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Ahstract. Chemically generated libraries of small, non-oligomeric compounds are
being widely embraced by researchers in both industry and academia. There has been
a steady development of new chemistries and equipment applied to library generation
so it is now possible to synthesize almost any desired class of compound. However,
there are still important issues to consider that range from what specific types of
compounds should be made to concerns such as sample resynthesis, structural confir-
mation of the hit identified, and how to best integrate this technology into a pharmaceu-
tical drug discovery operation. This paper illustrates our approach to new lead
discovery (individual, diverse, drug-like molecules of known structural identity using
a simple, spatially addressable parallel synthesis approach to prepare Multiple Diverse
as well as Universal Libraries) and describes some representative examples of chem-
istries we had developed within these approaches (preparation of bis-benzamide
phenols, thiophenes, pyrrolidines, and highly substituted biphenyls). Finally, the
manuscript concludes by addressing some the present concerns that still must be
considered in this field.

Recent advances in genomics and mo-
lecular biology are supplying the pharma-
ceutical industry with large numbers of
novel biological targets. The industry is
responding by making use of high-
throughput screening technologies cou-
pled with compound libraries to rapidly
identify and optimize ligands for these
targets [1][2]. Clearly, chemically gener-
ated screening libraries are being widely
embraced by researchers in both industry
and academia. Today, the vast majority of
efforts in the field are devoted toward the
preparation of small, non-oligomeric com-
pounds, the historically preferred drug
molecule. There has been a steady devel-
opment of new chemistries and equipment
applied to library generation so it is now
possible to synthesize almost any desired
class of compound using these methodol-
ogies, and additional methods and chem-
istries are being reported on a weekly
basis.
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However, it is becoming increasingly
clear that simply being able to synthesize
any type of molecule is not sufficient.
There are important issues to consider that
range from what specific types of com-
pounds should be made to concerns such
as sample resynthesis, structural confir-
mation of the hits identified, and very
importantly, how to best integrate this
technology into a pharmaceutical drug
discovery operation.

This paper will illustrate our approach
to new lead discovery and describe some
representative examples of our approach-
es and chemistries. Finally, we conclude
by addressing some of the present con-
cerns that still must be considered.

First, the ground rules for our discov-
ery program (Fig.}): We decided early on
to prepare individual molecules of known
structural identity using a parallel synthe-
sis approach. The individual chemical re-
actions are carried out via multistep or-
ganic synthesis in a spatially addressable
and parallel format so that one single and
well-defined compound is prepared at each
synthesis site and multiple syntheses are
carried out simultaneously in multimilli-
gram quantities. This approach allowed us
to avoid the issues inherent in synthesiz-
ing and screening mixtures of compounds
and aJlowed us to prepare sufficient quan-
tity of each compound to allow for evalu-

ation in multiple assays over a period of
years.

Our target focus was selected to be
molecules with low molecular weights
(generally <600 amu) to afford the best
chance of oral bioavailability and to be
'drug-like' (non-peptide or oligomeric).

Finally, we decided to pursue parallel
array synthesis primarily using 96-well
commercial microtiter plates and to apply
automation to only select operations. As a
result we were successful in developing a
low-cost, simple approach that can be eas-
ily utilized by our combinatorial chemists
and can also be easily transferred to tradi-
tional medicinal chemistry labs.

Our basic reaction vessel (Fig. 2) [3]
consists of a commercially available poly-
propylene 96-deepwell plate which was
modified for filtration by drilling a small
hole in the bottom of each well, then
placing a porous polyethylene frit into the
bottom of each well. An aluminum plate
clamp was made as a two-piece assembly,
consisting of a solid base clamp fitted with
four removable corner stainless steel studs,
and a frame clamp which fits atop the plate
and is secured with wing nuts. An inert
gasket was utilized on the base clamp to
prevent leakage of well contents. Addi-
tional pieces of equipment have been de-
veloped as needed and these needs have
primarily been driven by new chemistry
requirements. As stated earlier, we decid-
ed to apply automation only to select tasks
that would free the chemists for more
producti ve endeavors and also assure con-
sistency in repetitive procedures. Among
the procedures that are currently being
automated on a routine basis are liquid
transfer (solvents and reagents), solid trans-
fer (reagents and resins), filtration, solid-
phase extraction, and several analytical
procedures.

