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[. Introduction

One of the mmitial steps 1n the development of
therapeutic agents 1z the 1dentification of lead com-

pounds that bind to the recaptor or enzyme targst of

inferest. MhManyv analozs of theze lead compounds are
then synthesized to define the key recognition ele-

ments for mamimal activity. In general, many com-
pounds must be evaluated in both the lead identifi-

cation and optimization steps. Increasing burdens
have been placed on thess efforts due to the large

number of new therapeutic targets that continue to

be 1denfifiead thorough modern melecular biology
methods.'

To address thiz demand, very powerful chemical
and biclogical methods have been developed for the

generation of large combnatonal hbrariesz of pep-
tides’ and cligonucleotides® that are then scresned
againzt a receptor or enzyme to 1dentify high-affinity
ligand: or potent mmhibitors, respectively. While
these studies have clearly demonstrated the power
of ibrary synthesis and screening strategies, peptides
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and olhigonucleotides generally have poor oral actrmn-
tiez and rapid im vive clearance;®* therefors their
utility a=z bwoavailable therapeutic agents 1z often
hmited. Due to the favorable pharmacokinetic prop-
erties of many small crganmic melecules {<600—700
molecular weight),” the desizn, synthesis, and evaluo-
ation of libranes of these compounds® has rapadly
become a major frontier 1n organic chemistry.
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In addition to the development of therapeutic
agents, many other apphecations of organic compound

libraries are currently being pursued. Thesze include
important advances 1n molecular recognition, as well
az recent efforts 1in matenials and catalysis.

This review focuses on efforts toward the synthesis
and evaluation of small orzanic molecule hibrarias.
Peptide and ohzonuclectide libraries will not be
described, since a2 number of very thorough articles

have recently reviewed this subject.™ In addition,
sreater emphasziz will be placed upon hibrary synthe-

s13 methodz than upon aszsay rezults because this
Chemical Reviews 1szue 15 devoted to frontiers in
organic synthesis.

ll. Libraries Synthesized on a Solid Support

The majority of the compound libraries that have
been synthesizad to date have been synthesized on a

solid support (a2 sohd support 1z a iInsoluble material
to which compounds are covalently attached during

a synthesis sequence). There are two advantages to

solid-phase synthesiz stratezies. First, 1solation of
support-bound reaction products 1= accomplished

simply by washing awayv reagents from the support-
bound material, and therefore reactions can be driven
to completion by the uze of excess reagents. Second,
imnovative methods are available for the manipula-
tion of discrete compounds and for “tracking” the
identity of compounds when compounds are attached
to a selid support.

A number of general strategies have been daval-

oped for the synthesiz and evaluation of compound
libraries syntheszized on sohid supports. Although
most of these strategies were 1mitially demonstrated
with peptide hibraries, many of these approaches
have now been appliad to other compound classes.
Many of theze sztrategies have been reviewed re-
cently* and therefore only an overview of these
methods will be provided with an emphasis on recent
advances.

A. Library Synthesis and Evaluation Strategies

1. Discrefe Compounds

a. Spatially Separate Syntheziz. Conceptually,
the most straightforward method for the preparation

of a2 compound hbrary 1= to synthesize many com-
pounds 1n parallel and to keep each compound 1n 2

separate reaction vezzel. When the final compounds
are spatially separate, the identify of a compound at
a particular location 1z known and can be confirmed
by analvtical methods. In addifion, biological evalu-
ation of the hbrary can provide specific information
about each compound 1n the hbrary. Of courze, the
compounds can still be poocled {a pool refers to a

mixture of compounds) when the assay of interest 15
not sufficienth high-throughput. Fecently reported

pocling strategies may be particularly useful for this
purpose.’

A number of approaches for the parallel synthezis
of organic compounds have been reported.” The first

method was originally dmel-::-ped by Geyzen for
peptide spitope mapping? Since that time, saveral

improvements have been infroduced.’” In thiz method,
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Figure 1. Diverzomer'™ apparatus. (Feprinted from raf
12a. Copvright the Natwonal Academy of Sciences of the
United States of America.)

26 polyethylene pinz are placed inte a supporting
block so that each pin fits into a separate well of a
96-well microtiter plate. Each pin 1z coated with a
polvmeric matenal that 13 amenable to sclid-phasze
syviathesiz such as poly N N -dimeathvlacrylamide. The
polvmeric material 13 derivatized with aminoalkyl
groups to provide sites for substrate attachment.
During a synthesis sequence each pin 15 placed 1n a
separate well of the microtiter plate so that each well

serves as a distinct reaction veszzel. With this ap-
proach, on the order of 10000 spatially zeparate
compounds have been prepared!' mm parallal by
employing 1nexpensive labware, mmstrumentation,
and automation developed predominantly for high-
throughput microtiter-based scresning efforts. Cur-
rently, pin loading levels range from 100 nmol to 30
gmol of matenal per pan. Even 100 nmol of material
15 sufficent for multiple bwological assays, as well as
for analytical evaluation of the punty and chemaiecal
integrity of the individual compounds.

