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Thermal Isomerization of 1,2,7,8,9,9-Hexadeuterio-
cis-bicyclo[6.1.0]nona-2,4,6-triene
Sir:

The detailed mechanism of formation of cis-di-
hydroindene (2) from cis-bicyclo[6.1.0]nona-2,4,6-triene
(1) remains unsolved.! Neither extensive experi-
mental work in many laboratories over the past decade?

nor the advent of orbital symmetry theory?® has led to a
completely adequate mechanistic rationale for this

facile reaction.
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The final step in the overall mechanism is thought to
involve the symmetry-allowed conversion of all-cis-
cyclononatetraene (3) to dihydroindene (2).2¢ The
penultimate step is imagined to be a nonconcerted
biradical-mediated link leading from 1, or some related
structure (4-9) readily accessible through symmetry-
allowed valence isomerizations, 3 to the tetraene 3.
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Apparently there has been no consideration of con-
certed [,2, + ,2.] processes which might convert 1 or one
of the isomers 4-9 directly to 2 or 3; in view of the recently
uncovered [,2; + ¢2.] thermalisomerization of 2-methyl-
bicyclo[2.1.0]pent-2-ene  (10) to l-methylcyclopenta-
diene (11),5 analogous reactions seem very reasonable
alternatives to the biradical mechanisms commonly
invoked as part of the overall 1 — 2 process.
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We have prepared and rearranged 1,2,7,8,9,9-
hexadeuterio-cis-bicyclo[6.1.0Jnona-2,4,6-triene (15) in
an initial test for such [,2; + ,2.] reactions.
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Perdeuteriobicyclo[2.1.0]pent-2-ene®  and  cyclo-

pentadienone diethyl ketal” at 4° gave the labeled
endo,anti-tetracyclo[5.2.1.0%6,0%5]dec-8-en-10-one  (13)
in quantitative yield; acid-catalyzed hydrolysis of
ketal 13 in aqueous methanol-chloroform gave the
corresponding ketone 14. The nmr spectrum of 13
showed only C-1 and C-7 methine protons at r 7.25
(t, J = 2.5 Hz) and viny! protons at 3.89 (t, J = 2.5
Hz) in addition to the two sets of absorptions for
-OCH:CHj;; the nmr spectrum of 14 had triplets (/ =
2.5 Hz) of equal intensity at = 3.42 and 7.17, while the
carbonyl band in the infrared came at 1780 cm—!*

The glpc-purified labeled ketone 14 in thoroughly de-
gassed neutral CCl, was decarbonylated® at 120° to pro-
vide15. Further thermolysis converted 15 to a dihydro-
indene-ds which had nmr absorptions at r 4.1-4.7 and
6.5 in a ratio of 3.0:1. The complex absorptions
found centered at = 6.98, 7.36, and 7.79 for the other
allylic protons in unlabeled dihydroindene (2) were
completely absent, further supporting the assignment of
structure to the 1,1,2,3,7,7a-hexadeuterio compound 16.
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This labeling result complements earlier studies
limited to tracing the fate of substituents at C-9 in
bicyclononatrienes.? It conclusively rules out a number
of [,2; + ,2,] mechanisms for the rearrangement,
including those abbreviated through structures 17
and 18. The experimental finding is consistent with
the various nonconcerted mechanisms proposed in
the literature as well as with the [,2; 4+ ,2.] symmetry-
allowed and connectivity-permuting isomerization of
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the bicyclo[5.2.0Jnona-2,5,8-triene form of the labeled
substrate (19 — 20 — 16).
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Further labeling studies to distinguish between
these two distinctly different types of mechanism are
underway. 1
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On the Quenching of Photochemical Reactions and
of Fluorescence of Alkanones by 1,3-Cyclohexadiene
and cis-1,3-Pentadiene

Sir:

