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(A) General remarks

"H NMR spectra were recorded on commercial instruments (400 MHz). Chemical
shifts were recorded in ppm relative to tetramethylsilane and with the solvent
resonance as the internal standard (CDCls, 6 = 7.262). Data were reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, ¢ = quartet, m =
multiplet), coupling constants (Hz), integration. °C NMR data were collected on
commercial instruments (100 MHz) with complete proton decoupling. Chemical shifts
were reported in ppm from the tetramethylsilane with the solvent resonance as
internal standard (CDCl;, 6 = 77.16). Enantiomeric excesses were determined by
chiral HPLC analysis on Daicel Chiralcel 1A, IC, or IE at 23 °C with UV detector at
254 nm in comparison with the authentic racemates. Optical rotations were reported
as follows: [a]p’ (c: g/100 mL, in CH,Cl,). HRMS were recorded on a commercial
apparatus (ESI source). All the reactions were carried out under an atmosphere of
nitrogen in over-dried apparatus. All the solvents were purified by usual methods
before use. Molecular sieves were activated at 500 °C for 5h before use. The
3-(4-alkylcyclohexylidene)indolin-2-ones and substituted 3-(4-methylcyclohexylidene)
indolin-2-ones were used after recrystallization with ethyl acetate and petroleum

ether.

(B) General procedure for the preparation of substituted racemic

3-cyclohexylideneoxindoles

A piperidine (1 equiv)
Z N C7H8| reflux
H
1.0 equiv 1.2 equiv

2-Oxindoles (1.0 equiv) and 4-substituted-cyclohexan-1-ones (1.2 equive) were
dissolved in toluene containing piperidine (1.0 equive) in a flask. By refluxing
vigorously, the water formed in the reaction was removed by a Dean and Stark trap
placed under the reflux condenser. Evaporation of the toluene left a residue. The
crude product was purified by flash column chromatography (ethyl
acetate/dichloromethane/petroleum ether = 1:1:8) to afford a yellow solid.
Recrystallization from ethanol afforded the pure compound before used.

The characterization of new substituted racemic 3-cyclohexylideneoxindoles is listed



as following:

3-(4-Methylcyclohexylidene)indolin-2-one (2a)
Yellow solid, 'H NMR (400 MHz, CDCls) & 7.95 (br, 1H), 7.61 (d, J =
0 8.0 Hz, 1H), 7.17 (td, J= 7.6, 0.8 Hz, 1H), 6.98 (t, J = 7.6 Hz, 1H), 6.90

Iz

— 6.80 (m, 1H), 4.51 (d, J = 14.0 Hz, 1H), 3.39 (dd, J = 14.4, 1.6 Hz, 1H),
2.39 (td, J = 13.6, 4.8 Hz, 1H), 2.24 (td, J = 13.6, 4.8 Hz, 1H), 2.08 — 1.91 (m, 2H),
1.88 — 1.70 (m, 1H), 1.38 — 1.16 (m, 2H), 0.96 (d, J = 6.4 Hz, 3H). >C NMR (100
MHz, CDCL) § 164.2, 127.7, 124.4, 123.9, 121.7, 109.5, 36.1, 35.8, 32.5), 31.9 29.4,
21.7. HRMS (ESI-TOF) caled for C;sH;;NONa ([M+Na']) = 250.1202, Found
250.1202.

O™ 3-(4-Methoxycyclohexylidene)indolin-2-one (2b)
'H NMR (400 MHz, CDCl3) & 8.52 (s, 1H), 7.60 (d, J = 7.6 Hz, 1H),
o 7.17(,J="17.6Hz, 1H), 698 (t, J = 7.6 Hz, 1H), 6.86 (d, J = 7.6 Hz,
1H), 3.66 — 3.51 (m, 2H), 3.41 (s, 3H), 3.29 — 3.22 (m, 1H), 3.15 - 3.02
(m, 1H), 2.83 — 2.73 (m, 1H), 2.10 — 1.94 (m, 2H), 1.92 — 1.77 (m, 2H). *C NMR
(100 MHz, CDCls) o 170.2, 162.1, 139.7, 127.9, 124.1, 123.9, 121.7, 121.0, 109.6,
75.9, 56.0, 31.3, 31.2, 28.9, 25.5. HRMS (ESI-TOF) caled for C;sH;7NO,Na
([M+Na']) = 266.1151, Found 266.1154.
N 3-(4-Ethylcyclohexylidene)indolin-2-one (2¢)
'H NMR (400 MHz, CDCl3) & 7.86 (br, 1H), 7.61 (d, J = 7.6 Hz, 1H),
o 7.17(,J=7.6 Hz, 1H), 6.98 (td, J = 7.6, 1.2 Hz, 1H), 6.90 — 6.80 (m,

Iz

1H), 4.59 — 4.38 (m, 1H), 3.49 — 3.28 (m, 1H), 2.39 (td, /= 13.2, 4.8 Hz,
1H), 2.32 — 2.16 (m, 1H), 2.16 — 1.94 (m, 2H), 1.64 — 1.50 (m, 1H), 1.41 — 1.08 (m,
4H), 0.93 (t, J = 7.4 Hz, 3H).*C NMR (100 MHz, CDCl3) & 164.6, 127.7, 124.4,
123.9, 121.6, 109.6, 38.4, 33.7, 33.4, 32.4, 29.3, 29.1, 11.8. HRMS (ESI-TOF) calcd
for C16H1oNONa ([M+Na']) = 264.1359, Found 264.1365.



3-(4-Isopropylcyclohexylidene)indolin-2-one (2d)
'H NMR (400 MHz, CDCl3) & = 7.92 (s, 1H), 7.61 (d, J = 7.6 Hz, 1H),
7.16 (t, J = 7.6 Hz, 1H), 6.98 (t, J = 7.6 Hz, 1H), 6.84 (d, J = 7.6 Hz,
i 1H), 4.55 — 4.46 (m, 1H), 3.47 —3.37 (m, 1H), 2.37 (td, J=13.2, 4.8 Hz,
1H), 2.27 - 2.17 (m, 1H), 2.07 — 1.95 (m, 2H), 1.54 — 1.40 (m, 2H), 1.39 — 1.24 (m,
2H), 0.90 (d, J = 6.4 Hz, 6H). °C NMR (100 MHz, CDCls) § 164.7, 127.7, 123.9,
121.7, 109.4, 43.1, 32.7, 32.5, 30.9, 30.5, 29.5, 20.1. HRMS (ESI-TOF) calcd for
C17HNO Na ([M+Na']) = 278.1515, Found 278.1523.

\/_ 3-(4-(Tert-butyl)cyclohexylidene)indolin-2-one (2¢)
'H NMR (400 MHz, CDCl3) & 8.07 (br, 1H), 7.61 (d, J = 7.6 Hz, 1H),
| o 7.17 (td, J= 7.6, 0.8 Hz, 1H), 6.99 (td, J= 7.6, 0.8 Hz, 1H), 6.84 (d, J =
N 7.6 Hz, 1H), 4.57 — 4.42 (m, 1H), 3.48 — 3.40 (m, 1H), 2.45 — 2.31 (m,
1H), 2.30 — 2.19 (m, 1H), 2.12 — 1.96 (m, 2H), 1.47 — 1.26 (m, 3H), 0.86 — 0.80 (m,
9H). *C NMR (100 MHz, CDCls) & 170.0, 164.6, 139.4, 127.6, 124.4, 123.9, 121.7,
109.4, 47.1,33.1,32.8, 29.7, 28.5, 28.1, 27.6. HRMS (ESI-TOF) calcd for CsH,yNO"

([M+H']) =270.1852, Found 270.1856.

Q/ 3-(4-(Tert-pentyl)cyclohexylidene)indolin-2-one (2f)

'H NMR (400 MHz, CDCl3) & 7.99 (s, 1H), 7.61 (d, J = 7.8 Hz, 1H),

/ 7.17 (td, J=17.7, 0.8 Hz, 1H), 6.99 (td, /= 7.7, 1.1 Hz, 1H), 6.87 — 6.80

N ° (m, 1H), 4.52 — 4.41 (m, 1H), 3.48 —3.39 (m, 1H), 2.42 — 2.32 (m, 1H),

2.26 (ddd, J = 14.4, 12.2, 4.8 Hz, 1H), 1.99 (dddd, J = 16.8, 11.3, 7.6, 3.6 Hz, 2H),
1.56 — 1.46 (m, 1H), 1.45 — 1.22 (m, 4H), 0.87 — 0.80 (m, 9H). °C NMR (100 MHz,
CDCl) & 167.0, 164.7, 139.4, 127.6, 124.4, 123.9, 121.7, 120.0, 109.4, 44.4, 35.1,
33.2,32.8,29.7, 28.0, 27.7, 24.3, 24.2, 8.3. HRMS (ESI-TOF) calcd for C;9H,sNONa

(IM+Na']) = 306.1828, Found 306.1832.

Ph 3-(4-Phenylcyclohexylidene)indolin-2-one (2g)

Iz



'H NMR (400 MHz, CDCls) & 7.91 (s, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.39 — 7.28 (m,
2H), 7.26 — 7.14 (m, 4H), 7.01 (td, J = 7.6, 1.2 Hz, 1H), 6.92 — 6.76 (m, 1H), 4.85 —
4.71 (m, 1H), 3.64 — 3.50 (m, 1H), 2.95 (tt, J = 12.0, 3.6 Hz, 1H), 2.53 (td, J = 13.6,
4.8 Hz, 1H), 2.38 — 2.08 (m, 3H), 1.91 — 1.70 (m, 2H). *C NMR (100 MHz, CDCl;) &
169.9, 162.5, 146.0, 139.5, 128.7, 127.9, 127.0, 126.4, 124.3, 124.0, 121.8, 120.7,
109.5, 43.7, 35.1, 34.9, 32.9, 29.8. HRMS (ESI-TOF) calcd for CaH;9NONa
([M+Na']) = 312.1359, Found 312.1366.

5-Fluoro-3-(4-methylcyclohexylidene)indolin-2-one (2h)
'H NMR (400 MHz, CDCl3) & 8.55 (s, 1H), 7.26 (dd, J = 10.0, 2.0 Hz,
o0 1H), 6.81 (td, J=8.8, 2.0 Hz, 1H), 6.70 (dd, J = 8.8, 4.4 Hz, 1H), 4.42
(dd, J=14.0, 1.2 Hz, 1H), 3.29 — 3.09 (m, 1H), 2.32 (td, /= 13.2, 4.8
Hz, 1H), 2.18 (td, J = 13.2, 4.8 Hz, 1H), 2.01 — 1.85 (m, 2H), 1.77 — 1.68 (m, 1H),
1.29 — 1.10 (m, 2H), 0.90 (d, J = 6.8 Hz, 3H). °C NMR (100 MHz, CDCl;) & 170.4,
166.0, 135.6, 125.3, 125.2, 120.4, 114.0, 113.7, 111.6, 111.4, 109.8, 109.7, 36.1, 35.7,
32.4, 31.8, 29.5, 21.7. HRMS (ESI-TOF) calcd for C;sH;sFNONa ([M+Na']) =
268.1108, Found 268.1111.

