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Abstract: By phosphite-mediated couplings between functional-
ized benzaldehydes and 1,3-dithiole-2-thiones we have obtained a
variety of π-extended tetrathiafulvalenes (TTF). In particular, this
method has provided a new stilbene-extended TTF with lateral
alkyne functionalities, an H-type cruciform structure. This outcome
is the result of a phosphite-mediated coupling between two alde-
hydes.
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The phosphite-mediated coupling of two 1,3-dithiole-2-
(thi)ones has been employed extensively for preparing de-
rivatives of the redox-active molecule tetrathiafulvalene
(TTF, Scheme 1).1 This method has also been employed
to prepare dithiafulvenes (DTF) and π-extended TTFs via
coupling between a central unit containing one, two, or
three aldehyde functionalities and a 1,3-dithiole-2-
(thi)one2,3 or coupling of the latter to an anthraquinone.4

Very recently we prepared the cruciform structure 1
(Figure 1) that is composed of two orthogonally situated
extended TTFs.3 The final step in the synthesis involved a
triethylphosphite-mediated coupling of an OPE3 (oligo-
phenyleneethynylene) containing an aldehyde group in
each end. In general, π-conjugated cruciform motifs are
interesting as molecular wires for organic electronics or as
molecular sensors.3,5 Here we present an alternative syn-
thesis of the cruciform 1 and the broader scope of the
phosphite-mediated coupling; in particular, its use for pre-
paring a stilbene unit (or OPV2, oligophenylenevinylene)
as the central part of a new H-type extended TTF cruci-
form.

Our first objective was to prepare a simple but useful DTF
building block containing an iodophenyl functionality
that could subsequently be used in palladium-catalyzed
cross-coupling reactions and hence be used in an alterna-
tive procedure for making the cruciform 1. Indeed, heat-
ing a mixture of 4-iodobenzaldehyde (2) and the 1,3-di-
thiole-2-thione 36 (ratio of 1:2.5) in triethylphosphite to
110 °C for two hours produced the DTF 4 in almost quan-
titative yield (Scheme 2)7 (note: all reactions were con-
ducted under an argon atmosphere and with
triethylphosphite that had been stored under argon and

degassed with argon prior to use, but not distilled). This
compound was next successfully subjected to a cross-cou-
pling reaction with the known diethynyl compound 58 to
furnish the cruciform 1 in a yield of 60%.9

Scheme 1  Phosphite-mediated couplings

Figure 1  Extended TTF cruciform molecule prepared by final
phosphite-mediated couplings

Next, we investigated the possibility for generating bis-
and tris-DTF-substituted benzenes by phosphite cou-
plings. Related DTF compounds were previously pre-
pared by Wittig–Horner reactions.10 First,
terephthalaldehyde (6) was treated with the thione 7,6

which gave the benzene-extended TTF 811 (Scheme 3).
The yield varied from 54% to 79% when increasing the
molar equivalents of 7 relative to 6 from 2.2 to 4. Next,
1,3,5-triformylbenzene 9 was treated with 7 (ratio of 1:9)
to generate the tris-DTF 1012 in a yield of 20%, corre-
sponding to a yield of 58% for each DTF formation. The
reaction was very slow as it took four days for consump-
tion of the aldehyde starting material 9 (possibly, in part,
due to the insolubility of the mono- and di-DTF adducts),
while consumption of 6 only took two hours.

In an original attempt to prepare a derivative of 5 contain-
ing alkylthio substituents at the DTF rings rather than es-
ter groups, we subjected the dialdehyde 1113 and each of
the thiones 1214 and 1314 to phosphite-mediated couplings
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as shown in Scheme 4 (using 3–4 mol equiv of the thi-
ones). Surprisingly, these reactions generated the stilbene
(OPV2) derivatives 14 and 1515 in reasonable yields con-
sidering the fact that three couplings have occurred. It is
noteworthy that a similar compound did not seem to form
even as a byproduct in the 79% yielding synthesis of 8, al-
though we cannot account for the exact fate of the remain-
ing 21% of the dialdehyde 6. Thus, the presence of the
electron-withdrawing ethynyl substituents in 11 enhances
the electrophilicity of both the carbonyl carbon and its
neighboring oxygen, the latter towards phosphite. For
phosphite-mediated coupling of two aldehydes to an al-

kene, the oxygen of one aldehyde has to act as an electro-
phile towards phosphorus, and the carbon of this aldehyde
thereafter becomes nucleophilic towards another electro-
philic aldehyde carbon. Indeed, Ramirez et al.16 have pre-
viously shown that two molecules of o- or p-nitro-
benzaldehyde, that is, an aldehyde containing an electron-
withdrawing substituent, can react with trialkylphosphites
at 20 °C to furnish a 2,2,2-trialkoxy-1,3,2-dioxaphos-
pholane (Figure 2), while m-nitrobenzaldehyde did not
undergo reaction under these conditions. In our reaction,
we cannot say whether the aldehyde–aldehyde coupling
occurs before or after the aldehyde–thione coupling as
both the DTF and aldehyde para substituents as well as
the one ortho-ethynyl substituent should allow for meso-
meric delocalization of the negative charge formed at the
carbonyl carbon after nucleophilic attack by phosphorus
on the neighboring carbonyl oxygen (Figure 3). Compet-
ing reaction channels should thus influence the yields of
14 and 15. It should be noted that isolation of 14 was per-
formed by pouring the reaction mixture onto methanol, re-
sulting in precipitation of the compound. We cannot
exclude that some of the originally targeted products are
formed, but they were not isolated in our hands from the
mother liquor after 14 had been precipitated. The only by-
product we could unambiguously assign was the TTF re-
sulting from homocoupling of two thiones. The longer
alkyl groups in 15 resulted in increased solubility and ren-
dered purification by column chromatography necessary,
and again the tetraalkylthio-substituted TTF was identi-
fied as a byproduct. As a test experiment, we subjected
benzaldehyde itself to the phosphite conditions in the ab-
sence of a thione; no reaction was observed after six hours
of heating in agreement with the work of Ramirez et al.16

