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Abstract

An efficient 1,3-dipolar cycloaddition of 3-ylideneoxindoles with in situ-generated a-diazoketones to
potentially biological active spiro[pyrazolin-3,3’-oxindoles] 4 with excellent regioselectivity and

diastereoselectivity and synthetically wuseful building block 3-arylcarbonylmethyl substituted
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ylideneoxindoles 5 in different conditions has been developed. This method has advantages of mild

conditions, simple work-up, wide substrate scopes as well as without using any transition metal catalyst.

Introduction

The spirocyclic oxindoles as an ubiquitous skeleton are widely found in both natural alkaloids and
synthetic therapeutic agents.l’ 2 Owing to the importance in modern organic synthetic and medicinal
chemistry, numerous efficient synthetic strategies to construct these diverse spirocyclic oxindole
derivatives have been developed over the past decades.’ Spiro[pyrazolin-3,3’-oxindoles] are not only a
kind of heterocyclic compounds with biologically activities,® but also important intermediates for the
transformation to spiro[cyclopropyl-3,3’-oxindoles] and other compounds. 1,3-Dipolar cycloaddition of
3-ylidene-oxindoles and a-diazocarbonyl compounds is a straightforward approach for the construction
of spiro[pyrazolin-3,3’-oxindoles] (Scheme 1).”® However, a-diazocarbonyl compounds are not stable,
hazardous and potentially explosive, which limited the application of a-diazocarbonyl compounds in
laboratory and industry. Recently, a method of in situ-generated a-diazocarbonyl compounds using
arylglyoxal monohydrate and tosylhydrazine as the substrates were developed and their application in
the [3+2] cycloaddition additions were documented.”

On the other hand, the highly functionalized 1,4-enedione derivatives have attracted extensive
research interest from synthetic and medical chemists, which are building blocks for the synthesis of
various heterocylic compounds such as furans, pyrroles, thiophenes, pyrazines, hydantoins, isoxazoles,
and indolizines.® As part of our ongoing research program on developing new cascade reactions to
construct carbo- and heterocyclic systems,6’ ? we have recently developed 1,3-dipolar cycloaddition of 3-
ylideneoxindoles with in situ-generated o-diazoketones under metal-free conditions. The reaction
provides a convenient approach to potentially biological active spiro[pyrazolin-3,3’-oxindoles] 4 with
excellent regioselectivity and diastereoselectivity, synthetically useful building block and highly
functionalized 3-arylcarbonylmethyl substituted ylideneoxindoles S in high yields in different conditions

(Scheme 1, Eq. 4).
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Scheme 1 The [3+2] cycloadditions of 3-ylideneoxindoles and a-diazo compounds for the synthesis

of spiro[pyrazolin-3,3’-oxindoles]
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Results and Discussion

Initially, tert-butyl (E)-2-(1-benzyl-2-oxoindolin-3-ylidene)acetate la was chosen as the model

substrate to react with o-diazoacetophenone, which was generated in situ from phenylglyoxal
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monohydrate 2a and TsNHNH, 3 in DMSO at room temperature. To our delight, the initial [3+2]

cycloaddition occurred smoothly to give the corresponding cycloadduct 4a in 80% isolated yield with

excellent regioselectivity and diastereoselectivity (Table 1, entry 1). This result encouraged us to

investigate other reaction parameters to further improve the reaction efficiency. Subsequently, a variety

of bases were evaluated, it was found that the bases have remarkable effect on the reaction efficiency,

Cs,COs3, K,CO3, KOH, and DBU can trigger the reaction and gave the desired product 4a in good yields

(Table 1, entries 1-4), and DBU gave the best result (Table 1, entry 4); However, DMAP, Et;N are not

effective base in this [3+2] cycloaddition (Table 1, entries 5-6). Then, a brief screen of reaction medium

showed that DMSO was still the best solvent of choice (Table 1, entry 4), and the protic solvent EtOH,

medium polar solvent DCM, THF and CH3;CN proved detrimental for the reaction (Table 1, entries 7-

10).

Table 1. Optimization of reaction conditions”

t-BuO B PhOC
J Q on DBU (3 equiv) ’
N O+ Ph)SO/H + TSNHNR, Solvent, rt,
i3n 20 min
1a 2a 3 - N
entry base solvent yieldof  drof entry base solvent yieldof  drof
4a[%]>  4a° 4a[%]"  4a°
1 Cs,CO; DMSO 80 >20:1 6 EsN - DMSO 15 n.d.
2 K,CO; DMSO 7 >20:1 7 DBU EtOH 40 n.d.
3 KOH DMSO 72 >20:1 8 DBU  CH;CN 70 >20:1
4 DBU DMSO 83 >20:1 9 DBU THF 62 >20:1
5 DMAP DMSO 45 n.d.? 10 DBU DCM 46 n.d.

“Reaction conditions: 1a (0.5 mmol), 2a (0.5 mmol), TSNHNH, (0.5 mmol), base (1.5 mmol, 3 equiv.),
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solvent (2.5 mL). * Isolated yields based on 1a. “ Determined by "H NMR analysis. “Not determined.

Under the optimized reaction condition, we then investigated the substrate scope of this [3+2]
cycloaddition reaction. As shown in Scheme 2, a variety of arylglyoxal monohydrates 2 were found to
be suitable for the reaction. Both electron-donating (e.g. Me and MeO) and electron-withdrawing groups
(e.g. F, Cl, Br and NO,) were well tolerated under the reaction conditions, and the corresponding
spiro[pyrazolin-3,3’-oxindoles] 4a-i were obtained in a range of 69-90% yields with > 20:1 dr values
(Scheme 2, 4a-4i). Notably, the above-mentioned halo-substituted products allowed for further
transformations through transition metal-catalyzed cross-coupling reactions. Moreover, naphthyl and
furyl-substituted substrates were also compatible here (Scheme 2, 4j-4k: 87% and 75% yields).

As shown in Scheme 2, a wide range of 3-ylideneoxindoles were also found to be suitable for the
reaction. Both electron-donating (e.g. Me) and electron-withdrawing groups (e.g. Cl and Br) were
compatible well and the desired products 41-o0 were obtained in a range of 82-90% yields with > 20:1 dr
values. Then, the effect of N-protecting groups and variation of ester moiety of 3-ylideneoxindoles were
also examined. Importantly, variation of ester moieties (e.g. Me, Et, and '‘Bu) had less effect on both
reaction efficiency and stereo-selectivity (Scheme 2, 4a, 4p-4q). Moreover, the 3-ylideneoxindoles with
N-protecting groups, such as methyl, or without protection groups could participate in this reaction very
well to provide the corresponding products 4r and 4s in 91% and 83% yields, respectively. It is
noteworthy that the reaction can also be successfully extended to benzoyl-substituted 3-
ylideneoxindoles. For example, benzoyl-substituted component was compatible well and the desired
products 4t and 4u were obtained in moderate yields (Scheme 2, 4a, 4t-4u). All of these products have
been fully characterized by IR, 'H NMR, Bc NMR, and HRMS analysis. The structure and
stereochemistry of the product 4t was also unambiguously confirmed by single-crystal X-ray analysis
(see supporting information).

Scheme 2. Scope of the [3+2] cycloaddition/1,3-H shift sequence reaction”
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Interestingly, when tert-butyl (E)-2-(1-benzyl-2-oxoindolin-3-ylidene)acetate la reacted with a-
diazoacetophenone, which was generated in situ from phenylglyoxal monohydrate 2a and TsNHNH, 3
in the presence of Cs;CO; in DMSO at 80 °C, an unprecedented decomposition product 3-
benzoylmethyl substituted 3-ylideneoxindole Sa was obtained in 70% isolated yield (Table 2, entry 1).
This result encouraged us to explore reaction parameters to further improve the reaction efficiency. As
shown in Table 2, a variety of bases such as Cs,CO3;, NaOH, Na,CO3; and DBU were also evaluated
(Table 2, entries 1-4), and NaOH gave the highest yield (Table 2, entry 4); Subsequently, a brief screen
of reaction medium showed that DMSO was still the best solvent of choice (Table 2, entries 2, 5-9).
Finally, the reaction temperature was also explored (Table 2, entries 2, 10-12), the results indicated that
80 °C is the most suitable temperature, and elevating or decreasing the reaction temperature cannot
improve the reaction efficiency (Table 2, entries 10-12).

Table 2. Optimization of reaction conditions for synthesis of 5a“

t-BuO o
/ Q Base (3 equiv)
0+ Ph)S/OH+ TSNHNH, —————
N OH Solvent, temp.
Bn
1a 2a 3
entry  base  solvent temp t yield | entry base  solvent temp t yield
[° C] (min) of [° (min) of
4a[%]" Cl 4a[%]"
1 Cs,CO; DMSO 80 20 70 7 NaOH CH;CN 80 60 42
2 NaOH DMSO 80 20 85 8 NaOH Dioxane 80 120 38
3 Na,CO; DMSO 80 120 58 9 NaOH Toluene 80 120 25
4 DBU DMSO 80 120 62 10 NaOH DMSO 60 60 35
5 NaOH DMF 80 20 78 11 NaOH DMSO 100 20 81
6 NaOH EtOH 80 20 36 12 NaOH DMSO 110 20 78
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“Reaction conditions: 1a (0.5 mmol), 2a (0.5 mmol), TSNHNH, (0.5 mmol), base (1.5 mmol, 3 equiv.),

solvent (2.5 mL). * Isolated yields based on 1a.

