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Summary: A new type of IT-donor, 1,4-butenediylidene-2,2'-bis(l,3-di- 

thiole)'s have been synthesized by two routes and their electrochemical 

properties have been discussed. 

In the preceeding paper, 
1 we have reported that introduction of two 

sP2 carbons between both 1,3-dithiole rings of tetrathiafulvalene (TTF, 1) 
% 

led to the formation of more powerful n-donor ethanediylidene-2,2'-bis(l,3- 

dithiole (EDBDT, $) than TTF. 
2 

Based on this result, we designed the new 

type of T-donor, 1,4-butenediylidene-2,2 '-bis(,l,3-dithiole) (BDBDT, $) in 

which four sp2 carbon atoms are inserted. The MIND0/3 calculation suggests 

that the ionization potential decreases in the order of TTF > EDBDT > 

BDBDT. In this paper, we wish to report the synthesis of BDBDT, 5 and its 

derivatives and their characteristic electrochemical properties. 

A 

The following two 

A: reductive coupling 

methods are applied to synthesize BDBDT's. Method 

of aldehydes by TiC14-LiA1H4 (Scheme 1) and Method 

B: desurfulization coupling of thioaldehydes and subsequent 

demethoxycarbonylation (Scheme 2). 

Method A. Dibenzo derivative (2) was synthesized by the reductive 

coupling of aldehyde (d), 
3 

prepared from glyoxal and 1,3-benzodithiolyl- 
?I 

tributylphosphonium tetrafluoroborate in THF in the presence of Et3N. To a 

solution of TiC14 (0.34 ml) and LiA1H4 (3 mg) in dry THF (6 m1)4 was added 
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a solution of aldehyde 4, (120 mg) and (n-Bu)3N (0.15 ml) in dry THF (4 ml) 

under reflux. After being refluxed for additional 3 hr, the reaction mixture 

was treated with 20% aq. K2C03 and then filtered. The filtrate was extracted 

with benzene and the extract was washed with water and dried over Na2S0 
4' 

Column chromatography on silica gel with benzene gave ,5. in 69% yield as 

yellow crystals. 
5 

TiC14-LiAlH4/(n-Bu)3N 

- 

CHO THF, reflux 

$,, R=-(CH=CH)2- k, R=-(CH=CH)2-, 69% 

Q, R=H 21 R=H, 
55% 

The parent compound 3 could not be obtained by the method via the 
'L 

reductive coupling of 2-formylmethylene-4,5-dicarbomethoxy-l,3-dithiole, 6 

but could be obtained by the reductive coupling of 2-formylmethylene-1,3- 

dithiole' in 55% yield (Scheme 1). Also the compound 2 could be 

synthesized by demethoxycarbonylation 8 
of tetraester derivative (7) 

Q 

prepared by the desulfurization coupling reaction of thioaldehydes' as 

follows (Method B). 

Method B. A mixture of tetraester x9 (97 mg) and LiBr.H20 (0.40 g) in 

HMPA (5 ml) was heated at 90°C for lh and then at 150°C for 15 min under 

argon atomosphere. The reaction mixture was poured into water, extracted 

with ether, dried over Na2S04 and concentrated. The residue was 

chromatographed on silica gel with benzene to afford 2 in 31% yield as 

orange crystals. Diphenyl derivative (2) was similarly obtained from (8)' 
s 

in 45% yield. The physical and spectral data are shown in Table I. 

Scheme 2. 
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Table I. 1,4-Butenediylidene-2,2'-bis(l,3-dithiolej's 

R2 

R'x ( I ‘)= = 

R’ ’ 

s R’ 

)-( x R2 s’ R1 

Compounds R1 R2 mp, 'C Yield, 8 'H-NMR(CDC13), 6, mm 

3 H H 
% 

118-120 31a (55b) 5.29(d,2H,J=3Hz), 5.87(d,2H, 

(dec.) J=3Hz), 6.21(~,4H) 

9 H Ph 171-172 45a 5.30(s,2H), 6.36(~,4H), 
'L 

7.36(s,lOH) 

5 225-227 32b 
% 

-(CH=CHj2- II 5.30(d,2H,J=3Hz), 6.03(d,2H, 

(dec.) J=3Hz), 7.1-7.3(m,8H) 

a based on tetraester. b 
based on aldehyde. 

The oxidation potentials of FDBDT's (3, 5, and 9) obtained by cyclic 
% % 'L 

voltammetry measurements 
11 

are summarized in Table II together with those 

of TTF's and EDBDT's. All BDBDT's, interestingly, have only one reversible 

oxidation-reduction process at +0.22%+0.47 V which are attributed to one 

step two-electron oxidation, though TTF and EDBDT show two clear oxidation 

processes. 

Table II. Cyclic Volammetry Oxidation Potentials" at Room Temperature 

(V vs. IAg AgCl) 

Compounds 
El Emb E2 E2-El 

3 +0.22 
% 

9 +0.28 
'L 

1 +0.34 

Dibezzo TTF 

+0.71 +0.37 

+0.6? +0.93 +0.32 

2 +0.20 
?I +0.36 +0.16 

Dibenzo EDBDT to.47 +0.64 +0.17 

a Solvent, CH3CN; supporting electrolyte, O.lM Et4NC104; indicating 

electrode, Pt; reference electrode, AglAgCl; scan rate, 43mV/s. 

b 
Em=(E,_+E2)/2. 
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The similar one step two-electron oxidation is reported for the vinylogous 

redox system. 
12 

The peak separation could not be observed for BDBDT's even 

at -5OOC. The two-electron oxidation was confirmed by Coulometric analysis 

of 3. 
Q 

This result could be explained in terms of a larger decrease of 

Coulombic repulsion of doubly ionized state of 3 than TTF and/or EDBDT by 
Q 

introducing four sp2 carbon atoms between two 1,3-dithiole rings. 
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