tmajor = 9.411 Min, tminor = 6.168 min)].
Data for the major isomer: 'H NMR (300 MHz, CDCl3) 6 7.87 — 7.63 (m, 1H), 7.63 —
7.54 (m, 1H), 7.53 — 7.26 (m, 5H), 7.26 — 7.01 (m, 4H), 6.91 (s, 1H), 5.10 — 4.82 (m,
1H), 4.53 (br, 1H), 3.39 (d, J = 18.1 Hz, 1H), 2.66 (br, 1H), 1.42 (s, 9H), 1.35-1.24 (m,
9H).
13C NMR (126 MHz, CDCl5) 6 173.56, 153.86, 151.19, 145.17, 135.86, 135.56, 135.47,
135.24, 128.80, 128.04, 127.99, 127.80, 126.17, 125.79, 125.59, 124.74, 124.39,
123.21,123.01, 112.50, 84.18, 80.11, 44.60, 31.94, 31.46, 30.22, 29.71, 29.37, 28.24,
27.76.

HRMS (ESI): calculated for C34H36BrN,O¢ [M+H]*: 647.1751, found 647.1750.

tert-butyl (5)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-6-methoxy-2-
oxoindolin-3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ka)

Method A, white solid, 59.7 mg, 99% vyield, mp = 93-94 °C,
[a]p?®=72.6 (c = 0.5, CHCIl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee

=96%, dr = 85:15 [Chiralpak IA-3, hexane/i-PrOH =

90:10, 254 nm, 1 mL/min, Major-(tmajor = 19.538 min,



tminor = 8.048 min), Minor-(tmajor = 11.777 Min, tminor = 8.634 min)].

Data for the major isomer: 'H NMR (300 MHz, CDCl3) 6 7.87 — 7.67 (m, 1H), 7.65 —
7.54 (m, 1H), 7.53 — 7.28 (m, 4H), 7.28 — 7.08 (m, 5H), 6.56 — 6.19 (m, 2H), 5.12 — 4.89
(m, 1H), 4.55 (br, 1H), 3.76 (s, 3H), 3.43 (d, / = 18.2 Hz, 1H), 2.67 (br, 1H), 1.47 (s, 9H),
1.36 - 1.26 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 173.92, 160.90, 153.92, 151.44, 145.18, 136.09, 135.81,
135.72,135.14, 128.77,128.17,127.96, 127.70, 126.22, 125.84, 125.46, 124.74,
124.39, 106.47,97.32, 84.03, 79.78, 77.36, 55.38, 44.56, 32.03, 31.55, 30.30, 29.80,
28.36, 27.89.

HRMS (ESI): calculated for C35H3gN,O7 [M+H]*: 599.2752, found 599.2751.

tert-butyl (S5)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-7-chloro-2-oxoindolin-
3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4la)

Method A, white solid, 60.3 mg, 99% yield, mp = 82-83 °C,
[a]p?®=42 (c = 0.5, CHCI3). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =
90%, dr = 88:12 [Chiralpak IA-3, hexane/i-PrOH = 90:10, 254

nm, 1 mL/min, Major-(tmajor = 12.425 mMin, tminer = 5.730 mMin),

Minor-(tmajor = 8.634 mMin, tminor = 5.444 min)].
Data for the major isomer: 'H NMR (500 MHz, CDCl;) § 7.84 — 7.64 (m, 1H), 7.52 (t, J
=7.3 Hz, 1H), 7.48 — 7.26 (m, 4H), 7.25 — 7.03 (m, 6H), 6.94 (s, 1H), 5.48 — 5.02 (m,
2H), 3.45 (d, J = 18.2 Hz, 1H), 2.69 (br, 1H), 1.45 (s, 9H), 1.37 — 1.24 (m, 9H).
13C NMR (126 MHz, CDCl5) 6 174.60, 166.23, 161.44, 153.62, 151.11, 140.01, 137.52,
135.36, 135.22, 132.19, 128.31, 127.93, 127.75, 127.51, 126.99, 125.81, 124.65,
123.68, 123.06, 115.45, 84.30, 80.11, 45.66, 31.95, 31.44, 30.19, 29.71, 28.23, 28.04,
27.78.

HRMS (ESI): calculated for C34H36CIN,Og [M+H]*: 603.2256, found 603.2254.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-7-chloro-2-oxoindolin-

3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4lb)



Method C, white solid, 55.9 mg, 99% yield, mp = 68-69 °C,
[a]p**=44.4 (c = 0.5, CHCl3). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =

97%, dr = 87:13 [Chiralpak IA-3, hexane/i-PrOH =80:20, 254

nm, 1 mL/min, Major-(tmajor = 14.927 min, tminor = 6.778 min),
Minor-(tmajor = 20.596 Min, tyinor = 8.938 min)].

Data for the major isomer: H NMR (500 MHz, CDCl3) 6 7.91 - 7.67 (m, 1H), 7.57 (t, J
= 7.4 Hz, 1H), 7.48 — 7.30 (m, 3H), 7.28 — 7.03 (m, 7H), 6.95 (s, 1H), 5.50 — 5.04 (m,
2H), 3.80 (s, 3H), 3.53 (d, J = 18.5 Hz, 1H), 2.90 (br, 1H), 1.39 — 1.24 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 174.59, 153.89, 150.96, 140.00, 137.46, 136.03, 135.48,
135.30, 132.33, 128.34,128.12,127.92,127.53, 127.06, 126.59, 125.90, 124.81,
123.73, 122.85, 115.52, 80.37, 77.28, 53.51, 45.71, 31.53, 30.30, 30.16, 29.71, 28.19.

HRMS (ESI): calculated for C3;H30CIN,Og [M+H]*: 561.1787, found 561.1786.

tert-butyl (S)-2-((S)-1-benzyl-7-bromo-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-
3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4ma)

Method A, white solid, 64.6mg, 99% yield, mp = 63-64 °C, [a]p?®
=27.2 (c = 0.5, CHCIl;). Enantiomeric excess and diastereomer
ratio were established by HPLC analysis, ee = 85%, dr = 88:12
[Chiralpak IA-3, hexane/i-PrOH = 90:10, 254 nm, 1 mL/min,

Major-(tmajor = 14.540 min, tyinor = 6.781 min), Minor-(tmajor =

9.718 min, tminor = 6.098 min)].
Data for the major isomer: 'H NMR (500 MHz, CDCl;) 6 7.83 — 7.65 (m, 1H), 7.61 —
7.27 (m, 6H), 7.25 — 7.12 (m, 5H), 6.88 (s, 1H), 5.52 — 5.26 (m, 1H), 5.15 (br, 1H), 3.47
(d, J = 18.0 Hz, 1H), 2.71 (br, 1H), 1.45 (s, 9H), 1.36 — 1.24 (m, 9H).
13C NMR (126 MHz, CDCl5) 6 174.90, 153.89, 151.17, 141.53, 137.56, 135.66, 135.45,
135.32, 134.72, 128.44, 128.36, 128.02, 127.78, 127.40, 126.97, 125.87, 124.74,
124.09, 123.83, 102.65, 84.40, 80.29, 45.48, 32.05, 31.55, 30.31, 29.80, 29.47, 28.32,
27.87.

