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Utilization of Chemically Generated Excited States
Sir:

We have shown recently that it is possible to effect
“photochemistry without light”! by using chemically
produced electronically excited states. We now report
that this method can lead to quantum yields in the useful
range, that the excited states formed appear identical
with those arrived at by means of photon absorption,
and that triplet states are involved in all the cases studied
with the additional implication of triplet-energy trans-
fer in the dioxetane-driven dimerization of acenaphthyl-
ene (III).

Energy Sources. In most reactions studied, tri-
methyl-1,2-dioxetane (Ia)"? was used as the energy

source. By working at —5°, omitting the solvent, and
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distilling the product i/n vacuo, dioxetane Ia has been
obtained as a pure liquid® (Caution: potential explosive).
Dioxetane Ib has also been prepared, but appears to
give lower yields of photoproducts than Ia.

Energy transfer from the dioxetane appears to in-
volve path a (and exciplex I12) since fluorescent acceptors
do not increase the rate of the decomposition of Ia% and
since considerable light emission is seen in the absence
of substrates, especially in the gas phase (emission at ca.
435 mu).* This point warrants further examination,
however.®

Acenaphthylene (III). In the photochemical dimeri-
zation of acenaphthylene it has been reported that the
singlet state of I1I, in addition to undergoing intersystem
crossing, yields the pure cis dimer (V) of acenaphthylene®
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or yields the cis-dimer V contaminated with only a
trace of the trans-dimer IV.” The triplet state leads to a
ratio of cis to trans dimers that is solvent dependent,®
but in methanol values of 0.44 to 0.58 were found for
low-energy sensitizers.®

When a benzene solution of Ia (1.8 M) and III (0.7
M) is heated to 100° for 10 min, then cooled, crystals of
dimers IV and V separate. This ready synthesis of IV
and V illustrates the usefulness of the new procedure.
The dimerization in benzene (Table I} is largely quenched

Table I. The Dimerization of Acenaphthylene®

Total Total
yield apparent

of quan-

IV+4+  tum

Ia, 111, Temp, Ratio,b V, yield

Solvent M M °C ViV wt & (10%F
Benzene 1.8 0.7 95-100 0.30 8 2—
Benzene? 1.8 0.7 95-100 0.30 7 1+

Benzene® 1.8 0.7 95-100 0.4 0.2 0.04
Methanol 1.3 0. 40 0.7 2 0.4

¢ All solutions degassed, except where noted. ° Determined by
ultraviolet spectra of the products separated on a tic plate (silica
gel developed with cyclohexane at 40°). ¢ Mol of dimer/mol of Ia.
4 Solution saturated with oxygen. ¢0.16 M in cyclooctatetraene.

by cyclooctatetraene;® the small amounts of cis and
trans dimers still formed remain in the ratio of about
0.3-0.4, however. Both results, as well as the cis/trans
ratio in the absence of quenchers, when compared with
the photochemical counterparts,’-3 show that the triplet
state of I1I is largely responsible for the dimerization.
Stilbene (VI). Data for the chemically sensitized
isomerization of stilbene are given in Table II. The

i
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yields of cis isomer are somewhat solvent dependent
and they are improved by higher temperatures (a
similar effect has been noted for the photochemical
isomerization®); high stilbene concentrations and low
dioxetane concentrations also increase the yield. Oxy-
gen was not found to be an efficient quencher, nor was
it found to influence the corresponding photochemical
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Table II. The cis-trans Isomerization of Stilbene®
Apparent
A quan-
Starting cis tum
Temp, concentrations, M  iso- yield
Solvent °C Ia VI merd (102
Benzene 95-100 0.3 0.25 trans 5 4
95-100 0.3 0.05 trans 10 1.7
95-100 3 0.05 trans 30 0.6
95-100 d 0.05 trans 41
95-100 d 0.05 cis 41
e 95-100 3 0.05 trans 2 0.04
Acetone 95-100 3 0.05 trans 26 0.4
f 80 3 0.05 trans 17 0.3
Methanol 23 3 0.05 trans 16 0.3

¢ Solution degassed (except where noted) and heated in sealed
tubes. * By glpc (% cis found/ % recovered olefin). © Mol of cis/
mol of Ia (minimum value because of reversibility). ¢ Fifty molar
equivalents of Ia added slowly. ¢0.4 M in cyclooctatetraene,
/ Saturated with air (effectively the same results degassed).

isomerization appreciably. Phenanthrene was not
detected in the aerated runs. The quenching by
cyclooctatetraene suggests isomerization from the trip-
let state.

