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a b s t r a c t

A Brønsted acid catalyzed cascade radical addition/cyclization of arylacrylamides with ketones was de-
scribed. The reaction tolerates a series of functional groups, such as nitro, methoxyl, carbonyl, bromo,
chloro, fluoro, and trifluoromethyl groups. g-Peroxyketones were also prepared using N-arylsulfonyl-
acrylamides as substrates under acid-catalyzed conditions.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years, a series of metal-catalyzed oxidative 1,2-
difunctionalization of alkenes has attracted considerable atten-
tion, providing the most efficient strategy for the construction of
functionalized organic compounds. 1 Owing to important bio-
activity in a wide variety of natural products, pharmaceuticals, and
bioactive molecules, the search for sustainable and convenient
methods for the synthesis of oxindoles is of constant interest in
modern organic synthesis. 2 Very recently, many cascade methods
employing oxidative cross-couplings to bifunctionalized alkene
substrates, followed by cyclization to produce oxindoles derivatives
have been achieved. 1fAmong which, the radical alkylarylation,
3arylcarbonylation, 4azidoarylation, 5nitroarylation, 6arylphos-
phorylation, 7arylsulfonylation, 8and aryltrifluoromethylation9 of
N-arylacrylamides have since been reported by several groups,
allowing the direct formation of oxindole frameworks. To the best
of our knowledge, these protocols using ketones as alkyl radicals
were not well-documented. For instance, in 2013, Duan group re-
ported an efficient silver-catalyzed oxidative cyclization of acryl-
amides with carbonyl compounds. 3e Ji group reported a metal-free
763; e-mail address: xiaxf@

et al., Tetrahedron (2015), ht
oxidative radical addition of carbonyl compounds to a,a-diaryl al-
lylic alcohols. 10In 2014, Klussmann group discovered that under
a Brønsted acid catalyzed conditions, ketone radicals could be uti-
lized to develop a multicomponent radical addition of tert-butyl
hydroperoxide (TBHP) to olefins (Scheme 1-a). 11Herein, we envi-
sioned that this metal-free catalytic conditions can realize cascade
radical addition/cyclization of arylacrylamides with ketones to
obtain oxindoles derivatives (Scheme 1-b).
Scheme 1. Acid-catalyzed radical addition.
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2. Results/discussion

To test the feasibility of our hypothesis, we examined the re-
action of N-arylacrylamide 1a with acetone 2a under various con-
ditions, and the results are summarized in Table 1. Using 10% TsOH
as catalyst, 3 equiv TBHP (5e6 M in decane) as oxidant, acetone as
solvent, a 40% target product 3a was obtained (Table 1, entry 1).
Encouraged by the initial results, the screening of oxidants, cata-
lysts, as well as catalyst loadings has been investigated to establish
the optimized reaction conditions. When the loading of TBHP was
increased to 4 equiv, a 61% product 3awas separated (entry 2). The
reaction failed using 1 atm oxygen as oxidant. Using 4 equiv H2O2 as
oxidant, the product 3a can be produced in 22% yield.When 4 equiv
TBHP (70% w in water) was used, a 65% product 3a was obtained.
Other acids such asMeSO3H, CF3COOH, and HCl were also tried, and
10% MeSO3H gave a better result (entry 6). When 10 equiv acetone
was used in CH3CN as cosolvent, a lower yield was obtained (entry
7). Last, in the absence of acid, no product was detected. It is worth
mentioning that when 5mmol of 1awas used, a 58% yield of 3awas
obtained, indicating that this method is scalable (entry 11).
Table 1
Optimization of reaction conditions for 3aa

Entry Catalyst Oxidant Solvent T [
�
C] Yield (%)b

1 10% TsOH 3 equiv TBHP Acetone 60 40%
2 10% TsOH 4 equiv TBHP Acetone 60 61%
3 10% TsOH 1 atm O2 Acetone 60 0
4 10% TsOH 4 equiv H2O2 Acetone 60 22%
5 10% TsOH 4 equiv TBHP

(70% w in water)
Acetone 60 65%

6 10% MeSO3H 4 equiv TBHP Acetone 60 67%
7c 10% MeSO3H 4 equiv TBHP CH3CN 80 30%
8 10% CF3COOH 4 equiv TBHP Acetone 60 15%
9 10% HCl 4 equiv TBHP Acetone 60 20%
10 d 4 equiv TBHP Acetone 60 0%
11d 10% TsOH 4 equiv TBHP

(70% w in water)
Acetone 60 58%

Bold and italic indicates the best reaction conditions of the reaction.
a Reaction conditions: 1a (0.3 mmol), TBHP (5e6 M in decane), and solvent

(2.0 mL), 12 h.
b Isolated yield.
c 10 equiv acetone was used.
d 5 mmol 1a was used in 5 mL acetone, 24 h.