5-Chloro-3-(4-methylcyclohexylidene)indolin-2-one (2i)
"H NMR (400 MHz, CDCl5) & 8.62 (d, J = 8.0 Hz, 1H), 7.57 (s, 1H),
o 7.14(d,J=8.4 Hz, 1H), 6.79 (d, J= 8.4 Hz, 1H), 447 (d, J= 14.4 Hz,
1H), 3.29 (d, J = 14.0 Hz, 1H), 2.40 (td, J = 13.2, 4.8 Hz, 1H), 2.25
(td, J=13.2, 4.8 Hz, 1H), 2.10 — 1.93 (m, 2H), 1.86 — 1.74 (m, 1H), 1.37 — 1.17 (m,
3H), 0.97 (d, J = 6.8 Hz, 3H). °C NMR (100 MHz, CDCl;) & 166.4, 138.0, 127.4,
126.9, 125.7, 124.0, 119.9, 110.4, 36.0, 35.7, 32.6, 31.8, 29.5, 21.7. HRMS (ESI-TOF)
caled for C;sH;s"****CINONa ([M+Na']) = 284.0813, Found 284.0820. HRMS
(ESI-TOF) calcd for CsH;¢ % ***CINONa ([M+Na']) = 286.0783, Found 286.0780.

5-Bromo-3-(4-methylcyclohexylidene)indolin-2-one (2j)

Br- /

Iz



'H NMR (400 MHz, CDCl;) & 8.52 (s, 1H), 7.68 (s, 1H), 7.26 — 7.22 (m, 1H), 6.71
(dd, J=8.0, 1.2 Hz, 1H), 4.44 (d, J = 14.0 Hz, 1H), 3.25 (d, J = 14.0 Hz, 1H), 2.37 (td,
J=13.6,4.4 Hz, 1H), 2.22 (td, J = 13.6, 4.4 Hz, 1H), 2.07 — 1.88 (m, 2H), 1.80 — 1.73
(m, 1H), 1.34 — 1.14 (m, 2H), 0.94 (dd, J = 6.4, 1.6 Hz, 3H). *C NMR (100 MHz,
CDCls) § 169.8, 166.5, 138.4, 130.2, 126.8, 126.2, 119.7, 114.3), 110.9, 36.0, 35.7,
32.6, 31.7, 29.5, 21.7. HRMS (ESI-TOF) calcd for C;sHye > BrNONa ([M+Na']) =
328.0307, Found 328.0310. HRMS (ESI-TOF) caled for CjsHie"'**BrNONa
(IM+Na']) = 330.0287, Found 330.0287.

6-Chloro-3-(4-methylcyclohexylidene)indolin-2-one (2k)
'H NMR (400 MHz, CDCL3) & 8.16 (s, 1H), 7.51 (d, J = 8.4 Hz, 1H),
N 0 6.95(d,J=8.4 Hz, 1H), 6.85 (s, 1H), 4.45 (d, J = 14.4 Hz, 1H), 3.30
(d, J=14.0 Hz, 1H), 2.39 (td, J = 13.2, 4.4 Hz, 1H), 2.23 (td, J = 13.2,
4.4 Hz, 1H), 2.00 (td, J = 13.6, 3.2 Hz, 2H), 1.87 — 1.71 (m, 1H), 1.36 — 1.15 (m, 2H),
0.96 (d, J = 6.4 Hz, 3H). *C NMR (100 MHz, CDCls) & 169.9, 165.1, 140.4, 133.1,
124.7, 121.6, 109.9, 36.0, 35.7, 32.6, 31.8, 29.5, 21.7. HRMS (ESI-TOF) calcd for
CisHig**®CINONa ([M+Na']) = 284.0813, Found 284.0807. HRMS (ESI-TOF)

caled for C1sH6°****CINONa ([M+Na']) = 286.0783, Found 286.0784.

6-Bromo-3-(4-methylcyclohexylidene)indolin-2-one (21)
'H NMR (400 MHz, CDCl3) & 8.80 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H),
0 7.10 (dd, J = 8.4, 1.6 Hz, 1H), 7.05 — 6.96 (m, 1H), 4.53 — 4.39 (m,

Br

Iz

1H), 3.36 — 3.22 (m, 1H), 2.45 — 2.33 (m, 1H), 2.28 — 2.16 (m, 1H),
2.06 — 1.95 (m, 2H), 1.86 — 1.73 (m, 1H), 1.36 — 1.18 (m, 2H), 0.97 (d, J = 6.4 Hz,
3H). *C NMR (100 MHz, CDCL3) & 165.4, 140.8, 124.9, 124.5, 123.3, 121.0, 119.8,
112.8, 36.0, 357, 32.7, 31.8, 29.5, 21.7. HRMS (ESI-TOF) caled for
CisHy6 """ BrNONa ([M+Na']) = 328.0307, Found 328.0315. HRMS (ESI-TOF)
caled for CisH6* "' BrINONa ([M+Na']) = 330.0287, Found 330.0276.

(C) General procedure for the synthesis of chiral V,N'-dioxides

The N,N'-dioxide ligands were prepared by the similar procedure in the literatures'.



L-PrPr,: R = 2,6-PryCgHs, n =1, K
L-PiPr,: R = 2,6-Pr,CgHs. N = 2, N j
L-PiPry: R = 2,4 6-PryCH,, n = 2, @
L-PiPh: R = CgHs. n = 2, O N

+
N
4

: N> 9
L-PiBn: R = CeHsCHzR n=2, R/ ~H H’N\
L-Pi'PM: R = Ph;C, n = 2,

L-PicH: R = cyclohexyl, n = 2, L-
L-PiAd: R = Adamyl n = 2,

R
RaPry: R = 2,6-Pr,CgHs

(D) General procedure for the preparation of the racemic products

General Procedure: To an oven-dried tube under nitrogen atmosphere was added
(£)-PiPh/Sc(OTf); (10 mol%), chalcone (0.1 mmol), 3 A MS 40.0 mg and
CICH,CH,CI (0.5 mL), respectively. After stirring at 35 °C for 30 minutes,
3-(4-substituted-cyclohexylidene)indolin-2-ones or substituted 3-(4-methylcyclo-
hexylidene)indolin-2-ones (0.1 mmol) and DABCO (22.4 mg, 0.20 mmol) were added
and the reaction mixture was stirred at 35 °C for 12 hrs. The reaction mixture was
then directly purified by flash column chromatography (ethyl acetate/petroleum ether
=1:9 — 1:4 or ethyl acetate/dichloromethane = 0:1 — 1:19) to afford the corresponding

product.

(E) General procedure for the catalytic asymmetric reactions

R1
s Co (@)
L-PiPh-Sc(OTH) ) 7 3
DABCO; 3A MS; R2f§= H
CHCl; (0.2 M); o
5 (0.2 M) &4
H
3

35 °C, 20 hrs.

1 (0.1 mmol) 2 (0.2 mmol)

To an oven-dried reaction tube under nitrogen atmosphere was added Sc(OTf); (4.9
mg, 0.01 mmol), L-PiPh (4.8 mg, 0.01 mmol), 3 A MS (40.0 mg), chalcone (0.10
mmol) and CHCI; (0.5 mL). After stirring for 30 min at 35 C, substituted
3-cyclohexylideneoxindoles (0.2 mmol) and DABCO (22.4 mg, 0.2 mmol) were

subsequently added. The reaction mixture was stirred at 35 °C for 20 h and directly



purified by flash column chromatography (ethyl acetate/petroleum ether = 1:9 — 1:4 or

ethyl acetate/dichloromethane = 0:1 — 1:19) to afford the corresponding product.

(F) Experimental procedure for the scale-up synthesis of 3da

i J
A
/@A)LPh o _LPiPh-Sc(OTf); /
Br + N DABCO; 3 A MS; + o

H CHClI3 (0.2 M); N

35°C, 20 h. H

1d (2.0 mmol) ()-2a (4.0 mmol) race-2a
0.80 g (1.56 mmol); yield = 78%; 0.55 g (2.42 mmol);
dr=97/3; ee = 92%. recavery = 60%.

To an oven-dried reaction tube under nitrogen atmosphere was added Sc(OTf); (98.4
mg, 0.20 mmol), L-PiPh (96.0 mg, 020 mmol), 3 A MS (800.0 mg),
(E)-3-(4-bromophenyl)-1-phenylprop-2-en-1-one (574.3 mg, 2.0 mmol) and CHCI;
(10.0 mL). After stirring for 30 min at 35 °C, 3-(4-methylcyclohexylidene)-
indolin-2-one (909.2 mg, 4.0 mmol) and DABCO (448.0 mg, 4.0 mmol) were
subsequently added. The reaction mixture was stirred at 35 “C for 20 hrs and directly
purified by flash column chromatography (ethyl acetate/dichloromethane = 0:1 — 1:19)
to afford the desired product (0.80g, 78% yield, 97/3 dr, 92% ee) and recovery of

race-2a (0.55 g, recovery 60%).

(G) Optimization of reaction conditions

Table 1: Screening of ligand.

o ) L-Sc(0Tf);
:3AMS;
Ph/\)J\Ph + 0 BEAQTOZ M);
N 35 °C, 20 hrs.
1a (0.1 mmol) 2a (0.2 mmol)
3aa 2a
Entry” Ligand
Y B Yield %) dr (%)’ ee (%) Recov. (%) ee (%)
1 L-PiPr, 59 66/34 49/55 44 race
2 L-RaPr; 45 63/37 16/23 59 race
3 L-PrPr; 43 69/31 40/53 nd nd
4 L-PiPr; 62 57/43 39/61 50 race




5 L-PiPh 65 92/8 94 26 race
6 L-PiBn 66 93/7 88 15 race
7 L-Pi'PM 36 69/31 race 38 race
8 L-PicH 68 97/3 86 32 race
9 L-PiAd 66 75/25 24/63 nd nd

Unless otherwise noted, all reactions were performed with L-Se¢(OTf); (1:1, 10
mol%), 1a (0.1 mmol) 2a (0.2 mmol), 3 A MS 40.0 mg and 2.0 equiv of DMAP in
DCE (0.5 mL) under Ny at 35 °C for 20 hrs. ”Isolated yield. © Determined by chiral
HPLC analysis.

Table 2: Screening of Lewis acid.

L-PiPh-Metal salt

0
Ph/\)J\Ph + 0 Bgé F()03 ﬁA;\A S
N 35 °C, 20 hrs.
1a (0.1 mmol) 2a (0.2 mmol)
B 3aa 2a
Entry”  Metalsalt - =3 007 dr (%) ce (%)  Recov. (%) ce (%)
1 Lu(OTf)s3 25 78/22 57/44 14 race
2 Y(OTf); 49 84/16 40/36 31 race
3 Yb(OTf)3 33 77/23 51/47 25 race
4 Nd(OTH); 75 86/14 44/41 23 race
5 Sm(OTf)s 45 79/21 15/7 12 race
6 Sc(NTHt); mess - - 16 race
7 Sc(O'Pr)s trace -- -- 48 race

Unless otherwise noted, all reactions were performed with L-PiPh-Metal salt (1:1, 10
mol%), 1a (0.1 mmol) 2a (0.2 mmol), 3 A MS 40.0 mg and 2.0 equiv of DMAP in DCE
(0.5 mL) under N, at 35 °C for 20 hrs. ® Isolated yield. © Determined by chiral HPLC
analysis.

