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The title compound, a new inserted type tropone, has been
prepared. This planar compound showed an unexpectedly small con-
tribution of the dipolar structure to the ground state, as compared
with parent tropone, suggesting a general trend that the net conju-
gative electronic interaction between a cycloheptatrienylidene
group and an electronegative oxygen atom is slight. The slight
conjugative interaction was evidenced by a weak electronic spectral
Ey band having a C-T character.

Our interest has been focused in recent years on an inserted type annulenone,
i.e. a compound in which a conjugative 7#-system is inserted between the oxygen atom
and the carbon ring of the parent annulenone. We have synthesized previously
thiophene-inserted type annulenones 13) 4) and found that the diatropic
character of the terminal ring is unexpectedly weakened in 2 whereas is not virtu-
ally weakened in 1 as compared with parent tropone and diphenylcyclopropenone,
respectively. Such a difference in insertion effect between 1 and 2 would be main-
ly attributable to a) the difference in electronic conjugative interaction between
the oxygen atom and cyclopropenylidene or cycloheptatrienylidene group through the
inserted heterocyclic ring (electronic factor) and/or b) the difference in the co-
planarity of the molecules 1 and 2 (geometric factor). Whereas 1 exists possibly

in a coplanar conformation, 2 may exist in a non-planar one because of the non-

and 2,

bonded atom interactions between the ortho hydrogen atoms H-1 and H-10 (1.88 g) and
between the sulfur atom and H-6 (2.35 i).S,G) Therefore the electronic structural
study on an inserted type tropone, having a planar conformation, becomes necessary
in order to know which of the two factors mentioned above is really responsible.

One of the desirable compounds on this account is a furan-inserted type tropone 37
in which such non-bonded atom interactions are more alleviated because the distances
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of non-bonded atoms H-1 ~ H-10 and of oxygen-7 ~ H-6 are estimated to be 2.1 and
2.35 2, respectively, on the idealized model [3] constructed utilizing the X-ray
data of strigol for the furan ring and standard bond lengths and internal angles
of 128.5 % 0.5° for the seven-membered ring. In this communication compound 3 has
been synthesized and its electronic structure has been investigated, suggesting that
the electronic factor rather than the geometric factor plays an important role in a
characterization of the ground states of these inserted type annulenones.

The synthesis of 3 was carried out according to the route shown in the Scheme.
2-t-Butoxyfuranlithium8) was first allowed to react with tropylium fluoroborateg)
to give 4 [pale yellow oil, MS m/e (%) 230 (1, M+), 174 (63), 129 (100), yield 80%].
Reaction of 4 with p-toluenesulfonic acid led to the furanone 5 [yellow needles,
mp 58-59 °C, MS m/e (%) 174 (0.5, M+), 172 (0.5), 144 (1), 91 (100); IR (KBr) 1735
cm-l, yield 90%]. Oxidation of 5 with DDQ yielded the desired 3 in 15% yield to-
gether with a fairly high recovery (50—60%).10) An alternate path involving hydride
abstraction of 6 followed by the neutralization of the resulting de-t-butylated

cycloheptatrienium ion was unsuccessful. 11)

Compound 3 is stable to air at room
temperature, or even at higher temperatures (up to around 100 °C) in a short period,
and its structure is confirmed by the following spectroscopic data and elemental a-
nalyses [3: mp 92-93 °C, MS m/e (%) 172 (100, M+), 144 (15), 115 (52), 90 (57): IR
(KBr) 1725, 1564, 1504, 1257 cm_l; Electronic spectrum (cyclohexane)

Amax 249 nm
(logg3.73), 407 (4.46), 428 sh (4.32), 510 sh (2.73); lH NMR (Table); 13C NMR (Fig. 2)].