With the optimized reaction condition in hand, we then investigated the substrate scope of this [3+2]
cycloaddition/decomposition cascade reactions. As shown in Scheme 3, a variety of 3-ylideneoxindoles
substrates 1 and arylglyoxal monohydrates 2 were found to be compatible for the reactions and gave the
desired products Sa-Sr in 75%-95% yields. All of these products S have been fully characterized by IR,
'H NMR, °C NMR, and HRMS analysis. The structure and stereochemistry of the product Sp was also
unambiguously confirmed by single-crystal X-ray analysis (see supporting information).

Scheme 3. Scope of the [3+2] cycloaddition/decomposition sequence reaction”
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Scheme 4. A gram-scale reaction of the [3+2] cycloaddition/decomposition reaction and some of

control experiments

A gram scale reaction

O 00
Ph Ph Ph
/ 0] NaOH (3 equiv) /
o+ ph)KKOH+ TsNHNH, o) (1)
N OH ° N
En DMSO, 80 C b
1 2 | 3 | 5r
5 mmo 5 mmo
5 mmol 53% yield
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i )
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2a 1a
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6 Bn Bn
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Buo,c.  COPh
NaOH (3.0 equiv) /
> (e}
DMSO, 80°C N )
Bn
5a, 72% vyield
DMSO, 80°C
No Reaction (5)

Moreover, a gram-scale reaction of the [3+2] cycloaddition/decomposition reaction was performed,

the desired product Sr was obtained in 53% yield (1.21 g) (Scheme 4, eq. 1). In addition, some of
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control reactions were carried out in order to gain more insights into the mechanism. Firstly, no reaction
occurred according to the reaction condition of the model reaction in the absence of TsNHNH, (Scheme
4, eq 2). Subsequently, when a-diazoacetophenone 6 reacted with tert-butyl (E)-2-(1-benzyl-2-
oxoindolin-3-ylidene)acetate 1a in the presence of NaOH in DMSO at 80°C, the desired product Sa was
obtained in 58% yield (Scheme 4, eq 3). Moreover, 4a was transformed to 5a in 72% yield in the
presence of NaOH in DMSO at 80°C (Scheme 4, eq 4). However, in the absence of NaOH, the reaction
did not occur (Scheme 4, eq 5).

Based on our control experimental results and the related literatures,” a possible mechanism is
proposed (Scheme 5). Firstly, phenylglyoxal monohydrate 2a reacts with TsSNHNH, to generate the
corresponding hydrazone intermediate A, which can subsequently translate to a-diazoacetophenone B in
the presence of a base. The [3+2] cycloaddition of a-diazoacetophenone B with tert-butyl (E)-2-(1-
benzyl-2-oxoindolin-3-ylidene)acetate 1a yields intermediate C, product 4 is obtained through the
proton transfer between intermediate D and E in the presence of DBU. Moreover, intermediate G is
formed by the deprotonation of C in the presence of NaOH, followed by the release of a nitrogen gas in
a higher temperature (80°C); then, the protonation of G can yield product 5.

In summary, we have developed 1,3-dipolar cycloaddition of 3-ylideneoxindoles with in situ-
generated a-diazoketones wunder transition metal-free conditions. This method provided a
straightforward approach to highly substituted and functionalized potential biologically spiro[pyrazolin-
3,3’-oxindoles] 4 in high yields with excellent regioselectivity and diastereoselectivity. Moreover, an
unprecedented sequential [3+2] cycloaddition/decomposition reaction promoted in the presence of
NaOH at 80°C was also disclosed, which provides an access to synthetically useful building block 3-
arylcarbonylmethyl substituted ylideneoxindoles 5.

Scheme 5 A possible mechanism

11
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Experimental Section

Unless otherwise noted, materials were purchased from commercial suppliers and used without further
purification. All the solvents were treated according to general methods. Flash column chromatography
was performed using 200-300 mesh silica gel, and reactions were monitored by thin layer
chromatography (TLC). Melting points were determined with a WRS-1B digital melting point
apparatus, and the thermometer was uncorrected. 1H NMR spectra were recorded on 400 or 600 MHz
spectrometers in CDCl3 or DMSO-d6. Chemical shifts (8) are reported in ppm relative to the singlet (0
ppm) for tetramethylsilane (TMS). Data are reported as follows: chemical shift, multiplicity (s = singlet,
d = doublet, t = triplet, dd = doublet of doublets, m = multiplet), coupling constants (Hz) and
integration. 13C NMR spectra were recorded on 100 or 150 MHz with complete proton decoupling
spectrophotometers (CDCI3: 77.0 ppm). HRMS was recorded on Agilent technologies 6224 TOF
LC/MS instrument or Bruker ultrafleXtreme MALDI-TOF/TOF mass spectrometer. X-ray diffraction

analysis was carried out with a Bruker APEX-II CCD X-ray diffraction instrument.
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General procedure for the synthesis of 3-ylideneoxindoles. °® To a stirred solution of tert-butyl 2-
(triphenylphosphoranylidene) acetate (11 mmol, 1.1 eq.) in anhydrous THF (30 mL), the N-
benzylindoline-2, 3-dione (10 mmol, 1.0 equiv.) was added at 0 °C. The mixture was stirred at the same
temperature until the reaction was completed monitored by TLC analysis. The crude product was
purified by flash chromatography on silica gel (petroleum ether/ ethyl acetate 5:1). Compound 1a was
obtained as a red solid (2.78 g, 83% yield).

The other 3-ylideneoxindoles were prepared according to the above procedure.

General procedure for the sequential [3+2] Cycloaddition/1,3-H shift reaction for the preparation
of products 4. The 3-ylideneoxindole 1 (0.50 mmol), arylglyoxal monohydrate 2 (0.50 mmol) and
TsNHNH; 3 (93 mg, 0.50 mmol) were stirred in 2.0 mL of DMSO at room temperature in a 10 mL
schlenk tube for 5 min. Then, the solution of DBU (228 mg, 1.50 mmol) (3 equiv.) in 0.5 mL of DMSO
was added dropwise slowly and the reaction mixture was stirred at room temperature for 20-60 min.
Upon the completion of the reaction (monitored by TLC), the reaction mixture was cooled to room
temperature and diluted with water (5 mL) and extracted with EtOAc (3 times). The organic layers were
combined and washed with brine, dried over anhydrous Na,SO,. After the solvent was removed under
reduced pressure, the crude product was purified by flash column chromatography on silica gel

(petroleum ether/EtOAc =5:1) to afford the desired product 4.

tert-butyl 5'-benzoyl-1-benzyl-2-oxo-2',4'-dihydrospiro [indoline-3,3'-pyrazole]-4'-carboxylate  (4a):
colorless solid; yield 200 mg (83%); mp 157.8-159.2 °C; dr > 20:1; '"H NMR (600 MHz, CDCl3) & (ppm)
=8.18 (d,J =7.8 Hz, 2H), 7.56 (t, ] = 7.2 Hz, 1H), 7.46 (t,J = 7.2 Hz, 2H), 7.22-7.34 (m, 7H), 7.02 (t,J
=7.2 Hz, 1H), 6.75 (d, ] =7.2 Hz, 1H), 6.66 (s, 1H), 5.11 (d, J = 15.6 Hz, 1H), 4.80 (s, 1H), 4.73 (d,J =
15.6 Hz, 1H), 1.02 (s, 9H); *C NMR (100 MHz, CDCl5) 6 (ppm) =186.2, 175.6, 165.1, 146.1, 142.4,
136.3, 134.8, 132.4, 130.4, 129.7, 128.6, 128.3, 127.8, 127.6, 127.0, 125.7, 123.0, 109.3, 82.1, 71.9,
60.6, 44.21, 27.41; HRMS (ESI) m/z [M-H] calcd for Cy9H6N304 480.1929, found 480.1942; IR(KBr,
cm™) v 3500, 3351, 3030, 2968, 1729, 1642, 1613, 1551, 1368.

tert-butyl  1-benzyl-5'-(4-methylbenzoyl)-2-oxo-2',4'-dihydrospiro  [indoline-3,3"-pyrazole] -4'-
carboxylate (4b): colorless solid; yield 210 mg (85%); mp 83.8-84.9 °C; dr > 20:1; '"H NMR (600 MHz,
CDCls) 6 (ppm) = 8.11 (d, J = 7.8 Hz, 2H), 7.27-7.34 (m, 9H), 7.02 (t, J = 7.2 Hz, 1H), 6.75 (d, ] = 7.8
Hz, 1H), 6.53 (s, 1H), 5.10 (d, J = 15.6 Hz, 1H), 4.81 (s, 1H), 4.75 (d, J = 15.6 Hz, 1H), 2.42 (s, 3H),
1.03 (s, 9H); *C NMR (100 MHz, CDCl5) 6 (ppm) = 185.9, 175.6, 165.1, 146.8, 143.2, 142.4, 134.8,
133.7, 130.4, 129.9, 128.7, 128.6, 127.7, 127.1, 125.9, 125.8, 123.0, 109.3, 82.1, 71.8, 60.9, 44.4, 27.5,
21.8; HRMS (ESI) m/z [M+H]" calcd for C30H30N304 496.2231, found 496.2226; IR (KBr, cm'l) v 3451,
3335, 3063, 2978, 1730, 1609, 1646, 1178, 1154.

