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1. General information

High Performance Liquid Chromatography (HPLC) was analyzed by chiral column
in comparison with authentic racemates, using a Daicel Chiralpak OD-H or IA Column
(250 x 4.6 mm). UV detection was performed at 270 nm. Nuclear magnetic resonance
(NMR) spectra were recorded in DMSO-ds and CDCl3 on JEOL 600 or 700 NMR
instrument. Proton chemical shifts are reported in parts per million (5 scale). The 'H
NMR chemical shifts are reported in ppm with the internal TMS signal at 0.0 ppm as
standard. The '*C NMR chemical shifts were given by using DMSO-ds or CDCl; as the
internal standard (DMSO-ds: J = 39.52 ppm, CDCl3.6 = 77.05 ppm). '°F NMR chemical

shifts were given by using DMSO-ds. Data are reported as follows: chemical shift

[multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br s = broad
singlet), coupling constant(s) (Hz), integration]. High-resolution mass spectra (HRMS)
were obtained using Agilent P/N G1969-90010 or Waters/Acquity UPLC-Synapt
G2HDMS. High-resolution mass spectra were reported for the molecular ion [M+Na]"
or [M+H]". X-ray diffraction experiment was carried out on an Agilent Gemini and the
data obtained were deposited at the Cambridge Crystallographic Data Centre. UV
detection was performed at 254 nm. Column chromatography was performed on silica
gel (300-400 mesh) using an eluent of ethyl acetate and petroleum ether. TLC was
performed on glass-backed silica plates; products were visualized using UV light.
Optical rotation values were measured with instruments operating at A = 589 nm,
corresponding to the sodium D line at 25 °C. All reagents and solvents were obtained
from commercial sources and used without further purification. MBH Carbonate of
Pyrazolinone 1a' and 3-((tert-butoxycarbonyl)imino)-2-oxoindoline-1-carboxylate 2a*
were prepared according to the literature procedures. Oil baths were used as the heat

source. Melting points were recorded on BUCHI Melting Point M-565 instrument.



2. Synthesis of substrates 1.

(0]

%RZ /\R3 DABCO (20 mol%) 50020 NaOH OBoc
/) +

RN THF, rt T THREa

To a stirred solution of pyrazoledione (1.0 mmol) and corresponding acrylate (5.0

mmol) was added DABCO (23.0 mg, 0.21mmol), and the mixture was stirred at room
temperature. After completion, the mixture was concentrated under reduced pressure.
The residue was purified by flash column chromatography (EtOAc/petroleum ether =
1/5) to give the product S1. Boc2O (0.46 mL, 2.0 mmol) was added to a stirred solution
of S1 (1.0 mmol) and NaOH (80 mg, 2.0 mmol) in THF (5.0 mL) at 0 °C, and the
mixture was stirred at room temperature. After completion (monitored by TLC), the
reaction was quenched with water and extracted with EtOAc. The combined organic
phases were dried over NaxSO4, and the solvent was removed in vacuo. The residue
was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) to

give the product 1'.

methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-
1H-pyrazol-4-yl)acrylate (1a).
@ o 'H NMR (600 MHz, CDCI3) § 7.89 (dt, J= 7.8, 1.2 Hz, 1H), 7.60
X o —7:32(m, 2H), 7.18 (tt, J=7.2, 1.2 Hz, 2H), 6.69 (s, 1H), 6.51 (s,
1a 1H), 3.68 (s, 3H), 2.04 (s, 3H), 1.44 (s, 9H). *C NMR (150 MHz,
CDCl) 6 168.1, 163.4, 153.7, 149.7, 138.1, 133.1, 131.4, 128.9, 125.2, 119.0, 84.9,
81.7, 52.6, 27.6, 13.0. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for Ci9H22N206

397.1370; Found 397.1369.



methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-0xo0-1-(o-tolyl)-4,5-dihydro-
1H-pyrazol-4-yl)acrylate (1b).
@\/ "HNMR (600 MHz, CDCl3) § 7.49 — 7.40 (m, 1H), 7.32 — 7.17 (m,

o
i%fco 3H), 6.68 (s, 1H), 6.52 (s, 1H), 3.77 (s, 3H), 2.39 (s, 3H), 2.02 (s,

. 3H), 1.49 (s, 9H). '3C NMR (150 MHz, CDCls) & 168.7, 163.5,
153.5,149.9, 136.1, 135.8, 133.1, 131.2, 131.1, 128.3, 126.4, 126.3,

84.6, 80.8, 52.5, 27.6, 18.1, 13.1. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for

C20H24N206 411.1527; Found 411.1526.

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(2-chlorophenyl)-3-methyl-5-o0x0-4,5-
dihydro-1H-pyrazol-4-yl)acrylate (1c).

@Cl . 'H NMR (600 MHz, CDCls) § 7.58 (dd, J = 8.4, 1.8 Hz, 1H), 7.48
:<§§;°§on6 (dd, J=8.4, 1.8 Hz, 1H), 7.34 (td, J = 7.8, 1.8 Hz, 1H), 7.29 (td, J
1o =7.8, 1.8 Hz, 1H), 6.68 (s, 1H), 6.49 (s, 1H), 3.78 (s, 3H), 2.05 (s,

3H), 1.48 (s, 9H). *C NMR (150 MHz, CDCls) & 168.9, 163.6, 154.6, 150.1, 135.0,
132.9, 131.54, 131.51, 130.5, 129.4, 128.2, 127.5, 84.7, 80.8, 52.6, 27.6, 13.4. HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C19H21CIN20s 431.0980; Found 431.0980.

methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-0xo0-1-(m-tolyl)-4,5-dihydro-
1H-pyrazol-4-yl)acrylate (1d).

'"H NMR (700 MHz, CDCl3) § 7.74 — 7.64 (m, 2H), 7.28 (t, J = 7.7

@N 7 OBoc Hz, 1H), 6 7.01 — 6.99 (m, 1H), 6.68 (s, 1H), 6.51 (s, 1H), 3.68 (s,

Nf\%fcwe 3H), 2.38 (s, 3H), 2.04 (s, 3H), 1.45 (s, 9H). 3C NMR (175 MHz,

’ CDCls) 8 168.0, 163.4, 153.6, 149.6, 138.7, 137.9, 133.1, 131.3,

128.7, 126.0, 119.4, 116.1, 84.8, 81.7, 52.5, 27.6, 21.6, 12.9. HRMS (ESI-TOF) m/z:

[M+Na]" Calcd for C20H24N206 411.1527; Found 411.1531.



methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(3-chlorophenyl)-3-methyl-5-0x0-4,5-
dihydro-1H-pyrazol-4-yl)acrylate (1e).

ol "H NMR (600 MHz, CDCl3) § 7.96 (t, J = 1.8 Hz, 1H), 7.85 (ddd, J
@ <§§;°° =84,24,1.2Hz 1H),7.32 (t,J=8.4Hz, 1H), 7.17-7.13 (m, 1H),

N
6.70 (s, 1H), 6.53 (s, 1H), 3.69 (s, 3H), 2.03 (s, 3H), 1.45 (s, 9H).

N CO,Me

1e

3C NMR (150 MHz, CDCls) § 168.2, 163.4, 154.1, 149.7, 139.1,
134.7, 132.9, 131.6, 130.0, 125.0, 118.7, 116.5, 85.1, 81.6, 52.6, 27.6, 12.9. HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C19H21CIN2Og 431.0980; Found 431.0979.

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(3-fluorophenyl)-3-methyl-5-o0x0-4,5-
dihydro-1H-pyrazol-4-yl)acrylate (1f).

i 'H NMR (600 MHz, CDCI3) 6 7.73 (ddd, J = 8.4, 2.4, 1.2 Hz, 1H),

@N / o0Bos 7.69 (dt, J=10.8, 1.8 Hz, 1H), 7.36 — 7.32 (m, 1H), 6.89 — 6.85 (m,

%éﬁf 1H), 6.70 (s, 1H), 6.53 (s, 1H), 3.68 (s, 3H), 2.03 (s, 3H), 1.44 (s,

! 9H). 1*C NMR (150 MHz, CDCl3) & 168.2, 163.4, 162.2 (d, Jcr =

242.8 Hz), 153.9, 149.7, 139.5 (d, Jcr = 11.1 Hz), 132.9, 131.5, 130.2 (d, Jcr = 9.2 Hz),

113.9 (d, Jcr = 3.0 Hz), 111.8 (d, Jcr = 21.0 Hz), 106.2 (d, Jcr = 27.0 Hz), 85.1, 81.7,

52.6, 27.6, 12.9. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C19H21FN2Og 415.1276;

Found 415.1276.

methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-(p-tolyl)-4,5-dihydro-

1H-pyrazol-4-yl)acrylate (1g).

\Q o "H NMR (600 MHz, CDCl3) § 7.81 —7.61 (m, 2H), 7.23 — 7.14 (m,
OBoc

N

' X come 2H), 6.68 (s, 1H), 6.50 (s, 1H), 3.68 (s, 3H), 2.34 (s, 3H), 2.03 (s,
16 3H), 1.44 (s, 9H). 3C NMR (150 MHz, CDCls) & 167.9, 163.5,
153.6,149.7, 135.7, 134.9, 133.2, 131.3,129.5, 119.1, 84.8, 81.7, 52.6, 27.6, 21.1, 13.0.

HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C20H24N206 411.1527; Found 411.1526.



methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(4-methoxyphenyl)-3-methyl-5-0x0-4,5-
dihydro-1H-pyrazol-4-yl)acrylate (1h).
Meo@ "H NMR (600 MHz, CDCl3) § 7.79 — 7.70 (m, 2H), 6.93 (dd, J
N<§§i°° =9.0, 3.0 Hz, 2H), 6.67 (s, 1H), 6.50 (s, 1H), 3.81 (s, 3H), 3.69
(s, 3H), 2.02 (s, 3H), 1.45 (s, 9H). 3C NMR (150 MHz, CDCls)
6 167.9, 163.5, 157.3, 153.6, 149.7, 133.1, 131.5, 131.3, 121.2,
114.2, 84.8, 81.6, 55.6, 52.6, 27.6, 13.0. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
C20H24N207 427.1476; Found 427.1475.

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(4-chlorophenyl)-3-methyl-5-0x0-4,5-
dihydro-1H-pyrazol-4-yl)acrylate (1i).
(0]
:ié§F0202M6 J=9.0 Hz, 2H), 6.69 (s, 1H), 6.52 (s, 1H), 3.68 (s, 3H), 2.03 (s,
3H), 1.44 (s, 9H). *C NMR (150 MHz, CDCls) § 168.1, 163.4,

Cl@ 'H NMR (600 MHz, CDCls) & 7.86 (d, J = 9.0 Hz, 2H), 7.36 (d,

1i

154.0, 149.7, 136.7, 132.9, 131.5, 130.2, 128.9, 120.0, 85.1, 81.6, 52.6, 27.6, 12.9.
HRMS (ESI-TOF) m/z: [M+Na]" Caled for C19H21CIN2Og 431.0980; Found 431.0984.

methyl  2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-(4-(trifluoromethyl)-
phenyl)-4,5-dihydro-1H-pyrazol-4-yl)acrylate (1j).

FaC . 'H NMR (600 MHz, CDCls) § 8.11 — 8.02 (m, 2H), 7.66 — 7.64

\©:<§§;ﬁw8 (m, 2H), 6.71 (s, 1H), 6.55 (s, 1H), 3.68 (s, 3H), 2.05 (s, 3H),

» 1.44 (s, 9H). *C NMR (150 MHz, CDCl3) § 168.5, 163.4, 154.2,

149.7, 140.8, 132.9, 131.6, 126.7 (d, Jcr = 32.1 Hz), 126.2 (d,

Jcr = 4.1 Hz), 125.2 (d, Jcr = 270.0 Hz), 118.1, 85.2, 81.6, 52.6, 27.6, 12.9. HRMS

(ESI-TOF) m/z: [M+Na]" Calcd for C20H21F3N206 465.1244; Found 465.1249.



methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(2,4-dichlorophenyl)-3-methyl-5-oxo-
4,5-dihydro-1H-pyrazol-4-yl)acrylate (1k).

o]

CIUC. 'H NMR (700 MHz, CDCl3) § 7.52 (d, J = 8.4 Hz, 1H), 7.50 (d,
Nf%ﬁm J=2.1Hz, 1H), 7.32 (dd, J= 8.4, 2.1 Hz, 1H), 6.69 (s, 1H), 6.50
N~

CO,Me

N (s, 1H), 3.78 (s, 3H), 2.04 (s, 3H), 1.48 (s, 9H). *C NMR (175
MHz, CDCl;) 6 168.9, 163.4, 154.6, 150.0, 134.4, 133.7, 132.7,

132.3, 131.5, 130.2, 128.9, 127.7, 84.8, 80.5, 52.5, 27.6, 13.21, 13.20. HRMS (ESI-

TOF) m/z: [M+Na]" Calcd for C19H20Cl2N2Og 465.0591; Found 465.0599.

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(3,4-dichlorophenyl)-3-methyl-5-oxo-
4,5-dihydro-1H-pyrazol-4-yl)acrylate (11).
o

A oo (m, 1H), 7.52 = 7.34 (m, 1H), 6.70 (s, 1H), 6.54 (s, 1H), 3.69 (s,
! e
i%ﬁ 3H), 2.03 (s, 3H), 1.45 (s, 9H). °C NMR (150 MHz, CDC;) 3

. 'H NMR (600 MHz, CDCls) & 8.09 — 8.03 (m, 1H), 7.85 — 7.83

N

1

168.2, 163.4, 154.3, 149.7, 137.4, 132.9, 132.8, 131.7, 130.5,
128.2, 120.1, 117.6, 85.2, 81.5, 52.7, 27.6, 12.9. HRMS (ESI-TOF) m/z: [M+Na]"
Calcd for C19H20CIoN20g 465.0591; Found 465.0585.

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1,3-dimethyl-5-0x0-4,5-dihydro-1H-
pyrazol-4-yl)acrylate (1m).
N Boc

NN 337 (s, 3H), 1.93 (s, 3H), 1.46 (s, 9H). '3C NMR (175 MHz, CDCl3) 8

1m

1
. f%or H NMR (700 MHz, CDCls) § 6.62 (s, 1H), 6.4 (s, 1H), 3.73 (s, 3H),

169.8, 163.4, 153.1, 149.6, 132.9, 131.0, 84.5, 80.6, 52.4, 31.9, 27.6,
12.9. HRMS (ESI-TOF) m/z: [M+Na]® Caled for Ci4H2N206 335.1214; Found
335.1211.



ethyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)acrylate (1n).