Our initial efforts in preparing combi-
natoriallibraries were focused almost ex-
clusively on solid-phase organic chemis-
try, or carrying out the synthetic transfor-
mation while the product is attached onto
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Ground Rules
• Parallel synthesis of single compounds
• Low MW, non-peptide/non-oligomeric structures
• Simple, low-cost equipment
• Selective automation
• Solid-phase and solution chemistries
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over forty scaffolds with unique proper-
ties and diversity element orientations (ex-
amples of the preparation of three scaffold
types are illustrated in the Schemes 1-3).
For any given scaffold, the attachment
points for the diversity elements remain
constant and the identity of the diversity
elements is changed. We commonly make
use of a diversity element set containing
over 1500 members. While the identity,
and hence the properties, of the diversity
elements is easily changed, in order to
change the relative geometry of the diver-
sity elements we are forced to change to a
different scaffold.

In the Universal Library Approach we
designed a versatile class of molecules
which allows for the rapid display of mul-
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the problem of lead discovery from two
different, but complimentary approaches
(Fig. 3), the Multiple Diverse Scaffold
Approach and the Universal Library Ap-
proach. In both approaches we find a cen-
tral scaffold portion of the molecule. We
have selected these scaffolds to possess
'drug-like' properties and to have several
sites for attachment of diversity elements.
Diversity elements are those groups that
are primarily responsible for selectively
binding to the biological target of interest
and as a group possess a broad range of
physiochemical properties.

In the Multiple Diverse Scaffold Ap-
proach we have assembled a large collec-
tion of structurally diverse scaffolds. To
date we have designed and synthesized

an insoluble polymer support. Solid-phase
synthesis has many advantages over tradi-
tional solution-based methods. For exam-
ple, large excesses of starting materials
can be employed to drive reactions to
completion without fear of complicating
the workup procedure; simple filtration
and resin washing are typically sufficient
for removal of unreacted starting materi-
als and reaction by-products. The relative
site isolation of the resin-bound species
can inhibit many types of intermolecular
side reactions and help to stabilize reac-
tive intermediates. Resin-bound materials
tend to be air- and moisture-stable and are
easily manipulated. Nevertheless, solid-
phase synthesis also possesses many dis-
advantages. Solid-phase reactions are more
difficult to monitor by conventional tech-
niques. Typically, a large quantity of resin
produces only a small amount of final
product, serving to complicate analysis in
many cases; increasing the loading capac-
ity of a resin to circumvent this problem
frequently leads to a concomitant decrease
in the effective site isolation. Reactions
are frequently significantly retarded on
solid phase, and heterogeneous reagents
cannot be employed. Many resins, partic-
ularly cross-linked polystyrene, display
significant swelling and shrinking proper-
ties which can severely affect reaction
rates and site accessibility; frequently, the
optimal solvent for resin swelling is not
the optimal solvent for the desired reac-
tion. However, many of these disadvan-
tages are being addressed with promising
results. In addition, the range of organic
reactions which has been successfully
employed on solid phase continues to ex-
pand, making this a very powerful meth-
od.

We have recently begun to take advan-
tage of a complimentary approach to sol-
id-phase chemistry which largely circum-
vents the disadvantages discussed above
but maintains many of its advantages. This
involves carrying out library construction
in solution but using either polymer-sup-
ported reagents to effect reaction or using
polymer-bound scavengers to remove im-
purities andlor unwanted reactants or prod-
ucts. We now routinely make use of both
solid-phase organic chemistry as well as
solution-based methods depending on the
particular chemistries involved. Between
the two methods we have successfully
carried out nearly one hundred different
organic reactions in library format.

With a simple and economical proce-
dure for carrying out library synthesis and
a broad range of chemistries available to
our researchers, we will next discuss our
lead discovery efforts. Wehave approached
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group) and two differentiated sites for
acylation (the amino group and the second
site 'protected' as a nitro group). In addi-
tion to simple acylation reaction, it was
also demonstrated that sulfonylation and
isocyanation are also feasible chemistries
to provide the corresponding sulfonamides
and ureas, considerably increasing the di-
versity of the library.

We selected a solid-support linker that
would maintain its integrity across the
range of anticipated reaction conditions
but which would be readily cleaved at any
time under mild conditions to maintain the
integrity of the scaffold and its attached
functional groups. This strategy would
enable us to characterize and monitor re-
actions and products in solution at each
synthetic step if desired. Hence, the ben-
zoate ester proved to be a satisfactory
linker group, and could be cleaved readily
under basic conditions but demonstrated
negligible cleavage during the synthetic
process.

