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Abstract—The reactions of pyrroles with 2-methoxyphenols, which proceeded smoothly at either 0°C or room temperature via the
Diels–Alder reactions of in situ generated masked o-benzoquinones are described. © 2001 Elsevier Science Ltd. All rights
reserved.

Unlike furan, pyrrole and its derivatives do not
undergo cycloadditions efficiently owing to their higher
resonance energy than the former. When pyrrole ring is
substituted at position-1 by an electron-withdrawing
group, it exhibits enhanced dienic character due to
reduced aromaticity, and consequently undergoes
cycloadditions with dienophiles.1 However, the Diels–
Alder reactions of pyrroles are mostly confined to
electron-deficient alkynes. Alkenes generally do not
react with N-acylated pyrroles at ambient pressure.2

Even at high pressures, only more reactive dienophiles
such as N-phenylmaleimide are known to participate in
the Diels–Alder cycloadditions with activated
pyrroles.3–5 Added constraint to this is the competing
Michael addition of pyrroles as a result of their �-exces-
sive aromatic character. The parent pyrrole and N-
alkylated pyrroles can undergo Michael-type addition
in which the dienophile acts as an electrophile resulting
in the substitution at the �-position of the pyrrole ring.6

At this juncture, the participation of pyrroles as
dienophiles in the Diels–Alder reactions appears
difficult. However, the dienophilicity of pyrroles in the
Diels–Alder cycloadditions was recorded7 in few cases,
albeit it demands high temperatures8 with prolonged
reaction times,9 which often results in poor yields and
unstable adducts. This contribution reports the
extremely facile and efficient Diels–Alder reactions of
masked o-benzoquinones with N-acyl pyrroles, which
act as 2�-components.

Masked o-benzoquinones (MOBs),10 a class of 2,4-
cyclohexadienones, can be easily generated in situ by
the oxidation of readily available 2-methoxyphenols
with hypervalent iodine reagents in MeOH. Despite the
fact that MOBs are electron-deficient homodienes, they
readily undergo Diels–Alder reactions with both elec-
tron-poor11 and elelctron-rich dienophiles12 affording
stable bicyclo[2.2.2]octenone derivatives. Very recently,
MOBs were shown to drive heteroaromatics such as
furans13 and indoles14 as 2�-components in the Diels–
Alder reaction. The unique properties of MOBs have
led us to explore their cycloaddition reactions with
pyrroles.

Initially, the reactions of 2-methoxyphenols 2a–c, with
N-benzoylpyrrole (3) were investigated. Phenols 2a–c
were oxidized to the corresponding MOBs 1a–c with
diacetoxyiodobenzene (DAIB) in methanol at 0°C and
the subsequent reaction with pyrrole 3 underwent
smoothly at 0°C resulting in the formation of the
cycloadducts 8a–c15 in very good yields. Encouraged by
these results, the reactions of 2a–c with N-benzoyl-
pyrroles 4–6 were studied. Gratifyingly, the reactions
of MOBs 1a–c with 4–6 proceeded efficiently at either
0°C or room temperature to afford cycloadducts 9a–c,
11a–c in good to excellent yields (Scheme 1, Table 1).
To evaluate the effect of electron-withdrawing group in
the pyrrole ring, reactions of 2a–c with N-acetylpyrrol-
2-yl acetate (7) were tested. While the reactions of
methyl vanillate (2a) and acetovanillone (2b) with N-
acetylpyrrol-2-yl acetate (7) furnished the correspond-
ing adducts 12a,b, respectively, in low yields; the
reaction of vanillonitrile (2c) did not provide the
cycloadduct 12c. These results are summarized in Table
1.
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This diminished reactivity of MOBs with 7 could be
due to the fact that these processes being inverse-elec-
tron-demand Diels–Alder reactions, require electron-
rich dienophiles for facile cycloadditions.12c The
moderately stable MOB 1d did not react with pyrrole 4.
Therefore, it appears that an electron-withdrawing
group at C-4 of MOB is necessary for the cycloaddition
to occur.

The regiochemistry of these cycloadducts was deter-
mined from 1H–1H decoupling NMR experiments. The
stereochemical assignments of all the adducts except 10

Scheme 1.

