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AN ELECTRON SPIN RESONANCE STUDY OF STABLE FREE RADICALS
IN NATURAL AND SYNTHETIC MELANINS. 

,

J. L. Vivo-Acrivos and M. s. Blois, Jr.

The observation of o.n eloc-b.·on spin resom:mce ( e. s.r.) o.l,sofftion
in natural melanin vms reported by Commoner and coworkers in 1954 J, 
who speculated that these porn::mcntly unpaired electrons were associated 
with free raoicals that hacl. becaae trn.pped in the lattice of the melanin 
polymer. 

Relative to the more general question of  tho roles of free radicri.ls 
in "biological eystems, it is of particular interest to determine ·whether 
intracellular melanin procluct-lon is a biological free radical mecha11.ismo 
As employed herein, vre sball use the term �tu:r��!":��.nil:l to refer to the 
l)Olymeric biologico.l pig:r.1ent ordinc,rily considered to result from tyrosine
oxidation and polymerization,· and by §.1'.I1i;J�eti9,. m£,�!.£-l.1S, to refer to the
polymerization products of polyphenols or aromatic amines by auto-oxidative
or enzymatic reactions.

The obsorvo..tions reported here vrere obtained with a paramagnetic 
resonance spectrometer operatini in the 3 cm 1xmd and utilizing a reflection 
cnvi ty. 
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Tho e. ss. spt3ctra of the semiq:uinones of those compounds have been 
previously rq,orted,2,3:,1+-).

If thet;e reaction mixtures are then examined ov3r J.onger periods of
tjJnc, further intermediates are found. For the para DI10. orthobenzoquinones 
the aimer j_11.termediate semig.1:inone bas bcr:;n observed by means of e. s.r. The 
structure of' those have been inferred directly from the hy,;ierfine structure 

· arising from the unpaired electron-nuclear moment interactions in the free
radical. In both cases tho dirl.erizo.tion occurs tbrough a C-C bond between
the two rings. In DOPA nnd pyrogallal multiple spectra are also observed
with time. ··The observed hyperfine structure in the case of IX)PA is consistent
,vi th the proposed reaction mechanis-;i.

The most important feature of  the monomer and di1ner s1)ectra is the 
la.;rering of the g-fo.ctor by one pnrt in 10-? nnd the reduction of  the total 
hyperfine splitting. 

The first effect is explained as 1::m increase in the diamagnetic shielding 
of the now lnrgorT,-olectron system lli'1.d the second is due to the fact tbD.t the 
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�-.-gen c.ta.ls in the cliquinone are more clectro-negati ve and thus tre unpaired 
e:..ectrcn density is reduced at the :in-plane arom tic protons. 

g-value s of Natural qgd ..,§yp.j;b,e tic ?,.fo+�•

In canpar:ing the g-values of a number of polyphenolic semiq,.linones 
with those of the resulting synthetic mcln.nins, it o.pp0ars that the stable 
::::'!'ee radicals trapped arc those of the mo::1aneric form or qi.lite small polymers 
inasmuch as the expected di,.u-,mgnotic shielding is very slight.      In contrast 
with this we find a sign:fic,1ntly lo\7er g-value for the enzymatically produced 
dCPA nelariin than for the auto-oxidized DOPL meli:min. The natural melanin 
from squid ink and from the Harding-PD.ssey mouse melanoma is found to give a 
g-rtU.ue intermediate between the former two,

This research was supported by the United States ldr Force through  AF Office 
of Scientific Research, L:ir Research o.nd Development Command. 
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