HRMS (ESI): calculated for C34H36BrN,Og [M+H]*: 647.1751, found 647.1751.



methyl (S)-2-((S)-1-benzyl-7-bromo-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-
3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4mb)

\ Method C, white solid, 60.3 mg, 99% yield, mp = 72-73 °C,
[a]p?®>=75.6 (c = 0.5, CHCl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =

97%, dr = 87:13 [Chiralpak IA-3, hexane/i-PrOH =80:20, 254

nm, 1 mL/min, Major-(tmajor = 15.771 Min, tminer = 6.949 min),
Minor-(tmajor = 20.316 Min, tyinor = 8.828 min)].

Data for the major isomer: 'H NMR (500 MHz, CDCl3) 6 7.82 — 7.68 (m, 1H), 7.66 —
7.28 (m, 6H), 7.25 — 7.04 (m, 5H), 6.86 (s, 1H), 5.52 — 5.26 (m, 1H), 5.17 (br, 1H), 3.78
(s,3H), 3.52 (d, J = 18.3 Hz, 1H), 2.95 (br, 1H), 1.40 — 1.26 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 174.82, 153.91, 150.93, 141.44, 137.39, 135.70, 135.49,
135.28, 128.29, 128.11, 127.86, 127.35, 126.94, 126.58, 126.08, 125.87, 124.81,
124.73, 124.10, 102.63, 80.39, 77.27, 53.52, 45.44, 31.53, 30.30, 30.16, 29.71, 28.20.

HRMS (ESI): calculated for C3;H3gBrN,Og [M+H]*: 605.1282, found 605.1281.

tert-butyl (5)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-7-methyl-2-
oxoindolin-3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4na)

Method B, white solid, 57.1 mg, 98% yield, mp = 90-91 °C,
[a]p?®> =46 (c = 0.5, CHCI3). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =
87%, dr = 87:13 [Chiralpak IA-3, hexane/i-PrOH = 90:10, 254

nm, 1 mL/min, Major-(tmajor = 22.895 Min, tminer = 7.433 min),

Minor-(tmajor = 12.990 min, tyinor = 6.186 Min)].
Data for the major isomer: 'H NMR (500 MHz, CDCl5) § 7.89 — 7.67 (m, 1H), 7.55 (t, J
=7.4 Hz, 1H), 7.51 - 7.27 (m, 4H), 7.25 — 7.07 (m, 5H), 7.03 — 6.57 (m, 2H), 5.38 —
4.76 (m, 2H), 3.54 (d, J = 18.2 Hz, 1H), 2.77 (br, 1H), 2.30 (s, 3H), 1.49 (s, 9H), 1.40 —
1.26 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 175.07, 153.81, 151.28, 142.12, 137.92, 135.62, 135.11,



133.61, 128.68, 128.56, 127.89, 127.65, 126.97, 126.58, 126.06, 125.68, 124.67,
124.57,122.78, 119.67, 84.13, 79.74, 46.17, 30.35, 30.21, 30.16, 29.71, 28.27, 28.04,
27.82,19.26.

HRMS (ESI): calculated for C35H3gN,Og [M+H]*: 583.2803, found 583.2804.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-7-methyl-2-oxoindolin
-3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4nb)

Method C, white solid, 53.8 mg, 99% yield, mp = 78-79 °C,
[a]p?® = 105.6 (c = 0.5, CHCI5). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =

97%, dr = 90:10 [Chiralpak IA-3, hexane/i-PrOH =80:20, 254

nm, 1 mL/min, Major-(tmajor = 22.910 Min, tminer = 7.143 min),
Minor-(tmajor = 36.438 min, tyinor = 9.346 Min)].
Data for the major isomer: 'H NMR (500 MHz, CDCl;) § 7.86 — 7.70 (m, 1H), 7.59 (t, J
=7.2 Hz, 1H), 7.54 = 7.29 (m, 4H), 7.28 — 7.12 (m, 5H), 7.00 (d, J = 5.6 Hz, 1H), 6.90 (s,
1H), 5.31-4.92 (m, 2H), 3.83 (s, 3H), 3.61 (d, J = 18.3 Hz, 1H), 3.11 (br, 1H), 2.33 (s,
3H), 1.39 — 1.29 (m, 9H).
13C NMR (126 MHz, CDCl5) 6 175.13, 153.94, 151.08, 142.15, 137.84, 135.88, 135.56,
135.49, 135.36, 133.75, 128.69, 128.59, 128.06, 127.02, 126.58, 125.76, 124.81,
122.88,121.91, 119.77, 80.02, 77.26, 53.44, 46.22, 31.50, 30.16, 29.71, 29.37, 28.23,
19.26.

HRMS (ESI): calculated for C3,H33N,Og [M+H]*: 541.2333, found 541.2333.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxo-7-(trifluoromethyl)
indolin-3-yl)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (40b)

\ Method C, white solid, 59.1 mg, 99% vyield, mp = 68-69 °C,
[a]p?®=64.4 (c = 0.5, CHCl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =

96%, dr = 92:8 [Chiralpak IA-3, hexane/i-PrOH =80:20, 254

CFy BN nm, 1 mL/min, Major-(tmajor = 9.390 mMin, tiinor = 5.829 min),



Minor-(tmajor = 12.184minN, tminor = 6.544min)].

