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Electrochemical studies (reduction potential and reversibility) were performed on 1-methyl-4-phenylpyridi-
nium (MPP*) and 1-methyl-4-phenyl-2, 3-dihydropyridinium (MPDP *). MPP * gave reduction potentials
in the range of —1.09 to —1.11 V in organic solvents in a process which was reversible. The reduction
potential of MPDP* was —0.64 V (irreversible). Possible relationships involving the electrochemical
properties, oxy radical formation, and biological activity of these and related iminium species are
discussed.
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INTRODUCTION

The piperideine derivative 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP,
1), causes a clinical syndrome indistinguishable from idiopathic Parkinson’s disease
in man'-? and destroys selectively the nigrostriatal neuronal system in monkeys* 3,
Recent evidence has established that MPTP is a substrate for brain monoamine
oxidase (MAQ) which catalyzes the oxidation of the parent drug to the
1-methyl-4-phenylpyridinium species (2, MPP*)¢. Further investigation of the
metabolism of I provided evidence for the MAO B catalyzed formation of the inter-
mediate dihydropyridinium species 3.

Recently, it has been suggested that charge transfer (CT) by iminium 4, may play a
critical role in the mechanism of action of a variety of biologically active compounds’.

i Presented at the 190th national meeting of the American Chemical Society, Chicago, IlI, MEDI

Abstracts, 64 (1985).
17 Author to whom all correspondence should be addressed.
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More specifically, electron transfer by the catalytic agent is believed to involve a
donor, e.g. protein or DNA, and an acceptor, such as oxygen or a component of the
central nervous system. Experimental application has been made to carcinogens
(purine iminium)® and antibacterial heterocyclic di-N-oxides®.

The principal objective of the present work was to ascertain the electrochemical
characteristics, specifically the reduction potentials and the reversibility of MPP* and
MPDP*. In addition, the relationship of electrochemical behavior to oxy radical
generation and biological activity will be discussed.

MATERIALS AND METHODS

Syntheses of 1-methyl-4-phenyl-2,3-dihydropyridinium perchlorate 3 (m.p.
122.5°C) and 1-methylpyridinium iodide (m.p. 115-116°C, lit."! m.p. 117°C)
followed literature methods. The preparation of 1-methyl-4-phenylpyridinium iodide
(2) was accomplished by stirring a solution of methyl iodide and 4-phenylpyridine in
DMF at 80°C for 5 hr. and then at room temperature for 15 hr.'? Several crystalliza-
tions from methanol gave material melting at 168-169°C. Anal. Calc. for C,,H,NI:
C, 48.48, H, 4.04, N, 4.71. Found: C, 48.61, H, 4.17, N, 4.64.

Cyclic voltammetry was performed on an ECO model 550 potentiostat with a
PARC model 175 waveform generator. All solutions were degassed with prepurified
dinitrogen that was passed through an oxygen-scrubbing system. A platinum flag and
a mercury drop (HMDE) were the working electrodes. The reference for all solvents
was an IBM aqueous Ag/AgCl electrode in saturated KC1. The supporting elec-
trolyte was tetraethylammonium perchlorate (G.F. Smith Chemical Co.). The
organic solvents were obtained from Aldrich Chemical Co. in the highest available
purity. Acidic solutions consisted of aqueous perchloric acid.

RESULTS AND DISCUSSION

Compound 3 can exist in equilibrium with its conjugate base 5'%!* analogous to the
iminium-enamine equilibrium in other systems!4. Therefore reductions were run with
strong acids in order to minimize the amount of 5 present. The reduction potentials
were uniformly in the range of —0.63 to —0.65 V in all solvents (Table I). In the
absence of added acid (pH 6.9 in H,0), the values were somewhat more varied and
more negative, —0.69 to —0.90 V. All reactions occurred irreversibly. Cyclic
voltammetry data for (3) are summarized in Table I.

The reversible reduction potentials for MPP* were —1.09 V (DMF), —1.11V
(DMSQ), and irreversible at —1.36 V (H,0) (Tables I and III). The diffusion coeffi-
cient was calculated to be 5.3 x 10-¢ cm?s~! (DMF) (eq.1) using benzil’* (D = 1.1 x
10-% cm?s ') as the reference. The independence of peak potential vs. scan rate, con-
stant value of the current function (Table I1I), and AEp of 64 mV vs. the theoretical
value (56.5/n mV)'¢ for a one electron reduction verify a reversible, diffusion-
controlled, one electron process. The more negative potential for 2 vs. 3 is probably
due to the greater stability associated with the aromatic pyridinium nucleus?’.

