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1. General information

Unless otherwise noted, materials were purchased from commercial suppliers and
used without further purification. Column chromatography was performed on silica gel
(200~300 mesh). Cis-trans isomerism ratio (Z/E) were determined by 'H NMR (500
MHz). Enantiomeric excesses (ee) were determined by HPLC using corresponding
commercial chiral columns as stated at 25 °C with UV detector at 254 nm. Optical
rotations were reported as follows: [a]TD (c g/100 mL, solvent). All '"H NMR and "°F
NMR spectra were recorded on a Bruker Avancell 500 MHz and Bruker Avance I1I 376
MHz respectively, *C NMR spectra were recorded on a Bruker Avance 111 126 MHz
with chemical shifts reported as ppm (in CDCl3, TMS as internal standard). Data for 'H
NMR are recorded as follows: chemical shift (d, ppm), multiplicity (s = singlet, d =
doublet, t = triplet, m = multiplet, br = broad singlet, dd = doublet doublet, coupling
constants in Hz, integration). HRMS (ESI) was obtained with a HRMS/MS instrument
(LTQ Orbitrap XL TM). The absolute configuration of Soe was assigned by the X-ray
analysis. DMEM cell culture medium, penicillin/streptomycin stock solutions, fetal
bovine serum (FBS) and trypsin were all purchased from Gibco BRL (Gaithersburg,
MD, USA). A549, HepG2, U87, SW-620, HCT-116 and Hela cells were all obtained
from the China Center for Type Culture Collection (Wuhan, China). All of the cells
were cultured in DMEM containing 10% FBS and 1% antibiotics
(Penicillin/Streptomycin).

Indole nitroalkene series 1 were prepared from isatin according to the literature®.
Pyrazolone series 3 were obtained according to the literature?>. Intermediate product
series 4 were synthesized according to literature procedures®. And the racemic products
were synthesized using triethylamine as catalyst.

2. Experimental procedures and characterization of products 4 and 5.

General procedure A: Synthesis of Substrates.

/ R3
RZCELO R /N‘N—Ph TEA (S0 mol%)_ o1
N THF, rt
R’ o]
1 3

Nitroalkenes 1 (1.0 mmol, 1.0 equiv.), TEA (50 mol%), and THF (20 mL) were added
to a 100 mL flask. Then pyrazolone 3 (1.5 mmol, 1.5 equiv.) was added and the mixture
was stirred at room temperature until completion (indicated by TLC). The filtrate was

concentrated, and the residue was purified by column chromatography on silica gel
using (PE:EA =20:1) as eluent to afford 4.
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General procedure B: Synthesis of cis-trans isomeric products.

RS

OH For Z selective: K,CO3 (20 mol%), NCS, CHClj, rt
For E selective: DBU (20 mol%), NCS, acetone, rt R

The first part, in order to obtain the £ configuration products. Nitroalkenes 4 (0.1
mmol, 1.0 equiv.), DBU (20 mol%), and acetone (2 mL) were added to a reaction tube.
Then N-chlorosuccinimide (NCS, 0.2 mmol, 2.0 equiv.) was added and the mixture was
stirred at room temperature until completion (indicated by TLC). The filtrate was
concentrated, and the residue was purified by column chromatography on silica gel
using (PE:EA = 20:1 to 10:1) as eluent to afford 4 (simultaneously containing Z/E
configuration products). After determining the Z/E ratio through nuclear magnetic
resonance ('"HNMR), 5 (only E configuration) was purified by recrystallization and
used for NMR identification.

The second part, in order to obtain the Z configuration products. Nitroalkenes 4 (0.1
mmol, 1.0 equiv.), K2CO3 (20 mol%), and CHCI; (2 mL) were added to a reaction tube.
Then N-chlorosuccinimide (NCS, 0.2 mmol, 2.0 equiv.) was added and the mixture was
stirred at room temperature until completion (indicated by TLC). The filtrate was
concentrated, and the residue was purified by column chromatography on silica gel
using (PE:EA = 20:1 to 10:1) as eluent to afford 5 (simultaneously containing Z/E
configuration products). After determining the Z/E ratio through nuclear magnetic
resonance ("HNMR), 5 (only Z configuration) was purified by recrystallization and
used for NMR identification.

General procedure C: Synthesis of chiral products.

Ph

ﬁN—Ph
C2 (20 mol%), NCS C[@ o)
DCM/mesylene = 1:1, -78 °C N ©
Bn Bn
(2)4 (5,2)-5
Nitroalkenes (Z)-4 (0.2 mmol, 1.0 equiv.), C2 (20 mol%), and DCM/Mes. = 1:1 (4
mL) were added to a reaction tube. The solution was stirred at -78 °C for 10 minutes.
Then N-chlorosuccinimide (NCS, 0.4 mmol, 2.0 equiv.) was added and the mixture was
stirred for 24 h. The filtrate was concentrated, and the residue was purified by column
chromatography on silica gel using (PE:EA = 20:1 to 10:1) as eluent to afford (S,2)-5
(simultaneously containing Z/E configuration products). After determining the Z/E ratio
through nuclear magnetic resonance (‘HNMR), (S,Z2)-5 was purified by
recrystallization and used for NMR identification.
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(£)-3-((5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-1-phenylindoli
n-2-one ((£)-4da)

Yellow solid; m.p. 173-175 °C; Yield: 153 mg, 39%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.66 (s,
1H), 7.89-7.84 (m, 2H), 7.64-7.60 (m, 1H), 7.62-7.56 (m, 3H), 7.51-
7.46 (m, 3H), 7.41-7.45 (m, 2H), 7.28 (dd, J = 9.2, 2.0 Hz, 1H), 7.23-
7.17 (m, 2H), 6.94-6.89 (m, 1H), 2.46 (s, 3H); *C NMR (126 MHz,
Chloroform-d) & 168.8, 156.5, 152.1, 139.4, 138.4, 134.4, 130.6, 130.0, 129.2, 129.0,
127.2,126.9,126.8,126.2,123.6,122.1, 118.0, 113.0, 110.4, 102.9, 13.5; HRMS (ESI)
calcd for CosH20N3O2" [M+H]*: 394.1550, found: 394.1558.

(£)-1-benzyl-3-((5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-met
hylindolin-2-one ((£)-4fa)
Yellow solid; m.p. 190-193 °C; Yield: 126 mg, 30%; petroleum

1H), 7.92-7.85 (m, 2H), 7.47-7.42 (m, 3H), 7.33 (s, 1H), 7.31-7.29
(m, 4H), 7.28-7.24 (m, 2H), 6.96 (dd, J = 8.1, 1.6 Hz, 1H), 6.76 (d,

Bn

@ 4ta J=5.0Hz, 1H), 5.05 (s, 2H), 2.44 (s, 3H), 2.39 (s, 3H); 3C NMR
(126 MHz, Chloroform-d) 5 168.9, 156.4, 152.0, 138.5, 136.3, 135.9, 132.8, 129.7,
129.2,128.1, 127.7, 127.3, 126.8, 126.2, 122.2, 118.6, 113.1, 109.7, 102.6, 44.7, 21.7,
13.5; HRMS (ESI) calcd for Co7H2sNsO2" [M+H]*: 422.1863, found: 422.1867.

(Z)-1-benzyl-6-bromo-3-((5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)methyle
ne)indolin-2-one ((£)-4ja)
Yellow solid; m.p. 193-195 °C; Yield: 310 mg, 64%; petroleum
N-pn, ether/EtOAC = 20:1; 'H NMR (500 MHz, Chloroform-d) & 15.87
(s, 1H), 7.88-7.84 (m, 2H), 7.48-7.42 (m, 3H), 7.39-7.37 (m, 1H),
Br b 7.35-7.32 (m, 2H), 7.31-7.27 (m, 4H), 7.26-7.22 (m, 1H), 7.03-
(2)-4ja 7.01 (m, 1H), 5.05 (s, 2H), 2.42 (s, 3H); 3C NMR (126 MHz,
Chloroform-d) & 169.0, 156.6, 152.2, 139.3, 138.3, 135.4, 130.8, 129.4, 129.3, 128.4,
127.7,127.0,126.1, 125.2,122.3,119.7,119.1, 113.1, 111.8, 103.0, 44.9, 13.5; HRMS
(ESI) calcd for C26H21BrNzO2* [M+H]™: 486.0812, found: 486.0820.

(Z)-1-benzyl-7-fluoro-3-((5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)methyle
ne)indolin-2-one ((Z)-4ka)

Yellow solid; m.p. 203-205 °C; Yield: 216 mg, 51%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 16.07 (s,
1H), 7.90-7.85 (m, 2H), 7.48-7.43 (m, 3H), 7.38 (dd, J = 8.0, 1.5 Hz,
2H), 7.34-7.29 (m, 4H), 7.29-7.26 (m, 1H), 7.03-6.98 (m, 1H), 6.95-
6.91 (m, 1H), 5.23 (s, 2H), 2.42 (s, 3H); *C NMR (126 MHz,
Chloroform-d) 6 168.8, 156.8, 152.2, 148.11 (d, Jcr = 244.4 Hz), 138.3, 136.9, 131.5,
129.3 (d, Jc-r = 3.7 Hz), 129.3, 129.1, 128.2, 128.1, 127.0, 123.6 (d, Jc-r = 7.5 Hz),
122.3, 114.3, 114.1, 113.7 (d, Jcr = 3.8 Hz), 112.2, 103.2, 46.6 (d, Jc-r = 5 Hz), 13.4;
F NMR (376 MHz, Chloroform-d) & -134.34; HRMS (ESI) calcd for C26H21FN3O>*
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[M+H]": 426.1613, found: 426.1617.

(£)-1-benzyl-3-((5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-7-met
hylindolin-2-one ((Z)-41a)

Yellow solid; m.p. 188-190 °C; Yield: 197 mg, 47%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 16.05 (s,
1H), 7.90-7.86 (m, 2H), 7.51 (s, 1H), 7.46-7.42 (m, 3H), 7.34-7.29 (m,
2H), 7.29-7.24 (m, 2H), 7.15-7.13 (m, 2H), 7.07-7.04 (m, 1H), 6.94-
6.92 (m, 1H), 5.37 (s, 2H), 2.44 (s, 3H), 2.35 (s, 3H); 13C NMR (126
MHz, Chloroform-d) 8 169.6, 156.6, 152.1, 138.5, 137.5, 136.6, 130.7, 130.0, 129.3,
129.2, 127.7, 126.8, 126.0, 123.2, 122.2, 120.9, 115.9, 112.6, 102.9, 46.1, 19.1, 13.4;
HRMS (ESI) calcd for C27H2aN302" [M+H]*: 422.1863, found: 422.1868.

(£)-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)-1-methylindolin-2-o

ne ((£)-4be)
NN Orange solid; m.p. 212-214 °C; Yield: 267 mg, 68%; petroleum
N N.p, €ther/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.61 (s,
OH 1H), 8.02-7.98 (m, 2H), 7.68-7.64 (m, 2H), 7.59 (s, 1H), 7.55-7.53 (m,
N 1H), 7.52-7.50 (m, 2H), 7.49-7.46 (m, 2H), 7.34-7,31 (m, 2H), 7.24
(2)-4be (dd, J=7.6,1.2 Hz, 1H), 7.11-7.08 (m, 1H), 6.96 (dd, J=7.8, 0.9 Hz,
1H), 3.43 (s, 3H); *C NMR (126 MHz, Chloroform-d) & 169.0, 156.7, 154.7, 139.4,
138.6,132.8,131.0,129.7,129.3,129.2, 129.1, 127.1, 127.0, 126.0, 123.3, 122.6, 118.3,
114.6, 109.1, 101.7, 27.2; HRMS (ESI) calcd for CasH20N302* [M+H]*: 394.1550,

found: 394.1558.

(Z£)-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)-1-(prop-2-yn-1-yl)in
dolin-2-one ((£)-4ce)
NN Yellow solid; m.p. 196-198 °C; Yield: 166 mg, 40%; petroleum

s N-p, €ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.09 (s,

(& 1H), 7.98 (dd, J = 8.6, 1.2 Hz, 2H), 7.66 (dd, J = 7.9, 1.7 Hz, 2H),

L 7.63 (s, 1H), 7.55-7.52 (m, 1H), 7.52-7.49 (m, 2H), 7.49-7.45 (m, 2H),
@rdes 7.36-7.31 (m, 2H), 7.30-7.27 (m, 1H), 7.19-7.10 (m, 2H), 4.72 (d, J =

2.6 Hz, 2H), 2.29 (s, 1H); 3C NMR (126 MHz, Chloroform-d) &
168.4,156.4,154.9, 138.5, 137.7,132.7, 131.7, 129.7, 129.4, 129.3, 129.2, 127.2, 127 .1,
126.0, 123.6, 122.7, 118.5, 114.4, 109.9, 101.8, 73.1, 30.3; HRMS (ESI) calcd for
C27H20N302" [M+H]*: 418.1550, found: 418.1555.

(£)-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)-1-phenylindolin-2-on
e ((2)-4de)

Ph Yellow solid; m.p. 231-233 °C; Yield: 168 mg, 37%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.13 (s,
1H), 7.97 (dd, J = 8.6, 1.3 Hz, 2H), 7.73-7.67 (m, 3H), 7.61-7.58 (m,
1H), 7.57-7.56 (m, 1H), 7.55-7.52 (m, 2H), 7.51-7.49 (m, 3H), 7.49-
(2)-4de 7.42 (m, 3H), 7.41 (dd, J = 7.5, 1.2 Hz, 1H), 7.33-7.29 (m, 1H), 7.21-
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7.17 (m, 1H), 7.15-7.12 (m, 1H), 6.92 (d, J = 5.0 Hz, 1H); 3C NMR (126 MHz,
Chloroform-d) § 168.9, 156.6, 154.9, 139.6, 138.5, 134.4, 132.7, 131.9, 130.1, 129.8,
129.5,129.2, 129.2, 129.0, 127.2, 127.1, 127.0, 126.0, 123.7, 122.5, 118.5, 114.6, 110.4,
102.1; HRMS (ESI) calcd for CsoH22NsO2* [M+H]*: 456.1707, found: 456.1713.

(£)-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)indolin-2-one ((Z)-4e

e)
Ph Yellow solid; m.p. 150-153 °C; Yield: 159 mg, 42%; petroleum
\_NN‘Ph ether/EtOAc = 10:1; *H NMR (500 MHz, Chloroform-d) & 15.21 (s,
oH 1H), 8.32 (s, 1H), 7.99-7.96 (m, 2H), 7.68-7.65 (m, 2H), 7.63 (s, 1H),
N 7.55-7.47 (m, 1H), 7.51 (dd, J = 4.3, 2.2 Hz, 2H), 7.50-7.47 (m, 2H),
(2)-dee 7.36-7.30 (m, 2H), 7.21-7.16 (m, 1H), 7.08-7.05 (m, 1H), 6.99-6.97
(m, 1H); 3C NMR (126 MHz, Chloroform-d) & 170.7, 156.6, 154.9, 138.5, 136.5,
132.6,131.9,129.7,129.5,129.3,129.2, 127.3,127.1, 126.8, 123.2, 122.7, 118.7, 114.6,

110.5, 102.0; HRMS (ESI) calcd for C2sH1sN302" [M+H]*: 380.1394, found: 380.1396.

/

(2)-1-benzyl-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)-5-methylin
dolin-2-one ((2)-4fe)

Yellow solid; m.p. 219-220 °C; Yield: 130 mg, 27%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.44
(s, 1H), 8.03-7.95 (m, 2H), 7.73-7.66 (m, 2H), 7.62 (s, 1H), 7.57-
7.54 (m, 2H), 7.53-7.52 (m, 1H), 7.51-7.47 (m, 2H), 7.34-7.32 (m,
4H), 7.32-7.26 (m, 2H), 7.17-7.12 (m, 1H), 7.01-6.92 (m, 1H),
6.79-6.77 (m, 1H), 5.11 (s, 2H), 2.32 (s, 3H); *C NMR (126 MHz,
Chloroform-d) 6 169.1, 156.6, 154.7, 138.6, 136.5, 135.9, 133.0, 132.9, 131.1, 129.7,
129.4,129.3,129.2,128.2,127.8,127.7,127.1,126.1, 122.6,119.1, 114.8, 109.7, 101.8,
44.9, 21.7; HRMS (ESI) calcd for C32H26N302" [M+H]*: 484.2020, found: 484.2026.

(Z)-1-benzyl-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)-5-methoxyi
ndolin-2-one ((£)-4ge)
Orange solid; m.p. 225-227 °C; Yield: 154 mg, 31%; petroleum

(s, 1H), 8.03-7.97 (m, 2H), 7.70-7.66 (m, 2H), 7.60 (s, 1H), 7.55-
] 7.52 (m, 1H), 7.51-7.49 (m, 2H), 7. 48-7.47 (m, 2H), 7.46-7.32

(2)-4ge (m, 4H), 7.31-7.26 (m, 2H), 6.91-6.89 (m, 1H), 6.79-6.77 (m, 1H),
6.70 (dd, J = 8.5, 2.4 Hz, 1H), 5.09 (s, 2H), 3.76 (s, 3H); *C NMR (126 MHz,
Chloroform-d) & 168.7, 156.5, 154.5, 138.4, 135.6, 132.5, 132.4, 131.3, 129.4, 129.2,
129.0, 128.9, 128.0, 127.5, 127.0, 126.9, 122.3, 114.4, 111.7, 110.2, 104.9, 101.5, 56.0,
44.7, HRMS (ESI) calcd for C32H26N303" [M+H]™: 500.1969, found: 500.1975.

(Z)-1-benzyl-5-bromo-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)ind
olin-2-one ((Z)-4he)
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Yellow solid; m.p. 224-226 °C; Yield: 246 mg, 45%; petroleum
ether/EtOAc = 20:1; 'H NMR (500 MHz, Chloroform-d) 6 15.48
(s, 1H), 8.03-7.93 (m, 2H), 7.68-7.65 (m, 2H), 7.60 (s, 1H), 7.58-
7.52 (m, 3H), 7.51-7.47 (m, 2H), 7.43-7.41 (m, 1H), 7.35-7.32 (m,
3H), 7.31-7.29 (m, 3H), 7.26-7.23 (m, 1H), 6.75 (d, J = 10 Hz,1H),
5.11 (s, 2H); 13C NMR (126 MHz, Chloroform-d) § 168.9, 156.9,
155.1,138.4,137.3, 135.4,132.7,132.5, 129.7, 129.6, 129.5, 129.4, 129.3, 128.4, 128.0,
127.7, 127.3, 122.7, 121.3, 116.4, 113.0, 111.4, 102.2, 44.9; HRMS (ESI) calcd for
Cs1H23BrN3zO." [M+H]": 548.0968, found: 548.0973.

(£)-1-benzyl-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)-6-methoxyi
ndolin-2-one ((Z)-4ie)
P Yellow solid; m.p. 208-210 °C; Yield: 119 mg, 24%; petroleum
s N-p, €ther/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) 6 14.93
OH (s, 1H), 8.01-7.95 (m, 2H), 7.71-7.65 (m, 2H), 7.54-7.51 (m, 1H),
- 7.51-7.48 (m, 3H), 7.48-7.44 (m, 2H), 7.36-7.34 (m, 3H), 7.33-
(2)-4ie 7.30 (m, 2H), 7.26 (s, 1H), 7.25 (s, 1H), 6.60 (dd, J = 8.4, 2.3 Hz,
1H), 6.47 (d, J = 2.5 Hz, 1H), 5.09 (s, 2H), 3.77 (s, 3H); *C NMR (126 MHz,
Chloroform-d) & 169.9, 159.9, 155.9, 154.5, 140.1, 138.7, 135.8, 132.9, 129.7, 129.3,
129.3,129.2,129.1, 128.3,127.8, 127.1, 122.7,119.4, 118.9, 115.1, 108.0, 101.5, 97.6,
56.0, 44.9; HRMS (ESI) calcd for C32H26N303* [M+H]*: 500.1969, found: 500.1978.

(Z)-1-benzyl-6-chloro-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)ind
olin-2-one ((Z)-4je)
Yellow solid; m.p. 255-257 °C; Yield: 246 mg, 49%; petroleum

(s, 1H), 8.00-7.95 (m, 2H), 7.69-7.64 (m, 2H), 7.60 (s, 1H), 7.55-
- 7.53 (m, 1H), 7.53-7.50 (m, 2H), 7.49-7.46 (m, 2H), 7.38-7.33 (m,

(2)-4je 4H), 7.33-7.29 (m, 2H), 7.24-7.22 (m, 1H), 7.03 (dd, J = 8.1, 1.8
Hz, 1H), 6.90-6.88 (m, 1H), 5.09 (s, 2H); **C NMR (126 MHz, Chloroform-d) § 169.3,
156.6, 155.0, 139.4, 138.5, 135.4, 132.6, 132.5, 132.0, 129.7, 129.5, 129.4, 129.3, 129.2,
128.5,127.8,127.3,124.6,123.4,122.7,119.2,113.5,110.4, 102.1, 45.0; HRMS (ESI)
calcd for C31H23CIN3O2" [M+H]": 504.1474, found:504.1476.

(Z2)-1-benzyl-6-bromo-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)ind
olin-2-one ((Z)-4ke)
Ph . Yellow solid; m.p. 256-258 °C; Yield: 268 mg, 49%; petroleum
N N-py,  Ether/EtOAC = 20:1; 'H NMR (500 MHz, Chloroform-d) § 15.36
oOH (s, 1H), 8.00-7.94 (m, 2H), 7.68-7.64 (m, 2H), 7.61 (s, 1H), 7.55-
. 7.53 (m, 1H), 7.53-7.50 (m, 2H), 7.49-7.46 (m, 2H), 7.38-7.33 (m,
(2)-4ke 4H), 7.33-7.29 (m, 2H), 7.20-7.16 (m, 2H), 7.04 (dd, J = 1.5, 0.7
Hz, 1H), 5.09 (s, 2H); 3C NMR (126 MHz, Chloroform-d) 5 169.2, 156.7, 139.5, 138.5,
135.4,132.6,132.1,129.7,129.5,129.4, 129.3, 129.2, 128.5, 127.7, 127.3,126.2, 125.1,
122.7,120.1, 119.5, 113.4, 113.1, 102.1, 45.0; HRMS (ESI) calcd for C31H23BrNsO2*

Br N,

S6



[M+H]": 548.0968, found: 548.0976.

