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A novel and efficient transition metal-free C-H bond halogenation of indole derivatives has been devel-
oped. 3-Halogenated (3-Br, 3-I) indoles are highly regioselectively produced by this protocol. Simple and
readily available halide salts (TBAB, KI) are employed as the halogen source. The transition metal-free and
the mild conditions make this protocol very easy to handle and practical.
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Organic halides are important building blocks for pharmaceuti-
cals and fine chemicals." The sp? C-X units are also significant
structure fragments in many pharmaceuticals and natural prod-
ucts.” In order to prepare aryl halides, electrophilic halogenation
of aromatic compounds through Friedel-Crafts reaction with elec-
trophilic reagents such as NIS, NBS, NCS, Br; and I, as the halogen
source has been realized several decades ago (a, Scheme 1).2
Though this transformation exhibited good reactivity, it suffered
some drawbacks in the functional group tolerance and regioselec-
tivity. In recent decades, C-H functionalization has attracted con-
siderable attentions.* More recently, transition-metal mediated
oxidative C-H halogenation has been developed employing readily
available halide salts as the halogen source (b, Scheme 1).° Despite
the significance of these protocols with high atom economy and
high efficiency, the relatively high price and considerable toxicity
of transition metals may limit their further applications and
improvements. Therefore, the development of a transition metal-
free approach via C-H halogenation would be more meaningful
and attractive.®

Due to the ubiquitous existence of indole skeleton in pharma-
ceuticals and bioactive natural products, indole skeleton based
modification has attracted enormous interest of medicinal chem-
ists.”® 3-Halogenation of indoles has also been reported by using
transition-metal salts catalysis.” Our group has been interested in
designing and modifying indole derivatives (c, Scheme 1).!° Herein,
we describe an efficient transition-metal free approach for the
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Scheme 1. Direct halogenation reactions.

synthesis of 3-halogenated (3-Br, 3-I) indoles using simple and
readily available TBAB and KI as the halogen source, respectively,
(d, Scheme 1). To the best of our knowledge, the direct halogena-
tion of indoles under transition metal-free conditions with halide
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Table 1
Optimization of reaction conditions®

H
O
N

\ .
Me solvent, r.t., air

oxidants (2.0 eq)
NaHCO; (1.0 eq)

halides (1.1 eq)

X
N

\
Me
1a 2a (X = Br)

3a(X=1I)
Entry Oxidants Solvents Halides Product Yield® (%)
1 Selectfluor DCE TBAB 2a 85
2 BQ DCE TBAB 2a 0
3 Air DCE TBAB 2a 0
4 Ag,CO3 DCE TBAB 2a 0
5 TBHP DCE TBAB 2a 0
6 Selectfluor DCE NaBr 2a 71
7 Selectfluor DCE KBr 2a 67
8 Selectfluor DCE NBS 2a 74
9 Selectfluor Toluene TBAB 2a 96
10 NFSI Toluene TBAB 2a 75
11 Selectfluor DCM TBAB 2a 72
12 Selectfluor DMF TBAB 2a Trace
13 Selectfluor DMSO TBAB 2a 0
14 Selectfluor THF TBAB 2a 77
15 Selectfluor Toluene KI 3a 96
16 Selectfluor Toluene TBAI 3a 76

¢ Unless otherwise noted, the reaction was carried out at room temperature using
1a (0.2 mmol), oxidant (0.4 mmol), base (0.2 mmol), halides (0.22 mmol), solvents
(2 mL) for 2 h under air atmosphere.

b Isolated yield. NFSI: N-Fluorodibenzenesulfonimide, Selectfluor: 1-Chloro-
methyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane, TBAB: tetrabutylammonium
bromide, TBAI: tetrabutylammonium iodide, NBS: 1-bromopyrrolidine-2,5-dione.

salts has rarely been realized.'" The present approach achieves
high regioselectivity with good substrate compatibility.