Data for the major isomer: 'H NMR (500 MHz, CDCl3) 6 7.83 — 7.67 (m, 1H), 7.66 —
7.47 (m, 3H), 7.45 — 7.28 (m, 3H), 7.24 - 6.99 (m, 6H), 5.24 — 4.85 (m, 2H), 3.78 (s,
3H), 3.57 (d, /= 18.3 Hz, 1H), 3.05 (br, 1H), 1.38 — 1.25 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 175.81, 153.86, 150.79, 142.37, 136.23, 135.63, 135.49,
135.29, 128.25, 128.02, 127.86, 127.81, 126.65, 126.43, 126.07, 125.94, 124.92,
124.73, 124.44, 122.33,112.91 (d, J = 32.7 Hz), 80.58, 77.26, 53.55, 47.37, 31.52,
30.29, 30.16, 29.71, 28.16.

HRMS (ESI): calculated for C3;H3gF3N,06 [M+H]*: 595.2050, found 595.2050.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-4-
bromo-1-oxo-2,3-dihydro-1H-indene-2-carboxylat (4ac)

Method C, white solid, 60.2 mg, 99% yield, mp = 76-77 °C,
[a]p?*=72.8 (c = 0.5, CHCl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =

99%, dr = 80:20 [Chiralpak IA-3, hexane/i-PrOH =80:20, 254

nm, 1 mL/min, Major-(tmajor = 37.978 min, tminor = 6.595 mMin),
Minor-(tmajor = 32.189 min, tyinor = 11.685 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl;) 6 7.81 - 7.62 (m, 2H), 7.52 —
7.29 (m, 7H), 7.25 — 6.88 (m, 3H), 6.75 (d, J = 7.7 Hz, 1H), 5.09 — 4.92 (m, 1H), 4.72 (br,
1H), 3.83 (s, 3H), 3.49 (d, J = 18.8 Hz, 1H), 2.95 (br, 1H), 1.37 — 1.27 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 173.72, 153.82, 150.63, 144.01, 138.55, 138.16, 137.53,
135.65, 129.93, 129.83, 129.53, 128.89, 128.79, 127.59, 127.55, 123.59, 123.32,
123.06, 121.19, 109.61, 80.17, 77.27, 53.58, 44.82, 31.53, 30.16, 29.71, 29.37, 28.19.

HRMS (ESI): calculated for C3;H30BrN,Og [M+H]*: 605.1282, found 605.1282.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-5-
chloro-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (4ad)
Method A, white solid, 60.1mg, 99% vyield, mp = 63-64 °C,

[a]p?*=27.2 (c = 0.5, CHCl;). Enantiomeric excess and




diastereomer ratio were established by HPLC analysis, ee = 95%, dr = 82:18
[Chiralpak IA-3, hexane/i-PrOH = 90:10, 254 nm, 1 mL/min, Major-(tmajor = 15.348 min,
tminor = 7-163 min), Minor-(tmajor = 12.411 Min, tminor = 6.337 min)].

Data for the major isomer: 'H NMR (500 MHz, CDCl3) 6 7.80 — 7.56 (m, 1H), 7.53 —
7.27 (m, 6H), 7.25 — 6.56 (m, 6H), 5.15 — 4.76 (m, 1H), 4.52 (br, 1H), 3.34 (d, J = 18.4
Hz, 1H), 2.36 (br, 1H), 1.46 (s, 9H), 1.34 —1.24 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 173.37, 153.81, 152.76, 143.81, 141.62, 136.08, 134.18,
129.70, 129.57, 128.84, 128.82, 128.69, 128.39, 127.90, 126.40, 126.18, 125.77,
125.53, 123.16, 109.16, 84.46, 79.98, 44.55, 32.05, 31.56, 30.32, 29.82, 29.48, 28.32,
27.91.

HRMS (ESI): calculated for C34H35CIN,Og [M+H]*: 603.2256, found 603.2256.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-5-
bromo-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ae)

Method C, white solid, 60.1 mg, 99% vyield, mp = 76-77 °C,
[a]p?*=72.8 (c = 0.5, CHCl;). Enantiomeric excess and

diastereomer ratio were established by HPLC analysis, ee =

Br
N © 99%, dr = 82:18 [Chiralpak AD-H, hexane/i-PrOH

=80:20, 254 nm, 1 mL/min, Major-(tmajor = 42.464 min, tminor
=9.950 min), Minor-(tmajor = 24.555MiN, tminor = 14.650mMin)].

Data for the major isomer: 'H NMR (500 MHz, CDCl;) 6 7.77 — 7.48 (m, 2H), 7.47 —
7.28 (m, 6H), 7.24 — 6.68 (m, 5H), 4.97 (d, J = 14.8 Hz, 1H), 4.57 (br, 1H), 3.78 (s, 3H),
3.38 (d, J = 18.6 Hz, 1H), 2.67 (br, 1H), 1.35 — 1.22 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 173.37, 153.87, 152.65, 143.79, 136.01, 134.48, 131.84,
131.67, 130.85, 129.84, 129.69, 129.44,129.34, 128.86, 128.39, 127.96, 125.95,
125.75, 123.22, 109.22, 80.25, 77.37, 53.60, 44.58, 31.59, 30.26, 29.81, 29.47, 28.28.

HRMS (ESI): calculated for C3;H30BrN,Og [M+H]*: 605.1282, found 605.1283.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-6-

fluoro-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4af)



Method C, white solid, 54.1 mg, 99% yield, mp = 79-80 °C,
[a]p?>= 104 (c = 0.5, CHCl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee

=99%, dr > 99:1 [Chiralpak AD-H, hexane/i-PrOH

=80:20, 254 nm, 1 mL/min, Major-(tmajor = 15.858 min,
tminor = 6.935 min), Minor-(tmajor = 18.188min, tyinor = 28.792min)].

Data for the major isomer: 'H NMR (500 MHz, CDCl;) 6 7.57 — 7.26 (m, 6H), 7.26 —
6.90 (m, 6H), 6.82 (d, J = 6.8 Hz, 1H), 4.96 (d, J = 15.0 Hz, 1H), 4.63 (br, 1H), 3.79 (s,
3H), 3.41 (d, J = 18.2 Hz, 1H), 2.83 (br, 1H), 1.34 — 1.22 (m, 9H).

13C NMR (126 MHz, CDCl;) 6 173.45, 163.52, 161.54, 153.79, 146.50, 143.77, 137.28
(d,J=7.7 Hz), 135.93, 129.72, 128.71, 128.10, 127.69, 127.24 (d, J = 8.0 Hz), 124.34,
123.20, 123.01, 110.63, 110.45, 109.22, 80.16, 77.26, 53.51, 44.51, 31.92, 31.48,
30.17, 29.71, 29.34, 28.16.

