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The synthesis and SAR of two series of bradykinin B1 receptor antagonists is described. The benzamide
moiety proved to be a suitable replacement for the aryl ester functionality of biaryl based antagonists.
In addition, it was found that semicarbazides can effectively replace cyclopropyl amino acids. The com-
pounds with the best overall profile were biaryl semicarbazides which display high antagonistic activity,
low Caco-2 efflux and high oral bioavailability in the rat.

� 2009 Elsevier Ltd. All rights reserved.
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Kinin peptides are released from kininogen precursors by the
action of plasma and tissue kallikreins in response to traumatic
injury and infection.1 The biological actions of kinins are mediated
by two major G-protein coupled receptors designated as bradyki-
nin B1 and bradykinin B2 receptor. The B2 receptor is constitutively
expressed under physiological conditions in a variety of cells while
the B1 receptor is induced under pathological conditions such as
tissue damage or inflammation in several cell types including
endothelial, smooth muscle cells, blood cells, and neurons.2,3 This
difference in expression makes the B1 receptor a particularly
attractive drug target. Activation of the B1 receptor produces a
range of pro-inflammatory effects including edema, pain, and pro-
motion of blood-borne leukocyte trafficking.4,5

Recently, a number of publications and patent applications de-
scribed the identification and optimization of biaryl-based brady-
kinin B1 receptor antagonists such as 1 (MK-686, Fig. 1).6,7 It was
reported that 1 revealed certain metabolic liabilities related to
the methyl ester moiety8 and showed low aqueous solubility.9 To
resolve these issues, several studies were undertaken in which
the biaryl region, as well as the N-terminus of the amino acid, were
modified.8–11 Here we report an alternative strategy to replace the
biaryl unit and the cyclopropyl amino acid moiety (Fig. 1). Using a
benzamide moiety instead of the aryl ester resulted in a novel class
of B1 receptor antagonists (2a–g). Additionally, semicarbazides are
shown to serve as suitable replacement for the cyclopropyl amino
ll rights reserved.
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acid moiety. Highly active compounds were thus obtained by
combination of semicarbazides with benzamides (3a–f) or biaryls
(4a–k).

The general synthesis of target compounds 2a–g and 3a–f is
illustrated in Scheme 1. Ester 6 was prepared from 57,12 by cyana-
tion of the aryl bromide, hydrolysis and ester formation. The intro-
duction of the semicarbazide group was achieved by coupling Boc-
protected alkyl hydrazines13 with phosgene followed by Boc
AmineO 4a-k
R4R5

Figure 1. Design of new bradykinin B1 receptor antagonists.
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Table 1
B1 receptor antagonist activity of benzamides 2a–g

X
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AmineO

R1
R2

O

Compound Amine R1 R2 X CAM IC50
a (nM)

2a NHEt H
N

N
CH >10,000

2b NEt2 H
N

N
CH 3100

2c NiPr2 H
N

N
CH 500

2d N H
N

N
CH 125

2e
N

H

CF3

F

CH 5.0

2f
N

F

CF3

F

CH 1.3

2g
N

F

CF3

F

N 28

a Numerical average of at least two experiments.

Table 2
B1 receptor antagonist activity of semicarbazides 3a–f

H
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N

O

NO

N

F

R1
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F

CF3

Compound R1 R2 CAM IC50
a (nM)

3a H H >1000
3b Me Me >1000
3c H Et >1000
3d Et H 1.0
3e Me H 4.4
3f i-Pr H 15

a Numerical average of at least two experiments.
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Scheme 1. Reagents and conditions: (a) (i) AcCl, TEA, Et2O; (ii) CuCN, DMF, 160 �C;
(b) (i) 6 N HCl, 110 �C; (ii) MeOH, cat. HCl, 70 �C; (c) COCl2, N0-alkyl-hydrazine-
carboxylic acid tert-butyl ester, DIPEA, THF; (d) HCl/Methanol; (e) R2CO2H, HATU,
DIPEA, DMF; (f) tert-butoxycarbonyl-aminocyclopropane carboxylic acid, HATU,
DIPEA, DMF; (g) LiOH, dioxane/H2O; (h) amine, HATU, DIPEA, DMF.
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deprotection. Coupling reactions with carboxylic acid derivatives
formed precursor 7. Applying a cyclopropyl amino acid derivate
in this synthesis pathway yielded precursor 8. The final com-
pounds 2a–g and 3a–f were obtained by hydrolysis of the methyl
ester and HATU coupling reactions with the corresponding amines.

