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An electrochemical study of the hallucinogen {%)-1-(2,5-dimethoxy-4-nitrophenyl)-2-aminopropane, which
differs from similar compounds in that a hydrophilic nitro group replaces hydrophobic substituents on the
4-position of the benzene ring, was carried out using a solvent - buffer system containing pyridine - formic
acid and tetramethylammonium chloride solution.

Polarographically and voltammetrically the drug behaves as other structurally related aromatic nitro
derivatives, the nitro group being reduced to the hydroxylamine in a single, well defined irreversible,
diffusion-controlled and pH-dependent wave. The Ej; versus pH and iym versus pH relationships were
examined and cyclic voltammograms were recorded at different pH values and at different scan rates in order
to elucidate the reduction mechanism and to identify relatively unstable intermediate species.

The results of this study suggest that a significant relationship can be established between the
electrochemical behaviour of any compound and its molecular - electronic structure, and between molecular
structure and pharmaceutical or biological activity, as confirmed recently by quantitative structure - activity
relationship studies.
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1-(2,5-Dimethoxyphenyl)-2-aminopropane, like other struc-
turally related derivatives containing different substituent
groups, has proved to be a particularly active hallucinogenic
agent. It was found that the introduction of a hydrophobic
atom or group such as Br, CH; or C;Hj5 at thé 4-position in the
original molecule provided compounds with both higher
hallucinogenic potency and with different effects on the
qualitative nature of the drug experienced by humans.!
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1-(2,5-Dimethoxyphenyl)-2-aminopropane derivatives

{#)-1-(2,5-Dimethoxy-4-nitrophenyl}-2-aminopropane
(DON; racemic form) is one of many drugs investigated for
their hallucinogenic properties. As the nitro group is clearly
hydrophilic, and as the drug shows a low octanol - water
partition coefficient compared with the 4-CH; (DOM) and
4-Br (DOB) analogues,? and as it is not so effective as these on
the serotonin receptors of the sheep’s umbilical artery,? it has
been suggested that this compound might not be a very potent
hallucinogen in humans. However, Coutts and Malicky,*in a
rat behavioural assay, demonstrated that DON shows a
similar potency to the 4-CH; analogue. Recently, quantitative
structure - activity relationship (QSAR) studies on indole-
alkylaminesS and phenylalkylamines® were carried out and the
results suggested that DON should be a very potent halluci-
nogen at low doses, comparable to DOB and DOM. Subse-
quently, these theoretical and pharmacological presumptions
were confirmed experimentally? using racemic DON which
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was synthesised as the nitrate salt following a previously
reported procedure® and then characterised spectroscopic-
ally.? %

It is reasonable to assume that the biological activity of any
type of drug depends on its molecular structure, and the
spectrum of activity and selective toxicity can be explained by
the fact that the receptor ‘possesses systems with which the
drug can interact. It is also evident that the key to the activity
of these compounds is the position and nature of the
substituents. On the other hand, the nature and position of the
substituents in structurally related compounds are not only
decisive with respect-to the biological or pharmaceutical
activity but also in the electrochemical behaviour of such
compounds, Hence a significant correlation may be estab-
lished between QSAR studies and electrochemistry.

Great attention has been paid to electrochemical studies of
the nitro derivatives, which are frequently prescribed for
therapeutic purposes and widely used. The pattern of action is
a consequence of the ability of these drugs to accept electrons,
which makes the reduction of the nitro group possible, these
being compounds metabolised in vivo to the corresponding
amines via nitroso and hydroxylamine intermediates. In this
context, electrochemistry permits the investigation of the
reduction mechanism and the establishment of its resem-
blance with the metabolic pathways for the biological degrada-
tion of these nitro derivatives.

The aim of this work was to study the effect of the nature
and position of the substituents on the reducton of the nitro
group in DON and to establish a comparison with the
electrochemical behaviour of the nitro-containing hetero-
cyclics and other aromatic nitro derivatives of biological
importance when a dropping mercury or solid electrode is
used. Further, a rapid polarographic method for the determi-
nation of DON is proposed that is applicable in overdose cases
where a relatively high concentration of the free drug remains
in a particular body fluid, provided that chloramphenicol is
absent.

A survey of the literature indicated that no electrochemical
study on this drug has been reported to date.
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Experimental
Reagents

All chemicals used were of analytical-reagent grade unless
stated otherwise.

