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Electrochemical characterization of 1,5-benzodiazepine

oximes in organic solvents
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acetate buffer solution while the second oxidation peak was dimished or absent
for all studied compounds. All compounds were irreversibly oxidized at positive
potentials. The electron transfer process for all investigated compounds was con-
1 trolled by diffusion. Oxidation potentials were dependent on the molecular struc-
tures of investigated compounds as well as on the solvent nature.
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INTRODUCTION

Benzodiazepines (BZD) and their polycyclic de-
rivatives are pharmacologically active compounds
that have extensive applications in medicine as psy-
choactive drugs [EI]. They are widely used as anal-
gesics, hypnotics, sedatives and antidepressants as
well as anti-inflammatory agents [EI, E]. 1,4and 1,5-
BZD are reported to possess distinctive pharmaco-
logical effects. 1,5-BZD has received a great atten-
tion of medicinal research and a lower incidence of
side effects has been reported for new derivatives
with enhanced pharmacological activities [E]. 1,4
and 1,5-BZD are used in organic synthesis as pre-
cursors of fused polycyclic benzodiazepine deriva-
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tives [H]. In addition, various diazepines have been
reported as fungicidal and herbicidal agents [E].
Due to an easily reducible azomethine moiety
and a number of other substituted electrochemi-
cally active groups, such as nitro, N-oxide and
carbonyl groups, BZD are often characterized and
detected in biological, pharmaceutical, biomedi-
cal and forensic investigations by electrochemical
methods [E]. However, research has been focused
mainly in the electrochemical cathodic behaviour
of the 1,4-BZD, while data related to 1,5-BZD ei-
ther cathodic or anodic behaviour is limited.
Oximes (=N-OH) are widely used in organic
synthesis as intermediates for the preparation of
amides via the Beckmann rearrangement and for
conversion of noncarbonyl compounds to the car-
bonyl derivatives [ﬂ, H]. Moreover, oximes belong
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to a broad class of N-hydroxy compounds which
are well-known as redox-active mediators in bio-
catalytic systems [E].

Electrochemistry allows one to mimic bio-
logical oxidation processes and better understand
the redox mechanisms of many biologically signifi-
cant molecules and pharmaceutically active com-
pounds []. Thus electrochemical oxidation of
1,5-BZD may provide better understanding of 1,5-
BZD metabolism pathways in vivo.

Six novel 1,3,4,5-tetrahydro-2H-1,5-benzodiaz-
epine oximes have been synthesized and described
earlier []. Structures of investigated oximes 1-6
are very similar, they differ only by the methyl
group position and the number in the diazepine
ring (2-3, 4-6). Compounds 4-6 contain a meth-
yl group in the diazepine ring at the 5th nitrogen
atom, whereas 1-3 compounds do not.

In this study we have performed the electro-
chemical characterisation of new compounds by
the cyclic voltammetry method. Cyclic voltammo-
grams were recorded for all the synthesized com-
pounds in different solvents, at different pH values
and varying the potential scan rate. Glassy carbon
electrode was used as a working electrode due to
its wide potential range, chemical inertness, imper-
meability to gases and extremely low porosity [E].

EXPERIMENTAL

Reagents

Anhydrous acetonitrile (AN), 96% ethanol (EtOH)
and anhydrous dimethyl sulfoxide (DMSO) were
received from Sigma Chemical Co (USA). Tetra-
ethylammonium tetrafluorborate (TEA-TFB) was
received from Aldrich-Chemie (Steinhem) and
was used as a supporting electrolyte in organic so-
lutions.

Sodium acetate, acetic acid, potassium phos-
phate, potassium hydroxide and other reagents
were of analytical grade and were received from
Sigma. Britton-Robinson buffer (BRB-I) solutions
were obtained by titrating a mixture of 20 mM
H,BO,, 20 mM KH,PO, and 20 mM CH,COOH
with 0.3 M NaOH until necessary pH [].
The buffer solutions were prepared by using dou-
ble distilled water.

