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Several iso-m-electronic oxa- and thia-heteroanalogues of heptafulvalene
were synthesized by the reaction of the corresponding heterocyclic ketones with
8-oxoheptafulvene. These fulvalenes were found to be polyolefinic by comparison

of their physical and chemical properties with those of heptafulvalene.

Heptafulvalene (1), typical cross conjugated carbocyclic unsaturated compound, has been of
interest in connection with theoretical field and was reported as moderately stable deeply colored
crystals,although the compound showed polyolefinic properties rather than aromatic ones.z) .

Tetrathiafulvalene (2), 4,4'-bispyranylidene (3),and their derivatives was also reported as
stable iso-m-electronic heteroanalogues of l§) However, the compound containing hetero atoms in one

ring of 1 has been unknown.

(<1 OO

On the other hand, we have reported that 8-oxoheptafulvene is a very useful reagent to intro-
duce a cycloheptatrienylidene moiety by the reaction with carbonyl compounds.4)
In this communication, we wish to report the synthesis and some of the properties of several
iso-m-electronic heteroanalogues of 1 having one carbocyclic heptafulvene moiety.
The preparation of the oxaheptafulvalenes (4H-pyranylidenecycloheptatrienylidene) can be
illustrated generally as in the following scheme; 8-oxoheptafulvene (4) generated in situ by the
reaction of 7-cycloheptatrienylcarbonyl chloride with triethylamine in hexane or benzene reacted

with 4H-pyran-4-one or 4H-pyran-4-thione derivatives at room temperature to give the corresponding

deeply colored heteroheptafulvalenes (5a~d, 6a,b,and 7) according to (2 + 2) cycloaddition followed
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by the elimination of C02 or COS.

The yields of the heteroheptafulvalenes from the thiones are generally better than those from

the ketones, thus the compounds (5a~d and 6a,b) were obtained from the ketones in the yields of 0,
0.2, 25,75, 8,and 42%, and from the thiones in 51,25, 73, quantitative, 82, and 57%, respectively.
These differences may be attributed to the more facile reactivity of the reagent (4) toward thio-
carbonyl group which has a strongly polarized character compared to carbonyl group.3b) The compound
(7) was obtained from xanthone in 8% yield with a recovery of large amount of the ketone. However,
the reaction of xanthothjone with 4 afforded (8 + 2) cycloadduct (8) in 86% yield instead of 7.

8 3 mp 149~150°C, colorless crystals, Voo 1670 cm'], NMR (CDC13) § 2.75 ppm (d,d, J=4, 2 Hz, Ha),
4.95 (d,d, J=10, 4 Hz, Hb), 5.80 (d,d,d, J=10, 4, 2 Hz, Hc), 6.50 (m, Hd,e), 6.89 (d,d, J=4, 2 Hz,
Hf), 7.0~7.35 (m, 2H), 7.6~7.78 (m, 6H).

Furthermore, 4H-thiopyran-4-one, 1,3-dithiol-2-thione,and its 4,5-dimethoxycarbonyl derivative

reacted with 4 to give the corresponding deeply colored fulvalenes (9 and 10a,b) in 25, 47,and 12%

yields, respectively. However, 4 did not react with N-substituted 4-pyridones and azaheptafulva-

Tenes could not be obtained.

0 0
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(10)
a, R=H
(9) b, R=COOCH3 (5d4")

Heteroheptafulvalenes obtained here are labile except 5d, although these compounds are rather
stable in solutions. Therefore, their elemental analyses could not be performed except 5d. However,
all the parent peaks in their mass spectra are in accord with the corresponding molecular weights
and the structures are assumed from their NMR spectra shown in Table 1. UV spectra of the hetero-
heptafulvalenes show maxima at around 340~400 nm with a tailing to longer wave-length. NMR and IR
spectra of 5a, 9,and 10a are shown in Figs.1 and 2, respectively. It is observed that seven-member-

ed ring protons in these three compounds resonate at a 1ittle higher field than those in 1.
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Table 1.
Compounds TH-NMR & ppm (J in Hz)* Aggl4 nm (log €)
1 5.7~5.9 (m, 8H), 5.9~6.05 (m, 4H) 362 (4.32)
5a 5.§~5.8 (m, 6H), 5.85 (d,d, J=5, 2, 2H), 6.48 (d,d, J=5, 2, 355 (4.18)
2H