Table 3: Screening of base and solvent.

o ) L-PiPh-Sc(OTf);
;3AMS;
Ph/\)L Ph + O vt (OgSM);
” 35 °C, 20 hrs.
1a (0.1 mmol) 2a (0.2 mmol)
3aa 2a
Entry” base solvent Yield  dr (%) ee (%) Recov. ee (%)°
(%)" (%)
1 DABCO DCE 81 96/4 96 20 race
2 DIPEA DCE 47 82/18 44/31 56 race

3 Et;N DCE 81 63/37 83/87 40 race




4 K,CO; DCE 72 90/10 39/31 36 race
5 DABCO CHCI; 92 98/2 95 32 race
6 DABCO DCM 73 97/3 96 36 race
7 DABCO THF 64 97/3 91 41 race
8 DABCO C;Hg 81 83/17 93 62 race

Unless otherwise noted, all reactions were performed with L-PiPh-Sc(OTf); (1:1, 10
mol%), 1a (0.1 mmol) 2a (0.2 mmol), 3 A MS 40.0 mg and 2.0 equiv of base in solvent
(0.5 mL) under N, at 35 °C for 20 hrs. ” Isolated yield. ¢ Determined by chiral HPLC

analysis.

Table 4: Control experiments.

L-PiPh-Sc(OTf);

o) /
oM+ (5o ZERIA
N 35 °C, 20 hrs.
1a (0.1 mmol) 2a (0.2 mmol)
3aa 2a
Entry” ligand metal Yield  dr(%)° ee(%)° Recov. ee (%)
(%)" (%)"
14 L-PiPh  Sc(OTf);3 48 63/37 98 65 race
2°¢ L-PiPh  Sc(OTf);3 73 89/11 96 23 race
3 L-PiPh none nr Nd' Nd' 80 race
48 L-PiPh  Sc(OTf); 89 87/13 96 Nd’ Nd’
5t L-PiPh Sc(OTf); 91 97/3 91 25 race

“Unless otherwise noted, all reactions were performed with L-PiPh-Sc(OTf); (1:1, 10
mol%), 1a (0.1 mmol) 2a (0.2 mmol), 3 A MS 40.0 mg and 2.0 equiv of DABCO in
CHCI; (0.5 mL) under N, at 35 °C for 20 h. ? Isolated yield. “ Determined by chiral
HPLC analysis. ¢ Without molecular sieves. “1a/2a = 1/1, 12 h./Nd = not determined.
£ 5 mol% of L-PiPh/Sc(OTf); was employed. " Using 1.0 equivalent of DABCO

(H) The analytical and spectral characterization data of products

(£)-3-((25,45)-4-Methyl-2-((R)-3-0x0-1,3-diphenylpropyl)cyclohexylidene)indolin
-2-one (3aa)

yield 40.1 mg, 92%; pale yellow solid; 95% ee, 98/2 dr; [a]p'’ =+

<ﬁ\ 99.2 (¢ = 0.71 in CHyCl,); HPLC (Daicel chiralcel IA,

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 20.11 min, t, = 22.00 min, t3 = 36.01 min, t4 =

58.35 min; 'H NMR (400 MHz, CDCls) & 8.76 (s, 1H), 7.69 — 7.62 (m, 2H), 7.59 (d, J



=7.6 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.35 (t, J= 7.6 Hz, 2H), 7.31 — 7.19 (m, 2H), 7.17
—7.10 (m, 3H), 6.96 (td, J = 7.6, 0.8 Hz, 1H), 6.78 (dd, J = 7.6, 0.8 Hz, 1H), 5.27 (dd,
J=11.6,3.2 Hz, 1H), 4.04 — 3.92 (m, 1H), 3.45 — 3.24 (m, 3H), 2.73 (td, J = 14.0, 5.2
Hz, 1H), 2.23 — 2.03 (m, 2H), 1.51 — 1.43 (m, 1H), 1.24 (ddd, J = 26.0, 12.2, 3.6 Hz,
1H), 1.09 (td, J = 13.8, 4.8 Hz, 1H), 0.79 (d, J = 6.4 Hz, 3H). *C NMR (100 MHz,
CDCls) & 199.1, 170.6, 166.6, 144.3, 139.5, 137.1, 132.5, 128.7, 128.5, 128.1, 128.0,
127.9, 126.6, 124.3, 123.9, 123.5, 121.8, 109.5, 43.5, 43.1, 41.6, 38.4, 36.4, 28.7, 26.1,
22.0. HRMS (ESI-TOF) caled for CsHoNO,Na ([M+Na‘]) = 458.2091, Found
458.2090.
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(2)-3-((25,45)-2-((R)-1-(4-Fluorophenyl)-3-oxo-3-phenylpropyl)-4-methylcyclohe
xylidene)indolin-2-one (3ba)

yield 36.4 mg, 80%; pale yellow solid; 95% ee, 98/2 dr; [OL]D22 =
+ 944 (¢ = 0.65 in CH,Cly); HPLC (Daicel chiralcel IE,
n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 8.52 min, t; = 10.16 min, t; = 10.54 min, t4 =

12.09 min; 'H NMR (400 MHz, CDCls) & 8.58 (s, 1H), 7.71 — 7.63 (m, 2H), 7.59 (d, J



= 8.0 Hz, 1H), 7.50 — 7.41 (m, 2H), 7.35 — 7.28 (m, 1H), 7.20 — 7.11 (m, 3H), 7.05 —
6.94 (m, 3H), 6.84 — 6.73 (m, 1H), 5.21 (dd, J = 11.2, 3.6 Hz, 1H), 4.02 — 3.90 (m,
1H), 3.42 — 3.21 (m, 3H), 2.69 (td, J = 14.0, 4.8 Hz, 1H), 2.16 — 1.99 (m, 2H), 1.45
(dd, J = 14.0, 2.4 Hz, 1H), 1.28 — 1.21 (m, 1H), 1.15 — 1.05 (m, 1H), 0.79 (d, J = 6.0
Hz, 3H). >C NMR (101 MHz, CDCls) & 199.0, 170.5, 166.2, 162.8, 160.4, 139.9,
139.9, 139.5, 137.0, 132.7, 129.8, 128.2, 128.1, 127.9, 124.3, 123.8, 123.5, 121.9,
115.6, 115.4, 109.5, 43.0, 42.7, 41.6, 38.3, 36.4, 28.6, 26.1, 22.0. HRMS (ESI-TOF)
caled for C3oHosFNO,Na ([M+Na']) = 476.1996, Found 476.2002.
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(£)-3-((25,45)-2-((R)-1-(4-Chlorophenyl)-3-oxo0-3-phenylpropyl)-4-methylcyclohe
xylidene)indolin-2-one (3ca)

yield 38.9 mg, 83%; pale yellow solid; 95% ee, 99/1 dr; [o]p™ =
+ 108.5 (¢ = 0.74 in CH,Cl,); HPLC (Daicel chiralcel IE,
n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 8.90 min, t, = 9.31 min, t; = 11.49 min, t4 =
14.59 min; "H NMR (400 MHz, CDCls)  8.53 (s, 1H), 7.65 (dd, J = 8.4, 1.2 Hz, 2H),
7.58 (d, J= 8.0 Hz, 1H), 7.45 -7.43 (m, 2H), 7.35 — 7.27 (m, 3H), 7.20 — 7.11 (m, 3H),
6.96 (td, J = 7.6, 0.8 Hz, 1H), 6.77 (dd, J = 7.6, 0.4 Hz, 1H), 5.21 (dd, J=11.2, 3.2
Hz, 1H), 4.02 — 3.86 (m, 1H), 3.44 — 3.19 (m, 3H), 2.67 (td, J = 14.0, 4.8 Hz, 1H),
2.14 — 2.03 (m, 2H), 1.44 (dd, J = 13.6, 2.0 Hz, 1H), 1.24 (qd, J = 13.2, 3.6 Hz, 1H),



1.10 (td, J = 13.6, 4.8 Hz, 1H), 0.79 (d, J = 6.0 Hz, 3H). '>C NMR (100 MHz, CDCl3)
§ 198.8, 170.4, 165.9, 142.8, 139.5, 136.9, 132.7, 132.2, 129.8, 128.9, 128.3, 128.2,
127.9, 124.3, 123.8, 123.6, 121.9, 109.5, 42.9, 42.8, 41.4, 38.3, 36.4, 28.6, 26.2, 22.0.
HRMS (ESI-TOF) caled for C coms  ’CINONa ([M+Na']) = 492.1701, Found
492.1708. HRMS (ESI-TOF) caled for CioHos " CINONa ([M+Na']) = 494.1671,
Found 494.1668.
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(2)-3-((25,45)-2-((R)-1-(4-Bromophenyl)-3-oxo-3-phenylpropyl)-4-methylcyclohe

xylidene)indolin-2-one (3da)

yield 45.2 mg, 88%; pale yellow solid; 97% ee, 97/3 dr; [oc]D22 =
+ 100.9 (¢ = 0.81 in CH,Cly); HPLC (Daicel chiralcel IA,
n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 30.90 min, t, = 35.61 min, t3 = 59.06 min, t4
= 67.96 min; 'H NMR (400 MHz, CDCl3) & 8.63 (s, 1H), 7.65 (dd, J = 8.0, 1.2 Hz,
2H), 7.58 (d, J = 8.0 Hz, 1H), 7.49 — 7.43 (m, 2H), 7.42 — 7.35 (m, 2H), 7.34 — 7.29
(m, 1H), 7.20 — 7.11 (m, 3H), 6.96 (td, J = 7.6, 1.2 Hz, 1H), 6.70 (dd, J= 7.6, 0.4 Hz,
1H), 5.21 (dd, J = 11.6, 3.2 Hz, 1H), 4.00 — 3.88 (m, 1H), 3.41 — 3.18 (m, 3H), 2.67
(td, J = 14.0, 4.4 Hz, 1H), 2.16 — 2.01 (m, 2H), 1.45 (dd, J = 14.0, 2.0 Hz, 1H), 1.24
(qd, J = 13.2, 3.6 Hz, 1H), 1.14 — 1.05 (m, 1H), 0.79 (d, J = 6.4 Hz, 3H). °C NMR
(100 MHz, CDCl3) & 198.8, 170.5, 165.9, 143.4, 139.5, 136.9, 132.7, 131.8, 130.2,



128.3, 128.2, 127.9, 124.3, 123.8, 123.6, 121.9, 120.3, 109.5, 42.8, 41.3, 38.3, 36.4,
28.6, 26.2, 22.0. HRMS (ESI-TOF) caled for CsoHag >"'*BrNO,Na ([M+Na']) =
536.1196, Found 536.1201. HRMS (ESI-TOF) caled for CsoHas™""'“*BrNO,Na
([M+Na']) = 538.1175, Found 538.1180.
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(£)-3-((25,45)-4-Methyl-2-((R)-3-0x0-3-phenyl-1-(4-(trifluoromethyl)phenyl)prop
yl)cyclohexylidene)indolin-2-one (3ea)
yield 39.8 mg, 79%; pale yellow solid; 93% ee, 96/4 dr; [a]p>
CFs = + 83.1 (¢ = 0.78 in CH,Cly); HPLC (Daicel chiralcel IE,
n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 6.33 min, t, = 7.76 min, t; = 8.88 min; 1H
NMR (400 MHz, CDCI3) 6 8.61 (s, 1H), 7.69 — 7.57 (m, 7H), 7.35 — 7.30 (m, 1H),
7.20 —7.12 (m, 3H), 6.97 (td, J = 7.6, 0.8 Hz, 1H), 6.78 (d, /= 7.6 Hz, 1H), 5.28 (dd,
J=11.4,3.4Hz, 1H), 4.10 — 4.01 (m, 1H), 3.46 — 3.24 (m, 3H), 2.68 (td, /= 14.0, 4.8
Hz, 1H), 2.18 — 2.06 (m, 2H), 1.40 (dd, J = 14.0, 2.0 Hz, 1H), 1.25 (dd, J=13.2, 3.6
Hz, 1H), 1.11 (td, J=13.8, 4.8 Hz, 1H), 0.80 (d, J = 6.4 Hz, 3H). °C NMR (100 MHz,
CDCls) & 198.6, 170.5, 165.5, 148.6, 139.5, 136.8, 132.8, 129.0, 128.8, 128.7, 128.3,
128.2, 127.9, 127.8, 125.8, 125.7, 125.7, 124.3, 123.8, 123.8, 123.1, 122.0, 109.5,



