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FREE RADICALS DERIVED FROM PHENOTHIAZINE
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In studies ef the antiexidant action ef phenethiaszine Murphy et al. have

suggested the formation of free radicals by the homolytic\fiuion of the
N-H bond (1), Since then several workers have published electron spin
resonance (e.s.r.) spectra of the free radicals from phenothiazine. In
addition to the spectrum obtained for the cationic free radical (2) two
further spectra of neutral free radicals from phenothiazine have been
published which are identical with spectrum (la) and spectrum (1lc) recorded
by us (3). Spectrum (la) has been assigned to both the phenethiazinyl
radical I (4) and to the phenothiazine nitroxide radicel II (5). Spectrum
(1c) has likewise been assigned te both of these radicals (6,7).
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Spectra (1a) and (1b) are derived from the same free radical and are
recorded in ethanol and benzene respectively. The different appearance
arises from line broadening and small coupling constant changes due to
solvent effects, We have carried out a series of oxidation studies on
phenothiazine using a wide variety of oxidising agents, From a knowledge
of the mode of action of these oxidising agents and by comparison of their
reaction on diphenylamine and other amines, we conclude that spectra (1lsa)

and (1b) arise from the phenothiazinyl radical I and that spectrum (1lc)
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Fig. 1. (a) and (b) ESR spectra assigned to radical I in
ethanol and benzene respectively.

(e) ESR spectrum assigned to radical II in ethanol,

is derived from the phenothiazine nitroxide radical II, Our evidence for
these assignments is given in the following text. The coupling constants
for these radicals in various solvente are shown in Table I.

Spectrum (la) is obtained from radicals produced by oxidising
phenothiazine with silver oxide, lead dioxide, potassium permanganate and
lead tetra-acetate, Both lead dioxide and potassium permanganate (8) oxidise
diphenylamine to tetraphenylhydrazine which is formed by the dimerisation of
diphenylamino radicals.
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TABLE 1
Coupling Constants of the ESR Spectra of Radicals I, II.

N H H H ): 4
Solvent o 83,71 *1,9| %*2,8 | %,6

Bengene 7.05 3.66 | 2,85 | 0,95%| 0,95*
I Phenothiazinyl
Ethanol 7.20 | 3,60 | 2,61 | 0,98 | 0,72

Hexane 8.95 2.2 | 2,24 | 0,58 | 0.58
I1 Phenothiazine nitroxide| Benzene 9.18 | 2.24 | 2.24 ) 0.58 | 0.58
Ethanol 9,63 | 2.27 | 2,27 0,58 | 0.58

* Incomplete resolution precludes the observation of possible differences
in coupling constants of hydrogens at positions 2 and &,

Oxidation of diphenylamine with lead tetra-acetate has not been reported
to give tetraphenylhydrazine, but this is presumably formed since oxidation
by this reagent in ethanol produces cationic radicals III with a five line
e.s8.r, spectrum of intensity ratio 1:2:3:2:1

Cls.  + P65
—T III
Cells Cells

By analogy we would expect these oxidants to produce the phenothiazinyl
radicals (I) by loss of a hydrogen atom from the parent compound, Pheno-
thiazinyl radicals are more stable than the diphenylamino radicals due to the
rigid ring structure of the phenothiazine radical which sterically hinders
dimerisation,

Spectra (1a) and (1b) were also produced from the free radicals formed
during the reaction of phenbthiazine with either 2,2-diphenyl-l-piecryl-
hydrazyl (DPPH) or 2, ,6-tri-tertiarybutylphenoxy radicals. These
gsubstances are hydrogen abstraction reagents and their reduced forms,
2,2-diphenyl-l-picryl hydrazine (DPPHQ) and tritertiarybutylphenol were
isolated from the reaction mixtures, These results can only be explained

on the basis of the reactions postulated below,
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DPPH or DPPH2 or
+ tri-tert- — @sj@ + tri-tert-
N butylphenoxy N butylphenol
h [ ]

As would be expected N-methylphenothiazine 4id not react with DPPH,

This would support the proposal that spectra (la) and (1b) arise from
the phenothiazinyl radicals, DPPH has been studied extensively in hydrogen
abstraction reactions (9,10,11) and with diphenylamine (9) it gives tetra-
phenylhydrazine in 4O% yield, suggesting diphenylamine radicals as
intermediates.

Our evidence for the assignment ef spectrum (1lc) to the phenothiazine
nitroxide radicsl follows mainly from irradiation studies using a mercury
vapour lamp (12).

Irradiation of phenothiazine in benzene for 5 minutes did not produce a
detectable concentration of free radicals, However, the reaction of
phenothiazine with 2,5% v/v tertiary-butyl hydroperoxide in benzene either
at room temperature or under irradiation conditions produced free radicals
giving spectrum (1lc),Coppinger and Svalan(lB) have observed that several
amines produced nitroxide radicals when treated with tertiary-butyl
hydroperoxide, Phenothlazine, on irradiation in benzene containing
2.5% v/v di-tertiary-butyl peroxide, produced radicals giving spectrum (1b).

