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This is the eighth annual review in an ongoing series of versus hit rate). Data mining revealed that rotatable bond
comprehensive reviews in combinatorial chemistry highlight- count had the most significant impact on hit rate, with more
ing developments in new methodology and synthesis of smallrigid structures preferred. The optimal rotatable bond count
molecule libraried.The survey tallies 388 chemical libraries was 6. Structures possessing functional groups capable of
published in 2004, 465 categorized according to biologically making strong intermolecular interactions were also favored.
active libraries (Tables -15), libraries without disclosed = Compounds devoid of an amide bond were 2-fold more likely
biological activity (Tables 610), solid- and solution-phase to be biologically active than compounds with just a single
reagents and scavengers (Table 11), linkers (Table 12), andamide bond. Averages for molecular weight, lipophilicity,
polymer-supported chiral ligands (Table 13). and numbers of hydrogen-bond donors and acceptors were

Affymax?®® and Pharmacopéf@!>‘independently reported  in the typical range for drug molecules.
the discovery of follicle-stimulating hormone (FSH) receptor ~ Fragment-based approach was used to identify modulators
agonists. The binding of FSH with its receptor constitutes a of metabotropic glutamate recepto?*3In a similar vein, a
protein—protein interaction. “directed” fragment-based approach furnished growth hor-

In addition to FSH agonist discovery, Pharmacopeia and mone secretagogue receptor (GHS-R) antagotfists.
their collaborators published the results of screening and A computational approach to the design of small molecule
optimization programs on glycine-2 transporter inhibitéfs  ligands for GPCRs activated by positively charged peptide
and selective p38 kinase inhibitdf8.The company is one  ligands was described by Neurocrine Bioscierf@éd.he
of the original combinatorial chemistry companies founded Pharmacopeia group published a review on library design
in 1993, having licensed electrophoric-based encoding strategies for targeting kinases and GPGRs.
technology from Columbia University. Over the past decade, NeoGenesis honed an affinity selection-mass spectrometry
Pharmacopeia has amassed 7.5 million discrete small mol-(As-MS) method for ligand identificatioh.A protein is
ecule compounds. The compound collection has beenexposed to a collection of compounds, and any pretein
screened against dozens of targets, spanning all targefigand complex formed is separated by rapid, low-temper-
classes: proteases, kinases, nonproteolytic enzymes, GPCRgture, microscale size-exclusion chromatography. Dissocia-
integrins, transporters, and other nonGPCRs. Diller and tion of the ligand in a subsequent step and mass spectral
Hobbg®’ published a statistical analysis of the company’s analysis identifies its structure. As proof-of-concept, the
historical high-throughput screening data examining the methodology was applied to the discovery of dihydrofolate
relationship between physical properties and substructuresreductase inhibitors. Merck, in collaboration with NeoGen-

on the likelihood of compounds’ displaying biological esis, identified a novel BACE-1 inhibitor from a multimillion
activity, irrespective of target class (structural properties compound library using AS-MS.

* To whom correspondence should be addressed. Phone: 484-595-1024. DiverSity'oriented synthesis (D_OS) libraries prepared by
Fax: 484-595-1551. E-mail: rdolle@adolor.com. split—pool and parallel synthesis were reported by the

10.1021/cc050082t CCC: $30.25 © 2005 American Chemical Society
Published on Web 09/17/2005
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Schreiber group®212221.248 These sophisticated libraries
contain skeletally and stereochemically diverse small mol-

ecules earmarked as biological probes in chemical genetics.

A quantitative method for measuring the relationship between
compound diversity and hit rate (cellular activity) was
described}?4%°%as well as a strategy guide for preparing DOS
libraries?’® Also from Harvard University, the first 65-
member library of DNA-tethered macrocycles employing
DNA-template organic synthesis (DTS) was published by
D. Liu and co-workerg> DTS methodology was developed
for the synthesis oN-acyloxazolidineg®

A new safety-catch linker was developed permitting the

release of aldehydes and alcohols via the Pummerer rear-

rangement®® Perfluoroarylsulfonate linkers were shown to

behave as triflate equivalents in Pd-catalyzed deoxygenation

and cross-coupling reactiof&32*Microwave irradiation of
methanolic ammonia solutions of halides and sulfonates
affords high yields of amine salts without significant dimer-
ization34! Two new examples of an expanding repertoire of
polymer-supported ionic liquids as catalysts for nucleophilic
substitutio® and the Stetter reactidAand an ionic liquid-
based AMEBA-type linket%? were reported.

New developments in multicomponent reactions continue to
appearin the Iiteratu @0,24,32,98,106,109,146,148,174,215, 231,256,309,310,424,433

One noteworthy development was the work of Pirrung and
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Sarmat®319They discovered tremendous rate enhancements

in the Passerini and Ugi reactions (with and -amino
acids) when carried out in water at room temperature. Small

demonstration libraries were synthesized. Products were

isolated by simple filtration of the precipitated compounds.
A new reagent, MP-glyoxylate, was shown to be a formal-
dehyde equivalent in the 3-CC of imidazoheterocyétés.

Last, Taddei collected and reviewed experimental proce-
dures for functional group color tests on solid supg6rt,
and new self-indicating amine scavenger reSiasid pH-
indicating resin®® were described by Bradley.

Methionine Aminopeptidase-2 (MetAP2) Inhibitors.
MetAP2 is a potential molecular target for angiogenic-based

(o}

5.

HoN N
oH M

7
K = 20 nM

(600-fold selective versus MetAP1)
Figure 1. Methionine aminopeptidase-2 (MetAP2) inhibitdfs.

protected 3-amino-2-hydroxy acid was coupled with over 500
amines (amino acids and non-amino acids) via its activated
HOAT ester. The SAR obtained revealed a preference for

diseases. The therapeutic rationale for this target is derivedhydrophobic functionality, for example, halogenated arylalkyl

from studies with fumagilin, a naturally occurring irreversible
inhibitor of MetAP2 displaying antiangiogenic properties.
TNP-470, a semisynthetic analogue of fumagilin, inhibits
angiogenesis and tumor growth in vivo. MetAP2 is a
metalloenzyme that removes the N-terminal initiator me-
thionine residue of nascent proteins. Bestatin and amastatin
3-amino-2-hydroxyamides, are known reversible inhibitors
of MetAP2 and its isoenzyme, MetAP1. Compoudd
possessing the methionine side chain inhibits MetAP2 with
aK; =5. 7uM and MetAP-1 with &; = 63 uM (Figure 1).
X-ray crystallography analysis of MetAP2 reveals its' S1
binding pocket can accommodate larger Bitle chains,
which fortuitously also trend toward greater selectivity
relative to MetAP1. This is exemplified by the Pdyclo-
hexylmethyl-containing inhibito: K; = 0.6uM, MetAP2;

Ki = 84 uM, MetAP1 (140-fold selective). Sheppard and
co-workers at Abbott constructed library 1.3),(keeping

P21 constant and exploring alternative functionality for the
P2 alanine residue i&.261 This was carried out by solution-
phase parallel synthesis in which the corresponding Boc-

and naphthylalkyl. In particular, naphthylamideshowed a
4-fold increase in binding affinity for MetAP2, albeit with
somewhat diminished selectivity (75-fold) versus dipeptide
2. Follow-up library 1.3 §) was then prepared in which the
P21 side chains (B and amines (B were combined in a
2-dimensional array. In this instance, inhibitory potency and
selectivity were found dependent upbath R*and R. The
SAR obtained from the follow-up library was not im-
mediately interpretable. A series of enzynighibitor com-
plexes solved by X-ray crystallography indicated significant
movement of the enzyme’s nonactive site residues accom-
modating variation of those portions of the inhibitor structure
protruding out of the active site. Combinatorial synthesis was
credited with optimization against unique and highly variable
binding modes, affording MetAP2 inhibito® (K; = 190
nM) and 7 (Ki = 20 nM), each displaying>500-fold
selectivity versus MetAPL1.

Optimization of Cyclin-Dependent Kinase 5/p25 (ckd5/
p25) Inhibitors. The formation and deposition of cytotoxic
neurofibrillary tangles in the brain is a hallmark of Alz-
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N O of optimization, a set of commercially available and custom-
Y()\N = Rzz[s )\NJ\R1 prepared 5-substituted 2-aminothiazoles were acylated with
8 (screening hi) Libra "2'3 phenylacetyl chloride to yield collectiohl. Keeping the
ICso = 321 nM, cdk5/p25 v phenylacetamido group constant gave rise to the 5-cyclobutyl
IC50 = 318 nM, cdk2fcyclin E analoguel2 with further increased binding affinity (Kg=
ﬂopﬁmizaﬁon 25 nM) and selectivity (3-fold). Larger cycloalkyl, alkyl, and
cycle 1 phenyl groups at the 5-position decreased potency. Di-
N methylamino, which is sterically similar to isopropyl, but
W/[»\NJ\[R NHR] v/()\N more polar, also resulted in loss of potency. Following the
H discovery of the 5-cyclobutyl as the optimal 5-substituent,
ICs0 = 64 nM cdk5/p25 two further optimization cycles took place, expanding the
'Cs0 = 98 nM, cdkz/cyelin £ number of amide (optimization cycle 32— 13) and urea
ﬂoptimization derivatives (optimization cycle 413 — 14). The SAR
cycle 2 revealed a preference for fused heteroaryl rings, for example,
15—-17. Inhibitor 17 demonstrated a 60-fold improvement
/()\N Q/()\N in potency at cdk5 (I = 5 nM) and a 10-fold selectivity

over ckd2. Because only 2 of the 29 conserved ATP binding
11 ICsp=25 nM cdK5/p25 pocket residues in cdk5 and ckd2 are different, identifying

Racoty! dirmctiylaming. Cs0 = 74 nM, cdk2/cyclin B highly selective ckd5 inhibitor is a demanding optimization
methylthio, bromo exercise.
optimization Inhibition of ATPase Activity of Human Papillomavi-
ﬂ cycle 3 o rus 6 (HPV6) E1 Helicase.Infections caused by human
N o Q/[S\ papillomavirus result in a range of unpleasant conditions,
Q/[k doa — s” N I including plantar and genital warts; laryngeal papillomatosis,
TN \ a respiratory tract infection; and life-threatening cervical

ICs0 = 13 nM, cdk5/p25

ICeg = 70 M, cdk2/cyclin E cancer. There are currently no marketed anti-HPV agents.

The circular DNA genome encodes for 10 proteins<{EB

[] optimization and L1, L2), which are all common to theB0 types of HPV.
N i °N Of particular interest is the enzyme E1 (DNA) helicase, a
N /ll\ . Q/(/\H N highly conserved HPV protein. Inhibition of the E1 helicase
Q/( NN 16 should result in the inhibition of HPV replication, and
14 ICs0 = 44 nM, cdk5/p25 therefore, the enzyme is considered an attractive molecular
ICs0= 176 nM, cdk2/cyclin E target for antiviral intervention. A high-throughput screen,
N O measuring ATPase activity of recombinant HPV6 E1 heli-
Q/[S»\NJLN% case, was developed at Boehringer Ingelh&thivaluation
HoR of the company’s compound collection resulted in the
ICs = 5 M, cdk5/p25 discovery of ((4-phenyl)phenylsulfonyl)acetic aci@ as a
ICs0 = 55 nM, cdk2/cyclin E reversible micromolar inhibitor of the enzyme &G 2 uM;
Figure 2. Stepwise optimization of 2-aminothiazole inhibitors of  Figure 3). Acid18 was subjected to a two-part hit-to-lead
cdk5/p25:%4 campaign. Part one explored the SAR of the sulfonylacetic

heimer’s disease etiology. One mechanism by which this may acid and phenyl ring regions of the screening hit. This was
occur is through hyperphosphorylation of tau protein by the carried out by traditional synthesis. An extensive survey of
anomalous cdk5/p25 complex. Inhibitors of this enzyme are carboxylic acid isosteres and modifications to the sulfonyl
therefore of interest as potential therapeutic agents for thegroup (12 analogues) resulted in significant loss of activity,
treatment of Alzheimer’s disease and other neurodegenerativeor example, 19 and20. Similar exploration of the aryl ring
disorders. High-throughput screening for inhibitors of cdk5/ revealed that the biaryl ring was required for activity (—

p25 complex at Pfizer turned up thiaz@dFigure 2)4 Its 21, 22), wherein the 4-phenyl ring tolerated substitution at
submicromolar affinity (IGo = 321 nM), low molecular themetaandparapositions (8 — 23, 24). With this nascent
weight (212 daltons), and chemical tractability metla SAR in hand, part two of the hit-to-lead exercise was
promising candidate for optimization. Thiazdeshowed a initiated. Parallel synthesis was employed to further define
high degree of selectivity against a broad range of kinasesthe scope of 4-phenyl substituents with the goal of increasing
with the exception of cdk2/cyclin E, for whicl8 was the affinity of 18. Synthons25ab and 26ab were synthe-
equipotent (IG = 318 nM). High-throughput synthesis was sized and coupled with a diverse set of commercially
used to carry out optimization, which was performed in four available amines to generate amide library 228 (~100
cycles (collectively library 2.3). In optimization cycle 1, the analogues total). Increased potency was achieved within the
5-isopropyl-2-aminothiazole was conserved and the aminolibraries with 1G, values ranging from 400 nM up to
group derivatized, yielding collections of amides and ureas >80 000 nM. The most potent analogues were the meta-
(9). This led to phenylacetamide analogi@ with a ~4- substituted series of primary amides bearing a hydrophobic
fold increase in affinity (IGo = 64 nM). In the next round  aromatic residue. Representative of the SAR wBF¢ICs,
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Part 1 - Hit-to-lead defining SAR in regions (A) and (B):

HO,C Q HO,C
Screening hit: ®) N‘N H _> S S _/>S\\ O
= 0] 0%
HO.L— 21 22
ws\b — ICso = 63 000 nM ICsg = >80,000 nM ICsg = >80,000 nM Q

0N
ICso = 2,000 nM 2 _/\s o—
Y i

HOZC—\ HOZC—\
20 O’/S o’ %
23
IC50 = 1,300 nM I1Cs0 = 4 000 nM

Part 2 - Hit-to-lead defining scope of meta- and para-substitution in 4-phenyl ring using parallel synthesis:

ICs0 = 65,000 nM

Carboxylic bearing synthons

MeOZC—\ HOZC—\
250-Ot,, iz O-O
o) CO,H then 0 CONHR

saponlflcatlon

25a:n=0
25b:n=1 CONHR
,COH HOZC—\
MeO,C— O
\
5O~
26a:n=0 27: Amide library 2.29 (~100 members, m and p)
26b: n=1 28: Amide library 2.30 (150 members, m only)

SAR of library compounds 29-34 and related compounds 35-36:

o ) o~
NH e
XOO . TROOT O
B
. SO
29:n=0; ICSO =420 nM 31:n=0:1Cs = 1,300 nM 35
30:n=1; ICg = 87 NM 3201 =1 10 = 510 n',’v, ICs = >80,000 M
&~ Y
. "
. o 5 w0
o5 250~
34 36a: X = SO,CH,NO,, ICs) = 630 M
(Coo =92 ICso = 4.3nM 36b: X = C(O)CF,P(0)(OH),, ICso = 740 nM

Figure 3. Hit-to-lead for HPV6 E1 helicase inhibito#$*

= 420 nM) versus31 (ICsp = 1300 nM) and30 (ICso = 87 automated microscale size-exclusion chromatography (SEC)
nM) versus32 (ICso = 510 nM). Continued focused library  conducted at £C in less than 30 s, separating any newly
synthesis of~150 additionalmetasubstituted analogues formed proteir-ligand complex(es). The combination of
(library 2.30 @8)) furnished compound33 (ICso = 9.2 nM) speed and low temperature maintains the integrity of the
and34 (ICs = 4.3 nM), with the latter analogue demonstrat- protein—ligand complex, even for weakly bound ligand; (
ing a 500-fold improvement in potency versus the screening < 10 uM) and moderate off rateskgs < 0.1 s1). The
lead18. One issue with the series was the lack of cell potency separated complex is directly routed to a reversed-phase
and the propensity for the sulfonylacetic acid to decarboxy- chromatography column (68C, pH <2) where proteir-
late to the inactive methyl sulfon85. For this reason, ligand dissociation occurs. The unbound ligand is then eluted
sulfonacetic acid surrogates were revisited usddgas a into an electrospray HRMS for analysis. Because the libraries
starting point. Unfortunately, none could be identified which are constructed to minimize isobaric compounds by judicious
maintained nanomolar potency. Two moderately active choice of building blocks, data-searching algorithms can be
surrogates synthesized we36a (ICso = 630 nM) and36b used to identify the ligand by its molecular weight. Final
(ICso = 740 nM). Neither of these compounds demonstrated confirmation of ligand structure is secured by independent
whole-cell-based activity. synthesis of the ligand. If positional isomers exist (mass
Affinity Selection-Mass Spectrometry: Identification redundancy), then a sublibrary of ligands is synthesized.
of DHFR and f-Secretase Inhibitors.NeoGenesis reported  Highlights of the process include (1) no foreknowledge of
an optimized automated process for identifying small mol- the structure or biochemistry of the protein target is required,;
ecule ligands from mass-encoded libraries on the basis of(2) immobilization or modification of the protein is unneces-
affinity selection-mass spectrometry (AS-MS; Figuré #). sary; (3) only submilligram amounts of purified, soluble
this process, soluble protein (enzyme, receptor) is incubatedprotein is consumed<(1 ug protein per 2500 compounds);
with a compound library. The mixture is subjected to and (4) screening can be conducted at a rate 260 000
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Affinity selection-mass spectrometry methodology:

Enzyme,
receptor, or
other protein fast size exclusion
target chromatography (SEC) Target-ligand
phhaant ettt
+ (<30 seconds at 4 °C) complex

Mass-encoded

chemical library reverse-phase

HPLC; 60 °C,

pH <2, 5 min
ligand ID automated ligand
by molecular Mg (dissociated
weight LCMS from target)
l resynthesis
final verification of ligand
structure and in vitro
evaluation
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F
F. F (0]
15 X HNR'R? O.
o 2 SR Q\/OM R
Q\/OWJ\O £ DCMITHF \ 'T‘z
24h,25°C N-O R
N-O F
37 38

1R2 R' OH 0 affinity selection-mass
_1S XHNRTR N\)\/o R spectrometry
Yb(OTf);, DIEA R2’ { AN N” T ———
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(5)-40: Ky = 15 uM
(R)-40: Ky = 40 uM

B-Secretase (BACE-1) inhibitors:%®

Library 1.8 affinity selection-mass
(multimillion spectrometry

compounds)
e
A~ N (0]
41:1Cs = 25 uM

analog
synthesis

H H
©\:_/N o/\n/N\/\/\/NH2 ==
=0 (o)

N (5)-42: 1C5o = 1.4 UM
(R)-42: 1C50 >100 uM

F
H H
N o/\n/N\/\/\/NHZ
o] )

Figure 4. NeoGenesis's affinity selection-mass spectrometry
method for ligand identificatiof.
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compound concentration with BM DHFR (2 uL final
volume, pH 7.5, phosphate buffer containing 2.5% DMSO,
100 mM NacCl) for 30 min at 37C, then chilled to £C for
SEC separation and further processing. In this way, 2 pmol
of each library member (at 10M/component) and 10 pmol
(0.18 ug) of protein were used in the analysis. Screening
yielded a single monochlorinated DHFR ligandrét 515.24.
The ligand corresponded (B,5-40 or its positional isomer.
These were the only two ligands in the 2560-member library
that came within 0.05 amu of the measured molecular weight.
CompoundR,9-40 and its positional isomer were individu-
ally synthesized employing the same experimental method
used to produce the library. By comparison of the molecular
fragmentation patterns of the authentic samples versus the
isolated ligand, the structure of the DHFR ligand was
determined to be the structure, as indicated. Raeand
Sisomers were then separated by chiral HP(€)-40 was
found to be the more active compoun & 15 uM) versus

its antipode(R)-40 (Kq = 40 uM). (S)-40 inhibited the
growth of E. coli at an 1G, of 29 ug/mL.

In collaboration with NeoGenesis, Merck applied the AS-
MS technology in a screening campaign to identify novel
leads againsB-secretase (BACE-Ff. This resulted in the
identification of structurél as theonly compound emerging
from a multimillion-compound library 1.8 (generic library
structure was not defined). The nonpeptide BACE-1 inhibitor
(ICso = 25 uM) was subjected to a round of optimization.
Replacement of thé&l,N-diallylcarboxamide with a benzyl
sulfonate 41 — 42) resulted in a~17-fold increase in
enzyme affinity. The stereochemistry present4did was
critical for activity: (S)-42, ICso = 1.4 uM versus(R)-42,

ICso > 100 uM. An X-ray crystal structure of the corre-
sponding enzymeinhibitor complex revealed thdS)-42
occupies the enzyme’s,SS; subsites. Interestingly, the
inhibitor makes no direct contact with the catalytic aspartic
acid residues, but rather, its oxyacetamide NH forms a
hydrogen bond with a catalytic water molecule situated
between the aspartyl triad.

Positive Allosteric Modulators for mGIuR5. The binding
of glutamate and subsequent activation of the metabotropic
glutamate receptor 5 (mGIuR5) is coupled to increased
function of the NMDA receptor. Suboptimal functioning of
the NMDA receptor is associated with psychosis, including
schizophrenia. Compounds that potentiate the binding of
glutamate to mGIuRS5, that is, positive allosteric modulators,
may therefore restore hypofunctioning NMDA receptors,
leading to a new class of antipsychotic agents. A high-
throughput FLIPR assay was developed at Merck to identify
compounds with this biological profi##® One compound

compounds/day employing mixture libraries prepared by to emerge from the screen was phthalimi® ECso = 740

solid- or solution-phase chemistry.

By way of showcasing the AS-MS process, a 2560-
member library was screened agairsscherichia coli
dihydrofolate reductase (DHFR). The library consisted of
five 500-member libraries, including library 2.239),
prepared from bifunctional templa/ via acylation then
epoxide ring opening37 — 38— 39) with 15 amines (same

nM (Figure 5). This compound demonstrated a 6-fold
potentiation of the response of CHO cells transfected with
human mGIuR5 to a low concentration of glutamate, the
native agonist. The compound did not display agonist activity
in the absence of glutamate, further confirming it as a positive
allosteric modulator of the receptor. Lindsley led the effort
to develop a SAR. In this regard, an iterative library approach

inputs, twice). The AS-MS process was conducted by to analogue synthesis was carried out, and some 1000

incubating the 2560-member library at a 2.5 mM cumulative

analogues (library 3.19) were reportedly prepared. Despite
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Initial lead: Hit-to-lead process:

@

§—\<
- N Cl
et ~
£Or s 9 : O
L
1000 analogs T TN
J (Library 3.19) N }J
Crye
cl o

57: similar potency among heterocyclic
56: original screening hit systems suggesting isoxazole serves to
1C50 =130 nM dispose the two aryl rings in appropriate
spatial orientation
43: EC5, =740 nM 44: EC5, = 245 nM
(6-fold potentiation) (7-fold potentiation)

Fragment-based library approach: /©/ /@/ N—
/E j _ H/ <:]
SN >_7/ 58: 10 scaffolds prepared

ICs0 = 2700 nM in which the two atom link
- (a)-(b) between aryl rings

* 47: Library 3.20

was retained

Hetero:sryI-N He (R = heteroaryl) ) @
~a8: ECso = 290 nM 0 j\ (
o (~3-fold potentiation) >J\ )j\ ( R<
Follow-up libraries: O NH N
07 "NH N ~
o ~ (0]
S ] = N
| o ~ N o H
| RCOCI, PS-DIEA, | H
N N 7,~NH2 DCM, SP-trisaminE N’ N\W, N. [ R 60 61: Library 3.15
N/ or A ICso = 120 M
/ RCOOH, PS-DCC, / 0 @
(’~ = HOBt, DCM, MP- (- >
carbonate;
L/> 49 then MW-guided HPLC \\J
50: Library 3.21
Actives: (3 x 48 members each) /@/
voRO L IR R
N, N N " "CN 63: lead structure
L)/ To( /\\J To( ICsp = 16 NM ICso = 11 M
— <:> - no ancillary activities
- low hERG binding
< / \_/ -19% F (rat)
51: R = H; EC5, = 40 nM 55: EC50 = 10 nM - Clearance (CLp, 1.3 L/h-kg)
(6-fold potentiation) (4-fold potentiation) Figure 6. Abbott's growth hormone secretagogue receptor an-
52: 0-Me; EC5 > 10,000 nM - no ancillary pharmacology st
53: m-Me; EC4, = 90 nM - active in NMDA hypofunction model for tagonists?
54: p-Me; ECgo =30 nM schizophrenia (antipsychotic)
Figure 5. Positive allosteric modulators for mGIuRS evaluation. It was devoid of ancillary activity against a panel

of kinases and receptors. The mGIuR5 potentiator readily
the large number of analogues, the screening hit proveddiffused into the CNS as measured by selected brain
intractable. Compound4, in which chlorine conservatively ~ penetration experiments. In a critical in vivo proof-of-concept
replaced bromine i#3, was one of only two structures (the study, 55 dose-dependently reversed the rodent acoustic
other compound in which 2-pyridyl was replaced with 2,2- startle response following amphetamine administration. This
hydroxyphenyl) that retained a reasonable level of potentia- is a well-characterized animal behavior model of sensor-
tion. A new lead structure was required. To this end, a imotor gating in which antipsychotic drugs are similarly
fragment-base library approach in which the picolinoyl amide effective.
was retained was adopted. Picolinoyl chloréewas then Growth Hormone Secretagogue Receptor (GHS-R)
reacted with a diverse set of commercially available and in- Antagonists. Administration of a peptide antagonist of
house heterocyclic aminds$ to give library 3.20 47). The GHS-R results in reduction of food intake and body weight
size of the library was not disclosed. This exercise led to gain in diet-induced obese mice, suggesting that GHS-R
the discovery of a new lead, 1,3-diphenylpyrazé8e ECs antagonists may be useful therapeutics for treating obesity.
= 290 nM,~3-fold potentiation. Three focused libraries)) Isoxazoles6 was identified from a high-throughput screening
were then prepared. Commercially available 5-amino-1,3- campaign for GHS-R ligands at Abbott Laboratories (Figure
diphenylpyrazole49 was derivatized with a range of car- 6).#® This attractive hit was a rather potent antagonist
boxylic acids and chlorides. It was found that the phenyl possessing an kg= 130 nM against the receptor. Although
derivative51 was 7-fold more potent thad8. Activity was extensive SAR led to more potent analogues, as a class, these
dependent on the substituent pattern in the phenyl ring displayed poor pharmacokinetics and were largely devoid
(EGso's for ortho- (52), meta (53), andpara-toluyl (54) were of oral activity, the desired route of administration. Part of
>10 000, 90, and 30 nM, respectively). Analogafe(ECso the problem was thought to be facile hydrolysis of the amide
= 10 nM, 4-fold potentiation) was selected for further group invivo. The isoxazole ring was replaced with a variety
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Screening hits:
CHO cells o
2 million compound expressing human el
collection containing FSH receptor O D/\hl
27 distinct ECLIPS™ (o] (o}
(encoded) librarigs i e JJ\/ | /\“/\
N
H
64: ECgg=3.0 uM 65: ECsq=3.9uM
Follow-up 31,372-member encoded spiit-pool library 3.11 (tags not shown for clarity): 17 x APB({OH);
I 11 x aromatic | Pdyidba)s, AsPhs, CSF, @
341 t>‘<aam|rt1n?s jode acids EL @’ DME/EIOH (4:1 viv), j)\
g se JR!  +tagset2 microwave (50 W) Rl
O’\Br —_— O’\N Ml d\l}l R? M oot i
H Rl then photolysis H
(photol ?)ﬁl link oe 68 70a: 17 sublibraries
photolabile linker = oG 341
on TentaGel resin) ot :r?cljdesu‘tl‘:bggfmd: compoundgs each
intermediates
RNH,, NaBH{OAE);, il
3 x Af{CHO)B({OH)> ] TMOF, + capping (70: Library 3.11)
+tag set 3

reagents to create
@ 25 combinations of @
-NHR*R®
L e e o LA
O(\N)LRZ then photolysis  R1_ JLRZ
1

N
R H
69 70b: 25 sublibraries
3 x 11 x2=1023 containing 1023
pooled, encoded library compounds each

intermediates

Actives from one of the reductive amination/capping (-NR*R®) sublibraries:

;

71: ECy55=0.26 uM 72: ECgo=1.7 uM

M‘i/

73 ECsp=2.5uM
Figure 7. Pharmacopeia’'s FSH receptor agonists.

)¢
o

of aryl and heteroaryl rings56 — 57). On balance, these Encoded Libraries and the Discovery of Follicle-
analogues retained receptor affinity. This led to the hypoth- Stimulating Hormone (FSH) Receptor Agonists.FSH is
esis that the isoxazole ring served as a spacer elemenB8-kD heterodimeric protein which binds to FSH receptor,
providing a preferred distance and dihedral angle betweena G-protein-coupled receptor (GPCR), setting in motion
the aryl rings in56. Ten scaffolds58 were synthesized to  a signaling cascade leading to the growth of ovarian fol-
test the hypothesis, and a new tetralin template, exemplifiedlicles and improved fertility. Purified or recombinant
by 59, was found. The I of 59 was 200-fold less potent FSH is a biopharmacetical used to treat low fertility in
(ICso = 2700 nM) versus the original hit (130 nM). Amide women. FSH must be administered by subcutaneous or
hydrolysis (metabolic instability) was still of concern in the intramuscular injection, and an orally active agent is highly
new structure, and thus, the carbon ano the amide was  desirable. Because the binding of FSH with its receptor is
quaternized by introducing alkyl, carboxylic, and assorted in essence a proteirprotein interaction, the discovery of
amine derivatives. This afforded the Boc-proteatedmino small molecules is a challenge. This past year, research
analogueg0, restoring receptor affinity of the original hit.  groups at Pharmacopéi&!>*and Affymax°8independently
Library 3.15 61) was then prepared to uncover isobutyl as reported potent nonpeptide FSH receptor agonists. In both
the optimal carbamate62, 1Cso = 11 nM. Further SAR instances, screening hits came from large chemically encoded
studies led to 7-methoxy analog@8, 1Csp = 16 nM. libraries.

Importantly, compoun&3was orally bioavailable in the rat Guo and co-workers at Pharmacopeia collaborated with
(F = 19%), with reasonable clearance, and displayed scientists at Organon to discover FSH agonists (Figute37).
excellent specificity (no off-target activity) and low hERG Two million compounds constituting 37 structurally distinct
channel binding. Tetrali63 was a functional antagonist of ECLIPS libraries (splitpool libraries encoded with elec-
GHS-R. Receptor affinity of the enantiomers was not trophoric tags) were evaluated in a high-throughput screen
reported, nor wa$3's ability to elicit reduction of food using a CHO cell line expressing human FSH receptor and
intake in an in vivo model of obesity. the cAmp-response-element (CRE)-luciferase-reporter con-
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struct. One of the 37 ECLIPS libraries may perhaps have
contained the privileged biaryl motif and, hence, yiel¢&d

64 and65 as micromolar hits. A follow-up encoded library
was synthesized to expand the nascent SAR. Thirty-one
reaction vessels containing TentaGel re&&modified with

the photolabile linker and encoded with a set of electrophoric
halogenated tags were reacted with one of 31 primary amine
inputs. Resinb7 so obtained was pooled and divided into
11 reaction vessels and acylated with one of 11 iodoaryl
carboxylic acids and then tagged to give acylated re&sn,

It was subsequently pooled and mixed, and approximately
one-third of the resin was divided into 17 portions and
subjected to Suzuki coupling with one of 17 arylboronic
acids, yielding 17 sublibraries of 341 compound8g). The
remaining two-thirds portion of resin was divided thrice;
coupled too-, m-, andp-formylphenylboronic acids; tagged;
pooled; mixed; and split into 25 reaction vesséi8,— 69.
Final resin treatment included a combination of reductive
amination and N-capping, generating 25 sublibraries of 1023
members each70b). The total number of library 3.11
compounds= 31 372. Compounds were cleaved from resin
by photolysis after bead arraying. The structure identity of
any given active was determined by ECGC analysis of the
haloaromatic alcohol tags detached from beads in a separate
tag-reading step and then confirmed by compound resyn-

Reviews

Actives from 2M compound library and follow-up library 3.12:

O
64: EC5,=3.0uM

9 H/H
o N__N_
2 HLN | hig
\/\/\Nk/le/k/\/ o
H
[¢]

72: ECs= 1.7 uM

Parallel libraries (300 compounds total):

Optimized leads:

thesis. It was reported that 72 distinct structures with aggEC
< 10 uM were found. One of the reductive amination

sublibraries contained 25 actives and was analyzed with

respect to distribution frequency of synthons. Interestingly,
this analysis revealed a remarkabtenbinatorialdependence
on synthon pairs R-R? and R—R!. The frequency of R
ortho-compounds was tightly paired with acylic carbamates,
as found in65. The frequency of Rmetacompounds were

coupled with the cyclic scaffolds, represented by azepinone

71 and diketopiperazing2. Last, R-para-compounds were
nearly exclusively associated with the hydantoin scaffold,
represented by3.

