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Rotational Zeeman spectroscopy may afford experi-
mental measures for anisotropies in the diagonal values
of magnetic susceptibility tensors; the out-of-plane minus
the average in-plane susceptibilities, x. = 1/2(Xaa + Xbb),
for bicyclo[2.1.0]pent-2-ene is positive, +3.6 X 107 erg/(G*
mol), a finding suggestive of a positive (“paramagnetic”)
nonlocal contribution to x..'* This most simple of
homo[4n]annulenes may accordingly exhibit physical
properties characteristic of the antiaromatic [4n]-
annulenes.?®

We now report the photoelectron spectrum of bicyclo-
pentene and estimate the magnitude of the destabilizing
interaction of cyclobutenyl = and cyclopropyl e, orbitals,
filled orbitals of comparable energies.

The helium(I) photoelectron spectrum of bicyclopentene
was obtained with a Perkin-Elmer PS-18 spectrometer
using a standard gas-inlet system and argon as an internal
calibration standard. The observed band maxima (Figure
1) at 8.6, 10.8, 11.2, 11.9, 12.6, and 14.7 eV were taken to
be vertical ionization potentials, IP,.

Molecular orbital calculations using Gaussian-type or-
bitals” in combination with Koopmans’ approximation® and
HAM/3 calculations which do not depend on Koopmans’
theorem®!® agree in assignments for the observed bands:
the three of lowest energy stem from 12a’ (r - ¢,), 11a’ (7
+ e,), and 6a” orbitals’ of bicyclopentene. These data and
assignments may be combined with an orbital interaction
analysis!! to provide a rough estimate of the electronic
destabilization associated with interaction between the
cyclobutenyl = and the cyclopropyl e, orbitals. The energy
of the = level of cyclobutene is 9.6 eV;!? the e, and e, levels
of the cyclopropane moiety in the absence of interaction
with the olefinic unit could be as much as 0.8 eV apart,'3!*
and the lower e, level would not be expected to shift much
through interaction with the cyclobutenyl =* orbital. An

(1) S. L. Hsu, A. H. Andrist, T. D. Gierke, R. C. Benson, W. H. Fly-
gare, and J. E. Baldwin, J. Am. Chem. Soc., 92, 5250 (1970).

(2) R. C. Benson and W. H. Flygare, J. Chem. Phys., 53, 4470 (1970);
W. H. Flygare and R. C. Benson, Mol. Phys., 20, 225 (1971); D. H. Sutter
and W. H. Flygare, Top. Curr. Chem., 63, 89 (1976).

(8) 4. I. Brauman, L. E. Ellis, and E. E. van Tamelen, J. Am. Chem.
Soc., 88, 846 (1966); E. E. van Tamelen, J. I. Brauman, and L. E. Ellis,
tbid., 93, 6145 (1971).

(4) A. H. Andrist, J. E. Baldwin, and R. K. Pinschmidt, Jr., Org.
Synth., 55, 15 (1876).

(5) H. C. Longuet-Higgins, Chem. Soc., Spec. Publ., Ne. 21, 109 (1967).

(6) J. E. Baldwin and A. H. Andrist, J. Am. Chem. Soc., 93, 3289
(1971).

(7) W. L. Jorgensen and L. Salen, “The Organic Chemist’s Bock of
Orbitals”, Academic Press, New York, 1973, pp 228-30.

(8) T. Koopmans, Physica (Utrecht), 1, 104 (1934); see also R. L. Ellis,
H. H. Jaffé, and C. A. Masmanidis, J. Am. Chem. Soc., 96, 2623 (1974).

(9) L. Asbrink, C. Fridh, and E. Lindholm, Chem. Phys. Lett., 52, 63,
69, 72 (1977); L. Asbrink, C. Fridh, E. Lindholm, and G. Ahlgren, Chem.
Phys., 33, 195 (1978).

(10) G. Ahlgren, private communication.

(11) K. Wittel and S. P. McGlynn, Chem. Rev., 77, 745 (1977).

(12) K. B. Wiberg, G. B. Ellison, J. J. Wendoloski, C. R. Brundle, and
N. A. Keubler, J. Am. Chem. Soc., 98, 7179 (1976).

(13) P. Bischof, E. Heilbronner, H. Prinzbach, and H. D. Martin, Flelv.
Chim. Acta, 54, 1072 (1971).

(14) E. Heilbronner, R. Gleiter, T. Hoshi, and A. de Meijere, Felv.
Chim. Acta, 56, 1594 (1973).

0022-3263/80/1945-1523$01.00/0

Photoetectron Intensity
\jr‘;:{-_“g
;f

2

1 L L I 1 1
8 10 12 t4 16 8

lonization Potential (eV)

Figure 1. Photoelectron spectrum of bicyclo[2.1.0]pent-2-ene.
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Figure 2. Molecular orbital interaction diagram for the com-
bination of cyclobutene 7 and cyclopropyl e, levels in bicyclo-
[2.1.0]pent-2-ene (orbital perspective drawings based on ref 7).

orbital interaction diagram may be constructed accord-
ingly, as shown in Figure 2.

