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The field of drug discovery stands on the threshold of 

a new era; more new synthetic molecules will come 

into existence in the next few years than have ever 

previously existed. The preparation of huge numbers of 

small organic molecules relies on the new techniques 

and strategies of combinatorial chemistry. The libraries 

of compounds that emerge from combinatorial chemical 

syntheses may be used to search for novel leads or 

to optimize the activity and properties of a known 

compound. Although the first successes with small- 

molecule chemical library approaches are only a few 

years old, most research groups now believe that the 

widespread use of combinatorial and related synthetic 

technologies will revolutionize drug discovery. 

N 
ew lead structures for drug discovery have histori- 

cally emerged from the screening of microbial 

fermentation broths, plant extracts, compound 
collections and, more recently, by mechanism- 

and structure-based design approaches, especially when the 

biological target is an enzyme. Very recently, combinatorial 
organic synthesis of small molecules has attracted attention 

as a means of cutting the time and high costs associated with 

serial organic synthesis, and has consequently become an 

important additional source of molecular diversity for drug 

discovery screens. Enthusiasm quickly mounted for the idea 

that, if one could create large numbers of nonpolymeric 
small molecules simultaneously, great leverage would be in 

hand for discovering new and useful molecules within an 

accelerated time-frame. In the early 199Os, it became appar- 

ent (Refs l-4 and references therein) that, if sound synthetic 

strategies could be devised, the necessary chemical tools 
might already exist to create large collections of molecules 

efficiently. The architects of this new-found wealth of mol- 

ecular diversity hoped that the portfolio of small-molecule 

libraries they produced would contain not only the familiar 
pharmacophores of historical successes59 but, by inclusion 

of novel systems, would also permit the discovery of the 

pharmacophores of the futurelo. 
The scope of this overview is confined to recent solid-phase 

synthesis, Although there has been an explosion of published 

work in this field, space for this article is limited. This review 

thus can not be comprehensive, but is, rather, a reflection of 
the authors’ own work and current interests, and much excel- 

lent, newly published organic and medicinal chemistry is not 

reviewed hereli-26. 

Design and synthesis of small-molecule combinatorial 

libraries 

Peptides, N-substituted glycines and polycarbamates 
The chemical simplicity of peptide bond construction on 

a solid support and the commercial availability of several 

hundred natural and unnatural amino acid building blocks 
(BBS) fueled activity in creating polymeric structures during 

the early development of combinatorial chemistry. The fact 

that a collection of just 100 amino acids offers the possibility 
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of creating a library of a million trimer analogs (1003) or 100 

million tetramer analogs (lOO*) potentially offers powerful 
leverage for lead discovery. Furka’s bead-based ‘split-pool’ 

method27-29, Houghten’s tea-bag approach30331, Geysen’s 

spatially addressable multipin synthesi+34 and Affymax’s 
light-directed VLSIPS synthesis353M are good examples of the 

various creative approaches that have been used for per- 

forming peptide-based combinatorial chemistry. Since pep- 
tides often have limited usefulness as drugs because of their 

poor bioavailability, libraries based on unnatural polymeric 

backbones have been built up in the hope that these might 

lead to chemical entities with enhanced proteolytic stability, 
absorption and pharmacokinetic properties. Two examples 

of such chemical libraries are the polycarbamates37 and 

N-substituted glycines3wO (Figure 1). 
Linear sequential coupling and deprotection of stable 

Nprotected, pnitrophenylamino carbonate building blocks 

derived from chiral amino alcohols have been utilized to con- 

struct oligocarbamates37 (Figure 2). A spatially addressable 
256-member oligocarbamate library was constructed using 