The diketopiperazine biary®4 and72 obtained from the
ECLIPS collection and follow-up library 3.11 were subjected
to a second optimization step (Figure'8)Parallel synthesis
was used to prepare an additioré800 compounds (library
3.12). Chemistry was developed to permit intracyclative

(25,5R,S)-75: EC50= 1.2 nM

Figure 8. Optimization of Pharmacopeia’'s FSH receptor ago-
nists154

and final library quality control indicated a synthesis success
rate of 96%. The library was designed to be in part a follow-
up on76 and in part random for screening against future

cleavage of resin-bound Boc-protected amino esters to givemolecular targets. As a result, only 10 building blocks per

the desamide biaryl diketopiperiazines that were not con-

tained in the original ECLIPS library due to the synthetic
strategy employed. The desamid&s((2S, 59); ECso = 13
nM) and 75 ((2S 5R,9; EGso = 1.2 nM) gave leads with
greatly enhanced>(150-fold) potency over the original
screening hi64.

In the Affymax study led by Maclean and Holn&&broad
screening of the Affymax libraries afforded thiazolidinone
76 (EGsp = ~5 uM) as a hit structure (Figure 9). An encoded
split—pool library 3.10 {7), employing alkylamine-based
tags, was prepared. The library was composed of 35 R
amino acidsx 35 R aldehydes< mercaptosuccinic acist

input set were either identical or closely matched functional-
ity in 76. The remaining 25 building blocks per input set
were randomly selected, in part, on the basis of their expected
chemical performance. Hence, onty2% of the library
contained direct analogues 6.

Library 3.10 {77) was initially surveyed to identify active
sublibraries. This was done by arraying the entire library,
35 sublibraries, in 96-well plates at 30 beads per well in
DMSO, followed by full photolysis (1 h, 365 nm) and
screening (FSH receptor reporter assay). Two active sub-
libraries were found. Two screening strategies were then
employed to identify biologically active single beads. In the

35 HNRPR* amines. The last step was not pooled, but kept first strategy, so-called tiered release, 0.75 library equivalents
as separate sublibraries. The total number library compoundgdefined as the number of library beads equal to the number

was nominally 42 875, but is significantly much larger,

of compounds in the library) was arrayed at 10 beads per

considering that it is a mixture of diastereomers. In-process well (96-well plate) and briefly photolyzed (2 min, 365 nm)
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Hit found during broad screening. Encoded library synthesis (tags not shown for clanty):

i) 35 portions, tag
a cl set 1, removal of 5 35 ¥ RZCHO,

Fmoc then 35 xR mecaptosuccinic acid

HaN 0 H Fmoc-amina acids J.L NH; i

N o/\ NHFmog ——————= O/\N Rl INNEIRRLINERIEA]
N 1 i} pool, splitinto 35 H
portions, tag set 2
S o NH Fmoc removal 79

{photolabﬂe linker on
TentaGel resin)
i} pool, split into 35

o portions then CgFs-
\ 76: EC5p =5-10uM fo) OC(O)CF3, DMF
OH  followed by 35 x R® 0 NR2R*
- traditional optimization 0 s amines o

efforts failed to significantly iy ,N\\/ N S
improve activity O/\N R! 2 ii) TFA (deprotect H.N~ ~R!” \<
H R side chains) 2 RrRZ
80 iii} bead arraying d
i 77: Library 3.10
| and photolysis Y
B e nd it (42,875 members; 35 sublibraries
FaricHlates of 1225 members each defined by
-NR*R%)
Screening results:
0o Cl
one library M HzN o] H
equivalent; N 0.
it s o]
5 &k i
81: ECsq = 250 NM

82: EC5 = 750 nM

)

—_ -

three library )K©\ \é\ o
equivalents; ~
864-well format
NH ;‘ o
84: EC5p = <100 nM

! : 83: EC5q = 32 1M \@

Figure 9. Affymax FSH receptor agonists: library synthe¥is.

to release half of the compound from the bead. Only one of Small Molecule Library for GPCRs Activated by
the two sublibraries confirmed activity. The beads from the Positively Charged Peptides GPCRs for melanocortins,
active sublibrary were rearrayed as single beads per well andgonadotropin releasing hormone, bradykinin, melanin con-
subjected to a second photolysis treatment, releasing the restentrating hormone, vasoactive intestinal peptide, galanin,
(remaining half) of the compound. Following screening and orexin, and selected chemokines continue to receive much
decoding, the structures of submicromolar FSH agonists wereattention in the pharmaceutical industry. This is due to their
revealed a81 and 82 involvement in a range of pathophysiological conditions,
In the second screening strategy, 3 library equivalents of including reproductive disorders, pain, and obesity. These
just the confirmed active sublibrary was arrayed in six 864- receptors constitute a subclass of GPCRs that are all activated
well plates (high-density format) as single beads. Full by peptide ligands carrying an obligatory positively charged
photolysis and screening gave 63 active wells out of 5000 residue. Saunders and co-workers at Neurocrine Biosciences
wells. Structures of the active wells were decoded, affording designed a non-peptide library test set (library 398) of
compounds83 (ECso = 32 nM) and84 (ECso < 100 nM), 2024 members targeting this subclass of GPCRs (Figure
the former compound being significantly more potent than 10)2%’ They first defined the 5-dimensional space occupied
the original hit76. CompoundB3 differs from 76 only by a by 81 560 biologically active compounds, including marketed
benzyl versus methyl substituent in the aryl ring. Interest- drugs, by calculating their BCUT metrics (DiverseSolutions
ingly, the original hit76 was not found by either screening software) for H-bond donor and acceptor, two metrics of
strategy. It was subsequently shown th@tvas sensitive to  polarizability and charge. Relying on cell-based methodol-
TFA used in the final library treatment {Rimino acid side  ogy, each of the 5 axes was divided into 10 bins, partitioning
chain deprotection). Surprisingl$3 was apparently insensi-  the entire drug space into 100 000 individual cells. The actual
tive to TFA. Omitting this TFA-cleavage stepé was found number of cells occupied by the 81 560 ligands was 8506
upon screening 2 library equivalents of the appropriate cells, or ~8% of the total. At this juncture, Saunders
sublibrary in high-density format. This report aptly highlights introduced the concept of analyzing neighboring cells.
the advantages and pitfalls of screening large, chemically Experience had taught that although potent compounds reside
encoded libraries. in a few cells or a single cell, progressively less active
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Scaffold selection based on "property space”
associated for ligands for peptide-activated GPCRs:

M I/\ \ H — NH,
| NH =N ~17NH T
A /1 NH _NH,
H,N NH HN- NI Ar
2
85 86 87 cis-88 89
20~ N
M L e
N__
HZN\\, t:\/ '\\\‘ ‘/ NF NH2 ﬁ/v N/\}
N=" A . [
N HO o o —__NH
90 91 92

Library 3.18 designed and synthesized such that a
basic nitrogen atom was present in all members:

i) RCHO, RCOCI,
RSO,CI, RCHO,
. N RCI, RRNH . (o N
( Y-Scaffold X 5 deprotection | Y'Scaffold-X' |
Y and X are independently i) RCHO, RCOCI, 93: Library 3.18
protected amino, amino, RSO,Cl, RCHO, 2025 purified discrete

and carboxylate groups RCI

compounds; Y' and X' are
derived from 85-92

independently derivatized
amino and carboxylate groups

Library actives found for melanin concentrating hormone (MCH)-1:

o Cl
C T e e L
NH
A~ - O/ \\\/‘ \/J\N' /N Cl
H

85

H,N

94: K; = 0.51 uM

cl
HzNJ\ N> = \m N j } =N
N oo NN )
86 i LS&/./

(R)-95: K, = 9.8 uM
(S)-95: K; = 6.0 uM

Figure 10. GPCR screening libragg’

i) PhyCCl, pyr, DCM
i) Merrifield resin,

MaH, DMF SH
OSH iii) TFA, Et;SiH, DCM /©/
o Qo
o7 96

various electrophiles
including terminal
epoxides, NaH; or
R'CH,OH, TPP, DEAD

'BUOOH, CSA,
DCM, 12 h, 25 °C

e

98
o R TFFA, THF R’
4 0°C - 25°C, 45 min s
Qe IR Y e
0. _CF,
99
100 E/
EtsN, EtOH,
NaBH,, time temp
25°C Et;N, EtOH,
2h,25°C

R‘I
Ho._A R'

¥ e
102 R

H
101

Figure 11. Safety-catch linker cleaved by Pummerer rearrange-

ment3°8

Reviews

compounds are layered in neighboring cells. In 5-dimensional
space, each occupied cell h&s-31 = 242 neighbors, and
for the 81 560 ligands, raising the total number of cells
populated to 91 080 cells, or 91%. A similar analysis was
carried out on 111 known nonpeptide ligands for positively
activated GPCRs. Mapping the results showed that only 6%
of the drug space (6437 cells) was occupied, including
nearest neighbor cell count, which projected into three of
five dimensions. With this analysis in hand, 19 scaffolds
containing at least one basic nitrogen atom were subjected
to virtual library derivatization and enumeration. A virtual
collection of 90 000 000 compounds resulted, each possess-
ing a basic nitrogen atom within the scaffold as the key
pharmacophoric element. The five BCUT metrics were
calculated for each virtual compound to assess its location
relative to the space occupied by the 111 known nonpeptide
ligands. Seven of the scaffold85—92, were selected for
actual library synthesis. The scaffolds were derivatized
employing acylation, sulfonylation, ureidoation, reductive
amination, alkylation, and amidation reactions. This furnished
library 3.18 ©3) containing 2025 discrete compounds.
Evaluation of 93 against three GPCRs, melanocortin-4
receptor (MC4-R), gonadotropin-releasing hormone receptor
(GRH-R), and melanin-concentrating hormone receptor
(MCH-R), resulted in a 4.5- to 61-fold increase in hit
rate, as compared to a random library set of comparable
size. The structures andl’'s of several hits, for exampl®4
and95, were revealed for MCH-R. In addition, the compu-
tational analysis suggested tha7000 compounds would

be necessary to establish the boundaries of this GPCR
subclass and provide a comprehensive targeted screening
library.

New Linker Chemistry. Li and co-workers developed a
new safety-catch linke®96 cleaved by Pummerer rearrange-
ment, releasing aldehydes and alcohols (Figure 3%#1).
4-HydroxythiophenoB7 was coupled to Merrifield resin in
a high loading routine 3-step reaction sequence: S-tritylation,
resin etherification, and S-trityl deprotectid®i7/(— 96). The
safety-catch linke®6 reacts with various electrophiles, such
as halides and sulfonate esters (NaH is required as the base)
and epoxides (BN as the base), or alcohols under Mitsunobu
conditions, yielding a sulfide resi@8. The sulfide linkage
is stable to a wide range of reaction conditions. To cleave
the linker, resind8 is first oxidized to the sulfoxid®9. A
survey of oxidants foundBuOOH/10-camphorsulfonic acid
in DCM was optimal (12 h, 28C), avoiding overoxidation
to the corresponding sulfone. The oxidation reaction was
conveniently monitored by magic angle spinning gel-phase
NMR. Initial attempts to effect Pummerer rearrangement with
sodium acetate/acetic anhydride proved too harsh, because
the high temperature required was incompatible with the
polystyrene bead. Switching to trifluoroacetic acid anhydride
(TFAA) solved this problem, leading to the-trifluoro-
acetoxythioacetal$00in high yield at ambient temperature
(THF, 0— 25°C, 45 min). Treatment 0100 with Et;N in
EtOH (2 h, 25°C) released the aldehydé®1 By adding
NaBH, to the cleavage cocktail, a one-pot procedure was
developed to yield alcohol$02 directly.
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Safety-catch linker synthesis: 0O F
OHC

oH i N
0H T Q i _twroC Q@ x
TPP DEAD, THF 120: X =0, NH

iy NaBH,, MeOH-THF (1:9) OH

Coupling, linker stability, application: DCM

For 107:
TFA-DCM (1:1) or
KOfBu, THF;
<5% cleavage

DEAD, THF 2 HCO,H or DCO,D, AFB(OH), ELN,  CH,=CHCO,Me, ELN, RCH.Znl, ELN,
Et,N, Pd{DAc),, PdCL(dppf), DMF,  PdCI {dppf), Bu,NI, Ni(PPh,)CL., LiCl,
e 0 dppp, DMF, B0°C,8h  80°C,18h DMF, 70°C, 24 h THF, reflux, 48 h
106 v l v l
O\ Ar! Ar'! Ar! Ar!
SNCl, Ho0, DMF, AMNHNH,, TFA el "/l"\'"' %'"l "R
n rl Y -
25 5C: then TsCl, 107: R= NO, DCM (5:95), 1 . 122 CO.Me 126
DIEA DCM 108: R = NHTs 38 80
124
| Figure 14. Perfluoroarylsulfonate linker for cross-coupliffg?23
For 108:
TFA-DCM (1:1);
~50% recovery of 106 A. Polystyrene-supported imidazolium salts as catalysts for
nucleophilic substitution:20%
Nﬁ\
/\H/\ L“-’ﬂzﬂl o

i) SCl; H,0, DMF, ; O/\O cl I O/\O/\H/\N N_
25°C. 90 °C, 72 h
ii) TSCI, DIEA, DCM 127
m} TFA-DCM (1:1) O NaBF, E125b; X =BFy

126a: X = Cl
TN KOTf L 126¢: X = TfO
Q 3 equiv metal salt (CsF,
58 KCI, KBr, KI, KOAc, KCN),

0.5 eqguiv 126b, MeCN,

:16- i ArCH,Br, KOtBu, 109: Y =H 80-90°C,05-3h
111: 16-member library THE, 55 5C.14 b, L__ 110°Y = CHAr RCH,-X RCHy-X'
i -ni - inkéy 129 130
Figure 12. New 3-nitrobenzyl safety-catch linké? HEDII . PR

PV
Brivi MgEBr

g ger,
O O\/ (112 12 equiv) B. ROMPgel-supported thiazolium iodide as catalyst for the

Stetter reaction:??

CuBr.Me,S (1.2 equiv), THF,
113: X = CH;, O when X = O, 30 min, 25 °C;

when X= CH», 80°C, 2 h;
then filter to wash away i) @
excess di-Grignard reagent />[ 180 oc 7 :
X RoSIHCI (12 ”J e /=S Grubbs catalyst
0 O\/\/\/\ equiv), THF NA (0.8 mol%) DCE,
o + - 50°C
MgBr 25°C.3h 132 / (ROMPolymerization)
114
o
assorted activation i EtsN, EMF' R1J‘LH
$ options for ROH R 80°C S, (134)
O/\Si_H attachment T [ N/> o { N/>- —
| 1 + I +
i iy 133 137'
115: R = iPr 117 o]
116: R = Ph Al
Figure 13. Formation of silyl linker via di-Grignard chemist#}° . Ra _ Ra3
Nitrobenzyl linker 103 was conceived as a new safety- I \ ri(limm f />/L R’
catch linker for solid-phase synthesis possessing both acid i
and base stability (Figure 12% This is a Wang-type resin 138a 138"
whose acid stability is dramatically improved by virtue of OH R3 R
the nitro substituent. It is activated by reduction of the nitro / . /> + R1 A’
group to the corresponding aniline, followed by acylation & R RZ O
136

or sulfonylation. Products are released upon exposure to mild
acid. Linker103was prepared upon Mitsunobu coupling of Figure 15. Polymer-supported ionic catalysts.
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lonic linker preparation:

(0]
H [ /> (128)
2 equiv
CI/\GX\O O/ MeCN, microwave,
2 170 °C, 30 min (100%)

~N @N/\H/\O/@H\ @)k

lonic-phase assisted synthesis:

i) 1.5 equiv R'NH,, 0.6
equiv NaHB(OAc); 0.4

equiv HOAc, 16 h, 25 °C @AN,W
- - =
H

ii) extract with diethyl-
ether then water to
remove excess reagents

@ "
S8

143: X = CO, SO,

solution of 140
in [bmim][PFg]

i) 1 equiv TolSO,Cl or
TolCOCI, 2.5 equiv Et3N,
2h,25°C

R —
ii) extract with diethyl-
ether then water to
remove excess reagents

i) ~25 equiv 60% aq 1
HPFg, 10min,25°C  Hy-R
. |

i) wash with ag NaHCO, X\©\
+

then extract amine solution of 141 in

derivative with diethylether [bmim][PFg]
144: X = CO, SO,
Figure 16. Acid-labile ionic linker10?
O p-nitrophenylcarbonate
145: Argopore Wang resin
amine
BXCess
_Ph
OH
~.__OH
Dy @ QN
146:n =1 148 149
i A i) 10 equiv
RR*NH,
5 equiv each DMF, 50 °C,
I, PhsP 6h
imidazole, R! i) TFA-DCM R'
DCM J .1 (1) 1h ~.__NR°R®
- 0—-N - H N
150 151

Figure 17. Solid-phase synthesis of secondary and tertiary
amines?®’

4-hydroxy-3-nitrobenzaldehydi4to 2-hydroxyethylpoly-
styrenelO5 followed by aldehyde reduction with NaBkh
MeOH—THF (1:9). Resin loading (determined by elemental
analysis of1l03) was reasonable at1 mmol/g. To demon-
strate the linkers’s robustness to acid, naltrex@06 was
coupled ta103(Mistunobu reaction conditions) to give resin-
bound phenol07. Exposure ofl07to TFA—DCM (1:1) or
t-BuOK in THF resulted in<5% cleavage of naltrexone.Ni-

Reviews

Direct displacement of halogen with ammonia:

i) 7 M NH; in MeOH

microwave

130°C,25h

ii) evaporation
RCHX —m————

152

RCHoNHo.HX
153

Adaptable to parallel synthesis (high yields, >95% purity):

CI”CN | pZ
- N

153: Cl 154: C|

159: NH,.HCI 160: NH,.HCI
| N O\/\Br
N X

155: Br 156: |

161: NH,.HBr 162: NH,.HI
[NJ\ X J\//?\\\ . /X
\,/// No NP

157: Br 158: Cl

163: NH,.HBr 164: NH,.HCI

Comparatively little dimerization observed:

F3C F3;C

P cti e
7 oc| feaction \L J “NHy. HCI
7

| conditions
~ >

Figure 18. Microwave-assisted primary amine synthedis.

h) and N-alkylation (4x ArCH.Br, t-BuOK, THF, 25°C,

14 h; 107 — 109 — 110. Tin-mediated nitro reduction,
N-sulfonylation, and acid cleavage produced the 16-member
library 111 The chemistry was performed by the directed
sorting split-pool method with IRORI MicroKans. Final
products were purified by preparative reversed-phase HPLC
to removeN,O-dialkylated byproducts generated during the
t-butoxide alkylation step.

Silyl linkers have broad appeal in solid-phase synthesis.
Encoded diversity-oriented synthesis (DOS) libraries origi-
nating from the Schreiber group rely almost exclusively on
immobilizing alcohol building blocks via the silyl ether. The
linker supports aryls where the silicei@ryl bond is subject
to ipso substitution to yield traceless cleavage products.
Cleavage conditions are tunable, depending upon the type
of alkyl substituents present on the silicon atom. Takahashi
and co-workers reported an efficient synthesis of a range of
polymer-supported silyl linkers employing di-Grignard chem-
istry (Figure 13):1° Pentane-1,5-di(magnesium bromiddp

CF; 165

under
microwave
conditions

166: >96% yield
167: <4% yield

166: 75% yield

.
23°C.20 467. 25% yield

tro group reduction was readily carried out under standard (12 equiv) was coupled to benzyl chloride-bearing resins

reaction conditions using Sn&H,O. Sulfonylation of the
anilino group rather than acylation (to avoid competing
O-acylation) gave activated resif8 The linker was cleaved
(TFA—DCM (1:1)), resulting in 50% recovery dfo6. In a
further demonstration of the utility of the safety-catch linker,
resin-bound naltrexon&07 was subjected to Fisher indole
synthesis (4x arylhydrazines, TFADCM (5:95), 25°C, 1

(113, including Merrifield, Argogel-Cl, Wang-Cl, and
Argogel Wang-Cl, in the presence of CuBte,S. The bulky
nature of the resin permitted selective monoalkylatiohX8
After filtration to remove excest12 the reactive intermedi-
ate Grignard resid14was further treated with solutions of
chlorodiisopropylsilane and chlorodiphenylsilane, affording
115 and 116, respectively. For the Wang-type resins, the
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Formation of resin-bound glyoxylate:

MeOH,
MP-carbonate 3 h, 25°C
+ -

gyloxylic acid

A0

i gl -
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Passerini reaction:

o H
o TV ? Ch
| 179 — [ O \K
- o
178 EN‘% 181

168: MP-glyoxylate 180 solvent time yield
DCM 18h 45%
i water 35h 95%
3-component condensation: ) )
NI DCEEOH, [ .y © Yot reaction;
(Mt + =nr +1e8 2k |[Het] o | LT o b
NHR | 179 — [ N j<
Q 0
171 178 =N =
(ONY
180
o 183
HZN/\L> 50-fold rate
/ enhancement in
182 water
: N\_\_ _,.-5 s Uqi reaction: 5
NHPh NHPh EtO,C NHPh o . N_HN
173 (72%) 174 (73%) 175 (34%) =N o]
OH
185 o\
o _
<l 184 H2N/\© 186
H' “Ph solvent time yield
it i 182 MeOH — -
176 (60%) 177 (13%) water 72h 65%
Figure 19. Formaldehyde equivalent in 3-component condensa-
tion 256 Rla R1b
0O R? o R® 0
al react P O N N G ;
sequential reactions proceeded at room temperature. Resin g1~ ~q Ngs  RI”>N N\R4 5 N NR
loading was established by the Fmoc cleavage test via o} RZ O Rz H
187 188 189

chlorination (SiH— SiCl) and attachment oN-Fmoc-2-
aminoethanol. Loading was adequate, averaging 7%
of the initial loading. The silane resins were activated to
the corresponding silyl chloride and silyl triflate resins
using standard methodology for the attachment of alcohol
substrates and formation of silyl ethex$7. A novel one-
step dehydrosilation method was also developed to attach
alcohols directly to the diisopropylsilane resii5 using
B(CsFs)s.

Two research groups, one led by Cammfdged the other
by Ganesaf?® independently developed perfluoroarylsul-
fonate linker118 (X = O or NH) as a polymer-supported
“triflate” equivalent (Figure 14). Their research disclosures
appeared as back-to-back communicationsCinemical
CommunicationsThe readily available acid chloridel 9was
coupled to resii20via an ester or amide linkage, affording
sulfonyl chloride resii21l Resinl21smoothly reacted with
a series of phenols in high yield to give resin-bound sulfonate
estersl18 Both research groups demonstrated the opportuni-

32-member library3%®  48-member library®®® 32-member library3'0

Figure 20. Multicomponent reactions in watéf?310

cross-coupling reactions. Perfluoroarylsulfonate resins have
excellent shelf stability.

Polymer-Supported lonic Catalysts and lonic Linkers.
Examples of polymer-supported ionic catalysis and ionic
liquid-based linkers representing a new and potentially
burgeoning family of reagents for high-throughput synthesis
were described in 2004. lonic liquids are recognized as
alternative reaction media for conducting a variety of
chemical transformations. They are documented to accelerate
chemical reactions; act as catalysts; and in some instances,
provide cleaner reaction products with reduced byproduct
formation. Nucleophilic substitution reactions with alkali-
metal salts proceed with greater efficiency in ionic liquids
containing imidazolium cations. Due to the difficulty in
extracting polar products from such reaction media, Chi and
co-workers investigated polymer-supported imidazolium salts

ties for Pd-catalyzed traceless cleavage. For example, thel26a—c as catalysts for this reaction class (Figure 138).

reductive cleavage by transfer hydrogenation gives deoxy-
genated productd22 Site-specific isotopic labeling of
aromatic compounds was achieved by substituting formic
acid with deuterium-labeled formic acid in the reaction.
Ganesan reported-al0% higher yield of product$22 using
amide versus ester linked tetrafluorosulfon&teResin118
also performed well in the SuzukMiyaura (118 — 123),
Mizoroki—Heck (118 — 124), and Negishi 118 — 125

The polystyrene-based ionic-liquid systetfi6awas syn-
thesized by simply heating the chloroalkyl ether resy
with N-methylimidazolel28(neat, 90°C, 72 h). Counterion
exchange afforded resin-bound imidazolium saéb and
126¢ A survey of the new resins in a representative
fluorination reaction identified 26bas the superior reagent,
which could be used catalytically. Displacement of a primary
mesylate with CsF in acetonitrile in the presencelaéb
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Achmatowicz reaction (1260 members): 55

A ﬁ . m
Y\*r

R2
f o\ 4 191b 191¢c
OR?
190
191d 191e 191e°
Lewis-acid catalyzed 3-component reaction (3520 members):2*® Medium rings (202 members):221
O 1
O._,;CHO N\= Br R R O R
S :
CHO amino alcohols (197 0)\, 2
192 pp R ] = AR R R
aldehydes (198) =

N
s
OH

201

Ph W/]\ 0 N O %' N T ( #
HN\) H R* O{?Rs O—D 196 bromophenols (199)
194
193 S

Alkaloid-like compounds (method development):**°

7 Ry f S
o 1 = @ L v
202 .
203

212

Macrocycles (method development):*** Bicycles (122 macroring precursors + 122 macrornings
o
RO R2
o_\ X‘J\O/\/ )
4( HO._2X

o g
4 = =5 1
OH o 0 @ M R
o]

= O‘\_C‘J\ Ho{1 2) 209

X O pyranoside-derived scaffolds

‘ll’

207 208
Figure 21. Schreiber’s diversity-oriented synthesis (DOS) libraries.

(0.5 equiv) gave 100% conversion 2 h at 100°C versus 140in quantitative yield. Linked40formed a homogeneous
<5% product formation without26h lonic resin126balso solution in the ionic liquid, [bmim][PF, and underwent
catalyzed the @ reaction using a range of nucleophil&g9 sequential reductive amination and acylation/sulfonylation

— 130). employing standard reaction conditiodglQ— 142— 143).
High-loading ROMPgel-supported thiazolium ioditid3 Taking advantage of ionic-phase assisted extraction, excess
was developed by Barrett (Figure 15B)his ionic ROMP- reagents were removed after each step by washing the
gel proved to be an effective catalyst in the Stetter reaction, reaction solution with RO, then water; intermediates
the umpolung condensation of aldehyde®! with, in this 1421143 remained in the ionic liquid. Linker cleavage was
case, am,fS-unsaturated aryl keton&35 to give 3-oxo- carried out using 60% aqueous HPEO0-min exposure).

ketonesl36. Triethylamine was the preferred base to gen- Although cleavage occurred readily with TFA, HPwas
erate the ionic catalytic specid87. The catalyst was re- the preferred acid to avoid generating mixed counterions
covered up to four consecutive times without compromis- of the ionic liquid. Amide derivatived44 were obtained
ing its activity. Some 17 condensations were reported. Theupon quenching the cleavage reaction with saturated
yields ranged from 68% to 99%, and product purity was aq NaHCQ and extraction with organic solvent. Product
excellent. yields were comparable to those obtained using AMEBA
lonic liquids have extremely low vapor pressure, are stable resin.
to heat, and form a separate phase in the presence of both Amine Synthesis.As part of a broader research effort to
aqueous and organic solvents. It was this latter physical develop an expedient solid-phase synthesis of polyamines,
property that led de Kort and co-workers to prepare the ionic Franzyk investigated the synthesis of secondary and tertiary
AMEBA-type linker 140 (Figure 16)'°2 Microwave heating amines via direct displacement of resin-bound halides (Figure
141 with N-methylimidazolel28furnished imidazolium salt ~ 17)°7 Initial attempts focused on the displacement of
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polystyreneN-trityl-linked 1-iodopropylamine with primary  tion of 18-fold 178+ 179+ 180— 181; Figure 20). Further
amines. The approach was abandoned when issues with onrate enhancements were seen with LiCl and glucose as
resin halide formation and cross-linking during the2S  additives. The reaction in water proceeds faster’& dersus
reaction surfaced, this despite the use of lower loading 50 °C. The hydrophobic effect and cohesive energy density
strategies. Ultimately, a protocol was worked out whereby of water are thought to be factors contributing to rate
primary and secondary amino alcohols, immobilized via a acceleration. Similar rate enhancements were observed in

N-carbamate on Argopore Wang resitdb — 146-149),
were efficiently converted to iodides 150,/@hP) and
displaced with a variety of amines, including unprotected
amino alcohols (10 equiv of a 1.0 M solution of amine
in DMF, 50 °C, 6 h). Following resin cleavage, diamines
151 were isolated in good vyield (5688%) with purities
>90%.

An atom economical synthesis of primary amine sa3
from halides, tosylates and mesylaies? was achieved by
Saulnier using simple microwave irradiation of their solutions
in methanolic ammonia (Figure 18} The optimal substrate

the Ugi reaction 178 + 179 + 180 + 182 — 183. The
condensation of th8-ketoacid184, aminel82 and isonitrile
185 in water yielded aS-lactam 186 (72 h, 65%). This
reaction does not proceed in organic solvent. A small
demonstration library of Passerini produg®&’ (4 x 4 x 4

= 32 members) was prepared by stirring an acid (10%
excess) and equimolar amounts of aldehyde and isonitrile
in water for 3-6 h at 25°C. Solid products were isolated
by simple filtration, while liquid products were isolated
by extraction. The average yield and purity of the library
was 87%. Libraries of Ugi product&88 and f-lactams

concentration was established as 0.04 M (0.25 mmol of 189 were similarly prepared using water as the reaction

substrate in 6.25 mLfo7 M ammonia in methanol) and
irradiation at 106-130 °C from 0.25 to 2.5 h. Some 20
different substrates were studied, represented38+164.

The yields of the amine salts were in excess of 90%;

secondary amine byproducts were typicaii$%. Workup

solvent.

DOS Libraries. Library synthesis in Schreiber’s labora-
tories at Harvard continues to emphasize design strategies
that furnish collections of skeletally and stereochemically
diverse small molecules (Figure 21). Complexity-generating

requires only solvent evaporation. Lower concentrations of reactions coupled with appending chemistries are represented
ammonia led to an increase in secondary amine byproductshy the encoded furan-derived librarg90 — 191a—€),%

In one specific example studied, substra@bs gave 96%
yield of the amine saltl66 using the microwave-assisted
conditions (100C, 15 min) with<4% dimer167formation.

based, in part, on the Achmatowicz reaction, the encoded
spirooxindole libraryl 95248 utilizing a 3-component reaction,
and parallel libraries of nine-membered biaryl rirgf¥122*

Conducting the same reaction at room temperature resultedand pyranoside-derived bicycl®4012 In the library col-

in complete conversion of substratet@5% yield of 166
and ~25% vyield of 167. Volatile primary amines, for
example,156 — 162 are accessible because it is their

lection 191, substrates possessing pre-encoded skeletal
information, termedr-elements/® were combined combi-
natorially under a common set of reaction conditions. All

nonvolatile salts that are isolated from the displacement possible combinations of building block and stereochemical

reaction.
Multicomponent Condensations. The application of

and skeletal diversity were efficiently assembled. This is
analogous to the process of protein folding in which primary

multicomponent condensation reactions in combinatorial amino acid sequencesdfelements”) are transformed into

library synthesis is well-knowf¥? dating back to the
pioneering work of Armstrond’3 This remains a very active

diverse 3-dimensional structures. Synthetic methodology was
described for constructing libraries of alkaloid-like com-

area of research. The 3-component condensation (3-CC) ofpounds204a—e**° and macrocycle80833 Skeletal diversity

2-aminoazines, aldehydes, and isonitriles yields 2-substitutedin 204 was achieved by manipulating resin-bound reactive
3-amino-imidazoheterocyles. Such heterocyclic systems aredihydroisoquinoline and dihydropyridine intermediates. Sta-
found in biologically active compounds, including marketed tistical and computational analyses were carried out to
drugs. Kercher and Lyon at Array Biopharffffound that  understand the relationship between structure and cell
glyoxylic acid, in solution or immobilized on macroporous  activity 21246°No other research group worldwide is operating
polystyrene resin, MP-glyoxylaté68 serves as a formal-  at this level of sophistication with regard to library design,
dehyde equivalent in this 3-CC, affordinguBsubstituted-  synthetic intricacy, and assembly. Other reports of DOS
3-amino-imidazoheterocyles (Figure 19). In solution, the methodology and libraries include 4-oxo- and 4-chloropy-
3-CCldecarboxylation proceeds at room temperature. Usingrido[2,3-d]pyrimidin-7(8H)-ones** 1,2-disubstituted and

reagentl68 the reaction is conducted at 8C in dichlo-
roethane (DCEYMeOH. A Lewis-acid catalyst is not

1,2,5-trisubstituted pyrrole§8tetrasubstituted olefirf§8459
C1-nitrogen iminocyclitol$#* azaspirocycle®! polysubsti-

required. The scope of the 3-CC reaction was investigatedtuted spirotrione4?° sulfotransferase inhibitof$, and tet-

using a variety of 2-aminoazine$¥43—177as representative

products). 2-Aminopyridines and 2-aminopyrazines were

preferred inputs in terms of yield and purity of isolated
reaction products.

rahydro-1,2-oxazine§?
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754 Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 6

Table 1. Chemical Libraries Targeting Proteaes

Reviews

Metallo-

Library: 1.1

Name: Hydroxamic acid

Size: 10 members

Reference: Ockey, D. A, et al. [290]

0 <l -
«_J(CH2):CONHOH
O/LLN
H
Rl

Library: 1.2

Name: 3-Amino-2-hydroxyamide

Size: =500 members

Reference: Sheppard, G. S.; ef al. [361]

Library: 1.3 1
Name: 3-Amino-2-hydroxyamide

Size: ca. 90 members

Reference: Sheppard, G. S.; ef al. [361]
MNote: Follow-up to Library 1.2 OH

Aspartyl proteases

Library: 1.4

Name: Sulfonamide

Size: Not defined

Reference: Stranix, B. R.; et al. [377]

RY RS
| H
S‘N\l/\/\/N\['rNR1R2

oY

0% vy o
Library: 1.5
Ngme: Cyclopeptide mimetic C:)H H 0O
Size: Not defined 1FeszzN\-/:‘“_/N

Reference: Reid, R. C.; ef al. [322] H

0

Library: 1.6

Name: Cyclopeptide mimetic
Size: Not defined

Reference: Reid, R. C_; et al. [322]

H 0]
=ty
R/\/N\:/u“hirrm

o]

lle]

o]

Library: 1.7

Name: Statine

Size: ca. 40 members
Reference: Johansson,
P.-0.; et al. [194]

MNote: Series of small
I|branes ozpnmlzmg
R'and R

o} :\O
: Br

1 R ° 4 wj\/
o] S \/“"‘--./N
T T O
? H C:)H H
— oy
H =
/ o}

i OH ©
2
RTN\Z)\)J\NHR“ [J)\ &
& —— :

NHOH
0 /@AA[r
N o]
S H
8]

Enzyme: Stromelysin
Activity: ICg9 = 200 uM

o]

be

—_—
HEN/\I)‘LN O
Enzyme: Methionine aminopeptidase-2
Activity: IC5 = 160 nM
—

%:

Enzyme: Methionine amnnopeptidase-z

Activity: ICgp = 20 nM
i
A~ i
by g {
0
Enzyme: HIV protease o/

’/ \"
H
Activity: Kj=1.7 nM

|r||

Enzyme: HIV protease
Activity: K; =4 nM

o}
= N NH

H H o
(o]
Enzyme: HIV protease
Activity: K; =0.3 nM

OHO

H o]
L,
il

.
“@Br

Enzyme: Plasmepsin | and |l (Plasmodium falciparum)
Activity: K; = 0.5 nM, Pim I; K;= 2.2 nM, Plm Il
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(Continued)

Library: 1.8

Name: (composition unknown)

Size: Multimillion members

Reference: Coburn, C. A.; et al. [89]
Note: NeoGenesis's affinity selection-
mass spectrometry method for the
identification of small molecule ligands
from self-encoded combinatorial libraries.