@ o "H NMR (700 MHz, CDCl3) § 7.94 — 7.84 (m, 2H), 7.43 — 7.36 (m,

Vs 2H), 7.17 (tt, J = 7.7, 1.4 Hz, 1H), 6.69 (s, 1H), 6.49 (s, 1H), 4.12

1n (qd, J=7.0, 2.1 Hz, 2H), 2.04 (s, 3H), 1.44 (s, 9H), 1.14 (t, J= 7.7

Hz, 3H). *C NMR (175 MHz, CDCl3) § 168.1, 162.9, 153.7, 149.6, 138.1, 133.3, 131.1,

128.9,125.0,118.7,84.8,81.7,61.7,27.5,13.9, 12.9. HRMS (ESI-TOF) m/z: [M+Na]"

Calcd for C20H24N206 411.1527; Found 411.1527.

tert-butyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-
1H-pyrazol-4-yl)acrylate (10).

@ o 'H NMR (600 MHz, CDCl3) & 7.93 — 7.89 (m, 2H), 7.41 — 7.38 (m,

N e 2H), 7.17 (t,J=7.8 Hz, 1H), 6.58 (s, 1H), 6.38 (s, 1H), 2.05 (s, 3H),

10 1.43 (s, 9H), 1.35 (s, 9H). 3C NMR (150 MHz, CDCl3) § 168.2,

162.4, 154.1, 149.8, 138.3, 134.6, 130.2, 128.9, 124.9, 118.7, 84.7, 83.1, 81.8, 27.9,

27.6, 13.1. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C2,H2sN>06 439.1840; Found

439.1846.

tert-butyl (4-(1-cyanovinyl)-5-0xo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)
carbonate (1p).

@ o "H NMR (600 MHz, CDCl3) & 7.86 (d, J= 8.4 Hz, 2H), 7.42 (t, J=17.8

e Hz, 2H), 7.28 — 7.22 (m, 1H), 6.43 (s, 1H), 6.36 (s, 1H), 2.19(s, 3H),

1p 1.47 (s, 9H). 3*C NMR (150 MHz, CDCl3) § 166.4, 154.7,149.9, 137.5,

135.4,129.1, 126.1, 119.4, 115.9, 114.0, 86.1, 81.6, 27.6, 13.3. HRMS(ESI-TOF) m/z:

[M+Na]" Calcd for C1sH19N304 364.1268, Found: 364.1270.

tert-butyl  2-(4-((tert-butoxycarbonyl)oxy)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-

pyrazol-4-yl)acrylate (1dd).



@ . 'H NMR (600 MHz, CDCl3) § 8.07 — 7.92 (m, 2H), 7.92 — 7.76 (m,
Ziﬁi‘i@zm 2H), 7.55 — 7.43 (m, 2H), 7.42 — 7.33 (m, 3H), 7.23 (tt, J=7.2, 1.2

od Hz, 1H), 6.73 (s, 1H), 6.73 (s, 1H), 3.60 (s, 3H), 1.35 (s, 9H). 13C

NMR (150 MHz, CDCl3) § 168.2, 163.5, 151.5, 149.6, 138.2, 134.6, 130.7, 130.6, 129.4,
128.9, 128.9, 126.4, 125.5, 119.3, 85.0, 81.2, 52.5, 27.6. HRMS (ESI-TOF) m/z:

[M+Na]" Calcd for C24H24N206 459.1527; Found 459.1524.

methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-isopropyl-5-oxo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)acrylate (1ee).

@ o '"H NMR (700 MHz, CDCl3) 5 8.01 — 7.71 (m, 2H), 7.48 — 7.36
E<§§FOS°ZM€ (m, 2H), 7.18 (tt, J= 7.7, 1.4 Hz, 1H), 6.67 (s, 1H), 6.55 (s, 1H),
Pr 3.67 (s, 3H), 2.68 — 2.62 (m, 1H), 1.4 (s, 9H), 1.32 — 1.12 (m,

1ee

6H). *C NMR (175 MHz, CDCl3) § 168.2, 163.5, 159.9, 149.6,
138.1,133.7,130.7, 128.8, 125.1, 119.0, 84.6, 81.9, 52.5, 28.6, 27.5, 20.1, 20.0. HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C21H26N20¢ 425.1683; Found 425.1682.

O [0 o NBoc

. PPh, = NBoc .
OO 1,4-Dioxane, 120 °C OO

Acenaphthenequinone 9

To a solution of Acenaphthenequinone (1.0 g, 5.49 mmol) in 20.0 mL 1,4-Dioxane
was added PPh; = NBoc (2.49 g, 6.59mmol). The mixture was stirred at 120 °C for 24
h. After completion, the solvent was removed under reduced pressure and the residue
was purified by flash column chromatography on silica gel eluting with petroleum

ether/ ethyl acetate (30:1) to afford the acenaphthenequinoneimine 9.

%\ /¢ HNMR (700 MHz, CDCl3) 6 8.18 (d, J = 8.4 Hz, 1H), 8.10 (d, J = 8.4
O Hz, 1H), 8.03 — 7.94 (m, 2H), 7.84 — 7.65 (m, 2H), 1.68 (s, 9H). 3C

NMR (175 MHz, CDCls) & 183.7, 161.1, 157.9, 144.3, 132.4, 130.5,
130.1, 129.4, 129.1, 128.7, 128.5, 122.4, 121.3, 83.4, 28.1. HRMS (ESI-TOF) m/z:

[M+Na]" Calcd for C17H1sNO3 304.0950; Found 304.0945.
9



3.General procedure for the preparation of new chiral DMAP-type catalysts.

Ar. OH
r Ar.
cl TBDPSO, A c o Ar [ ) N o Ar
COOH r EDCI, DMAP N

AN + OH —mM— N N s X N
\ N Ar DCM, rt | Tol, 80 °C \

= H = / —

N N p N -

oTBDPS oTBDPS
€8 Ar = 3,5-('Bu),CqHs

The newly developed catalyst C8 was readily synthesized from chiral secondary
amines and 4-chloronicotinic acid. To a solution of chiral secondary amines (1.69 g,
2.31 mmol) in 40.0 mL DCM was successively added 4-chloronicotinic acid (361.2 mg,
2.31 mmol), 1-Ethyl-3-(3-dimethyllaminopropyl)carbodiimide hydrochloride (EDCI,
884.6 mg, 4.62 mmol) and 4-Dimethylaminopyridine (DMAP, 28.2 mg, 0.23 mmol).
The mixture was stirred at rt for 8 h before being quenched with water (20 mL). The
phases were separated and the aqueous phase was extracted with DCM (2 x 10 mL).
The combined organic phases were washed with brine (20 mL) before being dried
(Na2S04) and concentrated in vacuum. Purification by flash column chromatography
on silica gel yielded the amide. To a solution of the amide (1.8 g, 2.06 mmol) in toluene
(40 mL) was added pyrrolidine (206.9 uL, 2.48 mmol). Then, the mixture was stirred
at 80 °C for 12 h. After completion, the solvent was removed under reduced pressure
and the residue was purified by flash column chromatography on silica gel eluting with
petroleum ether/ ethyl acetate (1:1) to afford the catalyst C8. The corresponding chiral

secondary amines were prepared according to the literature procedure?.

[1]. Z. H. Yang; P. Chen; Z. C. Chen; Z. Chen; W. Du; Y. C. Chen, Angew. Chem. Int.
Ed., 2021, 60 (25), 13913-13917.

[2]. M. Urban, M. Franc,a, M. Hofmanova, 1. Cisafovab and J. Vesely, Org. Biomol.
Chem., 2017, 15, 9071-9076.

[3]. L. Caruana, F. Kniep, T. K. Johansen, P. H. Poulsen, K. A. Jorgensen, J. Am. Chem.
Soc. 2014, 136, 15929.
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C8 was obtained as a white solid. 1.72g, 90% yield; [a]D?° =
+17.8 (c=0.06 in MeOH). "H NMR (600 MHz, CDCl3) § 8.01
(d, J=6.6 Hz, 1H), 7.77 (s, 1H), 7.49 — 7.42 (m, 2H), 7.38 (t,
J=1.8 Hz, 1H), 7.37 — 7.24 (m, 8H), 7.22 — 7.14 (m, 6H),

6.42 (s, 1H), 6.34 (d, J= 6.0 Hz, 1H), 5.41-5.38 (m, 1H), 4.09
(t,J=3.6 Hz, 1H), 3.49-3.36 (m, 3H), 3.20 — 3.13 (m, 2H), 3.03 (dd, J = 12.0, 3.0 Hz,
1H), 2.16 (s, 1H), 2.09-2.01 (m, 1H), 1.95-1.87 (m, 1H), 1.83 — 1.74 (m, 2H), 1.32 —
1.25 (m, 1H), 1.19 (s, 18H), 1.17 (s, 18H), 0.94 (s, 9H). '*C NMR (150 MHz, CDCl)
5 170.4, 148.9, 148.8, 148.7, 147.8, 147.6, 142.4, 139.9, 134.5, 134.2, 132.3, 131.8,
129.1, 128.9, 126.9, 126.8, 121.6, 120.24, 120.20, 120.1, 114.9, 107.3, 81.4, 70.1, 68.9,
60.0, 48.2, 40.6, 33.9, 33.8, 30.6, 30.5, 25.9, 24.6, 18.1. HRMS (ESI-TOF) m/z:
[M+H]" Caled for CsoHgoN303Si 906.5963, Found 906.5961.

A N
CHl, NaH
oTeDPS oteOPS

€10 Ar = 3,5-('Bu),CgH,

To a solution of C8 (200.0 mg, 0.22 mmol) in DMF (2 mL) was added a solution of
NaH (15.9 mg, 0.66 mmol) in DMF (1 mL) at 0 °C. After 5 min, the mixture was added
Iodomethane (16.5 pL, 0.26 mmol). The reaction was stirred at rt for 10 min before
being quenched with water (1 mL). The mixture was extracted with EtOAc (2 x 5 mL).
The combined organic phases were washed with brine (1 mL) and dried with Na;SOa.
After concentrated in vacuum, the residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ ethyl acetate (1:1) to afford

C10 as a white solid (180.0 mg, 89% yield).
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C10 was obtained as a white solid. 180.0 mg, 89% yield;
[a]D? = +19.4 (¢ =0.06 in MeOH). 'H NMR (700 MHz,
CDCl3) 6 8.17 (d, J=6.3 Hz, 1H), 7.73 (s, 1H), 7.49 — 7.48
(m, 2H), 7.37 — 7.34 (m, 3H), 7.34 — 7.27 (m, 6H), 7.25 —

7.18 (m, 2H), 7.13 (s, 1H), 7.09 (d, J = 2.1 Hz, 2H), 7.01 —
7.95 (m, 1H), 6.46 (d, J = 6.3 Hz, 1H), 6.01 (dd, J= 9.8, 3.5 Hz, 1H), 3.93 (t, J= 7.7
Hz, 1H), 3.53 — 3.48 (m, 2H), 3.33 — 3.31 (m, 1H), 3.28 — 3.25 (m, 2H), 2.96 (s, 3H),
2.39 - 2.29 (m, 2H), 1.91 — 1.84 (m, 2H), 1.71 — 1.65 (m, 2H), 1.25 (s, 18H), 1.19 (s,
18H), 0.94 (s, 9H). '*C NMR (175 MHz, CDCL) § 169.8, 149.5, 149.4, 149.3, 140.4,
139.7, 135.7, 135.54, 135.46, 135.3, 133.5, 133.4, 129.8, 129.7, 127.70, 127.66, 124.0,
123.3, 121.2, 120.9, 117.1, 108.5, 87.2, 73.5, 60.2, 60.1, 52.2, 49.2, 41.4, 39.6, 34.84,
34.76,31.5,31.4, 26.9, 25.6. HRMS (ESI-TOF) m/z: [M+H]" Calcd for CeoHsN3OsSi
920.6120, Found 920.6124.

OTMS

NH
Z S Ar.
Ar
TMSCI, ) N 9
AN
DCM rt | N
~
N >

5TBDPS OTBDPS
C11 Ar = 3,5-('Bu),CgH3

To a solution of C8 (200.0 mg, 0.22 mmol) in DCM (2 mL) was added a solution of
Imidazole (15.0 mg, 0.22 mmol) in DCM (1 mL) at room temperature, the mixture was
added Chlorotrimethylsilane (33.6 puL, 0.26 mmol). The reaction was stirred at rt for 10
h before being quenched with water (1 mL). The mixture was extracted with DCM (2
x 5 mL). The combined organic phases were washed with brine (1 mL) and dried with
Na;SO4. After concentrated in vacuum, the residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ ethyl acetate (1:1) to afford

C11 as a white solid (195.0 mg, 90% yield).
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C11 was obtained as a white solid. 195.0 mg, 90% yield;
[a]D? = +18.1 (¢ = 0.06 in MeOH). 'H NMR (700 MHz,
CDCl) 6 8.10 (d, J = 6.3 Hz, 1H), 7.61 — 7.54 (m, 2H), 7.46
—7.42 (m, 2H), 7.42 - 7.37 (m, 1H), 7.39 — 7.34 (m, 1H), 7.36

—7.31 (m, 3H), 7.29 — 7.28 (m, 2H), 7.27 — 7.25 (d, 2H), 7.17
(d,/=1.4 Hz, 1H), 7.04 (s, 2H), 6.82 (s, 1H), 6.37 (d, /= 5.6 Hz, 1H), 5.86 (d, /= 8.4
Hz, 1H), 4.47 —4.45 (m, 1H), 3.51 — 3.48 (m, 2H), 3.36 — 3.29 (m, 2H), 3.26 — 3.22 (m,
1H), 3.04 — 3.01 (m, 1H), 2.66 — 2.58 (m, 1H), 2.17 — 2.13 (m, 1H), 1.96 — 1.92 (m,
2H), 1.85 — 1.76 (m, 2H), 1.27 (s, 18H), 1.20 (s, 18H), 0.98 (s, 9H), -0.41 (s, 9H). 13C
NMR (175 MHz, CDCl3) 6 167.5, 147.9,147.7, 147.5, 147.2,141.5, 141.2, 134.1, 133.9,
132.2, 131.8, 128.4, 128.2, 126.22, 126.21, 121.9, 120.9, 119.9, 119.4, 115.9, 106.7,
83.8,73.2,62.9,57.4,47.1, 38.7, 33.4, 33.3, 30.0, 29.9, 25.4, 24.1, 17.4, -0.0. HRMS
(ESI-TOF) m/z: [M+H]" Calcd for Cs>Hs7N303Si> 978.6359, Found 978.6324.
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4. Optimization of the model reaction (Table S1)2

Ph
N-O co,Me

[e]
NBoc N Z 4
Cat.
Ph—N COMe o — =&
N={ “OBoc N solvent, temp. «'T—NBoc
Boc (6]
N

Boc
1a 2a 3a

O OH O o O OR'

