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“neutralized” by the system. The general biological relevance of
slowing down is presently an open question.
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We have previously reported that photodecarbonylation of
3,5-cycloheptadienones occurs from a short-lived singlet electronic
excited state of mixed electronic configuration®® and speculated
that the mechanism of this reaction involves simultaneous cleavage
of both bonds to the carbonyl carbon, i.e., a concerted cheletropic
fragmentation.>® However, a stepwise mechanism invoking
acyl-alkyl diradicals could not be excluded from consideration.
We now report that the analogous reactions of cis- and trans-
2,7-dimethyl-3,5-cycloheptadienone (1 and 2) are stereospecific
and occur with conrotation at the methyl-bearing carbons to give
initially (Z,Z,E)- and (Z,Z,Z)-2,4,6-octatriene, respectively, which
then undergo further isomerization (see eq 1 and 2).
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The synthesis of 1 and 2 from tropone will be described in detail
elsewhere.!® These compounds, purified by HPLC, readily
isomerize thermally to 2,7-dimethyl-2,4-cycloheptadienone (3)
under a variety of conditions but are stable on storage at low
temperatures. The assignment of stereochemistry to 1 and 2 is
based on NMR spectra of their Diels-Alder adducts with 4-
phenyl-1,2,4-triazolin-3,5-dione and an X-ray structure of the
adduct of cis-dienone 1.7
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Figure 1, Irradiation of 2 (0.0610 M) in cyclohexane at 313 nm (20 °C).
Photoproducts (Z,Z,Z)-, (E,Z,Z)-, and (E,Z,E)-2,4,6-octatriene (4-6,
respectively) are represented by 0O, O, and +, respectively.
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Figure 2, Irradiation of 1 (0.0690 M) in cyclohexane at 313 nm (20 °C).
Photoproducts (E,Z,Z)-, (E,Z,E)-, and (E,E,E)-2,4,6-octatriene (5-7,
respectively) are represented by O, +, and A, respectively.

The three trienes 46 were independently synthesized according
to the method of Marvell,® separated and purified by preparative
GLC, and characterized by UV® and NMR spectroscopy. The
all-trans E,E,E isomer 7, mp 50-51 °C, was prepared by irra-
diation of the other trienes. The products of irradiation of 1 and
2 in cyclohexane at 313 nm were analyzed by GLC with an
internal standard (n-tridecane) at various intervals of time, with
the results as shown in Figures 1 and 2. No interconversion of
dienones 1 and 2 was detected during the irradiations, thus ex-
cluding reversible formation of an acyl-akyl diradical that can
undergo bond rotation prior to ring closure.’

These 3,5-cycloheptadienones are believed to possess a molecular
structure with C, symmetry containing a twisted diene moiety.?™
In such a structure, the methyl groups of the cis-dienone 1 would
occupy pseudoquatorial and pseudoaxial positions, while the
methyls in the trans-dienone 2 are both either pseudoaxial or
pseudoequatorial. Molecular mechanics calculations are in
progress to determine which of the conformations of 2 is more
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hexanones has been discussed in detail by Rickborn and co-workers: Badcock,
C. C.; Perona, M. J; Pritchard, G. O.; Rickborn, B. J. Am. Chem. Soc. 1969,
91, 543. Alumbaugh, R.L; Pritchard, G. O.; Rickborn, B. J. Phys. Chem.
1965, 69, 3225.

0002-7863/83/1505-2900801.50/0 © 1983 American Chemical Society



J. Am. Chem. Soc. 1983, 105, 2901-2902 2901

stable; Dreiding models suggest it may well be the pseudoaxial
conformation.

