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Abstract. A metal-free nitration of the C(sp®)-H bonds of
2-oxindoles with t-BuONO through radical coupling
reaction at room temperature has been developed. Using t-
BUuONO both as a nitrating reagent and as an oxidant, to
couple with the C(sp®)-H bonds of 2-oxindoles, thus
forming a new C—N bond without using any other reagents.
This reaction provides a green and straightforward
approach to some useful 3-nitro-2-oxindoles in moderate to
good yields.

Keywords: metal-free; nitration; 2-oxindoles; t-BuONO;
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3,3-Disubstituted oxindoles have been found in a
variety of biologically active molecules as well as in
pharmaceutical compounds.™ Therefore, considerable
research efforts have been devoted to synthesize such
compounds. Traditionally, the 3,3-disubstituted
oxindole scaffolds were prepared by condensation of
anilines with carbonyl compounds.’? More recently,
the methods through difunctionalization of N-aryl
acrylamides® and coupling of oxindoles with
nucleophiles or radical reagents provide an
alternative to access these compounds. However,
many of these methods require the use of transition-
metal catalysts or bases, which greatly restrict their
application in organic synthetic chemistry. Hence, the
development of a green and convenient protocol for
the construction of 3,3-disubstituted oxindoles is still
required.

Nitration of C(sp®)-H bonds has long been a
challenging topic in organic synthesis, especially
employing nitro radical process.®! One example was
reported by Liu and co-workers, who documented a
Ag(l)-mediated direct nitration of the quinoxaline
tertiary C—H bond at 110 °C in the presence of K;S;0s
using AgNO: as a nitro source.® Very recently, Zhang
and co-workers reported a Cu(ll)-assisted nitration of
cyclic ketones with ceric ammonium nitrate at 80
°C.[ To the best of our knowledge, there is only one
reported example concerning the nitration of C(sp®)—
H bonds through radical reaction using non-metallic
nitrating reagent. In 2015, a wonderful work from
Liu’s group who developed a Pd(ll)-catalyzed

nitration of 8-methylquinolines with t-BuONO at 90
°C (Scheme 1a).l'However, all of the methods suffer
from the cost of the transition-metal catalytic systems
as well as consuming too much energy.

Therefore, from the green chemistry point of view,
the development of a metal-free nitration of C(sp%)-H
bonds through radical coupling reaction at room
temperature is essential. In addition, remarkable
progress has been made in nitration using t-BuONO
as a nitrating reagent due to its low toxicity, low cost,
and ease of handling.”! As a continuing interest in
radical coupling reaction,l*% we present a metal-free
nitration of the C(sp®)—H bonds of 2-oxindoles with t-
BuONO through radical coupling reaction at room
temperature (Scheme 1b).

Previous work:

X
X 1 2
R R2 Pd(OAc), (10 mol%) R _JR
A 4 tBUONO ———————> N (@)
N 0,, DCE, 90 °C

This work: NO,
R R?
NO,
1,4-dioxane
R’ O + tBUONO —————> R’ o (b)
N air, r.t. N
R3 R3

Scheme 1. Nitration of C(sp%)-H Bonds with t-BuONO

Our initial study focused on the radical coupling
reaction between 3-phenylindolin-2-one (1a) with t-
BUuONO (2a) (Table 1). The results showed that the
yield of the desired product 3a relied on the amount
of t-BuONO and solvents, and the highest yield was
isolated by the use of 2 equiv t-BuONO in 1,4-
dioxane at room temperature (92%; entry 1). Some
solvents, including THF, MeCN, PhCI and EtOAc,
were evaluated in the presence of 2 equiv t-BuONO,
and found to be less effective than 1,4-dioxane (entry
1 vs. entries 2-5). Subsequently, the reaction
conditions were further investigated, the amount of t-
BuONO affected the reaction: a decrease in the
loading of t-BuONO to 1.5 equiv was not beneficial
to the formation of product 3a (entry 6), whereas an
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Table 1. Screening of optimal reaction conditions?®