Library
composition
not defined

Library: 1.9

Name: DAPT analog

Size: 15 members

Reference: Kan, T_; et al [200]

NHR -

-n
ZT
¥O

I=

Serine proteases

Library: 1.10

Name: 2 4-diaminobutanoyl-
piperidine

Size: 22 members

Reference: Senten; K.; et al. [350]

R"N

S:o

@

-~

NRZR?

Library: 1.11

MName: Methanoproline

Size: Mot defined

Reference: Magnin, D. R.; et al. [261]

WL

((R"+R*or (R*+ R3: taken
together to form cyclopropyl)

R1\r/\

N-R?
Mgl

2 dz‘s‘O

Library: 1.12

Name: Cyclosulfonamide

Size: ca.19 members
Reference: Zhong. J.; et al. [450]

Library: 1.13

Name: Biphenylsulfonamide

Size: Not defined

Reference: Bauer, S. M.; et al. [26]

Flexible linker——Neutral aromatic = s——-

Library: 1.14

Name: Amidinobenzothiophens
Size: Not defined

Reference: Qiao, J. X.; et al. [316]

H,N.__NH

NHR?
N/

|
-

/\I

/‘\/N o
H NH
O/\rr e 2

Enzyme: p-Secretase (BACE-1)
Activity: ICsp = 25 uM

0
i
H H
N\)LN N
o} i o}

Enzyme: y-Secretase
Activity: ICsp = ca. 2 nM

HZN\:)J\
e

Enzyme: Dipeptidyl peptidase ||
Activity: ICgp = 0.23 pM

C CN

Enzyme: Dipeptidyl peptidase IV
Activity: K,=7 nM

)w
s

Enzyme: Elastase (human Ieukocyte)
Activity: K, =18 uM

(‘”j*

Enzyme_ Factor Xa
Activity: ICgp = 3.3 nM

D

Enzyme: Factor Xa (fXa)
Activity: K; = 22 nM, fXa; K; = 4900 nM. flXa

N\
IL_'""N
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Table 1. (Continued)

Reviews

Library: 1.15

MName: a-Ketoamide
Size: Not Defined o
Reference: PEI‘I‘IF R. B.; et al. 305

QA OO — X C

o TR NH o
0 0 \\(
(0]
Enzyme: HCV N53-4A protease @
Activity: K; = 30 nM
Library: 1.16
Name: Naphthalene derivatives Q Cl
Size: Not defined = 7N
Reference: Gopalsamy, A.; et al. [145] ® i
HO, _/N
. OO OO
x -
Enzyme: Human cytcmegalowrus (HCMV) protease
Activity: ICgq = 2.7 uM
Library: 1.17
Name: Oxyguanidine R3
Size: >50 members
Reference: Lu, T.; et al. [253] \
H
2R'RN _N__NH SN
0/“\/‘\0 \[r 2 S (] o T
0 NH
Enzyme: Thrombin
Activity: K; = 6 nM O
Library: 1.18 y rR* R* e
Name: Oxadiazolidine R @ o
Size: Not defined N N-O F3C o 0/)\”
Reference: Gopalsamy, A.; et al. [144] ﬁ )\ >=O — H
b
R‘I
CFs

Library: 1.19

Name: Azetidinone

Size: ca. 42 members

Reference: Sutton, J. C.; et al. [382]

Cysteine proteases

Library: 1.20

Name: Peptide-biphenyl hybrid
Size: Not defined

Reference: Montero, A_; et al. [280]

Library: 1.21
Name: «-Ketoamide
Size: Not Defined o] o]

Reference: Grimm, ),I\ n\).l\

E. L. etal [150] H

O OH

Enzyme: Tissue plasminogen activator
Activity: ICsg =0.39 uM

‘n-N\;k@\—Q

Enzyme: Tryptase
Activity: IC5p = 1 nM, 440-fold selectivity
versus trypsin

Enzyme: Calpain | (porcine)

Activity: K; = 86 nM

DI

O~ "OH
Enzyme: Caspase-3
Activity: ICgo = 0.1 nM
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Library: 1.22

Name: Dipeptidyl ketone

Size: 100 members O
Reference: Han, Y., et al. [157]

MNote: Prepared by split-pool R
protocol using IRORI Macro Kan H

Library: 1.23

Name: Bicyclic ketone 0

Size: ca. 13 members
Reference: Quibell, M.; ef al. [319]

Library: 1.24

Name: Aminotetrahydrofuranone
Size: Not defined

Reference: Watts, J.; et al. [418]

Library: 1.25

Name: Peptidotriazole

Size: 400,000 members

Reference: Torone, C. W.; et al. [396]
Note: On bead screening.

o} = o F,
— H
N S I ]
H \é)J\/
e o} \‘]/OH Cl
Enzyme: Caspase-3 0
Activity: ICsp =5 nM
’ r\N
\)
Enzyme: Cathepsin K
Activity: K;= 8.7 nM
H
N
—

N\)

Enzyme: Cathepsin K
Activity: K;= 1.8 uM

HNy_NH;

Aa’- Aa"—N
H-Aa’ Aaz /\|)‘K —_— H2N\/u\ /{ /\'l/u\(xi Cl)Phe-Leu-Thr-lle-Ser-Arg-Gly-NH,
=N
N

Enzyme: L. mexicana
CPB2.8ACTE, cysteine protease
Activity: K, = 76 nM

a Asterisk (*), point of attachment to resin.

Table 2. Chemical Libraries Targeting Nonproteolytic Enzyrhes

Kinases

Library: 2.1

Name: Oxazolo-pyrimidine

Size: 100 members

Reference: Bauser, M.; et al. [27]

Library: 2.2
Name: Acylsemicarbazide o}
Size: 84 members

Reference: Nugiel, D. A.; et al. [289]

Library: 2.3

Name: Thiazole Rl
Size: Not defined

Reference: Helal, C. J.; et al. [164] R

H
o
— H
N —
e

Enzyme: Adenosine kinase
Activity: ICsp =1 nM

HO. o
H
N
7@\( o
—_— o O
(=
N
n-NH

Enzyme: cdk2/E and cdk4/DI
Activity: 1Csp = 9 nM, cdk2; IC55 =5 nM, cdk4

B
oMy
N O Ot

N

Enzyme: Cyclin-dependent kinase 5/p25 (cdk5)
Activity: ICsg = 5 nM

O~
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Table 2. (Continued)

Library: 2.4

Name: Chromenone (\O Q

Size: 152 members Z Q. N\)

Reference: Leahy, J. J. J.; ef al. [229] Ar—— | | > S
=

it
I o| N

Enzyme: DNA-dependent protein kinase
Activity: ICsq = 20 nM

Library: 2.5 R! H

Name: (Thiazol-2-yl)aminopyridine H ! N N N\[{__N

Size: 40 members a3 _ c O

Reference: Bilodeau, M. T.; et al. [36] R°RN | 1) \Sli‘% (R /U S\%
/

R2 Enzyme: KDR kinase
Activity: ICgp = 3 nM

Reference: Leftheris, K.; ef al. [461] N\f Noos
Note: Hit came from screening Pharmacopeia's NR4RS il
ECLIPS compound collection which may have

included this generic motif. : \)

Enzyme: p38 MAP Kinase
Activity: ICsq = 1.4 uM

Library: 2.6 1 203
Name: Triazine B HNYNYNR s é\dﬂ N H
Size: Not defined | b il
NH,

Library: 2.7 [o]

Name: Diaylglycerol lactone J(

Size: 9 members Reiilieey OH

Reference: Duan, D.; ef al. [115]
Q —_—
o] \ R!

Enzyme: Protein kinase Co (PKCa)
Activity: K;= 14 nM

Library: 2.8

Name: Peptide

Size: 3 x 720 members
Reference: Lee, J. H.; et al. [233]

RCO-NH-Ala-Arg-Arg-Gly-Xoot-Leu-Arg-X0cAIa-HN(CH)SH s

oA

AcHN-AIa-Arg-Arg-GIy-AIa-Leu-Arg-Dfp-AIa-H N(CH).SH

Enzyme: PKCa
Activity: K; = 550 nM
Library: 2.9
Name: Peptide
Size: 720 members

Reference: Lee, J. H.; et al. [233] =
Note: Follow-up to Library 2.8. rNHCO NC__D

. —
RCO-NH-Ala-Arg-Arg-Gly-Ala-Leu-Arg-Dap-Ala-HN({CH),SH

NHCO—QN@

NH-Na-Arg-Arg-GIy-AIa-Leu-Arg-Dgp-Na-H N{CH3z)2SH

o}
Cl
cl Enzyme: PKCao
Activity: K;= 0.8 nM

Library: 2.10 O H O

Name: Thymidine carboxyamide L Oy N 20 o

Size: ca. 15 members T—R?™ "NHR' — \f

Reference: Priego, E.-M.; et al. [314] = N\/\/\)I\N
e

T = Thymidine

Enzyme: Thymidine kinase-2
Activity: 1Cs5 = 19 uM
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Library: 2.11
Name: Indomethacin
Size: 197 members

O\\O

Reference: Rosenbaum, C.; et al. [330] —-
2
P -
Enzyme: VEGFR-2 tyrosine kinase
Activity: ICgg =9 pM
Phosphatases
Library: 2.12 Commercial Q,
Name: Not defined library (i i on
Size: 10,000 members HO
Reference: Brisson, M.; ef al. [50]
Note: Commercial collection
obtained from Chembridge, Inc.
Enzyme: Cdc25A phosphatase
Activity: ICsq = 2.5 UM
Library: 2.13 0
Name: Bis(aryl-c-ketocarboxylic acid) 0 OH
Size: 104 members o
Reference: Chen, Y. T.; et al. [75] H
o O —_—
o. 0
o]
HO
HO o R
Q
Enzyme: Protein tyrosine phosphatase (PTP-1b)
Activity: 1Cg = 150 nM
Library: 2.14 R-X O
Name: Transition state mimetic (X =CHO, COR, CN,
Size: 19 members B(OH)s, halogen) . o
Reference: Ockey, D. A.; et al. [291] [.
Note: Mostly aryls displaying a functional
group interacting with the enzyme's active HO o)
site cysteine. Enzyme: PTP-1b
Activity: IC5q = 60 pM
Alphabetical listing
Library: 2.15 HO. || - HO. -y 0
Name: Iminocyclitol N N s
Size: 23 members ik ""‘N—( » e "‘“NJJ\
Reference: Liu, J.; et al. [244] A H. R - H
HO OH HO OH
Enzyme: N-Acetyl-B-hexosaminidase
Activity: 92% inhibition at 25 uM
Library: 2.16 HO - HO
Name: Iminocyclitol ol i N RN OH
Size: 97 members R > R
Reference: Liu, J.; ef al. [244] \ r'qjg*Rz > N
Note: Companion library to HG oH N HO OH N
library 2.15. Enzyme: N-Acetyl--hexosaminidase
Activity: 26% inhibition at 25 uM
Library: 217 Ne R
Name: Boronic acid i
ki —_—
Size: ca. 12 members 'E N
Reference: Buzzoni, V., et al. [57]
LB
HO™ "OH
Enzyme F\mpC—B -lactamase (E. coli)
Activity: K; = 0.3 uM
Library: 2.18 Sl NN
Name: Purine < ot m AltiiElll] <\ = m
Size: 80 members RN N—3 N
Reference: Best, M. D.; ef al. [34] N o
HN{_}-H R AN S Sy i
ol "

Enzyme: B-Arylsulfotransferase F

Activity: K, = 28 nM
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Table 2. (Continued)
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Library: 2.19

Name: Substituted benzamide

Size: ca. 46 members

Reference: Best, M. D ; et al. [34] fo)

Note: Follow-up to library 2.18. i
R \Hf‘g

Library: 2.20

Name: 4-Sulfamoylphenylthioureas
Size: 10 members

Reference: Innocenti, A; et al. [181]
Note: On-bead screening.

il e

INLEN \/_/\\0/\_\[/_/:‘\___‘\
S R "“C/'::A"" h

Library: 2.21

Name: Dipeptide

Size: 8 members

Reference: Corbett, A. D ; ef al. [93]

Note: Pseudodynamic combinatorial

library combining irreversible library R?
synthesis with an irreversible

destruction step.

Library: 2,22

Name: Biguanide

Size: 60 members

Reference: Mayer, S.; et al. [270]

Library: 2.23

Name: f-Aminoalcohol

Size: 512 members

Reference: Annis, D. A.; et al. [9]

Note: Affinity selection-mass spectrometry
method for ligand identification.

OH 0]

RR* N._ R O M

-

N-O

Library: 2.24

Name: 3-Point H-Bond motif

Size: ca. 1000 members

Reference: Sanders, W. J.; et al. [340]

Note: CrystaLEAD X-ray crystallographic
high-throughput screening of 10,000 member
random library identified the 3-point H-bond
motif as the pharmacophore.

Library: 2.26

Name: Triazolopyrimidine

Size: Not defined

Reference: Sanders, W. J.; et al. [340]
Mote: Follow-up to Library 2.24.

o e T

H
N
o]
e
1J
| Lot
il
R? o

i NR]RZ ——
i
ey N
ey e
R
2 R

T

. || A || e

S L L

I=

Enzyme: B-Arylsulfotransferase
Activity: K; = 5nM

Target: Carbonic anhydrase-1 (human)
Activity: K= 22 nM, hCA I,
K;=4 nM, hCA Il

Enzyme: Carbonic anhydrase
Activity: K. = 1.1 uM

Enzyme: Dihydrofolate reductase (E. coli)
Activity: 45% inhibition @ 100 uM

3 OH 0
4 i il
N, . N « %\}_/ NS
o A . o

Enzyme: Dihydrofolate reductase (E. coli)
Activity:K, = 15 uM

L

ﬁ »—on
HN ™S= N._
e ( L
HN™ N
Enzyme: Dihydroneopterin aldolase
Activity: ICgp = 1.5 uM

A=y W i

(o]
i
g ol ¢
HNT NN

Enzyme: Dihydroneopterin aldolase
Activity: 1G5, = 68 nM
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Library: 2.26 SCoA
Name: Lysine-CoA bisubstrate

Size: ca. 12 members Ra. “‘/_,O
Reference: Sagar, V.; et al. [337]
HN-
e
i ;I\NH
Og-NH +7
RI

Library: 2.27

Name: Benzimidazole

Size: Not defined

Reference: Beaulieu, P. L.; et al. [29] I
Note: Multiple libraries produced by b =
solution and solid phase methods. f

Library: 2.28

Name: Benzamidazoles
Size: Not defined
Reference: Beaulieu, P. L; et al. [30] N

Library: 2.29 0
Name: Biarylsulfone amide R
Size: 100 members HO' b /TN

Reference: Faucher, A-M.; et al [124] 0';-S\b\-‘\\_,}‘.f

Library: 2.30
Name: Biarylsulfonamide Q !
Size: 150 members ¥ iTHER —\ =
Reference: Faucher, A.-M.; et al. [124] 56 ,
Note: Follow-up to library 2.29. 0" o

Library: 2.31

Name: Catechol

Size: 300 members

Reference: Sem, D. S.; ef al. [349]

HO\_ /"\:I’/Q\//\ Nz{ "\‘T NR'R?
Ul 5, ©

Library: 2.32

Name: Swainsonine analog
Size: 10 members

Reference: Fujita, T,; et al. [455]

Library: 2.33

Name: Purine analog NHR
Size: Not defined X
Reference: Tedder, E. T.; ef al. [391] e ?
Note: Multiple libraries using chloro- l =

heterocycles as templates. Ml

.Q_T, i .
R et

— J i e =2
o={ H o)

NH.

Enzyme: p300 Histone acetyltransferase
Activity: 1Cs, = 0.7 uM

—

Enzyme: HCV NS5B polymerase
Activity: ICc, = 1.6 uM

2. OH
o

U
A
ZT
A

e
/

Vo i i il
iNrarszline
H

Enzyme:HCV NS5B polymerase
Activity: ICe; = 8 nM

o
Q >NH o —
A~ = o~ &
EE T el sl s N
—_— O/’S\\o\'::" TN ',:;.) / &
Enzyme: HPV E1 helicase
Activity: ICs, = 43 nM
Q,
—NH
e :": .'"\
il [

Enzyme: HPV E1 helicase
Activity: ICy, = 4.3 nM

U Vi T
SO

-

Enzyme: Lactate dehydrogenase
Activity: K, =42 nM

HQ |y OH
—_—
Enzyme: o-Mannosidase
Activity: ICgp = 0.25 uM
NH
S N =X ~N
— | | b
N. == k N
il

Enzyme: MTA nucleosidase
Activity: K; = 2.8 nM
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Library: 2.34

Mame: Purine

Size: 1561 members

Reference: Wignall, 5. M.; et al. [420]
Mote: Library composed of 128 purified
compounds and 1433 compounds from
a combinatorial library

Library: 2.35

Name: Nitroarginine dipeptide

Size: 40 members

Reference: Gomez-Vidal, J. A.; et al. [143]

‘R°RN

Library: 2.36

Name: Peptide chelator

Size: 1584 members

Reference: Chen, D.; et al. [70]
Note: Three libraries of 528 members
each defined by X, a metal chelating
group.

Library: 2.37

Name: Me-Indoxam

Size: ca. 48 members HO 1)
Reference: Smart, B. P.; et al. [368]

Library: 2.38

Name: Quinazolidone

Size: Not defined

Reference: Hattori, K.; et al. [159]

R®R2N

Library: 2.39 o]
Name: Koji acid tripeptide HO.
Size: 30 members il

Reference: Kim, H.; ef al. [210] o

g b

o]

R2
NN
|)I‘

R3kN/ N>
ki

HN<_ NHNO,

NR'R?

AAz-AA,-AA,-OH

i g

S/Q\NH
oI IX
H

N
e
&0
Enzyme: NQO1 (NADP- dependent

oxidoreductase)
Activity: K, = 1.7 uM

HNY

NH

2

NHNO,

N
HaN WEB—CONH
2
= N
H

Enzyme: Neuronal nitric oxide synthase
(NNOS)

Activity: K; = 100 nM; >200-fold selective
versus iINOS and eNOS

O 04<\

Enzyme: Peptide deformylase (E. coli Ni* enzyme)
Activity: K; = 0.24 nM

Enzyme: Phospholipase A, (hGX)
Activity: ICsg = ca. 1 pM

F
o}
R' —_— NH b
Cl

Enzyme: Poly(ADP-ribose)polymerase
Activity: IC5 = 13 1M

Phe-Trp-Tyr-OH
SN

0]
Enzyme: Tyrosinase
Acti\l'it“"f |050 =024 pM

a Asterisk (*), point of attachment to resin.

Table 3. Chemical Libraries Targeting G-Protein-Coupled Receptors

Alphabetical listing
Library: 3.1

NR3R?
Name: Sulfamoylbenzamide O\
Size: 71 members % —

S
2p1 S
R'RN b

Reference: Ritchie, T. J.; et al. [325]

NOg

MM

/NWN\/\N’S\\O
H

Receptor: Bradykinin-1 (BK-1)
Activity: K;= 239 nM
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Library: 3.2

Name: Sulfamoylbenzamide | NO,
Size: Not defined ety NRIR4
Reference: Ritchie, T. J.; et al. [325] NOg
Note: Follow-up to library 3.1. | 0, |

-8 P N

/NWNTR % — O
o]
e, \»/\\/ N

Receptor, BK-1
Activity: K; = 18 nM

Library: 3.3 (0 Pl & NLY\Q
Name: Triamide 0 Y o] O

Size: 50 members N —
Reference: Kam, Y. L; et al. [196] R1HN)J\/ J\Rz NH

g -~

O

Receptor: Bradykinin-2 (BK-2; guinea pig)
Activity: ICso = ca. 100 nM

Library: 3.4 R! cl
Name: Substituted piperidine
Size: 83 members O o]
Reference: Rogers-Evans, M.; ef al. [329 H =
e sa o8S
N

Receptor: Cannabinoid-1 (CB-1)
Activity: K: = 2.0 uM

Library: 3.5 R CF,

Name: 4-Aryltetrahydropyridine \\
Size: 83 members |
Reference: Rogers-Evans, M.; et al. [329] =
CF;
e
—— Fa

a-=Z
=

Library: 3.6
Name: Diamine F{‘—I"vl:)—NHRZFK3 MU= /@/\NCI
Size: Not defined

cl NH

Reference: Moree, W. J.; et al. [281]

Receptor: Chemotactic cytokine-2b (CCR-2b)
Activity: ICsq = 180 nM; ECs = 24 nM
(chemotaxis to MCP-1)

Library: 3.7 0\\3,,0
Name: Homopiperazine m gl
Size: Not defined REVLE | A g el s

Reference: Imai, M.; et al. [180] s 4

HO I

Receptor. CCR-2b
Activity: ICsg = 0.71 uM
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Library: 3.8 _ refl
Name: N-phenylphenylglycine P
Size: 174 members o
Reference: Molteni, V.; et al. [278] N LR
R N
= | R®
S
R1
s
Library: 3.9 R
Name: N-phenylphenylglycine £ g
Size: Not defined 4
Reference: Molteni, VV.; ef al. [278] 5N N
Note: Series of fO"UW-LID libraries R |
to library 3.8. = R
]
R1

Library: 3.10
Name: Thiazolidinone

Size: 42 875 members

Reference: Maclean, D.; et al. [258]
Mote: Encoded library of 35 pools
of 1225 members each.

Library: 3.11 AT =1
Name: Biaryl R'HN Ff
Size: 31,372 members i
Reference: Guo, T.; et al. [153]

Note: Encoded (ECLiPS™) library et
containing 17 sublibraries of 341
compounds and 25 sublibraries

—t
‘4

of 1023 compounds each. [ R |
R4

Library: 3.12 5
Name: Biaryl 2 LT
Size: 300 members R _- \fN./- 5
Reference: Guo, T.; et al. [154] X
Note: Comprised of three parallel N s
library collections. R I

(o]
Library: 3.13

Name: Cyclic tripeptidomimetic
Size: Not defined
Reference: Ceide, S. C.; et al. [67]

—

S |

cl
Q 0 | =N
HN N -
Br- H

Receptor: Corticotropin releasing factor (CRF)
Activity: K; = 1 uM (antagonist)

Receptor: CRF
Activity: K; = 154 nM (antagonist)

o Cl i
HZN»\QNJYYH
ae
Q :
H
o}

Receptor: Follicle stimulating hormone (FSH)
Activity: ECsp = 32 nM (agonist)

Receptor: Follicle stmulation factor (FSH)
Activity: EC;; = 0.26 uM

i i
N MN,/ B

Receptor: FSH
Activity: EC5; = 1.2 nM (CHO-
hFSH-luciferase assay)

-
| 4
0;‘/\. NH HN S0
HzN'- b NHO/L" / ;;’\/0
_f

/ 0 / HN.. \‘,f
S
Receptor: Galanin-1 e f

Activity: K, = 34.2 (agonist)
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Library: 3.14

Name: Biaryl

Size: Not defined

Reference: Severinsen, R.; ef al. [352]

Library: 3.15

Name: Tetralin

Size: Not defined

Reference: Zhao, H.; et al. [448]

Library: 3.16

Name: Indolylpiperidine

Size: Not defined

Reference: Fonquerna, S.; et al. [127]

Library: 3.17

Name: Thiadiazole ether
Size: =100 members
Reference: Pernerstorfer, J.;
et al, [305]

Note: IRORI Mini Kan
technology.

Library: 3.18
Name: Amine

Size: 2025 members

Reference: Lavrador, K.; et al. [227]
Note: Seven unigue amine-containing

HN-— N

N. N

Sl \L
N—

L hetes i -

ol g

(@)n

L

o] C S
RHN

N
4 !N
S’J\O, Ar

=0

R'-Y” “X-NRZR®

scaffolds were derivatized so that each

compound contained a basic nitrogen
atom.

Library: 3.19

Name: Substituted aryl

Size: ca. 1000 members

Reference: Lindsley, C. W.; et al. [243]

Library: 3.20

Name: Picolinoyl amide

Size: Not defined

Reference: Lindsley, C. W.; ef al. [243]
Note: Follow-up to library 3.19.

NR'R2
X

-

Y

i

heteroaryl”™ N

I, NP
~™N s
—
Receptor: Growth hormone secretagogue
Activity: ICs; = 0.6 uM
DR
/ o Some.t
NH
e
_b, [ ~ ijf
e~ HN-
Receptor: Growth hormone secretagogue
Activity: IC; =11 nM
O‘[" \j
N 0 "OH
—-

A\
F N

AS,

Receptor; Histamine H,4
Activity: ICgq = 37 nM

Q
—_— F@—NH : é’o /N\)\‘
g s-{o

Receptor: Interleukin-8

Activity: ICsg = 160 nM Q
(antagonist)
jsgelUsns
q
Cl N
¢l &

Receptor: Melanin concentrating
hormone-1 (MCH-1)
Activity: K; = 0.51 uM

B
1 LD
N =
N
O=N -0

#
Receptor: Metabotropic glutamate receptor
subtype 5 (mGIuR5)
Activity: EC5q = 300 nM; ~7 fold potentiation
e | =
N N =
N N
W,

e}

Receptor: mGIuRS
Activity: ECsg = 290 nM; ~3 fold potentiation
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Library: 3.21

Name: Pyrazole amide

Size: 144 members

Reference: Lindsley, C. W.; ef al. [243]

MNote: Three libraries of 48 members N

ZT
i)

each. Follow-up to library 3.20. N\ J Y
o
Library: 3.22 7N
Name: Aryl-tetrazole e ~
Size: ca. 172 members | — "R
Reference: Eastman, B.; et al. [116] P N
N = ‘N
N-‘:N’
X

Library: 3.23

Name: Tetrazole

Size: > 10 members

Reference: Eastman, B.; ef al. [116]
MNote: Follow-up library to library 3.22.

Library: 3.24
Name: Pyrrole
Size: 80 members

A

Reference: Micheli, F.; et al. [274] 7 H H R
X
Hilil e o
Library: 3.25 R4HN
Name: Tetrahydrocarbazole
Size: Not defined (®]
Reference: Shuttleworth, S. J.; et al. [365] HN Al
Note: Three libraries sequentially targeting CONR'R
urea, amide and indole SAR.
LD
/N
R3 H

Library: 3.26
Name: Cinnamide
Size: 225 members

X
Reference: Weber, C.; et al. [417] 0 )\/O/

Library: 3.27

Name: Benzimidazole

Size: ca. 100 members

Reference: McCauley, J. A.; et al. [271]

/A
=
| R
-
N ..-N.N
Ny

"
N N\H/O\
v

dj o CN

Receptor: mGIuRS
Activity: ECgg = 10 nM; ~4 fold potentiation

|“--. Q
—
N::N'
F

Receptor: mGIuRS5
Activity: ICso = 108 nM

O‘N
% N
—_— |
X N
N N
N::N’
F
Receptor: mGIuRS
Activity: ICsg = 28 nM
o}
O
/il H H
—_— N N\/\\\/N
il o}
Receptor: mGIuR 1
Activity: p|C50 =6.53
NH
— 0:( N=
NH
i e N/
i
b o
N
H
Receptor: Neuromedin B
Activity: ICsg = 29 nM, (+)-enantiomer
(partial agonist)
i N\/@
— O
HO
Receptor: NMDA
Activity: ICg = 225 nM
—_—

@ff‘q@

Target: NMDA
Activity: K; = 2 pM (NR2B-selective
NMDA antagonist)
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Library: 3.28

Name: Qctahydrobenzimidazolone
Size: 18 members

Reference: Chen, Z.; et al. [76]

S

Hzm\ﬁﬁg\%“\éj\ﬂ I
©

Library: 3.29

Name: Bicyclic fi-turn mimetic
Size: 4 members

Reference: Gu, X_; ef al. [152]

O

ke

|
N
K
|
L

Library: 3.30

Name: Tropanylidene

Size: 243 members

Reference: Coats, S. J.; et al. [87]

Rz

Library: 3.31 o]
Name: Tropanylidene

Size: 192 members

Reference: Coats, S. J.; et al. [87]
Note: Follow-up solution-phase

library to Library 3.30.

0
oH
RyHN
/"\.

Ra
N
H R2

RI

®

Library: 3.32 N
Name: Benzamide

Size: Not defined o}
Reference: Pitt, G. R. W.; et al. [311]

e

&

OH
A
N
O}O
o R

Library: 3.33

Name: Indole-4-acetic acid

Size: 19 members

Reference: Torisu, K.; et al. [395]

OH

I~

N
"’N )‘QO

()

N

Receptor: Nociceptin/orphanin FQ
(N/OFQ; also known as ORL-1)
Activity: Kj =11 nM

H
z..5

QO

Receptor: & opioid
Activity: 1Cgq = 2.4 uM

O
TN
AOYS
—. IO
A

N

jﬁ

Receptor: § opioid
Activity: K; = 1.8 nM, & K= 1.9 nM,

o]
Q0
H
| OH
N
N

0

Receptor: & opioid
Activity: K; = 0.15 nM

OH

—_—

sl
Q)
N
O
N N
i
(o]

Receptor: Oxytocin
Activity: ECsq = 33 nM

ﬁl\l’
=

o}

F OH

—— b
N
o)\©\
0

Receptor: Prostaglandin D5 (human)
Activity: ICsp= 13 nM
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Library: 3.34 L N
Name: Indole derivative R N H
Size: Not defined | S |
Reference: Egle, |.; et al. [118] 2 2
N N
H H
Receptor: Serotonin 5-HTp (human)
Activity: K;= 6.1 nM 5-HT, (agonist);
K;= 82 nM 5-HT,g (agonist)
Library: 3.35 /@\ i (j cl
Name: Arylpiperazine 1 — N., N
Size: 72 members o @ R Cg/ﬁ( it ittt
Reference: Zajdel, P.;
et al. [436] WA i 0
Receptor: Serotonin 5-HTas
Activity: K; = 1 nM, 5-HTz; K; = 30 nM, 5-HT4
©¢ 1o
Mo, N/"‘-\/"“VN\)
H
Receptor: Serotonin 5-HT s
Activity: K; = 24 nM, 5-HT44; K; = 1950 nM, 5-HT,
Library: 3.36
Name: Pyridazinylpiperazine N=N
Size: 39 members (jm —
Reference: Tafesse, L.; et al. [384] / \

HN Ar

<o

Receptor: Vanilloid-1 (VR1)
Activity: ICsq = 47 nM, capsa|cm
assay; ICsy = 220 nM, pH assay

a Asterisk (*), point of attachment to resin.

