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Abstract: The title compounds are prepared by Wittig or Wittig-Horner reactions between the corresponding 
benzenes di- and tetracarbaldehydes and the P-reagents W or P bearing the 13-dithiol-2-ylidene moiety; among 
them, the tetrakis(dithiafulvenyl)benzene 3c is shown by cyclic voltammetry to possess the best x-donor 
character and, also, is chemically or electrochemically oxidized. 

Since the discovery of the properties of tetrathiafulvalene (TTF) in the early 197Os,t much effort has 

been devoted to designing new analogues of this x-donor in order to improve the electroconductive 

properties of the corresponding salts, .Z3 thanks to subtle chemical modifications, the first organic 

superconductors have been obtained, and their Tc has been gradually raised4 (up to 11.6 K at ambient 

pressure, to dates). One of the present trends consists in separating two or more 1,3-dithiol-2-ylidene 

moieties by extending and conjugating blocks such as mono or polyolefinic,6-8 cumulenic,6v9 acetyleniqlu 
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quinonict 1 and carbot4,15 or heteroaromatic 16 rc-systems. Such modifications are expected to decrease the 

on-site coulombic repulsion thanks to a greater separation of charges in the oxidized states of the donor. 

Moreover, when more than two S-heterocyclic moieties are connected in this way, an enhancement of the 

dimensionality in the related materials may result, since the greater the number of S atoms, the greater the 

number of S....S intra- and inter-chains contacts. 

As there are only a few examples of benzenic analogues of l’TF,14,t5 we decided to study the 

synthesis and x-donor properties of 1.2 and in particular 3 which was held to be a suitable precursor of 

“organic metals” because of its large space expansion and its four conjugated S-heterocycles. 

As previously shown in the case of la,14 a straight access to the target molecules involves the Wittig 

or Wittig-Homer oletinations of the corresponding benzenic di- or tetra- t7 aldehydes with the P-ylids Wa- 

ct4J8 or the phosphonate anion Pb.*las19 

All the reactions applied hereafter were run by qunntitafive deprotonation (BunLi, THF, below -70°C) 

of the corresponding phosphonium tetrafluoroborates (for Wa,b) and hexafluorophosphate (for WC) or of 

the phosphonate (for Pb), and then adding the aldehydes (tetrahydrofuran (THF) soln) dropwise, however, 

the equilibrated deprotonation procedure (EtxN, CH3CN or CH2C12. r. t.) was also used in the case of Wa 
(90% yield of la according tot4). So, when c&o- and terephtalaldehydes were reacted with the fairly 

stabilized P-reagents Wa and Pb, we isolated the expected compounds: lb(*) (75%, yellow solid, 

recrystallized from chloroform-hexane, m.p. 17SQ 2a (83%, red needles from dichloromethane, m.p. 

234-235’C), and 2b2o (40%, yellow powder, washed with THF, m.p. 291’C with decomp.). 

The syntheses of 3a-c through four-fold Wittig reactions of benzene-1,2,4,5tetracarboxaldehyde 

with Wa-c occured happily thanks to its previous conversion into 1,2,4,5- tetravinylbenzene with 

Ph3P=CH2.21 Thus, when the tetraaldehyde (previously dried for 8 hrs at 13O’C) was reacted with the 

phosphoranes Wa-c (10% excess), the corresponding 3a-cc**) precipitated as brightly-coloured powders 

and these were respectively isolated in 50, 90 and 59% yields after subsequent washings with methanol, 

acetonitrile and diethyl ether. 
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C : R=H, R’+h 

Pb: R-R=(CH=CIQ, R*&k 

As they strongly depend on the nature of the solvents used, cyclic voltammograms of l-3 were 

recorded in N,N-dimethylformamide (DMF) and in 1,1,2-trichloroethane (TCE) (see table). With the 
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exception of 3b, the Epal values are lower in DMF than in TCE, in agreement with the solvent effect.22 As 

expected, the n-donating abilities are dependent upon the electronic effect of the R substituents and the best 

case does correspond to the derivative 3c, its reducing character being slightly lower than that of TTF 

