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Inthecouraeofourstudiesonfreeradicalo~~~~ofscme~~~products, 

ourattenticmhasturnedtowards uznnn&m,particularlythehydroxylatedderivati~ whichaxe 

widelydlstributedthmughouttheplantkingd&.Wehawfomdthat cmmr~corl~ 

hydroxylgmu~~inthearomaticringarereadilyauWMised inaqlEmsalkallnesol~, 

&malngrelativelystablesemiquimnemdicals, whi~canbestudiedbyelectronspinresonanoz 

ksr) spectroscopy. 
scolle ofthesesemiquinmesarefonmdbystraightfomardautoxida Izion* (where the ammtic 

ringcantainstwo~hydroxy~~),buttfieopenCngofthe~ringlnderthealkalFne 

amditionsen@oyed,invariablyleadsto8eum%ryspecies. Esculetin(6,7+ihydroxycouwAn), 

tirexanple,indilutealkalinesoltionarrJinthepresexe ofair,glves rise initially toan 

esrspectmnascrWtoradicalA. Q~stadinghowmer, thisk3pecbmdecaysandisgradually 

replacedbythatduetoradicalB.~thlswdicalisthe amL@nme of 2,4,5-trlhydmq- 

cinnamicacid,isumflrmzdbya Usxidationof thelattercmq~~~&&ereqm anidenticalesr 

spectrun is obtained (sefs Dble). 
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With~~containingasingle~l~~~tintheareraaticrirag,~ 

arefonmdonlyasaresultofpynmsringopnlng. 6~~givespsctralndilute 

alJcali,arisingfmntheseaiqukrJnas of2,5_dihydroxyciaciddsrivatl~ (Figureland 

Table). Instmn*alkali,further base-~~ysedhydroxylatim~ oCCWSEidilytogiVethe 

2,4,5_trihydx~ycirmamicaclds~~. Inthecassof7-hydro w===jmrWapening 

leadst~remrclmlderlwklveskMchfonnmstablesendquirrmes. ~hyarosenperoxide~ 

,254hT , 

Esrspecbunofprinmxym3kal Fim1. 
fran 6-h-in 

added to the alJdin8 solution, -, hydrolky- 

lafiionofthe resomimlcanoccur,4toagain 

giv~the2,4,5-txihydroxycinnamicacldsmi- 

su.inrmee.* ~OftheradicalSd3tained 

byw==r~inga=*uec=f~by 

cbt&lbg~ticalesrspectra~different 

starting mterials (Table). 

sain densities ad cmlfonmtian. me 

assiglm?ntsofhyperfinaspllttingsforths 

ammticringpmtonsaxequitestxaighffomard, 

witithealdofpevlousdatacclsubstiUted 

semiquirpnes.Inthec~cacld~, 

I coumrln8ource 

6,7-diUi- 

6,7-diOIi-~-MC 

6Ui-3-MB 

338 

278 

85 

259(#) 

24 

106 234 - 4 

5804) 220 - 4 

170 2l3 213 24 

283 132 - 4 

250 125 - 4 

320 69 - 4 

-'O&k) 96 - 4 



theeffectofthesldsdlainis evi&ntlyquitesml.l,bsirrgcmpxabletothatofamtd@or 

#my1 gq3#5 . Arrmaticpmtm splittings for thecoundn sfdquMms@yrareringlntact) 

areexpwedtibedsterndned &i.eflyby~exnxhstm~electmdc effect of the * 

gmqdng. Romourdatathisef~appearstobe~e~~thata~methcmy~ltuent.C 

s~the~~~~~~ingsinbothtypesofradicalare~mainlybytheo~ 

attacfiedtothering,~effectsof~lao~s~tituentsinthesidechainorthe 

~ringmthesespllt~,srefoundtobesnd.lkeeTable). 

Mzthylardcarboxylsdetituentsatthe 3-pxitlonhave,aswsmightexpect, only a smsll 

effectcmthehyperfiie splittingoftheadjacentpmWnonCq, thusensblingthedlstinct~of 

splittings franpmkm attksetw~ltlms. lhesplit~of~inthesfdec!bainof 

thecinnamicacid semiquinones~,~theother~,=Ydependent on aketitution at Cd, 

~theratioa~:a~changesmaSticallyaa~~epyronering. Theseckeerw~tionsaFpear 

toreflect ~~~ChengesattheC-CbclldjoMrKlthe~~cringandthe~ 

fragmnt, sndcanbe raticmll.sedintemmof~~-&lmalisation. 

Sincetheslckchainofac~acld SeniquiKlne has little influence on spin densities 

inthearamticring,itcanbstreated,toaqod ~tion,asasinplesubst.ltuent 

drwingspindensityfrrmthepro~ltalof~~~cringcarbontowhichitisattacfied. 

Ebrthecoumrinsm@dmzs, thepLtAleniStheSameS~thS~grolpingis~tO 

effectively fonnabarriertoany spintransfer frunltsmlghkadng ar&tLc ringcadxmatcm, 

andthevalueof~r(thespindensltyintheprr~l~ofCr)is~~be~~~y 

thesawinbothcases(seeFigure2). !Bs pK&lenl is thus Ledwed to that of an allyllc 

fragaent,andspincanbetransndttedfromc,bybothlr-sndG +localisaticnalyperaoarjugation) 

todegrees depedmtculthedmedralangle(e)between the plr- oKbitals cm Cr and Cd? 

(JgJ@ \ 
rrpart c=o”, 

Figure 2. mjarorbital intera&lonsreqonsibleforn-and~-spindelocalisation. 
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clearlyveryinpcrtant (a~a~),anda4~lsubstituentoauses~yasJnallreducticnin 

thespindensityreachingC3. F&ntheconstraintsof nearplanarity~~bypyrone 

ring-opwing,G-delccalisationbeccnesame iaportantwiti the increasingangleoftwist 

(a~>a~),anda4~yl~inthismbehasthehuJeeffectofreducFtagaf:toavalue 

aFproaching zero (8 + 90'). Cceparisons of lq&m and methyl gmq splittirqs atC3 snd C4 

alscreflecttheir ~ontheae&auwl of spin transfer, i.e. ay<ay, ay&a:. 

Inviwof the factthatsubstituentsonC3~~littleeffectonspindensity 

dis~u~~inthE!radiaals,theoo~~~~~~~nrJattheC,'C~bondappearto 

arisecnlyfmnstericintera&ionsbebveen the substituentonC4 andsamsgmuponthearanstic 

ring, prcbably theadjacent~atom. Inthiscasetheccnfonrationalchan~discussed 

willbeir&pm&ntofanyteudmcytowax&a rlgidcia ortrans configuxationoftheciunamic 

acidradicalswith respecttitheC3<4bond. Iicwwer,inviewofthefactthatidentlcalesr 

spectraareobtainedfmnpyrmerirrgdpening ard franthst3xms-cinnmicacidderlvative 

(seeTable), itmuldappesrthateitherfapid interccnversionofthecis titrans foma cccurs 

(duetctheallylicnatureofthesidechain) orthatpyrcmaringopeningisfollo4.edbyrapid 

conversionlm~mnastabletrausfcanG. Inelthercase,theessentialrelationbetvlRenspin 

delocalisationandthedihedral angle 0 attheCrX4 kcndrmainsthe saae. 
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