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A direct C-H amination reaction of N-Ts-2-Styrylaniline derivatives to realize the synthesis of indole
derivatives was developed in the presence of copper salt. A variety of N-Ts-2-Styrylaniline derivatives
were transformed into the corresponding indole products in good to excellent yield under mild
conditions with the oxidation of potassium persulfate.
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1. Introduction

C-H functionalization approach for its economic and environ-
mentally benign features in organic synthesis has been the
research hotspot for many years [1] and has emerged as one of
the most efficient strategies for the construction of C-C [2] and C-X
[3] bonds. In particular, various cross-dehydrogenative-coupling
(CDC) reactions to form C-N bonds have also been developed
greatly [4] as the product can usually be used in the synthesis of
bioactive nitrogen-containing compounds.

Nitrogen-containing heterocycles, especially indole derivatives,
have attracted more attentions as important structural motifs in a
variety of biologically active natural products [5]. In the past
decade, numerous methods for the construction of indole moieties
and their derivatives have been developed [6]. Among them, C-H
amination reactions of 2-alkenyl- or 2-alkynylaniline are often
used to form an indole moiety. Since Hegedus and co-workers
reported the synthesis of nitrogen heterocycles though palladium-
assisted intramolecular amination of olefins in 1978 [7], Pd(II)-
catalyzed aminopalladation has emerged as one of the most
efficient methods to the synthesis of indoles (Scheme 1a) [8].
However, a radical mechanism has also been implicated in the
reactions of the same substrates (Scheme 1b). The Chemler group
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reported a Cu-catalyzed intramolecular oxidative amination of
alkenes for the synthesis of indoles, presenting a mechanism
involving nitrogen-radical addition to the alkenes [9]. The Zheng
group reported a photocatalytic synthesis of indoles also involving
a nitrogen-centered radical cation [10]. Very recently, the Youn
group reported a metal-free C—-H amination of N-Ts-2-Styrylaniline
by using DDQ as an oxidant to form the nitrogen-radical cation
[11]. In consideration of the widely existence of indoles in
bioactive substance and pharmaceuticals, we wanted to expand
the synthetic path of indoles. As our group has concentrated on the
study of the transition metal catalyzed C-H activation reactions
[12], herein we report the C-H amination of 2-alkenyl- or 2-
alkynylaniline to construct indoles moiety through an easy and
simple procedure with no expensive transition metal.

2. Experimental

All reagents and solvents were analytical grade and purchased
from commercial sources, used without further purification, if not
otherwise stated. Merck 60 silica gel was used for chromatography,
and Whatman silica gel plates with fluorescence F254 were used
for thin-layer chromatography (TLC) analysis. '"H NMR and '3C
NMR spectra were recorded on Bruker Avance 400, and tetra-
methylsilane (TMS) or CDCl; (7.26 ppm for '"H NMR, 77.0 ppm for
13C NMR) was used as a reference. Data for '>C NMR were reported
as ppm. High resolution mass spectra (HRMS) were performed on a
Waters Micromass GCT instrument.
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Scheme 1. Indole synthesis from 2-alkenylanilines.

General procedure for indole products: To a Schlenk pressure
tube, CuBr (0.025 mmol), N-Ts-2-Styrylaniline (1) (0.25 mmol) and
K5S,05 (1.25 mmol) were placed. Then 2 mL MeCN was added. The
tube was sealed and flushed with nitrogen, and then the contents
were stirred at 110 °C for 24 h. The reaction mixture was cooled to
room temperature and poured into water and then the product
was extracted with CH,Cl, (3 times). The combined organic layer
was washed with brine, dried over MgSO,4, and concentrated in
vacuo. The residue was purified by column chromatography on
silica gel (petroleum ether:EtOAc = 10:1).

3. Results and discussion

Firstly N-Ts-2-Styrylaniline (1a) was chosen as standard
substrate to find the optimized reaction conditions and the results
were summarized in Table 1. Based on our previous research, the
FeCls/t-BuOOH system was firstly applied to this reaction, however

Table 1
Optimization of the reaction conditions.?

~ Metal
Mmoo od
NHTs Oxidant I\{ I\\I

no desired product was detected (Table 1, entries 1-2). Then
Pd(OAc), was used as the catalyst and acetonitrile (MeCN) was
used as a solvent at 60 °C in air and under an oxygen atmosphere,
the product was found only in 21% (Table 1, entries 3-4). Thinking
of the expensive price and its toxicity, Pd(OAc), was replaced by
CuBr, and when CuBr was used as the catalyst, the desired product
2a was isolated only in 11% yield after 24 h at 60 °C (Table 1, entry
5). It was unsuitable to increase the reaction temperature (Table 1,
entry 6). Considering the K;S,0g was usually used to provided
radical particles [13], it was applied to the reaction at 110 °C under
a nitrogen atmosphere then a good yield of 2a was received
(Table 1, entry 7). When the amount of K,S,0g was reduced, the
yield of product 2a was also reduced (Table 1, entries 8-9). Then,
other frequently used copper (I) salts were screened (Table 1,
entries 10-11), and CuBr was the preferable choice in this reaction.
When CuBr was removed and only K;S,0g was added to the
reaction system, 2a and 2a’ were collected at the ratio of 1:10 with
a total yield of 55% (Table 1, entry 12).