HRMS (ESI): calculated for C3;H3gFN,O¢ [M+H]*: 545.2082, found 545.2081.

tert-butyl (5)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-6-
methyl-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ag)

Method A, white solid, 58.1 mg, 99% yield, mp = 63-64 °C,
[a]p?>=82.8 (c = 0.5, CHCIl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =
94%, dr = 82:18 [Chiralpak IA-3, hexane/i-PrOH = 90:10, 254

nm, 1 mL/min, Major-(tmajor = 14.357 Min, tminer = 7.536 min),

Minor-(tmajor = 11.478 min, tyinor = 6.696 Min)].
Data for the major isomer: 'H NMR (500 MHz, CDCl3) 6 7.77 — 7.55 (m, 1H), 7.53 —
7.27 (m, 5H), 7.25 — 6.94 (m, 6H), 6.78 (s, 1H), 5.18 — 4.77 (m, 1H), 4.53 (br, 1H), 3.36
(d, J=18.0 Hz, 1H), 2.64 (br, 1H), 2.39 (s, 3H), 1.46 (s, 9H), 1.36 — 1.19 (m, 9H).
13C NMR (126 MHz, CDCl5) 6 173.59, 153.71, 148.79, 143.80, 137.88, 136.43, 136.05,
135.89, 135.79, 129.41, 129.23, 128.65, 128.07, 127.58, 125.71, 125.44, 124.58,
124.19, 122.88, 109.10, 83.95, 79.72, 44.46, 30.33, 29.71, 29.52, 28.38, 28.22, 27.83,

27.80, 21.13.



HRMS (ESI): calculated for C35H39N,0g [M+H]*: 583.2803, found 583.2803.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-7-methyl-2-oxoindolin-
3-yl)-6-fluoro-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4nf)

Method C, white solid, 60.4 mg, 99% yield, mp = 68-69 °C,
[a]p?>=48.4 (c = 0.5, CHCl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee

=94%, dr = 80:20 [Chiralpak IA-3, hexane/i-PrOH

=80:20, 254 nm, 1 mL/min, Major-(tmajor = 20.758 min,
tminor = 6.621 min), Minor-(tmajor = 32.967 Min, tminer = 10.797 min)].

Data for the major isomer: 'H NMR (500 MHz, CDCl;) 6 7.47 — 7.26 (m, 4H), 7.26 —
7.10 (m, 6H), 6.99 (d, J = 6.1 Hz, 1H), 6.89 (s, 1H), 5.24 — 4.87 (m, 2H), 3.82 (s, 3H),
3.54 (d, J = 18.1 Hz, 1H), 3.04 (br, 1H), 2.31 (s, 3H), 1.39 — 1.27 (m, 9H).

13C NMR (126 MHz, CDCl5) 6 174.96, 163.50, 161.52, 153.86, 146.45, 142.13, 137.76,
137.27 (d, J=7.3 Hz), 133.88, 133.67, 128.68, 128.60, 127.57, 127.14 (d, J = 8.2 Hz)
126.58, 126.45, 123.21, 123.02, 119.85, 110.55 (d, J = 22.3 Hz), 80.13, 77.25, 53.55,
46.21,31.52, 30.16, 29.71, 29.35, 28.22, 19.24.

HRMS (ESI): calculated for Cs,H3;FN,Og [M+H]*: 559.2239, found 559.2239.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxo-7-(trifluoromethyl)
indolin-3-yl)-6-fluoro-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4of)

Method C, white solid, 65.3 mg, 99% yield, mp = 84-85 °C,
[a]p?®> = 64.8 (c = 0.5, CHCIl;). Enantiomeric excess and
diastereomer ratio were established by HPLC analysis, ee =

91%, dr = 83:17 [Chiralpak IA-3, hexane/i-PrOH

=80:20, 254 nm, 1 mL/min, Major-(tmajor = 9.876 Min, tminor
=5.504 min), Minor-(tmajor = 10.716 min, tyinor = 6.713 min)].

Data for the major isomer: 'H NMR (500 MHz, CDCl3) 6 7.73 — 7.45 (m, 2H), 7.44 —
7.27 (m, 3H), 7.26 — 6.83 (m, 7H), 5.27 — 4.80 (m, 2H), 3.79 (s, 3H), 3.52 (d, J = 18.0 Hz,
1H), 2.97 (br, 1H), 1.37 = 1.25 (m, 9H).



13C NMR (126 MHz, CDCl5) 6 175.66, 163.56, 161.58, 153.88, 146.18, 142.39, 137.01
(d, J=8.0 Hz), 136.15, 128.05, 127.99, 127.94, 127.38 (d, / = 7.9 Hz), 126.75, 126.51,
123.49, 123.30, 122.41, 122.25, 113.10, 112.84, 110.63 (d, J = 22.5 Hz), 80.69, 53.66,
47.34,31.94, 31.52, 30.16, 29.73, 29.71, 28.14.

HRMS (ESI): calculated for Cs;Hy9F4N,06 [M+H]*: 613.1956, found 613.1956.

6. The X-ray data for 4ab.

Bn
4ab

The product 4ab was recrystallized from PE and EA.
CCDC- 1853680 (4ab) contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from the Cambridge

Crystallographic DataCentre via www.ccdc.cam.ac.uk./ data_request/cif.



7. NMR spectra of addition products

7.80
.79
|7 62
[7.57
7.56
7.5
T4
7.5
7.59

T

T.97
T.54
7. 25
7. 14
LT 14
T.13
|7.12
+7.05
T.00
L6.99
Le. o0

_5.48
~3.39

e o —_—
— @

-
=

Y TR N

2.63

s -

e
=

14000
13000
12000

11000
10000
ranoo
8000

Tooo
reaoo
o 000

4000
-5000
r2aoo
1000

Mesnebins | )

= 1000

173. 67

—84.15
—79.87

3.9

3.0

22

—44.55

2.0

o
,03 3400
N

3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800
600
400

200

ro

=200

. . . . . . . . . . .
200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)



10

20

30

40

50

60

70

= = = = = = o =] =) o
= § 8 §8 &8 £ 8 8 8 &8 8 B8 & 28 & S = = & g & g & & § § & o <%
S 2 " 8% 2 2 2 B P 2 B % B B 2 o ;) R SR R S P i S S GUS A A R
il =
i P
|
i
i |
i =
% i
BTy thee— Feoe 669z
42117 e == 1
21 - - Fsoel n Mmmw . 1
52854 4
i - 61767 3
H d
i
H ']
B
082~ o
027 z =
e e —— g > )
Bty = Foot|wm 3
e % ..H.. Ex
o .
- 9¢ 1L —
= 88°6L—
LT18—
| w
-

