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could with some justification be described in terms
of o—m structure 5 rather than the “classical” 7-com-
plex interaction 6. However, it must be emphasized

} c
\\f j E\
\\ /\ i
Fe Fe
/N /1N
5 6

that structure 5 expresses the bonding in terms of
the valence-bond approximation, overly emphasizing
the presence of Fe-C ¢ bonds. The structure actually
results from the bonding and back-bonding interactions
between the butadiene and Fe(CO); moieties which
must give rise to changes in the bond lengths in the
four-carbon chain.® Accordingly, the bonding of all
carbon atoms to Fe is of an intermediate type which
cannot be expressed by one localized VB structure
alone. Recognizing the difficulties in formulating a
complicated bonding situation, we prefer the less com-
mittal structure 6.7

The interaction of the second Fe(CO); group with
atoms C,;, C;, C,, and C,, appears to be the first re-
ported X-ray structural information on an iron tri-
carbonyl complex of a 1,4-diene system. The Fe,---C,
and Fe,- - Cyo distances (2.122 (13) and 2.131 (13) A)
are slightly shorter than the Fe,---C; and Fe,---Cs
lengths (2.172 (13) and 2.175 (13) A), although all
the Fe,-..C (olefin) distances are longer than their
Fe,- . -C counterparts. These longer distances are con-
sistent with a somewhat weaker bonding of an Fe(CO);
group to a nonconjugated diene than to a 1,3-diene
as is suggested by simple Hiickel theory.»? In Fe(CO);
complexes with 1,3-dienes, the projection of one of
the carbonyl groups onto the best plane defined by
the four carbon atoms of the diene group is almost
perpendicular to the central C-C bond. When the
Fe(CQ); group complexes with the 1,4-diene portion
of the present structure, the projection of one of the
carbonyl groups onto the best plane defined by the
C;, G, Cy, and C,, atoms is almost perpendicular to
the Cr—C; bond.
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Mechanistic Aspects of 3,5-Heptadien-2-one
Photoisomerization
Sir:

Recent reports of the photoisomerization of 2,4-
hexadiene have demonstrated the occurrence of a two-
bond isomerization in which both double bonds of a
hexadiene molecule are isomerized as the result of ab-
sorption of one photon.»? The quantum yield data
show that a common triplet state or rapidly equili-
brating isomeric triplet states are intermediates in the
isomerization.? We wish to report preliminary results
of our closely related study, the photoisomerization of
3,5-heptadien-2-one, which does not proceed via one
common excited state.

Irradiation of any of the three known geometric iso-
mers of 3,5-heptadien-2-one (tt, tc, and ct)** as a
10~3 M solution in ethyl ether results in rapid formation
of the same photostationary state of these three iso-
mers. No other products were detected. Glpc anal-
ysis of isomer mixtures were carried out using a 20 ft X
/4 in. 5% FFAP on 60-80 mesh Anakrom AB column

at 100°. The photoenol, 6-hydroxy-1,3,5-heptatriene,
WO A~ 0 O
M/ o
tt tc ct

is not a likely intermediate because its formation would

require hydrogen transfer via an eight-membered ring

and because no conjugated dienones were detected.®
Quantum yields (Table I) were determined by irradi-

Table I. Quantum Yields for Photoisomerization of
3,5-Heptadien-2-one®?
Wave-
length,
nm Pt et Pttote Pteott Pteoet Petott Petote
254 0.28 0.14 0.17 0.25 0.36 0.12
313 0.24 0.15 0.28 0.17 0.23 0.13

@ Determined for ca. 2 X 1072 M solutions at room temperature.
b Average uncertainty is =8 97 at the 90 % confidence level.

ation of pure® samples of tt, tc, and ct for short periods
to ensure low conversion (2-8 %) and glpc analysis of
the products. A check of the accuracy of the quantum
yields was made by using them along with measured
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extinction coefficients to calculate a stationary-state

composition, Examination of Table II reveals excellent
Table II. Photostationary State Compositions®
Ztt % tc 7t
254 nm
Calcd 25.7 20.8 53.5
Obsd 28.4 20.4 51.2
313 nm
Calcd 47.4 28.5 24.1
Obsd 48.0 30.0 22.0

¢ Determined in 103 M ethyl ether solutions.

agreement between calculated and observed stationary-
state concentrations.?

