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The technique of spin trapping is an important method for
garnering information on free radicals difficult or impossible
to detect by direct spectroscopic observation due to their
exceedingly short lifetimes and low concentratiéno date,
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technology may fail Albeit considerably more persistent than
most free radicals, nitroxides are nevertheless often subject to
the usual free radical destruction processes of combination,
disproportionation, and oxidation/reduction, yielding diamag-
netic products. The rapid formation of diamagnetic spin adducts
in traditional spin trapping experiments is an unwanted occur-
rence which can constitute a serious obstacle, since once such
products are formed in biological systems employing conven-
tional nitrone spin traps, they are lost among a vast number of
diverse diamagnetic moleculé&s’ The ability to easily locate
diamagnetic spin adducts in complex mixtures offers an
appealing alternative should one be faced with technical
difficulties often encountered while attempting to isolate ni-
troxides resulting from conventional nitrone spin traps before
they decay into diamagnetic specié€. In spin trapping with

1, the characteristic chromophore of the diamagnetic spin

two classes of spin trapping agents have received the mostadducts arising from nitroxides via combination, disproportion-

attention, namely, nitroso compounds and nitrones. Of these,

the latter have been more frequently used, especially in
biological systems. The most commonly cited drawbacks to
the application of spin trapping agents bearing nitroso func-
tionality are instability and toxicity® On account of these

ation, or reduction, while crucially different from the chro-
mophore ofl, is in fact the same as that of the initially formed
ESR-detectable nitroxide spin adducts. Therefore, this char-
acteristic chromophore should also expedite the purification (and
subsequent structure determination) of these paramagnetic

undesirable characteristics, researchers often opt for nitrone spirspecies from reaction mixtures amenable to nitroxide longévity.
traps despite the fact that their nitroxide spin adducts generally  Nitrone 1 (R = OEt) is a stable green solid (mp 435 °C)

provide less structural information from ESR than do those from

and is readily prepared in three steps from guaiazulene (Scheme

nitroso-based spin traps. Furthermore, the nitroxides obtained1). Exposure of guaiazulene to oxalyl bromide in ether at room

from the addition of certain carbon-centered radicals (tertiary
alkyl and aryl) to the most widely used nitrone spin traps (PBN,
POBNgE and DMP®) are, due primarily to disproportionation,

temperature according to the method of Treiggelds acyl
bromide 2, which is directly esterified with EtOH to provide
the violet ethyl esteB in 80% yield. Oxidation of3 with 2

less persistent than those obtained from addition of such radicalsequiv of DDQ in aqueous acetonitrile at room temperature in
to nitroso compounds. Several groups have described the useanalogy to the method of Takd8effords a 74% yield of red

of isotopically labeled spin trap®r the application of special
equipment consisting of GC/MS or HPLC-interfaced ESR
spectrometetd® designed to detect, isolate, and characterize
free radical adducts of nitrone spin traps in biological systems
with varied success. Herein is reported a new and simple
colorimetric approach to the detection, isolation, and analysis
of free radical adducts of nitrones employing the novel nitrone
spin trapping agentd which are easily obtained from the
abundant sesquiterpene guaiazulene.

Of particular importance regarding spin trapping withs
their capacity to tag free radicals by yielding characteristically
colored and highly visible diamagnetic (and paramagnetic) spin
adducts. Thus, nitronesl provide the potential to implicate
the intermediacy and establish the identity of free radicals in
situations in which presently.ailable ESR detection/isolation
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aldehyded. Condensation of with N-tert-butylhydroxylamine
hydrochloride in pyridine at 98C providesl (R = OEt) in

nearly quantitative yield?
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The obvious chromotropism that accompanies conversion of
nitrone spin trapd to diamagnetic free radical adducts arising
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Scheme 1 green oil at 9C°C for 9.5 h yields a bright red oil from which,
after partitioning between hexane and acetonitrile, one can
_ BrCOCOBr, ether, 1t EOH isolate from the acetonitrile layer 300 mg of crude reddish
— = - = material, which, when subjected to TLC analysis, shows the
7 J 7 presence of a major red proddétWhen a control experiment
Guaiazulene B 3 o or is conducted with argon bubbling in the presence or absence of
2 water, this product is not detected and the recovered green oil
contains no azulenic products other than the starting nitrone.
Similarly, no observable chromotropism and complete recovery
of the unreacted nitrone is the outcome of an aerobic control
experiment substituting chlorobenzene, a solvent devoid of easily
abstractable hydrogen atoms, in place of corn oil. This data
strongly suggests that the observed change in color from green
to red is instigated by addition to nitrorie(R = OEt) of free
radicals formed by autoxidation, presumably involving linoleic
acid subunits of the corn oil glycerides. The application of these
nitrones as indicators of oxidative stress in lipids is a focus of
ongoing research.
By virtue of the presence of acyl bromide intermediata
the synthesis of these nitrones, one can envision making a wide
range of easily prepared derivatives whose physical properties
can be modulated by judicious choice of a nucleophile (alcohol,
f amine, etc.) to employ in acylation reactions wath Lipophilic

via either combination, disproportionation, or reduction o L h ; - h
intermediate nitroxides is unprecedented and may render them?" hydrophilic side chains at this position should drastically

useful in tracking free radical residues in frequently encountered "Huence solubility properties, and the exploitation of this
cases involving fast annihilation of nitroxide spin adducts via electrophilic site for the preparation of bioconjugates may afford

any of the aforementioned processes. Thus, when an emeraldm_fiLEStfmg splg_tra}ps with eﬁuentéarg?mg dca[;)acﬁﬁes. " ¢
green solution of nitrond (R = OEt) in toluene (60 mM) is € Iree radical scavenging and antioxidant properties o

heated to 95C in the presence of azo compouidnder argon nitrones have been recent topics fostering intense activity in
TLC analysis of the progress of the reaction reveals’the the blolog|caI/pharmacolog|9aI aretfao .MUCh ey|dence

formation of a violet product of lower polarity thah (R = points to the role of_free rad@gl damage in the etiology O.f a
OEt). When the reaction mixture is poured onto a flash number of pathological conditions such as atheroscletosis,

AL 1 ; g
chromatography column containing chloroform-saturated silica Alzheimer's diseas, cancer! ischemia-reperfusion injury,

gel and eluted with chloroform, a violet band descends and is a_nd senescenc_?é. Res?amh into tr_'e ?ﬁ'cacy of these new
easily collected. Further purification by preparative TLC nitrones in the implication and elucidation of pathways of free

(chloroform) affords the violet double spin addu@t2 An radical processes and in providing possible therapeutics for free
inspection of the!H NMR spectrum of the reaction mixture radical mediated diseases is in progress and will be reported in

formed in a competitive spin trapping experiment entailing due course.
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