5.0

b5

7.0

J'//f g
oy

TIS

=

YLeLl —

a0

190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

200




= = = = = = = = =
2 = 2 2 2 2 = 2 2
2 2 2 2 2 2 = 2 2
T ® T P P i 2 o T T
b T— Jm E o2
|
£ag— f ¢ ﬁ- ba
bbC HA ;
E N Foo
!
25— .f .* %mm.
26 B
ww.mw ~ iﬂ .T 2
p1ogd |

2.0

2.9

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300
200
r 100

r-100

SL
[4)

¥s

43

‘LG
'6¢

‘e

-

v —

L9 —

8 —

69 CLT —

-10

130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

140

200 190 180 170 160

210



= = = = o =

= = = 2 = = = = = = = o = = 2

3 7 = s = = ] = ] g g £ ] = ]

i T T o e T i T b il LE T o i T T !
|

1214

22T,

92717 1/|.|.|.I.|rr./ TNN.m

62T

[

92— = 20

bb B = F1°T

b 6 G F

86— —_ Fus

29 b~ f a1

18°b

R f = att
|
i

6197 |

1579

16799 H

6017

12719

08" 19

24

pe Ll

9g " L

1

80 Lk

ok LE

b

b L

9571

8¢ 19 i

5519 |

89"} |

89" 1] |

e

0.5

4.0 3.5

4.

T.0 E.5 E.0

7.5

9.0 2.5

9.5

=3 (=3 (=3 (=3
=3 (=] =3 (=3 (=3 (=3 (=3 1= (=3 (=3 (=3 (=3 =)
o™ — =] (=3 (=3 (=3 (=3 = =] (=3 (=3 =] —
= =} - > 3 = ) o - ) Q - =} |
| | | 1 | | | | ) | | | N I
81 '8~ R —
19762 B
1677 — ——
0% €6 — —_—
4
8C°LL~
7008 — —
98 "ST1
19 °LC1
60 '8C1 —.
69 '8C1 B e
09 621 — \ﬂ
9¢ "GET < B
86 "GET -
LLEVT T
€1 16T~ 1
L87€ST ~ ——
GCELT — -
4

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

220

240 230



a0an

rea00

8000

e

oo
FES00

6000

5500

Fa000

4500

4000

3500

F3000

r2san

~2000

-1500

a29°

=M
ck

55
ag’

FLN

et

B
ey

i

L,

3

i
R
m
|
<
_

LY

12"
on’

96"

R Tl TRt

T.5

T

0.0

0.5

2.0

2.5

6.5 6.0 5.5 5.0 4.5 4.
f1 [ppm)

T.0

2.0

2.5

2400
2300
2200

2100
2000

1900

1800
1700

1600

1500
1400

1300

1200
1100

1000

900
800

700
600
500

400
300
200
r 100

r—100

200

91
€€

99
19
iR

L8

08
gl
8
€€ "
L9
28
98

0€
16
144
9¢

i
ggl
921

‘08—
8 —

60T —

L2T~

831
'8g1

Sel
Ammﬁwﬂ
getl
6el
16T —
egr —

8GT ~
091 —

oL —

190 180 170 160 5 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

200



s = = = = = = = = =
2 2 2 E E E E 8 BE ¢ 2 = &8 2 = = = = Z
2 £ £ £ E £ E E E 2 E 28 28 28 8 2 &g 8 S
g &8 § §E § & 8 %8 £ 8 E E E 2 & =2 & = S
T SR TN SNG DGPTSR AP PR R R R Th R SRR

J
4

B2 1o H_

I TT—— Focs

pg T J

18— JYN]

L - ;

= 550

ap 5" ~ F

9l g— S—_— - Frez

0o
9°F—

g6k

95 b7 = )

105 02t

|
|
1
- o650
6Lk
LN
950
0

Lo oo soscaies e - e | |I ir

Lo,
¥
I

0o

0.5

9.0 2.5 2.0 7.5 7.0 6.5 b.0 5.5 5.0 4.5 4.0 3.0 3.0 2.5 2.0
1 [ppm)

9.5

2200

2100
2000

1900

r 1800

1700

1600

1400

1300

1200

1100

1000

900

800

700

600

500
400
300
200
r 100

r—100

200

0€

92"

194

‘08—

601
601 >
Tl
e
Rl
KA

Lgl
‘LTl
‘821
8c1

seT

16T~
el —
8CT ~

091 —

oLl —

A

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

220

240 230



16000

F1a000

14000

13000

12000

-11000

10000

ranon

2000

FTaon

reaon

S000

rdaon

3000

rzaon
r1a00

= 1000

62’

187
1

Pl

ag°

gk
FLo

Pl

96
66
S0

p—
Pk
b
Y

\
.

w’

Zt

T

o

-

0.0

0.5

2.0

3.0 2.5

3.5

95 90 85 &80 T3 Vv.0 85 60 55

0.0

1700
1600

1500

r 1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200
r 100

r-100

2208 —
9V 18—

Ve eLT —

al

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

200



= = 2 e = & o =
2 & &8 8 8 §8 8 2 € 8 =2 =& e =2 = e g
: &8 8§ BE § % E & 2 2 & &g 2 &2 & =8 S
I T T T b T T P e ki HRES L4 ki P !
9271y J
e T— == Fus
T e, 606
PP T ]
ez 1 oFoet
b &~ 2 :
Ories: “ = Faot
g5 b— / A WS.H
26" L
3 b ~ = Pt
057
|
I 00t
9973~ E
9174y
22" L)
A= = 15k
P = 0r
mmMm 26T
Y 80
1L - F
68" L]
b L
08" L]
2574 [
58L |
95" 1] {
2571 |
88 1] |
09°s |
ta'L] |
08L |

0. oo

1.0

3.5 3.0 2.5 2.0

4.0

4.5

95 90 &5 &40 F.5 T.0 EI BO

0.0

2300
2200

2100

2000

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900
800
700
600
500
400
300
200
r 100
ro

r-100
r-200

9¢ 82
1862 ~E
1€ 08 -~
96 1€
0L°1€

99 Vv —

L2708 —
1698 —

GCeLT —

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60

190

£1 (ppm)



4o

raan
rann

rean

reon

150

100

an

Pa’

1k’
ik

Fa’
e’

96"
Bb’

s

"

\
%

Ta.