(£)-1-benzyl-7-fluoro-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)ind
olin-2-one ((Z£)-4le)

Yellow solid; m.p. 218-220 °C; Yield: 214 mg, 44%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.57 (s,
1H), 8.03-7.95 (m, 2H), 7.70-7.64 (m, 3H), 7.57-7.54 (m, 1H), 7.53-
7.50 (m, 2H), 7.49-7.46 (m, 2H), 7.43-7.40 (m, 2H), 7.37-7.32 (m,
3H), 7.31-7.28 (m, 1H), 7.12 (dd, J = 7.6, 1.0 Hz, 1H), 7.03-6.98 (m,
1H), 6.95-6.91 (m, 1H), 5.29 (s, 2H); 3C NMR (126 MHz,
Chloroform-d) 6 169.0, 156.9, 155.0, 148.1 (d, Jc-r = 244.4 Hz), 138.5, 136.9, 132.9,
132.5,129.7,129.5,129.4,129.3,129.2,129.1, 128.2, 128.1, 127.3, 125.0, 125.0, 123.8,
123.7,122.7,114.6,114.4,114.1,114.0, 113.8, 113.7, 102.3, 46.7; *°F NMR (376 MHz,
Chloroform-d) 6 -134.34; HRMS (ESI) calcd for C31H2sFNsO2" [M+H]*: 488.1769,
found: 488.1777.

(£)-1-benzyl-3-((5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)methylene)-7-methylin
dolin-2-one ((£)-4me)

Yellow solid; m.p. 200-201 °C; Yield: 188 mg, 39%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.52 (s,
1H), 8.00-7.94 (m, 2H), 7.70-7.68 (m, 3H), 7.55-7.53 (m, 1H), 7.53-
7.50 (m, 2H), 7.49-7.46 (m, 2H), 7.36-7.26 (m, 4H), 7.24 (dd, J = 7.5,
1.3 Hz, 1H), 7.18-7.15 (m, 2H), 7.00-6.97 (m, 1H), 6.92 (s, 1H), 5.41
(s, 2H), 2.35 (s, 3H); 13C NMR (126 MHz, Chloroform-d) 5 169.8, 156.8, 154.8, 138.6,
137.4,136.9,132.8,131.3,131.0,129.7,129.4,129.3,129.2, 129.1, 127.8, 127.1, 126.7,
126.0, 123.3, 122.6, 120.9, 116.4, 114.2, 102.1, 46.1, 19.1; HRMS (ESI) calcd for
Ca2H26N302" [M+H]*: 484.2020, found: 484.2022.

(Z)-1-benzyl-3-((5-hydroxy-3-isopropyl-1-phenyl-1H-pyrazol-4-yl)methylene)ind
olin-2-one ((Z)-4ab)
Yellow solid; m.p. 186-187 °C; Yield: 139 mg, 32%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.77 (s,
1H), 7.97-7.87 (m, 2H), 7.60 (s, 1H), 7.56-7.51 (m, 1H), 7.48-7.43 (m,
2H), 7.34-7.31 (m, 4H), 7.30-7.26 (m, 2H), 7.19-7.11 (m, 2H), 6.90
(dd,J=7.2,1.5Hz, 1H),5.11 (s, 2H), 3.30-3.17 (m, 1H), 1.43 (s, 3H),
(2)-4ab 1.42 (s, 3H); 13C NMR (126 MHz, Chloroform-d) & 169.1, 160.1,
156.7,138.7,138.4,135.9,129.9, 129.3,129.2, 128.2, 127.8, 126.8, 126.7, 126.4, 123.2,
122.4,117.9,112.6,109.9, 101.4, 44.8, 27.4, 22.4; HRMS (ESI) calcd for C2gH25N302"
[M+H]": 436.2020, found: 436.2024.

(Z)-1-benzyl-3-((3-(tert-butyl)-5-hydroxy-1-phenyl-1H-pyrazol-4-yl)methylene)in
dolin-2-one ((£)-4ac)
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Yellow solid; m.p. 184-186 °C; Yield: 31 mg, 7%; petroleum
ether/EtOAc =20:1; 'HNMR (500 MHz, Chloroform-d) & 15.24 (s,
1H), 8.08 (s, 1H), 7.97-7.92 (m, 2H), 7.51 (dd, J = 7.0, 1.7 Hz, 1H),
7.47-7.42 (m, 2H), 7.36-7.31 (m, 4H), 7.31-7.26 (m, 2H), 7.20-7.14
(m, 2H), 6.92 (dd, J = 7.1, 1.6 Hz, 1H), 5.12 (s, 2H), 1.54 (s, 9H); *C
NMR (126 MHz, Chloroform-d) 6 169.1, 161.0, 157.3, 138.8, 138.3,
135.9,131.6,129.3,129.2,128.2,127.8, 126.7, 126.7, 126.5, 123.3, 122.2, 117.8, 112.2,
110.0,101.9, 44.9, 34.7, 30.8; HRMS (ESI) calcd for C32H2sN302" [M+H]*: 450.2176,
found: 450.2186.

(Z)-4ac

(£)-1-benzyl-3-((3-cyclopropyl-5-hydroxy-1-phenyl-1H-pyrazol-4-yl)methylene)i
ndolin-2-one ((£)-4ad)

Yellow solid; m.p. 148-149 °C; Yield: 155 mg, 36%; petroleum
ether/EtOAc = 20:1; 'H NMR (500 MHz, Chloroform-d) & 15.96 (s,
1H), 7.89-7.85 (m, 2H), 7.80 (s, 1H), 7.58-7.54 (m, 1H), 7.45-7.41 (m,
2H), 7.35-7.31 (m, 4H), 7.29-7.26 (m, 2H), 7.19-7.11 (m, 2H), 6.90
(dd,J=7.1, 1.4 Hz, 1H), 5.10 (s, 2H), 2.01-1.96 (m, 1H), 1.09-1.07
(m, 2H), 1.05-1.00 (m, 2H); ¥*C NMR (126 MHz, Chloroform-d) &
169.1, 156.5, 156.3, 138.6, 138.4, 135.9, 130.3, 129.3, 129.2, 128.2, 127.8, 126.8, 126.7,
126.3, 123.2, 122.3, 118.0, 112.9, 109.9, 103.2, 44.8, 7.9, 7.1; HRMS (ESI) calcd for
CosH24N302" [M+H]*: 434.1863, found: 434.1867.

(Z2)-1-benzyl-3-((5-hydroxy-1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)methylene)indol
in-2-one ((£)-4af)

Yellow solid; m.p. 158-161 °C; Yield: 183 mg, 38%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) 6 16.07 (s,
1H), 8.03-7.97 (m, 2H), 7.48 (dd, J = 8.6, 7.4 Hz, 2H), 7.44-7.36 (m,
3H), 7.35-7.33 (m, 4H), 7.33-7.30 (m, 2H), 7.30-7.27 (m, 1H), 7.24
(s, 1H), 7.18 (dd, J = 7.6, 1.1 Hz, 1H), 7.14-7.11 (m, 1H), 7.03-7.00
(m, 1H), 6.88-6.86 (m, 1H), 5.11 (s, 2H), 2.40 (s, 3H); 3C NMR (126
MHz, Chloroform-d) & 169.0, 156.2, 155.5, 138.6, 138.5, 138.2,
135.8,131.8,131.4,131.0,129.5,129.3,129.2,128.2, 127.8, 127.0, 126.9, 126.1, 126.0,
123.2, 122.4, 118.1, 113.8, 109.9, 102.8, 44.8, 20.7; HRMS (ESI) calcd for
Ca2H26N302" [M+H]": 484.2020, found: 484.2023.

(Z)-1-benzyl-3-((5-hydroxy-3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)meth
ylene)indolin-2-one ((Z)-4ag)

Yellow solid; m.p. 213-215 °C; Yield: 169 mg, 34%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.49 (s,
1H), 8.00-7.96 (m, 2H), 7.65-7.59 (m, 3H), 7.48 (dd, J = 8.5, 7.4 Hz,
2H), 7.38-7.33 (m, 4H), 7.32 (dd, J = 7.4, 1.4 Hz, 2H), 7.31-7.27 (m,
1H), 7.17-7.15 (m, 1H), 7.10-7.03 (m, 3H), 6.91-6.89 (m, 1H), 5.13
(s, 2H), 3.90 (s, 3H); 13C NMR (126 MHz, Chloroform-d) & 169.2,
160.8, 156.6, 154.7, 138.6, 138.5, 135.9, 131.7, 131.0, 129.3, 129.2,
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128.2,127.8,127.1,126.9,126.2, 125.2,123.3, 122.6, 118.4, 114.6, 114.2, 109.9, 101.9,
55.8, 44.8; HRMS (ESI) calcd for Cs2H26N303" [M+H]": 500.1969, found: 500.1971.

(£)-1-benzyl-3-((3-(4-chlorophenyl)-5-hydroxy-1-phenyl-1H-pyrazol-4-yl)methyle
ne)indolin-2-one ((Z)-4ah)
Yellow solid; m.p. 200-201 °C; Yield: 226 mg, 45%; petroleum
ether/EtOAc = 20:1; 'H NMR (500 MHz, Chloroform-d) & 15.42 (s,
1H), 8.01-7.93 (m, 2H), 7.63-7.60 (m, 2H), 7.56 (s, 1H), 7.51-7.49
(m, 2H), 7.48-7.46 (m, 2H), 7.37-7.34 (m, 3H), 7.34-7.31 (m, 3H),
7.30-7.27 (m, 1H), 7.19-7.16 (m, 1H), 7.11-7.07 (m, 1H), 6.92-6.90
(m, 1H), 5.12 (s, 2H); 13C NMR (126 MHz, Chloroform-d) § 169.2,
(2)-4ah 156.6, 153.6, 138.7, 138.5, 135.8, 135.6, 131.3, 130.9, 130.7, 129.4,
129.3,128.3,127.8, 127.3,127.2,125.9, 123.4, 122.7, 118.4, 115.0, 110.0, 101.7, 44.9;
HRMS (ESI) calcd for C31H23CIN3O." [M+H]": 504.1474, found: 504.1479.

(£)-1-benzyl-3-((3-(4-bromophenyl)-5-hydroxy-1-phenyl-1H-pyrazol-4-yl)methyl
ene)indolin-2-one ((£)-4ai)
Yellow solid; m.p. 210-211 °C; Yield: 207 mg, 38%; petroleum
ether/EtOAc = 20:1; 'H NMR (500 MHz, Chloroform-d) & 15.42 (s,
1H), 8.00-7.94 (m, 2H), 7.70-7.62 (m, 2H), 7.56-7.54 (m, 3H), 7.51-
7.46 (m, 2H), 7.37-7.36 (m, 1H), 7.35-7.34 (m, 2H), 7.34-7.33 (m,
2H), 7.33-7.31 (m, 1H), 7.30-7.27 (m, 1H), 7.19-7.16 (m, 1H), 7.11-
7.08 (m, 1H), 6.92-6.90 (m, 1H), 5.12 (s, 2H); 13C NMR (126 MHz,
(2)-4ai Chloroform-d) & 169.2, 156.6, 153.5, 138.7, 138.5, 135.8, 1324,
131.7,131.2,130.7,129.4,129.3,128.3,127.8, 127.3, 127.2, 125.9, 123.8, 123.4, 122.6,
118.5, 115.0, 110.0, 101.7, 44.9; HRMS (ESI) calcd for C31H23BrNsO2" [M+H]*:
548.0968, found: 548.0973.

(Z2)-1-benzyl-3-((5-hydroxy-1-phenyl-3-(m-tolyl)-1H-pyrazol-4-yl)methylene)indo
lin-2-one ((£)-4aj)

Yellow solid; m.p. 185-187 °C; Yield: 188 mg, 39%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.52 (s,
1H), 8.02-7.95 (m, 2H), 7.66 (s, 1H), 7.54 (s, 1H), 7.49 (dd, J = 8.6,
7.3 Hz, 2H), 7.45-7.39 (m, 2H), 7.36-7.34 (m, 3H), 7.34-7.32 (m, 3H),
7.32-7.27 (m, 2H), 7.17-7,15 (m, 1H), 7.09-7.06 (m, 1H), 6.92-6.90
(m, 1H), 5.13 (s, 2H), 2.46 (s, 3H); 1*C NMR (126 MHz, Chloroform-
d) 6 169.2, 156.6, 155.0, 139.0, 138.6, 135.9, 132.6, 131.6, 130.2,
130.1,129.3,129.3,128.9,128.3,127.8, 127.2, 127.0, 127.0, 126.2, 123.3, 122.7, 118.3,
114.4,109.9,101.9, 44.8, 21.9; HRMS (ESI) calcd for Ca2H26N302" [M+H]*: 484.2020,
found: 484.2024.

(Z)-1-benzyl-3-((5-hydroxy-1-phenyl-3-(o-tolyl)-1H-pyrazol-4-yl)methylene)indol
in-2-one ((£)-4ak)
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Yellow solid; m.p. 167-168 °C; Yield: 125 mg, 26%; petroleum
ether/EtOAc = 20:1; 'H NMR (500 MHz, Chloroform-d) & 16.05 (s,
1H), 8.01-7.96 (m, 2H), 7.47 (dd, J = 8.6, 7.4 Hz, 2H), 7.43-7.37 (m,
3H), 7.36-7.33 (m, 4H), 7.32-7.31 (m, 2H), 7.30-7.27 (m, 1H), 7.22
\ (s, 1H), 7.18 (dd, J = 7.5, 1.1 Hz, 1H), 7.13-7.10 (m, 1H), 7.03-7.01

(2)-4ak (m, 1H), 6.88-6.86 (m, 1H), 5.10 (s, 2H), 2.39 (s, 3H); *C NMR (126
MHz, Chloroform-d) 6 169.1, 156.2, 155.5, 138.7, 138.5, 138.3, 135.8, 131.8, 131.4,
131.0,129.5,129.3,129.2,128.2,127.8, 127.0, 126.9, 126.1, 126.0, 123.3, 122.4, 118.1,
113.8,109.9,102.8, 44.8, 20.7; HRMS (ESI) calcd for Ca2H2sN302" [M+H]": 484.2020,
found: 484.2026.

(£)-1-benzyl-3-((5-hydroxy-3-(naphthalen-2-yl)-1-phenyl-1H-pyrazol-4-yl)methyl
ene)indolin-2-one ((£)-4al)
Orange solid; m.p. 169-171 °C; Yield: 186 mg, 36%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) & 15.50 (s,
1H), 8.12 (s, 1H), 8.05-7.98 (m, 3H), 7.96-7.91 (m, 2H), 7.84 (dd, J
=8.4,1.7Hz, 1H), 7.74 (s, 1H), 7.60-7.53 (m, 2H), 7.53-7.48 (m, 2H),
7.38-7.32 (m, 5H), 7.31-7.27 (m, 2H), 7.17-7.14 (m, 1H), 7.05-7.03
\ (m, 1H), 6.92-6.90 (m, 1H), 5.14 (s, 2H); 3C NMR (126 MHz,
(2)-4al Chloroform-d) & 169.2, 156.7, 154.7, 138.7, 138.6, 135.8, 133.9,
133.7,131.4,130.2,129.4,129.3,128.9, 128.8, 128.3, 128.2, 127.8, 127.3,127.2,127.1,
127.0,126.9, 126.1, 123.4,122.7,118.4, 114.7, 110.0, 102.1, 44.9; HRMS (ESI) calcd
for CasH26N302" [M+H]*: 520.2020, found: 520.2021.

(Z2)-1-benzyl-3-((5-hydroxy-3-(naphthalen-1-yl)-1-phenyl-1H-pyrazol-4-yl)methyl
ene)indolin-2-one ((£)-4am)

Orange solid; m.p. 183-184 °C; Yield: 159 mg, 31%; petroleum
ether/EtOAc = 20:1; *H NMR (500 MHz, Chloroform-d) 6 16.06 (s,
1H), 8.18 (dd, J = 8.5, 1.4 Hz, 1H), 8.06-8.03 (m, 2H), 8.01 (dd, J =
7.7, 1.9 Hz, 1H), 7.96 (dd, J = 7.9, 1.5 Hz, 1H), 7.65-7.59 (m, 2H),
7.56-7.48 (m, 4H), 7.36-7.33 (m, 4H), 7.32-7.29 (m, 1H), 7.29-7.26
(m, 2H), 7.09-7.06 (m, 1H), 6.93-6.88 (m, 2H), 6.85-6.83 (m, 1H),
5.10 (s, 2H); 3C NMR (126 MHz, Chloroform-d) § 169.1, 156.4,
154.4,138.7,138.5,135.8,134.3,132.9, 131.4, 130.0, 129.9, 129.5, 129.3, 128.7, 128.3,
127.8,127.2,127.1,126.9, 126.6, 126.5, 126.0, 125.6, 123.2, 122.5, 118.2,114.1, 109.8,
103.6, 44.8; HRMS (ESI) calcd for CasH26N302" [M+H]*: 520.2020, found: 520.2023.

(Z)-1-benzyl-3-((3-(furan-2-yl)-5-hydroxy-1-phenyl-1H-pyrazol-4-yl)methylene)i
ndolin-2-one ((£)-4an)
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Orange solid; m.p. 197-198 °C; Yield: 58 mg, 13%; petroleum
ether/EtOAc = 20:1; 'H NMR (500 MHz, Chloroform-d) & 15.61 (s,
1H), 8.13 (s, 1H), 7.98-7.93 (m, 2H), 7.65 (s, 1H), 7.54-7.52 (m, 1H),
7.50-7.47 (m, 2H), 7.35-7.31 (m, 5H), 7.31-7.26 (m, 1H), 7.20-7.12
(m, 2H), 6.92-6.86 (m, 2H), 6.60 (dd, J = 3.4, 1.8 Hz, 1H), 5.11 (s,

(2)-4an 2H); 3C NMR (126 MHz, Chloroform-d) & 168.9, 156.1, 147.9,
144.6,143.5,138.4, 138.1, 135.5, 130.5, 129.1, 129.0, 128.0, 127.5, 127.1, 126.9, 125.9,
123.2, 122.5, 118.3, 114.8, 111.7, 110.1, 109.7, 101.2, 44.6; HRMS (ESI) calcd for
Co9H22N303" [M+H]*: 460.1656, found: 460.1660.

(£)-1-benzyl-3-((5-hydroxy-1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-4-yl)methylen
e)indolin-2-one ((Z£)-4ao0)
Orange solid; m.p. 217-218 °C; Yield: 71 mg, 15%; petroleum
ether/EtOAc = 20:1; 'H NMR (500 MHz, Chloroform-d) & 15.52 (s,
1H), 8.01-7.95 (m, 2H), 7.86 (s, 1H), 7.51-7.48 (m, 2H), 7.48-7.45 (m,
2H), 7.37 (dd, J = 3.6, 1.2 Hz, 1H), 7.36-7.33 (m, 4H), 7.32-7.28 (m,
2H), 7.22 (dd, J = 5.1, 3.6 Hz, 1H), 7.20-7.16 (m, 1H), 7.13-7.10 (m,
(2)-4a0 1H), 6.92-6.90 (m, 1H), 5.12 (s, 2H); ¥*C NMR (126 MHz,
Chloroform-d) & 169.1, 156.6, 148.5, 138.7, 138.4, 135.8, 134.6, 130.6, 129.4, 129.3,
128.3,128.1,128.0,127.8,127.5,127.3,127.2, 126.0, 123.4, 122.6, 118.5, 115.0, 110.0,
101.8, 44.9; HRMS (ESI) calcd for C29H22N30,S* [M+H]*: 476.1427, found: 476.1430.

(E)-3-((4-chloro-3-methyl-5-oxo0-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)methylen
e)-1-methylindolin-2-one ((E)-Sba)
Yellow solid; m.p. 115-116 °C; Yield: 58 mg, 79%; Z/E = 12:88; H
NMR (500 MHz, Chloroform-d) 6 7.90-7.84 (m, 2H), 7.79 (dd, J = 7.8,
0.8 Hz, 1H), 7.47-7.40 (m, 2H), 7.33-7.31 (m, 1H), 7.26-7.23 (m, 1H),
\ 6.99-6.95 (m, 1H), 6.89 (s, 1H), 6.80-6.78 (m, 1H), 3.23 (s, 3H), 2.30 (s,
(E)-5ba 3H); C NMR (126 MHz, Chloroform-d) & 167.5, 167.3, 158.1, 145.8,
137.5,134.3, 132.1, 129.5, 127.5, 126.9, 126.4, 123.0, 119.5, 119.3, 108.8, 64.0, 26.8,
13.9; HRMS (ESI) calcd for C20H17CIN3O2 [M+H]*: 366.1004, found: 366.0999.

