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Abstract: The syntnesis and some physical properties of a new th,oaIlcyl substituted tetra- 

thiafulvalene, biSIthioUink?tflyIenel tetrathiafuIva/ene, are reported. Oxidation potentials 

of BTDH-TTF indicate a low intramlecular Coulomb repulsion energy. 

Since the discovery of low dimenaiOna1 organic metal3 based on tetrathiafulvalene 

(TTF), msny structurally related derivatives of TTF have been studied intensively in the 

last II Years. Such an enormous amOunt of research has been mtivated by the inpressive 

variety of electrical behaviors (insulators, anisotropic metals and SuPerconductors) 

showed by the salts derived from this class of one-electron donors2. Three general ap- 

PrOacheS are been used in order to inprove the electronic Properties of the heteroful- 

valene n System of TTF (reduce the on-site Coulomb repulsions) ana simultaneously to in- 

crease the conduction band width and dimensionality of their Conducting comPlex salts: a) 

Replacement of S with the larger and mre polarizable Se and Te atomsS*4, b) Extension of 

the n system of TTF by incorporating chalcogen atom3 in place of its H atomsD*6, and c) 

Extension of the n system by heteroaromstic annelation of TTF.’ 

Rep lacetnsnt of the external methylene groups of hexamethylenetetrathiafuIvaIene, 

HflTTF, i_a with different heteroatwns could be another alternative way to mDdify the 

electronic Properties of the heterofulvalenic n system. The foreseeable different strain 

existing in the external five-membered r ins3 of HtlTTF analOgue3 j is expected to perturb 

differently the heterofulvalenic framework of the neutral donors. Such effect could be of 

minor inportance in the radical c8tions derived fromj, owing to their arOmatic character. 

In addition to this structural tuning of the electronic properties of the donors, the 

added hCtarOatomS could give rise to interchain interactions SUPPreSsing the var i0u3 in- 

stabi I ities Which often lead to insulating ground states in quasi-one-dimensional organic 

conductors. 

B I= Cl-& MTTF 

1-b x=0 : BODM-TTF 

i_c X=8 ; BTDi+l-FF 

ld X= Se ; BSDH-TTF - 

1 _le X= BO2: BUOTDH-TTF 
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We report here the synthesis of a new member of this series8, bis(thiodimethyIene)- 

tetrathiafulvalene, BTDH-TTF, i_c. Some preliminary results Concerning with the oxidation 

pOtentialS (cyclic voltawrnetry,CV) and Win distributions (electron Win resonance, ESR) 

in its cation radical are al90 described. 

EITDWTTF was synthesized from the tosylhydrazone _2 in a three-steps Drocedure involv- 

ing thermal desconposition of 1,2,3- thiadiarole in the Dresence of carbon disulfide 

(SChmw j). The ring closure of tosylhydrazone 2 profnoted by thionyl chlor ideg gives a 

mixture of the two 1,2,3-thiadiazole isomers J and i in a G. 1:3 DroDortion. 4,b-dihydro- 

[3,4-d]-thieno-1,2,3-thiadia2ole @I and 4,5-dihydro-[2,3-d]-thieno-1,2,3-thiadiazole u) 

were separated by means of flash chromatography and identified to be each other by 1~ 

NfiR. 10. Therm3Iysis of thiadiazole 1 in excess of carbon disulfide (6 h, 17O.C) affords 

the yellow 4,6-dihydro-[3,4-d]-thieno-l,3-dithiole-2-thione @) a3 the mSjOr PrOdUCt, a3 

wel I as smeller allX)unts of the dehydrogenation Droduct thieno-[3,4-d]-1,3-drthlole-2- 

thione (2). I+. Direct CouDl ing of thione _5 with excess of trimethyl phosphite (1 h, 

12O*C) gives bis(thioukmethylene)-tetrathiafuivalene (i_c) as a brown miCrOCryStal I ine POW- 

der in 40 % yreld, m.D. 222-s; i.r. (KBr) 2900 m, 2830 m, 1440 w. 1230 w, 1130 m, 1100 w, 

1060 m, 875 w, 760 s, 705 5, 630 w, 440 s cm-‘; ‘H n.m.r. (DHSO-d6) 3,79 (S); u.V-vis 

(CHCI2CH2CI) A(logE) 530 (sh 2,33), 463 (2,561, 365 (sh 3,311, 308 (4,(j); m.S. (IE) m/e, 

320 (tl+, 66). 
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Scheme I. Reagents: a. SW12 (40 K); b, C62, lIC@, 6 h (62 1); C, (MeWgP, 12C@ (40 Xl. 
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The electrochemical data, obtained by cyclic voltametry, Of several members of Series 

1 are given in Table 1. BTDH-TTF, as expected, shows two reversible one-electron oxida- 

tions with potentials in a suitable range to form organic metals. However, the most 

remarkable electrochemical result is the low value for the difference between ioni28tion 

potentials (AE4/2= O.l7V), one of the lowest among the known TTF derivatives observed so 

far. Since this value is a measure of the intramolecular Coulcmb repulsion energy, this 

result suggests that BDTM-TTF is one of the better donors in this respect. 

Oxidation of BDTtl-TTF with AlCl3 in CH2Cl2 gives the corresponding Cation-radical. 

The iSOtrODiC ESR spectra Shows nine Central intense IineS due to the COUDling witn 

eignt equivalent (in the esr-time scale) methylenic protons. Coupling with one isotopic 

sulfur atom, 33S (i-3/2), at natUral BbUndanCe is observed upon amplification of the sig- 

nal as weak structurated satellite lines. The 33S hyperfine coupling COnStantS (hcc) and 

g-value (Table 1)indicate that Spin density distribution on the heterofulvalenic n system 

of BTDM-TTF+* is very close to those of the other members of the series (and TTF). The 

differences Observed in hcc’s of methylenic protons (atHIB), Table 1) are related with 

the distinct confornrations (and ~03% dependence of a ,H(B)) of the external five-membered 

rings in each members of the series 1, 

TABLE 1 Cyclic Voltaiwhetrya and ESRb Data 

rev rev 
Compd. ‘El/2 2E1/2 AE1/2 giso a a 

33s ‘H(B) 
-------------------~~~~~~~~~~~_______----------__________________ 

TTF 0.39 O.b2 0.24 2.0084 0.425 0.125 
HtlTTFc 0.27 0.60 0.33 2.0076 0.420 0.211 

BODM-TTFd 0.35 0.66 0.31 - 
BTDH-TTF 0.55 0.72 0.17 2.0079 0.425 0,130 

BDOTDH-TTFe 0.65 0.80 0.15 2.0077 0.425 0.158 

a In Volts; DMF/O.l TBAPF6, r.t., Pt buttom (working) and Pt wire 
(auxiliary) eleCtrOQeS, scan rate 200 mV s-l, SCE ref. electrode 

b COUDiing Constants (in mT) of BTDM-TTF are determinated by corn 
Duter SinnJlation. The other hcc’s are frcm Ref. 12. 

c Oxidation potentials measured in CH3CN/O+l )I TEAC104. Ref. 13. 

Electrochemical and ESR results bear out our initial expectation concerning with the 

structural tuning of the electronic properties of II electron donors. 

Further studies to inprove the yields and grow ion-radical salts and charge-transfer 

I-I Ref. 8b 
e Ref. 14 

cOrrplexes of BTDM-TTF are in progress. 
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