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A: General Information and Starting Materials

General Information. Proton nuclear magnetic resonance (IH NMR) spectra and
carbon nuclear magnetic resonance (*C NMR) spectra were recorded on a Bruker
ACF300 spectrometer (500 MHz and 125 MHz). Chemical shifts for protons are
reported in parts per million downfield from tetramethylsilane and are referenced to
residual protium in the NMR solvent (DMSO-ds: 6 2.50; CDClj3: 8 7.26; (CD3),CO: &
2.05). Chemical shifts for carbon are reported in parts per million downfield from
tetramethylsilane and are referenced to the carbon resonances of the solvent (DMSO-
ds; 6 39.50; CDCls: 6 77.0; (CD3),CO: & 29.84, 206.26). Data are represented as
follows: chemical shift, integration, multiplicity (br = broad, s = singlet, d = doublet, t
= triplet, q = quartet, m = multiplet), coupling constants in Hertz (Hz). All high
resolution mass spectra were obtained on a Finnigan/MAT 95XL-T mass spectrometer.
For thin layer chromatography (TLC), Merck pre-coated TLC plates (Merck 60 F254)
were used, and compounds were visualized with a UV light at 254 nm. Flash
chromatography separations were performed on Merck 60 (0.040-0.063 mm) mesh
silica gel.

Starting Materials. All solvents, inorganic reagents were from commercial sources
and used without purification unless otherwise noted. N-alkoxycarbonyl ketimines
and 5H-thiazol-4-ones were prepared following the literature procedures.'?

B: General Procedure for Mannich-Type Addition Reaction

NBoc 0

Ar
Rzl Y o0 + N CPA-4 (1 mol%
i | R3 {1 mol%)
Z N Ar/LS
I\:{1 PhCF;, RT,5h
1 2

To a solution of PhCF;5 (0.3 mL) were added N-alkoxycarbonyl ketimines 1 (0.05
mmol), 5H-thiazol-4-ones 2 (0.06 mmol) and catalyst CPA-4 (0.0005 mmol). The
reaction mixture was stirred at room temperature for 5 h and then the solvent was
removed under vacuum. The residue was purified by silica gel chromatography to
yield the desired product 3.
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C: Characterization Data

tert-butyl ((S)-1-benzyl-3-((:S)-5-methyl-4-0x0-2-phenyl-4,5-dihydrothiazol-5-yl)-
2-oxoindolin-3-yl)carbamate (3aa)

White solid, 22.4 mg, 85% yield. '"H NMR (DMSO-ds, 500
MHz): & (ppm) 7.74-7.69 (m, 3H), 7.53-7.48 (m, 4H),
7.38-7.35 (m, 2H), 7.32-7.29 (m, 1H), 7.13-7.12 (m, 1H),
7.00-6.99 (m, 1H), 6.89-6.86 (m, 2H), 4.97 (br, 1H), 4.81 (br,
1H), 2.01 (s, 3H), 1.23 (s, 9H). *C NMR (DMSO-ds, 125
MHz): & (ppm) 195.9, 192.4, 173.2, 153.8, 144.0, 136.4, 131.2,
130.0, 129.9, 128.8, 128.6, 128.5, 128.0, 127.0, 122.9, 122.7, 109.4, 80.3, 66.3, 63.5,
43.9, 28.2, 20.1. HRMS (ESI): exact mass calculated for M" (C3oH3oN304S) requires
m/z 528.1952, found m/z 528.1946. The enantiomeric excess was determined to be
96% by HPLC. [ID column, 254 nm, n-hexane:EtOH = 85:15, 0.8 mL/min]: 20.4 min
(major), 26.1 min (minor).

tert-butyl ((S)-1-benzyl-5-fluoro-3-((S)-5-methyl-4-o0xo0-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ba)

White solid, 25.3 mg, 93% yield. '"H NMR (DMSO-ds, 500
MHz): 6 (ppm) 7.80-7.72 (m, 3H), 7.56-7.53 (m, 2H),
7.46-7.44 (m, 2H), 7.36-7.23 (m, 4H), 7.04 (s, 1H), 6.87 (br,
1H), 4.93 (br, 1H), 4.79 (br, 1H), 2.01 (s, 3H), 1.25 (s, 9H).
BC NMR (DMSO-ds, 125 MHz): & (ppm) 195.8, 191.6,
173.2, 158.4 (d, J = 945.0 Hz), 153.9, 140.3, 136.4, 136.2,
131.3, 129.9, 129.1, 128.8, 128.6, 128.4, 128.0, 116.2 (d, J = 95.0 Hz), 111.1 (d, J =
100.0 Hz), 110.3 (d, J = 30.0 Hz), 80.4, 66.5, 64.0, 44.0, 28.3, 20.3. HRMS (ESI):
exact mass calculated for M" (C30H20FN304S) requires m/z 546.1857, found m/z
546.1857. The enantiomeric excess was determined to be 90% by HPLC. [OD-H
column, 254 nm, n-hexane:EtOH = 95:5, 0.8 mL/min]: 14.9 min (minor), 16.5 min
(major).

tert-butyl((S)-1-benzyl-5-chloro-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothiaz
ol-5-yl)-2-oxoindolin-3-yl)carbamate (3ca)

White solid, 25.2 mg, 90% yield. '"H NMR (DMSO-ds, 500
MHz): & (ppm) 7.82-7.80 (m, 2H), 7.74-7.71 (m, 1H),
7.55-7.52 (m, 2H), 7.46-7.44 (m, 2H), 7.36-7.28 (m, 3H),
7.24-7.22 (m, 1H), 7.04 (s, 1H), 6.88 (br, 1H), 4.94 (br,
1H), 4.80 (br, 1H), 2.01 (s, 3H), 1.25 (s, 9H). *C NMR
(DMSO-ds, 125 MHz): & (ppm) 195.9, 191.5, 173.0, 153.9,
143.0, 136.4, 136.0, 131.3, 130.0, 129.8, 128.8, 128.7, 128.4, 128.0, 126.7, 123.2,
110.9, 80.5, 66.5, 63.9, 44.0, 28.3, 20.4. HRMS (ESI): exact mass calculated for M"
(C30H29CIN304S) requires m/z 562.1562, found m/z 562.1556. The enantiomeric
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excess was determined to be 93% by HPLC. [OD-H column, 254 nm, n-hexane:EtOH
=95:5, 0.8 mL/min]: 15.3 min (minor), 17.2 min (major).

tert-butyl ((S)-1-benzyl-5-bromo-3-((5)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3da)

White solid, 25.4 mg, 84% yield. "H NMR (DMSO-ds, 500
MHz): 6 (ppm) 7.82-7.80 (m, 2H), 7.74-7.71 (m, 1H),
7.56-7.53 (m, 2H), 7.45-7.43 (m, 2H), 7.36-7.28 (m, 4H),
7.15 (s, 1H), 6.82 (br, 1H), 4.92 (br, 1H), 4.77 (br, 1H),
2.00 (s, 3H), 1.24 (s, 9H). °C NMR (DMSO-ds, 125 MHz):
O (ppm) 1959, 191.5, 172.9, 153.9, 143.4, 136.4, 136.0,
132.6, 131.3, 130.0, 128.9, 128.7, 128.4, 128.0, 125.9, 114.3, 111.4, 80.5, 66.5, 63.8,
44.0, 28.3, 20.3. HRMS (ESI): exact mass calculated for M" (C30H29BrN;04S)
requires m/z 606.1057, found m/z 606.1050. The enantiomeric excess was determined
to be 96% by HPLC. [OD-H column, 254 nm, n-hexane:EtOH = 70:30, 0.8 mL/min]:
6.8 min (minor), 7.4 min (major).

