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as has been postulated.*®>” Instead, the ring o
molecular orbital is extensively delocalized and has
large proton coefficients. Overlap of the metal orbitals
with this extensively delocalized molecular orbital is the
mechanism which distributes unpaired spin over the
protons. The spin is placed on the atoms in the ben-
zene in proportion to the atomic orbital coefficientsin the
molecular orbitals which contain the unpaired spin. We
are extending our calculations to consideration of
delocalization in other complexes of transition metals
with aromatic ligands.
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The Nature of the Intermediates in the Sensitized
cis—trans Photoisomerization of Alkenes

Sir.

Two mechanisms have been proposed to account for
cis-trans photoisomerization which results when simple
olefins interact with triplet states of sensitizers: the

Schenck mechanism involving formation of an adduct
diradical, 1, in which rotation about the central bond
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is rapid relative to bond breaking (eq 1),! and the
triplet mechanism in which olefin triplets are formed
by excitation transfer from the sensitizer.»® The trip-
let mechanism is favored when the excitation transfer
steps are exothermic. To account for isomerization in
cases where the sensitizer triplet excitation energy is
not sufficient to excite the olefins to planar (spectro-
scopic) triplet states, nonvertical excitation transfer
leading directly to twisted olefin triplet has been sug-
gested.*~® For the case of carbonyl sensitizers with
lowest n—7* triplet states formation of the Schenck
intermediate has been proposed as a discrete step in the
excitation transfer process (eq 2).” The following ob-
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servations provide an experimental criterion for choos-
ing between the Schenck and the triplet mechanisms.
The simplest general scheme for sensitized cis—1rans
photoisomerization is given by eq 3-7, where *X repre-
kv

0§ —> 1§ —> IS 3
15— 08 4

8+ 0 — 5 xX (5)
5§ 4 e oy X (6)
X ooty (1 = ayie ©)

sents an unspecified common intermediate, and other
symbols have their usual meanings.? Steady-state
approximations for 3§ and *X lead to eq 8-10.2 Equa-
tion 8 represents the photostationary trans/cis ratio,
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and eq 9 and 10 give the dependence of trans — cis
and cis — trans quantum yields on initial concentra-
tions of ¢/s and trans isomers.s

The dependence of trans/cis photostationary ratios
for several olefins on the triplet energies of sensitizers
has been attributed entirely to changes in the excita-
tion ratio ke/ks.>'%!? Direct measurements of rate
constants kg and k; have confirmed this interpretation
for the stilbenes and the 1,2-diphenylpropenes.’ For
these olefin pairs photostationary state ratios could be
predicted using a single decay ratio, «/(1 — «), in each
case.?

Benzene-sensitized photoisomerization of alkenes
has been studied in the vapor phase® and in solu-
tion,!%13 Stationary states for several alkene pairs
are close to unity. Since triplet excitation transfer
should be, in all cases, at least 2-3 kcal/mole exothermic,
ke/ks is expected to be close to unity;? hence, for *X
= ¥alkene], /(1 — ) = 1.0.14

We have studied the cis—trans photoisomerization
of the 2-pentenes using acetone and acetophenone as
sensitizers.’®* The results are in accord with eq 9-10
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Figure 1. Acetone-photosensitized isomerization of cis- and trans-2-
pentene, open and full circles, respectively.

(Figures | and 2). Decay ratios for intermediates pro-
duced with each sensitizer were obtained from the ratios
of the intercepts in Figures 1 and 2. Excitation ratios
were calculated from the decay ratios and the rans/cis
photostationary state ratios. The results are shown in

TableI. Anindependent check of the proposed general
Table 1.  Sensitized Photoisomerization of the 2-Pentenes
Ex, keal/ (t/c)s
Sensitizer moles af(1 — a) keks Obsd Predictede
Benzene 84 1.0p? 0.92¢ 0.920
Acetone 80 1.17 1.3p 1.5 1.52
Acetophenone 74 1.99 2.85 5.4 4.7

@ Triplet excitation energies: benzene, ref 3; acetone, ref 10;
acetophenone, ref 2. ? Values for the butenes from ref 3. < From
the ratios of the slopes in Figures 1 and 2.

mechanism is available in that the ratios of the slopes
in the plots predict closely the observed photostationary
states as required by eq 8-10. Limiting quantum yields
at high pentene concentrations are ¢,_.. = 0.49, 0.26,
and ¢.,, = 0.58, 0.50, for acetone and acetophenone,
respectively. 16

We stress here that, in contrast to the stilbenes and
the 1,2-diphenylpropenes, a single decay ratio does not
account for observations with different sensitizers in the
case of the 2-pentenes. The variation of photosta-
tionary ratios of 2-octenes and 2-pentenes with the
triplet energy of sensitizers was incorrectly attributed
solely to changes in excitation ratios for alkene triplet
formation.'? Since a common decay ratio does not
obtain, it is clear that different intermediates are produced
with different sensitizers.

The triplet mechanism should be important with
sensitizers whose triplet excitation energy is close to
that of ethylene, ~82 kcal/mole.” With lower energy
sensitizers the triplet mechanism should diminish in
importance except in cases where nonvertical excitation
transfer can occur.*” We propose that for alkenes de-
viation of the decay ratio from unity is a measure of the

(16) The acetone results are in qualitative agreement with those in
ref 10b.  The maximum limits of error on our results are: (¢)/(c) =
1.52 % 0.12; sum of limiting quantum yields = 1.06 == 0.10.
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Figure 2.  Acetophenone-photosensitized isomerization of ¢js- and
trans-2-pentene, open and full circles, respectively.

involvement of Schenck intermediates, 2, in the photo-
isomerization. Thus, the small increase of the decay
ratio obtained with acetone as sensitizer indicates that
at 30° the Schenck intermediate is involved to a minor
extent, and that triplet excitation transfer represents the
major path for the isomerization.'® On the other hand,
the large decay ratio increase obtained with acetophe-
none as sensitizer suggests that the Schenck mechanism
predominates in this case. It may be more than a
coincidence that for acetophenone and other n-=*
sensitizers with even lower triplet-state energies the
photostationary ratios are very close to the thermody-
namic ratio.'®!* The mechanism accounts for the
observations that triphenylene” and some carbonyl com-
pounds with 7—m* lowest triplet states!? are ineffective
as sensitizers of the cis—rrans isomerization of alkenes.
The possibility that the abnormally trans-rich photo-
stationary states obtained for the stilbenes with a few
sensitizers%2 were due to competing decay from
Schenck intermediates is under investigation.®*
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The Thermal Rearrangement of
6,6-Dichloro-3,3-dimethyl-2-oxabicyclo{3.1.0]hexane.
A Novel Case of Steric Hindrance to Ionization

Sir:

The recent literature! contains a number of reports of
attempts to observe steric hindrance to ionization.

(1) (a) Reviewed by H. C. Brown, I. Rothberg, P, von R. Schleyer,
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