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The art of solid-phase and solution-phase organic synthesisLibrary Descriptions
as applied to the assembly of chemical libraries is widely | keeping with the format of the previous reviéwhe
practiced in many academic and industrial laboratories pjp|ogically active libraries are segregated into five principal
throughout the world. Introduced in this decade, combina- categories. Tables 1 and 2 list those libraries active against
torial chemistry, in its various formats, is now regarded as proteolytic and nonproteolytic enzymes, respectively. Table
an important component of the drug discovery process. Itis 3 jists libraries yielding agonists and antagonists of G-protein
avidly employed by the biotechnology and pharmaceutical coupled receptors (GPCRs). Tables 4 and 5 delineate libraries
industry for this purpose. A previous comprehensive review active against non-GPCR targets (e.g., integrins, ion channels,
provided a historical account of chemical libraries from gomain interactions, nuclear receptors, and transcription
which biologically active agents were obtained.total of  factors) and whole-cell oncology and antiinfective targets.
86 citations were compiled covering the years 1992 through The name, generic structure, and affiliation is given for each
1997. In this 1998 annual update, there are 74 new |iprary. The affiliation indicates whether the library was
citations?~%3 nearly equivalent to the cumulative total of prepared in industry (company name), academia or another
published biologically active libraries for the preceding six jnstitution (senior author). The size of each library is also
years. This past year, more so than any other, was markedngicated, although it should be noted that the reported library
by the coapplication of library design and synthesis with sjze does not necessarily reflect confirmed library size. Each
molecular modeling and structure-based design. The first“brary is accompanied by the name of the molecular target
example of a compound, coming directly from an optimiza- against which it was evaluated and by the structure and
tion library (solid-phase parallel synthesis), exhibiting bio- potency of the most active library member. Each library is
chemical efficacy and oral bioavailability was describ&d. (eferenced with an entry code, e.g., library 4.11 refers to
Traditionally carried out on solid support, the use of solution- library entry 11 in Table 4.
phase techniques for library generation is gaining momentum |5 addition to the tabulations of biologically active
as ca. 38-40% of the 1998 libraries utilized solution-phase |ipraries, an effort has been made to compile a list of libraries
protocols. Because many more libraries are published an-with undisclosed biological activity. These libraries, loosely
nua”y W|th0ut associated biOlOgical data and are Of equal deﬁned as a mu|tistep reaction Sequence typ|ca||y exemp"_
interest to the combinatorial and medicinal chemical com- fieq by >5 examples or members, are divided into five

munities, a compilation of these types of constructs is categories composing Tables 60. Table 6 entitled “Scaf-

this genug*—27 existing scaffold or template is derivatized to provide a
* To whom correspondence should be addressed. Tel: 609-452-3739.“bra"_y' The add_|t'0n O_f three nUCIeOph'_IeS '_:0 cyanur_lc
Fax: 908-422-0156. E-mail: roland@pharmacop.com. chloride or Suzuki coupling of an aryl boronic acid to a resin-
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Liprary 1.1:
o 1) 1) piperidine

2) R2CHO, NaCNBH
NHFmoc DMFP NHFmoc ) i 8
- oH + HO — (o] —
1

TrS TrS
3

2: L- and D-cysteine

R2

Amino acids 1) TFA-DCM-Et3SiH l{l o

(R? synthons) (10:9:1) HS

HATU 2) 1% HOAc-MeOH
- R fo) H r3

6: Library 1.1
2 (Cys) x 19 (R'CHO) x 18 (Aa) = 684 members;
36 pools defined by Cys stereochemistry
and Aa; 19 DKPs per pool
screening
against four

MMPs and
compound follow-up library

resynthesis HS N 0 = | and screening
,, N _— No further optimization of series
o i
H

7: ICgp = 2 uM (collagenase-1)
Only pools where R'= n-pentyl and
n-heptyl displayed weak activity
against collagenase-1

Library 1.2:

1) TFA

O 2
2) RZCHO, NaCNBH;

HATU
oH + HOJ\/NHBOC

R'
1 8: amino acids
R’ synthons)

L- and D- 1) TFA-DCM-Et3SiH

2 H
cysteine R® _STr (10:9:1) N_ _O
DMFP o Nr 2) 1% HOAc-MeOH HS/I I
OJJ\ﬁ NHBoc o T}l =
R'" O R?
" 12: Library 1.2
19 (Aa)x 18 (R20HO) x 2 {Cys) = 684 members;
36 pools defined by Cys stereochemistry
and R%-CHO; 19 DKPs per pool
pool selec?ion for
scr'eening deczz‘g;g'l?: dand
against four Most pools displayed activity resynthesis
MMPs against collagenase-1 and
—— N
gelatinase-B —
N._0 N0 N_o
YOS SYOINESSY S
7N o7 N o N
N H
I ~
=
13 OMe 14 15
1C5p = 30 nM (collagenase-1) ICs50 = 35 NM (collagenase-1) ICs0 = 319 nM (collagenase-1)
79 nM (gelatinase-B) 87 nM (gelatinase-B) 2365 nM (gelatinase-B)
3800 nM (stromelysin-1) 2400 nM (stromelysin-1) 19000 nM (stromelysin-1)

Figure 1. Affymax 3-thiomethyl-2,5-diketopiperazine libraries 1.1 and 1.2 as inhibitors of MMPs.

bound aryl iodide yielding a biaryl are examples of these yielding coumarins), and polycyclic (tetrahydfeearboline

types of constructs. Table 7 delineates the preparation ofsynthesis) and macrocyclic ring synthesis. Each table in turn
acyclic libraries, perhaps via a multicomponent condensationis further subdivided into solid-phase and solution-phase
reaction (e.g., Ugi or Passerini reaction). Table48 include synthesis. The affiliation, size (given by number of examples
library constructs defined by monocyclic ring synthesis (e.g., and corresponding yield or number of members if yield data
Hantzsch thiazole synthesis), bicyclic and spirocyclic ring was unavailable), and a brief descriptive note are indicated
synthesis (e.g., indole synthesis, Knoevenagel condensatiorfor each library. Single synthetic transformations, polypep-
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Library 1.3 design:
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2
2 OR R
o R /©/ binding
HOHNJ\(N\//S{\ region
100 y OR
(o} OR (e}
it MMP active !:> J C[ :> R°R /@[ )
HOHN HOHN S R
0 OR [H, OR] ' T
16: Library 1.3
HOHN 7 OR iii: Pharmacophore model (Synthesis via 1,4-addition
R'O-N of aryl thiols then oxone or
ii: PDE4 active MCPBA-mediated oxidation.)

Library 1.3 inhibitors:
(MMPs are human enzymes, PDE4 is derived from guinea pig)

s Qo™
HOHN S HOHN

AN

A

17
ICsp = 200 nM (collagenase-1)
10 nM (gelatinase-B)
50 nM (stromelysin-1)
>1000 nM (PDE4)

18

ICso = 7000 nM (collagenase-1)
20 nM (gelatinase-B)
9000 nM (stromelysin-1)
>1000 nM (PDE4)

19
IC5 = >10000 nM (collagenase-1)
>10000 nM (gelatinase-B)
>10000 nM (stromelysin-1)
1 nM (PDE4)

Figure 2. MMP and PDE4 selective inhibitors from the hydroxamate library?4.3.

tide-, polysaccharide-, and oligonucleotide libraries, and
libraries for nondrug discovery applications (e.g., catalysts)
are generally not included in the tables.
Libraries Yielding Proteolytic Enzyme Inhibitors

Libraries directed toward the inhibition of proteolytic
enzymes are listed in Table 1 (libraries £1.19). A

inhibitors. Split-pool synthesis of the DKP inhibitor libraries
(36 pools, 19 DKP inhibitors per pool) was straightforward,
except that a rather unique coupling reagent, 1,3-dimethyl-
2-fluoropyridinium 4-toluenesulfonate (DMFP), was used to
minimize epimerization of the optically active cysteine amino
acid synthons during the coupling steps.

common design strategy centers upon a mechanism-based Inhibition of collagenase-1 was observed in library 1.1 in
approach to protease inhibition, i.e., the incorporation of a only a few pools where R= n-heptyl andn-pentyl, e.g.,
well-known pharmacophore into a suitable scaffold as a DKP 7 (ICso = 2 uM). A follow-up library was prepared
means to elicit potency and selectivity against a particular (details not given) based on the limited structuaetivity
mechanistic class of protease. Pharmacophores utilized inrelationship (SAR) data obtained from the initial screening

library design include the following: thiols and hydroxamic
acids for the metalloproteases (libraries-1113); hydroxy-

of the library; however, no further improvement in activity
for this series of DKPs was obtained.

ethylamine- and statine-based transition-state isosteres for In contrast to library 1.1, the regioisomeric DKP library

the aspartic acid proteases (libraries -1146); arginine-,
lysine-, and amidine-containing ligands and aminimides for
the trypsin superfamily of serine proteases (libraries-1.8

1.17); and acyloxymethyl ketones and acyliodides (irrevers-

1.2 displayed broad activity against collagenase-1 and
gelatinase-B. The library was essentially devoid of inhibitory
activity against stromelysin-1 or matrilysin. Deconvolution
of one of the more active pools (library 1.22 R CHy-(4-

ible inactivators) for cysteine proteases (libraries 1.18 and OMe-phenyl) and resynthesis of individual library members

1.19).

Affymax described two novel series of 3-thiomethyl-2,5-
diketopiperazines (DKP) as inhibitors of the matrix metal-
loproteases (MMPs, libraries 1.1 and 1.2; Figuré’Ijhe
selection of this heterocyclic scaffold was arrived at by
comparative overlap of a number of heterocycles with a

pharmacophore model derived from crystal structures of

succinyl hydroxamate inhibitor-MMP complexes. The DKP
scaffold was hypothesized to orient its thiomethyl group
toward the catalytic zinc atom and direct thé &d R
appendages into thg'sand $' binding subsites. There also

provided novel MMP inhibitors,13—15. Nascent SAR
obtained from library screening results and resynthesized
compounds indicated a very strict dependence of activity on
the thiomethyl and Rstereochemistries, limited tolerance
for variations at R, and rather broad tolerance for function-
ality at R

Hydroxamic acid library 1.3 was designed and synthesized
at Rhone-Poulenc Rorer following in-house observations that
N-sulfonylamino hydroxamatdsand dihydroisoxozole hy-
droxamatesii are inhibitors of MMPs and phosphodi-
esterase-4 (PDE4), respectively (Figureé®2Jhe apparent

existed the potential for hydrogen bond formation between SAR data suggested that the two mechanistically distinct
the scaffold’s heteroatoms and the active site of the enzyme,enzymes may share common pharmacophore elements as
an essential feature of the tight-binding succinyl hydroxamate depicted iniii . Library synthesis of single compounds300
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Library 1.4 synthesis:

pl.x, Mg-an.thracene-THF Zn(BHa)z,
NaH, BugN, complex (Gringard reagent n 3:1 Etp0-THF,
4 Steps 18-crown-8, o< formation), THF, 0 °C; 0 -ﬁo °C (Eocr 20 h
THF, 2 h, 45°C acetone quench then0"Cfor 1.5 h
\\‘)\/ ﬁ)\/OMMT Oﬁ)\/OMMT 2 Oﬁ)VOMMT
UNL
MeO”™ "Me R ,
23:R=P
(commercnally 21 22 C R 189,
available) (81% of theoretical loading) 24: R = NHMe (7-18%)

1% p-TsOH,
o NosCI, CHCl, NaN3, DMF DCM
Ho\l)\/ _ShasC NosO\l)\/OMMT 24, 45°C (85 min)
P! Q P!
25 h 26
diastereoseletivity ranging o)
from 90:10 to-80:20 N
depending on batch of (catalyst)
Zn(BHy)2
R2COOH,HOAL,
NosCl, pyridine, R'-NHy, NMP, o PyBOP, i-PraEtN, o SnClp, PhSH
9h, 25°C 80°C ] NMP or RENCO, NMP NEtg, THF
_ _— Ns\_)\/NHR _ Na\)\/NR‘COR2
3 i
30 31
R3COOH,HOAt,
; PyBOP. .

. , o 1:1 TFA-DCM OH
i-ProEtN, NMP f o, (Sequence 30 to 34

HN_ A __NR'COR? rRconN. A _Nm'corz _%m".25C  pgsconn. L _NR'coOR? cartied out via spatially

H ] H H separate array in 96-well
P p! p! filter apparatus.)
32 33 34: Library .4 (230 members)

Figure 3. Ellman’s library synthesis of mechanism-based inhibitors of aspartic acid profases.

compounds) was conducted using both solution- and solid- sensitive linker, and its strong UV chromophoric property
phase methods. Potent and selective inhibitors of eachwhich made it convenient to monitor spectrophotometrically.
enzyme class were obtained upon in vitro evaluation of the Attachment of21 to the resin was carried out by the reaction
library. Remarkably, there was a striking dependence of of a resin bromide (prepared from Wang resinsfRHCBL
target selectivity on the arylsulfonyl moiety; nanomolar in DCM) with the sodium anion 021 in THF (21 — 22).
potency for either the MMPs or PDE4 could be modulated Resin22 was reacted with one of 17 Grignard reagents to
by a singlem-methoxy substituentl( and 18 versus19; provide the corresponding keton28. The alkyl Grignard
hydrophobic RR® not withstanding). The MMP enzymes reagents were prepared in the standard way, while the more
were of human origin, while the PDE4 enzyme was obtained reactive benzylic-type Grignard reagents were prepared via
from guinea pig. It would be of interest to determine whether the addition of the benzylic halide to a solution of magnesium-
a similar SAR trend would be observed among enzymes of anthracene-THF complex in THF. A byproduct obtained
the same species. during the Grignard addition was thé-methyl amide24
Ellman published a full paper on the design and synthesis (up to 18%), formed by competitive NO bond cleavage.
of hydroxyethylamine-based aspartyl protease transition-stateChelation-controlled reduction employing Zn(®k con-

isosteres, concluding a multiyear research ende®van verted keton@3to the alcohoR5 with diastereoselectivities
elegant 12-step synthetic sequence was developed on solidanging from 90:10 to 80:20, with the ratio apparently
phase which provided full access to diversity at tReside independent of the 'Ryroup but rather dependent upon the

chain (R), the terminal amino appendages, and chirality at batch of freshly prepared Zn(Bj4 used for the reduction.
the secondary hydroxyl and amino groups (Figure 3). This Considerable solid-phase reaction optimization was required
was achieved without the use of amino acids as a source ofto convert alcohol25 to azide 27. Standard Mitsunobu
chirality. The generality of the sequence was demonstratedreactions employing (Ph@)(O)Ns, HN3, or Zn(Ns).-bis

by the construction of a 230-member library (library 1.4). pyridine complex were unsuccessful. Ultimately, alcoP®l
The library synthesis began with a four-step solution was activated as its 4-nitrobenzenesulfonyl eg&using
synthesis of Weinreb amid&l derived from commercially  4-pyrrolidinopyridine as the catalyst in chloroform. The
available, optically active isopropylidene glyceric acid methyl choice of catalyst and solvent were critical as the poor
ester20. The selection of the monomethoxytrityl group for conversion was observed with mesyl or tosyl esters in
primary hydroxyl group protection i21 was based upon  solvents other than chloroform, and DMAP salts readily
the ability to remove this protecting group under mild acidic precipitated into reaction sites on the resin. Displacement
conditions that would not cleave material from the acid- of the nosyl group ir26 with NaN; (26 — 27) was without
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complications, €5% nosyl elimination products). The MMT  4).** A selection of heterocyclic peptidomimetics were
protecting group ir27 was readily removed and the resulting docked into the active site of plasmepsin, and it was
primary alcohoR8then converted to its nosyl derivativeq determined that piperazine carboxylic ac#&and49 and,

— 29). All scaffolds were cleaved at this stage and possibly, 4-aminoprolin80were potential surrogates for the
characterized. Library synthesis was completed by reactionP? amino acid residue. Encoded intermedid@eavas depro-

of 29 with a selection of Ramines 29 — 30), acylation tected and apportioned into three resin lots. Each lot was
with R? functionality 80 — 31), followed by reduction of coupled to one of three orthogonally protected diamino
the azido group, acylation with a series of Barboxylic carboxylic acids40— 51). After an encoding step, the resins
acids, and TFA-mediated cleavage of the inhibitors from were combined, the Boc group was removed, and the
resin @32 — 34). The selection of the R-R® derivatizing corresponding amino resin was divided into 15 lots. Each
reagents was reviewed previously. lot was either acylated with one of six carboxylic acids or

Library 1.4 was evaluated against human liver cathepsin reductively aminated with one of nine aldehydes (15 R
D, and resynthesis of the more potent inhibitors was carried Synthons in total51 — 52). Following a fourth encoding

out. Several of the inhibitors had k& of <5 nM, with step, the resins were once again combined, the Alloc group
structure-activity tracking to the more hydrophobic (aryla- Was removed, and the resin was reapportioned into 20 lots.
lkyl) P! side chains. These lots were derivatized with one of 20 carboxylic acids

Pharmacopeia described two encoded aspartic acid inhibi-Yi€!ding 53 (library 1.6) as 20 sublibraries with 945
tor libraries 1.5 and 1.6 exploiting the statine pharmacophore COMPounds per sublibrary for a total of 18 900 members.
in library desigrt'2 The libraries were prepared and Evaluation of library 1.6 (off-bead ass#y3 — 54) against
evaluated against plasmepsin II, one of two aspartyl pro- malarial plasmepsin Il and the counter screen, human
teolytic isozymes required for hemoglobin metabolism in the €athépsin D, followed by decoding of some 100 active beads,
malarial parasite. An encoded mixture of 21 Boc-protected "€vealed preferences for hydrophobié &d R synthons
statine amided0 (derived from 7(R) aminesx 3(R?) Boc- analogous to library 1.5. Of tht_a three diamino acid scaffolds
statines) served as a common encoded intermediate for thdX° Synthon), there was a high frequency found for the
libraries (Figure 4). For library 1.5, encoded intermediate piperazine Caf_bF’?(y"C acidg8 and 49 in the deched
40 was deprotected and apportioned into 31 lots, and thenStructures. Inhibition constanf[Kiq fo'r four resynthesized
each lot was coupled with one of 31 Fmoc-protected amine compqunds were repor_ted, with inhibitcsS and 56 repre-
amino acids (R synthons corresponding to thé fesidue; sentative of the screening results.