tert-butyl ((S)-1-benzyl-5-methyl-3-((S)-5-methyl-4-o0xo-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ea)

White solid, 23.8 mg, 88% yield. '"H NMR (DMSO-ds, 500
MHz): 6 (ppm) 7.76-7.68 (m, 3H), 7.53-7.46 (m, 4H),
7.36-7.29 (m, 3H), 6.92-6.91 (m, 1H), 6.82 (s, 1H), 6.72 (br,
1H), 4.93 (br, 1H), 4.79 (br, 1H), 2.09 (s, 3H), 2.01 (s, 3H),
1.23 (s, 9H). *C NMR (DMSO-ds, 125 MHz): & (ppm)
196.0, 192.5, 173.1, 153.7, 141.6, 136.5, 136.3, 131.6, 131.3,
130.2, 130.0, 128.8, 128.6, 128.4, 127.9, 127.0, 123.5, 109.1, 80.3, 66.5, 63.6, 43.9,
28.3, 21.0, 20.2. HRMS (ESI): exact mass calculated for M" (C31H3,N304S) requires
m/z 542.2108, found m/z 542.2100. The enantiomeric excess was determined to be
93% by HPLC. [IA column, 254 nm, n-hexane:EtOH = 80:20, 0.8 mL/min]: 10.1 min
(minor), 10.9 min (major).

tert-butyl ((8)-1-benzyl-6-chloro-3-((S)-5-methyl-4-0xo0-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3fa)

White solid, 26.4 mg, 94% yield. '"H NMR (DMSO-ds, 500
MHz): & (ppm) 7.80-7.72 (m, 3H), 7.56-7.53 (m, 2H),
7.47-7.45 (m, 2H), 7.38-7.35 (m, 2H), 7.32-7.31 (m, 1H),
7.05-6.96 (m, 3H), 4.94 (br, 1H), 4.82 (br, 1H), 1.99 (s,
3H), 1.25 (s, 9H). °C NMR (DMSO-ds, 125 MHz): & (ppm)
195.8, 191.8, 173.3, 153.9, 145.5, 136.4, 136.0, 134.3,
131.3, 130.0, 128.9, 128.7, 128.4, 128.0, 126.1, 124.6, 122.4, 109.7, 80.4, 66.4, 63.5,
43.9, 28.3, 20.4. HRMS (ESI): exact mass calculated for M* (C30H29Cl N304S)
requires m/z 562.1562, found m/z 562.1560. The enantiomeric excess was determined
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to be 98% by HPLC. [OD-H column, 254 nm, n-hexane:EtOH = 95:5, 0.8 mL/min]:
11.2 min (minor), 14.9 min (major).

tert-butyl ((S)-1-benzyl-6-bromo-3-((5)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ga)

White solid, 28.7 mg, 95% yield. "H NMR (DMSO-ds, 500
MHz): 6 (ppm) 7.81-7.80 (m, 2H), 7.75-7.72 (m, 1H),
7.57-7.54 (m, 2H), 7.46-7.45 (m, 2H), 7.38-7.29 (m, 4H),
7.13-7.11 (m, 1H), 7.00-6.99 (m, 1H), 4.93 (br, 1H), 4.83
(br, 1H), 1.99 (s, 3H), 1.26 (s, 9H). °C NMR (DMSO-ds,
125 MHz): o (ppm) 200.6, 196.5, 178.0, 158.7, 150.4,
141.1, 140.8, 136.0, 134.7, 133.6, 133.5, 133.1, 132.8, 131.3, 130.1, 129.7, 127.5,
117.1, 85.1, 71.1, 68.3, 48.6, 33.0, 25.2. HRMS (ESI): exact mass calculated for M"
(C30H29BrN3;04S) requires m/z 606.1057, found m/z 606.1050. The enantiomeric
excess was determined to be 96% by HPLC. [IA column, 254 nm, n-hexane:EtOH =
85:15, 0.8 mL/min]: 12.6 min (minor), 14.1 min (major).

tert-butyl ((S)-1-benzyl-7-fluoro-3-((S)-5-methyl-4-o0xo-2-phenyl-4,5-dihydrothia
z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3ha)

White solid, 25.3 mg, 93% yield. '"H NMR (DMSO-ds, 500
MHz): & (ppm) 7.80-7.79 (m, 2H), 7.73-7.70 (m, 1H),
7.55-7.52 (m, 2H), 7.42-7.41 (m, 2H), 7.35-7.29 (m, 3H),
7.06-7.05 (m, 1H), 6.92-6.91 (m, 2H), 4.99 (br, 2H), 2.00 (s,
3H), 1.27 (s, 9H). *C NMR (DMSO-ds, 125 MHz): & (ppm)
195.7, 191.8, 173.2, 153.9, 146.8 (d, J = 965.0 Hz), 137.2,
136.4, 131.2, 130.4 (d, J = 35.0 Hz), 130.0, 128.8 (d, J = 45.0 Hz), 127.8, 123.8,
119.5, 118.2 (d, J = 75.0 Hz), 80.5, 66.4, 63.9, 45.8, 28.3, 20.2. HRMS (ESI): exact
mass calculated for M" (C30H290FN304S) requires m/z 546.1857, found m/z 546.1849.
The enantiomeric excess was determined to be 96% by HPLC. [IA column, 254 nm,
n-hexane:EtOH = 85:15, 0.8 mL/min]: 10.9 min (minor), 12.2 min (major).

tert-butyl ((S)-1-benzyl-7-chloro-3-((S)-5-methyl-4-o0xo-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ia)

White solid, 23.3 mg, 83% yield. '"H NMR (DMSO-ds, 500
MHz): & (ppm) 7.87-7.86 (m, 2H), 7.73-7.70 (m, 1H),
7.56-7.53 (m, 2H), 7.41-7.40 (m, 2H), 7.33-7.18 (m, 4H),
7.09-7.08 (m, 1H), 6.97-6.94 (m, 1H), 5.25-5.16 (m, 2H), 1.99
(s, 3H), 1.28 (s, 9H). °C NMR (DMSO-ds, 125 MHz): 8 (ppm)
195.7, 191.7, 174.0, 153.9, 139.9, 137.9, 136.4, 132.3, 131.3,
130.0, 128.7, 128.6, 127.4, 127.2, 124.1, 122.3, 114.4, 80.6, 66.5, 63.5, 45.4, 28.3,
20.5. HRMS (ESI): exact mass calculated for M" (C3oHCIN;O4S) requires m/z
562.1562, found m/z 562.1558. The enantiomeric excess was determined to be 94%
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by HPLC. [IA column, 254 nm, n-hexane:EtOH = 85:15, 0.8 mL/min]: 10.6 min
(minor), 13.3 min (major).

