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Abstract

In the present study eighteen inhibitors of therblydic enzymes of the endocannabinoid system
were investigated for antioxidant activity usingidi peroxidation (LP) method. Among the
assayed compounds ten belong to carbamates withylpfie1'-biphenyl]-3-ylcarbamate6),
reported for the first time, and eight are retragenderivatives of palmitamine. Interestingly,
results indicated that most of the tested compoumalge good antioxidant properties. In
particular, 1,3-di([1,2biphenyl]-3-yl)urea 8) shows 1G, = 26+ 6 uM comparable toones
obtained for standard antioxidants trolox and ceenc(IGso = 22+ 6 uM and 23 * 6uM,
respectively). Compoun8was investigated further by means of ab initio glatons, to clarify

a possible mechanism of the antioxidant actiorortfer to estimate the capability ®to act as
radical scavenger the structure was optimized dtYP36-311++@ level and the respective
bond dissociation enthalpies were calculated. Eheutations in non-polar medium predicted as
favorable mechanism a donation of a hydrogen atorihé free radical and formation of N-
centered radical, while in polar solvents dominatechanism of free radical scavenging by
SPLET over HAT H-abstraction. The possible radisahvenging mechanisms of another
compound with potent antioxidant propertiessgl€53 + 12uM), the retro-amide derivative of

palmitamine, compounii8, was estimated computationally based on the reaetitimalpies of a



model compound (structural analoguel®. The computations indicated that the most favierab
mechanisms are hydrogen atom transfer from the oxytirgroup in metaposition of the
benzamide fragment in nonpolar medium, and pratamster from the hydroxyl group ortho-

position of the benzamide fragment in nonpolar mexdi

Keywords: antioxidant activity, lipid peroxidation inhibith, ab initio calculations,

endocannabinoid modulators, urea derivatives
Abbreviations
AAPH 2,2-Azobis(2-methylpropionamidine) dihydrochloride

B3LYP Becke’s three-parameter non-local exchangeomjunction with Lee, Yang and Parr
correlation potentials

BDE Bond dissociation enthalpy
CDCl; Deuterochloroform
CDI Carbonyldiimidazole

comMmu 1-Cyano-2-ethoxy-2-oxoethylidenaminooxy)dimgéimino-morpholino-carbenium

hexafluorophosphate

DFT Density-functional theory
DIPEA N,N-Diisopropylethylamine
DMAP 4-(Dimethylamino)pyridine
DNA Deoxyribonucleic acid
EtOAc Ethyl acetate

HAT Hydrogen atom transfer

IEFPCMIntegral equation formalism polarizable continuurodeal



IP lonization potential

LP Lipid peroxidation

MAGL Monoacylglycerol lipase

MDA Malondialdehyde

NAAA N-acylethanolamide acid amidase
NMR Nuclear magnetic resonance

PA Proton affinity

PL90 Phospholipon® 90

PUFA Polyunsaturated fatty acids

ROS Reactive oxygen species

SET Single electron transfer

SPLET Sequential proton loss electron transfer
TBA Thiobarbituric acid

TCA Trichloroacetic acid

TLC Thin-layer chromatography

1. Introduction

Reactive oxygen species (ROS) are produced threngymatic and non-enzymatic mechanisms
in cells and the homeostatic balance between thgsigbgical and pathological concentration of
ROS can be altered not only after radiation andupoh exposure but also in stress conditions
and with incorrect diet [1]. ROS are highly reaetispecies that can attack various classes of
biomolecules including DNA, proteins and fatty agigkspecially polyunsaturated fatty acids

