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The kinetic work was done at 223.4 °C using degassed so-
lutions of substrate in toluene; after thermolysis starting ma-
terial and its degenerate isomers were reisolated by preparative
GLC and analyzed by polarimetry and by NMR using the
optically active shift reagent tris[3-(heptafluoropropylhy-
droxymethylene)-d-camphorato]europium(III)® in CgDg,
which shifted apart H-C(4) doublets in the (+) and (=) iso-
mers. The extent of deuterium scrambling was determined by
converting the trienes to TCNE adducts followed by NMR
comparisons of the relative intensities of vinyl to adjacent
bridgehead protons.

The experimental results made possible definition of the time
dependence of all four isomers of Scheme II1 and derivation
of the rate constants k., k;, and k, using exact solutions to the
required kinetic expressions. An 11-point linear plot of In
(optical purity) vs. time gave 2(k. + k;) = (1.00 £ 0.04) X
1073 s~ 1. An 8-point linear plot of In {[(2-d) — (4-d))/[(2-d)
+ (4-d))} against time revealed that 2(k; + k,) = (0.68 £ 0.04)
X 107371, Finally, experimental values of [(+)-2-d + (+)-
dol/[(=)-2-d + (=)-do] allowed calculation of all concen-
trations and 2(ke + k) = (1.48 £0.15) X 10-5s~!, A com-
parison of calculated and observed mol percent concentrations
is provided in Table I.

The racemization is dominated by a direct isomerization of
one antipode to the other without a concomitant [1,5] carbon
shift, and the [1,5] shift occurs predominantly with retention
of stereochemistry at the migrating carbon.

These results demonstrate a sigmatropic [1,5] carbon shift
with allowed stereochemistry in a type of molecule previously
thought to isomerize according to a “forbidden” least-motion
stereochemical route, and they provide an instance in which
one-centered epimerization in a cyclopropane does not involve
a simple diradical intermediate, for k¢ # k;.
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Fragmentation of Butyrophenone Ions
Sir:

We have investigated the unimolecular dissociation of
butyrophenone molecular ion and protonated molecular ion,
using the complementary techniques of ion photodissociation
in the ICR spectrometer! and collisional activation (CA) in
the double focussing mass spectrometer.? Photodissociation
and CA dissociation of both species were observed, and the
unimolecular and ion-molecule chemistry in this sytem was
elucidated as summarized in eq 1. This fuller understanding
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of the chemistry provides a satisfactory alternative explanation
for the observations which led Gooden and Brauman? to pro-
pose state-specific, noncompetitive photodissociation of
butyrophenone molecular ion.

The fragmentation of polyatomic molecular ions in mass
spectrometry has been a subject of theoretical and experi-
mental investigation for a long time. In most cases, quasi-
equilibrium theory* (QET) has been successfully used to ex-
plain the internal energy dependence of the relative abundances
of various fragment ions formed from competing processes. It
is usually assumed in application of the theory that the ions
produced in excited electronic states undergo fast radiationless
transition to a common electronic state, presumably the ground
state, prior to decomposition. Decompositions from excited
states, so-called state-specific reactions, have been observed
in very few cases® in violation of this assumption.

Accordingly, instances of demonstrable noncompetitive
fragmentation in ions are of some interest, and the recent report
by Gooden and Brauman? of possible highly state-specific
reactions in the photodissociation of butyrophenone molecular
ion has received substantial attention. The chemistry shown
in eq 2 was reported.

A sharp transition from dissociation path b to path a was
reported to occur at a photon energy near 3.3 eV, indicating
state-specific reactions. However, the failure of Kim and
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Figure 1. Photodissociation spectra of butyrophenone molecular ion (148%)

and protonated ion (149%). The y axis is the relative cross section for the

photodissociation. A cross section of 1.0 on this scale corresponds to an
absolute cross section of ~4 X 10718 ¢cm?,

Table I. CA Mass Spectra of Butyrophenone Parent and
Protonated Parent lons

Precursor ions

mje 148 1492
71 <0.05 23
77 12 14
91 24 18

105 47 34

120 100 b

121 b 100

130 15 b

131 b 45

@ Produced under CI conditions. Approximately 20% is the isotopic
contribution of the molecular ion. & Unresolved.

McLafferty® to observe 2 ion using the CA technique, which
is known to deposit a rather broad range of excitation energies
in the dissociating ions,” was unexpected and difficult to rec-
oncile. We decided to re-examine the photochemistry of this
ion using our pulsed ICR system:® our unsatisfactory experi-
ence using steady-state photodissociation techniques similar
to those of ref 3 has led us increasingly to turn to the pulsed-
ICR technique in systems of complex photochemistry. In fact
we found this system to be rather rich in chemistry: specifically
the production of protonated parent ion by ion-molecule
chemistry, and its photodissociation, are important features
of this system’s photochemistry. Even at low pressure (~2 X
1078 Torr), low electron energy (11-15 eV), and residence
times of a few seconds, protonated parent butyrophenone ion
(4) was abundant.® Double resonance ejection!® of m/e 120
(eq 3) shows that the process

120% + 148 — 149+ + 119
3 4 3)

accounts for much of the 4 ions formed, and the rate constant
of this protonation reaction, measured at several pressures, was
estimated to be 2.5 X 10~% cm? mol—! s~L.

Photodissociation (disappearance) spectra of ions 1 and 4
are shown in Figure 1: it is evident that the photodissociation
of 1at 310 nm is much weaker than at visible wavelengths, but
that 4 is strongly dissociated at 310 nm. 2 ion was formed at
310 nm as previously reported.? Using double resonance,
protonated 4 ion was found to be the precursor of 2, as shown
in Figure 2: photoformation of 2 at 310 nm decreased sub-
stantially upon double resonance ejection of 4, while ejection
of 1 had no effect.

As a further check on the indication that 2 is a product of
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Figure 2. Double resonance spectrum of 2 ion (71%). 2 ion was photoformed
at 310 nm. In A, 4 ion (149%) was removed from the cell by double reso-
nance. In B, 1 (148%) was removed.

protonated parent ion dissociation, the CA spectrum of 4 was
recorded,!! as shown in Table I. While the CA spectrum of
butyrophenone parent ion showed no formation of 2, this ion
(2) was a major CA product of protonated parent.

We also studied the photoformation (or nonphotoformation)
of 3ion at 310 nm, since the previous observation that 3 was
not formed with this photon energy was one of the bases of the
argument for state-specific reaction. Unfortunately, we found
that 3 ion also dissociates at 310 nm, and it could not be decided
whether this ion was photoformed from 1 ion or not at this
wavelength.

The present results give a consistent and reasonable picture
of butyrophenone ion photochemistry, and an assumption of
state-specific reactions does not seem necessary.
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