(Z)-3-((4-chloro-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)methylen
e)-1-methylindolin-2-one ((Z)-5ba)

ol =N Yellow solid; m.p. 173-175 °C; Yield: 56 mg, 77%; Z/E = 89:11; 'H

/ N-pn - NMR (500 MHz, Chloroform-d) ¢ 7.95-7.91 (m, 2H), 7.49-7.47 (m,

o® 1H), 7.46-7.41 (m, 2H), 7.36-7.33 (m, 1H), 7.24-7.20 (m, 1H), 7.09-

N 7.05 (m, 1H), 6.78 (d, J = 7.8 Hz, 1H), 6.74 (s, 1H), 3.10 (s, 3H), 2.16

(¢)sbe (s, 3H); 13C NMR (126 MHz, Chloroform-d) 5 168.4, 165.0, 153.4,

144.7,138.2, 132.4, 131.6, 129.2, 128.7, 125.7, 122.9, 121.3, 119.9, 109.0, 65.8, 26.5,

14.0; HRMS (ESI) calcd for C20H16CIN3O2Na™ [M+Na]*: 388.0824, found: 388.0831.
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(E)-3-((4-chloro-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)methylen
e)-1-(prop-2-yn-1-yl)indolin-2-one ((E)-5ca)
Yellow solid; m.p. 117-118 °C; Yield: 61 mg, 79%; Z/E = 11:89; 'H
NMR (500 MHz, Chloroform-d) 6 7.92-7.87 (m, 2H), 7.87-7.85 (m, 1H),
7.46 (dd, J = 8.7, 7.3 Hz, 2H), 7.39-7.36 (m, 1H), 7.30-7.27 (m, 1H),
7.06-7.00 (m, 2H), 6.93 (s, 1H), 4.55 (d, J = 2.6 Hz, 2H), 2.33 (s, 3H),
(E)-Sca\Q 2.27 (t, J = 2.5 Hz, 1H); 3C NMR (126 MHz, Chloroform-d) § 167.4,
166.4, 158.0, 143.9, 137.5, 133.9, 132.1, 129.5, 127.7,127.5, 126 .4, 123.4,119.5, 119.3,
109.8, 73.0, 63.9, 29.8, 13.9; HRMS (ESI) calcd for C22H16CIN3O2Na* [M+Na]*:
412.0824, found: 412.0836.

(£)-3-((4-chloro-3-methyl-5-o0xo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)methylen
e)-1-(prop-2-yn-1-yl)indolin-2-one ((£)-5ca)

Yellow solid; m.p. 104-105 °C; Yield: 46 mg, 59%; Z/E = 84:16; 'H
NMR (500 MHz, Chloroform-d) 6 7.95-7.89 (m, 2H), 7.51 (dd, J =
7.7,1.2 Hz, 1H), 7.47-7.41 (m, 2H), 7.39-7.37 (m, 1H), 7.25-7.20 (m,
1H), 7.13-7.09 (m, 1H), 7.05-7.03 (m, 1H), 6.77 (s, 1H), 4.51 (dd, J
=17.8, 2.6 Hz, 1H), 4.29 (dd, J = 17.8, 2.5 Hz, 1H), 2.21 (t, J =25
Hz, 1H), 2.17 (s, 3H); ¥*C NMR (126 MHz, Chloroform-d) & 168.3,
163.9, 153.4, 142.8, 138.1, 132.0, 131.6, 129.5, 129.3, 125.8, 123.3, 121.4, 121.3, 120.0,
110.2, 73.2, 65.7, 29.6, 14.0; HRMS (ESI) calcd for C22H16CIN3O2Na* [M+Na]*:
412.0824, found: 412.0836.

(E)-3-((4-chloro-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)methylen
e)-1-phenylindolin-2-one ((E)-5da)

Yellow solid; m.p. 83-85 °C; Yield: 45 mg, 53%; Z/E = 12:88; *H NMR
(500 MHz, Chloroform-d) & 7.93-7.89 (m, 3H), 7.54 (dd, J = 8.5, 7.0 Hz,
2H), 7.48-7.43 (m, 3H), 7.41-7.38 (m, 2H), 7.27 (dd, J = 7.6, 1.3 Hz, 1H),
7.26-7.23 (m, 1H), 7.03-6.99 (m, 1H), 6.98 (s, 1H), 6.78-6.76 (m, 1H),
2.36 (s, 3H). *C NMR (126 MHz, Chloroform-d) § 167.5, 166.7, 158.1,
145.8, 137.5,134.4,134.3, 132.0, 130.1, 129.5, 128.8, 127.8, 127.4, 127 .1,
126.4, 123.5, 119.5, 119.2, 110.1, 64.0, 14.0; HRMS (ESI) calcd for C2sH19CIN3O2*
[M+H]": 428.1161, found: 428.1171.

(Z)-3-((4-chloro-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)methylen
e)-1-phenylindolin-2-one ((£)-5da)

Yellow solid; m.p. 145-147 °C; Yield: 24 mg, 28%; Z/E = 67:33; 'H
NMR (500 MHz, Chloroform-d) 6 7.88-7.86 (m, 2H), 7.57-7.55 (m,
1H), 7.47-7.42 (m, 3H), 7.40-7.36 (m, 2H), 7.36-7.32 (m, 3H), 7.21-
7.16 (m, 1H), 7.13-7.10 (m, 1H), 6.85-6.80 (m, 2H), 2.18 (s, 3H); 13C
NMR (126 MHz, Chloroform-d) 6 168.1, 164.2, 153.3, 144.6, 138.2,
134.0,132.3,131.5,129.9,129.1, 128.5, 126.7, 125.7, 123.4, 121.5, 121.3, 120.0, 119.5,
110.4,66.0, 14.0; HRMS (ESI) calcd for C2sH1sCIN3O2Na™ [M+Na]*: 450.0981, found:
450.0987.
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(E)-3-((4-chloro-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)methylen
e)indolin-2-one ((E)-5ea)
Yellow solid; m.p. 175-177 °C; Yield: 55 mg, 79%; Z/E = 33:67; H
NMR (500 MHz, Chloroform-d) ¢ 8.28 (s, 1H), 7.97-7.89 (m, 2H), 7.46-
7.40 (m, 3H), 7.24-7.20 (m, 1H), 7.18 (td, J= 7.7, 1.2 Hz, 1H), 7.04-7.00
N (m, 1H), 6.73 (s, 1H), 6.42 (s, 1H), 2.16 (s, 3H); 3C NMR (126 MHz,
(E)-Sea Chloroform-d) 6 168.3, 167.3, 153.2, 142.0, 138.3, 132.9, 131.7, 129.4,
129.3, 125.7, 122.8, 121.7, 121.4, 119.5, 111.1, 65.8, 13.9; HRMS (ESI) calcd for
C19H14CIN3O2Na* [M+Na]*: 374.0668, found: 374.0678.

(£)-3-((4-chloro-3-methyl-5-o0xo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)methylen
e)indolin-2-one ((Z£)-5ea)

Yellow solid; m.p. 125-126 °C; Yield: 22 mg, 32%; Z/E = 81:19; 'H

Ny, NMR (500 MHz, Chloroform-d) 6 7.96 (s, 1H), 7.90-7.86 (m, 2H),

o© 7.80-7.78 (m, 1H), 7.44 (dd, J = 8.7, 7.4 Hz, 2H), 7.28-7.26 (m, 1H),

N 7.24 (dd, J = 3.8, 1.1 Hz, 1H), 6.97-6.94 (m, 1H), 6.85 (s, 1H), 6.82

(2)-5ea (d, J =7.8 Hz, 1H), 2.32 (s, 3H); **C NMR (126 MHz, Chloroform-

d) 6 168.0, 167.0, 157.6, 142.5, 137.1, 134.0, 131.8, 129.1, 129.0, 127.4, 126.8, 126.0,

122.7, 119.1, 110.2, 63.5, 13.6; HRMS (ESI) calcd for C19H14CIN3O2Na* [M+Na]*:

374.0668, found: 374.0671.

Cl

(E)-1-benzyl-3-((4-chloro-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)
methylene)-5-methylindolin-2-one ((E)-5fa)
Yellow solid; m.p. 83-84 °C; Yield: 70 mg, 77%; Z/E = 12:88; 'H NMR
(500 MHz, Chloroform-d) & 7.96-7.89 (m, 2H), 7.48-7.41 (m, 2H), 7.32-
7.31 (m, 1H), 7.30-7.29 (m, 2H), 7.28-7.26 (m, 3H), 7.23-7.18 (m, 1H),
\ 6.98-6.96 (m, 2H), 6.56 (d, J = 10.0 Hz, 1H), 4.91 (q, J = 15.8 Hz, 2H),
(E)-5fa 2.31 (s, 3H), 2.01 (s, 3H); 3C NMR (126 MHz, Chloroform-d) & 167.5,
167.3, 157.7, 142.6, 137.5, 135.8, 133.6, 132.5, 132.3, 129.5, 129.2,
128.1, 127.8, 127.7, 127.6, 126.4, 119.4, 119.3, 109.6, 64.3, 44.4, 21.2, 14.1; HRMS
(ESI) calcd for C27H22CIN3O2Na* [M+Na]*: 478.1294, found: 478.1305.

(Z)-1-benzyl-3-((4-chloro-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)
methylene)-5-methylindolin-2-one ((£)-5fa)

\ Yellow solid; m.p. 155-156 °C; Yield: 61 mg, 67%; Z/E = 86:14;
Nep, THNMR (500 MHz, Chloroform-d) § 7.91 (dd, J = 8.7, 1.3 Hz, 2H),
7.42 (dd, J =8.6, 7.4 Hz, 2H), 7.34-7.30 (m, 1H), 7.27 (dd, J = 7.8,
6.1 Hz, 2H), 7.25-7.19 (m, 2H), 7.18-7.15 (m, 2H), 7.01-6.99 (m,

Bn

(@5t 1H), 6.75 (s, 1H), 6.51 (d, J = 8.0 Hz, 1H), 4.79 (g, J = 15.8 Hz, 2H),
2.31 (s, 3H), 2.19 (s, 3H); *C NMR (126 MHz, Chloroform-d) & 168.4, 165.1, 153.5,
141.6,138.2, 135.8, 132.6, 132.5, 131.9, 129.2, 129.1, 128.7, 128.0, 127.6, 125.8, 122.0,
121.4, 120.1, 109.9, 65.9, 44.0, 21.4, 14.0; HRMS (ESI) calcd for C27H22CIN3O2Na*
[M+Na]*: 478.1294, found: 478.1301.
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(E)-1-benzyl-3-((4-chloro-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)
methylene)-5-methoxyindolin-2-one ((E)-5ga)
Yellow solid; m.p. 83-85 °C; Yield: 31 mg, 33%; Z/E = 6:94; 'H NMR
(500 MHz, Chloroform-d) & 7.92-7.90 (m, 2H), 7.46-7.40 (m, 3H),
7.34-7.31 (m, 1H), 7.30-7.28 (m, 3H), 7.27-7.26 (m, 1H), 7.25-7.22 (m,
. 1H), 6.96 (s, 1H), 6.76 (dd, J = 8.6, 2.5 Hz, 1H), 6.58-6.56 (m, 1H),
(E)-59a 4.97-4.84 (m, 2H), 3.54 (s, 3H), 2.34 (s, 3H); 1*C NMR (126 MHz,
Chloroform-d) & 167.4, 167.3, 158.2, 156.1, 138.7, 137.6, 135.8, 134.6, 129.4, 129.2,
128.1, 127.7, 127.4, 126.4, 120.0, 119.3, 118.2, 113.3, 110.3, 64.0, 56.1, 44.5, 14.0;
HRMS (ESI) calcd for C27H23CIN3Os* [M+H]*: 472.1423, found: 472.1426.

(£)-1-benzyl-3-((4-chloro-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)
methylene)-5-methoxyindolin-2-one ((£)-5ga)
Yellow solid; m.p. 173-175 °C; Yield: 45 mg, 48%; Z/E = 81:19;
'H NMR (500 MHz, Chloroform-d) & 7.97-7.88 (m, 2H), 7.42 (dd,
J=8.7,7.4Hz, 2H), 7.32-7.26 (m, 2H), 7.25-7.19 (m, 2H), 7.18-
- 7.14 (m, 2H), 7.06-7.05 (m, 1H), 6.77 (s, 1H), 6.74 (s, 1H), 6.50
(2)-59a (d, J=8.5Hz, 1H), 4.88-4.67 (m, 2H), 3.77 (s, 3H), 2.20 (s, 3H);
13C NMR (126 MHz, Chloroform-d) & 168.4, 165.0, 156.2, 153.4, 138.2, 137.6, 135.7,
132.8,129.2,129.1, 128.0, 127.7, 127.6, 125.8, 122.2, 120.1, 117.0, 110.7, 107.6, 65.9,
56.3, 44.0, 14.0; HRMS (ESI) calcd for C27H22CIN3O2Na* [M+Na]*: 494.1243, found:
494.1251.

\
N~pp,

(E)-1-benzyl-5-bromo-3-((4-chloro-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-pyr
azol-4-yl)methylene)indolin-2-one ((E)-5ha)
Yellow solid; m.p. 173-176 °C; Yield: 53 mg, 51%; Z/E = 10:90; 'H
NMR (500 MHz, Chloroform-d) 4 8.02-8.00 (m, 1H), 7.93-7.88 (m, 2H),
7.44 (dd, J = 8.7, 7.3 Hz, 2H), 7.34-7.32 (m, 2H), 7.31-7.30 (m, 2H),
\ 7.29-7.27 (m, 2H), 7.24 (s, 1H), 7.00 (s, 1H), 6.56 (d, J = 8.3 Hz, 1H),
(E)-5ha 4.97-4.85 (m, 2H), 2.35 (s, 3H); 1*C NMR (126 MHz, Chloroform-d) &
168.1, 164.5, 153.1, 142.6, 138.1, 135.1, 134.0, 131.3, 130.9, 129.3, 128.3, 127.6, 125.9,
124.4, 123.1, 120.1, 115.7, 111.6, 58.9, 44.1, 14.0; HRMS (ESI) calcd for
C26H20BrCINzO2" [M+H]*: 520.0422, found: 520.0441.

(Z)-1-benzyl-5-bromo-3-((4-chloro-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyr
azol-4-yl)methylene)indolin-2-one ((£)-5ha)

Yellow solid; m.p. 113-114 °C; Yield: 81 mg, 78%; Z/E = 81:19;
'H NMR (500 MHz, Chloroform-d) & 7.92-7.88 (m, 2H), 7.62-
7.61 (m, 1H), 7.42 (dd, J = 8.7, 7.4 Hz, 2H), 7.32 (dd, J = 8.4, 1.9
Hz, 1H), 7.28-7.27 (m, 2H), 7.24-7.20 (m, 2H), 7.16-7.13 (m, 2H),
6.80 (s, 1H), 6.50 (d, J = 8.4 Hz, 1H), 4.86-4.72 (m, 2H), 2.19 (s,
3H); 3C NMR (126 MHz, Chloroform-d) & 166.9, 157.9, 143.8, 135.3, 134.6, 130.7,
129.5, 129.3, 128.9, 128.4, 127.6, 126.6, 119.7, 115.8, 111.1, 63.8, 53.8, 44.5, 14.0;
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HRMS (ESI) calcd for C2sH19BrCIN3zO2Na* [M+Na]*: 542.0242, found: 542.0257.

(E)-1-benzyl-6-chloro-3-((4-chloro-1-methyl-5-0xo0-3-phenyl-4,5-dihydro-1H-pyra
zol-4-yl)methylene)indolin-2-one ((E)-Sia)
Orange solid; m.p. 97-99 °C; Yield: 64 mg, 67%; Z/E<<5:95; 'H NMR
(500 MHz, Chloroform-d) 6 7.97-7.96 (m, 1H), 7.87-7.85 (m, 2H), 7.43
(dd, J = 8.7, 7.4 Hz, 2H), 7.36-7.33 (m, 2H), 7.31-7.26 (m, 3H), 7.26-
\ 7.21 (m, 1H), 6.96-6.91 (m, 2H), 6.69 (d, J = 1.9 Hz, 1H), 4.97-4.85 (m,
@sia - 2H), 2.35 (s, 3H); 13C NMR (126 MHz, Chloroform-d) 5 167.6, 167.3,
158.2, 138.2, 137.4, 135.2, 133.7, 129.5, 129.4, 129.0, 128.4, 127.6, 127.0, 126.5, 123.1,
120.2, 119.5, 117.9, 110.3, 63.7, 44.5, 13.9; HRMS (ESI) calcd for C26H20CIl2N302*
[M+H]*: 476.0927, found: 476.0941.

(Z)-1-benzyl-6-chloro-3-((4-chloro-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyra
zol-4-yl)methylene)indolin-2-one ((£)-5ia)

Yellow solid; m.p. 173-175 °C; Yield: 60 mg, 62%; Z/E>95:5;
'H NMR (500 MHz, Chloroform-d) & 7.94-7.88 (m, 2H), 7.46-
7.38 (m, 3H), 7.35-7.27 (m, 3H), 7.25-7.20 (m, 1H), 7.19-7.14 (m,
2H), 7.01 (dd, J = 8.1, 1.8 Hz, 1H), 6.78 (s, 1H), 6.63 (d, J = 1.8
Hz, 1H), 4.85-4.70 (m, 2H), 2.19 (s, 3H); 13C NMR (126 MHz,
Chloroform-d) & 168.2, 165.0, 153.2, 144.7, 138.1, 137.3, 135.1, 131.3, 129.9, 129.3,
129.2,128.3, 127.6, 125.9, 123.0, 122.2, 120.1, 119.8, 110.7, 65.7, 44.1, 14.0; HRMS
(ESI) calcd for C26H19CloN3sO2Na*™ [M+Na]*: 498.0747, found: 498.0758.

(E)-1-benzyl-6-bromo-3-((4-chloro-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-pyr
azol-4-yl)methylene)indolin-2-one ((E)-5ja)
Yellow solid; m.p. 181-182 °C; Yield: 74 mg, 71%; Z/E = 11:89; H
NMR (500 MHz, Chloroform-d) 6 7.91-7.84 (m, 3H), 7.43 (dd, J = 8.7,
7.4 Hz, 2H), 7.37-7.32 (m, 2H), 7.31-7.27 (m, 3H), 7.26-7.23 (m, 1H),
\ 7.11 (dd, J = 8.3, 1.8 Hz, 1H), 6.95 (s, 1H), 6.85 (d, J = 1.8 Hz, 1H),
(E)-5ia 5.00-4.78 (m, 2H), 2.34 (s, 3H); 1*C NMR (126 MHz, Chloroform-d) &
167.4,167.3, 158.2, 146.0, 137.4, 135.2, 133.8, 129.5, 129.4, 129.1, 128.4, 127.6, 127.3,
126.5, 126.4, 126.1, 119.4, 118.3, 113.1, 63.8, 44.5, 13.9; HRMS (ESI) calcd for
C26H20BrCINzO2" [M+H]*: 520.0422, found: 520.0438.

(Z)-1-benzyl-6-bromo-3-((4-chloro-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyr
azol-4-yl)methylene)indolin-2-one ((£)-5ja)
Yellow solid; m.p. 142-144 °C; Yield: 62 mg, 60%; Z/E = 50:50;
N-pn  1H NMR (500 MHz, Chloroform-d) 6 7.91-7.87 (m, 2H), 7.42 (dd,
J =8.6, 7.4 Hz, 2H), 7.34 (m, 1H), 7.32-7.27 (m, 3H), 7.24-7.20
Br bn (m, 1H), 7.19-6.15 (m, 3H), 6.80 (s, 1H), 6.79 (d, J = 1.6 Hz, 1H),
(@Sl 4.84-4.72 (m, 2H), 2.19 (s, 3H); 13C NMR (126 MHz, Chloroform-
d) 6 168.1, 164.8, 153.1, 144.8, 138.1, 135.1, 131.4, 130.0, 129.3, 129.2, 128.3, 127.6,
125.9, 125.3, 122.4, 120.3, 120.1, 113.4, 65.8, 44.1, 14.0; HRMS (ESI) calcd for
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C26H10BrCINzO2Na* [M+Na]": 542.0242, found: 542.0249.

(E)-1-benzyl-3-((4-chloro-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)
methylene)-7-fluoroindolin-2-one ((E)-Ska)

Yellow solid; m.p. 135-136 °C; Yield: 73 mg, 80%; Z/E = 19:81; 'H
NMR (500 MHz, Chloroform-d) 6 7.89-7.84 (m, 2H), 7.71 (dd, J = 7.7,
0.9 Hz, 1H), 7.43 (dd, J = 8.7, 7.4 Hz, 2H), 7.36-7.29 (m, 4H), 7.28-7.26
(m, 1H), 7.26-7.23 (m, 1H), 7.01-7.00 (m, 1H), 6.98 (s, 1H), 6.91-6.85
(m, 1H), 5.09 (s, 2H), 2.33 (s, 3H); 13C NMR (126 MHz, Chloroform-d)
0 167.3, 158.0, 147.9 (d, Jcr = 244.4 Hz), 137.4, 137.0, 133.8 (d, Jcr =
2.5Hz), 131.6, 129.5, 129.0, 128.6, 128.1, 127.9, 126.5, 123.8 (d, Jc-r = 2.5 Hz), 123.6
(d, Jcr =7.5Hz), 122.2 (d, Jcr = 2.5 Hz), 120.2, 120.1, 119.5, 63.7, 46.2, 46.1, 13.9;
F NMR (377 MHz, Chloroform-d) & -133.38; HRMS (ESI) calcd for
Co6H19CIFN302Na* [M+Na]*: 482.1043, found: 482.1055.

