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Decomposition of eq 1 into its component processes (eq 2 
and 3) reveals that it is the difference in free energies of the 
neutral 2-butenes which provides the driving force. (AG0 = 
-0.7 kcal/mol6 for eq 2 and AG0 = +0.2 kcal/mol for eq 3) 

/ = \ (2) 

(3) 

In fact, it appears that in the gas phase, the cis isomer of the 
1-methylallyl anion is less stable than the trans,15 although 
the free energy preference here is not as great as that for the 
neutral alkenes. It might be argued that, in comparison to the 
corresponding neutral olefins, the cis form of the 1 -methylallyl 
anion is stabilized relative to the trans. Whether this small 
difference is simply a consequence of the reduction of vicinal 
H-H repulsions in c/s-2-butene as a result of removal of a 
proton or of stabilization inherent to the anion in its cis ge
ometry17 remains a matter for discussion. 

The above caveats notwithstanding, what our experiments 
indicate, however, is that the preference for cis skeletal ar
rangements in the case of 1-methylallyl organometallics is not 
to be ascribed to the free anions. Rather it appears to arise 
because of differences in interaction energies among the allylic 
skeleton, the metal, and the solvent. Our data also suggest that 
the relative (cis vs. trans) stabilities of the organometallic 
compounds involving the most electropositive metals (e.g., 
potassium and cesium) do not mirror those of the free anions 
more closely than those of compounds involving the less elec
tropositive metals (e.g., lithium and sodium). 
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Photodissociation of Butyrophenone Cation. Ionic 
Analogues of Norrish Type I and II Reactions 

Sir: 

The Norrish type I and II reactions of ketones are probably 
the most widely studied of photochemical processes.1 We wish 
to report that the analogous reactions can be induced in mo
lecular ions2'3 and that these reactions occur from specific 
excited states. Thus, butyrophenone cation 1 undergoes both 
photochemical a-cleavage (a) and elimination of ethylene (b), 
eq 1. 

«V 
-310 n r n ^ Ph- + + O s = C — 

(a) 2 

-440 nm (D 
OH 

P h A + CH2=CH2 

Relevant data2 are presented in Figure 1, which indicates 
the total photoinduced disappearance of 1 as well as the ap
pearance of 2 and 3. The disappearance and total appearance 
spectra are not strictly congruent, since they have not been 
corrected for differences in ion trapping times and other mass 
effects. In addition, some photodecomposition of products also 
occurs.4 The possibility that both processes (a) and (b) arise 
from a common electronic state is essentially excluded by the 
data which show a sharp transition from (b) to (a) at about 3.3 
eV. A possible broad distribution of initial energy states (vi
brational or electronic) would also be unlikely to give these 
results, particularly since the photodissociation spectrum of 
1 is independent of electron energy from 12 to 19 eV. 

The photochemical onsets of (a) and (b) are well above the 
appearance potentials (A.P.'s) observed on electron impact.5 

In fact, (a) is energetically feasible at 475 nm although pho-
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Figure 1. Relative cross sections for disappearance of 1 ( • ) and appearance 
of 2 (O), and 3 (A) (change in signal/photon flux). The magnitudes of 
the curves have not been corrected for trapping times or other mass effects. 
The fractional signal change at the maximum was about 8%, FWHM = 
9.9 nm for all points except for 1, 14.5 nm (380-520 nm). 

toinduced appearance of 2 is not observed at that wavelength. 
The observed energy dependence of (a) and (b) is not consistent 
with a model in which energy is statistically equilibrated and 
selection is controlled by densities of vibrational states. Thus, 
fragmentation from these electronic states must occur prior 
to internal conversion to a common state. 

It is possible that the observed photochemistry results from 
isomeric ions (e.g., 1 and an enol radical cation) with nonov-
erlapping chromophores, but this seems unlikely. If isomeric 
ions were important, 2 would be expected to arise exclusively 
from 1, while 3 could come from the enol. The electronic 
transition observed at 440 nm corresponds to a band in the 
photoelectron spectrum of butyrophenone,6 suggesting strongly 
that this transition occurs in 1. Since 3 is produced only in this 
wavelength region, we conclude that it arises from 1 also. (The 
photoelectron spectrum does not have a band corresponding 
to the photochemical process at 310 nm, suggesting that (a) 
occurs by excitation of an electron to a virtual orbital.) In ad
dition, we have observed similar photochemical behavior with 
substituted ethyl benzoates, and substituents affect the posi
tions of the two bands in a predictable way,7 also suggesting 
that isomeric ions are not important. 

We are not aware of other examples in which direct pho-
toexcitation of a positive ion leads to state specific reactions.8'9 

Our results are particularly interesting in view of theoretical 
analyses which show that with ions10 as with neutrals,11'12 

correlations exist between the electronic states of reactants and 
products, and reaction specificity may be expected depending 
on the nature of the excited state. 

The relationship between our observations and those found 
in conventional mass spectrometry is not yet clear. The mass 
spectral decomposition patterns of 1 and related ions are highly 
characteristic and are among the best-studied examples in mass 
spectrometry.13 The behavior we observe strongly parallels the 
electron impact induced a-cleavage (a) and McLafferty (b) 
processes, eq 1. However, in contrast to the generally accepted 
picture that these reactions occur through a common electronic 
state with vibrational energy influencing decomposition rates 
(a Q.E.T. model),514 our results show that such decomposition 
can arise from isolated electronic states. The importance of 
isolated electronic states in the decomposition of ions formed 
by electron impact remains as an outstanding problem,15 and 
recent experimental work has shown that such states can be 
important.9 

Interestingly, the spacing between the onsets for (b) and (a), 
ca. 1.2 eV, is quite close to the difference5 in electron impact 
A.P.'s of3 and benzoyl cation, ca. 1.1 eV. However, the A.P.'s 

occur ca. 2 eV closer to the ground state than do the photo
chemical onsets. It is not clear that Franck-Condon factors 
could account for such a result, although we do observe weak 
photodecomposition extending to ca. 700 nm (1.8 eV). The 
selection rules for excitation induced by electron impact are 
less restrictive than are optical selection rules,16 and lower lying 
optically forbidden states with differing chemistry may possibly 
be present in 1. 

In summary, we have demonstrated that the commonly 
observed photochemistry of neutral ketones also exists for these 
molecular ions, and part of the connection between the Norrish 
and McLafferty reactions is thus established. These wave
length dependent photoprocesses appear to occur from isolated 
electronic states rather than from a common one. Thus, while 
the conventional Q.E.T. model for mass spectral ketone de
composition cannot be excluded, the possibility that these 
electron impact reactions arise from more than one electronic 
state remains as an important alternative explanation. 
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