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Substituent and Multiplicity

Effects on Rearrangements of Some
Benzo[7,8]bicyclo[4.2.1]nona-2,4,7-trienes!
Sir:

Compounds which can a priori react by more than one
photochemical pathway can be good substrates for delineat-
ing structural effects on photochemical reactivity. Substi-
tuted benzo[7,8]bicyclo[4.2.1]nona-2,4,7-trienes (BBNT’s)
such as 2-4 are “four-way threats” in this respect, capable
of undergoing either of two di-m-methane (DPM) rear-
rangements” to benzobarbaralanes or either of two disrota-
tory ring closures to exo or endo cyclobutenes. The parent
triene (1) has only three options, since the DPM products
are enantiomers. We report here some preliminary results
of a systematic study of substituent effects on BBNT photo-
chemistry. These include the rare ability of 3-MeBBNT (4)
and parent 1 to undergo both singlet and triplet DPM rear-
rangement, the surprising inability of 3-Cl- and 3-BrBBNT
(2 and 3) to undergo either singlet or triplet DPM rear-
rangement, and pronounced substituent and multiplicity ef-
fects on exo-endo cyclobutene ratios.

2, X = Cl 5’ X =H
3, X=D0Br 6, X =CH,
4, X =CH,
‘ k exo cyclobutenes
X
7. X =CH,
[ X /

endo cyclobutenes

Syntheses of 1 and 2 were reported elsewhere;? 3 was pre-
pared in analogous fashion, and 4 was made by reaction of
2 or 3 with lithium dimethylcuprate.* Direct or sensitized
irradiation of “trienes” 1-4 gave rapid conversion to photo-
products (summarized in Table I),5 which were isolated by
preparative vpc or high-pressure liquid chromatography
and characterized spectroscopically.®

Regarding first the hydrocarbons 1 and 4 in Table I, one
can see that sensitized irradiation affords only DPM prod-
ucts, presumed to arise from triplet excited states, whereas
direct irradiation gives DPM products and cyclobutenes.
The latter, then, must arise only from singlet excited states,
while the multiplicity responsible for DPM products from
direct irradiation of 1 and 4 was uncertain. Formation of a
photodimer of 1 on sensitization (triplet assumed) but not
on direct irradiation suggested minimal formation of the
triplet state of 1 on direct irradiation.® Thus it appeared
that 1 has the ability, rare among bicyclic systems, to un-
dergo DPM rearrangement via either the singlet or triplet
excited state. The presence of three photoproducts (a fin-
gerprint) from direct irradiation of 1 encouraged attempts
to quench formation of 5. These attempts, using up to 5 M
piperylene or 1 M cyclooctatetraene, produced no detecta-
ble change in the photoproduct distribution,'® and strength-
ened our conclusion that the direct irradiation 1 — 5 DPM
reaction is essentially completely a singlet excited state pro-
cess.

Positive “fingerprint”’ evidence (Table 1) points also to
the ability of 3-MeBBNT (4) to undergo either singlet or
triplet DPM rearrangement. This evidence is the altered re-
gioselectivity in formation of DPM products; the triplet ex-
cited state strongly favors formation of 3-methylbenzobar-
baralane (6), while the singlet favors the 4-methyl isomer. !
Clearly, the same excited state does not give rise to two dif-
ferent isomer distributions; again, the direct irradiation
DPM reactions appear to be predominantly singlet pro-
cesses.

The above gives strongly suggestive evidence that all
products of irradiation of 1 and 4 come from singlet excited
states, Within the singlet manifold, it is noted further that
the competitive balance shown by 1 (0.67:1 ratio of cyclo-
butenes vs. DPM product) is strongly skewed in favor of
cyclobutene formation (9.0:1) by introduction of the 3-
methyl substituent in 4. This high sensitivity of certain bi-
cyclic systems to structural changes is further demonstrated
by the following comparisons with literature work. Direct
irradiation of trienes 8'22 and 9!2b gives only the DPM
products bullvalene and benzobullvalene. In contrast, direct
irradiation of 11 reportedly affords only cyclobutenes*
while 10 is reported®e:!3 to parallel 1 in yielding significant
amounts of DPM product as well as cyclobutenes.

