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2-Bromo(chloro)indoles were readily and efficiently prepared through TBAF-promoted intramolecular

cyclization of 2-(gem-dibromo(chloro)vinyl)anilines in excellent yields under metal-free and microwave

irradiation conditions.

Introduction

The indole skeleton is one of the important structural motifs
widely found in dyes, natural products, materials, and
pharmaceutically active compounds, such as antibiotic, anticancer
and anti HIV agents.' In addition, the indole derivatives are also
used as starting materials for the synthesis of large number of
alkaloids. Many halogenated indole derivatives are also found in
nature, and several brominated indole natural products have been
isolated.” They are also present in biologically active compounds,
such as Convolutindole A,/ and polybrominated bisindoles.**

Due to the electron-rich nature of indoles, the preparation of
brominated indoles is still a challenge. The most straightforward
method is electrophilic bromination of indoles, and 3-
bromoindoles are obtained, along with the by-products.* While
unprotected  2-bromoindoles are wuseful for numerous
applications,® their preparation is often difficult. Although the
synthesis of 2-bromoindole based on lithiation of unsubstituted
indole, followed by bromination was developed, the extension of
its derivatives was less investigated owing to the limitation of
regioselectivity and functional group tolerance on lithiation.’

gem-Dihaloolefins, as one of the important synthetic
intermediates for their higher reactivity and easy availability have
been attracted much attention in recent years.® Especially, the
construction of various functionalized indole derivatives from 2-
(2,2-dibromovinyl)anilines and 2-(2,2-dibromovinyl)(N-
substituted)anilines through the transition-metal-catalyzed
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cross-coupling methodologies, such as carbon-nitrogen/carbon-
carbon,’ carbon-
nitrogen/carbon-phosphine,” carbon-nitrogen/carbon-hydrogen,’
carbon-nitrogen/carbonylation,'’ and carbon-
nitrogen/carbonylation/carbon-carbon tandem reactions'’  has
been reported. Recently, Lautens et al developed an efficient
method for the synthesis of 2-bromoindoles via Pd/PrBus-
catalyzed intramolecular reactions of 2-(gem-
dibromovinyl)anilines."

Microwave heating is an attractive tool that has recently
been used in organic synthesis. And it presents a powerful and
green alternative to conventional synthesis, which helps the
chemical process more economic and soft."* In continuing our
efforts on the organic transformations of gem-dihaloolefins under
metal-free conditions'** and the solid-phase construction of
indole derivatives based on a traceless, activating sulfonyl linker
by Zhang,'* herein we developed a fetra-butylammonium
fluoride (TBAF)-promoted intramolecular cyclization of 2-(gem-
dibromovinyl)-N-methylsulfonylanilines'® for the synthesis of 2-
bromoindoles under microwave irradiation conditions. The
reactions generated unprotected 2-bromoindoles under metal-free
and mild reaction conditions in nearly quantitatively yields. In
addition, this methodology can also be extended to synthesis of 2-
chloroindoles (Scheme 1).

carbon-nitrogen/carbon-nitrogen,®

N X IBAF, THF N X =Br
R—- — > R— X 21 examples
AN\ " MW, 100°C, 5 min. = Yields: 90—99%
| H X =Cl
Ms Metal-free ! 1 example
Yield: 92%

Scheme 1. Microwave irradiated synthesis of 2-bromo(chloro)indoles.

In our initial attempt to obtain 2-bromoindole from the
corresponding 2-(gem-dibromovinyl)aniline in the presence of
TBAF in THF at 80 °C for 8 h, a complicated mixture of
compounds was obtained, but no desired 2-bromoindole was
When  N-substituted derivatives of 2-(gem-
dibromovinyl)aniline, such as N-benzyl, N-acetyl, and N-

