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Abstract—The reported diketopiperazine calpain inhibitor, cis-l-l-3,6-bis-(4-hydroxybenzyl)-1,4-dimethylpiperazine-2,5-dione 1,
and its analogues 3 and 4 were synthesized from the corresponding amino acids. The previously assigned structure of 1 is confirmed
but neither synthetic 1 nor its N-methylphenylalanine analogues 3 and 4 inhibit porcine erythrocyte calpain I. # 2001 Elsevier
Science Ltd. All rights reserved.

Calpain (EC 3.4.22.17) is a unique cytosolic calcium-
activated cysteine protease that is widely distributed in
mammalian cells.1�3 The enzyme has been implicated in
various neurodegenerative disorders and several other
pathological conditions.4�7 Calpain has therefore
attracted considerable interest as a therapeutic target.
Several synthetic, semi-synthetic, as well as natural
products have been investigated as inhibitors of the
enzyme.8,9 Diketopiperazine 1 of N-methyltyrosine was
isolated from Streptomyces griseus (SC488) and repor-
ted to inhibit calpain (IC50=0.8 mM).10 Phevalin 2,
which bears some structural resemblance to diketopi-
perazine 1, was isolated from Streptomyces species and
also reported to inhibit calpain with an IC50 of
1.2 mM.11 These natural products attracted our atten-
tion as interesting leads for the discovery of novel non-
peptide inhibitors of calpain. In this communication we
describe the total synthesis of diketopiperazine 1 and its
N-methylphenylalanine analogues 3 and 4 and their
calpain inhibitory activity. Marcuccio and Elix12 pre-
viously reported compounds 3 and 4 but no calpain
inhibitory data were presented.1

The diketopiperazine 1 of N-methyltyrosine and its
N-methylphenylalanine analogues 3 and 4 were syn-
thesized from the appropriately protected amino acids
5a–5c and 6a–6c (see Scheme 1). Coupling of t-boc-
protected amino acids 5a–5c with amino acid methyl
esters 6a–6c followed by purification of the crude pro-
duct by column chromatography (silica gel) with

0960-894X/01/$ - see front matter # 2001 Elsevier Science Ltd. All rights reserved.
PI I : S0960-894X(01 )00524-8

Bioorganic & Medicinal Chemistry Letters 11 (2001) 2647–2649

Scheme 1. (a) EDC/CH2Cl2/Et3N or CDI/anhyd THF/DIEA/N2; (b)
96% formic acid; (c) sec-butanol/toluene (4:1), reflux; (d) NaH/MeI/
DMF; (e) H2, 10% Pd/C, MeOH. For 1, R1=R2=Bzl (4-OH).
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EtOAc/hexanes (1:1) as eluant afforded dipeptides
7a–7c.13 It was observed in the synthesis of 7a that
utilization of carbonyldiimidazole (CDI) instead of
ethylcarbodiimide hydrochloride (EDC) as the coupling
agent afforded higher yields of the corresponding
dipeptide. Following a modification of the procedure of
Nitecki et al.,14 compounds 7a–7c were selectively
deprotected with 96% formic acid and the resulting
dipeptide amino esters were transformed to diketo-
piperazines 8a–8c by refluxing in a mixture of sec-
butanol/toluene (4:1).15 The diketopiperazines (8a–8c)
were N-methylated using NaH/MeI in DMF as described
by Marcuccio and Elix12 to give the N-methylphenyl-
alanine analogues 3 and 4 as well as 9a.16 Catalytic
hydrogenolysis of 9a over 10% Pd/C at 60 psi afforded
the diketopiperazine 1 of N-methyltyrosine as a yellow
tinted solid.17

We expected that, like the diketopiperazine isolated
from S. griseus, 1 and 3 should have a cis or ll-config-
uration since they were derived from dipeptides com-
posed of l-amino acids while 4 should have a trans or
dl-configuration since it was derived from a dipeptide
composed of d- and l-amino acids. Indeed, the 1H
NMR spectrum of 1 was identical to that of the diketo-
piperazine isolated from S. griseus.10 The spectra of 3
and 4 were also in agreement with literature values.12

Additionally, the splitting pattern and the resonance
positions of the geminal methylene protons and the
methine protons of 1 and 3 were similar and different
from those of 4, which has a trans or dl-configuration
(see Fig. 1). Furthermore, the specific rotation of the
compounds confirmed their assigned configuration.
Compounds 1 and 3 had specific rotations of �114.64 �

and �98.24 �, respectively, due to their ll-configuration

while 4 did not rotate plane polarized light due to its
dl-configuration.

Despite the similarity in the 1H NMR data of synthetic
diketopiperazine 1 and the natural product, 1 was
obtained as a solid while the natural product was
reported as an oil.10 Also, synthetic diketopiperazine 1
and its N-methylphenylalanine analogues 3 and 4
did not inhibit porcine erythrocyte calpain I up to
1mM inhibitor concentration under our assay con-
ditions.18 This is at odds with the reported calpain
inhibitory activity (IC50=0.8 mM) of the diketopiper-
azine isolated from Streptomyces griseus. Casein and
calpain I isolated from purified human RBC were
used as the substrate and the enzyme, respectively, to
determine the calpain inhibitory potency of the diketo-
piperazine isolated from the natural product.10 Suc-
Leu-Tyr-AMC and calpain I isolated from porcine
erythrocytes were used as the substrate and the enzyme,
respectively, in the assay system that we used to
evaluate the calpain inhibitory potency of the synthetic
diketopiperazines 1, 3, and 4.18 We have previously
used our calpain assay system to duplicate the calpain
inhibitory potency of a known a-ketoamide (Z-Leu-
Phe-CONHCH2CH2Ph) calpain inhibitor.19,20 Thus,
despite the differences in the assay protocols the
synthetic diketopiperazines should have inhibited
calpain if they are true calpain inhibitors. We suggest
that an unidentified contaminant of the diketopiper-
azine isolated from Streptomyces griseus is responsible
for the observed calpain inhibitory activity reported
by Alvarez et al.10 Indeed, the fact that synthetic
diketopiperazine 1 is a solid and the diketopiperazine
isolated from the natural product is an oil is consistent
with the possibility of an impurity in the natural

Figure 1. 1H NMR (500MHz) spectra showing the aliphatic regions of 1, 3, and 4. S, solvent (DMSO-d6); W, water; a, methylene protons; b,
N–CH3 protons; c, methine protons.
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product which may be responsible for its calpain
inhibitory action.
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