(PUFA) [2]. Bringing to close connection with oxtdee stressn vivo, lipid peroxidation (LP)



has received a great deal of attention. This feskcal mediated chain reaction process, once
initiated results in an oxidative deterioration mdlyunsaturated lipids [3]. Through a proven
disturbance process in membrane organization dadcéional loss and modification of proteins
and DNA bases, LP has been implicated in the pattegs of various diseases and aging,
including atherosclerosis, cataract, rheumatoidirgit and neurodegenerative disorders [4].
Moreover, correlation between the excessive prooiaif reactive oxygen species (ROS) and
their role in cancer development is well known [5@®onsequently, the role of antioxidants has
received extensive attention and many natural gnthstic supplements and drugs with radical-
scavenging capacity have been explored [7]. Beybedbeneficial effects of antioxidants, we
should also recall the dark side of this class ofetules reported by recent literature. In the last
decades, indeed, several research findings pras@okidants as causative risk factor in various
human diseases as cardiovascular disease or digBgtMoreover, also the effects of traditional
antioxidant micronutrients as cancer chemoprevanéigents remain unclear revealing both
benefits and detrimental effects or even resuleldarm [9,10]. On the contrary the mechanistic
link between oxidative stress and carcinogenesisvédl documented, prompting further
researches. Additionally, special targets of LRcpsses are long chain fatty acids and the PUFA
arachidonic acid, the principal components of thedoeannabinoids’ moiety, lipid signaling
mediators involved in a wide range of physiologiead pathological conditions, comprising

cancer [11].

Starting from these considerations we decided testigate if the monoacylglycerol lipase
(MAGL) and N-acylethanolamide acid amidase (NAAA) inhibitorgnthesized and analyzed in
our laboratories [12,13], could also have an add#l antioxidant effect. The present study
reports antioxidant activity af-18 investigated by LP method. For the most active ragrihne
studied compounds (compoun8snd18), theoretical calculations were preformed to tjaa

possible mechanism of an antioxidant action.

2. Materials and methods

2.1. Reagents and Materials



All of the reagents, standards and solvents used wfeanalytical reagent grade, obtained from
commercial sources and used without further pwtion (unless specified otherwise, all
chemicals were purchased from Merck (Darmstadti@ay)).

Phospholipids (Phospholipon® 90 — PL90) were oleihy courtesy of Phospholipid GMBH,
Cologne, Germany. According to the specificationg tPL90 mixture is composed of
phosphatidylcholine 98 % and lyso-phosphatidylai®I2.1 %, where the phospholigidatty
acid composition is palmitic acid 12 + 2 %, steaaid 3 £ 1 %, oleic acid 10 £ 3 %, linoleic
acid 66 £ 5 % and linolenic acid 5 £ 2 %; the pédexvalue maximum is 1.3. Thiobarbituric
acid (TBA), 2,2-azobis(2-methylpropionamidine) dihydrochloride (RA), trichloroacetic acid
(TCA), methanol, sodium hydroxyde and standardsadfeic acid, quercetin and trolox were
purchased from Sigma-Aldrich (St. Louis, MO).

2.2. General synthetic procedures

Compoundsdl [14], 2-5 and7-10 [13], and11-18 [12] were synthesized following procedures as
described in Tarzia et al., 2003 [14], Lauria et @018 [13] and Vago et al., 2017 [12],
respectively (Fig 1). Melting point determinationdaNMR spectra confirmed the structures.
Purity of all products (>98%) was verified by tHayer chromatography and NMR
measurements [12—-17]. The new compo@neas synthesized according to procedure reported
by Lauria et al., 2018 [13] through Suzuki couplingaction via the key biphenylamine
intermediate, involving phenylboronic acid, 3-brandine and a suitable palladium catalyst
(intermediate yield 72%).

