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Abstract: A new metal-free method for the rapid and
productive preparation of indoles has been developed. This
process is based on sterically congested hypervalent iodine
compounds of the family of Koser reagents, and iodosoben-
zene in combination with 2,4,5-tris-isopropylbenzene sulfonic
acid provides the highest yields and fastest reaction times. This
reagent alone promotes the chemoselective oxidative cycliza-
tion of 2-amino styrenes to indoles in high yields under mild
conditions.

Indoles constitute privileged structures in natural products,
as well as in medicinal and biological chemistry.[1] Starting
with the seminal synthesis by Emil Fischer,[2] synthetic access
to this class of compounds has received huge attention for
more than 130 years, and numerous routes to their synthesis
have become available.[1,3] Important contributions from
recent years are based on innovative transition-metal-cata-
lyzed transformations.[4, 5] A particularly useful reaction in the
area has been the oxidative cyclization of 2-vinyl anilines to
indoles. This reaction has been a hallmark in the area of
palladium catalysis.[6]

The development of the corresponding metal-free oxida-
tion reaction would be an important addition to the field of
indole synthesis, given the particular purity requirements in
the areas of biological and medicinal chemistry. In view that
such a reaction is notably absent, we started to explore the
synthetic basis for the realization of such a process using
hypervalent iodine reagents as sole oxidants.[7] For example,
the corresponding intramolecular cyclization reactions are
available for carbazole synthesis from 2-amino biphenyls.[8]

Though conceptually related, the switch from aromatic
amination in these cases to the required amination of an
alkene represents a significantly more challenging process to
pursue.

Important intramolecular amination reactions of alkenes
were developed by Dom�nguez. These reactions are charac-
terized by the use of iodosobenzene bis(trifluoroacetate)
(PhI(O2CCF3)2, PIFA) as an efficient oxidant (Scheme 1).[9]

An initial interaction between an amino group and this

reagent has been suggested to generate a cationic nitrogen
atom, which is subsequently attacked by the alkene to initiate
the intramolecular amination. While this concept has proven
extremely versatile for the intramolecular synthesis of a large
series of nitrogen heterocycles,[10, 11] it is surprising to note that
the notable class of indoles has so far precluded this approach.
We herein present the successful realization of such an
approach of indole synthesis through a hypervalent iodine-
(III) mediated oxidation of 2-vinyl anilines.[12]

The reaction was developed exploring the potential of
different hypervalent iodine compounds to promote the
intramolecular cyclization of various 2-vinyl anilines. In
order to introduce a standard substituent at nitrogen, N-
Cbz-protected 2-vinyl aniline 1 a was employed as standard
substrate (Table 1). This compound was found to deliver the
desired indole 2 a upon exposure to several hypervalent
iodine reagents, although yields remained low. Examples of
this initial screening include iodosobenzene diacetate
(Table 1, entry 1), PIFA (entry 2), and combinations of the
former with Brønsted acids (entries 3 and 4). While these
reactions resulted only in low yields of the desired isolated
product 2a, the use of Koser�s reagent ([(hydroxy)-
(tosyloxy)iodo]benzene, Table 1, entry 5)[13] gave the product
in 55% yield together with some unidentified side products.
The yield could be further increased by using chloroform as
the solvent (Table 1, entry 6). An in situ formation[13a] of the
active reagent from iodosobenzene and 4-toluene sulfonic
acid gave the same result (Table 1, entry 7). Formation of
related Koser reagents with different steric arrangements at
the aryl group of the sulfonic acid, as in 2,4,6-tris-isopropyl-
benzene sulfonic acid (A) and 2,4,5-tris-isopropylbenzene
sulfonic acid (TIPBSA, B) led to the identification of the
latter as an efficient promoter (Table 1, entries 8 and 9,
respectively). For this optimum combination of PhIO and B,
the reaction time could be lowered to 1 h without loss of yield
(Table 1, entry 10).

This reagent combination also promotes the indole
cyclization from related N-carbamoyl precursors such as the
methyl carbamate 1b and the Fmoc derivative 1c. To a certain
extent, a benzoyl group is also tolerated (Table 1, entries 11–
13). Because of the acidic conditions, the Boc group is beyond
the scope of the present transformation (Table 1, entry 14), as

Scheme 1. Intramolecular alkene amination with hypervalent iodine(III)
reagents.
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it suffers rapid degradation to the free aniline, which does not
engage in indole formation (Table 1, entry 15), but rather
suffers from unspecific oxidative degradation.[14]

It is an important observation that under the optimized
conditions, the oxidative cyclization of 1a with the PhIO/
TIPBSA reagent combination benefits from an unprece-
dented high rate. Figure 1 displays the result of an NMR study

that suggests that for the parent compound 1a, oxidation to
indole 2a is complete within ten minutes at room temper-
ature.

