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4,5-Ethylenedioxy-4',5'-ethylenedithiotetrathiafulvalene (EOET): a New Unsymmetrical 
Electron Donor 
Aravinda M. Kini, Takehiko Mori, Urs Geiser, Sandra M. Budz, and Jack M. Williams 
Chemistry and Materials Science Divisions, Argonne National Laboratory, Argonne, Illinois 60439-483 1, USA 

The synthesis, characterization, electrochemical properties, and preliminary X-ray structural data of the title electron 
donor, a hybrid of bis(ethy1enedithio)tetrathiafulvalene and bis(ethylenedioxy)tetrathiafuIvalene, are presented. 

Among the various tetrathiafulvalene (T-TF) derivatives, 
bis(ethy1enedithio)tetrathiafulvalene (BEDT-TTF or ET) 
has recently emerged as an important electron donor because 
of its ability to form two-dimensional electrical conductors and 
superconductors. It has yielded the largest number of super- 
conducting and metallic cation-radicals salts compared with 
other electron donors,l including that with the highest known 
superconducting transition temperature for an organic super- 
conductor, K-(BEDT-TTF)~C~(NCS)~, T, = 10.4 K.2+3 There- 
fore, various chemical modifications of BEDT-TTF, obtained 
by replacement of all or some sulphur atoms with other 
chalcogens ,475 and ethylene end groups with other alkanediyl 
groups,6 are of great interest from the viewpoint of 'molecular 
engineering' of solid-state properties. Additionally, because 
of the recent discoveries of superconductivity in cation-radical 
salts of unsymmetrical ?TF derivatives, dimethylethylene- 
dithiodiselenodithiafulvalene (DMET)7 and methylene- 
dithiotetrathiafulvalene (MDT-TTF,g it is now well estab- 
lished that the occurrence of superconductivity is not limited 
to the cation-radical salts of symmetrical TTF derivatives. We 
recently suggested that unsymmetrical TTF derivatives, since 
they have an intrinsic tendency to form centrosymmetric 
dimers, may be good candidates for preparing cation-radical 
salts with a K-type molecular packing arrangement [molecular 
dimers which are arranged nearly orthogonal to each other, as 
in K-(BEDT-TTF)~CU(NCS),], which appears to be the most 
promising structural type in the design of new organic metals 
and  superconductor^.^ These considerations, and our recent 

discovery10 of ambient pressure superconductivity at -1 .O K 
in (BEDO-TTF)~CU~(NCS)~, have prompted us to synthesize 
the title unsymmetrical donor, EOET, which is a hybrid of 
BEDT-TTF and BEDO-lTF.5 In this communication, we 
report its preparation, characterization by spectral and 
preliminary X-ray diffraction data, and electrochemical 
properties. 

The synthesis (Scheme 1) of the unsymmetrical donor 
EOET was achieved by (Me0)3P-mediated cross-coupling of 
4,5ethylenedioxy- 1,3-dithiole-2- thione (2) and 4,5-ethyl- 
enedithio-1,3-dithiole-2-one (3).11 The thione (2) was pre- 

(3) EOET 
Scheme 1. Reagents and conditions: i ,  NaSH.H20, EtOH-AcOH; ii, 
(Me0)3P, 65 "C, 5 h; iii, flash chromatography. 

Table 1. Unit cell data for EOET, BEDT-TTF, and BEDO-TTF. 

Compound Space group 2 a/A blA C I A  PI" UlA3 
EOET P 2 J C  4 6.473(3) 14.231(6) 16.239(9) 110.71(4) 1399(1) 
BEDT-TTFa P 2 1 / ~  4 6.614(11) 13.985(2) 16.646(3) 109.55(2) 1450(2) 
BEDO-TTFb P212121 4 7.515(2) 7.627( 2) 21.794( 5) 1249.2(5) 

a Ref. 13. Ref. 5. 



pared from the corresponding iminium salt (1)s by reaction 
with commercially available sodium hydrosulphide hydrate in 
ethanol-acetic acid mixture.? A mixture of (2) and (3), in a 
3 : 2 molar ratio, was treated with freshly distilled (Me0)3P at 
65 "C for 5 h. Flash chromatography of the product (silica gel; 
CS2)I2 yielded EOET as an orange-red solid (yield 54% based 
on random coupling) m.p. 184-185 "C (decomp.); IR (KBr), 
Y,,,. 1643m, 1159s, 1084w, and 771w cm-1; 1H NMR (CDC13) 
6 4.259 (4H) and 3.291 (4H); 252Cf plasma desorption mass 
spectrum (PD MS) , m/z 352 ( M + )  ,324 ( M +  -C2H4), and 236 

The cyclic voltammogram of EOET (Pt working electrode; 
0.1 M Bu4NPF6 in CH2C12) showed two reversible redox 
waves, whose half-wave potentials were 0.01 and 0.43 V (vs. 
Ag/Ag+ reference electrode). These values are midway 
between the corresponding half-wave potentials of BEDT- 
TTF (0.07 and 0.48 V) and BEDO-TTF (-0.04 and 0.37 V) 
measured under identical conditions. 