13
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tert-butyl 1-benzyl-5'-(2-methylbenzoyl)-2-oxo-2'"4'-dihydrospiro[indoline-3,3'-pyrazole] -4'-

carboxylate (4c¢): colorless solid; yield 218 mg (88%); mp 192.8-193.3 °C; dr > 20:1; '"H NMR (400
MHz, CDCl3) 0 (ppm) = 7.64 (d, J = 6.8 Hz, 1H), 7.27-7.34 (m, 6H), 7.22-7.25 (m, 4H), 7.02 (t, J = 7.2
Hz, 1H), 6.74 (d, ] = 8.0 Hz, 1H), 6.56 (s, 1H), 5.11 (d, J = 16.0 Hz, 1H), 4.76 (s, 1H), 4.71 (d,J = 15.6
Hz, 1H), 2.47 (s, 3H), 1.05 (s, 9H); *C NMR (150 MHz, CDCls) 6 (ppm) = 190.7, 175.7, 165.3, 147.5,
142.6, 137.5, 137.1, 134.9, 130.9, 130.8, 130.7, 129.3, 128.9, 127.9, 127.3, 126.0, 125.8, 125.0, 123.3,
109.5, 82.4,72.7,59.9, 44.3, 27.4, 20.1; HRMS (ESI) m/z [M-H] calcd for C30H,3N304 494.2085, found
494.2097; IR (KBr, cm™) v 3442, 2930, 1723, 1646, 1613, 1487.

tert-butyl 1-benzyl-5'-(4-methoxybenzoyl)-2-oxo-2',4'-dihydrospiro[indoline-3,3"-pyrazole ] -4'-
carboxylate (4d): yellow oil; yield 230 mg (90%); dr > 20:1; "H NMR (600 MHz, CDCls) ¢ (ppm) =
8.23 (s, 2H), 7.18-7.30 (m, 7H), 6.90-6.96 (m, 4H), 6.69 (s, 1H), 5.07 (d, J = 14.4 Hz, 1H), 4.74 (s, 1H),
4.64 (d, J = 15.6 Hz, 1H), 3.82 (s, 3H), 0.99 (s, 9H); *C NMR (150 MHz, CDCl3) 6 (ppm) = 184.7,
175.8, 165.34, 163.1, 146.6, 142.4, 134.9, 132.2, 130.4, 129.1, 128.7, 127.6, 127.1, 125.9, 125.7, 123.0,
113.2, 109.2, 81.9, 71.6, 60.7, 55.23, 44.0, 27.2; HRMS (ESI) m/z [M+H] caled for C3yH3N3Os
512.2180, found 512.2169; IR (KBr, cm™) v 3444, 3063, 2977, 1729, 1600, 1572, 1369, 1160.

tert-butyl 1-benzyl-5'-(4-fluorobenzoyl)-2-oxo-2',4'"-dihydrospiro[indoline-3,3'-pyrazole] -4'-carboxylate
(4e): colorless solid; yield 205 mg (82%); mp 82.7-83.5 °C; dr > 20:1; '"H NMR (600 MHz, CDCl3) ¢
(ppm) = 8.27 (dd, J = 6.0 Hz, J = 7.8 Hz, 2H), 7.23-7.34 (m, 6H), 7.13 (t, ] = 8.4 Hz, 2H), 7.02 (t,J =
7.8 Hz, 2H), 6.76 (d, J = 7.8 Hz, 1H), 6.63 (s, 1H), 5.11 (d, J = 15.6 Hz, 1H), 4.79 (s, 1H), 4.74 (d, ] =
15.6 Hz, 1H), 1.03 (s, 9H); >C NMR (150 MHz, CDCls) J (ppm) = 184.8, 175.8, 165.4, 147.1, 146.7,
142.7, 134.9, 132.7, 130.7, 128.9, 127.9, 127.3, 126.0, 125.8, 123.3, 115.2 (d, J = 21.5 Hz), 109.5, 82.3,
71.8, 60.7, 44.3, 27.4; HRMS (ESI) m/z [M-H] calcd for Cy9H»5N304F 498.1835, found 498.1846; IR
(KBr, cm™) v 3448, 2979, 1729, 1634, 1487, 1369, 1233.

tert-butyl 1-benzyl-5'-(4-chlorobenzoyl)-2-oxo-2',4'-dihydrospiro[indoline-3,3"-pyrazole] -4'-
carboxylate (4f): colorless solid; yield 209 mg (81%); mp 158.6-160.2 °C; dr > 20:1; '"H NMR (600
MHz, CDCl3) é (ppm) = 8.13 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.27-7.31 (m, 6H), 7.21 (t,J
=7.8 Hz, 1H), 6.97-6.99 (m, 2H), 6.71 (d, J = 7.8 Hz, 1H), 5.08 (d, J = 15.6 Hz, 1H), 4.71 (s, 1H), 4.65
(d, T = 15.6 Hz, 1H), 1.01 (s, 9H); °C NMR (150 MHz, CDCl3) J (ppm) = 184.9, 175.7, 165.3, 146.0,
142.6, 138.9, 134.8, 134.7, 131.4, 130.6, 128.8, 128.3, 127.8, 127.1, 125.9, 125.6, 123.2, 109.4, 82.2,
71.8, 60.4, 44.1, 27.3; HRMS (ESI) m/z [M-H] calcd for C,9H,5N304Cl 514.1539, found 514.1553; IR
(KBr, cm™) v 3448, 2979, 1728, 1632, 1548, 1468, 1369.

tert-butyl 1-benzyl-5'-(4-bromobenzoyl)-2-oxo-2'",4'-dihydrospiro[indoline-3,3"-pyrazole ]-4'-
carboxylate (4g): colorless solid; yield 224 mg (80%); mp 158.2-159.8 °C; dr > 20:1; '"H NMR (600
MHz, CDCl3) 6 (ppm) = 8.03 (d, J = 7.8 Hz, 2H), 7.53 (d, J = 7.2 Hz, 2H), 7.18-7.29 (m, 8H), 6.96 (t,J
=72 Hz, 1H), 6.69 (d, J = 7.8 Hz, 1H), 5.07 (d, J = 15.6 Hz, 1H), 4.68 (s, 1H), 4.61 (d, J = 15.0 Hz,
1H), 1.00 (s, 9H); °C NMR (150 MHz, CDCl3) J (ppm) = 185.0, 175.7, 165.2, 142.4, 135.1, 134.8,
134.2,131.4, 131.1, 130.5, 128.7, 127.7, 127.5, 127.0, 125.8, 125.5, 123.1, 109.3, 82.1, 71.8, 60.2, 44.0,
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27.2. HRMS (ESI) m/z [M-H] calcd for CyoHysN3O4Br 558.1034, found 558.1042; IR (KBr, cm™) v
3450, 3272, 3068, 2977, 1744, 1705, 1631, 1585, 1476, 1328.

tert-butyl 1-benzyl-5'-(4-nitrobenzoyl)-2-oxo-2'4'-dihydrospiro[indoline-3,3"-pyrazole] -4'-carboxylate
(4h): colorless solid; yield 189 mg (72%); mp 123.9-125.1 °C; dr > 20:1; "H NMR (400 MHz, CDCl3) §
(ppm) = 8.31 (d, ] = 9.2 Hz, 2H), 8.25 (d, J = 8.8 Hz, 2H), 7.24-7.32 (m, 6H), 7.01 (t, ] = 7.6 Hz, 1H),
6.84 (s, 1H), 6.75 (d, ] = 7.6 Hz, 1H), 5.10 (d, J = 15.6 Hz, 1H), 4.74 (s, 1H), 4.70 (d, J = 14.8 Hz, 2H),
1.05 (s, 9H); >C NMR (100 MHz, CDCl5) 6 (ppm) = 184.2, 175.2, 164.9, 149.6, 145.6, 142.6, 141.3,
134.6, 130,8, 130.7, 128.8, 127.8, 127.0, 126.0, 125.2, 123.2, 123.0, 109.4, 82.6, 72.1, 60.1, 44.4, 27.6.
HRMS (ESI) m/z [M-H] " calcd for CaoH,sN4Og 525.1780, found 525.1784; IR (KBr, cm™) v 3451, 2979,
1737, 1703, 1632, 1487, 1347.