The novel 1,3,4,5-tetrahydro-2H-1,5-benzodi-
azepine oximes (1-6) (Fig. ) were synthesized by
heating 1,5-benzodiazepinthiones, sodium acetate

and hydroxylamine hydrochloride in anhydrous
ethanol as was previously described by Kosycho-
va et al. [@].

Fig. 1. Chemical structures of 1,3,4,5-tetrahydro-2H-1,5-benzodiaz-
epine oximes (1-6) researched in this work

Apparatus

Electrochemical experiments were performed with
a Series G™ 750 Potentiostat/Galvanostat/ZRA from
Gamry Instruments, Inc. (Warminster, PA, USA),
controlled by the dedicated PHE200™ software. All
experiments were carried out in a three-electrode
glass cell using an Ag/AgCl (3 M KCl) electrode
as a reference electrode (210 mV vs NHE), glassy
carbon (BASi MF-2012, 3 mm diameter, USA)
as a working electrode and a Pt wire (diameter
0.2 mm, length 4 cm) as a counter electrode.

The glassy carbon electrode was freshly polished
with aluminium oxide, treated ultrasonically in wa-
ter for 10 min and washed with deionized water af-
ter every measurement.

Work solutions

Cyclic voltammetry (CV) measurements were per-
formed at room temperature in AN, DMSO, 96%
ethanol. 50 mM TEA-TFB was used as a support-
ing electrolyte in organic solutions. The concen-
tration of compounds was about 1.0 mM.

The dependences of 1-6 compounds oxidation
potentials on the buffer solution pH were deter-
mined by using Britton-Robinson buffer solutions
with different pH in the interval 3.5-11.5, scan rate
0.1 V/s.

Cyclic voltammetry

The electrode potential was varied between 0 and
1 V. Cyclic voltammograms (CV) were registered at
several scan rates: 0.025, 0.05, 0.1, 0.25 and 0.5 V/s.
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The slope of the oxidation current vs the square
root of the potential scan rate was used for calcu-
lating the diffusion coefficients by using the Ran-
dles—Sevcik equation (Eq. 1) []:

1/2
1. =0.4463nFAc ( ”FWD) . (1)
» RT

Here I is the peak current value, n is the num-
ber of electrons transferred in the redox event, F
is the Faraday constant, A is the geometric surface
area of the working electrode in cm?, ¢ is the bulk
concentration of the electroactive species in mol/
cm?, R is the universal gas constant, T is the tem-
perature in Kelvin, D is the diffusion coeflicient in
cm?/s of the electroactive species and w is the po-
tential scan rate in V/s.

RESULTS AND DISCUSSION

CV in different solvents

The cyclic voltammetry method was used to in-
vestigate the electrochemical oxidation of 1-6
compounds in different solvents. Figure P shows
the voltammograms of the studied compounds in
the acetate buffer solution pH 5.5 (a) and ethanol
(b) (potential scan interval 0-1 V).

During the electrochemical oxidation of com-
pounds 1-6 in the acetate buffer solution on scan-
ning in the anodic direction two oxidation peaks
were observed in the 0 and 1 V region, while in
the reverse sweep symmetrical reduction peaks were

absent, which indicated that the oxidation process
was irreversible (Fig. @a). Conversely, the oxida-
tion of 1-6 compounds in ethanol on scanning in
the positive direction resulted in only one oxida-
tion peak, while in the cathodic direction reduction
peaks were absent as in the acetate buffer (Fig. @b).

Oxidation potentials for compounds 1-3 in
ethanol were observed at +0.66-0.72 V interval,
while for compounds 4 and 6 they were registered
at higher potential values +0.73-0.92 V, e.g. for
compound 5 at +0.84-0.92 V. Similar results for
the oxidation potentials of 1,5-benzodiazepine
oximes are obtained in DMSO and AN, but in
AN they were somewhat smaller than in DMSO
(Fig. B).