2.2.1. Synthesis of phenyl [1,1'-biphenyl]-3-ylcariate(6)

Carbonyldiimidazole (CDI) (115 mg, 7.08 mmol, 4)eand [1,10-biphenyl]-3-amine (300 mg,
1.77 mmol, 1 eq.) were mixed in dry toluene (8 mhjl heated at reflux for 12 h under nitrogen
atmosphere. After cooling to room temperature whitecipitates were collected by filtration.
The product, purified by chromatography on silieh @etroleum ether:EtOAc, 90:10 v/v), was
obtained as a white solid in 82% yield. mp: 96-&7 TLC (petroleum ether: EtOAc, 80:20 v/v):
Rf=0.38;'"H NMR (CDCk)d 7.78 (1H, bs, 2-H), 7.63 (2H, d, J=7.3 Hz, 2'H§-7.49-7.35 (8H,
m, 3, 4, 5', 4, 5, 6, 2 metaH, 8 x Ar-H), 7.29 (1H, dd, J=8.7, 1.8 HaaraH), 7.23 (2H, d,
J=8.7 Hz, 2 »orto-H), 7.08 (1H, bs, NH)**C NMR &: 150.5 (CO), 142.3, 140.6, 137.8, 129.5,



129.4, 128.8, 127.6, 127.2, 125.8, 122.8, 121.71dnd6 C-Ar). Anal. Calcd. for GgHisNOy:
C, 78.87; H, 5.23; N, 4.84. Found: C, 78.51; H,55.N, 4.71. For NMR spectra see

Supplementary data.

2.3.Lipid peroxidation inhibition by thiobarbituriacid-malondialdehyde test

Lipid peroxidation (LP) and its inhibition in thegsence of the tested compountl<l§), was
measured by thiobarbituric acid-malondialdehyde AFBIDA) test according to the slightly
modified procedure described by Zvezdanoeic al. [18] and Mavrovaet al [19]. The
modification consisted in altered volume ratio aéthmnol solution of PL-90, agueous solution
of hydrophilic thermal LP initiator AAPH and of nfetnol solution of the compounds testéd (
18) allowing substances to be assayed at concenmtsatib500uM in the final reaction mixture
(volume ratio 2:1:2 instead of 2:2:1, respectiveBxperiment was designed so that methanol

concentration was set constant in all probes fackvthe absorbances were read.

The absorbance of TBA-MDA complex in the supernataas read at 530 nm and used to
calculate the inhibition percentage of lipid pedation given by the equation:

Inhibition of lipid peroxidation (%) = 100 x (Ac-A&Ac-Ab)
Ac - the absorbance of control (methanol solutibRIc90) which is treated with the AAPH and
TBA solution, As -the absorbance of sample (methantution of PL90/1-18) which is treated
with the AAPH and TBA solution and Ab - the absarba of blank [(methanol solution of PL90
not treated by AAPH, but treated with TBA solutipnonitoring MDA level in the lipid before
LP initiation by AAPH)].
Samples were assayed for LP-inhibitory activity #mase showing inhibition greater than 50%
at 500uM were tested in a broader concentration rangeldev a&alculation of 1G values. The
same experiments were done by using known antinisdas standards (trolox, quercetin and
caffeic acid).The standards were assayed at caatiems of 50uM (caffeic acid) and 8@M

(quercetin and trolox) in the final reaction mixéur

2.4. DFT computations
The computational study of molecular geometry agattion enthalpies was carried out by the
use of Gaussian 09 suite of programs [20]. Hybuadctional B3LYP in conjunction with 6-

311++G(d,p) basis set was used in all calculatj@is?2]. The solvent effects were taken into



account by including the Integral Equation FormmalBolarizable Continuum Model (IEF-PCM)
in benzene and water [23]. The optimized structwere ascertained as minima on the potential
energy hypersurface based on analytic vibratiomafjency computations. No imaginary
frequencies were found for all structures.

Dissociation enthalpy (BDE), ionization potentil?) and proton affinity (PA) of the most stable
conformers were calculated at 298 K according éopttocedure established by Klahal. [24].
The enthalpy of hydrogen atom, H(H), in benzene wader were obtained using the same
functional and basis set. Solvation enthalpiesrofqm, H(H), and electron, H{(g were taken

from the literature [25].