X-Ray diffraction studies on several crystals of EOET, 
which show a great tendency for twinning, reveal that they are 
isostructural with BEDT-TTF,13 but not with BEDO-TTF,S 
based on the cell constants (see Table 1) and a preliminary 
survey of intensity data obtained from a twinned crystal. The 
unit cell volume of EOET is ca. 4% less than that of 
BEDT-TTF. Because of the twinning found in the crystals of 
EOET investigated so far, we have been unable to obtain full 
structural details. 

We are currently engaged in the preparation, structural 
studies, and investigation of electrical properties of cation- 
radical salts of EOET, and these results will be reported 
shortly. 
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( M +  -C4H&). 

f In addition to the dimethyliminium salt (l), we have also prepared 
and used the corresponding piperidine-iminium salt in the synthesis of 
(2). 

J. CHEM. SOC., CHEM. COMMUN., 1990 

Argonne Division of Educational Programs from St. Xavier 
College, Chicago, Illinois. 

Received, 29th January 1990; Corn. 0100440E 

References 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
12 
13 

For a recent summary, see e.g., Proceedings of the International 
Conference on the Science and Technology of Synthetic Metals, 
Santa Fe, NM, USA, June 26-July 2, 1988, Synth. Metals, 

H. Urayama, H. Yamochi, G. Saito, K. Nozawa, T. Sugano, M. 
Kinoshita, S. Sato, K. Oshima, A. Kawamoto, and J. Tanaka, 
Chem. Lett., 1988, 55. 
S. Gartner, E. Gogu, I .  Heinen, H.  J.  Keller, T. Klutz, and D. 
Schweitzer, Solid State Commun., 1988,65, 1531; K. D. Carlson, 
U. Geiser, A. M. Kini, H. H. Wang, L. K. Montgomery, W. K. 
Kwok, M. A.  Beno, J. M. Williams, C. S. Cariss, G. W. Crabtree, 
M.-H. Whangbo, and M. Evain, Inorg. Chem., 1988,27,965, and 
2904. 
V. Y. Lee, E. M. Engler, R. R. Schumaker, and S. S. P. Parkin, 
J.  Chem. SOC., Chem. Commun., 1983, 235; A,  M. Kini, B. D. 
Gates, M. A. Beno, and J. M. Williams, ibid., 1989, 160, and 
references therein. 
T. Suzuki, H. Yamochi, G .  Srdanov, K. Hinkelmann, and F. 
Wudl, J .  Am.  Chem. SOC., 1989,111, 3108. 
A. M. Kini, S. F. Tytko, J. E. Hunt, and J.  M. Williams, 
Tetrahedron Lett., 1987, 4153, and references therein. 
K. Kikuchi, Y. Honda, Y. Ishikawa, K. Saito, I. Ikemoto, K. 
Murata, H. Anzai, T. Ishiguro, and K. Kobayashi, Solid State 
Commun., 1988, 66, 405, and references therein. 
G.  C. Papavassiliou, G.  A. Mousdis, J .  S. Zambounis, A. Terzis, 
A.  Hountas, B. Hilti, C. W. Mayer, and J. Pfeiffer, Synth. Metals, 
1988, 27, B379; A.  M. Kini, M. A. Beno, D. Son, H. H. Wang, 
K. D. Carlson, L. C. Porter, U. Welp, B. A. Vogt, J. M. Williams, 
D. Jung, M. Evain, M.-H. Whangbo, D. L. Overmyer, and J.  E .  
Schirber, Solid State Commun., 1989, 69, 503. 
A.  M. Kini, M. A. Beno, K. D. Carlson, J .  R. Ferraro, U. Geiser, 
A.  J. Schultz, H.  H. Wang, J.  M. Williams, and M.-H. Whangbo, 
in Proceedings of the First ISSP International Symposium on the 
Physics and Chemistry of Organic Superconductors, Tokyo, 
Japan, August 27-30, 1989, eds. G. Saito and S. Kagoshima, 
Springer-Verlag, in the press. 
M. A. Beno, H. H. Wang, K. D. Carlson, A. M. Kini, G .  M. 
Frankenbach, J. R. Ferraro, N. Larson, G. D. McCabe, J. 
Thompson, C. Purnama, M. Vashon, J .  M. Williams, D. Jung, 
and M.-H. Whangbo, Mol. Cryst. Liq. Cryst., 1990, 181, 145; 
M. A. Beno, H. H .  Wang, A .  M. Kini, K. D. Carlson, U. Geiser, 
W. K. Kwok, J. E. Thompson, J. M. Williams, J .  Ren, and M.-H. 
Whangbo, Inorg. Chem., in the press. 
J. Larsen and C. Lenoir, Synthesis, 1989, 134. 
W. C. Still, M. Kahn, and A.  Mitra, J .  Org. Chem., 1978,43,2923. 
H. Kobayashi, A. Kobayashi, Y. Sasaki, G. Saito, and H. 
Inokuchi, Bull. Chem. SOC. Jpn. ,  1986, 59, 301. 

1988-1989, 27-29. 