tert-butyl 1-benzyl-5'-(2,4-dichlorobenzoyl)-2-oxo-2'4'-dihydrospiro[indoline-3,3"-pyrazole] -4'-
carboxylate (4i): colorless solid; yield 189 mg (69%); mp 133.6-134.5 °C; dr > 20:1; 'H NMR (400
MHz, CDCls) 6 (ppm) = 7.45 (d, J = 8.0 Hz, 1H), 7.36 (s, 1H), 7.17-7.27 (m, 8H), 6.96-6.98 (m, 2H),
6.69 (d, ] =7.6 Hz, 1H), 5.05 (d, J = 15.2 Hz, 1H), 4.64 (d, J = 15.2 Hz, 1H), 4.62 (s, 1H), 1.04 (s, 9H);
3C NMR (100 MHz, CDCl;) 6 (ppm) = 185.9, 175.0, 164.5, 145.2, 142.2, 136.4, 135.6, 134.5, 132.4,
130.8, 130.6, 129.7, 128.6, 127.6, 126.9, 126.4, 125.8, 125.0, 123.0, 109.4, 82.4, 73.1, 59.1, 44.2, 27.4;
HRMS (ESI) m/z [M-H] " calcd for CaoHauN304Cl, 548.1149, found 548.1163; IR (KBr, cm™) v 3349,
3061, 2980, 1725, 1654, 1612, 1257.

tert-butyl 5'-(1-naphthoyl)-1-benzyl-2-oxo-2',4'-dihydrospiro[indoline-3,3"-pyrazole ]-4'-carboxylate

(4j): colorless solid; yield 231 mg (87%); mp 184.4-185.7 °C; dr > 20:1; "H NMR (600 MHz, CDCl;) §
(ppm) = 8.35 (d, J = 8.4 Hz, 1H), 7.95 (t, J = 6.0 Hz, 2H), 7.86 (d, J = 7.8 Hz, 1H), 7.56 (t, ] = 7.2 Hz,
1H), 7.50-7.52 (m, 2H), 7.21-7.32 (m, 7H), 7.00 (t, J = 7.8 Hz, 1H), 6.70 (d, J = 7.8 Hz, 1H), 6.61 (s,
1H), 5.10 (d, J = 15.6 Hz, 1H), 4.85 (s, 1H), 4.65 (d, J = 15.6 Hz, 1H), 1.06 (s, 9H); °C NMR (150
MHz, CDCl3) J (ppm) = 190.0, 175.6, 165.4, 147.6, 142.5, 134.9, 134.8, 133.5, 131.6, 130.7, 130.6,
128.8, 128.6, 128.2, 127.8, 127.3, 127.2, 126.2, 126.0, 125.6, 125.5, 124.2, 123.2, 109.4, 82.36, 72.70,
60.0, 44.2, 27.4; HRMS (ESI) m/z [M-H] " caled for C33HsN304 530.2085, found 530.2099; IR (KBr,
em™) v 3455, 3031, 1729, 1641, 1510, 1485, 1176.

tert-butyl  1-benzyl-2-oxo-5'-(thiophene-2-carbonyl)-2',4'-dihydrospiro  [indoline-3, 3'-pyrazole]-4'-
carboxylate (4K): colorless solid; yield 183 mg (75%); mp 103.3-104.8 °C; dr > 20:1; '"H NMR (600
MHz, CDCl3) é (ppm) = 8.27 (d, J = 3.0 Hz, 1H), 7.82 (s, 1H), 7.63 (d, J = 5.4 Hz, 1H), 7.46-7.48 (m,
1H), 7.24-7.33 (m, 5H), 7.21 (t, ] = 7.8 Hz, 1H), 7.13 (t, ] = 4.8 Hz, 1H), 6.72-6.74 (m, 2H), 5.10 (d, J
=15.6 Hz, 1H), 4.73 (s, 1H), 4.71 (d, J = 15.6 Hz, 1H), 1.03 (s, 9H); *C NMR (150 MHz, CDCls) ¢
(ppm) = 177.6, 175.8, 165.2, 146.1, 142.6, 141.0, 134.9, 134.7, 134.1, 130.6, 128.8, 127.8, 127.7,
127.2, 126.1, 125.7, 123.2, 109.3, 88.2, 71.9, 60.3, 44.2, 27.4; HRMS (ESI) m/z [M-H] calcd for
Ca7H24N30,4S 486.1493, found 486.1507; IR (KBr, cm™) v 3454, 3023, 1639, 1512, 1420, 1384.

tert-butyl 5'-benzoyl-1-benzyl-5-methyl-2-oxo-2',4'-dihydrospiro[indoline-3,3"-pyrazole] -4'-carboxylate
(41): colorless solid; yield 223 mg (90%); mp 168.2-170.0 °C; dr > 20:1; '"H NMR (600 MHz, CDCl3) ¢
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(ppm) = 8.20 (d, J = 7.2 Hz, 2H), 7.56 (t, J = 6.9 Hz, 1H), 7.46 (t, J = 7.2 Hz, 2H), 7.27-7.33 (m, 6H),
7.14 (s, 1H), 7.03 (d, J = 7.2 Hz, 1H), 6.62 (d, J = 7.8 Hz, 1H), 5.08 (d, J = 15.6 Hz, 1H), 4.78 (s, 1H),
471 (d, J = 15.6 Hz, 1H), 2.24 (s, 3H), 1.05 (s, 9H); >C NMR (150 MHz, CDCl3) J (ppm) = 186.6,
175.7, 165.4, 146.7, 140.2, 136.5, 135.0, 132.9, 132.6, 130.8, 129.9, 128.8, 128.1, 127.8, 127.2, 126.6,
125.8, 109.2, 82.1, 71.9, 60.5, 44.2, 27.3, 20.8; HRMS (ESI) m/z [M+H]" calcd for CsoHzN304
496.2231, found 496.2226; IR (KBr, cm™) v 3447, 2981, 1730, 1712, 1647, 1232.

tert-butyl 5'-benzoyl-1-benzyl-5,7-dimethyl-2-oxo-2",4"-dihydrospiro[indoline-3,3'-pyrazole]-4'-
carboxylate (4m): colorless solid; yield 224 mg (88%); mp 174.8-176.4 °C; dr > 20:1; 1H NMR (600
MHz, CDCl3) 6 (ppm) = 8.20 (d, J = 7.8 Hz, 2H), 7.56 (t,J = 7.2 Hz, 1H), 7.47 (t,J = 7.2 Hz, 2H), 7.33
(t,J =7.2 Hz, 2H), 7.27 (t,J = 7.2 Hz, 2H), 7.20 (d, ] = 7.2 Hz, 2H), 7.03 (s, 1H), 6.82 (s, 1H), 5.33 (d,
J = 16.8 Hz, 1H), 4.99 (d, J = 16.8 Hz, 1H), 4.78 (s, 1H), 2.22 (s, 3H), 2.20 (s, 3H), 1.14 (s, 9H); "°C
NMR (150 MHz, CDCl3) ¢ (ppm) = 186.6, 176.9, 165.5, 146.6, 138.2, 136.8, 136.6, 134.9, 132.9,
132.6, 129.9, 128.9, 128.1, 127.3, 126.6, 125.5, 124.5, 120.0, 82.2, 71.3, 60.8, 45.4, 27.5, 20.5, 18.5;
HRMS (ESI) m/z [M+H]" calcd for C3;H3,N30, 510.2387, found 510.2393; IR (KBr, cm™) v 3440,
3057, 2932, 1728, 1708, 1632, 1575, 1236.

tert-butyl 5'-benzoyl-1-benzyl-6-chloro-2-oxo-2',4'-dihydrospiro[indoline-3,3'-pyrazole] -4'-carboxylate
(4n): colorless solid; yield 219 mg (85%); mp 135.8-136.4 °C; dr > 20:1; '"H NMR (400 MHz, CDCl3) ¢
(ppm) = 8.13 (d, J = 8.0 Hz, 2H), 7.52 (t, ] = 6.8 Hz, 1H), 7.41 (t, J = 7.2 Hz, 2H), 7.20-7.31 (m, 6H),
6.95 (d, J = 8.0 Hz, 1H), 6.68-6.72 (m, 2H), 5.05 (d, J = 15.6 Hz, 1H), 4.71 (s, 1H), 4.61 (d, ] = 15.6 Hz,
1H), 1.06 (s, 9H); *C NMR (100 MHz, CDCl3) d (ppm) = 186.0, 175.5, 165.0, 146.4, 143.7, 136.3,
136.2, 134.3, 132.5, 129.8, 128.8, 127.9, 127.1, 127.0, 126.8, 124.0, 122.9, 109.9, 82.5, 71.4, 60.8, 44.4,
27.6; HRMS (ESI) m/z [M-H] ™ calcd for Ca0H,sN304Cl 514.1539, found 514.1551; IR (KBr, cm™) v
3330, 3033, 2931, 1717, 1651, 1608, 1488, 1214.

tert-butyl 5'-benzoyl-1-benzyl-6-bromo-2-oxo-2',4"-dihydrospiro[indoline-3,3'-pyrazole] -4'-carboxylate
(40): colorless solid; yield 229 mg (82%); mp 103.6-105.1 °C; dr > 20:1; '"H NMR (400 MHz, CDCl3) ¢
(ppm) = 8.13 (d, J = 7.2 Hz, 2H), 7.52 (t, ] = 7.4 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.25-7.29 (m, 4H),
7.11-7.15 (m, 3H), 6.84 (s, 1H), 6.79 (s, 1H), 5.04 (d, J = 15.4 Hz, 1H), 4.70 (s, 1H), 4.59 (d,J = 15.4
Hz, 1H), 1.06 (s, 9H); *C NMR (100 MHz, CDCls)  (ppm) = 186.0, 175.4, 165.0, 146.4, 143.8, 136.2,
134.3, 132.5, 129.8, 128.9, 127.9, 127.1, 127.0, 125.9, 124.6, 124.2, 122.7, 112.6, 82.5, 71.4, 60.8, 44.4,
27.6; HRMS (ESI) m/z [M-H] ™ calcd for Cy0H,5N30,4Br 558.1034, found 558.1040; IR (KBr, cm™) v
3442, 2980, 1722, 1604, 1546, 1256.