In the acetate buffer solution all investigated
compounds were oxidized at lower potentials
(+0.42-0.57 V) in comparison to oxidation po-
tentials in other solvents used (EtOH, DMSO
and AN) (Table 1). Also it was noticed that CV
of compound 3 (Fig. Hc) in AN differed from that
of compounds 1 and 2, in this case two oxidation
peaks at +0.55-0.62 V and +0.80-0.87 V were
observed. For compounds 4 and 6 two poorly de-
fined oxidation peaks were also registered, while
for compound 5 only one peak was observed
(Fig. Bd—f, Table 1).

From the data presented in Table 1, it can be
concluded that compounds 1-3 in ethanol, ace-
tate buffer and AN are oxidized at lower potentials
than compounds 4-6, i.e. in the latter case oxida-
tion peaks shift to higher potentials.

0 0.2 0.4 0.6 0.8 1
E,V (vs Ag/AgCl)
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Fig. 2. Cyclic voltammograms of 1-6 compounds (1 mM) in (a) acetate buffer (50 mM pH 5.5) solutions and (b) ethanol; scan rate 0.1 V/s;

T(—),2(---), 3 (), 4 (=), 5(- ), 6 (oe22)
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Fig. 3. Cyclic voltammograms of 1-6 compounds (1 mM) (a—f) in different solvents: acetate buffer (50 mM pH 5.5) solution (—), ethanol (- ),
DMSO0 (e=+), acetonitrile (==); scan rate 0.1V/s
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Table 1. Oxidation potential values (¢1__ and ¢2__ ) of compounds 1-6 in various solvents
Ethanol Acetate buffer DMSO AN
Compound
P10 QT e P2, P e P o 92,
1 0.66-0.71 0.46-0.50 0.83-0.85 0.74-0.77 —* —*
2 0.68-0.72 0.43-0.45 0.81-0.82 0.74-0.78 0.64-0.67 -
3 0.68-0.72 0.42-0.46 0.81-0.84 0.67-0.71 0.55-0.62 0.80-0.87
4 0.73-0.78 0.50-0.55 0.88-0.92 0.78-0.83 0.66-0.68* 0.88-0.92**
5 0.84-0.92 0.54-0.57 0.83-0.87 0.75-0.82 0.66-0.74 -
6 0.74-0.84 0.50-0.55 0.85-0.88 0.74-0.84 0.67-0.72 0.93-0.95**
* Data not available due to poor solubility of compound 1 in AN.
** Poorly defined oxidation peaks.
Scan rate study fusion is controlling the electron transfer process

The effect of the voltage scan rate on the oxida-  (Fig. H)- CVs were recorded in the range from 0.025
tion peak current of compounds 1-6 was studied to 0.5 V/s in organic solvents and in the acetate
in order to distinguish whether adsorption or dif- buffer, pH 5.5, containing 1 mM of the investigated
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Fig. 4. Cyclic voltammograms for 1 compound (1 mM) in (a) ethanol and (b) acetate buffer (50 mM pH 5.5) solution at various scan rates (0.025
t00.5V/s); (c) the dependence of the oxidation peak current on the square root of the scan rate (w"2) for compound 1 in ethanol (o) and acetate
buffer (e)
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compound and always using a freshly polished
electrode surface.

As is evident from Fig. @, on increasing the volt-
age scan rate the oxidation peak current increases
and the shift of the peak maxima is observed, which
is characteristic of irreversible processes [@].

The influence of the square root of the volt-
age scan rate (w'?) on the oxidation peak current
showed a linear relationship within the whole
range studied (Fig. H) and the slope varied in
the interval 0.42-0.56, which is typical of a diftu-
sion controlled oxidation process, and the corre-
sponding value is presented in literature for 1,5-
BZD derivatives [E]. Similar dependences were
determined for all synthesized oximes in all sol-
vents used.

Diffusion coefficients of 1-6 compounds were
calculated using the Randles-Sevcik equation.
The obtained values were in the 10° cm? s™' range.
Table 2 summarizes the obtained values.

