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Synthesis of BEDT-TTF derivatives with
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Abstract—Synthetic routes to BEDT-TTF derivatives bearing side chain carboxylic ester and amide groups are reported. Methyl
ET-ethanoate was prepared in five steps from vinylacetic acid; amide groups were installed early in the synthesis by mixed anhydride
methods before the final coupling reaction.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

The organosulfur donor BEDT-TTF 1, also known as
ET, has played an important role in the development of
electroactive organic materials.1 It forms a very wide
range of radical cation salts with conducting, semi-
conducting and superconducting properties.2;3 ET has
been co-crystallised and electrocrystallised with C60,

4

and it has been used to prepare radical cation salts with
magnetic anions to produce a paramagnetic super-
conductor and ferrimagnetic and paramagnetic semi-
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conductors.5 Despite the interest in using ET for these
studies, there has been a gradually increasing amount of
work on the preparation and study of substituted ETs.
The synthesis and radical cation salts of the chiral tet-
ramethyl derivative were reported 15 years ago,6 and
results from the tetraethyl derivative (TEET) have been
published recently.7 Indeed, the charge transfer com-
pound (TEET)Ni(dmit)2 is being evaluated as a molec-
ular ruler for nanotechnology. Ozturk has prepared
unsaturated phenyl8 and tetraphenyl9 derivatives of ET,
2 and 3, and poly-chloro and -fluoro analogues of ET
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have been prepared by Fourmigue as isomeric mix-
tures.10 We have prepared hydroxymethyl and hy-
droxyethyl derivatives 411 and 6,12 the corresponding
amino compounds 513 and 713 and other polyhydroxy
functionalised systems.14 The increasing interest in
bifunctional materials,15 has led us to incorporate metal
binding groups,12 for example, 8 and 9 and chiral moi-
eties16 on to the ET framework. To widen the scope for
attachment of such groups to the ET system we now
report results on the preparation of ETs functionalised
with carboxylic ester and amide functionalities. Fur-
thermore, amide groups will introduce hydrogen bond-
ing into the system, of particular interest for ordering
the anions in their radical cation salts.

ETs are usually prepared by coupling reactions of thi-
ones or oxo compounds 10 or 11. However, direct
attachment of a carboxylic ester or nitrile to these sys-
tems led to the attempted coupling reactions mediated
by triethyl phosphite failing, for example, for the thiones
1217 and 13.18 The ring carbon atom is activated to
nucleophilic attack by the electron withdrawing prop-
erties of the carbonyl and this can lead to Arbuzov
reactions with triethyl phosphite yielding tetra(ethyl-
thio)TTF. So the syntheses of materials with a methyl-
ene group between the ET and carboxyl function were
targeted.
Dithiolate 14, prepared by deprotection of its dibenzoyl
derivative with sodium methoxide, was reacted with
methyl 3,4-dibromopropionate, obtained from vinyl-
acetic acid in two steps,19 to give a precipitate of the
thione 15 in 72% yield. Conversion to the oxo com-
pound 16 using the standard procedure with mercuric
acetate and coupling with the unsubstituted thione 17 in
triethyl phosphite afforded the novel donor 1820 in a
35% yield from thione 15 (Scheme 1). The reactions were
clean and efficient, and chromatography was only
required at the final step to separate the desired donor
Scheme 1.
from homo-coupled products. Thus, racemic donor 18 is
a readily accessible molecule for the organic materials
community. Conditions for hydrolysing the ester to the
acid 19 without decomposing the molecule were not easy
to establish. This was achieved finally with potassium
hydrogen carbonate in a THF/methanol/water mixture
to give a fine powder after drying in 75% yield. The
enantiopure version of the donor 18 has also been pre-
pared; the key step is reaction of the dithiolate 14 with
the cyclic sulfate ester 20 and will be reported with the
synthesis of other chiral ET derivatives.16