Methyl  5'-benzoyl-1-benzyl-2-oxo-2',4'-dihydrospiro[indoline-3,3'-pyrazole]  -4'-carboxylate (4p):
colorless solid; yield 193 mg (88%); mp 83.5-84.7 °C; dr > 20:1; '"H NMR (400 MHz, CDCls) 6 (ppm)
=8.21(d,J =7.6 Hz, 2H), 7.55 (t, ] =7.3 Hz, 1H), 7.45 (t,J = 7.6 Hz, 2H), 7.20-7.32 (m, 7H), 7.00 (t, J
=7.4Hz, 1H), 6.71 (d, ] =7.6 Hz, 1H), 6.64 (s, 1H), 5.11 (d, J = 15.6 Hz, 1H), 4.86 (s, 1H), 4.73 (d,J =
15.6 Hz, 1H), 3.30 (s, 3H); °C NMR (100 MHz, CDCls) d (ppm) = 185.7, 175.1, 166.5, 145.0, 142.0,
136.0, 134.6, 132.5, 130.4, 129.7, 128.5, 127.8, 127.5, 126.7, 125.1, 124.7, 122.9, 109.4, 71.8, 59.5,
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51.9, 44.0; HRMS (ESI) m/z [M+H]" calcd for C,6H2,N304 440.1605, found 440.1607; IR (KBr, cm™) v
3346, 3062, 2951, 1727, 1613, 1576, 1254.

Ethyl 5'-benzoyl-1-benzyl-2-oxo-2'4'-dihydrospiro[indoline-3,3"-pyrazole | -4'-carboxylate 4q):

colorless solid; yield 197 mg (87%); mp 121.8-122.5 °C; dr > 20:1; "H NMR (600 MHz, CDCls) 6 (ppm)
=8.20(d,J =7.2 Hz, 2H), 7.55 (t, ] = 6.9 Hz, 1H), 7.44 (t,J = 7.8 Hz, 3H), 7.18-7.32 (m, 6H), 6.98 (t,J

=7.4 Hz, 1H), 6.90 (s, 1H), 6.69 (d, J = 7.8 Hz, 1H), 5.15 (d, J = 16.2 Hz, 1H), 4.83 (s, 1H), 4.64 (d,J =

16.2 Hz, 1H), 3.77 (q, J = 7.2 Hz, 2H), 0.64 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl3) & (ppm) =

185.9, 175.2, 166.0, 145.5, 142.2, 136.1, 134.6, 132.4, 130.4, 129.8, 128.5,127.8, 127.6, 126.9, 125.4,

125.0, 123.0, 109.4, 71.7, 61.2, 59.7, 44.1, 13.4; HRMS (ESI) m/z [M+H]" calcd for C,7H»4N304

454.1761, found 454.1765; IR (KBr, cm™) v 3450, 2981, 1723, 1633, 1613, 1236.

tert-butyl 5'-benzoyl-1-methyl-2-oxo-2'4"-dihydrospiro[indoline-3,3'-pyrazole] -4'-carboxylate (4r):
colorless solid; yield 184 mg (91%); mp 141.2-143.0 °C; dr > 20:1; "H NMR (400 MHz, CDCls) 6 (ppm)
=8.13(d,J =7.6 Hz, 2H), 7.54 (t, ] = 7.2 Hz, 1H), 7.43 (t,J = 7.6 Hz, 2H), 7.29-7.32 (m, 2H), 7.03 (t,J
=7.6 Hz, 1H), 6.83 (d, J = 8.0 Hz, 1H), 5.24 (s, 1H), 4.69 (s, 1H), 3.23 (s, 3H), 1.05 (s, 9H); °C NMR
(100 MHz, CDCl3) 6 (ppm) = 186.3, 175.1, 164.9, 146.6, 143.3, 136.3, 132.5, 130.6, 129.7, 127.9, 125.8,
125.4, 123.1, 108.35, 82.12, 72.0, 60.6, 27.5, 26.9; HRMS (ESI) m/z [M+H]" calcd for Cy3H4N304
406.1761, found 406.1769; IR (KBr, cm™) v 3449, 3068, 2977, 1713, 1609, 1575, 1261.

tert-butyl 5'-benzoyl-2-oxo-2',4'-dihydrospiro[indoline-3,3'-pyrazole]-4'-carboxylate (4s): colorless
solid; yield 162 mg (83%); mp 151.7-153.2 °C; dr > 20:1; "H NMR (400 MHz, CDCl;) é (ppm) = 9.23
(s, 1H), 8.11 (d, J = 7.6 Hz, 2H), 7.54 (t,J = 7.6 Hz, 1H), 7.42 (t, ] = 7.2 Hz, 2H), 7.23 (d, J = 6.8 Hz,
1H), 7.18 (t,J = 7.6 Hz, 1H), 6.95 (t, ] = 7.6 Hz, 1H), 6.81 (d, J = 7.6 Hz, 1H), 4.64 (s, 1H), 1.07 (s, 9H);
C NMR (100 MHz, CDCl3) d (ppm) = 186.3, 177.9, 165.1, 146.1, 140.6, 136.2, 132.5, 130.6, 129.8,
128.0,126.0, 125.7, 123.0, 110.6, 82.5, 72.5, 60.3, 27.5; HRMS (ESI) m/z [M+H]" calcd for CoyH,,N304
392.1605, found 392.1612; IR (KBr, cm™) v 3323, 2935, 1734, 1700, 1635, 1263.

(1-benzyl-2-oxo-2'4'-dihydrospiro[indoline-3,3'-pyrazole |-4',5'-diyl)bis(phenylmethanone) (4¢):
colorless solid; yield 150 mg (62%); mp 184.5-186.0 °C; dr > 20:1; "H NMR (600 MHz, CDCls) 6 (ppm)
= 8.25 (d, J = 7.8 Hz, 2H), 7.53-7.56 (m, 3H), 7.46 (t, J = 7.8 Hz, 2H), 7.40 (t, J = 7.2 Hz, 1H), 7.27-
7.29 (m, 4H), 7.18-7.21 (m, 3H), 7.14 (t, J = 7.8 Hz, 2H), 7.03 (t, ] = 7.8 Hz, 1H), 6.88 (t, J = 7.2 Hz,
1H), 6.52 (d, J = 7.8 Hz, 1H), 5.79 (s, 1H), 4.97 (d, J = 15.6 Hz, 1H), 4.65 (d, J = 15.6 Hz, 1H); "*C
NMR (150 MHz, CDCls) ¢ (ppm) = 193.2, 185.3, 175.7, 148.4, 142.1, 136.4, 136.2, 134.9, 133.9, 133.4,
132.7, 130.4, 130.1, 128.9, 128.4, 128.1, 127.9, 127.4, 126.6, 124.9, 123.5, 109.3, 72.1, 60.4, 44.3;
HRMS (ESI) m/z [M+Na] * calcd for C3;Hy3N303Na 508.1632, found 508.1629; IR (KBr, cm™) v 3450,
3302, 3060, 2930, 1696, 1680, 1577, 1152.

(1-methyl-2-oxo0-2'4"-dihydrospiro[indoline-3,3'-pyrazole]-4',5"-diyl)bis(phenylmethanone) (4u):
colorless oil; yield 119 mg (58%); dr > 20:1; 'H NMR (600 MHz, DMSO-d6) & (ppm) = 9.69 (s, 1H),
8.13 (d, J =8.4 Hz, 2H), 7.65 (t,J = 7.8 Hz, 1H), 7.54-7.57 (m, SH), 7.36 (t, ] = 8.4 Hz, 2H), 7.17 (t,J =
7.8 Hz, 1H), 6.97 (d, J = 7.2 Hz, 1H), 6.90 (t, J = 7.8 Hz, 1H), 6.84 (d, J = 7.8 Hz, 1H), 5.55 (s, 1H),
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3.14 (s, 3H); °C NMR (150 MHz, DMSO0-d6) d (ppm) = 193.6, 185.4, 174.9, 144.8, 143.3, 136.6, 135.9,
133.8, 132.6, 130.3, 129.6, 128.7, 128.3, 127.8, 125.8, 124.5, 122.8, 108.9, 71.6, 58.9, 26.5; HRMS
(ESI) m/z [M+Na] " caled for C,5H;oN3O3Na 432.1319, found 432.1320; IR (KBr, cm™) v 3450, 3025,
1637, 1446, 1207.