Ar N 10) Ar Ar N 0 Ar Ar
N 0 Ar
X N N N
XN | I
| = — /

— N B N P
N R OTBDPS
C1Ar= C6H5 C5Ar= 3,5-(CH3)206H3, R =0OH C10 Ar = 3,5-(tBU)2C6H3, R1 = CH3
C2 Ar = 3,5-(CHs3),CgH; €6 Ar = 3,5-('Bu),CgH3, R = OH C11 Ar = 3,5-('Bu),CgH;, R=TMS

C3 Ar= 3,5-(tBU)ZCBH3 C7 Ar= 3,5-(CH3)206H3, R = OTBDPS
C4 Ar = 3,5-(CF3)2C6H3 C8 Ar= 3,5-(tBU)2C6H3, R = OTBDPS
C9 Ar = 3,5-('Bu),CgHs, R' = OSiPhy

Entry R Cat. Solvent T (°C) t(h) yield (%)? ee (%)° dr?
1 CH3 PPh; CH2Cl» rt 24 n.r. - -
2 CH3 DABCO CH:Ch rt 24 n.r. - -
3 CHs DMAP CHxCl; rt 6 95 - >20:1
4 CHs C1 CH2Cl, rt 24 41 40 >20:1
5 CHs C2 CH:Cl rt 6 91 39 >20:1
6 CHs C3 CH2Cl, rt 6 93 27 >20:1
7 CHs C4 CH:Cl rt 6 69 3 >20:1
8 CHs Cs CH2Cl, rt 24 73 1 >20:1
9 CHs Cé CH:Cl rt 24 40 22 >20:1
10 CHs C7 CH2Cl, rt 48 43 44 >20:1
11 CH3 C8 CH:Cl, rt 6 87 75 >20:1
12 CHs Cc9 CHxCl, rt 6 92 37 >20:1
13 CHs C10 CH:Cl, rt 48 40 56 >20:1
14 CH3 C11 CH2Cl rt 48 n.r. n.r. >20:1
15 CHs C8 Toluene rt 4 98 83 >20:1
16 CH3 C8 THF rt 4 84 90 >20:1
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17 CHs C8 MeCN rt 4 83 43 >20:1
18 CH; C8 EA rt 4 86 80 >20:1
19 CHs C8 DCE rt 4 90 86 >20:1
20 CH; C8 CHCl; rt 4 92 90 >20:1
21 CHs C8 CHCIl; 40 1 90 85 >20:1
22 CH; C8 CHCl; 0 24 86 91 >20:1
23 CHs C8 CHCl; -10 48 88 92 >20:1
24 CH; C8 CHCl; -20 120 85 93 >20:1
25°¢ CHs C8 CHCl; rt 48 27 90 >20:1
26/ CH; C8 CHCl; rt 48 20 90 >20:1
278 CHs C8 CHCI; rt 36 63 90 >20:1
28" CH; C8 CHCl: rt 24 89 920 >20:1
29 CHs C8 CHCI; rt 4 83 90 >20:1
30 i-Pr C8 CHCl; rt 72 24 76 >20:1
31 Ph C8 CHCl; rt 72 48 89 >20:1

Reaction conditions: ¢ 1a (0.12 mmol), 2a (0.10 mmol), Cat. (20 mol%) in 1.0 mL DCM at room
temperature; ” Isolated yield after column chromatography; ¢ Enantiomeric excess of major
diastereoisomer was determined by HPLC using chiral stationary phase; ¢ Determined by '"H NMR. ¢
10 mol% C8 in 1.0 mL CHCl3;/5 mol% C8 in 1.0 mL CHCls; €5 mol% C8 in 0.25 mL CHCl3; " 10
mol% C8 in 0.5 mL CHCl3; ’ 15 mol% C8 in 0.75 mL CHCls.
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5. General procedure for the asymmetric [2+3] annulation reaction.

MBH Carbonate of pyrazolinone 1a (0.12 mmol), 3-((tert-butoxycarbonyl)imino)-2-
oxoindoline-1-carboxylate 2a (0.10 mmol), and catalyst C8 (9.1 mg, 0.01 mmol) were
dissolved in CHCI3 (0.5 mL), and the mixture was stirred at room temperature for 9-48
h. After completion of the reaction, the reaction mixture was concentrated and directly
purified by flash column chromatography on silica gel (petroleum ether/ethyl acetate =

20/1 to 5/1) to afford the pure products 3a.

1,1'-di-tert-butyl  4'-methyl (3R,3'R)-3''-methyl-2,5'"-dioxo-1'""-phenyl-1",5"-
dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate
(3a).

7" 53.6 mg, 89% yield, white solid, mp 145.9 — 148.5 °C; HPLC (Daicel
N \;0 CO,Me

n | \
@\‘ Ogoc nm): tg = 13.86 min (minor), tr = 20.33 min (major); 90% ee, [a]D?°

Boc

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270

=-91.2 (c = 0.45, MeOH). "H NMR (600 MHz, DMSO-ds, 60 °C) &
8.22 (s, 1H), 7.67 (d, J=7.8 Hz, 1H), 7.47 (d, J= 7.8 Hz, 1H), 7.40 (t,J=7.8 Hz, 1H),
7.35(dd, J=7.2, 1.8 Hz, 2H), 7.33 (dd, J = 8.4, 7.2 Hz, 2H), 7.20 (t, J= 7.8 Hz, 1H),
7.16 (td, J= 7.2, 1.8 Hz, 1H), 3.66 (s, 3H), 2.11 (s, 3H), 1.56 (s, 9H), 1.05 (s, 9H). *C
NMR (150 MHz, DMSO-ds, 60 °C) & 170.3, 169.2, 163.0, 156.5, 149.1, 148.2, 147.1,
139.2, 137.1, 131.4, 129.3, 126.1, 124.9, 119.4, 114.8, 107.9, 85.9, 84.8, 74.4, 52.4,
28.0, 27.5, 16.3. HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C3,H34N4Os 625.2269;
Found 625.2270.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3''-methyl-2,5'""-dioxo-1'""-(m-tolyl)-1",5"-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]-1,1',4'-tricarboxylate
(3b).
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2-Me-Ph 51.8 mg, 84% yield, white solid, mp 88.1 — 89.3 °C; HPLC (Daicel
N
NG \_:?O FO:Me  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270

\

@ \\\ N nm): tr = 13.86 min (minor), tr = 20.33 min (major); 84% ee, [o]D*°
N0 °

Boc =-204.4 (c = 0.45, MeOH) . 'H NMR (600 MHz, DMSO-ds, 60 °C)

0 8.20 (s, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.48 (t, J= 7.8 Hz, 1H), 7.40 (d, J = 7.8 Hz,
1H), 7.25 (dd, J= 7.8, 7.2 Hz, 1H), 7.23 (d, /= 1.8 Hz, 1H), 7.21 (d, /= 7.2 Hz, 1H),
7.17 (td, J=17.2, 1.8 Hz, 1H), 6.68 (d, /= 7.8 Hz, 1H), 3.71 (s, 3H), 2.08 (s, 3H), 1.75
(s, 3H), 1.58 (s, 9H), 1.04 (s, 9H). '3C NMR (150 MHz, DMSO-ds, 60 °C) & 170.3,
169.9,163.0, 156.4, 148.3, 146.6, 139.2, 135.7, 135.5,131.4,131.2, 129.2, 126.9, 126.8,
126.5, 124.9, 114.7, 108.2, 85.8, 84.7, 74.5, 52.4, 28.1, 27.5, 17.3, 16.3. HRMS (ESI-
TOF) m/z: [M+Na]" Calcd for C33H3sN4Osg 639.2425; Found 639.2425.

1'-di-tert-butyl 4'-methyl (3R,3'R)-1'""-(2-chlorophenyl)-3''-methyl-2,5'"-dioxo-
1'",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole|-1,1',4'-

tricarboxylate (3c).

2:Cl-ph 60.5 mg, 95% yield, white solid, mp 117.0 — 120.7 °C; HPLC (Daicel
N/\N\__?O €O:Me  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
@ Ezc nm): tg = 13.86 min (minor), tr = 20.33 min (major); 78% ee, [a]D**
o =-128.9 (¢ =0.45, MeOH). '"H NMR (600 MHz, DMSO-ds, 60 °C) &

8.21 (s, 1H), 7.73 (d, J="7.8 Hz, 1H), 7.49 (dd, J= 7.8, 1.8 Hz, 1H), 7.46 (t,J=7.8 Hz,
1H), 7.40 (dd, J=7.8, 1.8 Hz, 1H), 7.38 (d, J = 2.4 Hz, 1H), 7.36 (dd, /= 7.8, 1.8 Hz,
1H), 7.18 (t, J = 7.8 Hz, 1H), 7.00 (s, 1H), 3.71 (s, 3H), 2.11 (s, 3H), 1.58 (s, 9H), 1.06
(s, 9H). 13C NMR (150 MHz, DMSO-ds, 60 °C) & 170.0, 169.6, 162.9, 157.3, 149.0,
148.3, 146.5,139.2,134.4,131.5, 131.4, 130.9, 130.5, 128.9, 128.4, 126.4, 124.9, 122.9,
114.8, 108.0, 85.6, 84.9, 74.9, 67.8, 52.4, 28.1, 27.5, 16.3. HRMS (ESI-TOF) m/z:
[M+Na]* Caled for C3,H33CIN4Os 659.1879; Found 659.1878.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3''-methyl-2,5'"-dioxo-1""-(m-tolyl)-1",5"-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]-1,1',4'-tricarboxylate
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3-Me-Ph 52.4 mg, 85% yield, white solid, mp 149.2 — 152.8 °C; HPLC (Daicel
N/\N\fo €O:Me  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
@ N nm): tg = 13.86 min (minor), tr = 20.33 min (major); 90% ee, [a]D?°
Boc =-302.4 (c =0.45, MeOH). '"H NMR (600 MHz, DMSO-ds, 60 °C) §
8.22 (s, 1H), 7.67 (d, J= 7.8 Hz, 1H), 7.46 (d, J= 7.8 Hz, 1H), 7.40 (t,J= 8.4 Hz, 1H),
7.20 (td, J= 7.2, 1.8 Hz, 2H), 7.16 (d, J = 7.8 Hz, 2H), 6.98 (d, /= 7.8 Hz, 1H), 3.67
(s, 3H), 2.26 (s, 3H), 2.11 (s, 3H), 1.57 (s, 9H), 1.06 (s, 9H). 3*C NMR (150 MHz,
DMSO-ds, 60 °C) 6 170.3,169.2,162.9, 156.4, 149.1, 148.2, 147.0, 139.2, 138.8, 137.1,
131.4, 129.1, 126.8, 126.1, 124.9, 119.9, 116.7, 114.7, 107.9, 85.9, 84.9, 74.4, 70.0,
52.4,28.1,27.5, 21.4, 16.3. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C33H36N4Os
639.2425; Found 639.2426.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-1''-(3-chlorophenyl)-3''-methyl-2,5'-dioxo-
1",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]|-1,1',4'-
tricarboxylate (3e).
3-Cl-ph 55.4 mg, 87% yield, white solid, mp 149.2 — 151.8 °C; HPLC (Daicel
N/\N\__?o £o:Me  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270

@ \\\ N nm): tr = 13.86 min (minor), tr = 20.33 min (major); 91% ee, [a]D?°
N0 °
Boc =-291.1 (c = 0.45, MeOH). "H NMR (600 MHz, DMSO-ds, 60 °C) §

8.24 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.45 (d, J = 7.8 Hz, 1H), 7.42 — 7.40 (m, 2H),
7.39 —17.35 (m, 2H), 7.22 (dt, J="7.2, 1.8 Hz, 1H), 7.20 (t, J= 7.8 Hz, 1H), 3.67 (s, 3H),
2.13 (s, 3H), 1.56 (s, 9H), 1.06 (s, 9H). '3*C NMR (150 MHz, DMSO-ds, 60 °C) & 170.3,
169.3,162.9, 157.5,148.9, 148.1, 147.2,139.2, 138.3, 133.9, 131.5, 131.3, 126.0, 125.8,
124.9,122.1,118.4,117.4, 114.8, 107.6, 85.9, 84.7, 74.6, 52.4, 28.0, 27.6, 16.3. HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C32H33CIN4Os 659.1879; Found 659.1879.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-1'-(3-fluorophenyl)-3''-methyl-2,5'-dioxo-

1",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]|-1,1',4'-
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tricarboxylate (3f).
3-F-ph 58.3 mg, 94% yield, white solid, mp 80.3 — 83.0 °C; HPLC (Daicel
N/\N\__?O FOMe  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
@ N nm): tg = 13.86 min (minor), tr = 20.33 min (major); 90% ee, [a]D?°
Boc =-397.8 (c = 0.45, MeOH). '"H NMR (600 MHz, DMSO-ds, 60 °C) §
8.24 (s, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.41 — 7.39 (m, 1H),
7.37 (dd, J=8.4, 6.6 Hz, 1H), 7.28 (dd, J= 7.2, 1.8 Hz, 1H), 7.21 (d, /= 1.8 Hz, 1H),
7.19 (dd, J= 5.4, 3 Hz, 1H), 6.99 (td, J = 8.4, 2.4 Hz, 1H), 3.67 (s, 3H), 2.13 (s, 3H).
1.56 (s, 9H), 1.06 (s, 9H). F NMR (565 MHz, DMSO-ds 60 °C) § -60.61. '*C NMR

(150 MHz, DMSO-ds, 60 °C) 8 170.1, 169.3, 163.3, 162.9, 161.7, 157.3, 148.1 (d, Jcr
=139.4Hz) ,147.2,139.2,138.5 (d,Jcr=10.9Hz) ,131.5,131.4 (d,Jcr=9.2Hz) ,
126.0,124.9,122.1,114.8,114.7 (d,Jcr=2.9Hz) ,112.7 (d,Jcr=21.0Hz) ,107.6,

105.9 (d,Jcr=26.7 Hz) , 85.9,84.9, 74.5,52.4,28.0,27.5, 16.3. HRMS (ESI-TOF)

m/z: [M+Na]" Calcd for C3,H33FN4Osg 643.2175; Found 643.2173.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3'"'-methyl-2,5'""-dioxo-1""-(p-tolyl)-1'"",5"'-
dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]-1,1',4'-tricarboxylate
(39).