40— 41). The resin lots were encoded with molecular tags ~ Three libraries 1.81.10 were reported to display activity
and combined. The combined resin was treated with piperi- 29ainst factor X&>*39Two of the libraries utilized hetero-
dine to remove the Fmoc protecting group, and then the resin€yclic cores in their design: a triazine core (library 1°8)
was divided into 20 lots. Each lot was reacted with one of and the 3,5-difluoro-4-trifluoromethylpyridine core (library
20 N-derivatizing reagents ¢Rynthons), yielding!2 (library 1.9)* Each library was prepared from their respective
1.5) as 20 sublibraries containing 651 compounds per halogenated templates. The third library 1.10 was a collection
sublibrary for a total of 13 020 membe#l(— 42). Library ~ ©f L-octapeptides?

1.5 was evaluated (off-bead, solution screen#f®) against Library 1.9 is a focused library based on the previously
plasmepsin I1). The results of the assay revealed that 10 ofknown bisamidiné7 (K; = 13 nM, Figure 5§ Its purpose

the 20 sublibraries displayed inhibitory activity against the was to identify a replacement for one of the benzamidine
enzyme. A total of some 60 beads were decoded across th@roups in 57 so as to enhance the overall drug-like
10 sublibraries, revealing the preference for hydrophobic characteristics of the series. Library 1.9 was moderately
synthons at Rand R and for hydrophobic Pstatines  successful in its task. Modest inhibitds (Ki = 560 nM)
(leucine or phenylalanine statine) at. Rhe more basic R and60 (K; = 495 nM) were obtained. Structurally related
amines and alanine statine were not observed in the decodeg¢ompounds51 and 62 were inactive against the enzyme.
structures. Interestinglpnly twoamino acids, isoleucine and Selectide Corporation conducted an on-bead screening
valine, out of the potential 31 amino acids were seenat R assay for factor Xa inhibition using a largeoctapeptide
This result may argue fop-branched amino acids ag P library (Figure 6)3° Active beads (colored) were manually
specificity determinants for the enzyme. A counter screen retrieved from the assay, and the structures of the associated
was conducted against cathepsin D, a human lysosomalpeptides were determined via Edman degradation. Among
aspartyl protease. Similar'RR?, and R preferences were  the active beads, the sequencdyr-L-lle-L-Arg- was highly
observed for this enzyme in addition to a much broader conserved at or near the N-terminus. Interestingly, this same
frequency of R (P?) amino acid residues. A total of 18 sequence is known as a minimal inhibitory sequence for
compounds were resynthesized, and inhibition const&ts (  factor Xa. Resynthesis of actives revealed a family of
were determined against each enzyme. Inhibition constantsoctapeptides with micromolar inhibitory activity against
ranged from 50 nM to>30 uM, with inhibitors 44—47 factor Xa Ki = 4—15 uM, e.g.,63). Further modification
representative of the more active and selective agents.of the series led to the pentapeptifié (Ki = 3 nM) as a
Inhibitor 45 was also active in malaria cell culture at ca. 10 potent and selective inhibitor of factor Xa.

uM. Serine proteases typically bind their pseudo-substrates and

Library 1.6 employed cyclic diamino acids a& $&nthons inhibitors as an extended antiparajfebtrand. By compara-
in place of the Ramino acids used in library 1.5 (Figure tive analysis of enzyme inhibitor crystal structures, with
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Synthesis of encoded intermediate 40 common to both libraries:

Add
1) Fmoc-Lys one ?f
2) divide 1) piperidine an71'r|?e
” 3) encode 2) photolabile linker amines_
2

NHFmo¢ ——m

35 36 HOZC@OZ 37 38
Br R! = -Me, -Bu, -(CHy)sOMe,
-(CHg)gPh, -CHPh, 3-PyrCHy-,

2-PyrCHy-
1) pool-split . 2 R
2) Boc-statine (R?) n R B ?%7\' =2
3) encode \n/\l/\NHBoc . NH,
O OH O OH
39 40
2 e R encoded mixture of
R" = -Me, -CHzCH(Me)z, -CHzPh 21intermediates
(7(R") x 3(R%)
Library 1.5 synthesis:
1) divide 1) pool-split
2) Fmoc-Aa 2) piperidin
3) encode 3) R4-CO,H
40 ————————— ————i
photolysis, screening,
decoding active beads

=3

— - W*mr‘

43

42: Library 1.5

Observed:

R'=-Bu, ~(CH2)30Me, -(CH,)3Ph

R = -CH,CH(Me)z, -CHoPh (Leu, Phe)
R3 = -CH(Me)s, -CHMeCHoMe (Val, lle)

R =10 out of 20 sublibraries active

Library 1.5 actives:

44
Ki =50 nM (plasmepsin-|1} Ki = 110 nM (plasmepsin-|1)
320 nM (cathepsin-D) 500 nM (cathepsin-D)
(10 uM in malarial parasite cell culture)

CONH,

47
K; = 15,000 nM (plasmepsin-1l}
200 nM (cathepsin-D)

Ki= 5,800 nM (plasmepsin-Il)
110 nM (cathepsin-D)

Reviews
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Library 1.6 synthes/s." !

1) divide 1) pool
2) diamino acids: 2) TFA
Boc 3) divide
foe fe NHBoo & 4) R*COzH or
\): j /[ ] U h R*CHO
HoC N7 HOC TN HOC N 5) encode
40 48 Alloc 49 Alloc 50 Alloc EEE——
3) encode
4 1) pool 4
E 2) Pd, BugSnH R
Ry Re j\ﬁ/[ T oo ' Re j\ﬁi”\
N B LA 2 N o )I
—_— e
AR OYN R
O OH Alloc O OH O)\RS
52 53: Library 1.6
20 sublibraries of 945 cmpds each
] 3(R1) x 3(R2) x 3(R3) x 15(R4) x 20(R5) = 18,900
photolysis,
screening, R*
decoding l{l
active
1
YN
(0] OH )\ 5
O~ R
54
Observed:

R' = Bu-, MeO(CHy)s-, Ph(CHy)s-

R = -CHyCH(Me),, -CH,Ph (Leu, Phe)

R3= Piperizine acetic and carboxylic acids (n = 0,1)

R*= range of substituents active with (4-Ph)PhCH,- highest frequency
R® = 13 out of 20 sublibraries active

Library 1.6 actives:

O OMe
MeO

MeO

OO
N N

H
N

o EtOZCMO

cl 55 56
Ki= 490 nM (plasmepsin-Il) Ki= 100 pM (plasmegsin-ll)
45,000 nM (cathepsin-D) 1.1 pM (cathepsin-D)

Figure 4. Pharmacopeia’s encoded statine-based aspartyl protease inhibitor libraries 1.5 Hrid 1.6.

conformational searches carried out on potengiaitrand neither inhibitor displayed significant blood levels upon oral
mimetics, libraries 1.11 and 1.12 containing putative bicyclic administration to rats and dogs. In an effort to identify
B-strand mimetics were conceivétl.The libraries were  analogues with improved pharmacokinetic properties, leads
prepared via the DietsAlder reaction between resin-bound 74 and75were subjected to optimization via a parallel solid-
diene65 and dienophile$6 and 70 followed by oxidation phase synthesis. Library 1%5vas designed to identify less
to install ana-keto amide function@5 — 67, 65 — 71, basic thrombin inhibitors. A small series of analogues (18
Figure 7). The bicyclic template was thought to form three proline amides) were prepared in which the cyclohexylamine
critical hydrogen bonds found at the active site of serine moiety in75was exchanged for neutral, lipophilic species.
proteases, while the reactive carbongtieto amide) was  Evaluation of library 1.15 revealed inhibito?& (K; = 40
designed to engage the active site serine hydroxyl group.nM) and 78 (K; = 3 nM) possessing the lipophilic 2,5-
Evaluation of the two libraries against thrombin revealed dimethyl and 2,5-dichlorobenzyl amido groups.
three subnanomolar inhibito®8, 72, and 73, and related Complementary to library 1.15, library 1.14 explored SAR
inhibitor 69. in the region of the acylated proline nitrogen. In this
The Merck proline amide libraries 1.14 and 1.15 represent optimization library, 200 new analogues of inhibit@twere
interesting case studies for successful lead optimization synthesized. The N-acylating reagents were carefully selected
through solid-phase synthesis (Figure 8). Inhibité4sand from a combined commercial and in-house collection of over
75 were peptidomimetic leads identified in a thrombin 2 200 carboxylic acids. Substructure features of particular
inhibitor discovery program. Although potent and selective, interest included aromatic or hydrophobic moieties, con-
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Library 1.9 design:

NH NH NH
O 0
O.__N._-0 O.__N._NR'R?
F F F F
CFa CFa

57: Kj = 13 nM (factor Xa)
Bisamidine lead

58: library 1.8 (monoamidine)

Library 1.9 actives;
NH NH
O
o
O N | N O N | N\)
CF3
60: K = 495 nM

N

CF3
59: K; = 560 nM

NH
HzN 0
eRP,
ON_N_J
|

CF;

61: K; = >5000 nM 62: Kj = >5000 nM

Figure 5. Amidinopyridines as factor Xa inhibitof.

on-bead
screening

Aag-AarAag..Aa-NH{) ——— Tyr-lle-Arg-Lys-Ala-Ala-Phe-Trp-NH,

63: K; = 5,000 M

Library 1.10
(Structure of library members
determined by Edman sequencing.
Resynthesis to confirm activity.)
NH
HoN

medicinal

chemistry
—_—

I— AcHN

64: K; = 3 nM (factor Xa)
Selectivity: >10000x versus
thrombin, VIla/TF, plasmin, trypsin

Figure 6. Selectide’s factor Xa inhibitor library 1.19.

straints or conformational reinforcements affording direc-
tional diversity, heteroatoms to access potential H-bonding,
and achirality to structurally simplify the lead. A number of
structurally novel inhibitors were identified upon bioassay.
Compound76 proved to be a highly potent and selective
inhibitor and fully efficacious in a rat model of Feghduced
arterial thrombosis. The oral absorption7was excellent

in the dog (74% at 5 mg/kdZmax = 4.6 uM at 40 min, i.v.
plasma half-life ca. 2 h) and cynomologus monkey (39%,
Cmax = 1.77uM at 113 min, i.v. plasma half-life ca. 4 h).
The unique, putative binding interactions@dwith enzyme

Reviews

were also determined via a molecular model7éfcreated
using the X-ray coordinates of thrombit# complex. This

is the first reported, successful example of improving a lead’s
pharmacokinetic parameters via analogue synthesis on solid
support.

A solution-phase synthesis of aspartic acid-based acyl-
oxymethyl ketones was reported by a Parke-Davis group
(library 1.18; Figure 9% The two-step reaction sequence
(79— 82) was optimized in 3-4 days via a nonlinear array
where over 200 different reaction conditions were evaluated.
Some 82 different reaction conditions alone were carried out
to optimize the displacement of the bromide in Z-AsfO-
Bu)CH,;Br with naphthyl acetic acid. Excess bromomethyl
ketone was removed from the reaction mixture using a
thiourea scavenging resin. Optimal deprotection of3tert-
butyl ester Asp side chain to provide the fr@ecarboxyl
group was examined via 40 reaction conditions. Classical
TFA-mediated deprotection in GBI, was found inferior
to 1 M HCI in EtOAc. The optimized reaction conditions
were then applied to library synthe§i8 — 86. Compounds
of this class are known interleukin3lconverting enzyme
(ICE) inhibitors, and IGy/K; values for five resynthesized
compounds were reported.

Libraries Yielding Nonproteolytic Enzyme Inhibitors

Table 2 lists 13 libraries (2:12.13) targeted for nonpro-
teolytic enzymes. These are subdivided into kinases (library
2.1 (tyrphostin analogues), library 2.2 (phosphonates), and
library 2.3 (purines)) and phosphatases (library 2o
difluorophosphonates) and miscellaneous mammalian and
nonmammalian enzymes. The mammalian enzyme entries
include the following: cyclooxygenase-1 and -2 (COX-1/2;
library 2.5), dihydroorotate dehydrogenase (library 2.5), and
phosphodiesterase-4 (PDE4, library 2.7). The nonmammalian
enzyme targets include the following: phosphomannose
isomerase (PMI, libraries 2.8 and 2.9), glucosyltransferase-1
(GFT-1, library 2.10)5-galactosidase (library 2.11), HIV-1
reverse transcriptase (library 2.12), and flu A sialidase
(library 2.13).

A novel class of 10-substituted phenothiazines as selective
COX-2 inhibitors was identified through a combination of
computational 3-D database searching and combinatorial
library synthesis (Figure 10}.Tricyclic 87 (melitracene) was
selected as a putative COX-1/2 inhibitor upon executing a
DOCK search against the sheep COX-1 crystal structure.
Although melitracene87 was not available for biological
evaluation, it was hypothesized that other tricyclic ring
systems may adopt a binding orientation similar to that
predicted for87. In this regard, N-substituted phenothiazines
were tested and found to inhibit COX-1/2 with modest
selectivity, e.g.88—90. A small parallel library91 (library
2.5) of N-(3-amidopropyl)phenothiazines yield®2 (ICso
= 21 uM, COX-2) and93 (ICs, = 1.3 uM, COX-2) as
selective COX-2 inhibitors92 and93: ICs, > 50uM, COX-

1).

