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The synthesis of bis-TTF 1 and tris-TTF 2, linked by an ethenyl spacer, is described using new useful Wittig-type reagents with the introduction
of phosphonate functionality on 1,3-dithiole and TTF frameworks. Electrochemical and spectroscopic studies show intramolecular electronic
interactions between conjugated TTF units.

Since the discovery of the properties of tetrathiafulvalene clearly shown that the possibility to synthesize varied dimeric
(TTF),! much effort has been devoted to achieve the synthesisor trimeric TTF derivatives in which TTF units are separated
of sophisticated derivatives of this-donor in order to by an ethenyl spacer was limited because of the lack of
improve the electroconducting properties of the correspond- suitable versatile building blocks. Conjugated dimeric TTF
ing charge-transfer complexes or cation radical gdlthas 3 was prepared by a McMurry reaction starting from
been widely recognized that the conductive properties dependormylTTF.6 On the other hand, 1,1-bis(TTF)ethefevas

on their crystal structures and electronic states. Dimeric TTF synthesized to examine spigpin interaction and conductiv-
molecules and higher oligomers, in which the TTF units are ity of corresponding molecular materials which could present
linked by one or two spacer groups, have been identified asboth magnetic and electrical behavioFhe hybridsz-donor

an opportunity to increase the dimensiondland to control systemb, in which the parent TTF was linked to a quinonoid
both degree of charge transfer and stoichiometry in desiredr-extended TTF through a conjugated ethenyl spacer, was
conductive complexes.Such systems display multistage also describe8To our knowledge, only the conjugated tris-
redox behavior which should provide the possibility of TTF 6 was reported as an equivalent of tris-TZRhis latter
controlling the stoichiometry and molecular assembly in the being different by the presence of ethenyl spacers (Scheme
desired conductive complexes. Several oligoTTFs have beent).®

reported, and this topic was recently reviewdthus, it was
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Scheme 1. TTF Oligomers
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Since the methodology for preparing oligomeric TTF is

still very limited, we now present a new approach to construct

the extended TTF framework using useful Wittig-type
reagents. Effectively, the synthesismélectron donors based
on the TTF core has been particularly vari€dyut the
introduction of (dimethylphosphono)methyl groups on 1,3-
dithiole or TTF units has never been considered.

We had previously shown that the vicinal bis(bromo-
methyl) group grafted on the 2-thioxo-1,3-dithiler TTF?

reach the corresponding tetraphosphoridte Methylation

of 8 with methyl triflate then reduction with sodium
borohydride afforded compouriilin an overall 93% yield.
The 1,3-dithiolium sall.Owas produced in quantitative yield
by dethiomethylation with tetrafluoroboric acid in acetic
anhydride. Treatment with an excess of triethylamine af-
forded TTF11 by carbenoid coupling in 81% yield (Scheme
3).
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moieties could generate the corresponding diene (prone to

undergo Diels-Alder cycloaddition) by reductive elimination
using naked iodide aniol¥.We report here the possibility
of direct nucleophilic substitution on this group which thus
acts as a dication synthetic equivalent (Scheme 2).

Scheme 2. Versatile Synthetic Applications of the Vicinal
Bis(bromomethyl) Group
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This dication synthetic equivalent nature of bis(bromo-
methyl) derivatives was exploited for the preparation of

corresponding phosphonates by a classical Arbuzov reaction

using trimethyl phosphite. Thus, compouBdn the 1,3-
dithiole series and TTH3 were isolated in 46% and 40%
yield, respectively, from 2-thioxo-1,3-dithioléor TTF 12.
After different failures in the direct transformation of tetrakis-

aReagents and conditions: (i) P(OMe)L00 °C, 46%; (ii)
CFR:SO;Me then NaBH, i-PrOH/CH,CN, 93%; (iii) HBF,, Ac0,
97%; (Iv) E&N, CH:CN, 81%); (v) P(OMe), 40%.