4-Me-p 56.7 mg, 92% yield, white solid, mp 106.2 — 108.5 °C; HPLC (Daicel
N/\N\__?O £OMe  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
@ \\\ E':c nm): tr = 13.86 min (minor), tr = 20.33 min (major); 89% ee, [a]D?*°
Boo ° =-448.9 (c = 0.45, MeOH). "H NMR (600 MHz, DMSO-ds, 60 °C) §

8.21 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.46 (1, J = 6.6 Hz, 1H), 7.40 (t, J = 8.4 Hz, 1H),
7.25 - 7.16 (m, 3H), 7.13 (d, J = 8.4 Hz, 1H), 3.66 (s, 3H), 2.25 (s, 3H), 2.10 (s, 3H),
1.56 (s, 9H), 1.05 (s, 9H). 3C NMR (150 MHz, DMSO-ds, 60 °C) § 170.3, 169.1, 163.0,
156.3,149.2, 148.2, 147.0, 139.2, 135.5,134.7, 131.4, 129.7, 126.1, 124.9, 122.3, 119.5,
114.7, 107.9, 85.9, 84.6, 74.4, 52.3, 28.1, 27.5, 20.9, 16.3. HRMS (ESI-TOF) m/z:
[M+Na]" Caled for C33H3sN4Og 639.2425; Found 639.2429.
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di-tert-butyl (3R,3'R)-4'-cyano-3''-methyl-2,5'"-dioxo-1'""-phenyl-3",5""-dihydro-
1'H-1""14-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1'-dicarboxylate(3h).

4-OMe-Ph

. 61.4 mg, 97% yield, white solid, mp 110.2 — 112.1 °C; HPLC (Daicel
N Chiralpak TA, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 nm):
@ A e tr = 28.70 min (major), tx = 79.70 min (minor); 92% ee, [¢]D* = -

423.2 (¢ = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C) §
8.21 (s, 1H), 7.69 (d, J=8.4 Hz, 1H), 7.46 (d, /= 7.8 Hz, 1H), 7.41 (t,J = 8.4 Hz, 1H),
7.22 —7.19 (m, 3H), 6.90 — 6.89 (m, 2H), 3.72 (s, 3H), 3.67 (s, 3H), 2.09 (s, 3H), 1.57
(s, 9H), 1.05 (s, 9H). '3C NMR (150 MHz, DMSO-ds, 60 °C) & 170.3, 169.0, 162.9,
157.7,156.1, 149.1, 148.2, 147.0, 139.3, 131.4, 130.3, 126.1, 124.8, 121.6, 114.7, 114.6,
108.0, 85.8, 84.8, 74.4, 55.9, 52.3, 28.1, 27.5, 16.3. HRMS (ESI-TOF) m/z: [M+Na]+

Calcd for C33H37N409 655.2375; Found 655.2380.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-1''-(4-chlorophenyl)-3''-methyl-2,5'-dioxo-
1",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]|-1,1',4'-
tricarboxylate (3i).
4-Cl-ph 59.9 mg, 94% yield, white solid, mp 130.8 — 133.9 °C; HPLC (Daicel
N/\N\??O FOMe  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
@ \\\ N nm): tr = 13.86 min (minor), tr = 20.33 min (major); 90% ee, [o]D*°
Boc =-331.1 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C)
0 8.23 (s, 1H), 7.67 (d, J= 7.8 Hz, 1H), 7.44 (d, J=7.2 Hz, 1H), 7.42 (d, /= 9.0 Hz,
2H),7.39 (d,J=2.4 Hz, 2H), 7.38 (d,J=4.2 Hz, 1H), 7.19 (t, /= 7.8 Hz, 1H), 3.66 (s,
3H), 2.12 (s, 3H), 1.56 (s, 9H), 1.13 (s, 9H). '3C NMR (150 MHz, DMSO-ds, 60 °C) §
171.0,169.2,162.9,157.1,149.1, 148.2, 147.2,139.2, 135.9, 131.5, 130.1, 129.4, 125.9,
124.9, 120.6, 118.7, 114.8, 107.7, 85.9, 84.9, 74.5, 52.4, 28.1, 27.5, 16.3. HRMS (ESI-
TOF) m/z: [M+Na]* Calcd for C3,H33CIN4Os 659.1879; Found 659.1875.

1,1'-di-tert-butyl 4'-methyl (BR,3'R)-3""-methyl-2,5'"-dioxo-1""-(4-

(trifluoromethyl)phenyl)-1'",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4"'-
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pyrazole]-1,1',4'-tricarboxylate (3j).

4-CFyPh 63.0 mg, 94% yield, white solid, mp 118.0 — 120.7 °C; HPLC (Daicel
N/\N\fo £O:Me  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
@ N nm): tr = 4.33 min (minor), tr = 32.85 min (major); 92% ee, [a]D?’
Boc =-362.2 (c =0.45, MeOH). '"H NMR (600 MHz, DMSO-ds, 60 °C) §
8.25 (s, 1H), 7.71 (d,J=9.0 Hz, 2H), 7.66 (d, J= 7.8 Hz, 3H), 7.45 (d, /= 7.8 Hz, 1H),
7.39 (t,J=7.8 Hz, 1H), 7.19 (t,J= 7.8 Hz, 1H), 3.67 (s, 3H), 2.15 (s, 3H), 1.56 (s, 9H),
1.07 (s, 9H). 'F NMR (565 MHz, DMSO- ds 60 °C) & -111.06. '*C NMR (150 MHz,
DMSO-ds, 60 °C) 6 170.4, 169.5,162.9, 157.8, 149.4, 148.1, 147.3, 140.2, 139.2, 131.6,
126.8 (q, Jcr = 3.9 Hz), 126.1, 125.9, 124.9, 123.6 (q, Jcr = 271.8 Hz), 118.7, 114.8,
107.6, 85.9, 85.0, 74.6, 52.5, 28.0, 27.6, 16.4. HRMS (ESI-TOF) m/z: [M+Na]" Calcd

for C33H33F3N40s 693.2143; Found 693.2144.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-1''-(2,4-dichlorophenyl)-3''-methyl-2,5"-
dioxo-1",5""-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]|-1,1',4'-
tricarboxylate (3k).
2.4-Cly-Ph 65.1 mg, 97% yield, white solid, mp 94.8 — 99.1 °C; HPLC (Daicel
N’\N\_:?O FO:Me  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
@ """ N nm): tr = 13.86 min (minor), tr = 20.33 min (major); 80% ee, [0]D*
Boc =-153.3 (c = 0.45, MeOH). '"H NMR (600 MHz, DMSO-ds, 60 °C)
0822 (s, 1H), 7.72 (d, J="7.8 Hz, 1H), 7.66 (d, /= 2.4 Hz, 1H), 7.47 (dd, /=9.0, 2.4
Hz, 1H), 7.45 (d, J = 7.8 Hz, 1H), 7.39 (d, J = 7.8 Hz, 1H), 7.18 (t, J = 7.8 Hz, 1H),
7.03 (d, J= 8.4 Hz, 1H), 3.71 (s, 3H), 2.11 (s, 3H), 1.58 (s, 9H), 1.06 (s, 9H). *C NMR
(150 MHz, DMSO-ds, 60 °C) 6 169.9, 169.6, 162.9, 157.8, 148.9, 148.3, 146.5, 139.2,
134.6,133.5,132.4,131.5,130.1, 129.9, 128.8, 126.4, 124.9, 122.7, 114.8, 107.8, 85.6,
84.9, 74.9, 67.6, 52.4, 28.1, 27.5, 16.4. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for

C32H32C12N4Og 693.1489; Found 693.1484.
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1,1'-di-tert-butyl 4'-methyl (3R,3'R)-1''-(3,4-dichlorophenyl)-3''-methyl-2,5"-
dioxo-1",5""-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole|-1,1',4'-
tricarboxylate (31).
3.4-Cly-Ph 61.8 mg, 92% yield, white solid, mp 105.6 — 108.5 °C; HPLC (Daicel
N/\N\_:?O £O:Me  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
@ N nm): tr = 4.45 min (minor), tr = 49.48 min (major); 93% ee, [o]D*
Boc =-411.1 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C)
0 8.25 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.62 — 7.55 (m, 2H), 7.45 (d, J= 2.4 Hz, 1H),
7.43 (d,J=3.0 Hz, 1H), 7.40 (t, J= 7.8 Hz, 1H), 7.19 (t, /= 7.8 Hz, 1H), 3.67 (s, 3H),
2.14 (s, 3H), 1.56 (s, 9H), 1.07 (s, 9H). *C NMR (150 MHz, DMSO-ds, 60 °C) § 170.1,
169.4,162.9,162.2,157.9,149.1, 148.1, 147.3, 139.2, 136.8, 132.1, 131.6, 127.9, 125.9,
124.9,122.3,119.9, 118.7, 114.9, 107.5, 85.9, 84.7, 74.6, 52 .4, 28.0, 27.5, 16.3. HRMS

(ESI-TOF) m/z: [M+Na]" Calcd for C32H32C1aN4Os 693.1489; Found 693.1491.

1,1'-di-tert-butyl  4'-ethyl (3R,3'R)-3''-methyl-2,5'""-dioxo-1""-phenyl-1"",5"'-
dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]-1,1',4'-tricarboxylate
(3n).

N 53.7 mg, 87% yield, white solid, mp 144.8 — 147.6 °C; HPLC (Daicel

N O CO,Et
\ =

T\ Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270

@ o’E\‘l°° nm): tr = 13.86 min (minor), tr = 20.33 min (major); 90% ee, [0]D?*°

=-42.2 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C) &

8.20 (s, 1H), 7.67 (dd, J=8.4, 1.2 Hz, 1H), 7.47 (d,J= 7.2 Hz, 1H), 7.40 (t, J=7.8 Hz,

1H), 7.37 —7.27 (m, 4H), 7.21 (t, J= 7.8 Hz, 1H), 7.16 (tt, J=7.2, 1.8 Hz, 1H), 4.10

(dq, J = 6.6, 3.0 Hz, 2H), 2.12 (s, 3H), 1.57 (s, 9H), 1.14 (t, J = 7.2 Hz, 3H), 1.03 (s,

9H). 3C NMR (150 MHz, DMSO-ds, 60 °C) § 170.3, 169.3, 162.4, 156.6, 149.3, 148.2,

146.9, 139.2, 137.1, 131.4, 129.4, 126.1, 124.9, 122.4, 119.4, 114.8, 108.2, 85.9, 84.6,

74.5, 61.1, 28.1, 27.6, 16.3, 14.3. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
C33H36N40g 639.2425; Found 639.2427.
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tri-tert-butyl (3R,3'R)-3""-methyl-2,5'"-dioxo-1""-phenyl-1"",5""-dihydro-1"H-

dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate (30).
R 55.8 mg, 93% yield, white solid, mp 160.2 — 162.5 °C; HPLC (Daicel

N’\ \;o CO,'Bu

A\ Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
@1 ofoc nm): tr = 13.86 min (minor), tr = 20.33 min (major); 86% ee, [a]D*°
=-326.7 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C)
0 8.12 (s, 1H), 7.66 (d, J= 7.8 Hz, 1H), 7.47 (d, J= 7.2 Hz, 1H), 7.40 (d, /= 7.2 Hz,
1H), 7.37-7.31 (m, 4H), 7.20 (t, /= 7.2 Hz, 1H), 7.15 (t, J = 7.2 Hz, 1H), 2.13 (s, 3H),
1.56 (s, 9H), 1.31 (s, 9H), 1.03 (s, 9H). 1*C NMR (150 MHz, DMSO-ds, 60 °C) § 170.2,
169.3,161.5, 156.7,149.3,148.2, 146.6, 139.2, 137.2,131.4, 129.4, 126.5, 126.0, 124.8,
119.2, 114.7, 109.3, 85.8, 84.8, 82.1, 74.6, 28.13, 28.06, 27.5, 16.4. HRMS (ESI-TOF)

m/z: [M+Na]" Calcd for C3sH40N4Og 667.2738; Found 667.2340.

di-tert-butyl (3R,3'R)-4'-cyano-3''-methyl-2,5''-dioxo-1'"-phenyl-1"",5"-dihydro-
1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]-1,1'-dicarboxylate (3p).
Nﬁ,h\éo o 51.3 mg, 90% yield, white solid, mp 92.5 — 95.3 °C; HPLC (Daicel

T\g Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 nm):
C{OC oE°° tr = 13.86 min (minor), tr = 20.33 min (major); 97% ee, [a]D?° = -402.2

(c = 0.45, MeOH). '"H NMR (600 MHz, DMSO-ds, 60 °C) § 8.78 (s,
1H), 7.69 (d, J= 8.4 Hz, 1H), 7.51 (d, J = 7.8 Hz, 1H), 7.44 (t, J= 7.8 Hz, 1H), 7.39
(dd, /=9.0, 1.8 Hz, 2H), 7.37 (dd, J = 8.4, 6.6 Hz, 2H), 7.26 — 7.18 (m, 2H), 3.19 (s,
3H), 2.24 (s, 3H), 1.57 (s, 9H), 1.11 (s, 9H). 3C NMR (150 MHz, DMSO-ds, 60 °C) &
169.7,167.9, 155.1, 152.9, 148.6, 148.1, 139.4, 136.6, 131.8, 129.6, 126.7, 126.2, 125.1,
119.5,115.0, 113.5, 86.2, 85.4,74.2,28.0,27.5, 16.2. HRMS (ESI-TOF) m/z: [M+Na]"

Calcd for C31H31N506 592.2167; Found 592.2168.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3",5-dimethyl-2,5'""-dioxo-1'""-phenyl-1",5"-
dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]-1,1',4'-tricarboxylate
Q3r).