Affymax’s VLSIPS technology by employing monomeric units 

with photolabile amine protecting groups. Alternating rounds 
of acylation of resin-bound amines with bromoacetic acid 
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F&w-e 1. Examples ofpolymeric molecular diversity. 
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followed by alkylation of the bromide intermediate on resin 

with primary amines leads to an oligomeric assembly of 

Nsubstituted glycines (peptoidsY8. Peptoid oligomers mimic 

the spatial arrangement of normal peptide side chains, but 

the amide groups are Nsubstituted, resulting in unnatural 
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Figwe 2. Solid-phase synthesis of (a) polycarbamates 
and (b) N-substituted glycines (NSGs, peptoids). (c) 
Synthesis and screening of an NSG (peptoidl libra y. 



amide oligomers that can be ex- 

pected to be resistant to proteolytic 
degradation39. As an example, 

screening of 18 pools of 204 pep- 

toid trimers in which the choice of 
side chains was biased to resemble 

known ligands of the 7-transmem- 

brane G protein-coupled receptor 

(7-TM/GPCR) family, led to the 
identification of nanomolar ligands 

for I.t-opioid receptors and CL- 

adrenoceptors (Figure 2)*O. 

Peptidylphosphonic acids: 

transition-state analog libraries 
One of the first examples of com- 

binatorial chemistry to incorporate 

the elements of rational drug de- 

sign came in the form of tripeptidyl- 

phosphonic acid analog libraries. 
Phosphonyl acids are transition- 

state analogs and metal chelators 

that have historically been used to 

design potent inhibitors of metal- 
loproteases such as thermolysin 

and angiotensin-converting enzyme 

(ACE)4iA3. Construction of libraries 

bearing this pharmacophoric unit 
requires the nontrivial task of 

forming a phosphorus-oxygen 

(P-O) bond on a solid support. 
This was accomplished by adap- 
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tation of Mitsunobu-type coupling chemistry between phos- 

phonic acids and bead-bound secondary alcohols. Spe- 

cifically, the method utilizes an alcohol on a solid support, a 
phosphonic acid, DIAD, tris(4-chlorophenyl)phosphine 

(which is a more electron-deficient phosphine than the typi- 

cally used triphenylphosphine) and an exogenous base, such 

as triethylamine, as a general base catalyst. 

This procedure, which is a significant departure from nor- 
mal Mitsunobu conditions, is versatile in scope and yields 

satisfactory results even with most hindered coupling part- 
ners*4-46, These optimized conditions have been effectively 

utilized for the construction of a transition-state analog in- 

hibitor combinatorial library of trimer peptidylphospho- 

nates4’. The split-pool method was used to prepare a 540- 
member Cbz-~6,P-OYo,-Z,,,,-NH resin library on a non- 

cleavable solid support, which 

was screened for thermolysin 

inhibition by rank ordering of 
pools of compounds in an itera- 

tive fashion employing a deple- 

tion assay. Besides identifying the 
most potent peptidylphosphonate 

reported in the literature (Figure 

3), the experiment also led to the 

identification of a number of ad- 

ditional active sequences com- 
posed of basic (P2’ = Arg- and 

His-like) and neutral H-bonding 

(P,’ = Glu-like) side chains. The 

discovery of P,’ Arg, His and Gln 
analogs was unexpected since all 

peptidylphosphonate inhibitors 

of thermolysin that have previ- 

ously been reported invariably 
possess hydrophobic residues at 

that position. 

This study serves to illustrate 

several important aspects of com- 
binatorial chemistry-based drug 

discovery. First, it highlights the 

fact that combinatorial chemistry 
imposes a different set of de- 

mands on medicinal and organic 

chemists than those traditionally 

encountered. In this case, the 
desire to create a library of ration- 

ally designed phosphonic acid 

pharmacophore-based metalloprotease inhibitors triggered 

the necessity for new solid-phase chemistry that would permit 

the assembly of the core unit on a solid support. This require- 
ment, in turn, led to the discovery of a modified Mitsunobu- 

type P-O bond-forming reaction for both solution- and solid- 

phase chemistry. Thus, in general, a consequence of the 

preparation of combinatorial libraries of nonpeptidic small 
molecules will be the discovery and development of new 

