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Summary: The reaction of methylpalladium complexes
with o-alkenylphenyl isocyanides results in the successive
intramolecular insertion of the alkenyl and isocyano
groups followed by the 1,3-migration of hydrogen to give
(η3-indolylmethyl)palladium complexes (4) in good yields.
Treatment of 4 with diethylamine causes nucleophilic
attack at the exo methylene carbon to give 2-methyl-3-
(aminomethyl)indole, whereas the reactions with HCl
produce 2,3-dimethylindole derivatives.

Cyclization via a tandem reaction of organic molecules
mediated by transition-metal complexes is a powerful
tool for the synthesis of heterocyclic compounds. Al-
though several methods have been developed for the
construction of an indole nucleus, indole derivatives are
still fascinating targets in these synthetic reactions, due
to their importance as basic units in a wide variety of
biologically active natural products.1,2 Ortho-function-
alized aryl isocyanides have attracted much attention
as a substrate for the synthesis of the indole frame-

work.3,4 Despite the high reactivity of isocyanides
toward organometallic compounds,5 there have been few
reports on approaches to indole synthesis using transi-
tion-metal mediators.6 We recently showed that the
reactions of organopalladium complexes with o-ethynyl-
phenyl isocyanide produce (E)- and (Z)-(indolidene-
methyl)palladium complexes in good yields.7 We de-
scribe here the formation of novel (η3-indolylmethyl)-
palladium complexes from the reaction with o-alkenyl-
phenyl isocyanide and their reactivity, leading to 2,3-
disubstituted indole derivatives.

Treatment of complex 1a with o-vinylphenyl isocya-
nide (2a)8 at room temperature resulted in the insertion
of the isocyano group of 2a to give an iminoacyl complex
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(3a) in 86% yield (Scheme 1). Similar reaction with
o-((methoxycarbonyl)ethenyl)phenyl isocyanide (2b)3a,c

also produced an insertion product (3b) in 97% yield.
These complexes were fully characterized by spectral
analyses as well as by X-ray crystallography, as shown
in Figure 1.9

No intramolecular insertion of the vinyl group took
place upon heating a chloroform solution of 3a at 45 °C,
in contrast to the results with the acetylenic analogue.7
Elevation of the reaction temperature caused decompo-
sition of 3a to Pd(PEt3)2Cl2 and unidentified organic
compounds. However, treatment of 3a with AgPF6 at 0
°C quantitatively gave a new palladium complex (4a),
which was isolated in 50% yield. The 31P NMR spectrum
of 4a showed two doublet signals at δ 7.1 and 29.8 with
the coupling constant JPP ) 29 Hz, which is character-
istic of a cis-bis(phosphine)palladium complex, along
with a septet signal at δ -143.3 (JPF ) 713 Hz) due to
the counteranion PF6

-. In the 1H NMR spectrum, the
signals due to the vinyl protons disappeared, and two
new signals assignable to those on the part derived from
the vinyl group in the range of δ 2-4 along with a broad
signal at δ 10.36 were observed. The IR spectrum
revealed an absorption at 3304 cm-1. These data are
consistent with the formation of an indole skeleton
produced by insertion of the vinyl group into the Pd-C
bond followed by a hydrogen shift to the nitrogen atom.
The structure of 4a was unequivocally determined by
an X-ray diffraction study, as shown in Figure 2, to be
an η3-indolylmethyl complex.10 The most striking struc-
tural feature is that the Pd(1)-C(3) bond is much longer
than Pd(1)-C(1) and Pd(1)-C(2). Although a similar
phenomenon has often been observed in η3-benzyl
complexes,11 the length of the Pd(1)-C(3) bond is
remarkable. This may be due to the contribution of an

η2 structure (5a) (Chart 1), in which the formal oxidation
state of the palladium atom is zero and the positive
charge is located on the nitrogen atom.12 The high
stability of the indole skeleton in 4a would be a driving
force for the 1,3-hydrogen shift in the intermediate (6a),
which was produced by intramolecular olefin insertion
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Scheme 1

Figure 1. ORTEP drawing of 3a. Hydrogen atoms are
omitted for clarity. Bond distances and angles are included
in the Supporting Information.