observed.
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trifluoroacetyl were used as substrates, however, no desired 2-
bromoindole was detected and a complicated mixture of
compounds was generated. While 2-(gem-dibromovinyl)-N-tert-
butoxycarbonylaniline was used, 2-(bromoethynyl)-N-tert-
butoxycarbonylaniline was isolated in 91% yield. To our delight,
94% yield of 2-bromoindole was obtained when 2-(gem-
dibromovinyl)-N-methylsulfonylaniline was used as substrate.
However, 2-(gem-dibromovinyl)-N-(p-tolylsulfonyl)aniline was
inferior and generated 2-bromoindole in 76% yield. The results
indicated that this cyclization depends on the nitrogen
substituents of substrates. When the amine is activated by a
strong electron-withdrawing group such as sulfonyl, the tandem
reaction can occur efficiently in one pot. The N-sulfonyl linker
serves as a dual-activating group to undergo 2-bromoindoles
formation. After first-step cyclization, the sulfonamide linkage
proceeds nitrogen-sulfur bond cleavage to remove sulfonyl group.

Table 1. Screening of base and solvent for the intramolecular
cyclization of 1a“
Br

N e e
Br solvent ? N N
NH H |
1a Ms 2a 3 M
Yield [%]°
Entry Base Solvent
2a 3a
1 TBAF THF 94 0
2 TBAC THF 0 0
3 TBAB THF 0 0
4 TBAI THF 0 0
5 TBA+HSO4 THF 0 0
6 TBA-OH THF 0 35
7 TBA*OAc THF 0 72
8 KF THF 0 0
9 CsF THF 0 0
10 Et;N THF 0 0
11 DABCO THF 0 0
12 K,CO; THF 0 18
13 K5PO4 THF 22 27
14 ‘BuOK THF 36 51
15 TBAF DMF 91 trace
16 TBAF CH;CN 78 trace
17 TBAF H,O 67 trace
18 TBAF DMSO 52 trace
19 TBAF Dioxane 27 16
20 TBAF Toluene 25 0
21 TBAF C,HsOH 19 23
22 TBAF - 43 trace
23¢ TBAF THF 57 10
247 TBAF THF 99 0
25¢ TBAF THF 99 0
26/ TBAF THF 72 0
27¢ - THF <5 -
28" - THF <5 -
29' - THF <5 -

“ Reaction conditions: 2-(gem-dibromovinyl)-N-methylsulfonylaniline (1a,
0.50 mmol), base (1.0 mmol), solvent (2.0 mL) at 80 °C for 8 h. ? Isolated
yields. © The reaction was irradiated at 100 W and 80 °C for 20 min. ¢ The
reaction was irradiated at 100 W and 100 °C for 20 min. ¢ The reaction was
irradiated at 100 W and 100 °C for 5 min. / The reaction was irradiated at
100 W and 100 °C for 2 min. ¢ Pd(OAc) (5.0 ppm in THF) was added. h
Pd(OAc) (10.0 ppm in THF) was added. ' Cul (50.0 ppm in THF) was added.
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To further optimize the reaction conditions for the synthesis
of 2-bromoindole (2a) from 2-(gem-dibromovinyl)-N-
methylsulfonylaniline ~ (1a)  through a  base-promoted
intramolecular cyclization, a variety of bases were examined. The
results were summarized in Table 1. As the analogues of TBAF,
TBAC  (fetra-butylammonium  chloride), TBAB (fetra-
butylammonium bromide), TBAI (fetra-butylammonium iodide),
or TBA*HSO, (fetra-butylammonium hydrogen sulfate) was used
instead of TBAF, no product was detected and starting material
was unchanged and recovered (Table 1, entries 2—5). Meanwhile,
TBA+*OH (tetra-butylammonium hydroxide) and TBA*OAc
(tetra-butylammonium acetate) generated 2-bromo-N-
methylsulfonylindole (3a) in 35 and 72% yields, and no 2a was
obtained (Table 1, entries 6 and 7). Other bases, KF, CsF, Et;N,
and DABCO were ineffective promoters to the reaction (Table 1,
entries 8—11). However, K,CO;, K3P0O,, and ‘BuOK gave 3a or a
mixture of 2a and 3a in inferior yields (Table 1, entries 12—-14).
With respect to TBAF loading, 2 equiv of TBAF was found to be
optimal. On the other hand, the influence of solvent on the
reaction was also examined, and the results indicated that THF
was the best one among the solvents tested. Other solvents, DMF,
CH;CN, H,O, DMSO, dioxane, toluene, and C,HsOH were
inferior (Table 1, entries 15-21). However, only 43% yield of 2a
was obtained in the absence of solvent (Table 1, entry 22). The
further investigation indicated that the reaction was completed at
80 °C in 8 h. Gratifyingly, the reaction was completed under
microwave irradiation conditions at 100 W and 100 °C in 5 min
and 99% yield of 2a was obtained (Table 1, entries 23-26).

