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Abstract. Oxidative stress is directly related to several diseases and symptoms, where antioxidant 
compounds, such as xanthenes, may become important in prevention and/or treatmant. Ten biologically 
active 9-aryl substituted 2,6,7-trihydroxyxanthen-3-one derivatives were synthesized using reliable 
one-pot synthesis and their structures were confirmed by IR, 1H and 13C NMR spectroscopy and mass 
spectrometry. Some of the synthesized compounds were scanned for their antioxidant potency using 
electrochemical method cyclic voltammetry of immobilized microparticles. Substitution of hydrogen at 
the phenyl ring of 2,6,7-trihydroxy-9-phenylxanthen-3-one with an electron-donating group affected 
the reducing power of the compounds by lowering the biological oxidation potential. These results 
signify the importance of xanthen-3-one derivatives as antioxidant agents and their further biological 
evaluation.  
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INTRODUCTION 

Xanthenes and benzoxanthenes constitute as important 
class of biologically active heterocycles due to their 
broad spectrum of pharmacological activities, such as 
antibacterial,1 antiviral,2 antiprotosoal,3 antitumor,4,5 
anti-inflammatory6 and cardiovascular protective ef-
fects.7 Additionally, they can be employed as dyes,8 pH 
sensitive fluorescent materials for visualisation of bio-
molecular assemblies9 and in laser technologies.10 Be-
cause of all these beneficial properties their synthesis 
has drawn great attention in the field of medicinal and 
pharmaceutical chemistry. 

There are several diseases and symptoms directly 
related to oxidative stress, such as: atherosclerosis, 
Alzheimer, cancer, aging process and central nervous 
degeneration.11 Antioxidant compounds may become 
important in preventing and/or treating these diseases. 

It has been proven by numerous studies that xan-
thenes possess significant antioxidant activity and dif-
ferent methods for determining this potency have been 

described and employed.11–15 
One of the widely used methods, available and 

relatively inexpensive is spectrophotometric assay with 
2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent.16 While 
good and adequate for many compounds and sam-
ples,12,16 it is not suitable for coloured, fluorescent or 
poorly soluble compounds as happens to be common for 
some xanthene derivatives. 

Electrochemical techniques offer a rapid and sim-
ple alternative method for the analysis of bioactive 
compounds with antioxidant properties in crude sam-
ples. Cyclic voltammetry, a type of potentiodynamic 
electrochemical measurement, has numerous advantages 
over the other mentioned methods; it is rapid, affordable 
and sensitive enough for determination of antioxidative 
properties of samples.17 Cyclic voltammetry scans may 
be used to determine the ability of selected compounds 
to donate an electron around the oxidation potential of 
the anodic peak. High correlations with standard meth-
ods, according to obtained results, recommend cyclic 
voltammetry as good alternative to conventional spec-
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trophotometric assays.16,17 So far, it has been described 
as method used for evaluation of antioxidant potency of 
complex samples such as: fruit juices, wines, teas, 
etc.16−18 However, there are only few studies using vol-
tametric methods for antioxidant evaluation of synthe-
sized compounds.19 Voltammetry of immobilized mi-
croparticles conducted on carbon paste electrode ena-
bles electrochemical characterization of poorly soluble 
compounds. Scholz and co-workers introduced the 
method, voltammetry of immobilized microparticles, to 
analytical practice in year 1998 as a new tool in electro-
chemical analysis.20 A method has been applied for 
identification and quantification of natural products, and 
estimation of antioxidant properties of tea leaves, fruit 
and vegetables.21−23 An application of method in the 
investigation of electrochemical and surface properties 
of solid materials grew over the years, validating the 
method as useful analytical tool. Of significant im-
portance is the fact that the solid-state processes in mi-
croparticles are phase-characteristic, which enables the 
electrochemical characterization of the respective solid 
materials, and the acquisition of valuable information 
about their redox behaviour. 

In the present paper, ten 9-aryl substituted 2,6,7-
trihydroxyxanthen-3-one derivatives were prepared 
using reliable one-pot method of synthesis24,25 followed 
by structure elucidation. Due to their interesting poly-
phenolic structure and present functional groups, volt-
ammetry of immobilized microparticles was used to 
characterize the electrochemical behaviour. Microparti-
cles of synthesized compounds were immobilized at 
carbon paste electrode as specifically suitable method 
employed because of their poor solubility. 
 