3. Results and discussion

Derivatives included in our present research (Ejgwere part of previous studies involving
either MAGL [9,11] or NAAA [10] inhibition testingwith exception of phenyl [1,1'-biphenyl]-
3-ylcarbamate®) which is a new compound, with spectroscopic daperted herein for the first
time (for details see Fig 1S). First group includesmpounds2-10 synthesized based on
structural modifications of the parent structureB&R2 () [14], to evaluate new derivatives
potentially targeting MAGL [13]. According to thesesults [13], compound8 and 10 were
recognized as potehMAGL inhibitors with 1Gso 4.5 £ 0.7 and 7.9 + 0,8M respectively, while

a symmetric compoun8 appears to be an interesting MAGL activator. Sdagnmoup, comprised
of retro-amide derivatives of palmitamin&l{18), was designed, synthesized and characterized
applying the coupling reaction conditions optimizédr the synthesis of endogenous
cannabinoids [26,27] aiming towards identificatiohnew NAAA inhibitors. Based on these
results, compound&4, 16 and 18 were found to represent competitive inhibitorshbfAAA
characterized by interesting inhibitor activity §0 + 0.9 uM, 1Go 11 + 1.0 uM and 38 + 1.0
UM respectively) [12]. Both MAGL and NAAA inhibitershowed relevant anticancer activity on
melanoma and bladder cancer respectively. Givemntredvement ofoxidative stressn cancer
development and outcome [5,6], here we investiglaée antioxidant activity of synthesized
inhibitors to evaluate a possible antioxidant dffacaddition to the anticancer activity of these
compounds.

Lipid peroxidation inhibition effect of ten carbataal-10, among which compoun@ reported

for the first time, and eight retro-amide derivaswf palmitamind1-18 was measured using the



method based on TBA-MDA assay, selecting caffeid,atoxol and quercetin as positive
controls. TBA-MDA based method is the most commonged spectrophotometric assay to
measure LP and takes advantage of a pink-coloredA{IBA), formation, an adduct
characterized by strong absorbance at 530 nm [#]. dssay is widely used and though having
limitations (e.g. does not monitor the total kinetspects of LP inhibition but rather the extent of
LP estimated after a fixed time, in-depth discusssoprovided in excellent reviews [3,28-30]) is
recognized as a reliable estimator of LP [3,28488]ing commercial kits also available [2BP
experiments were performed, the obtained resulte wotted and 16 values were calculated

and reported in Table 1 and in Supplementary data £1).
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Fig. 1.Synthesis of the assayed compourid$8. Reagents and conditions: (a) Pd(BRh
NaCO;, CH;OH, reflux, 12 h; (b) CDI, DMAP, CECN, reflux, overnight; (c) ROH, CHCN,
reflux; d) CDI, DMAP,CHCN, reflux, overnight; e) COMU, Ci€I,/CHs;CN (3/1), DIPEA, r.t.,
nitrogen atmosphere.

The obtained results indicated that most of theéetesompounds have good antioxidant
properties, except compountls and14 having 1G> 500uM, and7, 12 and13 that have Ig



comprised between 450 and 500. On value range of LP inhibition displayed by quunds

1, 2, 4, 6, 8-10 and 15 (values between 133% 32 and 309+ 72) a possildiéiael antioxidant
effect cannot be considered. Three interesting comgs areb5, 16 and 18 that showed LP
inhibition with I1Csobelow 100uM (85 £+ 17, 82+ 10and 53 + 12\, respectively, Table 1). The
most potent LP inhibition was expressed by comp&ii€so = 26+ 6uM), which gave a result
comparable to trolox and quercetin as antioxidtandards tested (Table 1) and, for this reason,
was further involved in theoretical calculationmaig the clarification of the mechanism at the

base of an antioxidant action.

Table 1. Lipid peroxidation inhibition effects of compoundsl8 and of selected antioxidants
(ICs0 values given iuM)

Compound 1 2 3 4 5 6 7
No.