(£)-1-benzyl-3-((4-chloro-3-methyl-5-0xo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)
methylene)-7-fluoroindolin-2-one ((£)-5ka)
Yellow solid; m.p. 162-163 °C; Yield: 55 mg, 60%; Z/E = 67:33; ‘H
NMR (500 MHz, Chloroform-d) 6 7.91-7.89 (m, 2H), 7.43 (dd, J =
8.7, 7.4 Hz, 2H), 7.30-7.26 (m, 2H), 7.26-7.24 (m, 2H), 7.23-7.19 (m,
3H), 7.06-6.93 (m, 2H), 6.81 (s, 1H), 4.99-4.88 (m, 2H), 2.18 (s, 3H);
(2)-5ka 13C NMR (126 MHz, Chloroform-d) & 168.1, 164.8, 153.1, 147.9 (d,
Jc-F = 245.7 Hz), 138.1, 136.9, 131.9 (d, Jcr = 3.7 Hz), 130.8, 130.3 (d, Jc-r = 8.8 Hz),
129.2, 128.9, 128.0, 127.8, 126.0, 124.1 (d, Jc-r = 3.7 Hz), 123.5 (d, Jcr = 6.3 Hz),
120.2, 119.5, 119.3, 117.4 (d, Jcr = 3.7 Hz), 65.7, 45.6, 45.5, 14.0; 1°F NMR (377
MHz, Chloroform-d) & -133.38; HRMS (ESI) calcd for C26H19CIFN3O2Na* [M+Na]™:
482.1043, found: 482.1055.

(E)-1-benzyl-3-((4-chloro-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)
methylene)-7-methylindolin-2-one ((£)-51a)

Orange solid; m.p. 174-175 °C; Yield: 75 mg, 84%; Z/E = 14:86; H
NMR (500 MHz, Chloroform-d) 6 7.90-7.88 (m, 2H), 7.67-7.61 (m, 1H),
7.44 (dd, J = 8.7, 7.4 Hz, 2H), 7.32 (dd, J = 8.1, 6.7 Hz, 2H), 7.28-7.26
(m, 1H), 7.25-7.23 (m, 1H), 7.18-7.13 (m, 2H), 6.98 (d, J = 7.7 Hz, 1H),
6.96 (s, 1H), 6.84 (m, 1H), 5.28-5.17 (m, 2H), 2.33 (s, 3H), 2.24 (s, 3H);
13C NMR (126 MHz, Chloroform-d) & 168.6, 167.5, 158.0, 143.0, 137.6,
137.5,136.2, 133.7,129.5, 129.3, 127.7,127.1, 126.4, 126.0, 125.5, 123.1, 120.5, 120.2,
119.6, 64.1, 45.9, 19.3, 14.0; HRMS (ESI) calcd for C27H22CIN3O2Na*” [M+Na]™:
478.1294, found: 478.1315.
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(£)-1-benzyl-3-((4-chloro-3-methyl-5-o0xo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)
methylene)-7-methylindolin-2-one ((£)-5la)

Yellow solid; m.p. 186-187 °C; Yield: 57 mg, 63%; Z/E = 86:14; ‘H
NMR (500 MHz, Chloroform-d) 6 7.89-7.85 (m, 2H), 7.41-7.35 (m,
3H), 7.29-7.26 (m, 1H), 7.25 (s, 1H), 7.24-7.17 (m, 2H), 7.04-7.01 (m,
2H), 7.00-6.95 (m, 2H), 6.78 (s, 1H), 5.14-4.99 (m, 2H), 2.18 (d, J =
1.1 Hz, 6H); 3C NMR (126 MHz, Chloroform-d) § 168.3, 166.0,
153.4,141.9,138.2, 137.6, 135.4, 132.2,129.3, 129.2, 128.7, 127.6, 126.0, 125.7, 123.0,
122.0, 121.0, 120.1, 119.3, 66.0, 45.1, 18.9, 14.0; HRMS (ESI) calcd for
C27H22CIN3O2Na* [M+Na]*: 478.1294, found: 478.1303.

(E)-1-benzyl-3-((4-chloro-3-methyl-5-oxo0-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)
methylene)indolin-2-one ((E)-5aa)

Yellow solid; m.p. 121-123 °C; Yield: 89 mg, 96%; Z/E<<5:95; 'H NMR
(500 MHz, Chloroform-d) & 7.91-7.86 (m, 2H), 7.84 (dd, J = 7.8, 1.1 Hz,
1H), 7.46-7.41 (m, 2H), 7.34-7.29 (m, 4H), 7.28-7.26 (m, 1H), 7.26-7.21
(m, 1H), 7.20-7.19 (m, 1H), 6.96-6.95 (m, 1H), 6.94-6.90 (m, 1H), 6.70
(d,J=7.9 Hz, 1H), 4.98-4.89 (m, 2H), 2.34 (s, 3H); 1*C NMR (126 MHz,
Chloroform-d)

5 167.0, 166.9, 157.6, 144.4, 137.0, 135.2, 133.7, 131.5, 129.0, 128.7, 127.7, 127.2,
127.1, 126.7, 125.9, 122.6, 119.0, 118.9, 109.3, 63.5, 43.9, 13.5; HRMS (ESI) calcd
for C26H21CIN3O2 [M+H]*: 464.1137, found: 464.1134.

(E)-1-benzyl-3-((4-chloro-3-isopropyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-
y)methylene)indolin-2-one ((E)-5ab)

Yellow solid; m.p. 161-162 °C; Yield: 87 mg, 93%; Z/E = 8:92; 'H NMR
(500 MHz, Chloroform-d) 6 7.94-7.89 (m, 2H), 7.52-7.42 (m, 3H), 7.36-
7.33 (m, 1H), 7.33-7.31 (m, 2H), 7.31-7.26 (m, 3H), 7.21-7.17 (m, 1H),
7.09 (s, 1H), 6.89-6.86 (m, 1H), 6.70 (d, J = 10.0 Hz, 1H), 5.00 (d, J =
15.7 Hz, 1H), 4.90 (d, J = 15.7 Hz, 1H), 3.02-2.94 (m, 1H), 1.47 (d, J =
6.8 Hz, 3H), 1.32 (d, J = 6.9 Hz, 3H); 13C NMR (126 MHz, Chloroform-
d) 6 167.4, 165.0, 144.9, 137.6, 135.7, 133.2, 131.8, 129.5, 129.2, 128.8, 128.2, 127.7,
127.0, 126.4, 123.1, 119.5, 119.4, 109.8, 64.4, 44.4, 29.7, 21.7, 21.4; HRMS (ESI)
calcd for C2gH22CIN3O2Na* [M+Na]*: 492.1450, found: 492.1457.

(E)-1-benzyl-3-((3-(tert-butyl)-4-chloro-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4
-yl)methylene)indolin-2-one ((E)-5ac)
Yellow solid; m.p. 140-142 °C; Yield: 93 mg, 97%; Z/E = 33:67; H
NMR (500 MHz, Chloroform-d) 6 7.97-7.85 (m, 2H), 7.52-7.42 (m, 2H),
7.34 (s, 1H), 7.32-7.30 (m, 2H), 7.30-7.26 (m, 3H), 7.19 (s, 1H), 7.18-
7.12 (m, 2H), 6.82-6.79 (m, 1H), 6.68 (d, J = 10.0 Hz, 1H), 5.02 (d, J =
Bn  15.8 Hz, 1H), 4.86 (d, J = 15.8 Hz, 1H), 1.43 (s, 9H); 23C NMR (126 MHz,
®r%2¢ " Chloroform-d) & 167.4, 167.3, 166.4, 144.8, 137.5, 135.8, 131.9, 131.6,
130.7, 129.5, 129.2, 128.1, 127.7, 126.4, 126.3, 123.1, 119.6, 109.9, 64.4, 44.4, 37.0,
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30.1; HRMS (ESI) calcd for C29H27CIN3O2*" [M+H]": 484.1787, found: 484.1802.

(E)-1-benzyl-3-((4-chloro-3-cyclopropyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-
4-yl)methylene)indolin-2-one ((E)-5ad)

Yellow solid; m.p. 166-168 °C; Yield: 87 mg, 93%; Z/E<<5:95; 'H NMR
(500 MHz, Chloroform-d) 6 7.92-7.82 (m, 3H), 7.45-7.38 (m, 2H), 7.35-
7.29 (m, 4H), 7.29-7.26 (m, 1H), 7.24-7.18 (m, 2H), 7.09 (s, 1H), 6.95-
6.92 (m, 1H), 6.70 (d, J = 7.9 Hz, 1H), 4.94 (q, J = 15.8 Hz, 2H), 1.84 (m,
1H), 1.30-1.25 (m, 1H), 1.19-1.11 (m, 2H), 1.09-1.05 (m, 1H); 1*C NMR
(126 MHz, Chloroform-d) & 167.6, 167.4, 163.5, 144.9, 137.6, 135.8,
134.3,131.9,129.4,129.2,128.1, 127.9,127.7,127.6, 126.2, 123.0, 119.5, 119.4, 109.7,
64.1,44.4,9.9, 9.8, 9.5; HRMS (ESI) calcd for C2sH22CIN3O2Na* [M+Na]*: 490.1294,
found: 490.1307.

(E)-1-benzyl-3-((4-chloro-5-0xo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)methy
lene)indolin-2-one ((E)-5ae)
Orange solid; m.p. 195-196 °C; Yield: 84 mg, 84%; Z/E = 7:93; 'H NMR
(500 MHz, Chloroform-d) & 8.04 (dd, J=7.9, 1.9 Hz, 2H), 8.02-7.98 (m,
2H), 7.95-7.93 (m, 1H), 7.52-7.46 (m, 5H), 7.34-7.32 (m, 1H), 7.31-7.30
L (m, 3H), 7.29-7.26 (m, 2H), 7.26-7.24 (m, 1H), 7.21-7.17 (m, 1H), 6.94-
(E)-5ae 6.92 (m, 1H), 6.67 (d, J = 7.9 Hz, 1H), 4.93 (q, J = 15.8 Hz, 2H); 13C
NMR (126 MHz, Chloroform-d) 8 167.6, 167.5, 156.6, 145.0, 137.5, 135.7, 133.8,
131.9,129.5,129.4,129.2,128.8, 128.1, 127.9, 127.8, 127.7,127.6, 126.7, 123.0, 119.8,
119.5,109.8, 62.6, 44.4; HRMS (ESI) calcd for C31H22CIN3O2Na* [M+Na]*: 526.1294,
found: 526.1300.

(E)-1-benzyl-3-((4-chloro-5-oxo-1-phenyl-3-(p-tolyl)-4,5-dihydro-1H-pyrazol-4-yl)
methylene)indolin-2-one ((E)-5af)

Orange solid; m.p. 187-188 °C; Yield: 99 mg, 96%; Z/E<<5:95; 'H
NMR (500 MHz, Chloroform-d) 6 8.02-7.98 (m, 2H), 7.93-7.90 (m,
3H), 7.50-7.44 (m, 2H), 7.34-7.30 (m, 1H), 7.29 (dd, J = 4.3, 2.3 Hz,
4H), 7.28-7.26 (m, 3H), 7.25-7.23 (m, 1H), 7.18-7.15 (m, 1H), 6.92-
6.89 (m, 1H), 6.65 (d, J=7.9 Hz, 1H), 4.91 (q, J = 15.8 Hz, 2H), 2.40
(s, 3H); 3C NMR (126 MHz, Chloroform-d) & 167.6, 167.5, 156.7,
144.9,142.6,137.6,135.7,133.6, 131.9, 130.2, 129.5, 129.2, 129.1, 128.1, 127.7, 127.6,
1275, 126.6, 125.1, 123.0, 119.8, 119.5, 109.7, 62.7, 44.4, 22.0; HRMS (ESI) calcd
for Ca2H2sCIN3O2" [M+H]"™: 518.1630, found: 518.1635.

(E)-1-benzyl-3-((4-chloro-3-(4-methoxyphenyl)-5-oxo-1-phenyl-4,5-dihydro-1H-p
O\ yrazol-4-yl)methylene)indolin-2-one ((E)-5ag)
Yellow solid; m.p. 197-198 °C; Yield: 103 mg, 97%; Z/E<<5:95;
IH NMR (500 MHz, Chloroform-d) & 8.02-7.99 (m, 2H), 7.99-7.95
(m, 2H), 7.93-7.91 (m, 1H), 7.48 (dd, J = 8.7, 7.3 Hz, 2H), 7.33 (m,
1.4 Hz, 1H), 7.31-7.28 (m, 4H), 7.28-7.26 (m, 2H), 7.20-7.17 (m,
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1H), 7.01-6.96 (m, 2H), 6.92-6.90 (m, 1H), 6.67 (d, J = 7.9 Hz, 1H), 4.93 (g, J = 15.8
Hz, 2H), 3.87 (s, 3H); *C NMR (126 MHz, Chloroform-d) 8 167.5, 167.4, 162.6, 156.5,
144.9, 137.6,135.8, 133.6,131.9, 129.5,129.4, 129.3, 129.2, 128.1, 127.8, 127.7, 126.5,
123.0, 120.5, 119.8, 119.6, 115.0, 109.7, 62.8, 55.9, 44.4; HRMS (ESI) calcd for
Ca2H25CIN3O3* [M+H]": 534.1579, found: 534.1584.

(E)-1-benzyl-3-((4-chloro-3-(4-chlorophenyl)-5-oxo-1-phenyl-4,5-dihydro-1H-pyr
azol-4-yl)methylene)indolin-2-one ((E)-5ah)
¢ Orange solid; m.p. 183-185 °C; Yield: 103 mg, 96%;Z/E = 6:94; 'H
NMR (500 MHz, Chloroform-d) 6 8.00-7.98 (m, 2H), 7.97-7.94 (m,
2H), 7.94-7.90 (m, 1H), 7.52-7.40 (m, 4H), 7.32 (s, 1H), 7.31-7.29
(m, 3H), 7.28-7.26 (m, 2H), 7.23-7.15 (m, 2H), 6.94-6.91 (m, 1H),
6.67 (d, J = 7.8 Hz, 1H), 4.92 (g, J = 15.8 Hz, 2H); 3C NMR (126
(E)-5ah MHz, Chloroform-d) & 167.4, 167.3, 155.6, 145.0, 138.2, 1374,
135.7,134.1,132.1, 129.9, 129.6, 129.2, 128.8, 128.2, 127.8, 127.7, 126.8, 126.3, 123.0,
119.8, 119.4, 109.8, 62.3, 44.4; HRMS (ESI) calcd for C31H21CI2N3O2Na*™ [M+Na]*:
560.0904, found: 560.0905.

(E)-1-benzyl-3-((3-(4-bromophenyl)-4-chloro-5-oxo-1-phenyl-4,5-dihydro-1H-pyr

azol-4-yl)methylene)indolin-2-one ((£)-5ai)

B Yellow solid; m.p. 162-163 °C; Yield: 106 mg, 91%; Z/E = 8:92; H
NMR (500 MHz, Chloroform-d) 6 7.99-7.94 (m, 2H), 7.90 (dd, J =
12.4, 8.2 Hz, 3H), 7.64-7.57 (m, 2H), 7.48 (dd, J = 8.6, 7.4 Hz, 2H),
7.34-7.29 (m, 4H), 7.28-7.27 (m, 2H), 7.20 (dd, J = 7.8, 1.1 Hz, 1H),
7.18 (s, 1H), 6.92 (m, 1H), 6.67 (d, J = 7.9 Hz, 1H), 4.92 (g, J = 15.8
Hz, 2H); 13C NMR (126 MHz, Chloroform-d) § 167.4, 155.8, 145.1,

137.4,135.7,134.1, 132.8, 132.1, 129.6, 129.2, 128.9, 128.2, 127.8, 127.7, 126.8, 126.7,

126.6, 123.1, 119.8, 1194, 109.8, 62.3, 44.4; HRMS (ESI) calcd for

Cs1H21BrCIN3O2Na* [M+Na]*: 604.0399, found: 604.0417.

(E)-1-benzyl-3-((4-chloro-5-oxo-1-phenyl-3-(m-tolyl)-4,5-dihydro-1H-pyrazol-4-y
Dmethylene)indolin-2-one ((E)-5aj)
Yellow solid; m.p. 173-175 °C; Yield: 101 mg, 98%; 'H NMR (500
MHz, Chloroform-d) 6 8.04-7.98 (m, 2H), 7.94-7.92 (m, 1H), 7.87 (s,
1H), 7.81-7.79 (m, 1H), 7.49 (dd, J = 8.7, 7.4 Hz, 2H), 7.39-7.35 (m,
1H), 7.34-7.32 (m, 2H), 7.31-7.28 (m, 4H), 7.27 (s, 2H), 7.21-7.18 (m,
1H), 6.94-6.92 (m, 1H), 6.67 (d, J = 7.9 Hz, 1H), 5.00-4.85 (m, 2H),
(E)-5aj 2.43 (s, 3H); 3C NMR (126 MHz, Chloroform-d) § 167.6, 167.5,
156.8, 145.0, 139.3, 137.6, 135.7, 133.7, 132.9, 131.9, 129.5, 129.3, 129.2, 129.0, 128.1,
127.9, 127.8, 127.8, 127.7, 126.7, 125.0, 123.0, 119.8, 119.6, 109.7, 62.7, 44.4, 21.9;
HRMS (ESI) calcd for C32H2sCIN3O2* [M+H]*: 518.1630, found: 518.1627.
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(E)-1-benzyl-3-((4-chloro-5-oxo-1-phenyl-3-(o-tolyl)-4,5-dihydro-1H-pyrazol-4-yl)
methylene)indolin-2-one ((E)-5ak)
Yellow solid; m.p. 165-166 °C; Yield: 97 mg, 94%; Z/E<<5:95; 'H
NMR (500 MHz, Chloroform-d) 6 7.99 (dd, J = 8.7, 1.2 Hz, 2H), 7.82-
7.80 (m, 2H), 7.49 (dd, J = 8.7, 7.3 Hz, 2H), 7.40-7.34 (m, 2H), 7.34-
7.30 (m, 2H), 7.30 (dd, J = 4.2, 1.6 Hz, 3H), 7.29-7.27 (m, 2H), 7.24 (s,
1H), 7.19-7.16 (m, 1H), 6.91-6.88 (m, 1H), 6.66 (d, J = 10.0 Hz, 1H),
(E)-5ak 5.00-4.84 (m, 2H), 2.76 (s, 3H); 13C NMR (126 MHz, Chloroform-d) &
167.5,167.2, 157.4, 144.9, 140.0, 137.7, 135.7, 133.3, 133.0, 131.9, 131.0, 130.0, 129.6,
129.5,129.2, 128.1, 127.7, 127.5, 126.6, 126.5, 123.0, 119.6, 119.5, 109.8, 64.1, 44.4,
24.4; HRMS (ESI) calcd for C32H25CIN3O2" [M+H]*: 518.1630, found: 518.1634.

(E)-1-benzyl-3-((4-chloro-3-(naphthalen-2-yl)-5-oxo-1-phenyl-4,5-dihydro-1H-py
razol-4-yl)methylene)indolin-2-one ((£)-5al)
Orange solid; m.p. 177-179 °C; Yield: 108 mg, 98%; Z/E = 5:95; 'H
NMR (500 MHz, Chloroform-d) 6 8.39 (s, 1H), 8.20 (dd, J = 8.7,
1.8 Hz, 1H), 8.06-8.03 (m, 2H), 7.98-7.91 (m, 3H), 7.86 (dd, J = 7.4,
1.7 Hz, 1H), 7.58-7.54 (m, 2H), 7.52-7.48 (m, 2H), 7.37 (s, 1H),
\ 7.34-7.29 (m, 2H), 7.29-7.28 (m, 2H), 7.28-7.25 (m, 2H), 7.19-7.16
(Ey-al (m, 1H), 6.95-6.91 (m, 1H), 6.66 (d, J = 7.8 Hz, 1H), 4.92 (q, J =
15.8 Hz, 2H); 3C NMR (126 MHz, Chloroform-d) *3C NMR (126 MHz, CDCl3) §
167.7,167.5, 156.8, 145.0, 137.6, 135.7, 135.0, 133.8, 133.2, 132.0, 129.7, 129.6, 129.5,
129.2,129.1,128.7,128.4,128.2,128.1, 127.7, 127.6, 127.3, 126.7, 125.2, 123.4, 123.0,
119.9, 119.5, 109.8, 62.6, 44.4; HRMS (ESI) calcd for CssH24CIN3O2Na*™ [M+Na]™*:
576.1450, found: 576.1459.

(E)-1-benzyl-3-((4-chloro-3-(naphthalen-1-yl)-5-oxo-1-phenyl-4,5-dihydro-1H-py
razol-4-yl)methylene)indolin-2-one ((£)-5am)
Yellow solid; m.p. 164-167 °C; Yield: 28 mg, 25%; Z/E<<5:95; H
NMR (500 MHz, Chloroform-d) 6 9.20 (dd, J=8.7, 1.1 Hz, 1H), 8.09-
8.04 (m, 3H), 7.99-7.97 (m, 1H), 7.92 (dd, J = 8.1, 1.4 Hz, 1H), 7.84
(dd, J=7.8, 1.1 Hz, 1H), 7.70-7.67 (m, 1H), 7.60-7.58 (m, 1H), 7.55-
Bn 7.51 (m, 3H), 7.36-7.34 (m, 1H), 7.33-7.31 (m, 2H), 7.29 (dd, J = 7.4,
(B)-5am 2.2 Hz, 2H), 7.27 (s, 2H), 7.17-7.14 (m, 1H), 6.89-6.86 (m, 1H), 6.65
(d, J =7.9 Hz, 1H), 5.00-4.82 (m, 2H); **C NMR (126 MHz, Chloroform-d) & 167.5,
167.3,157.2,144.9,137.6,135.7,134.8, 133.5, 132.9, 131.9, 131.6, 130.0, 129.6, 129.5,
129.2,128.6,128.1,127.6,127.5,126.9, 126.8, 126.5, 125.2, 124.3, 123.0, 119.8, 119.5,
109.8, 64.6, 44.4; HRMS (ESI) calcd for CasH24CIN3O2Na* [M+Na]*: 576.1450, found:
576.1460.
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(E)-1-benzyl-3-((4-chloro-3-(furan-2-yl)-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-
4-yl)methylene)indolin-2-one ((E)-5an)
Orange solid; m.p. 147-148 °C; Yield: 88 mg, 89%; Z/E<<5:95; 'H
NMR (500 MHz, Chloroform-d) 6 8.00 (dd, J =7.9, 1.1 Hz, 1H), 7.96
(dd, J = 8.8, 1.2 Hz, 2H), 7.66-7.64 (m, 1H), 7.46 (dd, J = 8.7, 7.4 Hz,
2H), 7.35-7.31 (m, 1H), 7.31-7.28 (m, 4H), 7.27-7.24 (m, 1H), 7.21-7.19
Bn (m, 1H), 7.17 (s, 1H), 7.08-7.07 (m, 1H), 6.96-6.92 (m, 1H), 6.68 (d, J =
(E)-San 7.9 Hz, 1H), 6.58 (dd, J = 3.6, 1.8 Hz, 1H), 4.93 (q, J = 15.8 Hz, 2H);
13C NMR (126 MHz, Chloroform-d) § 167.5, 166.7, 149.3, 146.3, 145.0, 143.8, 137.4,
135.7,134.1,132.0,129.5,129.2,128.2, 128.1, 128.0, 127.6, 126.8, 123.0, 119.9, 119.4,
115.7, 112.8, 109.7, 62.0, 44.4; HRMS (ESI) calcd for C29H20CIN3O3Na* [M+Na]*:
516.1086, found: 516.1099.