EXPERIMENTAL 

Instrumentation 

Melting points of the compounds were determined with 
BŰCHI Melting Point B-545 and are presented 
uncorrected. Infrared (IR) spectra of synthesized 
compounds were recorded by Shimadzu IR Prestige 21 
ID using KBr pellets. The 1H and 13C nuclear magnetic 
resonance (NMR) spectra were recorded at 600 and 150 
MHz, respectively, in deuterated dimethyl sulfoxide 
(DMSO-d6) at 25 °C using NMR spectrometer Bruker 
AV600, with tetramethylsilane (TMS) as internal 
reference. Chemical shifts (δ) are reported in ppm and 
coupling constants (J) in Hz. Electrospray ionization 
mass spectrometry (ESI-MS) measurements operating 
in a positive and negative ion modes were performed on 
a high performance liquid chromatography–mass 
spectrometry (HPLC-MS) triple quadrupole 6420 
instrument equipped with an autosampler (Agilent 
Technologies, Palo Alto, CA, USA). The desolvation 

gas temperature was 300 °C with flow rate of 6.0 L 
min−1. The fragmentor voltage was 135 V and capillary 
voltage was 4.0 kV. Mobile phase was 0.1 % formic 
acid in 50 % methanol and a flow rate of mobile phase 
was 0.2 mL min−1. Mass spectra as total ion current 
spectra were recorded in m/z segment of 10–2250. All 
data acquisition and processing was performed using 
Agilent MassHunter software. Cyclic voltamograms 
were recorded at scan rate 100 mV s−1 in the potential 
range −0.8 VSCE to 1.2 VSCE (saturated calomel 
electrode), using a Princeton Applied Research EG&G 
potentiostat (Model 273). 
 
General Procedure for Synthesis of Xanthen-3-one 
Derivatives 

Derivatives of xanthen-3-ones have been prepared ac-
cording to known procedure which includes two-fold 
Friedel-Crafts alkylation of 1,2,4-triacetoxybenzene, 
reflux in ethanol (EtOH) and sulphuric acid with addi-
tion of different benzaldehydes.24,25 Potassium perox-
odisulphate was used as an oxidizing agent. All chemi-
cals used for synthesis of xanthen-3-one derivatives 
were purchased from Sigma-Aldrich, Germany. 

A round-bottom flask equipped with a condenser 
and mechanical stirrer was filled with 1,2,4-
triacetoxybenzene (5 g, 20 mmol) and 50 % EtOH (75 
mL). Concentrated sulphuric acid (3 mL) was added and 
the white suspension was heated to reflux, resulting in a 
clear, honey-coloured solution. Different benzaldehydes 
(10 mmol) were then added to this mixture dropwise, 
within 2 minute period. The stirred mixture was kept at 
reflux for another 60 minutes. Subsequently, potassium 
peroxodisulphate (2.70 g, 10 mmol) was added in small 
portions at 80 °C within a period of 50 minutes. The 
contents were brought to reflux for another 20 minutes 
and then poured onto ice water. Obtained red crystals 
were washed with water and dried in vacuum at 60 °C. 

Spectral data and results of elemental analysis 
for compounds 1, 2, 4, 5, 6, 9 and 10 are already 
reported.24,25 

Spectral data for three new xanthen-3-one deriva-
tives (compounds 3, 7 and 8), synthesized according to 
the same procedure, are shown below. 
 
