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The Fluorescence of Phenylcyclopropanes

By K. SALISBURY
(Department of Chemistry, The University of Texas at Austin, Austin, Texas 78712)

Summary The increase in the gas-phase fluorescence
quantum yields of phenylcyclopropanes relative to other
monoalkylbenzenes is explained by a decrease in the inter-
system crossing rate constants.

O’ConNELL and his co-workers! recently reported the
quenching effect of a neighbouring cyclopropyl group on the
luminescence of some benzenoid compounds. I report that,
in the gas phase, a neighbouring cyclopropyl group enhances
the fluorescence of benzenoid compounds.
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The Table shows the gas-phase fluorescence quantum
yields, Qg, at the 0-0 bands and at a few other wavelengths
and the radiative lifetimes, 7raq, of phenylcyclopropane,
trans-1-methyl-2-phenylcyclopropane (1), benzylcyclo-
propane, and some monoalkylbenzenes.

The above results clearly indicate the enhancing effect of a
neighbouring cyclopropyl group on the fluorescence
quantum yields. The effect is not small (a factor of ca. 1-5 is

TABLE
QOr® Traa(ns)
A(nm) 260> 267 272 275
Ethylbenzene 027 028 — — 150¢
n-Propylbenzene 0-28 0-29 — — 145¢
s-Butylbenzene 0-28  0-28 — — 170 ?¢
Phenylcyclopropane 0-40¢  0-47 0-48 — 1304
Methylphenylcyclo-
propane 0-38¢ 047 0-47 0-47 1404
Benzylcyclopropane 025 025 — — 1504

a Measured at 130—400 N m—2 of gas; the absence of low-
pressure effects was proved by the addition of 6,700 N m~2 of
butane. Benzene was used as the standard (Qr = 0-18 at
253 nm; ref. 2.) Neglecting any error in Qr of benzene, the error
limit in each of these Qr values is +109%.

b The linear reciprocal dispersion of the monochromator was
1-6 nm per mm; in this work 1 mm slits were used.

¢ Derived from Berlman (I. B. Berlman, ‘Handbook of Fluores-
cence Spectra of Aromatic Molecules,” Academic Press, New York,
1965) by multiplying them by the ratio of Burton and Noyes’
lifetime?® of toluene to that of Berlman's).

d Obtained from the integrated absorption spectra.t

€ The decrease in Qr with decrease in wavelength in benzenoid
absorption bands is well documented, although perhaps not so
well understood.?,5

involved) but is eliminated when a single methylene is inter-
posed between the benzene and cyclopropyl rings. It has
been suggested?! that, in solution, cyclopropyl ring-openings
can compete with phosphorescence and sometimes with
fluorescence in arylcyclopropanes, thus providing a rationale
for the decreased emission quantum yields relative to open-
chain analogues. However, we have recently shown® that
in the gas-phase photolysis (c¢f. solution photolysis?) of
trans-1-methyl-2-phenylcyclopropane there is little, if any,
photochemical reaction occuring from the first excited
singlet state, but that very efficient processes occur from the
triplet state (Scheme). These triplet reactions, as in the
solution photochemistry, involve cleavage to a phenyl tri-
methylene species. It seems then that in the gas phase,
processes involving a cyclopropane ring-fission from the
triplet state can compete efficiently with any other process
while in the case of the first excited singlet state this may not
be so.

In considering the variation of Qp in a series of
compounds we must analyse the effects of molecular
changes on all the rate constants of which Qg is a function
[Og = Ey/(Rip + Rya + ks + k3)].  The radiative lifetime



CHEMICAL COMMUNICATIONS, 1971

Traq = 1/k, may be obtained directly from the absorption
spectra of the moleculest and from the Table we see that
there is only a small decrease in 1paq of the phenylcyclo-
propanes. Since internal conversion (Z,p) is unimportant in
monoalkylbenzenes,® any decrease of Ry in the phenyl-
cyclopropanes would have little effect upon Q. The increase
in Qy must be attributed to a decrease in %;, the intersystem

935

crossing rate constant.} The reason for this decrease is being
sought in modern theories of radiationless transitions.
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+ If a rapidly reversible ring cleavage of the singlet molecule is taking place then it means that the decrease in %, must be even

larger.
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