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Summary 
.+ 

: Irradiation of phenothiazine cation radical, Ph , with 1, l-diphenylethylene, DPE, 

causes its reduction to Ph and oxidation of DPE. Cyclodimeric products are formed 

from DPE.'. 

lhe reactivityofcatianradicalsinsolutionhasbeen~~~lystudied'.~g 

theprincipalreactionswhich they unckrgo aze dimsrization, dispqxxtionation,electmn 

transfer at-d reactionwith nucleo&ilesl. Havever, there is onlyons dstailedreportoftheir 

Fhotocfierrcalprupertiesinsolutionby Parker akiSvanholm2, whockscribedthepho~zidi- 

ne rearrangammtof the tetraphmylhydrazins cationradical. 

Controlled potential oxidation of Ph (2x10m3 Mindeoxygenatedaaztmitrilewith 

tiClO 10-l M) at 0.6 V (s Ag/Ag+ 10 -2 M) affords tie catian radical Ph.+. Pt rotating disk 

v~ltammtrygives armmelectronic reductimwave (E 
l/2 

= 0.27 V)4. Theabsorptionspectrum 

of the solution&tainedexhibits an absorption area fmn375 to 55Onmwith maxim at 516 nm 

(E = 6920) and 438 nm 'E_ = 43651, shoulders at 497, 480 and 405 nm and a weaker absor- 

pt?~areafmm603tilOCx3nm(~~ = 735 nm, E_ = 1020). !Ild_s spectrm is solely due to 

the@-mmthiazimcationradicalmmc4mr, dissociated fxunits counbsr ion5, namsly C104' 

whichhas noabsorptionin thevisible region. 
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Phen prepamdthis way, Ph.+ parchlorateis stable for a fewhours upcmirradiation 

with the filtemdlighth > 400nmfr~na1tercwyhigh-pressure laap. &on additionofDF% 

3.5x1o-2 M, there is noevicknoa ofreactivityin the dark. (x1 theoihe.rhaml, irradiation 

of this solutionwith lightofwavelengths greater than 4001-m (DFS&es notabsozb in this 

region) cam the reductionwaw ofPh'+ todisappearinafewhours. Audatthesanra time 

the oxidation wave of Ph and a new reduction wave (E1,2 =-0.2V) typicalofthe releaseof 

protons appear. Thevalues of the limitingcurnantof thevoltamnstrycurmaftaraqlete 

disappearance of Ph.+ indicate thatirradiationcauses theasplete reductionof the latter 

badrtoPh and the releaseofanequimlarquantityofprotms. Inaseparateexperimnt 

m%rickntical conditions, ananpercmatric titrationusing 2,6-lutidine confimad the 

appeaeanceofanequiMlentofprotDnsper~~tofPhp~~.Ouantitati~~high 

pressure liguidchmnatogra&y,HPIC, oftheirradiatedsolutionshcmdthat forlmparts 

ofphre~a~,5opartsofthecycl~cproducts~and~(22partsof~~28parts 

ofz) arefonred.'Ihen~c~lpeti~~photareactionsoccw.~~describedbythefol- 

luvingequations: 

2 Ph.+ hv +ZWE~2Ph+~+ZH+ 

2 Ph.+ 
hv, H20 

+2DPS CXCN 
-2Ph + 2 + 2H+ 

3 

The role ofresidualwaterin the fomationof~becmes cbviouswhenirradiation 

is carriedoutin auaoatcnitrile / trifluoroacetic arhydrids solVzntmixture6. In this case 

2doesnotappear.Instead,the~titi~photodwdcal.~on~withsubstitutionre 

actionsmPh'+ inits grouudstate doubtlesskyCF3CY32c. 

PreparatiTFe HPLC of thephotilysis mdiumwithout (CJ?3CO)20 allavs isolation of 

traces of 1,1,3,3-tetiaphenyl-1 butene 4 (as well as an excess of DPE and the photoproaucts 

Ph,Landz). This is notdw toa~otochemicalprocess butis cbtainedbydimerizationof 

DPE7 through acidificaticnof the solution duringpho~lysis. 