(E)-1-benzyl-3-((4-chloro-5-0xo0-1-phenyl-3-(thiophen-2-yl)-4,5-dihydro-1H-pyraz
ol-4-yl)methylene)indolin-2-one ((E)-5a0)
Orange solid; m.p. 167-168 °C; Yield: 100 mg, 89%; Z/E = 6:94; 'H
NMR (500 MHz, Chloroform-d) 6 8.04-8.03 (m, 1H), 7.98-7.94 (m, 2H),
7.64 (dd, J = 3.8, 1.0 Hz, 1H), 7.52 (dd, J = 5.1, 1.0 Hz, 1H), 7.49-7.44
(m, 2H), 7.33-7.32 (m, 1H), 7.31-7.27 (m, 5H), 7.23-7.18 (m, 2H), 7.13
Bn (dd, J = 5.0, 3.8 Hz, 1H), 6.96-6.93 (m, 1H), 6.68 (d, J = 7.9 Hz, 1H),
% 5.02-4.83 (m, 2H); 13C NMR (126 MHz, Chloroform-d)  167.5, 167.0,
153.3,145.0,137.4,135.7,134.3,132.1, 131.4, 130.8, 130.5, 129.5, 129.2, 128.5, 128.2,
128.1, 128.0, 127.6, 126.7, 123.0, 119.8, 119.4, 109.7, 62.7, 44.4; HRMS (ESI) calcd
for C29H20CIN302SNa* [M+Na]*: 532.0858, found: 532.0871.

(8,2)-1-benzyl-3-((4-chloro-5-o0xo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)meth
ylene)indolin-2-one ((S,2)-5ae)
Ph.__N Yellow solid; m.p. 129-132 °C; Yield: 89 mg, 96%; Z/E > 95:5;

~ 'N—Ph

/}ﬂz petroleum ether/EtOAc = 20:1; [o]5 = -214.11 (c 0.13, CHCI3); 1H
Cfg:o NMR (500 MHz, Chloroform-d) & 8.06-7.98 (m, 2H), 7.96-7.91 (m,
N\Bn 2H), 7.53 (dd, J = 7.6, 1.1 Hz, 1H), 7.49-7.45 (m, 2H), 7.44-7.39 (m,
(S.2)-5ae 3H), 7.26 (s, 1H), 7.24-7.19 (m, 3H), 7.18-7.16 (m, 1H), 7.10 (s, 1H),
7.09-7.05 (m, 2H), 7.04-7.00 (m, 1H), 6.56 (d, J = 7.8 Hz, 1H), 4.74 (g, J = 15.8 Hz,
2H); 13C NMR (126 MHz, Chloroform-d) & 168.7, 165.1, 152.4, 143.7, 138.2, 135.6,
132.0,131.3,130.9, 130.4,129.3,129.2,129.1, 129.0, 128.0, 127.7, 127.5, 126.1, 122.8,
121.5, 121.3, 120.5, 110.0, 64.4, 43.9; HRMS (ESI) calcd for CziH22CIN3O2Na*
[M+Na]™: 526.1294, found: 526.1300. HPLC Date 93% ee (Daicel Chiralpak ADH
column, hexane/Isopropanol = 80/20, 4 = 254 nm, 30 °C, 1 mL/min, t major = 14.9 min,

t minor = 21.0 min).
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Peak RetTime Area Heigh Area%
1 14.167 7379090 217355 20.796
2 17.024 10364928 247585 29.211
3 19.900 7504044 148613 21.148
4 24.779 10234993 160405 28.845
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E T ‘\\_‘W : L ‘g T %
Peak RetTime Area Heigh Area%
1 14.934 65300077 1651887 86.001
2 17.839 447903 12447 0.590
3 20.997 2440092 43917 3.214
4 26.882 7741148 117059 10.195

(8,2)-3-((4-chloro-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)methylene)-1-

methylindolin-2-one ((8,2)-5be)

Ph

N,
o
/CI e}
(0]
N

\
(S,2)-5be

16.4 min).

Yellow solid; m.p. 151-153 °C; Yield: 82 mg, 96%; Z/E > 95:5;

petroleum ether/EtOAc = 20:1; [a]; =

-216.66 (c 0.13, CHCls3); *H

NMR (500 MHz, Chloroform-d) & 8.07-8.02 (m, 2H), 7.95-7.90 (m,
2H), 7.55-7.51 (m, 1H), 7.50-7.45 (m, 2H), 7.41 (dd, J = 5.2, 2.0 Hz,
3H), 7.32-7.26 (m, 2H), 7.09-7.03 (m, 2H), 6.71 (d, J = 7.8 Hz, 1H),
3.03 (s, 3H); ¥C NMR (126 MHz, Chloroform-d) & 168.7, 165.0,
152.3,144.7,138.2, 132.0, 131.4,130.9, 129.9, 129.3, 129.2, 129.1, 129.0, 127.6, 126.1,
122.7,121.2,120.3, 108.9, 64.3, 26.4; HRMS (ESI) calcd for C2sH19CIN3O2" [M+H]™:
428.1161, found: 428.1174; HPLC Date 90% ee (Daicel Chiralpak ADH column,
hexane/lsopropanol = 85/15, 1 = 254 nm, 30 °C, 1 mL/min, t major = 10.7 min, t minor =

FIE 445 IC-NVe-RAC-15-1-2.led
& hazimycin

v
1000JC-NMe-RAC-15-1-2cd TaJlEEA Ch2 254nm

750

500

Peak RetTime Area Heigh Area%
1 10.191 5538791 244969 20.272
2 15.181 5383692 164536 19.704
3 16.629 8267932 223533 30.260
4 28.907 8132241 139372 29.764
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BRI IC-NMe-CA2-15-3.lcd
& FY-1

g€ 8 8 38 & 8 &
P20 88.8.8,.8.8 5
=

Peak RetTime Area Heigh Area%
1 10.747 46388464 1830123 95.263
2 16.437 2306813 60014 4.737

(8,2)-3-((4-chloro-5-o0x0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)methylene)-1-
(prop-2-yn-1-yl)indolin-2-one ((S,Z2)-5ce)

Ph

/CI o)
(0]
N

-

IS

(S,2)-5ce

/N\
ot

Yellow solid; m.p. 196-199 °C; Yield: 80 mg, 92%; Z/E = 87:13;
petroleum ether/EtOAc = 20:1; [a]s = -252.00 (¢ 0.10, CHClIs3); *H
NMR (500 MHz, Chloroform-d) & 8.04-8.03 (m, 2H), 7.93-7.92 (m,
2H), 7.56-7.55 (m, 1H), 7.50-7.47 (m, 2H), 7.42-7.41 (m, 3H), 7.35-
7.32 (m, 1H), 7.29-7.27 (m, 1H), 7.11-7.08 (m, 2H), 6.98 (d, J=7.9

Hz, 1H), 4.46-4.37 (m, 1H), 4.30-4.22 (m, 1H), 2.16 (s, 1H); 1*C NMR (126 MHz,
Chloroform-d) & 168.6, 163.9, 152.2, 142.7, 138.1, 131.5, 131.4, 131.0, 130.7, 129.3,
129.2,128.9, 127.6, 126.1, 123.2, 121.3, 121.2, 120.3, 110.1, 73.2, 64.2, 29.5; HRMS
(ESI) calcd for Co7H19CIN3O2* [M+H]*: 452.1161, found: 452.1175; HPLC Date 86%
ee (Daicel Chiralpak IC column, hexane/lsopropanol = 90/10, A = 254 nm, 30 °C, 1
mL/min, t major = 10.8 min, t minor = 12.2 min).

my
REERA Chz 254nm

HYEIE:IC-NOC-RAC-10-Llcd
FERRRZHC-240119-HC-H-9'-AD-80-20-0.7.Icd

Peak RetTime Area Heigh Area%

1 11.868 3274282 94135 49.608

2 13.324 3326091 86067 50.392
e — DR —

Peak RetTime Area Heigh Area%

1 10.848 16642919 655163 93.274

2 12.200 1200178 39489 6.726
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(S,2)-3-((4-chloro-5-0xo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)methylene)-1-
phenylindolin-2-one ((S,2)-5de)

PseN—pn  Yellow solid; m.p. 150-152 °C; Yield: 96 mg, 98%; Z/E = 86:14;
/J\ﬂo petroleum ether/EtOAc = 20:1; [a]n = -89.02 (c 0.14, CHCIs); 'H
C['%o NMR (500 MHz, Chloroform-d) 6 8.00-7.98 (m, 2H), 7.94-7.93 (m,

Ph 2H), 7.61 (dd, J = 7.6, 1.2 Hz, 1H), 7.46-7.43 (m, 2H), 7.43-7.41 (m,

(8.2y5de 3H), 7.40-7.38 (m, 2H), 7.33-7.27 (m, 1H), 7.26-7.23 (m, 3H), 7.23-
7.21 (m, 1H), 7.16 (s, 1H), 7.12-7.09 (m, 1H), 6.77 (d, J = 7.9 Hz, 1H); 3C NMR (126
MHz, Chloroform-d) 6 168.4, 164.2, 152.1, 144.6, 138.2, 134.0, 131.9, 131.3, 130.9,
130.6,129.8,129.2, 129.0, 128.4, 127.7, 126.6, 126.0, 123.3, 121.5, 121.4, 120.4, 110.3,
64.5; HRMS (ESI) calcd for C3oH21CIN3O2" [M+H]": 490.1317, found: 490.1333;
HPLC Date 74% ee (Daicel Chiralpak IC column, hexane/isopropanol = 85/15, 1 =
254 nm, 30 °C, 1 mL/min, t major = 8.3 MiN, t minor = 9.5 Min).

BUEA4:IC-RAC-N-Ph-1-15.Icd
FfA#:hazimycin D

my.
SWZEACh2 254N}

0.0 10 20 30 4.0 50 6.0 7.0 8.0 9.0 100 110 20 130

Area%

Peak RetTime Area Heigh

1 8.631 2704322 125197 51.530
2 9.817 2543699 95634 48.470
Peak RetTime Area Heigh Area%
1 8.316 31744370 1619251 86.582
2 9.511 4919602 216209 13.418

(8,2)-3-((4-chloro-5-oxo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)methylene)ind
olin-2-one ((S,2)-5ee)
PseNpn  Yellow solid; m.p. 173-174 °C; Yield: 36 mg, 44%; Z/E > 95:5;
/}\ﬁo petroleum ether/EtOAc = 20:1; [o]5 = -123.94 (c 0.11, CHCI3); 1H
@[%) NMR (500 MHz, Chloroform-d) 3 8.43 (s, 1H), 8.08-8.00 (m, 2H),
N 7.91-7.84 (m, 2H), 7.50-7.43 (m, 3H), 7.41-7.37 (m, 3H), 7.28-7.27
(5,2)-5ee (m, 1H), 7.13-7.09 (m, 1H), 7.04 (s, 1H), 6.01-6,98 (m, 1H), 6.23 (d,
J = 7.8 Hz, 1H). 13C NMR (126 MHz, Chloroform-d) & 168.6, 167.0, 152.0, 141.9,
138.3,132.3,131.5,131.0, 130.6, 129.5, 129.2, 128.9, 127.6, 126.0, 122.8, 121.9, 121.5,
119.9, 110.9, 64.2; HRMS (ESI) calcd for C24H17CIN3O2" [M+H]*: 414.1004, found:
414.1015; HPLC Date 62% ee (Daicel Chiralpak IC column, hexane/lsopropanol =
95/5, A=254 nm, 30 OC, 1 mL/min, t major = 16.1 min, { minor = 49.4 m|n)
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HURSIHF4:IC-NH-RAC-5-1Icd

l;t AN AL . ,;F/E\
Peak | RetTime Area Heigh | Aréa%
1 16.265 368981 7398 12.148
2 30.160 2302800 27773 75.817
3 49.657 365544 2835 12.035
3004 ‘/\‘g
00] “\‘ \\ )
004 L\—‘ ¢/§\ )
Peak RetTime Area Heigh Area%
1 16.057 14653113 292592 79.446
2 30.141 385125 3987 2.088
3 49.428 3405797 26952 18.466

(8,2)-1-benzyl-3-((4-chloro-5-o0xo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)meth
ylene)-5-methylindolin-2-one ((S,2)-5fe)

PNy _pn  Yellow solid; m.p. 204-206 °C; Yield: 102 mg, 99%; Z/E = 95:5;

/‘C"Fxﬁo petroleum ether/EtOAC = 20:1; [a]s =-235.21 (c 0.11, CHCIs); H

\CENé:o NMR (500 MHz, Chloroform-d) & 8.12-8.03 (m, 2H), 8.01-7.94 (m,

Bn 2H), 7.51-7.47 (m, 2H), 7.44 (dd, J = 5.3, 1.9 Hz, 3H), 7.38 (s, 1H),

(5,2)-5te 7.30-7.26 (m, 1H), 7.24-7.19 (m, 3H), 7.11 (s, 1H), 7.08-7.05 (m,

2H), 6.98-6.96 (M, 1H), 6.45 (d, J = 8.0 Hz, 1H), 4.76 (d, J = 15.8 Hz, 1H), 4.66 (d, J

=15.8 Hz, 1H), 2.32 (s, 3H); **C NMR (126 MHz, Chloroform-d) § 168.7, 165.1, 152.4,

141.4,138.2,135.7,132.3,132.2,131.7, 130.8, 129.9, 129.2, 129.1, 129.1, 128.9, 127.8,

127.6, 127.4, 126.1, 121.9, 121.4, 120.4, 109.7, 64.5, 43.8, 21.3; HRMS (ESI) calcd

for C32H25CIN3O2" [M+H]*: 518.1630, found: 518.1642; HPLC Date 92% ee (Daicel

Chiralpak IC column, hexane/isopropanol = 90/10, 1 =254 nm, 30 °C, 1 mL/min, t major

=10.3 min, t minor = 11.4 min).

HIEYH21C-5-Me-RAC-10- 1 led
T HC-240125-HC-H-16-AR-80-20-0.7.Icd

Peak RetTime Area Heigh Area%
1 11.063 5610481 175055 48.856
2 12.195 5873328 178839 51.144
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HERS1C-5-Me-CA2-10- 1 lcd

1000

750

500

250

Peak RetTime Area Heigh Area%
1 10.341 15304958 546717 95.615
2 11.402 701923 21423 4.385

(S,2)-1-benzyl-3-((4-chloro-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)meth
ylene)-5-methoxyindolin-2-one ((S,2)-5ge)
Phﬁwph Red solid; m.p. 145-147 °C; Yield: 74 mg, 70%; Z/E > 95:5;

o ot petroleum ether/EtOAc = 20:1; [a]t = -186.00 (c 0.11, CHCIy);
g C[gzo 'H NMR (500 MHz, Chloroform-d) & 8.09-7.99 (m, 2H), 7.98-
N 7.89 (m, 2H), 7.47 (dd, J = 8.6, 7.4 Hz, 2H), 7.43 (dd, J = 5.0, 1.9
(5.2)-5ge Hz, 3H), 7.28-7.27 (m, 1H), 7.22-7.18 (m, 3H), 7.11-7.10 (m, 2H),
7.04 (dd, J = 7.3, 2.3 Hz, 2H), 6.70 (dd, J = 8.5, 2.5 Hz, 1H), 6.42
(d, J=8.5Hz, 1H), 4.75 (d, J = 15.8 Hz, 1H), 4.62 (d, J = 15.8 Hz, 1H), 3.77 (s, 3H);
13C NMR (126 MHz, Chloroform-d) & 168.3, 164.7, 155.8, 152.0, 137.8, 137.1, 135.3,
132.0,130.5,130.1, 128.9, 128.8, 128.7, 128.6, 127.5, 127.3,127.1, 125.7, 121.9, 120.1,
116.3, 110.2, 107.3, 64.0, 55.9, 43.6; HRMS (ESI) calcd for C32H2sCIN3Os™ [M+H]™:
534.1579, found: 534.1594; HPLC Date 92% ee (Daicel Chiralpak IC column,
hexane/isopropanol = 85/15, 1 = 254 nm, 30 °C, 1 mL/min, t major = 12.6 min, t minor =
16.4 min).

{#2:IC-5-OMe-RAC-15-1.kd
FHERZHC-240119-HC-H-9'-AR-80-20-0.7.Icd

300

200

000000

Peak RetTime Area Heigh Area%
1 14.079 4514201 87328 51.594
2 18.337 4235271 70872 48.406
Peak RetTime Area Heigh Area%
1 12.639 9753211 280937 95.880
2 16.361 419050 10254 4.120
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(S,2)-1-benzyl-5-bromo-3-((4-chloro-5-0xo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-
4-yl)methylene)indolin-2-one ((S,2)-5he)
N . Yellow solid; m.p. 184-186 °C; Yield: 116 mg, 98%; Z/E = 88:12,;
. /J\\ﬁo petroleum ether/EtOAc = 20:1; [a]5 = -201.67 (c 0.12, CHCls);
C[@o 'H NMR (500 MHz, Chloroform-d) & 8.05-8.03 (m, 2H), 7.96-
i 7.92 (m, 2H), 7.67-7.66 (m, 1H), 7.53-7.48 (m, 2H), 7.46-7.44 (m,
(5.2)-5he 3H), 7.31-7.26 (m, 2H), 7.22 (dd, J =5.0, 1.9 Hz, 3H), 7.14 (s, 1H),
7.06-7.02 (m, 2H), 6.43 (d, J = 8.4 Hz, 1H), 4.75 (d, J = 15.8 Hz, 1H), 4.66 (d, J = 15.8
Hz, 1H) 13C NMR (126 MHz, Chloroform-d) & 168.4, 164.6, 152.1, 142.4, 138.1, 135.1,
133.8,132.2,131.0,130.9, 129.3,129.2,129.1, 128.9, 128.1, 127.6, 127.5, 126.2, 124 .4,
123.1, 120.4, 115.6, 111.5, 64.2, 44.0; HRMS (ESI) calcd for C31H22BrCIN3;O2*
[M+H]": 582.0579, found: 582.0592; HPL.C Date 92% ee (Daicel Chiralpak IC column,
hexane/isopropanol = 90/10, 4 = 254 nm, 30 °C, 1 mL/min, t major = 11.6 Min, t minor =
22.0 min).

