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In etudloe l f the antlexldant action l f phenethlazlne Murphy et al-have 

eugg0eted the romiation 0r rrO8 radlcabby the hom8lytlo‘fleelon l r the 

N-H bend (1). Since then eeveral workers have publlehhed eleotron apln 

reeonanae (e.8.r.) spectra of the free radicals from phenothlaelne. In 

l ddltlon to the epectrum obtained for the catlonlc free radical (2) two 

further speatra of neutral rree radlaals frdm phenothlazlne have been 

publlrhed which are Identical with spectrum (la) and spectrum (lc) recorded 

by ue (3). Spectrum (la) hae been aeslgned to both the phenethlazlnyl 

radical I (4) and to the phenothlazlne nltroxlde radical II (5). Spectruo 

(lc) haa llkenlee been aeslgned to both of these radicals (6,7). 
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Spectra (la) and (lb) are derived from the came free radical and are 

recorded In ethanol and benzene respectively. The different appearance 

arlsee from line broadening and small coupling constant changes due to 

solvent effects. We have carried out a eerlee of oxidation etudles on 

phenothlazlne ueing a wide variety of orldlsing agents. From a knowledge 

of the mode of action of these oxidizing agente and by comparison of their 

reaction on diphenylamine and other amines, we 

and (lb) arise from the phenothlazinyl radical 
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conclude that spectra (la) 

I and that spectrum (lc) 



No.24 

i 



Nip.24 2257 

H c 
!iG , -v 

, 

Fig. 1. (a) and (b) ESR spectra assigned to radical I in 

ethanol and benzene respectively. 

(c) ESR spectrum aesigned to radical II in ethanol. 

is derived from the phenothiazine nltroxide radical II. Our evidence ior 

these aseignmenta ie given in the following text. The coupling constants 

for these radicals in varioue solvent6 are shown in Table I. 

Spectrum (la) is obtained from radical8 produced by oxldieing 

phenothiaxine with silver oxide, lead dioxide, potassium permanganate and 

lead tetra-acetate. Roth lead dioxide and potassium permanganate (8) oxidlse 

dlphenylamlne to tetraphenylhydraelne which is Sormed by the dimerisation of 

dlphenylamlno radicals. 
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TABLE I 

Coupling Constanta of the ESB Spectra of Radical8 I, II. 

a’ 
I 

solrent a3 ,7H l 1,9= l 2 ,t a4,6= 
Benzene 7.05 3.66 2.85 0.95* 0.95+ 

I Phxsnothi*rinyl 
Ethanol 7.20 3.60 2.61 0.9s 0.72 

Hexane a.95 2.24 2.2k 0.58 0.58 

II Phenothiaaine nitroxide Benzene 9.18 2.24 2.24 0.58 0.58 

E than01 9.63 2.27 2.27 0.58 0.58 

1 

* Incomplete resolution precludes the observation of possible differenaee 
in coupling conetants of hydrogen6 at poeitlona 2 and G. 

Oxidation of dlphenylamine with lead tetra-acetate has not been reported 

to give tetraphenylhydrazine, but this ie presumably formed since oxidation 

by this reagent in ethanol produce6 cationic radicala III with a five line 

e.8.r. spectrum of Intensity ratio 1:2:3:2:1 

C6H5, 

/ 
N_;I/C6H5 

‘\ 
III 

C6H5 ‘sH5 

By analogy we would expect these oxidant6 to produce the phenothlazinyl 

radlcala (I) by loaa of a hydrogen atom from the parent compound. Pheno- 

thiazinyl radicals are more @table then the dlphenylemino radical6 due to the 

rigid ring structure of the phenothiazlne radical which eterically hinders 

dimerleatlon. 

Spectra (la) and (lb) were also produced from the free radicals formed 

during the reaction of phenothlazine with either 2,2-diphenyl-l-picryl- 

hydrazyl (DPPH) or 2,4,6-trl-tertiarybutylphenoxy radicals. These 

zubstances are hydrogen abstraction reagents and their reduced forma, 

2,2-diphenyl-1-pIcry hydrazine ( DPPH2) end tritertiarybutylphenol were 

leolated from the reaction mixtures. These results can only be explained 

on the bazis of the .reactione postulated below. 
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Aa would be expected I-methylpheriothlaslne did not react with DPPH. 

This would support the proposal that spectra (la) and (lb) arlse from 

the phenothlazinyl radicals. DPPH has been studied extensively in hydrogen 

abstraction reactions (9,10,11) and with diphsnylunine (9) It. gives tetra- 

phenylhydrazlne in 40$ yield, suggesting diphenylamine radicals as 

intermediates. 

Our evidence for the assignment l f spectrum (lc) to the phenothiazine 

nltroxide radical follows mainly from irradiation studies using a mercury 

vapour lamp (12). 