23



A 58.6 mg, 95% yield, white solid, mp 118.2 — 121.1 °C; HPLC
Me - \ (Daicel Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min,
@1 oEloc at 270 nm): tg = 13.86 min (minor), tr = 20.33 min (major); 90% ee,
[a]D?° =-302.8 (c = 0.45, MeOH). '"H NMR (600 MHz, DMSO-ds,
60 °C) 6 8.21 (s, 1H), 7.54 (d, J= 8.4 Hz, 1H), 7.36 (dd, /=9.0, 1.8 Hz, 2H), 7.34 (dd,
J=9.0,7.2 Hz, 2H), 7.27 (s, 1H), 7.20 — 7.17 (m, 1H), 7.16 (dt, /= 7.2, 1.8 Hz, 1H),
3.66 (s, 3H), 2.24 (s, 3H), 2.10 (s, 3H), 1.55 (s, 9H), 1.09 (s, 9H). *C NMR (150 MHz,
DMSO-ds, 60 °C) 6 170.3,169.2, 163.0, 156.5, 149.4, 148.2,147.1, 137.1, 136.9, 134.3,
131.6,129.3,126.2,126.1, 119.1, 118.7, 114.6, 107.8, 85.7, 84.7, 74.5, 52.4, 28.1, 27.6,
20.9, 16.3. HRMS (ESI-TOF) m/z: [M+Na]" Caled for C33H36N4Os 639.2425; Found
639.2428.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-5-methoxy-3''-methyl-2,5''-dioxo-1''-phenyl-
1'",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole|-1,1',4'-
tricarboxylate (3s).
N’\Eh\;o come 50.6 mg, 80% yield, white solid, mp 90.5 —93.3 °C; HPLC (Daicel
MeO, T\ Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
@g £ nm): {R = 13.86 min (minor), (R = 20.33 min (major); 89% ce,
[0]D? = -331.1 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-
ds, 60 °C) 6 8.21 (s, 1H), 7.59 (d, J=9.0 Hz, 1H), 7.38 (dd, J = 8.4, 1.8 Hz, 2H), 7.34
(dd, J=9.0, 7.2 Hz, 2H), 7.18 (tt, J= 7.2, 1.2 Hz, 1H), 7.02 (s, 1H), 6.96 (dd, J = 9.0,
2.4 Hz, 1H), 3.69 (s, 3H), 3.67 (s, 3H), 2.10 (s, 3H), 1.56 (s, 9H), 1.09 (s, 9H). *C NMR
(150 MHz, DMSO-ds, 60 °C) 6 170.3, 169.3, 163.0, 156.8, 156.5, 149.3, 148.3, 147.2,
137.1, 132.4, 1294, 126.1, 119.2, 116.7, 115.9, 112.1, 107.6, 85.6, 84.9, 74.5, 56.3,
52.4, 28.0, 27.6, 16.3. HRMS (ESI-TOF) m/z: [M+Na]® Calcd for Cs3H36N4O9

655.2374; Found 655.2373.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-5-fluoro-3'"-methyl-2,5'""-dioxo-1'"-phenyl-

1",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]|-1,1',4'-
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tricarboxylate (3t).
60.2 mg, 97% yield, white solid, mp 70.2 — 73.0 °C; HPLC (Daicel

Ph
N/N\;O CO,Me . .
\ Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
F. \
@ “““ N nm): tg = 13.86 min (minor), tr = 20.33 min (major); 92% ee, [o]D*
O

= -315.6 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C)
5 8.21 (s, 1H), 7.69 (dd, J = 9.0, 4.8 Hz, 1H), 7.42 — 7.33 (m, 4H), 7.28 — 7.25(m, 2H),
7.19 (tt, J= 7.2, 1.8 Hz, 1H), 3.67 (s, 3H), 2.12 (s, 3H), 1.55 (s, 9H), 1.10 (s, 9H). °F
NMR (565 MHz, DMSO-de, 60°C) & -117.26. '3C NMR (150 MHz, DMSO-de, 60 °C)

5 169.8, 169.0, 162.9, 160.0 (d, Jcr =242.8 Hz) , 156.8, 148.9, 148.0, 147.0, 137.1,
135.3,129.5,129.4,126.2,119.2,118.1 (d,Jcr=23.3Hz) ,116.6 (d,Jcr=8.0Hz) ,

113.6 (d,Jcr=22.9Hz) ,107.8,86.1,85.1,74.2,52.4,28.0,27.6, 16.3. HRMS (ESI-

TOF) m/z: [M+Na]" Calcd for C3:H33FN4Os 643.2175; Found 643.2178.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-5-bromo-3''-methyl-2,5'"-dioxo-1'""-phenyl-

1'",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole|-1,1',4'-
tricarboxylate (3u).

P 62.7mg, 92% yield, white solid, mp 97.8 — 101.6 °C; HPLC (Daicel

" \?o poe Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270

@\1 05“ nm): tg = 13.86 min (minor), tr = 20.33 min (major); 90% ee, [a]D*°

=-131.1 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-dj, 60 °C)

0 8.22 (s, 1H), 7.61 (m, 2H), 7.50 — 7.28 (m, 4H), 7.20 (tt, J= 7.2, 1.8 Hz, 1H), 3.67 (s,

3H), 2.11 (s, 3H), 1.55 (s, 9H), 1.13 (s, 9H). '3C NMR (150 MHz, DMSO-d, 60 °C) §

169.5,169.1,162.9, 156.6, 147.9, 147.1, 138.3, 137.0, 134.2, 129.5, 129.4, 128.6, 126.3,

119.3,119.2, 117.0, 116.9, 107.8, 86.4, 85.3, 73.9, 71.1, 52.4, 28.0, 27.6, 16.3. HRMS

(ESI-TOF) m/z: [M+Na]" Calcd for C32H33BrN4Os 703.1374; Found 703.1372.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3'"'-methyl-5-nitro-2,5'"-dioxo-1'"-phenyl-

1",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]|-1,1',4'-
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tricarboxylate (3v).
61.7 mg, 95% yield, white solid, mp 144.5 — 147.4 °C; HPLC

ﬁh
N =0 CO,Me

\ G (Daicel Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min,

O2N \
"Ly at 270 nm): tr = 13.86 min (minor), tr = 20.33 min (major); 91%

6 oC
Boc ee, [a]D** =-348.9 (c = 0.45, MeOH). *H NMR (600 MHz, DMSO-

de, 60 °C) 6 8.39 —8.29 (m, 2H), 8.27 (s, 1H), 7.90 (d, J = 9.0 Hz, 1H), 7.38 — 7.34 (m,
2H), 7.32 (dd, J = 7.8, 1.8 Hz, 2H), 7.17 (tt, J = 7.2, 1.2 Hz 1H), 3.68 (s, 3H), 2.14 (s,
3H), 1.57 (s, 9H), 1.12 (s, 9H). 1*C NMR (150 MHz, DMSO-ds, 60 °C) § 171.2, 168.8,
162.8,156.8,147.5,147.1,144.3,144.1, 142.6, 136.9, 129.5, 127.7, 126.3, 121.1, 119.1,
118.9, 115.8, 111.2, 87.2, 85.8, 73.6, 52.5, 27.9, 27.6, 16.3. HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for C3:H33N5010 670.2120; Found 670.2122.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-5-chloro-3''-methyl-2,5'-dioxo-1'-phenyl-
1'",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole|-1,1',4'-
tricarboxylate (3w).
61.8 mg, 97% yield, white solid, mp 66.8 —67.9 °C; HPLC (Daicel
N{ F° COMe  Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
3 @ \\\\ y: nm): tr = 13.86 min (minor), tr = 20.33 min (major); 91% ee,
[0]D? = -293.3 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-
ds, 60 °C) 06 8.22 (s, 1H), 7.71 (d, J= 1.8 Hz, 1H), 7.50 (d, /= 7.8 Hz, 1H), 7.39 (dd, J
=8.4, 1.2 Hz, 2H), 7.36 (dd, /= 8.4, 7.2 Hz, 2H), 7.30 (d, J = 8.4 Hz, 1H), 7.19 (td, J
=7.2, 1.2 Hz, 1H), 3.66 (s, 3H), 2.12 (s, 3H), 1.56 (s, 9H), 1.09 (s, 9H). 3*C NMR (150
MHz, DMSO-ds, 60 °C) 6 169.9, 169.0, 162.8, 156.6, 148.5, 146.9, 140.2, 137.1, 135.8,
133.2, 1294, 127.7, 126.2, 124.9, 119.4, 118.7, 115.1, 107.9, 86.5, 85.0, 74.1, 52.4,
27.9, 27.6, 16.3. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C3;H33CIN4Os 659.1879;
Found 659.1871.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-6-bromo-3''-methyl-2,5'"-dioxo-1'"-phenyl-

1",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]|-1,1',4'-
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tricarboxylate (3x).
62.0 mg, 91% yield, white solid, mp 118.2 — 121.1 °C; HPLC

Ph
N N0 co,Me
\

(Daicel Chiralpak OD-H, n-hexane/2-propanol =94:6, 1.0 mL/min,
. @ “““ y at 270 nm): tr = 13.86 min (minor), tz = 20.33 min (major); 91%
ee, [a]D? = -255.6 (c = 0.45, MeOH). *H NMR (600 MHz,
DMSO-ds, 60 °C) & 8.22 (s, 1H), 7.85 (d, J = 1.8Hz, 1H), 7.47 — 7.41 (m, 2H), 7.39 (dd,
J=8.4, 1.8Hz, 2H), 7.36 (dd, J = 8.4, 7.2 Hz, 2H), 7.19 (tt, J = 7.2, 1.8 Hz, 1H), 3.66
(s, 3H), 2.11 (s, 3H), 1.56 (s, 9H), 1.13 (s, 9H). '*C NMR (150 MHz, DMSO-ds, 60 °C)
0 169.8, 169.0, 162.8, 156.6, 149.0, 147.9, 146.9, 140.3, 137.0, 129.4, 127.8, 126.3,
124.1, 119.4, 118.7, 117.8, 107.9, 86.5, 85.2, 74.1, 52.4, 27.9, 27.6, 16.3. HRMS (ESI-
TOF) m/z: [M+Na]" Calcd for C32H33BrN4Os 703.1374; Found 703.1373.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3",7-dimethyl-2,5'"-dioxo-1""-phenyl-1",5"-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate

Qy)
e 57.3 mg, 93% yield, white solid, mp 73.6 — 75.2 °C; HPLC (Daicel
Ny \?O\COZMe Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
N” ' ogoc nm): tr = 13.86 min (minor), tr = 20.33 min (major); 94% ee, [0]D?*°
Mé  Boc

=-418.9 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C)
§ 8.20 (s, 1H), 7.37 (dd, J= 8.4, 1.8 Hz, 2H), 7.33 (dd, J = 8.4, 7.2 Hz, 2H), 7.29 (d, J
= 7.8 Hz, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.16 (tt, J= 7.2, 1.2 Hz, 1H), 7.10 (t, J = 7.8
Hz, 1H), 3.66 (s, 3H), 2.12 (s, 3H), 2.11 (s, 9H), 1.53 (s, 9H). '3C NMR (150 MHz,
DMSO-ds, 60 °C) 5 171.3, 169.2, 163.0, 156.6, 149.2, 148.4, 146.9, 137.7,137.2, 133.9,
129.3,126.0, 124.7, 123.6, 123.3,119.4, 118.7, 108.0, 86.3, 84.8, 74.9, 69.0, 52.3, 27.6,
27.5, 18.9, 16.3. HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C33H3sN4Os 639.2425;
Found 639.2421.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-7-bromo-3''-methyl-2,5'-dioxo-1'"-phenyl-

1",5"-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]|-1,1',4'-
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tricarboxylate (3z).

oh 66.1 mg, 97% yield, white solid, mp 90.1 — 92.1 °C; HPLC (Daicel
g0 PALS . .
"\ F \CO ! Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
“““ OE‘OC nm): tr = 13.86 min (minor), tr = 20.33 min (major); 93% ee, [a]D?’
N
Br Boc

=-304.4 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-dj, 60 °C)
08.21 (s, 1H), 7.61 (dd, J=8.4, 1.2 Hz, 1H), 7.47 (d,J= 7.2 Hz, 1H), 7.38 (dd, /=9.0,
1.8 Hz, 2H), 7.35 (dd, J=9.0, 7.2 Hz, 2H), 7.18 (tt, J= 7.2, 1.2 Hz, 1H), 7.15 (t, J =
7.8 Hz, 1H), 3.66 (s, 3H), 2.12 (s, 3H), 1.51 (s, 9H), 1.13 (s, 9H). '*C NMR (150 MHz,
DMSO0-Ds, 60 °C) 6 170.8, 168.9, 162.8, 156.8, 148.9, 146.8, 146.7,137.8, 137.1, 135.7,
129.4,126.4,126.2,125.4,119.4, 108.1, 106.3, 86.9, 85.2, 75.1, 52.4, 27.6, 27.2, 16.3.
HRMS (ESI-TOF) m/z: [M+Na]" Caled for C3:H33BrN4Og 703.1374; Found 703.1373.

1'-(tert-butyl) 4'-methyl (3R,3'R)-1,3"'-dimethyl-2,5'-dioxo-1'""-phenyl-1",5"-
dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]-1',4'-dicarboxylate
(3aa).

24.8 mg, 48% yield, yellow solid, mp 179.2 — 182.0 °C; HPLC

Ph
N O CO,Me
\ T

(Daicel Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min,
@ “““ Ogoc at 270 nm): tr = 13.86 min (minor), tr = 20.33 min (major); 84% ee,

[a]D?® = -348.9 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds,
60 °C) 6 8.18 (s, 1H), 7.41 (dd, J = 8.4, 1.2 Hz, 2H), 7.39 (d, /= 7.2 Hz, 1H), 7.34 (d,
J=1.8Hz, 1H), 7.34—-7.31 (m, 2H), 7.15 (tt, J=7.2, 1.2 Hz, 1H), 7.09 — 6.96 (m, 2H),
3.65 (s, 3H), 3.15 (s, 3H), 2.07 (s, 3H), 1.04 (s, 9H). 1*C NMR (150 MHz, DMSO-ds,
60 °C) 0 172.1, 169.7, 163.1, 157.1, 149.3, 147.1, 143.9, 138.7, 137.3, 131.1, 129.3,
1259, 125.7, 122.9, 119.3, 111.1, 109.7, 108.3, 84.2, 74.2, 52.2, 27.6, 27.1, 16.4.

HRMS (ESI-TOF) m/z: [M+Na]" Calcd for CasHsN4Oe 539.1901; Found 539.1902.

1'-(tert-butyl) 4'-methyl (3R,3'R)-3'"-methyl-2,5''-dioxo-1'"-phenyl-1-tosyl-1"",5"'-
dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]-1',4'-dicarboxylate
(3bb).
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a 61.7 mg, 94% yield, white solid, mp 173.9 —176.8 °C; HPLC (Daicel

\ Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270

@\1 ofoc nm): tg = 13.86 min (minor), tr = 20.33 min (major); 95% ee, [a]D?*°

=-324.4 (c =0.45, MeOH). '"H NMR (600 MHz, DMSO-ds, 60 °C) &

8.18 (s, 1H), 7.98 (s, 2H), 7.75 (d, J= 7.8 Hz, 1H), 7.47 — 7.41 (m, 4H), 7.38 — 7.30 (m,

4H), 7.26 — 7.09 (m, 2H), 3.66 (s, 3H), 2.36 (s, 3H), 2.11 (s, 3H), 0.66 (s, 9H). *C NMR

(150 MHz, DMSO-ds, 60 °C) 6 170.5, 169.0, 162.8, 156.4, 146.7, 137.1, 133.9, 131.9,

130.8, 129.4, 128.4, 126.8, 126.2, 125.3, 122.7, 119.4, 113.3, 107.8, 84.1, 74.6, 52.4,

27.1, 21.6, 16.3. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C34H3:N40s 679.1833;
Found 679.1835.

1'-(tert-butyl) 4'-methyl (3R,3'R)-3'"-methyl-2,5'"-dioxo-1-(2-0x0-2-phenyl-112-
ethyl)-1'""-phenyl-1"",5""-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4"'-
pyrazole]-1',4'-dicarboxylate (3cc).