Scheme 2. Scope of acid-catalyzed cascade radical addition/cyclization.

Scheme 3. The synthesis of g-peroxyketones.

Scheme 4. Mechanistic experiments.
With the optimized conditions in hand (Table 1, entry 6), wenext
set out to explore the substrate scope and the limitations of the
alkylcarbocyclization reaction (Scheme 2). The effect of various
substitution patterns on the N-aryl moiety was firstly investigated
including fluoro, chloro, bromo, nitro, methoxyl, acetyl, tri-
fluoromethyl and methyl substituents, and the corresponding
products were obtained in moderate to good yields. The naphthyl
group was also tolerated in this reaction, and a 62% product 3j was
produced. When the substituent Cl was substituted in the meta
position, a mixture of isomers was observed, and only the major
isomer3k can be separated. Similarly, amixture of 3m and 3m0 (3:5)
isomers were obtained when the methyl group was substituted in
themeta position.N-arylacrylamide 1l bearing an ortho-substituted
methyl group was also tried, and the desired oxindole 3l was ob-
tained in moderate yield. It was found that N-protected substrates,
such as phenyl and benzyl, could be used as effective substituent
groups for this transformation (3n and 3o). Tetrahydroquinoline
derivative under the oxidative conditions successfully yielded the
desired tricyclic oxindole 3p in 35% yield. Notably, the CH2OH
substituent was well tolerated in this reaction. 2-(methoxymethyl)-
N-methyl-N-phenylacrylamide was also a suitable substrate, and
Please cite this article in press as: Xia, X.-F.; et al., Tetrahedron (2015), h
a 60% product 3rwas obtained. An asymmetric ketone like butan-2-
one showed a preference for radical formation at the secondary
carbon, giving themajor product 3s in 35% yield. However, N-freeN-
arylacrylamides and phenyl methacrylate were failed in this re-
action. When 1,3-dicarbonyl compounds were used in the reaction
system, no target productswere detected (3v and 3w). Interestingly,
when N-Ts-N-arylacrylamides were used as substrates, g-perox-
yketones were produced in moderate yields (Scheme 3).
To gain further understanding about the reaction mechanism,
inhibition experiments were conducted (Scheme 4). When
2.0 equiv of TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy) was
ttp://dx.doi.org/10.1016/j.tet.2015.06.106
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added into the standard conditions, the desired transformationwas
found to be completely inhibited. When 2.0 equiv of BHT (2,6-di-
tert-butyl-4-methylphenol) was added into the reaction system,
the yield was decreased to 30%. These results suggested that the
reaction proceeded through free-radical addition, which is consis-
tent with the mechanisms proposed in previous reports.

On the basis of the above results and previous reports,1f,10,11

a possible mechanism is outlined in Scheme 5. In the presence of
a strong acid and TBHP, acetone was oxidized to ketone radical I. A
subsequent radical addition with acrylamides 1a to generate the
intermediate II, followed by intramolecular radical cyclization to
give the intermediate III, which underwent oxidative de-
hydrogenation to afford the product 3a.
Scheme 5. Proposed mechanism.
3. Conclusions

In conclusion, we have developed an efficient Brønsted acid
catalyzed cascade radical addition/cyclization of arylacrylamides
with ketones to synthesize the oxindoles derivatives. A radical
addition process is involved in this transformation with the for-
mation of two CeC bonds. g-Peroxyketones were also obtained
using N-arylsulfonyl-acrylamides as substrates under the same
reaction conditions.
4. Experimental section

4.1. General information

Column chromatography was carried out on silica gel
(200e300 mesh). Unless noted, 1H NMR spectra were recorded on
400 MHz in CDCl3, 13C NMR spectra were recorded on 100 MHz in
CDCl3. IR spectra were recorded on an FTIR spectrometer and only
major peaks are reported in cm�1. Melting points were determined
on a microscopic apparatus and were uncorrected. All new prod-
ucts were further characterized by HRMS (high resolution mass
spectra), high resolution mass spectrometry (HRMS) spectra was
obtained on a micrOTOF-Q instrument equipped with an ESI
source; copies of their 1H NMR and 13C NMR spectra are provided.
Commercially available reagents and solvents were used without
further purification. The compounds 3b, 3c, 3i, 3j were known
products. 3e
4.2. Typical procedure for the synthesis of product 3

