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between 62% and 38%.

Novel hydroxylated benzylideneamino imidazole derivatives were synthesized and their radical scaveng-
ing activity was assessed against DPPH and hydroxyl radicals. In the DPPH assay, most of the synthesized
compounds showed an ICs in the range 3.2 uM < IC50 < 8.4 uM, lower than the reference compound
trolox (ICsp=9.5 uM) or the parent aldehydes (5.4 pM < ICs0 < 11.6 pM). The activity depends mainly
on the phenolic subunit (number and position of the hydroxyl groups) and the extent of conjugation with
the imidazole ring. In the deoxyribose assay, all the compounds, including parent imidazoles and
aldehydes, showed high activity against the hydroxyl radical and the ability to chelate iron ions. At
5 uM concentration, the compounds protected the deoxyribose from degradation by hydroxyl radical
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Oxidative stress (0S) has been associated with a wide range of
diseases such as atherosclerosis,! cancer,”* diabetes,* acute lung
injury,>® as well as neurodegenerative disorders’ including
Alzheimer’s® and Parkinson’s disease.’

OS occurs when intracellular oxidizing species, such as reactive
oxygen species (ROS), increase abnormally and is often accompa-
nied by the simultaneous loss of antioxidant capacity. ROS are
generated in living organisms by the normal oxidative metabolism
that is essential for cell survival.'® Moreover, ROS may be generated
via Fenton chemical reactions between free ions such as copper or
iron ions with oxygen and in the presence of a biological reducing
agent such as ascorbate.'""'? Therefore, compounds that are able
to scavenge ROS or prevent their formation, via chelation with free
metal ions, are important in disease prevention and therapy.

In recent years, the imidazole nucleus has attracted much
attention of medicinal chemists because of its potential to generate
new chemotherapeutic agents. Imidazole-containing compounds
showed to be active as anticancer,'® antimicrobial,'*' antibacte-
rial,'® antifungal'’ and antioxidant'® agents. On the other hand,
phenolic compounds have become a topic of interest mainly due
to their application in the food industry and medicine, as antioxi-
dants. They have been under very close scrutiny as potential
therapeutic agents against a wide range of ailments including
neurodegenerative diseases, cancer, diabetes, cardiovascular
dysfunctions and inflammatory diseases.'®"??> Some synthetic
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phenolic compounds reported in the literature,>*** revealed high
scavenging activity when they incorporate at least, a phenolic unit
with two hydroxyl groups. It is well known that the excellent
scavenging properties of polyphenols are attributed to the
hydroxyl groups present.?”

As part of a research program aiming to obtain new radical
scavengers we combined an imidazole ring with electron with-
drawing or electron donating substituents in N1, with phenolic
subunits having one, two or three hydroxyl groups in different
positions of the ring. As far as we know the combination of these
moieties through an imine linker was never reported in literature.
An imine was used as linker in order to extend resonance through
the molecule, allowing an efficient electron transfer between imid-
azole and the phenolic ring. This was expected to improve the sta-
bility of the transient radicals and the ability of compounds to
chelate active ions. The radical scavenging activity of the starting
imidazoles, aldehydes and the new compounds was accessed using
the DPPH and the 2-deoxy-p-ribose methods.

The phenol-imidazole conjugates 6a-p were synthesized
according to Scheme 1. Diaminomaleonitrile 1 was refluxed with
triethyl ortoformate, in dioxane, to generate compound 2.2° This
compound was combined with one equivalent of amine, in ethanol,
followed by treatment with an aqueous solution of potassium
hydroxide to generate compounds of structure 4.’ The target
compounds 6 were obtained by reacting compounds 4 with
phenolic aldehydes in the presence of trifluoroacetic acid.”®
The structure of compounds 6 was confirmed by IR, NMR and
elemental analysis.
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Scheme 1. Synthetic approach to phenol-imidazole conjugates. Reagents and
conditions: (a) TEOF (1 equiv), dioxane, reflux, 30 min; (b) RNH; (1 equiv), EtOH, rt;
(c)3(3 g), 15 mLKOH (ag, 1 M), rt; (d) 4 (0.3 g), 5 (R'CHO; 1.1 equiv), TFA (2 equiv),
EtOH, rt.

In vitro radical scavenging activities were assayed against
2,2-diphenyl-1-picrylhydrazyl (DPPH)?*° and hydroxyl*° radicals,
according to the literature with a minor modification. A freshly
prepared DPPH radical solution exhibits a deep purple colour with
an absorption maximum at 517 nm. In the presence of an antioxi-
dant, the DPPH free radical is quenched, generating colourless
products. The reduction of absorbance at 517 nm is a measure of
the free DPPH radical scavenged by the antioxidant. For each com-
pound, in concentrations varying from 100 to 1 pM, the percentage
of remaining DPPH was determined after 60 min. The ICsq values,
the effective concentration at which 50% of the DPPH radicals were
scavenged, were obtained for compounds having higher scaveng-
ing activities (Table 1). Trolox was used as a reference compound
together with the parent imidazoles 4 and aldehydes 5.