tert-butyl ((S)-1-methyl-3-((S)-5-methyl-4-o0xo0-2-phenyl-4,5-dihydrothiazol-5-yl)-
2-oxoindolin-3-yl)carbamate (3ja)
0 White solid, 20.5 mg, 91% yield. '"H NMR (DMSO-ds, 500
ph MHz): & (ppm) 7.87-7.86 (m, 2H), 7.73-7.70 (m, 1H),
7.53-7.50 (m, 2H), 7.24-7.21 (m, 1H), 6.98-6.90 (m, 3H), 3.12
(s, 3H), 1.99 (s, 3H), 1.21 (s, 9H). °C NMR (DMSO-ds, 125
\ MHz): & (ppm) 196.2, 192.5, 173.0, 153.7, 144.7, 136.4, 131.3,
130.2, 129.9, 129.6, 128.8, 125.2, 122.6, 108.7, 80.2, 66.1, 60.2, 28.2, 26.8, 20.1.
HRMS (ESI): exact mass calculated for M" (C14H26N304S) requires m/z 452.1639,
found m/z 452.1632. The enantiomeric excess was determined to be 94% by HPLC.
[OD-H column, 254 nm, n-hexane:EtOH = 70:30, 0.8 mL/min]: 5.5 min (minor), 8.2
min (major).

tert-butyl ((S)-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothiazol-5-yl)-2-oxo-1-p
henylindolin-3-yl)carbamate (3ka)

White solid, 23.3 mg, 91% yield. '"H NMR (DMSO-ds, 500
MHz): & (ppm) 7.95-7.93 (m, 2H), 7.75-7.72 (m, 1H),
7.60-7.53 (m, 4H), 7.48-7.45 (m, 1H), 7.40-7.38 (m, 2H),
7.17-7.12 (m, 2H), 6.96-6.95 (m, 1H), 6.63-6.62 (m, 1H), 2.02
(s, 3H), 1.26 (s, 9H). *C NMR (DMSO-ds, 125 MHz): & (ppm)
195.9, 192.1, 172.4, 154.0, 144.6, 136.4, 134.5, 131.4, 130.2,
129.9, 128.9, 128.7, 127.0, 123.5, 123.2, 109.1, 80.4, 66.5, 63.7, 28.3, 20.4. HRMS
(ESI): exact mass calculated for M" (C9H28N304S) requires m/z 514.1795, found m/z
514.1790. The enantiomeric excess was determined to be 94% by HPLC. [IA column,
254 nm, n-hexane:EtOH = 85:15, 0.8 mL/min]: 8.6 min (minor), 13.2 min (major).

Ph

tert-butyl ((S)-1-allyl-3-((S)-5-methyl-4-o0xo0-2-phenyl-4,5-dihydrothiazol-5-yl)-2-
oxoindolin-3-yl)carbamate (3la)

White solid, 21.7 mg, 91% yield. 'H NMR (DMSO-ds, 500
MHz): & (ppm) 7.87-7.85 (m, 2H), 7.73-7.70 (m, 1H),
7.54-7.51 (m, 2H), 7.20-7.17 (m, 1H), 7.02-7.01 (m, 1H),
6.92-6.86 (m, 2H), 5.86-5.79 (m, 1H), 5.42 (d, J = 20.0 Hz,
1H), 5.22 (d, J = 10.0 Hz, 1H), 4.39 (br, 1H), 4.20 (br, 1H),
2.00 (s, 3H), 1.20 (s, 9H). °C NMR (DMSO-ds, 125 MHz): &
(ppm) 198.2, 196.0, 172.7, 153.7, 143.9, 136.3, 132.1, 131.3, 130.0, 129.9, 128.7,
126.9, 122.8, 122.6, 118.1, 109.3, 80.2, 66.3, 63.6, 42.6, 28.2, 20.2. HRMS (ESI):
exact mass calculated for M" (Cy6H28N304S) requires m/z 478.1795, found m/z
478.1787. The enantiomeric excess was determined to be 96% by HPLC. [IA column,
254 nm, n-hexane:EtOH = 85:15, 0.8 mL/min]: 8.8 min (minor), 9.4 min (major).
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tert-butyl ((S)-1-benzyl-3-((S)-2-(4-fluorophenyl)-5-methyl-4-0x0-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ab)

White solid, 24.0 mg, 88% yield. '"H NMR (DMSO-ds,
500 MHz): o (ppm) 7.83-7.82 (m, 2H), 7.48-7.47 (m,
2H), 7.39-7.35 (m, 4H), 7.31-7.29 (m, 1H), 7.14-7.13
(m, 1H), 7.01-7.00 (m, 1H), 6.90-6.87 (m, 2H), 4.96 (br,
1H), 4.82 (br, 1H), 2.01 (s, 3H), 1.20 (s, 9H). °C NMR
(DMSO-ds, 125 MHz): o (ppm) 194.4, 192.1, 173.2,
167.0 (d, J = 1015.0 Hz), 153.8, 144.0, 136.4, 131.7 (d, J = 45.0 Hz), 130.0, 128.8,
128.4, 128.0, 122.9, 122.7, 117.3 (d, J = 40.0 Hz), 109.4, 80.3, 66.8, 63.6, 43.9, 28.2,
20.1. HRMS (ESI): exact mass calculated for M" (C30H29FN304S) requires m/z
546.1857, found m/z 546.1854. The enantiomeric excess was determined to be 96%
by HPLC. [ID column, 254 nm, n-hexane:EtOH = 85:15, 0.8 mL/min]: 17.0 min
(major), 18.6 min (minor).

tert-butyl ((S)-1-benzyl-3-((S)-5-methyl-4-0xo0-2-(p-tolyl)-4,5-dihydrothiazol-5-yl)
-2-oxoindolin-3-yl)carbamate (3ac)

White solid, 22.2 mg, 82% yield. '"H NMR (DMSO-ds,
500 MHz): 6 (ppm) 7.62-7.60 (m, 2H), 7.49-7.48 (m,
2H), 7.38-7.31 (m, 5H), 7.12-7.11 (m, 1H), 6.97-6.96
(m, 1H), 6.87-6.85 (m, 2H), 4.98 (br, 1H), 4.83 (br, 1H),
234 (s, 3H), 2.00 (s, 3H), 1.21 (s, 9H). “C NMR
(DMSO-ds, 125 MHz): & (ppm) 195.5, 192.6, 173.2,
153.7, 147.7, 144.0, 136.4, 130.5, 130.0, 128.8, 128.7, 128.5, 128.0, 127.0, 122.8,
122.7, 109.3, 80.3, 66.0, 63.5, 43.8, 28.2, 21.9, 20.1. HRMS (ESI): exact mass
calculated for M" (C31H3,N304S) requires m/z 542.2119, found m/z 542.2101. The
enantiomeric excess was determined to be 88% by HPLC. [ID column, 254 nm,
n-hexane:EtOH = 80:20, 0.8 mL/min]: 16.2 min (major), 24.3 min (minor).

tert-butyl ((S)-1-benzyl-3-((5)-2-(4-methoxyphenyl)-5-methyl-4-0x0-4,5-dihydrot
hiazol-5-yl)-2-oxoindolin-3-yl)carbamate (3ad)

White solid, 24.6 mg, 85% yield. '"H NMR (CDCls,

500 MHz): & (ppm) 7.71-7.70 (m, 2H), 7.51-7.49 (m,

OMe 2H), 7.38-7.31 (m, 3H), 7.10-7.04 (m, 2H),
6.96-6.94 (m, 1H), 6.85-6.78 (m, 3H), 6.65 (br, 1H),

\ 5.15 (br, 1H), 4.84 (br, 1H), 3.83 (s, 3H), 2.14 (s,
Bn 3H), 1.33 (s, 9H). °C NMR (CDCls, 125 MHz): &