LP
inhibition 271+86| 133+32 26+ 6 213+ 44 85+ 1y 142+ 33 488

[ Cso (uM)

Compound
No. 8 9 10 11 12 13 14

LP
inhibition 250+ 27 | 309+72| 158+38 > 500 469 + 158 488+ 164| >500

| Cso (M)

Compound 15 16 17 18 Caffeic Quer ceti
. Trolox
No. acid n
LP 15+ 3 22+ 6 23+6
inhibition 176 £43| g2+10 | 179+30| 53+12 = = *
| Cso (M)

Being influenced by electronic effects of the néighing groups and the overall geometry of the
molecule, the conformation can be regarded asitstepbirameter of importance in analyzing the
antioxidant capacity of any molecule [31]. In order determine the most stable molecular
geometry of compoun® we have fully optimized the most probable confaiores with
different orientation of the biphenyl fragmentsgF2) at IEFPCM-B3LYP/6-311++G** level of

theory in both, benzene and water. Based on thwuleé¢d relative energies, it was found that



the molecular structure is stabilized by the foioratof short contacts between the amide O-
atom and thei-phenyl C-H bonds (conformer C1 in Fig. 2). Howedee to the possibility of
effective resonance stabilization in all the thceaformers, the energy differences between them
are almost neglectful - less than 0.1 kJ/mol. Tloeeg it could be expected that the different

conformers could interconvert freely into each othyerotation around the C-N bond in solution.

(C1) most stable (C2E = 0.04 kJ/mol

11 -
.(\ # *
&

Q}

(C3)AE = 0.09 kJ/mol

T

9

Fig. 2. DFT B3LYP/6-311++G** optimized structure of the stoprobable conformers of
compound3 in benzene

The radical scavenging mechanism of compoB8ndas modeled in both nonpolar and polar
mediaby calculating the reaction enthalpies forrbgdn atom transfer (HAT mechanism), single
electron transfer (SET) and sequential proton é&bsstron transfer (SPLET) at the same level of
theory. Nonpolar medium was represented by benwdrie as a description of polar medium
water was used.

In nonpolar medium where the ionization is not supgal by the solvent, the radical scavenging
usually proceeds by direct hydrogen atom transfieline with this, DFT calculations predicted
that for compound the most favorable would be to donate a hydrogem do the free radical
and form a N-centered radical (Fig. 3). The comesing N-H bond dissociation enthalpy
(BDE) in benzene is 367 kJ/mol.



BDE = 367 kJ.mol”!

site 1

site 2

Fig. 3. Hydrogen atom transfer mechanism of compoBinmdnonpolar medium

The BDE values of free radicals in benzene weremestd by the radicals ofZ)-4-
hydroperoxyhex-2-ene,ZJ-4-hydroxyhex-2-ene, methyl hydroperoxide, methartydrogen
peroxide, and water and used to establish theivégaif compound3. The corresponding BDE
values are as follows: 339 kJ/maZ)({4-hydroperoxyhex-2-enyl radical), 344 kJ/mol ({HD),
353 kJ/mol (HOQ, 424 kJ/mol (Z)-4-hydroxyhex-2-enyl radical), 418 kJ/mol (), 489
kJ/mol (HO).

Comparing the BDE value of compouBavith those of the model free radicals, it is oladhat
compound3 could efficiently scavenges the lipid alkoxyl, imexyl and hydroxyl radicals.
Therefore, despite it lacks chain-breaking capaciiynpound3 could exert protective effect by
deactivating the hydroxyl radicals and thus inlmigtthe initiation of lipid peroxidation as well
as by deactivating the alkoxyl radicals LO formeahi the reduction of lipid peroxides and thus
decreasing the harmful effects of the lipid peratioh. Moreover, there are two sites for
hydrogen atom abstraction in the molecule of comgduwith equal reactivity which enables
one molecule of the antioxidant to react with tweef radicals. Well-known antioxidants that
also react via HAT mechanism atgiocopherol, curcumin, epigallocatechin galate eaffeic
acid [18].

