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Norrish Type I Reaction of Diphenyltetrahydrobenzocycloheptenones. Conformational Effects

on Biradical Lifetime
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Isomeric 6,6-diphenyl-6,7,8,9-tetrahydro-5H-benzocyclohepten-7-one and 7,7-
diphenyl-6,7,.8,9-tetrahydro-5H-benzocyclohepten-6-one (2) were photolyzed in metha-
nol to give rise to unsaturated aldehydes as well as diphenyltetrahydronaphthalene, a
decarbonylation product (for 2). Lifetimes of the intermediate triplet biradicals were
dependent on their structures, indicating that cyclic conformations play an important role
in the intersystem crossing of biradicals.

In a previous communication!) we reported that the reaction course of biradicals, O=C"-(CH3),,_2-C"Phy,
generated from Norrish type I reaction of 2,2-diphenylcycloalkanones with various ring sizes, is switched from
intramolecular disproportionation (z = 6 and 7) to acyl-phenyl recombination (n =9, 11, 12, and 13) and that the
intersystem crossing of the triplet biradicals takes place in their cyclic conformations favorable for giving cycliza-
tion or disproportionation products in the singlet biradicals.

Introduction of conformational constraints in biradical skeleton can control distance between the termini and
orbital orientation of the radical centers, and sometimes provide informations of conformational dependence of
their intersystem crossing.2—4) We have prepared diphenyltetrahydrobenzocycloheptenones, 1 and 2, and inves-
tigated their photochemical behavior. The Type I reaction of these substrates gives acyl-diphenylmethyl biradicals
with limited chain movement and, therefore, with significantly different lifetimes by a benzene ring incorporated

in the molecular frame. We wish to describe conformational effects on biradical behavior in these systems.
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Irradiation of 1 with 313-nm light in methanol gave exclusively an unsaturated aldehyde (3) in 95% yield;
however, similar irradiation of 2 afforded an unsaturated aldehyde (4) and a tetrahydronaphthalene (5) in 47 and
40% yields, respectively.5) The quantum yields for disappearance of 1 and 2 were nearly 0.3.6) The formation
of the unsaturated aldehydes suggests Norrish Type I cleavages of triplet ketones followed by 1,6-hydrogen shift
of intermediate acyl-diphenylmethyl biradicals (6 and 7), as previously reported for 2,2-diphenylcyclohep-
tanone.l) Tetrahydronaphthalene 5 is a cyclization product of decarbonylated biradicals (8) from 2.

Pulsed laser excitation of 1 and 2 exhibited transient absorption spectra ascribable to Norrish I biradicals 6
and 7, and decarbonylated biradicals 8. Figures 1 and 2 depict the transient absorption spectra observed for 1
and 2, respectively.g) The absorption bands with a maximum around 335 nm are characteristic of a diphenyl-
methyl radical terminus and can be ascribed to triplet biradicals with such a terminus.1) The absorption spectrum
observed at 391 ns after laser excitation of 1 is ascribed to the product. The decay profile of transient absorption
monitored at 337 nm for 1 fits a single-exponential decay with a lifetime of 93 ns, while that for 2 fits a double-
exponential decay with lifetimes of 48 and 890 ns. The lifetimes of 93 and 48 ns are comparable with, and
shorter than, that (97 ns) of the Norrish I biradical from 2,2-diphenylcycloheptanone,1) and that of the longer-
lived component from 2 is close to the lifetime (920 ns) of PhCH'-(CH»)4-CH'-Ph. 10) The great difference in
lifetime arises from a difference in intersystem crossing mechanism, 1 1) the spin-orbit interaction for 6 and 7, and
the hyperfine interaction for 8.

Biradical 8 could be formed by way of decarbonylation of Norrish I biradicals 7 or 9. In order to clarify
the pathway of 8 formation and the decay process of the biradicals we measured temperature dependence of birad-
ical lifetimes in methanol.12) Figure 3 shows Arrhenius plots of decay for biradicals 6, 7, and 8, and Table 1
summarizes the resulting activation parameters. The extremely. small activation energies for 6 and 7 as well as 8
indicate that their decay rates correspond to the intersystem crossing13’14) but not to decarbonylation, in which
much higher values might be involved such as 29 kJ mol-! for PhCH,CO-. 15) These observations indicate that
8 is generated from rapid decarbonylation of 2 triplets probably through 9, and that decarbonylation of 7 is unde-
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Table 1. Activation Parameters for Decay
of Biradicals 6, 7, and 8 in methanol

Biradical EJ/kImol-!  log (A/s1) 17 r W
o Q 7
6 5.4 7.9 = ‘_H—‘_‘A“—*_‘\_‘_“ .
16 'y 6

7 6.3 8.4

18 T T T T T T

x
8 0.46 6.2 =
15 §
Q Ph._Ph 14 8
Q _IS_C> | 13 L J L 1 : i i
=1 o Heshit 0 3.1 3.3 :z.s 3.7 3.9
1 1
6 3 0°KIT
Scheme 2. Fig. 3. Arrhenius plots of decay for biradicals 6, 7, and 8.
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tectably slow even though it gives a benzylic radical terminus. This is supported by observations that the quan-
tum yield for 5 formation (0.13) was very similar to that for 8 formation (ca. 0.1) (vide infra) and that the Type I
reaction of 2 gave a lower yield (31%) of aldehyde 4 in carbon tetrachloride than in methanol though 5 was
formed in almost the same yields in both solvents. Biradical 7, the precursor of 4, may be trapped by the solvent
carbon tetrachloride.16,17)

More remarkable is the difference in lifetime between biradicals 6 and 7. A factor of two is a big difference
for these structurally similar biradicals, since the lifetimes of a series of biradicals with varying chain lengths,
0=C"-(CH»),_2-C"Phy (n = 6-13), are among 67-120 ns in methanol.18,19) Also, it is reported that the aro-
matic ring in the molecular frame connecting the radical centers shows little effects on the lifetime of non-benzylic
biradicals.4) The quantum yields for 6 and 7+8 formation are nearly 0.2 and 0.4 (ca. 2:1 for 7:8), respectively,
at room temperature in methanol, as evaluated from their absorption intensities immediately after pulsed laser exci-
tation of the ketones.20) These values can be taken as almost the same as the quantum yields for disappearance of
the starting ketones, indicating that the main pathway for collapse of the biradicals is the product formation.
Consequently, the difference in biradical lifetime could be ascribed to conformational factors affecting intersystem
crossing.

The chain motions of biradicals 6 and 7 are much limited due to the presence of the benzene ring in the
molecular frame. For efficient hydrogen shift the corresponding singlet biradicals need to take a conformation in
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which the singularly occupied p orbital at the diphenylmethyl moiety overlaps with the C-H bond to be broken.
Such a conformation may be more constrained in 6 than in 7, since one of the phenyl groups of the diphenyl-
methyl moiety of 6 is located at the closer position to the benzene ring in the molecular frame than does that of 7,
as can been seen from Dreiding models, and therefore, the particular conformation can be attained more easily in
7 than in 6 (Schemes 2 and 3). Such structural features that make the hydrogen shift slow might then extend the
biradical lifetime. These results are consistent with our previous results!) and with the concept that the intersys-
tem crossing in triplet biradicals takes place in the conformations that are favorable for product formation.23)
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