60.5 mg, 95% yield, white solid, mp 110.2 — 114.0 °C; HPLC (Daicel

Ph
N/Nvo CO,Me . .
\§ Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
\
@ ““““ Boc nm): tr = 13.86 min (minor), tr = 20.33 min (major); 91% ee, [o]D*
N~ O
CBz

= -304.4 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C)
8 8.23 (s, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.60 — 7.45 (m, 3H), 7.44 — 7.38 (m, 3H), 7.34
(m, 5H), 7.22 (t, J = 7.8 Hz, 1H), 7.16 (tt, J = 7.2, 1.2 Hz, 1H), 5.49 (s, 2H), 3.66 (s,
3H), 2.08 (s, 3H), 1.01 (s, 9H).. *C NMR (150 MHz, DMSO-ds, 60 °C) § 170.1, 169.1,
162.9,156.5, 149.8, 149.0, 146.9, 138.9, 137.1,135.4, 131.5, 129.4, 129.1, 128.9, 128 4,
126.2, 126.1, 125.2, 122.5, 119.4, 114.9, 107.9, 85.0, 74.5, 68.8, 52.4, 27.5, 16.4.
HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C3sH32N40s5 659.2112; Found 659.2115.
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6. Gram-scale reaction and deprotection of product 3a

Ph
N__O CO;Me

o NBoc 4 ~ G
N = , N
C8 (10 mol%) 77N TFA (0.1 equiv)
Ph—N CO,Me o —————— _ " T—NBoc
\={ “oBoc N CHCly, rt wT=NBoc  CH,Cl,, 0°C @ o
Boc (6] N
N H

Boc

3a 1.56 g, 4a 1.16 g,
1a1.3g 2a10g 89%, 90% ee, > 20:1 dr 89%, 90% ee, > 20:1 dr

MBH Carbonate of pyrazolinone 1a (1.3 g, 3.47 mmol), 3-((tert-
butoxycarbonyl)imino)-2-oxoindoline-1-carboxylate 2a (1.0 g, 2.89 mmol), and
catalyst C8 (262.3 mg, 0.29 mmol) were dissolved in CHCl; (5.0 mL), and the mixture
was stirred at room temperature for 48 h. After completion of the reaction, the reaction
mixture was concentrated and directly purified by flash column chromatography on
silica gel (petroleum ether/ethyl acetate = 20/1) to afford the pure product 3a (1.56 g,
89% yield, 90% ee, >20:1 dr) as a white solid.

The compound 4a were prepared by a modified reported procedure. The
corresponding chiral compound 3a (1.56 g, 2.59 mmol) was dissolved in 5.0 mL
CH>Cl; and add TFA (193.18 pL, 0.26 mmol) at 0 °C, then stirred for about 8 h at room
temperature. The solution was concentrated when the reaction was completed under
vacuum. The residue was then dissolved in dry ethyl acetate and washed with brine
several times. The organic phase was dried over anhydrous MgSO4 and concentrated
under vacuum. The crude product was purified via flash chromatography (eluent:

petroleum ether/ethyl acetate = 5/1 to 3/1) to give compound 4a.
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7. Structural diversity construction of product 3a

o)
Ph\N C8 (10 mol%)

COOMe + | N
OBoc N ‘Boc CHCly, 1t, 24 h

95%, 80% ee, > 20:1 dr

Ph
N~gO coome

0
C8 (10 mol%)
COOMe + N
OBoc Boc CHCI3, -20 °C, 24 h
(o)
92%, 80% ee
7
o N Boc
(10 mol%)
Ph—N\ COOMe +
n—={( OBoc CHCIy, rt, 24 h
56%, 93% ee, > 20:1 dr
1a 10

MBH Carbonate of Pyrazolinone 1a (0.12 mmol), 5, 7 and 9 (0.10 mmol), and
catalyst C8 (9.1 mg, 0.01 mmol) were dissolved in CHCI; (0.5 mL), and the mixture
was stirred at room temperature for 24 h. After completion of the reaction, the reaction
mixture was concentrated and directly purified by flash column chromatography on
silica gel (petroleum ether/ethyl acetate = 20/1 to 5/1) to afford the pure products 6, 8
and 10.

1'-(tert-butyl) 4'-methyl (3R,3'R)-3'""-methyl-2,5'""-dioxo-1""-phenyl-1",5"'-
dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4'"-pyrazole]-1',4'-dicarboxylate (4a).
44.7 mg, 89% yield, yellow solid, mp 80.3 — 83.0 °C; HPLC (Daicel

ﬁh\//o CO,Me

NS A Chiralpak OD-H, n-hexane/2-propanol =94:6, 1.0 mL/min, at 270 nm):

(0]

@ "Bt = 13.86 min (minor), tr = 20.33 min (major); 90% ee, [a]D? = -397.8

" (¢ = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C) & 10.75 (s,
1H), 8.16 (s, 1H), 7.44 — 7.40 (dd, J = 9.0, 1.2 Hz, 2H), 7.34 — 7.31 (m, 3H), 7.21 (t, J
=7.8 Hz, 1H), 7.15 (td, J= 7.2, 1.2 Hz, 1H), 6.93 (t, J = 8.4 Hz, 1H), 6.81 (d, J=7.8
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Hz, 1H), 3.65 (s, 3H), 2.13 (s, 3H), 1.11 (s, 9H). 1*C NMR (150 MHz, DMSO-ds, 60 °C)
0 173.6, 169.8, 163.2, 157.4, 149.4, 147.1, 142.6, 138.9, 137.4, 130.9, 129.3, 126.1,
125.8,122.1, 119.2, 110.8, 108.1, 84.2, 74.7, 52.2, 27.6, 16.6. HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for C27H26N4O¢ 525.1745; Found 525.1754.

11-(tert-butyl) 13-methyl (5R,6R)-1,10-dimethyl-4,7-dioxo-3,8-diphenyl-

2,3,8,9,11-pentaazadispiro[4.0.4%.35|trideca-1,9,12-triene-11,13-dicarboxylate (6).

Ph, 51.6 mg, 95% yield, white solid, mp 82.3 — 83.0 °C; HPLC (Daicel
N~ O coome

: Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 nm):
tr = 8.15 min (minor), tr = 10.28 min (major); 80% ee, [a]D** =-162.9

(c = 0.45, MeOH).'H NMR (600 MHz, DMSO-ds, 60°C) § 8.15 (s,
1H), 7.65 — 7.59 (m, 4H), 7.43 — 7.38 (m, 4H), 7.23 — 7.20 (m, 2H), 3.68 (s, 3H), 2.26
(s, 3H), 2.21 (s, 3H), 1.31 (s, 9H). '3C NMR (150 MHz, DMSO-ds, 60 °C) § 168.5,
166.9,162.4,158.4, 144.8,137.5,137.4,129.7,129.6, 126.4, 126.3, 119.6, 119.2, 109.6,
86.1, 77.3, 52.6, 27.9, 16.4, 16.2. HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C29H29N506 566.2016; Found 566.2010.

tert-butyl (R)-3''-methyl-4'-((methylperoxy)-12-methyl)-1,3,5"'-trioxo-1'""-phenyl-
1,1",3,5"-tetrahydro-1'H-dispiro[indene-2,2'-pyrrole-3',4'"-pyrazole]-1'-
carboxylate (8).

Ph 47.5 mg, 92% yield, white solid, mp 90.2 — 92.1 °C; HPLC (Daicel

\
N~ coowme

N Chiralpak OD-H, n-hexane/2-propanol = 80:20, 1.0 mL/min, at 270

nm): tg = 15.35 min (minor), tr = 22.68 min (major); 80% ee, [a]D*°
=-99.9 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 100 °C) &
8.15 (s, 1H), 8.03 —8.01 (m, 3H), 7.97 — 7.94 (m, 1H), 7.30 — 7.26 (m, 2H), 7.24 —7.22
(m, 2H), 7.16 — 7.13 (m, 1H), 3.64 (s, 3H), 2.15 (s, 3H), 1.47 (s, 4H), 1.05 (s, 5H). 1*C
NMR (150 MHz, DMSO-ds, 100 °C) 8 167.9, 162.5, 157.7, 146.0, 140.4, 139.8, 138.5,
137.7, 137.2, 129.3, 126.3, 124.7, 124.3, 119.6, 108.2, 85.6, 78.7, 52.3, 27.5, 15.4.
HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C23H2sN307 538.1590; Found 538.1588.
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tert-butyl (15,3'R)-3""-methyl-4'-((methylperoxy)-12-methyl)-2,5''-dioxo-1""-
phenyl-1",5"-dihydro-1'H,2H-dispiro[acenaphthylene-1,2'-pyrrole-3',4''-
pyrazole]-1'-carboxylate (10).

Ph 30.0 mg, 56% yield, white solid, mp 81.3 — 82.5 °C; HPLC (Daicel

\
N0 coome

: Chiralpak OD-H, n-hexane/2-propanol = 90:10, 1.0 mL/min, at 270

nm): tg = 13.33 min (minor), tr = 37.79 min (major); 93% ee, [0]D*

=-226.7 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C)
0 8.31 -8.29 (m, 2H), 8.11 (d, J=6.6 Hz, 1H), 8.01 (d,J=7.8 Hz, 1H), 7.84 (t,J=7.8
Hz, 1H), 7.76 — 7.71 (m, 2H), 7.26 — 7.25 (m, 4H), 7.11 — 7.08 (m, 1H), 3.67 (s, 3H),
2.05 (s, 3H), 0.60 (s, 9H). '*C NMR (150 MHz, DMSO- ds, 60 °C) § 196.8, 169.9, 163.2,
161.2, 156.9, 149.4, 147.4, 141.3, 137.2, 135.9, 133.7, 133.1, 130.5, 129.8, 129.31,
129.29, 128.9, 128.1, 126.9, 125.9, 123.5, 122.9, 119.5, 119.1, 107.9, 84.0, 78.3, 52.3,
27.2, 17.0. HRMS (ESI-TOF) m/z: [M+Na]" Caled for C31H27N306 560.1792; Found
560.1786.
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8. Single crystal X-ray diffraction analysis and crystal data

3a CCDC 2120377
To a 5 mL tube containing 3a (20 mg) was added a 1:3 mixture of ethyl acetate
and petroleum ether (2 mL). A clear solution was obtained through ultrasound treatment
and was kept at room temperature for 1 day to get crystals of 3a, which were
characterized by single crystal X-ray diffraction. The data were collected by an Agilent
Gemini. 3a contains the supplementary crystallographic data for this paper. These data

can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif

The ellipsoid contour percent probability level is 50%.

Empirical formula C32H34N40g
Formula weight 602.63
Temperature/K 293.15
Crystal system orthorhombic
Space group P21212;

a/A 9.4403(9)
b/A 12.4980(11)
c/A 27.612(2)
o/° 90

pB/e 90

v/° 90
Volume/A? 3257.8(5)

Z 4

Pealcg/cm’ 1.229
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w/mm’! 0.089

F(000) 1272.0
Crystal size/mm? 0.35x 0.3 x0.25
Radiation MoKa (A =0.71073)

20 range for data collection/® 6.162 to 52.744

Index ranges -11<h<11,-15<k<15,-34<1<34
Reflections collected 18292

Independent reflections 6617 [Rint = 0.0282, Rsigma = 0.0506]
Data/restraints/parameters ~ 6617/2/408

Goodness-of-fit on F? 1.011

Final R indexes [[>=2c (I)] R =0.0596, wR> =0.1224

Final R indexes [all data] R1=0.0953, wR, =0.1381

Largest diff. peak/hole / e A= 0.33/-0.26

Flack parameter -0.1(5)
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9. NMR spectra and HPLC chromatograms

9.1 NMR spectra of substrates and catalysts
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9.2 NMR spectra and HPLC chromatograms of 3
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35UThAU WVL-270 nm
300 11 -6.333
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04 ————r L/ B T T T ] \ ! T T -
00 25 50 75 100 125 150 175 200 220
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 6.33 n.a. 283.297 90.137 49.24 n.a. BMB
2 16.52 n.a. 83.525 92.927 50.76 n.a. BMB
Total: 366.822 183.065 100.00 0.000
'Y ImAU WVLZ70 nm
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] I |
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20 N Il
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0_4:'\_._/\__ I'II \\ : —_— I_j “-m__|
1 min
20— L P L L S AL L L L DR r— 1 T T
00 20 40 60 80 100 120 140 16.0 180 200
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.38 n.a. 24.206 7.966 4.74 n.a. BMB
2 16.08 n.a. 154.363  160.089  95.26 n.a. BMB
Total: 178.569 168.055 100.00 0.000
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200 _
mAU ‘1 7200 WVL:270 nm
175 |
1504 ‘
125 ‘
100 2-12563
‘ f
?5—_ ‘ ‘|I|
] |
| I| 3b
50 ‘ [
] |
_ | A
26 | [l
1 | [
] I‘ | [
i FL_,HH_._J‘-HJJ_‘K.j—L/J _\__I_
-2‘3_"'|"'|"'|""""|""|‘rnin
0.0 5.0 100 15.0 20.0 250 320
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 7.20 n.a. 188.368 74722 50.24 n.a. BMB
2 12.58 n.a. 95.617 73.999 49.76 n.a. BMB
Total: 283.985 148.720 100.00 0.000
U TmAU WVL:270 nm
| 2-12783
N
100 i
] I
: A
80+ n
- O co,Me | II
] B
60| ‘ '
0 3b | \
.
1 |
1 1-7.225 | \
20+ "“.‘ |
] I | \
| II ]
_ i \ |
0 ‘ \ A | f'l_ '\_r i —\“‘—r — —
] min
207 T T L P T T T P I L
0.0 25 50 75 10.0 125 15.0 175 20.0 25 250
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 7.23 n.a. 21.501 9.317 797 n.a. BMB
2 12.78 n.a. 104.733 107.602  92.03 na.  BMB*
Total: 126.234 116.918 100.00 0.000
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aou