43.1, 42.7, 413, 383, 36.3, 28.6, 26.2, 21.9. HRMS (ESI-TOF) caled for
C31HsF3NO,Na ([M+Na']) = 526.1964, Found 526.1967.
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(2)-3-((25.,45)-4-Methyl-2-((R)-3-0x0-3-phenyl-1-(p-tolyl)propyl)cyclohexylidene)
indolin-2-one (3fa)

yield 39.5 mg, 88%; pale yellow solid; 93% ee, 95/5 dr; [OL]D22 =
+ 112.6 (¢ = 0.59 in CH,Cl); HPLC (Daicel chiralcel IE,
n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 10.47 min, t, = 11.75 min, t3 = 13.77 min, t; =
18.04 min; "H NMR (400 MHz, CDCl3) & 8.66 (s, 1H), 7.69 — 7.61 (m, 2H), 7.58 (d, J
= 7.6 Hz, 1H), 7.39 (d, J = 7.6 Hz, 2H), 7.32 — 7.27 (m, 1H), 7.18 — 7.09 (m, 5H),
6.96 (td, J = 7.6, 1.2 Hz, 1H), 6.80 — 6.72 (m, 1H), 5.23 (dd, J = 11.4, 3.4 Hz, 1H),
4.02 —3.89 (m, 1H), 3.40 (dd, J = 16.8, 6.0 Hz, 1H), 3.36 — 3.29 (m, 1H), 3.25 (dd, J
=17.0, 7.4 Hz, 1H), 2.72 (td, J = 14.0, 4.8 Hz, 1H), 2.33 (s, 3H), 2.18 — 2.05 (m, 2H),
1.50 (dd, J = 13.8, 2.2 Hz, 1H), 1.27 — 1.21 (m, 1H), 1.08 (td, J = 13.6, 4.8 Hz, 1H),
0.79 (d, J = 6.4 Hz, 3H). C NMR (100 MHz, CDCl5) & 199.2, 170.6, 166.9, 141.2,
139.5, 137.1, 136.0, 132.5, 129.4, 128.3, 128.1, 128.0, 127.9, 124.3, 123.9, 123.4,
121.8, 109.4, 43.2, 43.1, 41.7, 38.4, 36.5, 28.7, 26.1, 22.0, 21.2. HRMS (ESI-TOF)
caled for C3;H3,NO,Na ([M+Na']) = 472.2247, Found 472.2251.
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(2)-3-((25.,45)-4-Methyl-2-((R)-3-0x0-3-phenyl-1-(m-tolyl)propyl)cyclohexylidene
)indolin-2-one (3ga)

yield 43.5 mg, 97%; pale yellow solid; 94% ee, 97/3 dr; [OL]D22 =4
106.6 (¢ = 0.70 in CH,Cly); HPLC (Daicel chiralcel IE,
n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 8.83 min, t; = 9.80 min, t; = 10.17 min, t4 =
11.50 min; "H NMR (400 MHz, CDCl;) & 8.80 (s, 1H), 7.70 — 7.62 (m, 2H), 7.58 (d, J
= 7.6 Hz, 1H), 7.34 — 7.20 (m, 4H), 7.17 — 7.09 (m, 3H), 7.05 — 7.01 (m, 1H), 6.96 (td,
J=1.6,0.8 Hz, 1H), 6.81 — 6.73 (m, 1H), 5.25 (dd, J= 11.4, 3.4 Hz, 1H), 4.02 — 3.87
(m, 1H), 3.44 (dd, J = 16.8, 6.0 Hz, 1H), 3.37 — 3.28 (m, 1H), 3.23 (dd, J = 17.0, 7.0
Hz, 1H), 2.74 (td, J = 14.0, 4.8 Hz, 1H), 2.38 (s, 3H), 2.19 — 2.04 (m, 2H), 1.49 (dd, J
=13.8,2.0 Hz, 1H), 1.28 — 1.21 (m, 1H), 1.09 (td, J=13.2, 4.8 Hz, 1H), 0.79 (d, J =
6.4 Hz, 3H). *C NMR (100 MHz, CDCl3) & 199.1, 170.7, 166.9, 144.2, 139.5, 138.2,
137.1, 132.5, 128.9, 128.5, 128.1, 128.0, 127.9, 127.4, 125.7, 124.3, 123.9, 123.5,
121.8, 109.4, 43.5, 43.1, 41.6, 38.4, 36.4, 28.7, 26.1, 22.0, 21.7. HRMS (ESI-TOF)
caled for C3,H3NO,Na ([M+Na']) = 472.2247, Found 472.2254.
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(£)-3-((25,45)-4-Methyl-2-((R)-1-(naphthalen-2-yl)-3-oxo-3-phenylpropyl)cyclohe
xylidene)indolin-2-one (3ha)

yield 45.4 mg, 94%; pale yellow solid; 94% ee, 96/4 dr; [a]p™ =
+ 138.7 (¢ = 0.83 in CH,Cly); HPLC (Daicel chiralcel IE,
n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 13.11 min, t, = 15.00 min, t3 = 19.72 min, t4
=29.23 min; 'H NMR (400 MHz, CDCl;) & 8.84 (s, 1H), 7.95 — 7.82 (m, 4H), 7.75
(dd, J = 8.6, 1.2 Hz, 1H), 7.70 — 7.59 (m, 3H), 7.51 — 7.42 (m, 2H), 7.30 — 7.24 (m,
1H), 7.18 — 7.10 (m, 3H), 6.99 (td, J = 7.6, 1.2 Hz, 1H), 6.86 — 6.78 (m, 1H), 5.43 (dd,
J=11.4, 3.4 Hz, 1H), 429 — 4.14 (m, 1H), 3.53 (dd, J = 17.0, 5.8 Hz, 1H), 3.45 —
3.31 (m, 2H), 2.80 (td, J = 14.0, 4.8 Hz, 1H), 2.27 — 2.08 (m, 2H), 1.54 — 1.45 (m, 1H),
1.31 — 1.24 (m, 1H), 1.12 (td, J = 13.8, 4.8 Hz, 1H), 0.77 (d, J = 6.4 Hz, 3H). *C
NMR (101 MHz, CDCl3) & 199.0, 170.7, 166.6, 141.8, 139.6, 137.0, 133.7, 132.6,
128.6, 128.2, 128.1, 127.9, 127.7, 127.3, 126.5, 126.0, 125.5, 124.3, 123.9, 123.6,
121.8, 109.5, 43.6, 43.1, 41.4, 38.4, 36.4, 28.8, 26.2, 22.0. HRMS (ESI-TOF) calcd
for C34H3,NO,;Na ([M+Na']) = 508.2247, Found 508.2252.

g
3
14.770

o
?»19441
?28.182

i T e e e T L e e e e e B e e e L L I B e T e T T — 2
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 2000 22.00 24.00 26.00 28,00 30.00 32,00 3.0

nnnnnnn
060
)
o 040 e
<
020
o

T T T e e e TR B e — TP T T T 75" —
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00
Mnutes

H-19.720

14099
‘—% 29.227

Retention Time Area % Area
| | |




13.113| 20159725 93.60

14.999 708275 3.29

19.720 105655 0.49

AW

29.227 563731 2.62

(2)-3-((25,45)-4-Methyl-2-((R)-3-0x0-3-phenyl-1-(thiophen-3-yl)propyl)cyclohexy
lidene)indolin-2-one (3ia)

yield 34.8 mg, 79%; pale yellow solid; 93% ee, 97/3 dr; [a]D22 =+
93.5 (¢ = 0.61 in CH)Cly); HPLC (Daicel chiralcel IE,
n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 10.32 min, t, = 12.79 min, t; = 14.24 min, t4, =
15.91 min; "H NMR (400 MHz, CDCl3) & 8.58 (s, 1H), 7.73 — 7.62 (m, 2H), 7.58 (d, J
= 8.0 Hz, 1H), 7.37 — 7.24 (m, 3H), 7.21 — 7.09 (m, 4H), 6.96 (td, /= 7.6, 0.8 Hz, 1H),
6.75 (d, J=17.2 Hz, 1H), 5.22 (dd, /= 11.4, 3.4 Hz, 1H), 4.20 — 4.07 (m, 1H), 3.39 —
3.29 (m, 2H), 3.25 (dd, J = 16.6, 7.4 Hz, 1H), 2.69 (td, J = 14.0, 4.8 Hz, 1H), 2.17 —
2.01 (m, 2H), 1.54 (dd, J=13.8, 2.2 Hz, 1H), 1.28 — 1.19 (m, 1H), 1.14 (dd, J = 12.8,
4.4 Hz, 1H), 0.81 (d, J = 6.4 Hz, 3H). °C NMR (100 MHz, CDCl3) & 199.2, 170.5,
166.3, 144.7, 139.5, 137.1, 132.6, 128.2, 128.0, 127.9, 127.1, 125.9, 124.3, 123.9,
123.5, 121.8, 121.5, 109.4, 42.9, 41.5, 39.0, 38.6, 36.4, 28.6, 26.2, 22.0. HRMS
(ESI-TOF) calcd for C,3H»7NO,SNa ([M+Na']) = 464.1655, Found 464.1655.
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(Z)-3-(4-methyl-2-(3-0x0-3-phenyl-1-(pyridin-4-yl)propyl)cyclohexylidene)-1,3,3a

,7a-tetrahydro-2H-indol-2-one (3ja)

yield 39.8 mg, 91%; pale yellow solid; 45/99/99% ee, 22/48/30 dr;
HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH = 80/20, low rate

1.0 mL/min, A = 254 nm) retention time: t; = 28.57 min, t, = 54.54
min, t3 = 58.22 min, t4 = 65.14 min, ts = 79.77 min, t = 101.87 min; 'H NMR (400
MHz, CDCls) 6 8.89 — 8.23 (m, 3H), 7.89 — 7.59 (m, 2H), 7.58 — 7.28 (m, 4H), 7.22 —
7.03 (m, 2H), 7.00 — 6.83 (m, 1H), 6.79 — 6.64 (m, 1H), 5.46 — 5.01 (m, 1H), 4.38 —
3.85 (m, 1H), 3.82 — 3.43 (m, 1H), 3.41 — 2.97 (m, 2H), 2.77 — 2.38 (m, 1H), 2.12 (m,
2H), 1.95 — 1.34 (m, 2H), 1.34 — 1.00 (m, 2H), 0.94 — 0.73 (m, 3H). *C NMR (100
MHz, CDCl;) (for major) & 198.3, 170.4, 164.5, 153.7, 150.1, 149.4, 139.7, 136.7,
132.9, 128.3, 128.2, 128.1, 127.9, 124.0, 123.8, 123.7, 121.9, 109.5, 47.3, 42.3, 40.6,
38.2,36.2, 31.6, 28.5, 28.2, 27.7, 26.2, 21.9. HRMS (ESI-TOF) calcd for C,9H9N,0;
([M+H']) = 437.2224, Found 437.2222.
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(2)-3-((25.,45)-2-((R)-3-(4-Fluorophenyl)-3-oxo-1-phenylpropyl)-4-methylcyclohe

xylidene)indolin-2-one (3ka)

yield 36.1 mg, 80%; pale yellow solid; 96% ee, 98/2 dr; [a]D19 =+
107.8 (¢ = 0.40 in CH,Cl,); HPLC (Daicel chiralcel IA,