The direct isomerization was not quenched by added
azulene in concentrations of up to 5 X 10—% M, but ex-
periments at higher quencher concentrations were im-
practical, owing to absorption of light by azulene.
The isomerizations could be sensitized by a number of
triplet sensitizers to give photostationary states of the
same three isomers. Intersystem crossing in molecules
which possess both n7* and 77* excited states is ex-
ceptionally rapid;’ thus despite the lack of azulene
quenching,! the direct isomerizations probably pro-
ceed via triplet states,

Mechanisms which involve a common excited state
or rapidly equilibrating excited states can be eliminated.
At neither wavelength do the quantum yield data satisfy
the conditions (eq 7 in ref 1 and eq 1, 2, and 3 in ref 2)
derived for such mechanisms on the assumption that
the reactive excited state(s) is reached with unit effi-
ciency from each of the isomeric ground states. Since
our reactions involve direct excitation and possible
intersystem crossing, this assumption may be invalid.
Taking this possibility into account, we have derived
eq 1 which is not satisfied by the quantum yields at 254
nm and probably not by those at 313 nm either. !

(btc —tt (btt-*ct _

(btc—nzt (1)

q’ct—)tt (I)tt —tec (I)ct—>tc

(at 254 nm 0.95 = 2.1)

Having eliminated a mechanism involving rapidly
equilibrating excited states, we can consider cases in
which rates of equilibration and rates of decay are of the
same order. The mechanism in Scheme I involves

Scheme I.  Equilibrating Planar Excited Statess
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s Starred symbols represent excited states.

(8) Since the quantum yields determined at 2 X 10-2 M agree with the
stationary-state data at 10~3 M, quantum yields are not concentration
dependent. This rules out a quantum chain mechanism similar to that
reported by Hammond, et al.,1 but not found by Saltiel, et al.2
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tion do overlap somewhat at the 95 % confidence level, 12

(12) The fractional uncertainties of individual data are assumed to
compound as the square root of the sum of their squares. Cf. E. B.
Wilson, Jr., “An Introduction to Scientific Research,” McGraw-Hill,
New York, N. Y,, 1952, pp 272-273.

4481

planar excited states which isomerize one bond at a
time. Within the framework of Scheme I, and with the
assumption that intersystem crossing is quantitative, the
quantum yields for photoisomerization of tt at 313 nm
require that tt* partition itself between tt and tc (via
tc¥) in a ratio of 4.1:1. Photoisomerization of ct must
proceed via tt* and give tt and tc in the same 4.1:1 ratio.
However, the observed ratio of ®Pcrit:Pet—rte 18
1.8:1.'% A similar scheme involving only the two
equilibrating twisted excited states *t and t+ can be

CH3
«t t*

eliminated on the basis of similar considerations. Our
data are consistent with, but do not require, mechanisms
which also include excited states which can decay to cc
(e.g., inclusion of cc* in Scheme I) and provide a second
pathway between ct and tc. Thus, the mechanism may
involve equilibrating excited states which decay to
ground states more rapidly than hexadiene triplets'* so
that decay competes with isomerization. In addition, a
mechanism in which each excited state decays directly
to all three ground-state isomers is possible, 15

Neither our data nor those of the Hammond and
Saltiel groups provide the basis for a definitive state-
ment about excited-state geometries. Experimental evi-
dence strongly favors twisted (nonspectroscopic) diene
triplets,'® while our data seem to rule out doubly
twisted (common) excited states for dienones. To the
extent that this conclusion is generalizable to diene
triplets it agrees with Hoffmann’s calculations which pre-
dict that butadiene in its first excited state is singly
twisted.!” CNDO calculations on propenal predict
twisting in the w#* triplet but none in the n7* triplet.'?
Thus, the geometry of dienone triplets is likely to be
dependent on their electronic configuration. !?
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