The obtained values in ethanol were smallest.
Conversely, in DMSO and AN they were largest. In
the acetate buffer solution they were in the range
(5.7-19.6) x 10°. In all solvents used for 1 com-
pound the diffusion coefficient was the smallest,
while for other compounds values were very similar.

pH dependency by CV

The pH is an important factor in the electrochemi-
cal behaviour of organic compounds, because pro-
tons are always involved in electrochemical reac-
tions. The influence of pH on the electrochemical
oxidation of compounds 1-6 was studied by using

Table 2. Diffusion coefficients of 1-6 compounds
in various solvents

Dx 107, cm?s™'

Compound

Ethanol | Acetate buffer | DMSO | AN
1 1.7 5.7 30.1 -
2 3.8 7.1 23.5 219
3 5.2 11.8 17.4 24.8
4 3.3 19.6 22.6 —*
5 4.2 16.8 16.5 29.0
6 49 18.9 18.5 —-*

* Data not available due to the pooly defined peak.

cyclic voltammetry over a wide pH range between
3.5 and 12.0. The CV responses were recorded in
1.0 mM solutions of the investigated compounds
at different Britton-Robinson buffer solution pH
and the constant voltage scan rate 0.1 mV/s.

Cyclic voltammograms for 1 compound at
the buffer solution pH between 3.5 and 9.0 are pre-
sented in Fig. E It clearly illustrates that the peak
potential shifts with pH, thus indicating the in-
volvement of protons in the oxidation process. An
identical behaviour was exhibited by all investigat-
ed compounds. In addition, similar observations
were reported in the literature on the oxidation of
benzodiazepine derivative flunitrazepam [].

It was determined that at more basic buffer so-
lution pH oximes 1-6 were oxidized at significant-
ly lower potential values than in acidic media, e.g.
at the most acidic buffer solution pH (3.5) the first
oxidation reaction of oxime 1 appeared at 0.5V,
the second one at 0.88 V, whereas at the most basic
pH (9.0) at 0.3 V and 0.6 V, respectively.
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Fig. 5. The dependence of the oxidation peak cur-
0.4 rent on the square root of the voltage scan rate (w'?)
for compounds 1-6 in the BRB-I buffer solution
(pH5.5);1(0),2(),3(2),4(e),5 (m), 6 (A)




241

Lina Rekovi¢, Lidija Kosychova, Irina Bratkovskaja, Vilté Zukauskaité, Regina Vidzianaité

10
< 5
3
~
0
-5 | I | | I | |
0 0.2 0.4 0.6 0.8 1
E, V (vs Ag/AgCl)

Fig. 6. (a) Cyclic voltammograms for 1 compound (1 mM) at different BRB-I buffer solution pH, scan rate 0.1V/s; pH 3.5 (=), pH 4.5 (—),
pH5.5(---),pH7.0 (-),pH9.0(----- ); (b) the dependence of the first oxidation peak potential of 1-6 compounds on solution pH; 1 (o),

2(0),3(8),4(e),5(m),6(A)

The oxidation peak potentials of all investi-
gated compounds 1-6 were observed to shift to
more negative potentials with increasing pH with
the plot of the peak potential against pH exhib-
iting a linear relationship over the pH range of
3.5-9.0. The linear relationships between the first
oxidation reaction potential values and media pH
were determined for all investigated compounds
and are presented in Fig. Hb.

The calculated gradients from the linear part of
E vs pH dependencies are given in Table 3. As it is
known from the literature, the slope from the linear
part provides an insight on the number of electrons
and protons transferred in the electrochemical
process in the case when the process is fully revers-

Table 3. The slopes of the dependences of the first
and the second oxidation peak potentials of 1-6
compounds on solution pH between 3.5 to 9.0 pH
range

Gompound The first oxidation The second oxidation

p peak, mV/pH peak, mV/pH

1 54+2 51+1

2 54+3 53+1

3 541 541

4 34+3 _x

5 39+5 _x

6 35+5 _x

* Data not available due to the pooly defined peak of the second oxidation
reaction.

ible. The slope around 60 mV/pH is characteristic
of the same number of electron and proton trans-
fer processes and 30 mV/pH is obtained for a two-
electron and one-proton process [].