A mixture of 1 (0.3 mmol), methylsulphonicacid (10% mmol),
TBHP (1.2 mmol, 4 equiv 5e6 M in decane), acetone (2.0 mL) was
stirred at 60 �C for 12 h. Afterwards, 10 mL water was added. Then
the mixture was extracted by ethyl acetate (2�10 mL). The crude
product was purified by flash column chromatography on silica gel
(ethyl acetate/hexane¼1:6) to give the product 3.
Please cite this article in press as: Xia, X.-F.; et al., Tetrahedron (2015), ht
4.2.1. 1,3,5-Trimethyl-3-(3-oxobutyl)indolin-2-one, 3a. 67% yield,
100e102 �C. 1H NMR (400 MHz, CDCl3): 7.08 (d, J¼8.0 Hz, 1H), 6.98
(s,1H), 6.75 (d, J¼8.0 Hz,1H), 3.21 (s, 3H), 2.34 (s, 3H), 2.01e2.17 (m,
4H),1.97 (s, 3H),1.36 (s, 3H); 13CNMR (100MHz, CDCl3): 207.7,180.0,
140.8,133.3,132.2,128.2,123.5,107.7, 47.4, 38.6, 31.8, 29.8, 26.1, 23.6,
21.1; HRMS (ESI)m/z: calcd for C15H20NO2: MþH¼246.1494; found:
246.1491. IR (cm�1): 2965, 1713, 1620, 1601, 1350, 1111, 808.

4.2.2. 1,3-Dimethyl-3-(3-oxobutyl)indolin-2-one, 3b. 54% yield,
oil. 1H NMR (400MHz, CDCl3): 7.27e7.31 (m,1H), 7.16e7.17 (m,1H),
7.06e7.09 (m,1H), 6.87 (d, J¼8.0 Hz,1H), 3.23 (s, 3H), 2.04e2.22 (m,
3H), 1.95 (s, 3H), 1.91e1.94 (m, 1H), 1.38 (s, 3H); 13C NMR (100 MHz,
CDCl3): 207.5, 180.0, 143.0, 133.2, 127.9, 122.6, 107.9, 47.3, 38.5, 31.6,
29.7, 26.1, 23.6.

4.2.3. 5-Chloro-1,3-dimethyl-3-(3-oxobutyl)indolin-2-one, 3c. 65%
yield, 97e98 �C. 1H NMR (400 MHz, CDCl3): 7.25e7.27 (d, J¼8.0 Hz,
1H), 7.14 (s, 1H), 6.80 (d, J¼8.0 Hz, 1H), 3.22 (s, 3H), 2.06e2.26 (m,
2H), 2.02 (s, 3H),1.97e2.01 (m, 2H), 1.37 (s, 3H); 13C NMR (100MHz,
CDCl3): 207.2, 179.5, 141.6, 134.9, 128.0, 127.9, 123.1, 108.9, 47.5, 38.3,
31.5, 29.7, 26.2, 23.4.

4.2.4. 5-Bromo-1,3-dimethyl-3-(3-oxobutyl)indoline-2-one, 3d. 73%
yield, 84e86 �C. 1H NMR (400 MHz, CDCl3): 7.40e7.43 (m, 1H), 7.28
(s,1H), 6.76 (d, J¼8.0 Hz,1H), 3.22 (s, 3H), 2.03e2.18 (m, 4H), 2.02 (s,
3H), 1.37 (s, 3H); 13C NMR (100 MHz, CDCl3): 207.2, 179.4, 142.0,
135.4, 130.8, 125.8, 115.3, 109.5, 47.4, 38.3, 31.5, 29.7, 26.2, 23.4;
HRMS (ESI) m/z: calcd for C14H17BrNO2: MþH¼310.0443; found:
310.0439. IR (cm�1): 2967, 2928, 1722, 1714, 1166, 1123, 1075, 810.