9-(2-Fluorophenyl)-2,6,7-trihydroxyxanthen-3-one (3) 
Red crude material; yield 75 %; m.p. 180.2 °C; IR 
(KBr) max / cm−1: 740–770 (ortho-substituted benzene), 
1000 (C−F), 1200 (phenol OH), 1600 (aromatic ring), 
1680 (C=O), 2400–3500 (phenol OH); 1H NMR (600 
MHz, DMSO-d6) δ/ppm: 6.35 (s, 2H, H-1 and H-8), 
6.76 (s, 2H, H-4 and H-5), 7.51 (m, 1H, H-5’), 7.52 (m, 
1H, H-6’), 7.56 (m, 1H, H-3’), 7.72 (m, 1H, H-4’), 9.55 
(br s, OH); 13C NMR (150 MHz, DMSO-d6) δ/ppm: 
102.5 (C-4 and C-5), 106.1 (C-1 and C-8), 115.9 (C-11 
and C-14), 116.2 (d, JCF = 21.5 Hz, C-3'), 121.0 (d, JCF 
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= 16.7 Hz, C-1'), 125.1 (d, JCF = 2.8 Hz, C-6'), 131.5 (d, 
JCF = 2.4 Hz, C-5'), 131.9 (d, JCF = 7.6 Hz, C-4'), 139.4 
(C-9), 148.3 (C-2 and C-7), 152.3 (C-3 and C-6), 158.8 
(d, JCF = 246.2 Hz, C-2'), signals of atoms C-12 and C-
13 were not detected; ESI-MS: m/z 339.2 [M+H]+. 
 
9-(3-Chlorophenyl)-2,6,7-trihydroxyxanthen-3-one (7) 
Red crude material; yield 82%; m.p. 176.5 °C; IR (KBr) 
max/cm−1: 735–770 (meta-substituted benzene), 750–
800 (C−Cl), 1056 (C−O), 1500 (aromatic ring), 
1550−1600 (C=C), 1680−1750 (C=O), 2700–3200 
(phenol OH); 1H NMR (600 MHz, DMSO-d6) δ/ppm: 
6.47 (s, 2H, H-1 and H-8), 6.89 (s, 2H, H-4 and H-5), 
7.45 (dt, 1H, J = 6.9 and 1.7 Hz, H-6'), 7.61 (t, 1H, J 
1.9, H-2'), 7.72 (m, 2H, H-4' and H-5'), 9.20 (br s, OH); 
13C NMR (150 MHz, DMSO-d6) δ/ppm: 102.4 (C-4 and 
C-5), 107.0 (C-1 and C-8), 115.5 (C-11 and C-14), 
128.0 (C-6'), 128.9 (C-2'), 129.3 (C-4'), 130.8 (C-5'), 
133.6 (C-1'), 135.7 (C-3'), 147.0 (C-9), 147.8 (C-2 and 
C-7), 152.4 (C-3 and C-6), 163.8 (C-12 and C-13); ESI-
MS: m/z 355.2 [M+H]+. 
 
9-(2-Hydroxy-5-nitrophenyl)-2,6,7-trihydroxyxanthen-
3-one (8) 
Dark red crystals, yield 63 %; m.p. 272.1 °C; IR (KBr) 
max/cm−1: 860 (trisubstituted benzene), 1200 (aromatic 
ring), 1247 (C−O), 1360 (C−N), 1550 (NO2), 1660 
(C=O), 2400−3300 (phenol OH); 1H NMR (600 MHz, 
DMSO-d6) δ/ppm: 6.53 (s, 2H, H-1 and H-8), 6.98 (s, 
2H, H-4 and H-5), 7.30 (d, 1H, J = 9.2 Hz, H-3’), 8.21 
(d, 1H, J = 2.9 Hz, H-6’), 8.40 (dd, 1H, J = 9.2 and 2.9 
Hz, H-4'), 11.53 (br s, OH); 13C NMR (150 MHz, 
DMSO-d6) δ/ppm: 102.3 (C-4 and C-5), 107.1 (C-1 and 
C-8), 116.1 (C-11 and C-14), 116.7 (C-3'), 120.7 (C-1'), 
126.8 (C-6'), 127.1 (C-4'), 139.7 (C-5'), 145.6 (C-9), 
147.7 (C-2 and C-7), 152.5 (C-3 and C-6), 160.9 (C-2'), 
163.4 (C-12 and C-13); ESI-MS: m/z 382.2 [M+H]+. 
 