A batch synthesis preparation was used
to prepare multigram quantities of resin-
bound monoacylated scaffolds (3, Scheme
1). The triply differentiated scaffold, 4-
amino-3-nitrophenol was coupled to car-
boxylated polystyrene resin 1 (Ole, pyri-
dine, catalytic DMAP in DMF, 25°, 24 h)
through the 0 H group with excel lent chem-
ose]ectivity. Subsequent acylation reac-
tions were performed with acid-chloride
derivatives (4 equiv.) and excess pyridine
in CH2C12 (25°, 24 h). Aromatic nitro-
group reduction was found to proceed
smoothly on resin (5 equiv. of 2M
SnCl2·2H20 in DMF, 25°, 5 h). This pro-
cedure afforded multi gram quantities of
benzanilide resins 3.

The benzanilide resins were loaded
into plates for the second acylation and the
appropriate reagents added (acid-chloride
derivatives (8 equiv.), excess pyridine and
catalytic DMAP in CH2C12 (25°, 24 h)).
Once a plate was loaded the wells were
sealed with strip caps then agitated to
facilitate chemical reaction. Resins were
washed after each synthetic step by allow-
ing them to soak in solvent for a short
period, then removing the solvent by suc-
tion. A typical washing protocol employs
alternating DMF and MeOH (3 cycles),
then a final CH2C12 rinse. The use of
K2C03 in MeOH generally gave good
cleavage results. After cleavage, solution
libraries were obtained by filtration into
racks of 96 microdilution tubes. Phenox-
ide libraries were acidified (HCI/Et20 or
TMF) directly in the microdilution tubes,
and solvents were removed in vacuo with
a speedvac (Savant). Phenolic libraries 4
processed as described are suitable for

ii,iii

1 2

v

7

vii-

iv,v

Examples

Four specific library examples will now
be described in more detail to illustrate the
types of scaffolds and chemistries which
can be prepared using our methodology.
The first three examples illustrate the
Multiple Diverse Scaffold Approach and
the final example will illustrate the Uni-
versal Library Approach.

Example 1: 'Bisbenzamide phenols'
(Scheme 1) [3]. The procedure for synthe-
sizing this class of compounds will be
described in detail and is illustrative of our
general procedures. The scaffold 4-ami-
no-3-nitrophenol was selected to allow a
facile site of resin attachment (the OH

6

X
H-N

R'N h 0-0. -"S~
R" 0

1 1

vi

polymeric
- support)

5

in _
Br~S).l-..CHO

iii

i) 4-amino·3-nitro-phenol, DIC, pyridine, DMAP, DMF ii) Ar ,-COCI, pyridine, DMAP,

i) KN03, HN03, 0° (45-50%) ii) NaH2P04, H202, NaCI02, MeCN-H20 (94%)

iii) Merrifield resin, CS2C03, DMF iv) R'R"NH, DMF, r.t. v) SnCI2.2H20,

DMF vi) electrophile, pyridine, DMAP, CH2CI2 vii) NaOH, THF, MeOH

MeOHfTHF

tiple diversity elements in large numbers
of spatial arrangements using one general
class of scaffolds. The relative geometry
of the diversity elements are changed sim-
ply by changing the substitution patterns
of the diversity elements around the scaf-
fold. Additional modifications can be made
that result in facile changes in the size,
shape, and physical properties of the target
molecules.

In designing specific libraries to be
prepared within these two general ap-
proaches we make extensive use of com-
putational analysis. This method is com-
plimented by the medicinal chemistry in-
tuition of our chemists, and of course the
ongoing collection of biological test re-
sults helps to guide and refine our efforts.

Scheme I. Synthesis of 'Bisamide Phenols'

Scheme 2. Synthesis afThiophene Libraries
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i) 3-hydroxyacetophenone, CS2C03, Nal, DMF ii) ArCHO (12
equiv.), NaOMe (O.5M solution in MeOH, 12 equiv.), THF iii)
PhCH=NCH2C02Me, LiBr, DBU, THF iv) acylating agent, py,
DMAP, CH2CI2 v) TFA, CH2CI2

Ar

a pC6H40Me
b pC6H4Br
C 0,p-CI2C6H4
d 1-naphthyl
e p-Ph-C6H4

17a-e

o
O~AI
ll)

14a-e

11"" ~OHAIhD~
Me02C N Ph

X

v

Example 3: A pyrrolidine library [5].
The final example of the Multiple Diverse
Scaffold Approach is the preparation of
highly functionalized pyrrolidines via 1,3-
dipolar cycloaddition reaction on a solid
support. The mild reaction conditions re-
quired for this chemistry and the ability to
construct multiple bonds in a single trans-
formation made this a highly attractive
reaction for the solid-phase synthesis of
heterocyclic compounds.

