The abundance of the primary product ions, such as
C;H;0+ of Figure 1, vs. that of the molecular ions
generally increases with an increase in the number of
degrees of freedom; this could be due to multiple
paths of formation and decomposition and to the
effect of structure on bond strengths. This emphasizes
the advantage of using the product ion yield of the same
metastable decomposition reaction as a measure of
internal energy distribution in the precursor.

Note in Figure 1 that the primary alcohols show
different slopes than those of the secondary alcohols,
despite the fact that the other “metastable ion char-
acteristics” of their C;H;O* ions are identical.! A
possible explanation is that the C,H;O* ions with
sufficient energy to undergo metastable decomposition
have rearranged to a common structure, such as the
oxirane ion postulated previously,! but that the low-
energy C,H;O+ ions from the primary and secondary
alcohols have the unrearranged structures HOC,H,*
and CH,CH=OH+, respectively.!!

Thus the degree of freedom effect appears to offer a
useful way to correct for differences in energies so that
the abundances of ‘“metastable ions™ can be used to
characterize the structure of the precursor. Also the
ratio of abundances of different metastable ions from
the same precursor ion can be used to characterize the
structure of that ion independent of its energy, with the
qualification that isomerization during the metastable
decompositions can yield the same abundance ratios
for precursor ions of different structure.
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Sir:

For the electron-impact-induced rearrangement of
carbonyl compounds involving migration of a ~-hy-
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drogen atom? there is ample evidence* in favor of the
formation of the enol radical ion I rather than the keto
form (such as II, the molecular ion of acetone). How-
ever, when two such rearrangements®$ of y-hydrogen

ruc-H o Hs o+
gy —> RHC=CH, + |
‘ , Cn,
2 \C}fg R cu?” R
Ia, R'=CH,;
b, R’ = CH.CH,CH,R”
O+
g
H,C” CH,
1
RCH,CH,CH,COCH,CH,CH,R"* —RHCc=CH.
(CHCOHCHCHCHR")* =R, chot
Ib
B
o
HZC_/C\CHZ H\6
o L —- RUHC=CH, + i
“cAR” 1o~ Cen,
Ib Ia
H * _H
0
Fo+Hscuge |
" — C
& bu, — RUHC=CH, + £
HC? cH, e CH
b’ 1

atoms occur from both alkyl chains of a higher alkanone
(reaction 1), structures Ia or III are possible,™7 de-
pending on whether the second hydrogen atom migrates
to the carbon or oxygen atom, respectively. The driv-
ing forces for such rearrangements have been of con-
siderable interest recently because of their importance
in applying mass spectrometry to molecular structure
determination. We report here evidence from meta-
stable ion characteristics!8 in support of the formation
of the allylic-radical oxonium-ion structure III.

Ions of the formula C;H:O -+ in the spectra of ace-
tone, 2-alkanones, and 4- and 5-alkanones decompose
to yield two metastable peaks, m*; 5 and m*g o, whose
abundances relative to that of C;H¢O -+ areshown in
Figure 1. Abundance ratios, [m*;; ¢]/[m*;ss], of ap-

C;HyO+ —> CH;+ 4 CH;0- (m*;.e)
C;H O+ —> CH,- + CH;0* (m*al.Q)
proximately 23,9 280, and 110 are found for C;H;O -+

(3) A McLafferty rearrangement: F. W. McLafferty, Anal. Chem,,
31, 82 (1959).

(4) S. Meyerson and J. D. McCollum, “Advances in Analytical
Chemistry and Instrumentation,” Vol. 2, C. N, Reilley, Ed., Interscience
Publishers, Inc., New York, N. Y., 1963, p 179, and references cited
therein.
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“Interpretation of Mass Spectra,” W. A. Benjamin, Inc., New York,
N. Y, 1966; or ‘‘double rearrangements’: ref 3 or H, Budzikiewicz,
C. Djerassi, and D. H. Williams, “Interpretation of Mass Spectra of
Organic Compounds,” Holden-Day, Inc., San Francisco, Calif,,
1964. The former name will be used here to avoid confusion with
reactions in which two hydrogen atoms are rearranged in a single step.

(6) H. Budzikiewicz, C. Fenselau, and C. Djerassi, Tetrahedron, 22,
1391 (1966).

(7) 1. H. Beynon, Endeavour, 25, 79 (1966).

(8) T. W. Shannon and F. W, McLafferty, J. Am. Chem. Soc., 88,
5021 (1966).

(9) Because of the interference of the m/e 32 peak, the m*3 ¢ value
for acetone is a maximum; therefore this ratio is also a maximum value,
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Figure 1. Correlation of “‘metastable ion’ abundances, log ([m*]/

[C:HO-*]), with the number of vibrational degrees of freedom in
acetone, 2-alkanones,! and the following di-n-alkanones: 4-hepta-
none, 4-octanone, 4- and 5-nonanone, 4-decanone, and 4~ and 5-
undecanones. The lower and upper values of each pair correspond
to m*;.es and m* ., respectively. The abscissa value for acetone is
4.17.

metastables from acetone, the single rearrangement,
and the consecutive rearrangement reactions, respec-
tively, and the effect of the number of degrees of freedom
of the molecular ion on the latter two classes is also
markedly different. Following the arguments pre-
sented earlier,!8 these metastable ion characteristics
indicate that a substantial part of the C3H:O:+ ions
from the 4- and 5-alkanones must not correspond to
structures Ia or II.

The formation of structure III? by specific rearrange-
ment of 4-hydrogen atoms? is consistent with the known
tendency for hydrogen rearrangement to both saturated
and unsaturated oxygen atoms.5 Such rearrangement
to a C=C double bond is also common;! unfor-
tunately the data do not allow a determination of
[[a]/III]. It has been postulated that an important
driving force for such specific rearrangements is the
presence of the radical site as distinguished from the
site of positive charge.!! These data are consistent
with this postulate, if the canonical form Ib’ is an im-
portant contributor to the reacting species. '
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the analogous loss of H:O from IIT would involve the formation of the
comparatively high energy ion CsHq+ *,
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Metastable Ion Characteristics. IV.!
Structures of (M — COQ) Ions from Pyrones
Sir:

A fundamental and difficult problem in mass spectro-
metric investigations is the assignment of structures to
the various jons encountered. One method is to infer
the structure of a particular product ion from a correla-
tion between peaks of lower m/e values with correspond-
ing peaks in the spectrum of a known molecule whose
elemental composition is identical with that of the
product ion studied. This method has found wide
use in the assignment of structure to ions formed by
direct loss of CO from various aromatic systems on
electron impact.?

Recently the application of this technique in the
assignment of a cyclic furan structure (I) to the (M —
CO) species produced in the fragmentation of 2-pyrone
(IT) has been questioned by Pirkle and rejected on the
grounds of labeling evidence.® However, Pirkle’s
conclusions have recently been challenged by Brown
and Green,* who point out that in view of the mecha-
nism proposed by Nakata, er al.,* for the formation
of the C;H;* ion in the mass spectra of 2-pyrones,
Pirkle has only established that an important alternative
pathway exists for the formation of the C3Hj+ jon and
not that the C:H,O-* ion has, or has not, any particular
structure. We report here that metastable ion char-
acteristics® clearly show that the loss of CO from com-
pounds containing the pyrone moiety produces (M
— CO) ions of which a substantial proportion do not
have the structure of the molecular ion from the cor-
responding furan derivative.

Uflﬁ
©(l©j

2-Pyrone (II) and 4-pyrone (III) on electron impact
lose CO™® to yield abundant C,H,O-* ions whose
subsequent fragmentation leads to mass spectra similar
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