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Palladium catalyzed synthesis of 4-substituted-2-phenylimidazoles
from N-propargyl-benzamidine
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Abstract—Preliminary results of an original approach to 4-substituted-2-phenylimidazoles starting from readily available
N-propargyl-benzamidine and aryl halides are reported. Best yields were obtained using aryl halides bearing an electron-withdraw-
ing group. Plausible mechanisms are also discussed.
� 2007 Elsevier Ltd. All rights reserved.
The interest for imidazoles is connected with the pres-
ence of their structure in a great number of molecules
characterized by a variety of biological and pharmaco-
logical activities.1 For instance, the imidazole nucleus
is the skeleton of a wide range of historical antimycotic
and antiprotozoic agents.2 Moreover, cimetidine, the
prototypical histamine H2-receptor antagonist, contains
an imidazole moiety. More recently, some new 4-amino-
methyl-2-phenylimidazoles showed a strong affinity for
dopaminergic D4-receptors becoming potential candi-
dates for the treatment of schizophrenia.3

Due to their importance, many methodologies have
been developed for assembling the imidazole ring. Con-
ventional methods usually consist of cyclocondensation
reactions. Representative strategies are the reaction of a-
diketones and a-haloketones (or their derivatives) with
formamide, usually known as Bredereck synthesis and
the base-promoted cyclization between p-tosylmethyl-
isocyanide and aldimines (or imidoyl chlorides) known
as van Lausen’s Tos-MIC chemistry.4 Some other origi-
nal approaches have also been reported recently.5 On
the other hand, starting from the preformed imidazole
nucleus, the functionalization on C2 has been obtained
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by metalation followed by reaction with a proper
electrophile (such as an aldehyde or an isocyanate)6

or, more recently, by the reaction of an azolium ylide
with a reactive carbonyl.7

Surprisingly, only few catalytic reactions which produce
imidazoles have been reported.8 For instance, Abell and
co-workers developed a new synthetic method for tri-
substituted imidazoles based on the palladium catalyzed
intramolecular amino-Heck reaction of N-allyl-N-
benzyl-N 0-perfluorobenzoyloxyamidines.9 Siamaki and
Arndtsen recently reported a direct synthesis of tetra-
substituted imidazoles by a palladium catalyzed multi-
component coupling reaction starting from two imines
and acid chlorides under CO atmosphere.10 On the basis
of a classical preparative method an improved multi-
component approach has been developed by Sharma
and co-workers starting from aldehydes, benzil and
ammonium acetate in the presence of a catalytic amount
of ZrCl4.11 The synthesis of imidazole nucleus by means
of homodimerization of isocyanates catalyzed by silver12

or copper13 has also been reported. Finally, Frantz et al.
developed the one-pot strategy that involves the synthe-
sis of a-ketoamides via the thiazolium catalyzed addition
of aldehydes to acylimines and subsequent treatment
with amines.14

In connection with our ongoing interest in the study of
cyclization reaction involving alkynes and heteronucleo-
philes,15 we herein report the preliminary results of a
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Scheme 1.

Table 1. Reactions of benzamidine 1 with aryl halides 2a

Entry Ar-X t (h) Yieldsb (%)

1 24 2a 42

2 1 2b 65

3 2 2c 83

4 1 2d 86

5 1 2e 77

6 2 2f 86

7 2 2g 40

a Reaction conditions: ratio 1:2:K2CO3:Pd(PPh3)4:CuI = 1:1.05:5:
0.02:0.04 in anhydrous DMF ([1] = 0.3 M) at 60 �C under a N2.

b Yields refer to single runs and are given for isolated products.

Scheme 2.
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new tandem palladium catalyzed synthesis of 4-substi-
tuted-2-phenyl imidazoles 2a–g starting from readily
available N-propargyl-benzamidine 1 and aryl halides
(Scheme 1).

Similar synthetic approaches using acetylenes contain-
ing proximate nitrogen nucleophiles have been reported
for the synthesis of indoles,16 pyrroles,17 pyrrolo[2,3-
b]quinoxalines,18 alkyliden-oxazolidinones,19 alkyliden-
pyrrolidines20 and alkyliden-piperidines.21 Nevertheless,
two key features characterize our domino synthesis: (1)
the unprecedented use of an ammidine substrate and
(2) the involvement of a nitrogen nucleophile lacking
acidic hydrogens.22

An example of the potential of N-propargyl-benz-
amidine in heterocyclic synthesis has been reported by
Tice and Bryman.23 In the course of a more extensive
investigation on the regioselective preparation of
4-pyrimidones, the authors found that unpurified
N-propargyl-benzamidine in acetonitrile spontaneously
cyclize over the course of several days at rt to afford
the corresponding 4-methyl-2-phenylimidazole. The pro-
cess is accelerated by heat and by acidic conditions but
the yields are always moderate (56%). We were able to
prepare and purify the N-propargyl-benzamidine 1 in
76% yield,24 thus we found that such cyclization is
efficiently promoted by catalytic amounts of Lewis
acids such as TiCl4

