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CHARACTERIZATION OF A THIOPHENE-INSERTED TYPE COMPOUND OF DIPHENYLCYCLOPROPENONEI)
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Summary: The title compound 6 has been synthesized and the effect of cyclic Z-system insertion
into diphenylcyclopropenone 1 has been discussed. The distribution of positive charge over the 3-
membd. ring and phenyl groups slightly predominates in 6 than in parent annulenone 1, in contrast
to 5-cycloheptatrienylidene-2(5H)-thiophenone 5 whose 7-membd. ring is more olefinic than parent
tropone 2, Electronic spectrum of 6 exhibits a broad absorption band having a C-T character.

Although the chemistry of annulenones 1, 2, and others has markedly developed,a) the in-
serted type annulenones, i.e. the annulenones in which a conjugative 7-system is inserted be-
tween the oxygen atom and the carbon ring, have never been fully investigated. The inserted type
annulenones such as 3 and 4 are too unstable to be isolated and their physical data except elec-
tronic spectra have not yet been known so far, whereas they have been investigated by many
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research groups. We have recently synthesized a stable inserted type tropone 5, and proved

5)

that it has a high polyolefinic character in the ground state. As the first detailed investi-
gation on the effect of insertion into cyclopropenone system, which is of continuing great

R . : . . 6 . . .

interest owing to its unique properties, ) we now describe herein the synthesis of compound 6 and

its electronic structural properties obviously different from those of 5.
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The synthesis of 6 was achieved via the route depicted in the Scheme. Styryl derivative 7

=

[yellow orange plates, mp 80-82 °C, 93%, trams : cis = 2.7 : 1], obtained by the Wittig condens-
ation of the corresponding formyl derivative,7) was transformed into cyclopropane 8 [yellowish
brown needles, mp 78-82 °C, 44%] by the addition of phenylchlorocarbene and thence into a key
intermediate 9 [9a: yellow o0il, 9b: yellow needles, mp 81-82 °C, 9a : 9b = 1 : 1.5, 92%] by the
subsequent dehydrochlorination. The desired compound 6 was obtained in 54% yield by hydride
abstraction of 9, followed by neutralization of the resulting de-t-butylated cyclopropenium ion.
The compound 6, red needles, mp 164-166 °C, is quite stable in solid state and in solution in
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contrast to the unstable diphenyl derivative of 3. a The structure of 6 is elucidated by the

205



206

elemental analysis and the following spectral data [6: MS m/e (%) 288 (100, M+), 260 (16, M+-CO);

IR (KBr) 1852, 1635, 1540 cm—l; lH NMR (Table 2); Electronic spectrum (cyclohexane) imax (log e)

275 nm (4.35), 352 (3.89), 379 (4.41), 403 (4.06), 474 (3.58)1.
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a: chlorophenyldiazirine (3.0 equiv.) in benzene, reflux (3 h).
b: t-BuOK (1.2 equiv.) in THF, r.t. (1 h), then reflux (30 min).

c: PhBCBF4 (1.1 equiv.) in CHZClz, 25 °C. d: sat. aq. NaHCO3.

Electronic spectrum of 6 exhibited a characteristic broad absorption band at 420-600 nm
(Fig. 1) together with the bands at 370-410 nm which could be resolved into separate components.
The resolved absorption maxima and the solvent effect on them are given in Table 1. The broad
A-band showed a substantial blue shift on changing the solvent from non polar to polar. Although
this kind of solvent effect may correspond to an n—n? type electron transition, this A-band is
much more intense (log ¢ 2 3.5) than that of ordinary n-7" transitions, and the reference compound
11 showed no such broad band in a long wavelength region. Therefore, the A-band of 6 is probably
assignable to the lowest 7-7 transition in which electronic interaction along the long molecular
axis of 6 could be involved. Moreover, the A-band exhibits a negative tail in the MCD spectrum
and is indeed assigned to the lowest 7-7° electronic transition by the CNDO/S calculations.g)

The A-band is originated from the electronic transition from the HOMO which has appreciably large
2pnAQ on C5 and C7, and is characteristic of the thiophenone chromophore, to the LUMO which has
2prAO0 only on Cl’ C2, and phenyl groups, and comes from the one of the degenerate LUMO's of
diphenylcyclopropenium ion. It is of interest to note that the A-band has such an intramolecular
C-T character. Absorption bands B and C also showed a blue shift with increasing solvent
polarity indicating a larger contribution of the dipolar structure 6b to the ground state

resonance hybrid than to the excited state.

