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Abstract
A simple and efficient methodology for the preparation of N-chlorinated hydantoins is presented.
These versatile chlorenium sources were isolated in high yield after a simple recrystallization. Among
the ten examples are the first chiral N-chlorohydantoins.

N-chlorinated hydantoins (e.g., 1) are important and versatile chlorinating agents that have
found use in a range of synthetic operations. The prototypical example, 1,3-dichloro-5,5-
dimethylhydantoin (DCDMH 3), has been employed as a chlorine source for the α-chlorination
of acetophenones1 and 1-aryl-2-pyrazolin-5-ones,2 for the preparation of chlorohydrin
derivatives of corticosteroids, 3 for the benzylic chlorination of 2-methylpyrazine,4 and for the
selective chlorination of a heavily functionalized quinolone derivative en route to the antibiotic
ABT-492.5 In the latter case, DCDMH was found to be a milder, more selective reagent than
sulfuryl chloride. Researchers at Schering Plough exploited the enhanced reactivity of
DCDMH relative to NCS to improve upon the large-scale preparation of Davis’ oxaziridine.
6,7 Moreover, DCDMH was employed to trap an enolate resulting from the attack of
dimethylzinc onto an α,β-unsaturated ketone, thus generating an α-chloro-β-methyl ketone
functionality en route to a building block of Amphotericin B.8

DCDMH has been employed as an oxidant for a number of transformations including the
halodeboronation of aryl boronic acids,9 the oxidation of urazoles to provide triazolinediones,
10 the microwave-assisted cleavage of oximes,11 the preparation of dialkyl chlorophosphates,
12 and as a terminal oxidant in the Sharpless asymmetric aminohydroxylation reaction.13,14

The compound can also serve as a mild oxidant in the presence of wet silica gel in the sodium
nitrite-mediated nitration of phenols15 and in the preparation of N-nitrosoamines.16

Furthermore, DCDMH has emerged as the reagent of choice for the activation, prior to loading,
of silyl linkers for solid-phase organic synthesis.17–20 Finally, DCDMH has been used as an
oxidative activator of an iridium catalyst employed for the asymmetric hydrogenation of
substituted quinolines.21 Other uses of DCDMH include employment as redox titrants in non-
aqueous media,22 and as a cheap yet safe disinfectant and bactericide for municipal water
sources.23

N-chlorinated hydantoins have also received attention from the pharmacological community.
The myriad of adverse side-effects associated with hydantoin-based drugs such as the anti-
convulsant Dilantin and the aldose reductase inhibitor Sorbinil have been attributed to N-chloro
metabolites generated in vivo via chlorination by myeloperoxidase and hydrogen peroxide.
24–26
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There are two classical methods for the preparation of N-chlorinated hydantoins. One approach
involves passing chlorine gas through an aqueous alkaline solution of hydantoin.27 The toxicity
and reactivity of elemental chlorine make this approach somewhat undesirable. The second
method involves treatment of the hydantoin with an aqueous sodium hypochlorite solution
(Chlorox®) followed by extraction.28,24 In our hands, the latter approach was met with
difficulties when less substituted, more water-soluble hydantoins were employed.

Due to our need in a number of projects, we sought a simple and high-yielding methodology
for the preparation of several new di-and mono-chlorinated hydantoin derivatives. We were
particularly interested in the possibility of generating chiral N-chlorohydantoins, for
asymmetric applications. Our interest was piqued by a report by Nagao and Katagiri published
in 1991.29 These authors correctly predicted that compounds possessing N–Cl bonds with
smaller 35Cl nuclear quadrupole resonance (NQR) frequencies than that of trichloroisocyanuric
acid30,31 (TCCA 2, 58.902 MHz29,32) ought to suffer chlorination by action of the latter. In
their report, DCDMH 3 (35Cl NQR ν = 55.960 and 53.639 MHz) was prepared from the
corresponding dimethylhydantoin by action of TCCA.29 TCCA has also been employed
previously to chlorinate various amides and carbamates, although hydantoins were not
represented in these studies.33,34 We sought to explore the versatility of 2 as a reagent for the
preparation of a number of these useful chlorinating agents.

