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C,H;O+ ion, shows that the predominant m/e 45
ion species in these spectra must have a structure other
than a or b; formula d is expected from the structures
of the parent molecules.® Isomerization of this pre-
dominant C,H;O+ isomer appears to produce con-
sistent abundance ratios of masses 8.02/45 and 18.7/45;
no “metastable peak” from the direct decomposition
of structure d could be found. The data for the
C:H;0Y compounds indicate an intermediate rate of
isomerization to structure b; this could be due in
part to initial isomerization to structure d or its pre-
cursor. The “metastable peaks’” of the other mole-
cules studied indicate varying proportions of C.H;O*
ion structures.

These data have interesting implications for the
quasi-equilibrium theory of mass spectra.” The identity
of the energy released in the metastable decomposition
of the C,H;O* ion, as well as the consistency of the
metastable intensities, may indicate that this ion is
formed with the same energy and that this energy
is rapidly randomized over the available degrees of
freedom to form a common electronic state. It must
be noted however, that metastable transitions occur
with a relatively narrow range of rate constants of
105 to 10¢ sec=t. For systems of moderate complexity
the rate constants in this range are changing rapidly
with energy, so that the measurements of the metastable
reactions represent only a small sample of the total
internal energy distribution of the m/e 45 ion. Only
further experiments and theoretical calculations can
reveal whether this remarkable agreement among the
data reported here is due to the formation of common
electronic states or is a consequence of the experimental
techniques used.

In this technique an ion of a particular structure and
energy content is identified from its characteristic
fragmentation pattern as shown by its metastable
decompositions. The accompanying communications
describe applications of this technique.
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Skeletal and Hydrogen Rearrangements in Aryl
Alkyl Ether Ions'?

Sir:
In the mass spectra of several types of aromatic
compounds a common hydrogen-transfer reaction,

Scheme I, appears to be due to a McLafferty rearrange-
ment.? The spectra of deuterium-labeled benzyl ethers,*
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Table I. Substituent Effects on the Abundance of YC:H;O - *
YCquOCQHa"" _— YC5H50‘+ + C2H4
Z = [YCH;0 ) [YC:H.OC:H; -]
Y Z|Zy, 15y Z[Zy, 15 v
H 1.00 1.00
p-NH; 0.52 0.50
m-NH: 0.49 0.53
p-OH 0.91 0.85
m-OH 0.89 0.84
p-OCH; 0.63 0.42
m-OCH; 0.60 0.38
p-F 1.09 1.06
m-F 1.13 1.00
p-Cl 1.26 1.16
m-Cl 1.24 1.12
p-Br 1.09 0.73
m-Br 1.12 0.78
p-le 0.46 0.27
m-1¢ 0.45 0.26
p-CN 1.28 1.16
m-CN 1.36 1.07
p-CHy 1.57 0.97
m-CHge 0.78 0.63
p~-COQH-® 0.80 0.38
m-COOH* 4.1 1.15
p-CHO« 0.38 0.20
m-CHO-= 0.53 0.28
p-NO, 0.54 0.22
m-NQOy? 0.79 0.43

« Further decomposition of the (M — 28)- *indicated at 15 v.

B-phenylethyl alcohol,® and +-phenylpropyl ethers®
(oxygen atoms at positions 27, 3/, and 4’, respec-
tively) as well as alkylbenzenes” show that hydro-
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gen rearrangement takes place from the 3’ position.
However, MacLeod and Djerassi® present convincing
evidence that the hydrogen rearrangement in phenyl
alkyl ethers (oxygen at position 1’) does not proceed
in this fashion, in contrast to previous postulations.®
In the n-butyl ether there is substantial transfer of
hydrogen atoms from all four alkyl positions; this
method is consistent with Scheme II.®
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In a further investigation of the applicability of
the techniques of metastable ion characteristics’® and
substituent effects,®!! we find that both Schemes I

and II describe this rearrangement inadequately.
Both phenol and phenetole exhibit flat-topped “meta-
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stable ions” at mfe 46.4 (94 — 667) of 0.23 = 0.02
ev width'? and of identical abundance. This indi-
cates'® that most of the C¢HO:* ions in the spectra
of these compounds have the same structure. For
all but the CH;, NO,, COOH, and CHO derivatives,
Table I shows!® that the effect of a particular sub-
stituent on the rate of formation and rates of subse-
quent decompositions of (M — C:H.)-* is independent
of the ring position (meta or para) of that substituent.

Schemes III and IV are possible rationalizations for
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these data. In Scheme III the oxepin ring is similar
to the cycloheptatriene isomer proposed by Meyer
and Harrison!¢ to explain the partial equilibration of
a- and ring-methyl groups in methylethylbenzenes. '
Other bridged or nonclassical isomers are also possible; 18
a further study to include C;D;OCsH,C;H;, (C:H;0).-
CsH,, C,D;0OCsH.,Y, and DOCsH,Y may yield evidence
to support a particular mechanism.

The spectra of m- and p-bromophenetole and m-
and p-bromophenol all show the same (in m/e, rela-
tive abundance, and shape) “metastable peak” for
the reaction XC¢H;O -+ — CgH;O%, as do the cor-
responding iodo derivatives. These data show that
loss of ring position identity can also occur in de-
compositions of phenols; again, possible rationaliza-
tions include isomerizations of Mt similar to those
of Schemes III and IV (replacing C.H; by H). The
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spectra of p-nitrophenol and p-nitrophenetole show the
same ‘“flat-topped metastable peak,”!2 1" but this is not
present for the corresponding meta compounds. t®

For the methylphenetoles an additional ring-expan-
sion isomerization!* may be possible to yield an ethoxy-
cycloheptatriene ion which can also undergo rearrange-
ment loss of C;H, at a different rate. The data of
Table I would be explained if this isomerization is
favored in one of the isomers.

These results suggest that the similarity in mass spec-
tra of many ortho, meta, and para isomers may be
due to randomizing isomerizations of the molecular
ions and not just to similarities in decomposition
rates of different bonds.
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Rearrangements and ‘‘Flat-Topped Metastable Ions*’
in the Mass Spectra of Substituted Nitrobenzenes!
Sir:

The mass spectra of nitroaromatic compounds have
been studied extensively.? Of special interest is the
loss of NO from the molecular ion, for which a re-
arrangement mechanism involving a three-center isom-
erization to a nitrite structure has been proposed.?
For some nitroaromatics this NO loss also produces
“flat-topped metastable ions,””® an unusual and [ittle
understood phenomenon. Our observation that the
rearrangement loss of C;H,4 from phenetole is accom-
panied by the unexpected loss of ring position identity!
has prompted us to extend our studies of substit-
uent effects to this nitroaromatic rearrangement.

Intensity ratios of the M — 30 ion with respect to the
molecular ion at 75 and at 13.8 v, and for the M —
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