(ppm) 195.2, 194.1, 173.2, 165.8, 153.9, 143.5, 135.9, 131.1, 129.6, 128.6, 128.0,
127.6, 126.6, 124.0, 122.7, 114.4, 108.7, 80.5, 65.8, 63.1, 55.7, 44.4, 28.2, 20.1.
HRMS (ESI): exact mass calculated for [MJrNa]+ (C31H31N3NaOsS) requires m/z
580.1882, found m/z 580.1868. The enantiomeric excess was determined to be 94%
by HPLC. [ID column, 254 nm, n-hexane:EtOH = 85:15, 0.8 mL/min]: 11.8 min
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(major), 16.1 min (minor).

tert-butyl ((S)-1-benzyl-3-((S)-2-(3-fluorophenyl)-5-methyl-4-0x0-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ae)

F  White solid, 24.0 mg, 88% yield. '"H NMR (DMSO-ds,
\>\© 500 MHz): o (ppm) 7.57-7.47 (m, 6H), 7.37-7.28 (m, 3H),

7.15-7.14 (m, 1H), 7.03-7.02 (m, 1H), 6.91-6.88 (m, 2H),
4.96 (br, 1H), 4.81 (br, 1H), 2.02 (s, 3H), 1.23 (s, 9H). °C
NMR (DMSO-ds, 125 MHz): 6 (ppm) 194.7, 192.0, 173.2,
162.4 (d, J=980.0 Hz), 153.8, 143.9, 136.4, 133.3 (d, J =
30.0 Hz), 132.2 (d, J = 30.0 Hz), 130.0, 128.8, 128.5, 127.9, 124.8, 123.1 (d, J = 80.0
Hz), 122.7, 114.8 (d, J = 90.0 Hz), 109.4, 80.3, 67.0, 63.6, 43.9, 28.2, 20.1. HRMS
(ESI): exact mass calculated for M" (C30H290FN304S) requires m/z 546.1857, found
m/z 546.1863. The enantiomeric excess was determined to be 94% by HPLC. [ID

column, 254 nm, n-hexane:EtOH = 80:20, 0.8 mL/min]: 12.7 min (major), 19.3 min
(minor).

tert-butyl ((S)-1-benzyl-3-((S)-2-(3-bromophenyl)-5-methyl-4-o0xo0-4,5-dihydrothi
azol-5-yl)-2-oxoindolin-3-yl)carbamate (3af)

gr White solid, 28.7 mg, 95% yield. '"H NMR (DMSO-ds,
500 MHz): & (ppm) 7.91-7.90 (m, 1H), 7.78-7.73 (m,
2H), 7.49-7.47 (m, 3H), 7.38-7.31 (m, 3H), 7.16-7.15 (m,
1H), 7.02-7.01 (m, 1H), 6.91-6.89 (m, 2H), 4.97 (br, 1H),
478 (br, 1H), 2.01 (s, 3H), 1.21 (s, 9H). >C NMR
(DMSO-ds, 125 MHz): & (ppm) 194.4, 191.8, 173.2,
153.8, 143.9, 138.7, 136.4, 133.2, 132.1, 130.5, 130.0, 128.8, 128.6, 128.0, 127.6,
123.1, 123.0, 122.7, 109.4, 80.3, 67.0, 63.6, 43.9, 28.2, 20.0. HRMS (ESI): exact
mass calculated for M" (C30H29BrN304S) requires m/z 606.1057, found m/z 606.1044.
The enantiomeric excess was determined to be 92% by HPLC. [ID column, 254 nm,
n-hexane:EtOH = 85:15, 0.8 mL/min]: 17.2 min (major), 20.4 min (minor).

tert-butyl ((S)-1-benzyl-3-((S)-2-(3-methoxyphenyl)-5-methyl-4-0x0-4,5-dihydrot
hiazol-5-yl)-2-oxoindolin-3-yl)carbamate (3ag)

OMe White solid, 24.8 mg, 89% yield. '"H NMR (CDCl;,
>\© 500 MHz): & (ppm) 7.51-7.49 (m, 2H), 7.38-7.35 (m,

2H), 7.32-7.30 (m, 2H), 7.28-7.23 (m, 2H), 7.12-7.06
(m, 3H), 6.87-6.80 (m, 2H), 6.68 (s, 1H), 5.18 (br, 1H),
4.85 (br, 1H), 3.77 (s, 3H), 2.15 (s, 3H), 1.33 (s, 9H).
BC NMR (CDCls, 125 MHz): & (ppm) 197.0, 194.2,
173.1, 159.8, 153.8, 143.5, 135.8, 132.6, 129.9, 129.7, 128.6, 128.1, 127.7, 122.8,

122.6, 122.3, 121.1, 112.4, 108.8, 80.6, 66.0, 63.0, 55.6, 44.4, 28.2, 19.9. HRMS
(ESI): exact mass calculated for M" (C31H3,N305S) requires m/z 558.2057, found m/z
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558.2052. The enantiomeric excess was determined to be >99% by HPLC. [ID
column, 254 nm, n-hexane:EtOH = 85:15, 0.8 mL/min]: 15.2 min (minor), 21.0 min
(major).

tert-butyl ((S)-1-benzyl-3-((S)-2-(2-fluorophenyl)-5-methyl-4-0x0-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ah)

White solid, 25.1 mg, 92% yield. '"H NMR (DMSO-ds, 500
MHz): & (ppm) 7.98-7.95 (m, 1H), 7.74-7.71 (m, 1H),
7.47-7.45 (m, 2H), 7.40-7.25 (m, 6H), 7.14-7.13 (m, 1H),
7.02-7.01 (m, 1H), 6.91-6.83 (m, 2H), 5.00 (br, 1H), 4.77
(br, 1H), 2.01 (s, 3H), 1.23 (s, 9H). °C NMR (DMSO-ds,
125 MHz): & (ppm) 191.8, 191.2, 173.2, 162.1 (d, J =
1030.0 Hz), 153.8, 144.1, 138.2 (d, J = 35.0 Hz), 136.4, 131.0, 130.1, 128.8, 128.1,
127.9, 126.0, 122.7, 119.2 (d, J = 35.0 Hz), 117.5 (d, J = 90.0 Hz), 109.3, 80.3, 64.6,
63.5, 44.0, 28.2, 19.9. HRMS (ESI): exact mass calculated for M" (C30H20FN304S)
requires m/z 546.1857, found m/z 546.1854. The enantiomeric excess was determined
to be 90% by HPLC. [IA column, 254 nm, n-hexane:EtOH = 85:15, 0.8 mL/min]:
16.6 min (minor), 22.2 min (major).

tert-butyl ((S)-1-benzyl-3-((S)-5-methyl-4-0xo0-2-(pyridin-2-yl)-4,5-dihydrothiazol
-5-yl)-2-oxoindolin-3-yl)carbamate (3ai)

White solid, 23.5 mg, 89% yield. '"H NMR (DMSO-ds, 500
N= MHz): & (ppm) 8.72-8.71 (m, 1H), 8.12-8.11 (m, 1H),
\ / 8.02-7.99 (m, 1H), 7.72-7.69 (m, 1H), 7.48-7.46 (m, 2H),

7.34-7.27 (m, 3H), 7.11-7.10 (m, 1H), 7.02-7.01 (m, 1H),

6.89-6.88 (m, 1H), 6.77-6.76 (m, 1H), 4.93 (br, 2H), 2.00

(s, 3H), 1.24 (s, 9H). °*C NMR (DMSO-ds, 125 MHz): &
(ppm) 198.0, 193.3, 173.4, 153.8, 150.9, 148.1, 144.1, 138.7, 136.4, 130.2, 130.0,
128.8, 128.1, 127.8, 123.6, 122.7, 110.0, 109.4, 80.2, 65.0, 43.9, 28.3, 26.8, 20.2.
HRMS (ESI): exact mass calculated for M" (C29H29N404S) requires m/z 529.1904,
found m/z 529.1897. The enantiomeric excess was determined to be 98% by HPLC.
[ID column, 254 nm, n-hexane:EtOH = 60:40, 0.8 mL/min]: 9.3 min (minor), 11.9
min (major).