General procedure for the synthesis of products 5. 3-ylideneoxindole 1 (0.50 mmol), arylglyoxal
monohydrate 2 (0.50 mmol), TSNHNH; 3 (93 mg, 0.50 mmol) and NaOH (60 mg, 1.5 mmol) in 2.5 mL
of DMSO were added to a 10 mL schlenk tube and stirred at 80 °C for 20-60 min. Upon the completion
of the reaction (monitored by TLC), the reaction mixture was cooled to room temperature and diluted
with water (5 mL) and extracted with EtOAc (3 times). The organic layers were combined and washed
with brine, dried over anhydrous Na,SO,. After the solvent was removed under reduced pressure, the
crude product was purified by flash column chromatography on silica gel (petroleum ether/EtOAc =5:1)
to afford the desired product 5.

(E)-tert-butyl 2-(1-benzyl-2-oxoindolin-3-ylidene)-4-oxo-4-phenylbutanoate (5a): yellow solid; yield 193
mg (85%); mp 89.1-90.4 °C; '"H NMR (400 MHz, CDCl3) 6 (ppm) = 8.04 (d, J = 8.0 Hz, 2H), 7.80 (d, J
= 8.0 Hz, 1H), 7.52 (t, J = 7.6 Hz, 1H), 7.43 (t, ] = 7.6 Hz, 2H), 7.19-7.25 (m, 5H), 7.14 (t, J = 7.2 Hz,
1H), 6.93 (t, J = 7.6 Hz, 1H), 6.65 (d, J = 7.6 Hz, 1H), 5.12 (s, 2H), 4.88 (s, 2H), 1.54 (s, 9H); °C NMR
(100 MHz, CDCl3) 6 (ppm) = 195.5, 167.6, 166.2, 142.2, 138.0, 136.6, 135.4, 133.0, 130.1, 128.5, 128.4,
128.1, 127.5, 127.3, 126.9, 124.5, 122.0, 120.3, 108.8, 83.3, 43.5, 39.3, 28.1; HRMS (ESI) m/z [M+H] "
caled for CooHasNO, 454.2013, found 454.2012; IR (KBr, cm™) v 3029, 2970, 1703, 1609, 1468, 1235.

(E)-tert-butyl 2-(1-benzyl-2-oxoindolin-3-ylidene)-4-(3,4-dimethoxyphenyl)-4-oxobutanoate (Sb): red
solid; yield 192 mg (75%); mp 81.6-82.5 °C; '"H NMR (600 MHz, CDCl3) 6 (ppm) =7.78 (d, J = 7.8 Hz,
2H), 7.61 (s, 1H), 7.27-7.31 (m, 4H), 7.19 (t, J = 7.8 Hz, 2H), 6.98 (t, ] = 7.6 Hz, 1H), 6.91 (d, ] = 8.4
Hz, 1H), 6.70 (d, J = 7.8 Hz, 1H), 5.11 (s, 2H), 4.94 (s, 2H), 3.95 (s, 3H), 3.92 (s, 3H), 1.57 (s, 9H); "*C
NMR (150 MHz, CDCls) ¢ (ppm) = 194.5, 167.9, 166.6, 153.3, 148.8, 142.5, 142.3, 138.8, 135.6, 130.2,
129.9, 128.7, 127.5, 127.0, 124.5, 123.1, 122.2, 120.5, 110.3, 110.0, 108.9, 83.4, 60.4, 56.0, 43.4, 39.4,
28.0; HRMS (ESI) m/z [M+H] * calcd for C3;H3,NOg 514.2224, found 514.2233; IR (KBr, cm™) v 2964,
1727, 1697, 1672, 1610, 1263.

(E)-tert-butyl 2-(1-benzyl-2-oxoindolin-3-ylidene)-4-(4-fluorophenyl)-4-oxobutanoate (5¢): orange solid;
yield 217 mg (92%); mp 117.6-119.3 °C; 'H NMR (600 MHz, CDCl3) 6 (ppm) =8.10 (dd, J = 6.3 Hz, J
=7.8 Hz, 2H), 7.81 (d, J = 8.4 Hz, 1H), 7.30 (d, J = 7.2 Hz, 2H), 7.27 (d, J =7.8 Hz, 2H), 7.19 (t, J =
7.8 Hz, 2H), 7.14 (t, ] = 7.8 Hz, 2H), 6.98 (t, ] = 7.8 Hz, 1H), 6.70 (d, J = 7.8 Hz, 1H), 5.09 (s, 2H), 4.93
(s, 2H), 1.56 (s, 9H); *C NMR (100 MHz, CDCl5) & (ppm) = 194.1, 167.6, 166.2, 142.2, 137.7, 135.3,
133.0, 132.5, 132.4, 130.8, 130.7, 130.2, 128.6, 127.4, 126.9, 124.5, 122.1, 120.3, 115.6 (d, J = 21.4 Hz),
108.8, 83.4, 43.4, 39.8, 28.1; HRMS (ESI) m/z [M+H]" calcd for CyoH»7NO4F 472.1919, found
472.1911; IR (KBr, cm™) v 3066, 2976, 1705, 1689, 1597, 1329.

(E)-tert-butyl  2-(1-benzyl-2-oxoindolin-3-ylidene)-4-(4-chlorophenyl)-4-Oxobutanoate (5d): orange
solid; yield 217 mg (89%); mp 137.4-138.8 °C; "H NMR (400 MHz, CDCl5) § (ppm) =798 (d,J =8.4
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Hz, 2H), 7.78 (d, J =7.6 Hz, 1H), 7.41 (d, J = 8.0 Hz, 2H), 7.22-7.27 (m, 5H), 7.15 (d, J = 7.6 Hz, 1H),
6.95 (t, J = 7.6 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H), 5.07 (s, 2H), 4.89 (s, 2H), 1.55 (s, 9H); >*C NMR (100
MHz, CDCl3) ¢ (ppm) = 194.5, 167.6, 166.2, 142.3, 139.4, 137.5, 135.3, 134.9, 130.3, 129.6, 128.8,
128.6, 127.6, 127.5, 126.9, 124.6, 122.1, 120.3, 108.9, 83.5, 43.5, 39.9, 28.1; HRMS (ESI) m/z [M+H] "
calcd for Co0H27NO,4C1 488.1623, found 488.1609; IR (KBr, cm™) v 2980, 1703, 1690, 1589, 1159.

(E)-tert-butyl 2-(1-benzyl-2-oxoindolin-3-ylidene)-4-(4-bromophenyl)-4-Oxobutanoate (5e): yellow solid;
yield 247 mg (93%); mp 123.5-125.4 °C; "H NMR (400 MHz, CDCl5) ¢ (ppm) = 7.90 (d, J = 8.4 Hz,
2H), 7.77 (d,J =7.6 Hz, 1H), 7.58 (d, J = 8.4 Hz, 2H), 7.22-7.25 (m, 5H), 7.15 (t, ] = 7.2 Hz, 1H), 6.94
(t, J = 7.6 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H), 5.05 (s, 2H), 4.89 (s, 2H), 1.55 (s, 9H); *C NMR (100
MHz, CDCl;) ¢ (ppm) = 194.6, 184.9, 167.6, 166.2, 142.3, 137.5, 135.3, 132.0, 131.7, 130.3, 129.7,
128.6, 128.2, 127.4, 126.9, 124.6, 122.1, 120.3, 108.8, 83.5, 43.5, 39.9, 28.1; HRMS (ESI) m/z [M-H]"
caled for CooHasNO4Br 530.0972, found 530.0980; IR (KBr, cm™) v 2979, 1702, 1642, 1585, 1235.

(E)-tert-butyl 2-(1-benzyl-2-oxoindolin-3-ylidene)-4-(4-nitrophenyl)-4-Oxobutanoate (5f): yellow solid;
yield 224 mg (90%); mp 106.3-108.0 °C; 'H NMR (600 MHz, CDCl5) ¢ (ppm) = 8.30 (d, J = 8.4 Hz,
2H), 8.22 (d, J = 8.4 Hz, 2H), 7.82 (d, ] = 7.8 Hz, 1H), 7.29-7.32 (m, 3H), 7.22-7.26 (m, 2H), 7.20 (t,J =
7.8 Hz, 1H), 6.99 (t, ] = 7.8 Hz, 1H), 6.71 (d, J = 7.8 Hz, 1H), 5.10 (s, 2H), 4.91 (s, 2H), 1.57 (s, 9H);
3C NMR (100 MHz, CDCl;) 6 (ppm) = 194.3, 167.5, 166.1, 150.0, 142.3, 141.0, 136.3, 135.2, 130.5,
129.1, 128.6, 127.5, 126.9, 126.8, 124.7, 123.7, 122.2, 120.1, 108.6, 83.7, 43.5, 40.5, 28.1; HRMS (ESI)
m/z [M-H] caled for CaoHasN>Og 497.1718, found 497.1737; IR (KBr, cm™) v 3111, 2978, 1700, 1647,
1608, 1208.

