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Abstract—Based on theoretical arguments, 2,6,30,50-substituted biphenyl analogues are proposed as protein a-helix mimetics
superimposing the side chains of the residues i, i+1, i+3 and i+4. Knowing that many protein–protein interactions of ther-
apeutical relevance involve a-helix contacts, the communication outlines how this novel category of scaffolds might potentially open
access to such targets. # 2002 Elsevier Science Ltd. All rights reserved.

Protein–protein interactions are fundamental to biology
and constitute an interesting target class for medicinal
chemistry projects investigating cell adhesion, signal
transduction, proteolysis or protein-folding diseases.1,2

Mimicking binding epitopes and protein-minimization,
together with depeptidization (removal of amide bonds),
are general medicinal chemistry approaches used today
to try to interfere within such molecular recognition
events.3 Despite numerous efforts, there are today only
few success stories where chemists have redirected the
complex nature of protein–protein interactions.1,3 Main
challenges are that protein–protein interactions are
built-up by discontinuous protein-sequence and protein-
surface elements, and that multi-protein complexes are
highly co-operative systems.3 The majority of the suc-
cess stories correspond to scenarios of bimolecular
complexes built by the interactions of regular protein
secondary-structure elements, like surface exposed
extended b-strand segments (e.g., S1–S2–S3 type inhibi-
tors of trypsin-like serine proteases)3,4 and b-turns (e.g.,
a4b1 integrin antagonists,5 somatostatin GPCR
antagonists6). Correspondingly, the design of strand
and turn mimetics—non-peptide drug-like molecules
retaining the orientation of the amino acid side chains—
has progressed to an established medicinal chemistry
discipline.3,7,8 Surprisingly however, there are today
only few examples of small molecules mimicking the
Pauling protein a-helix, which is the most abundant
regular protein secondary-structure element.9 Currently
followed strategies towards a-helix mimetics3 involve
the covalent or noncovalent stabilization of a 12–20-mer

peptide in helical conformation, either through initia-
tion or capping templation,10,11 through side chain
contacts12,13 or through the use of b-peptides.14,15 The
first entirely nonpeptidic scaffolds were only discovered
recently by using 3, 20,200-trisubstituted terphenyl deriva-
tives, mimicking the substituents i, i+3, and i+7—one
ridge—of a 12-mer a-helical peptide.16

This situation led us to investigate by molecular model-
ing, including conformational and superimposition
analyses, potential small molecule a-helix mimetics. The
a-helix was postulated in 1951 by Pauling using theoretical
models as the first secondary-structure element of pro-
teins.17 The predicted structure was then observed
experimentally in the crystal and solution states of pro-
teins. Small molecule helix mimetics should maintain
the essential features of the natural model, including: (1)
helical shape; (2) the sterical orientation of the amino
acid side chains as defined by relative orientation of the
Ca–Cb bond vectors; and (3) the N-cap to C-cap helix
dipole moment.18 Organic molecules containing a chiral
axis, like biphenyls, allenes, alkylidene cycloalkanes and
spiranes (Scheme 1), are structures with helical shape;19

however, not all of these, or heterocyclic variants of
them, can easily fulfill the other criteria of the a-helix or
qualify as drug-like. The structural superimpositions of
the correspondingly substituted scaffolds on the 5-resi-
due-long polyalanine a-helix, which is considered herein
as reference model, show that 2,30-diethyl-6,50-dime-
thylbiphenyl allows a quasi-perfect superimposition of
the biphenyl substituents with the Ca–Cb bonds of the
peptide residues i, i+1, i+3 and i+4 (Fig. 1). For all
other above considered templates, which differ in size
and twist angle, the fit, as measured by the RMS devia-
tion of the Ca–Cb atoms, is of lower quality. Mimicking
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the peptide residue i+2 is never accessible. 2,30-Diethyl-
6,50-dimethylbiphenyl is thus proposed based on theo-
retical arguments as an a-helix mimetic scaffold; to
mimic a given a-helical peptide, the substituents corre-
spond to the side chain groups of the amino acids
beyond the Cb atoms. Introduction of the a-helix dipole
moment appears possible through heterocyclic varia-
tions, which might also be indicated in the perspective
of drug-likeness given the strong lipophilicity of the
2,30-diethyl-6,50-dimethylbiphenyl fragment (Clog P20

equals 6.5). The here introduced 2,30-diethyl-6,50-dime-
thylbiphenyl template mimics thus one turn of a 5-mer
a-helical peptide and differs thus from the above men-
tioned trisubstituted terphenyl a-helix template16 and
also from the previously introduced disubstituted
biphenyl hair-pin and b-turn templates.21,22

Compared to other scaffolds containing a chiral axis,
the biphenyl is a typical drug-like scaffold. In a retro-
spective statistical analysis of privileged scaffolds of
pharmacologically active molecules, the biphenyl was
found to be present in 2.1% of reference drug mole-
cules.23 Corroboratively, biphenyls were identified from
NMR-based screening as privileged molecules for pro-
tein binding and it was suggested to use the biphenyl
motif as template for the discovery and design of ther-
apeutics with high affinity and specificity for a broad

range of protein targets.24 This preference for biphenyls
was rationalized by the degree of flexibility about the
aromatic linkage or because the biphenyl motif is simply
of a size and shape that may conform to a wide variety
of protein pockets. In this perspective, it is interesting to
note that the Protein Data Bank (PDB)25 contains 14
ligand–receptor complexes where the ligand are refer-
enced as biphenyls. Most of these complexes correspond
to serine-proteinases and metalloproteinases; none of
these binding sites does, however, correspond to an
a-helix recognition site. It is also noteworthy that none of
the around 100 in the Comprehensive Medicinal Chem-
istry Database (CMC)26 contained biphenyls is compar-
able to the here proposed scaffold. The 2,6,30,50

substitution pattern is observed in bulbocapnine,27 which
is an apomorphine type structure and which because of its
fused polycyclic nature has a rather planar shape.Most of
the CMC biphenyl drugs are mono- or disubstituted
biphenyls and the ortho and para positions, as typically
observed in angiotensin AT1 GPCR antagonists like
DiovanTM,28 are the most frequent substitution sites.

The protein–protein interactions observed in the exam-
ples of: (1) activated nuclear receptors with their co-
activators;29 (2) the tumor suppressor protein p53 with
the oncoprotein MDM2;30 and (3) self-assembly of HIV
gp4131 are just three cases where a-helical recognition is
evidenced by crystal structure analysis and which high-
light the potential relevance of a-helix mimetic scaffolds
for therapeutical applications. In conclusion, based on
molecular modeling investigations, we propose here
2,6,30,50-substituted biphenyl analogues as a-helix
mimetics superimposing the side chains of the residues i,
i+1, i+3 and i+4. Knowing that many protein–protein
interactions of potential therapeutical relevance involve
a-helix contacts, this category of scaffolds opens poten-
tially a novel way to interfere within such targets and
contributes potentially to enlarge the scope of peptido-
mimetic chemistry.
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