Table 1. Effect of the Solvent Polarity on the  109¢
Electronic Spectral Bands of 3. nm (loge)
in c-Hexane
Solvent C-band B-band A-band
c-CgHy o 379 (4.41) 403 (4.06) 474 (3.58)
CgHg 378 (4.24) 400 (4.28) 460 (3.58) I
CH2C1, 372 (4.12) 399 (4.07) 430 (3.44)
Me,CO 370 (4.13) 395 (4.40) 420 (3.70) 0 . 1
MeCN 370 (4.01) 395 (4.35) 414 (3.84) 300 400 500 nm

42 nm -9 -8 -60 Fig. 1. Electronic spectrum of 6
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Table 2. lH NMR Spectral Data and Dipole Moments of 1, 6, 9b, 10, and 1l.
1H NMR (100 MHz §in ppm, J in Hz) Dipole
Compd. Solvent 5-Membd. ring protons Phenyl ring protons moment
H-5 H-6 J5,6 ortho meta,para 4éortho 4 meta,para #sexptl.
1 CDCl3 — — 7.90 7.54 -0.16 -0.11 5.08
6 CDCl3 6.15 7.97 5.3 8.06 7.65 0 0 8.94
9b CDCl3 6.15 6.50 3.8 7.70 7.38 -0.36 -0.27 U
10 CF4C0,H | 6.91  8.39 4.5 8.35 7.90 +0.29 +0.25 —_—
nofee, |9 @@
1

H NMR spectrum of 6 (Table 2) provided a further information in harmony with the above
consideration. The vicinal coupling constant J5,6 of 6 is just intermediate between the corre-
sponding ones of the conjugate acid ;9?) and the reference compound 11. The ortho and meta-para
phenyl proton signals of 6 are found at lower field by 0.36 and 0.27 ppm than the corresponding
signals of 9b, respectively, although they are found at higher field by 0.29 and 0.25 ppm than
those of 10, respectively.

The phenyl proton signals of 6 are found at nearly the same low field as or at slightly
lower field than those of parent compound 1, in contrast to 5 whose signals due to the seven-

3) from those of 2. The 13C NMR chemical

membered ring protons are found about 1.0 ppm upfield
shifts of phenyl groups of 6 are about 0.6-1.0 ppm downfield from those of 1. These data to-
gether with the following inspection of the dipole woments and the calculated charge densities
lead to an important finding that an extention of the m-conjugation by thiophene-insertion into
cyclopropenone 1 brings about no weakening virtually the conjugative interaction between the two
terminal groups of system 6, while the conjugative extention by the thiophene-insertion into
tropone 2 results in a highly polyenic system 5. The experimental dipole moment of 6 is found to
be 8.94 D, which is 3.86 D and 3.78 D larger than those of 1 and 11, respectively, whereas the
dipole moment of 5 (5.90 D) is only 1.6 D and 0.74 D larger than those of 2 and 11, respectively.

The CNDO/2 calculations on the idealized models [1] and [leo)

yielded dipole moments of 5.13 D
for [1] and 9.14 D for [6], both of which are in satisfactory agreement with the experimental
values. On the calculatec charge densities, given in Fig. 2, we see that the positive charge
densities on olefin portion of the three-membered ring and on phenyl groups are slightly greater
in [6] than in [1], suggesting that the positive charge is spread over the three-membered ring and
the phenyl groups in 6 while the charge separation in 1 is mainly localized on the C=0 portion.l3)
0f the conjugative and inductive electronic interactions between the C=0 unit and the =MO's
of the olefin portion in annulenones such as 1 and 2, the latter interaction falls off rapidly
with increase in the distance of the olefin portion from the carbonyl group whereas the former
interaction is not so affected. 1H NMR chemical shifts of phenyl groups of 6 are 0.5-0.4 ppm
more downfield than those of tetraphenyltriafulvene.14) Therefore, the difference in the elec-
tronic structure between 6 and 5 could be interpreted in part by the fact that the tendency of

the respective parent annulenone to exhibit conjugative stabilization interaction, a net 7 charge
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Fig. 2. Charge densities of [1] and [6]

calcd. by the CNDO/2 method.

+0.006

000 [1] *o-001 +0.016 . +0.003

+0.004 [8] +0.002

transfer interaction, is pronounced in 1 and less pronounced in 2. Such consideration is in good

accordance with the idea derived from the theoretical and photoelectron spectral studies on 1 and

2.
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