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Abstract. The syntheses and biological activities of a series of calpain I inhibitors, derived from D- and L-Pro,
are described. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction. The possible role of calpain I, a calcium-activated intracellular neutral protease,l in the
pathology of stroke (focal cerebral ischemia) has been suggest«ed.2 Stroke is one of the leading causes of
mortality in the western hemisphere; in the US alone, more than half a million strokes occur each year killing
more than one-third of the victims. Potent peptide-based reversible** aldehyde and a-ketocarbonyl, and
irreversible” 2 halomethyl ketone, diazomethyl ketone, epoxysuccinate, and acyloxymethyl ketone inhibitors of
calpains have been reported. In all of these inhibitors, calpain tolerated a range of amino acids at P;. However,
the P,-amino acid was uniformly either L-Leu or -Val indicating this could be a strict structural requirement of
calpain I at the P,-site. Recently, we described a series of potent calpain I inhibitors incorporating N-alkyl- or
N-arylsulfonyl-D-amino acids at P,; compound 1 (Figure 1; R = CHj;) is a member of this series."
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To investigate how the introduction of an element of constraint in compound 1 affects the inhibitory
activity, we incorporated an N-alkyl/arylsulfonyl-D-proline moiety at P, in 1 to generate compounds of general
structure 2A (Fig. 1). In order to compare how the configuration of proline influences the inhibitory activity,
we also generated a limited series of N-alkyl/arylsulfonyl-L-proline-derived compounds of general structure 2B

(Fig. 1)." Herein we report the results of our observation.
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Scheme 1
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Reagents: (a) p-toluenesulfonyl chloride, THF, NaOH-H,0; (b) NMM/HOBtYBOP/DMF; (c) Dess-Martin
periodinane, CH,Cl,; (d) 6, KCN, DMF; (e) 6, NaN,;, DMF; (f) 10% Pd-C, H,, EtOH; (g) CH;SO,Cl, Et;N,
CH,Cl,; (h) (CF;CO0),0; Et;N, CH,Cl,.



R. Tripathy et al. / Bioorg. Med. Chem. Lett. 8 (1998) 2647-2652 2649

Chemistry. The syntheses'® of the representative target compounds 7, 10-11, and 15-16 are shown in
Scheme 1. Commercially available cis-4-hydroxy-D-proline (3) was simultaneously N- and O-sulfonylated to
generate 4. Compound 4 was coupled with (s)-phenylalaninol (5) to yield the dipeptide alcohol, 6. Dess-Martin
oxidation of 6 generated the target compound 7. In separate experiments, the OTs group in 6 was displaced in
Sn2 fashion by cyano and azido groups to produce compounds 8 and 9, respectively. Oxidation of 8-9
generated the target compounds 10-11. The azido group in 9 was hydrogenated to the amino group of
compound 12, which was subsequently sulfonylated and carbonylated to generate 13 and 14, respectively.

Oxidation of 13-14 produced 15-16.

Biology and discussion. The biological activities of the compounds were determined using
recombinant human calpain I, prepared as described by Meyer et al.'® with Suc-Leu-Tyr-MNA (Enzyme
Systems Products, Dublin, CA) as substrate. Table 1 displays the activity of the target compounds. As shown,
in the D-Pro series, the arylsulfonyl moiety on proline-/ is ca. four times preferred over an alkylsulfonyl moiety
(cf. 20 vs 17). Sterically demanding groups (e.g., tosyl, mesyl) at the 4-position diminish the inhibitory activity
(cf. 20 vs 18, 19, 7, 21, and 15). However, the enzyme tolerates relatively smaller-sized groups (e.g., cyano,
azido) at the 4-position (cf. 20 vs 10, and 11). Also, the enzyme prefers a trifluoroacetamido group over a
methanesulfonamido group at the 4-position (cf. 16 vs 15). Surprisingly, the enzyme accommodates both D-
and L-N-methanesulfonylproline (cf. 17 vs 22). Note, in the L-proline series, the enzyme does not discriminate
between alkylsulfonyl and arylsulfonyl moieties on proline-N (22 and 23). Interestingly, while the trans-tosyl
group at the 4-position in the L-proline series improves the inhibitory activity (cf. 23 vs 24), the trans-
benzoyloxy group at the same position diminishes the activity (cf. 23 vs 25) indicating the beneficial effect of a
sulfonyl group in the region. It should be noted that D-Pro-derived 20 and L-Pro-derived 24 are equipotent to

the reference compound 1.

Accommodation of both D- and L-proline (compounds 17 and 22) at P, implies similar binding modes
for the two inhibitors to calpain I. Recently, Kempf et al. reported that the biological and pharmacokinetic
properties of the HIV aspartic protease inhibitor ritanovir and its P,-D-valinyl diastereomer were
indistinguishable; the X-ray crystal structures of the enzyme-inhibitor complexes revealed similar binding
modes for the two inhibitors.'” In our case, the manner in which compounds 17 and 22 bind to the enzyme
awaits the X-ray crystal structure determination of the respective enzyme-inhibitor complex. It is noteworthy to
mention that the methylation of the reference compound 1 generates a 46 times less potent compound"® whereas
proline-derived N-methyl methanesulfonamides, 17 and 22, are only 4-5 times less potent revealing the

beneficial orientation of the C(2)-N(1)-S-O moiety. It should be mentioned that the replacement of the proline
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Comp. Config.
of proline
7 D
10 D
11 D
15 D
16 D
17 D
18 D
19 D
20 D
21 D
22 L
23 L
24 L
25 L

1 -

an > 3, in all cases.
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Table 1. Inhibitory Activities of the Compounds?
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moiety by a sarcosine moiety (N-methylglycine) diminishes the activity (data not shown).

Table 1 also contains inhibitory activity of a selected set of compounds (calpain I IC5; < 100 nM)
against cathepsin B, a related cysteine protease. In the D-proline series, compounds 10, 11, and 20 displayed
excellent selectivity for calpain I over cathepsin B. However, the selectivity of the L-proline-derived
compounds for calpain I over cathepsin B was modest. Table 1 also contains inhibitory activity (at 10 uM) of
the same set of compounds against a-chymotrypsin, a serine protease with P-Phe-specificity; compounds were

less active in this assay.

Conclusion. We have described in this Letter a series of calpain I inhibitors incorporating D- and L-Pro
at P,. This work compliments our previous observation that contrary to earlier literature reports, L-Leu or -Val
residue at P, might not be a strict requirement for a potent calpain I inhibitor. Work is currently underway to

determine the cellular activities of these compounds and will be reported in due course.
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