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Department of Chemistry, Ege University. !zmir. Turkey 

(Received in UK 15 February 1990) 
In situ radiolysis of hydroxypyridones in aqueous solution produces several radicals detected by ESR 

These are produced by primary and secondary reactlons of hydroxyl radicals. Asaquinoidal structures 
were detected from 3- and 5-hydroxypyridones. 

Dlhydroxypyrldines would be expected to be dilTerent in reactklty towards hydroxyl radkal produced 

by the radiolysis of water [I). Dihydroxypyrtdones are known to be In hydroxypyridone structures in 

aqueous solution (2-4.6-12). One may expect also selectivity in the addition reaction of electrophilic OH 

radical to the ring. Hydroxypyridones appear to be closer models to blologlcally re!ated compounds Ifke, 

for example, uracil than are the pyrldines and pyridones. It has been suggested that aaaquinoid structures, 

found In bacterial pigments, are formed by the oxfdatlon of hydroxypyridones in nature [3-a.b). 

Electrophilic reagents are known to attack at the 3-(5-l positions of pyridones. In agreement with thb 

characteristic property 6-hydroxy-2-pyrldone undergoes substitution at the 3-15-l positions and 

4-hydroxy-2-pyridone only at the J-position 14.51. The pattern of electrophillc substitution in 3- or 

5-hydroxy 2-pyrldones. which exist in different tautomerlc forms from 2.4- and 2.6-derivatives, is 

probably due to the ease of oxidation to azaquinone structures under the reaction conditions (3). 

Hydroxypyridones may exist in aqueous solution in diol and/or dione form. 

N-A IV IV-B 

Studies of the tautomerlc structures of the various Isomers of hydroxypyridones report the pyrldone 
structure as being dominant [4- 10). 
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Katritzky (11) reported a ratio of 25:60: 15, IV-A. IV , IV-B respectively for the tautomers of 

6-hydroxypyridonc, XV. SpInncr (12) found no evidence of the dial form and subsequently reported a 
20:80:0 ratio to IV-& IV. XV-B, respccUvcly. 

Analogous to the reactions of phenols Il3) and pyrldones (2) OH adducts of hydroxypyridones can 

possibly undergo elimination of water to yield pyridinoxyl radicals in primary processes. However, the 

high reactivity towards OH radical, which increases in the order of pyridlne-*done-hydroxypyridone. 
may lead to the occurencc of secondary processes. espc&i@ oxidation. This conjecture Is supported by the 
cvldence summa&cd in table 1, i.e.. a listing of the hydroxy pyridoncs studied and an analysis of the 
structures of identified radicals. 

The in-situ radiolysis ESR experiments were carried out by the method described by Elbcn and 

Fcssenden (14). Analysed solutions contained 2 mM concentrations of substrate saturated with N20. 
Potassium bromide was added at 20 mM concentrations when required. 

The flow system photolysls ESR experiments were done in Ar-saturated 1 mM soWions of the 

substrate with or without 1 % acetone and 1 mM potassfumpcrsulphate. A Phlllps Sp 1000 

superhigh-pressure mercury lamp and quartz optics for foccuslng the light into the ESR cell were used as 

described(2). The g-factors and the coupling constants of the radicals (accurate to 51510~~ and 30 mG, 
respectively) were determIned from simultaneous measurements of field and microwave frequencies. 

taking Into account of the difTerence in magnetic fkld between the ESR cell and the NMR probe positions. 

For product analysis. 2 mM solutions of mcthaxypyridine derivatives in trlplely distilled water were 

saturated with N20 and 6oCo, irradiated with dose rates of 6 krd/mkn as determined by Ftickc dosimetry. 
Samples of irradiated solutions were analyscd for only methanol formation wlth high pressure liquid 

chromatography. the pH of the soluUons was 6. 

The substrates (excluding III), were obtained from Fluka and EGA and were used as received. The 

2.5~dihydroxypyridine, III. was synthesized by hydmxylatlon of 2-pyrldone with potassiumpcrsulphate in 
alkaline solution. according to the method of Rehrman and Pitt ( 171. 

of FYlmalv FTocesseg Ra>cals I 

Radicals derived from primary processes were detected by flow rate expcrlments 

ESR studies and gave intense signals in compmn with signals from other radicals. At 

In-situ radiolysis 

wmr flow rates 
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these sfgnal intensities remained unchanged or increased. The process for the gcncration of these radicals 

fs attributed to hydmxyi adduct radical formation on the ammatlc ring follawcd by dehydration leading 

to the formation of the azascmlqulnone radical. The same radicals were obscxvcd ln photolysis/oxldatlan 

scheme. 

The radicals assigned to these processes are shown in table 2. TWo radicals obscnnd in acidic, [a) and in 

basic. (b), assfgned to pyrldoncs [ azasemiqulnone) and dcprotonatcd pyrfdincs, respectively. Only in the 

case of acidic 4-hydraxy-2-pyrMone. II. solution was the azasemiquinone type radical not detected, but the 
intermediate OH-adduct radical was observed. In contrast to the results from pyridone derivatives. The 

observation of the radicals in acidic and basic m&la were in general cons&tent with the pKa values of first 

deprotonatlon of the parent compound mable 3). Au the radicals lncludtd ln table 2 -excluding the Of I 
adducts -were also detected in the oxldatlvc phase of N20 saturated potassium bmmIde solutions. In some 

cases oxidations were accomplished by the photolysls of acctone/potassiumpersulphate solutions. The 

coupling constants and the g-factors of the radicals of table 2 were found to be independent of the source of 

generatlon. S@aI to nolsc raiahs were usually better ln the oxidation cxpcrlmmts. 