Antioxidant Potency 

Antioxidant potency of synthesized compounds was 
tested by the electrochemical method of voltammetry of 
immobilized microparticles.26−28 The microparticles of 
compounds were immobilized at the carbon paste elec-
trode by pressing the electrode at the glass surface con-
taining approximately 1 mg of compound. Measure-
ments were performed in the 0.1 M phosphate buffer 
(pH 7.4) using three electrode system. Three electrode 
system contained carbon paste electrode with immobi-
lized microparticles of the compound as working elec-
trode, platinum (Pt) foil as counter electrode and satu-
rated calomel electrode (SCE) as reference electrode. 
Prior to each measurement electrode surface was re-

newed and the new compound sample was immobilized. 
The background signal (a cyclic voltamogram recorded 
with no compound immobilized) has been measured 
before each measurement and subtracted from the 
measurement with immobilized compound. Measure-
ments were repeated for minimum three times. 
 
RESULTS AND DISCUSSION 

Ten xanthen-3-one derivatives (1−10) were prepared 
from 1,2,4-triacetoxybenzene and different aromatic 
aldehydes under acidic alcoholic conditions. After a 
two-fold Friedel-Crafts alkylation intermediate A was 
obtained. For accomplishing the transformation a single 
trihydroxy benzene moiety of A has to be oxidized by 
using pottasium peroxodisulphate to the corresponding 
p-benzoquinone. In order to avoid decomposition of 
pottasium peroxdisulphate, the reaction of oxidation 
occurs at 80°C. Benzoquinone intermedier (B) 
subsequently undergoes a cyclocondensation reaction to 
the xanthenone fragment. To remove pottasium 
peroxodisulphate after completed oxidation, refluxed 
suspension was poured onto ice water and filtered. The 
residue was dried under vacuum at 60 °C. Synthetic 
pathway and structures of the prepared compounds are 
given in Scheme 1 (adapted from references 24 and 25). 
 
Structural Characterisation of Xanthen-3-one  
Derivatives 

The IR spectra of three new synthesized compounds 
showed absorption at 2400−3600 cm−1 indicating phe-
nyl OH groups. Xanthen-3-one derivative with chlorine 
in meta position at aryl substituent (7) showed bands at 
770−780 cm−1 due to stretching vibrations of C–Cl, 
while compound with fluorine substituted aryl substitu-
ent (3) showed bands at 1400−1000 cm−1 due to stretch-
ing vibrations of C–F. Bands at 1550 cm−1 were visible 
on spectra of derivative with nitro group (8) due to 
stretching vibrations of C–NO2. The IR spectra of new 
synthesized compounds showed absorption frequencies 
around 1660 cm−1 and 1200 cm−1 due to stretching vi-
brations of C=O and phenyl groups, respectively. 

The assignments of all the protons and carbons were 
based on the analysis of the 1H-1H correlation spectro-
scopy (COSY), 1H-13C heteronuclear multiple quantum 
correlation (HMQC) and 1H-13C heteronuclear multiple 
bond correlation (HMBC) spectra. The HMBC spectra of 
all three compounds gave clear connectivities between H-
5’ and C-1’ and between H-2’, H-6’, H-1, H-8 and C-9 
(Figure 1). Correlations were also observed between H-1, 
H-4 and C-2, C-3 and between H-5 and C-11. 
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Novel compounds showed on 1H NMR spectra 
two singlet signals between 6.35 and 6.98 ppm that 
correspond to 4 protons from xanthen-3-one ring. 
Compound 3 with ortho substituted phenyl ring by 
fluorine on 1H NMR revealed 4 multiplet signals at 
7.72, 7.56, 7.52 and 7.51 ppm. Compound 7 with meta 
substituted phenyl ring on 1H NMR spectrum revealed 
one multiplet at 7.72 ppm, one doublet of triplets at 7.61 
ppm and one triplet signal at 7.45 ppm. Compound 8 
with trisubstituted phenyl ring at positions 2 and 5 on 1H 
NMR showed two doublet signals at 8.21 and 7.30 ppm 
and one doublet of doublets at 8.40 ppm. Characteristic 

signals of xanthen-3-one ring as well as all signals of 
characteristic substituent were found in 13C NMR 
spectra of all synthesized compounds. 

