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Abstract—In a continuation of our efforts to simplifly the structure of our neurokinin antagonists, a series of substituted biphenyl
derivatives has been prepared. Several compounds exhibit potent affinities for both the NK; receptor (<10nM) and for the NK,
receptor (< 50nM). Details on the design, synthesis, biological activities, SAR and conformational analysis of this new class of dual
NK/NK, receptor antagonists are presented. © 2002 Elsevier Science Ltd. All rights reserved.

Neurokinins (NKs), also referred to as tachykinins
(TKs), are a family of peptide neurotransmitters and
neuromodulators implicated in a variety of biological
disorders such as anxiety, arthritis, asthma and airway
diseases, cancer, depression, emesis, migraine and schizo-
phrenia.! Within the lungs, the release of neuropeptides,
notably substance P (SP) and neurokinin A (NKA),
from sensory nerves as well as from inflammatory cells
results in an inflammatory response characterized by
bronchoconstriction, microvascular leakage and mucus
hypersecretion—typical pathological features of asthma
and chronic bronchitis.> The effects of SP (primarily
microvascular leakage and mucus hypersecretion) and
NKA (predominantly hyper-responsiveness) are medi-
ated through specific receptors—mainly NK; for SP and
mainly NK, for NKA—and thus the simultaneous
blockade of both receptors offers an attractive strategy
for the treatment of asthma and airway diseases.>

In a continuation of our efforts to simplify the struc-
tures of our NK-antagonists (e.g., the selective NK;
antagonist CGP49823* and the dual NK,;/NK, antago-
nists such as 5-aryl-4-benzoylamino-pent-2-ene-carbox-
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amides, A°), analysis with molecular models suggested
that a suitably substituted biphenyl derivative (B) would
place the two aromatic rings—comprising the postu-
lated pharmacophore elements (for the NK; receptor)—
in the correct orientation as required for receptor bind-
ing® (Fig. 1). In addition to eliminating an additional
stereocenter,” molecules of this type were envisioned
to be amenable for rapid optimization of biological
activity as a result of the projected synthesis (aryl-aryl
coupling).
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Figure 1. Simplification of NK-antagonist structures leading to sub-
stituted biphenyls.
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The requisite 1,3-disubstituted biphenyl derivatives (2)
were prepared using a Cu-catalyzed cross-coupling
reaction between bromide 1 and a suitably substituted
aryl iodide, and subsequent Raney nickel reduction of
the nitro group. Sequential acylation and alkylation of
the free amine provided esters 3. The target compounds
(4-17) were obtained following saponification and
ensuing reaction of the acid intermediates with various
amines under standard peptide coupling conditions
(Scheme 1).

CoMe ap
DO

1
RJ
|
N COo,Me
R1
U102

3

H,N

2

O,N

2

O COo,Me

2

, d
_ed

Br
R

3
R )
N
e f R’ NR'R®
—  » 0o
R2

R? 417

Scheme 1. Preparation of compounds 4-17: (a) R%-aryl-1, Cu; (b) Ha,

Ra(Ni); (¢) R'-aryl-COCl, Et;N, DMAP; (d) R3-I, NaH; (¢) LiOH,
H,0, THF, MeOH; (f) R*R5-NH, Et;N, EDC, DMAP.

The affinity of 4-17 for the NK; receptor was deter-
mined by measuring the inhibition of binding of *H-
Sar’-SP in bovine retina membranes.® For the NK,
receptor, the inhibition of '>’I-NKA binding to trans-
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fected CHO-cells expressing human recombinant NK,
receptors was assessed.’ (Table 1). A number of com-
pounds (9, 13-14) demonstrated potent affinities for
both the NK; and NK, receptors—comparable to the
reference compound.® It was found that a wide variety
of substituents are tolerated at various positions in the
molecule leading to compounds with high affinity to the
NK; receptor, thus suggesting that the orientation of
the two pendant aromatic rings (vide infra) is solely
responsible for the binding activity to the NK; receptor.
NK, receptor affinity, however, is much more depen-
dent on the nature of the substitution pattern—the lar-
gest effects resulted from variations of the R*R>-
substituents (8, 14-17) and of the R!-substituent (4-5,
14). Moreover, in addition to the potent NK receptor
binding affinities, several compounds exhibited good
inhibition of either Sar’-SP-induced bronchoconstric-
tion'® (79 and 60% for 6 and 7 respectively, 1 mg kg~!
po) or PB-Ala®-NKA-induced bronchoconstriction!®
(72% for 8, 10mg kg~! po) when administered to gui-
nea pigs 2 h prior to agonist challenge.

Subsequent to the initiation of synthetic activities,
modelling studies'! with CGP49823, A (Ar=4-Cl-
phenyl, NR!'RZ?=2-piperidin-1-yl-ethylamine) and 8
were undertaken to test the validity of the original
hypothesis and to aid in the identification of specific
structural features for enhancing the NK,-antagonistic
activity. In confirmation of the original supposition,
analysis of the lowest energy conformations highlighted

Table 1. In vitro binding affinities of compounds 4-17 to NK - and NK,-receptors
SRS
1 N O NR'R®
R o)
RZ
Compd R! R? R3 NR*R? NK; NK,
IC50 (HM)") IC50 (nM)"‘
4 H 4-F CH; i) 35 > 1000
5 3,5-(CF3), 4-F CH, HNO 34 168
6 3,5-(CF3), 4-H CH; HQH 1.5 560
o]
(0.L)

7 3,5-(CF3), 4-CH; CH; D-a-Amino-g-caprolactam 6 181
8 3,5-(CF3), 4-Cl CH; D-0-Amino-g-caprolactam 2.7 70
9 3,5-(CF;), 4-F CHj; D-o-Amino-g-caprolactam 1 28
10 3,5-(CF3), 3,4-(Cl), CH; D-o-Amino-g-caprolactam 0.8 43
11 3,4,5-(OCH;)3 4-Cl H D-0-Amino-g-caprolactam 0.7 >1000
12 3,4,5-(OCH;)3 4-Cl CH; D-o-Amino-g-caprolactam 13 162
13 3,4,5-(0CH3)3 4-Cl H HNO 9 30
14 3,5-(CF3), 4-Cl CH; HNQ 3 51
15 3,5-(CF3), 4-Cl CHj; N(CH,);N(CH3), 1 108
16 3,5-(CF3), 4-Cl CH; N(CH3), 4 500
17 3,5-(CF3), 4-Cl CH; N(OH)CH; 0.6 > 1000

2Values are means of three experiments.
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Figure 2. Overlap of CGP49823 (gray), A (light green) and 8 (dark
green).

the pair of closely spaced, staggered aromatic rings® as
the most striking common feature. Furthermore, the
presence of a H-bond accepting group (e.g., a carbonyl)
at approximately 6 A from the centroid of the first of the
two staggered rings was identified as an important con-
tributor for NK, binding activity (Fig. 2)

In conclusion, a novel class of dual NK;/NK, receptor
antagonists has been discovered. Several of the reported
compounds exhibit potent affinities for both the NK;
receptor (ICsy <10nM) and for the NK, receptor (ICsq
<50nM). Additionally, some of the compounds dis-
played potent in vivo po activities in guinea pigs against
either NK; or NK, agonist-induced bronchoconstric-
tion. In addition to eliminating a stereocenter, the rigid
nature of the target molecules allows for rapid con-
formational analysis using computer-assisted molecular
modeling which, in turn, may aid in the optimization of
binding activities.
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