Fero

T.m.

Fos

827

T
0e

T T

o

0.5 0.0

1.0

2.0

9.5 9.0 2.5 2.0 T.5 T.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
£1 [pom)

.0

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400
200

200

ST
Sy

26

‘08—
8 —

CLT—

20 10

30

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

190

£1 (ppm)



o000

-14000

13000

F12000

11000

10000

9000

reonn

TOo0o

reonn

o000

rd 000

Fao00

reono

FLoo0

= 1000

19°

BE’
ok’

e

=

.~//’—.-”‘-F

oo’

FO"

co°
o6’

=T=a 1

T

0o

0.5

1.

2.0

9.5 9.0 2.5 2.0 7.5 T.0 B 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
£1 [ppm)

.0

2100

2000

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

r 100

r—100

r-200

‘08—
18—

-4

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

200



12000

-11000

-10000

ranon

Fanon

oo

renon

FE000

4000

-3000

r20on

1000

= 1000

9"

88"
Zk’

2Ch

T s

|
\
&

R T

i

=
=

e erchm e o

18"
o

T

0z0

20t

L0

T

o and -

1.0

1.5

0.0

0.5

2.0

6.0 5.5 5.0 4.5 4.0 3.0 3.0 2.5
£1 [ppm)

B3

9.5 9.0 &85 &0

w.0

1100

1000

900

800

700

600

500

400

300

200
r 100

r-100

12
L2

78

8

‘08 —
8=

per

6gl
‘L3l
8c1
8c1

821 A\
aetr
6etr
3 GeT

o —

€L —

130 120 110 100 90 80 70 60 50 40 30 20 10

140

180 170 160

190

£1 (ppm)



400

350

raon

r2an0

reon

150

F1on

o0

G2
82

iy
2k’

99’

ag”
2k’

STy 11 AT

a

e

L
&

FL-
Zh’

Ta.

%umm
%mm.

T
T.5

oo

=t

5.0

£1 [pom)

40 3.5 50 2.5 2.0

4.5

B3  BO &G

7.0

9.5 9.0 25 2.0

.0

3400
3200

3000

2800

2600

2400

2200

2000

1800

1600

r 1400

1200

1000

800

600

400

200

r-200

‘LG
,xNH/
.AmN;/

1L°6C—F

V6 1€

=

11°08 —
8T 78—

oL —

——nd

—=

0 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

200



280

00

To0

Fron
re ol
Fe00

550

SO0

450

rdon

rEon

raon

280

200

150
100
-50

19°

ok
aL’

gg
o
e
005
Y

Zh

Lo

-
i J
T 77T

=2 7 P

¥

r
e

oz

Fes

AT T

o

0.0

0.5

9.3 9.0 3.5 2.0 7.5 T.0 6.3 6.0 5.5 3.0 4.5 4.0 3.5 3.0 2.5
£1 [ppm)

.o

=3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3
=3 =3 =3 = =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =
=3 0 =3 = N =3 0 © = N =3 w0 © < N =3 =3 =3 = =3 N <
<+ ] [>r) o o @ N N N ™~ N — — — — — ) =) ~ N =1 I |
S T s O R W S
——
==
3
96 vy — —
8€ 66 — I
9g L) — —
8L°6L 7
€078 — -
26 L6 — B—

26

Vel
4l
131
131
831
8214
W
e
N
~

=)
D
I

€L —

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

200



s 2 2 2 =2 = = 2 = =
€ 8§ 8 8 £E £E 8 8 8 £ 2 2 28 2 2 2 =8 g
E 8§ 2 £ £ £ E 8 £E E 8 8 8 8 8 ¢ 8 g
E £ 2 R § R &8 2 £ £ 8§ 8 3 S § & S =
gt P T ey e AR ety Pty P e P e g P R e G !

az' 1y

6z 1~ :

e — Fsoe

R e — 006

[

1

89°2% |

eaap 030

oz |

{

gy - .

g S Mﬂ Feso

[ARAY

o1 g .

9z o 80°Z

8z "5

2.0

2.9

4.3

T.0 6.3 6.0 3.3 a0
£1 [ppm)

T.9

3.5

9.0

0.0

1300

1200

1100

1000

900

800

700

600

500

400

300

200
r 100

r-100

11
0€

g
c9 -
18”
66"
6
it
61
o€

1
29"

i
€c

09

L31
‘Lol
,wm_\\
gel
getl
getr

‘08—
8 —

k:dky

191 —

991 —

LT —

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

200



10000

ranon

2000

To00

Fe000

o 000

Fdaon

3000

r2aon

LN

15
ng’

PR o kb kR b b b D

o
5o
o]
o

g

P

——

Faz

Foo:
Far

—oHpin o

1.0

145

5.3 a.0 4.3
£1 [ypm)

6.0

9.5

U]

1400

1300

1200

1100

1000

900

r 800

700

600

500

400
300
200
r 100
ro

r—100

61 '8¢
1,768
91 °0€ WY
0€ "0€
€6°1€ %\
¥6 1€
1L°6v —

6S VLT —

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

220

240 230



=-200

10

= = = = = o o 9 © o 9o 9 o 9o o =3
= = £ s 2 £ =} = = s = = = = S &S & & & & & & & & o o o o o o o o o S
= = = =1 = =] = =] =1 2 =1 = = = S ® = & B ¥ ® I = S S S & 5 S & S & S —
Z 2 = =2 2 2 2 =2 2 2 8 8 8 8 38 2 s a = T
] i A = o = = I ] = = ti - = 1
T T T T ] i I f { T | | | | | | | | | 1 | L | | ) | | | |
=
- i
1 =
n
=

20

PE T4, —

; =
L J 2 1€ SN
66 1E
_ L= 60 z8
| i
| 8 "oh —
| 5
B (']
ali— L0
=
-
G g _ A w
B g ~ J_ Fusopm
| - 2 6208 —
| 0% 18 —
|
=

1870
¥l

5 5l o

III 1

T

I S.IU
f1 [ppm)

5.8

.5

g

06 VLT —

0.0

a.0

130 120 110 100 90 80 70 60 50 40 30
£1 (ppm)

140

A
180 170 160

190

200




= = =
2 2 = = = = = = = = = 2
E 2 2 2 Z 2 2 2 2 2 2 2
= 2 2 2 ] 2 2 2 2 2 2 =
Th o o T oo P ow il g MR 4 AP gy g p g T *® !