4.2.5. 5-Fluoro-1,3-dimethyl-3-(3-oxobutyl)indolin-2-one, 3e. 51%
yield, oil. 1H NMR (400 MHz, CDCl3): 6.97e7.01 (m, 1H), 6.91e6.93
(d, J¼8.0 Hz,1H), 6.78e6.81 (m,1H), 3.22 (s, 3H), 2.04e2.19 (m, 2H),
2.01 (s, 3H), 1.95e1.99 (m, 2H), 1.38 (s, 3H); 13C NMR (100 MHz,
CDCl3): 207.2, 179.6, 160.6, 158.2, 138.9, 135.0, 134.9, 114.2, 114.0,
110.9,110.7,108.5,108.4, 47.7, 38.3, 31.6, 29.8, 26.2, 23.4; HRMS (ESI)
m/z: calcd for C14H17NFO2: MþH¼250.1243; found: 250.1239. IR
(cm�1): 2968, 2929, 1722, 1714, 1621, 1173, 1116, 895, 812.

4.2.6. 1,3-Dimethyl-3-(3-oxobutyl)-5-(trifluoromethyl)indolin-2-one,
3f. 70% yield, oil. 1H NMR (400 MHz, CDCl3): 7.59 (d, J¼8.0 Hz, 1H),
7.41 (s, 1H), 6.96 (d, J¼8.0 Hz, 1H), 3.27 (s, 3H), 2.06e2.24 (m, 4H),
2.02 (s, 3H), 1.41 (s, 3H); 13C NMR (100 MHz, CDCl3): 207.1, 179.9,
146.0, 133.9, 125.8, 119.6, 107.8, 47.2, 38.2, 31.5, 29.7, 26.3, 23.3;
HRMS (ESI) m/z: calcd for C15H17NF3O2: MþH¼300.1211. found:
300.1208. IR (cm�1): 2968, 2930, 1722, 1715, 1623, 1165, 1117, 822.

4.2.7. 5-Acetyl-1,3-dimethyl-3-(3-oxobutyl)indolin-2-one, 3g. 60%
yield, oil. 1H NMR (400 MHz, CDCl3): 7.97 (d, J¼8.0 Hz, 1H), 7.81 (s,
1H), 6.93 (d, J¼8.0 Hz, 1H), 3.28 (s, 3H), 2.60 (s, 3H), 2.06e2.21 (m,
4H), 2.01 (s, 3H), 1.41 (s, 3H); 13C NMR (100 MHz, CDCl3): 207.2,
196.8, 180.4, 147.4, 133.6, 132.2, 130.0, 129.1, 122.5, 107.5, 99.3, 47.1,
38.3, 31.5, 30.6, 29.8, 29.5, 26.6, 26.4, 26.3, 25.4, 23.4; HRMS (ESI)m/
z: calcd for C16H20NO3: MþH¼274.1443; found: 274.1440. IR
(cm�1): 2968, 2932, 1722, 1715, 1681, 1121, 1054, 825.

4.2.8. 5-Methoxy-1,3-dimethyl-3-(3-oxobutyl)indolin-2-one, 3h. 47%
yield, oil. 1H NMR (400 MHz, CDCl3): 6.76e6.82 (m, 3H), 3.80 (s,
3H), 3.21 (s, 3H), 2.11e2.18 (m, 2H), 1.93e2.06 (m, 5H), 1.37 (s, 3H);
13C NMR (100 MHz, CDCl3): 207.6, 179.7, 156.1, 136.5, 134.6, 112.1,
110.1, 108.3, 55.7, 47.7, 38.5, 31.7, 29.8, 26.2, 23.6; HRMS (ESI) m/z:
calcd for C15H20NO3: MþH¼262.1443. Found: 262.1440. IR (cm�1):
2964, 2933, 1714, 1704, 1117, 1033, 878, 808.

4.2.9. 1,3-Dimethyl-5-nitro-3-(3-oxobutyl)indolin-2-one, 3i. 50%
yield, oil. 1H NMR (400 MHz, CDCl3): 8.27e8.30 (m, 1H), 8.08 (s,
tp://dx.doi.org/10.1016/j.tet.2015.06.106
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1H), 6.98 (d, J¼8.0 Hz, 1H), 3.32 (s, 3H), 2.08e2.26 (m, 4H), 2.05 (s,
3H), 1.45 (s, 3H); 13C NMR (100 MHz, CDCl3): 206.7, 180.0, 148.7,
143.5, 134.3, 125.4, 118.5, 107.6, 47.2, 38.1, 31.4, 29.7, 26.5, 23.1.

