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Cyclic and square wave voltammetries have been used to study electrochemical behaviour of an anti-HIV agent (Guttiferone A)
at the liquid-liquid interface. The thin organic membrane is formed by an organic solvent containing redox probe. Guttiferone A,
a benzophenone (BP) with appropriate electrolyte. It is demonstrated that BP possesses three reduction systems due to the redox
transformation of the three tautomeric forms that lead to the migration of proton between the hydroxyl group in position 4 and the
carbonyl group in positions 2 and 10. The transfer of proton from the aqueous solution to the organic phase is crucial for the redox
transformation of BP into the organic membrane. The voltammograms obtained are strongly influenced by the pH of the aqueous
phase. The electrochemical mechanism consists of 2e−/2H+ exchange to form the separate redox compound BPH

2

.

1. Introduction

Numerous benzophenones reported in the literature are
known to possess various biological activities [1]. Their anti-
microbial activities are due to their ability to act as (i) potent
inhibitors in electron transport [2], (ii) amodel for the reduc-
tion of aromatic ketones, especially in an aqueous solution [3,
4] where the main product is benzopinacole, and (iii) media-
tor in the biosynthesis of a variety of polyisoprenylated ben-
zophenones [5–8], a class of compounds which is not only
chemically interesting due to their structurally complex fea-
tures but also pharmacologically valuable.

More specifically, Guttiferone A (Figure 1) and its ana-
logues are known to possess, antioxidant [9], cytotoxic [10,
11], and cancer chemopreventive [12] properties. Recent
results revealed that Guttiferone A possesses different bio-
logical properties such as the cytoprotection against HIV-1 in
vitro [6, 13]. Most of the studies concerning Guttiferone are
devoted to only biological aspects. The electrochemistry of
Guttiferone is less described [14]. Electrochemistry is devoted
to understanding the reactivity of molecules through the
study of the changes in their properties during electron

transfer processes. Inmany other research areas, such as phar-
macology, these relationships are important, since they pro-
vide the basis for intelligent design of new drugs or treat-
ments for specific diseases. The areas of research related to
molecular, biochemical, and analytical electrochemistry for
the analysis of reaction mechanisms and structure-reactivity
relationships are of great importance in elucidating the
human body’s metabolic processing drugs and of the effect of
drugs on the body [15–17].

In this work, our purpose is to describe redox properties
of Guttiferone A using thinfilm electrodes in connection
with voltammetric techniques. Modified electrodes are often
constituted of a solid electrode covered with an organic phase
which contains a compound having redox properties. Such
electrodes are used, usually in contact with aqueous phases,
for various reasons such as the study of the redox substance
present in the organic medium when its insolubility in water
does not allow a direct study in an aqueous environment.
Thinfilm has same properties as an artificial organic-film
membrane. Electrochemical techniques are very well suited
for characterizing benzophenone-like compounds. As most
of the physiologically active benzophenones are lipophilic,
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Figure 1: Molecular structure of Guttiferone A (BP).

electrochemical methods in nonaqueous medium have been
developed. Particularly important are the biomimetic studies
in which lipophilic benzophenones are embedded in a lipid
membrane support on the electrode surface. Liposomes are
also suitable for membrane immobilization of lipophilic ben-
zophenone. In this context, we recently incorporated Lapa-
chol to build an artificial light-driven transmembrane cal-
cium pump and explain a new reduction mechanism of
Lapachol in thinfilm electrode [15]. The aim of the work is to
provide an insight in the redox chemistry of GutifferoneA, an
important natural product embedded in an artificial mem-
brane using the model developed by Shi and Anson [18, 19].

The device used by Shi is derived from the classical three-
electrode configuration depicted in Figure 2, the working
electrode is covered with a thin film of organic solvent previ-
ously saturatedwithwater inwhich themodel compound and
an appropriate electrolyte are dissolved.The electrode is then
immersed in an aqueous electrolyte. The resulting device
behaves like a stable liquid interface consisting of an organic
membrane in contact with an aqueous phase.

The electrochemical experiments have been conducted
with conventional cyclic (CV) and square wave voltammetry
(SWV) techniques. The advantages of square wave voltam-
metry are a higher speed of analysis, a lower consumption
of electroactive species, and reduction of problems related to
the inhibition of the electrode surface. However, SWV is one
of the most advanced voltammetry methods unifying the
advantages of CV and pulse voltammetry techniques [20].

