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Abstract—A series of 2-substituted 3,7-dihydroimidazolo[1,2-a]pyrazine-3-ones has been synthesized and evaluated for their anti-
oxidant activity. Compounds 1-8 are inhibitors of AAPH-induced lipid peroxidation (in vitro) and excellent protectors against
microvascular damages in ischemia/reperfusion (in vivo). Hence, the bicyclic structure typical of coelenterazine (luciferin) could be

considered as a useful lead in medicinal chemistry.
© 2003 Elsevier Science Ltd. All rights reserved.

Oxygen-derived free radicals, usually called ‘Reactive
Oxygen Species’ (ROS), are implicated in several
pathological conditions.! In particular, microvascular
damages due to ischemia/reperfusion have been proved
to result from free radical mechanisms.? Therefore,
radical scavengers are considered for the development
of potential novel drugs in this field.> Both natural and
synthetic antioxidants have been tested;* the com-
pounds of natural origin are mostly (poly)phenolic
derivatives, such as flavonoids (from plant metabolites)’
and resveratrol (from red wine).® Melatonine, a trypta-
minic hormone, also revealed to be efficient in preventing
ischemia/reperfusion injury.’

Bioluminescence substrates (luciferins, lumazines)® are
heterocyclic compounds naturally designed to react with
oxygen and ROS. Accordingly, they could provide new
lead-molecules in medicinal chemistry. Our interest in
coelenterazine’ (Fig. 1) analogues'® led us to examine
the protective effect of 2-substituted 3,7-dihydroimid-
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azolo[1,2-a]pyrazine-3-ones on ischemia/reperfusion
damage in the ‘hamster cheek pouch’ assay.

Imidazolopyrazinones 1-8 (Scheme 1) were prepared by
reaction of 2-aminopyrazine with glyoxal derivatives (or
the corresponding acetals) in a mixture of ethanol and
aqueous HCI, at reflux. The products were precipitated
by cooling at 0°C and isolated as the hydrochloride
salts.!! They were characterized by NMR, Mass and
UV spectroscopy.'> The antioxidant character of this
heterocyclic family has been previously established by a
theoretical analysis of the propension of neutral com-
pound 2 to generate diradical structures, based on the
investigation of Hartree-Fock instability.'

HO

Coelenterazine (natural luciferin)

Figure 1.
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Scheme 1.

Experimentally, the antioxidant activity of imidazolo-
pyrazinones 1-8 was measured by their ability to inhibit
lipid peroxidation.'?® A micellar solution of linoleic acid
incubated with AAPH as free radical generator!# pro-
duces conjugated dienes upon peroxidation; these can
be monitored at 234 nm as a function of time.

Added antioxidants delayed the oxidation process;!’ the
latency period associated with compounds 1-8 (Table 1)
represents their radical scavenger ability. The lag-time
induced by imidazolopyrazinones 1, 2, 5 and 6 could be
compared to that of Trolox (water-soluble vitamin E
analogue considered as a reference antioxidant). The
presence of an electron-donating group (3 and 4) or an
extra-conjugating moiety (7 and 8) on the aryl substituent
slightly reduced the imidazolopyrazinone activity.

In vivo evaluation of compounds 1-8 was realized with
the experimental model of ‘hamster cheek pouch’
allowing quantitative studies of macromolecular per-
meability by direct observation on microscope.’-!°
Fluorescent-labeled dextran was injected intravenously
and changes in the number of microvascular leaky sites
were measured after local ischemia/reperfusion. Ani-

Table 1.
R In vitro assay® In vivo assay
lag-time (min) (3 mg/kg leaks
inhibition (%)
1 Me 133.5 (3.3) 49°
Ph 146.2 (1.5) 79%; 48
—OMe 78.7 (6.6)* 67
4 —)-oMe 79.6 (2.8)* 85
5 —)-a 110.7 (1.4)** 82
6 —O)F 122.4 (8.3)** 37
7 77.5 (6.7)* 71
8 74.9 (3.9)* 57
Ref Trolox (I8 127.5 (1.4) —
Ref Apocynin (19 — 59

*Results non significantly different; ** results non significantly differ-
ent.

“Numbers in parentheses are the standard errors of the mean calcu-
lated on triplicates.

"Tested at 30 mg/kg.

mals were treated by gavage with the tested compounds
at 3 mg/kg (or solvents), 30 min before anesthesia.

Results are given in percentages of inhibition of leaky
sites, determined 30-min after the start of reperfusion
(Table 1).!7 All compounds provided good to excellent
protection against the increase in microvascular perme-
ability due to ischemia/reperfusion. They are more or
even potent compared to Apocynin (a commercially-
available flavonoid usually considered as reference).!%°

In this test (Table 1) phenyl-imidazolopyrazinone (2) is
definitively more potent than the methyl-imidazolopyr-
azinone (1). Para substitution on the phenyl ring
improves activity independently of the steric or electro-
nic nature of the substituants: the methyl (3) and phenyl
(7) groups are equivalent to each other and only slightly
less potent than the methoxy (4) and chloro (5) groups.
Only fluoro substitution (6) is at odd to this rule as it
endows the molecule with very lower level of activity in
this test, whilst this compound is one of the most potent
in the reactivity assay. The lack of correlation between
the in vitro and in vivo evaluation of the molecules
could be explained by the nature of the tests: the AAPH
test is close to a chemical measure of the antioxidant
potency while the in vivo test takes into account not
only the intrinsic antioxidant activity of the compound
but also its oral bioavailability, metabolic stability and
distribution in the specific tissue where the efficacy is
measured. Compounds with equivalent intrinsic activity
could manifest contrasted efficacy in this paradigm,
because of differences in these other parameters. The
same argument could be alluded to, regarding the
activity of 2-naphthyl substituted imidazolopyrazinone
(8) which is also less potent in vivo than compounds (3,
4 and 8) presenting similar chemical reactivity.

In conclusion, imidazolopyrazinones are efficient novel
antioxidants (comparable to Tolox'®), endowed with an
excellent oral bio-disponibility (similar to that of Apocy-
nin,'> see Table 1) in the hamster model of micro-
vascular permeability. Other in vivo assays are in
progress in view to further confirm the therapeutic

potential of such heterocycles.
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