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Abstract. The preparation of 4a-g, conformationally rigid calcium channel blockers related to Diltiazem, is
described starting from tricyclic compounds Sa-¢c. On radioreceptor assay and preliminary biochemical tests
some compounds show high affinity for Calcium Channel Receptors (CCRs) and calcium antagonistic activity
comparable or superior to that of Diltiazem.

After the introduction of calcium channel blockers (CCBs) into the clinical practice for the treatment of
cardiovascular diseases!, several new compounds with calcium antagonistic activity have been described, most
of them being structurally relaied to the dihydropyridines Nifedipine 1 and Nicardipine 22-4. On the other

hand, very few effective calcium antagonists related to Diltiazem 3 have been reported until today?. Therefore,
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little information is available concerning structure-activity relationships in this class of CCB
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Only recently, Fujita and coworkers’ have reported that some 2-[2-[(aminoalkyl)oxy]-5-methoxyphenyl]-3,4-
dihydro-4-methyl-3-oxo0-2H-1,4-benzothiazines possess potent calcium antagonistic activity associated with
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weak cardiac suppression. We wish now to report the results concerning design, synthesis and preliminary
bivlogical evaluation of N-substituted l-aminomethyl-4-aryt-4H-pyrrolo[2,1-c]{1 4]benzothiazines 4 as new
CCBs.

Molecular modeling studies® showed a very good superimposition between the munimum  energy
conformations? of Diltiazem 3 and the prototype 4b of our class of compounds (Fig. 1). The replacement of the
amide linkage of 3 with a bioisosteric10 pyrrole ring as well as the contraction of the central ring from seven-
to six-membered leads to the more rigid compound 4b, but doesn't substantially alter the mutual distances and
spatial disposition of two of the pharmacophoric groups, namely the 4-methoxyphenyl substituent and the
dimethylaminomethy! side chain.
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Therefore, in order to assess their calcium antagonistic properties, we synthesized the family of products 4a-g.
Following a general procedure previously described!l, we prepared the new 4-aryl-4H-pyrrolo[2,1-
c][1,4]benzothiazines Sa-¢ involving cyclization of the thiol derivatives §a-¢ vig intramolecular nucleophilic
displacement of the fluorine atom, as 2 key step. The transformation of §a-c into the target compounds da-g
was accomplished as outlined in the Scheme.

Mannich reaction on Sa.¢ gave derivatives da-c (83-88% yield), while compounds dd-g were prepared vig
aldehydes 7b.c obtained in turn by Vilsmeier-Haack formylation (DMF, POCI3) of §b.¢ (88, 93% yield).
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Reductive amination of 7b.c with primary amines in the presence of NaBH3CN/ZnCl, afforded the aryl and
alkylaminomethyl derivatives 4d-f (78-82% yield). Finally, compound 4g was prepared by NaBHy4 reduction of
the immonium salt, obtained in turn by reaction of N-methyl-2-(3,4-dimethoxyphenyl)ethylamine with
aldehyde 7b in HCl/MeOH (85% yield) (See Table 1).

Biochemistry. Compounds 4a-g were subjected to radioreceptor assay12’13 (RRA) to evaluate their ability to
displace [3H]-nitrendipine from CCRs!4. Biochemical data are reported in Table 1. While da.c,d.f.g are less or
equally potent, 4b.e display higher affinity than that of Diltiazem.

Table 1. Chemical and biological data of test compounds

compound formula? mol. weight mp(°C) recrist. solvent IC50(nM)  Kj(nM)
4a CooHooN2S 320 141-42 EtOAc 315 118

4b C21H2oN70S 350 174-75 EtOAc 0.42 0.16
Ac CaoH4N7058 380 171-72 EiOAc 150 56

4d Ca5H1FN20S 416 176-77 i-PrOH 5870 2200
de Co4HpgN2028 408 119-20 MeOH 14.8 5.55

af C29H3gN2038 487 132-33 EtOAc 534 200

4g C30H33CIN,O3Sb 537 - - 53 19
Diltiazem 42 16

2 Elemental analyses were within £0.4% of the theoretical values; N.M.R. and MS spectra confirmed the assigned structures
b As hydrochloride

The ability of the above described compounds to block calcium channels was tested using electrophysiological
techniqueslg. Fig.2 shows traces of transmembrane calcium currents recorded under voltage-clamp
stimulations in mouse oocyteslg. These cells are known to possess voltage-dependent Ca2+ channels similar to
the T-type20, although they are also partially inhibited by dihydropyridines2!, Panel A and A' show the
blocking action of 4¢ (10 uM) on the currents elicited by the voltage stimulations as drawn in panel C. For
comparison, panel B and B' show a similar effect caused by Diltiazem (10 pM) on another oocyte. Table 2
summarizes the results obtained with compounds 4a-¢ at 10 pM and 100 uM.

Fig. 2
A Coniral A 4C 10 uM
Table 2. Electrophysiological data
Compounds 10 uM 100 uM ‘Jﬁ?’“ c
Diltiazem 24% (13) 62% (5) " /’ 7
4a 40% () 65% (11) I/ 5o -0
4b 20% (1) 62% (8) V w0 ] L
4c 24% (8) T74% (5) B Control B Ditiazem 10 uM
Percent reduction of the peak CaZ+ current elicited ‘
by a test pulse to -10mV following application of TC% ! nA
Diltiazem and the test compounds at two different ‘Z/’/
| 50 msee

concentrations (number of cells in brackets).
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In conclusion, we have prepared some tricyclic amines 4a-g, structurally related to Diltiazem, as potential
calcium channel blockers. Some of them show high affinity and potent calcium blocking properties in
biochemical and electrophysiological tests.
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