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i'revious investigations have shown that eucarvone (1) is slowly converted 

photochem1cally into a mixtllre of Isomers (2-S) whose composition is solvent -- 
de?eTdent. 4s,s F"echanisms have been suggested for these isonerizations, al- 

thollqh no work hss been resorted specifying the nature of the excited states 

and intermediates involved in these reactions. This paper concerns details of 

the crnversion of I to 1, which is the main reaction of eucarvone in all twelve - 

of the snlve?ts stlldied. 

pq-q+pJ)+f+& 
The n-.ln?trtq ,yield o for formation of 2 from 1 in berlzene at 313nm is 2.5 

x 19-3, st a conversion of 1.4$ of eucarvone. Competitive photolyses of 1 in a 

merry-go-round (F"GII) a?pnratus 7 (Pyrex filter) indicate that up for disappearance 

of 1 increases in :Jnlar as opnosed to non-polar solvents, but the paterial bal- 

lnce in terms of products 2-c _,/ is poorer in the polar media. In dioxane-water 

mixtllres, the formation of other products, not identified, increases with the 

water content. The solvent effect slIpports the contention that dipolar inter- 

mediates are involved in these reactions. 1;,5,6 The absence of hydrogen abstrac- 

tion. reartinny i? gnod FT-dorlor solvents (e.g., toluene and 2-propanol) pupports 

this suggestion. ?roln the ahsorntion spectra, the lowest triplet is expected to 

have 2 n,n* confS,gnr4tion. 

Conversion of 1 to 2 could be effected with triplet sensitizers with ET - - 

p;relter than 62 kcal/mole, 
A 

while quenching was observed with compounds when 

J+ IS less than 61kc~l/mole, suggesting that I$,, for eucarvone is 61 f 1 kcal/ 

mole. The efficlenc:r of reaction using high energy sensitizers was not different 
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from that on direct ohotolysis, indicating that the i-:effic.icncv of tile cnr- 

version of 1 to 2 Is mainly dlie to nrncesses occl~rrirg efter intcrsyst?m - - 

crossing to the trinlet mnnifold. 

Cliantitative qllenchi.rg exneriments in benzene (MGR) were carried out 

with 1,3-cvclohexndiene (ST 5;4)9 and :)iperyleno (E, 57-5?),""0 following 

the extent of formation of 2 by careful glc analysSs, with only 4.35 con- 

version to 2 in tubes without added cuencher. '41th both qllenchers, efficient 

quenching was seen at low ollercher concentrations (Stern-Volmer slope llo Y-l), 

b.rt the plots leveled off to a constant vallle of *o/*helow 0.01 I' q'lencher. 

Such an effect has been seen in other systems, 
11,12 

ard indicates f'nrmstion 

of nrodllct from two excited states, only one of which is o~~enchnhle. T‘r,e 

simplest explanation is that both singlet atid trillet excited st.qtes are re- 

active intermediates in formation of 2 from 1, with about 60: reaction f'ro~ 

the sin,glet. Rp sllbtracting the singlet contriblltlon, a liyteqr Ttorn-Volmer 

plot WAS constrl:cted for the tri:llet Dart of the reaction, with a slope of 

380 P-l for both qllerchers. This slope is signif1cartl.y '?i@~er th?n that 

found in the total quantlrm yield plots, which is to be ,7c-ernll;r ex>>ected, 

although this has not always been take? into account in calc?ilatinl: triplet 

rate constants. 11 From this latter slone, using a diffusion-controlled 

quenching rate cnnstnnt of 5 x 1Co Y-l set -I, a triplet lifetime of 7.t x 

10-p set is cslculated. From Ytriplet of 

(isomerization of the triplet) = 1.4~10" 

1.C:lx 10 -3 , rate cnrstants krT 

set and 'idT (triplet decay) = 

1.3 x lo7 set-' are calculated. The latter seems high for trinlet rediatinn- 

less decay to the ground state,l3 and is consistent with a triejlet relnxetion 

process involving twisting around the double bonds. 14 

Quenching, of eucarvone triplets by 1,3-cyclohexadlene (CW) gave In 

addition to CHD dimers (the expected products of triplet energy transfer to 

CHD)= two new products in the ratio lo:1 which were isolated by column chroma- 

togrsehy. The major component was sho!Xm by mass spectroscopy to he a 1:l 

addllct of CPD and 1 -' Seectrnl data on the adduct indicated thet the crrrbonyl 

group was unconjllgated and, with hydrogenation data, indicated that there 

were two dmlble bonds. The comnlete analysis allowed assiirnment of structllre 

6 to the adduct. Photolysis of eucsrvone with cyclohexene ):ives a eroduct 

which on hydrogenation g,lves the same product as hydropenatlon of t, and 

furthermore nhntolysls of 2 In the nre-ence of CHID - rives a rlrodllct otl;.cr t'!an 
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6, so that several other possible structures for a could be excluded. The 

minor product 1, m/e 310, is an adduct of 1. to two molecules of CHD, but 

photolysis of 5 in the presence of excess CHD gives a mixture of oxetanes 

and no 1. 

CHD 

the 

CHD 

If the formation of adduct & and triplet energy transfer from 1 to 

to give ultimately diene dimers 
15 

take place from the same excited state, 

ratio of the yields of a and diene dimers ought to remain the same as the 

concentration is increased. On the other hand, if triplet 1 gives an in- 

termediate (e.g., a &, trans isomer of l_) 
17,18 

which is a precursor of 2 

and a, the ratio of adducts to diene dimers ought to decrease with increasing 

CHD concentration. The results of a careful glc analysis of the photolysis 

reaction products in thoroughly degassed solutions of 1 in benzene as th& 

CHD concentration was increased show a smooth increase in the ratio of a t 1 

to the diene dimers, from a value of 1.45 at 0.001 E CHD to 5.3 at 0.100 fl 

CHD+' . This result indicates that the major adduct 5 arises from an inter-- 

mediate which is a precursor to that triplet state of 1. which can transfer 

triplet excitation to CHD. Since the Stern-Volmer plots level off at high 

CHD concentrations, the possibility is excluded that the precursor to & is 

a singlet state. It therefore appears that adduct & arises from reaction of 

an upper triplet state with CHD. Although reactions of ketones y& upper 

triplet states have been postulated in some cases, 
19,z.o 

this was not a total- 

ly satisfactory hypothesis, and in at least one instance this proposal has 

since been discredited. 
14,Zl 

The postulate of involvement of upper triplets 

in the photochemistry of _1. therefore must be considered tentative, and will 

be the subject of further investigation. 

sFollowing completion of this work, a similar result was reported with 

propionaldehyde: T. Kubota, et al, Chem. Commun., 1462 (1969). 
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Full details of this stlldy will be published elsewhere. 
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