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One-pot synthesis of functionalized hydantoin derivatives via a
four-component reaction between an amine, an arylsulfonyl

isocyanate and an alkyl propiolate or dialkyl
acetylenedicarboxylate in the presence of triphenylphosphine
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Abstract—An effective route to functionalized hydantoin derivatives is described, involving the reaction of a urea derivative result-
ing from the addition of a primary amine to an arylsulfonyl isocyanate, and an alkyl propiolate or dialkyl acetylenedicarboxylate in
the presence of triphenylphosphine. The reactive 1:1 intermediate obtained from the addition of triphenylphosphine to the alkyl
propiolate or dialkyl acetylenedicarboxylate was trapped by NH-acids such as the urea derivative to produce functionalized hydan-
toin derivatives.
� 2007 Elsevier Ltd. All rights reserved.
Hydantoins (imidazolidine-2,4-diones) are an important
class of heterocycles, since many hydantoin-containing
natural and synthetic products exhibit diverse biological
activities, such as antitumor,1 antiarrhythmic,2 anticon-
vulsant,3 herbicidal,4 and others.5–7

Phenytoin (5,5-diphenylhydantoin) is one of the most
widely used anticonvulsants. The site of the action of
phenytoin is the neuronal voltage-sensitive sodium
channel.8 However, no exact information about the
location and nature of this site has been collected so far.

The relationship between molecular structure and activ-
ity has been thoroughly studied for phenytoin and its
derivatives.8–10 A general model compound with anti-
convulsant activity,9 comprises two aromatic rings or
their equivalents in a suitable orientation and a third,
heterocyclic region, usually a cyclic ureide. Evaluation
of binding to the neuronal voltage-dependent sodium
channel together with conformational studies for hydan-
toin and diphenylhydantoin derivatives revealed their
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optimum molecular conformation. According to these
studies, one of the phenyl rings should be almost copla-
nar with the hydantoin moiety.8 The activity of the
derivatives of hydantoin at serotonin receptors (5-
HT1D and 5-HT2A) was studied by Glen et al.,11 who
postulated a pharmacophore composed of a protonated
amine site, an aromatic site, a hydrophobic pocket and
two hydrogen-bonding sites. As suggested by Kolasa
et al.,12 benzylidene derivatives of hydantoin, which
have a methylene ‘bridge’ (to the phenyl ring) at the
5-position, are weak anticonvulsants.

Herein, we report a simple one-pot reaction between a
urea derivative, derived from the addition of a primary
amine to an arylsulfonyl isocyanate, and an alkyl prop-
iolate or dialkyl acetylenedicarboxylate in the presence
of triphenylphosphine leading to hydantoin deriva-
tives13 4 (Scheme 1). The reaction proceeded via a
smooth 1:1:1 addition in dichloromethane at ambient
temperature, to produce hydantoin derivatives 4a–e in
80–90% yields (Scheme 1).

The structures of compounds 4a–e were deduced from
their elemental analysis, IR, and 1H and 13C NMR
spectra.

The mass spectrum of 4a displayed a molecular ion peak
at m/z 400, which was consistent with the 1:1:1 adduct of
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benzylamine, benzenesulfonyl isocyanate and dimethyl
acetylenedicarboxylate. The 1H NMR spectrum of 4a
exhibited three single sharp lines arising from methoxy
(d = 3.58 ppm) and methylene (d = 5.30 ppm) protons
along with a vinylic CH (d = 5.88 ppm). The phenyl
moieties gave rise to characteristic signals in the aro-
matic region of the spectrum. The 1H decoupled 13C
NMR spectrum of 4a showed 14 distinct resonances in
agreement with the structure of methyl 2-[1-benzyl-2,5-
dioxo-3-(phenylsulfonyl)tetrahydro-4H-imidazol-4-yilid-
en]acetate.

The 1H and 13C NMR spectra of compounds 4b–e were
similar to those of 4a, except for the aromatic moiety,
which exhibited characteristic signals with appropriate
chemical shifts for the specific substitution patterns.13

Although the mechanism of the reaction between tri-
phenylphosphine and alkyl propiolates or dialkyl acetyl-
enedicarboxylates 1 in the presence of urea derivative 5
(derived from addition of primary amine 2 to arylsulfo-
nyl isocyanate 3) has not yet been established in an
experimental manner, a possible explanation is pro-
posed in Scheme 2. Based on the well-established chem-
istry of trivalent phosphorus nucleophiles,14–21 it is
reasonable to assume that product 4 results from initial
addition of triphenylphosphine to the alkyl propiolate
or dialkyl acetylenedicarboxylate and subsequent pro-
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tonation of the 1:1 adduct by the urea derivative 5 acting
as an NH-acid. Next, the positively charged ion might
be attacked by the conjugate base of the NH-acid to
form phosphorane 6, which in turn is converted to beta-
ine 7. Cyclization of betaine 7 and subsequent loss of tri-
phenylphosphine leads to compound 4 (Scheme 2).

In conclusion, we have developed a convenient, one-pot
method for preparing stabilized hydantoins. The present
method carries the advantage that, not only is the reac-
tion performed under neutral conditions, but also the
substrates can be reacted without any prior activation
or modification. The simplicity of the present procedure
makes it an interesting alternative to complex multistep
approaches.
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