After surveying a variety of primary and secondary amines in
combination with different R2s, a focused series of benzamides
was prepared (Table 1). The in vitro functional activity of the com-
pounds at the B1 receptor was assessed in a DAKD-mediated cal-
cium mobilization (CAM) assay using IL-1 beta pretreated human
lung fibroblasts IMR-90. The SAR of the pyrimidyl benzamides 2a
(IC50 = >10,000 nM) and 2b (IC50 = 3100 nM) demonstrates that
the secondary amine is advantageous to provide B1 receptor antag-
onist activity. Increasing steric bulk from diethyl (2b,
IC50 = 3100 nM) to diisopropyl (2c, IC50 = 500 nM) led to a sixfold
increase in activity. Encouraged by this result, we synthesized
the 2,5-dimethylpyrrolidyl amide 2d (IC50 = 125 nM) which
showed a fivefold increase in potency compared to the diisopropyl
amide 2c. Furthermore, switching of R2 from the polar pyrimidine
moiety (2d) to the bulky hydrophobic 3-fluoro-5-(trifluoro-
methyl)benzoic acid (2e) resulted in a drastic 25-fold increase of
activity (2e, IC50 = 5 nM). Employing the enantiomerically pure
2,5-dimethylpyrrolidyl and fluoro substitution at R1 led to 2f
(IC50 = 1.3 nM). Interestingly, and in contrast to biphenyl based
B1 receptor antagonists,6 modification of the phenyl core to a pyr-
idyl was not tolerated by the B1 receptor (2f, IC50 = 1.3 nM vs 2g,
IC50 = 28 nM).

Compound 2f exhibited a high aqueous solubility of 42 lM as
well as a reasonable metabolic stability14 (45% remaining after
1 h in rat microsomes) and a reasonable pharmacokinetic profile
in male Wistar rat (F = 43%, t1/2 = 39 min, CL = 34 mL/min/kg).
However, the human microsomal stability of 2f proved to be low
(9% remaining after 1 h in human microsomes). Consequently, 2f
was not considered for further characterization.

At this stage we decided to focus on the exploration of the ami-
no acid moiety. As it is well-known that aza amino acids can serve
as suitable replacement for amino acids15 we hypothesized that
semicarbazides might provide viable analogues. Therefore the
compounds 3a–f were synthesized (Table 2).



Table 3
Antagonistic activity of semicarbazides 4a–e
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b Caco-2 directional transport ratio (B to A)/(A to B).
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Scheme 2. Reagents and conditions: (a) bis(pinacolato) diborane, Pd(dppf)Cl2,
KOAc, DMF, 80 �C; (b) aryl bromide, Pd(dppf)Cl2, K2CO3, DMF, 80 �C; (c) HCl/
methanol; (d) COCl2, N0-ethyl-hydrazinecarboxylic acid tert-butyl ester, DIPEA, THF;
(e) HCl/Methanol; (f) R5CO2H, HATU, DIPEA, DMF.

Table 4
Antagonistic activity of semicarbazides 4f–k
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M. Schaudt et al. / Bioorg. Med. Chem. Lett. 20 (2010) 1225–1228 1227
We found that the potency of both the N-unsubstituted semi-
carbazide 3a, as well as the bis-N-methylated analogue 3b, was
less than IC50 = 1000 nM. Installation of an ethyl group at the R2

position (3c, IC50 >1000 nM) did not lead to any measurable activ-
ity at the B1 receptor. In contrast, a highly active compound was
obtained (3d, IC50 = 1.0 nM) when R1 only was an ethyl group. Fur-
ther evaluation of the R1 alkyl substituent demonstrated that
methyl (3e, IC50 = 4.4 nM) and isopropyl (3f, IC50 = 15 nM) substi-
tution led to lower activity compared to 3d, suggesting the ethyl
moiety represents an optimal small alkyl substituent for R1 in this
series. Unfortunately, this class of compounds (3a–f) proved to be
compromised by low human microsomal stability, as for benzam-
ides 2a–g.