4.2.10. 1,3-Dimethyl-3-(3-oxobutyl)-1H-benzo[g]indol-2(3H)-one, 3j.
62% yield, oil. 1H NMR (400 MHz, CDCl3): 7.74 (d, J¼8.0 Hz, 1H),
7.53e7.56 (m, 2H), 7.41e7.47 (m, 2H), 6.97 (d, J¼8.0 Hz, 1H), 3.55 (s,
3H), 2.54e2.61 (m,1H), 2.26e2.29 (m, 2H), 2.03e2.09 (m,1H),1.94 (s,
3H),1.68 (s, 3H); 13C NMR (100MHz, CDCl3): 207.9,172.8,137.3,136.6,
133.3, 126.2, 122.6, 119.6, 108.5, 46.7, 39.7, 36.9, 30.9, 29.8, 29.6.

4.2.11. 4-Chloro-1,3-dimethyl-3-(3-oxobutyl)indolin-2-one, 3k. 40%
yield, oil. 1H NMR (400 MHz, CDCl3): 7.22e7.24 (m, 1H), 7.01 (d,
J¼8.0 Hz, 1H), 6.79 (d, J¼8.0 Hz, 1H), 3.23 (s, 3H), 2.47e2.53 (m,1H),
2.18e2.25 (m, 1H), 1.92e2.21 (m, 5H), 1.52 (s, 3H); 13C NMR
(100 MHz, CDCl3): 207.2, 179.3, 144.8, 130.5, 129.2, 128.9, 123.7,
106.5, 48.9, 38.8, 29.6, 28.9, 26.3, 21.0; HRMS (ESI) m/z: calcd for
C14H17ClNO2: MþH¼266.0948. Found: 266.0940. IR (cm�1): 2965,
2931, 1710, 1128, 1083, 779.

4.2.12. 1,3,7-Trimethyl-3-(3-oxobutyl)indolin-2-one, 3l. 46% yield,
oil. 1H NMR (400 MHz, CDCl3): 6.92e7.01 (m, 3H), 3.5 (s, 3H), 2.59
(s, 3H), 2.10e2.19 (m, 2H), 1.91e2.04 (m, 5H), 1.34 (s, 3H); 13C NMR
(100 MHz, CDCl3): 207.7, 180.7, 140.8, 133.8, 131.6, 122.6, 120.4,
119.6, 46.5, 38.5, 31.9, 29.4, 24.0, 18.9; HRMS (ESI) m/z: calcd for
C15H20NO2: MþH¼246.1494. Found: 246.1491. IR (cm�1): 2966,
2928, 1714, 1605, 1129, 1077, 780, 750.

4.2.13. 1,3,6-Trimethyl-3-(3-oxobutyl)indolin-2-one, 3m. 64% yield,
oil. 1H NMR (400 MHz, CDCl3): 7.17e7.21 (m, 1H), 7.03e7.04 (m,
0.6H), 6.88e6.89 (m, 0.6H), 6.84 (d, J¼8.0 Hz, 1H), 6.69e6.72 (m,
1.5H), 3.22e3.23 (m, 4.5H), 2.40 (s,1.8H), 2.36 (s, 3H), 2.29e2.34 (m,
1H), 2.07e2.23 (m, 4H), 1.98 (s, 1.8H), 1.95 (s, 3H), 1.81e1.90 (m, 2H),
1.46 (s, 3H), 1.35 (s, 1.8H); 13C NMR (100 MHz, CDCl3): 207.7, 207.5,
180.4, 180.0, 143.4, 143.2, 138.1, 134.4, 129.7, 127.8, 125.2, 123.1,
122.3, 108.9, 105.8, 48.4, 47.1, 38.7, 38.6, 29.8, 26.2, 21.7, 18.1.

4.2.14. 3-Methyl-3-(3-oxobutyl)-1-phenylindolin-2-one, 3n. 65%
yield, oil. 1H NMR (400 MHz, CDCl3): 7.53e7.57 (m, 2H), 7.43e7.45
(m, 2H), 7.32e7.34 (m, 1H), 7.21e7.26 (m, 2H), 7.11e7.14 (m, 1H),
6.87e6.89 (m, 1H), 2.21e2.25 (m, 4H), 2.01 (s, 3H), 1.50 (s, 3H); 13C
NMR (100 MHz, CDCl3): 207.4, 179.4, 142.9, 134.3, 132.9, 129.5, 128.8,
127.9,127.8,126.3,123.1,122.9,109.3, 47.3, 38.4, 29.8, 26.4, 23.9;HRMS
(ESI) m/z: calcd for C19H12NO2: MþH¼294.1494; found: 294.1491. IR
(cm�1): 3060, 2970, 2927, 1727, 1714, 1657, 1163, 1023, 761, 700.