DON was synthesised following a recent procedure.® Stock
solutions (10-2-10-3m) were prepared by dissolving the
appropriate amount of DON in freshly distilled, de-ionised
water. Gelatin solution (0.5%) was used as a maximum
suppressor. The supporting electrolyte contained 0.1 M tetra-
methylammonium chloride (TMAC) solution and pyridine -
formic acid buffer and was prepared as described previously. 10

Apparatus

Polarographic assays were performed using a Polariter PO,
instrument (Radiometer, Copenhagen). A dropping mercury
electrode was used as a working electrode and a saturated
calomel electrocle (SCE) as the reference electrode,

Cyclic voltammetric experiments were carried out using a
CV-27 voltammograph (Bioanalytical Systems, Lafayette, IN,
USA). A three-electrode assembly was used for all measure-
ments. A glassy carbon electrode was employed as a working
clectrode, an SCE as the reference and a platinum coil as the
counter electrode.

An Orion Research Digital Ion-Analyzer 701 with glass and
saturated calomel electrodes was used for pH determinations.

General Procedure

Aliquots of the stock solutions were diluted in 10 ml of the
supporting electrolyte, 1 ml of gelatin solution was added and
the solution was purged with oxygen-free nitrogen for 10 min,
then subjected to polarography in the d.c. mode.

Cyclic voltammetric experiments were performed under
identical experimental conditions except that gelatin was not
added. All measurements were carried out at 25 + 1°C.

Diffusion Dependence Studies

Polarograms of DON solutions (10-4-10-5 M) were recorded
at various heights of the mercury column (/) ranging from 30
to 63 cm. The corresponding diffusion currents (i3) obtained
were plotted against A2 and the values of izh—12 were
calculated.

The diffusion-controlled character of the current and its
dependence on the depolariser concentration were also
established.

Cyclic voltammograms of DON were recorded at scan rates
between 0.02 and 0.6 V s~! and the current function i,/Cv12
was determined.

pH Dependence Studies

The effect of pH on the half-wave potentials and diffusion-
limited current for DON at a concentration of 0.289 mm was
studied over the pH range 1-14. The best defined and
differentiated waves for analytical purposes were obtained
at pH <6. The corresponding cyclic voltammograms were
recorded under identical conditions.

Calibration Graphs

Aliquots of the pure drug dissolved in distilled, de-ionised
water were diluted in the supporting electrolyte and polaro-
graphed. The standard additions method was employed in all
instances and the results were used in the preparation of the
limiting current versus concentration eranhs.
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Results and Discussion

Polarograms of DON recorded in the above supporting
electrolyte (pH 4.5) exhibit one well defined wave with a
half-wave potential of —0.39 V, corresponding to the reduc-
tion of the nitro group.

The nature of the wave was found to be diffusion-con-
trolled, as shown by the linear dependence of the limiting
current on A2 and on the depolariser concentration. The
relationship between limiting current and concentration of
DON was found to be linear over a wide range of concentra-
tions (Table 1). Above 10-3M the value of iy/C was not
constant, probably owing to adsorption of the drug at the
mercury electrode. However, the data in Table 1 are perfectly
reproducible, and imply that DON can be determined by d.c.
polarography over the entire concentration range from about
5.88 x 10-3M to the limit of detection of 1.24 x 10-6m.

Under the same experimental conditions DON behaves
polarographically as chloramphenicol and other structurally
related compounds, which are reduced to the corresponding
hydroxylamine in a four-electron reduction process. When
equimolar solutions of DON and chloramphenicol are sub-
jected to polarography, the ratio of the wave heightsis 0.93 =
0.05, indicating a similar electrode process; this corresponds
to the well known four-electron reduction of the nitro group to
hydroxylamine!®-15 (Fig. 1). :

Reduction in a four-electron process to give hydroxylamine
as the final product depends on the nature and position of the
substituents. The absence of m electrons in the substituent at
the 1-position and the weak donor properties of the methoxy
groups located at the 2- and 5-positions on the benzene ring
inhibit the homogeneous and very fast chemical reaction
coupled to the ¢lectrode process, avoiding the transformation
of the hydroxylamine into the highly reducible intermediate
imine and the subsequent reduction of the latter to the
primary amine.

On the other hand, it has been observed that aromatic nitro
compounds having strong n-donor substituents, such as

Current/pA

-0.2 -0.4 —0.6
Ev

Fig. 1. Polarographic reduction waves of DON and chloramphenicol
at 0.280 mm. (A) DON: Eyn, —0.39 V and i, 3.38 pA. (B)
Chloramphenicol: E,;,, —0.42 V and iy, 3.60 pA. V,, —0.20V

Table 1. Effect of DON concentration on iy values

Concentration (C)/

10-6 M igfuA iy'C
1.24 0.015 12.09
2.44 0.029 11.88
3.61 0.042 11.63
12.4 0.146 11.77
24.4 0.284 11.64
36.1 0.423 11.72
58.8 0.687 11.68

124 1.450 11.69

361 4.190 11.61

588 6.821

11.60
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p-nitrophenol, p-nitroaniline!®.16.17 and nitrofuran deriva-
tives,15.18 are reduced directly to the primary amine via the
unstable imine intermediate.

