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Trapping of 1,3,5,7-Cyclooctatetraene Valence
Tautomers. Thermodynamic Stability of
Bicyclo[4.2.0)Jocta-2,4,7-triene

Summary: High-temperature equilibrium constants of
trapped mixtures of 1,3,5,7-cyclooctatetraene and its va-
lence tautomer bicyclo[4.2.0}octa-2,4,7-triene were obtained
by using a high-temperature thermal trapping technique
and gave values for the thermodynamic parameters AS®
and AH® of 4.3 £ 0.7 eu and 5.5 % 0.6 keal /mol, respec-
tively.

Sir: [8]Annulene, or 1,3,5,7-cyclooctatetraene (COT) (1),
because of its conjugated cyclic structure and possible
antiaromatic characteristics has been the center of many
theoretical and experimental studies.! One especially
important property of COT is the chemistry of its valence
tautomer bicyclo[4.2.0]octa-2,4,7-triene (II). It is through
this equilibrium tautomer that much of the chemistry
involving COT proceeds. Despite this extensive chemistry,
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the energetics of the monocyclic = bicyclic equilibrium
is not well-known. While the rate of conversion of the
bicyclic isomer back to COT is fairly well established (AG*
= 18.7 kcal/mol?), to date a study done by Huisgen?® sup-
plies the only existing information available on the energy
difference between I and II. By use of an indirect method,
a value of 0.01% was estimated for the equilibrium con-
centration at 100 °C which corresponds to AG® of 6.8
keal/mol.? No diréct experimental information is available
for the enthalpy and entropy differences between these two
species.*

The extremely small equilibrium concentration of the
bicyclic form has prevented direct measurement of the
equilibrium constant. We would now like to report the
first direct observation of high-temperature equilibrium
ratios of I and II as well as the enthalpy and entropy for
this equilibrium. We have used a thermal trapping tech-
nique which isolates high-temperature equilibrium mix-
tures at liquid nitrogen temperatures.” Samples thus
prepared can be examined spectroscopically and equilib-
rium constants can be obtained directly by integration of
the minor form and major form peaks.

The high-temperature equilibrium samples are obtained
by passing COT vapor through an oven composed of a
quartz tube (3-mm i.d.) heated over the bottom 4 cm with
a tantalum resistance wire. A 10-mm tube fused at the
bottom to a 5-mm NMR tube is placed around this oven
such that the bottom of the oven is 2 cm from the 10-5-mm
junction. The fused tube assembly and oven are connected
to a vacuum system and immersed in liquid nitrogen to
a level well above the top of the oven. The vapor is drawn
through the oven and heated, and the high-temperature
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Figure 1. Bottom: 'H NMR spectrum at -40 °C of COT de-
posited from 600 °C; resonances labeled B are due to the bicyclic
tautomer. Top: Spectrum of same sample warmed to 20 °C and
recooled to —40 °C. The small resonance at 3.21 ppm labeled D
is due to a small amount of 1,2-dihydropentalene produced at this
temperature, while the larger peak at 2.80 ppm labeled S rep-
resents a semibullvalene resonance. The other resonances of
1,2-dihydropentalene and semibullvalene are not shown.

equilibrium mixture thus established is trapped on the
cooled sides of the 10-mm tube. Since the pressure at the
oven terminus is kept below 1 X 1073 torr, no thermal
reequilibration occurs before the molecules hit the sides
of the tube. The oven temperature, which was measured
by a chromel-alumel thermocouple positioned at the center
of the oven region, was varied by 50-deg increments from
400 to 700 °C for the different thermal equilibrium runs.

GC-purified COT (11 mg) treated with alumina was
deposited with an inlet pressure of 0.250 torr over a 2-h
period. The oven was turned off and the 10~5-mm tube
was warmed to —78 °C with a dry ice bath. Toluene-d; was
slowly condensed onto the upper portion of the 10-mm
tubing and rinsed the deposited COT down into the 5-mm
NMR tube. The NMR tube was then cut off, capped, and
stored in dry ice at —80 °C. The temperature of the tube
was always kept well below -30 °C, the temperature at
which the decay back to the major monocyclic form has
a half-life of 2.5 h.%6

Proton spectra of the thermally trapped samples were
taken on a Bruker WM 250 NMR at ~40 °C. Resonances
due to both the monocyclic and bicyclic forms of COT were
observable, as well as those due to other thermolysis
products, semibullvalene, and dihydropentalene (Figure
1). Subsequent warming of the sample to room temper-
ature caused rapid disappearance of the bicyclic form
peaks. The sample was recooled to 40 °C, and a spectrum
of the warmed sample was obtained (Figure 1).

