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SINGLET QUENCHING MECHANISMS III (1). SENSITIZED ISOMERIZATION OF
HEXAMETHYLBICYCLO é?.Z.Q?hEXA-Z,S-DIENE. A CHAIN REACTION,

T, R. Evans, R, W, Wake, and M, M, Sifain
Research Laboratories, Eastman Kodak Company, Rochester, New York 14650
(Received in USA 30 October 1972; received in UK for publication 21 January 1973)
We have recently observed a photosensitized chain reaction of hexamethylbicyclo-

é?.2.g7hexa-2,5-diene g;) to hexamethylbenzene (3) (Fig. 1). Although
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Fig. la, Plot of (quantum y:leld)"1 vs, (hexamethylbicycloé?.2.Q7hexa-2,5-
diene <:on<:entration)‘1 for the naphthalene-sensitized isomerization
in methanol.

Fig. 1b. Plot of quantum yield vs, hexamethylbicyclo/Z.2,0/hexa~2,5-diene
concentration for the naphthalene~sensitized isomerization in
methanol,

there are a number of mechanisms which might rationalize this result, we
believe that our evidence is consistent only with a chain process involving
radical cation propagation, An ionic intermediate is indicated by the observa-
tions that the quantum yield decreases in going from either methanol or aceton-
itrile to the nonpolar solvent, benzene. In benzene the quantum yield does not
exceed unity and so the isomerization is most likely not a chain process, The

quantum yield is increased by adding salts, such as sodium or lithium
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perchlorate, to the methanolic solution and is decreased by the addition of the
bases sodium acetate or sodium formate, In the presence of 0,05 M sodium
acetate the quantum yield decreases by a factor of 3.4-3.8, whereas 0,05 M
sodium formate reduces the quantum yield by a factor of 2.4 (2,3). The ionic
species responsible for chain propagation cannot be a proton since it is well
established that proton addition to } in methanol yields products other than
2,.(7). Ve have confirmed this under our reaction conditions and find none of
these other rearrangement products in our photosensitized reactions, We find
these results compatible only with the following mechanism for propagation:

1, 18 —— 2¢

2, 28 + 1—>2 + 1§ —>2 4 2%
3. 2¢ s x—oY

4, 2§ 4+ B—> (CH3)5Ce-CHy + HB

Where X is some adventitious chain-terminating agent, and B is added base,
Electrochemical experiments indicate that step 2 would be thermoneutral or
slightly exothermic since 61/2 for ;ris +1.58 V and 1,62 Vv for g, both in
acetonitrile vs, S,C.E,(8) Although a chain termination process, A” + 28—
A + 2, might be expected, no intensity dependence, over a range of 200, was
observed,

The details of the initiation process are not well understood at this
time, If simple singlet initiation were occurring the plots shown in Fig. 1
would be expected to be non-linear in the region wnere there is little fluores-
cence quenching, That this behavior is not observed indicates that the
initiation steps may be complex and involve more than just the singlet state.(gl

However, agreement with the postulate that singlet sensitization leads to
charge transfer, and in polar solvents ultimately to ion-radicals, (10) ge find
that the fluorescence of sensitizers is quenched in accord with their ability
to accept an electron and A, quenches the fluorescence of diphenyloxazole in

accord with its ability to donate an electron (Fig. 2).
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Fig., 2a: Correlation of electropn-accepting ability of fluorescers with rate
constants for quenching with hexamethylbicyclo/¥,2.07hexa-2,5-diene,
The fluorescers are: (1) diphenylfuran; (2) 1,4-bisZ?L(4—methyl-5—
phenoxazolyll]benzene; (3) 1,4-bis-2~(5-phenyloxazolyl)benzene; (4)
2-(1-naphthyl)-5-phenyloxazole; (3) 2,5-bis(S5-tert~butylbenzoxazolyl)-
2-thiophene; and (6) 2,5-diphenyloxazole,

2b: Correlation of electron donation ability of quenchers with rate

constants for quenching 2,5~diphenyloxazole fluorescence,

The quenchers are: (1) Hexamethylbicyclo-é?.2.Q7hexa-2,5—d1ene; (2) cyclo-
hexa-1,3-diene; (3) cis, cis-2,4-hexadiene; (4) cis, trans-2,4-hexadiene; (5)
tetrahydrothiophene; (6) cis-1,3-pentadiene,
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