Table 1. Diels–Alder cycloadditions of pyrroles 3–7 with masked o-benzoquinones 1a–ca

Entry Pyrrole (equiv.) Phenol MOB Temp. (°C) Adduct/Yield (%)b

0 8a/851 2a3 (5) 1a
0 8b/832 2b 1b

8c/5601c3 2c
0 9a/924 2a4 (3) 1a

2b5 1b 0 9b/84
9c/4901c6 2c

5 (5) 2a7 1a 10a/830
10b/822b 1b 08

1c 09 10c/472c
10 6 (20) 2a 11a/641a rt

rt 11b/662b 1b11
rt1c 11c/552c12

7 (20) 2a 1a rt 12a/4013
12b/252b 1b rt14
12c/-2c 1c rt15

a All reactions were carried out for 1 h after the addition of pyrrole derivative.
b Yields are of pure and isolated products.
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Figure 1. ORTEP plot of the crystal structure of adduct 9c
(numbering is arbitrary).

bon of pyrrole at C-2 of MOB in a double Michael-type
addition. Path A is highly improbable under the reac-
tion conditions as pyrroles (4�) cannot undergo
cycloadditions at ambient pressures3 with alkenes (2�)
(vide supra). Furthermore, the reaction of MOB 1a
with pyrrole 3 was carried out in deuterated methanol
in an NMR tube at 0–5°C and monitored by NMR
spectroscopy. As expected, a mixture of adducts 8a� was
found during the entire course of the reaction; and the
adducts 13� were not observed providing no evidence
for path A.

Though pyrroles can also undergo Michael addition,
there are no such reports on pyrroles bearing electron-
with-drawing group on nitrogen in the absence of
Lewis-acid. This may be due to the fact that these
pyrrole derivatives are not electron-rich enough to act
as Michael donors. If MOB attacks pyrrole derivatives
in Michael-type addition, products of type 15 should
also be formed after transfer of a proton from AcOH
(produced during the oxidation with DAIB)/MeOH to
the intermediate 14. In fact, such products were not
observed from MOB 1a and 3–7. To probe the influ-
ence of acetic acid present in the reaction medium, the
reaction of 1a with 3 was carried out in the presence of
KHCO3; the reaction provided only the cycloadduct 8a
indicating that Michael-type addition was not taking
place. Thus, path C seems to be improbable; however,
it cannot be completely excluded. As there is no indica-
tion for paths A and C, probably the path B involving
N-acyl pyrroles as dienophiles is in operation.

were based on the observed long-range coupling
between the vinylic protons on the cyclohexenone ring
and the nearest methine proton on the heterocycle. The
stereochemistry of cycloadducts 10 was confirmed by
comparing their 1H NMR chemical shift values with
that of adducts 8, 9, and 11–12. In addition, the struc-
ture of 9c was confirmed by the single-crystal X-ray
diffraction method (Fig. 1).16 The reactions of MOBs
and pyrroles are highly chemoselective. While the
unsubstituted double bond of substituted pyrroles 4
and 7 participated in the cycloaddition, �-unsubstituted
double bond of pyrrole 5 took part in the reaction.

The reactions of MOBs and pyrroles can occur in one
of the three possible pathways (Scheme 2). (1) Path A:
a tandem process involving (i) [4+2] cycloaddition of
pyrrole and MOB, where the pyrrole participates as the
diene and C4�C5 double bond of MOB as dienophile
followed by (ii) a Cope rearrangement, (2) path B: [4+2]
cycloaddition of MOB and pyrrole where MOB acts as
diene and pyrrole as dienophile, and (3) path C: (i) an
electrophilic attack of C-5 of MOB at �-carbon of
pyrrole followed by (ii) an electrophilic attack of �-car-

Scheme 2.
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The stereochemical outcome of these cycloadditions is
presumably due to the secondary orbital interactions.
To gain better insight into the mechanism, we have
computed the energies of transition-state structures for
the reaction of N-acetylpyrrole and MOBs by ab initio
RHF/3-21G method. Among all the transition-states
computed, 16 (simplified structure) has the lowest
energy supporting the procured regio- and stereoselec-
tivities. The calculations also suggest that the transi-
tion-state is highly asymmetric and hence, the reaction
proceeds through a non-synchronous concerted
pathway.17

In summary, for the first time we have described very
efficient and highly selective Diels–Alder cycloadditions
of pyrrole derivatives at/below room temperature. Fur-
thermore, multifunctional molecules with a high degree
of structural complexity were generated from simple
aromatic compounds in a single synthetic operation.
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