The formation of small amounts of stilbene has, neverthe-
less, previously been observed when heating benzalde-
hyde in triethylphosphite at 220 °C in an ampul for 8.5
hours as has the formation of difurylethylene by heating
furfural and triethylphosphite at 160 °C.17 We also con-
ducted test reactions on the dialdehyde 11 with trieth-
ylphosphite in the absence of the thione at 100 °C and at
room temperature. When heated, reactions occur readily
giving a mixture of products. Attempts to precipitate these
compounds with methanol failed, but removal of the sol-
vents gave a solid which was highly luminescent under
UV-light irradiation (also on TLC plates and in solution).
At ambient temperatures, 11 was also found to react slow-
ly with triethylphosphite; however, there were again many
products observed when monitoring the reaction by 1H
NMR and 13C NMR spectroscopy, there were also some
signals observed in 31P NMR spectra. However, these
products were not as highly luminescent as those formed
upon heating the reaction mixture. Although the exact
products from these reactions were not identified, the re-
sults confirm that 11 by itself readily reacts with trieth-
ylphosphite.

Although not an aldehyde substrate, it is worth mention-
ing that reductive dimerization of phthalic anhydride to
biphthalyl by triethylphosphite was found to occur in
yields of 65–70%.18

Scheme 2 Alternative synthesis of 1 via a new DTF building block
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The 1H NMR spectra of cruciforms 14 and 15 showed four
CH resonances in the region δ = 6.9–7.8 ppm, which are
assigned to the fulvenes (two identical protons), the cen-
tral alkene (two identical protons), and the two different
aryl protons (two identical pairs). The assignment of the
central double bond to an E configuration seems reason-
able from steric reasons, but was confirmed by X-ray
crystallographic analysis of 14 as shown in Figure 4. The
two 1,3-dithiole rings are not in the same plane as the cen-
tral OPV2 plane; thus, the angle between the least squares
plane defined by a dithiole ring and the least squares plane
defined by the neighboring benzene ring is 37°.

Figure 4  Two different views of the molecular structure of 14
(CCDC 908191); crystals were grown from CH2Cl2–heptane

The new extended TTFs are all strong chromophores. Fig-
ure 5 shows the absorption spectra of the benzene-extend-
ed TTF 8 and 10 and the new H-type cruciform 15 in
comparison to the previously reported cruciform 1.3 Com-
pound 15 has a lowest-energy absorption (λmax = 464 nm)
that is slightly red-shifted relative to the similar absorp-
tions of 8 (λ = 407 and 424 nm) and of 1 [λ = 402, 437 nm
(shoulder)]. The intensities of these absorptions are simi-
lar for 8 and 15, but significantly lower than those of 1, in
accordance to the fact that 1 has two more DTF units. In
addition, compound 15 exhibits two absorptions at λ =
276 and 313 nm (shoulder). For comparison, (E)-stilbene
has absorptions at λ = 295 and 307 nm (MeCN)19 and 1,4-
bis(trimethylsilylethynyl)benzene has absorptions at λ =
279, 288, and 294 nm (CHCl3).

20 Compound 10 exhibits
absorption maxima at λ = 246 and 371 nm. The lowest-en-
ergy absorption is thus significantly blue-shifted relative
to those of the other compounds. The three DTF are in 10
positioned in meta positions relative to each other, which
accounts for a less efficient π-electron delocalization
between them.

Scheme 4 Synthesis of H-type extended TTF cruciforms
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Figure 5  UV-vis absorption spectra in CH2Cl2

In conclusion, by phosphite-mediated couplings we have
obtained a variety of DTF/extended TTF compounds. The
serendipitous formation of a stilbene-extended TTF from
a diethynyl-substituted terephthalaldehyde, while tere-
phthalaldehyde itself furnished the expected benzene-ex-
tended TTF, demonstrates how a subtle balance of
electronic effects determines the outcome of phosphite-
mediated couplings of benzaldehyde derivatives. In this
work we focused attention on triethylphosphite as re-
agent; it would be interesting to investigate in future work
the outcome when using instead trimethylphosphite.
Moreover, it is worth noting that the stilbene/H-type cru-
ciform derivatives 14 and 15 resemble previously
reported21 OPE/OPV H-mers without DTF units and they
might indeed be interesting as functional wires for molec-
ular electronics after further functionalization. We are
currently exploring these molecules for further acetylenic
scaffolding via the four ethynyl groups. Gratifyingly, pre-
liminary experiments show that good stability of the com-
pound is maintained after removal of the silyl protecting
groups.
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