In this Letter, we present a modified and improved procedure for the TCCA-mediated
preparation of a series of N-chlorinated hydantoins, including three of the first known chiral
examples. In addition, we have assembled a compendium of hitherto scarce physical data for
these compounds in the Supplementary data. Whereas historically, these compounds have been
characterized only by melting point, elemental analysis, and sometimes 13C NMR28,24, we
decided to fully characterize these compounds, collecting 1H and 13C NMR, IR, elemental
analysis, melting point, and optical rotation data (where appropriate) for all of the products
isolated in this study. Importantly, we were also able to secure X-ray crystal structures for nine
of the ten products presented herein.

At the outset of our investigation, the synthetic operation was simplified by shortening the
reaction time and by employing unpurified TCCA and undistilled acetonitrile. In addition,
cognizant of the crystalline nature of N-chlorohydantoins,24 the goal was set to purify the
products via recrystallization. As indicated in Table 1, compound 3 was isolated in 87% yield
by adding TCCA to a stirred slurry of 5,5-dimethylhydantoin in acetonitrile, followed by
stirring for 30 min. The reduced byproducts of TCCA were readily removed on trituration of
the isolate in chloroform followed by filtration of the filtrate through a 1 cm-thick pad of silica
gel. On concentration, this crude isolate was easily purified by recrystallization from
chloroform and hexanes. This methodology was general, returning the desired chlorinated
hydantoin products (1) with various substitutions in excellent yields. All of the products
disclosed in Table 1 were rigorously characterized by 1H and 13C NMR, IR, X-ray diffraction
(except 10), elemental analysis, and melting point (see Supplementary data). To the best of our
knowledge, the X-ray structures of these compounds were previously unknown, save that of
compound 4.24

In addition to several examples of 5,5-disubstituted hydantoins (3–5, 7 and 8), 5-
monosubstituted hydantoins (9–12) and nonsubstituted hydantoin 6 were chlorinated without
incident. The preparation of trialkylated compound 7 confirms the ability to affect a mono-
chlorination by employing one equivalent of TCCA. Of note is the fact that the relatively
activated C5 of nonsubstituted hydantoin 6 as well as the benzylic positions of compounds 8
and 10 were not chlorinated under the reaction conditions.
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Moreover, this methodology is compatible with chiral hydantoin starting materials, returning
the desired chiral N,N-dichlorohydantoins 10–12. The parent chiral hydantoins were prepared
in high enantiomeric purity (confirmed by optical rotation) from the corresponding chiral α-
amino acids by known methodology.35–37 Importantly, reduction of the chiral N,N-
dichlorohydantoins with aqueous sodium sulfite returned enantiomerically pure parent
hydantoins as judged by optical rotation (see Supplementary data for details). The ready
preparation of chiral hydantoin-based chlorenium sources may facilitate the discovery of new
asymmetric halogenation reactions. Such studies are ongoing in our laboratories.

Realizing that one molar equivalent of TCCA harbors three chlorenium equivalents (Scheme
1), the net three-fold excess of chlorenium source relative to the parent hydantoin when 2 mol
equiv of TCCA was employed seemed unnecessary. Hence, the fate of the reaction when
substantially less TCCA was employed was evaluated. As indicated in Scheme 1, the amount
of TCCA can be reduced to as low as 0.7 mol equiv (a 1:1 ratio of chlorenium relative to the
number of hydantoin nitrogen atoms) without substantial loss of yield. Given these results, we
are in a position to recommend employing less than 1 mol equiv of TCCA relative to the parent
hydantoin.

Additionally, these reactions can be conducted on large scale, as shown in Scheme 2.
Diphenylhydantoin 13 was chlorinated on a 33 mmol scale to return 8.72 g (82%) of 1,3-
dichloro-5,5-diphenylhydantoin 4.

In conclusion, we have presented an operationally simple method for the preparation of a
number of N-chlorinated hydantoins by action of unpurified, commercially available TCCA
in undistilled solvents. This methodology returns crystalline products in high yield without
recourse to chromatographic purification, save a simple filtration step. We have also presented
a catalogue of physical data for N-chlorohydantoins that has been previously undisclosed in
the literature. Most important among these data are the X-ray diffraction data for 9 of the 10
compounds presented herein. Current efforts in our laboratory include exploiting these new
chlorinating reagents for organic synthesis. Particular attention will be given to asymmetric
transformations employing chiral N-chlorinated hydantoins.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Scheme 1.
TCCA equivalent study.
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Scheme 2.
Scaled preparation of 4.
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Table 1

TCCA-mediated chlorination of hydantonis
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