(Epat= 0.38 V.SCE in DMF). Compounds l-3 generally exhibit two irreversible anodic peaks, the second 

often being poorly defined, with the exception of 3c in TCE for which two reversible systems are 

observed. In this case, the difference between Epal and Epcl of the fully reversible first system is about 

0.06 V (see table) in agreement with a one-electron transfer, 23 the difference between Epa2 and Epc2 (0.12 

V) shows the second one-electron system to be quasi-reversible. Finally, the slight difference between the 

two anodic peaks (Epa:! - Epat= 0.15 V) suggests a weak coulombic repulsion in the dicationic states of 3c 

which should allow it to be a suitable precursor of conducting salts. 

Thus, when a 1,2-dichloroethane solution of 3c and tetracyanoquinodimethane (TCNQ) was 

refluxed, a 1: 1 molar ratioz4 complex was precipitated as black shiny needles, m. p. 308”C, with (T = 10-3 

S.cm-l(measured on compressed pellet by the two-probe technique). Moreover, generating cation-radicals 

salts by anodic oxidation in the presence of Bun4N+X- (X = C104, BF4,I3) proved to be feasible, but 

conducting powders which are unfortunately only microcrystalline were produced, and attempts to grow 

single crystals are still under way. 

Table. Oxidation peaks potentials (V.SCE) determined by cyclic voltammetry: Pt electrode, 2O”C, under 
nitrogen, Bu”4NC104 0.1 mol.l-1 in Dh4F or TCE, scan rate 0.2 V.s-1. 

la lb 2a 2b 3a 3b 3c 

DMF 

Epat 1.04 0.85 0.88 
Epq _a 0.95b 1.08 

0.72 
0.86b 

rp- 
ILC 

0.85 0.68 0.46 
0.99 _a _a 

Epal 1.20 0.93 1.03 d 
-b 

0.96 0.68 0.57e 
Epa2 _a 1.05 _a,c 1.15 0.96 0.72e 

a no well-defined peak appears at more anodic potential 
b two other poorly-defined anodic peaks are prcscnt at more anodic potenlial 
c existence of a cathodic peak 
d sparingly soluble 
e reversible processes: cathodic peak potentials, Epcl = 0.50, Epcz = 0.60. 
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Determined from elementary analysis. 
Under acidic conditions (SiO2, or by standing of its CHC13 soln.), this compound undergoes a 
cyclisation into an isomeric derivative whose structure elucidation is in progress. For a preliminary 
report, see7c. Similar conversion, with R=H or Me, has also been observed by I. Johannssen et al. 
(personal communication). 

** All new compounds gave satisfactory elemental analyses and spectral data. 
Compound 3a: bright orange powder; m.p. 221-226°C (THF); lH n.m.r. [(2H6)- 
Dimethylsulphoxyde (DMSO)] 3.77 (s, 12H), 3.81 (s, 12H), 6.70 (s, 4H), 7.06 (s, 2H); i.r.(nujol) 
1730 cm.-’ 
Compound 3b: bright yellow powder; m.p.>260°C (chlorobenzene); ‘H n.m.r. ((2&)-DMSO) 6.86 
(s, 4H), 7.17-7.56 (m, 16H), 7.61(s,2H). 
Compound 3c: orange powder; m.p.159OC (decomp.) (chlorobenzene); 1H n.m.r. ((2H6)-DMSG) 
6.65 (d, 4H), 6.66 (s, 4H), 6.77 (d, 4H), 7.41 (s, 2H); l3C n.m.r. ((2He)-DMSG) 109.32 (d), 
117.99 (d), 118.59 (d), 121.58 (d), 131.75 (s), 138.36 (s); m.s. thermal decomp. 

(Received in France 20 February 1991) 