The parent N-methylpyridinium salt gave reduction potentials of —1.28 V (aceto-
nitrile)!® and —1.27 V (DMF)", in essential agreement with our results: —1.27 V
(DMF), —1.33 V (DMSQ) (Table II). The change in the positive direction for 3
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TABLE ]
Cyclic voltammetry of MPDP *3-¢
Solvent [H*]ImM  Ep; (V) Ep; (V)
DMF _— -0.90 —1.15
1.34 - 0.63 _
DMSO e —0.69 —-1.13
1.34 —0.66 —
CH,CN — —-0.74 N
1.34 —0.65 —_—
H,0 pH 6.9 —0.74 -0.86
d - 0.65 —

3100 mV/s, tetraethylammonium perchlorate (0.1M), substrate {0.5mM), vs.
Ag/AgCl; aqueous and acidic solutions, HMDE; organic solutions, Pt flag.
bIrreversible.

¢Controls with acid were performed to validate acidic reduction potentials.

dpH 2, buffer (HC1/C17).

TABLE 11
Cyclic voltammetry of pyridinium jons?

Pyridinium Ion Solvent EY2 (V)
3 DMFa-f -1.09
DMSO* T ~1.11

H,0%8 —-1.36

N-Methylpyridinium DMF¢<2 -1.27
—1.28"

—-1.27

DMSQ¢2 —-1.33

H,0¢%4:8 —~1.56

2100 mV /s, tetraethylammonium perchlorate (0.1 M), substrate (0.25-0.50 mM}), vs.
Ag/AgCl.

bp¢ flag electrode.

‘HMDE.

dpuplicate runs were made.

®No difference with excess acid, (H*] = 1.34 mM.

fReversible at all scan rates (10-200 mV/s).

g[rreversible, Ep values.

hRef. 18.

iRef. 19.

(E1/2 = —1.09 V, DMF)isin accord with the inductive, polar, and resonance effects
of the phenyl substituent. For both the N-methylpyridinium salt and 2 the reduction
potentials were significantly more negative in aqueous solution, —1.56 V and
—-1.36 V, respectively.

The pyridinium salts (6), which inhibit the growth of influenza virus®?' gave
reduction potentials of —0.27 to —0.52 V. There was partial reversibility corres-
ponding to the first wave. The very negative (— 1.71 V) reduction potential? for 7,
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TABLE 111

Parameters from Cyclic Voltammetry of MPP +2
v(V/s) —Ep(V) —E%(V) AEp(mV) ip(A x 1073 ip./(v)*C
0.010 1.12 1.09 7011.55 0.29 11.60
0.020 1.13 1.10 7011.55 0.39 11.03
0.050 1.13 1.10 6011.55 0.65 11.63
0.100 1.13 1.08 6011.55 0.95 12.02
0.200 1.13 1.10 6011.55 1.28 11.45

1.09 (av.) 64° (av)) 11.55¢4  (av)

aDMF, Pt flag, [MPP*]=0.25 mM.
b1+4.9
€+3.19 x 107!

dA/(V/s)12M.

(ip/ (v)*Chmpp " (Dywpe )"
= 1
(lp/(v) 6 C)benzil (Dbenzil) “ (eqn )

analog of /, indicates that MPTP is not likely to be involved in CT processes requiring
a bioreduction step.

In relation to the mechanism of action of MPTP, both 2 and 6 produce toxic
effects. Compound 2 (cyperquat) possesses herbicidal properties®®?* and may be
responsible for the nigrostriatal toxicity of MPTP. Various investigators®*-?’ have
related the mammalian response induced by MPP* to that elicited by diquat and
paraquat?. Since it is likely that the structurally similar pyridinium herbicides operate
by a common mechanism, the reduction potential (— 1.09 V) of MPP* should then be
sufficient to effect CT in vivo. Appreciable evidence for participation of oxy radicals
in the MPTP system has been presented by a number of groups?$272%3, Our electro-
chemical studies indicate that charge transfer may comprise a reasonable route for
formation of these radicals. The relevance to the neurological effect would then
comprise the selective destruction of the nigrostriatal neuronal cells by the activated
oxygen species after site binding by the CT agent. Recent evidence’! for MPP~
concentration into dopamine neurons fits nicely into this concept. It is pertinent that
oxidative stress mechanisms have been advanced to interpret the toxicities of diverse
classes of drugs30-32-36,

Another conceivable redox pathway consists of the initial oxidation of 5 to a
radical iminium entity. Other hypotheses dealing with MPTP action have been
suggested?”37-3%,

Increasing evidence supports the notion that the iminium species is broadly
involved in the action of a variety of important biologically active compounds’-2:40-42;
carcinogens, herbicides, alkaloids, toxins, and drugs. A recent review deals with
iminium ions from xenobiotic metabolism#, and another describes these cations in
the alkaloid domain*.
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MPTP, Related Heterocycles, and, Relevant Iminium Species.
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