2. Experimental

2.1. Chemicals and Reagent. Guttiferone A (BP) was obtained
from CH

2

Cl
2

–MeOH (1 : 1) extract of Symphonia globulifera
using a procedure described by Ngouela and coworkers [21].
The other chemicals were of high purity (99%) and were
obtained from Reidel de Häen and Merck. BP was dissolved
in a water-saturated nitrobenzene (NB) mixture containing
0.1M tetrabuthylammonium perchlorate (Bu

4

NClO
4

) as an
organic electrolyte.

Aqueous electrolyte

Edge plane pyrolytic graphite electrode

BP

Organic solvent

BPH2

Counter electrodeReference electrode

2H+

2H+

+2e

Figure 2: Plane edge pyrolytic graphite electrode covered with a
micro film of electroinactive water immiscible organic solvent, con-
taining a neutral redox probe and an organic electrolyte, immersed
in an aqueous phase-buffered solution containing a common ion
with the organic electrolyte. The modified electrode is used in a
conventional three-electrode configuration.

2.2. Preparation of the Film. The modification and pretreat-
ment of the working electrode were described elsewhere [15]
as follow: the organic solution (1 𝜇L) was deposited on the
graphite electrode with a micropipette; the organic solution
spreads spontaneously over the electrode surface forming a
stable film. The so-modified electrode was immersed in a
phosphate buffer solution (0.1MK

2

HPO
4

+ 0.1MKH
2

PO
4

).
When necessary, pH values were adjusted by the addition of
citric acid or hydroxide sodium.Theaqueous phase ismade of
a 0.1MLiClO

4

solution. NB-saturated water (purities select)
was used throughout.

2.3. Electrochemical Cell and Measurements. As shown in
Figure 2, a three-electrode system was used with a disk
electrode (0.32 cm2) of edge plane highly oriented pyrolytic
graphite as a working electrode.The reference electrode was a
Saturated Calomel Electrode (SCE), and the counter elec-
trode was a platinum wire. Prior to each experiment, solu-
tions were deaerated thoroughly for at least 20min with pure
nitrogen. A positive pressure of this gas was maintained dur-
ing subsequentwork. Electrochemical data (cyclic voltamme-
try and SWV) were obtained using an Autolab Potentiostat
(Eco-Chemie, Netherlands) driven by a PC with GPES elec-
trochemical analysis software.

3. Results and Discussion

Before starting SWV measurements, the response of the
organic film electrodes was thoroughly inspected by cyclic
voltammetry in order to check the reproducibility and sta-
bility of the different forms of BP during successive poten-
tial cycling. Figure 3(b) shows typical cyclic voltammogram
obtained between 0.0 and −1.9 V and corresponding to the
electrolysis of the BP present in the organic filmmembrane in
contact with an aqueous buffer solution at pH 1. During suc-
cessive cycles, figure not shown, these CVs reflect the stability
of the membrane and transformation of BP.

The CV consists of two distinct peaks (I-I and II) which
are not very sensitive to the potential scan rate.The peak pair
I/I is well developed and quasireversible, whereas the second,
II, located at a more negative potential (Δ𝐸 = −1.3V),
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Figure 3: Cyclic voltammograms recorded with a: (a) thin film-
electrode without BP; (b) the thinfilm electrode containing 20mM
of BP in contact with 0.1MLiClO

4

aqueous solution buffered with
a 0.1mol/L phosphate buffer at pH = 1. Besides the redox probe,
the organic phase contains 0.1M tetrabuthylammonium perchlorate
(Bu
4

NClO
4

) as an organic electrolyte. Scan rate was V = 20mV/s.

is irreversible. Both redox systems have previously been
observed by classic cyclic voltammetry in aprotic medium or
ionic liquid for other benzophenone [22–24]. The reduction
of benzophenone in ionic liquid presents two reversible well-
resolved one-electron reductions which were observed in dry
liquid ionic which did not contain any readily available pro-
ton source. Upon addition of water or proton, the second pro-
cess became chemically irreversible and shifted to amore pos-
itive potential by approximately 600mV, moreover, the two
reduction processes merged into a single two-electron pro-
ton-coupled process when a small among of proton is avail-
able in the media. This large dependence of potential on pro-
ton content which was not observed in molecular solvents,
was explained by a reaction mechanism that incorporated
protonation and hydrogen-bonding interaction of the ben-
zophenone dianion with as many water molecules as possible
[23].