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 17.41min, t, = 19.65 min, t3 = 39.76 min, t4 =
70.76 min; "H NMR (400 MHz, CDCl3) & 8.30 (s, 1H), 7.70 — 7.60 (m, 2H), 7.56 (d, J
= 8.0 Hz, 1H), 7.52 — 7.43 (m, 2H), 7.34 (t, /= 7.2 Hz, 2H), 7.22 (t, J = 6.4 Hz, 1H),
7.14 (t, J = 7.6 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 6.85 — 6.65 (m, 3H), 5.23 (d, J =
10.0 Hz, 1H), 4.05 — 3.89 (m, 1H), 3.50 — 3.36 (m, 1H), 3.30 (d, J = 14.0 Hz, 1H),
3.20 - 3.09 (m, 1H), 2.71 (td, J = 14.0, 3.2 Hz, 1H), 2.20 — 2.00 (m, 2H), 1.45 (d, J =
13.6 Hz, 1H), 1.25 - 1.16 (m, 1H), 1.07 (td, /= 12.8, 3.2 Hz, 1H), 0.78 (d, J = 4.8 Hz,
3H). *C NMR (100 MHz, CDCls) 8 197.4, 170.4, 166.7, 164.1, 144.2, 139.3, 133.5,
130.6, 130.5, 128.8, 128.4, 128.1, 126.7, 124.3, 123.9, 123.5, 121.9, 115.2, 115.0,
109.3, 43.8, 43.0, 41.6, 38.3, 36.4, 28.8, 26.1, 22.0. HRMS (ESI-TOF) calcd for
C30H2sFNO,Na ([M+Na']) = 476.1996, Found 476.2001.
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(2)-3-((25.,45)-2-((R)-3-(4-Chlorophenyl)-3-oxo-1-phenylpropyl)-4-methylcyclohe



xylidene)indolin-2-one (31a)

yield 35.4 mg, 75%; pale yellow solid; 96% ee, 98/2 dr; [a]p'’ =+
110.5 (¢ = 0.58 in CH,Cl,); HPLC (Daicel chiralcel IA,
n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 16.78 min, t, = 18.55 min, t3 = 32.35 min, t4 =
61.15 min; 'H NMR (400 MHz, CDCl;) & 8.51 (s, 1H), 7.59 — 7.52 (m, 3H), 7.51 —
7.45 (m, 2H), 7.35 (t, J = 7.2 Hz, 2H), 7.23 (t, J = 7.2 Hz, 1H), 7.18 — 7.12 (m, 1H),
7.11 = 7.03 (m, 2H), 6.96 (td, J= 7.6, 1.2 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 5.24 (dd,
J =116, 3.6 Hz, 1H), 4.08 — 3.88 (m, 1H), 3.46 (dd, J = 16.8, 6.4 Hz, 1H), 3.35 —
3.25 (m, 1H), 3.12 (dd, J = 16.8, 6.8 Hz, 1H), 2.70 (td, J = 14.0, 4.8 Hz, 1H), 2.18 —
2.02 (m, 2H), 1.45 (dd, J = 13.6, 2.0 Hz, 1H), 1.26 — 1.16 (m, 1H), 1.08 (td, J = 13.6,
4.8 Hz, 1H), 0.78 (d, J = 6.4 Hz, 3H). >C NMR (100 MHz, CDCls) & 197.7, 170.5,
166.6, 144.2, 139.4, 138.9, 135.3, 129.3, 128.8, 128.3, 128.1, 126.7, 124.3, 123.8,
123.6, 121.9, 109.4, 43.9, 43.0, 41.6, 38.3, 36.3, 28.8, 26.1, 22.0. HRMS (ESI-TOF)
caled for CioHag®?*¥CINO,Na ([M+Na']) = 492.1701, Found 492.1693. HRMS
(ESI-TOF) calcd for C3oHag**?*’CINO,Na ([M+Na']) = 494.1671, Found 494.1680.
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(2)-3-((25.,45)-2-((R)-3-(3-Chlorophenyl)-3-oxo-1-phenylpropyl)-4-methylcyclohe

xylidene)indolin-2-one (3ma)



yield 37.9 mg, 81%; pale yellow solid; 94% ee, 98/2 dr; [a]p' =
- O + 101.7 (¢ = 0.70 in CH,Cl,); HPLC (Daicel chiralcel IA,
H

QN ¢ n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 19.42 min, t, = 21.58 min, t3 = 47.46 min, t4, =
70.20 min; "H NMR (400 MHz, CDCls) & 8.68 (s, 1H), 7.60 (t, J= 1.6 Hz, 1H), 7.55
— 7.46 (m, 4H), 7.36 (t, J = 7.2 Hz, 2H), 7.26 — 7.19 (m, 2H), 7.13 (t, J = 7.6 Hz, 1H),
7.06 (t, J=17.6 Hz, 1H), 6.94 (t, J = 7.6 Hz, 1H), 6.75 (d, J= 7.6 Hz, 1H), 5.26 (dd, J
=11.2, 3.6 Hz, 1H), 4.02 — 3.93 (m, 1H), 3.52 (dd, J = 16.8, 6.8 Hz, 1H), 3.33 —3.23
(m, 1H), 3.06 (dd, J = 16.8, 6.4 Hz, 1H), 2.67 (td, J = 14.0, 4.8 Hz, 1H), 2.14 — 2.03
(m, 2H), 1.46 (dd, J = 14.0, 2.0 Hz, 1H), 1.22 (dd, J = 12.8, 3.2 Hz, 1H), 1.08 (td, J =
13.2, 4.8 Hz, 1H), 0.79 (d, J = 6.4 Hz, 3H). °C NMR (101 MHz, CDCl;) § 197.5,
170.6, 166.3, 144.2, 139.4, 138.5, 134.5, 132.4, 129.4, 128.8, 128.3, 128.2, 127.9,
126.7, 126.0, 124.3, 123.8, 123.7, 121.9, 109.4, 44.0, 43.1, 41.5, 38.1, 36.3, 28.8, 26.1,
22.0. HRMS (ESI-TOF) caled for CioHps®*****CINO,Na ([M+Na']) = 492.1701,
Found 492.1701. HRMS (ESI-TOF) calcd for CioHps****°CINO,Na ([M+Na']) =
494.1671, Found 494.1679.
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(£)-3-((25,45)-2-((R)-3-(4-Bromophenyl)-3-oxo-1-phenylpropyl)-4-methylcyclohe



xylidene)indolin-2-one (3na)

yield 41.8 mg, 81%; pale yellow solid; 96% ee, 97/3 dr; [a]p'’ = +
109.6 (¢ = 0.59 in CH,Cly); HPLC (Daicel chiralcel IA,
n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 17.82 min, t, = 19.45 min, t; = 37.08 min, t; =
68.17 min; "H NMR (400 MHz, CDCl3)  8.42 (s, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.51
— 7.44 (m, 4H), 7.35 (t, J = 7.6 Hz, 2H), 7.26 — 7.19 (m, 3H), 7.15 (t, J= 7.6 Hz, 1H),
6.96 (t, J= 7.6 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 5.24 (dd, J= 11.2, 3.2 Hz, 1H), 4.04
—3.90 (m, 1H), 3.47 (dd, J=16.8, 6.4 Hz, 1H), 3.29 (d, J = 14.4 Hz, 1H), 3.10 (dd, J
=16.8, 6.4 Hz, 1H), 2.70 (td, J = 14.0, 5.2 Hz, 1H), 2.16 — 2.00 (m, 2H), 1.45 (dd, J =
13.6, 1.2 Hz, 1H), 1.22 (dd, J = 13.2, 3.6 Hz, 1H), 1.08 (td, J = 13.2, 4.8 Hz, 1H),
0.78 (d, J = 6.0 Hz, 3H). *C NMR (101 MHz, CDCl;) & 197.9, 170.4, 166.6, 144.2,
139.3, 135.7, 131.3, 129.4, 128.8, 128.3, 128.2, 127.7, 126.7, 124.3, 123.8, 123.6,
121.9, 109.5, 43.9, 43.0, 41.6, 38.3, 36.3, 28.8, 26.1, 22.0. HRMS (ESI-TOF) calcd
for C3oHas > "**BINO,Na ([M+Na']) = 536.1196, Found 536.1196. HRMS (ESI-TOF)
caled for C3oHas* "' BrNO,Na ([M+Na']) = 538.1175, Found 538.1182.
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(2)-3-((25.,45)-4-Methyl-2-((R)-3-0x0-1-phenyl-3-(p-tolyl)propyl)cyclohexylidene)



indolin-2-one (30a)

yield 40.4 mg, 90%; pale yellow solid; 96% ee, 98/2 dr; [o]p"’ = +
100.1 (c

0.76 in CH,Cly); HPLC (Daicel chiralcel IA,
n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 19.57 min, t, = 21.41 min, t; = 30.88 min, t4 =
50.73 min; 'H NMR (400 MHz, CDCl;) & 8.85 (s, 1H), 7.60 — 7.55 (m, 3H), 7.54 —
7.39 (m, 2H), 7.34 (t, J = 7.6 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 7.13 (t, J = 7.6 Hz,
1H), 6.98 — 6.90 (m, 3H), 6.78 (d, J = 7.6 Hz, 1H), 5.27 (dd, J = 11.2, 3.2 Hz, 1H),
4.05 —-3.93 (m, 1H), 3.44 —3.20 (m, 3H), 2.72 (td, J = 14.0, 4.8 Hz, 1H), 2.22 — 2.06
(m, 5H), 1.53 — 1.41 (m, 1H), 1.31 — 1.17 (m, 1H), 1.09 (td, J = 13.2, 4.8 Hz, 1H),
0.79 (d, J = 6.4 Hz, 3H). >C NMR (100 MHz, CDCls) & 198.7, 170.7, 166.6, 144.4,
143.2, 139.6, 134.6, 128.8, 128.7, 128.5, 128.0, 127.9, 126.5, 124.3, 123.9, 123.6,
121.8, 109.4, 43.5, 42.9, 41.6, 38.4, 36.4, 28.7, 26.1, 22.0, 21.6. HRMS (ESI-TOF)
calcd for C3;H3NO,;Na ([M+Na']) = 472.2247, Found 472.2246.
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(2)-3-((25,45)-2-((R)-3-(4-Methoxyphenyl)-3-oxo0-1-phenylpropyl)-4-methylcyclo

hexylidene)indolin-2-one (3pa)



yield 45.0 mg, 96%; pale yellow solid; 96% ee, 96/4 dr; [a]D22 =+
110.6 (¢ = 0.65 in CH)Cl,); HPLC (Daicel chiralcel IC,
n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 9.58 min, t, = 10.49 min, t; = 12.46 min, t; =
24.33 min; "H NMR (400 MHz, CDCl3) & 8.59 (s, 1H), 7.66 — 7.61 (m, 2H), 7.57 (d, J
= 8.0 Hz, 1H), 7.53 — 7.46 (m, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.21 (t, J = 7.4 Hz, 1H),
7.13 (t,J=7.6 Hz, 1H), 6.98 — 6.92 (m, 1H), 6.77 (d, J = 7.6 Hz, 1H), 6.62 — 6.54 (m,
2H), 5.25 (dd, J=11.2, 3.2 Hz, 1H), 4.03 — 3.93 (m, 1H), 3.69 (s, 3H), 3.40 — 3.27 (m,
2H), 3.20 (dd, J = 16.8, 7.2 Hz, 1H), 2.73 (td, J = 14.0, 4.8 Hz, 1H), 2.19 — 2.04 (m,
2H), 1.46 (dd, J = 13.6, 1.8 Hz, 1H), 1.26 — 1.17 (m, 1H), 1.08 (td, J = 13.6, 4.8 Hz,
1H), 0.78 (d, J = 6.0 Hz, 3H). >*C NMR (101 MHz, CDCl;) & 197.6, 170.5, 166.8,
163.0, 144.5, 139.5, 130.2, 130.2, 128.7, 128.5, 127.9, 126.5, 124.3, 124.0, 123.5,
121.8, 113.2, 109.3, 55.4, 43.6, 42.6, 41.6, 38.4, 36.5, 28.7, 26.1, 22.0. HRMS
(ESI-TOF) caled for C31H3;NO;3;Na ([M+Na+]) =488.2196, Found 488.2198.