tert-butyl ((S)-1-benzyl-3-((S)-5-methyl-4-0x0-2-(thiophen-2-yl)-4,5-dihydrothiaz
0l-5-yl)-2-oxoindolin-3-yl)carbamate (3aj)

White solid, 21.9 mg, 82% yield. '"H NMR ((CD3),CO, 500
S<, MHz): & (ppm) 8.10-8.09 (m, 1H), 7.70-7.59 (m, 3H),
\_!| 7.41-733 (m, 3H), 7.24-7.22 (m, 1H), 7.12-7.03 (m, 3H),
6.88-6.80 (m, 2H), 5.03 (br, 2H), 2.14 (s, 3H), 1.32 (s, 9H).
BC NMR ((CDs),CO, 125 MHz): & (ppm) 193.4, 187.6,
173.2, 154.1, 144.6, 138.6, 136.7, 135.7, 135.2, 130.1, 130.0,
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128.9, 128.4, 127.9, 122.7, 109.3, 80.4, 66.7, 63.5, 44.2, 27.9, 19.9. HRMS (ESI):
exact mass calculated for M" (CogH2sN304S;) requires m/z 534.1516, found m/z
534.1511. The enantiomeric excess was determined to be 94% by HPLC. [ID column,
254 nm, n-hexane:EtOH = 60:40, 0.8 mL/min]: 9.8 min (minor), 10.6 min (major).

tert-butyl ((S)-1-benzyl-3-((S)-5-ethyl-4-oxo0-2-(pyridin-2-yl)-4,5-dihydrothiazol-5
-yl)-2-oxoindolin-3-yl)carbamate (3ak)

White solid, 23.3 mg, 86% yield. '"H NMR (DMSO-ds, 500
N= MHz): § (ppm) 8.73-8.72 (m, 1H), 8.11-8.10 (m, 1H),
\ / 8.02-7.99 (m, 1H), 7.72-7.69 (m, 1H), 7.46-7.45 (m, 2H),

7.34-7.25 (m, 3H), 7.11-7.01 (m, 2H), 6.89-6.75 (m, 2H),
\ 4.92 (br, 2H), 2.69-2.65 (m, 2H), 1.23 (s, 9H), 0.70 (t, J =

Bn 10.0 Hz, 3H). >)C NMR (DMSO-ds, 125 MHz): & (ppm)
199.1, 192.7, 173.3, 153.8, 151.0, 148.0, 144.1, 138.7, 136.4, 130.2, 130.0, 128.8,
128.0, 127.8, 127.2, 123.6, 122.6, 109.4, 80.2, 71.4, 64.3, 43.9, 28.2, 24.3, 8.9. HRMS
(ESI): exact mass calculated for M" (C30H31N404S) requires m/z 543.2061, found m/z
543.2057. The enantiomeric excess was determined to be 66% by HPLC. [ID column,
254 nm, n-hexane:EtOH = 60:40, 0.8 mL/min]: 8.4 min (minor), 12.4 min (major).
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D: Gram-scale Reaction

NBoc
0
0 + jg\ standard conditions Ph
N\B s~ Ph >20:1 dr
1a n 2a |
1.5 mmol (5610.0 mg) 1.8 mmol {(343.8 mg) 3aa BN

656.1 mg, 83% yield, 96% ee

To a solution of PhCF; (9.0 mL) were added N-alkoxycarbonyl ketimines 1a (510.0
mg, 1.5 mmol), SH-thiazol-4-ones 2a (343.8 mg, 1.8 mmol) and catalyst CPA-4 (11.4
mg, 0.015 mmol). The reaction mixture was stirred at room temperature for 5 h. The
solvent was evaporated to give the crude product, which was purified by silica gel
chromatography to give the desired product 3aa as a white solid (656.1 mg, 83% yield,
96% ee).
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E:The Synthetic Transformations

NaOH
EtOH, RT

4aa |
70% yield, 92% ee Bn

To a solution of 3aa (0.1 mmol) in EtOH (1 mL) were slowly added benzyl bromide
(0.25 mmol) and 2.5 N NaOH (0.05 mL). The reaction mixture was stirred at room
temperature for 36 h. After adjusting pH to 2 with 1 N KHSO,, the reaction mixture
was extracted with CH,Cl,. The combined organic layers were then dried over with
Na;SO4 and were removed under vacuum to give the crude product, which was
purified by silica gel chromatography to provide the desired product 4aa as a white
solid (18.2 mg, 70% yield, 92% ee).

tert-butyl((S)-3-((S)-1-amino-2-(benzylthio)-1-oxopropan-2-yl)-1-benzyl-2-oxoind
olin-3-yl)carbamate (4aa)

White solid, 18.2 mg, 70% yield. '"H NMR (CDCls, 500 MHz): &
(ppm) 7.49-7.48 (m, 2H), 7.31-7.30 (m, 2H), 7.24-7.23 (m, SH),
7.18-7.15 (m, 1H), 7.07-7.06 (m, 2H), 6.96-6.93 (m, 1H),
6.66-6.64 (m, 1H), 5.30-5.27 (m, 1H), 4.69 (br, 1H), 3.64 (d, J =
15.0 Hz, 1H), 3.41 (d, J = 15.0 Hz, 1H), 1.98 (s, 3H), 1.27 (s,
9H). *C NMR (CDCls, 125 MHz): & (ppm) 174.8, 173.9, 153.9,
144.5, 136.0, 135.8, 129.6, 129.0, 128.7, 128.5, 127.8, 127.6, 127.3, 124.2, 122.3,
108.9, 80.0, 64.7, 57.9, 44.8, 34.8, 28.2, 19.5. HRMS (ESI): exact mass calculated for
M (C30H34N304S) requires m/z 532.2265, found m/z 532.2261. The enantiomeric
excess was determined to be 92% by HPLC. [ID column, 254 nm, n-hexane:EtOH =
60:40, 0.8 mL/min]:13.2 min (minor), 17.8 min (major).
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tert-butyl((S)-3-((S)-1-amino-2-(benzylthio)-1-oxopropan-2-yl)-1-benzyl-2-oxoind

olin-3-yl)carbamate (4aa)

YWD A, Wavelength=254 nm (HuangQiuhong'20171114\088A-3.D)
mAU 7]
(0]
600 NH,
BocHN
SBn
500 0 3
N
400 én f \
|1 @
i o
| B =
1 1 I
[l il !
200 “ | !al i
|| | o\
100 () I \
| ‘ W ‘I ‘II'\ ] \.\
o N~ SN . "SR SR
0 - 5 10 15 2 %5 min
# Time Area Height Width Symmetry Area %
13.244 21728.2 4353 0.7793 0.388 49914
2 18.508 21803.4 299.7 1.0477 0.265 50.086
VWD1 A, Wavelength=254 nm {HuangQiuhong\20171114\10086.D)
mAU ]
300
250 NH -
SBn o
200 .
'
150 lé II.
[
100 ||
I
! \
50 @ | !
| S [\
i Jn-“-,\.,l'ul l‘\_ e L/:\\,r - / \_, o
5 - 10 15 2 %5 i
# Time Area Height Width Symmetry Area %
13.269 598.3 17.1 0.5848 0.683 3.795
2 17.844 15165.4 210.7 1.0917 0.451 96.205
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tert-butyl((S)-3-((S)-1-amino-2-(benzylthio)-1-oxopropan-2-yl)-1-benzyl-2-oxoind

olin-3-yl)carbamate (4aa)