The complete preference of the excited triplets of T and 4
for DPM rearrangement over cyclobutene ring closure par-
allels the behavior of 10%¢ and 11;%* a similar total DPM
preference can be assumed for the triplets of 8 and 9. By
comparison with these six trienes, the sensitized photochem-
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Product Distributions from Irradiations of 3-Substituted Benzo{7,8]bicyclo[4.2.1lnona-2,4,7-trienes

arly

Products (%7)

Irradiation P(
Triene mode R R
1 Directs 23 17 60
(R = H) Sensitized?® 0 0 100¢
2 Directs 48 52 ~0 ~0
(R=0Ch Sensitized® 68 32 0 0
3 Directe 64 36 ~0 ~0
(R = Bn) Sensitized? 61 39 0 0
4 Directe 70 20 7.8 ~2.2
(R = CHy) Sensitized?® 0 0 21 79

@ Corex filter, ca. 5 X 1073 M solution in pentane or ether. * Acetone or Michler’s ketone. ¢ Some dimer was isolated, but no other mono-

mers.

istry of 3-Cl- and 3-BrBBNT (2 and 3; Table I) is striking;
essentially no DPM products are formed. Thus, introduc-
tion of a chloro or bromo substituent into the 3-position of 1
suffices to completely suppress the triplet DPM rearrange-
ment. A similar “halogen squelch” of the DPM reaction oc-
curs on direct irradiation; this is superficially similar to the
reduction in singlet DPM reaction caused by the 3-methyl
substituent. However, the triplet behavior of 2 and 3 is
unique among presently discussed systems; the halogen ef-
fect, therefore, appears to be fundamentally different from
that of a methyl group.

Finally, attention is called to results in Table I which add
a new dimension to the problem of explaining exo-endo cy-
clobutene ratios from diastereogenic dienes (e.g., 13-15).14
The exo-endo ratios from photocyclization of 13~15 (30:70,

X
Y
13, X=Y=H
4, X=CY=H
15, X=Y =Cl

53:47, and 60:40, respectively) led Jefford and Delay to
suggest that the two-carbon bridge of 13 offers less hin-
drance than the one-carbon bridge to the cyclobutene “nas-
cent double bond.” The ratios observed for 1 and 10 (42:58
and 27:738¢11) support this analysis, and further indicate
that an unsaturated two-carbon bridge creates about the
same steric effect as a saturated two-carbon bridge. In this
context, the decrease in the ratio for 3-MeBBNT (4) (22:
78) is not unexpected.

However, the behavior of the chlorotrienes (2, 14, and
15) is anomalous; enhanced exo formation occurs. Jefford
and Delay ascribed this to attraction between polarizable
chlorine(s) and the methylene bridge. Yet this second factor
still is insufficient; sensitization of chlorotriene 2 causes a
remarkable change in the cyclobutene ratio in favor of the
endo isomer (32:68). We conclude that steric, polar, and
multiplicity effects all must be among the factors consid-
ered. In this light, it is pertinent to note the sma/l change in
exo-endo ratio on direct vs. sensitized irradiation of 3-
BrBBNT (3). This is consistent with a heavy-atom effect;!S
i.e., the bromine may so facilitate S; — T, intersystem
crossing that reaction of 3 occurs almost completely from
Ty, regardless of the identity of the initial excited state.

Further study of these highly reactive compounds and re-
lated structures is in progress.
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(1

Polar Effects in Radical Reactions. I'V,
Nucleophilic Character of the 3-Heptyl Radical’

Sir:
Hammett op correlations for hydrogen abstraction from

the side chain of ring-substituted toluenes (eq 1) have been
reported for a number of radicals.? Polar effects arguments

k
R* + CH;CHX —> RH + *CH,CeH,X 1)
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