Ve

LSEVIER

Available online at www.sciencedirect.com

ScienceDirect

Bioorganic &
Medicinal
Chemistry
Letters

Bioorganic & Medicinal Chemistry Letters 17 (2007) 662-667

Synthesis and SAR of novel 2-arylthiazolidinones as selective
analgesic N-type calcium channel blockers

Lars J. S. Knutsen,” Christopher J. Hobbs, Christopher G. Earnshaw, Andrea Fiumana,
Jenny Gilbert, Sarah L. Mellor, Fleur Radford, Nichola J. Smith, Philip J. Birch,
J. Russell Burley, Stuart D. C. Ward and Iain F. James

Tonix Pharmaceuticals Ltd," 418 Cambridge Science Park, Milton Road, Cambridge CB4 0PA, UK

Received 23 June 2006; revised 30 October 2006; accepted 31 October 2006
Available online 6 November 2006

Abstract—A series of new N-type (Ca,2.2) calcium channel blockers derived from the ‘hit’ structures 2-(3-bromo-4-fluorophenyl)-3-
(2-pyridin-2-ylethyl)thiazolidin-4-one 9 and its 2-[4-(4-bromophenyl)pyridin-3-yl]-3-isobutyl analogue 10 is described. Extensive
SAR studies using a range of synthetic approaches resulted in novel, patented compounds with ICsy values of up to 0.2 uM in
an in vitro IMR32 assay, and selectivities for N/L of up to 30-fold. The new compounds described have potential in treatment

of neuropathic pain.
© 2006 Elsevier Ltd. All rights reserved.

Ion channel blockers are attractive drug targets for an
expanding range of therapeutic indications' and volt-
age-dependent Ca®* channels play important roles in
critical biological processes.? Based on their pharmaco-
logical and electrophysiological properties the channels
have been classified into several subtypes: N- (Ca,2.2),
L- (Ca,1.1-Ca,1.4), P/Q- (Ca,2.1), R- (Ca,2.3) and T-
type (Ca,3.1-Ca,3.3). These targets for therapeutic inter-
vention play specialised roles in cellular function.>*

N-type channels are located primarily at pre-synaptic
nerve terminals and mediate spinal transmission of pain
signals from the periphery to the central nervous system
(CNS) by modulating release of nociceptive neuro-trans-
mitters and neuropeptides.* Selective Ca”>" channel
blockers in particular are now emerging as prospective
therapeutics for the treatment of neuropathic and
inflammatory pain.®> Mice lacking N-type channels show
suppressed response to painful stimuli that induce
inflammation, and show reduced neuropathic pain
symptoms. This provides evidence that N-type channels
may be essential for development of neuropathic pain,
that is, pain associated with nerve injury, and control
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of N-type activity is important in the management of
6
pain.

The recently approved pain drug Ziconotide (Prialt™) is
a potent blocker of N-type Ca*" channels.” Pre-clinical
and clinical studies of Ziconotide conclude that selective
blockade of the N-type channel is effective in reducing
inflammatory and neuropathic pain in humans.

The market for Ziconotide may be restricted by the need
for intrathecal delivery of this new peptide drug, and by
a range of neurological and cardiovascular side-effects.®

Gabapentin 1 (Fig. 1) was the first drug approved for
post-herpetic neuralgia treatment. The cyclic amino acid
1 and Pregabalin 2 are ligands at the 0,0 domain of
Ca,2.2, stimulating interest in Ca®* channels as pain
drug targets.>!® Flunarizine!' 3 and Lomerizine!? 4,
known as L-type ligands, exhibit N-type blockade
(Table 1). Given this promising target, we started a
search for novel drug-like analgesic N-type blockers.

The objective of Ionix’s N-type drug discovery pro-
gramme was to identify orally active selective small mol-
ecule N-type blockers with an acceptable therapeutic
index for the treatment of chronic pain. Several patented
compounds are claimed to be selective N-type blockers.
Examples include NMED 39-45-3 5 and cinnarizine
analogue MC 34D 7, from a Neuromed piperazine
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Figure 1. Structures of reference calcium channel modulators.
Table 1. 1Cs, values for 3-(2-pyridin-2-ylethyl)thiazolidine-4-ones in the IMR32 assay>
o R
4H5
I N_ X1
—N 3 \(2
R1
Compound R! R? X N-type ICsg (M) L-type ICso (uM) Ratio L-type/N-type
9 3-Br, 4-F-Ph H S 1.68 9.51 5.6
26 3-CF5-Ph H S 2.41 11.5 4.8
23 3-Br, 4-F-Ph N—fBu—acetamide S 1.34 2.92 2.2
27 3-CF;-Ph N-"Bu-acetamide S 1.29 2.08 1.6
28 3-Br, 4-F-Ph H SO, 8.13 >30 —
29 3-Br, 4-F-Ph H S=0 29.8 >30 —
3 — — — 1.67 0.78 0.5
4 — — — 2.43 1.48 0.6

series,' as well as the amide 6 with in vivo activity in

pain models.'* The quinoline 8 has reported activity in
the late stage formalin paw pain model.!> We noted
the structural diversity in Figure 2, and sought differing
starting points as leads in our search for novel blockers.

We utilised a high-throughput in vitro fluorescence-
based assay to assess ICsq values for blockade of both
N- and L-type channels in a human neuroblastoma cell
line, IMR32, essentially in a single assay.'® Evaluation
of the Ionix corporate compound library identified
2-arylthiazolidinones, including 9 and 10, as promising
N-type blockers, and both were selected as promising
screening  ‘hit’ structures for elaboration of SAR

(Fig. 3).

Very few thiazolidinones modulating ion channels are
known. Compound 11 is one of a series of Na* channel
blockers'” and CP-060S 12 is an anti-ischaemic with
Ca”" overload inhibition and antioxidant activity.'s
Thiazolidinones with K modulation are known.!® Giv-
en promising in vitro activity and selectivity of 9 and 10
in the IMR32 assay (Tables 1 and 2), we embarked on a
detailed SAR study of 2-arylthiazolidinones. Tables 1-4
summarise SAR studies, focusing on structural features
aiming to provide selectivity for N-type over L-type cal-
cium channels, and represent a major chemistry effort.
Experimental detail has already been published.?”

The carbinol 14, derived from 13, was converted into the
nicotinaldehyde 15 utilising a Vilsmeier reagent, fol-
lowed by ammonium acetate-induced cyclisation.?!
Aldehyde 15 was cyclocondensed with mercaptoacetic
acid and isobutylamine to provide target 10 (Scheme 1).

The intermediate 18 was prepared from aldehyde 17
available from formylation of 16.2! Suzuki coupling of
18 with 4-CF3-phenylboronic acid provided 19 (Scheme
2). A higher yielding method for synthesis of 19 is via
aldehyde 21; Suzuki coupling?? of 21 afforded 22 and
cyclocondensation provided 19. Syntheses of related
thiazolidinones are illustrated in Scheme 3 and 4.

Thiazolidinone 9 proved to be one of the more selective
examples with a selectivity ratio for the N-/L-type of >5,
with promising solubility and physical properties. How-
ever, N-type potency of >1 pM was not improved in any
of the analogues of 9 in Table 1, and dropped away
markedly upon oxidation of the sulfur. Selectivity could
not be readily improved, even by probmg neighbouring
areas of the binding site with bulky R? groups at the
thiazolidinone 5-position, for example, the acetamide
23 (Scheme 3).

We opted therefore to focus on an SAR study around
2-[4-(4-bromo-phenyl)pyridin-3-yl]-3-isobutylthiazolidin-
4-one 10, which proved to be robustly selective with an
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