solid-phase chemistries. Second, enzyme inhibitor libraries 

used as drug discovery tools can be expected to provide power- 
ful leverage, as illustrated by the successful identification of 

the previously reported tripeptidylphosphonate Cbz-PheP- 

OIeu-Ala-NH, (4 = 49 nM), which is a good thermolysin 

inhibitor. Third, the identification of unexpectedly potent 
analogs possessing polar P,’ side chains demonstrates an 
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important advantage of the combinatorial drug discovery 

approach over the classical medicinal chemistry approach. 
Individual serial analog syntheses may lead one to form biases 

based on initial findings (e.g. study of thermolysin inhibitors 

with only hydrophobic P,’ side chains), whereas the combina- 

torial chemistry approach imposes less bias, is more versatile 
and efficient, and provides more extensive SAR data at a faster 

rate. Thus, with more biologically active molecules to choose 

from, compounds with preferred pharmacological and phar- 

macokinetic profiles should emerge more readily. 

Benzodiazepines 

Since most current drug molecules are heterocyclic entities, 
this area has attracted a great deal of attention in the devel- 

opment of combinatorial chemical approaches. Unlike the 

synthesis of the linear oligomeric, peptidic and nonpeptidic 

libraries described so far, these nonpolymeric scaffolds are 
constructed from an interlocking assembly of diverse BBS 

employing nonrepetitive chemistry. 

One of the first examples of this type was provided by 
Ellman and coworkers in their preparation of libraries of 

benzodiazepines, an important class of heterocycles that have 

long found widespread use in the pharmaceutical industry‘@. 

Their solid-phase synthesis commenced with the attachment 

of an hydroxyl or carboxyl group of a 2-aminobenzophenone 
BB onto a solid support via an acid-cleavable linker. The 

limitation of scarce availability of these BBS was overcome by 

developing a facile method for constructing 2-aminoaryl 

ketone derivatives on a solid support using a palladium- 
mediated Stille coupling between 2-aminoarylstannane (on 

solid support) and an acid chloride (the solution coupling 

partner)@JO. Thus, the need for aminobenzophenone BBS in 
the overall library synthesis is met by on-support synthesis 

using readily available acid chlorides. 

The next step involves acylation of the newly formed aro- 

matic amine with Fmoc-protected amino acid fluorides. 
Removal of the Fmoc group is followed by mild acid treatment 

(5% acetic acid) to facilitate the desired cyclization reaction. 

Further functionalization of the benzodiazepine ring skeleton 

is achieved by Nalkylation of the lactam with alkyl halides 
and lithiated 5-(phenylmethyl)-2-oxazolidinone. Treatment 

with trifluoroacetic acid (TFA) effects cleavage from the solid 

support to afford the molecule of interest in adequate levels 
of yield and purity (Figure 4, Method a). 

This methodology has been successfully utilized in the par- 

allel synthesis of a 192-member 1,Cbenzodiazepine library 
comprising analogs bearing such diverse substituent func- 
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I;llgure 4 Synthesis and screening of a benzodiazepine 
library. 

L 

tionalities as amides, amines, phenols, carboxylic acids and 

indolessl. Upon screening for binding to the cholecystokinin 

A (CCK) receptor using a competitive radioligand binding 
assay, detailed SAR data were acquired from which the indole 

analog was identified as a potent CCK ligand. More recently, 

the Ellman group has employed this methodology to gener- 
ate a 11,200-analog library from 20 acid chlorides, 35 amino 

acids and 16 alkylating agents49,sO. An alternate synthetic strat- 

egy for benzodiazepines has also been described, which pro- 
ceeds by condensation of a resin-bound a-amino ester with 
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2-aminobenzophenone imines followed by TFA treatment of 
the intermediate to effect cleavage and cyclizations*. In this 

work, no vestige of the solid-support linker is retained in the 

cleaved products. Parallel synthesis of 40 discrete analogs 
related to Valium was performed, and the expected SAR was 

observed in a radioligand binding assay based on antagonism 

of fluoronitrazepam (Figure 4, Method b). 