One of the most powerful techniques in investigating
the mechanism of photochemical reactions of carbony!
compounds is the study on the energy transfer from
excited states of carbonyl compounds to conjugated
dienes which was developed in Hammond’s laboratory.!
The singlet energy level of dienes is above that of car-
bonyl compounds. However, the energy spacing be-
tween the singlet and the triplet states of carbonyl com-
pounds is relatively small, while that between dienes is
large. The triplet energy level of dienes is thus lower
than that of carbonyl compounds. Therefore, dienes
may readily accept energy from the triplet state of
carbonyl compounds thus quenching it, while they have
little effect on the behavior of the singlet state of car-
bonyl compounds. However, Hammond and co-
workers found that dienes quenched the fluorescence of
aromatic hydrocarbons.? Recently, Wettack, Turro,
and their coworkers demonstrated that dienes also
quenched the fluorescence of aliphatic and alicyclic
ketones, but the quenching efficiency for fluorescence
was much lower than that for the ®n,7* of ketones.?
Many conjugated dienes have been used in the investiga-
tion on the mechanism of photochemical reactions and
1,3-pentadienes and 1,3-cyclohexadiene are among the
most commonly used. This communication demon-
strates that 1,3-cyclohexadiene is more efficient than
cis-1,3-pentadiene in quenching the fluorescence and
photochemical processes of alkanones.

Pinacolone (0.80 M in u-hexane) was used for the

(1) For a review on energy transfer to 1,3-dienes, see A. A, Lamola
in ““Energy Transfer and Organic Photochemistry,” A. A. Lamola and
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and G. S. Hammond, Pure Appl. Chem., 16, 125 (1968); L. M, Stephen-
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study on the type I process (reaction 1), and the reaction
was followed by the consumption of pinacolone by gas
chromatography using n-undecane as the internal
standard.* 2-Hexanone (0.83 M in n-hexane) was
used for the study on the type II process (reaction 2),
and the reaction was followed by the formation of
acetone.>® The quenching studies were carried out
with various concentrations of either diene at 313 nm
using an apparatus previously described.® The data
for quenching of pinacolone were taken from our
earlier work and verified at a few selected diene con-
centrations.* The Stern-Volmer plots are presented
in Figures 1 and 2. The plots were analyzed on the
basis of two reactive states, the 'n,7* and the 3n,7*,
and the results are presented in Table 1.37 The
quenching of fluorescence of alkanones was carried out
in a conventional spectrofluorimeter using exciting

light at 313 nm and n-hexane as the solvent. The re-
sults are also summarized in Table I.
hy
CH;COC(CHj;); —> CH;CO- + (CH,),C- N

hy
CH;CO(CH:);CH; ~—> CH;C(OH)=CH; + CH;CH=CH: (2)

Our results clearly indicated that 1,3-cyclohexadiene
is a more efficient quencher than cis-1,3-pentadiene for
both the fluorescence and the photochemical reactions
of alkanones. Since the photochemical reactions
studied occur from both the 'n,7* and the 3n,7*,43
while the fluorescence occurs only from the 'n,n*, the
higher quenching efficiency of cyclohexadiene may be
attributed to its enhanced ability in quenching the ‘n,m*
of alkanones. However, a minor discrepancy remains
in the experimental results that cis-1,3-pentadiene ap-
pears to be a more efficient quencher than 1,3-cyclo-
hexadiene at low concentrations for the type II process
of 2-hexanone. Since the Er (triplet energy) for both
dienes are appreciably lower than the E; for 2-hexanone,
both quenching rates for the 3n,7* should approach
that of a diffusion-controlled process. However, 1,3-
cyclohexadiene is known to undergo sensitized dimeriza-
tion at a very high quantum efficiency whereas 1,3-
pentadienes do not.**® The concentration of 1,3-
cyclohexadiene will decrease as the quenching proceeds,
and the effective quencher concentration during the
irradiation will be less than the starting quencher con-
centration. We suggest that the apparent lower ef-
ficiency of 1,3-cyclohexadiene in this case may be due
to its consumption during the irradiation.

Hammond and his coworkers showed that 1,3-cyclo-
hexadiene quenched the fluorescence of aromatic hy-
drocarbons more efficiently than do most acyclic dienes,
and they also suggested that an exciplex between the
excited state of the aromatic hydrocarbon and the diene
was involved in the deactivation of the excited state.?
Evans suggested that the initial complex formed under-
went electron transfer from the diene as the donor to
give an electron-transfer complex which subsequently
deactivated to the ground state.? Recently Barltrop
and Carless reported that dienes reacted with the n,m*
of alkanones to form oxetanes.’® The mechanism of
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