Under the optimized conditions shown in Table 1, a series
of different precursors could be conveniently cyclized to the
corresponding indoles. A total of 21 different products are
presented in Scheme 2. Examples include the synthesis of

several five-substituted indoles 2g–k with alkyl and halide
substituents and the related 5-carbonyl substituted products
2 l–o, including a formyl group (2 l) that proofed reasonably
stable under the strong oxidation conditions. Other carbon
substituents, such as phenyl and phenylacetylenyl, were also
found to be fully compatible with the reaction conditions
(compounds 2p,q). Related substitution patterns were also
tolerated for the synthesis of 6-functionalized indoles 2r–w,
including again alkyl, halide, and alkoxy substituents. The
general reaction conditions were also found to be applicable

Table 1: Optimization of reaction conditions.[a]

Entry Protecting
Group

Iodine(III) Acid Solvent Product Yield
[%][b]

1 Cbz (1a) PhI(OAc)2 – CH2Cl2 2a 22
2 Cbz (1a) PIFA – CH2Cl2 2a 14
3 Cbz (1a) PhI(OAc)2 p-TsOH CH2Cl2 2a 31
4 Cbz (1a) PhI(OAc)2 TfOH CH2Cl2 2a 13
5 Cbz (1a) PhI(OH)(OTs) – CH2Cl2 2a 55
6 Cbz (1a) PhI(OH)(OTs) – CHCl3 2a 64
7 Cbz (1a) PhIO p-TsOH CHCl3 2a 64
8 Cbz (1a) PhIO A CHCl3 2a 65
9 Cbz (1a) PhIO B CHCl3 2a 92
10[c] Cbz (1a) PhIO B CHCl3 2a 92
11[c] CO2Me (1b) PhIO B CHCl3 2b 92
12[c] Fmoc (1c) PhIO B CHCl3 2c 79
13[c] Bz (1d) PhIO B CHCl3 2d 56
14 Boc (1e) PhIO B CHCl3 2e –
15 H (1 f) PhIO B CHCl3 2 f –

[a] Boc= tert-butoxycarbonyl, Bz = benzoyl, Cbz= benzyloxycarbonyl,
Fmoc= fluorenylmethoxycarbonyl, PG=protecting group, TfOH = tri-
fluoromethanesulfonic acid, TsOH= p-toluenesulfonic acid. [b] Yield of
isolated product after purification. [c] Reaction time of 1 h.

Figure 1. Kinetic profile for formation of indole 2a from 1a.

Scheme 2. Substrate scope for the metal-free indole synthesis with
PhIO/B (yield of isolated product after purification). [a] Reaction time
until consumption of all starting materials (control by TLC). [b] PIFA
(1.1 equiv), CHCl3, 0 8C, 24 h.
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to the 5,6-disubstituted derivatives 2x and 2 y. This demon-
strates a rapid and highly productive reaction with a broad
substrate scope that surpasses related ones from metal-
mediated processes. For 1 a, the reaction could be conven-
iently conducted at a 5 g scale (78% yield). A certain
limitation was found for the synthesis of 4-methyl indole 2z.
The cyclization with the PhIO/TIPBSA reagent combination
was slow, probably as a result of steric hindrance; a faster
conversion was achieved with the more reactive PIFA as the
hypervalent iodine oxidant.

The present oxidative indole cyclization could also be
realized using a catalytic amount of an aryl iodine catalyst
with a stoichiometric amount of the sulfonic acid TIPBSA
and in the presence of meta-chloroperbenzoic acid (mCPBA)
as terminal oxidant (Scheme 3).[15, 16] An extensive screening

of the ideal catalyst showed the more electron-rich 4-methoxy
iodobenzene to give the best results.[14] Under optimized
conditions, this compound catalyzes the oxidation of 1 a to
indole 2a within 30 min and with a yield of 68 % of isolated
product. The reaction works equally well in the presence of
30 mol% of TIPBSA, although a longer reaction time of 6 h is
required (65% yield of isolated 2a). Related reactions with
1h and 1 p gave comparable yields of 54 and 51 %, respec-
tively. In view of the extraordinary productivity of the
stoichiometric reaction from Scheme 2, the catalytic version
is slightly less efficient.[17]

