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Introduction

Discovery of new drugs is the goal of big pharmaceutical companies as well as small
biotech firms, Combinatorial chemistry techniques, which help to speed up the process
of fmding new leads, in combination with computer-aided drug design methods will

. become the method of choice for generating new drug leads (for reviews see e.g. [1-3];
compilation of relevant literature is available on Internet [4]). However, until theoretical
methods ofdrug design become more reliable, it will still be important to prepare and test
large numbers of organic molecules to generate starting points for medicinal chemistry
efforts.

Trega Biosciences (formerly Houghten Pharmaceuticals) has used the
generation and screening of mixture based libraries followed by deconvolution into
individual compounds or one step deconvolution from positional scanning libraries for a
number of years [5]. Recently, we decided to complement these techniques by methods
that allow rapid synthesis of individual organic molecules. However, to be able to cover
significant diversity in a reasonable size library for initial screening of biological targets,
it is necessary to prepare the new compounds at the rate of thousands of compounds per
day rather than tens per day. Since there was no instrument with this synthesis capacity
on the market [6], we decided to create the necessary system ourselves.

Results and Discussion

Tea Bag technology is an extremely powerful technique for the synthesis of hundreds of
compounds. By compartmentalization of the solid support in polypropylene mesh
pockets, all packets undergoing the same treatment can all he processed in one reaction
vessel [7]. The process we have developed utilizes the tea bag method for the synthesis
of hundreds of intennediates and combines it with the automated synthesis in microtiter
plates for the synthesis of tens of thousands of compounds. The chemistry of the first
steps of the synthesis is limited only by the compatibility of the material needed for the
creation of the tea bags with the organic reaction corfditions. Using polypropylene mesh
Tea Bags, it is possible to work in a wide range oftemperatures (from -78 'C to +100 'c)
in a completely inert atmosphere, thus applying quite challenging chemistry for
preparation of the intermediates, All tea bags, each containing 1-2g of solid support, are
labeled and reacted with the same reagent in parallel fashion in vessels of volume up to
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severallitres. After all the steps of intermediate preparation have been performed, each
bag is opened and a sample of the product is cleaved from the resin. The product is
analyzed by LCMS and only bags containing intermediate of purity higher than 85%
(based on UV trace of HPLC) qualify for the next step of the synthesis. In this step, the
content of each bag is distributed into deep well polypropylene microtiter plates by
multichannel pipetting of resin slurry and the rest of the synthesis is performed by
dedicated robotic tools. If the bags were distributed into all 96 wells of the microtiter
plate, the number of individual compounds prepared from N plates was 96 • N - that is
the reason why this step is called bag explosion. It is, however, more advantageous from
the diversity point of view, to distribute several bags per plate (e.g, one bag to only 48 or
32 wells), utilizing thus only 48 or 32 different building blocks in the last step of the
synthesis (i.e. number comparable to number of building blocks used in the first steps).

There are several basic problems with automatic processing of multiplicity of
reaction vessels. The first is the cost of the reactor. If the reaction vessel is complicated
and expensive, it has to be recycled and cleaned for the next synthesis. The difficulties
involved with this simple fact eliminates most of the vessel designs used in current
automated systems. For the throughput of several thousand compounds a day, the
reaction vessel has to be disposable. We have found the use of microtiter plates as the
optimal solution. The second basic problem is the separation of solid and liquid phases
after each reaction and washing step. Application of filtration material is always prone to
filter clogging, especially when thousands of filtrations must be performed
simultaneously. We have shown earlier that liquid phase can be recovered from the
mixture by "surface suction", i.e. by slowly lowering flat end needles against the liquid
surface while performing the strong suction through the needles [8] (Figure I). In this

Figure 1. Mtcrottter plate being lifted by the robotic gripper against the jIat 'top needle array.
Starting position (left), end ofmove (right).
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Figure 3. "Robot friendly" closing of microtiterplotes. Closed plate (left), open plate and
flexibly mounted ball array (right).

synthesis - parallel cleavage of thousands of molecules. We have applied a very
convenient, but not very popular, reagent, which can be used in a gas form - hydrogen
fluoride. Plates with dry resin were placed in a polypropylene chamber, the chamber was
flushed with dry nitrogen and then filled with gas HF. After two hours at room
temperature, the chambers were flushed with nitrogen and the plates dried in a vacuum.

. Then the plates were placed onto the Packard Canberra Multiprobe 208 and the organic
compounds extracted by repeated addition and removal of acetic acid. Extracts were
placed into microtiter plates (80 wells per plate), frozen and lyophilized. The content.of
each well was analyzed by flow injection mass spectroscopy and a fraction (-10%) of the
production was analyzed by HPLC.

We have used this system for the synthesis of several libraries in the form of
individual compounds per well and we have reached the capacity of 5000 compounds per
day. We believe that the combination of the tea-bag technique for the synthesis of
intermediates with automated stations for the processing of hundreds of microtititer
plates into which the intermediates were "exploded" is the most efficient way to prepare
realistic size libraries of carefully selected individual compounds.

Our thanks are due to all chemists at Trega, whose expertise and dedication made
synthesis of megaarrays possible. Special thanks nre due to our engineers, Georges
Ibrahim, David Podue (San Diego), Vit Pokorny, Petr Mudra and Pavel Poncar (Prague).
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