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An efficient method for the solid-phase synthesis of hydantoins and thiohydantoins tethered to ureas, starting
from a resin-bound amino acid, is presented. Following reduction of the amide with borane-THF, a second
amino acid was selectively coupled to the primary amine followed by treatment of the secondary amine by
an isocyanate to generate the corresponding urea. Hydantoin and thiohydantoin formation was achieved
through the use of carbonyldiimidazole and thiocarbonyldiimidazole, respectively. Cleavage from the solid
support using hydrogen fluoride, followed by extraction and lyophilization, provided the desired urea-linked
heterocyclic compounds in good yield and high purity.

Substituted heterocyclic compounds offer a high degree
of structural diversity and have proven to be broadly and
economically useful as therapeutic agents.1 Continuing with
our efforts directed toward the synthesis of combinatorial
libraries of heterocyclic compounds starting from amino acids
and short peptides,2 we describe herein an efficient, practical
solid-phase synthesis of compounds containing a urea
functionality tethered to a hydantoin or thiohydantoin.

Hydantoins and ureas have long been the focus of
considerable attention as a ubiquitous moiety incorporated
into many drugs with numerous therapeutic applications and
biological activities. Reported examples of pharmaceutical
and medicinal applications of both pharmacophores are
presented in Figure 1.

Starting from a resin-bound Boc amino acid, the Boc group
was cleaved with a solution of trifluoroacetic acid (TFA) in
dichloromethane (DCM). The amide bond was reduced using
borane in THF to generate secondary amine2.3 An Fmoc-
amino acid was then selectively coupled to the primary amine
using hydroxybenzotriazole (HOBt) and diisopropylcarbo-
diimide (DIPCDI) in dimethylformamide (DMF) to provide
intermediate3. During the course of experimentations with
different amino acids at the R2 position, we observed that if
compound2 were treated with a Boc-amino acid and only
DIPCDI in DMF with no HOBt, both the primary and
secondary amines would be acylated with the incoming Boc-
amino acid. It was also observed that if these same Boc-
amino acids were coupled using both HOBt and DIPCDI,
acylation of the secondary amine would be substantially
reduced. Optimal conditions for selective acylation of the
primary amine over the secondary amine were to use a 6-fold
excess of the Fmoc-amino acid, DIPCDI, and HOBt in a
0.1 M solution of DMF. These conditions afforded 100%
acylation of the primary amine by the amino acid and less

than 1% acylation of the secondary amine for all compounds
tested. Following coupling of the Fmoc-amino acid, the free
secondary amine was treated with an isocyanate to form the
linear urea4. Following Fmoc deprotection, the free amine
was treated with carbonyldiimidazole or thiocarbonyldiim-
idazole at low concentrations, resulting in the formation of
hydantoin or thiohydantoin heterocycles, respectively. The
desired compounds5 and6 were obtained following cleavage
from the solid support with HF.4 These steps involving
compounds1-6 are shown in Scheme 1.

The structural characterization of compounds demonstrates
the success of the major transformations described. LC-
MS of cleaved compounds4 showed>95% purity. The
desired hydantoins5 and thiohydantoins6 were obtained with
purities greater than 80% (Table 1). Yields of the crude
products in all cases were greater than 90% and were
calculated on the basis of the initial loading of the resin.
From the NMR spectra, racemization was observed following
formation of both hydantoins and thiohydantoins. In the case
of thiohydantoins, the amount of racemization was signifi-
cantly increased (in some cases, complete racemization was
observed). We expect that following formation of the
thioisocyanate and prior to cyclization, the CR proton (of
the second amino acid introduced) is much more acidic
compared to the similar proton in the isocyanate analogue.
The increased electron density around the sulfur atom allows
a slight shift in the equilibrium toward a possible formation
of the imine between the nitrogen and the CR carbon. Further
reactions involving the use of different reagents and cycliza-
tion conditions in order to study and minimize racemization
are under investigation.

This synthetic approach has been expanded to include a
wide range of different amino acids at the R1 and R2 positions
as well as several different isocyanates at the R3 position.
More than 50 individual controls were synthesized for each
heterocyclic compound type. For each potential building
block tested, only those yielding final crude purities higher

† We dedicate this paper to the thousands of innocent people who
tragically lost their lives on September 11th, 2001.
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than 80% will be considered for inclusion in the synthesis
of combinatorial libraries.

In summary, an efficient and general solid-phase synthesis
of compounds containing both a urea and hydantoin or
thiohydantoin functionality, from resin-bound amino acids,
is presented. These transformations enable both individual
compounds and mixture-based combinatorial libraries to be
prepared with excellent yield and purity.

Experimental Section
Solid-phase syntheses were carried out using the “tea-bag”

method in which the resin is contained within sealed
polypropylene mesh packets.5 The completeness of amino
acid couplings was verified using the ninhydrin test.6

(1) Amino Acid Coupling. A total of 100 mg of
p-methylbenzydrylamine (MBHA) resin (0.1 mequiv/g, 100-
200 mesh) was sealed within a polypropylene mesh packet.