TmAU WVL270 nm
] 1-9733
300+ ﬂl
, |
250 “
200-] ‘ |
150 ‘ |
‘ || 2-20.800
100+ | M\
1 3
‘ | ¢ [
i ‘ ' |I \
50 { AN
] I L\
] [ [ \
4 |
[ — ! _k[_ S— —
50 | I I I I T 'mm,
0.0 50 10.0 15.0 200 250 320
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.73 n.a. 306.647 188.093 50.03 n.a. BMB
2 20.80 n.a. 114.006  187.905  49.97 n.a. BMB
Total: 420.653 375.999 100.00 0.000
*2ImAuU WVL:270 nm
] 2-21617
40.01 A
] " |
35,0 A
] 2.Clpn || \
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30.0+
] N’N =0 co,Me | Ill
] : \
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1 Boc | |
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] 1-9.942 |
] i | |
1007 i o
1 I | \
5.0 |I I'I \l \
1 | I\ |'
0 {F} M J)'I_ _\w | _ I———
5.0 | | I —
0.0 50 100 15.0 20.0 250 320
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.94 n.a. 12.609 7.922 10.82 na.  BMB*
2 21.62 n.a. 40.742 £5.289  89.18 n.a. _BMB*
Total: 53.351 73.211 100.00 0.000
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“TmAu WVL:270 nm
i 1-5792
' |
200 h
150 ‘
100 ‘
] | 3d
504 ‘ |
. | 2-17.392
7 \
o~ ..J\_ PN | ! . — 1 : I
1 min
L L 0 U L B L L L I L L L
0.0 25 10.0 125 15.0 175 200 25 250
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.79 n.a. 229.713 67.473 50.88 n.a. BMB
2 17.39 n.a. 33.336 64.870  49.02 n.a. BMB*
Total: 263.050 132.343 100.00 0.000
160 TmAu WVL270 nml
140—: 2-17.767
4 |II'|
4 | II
120+ |\ .‘
) |
1 3-Me-Ph B
100 | [
] N N0 co,Me | '\
4 < |
804 i | ||
4 |
: 2Ly a
60 N~ O | \
R Boc | |
] | I|I
ao] 3d | \
] 1-5825 ' I"-\
201 ||"| || \
4 | | \.‘
1 I |
n II | |
o I, . - S &_j.
] min
20— LR B - PR ] T T T Y
0.0 25 50 75 100 125 15.0 175 200 25 250
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.83 n.a. 25.967 8.243 4.83 n.a. BMB
2 17.77 n.a. 135.5569 162.461 9517 n.a. BMB*
Total: 161.526 170.704 100.00 0.000
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Y mAU WVL:270 nm
350—: 1-5.500
300+
250
200
1504
] 3e
100
504 | 2-28.667
] |
] I\
o] I Lo : | S~ ]
504 — T | T T I T T |I'nin_
0.0 50 10.0 150 20.0 250 30.0 370
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.50 n.a. 343.100 89.230 51.32 n.a. BMB
2 28.67 n.a. 36.167 84.644 48.68 n.a. BMB*
Total: 379.267 173.875 100.00 0.000
™ JmAu WWL:270 nm
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d \
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f '|I
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E I 1
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] | | \
5.0 ‘I |' \
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o_{k_w-wlwwﬂ—kf e A e
5.04— T — T T T I T T Tnm_
0.0 50 10.0 15.0 20.0 25.0 30.0 a7.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU mAU*min %
1 552 n.a. 15.326 4124 4.49 n.a. BMB*
2 28.65 n.a. 37.218 87.795 95 .51 n.a. BMB*
Total: 52.544 81.919 100.00 0.000
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P TmAU WVL270 nm
] 1-5458
500
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200—_ ‘ 3f
1004 \ 2-20283
4 N
] lI / \
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[ S NV H_ L _ —
-10‘3""|"‘\‘"|""|""|""|'min
00 50 100 150 200 250 320
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 5.48 n.a. 520.770 134.660 51.37 n.a. BMB
2 20.28 n.a. 82430 127.501  48.63 na. BMB*
Total: 603.200 262.160 100.00 0.000
Y ImAU WVL270 nm
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\
104 ||| |I \\
) ‘ | |
1 \ |
[ S—— WJIL_ﬁ__n,_I.'l L'_.___,M_, - - _Vll — — *¥~\ —
10— | I I — | I 'miq
0.0 50 10.0 15.0 20.0 250 30.1
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 5.48 n.a. 24.148 6.758 4.97 n.a. BMB
2 20.32 n.a. 83.354 129.158  95.03 na. BMB*
Total: 107.502 135.916 100.00 0.000
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JmAU 6433 WVL:270 nm
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1 | 2-223883
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o Ul l | i \
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0.0 5.0 10.0 15.0 20.0 250 320
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.13 n.a. 375447 122281  50.81 n.a. BMB
2 22.88 n.a. 69.952 118.379  49.19 na. BMB*
Total: 445.399 240.660 100.00 0.000
U TmAU WVL270 nm
| 2-22792
100+ | x',
- | II
: 4-Me-F|’h || "I
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] N N0 COgMe || \
i : |
] o
60 @‘ | ".
4 N | ‘|
— Boc | \
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40+ 39 .
i | \
i 1-6.142 |
1 \
1 I | \
20+ I \ \
1 I || \
i |\ || | .'I \\
| \_J\._J-" / ——
20 | i — i — | I | -
0.0 5.0 10.0 150 20.0 250 320
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.14 n.a. 28.721 10.877 5.60 na. BMB*
2 22.79 n.a. 105.883  183.238 9440 na. BMB*
Total: 134.604 194.114 100.00 0.000
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JmAU WVL:270 nm
881 1-28.542
751
63_: 4-OMe-Fl’h
] N’\N\_;O CO,Me
50-] 7
38 2-77.558
] 3h
251
13 J
0_:_r—*' - I ™
] min
-10 T T T L T T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 28.54 n.a. 84.680 77.502 50.69 n.a. BMB
2 77.56 n.a. 34.843 75.392  49.31 n.a. BMB
Total: 119.523 152.894 100.00 0.000
“Y TmAu WVL:270 nm
i 1 -28.700
20.0
15.&_
10.0—-
i 3h
5.0
0.0 J : | _2-79.700
1 min
-5.0 T T T \ T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 87
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 28.70 n.a. 21.154 20.329 96.16 n.a. BMB*
2 79.70 n.a. 0.465 0.812 3.84 n.a. BMB*
Total: 21.619 21.141 100.00 0.000
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' ImAU WVL270 nm
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] min
10— T T L U IS I IS IO ISR
0.0 50 10.0 15.0 200 250 300 350 40.0 450 50.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.32 n.a. 95.752 23.839 5B0.72 n.a. BMB*
2 41.37 n.a. 6.768 23.163 49.28 n.a. BMB*
Total: 102.520 47.002 100.00 0.000
U ThAD WVL270 nm
120+ 2-39.117
_ N\
100+ 1\
4 I| ‘ll
1 1-5283 ' \
80 [
] | I\I
60| | \
1 3i | I".
o] ‘ o
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20+ | \
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/ \
1
rlL._n.I.K\ S — — — T
1 min
L N A T T T LN P L I
0.0 5.0 10.0 15.0 200 25.0 300 350 40.0 450 50.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.28 n.a. 81.039 21.202 490 n.a. BMB
2 39.12 n.a. 115.682 411.930 95.10 n.a. BMB*
Total: 196.721 433.132 100.00 0.000
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= AU WYLIZT0
120 1-4.308
100
. 4-CF3-Fl>h
] N’\N\?O CO,Me
G- '
40-]
3
]
] | 2-33.317
c;—NI—L — . —
1 min
20— T ] R ] I T
-0.0 5.0 10.0 15,0 20.0 250 30.0 350 4.0 438
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min Yo
1 4.3 n.a. 119.746 38.747  51.56 n.a. EMBE
2 33.32 n.a. 10.981 36.405 4844 na.  BMB*
Total: 130.738 75.152  100.00 0.000
T mAL 2.32850  V/VL2I0Am
25.0- /\
|
1.4.333 } |
20.0- | \
[ ]
| |
5.0
5.0 | \
.
10 IZI—- / \
: J .
5.0- /I \
L] |
0.0 S S u"l
Frin
5.0 L T T T T T T
0.0 5.0 10,0 150 20.0 250 0.0 350 434
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min Yo
1 4,33 n.a. 21474 3.953 4.08 na.  BMB*
2 3285 n.a. 28,895 92923 9592 na.  BMB*
Total: 50.469 96.875 100.00 0.000
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U TmAU 1 6267 WVL:270 nm
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] min
L B B Bt IS OOt I L IS L B B
0.0 20 40 6.0 8.0 10.0 12.0 140 16.0 18.0 213
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 8.27 n.a. 331.260 113.142 5047 n.a. BMB
2 14.00 n.a. 107.190  111.016  49.53 n.a. BMB
Total: 438.450 224.158 100.00 0.000
™ |mAU WVL:270 nm
120 ﬁz -15.075
4 ‘-‘II
1 2,4-Cl,-Ph l' \
100 N |
| N =0 co,Me | |
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] ; | \
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N o | I|
1 Boc ‘ |
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] 3k [
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] i | |
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i I | \
] I | \
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] I |
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1 min
-20 T T T T T N 1 N 1 T
0.0 25 50 75 10.0 125 15.0 175 200 25 256
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.53 n.a. 37.441 15.135 9.87 n.a. BMB
2 15.08 n.a. 119858 138.219  90.13 n.a. BMB
Total: 157.399 153.354 100.00 0.000
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WVLIZTO nm

JmauU
1 1-d4.48%
50,04
1 3,4-Cly-Ph
400 N
1 N’\ O co,Me
30,04
20,0 3
10.0—
1 | 251758
i
0.0 A e
0.0 . : R — . . — — i
0.0 10,0 20.0 0.0 a0.0 50.0 [ 6.7
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 4.48 na. 52.366 8,740  50.91 n.a. BMB*
2 51.76 n.a. 1.896 9.390  49.09 na.__ BwmB*
Total: 54.262 19.130  100.00 0.000
" Imal WWLIZT0 nm
T0.0- 2-40.475
1 I{”'-
EEI.D—. |I \I
1 34-Clzph I
50.0— } \
] [
400 1-4450 | \
] I \
s00] R
1 3l |
20,0 / \
] |
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10,0+ /
ol b Y A
=100 1 T : r | : min
0.0 10,0 20,0 30,0 40.0 50.0 60.0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 445 n.a. 39,353 11.505 3.37 n.a. BMB*
2 49.48 n.a. 68.401 330331 96.63 na. _ BMB*
Total: 107.754  341.836 100.00 0.000

83




0. 45

0. 40

0. 35

0. 30
0. 25
F0.20
0. 15
0. 10
0. 05
0. 00

TE0°T
LTI'T
6ET'T
ISTT
L9S'T
0TI'T
6LOY
¥80'%
160
960'v
rv
801w
PITY
GIT'¥

6L ﬁ
TwIL /J
091,

£91°L
991°L
TLT'L
SLT'L
SLT'L
ver'L
90T'L
6IT'L
9TeL
8TEL
0TeL
LTEL
1€€°L
€EE°L
8€EL
TreEL
OFEL
S¥EL
9SE’L
09¢€°L
£9¢€°L
68¢°L
Tov'L
SIVL
89¥°L
08¥'L
£99°L
¥99°L
9L9L
8L9°L

£0T'8—

! / //[ Il

Tn.ﬁy
0z’

= ¥l

= £0'g

* 9o1'g

1|
60°T|
STt
€11
00°Tj
1011
88

L s i R e

3.5

4.5

£1 {ppm}

0. 0030

0. 0025

0. 0020

0. 0015
0. 0010

0. 0005
0. 0000

89EFI~
69€°91~

986°LT,
508

o

89T T9—

T0S"vL—

€09 ¥8~
L0658

LST'801
00811
L1F m:/
95t'TT1
106 EM
SET9TI—
98€°621-7
crriers
9ST'LET7
TLT6El
7869717
65T ﬁ%
S6T°6F1
109°951
ceezor
916917
TIS0LT

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
220

84



ULy

TmAU WVL270 nm
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i 11 -5.408
] [
500 ﬁh ||
1 N/\ \?O CO,Et “
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| | |I
] | || II‘.
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1 [ || |
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4 | | hY
0 . 1 k_'_ Lt \5_’_ —
40— S ) W \ \ - =
0.0 20 40 6.0 80 10.0 12.0 15.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.41 n.a. 567.900 134.997 50.03 n.a. BMB
2 8.72 n.a. 2687.937 134.824 49.97 n.a. BMB
Total: 835.837 269.820 100.00 0.000
SOUTmAD WVL270 nm
] 2-8.650
300+ I.".I
K]“ I
2504 NG O OaEt N
] : |
] [ |
ity |
i N~ O ‘ ‘
Boc | I
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150+ 3n N
4 | II
100 [
L
4 | I‘I
501 1-5.333 |' \
1 | I'\ "\
o] I o NS A S o N~ |
50 T T T T T T S
0.0 20 4.0 6.0 8.0 10.0 12.0 15.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 533 n.a. 34.902 9.082 5.00 n.a. BMB*
2 8.65 n.a. 305.654 172.625 385.00 n.a. BMB*
Total: 340.556 181.707 100.00 0.000
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4 TmAU WVL:270 nm
2?000_' ‘r|1 -4.100
1,500; H
] H 2-5050
h
! Il
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\‘ |
500 | ‘ I'. 30
) | | |‘
: ||I I'\I
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0.0 20 40 6.0 80 10.0 12.0 15.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 4.10 n.a. 2017.846 428.348 49.43 n.a. BM *
2 5.05 n.a. 1290.814 438.288 5057 n.a. MB*
Total: 3308.660 866.636 100.00 0.000
™Y ImAU WVL:270 nm
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750: min
0.0 20 40 60 80 100 13.0 15.0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 4.11 n.a. 35.734 10.849 7.18 n.a. Ru
2 5.16 n.a. 339.395 140.308 92.82 n.a. BMB
Total: 375.128 151.157 100.00 0.000
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“TmAU WVL:270 nm
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20 T T | | — Imin
0.0 2.0 40 6.0 8.0 10.0 12.0 15.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU mAU*min Y%
1 6.67 n.a. 102.246 31.971 49.75 n.a. BM
2 7.69 n.a. 75.549 32.287 50.25 n.a. MB
Total: 177.795 64.258 100.00 0.000
U TR WVL:270 nm
: 1-6.642
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) e o
_50' min
0.0 20 40 60 8’0 10.0 120 15.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU mAU*min %
1 6.64 n.a. 313.052 98.808 98.38 n.a. BMB
2 7.70 n.a. 4.772 1.630 1.62 n.a. BMB*
Total: 317.823 100.438 100.00 0.000
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mAU

] WVL:270 nm
2507 !-6.275
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_5(}7 ———T— . | | : Imm
0.0 5.0 10.0 15.0 20.0 250 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min Y%
1 6.28 n.a. 237.891 88.944 B0.57 n.a. BMB
2 17.59 n.a. 57.778 86.946 4943 n.a. BMB
Total: 295669 175.890 100.00 0.000
Y Jmau WVL270 nm
. 2-17.392
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04— T T T T I min
0.0 5.0 10.0 15.0 20.0 250 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.28 n.a. 23.788 8.029 5.00 n.a. BMB
2 17.39 n.a. 96.726 152.666  95.00 n.a. BMB*
Total: 120514 160.695 100.00 0.000
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FTmAU