 
Antioxidant Potency 

Experimental investigations as well as clinical and epi-
demiological findings have provided evidence support-
ing the role of reactive oxygen metabolites or free radi-
cals in etiology of several diseases and symptoms.29 For 
example, disruption of balance between the free radicals 
and the antioxidants may lead to cellular damage and 
trigger carcinogenesis.30 Synthesis of new efficient 
antioxidant compounds has become urgent need for the 
prevention and treatment of mentioned pathological 
changes. 

Antioxidant potency of synthesized compounds 
was studied by electrochemical method of cyclic volt-
ammetry applied on the immobilized microparticles of 
studied compounds. This method enables characteriza-
tion of antioxidant activity of compounds as well as 
compound mixtures in selective electro-oxidation pro-
cess controlled by the potential.31,32 The applicability of 
electrochemistry seems logical since the antioxidant 
power of a compound in a reaction with a free radical is 
directly correlated to its ability to act as a reducing 
agent at an electrode.33−35 The antioxidant potency of a 
compound determined by the electrochemical method of 
cyclic voltammetry enables characterization of the ob-

 
Scheme 1. 

 
Figure 1. Key HMBC correlations of compounds 3, 7 and 8. 
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tained voltammetric spectra through the anodic peak 
potentials. These potentials reflect the biological oxida-
tion potential of the compound i.e. the tendency of the 
compound to oxidize in order to neutralize free radicals. 
The spectra may be analyzed also through the intensity 
of the peak, i.e. current density that reflects the concen-
tration of the compound available for the reaction ac-
cording to the Randles-Sevcik equation, quantitative 
analysis. However, due to the limitations of the immobi-
lization methodology, quantitative analysis of the results 
was not possible to conduct. However, the intensity of 
the peaks may be considered as a compound characteris-
tic, availability for the oxidation reaction, in a semi-
quantitative manner, so it will be commented in the 
further discussion. 

Cyclic voltamograms of the chosen compounds 
tested for the antioxidant potency are presented in Fig-
ures 2 and 3. 

According to the electrochemical behaviour, com-
pounds separated into 2 groups, as presented in separate 
figures. Compound 9 showed two well pronounced 
anodic and two cathodic peaks of significant intensity. 
The presence of intensive cathodic peak is an indication 
of the reversibility of the electrochemical processes 
present at the electrode surface. Compound has no sub-
stituents at the phenyl ring, hence it was taken as basic 
compound for the comparison of the antioxidant behav-
iour of the compounds with substituents at the phenyl 
ring. Characteristic reversible behaviour with similar 
peak potential (approximately 440 mV in the neutral 
media) has been obtained for the typical natural com-
pounds with polyphenolic structure, and has been as-
cribed to the oxidation of the ortho-diphenol group at 
the phenol ring forming ortho-quinone group. However, 
the explanation of the second reversible peak of higher 
intensity occurring at the higher potential (approximate-
ly 800 mV) could not be so easily deduced. A possibil-
ity is that at higher potentials less oxidizable OH groups 

may become oxidized. The peak could be ascribed to 
the electrochemical reaction of the mono-hydroxyl 
group at the position 2 of the compound 9. However, the 
electrochemical oxidation of the mono-hydroxyl group 
at the polyphenolic compounds usually occurs in the 
irreversible manner. Other possible explanation may be 
the occurrence of the chemical reactions subsequent to 
the one-electron or two-electron oxidation that may 
introduce new oxidizable species into the solution near 
the electrode or at the electrode surface. If newly 
formed species oxidize at potentials significantly differ-
ent than that of the original phenolic compound itself, 
multiple-peak voltammetric curve may be obtained. Due 
to the partial solubility of studied compounds, electro-
chemical reaction may proceed through solid-state reac-
tion or through the transport of reactants from solution 
to the electrode surface. The solubility of the compound 
may hence affect significantly the intensity of the cur-
rent peaks of the cyclic voltamograms. Simultaneous 
processes occur, electron transfer across the microparti-
cle/electrode interface and molecule dissolution at the 
microparticle/solution interface. 