In water i.e. polar medium, the calculated protfimigdy PA of compound3 is 221 kJ/mol. This
value is markedly lower than the BDE value in w&884 kJ/mol) and ionization potential IP in
water (460 kJ/mol),and in this way the proton tfandrom compound3 becomes more
favorable than hydrogen atom donation or electransfer. Based on that, it could be concluded
that free radical scavenging by SPLET mechanisnprevailing over HAT and SET, as

according to thermodynamics is the most feasibbetien route in polar medium (Fig. 4).



Similarly, to the H-atom abstraction, proton traamgg equally possible from the two N-H groups
of compound3. It was shown that radical scavenging through Hegtizoor heterolytic N-H
bond cleavage depends on the medium polarity, isudast effects and other structural factors

[25,32,33]. On the other hand, diverse amide devea were shown to easily deprotonate in

0
:g ‘N/lLN’ :‘
| |
. H H
SPLET H e SET
PA =221 kJ/mol (water) IP = 460 kJ/mol (water)
+

polar medium [34-37].

o O '
SWWe

H \

(‘anion)
:\ /: BDEwy = 364 kJ/mol (water)

( NH radical )

( radical cation )

Fig. 4. The most probable mechanism of antioxidant actibeampound3 in polar medium
(water)

In theoretical investigations a similar mechanisihratioxidant activity has been proposed for
flavonoids [31,38-41], effective bioactive compoanidund in foodstuff, which overall intake
[42] is considered to be negatively correlated witle incidence of some chronic diseases
including cardiovascular diseases, type Il diahetesrodegenerative diseases, and cancers [43—
46].

The radical scavenging mechanisms of compoli®dcharacterized by the best antioxidant

properties among the second group of tested conusowatro-amide derivatives of



palmitamine) was characterized by a model analoghere the & alkyl tail was replaced with

a G residue. The optimization of the most probableeunolar structures with different possible

orientation of the amide, hydroxyl and alkyl grougmsd respective intramolecular hydrogen
bonding, at IEFPCM-B3LYP/6-311++G** level of theony benzene and water, established the
most stable geometry of the neutral compound @jigvhich was further used in the study of the

radical scavenging mechanisms.

(C1) most stable (C2) AE = 0.98 kJ/mol (C3)AE = 2.53 kJ/mol

&
¥ ¢
i ﬂ/<J\
f&(”{
9

(C4)AE = 17.83 kJ/mol (C5)AE =18.12 kJ/mol (C6) AE = 22.44 kJ/mol

, %{(}v‘%‘?«” Py,

Fig. 5. DFT B3LYP/6-311++G** optimized structure of the ntogrobable conformers of

compoundl8 in benzene

The total energies (& and relative energieAE) of the radical and anionic forms of the model
compound, collected in Table 2, showed that then&dion of hydroxylic O6-radical is
thermodynamically favored in benzene, as well aew#n the ther hand, deprotonation of the
O3-H group is considerably more favorable than filo6tH and N1-H as it could be seen from
the relative stability of the formed anions and thspective proton affinities in benzene and
water (Table 2).

Table 2. Relative stability of the radical and anionic gpsc and reaction enthalpies for the
model analogue o18 (total energies & - in Hartrees; the relative energigs and reaction
enthalpies BDE, IP and PA - in kJ/mol) in benzene w&ater

Relative stability Radical scavenging mechanisms




Species® Benzene Water Reaction enthalpies | Benzene Water
Eqot AE Eqot AE

Molecule -708.624405 -708.632872 HAT mechanism

Radical O6 | -708.002388 -708.010972 BDEitg 1- O6) 325 315

Radical O3 | -707.997215| 13.58 -708.007012 10.4d BBEY2 -O3) 339 326

Radical N1 -707.961362| 107.71) -707.968441 111.67 BBIEe(3- N1) 434 428
SET mechanism