The reaction mechanism is more complex than expected.
Control experiments with selectively deuterated compounds
[D2]-1a and [D]-1a show partial migration of the deuterium
label throughout the course of indole formation
(Scheme 4).[18] Obviously, such a reaction outcome renders
an oxidation of the carbamate nitrogen[10] mediated by
hypervalent iodine highly improbable. On the basis of
electronic studies[14] and literature precedence, we propose
the following mechanism (Scheme 5): The reaction is initiated
through an interaction between the modified Koser reagent
and the alkene group of 1a, leading to an alkene-iodine(III)
adduct C and then to the 1,2-iodooxygenated intermediate D.
Such a sequence is known from styrene dioxygenation with
related Koser reagents.[19] The same process had been invoked
for related intramolecular oxidation reactions of alkenes that
bear a methyl carbamate, although these transformations
were only discussed within a review article.[13c] 1,2-Iodooxy-
genated products from styrene oxidation can be stabilized by
a neighboring phenyl group through the formation of a cyclo-

propyl phenonium ion. Such phenonium ion intermediates in
the oxidation of styrene derivatives with hypervalent iodines
have ample precedence.[20] In the present case, the phenonium
ion E receives stabilization through the amino group. The
subsequent opening of the spiro-cyclopropyl ring in E should
be feasible at two positions: attack at the methylene position
will result in the formation of 3-oxygenated indoline F, which
should undergo a rapid aromatization to form indole product
2a. Alternatively, ring opening at the oxygenated carbon
atom will provide a 2-oxygenated indoline G and/or the
corresponding iminium derivative G’. Again, elimination of
the arylsulfonic acid generates the final indole 2a. This
mechanism explains the observed deuterium scrambling as
the result of the different pathways at stage E. The observed
1.5:1 ratio of the deuterium-labelling experiments suggests
some preference for the former pathway through F, which
potentially is due to steric reasons.[21]

In view that the cyclization toward the indole core
represents an extremely fast process, we explored a possible
sequential oxidation process by combining two different

Scheme 3. Indole formation in the presence of a catalytic amount of 3.
[a] Reaction time of 6 h with 0.3 equivalents of TIPBSA.

Scheme 4. Control experiments using selectively deuterated derivatives
of 1a.

Scheme 5. Proposal of a mechanism for the formation of 2a from 1a.
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iodine(III) oxidants. Indeed, when substrate 1a was oxidized
in the presence of an equimolar amount of the iodosoben-
zene/TIPBSA reagent and our previously described aminat-
ing reagent PhI(NTs2)2,

[22] a clean two-fold oxidative aminat-
ing event took place.[14] Apparently, the modified Koser
reagent exercised a kinetic dominance over the potentially
competing second hypervalent iodine reagent, which in turn
engaged in the subsequent position-selective 3-amination of
the cyclized indole 2a to give the final product 4 from two
independent metal-free amination reactions in 48 % yield
(Scheme 6).[23,24] The reaction could also be conducted with
iodosobenzene as the sole oxidant by adding TIPBSA and
bistosylimide for the two individual amination reactions
(52 % yield). This observation demonstrates the robustness
of the initial indole cyclization and exemplifies the exciting
synthetic possibilities that may result by its combination with
other oxidation processes.

In summary, we have extended the family of iodine(III)-
mediated intramolecular aminations of alkenes to the corre-
sponding synthesis of indoles from 2-vinyl anilines. The
reaction employs a modified Koser reagent that is generated
from sterically congested 2,4,5-tris-isopropylbenzene sulfonic
acid and an iodosobenzene, either in stoichiometric amounts
or as catalyst together with mCPBA as terminal oxidant. This
reaction complements related transition-metal catalyses and
broadens the synthetic possibilities of metal-free amination
methodology.

Experimental Section
Iodosobenzene (61 mg, 0.275 mmol) and 2,4,5-tris-isopropylbenzene
sulfonic acid (78 mg, 0.275 mmol) were added to a stirred solution of
the 2-vinyl aniline 1a (63 mg, 0.25 mmol) in CHCl3 (3 mL). After
15 min, the reaction was quenched with pyridine (22 mL, 0.275 mmol)
and all volatile material was removed under reduced pressure. The
crude reaction product was purified by column chromatography
(neutral alumina, n-hexane/ethylacetate, 98/2, v/v) to give Cbz-
protected indole 2a (58 mg, 0.23 mmol, 92%).
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Indole Synthesis Based On A Modified
Koser Reagent

Convenient route to indole : A fast, pro-
ductive, and operationally simple indole
synthesis was developed. The oxidative
cyclization of 2-vinyl anilines with iodo-

sobenzene and the sterically congested
aryl sulfonic acid 1 provides an efficient
and convenient access to the indole core
(see scheme; Cbz = benzyloxycarbonyl).
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