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A novel synthesis of N-protected carbazoles involving
electrocyclization of in situ generated enamines
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Abstract—A new route for the synthesis of carbazoles has been realized through the intermediacy of 2,3-divinylindoles involving an
electrocyclization followed by aromatization.
� 2005 Elsevier Ltd. All rights reserved.
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Ever since the first isolation of the carbazole alkaloid,
murrayanine1 organic chemists have been interested in
the synthesis of carbazole alkaloids due to their promis-
ing biological activities. In particular, many biomimetic
oxidation products of 3-methylcarbazole have been iso-
lated and their syntheses have been widely reported.2

Recently Knölker and Reddy extensively reviewed the
synthesis of biologically active carbazole alkaloids.3

Thermal electrocyclization methodology has been
widely used for the synthesis of carbazole based natural
products.4 Mohanakrishnan and Srinivasan outlined a
novel synthesis of phenylsulfonylcarbazoles involving
electrocyclization of N-phenylsulfonyl 2,3-divinylindoles
as the key step.5 Very recently syntheses of multifunc-
tional carbazoles6 have been reported involving either
cycloaddition or base mediated cyclization.

In continuation of our interest in carbazole based alka-
loids we wanted to prepare the aldehyde 2. In this con-
nection, a survey of the literature revealed that Coe�s
procedure has been widely utilized for the synthesis of
benzaldehydes, pyridine aldehydes, naphthaldehydes
and quinoline aldehydes.7–9 The enamine intermediates
involved in Coe�s protocol have also been utilized for
the synthesis of indoles,10 azaindoles,11 quinolones12

etc. Very recently the acetals DMF/DMA, DMA/
DMAwere used for formylation/acetylation of acetylenic
systems.13
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We presumed that the condensation of vinyl ester 1 with
DMF/DMA followed by oxidation using NaIO4 might
lead to aldehyde 2. However when 1 was reacted with
5 equiv of DMF/DMA at 110 �C for 4 h followed by
treatment with NaIO4, aldehyde 2 was not obtained,
Scheme 1.

When 1 was reacted with DMF/DMA and the resulting
crude product was analyzed by mass spectrometry, the
presence of M+ ions at m/z 379, 365, 239 and 225, corre-
sponding to carbazoles 3a,b and 4a,b were observed,
Scheme 2.
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The mechanism of formation of carbazole 3a can be
understood as the electrocyclization of an intermediate
enamine followed by aromatization, Scheme 3. The
formation of the remaining carbazoles 3b, 4a and b
would involve the secondary reaction of 3a with meth-
oxide ions. This was further confirmed by prolonging
the reaction period or by using excess of DMF/DMA,
when carbazoles 4a and b were the major products.

When the reaction was carried out using 2 equiv of
DMF/DMA for 3 h at 110 �C, the carbazole 3a was
obtained as sole product in 73% yield, Scheme 3.
Table 1. Preparation of carbazoles using vinylindoles and N,N-dimethylform

Entry Vinylindoles14 Acetal

1

N
SO2Ph

Me

CO2Et

1

DMF/DMA

2 N
SO2Ph

Me

CO2Me

1b

DMF/DMA

3 N
SO2Ph

Me

CO2Et

1

DMA/DMA

4 N
SO2Ph
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CO2Me

1b
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5 N
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Me

CO2MeMeO

1c
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6
N
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1c
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7 N
SO2Ph

CO2Me

CO2Me

1d
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The formation of carbazole 3a also supported our
earlier observation5 that N-protection is essential for
smooth electrocyclization of 2,3-divinylindoles. Thus
the presence of the phenylsulfonyl group on the indole
nitrogen conveys typical triene character to the 2,3-
divinylindole system and thereby electrocyclization is
facilitated.

The enamine-based electrocyclization methodology was
then tested with a variety of 2-methyl-3-vinylindoles
and 3-methyl-2-vinylindoles 1–1h, and the results are
detailed in Table 1. Comparatively the reaction with
amide and N,N-dimethylacetamide dimethyl acetals

Carbazole15 Yield, % & (mp)
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Table 1 (continued)

Entry Vinylindoles14 Acetal Carbazole15 Yield, % & (mp)
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2-methyl-3-vinylesters afforded the corresponding car-
bazoles in better yields (entries 1–7). The expected annul-
ation failed with 3-methyl-2-vinylindole 1e even under
forcing conditions (entry 8). However the annulation
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was successful with 3-carbomethoxymethyl-2-vinylin-
dole 1f (entry 9). Hence the failure in the case of 1e
can be attributed to the relatively less acidic nature of
3-methyl group. The use of DMA/DMA instead of
DMF/DMA also led to the respective carbazoles in al-
most comparable yields (entries 3 and 4). But in two
cases, the yields of the carbazoles were relatively less
when DMA/DMA was employed (entries 6 and 11).
The annulation of 2-benzyl-3-vinylindole 1h led to the
isolation of 1-phenylcarbazole 3l in 40% yield (entry 12).

Attempted annulations with substrates 5 and 6 were
unsuccessful even under vigorous conditions and the
starting materials were recovered unchanged. Similarly,
the attempted tris-annulation of 7 led only to the trans-
esterification product 8 in 30% yield, Scheme 4.

It is noteworthy that in the case of 3-vinyl-2-methylpyr-
role 9, the expected bis-annulation was achieved but the
secondary reactions, namely cleavage of the phen-
ylsulfonyl group and transesterification, could not be
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controlled; a mixture of products 10 and 11 was ob-
tained in low yields, Scheme 5. Use of less than 4 equiv
of DMF/DMA led to the formation of vinylindoles as
mono annulated products.

In conclusion, we have developed a convenient proce-
dure for the synthesis of functionalized carbazoles
involving electrocyclization methodology based on in
situ generated enamine intermediates. The further appli-
cation of this methodology to the synthesis of carbazole-
containing natural products is in progress.
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