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Geometric Isomerization and Cycloreversion in
1,2-Diphenylcyclobutane. Photochemical vs. Thermal
Activation?

Summary: The ratio of cracking to geometric isomeriza-
tion is 2.0 = 0.3, 7.1 + 0.7, and 2.6 * 0.2 for cis-1,2-di-
phenylcyclobutane activated thermally, by direct irradia-
tion, and by acetone sensitization, respectively, indicating
that there may be a significant concerted component to
cycloreversion in the singlet excited state.

Sir: A number of studies compared losses in stereochemis-
try attending cyclobutane cycloreversion, the Norrish type
II photoelimination, and nitrogen extrusion from cyclic
azo compounds.? In an extension of this discussion which
attempted to establish structure-spin-reactivity relation-
ships for thermal and photochemical reactions in principle
involving diradicals, we would like to furnish data con-
cerning the decomposition of 1,2-diphenylcyclobutane in
which the reactivity “fingerprint” of cracking vs. geomet-
rical isomerization for several modes of activation may be
readily compared.

Solutions of cis-1,2-diphenylcyclobutane3 in tetrachlo-
roethylene were heated at 190-210°. Decomposition and
the appearance of styrene and trans isomer 2 were fol-
lowed by nmr. The reactions were quantitative, smaothly
first order, and unaffected in rate by use of a more polar
solvent (nitrobenzene) or by increasing the surface to vol-
ume ratio by the introduction of glass wool. Rate con-
stants over one half-life for cracking and isomerization of
1 (200°) were 5.2 + 0.4 X 10-% and 2.4 £ 0.1 X 10-%
sec™ 1, respectively. From data at three temperatures, Ar-
rhenius parameters were calculated: for cracking, E, =
35.8 keal/mol, log A = 12.8; for isomerization, E, = 35.6
keal/mol, log A = 12.9. The decomposition of 1 was un-
complicated kinetically since 2 was stable under the con-
ditions. Clean, first-order disappearance of 2 did occur at
230° (¢ = 3.7 &£ 0.3 X 10-% sec™ 1), giving styrene only

with even traces of 1 unobserved.
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Irradiations of 0.02 M solutions of 1 or 2 at 254 nm gave
styrene and cyclobutane isomer as major products by glc
along with an unidentified peak which is presumed to be
1-phenyltetralin or 1-phenyltetrahydroazulene, reported
previously? as low yield photochemical products at high
conversion. Parallel irradiations (10-15% conversion)
using a merry-go-round apparatus and a toluene/2-hep-
tene actinometer® produced quantum yields which are
summarized in Table I.

Quantum efficiencies for decomposition of 1 in the pres-
ence of triplet sensitizers such as benzophenone, aceto-
phenone, and m-methoxyacetophenone were exceedingly
low.® On the other hand, acetone (as solvent) provided
sensitization with reaction efficiency comparable to direc-
tion irradiation (see Table I), suggesting that the quan-
tum yield data in acetone reflect reaction of triplet excit-
ed cyclobutane since quenching of acetone singlets should
be inefficient. In agreement is the effective sensitization
of a phenylcyclopropane chromophore by acetonel® and
the rapid quenching of the type II photoelimination of 4-
methyl-2-pentanone by 1,1,2,2-tetraphenylcyclopropane.®

The data concerning retention of configuration in 1 as
measured by the product ratio of styrene/2% for the dif-
ferent modes of activation are compiled in Table II. We

J. Org. Chem., Vol. 39, No. 10, 1974 1447
Table I
Quantum Yields in the Photolysis of cis-
and trans-1,2-Diphenylcyclobutane
Cyclobutane Solvent dstyrene Pisomer
1 MeCN 0.019 0.003
1 MeOH 0.018 0.002
1 MeCN 0.018 0.002
(1.0 M trans-2-heptene)
1 MeCN 0.021 0.0086
(0.1 M dimethyl maleate)®
1 Acetone® 0.018 0.007
2 MeCN 0.018 0.007

¢ Light absorbed by cyclobutane. ® Light absorbed by
acetone.

