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7-Ethynylcycloheptatriene (1) cleanly isomerizes to phenylallene in the presence of acid. A mechanism involving the protonation of
ethynylnorcaradiene, which is in equilibrium with 1, followed by the cleavage of a three-membered ring to give an arenium ion, is proposed.
The rearrangement is accelerated by a factor of 370 by introducing tert-butyl groups on C-2 and C-5, indicating the importance of the equilibrium
concentration of the norcaradiene form as a rate-controlling factor.

The acetylene-allene rearrangenasain important method  form a resonance-stabilized carbocation, the reaction would
for the synthesis of allenes, since acetylenes which containbecome irreversible, giving an allene in a high yield under
a variety of substituents are readily available. This reaction, relatively mild conditions. We now report the clean trans-
formally a 1,3-hydrogen shift, is subject to both acid and formation of 7-ethynylcycloheptatriene and its derivative into
base catalysis. However, most of the synthetic and mecha-arylallenes via an arenium ion in the presence of acid.
nistic studies have been performed under basic conditions \When heated at 60C in a solution of THF containing
(Scheme 1), and only a few examples of isomerization in 2.2 M (17 vol %) of trifluoroacetic acid (TFA), 7-ethynyl-
cycloheptatriend? isomerized to phenylallerizwith a half-

_ life of 9 days. After 50 days2 was obtained in nearly

Scheme 1 guantitative yield" The isomerization was much faster in
H - H - methanol containing 0.5 M HCI, wherein the reaction was
—CG—C=CH —> —C—C=C = —GC—C=CH completen 9 h at 60°C.
| | \
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- L . (3) 7-Ethynylcycloheptatriené was synthesized in 68% yield by the
reversibility, the result of which is that the product is often reaction of tropyiium tetrafluoroborate with 0.97 equiv of ethynyllithium

a mixture of the desired allene and isomeric acetylenes. Onein THF at—78°C. A byproduct, 1,2-bis(2,4,6-cycloheptatrien-1-yl)ethyne

- : . was separated by MPLC and obtained in 5.6% yield. Th&IMR spectra
would expect that, if the formation of an a"enyl group IS ¢ poth products were identical with those published: Hoskinson, R. M.
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Scheme 2 shows a plausible pathway for the formation of and the increased population of the NCD form (20.5% at

phenylallene. Cycloheptatriedanitially undergoes valence
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—120°C, as determined by NM®Rfor 5 should accelerate
the acid-catalyzed rearrangement. Heabng the presence

of TFA (2.2 M) in THF at 60°C resulted in quantitative
isomerization to (2,5-diert-butylphenyl)allenes (Scheme

3), a product predicted by the mechanism shown in Scheme
2,in 4 h.
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For a kinetic study, the rearrangementlofind 5 was

tautomerism to the norcaradiene form, the protonation of the -ynducted in THFds in the presence of TFA (2.2 M) at 60

terminal sp carbon of which generates a vinyl cati&n

°C and monitored byH NMR.2 The reactions followed first-

Subsequent cleavage of the three-membered ring forms an, qar kinetics, giving rate constants of 8.%910-7 (1) and

arenium ion containing an allenyl groud, which, on
deprotonation, readily affords the final product.

In general, thermal equilibrium between a cycloheptatriene

(CHT) and its norcaradiene tautomer (NCD) lies heavily in
favor of the CHT form. HF/6-31G* calculations have shown
that the difference in free energies between the parent CH
and NCD is 5.6 kcal mot-.® Although thes-acceptor ability

of the ethynyl group attached at C-7 is expected to shift the

equilibrium to some extent toward the NCD side, the
concentration of the NCD tautomer at equilibrium is still

3.22 x 10* (5) s 1. Thus, an acceleration of the reaction
by a factor of 370 was achieved.

With the expectation that the intermediate vinyl catidn,
or its tert-butylated form, can be trapped by a nucleophile,

Tthe products of the reaction df and5 in MeOH in the

presence of HCl (0-2£0.5 M) at 60 °C were carefully
analyzed. However, the reactions resulted in the complete
conversion to phenylallenesand 6, with no methyl ether
or chlorinated compounds being detected. The failure to trap

too low to be detected by NMR. We have reported that the cationic intermediates can be reasonably explained by the
introduction of bulky substituents to the olefinic carbon of apid conversion of the vinyl cation to the arenium ion due
the cycloheptatriene ring raises the energy level of the CHT

form .57 Thus, 2,5-ditert-butyl-7-ethynylcycloheptatrieng ) Compou lentified by comparison of ifé1 and*C NMR
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0 209.5 (C), 148.5 (C), 143.6 (C), 131.2 (C), 126.9 (CH), 125.8 (CH), 123.9
(CH), 94.4 (CH), 77.5 (Ch), 35.0 (C), 34.2 (C), 31.4 (C#}, 31.2 (CH).
HRMS (FAB) calcd for G7Hz4: 228.1878; found: 228.1875.
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Figure 1. Equilibrium isomer populations (%) of 2,5-tkrt-butyl-
7-ethynylcycloheptatrien® and its norcaradiene form (ref 7, at
—120°C in CS—CD,Cl; 3:1 v/v). a: valence tautomerism. b: ring
inversion.
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