Single crystals of diphosphonai& were grown by slow
evaporation of a CkCl,/MeOH solution. X-ray structure
showed that dimethylphosphono groups were at the opposite
side of the plane defined by the TTF core (Figuré“l).

Figure 1. ORTEP views of TTF-diphosphonate3. Hydrogen
atoms have not been drawn for clarity.

The reactivity of phosphonate reagents was tested by
subsequent HorneiWadsworth-Emmons (HWE) reaction.

(bromomethyl)TTF, we considered an alternative route to After deprotonation usingsBuOK or BulLi followed by the
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addition of benzaldehyde, compouridg 15, and16'® were
isolated in satisfactory yield8H NMR spectroscopy was

(14) Crystal data fo.3: Cj4H2206P,Ss, M = 540.7 gmol~1; monoclinic,
P2;/c a =14.5507(6) Ab = 7.4880(5) Ac = 21.421(2) A/j 99.22(1,

V = 2303.8(5) B, Z = 4, pcaica= 1.56 g-cn13, A(Mo Ka) = 0.710 73 A,
6445 reflections (2.5< 6 < 25°) were collected at 293 K, 4567 unique
reflections and 3491reflections with> 3o(l) used in refinements, 253
parameterskR = 0.033, Rw= 0.042, GOF= 0.97.

(15) Spectroscopic analyses were in agreement with reported data for
compoundL6, previously synthesized from tetraformyITTF and the corre-
sponding phosphonium salt in a Wittig reaction: Sallé, M.; Gorgues, A,;
Jubault, M.; Boubekeur, K.; Batail, Fletrahedron1992,48, 3081.
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consistent with th& configuration for all double bonds thus
created (Scheme 4).

Scheme 4. Products of Horner—Wadsworth—Emmons
Reaction Using the Corresponding Diphosphonate and
Benzaldehyde
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Novel dimeric and trimeric TTFs were synthesized by
similar HWE reaction using the adequately seleatezho-
formylTTF 176 (Scheme 5). Yields of the reaction were
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improved by addition oft-BuOK to a solution of both
electrophilic aldehydel7 and diphosphonat8 or 13 at 0
°C (1: 79%;2b: 55% yields) compared with the experimental
procedure in which the anion of diphosphonagawas first
generated with BuLi at-78 °C followed by the addition of
aldehydel7 (2a: 25%;2b: 21% yields).’

The cyclic voltammogram oflL showed a first large
reversible oxidation wave which was deconvoluted into two

peaks corresponding to a one-electron process for ach.

The splitting of this first oxidation step is characteristic of a
molecular system in which two donor moieties interact

(16) Garin, J.; Orduna, J.; Uriel, S.; Moore, A. J.; Bryce, M. R.; Wegener,
S.; Yufit, D. S.; Howard, J. A. KSynthesis1994, 489.

(17) Studies of the pentameric TTF resulting from the HWE reaction
between tetraphosphonat& and aldehyde 7 will be reported later.

(18) The number of electrons was determined by thin-layer cyclic
voltammetry (TLCV) using 2,3-dichloro-1,4-naphthoquinone as the one-
electron standard reference.

Org. Lett., Vol. 6, No. 10, 2004

(through-conjugation or through-space), the Coulombic
repulsion between positively charged species leading to a
separation of the oxidation potentials of neutral and oxidized
species? The second oxidation wave was attributed to a two-
electron process, all these features being in agreement with
the sequencel = 1t = 1> = 1% appearing aE%y =
+0.49,+0.53, and+0.88 V (vs SCE), respectively (Figure

2 AC).
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Figure 2. Cyclic voltammogram and deconvoluted voltammogram
of 1 mM 1 (A and C, respectively) and 1 mRb (B and D,
respectively) in 0.2 M TBAHP/CECN/CH,CI; (1/9), Pt electrode.