Table 1T
Stereoretention in the Decomposition of 1 and 3
Starting
material Mode of activation Styrene/2"
1 Thermal (190-210°) 2.0 +0.3
1 Direct irradiation 7.1 +0.7
1 Sensitized irradiation 2.6 £0.2
3 Thermal (63-280°) 4.6 + 0.4

e Errors are average deviations of product ratios or the
square root of the sum of squares of rate constant uncertain-
ties.

assign the lowest singlet state of 1 as the excited species
giving rise to products in direct irradiation since the reac-
tions are not quenched by 2-heptene?! or dimethyl male-
ate (Er (estd) = 72 keal/mol1?) (see Table I), although a
short-lived triplet (apparently not formed via acetone sen-
sitization; compare product ratios) cannot be ruled out.
Also assumed is that a single excited state partitions to
products upon direct and sensitized irradiation, so that
quantum yield ratios are rate constant ratios. For addi-
tional comparison the results of decomposition of azo
compound 3 as reported by Kopecky?? are included.

Clearly stereoretention values are not dramatically a
function of mode of activation.’® A common diradical 416
could be involved in all cases if subtle dynamic effects
produce the difference in partition to styrene and 2 (at
most 67/33 vs. 88/12 for thermolysis and direct photolysis,
respectively). In fact increased stereoretention in the se-
ries, thermal decomposition vs. azo compound fragmenta-
tion vs. direct photochemical activation, is in general
agreement with the suggestion of Stephenson and Brau-
man? that vibrationally excited diradicals may be in-
volved in the latter two cases. However, in view of the re-
cognition®-¢ of mechanical forces which largely relieves
the need for the “hot diradical” proposal for solution
studies of several systems, the rapid internal relaxation
from upper vibrational levels expected?? for a species with
as many atoms as 4, and the observed dramatic indepen-
dence of the decomposition of 3 on pressure,’* we favor
an alternative for an explanation of the small stereoreten-
tion differences. An economical suggestion is that concert-
ed, perhaps orbital symmetry sanctioned, cycloreversion
to styrene is an important contributor to the direct pho-
tolysis of 1 and the thermolysis of 3. In agreement are re-
ports2® of high stereospecificity in the direct photochemi-

© cal decomposition of a bicyclic cyclobutane related to 1

and 22% and in the thermal fragmentation of azo com-
pounds related to 3.2® Concerted fragmentation for 1
(photochemically) to give styrene and for 3 to the extent
of 50 and 30%, respectively, combined with a common
diradical component would rationalize the stereoretention
results.

Using thermodynamic data?! and the experimental ac-
tivation energy for cracking of 1, a ground-state potential
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surface with a secondary minimum (~10 kcal/mol deep)
may be estimated. Despite the reasonably long lifetime
(10~ 8 sec at 200°) indicated for a diradical on this surface,
trapping by good ‘‘diylophiles” such as dimethyl male-
ate?? and dodecanethiol?® in pyrolysis (trapping agent
used as solvent) and photolysis experiments is not ob-
served. Expected products 5 and 1,4-diphenylbutane were
obtained independently and shown to survive the decom-
position conditions. The diradical dichotomy which per-
sists involves a species which on the one hand may have a
lifetime of a bond rotational period (for stereochemical
loss via an intermediate) but which eludes direct detec-
tion (r < 10-11 sec?). The latter elusiveness is predicted
by theoretical calculation of the surfaces for small ring
reorganizations.24
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On the Mechanism of the Formation of
Methylenecyclobutenone from the Pyrolysis of Furfuryl
Benzoate

Summary: Aspects of the mechanism of the formation of
methylenecyclobutenone by the pyrolysis of furfuryl ben-
zoate are defined by the findings that pyrolysis of furfu-
ryl-a,c-ds benzoate gives methylenecyclobutenone-5,5-ds
and pyrolysis of 5-methylfurfuryl benzoate gives a good
yield of 2,5-dimethylene-2,5-dihydrofuran.

Sir: Recently we reported that the low pressure (~10-%
Torr) gas phase pyrolysis of furfuryl benzoate (1) gives
methylenecyclobutenone (2) in fair vield.!

0 samroor 0
@ | =—— + PhCOOH
0” “CH,0CPh oH
2
1 2 (40%)

A likely mechanism for this interesting reaction in-
volves the initial formation of furfurylidene (3) by « elimi-
nation followed by rearrangement of this carbene to cis-
pent-2-en-4-ynal (cis-4), rearrangement of cis-4 to allenyl-
ketene (3), and rearrangement of 5 to 2. This mechanism
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is supported by the fact that 3 is known to rearrange to 42
and by the detection by ir and nmr spectroscopy of small
amounts of trans-4 in the pyrolysis product mixture from
1.

This mechanism predicts that pyrolysis of the «,a-di-
deuterio ester (6) would give 2 that contains only one deu-
terium atom. We wish to report that the pyrolysis of 62
gives a 40% yield of 2 which has both methylene protons
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