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Abstract—The SPOT synthesis technique, originally developed for peptide synthesis on cellulose membranes, was successfully
adapted for the modular, parallel synthesis of 1,3,5-trisubstituted hydantoins. The synthetic approach presented here is based on
a modified sub-monomer peptoid synthesis protocol on cellulose membranes. © 2000 Published by Elsevier Science Ltd.

SPOT synthesis on cellulose membranes, introduced by
R. Frank in 1992, has been proven to be a powerful
method for the synthesis of peptide libraries.1,2 Utilizing
the excellent compatibility of the membrane support

with solid phase binding assays the cellulose bound
peptide arrays were shown to be well suited for the
rapid investigation of molecular recognition events such
as protein–protein interactions.3 Recently, the SPOT

Scheme 1. SPOT synthesis of hydantoins on linker modified cellulose membranes. (a) Br-CH2-COODnp (1 M in NMP, 2×15
min); (b) n-butylamine (5 M in NMP, 3×15 min); (c) 6 (1–5 M in H2O or NMP, 3×15 min); (d) N-benzylimidazole (3 M in
NMP), then R2-NCO (1 M in NMP, 2×15 min); (e) for Rink-linker: 95% TFA/H2O, 60°C, 20 min, for photo-linker 7: 95%
TFA/H2O, 60°C, 20 min, then hn (365 nm, 2×1 h). For R1 and R2, see Table 1.

Keywords : hydantoins; solid-phase synthesis; SPOT synthesis.
Abbreviations: AA, amino acid; Ac2O, acetic anhydride; Bu, butyl; DIC, diisopropylcarbodiimide; DIEA, diisopropylethylamine; DMF,
N,N-dimethylformamide; DMSO, dimethylsulfoxide; Dnp, 2,4-dinitrophenyl; ESI-MS, electrospray-ionization mass spectrometry; Fmoc, 9-
fluorenyl-methyloxycarbonyl; HATU, N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b ]pyridin-1-ylmethylene]-N-methylmethanaminium hexafluoro-
phosphate N-oxide; Me, methyl; NMI, N-methylimidazole; NMP, N-methylpyrrolidone; Ph, phenyl.
* Corresponding author. Tel.: +49-30-6392-6392; fax: +49-30-6392-1188; e-mail: wenschuh@jerini.de
† Present address: Boehringer Ingelheim Pharma KG, Department of Lead Discovery, D-55216 Ingelheim, Germany.
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technique was extended to the assembly of pepti-
domimetics,4 glycoconjugates,5 and small organic
molecules such as 1,3,5-triazines.6 The present article
reports on an additional application, namely the gener-
ation of hydantoins using coherent cellulose membranes
as solid phase carriers.

Hydantoins were among the first and most extensively
studied non-oligomeric structures combinatorially syn-
thesized on solid supports.7,8 In general hydantoins
were assembled by stepwise synthesis of linear precur-
sors and their subsequent cyclization. In most cases the
heterocycles were selectively cleaved from the resin
during the cyclization process releasing the desired
products in high purities under acidic,7,8a basic,8b or
neutral conditions.8c These methods are supplemented
by procedures in which cyclization is performed prior
to cleavage from the resin.8d

The present study describes our findings that synthesis
protocols of oligo-N-alkyl glycines (peptoids)9a on pla-
nar membrane supports4 can easily be modified to yield
1,3,5-trisubstituted hydantoins supporting ongoing
efforts on the transformation of bioactive peptides
to peptidomimetics as well as small heterocyclic
compounds10 by means of the SPOT synthesis concept.

In order to evaluate the generation of hydantoins from
linear peptoid precursors the dipeptoids 3 were first
synthesized on an amino derivatized cellulose mem-
brane 1,4 which was modified with a suitable linker-

