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ABSTRACT

Lewis acid promoted addition of allyltriisopropylsilane to p-quinoneimines afforded different benzofused heterocycles in moderate to good
yields depending on the conditions employed.

Benzoquinones are versatile intermediates in organic syn-
thesis;1 they can participate as dienes, dienophiles, hetero-
dienes, and heterodienophiles as well as dipolarophiles in
cycloaddition reactions.2,3 In contrast to the enormous interest
in the chemistry of benzoquinones, the quinoneimines,4 their
aza analogues, have received only limited attention.5 Boger
and Engler have elegantly employed the Lewis acid promoted
addition of weak nucleophiles such as styrene, enamines,
and allylmetals to quinoneimines to create some interesting

natural product skeletons such as those of CC-10656 and
neolignans of the type licarin-B.7 Recently, we have reported
the dipolar cycloaddition of carbonyl ylides top-quinone-
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imines.8 In this context and in view of our general interest
in this area, we have undertaken an investigation of the Lewis
acid promoted addition of allylsilane to quinoneimines. It is
worthy of note that although a good deal of the chemistry
of this silicon-stabilized nucleophile is known,9-14 its addition
to quinoneimines has remained practically unexplored. A
preliminary account of some unprecedented results we have
obtained are presented here.

Our studies commenced by exposing a solution ofp-
quinone diimine1a and allylsilane2a in dichloromethane
to ZnCl2. In the event, a slow but unprecedented bisannu-
lation of the quinoneimine by allylsilane leading to the
pyrroloindole derivative3a, in which the two silyl groups
are trans, occurred. The results of our optimization studies
revealed a striking influence of the amount and nature of
the Lewis acid used and temperature employed on the course
of the reaction. For instance, when the reaction was carried
out at -41 °C in the presence of 2.4 equiv of SnCl4, a
dihydroindole derivative arising from monoannulation re-
sulted. Other Lewis acids also afforded the same product,
albeit in lower yields (see Supporting Information). Interest-
ingly, at room temperature, when the reaction was promoted
by BF3‚OEt2 (1.1 equiv), yet another reactivity profile
manifested and the product was an indane derivative (Scheme
1).15

In the absence of any systematic study on the nature of
the Lewis acid-imine complexes,16 a plausible explanation
for the formation of the above products can be furnished by
invoking the chemical variants of the initially formed
â-silylcation as shown in Scheme 2.

The soft Lewis acid ZnCl2 coordinates the hard tosylimine
nitrogen loosely (weak hard-soft interaction). Theâ-silyl-
cation formed initially by the addition of allylsilane to the
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Lewis acid complexed quinoneimine is quenched by the
imine nitrogen to afford an iminium speciesD as depicted
in Scheme 2. This electrophilic species undergoes attack by
a second molecule of allylsilane, and the quenching of the
â-silylcation so formed by the enamide nitrogen affords3a
after aromatization. An alternate explanation is that since
the ZnCl2-catalyzed reaction is so slow, the initially formed
monoadduct is further oxidized by the unreacted imino-
quinone affording an iminium intermediate that undergoes
the second addition of allylsilane.17 In the case of hard Lewis
acids, SnCl4 and BF3‚OEt2, the initial coordination to the
imine nitrogen is strong (hard-hard interaction) and hence
the monocoordinated species is highly reactive. Here the
stability of theâ-silylcation formed holds the key. At-41
°C in the presence of SnCl4, the silylcation formed is stable
so that an imide-enamide-type equilibrium is established
prior to the quenching of the cation. This results in the
formation of4a. When the reaction is carried out at room
temperature in the presence of BF3‚OEt2, the initially formed
â-silylcation is highly reactive so that the quenching of the
cationic species, with a concomitant 1,2-silyl shift, through
the C-terminus of the enaminoborane occurs prior to tau-
tomerization, culminating in the formation of5a, which is
the thermodynamically favored product. In this scheme of
events, the low nucleophilicity of sulfonimide nitrogen also
is important; otherwise it is likely to quench theâ-silylcation
as soon as it is formed (Scheme 2).

A general observation that can be made from the above
study is that although lower temperature and presence of
excess Lewis acid favor the formation of dihydroindole
derivative, elevated temperature and stoichiometric amount
of Lewis acid promote the indane derivative formation. It
may be discerned that both higher temperature and excess
Lewis acid would allow tautomerization to preponderate over
â-silylcation quenching.18

In the case of ring-substitutedp-quinoneimine1b, the
reaction proceeded only when promoted by SnCl4, in which
case the expected dihydroindole derivative resulted. When
allyltriphenylsilane2b was employed, it required a combina-
tion of SnCl4/Me2AlCl19 for the reaction to occur (Scheme
3).

p-Benzoquinone monoimines appeared to be impressive
substrates for the present study as they offer four different

electrophilic sites,20 and their reaction seemed to be interest-
ing both from the mechanistic and synthetic standpoints. In
practice, the reaction afforded dihydrobenzofuran derivative
(Scheme 4) irrespective of the Lewis acid and temperature

employed (see Supporting Information). In this case, con-
ceivably, the initial addition of allylsilane occurs in a
conjugate fashion to the imine moiety. The subsequent
quenching of the silylcation by the keto oxygen furnishes
the dihydrobenzofuran derivative.21

Thus, from the present study it is apparent that allylsilanes
undergo facile addition top-quinoneimines affording formal
[3 + 2] and [2+ 3] adducts. The products are substituted
dihydroindole, dihydrobenzofuran, and indane derivatives.
Efforts to extend the scope of the reaction and to examine
further transformation of the adducts are currently underway.
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