Compound 1 showed cyclic voltamogram with 
anodic peaks similar to compound 9 but lower intensity. 
No cathodic peak appeared pointing to the irreversibility 
of the processes at the electrode surface. The peak po-
tentials were slightly shifted towards lower potentials. 
Change of the electrochemical behaviour of the com-
pound 1 may be presumed to be the influenced by the 
methoxy group introduced in the molecular structure. 
Compounds 6 and 8 showed anodic peaks at the signifi-
cantly lower potentials with none of the cathodic peaks 
obtained. Lower potentials of the first anodic peak, 
approximately 100 mV, may be considered as indicator 
of higher reductive power of the compounds. Com-
pounds 2, 3 and 4 showed very similar behaviour with 
anodic currents of lower intensity, second anodic peak 
with very weak current and none of the cathodic peaks. 

 
Figure 2. Cyclic voltamograms of xanthen-3-one derivatives 
(1, 6, 8 and 9) microparticles immobilised at the carbon paste 
electrode. 

 
Figure 3. Cyclic voltamograms of xanthen-3-one derivatives 
(2, 3 and 4) microparticles immobilised at the carbon paste 
electrode. 
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These three compounds have hydrogen atom substituted 
by the halogen elements that may affect the electro-
chemical behaviour of the compounds. 

Electrochemical parameters (potentials and cur-
rents of the anodic and cathodic peaks (Ep, Ip)) deter-
mined from the cyclic voltamograms are presented in 
Table 1. 

Other electrochemical parameters were deter-
mined for the first anodic peak, half-peak potential (Ep/2, 
(the potential at which the current reaches half its max-
imum)), difference between the anodic peak potential 
and the half-peak potential (Ep,a1 – Ep/2 - measure of the 
peak broadness) and the potential midway between Ep,a1 
and Ep/2 ((Ep,a1 + Ep/2)/2).36 The value of (Ep,a1 + Ep/2)/2, 
may be used to approximate the formal potential (E0’) 
for the compounds that do not exhibit cathodic peak in 
the reverse scan. E0' is the formal potential, equivalent 
to the potential at which c(RED) = c(OX), and is used as 
a measure of the reducing power of compounds with 
antioxidant properties. The formal redox potential, E0', 
attributed to ortho-dihydroxyphenol group oxidation 
reaction, was moved toward slightly lower potentials for 
the compounds containing substituted group at the phe-
nyl ring compared to the non-substituted compound 9. It 
may be presumed that substitution of the hydrogen atom 
by the electron-donating group affected the electro-
oxidation reaction of the molecules. The (Ep,a – Ep/2) 
value for compound 1 was 58 mV while for the other 
compounds significantly higher values were obtained 
(between 84 and 99 mV) pointing to the broadness of 
the anodic peak. Broadness of the peak may be affected 
by the difference in the availability of the compounds 
for the electrochemical reaction, induced by the solid-
state or solution provided reactants. 
 
CONCLUSION 

Ten 9-aryl substituted 2,6,7-trihydroxyxanthen-3-one 
derivatives have been synthesized by reliable one-pot 
synthetic procedure. Structures of novel compounds 
have been elucidated and confirmed by experimental IR, 
1H, 13C and mass spectra measurements. The assign-

ments of all the protons and carbons were based on the 
analysis of the 1H-1H COSY, 1H-13C HMQC and 1H-13C 
HMBC spectra. The HMBC spectra of all three com-
pounds gave clear connectivities between H-5’ and C-1’ 
and between H-2’, H-6’, H-1, H-8 and C-9. Correlations 
were also observed between H-1, H-4 and C-2, C-3 and 
between H-5 and C-11. 

The antioxidant potency of chosen synthesized 
compounds was studied by electrochemical methods of 
cyclic voltammetry on immobilized microparticles. The 
compounds were immobilized in solid state to the car-
bon paste electrode and subjected to electrochemical 
processes. From the cyclic voltamograms the electro-
chemical parameters were obtained and the reducing 
power of the compounds was characterised. It was de-
duced that the substitution of hydrogen at the phenyl 
ring with an electron-donating group affected the reduc-
ing power of the compounds by lowering the biological 
oxidation potential. Additional in vivo antioxidant as-
says are needed to confirm the potential use of these 
derivatives in disease prevention and/or treatment. 

Since it has been proven that antioxidant potency 
may correlate with antitumor activity, synthesized xan-
thene-3-one derivatives with good antioxidative poten-
tial will be further biologically evaluated as potential 
antiproliferative agents. 
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