BURH4Z:1C-5-Br-RAC-10-4.lcd
HEGH# HC-240407-HC-H-13-AR-80-20-0.7.Icd

Peak RetTime Area Heigh Area%
1 11.515 1533777 52233 24.727
2 15.061 3177458 68600 51.226
3 21.481 1491560 23789 24.047
Peak RetTime Area Heigh Area%
1 11.639 15755247 510023 87.823
2 15.324 1474614 33053 8.220

3 22.048 709880 10591 3.957

(8,2)-1-benzyl-3-((4-chloro-5-oxo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)meth
ylene)-6-methoxyindolin-2-one ((S,2)-5ie)

PN _pn  Yellow solid; m.p. 147-149 °C; Yield: 38 mg, 36%; Z/E > 95:5;

/J\\% petroleum ether/EtOAc = 20:1; [a]s = -197.09 (c 0.16, CHCIls);

Ji:[é:o IH NMR (500 MHz, Chloroform-d) & 8.03-8.01 (m, 2H), 7.97-

o N 7.91 (m, 2H), 7.46 (dd, J = 8.8, 7.6 Hz, 3H), 7.43-7.39 (m, 3H),

(S,2)-5ie 7.28-7.22 (m, 2H), 7.21-7.20 (m, 2H), 7.08-7.03 (m, 2H), 6.91 (s,

1H), 6.51-6.49 (m, 1H), 6.12 (d, J = 2.2 Hz, 1H), 4.78-4.61 (m,

2H), 3.70 (s, 3H); 13C NMR (126 MHz, Chloroform-d) & 168.9, 165.8, 162.7, 152.6,

145.3,138.3, 135.6, 131.5, 130.8, 129.3, 129.2, 129.1, 129.0, 128.0, 127.7, 127.5, 127 .4,
S27



126.1, 122.6, 120.4, 114.4, 107.1, 97.6, 64.5, 55.9, 43.9; HRMS (ESI) calcd for
Ca2H25CIN3O3" [M+H]™: 534.1579, found: 534.1596; HPLC Date 99% ee (Daicel
Chiralpak I1C column, hexane/isopropanol = 85/15, 2 =254 nm, 30 °C, 1 mL/min, t major
=13.0 min, { minor = 15.2 m|n)

IR {#4:1C-60Me-RAC-1501.Icd
b
HERID:1

Peak RetTime Area Heigh Area%
1 9.596 462422 17818 21.177
2 13.138 855013 23033 39.155
3 15.285 866204 19889 39.668
g{%%gﬁ:I(}GCWI&CAZ—lSOlA.\Cd
,,,,,,,,,,,,,,,,,,,,,,,,,,,, S DS—

Peak RetTime Area Heigh Area%
1 8.985 452526 21843 13.216
2 13.024 2958220 82516 86.398
3 15.212 13214 409 0.386

(8,Z)-1-benzyl-6-chloro-3-((4-chloro-5-o0xo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-
4-yl)methylene)indolin-2-one ((S,2)-5je)
PN o Yellow solid; m.p. 184-185 °C; Yield: 106 mg, 99%; Z/E =
/}\( 89:11;petroleum ether/EtOAc = 20:1; [a]h = -130.51 (c 0.13,
&o ° CHCI3); *H NMR (500 MHz, Chloroform-d) & 8.08-7.99 (m, 2H),
c 4 7.93 (dd, J = 6.7, 3.0 Hz, 2H), 7.50-7.46 (m, 2H), 7.46-7.39 (m,
(S.2)-5ie 4H), 7.29-7.26 (m, 1H), 7.23 (dd, J =5.1, 1.9 Hz, 3H), 7.11 (s, 1H),
7.05 (dd, J = 6.7, 2.8 Hz, 2H), 6.99 (dd, J = 8.1, 1.8 Hz, 1H), 6.56 (d, J = 1.8 Hz, 1H),
4.75 (d, J = 15.8 Hz, 1H), 4.65 (d, J = 15.8 Hz, 1H); 1*C NMR (126 MHz, Chloroform-
d) 6 168.5, 165.1, 152.2, 144.6, 138.1, 137.1, 135.1, 131.1, 131.0, 130.9, 129.3, 129.2,
129.0, 128.2, 127.6, 127.5, 126.2, 122.9, 122.2, 120.5, 119.9, 110.5, 64.3, 44.0; HRMS
(ESI) calcd for C31H21Cl2N302Na* [M+Na]*: 560.0904, found: 560.0908; HPLC Date
94% ee (Daicel Chiralpak ODH column, hexane/isopropanol = 85/15, A = 254 nm,
30 °C, 1 mL/min, t major = 10.6 min, t minor = 12.7 min).
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YEESTA$48:0DH-6-CFRAC-15-1.lcd

10574
0

Peak RetTime Area Heigh Area%
1 10.574 17867672 513045 51.806
2 13.470 16621599 358341 48.194
Peak RetTime Area Heigh Area%
1 10.575 16634437 456769 96.606
2 12.696 584452 11037 3.394

(8,2)-1-benzyl-6-bromo-3-((4-chloro-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-
4-yl)methylene)indolin-2-one ((S5,2)-5ke)
PN _pn  Yellow solid; m.p. 185-187 °C; Yield: 116 mg, 99%; Z/E = 92:8;
/}‘% petroleum ether/EtOAc = 20:1; [a]t = -150.01 (c 0.12, CHCls);
@[@:0 1IH NMR (500 MHz, Chloroform-d) & 8.07-8.01 (m, 2H), 7.93 (dd,
" i J=6.7,3.0 Hz, 2H), 7.48 (dd, J = 8.6, 7.3 Hz, 2H), 7.45-7.41 (m,
(5:2)-5ke 3H), 7.38-7.37 (m, 1H), 7.30-7.26 (m, 1H), 7.23 (dd, J = 5.0, 1.9
Hz, 3H), 7.15 (s, 1H), 7.13-7.11 (m, 1H), 7.08-6.99 (m, 2H), 6.71 (d, J = 1.6 Hz, 1H),
4.75 (d, J = 15.8 Hz, 1H), 4.63 (d, J = 15.8 Hz, 1H); 13C NMR (126 MHz, Chloroform-
d) 6 168.0, 164.4, 151.7, 144.1, 137.6, 134.5, 130.8, 130.5, 128.8, 128.7, 128.6, 128.5,
127.7,127.1,126.9, 125.7, 125.3, 124.6, 121.9, 119.9, 119.8, 112.7, 63.8, 43.5; HRMS
(ESI) calcd for C31H2BrCINzO2" [M+H]": 582.0579, found: 582.0586; HPLC Date
90% ee (Daicel Chiralpak ODH column, hexane/isopropanol = 95/5, 1 =254 nm, 30 °C,
1 mL/min, t major = 21.9 min, t minor = 16.5 min).

IR T4 % |ODH-6-Br-RAC5-1-3.cd
H# &% hazimycin

e 2 5.5.8.8.8.8.3
3

F
“““““““““““““““““““““““““““““““

Peak RetTime Area Heigh Area%
1 16.483 994042 20147 36.436
2 18.790 389578 7101 14.280
3 22.208 983820 11469 36.061
4 24.498 360765 3758 13.224
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HUBX 445 :0DH-6-Br-CA2-5-1-2.cd
HERE hazimycin

5 5

o 2. 8.8 8. .8.8.8 ¢
g 2

Peak RetTime Area Heigh Area%
1 16.489 257468 5218 4.349
2 18.670 459197 9369 7.757
3 21.936 5203245 55176 87.894

(S,2)-1-benzyl-3-((4-chloro-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)meth
ylene)-7-fluoroindolin-2-one ((S,2)-5le)

Ph

/N\
o

/CI o)
(0]
N

F Bn
(S,2)-5le

Yellow solid; m.p. 161-163 °C; Yield: 102 mg, 96%; Z/E = 95:5;
petroleum ether/EtOAc = 20:1; [a]z = -334.00 (c 0.10, CHCIls); H
NMR (500 MHz, Chloroform-d) 6 8.05-7.98 (m, 2H), 7.94-7.89 (m,
2H), 7.48 (dd, J = 8.6, 7.4 Hz, 2H), 7.45-7.41 (m, 3H), 7.35-7.31 (m,
1H), 7.28 (m, 1H), 7.22-7.16 (m, 3H), 7.12 (s, 1H), 7.11-7.07 (m, 2H),

6.98-6.93 (m, 2H), 4.94-4.79 (m, 2H); 13C NMR (126 MHz, Chloroform-d) & 168.5,
164.9, 147.9 (d, Jcr = 245.7 Hz), 152.2, 138.2, 136.9, 132.1, 131.5, 131.0, 130.3, 130.2,
129.3, 129.2, 129.0, 128.9, 127.9, 127.8, 127.6, 126.2, 124.3 (d, Jcr = 3.7 Hz), 123.4
(d, Jc-r = 6.3 Hz), 120.5, 119.3, 119.2, 117.3 (d, Jc-r = 3.7 Hz), 64.3, 45.5; °F NMR
(377 MHz, Chloroform-d) & -133.61; HRMS (ESI) calcd for CaiH21CIFN3O2Na*
[M+Na]": 544.1199, found: 544.1206; HPLC Date 82% ee (Daicel Chiralpak IC
column, hexane/isopropanol = 95/5, A =254 nm, 30 °C, 0.5 mL/min, t major = 41.6 min,
t minor = 38.9 min).

HEESHE:IC-7-F-RAC-05-5-1.kd
R HC-240407-HC-H-13-AR-80-20-0.7.Icd

%

unwb
o P B 8. 8.8
g i

Peak RetTime Area Heigh Area%
1 39.399 780580 12664 49.261
2 41.805 803995 11967 50.739
0004 "E
000 /J’ \N/E\
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Peak RetTime Area Heigh Area%
1 38.882 135803144 2124244 90.737
2 41.557 13864017 191230 9.263

(S,2)-1-benzyl-3-((4-chloro-5-oxo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)meth
ylene)-7-methylindolin-2-one ((S,2)-5me)
PPN i Yellow solid; m.p. 201-203 °C; Yield: 102 mg, 98%; Z/E = 89:11;
/}-\«O petroleum ether/EtOAc = 20:1; [a]s = -140.00 (¢ 0.13, CHCIs3); 1H
o NMR (500 MHz, Chloroform-d) 6 8.01-7.99 (m, 2H), 7.93 (dd, J =
; " 6.6, 3.1 Hz, 2H), 7.44 (dd, J = 7.0, 2.0 Hz, 3H), 7.45-7.42 (m, 3H),
(5.2)-5me 7.24 (s, 1H), 7.21-7.12 (m, 3H), 7.11 (s, 1H), 6.95-6.94 (m, 2H), 6.92-
6.88 (m, 2H), 5.11-4.88 (m, 2H), 2.14 (s, 3H); **C NMR (126 MHz, Chloroform-d) &
168.6, 166.1, 152.3, 141.8, 138.2, 137.5, 135.2, 131.8, 130.8, 130.0, 129.2, 129.1, 129.0,
127.7,127.5, 126.1, 126.0, 122.9, 122.1, 120.9, 120.4, 119.2, 64.6, 45.1, 18.9; HRMS
(ESI) calcd for C32H25CIN3O2* [M+H]™: 518.1630, found: 518.1646; HPLC Date 98%
ee (Daicel Chiralpak ADH column, hexane/isopropanol = 85/15, A =254 nm, 30 °C, 1
mL/min, t major = 12.7 min, t minor = 9.7 mMin).

R 445 /ADH-7-Me-RAC-15-1led
1 83 1HC-240125-HC-H-16-AR-80-20-0.7.Icd

u———/\———_/——;/z — ,\#_,*_/\—_\
Peak RetTime Area Heigh Area%
1 9.629 2153623 66270 50.806
2 12.683 2085329 23814 49.194

IS4 4 ADH-7-Me-CA2-15-1.cd
# &A% 1HC-240308-HC-H-H12-Al2-80-20-0.7.cd

500 “‘,x/é\
Peak RetTime Area Heigh Area%
1 9.702 176333 5511 0.650
2 12.658 26939156 547628 99.350

(S,Z)-1-benzyl-3-((4-chloro-3-methyl-5-o0xo0-1-phenyl-4,5-dihydro-1H-pyrazol-4-y
Dmethylene)indolin-2-one ((S,Z2)-5aa)
N, e Yellow solid; m.p. 135-136 °C; Yield: 80 mg, 91%; Z/E = 88:12;
/-:-I'L\{O petroleum ether/EtOAc = 20:1; [a]z = -100.00 (c 0.12, CHCI3); *H
@[QO NMR (500 MHz, Chloroform-d) 6 7.98-7.84 (m, 2H), 7.51-7.47 (m,
" 1H), 7.45-7.39 (m, 2H), 7.31-7.26 (m, 2H), 7.26-7.21 (m, 2H), 7.20-
(§2)-52a 7.17 (m, 3H), 7.05-7.02 (m, 1H), 6.78 (s, 1H), 6.63 (d, J = 7.9 Hz,
1H), 4.81 (g, J = 15.8 Hz, 2H), 2.20 (s, 3H); 13C NMR (126 MHz, Chloroform-d) §
168.3,165.1, 153.4, 143.8, 138.2, 135.6, 132.4, 131.5, 129.3, 129.2, 129.1, 128.1, 127.6,
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125.8, 122.9, 121.4, 121.3, 120.1, 110.1, 65.9, 44.0, 14.0; HRMS (ESI) calcd for
Co6H20CIN3O2Na* [M+Na]*: 464.1137, found: 464.1148; HPLC Date 90% ee (Daicel
Chiralpak ADH column, hexane/isopropanol = 85/15, A = 254 nm, 30 °C, 1 mL/min, t
major = 16.9 min, t minor = 15.4 min).

R 144 ADH-Me-RAC-15-1lcd
R 1HC-240118-HC-H-9-AI2-80-20-0.7 Icd

RetTime ‘ Area

‘ Area%

Peak
1 15.320 3887639 92109 48.500
2 16.549 4128159 88634 51.500
© ,‘""J \
RetTime Area Heigh Area%
1 15.426 1136532 24064 5.538
2 16.881 19387122 320028 94.462

(8,2)-1-benzyl-3-((4-chloro-3-isopropyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4
-yl)methylene)indolin-2-one ((S,2)-5ab)

Yellow solid; m.p. 149-150 °C; Yield: 78 mg, 83%; Z/E = 93:7;
petroleum ether/EtOAc = 20:1; [a]s = -143.61 (c 0.12, CHCIl3); 'H

C'O 0 NMR (500 MHz, Chloroform-d) & 7.98-7.94 (m, 2H), 7.53-7.51 (m,
N 1H), 7.46-7.42 (m, 2H), 7.35-7.25 (m, 3H), 7.25-7.20 (m, 2H), 7.20-
(san).sab 7.16 (m, 2H), 7.06-7.04 (m, 1H), 6.88 (s, 1H), 6.65 (d, J = 7.9 Hz,

1H), 4.95(d,J =15.8 Hz, 1H), 4.70 (d, J = 15.8 Hz, 1H), 2.89-2.81
(m, 1H), 1.43 (d, J = 6.9 Hz, 3H), 1.26 (d, J = 6.9 Hz, 3H); 1*C NMR (126 MHz,
Chloroform-d) 6 168.4, 165.1, 160.1, 143.7, 138.3, 135.7, 132.3, 131.4, 129.7, 129.2,
129.1, 128.0, 127.5, 125.7, 122.8, 121.4, 121.3, 120.2, 110.0, 65.9, 43.9, 29.8, 21.5,
21.2; HRMS (ESI) calcd for C2sH24CIN3O2Na*™ [M+Na]*: 492.1450, found: 492.1457;
HPLC Date 88% ee (Daicel Chiralpak ADH column, hexane/isopropanol = 95/5, 1 =
254 nm, 30 °C, 1 mL/min, t major = 26.9 Min, t minor = 30.2 min).

HEI{445:ADH-50-RAC-5-Llcd

my
FEIERA Ch2 254nm

24.853

S32



1 24.853 4807977 65231 11.660
2 28.462 4721596 51767 11.450
3 32.170 15765243 145280 38.231
4 37.222 15941748 106095 38.659
Peak RetTime Area Heigh Area%
1 26.924 12793730 125074 87.159
2 30.202 884795 7514 6.028
3 33.864 540231 3997 3.680
4 39.369 459773 2717 3.132

(8,2)-1-benzyl-3-((3-(tert-butyl)-4-chloro-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol
-4-yl)methylene)indolin-2-one ((S,Z)-5ac)
Yellow solid; m.p. 142-143 °C; Yield: 94 mg, 98%; Z/E = 90:10;
petroleum ether/EtOAcC = 20:1; [a]s = -246.03 (c 0.11, CHCI3); 'H
NMR (500 MHz, Chloroform-d) 6 7.97-7.89 (m, 2H), 7.53-7.51 (m,
N 1H), 7.44-7.38 (m, 2H), 7.28-7.27 (m, 1H), 7.26-7.23 (m, 2H), 7.22-
(;Z”)_Sac 7.19 (m, 2H), 7.17-7.13 (m, 2H), 7.05-7.02 (m, 1H), 6.91 (s, 1H), 6.63
(d, J =7.8 Hz, 1H), 4.97 (d, J = 15.8 Hz, 1H), 4.65 (d, J = 15.8 Hz,
1H), 1.36 (s, 9H); 3C NMR (126 MHz, Chloroform-d) & 168.6, 165.3, 161.6, 143.7,
138.4,135.8,131.8, 131.3,130.5,129.2, 129.1, 128.0, 127.5, 125.7, 122.8, 121.3, 120.1,
110.0, 65.7, 43.9, 36.8, 29.9; HRMS (ESI) calcd for Co9H26CIN3O2Na* [M+Na]*:
506.1607, found: 506.1616; HPLC Date 82% ee (Daicel Chiralpak IC column,
hexane/isopropanol = 90/10, A = 254 nm, 30 °C, 1 mL/min, t major = 9.0 Min, t minor =
12.9 min).

HURS4:IC-1BU-RAC-10-1.lcd

Peak RetTime Area Heigh Area%
1 9.266 11442503 1346770 21.951
2 13.520 11046235 327213 21.191
3 15.101 14669105 408410 28.141
4 16.660 14968702 387640 28.716
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HURZ:IC-1BU-CA2-10-Lled

— T T T T T
8.0 9.0 10.0 11.0 1 1 14, 15,

Peak RetTime Area Heigh Area%
1 9.034 19621131 2639314 82.242
2 12.876 1912760 64833 8.017
3 14.607 588419 17651 2.466
4 15.969 1735607 54614 7.275

(S,2)-1-benzyl-3-((4-chloro-3-cyclopropyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazo
I-4-yl)methylene)indolin-2-one ((S,Z)-5ad)

Bn
(S,2)-5ad

Yellow solid; m.p. 148-149 °C; Yield: 86 mg, 91%; Z/E = 88:12;
petroleum ether/EtOAc = 20:1; [a]5 = +5.60 (c 0.12, CHCIls); H
NMR (500 MHz, Chloroform-d) 6 7.90-7.89 (m, 2H), 7.52-7.50 (m,
1H), 7.42-7.39 (m, 2H), 7.29 (dd, J = 14.5, 7.3 Hz, 2H), 7.26-7.21 (m,
2H), 7.21-7.15 (m, 3H), 7.05-7.02 (m, 1H), 6.88 (s, 1H), 6.64 (d, J =
7.9Hz, 1H),4.92 (d, J=15.8 Hz, 1H), 4.71 (d, J = 15.8 Hz, 1H), 1.69-

1.64 (m, 1H), 1.32-1.27 (m, 1H), 1.03-0.82 (m, 3H); 13C NMR (126 MHz, Chloroform-
d) 6 168.3, 165.1, 158.1, 143.8, 138.3, 135.8, 132.3, 131.4, 129.6, 129.2, 129.1, 128.0,
127.5,125.7,122.8, 121.5, 121.3, 120.1, 110.1, 65.9, 43.9, 9.7, 9.0, 7.4; HRMS (ESI)
calcd for CasH22CIN3O2Na*™ [M+Na]*: 490.1294, found: 490.1308; HPLC Date 76%
ee (Daicel Chiralpak IC column, hexane/isopropanol = 95/5, 2 = 254 nm, 30 °C, 1
mL/min, t major = 20.3 Min, t minor = 28.3 Min).

HHRFEIC-cycle-RAC-5-Llcd

Peak RetTime Area Heigh Area%
1 21.275 1764745 25451 50.597
2 29.940 1723086 24430 49.403
=] /’/\
Peak RetTime Area Heigh Area%
1 20.333 5458496 85931 87.808
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E

| 28.251

| 757913

| 12268

| 12.192

(S,Z2)-1-benzyl-3-((4-chloro-5-o0xo-1-phenyl-3-(p-tolyl)-4,5-dihydro-1H-pyrazol-4-
yDmethylene)indolin-2-one ((S,2)-5af)
Yellow solid; m.p. 111-112 °C; Yield: 100 mg, 97%; Z/E = 88:12;

N—Ph
e

Cl [e)

o
N

Bn
(S,2)-5af

petroleum ether/EtOAc = 20:1; [a]p =

-290.22 (¢ 0.15, CHCl3); *H

NMR (500 MHz, Chloroform-d) 6 8.09-8.01 (m, 2H), 7.85-7.82 (m,
2H), 7.54-7.51 (m, 1H), 7.49-7.44 (m, 2H), 7.33-7.27 (m, 1H), 7.25
(s, 2H), 7.23-7.20 (m, 3H), 7.18-7.16 (m, 1H), 7.11 (s, 1H), 7.08 (dd,
J=7.1,2.4Hz, 2H), 7.03-7.00 (m, 1H), 6.56 (d, J = 7.8 Hz, 1H), 4.80-
4.66 (m, 2H), 2.38 (s, 3H); 13C NMR (126 MHz, Chloroform-d) & 168.6, 165.1, 152.5,
143.7,141.3,138.3, 135.6, 131.8, 131.3, 130.5, 129.9, 129.2, 129.0, 127.9, 127.6, 127.5,
126.3, 126.0, 122.7, 121.5, 121.2, 120.4, 109.9, 64.5, 43.9, 21.9; HRMS (ESI) calcd
for C32H24CIN3O2Na* [M+Na]*: 540.1450, found: 540.1469; HPLC Date 90% ee
(Daicel Chiralpak IC column, hexane/isopropanol = 90/10, 2 = 254 nm, 30 °C, 1
mL/min, t major = 10.7 min, t minor = 13.3 min).

HIRI{:1C-Fh-Me-PRAC-10-Licd
FEEHC-210113-HC-H-RAD-ODH-90-100.7.Icd

RetTime

Area
1 11.096 1715262 57351 49.840
2 13.782 1726279 48858 50.160
Peak RetTime Area Heigh Area%
1 10.704 23686741 847319 94.714
2 13.260 1321910 38653 5.286

(8,2)-1-benzyl-3-((4-chloro-3-(4-methoxyphenyl)-5-o0xo0-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)methylene)indolin-2-one ((S,2)-5ag)

S35



Bn
(S,2)-5ag

Yellow solid; m.p. 112-114 °C; Yield: 92 mg, 86%; Z/E = 93:7;
petroleum ether/EtOAC = 20:1; [a]s = -259.00 (c 0.20, CHCls); H
NMR (500 MHz, Chloroform-d) 6 8.08-8.03 (m, 2H), 7.91-7.90 (m,
2H), 7.54-7.53 (m, 1H), 7.47 (dd, J = 8.6, 7.4 Hz, 2H), 7.28-7.27 (m,
1H), 7.25-7.20 (m, 3H), 7.18-7.16 (m, 1H), 7.11 (s, 1H), 7.09-7.05
(m, 2H), 7.04-7.00 (m, 1H), 6.96-6.94 (m, 2H), 6.57 (d, J = 7.8 Hz,

1H), 4.74 (g, J = 15.8 Hz, 2H), 3.83 (s, 3H); 13C NMR (126 MHz, Chloroform-d) 3C
NMR (126 MHz, CDCls) 5 168.5, 165.1, 161.8, 152.3, 143.7, 138.3, 135.6, 131.9, 131.3,
130.6, 129.3, 129.2, 129.0, 127.9, 127.5, 125.9, 122.7, 121.7, 121.5, 121.2, 120.4, 114.7,
110.0, 64.6, 55.8, 43.9; HRMS (ESI) calcd for Ca2Ha4CINsOsNa* [M+Na]*: 556.1399,

found:

556.1408;

HPLC Date 92% ee (Daicel Chiralpak IC column,

hexane/isopropanol = 90/10, A = 254 nm, 30 °C, 1 mL/min, t major = 16.0 mMin, t minor =

20.3 min).

