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Abstract:  1, l-Bis(tetrathiafulvalenyl)ethylenes, synthesized using the palladium-catalyzed cross-coupling of 4- 
trimethylstannyl-TTF with 2,2-disubstituted 1, l-dibromoethylenes, were converted into the corresponding CT- 
complexes and cation-radical salts to determine the electric conductivities and magnetic properties. 
© 1999 Elsevier Science Ltd. All rights reserved. 
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Since the discovery of the properties of tetrathiafulvalene (TIT) in 1970, I much effort has been devoted to 

designing new analogues of this it-donor in order to improve the electroconducting properties of the 

corresponding salts. 2 Fukutome reported theoretical calculations 3 and predicted that the dication-diradical 2 

derived from 1,1-bis(tetrathiafulvalenyl)ethylene 1 shows a high-spin ground state (i.e., a triplet ground state) 

which possesses somewhat lower energy as compared with a low-spin ground state. This presumption suggests 
that molecular materials containing both magnetic and electrical behavior may be constructed from TTF 
derivatives. An attempt along this line has been reported for bis(tetrathia-fulvalenyl)ketone 3 and its derivatives 
and the results show that the dication-diradical 4 derived from 3 possesses a singlet ground state, presumably due 

to the fairly stabilized singlet ground state in 4. 4 Since the triplet ground state in 2 has been calculated to be more 

stable than that in 4, 1,1-bis(tetrathiafulvalenyl)ethylenes 5-9 have been synthesized to examine the spin-spin 
interaction and conducting properties of CT-complexes and cation-radical salts derived from new donors 5-9. 
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The synthesis of 5-9 was carried out using the palladium-catalyzed cross-coupling reaction of 4- 
trimethylstannyl-TTF 11 with 2,2-disubstituted 1,1-dibromoethylenes (Scheme 1).5 Thus, the reaction of 11 (2 
equiv.) with 1,1-dibromo-2,2-diphenylethylene 12 (1 equiv.) in the presence of Pd(PPh3)4 (0.1 equiv.) 
proceeded smoothly in refluxing benzene for 24 h to produce 5 in 57% yield. 6 Although the reaction of 11 with 

l,l-dibromo-2-methylpropene 13 in the presence of Pd(PPh3)4 (0.1 equiv.) produced 6 in a low yield (19%), 
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the yield of 6 was improved to 26% when the reaction was carded out in refluxing toluene. In a similar manner, 
the palladium-catalyzed reactions of 11 with 14, 15 and 16 in refluxing benzene or toluene afforded the 

corresponding products 7, 8 and 9 in 52, 41 and 28% yields, respectively. 

10 

i) n-BuLi (1 equiv.) 

ii) Me3SnCI (1 equiv) 

R : B r  + ~ s S ~  l~SnMe 3 

R Br 
11 

12: R = Ph 15:R2 = _ ~ /  
13: R : Me S-~, .~-S 
14:R2 = (C6H4)216: R 2 = (CH2) 4 

. I[~SS~:~: I ~  SnMe3 

11 R R 

benzene or toluene, reflux 

5: R = Ph 8: R 2 = f"/)--"~')  
6: R = Me S--~ ..=- s 
7:R2 = (C6H4)29: R 2 = (CH2) 4 

Scheme I 

Because of the low solubility of the aryl-substituted 5 and 7 in common organic solvents such as ether, 
CH2C12, benzene, etc., we converted 5 and ? into the hexamethylthio derivatives 17 and 18 (Scheme 2). The 

reactions of 5 and 7 with excess amounts of lithium diisopropylamide (LDA) in THF at -78 °C, followed by 

treatment with dimethyldisulfide (excess) at -78 °C to room temperature produced the corresponding fully 
thiomethylated 17 and 18 in 48 and 13% yields, respectively. 

5: R = Ph 7:R2 = (C6H4)2 

LDA (excess) 
11= 

MeSSMe (excess) 

THF, -78 - room temp. 

Scheme 2 

MeS S S ~ t  P'S S ~ ' S M  
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17: R = Ph 18:R2 = (C6H4)2 

Table 1. Cyclic voltammetric data for 5-9 and 17-18. a 

Compound El 1/2 E21/2 AE Compound El 1/2 E21/2 AE 

TI'F 0.36 0.73 0.37 8 0.48 0.82 0.34 
5 0.40 0.79 0.39 9 0.39 0.73 0.34 
6 0.39 0.72 0.33 17 0.53 0.79 0.26 
7 0.45 0.80 0.35 18 0.56 0.77 0.21 

aExperimental conditions: n-Bu4NCIO4 (0. I mol dm 3) in dry benzonitrile at room temperature; 
Pt working and counter electrodes. Potentials were measured against an Ag/Ag + electrode and 
converted to the value v s  SCE (Fc/Fc + = 0.31 V). 

