TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 41 (2000) 2091-2095

A novel array in extended tetrathiafulvalenes (TTF):
the ‘H’ shape

N. Gautier* M. Cariou® A. Gorgue? and P. Hudhomm?

aLaboratoire de Synthese Organique, UMR-CNRS 6513, 2 rue de la Houssiniére, 44322 Nantes Cedex 03, France
bIngénierie Moléculaire et Matériaux Organiques, UMR-CNRS 6501, 2 Boulevard Lavoisier, 49045 Angers Cedex, France

Received 6 December 1999; accepted 12 January 2000

Abstract

The highly extended, cross-conjugated and sulfur rieblectron donoRa was synthesized and characterized
introducing the ‘H’ shape as a new approach in the tetrathiafulvalene (TTF) array. © 2000 Elsevier Science Ltd.
All rights reserved.

Since its discoverytetrathiafulvalene (TTF) still remains one of the most studied systems in the field
of molecular materials because of its ability to reach electrically (super)conducting cation radical salts
or charge transfer complexésAmong the wide variety of chemical modifications performed on the
TTF skeletor? the synthesis of highly extended and sulfur rich systems has recently received particular
attention? Thus, bis(1,4-dithiafulven-6-yl) TTFs have proved to be efficient in the enhancement of the
dimensionality of the related materials since they afford interesting 2D electroconducting cation radical
salts®

With this aim, we have previously reported the synthesis and electrochemical properties of new
donors1.% Thus, the bidimensional ‘T’ shape of such compounds is of particular interest resulting
in: (i) the enhancement of the extended, cross-conjugateystem which may induce favourable
intermolecular interactions in the stacking mode of related materials due to the lowering of the charge
density; (ii) the accumulation of sulfur atoms allowing multi intra- and interchain S contacts that
would increase the dimensionality of the corresponding salts; (iii) the easier access to highly oxidized
states which may provide organic salts of unusual stoichiometries.

Focusing our efforts in this field, we have designed newdonor 2a endowed with a typical H-
shaped character prone to improve the above properties of T-shaped comfiamdisve report here
its straightforward synthesis (R=SPent).
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The synthesis of target TTFastarted from 4,5-bis(bromomethyl)-2-thioxo-1,3-dithi8fewhich was
easily obtained by transformation of the corresponding®didth PBrs in 94% yield. The following
reductive elimination was carried out usingiHt | and the resulting transient diedavas condensed
with p-benzoquinone affording the Diels—Alder cycloadduct (Scheme 1). The aromatization into com-
pound5 was finally induced by subsequent treatment with DDQ. Because of its low solubility, and in
order to allow further Horner—Wadsworth—Emmons (HWE) olefinations by diminishing the electron-
accepting character of this precurgg?? we submitted the raw material to a [4+2] cycloaddition with
cyclopentadiene in THF according to Yamashita’s methodotoGempoundé was obtained in 59%
yield (calculated fron8) after purification by silica gel column chromatography (g:]ﬂz).
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Scheme 1.

At this stage, the first route investigated to reach precufsmed the classical self-coupling reaction
of 6in P(OMe} at 80°C (Scheme 2). Nevertheless, the low yield observed for this reaction and the poor
solubility of the resulting TTR prevented the fourfold subsequent olefinations with the phosphonate
anion of91° to occur. The second synthetic strategy started from the ‘HWE’ reaction of both carbonyl
functionalities ofé which was carried out using an excess (3 equivalents) of re@gerhe presence of
n-BuLi. The bis-olefinated produdiO could be isolated as an analytically pure compound in 93% yield
after precipitation with MeOH. The following P(OMg3elf-coupling reaction of thiong0 was studied
under different experimental conditions. The best result was obtained using P{@iM&3d in toluene
(0.028 M L 1) at 140°C for 4 h. We observed that the expected precufssas accompanied with
the oxo derivativel 1 which could result from the transformation of the thioxo functiondfitgnd the
corresponding phosphonét2 arising from the conversion of the thione under high dilution according to
a mechanism previously describEdThese three compounds were easily separated by silica gel column
chromatography to successively afford H-shapggg@etroleum ether/CyCl, 7/3, 25% yield), then the
oxo derivativell (petroleum ether/CyCly 7/3, 8% yield) and finally, the phosphonét (petroleum
ether/EtOAc 1/1, 35% vyield).

TheIH NMR spectrum of7 showed the presence of batls andtransisomers in the ratio 64/36
This structure was also supported by its FABass spectrum which exhibited: (i) the molecular ion peak
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whose isotopic distribution is in agreement with the calculated pattern; and also (ii) two peaks related
to both successive eliminations of cyclopentadienen&t=1692 andm/z=1626, respectively (Fig. 1).

In accordance with our previous investigations on compourfdthe correspondingetro Diels—Alder
reactions were cleanly performed frofrupon refluxing ino-dichlorobenzene to give the analytically
pure H-shaped TTBain quantitative yield whose structure is confirmed'byNMR and MALDI-TOF

mass spectrometry.

The cyclic voltammogram of suggests an electrochemically induced loss of cyclopentadiene mole-
cules at the second oxidation step, further cycling corresponding to the deprotected cor@polind
should also be noted that, as expected, the first reversible oxidation paEdfx=0.31 V/ vs Ag/AgCl,

1 mM in CH,Cl>-n-BusNPFg (0.1 M), Pt electrodey=100 mVs 1) arises at a value close to that of the
T-shaped compountia (R=R'=SMe,E1,=0.27 V)%2 Complementary experiments are now in progress
to specify the electrochemical behaviour and the different oxidation statésiod 2a during the CV
study.

Compound2a readily reacts with TCNQ upon simple grinding of the solfd&® form an electro-
conducting charge transfer complex presenting a metallic appearance. Further experiments are now
under-way to isolate single crystals of this charge transfer complex and to prepare cation radical salts
by chemical or electrochemical oxidations.



1008 830 [ LR B -
1008 1758
90,
90 (a) 80. 1157 (b)

0 1759

god 60, 1756 1760 1761

|

i
20. '
|

1762 1763 1764

ol | i i
50. 1755 1756 1757 1758 1755 1760 1761 1762 1763 1764 1765 msz

) ©

11

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 m/z 15 ue 1781 a7se 1763 1760 1761 1762 1763 1764 1765 mass

.‘
e S
{—
.

Fig. 1. Mass spectrum (FAB of compound? (a), theoretical (b) and experimental (c) spectra
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