Figure 1. Some reported biological activities for urea and hydantoin/thiohydantoin scaffolds.

Scheme 1a

a (a) 55% TFA in DCM, neutralize; (b) BH3-THF, 65 °C; (c) Fmoc Xaa-OH, DIPCDI, HOBt in DMF; (d) R3NdCdO, DMF; (e) piperdine, DMF;
(f) CXIm2, DCM; (g) HF/anisole, 0°C.

Table 1. Data for Compounds5 and6a

5 (X ) O) 6 (X ) S)

entry R1 R2 MW expected/MW found purity, % MW expected/MW found purity, %

a -CH3 -CH3 290.3/291.0 (MH+) 91 306.1/307.0 (MH+) 95
b -CH2C6H5 -CH3 366.4/367.1 (MH+) 92 382.1/383.1 (MH+) 95
c -H -CH3 276.2/277.0 (MH+) 95 292.3/293.0 (MH+) 93
d -CH(CH3)CH2CH3 -CH3 332.1/333.1 (MH+) 85 348.1/349.1 (MH+) >95
e -CH2OH -CH3 322.1/322.9 (MH+) 85 306.1/307.0 (MH+) 81
f -CH(OH)CH3 -CH3 320.1/321.0 (MH+) 80 336.1/337.0 (MH+) 87
g -(CH)2-p-C6H4OH -CH3 382.1/383.1 (MH+) 80 398.1/399.1 (MH+) >95
h -CH2CH2CH2CH3 -CH3 332.1/333.1 (MH+) 85 348.1/349.0 (MH+) >95
i -CH2CH2CH3 -CH3 318.1/319.0 (MH+) 84 334.1/335.0 (MH+) >95
j -CH2CH2SCH3 -CH3 350.1/351.1 (MH+) 93 366.1/367.1 (MH+) >95
k -CH3 -(CH2)4-NH2 ND ND 363.1/363.9 (MH+) 86
l -CH3 -CH2C6H5 ND ND 382.1/382.8 (MH+) 85

a All compounds presented in the table are derived fromL-amino acids, and the same purities were obtained forD-amino acids. The
products were run on a Vydac column, gradient 5% to 95% with 0.05% TFA in ACN for 7 min. The purity was estimated on analytical
traces atλ ) 214 nm. ND: not determined.
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Reactions were carried out in 10 mL polyethylene bottles.
Following neutralization with 5% diisopropylethylamine
(DIEA) in dichloromethane (DCM), the resin was washed
with DCM. Boc-amino acids were coupled (6 equiv) in the
presence of diisopropylcarbodiimide (DIPCDI, 6 equiv) in
dichloromethane (DCM) for 60 min. The Boc group was
removed with 55% TFA in DCM (30 min).

(2) Reduction of the Amide Group.The reduction was
performed in 50 mL Kimax tubes under nitrogen. The resin
packet (100 mg, 0.1 mequiv of resin, 0.1 mequiv of carbonyl)
and boric acid (15-fold excess for each amide bond) were
added to each tube. Trimethyl borate (15-fold excess over
each amide bond) was added, followed by 1 M BH3-THF
(40-fold excess over each amide bond). The tubes were
heated at 65°C for 72 h, decanted, and washed with THF,
and any remaining borane was quenched with MeOH. The
borane complexes were disproportionate by treatment with
piperidine at 65°C overnight. The resin was then washed
with methanol (2×) and DMF (6×) and dried. Completeness
of the reaction was verified by cleavage and analysis
following reduction.

(3) Amino Acid Coupling after Reduction. Following
reduction, an Fmoc-amino acid was coupled (6 equiv, 0.1
M) in the presence of hydroxybenzotriazole (HOBt, 6 equiv,
0.1 M) and diisopropylcarbodiimide (DIPCDI, 6 equiv, 0.1
M) in anhydrous DMF for 60 min.

(4) Urea Formation. Urea formation was accomplished
by treatment of the resin-bound secondary amine with a
7-fold excess (0.1 M) of isocyanate in anhydrous DMF (12
h). Completeness of urea formation was verified by cleavage
and analysis following the urea formation reaction.

(5) Cyclization. Cyclization occurred following treatment
of the resin-boundN-urea amino acid compounds overnight
with a 5-fold excess of either carbonyldiimidazole (0.05 M)
in anhydrous DCM or thiocarbonyldiimidazole (0.05 M) in
anhydrous DCM. The resin was then washed with DCM (3×)
and DMF (3×). Following cleavage from the resin with
anhydrous HF in the presence of anisole at 0°C for 90 min,
the desired product was extracted with acetonitrile/water (50:
50) and lyophilized. The identities of all compounds were
determined by LC-MS, and selected compounds were
identified by1H NMR.
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