In order to estimate the donor ability and the interactions between two T r F  moieties in 5-9 and 17-18, 

redox potentials of these new donors were measured by cyclic voltammetry. All 1,1-bis(tetrathiafulvalenyl)- 
ethylenes show the reversible two two-electron redox waves. As shown in Table 1, the potentials of 5, 6, and 9 
show similar values for the first and second oxidations as unsubstituted TTF does, whereas the electron- 
withdrawing cyclopentadienylidene unit in 7 and 8 decreases the donor ability of the T] 'F moieties. 7 In the case 
of 17 and 18, the first and second oxidation potentials are similar to those of tris(methylthio)-TTF. 8 These 
results indicate that the redox processes of 5-9 and 1%18 display no separation of each two-electron transfer in 
their cyclic voltammograms, presumably due to the weak interaction between the two "ITF moieties in these 
molecules. The weak interaction in the neutral state of 5-9 and 17-18 may reflect the twisted structure which has 
been elucidated by the X-ray analysis of 5 and 17 (Figs. 1 and 2). 9 
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(a) (b) 
Figure 1. ORTEP Drawings of 5. (a) Top View. (b) Side View. Figure 2. ORTEP Drawing of 1% 

All l,l-bis(tetrathiafulvalenyl)ethylenes can be expected to form CT-complexes and cation-radical salts. 

Therefore, solutions of 5 and 17 in CH2C12 were mixed with solutions of DDQ and TCNQF4 in CH3CN to 

produce the corresponding CT-complexes 19 and 21, respectively (Scheme 3). Similarly, treatment of 5 and 17 
with I2 yielded the cation radical salts 20 and 22, respectively. Although 19, 20 and 22 were fine crystals or an 

amorphous solid, the CT-complex 21 gave black single crystals, whose crystal structure was determined by X- 

ray analysis (Fig. 3). The cation-radical salt 20 and the CT-complex 21 show the electric conductivities of 1 x 

10 -5 and 7.1 x 10 -6 S cm -1, respectively, whereas 19 and 22 are insulators. 

Ph Ph DDQ ~ 19 

J, 20 [5'=(1"3)1.43] 
CH2CI2"CH3CN On = 1 x 10 .5 S cm 1 

Me PhL Ph TCNQF4 

S ~ S  S Me / CH2CI2.CH3C N oa = 7.1 x 10 "s S crn "1 

• Me8 S S "'1_.. P . ~  S SMe ~ 12 =,. 22 
~Me ~Me CH2CI2"CH3CN 

17 Scheme 3 

As shown in Fig. 3, the CT-complex 21 consists of 17 and two TCNQF4 molecules (1:2 complex) 

together with an equimolar amount of CH3CN to 17. The two TCNQF4 molecules adopt an anion-radical form 
and are stacked face to face. The average exocyclic C-C bond length (1.412 ,~,) of TCNQF4 in 21 is closely 

related to that of the TCNQF4 anion-radical [ 1.407(9) A] 10 but clearly different from that of the neutral TCNQF4 

[1.372(2) A]. l I Similarly, the lengths of the central and peripheral C-C double bonds of the two TIT  moieties in 

21 are elongated as compared with 17 (Fig. 2), reflecting the cation-radical structure of the TTF cores. 

Interestingly, the environment around the two TIT  +- moieties of 172+. is clearly different. One forms a dimeric 

structure with the TTF +" moiety of the neighboring 172+', and the other does not have significant intermolecular 

contacts. The unique crystal structure of 21 is related to the magnetic properties. The field dependence of 
magnetization below 10 K shown in Fig. 4 is in good agreement with the Brillouin function for the one S = 1/2 
spin per 17.(TCNQF4)2oCH3CN unit, which can be rationalized by antiferromagnetic cancellation of the three of 

the four S=1/2 spins in 17.(TCNQF4)2.CH3CN unit, due to the two types of dimeric structures revealed by X- 

ray crystallography, and the remaining one S = 1/2 spin of TI 'F +'. It is worth noting that the paramagnetic radical 

salt 21 is a semi-conductor. 
Although the crystal structure of the cation-radical salt 20 is still unknown, 20 showed interesting magnetic 

and electrical behavior. Thus, the EPR spectra of the powdered sample of 20 at low temperatures consist of a 
broad signal at the center and a fine structure (g = 2.0074, D = 108 G at 163 K) along with Ams = 2 signals due 
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to a triplet species. The distance between the two spins estimated from the D value by the point dipole 
approximation (6.36 A) seems to be comparable to the distance between the two TTF units in 20. The structure 
of 2,0 is now under investigation. 

e, 

4-C O 

Figure 3. Crystal packing of 21. 
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Figure  4, Field dependence of  magnetization of  21 
at 3 (O), 5 (* ) ,  and 10 (A) K. Brillouin function for 
S = i/2 is shown as a solid line. 
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