Organic reactions performed in the absence of transition
metal have received much attention, because they can overcome
the drawbacks of the expensive, poisonous, and air-sensitive
properties of metals or organometallics, and metal-free reaction is
one of the best choices in the pharmaceutical industry due to the
avoidance of metal contamination.'® However, some reactions
turned out to be actually catalyzed by a trace amount of Pd or Cu
contamination, not really “transition-metal-free”.!” In order to
figure out whether the model reaction completed in the presence
of trace amount of transition metal or not, additional trace amount
of Pd (5.0-10.0 ppm) or Cu (50.0 ppm) was added to the reaction
of 1a in THF under microwave irradiation condition without
TBAF, providing less than 5% yield of 2a (Table 1, entries
27-29)."%17¢/ This result indicated that TBAF plays an important
role in the intramolecular cyclization reaction of 1a.

On the basis of the optimized reaction conditions (in the
presence of TBAF under microwave irradiation at 100 W and 100
°C for 5 min), the scope of this transformation was investigated
and the results were summarized in Table 2. A variety of 2-(gem-
dibromovinyl)-N-methylsulfonylanilines bearing substituents on
the benzene rings were examined. The results showed that a
number of functional groups, including electron-withdrawing and
electron-donating ones were tolerated, and the corresponding 2-
bromoindoles were generated in excellent yields (Table 2, entries
1-21). Halogen substituents, such as F, Cl, Br and I, on the 4-, 5-,
or 3-position of substrates (1b—j) underwent the intramolecular
cyclization very smoothly and afforded the excellent yields of the
corresponding di-halogenated indoles 2b—j (Table 2, entries
2-10), which could provide the further transformation via
transition-metal-catalyzed cross-coupling reactions. 2-(gem-
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Dibromovinyl)-N-methylsulfonylanilines with an electron-
donating functionality, such as CH;, CH;0, C¢HsCH,O,
CH3S0,0, p-CH30C¢H; or OCH,O on the anilines also
underwent the cyclization very well to generate the corresponding
products 2k—q in 90-96% yields (Table 2, entries 11-17). It
should be noted that the reaction could tolerate ortho-substituted
group (2q). Under the present reaction conditions, 1-(gem-
dibromovinyl)-2-naphthylamine (1r) also underwent the reaction
very well to generate the desired product 2r in 96% yield.
Substrates (1s—u) with electron-withdrawing groups, CH;0CO,
and CH;CO on the 4-, and 3-position of anilines also gave the
corresponding products 2s—u in 90-93% yields. More remarkable
observation was that 2-(gem-dichlorovinyl)-N-
methylsulfonylaniline (1v) also could proceed the reaction to
generate 2-chloroindole (2v) with high yield in DMF at 110 °C
under microwave irradiation (Table 2, entry 22). It is important to
note that the reaction scale was increased up to 10 mmol under
TBAF/THF conditions for 10 min, 94% isolated yield of 2a was
obtained from 1a (Scheme 2).

