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Some Reactions and Properties of Nitro
Radical-Anions Important in Biology and

Medicine
by Peter Wardman*

Nitroaromatic compounds, ArNQ, have widespread actual or potential use in medicine and cancer
therapy. There is direct proof that free-radical metabolites are involved in many applications, and an
appreciation of the conceptual basis for their therapeutic differential; however, an understanding of the
detailed mechaniams involved is lacking. Redox properties contrgl most hiojegical responses of nitro
compounds, and the characteristics of the one-electron couple: ArNO,/AxNQ,™ are detailed. The “futile
metabolism” of nitroaryl compounds characteristic of most aerobic nitroreductase systems reflects com-
petition between natural radical-decay pathways and a one-electron transfer reaction to yield superoxide
ion, 0,". Prototropic properties control the rate of radical decay, and redox properties control the rate of
electron transfer to O, or other acceptors. There are clear parallels in the chemistry of ArNQ,™ and O,
‘While nitro radicals have frequently been invoked as damaging species, they are very unreactive {except
as simple reductants). It seems likely that reductive metabolism of nitroaryl compounds, although gen-
erally involving nitro radical-anions as obligate intermediates {(and this is required for therapeutic selec-
tivity towards anaerobes), results in biological damage via reductive metabolites of higher reduction order

than the one-electron product.

Introduction

Although the other papers in this issue attest to the
widespread interest in free-radical intermediates in the
action of several classes of medically important com-
pounds, it is arguable that nitrocompounds are the one
class of drug in which direct proof of radical production
in intact target organisms has been demonstrated (71—
8) and in which the free-radical reaction almost certainly
responsible for the therapeutic selectivity has been ob-
gerved directly (4). The combination of identification and
measurement of steady-state concentrations of radicals
by electron spin resonance (ESR) and speetrophoto-
metric monitoring of reaction kinetics following radical
generation by pulse radiolysis (5} has provided consid-
erable insight into the most important reactions and
properties of hitro radieal-anions important in biology
and medicine.

Mason and colleagues (1—3,6-16) obtained high res-
olution ESR spectra of steady-state concentrations of
nitro radical-anions of a variety of medically-important
drugs in biological preparations:

ArNQ, + “nitroreductases” — ArNO; 1)
and also established the concept (7,8) of “futile” reduc-
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tion or metabolism in aerobic conditions, where back-
oxidation occurs (4,17);

ArNO; + O; -+ ArNQO, + 05 2)

in competition with other one-electron transfer reae-
tions to appropriate electron-acceptors and with the
“natural” decay pathways such as disproportionation
4,9,18-21):

2 ArNO; — ArNO, + ArNQO:z™ (= ArNO) )]

In this paper we restrict ourselves to considering ni-
troaromatic compounds, ArNOQ,; in the absence of, e.g.,
substituents with basic functions, the one-electron ad-
ducts ArNQ; are normally radical-anions at physiclog-
ical pH because the pK, for the dissociation:

ArNOH' = ArNO; + B~ {4}

is usually << 7(20,22-24). However, pH and pX, gen-
erally defines the rate of reaction (3) (18,21,24), and
these properties are important in other electron-trans-
fer reactions.

Although there may be little or no net nitroreduction
in aerobic systems because of reaction (2), there may
be a stimulation of respiration, a feature which Biaglow,
Durand, Sutherland, et al, (25-29) recognized may be