Figure 2. ORTEP drawing of 4a. Hydrogen atoms and a
counteranion are omitted for clarity. Selected bond dis-
tances (Å) and angles (deg) are as follows: Pd(1)-P(1) )
2.239(2), Pd(1)-P(2) ) 2.277(3), Pd(1)-C(1) ) 2.105(9),
Pd(1)-C(2) ) 2.189(9), Pd(1)-C(3) ) 2.620(9), C(1)-C(2)
) 1.42(1), C(2)-C(3) ) 1.42(1); P(1)-Pd(1)-P(2) ) 104.97(9),
C(1)-C(2)-C(3) ) 126(1).

Chart 1
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from 3a. The η3 coordination mode in 4a is stable
compared to that in analogous (η3-benzyl)palladium
complexes. Thus, treatment of Et4NCl did not change
the coordination mode to η1, whereas (η3-benzyl)palla-
dium complexes are easily converted into η1-benzyl
complexes under similar conditions.13 Reaction of 3b
with AgPF6 also gave an η3-indolylmethyl complex (4b),
which consisted of two isomers, syn- and anti-4b, in a
ratio of 71:29 as determined by 1H and 31P NMR spectra.

Upon treatment of complex 1b, which has the ligand
bis(diphenylphosphino)ethane (dppe), with 2a at room
temperature, both the isocyano and olefinic groups of
2a smoothly inserted into the Pd-C bond in the absence
of AgPF6 to give an η3-indolylmethyl complex (4c) in
76% isolated yield (Scheme 2). Reaction of complex 1c,
which has the ligand bis(diphenylphosphino)propane
(dppp), also produced complex 4d, which was isolated
in 46% yield. Although a mixture of syn- and anti-4e
was produced in a ratio of 78:22 from the reaction of
complex 1c with 2b, the major product was isolated by
recrystallization from a CHCl3-CH2Cl2-hexane solu-
tion and was confirmed to be syn-4e by an X-ray
analysis (Figure 3).14 The Pd(1)-C(3) bond is slightly
longer than the corresponding bond in 4a, suggesting

that the η2-coordinated structure has a greater contri-
bution, since the electron-withdrawing nature of the
methoxycarbonyl group stabilizes the low oxidation
state of the palladium species. The reaction of complex
1d, which has 2,2′-bipyridine as a bidentate ligand, with
2a smoothly proceeded to give complex 4f in 77% yield.

The (η3-indolylmethyl)palladium complex 4 shows
reactivities similar to those of common (η3-allyl)palla-
dium complexes. Complexes 4d and 4e underwent the
quantitative cleavage of the Pd-C bond in an η3 fashion
by treatment with HCl to give 2,3-dimethylindole
derivatives (7) in quantitative yields15 (Scheme 3). On
the other hand, the η3-indolylmethyl group also under-
went nucleophilic attack.16 Treatment of complex 4d
with dialkylamine at room temperature selectively
produced 2-methyl-3-(aminomethyl)indole derivatives
(8) in good yields.

In summary, we have demonstrated the stoichiomet-
ric transformation of o-alkenylphenyl isocyanides into
2,3-disubstituted indole derivatives on a palladium atom
through η3-indolylmethyl intermediates. Further studies
focused on the application of the present finding to a
catalytic system are now in progress.
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Figure 3. ORTEP drawing of syn-4d. Hydrogen atoms,
solvent molecules, and a counteranion are omitted for
clarity. Selected bond distances (Å) and angles (deg) are
as follows: Pd(1)-P(1) ) 2.278(2), Pd(1)-P(2) ) 2.301(1),
Pd(1)-C(1) ) 2.118(4), Pd(1)-C(2) ) 2.184(4), Pd(1)-C(3)
) 2.713(4), C(1)-C(2) ) 1.436(6), C(2)-C(3) ) 1.408(6);
P(1)-Pd(1)-P(2) ) 94.41(4), C(1)-C(2)-C(3) ) 120.9(4).

Scheme 2

Scheme 3
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