HURSI{HEIC-Fh-OMe-RAC-10- Licd
SR HC-240118-HC-H-9-AI2-80-20-0.7.lcd

Peak RetTime Area Heigh Area%
1 16.997 9986903 190318 51.511
2 21.843 9401121 150165 48.489
Peak RetTime Area Heigh Area%
1 15.979 14815388 350268 95.614
2 20.323 679618 13123 4.386

(8,2)-1-benzyl-3-((4-chloro-3-(4-chlorophenyl)-5-oxo-1-phenyl-4,5-dihydro-1H-p
yrazol-4-yl)methylene)indolin-2-one ((S,Z£)-5ah)

Cl
N\
LAY
/

Cl e}
o]
N
Bn
(S,2)-5ah

Yellow solid; m.p. 108-110 °C; Yield: 98 mg, 91%; Z/E = 86:14;
petroleum ether/EtOAc = 20:1; [a]s = -149.17 (¢ 0.12, CHCIs); 'H
NMR (500 MHz, Chloroform-d) & 8.05-7.97 (m, 2H), 7.91-7.84 (m,
2H), 7.54-7.52 (m, 1H), 7.50-7.44 (m, 2H), 7.42-7.39 (m, 2H), 7.29-
7.27 (m, 1H), 7.25-7.20 (m, 3H), 7.19-7.16 (m, 1H), 7.07-7.04 (m,
3H), 7.04-7.01 (m, 1H), 6.58 (d, J = 7.8 Hz, 1H), 4.82-4.65 (m, 2H);

13C NMR (126 MHz, Chloroform-d) & 168.5, 165.1, 151.4, 143.7, 138.1, 136.9, 135.5,
132.3,131.5,129.9,129.5,129.3,129.1, 128.8, 128.0, 127.6, 127.5, 126.3, 122.9, 121.3,
121.2,120.5, 110.1, 64.1, 43.9; HRMS (ESI) calcd for C31H21CIoN3O2Na*™ [M+Na]*:
560.0904, found: 560.0905; HPLC Date 96% ee (Daicel Chiralpak IC column,
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hexane/isopropanol = 90/10, 1 = 254 nm, 30 °C, 1 mL/min, t major = 9.0 Min, t minor =

11.1 min).

HHESHEIC-Fh-C-RAG 10- Llcd

FRNIEEA Ch2 254nm

1)

. 3 * G
Peak RetTime Area Heigh Area%
1 9.241 6333191 643269 49.717
2 11.442 6405377 206134 50.283

- ff

Peak RetTime Area Heigh Area%
1 9.039 17450054 1900675 97.677
2 11.096 414999 15923 2.323

(S,2)-1-benzyl-3-((3-(4-bromophenyl)-4-chloro-5-o0xo-1-phenyl-4,5-dihydro-1H-p
yrazol-4-yl)methylene)indolin-2-one ((S,2)-5ai)

Yellow solid; m.p. 124-125 °C; Yield: 106 mg, 92%; Z/E = 89:11;
petroleum ether/EtOAc = 20:1; [a]5 = -1.54 (¢ 0.13, CHCI3); H
NMR (500 MHz, Chloroform-d) & 8.03-7.96 (m, 2H), 7.83-7.77 (m,

"o ®  2H), 7.60-7.50 (m, 3H), 7.47 (dd, J = 8.6, 7.4 Hz, 2H), 7.30-7.26 (m,
N 1H), 7.26-7.20 (M, 3H), 7.20-7.16 (m, 1H), 7.09-7.04 (m, 3H), 7.04-
(.25 7.01 (m, 1H), 6.57 (d, J = 7.9 Hz, 1H), 4.80-4.67 (m, 2H); 13C NMR

(126 MHz, Chloroform-d) & 168.5, 165.1, 151.5, 143.7, 138.1, 135.5, 132.5, 132.3,
131.5,129.9,129.3,129.1,129.0,128.1, 128.0, 127.5, 126.3, 125.3, 122.9, 121.3, 121.2,
120.5, 110.1, 64.1, 43.9; HRMS (ESI) calcd for C3iH21BrCIN3Oz;Na™ [M+Na]™:
604.0399, found: 604.0417; HPLC Date 68% ee (Daicel Chiralpak IC column,
hexane/isopropanol = 80/20, 1 =254 nm, 30 °C, 1 mL/min, t major = 6.9 min, t minor = 7.8
min).

HHREIC-Fh-Br-RAG 20- 1 led

3
_6.964
7886

Peak RetTime Area Heigh Area%
1 6.964 3180409 172707 51.768
2 7.886 2963149 147664 48.232

S37



HHESH:IC-Fh-Br-CA2-20-1.cd

2500

1500

_6.898

1000

500

1| Jra
11/

Sy
+

Peak RetTime Area Heigh Area%
1 6.898 21336670 1374298 84.263
2 7.774 3984851 210572 15.737

(8,2)-1-benzyl-3-((4-chloro-5-oxo-1-phenyl-3-(m-tolyl)-4,5-dihydro-1H-pyrazol-4
-yl)methylene)indolin-2-one ((S,2)-5aj)

Yellow solid; m.p. 105-107 °C; Yield: 96 mg, 94%; Z/E = 88:12;
petroleum ether/EtOAc = 20:1; [a]s = -176.70 (c 0.11, CHCIs3); 1H
NMR (500 MHz, Chloroform-d) 3 8.08-8.01 (m, 2H), 7.85-7.81 (m,
1H), 7.70-7.69 (m, 1H), 7.53 (dd, J = 7.6, 1.1 Hz, 1H), 7.50-7.45 (m,
2H), 7.33-7.28 (m, 2H) , 7.26-7.24 (m, 1H), 7.23-7.20 (m, 3H), 7.19-
7.17 (m, 1H), 7.12-7.07 (m, 3H), 7.04-6.99 (m, 1H), 6.57 (d, J = 7.8
Hz, 1H), 4.79-4.68 (m, 2H), 2.40 (s, 3H); *C NMR (126 MHz,
Chloroform-d) & 168.4, 164.9, 152.3, 143.4, 138.7, 138.0, 135.4, 131.6, 131.5, 131.0,
130.2,129.0,128.8,128.7,127.8,127.7,127.3,125.8, 124.7, 122.5, 121.3, 121.0, 120.2,
109.7, 64.2, 43.6, 21.6; HRMS (ESI) calcd for C32H24CIN3O2Na*™ [M+Na]*: 540.1450,
found: 540.1462; HPLC Date 92% ee (Daicel Chiralpak IC column,
hexane/isopropanol = 90/10, A = 254 nm, 30 °C, 1 mL/min, t major = 9.8 MiN, t minor =
12.2 min).

(S,2)-5aj

HAEAZ:1C-Fh-Me-MRAC-10-Llcd

m
300fFMEBA Ch2 254nm
2509
2009

150

10270
1279

1004

50

e e e LA A e e e T B LA A e e B s B e e B L0 L e e B B e e e B e e e B e S B
0.0 10 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100 110 120 130 14.0 150 16.0 min

Peak RetTime Area Heigh Area%
1 10.270 4088690 118125 50.207
2 12.795 4054938 123706 49.793
Peak RetTime Area Heigh Area%
1 9.842 24507032 584944 95.703
2 12.193 1100378 37301 4.297
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(S,2)-1-benzyl-3-((4-chloro-5-oxo0-1-phenyl-3-(o-tolyl)-4,5-dihydro-1H-pyrazol-4-
yDmethyleneindolin-2-one ((S,2)-5ak)

N\
Z N-Ph
/

Cl o)

¢}
N

Bn
(S.2)-5ak

Yellow solid; m.p. 104-105 °C; Yield: 98 mg, 95%; Z/E = 94:6;
petroleum ether/EtOAc = 20:1; [a]a = -15.42 (c 0.08, CHCIs); 1H
NMR (500 MHz, Chloroform-d) & 8.00 (dd, J=8.7, 1.1 Hz, 2H), 7.75
(dd, J=7.6, 1.2 Hz, 1H), 7.50-7.44 (m, 3H), 7.33-7.28 (m, 2H), 7.28-
7.26 (m, 1H), 7.25 (s, 1H), 7.24-7.22 (m, 3H), 7.17-7.15 (m, 1H), 7.08
(dd, J=7.6, 1.9 Hz, 2H), 7.02-6.94 (m, 2H), 6.59 (d, J = 7.9 Hz, 1H),

4.88 (d, J = 15.7 Hz, 1H), 4.62 (d, J = 15.8 Hz, 1H), 2.68 (s, 3H); 1*C NMR (126 MHz,
Chloroform-d) 6 168.4, 165.2, 152.6, 143.7, 140.0, 138.4, 135.7, 132.6, 131.8, 131.3,
130.5,130.1, 129.3, 129.1, 129.0, 128.4, 128.0, 127.6, 126.1, 125.9, 122.8, 121.5, 121.4,
120.1, 109.9, 66.0, 43.9, 23.0; HRMS (ESI) calcd for C32H24CIN3sO2Na*™ [M+Na]*:
540.1450, found: 540.1454; HPLC Date 98% ee (Daicel Chiralpak IC column,
hexane/isopropanol = 90/10, 4 = 254 nm, 30 °C, 1 mL/min, t major = 10.0 min, t minor =

12.0 min).

HHRHEIC-Fh-Me-O-RAC-10-Lled

100

50

e ’\_—74%\ -
Peak RetTime Area Heigh Area%
1 9.933 1096207 23337 51.687
2 12.108 1024650 33201 48.313
Peak RetTime Area Heigh Area%
1 9.954 18261088 644382 98.970
2 12.000 190054 6724 1.030

(8,2)-1-benzyl-3-((4-chloro-3-(naphthalen-2-yl)-5-0xo-1-phenyl-4,5-dihydro-1H-p
yrazol-4-yl)methylene)indolin-2-one ((S,2)-5al)

Bn
(S.2)-5al

Yellow solid; m.p. 122-124 °C; Yield: 108 mg, 98%; Z/E = 87:13,;
petroleum ether/EtOAC = 20:1; [a]f = -37.33 (¢ 0.15, CHCls); 'H
NMR (500 MHz, Chloroform-d) & 8.27 (s, 1H), 8.15 (dd, J =8.7, 1.8
Hz, 1H), 8.10-8.05 (m, 2H), 7.92-7.86 (m, 2H), 7.85-7.82 (m, 1H),
7.58-7.54 (m, 1H), 7.54-7.51 (m, 2H), 7.51-7.42 (m, 2H), 7.32-7.26
(m, 1H), 7.21 (s, 1H), 7.18-7.15 (m, 2H), 7.14-7.10 (m, 2H), 7.05-
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6.98 (m, 3H), 6.53 (d, J=7.8 Hz, 1H), 4.72 (q, J = 15.8 Hz, 2H); *C NMR (126 MHz,
Chloroform-d) 6 168.2, 164.6, 152.1, 143.2, 137.8, 135.0, 134.1, 132.7, 131.6, 130.8,
129.9,128.8,128.7,128.6, 128.5, 127.7, 127.6, 127.4, 127.3,127.0, 126.6, 126.1, 125.7,
123.7, 122.3, 121.0, 120.7, 120.0, 109.5, 64.0, 43.4; HRMS (ESI) calcd for
C3sH24CIN3O2Na* [M+Na]*: 576.1450, found: 576.1459; HPLC Date 98% ee (Daicel
Chiralpak I1C column, hexane/isopropanol = 85/15, 2 =254 nm, 30 °C, 1 mL/min, t major
= 9.4 min, t minor = 10.8 min).

503 A \#/
Peak RetTime Area Heigh Area%
1 9.482 3765700 132728 50.572
2 10.981 3680555 118737 49.428
Peak RetTime Area Heigh Area%
1 9.384 33578034 1461644 99.290
2 10.836 240112 11575 0.710

(S,2)-1-benzyl-3-((4-chloro-3-(naphthalen-1-yl)-5-0xo0-1-phenyl-4,5-dihydro-1H-p
yrazol-4-yl)methylene)indolin-2-one ((S,Z)-5am)
Yellow solid; m.p. 112-114 °C; Yield: 90 mg, 83%; Z/E > 95:5;
petroleum ether/EtOAC = 20:1; [a]5 = -201.43 (¢ 0.14, CHCI3); 1H
NMR (500 MHz, Chloroform-d) 4 9.06-8.91 (m, 1H), 8.11-8.02 (m,
3H), 7.92-7.89 (m, 1H), 7.88-7.85 (m, 1H), 7.55-7.53 (m, 2H), 7.51-
7.46 (m, 3H), 7.42-7.40 (m, 1H), 7.30-7.28 (m, 1H), 7.19-7.14 (m,
. 1H), 7.14-7.06 (m, 3H), 7.02-6.94 (m, 3H), 6.93 (s, 1H), 6.57-6.50 (m,
(5.2)5am 1H), 4.96 (d, J = 15.6 Hz, 1H), 4.52 (d, J = 15.6 Hz, 1H); 13C NMR
(126 MHz, Chloroform-d) & 168.6, 165.3, 152.1, 143.6, 138.4, 135.6,
134.6,132.1,131.9, 131.5,131.3,130.3, 129.4, 129.0, 128.8, 128.0, 127.9, 127.7, 127.6,
126.9, 126.8, 126.7, 126.1, 125.0, 122.8, 121.4, 120.4, 109.8, 66.4, 43.9; HRMS (ESI)
calcd for CasH24CIN3O2Na*™ [M+Na]*: 576.1450, found: 576.1460; HPLC Date 84%
ee (Daicel Chiralpak IC column, hexane/isopropanol = 90/10, A = 254 nm, 30 °C, 1
mL/min, t major = 11.6 min, t minor = 13.4 min).
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{44%1C-1-nap-RAC-10-1.kd
A% HC-240118-HCH-9-A12-80-20-0.7.Icd

s 5 5 3 B
EERL U R RV .

12.206

Peak RetTime Area Heigh Area%

1 12.206 1445933 39500 49.811

2 14.138 1456882 33240 50.189
S — S

Peak RetTime Area Heigh Area%

1 11.603 28864575 976710 91.611

2 13.384 2643350 80764 8.389

(8,2)-1-benzyl-3-((4-chloro-3-(furan-2-yl)-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazo
I-4-yl)methylene)indolin-2-one ((S,Z)-5an)

/ (0]
= N,
~ 'N—-Ph

(S,2)-5an

Yellow solid; m.p. 166-167 °C; Yield: 70 mg, 72%; Z/E = 82:18;
petroleum ether/EtOAc = 20:1; [a]t = -176.19 (c 0.11, CHCIs); 'H
NMR (500 MHz, Chloroform-d) 6 7.98 (dd, J = 8.8, 1.2 Hz, 2H),
7.57-7.52 (m, 2H), 7.45 (dd, J = 8.6, 7.4 Hz, 2H), 7.33-7.27 (m, 1H),
7.26-7.22 (m, 3H), 7.21-7.17 (m, 1H), 7.15-7.10 (m, 2H), 7.06-7.01
(m, 2H), 6.93-6.92 (m, 1H), 6.59 (d, J = 7.9 Hz, 1H), 6.51 (dd, J = 3.5,

1.7 Hz, 1H), 4.77 (s, 2H); 3C NMR (126 MHz, Chloroform-d) & 167.7, 165.2, 145.3,
145.1, 145.0, 143.8, 138.1, 135.6, 131.8, 131.4, 129.9, 129.3, 129.1, 128.0, 127.6, 126.2,
122.8, 121.5, 121.3, 120.7, 119.9, 113.5, 112.4, 110.1, 63.8, 44.0; HRMS (ESI) calcd
for Ca9H20CIN3OsNa™ [M+Na]": 516.1086, found:516.1099; HPLC Date 88% ee
(Daicel Chiralpak IC column, hexane/isopropanol = 85/15, 1 = 254 nm, 30 °C, 1

mL/min, t major =

8.9 min, t minor = 10.1 min).

HIEZHIC-furan-RAC-15-1.cd
R HC-240118-HC-H-9-A12-80-20-0.7.Icd

i
[EIEEA Chz 254nm

5 3 8 3
. 8. 8.8.%

;H/ —
Peak RetTime Area Heigh Area%
1 9.195 2185509 87055 49.306
2 10.426 2247023 82882 50.694
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HERSIH IC-furan-CA2-15-1 kd

Peak RetTime Area Heigh Area%
1 8.927 29229746 1229644 93.747
2 10.137 1949643 66084 6.253

(S,2)-1-benzyl-3-((4-chloro-5-oxo-1-phenyl-3-(thiophen-2-yl)-4,5-dihydro-1H-pyr
azol-4-yl)methylene)indolin-2-one ((S,2)-5a0)

J S

(S,Z)-5a0

Yellow solid; m.p. 179-180 °C; Yield: 84 mg, 84%; Z/E = 85:13;
petroleum ether/EtOAC = 20:1; [a]z = -247.69 (c 0.13, CHCIl3); H
NMR (500 MHz, Chloroform-d) 6 8.02-7.95 (m, 2H), 7.55-7.53 (m,
1H), 7.49-7.45 (m, 2H), 7.45-7.40 (m, 2H), 7.27-7.24 (m, 2H), 7.24-
7.22 (m, 1H), 7.22-7.20 (m, 2H), 7.18 (dd, J = 7.8, 1.2 Hz, 1H), 7.10
(dd, J=7.7, 1.8 Hz, 2H), 7.07 (dd, J = 5.0, 3.7 Hz, 1H), 7.05-7.00 (m,

2H), 6.59 (d, J = 7.8 Hz, 1H), 4.81-4.70 (m, 2H); 3C NMR (126 MHz, Chloroform-d)
5 168.1, 165.1, 148.6, 143.8, 138.1, 135.6, 132.5, 132.3, 131.5, 129.8, 129.3, 129.2,
129.1, 129.0, 128.1, 128.0, 127.6, 126.2, 122.9, 121.4, 121.3, 120.5, 110.1, 64.5, 44.0;
HRMS (ESI) calcd for Co9H20CIN3O2SNa* [M+Na]*: 532.0858, found: 532.0871;
HPLC Date 90% ee (Daicel Chiralpak IC column, hexane/isopropanol = 90/10, 1 =
254 nm, 30 °C, 1 mL/min, t major = 11.3 min, t minor = 12.8 min).

RS IC-thiophene-RAC-10-Llcd

v
30 FEMEEA Chz 254nm

““““““““““““““““““““““ e -
Peak RetTime Area Heigh Area%
1 11.287 234991 8134 50.633
2 12.731 229116 7303 49.367
Peak RetTime Area Heigh Area%
1 11.283 7593183 284902 95.374
2 12.757 368301 13662 4.626
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3. Additional Experimental Data of Table S1-S5

Table S1. Solvents screening for the product Saa“

Ph
N_o
N
cl =N )\,,fm =N
Ph /'“\\i\/N‘Ph / cl %N‘Ph
No base @[é:oo + %o + Cfi:oo
| NCS, solvent, rt N N N
Bn (2)-4aa (Z)-SaaBn (E)—5aaBn 6 Bn
Entry® Sol. Yield (%)’ ee (%) ZIE?
1 CH:Cl, 51 - 67:33
2 Toluene 52 - 87:13
3 CHCI; 34 - 92:8
4 Ether 46 - 67:33
5 EtOH 46 - 67:33
6 Acetone 66 - 9:91

“ Reaction conditions: 4aa (0.05 mmol), NCS (0.1 mmol) in 1.0 mL of solvent at room
temperature. In all the cases, no product 6 was observed. ? Isolated yield. ¢ Determined by chiral
HPLC analysis. ¢ Determined by 'H NMR of the crude reaction mixture.
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Table S2. Optimization of reaction conditions for the E/Z ratio of Saa

5 E
i = N Nph
DBU or K2C03 % + @fiFOO
NCS solvent, rt N
6 Bn

(Z) -4aa Saa (E)- Saa

Solvent*  Entry Base Yield (%)’ ZIE¢
1 TEA 95 67:33
2 DIPEA 87 67:33
3 DABCO 87 75:25
4 DBU 95 16:84
CHCI3
5 ™G 93 25:75
6 K2COs 85 >95:5
7 NaxCOs3 64 75:25
8 K5POq4 58 80:20
94 K>CO3 82 75:25
Solvent  Entry Base Yield (%)’ Z/E¢
1 TEA 88 7:93
2 DIPEA 82 9:91
3 DABCO 78 7:93
4 DBU 96 <5:95
Acetone
5 ™G 82 7:93
6 K>CO;3 59 16:84
7 Na;COs3 79 16:84
8 K3POg4 67 9:91
94 DBU 61 14:86

“ Reaction conditions: 4aa (0.05 mmol), NCS (0.1 mmol) and base (20 mol%) in 1.0 mL of
solvent at room temperature. In all the cases, no product 6 was observed. ” Isolated yield.
¢Determined by '"H NMR of the crude reaction mixture. ?NCS (0.075 mmol).
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Table S4. Catalyst screening for the product Sae“

Ph__N
~ "N—Ph
AR
Cat. (20 mol%), NCS lei %
o
Solvent, T N

(o]
C1, 46% yield®, 54% ee® C2, 74% yield, 75% ee ~ C3, 34% yield, 32% ee C4, 45% vyield, 18% ee
Z/E = 75:25¢ ZIE = 86:14 ZIE = 67:33 ZIE = 94:6

s CF4
H HN‘(
HN
- CF; |
N
C5, 75% yield, 1% ee C6, 58% yield, 1% ee C7, 74% yield, 12% ee  C8, 46% yield, 30% ee
ZIE = 75:25 ZIE=91:9 ZIE=67:33 ZIE = 67:33
OH SN O CF3
H H
_\\NYN CF3 "N .
3
CFy g °
C9, 42% yield, 5% ee €10, 65% yield, 54% ee C11, 78% yield, 3% ee C12, 69% yield, 1% ee
ZIE=67:33 ZIE=175:25 ZIE=93:3 ZIE=67:33

“Reaction conditions: 4ae (0.05 mmol), NCS (0.1 mmol) and base (20 mo1%) in 1.0 mL of solvent
at rt for 10 min. In all the cases, no product 6 was observed ° Isolated yield. ¢ Determined by chiral
HPLC analysis ¢ Determined by '"H NMR of the crude reaction mixture.
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Table SS5. Optimization of reaction conditions for the Sae

/N\
J
C-2 (20 mol%) el o
_— =

sol., Temp. N o

Bn

Ph

Entry* Sol. Temp. (°C) Yield (%)" ee (%) Z/IE?
1 DCM rt 74 87 90:10
2 DCE rt 67 87 75:25
3 CHCl; rt 74 75 86:14
4 Mesitylene (Mes.) rt 48 75 98:2

5 Isopropyl ether (IPE) rt 55 98 97:3

6 IPE -30 24 41 87:13
7 DCM -30 87 85 86:14
8 DCM + IPE (1:4) -30 68 67 99:1

9 DCM -78 87 95 80:20
10¢ DCM +4 A MS -78 76 95 84:16
11 DCM + Mes. (1:3) -78 72 93 86:14
12 DCM + Mes. (3:1) -78 68 91 86:14
13 DCM + Mes. (1:1) -78 85 93 89:11
14 DCM + Mes. (1:1) -78 81 82 87:13
15 DCM + IPE (1:1) -78 75 93 96:4

16 DCM + IPE + Mes. (1:1:1) -78 60 88 98:2

“Reaction conditions: 4ae (0.05 mmol), NCS (0.1 mmol) and base (20 mol%) in 1.0 mL of solvent
at rt for 10 min. In all the cases, no product 6 was observed ” Isolated yield. ¢ determined by chiral
HPLC analysis ¢ Determined by 'H NMR of the crude reaction mixture. °4 A molecular sieves (100
mg) were used./NCS (0.075 mmol)

4. X-ray crystallographic data

Single Crystal X-Ray Data of (E)-5aa

Single crystals of Ca6H20CIN3O2 ((E)-5aa) were obtained in a dichloromethane :
hexane (1:3) solution. A suitable crystal was selected and mounted on a Bruker D8
VENTURE TXS PHOTON 100 diffractometer. The crystal was kept at 193.00 K during
data collection. OLEX2 and SHELXTL were used for Data collection and integration.
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Table S6 Crystal data and structure refinement for (E)-5aa.