7

9214,

62 T4 .

I T e l.‘]l’l\vj Faos

go T/ .d

%6 z— - Fan

05 &% o Foot

pog

8l 6 — Fuig

Ry
R
o
1

kS i

g

\
N

Fu
Feo-

=

5.5

T

i

T.5

0.0

0.5

6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0
£1 [ppm)

T.0

9.5 9.0 &5 3.0

.o

1200

1100

1000

900

800

700

600

500

400

300

200
r 100

r-100

L2
6¢

8

Kl
.mm_W
el \
s
TR

08T —
€8T —

LL—
08 —

921

8¢c1

LT —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

200



= L= = L= = = L= = = =1 =1 =3 = =3 =3 =3
2585828 E8zzz2z28z888¢:8 ¢ 8 88888 g g8 8¢8sgsgse _ ¢
B ettt G TR PR, Rt SR g S, pb e B RN A A S R S W A A S
£
4 s
1
1 n
' =
f
5214 | = "
6 T 2 92 °61 — —
FE T4 . : 28°12
B e—— z Poel, nm
g —— - 1282 —
62 1 i 11762
61 | 91 °0¢
hM.. = 12 °0€
ce 0¢
- - org
o hias F " 1197 — —
ri
PLD E
=
| =
g _ e
i b Fusof o
=
¥ vL6L— —
i [ARTES -—3
&
206
) -
TG~ 2w 9l
0257 & ogLzan
125 e VA (Al
525 i 19721
R 89 621
1978 = 90 921
£L°9 7 86 921
& 167901 3
053 €9 °L21 i
8697 - 68°L21 ———
0L 96 "821 -
A 2 89 °821
2 2 19 €61 /F —
a A+ :.mfx -—
Xy H 29 °¢€1 —
62 1] il . e
7 4 Flw 26°L81
petd RS 2121
ve 1 F 1 82161 — —4
: 187661 — =
I | =
s =
05l |
5 i e
554 1 =
551 |
0Ll o)1 — _
o m = 10°6L1 :
E.ﬁ_ _
I | o
i 2
i =
1 =

20 0

30

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60

200

£1 (ppm)



12000

11000

10000
000

2000

FTaon

6000

Faa0n

rdaon

3000

rzaon
1000

r

- 1000

£8°

1

0y’

g8

Foo

A ATnG o

4.0 3.9

3.0 4.5

£1 [ypm)

3.9

.0

B.5

9.0

9.5

0.0

r 1400

1300

1200

1100

1000

900

800

700

600

500

400

300
200
r 100

r-100

92 61 —
€2 '8¢
L€°6¢
1L°62
91 0¢
06 °1¢€
c6°1¢€

22 9 —

¥y es—

92 °LL—
2008 —

€1 °GLT —

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

200



a o = a
g g 2 a a a o = a a a = g
& = 3 &= 3 @& & 3 g8 & = = E
I T s T kil i heid LL T T L I T !

PR B \‘

BT —e = Fize

b =

158 14F

e luru

[N clo

o L |L Fuot

g1 — S

€075

a0 5= .(J — %S.N

crg’

SR

9.5 9.0 2.5 2.0 a T. 6.3 B.0 5.9 5.0 4.3 da.0 3.9 3.0 2.3 2.0 ) 0.3 oo
£1 [ ppm)

w.0

(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
=] (=3 (=3 (=3 o (=3 (=3 =] (=3 (=3 =] 1= (=3 =3 =3 1= 1= =3 (=3 (=3 (=3 =] (=3
— (=3 [=2) o0 ~ © 0w <+ ¢ N —_ =] =3 =3 =] = = =1 (=3 (=3 (=3 — o
o o™ — — — — — — — el — —_ (=] 0 o~ <© o < ) N — (=] I I
PR R R R R G S R G S S A S S
9182
12762 _
91 dMW —
62 '0€
s 1e 7 1
18— -—
65 e — —
92 1L —
8608 — -—
817211~ ]
V6521 1
€921 -
18221 |
98 221
20 821 —
Sz 821
€9 g€l -
6L 06T — —
98 €51 — -4
187601 — —

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

220

240 230



2000

TS0

FTo00

res00

Fenon

5500

-S000

rdaon

4000

Fa800

3000

2500

r2onn

1500

1000
S0

o]

1k
15

£3°

L
a6’

0g"

L e e iy gt . Y

g

B
o

Iy

%
3}

Fep’
Fog-

-

i

ek

0

g

1

1]

0.5

9.5 9.0 85 80 T35 TO0O 65 60 55 50 45 4.0 3.5 3.0 25 2.0

0.0

o o o o o o o 9 ==
S 2 2 & & © & & 2o 9o 2o 9o 2o 9o o o 9o S S
E & ®» ¥ & 4 = & & © & 2 =2 =2 & =S S B
- = 4 =~ 4 4 =4 = & ® &= © ®w» = ® & = o | |
1 1 1 1 1 ! ! I I I 1 1 ! | I ! ! !
6182
L€ 768
1L°62 V p—
91 0¢ /¢ =
€6 1€ E
V6 1€
o8 v — [——
866G — e 1
Le°LL—
L1708 — —
]
l—
——
——
-3
CLELT — -

30 20 0

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

200



12000

11000

10000

Q000

ranon

Tooo
reaon
5000
Fdaon
ranon

2000

1000
= 1000

Bk’

L
9s

B
g

.T
P
>
5

ff‘

8.0

o0

0.5

3.0 2.5 2.0

3.5

6.5 6.0 5.5 8.0 4.5
1 [ppm)

T.0

T.5

9.5 9.0 85

0.0

2600

2400

2200

2000

1800

r 1600

1400

1200

1000

800

600
400
200

200

86
9

L€

6L —
8 —

€L —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

200



—-200

= 5 5 = 5 = S = T =T 8 = & =< = E§ £ 8 8 88 € € g g g g g g g g ¢t g
oo e P M G Wy 0y B o B 900 ey By iy ol ) P A R R A U AR
e
5
i
[ =
L=
—_— — T 8787 ]
Tmmms i
o 187673 —_—
92 0¢ 77
= 6c 1€
£ 20 z¢
" 86 b — -
197 2= m._..o_../_
i 0966 — E—
M
LY Foeo| s 1
[ e
81E— —_ —_ Fuz:
=
= 18700 —
6z 08— -—
b=
18— ﬂ, -+ Mvta <
86 b f ‘r e ow
66 b w o
o

5.5

alay

L8R

7.0
B
=

/

T.5

==

- Im 10°9¢1 "
M £Lg

- w0z 6L°EVT —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190




s 2 g =2 2 8 8 = o
8 8 8 8 28 8 8 8 2 2 2 =2 8 2 2 8 = g
S 28 2 8 2 85 8 5§ 8 8 8 8 8 8 8 8 s g
2 B 8 § 8 8 2 5§ 8 8 8 8 8 8 g2 8 g =
O R s W A i Rk ki M Ty s Yt T M G Wl GO s A o S o A

|
|
92Ty

[ £ —_— —— Faz

be 17 lu

88T

|
i
[

88'2— / Th.