_~5.30

=~5.27

/

k

HH

5

‘LA )—’\km_/‘ e ha

|
D UL 1T, sz
, iy L
EZE E
T T
8.0 .5 7.0 6 6.0

~173.87

1747
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F: HPLC Analysis

tert-butyl ((S)-1-benzyl-3-((.S)-5-methyl-4-o0x0-2-phenyl-4,5-dihydrothiazol-5-yl)-
2-oxoindolin-3-yl)carbamate (3aa)

VWD1 A, Wavelength=254 nm (HuangQiuhong'20170926\034A.D)
mAU ]
250 g
] © N |
] \ \
s66] BocHN S>\Ph MI
] | “
: © |
150+ N “ 3
] Bn ‘ " &
R
50—: ‘| L\‘ \I
| IR
] | | \
0 _: R - S A_iJ\JA\/\., B _¥,,i 7\,7 _.JJ 7\\- = __ |
R T T
# Time Area Height Width Symmetry Area %
1 19.076 9623.3 248.8 0.5862 0.433 50.738
2 22.189 9343 .4 130.5 1.1929 0.326 49.262
VWD1 A, Wavelength=254 nm (HuangQiuhong'20171008\050-1.D)
mAu’: =
1750% %
1 M\
1500 “ “.‘
] B
1250 Ph ‘ |
1000—5 ‘ ‘
750 ‘ I‘Sa‘
500—2 ‘ \
250—5 | I\"‘\‘ «
] ‘ \ o
0] MY G \SE S )| \‘_ ‘._./;ﬁ'-«
R T T T
# Time Area Height Width Symmetry Area %
20.43 110774.1 1731.7 0.8893 0.199 97.943
2 26.123 2326.5 333 1.164 0.563 2.057
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tert-butyl ((S)-1-benzyl-5-fluoro-3-((S)-5-methyl-4-o0xo-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ba)

VWD1 A, Wavelength=254 nm (HuangQiuhong\20171106\076A.D)
mAU__
2500 3 &
] O P8
\ f N\
2000 — BochN S>\ °h |'I ‘|| II I‘|
© N
1500-] N | ‘. | |‘
] Bn i ]
| |
1000-] || !; || !‘.
] | iII ‘| IiII
500 -| [ |
7 | II". I! III,‘
| \ .I \
L'I—- T R I L.;'ll r — \‘ _— S
25 5 75 10 125 B AR R
# Time Area Height Width Symmetry Area %
1 15.684 92821.2 2231.6 0.6932 0.561 48.921
2 17.42 96915.3 2201.9 0.7336 0.617 51.079
YWD1 A, Wavelength=254 nm (HuangQiuhong\201710241078A.D)
mAU 7|
2000 =
Ph i
1500 || Iii
i
!l
&
1000 | I|
L
e
it
500 o
[
X I \
\ - | X
01— I~ \‘ — A ‘\,_
0 25 ; 75 10 15 175 P i
# Time Area Height Width Symmetry Area %
1 14.874 3593.8 47.7 1.0294 0.56 4.909
2 16.474 69609.7 1749.1 0.6133 0.798 95.091
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tert-butyl ((S)-1-benzyl-5-chloro-3-((8)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia
zo0l-5-yl)-2-oxoindolin-3-yl)carbamate (3ca)

VWD1 A, Wavelength=254 nm (HuangQiuhong\20171026\076B.0)
mAU -
600{
500 0 N
] \
BocHN Ph
] Cl s>\ 5 g
400 © £
] o i |'r"I
N I I
] \ 1) ||
3007 Bn [ [
B I I|
200+ I '|‘ | |II
[ .
] B -
100+ [\ { |\
1 . P NS | i S e N L -
P R A R T ‘15 qis BN mir]
# Time Area Height Width Symmetry Area %
1 15.471 15600 378.2 0.6232 0.628 49.001
2 17.469 16236.2 380.2 0.6462 0.744 50.999
VWD A, Wavelength=254 nm (D\CHEM3IZTDATAHUANGQIUHONGZ0171116W0768.0)
mAU ]
4000—2 -
3500—5 %
; A
3000 \
] |
] | I|
2500 [
] | |
2000 |
] [ |
1500 ] il |
] ||
1000 |
] [
500 g ! H'-.
07 - _ o o ?\ JIII I\,_
25 5 7's " 125 15 s d D5
# Time Area Height Width Symmetry Area %
1 16.461 6216.8 134 0.6952 0.709 3.455
2 18.340 173717 3464.9 0.7769 0.616 96.545
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tert-butyl ((S)-1-benzyl-5-bromo-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3da)

VWD 1 A, Wavelength=254 nm (HuangQiuheng\20171026\071C.D)
mAU 7]

1750—5
1500—: 1
z Oyn I
1250 BocHN >\Ph (| f
] Br S
1000 O b1 L
?50—2 Bn il i
500—5
250—5 \

| \ \
/ N P . .

0 S : —_—

. . ‘ . . . . . ‘ . . ; . . . ‘ .
2 4 6 8 10 mir]

# Time Area Height Width Symmetry Area %
6.660 22347.5 1505.2 0.2282 0.757 49.164
2 7.342 23107.5 1369.9 0.2598 0.789 50.836

VWD1 A, Wavelength=254 nm (D:\CHEM32\T\DATAHUANGQIUHONG'20171024\077C.D)
mAU ]

3500 |
3000
2500

2000

1500 [ ]
1000 \

500 1

6.757

# Time Area Height Width Symmetry Area %
6.757 1615.5 110.3 0.244 0.888 2.104
2 7.413 75152.6 3790.5 0.3304 0.744 97.896
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tert-butyl ((S)-1-benzyl-5-methyl-3-((S)-5-methyl-4-o0xo-2-phenyl-4,5-dihydrothia
z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3ea)

VWD1 A, Wavelength=254 nm (HuangQiuhong'20171026\071E.D)

mAU ]
3000{ § ?
7 o .
2500 N “ }‘I‘
BocHN \>\Ph o
2000 S |
] © e
i N 4 | l\
1500 \ 1
] Bn |
[ | |
1000 | \I ‘ l‘
] L1
4 | I\ | I‘
500 ]
: BYR
5 A N / N \
S Y S S S S /S
# Time Area Height Width Symmetry Area %
1 9.892 58768.8 29114 0.3135 0.574 49.889
2 10.772 59031.3 3001 0.2994 0.511 50.111
VWD1 A, Wavelength=254 nm (DACHEM32\I\DATAHUANGQIUHONG\20171116\077E.D)
mAU 7]
] 2
3000 =
j i
_ |
ZSUUT ill
. !l
1 |
2000+ | |
1
| I
1500 - [
] [
] B
1[]00—_ ‘ l‘
] |
500 I |
% [
0 —— BSC— S St A .
3 1 6 8 o R
# Time Area Height Width Symmetry Area %
9.866 2133.7 97.8 0.3186 0.658 3.551
2 10.563 57955.7 2974.6 0.2984 0.625 96.449
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tert-butyl((S)-1-benzyl-6-chloro-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothiaz

o0l-5-yl)-2-oxoindolin-3-yl)carbamate (3fa)