It is well known that the scan rate can have a dramatic
influence on peak separation.This is the case with couple I-I.
At low scan rate, V = 10mVs−1, the peak potential separations
are 80mV and 90mVwhen the pHs of aqueous solution are 1
and 2, respectively; these values are not so far from the theo-
retical value of 60mV tabulated for a reversible one-electron
process. An increase of the scan rate up to V = 30mVs−1 was
accompanied by an increase of the separation of the couple
I-I, which is typical for a quasireversible electrode process.
As a matter of fact, the transfer energy of the proton from the
aqueous phase to the organic phase is too high (32,5 kJ⋅mol−1)
[25], so that a slow scanning allows enough time to the pro-
tons to diffuse towards the surface of the electrode.

The evolution of CVs as functions of the scan rate when
the pH is maintained constant is shown in Figure 4. In addi-
tion, the cathodic peaks I and II shifted towards more nega-
tive potentials with increasing scan rate.The inset of Figure 4
shows the variation of the scan rate-normalised cathodic peak
current, 𝐼

𝑝,𝑐

/V versus V, for cathodic peak II.The ratio 𝐼
𝑝

/V for
cathodic peak decreases severely with an increasing scan rate,
indicating a CEmechanism in which the electrode reaction is
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Figure 4: Effect of the scan rate on the cyclic voltammograms
recorded with a thinfilm electrode in contact with an aqueous
medium at pH = 1. The scan rate was V = 10 to 60mV⋅s−1. The inset
shows the variation of the ratio 𝐼

𝑝,𝑐

/V on the scan rate for the peaks
II.

gated by a slow preceding chemical step [15, 26].These results
suggest that the two systems are not similar. At this level, we
cannot establish the fact that the system I/I exchanges one
electron. In order to shed more light on these systems and
gather more information (e.g., the number of the electrons
exchanged), some few experiments were done using square
wave voltammetry, a more sensitive method especially when
one deals with membrane processes [26–30]. The SWV
technique is one of themost advanced voltammetricmethods
unifying the advantages of CV and pulse voltammetric tech-
niques. In the course of a SW voltammetric experiment, the
potential is repeatedly changed to an oxidative and reductive
mode in a form of square-shaped potential pulses [31, 32].
Figure 5(a) compares typical CV and SWV recorded in an
NB membrane in contact with an aqueous solution of pH 1.
Unlike the CV, SWV reveals a third system noted as III. The
SWV response of BP in the NB in contact with an aqueous
solution at pH 1 consists of three well-defined and separated
reductive peaks (Figure 5(b)). The three reductive peaks are
well developed and separated. The processes I/I and III/III
are clearly quasireversible, while the peak II reflects a totally
irreversible electrochemical process in both electrochemical
methods as indicated in Figure 5. The relative heights vary
proportionally to the number of repetitive scans. It can be
observed that in the course of these repetitive scans, the mag-
nitude of peak II decreases over time, whereas peaks I and III
increase in the same proportion. Figure 6 shows that the
intensities of both systems evolve in opposite directions. If
the electrode was kept for a certain period in contact with the
aqueous solution under open circuit conditions or at the ini-
tial potential value, the duration of contact seems to have no
effect on the shape of voltammograms, as the position of the
tautomerism equilibriumwas predominantly fixed by the pH
of the medium. Table 1 clearly shows that when the electrode
is in contact with the aqueous phase, the intensities of peaks I
and III increase with resting time. The decrease in the peak
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Figure 5: (a) Comparison of typical CV and SW voltammograms of 20mM of BP recorded in NB membrane in contact with an aqueous
phase consisting of a buffer at pH 1 and (b) Net SW voltammograms recorded with a the thinfilm electrode in contact with aqueous medium
at pH = 1. For CV, the sweep rate is V = 20mV⋅s−1, and for SWV the frequency is 𝑓 = 12Hz, SW amplitude 𝐸sw = 50mV and step potential
dE = 1mV.
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Figure 6: Consecutive net SWV voltammograms recorded with a
thinfilm electrode in contact with aqueous medium at pH = 1. The
other conditions are the same as for Figure 5.

current of system II reveals that the species that gave rise
to this system is unstable. Contrary two this, the increase
of intensities of systems I/I and III/III show that these
species are stable and similar. This, indeed, tends to show
that the concentration of molecular forms 1 and 3 (Scheme 1)
increases in the membrane. By contrast, peak II decreases in
the same time, showing that molecular form 2 is more stable
in the membrane than molecular forms 1 and 3. If the elec-
trode was scanned starting at a potential located between the
redox systems I and II (i.e., 𝐸rest = −1.20V), the magnitude
of peak II remains unchanged no matter the duration of the
contact between the electrode and the aqueous solution. In
addition, it appears that the length of the electrode at this
potential does not affect the signal of the peak II (Figure 7).