Table 4. Chemical Libraries Targeting Non-G-Protein-Coupled Receptors

lon channels

Library: 4.1

Name: Dihydrobenzodiazepine
Size: 4 members

Reference: Kong, K.- H.; et al. [217]

Library: 4.2

MName: Piperazinylalkylisoxazole
Size: 600 members

Reference: Jung, H. K.; ef al. [195]

Library: 4.3

Name: Not defined

Size: 10,000 members

Reference: Zaks-Makhina, E.; et al. [437]
MNote: Commercial collection obtained
from Chembridge, Inc.

Integrins

Library: 4.4

Name: Isonipecotamide

Size: Not defined

Reference: De Corte, B. L.; et al. [101]

Rl F3C,
! N 2
o N A -
‘*-E.r" \/!\)_ N N/\“‘/

3
N i N
Clfe —
b N
H R H

Channel: Neuronal sodium
Activity: ICsp = 114 uM

N S
Channel: T-type Ca?*
Activity: ICsp =1 uM

N CF,

Commercial
collection TR o2 h@
Channel: K" (mammalian)
Activity: ECgp = 60 uM
o]
I i o} OH
L C@\AWO*“ ®
H
N Ar = N =
RT@*H o 0 i

o Integrin: o, B3

Activity: ICsq = 2.6 nM, o, Ba; 1Csp = 3850 nM, crypfa
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Library: 4.5 R
MName: Micotinyl propionate HN—<
Size: Not defined S 0
Reference: Vianello, P_; et al. [404] |
=
sl — HN Q
i +"OH
L
N Receptor: Integrin C!\.Bg
Activity: IC5q = 16 nM
Nuclear receptors
Library: 4.6
Narne: Thiadiazoleacrylamide
Size: 100 members
Reference: Busch, B. B.; ef al. [56]
R YR
\
\/LS)\H P s AR \/LS)\H = axRitee
Iil o) 4 Ml o
N | f N
CF4
Receptor: Estrogen-related receptor o (ERR.cx)
Activity: ICsy = 0.54 uM
Library: 4.7
Name: Thiadiazole- l‘:l—N ﬁ' N N ji)
acrylamide B e R D,
Size: Not defined i H T FiC H i H
Reference: Busch, B. |
B.; et al [56] N
Note: Follow-up to
library 4.8.
o Receptor: ERRa
Activity: 0.37 uM
Library: 4.8 ] I JAY s
Name; Benzimidazol-2-thione i ! G
Size: Not defined N
Reference: Dong, Y ; et al. [114] —_— . p—SH
N
Receptor: Nonsteroidal
progesterone receptor
Activity: ECg, =3 nM
Phenotypic assays
Library: 4.9 (] (o]
Name: Guanidine mimetic A 0=, I
Size: 270 members HN™ ™7 T HN™ Ty
Reference: Miller, S. C.; et al. [275] [ i —— TR e LA
Note: Phenotypic screening HN SN HN. TN i

Target: BS-C-1 (monkey) cells;
phenotypic assay

Activity: Minimum effective
concentration = 300 nM,
actin/microtubule disruptor

Library: 4.10

Name: Spirooxindoles

Size: 3520 members

Reference: Lo, M. M.-C ; ef al. [248]
Note: Encoded split-pool library.

Target: Yeast growth arrest

Activity: EC., = 550 nM; enhancer of
latrunculin

actin polymerization inhibitor

Transporters

Library: 4.11

Name: Tropane

Size: 150 members

Reference: Bulow, A ; ef al. [52]

Note: Multi-libraries from conjugate

addition of Grignard reagents to

N-alkyl ecgonidine. Transporter: Dopamine
Activity: K; (binding) = 14 nM; K,
(uptake) = 34 nM

04 .0

e

— et e
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Library: 4.12

Name: Benzotropine —_—
Size: 125 members o. R
Reference: Pederson, H.; et al. [304] e
e
T
Transporter: Dopamine
Activity: K = 1.6 uM
Library: 4.13
Name: 2-Aminomethylbenzamide
Size: Not defined H
Reference: Ho, K.-K.; et al. [457] __NHR' > HO.. = N
Note: Library synthesis conducted RIRZN 1T |
using acid labile and photolabile linkers. o] N o] ! ol
H
Transporter: Glycine type-2
Activity: ICs, =77 nM
]
Library: 4.14 S.
Eame: Benzothiophene . o
ize: ca. 12 members R »
Reference: Boot, J. R.; et al. [41] 0
I N
N ol H
H E
Target Serotonin (5-HT) and norepinephrine
(NE) reuptake
Activity: K, = 0.5 nM, 5-HT; K, = 0.6 nM, NE
o} o
Library: 4.15 |
Name: 3,4-Dihydrobenzopyran H,N H.N - o
Size: Not defined R2 2
Reference: Timms, G. H.: ef al. [394] 0 _Ag 0
—- F
N N
R! Target: SRI/S-HT, g
Activity: K = 0.29 nM, SRI;
K, = 28 nM, 5-HT,, (antagonist)
Alphabetical listing
R EWG . OL0
N
Library: 4.16 —0H N OH
Name: |soxazole "
Size: ca. 50 members o
Reference: Batra, S.; et al. [25] N 0
Ar N
Target: Antithrombosis
Activity: 1Cg, = 20 uM, ADP (5 uM)-induced
aggregation in rats; 60% in vivo protection
4
Library: 4.17 i
Name: Pyrrolidinone _
Size: 91 members [o] — o}
Reference: Kenda, B. M.; et al. [204] R N I N
~___NH, NH;
RZ
o] 0
Receptor: Brain specific binding
site for levetiracetam
Activity: plCs, =7
Library: 4.18
Name: Galactosides
Size: ca. 20 members
Reference: Mitchell, D. D.; ef al. [276]
0] OH o] OH
o] . #0H
o N o} ,0H N H -~
. H | | o
HN N [o] I \OH —— H.N . M. ~ | \OH
R. NH  pno > HO
fo) Sl 0

Target: Cholera toxin
Activity: ICs, = 0.2 mM (antagonist)
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Library: 4.19

Name: Biaryl guanidine

Size: Not defined

Reference: Jefferson, E. A.; et al. [186]
Note: Library also prepared by solution-

phase.

RB
Library: 4.20 e
Name: Amide analog | 2
Size: 300 members N \f,}/R
Reference: Lu, Y.; et al. [254] |/ n

R‘

R1

Library: 4.21

Name: 1,3-Oxazolidine

Size: Not defined

Reference: Hahn, H. - G.; ef al. [155]

Library: 4.22

Name: Not defined

Size: 33,040 members

Reference: Jiang, S.; et al. [192]
Note:"Universal" library of "drug-like"
compounds from ChemBridge Corp.

Library: 4.23
Name: Arylpyrimidine

Size: 24 members

Reference: Wang, G. T.; et al. [410]

Library: 4.24

Name: Tryptophan derivatives
Size: ca. 58 members

Reference: Burdick, D. J.; et al. [54]

Library: 4.25
Name: Triazine

Cl

Commercial
library

NR'R?

NH

N
Size: 2688 members B
Reference: Uttamchandani, M.; N~ N
et al. [398] 2L

Z

Target: HCV-internal ribosome entry site
(HCV-IRES)
Activity: 1Cgg =12 uM

e @U { I
Target: ELKI luciferase assay

Activity: 1Cgg =9 UM; Glgp = 16 uM,
HCT-116 cell proliferation assay

/

/

Y
=

X
&
Q

Cl

Target. f-Hexoesaminidase release from
mast cells
Activity: 47% inhibition at 3 uyM

Target: HIV fusion
Activity: ECsp = 1 UM, HIV-1;,g replication

. 5@9

Target: LFA-1/ICAM-1 T
Activity: ICgg = 51 nM

Target: ICAM-1/LAF-1
Activity: 1Csq = 0.25 uM

- "NHZ

Target IgG (human)
Activity: Ks=2uM
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Table 4. (Continued)

Library: 4.26 -N
Name: Benzimidazole i
Size: ca. 23 members cl- N =
Reference: He, Y.; et al. [162] R
Target E. coli 168 ribosomal RNA A-site
Activity: IC., = 60 uM
Library: 4.27 2 H
Name: 2-Quinoxalinel analog R~ K-:\/"\«-"'R Mo - N._—~_-0
Size: ca. 75 members H I j e i :
Reference: Zhang, L.; et al. [440 et X e i i R
g L [440] HO™ "N NH, HO™ NZ N N,
Target: TNF-o release (mouse macrophage)
Activity: 1Cs, = 0.4 uM
-~ _NR'R?
0
Library: 4.28 __/"'c\\./l-\;\ o
Name: 1,4-Substituted naphthalene | I I
Size: 32 members s ) —
Reference: Ji, T.; ef al. [180] j I
o., \H e \F
Target: Transcription factor
PBXI/DNA binary complex
Activity: ICyy = 65 uM
Library: 4.29 R2 | s R e \'T/\N A
Name: Pyridazinone il il » |
Size: 25 members AN G LV/L =
Reference: Gouault, N.; et al [147] O N
R Target: |solated rat aorta
Activity: E,, = 70.5% vasorelaxation
Library: 4.30 o il
Name: Benzoxazine I T~
Size: 19 members WIS I
Reference: Caliendo, G.; et al. [61] R { = NG
—5 et
(4 IR
no N/Y \
| Target. |solated rat aorta
Activity: 97 6% of relaxatin at 10* M
(ECs = 41 uM,
vasorelaxant activity)
Library: 4.31
Name: Polyphenylurea
Size: 89,856 members
Reference: Schimmer, A. D_; ef al. [343] NH o
Note: Positional scanning library. R? OY o /@ i (\’l\,
R3
\NJ\’N\(\NJJ\N S N
) ! H H H
R* R
Target XIAP-mediated derepression of caspase-3
Activity: ICsq = ca. 10 uM (Jurkat luekemia cells)
Library: 4.32 o] 0,
Name: Hexahydroindoloquinolizinone
Size: Not defined N N
Reference: Jennings, L. D.; et al. [189] N ; N
N N
b
(ONpe}
S
NT \r
H

Target: ZipA-FtsZ protein-protein
interaction (antiinfective target)
Activity: 46% inhibition at 1 mM



Reviews Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 73

Table 4. (Continued)
Library: 4.33 o]

Name: Indole &—RQ

0,
Yon
Size: ca. 22 members N N
Reference: Jennings, L. D.; et al. [188] I AN | N
Note: One of several small library sets, N —_— N

O

)
o .

Target: ZipA-FtsZ
Activity: ICgq = 271 uM

a Asterisk (*), point of attachment to resin.

Table 5. Chemical Libraries Yielding Cyclotoxic and Antiinfective Agehts
Oncolytics

o]
RO Base i N
Library: 5.1 \ O/ I -
Name: Carbocyclic nucleoside Si-0 N N
Size: ca. 21 members R il Vs :
Reference: Velcicky, J.; ef al. [453] o ! e

OH

Cell line: BJAB cells
Activity: LDz, =9 uM

Library: 5.2 o} 0
Name: Sulindac analogues )
Size: 239 members R! OH OH
Reference: Mueller, O.; ef al. [283] . I —- .
R
Br

R Y
S

Target: H-Ras transfected MDCK-F3 cells
Activity: ICs; = 10 uM (phenotype reversion)

Library: 5.3 cl Cl

Name: Duocamycin analog o 0O
Size: 45 members : S
Reference: Ham, Y.-W.; ef al. [156] N T N T T

Note: Selection assay that enables T . | R . el

the direct identification of the most ﬁ

effective DNA alkylating agents from 0

a mixture library.

e}
I=

OH OH
Target: L1210 cells
Activity: ICsy = 3 pM

Library: 5.4 . N
Name: Acylpiperazine

Size: 320 members N 21 0. N
Reference: Gerlach, M.; et al. [140] RE. N

N
Cell line: LT12 (leukemia, rat)
Activity: 1Cs = 20 nM

Library: 5.5 H H o] H H o
Name: Crambescidin analog + +

Size: ca. 10 members \N/ NG
Reference: Aron, Z. D.; et al. [12]

Target: in vivo tumors (assorted tumor cell lines)
Activity: Active in solid tumor mice model
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Table 5. (Continued)

Reviews

Library: 6.6

Name: Acylsulfonamides

Size: Not defined

Reference: Lobb, K. L.; et al. [249]

o0 9
- /L
R—;[: N

g

Library: 5.7

Name: Benzofuran/indole

Size: ca. 40 members

Reference: Hayakawa, |.; ef al. [161]

Library: 5.8 OH
Name: Benzofuran

Size: Not defined Bz e

Reference: Hayakawa, |.: ef al. [160] |
Note: Series of libraries prepared by
solid and solution phase synthesis.

Antiinfectives

Library: 5.9

Name: Biaryl

Size: Not defined
Reference: Jefferson,
E. A.; et al. [187] R"

x,/)

Library: 6.10 SR /—\

Name: Azacyclic urea HO—’\
Size: ca. 15 members —
Reference: Huang, P. P et al [173]

Library: 5.11 R?
Name: Thicester AT
Size: Not defined

Reference: Srivastava, P.; et al. [374] S '\-S)J\

Library: 5.12

Name: Diamine

Size: 78 members

Reference: Labadie, G. R.; et al. [224]

HoN__

Library: 5.13

Name: Bisbenzamidines

Size: 6 members

Reference: Mayence, A_; et al. [269]

HN,

=R

H - &

I=

O\\ ,O

Cl
SO f .

Target: Wascular endothelial growth factor-
stimulated proliferation of human umbilical
vein endothelial cells (VEGF-HUVEC)
Activity: ICs, = 0.2 uM

HO

Z0 ‘o

Cell line: VA13
Activity: ECso = 17 ng/mL

[ {

Cell line: VA13 (tumor)
Activity: ECs, = 40 ng/mL

| | HN/J\_/' N\\ -

- /I B

N
j

\/NY»\ o \r\/}

Microbe: E. coli (in vitro bacterial translation)
Activity: ICgp = 1.0 uM

HO {f'f \\ L o <’\{____7/) OH

f(‘>_/ ’i\/c i

o

e

Virus: |.||\..r (whole cell assay)
Activity: ECe, = 0.2 UM

NH,

Virus: HIV cell to cell transmission
Activity: ECg, = 200 nM

HoN~

Microbe: Leishmania donovani
Activity: ECs, = 0.37 UM

HN 1 . NH

Microbe: P. falciparum
Activity: 1Cs, = 3 nM
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Table 5. (Continued)
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Library: 5.14

MName: Quinoclylhydrazone

Size: ca. 28 members

Reference: Ryckebusch, A.; et al. [336]

0 o
HNY S S S g N X"R HN S S S ™S N. NH
H ji H l i
§ i
o N or i N N
Microbe: P. falciparum
Activity: ICs, = 19.3 TM
(inhibition of parasite growth)
Library: 5.15 =K
Name: Chloroaminoguinoline
Size: 48 members HN N
Reference: Madrid, P. B.; et al. [260]
[ IS b
o ~E N Sl Ni:.
Clilm="N i
Microbe: P. falciparu 3D7
Activity: 0-10% growth after 74 h
at 30 nM drug concentration
1 A
NHR ~ NH
Library: 5.16 [ 0 Bile)
Name: 4-Aminoguinoline R gy —— NG
Size: 10 members o e :
Reference: Musonda, C. C.; et al. [285] sl
| e )
Cl N cl N =
Microbe: P. falciparum
Activity: IC, = 0.24 uM, strain D10; IC., = 0.52,
Library: 517 strain K1, ICs, = 0.88 uM, strain W2
Name: Adenosine
Size: 298 members 0 i
Reference: Herforth, C.; et al. [166] ON
A= o ) e ol
O . —N H R'l N “‘\_ ."N\ I “ \." \\
AL N g H \ N
R H N MO HO OH =N
HO OH i o
S Microbe: Plasmodium falciparum Dd2
Activity: 1C., = 1.3 uM
Library: 5.18
Name: Cationic steriod
Size: 216 members
Reference: Ding, B.: et al. [108]
- Phe
NH  ppe LS
Phe L NH,
ys
Phe NH
Lys i
NHz
Microbes: S. aureus
Activity: MIC = 8 ug/mL
1 Rl
Library: 5.19
Name: Biaryl 0 Sl 4 Q\
Size: 1000 members * N Az ai || ey
Reference: Look, G. C.; et al. [251] HX ﬁ/ —_— o
0 - HO\"/\N
=7 R? s Ml @
Microbe: S. aureus
Activity: 2 pg/mL
Library: 5.20 s ™
Name: Benzylthioinosine —LR
Size: 20 members N X Z
Reference: Yadav, V.; et al. [426] <‘ I )N
#* e
—_—

HO

Cl
S
N ‘/N\©\CI

HO OH
Microbe: Toxoplasma gondii
Activity: K, = 0.7 uM

a Asterisk (*), point of attachment to resin.
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Table 6. Scaffold Derivatizatiof

. 7, No. 6

Reviews

Part A: Solid-phase

o]
. Ar

HO 3

*
* Ohnmacht [292]
* 20 ex; 42-100%
* Suzuki coupling of resin-bound
aryl and heteroaryl carboxylic
acids

0
Ar” NR'R?

« Yamazaki [427]

= ca. 10 ex; 60-90%

« Pd catalyst, amine, Mo(CO),
and resin-bound aryl halide

RZ

*

R'S o]

« Fruchart [129]

*7 ex; 11-63%

« acid-mediated release
and trapping of c-keto
carbocations with thiols

MNu

R'HN OR?

* Chen [73]

*12 ex; 63-83%

= nucleophilic displacement of

resin-bound alkenyl iodonium salt

Part B: Solution-phase

i NR'R?

« Zhang [443]

* 15 ex; 68-98%

« \-benzylation of secondary
amines using oligomeric
benzylsulfonate esters prepared
via ROM polymerization

R X

+ Rasmussen [321]

«ca. 27 ex; 43-99%

* N-, C-, and O-arylation using
resin-bound triaryl bismuthanes

R-NH,

= Saulnier [341]

* 20 ex; 70-97%

* microwave-assisted synthesis
of primary amines from halides
and sulfonates in 7 M NH; in
MeOH

* Gros [151]

=12 ex; 50-87%

* Suzuki coupling with
resin-bound 2-pyridylboron

i NO-
HO'

= Lee [230]

-1 ex; 42%

« acylation of phenols
bound to H-ROMP resin

0]
* 12
HO NR'R
« Hu [171]
+ 12 ex; good yield
« from PEG bound
bromoacetate and amines

)H
R ? R?

* Shimojo [362]
* 4 ex; 31-47%

= enzyme-mediated enantio-
selective hydrolysis of PEG-

supported carbonates

Ar

« Wang [412]

* 18 ex; 50-98%

* microwave-assisted
Suzuki using polymer-
supported Pd catalyst

NRZR?*

1
R N
« Ek [119]
« 18 members
« reductive amination of
corresponding ketone

(o]

R *
R [ N NH
R--R
« Wang [411]
= 8 ex; high yield
« monoacylation of un-
protected symmetrical
diamines with resin-bound
benzoic acids

o]

o+
NO,

« Lee [230]

«1ex; 87%

« nitration of hydrocinnamate
bound to H-ROMP resin

RI
n /
—0
N
R3
RO
«Im [179]

* 62 members
« benzodiazepine scaffold
attached to resin and derivatize

HN_ O

o}
R'RN” OR
« Mormeneo [282]
» 13 ex; 69-99%
« reaction of amines with
chloroformate resin

"

N

R

« Avermnaria [17]

« 19 ex; 94-96%

« from resin-bound
triazines, TMSN,,

and TFA
o]
R
NH
HO o N g
OH

« Aucagne [16]

+ 13 ex; good yield

« various Pd-catalyzed
d coupling reactions using

resin-bound iodo deoxy-

ZT

HN-—
R

« Berthault [33]

* 4 gx; 62-96%

2-iodoindole

0
N Noar
« Rossiter [332]
* 26 ex; 0-47%
» Cu (Il)-mediated N-
arylation of pyrazoles

o
r"” OR?
« Crosignani [97]
« 27 ex; T4-99%

« esterification of polymer-
supported O-alkylisoureas

prepared by DiazAll reaction

R?
3
R TR ’,R
= N
ﬁ \
= Lizarzaburu [247]
» 33 ex; good yield

* nucleophilic ring openin
reactions of 2,2-dialkyl-1,2,3,4-
tetrahydro-y-carbolinium salts
with thiols

= Jonsson [193]

« ca. 44 ex; good yield

» S-alkylation of acidic
thiourea containing hetero-
cycles via automated flow
through synthesis

» Pd-catalyzed cross-
coupling of resin-bound

uridine
0]
o0
OzN = ‘NRR
« Caddick [60]
o7 ex; 61-94%

« reaction of amines with
triphenylphosphine-activated
sulfonate esters

o]
R 'NRIR?
« Crosignani [96]
* 14 ex; 15-100%
« amide synthesis using

polymer-supported
Mukaiyama reagent

RLOH O

OH
NHBoc

= Dettwiler [454]

sca 8ex >50%

« addition of Grignard
reagents to N-Boc serine
methyl ester

R2

Ar—NH HN—(

o

NH,

* Cesar [68]

*6ex; 71-82%

« reduction of aldoximes
with SnCl, in DMF;

X = HO, GOOH, CH,NH,

R" O

HN’ ‘NHR?
« Cantel [65]

* 8 ex; 56-92%

« Arndt-Eistert
homologation of
resin-bound amino

acids
HzN ¢ X
N R
« Ayesa [18]

* ca. 80 members

« reductive amination
of resin-bound
aminopiperidines and
pyrrolidines

o]
R~ OH
« Anderson [8]
* 11 ex; 80-100%

« hydrolysis of esters
without aqueous work-up

o}
RY "OR2
« Crosignani [96]
« 15 ex; 45-100%
« ester synthesis using

polymer-supported
Mukaiyama reagent

Nl
o}
0

Ar

» Cebasek [56]

* 24 ex; 70-81%

« from anilines and methyl
(Z)-2-arylamino-3-(di-
methylamino)prop-2-

enoates
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Table 6. (Continued)
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=
| H
/OTN o
Rl
G
R2" "R?

* Anderson [7]

* 12 members

* benzoylation of 3-
amino-2-cyclohexenonas

P, 0
O’PWJJ\
Q™ 0; I

« Barrett [21)

«9ex; 63-91%

+ from resin-bound ethyl
1-diazo-2-oxo-phosphonate

R'O
S Q) n
R0 A R R
» Christensen [B2]

o 7 ex; 43-98%
= deprotection of 2-

» Tafesse [383]
«ca. 33 ex; 41-96%
« N-derivatization of

benzazepines; nitrobenzenesulfonyl
R'=Hor Me group with perfluorinated
thiol

Ar

Q‘%}‘NH o
e

* Zhao [449]

* 8 ey <5-00%

» resin bound phosphine-
catalyzed aza-Baylis-Hillman

« Zhang [446]

+ 12 ex; 74-95%

* Suzuki cross-coupling with
aryl perfluorooctyl sulfonates

o
R1-NmN4@—N}l\0
2 e A NHR?

« Kim [211]

« 150 members

» derivatization of
orthogonal protected
diamine oxazolidinone

RHN" "N

« Takvorian [386]

« 7 ex; good yields

« microwave-assisted Sy2Ar
reaction of 2-fluoropurine

o Liu [1008]

« treatment of a-formyl-

o, f-unsaturated cycloanones with
resin-bound 4-{phenylselena)
morphaline, then oxidation and
elimination

H
0\—N

(8]
A3

OH
« Shaginan [353]
1 ex

« from an orthogonal safety-
catch photolabile protected

and aldehydes Reaction and boronic acids derivatives with amines hydroxyproline
rR- R?
H N-R N R1 j
BDDHNH’N‘Ar Lb @—R Ab\ A%WO\ MesSiQ CN
0 p; LA =P ~R2 0 R’ “R2
« Quéléver [318]  Levi [237] «Bai[19] « Lyapkalo [453] + Sheng [358] « Karimi [203]
« 8 ex; good yield * 14 ex; good yield * 84-96% « 5 ex; good yields 9 gx; 79-86% « 56-98%
« acylation of weakly « alkylation of » cross-coupling of « from enol triflate « treatment of aryl-alkyl « TmSCN, ketone and
nucleophilic heterocyclic isoquinuclidine phenylborenic acid and and Pd-catalyzed ketones with HC(OMe); resin-bound Sc(lll)
amines by amino acids Ar-Br using polymer- cross-coupling and polymer-supported catalyst
supported Pd-catalyst (diacetoxyiodo}-styrene
<NHR?
Q
R'R?
« Lai [272]
« 9 ex; good yield
* multi-step sequence
from amino alcohols
a Asterisk (*), point of attachment to resin.
Table 7. Acyclic Synthesid
FPart A: Solid-phase
H
= N\T;o R'
* e R?
HO™ S oo il
o 0. _NH s i R NN R' o}
i RZHNJLN,R‘YOH A L N P | Al
g Al 2 HO R
+ Couve-Bonnaire [94] « Boas [40] » Bowman [48] « Bowman [46]
* 27 members 9 ex; 50-100%

= from resin-bound from

corresponding N, O-diprotected

tetrahydroquinoline

=

» prepared from resin-bound
amino acids, CS, peptide
coupling reagent and amine

= 12 ex; good purity
« from support-bound chalcones
and amidines; microwave-assisted

SPOT-synthesis on planar cellulose

« 38 ex; good purity

= microwave-assisted reaction
of ArCHO and resin-bound
arylmethylketones SPOT-
synthesis on planar cellulose

i o) o
{5 Y i ( 5
Il I a \_ H NH;
e R e =l
f 3 e N
R'HN._ .. ) Gl it H NH 2 M \]
* \” L \\*Q)L o N\]/R 0 I 0
oy ] N T HN—,
« Vergnon [402] « Ciolli [84] « Tanaka [387] « Fulop [132]
» 10200 members +8ex; 63-73% « 8 ex; good yield * 3 ex; good purity
:uféom resg—bolzzdh%—THP: i » derived from TRAM » multi-step squence from » acylation of resin-bound
T B R BEER linker resin-bound 4-hydroxy-4- amines with f-lactams
NHR! (Z-3-indoallyljcyclopent-2-enone
Rz/\T;‘J
Q NH
NH R O~
RNH: s } ‘NHR? - H H j’\ "
R4 HN- 4, H:N. o~ N~ N \_’_/"\v/"\N NH
Ij\/ R® i | I\/
HN" T NR'R? Sl j
NHR® S
« Olsen [297] » Virta [407] » Olsen [298]

= ca. 8 ex; good yield
 rasin-bound (trityl)amino alcohols
converted to iodides then dis-
placement with amines

= 11 ex; good yield

« from resin-bound
orthogonally-protected
tetramine

= 3 ex; good yield
« from resin-bound

ethylenediamine
Fukuyama-Mitsu

via
nobu

alkylation sequenca
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Table 7. (Continued)
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= Baytas [28]

*5ex 42-81%

* Sml,-mediated C-glycoside
synthesis with resin-bound
NeuSAc and RRCO

Ro/ .
R
¢ %—OCH=CH,

« Sheng [357]

« 8 ex; 92-95%

« phenols coupled to
[i-bromoethyl selenide
resin, oxidation, elimination

Q
e Sl R
* Qi[3139]
= 12 ex; 5-65%

« repetitive Cu-mediated coupling
reaction between resin-bound
terminal alkynes and propargyl
halides or allylic halides, cleavage,
then reduction to alkene

NN
=il 0/ x_:’.;. "R

« Sheng [358]

« 7 ex; 85-91%

» alkylation of resin-bound
a-diethoxyphosphorylmethyl
selenide with LDA followed

D R O R
x/ .\__7.5\. N i, \.“:;_“\..
HN\T/ ~R2 N\\."/A‘Rz
0] R*
= Matsushita [268] » Matsushita [268]
12 ex; 13-93% = 8 ex 8-50%

* N-H insertion reaction of
resin-bound w-diazo-f-ketoesters
and Boc-amino acids, X = OR,

» N-H insertion reaction of
resin-bound -diazo-[-ketoesters
and Boc-amino acids, X = OR,

NRR NRR
2 vo" P~ R\ x
e T
SO.Ar
* Xu [425] * Xu [425]
« 6 ex; 62-84% « 14 ex; 73-89%

» alkylation of resin-bound
o-selenomethylphosphonate
then H,0,-mediated

« alkylation of resin-bound
u-selenomethyl-arylsulfonate
then H,0,-mediated elimination

by alkylation and oxidative elimination
deselenation
N-N
; Q..
I / N. NH | o .
"
0 I i HZD:I N R N ,
il i HN
polyamine u o o OR . OH
» Oliver [295] « Kivrakidou [214] « Olsen [296]
« 4 ex; 87-93% « 20 members * 2 ex; 30-44%
« from resin-bound poly- « simultaneous biphenyl formation . njulg—steg s_eqqur}ce from
amine and cholesterol and phenol deallylation under s nOUG PP eTICnG
: % i 4-carboxylic acid
Suzuki cross-coupling conditions
R? and tetrazole ring formation on
0 N solid support.
Qr =
N g 2
H.* R . I NH O R
N H.N_ NHR e o !
2 N N OR el R
R NR H||l5H H
* Hwang [176] « Enders [123] * Sandanayake [339] « Robinson [328] « Tai [385]
+ 1890 members + 5 ex; good purity « 68 members « 15 ex; 0-91% « 12 ex; 58-87%

« library encoded by
halogenated mass-tags

« photolytic cleavage of
triazene T2 linker

« TMI-isocyanate synPhase
lanterns reacted with R'TNH,,

« Mitsunobu alkylation
or resin-bound guanidines

« Pummerer rearrangement
of resin-bound sulfides then

dehydrated to carbodiimides, hydrolysis
further reacted with RZNH,, then
cleavage
. (0]
R n 0 HH " ! o i R o R o H
I [l N A N - "N "N HO v i
s ~ R Tags—HN._ .~ . 0 il ! o " i e -R
« Tai [3B5] + Ruhland [335] + Debaene [104] « Georgiadis [139]
« 13 ex; 52-82% « 3 ex; 48-62% « 4000 members « 60 members
@ Pummerciedmgement | | v racaliss hamolviic « peptide nucleic acid « resin-bound oyl
hydrolysis then borohydride ~ Cl€avage of resin-bound (PNA) encoded library of chloride and anilines
reduction tellurium alkylethers putative cysteine protease
inhibitors
I I Bl e OH 0 0 R0 1 0 0
¥ R |
N gl N_ [0}
Rl oN m N N UL NH,  HN NN +R?
o R? R 0 H OH R? n [
a o} R'
= Poreddy [313] + Patek [303] = Park [301]
= 22 members « 15,360 members « 144 members
=« multi-step sequence from = directed sort and combine = R, encoded library
resin-bound nosyl-protected synthesis with 2D and 3D from resin-bound amino
hydroxylamine spalially addressed arrays benzoic acid
Ta 0 R NRIR N :
R'HN N i
e M I NHR o il o] N
R*HN H |
0 0 R? ‘RRN” *NR'R? RHN~ N NHR' R' R?
» Papanikos [300] * Ma [257] » Lee [235] » Khersonsky [208] * Knepper [215]
« 6 ex; good purity « 10 ex; 40-99% # 25 ex; 58-100% « ca. 34 ex; good purity » 32 ex; 34-83%

« acid-labile c-keto carbonyl
group introduced as its
1,3-dithiclane derivative

« Suzuki-coupling or
amination of resin-

bound chloropyrimidines  with Al-ami

 resin-bound
carbamates cleaved

» safety-catch method
using thiophenol resin and

de complexes  dichloroamino triazine

« Ullmann-type reaction
on resin-bound o-halo
triazines



« alkylation of alloc-protected
Rink resin with epichlorohydrin,
acylation, epoxide ring opening
with amines

« acylation of resin-bound

anilines with nitrobenzoyl
chloride, NO reduction
then reductive amination

« attachments of 4-Cl-2
methylthiopyrimidines,
S-oxidation, amine
substitution
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Table 7. (Continued)
. . AR
R! 0 - Ar i I i
- - —Aa'-Aa’-Aa’-Ca
ﬁ __on 1 alliealin: ﬂ OAr 0. Nr 2l = T T | i
R? N o ‘| il N~ T[ N |\|| H
H o o s H 0 ~__-N-Aa'-Aa’-Aa>Cap
+ Wang [414] + Wang [415] + Ruhland [334] + Shukla [364]
« 12,288 members « 11 ex; good purity « 20 ex; 7-48% « 300 members
= encoding method for "one- » from PEG-bound 4-hydroxy- » consecutive G-N, C-B, and
bead oe-compound" library using benzoic acid C-C Pd-catalyzed cross-
a biphasic approach for ladder- coupling reactions
synthesis of coding tags.
3
il
_NR2R? RZ Re
BN/ /
H /ﬂ R2 N
HO iiE i N e A Rall| i
HlN ﬂ gty I el Haho Nt .l--.N>_O
i i s o R NN UNHR s i \
o} R! H (0] R?
s Coats [88]  El-Araby [120]  Arvanitis [14] + Bianchi [35]
+ca. 6 ex; 10-39% « 10,800 members + 162 members * 48 members

= acylation of resin-bound
diamines with benzimidazolone
carboxylic acid

N

Ll

th‘__*NR2R:‘

P

hS j

i ,f PEG-SES._
.0 L

- \T/“\\v/ N R' /7 \\ o ]
b 0/\;/\\/J / b i
* Bunin [53] + Revell [323] « Ribiére [324]
«3 ex; 31-42% «9ex; 71-82% * 14 ex;
» deprotection of resin- » Suzuki reaction using

bound Boc-protected
tetrahydroisoquinoling
then N-acylation

« Bouillon [45]

+ 10 ex; 40-65%

» Mitsunobu coupling of resin-
bound N-alkyloxycarbonylamino
phthalimides then deprotection
reprotection strategy;

%, P =Boc, Cbz, COCF;

resin-bound arylsulfonates

esters

« El-Araby [121]

= 16,000 members

« three controlled S, Ar reactions
from resin-bound anilines and
2,4,8-trichloropyrimidinopyrimidine

« aza-Baylis-Hillman reaction
yielding resin-bound fi-amino-

oy
= N i
“OR? = Al
0 0_,\\
« Campbell [63]
e 12 ex; 0-72%
& Suzuki cross-coupling of

resin-bound lactam enol
phosphates.