VWD1 A, Wavelength=254 nm (D\CHEM321 \DATAHUANGQIUHONG\201711081076C D)
mAU ]
800 g
O ,"‘w @
N | :
BocHN >\Ph [ N
600 S || | !.' |
0 | A
cl N g [ 1
400 Bn l‘ | f .‘
| :l Ill |
II ‘ ,II =|
T [
200 | [ | |
| "\ "\
0 ————e / e \\~— —_—
0 2 4 6 B 10 12 14 16 8 il
# Time Area Height Width Symmetry Area %
1 11.054 30553.1 775 0.6272 1.211 50.001
2 14.809 30552.4 656.4 0.725 0.905 49.999
YWD1 A, Wavelength=254 nm (HuangQiuheng\201710241078C.D)
mAU ] —
800 ||i ‘.
[
| |
Ph i
o
|
400 |
(i
|| III
200 |I \
!I |
."'f\‘. § ,I‘ L'\I
0 s sl Y Jme o sl N S
0 2 4 5 B 10 12 14 15 8 min
# Time Area Height Width Symmetry Area %
1 11.203 320.6 12.8 0.3906 0.853 0.938
2 14.901 33846.9 878.5 0.5925 0.656 99.062
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tert-butyl ((S)-1-benzyl-6-bromo-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ga)

VWDT A, Wavelength=254 nm (D\CHENGBATDATAHUANGQIUHONG 201711060760 D)
mAU
1400
1200 % §
O N F', I\“i.
1000 BocHN S>\Ph [ "I lil {
|| \
|| { il
800-] 0 .l ‘I ‘ i|
Br N i o |
600-| Bn .
[ | (|
A ||
400 | 'i ( \
| !I ‘I |
- n
200 ! | 3
/ / \
T Ty - = L s
I T [ [ [ I [ T I [ T T T
0 2 4 6 10 12 14 16 18 i
# Time Area Height Width Symmetry Area %
1 12.550 43243.7 1140.2 0.6025 0.856 49.751
2 14.052 43676.4 1174.2 0.576 0.711 50.249
VWD1 A, Wavelength=254 nm (HuangQiuhong\20171024\078D.D)
mAU |
800; ;_
] |i‘l‘|
600 (|
J ‘ |
| |
400—_ ‘ I\
n
||
200 ,‘ ‘.‘
O; e N — _A_A.L— j‘ \-7_ I R
0 3 4 8 10 T " "B m
# Time Area Height Width Symmetry Area %
1 12.646 471.5 21.3 0.3689 0.929 2.193
2 14.112 21033.7 756.5 0.4194 0.698 97.807
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tert-butyl ((S)-1-benzyl-7-fluoro-3-((S)-5-methyl-4-o0xo-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ha)

mAU 7]

VWD1 A, Wavelength=254 nm (DACHEM32\T\DATA\HUANGQIUHONG\20171026\07 1F D)

1750 TI
) N |!| g
s BocHN S>\Ph | || |
1250 o : | I‘|i
N | |
1000 | \ | |
F Bn | I | ||
750 | 'I [
. |
500 | | | |
| [ ]
| |' |
250 | [
| | | i
= A | \
o e, _// \\_____u . F-/J R S
0 T T T 16 mir
# Time Area Height Width Symmetry Area %
1 11.097 29771.3 1781.3 0.258 0.789 49.626
2 12.472 30219.9 1505.9 0.3345 0.674 50.374
VWD1 A, Wavelength=254 nm (HuangQiuhong\20171024\077F.D)
mAU ]
4000 g
i | |
3000 |
| ‘ |
!
2000 | ||
' |
fis il
] |
1000 | ||
o - ~ = P
N T T T R 16 min
# Time Area Height Width Symmetry Area %
1 10.853 2137.3 106.3 0.2976 1.251 2.164
2 12.216 96634.1 3861.2 0.3908 0.559 97.836
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tert-butyl ((S)-1-benzyl-7-chloro-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ia)

YWD1 A, Wavelength=254 nm (HuangQiuheng\20171026\071G.D)
mAU
1750
1500 © N 8
BocHN >\Ph 'F’-
1250 S |
0 I .
1000 N I 8
B fl
750 Cl : | |‘ l‘ \
| |
5004 | Ii I! ||.
| | ‘ '|‘
250 II |‘ i' \
| i III I"\
0 GAT 2§ G N, W gss ol e el
3 A 6 8 10 & 14 16 min
# Time Area Height Width Symmetry Area %
1 10.883 21878.5 1312.3 0.2507 0.824 50.102
2 13.652 21789.1 891.7 0.3546 0.627 49.898
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tert-butyl ((5)-1-methyl-3-((S)-5-methyl-4-o0xo0-2-phenyl-4,5-dihydrothiazol-5-yl)-

2-oxoindolin-3-yl)carbamate (3ja)

VWD A, Wavelength=254 nm (HuangQiuhong\20171020007 1A-4.0)
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tert-butyl ((S)-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothiazol-5-yl)-2-oxo-1-p

henylindolin-3-yl)carbamate (3ka)

YWD1 A, Wavelength=254 nm (HuangQiuhong'20171020007 18-4.D)
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tert-butyl ((S)-1-allyl-3-((S)-5-methyl-4-0x0-2-phenyl-4,5-dihydrothiazol-5-yl)-2-

oxoindolin-3-yl)carbamate (3la)

VWD1 A, Wavelength=254 nm (HuangQiuhong\20171223\128B-1.D)
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VWD1 A, Wavelength=254 nm (HuangQiuhong\20171223\127B.D)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(4-fluorophenyl)-5-methyl-4-0x0-4,5-dihydro
thiazol-5-yl)-2-oxoindolin-3-yl)carbamate (3ab)

VWD1 A, Wavelength=254 nm (HuangQiuhong\201710091052A-1.0)
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YWD1 A, Wavelength=254 nm (HuangQiuheng'20171009\051A.D)
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tert-butyl ((S)-1-benzyl-3-((S)-5-methyl-4-0x0-2-(p-tolyl)-4,5-dihydrothiazol-5-yl)
-2-oxoindolin-3-yl)carbamate (3ac)

VYWD1 A, Wavelength=254 nm (DACHEM32\T\DATA\HUANGQIUHONG\20171026\052D D)
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VWD1 A, Wavelength=254 nm (HuangQiuhong201710091051D.D)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(4-methoxyphenyl)-5-methyl-4-0x0-4,5-dihydrot
hiazol-5-yl)-2-oxoindolin-3-yl)carbamate (3ad)

VWD A, Wavelength=254 nm (HuangQiuhong\20171009\052C-1-1.0)
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VYWD1 A, Wavelength=254 nm (HuangQiuhong\20171016\051C.D)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(3-fluorophenyl)-5-methyl-4-0x0-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ae)

VWD1 A, Wavelength=254 nm (HuangQiuhong\20171009\052E-1.D)
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YWD1 A, Wavelength=254 nm (HuangQiuhong'2017 1009\051E.D)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(3-bromophenyl)-5-methyl-4-o0x0-4,5-dihydrothi
azol-5-yl)-2-oxoindolin-3-yl)carbamate (3af)

VWD1 A, Wavelength=254 nm (HuangQiuhong\20171020'0736.D)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(3-methoxyphenyl)-5-methyl-4-0x0-4,5-dihydrot
hiazol-5-yl)-2-oxoindolin-3-yl)carbamate (3ag)

YWD1 A, Wavelength=254 nm (DACHEM32\1\DATAIHUANGQIUHONG\20171012054B.D)
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YWD1 A, Wavelength=254 nm (HuangQiuhong\20171013W053B.D)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(2-fluorophenyl)-5-methyl-4-0x0-4,5-dihydrothia

zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ah)