Pyrroiiclines and rnercaptoacylprolines 

(3 + 2)-cycloaddition of 1,3-dipoles such as azomethine 

ylides with olefin dipolarophiles results in a facile assembly 

of five-membered nitrogen ring systems. An adaptation of 
this chemistry to solid-phase synthesis of complex pyrro- 

lidines has recently been describeds3. Resin-bound a-amino 

esters reacted cleanly with aromatic and heteroaromatic 
aldehydes at room temperature in neat trimethyl ortho- 

formate as a solvent to afford the corresponding imines. 

Lewis acid-mediated ionization of or-amino aldimines pro- 

motes chelation-controlled regio- and stereoselective 
cycloaddition with a wide variety of electron-deficient 

olefins to yield pyrrolidines (Figure 5, a). Rapid gel-phase 

IX-NMR analysis of resin-bound intermediates and final 
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Figure 5. Solid-phase synthesis of pyrrolidines (a), 
and rational design, synthesis and screening of a 
mercaptoacyproline libra y (bl. 

products provided a convenient method for optimizing 

reaction parameterss4. 
Immobilized pyrrolidines derived from this process can 

themselves be viewed as BBS and subjected to further deriva- 

tization. Thus, a pool of pyrrolidines prepared combinatori- 

ally from four a-amino acids, four aromatic aldehydes and 
five olefins was acylated with three different mercaptoacyl 

chlorides to provide, after appropriate deprotection and TFA 

cleavage from resin, a library of ~480 mercaptoacylproline 
analogs. The resulting library members are analogs of the anti- 

hypertensive drug captopril, an ACE inhibitor. When screened 

for activity against ACE as soluble compound pools, serial 
deconvolutions of this library led to the identification of one of 

the most potent thiol-based ACE inhibitors (4 = I60 pM, three 

times more potent than captopril) yet described (Figure 5, b). 

Diketopiperazines 
Diketopiperazines (DKPs) are a class of rigid cyclic scaffolds 

that possess a rich history as bioactive materials. Recently, a 

three-step solid-phase synthesis leading to a lOOO-member 

DKP library employing two sets of a-amino acids and one 
set of aldehyde BBS has been reported55 (Figure 6). The first 

critical step involves reductive alkylation of the amino group 

of resin-bound amino esters with aldehydes and is best 

accomplished using sodium triacetoxyborohydride as the 
reducing agent. While this reaction can be further optimized 

because it suffers from problems of partial racemization, 

poor yields (~20%) with hindered amines and electronically 

deactivated aromatic aldehydes and slight overalkylation 
(~10%) with aliphatic aldehydes, 96 of the 100 components 

resulting from combinatorial reaction of ten amines with 

ten aldehydes were correctly identified by LC-MS. PyBrop- 

mediated double coupling provided a solution to the steri- 
tally demanding acylation of the hindered secondary amine 

with the next set of Boc-protected amino acids. Boc removal 

with TFA treatment followed by brief reflux in toluene to 

induce cyclization afforded the desired molecules in solu- 
tion as ten pools with 100 members in each pool. Iterative 

screening and resynthesis of this library has reportedly led 

to several bioactive molecules, as exemplified by the identi- 

fication of a neurokinin-2 receptor ligand (Iso = 313 nMY. 

Transition-state analog HIV protease inhibitors 

Extensive efforts directed towards the rational design of 
aspartylprotease inhibitors such as renin and human 

immunodeficiency virus (HIV) have led to the discovery of 

several successful transition-state analog design elements. In 
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an appropriate library format these func- 

tionalities can serve as the central unit 

around which molecular diversity can be 
generated by application of known solu- 

tion chemistries. 