4.2.15. 1-Benzyl-3,5-dimethyl-3-(3-oxobutyl)indolin-2-one, 3o. 50%
yield, 79e81 �C. 1H NMR (400 MHz, CDCl3): 7.24e7.30 (m, 5H),
6.95e6.97 (m, 2H), 6.64e6.66 (m, 2H), 4.84e4.94 (m, 2H), 2.29 (s,
3H), 2.04e2.14 (m, 3H), 1.90e1.98 (m, 4H), 1.41 (s, 3H); 13C NMR
(100 MHz, CDCl3): 207.6, 180.1, 139.7, 136.1, 133.2, 132.2, 128.7, 128.1,
127.5, 127.3, 123.5, 108.7, 47.3, 43.6, 38.6, 31.8, 29.8, 23.9, 21.0; HRMS
(ESI) m/z: calcd for C21H23NO2Na: MþNa¼344.1626. Found:
344.1621. IR (cm�1): 2965, 2925,1713,1620,1601,1174,1077, 808, 703.

4.2.16. 1-Methyl-1-(3-oxobutyl)-5,6-dihydro-1H-pyrrolo[3,2,1-ij]-
quino-lin-2(4H)-one, 3p. 35% yield, oil. 1H NMR (400 MHz, CDCl3):
7.02e7.04 (m,1H), 6.94e7.00 (m, 2H), 3.71e3.74 (m, 2H), 2.79e2.82
(m, 2H), 2.17e2.23 (m, 2H), 1,98e2.14 (m, 7H), 1.38 (s, 3H); 13C NMR
(100MHz, CDCl3): 207.8,178.9,138.8,131.8,126.7,122.1, 120.5,120.1,
48.7, 38.7, 31.6, 29.8, 24.5, 23.3, 21.2; HRMS (ESI) m/z: calcd for
C16H20NO2: MþH¼258.1494; found: 258.1490. IR (cm�1): 2964,
2933, 1712, 1626, 1353, 1240, 1166, 753.

4.2.17. 3-(Hydroxymethyl)-1-methyl-3-(3-oxobutyl)indolin-2-one,
3q. 45% yield, oil. 1H NMR (400 MHz, CDCl3): 7.28e7.35 (m, 1H),
Please cite this article in press as: Xia, X.-F.; et al., Tetrahedron (2015), h
7.22e7.24 (m, 1H), 7.08e7.12 (m, 1H), 6.88e6.90 (m, 1H), 3.76e3.84
(m, 2H), 3.24 (s, 3H), 2.68 (s, 1H, OH), 2.26 (m, 2H), 2.03e2.13 (m,
2H), 2.02 (s, 3H); 13C NMR (100 MHz, CDCl3): 207.7, 178.6, 144.0,
129.5, 128.6, 123.2, 122.9, 108.2, 66.8, 53.6, 37.9, 29.7, 26.5, 26.1;
HRMS (ESI) m/z: calcd for C14H17NNaO3: MþNa¼270.1106. Found:
270.1101. IR (cm�1): 3379, 2987, 2929, 1712, 1594, 1171, 1088, 1017,
814, 737.

4.2.18. 3-(Methoxymethyl)-1-methyl-3-(3-oxobutyl)indolin-2-one,
3r. 60% yield, oil. 1H NMR (400 MHz, CDCl3): 7.28e7.32 (m, 1H),
7.23e7.25 (m, 1H), 7.08 (t, J¼8.0 Hz, 1H), 6.86 (d, J¼4.0 Hz, 1H),
3.59e3.68 (m, 2H), 3.23 (s, 3H), 3.22 (s, 3H), 2.08e2.13 (m, 3H),
1.91e1.99 (m, 4H); 13C NMR (100 MHz, CDCl3): 207.3, 177.7, 143.9,
130.2, 128.2, 123.3, 122.6, 107.9, 76.5, 59.4, 52.7, 37.7, 29.7, 27.1, 26.1;
HRMS (ESI) m/z: calcd for C15H20NO3: MþH¼262.1443. Found:
262.1438. IR (cm�1): 2987, 2929, 1712, 1594, 1171, 1088, 1017, 817,
737, 706.

