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Abstract—Excessive calpain activations contribute to serious cellular damage and have been found in many pathological con-
ditions. Novel chromone carboxamides derived from ketoamides were prepared and evaluated for p-calpain inhibition. Among
synthesized, compound 2i was the most potent calpain inhibitor with an ICsy value of 0.24 £ 0.11 uM comparable to the
activity of peptide aldehyde calpain inhibitor MDL 28,170. Furthermore, compound 2i showed higher selectivity for p-calpain
over two related cysteine proteases cathepsin B and cathepsin L, suggesting the chromone ring as a good scaffold for selective

p-calpain inhibitors.
© 2005 Elsevier Ltd. All rights reserved.

Calpains are calcium-dependent, intracellular proteoly-
tic enzymes and found in many cells. Calpains are re-
ferred to as cysteine proteases because they include a
cysteine residue in the catalytic process.! Two major
forms of calpains have been identified: calpain I (or p-
calpain) and calpain II (or m-calpain), which require
micromolar and millimolar concentrations of calcium
ions for activation, respectively.? Excessive calpain acti-
vation contributes to serious cellular damage or even cell
death and has been found in a number of pathological
conditions, for example, cerebral ischemia,®> myocardial
infarction,* traumatic brain injury,’ Alzheimer’s dis-
ease,® cataract of eyes,” and inflammation® to implicate
that these diseases are presumably associated with ele-
vated intracellular calcium concentrations. For this rea-
son, considerable efforts have been focused on the design
and synthesis of calpain inhibitors as a novel therapeutic
principle for many years.
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Many reversible and irreversible calpain inhibitors have
been reported. Most of them are derived from peptides,
in particular dipeptide aldehydes such as Z-Val-Phe-H
(1, MDL 28,170).° However, MDL 28,170 suffers from
some disadvantage such as nonselectivity, instability
during storage and excessive metabolism owing to the
peptide character and high reactivity of aldehyde moiety
present.' Therefore, the recent studies are mainly fo-
cused on the design of less peptide-like calpain inhibitors
to lead piperidine carboxamides,!'" benzoyl keto-
amides,'? and peptidyl hydrazones.'3
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Likewise, in our attempts for search of novel inhibitors,
chromones were selected as new building blocks in the
P,—P; region of the enzyme and as a replacement of o-
amino acid moiety, Z-Val within MDL 28,170 to reduce
peptide character. We envisioned that the pyran ring
having a Rj-substituent in compound 2 can be consid-
ered as a cyclic analogue of valine moiety in the struc-
ture of MDL 28,170. Furthermore, it is anticipated
that additional hydrogen bonds may be possible via
interaction of carbonyl oxygen of pyran ring with
calpain residues. The ketoamide was also used as a
warhead in the new inhibitors since several ketoamide-
derived inhibitors showed improved metabolic stability
in vitro and in vivo.'* Herein we describe the synthesis
of chromone derivatives 2 as novel calpain inhibitors
and their biological evaluation for p-calpain inhibition.
To investigate the influence of substituents on inhibitory
effect, we set the variations at chromone ring (R;, R,
and R;) and amide part (Ry) in the design of inhibitors.

Chromone derivatives 2 were synthesized by coupling of
chromone carboxylic acids 7 with amino alcohols 10 fol-
lowed by oxidation of hydroxy group as shown in
Scheme 2. Synthetic route to compounds 7 is detailed
in Scheme 1. 2-Hydroxypropiophenone (5a) and chro-
mone-2-carboxylic acid (7d) were purchased, and 2-
hydroxybutyrophenone (5¢) was prepared from phenol
(4) by Friedel-Craft acylation with butyryl chloride.
Dioxane-fused propiophenone (5b) was prepared by
Fries rearrangement of compound 3,'> which was ob-
tained from benzodioxane via two-step sequence; Fri-
edel-Craft acylation with propionyl chloride and
Bayer—Villiger oxidation.!® Chromone rings were con-
structed by acylation of 2-hydroxyphenones 5 with ethyl
chlorooxoacetate followed by in situ cyclization of the
resulting esters in the presence of pyridine to provide
compounds 6.!7 The ethyl ester groups in compounds
6 were finally hydrolyzed with KOH to yield chromone
carboxylic acids 7.
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The P, building blocks 3-amino-2-hydroxybutanoic acid
amides (10) were prepared from 3-dibenzylamino-2-hy-
droxy acid (8)'® as illustrated in Scheme 2. Compound
8 was coupled to various amines using EDC/HOBt
and then debenzylated by hydrogenolysis under atmo-
spheric pressure of hydrogen with palladium hydroxide
to provide amino alcohols 10. Compounds 10 were cou-
pled to chromone-2-carboxylic acid derivatives 7 using
again EDC/HOBt to yield compounds 11, which subse-
quently were transformed into the chromone derivatives
2 by oxidation under Dess—Martin periodinane
conditions.'®

