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The title compound was prepared via a route involving dehydrogenative
phenylsulfidation. The NMR and electronic spectra and reduction potential
were discussed in comparisons with those of the unsubstituted and mono-

substituted analogs. The structure was examined by X-ray crystallography.

In a previous paper, we reported the synthesis of 7H-benzocycloheptene-1,4,7-trione (l) as a
new type of electron acceptor, which showed the first reduction potentials as -0.23 V (SCE) in
acetonitrile and -0.31 V (Ag/AgCl) in dichloromethane.”

In order to control the electron affinity of 1, we examined the synthesis of the compounds
substituted with phenylthio groups on C6 and Cg of l, because this group may easily be trans-
formed to phenylsulfinyl and phenylsulfonyl groups and the group itself is considered to be an
electron donor.

Bernstein et al. proposed D-A-D and A-D-A molecular units, in which the donors (D) and
acceptors (A) are chemically attached via bridging atoms and which may form segregated column
stackings, for obtaining organic metals composed of single molecules. They observed segregated
column stackings in the crystals of compounds such as g.2'4)

Our object, 6,8-bis(phenylthio)-7H-benzocycloheptene-1,4,7-trione g, will meet the above
category of D-A-D molecule. It has a plane of symmetry through the tropone carbonyl, perpen-
dicular to the plane of the fused ring and bisecting the ring. Presently, we synthesized 9, along
with monosubstituted phenylsulfide ﬁ and studied their physical properties.

Condensation of 2,3-bis(bromomethyl)hydroquinone dimethyl ether (g)s) with dimethyl 3-oxo-
glutarates) gave seven-membered keto-diester (9), which was demethoxycarbonylated7) to seven-
membered ring ketone (3)8) in 90% yield. It has been known that cyclohexanone gave 2-phenyl-
thio- and 2,6-bis(phenylthio)-phenols when it was treated with 5 molar excess of diphenyl disulfide
in the presence of 5 molar excess of sodium ethoxide.g) - We studied this reaction on ketone ;7,
with intention of obtaining substituted tropone directly. In fact, it gave two kinds of substituted
benzotropones, % and 2,8) under the above conditions. The best yield (,% ‘: % = 13% and 40%) was
obtained when 5 equimolar amounts each of the base and diphenyl disulfide to ketone Z’ were
used under the usual reaction condition and refluxing was continued 4 h after the addition of
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(i) 20% ag. KHCO3/CH,Cl, (CgH5CHoNEESCI), 38 °C, over night
(0.n.) (ii) KOH/agq. MeOH, 80 °C, o.n. (Yield: 90% from i) (iii)
NaOEt (5 equiv.)/PhSSPh (5 equiv.)/EtOH, 80 °C, 8 h, then added
NaOMe (2 equiv.), 80 °C, 4 h (Yields: % 14%; 9 41%) (iv) ag. CAN
(2.6 equiv.)/CHscN-CHCIs, room temp, 1 h (Yieid: ,.8, ->;’\3, 87%:; /% >4
89%).

Fig. 1. Stereo Drawing of the three Molecules of %

1

Table 1. 'H and '3c NMR Spectra (§ in ppm, ] in Hz)
Comp ound 1,\(/) 2 §, L /l‘./ ':‘3,
Quinone 184.8 184.8 184.9
13~ C=0 185.0
Tropone 189.0 183.9 179.1 186.1 181.3 173.1
C=0
d
® ¢S s s ] 6.868
HZ’ H3 7.06 6.921 6.783 7.04 6.952d 6.779
1y 1=10.1
Tropone d 7.8665  7.957 d 7.6497  7.765°
vinyl-H 8.21d 8.279d 7.994 8.127d
6.89 6.935 7.25 7.276
1=12.8 ]=13.4 J=12.5 ]=12.8
CH30 3.92 3.900 3.545

3.556
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further 2 equimolar amounts of sodium methoxide. The corresponding quinotropones, g and i,s)
were obtained in good yields by cerium (IV) oxidation of 8 and 9, respectively.

The 'H- and '3C-NMR spectral data of the hydroquinone dimethyl ethers and p-quinones are
shown in Table 1. In the 'H-NMR spectra, one of the methoxy signals of 9 and both signals of
/E}/ showed higher field shifts of ca. 0.35 ppm compared with that of 1,9. This can be rationalized
by the effect of the ring current caused by the phenyl group which seems to be forced to face
to the methoxy group(s). The X-ray crystal structure analysis of g revealed that this conforma-
tion is surely present in a crystal.m) The proton signals on the six-membered ring appeared
almost the same field in every hydroquinone dimethyl ether as that in the corresponding quinone,
respectively. The signals moved gradually to the higher field with the increase in the number of
phenylthio group. In the 13C-NMR spectra of l, f\l’, and g, the signals due to the quinone-carbo-
nyl appeared in the same region (ca. 185 ppm), while the peaks due to the tropone carbonyl
moved steadily to the upper field as the number of the substituent increases. This tendency is
also seen in the corresponding hydroquinone dimethyl ethers, 1’9, g, and § This extraordinary
shift (5-8 ppm per substituent) is not in line with the lower field shifts of the signals due to the

11)

meta carbons of benzene by substitution with a phenylthio group, and with the Hammett's

substituent constants, o 0 - +0.14, cp° = +O.06,12) predicting a slight electron-withdrawing abili-

m
ty of the group.
The common characteristics of the electronic spectra of ,3u and f}, are the negative solvato-

chromic shifts.B)

It seems that the stabilization of the ground state structure may exceed that
of the excited states in polar solvents than in less polar ones.

In a region of +0.5- -1.2 V, both compounds, g and :1’, gave good reversible CV curves. The
reduction potentials in acetonirile drop steadily by the substitution with phenylthio group as
follows: flv, Ey = -0.25, E; = -0.73 V;8) §, E, = -0.30, E; = -0.80 V (Ag/AgCl). This fact shows
that the phenylthio substituent on C6 and C8 may exert lowering of the electron accepting abili-
ty of the framework, which is in opposite direction expected from the electron withdrawing abili-
ty of the group.12)

According to the single crystal X-ray analysis of g, the phenyl groups are holded by sulfur
atoms anti to the tropone carbonyl and facing intramolecularly to the quinone carbonyl groups.

A row of head-to-tail arrangement of the molecules and a segregated column stacking of rings of
/13 are seen in a crystal (Fig. 1). This is one of the fundamental requirements for obtaining
organic conductors. The precise feature of the structure of % will be discussed together with
those of ;1’ and ,‘8, in a separate paper.
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