« Roy [353]

+ 9 ex; 66-90%

« multi-step sequence from
resin-bound 4-fluoro-3-nitro-
benzoic acid via a novel
intramolecular S, Ar rearrangement

« Sereni [351]

« 8 ex; 42-88%

« /\-alkylation, NO, reduction
then acylation of resin-bound
B-nitro-4-oxo-1,4-dihydro-
cinnoline-3-carboxylic acid

“RPRNT O
* Vickerstaffe [405]
» 192 members
« capture of 1,5-biarylpyrazole
carboxylic acids onto TFP resin
and release upon reaction with
amines

R?
H
A e Y'R X R2
BzHN l J( . N ‘R°RN—N ((ﬂ i
ZAN-. N —N.. oy w L
o HO M OR R NN NHR,
R! R? H
« Park [302] « Taylor [390] + Bouillion [45] * Arvanitis [14]
« 10 ex; 50-92% * 10 ex; 50-69% * 10 ex; 35-80% + 162 members
+ phase-transfer catalytic « skeletal-diversity produced « reaction of resin-bound trimellitic « hetero arylation of resin-bound amines
alkylation of resin-bound by manipulation of enamine anhydride with Boc- or Cbz- protected with 4-Cl-2-methylthiopyrimidines, sulfur
glycine imine moiety of resin-bound dihydro-  hydrazine, then phthalimide formation, oxidation and amine displacement
isogquinoline alkylation and cleavage; X = Boc, Cbz
il RHN. N _R?
(0] R, . 3 1 T i
Jwis ]/\OH R*HN._NR |/in
R'HN NR?R? R2 NHR2 R?
« Martinez-Teipel [264] * Kotake [218] » Boguszewski [42] « Ma [257]
+ 192 members * 3ex; ca 50% » 14 ex; 42-92% » 10 ex; 40-99%

+ Suzuki-coupling or amination
of resin-bound chloropyrimidines

+ amine resin capture of
carbodiimides and release

+ asymmetric alkylation using a
resin-bound Evans-type chiral
auxiliary

+ Marshall resin-supported
carbamates and amines
using microwave
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Part B: Solution-phase_ (Continued

T H
Gi"ﬁzsx._/l\o\ " /\\/’-\_./\v’-\_./\vi.-/\r 0._4'*\, iy
oH o

H

« Zhang [444]

* 16 members

« fluorous mixture synthesis
of {+)-murisolin and fifteen

Rz“\ /,O
i
a-N. =

0",

 Pirrung [310]

* 12 ex; 168-75%

¢ 3-CC Ugi of [i-keto
acids in water

diastereoisomers

H
R—x" TR!
« de Kort [102]
« 8 ex; 26-94%
+ novel ionic support
with acid-cleavable
linker; X = CO, SO,

NHR!

Rs\/‘\ )--_-,,/’ORZ
| 0]
6]

« Edwards [117]

+ 99 members

» from orthogonal
protected furanose
scaffold

» Khanetskyy [207]

* 17 ex; 15-46%

+ bromination/azidation/click
sequence from dihydropyrimidines

* 48 members

o] o]
RE
A~ 2 L
Nu. .~ - NR'R? R ro\j{i ~NHR'

= N
T m

« Graden [149] » Masdeu [265]

» 20 ex; 15-T6% e 6 ex; 56-71%

» nucleophiles added to
tricarbonyl{cyclohexa-1,3-
dienylcarboxylic acid
4-nitro-phenyl ester)iron
hexafluorophosphate,

cyclic enol ethers

aminolysis and decomplexation

« Sotelo [373]
+ 9 ex; 60-87%

K7 SHH o . 1

: X

R"/\A/LNIFR‘ R—S5—N—7,
H o H

« Voronkov [408] « Villard [406]

» 20 members * 27 members

« acylation and sul-
fonylation of bispidines

» -carbamoylation of

S

G,

W

« lvachtchenko [184]

\\V:/
0 QQ NH
RN A
« Godet [142]

« 16 ex; 75-90%
* 3-CC mediated by
catalytic TiCly in MeOH

« Srivastava [375]
* 11 ex; B4-99%

« Pd-catalyzed cyanation

of aryl halides

T oo
N

g
Ra s

« Masdeu [265]

» 6 ex; 64-97%
+ p-carbamoylation of
dihydropyridines

" UNHR!

« Martin [262]

= 192 members

« Mitsunobu alkylation of

N, N-dialkylamino alcohols with
triazoles

R* 0O

/'»e\arl\ oR'
R?

« Fukuyama [131]
* 16 ex; 47-99%
* Mizoroki-Heck arylation of
o, f-unsaturated carboxylic
acids and esters using F-626
as a solvent

Ar

RLV’//O o
e L

R2” e R4
R3
« Barrett [22]
* 17 ex; 68-99%
» condensation of RCHO and
o, f-unsaturated ketone catalyzed
by ROMP gel-supported thiazolium

—

iodide
OH g
—R2 N 0 3 l
4 //_\ 4 e AN SR
R™=" HN{7 o R?
« Villard [408] « Basso [24]

« 18 members

* 17 ex; 27-95%

« derived from 4,5-dihalo- » Lewis-acid mediated  use of a fluorous-tagged « use of a fluorous-tagged » Ugi 4-CC with
2-hydroxymethylpyridazinone; reaction of glycidic acid-labile amine protect- acid-labile amine protect- C-benzylhydroxylamine
R? = H, CHO amides and nitriles ing group ing group then H,/Pd
Art
Rt OH A AP

)\ ’R\\\\ R3 Arl- ~

TN
o Li [462] « Itami [458]
« ca. 9 ex; good yield * 23 ex; 14-85%
» 3-compenent synthesis « sequential assembly
via allyl(isopropoxy)- using (2-pyrimidyl}-
dimethylsilane vinylsulfide (also see:

Kamei [459])
a Asterisk (*), point of attachment to resin.
Table 8. Monocyclic Synthesis
Part A: Solid-phase o NN o]
N=N YN rL,
! THN- - L
H— s N-g RHN rr N ril
NHR R* 07+’ N~ “NHRZ

» Raghavendra [320] = Raghavendra [320] » YU [435] H

8 ex; 28-57% e 3ex 11-17% * 16 ex; 61-75% * YU [434]

» Bamford-Stevens reaction » Bamford-Stevens reaction « resin-bound thioureas * 13 ex; 79-88%

between resin-bound tosyl
hydrazine, TiCl; and amines

0
el [N e
X [ S
R 'N” "NR%R?

« Porcheddu [312]

=42 ex; high yield

* microwave-assisted cyclo-
condensation of resin-bound
fi-ketoesters/amides

between resin-bound tosyl
hydrazine, TiCl; and amines

o]

K
HN \| -

RZ” S
« Li [240]

* 15 ex; 12-48%

= multi-step sequence from
sodium benzenesulfinate resin

RI

R Hl:l “T/L:\'\/,

displayed by NaM, in

the presence of HgCl, then

nucleophilic cyclization

(o]
* Hwang [177]
* 24 ex; 0-100%
« pyrrole annulation from

resin-bound vinyl suffones

= reaction of resin-bound
S-methylisothiourea with
isocyanate, amines then
intracyclative cleavage

» Burke [55]

+ 1260 members

« diversity-oriented split-
poel synthesis



= ca. 16 ex; good yield

« from resin-bound 7 -fluoro-4-methyl-

B-nitrocoumarin

2 1
O R mn

o
R°'Jtm>% "“?AOH
H R =

o}

+ Scott [347]

o 11 ex; 32-62%

= alkylation of resin-bound
amino acid aldimine-derived
Schiff base with o, m-dihalide,
cyclization, hydrolysis,
acylation, and cleavage

« Xia [423]

* B ex; 0-94%

« 1,3-dipolar cycloaddition

of PEG-supported acrylic
acid with aldehyde phenyl-
hydrazones under microwave
irradiation

« Li [238]

« 10 ex; 23-39%

» guanidinylation of
resin-bound amino acid then
intracyclative cleavage

L il

L .
R* “T\l’ S

RN

o

Rﬂ

« Strohmeier [373]

=20 ex; T-61%

= Knoevenagel condensation
of resin-bound fi-keto esters
then acid-catalyzed ring
closure with thioureas

H o]
0.¢1,N\_[[./J\._N,ﬂ-\¢OH
H

R (o]
R |, EhitiTin
« Christensen [83]
« 22 ex; 0-95%
« oxidation of threonine
adjacent to N-terminal
amino acids

» 12 ex; good purity

« from support-bound chalcones
and amidines; microwave-assisted
SPOT-synthesis on planar cellulose

O R2 (i
NH
RSALH%/

o]
« Scott [347]
» 3 ex; 34-43%
= alkylation of resin-bound
amino acid aldimine-derived
Schiff base with o o-dihalide,
cyclization, hydrolysis,
acylation, and cleavage

[o]
B /L /]\, o~
HO™ N ‘I . i
DA\ N s
H i .
» Lusch [255]
« 2 ex; good purity
» Lewis-acid catalyzed
split-pool Biginelli synthesis

demonstrated from resin-
bound N-{3-hydroxy)propylurea

» 15 ex; good overall yield
« B-step sequence from
PEG-bound 3- and 4-formyl
phenoxyacetic acids
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Table 8. (Continued)
=
g L) .
R'“‘{tfk Yoomt O
= N"<\ o
N ? : TPV it 0
COCOUENY™ o e T
A o 0 o HOG e 5 —~Re
« Song [371] « Bowman [46] s Cheng [77]

= Quan [317]

=18 ex; B-27%

» multi-step sequence

employing nitrile oxide
1,3-dipolar cycloaddition reaction

C\x }L OR?

Hé\__: : N_._ R! {

sl o . £

5 — AL A
R+ = (o- | 2 [Em R NTTNH,

i e Detsi [107]

+ Cironi [86] + Sheng [356] . el.sl| I
Hem e LS
« Sonogashira cross- linker strategy from i d"’ . 4
coupling of resin-bound epoxides L L

phenolic iodides and
2-sthynylpyridin-3-yl
acetate then base treatment
and cleavage

i
R‘/{ﬁ/\Rs
2

« Kong [217]
o 11ex; 20-53%
= S-alkylation of resin-bound
sulfinate, sulfone anion alkylation
with an epaxide, y-hydroxyl sulfone
to y-ketosulfone oxidation, and
traceless product release by
a one-pot elimination-cyclization

benzotriazoles then
acid cleavage

TL
4
R~ N

\ NH

R ~FRe

R?

* Kong [217]
e Bex, 7-42%
« S-alkylation of resin-bound
sulfinate, sulfone anion alkylation
with an epoxide, y-hydroxyl sulfone
to y-ketosulfone oxidation and
traceless product release by
a one-pot elimination-cyclization;
X=07:5

R? g o]
. HO NN
/7 RZH N.. _/'S“I\/‘R1 0 l8] \ —0
< M ¢ A le 0 -
A* : N-N R ‘N N R \
L ~ ' ’ L
O o} RrR? —/f “R
Delpiccolo [1056 Kappel [202 « Rosse [331 + Lamberto [225]
= Delp [108] * Kappel [202] 331] B b

*9ex; 43-57%

» polymer-supported
Staudinger reaction using
a controlled excess of the
nonactivated acid chloride

and tertiary amine

* 17 ex; 38-94%

« condensation of thio-
semicarbazides with
resin-bound aldehyde then
TMSCI-promoted cyclization

* 11 ex; 11-86%
« amines attached to bromo
acetal linker, reaction with
RNCO, then intracyclative
cleavage

0
2L
[ o]
~ 17’\R
« Lin [242] » Liu [246] « Borrell [43]
=9 ex; 83-93% = 9 ex; 65-87% « 82 members

= 1, 3-dipolar cycloaddition
of PEG bound acrylate and
nitrilimines then DDQ oxida-

tion

» Zhang [439]

« 10 ex; 0-91%

« Gewald synthesis via
soluble resin-bound
cyano-acetate

= thermolysis of resin-
bound acylaminomethylene
cyclic malonic acid esters

regio-isomers formed

o]
”\ » "//..\“%0 R
jiliiire 2 B N
_N J hy
~NH. H * R_< - N
2 R'" R? HN-0 N
« Sax [342] « Su [380]

« 12 ex; 26-68%

« hetero-Diels-Alder reaction
with Danishefsky's diene
and resin-bound imines

« 5 ex; 95-98%

« Mitsunobu coupling of
resin-bound N-hydroxy-
phthalamide with alkynyl

= condensation of hydrazines
with resin-bound f-diketones;

» thiol-mediated free
radical cyclization of
resin-bound alkenyl
isocyanides

« Shang [354]

* 10 ex; 87-60%

+ 1,3-dipolar cycloaddition
of PEG-bound nitrile oxide
and alkyne/alkene

Rl R

» Tang [388]

o6 ex; 71-80%

« derived from resin-bound
seleneyl bromide and c-allyl
substituted 1,3-dicarbonyls

alcohols then Cu-catalyzed

cycloaddition with azides
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o.\\\;_)o
RZ
poe
R!

« Breitenstein [49]

* 12 ex; 31-54%

+ Nozaki-Hiyama allylation
of resin-bound allylic
bromides with RZCHO

then intracyclative cleavage

»

IO . i
How AL L
Ny RNIN
i il

H

« Zhang [441]
+ 6 ex; 55-T6%
« Knoevenagel condensation

of resin-bound -acetoacetamido
acid with p-tolualdehyde then

2-benzyl-2-thiopseudourea

Part B: Solution-phase

7
H

* Slough [367]

1 ex 56%

« phenyacetylene and o-iodo
aniline domine coupling-
cyclization reaction using a
copper activated resin

2

R\ |
N

Oy \R 1

o Lu[252]

« 10 ex; good ;.rleld

» carbonylative ring

expansion of azindines

with Rh-complexed

dendrimers

RZ R*
"n
R N/.L'HRE

il
= Meyer [273]
7 ex; 36-T7T%
+ alkylation of
a-(alkylideneamino)nitriles
with enones then
NaBH;CN reduction

)
N
N

« Appukkuttan [10]

« 8 ex; B6-93%

« microwave assisted
Cu-catalyzed 3-CC of
RCH.Br, NaN, and alkyne

RHN \]4 N. %
W X,Y

« Heinelt [163)

+ 11 ex, 31-94%

= reaction of isothiocyanates

with amino alcohols, diamines,
or aminothiols then ring closure

using TsCl/MNaOH

« Schobert [345]

«ca. 6ex: 40-93%

« consecutive addition and
Wittig alkenation of -
ammonium esters with
resm -bound (tnphenyl—

phosphc y
ji
R:.
N° N
l/”*: o7
o

» Fustero [133]
» 10 ex; 55-80%

» condensation of resin-bound
ester enolate with muﬂmuoronltnle

o]
* R?
P
{4 iljifbar *
ey = N/k
R! A sl
R? R* Nj_

Rl
« Vanier [401]
13 ex; 13-29%
« DDQ activation of

» Kerrigan [205]

« ca, 12 ex: good yield, 70-96% ee
» o fi-unsaturated esters bearing
an ephedrine chiral auxiliary are
reacted with aldehydes and

ketones in the presence of Smi, then reaction

with hydrazines

0
l f\ﬁ/} e
N-. A
R'HN o
R2

« \ergnon [403]

+ 12,000 members
 resin-bound primary
amines alkylated with

then iso

« Wipf [421]
* 7 ex; 63-84%
« multicomponent condensation

of N-diphenylphosphinoylimines,
alkynes, zirconocene hydrochloride

and diiodomethane

R! R?

=L

o R

« Donati [112]

* 9 ex; 60-868%

« Staudinger reaction
using polymer-supported
Mukaiyama reagent

i i
WA
N}\.-S
R1
« Arcadi [11]

* 13 ex; 68-97%
+ multi-step sequence
using polymer-supported

yanate and intrac
cleavage; X =0, S

B thd it
hydrolysis, amlde
formation, cleavage

L

b /
s
RY ‘ch/‘_‘\ 0
N.
N
|, R? NO\J/Het
NN HOs] 5
G R HO
+ Cuny [98] + Adamo [2]

+ 9 ex; good yield
= intramolecular N-arylation
as fused ring forming step

« 3 ex; good yield
a-chloroketone 2-

deoxyribose

Rs R4 1 3

", ( . R N,O\,R

N -
O/ R, H R"\ .
R! RO.C CO.R

« Pirrung [308) -Young [433]
+ 32 members 1 ex; 66-94%

 Ugi 3-CC in water . 3—CC of nitrones with
RCHO and 1,1-cyclo-

propanediesters

4
R? _-"’R
R2
N R?RN
N
O;J\/Nx R RS
« Lee [234] « Dodd [109]

* 21 ex; 13-85%
* 3-CC of f-ketoamide,
aryl or alkyl hydrazines

» 15 ex; 70-94%
« microwave-assisted liquid-

resin-bound oxazines

« C-nucleosides from

phase synthesis from '
reagents chioroacetylated PEG-OH and Lawesson's reagent
X
HN™ N R?
.(_ A R1—l\¢R1 N—,
R* s b ~R3 o= =0 R"’&/‘Y
N’ N I
! %
R? Chz R? R R?
« Hansford [158] « Byk [58] « Huang [174]
« 30 ex; 49-98% « 29 ex; 12-85% « 10 ex; 40-75%

« condensation of amines
with yoxoketones under
Paal-Knorr conditions

fj#

« Chen [72]
* 11 ex; 55-80%

= poly[styrene(iodosodiacetate)]-
promoted ring expansion reac-
tion of 1-alkynylcycloalkanols

« anomalous regioselective
4 member multicomponent
Biginelli reaction; X = 0, S

1
o

o
NHR?

+ Coppo [92]

« 200 members

= cyclization of
acylhydrazines

» Qlsson's 3-CC of cyclo-
propylketones, aldehydes,
and primary amines then
reduction of corresponding
1,2-disubstituted-3-alkylidenly-
pyrrolium salts

R ]
\N/‘ (o] F!L
)\)—LLN/ _OH
H
« Irving [182]
* 96 members

« from primary amines
and dimethylitaconate

and isothiocyanates

facilitated by polymer-

supported reagents

oy

N
[
N
R
« Henkel [165]
« 11 ex; 20-80%

« microwave-assisted conden-
sation of amines with resin-
bound 3-V, N-(dimethylamino)
isocyanoacrylate

« Fustero [133]

« 20 ex; 64-90%

» condensation of
fluorinated |3 enaming
esters wth RINCX;

X

HNT N

o Lee [231]

« 20 members

» microwave-assisted
3-CC of anilines,
cyano-guanidine,
acetone

B

Ar- ’\0/“ R

* Chen [71)

* 9 ex; 78-93%

» treatment of aromatic
a-methyl ketones and
nitriles with poly[styrene
(iodosodiacetate]]

3

R" | =
H

+ Gorobets [148]
« >18 ex; 27-96%
« microwave-assisted 3-CC
of CH-acidic carbonyl compounds,
N, N-dimethylformamide and
methylene active nitriles

(o]
RTHN
\n/ /I\ R2
+
\_/ \R:‘
« Masip [266]
« 22 members

+ mulfi-step sequence
from chloroacetamides
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* Sivakumar [366]

« 24 members

« 1,3-dipolar cycloaddition
reaction of corresponding

BnO

BnO

» Dondoni [113]

» 3 ex; 68-92%

» Staudinger reaction of
C-formyl sugar, amine, acid

« Dondoni [113]

» 7 ex; 65-94%

« Staudinger reaction of
C-formyl sugar, amine, acid

o]

H
R N\H/\NJ\l
o LUNr?
i
« Masip [266]
+ 44 members
» multi-step sequence
from chloroacetamides

R3
R'O | X
=
R? NHR*
« Strohmeier [379)
* 20 ex; 10-07%

« multi-step sequence using
polymer supported reagents

azides and alkynes chloride; Bn = PhCHz

chloride; Bn = PhCH;

and calch and release strategy,

X=8§, Se
x RrR2
R? il
[0} HNJLN/ ‘ N A
BocHN ~DOMB R'HN
N = L
| RF e
F R R! R* R?
« Chen [74] « Fustero [133] « Beck [32)
=8 ex; 51-84% = 20 ex; 64-90% = 24 ex; 7-94%
* RCM reaction of » condensation of fluor- * 4-CC of R-NC, phosphono
c-amino acrylamide inated f-aminoesters acetates, RNH; and glyoxals
then DDQ oxidation with iso(thio)cyanate; then Wittig ring closure
X=0,8
a Asterisk (*), point of attachment to resin.
Table 9. Bicyclic and Spirocyclic Synthesis
ki 1
Part A: Solid-phase R? Q B, i
=N )\_( o]
. R2—N HN._N 4
=Ny, .R? R2 NH,
N™ N o
F F N
o] HN ~o0 N C N o]
R a 1
0,87 N o R*
R +NH, R1 Rr?
 Gil [141] o Ji[191] o Lin [241]  Feliu [125] » Akamatsu [3]
sca 42 ex; 13-81% « 6 ex; 26-47% « 13 ex; 72-94% + 120 members « 27 ex; 55-100%
» TFA-mediated cleavage- « 1.1 mixture of heterocycles + from PEG-bound 4-flucro-  « condensation of N- * microwave-assisted
cyclization of resin-bound produced from resin-bound 3-nitrobenzoic acid benzyl-4-piperidone radical cyclization of

benzotriazinones aminoacid ester and 6-nitro- resin-bound N-(2-bromophenyl)

2,3 4 5-tetra-fluorobenzene acrylamides
R
..-\"‘“RS Q
~o7. N
b 2
5K G O N}—NHR
Z~0 \R i
* Hu [172] = Su [381] « Kim [212] « Tung [397] « Ohno [283]
* 210 member « 13 ex; good yield + 122 member « 8 ex; good yield « 16 ex; good yield

» Pd-catalyzed annulations « resin-bound o-amino » diversity-oriented « from PEG-supported 4-  » Fisher indole synthesis

of Arl and resin-bound anilines, iso(thio)cyanate, synthesis via RCM fluoro-3-nitrobenzoic acid  with resin-bound naltrexone
c-alkynylphenals HgCly in microwave
QK
4
- R-N o )IN\
YN ©:x 1 % ! - _Ar
R22_ N DR R2—1 Ny g1 o H: Hal 7+ NT TN

%N-‘E N A HOAO =25l H
» Raghavendra [320] « Matsushita [267] « Roberts [327] « Kiriazis [213] « Song [370]
» 5 ex; 33-62% = ca. 25 ex; 17-85% 12 ex; 30-T3% = 8 ex; 30-46% = 19 ax; 59-83%
« Bamford-Stevens reaction s Lewis acid-mediated « conversion of resin-bound  « Diels-Alder reaction « from resin-bound N-Fmoe-

esters to enol ethers with of resin-bound diene

between resin-bound tosyl
hydrazine, TiCl; and amines

z
R2

Q
Joon s
H
RO N
|

o Kane [201]

s ca. 6 ex; 20-57%

» from carboxyl-bound tyrosine
and Pictet-Spengler reaction

cleavage of resin-bound

esters with 2-aminothiophenols
and 1,2-phenylenediamines;

X =NH, NMe, 5

R:]
N""~
OWPai
N R
« Kong [217]

o4 ex; 10-38%
= S-alkylation of resin-bound

sulfinate, sulfone anion epoxide
alkylation, -hydroxysulfone oxidatiomith o-substituted anilines
followed by a traceless product

cyclization process

Ti {IV) benzilidines bearing a
masked sulfur nucleophile
then TFA cleavage

« Chen [69]

and maleimides

B-amino-2-nitrobenzene-
propanoic acid

#E . N
‘N:O R3 Nps O~f~g2
0 R!
« Chern [78] « Wierschem [419]
13 ex; 52-82% « 6 ex; 0-40%

o5 ex 22-62%

» reaction of PEG-supported

terephthalic acid fluoride

» Bischler-Napieralski
cyclization and con-

» [3+2] cycloaddition
reaction of resin-bound nitrone

comitant cleavage

then cyclization and cleavage
release using a one-pot elimination- with methoxide
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= Roy [333]

» & ex; 65-868%

« multi-step sequence from
resin-bound 4-fluoro-3-nitro-
benzoic acid

R1

0,
R2

* Knepper [216]

= ca. 12 ex; good yield

« addition of organometallics

to resin-bound 2-formylbenzoic

acid then intracyclative cleavage

Part B: Solution-phase

R1
Rr2 W
o=
R*HN N
o Li[239]

+ 24 members

« multi-step sequence
starting from 1,5-di-fluoro-
2 4-dinitrobenzene

s

[ F=e

0]
0

=

Rl ) 1
S = NHR

« Xiang [424]

+ 10 ex; good yields

« Ugi 4-CC using o-iodo
benzoic acids then Heck
reaction

[0}
Y

N
|

)

iy

N™ "N-CN

RS

7

» Lee [232]

o7 ex; 15-77%

= coupling reaction of aryl-
diazonium salt with 1-cyano-
3-(2,6-dioxo-1,2,3 6-tetra
hydropyrimidin-4-ylamino)-
2-methylisothiourea followed
by intramolecular cyclization

B
=

NT TR2

+ Demaude [106]

« 25 members

« 3-cc of anilines, RCHO
and phenylvinyl sulfide;
oxidation and aromatization

= Wang [409]

* 12 ex; 46-88%

« arylation of resin-bound
carbamate-linked amines with
o-fluoronitroaryls, reduction,
then intracyclative cleavage

ol
R1
RZ-N
X

» Knepper [216]
«9ex; 17-97%

» addition of primary amines
to resin-bound 2-formylbenzoic
acid wth inlra%yclalive cleavage

X =0H, NHR

Ar

e
R1mR2

s Hu[172]

* 12 ex; 52-87%

» Pd-catalyzed annulations
of aryl iodides and o-alkynyl-
phenols

R%0 R'R® ope

R'O:

= Barun [23]

» 5 ex; 6-16%

= multi-step sequence including
two sequential asymmetric aldol
reactions

R1

/
N
V.
(o]

« Yeh [251]
13 ex; 71-93%

benzoic acid

el
COX™
HO' o]

NHBoc

» Bravin [48]

« 8 ex; good yield

« aldol condensation of
pyroglutamate-derived
aldehyde and N-Boc-Gly-0Et

« Xiang [424]

« 10 ex; good yields

« Ugi 4-CC using o-iodo
benzaldehydes then Heck
reaction

» Zhou [451]

» 90 members

» from benzoxazinones
and substituted sulfonyl
hydrazides

/
(o]
Y e Ar'
A—N N
B H_ﬁo

» Cebasek [66]
* 24 ex; TO-91%
« from anilines and methyl

(Z)-2-acylamino-3-(dimethyl-

amino)-prop-2-enoates

+ Akritopoulou-Zanze [6]
* 4 ex; 56-77%

« Ugi 4-CC then alkyne/
azide cyclization

1 3
R\I)I\N,R (\Y I
—R
N

» Nagashima [286]

« 54 ex; good purity

«» from 4,6-dichloro-5-nitro-
pyrimidine and fluorous amino
acids

R4 (o]
JRT
N
T
ST N7 gR?
« lvachtchenko [183]
« 3000 members
« condensation of amino-
thiophenecarboxylates or
reactive derivatives with

isothiocyanates or amines

NANHRC"

« multi-step sequence from
PEG-bound 4-fluoro-3-nitro-

- Gedey [215]

« G ex; 22-58%

» Ugi 4-center-3-CC
using resin-bound acid

RZ

=

NH

o

R1

= Damaude [106]

* 16 members

* 3-CC with resin-bound
4-aminophenylalanine,
RCHO and phenylvinyl
sulfide

aldehyde then esterification
R4 || RS
R? ;f \g
N,
N N7 NH

R1
» Blass [38]

%

+ 14 ex; 21-70%

hydrazinoacids

« acylation of resin-bound

with

malononitriles then intra-
cyclative cleavage

o
R1
\)\NHR2
Ox N
e
N

* Zhang [445]
«Bex; 52-81%

» microwave-assisted fluorous

Ugil/de-Bocleyclization fro

mono-fluorous Boc-protected

diamine

=N
f
N
0 s
+ Akritopoulou-Zanze [6]
* 2 gx; 32-48%

« Ugi 4-CC then alkyne/
azide cyclization

RZHN

S S
R
B
& N
« Macleod [259]
*Bex; 41-67%
« from resin-bound
esters and titanium
benzylidene reagents

R2

RZ R®

:\".f i

N, \
N 'NH

R!

« Blass [37]

* 16 ex; 16-84%

« acylation of hydrazino

acids with malononitriles

o]

then intramolecular cyclo-

dehydration

L,
0
N
1/J\I(MHR?
R
)

» Zhang [445]

o« 8ex; 11-62%

= microwave-assisted
fluorous Ugi/de-
Boc/cyclization from
mono-fluorous Boc-
protected diamines

m

N=N

r

N._#

R2HN
(8]
ol

+ Akritopoulou-Zanze [6]
«1ex; 43%

« Ugi 4-CC then alkyne/
azide cyclization

9 1
R
0 -
N 2N
r?

« Frolov [128]

= 4 ex; good yield

» derived from 5-nitro-
4-nydroxy-3(2H)-
pyridazinones

RZ R?y

« Mont [464]

* 32 ex: 40-95%

« multi-step sequence from
o, fi-unsaturated esters and
methyl cyanoacetate;
Xx=CLO
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0
R2 R®
[
N~ TR*
H

R1
« Kuznetov [223]
+ 18 ex; 10-34%
« condensation of anilines
and u-substituted B-keto esters

+ Ganai [137]

* 7 ex; good yield

» SbCls-Al;05-catalyzed
condensation of benzylidene
acetophenones and urea

« Barbas, Il [460]

* 32 ex; 60-99%

» multicomponent reactions through
combinations of Aldol, Wittig,
Knoevenagel, Michael, Diels-Alder,

and Huisgen cycloaddition reactions

\ﬁ\ 0
s ON
N
Ar O

CF;
« Seto [465]
* 9 ex; good yields
 from 2-chloro-4-
iodopyridine carboxylic acid
and a 3-hydroxpropylamine

_N
WH
it 1 nas

’

R
« Lyon [256]
e 12 ex;13-72%
» glyoxylic acid an MP-glyoxylate
as formaldehyde equivalents in
the 3-CC of 2-aminoazines,
aldehydes and isonitriles

N_LR

o]
» VVan den Eynde [400]
= 16 members
* multi-step sequence from
N-Boc-O-amino methyl-
phenylalamine

BocHN

HO. R

NH
HO

R2
« Campiglia [64]
+ 11 ex; good yield

* microwave-assisted
Pictet-Spengler reaction

a Asterisk (*), point of attachment to resin.