Library 2.8 is a 1296-member collection of acylated
dipeptides with 2-aminoindane-2-carboxylic acid as a con-
served central building blocly: Figure 11) The impetus
for creating library 2.8 was the result of information obtained
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Figure 7. B-Strand mimetics as thrombin inhibitors (libraries 1.11 and 1332).

from the screening of many combinatorial libraries300 000 Conservative changes in amino acids moderateghd
total compounds). A single library of acylated dipepti@ds binding affinity. This result suggests that perhaps the two
containing the 2-aminoindane-2-carboxylic acid, was the only receptor subtypes may share a common topography with one
library which possessed any appreciable activity against another. This is reminiscent of topographies shared by other
phosphomannose isomerase (PMI), an essential enzyme imeceptors, namely somatostatin with NK-1 recept&t3he
fungal cell wall biosynthesis. Some 36 compounds from « agonist series was structurally distinct from either of the
library 2.8 were selected for resynthesis following evaluation u or 6 peptide series, favoring-amino acids in all four
against PMI. There were two Ramino acid residues, positions. It should be noted too that theand é binding
3-pyridylalanine and citrulline (e.g99—100), that were assays were derived from the rat, while theeceptors were
associated with activity; however, the data was puzzling in obtained from the guinea pig. There may be species
that there was no direct correlation of activity with the differences accounting for the distinct peptide motifs found
synthons. An identical impurity, however, was observed in for the x versusu/é agonists.
all of the HPLC traces of the crude resynthesized compounds. A search of selective opioid receptor antagonists was
The structure of the impurity was deduced through mass initiated due to the potential af selective antagonists to be
spectrometry and shown to be N-acylated indane-2-carboxa-effective in treating substance abd$€or a number of years,
mide 101 (K; = 27 uM). This material was a deletion adduct N-substituted derivatives of 3,4-dimethyl-(3-hydroxyphenyl)-
arising from incomplete coupling of the first amino acid to piperidine were known for their pure opioid receptor
the photolabile amine resin. Library 2.8 was followed up antagonist activity but were lacking in subtype, 0, «)
with a series of optimization libraries (library 2.9) to furnish selectivity. A more recent finding that04 possesses a
analoguel03 (Ki = 4 uM). measure ol selectivity prompted the synthesis of library
3.2 in an effort to findx receptor subtype selective agents
(Figure 12). Library synthesis was carried out in solution
starting with optically activel05. Derivatization ofL05with
Table 3 delineates libraries active against GPCR targets11 different Boc-protected amino acids followed by diborane
including opioid receptors (libraries 3-B.4), somatostatin ~ reduction and TFA-mediated removal of the Boc protecting
receptors (libraries 3:53.7), and the benzodiazepine receptor group gave diamine$06. These in turn were acylated with
(library 3.8). substituted benzoic, phenylacetic, phenyl cinnamic, and
Dooley and co-workers, in their continuing interest in 3-phenylpropionic acids to give a 288-member libra§7).
peptide libraries now spanning some five years, reported theScreening the library at 100 nM against aelective ligand
synthesis ba 6 250 000-member tetrapeptide library (Table revealedl08—-110as potent and selective inhibitors. From
3).17 Library 3.1 employed -, andp-natural and unnatural  the percent inhibition data it was observed that the stereo-
amino acids as diversity elements. Using a mixture-basedchemistry of thei-Pr (RY) group was critical for binding
positional scanning format, library 3.1 was assayed againstaffinity as was the 3-(4-hydroxyphenyl)-propionyl group with
theu, &, andk opiate receptors. Potent and selective agonists R?> = H. A purified sample ofLl08 possessed K; = 7 nM
were identified for each receptor subtype. There was notableagainst thec receptor. Theu/k and o/« selectivity was 57
similarity between the peptides withandd agonist activity. and >824, respectively. Examination @D8in a functional

Libraries Yielding G-Protein Coupled Receptor
Agonists and Antagonists
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Figure 8. Merck’s thrombin inhibitors (libraries 1.14 and 1.1%558

assay revealed it to be an antagonist of theeceptor, Library 3.4 possessed selectiveopiate receptor activity.
although the selectivity againgtandd was not as great as  The most active compound had and& 37 nM, although
observed in the radioligand binding assay. the actual structure was not disclosed.

Other non-peptide libraries active against the opiate Subtype selective agonists for each of the human soma-
receptors include Houghten’s dialkylated hydantoin library tostatin receptors (sstrl through sstr5) were discovered at
3.3 and bicyclic guanidine library 3%.The synthesis of =~ Merck via the synthesis and evaluation of libraries 3-8a
library 3.3 is illustrated in Figure 13. The library of 38 000 based on lead21 (Figure 14)* The initial lead121 (K; =
hydantoins was examined irveopiate radio receptor binding 100 nM, sstr2) was the most potent of 75 compounds
assay. The 16 values of 12 resynthesized compounds ranged extracted from an internal 200 000 member compound file

from 62 to 4615 nM. A basic residue-(or p-Lys) at R collection, following a 3-D pharmacophore search using
and N-benzyl groups at Rand R and small hydrophobic  cyclic hexapeptide somatostatin agorif0 as the probe.
groups at Rwere found in the more potentbinders, e.g., Retro-combinatorial analysis dissed&t&l into three frag-
117-119 No selectivity data againgt, 0, or k was given, ments: 1,4-butylenediamine, tryptophan (Aa), and a spiro-
nor any indication of whethet17 was a functional agonist  arylpiperidine unit. Further translation of this analysis into
or antagonist. the design of lead optimization libraries suggested C-/N-

The bicyclic guanidine library 3.4 was derived from the terminal derivatized amino acids22 as a generic library
condensation of resin-bound triamines with thiocarbonyldi- construct. This amino acid amide theni®® served as the
imidazole (TCDI). The triamines in turn were prepared via basis for the synthesis of libraries 3:-5¢ library 3.5d was
the borane-mediated reduction of a library of tripeptigfes. an unrelated collection of arylindoles.
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Reaction conditions for the synthesis 82 were optimized robotically:

CO,tBu
O 2 82 conditions
/U\ HO.C investigated
0] ” Br + —_—
o}
79 80
CO,tBu CO,H
0O o 39 conditions O o
/U\ investigated )J\
O H O _— O H O
o} o}
81 82
Optimized reaction conditions then applied to the construction of a ca. 600 member library:
EtsN, DMF;
CO,tBu then thiourea resin to CO,tBu
scavenge excess
1 2 bromide 1 2
R'HN Br + HO,C-R - R'HN OCOR
(o}
© 84
83:R' = Z, Ac-val 85
COzH
1M HCI, EtOAc
——  R'HN OCOR?
o}
86: Library: 1.18
Figure 9. Solution-phase synthesis of ICE inhibitors (library 1.38).
NMe
2 OH SH OH
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—_—

modeling of
human COX-1
and COX-2 Mol 88 89 90
enzymes 87: Melitracene COX-1;IC50=14M  COX-1;1C5=05uM  COX-1; [Cs >50 pM
(Although 87 was not available for COX-2; IC50 = 5 uM COX-2; IC5p =4 M COX-2; I1Csp >50 pM
biological evaluation, DOCK exercise K j
suggested that tricyclics may inhibit
COX enzymes.) Y
tricyclics from file collection
Cl
H H
N O\©\ N o NHCOR
o}
N N screening N
980 IO QO
93 92 91: Library 2.5
COX-1; IC5q = >50 uM COX-1; ICg9 = >50 UM
COX-2; IC5p =21 uM COX-2; ICs9=1.3 uM

Figure 10. Phenothiazine-based COX-2 selective inhibitors (library £5).

Library 3.5a may be considered a “tryptophan amide 123 including leadl1l, was not deconvoluted as potent sstr2
library”, composed of 20 diamines {R 20 tryptophan agonists for this class were already known. The second active
surrogates (Aa), and 79 spiroarylpiperidine replacementspool of 1 330 benzimidazolonek24 was of interest and
(R®. This gave a library of 20x 20 x 79 = 31600 subjected to further deconvolution. In a first round of
compounds; however, taking into consideration that racemic deconvolution, where the 3benzimidazolone moiety was
synthons were used, the approximate library size was kept constant, 20 pools of 20 compounds each were prepared.
estimated to be 130 000 members. The details of the actualEach pool was defined by a single amino acid (Aa) and all
library synthesis were not given, but multiple pools of possible combinations of the diamines!RScreening
compound mixtures were prepared. The library was evaluatedindicated the pool withs-methyltryptophanl15 possessed
against all five sst receptors. Two pools active against sstthe greatest activity (sstr2). Subjectihg5to a second round
were identified. The first pool of 1 330 spiroindane analogues of deconvolution (R and Aa constant, varying the 20! R
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{ 94 was the only library that had
activity against PML. It was

PMI; totaling —_— characterized by 2-aminoindane-2-
>3’00’000 RRN”™ “COR carboxylic acid as a central core.)
compounds 94
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step one of the synthesis.
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ca. 12 analogs at (C): —

hydroxamic acid

equi-potent with
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water solubility
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Figure 11. Deletion adduct from library 2.8 as an inhibitor of fungal phosphomannose isomerase®(PMI).
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Figure 12. Solution-phase synthesis of biased library 4.2.
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The fourth library, library 3.5d%30), is a library unrelated
to the amino acid amide libraries 3:5a, but rather an

Amino acid amide library 3.5b is an expanded version of “arylindole library of limited complexity” (details not

library 3.5a and is composed (21%Rx 22 (Aa) x 147 (R))

disclosed). From library 3.5d, the highly potent and selective

of approximately 350 000 compounds, again considering the sstr4 ligand131 (K; = 0.7 nM, sstr4) was obtained.

use of racemic synthons. Two pools were selected for
deconvolution (details not disclosed), resulting in the iden-

tification of 127and128as potent, selective sstrl and sstr3
agonists.

In a third extension of library 3.5a (details not disclosed),

the sstr5 ligandl29 was obtained. Ligand29 was highly
selective (7100-fold) for the sst2l receptor subtypes but

Functional activity for the selective ligand26—-129and
131was also investigated. The chart of Figure 14 summarizes
the functional data for the ligands against cAMP accumula-
tions (CHO K1), GH release, glucagon release, and insulin
release. Clearly, compounds of this type are useful in
unraveling the biological roles of the individual receptors.
Fundamentally, the study represents a landmark prototypical

possessed modest selectivity (8-fold) for the sstl receptor.model of how combinatorial chemistry may be used to
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Figure 13. Hydantoin library 3.3 processing opiate binding affinity?3

rapidly identify selective ligands to assess the functional Libraries Targeted for Non-GPCRs
significance of a given receptor. No doubt it is this type of bi gel h librari .
exercise that will be repeated many times over in the future 1 2Pie 4 delineates those libraries active in non-GPCR

to unveil the roles of new proteins as they are characterized ©CePIor targets: integrin receptors (libraries -415),
from genomic research. selectins (libraries 4:64.7), ion channels and re-uptake

In addition to Merck’s libraries of subtype selective mechanisms (libraries 4-81.10), domain interactions (Iib.rar-
somatostatin agonists, Glaxo Wellcome described sstr51€S 4.11-4.14), nuclear receptors (library 4.15), transcription
selective agonists (library 3.6; Figure 8)The substituted ~ factors (library 4.16), and MHC-complex class | (library
thiazolidinonel32, a potent and selective sstr5 agonist ggIC ~ 4-16).
= 5.85, human recombinant sst5 receptors), discovered from The -Arg-Gly-Asp- (RGD) is a well-known integrin
an Affymax screening library, served as a lead compound. binding motif for both thefs; and 5, classes of integrin
Because complex stereochemical mixtures are producedfamilies. Through the past decade, numerous peptidomimetic
during thiazolidinone synthesis and the fact that a large scaffolds have been described which display the salient
library of compounds of this class had already been screenedyositive and negative charged Arg and Asp side chains or
against the sst receptors, a heterocyclic surrogate for thetheir equivalents. These agents have been useful in the
thiazolidinone was sought. The hydantoin mdtB3 was  discovery of non-peptide integrin antagonists with potential
selected on the basis that substituents could be displayedappncation in treating thrombosig{class), unstable angina
analogous to the array found 32 with stereochemical (Bs class), restenosig{ class), osteoporosig{class), tumor
control and i_t was more amenable to solid-phase SyntheSiS-metastasisé(g class), and T-cell-mediated immune responses
The hydantoin library 3.6 was synthesized using Fukuyama g, ¢lass). Three new scaffolds displaying these charged side
Mitsunobu chemistry to ensure diversity (alkyl and aralkyl) ¢ ains were incorporated into combinatorial libraries. These

at the R position. Library members were tested for their . : P

include the cyclic and acyclic oligocarbamates by Schtiltz
abilfty to inhibit [1] Thr-SRIF membrane binding (0.03 (3" i D0 000 to 530 000 bor Trares 2 M
nM) in CHO Kl celis expressing human recombinant sst2 antagonists), a biaryl scaffold reported by Schering-Pléugh

and sst5 receptors. None of the hydantoins exhibited ap—(ﬁ3 class; 275 000 members, 384 antagonist), and a cyclic
preciable activity against sst2, but they were active ag"’“nStturn mimetic scaffold synthesized in the Ellman laboratdties

the sstr5. Preliminary SAR studies suggested that larger chain

aralkyls (four-carbon tether, e.dl34) at Rt and R were e clas§; 2304 m(.ambers,/,ﬂ\/l. antellgonlst).
preferred over short chair<@ carbons) aralky substituents. Schreiber described selective binders of the Src SH3 and

The discovery of asomatostatin antagonistvas also Hck SH3 domaind! These were obtained from structure-
described (library 3.7, Table 8J.The p-hexapeptide, Ac-  based, encoded hexapeptide and nonapeptide libraries in

his-phe-ile-arg-trp-phe-N# identified from a 64-million- which mono- and bicyclic peptidiomimetics were attached
member library, was found to be active in vivo (i.v. tothe N-or C-terminus, respectively (libraries 4.11 and 4.12).
administration). The-hexapeptide bound to sstr2 wittka In this way non-peptide elements were thought to be directed

= 172 nM, blocked somatostatin inhibition of adenylate toward the Leu-Pro specificity pockets of the SH3 domains.
cyclase in vitro (IGo = 5.1), and induced growth hormone The libraries were useful in the identification of agents
release when given alone to anesthetized rats with or withoutselective for one domain versus another and in further
pretreatment with a long-active somatostatin agonist. understanding of the domaitigand binding interactions.
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Troglitazonel35is a marketed drug for the treatment of over the original leadl40. Pyrimidine 144 blocked the
type 2 diabetes. TroglitazonE35 and structurally related  production of IL-2 and IL-8 in Jurkat T-cells (g = 30
thiazolidinediones act as agonists at the nuclear receptornM). Curiously, this latter activity was specific to T-cells as
peroxisome proliferator-activated receptor(PPARy), as the compound was inactive in monocytes, epithelial cells,
demonstrated via the correlation between the PPBIRding fibroblasts, osteoblasts, or endothelial cells. Pyrimididé
affinity and the in vivo antihyperglycemic potency (Figure was cell penetrant and active in several models of inflam-
16). During the course of an antidiabetic program at Glaxo mation and immunosuppression.

Wellcome, a novel class of tyrosine-based nonthiazolidinedi-

one PPAR agonists {36) were discovered: In an effort ~ Libraries Displaying Cytotoxic and Antimicrobial

to improve binding affinity, functional activity, selectivity, ~Activity

and agueous solubility for the series, an optimization program  chemical libraries of cytotoxic agents (libraries 53.3)

was initiated using a 2-fold strategy. Solution-phase synthesisng aniinfectives (libraries 545.15) are presented in Table
(traditional medicinal analogue preparation) focused on g

modifying the oxazole moiety, introducing water-solubilizing
groups in that region of the molecule. Complementary to
this effort was the construction of library 4.1538 ca. 75
members), wherein a much broader exploration of the pheny

Two contributions from the Scripps Research Institute
describe the synthesis of libraries of cytotoxic agents
I(Iibraries 5.1 and 5.2). The first of these is from the Boger

alkyl ether was undertaken. Although more potent oxazole laboratories in which a vast number of polyamides were

surrogates were found through the solution-phase <";maloguepr(_Eparecl using iminodi:_icetic acim5.ias a core tgmplate
synthesis, they were not significantly more soluble thaé (Figure 18) The synthetic strategy utilized a solution-phase

Conversely, the more water soluble agents such.2 con\{er_ger!t approgch t.o Iibrqry .sy.nthesis aIIowing facile
(phenyl to pyridyl exchange) were not as potent as the multiplication of diversity. This is in contrast to linear,
original lead 136 The solid-phase work did generate a divergent solid-phase synthesis (oligomer or template librar-
number of potent and selective PPARgonists (e.9.139), ies) in which diversity elements are introduced sequentially.
but again these agents did not possess binding affinity asUsing solution-phase methodology, libraries of dimers,
high as136 Collectively, the SAR in conjunction with X-ray ~ trimers, and tetramers based on the template were synthe-
crystallographic studies have led to an detailed understandingsized. These are perhaps the largest collections of compounds
of the binding interactions of these agents with PRAR Yyet to be prepared by solution-based methods. Polyamides
(details to be published). of this type are thought to be useful in modulating protein
Nuclear factore binding (NF«B) and activator protein-1  Protein interactions, in particular as agonists or antagonists
(AP-1) regulate the expression of a variety of proinflamma- of receptor activation via dimerization. The specific biologi-
tory cytokines and proteins. In chronic inflammatory disease cal activity of a 20 200 member library of iminodiacetic acid
states, where there is a continual overproduction of thesediamides148was disclosed with several agents displaying
proinflammatory cytokines, inhibition of NkB and AP-1 cytotoxic activity in L-1210 cells.
transcriptional activation may lead to suppression of cytokine  The second contribution from Scripps is from the labo-
levels and subsequent modulation of the inflammatory ratories of K. C. Nicolaod® In recent years, Nicolaou has
response. Researchers at Signal Pharmaceuticals recentlyuccessfully tackled the total synthesis of several natural
identified pyrimidine carboxamid&40 (ICso = 0.5uM) as  products with potent antitumor activity. These include Taxol,
an agent inhibiting both NF-kB and AP-1 transcriptional - epothilone A and B, eleutherobin51, eleuthosides Al52)
activation_ in_ s_tably tra_nsfected h_uman_\]urkat T—cell_s (Figure 3nd B (53, and the sarcodictyines AL4) and B (L55
17):# Pyrimidine 140displayed similar inhibitory action on  Eigyre 19). One of the distinguishing characteristics of his
the production of IL-2 and IL-8 levels in stimulated cells  oftorts is a potential paradigm shift toward the simultaneous
and was active in an animal model of inflammation. Through development of solution- and solid-phase methodologies for

Sqtr?g:t'og alhrlnedwmal chem|pal aptp rotafch, it \t/vats ezlaghshed natural product total synthesis and subsequent generation of
at the 2-chloro group was important for activity ¢ ! analogue libraries. This is in contrast to the traditional

OH, OR, N_RR; |nact|ve)_ aswas the amino NH group fN.H approach to total synthesis in which the natural product
NMe, NBz; loss of activity). Consequently, the solution- L . . S
construction is an end to itself. Case in point is the total

hase parallel synthesis of library 4.164(Q) was carried . o .
gut to dﬁscern anySAR for the carﬁoxamigl)e moietyldD. synthesis of sarcodictyin ALp4) and B (159 and the solid-
phase synthesis of library 5.3 (Figure 19).

