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Shapes of Triplet States of Acraldehyde 
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EXONES (@-unsaturated ketones) undergo a variety of 
photochemical reaction~.l-~ Some of these, such as the 
cis-trans-isonierization of the acyclic3 and seven- and eight- 
membered ring cyclic2 derivatives, must be a result of geo- 
metrical changes in an excited state. Generally, enone 
photochemistry in solution proceeds via triplet states4 
Although the geometries of the lowest triplet states-most 
likely to be photocheinicallv active-are therefore of great 
interest, information concerning triplet geometry in the 
enone system is apparently lacking. 

In view of the success of the CSDO method5 in calculating 
excited-state geometries for molecules of known structure, 
it is reasonable to assume that a theoretical approach based 
on this method should give reliable excited-state structure 
for enones. We now report the results of such calculations 
for the geometries of the two lowest triplet states of acralde- 
hyde (I), a model for the enone system. These calculations 
suggest that the equilibrium configuration of the n * t  n 
triplet state of acraldehyde should be planar, and that of 
w * c n  triplet should be nonplanar. 

The geometry of acraldehyde, in its ground and two 
lowest triplet states, was investigated using CNDO (com- 
plete neglect of differential overlap) molecular orbital 
the01-y.~ Specifically, the energies for these states were 
calculated as functions of three out-of-plane bending 
co-ordinates in order to determine whether any of the 

states is nonplanar. The bending co-ordinates investi- 
gated were the displacement of the oxygen out of the 
molecular plane, the rotation of the CHO group about the 
C-C bond and the rotation of the CH, group about the 
Ca-C$ bond. Changes in bond length were not considered 
in detail. 

The calculations for the ground state of acraldehyde were 
based on the experimental bond lengths and in-plane bond 
angles reported by Brand and As the 
geometry of the triplet n* t n state is unknown, the 
calculations for this state were based on the experimental 
data for the singlet T* t n state.6 The choice of bond 
lengths, etc., for the n* t n state calculation presented a 
more difficult problem, since the geometries of both singlet 
and triplet state are unknown. Duplicate calculations 
were therefore made for this state using the structural data 
for the ground state and the singlet n* t n state, respect- 
i 4 y .  These two sets of calculations were found to be 
qualitatively very similar, but suggested that the Ca-C@ 
bond length for the T* c n state is closer to the ground 
state value than to the n* 4- n value. For this reason we 
report only the calculations for the triplet v* f-. 7r state 
which are based on the ground-state bond lengths. 

The calculations for the ground state of acraldehyde 
showed it to be planar with respect to all three out-of-plane 
bending co-ordinates. 

The lowest triplet state of acraldehyde was found to be of 
3A ' I  symmetry, and n* t n in character. The calculations 
for this state were based on the Pople-Nesbet approximate 
open-shell theory.' According to these calculations the 
triplet n* +- n is planar with respect to all three out of 
plane bending co-ordinates. 
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The next highest triplet state was found to be 3A' sym- 
metry aqd 7 ~ *  t T in character. The open-shell calcula- 
tions for this state converged for the planar configuration 
of acraldehyde, but tended to diverge for the twisted con- 
figurations. For this reason the virtual orbital approxima- 
tion was adopted for the investigation of the nonplanar 
configuration of this state. Although the virtual orbital 
method IS not as satisfactory as the approximate open-shell 
treatment, it has been shown to yield reasonable excited- 
state geometries.5 Furthermore, the few results which 
could be gleaned from the open-shell calculations for this 
state closely parallel the virtual orbital results. According 
to the calculations, the triplet v* c T state of acraldehyde 
is planar with respect to the first two out-of-plane bending 
co-ordinates, but nonplanar with respect to the third 
(CH, tvisting) co-ordinates. The equilibrium angle of 
rotation for the CH, group was calculated to be approxi- 
mately 72". I t  is difficult to calculate this angle accurately 
since it is fairly sensitive to the choice of the Ca-C@ bond 
length. In fact, the present calculations, based on the two 
sets of bond lengths, suggest that the rotation of the CH, 
group niust be accompanied by significant changes in the 
C'-Cp honcl-length. 

Finally, the potential curves, with respect to the rotation 
of the CH, group about Ca-C@, for the ground state and 
triplet T* f- n and r* c- v states are shown in the Figure. 
The relative displacements of these curves are only quali- 
tative since the energies have been minimized with respect 
to only three internal co-ordinates, and have been calculated 
at  different levels of approximation. Nevertheless, they 
do provide a reasonable qualitative description of the lowest 
triplet states of acraldehyde. The small barrier to rotation 
of the C.H, group in the triplet ?T* t T state is particularly 
interesting. 

These results concur with those of Zimmerman et aE,* in 
predicting that the v* +- n triplet should have the lower 
energy in the planar configuration. 
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FIGURE. Potential curves for  the ground state, triplet m* .t- n 
state, and triplet T* t m state of acraldehyde. The  displacements 
of these curves are only qualitative since each state was calculated at 
a different level of approximation. 

It is clear that the nonplanar character of the w c v *  
triplet must be taken into account, whenever enone photo- 
chemistry in solution is being considered. 
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