Irradiation of phenothlazlne in benzene for 5 minutes did not produce a 

detectable concentration of free radicals. However, the reaction of 

phenothlazine with 2.5% v/v tertiary-butyl hydroperoxide in benzene either 

at room temperature or under irradiation conditions produoed free radicals 

giving spectrum (lc).COpPinger and 8ualen(l$have observed that several 

amines produced nltroxide radicals when treated with tertiary-butyl 

hydroperoxide. Phenothiazine, on Irradiation in benzene containing 

2.5% v/v dl-tertiary-butyl peroxide, produced radicals giving spectrum (lb). 

Pannell (14) has reported that irradiation of dlphenylamine In un- 

diluted di-tertiary-butyl peroxide yields the dlphenylamlno 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.8.r. spectra. Our 

work on dlphenylamine.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 

when dissolved In 

epeclea. An authentic trample of dlphenyl nltrexlde (15) 

u.ndl:Luted di-tertiary-butyl peroxide gave the name 

nitrogen epllttlng con~etant PB P&e11 has quoted for the dlphenylamlno 

radical. 

The dlphenylamlno radical6 purported to be produced by Dee et al (16) on 

heating tetraphenylhydraslne In xylene would also seem to be dlphenyl 

nltroxlde radicals, since heating tetraphenylhydrazlne In xylend at lZ!5'C in 

an oil bath for 30 eeconde gave en e.8.r. spectrum exactly the same ae that 

derived from the authentic diphenyl nltroxlde In the same solvent. When 

tetraphenylhydraslne w19s heated In xilene solution, uhlch had been thoroughly 

purged with nitrogen, no detectable concentration of free radicals was 

observed. Moreover, 'the g-value of 2.00549 quoted by Dae et a1.(16) for the 

diphenylamlno radical is the same aa that quoted by Ylscher and peugebauer(l7) 

for the dlphenyl nitroxide radical in xylene. Dlphenyldihydrophenazlne, 

which is the dlamutation product of dlphenylamlno radicals Is, however, 

formed on heating tetrlsphenylhydrazine (18) and it would therefore seem that 

although dlphenylamlno radicals are being produced in the above reactions, 

they are not being detected by e.8.r. because of their short life. 

Irradiation of phenothlaeine in ethanol produced radicals which gave 

apecrum (la) and not spectrum (lc) as observed by Shine et al.(T). The 

different results may ‘be due to the different radiation sources used in 

the two experiments. In contrast to our aealgnments, Shine et al. have 

attributed spectrum (Ic) to the phenothiazlnyl radical on the basis that 

acidification of the irradiated solution produced phenothlazine catlonic 

radicals, apparently b,y protonation of the neutral phenothiazlnyl radicals. 

We do not regard thle evidence as conclusive elnce it is possible to produce 

phenothiazine cationic radicals In detectable concentration by addition of 

very dilute sulphuric acid (1% v/v> tc phenothiazine. 

Para-nitroperbenzlclc acid has been found to form nltroxlde radicals 

from eeveral amine6 (IS). With phenothiazine In ethanolic solution 

para-nltroperbenzolc acid formed radicals which gave spectrum (1~) which 
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again eupporte the proposition that phenothiazine nitroxide redloele give 

rise to epeotrum (lo). The main product of the reaction rae phenothiazine 

5-dioxide which raieee a question concerning the oxidation state of eulphur 

in the phenothiazine nltroxide radical. 

During the study of charge tranefer complbxee in compounds of pharma- 

ceutical interaet we have observed that in ethanol, phenothiazine interacts 

with strong electron acceptors such aa chloranil, bromanil and 2,3-dichloro- 

5,6-dicyano-p-benzoqulnone (DDQ) producing phenothlazinyl radicals together 

with rapidly decaying radicals from the electron acceptor moleculee. The 

absorption curve of the phenothlazinyl radical in the visible region is 

shown In Fig. 2a; the intensity of absorption decreasing In sympathy with 

the free radical concentration. Foster and Hanaon@$have similarly observed 

the decay of a product formed from the reaction of phenothlazines with 

electron acceptors. 

FIG. 2 

Wavelength (npr) 

Fig. 2. Abeorptlon epectra of (a) phenothlazine with DPPH 

in benzene showing banda due to the phenothiazinyl 

radicals decaying with time (I + iii). 

(b) blue compound in acetone. 
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A number of rerke:rs (20,21) have ebeerved the fonnation et a green 

solution in the oxidation reautions of phenothiazine. The compound giving 

the green solution has never been Isolated, but Foster and HUuou (200) hawe 

suggested IV a6 a possible structure fer this compound. 

From the reaction of DPPH with phenothlazina in aaetone we have isolated 

a blue product which is responsible for the green colour in the reaction 

mixture. The visible absorption curve of this product is shorn in Fig. 2(b) 

(Lax at 660 mp). It is possible that the blue compound IS a decay product 

of the phenothiazlnyl radical and further work is being carried out to 

elucidate Its structure. The conjugated system in this blue compound 

probably resembles that of methylene blue (Am,, In acetone at 655 w) and 

structure IV auggesteC1 br Foster and Hanson (20) seems plausible. 
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