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In this communication, we report a highly useful method for
the construction of polycyclic indole derivatives through the [3+
2] cycloaddition of novel, metal-containing azomethine ylides
generated fromN-(o-alkynylphenyl)imine derivatives and W(CO)5(L).

The indole skeleton is an important core framework for
pharmaceuticals, insecticides, etc., and the development of novel,
concise methods for the construction of polycyclic indole skeletons
is strongly required.1 We have considered the possibility of
generating metal-containing azomethine ylides2,2 having an indole
nucleus, by the nucleophilicendo-attack of the imine nitrogen of
theN-(o-alkynylphenyl)imine derivatives1 onto theirortho-alkynyl
group when activated by W(CO)5.3 The [3 + 2] cycloaddition of
such ylides with electron-rich alkenes would afford a novel method
for the construction of the polycyclic indole skeletons found in
various biologically active molecules (Scheme 1).

First, the aldimine1a, derived from o-ethynylaniline and
benzaldehyde, was chosen as the precursor for generating a
tungsten-containing azomethine ylide. Photoirradiation of a mixture
of 1a, ketene silyl acetal3, and a stoichiometric amount of W(CO)6

in toluene at ambient temperature smoothly promoted the desired
reaction to give a tricyclic indole derivative5a in 89% yield after
acidic workup (Scheme 2). Furthermore, the same reaction, but
using only a catalytic amount of W(CO)6, also proceeded smoothly,
affording the indole5a in high yield (10 mol %, 94%; 5 mol %,
78%).4,5 We consider the mechanism of this reaction to be as
follows: photoinduced dissociation of a carbonyl ligand from
W(CO)6 generates a coordinatively unsaturated, pentacarbonyl-
tungsten species, which activates the alkyne moiety of1a electro-
philically throughπ-complex formation.6 The 5-endo, nucleophilic
attack of the imine nitrogen onto this activated alkyne moiety
generates a tungsten-containing azomethine ylide2a, which readily
undergoes [3+ 2] cycloaddition with3 to give an unstable tungsten

carbene complex6a. Finally, 1,2-hydrogen migration to the carbene
occurs, affording the product4a with regeneration of the pentac-
arbonyltungsten species (Scheme 2).

As the desired reaction was found to proceed as expected, we
next examined its generality by employing various imine derivatives
and electron-rich alkenes (Table 1). Not only the ketene silyl acetal
3 but also mono- and disubstituted vinyl ethers (7 and8, entries 1,
2), a trisubstituted enamine (9, entry 3), and 2-methoxyfuran (10,
entry 4) reacted smoothly with the tungsten-containing azomethine
ylide 2a to afford the corresponding tri- or tetracyclic indole
derivatives11-14 as a mixture of diastereomers in good yield,
even with a 10 mol % amount of W(CO)6.7 Furthermore,N-(o-
ethynylphenyl)imidates1b and 1c could also be employed as
precursors of a tungsten-containing azomethine ylide reacting with
the ketene silyl acetal3 in the presence of W(CO)6 under
photoirradiation to give, after acidic workup, the corresponding
indole derivatives5b and 5c in moderate to good yield. The
successful application of this methodology to such imidates is
notable because the resulting indole derivatives possess anN,O-
acetal, which should facilitate further functionalization of the
products.8

Another novel aspect of this reaction was revealed during
experiments using imine derivatives15 containing aninternal
instead of terminal alkyne moiety. Thus, when a mixture of pentynyl
derivative 15a and tert-butyl vinyl ether 7 was treated with a
stoichiometric amount of W(CO)6 in toluene under photoirradiation
for 1.5 h, the indole derivative17a, having a propyl group at the
3-position of the indole nucleus, was obtained as the major product,
along with a small amount of a formal [4+ 2] adduct18a (Table
2, entry 1).9 The formation of17a clearly indicates that 1,2-
migration of the propyl group adjacent to the carbene carbon
occurred on formation of the unstable carbene intermediate16a.

Furthermore, this type of 1,2-migration reaction also proceeded
for substrates having a methyl or phenyl substituent on the alkyne
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terminus to give the corresponding substituted indole derivatives
in good yield (Table 2, entries 2, 3). In the carbene complexes of
group 6 metals, the facile 1,2-migration of hydrogen or even of a
silicon group is well-precedented;10 however, the 1,2-migration of
an alkyl or an aryl group has only rarely been reported.11,12 The
facile 1,2-migration disclosed herein is probably facilitated by strong
electron donation from the nitrogen atom to theσ* orbital of the
C-R bond in the carbene intermediate16. As a synthetic method,
this protocol affords, in a single operation, the 6-5-5 tricyclic indole
ring skeleton with a substituent at the 3-position of the indole

nucleus, which is the basic structure of pharmaceutically valuable
natural products such as mitomycin C.13

In summary, we have developed a novel method for the preparation
of polycyclic indole derivatives employing tungsten-containing
azomethine ylides generated from variousN-(o-alkynylphenyl)imine
derivatives and W(CO)5(L). These species readily undergo [3+
2] cycloaddition with various electron-rich alkenes to give syntheti-
cally useful, polycyclic indole derivatives through 1,2-migration
of a hydrogen, alkyl, or aryl substituent of the carbene intermediates.
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Table 1. Reaction with Varioius Imines and Alkenes

a In the presence of MS4A.b Ten equivalents of alkene was employed.
c Acidic workup. d cis:trans) 86:14.e cis:trans) 44:56. f cis:trans) 46:
54. g dr ) 53:47.h dr ) 54:46. i dr ) 71:29. j dr ) 77:23. (See Supporting
Information for details of the stereochemistry.)

Table 2. Reactions with Internal Alkynes

entry imine 17/% 18/%

1 RdPr (15a) 76 (cis:trans) 22:78) 21 (dr) 94:6)
2 RdMe (15b) 55 (cis:trans) 25:75) not detected
3 RdPh (15c) 61 (cis:trans) 56:44) 14 (dr) 95:5)
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