Initially, the halogenation of 1-methyl-2-phenyl-1H-indole (1a)
with TBAB as a source of bromide ions was chosen as a model reac-
tion. Interestingly, when Selectfluor'? was used as an oxidant, the
reaction in DCE in the presence of NaHCO; as a base produced the
desired 3-halogenation product 2a in 85% isolated yield at room
temperature (Table 1, entry 1). Then, different oxidants were
screened. However, no product was detected when Selectfluor
was replaced by other oxidants such as BQ, dioxygen, Ag,COs
and TBHP (Table 1, entries 2-5). These results indicate that Select-
fluor was the most suitable oxidant for this halogenation transfor-
mation. Although the reactions with other bromide salts such as
NaBr and KBr as the halogen source proceeded well, the reaction
with TBAB showed the highest efficiency (Table 1, entries 7 and
8). Furthermore, when toluene was utilized as solvent, the product
2a was obtained in 96% isolated yield (Table 1, entry 9). Similarly,
NFSI was also suitable for our reaction giving the desired bromin-
ation product 2a in moderate yields (Table 1, entry 10). Other sol-
vents were not favourable for this bromination transformation,
especially for those non-proton polar solvents (Table 1, entries
11-14). Moreover, various bases were screened. The results dem-
onstrate that NaHCOs3 is most suitable for our reaction (see ESI).
Based on the above screening results, the optimal conditions can
be determined (Table 1, entry 9).

We next investigated whether iodination works under the opti-
mized conditions. Gratifyingly, iodination of 1a proceeded
smoothly under the standard conditions with KI and TBAI as the
iodinating reagents leading to the iodination product 3a in 96%
and 76% yields, respectively (Table 1, entries 15 and 16).

With the optimized conditions in hand, the substrate scope was
studied as shown in Table 2. All substrates examined under opti-
mized conditions afforded the corresponding products in moderate
to excellent yields. The halogenation appears to be invariant to the
electronic properties of the substrates as the reaction with both
electron-efficient and electron-deficient substituents on the

Table 2
Halogenation of indoles with different halides*"
X
H
Rs " Rs
N_Rr standard conditions N R,
N N
R Ri
T X =Br, |
Br Br Br
O O O
N N N
Me Me Me
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¢ Standard reaction conditions: see (Table 1, entry 9) for bromination of indoles
and (Table 1, entry 15) for iodination of indoles.
b Isolated yield.

A\ R2  standard conditions mRZ
N}21 N\
1 2 R

87% (31) cl 36% (3])

selectfluor
[Brife————— TBAB e
5 Br Br
R H R3 H
2
+/ R -— t-R2
N
¥ N
R R1
A B

Scheme 2. The proposed mechanism for this transformation.

2-phenyl group proceeded efficiently to give the halogenating
products with moderate to excellent yields (Table 2, 2a-2c,
3a-3c). When the 2-phenyl was replaced by 2-methyl, both
bromination and iodination completed smoothly to give the prod-
uct with good isolated yields (Table 2, 2d, 2g, 3d, 3j, 3g). When
N-methyl was replaced by N-benzyl or 4-substituted benzyl, all
of the substrates performed well to afford the desired products
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with satisfactory isolated yields (Table 2, 2e, 3e, 2f, 3f). Substrates
without any substituents on the 2-position of indole proceeded
efficiently and halogenations occurred highly selectively at the
3-position of indoles with good isolated yields (Table 2, 2h, 3i).
Halosubstituted indole also can be tolerated in this transformation
(Table 2, 2i, 3i). Unfortunately, 2-phenyl-1H-indole did not work
under the standard conditions, mainly because the unprotected
indoles can be destructed by Selectfluor.

The proposed mechanism is illustrated in Scheme 2. As reported
in literatures, some additional electrophilic reactions can be per-
formed in the presence of Selectfluor.'> The corresponding Br*
and I" are generated in situ from TBAB and KI, respectively, upon
oxidation with Selectfluor.'* Then the bromide (iodine) cation is
attacked by the electron-rich indoles highly regioselectively at C-
3 position to form intermediate A or its resonance B. At last the
proton was abstracted by the base (NaHCOs) to give the product.

In summary, a novel and efficient protocol of transition metal-
free C-H bond halogenation of indoles has been developed. 3-Hal-
ogenated (3-Br, 3-1) indoles are highly regioselectively produced by
this protocol. Simple and readily available halide salts (TBAB, KI)
are employed as the halogen source. The transition metal-free
and the mild conditions make this protocol very easy to handle
and practical. Further investigations on the reaction scope and
the synthetic applications are ongoing in our group.
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