o

s

@

20 Table 2. Microwave irradiated synthesis of 2-bromo(chloro)indoles through

TBAF-promoted intramolecular cyclization of 1

X
— TBAF (2.0 equiv N
R_:: X THF,MW(, 10020,)5min R_@E}_X
NHMs H
1a—v X =Br, Cl 2a-v
Entry 1,R X 2 Yield [%]”
1 1a,H Br 2a 99
2 1b, 4-F Br 2b 97
3 1c, 4-Cl Br 2¢ 96
4 1d, 4-Br Br 2d 97
5 1e, 4-1 Br 2e 94
6 1f, 5-F Br 2f 91
7 1g, 5-Cl Br 2g 93
8 1h, 5-Br Br 2h 91
9 1i, 3-F Br 2i 92
10 1j, 3-Cl Br 2j 91
1 1k, 4-CH; Br 2k 95
12 11, 4-CH;0 Br 21 93
13 1m, 4-C¢H,CH,O Br 2m 92
14 1n, 4-CH;S0,0 Br 2n 94
15 10, 4-(p-CH;0)CeHy4 Br 20 96
16 1p, 4.5-(OCH,0) Br 2p 91
17 1q, 6-CHj Br 2q 90
18 1r, 5,6-benzo Br 2r 96
19 1s, 4-CH;0CO Br 2s 91
20 1t, 5-CH;0CO Br 2t 93
21 1u, 5-CH;CO Br 2u 90
22 1v,H Cl 2v 91°

¢ Reaction conditions: 1 (0.50 mmol), TBAF (1.0 mmol), THF (2.0 mL)
and the reaction mixture was irradiated at 100 W and 100 °C for 5 min. °
Isolated yields.  DMF (2.0 mL), the reaction mixture was irradiated at 100 W

25 and 110 °C for 10 min.

2-Arylindoles exhibit high biological activities, such as
antiestrogen, h5-HT,, antagonism, anti-inflammatory, and
cytotoxicity."®  Palladium-catalyzed  cross-coupling of  2-
30 haloindoles with an arylmetal species is one of the useful
strategies for the synthesis of 2-arylindoles,'® but this application
has been limited by the inaccessibility of the 2-haloindoles.?
With the prepared 2-bromoindoles in our hands, transformation
of them into the corresponding 2-arylindoles was investigated via
35 palladium-catalyzed cross-coupling with arylboronic acids
(Scheme 3). The results indicated that the corresponding products
were obtained in high yields under the Suzuki reaction conditions
(Scheme 3, eq. 1 and 2). In the analogy studies, a special ligand
such as dppf, S-Phos, or P(+-Bu); is essential.”**® Futhermore,
40 only 4c¢, 4d or 5d was obtained in high yield during the reaction
of 2d with 4-MeOC¢H,B(OH), or PhB(OH), by controlling
Suzuki coupling conditions (Scheme 3, eq. 3, 4 and 5).

Br
X
Br N
H

NHMs
45 Scheme 2. Synthesis of 2-bromoindole in 10 mmol scale.

TBAF (2.2 equiv), THF
MW, 100 °C, 10 min

10 mmol, 94 % isolated yield

PhB(OH
msr __PrBOM: __ m o 1
N Pd(OAC), (2 mol%) N
H K3P04/MeOH/60 °C
2a 4a, 97%
mBr ACPLCHBOM, eq. 2
N Pd(OACc), (2 mol%) N
H K3PO4/MeOH/60°C
2a 82%
4-MeOCqH4B(OH); OH), B N
eq. 3
Pd(0AC), @ mol%). N
KsPO4/MeOH/40°C
4c, 90%
Br.
mm | PhB(OH), A e
N Pd(OAC), (2 mol%) N q.
H KsPO,/MeOH/40°C
2 4d, 88%
PhB(OH)2 (2 eq.)
Pd(OAc); (4 mol%) eq. 5
K3P04/MeOH/60°C

5d, 93%
Scheme 3. The Suzuki coupling of 2a and 2d with arylboronic acids.

A reaction mechanism for the generation of 2-bromoindole

(2a) was proposed in Scheme 4. Initially, an elimination of HBr

from 1a to intermediate 6a proceeded smoothly in the presence of

TBAF,"**? followed by an intramolecular nucleophilic addition of

ss nitrogen to carbon-carbon triple bond of 6a to afford a cyclization

product 3a with the assistance of fluoride anion. Finally, the

obtained 3a underwent a cleavage of the sulfonamide linkage to
afford the desired product 2a under TBAF conditions.***!
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Br ——Br
X
TBAF, N N g, TBAE N_gr
Br N N
NH N=H o | H
M
Ms  1a 6a Ms F 3a S 2a
D(H)
B
™ TBAF . eq. 1
Br N
NHMs H 98% yield
1a-D D/H = 0/100
CHs
SN TBAF/DMF
.R. eq. 2
Cl MW, 110° C, 10 min
NHMs

1w

Scheme 4. Possible reaction mechanism and the controlled experiments.