4.2.19. 1,3,5-Trimethyl-3-(2-methyl-3-oxobutyl)indolin-2-one, 3s.
35% yield, oil. 1H NMR (400MHz, CDCl3): 7.05e7.08 (m,1H), 6.96 (s,
1H), 6.74e6.76 (m, 1H), 3.32 (m, 1H), 3.25 (s, 3H), 3.08e3.09 (m,
3H), 2.38e2.40 (m, 2H), 2.32 (s, 3H), 1.99 (s, 3H), 1.33 (s, 3H); 13C
NMR (100 MHz, CDCl3): 204.6, 180.2, 172.2, 141.3, 131.7, 130.0, 128.1,
122.7, 107.9, 74.7, 74.2, 50.5, 45.3, 37.8, 29.9, 26.4, 24.4, 21.1; HRMS
(ESI) m/z: calcd for C16H22NO2: MþH¼260.1651. Found: 260.1645.
IR (cm�1): 2987, 2929, 1712, 1594, 1171, 1088, 1017, 814, 737.

4.2.20. 2-(tert-Butylperoxy)-2-methyl-5-oxo-N-phenyl-N-tosyl-
hexan-amide, 4a. 50% yield, oil. 1H NMR (400 MHz, CDCl3):
7.81e7.84 (m, 2H), 7.35e7.44 (m, 5H), 7.29e7.31 (m, 2H), 2.33e2.47
(m, 5H), 2.08 (s, 3H), 1.75e1.89 (m, 2H), 1.3 (s, 3H), 0.98 (s, 9H); 13C
NMR (100MHz, CDCl3): 207.1, 173.3, 144.5, 135.8, 135.2, 130.9, 129.6,
129.4, 129.1, 128.4, 86.9, 80.2, 37.9, 30.8, 29.8, 26.4, 22.3, 21.6; HRMS
(ESI) m/z: calcd for C24H31NNaO6S: MþNa¼484.1770. Found:
484.1767. IR (cm�1): 2979, 2930, 1715, 1698, 1364, 1171, 1086, 814,
697.

4.2.21. N-(4-Bromophenyl)-2-(tert-butylperoxy)-2-methyl-5-oxo-N-
tosylhexanamide, 4b. 35% yield, oil. 1H NMR (400 MHz, CDCl3): 7.81
(d, J¼8.0 Hz, 2H), 7.51e7.54 (m, 2H), 7.30e7.32 (m, 2H), 7.23e7.27
(m, 2H), 2.44 (s, 3H), 2.37e2.43 (m, 2H), 2.08 (s, 3H), 1.81e1.89 (m,
1H), 1.75e1.77 (m,1H), 1.31 (s, 3H), 0.99 (s, 9H); 13C NMR (100 MHz,
CDCl3): 208.1, 206.8, 174.8, 173.0, 144.8, 134.4, 131.8, 129.8, 129.2,
126.6, 121.3, 116.7, 87.0, 80.5, 50.5, 39.1, 37.8, 29.6, 26.4, 23.9, 22.1,
21.6, 20.9; HRMS (ESI) m/z: calcd for C24H30BrNNaO6S:
MþNa¼562.0875. Found: 562.0869. IR (cm�1): 2980, 2925, 1715,
1699, 1487, 1172, 1071, 1014, 816, 705.

4.2.22. 2-(tert-Butylperoxy)-N-(4-chlorophenyl)-2-methyl-5-oxo-N-
tosylhexanamide, 4c. 30% yield, oil. 1H NMR (400 MHz, CDCl3):
7.80e7.83 (m, 2H), 7.36e7.38 (m, 2H), 7.30e7.32 (m, 4H), 2.44 (s,
3H), 2.37e2.42 (m, 2H), 2.07 (s, 3H), 1.80e1.88 (m, 1H), 1.69e1.76
(m, 1H), 1.31 (s, 3H), 0.99 (s, 9H); 13C NMR (100 MHz, CDCl3): 206.8,
173.0, 144.7, 135.6, 132.1, 129.3, 128.8, 126.6, 121.0, 87.0, 80.4, 50.4,
39.1, 37.8, 29.8, 26.3, 23.9, 22.1, 21.6; HRMS (ESI) m/z: calcd for
C24H30ClNNaO6S: MþNa¼518.1380. Found: 518.1375. IR (cm�1):
2987, 2929, 1712, 1594, 1171, 1088, 1017, 814.
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