Pannell (14) has reported that irradiation of diphenylamine in un-
diluted di-tertiary-butyl percxide yields the diphenylamino radical whereas
irradiation in tertiary-butyl hydroperoxide produces the diphenyl nitroxide
radical, This would appear to be consistent with our observations on
phenothiazine described in the previous paragraph. However, Pannell's
conclusions concerning the nature of the radical species were based on
differences in the splitting constants of the two e.s.r, spectra, Our
work on diphenylamine. suggests that in both cases Pannell could have
observed diphenyl nitroxide radicals and that the splitting constant

differences reported by him were due to solvent effects rather than two
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different radical species. An suthentic sample of diphenyl nitrexide (15)
when dissolved in undiluted di-tertiary-butyl peroxide gave the same
nitrogen eplitting constant as Pannell has quoted for the diphenylamino
radical.

The diphenylsmino radicals purported to be produced by Das et al (16) on
heating tetraphenylhydrazine in xylene would also seem to dbe diphenyl
nitroxide radicals, since heating tetraphenylhydrazine in xylene at 125°C in
an oil bath for 30 seconds gave an e.8.r. spectrum exactly fhe pame as that
derived from the authentic diphenyl nitroxide in the same solvent. When
tetraphenylhydfazine was heated in leene solution, which had been thoroughly
purged with nitrogen, no detectable concentration of free radicals was
observed. Moreover, the g-value of 2,00549 quoted by Das et al.(16) for the
diphenylamino radical is the same as that guoted by Yischer and Neugebauer (17)
for the diphenyl nitroxide radical in xylene. Diphenyldihydrophenazine,
which is the dismutation product of diphenylamino radicals is, however,
formed on heating tetraphenylhydrazine (18) end it would therefore seem that
although diphenylamino radicals are being produced in the above reactions,
they are not being detected by e.s.r. because of their short life.

Irradiation of phenothiazine in ethanol produced radicals which gave
specrun (1a) and not spectrum (1c) as observed by Shine et al.(7). The
different results may be due to the different radiation sources used in
the two experiments. In contrast to our assignments, Shine et al., have
attributed spectrum (1c) to the phenothiazinyl radical on the basis that
acidification of the irradiated solution produced phenothiazine cationic
radicals, apparently by protonation of the neutral phenothiazinyl radicals.
We do not regard this evidence as conclusive since it is possible to produce
phenothiazine cationic radiéals in detectable concentration by sddition of
very dilute sulphuric acid (1% v/v) to phenothiazine.

Para-nitroperbenzoic acid has been found to form nitroxide radicsls
from several amines (19). With phenothiazine in ethanolic solution

para-nitroperbenzoic scid formed radicals which gave spectrum (1c) which



No.24 2261

again supports the proposition that phenothiazine nitroxide radicals give
rise to spectrum (1le), The main product of the reaction was phenothiazine
5-dioxide which raises a question concerning the oxidation state of sulphur
in the phenothiazine nitroxide radical,

During the study of charge transfer complexes in compounds of pharma-
ceutical interest we have observed that in ethanol, phenothiazine interacts
with strong electron acceptors such as chloranil, bromanil and 2,3-dichloro-
5,6-dicyano;p—benzoquinone (DDQ) producing phenothiazinyl radicals together
with rapidly decaying radicals from the electron acceptor molecules, The
ahsorption curve of the phenothiazinyl radical in the visible region is
shown in Fig., 2a; the intensity of absorption decreasing in sympathy with
the free radical concentration, Foster and HaﬁsonQK»have similarly observed
the decay of a product formed from the reaction of phenothiazines with

eleciron acceptors,

FIG, 2
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Fig. 2. Absorption spectra of (a) phenothiazine with DPPH
in benzene showing bande due to the phenothieazinyl

radicals decaying with time (1 - iii).

(b) blue compound in acetone,
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A number of workers (20,21) have ebserved the formation ef a green
golution in the oxidation reactions of phenothiazine. The compound giving
the green solution has never been isolated, but Foster and Hanson (20) have

suggested IV as a possible structure feor this compound,
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From the reaction of DPPH with phenothiazine in acetone we have isolated
& blue product which is responsible for the green colour in the reaction
mixture. The visible absorption curve of this product is shown in Pig, 2(b)
( xmmx at 660 myu), It is possible that the blue compound is a decay product
of the phenothiazinyl radical and further work is being carried out te
elucidate its structure, The conjugated system in this blue compound
probably resembles that of methylene blue (>\max in acetone at 655 mpu) and

structure IV suggested by Foster and Haneon (20) seems plausible,
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