Table 10. Polycyclic and Macrocyclic Synthesis

Part A: Solid-ph

« Saha [338)

* 48 members

» from resin-bound amino
acids, o-flucronitrobenzene and
o-nitrobenzaldehydes

4

™
o
o’g_Rz
)
R3
*QOH

» Krishnan [221]

» 202 members

» multi-step sequence using
amino alcohol, aldehyde and
bromophenol inputs

+ Khadem [206]
*1ex

« multi-step sequence
utilizing RCM reaction

R]

« Chem [79]

12 ex; 50-72%

« Bischler-Mapieralski
reaction for intracyclative
cleavage

HoN N,
¥/,
MN+

O._N 4
I NH HN N
N
0% 1 =
s Tenuecyclamide A and
« You [432] related analogs

eca. 4 ex; 38-T1%

« sequential coupling of
heterocyclic amino acids on
resin, cleavage and macro-
cyclization

+» Nielsen [288]

+ ca. 20 ex; high purity

« intramolecular Pictet-Spengler
reaction using N-Boe-1,3-oxazinanes
as masked aldehyde equivalents

* Kamal [197]

* 6 ex; 64-72%

« reaction of resin-bound
isatoic anhydride with proline
then TFA-mediated cleavage

0 oynﬁl}"

x A
R

N
N

\>’ ° Ham

« Wang [413]

= 10 ex; 69-90%

* 3-component aza-Diels-Alder
reaction of PEG-supported
benzaldehyde, anilines and
dihydrofuran/pyran

-0OH

» Cironi [85]

+ 2 ex; good yield

* multi-step sequence
from resin-bound bis-
arylacetylene

+ Kamal [197]

* 6 ex; 64-72%

« reaction of resin-bound
isatoic anhydride with proline
then TFA-mediated cleavage

OH

0
« Arya [15]

« Wang [413]

= 10 ex; 53-78%

+ 3-component aza-Diels-Alder
reaction of PEG-supported
benzaldehyde, anilines and
dihydrofuran/pyran then DDQ

. R? cl

HO S
ENL N
R1/_ o N R

+ Cironi [86]

# 3 ex; 53-B6%

» Sonogashira cross-coupling of
resin-bound phenolic iodides and
5-chloro-7-ethynylquinolin-8-yl acetate
then base treatment and cleavage

+ Kamal [199]

* 8 ex; 57-65%

« DIBAL reduction of resin-
bound thioesters then
intramolecular aza-Wittig

» Hoesl| [169]

« 8 ex; good purity

« one pot aza-Wittig/hetero-
cyclization/substitution from
resin-hound benzimidazoles

* Schmidt [344]

« 24 members

« study exploring factors
controlling macro-
cyclization

» 100 members

» resin-bound hydroxyindoline
acylated with N-nosylamino
acids then tricycle formed by
intramolecular Mitsunobu
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o}

HN™ 7

N
D—NHR?
N

{8 Fidi 0, \
R'

« Song [369]
21 ex; 37-83%
« aromatic substitution of resin-
bound 7-fluoro-4-methyl-6-nitro-
2-0x0-2H-benzopyran-3-carboxylic
acid with primary amines, NO,
reduction then cyclization with
aryl isothiocyanates and DCC

Part B: Solution-phase

o]
o N
e LR Y—sR2
GG |
Rl
+ Song [372]

» 14 gx; 67-86%

* multi-step sequence from
resin-bound 7-fluoro-4-methyl-
nitro-2-oxobenzopyran
carboxylic acid

=
RZ od.rgnnucfeowe

0

2
R1 NH NH

Ky

N H 2 @\/
I\ = H A H N™ =0
R~ R~ o
FN N F NN
(o] o

« Kamal [198]

7 ex; good yield

» multi-step sequence
from o-azido benzoic acid
using polymer-supported
reagents

« Kamal [198]

7 ex; good yield

» multi-step sequence
from c-azido benzoic acid
using polymer-supported
reagents

R4
(o]
« Gracias [148] « Cuny [98] » Gartner [456]
3 ex; good yield « 7 ex; good yield * 65 members

+ Ugi 4-CC then Heck
cyclization reaction

» domino intramolecular
Buchwald-Hartwig amidation,
C-H activation, and aryl-aryl
bond formation from Ugi 4-CC
precursors

« DNA-templated
organic synthesis

a Asterisk (*), point of attachment to resin.

Table 11. Polymer-Supported Reagents and Scavengers

P
£ R {20 =N
O o SN
la, A
=

» Slough [367]

» copper chelator used in
domino Cu-catalyzed coupling-
cyclization yielding indoles

R
ST
QD so.0cH,—

+ Zhang [443]
+ benzylation of secondary amines

PN

» Doi [110]

« trialkyisilyl linked polymer supports
prepared by reacting benzyl chloride
resin and a di-Grignard reagent with
CuBr-Me,S followed by dialkyl-

e

2 =

.N B Vi
Q L0
« Gros [151]

= source of 2-pyridylboron
for Suzuki coupling

fa i |

* Mormeneo [282]
+ in situ generated
resin-bound chloroformates

for carbamylation of amines

Q1A

TEMPO (0.5 equiv)

« Tashino [389]
« oxidation of ROH and RCHO
to RCOOH

+ Chiang [80]
« copper complex for C-N

3 o

-(CHg)

9

5

« limura [178]
» C-C bond formation
in water

1
oNBS. N~ H A~
NG
OH
« Ciolli [84]

g0,

L SH

Q. L)

+ Tai [385] + Becht [31]

« sulfide safety-catch « scavenger prepared
linker for Pummerer in two-steps from
rearrangement reaction polystyrene resin

o}

o/“\.u/‘\/’;- ?‘;I =

M |

SeX,

« Donati [112]
» polymer-supported
Mukaiyama reagent

N

“NH-NH,

« Shannon [355]

« acylation of resin-bound

chlorosilanes
CI._'Ll
Flucrous o —R
Polyacrylate—4 ll’I\GI
o~ H—q
N TN
« Yao [430]
« fluorous Ru-catalyst
for RCM

+ Bosanac [44]

« precipiton reagent for
Staudinger reaction and
reduction of secondary
ozonides

and C-O cross-coupling

N(SD.CF3;
CFCFo)CFa I

« Montanari [279]

« N-fluorous capping
reagent for amino acids to
facilitate peptide purification

o]

PPh,

f e
DRA"
J HO., -~ 2~

« Wu [422]

« capping reagent for
oligosaccharide synthesis

pa-N|| st {

amines generates TRAM
linker (traceless release of

acrylamides
o]
i
N»;*T
o Sl
(s SASNPNPNEN
» Petricci [307]

= acyl transfer reagent

A}
N-OH

'n et

~f S/

+ Ferreira [126]
« catalyst for oxidation
of alcohols

o .\T
o

e

« chromophoric reagent for
the quantitative measuring
of resin-bound aldehydes

. MIEEY

N

Eetllc R

__NHNH,

« Zhu [452]
« aldehyde and
ketone scavenger
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/
4
o} J/ ‘N—0OH
(o] (0] i e
2 i EOMRE =00 s G OO i
e NG ERNRY DI R0 WO il - i it Ty |
Cof s 0" NNT 0 o i i I I cl
= Dandapani [99] + Dandapani [99] » Baleizao [20]
» 2nd generation fluorous + 2nd generation fluorous « catalyst for Suzuki
DEAD reagents DEAD reagents reaction in water
H
R L W
o]
L5 o Il
i Pd - O Q FLT 0
. u N
! B o N N
| CF,CF,CF, P NG, i
@ o o R i X 2
« Braddock [47) « Rasmussen [321) « Yang [428] * Steel [376]
« Pd-containing ROMP * N-,C-, and O-arylation « metathesis catalyst » resin-bound carbene
polymer reagent complex for cross-coupling
Fh
s .
P 9 EGeHl ey
Q- ; =
050 4} o p ] HMN
N H.N | T
H L
NO; o’ o nH Q Ph
» Krchnak [219] = Valenrod [399] « Westhus [418] « Brule [51]
« Fukuyama-based linker + immobilized amine « scavenger for Grubbs' + corresponding Mn perphyrin
) o § ! ; Al
as an slternative t aldehyds E;celﬁgprgggluigiynamlc catalyst complex is epoxidation catalyst
resin
¥ NOZH o Phi )
A g \ i Q o]
S o H O S O=C=N NHCNH-{CH,)s-NHC indicator
[o]e] N e T
9] N I
a O=C=N
* Krehnak [220] « Barrett [22] = Cho [81]
+ Fukuyama-based linker « catalyst for Stetter = self-indicating aming
for synthesis of N-alkylated reaction scavenger resin
hydroxamic acids
Q|| EF o]
H H OH H
| ] N-
o M. N F ; N N N Q. o N-C-N
H | H N
F OH i s
| | 1 1 N
F -0 Gl
N N N N R O e Ti
N N N 9 o @
» Convers [80] » Convers [90] = Convers [90] » Rivero [326] « Fujita [130]

+ bipyridyl-tagged TFP
reagent scavanged
using Cu-derivatized
resin

« Akkari [5]
» dienophile for
Diels-Alder reaction

[. =

7N

£ o} o}
Mo o N Ny i
g e - -

(0] S

* Hojo [170]

« water-soluble protecting
group for amines; removed
with dilute base (5% aqueous
NaHCO,)

0
(oA

= bipyridyl-tagged hydroxy-
benzotriazole scavanged
using Cu-derivatized

resin

(o]
Q o
« Lyon [256]

» formaldehyde
equivalent

o

Q PrhgHer

* Jaumzems [185]
« activation of enol ethers
and glycals, introduction

and cleavage of THP ethers

« bipyridyl-tagged DCC
scavanged using
Cu-derivatized resin

-N=C=N

» Zhang [442]
« high loading
carbodiimide

» Phan [308]

« Pd(Il) complex
for Suzuki-Miyaura
cross-coupling

= Vilsmeier salt for
formylation reactions

» Lewis-acid catalyst;

application in allylation

of RCHO, cyanohydrin

formation and glyoxylate ene reaction

Q
N ACH),CaH, 0

£=0
Li
« Gais [136] » Seki [348]
« asymmetric synthesis « amide base for
of oxiranes aldol reaction

/ Ph 0

/ 0. 0
Q- )p=c=c-0 ol

i Ph 0 ‘[ OH
» Schobert [345] + Sheng [360]

« for the traceless
synthesis of acrylamides

« reaction with Grignard
compounds, amines and
alcohols to give immobilized
acyl, amide and ester ylides
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SIMME S
T h el A
P RN 2T
g iy ¢ | —F _ O’l\‘ /N‘-/’
e e el I o ™ HNGN Q il
i F e} F'\_/ ~OEt A \ X N~
Ph”" ""Ph CF3CF,CH,0 O
* Lau [226] « Martina [263] « Kim [209] « Henkel [165]
* Suzuki cross-coupling reagent » synthesis of Z-o, f-unsaturated esters « for nucleophilic « reaction with primary
displacement reactions amines gives imidazoles
O,-_Q R
H
/1-\\\1/- e Os N
~ T~ N SHRN Sy
_ X Pd—X 9 JUAANA S o 0" "R
=\ S N A
@ il ( ] Lo gnR
v ) S S S R

—

« Byun [59]
» for Suzuki cross-coupling

« Arseniyadis [13]
* N-acyl dihydroguinoline/N-acyl

» Lei[236]
« dienophile scavenger

quinolinium-switch based safety-catch

« Hemnan [167]
« reagent for iodine atom
transfer cyclizations

CF4S0, p—0S0:CFy

« Elson [122]
« dehydrating reagent for
ester and amide formation

o SeCH,P(0)(OE),
* Xu [425]

« vinylphosphonate synthesis;

RCH.X then H,O,-mediated
elimination

linker for acyl transfer reaction

TsO
\\\__."’l m
RHN )
CF -5e0,H 0
« Crich [95] « Chen [73]

= allylic oxidation of
alkenes to enones

O SeCH.S0.Ar

= Xu [425]

= vinylsulfone synthesis;
RCH.X then H,0,-mediated
elimination

= alkenyl transfer reagent

— O e

/ " ‘ ) |

\u: /\O"- P\,/’L\..
0 |

« Barrett [21]

« aldehyde to alkyne

« Convers [91]
» Mukaiyama reagent on solid

conversion support for dehydration of
thioureas to carbodiimides
HN—[sulphthalein dye]
o Te-B(OEH), H:N NH—[methyl red]
* Ruhland [335] « Cho [135]
« traceless homolytic « pH indicating resin
cleavage releasing alkyl
functionality

Table 12. Polymer-Supported Linkers

o,s\_/\_ "

« De Napoli [103]

» Mitsunobu coupling
of nucleoside bases
to solid-phase

MPEG-OCH,SCH,

» QOikawa [294]
« formylacetal linker on
soluble support

« Ohno [293]

» linker stable to strong
acid or base; upon nitro
reduction and acylation it
is cleaved with mild acid

eI
N gl e SR
NG N as LU 17
N

. -H

o}
« de Kort [102]
» jonic support with acid
cleavable linker (ionic
analog of AMEBA resin)

H. -0

L N L N

» Boas [39]
« backbone amide linker
cleaved with mild acid

e

), \
/ 3
{ . b
O 0 A et 55

« Timmer [393]

» liberates cyclopent-2-yl
alcohols via RCM); application
in oligosaccharide synthesis

» Boas [39]
« backbone amide linker
cleaved with mild acid

Al il

|

N’_.N
s
s
HO. -~ ~~_-5¢ .~ _.F J [
H ~ ‘r,

:Q/»u.o/\ N 0{}0\

« Mogemark [277)
= synthesis of n-pentenyl
glycosides

« Lazny [228]

« new triazine linkers for

the direct generation of polmer-
supported diazonium ions

e
A
‘ 7
0>\‘ { \/ s cl
O_O _/_‘-, (o]
F

« Cammidge [62]
» solid-phase equivalent
to the triflate group

* Revell [323]

« reaction with phenols yields
arylsulfonates for traceless
synthesis and Pd-catalyzed
cross-couplings

A e
vl _?ﬁ

7 —0

« Lober [250]
« REM resin prepared
using "click” chemistry
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O\ ¥ o e

s il i i il
N il
« Mun [284]

= silicon based traceless
linker for synthesis of

amine-containing heterocycles

/’.“-.\
T Q I
o N O~ e Py
Tl 0=S,
|

if PEG

 Ribiere [324]
» synthesis of N-supported

N~ g SONH,

Vil

* Scicinski [346]
+ safety-catch linker

f-aminoesters via the

aza-Baylis-Hillman reaction

Table 13. Polymer-Supported Chiral Ligands

« Otomaru [299]

« for Rh-catalyzed asymmetric
1.4-addition of phenylboranic
acid in water

+ Kotake [218]

« Evans-type auxiliary
for asymmetric alkylation
reactions

Y
& Ay
/

i o, e
" N-H )
I A 4
o IO < ) 0-PEG-0 \ P,
Oy - 4l
PEATS T
R
il

« Yang [429)
* asymmetric amino
hydroxylation of alkenes

N
r e
Sy Sy

g
///;\'.‘I/ I"..

.:.’“)?o/“‘\'lb/

« Shintani [363]

+ acylation with o, f-unsaturated

acid then diastereoselective [2+2]

photocyclization

—,
—,

R
R T

B

« Davies [100]

« immobilized dirhodium
tetraprolinate catalyst for
cyclopropanation

e

o]

/
PPh,

« Nakano [287]

e ligand for Pd-catalyzed

asymmetric allylation

HO., -~ &

MRS TESP),

,/
s Sl Kl
£
o**o "'LNH OﬁR 0,":7;3_“.
! Pt i

et T =i
ﬂ AU,
- \1:., ey

Ry

* Hutchinson [17 5]
+ acylation then asymmetric

= Dolman [111]
« enantioselective olefin metathesis

alkylation
—
o}
oo Q)
N PiVO .—of , ACHz)e-0
0 H ,O\f
A0 PIVO N~ NH,

OPiv

« Zech [438]

« Thierry [392]
» enantioselective electrophilic
fluorination of silyl enol ethers

o chiral auxiliary in stereoselective
synthesis of piperdines and amino
acids, Piv = pivaloyl

» Kurosu [222]

* asymmetric hetero-Disls-
Alder reaction using resin-
bound dienophiles

* Gaertner [134]
» stereoselactive
a-alkylation reactions

3 o \ S
- ~_ O X
RO—., 0 \”\[r PEG-OMe g N O\/.o\ﬁfq.\ A\’_,:L{)-QH
0 il OGN o .

s o i ﬁz ., 2 ]r

S S Le] u]
l l o Ne o i e
[\5"’/\\ ‘\./J W i S E\‘/l’

ArP PAr, (o] 5

« Zhao [447] = Hocke [168] « Akkari [4]

+ Pd-catalyzed enantioselective
allyllic substitution reaction

« asymmetric n-allylic
reduction

« chiral auxiliary for asymmetric
Diels-Alder reaction




790 Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 6

References and Notes

(1) Dolle, R. E.J. Comb. Chem2004 6, 623—-679.

(2) Adamo, M. F. A.; Adlington, R. M.; Baldwin, J. E.; Day,
A. L. Tetrahedron2004 60, 841—849.

(3) Akamatsu, H.; Fukase, K.; Kusumoto,S/nlet2004 1049~
1053.

(4) Akkari, R.; Calmes, M.; Escale, F.; lapichella, J.; Rolland,
M.; Martinez, J.Tetrahedron-Asymmetr3004 15, 2515~
2525.

(5) Akkari, R.; Calmes, M.; Martinez, Eur. J. Org. Chen2004
2441-2450.

(6) Akritopoulou-Zanze, I.; Gracias, V.; Djuric, S. \Wetrahe-
dron Lett.2004 45, 8439-8441.

(7) Anderson, A. J.; Nicholson, J. M.; Bakare, O.; Butcher, R.
J.; Scott, K. RJ. Comb. Chem2004 6, 950—954.

(8) Anderson, M. O.; Moser, J.; Sherrill, J.; Guy, R. 8ynlett
2004 2391-2393.

(9) Annis, D. A.; Athanasopoulos, J.; Curran, P. J.; Felsch, J.

S.; Kalghatgi, K.; Lee, W. H.; Nash, H. M.; Orminati, J.-P.,
A.; Rosner, K. E.; Shipps, G. W., Jr.; Thaddupathy, G. R.
A.; Tyler, A. N.; Vilenchik, L.; Wagner, C. R.; Wintner, E.
A. Int. J. Mass Spectron004 238 77—83.

(10) Appukkuttan, P.; Dehaen, W.; Fokin, V. V.; Van der Eycken,
E. Org. Lett.2004 6, 4223-4225.

(11) Arcadi, A.; Attanasi, O. A.; Filippone, P.; Perrulli, F. R,;
Rossi, E.; Santeusanio, Synlett2004 2681-2684.

(12) Aron, Z. D.; Pietraszkiewicz, H.; Overman, L. E.; Valeriote,
F.; Cuevas, CBioorg. Med. Chem. Let2004 14, 3445-
3449.

(13) Arseniyadis, S.; Wagner, A.; Mioskowski, Tetrahedron
Lett. 2004 45, 2251-2253.

(14) Arvanitis, E. A.; Chadha, N.; Pottorf, R. S.; Player, M.JR.
Comb. Chem2004 6, 414-419.

(15) Arya, P.; Wei, C.-Q.; Barnes, M. L.; Daroszewska, M.
Comb. Chem2004 6, 65—72.

(16) Aucagne, V.; Berteina-Raboin, S.; Guenot, P.; Agrofoglio,
L. A. J. Comb. Chem2004 6, 717-723.

(17) Avemaria, F.; Zimmermann, V.; Braese, Synlett2004
1163-1166.

(18) Ayesa, S.; Argyropoulos, D.; Maltseva, T.; Sund, C;
Samuelsson, BEur. J. Org. Chem2004 2723-2737.

(19) Bai, L.; Zhang, Y.; Wang, J.-XQSAR Comb. Sc2004 23,
875-882.

(20) Baleizao, C.; Corma, A.; Garcia, H.; Leyva,JAOrg. Chem.
2004 69, 439-446.

(21) Barrett, A. G. M.; Hopkins, B. T.; Love, A. C.; Tedeschi,
L. Org. Lett.2004 6, 835-837.

(22) Barrett, A. G. M.; Love, A. C.; Tedeschi, Drg. Lett.2004
6, 3377-3380.

(23) Barun, O.; Sommer, S.; Waldmann, Ahgew. Chem., Int.
Ed. 2004 43, 3195-3199.

(24) Basso, A.; Banfi, L.; Guanti, G.; Riva, R.; Riu, Aetra-
hedron Lett.2004 45, 6109-6111.

(25) Batra, S.; Roy, A. K.; Patra, A.; Bhaduri, A. P.; Surin, W.
R.; Raghavan, S. A. V.; Sharma, P.; Kapoor, K.; Dikshit,
M. Bioorg. Med. Chem2004 12, 2059-2077.

(26) Bauer, S. M.; Goldman, E. A.; Huang, W.; Su, T.; Wang,
L.; Woolfrey, J.; Wu, Y.; Zuckett, J. F.; Arfsten, A.; Huang,
B.; Kothule, J.; Lin, J.; May, B.; Sinha, U.; Wong, P. W.;
Hutchaleelaha, A.; Scarborough, R. M.; Zhu, B.Bfoorg.
Med. Chem. Lett2004 14, 4045-4050.

(27) Bauser, M.; Delapierre, G.; Hauswald, M.; Flessner, T.;
D’Urso, D.; Hermann, A.; Beyreuther, B.; De Vry, J.;
Spreyer, P.; Reissmueller, E.; Meier, Bioorg. Med. Chem.
Lett. 2004 14, 1997-2000.

(28) Baytas, S. N.; Wang, Q.; Karst, N. A.; Dordick, J. S;
Linhardt, R. J.J. Org. Chem2004 69, 6900-6903.

Reviews

(29) Beaulieu, P. L.; Bos, M.; Bousquet, Y.; Fazal, G.; Gauthier,
J.; Gillard, J.; Goulet, S.; LaPlante, S.; Poupart, M.-A;
Lefebvre, S.; McKercher, G.; Pellerin, C.; Austel, V.; Kukolj,
G. Bioorg. Med. Chem. LetR004 14, 119-124.

(30) Beaulieu, P. L.; Bos, M.; Bousquet, Y.; DeRoy, P.; Fazal,
G.; Gauthier, J.; Gillard, J.; Goulet, S.; McKercher, G.;
Poupart, M.-A.; Valois, S.; Kukolj, GBioorg. Med. Chem.
Lett. 2004 14, 967-971.

(31) Becht, J.-M.; Wagner, A.; Mioskowski, Cetrahedron Lett.
2004 45, 7031-7033.

(32) Beck, B.; Picard, A.; Herdtweck, E.; Domling, 8rg. Lett.
2004 6, 39-42.

(33) Berthault, A.; Berteina-Raboin, S.; Finaru, A.; Guillaumet,
G. QSAR Comb. Sck004 23, 850-853.

(34) Best, M. D.; Brik, A.; Chapman, E.; Lee, L. V.; Cheng, W.-
C.; Wong, C.-H.ChemBioChen2004 5, 811-819.

(35) Bianchi, I.; La Porta, E.; Barlocco, D.; Raveglia, L. F.
Comb. Chem2004 6, 835-845.

(36) Bilodeau, M. T.; Balitza, A. E.; Koester, T. J.; Manley, P.
J.; Rodman, L. D.; Buser-Doepner, C.; Coll, K. E.; Fernandes,
C.; Gibbs, J. B.; Hembrook, D. C.; Huckle, W. R.; Kohl,
N.; Lynch, J. J.; Mao, X.; McFall, R. C.; McLoughlin, D.;
Miller-Stein, C. M.; Rickert, K. W.; Sepp-Lorenzino, L.;
Shipman, J. M.; Subramanian, R.; Thomas, K. A.; Wong,
B. K.; Yu, S.; Hartman, G. DJ. Med. Chem2004 47,
6363-6372.

(37) Blass, B. E.; Srivastava, A.; Coburn, K. R.; Faulkner, A. L.;
Janusz, J. J.; Ridgeway, J. M.; Seibel, W.Tletrahedron
Lett. 2004 45, 619-621.

(38) Blass, B. E.; Srivastava, A.; Coburn, K. R.; Faulkner, A. L.;
Janusz, J. J.; Ridgeway, J. M.; Seibel, W.Tletrahedron
Lett. 2004 45, 1275-1277.

(39) Boas, U.; Christensen, J. B.; Jensen, Kl.XZomb. Chem.
2004 6, 497-503.

(40) Boas, U.; Gertz, H.; Christensen, J. B.; Heegaard, P. M. H.
Tetrahedron Lett2004 45, 269-272.

(41) Boot, J. R.; Brace, G.; Delatour, C. L.; Dezutter, N.; Fairhurst,
J.; Findlay, J.; Gallagher, P. T.; Hoes, |.; Mahadevan, S.;
Mitchell, S. N.; Rathmell, R. E.; Richards, S. J.; Simmonds,
R. G.; Wallace, L.; Whatton, M. ABioorg. Med. Chem.
Lett. 2004 14, 5395-5399.

(42) Boguszewski, P. A.; Rahman, S. S.; Ganesanl. Zomb.
Chem.2004 6, 32—34.

(43) Borrell, J. I.; Schuler, E.; Teixido, J.; Michelotti, E. Mol.
Divers.2004 8, 147-157.

(44) Bosanac, T.; Wilcox, C. $rg. Lett.2004 6, 2321-2324.

(45) Bouillon, I.; Brosse, N.; Vanderesse, R.; Jamart-Gregoire,
B. Tetrahedron Lett2004 45, 3569-3572.

(46) Bowman, M. D.; Jeske, R. C.; Blackwell, H. Brg. Lett.
2004 6, 2019-2022.

(47) Braddock, D. C.; Chadwick, D.; Lindner-Lopez, Eetra-
hedron Lett.2004 45, 9021-9024.

(48) Bravin, F. M.; Busnelli, G.; Colombo, M.; Gatti, F.; Manzoni,
L.; Scolastico, CSynthesi®004 353—358.

(49) Breitenstein, K.; Llebaria, A.; Delgado, Aetrahedron Lett.
2004 45, 1511-1513.

(50) Brisson, M.; Nguyen, T.; Vogt, A.; Yalowich, J.; Giorgianni,
A.; Tobi, D.; Bahar, I.; Stephenson, C. R. J.; Wipf, P.; Lazo,
J. S.Mol. Pharmacol.2004 66, 824—833.

(51) Brule, E.; de Miguel, Y. R.; Hii, K. KTetrahedron2004
60, 5913-5918.

(52) Buelow, A.; Sinning, S.; Wiborg, O.; Bols, M. Comb.
Chem.2004 6, 509-519.

(53) Bunin, B. A;; Dener, J. M.; Kelly, D. E.; Paras, N. A,; Tario,
J. D.; Tushup, S. R]. Comb. Chem2004 6, 487—496.

(54) Burdick, D. J.; Marsters, J. C.; Aliagas-Martin, |.; Stanley,
M.; Beresini, M.; Clark, K.; McDowell, R. S.; Gadek, T. R.
Bioorg. Med. Chem. LetR004 14, 2055-2059.

(55) Burke, M. D.; Berger, E. M.; Schreiber, S. L.Am. Chem.
S0c.2004 126, 14095-14104.



Reviews

(56) Busch, B. B.; Stevens, W. C., Jr.; Martin, R.; Ordentlich,
P.; Zhou, S.; Sapp, D. W.; Horlick, R. A.; Mohan, R.Med.
Chem.2004 47, 5593-5596.

(57) Buzzoni, V.; Blazquez, J.; Ferrari, S.; Calo, S.; Venturelli,
A.; Costi, M. P.Bioorg. Med. Chem. Let2004 14, 3979
3983.

(58) Byk, G.; Kabha, EJ. Comb. Chem2004 6, 596-603.

(59) Byun, J.-W.; Lee, Y.-STetrahedron Lett2004 45, 1837
1840.

(60) Caddick, S.; Wilden, J. D.; Judd, D. B. Am. Chem. Soc.
2004 126, 1024-1025.

(61) Caliendo, G.; Perissutti, E.; Santagada, V.; Fiorino, F.;
Severino, B.; Cirillo, D.; dEmmanuele di Villa, B. R.;
Lippolis, L.; Pinto, A.; Sorrentino, REur. J. Med. Chem.
2004 39, 815-826.

(62) Cammidge, A. N.; Ngaini, ZZhem. Commur2004 1914—
1915.

(63) Campbell, I. B.; Guo, J.; Jones, E.; Steel, PO®&y. Biomol.
Chem.2004 2, 2725-2727.

(64) Campiglia, P.; Gomez-Monterrey, I.; Lama, T.; Novellino,
E.; Grieco, PMol. Diversity 2004 8, 427—430.

(65) Cantel, S.; Martinez, J.; Fehrentz, J.8ynlet2004 2791~
2793.

(66) Cebasek, P.; Wagger, J.; Bevk, D.; Jakse, R.; Svete, J.;
Stanovnik, B.J. Comb. Chem2004 6, 356—-362.

(67) Ceide, S. C.; Trembleau, L.; Haberhauer, G.; Somogyi, L.;
Lu, X.; Bartfai, T.; Rebek, J., JRroc. Natl. Acad. Sci. U.S.A.
2004 101, 16727 16732.

(68) Cesar, J.; Nadrah, K.; Sollner, D. Metrahedron Lett2004
45, 7445-7449.

(69) Chen, C.; Chen, Y.-Jetrahedron Lett2004 45, 113-115.

(70) Chen, D.; Hackbarth, C.; Ni, Z. J.; Wu, C.; Wang, W.; Jain,
R.; He, Y.; Bracken, K.; Weidmann, B.; Patel, D. V.; Trias,
J.; White, R. J.; Yuan, ZAntimicrob. Agents Chemother.
2004 48, 250-261.

(71) Chen, J. M.; Wu, L. L.; Huang, XChin. Chem. Lett2004
15, 143-144.

(72) Chen, J.-M.; Huang, XSynthesi®004 2459-2462.

(73) Chen, J.-M.; Huang, XSynlett2004 552-554.

(74) Chen, Y.; Zhang, H.; Nan, B. Comb. Chen004 6, 684—
687.

(75) Chen, Y. T.; Seto, C. TBioorg. Med. Chem2004 12,
3289-3298.

(76) Chen, Z.; Goehring, R. R.; Valenzano, K. J.; Kyle, D. J.
Bioorg. Med. Chem. LetR004 14, 1347-1351.

(77) Cheng, M.-F.; Fang, J.-Ml. Comb. Chem2004 6, 99—
104.

(78) Chern, M.-S.; Li, W.-RTetrahedron Lett2004 45, 8323~
8326.

(79) Chern, M.-S.; Shih, Y.-K.; Dewang, P. M.; Li, W.-R.
Comb. Chem2004 6, 855-858.

(80) Chiang, G. C. H.; Olsson, Qrg. Lett.2004 6, 3079-3082.

(81) Cho, J. K.; White, P. D.; Klute, W.; Dean, T. W.; Bradley,
M. Chem. Commur2004 502-503.

(82) Christensen, C.; Clausen, R. P.; Begtrup, M.; Kristensen, J.
L. Tetrahedron Lett2004 45, 7991—-7993.

(83) Christensen, C.; Tornoe, C. W.; Meldal, RSAR Comb.
Sci. 2004 23, 109-116.

(84) Ciolli, C. J.; Kalagher, S.; Belshaw, P.Qrg. Lett.2004 6,
1891-1894.

(85) Cironi, P.; Albericio, F.; Alvarez, MTetrahedron Lett2004
45, 7311-7314.

(86) Cironi, P.; Tulla-Puche, J.; Barany, G.; Albericio, F.; Alvarez,
M. Org. Lett.2004 6, 1405-1408.

(87) Coats, S. J.; Schulz, M. J.; Carson, J. R.; Codd, E. E.; Hlasta,
D. J.; Pitis, P. M.; Stone, D. J., Jr.; Zhang, S.-P.; Colburn,
R. W.; Dax, S. LBioorg. Med. Chem. LetR004 14, 5493~
5498.

(88) Coats, S. J.; Schulz, M. J.; Hlasta, D.JJ.Comb. Chem.
2004 6, 688—-691.

Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 891

(89) Coburn, C. A.; Stachel, S. J.; Li, Y.-M.; Rush, D. M.; Steele,
T. G.; Chen-Dodson, E.; Holloway, M. K.; Xu, M.; Huang,
Q.; Lai, M.-T.; DiMizio, J.; Crouthamel, M.-C.; Shi, X.-P.;
Sardana, V.; Chen, Z.; Munshi, S.; Kuo, L.; Makara, G. M.;
Annis, D. A.; Tadikonda, P. K.; Nash, H. M.; Vacca, J. P;
Wang, T.J. Med. Chem2004 47, 6117-6119.

(90) Convers, E.; Tye, H.; Whittaker, M.etrahedron2004 60,
8729-8738.

(91) Convers, E.; Tye, H.; Whittaker, Metrahedron Lett2004
45, 3401-3404.

(92) Coppo, F. T.; Evans, K. A.; Grayhbill, T. L.; Burton, G.
Tetrahedron Lett2004 45, 3257-3260.

(93) Corbett, A. D.; Cheeseman, J. D.; Kazlauskas, R. J.; Gleason,
J. L. Angew. Chem., Int. ER004 43, 2432-2436.

(94) Couve-Bonnaire, S.; Chou, D. T. H.; Gan, Z.; Arya,JP.
Comb. Chem2004 6, 73—77.

(95) Crich, D.; Zou, Y.Org. Lett.2004 6, 775-777.

(96) Crosignani, S.; Gonzalez, J.; Swinnen,drg. Lett.2004
6, 4579-4582.

(97) Crosignani, S.; White, P. D.; Linclau, B. Org. Chem2004
69, 5897-5905.

(98) Cuny, G.; Bois-Choussy, M.; Zhu,J.Am. Chem. So2004
126, 14475-14484.

(99) Dandapani, S.; Curran, D. £.0rg. Chem2004 69, 8751~
8757.

(100) Davies, H. M. L.; Walji, A. M.; Nagashima, 7. Am. Chem.
S0c.2004 126, 4271-4280.

(101) De Corte, B. L.; Kinney, W. A;; Liu, L.; Ghosh, S.; Brunner,
L.; Hoekstra, W. J.; Santulli, R. J.; Tuman, R. W.; Baker,
J.; Burns, C.; Proost, J. C.; Tounge, B. A.; Damiano, B. P.;
Maryanoff, B. E.; Johnson, D. L.; Galemmo, R. Bioorg.
Med. Chem. Lett2004 14, 5227-5232.

(102) de Kort, M.; Tuin, A. W.; Kuiper, S.; Overkleeft, H. S.; van
der Marel, G. A.; Buijsman, R. Cletrahedron Lett2004
45, 2171-2175.

(103) De Napoli, L.; Di Fabio, G.; D'Onofrio, J.; Montesarchio,
D. Synlett2004 1975-1979.

(104) Debaene, F.; Mejias, L.; Harris, J. L.; Winssinger, N.
Tetrahedron2004 60, 8677-8690.

(105) Delpiccolo, C. M. L.; Mata, E. Gletrahedron Lett2004
45, 4085-4088.

(106) Demaude, T.; Knerr, L.; Pasau,?Comb. Chen2004 6,
768—-775.