With the optimized reaction conditions established (Table 1,
entry 7), the generality of the reaction was explored. The results
were outlined in Table 2. Firstly the effects of substituents (R)
residing on the aromatic part of N-Ts-2-Styrylaniline were
screened. As we can see both electron-withdrawing and elec-
tron-donating substituents worked well under the standard
reaction conditions to afford the corresponding indoles in good
to excellent yields (Table 2, entries 1-8), whereas the low yield of
methyl group (Table 2, entries 6, 14 and 17) was attributed to the
easy oxidation of the benzylic position. When there was ortho-
methyl on the aromatic part, no desired product was detected
(Table 2, entries 9-10). Subsequently the substituent effect at the
alkene part was also explored (Table 2, entries 12-16). Aliphatic
alkenes such as n-octylene and n-amylene were also suitable to
this system. Noteworthy was that when 1n was applied in this
reaction, a mixture of 2- and 3-substituted indole products
(2n:2n’ = 0.7:10) were collected which indicated a migratorial
process occurred (Table 2, entry 17) [14]. N-Ts-2-Styrylnaphthy-
lamine and N-Ts-4-Chloro-2-Cinnamylaniline were applied to this
reaction, however no corresponding product was got (Table 2,
entries 11 and 18).

Ts Ts
1a 2a 2a’'
Entry Catalyst (equiv.) Oxidant Temp. (°C) Yield (%)°
1° FeCl; (0.05) t-BuOOH (1.2 equiv.) 80 ND
2¢ FeCls (0.05) t-BuOOH (1.2 equiv.) 100 ND
3 Pd(OAc), (0.05) Air 60 Trace
4 Pd(OAc), (0.05) 0, 60 21 (2a)
5 CuBr (0.1) 0, 60 11 (2a)
6 CuBr (0.1) 0, 110 14 (2a)
7 CuBr (0.1) K>S,05 (5 equiv.) 110 90 (2a)
8 CuBr (0.1) K>S,0s (3 equiv.) 110 35 (2a)
9 CuBr (0.1) K>S,0s (1 equiv.) 110 10 (2a)
10 CuCl (0.1) K3S,05 (5equiv.) 110 15 (2a)
11 Cul (0.1) K>S,0s (5equiv.) 110 69 (2a)
12 - K»S,05 (5 equiv.) 110 554

¢ Unless otherwise specified, the reaction was carried out using 0.25 mmol of 1a, 2.0 mL of MeCN under an atmosphere of dry nitrogen.

b Isolated yield based on the amount of N-Ts-2-Styrylaniline consumed.

¢ 2.0mL of TBA was used as solvent.
d 2a:2a'=10:1.
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Table 2 (Continued )

Yield (%)°
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2 Unless otherwise specified, the reaction was carried out using 0.25 mmol of 1,
0.025 mmol of CuBr, 1.25 mmol of K;S,0sg, 2.0 mL of MeCN under an atmosphere of
dry nitrogen.

b Isolated yield based on the amount of 1 consumed.
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Scheme 2. Proposed mechanism.

Further experiment was conducted in order to understand the
mechanism of this reaction, 2,2,6,6-tetramethylpiperdine loxyl
(TEMPO), a well-known radical-trapping reagent, was added to the
reaction, while the trapping product was not obtained, and the
corresponding 2-phenyl-1-tosyl-1H-indole (2a') was collected in
the yield of 83% together with little starting material. According to
the experiment and literature [11,13,14a], a plausible mechanism
was provided in Scheme 2. The sulfate radical could be produced by
the single electron transfer from Cu* to S,0g%>~ when thermal
energy is applied. Then radical cation intermediate A might be
formed by a dehydrogenation of 1 facilitated by sulfate radical
anion. The nitrogen radical cation could add to the double bond of
the alkene, generating intermediate B which then rearranged to B'.
Under oxidizing conditions, B and B’ were oxidized to give
corresponding C-H amination products.

4. Conclusion

In summary, we have successfully realized the direct intramo-
lecular C-H amination reactions of N-Ts-2-Styrylaniline deriva-
tives catalyzed by copper and potassium peroxydisulfate to get
indole derivatives under mild conditions. Further investigations of
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the application in organic reactions are underway in our
laboratory.
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