The biological activities of the synthesized compounds
were evaluated for inhibition of p-calpain using a case-
in-Coomassie blue microplate assay according to the
method previously reported.'® The percent inhibition
of cathepsin B and cathepsin L was tested at three con-
centrations according to the procedure described in the
literature using Cbz-Arg-Arg-pNA for cathepsin B?°
and Cbz-Phe-Arg-AMC for cathepsin L?! as a substrate.
The results are summarized in Table 1. MDL 28,170 (1)
is well known as the most potent calpain inhibitor and
therefore its biological activities were also tested in our
assay systems for comparison. First, we examined the
importance of a chiral center in chromone derivatives
for inhibitory activity by synthesizing 2a and its anti-
pode (structure not shown) starting from L-phenylala-
nine and D-phenylalanine, respectively, by the same
method. The inhibitory effect of 2a (ICs0=0.72 %
0.17 uM) with S-configuration on p-calpain was supe-
rior to that of its antipode (ICso = 8.32 + 0.38 uM) and
therefore all chromone derivatives were prepared from
L-phenylalanine. Second, the introduction of dioxane
ring in the chromone ring generally resulted in the de-
creased inhibitory activity of the parent compound
irrespective of amide substituents R4. However, amide
substituents were also important in the activity. Com-
pounds 2a and ¢ possessing benzyl and phenethyl amide
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Scheme 1. Reagents and conditions: (a) TiCly, 1,2-dichloroethane, rt; (b) butyryl chloride, AICl;, CS,, rt; (c) ethyl chlorooxoacetate, pyridine,

60 °C — reflux; (d) KOH, EtOH/H,O0, rt.
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Scheme 2. Reagents and conditions: (a) R4-NH,, EDC, HOBt, CH,Cl,/THF, rt; (b) H,, Pd(OH),/C, MeOH, rt; (c) 7a-d, EDC, HOBt, CH,Cl,/THF,

rt; (d) Dess—Martin periodinane, CH,CL/THF, 0 °C — rt.

Table 1. Synthesized chromone derivatives and their activities in inhibition of p-calpain, cathepsin B, and cathepsin L

R o

Ry

2a-n

Compd Ry, R, R3 R4 p-Calpain® inhibition % Inhibition of % Inhibition of
1Cso (uM)d cathepsin B® at concn of cathepsin L® at concn of
02uyM 2puyM 20pM  02puM 2puM 20 M
2a H, H Methyl Benzyl 0.72 £ 0.15 0.0 21.3 67.9 8.1 65.3 95.6
2b ~OCH,CH,- Methyl Benzyl 248 +0.17 0.0 18.6 58.2 12.7 838 958
2c H, H Methyl Phenethyl 0.53+0.10 0.0 49.0 82.1 10.1 789 983
2d -OCH,CH,0O- Methyl Phenethyl 4.53+0.13 0.0 35.3 41.4 7.4 66.8  95.7
2e H, H Methyl 2-(Morpholin-4-yl)ethyl 8.17 +2.22 0.0 0.0 239 0.0 9.6  69.6
2f -OCH,CH,0O- Methyl 2-(Morpholin-4-yl)ethyl >20 0.0 0.0 20.2 0.0 26.5  92.0
2g H, H Methyl iso-propyl 5.69%t1.74 0.0 0.0 42.6 2.1 175 712
2h -OCH,CH,0O- Methyl iso-propyl >20 0.0 0.0 42.2 1.7 24.6 74.9
2i H, H Methyl H 024 +0.11 14.4 63.2 91.5 224 81.5 98.1
2j -OCH,CH,0O- Methyl H 0.81 £ 1.16 26.3 60.8 92.2 32.5 86.3 96.6
2k H, H Ethyl H 0.45%0.10 16.9 61.2 91.5 319 89.2  96.6
21 H,H H H 8.73 £ 0.69 21.5 55.4 79.9 54.2 87.7  99.1
MDL 28,170 0.20 £ 0.03 96 96.6 100 100 100 100

#Human plasma p-calpain.
® Bovine spleen cathepsin.
¢ Human liver cathepsin.

9 Mean values of three independent experiments.

in the R4-position showed good inhibition of p-calpain
(IC59 = 0.53-0.72 uM), while the potencies were de-
creased about 10-fold when these substituents were re-
placed by 2-(morpholin-4-yl)ethyl or isopropyl amide.
Among synthesized chromone derivatives, compound
2i, which possesses primary amide, showed the most po-
tent inhibitory activity (ICso = 0.24 £ 0.11 uM) compar-
able to the inhibitory activity of MDL 28,170 (ICsy =
0.20 = 0.03 uM).2? Thus, further SAR was studied on
the chromone derivatives possessing primary amide by

the variation of C-3 substituent (R3). The replacement
of C-3 methyl group in 2i with ethyl group retained
potent inhibitory activity (2k, ICsq = 0.45 = 0.10 uM),
whereas the removal of C-3 substituent decreased the
activity (21, ICso = 8.73 £ 0.69 uM).

The chromone derivatives were also evaluated for inhi-
bition of cathepsin B and cathepsin L and their results
are given in Table 1 because many of reported calpain
inhibitors including MDL 28,170 (1) were also found
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to inhibit closely related cysteine proteases owing to
poor selectivity.”?* Indeed, MDL 28,170 inhibited
cathepsin B and cathepsin L by nearly 100% at 0.2 uM
concentration. On the other hand, chromone derivatives
2 showed moderate inhibition on both cathepsins in a
dose-dependent manner. Compound 2i, the most potent
calpain inhibitor of this series, exhibited only 14.4% and
22.4% inhibition on the activities of cathepsin B and
cathepsin L, respectively, at the same concentration,
demonstrating high selectivity of chromone derivatives
for p-calpain.

In conclusion, chromone carboxamides as novel p-cal-
pain inhibitors were synthesized and evaluated for p-cal-
pain inhibition with a brief SAR. Among synthesized,
compound 2i derived from primary amide was the most
potent calpain inhibitor with high selectivity for p-cal-
pain over two related cysteine proteases cathepsin B
and cathepsin L. Therefore, the chromone ring can be
considered as a new scaffold in designing more selective
and potent p-calpain inhibitors for treatment of calpain-
associated diseases.
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