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Although 1,2 hydrogen migration in ground state radicals are infrequent,
there are several photochemical examplessz’3 in which the excited states are
presumed to have "diradical®" character. One of the first examples, reported
by Schuster and }?olowczyk,3 was the photoisomerization of spirodienone lg to
23. and is of particular interest since Pirkle and Koser4 have shown that the
reaction is quite general for substituted spirodienones lb-e. BSomewhat sur-

prisingly 14 also affords a quinone methide ;g, a reaction which must take
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a, R1=R2=§;¥R4=R5=H.

b, R1=R2=H, R3-R4'CH3, R5'C(CH})3.
¢, Ry=Rs=H, Ry=Ry~CHs, Rg=C(CHsz)s.
d, R1=Rp=R3=R4=CH3, Rg=C(CH3)3,

place with methyl migration.

It was of interest to investigate the spiro E‘.I_:Ihepte.diene system to see 1T
the pattern of photochemical reactivity found in f:Lwas also exhiblited by a
hydrocarbon system,

Irradiation of a 1% pentane solution of £b55 proceeded with the appearance
of a single new glpe peak. Product formation, which was initlially rapid, con-
tinued until a 34% yield (75% based on unchanged starting material) resulted.
After this point the reaction became inordinately slow presumably because the

product was absorbing a significant poriion of the incident radiation. Dis-
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tillation of the bright yellow photolysate, followed by preparative glpc,
afforded a product which was identified as 6-methylfulvene (6a) by comparison

of its infrared and nmr spectra with those of an authentic sample.6 Attempts to
sensitize the reaction (benzophenone) were unsuccessful but triplet energy trans-
fer was taking place as evidenced by the fact that ﬁE’efficiently quenches the

benzophenone-benzhydrol photoreduction.7’8
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&, Rp=Rp=R3=Ry=H. 2 i3

b,‘Rl:R2=R3=H, R4=CH3.
c, R1=R2=H, R3=R4=CH3.
a, Rl-R2=R5=R4=CH3.
e, R1=R2=R3=H, R4=C6H5‘

Further investigetion indicated that the reaction is guite svecific and
survrieingly sensitive to cubstitution on the crclopropane ring in contrast to
the results i the spirodienone series, Irradiation of ﬁg? afforied\é-ethyl—
fulvene (Qg)lo whereas prolonred irradiation of»ﬁg—eg prceeeded with the slow
disappearance (polymerization) of starting material and the appezrance of no
new components as evidenced by additional glpe peaks. A comdzrison of reactivi-
ty indicated that vhotolsomerization of_ﬁg is much more efficient than that of
ﬁs; in Joet the ratio of yields in a parallel experiment was ca 0.3.11

An ettractive mechanism for the lsomerization to fulvenes, analosous to

that sugpested by Schuster, involves formation of excited stite § Tollewed by

hydrogen migrztion to afford product. The nhotochemical cisirans isoneriza-

tion of 1-metLy1—2—i;opropylspiro[?.Q}heyta-#,&—iie;e renorted by Mosc and
Przybyla14 provides evidence that the reversion of/i,to starting muterial
ig an eflicient process.

Althouzh comwarisons of ground state ond exclted state chewmlstry wre
tenuous wt bect, o conparicon oif the thermal reactivity cf the 4,5,6,7-tetra-
chlorospiro Eq/ﬂ nay ,6-dienesl® with the Ao*och"ﬂAcL reictivity of 4 might

be Trultful. It hag been Jemonstrated in a linitad numbsr cf cuses Tor the
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chlorinated spirodienes and quite conclusively for substituted cyclopropanesl6
that the rates of thermal isomerization to fulvenes and olefins, respectively,
increase with substitution, 1.e. as the stability of the incdiplent diradical
increases, Eact decreases., Conversely, in the limited number of cases ob-
served in the photochemical reaction, the least substituted compound appears to
react most efficiently.

A rationale that explains the preceding is based on the assumption that
the ground state energies of{ﬂg—d do not vary significantly. The apparent
anomolous reactivity of 4 can then be explained by assuming that methyl sub-
stitution stablilizes the exclted state of‘ﬁig) more than it stabllizes the
transition state for hydrogen migration. The result is that with Increasing
substitution the energy gap between the excited state and transition state
increases and, since product formation 1s only one of a number of non-radia-
tive decay processes (including internal conversion to 4), as the ease of
hydrogen migration decreases other non-radiative processes dominate product
formation,

The preceding arguments are clearly speculatlve, but experiments now in

progress should further delineate the factors affecting product formatlon.
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