Cyclic voltammograms of DON were recorded under
identical conditions in order to identify the intermediate

species. Fig. 2 shows a typical cyclic voltammogram of DON at

pH 3. On the first cathodic scan initiated at 0.0 V, one wave
(A) is observed with E, —0.58 V, corresponding to the
reduction of the nitro group to hydroxylamine. On reversal of
the potential scan at ca. —0.95 V, no reverse current is
indicated for the oxidation of the reduction product. Instead, a
new reversible redox couple (B, C) is observed with an anodic
E, +0.16 V on the second and all subsequent scans. Wave
clipping, that is, reversal of the scan direction before peak A,
causes peaks B and C to disappear, indicating that this redox
couple arises from the hydroxylamine previously formed in
the reduction of the nitro group (peak A).

The shape of the cyclic voltammogram of DON is essentially
the same as that obtained in the reduction of nitrobenzene!?
and chloramphenicol!#.15 and is in keeping with the following
known electrode reactions previously described for these
compounds!4.15.19;

Peak A
AINO, + 4e- + 4H+ ——"% ANHOH + H,0

Peak B
AINHOH —== AINO + 2e- + 2H+*
Peak C

It must be stressed that the current function £,/Cv12 was
fairly constant (Table 2) and independent of the scan rate,
which implies that the electrode reaction is a simple irrevers-
ible electron transfer and that it is neither preceded nor
followed by a slow chemical reaction.20

Effect of pH

The effect of pH on the reduction was examined by
polarography and cyclic voltammetry.

As the pH is gradually increased, the half-wave potential,
E1p, of the DON wave shifts towards more negative values.

A

10 pA

Current/uA
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Fig. 2. Cyclic voltammogram of DON at 0.219 mm, pH 3; glassy
carbon electrode; scan rate, 0.1 V s=!. Peak A corresponds to the
reduction of the nitro group to hydroxylamine; peaks B and C denote
the hydroxylamine - nitroso reversible redox couple

Table 2. Voltammetric data for reduction of 0.426 mm DON in
pyridine - formic acid with TMAC as supporting electrolyte

Scanrate (v)/

V-t ipd/ WA ip /(CV112)
0.020 8.8 146
0.050 13.6 143
0.100 20.0 148
0.200 26.4 139
0.300 32.4 139
0.400 36.8 137
0.500 41.2 137

0.600 44.4 135
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The E,j, versus pH graph (Fig. 3) shows three linear portions
with a slope of —48.4mV at0 <pH <4.7and —61.2mV at4.7
< pH < 11, whereas it tends almost to zero at pH > 11. The
first break on the graph is a direct consequence of the
potential-dependent changes in the structure of the mercury -
solution interface. Because electron transfer is a hetero-
geneous process, it can be affected substantially, sometimes
even profoundly, by changes in the composition of the
interfacial region. A similar behaviour for nitrobenzene
reduction in aqueous solution has been reported.?!

The other break observed in the E;, versus pH graph was
examined together with the effect of pH on the diffusion-
limited current. It was found that the diffusion-limited current
is also dependent on pH. It remains essentially constant from
pH 0 to 6, and then slowly begins to decay. At about pH 11 the
height of the polarographic wave falls sharply and it breaks up
into two waves (Fig. 4). This fall is accompanied by a change in
the slope of the Ej, versus pH graph (Fig. 3), indicating that a
different electrode process occurs. Therefore, for DON the
best defined and differentiated waves for analytical purposes
were obtained at 0 < pH < 6. The scission of the polaro-
graphic wave and the change in the slope of the £, versus pH
graph observed at pH 11 can be related to the cyclic
voltammetric behaviour.

In the pH range 010 no difference was observed in the
shape of the cyclic voltammetric waves (Fig. 2), except that
the potentials were shifted cathodically as the pH increased,
indicating a similar electrode process over this pH range.
However, above approximately pH 10 a different process
occurs. At these pH values, a one-electron reduction peak
appears at —0.85 V, corresponding to the reversible reduction
of the nitro group to a nitro-anion radical. This peak precedes
the main reduction wave, which is shifted to a more negative
potential (Fig. 5). Wave clipping at a potential between peaks
D and A (see Fig. 5) causes peaks B and C to disappear,
indicating that peak E corresponds to the oxidation of the
anion radical formed in D. Because this one-electron transfer
does not need hydrogen ions and occurs only at pH > 11, the
slope of the Ej, versus pH graph, at these pH values, tends
almost to zero.