The deoxyribose degradation assay introduced by Gutteridge
uses the Fenton reaction to generate hydroxyl radicals that degrade
the 2-deoxy-p-ribose to malonyldialdehyde (MDA). In the presence
of 2-thiobarbituric acid, MDA gives a pink pigment that absorbs at
532 nm. If a compound added to the reaction mixture reduces the
absorption at 532 nm this means that the compound behaves as a
hydroxyl radical scavenger. The method also allows assessing the
ability of the tested compounds to chelate iron ions. Compounds
with ligand properties>? ** compete with the 2-deoxy-p-ribose mol-
ecules for the iron ions, decreasing 2-deoxy-p-ribose degradation
that is caused by iron-catalyzed hydroxyl radical attack.

According to the results shown in Table 1, most of the
conjugates 6 have radical scavenging activity against DPPH radical
higher than that of trolox, the reference compound, and that of
parent aldehydes 5a-e. The parent imidazoles are very weak
radical scavengers. The substituent R has only marginal influence
in the radical scavenging activity of compounds 6 against DPPH
radical. Compounds having different groups R and the same group
R! have similar ICso. For example the ICs of 6a, 6e, 6i and 6n varies
between 3.2 and 4.4 uM. However the substituent R! has a
remarkable influence on the radical scavenging ability of the
compounds. The higher activity is observed for compounds having
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R! = 3,4-(HO),CeHs (3.2 UM < ICs0 < 4.4 pM) or R! = 3,4,5-(HO)3CgH,
(4.0 UM < IC50 < 5.8 pM). Compounds with R! =2,3,4-(HO);CgH,
have radical scavenging activity similar to the reference com-
pound, trolox, (7.0 uM <ICsq < 8.4 uM) and compounds with
R! = 2,4,6-(HO);CgH, or R! = 4-HO-3-MeOCgHj5 are very weak DPPH
radical scavengers. The percentage of remaining DPPH radical in
reaction mixtures using 100 uM solutions of compounds 6d, 6h
and 61 (R! = 2,4,6-(HO);CgH,) was about 50% and for 6m was about
90%. These results show that the radical scavenging activity of the
compounds increases when at least two vicinal hydroxyl groups
are present in the molecule. In the literature, similar results have
been reported in studies of the antioxidant activity of flavonoids>®
and phenolic oximes.>® The literature also reports that the antiox-
idant activity of poliphenolic compounds increases when the bond
dissociation enthalpy (BDE) of the H—O bond decreases and the
BDE is lower when the number of vicinal hydroxyl groups
increases.>”-*® Furthermore, the BDE of O—H bond in phenols can
be modulated by substituents present around the ring. Electron-
donating substituents in the para position relative to the most
reactive OH function usually decrease BDE. Considering that com-
pounds 6b, 6¢, 6f, 6g, 6j, 6k, 60 and 6p only differ in the relative
position of the methyleneaminoimidazole unit, the difference
observed in the ICso of these compounds can only be attributed
to this substituent. The kinetics of the reaction between com-
pounds 6 and the DPPH radical was followed for 60 min using a
10 uM solution of each compound. For the less active compounds,
a 100 puM solution was used. Figure 1 shows a selection of exam-
ples (6e, 6f, 6g and 6h) that typically illustrate the behaviour of
all the compounds studied. Compounds with two or three vicinal
hydroxyl groups show high efficiency as DPPH radical scavengers
as the percentage of the remaining DPPH, after 5 min, is lower than
50%. The most efficient compounds have R!=3,4-(HO),CgH;3 or
3,4,5-(HO);CgH, and show a percentage of remaining DPPH lower
than 50% after only 2 min of reaction. Compounds having only
one hydroxyl group (R' = 4-HO-3-MeOCgH5) or compounds having
multiple non-vicinal hydroxyl groups (R!=24,6-(HO);CsHa)
behave as very slow DPPH radical scavengers.

The results of radical scavenger activity of the tested
compounds against hydroxyl radical are also shown in Table 1.
Considering that the ICso for the DPPH radical scavenger activity
of the tested compounds varies between 3.2 pM and 8.4 uM, the
2-deoxy-p-ribose assays were performed using DMSO solutions
in the range of the DPPH ICsq in order to compare the antioxidant
activity of the compounds at the same concentration.

All the compounds protect the 2-deoxy-p-ribose from degrada-
tion by hydroxyl radical at a concentration of 5uM (Table 1,
method A). The higher protection (57 < % protection < 62) was
observed for derivatives 6e, 6i, 6k, 61 and 6n that showed superior
activity than the reference compound, trolox (53% protection), the
parent aldehydes 5a-e (37 < % protection < 51) and the imidazoles
4a-d (46 < % protection < 54). The lower protection of 2-deoxy-p-
ribose degradation was observed for derivatives 6f, 6g and 6m with
percentages of protection of 49%, 38% and 47%, respectively. It
should be stressed that compounds 6d, 6h and 61 having
R' = 2,4,6-(HO)3C¢H,, 6m (R! = 4-HO-3-MeOCgH3) aldehydes 5d,e
and imidazoles 4a-d showed a low DPPH radical scavenging
activity, however in the 2-deoxy-p-ribose assay these compounds
present enhanced activity.

In the absence of EDTA (Table 1, method B) all the compounds
protect 2-deoxy-p-ribose from degradation by the hydroxyl radical.
The parent imidazoles 4a-d show considerable protection of
deoxyribose degradation by complexation with iron, that depends
on the substituent R. The higher protection (57%) was observed for
compound 4b (R=4-HOCgH,). The parent aldehydes 5a-e show
similar ability to coordinate with iron having a percentage of
protection of deoxyribose degradation between 30% and 38%. The
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