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ABSTRACT

A series of new TTF containing a nitro group were prepared by using a Wittig condensation between a TTF bearing
an aldehyde function and an appropriate aromatic phosphonium salt.The reducing power of each new precursor
was determined by cyclic voltammetry. Charge transfer complexes of the donors with TCNQ were prepared and
characterized. The electrical conductivity of these materials was measured.
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INTRODUCTION

The electroactivity of the tetrathiafulvalene (TTHgs focused a lot of attention as the leadingtttaest of various
molecular materials, displaying a wide range ofaative applications, such as sensors, receptwit;hes, and
conductors [1-8]. To reach such high versatilitymerous chemical modifications have been realizethe TTF
skeleton [1-8]. For example, various coordinatianctions have been grafted on the TTF core in ot@@onvert
the TTF into an electroactive ligand [9] for thatmbration of hybrid multifunctional materials [1@]1

The goal of this work is the synthesis of a sedesew molecules of TTF containing either electdmmating or

electron-withdrawing aromatic substituents covadielitked to the TTF ring and usable as precursomnaterials
exhibiting electrical and/or NLO properties [13-16]
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Thus, in order to develop new series of donordviordimensional metals in particular, we have sgatbed several
original TTF containing nitrophenyl units as subtnt. We report here the synthesis, the electroata properties
of such compounds and finally the electrical conigity of some of their radical cation salts andaade transfer
complexes.

EXPERIMENTAL SECTION

All commercial chemicals and solvents were usedeasived. Melting points were determined in opdretion a
510 Bichi apparatus and are uncorrected. Microaralywere performed in the Microanalysis Laboratofy
ENSCM (Montpellier).'H Magnetic Resonance spectra were determined onPa400-NMR spectrometer.
Chemical shifts are recorded in pp®) @nd coupling constants in Hertz, relative toaetethylsilane used as
internal standard. Multiplicity is indicated asssnglet), d (doublet), g (quadruplet), m (multiplahd combinations

of these signals. Fast-atom bombardment mass apdE#B) were recorded in positive mode with 3-
nitrobenzylalcohol (NOBA) as matrix. Cyclic voltanetny measurements were carried out on a PAR-273
potentiostat/galvanostat. All reactions were maeitioby thin Layer Chromatography (TLC) on silicd berck 60
F254 precoated aluminium plates. Column chromajdgravas performed using silica gel 60 (203-400 meah
reactions were performed under an inert atmospdfanégrogen.

General procedure for the preparation of compoundg3-6)

To a stirred solution of aldéhyde-TTF (1 or 2) (ui) obtained in accordance with the methodoldgyen in the
literature [17-18] and nitrobenzyl triphenyl phospium bromide (1 equiv) in dry dichlorométhane veakied
excess of triethylamine (10 equiv). The reactioxtore was allowed to stand at room temperaturel &t under
nitrogen and then concentrated in vacuo. acétivas added, after stirring for 15 min, the pritated obtained
in the medium was filtered and washed with acétibmitThe filtrate mixture was stirred at -15 °QG 20 min, the
precipitated obtained was filtered and washed wdtld acétonitrile.

Recrystallization of the first precipitated fromésanitrile/tétrahydrofurane (1:1) gave the isoni€rans @ or 5) as
black-green crystals. The second precipitated wasfigd by column chromatography on silica gel with
dichloromethane/hexane (2:1) as the eluent. To gevesomer cis4 or 6) as green powder.

Isomere Trans (3) Yield = 42%; TLC: Rf = 0.65 (dichloromethane/haga (2:1); black-green crystals, mp = 145
°C; '"H NMR (CDCl) 5 ppm: 1.96 (s, 6H, C¥), 2.04 (s, 3H, CH), 6.89 (d, 1H, J=15.92HZ, dfyienid, 7-10 (S, 1H,
Hiniop)s 7.15 (S, 1H, Kiopn), 7.27 (d, 1H, J= 15.92Hz, R ienid, 7.52 (d, 2H, J=8.56Hz, H,), 8.14 (d, 2H, J=
8.84Hz, Hiom); M.S: (NOBA, FAB > 0): 476 [M + HJ, M = 475; Anal. Calcd for: C, 53.02; H, 3.60; R.20;
found: C, 53.04; H, 3.63; S, 33.67.

Isomere Cis (4) Yield = 40%; TLC: Rf = 0.92 (dichloromethane/her (2:1); green powder, mp = 136 &t
NMR (CDCk) & ppm: 1.96 (s, 6H, C¥, 2.04 (s, 3H, CH, 6.53 (d, 1H, J=12.12Hz, dyienid, 6.67 (d, 1H,
J=12.12Hz, Bhyienid, 6.91 (S, 1H, Kiopr), 7.00 (S, 1H, Hiopr), 7.45 (d, 2H, J=8.32Hz, Hy), 8.14(d, 2H, J=8.84Hz,
Haom); M.S: (NOBA, FAB > 0): 476 [M + HJ, M = 475; Anal. Calcd for: C, 53.02; H, 3.60; R.20; found: C,
53.03; H, 3.62; S, 33.68.

