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Abstract: 1,2-Diaza-1,3-butadienes react as Michael acceptors
with nitrogen 1,3-dinucleophiles, such as arylamidines, in a one-pot
heterocyclization reaction. Depending on the nature of the acyl
residue at the terminal carbon of the heterodiene system, spiro
pyrroloimidazole derivatives or 2-arylimidazoles can be obtained.
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The electronic features of 1,2-diaza-1,3-butadienes1 de-
termine their great affinity to undergo regioselective nu-
cleophilic attack at the terminal carbon of the azo–ene
system (C4) by a variety of carbon- and heteronucleo-
philes affording 1,4-conjugate adducts.2a These acyclic
intermediates bearing suitable nucleophilic and electro-
philic functions can provide internal cyclization reactions
that represents valuable methods for the construction of
heterocyclic rings.2b–g

Indeed, considering 1,2-diaza-1,3-butadienes 1a–i as
Michael acceptors and arylamidines 2a,b as 1,3-dinucleo-
phile reagents, we explored their reactions to set up a
strategy for the synthesis of compounds containing the
imidazole3 core since it occurs in a variety of alkaloids4

and bioactive natural products5 as well as in pharmaceuti-
cal agents.6

Initially, we investigated the reaction between 1,2-diaza-
1,3-butadiene derivative 1a, bearing an ester function at
C4, and benzamidine (2a) in equimolar ratio in THF at
room temperature. Despite the complete disappearance of
1a, analysis of the crude mixture revealed unreacted benz-
amidine with a series of intermediates evolving during the
time. The 1H NMR spectrum of the main product formed
allowed us to locate the presence in the compound of two
units of 1,2-diaza-1,3-butadiene and one benzamidine
fragment. This result suggested us that the amidine deriv-
ative worked as a nucleophile as well as a base. Therefore,
we planned to carry out the reaction between 1a–e and
2a,b in a molar ratio of 2:1, respectively, using DIPEA (2
equiv) as base in THF at room temperature initially, then

after the disappearance of the starting materials, under
reflux (Scheme 1).

This one-pot procedure7 was able to afford directly the
unknown spiro pyrroloimidazole derivatives 3a–i8 (52–
78%, Scheme 1). A plausible mechanism of this spiro-
annulation reaction is presented in Scheme 2.

Similarly to our previous results,9 the reaction proceeds
via nucleophilic attack of arylamidine derivative 2 at C4
of the conjugated azoalkene system 1 to give hydrazone
intermediate A by Michael-type addition. Subsequent ring
closure at the ester function at C4 gives rise to 2-arylimi-
dazolinone intermediate B. The base-promoted carbanion
formation leads to nucleophilic 1,4-addition to another
azoalkene molecule 1 affording compound C. Under basic
conditions, the two hydrazone side chains of C co-operate
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in the pyrrole ring closure producing spiro pyrroloimida-
zole derivative 3. The hypothesized mechanism is sup-
ported by the occasional isolation of intermediate B in
hydrazino tautomeric form B¢10 as a byproduct in the reac-
tion between 1a and 2a. An X-ray diffraction study of one
of the two diastereomers of 3b confirmed the spiro heter-
obicyclic structure (Figure 1) and allowed the stereo-
chemical assignment of the two stereogenic carbons to be
established.11

Since the ester function at C4 of 1a–e played a key role in
the formation of 3a–i, we proposed that its replacement
with an amide residue would influence the outcome of the
reaction. In fact, the reaction between 1f–i and 2a,b car-
ried out in equimolar ratio and under same reaction condi-
tions,12 afforded new 2-arylimidazole derivatives 4a–e13

(52–78%, Scheme 1, Table 1). According to our previous
findings,2b,e after preliminary conjugate addition, an in-
tramolecular ring closure at the hydrazone function occurs
producing a non-isolable 2-arylimidazoline intermediate
because of its ready aromatization by loss of a hydrazine
residue (Figure 2). The X-ray diffraction study of 4c con-
firmed unequivocally the imidazole structure (Figure 2).11

In summary, herein we have reported the one-pot synthe-
sis of novel spiro pyrroloimidazole derivatives under fast

and mild reaction conditions, difficult to obtain by other
procedures. Additionally, since 2-arylimidazoles14 repre-
sent an important class of structures with antifungal,15

NPY5 receptor antagonism16 and macromolecular ligand
properties,17 the present study provides a new, simple one-
pot entry to these compounds without any competitive
arylpyrimidine formation.14a

Further investigations are currently in progress in order to
improve and extend this strategy.
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Figure 1 Drawing of the crystal structure of 3b·H2O

Figure 2 View of the asymmetric unit of 4c
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Table 1 Results of the Synthesis of Spiro Pyrroloimidazoles 3a–i and 2-Arylimidazoles 4a–e

Entry 1,2-Diaza-1,3-butadiene 1 Arylamidine 2 Spiro pyrroloimidazoles 3 2-Arylimidazoles 4

1 R1 R2 2 Ar 3 Yield (%)a C5 (R/S),
C6 (S/R)

Yield (%)a C5 (R/S),
C6 (R/S)

 4 Yield (%)b

1 1a t-Bu OMe 2a Ph 3a 30 30

2 1b Me OMe 2a Ph 3b 36 26

3 1c t-Bu OEt 2a Ph 3c 27 27

4 1d Bn OMe 2a Ph 3d 30 22
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a Yield of pure isolated diastereomer.
b Yield of pure isolated product.
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