(107) Detsi, A.; Emirtzoglou, P.; Prousis, K.; Nikolopoulos, A. N.;
Skouridou, V.; lgglessi-Markopoulou, Gynlet2004 353—
355.

(108) Ding, B.; Taotofa, U.; Orsak, T.; Chadwell, M.; Savage, P.
B. Org. Lett.2004 6, 3433-3436.

(109) Dodd, D. S.; Martinez, R. LTetrahedron Lett2004 45,
4265-4267.

(110) Doi, T.; Yoshida, M.; Hijikuro, I.; Takahashi, Tetrahedron
Lett. 2004 45, 5723-5726.

(111) Dolman, S. J.; Hultzsch, K. C.; Pezet, F.; Teng, X.; Hoveyda,
A. H.; Schrock, R. RJ. Am. Chem. So2004 126, 10945~
10953.

(112) Donati, D.; Morelli, C.; Porcheddu, A.; Taddei, M. Org.
Chem.2004 69, 9316-9318.

(113) Dondoni, A.; Massi, A.; Sabbatini, S.; Bertolasi, Xdv.
Synth. Catal2004 346, 1355-1360.

(114) Dong, Y.; Roberge, J. Y.; Wang, Z.; Wang, X.; Tamasi, J.;
Dell, V.; Golla, R.; Corte, J. R.; Lui, Y.; Fang, T.; Anthony,
M. N.; Schnur, D. M.; Agler, M. L.; Dickson, J. K., Jr.;
Lawrence, R. M.; Prack, M. M.; Seethala, R.; Feyen, J. H.
M. Steroids2004 69, 201-217.

(115) Duan, D.; Lewin, N. E.; Sigano, D. M.; Blumberg, P. M.;
Marquez, V. EJ. Med. Chem2004 47, 3248-3254.

(116) Eastman, B.; Chen, C.; Smith, N. D.; Poon, S.; Chung, J.;
Reyes-Manalo, G.; Cosford, N. D. P.; Munoz, Bioorg.
Med. Chem. Lett2004 14, 5485-5488.



792 Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 6

(117) Edwards, A. A.; Ichihara, O.; Murfin, S.; Wilkes, R,
Whittaker, M.; Watkin, D. J.; Fleet, G. W. J. Comb. Chem.
2004 6, 230—238.

(118) Egle, I.; MacLean, N.; Demchyshyn, L.; Edwards, L.; Slassi,
A.; Tehim, A. Bioorg. Med. Chem. Let2004 14, 727—
729.

(119) Ek, F.; Manner, S.; Wistrand, L.-G.; Frejd,JI.Org. Chem.
2004 69, 1346-1352.

(120) El-Araby, M.; Guo, H.; Pottorf, R. S.; Player, M. R.Comb.
Chem.2004 6, 789-795.

(121) El-Araby, M.; Pottorf, R. S.; Player, M. REomb. Chem.
High Throughput Screening004 7, 413-421.

(122) Elson, K. E.; Jenkins, I. D.; Loughlin, W. Aletrahedron
Lett. 2004 45, 2491-2493.

(123) Enders, D.; Rijksen, C.; Bremus-Koebberling, E.; Gillner,
A.; Kobberling, J.Tetrahedron Lett2004 45, 2839-2841.

(124) Faucher, A.-M.; White, P. W.; Brochu, C.; Grand-Maitre,
C.; Rancourt, J.; Fazal, Q. Med. Chem2004 47, 18—-21.

(125) Feliu, L.; Martinez, J.; Amblard, MQSAR Comb. Sc2004
23, 56—60.

(126) Ferreira, P.; Phillips, E.; Rippon, D.; Tsang Shik, C.; Hayes,
W. J. Org. Chem2004 69, 6851-6859.

(127) Fonquerna, S.; Miralpeix, M.; Pages, L.; Puig, C.; Cardus,
A.; Anton, F.; Cardenas, A.; Vilella, D.; Aparici, M.; Calaf,
E.; Prieto, J.; Gras, J.; Huerta, J. M.; Warrellow, G.; Beleta,
J.; Ryder, HJ. Med. Chem2004 47, 6326-6337.

(128) Frolov, E. B.; Lakner, F. J.; Khvat, A. V.; lvachtchenko, A.
V. Tetrahedron Lett2004 45, 4693-4696.

(129) Fruchart, J.-S.; Behr, J.-B.; Melnyk, @etrahedron Lett.
2004 45, 1381-1383.

(130) Fujita, K.; Muraki, T.; Hashimoto, S.; Oishi, A.; Taguchi,
Y. Bull. Chem. Soc. Jpr2004 77, 2097-2098.

(131) Fukuyama, T.; Arai, M.; Matsubara, H.; RyuJ1.Org. Chem.
2004 69, 8105-8107.

(132) Fulop, F.; Forro, E.; Toth, G. KOrg. Lett.2004 6, 4239~
4241.

(133) Fustero, S.; Piera, J.; Sanz-Cervera, J. F.; Catalan, S.; Ramire£158)

de Arellano, C.Org. Lett.2004 6, 1417-1420.

(134) Gaertner, P.; Schuster, C.; Knollmueller,lMdtt. Org. Chem.
2004 1, 249-253.

(135) Cho, J. K.; Wong, L. S.; Dean, T. W.; Ichihara, O.; Muller,
C.; Bradley, M.Chem. Chem2004 1470-1471.

(136) Gais, H.-J.; Babu, G. S.; Guenter, M.; DasERr. J. Org.
Chem.2004 1464-1473.

(137) Ganai, B. A.; Koul, S.; Razdan, T. K.; Andotra, C.Synth.
Commun2004 34, 1819-1823.

(138) Gedey, S.; Van der Eycken, J.; Fueloep, éit. Org. Chem.
2004 1, 215-220.

(139) Georgiadis, T. M.; Baindur, N.; Player, M. R.Comb. Chem.
2004 6, 224-229.

(140) Gerlach, M.; Claus, E.; Baasner, S.; Muller, G.; Poly-
meropoulos, E.; Schmidt, P.; Gunther, E.; EngelAtkh.
Pharm.2004 337, 695-703.

(141) Gil, C.; Schwoegler, A.; Braese, . Comb. Chem2004
6, 38—42.

(142) Godet, T.; Bonvin, Y.; Vincent, G.; Merle, D.; Thozet, A.;
Ciufolini, M. A. Org. Lett.2004 6, 3281-3284.

(143) Gomez-Vidal, J. A.; Martasek, P.; Roman, L. J.; Silverman,
R. B. J. Med. Chem2004 47, 703—-710.

(144) Gopalsamy, A.; Kincaid, S. L.; Ellingboe, J. W.; Groeling,
T. M.; Antrilli, T. M.; Krishnamurthy, G.; Aulabaugh, A.;
Friedrichs, G. S.; Crandall, D. IBioorg. Med. Chem. Lett.
2004 14, 3477-3480.

(145) Gopalsamy, A.; Lim, K.; Ellingboe, J. W.; Mitsner, B.;
Nikitenko, A.; Upeslacis, J.; Mansour, T. S.; Olson, M. W_;
Bebernitz, G. A.; Grinberg, D.; Feld, B.; Moy, F. J.;
O’Connell, J.J. Med. Chem2004 47, 1893-1899.

(146) Gorobets, N. Y.; Yousefi, B. H.; Belaj, F.; Kappe, C. O.
Tetrahedron2004 60, 8633-8644.

Reviews

(147) Gouault, N.; Martin-Chouly, C. A. E.; Lugnier, C.; Cupif,
J.-F.; Tonnelier, A.; Feger, F.; Lagente, V.; David, M.
Pharm. Pharmacol2004 56, 1029-1037.

(148) Gracias, V.; Moore, J. D.; Djuric, S. Wetrahedron Lett.
2004 45, 417-420.

(149) Graden, H.; Hallberg, J.; Kann, N.; Olsson, JI.Comb.
Chem.2004 6, 783—788.

(150) Grimm, E. L.; Roy, B.; Aspiotis, R.; Bayly, C. I.; Nicholson,
D. W.; Rasper, D. M.; Renaud, J.; Roy, S.; Tam, J.; Tawa,
P.; Vaillancourt, J. P.; Xanthoudakis, S.; Zamboni, R. J.
Bioorg. Med. Chem2004 12, 845-851.

(151) Gros, P.; Doudouh, A.; Fort, Wetrahedron Lett2004 45,
6239-6241.

(152) Gu, X.; Ying, J.; Agnes, R. S.; Navratilova, E.; Davis, P.;
Stahl, G.; Porreca, F.; Yamamura, H. |.; Hruby, VQrg.
Lett. 2004 6, 3285-3288.

(153) Guo, T.; Adang, A. E. P.; Dolle, R. E.; Dong, G.; Fitzpatrick,
D.; Geng, P.; Ho, K.-K.; Kultgen, S. G.; Liu, R.; McDonald,
E.; McGuinness, B. F.; Saionz, K. W.; Valenzano, K. J.;
van Straten, N. C. R.; Xie, D.; Webb, M. Bioorg. Med.
Chem. Lett2004 14, 1713-1716.

(154) Guo, T.; Adang, A. E. P.; Dong, G.; Fitzpatrick, D.; Geng,
P.; Ho, K.-K.; Jibilian, C. H.; Kultgen, S. G.; Liu, R;
McDonald, E.; Saionz, K. W.; Valenzano, K. J.; Van Straten,
N. C. R.; Xie, D.; Webb, M. L.Bioorg. Med. Chem. Lett.
2004 14, 1717-1720.

(155) Hahn, H.-G.; Oh, H. S.; Cheon, S. H.; Oak, M. H.; Kim,
Y.-R.; Kim, K.-M. Arch. Pharm. Res2004 27, 518-523.

(156) Ham, Y.-W.; Boger, D. LJ. Am. Chem. SoQ004 126,
9194-9195.

(157) Han, Y.; Giroux, A.; Grimm, E. L.; Aspiotis, R.; Francoeur,

S.; Bayly, C. I.; McKay, D. J.; Roy, S.; Xanthoudakis, S.;

Vaillancourt, J. P.; Rasper, D. M.; Tam, J.; Tawa, P.;

Thornberry, N. A.; Paterson, E. P.; Garcia-Calvo, M.; Becker,

J. W.; Rotonda, J.; Nicholson, D. W.; Zamboni, RBborg.

Med. Chem. Lett2004 14, 805-808.

Hansford, K. A.; Zanzarova, V.; Doerr, A.; Lubell, W. D.

Comb. Chem2004 6, 893—-898.

(159) Hattori, K.; Kido, Y.; Yamamoto, H.; Ishida, J.; Kamijo, K.;
Murano, K.; Ohkubo, M.; Kinoshita, T. J.; lwashita, A.;
Mihara, K.; Yamazaki, S.; Matsuoka, N.; Teramura, Y.;
Miyake, H.J. Med. Chem2004 47, 4151-4154.

(160) Hayakawa, I.; Shioya, R.; Agatsuma, T.; Furukawa, H.;
Naruto, S.; Sugano, YBioorg. Med. Chem. Let2004 14,
455-458.

(161) Hayakawa, I.; Shioya, R.; Agatsuma, T.; Furukawa, H.;
Naruto, S.; Sugano, YBioorg. Med. Chem. Let2004 14,
4383-4387.

(162) He, Y.; Yang, J.; Wu, B.; Robinson, D.; Sprankle, K.; Kung,
P.-P.; Lowery, K.; Mohan, V.; Hofstadler, S.; Swayze. E.
E.; Griffey, R. Bioorg. Med. Chem. Let2004 14, 695~
699.

(163) Heinelt, U.; Schultheis, D.; Jaeger, S.; Lindenmaier, M.;
Pollex, A.; Beckmann, H. S. GTetrahedron2004 60,
9883-9888.

(164) Helal, C. J.; Sanner, M. A.; Cooper, C. B.; Gant, T.; Adam,
M.; Lucas, J. C.; Kang, Z.; Kupchinsky, S.; Ahlijanian, M.
K.; Tate, B.; Mennitti, F. S.; Kelley, K.; Peterson, ioorg.
Med. Chem. Lett2004 14, 5521-5525.

(165) Henkel, B.Tetrahedron Lett2004 45, 2219-2221.

(166) Herforth, C.; Wiesner, J.; Heidler, P.; Sanderbrand, S.; Van
Calenbergh, S.; Jomaa, H.; Link, Bioorg. Med. Chem.
2004 12, 755-762.

(167) Hernan, A. G.; Kilburn, J. DTetrahedron Lett2004 45,
831-834.

(168) Hocke, H.; Uozumi, YTetrahedror2004 60, 9297-9306.

(169) Hoesl, C. E.; Nefzi, A.; Houghten, R. A. Comb. Chem.
2004 6, 220-223.

(170) Hojo, K.; Maeda, M.; Kawasaki, Kletrahedron2004 60,
1875-1886.



Reviews

(171) Hu, C.; Chen, Z.; Yang, Gynth. Commur2004 34, 219~
224,

(172) Hu, Y.; Nawoschik, K. J.; Liao, Y.; Ma, J.; Fathi, R.; Yang,
Z. J. Org. Chem2004 69, 2235-2239.

(173) Huang, P. P.; Randolph, J. T.; Klein, L. L.; Vasavanonda,
S.; Dekhtyar, T.; Stoll, V. S.; Kempf, D. Bioorg. Med.
Chem. Lett2004 14, 4075-4078.

(174) Huang, W.; O'Donnell, M.-M.; Bi, G.; Liu, J.; Yu, L.;
Baldino, C. M.; Bell, A. S.; Underwood, T. Jetrahedron
Lett. 2004 45, 8511-8514.

(175) Hutchison, P. C.; Heightman, T. D.; Procter, DJ.JOrg.
Chem.2004 69, 790-801.

(176) Hwang, S. H.; Lehman, A.; Cong, X.; Olmstead, M. M.;
Lam, K. S.; Lebrilla, C. B.; Kurth, M. JOrg. Lett.2004 6,
3829-3832.

(177) Hwang, S. H.; Olmstead, M. M.; Kurth, M.J.Comb. Chem.
2004 6, 142-148.

(178) limura, S.; Manabe, K.; Kobayashi, Betrahedron2004
60, 7673-7678.

(279) Im, I.; Webb, T. R.; Gong, Y.-D.; Kim, J.-l.; Kim, Y.-Cl.
Comb. Chem2004 6, 207—-213.

(180) Imai, M.; Shiota, T.; Kataoka, K.-i.; Tarby, C. M.; Moree,
W. J.; Tsutsumi, T.; Sudo, M.; Ramirez-Weinhouse, M. M.;
Comer, D.; Sun, C.-M.; Yamagami, S.; Tanaka, H.; Morita,
T.; Hada, T.; Greene, J.; Barnum, D.; Saunders, J.; Myers,
P. L.; Kato, Y.; Endo, NBioorg. Med. Chem. Let2004
14, 5407-5411.

(181) Innocenti, A.; Casini, A.; Alcaro, M. C.; Papini, A. M;
Scozzafava, A.; Supuran, C. J. Med. Chem2004 47,
5224-5229.

(182) Irving, M.; Krueger, C. A.; Wade, J. V.; Hodges, J. C.;
Leopold, K.; Collins, N.; Chan, C.; Shaqair, S.; Shornikov,
A.; Yan, B.J. Comb. Chem2004 6, 478—486.

(183) Ivachtchenko, A.; Kovalenko, S.; Tkachenko, O. V.
Parkhomenko, OJ. Comb. Chem2004 6, 573—-583.

(184) Ivachtchenko, A. V.; Tkachenko, S. E.; Sandulenko, Y. B.;
Vvedensky, V. Y.; Khvat, A. V.J. Comb. Chem2004 6,
828-834.

(185) Jaunzems, J.; Kashin, D.; Schoenberger, A.; Kirschning, A.
Eur. J. Org. Chem2004 3435-3446.

(186) Jefferson, E. A.; Seth, P. P.; Robinson, D. E.; Winter, D.
K.; Miyaji, A.; Osgood, S. A.; Swayze, E. E.; Risen, L. M.
Bioorg. Med. Chem. Let2004 14, 5139-5143.

(187) Jefferson, E. A.; Seth, P. P.; Robinson, D. E.; Winter, D.
K.; Miyaji, A.; Risen, L. M.; Osgood, S. A.; Bertrand, M.;
Swayze, E. EBioorg. Med. Chem. LetR004 14, 5257
5261.

(188) Jennings, L. D.; Foreman, K. W.; Rush, T. S.; Tsao, D. H.
H.; Mosyak, L.; Kincaid, S. L.; Sukhdeo, M. N.; Sutherland,
A. G.; Ding, W.; Kenny, C. H.; Sabus, C. L.; Liu, H.; Dushin,
E. G.; Moghazeh, S. L.; Labthavikul, P.; Petersen, P. J.;
Tuckman, M.; Ruzin, A. VBioorg. Med. Chem2004 12,
5115-5131.

(189) Jennings, L. D.; Foreman, K. W.; Rush, T. S.; Tsao, D. H.
H.; Mosyak, L.; Li, Y.; Sukhdeo, M. N.; Ding, W.; Dushin,
E. G.; Kenny, C. H.; Moghazeh, S. L.; Petersen, P. J.; Ruzin,
A.V.; Tuckman, M.; Sutherland, A. @ioorg. Med. Chem.
Lett. 2004 14, 1427-1431.

(190) Ji, T.; Lee, M.; Pruitt, S. C.; Hangauer, D. Bioorg. Med.
Chem. Lett2004 14, 3875-3879.

(291) Ji, Y.-F.; Pan, X.-D.; Wei, X.-YSynlett2004 1607-1609.

(192) Jiang, S.; Lu, H.; Liu, S.; Zhao, Q.; He, Y.; Debnath, A. K.
Antimicrob. Agents Chemothe2004 48, 4349-4359.

(193) Joensson, D.; Warrington, B. H.; Ladlow, 84.Comb. Chem.
2004 6, 584—595.

(194) Johansson, P.-O.; Chen, Y.; Belfrage, A. K.; Blackman, M.
J.; Kvarnstroem, |.; Jansson, K.; Vrang, L.; Hamelink, E.;
Hallberg, A.; Rosenquist, A.; Samuelsson JBMed. Chem.
2004 47, 3353-3366.

Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 893

(195) Jung, H. K.; Doddareddy, M. R.; Cha, J. H.; Rhim, H.; Cho,
Y. S.; Koh, H. Y.; Jung, B. Y.; Pae, A. NBioorg. Med.
Chem.2004 12, 3965-3970.

(196) Kam, Y. L.; Rhee, S.-J.; Choo, H.-Y.Bioorg. Med. Chem.
2004 12, 3543-3552.

(197) Kamal, A.; Reddy, K. L.; Devaiah, V.; Shankaraiah, N.
Synlett2004 1841-1843.

(198) Kamal, A.; Reddy, K. L.; Devaiah, V.; Shankaraiah, N.
Synlett2004 2533-2536.

(199) Kamal, A.; Reddy, K. L.; Devaiah, V.; Shankaraiah, N.;
Reddy, Y. N.Tetrahedron Lett2004 45, 7667-7669.

(200) Kan, T.; Tominari, Y.; Rikimaru, K.; Morohashi, Y.;
Natsugari, H.; Tomita, T.; lwatsubo, T.; Fukuyama, T.
Bioorg. Med. Chem. Let2004 14, 1983-1985.

(201) Kane, T. R.; Ly, C. Q.; Kelly, D. E.; Dener, J. NIl. Comb.
Chem.2004 6, 564—-572.

(202) Kappel, J. C.; Yokum, T. S.; Barany, G. Comb. Chem.
2004 6, 746—-752.

(203) Karimi, B.; Ma’Mani, L.Org. Lett.2004 6, 4813-4815.

(204) Kenda, B. M.; Matagne, A. C.; Talaga, P. E.; Pasau, P. M.;
Differding, E.; Lallemand, B. I.; Frycia, A. M.; Moureau,
F. G.; Klitgaard, H. V.; Gillard, M. R.; Fuks, B.; Michel, P.
J. Med. Chem2004 47, 530—-549.

(205) Kerrigan, N. J.; Hutchison, P. C.; Heightman, T. D.; Procter,
D. J. Org. Biomol. Chem2004 2, 2476-2482.

(206) Khadem, S.; Joseph, R.; Rastegar, M.; Leek, D. M,
Qudatchin, K. A.; Arya, PJ. Comb. Chem2004 6, 724~
734.

(207) Khanetskyy, B.; Dallinger, D.; Kappe, C. ®.Comb. Chem.
2004 6, 884-892.

(208) Khersonsky, S. M.; Chang, Y.-J. Comb. Chem2004 6,
474477,

(209) Kim, D. W.; Chi, D. Y.Angew. Chem., Int. EQR004 43,
483—-485.

(210) Kim, H.; Choi, J.; Cho, J. K.; Kim, S. Y.; Lee, Y.-Bioorg.
Med. Chem. Lett2004 14, 2843-2846.

(211) Kim, S. W.; Lee, J. G; Lee, E. J.; Park, C. H.-Y.; Yoo, C.
Y.; Lee, D. Y.; Roh, K. R.; Kim, E. K.J. Comb. Chem.
2004 6, 851—854.

(212) Kim, Y.-k.; Arai, M. A.; Arai, T.; Lamenzo, J. O.; Dean, E.
F., lll.; Patterson, N.; Clemons, P. A.; Schreiber, SJL.
Am. Chem. SoQ004 126, 14740-14745.

(213) Kiriazis, A.; Leikoski, T.; Mutikainen, I.; Yli-Kauhaluoma,
J.J. Comb. Chem2004 6, 283-285.

(214) Kivrakidou, O.; Brase, S.; Hulshorst, F.; Griebenow(xg.
Lett. 2004 6, 1143-1146.

(215) Knepper, K.; Lormann, M. E. P.; Braese JSComb. Chem.
2004 6, 460-463.

(216) Knepper, K.; Ziegert, R. E.; Brase, ¥etrahedron2004
60, 8591-8603.

(217) Kong, K.-H.; Chen, Y.; Ma, X.; Chui, W. K.; Lam, Y.
Comb. Chem2004 6, 928—-933.

(218) Kotake, T.; Rajesh, S.; Hayashi, Y.; Mukai, Y.; Ueda, M.;
Kimura, T.; Kiso, Y. Tetrahedron Lett2004 45, 3651~
3654.

(219) Krchnak, V.; Slough, G. ATetrahedron Lett2004 45,
4289-4291.

(220) Krchnak, V.; Slough, G. ATetrahedron Lett2004 45,
4649-4652.

(221) Krishnan, S.; Schreiber, S. Qrg. Lett. 2004 6, 4021~
4024.

(222) Kurosu, M.; Porter, J. R.; Foley, M. Aletrahedron Lett.
2004 45, 145-148.

(223) Kuznetsov, V.; Gorohovsky, S.; Levy, A.; Meir, S.; Shkoulev,
V.; Menashe, N.; Greenwald, M.; Aizikovich, A.; Ofer, D.;
Byk, G.; Gellerman, GMol. Diversity 2004 8, 437—448.

(224) Labadie, G. R.; Choi, S.-R.; Avery, M. MBioorg. Med.
Chem. Lett2004 14, 615-619.

(225) Lamberto, M.; Corbett, D. F.; Kilburn, J. Oetrahedron
Lett. 2004 45, 8541-8543.



794 Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 6

(226) Lau, K, C, Y.; He, H. S.; Chiu, P.; Toy, P. H. Comb.
Chem.2004 6, 955-960.

(227) Lavrador, K.; Murphy, B.; Saunders: J.; Struthers, S.; Wang,
X.; Williams, J.J. Med. Chem2004 47, 6864-6874.

(228) Lazny, R.; Nodzewska, A.; Klosowski, Petrahedror2004
60, 121—-130.

(229) Leahy, J. J. J.; Golding, B. T.; Griffin, R. J.; Hardcastle, .
R.; Richardson, C.; Rigoreau, L.; Smith, G. C. Bioorg.
Med. Chem. Lett2004 14, 6083-6087.

(230) Lee, B. S.; Mahajan, S.; Clapham, B.; Janda, KJ.0Org.
Chem.2004 69, 3319-3329.

(231) Lee, H.-K.; Rana, T. MJ. Comb. Chem2004 6, 504—
508.

(232) Lee, I. Y.; Kim, S. Y.; Lee, J. Y.; Yu, C.-M.; Lee, D. H.;
Gong, Y.-D.Tetrahedron Lett2004 45, 9319-9322.

(233) Lee, J. H.; Nandy, S. K.; Lawrence, D. £.Am. Chem.
S0c.2004 126, 3394-3395.

(234) Lee, M.-J.; Sun, C.-MTetrahedron Lett2004 45, 437—
440.

(235) Lee, S.-H.; Matsushita, H.; Koch, G.; Zimmermann, J.;
Clapham, B.; Janda, K. OJ. Comb.Chem.2004 6, 822—
827.

(236) Lei, X.; Porco, J. A., JiIOrg. Lett.2004 6, 795-798.

(237) Levi, M. S.; Khan, M. O. F.; Borne, R. [Eett. Drug Des.
Discovery 2004 1, 384—-386.

(238) Li, J.; Zhang, Z.; Fan, Hetrahedron Lett2004 45, 1267
1269.

(239) Li, L.; Liu, G.; Wang, Z.; Yuan, Y.; Zhang, C.; Tian, H;
Wu, X.; Zhang, JJ. Comb. Chem2004 6, 811-821.

(240) Li, W.; Chen, Y.; Lam, YTetrahedron Lett2004 45, 6545-
6547.

(241) Lin, M.-J.; Sun, C.-MSynlett2004 663—666.

(242) Lin, X.-F.; Wang, Y.-G.; Ding, H.-FChin. J. Chem2004
22, 415-418.

(243) Lindsley, C. W.; Wisnoski, D. D.; Leister, W. H.; O'Brien,
J. A.; Lemaire, W.; Williams, D. L., Jr.; Burno, M.; Sur, C.;
Kinney, G. G.; Pettibone, D. J.; Tiller, P. R.; Smith, S
Duggan, M. E.; Hartman, G. D.; Conn, P. J.; Huff, J.R.
Med. Chem2004 47, 5825-5828.

(244) Liu, J.; Numa, M. M. D,; Liu, H.; Huang, S.-J.; Sears, P.;
Shikhman, A. R.; Wong, C.-HJ. Org. Chem.2004 69,
6273-6283.

(245) Liu, X. L.; Wang, X. C.; Sheng, S. R.; Huang, Khin.
Chem. Lett2004 15, 1009-1010.

(246) Liu, Z.-X.; Ruan, X.-X.; Huang, XChin. J. Chem2004
22, 212-214.

(247) Lizarzaburu, M. E.; Shuttleworth, S. Tetrahedron Lett.
2004 45, 4781-4783.

(248) Lo, M. M. C.; Neumann, C. S.; Nagayama, S.; Perlstein, E.
O.; Schreiber, S. LJ. Am. Chem. SoQ004 126, 16077
16086.

(249) Lobb, K. L.; Hipskind, P. A.; Aikins, J. A.; Alvarez, E.;
Cheung, Y.-Y.; Considine, E. L.; De Dios, A.; Durst, G. L.;
Ferritto, R.; Grossman, C. S.; Giera, D. D.; Hollister, B. A.;
Huang, Z.; Iversen, P. W.; Law, K. L.; Li, T.; Lin, H.-S;
Lopez, B.; Lopez, J. E.; Cabrejas, L. M. M.; McCann, D. J.;
Molero, V.; Reilly, J. E.; Richett, M. E.; Shih, C.; Teicher,
B.; Wikel, J. H.; White, W. T.; Mader, M. MJ. Med. Chem.
2004 47, 5367-5380.

(250) Lober, S.; Gmeiner, A.etrahedron2004 60, 8699-8702.

(251) Look, G. C.; Vacin, C.; Dias, T. M.; Ho, S.; Tran, T. H,;
Lee. L. L.; Weisner, C.; Fang, F.; Marra, A.; Westmacott,
D.; Hromockyj, A. E.; Murphy, M. M.: Schullek, J. R.
Bioorg. Med. Chem. LetR004 14, 1423-1426.

(252) Lu, S.-M.; Alper, HJ. Org. Chem2004 69, 3558-3561.

(253) Lu, T.; Markotan, T.; Coppo, F.; Tomczuk, B.; Crysler, C.;
Eisennagel, S.; Spurlino, J.; Gremminger, L.; Soll, R. M.;
Giardino, E. C.; Bone, RBioorg. Med. Chem. LetR004
14, 3727-3731.

Reviews

(254) Lu, Y.; Sakamuri, S.; Chen, Q.-Z.; Keng, Y.-F.; Khazak,
V.; lligen, K.; Schabbert, S.; Weber, L.; Menon, S.Boorg.
Med. Chem. Lett2004 14, 3957-3962.

(255) Lusch, M. J.; Tallarico, J. AOrg. Lett.2004 6, 3237—-3240.

(256) Lyon, M. A.; Kercher, T. SOrg. Lett.2004 6, 4989-4992.

(257) Ma, Y.; Margarida, L.; Brookes, J.; Makara, G. M.; Berk,
S. C.J. Comb. Chem2004 6, 426—-430.

(258) Maclean, D.; Holden, F.; Davis, A. M.; Scheuerman, R. A,;
Yanofsky, S.; Holmes, C. P.; Fitch, W. L.; Tsutsui, K;
Barrett, R. W.; Gallop, M. AJ. Comb. ChenR004 6, 196—
206.

(259) Macleod, C.; Austin, C. A.; Hamprecht, D. W.; Hartley, R.
C. Tetrahedron Lett2004 45, 8879-8882.

(260) Madrid, P. B.; Wilson, N. T.; DeRisi, J. L.; Guy, R. K.
Comb. Chem2004 6, 437-442.

(261) Magnin, D. R.; Robl, J. A.; Sulsky, R. B.; Augeri, D. J,;
Huang, Y.; Simpkins, L. M.; Taunk, P. C.; Betebenner, D.
A.; Robertson, J. G.; Abboa-Offei, B. E.; Wang, A.; Cap,
M.; Li. X.; Li, T.; Sitkoff, D. F.; Malley, M. F.; Gougoutas,

J. Z.; Khanna, A.; Huang, Q.; Han, S.-P.; Parker, R. A;;
Hamann, L. GJ. Med. Chem2004 47, 2587-2598.

(262) Martin, S. W.; Romine, J. L.; Chen, L.; Mattson, G.; Antal-
Zimanyi, |. A.; Poindexter, G. SJ. Comb. Chem2004 6,
35—-37.

(263) Martina, S. L. X.; Taylor, R. J. KTetrahedron Lett2004
45, 3279-3282.

(264) Martinez-Teipel, B.; Green, R. C.; Dolle, R.@SAR Comb.
Sci. 2004 23, 854-858.

(265) Masdeu, C.; Diaz, J. L.; Miguel, M.; Jimenez, O.; Lavilla,
R. Tetrahedron Lett2004 45, 7907-79009.

(266) Masip, |.; Ferrandiz-Huertas, C.; Garcia-Martinez, C.; Fer-
ragut, J. A.; Ferrer-Montiel, A.; Messeguer, 4. Comb.
Chem.2004 6, 135-141.

(267) Matsushita, H.; Lee, S.-H.; Joung, M.; Clapham, B.; Janda,
K. D. Tetrahedron Lett2004 45, 313-316.

(268) Matsushita, H.; Lee, S.-H.; Yoshida, K.; Clapham, B.; Koch,
G.; Zimmermann, J.; Janda, K. Drg. Lett.2004 6, 4627
4629.

(269) Mayence, A.; Vanden Eynde, J. J.; Krogstad, F. M.; Krogstad,
D. J.; Cushion, M. T.; Huang, T. LJ. Med. Chem2004
47, 2700-2705.

(270) Mayer, S.; Daigle, D. M.; Brown, E. D.; Khatari, J.; Organ,
M. G. J. Comb. Chem2004 6, 776-782.

(271) McCauley, J. A.; Theberge, C. R.; Romano, J. J.; Billings,
S. B.; Anderson, K. D.; Claremon, D. A.; Freidinger, R. M.;
Bednar, R. A.; Mosser, S. D.; Gaul, S. L.; Connolly, T. M.;
Condra, C. L.; Xia, M.; Cunningham, M. E.; Bednar, B.;
Stump, G. L.; Lynch, J. J.; Macaulay, A.; Wafford, K. A.;
Koblan, K. S.; Liverton, N. JJ. Med. Chem2004 47,
2089-2096.

(272) Lai, G.Sythn. Commur2004 34, 1981-1987.

(273) Meyer, N.; Opatz, TSynlett2004 787—790.

(274) Micheli, F.; Di Fabio, R.; Cavallini, P.; Cavanni, P.; Donati,
D.; Hamdan, M.; Sabbatini, F. M.; Messeri, Farmaco
2004 59, 119-123.

(275) Miller, S. C.; Mitchison, T. JChemBioCher2004 5, 1010~
1012.

(276) Mitchell, D. D.; Pickens, J. C.; Korotkov, K.; Fan, E.; Hol,
W. G. J.Bioorg. Med. Chem2004 12, 907-920.

(277) Mogemark, M.; Gustafsson, L.; Bengtsson, C.; Elofsson, M.;
Kihlberg, J.Org. Lett.2004 6, 4885-4888.

(278) Molteni, V.; Penzotti, J.; Wilson, D. M.; Termin, A. P.; Mao,
L.; Crane, C. M.; Hassman, F.; Wang, T.; Wong, H.; Miller,
K. J.; Grossman, S.; Grootenhuis, P. D.JJMed. Chem.
2004 47, 2426-2429.