DeWitt and co-workers have reported the Dirver-
somer' ™ apparatus, which 1= one of the first reaction
apparatus designed expressly for the parallel syn-
thesis of small organic molecules (Figure 1).'* This
apparatus 13 based on the use of porous gas dizper-
sion tubes that serve as containers for resin beads.
F.eagents and solvents are placed 1n up te 40 vials
that ara located 1n a reservoir block, and the ends of
the gas dizsperzion tubes contaiming resin are placed
into the vialz allowing the reagents to diffuse 1nto
the tubes and contact the support. The temperature
of the reaction sclutions can be contrelled by heating
and cooling the bleck. The apparatus 1z alse enclosed

1n @ manifold with an injectable gasket emploved for
reagent and solvent additions so that reactions can

be maintained under an inert atmozphere.
Meyers and co-workers have recently reported a

conceptually related approach (Figure 1) '3 The
reaction apparaftus 1z prepared by dnilling a heole 1nto

each wall of a2 deep-well polypropylene microtiter
plate. Porous frits are then placed at the bottom of
each well. The sclid support and reaction solutions
are placed into the wells of the apparatus. During a
reaction ztep, the plate 1z clamped against a2 Viton

zasket 1n order to seal the hole at the bottom of the
well. In betwsaen steps 1n the syntheszis sequencs, the
reaction solution can be drained and the resin can
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Figure 2. Mhultiple synthesis apparatu uf‘m[ew ers and co-
workers. (Reprinted from ref 13. Copvrizht ESCOM Sci-
entific publizhers.)

then be rinzad by removal of the Viton gazkst.

The reaction apparatuz employed 1n the three
stratesies described above are relatrrely nexpensive.
Thiz can be an important consideration, szince the
parallel synthesiz of hundreds to thousands of spa-
tially separate compounds will generally require that
multiple reaction apparatus be uzed simultaneously.

Clearly, when compounds are syvathesized in pools,
a single parallal synthesiz apparatusz 1= usually

sufficient for the synthesiz of large numbers of
compounds (vids infra).
Commercial apparatus for parallel organic synthe-

g1z have alzo recently been developed. As one ex-
ample, Advanced Chemtach has developed the model

496 multiple orzanic synthesizer imstrument for

automated chemical synthesis.'® The instrument is
dezizgned to produce 96 different compounds. A range
of temperatures, mmx times, and speeds can be
emploved. The mnstrument 1z also compatible wath
a wide range of reaction conditionz. Finally, reac-
tionz can be performed under an mnert atmesphere.

b. Light-Directed, Spatially Addrezzable Par-
allel Chemical Syatheziz. While hibraries of graater

than 10 000 compounds based upon a single struc-
tural tvpe have bean preparaed by parallel synthesis
using separate reaction vessels, the svnthesiz of

libraries of hundreds of thousands to mualhons of

compounds per structural type would not be practical
by this approach. Fodor and co-workers have devel-
oped a strategy based upon photolithoeraphic math-

ods that can be used to syntheszize libraries contain-
ing more than 100 )0 spatially zeparate compounds. ”

In thiz method a sihica wafer (borosilicate glass
microscope slide) serves as the solid suppert (Fizure

3). Amincalkyl groups or other reactive functional-
ities that are attached to the surface of the wafer are
blocked with photolabile protecting groups. The
photolabile protecting groups are cleaved at specific
regions on the sihea wafer by site-speafic illumina-
tion using masks and 1mstrumentation mitially de-

veloped for computer microchip construction. The
silica wafer 1z then exposed to a reaction zolution

with reactions occurring only at the remons that were
deprotected by illumination. Only a single photo-

labile group 15 mecessary for the preparation of
ohgomeric compounds, since a monomer that s

protected with the same photolabile group 1z intro-
duced at each step 1n cligomer svnthezis. However,
orthogonal photolabile protecting groups that are
cleaved at different wavelengths of light would hkely
be required in order to differentiate between different

sites 1n nonoligomeric structures. The structure of
a final compound at a specific location on the silica

wafer 15 dependent upon the masking scheme and
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Figure 3. Light-directad, zpatially addrezzable chamical
svnthesiz.

upon the order of addition of the reagents. Large
numbers of spatially addressable compounds can be
prepared due to the exceptional spatial resclution of

photolithography technigues. For example, Fodor

and co-workers have azsemblad peptide hibraries with
each peptide localized to a 30 um square.'** This

denzity allows the synthesis of 40 000 oligomers per
centimeter squared, and the current hmits of photo-
hthography should allow svntheszis to be performed
at much higher denszities.'®

In thiz spatially addressable array, the lecation of
the compound on the silica wafer provides the
structure of the compound. The compounds mm a
Library therefore must be aszayed while still tethered
to the wafer. Although this requirement imposes

constraints on the range of feamibla biclogical azzavs,
succeszzful strategiez have been developed for this

purpose. (One stratesyv 1z to measzure the percent
binding of a solubla fluorescenthy labeled receptor te

different locations on the silica wafer as monitored
by epiflucrescence microscopy. The silica support or

the linker that serves to attach the compound to the

support can, however, have a pronounced effect on
the binding affimity.'" %=

2 Spiit Synthesis

In general, large libranes of compounds are =vn-
thezized by employing pocling strategies. The most
direct method 13 to employ equimelar mixtures of
reactants 1n each synthesiz step. In fact, Gevsen
emploved thiz strategy in one of the early paptidae
hbrary synthesiz efforts.’”” One problem with this
approach 1z that eguimolar guantities of the final
compounds 11 the hbrary will only be obtained if all
of the reactants in the mixture have comparable

reactrvity, and for most reaction clazses, reactimaty
15 highly dependent upon the structure of the reac-

tants. For the purpose of synthesizing peptide

libraries, several researchers have demonstrated that
modest differences 1n reactivity can be corrected by

adjusting the relative concentrations of the activated
amine acids 1n the mixture.'” It 13 also poszible to
svathesize apprommately eguimolar mixtures of
products by wsing a total of 1 equiv of 2 mixture of
reagents in a coupling step.*” This stratesy, howaver,
requires that the concentration of each reagent 1n the
mixture 1z fairly low and therefore 15 restricted to
reactions that are very efficient.