Retention Time Area % Area
1 9.485| 26525652 94.80
2 10.404 910180 3.25
3 12.391 491971 1.76
4 24.202 51968 0.19

(£)-3-((25,45)-2-((R)-3-(Benzo|d][1,3]dioxol-5-yl)-3-0x0-1-phenylpropyl)-4-methy

Icyclohexylidene)indolin-2-one (3qa)



yield 39.2 mg, 82%; pale yellow solid; 97% ee, 96/4 dr; [a]p™ =+
109.9 (¢ = 0.81 in CH,Cly); HPLC (Daicel chiralcel IC,

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 12.05 min, t, = 14.98 min, t3 = 16.38 min, ty =
31.69 min; '"H NMR (400 MHz, CDCl3) & 8.78 (s, 1H), 7.52 (dd, J = 13.2, 8.0 Hz,
3H), 7.35 (t, J = 7.6 Hz, 2H), 7.29 (dd, J = 8.4, 1.6 Hz, 1H), 7.25 — 7.20 (m, 1H), 7.17
—7.10 (m, 2H), 6.95 (td, J = 7.6, 0.8 Hz, 1H), 6.79 (d, J = 8.4 Hz, 1H), 6.50 (d, J =
8.4 Hz, 1H), 5.87 — 5.77 (m, 2H), 5.26 (dd, J = 11.2, 3.6 Hz, 1H), 4.04 —3.91 (m, 1H),
3.42 (dd, J=16.8, 6.8 Hz, 1H), 3.34 — 3.23 (m, 1H), 3.05 (dd, J = 16.8, 6.8 Hz, 1H),
2.70 (td, J = 14.0, 4.8 Hz, 1H), 2.21 — 2.00 (m, 2H), 1.50 — 1.42 (m, 1H), 1.27 - 1.15
(m, 1H), 1.08 (td, J = 13.6, 4.8 Hz, 1H), 0.78 (d, J = 6.4 Hz, 3H). >C NMR (100 MHz,
CDCls) & 196.9, 170.7, 166.6, 151.3, 147.7, 144.5, 139.5, 132.0, 128.7, 128.4, 127.9,
126.6, 124.4, 124.2, 123.9, 123.8, 121.8, 109.3, 107.7, 107.4, 101.6, 44.0, 42.7, 41.6,
38.3, 36.4, 28.8, 26.1, 22.0. HRMS (ESI-TOF) calcd for C3;H,0NO4Na ([M+Na']) =
502.1989, Found 502.1992.
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(2)-3-((25,4S5)-4-Methyl-2-((R)-3-(naphthalen-2-yl)-3-oxo-1-phenylpropyl)cyclohe

xylidene)indolin-2-one (3ra)



yield 41.8 mg, 86%; pale yellow solid; 97% ee, 98/2 dr; [OL]D19 =
; O + 125.0 (c
H

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

0.61 in CH,Cl); HPLC (Daicel chiralcel IE,

retention time: t; = 18.87 min, t, = 22.78 min, t; = 23.50 min, t; =
28.68 min; 1H NMR (400 MHz, CDCI3) & 8.55 (s, 1H), 8.14 (s, 1H), 7.71 — 7.60 (m,
3H), 7.59 — 7.49 (m, 4H), 7.46 — 7.41 (m, 1H), 7.40 — 7.33 (m, 3H), 7.23 (t, J=7.6 Hz,
1H), 6.97 (td, J= 7.6, 0.8 Hz, 1H), 6.89 (td, J = 7.6, 1.2 Hz, 1H), 6.51 (dd, J= 7.6, 0.4
Hz, 1H), 5.32 (dd, J=11.2, 3.6 Hz, 1H), 4.11 — 4.01 (m, 1H), 3.64 (dd, J = 16.8, 6.4
Hz, 1H), 3.38 — 3.30 (m, 1H), 3.27 (dd, J = 16.8, 6.4 Hz, 1H), 2.77 (td, J = 14.0, 5.2
Hz, 1H), 2.21 — 2.05 (m, 2H), 1.49 (dd, J = 14.0, 2.4 Hz, 1H), 1.30 — 1.17 (m, 1H),
1.10 (td, J = 13.6, 4.8 Hz, 1H), 0.80 (d, J = 6.0 Hz, 3H). *C NMR (101 MHz, CDCL)
8 198.9, 170.6, 166.5, 144.5, 139.3, 135.2, 134.4, 132.3, 129.6, 129.5, 128.8, 128.4,
128.1, 128.0, 127.9, 127.6, 126.6, 126.4, 124.2, 123.8, 123.7, 123.7, 121.7, 109.2,
439, 43.1, 41.6, 38.4, 36.4, 28.8, 26.1, 22.0. HRMS (ESI-TOF) calcd for
C34H3,NO,Na ([M+Na']) = 508.2247, Found 508.2254.
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(£)-3-((25,45)-2-((R)-1-(4-Bromophenyl)-3-0x0-3-(p-tolyl)propyl)-4-methylcycloh
exylidene)indolin-2-one (3sa)

yield 43.5 mg, 83%; pale yellow solid; 97% ee, 95/5 dr; [a]p"




+ 94.9 (¢ = 0.68 in CH,Cl,); HPLC (Daicel chiralcel IE, n-hexane/i-PrOH = 80/20,
low rate 1.0 mL/min, A = 254 nm) retention time: t; = 9.22 min, t, = 9.96 min, t; =
13.00 min, t; = 26.58 min; '"H NMR (400 MHz, CDCl3) § 8.57 (s, 1H), 7.56 (dd, J =
8.4,2.1 Hz, 3H), 7.41 (dd, J = 26.0, 8.4 Hz, 4H), 7.15 (td, J = 7.6, 0.8 Hz, 1H), 7.01 —
6.92 (m, 3H), 6.77 (d, J=7.6 Hz, 1H), 5.21 (dd, J= 11.2, 3.2 Hz, 1H), 4.03 — 3.87 (m,
1H), 3.39 — 3.18 (m, 3H), 2.66 (td, J = 14.0, 4.8 Hz, 1H), 2.23 (s, 3H), 2.14 — 2.00 (m,
2H), 1.44 (dd, J = 14.0, 2.0 Hz, 1H), 1.35 — 1.17 (m, 1H), 1.09 (td, J = 13.6, 4.8 Hz,
1H), 0.79 (d, J = 6.0 Hz, 3H). >C NMR (100 MHz, CDCl3) & 198.5, 170.5, 165.9,
143.5, 143.5, 139.5, 134.5, 131.8, 130.2, 128.9, 128.1, 128.0, 124.3, 123.8, 123.6,
121.9, 120.3, 109.4, 42.8, 42.6, 41.3, 38.3, 36.4, 28.6, 26.1, 22.0, 21.6. HRMS
(ESI-TOF) caled for C31Hsp *”"®BrNO,Na ([M+Na']) = 550.1352, Found 550.1349.
HRMS (ESI-TOF) caled for CsHso*?'®BrNO,Na ([M+Na']) = 552.1332, Found

552.1337.
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(2)-3-((25.,45)-4-Methyl-2-((R,E)-3-0x0-1,5-diphenylpent-4-en-1-yl)cyclohexylide
ne)indolin-2-one (3ta)

yield 22.3 mg, 48%:; pale yellow solid; 76% ee, 97/3 dr; [OL]D19 =
/ :i/H + 75.7 (¢ = 0.42 in CH,Cly); HPLC (Daicel chiralcel IA,

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)



retention time: t; = 13.33 min, t, = 14.37 min, t; = 15.67 min, t; = 19.34 min; 'H
NMR (400 MHz, CDCls) 6 8.39 (s, 1H), 7.63 (d, J=7.6 Hz, 1H), 7.50 — 7.45 (m, 2H),
7.35 (t,J = 7.6 Hz, 2H), 7.28 — 7.13 (m, 7H), 7.11 — 7.06 (m, 1H), 6.97 (td, J = 7.6,
0.8 Hz, 1H), 6.67 (d, J= 7.6 Hz, 1H), 6.30 (d, J = 16.4 Hz, 1H), 5.29 — 5.18 (m, 1H),
3.93 —3.80 (m, 1H), 3.33 (d, J = 14.4 Hz, 1H), 3.10 (dd, J = 16.4, 6.4 Hz, 1H), 2.89
(dd, J=16.4, 7.2 Hz, 1H), 2.71 (td, J = 14.0, 4.8 Hz, 1H), 2.16 — 2.02 (m, 2H), 1.51 —
1.41 (m, 1H), 1.25 - 1.16 (m, 1H), 1.08 (td, /= 13.2, 4.8 Hz, 1H), 0.78 (d, /= 6.4 Hz,
3H). *C NMR (101 MHz, CDCl5) § 199.0, 170.5, 166.7, 144.2, 142.1, 139.4, 134.6,
130.2, 128.8, 128.7, 128.4, 128.2, 128.1, 126.7, 126.6, 124.3, 124.0, 123.6, 121.9,
109.5, 45.5, 44.0, 41.5, 38.3, 36.4, 28.7, 26.1, 22.0. HRMS (ESI-TOF) calcd for
C3,H3NO,Na ([M+Na']) = 484.2247, Found 484.2256.
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(£)-3-((25,45)-4-Methoxy-2-((R)-3-0x0-1,3-diphenylpropyl)cyclohexylidene)indoli
n-2-one (3ab)

OMe  yield 39.0 mg, 86%; pale yellow solid; 98% ee, 97/3 dr; [a]p’’ = +
/ :',;H 93.0 (¢ = 044 in CH)Cl); HPLC (Daicel chiralcel IE,

- /
Qio n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)
retention time: t; = 10.61 min, t, = 14.50 min, t; = 15.68 min, t4 =

