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The synthesis and identification of sulfonamido-aryl ethers as potent bradykinin B1 receptor antagonists
from a �60,000 member encoded combinatorial library are reported. Two distinct series of compounds
exhibiting different structure–activity relationships were identified in a bradykinin B1 whole-cell recep-
tor-binding assay. Specific examples exhibit Ki values of �10 nM.
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Bradykinin B1 and B2 receptors are G-protein coupled receptors
that play a role in pain and inflammation pathways. The peptides,
bradykinin and kallidin, are released following tissue injury and
serve as physiological agonists for the constitutively expressed
B2 receptor.1,2 Further metabolism of bradykinin and kallidin
result in the formation of [des-Arg9]-bradykinin and [des-Arg10]-
kallidin, the natural agonists for the B1 receptor. While this recep-
tor is not widely expressed in non-disease states, it is induced
during conditions of inflammation and tissue trauma.3 Subsequent
activation of the B1 receptor is believed to contribute to chronic
inflammatory diseases and inflammatory and neuropathic pain.4

As such there is considerable interest in the identification of small
molecule antagonists of the B1 receptor with therapeutic interest
against chronic inflammation and pain.

Recent literature reports have detailed the discovery of non-pep-
tide B1 receptor antagonists incorporating sulfamoylbenzamide,5

benzodiazepine,6 arylsulfone,7 benzimidazole8 and diaminopyri-
dine9 core structures, and multiple classes of non-peptide B2 antag-
onists.10,11 We herein describe the results of our research resulting
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in the identification of novel, potent B1 receptor antagonists from
high-throughput screening of a �60,000 member sulfonamido-aryl
ether combinatorial ECLiPSTM (Encoded Combinatorial Libraries on
Polymeric Support)12 library. The general structures of the com-
pounds present within the library are consistent with a proposed
B1 antagonist pharmacophore of an aryl sulfonamide incorporating
a spacer and either a carboxamide or other hydrogen-bond accep-
tor13 that has been observed in a number of B1 antagonists. This
proposed common pharmacophore is exemplified by the reported
non-peptide bradykinin B1 antagonists SSR-2406124 and I14 (Fig. 1).

The sulfonamido-aryl ether library was constructed on solid-
phase in four combinatorial steps. The library was designed to pro-
vide two distinct spurs as defined by the synthetic strategy used to
generate the sulfonamide-based aryl ether framework.

Aminomethyl-terminated Tentagel� resin (1) was used as the
polymeric support together with a 2-nitrobenzylic photo-cleavable
linker.15 Solid-phase synthesis was initiated by acylating 1 with
N-a-N-e-bis-Fmoc-lysine followed by Fmoc deprotection to gener-
ate 2 (Scheme 1). This increases the loading capacity of the resin by
doubling the number of amino groups for further functionalization.
This was followed by diisopropyl carbodiimide (DIC)-mediated
acylation with 4-(bromomethyl)-3-nitrobenzoic to provide 3. This
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Figure 1. Reported non-peptide bradykinin B1 antagonists.4,14

120 A. G. Cole et al. / Bioorg. Med. Chem. Lett. 19 (2009) 119–122
linker allows photo-mediated cleavage of the final compounds
from solid-phase, and is compatible with the chemistry required
to conduct the solid-phase synthesis. Generation of resin-bound
secondary amines 4 was achieved by alkylation of a series of
primary amines (R1-NH2) with 3 in THF. DIC-mediated bromoacet-
ylation of 4 with bromoacetic acid provided the common interme-
diate 5, which was used in the construction of the two library
spurs.