A linear thermal cheletropic fragmentation of 1-X-3,5-cyclo-
heptadiene is predicted to occur by an axisymmetric!® conrotatory
motion around the end carbons of the residual triene moiety.’
However, a nonlinear cheletropic fragmentation with disrotation
is also allowed thermally.’> An equivalent analysis of the reverse
addition of X to 1,3,5-hexatriene shows it should involve a linear
approach of X with antarafacial bonding to the triene or a non-
linear superfacial interaction.!! Mock!? has observed that thermal
extrusion of SO, from stereoisomeric sulfones structurally
analogous to 1 and 2 indeed occurs by the predicted axisymmetric
conrotatory path. Thus, one would predict that if the photoinduced
extrusion of CO from 1 and 2 should occur by the stereochemical
mode opposite to that of the analogous ground-state system studied
by Mock,!? on the assumption that orbital symmetry is the con-
trolling factor in this system,!> expulsion of CO along the axis
of symmetry of these molecules on photoexcitation is predicted
to be accompanied by disrotation in formation of the trienes,
contrary to our experimental observation. Such a disrotatory
extrusion of CO has been observed®!4!%!6 on photoexcitation of
bridged bicyclic analogues of these dienones, which do not have
any other viable alternative.

The possibility that these stereospecific decarbonylations are
not concerted seems remote, since the cis- and trans-dienones are
not interconverted and since 2 shows a clear preference for forming
the Z,Z,Z-triene 4 rather than any of the other more stable triene
isomers. For a nonlinear extrusion of CO, i.e., where CO does
not depart along the axis of symmetry of the starting dienones,
the selection rules® would be reversed, consistent with the ex-
perimental observations, but there seems to be no compelling
reason why such a course should be followed.!” The precise
direction of departure of CO and analogous cheleofuges is not
subject to experimental verification by an ordinary stereochemical
experiment but perhaps could be analyzed theoretically. Other
rationalizations revolve around considerations of the stereoelec-
tronic control exercised by the n,»* configuration of the excited
state of these cycloheptadienones,»'? and the rather remote
possibility that the reaction is occurring on the ground-state po-
tential surface following internal conversion from S;. Finally,
examination of Dreiding models indicates that in these twisted
dienones the pseudoequatorial groups at C, and C; (H or CHj;)
are nearly coplanar with the substituents (H in this instance) at
C; and Cq, so that the conrotatory pathway (which amounts to
little more than rehybridization) represents the path of least motion
and would afford trienes in which these groups are on the same
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fashion, so as to maintain maximum bonding along the energy surface leading
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of these arguments is by no means clear at this time.
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side (i.e., cis) of the terminal C=C bonds; disrotation would cause
much greater structural distortions. On this basis, one can ra-
tionalize the preferred formation of 4 from 2 if 2 is reacting
primarily through the conformation in which the methyls occupy
pseudoaxial positions.

In summary, we have observed that the photochemical extrusion
of CO from cycloheptadienones 1 and 2 occurs stereospecifically
by the same axisymmetric conrotatory mode seen in thermal
extrusion of SO, from the analogous sulfones.'? Since few re-
actions of this type have been studied,!7 it remains to be seen
what factors control the course of cheletropic fragmentations,
particularly those induced by light.
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The nature of cooperativity in protein action has been gradually
elucidated in recent years. Cooperative dioxygen binding by
hemoglobin, for example, is now reasonably understood as follows.
The O, affinity of the T state is remarkably reduced due to
intersubunit interaction, but the T state is converted to a high
affinity form, R state, on O, binding. This conformation change
induces the T — R conformation change in the remaining vacant
binding sites of the tetrameric protein. Similarly, successive O,
binding further drives the conformation change. Thus O, affinity
finally approaches the “normal” value of myoglobin.! Among
the events involved, the most important yet perhaps most difficult
to understand seems to be the structural change of the “coupling
site” that transfers the information for O, binding from one binding
site to the other. In order to gain more insights into the mechanism
of information transmission by the structural change of the
coupling site, several attempts have been made to mimic the
cooperative dioxygen binding by using solid metalloporphyrin®?
or metalloporphyrin attached to a polymer.* Although these
systems showed large Hill coefficients, this is primarily due to
multisite interaction.® Mechanistic details on the molecular basis
have not yet been clarified.
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