In our route (Scheme 3), 3-hydroxyac-
etophenone was coupled to chlorinated
Wang resin (Cs2C03/NaI in DMF) to af-
ford 13. For the condensation with alde-
hydes, NaOMe (O.5M solution in MeOH
with THF as a co-solvent) was found to be
the base of choice. Typically 12 equiv. of
both aldehyde and NaOMe (O.5M in
MeOH) were added to resin (pre-swelled
in an equal volume of THF) to afford the
required en ones 14.The enones were sub-
jected to standard 1,3-dipolar cycloaddi-

'Vo~
ll)
13

a

iii 11",. ~o--~ •.- AIhD~
Me02C N Ph

X

The scaffold was immobilized onto
Merrifield resin (Cs2C03/catalytic Nal in
DMF). Subsequent treatment with a vari-
ety of aliphatic amines in DMF afforded
an ambient temperature nucleophilic sub-
stitution of the bromo group to yield the
corresponding 2-amino-substituted thi-
ophenes 9 (under the same reaction condi-
tions, ani lines (R' or R" is aryl) were unre-
active). Reduction of the N02 group
(SnCI2·2H20 in DMF) allowed for intro-
duction of additional diversity elements
by reaction with electrophiles (sulfonyl
chlorides, iso(thio)cyanates, etc.) under
standard acylation reaction conditions (cat-
alytic DMAP, pyridine, CH2CI2) to afford
11.

The final products 12 were conven-
iently cleaved from the resin by treatment
with NaOH in THF/MeOH. This chemis-
try was successfully applied to the synthe-
sis of a 1152-membered library from 32
individual amines and 36 electrophiles.

Scheme 3. SYllthesis of Pyrrolidilles

Example 2: A thiophene library
(Scheme 2) [4]. N ucleophilc aromatic sub-
stitution is a convenient method of intro-
ducing functionality into a molecule and,
when coupled with the potential for utiliz-
ing N, S, and 0 nucleophiles, provide an
attractive approach for the preparation of
libraries containing diverse functionality.
We employed a heterocyclic scaffold con-
taining suitable electron-withdrawing
groups (a N02 substituent) to facilitate the
nucleophilic aromatic substitution reac-
tion, which could subsequently be con-
verted to a functional group for introduc-
tion of additional diversity. The scaffold
of choice was 5-bromo-4-nitrothiophene-
2-carboxylic acid (7) which was readily
prepared from commercial 5-bromo-2-
thiophenecarboxaldehyde (5) by nitration
and subsequent oxidation.

analytical work, direct biological screen-
ing, and storage.

A randomly chosen subset of wells
from each plate was directly analyzed by
LC and IH-NMR. Thin-layer chromatog-
raphy was conveniently performed on eve-
ry well, providing a rapid qualitative as-
sessment regarding the synthetic outcome.
The average esti mated purity per well was
82%, though approximately two thirds of
the wells were essentially one component
by TLC. Compound quantities typically
ranged from 3-9 mg per well, and purity
ranged from 68-82%.

Preparation of this phenol library rep-
resented one of the earliest examples of
preparing large non-peptide libraries in a
96-well format. While the chemistry is
quite simple, we now had a basic protocol
which would allow us to develop more
complex and synthetically useful trans-
formations. Furthermore, even using
this simple chemistry we were able to
identify additional unique scaffolds that
displayed the two acyl groups in different
orientations. This expanded library is re-
ferred to as a 'diamino-alcohol super li-
brary' .

The synthesis of two additional scaf-
folds within the Multiple Diverse Approach
will now be described. These two exam-
ples were selected to illustrate two unique
methods for scaffold preparation. In the
first example, a thiophene library, the scaf-
fold is prepared first in solution. The li-
brary was then prepared via nucleophilic
substitution and acylation reactions. In the
second example invol ving the preparation
of highly functionalized pyrrolidines, the
scaffold was synthesized from various di-
versity element-containing building blocks
via sequential carbon-carbon bond form-
ing reactions.
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") % yields are for purified products and are calculated from acetophenone resin 1 and are unoptimized.

