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Abstract: Selective N-Type Voltage Sensitive Calcium Channel (VSCC) antagonists have shown utility in
several models of pain and ischemia. We report the structure—activity relationship at the proximal phenyl group
in a series of non-peptidyl VSCC blockers. ® 1999 Published by Elsevier Science Ltd. All rights reserved.

Introduction

Neuronal voltage sensitive calcium channels (VSCC) regulate intracellular calcium concentration, which
in turn affects important neuronal functions such as neurotransmitter release, cellular excitability, hormone
secretion, metabolism, and gene expression.’ N-type calcium channels are one of several subtypes of VSCC,
and are located primarily on presynaptic nerve terminals of central and peripheral neurons. These channels are
sensitive to changes in membrane potential and regulate the calcium flux involved in depolarization-evoked
release of neurotransmitter. Thus, they play a key role in coupling the electrical signal of an action potential to
chemical changes inside nerve cells. It is well-documented in the literature that neuronal injury is often
associated with excessive influx of calcium following an ischemic or traumatic event.'

It has been suggested that selective N-type calcium channel blockers could be useful as therapeutic
agents.” For example, ®-Conotoxin MVIIA, a 25 amino acid residue- containing peptide found in the venom of
a piscivorous marine snail (Conus Magus), is a highly potent and selective N-type VSCC blocker.> The
synthetic equivalent, SNX-111 (ziconotide, 1) has demonstrated therapeutic benefit in animal models of
traumatic brain injury, focal cerebral ischemia, and pain.® Recent progress in the area of small molecule N-type
calcium channel blockers has been reviewed.*

As part of our efforts to develop small molecule N-type VSCC antagonists, PD 151307 (2) was
identified as a chemical lead by high volume screening of the Parke-Davis compound library.’ In the process of

exploring the SAR of this compound, we discovered a novel series of 4-aminopiperidine derivatives, such as
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181283 (3), and found that they are active in vitro in the IMR-32 assay, and efficacious in vivo in an audiogenic

seizure model using DBA/2 mice.®

Figure 1. N-Type Calcium Channel Blockers
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In this report, we present the results of an exploration of the SAR at the proximal, aniline phenyl group
of PD 181283 (3). Our goal was to determine the effect of variations at this position on potency at N-type
calcium channels, as well as to incorporate functionality which could improve the physicochemical properties or
metabolic stability of compounds in this series. We disclose three novel analogs with improved in vitro activity

relative to 3.

Chemistry

Our synthetic approach is illustrated in Scheme 1. Commercially available fert-butyl 4-oxo-1-
piperidinecarboxylate was reductively aminated with mono-protected phenylenediamine’ 4 to give piperidine 5.
In a second reductive amination reaction, this material was alkylated on the aniline nitrogen with
isovaleraldehyde to give tertiary amine 6. This intermediate was deprotected under acidic conditions to give 7,
and then coupled with (8)-2-[(Azepane-1-carbonyl)-amino]-4-methyl-pentanoic acid® to give amide 8. The Cbz
protecting group was cleaved by hydrogenolysis to give aniline 9, which was then alkylated in a third reductive
amination reaction with a variety of aldehydes to yield the desired final products, 10-17. Other final
compounds were prepared by analogous methods. Thus, the phenethyl® (18), unsubstituted phenyl (19), and
benzyloxy (20) analogs were each prepared using the appropriate aniline starting material in the initial reductive
amination reaction. 4-bromo-2-methyl-2-butene was used as the alkylating agent in the second step of the

sequence for 18 and 19. The benzyl group in 20 was cleaved by hydrogenolysis to yield the phenol analog, 21.°
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Scheme 1.

i. tert-Butyl 4-ox0-1-piperidinecarboxylate, NaBH(OAc);, CH,Cl,; ii. isovaleraldehyde, NaBH(OACc);,
CH,Cly; iii. 1:1 trifluoroacetic acid/CH,Cly; iv. (S)-2-[(Azepane-1-carbonyl)-amino]-4-methyl-
pentanoic acid, O-benzotriazol-1-yl- N,N,N’,N*- tetramethyluronium hexafluorophosphate, (iPr),EtN,
DMF; v. 20% Pd/C, H,, THF/MeOH; vi. aldehyde, NaBH(OAc);, CH,Cl,.

