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ABSTRACT

The use of ortho-iodonitrophenol in Ugi-Smiles reaction coupled with Heck cyclization gives new access to indole scaffolds. The sequence
can be performed in a one-pot reaction if the residual isocyanide is neutralized prior to the addition of the palladium catalyst.

Research on indoles has been and still represents one of the
most active fields in heterocyclic chemistry.1 The constant
search for new synthetic routes to this bicyclic core stems
from the impressive diversity of the biological activities2

displayed by indole alkaloids. Among all the synthetic
approaches reported in the last decades, palladium catalysis
has emerged as a powerful tool for the construction of these
scaffolds.3 More recently, diverse strategies have been
adapted to new multicomponent formation of indoles which
can be used for high-throughput screenings.4

We recently disclosed a new four-component conversion
of phenols into highly functionalized aniline derivatives.
Inspired by this straightforward formation of N-allylanilines,
we envisaged a modular route to the indole core based on a
Ugi-Smiles-Heck coupling cascade sequence (Scheme 1).

Furthermore, the easy functionalization of the starting
phenols (halogenation, Mannich, Claisen,...) could lead to
indoles with high molecular diversity.

Since we had already reported the successful coupling of
the commercially available 2-chloro-4-nitrophenol in the Ugi-
Smiles reaction, this strategy was initially tested on chlori-
nated compounds.5 Various catalyst systems were investi-
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Scheme 1. General Strategy for the Synthesis of Indoles
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gated: different sources of Pd, namely Pd2(dba)3 and
Pd(OAc)2, and several phosphines (tri-tert-butylphosphine,
dppf, tricyclohexylphosphine, and 2-dicyclohexylphosphino-
2′,4′,6′-triisopropylbiphenyl) were used with Cs2CO3 in THF
or in 1,4-dioxane; however, none of these conditions gave
the desired cyclized product (Scheme 2).

These results prompted us to reinvestigate this strategy
with iodinated phenols. The multicomponent coupling turned
out to be quite inefficient under classical conditions (MeOH
or toluene at 60 °C). Use of a 10:1 mixture of toluene/water
as solvent (containing 1 equiv of NH4Cl) improved the yields
of the four-component coupling (4-CC) reactions signifi-
cantly.6 Under these optimized conditions, the scope of the
Ugi-Smiles couplings of iodinated phenols was found to be
fairly wide, as shown in Table 1. Various isocyanides and
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Table 2. Ugi-Smiles Coupling with Iodinated Heterocyclic
Phenols

Table 1. Ugi-Smiles Coupling with 2-Iodophenols

entry R1 R2 R3 X
product
(yield %)

1 i-Bu Bn H H 1a (95)
2 Et Bn H H 1b (65)
3 i-Bu Cy H H 1c (32)
4 i-Bu p-ClBn H Cl 1d (73)
5 i-Bu p-ClBn Me H 1e (49)

Table 3. Tandem Heck Coupling-Isomerizationa

a Yields given from Ugi-Smiles adducts.
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carbonyl derivatives were coupled with allylamine and
iodophenols in moderate to excellent yields.

To extend the scope of this reaction, we prepared various
4-CC adducts from iodinated heterocyclic phenol derivatives
such as hydroxy pyridines and pyrimidines. The latter were
subjected to the Ugi-Smiles coupling under standard condi-
tions (toluene at 80 °C or methanol at 60 °C) to afford the
desired products in good yields after a few hours for the
pyridines and after 3 days for the pyrimidines (Table 2).

The indole formation was first tested on purified allyl
arylamine 1d under two sets of conditions: with 5 mol % of
Pd(OAc)2 and triethylamine in DMF or with 15 mol % of
Pd(OAc)2 and triethylamine and triphenylphosphine in
toluene. Under both conditions, the tandem Heck coupling-
isomerization of the resulting double bond led to the desired
indole 2d in 74% yield (Table 3).

This Heck cyclization-isomerization cascade was then
explored using toluene as solvent for further extension to

one-pot processes. The reaction gave the expected indoles
after one day in satisfying yields (Table 3).

Under the previous conditions, the pyrimidine derivatives
cyclized sluggishly, and methanol was finally selected for
this transformation (Table 4). In this case, mixtures (from
1:1 to 3:1) of the desired indolopyrimidines and the corre-
sponding exo-methylene products were obtained. The latter
were stirred overnight in methanol at 60 °C with one
equivalent of trifluoroacetic acid to complete the isomeriza-
tion process, and the indolopyrimidines were obtained as the
sole products (Scheme 3).

These results called for the extension of this strategy to a
one-pot Ugi-Smiles-Heck coupling-isomerization proce-
dure. First trials of such a cascade were disappointing since
a significant amount (0.6-0.8 equiv) of Pd(0) was required
to drive the reaction to completion. We surmised that an
interaction of the residual isocyanide with palladium could
alter the catalytic cycle. After completion of the Ugi-Smiles
coupling, addition of 0.2-0.3 equiv of trifluoroacetic acid
at room temperature allows the hydrolysis of the remaining
isocyanide. The following Heck coupling was carried out
on the crude mixture using the same amount of palladium
as in the two-pot procedure. The desired indoles were
obtained in good yields using this new one-pot, three-step
procedure (Table 4).

In summary, we have developed a new strategy for the
construction of the indole framework. This Ugi-Smiles/Heck
coupling/isomerization cascade can be done in a one-pot
procedure by destroying the residual isocyanide before the
Pd coupling. We are now exploring the formation of
polycyclic alkaloids to exploit the diversity offered by such
a process.
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Table 4. One-Pot Procedure

Scheme 2. Attempted Indole Synthesis from Chlorophenols

Scheme 3. Heck Cyclization with Iodopyrimidines
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