Recently, solid-phase synthesis of hydroxy- 
ethylamine and 1,2-diol transition-state 

analogs leading to libraries of HIV protease 

inhibitors have been reported by two differ- 
ent groups56.57. In the first instance, a diamino 

alcohol or diamino diol BB is attached to the 

solid support through their hydroxyl groups 
in the form of an acetal or ketal, respectively 

(Figure 7, Method a). This core unit is arranged 

to support a solid-phase synthesis strategy 

for preparing C-2 symmetric HIV protease 

inhibitors. A library of >300 discrete analogs 
was prepared and screened against HIV pro- 

tease to identify several potent inhibitors (I,, 

< 100 nM)s6. In the other method, a masked 
amino diol pharmacophoric unit is attached 

through its hydroxyl group onto a dihydro- 

pyran functionalized polystyrene support 

(Figure 7, Method b). The tosyl and azido 
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Figure 6. Synthesis and screening of a diketopiperazine (DK?) libra y. 
1 

groups of this BB unit provide convenient handles for orthogo- 

nal derivatization. The tosyl group can be displaced with primary 

amines, and the resulting secondary amine can be converted 

to ureas or acylated to give amides. The azido group of the 

pharmacophore can be reduced to an amine, which thus 
becomes available for further ftmctionalization. The versatil- 

ity of this approach was demonstrated by the synthesis of vari- 

ous known HIVprotease inhibitors in good yields (47-86%)57. 

Other new methods 

Aldol condensation of zinc enolates of resin-bound alkyl 
esters with aromatic aldehydes or ketones forms j3-hydroxy 

esters, which upon DIBAL-H treatment lead to simultaneous 

reduction and cleavage of the ester moiety from the resin to 
give soluble 1,3-dioW. Parallel synthesis commencing with 

three ester and nine carbonyl BBS afforded a library of 27 

analogs, which were screened for their antioxidative effi- 

ciency using a ferric thiocyanate assay (Figure 8). 

A 24analog hydroxystilbene library was constructed by Homer- 
Emmons olefination of four resin-bound hydroxybenzalde- 

hyde BBS and six different benzylphosphonate anion@. Screen- 

ing for activity in a cell-based estrogenic assay identified three 
analogs with I, values in the range 5-l 5 FM (Figure 9). 
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Solid-phase synthesis of small molecules of 
pharmaceutical interest 

The explosive use of combinatorial libraries as tools to dis- 

cover new ligands and optimize known ones has dramatically 

heightened interest in the development of solid-phase syn- 
thesis of historically ‘privileged’ chemical classes. In the near 

future, this field can certainly be expected to expand its 

scope both in the degree of chemical sophistication per- 
formed and in the complexity of the products synthesized 

on solid phase. Nonoligomeric and air- or moisture-sensitive 

chemistries, such as cycloaddition, cyclization and carbanion 

condensation, have already been successfully performed on 
solid supports, and some recent examples are discussed be- 

low. Each of these studies lays the groundwork for further 

exploitation of these chemistries in library format. 

Resin-bound a-amino esters, besides being traditionally 

used for making peptides, have recently been utilized for the 
construction of various heterocyclic scaffolds. Thus, they react 

smoothly with isocyanates to form ureas, which in turn cyclize 

to form hydantoins upon heating under acidic condition@ 
(Figure 10). A one-pot, three-component condensation of resin- 

bound a-amino esters with aldehydes and cr-mercapto acids 

affords 4-thiazolidinones in good yield&O(Figure 10). In most 
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Figure 7. Solid-phase synthesis of transition-state analog HIVprotease inhibitors. 

instances, further purification of cleaved com- 

pounds is not required, highlighting one ad- 

vantage of solid-phase synthesis compared with 

solution chemistry. The reaction proceeds 
through imine intermediates, as evidenced by 

the successful conversion of stable imines 

derived from aromatic aldehydes to the cyclized 

products upon treatment with mercapto acids. 
Such imines provide a convenient starting point 

for further generation of heterocyclic diversity. 