To improve the microsomal stability, the biaryl core was revis-
ited and SAR of the corresponding semicarbazide derivatives was
undertaken (Table 3). A 3-methoxyisoxazole-5-carbonyl group
was incorporated adjacent to the semicarbazide, based on the
observation that in similar biaryl cyclopropyl amino acid-based
antagonists, this group was found to be optimal.8 The general syn-
thesis of the compounds is depicted in Scheme 2. Transformation
of phenyl or pyridine bromides 97,16 gave rise to the respective
pinacol boron esters which were coupled with the selected aryl
bromides8,16,12 to furnish the biaryl compounds 10. The final com-
pounds 4a–k were obtained by removal of the Boc group and sub-
sequent HATU coupling with the corresponding carboxylic acids.

Compound 4a, with an oxadiazole ring attached to the distal
ring of the biaryl moiety, showed very good activity in the subn-
anomolar range (IC50 = 0.43 nM). A Caco-2 efflux ratio17 of 2.0 indi-
cates that the compound is likely to be a weak P-gp substrate.
Activity, as well as solubility, could be increased by switching to
the pyridine derivative 4b (IC50 = 0.26 nM). However, in the pyri-
dine series, Caco-2 efflux was higher as also shown for the tetra-
zoles 4c and 4d. This effect could be reduced to some extent by
the introduction of a methyl group into the benzyl position (4e, ra-
tio 4.6 vs 4d, ratio 7.2).

Further exploration of more than 70 different aliphatic and het-
erocyclic amide derivatives revealed that the trifluoroacetic acid
(TFA) amide—present in 1—served as the best functional group
with respect to activity and Caco-2 efflux. In Table 4, representa-
tive examples of semicarbazides with the TFA amide are shown.
In both classes with the oxadiazole and the tetrazole moiety, the
compounds with a Cl/F-substitution pattern (4g, IC50 = 0.48 nM
and 4i, IC50 = 0.28 nM) were found to be more active than those
with Cl/Cl-substitution (4f, IC50 = 1.3 nM and 4h, IC50 = 0.64 nM).
However, 4g and 4i still showed marginal Caco-2 efflux ratios of
2.4 and 3.9, respectively. Inspired by researchers from Merck,8

we introduced a difluoroethyl ether into the phenyl ring of the
semicarbazide derivatives. For the compounds with the Cl/F (4k,



Table 5
Pharmacokinetic data for selected compounds (Wistar rat)

Compound t1/2
a (min) CLa (mL/min/kg) Fb (%)

4b 24 14 >45
4c 93 5 20
4j 135 7 >44
4k 121 2 50

a 1 mg/kg iv.
b 1 mg mg/kg po.
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IC50 = 1.8 nM) and the Cl/Cl (4j, IC50 = 1.5 nM) pattern, the activity
as well as the Caco-2 efflux values, were found to be excellent.

Pharmacokinetic data for selected compounds in male Wistar
rats are shown in Table 5.18 Compound 4b revealed a satisfactory
PK profile as it is modestly cleared after iv administration
(CL = 14 mL/min/kg) and has an oral bioavailability of F >45%. Com-
pound 4c showed a better terminal plasma half life after iv admin-
istration (t1/2 = 93 min) and lower clearance but oral bioavailability
proved to be only 20%. The difluoro ethyl ether analogues 4j and 4k
exhibited the best PK profiles in rat with low clearances
(CL 6 7 mL/min/kg), long plasma half lifes (t1/2 > 120 min) and
good oral bioavailabilities (F P 44%). There was no indication of
any toxicity of semicarbazides in a cytotoxicity assay in human
hepatocytes up to a concentration of 100 lM19 and no mutagenic
liability was determined in an Ames test.20

In summary, we describe the synthesis of two series of bradyki-
nin B1 receptor antagonists. The benzamide series showed high
potency but suffered from low microsomal stabilities. This issue
was resolved by the introduction of the semicarbazide functional-
ity in combination with a biaryl scaffold. The resulting compounds
(e.g., 4j–k) expressed high B1 receptor antagonistic activity, low
Caco-2 efflux ratios, and excellent pharmacokinetic profiles.
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