Using chemically produced excited states, a photo-
stationary state of stilbene was readily reached with
about 50 equiv of Ia (Table II); a value of 59 % trans—
419 cis was found for 0.05 M solutions of VI in ben-
zene at 100°.

4,4-Diphenyl-2,5-cyclohexadienone (VII). Solutions
in benzene of Ia (1 M) and VII (0.02 M) heated to 100°
for 10 min gave the photoproduct VIII in 1997 yield

er
energy

CeH;

CH; CHs CeH;
VII VIII

(apparent quantum yield = 0.004). Zimmerman and
Swenton!! have reported that the rearrangement of VII
to VIII occurs from the triplet state, and presumably
that is the case here as well. It was also reported!! that
the triplet energy of VII is 69 kcal; thus quanta of at
least this energy are available from the decomposition
of Ia.

The apparent quantum yields (¢,,,) found for com-
pounds VI and VII in benzene are ca. 0.017 and 0.004.
The corresponding triplet photochemical quantum
yields (¢pnoto) are about 0.4 for 0.05 M stilbene in ben-
zene® and 0.77 for VII in benzene + 397 methanol.!!
Since ¢app = ¢1 — Il¢transfer¢photo9l2 and the efﬁCiency
of transfer of triplet excitation at our concentrations
is effectively 1,° ¢; — 51 for the chemical excitations of
VI and VII become 0.04 and 0.005.!* Work is in
progress on elucidating these differences of excitation
yields, as well as other aspects of the reactions.
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(13) Recently, photochemical processes at lower energies have been
carried out using the oxalate ester-hydrogen peroxide system?® as an
energy source (H. Giisten and E. F. Ullman, Chem. Commun., 28,
(1970)).
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Degeneracy in the Methylenecyclopropane
Rearrangement!
Sir:

Understanding of the detailed mechanism of ther-
mally induced methylenecyclopropane rearrangements
has been extended by recognition that the isomerization
does not involve a reactive species having the planar
geometry of trimethylenemethane.? Attractive alterna-
tives for molecular geometries of hypothetical inter-
mediates and/or transition states have been suggested.?
These geometries are related in that the developing p
orbital of the pivoting carbon atom, i.e., the atom that
can be considered to be undergoing a 1,3 migration
(C-4, eq 1), is coincident with the plane defined by the
four carbon atoms of the trimethylenemethane skeleton,
whereas the remaining incipient p orbitals are not in this
plane. One important implication of this common
feature is that appropriate substituents might influence,
to a greater or lesser extent, the migratory aptitude of a
carbon atom and thereby endow the methylenecyclo-
propane rearrangement with significant positional
selectivity. To the qualitative support of this expecta-
tion for substituents such as carboalkoxy,* phenyl,® and
possibly alkoxy,® we wish to add the quantitative con-
firmation available from evaluation of the high selec-
tivity and acceleration of rate imparted by phenyl sub-
stituents to this rearrangement.

Al 3 e P
A Se= = = =<= (1)

Thermolysis of 2,2-diphenyl-1-(dideuteriomethylene)-
cyclopropane (1a)’ at 80° in carbon tetrachloride solu-
tion results in diminution of intensity of the broad
singlet at 8 1.8 for the cyclopropyl hydrogens and in the
appearance of broad singlets at § 5.53 and 5.72, chemi-
cal shifts that correspond to those of the vinyl hydro-
gens of 1b. Continued heating ultimately produces an
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