The generation of library spur 1 involved alkylation of a series of
O-TBS protected amino-, methylamino- and ethylaminophenols
with 5 to provide 6 (Scheme 2). Sulfonylation of 6 with a diverse
selection of sulfonyl chlorides followed by acid-mediated silyl
deprotection provided the resin-bound phenols 8. Mitsunobu reac-
tion of 8 with a solution-phase alcoholic component mediated by
diisopropylazodicarboxylate (DIAD) and triphenyl phosphine
generated aryl ethers 10. The generation of library spur 2 was con-
ducted via alkylation of a series of O-TBS-protected aminoalcohols
with 5 to provide 7 (Scheme 3). Sulfonylation of 7 with a diverse
selection followed by silyl deprotection provided 9. DIAD/triphenyl-
phosphine-mediated Mitsunobu reaction of 9 employing a solution-
phase phenolic component generated aryl ethers 11.
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Scheme 2. Library spur 1. Reagents and conditions: (a) R2-NH2, DMSO, 25 �C; (b) R3SO
CH2Cl2, THF, 25 �C.
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Scheme 1. Reagents and conditions: (a) N-a-N-e-bis-Fmoc-Lys, HOBt monohydrate, DIC,
acid, HOBt monohydrate, DIC, CH2Cl2, DMF, 25 �C; (d) R1-NH2, THF, 25 �C; (e) bromoace
Combinatorial components R1 and R3 are common to both
library spurs, whereas R2 and R4 differ in nature between the library
spurs. Amino substituents included at the R1 position incorporate
aliphatic, aromatic, acidic and basic functionalities. Sulfonamide
formation to install R3 utilizes primarily aromatic and heteroaro-
matic sulfonyl chlorides, incorporating electron-withdrawing, elec-
tron-donating and basic functionalities. In library spur 1, R2 is based
on a series of substituted and unsubstituted anilino-, benzylic- and
phenethyl-based fragments, whereas the R2 component of library
spur 2 is based on unsubstituted alkyl chains of varying length. In
each spur, R2 provides varying separation of the sulfonamide func-
tionality and what may be a key hydrogen-bond acceptor in the
form of the ether oxygen atom.13 The alcohols employed in the final
synthetic step of spur 1 install aliphatic, benzylic and basic func-
tionalities and the phenolic components present within spur 2 pro-
vide varying substitutions of the aromatic system.

Compounds were photo-released from the polymeric support
under previously optimized photolysis conditions16 prior to high-
throughput screening in a whole-cell binding assay. Structural
assignment of the active compounds was performed by electron-
capture gas-chromatographic analysis of the binary encoding
sequence of electrophoric molecular tags incorporated during
ECLiPSTM library synthesis.12,17

Screening of library spur 1 in a whole-cell binding assay using
WI-38 cells18 yielded a set of potent B1 binding ligands exhibiting
distinct structural features. A strong preference was observed for
the 2-chlorobenzyl functionality at the secondary carboxamide
position in conjunction with a 4-functionalized aminomethyl ben-
zenesulfonamide. This highlights the possible importance of a ba-
sic center at this position within this series. In addition, a
benzylic spacer separating the sulfonamide from the aryl ether
oxygen atom was exclusively selected. The isobutyl-substituted
phenyl ether incorporated via the final Mitsunobu reaction was
also shown to be desirable. Specific examples were resynthesized
in multi-milligram quantities for accurate Ki determinations in
the B1 receptor-binding assay18 (Table 1). These Ki’s revealed supe-
rior affinity for incorporation of the 4-(4-methylpiperazin-1-yl)-
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Table 2
B1 antagonists from library spur 2
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Scheme 3. Library spur 2. Reagents and conditions: (a) R2-NH2, DMSO, 25 �C; (b) R3SO2Cl, 2,6-lutidine, CH2Cl2, 25 �C; (c) HCl, MeOH, 25 �C; (d) Ar4-OH, DIAD, PPh3, Et3N,
CH2Cl2, 25 �C.
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methyl substitution of the benzene sulfonamide (10a) in compari-
son to the corresponding 4-piperidinylmethyl (10c), 4-(dimethyl-
amino)methyl (10d) and 4-morpholinomethyl substitutions (10f).
Methoxylation (10a) or chlorination (10b) of the central aromatic
ring was also shown to provide a 5- to 10-fold increase in affinity
in comparison to the phenyl analog (10e), suggesting the potential
contribution of a steric effect to increased binding.

