to 8-+ transformation rigorously follows the Berry mechanism
with O(7) and O(7’) acting as “pivots”.

Even though the a—y and -+ structures are constitutionally
identical, differing only in configuration at Mo(a) and Mo(a’),
we have included the v structure in Figure 2 since it is a frag-
ment of the Mo,¢0343~ and (MogQO,7%7). structures found
in the compounds (NH4)8MO|0034|2 and (NH4)6M08027'
4H,0,'3 respectively. The formation of these compounds,
which occurs in acidified aqueous molybdate solutions, can
readily be accounted for by the present mechanistic scheme.
If MoQ4?~ ions attack the Mo(a) and Mo(a’) centered trigonal
bipyramids on the O(2)-0(8) and O(2’)-O(8’) edges in the
a-v structure or the O(1)-O(11) and O(17)-O(11’) edges in
the 8-y structure, the Mo,00348~ structure is generated. Ei-
ther analogous attack by hydroxyl ions followed by proton
transfer and polycondensation or hydroxyl attack on the
0(2)-0(7) and O(2’)-O(7’) edges in the a—v structure fol-
lowed by polycondensation leads to the (Mo0g027°7) struc-
ture.

These speculations, however, can be rendered meaningful
only by experimental data regarding aqueous solution struc-
tures. Preliminary infrared spectroscopic data of concentrated
aqueous sodium and ammonium molybdate solutions thus far
rule out the a-MogQ16*~ structure as a major component at
pH 3-4 (see Figure 1h). We are currently measuring infrared,
Raman, and 7O NMR spectra of aqueous molybdate species
as a function of pH, counterion, temperature, and concentra-
tion, and hope to be able to better define their structural and
dynamic characteristics.
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Formation of Ethylenebenzenium and Protonated
Benzocyclobutene, but Not a-Phenylethyl, Cations
from the Ionization of Gaseous

B-Phenylethyl Halides!-2

Sir:

Solution ionization and solvolysis studies of a wide variety
of 8-arylethyl systems have indicated the intermediacy of both
ethylenarenium and a-arylethyl ions. The recent definitive
study by Olah and Porter? of the ionization of 8-phenylethyl
chloride (1-Cl) in superacid medium gives detailed NMR ev-
idence for the formation of the ethylenebenzenium (2) and
a-phenylethyl (3) cations in proportions ranging from 1:2 to
10:1, with the B-ethylphenyl ion (4) as the proposed interme-
diate3 (see Scheme I). Although this medium should mini-
mize solvent effects, we find that the unimolecular decompo-
sition of gaseous 1-Cl (and n-propylbenzene, 1-CH3) ions
produces negligible amounts of either 2 or 3 as stable (lifetimes
>107% 5) ionic products, yielding instead a protonated ben-
zocyclobutene ion (5)%7 and an unknown ion (X); X appears
to be formed by the isomerization of 2 or 5. In contrast, ion-
ization of 8-phenylethyl bromide and iodide (1-Br, —I) yields
2 and X.

These conclusions are based on collisional activation (CA)
mass spectra® of the product ions. A preliminary communi-
cation® on 1-Br reported the formation of 2 at low electron
energies, but erroneously interpreted the high energy results
as evidence for the formation of 3 and 4. Our present conclu-
sions are based on data obtained from improved CA instru-
mentation® of substantially higher resolution, sensitivity, and
precision. The new CA data show no evidence at any ionizing
energy for greater loss of C#H; than C*H,, which would be
expected for 4.0 Also the better-resolved CA spectrum of 3
generated from a-phenylethyl bromide shows substantial
quantitative differences in comparison to any of the CA spectra
of any other of the CgHq* isomers studied.!!-!2

Variation of the CA peak abundances (Figure 1) with
change of the electron energy used in forming the CgHo* ions
gives strong evidence that only binary mixtures of CgHo™
isomers are formed from ionization of 1 with 70 eV electrons;
1-Cl and 1-CHj3 give 20:80 and 40:60 mixtures of 5:X, re-
spectively, and 1-Br and 1-I give 25:75 and 30:70 of (pre-
sumably) 2:X, respectively. The CA spectra of the CsHg™ ions
formed at low energies indicate a single isomer, those from 1-Cl
and 1-CHj matching closely that from CsHg* ions formed by
ion source protonation of benzocyclobutene, 5. No compound
could be obtained for the unequivocal generation of 2, but this
appears to be the most logical structure for the CgHot ions
formed from 1-Brand 1-I at low energies. The equivalence of
the a- and §-carbons® is consistent with structure 2, and the
value of [~CH,]/[—CH;] is far greater than that in the CA
spectrum of any other CgHo* isomer studied. In fact, the
spectra of none of these isomers (o-, m-, and p-methylbenzyl,
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Figure 1. Relative abundances of the m/e 89, 90, and 91 peaksin the CA
spectra of CsHo* jons produced at various ionizing electron energies from
1-Cl, 1-CH3, 1-Br, 1-1, and 5, plotted assuming that only binary mixtures
of 2 and X, or of 5 and X, are formed.

methyltropylium, homotropylium, o- and p-ethylphenyl, and
m- and p-dimethylphenyl)'? fit any data combination of Figure
1. The CA spectrum of X, although very different than that
of 2, shows the same equivalence of the - and 8-carbons, ! and
thus could instead be 2. Although CgHgy™ isomers other than
2 or 5% have this equivalence, an attractive possibility is that
X results from the isomerization of excited ions formed initially
as either 2 or 5.)3

A possible explanation for the rather dramatic difference
in behavior of 1-Cland 1-CHj3 vs. that of 1-Br and 1-I is shown
in Scheme 1. Except for 1-1, their normal mass spectra show
[CsH7%] > [CsHg™], presumably because the activation en-
ergy for simple cleavage at the 8-bond is greater than that at
the benzylic a-bond. Thus $-cleavage (loose activated com-
plex) is only competitive at higher energies, where the initially
formed 4 ions would have sufficient energy to cyclize to excited
24 or 5 ions which would isomerize to X in <10~ s. The for-
mation of stable 2 and 5 ions in competition with C;H-* at low
energies would involve anchimeric assistance,>!4 formation
of 5 possibly favored for the 8-loss of Cl and CHj3 because these
are smaller groups (so that there is less steric hindrance from
the o-H atom), and formation of 2 for the 3-loss of Br due to
the smaller bond dissociation energy. For 1-I, [C;H;*]/
[CsHot*] = 0.2; the low energy for direct C-I cleavage could
produce 2 ions in this manner which do not isomerize to X, but
possibly the large iodine atom interferes with the anchim-
eric-assisted formation of both 2 and 5. Further theoretical
calculations* of the energy and entropy requirements should
be helpful in resolving this problem.'* These results provide
a further illustration of the utility of gas phase studies in elu-
cidating reaction pathways under truly nonsolvolytic condi-
tions.
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