24.57 min; 'H NMR (400 MHz, CDCls) & 8.07 (s, 1H), 7.66 — 7.59 (m, 2H), 7.56 —
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7.49 (m, 3H), 7.36 (t, J = 7.6 Hz, 2H), 7.31 — 7.20 (m, 2H), 7.16 — 7.09 (m, 3H), 6.95
(td, J= 8.0, 1.2 Hz, 1H), 6.72 — 6.64 (m, 1H), 5.34 (dd, J = 11.6, 4.4 Hz, 1H), 3.93 —
3.76 (m, 2H), 3.54 (dd, J = 17.0, 6.6 Hz, 1H), 3.42 — 3.34 (m, 1H), 3.23 (s, 3H), 3.14
(dd, J=17.2, 6.4 Hz, 1H), 2.76 (td, J = 14.4, 5.2 Hz, 1H), 2.45 — 2.36 (m, 1H), 1.87 —
1.79 (m, 1H), 1.51 — 1.42 (m, 1H), 1.28 — 1.24 (m, 1H). *C NMR (100 MHz, CDCl;)
5 198.7, 170.1, 163.2, 143.9, 139.4, 136.8, 132.6, 128.9, 128.3, 128.1, 127.9, 126.9,
124.5, 1242, 123.6, 121.9, 109.4, 73.5, 56.0, 43.9, 43.1, 41.0, 33.9, 32.6, 27.2. HRMS
(ESI-TOF) caled for C3oH2sNO;Na ([M+Na']) = 474.2040, Found 474.2040.
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(2)-3-((25.,45)-4-Ethyl-2-((R)-3-0x0-1,3-diphenylpropyl)cyclohexylidene)indolin-2
-one (3ac)

F yield 42.5 mg, 95%: pale yellow solid; 96% ee, 95/5 dr; [a]p™> = +
/1— 99.8 (¢ = 0.90 in CH)Cl,); HPLC (Daicel chiralcel IE,
<é:oH n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 9.53 min, t; = 10.13 min, t; = 11.07 min, t4 =
14.45 min; "H NMR (400 MHz, CDCl3) & 8.93 (s, 1H), 7.72 — 7.62 (m, 2H), 7.59 (d, J
= 8.0 Hz, 1H), 7.55 —7.46 (m, 2H), 7.35 (t, /= 7.6 Hz, 2H), 7.31 — 7.19 (m, 3H), 7.14
(t,J=7.6 Hz, 3H), 6.96 (td, /= 7.6, 0.8 Hz, 1H), 6.79 (d, /= 7.6 Hz, 1H), 5.26 (dd, J
=11.2, 2.8 Hz, 1H), 4.06 — 3.86 (m, 1H), 3.44 (dd, J = 16.8, 6.0 Hz, 1H), 3.40 —3.33
(m, 1H), 3.30 (dd, J=17.0, 7.4 Hz, 1H), 2.72 (td, J = 14.0, 5.2 Hz, 1H), 2.15 (d, J =



11.6 Hz, 1H), 1.98 — 1.87 (m, 1H), 1.58 — 1.49 (m, 1H), 1.32 — 1.12 (m, 2H), 1.10 —
0.99 (m, 2H), 0.78 (t, J = 7.4 Hz, 3H). >*C NMR (100 MHz, CDCl3) § 199.1, 170.8,
167.0, 144.2, 139.6, 137.0, 132.5, 128.7, 128.5, 128.1, 128.0, 127.9, 126.6, 124.3,
123.9, 123.5, 121.8, 109.5, 43.5, 43.0, 41.6, 36.0, 34.2, 32.7, 29.3, 28.7, 11.5. HRMS
(ESI-TOF) calcd for C3;H3 NO,Na ([M+Na']) = 472.2247, Found 472.2251.
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(£)-3-((285,45)-4-1sopropyl-2-((R)-3-0x0-1,3-diphenylpropyl)cyclohexylidene)indol

in-2-one (3ad)

:‘_: 96.8 (¢ = 0.69 in CH)Cl;); HPLC (Daicel chiralcel IA,
n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 27.17 min, t, = 28.45 min, t; = 37.27 min, t4 =
43.68 min; 'H NMR (400 MHz, CDCl3) & 8.75 (s, 1H), 7.64 (d, J= 7.6 Hz, 2H), 7.58
(d, J=7.6 Hz, 1H), 7.50 (d, J = 7.6 Hz, 2H), 7.33 (t,J = 7.2 Hz, 2H), 7.30 — 7.16 (m,
2H), 7.15 - 7.08 (m, 3H), 6.95 (t, /= 7.6 Hz, 1H), 6.76 (d, /= 7.6 Hz, 1H), 5.25 (d, J
=10.4 Hz, 1H), 4.04 — 3.91 (m, 1H), 3.48 — 3.22 (m, 3H), 2.76 — 2.62 (m, 1H), 2.10
(d, J=11.6 Hz, 1H), 1.89 — 1.74 (m, 1H), 1.49 (d, J = 13.6 Hz, 1H), 1.32 — 1.23 (m,
2H), 1.15 - 1.05 (m, 1H), 0.78 (d, J = 5.2 Hz, 3H), 0.70 (d, J = 5.2 Hz, 3H). >C NMR
(101 MHz, CDCls) & 199.1, 170.6, 167.0, 144.2, 139.5, 137.1, 132.5, 128.7, 128.5,
128.1, 128.0, 127.9, 126.6, 124.3, 123.9, 123.3, 121.8, 109.5, 43.4, 42.9, 41.6, 37.0,



33.1, 32.4, 31.6, 28.8, 20.0, 19.6. HRMS (ESI-TOF) caled for C3,H3;3NO,Na
([M+Na']) = 486.2404, Found 486.2401.
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(2)-3-((25.,45)-4-(Tert-butyl)-2-((R)-3-0x0-1,3-diphenylpropyl)cyclohexylidene)in
dolin-2-one (3ae)

JBu yield 42.4 mg, 89%; pale yellow solid; 96% ee, 95/5 dr; [(x]D22 =+
/ H 89.6 (¢ = 0.89 in CH,Cly); HPLC (Daicel chiralcel IE,

< 4 n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)
retention time: t; = 12.81 min, t;, = 13.99 min, t; = 15.23 min, t4 =
22.78 min; "H NMR (400 MHz, CDCl3) & 8.85 (s, 1H), 7.68 — 7.62 (m, 2H), 7.58 (d, J
=17.6 Hz, 1H), 7.52 (d, J= 7.2 Hz, 2H), 7.33 (t, J=7.6 Hz, 2H), 7.29 — 7.25 (m, 1H),
7.23 —7.17 (m, 1H), 7.19 — 7.18 (m, 3H), 6.95 (td, J = 7.6, 0.8 Hz, 1H), 6.80 — 6.74
(m, 1H), 5.40 — 5.16 (m, 1H), 4.05 — 3.91 (m, 1H), 3.44 (dd, J = 16.8, 6.0 Hz, 1H),
3.41 -3.34 (m, 1H), 3.28 (dd, J = 17.2, 7.2 Hz, 1H), 2.70 (td, J = 13.6, 4.8 Hz, 1H),
2.19-2.09 (m, 1H), 1.83 — 1.74 (m, 1H), 1.51 (dd, J=13.6, 2.4 Hz, 1H), 1.39 — 1.26
(m, 1H), 1.16 (td, J = 13.6, 4.8 Hz, 1H), 0.73 (s, 9H). *C NMR (100 MHz, CDCl3) &
198.1, 169.7, 166.0, 143.1, 138.6, 136.0, 131.5, 127.6, 127.1, 127.0, 126.9, 125.7,
123.3, 122.9, 122.2, 120.8, 108.5, 42.4, 41.9, 40.6, 39.6, 31.4, 30.0, 28.2, 28.1, 26.3.
HRMS (ESI-TOF) caled for C33H35NO,Na ([M+Na']) = 500.2560, Found 500.2564.
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(£)-3-((25,45)-2-((R)-3-Oxo0-1,3-diphenylpropyl)-4-(tert-pentyl)cyclohexylidene)i
ndolin-2-one (3af)

Q‘ yield 44.7 mg, 91%; pale yellow solid; 96% ee, 96/4 dr; [a]p" = +

SO
o

58.44 min; 'H NMR (400 MHz, CDCl;) & 8.85 (s, 1H), 7.67 — 7.63 (m, 2H), 7.59 (d, J

879 (¢ = 0.85 in CH)Cl,); HPLC (Daicel chiralcel IA,
n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 21.44 min, t, = 28.49 min, t; = 40.28 min, t; =

=7.6 Hz, 1H), 7.56 — 7.51 (m, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.31 — 7.18 (m, 2H), 7.13
(t, J= 7.6 Hz, 3H), 6.96 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 7.6 Hz, 1H), 5.40 — 5.19 (m,
1H), 4.06 — 3.96 (m, 1H), 3.50 — 3.34 (m, 2H), 3.28 (dd, J = 16.8, 7.2 Hz, 1H), 2.71
(td, J = 14.0, 4.8 Hz, 1H), 2.14 — 2.06 (m, 1H), 1.95 — 1.85 (m, 1H), 1.53 — 1.46 (m,
1H), 1.41 — 1.01 (m, 4H), 0.79 (t, J = 7.2 Hz, 3H), 0.68 (s, 3H), 0.63 (s, 3H). *C
NMR (100 MHz, CDCl) § 199.2, 170.7, 167.1, 144.1, 139.6, 137.0, 132.5, 128.6,
128.1, 128.0, 127.9, 126.7, 124.2, 123.9, 123.1, 121.8, 109.5, 43.5, 43.1, 41.6, 38.3,
34.7, 323, 30.7, 29.1, 28.8, 239, 23.8, 8.4. HRMS (ESI-TOF) caled for
C3sH3;NO,Na ([M+Na']) = 514.2717, Found 514.2718.



2 0109
<

D
g
>21 441

5

87|>-40.281
Dss 44

T T T T T T T T T
000 500 1000 1500 200 200 3000 %60 4500 5000 .00 0.0

Mnues

0201

=}
2 010

@
jr“ 088
}59.680

g U

0007
T T T T T
000 500 1000 1500 2000 2500 000 3600 4000 4500 500 %00

Retention Time Area % Area
21.651 140066 1.38

28.930| 9558191 94.28

41.088 248295 2.45

BN (=

59.680 191168 1.89

(£)-3-((25,45)-2-((R)-3-Oxo0-1,3-diphenylpropyl)-4-phenylcyclohexylidene)indolin

-2-one (3ag)

Fh yield 46.2 mg, 93%; pale yellow solid; 95% ee, 97/3 dr; [a]p'” =+
/—' 62.5 (¢ = 0.75 in CH)Cl,); HPLC (Daicel chiralcel IE,
_ H

Q{:o n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 12.44 min, t, = 14.20 min, t; = 18.24 min, t; =
20.47 min; 'H NMR (400 MHz, CDCl3) & 8.39 (s, 1H), 7.73 — 7.65 (m, 2H), 7.64 —
7.54 (m, 3H), 7.37 — 7.28 (m, 3H), 7.25 — 7.10 (m, 9H), 6.98 (td, J= 7.6, 0.8 Hz, 1H),
6.77 (d, J = 7.2 Hz, 1H), 5.49 — 5.31 (m, 1H), 4.25 — 4.11 (m, 1H), 3.58 — 3.43 (m,
2H), 3.39 — 3.23 (m, 2H), 2.92 (td, J = 14.0, 5.2 Hz, 1H), 2.30 (d, J = 11.2 Hz, 1H),
1.82 (qd, J=12.8, 3.8 Hz, 1H), 1.70 — 1.55 (m, 2H). >C NMR (100 MHz, CDCl3) &
199.0, 170.4, 165.1, 145.7, 144.0, 139.5, 137.0, 132.6, 128.9, 128.5, 128.4, 128.2,
128.2, 127.9, 126.8, 126.8, 126.3, 124.4, 123.9, 123.8, 121.9, 109.5, 43.4, 43.1, 41.6,
37.5, 34.8, 28.8. HRMS (ESI-TOF) caled for C3sH3;NO, (IM+H']) = 498.2428,
Found 498.2433.
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(Z£)-5-Fluoro-3-((25,4S5)-4-methyl-2-((R)-3-0x0-1,3-diphenylpropyl)cyclohexyliden
e)indolin-2-one (3ah)

yield 29.8 mg, 66%; pale yellow solid; 89% ee, 99/1 dr; [a]D22 =
/ + 90.3 (¢ = 0.61 in CH,Cly); HPLC (Daicel chiralcel IC,
H