A library of some 160 compounds was synthesized by the ) . .
reaction of the corresponding acid chloride 140 with Intermediatel 56, generated during the total synthesis of

commercially available alkylamines, anilines, and heterocy- Sarcodictyins A 154) and B (155, was attached to solid
clic amines. Operationally, this was performed by sonicating Support in a four-step sequenc&5¢ — 158), taking
EtOAc solutions of a slight excess of the acid chloride and advantage of the facile transketalization chemistryl 56
amine in the presence of Amberlyst A-21, quenching with Resin-bound intermediate&s8was deacetylated $8— 159),
water, and then further sonicating. The library of discrete reacted with a series of alcohol derivatizing agents (yielding
compounds was tested, and 3,5-disubstituted arylamines weresters and a carbamate), and subjected to desilylation to give
found to retain or enhance potendy@—144). In particular, resin-bound intermediatels0. These intermediates in turn
pyrimidine carboxamidé44showed a 10-fold improvement  were subjected to a series of transformations which generated
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Overall library design:

amino acid

OH moiety (R?)
hN = diamine
molecular modeling and . i

Q database search with moiety (R') N
o N emphasis on Tyr-Trp-Lys ~~ ~~~"77"7°7° retro-combinatorial
H pharmacophore H analysis RINHCO-Aa-NHRZ
_— N — i

H2N/\/\/

120

Known cyclic hexapeptide agonist active
against all five somatostatin receptor
subtypes (ssrt1-5).

122: Libraries 3.5a-¢

Essentially C-/N-derivatized
amino acid libraries

121: K; = 100 nM (sstr2)

Most potent agonist of 75 compounds
extracted from an internal 200,000
compound file collection.
Serves as the basis for libraries 3.5a-c.

Library 3.5a:

screening
—_—

R'NHCO-Aa-NHR®
122
20 (R") x 20 (Aa) x 79 (R®) = 130,000
members (including sterecisomers)
Aa in this case were largely

tryptophan analogs. Library synthesis
generated multiple sublibraries.

125 H

d1 st rourl\d of
R“Aa—N econvolution

O

Sublibrary of 1330 members active
against sstr2.
Selected for deconvolution.

5

Sublibrary of 1330 members active
against sstr2.
This was a well studied class and
was not followed up further.

123

HN

H N\)ij\/n
2 NH

2nd round of
deconvolution
_—

@@

Reviews

20 mixtures examined, each mixture with a defined Aa

and 20 R’ (essentially positional scanning at Aa). Poo!

with B-methyl tryptophan possessed greatest potency
and was subjected to further deconvolution.

126: K; = 50 nM (sstr2 selective)

selected for deconvolution NF
1 3 HaN N oUN
R'NHCO-Aa-NHR 2 \/\/\I NH
O Py NO.

122 MeO,C

1 3 N

21{R") x 22 (Aa) x 147 (R°) H
= ca. 350,000 members
including stereoisomers.
Aa in this case expanded

beyond tryptophan analogs.

Library synthesis generated

multiple sublibraries.

Library 3.5b:

2 sublibraries with activity
against sstrt and sstr3

127: K; = 1.4 nM (sstr1 selective)
128: K; = 24 nM (sstr3 selective)
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Library 3.5¢:
screening H
R'NHCO-Aa-NHR® . HzN\/\/IN
122 \|/\o o
"Expanded version of NH
library 3.5a." 2
Details not disclosed.
129: K = 0.4 nM (sstr5); K; = 3.3 nM (sstr1);
selective for remaining sstr subtypes 2-4
Library 3.5d:
X
R-R2 “% v . JNJ\H ¥
| \ /) screening HoN ”/\/Y\n/ |
- . MeO,C O
N 2 N
ol o

130: Library 3.5d
“"Arylindole library of limited
complexity." Unrelated to 122; size and
synthons not disclosed.

131: K; =

0.7 nM (sstr4 selective)

Activity chart for selective sstr agonists obtained from libraries 3.5a-d.?

- @ @O @0 00 e
2o — @|l—|—|—|—|—|—|—
= @ O|OI00e00|0
7 O@OI00 0 e ® 0O
2 OO0 @00 @000
w0100 @0 @0 |00
w1 OO0|0 0 @O0 @

@Black dot indicates activity. White dot indicates inactivity. Dash indicates no data available.
Bss-14; naturally occurring somatostatin tetradecapeptide. °cAMP accumulation in CHO K1 or
appropriate cell line. YWeak activity also seen against sstr1 and cAMP accumulation for 129
(sstr5/ssrt1 8:1)

Figure 14. Subtype selective somatostatin receptor agonists as reported by Merck.

three spursl61—-163 of library 5.3 and some 60 new classes of antibacterial agents (libraries549). For several
sarcodictyin analogues (radio frequency encoding). In ad- of the reported libraries, biological data is given for active

dition to the solid-phase synthesis, other analogue$ aeiRe

sublibraries containing multiple compounds, without subse-

prepared in solution. Because of the structural resemblancequent deconvolution to identify specific active compounds.

of 161and162to 151 and153 the combinatorial libraries

In a few instances, certain sublibraries also acted to disrupt

may also be considered analogue libraries of eleutherobinthe HIV-1 tat/TAR protein-RNA binding:

and eleuthosides A and B. Evaluation of the library gave
new agents with comparable or superior activity to the
sarcodictyins and provided important SAR insights into this
class of antitumor natural products.

With regard to antimicrobial agent discovery, Isis contin-
ued to publish on the synthesis and biological activities of
their unique polyazapyridinocyclophan@s? pyridinopo-
lyamines? and the novel, structurally related polyazadipyridino-
cyclophaneg? oxytriamines?* and aminoethylpiperazife

Library Statistics and Summary
As compiled here, a total of 321 library constructs were

reported in 1998. There were 74 biologically active libraries
reported that year with approximately 60% of the contribu-
tions coming from industry. There were nearly twice the
number of solid-phase versus solution-phase library syntheses
from industry, while nearly equal numbers of solid- and
solution-phase syntheses reported from academia. Of the 247
libraries with undisclosed biological activity, 66% of these
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0 exchange of @
thiazolidinone ring /_./
HN for hydantom ring fo) R3 synthesis Q
2 »-N’ and >—N
N screening N\/&O
o o
R!

132: AF 15831; plCs = 5.85 (sstr5)

(isolated from an Affymax discovery library
of thiazolidinones; mixture of diastereomers)

133: Library 3.6

0

134: pICsy = 6.5 (sstr5;
(selective versus sstr2)

Figure 15. Glaxo Wellcome’s hydantoin library 3.6 yielding selective sst5 receptor agddists.

mm

135: Troglitazone
(Thiazolidinedione class of
antidiabetics approved for use in
humans. At the time of approvai,
mechanism of action was unknown.
Subsequently, Glaxo Wellcome
discovered that the molecular target

O
N o :‘/\Q
O
Ph

136: PPARypK; =
PPARo. pK; = 6.31
Transactivation: PPARYpECso = 9.47

Lipogenesis: pECs0 = 8.83

Solubility (pH 7.4 phosphate buffer): <0.001 mg/mL

8.94

was PPARYy (pK; = 6.52).
Analog synthesis O
(traditional medicinal Me
- . A\
| — N
R [Het]\/\o N o H
O,

Analogs synthe5|zed to improve
activity and increase water
solubility of the class.

136

0]

MOH
RO HN
O

138: iibrary 4.15
(Designed to explore ether
linkage more broadly.)

—_—
solid-phase library

Figure 16. Optimization of nuclear receptor peroxisome p

came from industry and, again, with approximately-&321

o}
OH

137: PPARy pK; = 6.52
PPARa pK; = <56.5
Transactivation: PPARy pECsq = 8.74

Lipogenesis: pECsg = 8.04

Solubility (pH 7.4 phosphate buffer): 0.85 mg/mL

139: PPARy pK; = 8.03

PPARa pK; = inactive

Transactivation: PPARy pECso = 6.98
Lipogenesis: pECgg = 6.35

roliferator-activated receptBPARy) agonists:?
(Tables 6-10), there is a fairly equal distribution of

ratio of library syntheses carried out on solid- versus solution- constructs among the collections of scaffold derivatization,
phase. acyclic, monocyclic, bicyclic, and spirocyclic synthesis.
Considering the biologically active libraries of Tables3, These constructs account for 95% of the entries; only a few
the entries across the target class are: 26% for proteolyticlaboratories described polycyclic and macrocyclic libraries.
enzymes, ca. 15% for both nonproteolytic enzymes and Interestingly, about equal numbers of solution- and solid-
GPCRs, 23% for non-GPCR targets, and 20% for the phase synthesis of scaffold derivatization constructs were
cytotoxics and antimicrobials. Solid-phase synthesis accountsreported, while in all other categories, solid-phase was the
for ca. 65% of the contributions, and with the exception of method of choice. Up to 85% of the monocyclic ring
the cytotoxic and antiinfective category, solid-phase was the syntheses were carried out on solid-phase.
preferred method for library construction by-&:1 margin. Structure-based design and molecular modeling integrated
In the case of libraries without disclosed biological data with library design and synthesis proved quite effective as
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cl cl MeO. OMe ClnN_Cl FoC CFs
OsNHR |
=N
FaC i
OsNH —_ Y _Screening Os_-NH Os_NH Oy_NH
Ns N
FsC ~ | 1/' FiC ~ | FiCu FiCu |
|
Na N N N
Y 141: Library 4.16 Y Ny N "y
Ci (160 member library prepared cl cl cl
140 by solution-phase methods) 142 143 144

NF-kB: ICgo = 500 M

NF-xB: ICso = 1200 nM
AP-1: ICsg = 500 nM

AP-1: ICso = 1600 nM

NF-kB: IC5g = 800 nM
AP-1: ICgo = 500 nM

NF-xB: ICgo = 50 nM
AP-1: ICgg = 50 "M

{Novel T-cell-specific transcription
factor inhibitor obtained from high
throughput screening.}

(Blocks IL-2 and IL-8
production (ICsg = 30 nM).
Active ip in animal models of
inflammation and
immunosuppression.)

Figure 17. Inhibitors of NF«B and AP-1-mediated gene expressién.

1-10 1-10
o] NHR NHR 1) He
/ Z 10 amines 10 amines 2) 4 diacids
BOC—N o — BOC—-N &) BOC-N _—
\—CO,H \—CONHR'"20
e}

145 146: 10 compounds

Y’Ko

o ©
1'1°RHNOC/\NJ\/ N\)J\N/\CONHHHO

CONHR'"?® “CONHR'!"#
148: 20,000 compounds; n=3, 4,7, 8
(library 5.1)

I/CONHR”'ZO
PRHNOC. N

0
{n
[H]
n
0 O Ag
MORHNCO/\NJ\/ NQJ\N/\CONHR“O

CONHR'"2® “CONHR'2°
150: 114,783,975 compounds; n=3,4, 7, 8

Figure 18. Boger’'s multistep convergent solution-phase synthesis of combinatorial libraries from iminodiacetic anhydride. Synthesis of

library 5.18

applied to the discovery and optimization of lead structures.

metathesis
————————

MORHNCO/\NJ\/ N A

N N._-CONHR''#%0
Ty

147: 100 compounds

~CONHR!"22 CONHR'™'°

1-10 11-20
RHNOCVN\H/\ N.__CONHR
N/\n/ ~
(e} o
(i ~o

—
n
0° 0
N"CONHR™°

CONHR'"®  “CONHR!'20

149: 408,060,200 compounds; n=3,4, 7, 8

CONHR'1°

e demonstration of convergent
synthesis with multiplication of diversity

o solution-phase synthesis

o liquid-liquid extraction for purification

« When library of x members is
symmetrically dimerized, the
combination produces x(x+1)/2
members

subtype selective agonists (libraries 3-%89,** and (10) the

These computational techniques were essential componentsvork of Schreiber on the identification of selective Src and

in the design of several libraries including: (1) Affymax’s
DKP-based metalloprotease inhibitor libraries (libraries 1.1
and 1.2)7 (2) the selection of N-derivatizing reagents for
Ellman’s -hydroxyethylamines (library 1.4%,(3) the selec-
tion of cyclic diamino acid P-P, surrogates in statine library
1.6} (4) retrospective analysis of Vertex's new class for
HIV inhibitors,%® (5) the selection of the bicyclic template
in libraries 1.11 and 1.12 of-strand mimetic$® (6) the
proline amide libraries 1.14 and 1.15 yielding thrombin
inhibitors28:58 (7) the phenothiazine library 2.5 leading to a
new class of COX-2 inhibitor®,(8) analysis of the structural
basis for the binding of substituted purines to human CDK2-
cyclin A kinase compleX? (9) Merck’s somatostatin receptor

Hck domain binders (libraries 4.11 and 4.22%?

The detailed descriptions of the SAR development of
thrombin inhibitors from Merck (library 1.15) and of
PPARy agonists from Glaxo Wellcome (library 4.25aptly
demonstrate the synergy of combinatorial chemistry with
traditional medicinal chemistry for lead optimization pur-
poses, defining ligand affinity, selectivity, functional activity,
aqueous solubility, and oral bioavailability. Specifically, the
thrombin inhibitor cas® represents the first example in
which a lead compound, with a poor pharmacokinetic profile,
was optimized on solid-phase to yield directly a potent,
selective, efficacious, orally bioavailable agent. These are
particularly timely accounts as there is appeal in establishing
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Antitumor natural products:

NMe

OMe
O0Ac

154: R = Me: sarcodictyin A
155: R = Et: sarcodictyin B

151: eleutherobin 152: R' = Ac; R? = H: eleuthoside A

153:R' = H; R2 = Ac: eleuthoside B

Resin aftachment:
H (:DAC
;; ?%%gexanediol, H* 3; [i?h]3P=HC(HZC)30 ‘
O(CH,)sCH,0H H

O(CH,)sCH=CH(CH»)30” QD
OTIPS

156

158
(intermediate from

total synthesis)

Library synthesis:
OCOR!
1) NaOMe
158 ———
OR®
NHCOR®

163: Library 5.2, spur 3

161: Library 5.2, spur 1 162: Library 5.2, spur 2:
X=0,NH

Derivatizing reagents:

R'-X = anhydrides, acid chloride, acid, PhNCO
RZ-X = Ac,0, PhCOCI, MeOCOCI, PhANCO

R®-OH = HOH, MeOH, EtOH, CF3CH,0H, n-PrOH
R*OH (-NHyp) = alkyk-, alkenyl-, haloalkyl-,

aralkyl alcohols and MeNHy, n-PrNHy,, PhCHoNH,,
(4-OMe)PhCH,NH;

R5COX = Acz0, PhCOC!