Screening of library spur 2 also yielded compounds with affinity
for the B1 receptor. Similarly, specific examples were resynthe-
sized in multi-milligram quantities for accurate Ki determinations
in the B1 receptor-binding assay18 (Table 2). Although compounds
from this library spur exhibited weaker activity, distinct structural
features were still observed. A different SAR to spur 1 was evident
for both the secondary carboxamide and sulfonamide substitu-
tions. In contrast to the hydrophobic 2-chlorobenzyl amide present
in all of the B1 binding ligands from spur 1, a distinct preference
was observed for a more hydrophilic amide in spur 2. Notably,
compounds 11b, 11c and 11e, incorporate an amido-substituent
derived from b-alanine. Comparison of 11a and 11e reveals
increased activity for the 2-methoxyphenethyl-based secondary
carboxamide compared with the carboxylic acid-containing com-
pound. However, the b-alanine-derived compound (11b) does
show superior affinity to the corresponding methoxypropyl (11d)
Table 1
B1 antagonists from library spur 1
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Compound R X Y Ki
a (lM)

10a
Cl

N N O 0.011 ± 0.002

10b
Cl

N N Cl 0.021 ± 0.003

10c
Cl

N O 0.034 ± 0.008

10d
Cl

N O 0.093 ± 0.022

10e
Cl

N N H 0.113 ± 0.024

10f
Cl

N O O 0.149 ± 0.05

a Binding Ki ± SEM based on 4 independent determinations.
and methyl (11f) analogs. The R2 component present within the
active compounds consistently displayed a two carbon spacer
between the sulfonamide nitrogen and the ether oxygen-acceptor
atom. The 2,4-dichlorosubstituted benzene sulfonamide was also
a common structural feature, being exclusively selected from the
diverse set of sulfonamides in the active compounds identified
from spur 2. A number of fragments could be incorporated in the
final combinatorial variant (R4), with library members based on
sesamol (11a and 11e), 2,3-dihydro-1H-inden-5-ol (11b, 11d and
11f) and 3-chlorophenol (11c) all demonstrating activity.

For comparison, the compound exhibiting R4 as unsubstituted
phenyl (11g) was synthesized and exhibited considerably weaker
activity than the bicyclic or chlorinated examples.

The more potent compounds from library spur 1 were also eval-
uated in a functional assay to confirm their role as antagonists.
Functional antagonism was demonstrated by evaluation in a cal-
cium mobilization assay against cloned hBK1 expressed in Cos-7
cells also expressing aequorian.19 Active compounds displayed
Ki’s of 37–500 nM in the functional assay (Table 3).
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Table 3
Binding18 and functional19 activities of B1 antagonists from library spur 1

Compound Ki bindinga (lM) Ki functionala (lM)

10a 0.011 ± 0.002 0.037 ± 0.009
10b 0.021 ± 0.003 0.188 ± 0.057
10c 0.034 ± 0.008 0.267 ± 0.050
10d 0.093 ± 0.022 0.497 ± 0.196
10f 0.149 ± 0.05 0.463 ± 0.080

a Ki ± SEM based on P3 independent determinations.
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In summary, evaluation of a �60,000-member sulfonamide-aryl
ether combinatorial library in a high-throughput whole-cell bind-
ing screen vs bradykinin B1 has resulted in the successful discovery
of two series of antagonists with differing SAR. Although all library
compounds are consistent with the proposed common pharmaco-
phore of an aryl sulfonamide incorporating a spacer and either a
carboxamide or other hydrogen-bond acceptor,13 specific combi-
natorial components were selected at the diversity positions in
each of the active series. The selection of key fragments highlights
the benefits of screening large compound collections to obtain
valuable SAR information that extends beyond the core structure.
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