Ph . Ph NG,
1,4-dioxane
CENg:o + t-B;g)NO Tt Cng:o
1aH 3aH
Entry Variation from the standard Isolated yield
conditions (%)
1 none 92
2 THF instead of 1,4-dioxane 80
3 MeCN instead of 1,4-dioxane 84
4 PhCl instead of 1,4-dioxane 79
5 EtOAc instead of 1,4-dioxane 87
6 1.5 equiv t-BUONO instead of 72
2 equiv t-BUONO
7 3 equiv t-BuONO instead of 92
2 equiv t-BuONO
8 at 40 °C 92

3 Reaction conditions: 1a (0.2 mmol), 2a (2 equiv) and
1,4-dioxane (2 mL) atr.t. in air for 12 h.

increase in the loading of t-BuONO to 3 equiv only
resulted in identical result to that of 2 equiv t-
BUONO (entry 7). A higher temperature (40 °C) did

Table 2. Nitration of 2-oxindoles with t-BuONO?

R2
NO,
1,4- d|oxane

0+ tBuONO R’
air, r.t.

M
Me O e NO,
Me
@fgz NO, @fNS:O

0 H
3a, 92% N 3c, 71%
3b o
,81%
Ph
Et n-Pr
NO, NO, NO,
N N \
H H M
3d, 50% 3e, 41% 3f, 81%
Ph Ph Ph
NO, NO, NO,
N N N
Bn Ph Bo
3g, 82% 3h, 52% 3i, 40%
Ph Ph Ph
MeO NO: ¢ NOz2  Br NO:
0 (o] o
N N N
. H H H
3j, 87% 3k, 88% 31, 92%

Me O
Me
MeO NO, cl NOz Br NO,
(> L, (L

N N

3m, 7694 3, 90% 30, 88%

3 Reaction conditions: 1 (0.2 mmol), 2a (2 equiv) and 1,4-
dioxane (2 mL) at r.t. in air for 12 h.
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not improve the yield compared with the result at
room temperature (entry 8). Therefore, the
combinations listed in entry 1 were the optimal
reaction conditions for this radical coupling
reaction.

With the optimized conditions in hand, the
generality of the nitration of 2-oxindoles was
explored, and the results are listed in Table 2. A
variety of 3-aryl-2-oxindoles and 3-alkyl-2-
oxindoles underwent nitration with t-BuONO to
furnish the desired products 3a—3e in good to
excellent yields. 2-Oxindoles with a Ph group and a
2,5-dimethylphenyl group at the C3-position,
reacted with t-BuONO to generate the
corresponding products 3a and 3b in 92% and 81%
yields, respectively. Meanwhile, 2-oxindoles
bearing an alkyl group, such as Me, Et, and n-Pr,
generated the desired products 3c—3e in 71-41%
yields. Several N-substituted-2-oxindoles, bearing
both electron-rich substituents (Me, Bn, Ph) and
electron-poor substituent (Boc) gave good results,
forming the corresponding radical coupling
products 3f-3i in 82—-40% vyields. We then turned
our attention to aryl moiety of 2-oxindoles, as
shown in Table 2, a range of 2-oxindoles, with both
electron-donating group and electron-withdrawing
groups on aryl ring, were viable in the radical
coupling reaction. Notably, Cl and Br substituents
were also well tolerated, thereby facilitating
possible additional modifications at the halogenated
positions. Extensive screening revealed that 2-
oxindoles 1m-1o were tolerated well, giving the
corresponding products 3m-3p in 76%, 90%, and
88% vyields, respectively.

As shown in Scheme 2a, 81% vyield of nitration
product 3a was obtained on the gram scale under
the optimal conditions. In addition, the reduction of
3a to 3-amino-3-phenylindolin-2-one 4a was
achieved (Scheme 2b). Thus, 3a could be
selectively reduced to 4a in 82% vyield by using the
modified methods.[*!!