Figure 19. Nicolaou’s sarcodictyin analogue library 52.

whether libraries may be of value in solving pharmacokinetic jble phosphomannose isomerase inhibit@1, wherein a
and toxicological problems associated with late stage dis- deletion adduct, formed through incomplete coupling of the

covery activities. first of three building blocks to solid support, was ultimately
Last, the role of serendipity in drug discovery cannot be found as the enzyme inhibitor (library 2.8).

overlooked. Despite the heroic efforts on the part of the
combinatorial chemist to define synthon compatibility and
optimal reaction parameters for any given library, chemistry ~ Acknowledgment. The authors thank Ms. Karen Rivera

does not always proceed as planned. This was beautifullyfor her expert assistance in the preparation of this manuscript,
demonstrated in the discovery of the slow binding, irrevers- particularly for chemical structure drawing.
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Table 1. Chemical Libraries Targeted for Proteases
Metalloproteases

Library: 1.1 |

Name: Diketopiperazine HS/IN O (\/\/
Size: 684 members f ——

Affilliation: Affymax [47) o *N R3 HS Np© 7 |
Note: 36 pools of 19 DKPs per pool. H . N
Intracyclative cleavage o H “

from solid support.
Enzyme: Collagenase-1 (human)

Activity: ICg9 = 2 uM

H
Library: 1.2 H ~m,, N _O
Name: Diketopiperazine N. O — HS T
Size: 684 members HS/I I 0PN

Affilliation: Affymax [47]

Note: 36 pools of 19 DKPs per pool. o '}‘ R
Regioisomeric to library 1.1. R2
Intracyclative cleavage OMe

from solid support.
Enzyme: Collagenase-1 (human)

Activity: 1Cgq = 30 nM (collagenase-1); 79 nM
(gelatinase-B, human); 3800 nM (stromelysin-1, human)

Library: 1.3

Name: Hydroxamic acid OR OMe
Size: >300 members OR2 g3 — 0
Affiliation: Rhone-Poulenc Rorer [10] HO. HO
Note: Solution-phase synthesis of N z “N 53

individual compounds. H RO O H o]

Cross reference: library 2.7 Enzyme: Gelatinase-A

Activity: Kj= 10 nM (gelatinase-A, human); 50 nM
(stromelysin-1, human); 200 nM (collagenase-1,
humany; >1,000 nM (phosphodiesterase (PDE4;
guinea pig)

Aspartic acid proteases al

OMe
Library: 1.4 MeO
Name: B-Hydroxyethylamine
Affilliation: Ellman, J. A.; et al. [26]

Size: 204 members Br O O O

o=(:_m‘

Enzyme: Cathepsin D (human liver)
Activity: Ki=0.7 nM

Library: 1.5 R2

Name: Statine amide H 9 * N
Size: 13,020 R N\HkNJ\/\WNHR‘ —_— OO
Affilation: Pharmacopeia, Inc. [12] 1 . 0
Note: Encoded library O R H O

using molecular tags.

(@]

Enzyme: Plasmepsin-Il (malaria; Plasmodium falciparum)
Activity: K; = 50 nM (K; = 320 nM, human cathepsin D)

Enzyme: Cathepsin D (human liver)
Activity: K= 110 nM (K; = 5800 nM, malarial plasmepsin Il
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Table 1. (Continued)
) e K‘/‘O
| H
Library: 1.6 .N N\/l\/u\ g N o
Name: Statine amide ‘ n i NHR HN [ j\/u\ H
Affilliation: Pharmacopeia, Inc. [11] L‘N O R 2 N N7 Y ~N
Size: 18,900 members Ly H éu o
R o]
Ci
Enzyme: Plasmepsin-ll {(malaria; Plasmodium falciparum
Activity: K; = 490 nM (mixture of four diastereomers)
Library: 1.7
Name: B-Hydroxyethylamine . o OH
Affilliation: Vertex [55] OH H
Size: 30 members H O)I\N N\/\/N‘S//=O
P . R N\/\/N\ i
Note: Optimization fibrary \“/ S=0 H o
using THP linker. 6}
OMe
OMe Enzyme: HIV-1 protease
Activity: Kj=7 nM
Serine proteases
OH OH
OH
0 0
- N
Library: 1.8 S o N (?o
Name: Triazine | P - R -
Size: 262 members H\N/ HN
Affilliation: ArQule, Inc. [20] )\ N
Note: Solution-phase synthesis. NN )NI\ )N\
LA R it Q
-R Cl N™ °N
c;*N N Hﬁ)
R3
Enzyme: Factor Xa
Activity: Kj= 700 nm (mixture of diastereomers;
50% inhibition of plasmin @10 uM)
NH NH
Library: 1.9 HoN

Name: Amidinophenoxypyrimidine
Affilliation: Berlex Biosciences [31]
Size: >400

Library: 1.10

Name: Octapeptide

Size: Not defined (large)
Affilliation: Selectide Corp. [39]
Note: L-Amino acids only.
On-bead assay.

Library: 1.11

Name: B-Strand mimetic

Size: ca. 100 members
Affilliation: Molecumetics Ltd. [38]
Note: Diels-Alder reaction

using resin-bound diene.

Aag-Aaz-Aag-Aag-....Aa-NHQD

o ! NH,
R2

R® N

R* N |
o)

o

0“ N NHR®

-

2 m@

Enzyme: Factor Xa
Activity: K = 495 nM

Tyr-lle-Arg-Lys-Ala-Ala-Phe-Trp-NH,

Enzyme: Factor Xa
Activity: Ki =5 uM

o NH,
'}‘ | Me
N CONH,
d PPl
°" N N
(o]

Enzyme: Thrombin
Activity: Kj= 10 nM
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Table 1. (Continued)
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Library: 1.12

Name: p-Strand mimetic

Size: ca. 1500 members
Affilliation: Molecumetics Ltd. [38]
Note: Diels-Alder reaction

using resin-bound diene.

Library: 1.13

Name: Benzamidine sulfonamide
Affilliation: LG Chemical Ltd. [22]
Size: Not defined.

Library: 1.14

Name: Proline amide
Size: ca. 200

Affilliation: Merck [58]
Note: Optimization library,
coapplication with
structure-based design. R

Library: 1.15

Name: Proline amide
Size: ca.18

Affilliation: Merck [28]
Note: Optimization library,
coapplication with
structure-based design.

Library: 1.16

Name: Tetrapeptide
Size: 390,625 members
Ref: Kundu, B.; et al. [23] (HO, H]
Note: Nazumamide analog library.
Natural and unnatural amino acids used.

Library: 1.17

Name: Hexapeptide

Size: 52,000,000 members
Ref: Lindberg, |.; et al. [54]
Note: Houghten library
used in screening.

Cysteine proteases

Library: 1.18

Name: Acyloxymethyl ketone
Size: 590 members

Affilliation: Parke-Davis [52]
Note: Solution-phase synthesis.

Library: 1.19

Name: N-lodo acetyldipeptide

Size: ca. 100 members

Ref: McKendrick, J.E.; et al. [30]
Note: Optimal inactivators were
identified from iodoacetate mixtures
using ESI-MS.

Ac-Aaﬁ-Aas-Aa4-Aa3—Aa2-Aa1 -N Ho

R H\)?\ R?
\//S\: B N-g3

o)

HN? ~NH,

NH,

|\)k/|\m

NH,

:U....

‘:M; ﬁi oy

Enzyme: Thrombin
Activity: K;= 0.035 nM

Enzyme: Thrombin
Activity: K; = 10 nM

Enzyme: Thrombin {(human}

Activity: K; = 1.5 nM (K; = 860 nM, trypsin)

Orally bioavailable: 74% at 5 mg/kg (dog),

Ciax = 4.6 UM at 40 min, iv plasma t;; = ca. 4 h.

Lo

[ OO C'

NH,

QL

Enzyme. Thrombin (human})
Activity: Kj= 3.0 nM

OH O
Lys-lle-Phe-Arg-OH

Q;

OH
Enzyme: Thrombin
Activity: ICg0 = 1.9 UM
Ac-lLeu-Leu-Arg-Val-Lys-Arg-NH,
Enzyme: Prohormone convertase (mouse)

Activity: K; = 3.2 nM (PC-1); K; = 360 nM (PC-2)
K; = 1440 nM (furin, human)

COOH

ity

Enzyme: Interleukin-1p converting enzyme (ICE)
Activity: Kj= 113 nM

K)LLW

Enzyme: Hepatitis A virus 3C proteinase
Activity: ky = 840 M™'s™

NH2

aThe asterisk%) represents the point of attachment to the solid support.
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Table 2. Chemical Libraries Targeted for Nonproteolytic Enzyfes

Reviews

Library: 2.1 Q .
Name: Tyrphostin analog NC N \/R
Size: 432 members | H |
Affilliation: IRORI [43] RZ ~ &
Note: Solid-phase synthesis > |

using radio frequency tags. (Ricoopxy

Library: 2.2 HO; p
Name: Tetrapeptoid HO 8

Size: 27 members (0]
\/\/\H/N{)J\N%S\CONHZ
o R

Affilliation: Novartis [40]

Library: 2.3

Name: Trisubstituted purine *

Size: not disclosed NHR'!
Affilliation: Schultz, P. G.; et al. [60]

Note: First generation libraries carried N7 N\
out on solid-phase using mutiple )\\ | >
attachment strategies. Solution-phase R®HN” N7 N
synthesis employed for optimization. * R?
Details not disclosed. *

Library: 2.4 4

Name: a,a-Difluoromethylene- O R H
phosphoric acid N._»
Size: 108 members Ho 9 H)\ﬂ/ R
Affilliation: Li, Z.; et al. [27] ~P. (o]

Note: Ugi four-component
condensation using RINK resin. F F

Other enzymes (mammalian)

Library: 2.5 H
Name: Phenothiazine

Size: 48 members

Affilliation: Abbott Labs. [45] N
Note: Solution-phase synthesis. |
Structure-based design. s

S
. N7
Library: 2.6 )
Name: Isoxazolylthioamide O%HAQ—RZ
Size: ca. 25 R
Affilliation: Novartis [2]

Note: Derivatives of leflunomide.

(o]
" I N
HO
HO

Enzyme: Jak-2
Activity: Blocks leukemia cell growth

HO.
_P
HO 1t
© o}

Enzyme: ZAP-70
Activity: IC59 = 25 uM

HN Cl

Enzyme: CDK2-cyclin A (human)
Activity: ICg0 = 6 nM (ICsq = 9 nM, cdk2-cyclin E;
ICg = 6 NM, cdc2-cyclin B)

2 N
HO~
i P. o}
F F
Enzyme = Protein tyrosine phosphatase
(PTPo, PTPB, PTPe)
Activity = >50% inhibition of PTPe @100 uM

Enzyme: Cyclooxygenase-2 (COX-2; human)
Activity: ICgp = 1.3 uM (IC5q >50 pM, COX-1)

N= X

1

S oo
H

Enzyme: Dihydroorotate dehydrogenase
(recombinant human)
Activity: ICs59 = 700 nM
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Other enzymes (non-mammalian)

Library: 2.7
Name: Hydroxamic acid
Size: >300 members

Affilliation: Rhone-Poulenc Rorer [10]

Note: Solution-phase synthesis.
Cross-reference: library 1.3

Library: 2.8

Name: N-acylated didpeptide
Size: 1296 members

Affilliation: Affymax [6]

Note: Inhibitor found in the library
was a deletion adduct formed
through incomplete coupling of
the first amino acid.

Library: 2.9

Name: Phenoxybutyric acid amide
Size: ca. 700 members total
Affilliation: Affymax [6]

Note: Multipie optimization
libraries prepared based on the
27 uM lead obtained in library 2.8.

Library: 2.10

Name: L-Hexapeptide
Affiliation: Mooser, G.; et al. [16]
Size: >1,000,000 members

Library: 2.11

Name: 1-Thio-B-galactopyranoside
Size: >3,000 members

Affilliation: Hindsgaul, O.; et al. [36]
Note: Solution-phase synthesis.

Library: 2.12

Name: 4(3H)-Pyrimidinone
Size: 6 members

Affilliation: Botta, M.; et al. [37]
Note: Solution-phase synthesis.

Library: 2.13

Name: Dihydropyrancarboxamides
Size: 80 members

Affilliation: Glaxo Welicome [63]
Note: Solution-phase synthesis.

N
H 5 O’/ \\0
o (0]
H
RZ/U\H NW)LNHZ
0 R

——
B
——
Cl (0]
O\/\)J\N
H
Cl
[S——
A

Ac-Aag-Aas-Aas-Aag-Aag-Aa -NHy

o}

HN |
HO\/\/\NJ\\N A
H

R1R2N) lijOZH
|
AcHN

Haz

Zon

D
N —
NH,
o]

—_——

C

OMe
PP
HO- 5 OMe

H o}

Enzyme: Phosphodiesterase-4 (PDE-4)
Activity: 1.0 nM (guinea pig
macrophage homogenate)

ol o E %
/©/o\/\/”\N NH,
H
o
ol

Enzyme: Phosphomannose isomerase (PMI; C. albicans)
Activity: K; =27 uM (slow-binding, irreversible inactivation)

0 i %
C|©/s\/\)1\N NHOH
H
ol °

Enzyme: Phosphomannose isomerase (PMI; C. albicans)
Activity: Kj=4 uM (slow-binding, irreversible inactivation;
K; = 26 pM, human PMI)

Microbe: C. albicans: MIC = 80 uM

Ac-Phe-Phe-Arg-Glu-Tyr-Trp-NH,

Enzyme: Glucosyltransferase-1 (GFT-I;
Streptococcus sorinus)
Activity: Kp = 1,400 uM

HO -OH
0

HOQS/S,,, ~OH
=0

Enzyme: B—Galactosidase (E. colj)
Activity: Kj= 1.7 pM

o]

;90
HO\/\/\N/I\\N

H

Enzyme: HIV-1 reverse transcriptase
Activity: K= 75 uM (TIBO/nevirapine
resistant mutant; K;= 410 pM, wild
type)

0
L NJL,,, 0._COH
_

|

NH,

Enzyme: Influenza A virus sialidase
Activity: ICgo = 3 nM (Flu A sialidase;
IC50 = 360 nM, Flu Bsialidase)

AcHN

aThe asterisk#) represents the point of attachment to the solid support.
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Table 3. Chemical Libraries Targeted for G-Protein Coupled Receptors (GPCRSs)

Reviews

Opiate receptors

Library: 3.1

Name: Tetrapeptide

Size: 6,250,000 members
Ref: Dooley, C. T.; et al. [17]
Note: Mixture-based
positional scanning format.
L-, D-natural and unnatural
amino acids.

Aa4-Aa3-Aa2-Aa1 -N H2

e

Receptor: & opiate (rat)
Activity: 3 nM (agonist; selective versus )

3
5
N
B

Library: 3.2

Name: 3-Hydroxyphenyl piperidine
Size: 288 members ]
Affilliation: Res. Triangle Inst. [48] R
Note: Solution-phase synthesis
using optically active
(+)-(3R,4R)-dimethyl-4-(3-hydroxy-

phenyl)piperidine.
Library: 3.3 RS 0
Name: Hydantoin 7 < o
Size: 38,880 members R“’N NW)L':‘H
Affiliation: Houghten, R. A.; et al. [33] \I( 1 Ao
X R R
R3
M
Library: 3.4 N *
Name: Bicyclic guanidine §_7=
Size: 102,459 members N
Affiliation: Houghten, R. A.; ef al. [33] R? ;
R
Somatostatine receptors
Libraries: 3.5a-d
Name: Peptidomimetic 1
Size: >100,000 members total g 9
Affiliation: Merck [41] HoN~~~N J L
Note: Multiple libraries based on N "NR°R
amino acid amide theme. Original lead (e}

was a C-/N-derivatized tryptophan
residue (see text). Split-pool synthesis
and deconvolution methodology; not
disclosed whether synthesis was carried
out by solid- or solution-phase methods.

Receptor: u opiate (rat)
Activity: = 0.4 nM (agonist;

selective versus §, k)

NH; HZN/;\H/ \)k /ﬁr NJL

@i

HN

~NH

Receptor: x opiate (guinea pig)
Activity: 1.2 nM (agonist; selective
versus [, 8)

OH

LA
——- K’\\“\
N.
H
Receptor: k opiate (guinea pig)
Activity: 6.9 nM (antagonist; p/x = 57; 8/x = >870)
\E)J\NHCHzPh
Receptor: ¢ opiate
Activity: 1G5 = 62 M
— Structure not disclosed.
Receptor: k opiate
Activity: 1Cso = 37 "M
E -
— M H N\ |
HoN [ NH

é»

Receptor: Somatostatin-1 (sstr1; human)

NH,

Activity: K; = 1.4 nM (agonist; >100x selective vs. sstr2-5)
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Library: 3.6

Name: Hydantoin

Size: >60 members

Affiliation: Glaxo Wellcome [42]
Note: Intracyclative cleavage.
Original lead was a thiazolidinone
(plCsp = 5.85: selective sstr5
agonist) obtained from an Affymax
general screening library.

Library: 3.7

Name: D-Hexapeptide

Size: 64,000,000 members
Affiliation: American Cyanamid [56]
Note: Library synthesis via positional
scanning protocol. Primary screening
using SRIF-responsive yeast growth
assay.

Benzodiazepine receptors

Library: 3.8

Name: Flavone

Size: 36 members

Ref: Marder, M,; et al. [29]
Note: Solution-phase synthesis.