Tabb 3 : pKa values of hy droxywridoncs for proton loss , 

PYRIDONE 

2-Pyridonc 
3-HydroxytI) 
4-Hydroxy-2-pyridone (II) 

5-Hydroxy-2-pyridone (III) 
6-Hydmxy-2-pyrIdone (XV) 

851 (13) 
45 

15 
(12.15) 

Citrazinic acid M 2% 191 

The unpalrcd electron spin density is considered to be centered on the non-0 substltuted oxygen 

atom. This assumption is based on the observation that the hydroxyl radlcsl attacks the m carbon to 
give a product which rapidly equfflbriatcs to the keto form and is Ln agreement with the preference of 
pyridone structurea in aqueous solution. The results were confhmed by comparison analysis of the 

g-factors and and the coupling constants of radicals generated from 3-(I). P(II) and 5hydmxy-2-mane 

(III) with 6-hydroxy-2-pyridonc [IV) and wfth cltmzinic acid M. The lower g-alucs and higher coupling 

constants of 3- and 5 -aromatic hydrogcns of the radicals from IV and V provide evidence that the 

unpaired electron ls laxUsed on the & oxygen. 
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The adduct radical resulting from dehydration was only observed wlth 4- hydroxy-2-pyrldone 

Wadduct). The slxu4Aue of the adduct radscalWZiZl bbased 
of spe-cifk elcctrophi.lic substitution at 3- posiuon (4.5). 

literature evidence 

ESR experiments with 3-methoxy-2-pyrldone. VI, gave different results. The radicals produced are 

the same as those from 3-hydroxy-2-pyridonc. I. resulting from dehydration. They are observed in both 

acidic~dbasicmcdiaOaandIbl.By~~tO la to VI’s and Ib to wb. the s@al ~tcn&tk%We~~~ 

lower and the pH range of obsnvation was narrower in acidic medium. 2.5-3.5 mble 21. It is theorletd that 

the dominant primary process invoh~es the methanol elimlnatlon from the hydroxyl adduct radical. 

The product analysis after iradiation indicated the consistent formation of methanol (G-1.83). 

Similar experiments with the 2,&dlmethoqqyridine is reported to have shown negligible amount of 

methanol formatton (1). The dominant methanol elimination process is in agreement with previous ESR 

rCsub. i.e.. the hydmcyl attack at en-3 of compound In ml)]e 2). 

Reaction of HydroxyI Radical with Pyridinyl-Methyl Rddicak 

G (MeOH) 

‘OH 
+ CH30H 1.03 

VI 
ESR Evidence 

VL 

An adduct radical (Wadduct) was detected ln acidic to moderately basic pH ranges. 2.5-8.0. and ln a 

similar range. 35 10.0, the radical of the parent compound VI was obscwed Dblc 2). 

The radicals considered to be generated by secondary pmcesses were 1dentLQed by the decrease of 

signal intensities or the complete loss of signals at higher flow rates. In generaI the signal intensities of 

these radicals were weak in comparison to the sIgna intensltles from the radicals of primary processes 

and fn some cases g-values were found to be pH dependent. The pH ranges of observations were from 

neutral to strongly basic solutions Vable 41. 

In strongly basic solutions a predominant radical type with a high signal intensity was detected from 

I.II.III. IV and V compound9 (Fygure 11. 
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O* 

The g-value and the nitrogen coupling constant of radical I: which was generated from compounds 

from IJI. and IV: wax found to vaxy within the pH range of detection (12-13.5). A sWllar result was seen 

for the radical V mable 41. The variation of ESR parametera was seen largely on g-vducr and nitrogen 

coupling constants and to a lesser extent on aromatic hydrogens. At moderate pH range8 (5- 10) N and V 

gave the azastmiquinone tautomer of these secondary radicals. 

The ESR parametexx of azasemiquinone radicals IV. and V. did not vary in the pH ranges of detection. 

The variation of ESR parameters in strongly alkaline solutions is thought to be due to the roJ)Jrl 

deprotonation equilfbm which shifts toward the right at h!gher pH values. 

0- -II+ 
; 

0’ +H+ -0 

. , The oxtdation of 3- and 5-hydroxy-2-pyridones to azaqulnoncs is suggested in the l!teraturc [3-a.bI: 

thus the radtcal formed on the prtmary process b assumed to undergo to an auto oxldatlon-reduction IYI 

strongly alkaline solutions forming azaqulnone and dioxypyrldlnc. Colour formation was detected in 

strongly basic solutions of hydroJrywridonca after ln-adlation which may be taken as evidence of the 

photolytlc formation process of some natural plgmtnts. The azaqulnone then would react wlth the 

hydroxyl radfcal to form an intermtdiale azasemlqufnone type radical. Deprotonatlon (12) of this 

fntumediatc would kad to the observed secondary radicals. 
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+ 23H 
- 2w20 

The lntcrmcdiate secondary radicals were assigned speculated to bc I and III in moderate pH ranges 

(FQure 1 and ?gblc 4). 

An additional radfcal formed by secondary processes was found In ESR c.xpcrlxncnts wllh 

Chydroxy-2-pyrldone, II. in strongly basic solutions Vable 41. 
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Few other radical signals were detected in strongly basic solutions .The secondary pmccssc~ which 

leadtothcf~~dthtsc~ra~rOllLLfnunclear.Th#cESR~t~were~anddrd 

not fit any of the radical structurea dfacusscd alxntc. It Lo pro@ in the Uterature that the dihydfaxypyrl- 

dines may form some dimcr radicals of blpyrUnyl type. The possible stmctural forms of such d&ners arc 

uncertain. 

1x1 suflllll8fy. bydroxypyridones am found to form 

may be taken as cvidcncc of foxmation of 

The author is 
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some pigments 

radfcals through azaquinone 

in nature by photolysis. 
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