[ . )

b e = Fa

Bl E— —_— - 10

|
|
g9 _f * ﬁ-hm.

b6 b .

e e A 4 Foo

|
¥

0.0

0.5

4.0 3.5 3.0 2.5 2.0

4.5

5.5

b.0

=3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 m
=3 n = [Ye) (=3 [Ye) =3 w0 =] 2] (=3 rel (=3 w0 (=) [ts) —
) o~ ~ =] © w0 w0 < <+ ™ ) N N — — I I

R R O A R S A M R L
9182

VE 62

11623

11708 -F

8 1€

26°1€

1T —

166 —

92 1L —

91 08—
22 601
cp 011

i3

‘Lgl
‘Lgl
‘L3l
82T~k

821
621 7

011
w7

€6 °¢E1 —

LLEVT —
0S "9V —

3191 ~

26 €91 —

SFeLl —

130 120 110 100 90 80 70 60 50 40 30 20 0
1 (ppm)

140

190 180 170 160

200



40000
32000
36000
34000
32000
30000
28000
F2e000
rZ2doan
r22000
20000
12000
16000
14000
12000
r1a0a0n
—2000
1300
1200
1100
1000

ranoo
000
rdo00

2000
900
800
700
600
500

400
300
200
r 100
r-100

10

20

..u
=
=
5
9214 =
621 -
osrk T——— —= Fees WW WW
L m— Foosf = 2288
ey = - gt 87
a1 8¢
” 1L mm\
€608
5
i o v 9 b —
\ o =
|l o
P
“ 0fir
5
B
= 2L 6L —
. 66768 —
cgh— i
a5
26 F-l -k
05— e
80°5% &
a1 -
=
el Py
B9t -~
= 86 721
& v el
86121
S 20821
002 o 69821
i 1} s | wE
sz T
L - o
be L 2 6L GET
: 68 GE1
ag /- g 68 g€
%l ) 60 "9¢1
Py Sln €F '9¢e1
. s wwgf\
b L 08 "€b1
{3 R4l
o & 6187117,
et & 1L°€¢T
s
&
= 66°€LT —
-
| w
b

1.0

130 120 110 100 90 80 70 60 50 40 30
£1 (ppm)

140

180 170 160

190




L

Ta00

FToon

re 500

Fe 000
500

ra0on

F4500

4000

3500

rao0no

F2a00

2000

r1s0o
F1o00
0

raoo
r-500

25

8

[
o
o

e R A

ey

min e o

i

| 1/

L

K Fao

.

16’

Twro A

oo

o 5.9 5.0 4.3 4.0 ] 3.0 2.3
£1 [ ppm)

6.5

T.0

8.5

9

9.5

0.0

(=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 =] (=3 (=] =] 1= (=3 1= = =3 (=3 (=3 (=3 (=3 (=3 =]
[I=] = o o~ — =1 =1 =3 =1 (=3 (=3 =] (=3 (=3 (=] —
— — — — — — (=2} s3] o~ © [t = o N — (=] I
A LA P A G A A
]
V61 — —
12 82
Ve 62 % _
062 —3
TR \ 3
26 °1e
02 "9F — —
Ve e — -
€z Ll —~
€108 — -
i1libe —
20 €21 ]
I
-

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

220

240 230



= = = (=3 =3
g g = = = = = = = = = g
2 2 2 2 2 =1 = =1 = 2 2 =1 S S S S S S g S S g =
— = = = = = = = = = = Lol — (=) 0 ~ © " N o N — (=} I
- o 3 @ = I n i &l £l = = ! | 1 | | | | ) | 1 | N h
=
=
|
S
=
= 18z
Fros 1L6e
| €L°6C ——
- 91 °0¢ ¢ =
28 ,_m\
| = V6 1€
v

FL N =

3.0

: 2.5
<
3
o
=

I

|

05 'E—

g Forap
68 =

Fozs

3.5

69 08 —

4.0

-

4.5

f1 [ppm)

=
EBT[ W

5.5
=
IS

6.0

rd

6.5
0o
S&
o
=

88 €Sl —

86 19T ~
96 €91 —

99 'GLT —

9.5

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

200




8. HPLC traces of all compounds
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Cha!'ln.f.-l R_T _Area IATES Height
Description {min) | (i¥*sec) (F)
1|W24389 ChA 254nm | 6.168 15210 0.26 18582
2 |W2489 ChA 254nm | 6516 202973 350 21848
3| W2459 ChA 254nm | 9.411| 937519 | 16.16| 78806
4 | W2439 ChA 254nm | 13.748 | 4644596 | 80.08 | 200346
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Chapn?l RT Area o s He?ght
Description (min) | (#*sec) ]
1|W24589 ChA 254nm | 5.048 289760 1.91| 17580
2 | W2489 ChA 254nm | 8634 16518 0.11 1538
3 |W2489 ChA 254nm | 11.777| 2244345 1477 | 142690
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Channel Peak RT Area o Asoa Height
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Channgl RT Area o Arsa Height
Description {min) | (i sec) (1)

1| W2489 ChA 254nm | 5.444 147358 1.08| 13533

2 | W2489 ChA 254nm | 5730 625285 4.58| 63069

3| W2489 ChA 254nm | 8634 | 1469255( 10.77| 86098

4 | W2439 ChA 254nm [12.425 | 11398725 83.56 | 554087
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Channel Peak RT Area * Height
B : i o Area =
Description Name | (min) | (#"sec) (5%)
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Channel RT Area o Kioa Height
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Channel Peak RT Area % A Height
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Channel RT Area s Height
Description (min) | (#*sec) ()

W2489 ChA 254nm | 6.949 207032 1.28| 17802
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Channel Peak RT Area 9% Area Height
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Channel RT Area % Area Height
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T 2 s o Area :
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Channel Peak RT Area % Areia Height
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Channgl R_T Area . Height
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