The related donor, which carries two vicinal, trans ori-
ented, –CH2CO2Me side-chains has also been prepared.
In this case the corresponding thione 22 was prepared by
the hetero Diels–Alder reaction of the trithione 21 with
dimethyl E-hex-3-endioate in 55% yield (Scheme 2).
Such reactions of trithione 21 were reported by Neilands
et al.21 and we have applied it to the synthesis of a
number of such thiones.12;13;16 The thione was converted
to the oxo compound 23, which was coupled with the
unsubstituted thione 17 to give the disubstituted donor
24 in a yield of 29%. In contrast, reaction of the
disubstituted cyclic sulfate ester 25 with the dithiolate 14
gave only a trace of thione. Only two small substituents
on the cyclic sulfate ester are consistent with satisfactory
yields of the corresponding thiones,11 for example, the
bis(methoxymethyl)-substituted thione 27 was prepared
in only ca. 5% yield from cyclic sulfate ester 26.

To prepare amide derivatised ETs it was found best to
install the amide group early in the synthesis, since direct
reaction of donor 18 with amines to give amides was
unsuccessful, and the initial attempts to use acid 19 were
not promising, partly due its low solubility in common
organic solvents. Thus, cycloaddition of vinylacetic acid
and trithione 21 in refluxing toluene, followed by
removal of polymeric material by chromatography and
distillation of residual vinylacetic acid afforded carboxy-
lic acid 28 as a brown solid in 56% yield. The alternative
approach to 28 by reaction of 3,4-dibromobutanoic acid
and the dithiolate 14 proved unsuccessful. Amides were
prepared using mixed anhydride chemistry (Scheme 3).
Thus carboxylic acid 28 was converted to mixed anhy-
dride 29 by treatment with ethyl chloroformate and
triethylamine in THF under nitrogen at 0 �C. In situ
treatment with an amine followed by stirring overnight



Scheme 3.

Scheme 2.
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at room temperature and chromatography yielded the
amides as yellow solids. Thus, using ammonia, ethyl-
amine, aniline, 4-aminophenol, 2-amino- and 4-amino-
pyridine, or 3-amino-1,2,4-triazole gave the amide
functionalised thiones 30–36 in 23–64% yields. Further-
more, reaction with phenyl hydrazine gave the hydrazide
37. The hydroxyl group of thione 33 was then protected
as an acetate to give thione 38, prior to conversion to an
ET derivative.

The thiones were converted into their corresponding
donors, usually pink or orange solids, by one of two
methods. Three thiones 30, 32 and 38 were coupled
directly with the unsubstituted oxo compound 41 to give
donors 44,22 4523 and 46 in 34–50% yield. A further two
thiones, 31 and 34, were converted to their oxo com-
pounds 39 and 40, which were then coupled with the
unsubstituted thione 17 to give donors 4224 and 43.25 The
lower overall yields for conversion of thione to donor via
their oxo compounds (20–24%) suggest that preparation
by coupling of the substituted thione may be preferable.
Thiones 35, 36 and 37 failed in the coupling reactions
with 41, possibly due to triethyl phosphite breaking the
bond to the nitrogen of the amide group, generating
amide anions, which could attack the dithiin ring.

We prepared thione 48 with an amide group attached to
the ring skeleton by cycloaddition of trithione 21 and
acrylamide in 43% yield and converted this material to
the oxo compound 49. However, attempted reaction of
48 or 49 with the unsubstituted oxo compound 41 or
thione 17, respectively, in triethyl phosphite gave no ET-
carboxamide.
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Thus a range of amide substituted organosulfur donors,
with a variety of hydrogen bonding possibilities, is now
available for conversion to radical cation salts. The 4-
acetyloxyphenylamide 46 was hydrolysed to give the
donor 47, which has both a N–H and an O–H donor.
Donor 43 is of interest since it has the potential for
binding a metal cation at the pyridyl side chain. The
cyclic voltammetries26 of the novel ET derivatives
showed two reversible oxidation peaks: 42–45 at very
similar potentials to ET (0.48 and 0.89V), and 18 (0.50
and 0.91V) and 24 (0.52 and 0.94V) at slightly higher
values. Preliminary electrocrystallisation experiments
have produced several microcrystalline salts.
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