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Abstract The synthesis of highly extended and sulfur rich tetrathiafulvalene derivatives, designed to avoid any internal cyclisation 
during their subsequent electrooxidation, is described. Their x-donating ability is confirmed by cyclic voltammetry, as well as the 
good stability of each of their oxidized species (up to an hexacationic stale in one case). 
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The design of  new x-donors able to afford electroconductive materials possessing a structural 

dimensionality greater than one is still of actuality, main goal being to improve their transport properties at low 

temperature. Thus in some 2D materials, suppression of Peierls distorsions has allowed to reach metal-like 

conducting and even superconducting cation radical salts in the ~ series. 1 
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Scheme 1 

To date, besides the famous BEDT-TTF salts, most interesting materials belong to highly space- 

extended and S-enriched TI 'F derivatives 2 and in our quest in this field, significant results have been recently 
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obtained upon electrooxidation of  bis and tetrakis (1,4- 

dithiafulvene-6-yl) substituted TTF derivatives 1-1113 

(RI=H in scheme 1). However, despite many attempts of 

e lec t rocrys ta l l iza t ion under var ied exper imental  

conditions, suitable materials for structural and physical 

studies could be harvested in few cases only. A putative 

reason for such difficulties lies in the possible arising 

during the electooxidative process, of  an internal 

cyclization to compounds IV 4 (scheme 2), resulting from 
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prototropy (RI=H) involving two vicinal dithiafulvenyl side arms. Therefore, in order to avoid any spoiling 

trace of by-product IV possibly formed during electrolyses of I-IH, we have focused on the preparation of the 

corresponding dithiafulvenyl TI'F derivatives 1-3 with RI=Me (schemes 1 and 3). 

We report here on their synthesis and present some preliminary results emphasizing their unusual and 

very good z-donor ability. 
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Tetrakis(6-methyl-l,4-dithiafulven-6-yl)TI'Fs la  7 (R = SMc) and lb  (R-R = S(CH2)2S) (scheme 3a) 

could be prepared in good yields (respectively 74 and 68% after precipitation with MeOH) by tetraolefination of 

tetraacetyl-TTF 55. In order to bring the four successive olefinations to completion, the phosphouate anions H 6 

(THF, BuLi, -78°C) were used rather than the less nucleophilic corresponding P-ylids, and additionally, a very 

large excess of these reagents (10 eq. instead of 4 per mol of tetraketone) needed to be engaged. 7 

Olefinations of compounds 65 were found to be mainly dependent on the R substituents in anions H 

(scheme 3b). Thus, the reaction of 61~ (R'=p-MePh) with a large excess of Hc (R-R= (CH=CH)2), produced 

the di and triolefination products, 415e (59%) and 213c (30%) respectively. By contrast, when Hb (R-R = 

S(CH2)2S)) was used, the triolefinated compounds 2ab and 2lib were directly obtained from 6a and 613 

respectively (20tb : 62% and 2[~b : 73%). 7 
Finally, the tetrasubstituted TTF vinylogs 3(x and 313 (scheme 3c) could be obtained in fairly good yields 

(63-76%) in one step only, thanks to the good enough reactivity of the corresponding tetraketonic starting 

materials 7a 5 and 71] 5 towards the phosphonate anions Ha and Hb. 7 
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Cyclic voltammetric studies (see table) reveal the uncommon and very good ~-donor ability of the new 

compounds produced, with the occurence of multi (up to five) reversible oxidation peaks. 

Table : Oxi 

0tb(b: 

Epa I 0.42 0.35 

Epa 2 0.72* 0.55 

Epa~ 0.88 

Epa4 1.16 

Epa~ 
on potentials (E 

0.30 

0.52 

0.95 

1,08 

0.34 0.29 

0.63 0.37 

1.17" D.83(c) 

1.24" 

0.31 0.28 

0.38 0.40 

0.80 0.81 

1.12(¢) 0.97 

1.21" 

0.08 

0.17 

0.51" 

YId$T 

0.17 0.55 

0,33 0.83 

0.92 

1.12 

(a) CH2C12 or (b) 
CH2CI2/CH3CN 1/1; I00 mV/s, 20°(7; (c) irreversible redox process. All of the reversible redox processes 
involve le-, with the exception of those indicated by (*)for which 2e- are exchanged (Epa - Epc = 30 mV). 

Study of compounds 1 has been restricted to the most soluble derivative la, this latter being compared 

with its unsubstituted analog Ia (RI=H) and with tetra(methylsulfanyl)-TIT (TMSTI~F). As expected from the 

substitution of the TIT core by four electrodonating dithiolylidene moieties, la (Epal=0.42V) is better a donor 

molecule than TMSTTF (Epal=0.55V), but not as good as Ia (Epal=0.08V). Such a behaviour is also in 

agreement with the UV-vis spectra (la: ~,max = 349 nm, and Ia: ~,max = 500 nm); these data suggest a lower 

conjugation in I compared to I, due to a difference in flatness, the former being distorted by steric hindrance 

between both close 6-Me substituents. 

Similar steric hindrance between Me groups may also explain the lower x- 
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donating ability of 2b-c, when considering Epal and Epa2 values, relative to their 

corresponding compounds II (RI=H). On the other hand, the good reversibility 

of any of the four redox processes in compounds 2 a b  and 2l~b (Epai- 

Epci=60mV) clearly demonstrates the stability of each oxidized species which are 

reached upon the following oxidative sequence (Figure) : 
- l e -  - l c -  - l e -  - le- 

2b ~ 2b "+ ~ 2b 2+ ~ 2b "3+ ~ 2b 4+ 

Moreover, the close identity of Epa3 and Epa4 values between compounds 

of both 2 and II series would suggest the occurence of a S-..S stabilizing internal 

1,5-bonding interaction in the polycationic states, forcing the peripheral 

dithiafulvenyl groups to tend to a coplanarity with the TTF vinylog central core 

whatever RI= H or Me. 