Table. Yields of Purified Products Following Resin Cleavage

Produ ( 'ylating agent Yield·)

170 p- hH~O c Ac I 45
17b p- /JlJBr eel 32

171' O·fI- I~ hll p-EI {>H-i ~ I 68
17d I-naplhyl {I- I (>114 O2 'I 31

tion reaction conditions with the N-metal-
lated azomethine ylid in the presence of
DBU and a Lewis acid (LiBr). High regio-
and diastereose]ectivity was observed to
afford the desired products 15.

The resulting pyrrolidines could also
be conveniently reacted with acid chlo-
rides and sulfonyl chlorides as shown in
the Table. Cleavage from the resin (TFA-
CH2CI2) yielded the highly functionalized
crude pyrrolidine 17, which could be puri-
fied by chromatography or crystallization.

The three scaffolds illustrated herein
represent the diverse nature of structures
that can be prepared under the Multiple
Diverse Scaffold Approach. Foreach scaf-
fold a new synthetic route must be de-
signed to place the diversity elements in
geometrically unique positions within di-
versity space. An alternate approach termed
the Universal Library Approach was also
tested.

The Universal Library Approach: In
this approach to lead generation we wished
to design a scaffold which would allow
diversity element display in a variety of

spatial orientations by simply changing
the substitution pattern of the diversity
elements. A major challenge was to select
a structural class of 'drug-like' target mol-
ecules of sufficient generality to allow a
wide variation in substitution patterns. The
biphenyl scaffold was selected as our ini-
tial class of target molecules. This drug-
like scaffold allows for facile introduction
of three or four functional groups in a large
number of spatial arrangements simply by
altering the substitution pattern on each
aromatic ring. Furthermore, we have built
into our design a simple method of chang-
ing the biphenyl scaffold to easily change
the size, shape, and physical properties of
the final products. It is important to note
that the final products contain a pendant
Me group since we desired not to have an
invariant OH or COOH group in our final
product. We wish to display important
functional groups in space and do not wish
to be biased by a strongly interacting in-
variant functional group.

The biphenyl molecules described here-
in are synthesized by a combination of

solution- and solid-phase chemistries
(Scheme 4) [6]. The scaffold is functional-
ized with appropriate side chains on the
solid support using the Mitsunobu reac-
tion and the final products are then cleaved
from the solid support for subsequent
modification and testing.

Stanny]ated 'A-ring' 18andthediffer-
entially protected 'B-ring' 19 were pre-
pared as previously described. The forma-
tion of the doubly protected biphenyl scaf-
fold 20 was accomplished utilizing modi-
fied Stille conditions. By this route, mu]ti-
gram quantities of each unique biphenyl
could be obtained after silica-gel chroma-
tography. Prior to attaching the doubly
protected biphenyl scaffolds to the solid
support, reduction of the aldehyde func-
tionality was necessary (LiAIH(O-t-Buh
in THF). Carboxylated polystyrene resin
was converted to the acid chloride and
subsequent attachment of the biphenyl-
methanols onto the resin occurred in greater
than 90% yield to afford 21. Phenolic
acetate removal from the resin-bound bi-
phenyls was accomplished with a solution
of 20% piperidine in CH2Cl2, and these
resin-bounddeprotected biphenyl-phenols
were loaded into the 96-well plates. Func-
tiona]ization of the free phenolic OH group
was accomplished using Castro condi-
tions for the Mitsullobu reaction to afford
22. Remova] of the phenolic t-butyldi-
methylsily] group was accomplished un-
der standard conditions, and further func-
tionalization of the remaining free phenol-
ic OH group was accomplished using a
second cycle of Mitsullobu chemistry to
afford 23.

