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PROTOCHEMISTRY OF Y-ANTHRAUUXTDE IN SOLUTION. 
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Reports in this Journal have described the results obtained by Yang et al:. 

and & Warwick atrl Wells2, on the photochemistry of Y-anthraldehyde (9AA) in 

solution. These authors conclude that : 

1. In suitable solvents (alefins) both the anthracene nuc;leus photdimerization 

(the 9,9’,1O,u)’ anthracene to anthracene addition) and the phot0reducti0n of 

the carbonyl group (which results in the formation of pinacols or 0xetaneS as 

final products) occur, depending on irradiation wavelength. 

2. The reaction can be quenched by l-naphthaldehyde (% = 19700 cm'") but not by 

naphthalene (&l = 21300). 

3. The reaction can be sensitized by acetophenxxa (ET = 25750) , xanthone (m), 

and trighenylene (2390), hut not by .&acetonaphthone (ET = 20800 cm-l). 

From these observations it was concluded that one or more -triplet states of 

9plA were responsible for carbonyl photoroduction. 

We have examined the quantum yields and the relative product yields in various 

conditions. On the basis of our observations we believe that the photoreactivity 

of 9-AA is consistent with the lowest excited singlet state, Sl , being responsible 

for both the photoreduction and the anthracene nucleus photodimerisation reactions. 

1. 'Thus, we find that when 9AA is irradiated in ethar& at wavelengths 7 42O nm, 

at 365 mu, or at 3l.3 nu, the reaction is one of carbonyl photoreduction, as 

evidenced by the appearance of a structured anthracene-like absorption from the 
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2. 

3. 

structureless 9AA spectruu. At [9AA] - 16' , the quantum yield of disappea- 

rauce is 6.7 -lo-' in both degassed and aerated solutions. 

Wheuwavdengths above420 muare used, good isosbestic points are obtained 

throughout the irradiatioa At shorterwaveleugths the reactionis mtso c&an, 

probablybecaussoffurtberphotoreactio~oftheproducta. 

Isbeneeneaesolverrtthea~thracanenucleusphoto~rizationonlyZsobtained, 

both iadegasaedand aerated aoluti~n~, at > 420, 365, and 313 naizradiatin. 

The quantum yield is oonceutration dep&ent, 10-5 at ~AA]=lL?, 0.02 at lO-'. 

In othfe solvents photoreductiouofthe carbor@amdphotodimeriaationof the 

anthraceue nucleus occur in various ratios (Table 1). at 420 and 365 mu. 

Table 1. 

solvent Carbonylreduction Ammatic diuerization 

ethanol 1.0 mlig3ble 

t&luenS 0.1 0.9 

ha?+I.-em3 0.05 0.95 

WClOhl3Xa?U =?sgible 1.0 

benzene IzegligiUe 1.0 

Table1 I Relative yields of photopmducts for 9AA concentration of -4 10 . 

4.With2-methyl-2-butene (ZM) inbeuseue, the principal reactionis carboruil 

photoreductioninboth aerated and degas& solutiousr the quautumyieldbe% 

2.8.10-3 at [9AA]=10h. 

gluurr?hinp . 10lc M9AA iuethaml solutionswere irradiatedwith wavelengths >42Q. 
-1 withtiwithout 10 M I.-naphthaldebydeadded as quenoher. No differeocewas 

foti iuths MLative quantumyieLdswithin the accurawof the experiment 

(amumi 15 $ relative error). 

~~WLenedoesaeasi~e~ephDiareductionofgAAinethaml, Sensitiaatioa 

aud also the authraceue nucleusphotodimetiationiubeu5eae. 
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irradiati0nwavelengths.Itbperticularly~ that reduction doe5 take 

~cedthvavelengths>4Pm,inacooldd#Tang'ssrratdfolLwllrghis 

earlierobservati0ns. 

Wearr,indisagrerrentvitbW~aniW~saboutthdpo~~ofq~ 

Oftbephotoreactionsofg~Usingauch~q~er~~~~M~~ 

thatn0quencU4xocculutithin ~crrcr.Th0aaUquantunyldddecma- 

ses rep0rtedbyWarwick and Wells (e.g. O.Ol2to O.OlO) nusthavebeanbasuion 

aniapliedaccuraoybetterthan4, vhiahappears too hopeitrlpartiaul.arQwhen 

uxrectionmustbenade forth lightabsorbedbythequenoher. 

The observatians of quench@~nitrhddesl)& ~tdlstin&&between&nglet 

andtripletreacti0ns. we shell thereforemtdiscussthenhe~ 

Sensitisationbytriphez&ne is probably a sensitieationof the s Stateof9AA, 

by energy transfer. The % stateoftripher@.ene isofhigherenergy, andits 

lifetime is relatively long, 35 ns indegassed solutiod. Assmdnga dif'fusi0n 

contmlled rate for this energy transfer, the quantumyieldof9AA &ngletforna- 

tion is 0.7 at [9AA]=10B2 , 

Whenxanth0ne is used to sensitize the reactionofgAAin~ere/~~t~rl2, 

the change inabsorption spectrum shows thattheoverell reactionis wnplax. A 

long-wavelength absor&on develops in a r&on (7400 nm) where neither the 

photodimermrthephotoreduotionproducts absorb. It is thereforeprobable that 

a chemical reaction t&es place between excited xanthone and 9AA. ami this is in 
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agreeme&nith the factthatyang findsamuch higherquantumyield for the 

xanthowsensitized reactionthanfordirectirradiatioa 

The reportedsens.iti.zationQ acetopherone Islikely to be achdhl ensit& 

zationby H atom transfer from acetopbkuvrm ketyl radicsJ. to gwnrl atate 9AA. 

At [9AA]=10-2 , the quantumyieLd ofhyclrogenabstraction~ acetophhenone in 

1 M Zmethyl-Zbutene is 0.01 if quenching of acetophenone triplet by 9A& is 

diffkioncontmlled. This is approldmatelythe figurequotedforthis sensitized 

reaCti0L TheChd.CalmeCba2lismisal.soin agreementtiththefailureofaceto- 

naphthorPe(wbichisunreactive) tosensitizethereaction. 
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