Figure : Cyclic voltammetry of compound 2~b, lmM.L -I, Bu4NPF 6 
(0.1 mol/L) in CH2CI2/CH3CN 1/I; 100 mV/s, 20°6". 

Similarly, compounds 3 behave as very good ~-donors. For example, the CV of compound 3 ~ a  

displays up to five reversible redox peaks, the fifth one corresponding to a 2e- process (Epa5-Epc5=30mV) 

allowing to reach an hexacationic state, according to the following oxidative sequence : 
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- l e -  - l e -  - l e -  - l e -  - 2 e -  

3~a ~ 3~lt.+ ~:2:22~ 313a2+ ~2222~ 3[~a.3+ ~ 313a4+ ~ 3~a6+ 

In conclusion, the synthesis of new extended tetrathiafulvalenes 1-3 designed to avoid any oceurenee of 

undesirable intrarnolecular cyclisation as encountered in systems I-IH, has been accomplished. Compounds 1- 
3 exhibit good x-donating abilities and good stabilities for each of the cationic species reached upon 

electrooxidation (up to an hexacationic state in the ease of 313a). These features are very promising for the 

preparation of new materials involving highly extended and S-enriched TTF derivatives, upon preparative 

electrooxidation. 

R e f e r e n c e s  a n d  n o t e s  

Fax : (33) 2 41 73 54 05, e-mail : gorgues@univ-angers.fr 

Williams J. M.; Ferraro J. R.; Thorn R. J.; Carlson K. D.; Geiser U.; Wang H. H.; Kini A. M.; 
Whangbo M. H. Organic Superconductors, Prentice Hall : Englewood Cliffs, New Jersey, 1992. 
a) Misaki Y.; Higuchi N.; Fujiwara H.; Yamabe T.; Mori T.; Mori H.; Tanaka S.; Angew. Chem. 
Int. Ed. Engl. 1995, 34, 1222-1225; b) Misaki Y.; Fujiwara H.; Mori T.; Mori H.; Tanaka S.; 
Chem. Commun. 1996, 363-364; c) Schumaker R.R.; Rajeswari S.; Joshi M,V.; Cava M.P.; Takassi 
M.A.; Metzger R.M.J. Am. Chem. Soc. 1989, 111,308-313; d) Yamashita Y.; Tomura M.; I 
maeda K. Chem. Commun. 1996, 2021-2022; e) Otsubo T.; Aso Y.; Takimiya K. Adv. Mater. 
1996, 8, 203-211. 
a) Sall6 M.; Jubault M.; Gorgues A.; Boubekeur K.; Fourmigu6 M.; Batail P.; Canadell E.Chem. 
Mater., 5, 1993, 1196-1198; b) Sall6 M.; Gorgues A.; Jubault M.; Boubekeur K.; Batail P.; Carlier R. 
Bull. Soc. Chim. Fr. 1996, 133, 417-426. 
Benhamed-Gasmi A.; Fr~re P.; Belyasmine A.; Malik K.M.A.; Hursthouse M.B.; Moore A.J.; 
Bryce M.R.; Jubault M.; Gorgues A.Tetrahedron Lett. 1993, 34, 2131-2134; b) Fr~re P.; Gorgues 
A.; Jubault M.; Riou A.; Gouriou Y.; Roncali J. Tetrahedron Lett. 1994, 35, 1991-1994. 
Leriche P.; Belyasmine A.; Sall6 M.; Fr~,re P.; Gorgues A.; Riou A.; Jubault M.; Orduna J.; Garin J. 
Tetrahedron Lett., in press. 
Ishikawa K.; Akiba K.; Inamoto N. Bull. Chem. Soc. Jpn 1978, 51, 3695-3697. 
All new compounds gave satisfactory spectroscopic data. Selected examples : 
Compound la  : m.p. = 110°C; 1H nmr (CDCI3): 2.42 (s, 24H, SCH3), 1.88(s, 12H, CH3); 13C nrrtr 
(CDC13): 134.6, 131.5, 129.2, 124.9, 112.4, 21.5, 19.2, 19.1; MS (FAB+) 1084 (M+.); UV 

(CH2C12) kmax = 500nm. 
Compound 20tb : m.p. = 129°C; 1H nmr (CDCI3): 5.83 (d, 1H, 3j = llHz), 5.69 (d, lH, 3j = 11Hz), 
3.32 (s, 4H, SCH2), 1.91 (s, 3H, CH3), 1.90 (s, 3H, CH3); 13C nmr (CDCI3): 133.2, 131.6, 130.9, 
126.2, 114.5, 113.4, 113.1, 112.9, 112.5, 110.8, 30.4, 30.3, 22.2, 22.1; MS (FAB+) 756 (M+.); UV 
(CH2C12) ~nax = 404nm. 
Compound 3o.a : m.p. = 130°C; 1H nmr (CDC13): 6.02 (d, 2H, 3j _- 11Hz), 5.81(d, lH, 3j = llHz), 
2.42 (s, 12H, SCH3), 1.87 (s, 6H, CH3), 1.85 (s, 6H, CH3); 13C nmr (CDCI3): 134.9, 132.7, 
130.8, 130.6, 129.7, 125.5, 125.2, 114.4, 112.7, 112.5, 22.0, 21.9, 19.64, 19.57; Calcd(Found): C 
40.11 (39.66), H 3.54 (3.69). 
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