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[4 + 2]-Cycloadditions to
1’-Phenyl-Substituted 3-Vinylindoles
with V-Phenylmaleimide:

An Access to New

[a]Anellated Carbazole Derivatives™™

Ludwig Pfeuffer and Ulf Pindur*

Abstract: The AlCl,-catalyzed [4 + 2]-cycloaddition of 1’-phenyl-substituted 3-vinyl-
indoles with N-phenylmaleimide gives rise to new anellated carbazole derivatives with a
high endo-preference. A dehydrogenative Diels-Alder reaction occurs on cycloaddition

with the 3-vinylindole 1e.

The general interest in the chemistry of
carbazoles and structurally related indole
derivatives has increased considerably in
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recent years!' as some of these com-
pounds, both natural products and syn-
thetic compounds, have exhibited pro-
nounced physiological and pharmaco-
logical activities. A synthetically attractive
concept for the preparation of novel
[blanellated indoles and carbazole alka-
loids consists of the [4 + 2]-cycloaddition
to 3-vinylindoles as 4n-systems'™. The
pronounced enophile reactivity of this
class of compounds results from the char-
acteristically high HOMO energy ®. As the
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synthetic potential of this reaction type,
especially with regard to variation of the
starting materials, has by no means been
fully exploited and as comprehensive
knowledge of the regio- and stereochemi-
stry is still lacking, we now report on some
new cycloadditions of selected, 1’-phenyl-
substituted  3-vinylindoles  with  N-
phenylmaleimide (carbo-Diels-Alder reac-
tions).

The 3-vinylindoles 1a—d", in contrast to
cycloaddition reactions with 1,1-bis(3-in-
dolyl)-ethenes!, only react sufficiently
rapidly with N-phenylmaleimide™ in the
presence of a Lewis acid (AICl,). Under
these mild conditions, which were espe-
cially chosen above all to avoid polymeri-
zations of the educts, the new anellated
carbazole derivatives 2a-d were obtained
with a high endo-preference. The reaction
with 1c resulted in the formation of endo-
and exo-epimers whereas the reactions
with 1a, 1b, and 1d led exclusively to the
endo-cycloadducts (Scheme 1; in the reac-
tions of 1b and Ic, the effective product
distribution was determined also by quan-
titative TLC remission measurements(*)).

A time-dependent, quantitative investi-
gation of the course of the reactions of 1b
and lc with the dienophile by thin-layer
chromatography (TLC) showed a signif-
icantly delayed cycloaddition in the case of
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The 3-vinylindole le reacts with N-
phenylmaleimide exclusively in the sense of
a dehydrogenative Diels-Adler reaction
(Scheme 2). The new cycloadducts 3 and 4
can be isolated by means of flash-chro-
matography. However, the anellated dihy-
drocarbazole 3 is rather unstable and un-
dergoes ready transformation, albeit with
decomposition, to the more stable, delo-
calized 14n-system 4 (quantitative TLC
analysis of the reaction mixture: 62% of
4). The constitution of 3 is unusual for a
cycloadduct of this series'®, but was eluci-
dated by differential 'H{'H}-NOE mea-
surements.

Typical Procedure for Cycloaddition of 3-Vinyl-
indoles 1 with N-Phenylmaleimide: 111 mg (0.835
mmol) of AICl; are suspended in 10 mL of absolute
toluene and treated at room temperature with 115 mg
(0.668 mmol) of N-phenylmaleimide. Then, 0.556
mmol of 1 are added and the resultant mixture is stirred
for 0.5-24 h (see Table 1) at 20°C. Subsequently, the
reaction mixture is poured into 20 mL of water and

extracted with dichloromethane (3 x 25 mL). The or-
ganic phase is washed with water (2 x 30 mL), dried
with calcium chloride, and concentrated. The residue is
separated by flash-chromatography. For quantitative
TLC measurements, the residue from the organic phase
is dissolved in trichloromethane and chromato-
graphically separated on silica gel 60 plates (Merck)
with petrol ether/ethyl acetate (8/2).
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