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(Dibenzo-oxatrithiafulvalene, DBOTTF):
The First Tetraheterofulvalene containing Oxygen
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Abstract: The synthesis and characterization of 2-(1,3-benzodithiol-2-ylidene)-
1,3-benzoxathiole (dibenzo-oxatrithiafulvalene, DBOTTF), the first example of a
tetraheterofulvalene containing oxygen within the fulvalene moiety, are described.
Redox potentials of DBOTTF are compared with the other known
dibenzotetraheterofulvalene derivatives. Copyright © 1996 Elsevier Science Ltd

The first organic metal, tetrathiafulvalene tetracyano-p-quinodimethane (TTF-TCNQ), was discovered
in 1973.1 Over the last twenty years a variety of new organic charge-transfer (C-T) complexes and complex
salts has been synthesized.2 Ambient pressure superconductivity in this class of compounds was first
discovered in 1980.3 Since then, superconducting critical temperatures (T¢) as high as 12.4 K have been
achieved at ambient pressure in the complex salts of bis(ethylenedithio)tetrathiafulvalene (BEDT-TTF) series of
C-T complexes.# Many research groups continue to seek structure-property correlations in organic conductors,
and elevation of T in organic superconductors.

Inorganic and organic metals that exhibit the poorest room temperature metallic conductivities often
exhibit the highest superconducting T¢.3 In the domain of C-T complexes containing tetraheterofulvalenes,
tetratellurafulvalenes, tetraselenafulvalenes, and finally tetrathiafulvalenes in that order have produced poorer
metals, and at the same time have produced more superconductors, with increasingly higher T¢’s.6 These two
trends are supported by some formulations from the Bardeen-Cooper-Schrieffer (BCS) theory of super-
conductivity.” These observations imply a trend toward tetraheterofulvalenes containing oxygen for increasing
the T¢ of the fulvalene class of C-T complexes. We therefore sought a general synthetic route for tetrahetero-
fulvalenes containing oxygen. In this communication we report the synthesis of dibenzo-oxatrithiafulvalene,
(DBOTTF, 5), an oxatrithiafulvalene, the first reproducible example3 which contains an oxygen incorporated
within? the fulvalene moiety.

DBOTTF was targeted as a simple model for a more general synthesis of oxatrithiafulvalene derivatives.
As illustrated in Scheme 1, [(2-hydroxyphenyl)thio}acetic acid, methyl ester (2) was efficiently synthesized
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upon nucleophilic attack of chloroacetic acid methyl ester by hydroxythiophenol (1) in the presence of triethyl-
amine. Thioether 2 was chlorinated to chloro[(2-hydroxyphenyl)thiolacetic acid, methyl ester (3) with N-
chlorosuccinimide (NCS), in a manner described by Bordwell and coworkers.10 Chlorothioether 3 was
quickly converted into 1,3-benzoxathiole-2-carboxylic acid, methyl ester (4) with Li*[dimethylsulfoxide,
(DMSO0)]- in DMSO,1! in an intramolecular Williamson ether synthesis. Coupling of benzoxathiole 4 with
bis(dimethylaluminum)-1,2-benzenedithiol, in the manner similar!2 to that described by Mori and Inokuchi for
the synthesis of unsymmetrical tetrathiafulvalenes,!3 produced 2-(1,3-benzodithiol-2-ylidene)-1,3-
benzoxathiole (dibenzo-oxatrithiafulvalene, DBOTTF, 5), a bright, lemon yellow solid.14

Scheme 1. Synthetic pathway to DBOTTF.
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Reagents and conditions: i) toluene, 5.0 eq CICH2COOCH3, 1.2 eq NEt3, 1t, 16 h., chrom. silica’CH2Cl2
iij) 50% CHCl3/50% CClg, 1 eq NCS, rt, 2 h. iii) DMSO, 1 eq n-BuLi, rt, 30 min. iv) CH2Cly, 0.5 eq o-
((H3C)2A1S)2C6H4, 40°C, 5 min, chrom. silica/CCly, in the dark.

Cyclic voltammetry (CV) reveals that DBOTTF (8) exhibits two reversible one-electron oxidations. As shown
below in Table 1, values of the first oxidation potentials of all the known dibenzo- derivatives compare closely
with those of DBOTTF.15
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Table 1. Cyclic Voltammetry of the Known Dibenzotetraheterofulvalenes 3

Compound-Common name acronym E(o% Epox AE

Dibenzo-oxatrithiafulvalene DBOTTF +0.72 +1.22 +0.50
Dibenzotetrathiafulvalene DBTTF1S  +0.71 +1.14 +0.43
Dibenzotetraselenafulvalene DBTSF 15 +0.78 +1.17 +0.39
Dibenzotetratellurafulvalene DBTTeF 15 +0.71 +1.05 +0.36

2 All CV data were obtained in 0.2 M BugN*¥BF4" in dry CH2Cly versus SCE, under argon.
Ferrocene/ferrocenium redox wave was used as a reversible one-electron standard. AE = E90X - E10X,

The first oxidation/reduction of DBOTTF, E1°%, remains reversible even in the presence of small
amounts of water in the electrolyte solution. Reversibility of the second oxidation becomes apparent when the
electrolyte solution is thoroughly dried with a small amount of added activated basic alumina. The value of
E20% for electron donors or acceptors is of particular interest. Relative differences in oxidation/reduction
potentials of donors and acceptors have been correlated to the degree of solid state charge transfer.16 Partial
charge transfer is one essential factor in the inducement of a conduction band in organic C-T and complex salts.

We have synthesized the first oxatrithiafulvalene, DBOTTF, an electron donor that exhibits properties
worthy of study for use in assembling organic conductors. Substitution of an oxygen for a sulfur in a
tetrathiafulvalene has a minimal effect on the oxidation/reduction potentials on these electron donors,
particularly on the value of E19%. A general synthesis for other analogs of oxatrithiafulvalene is currently being
developed by one of us (SD) for the purpose of creating a series of oxatrithiafulvalenes.
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