7 2T

HzN\/O\/H\’;NH
st
O%NH

Receptor: Somatostatin-2 (sstr2; human)
Activity: K; = 0.5 nM agonist; (>1000x selective
vs. sstr1,3-5)

Receptor: Somatostatin-4 (sstr4; human)
Activity: K; = 0.7 nM (agonist; >100x selective
vs. sst1-3,5)

X
R -R
N N —
d R
Ac-D-Aag-D-Aag-....D-Aa;-NH, —
e

H o)

N
eSO
Meo™ So © 07N NO,

N
H

Receptor: Somatostatin-3 (sstr3; human)
Activity: K; =24 nM (agonist; >50x selective

vs. sstr1,2,4,5)
oY

N\ NH

Receptor: Somatostatin-5 (sstr5; human)
Activity: K; = 0.4 nM (agonist; K; = 3.4 nM,
sstr1; >100x selective vs. sstr2-4)

O/\©
Receptor: Somatostatin-5 (sstr5; recombinant human)
Activity: plCso = 6.5 (agonist; selective against sstr2)

Ac-D-His-D-Phe-D-lle-D-Arg-D-Trp-D-Phe-NH,

Receptor: Somatostatin-2 (sstr2; rat)
Activity: Kj = 172 nM (antagonist; sstr5: K; = ca. 230 nM)

Receptor: Benzodiazepine (rat)
Activity: 17 nM

aThe asterisk ) represents the point of attachment to the solid support.
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Table 4. Chemical Libraries Targeted for Non-G-Protein Coupled Receptors (non-GPCRS)

Integrin receptors

Library: 4.1

Name: Cyclic oligocarbamate
Size: 530,000 members

Affiliation: Schultz, P. G.; et al. [13]
Note: Solid-phase synthesis.
Sequencing performed using

MALDI mass spectrometry. R! o
H -3
2 Ao N~ A0
I G- g
H P H
O R O
Library: 4.2
Name: Cyclic oligocarbamate
Size: 20,000 members
Affiliation: Schultz, P. G.; et al. [13]
Note: See library 4.1. .
R O R
H -3
F(N)\/O\H/N\-/\OJ\N/\/O\H/&&
H 52 H
O R (e}
Library: 4.3
Name: Cyclic oligocarbamate
Size: 20,000 members
Affiliation: Schultz, P. G.; ef al. [13]
Note: See library 4.1.
R H o g
I’QNJ\/O N\/\OJ\N/-\/OTI/HH —
H \ﬂ/ §2 H
O R o}

Library: 4.4

Name: Biaryl

Size: ca. 275,000 members total
Affiliation: Schering-Plough [34]
Note: Multiple split-pool libraries.

H _\"—Aas-Aaz-AarOH

Library: 4.5

Name: Turn mimetic

Size: 5,500 members

Affiliation: Ellman, J. A.; et al. [44]
Note: Reductive cleavage of
disulfide and intramolecular
cyclization. From the 5000+
library, a subset of 2304
members having an Asp residue
was selected for screening.

Selectins

Library: 4.6

Name: Sialyl Lewis X mimetic
Size: 11 members

Affiliation: Wong, C.-H.; et al. [50]

Note: Ugi four-component reaction.

o]
rR' O
3
o:e\NJK(R
H
NS,
rR—/

OH on

OH
o OH

HO,C™ N

HO.C O

S HN N NH,
— ol i
2 \[r N NH o NH
o}
TR
: \[01/ \/\/\/\HJ\NHZ
HO,C™
Target: GPIlb/llla
Activity: IC5 = 4.9 nM
HO.C,
HoN Y -0
0 6! J—NH
0 N o O
— HN—( H O
e} N
(e}
NH
HN™ °N
ZH
Target: GPIIb/lla
Activity: ICgq = 3.9 nM
HNy_-NH,
NH

e :

o)
H *
MeO)I\N/\/O\n/N oJ\N OJ\N O\[rNHz
H o on H H
o)

Target: GPIIb/lila
Activity: ICgg = 13 nM

Ar -OH
Ac-Asp-HN O g

Receptor: a,p3 (human)
Activity: 1Cgg = 34 UM

HOO\

0]
oW Y™

N~S O

.

OH

Receptor: a4B(integrin-CS1)
ACthIty ICso =5.0 ]JM

OH

a

w

OH
OH
O O

— YO
HO,C O 'O
Receptor: E-selectin

Activity: 48% inhibition @3 mM

OH
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Libi 4.7 o
ibrary: 4. OH
Name: Sialyl Lewis X mimetic 0 OR'
Size: 15 members o
Affiliation: Wong, C.-H.; et al. [50] o]
Note: Ugi four-component reaction. r2-N N’R4

re M

lon channels and uptake mechanisms

Library: 4.8 o Ar O
Name: 1,4-Dihydropyridine 2 )J\ 3
Size: 300 members RO Il R
Affiliation: Affymax [19

Hliati ymax {19] R17 N7 RY

H

Library: 4.9 .
Name: Polyamine H.N
Size: 6 members 2N ~"NHR

Affiliation: Uriac, P.; et al. [49]

Library: 4.10

Name: Polyamine

Size: 6 members

Affiliation: Uriac, P.; et al. [49]

Domain interactions

Library: 4.11

Name: Peptidomimetic

Size: 2,499 members

Affiliation: Schreiber, S. L.; et al. [21]
Note: Encoding using photo
cleavable tags. On-bead assay.

o}

Library: 4.12

Name: Peptidomimetic

Size: 125,000 members

Affiliation: Schreiber, S. L.; et al. [32]
Note: Encoding using photo
cleavable tags. On-bead assay.

H-Val-Ser-Leu-Ala-Arg-Arg-Pro-Leu-Pro-X-Xp-X5-NH@

H
H2N/\/\ NN N NHR
H

——

OH

OH
OH
0 OH
—-
© o}
HN N"CO,Me
H
Me

Receptor: E-selectin
Activity: ICgo = 360 uM

NO,

MeO,C CO,Me

Me' N~ "Me
H
Target: Calcium channels (rat cerebral cortex)
Activity: IC50 = 12 nM
HeN ™ NHCHPh

Target: Inhibition of [1 4C]putrescine uptake
Activity: ICgp = 14.4 uM

Target: Inhibition of [14C]putrescine uptake
Activity: IC59 = 0.46 uM

] E
o)
N N
-
Xq-Xz mpro-Leu-Pro-Pro-Leu-Pro-NH—@ —— ﬁ\/@xﬁ & m/u\Pro-Leu-Pro-Pro-Leu-Pro-NH;

Target: Src SH3 domain
Activity: Ky = 0.9 pM

(o]
N
0 wj\ Pro-Leu-Pro-Pro-Leu-Pro-NH,
HN N [e]

Target: Hck SH3 domain
Activity: Ky = 1.3 pM { Kp = 46 uM,Src SH3 domain;
Kg= 215 puM, Pi13K SH3 domain)

H-VaI-Ser-Leu-AIa—Arg-Arg-Pro-Leu-Prcl> [0}

H
@)L N/\O o
R/ "”')J\Arg-NH2

Target: Src SH3 domain
Activity: Ky = 2.6 uM
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Table 4. (Continued)

Library: 4.13

Name: Decapeptide

Size: 14 members

Affiliation: Muir, T. W.; et al. [59]
Note: Encoded library using amino
acid scanning.

H-Pro-Pro-Pro-Ala-X4-Pro-Pro-X,-Lys-Arg-(encoding Aa)-OH — H-Pro-Pro-Pro-Ala-Phe-Pro-Pro-Lys-Lys-Arg-(encoding (pCl)Phe)-OH

Target: c-Crk SH3 domain
Activity: K4 = ca 0.5 uyM

/—O
: 0.

Library: 4.14
Name: Peptoid o R2 o o o
Size: 1000 members |
Affiiation: Glaxo Wellcome [51] L. N AL~ — L~ P PN
Note: On-bead assay. Encoded '?‘:\Ir ’?‘1 CONHQ 'I\j ’l\l/\ﬂ/ N° "CONH,
synthesis using stable isotopes. R* O R o]

Target: Src SH3 domain o

Activity: not disclosed

Nuclear receptors, transcription factors, and other receptors

Library: 4.15 e 0
Name: N-(2-Benzoylphenyl)- OH Cl oH
L-tyrosine ether HN N

Size: ca. 75 RO , o

Affiliation: Glaxo Wellcome [14]

Note: Solid-and solution-phase
Mitsunobu etherification.

Y

0.
Receptor: Nuclear receptor peroxisome
proliferator-activated receptor y (PPARY)
Activity: PPARY pK; = 8.03 (PPAR« inactive)

F

Library: 4.16 8 Fs
Name: Substituted pyrimidine
Size: ca. 160 members 0. _NR°R® —_—
Affiliation: Signal Pharm., Inc. [46] O~ _NH
Note: Solution-phase parallel synthesis. Fa =

I F3C

N?N Z
A "
Cl
Transcription factors: NF-xB and AP-1

Activity: ICsq (NF-xB) = 50 nM
Activity: ICsq (AP-1) = 50 "M

Size: 104 members
Affiliation: Bianco, A.; et al. [57] H
Note: Four sub-libraries of 26 o

Library: 4.17 o
Name: Peptidomimetic H-Ser-Tle-l A E)H HeSer-lie-Ii H\)J\
-Ser-lle-lle-spacer-Aa- —- -Ser-lle-lle.  ~_ -~
N N
/\/\[O]/ N

members each where Aa is

defined by Levu, lle, Val, and Met. ‘

Target: MHC-1 (mouse)
Activity: H-2KP stabilization (Cgapso) = ca. 5 tM

aThe asterisk«) represents the point of attachment to the solid support.
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Table 5. Chemical Libraries Displaying Cytotoxic and Antimicrobial Activity
Cytotoxic agents

Library: 5.1 Me! OMe
Name: Iminodiacetic acid diamide = H = H
Size: 20,200 members N__O 0O _¥). . ON

Ox H)n 0 80 OMe

Affiliation: Boger, D. L.; ef al. [8]

Note: Solution phase synthesis. o o]
P Y P J\/'{l\/u\ S . H NJ\/N\)J\N H
A HNOC” N N~ “CONHA_, N Y KH/N
(0]

CONHB4y.y CONHB,., le}

Target: L-1210 cells (in vitro cytotoxic assay)
Activity: 0.6 ng/mL

Library: 5.2

Name: Sarcodictyin analog

Size: ca. 65 member

Affiliation: Nicolaou, K. C.; et al. [35]
Note: Combination of solution-

and solid-phase methodology.

Target: Ovarian cancer cells (1A9)
Activity: IC50 = 2.0 UM

Library: 5.3

Name: Taxol analog

Size: ca. 26 members
Affiliation: Georg, G. |. ; et al. [7]
Note: Solution-phase

synthesis.
Assay: Microtubule assembly
Activity: EDso/EDsg (Paclitaxel) = 0.7
Antimicrobial agents
Library: 5.4
Name: Pyridinopolyamine
Size: 1,638 members
Affiliation: Isis Pharm., Inc. [3] FsC Z | CF3
Note: Solution-phase synthesis. RZ ¢~ R3 ~
||\1 - | r'q H O/\/\ ’.\‘/\/ N N N
HO >SN N "R, — 4
Y
Microbe: S. pyrogenes Me
Activity: MIC = 1-3 uM
N
N X\
Library: 5.5 R N N
Name: Piperazinylpolyazacyclophane Z
Size: 16,000 members total / _— |
Affiliation: Isis Pharm., Inc. [5a} | N
Note: Solution-phase synthesis \N X. N’ X

N
of 26 libraries. R. .R
N N K/N\/__k

nN
R Microbe: S. pyrogenes
Activity: MIC = 2-10 uM (625 component
mixture; deconvolution not performed)
=

Library: 5.6 z | ~ |
Name: Polyazapyrimidinocyclophane \N X. N X
Size: 4,275 members R‘N N R — N N’
Affiliation: Isis Pharm., inc. [4a] K/ \/4
Note: Solution-phase synthesis of 40 K‘%N / € )n ’.\‘
libraries. "R X

Microbe: S. pyrogenes
Activity: MIC = 1-5 pM (ca. 40 component
mixture; deconvolution not performed)
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Table 5. (Continued)

Reviews

R R
Library: 5.7 7 N Y Y N Y
Name: N N~ N \NgZ
Polyazadipyridinocyclophane
Size: 24,875 members N N N N
Affiliation: Isis Pharm., Inc. [4b] R” "R R’ “R
Note: Solution-phase synthesis k(«) r?l(ﬁ) k(/)“.‘ﬁ)
of 29 libraries. Some mixtures "Rt m migtim
active against the HIV-1 tat/TAR Microbe: S.
- h . : S. pyrogenes
protein-RNA interaction. Activity: MIC = 2-5 uM (625 component mixture;
deconvolution not performed)
OMe OMe
Library: 5.8 R! R4
Name: Oxyamine Il\l\/\ P~ ll\l
Size: 15 members 2,/ N o "R® N O—-N
Affiliation: Isis Pharm., Inc. [24] R SO
Note: Solution-phase synthesis. R® H
OMe OMe
Microbe: S. pyrogenes
Activity: MIC = 1-5 uM
Library: 5.9
Name: Piperazine —\ —
Size: ca. 100 members X—N N-R'7 R, .—N N /O
Affiliation: Isis Pharm., inc. [25] _/ 7N/ 'I‘l
Note: Solution-phase synthesis. Ri7
Microbe: S. pyrogenes
Activity: MIC = 25-50 pM (49 component mixture;
deconvolution not performed)
o O
Library: 5.10 E CO.H F COOH
Name: Quinolone 2 |
Size: 68 members | Me,N -~ "N N
X N

Affiliation: Mitscher, L. A.; ef al. [18]
Note: Solution-phase synthesis.

Library: 5.11

Name: Hydroxamic acid

Size: 1,296 members

Affiliation: ProtoGene Lab. [9]

Note: 96 well parallel array
synthesizer used. Resin bound
carboxylic acid (Wang ester) cleaved
with aq hydroxylamine.

Library: 5.12

Name: Trialkylamino acetate

Size: 7 members

Affiliation: Pichereau, V.; et al. [15]

Library: 5.13

Name: Triazine

Size: 46,000 members

Affiliation: Affymax [62]

Note: Encoded library (36 x 36 x 36)
on photocleavable linker. Screening
using a two-dimensional agar format.

Me A

Microbe: S. aureus ATCC 6538P
Activity: MIC = 0.78 ug/mL

Microbe: E. coli
Activity: MIC = 0.7-1.5 uM

L+
Ho/“\j'?l
Me

Microbe: S. meliloti
Activity: Dmax = 0.6

NH,

N)\iN
SN
ot

Microbe: S. aureus
Activity: MIC = 4 pg/mL
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Library: 5.14

Name: Decapeptide

Size: 40,353,607 members

Affiliation: Mogam Biotech. Res. Inst. {61]
Note: Positional scanning using tea-bags.

H-Aa10-Aag-....Aa1-NH2

Library: 5.15 NH
Name: Aminoglycoside mimetic
Size: 24 members

Affiliation: Wong, C.-H.; et al. [53]
Note: Solution-phase synthesis.
The 168 ribosome is the target
for aminogycoside antibiotics.

2
HO
R'HN o/\/NHHZ

H-Lys-Lys-Val-Val-Phe-Lys-Val-Lys-Phe-Lys-NH,
Microbe: C. albicans ATCC 36232
Activity: MIC = 0.78 pg/mL (irreversible growth inhibition)

NHNH

NH,

NH,
Target: A-site 168 ribosomal RNA
Activity: Ky = 15 uM (wild-type RNA model)

aThe asterisk%) represents the point of attachment to the resin.

Table 6. Scaffold Derivatizatiof

Solid-phase
0
L ().
|
X
| N TR?
o
1
L\I R R /&O

« SIBA; Neurosci. [92]

* SIBA Neurosci. [93]
e 18 ex; 19-62%

e 5 ex; 65-75%
e up to 30% 1,2,5,6-

tetrahydropyridine 4-alkoxypyridine

Ar,

* 1,4-addition to N-acylated-

O\Ni:|
R.
N

H o
« Versicor [116]
* 80 members
« derivatization of resin-
bound cycloserine

o}

H *
Ar\n/N Phe—OH

0]

* o) Ar

2
R‘—NJ\,( R N
H s

* Tanabe Seiyaku [229]

e 7 ex; 31-86%

» B-elimination of S-linked
cysteine derivatives

* 30 members
« C-alkylation of resin-

N-COR

« Schering-Plough [232]

R _NH

T

o}

* Schering-Plough [171]
¢ 75 ex; 80-90%

bound 2-ketopiperazine

O X
X
Nu
N xR .
I \_y Et, J—QR HO
N N NHAGc
H Et" * o]
* Sepracor [123] « R.W. Johnson [69] « Barbaste, M. [65]
* 9 ex; 38-100% o 14 ex; 45-95% * 2 members

« from resin-bound quinoline
N-oxide; X = OH, NRR

H
RaHN/\/\I:l/\/\/N\/\/NHRa
H

» Bradley, M. [177]
* 4 members

» Eto,NH-mediated cleavage
of resin-bound sulfonate esters

MeQ, I\
N
& d i

NO,

N-R

o Sun, C.-M. [178]

¢ 12 ex; >95%

* Nucleophilic aryl
substitution (S,Ar)

* Michael addition of
1,2,4-triazole or pyrazole

0
HNE— R

X Y 1
R HO g,
A 2 -
HO" Z : R X
OH NO;
e Ellman, J. A. [209] » Oxford Diversity [224]
o 11 ex; 49-60% * 17 ex; 40-58%
» biaryl ether formation;
X=0,8
S O
U *
PN [ NHe R
\’: - N‘Rz
KWNF{?R3 HoN-Co N
Z N
0 R
* SKB [150] * R. W. Johnson [231]

* 11 ex; 25-80%
* Suzuki biaryl coupling

NH,
X

N° N

|
R‘RZN)*\N/)\D

» Hoffmann-La Roche [161]

* 6 members

o from resin-bound
thiouronium salt

ot

(e]
R?

o Novartis [84]

* 40 ex; 14-95%

*» levoglucosan;
X =0OR; NRR; SR

» 10 ex; 90-100%
* Mannic reaction of resin-
bound indoles

NHR'

!
C\N N7 ONRZRY

s Hoffmann-La Roche [161]

* 8 ex; 29-85%

o thiol resin and cyanuric
chloride

X
=N,

R

« Miller, R. B. [155]

o 5ex; ~ 50%

o alkylation of resin-bound
Reissert complex
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0
NHR?