The behaviour of this systemdoes not changewith the restric-
tion of the potential. Indicating that the electroactive species
that generates the system II is not obtained after the pro-
cessing of the process I. All these systems are affected by the
repetition of the scan and the immersion time of the electrode
in the aqueous phase. It, thus, appears that the electroactive
species that gives rise to process II is not generated during
the electrode process I (Figure 7). On the other hand, it is
observed that the response of BP in the NB membrane is
influenced by the pH of the aqueous phase. Figure 8 shows
typical SWVs at different pHs. The relative heights and
positions of the voltammetric peaks are strongly sensitive to
the pH.The evolution of the potential of each of the cathodic
peaks I, II, and III as function of the pH varies linearly (data
not shown) with a slope of about 60mV/pH, it is then clear
that the redox processes I, II, and III involve an overall
2e−/2H+ exchange, which is typical for BP/BPH

2

redox
couple. The process II exhibits typical characteristics of a CE
mechanism in which the electroactive reactant is supplied by
a preceding chemical reaction. This is confirmed when the
scan rate in CV and frequency SWV are varied for experi-
mental arrangements. The overall voltammetric behavior of
the studied compound strongly deviates from the common
behavior of the BP/BPH

2

redox couple [7, 32]. During the
thinfilm experiment, the reduction of the BPmust be accom-
pagnied by an ion-transfer reaction across the organic sol-
vent-water interface to maintain the charge’s neutrality in the
thin film. The proton transfer is a charge-compensating ion-
transfer reaction. The partition concentration of protons in
the organic phase depends on Δ𝜙SW as follows:

[H+]S = [H
+

]W exp [− 𝐹
𝑅𝑇
(Δ𝜙

S
W − Δ

W→ S
𝜙
S
H+)] (1)

Δ𝜙
S
W is the Galvani potential difference at the membrane-

water interface. We see that reduction the of BP under these
conditions will be made at a less reductive potential.



International Journal of Electrochemistry 5

OH
O O

O

HO

OH
R

O

OH

O

OHO

OH

R

O O

HO

O

HO

OH
R

K3

K2

K1

3

1

2

Scheme 1

−1.5 −1.4 −1.3 −1.2 −1.1 −1.2

−4.0

−3.0

−2.0

−1.0

0.0

II

I
(m

A
)

E/V/SCE

Figure 7: Effect of the resting potential on the net SW peak II,
recorded with a thinfilm electrode in contact with an aqueous
solution at pH = 1. The resting potential was −0.3 V. The time
increases in the direction of the arrow from 0, 25, 50, 75 to 100 s.
The other conditions are the same as for Figure 5.

Moreover, the results presented in Figure 7 show that the
electroactive reactant for the reductive process II is not gener-
ated in the previous electrochemical processes I and III. This
excludes the possibility to explain the three reductive pro-
cesses on the basis of three one-electron consecutive pro-
cesses with a formation of stable radical-anion intermediate
(BP∙−). Furthermore, a careful inspection of the voltammetric
curves in Figure 7 reveals that the current due to the second
reductive process II slightly decreases with time. Therefore,
the three electrochemical processes originate from redox
transformations of three distinctive forms of BP molecule.

Table 1: Variation of intensity with the time of immersion of the
electrode in aqueous phase at pH 1.5, varied from 0 to 120 s with a
step of 30 s. Each voltammogram was recorded by imposing a new
film on the electrode surface.

𝐼
1

(𝜇A) 𝐼
2

(𝜇A) 𝐼
3

(𝜇A)
t = 0 s 342 2440 41,4
t = 30 s 400 2430 61,7
t = 60 s 408 2420 65,8
t = 90 s 436 2350 68,0
t = 120 s 461 2280 68,6

The interrelation of the peak magnitudes implies that the
three redox forms are interconnected by equilibrium reac-
tion. In addition, the stability of the systems I and III shows
that they have a comparable nature. To check this assertion,
by repetition of the scan, we recorded the curve of Figure 9
in the range potentials −0.2 and −1.0 V.The repetition of scan
shows that the intensity of system III grows, while system I
decreases. This suggests that the species which produce these
processes are independent. The stability of process III results
in the split of system I and confirms the presence of another
tautomeric form of BP.