Direct comparison of the trapped and warmed spectra
confirm the presence of the bicyclic minor form. The
observed chemical shifts correspond within expected sol-
vent shift ranges to those observed by Vogel et al. in the
original 'H NMR identification.? The vinyl protons from
the conjugated diene system are somewhat masked by the
large COT resonance, but both the cyclobutene and
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bridgehead protons are clearly observable at 5.78 and 3.15
ppm respectively. The equilibrium constant was deter-
mined at each temperature by integration of the unob-
scured bicyclic form doublet at 3.15 ppm (S:N > 10:1)
relative to both the 13C satellites of COT” and COT itself.
As the equilibrium constants measured by integration are
on the order of 1073, we are well within the dynamic range
limit of the spectrometer. Integration of 3C satellites
served as an internal check on the accuracy of the COT
integration and we found all COT-'3C satellite ratios to
be within 5% of the naturally occurring isotope ratio, so
no saturation of the COT resonance occurred. Given the
16-ms residence time for our system, the maximum free
energy of activation required for equilibrium is calculated
to be 45 and 31 kcal/mol at 700 and 400 °C, respectively.
Both of these values are substantially higer than the re-
ported activation energy for the COT equilibration pro-
cess,??8 50 complete equilibration occurs in the oven. The
trapping process involves an ihtermolecular vibrational
energy transfer at the cold surface which is known to occur
with a rate of 10'2sec™.? Because this rate is considerably
faster than the reequilibration rate, the trapping efficiency
should be essentially unity. In fact, we have previously
shown that complete trapping occurs at 20 K with a con-
formational mixture which reequilibrates at 45 K.5"

A van’t Hoff plot of K, over the temperature range
400-700 °C yielded values of 5.5 + 0.6 kcal/mol for AH®
and -4.3 £ 0.7 eu for AS°. Extrapolation of our data to
100 °C yields a AG® value of 7.1 kcal/mol, which is in good
agreement with Huisgen’s indirect estimate. The relatively
large entropy difference between I and II can be attributed
to the different flexibilities of the two species.'’ Semi-
bullvalene has been found to be 3.02 eu less entropically
favorable than COT.I! However, because semibullvalene
can undergo a very facile Cope rearrangement!? it would
be expected to be entropically more favorable than the
rigid II. Our value for AS® bears this out.

Also observed from our pyrolysis of COT were reso-
nances due to both dihydropentalene and semibullvalene
in amounts which varied with temperature. Semi-
bullvalene had not been detected in previous COT flash
pyrolytic studies;'3!* however, the detection methods used
in those studies (GC and IR) would not adequately resolve
the expected small amounts of semibullvalene from COT.
It has recently been suggested that semibullvalene is not
produced directly from COT but rather through the bi-
cyclo[3.3.0]octa-2,6-diene-4,8-diyl biradical which can also
produce dihydropentalene.? Our results agree with these
authors in that dihydropentalene must be produced via
a much higher energy transition state than semibullvalene
since we trap approximately 5-fold less dihydropentalene
than semibullvalene. Direct production of semibullvdlene
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from COT!%1€ is, however, not ruled out by either set of
experiments. The COT = semibullvalene equilibrium may
not be completely established with our system, but we see
5.0% semibullvalene, which substantially agrees with the
results of Martin et al.l! Qur results establish the use-
fulness of this trapping technique and, due to the strong
entropic contribution to AG®°, show that temperature ef-
fects will be quite important in the synthetic chemistry
of the COT system.
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Thermorubin. 3. Synthesis of Novel Tetralone and
Isocoumarin Synthons as C-D Ring Precursors to
Thermorubin: An Unmasking Procedure for a
Latent a-Pyrone Ring

Summary: Novel tetralone and isocoumarin synthons have
been developed as C-D ring precursors to thermorubin.

Sir: Thermorubin,’ a potent antibiotic substance of unique
structure? (1) produced by the thermophilic fungus
Thermoactinomyces antibioticus, shows selective toxicity
toward procaryotic cells. Its mechanism of action involves
the inhibition of protein synthesis at the level of transla-
tion, whereas DNA and RNA synthesis are unaffected.’*
Unlike the related tetracyclines and anthracyclines virtu-
ally all of the oxygen atoms of this achiral compound are

contiguous along one edge of the molecule. This combi-

nation of unique pharmacological behavior and unusual
structure has led us to investigate synthetic routes to 1.
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