YWD1 A, Wavelength=254 nm (HuangQiuhong'20171104\054C-1.D)
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VWD1 A, Wavelength=254 nm {HuangQiuheng\20171116\053C.D)
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tert-butyl ((S)-1-benzyl-3-((S)-5-methyl-4-0xo0-2-(pyridin-2-yl)-4,5-dihydrothiazol
-5-yl)-2-oxoindolin-3-yl)carbamate (3ai)

VWD1 A, Wavelength=254 nm (HuangQiuhong201710131056A.D)
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1 9.255 12902.3 687.6 0.2698 0.666 49.169
2 13.025 13338.7 255.8 0.7595 0.348 50.831
VWD1 A, Wavelength=254 nm (HuangQiuhong\20171013\055A D)
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tert-butyl ((S)-1-benzyl-3-((S)-5-methyl-4-oxo-2-(thiophen-2-yl)-4,5-dihydrothiaz
ol-5-yl)-2-oxoindolin-3-yl)carbamate (3aj)

VWDT A, Wavelength=254 nm (D\CHENGBATDATAHUANGQIUHONG 2017 10120056C D)
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YWD1 A, Wavelength=254 nm (HuangQiuheng\201710131055C.D)
mAU 7]
2500 ﬁ
S ‘
2000 \ / ‘ "i
1500 '.i
1000 I'[
500 u
% | II'\
. _ DS . W . T -
0 2 4 6 8 " 10 I 14
# Time Area Height Width Symmetry Area %
1 9.768 23314 125.2 0.2802 0.618 2.831
2 10.604 80011.4 2597.7 0.4523 0.268 97.169

S35



tert-butyl ((S)-1-benzyl-3-((S)-5-ethyl-4-oxo0-2-(pyridin-2-yl)-4,5-dihydrothiazol-5
-yl)-2-oxoindolin-3-yl)carbamate (3ak)

YWD1 A, Wavelength=254 nm (HuangQiuhong\201711021092C.D)
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VWDT A, Wavelength=254 nm (DACHEMGZTDAT AHUANGQIUHONG\20171 106097 D)
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G: NMR Analysis

tert-butyl ((S)-1-benzyl-3-((S)-5-methyl-4-o0xo-2-phenyl-4,5-dihydrothiazol-5-yl)-
2-oxoindolin-3-yl)carbamate (3aa)
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tert-butyl ((S)-1-benzyl-5-fluoro-3-((S)-5-methyl-4-o0xo-2-phenyl-4,5-dihydrothia

z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3ba)
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tert-butyl ((S)-1-benzyl-5-chloro-3-((8)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia
z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3ca)
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tert-butyl ((S)-1-benzyl-5-bromo-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia

z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3da)
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tert-butyl ((S)-1-benzyl-5-methyl-3-((S)-5-methyl-4-o0xo-2-phenyl-4,5-dihydrothia
z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3ea)

R 5 S z= ES
el 1 Il i
|
1
1
[ l ‘
| |
! ’I i ‘ A
| {
| | b‘ | | /
_ ..,-l _ JUA_ A _ =l = _,i ,,-'L-“ N
A i A T T
T T T T T T T T T T - T T
8.0 7.5 T.0 6.5 6.0 B& 6O 4.5 4.0 3.6 3.0 5 2.0 1.6 1.0 0.5 0.0
1 (ppm)
s R g & . = g
g & g & ] E sis
[ || \Y
1
|
1
1 } ! |
|
| |
i | |
[ | V ; 1 |
s, by L ) "
Aetuaiy Lo WY " ¥ e
T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 0 40 30 20 10 0

f1 (ppm)

S41



tert-butyl ((S)-1-benzyl-6-chloro-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia
z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3fa)
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tert-butyl ((S)-1-benzyl-6-bromo-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia
z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3ga)
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tert-butyl ((S)-1-benzyl-7-fluoro-3-((S)-5-methyl-4-o0xo-2-phenyl-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ha)
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tert-butyl ((S)-1-benzyl-7-chloro-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothia
z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3ia)
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tert-butyl ((5)-1-methyl-3-((S)-5-methyl-4-o0xo0-2-phenyl-4,5-dihydrothiazol-5-yl)-

2-oxoindolin-3-yl)carbamate (3ja)
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tert-butyl ((S)-3-((S)-5-methyl-4-oxo-2-phenyl-4,5-dihydrothiazol-5-yl)-2-oxo-1-p
henylindolin-3-yl)carbamate (3ka)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(4-fluorophenyl)-5-methyl-4-0x0-4,5-dihydrothia
zol-5-yl)-2-oxoindolin-3-yl)carbamate (3ab)
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tert-butyl ((S)-1-benzyl-3-((S)-5-methyl-4-0x0-2-(p-tolyl)-4,5-dihydrothiazol-5-yl)

-2-oxoindolin-3-yl)carbamate (3ac)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(4-methoxyphenyl)-5-methyl-4-0x0-4,5-dihydrot

hiazol-5-yl)-2-oxoindolin-3-yl)carbamate (3ad)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(3-fluorophenyl)-5-methyl-4-0x0-4,5-dihydrothia
z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3ae)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(3-bromophenyl)-5-methyl-4-o0x0-4,5-dihydrothi
azol-5-yl)-2-oxoindolin-3-yl)carbamate (3af)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(3-methoxyphenyl)-5-methyl-4-0x0-4,5-dihydrot

hiazol-5-yl)-2-oxoindolin-3-yl)carbamate (3ag)
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tert-butyl ((S)-1-benzyl-3-((S)-2-(2-fluorophenyl)-5-methyl-4-0x0-4,5-dihydrothia
z0l-5-yl)-2-oxoindolin-3-yl)carbamate (3ah)
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tert-butyl ((S)-1-benzyl-3-((S)-5-methyl-4-0xo0-2-(pyridin-2-yl)-4,5-dihydrothiazol
-5-yl)-2-oxoindolin-3-yl)carbamate (3ai)
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tert-butyl ((S)-1-benzyl-3-((S)-5-methyl-4-oxo-2-(thiophen-2-yl)-4,5-dihydrothiaz

ol-5-yl)-2-oxoindolin-3-yl)carbamate (3aj)
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tert-butyl ((S)-1-benzyl-3-((S)-5-ethyl-4-oxo0-2-(pyridin-2-yl)-4,5-dihydrothiazol-5
-yl)-2-oxoindolin-3-yl)carbamate (3ak)
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H: X-ray Analysis
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Table Crystal data and structure refinement for 3aa.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

v/

Volume/A®

Z

Pealeg/cm’

wmm’

F(000)

Crystal size/mm’
Radiation

3aa
C30H20N304S
527.62

100.0
monoclinic
P2,
8.6306(4)
10.9636(6)
14.5139(7)
90

90.644(2)

90
1373.25(12)
2

1.276

0.158

556.0
?x9x?
MoKa (A =0.71073)

20 range for data collection/°4.656 to 55.132

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F*

Final R indexes [[>=2c (I)]

Final R indexes [all data]

-9<h<1l1,-14<k<14,-18<1<18
33514

6318 [Rine = 0.0388, Ryigma = 0.0296]
6318/1/348

1.049

R;=0.0331, wR, =0.0767

R; =0.0375, wR, =0.0786

Largest diff. peak/hole / ¢ A~ 0.34/-0.35

Flack parameter

-0.006(19)
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