In the light of the preceding observation and considering
the molecular structure of BP (Figure 1), it is reasonable to
postulate that the intriguing voltammetric characteristic of
the present compound originates from the influence of the
hydroxyl and carbonyl groups. The carbonyl group in posi-
tions 2 and 10 can establish tautomerism equilibriumwith the
adjacent hydroxyl group in position 4 (Scheme 1). This was
described by Martins et al. [33], who say that the tautomers
of Gutifferone in general exist in a solution in a condition of
equilibrium.
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Figure 8: SquareWave Voltammetry at thinfilm electrode recorded
in contact with aqueous medium at pH = 0.46 (a), 0.76 (b) and 1.00
(c). The parameters of the potential modulation are the same as for
Figure 5.

The position of the tautomerism equilibrium K
1

depends
critically on the pH of the medium. This equilibrium is
shifted toward the form 2 when the pH decreases, which is
in agreement with the known acidic catalysis of the keton-
ol transformation. The slow establishment of the tautomer
equilibrium explains the evolution of the squarewave voltam-
mograms under the repetitive cycling of the SWV poten-
tial modulation (Figure 6). Mesomerrism and intramolecu-
lar hydrogen-bonding can explain the stability of different
tautomeric forms (Scheme 2). It is well known that intramo-
lecular hydrogen-bonding causes the shift of the reduction
peak potential towards less negative values [23, 34].Then, the
reduction of the compounds 1 and 3 yields the same reduction
product.

We see from Scheme 2 that the mesomeric form 3 is
longer than mesomeric form 1. It is well know that the mole-
cule is more stable when its mesomeric is too long. This con-
firms the different tautomeric forms obtained.
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Figure 9: Consecutive net SWV voltammograms recorded with a
thinfilm electrode in contact with aqueous medium at pH = 1. The
parameters of the potential modulation are the same as for Figure 5.

The three tautomeric forms can undergo independent
redox transformations to yield a hydroxyl form according to
Scheme 3.

Reaction (K
4

) is the common redox transformation of
the keton/alcohol redox couple involving an overall 2e−/2H+
exchange, assigned to the reduction process I. The chemical
equilibriums K

2

and K
1

, coupled to the redox reactions K
5

and K
6

, complete the CE mechanism scheme, thus being
attributed to the reduction processes II and III. For the
thinfilm experiment, the situation is particularly complex as
the 2e−/2H+ redox transformation in the membrane must be
accompanied by a corresponding ion-transfer reaction across
the membrane/water interface to maintain the charge neu-
trality of the membrane. If the proton transfer is the charge
compensating ion-transfer reaction, the reaction K

4

should
be written as follows:

BP
(NB) + 2H

+

(W) + 2e
−

 BPH
2(NB) (2)
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This overall reaction comprises the 2e−/2H+ redox transfor-
mation in the membrane along with the transfer of protons
into the membrane.

4. Conclusion

The electrochemical study of a Gutifferone A (BP), revealed
on the voltammogram the presence of three successive pro-
cesses attributed to tautomerism reactions. Detailed voltam-
metric analysis of these signals reveals the structure of the
chemical compound bearing the hydroxyl-moiety in the
reduction mechanism. These differences are determined by
the stability of intermolecular hydrogen-bonding.The results
presented here are the first example of the use of the highly
sensitive square wave voltammetry technique for the electro-
chemical study of Gutifferone A, and it is shown that this
method can be used for the analytical determination of this
class of natural compounds.We found that carbonyl group in
BP can be reduced to a hydroxyl form through 2e−/2H+ redox
pathway coupled with the transfer of protons. BP undergoes
three distinct reduction processes with each yielding a differ-
ent form of BPH

2

. The three redox processes are assigned to
three tautomer forms of BP formed by migration of a proton

between the hydroxyl group in the position 3 and the adjacent
carbonyl group in positions 1 and 10.
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[26] V. Mirčeski, R. Gulaboski, I. Bogeski, and M. Hoth, “Redox
chemistry of Ca-transporter 2-palmitoylhydroquinone in an
artificial thin organic film membrane,” Journal of Physical
Chemistry C, vol. 111, no. 16, pp. 6068–6076, 2007.

[27] F. Marken, A. Neudeck, and A. M. Bond, “Cyclic voltammetry,”
in Electroanalytical Methods, F. Scholz, Ed., pp. 50–97, Springer,
Berlin, Germany, 2002.
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