To verify the formation of intermediates 6a and 3a in the
reaction, control experiments of 1a and its isotope investigation
were conducted. When 1a was carried out in the presence of
TBAF (1.0 equiv) under microwave irradiation at 100 W and 100
°C for 5 min, 3a was isolated in 61% yield, and 2a was obtained
in 15% yield. On the other hand, when deuterium-labeled 1a-D
was carried out under the present reaction conditions, 2a was
obtained in 98% yield, and no 2-bromo-3-D-indole was detected
(Scheme 4, eq. 1). It also supports that the reaction was through
an alkynyl bromide intermediate 6a. We also tried the reaction of
2-(1’-methyl-2’,2’-dichlorovinyl)-N-methylsulfonylaniline  (1w)
in the presence of TBAF in DMF under present reaction
conditions, however, no product was isolated and 1w was
recovered in 98% yield (Scheme 4, eq. 2). In addition, ICP
analysis indicated that Cu and Pd in the reaction mixture were
0.27 and 0.03 ppm, respectively.”

In summary, we have developed an efficient and facile TBAF-
promoted intramolecular cyclization of 2-(gem-
dibromo(chloro)vinyl)anilines for the synthesis of 2-
bromo(chloro)indoles under microwave irradiation conditions.
The reactions were carried out in THF in the absence of metal,
and generated the corresponding products in excellent yields. It is
important to note that when the amine is activated by a strong
electron-withdrawing group such as sulfonyl, the tandem reaction
can occur efficiently in one pot. The reaction mechanism
investigation indicated that the sulfonyl linker serves as a dual-
activating group to undergo indole cyclization. And after indole
formation, it is activated and subsequently proceeds nitrogen-
sulfur bond cleavage to remove sulfonyl group promoted by
TBAF. Moreover, further transformation of 2-bromoindoles via
palladium-catalyzed cross-coupling can be carried out.

Experimental Section
General remarks

All reagents were purchased from commercial suppliers and used
without  further  purification.  2-(gem-Dibromovinyl)-N-
methylsulfonylanilines prepared according to the
literature.”” All TBAF (tetra-n-butylammonium fluoride)-
promoted intramolecular cyclization reactions of gem-
dibromoolefins were carried out under microwave irradiation
conditions and air atmosphere. '"H NMR and *C NMR spectra
were measured on a Bruker Avance NMR spectrometer (400
MHz or 100 MHz, respectively) with CDCIl; as solvent and

were

w
=

=
S

80

85

90

95

100

recorded in ppm relative to internal tetramethylsilane standard.
The peak patterns are indicated as follows: s, singlet; d, doublet; t,
triplet; m, multiplet; q, quartet. The coupling constants, J, are
reported in Hertz (Hz). High resolution mass spectroscopy data of
the product were collected on a Waters Micromass GCT
instrument. All MW reactions were carried out in a Discover SP
(CEM) microwave reactor.

Typical procedure for the synthesis of 2-bromoindole (2a) via
microwave irradiated intramolecular cyclization of 2-(gem-
dibromovinyl)-/V-methylsulfonylaniline (1a) in the presence of
TBAF

In a 10 mL of sealable reaction tube with a Teflon-coated screw
cap equipped with a magnetic stir bar was charged with 2-(gem-
dibromovinyl)-N-methylsulfonylaniline (1a, 0.50 mmol), TBAF
(THF solution, 1.0 mol/L, 1.0 mL, 1.0 mmol) and THF (2.0 mL).
The reaction vessel was placed in a Discover SP (CEM)
microwave reactor, and the reaction mixture was irradiated at
100W and 100 °C for 5 min. Then it was cooled to room
temperature, extracted twice with Et,O. The organic layers were
combined, dried over Na,SO,4, and concentrated under reduced
pressure to yield the crude product, which was further purified by
flash chromatography on silica gel (eluant: hexane/ethyl acetate)
to give the desired product 2-bromoindole (2a).
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