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The steric compression-assisted proton dissociation in 3,7-
disubstituted tropolones generates a new resonance hybrid of the
tropolone, which contains the tropylium ion moiety and proton.
This resonance hybrid model explains the observed unusual chemical

properties of 3,7-disubstituted tropolones.

Recently, Tezuka et al. proposed a new concept of the steric compression-as-

2-5) Steric re-

sisted reaction (STECAR) which proceeds in the following manner.
pulsion by the bulky groups fixes first the conformation of the reacting moieties
rigidly, and the steric compression effect thus substantiated induces polarization
of these moieties, bringing about the specific reaction (see the scheme in Ref. 5).
In this paper, we report that the application of the same concept to 3,7-di-
substituted tropolones (la-c) deduces a new resonance hybrid model (6) that ex-
plains well the unusual chemical properties of 3,7-disubstituted tropolones (la-c),

which have remained as unsolved problems until now.6_8)
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We assume that steric repulsion by the bulky substituent (Rz) at the 3-posi-
tion pushes both the hydroxy hydrogen and the lone pair electrons of the hydroxy
oxygen in 2, rotating the OH group around the C-O bond axis to generate effect-
ively 3 in which the hydroxy hydrogen is fixed in the perpendicular position to
the tropolone m-orbital, and the hydrogen bonding with the lone pair electrons of
the neighboring carbonyl oxygen at C1 strengthens. In 3, on the other rand, the
2p-lone pair electrons of the hydroxy oxygen comes to the g?rrect position to get

good overlapping with the m-orbital of the tropolone ring. This brings about a
conjugated resonance form (4) in which the steric compression effect by R1 and R2
effectively causes dissociation of the proton to give 5 that generates a new res-
onance hybrid (6) as a consequence of the further steric compression-assisted re-

action by the R, and R2 groups. In 6, the proton stays intramolecularly between

1
two oxygen atoms which take negative charges without leaving out of the molecule,
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and the tropolone seven-membered ring bears the tropylium ion property (Scheme 1).

In the similar manner, 7 that is a valence isomer of 2 generates 6.
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Scheme 1,
It is predictable that ¢n increase in the bulkiness of the two substituent

groups at the tropolone—C3 ant —C7 increases the contribution of 6, and that the
resonance hybrid (6) is stabilized in aprotic solvents. Abstraction of the proton

from 6 by base gives rise to tropolonate anions (11).

10-13)

The resonance hybrid formulism 6 is supported by the spectral data. In

the 1H NMR spectra in CCl4 or d6

signal)) and the tropolone ring protons of la-c (ca. ¢ 7.2 for la) appeared at

-benzene, the hydroxy hydrogen (8§ 10 - 11 (broad

lower fields as compared with those of the usual tropolones (8 - 10). The hydroxy
hydrogen of la, for example, appeared at ¢ 10.92 as a very broad band peak with a

band width of ca. 50 Hz in d6—benzene at 100 MHz; the chemical shift is consider-

ably low compared with that of tropolone (8) and 3-phenyltropolone (9) (8§ 9 - 10
in d6—benzene). Ditropyltropolone (lc) also showed a broad OH signal at t§§ lower
field (8§ 10.76 in CC14) as compared with 3-tropyltropolone (10) (8 10.24). Both
the 13C NMR shift of the tropolone ring carbon atoms of la (& 171.8 - 135.7 in
cpc1,)'®) and the 'H NMR shift values (vide supra) indicate an appreciable cyclic
conjugation in 6. It is worthy to note that the tropyl-C1 and —C6 hydrogens of 1lc
are shifted to the lower field (8 5.36 in CC14) as compared with those of 10 (8 5.
24), suggesting that there is considerable proximity between the oxygen and tropyl
groups in lc to induce the steric compression-assisted reaction (STECAR) generat-
ing the resonance hybrid 6c.

In the IR spectra, la-c did not show the usual tropolone OH stretching ab-
sorption band at ca. 3200 cm_l,ls) but they showed the OH band near the C-H ab-
sorption at 3050 cm—1 region in KBr (disk) or CC14. In addition, the tropolone
carbonyl bands of la-c (ca. 1600 and 1550 cm—l) appeared with low intensity in KBr

(disk), but they were obscure in CC14.
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On the basis of the formulism 6, the observed unusual chemical properties of

la-c are rationalized as follows (Scheme 2).6_8)
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(1) The 5-position of the tropolone ring of la-c was found to be unsuscep-
tible to the electrophilic attack by +N02 and +NO in acetic acid, while tropolone
is readily attacked by these species to give 5-nitro and 5-nitroso tropolones, re-

16) This is explained as being due to the fact that the electron dens-

spectively.
ity of the tropolone ring of 1 diminishes due to the contribution of 6. In other
words, the proton is captured so strongly between two oxygen atoms in 6, that the
negative charge of the tropolone oxygen does not penetrate favorably into the
seven-membered ring.

(2) On the other hand, under a basic condition la-c were diazo coupled at the
5-position to give 5-arylazo-3,7-disubstituted tropolones (12). This is due to
the fact that by the action of base, 6 is converted to tropolonate anions (11)
which react with diazonium ions at the 5-position as the usual tropolonate anions
do (Schemes 1 and 2). It is important to note that la and 1lb were diazo coupled
by the pyridine catalyzed reaction, but lc which has the most bulky group did not;
1lc gave the diazo coupling product (12) when a mineral base such as sodium hydrox-
ide was used. This is explained as follows. The contribution of the resonance
hybrid is very strong in 6c, and the proton is deeply seated between two oxygen
atoms due to the large steric compression effect by two bulky groups. Therefore,
the strong base is necessary to generate 11 from 6¢ by abstraction of the proton.

(3) The red and/or green coloration due to the chelate formation with
Fe(III),16’17)

la-c in benzene. Only when alcohols were used as a solvent, the coloring due to

which is most common with usual tropolones, did not take place with

the chelation with ferric chloride was observed. This can be explained on the ba-
sis of the resonance hybrid formulism 6. The chelating part (two oxygen atoms) is
sterically hindered, and the proton is strongly captured by two anionic oxygen at-
oms in 6 in benzene.

(4) The reaction of la with diazomethane in diethyl ether gave two kinds of
methyl ethers (13 and ;g),7)

The mechanism for the hydrogen shift in the tropolone, azophenine, and tetra-
18-20)

supporting the resonance hybrid formulism 6.

phenylporphine systems has been discussed in relation to the proton tunnel-

ing. Form this point of view, the present results are interesting. In addition,
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present study suggests applicability of the steric compression-assisted reac-

tion concept (STECAR) to the various mechanistic problems.
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