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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¥*;.e and m*;.g, 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 C;H:O-+ ions
from the 4- and 5-alkanones must not correspond to
structures Ia or II.

The formation of structure IIT" by specific rearrange-
ment of y-hydrogen atoms® is consistent with the known
tendency for hydrogen rearrangement to both saturated
and unsaturated oxygen atoms.® Such rearrangement
to a C=C double bond is also common;! unfor-
tunately the data do not allow a determination of
[fa}/{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. 12

(10) F. W. McLafferty, Anal. Chem., 31, 2072 (1959).

(11) F. W. McLafferty, Chem. Commun., 78 (1966),

(12) The apparent stability of III may be somewhat surprising in view
of its similarity to - CHRCH:CH2CH2:0H:" which is postulated1? as the
intermediate in the loss of H:O from primary alcohols. However,
the analogous loss of H:O from III would involve the formation of the
comparatively high energy ion CsH,- ™,

(13) Reference 5a, p 132,
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Metastable Ion Characteristics. IV.!
Structures of (M — CO) Ions from Pyrones
Sir:

A fundamental and difficult problem in mass spectro-
metric investigations is the assignment of structures to
the various ions 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
clemental 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
(II) 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 C;H,;*+ ion 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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to that of furan.®!! From this it could be inferred
that the C,;H,O - * ions have the furan structure L.

Ions of formula C,;H,O -+ in the spectra of I, II, and
III decompose to yield two ‘“‘metastable peaks” cor-
responding to the transitions

m¥
CHO-* —> C:Hs- T + CO

m*.
CHO + —> CH,0-+ + GH,

Abundance ratios m*;/m*; (Table I} of approximately
8.4, 3.7, and 2.3 are found for the C;H,O -+ metastables
from furan, 2-pyrone, and 4-pyrone, respectively.

Table I
Compound [m*)/[CH,O0-*] [ms*)/[C:H4O 7]
Furan (20x£01) X 108 (2.4 £ 0.2) X 10~¢
2-Pyrone (1.7 £ 0.1) X 1072 (4.6 = 0.2) X 1073
4-Pyrone (1.3 X 0.1) X 1072 (5.7 £ 0.2) X 1073

Following arguments presented earlier,® these meta-
stable ion characteristics indicate that a substantial part
of the C4H,O -+ ions from the 2- and 4-pyrones must
not correspond in structure to the C;H,O-* ions from
furan.?!?

Similarly coumarin (IV) on electron impact loses
CO to yield abundant CsH¢O-* ions for which the
benzofuran structure V has been inferred.?® Ions
of formula CsH¢O -+ in the spectra of IV and V decom-
pose to give metastable peaks corresponding to the
transitions

m*;
CHeO -+ —> C:Hs-* + CO
m*y
CgHsO Tt — CEHQO .t + CzHQ

Abundance ratios [m*;}/{m*,} (Table II) of approxi-
mately 28 and 164 are found for the CsHe¢O: * meta-
stables from coumarin and benzofuran, respectively.
These metastable ion characteristics indicate that a
substantial part of the CsHsO-* ions in the mass spec-
trum of coumarin must not correspond in structure to
those of benzofuran. 2

Table II
Compound [m*;}/[CsHO - 7] [m*J/[CsHeO - ¥]
Coumarin (9.7 = 0.2) X 10~* 3.4 x£02) X 104
Benzofuran (1.4 = 0.1) X 107* (8.5 =0.2) X 107%

These results raise questions concerning the structures
of other (M — CO)-* ions in which formation by ex-
pulsion of CO has been assumed to be accompanied by
ring closure.? We are presently extending our studies
to such systems.

(11) P. Beak, T. H. Kinstle, and G. A. Carls, J. Am. Chem. Soc., 86,
3833 (1964).

(12) Dr. Nakata has kindly informed us prior to publication of evi-
dence that some of the (M — CO) ions from substituted 2-pyrones do
have the furan-type structure. However, Dr. M. M, Bursey, University
of North Carolina, has also informed us prior to publication of inde-
pendent evidence for nonfuran type structures for similar (M — CO)
ions: M., M. Bursey and L. R. Dusold, Chem. Commun., 712 (1967),
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Metastable ion abundances were determined in the
first drift region of a CEC 21-110 double-focusing
mass spectrometer using the defocusing technique.!3
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Hydrogen Bonding. 1.
Heats of Formation!
Sir:

Despite the crucial role of hydrogen bonding in
chemical and biochemical theory,? relatively few de-
terminations of heats of hydrogen-bond formation
(AH;) have been described previously for well-char-
acterized systems. Most of these have employed a
temperature variation of equilibrium constant, a pro-
cedure which is usually less reliable than calorimetry.?
Hydrogen-bond energies (AG; and AH;) commonly fall
in the 3-7-kcal/mole range.? Cited error limits are
often close to =1 kcal/mole, and discrepancies between
published results may exceed 100 %,

In the hope of developing a definitive collection of
reliable values suitable for testing or refuting theories,
we have pooled our resources* to study well-character-
ized hydrogen-bonding systems by several independent
methods (infrared, '°F nmr, and solution calorimetry).

Described below are direct calorimetric measurements
of molar enthalpies of formation (AH;°) for 1:1 hy-
drogen-bonded complexes between phenol and p-
fluorophenol (PFP) with three typical bases in carbon
tetrachloride solution. AH;° is defined as the standard
enthalpy change for the reaction A(CCl)) + B(CCly)
~ C(CCly), where A is the hydrogen-bonding acid, B
is the acceptor base, and C is their 1:1 adduct. These
results and those in the accompanying communication*
will be extended to other bases and correlated with
related thermodynamic and spectral properties in a
complete article which will also contain experimental
details and documentation of results. Here we will
demonstrate two independent calorimetric methods for
determining A H; which give mutually consistent values.
We will also show that the AH; for a given hydrogen-
bonded complex is rather insensitive to the medium in
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