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Abstract—The synthesis of acid- and base-labile nucleopeptides is accomplished by employing the enzyme labile phenylacetoxy
benzyloxycarbonyl (PhAcOZ) urethane protecting group as the key technique. © 2001 Elsevier Science Ltd. All rights reserved.

Nucleoproteins are naturally occurring biopolymers in
which the hydroxy group of a serine, a threonine or a
tyrosine is linked via a phosphodiester group to the 3%-
or 5%-end of a nucleic acid.1 These protein conjugates
play decisive roles in important biological processes like
viral replication.2 For the study of the biological phe-
nomena in which nucleoproteins are involved, nucleo-
peptides embodying the characteristic linkage between
the peptide chain and the oligonucleotide may serve as
powerful tools. However, due to the multifunctionality
of nucleopeptides their synthesis requires the applica-
tion of a variety of orthogonally stable blocking

groups. In addition, fully protected serine/threonine
nucleopeptides are very acid- and base-labile making
most of the established blocking function not applicable
to nucleopeptide synthesis. Thus, it is not surprising
that only a few reports on the successful synthesis of
nucleopeptides have appeared.3–6 In particular, protect-
ing groups allowing for the assembly of sensitive serine/
threonine nucleopeptides via sequential selective
N-terminal deprotection and chain elongation have not
been developed yet. In this paper we report that the
enzyme-labile phenylacetoxy benzyloxycarbonyl
(PhAcOZ) group7 (Scheme 1) fulfills the extraordinary

Scheme 1. Synthesis of model nucleopeptides 5.
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Scheme 2. Selective penicillin G acylase catalyzed removal of the N-terminal PhAcOZ urethane from nucleotri- and tetrapeptides.

demands of nucleopeptide chemistry concerning
chemoselectivity and mildness of cleavage conditions.
The PhAcOZ group is an enzyme-labile urethane that is
cleaved under very mild conditions by penicillin G
acylase-mediated hydrolysis of the phenylacetic acid
phenyl ester and subsequent fragmentation of the gen-
erated phenolate to give a quinone methide (which is
trapped by nucleophiles) and the desired unmasked
amino acid ester. In order to determine if the conditions
for the selective removal of this enzyme-sensitive block-
ing group are mild enough to allow for an efficient
nucleopeptide synthesis model nucleotripeptides were
synthesized. To this end, PhAcOZ protected tripeptides
1 were synthesized according to the literature7 from
PhAcOZ-masked amino acids and H-Ser-Ala-OAll by
means of established peptide coupling procedures. The
central serine of tripeptides 1 was then coupled to
selectively masked deoxycytidine 48 via a phosphodi-
ester bond (Scheme 1). Upon treatment of 1 with
phosphordiamidite 2 in the presence of tetrazole,
hydrolysis-sensitive intermediates 3 were formed. They
were converted without isolation into the desired pep-
tide conjugates 59 by reaction with deoxycytidine build-
ing block 4 and subsequent oxidation of the formed
phosphites to the corresponding phosphates.

Completely masked nucleotripeptides 5 were then sub-
jected to selective enzymatic deprotection with peni-
cillin G acylase. To this end the PhAcOZ protected
compounds were treated with the enzyme in a mixture
of 0.05 M phosphate buffer and methanol (20 vol%) at
pH 6.8 and room temperature and in the presence of
0.1 M KI as a trapping reagent for the quinone methide
formed in the enzyme-initiated cleavage of the ure-
thanes. Under these conditions the enzyme smoothly
cleaved the phenylacetic acid and the selectively
unmasked nucleotripeptides 6 were formed in high yield
(Scheme 2). In order to assure that this method is
widely applicable, the peptide chain of compounds 6
was elongated with a further PhAcOZ-protected amino
acid to yield nucleotetrapeptides 7 in high yields. Once
more treatment of these peptide conjugates with peni-
cillin G acylase under the conditions described above
resulted in a smooth and clean deprotection of the
N-terminus to yield selectively deprotected nucleotetra-
peptides 8.9

In all enzyme-catalyzed deprotections undesired side
reactions did not occur. Thus, the high selectivity of
penicillin G acylase for the phenylacetic acid group
guarantees that the peptide bonds, the allyl ester, the
allyl urethane, the acetate protecting group and the
phosphate remain fully intact. The conditions of the
enzymatic transformation are so mild that the glyco-
sidic bond is not affected and that a b-elimination of
the phosphate (which occurs at pH>7) is not observed
at all. These findings prove that the PhAcOZ group is
an efficient protecting function for the selective synthe-
sis of sensitive and multifunctional nucleopeptides.
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