(279) Montanari, V.; Kumar, KJ. Am. Chem. So2004 126,
9528-9529.

(280) Montero, A.; Albericio, F.; Royo, M.; Herradon, Brg.
Lett. 2004 6, 4089-4092.



Reviews

(281) Moree, W. J.; Kataoka, K.-i.; Ramirez-Weinhouse, M. M.;
Shiota, T.; Imai, M.; Sudo, M.; Tsutsumi, T.; Endo, N.;
Muroga, Y.; Hada, T.; Tanaka, H.; Morita, T.; Greene, J.;
Barnun, D.; Saunders, J.; Kato, Y.; Myers, P. L.; Tarby, C.
M. Bioorg. Med. Chem. Let2004 14, 5413-5416.

(282) Mormeneo, D.; Liebaria, A.; Delgado, Aetrahedron Lett.
2004 45, 6831-6834.

(283) Mueller, O.; Gourzoulidou, E.; Carpintero, M.; Karaguni,
I.-M.; Langerak, A.; Herrmann, C.; Moeroey, T.; Klein-
Hitpass, L.; Waldmann, HAngew. Chem., Int. ER004
43, 450-454.

(284) Mun, H.-S.; Jeong, J.-tArch. Pharm. Re2004 27, 371—
375.

(285) Musonda, C. C.; Taylor, D.; Lehman, J.; Gut, J.; Rosenthal,
P. J.; Chibale, KBioorg. Med. Chem. Let2004 14, 3901
3905.

(286) Nagashima, T.; Zhang, W. Comb. Chem2004 6, 942—
949.

(287) Nakano, H.; Takahashi, K.; Fujita, Reterocycles2004
64, 407-416.

(288) Nielsen, T. E.; Meldal, MJ. Org. Chem2004 69, 3765~
3773.

(289) Nugiel, D. A.; Vidwans, A.; Dzierba, C. Bioorg. Med.
Chem. Lett2004 14, 5489-5491.

(290) Ockey, D. A.; Dotson, J. L.; Struble, M. E.; Stults, J. T.;
Bourell, J. H.; Clark, K. R.; Gadek, T. Bioorg. Med. Chem.
2004 12, 37-44.

(291) Ockey, D. A.; Gadek, T. Bioorg. Med. Chem. Let2004
14, 389-391.

(292) Ohnmacht, S. A.; Brenstrum, T.; Bleicher, K. H.; McNulty,
J.; Capretta, ATetrahedron Lett2004 45, 5661-5663.

(293) Ohno, H.; Tanaka, H.; Takahashi, Synlett2004 508—
511.

(294) Oikawa, M.; Tanaka, T.; Kusumoto, S.; Sasaki, T@tra-
hedron Lett.2004 45, 787-790.

(295) Oliver, M.; Jorgensen, M. R.; Miller, ATetrahedron Lett.
2004 45, 3105-3107.

(296) Olsen, C. A.; Witt, M.; Jaroszewski, J. W.; Franzyk, H.
Org. Chem.2004 69, 6149-6152.

(297) Olsen, C. A.; Witt, M.; Jaroszewski, J. W.; Franzyk ®tg.
Lett. 2004 6, 1935-1938.

(298) Olsen, C. A.; Witt, M.; Jaroszewski, J. W.; Franzyk,
Synlett2004 473-476.

(299) Otomaru, Y.; Senda, T.; Hayashi, Org. Lett. 2004 6,
3357-3359.

(300) Papanikos, A.; Meldal, Ml. Comb. Chem2004 6, 181—
195.

(301) Park, J. G.; Langenwalter, K. J.; Weinbaum, C. A.; Casey,
P. J.; Pang, Y.-PJ. Comb. Chem2004 6, 407—413.

(302) Park, H.-g.; Kim, M.-J.; Park, M.-K.; Jung, H.-J.; Lee, J.;
Lee, Y.-J.; Jeong, B.-S.; Lee, J.-H.; Yoo, M.-S.; Ku, J.-M.;
Jew, S.-sTetrahedron Lett2005 46, 93—95.

(303) Patek, M.; Safar, P.; Smrcina, M.; Wegrzyniak, E.; Bjergarde,
K.; Weichsel, A.; Strop, PJ. Comb. Chem2004 6, 43—

49.

(304) Pedersen, H.; Sinning, S.; Buelow, A.; Wiborg, O.; Falborg,
L.; Bols, M. Org. Biomol. Chem2004 2, 2861—2869.

(305) Pernerstorfer, J.; Brands, M.; Schirok, H.; Stelte-Ludwig, B.;
Woltering, E.Tetrahedron2004 60, 8627-8632.

(306) Perni, R. B.; Pitlik, J.; Britt, S. D.; Court, J. J.; Courtney, L.
F.; Deininger, D. D.; Farmer, L. J.; Gates, C. A.; Harbeson,
S. L.; Levin, R. B.; Lin, C.; Lin, K.; Moon, Y.-C.; Luong,
Y,-P.; O'Malley, E. T.; Rao, B. G.; Thomson, J. A.; Tung,
R. D.; Van Drie, J. H.; Wei, YBioorg. Med. Chem. Lett.
2004 14, 1441-1446.

(307) Petricci, E.; Mugnaini, C.; Radi, M.; Corelli, F.; Botta, M.
J. Org. Chem2004 69, 7880-7887.

(308) Phan, N. T. S.; Brown, D. H.; Styring Petrahedron Lett.
2004 45, 7915-79109.

(309) Pirrung, M. C.; Das Sarma, K. Am. Chem. So2004 126,
444—445,

H.

Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 895

(310) Pirrung, M. C.; Das Sarma, kSynlett2004 1425-1427.

(311) Pitt, G.; Batt, A.; Haigh, R.; Penson, A.; Robson, P.; Rooker,
D.; Tartar, A.; Trim, J.; Yea, C.; Roe, NBioorg. Med. Chem.
Lett. 2004 14, 4585-4589.

(312) Porcheddu, A.; Giacomelli, G.; De Luca, L.; Ruda, A.M.
Comb. Chem2004 6, 105-111.

(313) Poreddy, A. R.; Schall, O. F.; Osiek, T. A.; Wheatley, J. R.;
Beusen, D. D.; Marshall, G. R.; Slomczynska,JJComb.
Chem.2004 6, 239-254.

(314) Priego, E.-M.; Balzarini, J.; Karlsson, A.; Camarasa, M.-J.;
Perez-Perez, M.-Bioorg. Med. Chem2004 12, 5079~
5090.

(315) Qi, L.; Meijler, M. M.; Lee, S.-H.; Sun, C.; Janda, K. D.
Org. Lett.2004 6, 1673-1675.

(316) Qiao, J. X.; Cheng, X.; Modi, D. P.; Rossi, K. A.; Luettgen,
J. M.; Knabb, R. M.; Jadhav, P. K.; Wexler, R. Bioorg.
Med. Chem. Lett2005 15, 29—35.

(317) Quan, C.; Kurth, MJ. Org. Chem2004 69, 1470-1474.

(318) Quelever, G.; Burlet, S.; Garino, C.; Pietrancosta, N.; Laras,
Y.; Kraus, J.-L.J. Comb. Chem2004 6, 695-698.

(319) Quibell, M.; Benn, A.; Flinn, N.; Monk, T.; Ramjee, M.;
Wang, Y.; Watts, JBioorg. Med. Chem2004 12, 5689~
5710.

(320) Raghavendra, M. S.; Lam, Yetrahedron Lett2004 45,
6129-6132.

(321) Rasmussen, L. K.; Begtrup, M.; Ruhland JTOrg. Chem.
2004 69, 6890-6893.

(322) Reid, R. C.; Pattenden, L. K.; Tyndall, J. D. A.; Martin, J.
L.; Walsh, T.; Fairlie, D. PJ. Med. Chem2004 47, 1641—
1651.

(323) Revell, J. D.; Ganesan, £&hem. Commun2004 1916-
1917.

(324) Ribiere, P.; Enjalbal, C.; Aubagnac, J.-L.; Yadav-Bhatnagar,
N.; Martinez, J.; Lamaty, Rl. Comb. Chen004 6, 464—
467.

(325) Ritchie, T. J.; Dziadulewicz, E. K.; Culshaw, A. J.; Muller,
W.; Burgess, G. M.; Bloomfield, G. C.; Drake, G. S.;
Dunstan, A. R.; Beattie, D.; Hughes, G. A.; Ganju, P;
Mclintyre, P.; Bevan, S. J.; Davis, C.; Yaqoob, M.Med.
Chem.2004 47, 4642-4644.

(326) Rivero, I. A.; Espinoza, K. A.; Ochoa, A. Comb. Chem.
2004 6, 270-274.

(327) Roberts, C. F.; Hartley, R. @. Org. Chem2004 69, 6145—
6148.

(328) Robinson, D. E.; Seth, P. P.; Jefferson, ESynth. Commun.
2004 34, 2743-2749.

(329) Rogers-Evans, M.; Alanine, A. I.; Bleicher, K. H.; Kube,
D.; Schneider, GQSAR Comb. Sc2004 23, 426-430.

(330) Rosenbaum, C.; Baumhof, P.; Mazitschek, R.; Muller, O.;
Giannis, A.; Waldmann, HAngew. Chem. Int. ER004
43, 224-228.

(331) Rosse, G.; Strickler, J.; Patek, Sinlett2004 2167-2168.

(332) Rossiter, S.; Woo, C. K.; Hartzoulakis, B.; Wishart, G.;
Stanyer, L.; Labadie, J. W.; Selwood, D.1..Comb. Chem.
2004 6, 385-390.

(333) Roy, A. D.; Sharma, S.; Grover, R. K.; Kundu, B.; Roy, R.
Org. Lett.2004 6, 4763-4766.

(334) Ruhland, T.; Svejgaard, L.; Rasmussen, L. K.; Andersen,
K. J. Comb. Chem2004 6, 934-941.

(335) Ruhland, T.; Torang, J.; Pedersen, H.; Madsen, J. C.; Bang,
K. S. Synthesi004 2323-2328.

(336) Ryckebusch, A.; Fruchart, J.-S.; Cattiaux, L.; Rousselot-
Paillet, P.; Leroux, V.; Melnyk, O.; Grellier, P.; Mouray,
E.; Sergheraert, C.; Melnyk, Bioorg. Med. Chem. Lett.
2004 14, 4439-4443.

(337) Sagar, V.; Zheng, W.; Thompson, P. R.; Cole, PBidorg.
Med. Chem2004 12, 3383-3390.

(338) Saha, B.; Srivastava, G. K.; Kundu, 8/nlett2004 2242—
2244,

(339) Sandanayake, S.; Perera, S.; Ede, NQSAR Comb. Sci.
2004 23, 655-665.



796 Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 6

(340) Sanders, W. J.; Nienaber, V. L.; Lerner, C. G.; McCall, J.
O.; Merrick, S. M.; Swanson, S. J.; Harlan J. E.; Stoll, V.
S.; Stamper, G. F.; Betz, F. B.: Condroski, K. R.; Meadows,
R. P.; Severin, J. M.; Walter, K. A.; Magdalinos, P.; Jakob,
C. G.; Wagner, R.; Beutel, B. Al. Med. Chem2004 47,
1709-1718.

(341) Saulnier, M. G.; Zimmermann, K.; Struzynski, C. P.; Sang,
X.; Velaparthi, U.; Wittman, M.; Frennesson, D. Betra-
hedron Lett.2004 45, 397—-399.

(342) Sax, M.; Berning, S.; Wuensch, Betrahedron2004 61,
205-211.

(343) Schimmer, A. D.; Welsh, K.; Pinilla, C.; Wang, Z.; Kra-
jewska, M.; Bonneau, M.-J.; Pedersen, |. M.; Kitada, S.;
Scott, F. L.; Bailly-Maitre, B.; Glinsky, G.; Scudiero, D.;
Sausville, E.; Salvesen, G.; Nefzi, A.; Ostresh, J. M.;
Houghten, R. A.; Reed, J. ©ancer Cell2004 5, 25-35.

(344) Schmidt, D. R.; Kwon, O.; Schreiber, S.1..Comb. Chem.
2004 6, 286—292.

(345) Schobert, R.; Jagusch, C.; Melanophy, C.; MullenO@&j.
Biomol. Chem2004 2, 3524-3529.

(346) Scicinski, J. J.; Congreve, M. S.; Ley, S.Comb. Chem.
2004 6, 375-384.

(347) Scott, W. L.; Alsina, J.; Kennedy, J. H.; O'Donnell, M. J.
Org. Lett.2004 6, 1629-1632.

(348) Seki, A.; Ishiwata, F.; Takizawa, Y.; Asami, Metrahedron
2004 60, 5001-5011.

(349) Sem, D. S.; Bertolaet, B.; Baker, B.; Chang, E.; Costache,

A. D.; Coutts, S.; Dong, Q.; Hansen, M.; Hong, V.; Huang,
X.; Jack, R. M.; Kho, R.; Lang, H.; Ma, C.-T.; Meininger,
D.; Pellecchia, M.; Pierre, F.; Villar, H.; Yu, LlChem. Biol.
2004 11, 185-194.

(350) Senten, K.; Van der Veken, P.; De Meester, |.; Lambeir, A.-
M.; Scharpe, S.; Haemers, A.; Augustyns,JXMed. Chem.
2004 47, 2906-2916.

(351) Sereni, L.; Tato, M.; Sola, F.; Brill, W. K. Dletrahedron
2004 60, 8561-8577.

(352) Severinsen, R.; Lau, J. F.; Bondensgaard, K.; Hansen, B.

S.; Begtrup, M.; Ankersen, MBioorg. Med. Chem. Lett.
2004 14, 317-320.

(353) Shaginian, A.; Patel, M.; Li, M.-H.; Flickinger, S. T.; Kim,
C.; Cerrina, F.; Belshaw, P.J. Am. Chem. So2004 126,

16704-16705.

(354) Shang, Y.; Yuan, L.; Wang, ¥YJ. Chem. Re2004 336—
338.

(355) Shannon, S. K.; Barany, G.Org. Chem2004 69, 4586—
4594,

(356) Sheng, S.-R.; Huang, P.-G.; Zhou, W.; Luo, H.-R.; Lin, S.-
Y.; Liu, X.-L. Synlett2004 2603-2605.

(357) Sheng, S.-R.; Liu, X.-L.; Wang, X.-C.; Xin, Q.; Song, C.-S.
Synthesi2004 2833-2836.

(358) Sheng, S.-R.; Zhong, M.-H.; Liu, X.-L.; Luo, Q.-Y.; Chen,
H.-Z. J. Chem. Re2004 392-393.

(359) Sheng, S.-R.; Zhou, W.; Liu, X.-L.; Song, C.-Synth.
Commun2004 34, 1011-1016.

(360) Sheng, S.-R.; Zhou, W.; Sang, X.-Y.; Liu, X.-L.; Wang, Q.-
Y. J. Chem. Re2004 626—-627.

(361) Sheppard, G. S.; Wang, J.; Kawai, M.; BaMaung, N. Y.;
Craig, R. A.; Erickson, S. A.; Lynch, L.; Patel, J.; Yang, F.;
Searle, X. B.; Lou, P.; Park, C.; Kim, K. H.; Henkin, J.;
Lesniewski, R.Bioorg. Med. Chem. LetR004 14, 865—
868.

(362) Shimojo, M.; Matsumoto, K.; Nogawa, M.; Nemoto, Y.;
Ohta, H.Tetrahedron Lett2004 45, 6769-6773.

(363) Shintani, T.; Kusabiraki, K.; Hattori, A.; Furutani, A,
Tsutsumi, K.; Morimoto, T.; Kakiuchi, KTetrahedron Lett.
2004 45, 1849-1851.

(364) Shukla, R.; Sasaki, Y.; Krchnak, V.; Smith, B. D.Comb.
Chem.2004 6, 703—709.

Reviews

(365) Shuttleworth, S. J.; Lizarzaburu, M. E.; Chai, A.; Coward,
P. Bioorg. Med. Chem. LetR004 14, 3037-3042.

(366) Sivakumar, K.; Xie, F.; Cash, B. M.; Long, S.; Barnhill, H.
N.; Wang, Q.Org. Lett.2004 6, 4603-4606.

(367) Slough, G. A.; Krchnak, V.; Helquist, P.; Canham, S. M.
Org. Lett.2004 6, 2909-2912.

(368) Smart, B. P.; Pan, Y. H.; Weeks, A. K.; Bollinger, J. G.;
Bahnson, B. J.; Gelb, M. HBioorg. Med. Chem2004 12,
1737-1749.

(369) Song, A.; Lam, K. STetrahedron2004 60, 8605-8612.

(370) Song, A.; Marik, J.; Lam, K. Stetrahedron Lett2004 45,
2727-2730.

(371) Song, A.; Zhang, J.; Lam, K. 8. Comb. Chem2004 6,
112-120.

(372) Song, A.; Zhang, J.; Lebrilla, C. B.; Lam, K. &. Comb.
Chem.2004 6, 604-610.

(373) Sotelo, EMol. Diversity 2004 8, 159-163.

(374) Srivastava, P.; Schito, M.; Fattah, R. J.; Hara, T.; Hartman,
T.; Buckheit, R. W.; Turpin, J. A.; Inman, J. K.; Appella, E.
Bioorg. Med. Chem2004 12, 6437-6450.

(375) Srivastava, R. R.; Collibee, S. Eetrahedron Lett2004
45, 8895-8897.

(376) Steel, P. G.; Teasdale, C. W.Tetrahedron Lett2004 45,
8977-8980.

(377) Stranix, B. R.; Sauve, G.; Bouzide, A.; Cote, A.; Sevigny,
G.; Yelle, J.; Perron, VBioorg. Med. Chem. Let2004 14,
3971-3974.

(378) Strohmeier, G. A.; Haas, W.; Kappe, C.Chem—Eur. J.
2004 10, 2919-2926.

(379) Strohmeier, G. A.; Kappe, C. @ngew. Chem., Int. Ed.
2004 43, 621-624.

(380) Su, S.; Giguere, J. R.; Schaus, S. E.; Porco, Jekahedron
2004 60, 8645-8657.

(381) Su, Y.-S.; Lin, M.-J.; Sun, M.-CTetrahedron Lett2004
46, 177-180.

(382) Sutton, J. C.; Bolton, S. A.; Davis, M. E.; Hartl, K. S.;
Jacobson, B.; Mathur, A.; Ogletree, M. L.; Slusarchyk, W.
A.; Zahler, R.; Seiler, S. M.; Bisacchi, G. 8ioorg. Med.
Chem. Lett2004 14, 2233-2239.

(383) Tafesse, L.; Kyle, D. JComb. Chem. High Throughput
Screening2004 7, 153-161.

(384) Tafesse, L.; Sun, Q.; Schmid, L.; Valenzano, K. J.; Rotshteyn,
Y.; Su, X.; Kyle, D. J.Bioorg. Med. Chem. LetR004 14,
5513-5519.

(385) Tai, C.-H.; Wu, H.-C.; Li, W.-ROrg. Lett.2004 6, 2905~
2908.

(386) Takvorian, A. G.; Combs, A. B. Comb. Chem2004 6,
171-174.

(387) Tanaka, H.; Hasegawa, T.; lwashima, M.; Iguchi, K
Takahashi, TOrg. Lett.2004 6, 1103-1106.

(388) Tang, E.; Huang, X.; Xu, W.-MTetrahedron2004 60,
9963-9969.

(389) Tashino, Y.; Togo, HSynlett2004 2010-2012.

(390) Taylor, S. J.; Taylor, A. M.; Schreiber, S.Angew. Chem.,
Int. Ed. 2004 43, 1681-1685.

(391) Tedder, M. E.; Nie, Z.; Margosiak, S.; Chu, S.; Feher, V.
A.; Almassy, R.; Appelt, K.; Yager, K. MBioorg. Med.
Chem. Lett2004 14, 3165-3168.

(392) Thierry, B.; Audouard, C.; Plaguevent, J.-C.; Cahard, D.
Synlett2004 856—860.

(393) Timmer, M. S. M.; Codee, J. D. C.; Overkleeft, H. S.; van
Boom, J. H.; van der Marel, G. /ASynlet2004 2155-2158.

(394) Timms, G. H.; Boot, J. R.; Broadmore, R. J.; Carney, S. L.;
Cooper, J.; Findlay, J. D.; Gilmore, J.; Mitchell, S.; Moore,
N. A.; Pullar, I.; Sanger, G. J.; Tomlinson, R.; Tree, B. B.;
Wedley, SBioorg. Med. Chem. Let2004 14, 2469-2472.

(395) Torisu, K.; Kobayashi, K.; lwahashi, M.; Nakai, Y.; Onoda,
T.; Nagase, T.; Sugimoto, |.; Okada, Y.; Matsumoto, R.;
Nanbu, F.; Ohuchida, S.; Nakai, H.; Toda, Bioorg. Med.
Chem.2004 12, 5361-5378.



Reviews

Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 897

(396) Tornoe, C. W.; Sanderson, S. J.; Mottram, J. C.; Coombs, (428) Yang, L.; Mayr, M.; Wurst, K.; Buchmeiser, M. Rhem—

G. H.; Meldal, M.J. Comb. Chem2004 6, 312—324.
(397) Tung, C.-L.; Sun, C.-MTl'etrahedron Lett2004 45, 1159
1162.

Eur. J.2004 10, 5761-5770.
(429) Yang, X.-W.; Liu, H.-Q.; Xu, M.-H.; Lin, G.-QTetrahedron-
Asymmetn2004 15, 1915-1918.

(398) Uttamchandani, M.; Walsh, D. P.; Khersonsky, S. M.; Huang, (430) Yao, Q.; Zhang, YJ. Am. Chem. So2004 126, 74—75.

X.;Yao, S. Q.; Chang, Y.-TJ. Comb. Chen004 6, 862—
868.

(399) Valenrod, Y.; Myung, J.; Ben, R. Netrahedron Lett2004
45, 2545-2549.

(400) Van den Eynde, |.; Van Rompaey, K.; Lazzaro, F.; Tourwe,
D. J. Comb. Chem2004 6, 468-473.

(401) Vanier, C.; Wagner, A.; Mioskowski, @. Comb. Chem.
2004 6, 846—-850.

(402) Vergnon, A. L.; Pottorf, R. S.; Player, M. R.Comb. Chem.
2004 6, 91—-98.

(403) Vergnon, A. L.; Pottorf, R. S.; Winters, M. P.; Player, M.
R. J. Comb. Chem2004 6, 903—-910.

(404) Vianello, P.; Cozzi, P.; Galvani, A.; Meroni, M.; Varasi, M.;
Volpi, D.; Bandiera, TBioorg. Med. Chem. Let2004 14,
657—661.

(405) Vickerstaffe, E.; Warrington, B. H.; Ladlow, M.; Ley, S. V.
J. Comb. Chem2004 6, 332—339.

(406) Villard, A.-L.; Warrington, B. H.; Ladlow, M.J. Comb.
Chem.2004 6, 611-622.

(407) Virta, P.; Leppaenen, M.; Loennberg,HOrg. Chem2004
69, 2008-2016.

(408) Voronkov, M. V.; Gontcharov, A. V.; Wang, Z.-M.; Rich-
ardson, P. F.; Kolb, H. CTetrahedron2004 60, 9043—
9048.

(409) Wang, C.-C.; Li, W.-RJ. Comb. Chen2004 6, 899-902.

(410) Wang, G. T.; Wang, S.; Gentles, R.; Sowin, T.; Leitza, S.;
Reilly, E. B.; von Geldern, T. WBioorg. Med. Chem. Lett.
2005 15, 195-201.

(411) Wang, Y.; Jin, J.; Moore, M. L.; Grayhill, T. L.; Wang, F.;
Wang, M. A.; Wang, B.; Jin, Q.; Rivero, R. Aetrahedron
Lett. 2004 45, 6645-6648.

(412) Wang, Y.; Sauer, D. ROrg. Lett.2004 6, 2793-2796.

(413) Wang, Y.-G.; Lin, X.-F.; Cui, S.-Bynlett2004 1175-1178.

(414) Wang, X.; Zhang, J.; Song, A.; Lebrilla, C. B.; Lam, K. S.
J. Am. Chem. So@004 126, 5740-5749.

(415) Wang, X. C.; Wang, J. K.; Li, ZChin. Chem. Lett2004
15, 635-638.

(416) Watts, J.; Benn, A.; Flinn, N.; Monk, T.; Ramjee, M.; Ray,
P.; Wang, Y.; Quibell, M.Bioorg. Med. Chem2004 12,
2903-2925.

(417) Weber, C.; Bielik, A.; Szendrei, G. |.; Keseru, G. M.; Greiner,
I. Bioorg. Med. Chem. LetR004 14, 1279-1281.

(418) Westhus, M.; Gonthier, E.; Brohm, D.; Breinbauer, R.
Tetrahedron Lett2004 45, 3141-3142.

(419) Wierschem, F.; Rueck-Braun, Eur. J. Org. Chem2004
69, 2321-2324.

(420) Wignall, S. M.; Gray, N. S.; Chang, Y.-T.; Juarez, L.; Jacob,
R.; Burlingame, A.; Schultz, P. G.; Heald, Rhem. Biol.
2004 11, 135-146.

(421) Wipf, P.; Stephenson, C. R. J.; Walczak, M. AGkg. Lett.
2004 6, 3009-3012.

(422) Wu, X.; Schmidt, R. RJ. Org. Chem.2004 69, 1853—
1857.

(423) Xia, M.; Pan, X.-JSynth. Commur2004 34, 3521-3528.

(424) Xiang, Z.; Luo, T.; Lu, K.; Cui, J.; Shi, X.; Fathi, R.; Chen,
J.; Yang, Z.Org. Lett.2004 6, 3155-3158.

(425) Xu, W. M.; Tang, E.; Huang, XSynthesi2004 2094—
2098.

(426) Yadav, V.; Chu, C. K.; Rais, R. H.; Al Safarjalani, O. N.;
Guarcello, V.; Naguib, F. N. M.; El Kouni, M. HJ. Med.
Chem.2004 47, 1987-1996.

(427) Yamazaki, K.; Kondo, YJ. Comb. Chem2004 6, 121—
125.

(431) Yeh, W.-B.; Lin, M.-J.; Sun, C.-MComb. Chem. High
Throughput Screening004 7, 251-255.

(432) You, S.-L.; Deechongkit, S.; Kelly, J. V@rg. Lett.2004
6, 2627-2630.

(433) Young, I. S.; Kerr, M. AOrg. Lett.2004 6, 139-141.

(434) Yu, Y.; Ostresh, J. M.; Houghten, R. A. Comb. Chem.
2004 6, 83—85.

(435) Yu, Y.; Ostresh, J. M.; Houghten, R. Aetrahedron Lett.
2004 45, 7787-7789.

(436) Zajdel, P.; Subra, G.; Bojarski, A. J.; Duszynska, B.;
Pawlowski, M.; Martinez, JJ. Comb.Chem.2004 6, 761—
767.

(437) Zaks-Makhina, E.; Kim, Y.; Aizenman, E.; Levitan, E. S.
Mol. Pharmacol.2004 65, 214-219.

(438) Zech, G.; Kunz, HChem—Eur. J. 2004 10, 4136-4149.

(439) Zhang, H.; Yang, G.; Chen, J.; ChenJZChem. Re004
360-361.

(440) Zhang, L.; Liu, G.; Zhang, S.-D.; Yang, H.-Z.; Li, L.; Wu,
X.-H.; Yu, J.; Kou, B.-B.; Xu, S.; Li, J.; Sun, G.-C.; Ji, Y.-
F.; Cheng, G.-FJ. Comb. Chem2004 6, 431-436.

(441) Zhang, L.; Rana, T. Ml. Comb. Chen004 6, 457—459.

(442) Zhang, M.; Vedantham, P.; Flynn, D. L.; Hanson, PJR.
Org. Chem.2004 69, 8340-8344.

(443) Zhang, M.; Moore, J. D.; Flynn, D. L.; Hanson, P.®&g.
Lett. 2004 6, 2657-2660.

(444) Zhang, Q.; Lu, H.; Richard, C.; Curran, D.P Am. Chem.
S0c.2004 126, 36—37.

(445) Zhang, W.; Tempest, FPetrahedron Lett2004 45, 6757
6760.

(446) Zhang, W.; Chen, C. H.-T.; Lu, Y.; NagashimaQOrg. Lett.
2004 6, 1473-1476.

(447) Zhao, D.; Sun, J.; Ding, KChem—Eur. J.2004 10, 5952
5963.

(448) Zhao, H.; Xin, Z.; Liu, G.; Schaefer, V. G.; Falls, H. D;
Kaszubska, W.; Collins, C. A.; Sham, H. .. Med. Chem.
2004 47, 6655-6657.

(449) Zhao, L.-J.; He H.-S.; Min, S.; Toy, P. H. Comb. Chem.
2004 6, 680-683.

(450) Zhong, J.; Gan, X.; Alliston, K. R.; Lai, Z.; Yu, H.; Groutas,
C. S.; Wong, T.; Groutas, W. d. Comb. Chem2004 6,
556-563.

(451) Zhou, Y.; Murphy, D. E.; Sun, Z.; Gregor, V. Eetrahedron
Lett. 2004 45, 8049-8051.

(452) Zhu, M.; Ruijter, E.; Wessjohann, L. rg. Lett.2004 6,
3921-3924.

(453) Velcicky, J.; Lanver, A.; Lex, J.; Prokop, A.; Wieder, T.;
Schmalz, H.-GChem—Eur. J.2004 10, 5087-5110.

(454) Dettwiler, J. E.; Lubell, W. DCan. J. Chem2004 82, 318—
324.

(455) Fujita, T.; Nagasawa, H.; Uto, Y.; Hasimoto, T.; Asakawa,
Y.; Hori, H. Org. Lett.2004 6, 827—830.

(456) Gartner, Z. J.; Tse, B. N.; Grubina, R.; Doyon, J. B.; Snyder,
T. M.; Liu, D. R. Science2004 305, 1601-1605.

(457) Ho, K.-K.; Appell, K. C.; Baldwin, J. J.; Bohnstedt, A. C;
Dong, G.; Guo, T.; Horlick, R.; Islam, K. R.; Kultgen, S.
G.; Masterson, C. M.; McDonald, E.; McMillan, K.; Morphy,
J. R.; Rankovic, Z.; Sundaram, H.; Webb, Bioorg. Med.
Chem. Lett2004 14, 545-548.

(458) Itami, K.; Mineno, N.; Muraoka, N.; Yoshida,d.Am. Chem.
Soc 2004 126, 11778-11779.

(459) Kamei, T.; Itami, K.; Yoshida, JAdv. Synth. Catal2004
346, 1824-1835.

(460) Ramachary D. B.; Carlox, BChem—Eur. J. 2004 10,
5323-5331.



798 Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 6

(461) Leftheris, K.; Ahmed, G.; Chan, R.; Dyckman, A. J.; Hussain,
Z.; Ho, K.; Hynes, J., Jr.; Letourneau, J.; Li. W.; Lin, S;
Metzger, A.; Moriarity, K. J.; Rivello, C.; Shimshock, Y.;
Wen, J.; Wityak, J.; Wrobleski, S. T.; Wu, H.; Wu, J.; Desali,
M.; Gillooly, K. M.; Lin, T. H.; Loo, D.; Mcintyre, K. W.;
Pitt, S.; Shen, D. R.; Shuster, D. J.; Zhang, R.; Diller, D.;
Doweyko, A.; Sack, J.; Baldwin, J.; Barrish, J.; Dodd, J.;
Henderson, |.; Kanner, S.; Schiven, G. L.; Webb,JMMed.
Chem.2004 47, 6283-6291.

(462) Li, L.; Navasero, NOrg. Lett.2004 6, 3091-3094.

(463) Lyapkalo, I. M.; Hogermeier, J.; Reissig, H.-Tktrahedron
2004 60, 7721-7729.

(464) Mont, N.; Fernandez-Megido, L.; Teixido, J.; Kappe, C. O.;
Borrell, J. . QSAR Comb. ScR004 23, 836-849.

(465) Seto, STetrahedron Lett2004 45, 8475-8478.

(466) Li, X.; Zev, J.; Gartner, Z. J.; Tse, B. N.; Liu, D. R.Am.
Chem. S0c2004 126, 5090-5092.

Reviews

(467) Diller, D. J.; Hobbs. D. WJ. Med. Chem2004 47, 6373~
6383.

(468) Lowrie, J. F.; Delisle, R. K.; Hobbs, D. W.; Diller, D. J.
Comb. Chem. High Throughput Screenip@04 7, 495—
510.

(469) Haggarty, S. J.; Clemons, P. A.; Wong, J. C.; Schreiber, S.
L. Comb. Chem. High Throughput Screen#@p4 7, 669—
676.

(470) Burke, M. D.; Schreiber, S. IAngew. Chem., Int. EQ004
43, 46-58.

(471) Gaggini, F.; Porcheddu, A.; Reginato, G.; Rodriques, M.;
Taddei, M.J. Comb. Chem2004 6, 805-810.

(472) Domling, A.; Ugi, L Angew. Chem., Int. E@00Q 39, 3168.

(473) Keating, T. A.; Armstrong, R. KI. Am. Chem. Sod.995
117, 7842-7843.

CC050082T