(E)-tert-butyl 2-(1-benzyl-2-oxoindolin-3-ylidene)-4-(2,4-dichlorophenyl)-4-oxobutanoate (5g): orange
solid; yield 232 mg (89%); mp 100.8-101.6 °C. "H NMR (600 MHz, CDCl;) 6 (ppm) =7.84 (d,1=7.8
Hz, 1H), 7.72 (d, ] = 8.4 Hz, 1H), 7.46 (s, 1H), 7.32-7.34 (m, 3H), 7.23-7.25 (m, 3H), 7.20 (t, ] = 7.8 Hz,
1H), 6.98 (t, J = 7.8 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 4.97 (s, 2H), 4.92 (s, 2H), 1.61 (s, 9H); °C NMR
(100 MHz, CDCl3) 6 (ppm) = 196.4, 167.5, 166.3, 142.5, 137.1, 136.9, 136.1, 135.3, 131.8, 130.4, 130.3,
130.2, 128.6, 128.4, 127.4, 127.2, 126.9, 124.8, 122.2, 120.2, 108.9, 83.5, 44.1, 43.5, 28.2; HRMS (ESI)
mlz [M-H] caled for CooH,4NO4Cl, 520.1088, found 520.1098; IR (KBr, cm™) v 2980, 1720, 1693,
1640, 1219.

(E)-tert-butyl  2-(1-benzyl-2-oxoindolin-3-ylidene)-4-(naphthalen- 1-yl)-4-oxobutanoate (Sh): yellow
solid; yield 229 mg (91%); mp 116.3-117.4 °C; "H NMR (400 MHz, CDCl3) § (ppm) = 8.62 (d, ] = 8.0
Hz, 1H), 8.11 (d, J = 7.2 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.80-7.84 (m, 3H), 7.54 -7.45 (m, 6H), 7.18
(t,J=7.6 Hz, 1H), 7.13 (d, ] = 7.6 Hz, 1H), 6.94 (t, ] = 7.6 Hz, 1H), 6.64 (d, ] = 8.0 Hz, 1H), 5.17 (s,
2H), 4.88 (s, 2H), 1.58 (s, 9H); *C NMR (100 MHz, CDCl;) & (ppm) = 199.0, 167.6, 166.5, 142.3,
137.6, 135.4, 135.3, 133.2, 132.5, 130.2, 129.9, 128.5, 128.1, 128.0, 127.7, 127.6, 127.3, 126.9, 126.2,
125.6, 124.6, 124.2, 122.0, 120.3, 108.8, 83.3, 42.4, 28.2, 27.6; HRMS (ESI) m/z [M-H] " calcd for
Ca3HosNO, 502.2024, found 502.2026; IR (KBr, cm™) » 3021, 1727, 1637, 1368.
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(E)-tert-butyl 2-(1-benzyl-2-oxoindolin-3-ylidene)-4-oxo-4-(thiophen-2-yl)butanoate (5i): red solid; yield
197 mg (86%); mp 73.6-75.5 °C; "H NMR (400 MHz, CDCl3) ¢ (ppm) = 8.16 (s, 1H), 7.96 (d, ] = 7.6
Hz, 1H), 7.79 (d, ] = 7.6 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.16-7.25 (m, 5H),
6.94 (t, J = 7.6 Hz, 1H), 6.65 (d, J = 8.0 Hz, 1H), 5.06 (s, 2H), 4.88 (s, 2H), 1.55 (s, 9H); *C NMR (100
MHz, CDCl3) J (ppm) = 194.2, 167.5, 166.2, 142.3, 138.2, 137.1, 135.8, 135.3, 131.0, 130.3, 130.0,
128.5, 127.4, 126.9, 126.6, 124.6, 122.8, 122.1, 120.2, 108.8, 83.4, 43.4, 40.0, 28.1; HRMS (ESI) m/z
[M+Na] * caled for Co7H,sNO4NaS 482.1397, found 482.1393; IR (KBr, cm™) v 3063, 2977, 1698, 1608,
1469, 1157.

(E)-tert-butyl 2-(1-benzyl-6-chloro-2-oxoindolin-3-ylidene)-4-oxo-4-Phenylbutanoate (5j): orange solid;

yield 202 mg (83%); mp 146.9-148.2 °C; '"H NMR (600 MHz, CDCls) J (ppm) = 8.06 (d, J = 7.8 Hz,
2H), 7.80 (d, J = 8.4 Hz, 1H), 7.58 (t,J = 7.2 Hz, 1H), 7.48 (t, ] = 7.2 Hz, 2H), 7.32 (t, J = 7.2 Hz, 2H),
7.24-7.28 (m, 3H), 6.95 (d, J = 7.8 Hz, 1H), 6.68 (s, 1H), 5.12 (s, 2H), 4.89 (s, 2H), 1.54 (s, 9H); "*C
NMR (150 MHz, CDCls) ¢ (ppm) = 195.8, 167.9, 166.3, 143.6, 138.8, 136.7, 136.0, 135.0, 133.3, 128.9,
128.6, 128.2, 127.8, 127.2, 127.0, 126.0, 122.1, 119.0, 109.3, 83.5, 43.5, 39.9, 28.0; HRMS (ESI) m/z
[M-H] " caled for CaHosNO4Cl 486.1478, found 486.1483; IR (KBr, cm™) v 3018, 1640, 1447, 1373,
1130.

(E)-tert-butyl 2-(1-benzyl-5-bromo-2-oxoindolin-3-ylidene )-4-oxo-4-Phenylbutanoate (5k): yellow solid;
yield 226 mg (85%); mp 122.4-123.8 °C; '"H NMR (400 MHz, CDCls) J (ppm) = 8.02 (d, J = 7.6 Hz,
2H), 7.94 (s, 1H), 7.52 (t, ] = 6.8 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H), 7.20-7.25 (m, 6H), 6.52 (d, J = 8.4
Hz, 1H), 5.12 (s, 2H), 4.85 (s, 2H), 1.58 (s, 9H); °C NMR (100 MHz, CDCl;) 6 (ppm) = 195.2, 167.0,
166.0, 144.0, 139.7, 136.4, 134.9, 133.0, 132.5, 128.6, 128.4, 128.0, 127.5, 127.2, 126.8, 126.3, 122.0,
114.7, 110.1, 83.9, 43.5, 40.0, 28.0; HRMS (ESI) m/z [M-H] calcd for C,oHsNO4Br 530.0972, found
530.0983; IR (KBr, cm™") v 3031, 2928, 1725, 1700, 1672, 1261.

(E)-tert-butyl 2-(1-benzyl-6-bromo-2-oxoindolin-3-ylidene)-4-oxo-4-Phenylbutanoate (51): orange solid;
yield 210 mg (79%); mp 129.3-131.2 °C; 'H NMR (600 MHz, CDCL;) ¢ (ppm) = 8.06 (d, J = 7.2 Hz,
2H), 7.73 (d, ] = 8.4 Hz, 1H), 7.57 (t, ] =7.2 Hz, 1H), 7.47 (t, ] = 7.8 Hz, 2H), 7.31-7.35 (m, 3H), 7.25-
7.28 (m, 2H), 7.11 (d, J = 8.4 Hz, 1H), 6.84 (s, 1H), 5.11 (s, 2H), 4.88 (s, 2H), 1.53 (s, 9H); '*C NMR
(150 MHz, CDCl3) 6 (ppm) = 195.7, 167.7, 166.3, 143.6, 139.0, 136.7, 135.0, 133.2, 128.8, 128.6, 128.2,
127.7, 127.2, 127.0, 126.1, 125.2, 124.2, 119.4, 112.1, 83.5, 43.5, 39.9, 27.9; HRMS (ESI) m/z [M-H]~
caled for CooHasNO4Br 530.0972, found 530.0980; IR (KBr, cm™) v 2974, 1699, 1674, 1600, 1207.

