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Reactivity of 1-nitronaphthalene and 1,3-dinitronaphthalene with
conjugated dienes. An easy access to N-naphthylpyrroles
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aÁrea de Quı́mica Orgánica, Departamento de Quı́mica, Facultad de Ingenierı́a Quı́mica, Universidad Nacional del Litoral,

Santiago del Estero 2829, 3000 Santa Fe, Argentina
bIQUIOS (Instituto de Quı́mica Orgánica de Sı́ntesis), Facultad de Ciencias Bioquı́micas y Farmacéuticas, Universidad Nacional
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Abstract—1-Nitronaphthalene reacts at high temperature with poor and moderately reactive dienes affording N-naphthylpyrroles
while, with the same dienes, 1,3-dinitronaphthalene exhibits the dienophilic character of naphthalenic C3�C4 bond producing the
corresponding phenanthrenes through a classical Diels–Alder process. © 2003 Elsevier Science Ltd. All rights reserved.

We have recently reported that mono- and dinitronaph-
thalenes react as dienophiles with a highly activated
diene such us trans-1-methoxy-3-(trimethylsilyloxy)-1,3-
butadiene (Danishefsky’s diene) by thermal Diels–Alder
reactions (with normal electron demand) giving rise to
nitro-adducts which suffer aromatization providing the
corresponding phenanthrenes (Scheme 1 (A)).1–3 Inter-
estingly, during the course of extending the above
findings to nitronaphthalenes employing less reactive
dienes, we found that 1-nitronaphthalene afforded N-
naphthylpyrroles. The purpose of the present work is to
discuss the thermal behavior of nitronaphthalenes with
a range of dienes of low to moderately high reactivity.

The study was carried out using 1-nitronaphthalene
(1) and 1,3-dinitronaphthalene (6) as substrates. Iso-
prene (2a), 1-(N-acetyl-N-propylamino)-1,3-butadiene
(2b), 1-methoxy-1,3-butadiene (2c) and 2,3-dimethoxy-
1,3-butadiene (2d) were chosen as diene compo-
nents.

The reactions were performed under conditions similar
to those reported for nitronaphthalenes with Danishef-
sky’s diene. Thus the substrates were reacted at elevated
temperatures with the above cited dienes in ampules
using dry benzene as solvent.4 The results are given in
Tables 1 and 2.

Scheme 1. Reactivity of 1-nitronaphthalene with different dienes.
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Table 1. Thermal reactions of 1-nitronaphthalene with
dienes of different reactivity

Entry Diene Conditions Product, yielda (%)

150°C, 96 h1 3, 362a, 12 equiv.
180°C, 96 h2 3, 47b2a, 12 equiv.
120°C, 72 h2b, 3 equiv. 4,1 433

2c, 3 equiv.4 120°C, 72 h 4, 94
5 150°C, 72 h2c, 3 equiv. 4, 100

120°C, 72 h 5, 152d, 2 equiv.6

a Based on consumed nitronaphthalene.
b 1-Aminonaphthalene in moderate amounts was also detected at this

higher temperature.12

Other reactions using aromatic hydrocarbons as dienes
were also performed; for example 2-hydroxynaphthale-
nes and 1-vinylnaphthalene were reacted with substrate
1. However no product was observed in appreciable
amounts.

In the case of 1,3-dinitronaphthalene, reaction with
dienes 2a–d (Table 2), employing the conditions used
with 1-nitronaphthalene, provided phenanthrenes 7–95

as the mayor products. The phenanthrenes arise from
Diels–Alder cycloaddition at C(3)�C(4) bond of the
1,3-dinitronaphthalene followed by cis-extrusion of
nitrous acid from the primary nitro-adduct and subse-
quent aromatization. Traces of the corresponding
naphthylpyrroles were also observed.13 The characteri-
zation of a slightly larger quantity of pyrrole 10
obtained with 2c (Table 2, entry 3) revealed the prefer-
able addition to nitro at position 1 of naphthalene.
Small amounts of regioisomer 1-(4�-nitro-naphthalen-2�-
yl)-pyrrole (10�) (6.44 ppm, t, 2H, J=2.1 Hz; 7.22, t,
2H, J=2.1 Hz; 8.32 ppm, 1H, d, J=2.25 Hz) were also
detected together with 10.

Finally, the results are consistent with the formerly
published reaction of 1,3-dinitronaphthalene and Dan-
ishefsky’s diene that proceeds to yield 3-hydroxy-9-
nitrophenanthrene as the principal product at 120°C, 72
h.1 In the above case, only phenanthrenes and not
pyrroles were reported to be obtained. Those previous
observations serve to establish that trans-1-methoxy-3-
(trimethylsilyloxy)-1,3-butadiene due to its strong elec-
tron-donor substituents is at the moment the only diene
which induces the Diels–Alder cycloaddition selectively
to naphthalenic double bonds of both dinitronaphthale-
nes and mononitronaphthalenes.1,2

In conclusion it has been demonstrated that the combi-
nation of poor or moderately activated dienes with
1-nitronaphthalene causes the chemospecific obtention
of N-naphthylpyrroles while a better naphthalenic
dienophile such us 1,3-dinitronaphthalene with the
same dienes leads mainly to the corresponding phenan-
threnes. Thus, the major product of these reactions
depends on diene and dienophile type.

Table 2. Thermal reactions of 1,3-dinitronaphthalene with
dienes 2a–d

Entry Conditions Product, yielda (%)Diene

PyrrolePhenanthrene

2a, 5 equiv.1 120°C, 72 h 7, 23.4 Traces
8,14 26.3120°C, 72 h Traces2b, 3 equiv.2

2c, 3 equiv. 120°C, 72 h3 8, 16.5 10, 5; 10�, 1
Traces2d, 2 equiv.4 120°C, 72 h 9, 13

a Based on consumed dinitronaphthalene.

Reactions of 1-nitronaphthalene proceeded in all the
cases to produce the corresponding N-naphthylpyrroles
3–55 as the only product (Scheme 1 (B)). The yield
increases with higher temperatures and more reactive
dienes (Table 1).

These results evidently involve a condensation between
two components with complementary electronic charac-
ter. On the other hand, it is already known that nitro-
sobenzene reacts with butadienes affording the hetero
Diels–Alder adduct that becomes N-phenylpyrrole by
thermal6,7 and photochemical activation.8 Therefore, it
is reasonable to assume that nitronaphthalenes can
react through the heterodienophilic fragment of the
nitro group with dienes of low and moderate reactivity
producing a heteroadduct which rearranges with high
temperature into the observed N-naphthylpyrroles.9

Attempts to isolate intermediate compounds at lower
temperatures were unsuccessful.

The low yield obtained with 2d (Table 1, entry 6) with
respect to the increasing yield tendency with the more
reactive dienes of the series can be attributed to the
difficulty of this diene to reach the cisoid conformation
required for a [4�+2�] cycloaddition.10

When the butadienes 2b and 2c which are substituted at
position 1 with heteroatoms were used, the loss of the
substituent was observed in the resultant pyrroles for
both cases which makes this procedure best suited for
obtaining naphthylpyrroles substituted at positions 3
and/or 4 of pyrrole.11
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These results make a further contribution to nitronaph-
thalenes reactivity and provide a clean one-pot synthe-
sis of N-naphthylpyrroles from ready available
1-nitronaphthalene with several dienes.
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