Identification code
Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

alA

b/A

c/A

o/°

pre

V/°

Volume/A3

z

Pcalcglcm3

w/mm

F(000)

Crystal size/mm?®

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [[> = 2o (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

(E)-5aa
C26H20CIN3O2
441.90

193.00

triclinic

P-1

8.6024(10)
11.4996(12)
12.4125(14)
115.653(3)
94.820(4)
100.152(4)
1071.6(2)

2

1.370

0.208

460.0

0.13 x0.12 x<0.1
MoKa (A =0.71073)
3.7t0 61.06

-8<h<12,-16<k<16,-17<1<17

12707

6486 [Rint = 0.0455, Rsigma = 0.0802]

6486/0/290

1.025

R1=0.0582, wR2 = 0.1140
R1=0.1168, wR2 = 0.1397
0.34/-0.40
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Figure S1. X-ray crystal structure of the product (E)-5aa (50% ellipsoid contour
probability level, CCDC:2363450).
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Single Crystal X-Ray Data of (Z)-5aa.

Single crystals of C26H20CIN3O; ((Z)-5aa) were obtained in a dichloromethane:

hexane (1:3) solution. A suitable crystal was selected and mounted on a Bruker D8
VENTURE TXS PHOTON 100 diffractometer. The crystal was kept at 193.00 K during
data collection. OLEX2 and SHELXTL were used for Data collection and integration.

Table S7 Crystal data and structure refinement for (Z2)-5aa.

Identification code
Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

alA

b/A

c/A

o/°

pre

V/°

Volume/A3

Z

Pcalcglcm3

wmm™

F(000)

Crystal size/mm?®

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [[> = 26 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

(2)-5aa

C26H20CIN3O;

441.90

193.00

monoclinic

P21/n

13.5476(12)

8.2425(7)

19.452(2)

90

93.366(4)

90

2168.4(4)

4

1.354

0.205

920.0

0.13 x0.12 x<0.1

MoKa (A =10.71073)

4.196 to 54.952
-17<h<17,-10<k<9,-23<1<25
19920

4952 [Rint = 0.0486, Rsigma = 0.0429]
4952/0/290

1.025

R1=0.0453, wR2 = 0.1015
R1=0.0664, wR2> = 0.1138
0.25/-0.24
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Figure S2. X-ray crystal structure of the product (Z)-5aa (50% ellipsoid contour
probability level, CCDC:2363451).
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Single Crystal X-Ray Data of (S, Z2)-5ac

Single crystals of C29H26CIN30O2 ((S,4)-5ac) were obtained in a
dichloromethane : hexane (1:4) solution. A suitable crystal was selected and mounted
on a Bruker D8 VENTURE dual wavelength Mo/Cu diffractometer. The crystal was
kept at 301.00 K during data collection. OLEX2 and SHELXTL were used for Data
collection and integration.

Table S8 Crystal data and structure refinement for (S, Z2)-5ac.

Identification code (S, Z2)-5ac
Empirical formula C29H26CIN302
Formula weight 483.98
Temperature/K 301.00

Crystal system monoclinic
Space group P21

a/A 9.0254(19)

b/A 24.362(5)

c/A 12.306(3)

a/° 90

p/e 110.432(13)

v/° 90

Volume/A3 2535.5(10)

Z 4

pcalcg/cm3 1.268

wmm-1 1.576

F(000) 1016.0

Crystal size/mm3 0.12 x 0.1 x0.09
Radiation CuKa (A =1.54178)

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [[> = 2o (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A-3

7.258 to 178.09
-11<h<11,-30<k<28,-15<1<15
34770

9738 [Rint = 0.1224, Rsigma = 0.0953]
9738/415/749

1.126

R1=0.1082, wR2 =0.2501
R1=0.1631, wR2=0.2774

0.36/-0.46
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Figure S3. X-ray crystal structure of the product (S,2)-5ac (50% ellipsoid contour
probability level, CCDC:2363453).

5. In vitro anti-tumor assay

In vitro cytotoxic activity of 5 on different cancer cells.

A549, HepG2, U87, SW-620, HCT-116 and Hela cells (2.5 x 10° in 100 uL) were
seeded in a 96-well plate in triplicate. Following a 24 h culture at 37 °C, the suspension
was replaced with fresh medium containing the different doses of compounds 5 (1, 10,
25, 50, 75 and 100 uM). The drug-free medium negative control well and the solvent
control well were set with the same volume of DMSO. Cells were respectively
incubated at 37 °C for 48 h. Then, added 100 pL of 0.5 mg/mL 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) (dissolved with PBS first, then diluted
with fresh medium) to each well, cultured for an additional 4 h. Then removed the
medium, and MTT formazan precipitates were dissolved in 100 pL of DMSO, shaken
mechanically for 10 min and then read immediately at 570 nm using a plate reader
(FlexStation 3, Molecular Devices).

Cell inhibition rate = [A570 (negative control well) — A570 (dosing well)]/A570
(negative control well) x 100%

Cell apoptosis study

A549 cells (5x10* in 1000 uL) were seeded on 12-well plates in triplicate and
incubated at 37 °C for 24 h. Replaced the old medium with fresh medium containing
different concentrations of (£)-5ac (10, 20 and 80 uM). The drug-free medium negative
control well and the solvent control well were set with the same volume of DMSO.
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Cells were cultured at 37 °C for 48 h, aspirated the medium, and 100 pL preheated 0.25%
trypsin without ethylene diamine tetra-acetic acid (EDTA) was then added to each well.
After trypsinization, the treated cells were stained using an Annexin V-FITC/PI
apoptosis detection kit, according to the manufacturer's instructions. After incubation
at room temperature for 5-15 min in the dark, the apoptotic cells were immediately
analysed by CytoFLEX flow cytometry.

Cell cycle study

AS549 cells (2.5 x 10”5 in 2500 puL) were seeded on 6-well plates in triplicate and
incubated at 37 °C for 24 h. Replaced the old medium with fresh medium containing
different concentrations of (£)-Sac (5, 10 and 20 uM). The drug-free medium negative
control well and the solvent control well were set with the same volume of DMSO.
Cells were cultured at 37 °C for 24 h, aspirated the medium, and 200 pL 0.25% trypsin
was then added to each well. After trypsinization, treated cells were fixed with 70%
ethanol overnight at 4 °C, and then were stained using PI cell cycle analysis Kkit,
according to the manufacturer's instructions. After incubation at 37 °C for 30 min in the
dark, the cell cycle was immediately analysed by CytoFLEX flow cytometry.

Anti-tumor data

Table S9 Effect of chlorinated products to inhibit the growth of A549 cell-lines
Entry Inhibition rate at 50

Compound UM (%) ICs0 (uM)
1 (£)-5aa 42.6 > 50
2 (E)-5aa 5.5 > 50
3 (Z2)-Sba 72.6 > 50
4 (E)-Sba 50.0 > 50
5 (Z£)-5ca -3.3 > 50
6 (E)-Sca 6.1 > 50
7 (2)-5da 22.4 > 50
8 (E)-5da 25.8 > 50
9 (2£)-5ea 30.5 > 50
10 (E)-5ea 30.7 > 50
11 (Z)-5fa 45.8 > 50
12 (E)-Sfa 53 > 50
13 (£)-5ga 10.0 > 50
14 (E)-5ga 47.0 > 50
15 (2)-5ha 32.5 > 50
16 (E)-5ha 61.7 > 50
17 (£)-5ia 56.0 26.44+2.39
18 (E)-5ia 23.8 > 50
19 (Z2)-5ja 61.2 > 50
20 (E)-5ja 5.9 > 50
21 (Z2)-5ka 27.2 > 50
22 (E)-Ska 58.7 > 50
23 (2)-Sla 23.3 > 50
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Table S9-continued

Entry Compound Inhibition rate (%) ° 1Cs0 (UM)
24 (E)-5la 8.83 > 50
25 (£)-5ab 74.291 13.89+2.44
26 (E)-5ab 64.894 35.18+1.40
27 (2)-5ac 71.809 26.45+1.80
28 (E)-5ac 70.390 11.64+0.38
29 (Z2)-5ad 75.000 28.28+2.20
30 (E)-5ad 37.943 > 50
31 (Z2)-5ae 35.993 > 50
32 (E)-5ae 39.716 > 50
33 (Z)-5af 19.504 > 50
34 (E)-5af 51.418 29.11+2.81
35 (Z2)-5ag 0.000 > 50
36 (E)-5ag 28.014 > 50
37 (Z2)-5ah 74.113 30.36+1.85
38 (E)-5ah 72.872 16.71+1.83
39 (Z2)-5ai 76.064 28.20+1.53
40 (E)-5ai 57.624 > 50
41 (2)-5aj 12.757 > 50
42 (E)-5aj -2.311 > 50
43 (Z2)-5ak 4.022 > 50
44 (E)-5ak 13.521 > 50
45 (£)-5al 2.305 > 50
46 (E)-5al 5.319 > 50
47 (Z2)-5am 0.000 > 50
48 (E)-S5am 43.794 > 50
49 (2)-5an 29.787 > 50
50 (E)-5an 15.603 > 50
51 (2£)-5a0 42.730 > 50
52 (E)-5a0 0.000 > 50
53 (S,2)-5ae 4.192 > 50
54 (S,2)-5be 27.632 > 50
55 (S,2)-5ce 24.509 > 50
56 (S,2)-5de 49.048 > 50
57 (S,2)-5ee 33.700 > 50
58 (S,2)-5fe 44.676 > 50
59 (S,2)-5ge 57.079 > 50
60 (S,Z2)-5he 60.648 42.45+2.28
61 (S,2)-Sie 40.660 > 50
62 (S,2)-5je 45.211 > 50
63 (S,2)-5ke 52.082 > 50
64 (S,2)-Sle 53.867 42.15+1.34
65 (S,Z2)-5me 16.835 > 50
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Table S9-continued

Entry Compound Inhibition rate (%) ° 1Cs0 (UM)
66 (S,2)-5aa 9.427 > 50
67 (S,2)-5ne 35.396 > 50
68 (S,2)-50e 79.477 35.63+0.80
69 (S,2)-5pe 30.131 > 50
70 (8,2)-5qe 15.140 > 50
71 (S,2)-5re 23.617 > 50
72 (S,2)-5se 46.728 > 50
73 (S,2)-5te 9.340 > 50
74 (S,2)-5ue 23.349 > 50
75 (S,2)-5ve 62.076 32.43+1.38
76 (S,2)-5we 11.666 > 50
77 (S,2)-5xe 30.756 > 50
78 (S,2)-Sye 7.733 > 50
79 (S,2)-5ze 14.337 > 50
80°¢ Irinotecan 59.41 29.07+0.47

2 This antitumor activity assay was carried out at concentration of 50 uM.
b All experiments were conducted in three parallel groups. ¢ Irinotecan was
used as a positive control.
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7. NMR spectra for compounds
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'H NMR of (Z)-4fa (500 MHz, CDCl3)
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'H NMR of (2)-4ja (500 MHz, CDCl3)
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'"H NMR of (Z)-4ka (500 MHz, CDCl3)
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16.05

'"H NMR of (Z)-4la (500 MHz, CDCl3)
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'H NMR of (Z)-4be (500 MHz, CDCl5)
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'H NMR of (Z)-4ce (500 MHz, CDCl3)
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15.13

'H NMR of (Z2)-4de (500 MHz, CDCl5)
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'H NMR of (Z)-4ee (500 MHz, CDCl3)
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'"H NMR of (Z)-4fe (500 MHz, CDCl3)
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'"H NMR of (Z)-4ge (500 MHz, CDCl3)
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'H NMR of (Z2)-4he (500 MHz, CDCl5)

0.00

§558858553

168. 85

8
£1 (ppm)

13C NMR of (Z)-4he (126 MHz, CDCl)

14.93

T
200

T
180

T
170

T T T T T T T
140 130 120 110 100 90 80 70 60 50
£1 (ppm)

S67



'H NMR of (Z)-4ie (500 MHz, CDCl5)
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'"H NMR of (Z)-4je (500 MHz, CDCl3)
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'H NMR of (Z)-4ke (500 MHz, CDCl5)
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'H NMR of (Z)-4le (500 MHz, CDCl5)
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'H NMR of (Z)-4me (500 MHz, CDCls)
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'"H NMR of (Z)-4ab (500 MHz, CDCl3)
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'"H NMR of (Z)-4ac (500 MHz, CDCls)
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'"H NMR of (Z)-4ad (500 MHz, CDCl3)
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'H NMR of (Z)-4af (500 MHz, CDCl3)
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'H NMR of (Z2)-4ag (500 MHz, CDCl5)
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'"H NMR of (Z)-4ah (500 MHz, CDCl3)
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'"H NMR of (Z)-4ai (500 MHz, CDCl3)
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'H NMR of (2)-4aj (500 MHz, CDCl3)
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'"H NMR of (Z)-4ak (500 MHz, CDCl3)
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'"H NMR of (Z)-4al (500 MHz, CDCl3)
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'"H NMR of (Z)-4am (500 MHz, CDCl3)
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'"H NMR of (Z)-4an (500 MHz, CDCl3)
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'H NMR of (Z)-4a0 (500 MHz, CDCl5)
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'H NMR of (Z)-5aa/(S,Z)-5aa (500 MHz, CDCl5)
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'"H NMR of (E)-5aa (500 MHz, CDCl3)
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'"H NMR of (Z)-5ba (500 MHz, CDCl3)
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'H NMR of (E)-5ba (500 MHz, CDCl3)
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'"H NMR of (Z)-5¢a (500 MHz, CDCls)
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'"H NMR of (Z)-5da (500 MHz, CDCl3)
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'H NMR of (E)-5da (500 MHz, CDCl3)
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'"H NMR of (Z)-5ea (500 MHz, CDCl3)
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'H NMR of (E)-5ea (500 MHz, CDCl5)
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'H NMR of (2)-5fa (500 MHz, CDCl3)
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'"H NMR of (E)-5fa (500 MHz, CDCl3)
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'TH NMR of (£)-5ga (500 MHz, CDCl5)
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'"H NMR of (E)-5ga (500 MHz, CDCl3)
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'"H NMR of (Z)-5ha (500 MHz, CDCl3)
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'H NMR of (E)-5ha (500 MHz, CDCl3)
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'"H NMR of (Z)-5ia (500 MHz, CDCl3)
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'H NMR of (E)-5ia (500 MHz, CDCl3)
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'H NMR of (2)-5ja (500 MHz, CDCl3)
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'"H NMR of (E)-5ja (500 MHz, CDCl5)
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'"H NMR of (Z)-5ka (500 MHz, CDCl3)
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'H NMR of (E)-5ka (500 MHz, CDCl3)

2.33
1.60

0.00

10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 20 L5
£1 (ppm)

13C NMR of (E)-5ka (126 MHz, CDCL)

167. 26
158. 00
16. 10

46.15

63.74

<

[ ER

13.91

I u',hl ' - } ol

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

S107



'"H NMR of (Z)-5la (500 MHz, CDCl3)
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'H NMR of (E)-5la (500 MHz, CDCl3)
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'H NMR of (Z)-5ab/(S,Z)-5ab (500 MHz, CDCl3)
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'H NMR of (E)-5ab (500 MHz, CDCl3)
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'"H NMR of (Z)-5ac/(S,Z)-5ac (500 MHz, CDCl3)
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'H NMR of (E)-5ac (500 MHz, CDCl5)
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'H NMR of (Z)-5ad/(S,Z)-5ad (500 MHz, CDCl3)
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'"H NMR of (E)-5ad (500 MHz, CDCl3)
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'H NMR of (Z)-5ae/(S,Z)-5ae (500 MHz, CDCl3)
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'H NMR of (E)-5ae (500 MHz, CDCl5)
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'"H NMR of (Z)-5af/(S,Z)-5af (500 MHz, CDCl3)
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'"H NMR of (E)-5af (500 MHz, CDCl5)
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'H NMR of (Z)-5ag/(S,Z)-5ag (500 MHz, CDCl:)
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'"H NMR of (E)-5ag (500 MHz, CDCl3)
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'H NMR of (Z)-5ah/(S,Z)-5ah (500 MHz, CDCl3)
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'H NMR of (E)-5ah (500 MHz, CDCl3)
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TH NMR of (Z)-5ai/(S,Z)-5ai (500 MHz, CDCl3)
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'H NMR of (E)-5ai (500 MHz, CDCl3)
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'H NMR of (Z)-52aj/(S,Z)-5aj (500 MHz, CDCl3)
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'"H NMR of (E)-5aj (500 MHz, CDCls)
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'H NMR of (Z)-5ak/(S,Z)-5ak (500 MHz, CDCl3)
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'H NMR of (E)-5ak (500 MHz, CDCl3)
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TH NMR of (Z)-5al/(S,Z)-5al (500 MHz, CDCl3)
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'H NMR of (E)-5al (500 MHz, CDCl3)
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'"H NMR of (Z)-5am/(S,Z)-5am (500 MHz, CDCls)
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'H NMR of (E)-5am (500 MHz, CDCl3)
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'H NMR of (Z)-5an/(S,Z)-5an (500 MHz, CDCl3)
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'H NMR of (E)-5an (500 MHz, CDCl3)
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'TH NMR of (Z)-5a0/(S,Z)-5a0 (500 MHz, CDCl5)
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'"H NMR of (E)-52a0 (500 MHz, CDCl3)
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'TH NMR of (§,2)-5be (500 MHz, CDCl5)

3.03

0.01

Cl [e)
o
N
\
(S,Z2)-5be
/| " i
ofd o—HME—t— & o
00Qo00o0o0Q o
AN - NoO AN o
ll‘J.S lL‘).U 9‘0 .0 8‘. 8‘.0 7‘.5 7‘.0 b‘.5 6‘.0 5.5 5‘.0 4‘.5 1‘.0 3‘.5 3‘.0 2‘.5 2‘.0 l‘.5 l‘.() ‘.U
£1 (ppm)
13C NMR of (S,2)-5be (126 MHz, CDCl)
(A i i
Ph N
RN—Ph
"
el %
(0]
N
\
(S,Z2)-5be
1
TRREEn 1 |
I T (111 ‘ l
2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 l‘/lU 1‘30 1‘20 l‘lU 1‘00 ‘.;0 2;0 7‘0 (:‘10 .rlU ’1‘0 l;() 10
£1 (ppm)

S138



'"H NMR of (§,2)-5ce (500 MHz, CDCl3)
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'TH NMR of (§,2)-5de (500 MHz, CDCl5)
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'"H NMR of (§,2)-5ee (500 MHz, CDCl3)
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'H NMR of (§,Z2)-5fe (500 MHz, CDCl5)
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'H NMR of (§,2)-5ge (500 MHz, CDCls)
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'H NMR of (§,2)-5he (500 MHz, CDCl5)
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'H NMR of (§,2)-5ie (500 MHz, CDCl3)
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'"H NMR of (8,2)-5je (500 MHz, CDCl5)
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'TH NMR of (§,2)-5ke (500 MHz, CDCl5)
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'H NMR of (§,2)-5le (500 MHz, CDCl3)
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'H NMR of (S,2)-5me (500 MHz, CDCl5)
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