As it can be seen from the data presented in
Table 3, the slope values are very close to the an-
ticipated Nernstian values. Though, in the case
of analysed compounds (1-6) further studies are
necessary in order to clarify whether the oxida-
tion reaction is fully irreversible or quasi-reversi-
ble and propose a possible redox mechanism.

However, from the data obtained it can be con-
cluded that despite the insignificant differences in
the molecular structures of analysed compounds,
the first electrochemical oxidation reaction of 1-3
and 4-6 compounds corresponds to a different
number of electrons and protons transferred.

It is necessary to mention that for 1-3 com-
pounds in the pH region under 4.0 and over 9.0
the deviation from linearity was observed, which
can be associated with the protonation and depro-
tonation of the target molecule. As was previously
determined by the spectrofluorimetric method,
the pKa of the studied 1-3 compounds is 4.5, 4.6,
4.5 and that of 4-6 compounds is 4.2, 4.4, 4.2, re-
spectively [@. From the literature it is also known
that the pKa value for dissociation of the N-OH
proton in oximes ranges between 10 and 13 in wa-
ter [], thus the deviation from linearity may be
attributed to the deprotonation of the aforemen-
tioned N-OH group.
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CONCLUSIONS

Six novel 1,3,4,5-tetrahydro-2H-1,5-benzodiaze-
pine oximes (1-6) were electrochemically charac-
terized on a glassy carbon electrode by the cyclic
voltammetry method in different solvents, at differ-
ent pH values and varying the potential scan rate.
All compounds were irreversibly oxidized at posi-
tive potentials. The number of the oxidation reac-
tions registered for 1-6 compounds in the studied
potential range depended on the solvent nature as
well as on the molecular structure. Noticable dif-
ferences in oxidation potentials appeared for com-
pounds containing a methyl group in the diazepine
ring at the 5th nitrogen atom (4-6). The latter were
oxidized at higher potentials in all solvents used in
comparison to 1-3 oximes. The electron transfer
process for all investigated compounds was con-
trolled by diffusion. The investigation of the influ-
ence of pH on the electrochemical behaviour of
compounds 1-6 showed the involvement of pro-
tons in the oxidation process. It was determined
that at more basic buffer solution pH the oxidation
potentials of oximes 1-6 were significantly shifted
to lower potentials in comparison to acidic media.
The calculated gradients from the linear part of E

vs pH dependencies showed that the first electro-
chemical oxidation reaction of 1-3 and 4-6 com-
pounds corresponds to a different number of elec-
trons and protons transferred.
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1,5-BENZODIAZEPINU OKSIMU

ELEKTROCHEMINIS CHARAKTERIZAVIMAS
ORGANINIUOSE TIRPIKLIUOSE

Santrauka

Sesi 1,3,4,5-tetrahidro-2H-1,5-benzodiazepiny oksimai
(1-6) elektrochemiskai charakterizuoti ciklinés voltam-
perometrijos metodu naudojant stiklo anglies elektroda
jvairiuose tirpikliuose esant skirtingoms pH reik§méms
ir kei¢iant potencialo skleidimo greitj. Ryski pirma ano-
diné smailé buvo stebima tirtuose tirpikliuose ir aceta-
tiniame buferyje, kai antroji tirty junginiy oksidaciné
smailé nebuvo i$reiksta arba nebuvo stebima. Visi jun-
giniai, esant teigiamiems potencialams, oksiduojami ne-
griztamai. Tirty junginiy elektrony pernasos procesas
buvo kontroliuojamas difuzijos. Oksidacinis potencialas
priklausé tiek nuo tirty junginiy molekuliy struktaros,
tiek nuo tirpiklio prigimties.