(E)-tert-butyl 2-(1-benzyl-7-bromo-2-oxoindolin-3-ylidene)-4-oxo-4-Phenylbutanoate (Sm): orange solid;
yield 218 mg (82%); mp 95.3-96.7 °C; "H NMR (600 MHz, CDCl5) d (ppm) = 8.03 (d, J = 7.8 Hz, 2H),
7.77 (d,J =7.8 Hz, 1H), 7.55 (t,J = 7.8 Hz, 1H), 7.45 (t,J = 7.8 Hz, 2H), 7.36 (d, J = 8.4 Hz, 1H), 7.27-
7.29 (m, 3H), 7.17 (d, J = 7.8 Hz, 2H), 6.85 (t, J = 7.8 Hz, 1H), 5.44 (s, 2H), 5.09 (s, 2H), 1.55 (s, 9H);
5C NMR (150 MHz, CDCL3) ¢ (ppm) = 195.3, 186.5, 166.4, 139.6, 139.5, 137.1, 136.5, 136.0, 133.2,
128.8, 128.5, 128.4, 128.2, 126.9, 126.1, 125.8, 123.6, 123.2, 102.3, 83.7, 44.3, 40.3, 27.8; HRMS (ESI)
milz [M-H] ~ calcd for Co0HsNO4Br 530.0972, found 530.0976; IR (KBr, cm™) » 3031, 2928, 1701, 1597,
1496, 1247.
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(E)-2-(1-benzyl-2-oxoindolin-3-ylidene)-4-(4-chlorophenyl)- 1 -phenylbutane-1,4-dione (Sn): orange solid;
yield 233 mg (95%); mp 201.3-202.6 °C; 'H NMR (400 MHz, DMSO-d6) § (ppm) = 8.99 (s, 1H), 8.06
(s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 6.8 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.21-7.36 (m, 9H),
6.94 (t,J =7.4 Hz, 1H), 6.80 (d,J =7.6 Hz, 1H), 6.60 (t,J =7.4 Hz, 1H), 5.04 (d, J = 15.6 Hz, 1H), 4.91
(d, J = 15.6 Hz, 1H); *C NMR (100 MHz, DMSO-d6) ¢ (ppm) = 179.4, 166.7, 165.5, 155.7, 140.4,
137.6, 136.7, 135.9, 128.9, 128.3, 128.1, 127.3, 127.0, 125.0, 123.9, 123.7, 120.6, 114.1, 113.7, 113.2,
111.4, 108.1, 101.2, 42.4, 40.1; HRMS (ESI) m/z [M+H] ¥ calcd for C3;H»3NO;Cl 492.1361, found
492.1363; IR (KBr, cm™) v 3182, 1656, 1607, 1566, 1175.

(E)-tert-butyl 2-(1-methyl-2-oxoindolin-3-ylidene)-4-oxo-4-phenylbutanoate (50): yellow solid; yield
162 mg (86%); mp 68.5-70.1 °C; '"H NMR (600 MHz, CDCl;) J (ppm) = 8.06 (d, J = 7.8 Hz, 2H), 7.81
(d,J =7.8 Hz, 1H), 7.56 (t,J =7.2 Hz, 1H), 7.47 (t,J = 7.8 Hz, 2H), 7.29 (t, ] = 7.5 Hz, 1H), 7.00 (t, J =
7.8 Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 5.08 (s, 2H), 3.19 (s, 3H), 1.54 (s, 9H); °C NMR (150 MHz,
CDCls) o (ppm) = 195.9, 167.8, 166.5, 143.3, 137.7, 136.7, 133.1, 130.3, 130.0, 128.5, 128.2, 124.6,
122.1, 120.3, 107.9, 83.2, 39.7, 27.9, 25.9; HRMS (ESI) m/z [M-H] calcd for C,3H2NO4 376.1554,
found 376.1554; IR (KBr, cm™) v 2926, 1703, 1609, 1471, 1215.

(E)-methyl 2-(1-methyl-2-oxoindolin-3-ylidene)-4-oxo-4-(p-tolyl )butanoate (Sp): orange solid; yield 155
mg (89%); mp 128.7-129.6 °C; '"H NMR (600 MHz, CDCl3) é (ppm) = 7.96 (d, J = 8.4 Hz, 1H), 7.67 (d,
J=7.8 Hz, 1H), 7.27-7.32 (m, 4H), 7.02 (t, J = 7.2 Hz, 1H), 6.80 (d, J = 7.8 Hz, 1H), 5.10 (s, 2H), 3.93
(s, 3H), 3.20 (s, 3H), 2.42 (s, 3H); *C NMR (100 MHz, DMSO-d6) ¢ (ppm) = 194.2, 167.4, 166.0,
143.6, 143.0, 135.5, 133.5, 130.6, 129.1, 128.2, 127.9, 123.5, 121.9, 119.0, 108.7, 52.6, 25.8, 21.2, 21.0;
HRMS (ESI) m/z [M+H]* calcd for Co;HaoNO, 350.1387, found 350.1384; IR (KBr, cm™) v 2949, 1723,
1698, 1677, 1206.

(E)-tert-butyl 4-oxo-2-(2-oxoindolin-3-ylidene)-4-phenylbutanoate (5q): yellow solid; yield 142 mg
(78%); mp 182.7-184.4 °C; 'H NMR (600 MHz, CDCl3) d (ppm) = 9.10 (d, J = 15.6 Hz, 1H), 8.06 (d, J
=7.2 Hz, 2H), 7.76 (d, J = 7.8 Hz, 1H), 7.58 (t, ] = 7.2 Hz, 1H), 7.48 (t, ] = 6.9 Hz, 2H), 7.16 (t, ] = 7.2
Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.69 (d, J = 7.8 Hz, 1H), 5.02 (s, 2H), 1.54 (s, 9H); *C NMR (150
MHz, CDCl3) J (ppm) = 196.0, 170.0, 166.5, 140.8, 138.1, 136.8, 133.2, 130.4, 128.6, 128.4, 128.3,
124.9, 122.0, 120.9, 109.9, 83.3, 39.8, 28.0; HRMS (ESI) m/z [M-H] " calcd for C,H0)NO4 362.1398,
found 362.1403; IR (KBr, cm™) v 3446, 2928, 1699, 1680, 1615, 1226.

(E)-2-(1-benzyl-2-oxoindolin-3-ylidene)- 1,4-diphenylbutane-1,4-dione (Sr): red solid; yield 181 mg
(79%); mp 155.6-157.3 °C; '"H NMR (400 MHz, DMSO0-d6) 6 (ppm) = 8.96 (s, 1H), 8.03 (s, 1H), 7.80
(d,J =6.8 Hz, 2H), 7.63 (d, J = 7.6 Hz, 2H), 7.46-7.48 (m, 3H), 7.21-7.35 (m, 9H), 6.94 (t, ] = 7.6 Hz,
1H), 6.80 (d, J = 8.0 Hz, 1H), 6.60 (t, J = 7.6 Hz, 1H), 5.04 (d, J = 15.6 Hz, 1H), 4.91 (d, J = 15.6 Hz,
1H); *C NMR (150 MHz, DMSO-d6) § (ppm) = 167.4, 167.1, 156.5, 140.6, 137.9, 137.1, 131.7, 129.2,
128.7, 128.6, 128.5, 127.4, 127.3, 127.0, 126.7, 125.3, 124.1, 120.9, 120.8, 113.4, 111.5, 108.3, 100.9,
54.9, 42.4; HRMS (ESI) m/z [M+H] " calcd for C3H24NO;3 458.1751, found 458.1756; IR (KBr, cm™) v
1644, 1604, 1578, 1208.
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A gram-scale reaction of the [3+2] cycloaddition/decomposition reaction

To a 250 mL round-bottomed flask equipped with a magnetic stir bar was added (E)-1-benzyl-3-(2-oxo-
2-phenylethylidene)indolin-2-one (5.0 mmol, 1.09 g), phenylglyoxal monohydrate (5.0 mmol, 760.65
mg), TsNHNH, (5.0 mmol, 931.15 mg), NaOH (15.0 mmol, 600.0 mg) and 60 mL of DMSO. The
solution was then stirred at 80° C for 1.5 h. Then, 0.1 M hydrochloric acid (10 mL) was added and the
product extracted into EtOAc (3 x 10 mL). The combined organic layers were dried over anhydrous
Na,SOy, filtered, and concentrated in vacuo. The crude product was purified by flash chromatography on
silica gel [200-300 silica gel, petroleum ether: ethyl acetate 5:1(V/V)] to afford pure product (1.21g) as a
red solid in 53% yield.

Control experiments

The procedure of the control experiment 1 is according to the one of synthesis of 5 except for in the
absence of TsNHNHo,.

The procedure for the control experiment 2. tert-butyl (£)-2-(1-benzyl-2-oxoindolin-3-ylidene)acetate
1a (167.5 mg, 0.50 mmol), a-diazoacetophenone 6 (73 mg, 0.50 mmol) and NaOH (60 mg, 1.5 mmol) in
2.5 mL of DMSO were added to a 10 mL schlenk tube and stirred at 80 °C for 1 h. Upon the completion
of the reaction (monitored by TLC), the reaction mixture was cooled to room temperature and diluted
with water (5 mL) and extracted with EtOAc (3 times). The organic layers were combined and washed
with brine, dried over anhydrous Na,SO,. After the solvent was removed under reduced pressure, the
crude product was purified by flash column chromatography on silica gel (petroleum ether/EtOAc =5:1)
to afford the desired product Sa in 58% yield.

The procedure for the control experiment 3. compound 4a (240.6 mg, 0.50 mmol) and NaOH (60
mg, 1.5 mmol) in 2.5 mL of DMSO were added to a 10 mL schlenk tube and stirred at 80 °C for 1 h.
Upon the completion of the reaction (monitored by TLC), the reaction mixture was cooled to room
temperature and diluted with water (5 mL) and extracted with EtOAc (3 times). The organic layers were
combined and washed with brine, dried over anhydrous Na;SO,. After the solvent was removed under
reduced pressure, the crude product was purified by flash column chromatography on silica gel
(petroleum ether/EtOAc =5:1) to afford the desired product Sa in 72% yield.

The procedure for the control experiment 4 is according to the control experiment 3, except for in the
absence of NaOH.
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