Scheme But
Bd
/ $ |
0 a N b
X —_— H —> H
Li

4 >

=)

a) tropylium fluoroborate (0.8 equiv.) in ether, 0 °C (1 h).
b) p-TsOH (cat. amount) in benzene, 40 °C (2 h).
c) DDQ (1.0 equiv.) in dioxane, 60 °C (2 h).
lH NMR chemical shift of H-9 of 3 is about 0.22 ppm upfield from the corre-
sponding proton of 5. 13C NMR chemical shifts of C-8 and C-9 of 3 are 2.9 and 8.0
ppm upfield from those of 5, respectively, whereas the seven-membered ring carbons
C-3,4 of 3 are about 1~2 ppm downfield from those of 5.

The IR spectral carbonyl
band of 3 appeared at about 10 em™}

1

lower frequency region than that of 5. H NMR

vicinal coupling constant J9,10 of 3 is 0.3 Hz smaller than that of 5.

Fig.1 Electronic spectrum of 3
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Fig. 2 3¢ NMR data of 3, 5, 2, and tropone, 5 oppm in CDCl3
The assignments of the 7-membered ring carbons are interchangeable.

These facts indicate that the dipolar structure 3b contributes to the ground
state of 3. The following evidence, however, shows also that the contribution
extent of 3b to 3 is only very slight. The electronic spectral 2nd excitation band
(Ez) of 3 (Fig. 1)12) showed a red shift by 14 nm on changing the solvent from less
polar cyclohexane [407 nm (log e 4.46)] to more polar DMSO [42]1 nm (logge 4.46)1].

The chemical shifts of seven-membered ring protons (H-2,3,4,5) and carbons (C-2,3,
4,5) of 3 are about 1 and 3 ppm upfield from those of the corresponding protons and
carbons of tropone, respectively. Furthermore, the signals due to the seven-
membered ring protons (H-2,3,4,5) and carbons (C-2,3,4,5) of 3 are found at about
0.11 and 1.13 ppm (on an average) higher field than those of the corresponding
protons and carbons of 2, respectively. The experimental dipole moment of 3 is
found to be 5.56 D, which is 0.34 D smaller than that of 2.

Thus the contribution extent of 3b to 3 is lower than that of 2b to 2, whereas
3 is more planar than 2, demonstrating that the electronic factor rather than the
geometric factor is essential for induction of the charge separation in these in-
serted type annulenones. Theoretical informations obtained from a series of CNDO/2

13) 5,14) are also con-

calculations on tropone and planar models of [3] and [2]
sistent with this idea, because the highly localized olefinic characters of 2 and 3
compared with tropone are well reproduced in the calculated bond orders, charge
densities, and dipole moments as seen in Fig. 3.

Tropone has been recognized to be more olefinic than diphenylcyclopropenone.
On comparing 1 with 2 and 3, it becomes evident that the difference between di-
phenylcyclopropenone and tropone in olefinic character, i.e., in the extent of
electron delocalization, is significantly enlarged upon the insertion of a hetero-
cyclic ring. Inductive effect would not play an important role for the charge
separation in these inserted type annulenones because the oxygen atom and the
terminal ring are far apart. Therefore, it would be a general trend that a cyclo-
heptatrienylidene group has a poor ability to get into conjugative interaction with
an electronegative oxygen atom, in contrast with a cyclopropenylidene group.

Concurrently, the conjugative interaction in 3 should not be disregarded even
though slight. The weak electronic spectral E1 band of 3 (Fig. 1) is considered to
be originated from the slight conjugative interaction. The band exhibits a negative
tail in the MCD spectrum and is assigned to a 37_.ﬂ9* (not to n—»n*) transition
according to the CNDO/S method. More interestingly, it is assigned to an absorption
having a C-T character due to the electronic transition from the HOMO of the furan-

one (a donor) to one of the degenerate LUMO's of tropylium ion (an acceptor).ls)
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Fig. 3. Bond orders, charge densities, and dipole moments (D) of
tropone, [2], and [3] calculated by the CNDO/2 method.
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p calcd. 4.68 6.37 5.60
p exptl, 4,30 5.90 5,56
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