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The engineering of nanometre-scale (nanoscale) structures has fascinated
and inspired' the scientific community for a quarter of a century. Although
there are no fundamental thermodynamic’ or quantum mechanical®
impediments to the development of nanoscale architectures, there is a
growing realisation* that "engineering down" approaches, i.e. a reduction
in the size of structures generated by lithographic techniques below the
present 1 pm lower limit, are impractical. It has therefore become
increasmgly clear that only by extension of our knowledge of the self-
assembly” of large-scale biological structures which exist and function at
and beyond the nanoscale downwards and the extension of our knowledge
regarding the chemical synthesis of small scale structures upwards, can the
gap between the promise and the reality of nanosystems be closed. This
approach to nanoscale structures and systems may be termed the “bottom-
up” or “engineering-up” approach.’

A pivotal role in the development in the field of nanotechnology will be
played by systems which are capable of templating and catalysing their
own synthesis — self-replicating systems. In the present context, we are
developing a series of systems which can reproduce themselves efficiently
without external co-factors, i.e. non-enzymatic replicators. Most of the
non-enzymatic self-replicators which have appeared in the literature to date
are based on the minimal model’ shown in Scheme 1.
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Two reaction channels exist. The first is the uncatalysed bimolecular
reaction of C1 and C2 to give R. The second is the autocatalytic cycle.
C1 and C2 bind to R to form the catalytic ternary complex [C1.C2.R].
Bond formation occurs between C1 and C2 to give the product duplex
[R.R] which then dissociates to return two molecules of R to the
autocatalytic cycle. The importance of the autocatalytic cycle to the overall
reaction rate depends on the magnitude of K;, K, and k. compared
with k,,.

By utilising a variety of recognition sites and bond forming reactions, we
have created a series of four replicators systems. Figure 1 shows
calculated structures of the catalytic ternary complex (Figure 1b) and
product duplex (Figure 1c¢) of one of our self-replicating systems which
is based on the molecular recognition between a carboxylic acid and an
amidopyridine and utilizing the Diels-Alder reaction in the bond forming
step. The synthesis and kinetic behavior of this and our other replicating
systems will be reported.
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