H "
NYCOZH
0 R
» Scios [183]
® 40 ex; 70-90%
« ring opening and amidation
of anhydrides

o} ISOZR
Ra\N N
H
N
X‘Rz
» Arris [82]

* 2816 members
* amine cleavage of ester
linkage

o #
L z
HZN’X‘N/[
o HooL o
RN~ - —
1 a4 W\
— Ar(HetAr)
» Sepracor [88] » Snieckus, V. [89]
* 4608 members e 15 ex; 45-95%
e ring opening cross- o acetal linker
metathesis on solid-phase
X
| 5 0
0, — ~Z R
\_7 " S
CH30 >

» Schotten, T. [235]

* 18 ex; 52-98%

* Suzuki coupling on soluble
polymer support

« Schering-Plough [249]
* 11 ex; 40-97%
¢ N-dealkylation with
acid chlorides;
X = CHyp, NBn

Solution-phase

» Neurocrine Biosci. [228]

* 1086 members

+ N-alkylation and N-acylation
using water soluble base

©:N NHR?®
X

P

N~ "NR'R?
» Arris [130]

* 384 members

« from 2,3-dichloroguin-
oxaline; X = NRR, OR

« Knochel, P. [236]

e 12 ex; > 90%

o resin-bound Grignard
reagent; heteroaryl
also used.

o}
R1JLN N‘Hr@\
—/ N
X
* Meiji Seika Kaisha [257]
* 6 ex; 31-70%

* asymmetric N,N’-disubstituted
piperazine; X = OH, COOH

ﬁa
o Abell, C. [106}

e ca. 19 ex; 54-98%
« from 2,6-dichloropurine

C[N NR'R?
X

P

N O/\/ Ph
o Arris [130]

* 96 members

« from 2-chloro-3-phenoxy-
ethyl quinoxaline

RNH,
« Nova Nordisk [190]

¢ 12 ex; 34-78%
« Curtius rearrangement

X
R
* Snieckus, V. [90]
22 ex; 71-75%
« Stille cross-coupling

"N\ 7

» Park-Davis {245]

e 12 ex; 0-85%

« reductive cleavage of
resin-bound arylsulfonates

RyNHR;

» Pfizer [238]
e 27 ex; 59-100%
¢ use of indole linker

H
O N s
1 HN
R\;/L)l(
XX Z
\r 7

R?
 Signal Pharm. [207]
* >4500 members

» acylation reaction using
ion-exchange resins

1

o

>N
P

Ph

MeO.

MeC NR'R?

e Arris [130]

* 96 members

o from 2-chloro-4-phenoxy-
6,7-dimethoxy quinazoline

R1

I

» 0O
ZI_

)

(V)

* Novartis [222]
* 6 ex; 73-98%
» Nu ring opening of

» SIBA Neurosci. [93]
7 ex; 31-67%
* C-2 alkylation of acyl

pyridiniums expoxide; ketal linkage
J\)Oi
R N7 R
H

» SIBA Neurosci. [91]
* 3 ex; 27-32%
» 1,4-addition to dihydropyridone

7 =

N\YN\OH
E
s Begtrup, M. [244

¢ 8 ex; 52-93%
o ortho-lithiation

MeO

* Kang, S.-K. [246]

» 5 ex; 55-94%

» Cul-catalyzed cross-coupling
of resin-bound aryl iodide
with organostannanes.

Cl
N)QN 9
I g
N/]\NH-Aa1-Aa2-NH2
4
l R \’N y
R?HO
* ArQule [20] o Poirier, D. [158]
» 400 members ® 20 ex; 40-70%
» epoxide ring opening
then N-acylation
CONHR' ,
CONHR
RINHCO—, N/
N_
1 2 —
Ri— o~ R“NHCO N .
N\ / 0 R COIZ\IHR
CONHR

¢ Boger, D. L. [79]
* 560 members
« from iminodiacetic acid

» Higuchi Biosci. [213]

* 15 ex; 59-94%

* polymer-bound diaryl
phosphine for
Mitsunobu reaction
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o. N__cooH
RENHCOO o Rl
oM
R°COHN e
OH

« Transcell Tech. [202]
* >48 members

R 0.
HO (o] OH
MeQ
r
HO' ° (@]
(o]

o EnzyMed [167]
* 167 ex; 60-90%
= enzymatic acylation

R'NHCO—, 0

N
2 —/
R°*HNCO ~~\

n

* Boger, D. L. [78a]

1
o H%COOH o"?
RZNHCOO§% R NN
MeO |
3,
R*HNG\1e RaHN)%N)\NHRZ
sTransceli Tech. [202] o Arris [130]

* >48 members

+1920 members
» from cyanuric acid

NR'R?
N
|
RaHN)\N/
 Arris [130]
* 384 members

o from 2,4-dichloro-6-
methylpyrimidine

2HN._O.__N
rr

NHR'

NYN
Aa.
a OMe

« Falorni, M. [104]
* 39 members

OH OH
HO OH HO OH
o ~ |
oo 0" "o | SN b \\X
'S80 NN e o T
f NH HN
NN o] NN R o) N"N
1 | 3 + N H R )l\ /)\
N N
R o H g H o re R
» ArQule [20] » ArQule [20] » ArQule [20]
« 320 members * 320 members « 2,500 members
R?HNCO CONHR?
oH OH 3 4 R'HNCO.__N N._-CONHR'
2 R\ .R ~ ~
\N : OH \N \n/\N/\n/
NJ§N OH OH NKN O oA ©
LA R LA PR O X
HNT NN HNT NN 0 o)
1 1
N/‘CONHFis Z | R @ R R1HNCO/\NJJ\/ N\)]\N/\CONHFN
d —CONHR* & e RZHNCO CONHR?
e ArQule [20] * ArQule [20] ¢ Boger, D. L. [79]

* >100,00 members
« multiple libraries

 from iminodiacetic acid

Ra
T\\
o P
[y
R?R'N N/)
o Arris [130]

#768 members
« from 4,6-dichloropyrimidine

* 6,400 members

N.
R2

» Searle [204]
e 9 ex; 47-60%

» 12,800 members

* 1,260 members
« from iminodiacetic acid

« Mitsunobu reaction with
"tagged resin" capture method

aThe asterisk«) represents the point of attachment to the solid support.
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Table 7. Acyclic Synthesi3

Reviews

Solid-phase R!
* /
RCONH._\g,, o g Z NN 1 R?
NH } A . * LN, R\, .R
R R R HO pPCONHR? N 3 R N
RN NP R® o R .
H EWG RZ HO o) H,N™ NH
* BMS [99] * Dominguez, E. [100] » Pfizer [101] ¢ R. W. Johnson [103} * Amgen [132]

* 13 ex; 0-100%
* amine-mediated cleavage of
resin-bound thiopseudoureas

* 15 ex; 0-88%

o 7 ex; 22-44%

» Michael addition to
benzophenone imine

O (o] (o] (0]
et I L
R R R

« Monsanto [119]
¢ 4,096 members

« successive Michael additions

to acrylic amides

1o y R
H\[;/\NJ\(N\H/-\NHZ
o M R o

« Cambridge Combin. [118]

* 27 members

« ozonolysis of resin-bound
allylic amine

s}

« Jung, G. {189]

¢ 25 members

« Baylis-Hillman followed
by 1,4-amine addition

R j)\ R?
0.
o (o]
¢ Organon [173]
« >100; 70-100%

e also performed
in solution-phase

o R? y ©
R1)J\l:l)ﬁ(N\)J\CH3
H o

* Armstrong, R. W. [137]

* 96 members

» Ugi four-component
condensation on Rink resin

o R

NHR?2
P
(0]
s Houghten, R. A. [33]

* 125,000 members
« from amino acid amide

R

R\ _R?

*» Amgen {132]

* 40 members

« novel thiourea linker;
Y=0R,R

R'RZNCONR®R*
o Lilly [102]
* 9 members

» amine-mediated cleavage of
resin bound carbamates

2 B

2 1 5 2

R \’?' NP R HN\RQWR
re M R' O

o DuPont [184] » Kobayashi, S. [146]

¢ 10 ex; 77-99% « 6 members

» 13 ex; 70-89%
* Sonogashira and Mannich
reactions

o9 O

9y O)j)kx/\%

R

* Monsanto [120]

* 8 ex; 47-100%

» Knoevenagel condensation;
X=NH, O

OH
H*N/\(\/)%]\RZ
J

R}

* BMS [186]

® 24 ex; 30-73%

* amines released
from Knorr resin

* Ganesan, A. [155]
* 12 ex; 53-93%

« thermolytic cleavage of
oxime-carbamates

R2
. H
HZN/\/‘N\/I\H/\RS
R

« Houghten, R. A. [174]

« >100,000 members

® borane reduction of resin-
bound N-acylated dipeptides

R4
2
R~

(o] H—Aag-AarOR

« Molecumetics [76]

* 6 ex; 60-80%

« diene synthesis via Stille
coupling or Wittig reaction

OH O
S'Bu

*

R

e Gennari, C. [109]

* 5-10 ex; 18-60%

& Aldol reaction with
resin-bound arylaldehydes

« condensation of resin-bound imine

and silylenol ether with Yb(OTf)3

R3

. =

RI/N~R2

e R.W. Johnson [164]

* 3 ex; >80%

« Mannich reaction with
resin-bound amines or
resin-bound aldehydes

NH

* = NJ\NR1R2
H2N00©/\ H

» Tularik [134]
¢ 10 ex; 65-95%

NHR

M

HoN” “NH,

® Anslyn, E. V. [192]
* 9 ex; 5-84%
« includes oligomeric

guanidinium synthesis

2
* R f o}
HZNJ\”/ W)LNHR
o R

» Microside [152]
e 10 ex; 37-71%
» N-linked peptide synthesis

o}

AN
» Ganesan, A. [198]
* 7 ex; 30-50%
o acylation of active
methylene and
decarboxylation

R%., .R!

N
3
HN)\N’R
« H

» Amgen [132]

» 40 members

« novel thiourea linker;
R® = alkyl, allyl, aryl

® 40 ex; 40-85%
» novel thiourea linker

e Jung, G. [189]
* 26 members
« Baylis-Hillman reaction

¢ Jung, G.[188]

* 16 ex; 70-90%

« three-component
condensation

]!
RA_N
~ *\RS

* Amgen [175]

s 14 ex; 10-70%

« Hofmann elimination;
>95% purity

* R. W. Johnson [164]

* 21 ex; >80%

* Mannich reaction with
resin-bound amines or
resin-bound aldehydes

« SKB [125]

* 50 members

« self-coded library
facilitating MS analysis

RCONHOH

* P&G [113]

o 7 ex; 27-89%

* TBSONH,-mediated

cleavage of Kaiser
oximates
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Table 7. (Continued)

NU\)L%"\-\RQ

*

» Blechert, S. [252]

* 13 ex; 32-86%

* Ru-catalyzed yne-ene
cross metathesis and
Pd-catalyzed cleavage

Solution-phase

O

R‘HNJ\

« Texas Biotech. [187]

* 14 ex; 46-100%

» from nitrophenyl
carbamates

NR°R3

(o]
I XX R3
z2 R®
R
eley, S.V.[121]
* 10 ex; 8-95%

» polymer supported
reagents

NR;R,

*

o~ TAr
« Novo Nordisk [242]
e 15 ex; 0-100%
» decarboxylation-based
traceless linker

o 3
R3H
Ay
R O

o LG Chem. [139]

* 14 ex; 30-70%

« Ugi four-component
condensation

R NHR?
OH

e Janda, K. D. [124]

* 20 members

« resin capture

. R O

R2
HzN\ﬂ/\NJ\/r‘\J\ﬂ/RS
o H o

* R. W. Johnson [243]

* 96 members

» use of visual encoding
process

R2

/—N\
R'  so,R®

e Ley, S. V. [153]
* 96 ex; range of purity

» polymer-supported reagents

R1)\/ Y
RS

o Lilly [197]

* 36 ex; ~ 80%

» reductive amination of
ethanolamines

o Tietze, L. F. [255]

® 7 ex; 40-60%

» Pd-catalyzed allylic
substitution of §-keto
esters then reduction

3
Ho R oo
R' NHR*
e Ley, S. V. [80]
* 29 ex; 17-99%
« polymer-supported
reagents

R>” O

H
H‘)\H/N‘R3
o
* Rhone-Poulenc [73]

« four-component
Passerini reaction

R
o Blechert, S. [253]
* 6 ex; ca. 60%
» Ru-catalyzed yne-ene
cross metathesis

i
n n

e Ward, T. R. [81]

* ca. 10 members

» self-metathesis of
internal olefins

o}

N
©)LH

* Merck Frosst [205]
* 25 ex; 56-79%
 acylation using polymer

~

R

O=mn=0

carbodiimide

o}

R? H o
J AN
H |

BN
N
R! o)\n/jl\)\v HO™
nl R3
O~y R 0 R® H

» Armstrong, R. W. [136]

¢ 21 ex; 0-90%

» three-component
Passerini reaction

« British Biotech Pharm. [251]

e 15 ex; 18-91%

« Ugi four-component
condensation

aThe asterisk#) represents the point of attachment to the solid support.

Table 8. Monocyclic Ring Synthests

Solid-phase
R4
(0] (o}
i o E R' X RsNJY o B
HO R i I RN” "NR! 1 (K(NRZ .
* O RN
RZ N o . >_/ 0o RS HO
| R2 } HoN H.N i _NMe
N-g R 2 o) 2N « R O
» Ontogen [94] » Alberico, F. [98] o Chiron [112] « Chiron [111] o Jung, G. [117]
o 7 ex; 40-94% * 5 members * 8 members o 11 ex; 36-93%

* 5 ex; 24-45%
« nitrone addition to
resin-bound acrylate

 resin-bound aldoximes » tandem aminoacylation-

Michael addition

» intramolecular Michaet
addition

0 > {
R, & 8_/ R HO N—/(O o F
" N-NHR? N N " O
HNK /IQ N g3 O o] \ L EwD
e} pz” N R2 R' R4
e Janda, K. D. [230] * Merck [74] « Jung, G. [68] « Kobayashi, S. [145]
¢ 10 ex; 62-80% ¢ 12 ex; 53-99%

* 35 members * 13 ex; 47-89%
» intracyclative cleavage « Munchnone [3+2] cyclo-  intramolecular « 1,3-dipolar cycloaddition
from soluble polymer addition with a nitrile cyclization of N,N'-ureas then DDQ-mediated

reductive cleavage

e Merck KGaA [85]
* 11 ex; 71-100%
s intracyclative cleavage
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Table 8. (Continued)

Reviews

0 NHR? . s
» R
H2N - NH
Ns( o
R R "R?
* Glaxo Wellcome [51] o Amgen [184]

* 20 members
« isotope encoded library

N-O

* Schering-Plough [195]
« 10 ex; 60-80%
 resin-bound nitrile oxide

o Austin, D. J. [223]

* 18 members

» cycloaddition-cycloreversion
metathesis

RG
. S
,
R HN—<\N1R2

o Tularik [135]
* 10 ex; 89-99%
« Hantzsch thiazole

synthesis
. 90 R
H2N H
N7// NH
(e}

HN
R*—(
o}
s Houghten, R. A. [170]
* 15 ax; 85-95%

e 10 ex; 15-36%

« intracyclative metathesis

cleavage

« Jung, G. [210]

* 22 ex; 46-90%

o resin-bound enaminones
and nitroalkenes

* Parke-Davis [226]
* 60 members

NH,

NH
o LG Chem. [138]
* 6 ex; 80-90%
s intracyclative cleavage

e Barco, A. [66]
¢ 5 members

» tandem elimination and
Michael addition

NH,

3
H R
NH
2.
R N" O R \
I’Rz

N"N\R1

o Li, W.-R. [154]
* 10 ex; 40-75%
« intracyclative cleavage

« Nielsen, J. [157]
® 24 ex; 70-95%

R
=N
)
O
Q,
R—N N
% “H
o)

» Kurth, M. J. [180]
e ca. 6 ex; 90%

« intracyclative cleavage

following 1,3-dipolar

cycloaddition
* O 3
HoN R
7\
N TR
R

« Jung, G. [211]
» 18 members

« resin-bound enaminones

and 2-bromoketones

NH, R®

[}

N__s
2 ~pl
R/‘\()/ R

N-N

« Parke-Davis [226]
* 60 members

» LG Chem. [138]
« 5 ex; 80-90%
« intracyclative cleavage

» CheilJedang [143]

* 9 ex; 32-53%

« intracyclative cleavage
from methionine

« Hoffmann-La Roche [220]
e 12 ex; 11-61%
« intracyclative cleavage

Q, R!
HO N{ oH
* XA\N R2

H R R

o Oxford Asym. [70]

* 96 members

« intramolecular con-
densation of amide
and isocyanate; X=0, S

o Joglar, J. [87]

* 4 ex; 10-30%

o intermolecular
carbene-alkyne

cyclopropenation
HO
3
Rt o] Q o R
N .
N—N 2N
o)*\< H—R2 Ry . ©
R'R® R
* P&G [225] « Affymax [191]

® 14 ex; 15-58%
« intracyclative cleavage

* Glaxo Wellcome [227]

* 8 members

* 5-aminopyrazole synthesis
then N-acylation

R?