Radical cation| -708.385589 -708.421397 P 622 2 45
SPLET mechanism

Anion O3 -708.131270 -708.172454 Pgité 1 -0O3) 407 192

Anion O6 -708.122939| 21.87 -708.166598 15.37 Rite(2- O6) 427 207

Anion NI -708.115111| 42.43 -708.1550710 45.64 Bite(3- N1) 448 237

aNumbering acc. to Fig. 5A&;in respect to the most stable form

Thus it could be concluded that in nonpolar meditma retro-amide derivativd8 would

deactivate the free radicals preferably by hydroggem transfer from the hydrohyl grouprm

position (Fig. 6). According to the calculated exlffies the compound should be able to trap the

hydroxyl, alkoxyl and peroxyl radicals.

HO
LO
HOO*
LOO *

BDE;, ; = 325 kJ.mol”!

Fig. 6. Hydrogen atom transfer mechanism of compol@th nonpolar medium

In polar medium — water, the preferred mechanismlevbe SPLET by deprotonation at the

hydroxyl group (Fig. 7). In water, the calculataedtpn affinities PA from all possible sites of

compoundl18 are much lower than the BDE values from any of slies and the respective

ionization potential IP (Table 2).
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Fig. 7. The most probable mechanism of antioxidant actibnompound18 in polar medium
(water)

4. Conclusion

In this study we evaluated the antioxidant actiatylipid peroxidation of eighteen inhibitors of
the hydrolytic enzymes of the endocannabinoid systdost of the tested compounds showed
good antioxidant properties in our vitro LP assay, with an interesting activity displayed by
compoundsl6 and 18, the two retro-amide derivatives caring a phemd &ydroxyl-phenyl
group linked to the palmitate. Surprisingly, compdu8 demonstrated an antioxidant activity
comparable to that of standard antioxidants, tradod quercetin. The mechanisms based on
DFT calculations for compourélin non-polar medium predicted a donation of a bgén atom

to the free radical and formation of N-centerediaald while in polar solvents dominate



mechanism of free radical scavenging by SPLET &I&T H-abstraction. Compoun8, based

on comparison of the BDE value with those of theleldree radicals, could efficiently scavenge
the lipid alkoxyl, methoxyl and hydroxyl radicalsnch could exert protective effect by
deactivating the hydroxyl radicals and thus inllgjtthe initiation of LP, as well by deactivating
the alkoxyl radicals formed from the reduction ipid peroxides, thus decreasing the harmful
effects of the LP. The computational estimationtlos possible radical scavenging mechanisms
of the 18, carried out by a structural analogue where thé-&hyl chain was replaced by C4-
chain, indicated that the most favorable mechanigames hydrogen atom transfer from the
hydroxyl group in meta-position of the benzamidagment in nonpolar medium, and proton
transfer from the hydroxyl group in ortho-positiohthe benzamide fragment in polar medium.
The computational estimations for BDE, IP and PA @ot in congruence with the experimental
evidences provided. Given the fact that compoids a phenolic compound, in contrary3o
which should cleave N-H bonds in order to deactéithe free radicals, it is not surprising that
based on the computed values (BDE, IP and B8A3hould be a better radical scavenger. The
antioxidant capacity of the phenolic compoundstisrgly reduced when the reaction medium
consists of a solvent prone to the formation ofrbgén bonds with the phenolic compounds
[29,47]. Possible explanation for this fact may hée be sought in reaction medium we were
using (aqueous solution of methanol) or may bestbfiit lipophylicity of the samples tested. In
any event, these preliminany vitro results suggest an interesting antioxidant roléheftested

compounds in addition to the anticancer effects.
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Highlights
. antioxidant activity was evaluated using lipid peroxidation (LP) method
. activity of the most potent compound (3) was comparable with standard antioxidants
. theoretical calculations were involved in order to clarify a possible mechanism of
action
. appropriate models for HAT, SET and SPLET-mechanisms of the antioxidant activity
are proposed
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