?he formatianofaDPE cyclodimericprcductis reminiscentofancbservationby 

Arnold et al.' who irradiated asoluticn of DPE andnethylp-cyancbenzoate, A, in acetonitrile. 

In this case the transferofcne electron frumDPE toA*led, via an exciplex, to the solvated 

ion radicals DPE'+ and A'- (Schene I). Atetrahydron@t~was formadafternucleophilic 

attadc on DPE by DPE'+ follmdbyringclceureofthe dimariccationradical @PE2).:back 

electron transfer franA'- andarnaMtizaticn: 

A*+DPE- [A. DPE]* 
(=3(TJ _ 

A&01@ + =$OlV) 

DP$olv) 
DPE .+ 

- (DPE2) (solv) 

(DpE2)i;olv) cycU~ticn* 3 + A 

and A(solv) 

Schema 1 
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Inthepresentwork,weexpectadifferentdaValopmsntofthephotX&eInicdLseguan- 

ce if DPP .+ and then (DPE2) .+ are first formad. In fact, the dimeric cation radical finds 

itself in a madimwhich includes I%'+ ,anoxidant,incontrastwiththereportede-lee 

whereitwasinamadiumincludingam?luctantA'-. Inschema 11,weprqqe the reactions 

(4) and (5) to explain the fczmaticm of 1 and 2 fm (DpE2)'+. In the tW@ti.on (4) which 

inwlves aqlisation, anoxidation~Phph'+ andado&& depmtonation, it is notpresently 

pcesible todetermi~whethercycLizatianoro~dationoc~ first. Apossiblecyclization 

of (Dm2) 2+nustbe cmsickredsince cyclizations of dimricdications ofp-substituted 

trans-stilb@ES are well known9. In the case of the reaction (5) we suggest* otidation 

of (DPE2) -+ to (DPE2)2+ by Ph.+. This is follcwed by the attack of water, cyclization and 

the loss of tmprokms.Hydro1ysi.s ofadimaric dicationhasbeencbsemedwith the form- 

timofa tetrahydrofuranduringthe el.ectro&emicaloxLdationof 4,4'-dinethoxystilbenebenelO. 

hv, X > 4COmn 

m3m 
(1) 

DPP + (Ph~;olv))*------- mEi;olV) + Ph (2) 

DP$olv) 
DPE .+ 

- (DPE2) (solv) (3) 

.+ 
(DPG2) (solv) 

PhiLolv) 
- l+Ph+2H+ (4) 

cycl+sation - 

(DPD2) ;:om 
*isolv) H2° ~2 + Ph + 2H+ (5) 
CyCliEltiOil 

Scheme II 

Inschene 11,wepqxee that the excitedsolvatedcatim 

DPE. Thestudyofthe absorptionspectraof thedifferentaatpounds 

2, A) included in the medim shms that Phizolv) is the species initially excited. kly 

Ph$olv) absorbswavelenghts longer than 4oOnm.AndadditionofDPE to the solutiondoes 

not alter the abscxption spec~ruling out* pcssibility of a charge-transfer amplex 

betweenPh*+ and DP!Z followed by its irradiation. 

As agensralrule,thebands appearingatthelon~twavelenghts inthespactrm 

ofaradicalionao rrespcndtoDo+Dntransitions,inwhichauelectronisprceotedfma 

ckbly occqied rmlecular orbital to the singly occqied higher molecular cxbital"' 12. 

Consegusntlyelectrcuaffinities are strongarintieseexciteddo&&tstates thaninthe 

~~state.~datFcnofDPE~occurviaan~tedstateof~s typsinPh'+,but 

with thelackofphysical dataabouttheseexciteddo&letstates (especiallytheirlife- 

tim) furtherspeculationis notpoesible.Weaxe currently studying thephoW&emical (l), 

(2) and &en&xl (3), (4), (5) reactions of scilesrs II. 
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