WVL:270 nm
1 1-8.442
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_20: . Imin
0.0 50 100 150 200 250 300
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU mAU*min %
1 8.44 n.a. 168.399 89.876 51.10 n.a. BMB
2 23.70 n.a. 47.380 86.005 48.90 n.a. BMB
Total: 215.779 175.881 100.00 0.000
“YTnAU WVL.270 nm
1?5_5 Iﬁz -23.275
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g_:_ B A NNET & _\r___ ;" o S—
20 1 min
0.0 50 100 15.0 200 20 300
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU  mAU*min %
1 8.48 n.a. 30.663 17.413 554 n.a. BMB*
2 23.28 n.a. 175808 296.723 94 46 n.a. BMB*
Total: 206.471 314.136 100.00 0.000
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2UThAU WVL-270 nm
nw_s_azs
200/ ‘|
150 ‘
‘ 27600
100 |'|'|
] | |
| R 3
j |
50+ | | [
1 | I
1 ‘ | P
i | (-
| | )
| [ | \
0 S E—. RS- B _
S0 L - T - - | I L — | ‘min_
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 17.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.33 n.a. 227.058 50.228 50.34 n.a. BMB
2 7.60 n.a. 118.445 49.545  49.66 n.a. BMB
Total: 345.503 99.773 100.00 0.000
Y TmAU WVL270 nm
1 2-7667
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0.0 20 40 6.0 8.0 10.0 12.0 145
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.40 n.a. 52.297 14.260 3.89 n.a. BMB*
2 7.67 n.a. 716.217  352.748  96.11 n.a. BMB*
Total: 768.514 367.008 100.00 0.000
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™ Imau WVL:270 nm
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0.0 1.3 25 3.8 5.0 6.3 75 8.8 10.0 11.8
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 553 n.a. 118.966 31196 50.32 n.a. BMB
2 7.47 n.a. 66.363 30.799 4968 n.a. BMB
Total: 185.329 61.996 100.00 0.000
2UTmau 3} WVL270 nm
i 2-7.367
200 P
0] |
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F1755\?3
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L B I s B RO B ) ISR L L
0.0 50 10.0 15.0 20.0 25.0 30.0 35.0 39.4
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.53 n.a. 19.900 4.681 476 n.a. BMB*
2 7.37 n.a. 211.145 93.688 95.24 n.a. BMB
Total: 231.045 98.369 100.00 0.000
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0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 207
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 6.96 n.a. 119.267 52,589 4962 n.a. BM
2 8.36 n.a. 94.856 53.387 _ 50.38 n.a. MB
Total: 214123 105.976 100.00 0.000
U ImAU ) 83;30 WVL270 nm
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0.0 25 50 75 10.0 125 15.0 175 20.0 225
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 7.00 n.a. 28.297 12.028 5.10 n.a. BM *
2 8.35 n.a. 422221  223.604 94.90 n.a. MB*
Total: 450.518 235.632 100.00 0.000
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0.0 20 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0 200
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.86 n.a. 196.461 58.636  50.60 n.a. BMB
2 13.41 n.a. 55.732 57.243 4940 n.a. BMB
Total: 252194 115.879 100.00 0.000
“7* ImAU WVL:270 nm
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0.0 20 40 6.0 80 10.0 12.0 14.0 16.0 189
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 5.98 n.a. 37.480 10.830 466 n.a. BMB*
2 13.65 n.a. 202490 221.774 95.34 n.a. BMB*
Total: 239.970 232.605 100.00 0.000
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= ImAuU WVL:270 nm
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No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.24 n.a. 199.813 67.437 50.75 n.a. BMB
2 13.67 n.a. 62.171 65.433  49.25 n.a. BMB
Total: 261.984 132.871 100.00 0.000
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1 6.26 n.a. 38.832 13.135 4.81 n.a. BMB*
2 13.49 n.a. 243.556 260.149 95.19 n.a. BMB*
Total: 282.388 273.284 100.00 0.000
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0.0 5.0 10.0 15.0 20.0 250 300
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 8.61 n.a. 179.410 96.134  50.38 n.a. BMB
2 24.56 n.a. 52.094 94691 4962 n.a. BMB
Total: 231.505 190.825 100.00 0.000
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min mAU _ mAU*min %
1 8.66 n.a. 14.636 7.753 3.00 na. BMB*
2 23.98 n.a. 139.081  251.077  97.00 na. BMB*
Total: 153.717 258.830 100.00 0.000
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No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.79 n.a. 33.026 19.672  50.94 n.a. BMB
2 27.45 n.a. 9.573 18.949 49.06 n.a. BM B*
Total: 42.599 38.621  100.00 0.000
T4 TmAD - WVL270 nm
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min mAU _ mAU*min %
1 9.76 n.a. 12.198 7.316 3.25 n.a. BMB
2 26.24 n.a. 106.962 217.759 96.75 n.a. BMB*
Total: 119.160 225.075 100.00 0.000
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WWVL:270 nm

ImAU
] 11 -18.775
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20— 1 T " 1+ " " 1T ' ' " T ' "~ " T T ' T_T T ' 7] ‘
0.0 10.0 200 300 400 50.0 60.0 700 800 90.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 18.78 n.a. 131.138 150.921 50.82 n.a. BMB
2 46.68 n.a. 26.615 146.037 49.18 n.a. BMB*
Total: 157.754 296.958 100.00 0.000
£ AU WVL270 nm
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5.0 I I I | I I ;o
0.0 10.0 20.0 300 400 50.0 60.0 74.
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 19.35 n.a. 7.453 9.587 7.78 n.a. BMB*
2 47.88 n.a. 19.540  113.593  92.22 n.a. BMB*
Total: 26.993 123.181 100.00 0.000
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1507 mA0 WVL-270 nm
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0.0 10.0 20.0 300 400 500 60.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 18.11 n.a. 14.202 22,781  50.75 n.a. BMB*
2 46.55 n.a. 4.434 22106 49.25 n.a. BMB*
Total: 18.635 44.887 100.00 0.000
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No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 18.50 n.a. 6.1086 8.424 3.11 na. BMB*
2 43.65 n.a. 55.326 262.205  96.89 na. BMB*
Total: 61.432 270.629 100.00 0.000
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9.3 NMR spectra and HPLC chromatograms of derivatives
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min
5.0 T ™ T T T T T ]
0.0 20 40 6.0 8.0 10.0 12.0 140 175
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.18 n.a. 24.540 9.700 50.85 n.a. BMB
2 12.20 n.a. 6.561 9.375 4915 n.a. BMB*
Total: 31.101 19.075 100.00 0.000
'Y TmAU WVL:270 nm
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No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.23 n.a. 3.003 1.080 5.00 n.a. BMB*
2 12.20 n.a. 15.222 20.530 95.00 n.a. BMB*
Total: 18.224 21.610 100.00 0.000
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’ :mAU WWVL:270 nm
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No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 8.07 n.a. 35.700 17.528 4852 n.a. BMB*
2 10.26 n.a. 35.601 18.601 5148 na. BMB*
Total: 71.301 36.129 100.00 0.000
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No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 8.15 n.a. 20.887 8813 952 n.a. BMB*
2 10.28 n.a. 166.478 83.765  90.48 n.a. BMB
Total: 187.365 92.577 100.00 0.000
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Tmau WVL:270 nm
| 2-23408
10.01 Il
| i
i I
8.0 I| ||
] 1-15.867 | \ Ph,
6.0 , | ‘ N0 coome
] \II II"l | | E
40 | n
A |
1 |I ||I| { I'
\ \ ‘
) f \ | I|
i |
20 . P
] [ b
I o]
0.0+ ‘ f \
_\\JI} Lﬂ /I \ I| \'\.
: "'VV\V.' \\)/I
201 e - _
A ! T T 1 L I o
0.0 50 10.0 15.0 20.0 250 30.0 35.0 419
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 15.87 n.a. 8.170 21.251  49.99 na. BMB*
2 23.41 n.a. 12.370 21.257  50.01 na.  BMB*
Total: 20.540 42.508 100.00 0.000
SUUTRAD WVL270 nm]
| 2-22683
f
i ||I‘
40,04 | '|
[
B
4 | |
| Ph\ |
30,04 /N\{/O COOMe ‘ "
] Ny G | ||
1 | ||
1 Boc | |I
20}0- [
|
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| i
10.0+ ‘l \
J | I".I
1 1-15.350 I| '
4 II
0.04 — —V —\r\_
i hﬂ_“"“_‘——-—u_
SO "|""\""|""|"'|"'|"r'nln
0.0 50 100 150 200 250 300 350 3
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 15.35 n.a. 3.802 8.309 9.94 na. BMB*
2 22.68 n.a. 45.771 75.263  90.08 na. _ BMB*
Total: 49573 83.572 100.00 0.000
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UTmAU WVL-270 nm
1 |1-13_308
1204 ||‘
- ‘\‘
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o] \‘
] \
1 |
40 ‘ |
. | 2-38525
i |
204 ‘ |‘ |
1 | /
0—_ e J — VA
1 min
-20 T T ] T T T T
0.0 5.0 10.0 15.0 20.0 250 300 35.0 400 43
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 13.31 n.a. 130.405 94.347 50.66 n.a. BMB*
2 38.53 n.a. 31.145 91.887 49.34 n.a. BMB*
Total: 161.550 186.234 100.00 0.000
quu — —
JmAU 2-377%2 WVL:270 nm
] i
350 A
] [ 1
30.01 || \
1 \ '\
25.0-] |
] | |
2007 || \
] .
15.04 | \.
1 ! '*
10,0 | \
] |
- |
50 .'1 -13.325 I|
] . [ f
L A )
0.0 ‘Ww - ‘h,-_ b
] min
L P B s B S R
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 483
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 13.33 n.a. 4.973 3.885 3.42 n.a. BMB*
2 37.79 n.a. 37179  109.864 96.58 n.a. BMB*
Total: 42151 113.750 100.00 0.000
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9.4 HPLC chromatograms of gram-scale reaction

JmAU WVL:270 nm
300-] 1-6.333
250-]
J ITh
1 N
200
150
100
] 3a 2-16.517
50
o — L
-50- T T T T T T T T min
0.0 25 5.0 7.5 10.0 125 15.0 17.5 20.0 22.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.33 n.a. 283.297 90.137 49.24 n.a. BMB
2 16.52 n.a. 83.525 92.927  50.76 n.a. BMB
Total: 366.822 183.065 100.00 0.000
U TmAU WVL:270 nm
3507 2-16.025
300 Fh
] N
250-]
] w
ZOUi
150
1 3a
100
] 1-6.458
507
0_:‘_,,_,_,__r\—._._,/\.l | |
] min
-50 T T T T T T T T T
0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225 25.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.46 n.a. 53.882 18.659 4.92 n.a. BMB
2 16.03 n.a. 334.086 _ 360.235  95.08 n.a. BMB
Total: 387.968 378.894 100.00 0.000
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1,1'-di-tert-butyl 4'-methyl (3R,3'R)-2,5'"-dioxo-1",3"-diphenyl-1",5"-dihydro-
1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate (3dd).

Fh 31.9 mg, 48% yield, white solid, mp 97.5 —99.1 °C; HPLC (Daicel

N’\N\:;O CO,Me

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270

é}N Boc nm): tr = 7.36 min (minor), tr = 24.03 min (major); 89% ee, [0]D*
o = -250.3 (c = 0.45, MeOH). 'H NMR (600 MHz, DMSO-ds, 60 °C)
§8.32 (s, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.63 — 7.55 (m, 2H), 7.53 — 7.47 (m, 2H), 7.47
—7.41 (m, 4H), 7.40 — 7.34 (m, 3H), 7.22 (t, J= 7.2, 1H), 7.20 — 7.15 (m, 1H), 3.65 (s,
3H), 1.32 (s, 9H), 0.97 (s, 9H). 3C NMR (150 MHz, DMSO-ds, 60 °C) & 169.6, 169.2,
163.4,154.5,149.3, 148.1, 146.7, 139.7, 136.9, 131.5, 131.3, 130.8, 129.5, 128.8, 127.8,
126.6, 125.8, 124.8, 119.8, 114.9, 109.1, 84.8, 74.6, 52.5, 27.9, 27.5. HRMS (ESI-TOF)

m/z: [M+Na]" Calcd for C37H36N4Os 687.2425; Found 687.2419.

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3'-isopropyl-2,5''-dioxo-1'"-phenyl-1'"",5"-
dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate
(3ee).

Fn 15.0 mg, 24% yield, white solid, mp 78.5 — 80.2 °C; HPLC (Daicel
Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270
“““ Boc nm): tg = 5.16 min (minor), tr = 14.51 min (major); 76% ee, [a]D*°

=—-220.1 (¢ = 0.45, MeOH). '"H NMR (600 MHz, DMSO-ds, 60 °C)
0 8.19 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.46 (d, J= 7.8 Hz, 1H), 7.43 — 7.28 (m, 5H),
7.20—-7.16 (m, 2H), 3.63 (s, 3H), 2.95 (q, /= 7.2 Hz, 1H), 1.54 (s, 9H), 1.24 (d, /= 6.6
Hz, 3H), 1.11 (s, 9H), 1.03 (d, J = 6.6 Hz, 3H). 3C NMR (150 MHz, DMSO-ds, 60 °C)
0 170.8, 169.2, 163.3, 151.6, 149.1, 148.2, 146.2, 139.1, 137.4, 131.5, 129.4, 126.3,
126.2, 124.8, 119.5, 114.7, 108.9, 85.8, 74.6, 52.3, 30.3, 28.0, 27.5, 22.6, 20.3. HRMS

(ESI-TOF) m/z: [M+Na]" Calcd for C34H3sN4Os 653.2582; Found 653.2580.
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Zanr :m.ﬁ.Ll WWLIZTO m
4 1-7.325
] |
175
150+
125
100-]
75 |
504 |
] | 2-23.058
25 | ||
|
: |
I | WS | M. 1 _/{{ —
=20 T T — T T T Iiﬂ"l-|
0.0 5.0 10.0 15.0 20,0 250 0.2
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min Yo
1 7.33 n.a. 197.280 102.081  51.86 n.a. EMBE
2 23.96 n.a 38,377 B4.753 4814 na.___ BMB*
Total: 236.656 196.833 100.00 0.000
T mau WAVLIZTO nm
2-24033
40.0+
R
a
30.04 | |
| \
! \
20.0
o
! u
1-7.358 } \
10.04 |
| | \
_ I, .
|
00— Al - e -
5.0 T LI T T L mo
0.0 5.0 10,0 15.0 20,0 250 326
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo
1 7.36 n.a. 11.763 6.181 542 n.a. EMB
2 24.03 n.a 42,870 107932 9458 na.___ BMB*
Total: 54.634 114112  100.00 0.000
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|mau WVL:270 nm
i 1-5.125
100+
80—- Fl,h
4 N g0 co,Me
60 7
40
] 3ee 2-14.642
20
- “ﬂl T V"
-20 — T I T T T T | S
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 19.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 5.13 n.a. 100.505 26.946  50.61 n.a. BMB
2 14.64 n.a. 29.162 26.295  49.39 n.a. BMB
Total: 129.667 53.241 100.00 0.000
77 mAu WVL:270 nm
- 2-14.508
40.0-
30‘0_‘ 1-5.158
20.0-
10.0
5.0 e | T T T I T "
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 212
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 5.16 n.a. 29.018 6.677 12.05 na. BMB*
2 14.51 n.a. 49.707 48.733  87.95 n.a. BMB
Total: 78.725 55410 100.00 0.000
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