Cyclic voltammogram ofb showed three one-electron
reversible oxidation waves &% = +0.43, +0.49, and
+0.60 V (vs SCE) corresponding to the successive generation
of the cation radical for each TTF unit. Two other reversible
waves at higher positive potentialsf = +0.84 (one-
electron process) ant1.00 V (two-electron process)] were
related to the formation of dication on each TTF, the second
wave being attributed to both equivalent TTF moietfeall
these observations characterized the following electro-
chemical behavior of trimeric TTBb: 2b == 2b** = 2"
= 2p%t = 2ph*" = 2bf*, suggesting that there are significant
intramolecular interactions between TTF units (Figure 2B,D).

To elucidate the sequence leading to the cation radical on
each TTF core ir2b, DFT calculations were performed on
tris-TTF (bearing no substituent on different TTFs) using
Gaussian 98 at the B3LYP/6-31G* level of theory for a full
geometry optimization. The molecular orbital analysis showed
that the largest coefficients in the HOMO orbital are mainly
located on TTF noted (Figure 3), in the HOMO-1 on TTF
notedA’ and in the HOMO-2 on TTB. The coefficients in
the LUMO orbital were centered on both ethenyl moieties.
Moreover, since the coefficients of the HOMO for each
individual TTF are concentrated on the centraCSCS,
fragment and are small at the bridging carbon atoms, through-
bond interactions between TTFs are expected to remain
weak. An important distortion from planarity was also shown,
probably due to steric interactions between hydrogens H
and H.
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Figure 3. Geometry optimization ofris-TTF. 2000 0
A/ nm

Electronic interactions between TTFs could result from Figure 4. UV—vis—NIR spectra of2b and its corresponding
through-space, as rgport.ed for flexible linked cyclic dimeric oxidized species. In the inset, extension of the part corresponding
TTF?° or noncyclic trimeric TTR! or through-bond manner  to the formation of the mixed-valence band.
because of the conjugation between different TTF units. For

comparison, it should be pointed out that cyclic voltammo- |t was found for bis-TTFEL that the intensity of the mixed-
gram of dimeric TTF3 showed only two reversible one- ylence band was not obeying the Bekambert's law
electron oxidation wavésconfirming that through-bond  gyggesting that both inter- and intramolecular interactions
electronic interaction between TTF units in conjugated coyld coexist. On the other hand, it was found for tris-TTF
dimers is generally weak in the ground stétblevertheless,  p that the intensity of the mixed-valence band was perfectly
through-bond interactions were suggested for the hybrid obeying to the Beer—Lambert's law, demonstrating the

dimer 5 in which the planarity of the ethenyl spacer with  jntramolecular and probably through-space nature of elec-
TTF andz-extended TTF was shovin. tronic interactions between TTF units.

Chemical oxidation ofL and 2b in acetonitrile solution In these preliminary results, we have extended the re-
was carried out by successive aliquot addition of (diacetoxy- activity of the 1,3-dithiole and TTF frameworks by intro-
iodo)benzene in the presence of triflic acid (PhI(OAC)  ducing the phosphonate functionality, and the possibility to
CRSOH) used as oxidizing reagefftUV—vis—NIR spectra  reach conjugated oligomeric TTF through the Horner
of oxidized species were recorded. In both cases, chemicahyadsworth—Emmons reaction. This methodology may be
oxidation led to the disappearance of neutral TTF derivative gpplied to synthezise conjugated TTF-acceptor assemblies
(band at 507 nm) and to the development of new bands sing the appropriate electrophilic aldehyde on the accepting
characteristic of the cation radical ardimer* (832 nm)  mpjety. Electrochemical and optical properties of described
and then of the dication (429 nm) (Figure 4). The concomi- gimeric and trimeric TTF evidenced the presence of intra-
tant appearance of the broad band centered around 1800 Nfiplecular electronic interactions and a multistage redox
was attributed to the formation of a mixed-valence state pehavior which can provide the opportunity to control the
which occurs when the cation radical of one TTF shares its gigjchiometry and the band-filling in corresponding promis-
positive charge with another not yet oxidized TTF (inset of jng cation radical salts.

Figure 4)% . . .
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