Isomere Trans (5) Yield = 43%; TLC: Rf = 0.63 (dichloromethane/haga (2:1); black-green crystals, mp = 167
°C; 'H NMR (CDCk) & ppm: 1.97 (s, 6H, C§, 2.06 (s, 3H, Ch), 7.39 (d, 2H, J= 8.65Hz,.H.), 7.53 (m, 2H, i,

), 7.55 (d, 1H, J=14.00Hz,cldyienid, 7.60 (d, 1H, J=14.00Hz,dRyienid, 7.67 (M, 2H, H§,), 8.21 (d, 2H, J= 8.67Hz,
Haom); M.S: (NOBA, FAB > 0): 458 [M + HJ, M = 457; Anal. Calcd for: C, 57.73; H, 4.18; 8.@2; found: C,
57.70; H, 4.16; S, 28.04.

Isomere Cis(6): Yield = 39%; TLC: Rf = 0.91 (dichloromethane/herd (2:1); green powder, mp = 158 *&t
NMR (CDCk) & ppm: 1.97 (s, 6H, C¥), 2.06 (s, 3H, Ch), 6.65 (d, 1H, J=10.40Hz, dHyienid, 7.00 (d, 1H,
J=10.40Hz, Bnyienid, 7.39 (d, 2H, J= 8.63Hz,Hy), 7.56 (m, 2H, ), 7.69 (m, 2H, H,), 8.22 (d, 2H, J= 8.67 Hz,
Haom); M.S: (NOBA, FAB > 0): 458 [M + HJ; M = 457; Anal. Calcd for: C, 57.73; H, 4.18; 8.@2; found: C,
57.71; H, 4.16; S, 28.03.

RESULTS AND DISCUSSION

The target highly conjugated molecul@$ have been prepared by using a Wittig condensti®j20] between a
TTF bearing an aldehyde function and an appropaedeatic phosphonium salt (schef)e
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The action of triethylamine in dry dichlorométhaatroom temperature on nitrobenzyl triphenyl phasphm
bromide salt and aldéhyde-TTF to give the targetmounds in good yield

In the *H-NMR (CDCI3) spectra of nitrotetrathiafulvaleneridatives 3, 4 the ethylenic protons in compourid
showed two doublets at 6.89 ppm and 7.27 ppm, thighsame coupling constant of 15.92 Hz. While thees
protons in compound exhibit two successive doublets at 6.53 ppm afd fpm, with the same coupling constant
of 12.12 Hz. The coupling constant of ethylenictpns of compound! is smaller than that of compoui this
reason we conducted to differentiate between thesand Cis isoméFigurel, 2).

For compound$ and6 the same reason was used to differentiate bettheefirans and Cis isomer.
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Scheme 1. Synthetic route for the preparation of ecopounds 3-6.
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Figure 1."H NMR spectrum of the isomere Trans 3 in CDGQ
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Figure 2.'"H NMR spectrum of the isomere Cis 4 in CDG

The redox power of each new compound has beenndient through cyclic voltammetry measurements[2], 2
All the compounds show the expected two reversibielation waves with values comparable with thok& BF
used as a reference (talije

Table 1. Half-wave potentials of TTF and unsymmetially nitro-tetrathiafulvalenes 3-6.

Donor  E'y(V) E%x(V) AEw =B Elys

TTF 0.45 0.77 0.32
3 0.46 0.74 0.28
4 0.46 0.74 0.28
5 0.46 0.72 0.26
6 0.46 0.72 0.26
8,00E-05
3aand 4a
6,00E-05 -
4,00E-05 -
1{A) 2,00E-05 -
0,00E+00 - T T 1
0, 1 1,5
-2,00E-05 -
-4,00E-05 -
’ E(V)

Solvent: THF; Electrolyte: nBusNPFs 0,1 M; reference electrode: SCE;
Working and counter electrodes: platinum; Scan ate: 100mVs'.
Figure 3. Voltammogram of isomere Trans 3 and isonte Cis 4
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Charge transfer complexes have been obtained lrge dedox reaction, in solution, between a TThRat®-6 and
TCNQ used an electron-acceptor. The electrical gotivdty of the isolated solids have been measumregowder
compressed pellets through a two contacts procesthawing, in each case, quite good conductivitiaisl¢2).

Table 2. Melting points, stoichiometry and electidal conductivity of charge transfer complexes.

Complex  mp (°C) D-A ogr (Scm)

3-TCNQ 231 1:2 1,37
4-TCNQ 180 11 0,82
5-TCNQ 248 1:2 1,12
6-TCNQ 206 1:1 0,61
CONCLUSION

Some new highly conjugated compounds of the TTFilfatmave been obtained through appropriate syrtheti
strategies (Wittig condensations).

The redox power of these new donors were deternigezi/clic voltammetry and they were then emploteeduilt
new series of conducting materials as charge taesimplexes by using TCNQ (tetracyanoquinodimethan
These new molecules which are composed of a dard(the TTF ring) and an acceptor one (a nitrovetic unit)
will be now analyzed as building blocks able togere NLO properties.
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