\< ‘ n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)
retention time: t; = 5.17 min, t, = 5.86 min, t3 = 6.45 min, t4, =
7.90 min; 'H NMR (400 MHz, CDCl;) & 8.57 (s, 1H), 7.69 — 7.63 (m, 2H), 7.53 —
7.46 (m, 2H), 7.35 (t, J = 7.2 Hz, 2H), 7.32 — 7.26 (m, 3H), 7.25 — 7.21 (m, 1H), 7.19
—7.12 (m, 2H), 6.84 (td, /= 8.8, 2.4 Hz, 1H), 6.64 (dd, J = 8.4, 4.8 Hz, 1H), 5.24 (dd,
J=11.2,3.6 Hz, 1H), 4.06 — 3.94 (m, 1H), 3.47 (dd, /= 16.8, 6.4 Hz, 1H), 3.17 (dd, J
=16.8, 6.4 Hz, 2H), 2.74 (td, /= 14.0, 4.8 Hz, 1H), 2.17 — 2.10 (m, 2H), 1.47 (dd, J =
13.6,2.0 Hz, 1H), 1.25—-1.16 (m, 1H), 1.08 (td, /= 13.6, 4.8 Hz, 1H), 0.79 (d, /= 6.4
Hz, 3H). °C NMR (100 MHz, CDCl;) & 198.7, 170.6, 168.6, 159.7, 157.4, 144.2,
136.9, 135.4, 132.6, 128.8, 128.4, 128.2, 127.9, 126.7, 124.8, 124.7, 123.5, 114.3,
114.1, 112.1, 111.8, 109.6, 109.5, 43.7, 43.1, 41.8, 38.3, 36.4, 28.8, 26.1, 22.0. HRMS
(ESI-TOF) calcd for C30HsFNO,Na ([M+Na+]) =476.1996, Found 476.1996.
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(£)-5-Chloro-3-((25,45)-4-methyl-2-((R)-3-0x0-1,3-diphenylpropyl)cyclohexylide
ne)indolin-2-one (3ai)

yield 31.1 mg, 66%; pale yellow solid; 89% ee, 98/2 dr; [a]p™* =
+ 112.1 (¢ = 0.60 in CH,Cl,); HPLC (Daicel chiralcel IC,
n-hexane/i-PrOH = 95/5, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 7.26 min, t, = 7.92 min, t; = 12.02 min, t4 =
13.19 min; 'H NMR (400 MHz, CDCl3) & 8.57 (s, 1H), 7.69 — 7.62 (m, 2H), 7.53 —
7.45 (m, 3H), 7.35 (t, J = 7.6 Hz, 2H), 7.31 — 7.20 (m, 2H), 7.19 — 7.12 (m, 2H), 7.09
(dd, J = 8.2, 1.8 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 5.21 (dd, J = 11.2, 3.6 Hz, 1H),
4.04 —3.87 (m, 1H), 3.47 (dd, J=17.0, 6.6 Hz, 1H), 3.22 — 3.08 (m, 2H), 2.74 (td, J =
14.0, 4.8 Hz, 1H), 2.18 — 2.06 (m, 2H), 1.46 (dd, J=13.8, 1.8 Hz, 1H), 1.30 — 1.14 (m,
1H), 1.07 (td, J = 13.2, 4.8 Hz, 1H), 0.79 (d, J = 6.4 Hz, 3H). °C NMR (100 MHz,
CDCls) & 198.6, 170.2, 169.0, 144.2, 137.8, 136.9, 132.6, 128.8, 128.4, 128.2, 127.9,
127.6, 127.0, 126.7, 125.2, 124.5, 123.0, 110.1, 43.8, 43.1, 41.8, 38.3, 36.4, 29.0, 26.1,
22.0. HRMS (ESI-TOF) caled for CioHos®*****CINO,Na ([M+Na']) = 492.1701,
Found 492.1695. HRMS (ESI-TOF) calcd for CioHos*®**°CINO,Na ([M+Na']) =
494.1671, Found 494.1680.
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(£)-5-Bromo-3-((25,4S5)-4-methyl-2-((R)-3-0x0-1,3-diphenylpropyl)cyclohexyliden
e)indolin-2-one (3aj)

yield 34.9 mg, 68%; pale yellow solid; 91% ee, 98/2 dr; [a]p" =

<ﬂ + 109.8 (¢ = 0.62 in CH,Cl,); HPLC (Daicel chiralcel IA,

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 11.18 min, t, = 11.52 min, t3 = 35.38 min, t4 =
48.11 min; '"H NMR (400 MHz, CDCls) & 8.66 (s, 1H), 7.70 — 7.59 (m, 3H), 7.53 —
7.45 (m, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.31 — 7.27 (m, 1H), 7.26 — 7.20 (m, 2H), 7.16
(t, J =7.6 Hz, 2H), 6.60 (d, J = 8.4 Hz, 1H), 5.21 (dd, J = 11.2, 3.2 Hz, 1H), 4.04 —
3.92 (m, 1H), 3.48 (dd, J = 16.8, 6.4 Hz, 1H), 3.21 — 3.02 (m, 2H), 2.75 (td, J = 14.0,
4.8 Hz, 1H), 2.18 — 2.05 (m, 2H), 1.47 (dd, J=13.2, 2.0 Hz, 1H), 1.28 — 1.16 (m, 1H),
1.07 (td, J = 13.6, 4.8 Hz, 1H), 0.79 (d, J = 6.0 Hz, 3H). *C NMR (101 MHz, CDCl;)
8 198.6, 170.1, 169.0, 144.2, 138.2, 136.9, 132.6, 130.5, 128.8, 128.4, 128.2, 127.9,
127.2, 126.7, 125.6, 122.9, 114.4, 110.7, 43.8, 43.1, 41.8, 38.3, 36.4, 29.1, 26.0, 22.0.
HRMS (ESI-TOF) caled for CsoHas '’ BrNO,Na ([M+Na']) = 536.1196, Found
536.1196. HRMS (ESI-TOF) calcd for C3oHas™""'*BrNO,Na ([M+Na']) = 538.1175,
Found 538.1177.
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(£)-6-Chloro-3-((25,45)-4-methyl-2-((R)-3-0x0-1,3-diphenylpropyl)cyclohexylide
ne)indolin-2-one (3ak)
yield 38.5 mg, 82%; pale yellow solid; 92% ee, 91/9 dr; [a]D22 =
w5

7 + 92.3 (¢ = 0.74 in CH,Cly); HPLC (Daicel chiralcel IE,

H

cVQN&O n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)
H

retention time: t; = 7.85 min, t, = 9.00 min, t; = 10.23 min, t; =
13.21 min; "H NMR (400 MHz, CDCl;) & 8.87 (s, 1H), 7.67 — 7.61 (m, 2H), 7.52 —
7.43 (m, 3H), 7.39 — 7.34 (m, 2H), 7.33 — 7.28 (m, 1H), 7.26 — 7.21 (m, 1H), 7.19 —
7.13 (m, 2H), 6.92 (dd, J = 8.4, 2.0 Hz, 1H), 6.74 (d, J = 2.0 Hz, 1H), 5.21 (dd, J =
11.2, 3.6 Hz, 1H), 4.05 —3.93 (m, 1H), 3.47 (dd, J=16.8, 6.4 Hz, 1H), 3.24 — 3.11 (m,
2H), 2.74 (td, J = 14.0, 4.8 Hz, 1H), 2.17 — 2.05 (m, 2H), 1.48 (dd, J = 13.6, 2.0 Hz,
1H), 1.28 — 1.15 (m, 1H), 1.08 (td, J = 13.6, 4.8 Hz, 1H), 0.79 (d, J = 6.4 Hz, 1H). °C
NMR (101 MHz, CDCl3) & 198.7, 170.6, 167.7, 144.2, 140.4, 136.9, 133.4, 132.6,
128.8, 128.3, 128.2, 127.9, 126.7, 125.1, 122.8, 122.3, 121.7, 109.9, 43.8, 43.1, 41.8,
38.3, 36.3, 29.1, 26.1, 22.0. HRMS (ESI-TOF) caled for CsoH,s**"**CINO,Na
(IM+Na']) = 492.1701, Found 492.1695. HRMS (ESI-TOF) calcd for



C30H2>*"**CINO,Na ([M+Na']) = 494.1671, Found 494.1675.
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Retention Time Area % Area

7.851| 8485762 87.27

8.995 794635 8.17

10.226 75962 0.78

BN (=

13.211 367035 3.77

(£)-6-Bromo-3-((2S5,45)-4-methyl-2-((R)-3-0x0-1,3-diphenylpropyl)cyclohexyliden
e)indolin-2-one (3al)

yield 38.7 mg, 75%; pale yellow solid; 94% ee, 90/10 dr; [a]D22
=+ 88.2 (¢ = 0.78 in CH,Cl,); HPLC (Daicel chiralcel IE,
n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, A = 254 nm)

retention time: t; = 8.42 min, t, = 9.65 min, t; = 11.22 min, t4 =
14.80 min; "H NMR (400 MHz, CDCl3) & 8.96 (s, 1H), 7.71 — 7.60 (m, 2H), 7.54 —
7.45 (m, 2H), 7.41 — 7.35 (m, 3H), 7.34 — 7.29 (m, 1H), 7.28 — 7.20 (m, 1H), 7.19 —
7.12 (m, 2H), 7.08 (dd, J = 8.4, 2.0 Hz, 1H), 6.90 (d, J = 2.0 Hz, 1H), 5.21 (dd, J =
11.2, 3.6 Hz, 1H), 4.05 —3.87 (m, 1H), 3.47 (dd, J= 16.8, 6.4 Hz, 1H), 3.25 — 3.11 (m,
2H), 2.73 (td, J = 14.0, 5.2 Hz, 1H), 2.18 — 2.04 (m, 2H), 1.48 (dd, J = 14.0, 2.0 Hz,
1H), 1.27 — 1.16 (m, 1H), 1.09 (td, J = 13.8, 4.8 Hz, 1H), 0.79 (d, J = 6.4 Hz, 3H). °C
NMR (100 MHz, CDCl3) & 198.7, 170.5, 168.1, 144.2, 140.6, 136.9, 132.6, 128.8,
128.3, 128.2, 127.9, 126.8, 125.4, 124.6, 122.9, 122.8, 121.3, 112.8, 43.8, 43.1, 41.8,
38.2, 36.3, 29.1, 26.1, 22.0. HRMS (ESI-TOF) caled for CsoHas o' BrNO,Na
(IM+Na']) = 536.1196, Found 536.1199. HRMS (ESI-TOF) caled for
C30H5™*"*BrNO,Na ([M+Na']) = 538.1175, Found 538.1183.
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(I) The X-ray data for 3da
The cycloadduct 3da was recrystallized from EtOAc and Pet. CCDC-1536145 contain
the supplementary crystallographic data for this paper. These data can be obtained free

of charge from the Cambridge Data Centre via

Crystallographic

www.ccdc.cam.ac.uk./data request/cif.
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(J) HRMS analysis
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