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Abstract: The synthesis and SAR of bridgehead N-alkylated analogues of the nonpeptide
substance P antagonist CP-96,345 are described. The results indicate that the bridgehead nitrogen
may provide more of an anchoring function rather than being in intimate contact with the receptor.

Our recent studies on the synthesis? and SAR2 of CP-96,345, the first nonpeptide substance
P {SP} antagonist delineated the bridgehead nitrogen as an important structural feature for NK4
receptor affinity. Since pKa measurements indicate this strongly basic nitrogen is likely to be fully
protonated under physiological conditions2, we decided to investigate alkylation of this nitrogen to
define its interactions with the receptor. The N-alky! quinuclidinium salt 1 could also provide an
NK1 antagonist unable to penetrate the blood-brain barrier useful as a research tool to assess the
contribution of NK1 receptors in the central nervous system to biological activity.
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Even though the bridgehead nitrogen in CP-96,345 is hindered by the adjacent benzhydryl
group, it proved possible to effect the desired alkylation in refluxing ethanol over several days with
periodic addition of more alkylating agent. Products 1a and 1b were purified as the hydroiodide
salt after crystallization from isopropanol to remove unreacted starting material.5 As shown above,
N-methylation of CP-96,345 reduces in vitro NK1 receptor affinity measured in human IM-9 cells 19-
fold. Addition of a carboxamide group via alkylation with iodoacetamide to give 1b restores affinity
aimost to the level of CP-96,345, while compounds tc¢ to 1e, without the polarity of the
carboxamide, show further decreases in affinity.

These results indicate that the bridgehead nitrogen atom in CP-96,345 does not form an
intimate ion-pair interaction at the receptor binding site, since the rigidity of the quinuclidine nucleus
requires the bridgehead nitrogen lone pair to accept a hydrogen-bonding interaction in the space
occupied by the N-alkyl substituent. The potent affinity of acetamido derivative 1b indicates that
these receptor interactions are nevertheless specific. The reduced affinity of 1a is not a result of
distortion of the quinuclidine framework and a concommitant change in the orientation of the
benzylamino and benzhydry! groups, as shown by the following comparison of the X-ray structures
of CP-96,345 (gray) and 1a (black)8:

Overlap of X-ray structures of CP-96,345 (gray) and compound 1a (black), depicted using Nemesis
v2.1, © Oxford Molecular, Ltd.
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Thus, although crucial for NK1 receptor recognition?, the bridgehead nitrogen does not seem
to be in intimate contact with the receptor, but instead may provide an "anchor point" by virtue of the
positive charge in its protonated form serving to orient the molecule for proper receptor interaction.
This anchoring function may involve a diffuse ion-pair interaction with the negatively charged polar
head groups of the phospholipid components of the membrane in which the receptor resides, since
the binding site for CP-96,345 was recently shown to be located near the tops of transmembrane
domains 5 and 6 where they emerge from the lipid environment of the membrane.? A basic
nitrogen or ammonium group is a feature of many of the recently disclosed structurally novet NKjy
receptor antagonists'?, and hence this anchoring function may be a general strategy used by these
compounds for proper orientation at their receptor binding site.
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