The existence of this relatively stable anion radical in
alkaline media has recently been reported in the reduction of

0.2 -

0.6

Il N 1 . I

1] 2 4 6 8 10 12 14
pH

Fig. 3. Effect of pH on the half-wave potential of the DON
reduction wave at 0.289 mm

) 2 4 [ 8 10 12 14
pH

pH dependence of the diffusion-limited current of 0.289 mu
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nitrobenzene when platinum, gold and glassy carbon elec-
trodes were used!? and also in the reduction of 5-nitrofuran
derivatives at pH > 8.5.1%

Mechanism of the Electrode Process

The irreversible nature of the wave was confirmed by
logarithmic plots and it was found that the slope of the graph
of E versus log[i/(iq—i)] appreciably exceeded 59.2/n mV,
where n is the number of electrons involved in the over-all
reduction process. Further, the fact that the numerical value
of Ey;y — Eay of the polarographic wave exceeds 56.4/n mV
also confirms the irreversible nature of the wave.22 A closer
inspection of the cyclic voltammograms reveals that the
current at the foot of the cathodic wave is independent of the
scan rate. Such behaviour, originally noted by Reinmuth,??
strongly suggests that the electron transfer to DON is
electrochemically unidirectional, i.e., totally irreversible.

The numbe: of electrons involved in the over-all reduction
process was found to be four and was determined, according
to Meites et al.,»* by comparison of the polarographic
responses under the same experimental conditions for DON
and other aromatic nitro compounds in which the number of
electrons involved in the reduction process is known (Table 3).

The an, values and the number of protons (£ values)
corresponding to the rate-determining step were calculated at
selected pH values. In the pH range 1-10, an, was found to be
0.95 + 0.04. An attempt to calculate n, gave a value of 2
becatise for totally irreversible systems, as in this instance, «
should be less than 0.5. However, according to Meites,25 only
a single electron can be transferred at a time during the course
of the electrode reaction, and a value of 1, exceeding 1 would
merely mean that successive steps are too close together to be
distinguished on the time scale implicit in the polarographic
measurements.

From the equation

0359
@ = .0_,_.__ P

dpH wn,
P was found to be 0.85, showing that one proton is involved or

Current/ LA

. L s
0.5 0 -0.5 =1.0 =1.5
EV

Fig. 5. Cyclic voltammogram of 0.219 mm DON in alkaline medium;
pH 12; glassy carbon electrode; scan rate, 0.1 Vs—1. Peaks A, Band C
as in Fig. 2 but shifted negatively. Peak E denotes the oxidation of the
nitro-anion radical formed in D. Broken line obtained when sweep
reversed after peak D

Table 3. Polarographic data for the reduction of different nitro
compounds (0.124 mu) in pyridine - formic acid (pH 4.5) with TMAC
as supporting electrolyte

Compound No.ofruns £,V FRTITI.N n
Nitrofurantoin SR 8 —0.16 242 6
Nitrofurazone 7 -0.18 2.30 6
Furazolidone 7 ~{.17 2.29 6
Chloramphenicol . . 9 -0.41 1.62 4
Nitrazepam . . 3 —0.34 1.62 4
Flunitrazepam 6 —0.28 1.55 4
Clonazepam . . 7 —0.28 1.58 4
Parathion 8 -(.32 1.64 4
nNON 6 4

=0.38 1.45
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precedes the rate-determining step of the reaction over the pH
range 1-10. :

The formation of a nitrose intermediate in the rate-deter-
mining step has been reported for different aromatic nitro
compounds independent of the nature of the ultimate reduc-
tion product_h].ﬁ.!ﬁjﬁ,??

The nitroso intermediate formed is rapidly reduced to the
hydroxylamine derivative, which is stabilised at this stage
because the fast chemical reaction that would allow the
transformation of the hydroxylamine into the unstable imine is
inhibited.!5.16 This inhibition takes place when the substitu-
ents do not have strong mt-donor properties, in which event a
four-electron reduction occurs (CEE reaction).

After establishing the stoicheiometry of the rate-determin-
ing step, i.e., n, = 2 and P = 1, the following mechanism can
be proposed for the polarographic reduction of DON to the
corresponding phenylhydroxylamine derivative:

o} : 9]
b S
Ar—NT - =—=—/= Ar—N[H
\\_ fast \\__
] o
0]
T 2R
Ar=N| H Ar—N=0 + H;0
- slow
2]
H
: 2e-, 2H- 7
Ar—N=0 ——'—'_‘T—-—‘* Ar—N
2
OH

The nitroso - hydroxylamine reversible couple was detected
by cyclic voltammetry (Fig. 2}, and it must be stressed that the
nitroso intermediate is. not observed when normal d.c.
polarography is used because the reduction potential of the
nitroso group (£;) is more positive than that of the nitro
group. :

The above-mentioned reactions, as already stated, take
place in a well buffered medium of pH < 11. In the pH range
11-14 the potential of DON is shifted cathodically, corre-
sponding to the reversible reduction of the nitro group to a
nitro-anion radical derivative (Fig. 5).

The authors thank the Department of Investigation (DTI) of
the University of Chile (Projects 2443/8725 and -2442) and
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