Besides their reaction with azomethine ylides to 
form pyrrolidines, as discussed previously, they 

also undergo smooth (2 + 2)-cycloaddition with 

ketenes derived from acid chlorides to provide 
p-la&m@ (Figure 10). Heterocycles such as 

hydantoins, thiazolidinones and P-lactams pos- 

sess a wide range of biological activities, and 
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~ Figure 8. Parallel synthesis and screening of a l&dioI library. 
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generic libraries of such molecules will likely 

provide new leads from primary screening. 
Alternatively, these structures can be embedded 

as peptidomimetic fragments within larger mol- 
ecules of designed libraries. 

, 

Two different routes have been reported for 

the solid-phase synthesis of 1,6benzodiazepine- 

2,5-dionesQ@. In the first (Figure 11, Method a), 
Merrifield’s chloromethyl-polystyrene resin is 

derivatized to afford an aromatic aldehyde linker, 

Reductive amination with a-amino esters forms 

a secondary amine, which is acylated by double 
coupling of anthranilic acid BBS with EDC. The 

tertiary amide is a critical requirement for effi- 

cient lactamization, presumably by favoring a 
cis conformation for the acyclic precursor. 

Cyclization and alkylation are effected by for- 

mation of an anilide anion by treatment with the 
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libra y. 

30 h is followed by addition of the appropriate 
1 

alkylating agent. Cleavage from the resin by TFA treatment Nsubstituted glycine scaffold. A monopeptoid unit is acylated 

affords the final products in high yield and purity62. The sec- with bromoacetic acid, and the product halide is alkylated 

ond method (Figure 11, Method b) effects ring closure on a solid with an a-amino ester instead of a simple primary amine 
support via an intramolecular aza-Wittig (Staudinger) reaction employed in a typical peptoid synthesis. The resulting second- 
to construct a benzodiazepinedione scaffold embedded on an ary amine is acylated with eazidobenzoyl chloride and then 

(X = 0, NH) (X = 0, NH) 

I 6MHCI 
heat 

1) R3 

H&CO H 2 

J 2) Cleave 

R,‘?OCI 

I 

‘) Et3N 2) Cleave 

Hydantoins Thiazolidinones 

F&ure IO. Solid-phase synthesis of byakntoins, tbiazolidinones and /3-lactams. 

P-lactams 

DDTVol. 1, No. 4 April 1996 141 



Method a 

0 OMe 

0 

Me0 
HCI.H2N OMe 

0 

NaBH(OAc)3 
1% AcOHlDMF EDC, NMP 

O- 

I I 

Me0 

* 
THFIDMF 

30 h, rt 

O- 

Method b 

EtO& 

BrfiC02H 

DIG 

“‘vEt 

T 
DMSO 

Et3N 

Figure Il. Solid-phase synthesis of 1,4-benzodiazepine-2,5diones. 

treated with Bu,P in toluene at room temperature to form the 

iminophosphorane. Heating at 130°C for several hours leads to 

cyclization, and TFA cleavage produces the desired product, 
which is typically obtained in adequate yield &i-90%> and 

good purity (60-95%). A mixture of eight monopeptoids, 

when subjected to this reaction sequence utilizing c+azido- 

benzoyl chloride, gave a crude mixture in which all eight 
products were identified by MS and HPLC (Ref. 63). 

Reaction of amine functionalized acid-labile resins with 

B-keto esters leads to versatile enamino ester intermediates 
which can be used to perform a wide range of heterocyclic 

chemistry. For example, when treated with preformed aryli- 

dene B-keto esters, or with a mixture of aromatic aldehydes 

and B-diketones in pyridine, cyclization occurs to generate 

dihydropyridines (DHPs) after acidic cleavagea (Figure 
12, a>. Following this method, several DHPs, including the 

commercial calcium channel blocker nifedipine, have been 

synthesized. The method is well suited to the preparation of 

DHP libraries (M.F. Gordeev, B. England and D.V. Patel, 
unpublished). 