HZI:I-R‘\ N
o

» Amgen [168]
* 9 ex; 65-85%
* 1000 members

* 21 eX; 51-92%
« intracyclative cleavage

R2
HN’go )

= 1
o /N_ R
N R®

o Katritzky, A. R. [133]

* 12 ex; 50-85%

» simultaneous cyclization-
cleavage reaction

R._-S
)—uo o Nj\,(NHZ
IS

NHR®

« Houghten, R. A. [169, 33]

e 10 ex; 15-95%

« from cysteine and
2-bromo carboxylic acids

OH RR 0

z 0 * o / i
R” I f Ho N NR
RHN X R

« Kobayashi, S. [144]

» Ganesan, A. [147]

* 12 ex; 50-80%
« Aldol reaction with resin-bound
silyl enol ethers; X = H, Me, OBn

e 11 ex; 60-91%
« intracyclative cleavage

R
, O A B8
B Y\N_Q \ H 3
_ /\/NK N \H/\R
Ho  R? 0 RZ O

* R. W. Johnson [162]
* 13 ex; 67-100%
« intracyclative cleavage

« Hoffmann-La Roche [203]
* 18 members
« intracyclative cleavage
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RS
N7 IN
HoN R

O

« Novartis [159]
* 9 ex; 38-98%
« condensation of imidates

with resin-bound unsaturated

ketones

R1

AKX

O7*N” "0
|:"2
o Liskamp, R. M. J. [77]

® 42 ex; 40-100%
« intracyclative cleavage

Q R'
RA N) «
NH,
RA_N
A
o}

» Houghten, R. A. [33]

* 40 members

¢ intramolecular lactam
formation

Rl R2
hyt
O0”*°N” "O
|-_"3
o Liskamp, R. M. J. [77]
¢ 6 ex; 85-100%
« intracyclative cleavage

o Liskamp, R. M. J. [77]
* 6 ex; 88-99%

RN N’K/NHR‘
JURG

RS

« Houghten, R. A. [33]
« size not defined
 resin-bound triamine

from reduction of acylated
dipeptide; X=0, S

[0}
HN R®
R1)WNR3
(0]

* Bayer [205]
* >600 mem; 25-50%

s intracyclative cleavage

.R

nj COzMe

« Ruties, P. J. T. [256]
e 8 ex; 0-97%

« intracyclative cleavage

o ring-closing metathesis

» Tidwell, T. T. [239]

* 4 ex; 91-90%

» acetylketene cycloaddition
with soluble polymer-
bound enamines

6 5
R; R -
R3
le) R2
SN
s Barrett, A. G. M. [233]

* 5 members
» Tebbe olefination of resin-

bound unsaturated ester,
Diels-Alder and hydrolysis

R2 R R
oo
¥ A = \©\
R N7 TNH, OR?
« Hoffmann-La Roche [248] *
* 20 ex; 30-80%
» ketene dithioacetal and

thiouronium salt; R'=H
SR, NRR; R? = SR, NRR

o] O (0] R2
o AN

R™~N N/k

R o+ "R

» Zwanenburg, B. [254] e Lee, Y.-S. [247]

e 3 ex; ca. 70% « 20 ex; 12-98%

« intracyclative cleavage » transimination to yield resin-

bound ketimines; reduction;
intracyclative cleavage

NR! N~ O R®
0
o Tidwell, T. T. [239]
e 6 ex; 51-96%
 soluble polymer-
supported ketenyl esters

e Cozzi, F. [251]

* 9 ex; 30-56%

 [2+2] cycloaddition; imine
generated on soluble support

Solution-phase

N
1 N7 \—R®
0O R O N o AP
HO N, E0” OFt AN ‘ 5 | A 5
LN <) RN R W J R
N"R N o) R? R? R

* Norris, P. [165]

* 3 ex; 80%

» azide dipolar cyclo-
addition using soluble

» EnzyMed {95]
* 96 members
» Hantzsch synthesis

o Park-Davis {97]
* 40 members
» hetero Diels-Alder

o Park-Davis [97]

* 88 members

« hetero Diels-Alder,
L-Selectide, reductive

e ley, S.V.[121]

* 7ex; 92-95%

» polymer-supported
reagents

polymer support amination, acylation
(o] o} 1
R4 /RZ 1 2 R
O, N R N,R N ro o
1 -N O N o “
R—N>/s R° \H)\W Y \) o N/l\R |
R27 R o} R A R NTTR!

» Park-Davis [64]
* 22 members
» use of scavenger resins

« RPR [126, 128]
* >96 ex; 20-95%
* Ugi four-component

« RPR [127, 128]
e 12 ex; 70-85%
« Ugi four-component

¢ Seneci, P. [179]
® 24 ex; 10-80%
o hetero Diels-Alder

* Sauer, J. [176]
o 10 ex; 45-94%
» oligopyridines from Diels-

condensation condensation using Alder reaction of 1,2,4-
mono-Boc diamines triazines and dienophile
o) =
PSS
PSS r/\l_o )
NN
PR )t S | Dy RIS | D g
RZASN” N7 NH, L / . ~
« Hoffmann-La Roche [160] » ArQule [185] e ArQule [185] o ArQule [185]

* 6 ex; 80-95%
« from thiouronium salts

« 1,280 members
« chalcone and hydroxylamine

* 7680 members
« chalcone and acetoacetanilides

» 12,800 members
 chalcone and acetoacetamides

RS
7%
— . o
—-N
) ( R2
RN HN N
AL Bxii - J}o
= = d \
o ArQule [185) ¢ ArQule [185] o Just, G. [250]

« 1,280 members
 chalcone and 3-aminocrotonitrile

* 7,680 members
« chalcone and phenylhydrazines

e 6 ex; >80%
« intramolecular Fukayama alkylation;
one ex. on solid-phase

aThe asterisk«) represents the point of attachment to the solid support.
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Solid-phase

o]
N  X-R?
HoN
R 1 O o >
* * N
HO—r:\/\ o ﬂ\ NN oH p
~ N
~ B2 RZ// (SN ) R1/\\

o Affymax[212]
® 24 ex; 55-95%
e« X=NH,NR%ors

e Jung, G. [117]
» 12 ex; 0-87%
» 1,3-dipolar cycloaddition

* Nova Nordisk {218]
e 8 ex; 16-40%
+ Knoevenagel condensation

(o] RZ o] H
N N._.0O
HO HN .
Y =0 1)\’]/ R
N, R” . NH
R o} o

« Bayer [201]
¢ >600 mem; 25-50%
» intracyclative cleavage

» Berlex Biosci. [221]

» 13 ex; 90-100%

o from 4-fluoro-3-
nitrobenzoic acid

« Bayer [201]
» >500 mem; 25-50%
« intracyclative cleavage

=
* Z
z Z
¥
D
2,
.
2T
)
.

R1
O

2

» Craig, D. [96]

© 10 ex; 10-47%

» tandem hetero Diels-Alder
and Lewis-acid mediated

T

* R. W. Johnson [151]

« 16 ex; 74-99%

* resin-bound
phenylenediamines

* Amgen [163]

» 160 members

o from 4-fluoro-3-
nitro-benzoic acid;

and TCDI X=NH, O cleavage; X = O, NTs X = O, NSO,R, NCOR
X A o) NRZR® R‘\NH
* * N > N
N =~
0 H N NN

« Novartis [206]

* 5 members

« condensation of phenylene-
diamines with resin-bound
aldehyde

* R. W. Johnson [231]
* 10 ex; 81-95%

» Hoffmann-La Roche [217]

* 3 ex; 84-93%

» from o-iodoanilines or
o-iodophenols; X = O, NTs

« from o-iodosulfonanilide
via tandem Pd-catalyzed
heteroannulation of alkyne

1

Nu
o

o Selectide [216]
* 8ex; 18-87%
o intracyclative cleavage via

N-acyliminium ion cyclization

SN
Rs—ﬁj;\g

R2

« Houghten, R. A. [33]
¢ 102,459 members
» from triamine generated

from reduction of acylated
dipeptide

HoN R2

O

* Hoffmann-La Roche [217]

* 12 ex; 91-76%

e from o-iodoanilines and
o-iodo-phenols;

» Millennium {75]

* 3 ex; 30-80%

« three-component
condensation

and Mannich condensation

. 0
1
H\jCONHg R\N )LHZ
PN
z7 2=\
b Jj—@ Y, N g8
S =t
N

Yo A=
* ~ N
CONH, X

CONH,

o Millennium {75]

e 5ex; 0-78%

o three-component
condensation

* Millennium [75]

7 ex; 5-50%

» three-component
condensation

« Millennium [75]

e 6 ex; 20-80%

» three-component
condensation

» Unden, A. [131]
e 1ex; 93%

* Amgen [140]

« 50 members, 60-87%

o three-component
condensation

« Amgen [140]

e 32 ex; 61-85%

» three-component
condensation

» Robinson’s tropone synthesis
on resin-bound lysine

1

R
NIHZ
o L
e} H

» DuPont Merck [166]
* 7 ex; ~50%

o from 4-fluoro-3-nitro-
benzoic acid

*

o Kurth, M. J. [181]

* 6 ex; 20-30%

R
N__O
N~ "R2

« intracyclative cleavage

R
-\

(6]
» Schreiber, S. L. [208]
» 2.18 million members
» derived from shikimic acid

* Scheeren, H. W. [149]

* 6 ex; 33-52%

o tandem([4+2]/[3+2] cycloaddition
of enol ethers with nitrostyrenes
and resin-bound acrylate

o)
1
cry”
o
N~ xR?

» Hoffmann-La Roche [215]

* 12 ex; 42-85%

« from o-azidobenzoic acids and
intracyclative cleavage;
X=S8,NR?

R
, N\\(N
3
R\ N\Z
R2
« Houghten, R. A. [174]
* >200 members

» cyclization of reduced
N-acylated dipeptides

0] R2 O
O)LN H
H(*) 0
Ré
e SKB [122]

* 1800 members
« olefin-alkyne metathesis
tandem Diels-Alder

N._o
\[4
N\R

*

O

» Cadus Pharm. [196]
e 12 ex; 72-81%
« intracyclative cleavage
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OH

o

R?
» Ganesan, A. [199]
* 15 ex; 22-95%
« intracyclative cleavage

R1

HoN R2

J

N

)
FN>_/\R‘
R g

o Affymax [193)
* >18 ex; 56-90%

Solution-phase

* ArQule [107]
« 25,600 members
« azomethine ylide and chalcone

[0}
= O
R i
! (IN:\HRZ

» Berlex Biosci. [86]
¢ 13 ex; 73-983%

» resin-bound carbodiimide

* ArQule [185]

* 7,680 members

« chalcone and 3-amino-5,5-
dimethylcyclohexenone

2
o R\N’X\Rs

2 R? o
R I\ R (o) R1 ] *
\ | Ay /)\NH H R'HN

*H
+ Merck [200]
* 6 ex; 53-97%
* THP-linked iodoaniline

HoOC R
N" o
H

Y,

| R?
¥
HN “re
» Amgen [142]
» 40 ex; 62-92%
» three-component
condensation

R?HN

¢ Searle [182]
¢ 35 ex; 30-99%

RPHN

«RPR [72]
« 31 ex; 40-98%

« multi-component reaction

» Versicor [115]

« 13 ex; members

» from amino acid and carbamate-
linked anthranilic acid

(o)

® Axys Pharm. [83]
* 8,800 members

0

. E
o}

* Armstrong, R. W. [237]

* 6 ex; 5-45%

* Smly-mediated radical
cyclization/anionic capture

R1

I\\
__EDG

wN 7 TR?
’ |
\\R2

* Cerep [67]
* 1,920 members
» three-component

« ArQule [185]
» 25,600 members
» chalcone, isatins

cycloaddition and L-proline
OH (o}
2 1
0.
N "0
2
R1) R
o Ganesan, A. [148] « RPR [128]
* 10 ex; 78-96% * 1 ex; 50%

 intramoiecular Claisen-
type condensation

(0]
NP
’a
g /T \—_NHR
X X N 2
0 x \_Y \\_<\ I
N P N~ R!
¢ ArQule [185] » Millennium Pharm. [234]

* 1,280 members

» chalcone and 6-amino-
1,3-dimethyluracil

* 60 members
o three-component condensation

« titanium-mediated reductive
amination (X = CO, CONH, CSNH)

Rl R® o
2// N [o]
R FI{4

o Nova Nordisk [219]

¢ 7 ex; 60-99%
« intramolecular Knoevenagel

condensation
o R2
~ N
R4"‘—; /&—R‘
& N
RO

* RPR [128, 129]

e ca. 12 ex; 50-70%

» Ugi four-component
condensation using N-Boc
anthranilic acids

(0]
F. CO,H
NH l
RZR'N N
« Mitscher, L. A. [108]
¢ 107 members

¢ Ugi condensation

2

R
/:\ U
X NeN~©

4
Q
N
» Millennium Pharm. [234]
* 60 members

 three-component condensation
then acylation

3
| R

aThe asterisk%) represents the point of attachment to the solid support.
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Table 10. Polycyclic Ring Synthesfs
HOOC R
Solid-phase N~ ~0
H
o) R°0 51 O H
1 : 2
. HO. N-R
LR : 0 >
X W . H HN
2 | "o 5 :H
R ~N R H
+ | R
OH H
° o . aeH o /\R2
* SKB [71] « Novartis [222] * Novartis [222] * Amgen [140] e Amgen [142]
* 96 members ¢ 3 ex; 81-96% e 3ex; 61-71% ¢ 10 ex; 69-86% * 10 ex 61-92%
» multi-component Tsuge o dehydration of resin- » dehydration of resin- » three-component » three-component
reaction with resin-bound bound 1,2-diols; bound 1,2-diols; condensation condensation
pyridinium methylides ketal linkage ketal linkage
1
o ("
o (o] . HNJ\/N\‘EO R2
2 y R*RSN J
R L, , N
Nl "X o s
R H & o OoN
o Arris [105] e van Loevezijn, A. [214] o Kurth, M. J. [114] « Nicolaou, K. C. [172] e Amgen [141]
« 345 members * 42 ex; 50-99% *6ex; 6-15% * 12 ex; ~ 65% s 12 ex; 55-70%
» Pictet-Spengler reaction  Pictet-Spengler reaction and » use of azomethine e intramolecular keto- » SpAr cyclization
intracyclative cleavage ylide; intracyclative phosphonate condensation
R? cleavage
HN 0 .
1
HN NH.
R d CONH;,
HN.__O
(s
X

» Burgess, K. [240]

* 12 members

» SpAr cyclization;
X=0,S,NR

Solution-phase

— _R?
A
o ¥
HN N
X
x A
R | R
> ¥
» ArQuie [185]

¢ 7,680 members
» chalcone and aminobenzimidazoles

aThe asterisk«) represents the point of attachment to the solid support.
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