Results

The activity of these compounds at N-type VSCC was evaluated in the IMR-32 assay'o (Table 1). The
structural starting point for this SAR study was the previously reported compound 3, which had an ICso of 0.34
UM in this assay. In an attempt to reduce the molecular weight, we prepared analog 19 (ICso = 1.0 pM), which
lacked the 4-benzyloxy substituent. This compound was about three fold less active than the parent compound,
establishing that substitution is required for optimal potency.

In other studies, we noted that saturation of the 3-methyl-but-2-enyl substituent of 3 led to a two fold
improvement in potency (20, ICso = 0.19 uM). Since this change could also potentially improve the metabolic
stability of our compounds by removing a site for oxidation in vivo, we chose to use the saturated side chain to
prepare two other lower molecular weight compounds which lacked the benzyl group but retained a heteroatom.
Compound 21 (ICsp = 1.0 uM) was substituted with a phenolic hydroxy group: it was about six fold less potent
than 20. Changing the hydroxy group of 21 to an amino group in compound 9 (ICsq = 2.2 uM) resulted in an

even steeper, twelve fold decrease in potency as compared to 20.
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Table 1. IMR-32 ICs;, values
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Next, we prepared two analogs with changes to the oxygen atom of the O-benzyl group of 20. To assess
the effect of changing the O-benzyl oxygen to a nitrogen, we compared 20 with the N-benzy! analog 10 (ICso =
0.40 uM). This compound was about two fold less active than the parent. Similarly, an analog with a carbon
replacement for the oxygen in the O-benzyl group (18, 0.67 M) was about two fold less active than its parent
(3, 0.34 uM).

We then explored the SAR at the distal phenyl group of N-benzyl analog 10. Our goal was to improve
the physicochemical properties of the series by incorporating more polar functionality on the ring or in place of

the phenyl group itself. The 4-hydroxybenzyl (11, ICsp = 0.69 UM) and 4-dimethylaminobenzyl (12, ICso = 0.49
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UM) analogs demonstrated that incorporation of polar substituents at the para position of this phenyl group
resulted in a 3 to 4 fold loss in potency. Replacement of the phenyl group with a 2-pyridyl group resulted in
al;out a six fold loss in potency (13, ICso = 1.1 uM), while the still more polar imidazotyl-methyl analog was
essentially inactive (17, ICso = 120 uM).

Finally, we prepared a few analogs with alkyl and cycloalkyl groups which could be more metabolically
stable than the phenyl group. Two of these, the cyclohexylmethyl (14, ICso = 0.29 uM) and 3,3-dimethyl-butyl
(15, ICsp = 0.18 uM) compounds, were among the most potent novel analogs in this report. They were about
equipotent when compared with 20, and slightly more potent than the N-benzyl analog (10) or the initial lead,
PD 181283 (3). Interestingly, incorporation of a polar 3-hydroxybutyl side chain resulted in a ten fold loss in
potency (16, ICso = 1.8 pM) as compared with analog 15, which lacked a hydroxy group. This result was
consistent with the decreases in potency observed for other polar substitutions at this position.

The most potent novel analog (15) was evaluated in an audiogenic seizure model using DBA/2 mice.'!
It showed significant activity in preventing tonic seizures (80% protection at 30 mg/kg) in this assay. This
compound was also evaluated in electrophysiological assays.12 It blocked neuronal N-type calcium channels
measured electrophysiologically in superior cervical ganglion neurons (71 +11.3 % at3 uM, n = 3), with a
calculated ICso = 1.4 pM. Compound 15 also blocked voltage-gated sodium channels (41% at 3 pM, n = 2).
These results suggest that the compound is active at both voltage-gated calcium channels and voltage-gated

sodium channels.
Conclusions

In conclusion, we report three new compounds (14, 15, and 20) that are more potent in the IMR-32 asay
than the starting point for this SAR study, PD 181283 (3). The most potent of these analogs (15) was also active
in an audiogenic seizure mouse model. Our work suggests that a substituent of sufficient size and lipophilicity
on the proximal phenyl group is necessary for potent N-type calcium channel blockade in the IMR-32 assay.
Within this broad requirement, a variety of structural changes are tolerated without a substantial loss in potency.
Two of the most active compounds disclosed here (14 and 15), lack both the distal phenyl group and alkene
functionality of our previously reported compounds, which could be sites of metabolic oxidation in vivo. The
additional amine functionality in these compounds could also improve their physicochemical properties by

providing another site for acid salt formation and hydrogen bond donation to solvent.
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