The electronic destabilization of the two orbitals implied
by the interaction model is 1.2 eV, or 28 kcal mol™. The
homoantiaromaticity of bicyclopentene* discussed by
Borden and Jorgensen!®!7 entails, then, a substantial en-
ergetic consequence. A comparable destabilization is not
evident in the photoelectron spectrum of bicyclo[2.2.0]-
hex-2-ene (first IP, = 9.4 eV).18

The electronic destabilization of the bicyclopentene
molecule may be estimated by comparing calculated and
experimentally derived heats of formation. The AH° value
reckoned!® without consideration of the homoanti-
aromaticity of the molecule is 7.6 kcal mol™!; the exper-
imental AH° derived from the heats of hydrogenation of
bicyclopentene,® 42.5 kcal mol™, and AH{® (bicyclo-
pentane),??2 36.6 kcal mol™, is 79.1 kcal mol™t. The dif-
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ference, 11.5 kcal mol™, approximates the molecular
electronic destabilization associated with the homoanti-
aromaticity of bicyclopentene.

The hot-molecule effects observed in the thermal isom-
erizations of bicyclopentenes?*-?® have been analyzed in
terms of RRKM theory and the Benson—O’Neal estimate
of AH® for bicyclopentene.’® The higher energy of the
molecule connected with homoantiaromaticity implies that
a reanalysis would need to employ a more efficient colli-
sional deactivation parameter and a more negative AH®:

the transition-state region for the bicyclopentene-to--

cyclopentadiene thermal isomerization? is some 73.6 kcal
mol™! above ground-state cyclopentadiene.

Further study of bhicyclopentene and consideration of
the concepts of antiaromaticity?” and homoantiaromaticity
seem warranted.

Acknowledgment. We are grateful to Dr. Géran
Ahlgren (Royal Institute of Technology, Stockholm) and
Dr. Melvin Goldstein (Cornell University, Ithaca) for
helpful correspondence and to the National Science
Foundation for financial support.

Registry No. bicyclo[2.1.0]pent-2-ene, 5164-35-2.

(22) F. D. Rossini, K. S. Pitzer, R. L. Arnett, R. M. Braun, and G. C.
Pimental, “Selected Values of Physical and Thermodynamic Properties
of Hydrocarbons and Related Compounds”, Carnegie Press, Pittsburgh,
PA, 1953.

(23) M. C. Flowers and H. M. Frey, J. Am. Chem. Soc., 94, 8636 (1972).

(24) W. E. Farneth, M. B. D’Amore, and J. I. Brauman, J. Am. Chem.
Soc., 98, 5546 (1976).

(25) G. D. Andrews and J. E, Baldwin, J. Am. Chem. Soc., 99, 4853
(1977).

(26) J. I. Brauman and D. M. Golden, J. Am. Chem. Soc., 90, 1920
(1968).

(27) N. L. Bauld, T. L. Welsher, J. Cessac, and R. L. Holloway, J. Am.
Chem. Soc., 100, 6920 (1978).

2,5-Dimethyl-3-furoic Acid, a Companion to Feist’s
Acid in the Reaction of
3-Bromo-5-(carboethoxy)-4,6-dimethyl-2-pyrone
with Alkali

Jacques Kagan* and Kenneth C. Mattes

Department of Chemistry, University of Illinots, Chicago,
Illinois 60680

Received October 9, 1979

In 1893 Feist described the isolation of a dicarboxylic
acid containing a three-membered ring from the treatment
of ethyl bromoisodehydroacetate (3-bromo-5-(carboeth-
oxy)-4,6-dimethyl-2-pyrone, 1a) with alkali’ but the
structure of this acid (Feist’s acid) was not securely es-
tablished unti! 1952 when Ettlinger proved it to be 3-
methylenecyclopropane-trans-1,2-dicarboxylic acid (2).23

Feist also reported that the bromo acid 1b yielded 2,4-
dimethylfuran-3,5-dicarboxylic acid (3) upon treatment
with alkali and that the bromination in water of iso-
dehydroacetic acid (1c) itself yielded 2,4-dimethyl-3-furoic
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acid (4).! More recently, a reinvestigation of the reaction
of 3-bromo-2-pyrones with bases confirmed the earlier
results and further disclosed that 3-hydroxy-2-methyl-
propene-1,3-dicarboxylic acid (5) was also formed in the
reaction of la in 20% aqueous KOH at 20 °C.* No ex-
planation was provided for this transformation.

We now report that yet another furoic acid is obtained
when 1a is treated with boiling 16% aqueous KOH and
the reaction products are esterified and distilled. The
lower boiling fraction yields one major component, which
gives crystalline 2,5-dimethyl-3-furoic acid (6) after sapo-
nification. This product was identified by direct com-
parison with an authentic sample.’
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