Ph Ph NO
£BUONO 1,4-dioxane 2 @
0 + -Bu —_— 0 a
N 2a air, r.t. H
H
1a 3a
4.78 mmol , 19 0.9834 g, 81%
Ph Ph
NO, NH,
Cfgz Zn, HOAc Cfgz ®)
(0] > (0]
N reflux,12 h N

H
3a 4a, 82%

Scheme 2. Synthesis Application: Scale-up Experiments
and Reduction Reaction.

As shown in scheme 3a, when the reaction was
carried out in nitrogen, the desired product 3a was
not obtained. Meanwhile, we screened other
substrate for this nitration reaction. Unfortunately,
1p was not a suitable substrate for this reaction,
probably due to the instability of secondary

2
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carbocation  (Scheme 3b). When 2,2,6,6-
tetramethylpiperidinooxy (TEMPO), 2,6-di-tert-
butyl-4-methyl phenol (BHT), and hydroquinone
were added under the optimal reaction conditions,
the desired nitration was obviously suppressed,
which indicate that a radical process might be
involved in the current transformation (Scheme 3c).

Ph Ph
) NO,
1,4-dioxane
o+ t-BUONO —(———> o (a)
N 2a Nz, r.t. u
1a > 90% of 1a was recovered 3a, trace
NO,
1) 1,4-dioxane
+ t-BUONO ———— (e} (b)
N 2a air, r.t. N
1" H
P > 90% of 1p was recovered 3p, 0%
Ph
Ph . NO,
1,4-dioxane
0 + t-BUONO ————> o) (c)
N 2a air, r.t. N
H H
1a 3a
Additive Yield of 3a
TEMPO (2.4 equiv) trace
BHT (2.4 equiv) 0%

Hydroquinone (2.4 equiv)

trace

Scheme 3. Control Experiments.

The mechanism for the metal-free nitration of the
C(sp®)—H bonds of 2-oxindoles with t-BuONO was
proposed on the basis of Present results and
previous reports (Scheme 4).["1241 |nijtially, NO
radical and t-BuO radical were directly generated
from t-BuONO.*2 The NO radical was then
converted to NO; radical under aerobic
conditions.[”*31 Subsequently, the t-BuO radical
rapidly reacted with 2-oxindole 1 to generate alkyl
radical A.[**! Finally, the radical coupling reaction
between alkyl radical A and NO; radical afford the
desired product 3.

. . . air -
t-BUONO —> t-BuO + NO NO —> NO,

R? R?
R1©E$:o + tBuO —= R1@[$:O + t-BuOH
N N
R R®
1 A

R2

2

/| radical-radical R’ NO,
: cross cuplin
R1©[g:0 + No, —Z222Png R1®f§:0
N N
R R3

A

3

Scheme 4. Possible Mechanism.

In summary, we have demonstrated the first
example of metal-free nitration of C(sp®)-H bonds
with t-BuONO through radical coupling reaction. In
this process, t-BuONO was used as a nitrating reagent
which coupled with the five-membered ring scaff old
at room temperature without using a metal catalyst or
a base. This method provides a green and efficient
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route to 3-nitro-2-oxindoles, and exhibits a broad
substrate scope with good functional group tolerance.
Additionally, the radical process was revealed by
radical-trapping experiments. Further studies on the
development of radical coupling reaction using more
complex molecules are currently underway in our
laboratory.

Experimental Section

Typical Experimental Procedure for the the
Radical Coupling Reaction:

To a Schlenk tube were added 2-oxindoles 1 (0.2
mmol), t-BuONO 2a (0.4 mmol) and 1,4-dioxane (2
mL). Then the tube was stirred at room temperature
under air for the indicated time until complete
consumption of starting material as monitored by
TLC analysis. After the reaction was finished, the
solution was concentrated under reduced pressure,
and the mixture was purified by flash column
chromatography over silica gel (hexane/ethyl acetate)
to aff ord the desired products 3.
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