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Diversity is one of the big topics that stimulates current debate on the discovery of new active compounds in various

life science disciplines.

Recently, genome and proteome-based research has gained enormous momentum and has finally led to the identifica-
tion and validation of a multitude of new drug targets. Great hope for the treatment of diseases for which currently no
cure is available is associated with these findings. The dynamic development is a result of the sequencing of the ge-
nomes of numerous prokaryotes and eukaryotes as well as the provisional completion of the Human Genome Project.
At the same time substantial government funding has resulted in the development of highly innovative automated
screening technologies that are now at our disposal to search for active compounds that interact with all the newly
discovered targets. As a result, the demand for new test compounds is continually increasing.

In parallel to the above mentioned dis-
coveries and developments, automated
chemical synthesis platforms have been
established that should ensure the gen-
eration and availability of countless new
compounds within a short period of
time, thus meeting the aforementioned
requirement for novel test compounds.
However, initial experiences following
the generation of new large and chemi-
cally diverse compound libraries by ap-
plying combinatorial chemistry has been
disappointing. Libraries with often more
than 10° novel compounds that were test-
ed in a variety of high throughput screens
hardly generated any hits and not even a
quarter as many as found in traditionally
grown compound libraries from major
pharmaceutical companies.

A thorough analysis of these results led
to the finding that large compound li-
braries set up in the initial euphoria con-
tain almost exclusively compounds that
only have a low probability to bind to a
biological target and thus are biologically
less or not at all relevant. How come? In
the meantime, it has become clear that
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the lack of complexity and limited diver-
sity of compounds found in such libraries
have to be considered key factors for the
unsatisfactory yield of truly interesting
compounds.

But what does diversity mean in
this context?

The term diversity has been adopted by
many other languages and is ultimately
taken to describe variety. It is used today
in many different contexts, we also refer
to biological, chemical and genetic “di-
versity”, etc.

However, the term “diversity” does not
help much if it is meant to be used to ex-
plain the finding that substance libraries
synthesized at random are “insufficiently
diverse”. Finally, they are by definition
chemically diverse. Diversity, multiplicity
or variety alone are therefore unsatisfac-
tory explanation if we would like to il-
lustrate what is meant by the aforemen-
tioned verdict of “insufficient diversity”.
Hence, the term “diversity” requires an
explanatory attribute.

Considering that compound libraries
which were set up in a short period of
time at random do contain many differ-
ent compounds, they certainly have to be
considered chemically diverse. However,
most if not all of these compounds have
no or only limited relevance in a biologi-
cal system. In this context, “diverse” is
not “indiscriminately different”, but di-
verse in terms of compatibility with evo-
lutionary grown biological structure di-
versity. Hence, “diversity” does not mean
unlimited difference or variation when it
is a matter of compatibility with a system
that emerged as a result of biological evo-
lution.

In principle, chemical space is limited
only by physicochemical parameters -
and of course by the imagination of the
scientists and the technologies and meth-
ods available to them. Nature, on the
other hand, uses a comparatively limited
structural space. However, within this
structural space, a multitude of unique
compounds exists whose complexity
continues to endlessly impress and fasci-
nate chemists.

In recent times, there have been constantly
ongoing debates regarding which direction
strategies for the successful generation and
identification of active compounds should
follow. Summarizing all the debates, it has
become clear that diversity must be under-
stood as compatibility with biological struc-
ture diversity. So we are awaiting a para-
digm shift - from less quantity and focus on
what for a long time has been the determin-
ing question, namely: how to generate lots of
new compounds in a short period of time, to
far more focus on the requirement to gener-
ate and identify the correct and most suitable
biologically active compounds with as little
effort as possible.

Of course, the “correct” approach remains
subject to controversial debates in industry
and at universities, and certainly there are
many strategies that complement and enrich
each other. Nevertheless: An analysis pub-
lished quite recently that examines all new
active compounds that have been approved
between 1981 and 2002 underlines the im-
portance of all aspects discussed above: More
than 50% of all novel active compounds
launched are either natural compounds,
derivatives of natural compounds or are
at least based on structural elements taken
from natural compounds. This is still more
impressive given the fact that we are deal-
ing solely with low-molecular compounds.
If high-molecular weight active substances
such as therapeutic proteins and antibodies
are taken into account, the share of “natural”
compounds will increase even futher.
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We are now at a cross-road. Major invest-
ments have been made to build-up innova-
tive high-throughput synthesis platforms
that have yet to deliver on their promises.
At the same time, the “natural compound
community” continues to be labelled “old-
fashioned”- in contrast to the results and
successes which have emerged from all these
activities in recent years.

In the meantime, we have learnt that the lack
of diversity referring to the lack of compat-
ibility with biological structure diversity is
the major cause of dissatisfactory results in
identifying novel lead compounds by ap-
plying high-throughput synthesis technolo-
gies. In addition, we have highly efficient
synthesis tools at our disposal as well as the
knowledge that natural compounds - i.e. bi-
ologically validated substances - still are and
also will continue to be a rich source of novel
lead compounds. All of this should encour-
age us to realise that we already have major
success factors at hand that should enable
us to pursue state-of-the-art lead compound
identification. The only aspect that remains
to make this happen is a reasonable combi-
nation of all those factors: Innovative synthe-
sis platforms - also including technologies
for combinational biosynthesis that are cur-
rently still in development, - and that what
should be called the “wisdom of nature”, i.e.
structural templates from nature as starting
points for novel biologically relevant com-
pounds which fully meet the criteria “highly
diverse” in the biological sense of that term.
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