system (Rink-linker11 or photo-linker 7,12 Scheme 1). A
first peptoid unit 2 was assembled by acylation of the
linker-moiety with bromoacetic acid followed by nucleo-
philic substitution with n-butylamine at the bro-
momethyl group (sub-monomer method).9 Applicability
of amines for the generation of the second peptoid unit
was limited to those enabling cyclization to the corre-
sponding hydantoins. The amines required for this pur-
pose were a-amino acid derivatives 6 bearing a
carboxylic functionality suitable for hydantoin forma-
tion. While simple esters were widely used as linear
precursors in hydantoin chemistry, amides or tert-
butylesters have the advantage of being stable against
amines at high concentrations necessary for the sub-
monomer peptoid synthesis attempted in this study.9 In
order to overcome solubility problems of polar a-amino
acid derivatives in commonly used solvents such as
NMP or DMSO water could successfully be applied in
this approach (in contrast to hydrophobic solid sup-
ports the cellulose surfaces described here enabled the
use of reagents in aqueous solutions). The N-terminal
amino functions of the dipeptoids 3 were treated with
isocyanates R2-NCO to form the ureas 4. The reaction
was catalyzed by the non-volatile N-benzylimidazole
pipetted to the membrane prior to the isocyanate solu-
tion in order to limit degradation of the isocyanates
compared to the application of a reagent/catalyst mix-
ture. Cyclization was then performed under acidic con-
ditions (95% TFA in H2O) and shown to be complete
after 10–20 min at 60°C (the reaction was incomplete
at lower temperatures even after prolonged treatment,

Table 1. Hydantoin derivatives 5 obtained according to Scheme 1

Entry R1 X (=H-AA-X) 6 Solvent (conc.) for 6 R2 Purity 5 (%)a

H2O (5.0 M)b(=H-Gly-NH2)a NH2 81cPh

b PhH2O (2.5 M)b(=H-Gly-OtBu)OtBu 79d

NH2 86cc PhH2O (5.0 M)b(=H-Ala-NH2)

(=H-Leu-NH2) 76dd PhNH2 H2O (5.0 M)b

54dOtBu (=H-Ile-OtBu) NMP (1.0 M)e Ph

n-Bu 82cNH2 (=H-Gly-NH2)f H2O (5.0 M)b

H2O (5.0 M)b(=H-Ala-NH2)NH2 70dg n-Bu

a HPLC (220 nm).
b 0.05% Tween® 20 added.
c Photo-linker 7.
d Rink-linker.
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data not shown). The ring-closure reaction was accom-
panied by cleavage of the products from the membrane
when the Rink-linker was used (entries b, d, e, and g in
Table 1) enabling the rapid optimization of reaction
conditions.13 However, a linker method which allows
orthogonal cleavage of side chain protecting groups
leaving the compounds covalently linked to the mem-
brane is advantageous for solid phase screening ap-
proaches. Therefore, a photolytically cleavable linker
system 7 was used enabling the cyclization while com-
pounds remain covalently attached to the membrane.12

Analysis was performed after irradiating the dried
membrane at 365 nm and dissolving the released hy-
dantoins 5 with buffer (entries a, c, and f in Table 1).4

Several hydantoins 5 were synthesized based on this
synthesis scheme using amino acid amides (H-AA-NH2)
and tert-butyl esters (H-AA-OtBu) differing in their
sterical demand. Additionally phenyl- and n-butyliso-
cyanate were used for the introduction of aryl and alkyl
substituents in the 3-position (Table 1).14 The corre-
sponding hydantoins 5 were obtained with a purity of
54–86% (HPLC 220 nm).15 The results showed that
both amides and tert-butyl esters gave comparable
results (entries a and b). In addition, C-substituted
hydantoins were isolated with satisfying purities, if a
branch in the a-position of the ring substituent was
avoided (entries c and d versus e).16

In conclusion we demonstrated a new route to the solid
phase synthesis (SPS) of hydantoins enabling combina-
torial substitutions in the 1-, 3-, and 5-positions of the
heterocycle. Whereas most of the procedures for the
SPS of hydantoins rely on the presence of ester groups
this potentially aminolysable functionality is avoided in
the synthetic approach described here. The develop-
ment of an efficient hydantoin synthesis protocol on
planar membrane supports extends the scope of the
SPOT synthesis technique to small organic molecules
previously not readily accessible by this method.

Acknowledgements

This work was supported by a grant from the Fonds
der Chemischen Industrie. The authors wish to thank
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min), H2O (5×2 min), and MeOH (2×2 min) were used.
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H2O) at 60°C and products released after washing
[MeOH and MeOH/Et3N 9:1 (2×2 min each)] by photol-
ysis of the dried membrane on a UV table (Vilber Lour-
mat TFX 20 LC, 7 mW/cm2, 365 nm, 60 min for each
side of the membrane).
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