25 and NaAuCl4
26 yielding the 4-

methyl-2-phenylimidazole in almost quantitative yields.
After that, we decided to extend the approach to internal
alkynes. Thus, we planned to functionalize the triple
bond of N-propargyl-benzamidine by means of a typical
Sonogashira coupling. Thus 1 was reacted with aryl
halides in DMF at 60 �C in the presence of a catalytic
system constituted by Pd(PPh3)4, CuI and K2CO3.
Nevertheless, under these reaction conditions a seren-
dipitous direct formation of the coupling/5-exo-dig
cycloisomerization products has been observed (Scheme
1, Table 1).27

The reaction worked well with aryl halides bearing an
electron-withdrawing group on the ring (entries 2–5)
and with activated heteroaryl halides as pyrimidine (en-
try 6), whereas unactivated aryl halides gave poorer
yield and required longer reaction time (entry 1). Also
sterically hindered 1-iodo-2-nitrobenzene quickly
reacted with 1 although the yields were moderate (entry
7). Interestingly, the reaction of aryl halides bearing
electron-donating groups, even if sterically demanding,
gave lower yields of the imidazole derivatives, beside
small amounts of the corresponding pyrimidines rising
from a formal coupling/cyclization/oxidation reaction
(Scheme 2).
All compounds were identified on the basis of analytical
and spectral data (IR, 1H NMR, 13C NMR, MS). The
well known tautomeric equilibrium of imidazole nucleus
made, in some cases, the NMR identification of the C2,
C4 and C5-H of the heterocyclic ring difficult. The C5-H
carbon has been unequivocally identified through a C–H
HETCOR experiment for compound 2c.

From a mechanistic point of view, two different mecha-
nisms can justify in the formation of the imidazole ring
(Scheme 3). The first (Path A) implies the functionaliza-
tion of triple bond by a Sonogashira coupling28 followed
by an intramolecular nucleophilic attack of nitro-
gen on the triple bond activated by one of the metal
species present in the reaction environment (palladium
or copper).29 Afterwards, the resulting alkyliden-dihydro-
imidazole spontaneously rearranges in the more stable
imidazole isomer 2. The second (Path B) involves the
coordination of the organopalladium compound to tri-
ple bond followed by the intramolecular nucleophilic
attack of nitrogen to give the aminopalladation
adduct.30 Finally, the reductive elimination of Pd(0)
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affords the alkyliden-dihydroimidazole which rearranges
in the more stable aromatic isomer 2. Moreover, the
formation of the pyrimidines 3a–b arising from a 6-
endo-dig type cyclization can be ascribed to a different
polarization of triple bond induced by the presence of
the electron-donating substituent on the phenyl ring.

With the aim to deduce some additional information on
the mechanism, we did some additional experiments
reacting 1 and p-chloroiodobenzene under different cat-
alytic conditions.

Under standard conditions but in the absence of palla-
dium, no reaction products were observed and 1 was
recovered in quantitative yield after 24 h, that means
copper alone is unable to catalyze the coupling nor the
cyclization of propargyl-benzamidine 1. On the other
hand, the reaction took place very slowly also in the ab-
sence of copper salt. After 24 h at 60 �C, the formation
of imidazole 2b was observed in a mixture with 4-
methyl-2-phenylimidazole and the unreacted reagent 1
in a ratio 2:1:4 (Scheme 4). Moreover, the reaction per-
formed in the presence of triethylamine (that is known
to play a key role promoting the formation of Sonogash-
ira coupling product versus the heteropalladation ad-
duct)31 resulted in the formation of a mixture of 2b
and 4-methyl-2-phenylimidazole in a ratio 4:1 (Scheme
4). Finally, the reaction performed under standard
Sonogashira conditions but without aryl halides failed
giving rise to a complex mixture of by-products in which
only traces of 4-methyl-2-phenylimidazole were detect-
able by 1H NMR.

On the basis of these results and the literature data it
is our opinion that the mechanism involving the
aminopalladation/reductive elimination (Path B) is the
most probable one. Nevertheless, the Sonogashira
coupling/cyclization mechanism (Path A) as competitive
pathway cannot be definitively ruled out, although we
have never been able to isolate the internal alkyne or
identify it by analyzing the NMR of the crude reaction
mixtures.

In conclusion, we have found a new versatile domino
palladium catalyzed approach to 4-substituted-2-
phenyl imidazoles starting from readily available N-
propargyl-benzamidine. Current efforts are now directed
to fully explore the scope and limitation of this
approach, for instance, optimizing the reaction condi-
tions, testing the reactivity of other aryl and vinyl
halides or triflates, and performing the reaction in the
presence of carbon monoxide to obtain 4-acyl-2-phenyl
imidazoles.
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