A three-component Biginelli cyclization of ureas on resin 

with a solution mixture of aldehydes and B-keto esters pro- 

vides dihydropyrimidines (DHPMs) in high yield and purity65 

(Figure 12, b). Heterocycles such as dihydropyridines and 
dihydropyrimidines have historically proven to be a rich 

source of antimicrobial, antitumor, antiviral and cardiovascu- 

lar agents. 
Solid-phase Heck reactions between resin-bound aryl 

iodides or styrene derivatives with olefins or aryl halides, 

respectively, have been described to generate 1,2-disubsti- 
tuted olefins66, and an intramolecular version was recently 

employed to prepare peptoid isoquinolinones67. 
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Conclusions and future issues for drug discovery 

The intriguing possibility of creating huge libraries of small, 
nonpolymeric molecules has been transformed in a 

matter of months from dream to reality. Traditionally 

successful paradigms that focused on serial organic synthe- 
ses to find and propagate drug discovery leads will be 

markedly accelerated by the additional capacity to apply 

combinatorial chemistry technologies to mass-produce and 

evaluate novel lead molecules. The opportunity to chal- 

lenge numerous emerging new drug targets with huge num- 
bers of potential ligands should increase the rate at which 

new leads are found and ultimately promote the efficiency of 

drug discovery. The requirement of combinatorial chemistry 
to routinely intercombine large numbers of BBS by repeti- 

tive interconnecting chemistries will stimulate the design 

and production of new generations of automated instru- 
mentation to perform organic syntheses and create libraries 

largely under computer control. These libraries may be pre- 

pared either by split-pool synthesis or by parallel synthesis 
of discrete compounds. Progress in inventing novel, higher- 

throughput screening methods, along with cost-control 

measures for conserving recombinant target proteins and 

synthetic BBS, will continue to drive combinatorial tech- 

nologies and instrumentation towards miniaturization and 

nanotechnology. 
Considerable effort will continue to be invested in develop- 

ing new types of synthetic strategies which utilize the strengths 

of chemical library and combinatorial technologiesW-26. 
For example, combinatorial library approaches directed 

towards broad screening differ substantially from focused 

library approaches which are aimed at optimizing a known 
lead. Advances in adapting historical solution chemistry 

to solid-phase organic synthesis will continue on a broad 

front. In order to be generally applicable, these efforts will 
necessitate the creation of a collection of reliable, cleavable 

linkers which will tether specific common functional groups 

to supports and enhance flexibility in planning new synthetic 

schemes. Much more investigation into identifying viable solid 
synthesis supports and beads will be needed to improve reac- 

tion yields and product loadings. The general concept 
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of ‘encoding’ of libraries will continue to be employed and 

improved upon’. 
Major new initiatives in designing libraries will be tested. 

Selections of BBS for library synthesis may be driven by quan- 

titative diversity measurements, computational approaches - 
possibly involving virtual libraries - and molecular modeling. 

Combinatorial library approaches will not generally displace 

older methods, but will need to be integrated with them. The 

unification of structure- and mechanism-based inhibitor 

design with library design should prove to be a potent com- 
bination. Creation of so much chemical and biological data 

will demand new data-handling tools to process, monitor and 

interpret results. Efforts at meeting this challenge are already 
well under way. 

Taken in toto, implementation of combinatorial technologies 

demands a broad, well-integrated, interdisciplinary approach 
to drug discovery, in which chemistry, engineering, bio- 

chemistry, screening technology and data-processing exper- 

tise must all be coordinated for the best results. With intense 

worldwide interest and a firm commitment by the pharma- 

ceutical industry to exploit combinatorial chemistry techniques 
aggressively, we stand on the threshold of a new era in drug 

discovery. More new synthetic molecules will come into exist- 

ence in the next few years than have ever previously existed! 

Discovering what novel properties they possess should reap 
rich rewards and should be an exciting adventure! 
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