Scheme 4. Synthesis of Biphenyl Libraries
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23

viii gc::CH20H
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7'1
R"O "" OR'

24

ix gc::CH3
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25

i) Pd2(dbab, LiCI, TFP, NMP, 3-acetoxy-5-(t-butyldimethylsiloxy)-1-iodobenzene (19) ii) LiAI(O-tBuhH iii) Et3N,

acid chloride resin iv) Piperidine v) 96-well format; R'OH, sulfamide ylide, CH2Cl2/toluene vi) TBAF, HOAc, THF

vii) 96-well format; R"OH, sulfamide ylide, CH2Cl2/toluene viii) NaOMe, THF/MeOH; HCI ix) Et3SiH, TFA
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colleagues be adequately trained in the use
of library technology for rapid structure-
activity work. Finally, we need to jointly
apply structure- and mechanism-based
drug design with library design to achieve
the best results.

For this new paradigm to achieve opti-
mal success, all of the various disciplines
including chemistry, molecular biology,
genomics, screening, engineering, com-
putational science, and information tech-
nology must work together effectively.
Only in this manner will the exciting re-
cent successes seen with combinatorial
chemistry continue to multiply in the fu-
ture.
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Fig. 4. Lead discovery

ingly effective parallel purification sche-
mes are also needed. In short, soon we will
have the ability to make nearly any class of
molecule we wish using these rapid tech-
mques.

New and improved equipment is being
developed to allow us to carry out reac-
tions under many of the conditions uti-
lized in a standard organic chemistry lab-
oratory (these include heating, cooling,
controlled atmosphere, hydrogenation,
etc.). Improved generations of automated
instrumentation is also being developed.
Furthermore, progress is likely to contin-
ue to drive combinatorial technologies
and instrumentation towards miniaturiza-
tion.

In the area of computational analysis
we continue to test and develop improved
methods of library design and analysis of
diversity space. As we achieve a better
understanding of diversity space analysis,
a reasonable goal will be to attempt to
prepare libraries designed to rapidly ex-
plore diversity space with a limited number
of structural motifs and effecti vel y identi-
fy a chemical lead for many biological
targets of interest. With the creation of so
much chemical and biological data, new
data-handling tools to process, keep track,
and interpret results are being developed.

And finally, let's not forget some of the
more mundane problems such as confir-
mation of the structure of active com-
pounds and their resynthesis and second-
ary assay evaluation.

To date many of us have tended to
separate combinatorial chemistry from
mainstream medicinal chemistry. Combi-
natorial library approaches will not dis-
place these older methods, but will need to
be integrated with them. It is therefore
important that our medicinal chemistry

Conclusion

We have demonstrated a variety of
conceptual approaches to lead generation
along with a wide variety of chemistries to
prepare structurally diverse classes of
molecules. This diverse library is routine-
ly being screened against a collection of
biological targets of interest. Both ap-
proaches have been successful in identify-
ing active compounds with binding affin-
ities ranging from low-nanomolar to mi-
cromolar in a majority of the assays car-
ried out. Furthermore, the wide range of
chemistries now available to us, including
the use of solid-bound reagents and scav-
engers, have been very useful for optimi-
zation of these leads and is routinely being
utilized by our colleagues in medicinal
chemistry.

Combinatorial chemistry has given us
the ability to more rapidly and effectively
identify novel leads for a variety ofbiolog-
ical targets. However, there is a continu-
ing need to further develop the technology
and to integrate it with other aspects of
drug discovery. Some of these needs are
illustrated in Fig. 4.

We need to continue to develop chem-
istries suitable for library synthesis. Ad-
vances in adapting solution chemistry to
solid-phase organic synthesis must con-
tinue. The creation of novel cleavable link-
ers for tethering reaction components to
supports and improvements aimed at iden-
tifying novel solid supports to improve
reaction yields and product loading will
all contribute to this effort. An expanded
scope of reactions that can occur with
solution techniques using solid-bound re-
agents and scavengers as well as increas-

Cleavage of the biphenyl library from
the solid support was accomplished by
saponification (NaOMe in MeOH/THF).
The resulting solutions were acidified, and
the free biphenyl-methanols 24 were col-
lected by gravity filtration into a 96-well
plate. Post cleavage modification of the
benzylic alcohol stub was accomplished
by reduction with a solution of triethylsi-
lane and TFA in CH2Cl2 for 12 h. Volatile
components were removed to afford the
free 'biphenyl-methanes' 25.

In order to evaluate the chemical effi-
ciency of the parallel synthesis procedure,
random sampling of both the hydroxyme-
thyl-biphenyls and the methyl-biphenyl
derivatives was performed and quantified
by TLC, HPLC, IH-NMR, and MS. Based
on these analyses, average purity of the
desired compounds within the library was
estimated to be >50%.