5b 1.99 (s,'Me), 5.1~5.8 (m, 8H) 356 (3.96)

5c 5.5~5.8 (m, H-2~5), 6.0 (d, J=10, H-1,6), 6.45 (s, 2H), 407 (4.49)
7.2~7.5 (m, 6H), 7.6~7.8 (m, 4H)

5d 3.93 (s, Me), 5.6~6.0 (m, H-2~5), 6.12 (d, J=11, H-1,6), 406 (4.56)
6.90 (s, 2H)

6a 1.2 (d, Me), 2.55 (-C_Mez), 5.69 (s, 1H), 5.8 6.2 (m, H-1~5) 367 (4.10)
6.20 (d, J=10, H-6), 6.8~7.2 (m, 3H), 7.73 (m, 1H)

6b 5.8~6.2 (m, H-1~5), 6.30 (d, J=10, H-6), 6.45 (s, 1H), 397 (4.29)
6.8~7.5 (m, 6H), 7.5~7.9 (m, 3H)

7 5.8~6.35 (m, H-1~6), 6.9~7.3 (m, 6H), 7.6 (d.,d, J=6, 1, 2H) 363 (4.30)

9 5.5~5.85 (m, 6H), 5.95 (d,m, J=11, 2H), 6.4 (d,m, J-11, 2H) 380 (4.44)

10a  5.35-5.7 (m, 6H), 6.3 (s, 2H) 356 (4.13)

10b 3.82 (s, Me), 5.3~5.6 (m, 4H), 5.7 (m, 2H) 338 (4.26)

450 (3.06)

* The NMR were measured with Hitachi R-22 (90 MHz) spectrometer in CCl
5d;and 10b in CDC]3, and numbering of protons is for cycloheptatrienyliden moiety.

except 5a, 5c,

The compound (5d) was obtained as stable brown needles, mp 142~143°C, and the extreme stability

may be attributed to a contribution of a dipolar structure (5d').

Data of 13

C-NMR spectra of 5a, 5b,and 5d are also shown below with those of heptafulvalene (1)

and 8,8-dicyanoheptafu1vene.5) The signals of pinch bond carbon of these heteroheptafulvalenes are

observed at somewhat higher field than those of 1 and sesquifulvalene (146.5 and 138.6 ppm).
1

Oy 142.3 Me

5
MeOOC

62.4

OOMe 53.0
130.7
129.7

6)

115.1
107.8 N CN
{120.3 115.7 l 66.2
119.6 114.7 129.5 164.1
126.5 124.0 127.8 141.0
131.8 130.7 ]132.9 1132.0 135.1
133.1 132.7 132.6 138.8
(52) (54) (1)
The heteroheptafulvalenes easily reacted with TCNE
X X to give regiospecific (4 + 2) or (8 + 2) cycloadducts
(CN)Z depend on the substrates and thus, the compounds 5b, 7,
(CN)Z (CN)2
CN)2 and 10a,b gave (4 + 2) adducts and 5a and 6a afforded
(4 + 2) (8 +2) (8 + 2) adducts. These adducts are unstable except an

adduct of 5d, mp 130~132°C (decomp.).

The structures of
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Fig. 1. NMR spectra (90 MHz) of Fig, 2. IR spectra of 5a (top), 9 (middle),
5a (top, in CDCl3), 9 (mlddle, and 1l0a (bottom) in CC14

in CCly), and 10a (bottom, in CC14)

these adducts were easily assigned by their NMR spectra. However, in the reaction of the hetero-

heptafulvalenes with tetracyano-p-quinodimethane (TCNQ), formation of CT-complexes was not clearly

observed at the present stage.
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