
This article was downloaded by: [University of California, San Diego]
On: 20 August 2012, At: 21:56
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/gmcl19

Synthesis and Properties of New Donors
Linked Directly With Two or Three
Tetrathiafulvalene Units
K. Sako a , M. Kusakabe a , T. Watanabe a , H. T. Akemura a b , T.
Shinmyozu a c & H. Tatemitsu a
a Department of Chemistry, Nagoya Institute of Technology, Gokiso-cho,
Showa-ku, Nagoya, 466, Japan
b Department of Chemistry, Faculty of Science, Kyushu University,
Ropponmatsu, Fukuoka, 810, Japan
c Institute for Fundamental Research of Organic Chemistry, Kyushu
University, Hakozaki, Fukuoka, 812, Japan

Version of record first published: 24 Sep 2006

To cite this article: K. Sako, M. Kusakabe, T. Watanabe, H. T. Akemura, T. Shinmyozu & H. Tatemitsu
(1997): Synthesis and Properties of New Donors Linked Directly With Two or Three Tetrathiafulvalene
Units, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and
Liquid Crystals, 296:1, 31-40

To link to this article:  http://dx.doi.org/10.1080/10587259708032311

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708032311
http://www.tandfonline.com/page/terms-and-conditions


Md. Crjat. Liy. Cryst.,  1997, Vol. 296, pp. 31-40 
Reprints available directly from the publisher 
Photocopying permitted by license only 

Q 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science Publishers 
Printed in India 

SYNTHESIS AND PROPERTIES OF NEW DONORS LINKED DIRECTLY 
WITH TWO OR THREE TETRATHIAFULVALENE UNITS 

KATSUYA SAKO*, MASAHIKO KUSAKABE, TOMOAKI WATANABE, 
HIROWKI TAKEMUM+, TERUO SHINMYOZUt', HITOSHI 
TATEMITSU* 
Department of Chemistry, Nagoya Institute of Technology, Gokiso-cho, 
Showa-ku, Nagoya 466, Japan 
'Department of Chemistry, Faculty of Science, Kyushu University, 
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Abstract Synthesis and properties of new donors in which two or three 7TF 
frameworks are linked with some dihedral angles to form extended ~ t -  
conjugated systems are described. Complexation of these 'ITF derivatives 
with DDQ and iodine affords moderately conductive charge transfer 
complexes. Cyclic voltammetry indicates that the electron-ability of 'ITF- 
trimers is reduced by comparison of that of 'ITF-monomer but is slightly 
enhanced comparing with that of lTF-dimers. 

Keywords: Tetrathiafulvalene, conductivity, charge transfer, redox potential 

INTRODUCTION 

Since the discovery of highly conductive cation radical salts of tetrathiafulvalene 
(TTF) derivatives, much effort has been put into the synthesis of donor molecules 
that endow their salts with metallic properties. The importance of the following two 
strategies has been recognized for the modification on TIT skeleton: (i) the increase 
of dimensionality of conducting path in the cation radical salts, (ii) the decrease of 
on-site Coulombic repulsion in their dicationic states. In this context, molecular 
design of new donors satisfying both guidelines mentioned above is of considerable 
interest. Recently, the studies of donors containing linked 'ITF moieties have been 
reported extensively and the achievement of the guidelines have become a center of 
attra~tion.2'~ Similarly to the reported donors, 'ITF-dimer 1 with directly linked two 
lTF units is one of the most promising donors and also is expected to form 
segregated stacks in its radical salts or charge-transfer complexes as lTF-monomers 
do. Thus, if the two TTF units in the molecule participate in the stacking array, the 
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32 K. SAKO et d. 

additional directions of TIT columns fmed with a certain dihedral angle will be 
possible. Contrary to that their complexed 1 or 2 will give no segregated stacks, an 
unique stacking mode will also be expected. Therefore, these donors are much 
interested in studying the relationship between the electrical conductivity and 
stacking array. 

a: R, R' = Bu 
b: R, R' = Hex RS 

1 c : R =  Bu,R '=  Hex 

FIGURE 1 New 'ITF-dimers and -timers. 

Our research has been directed to the synthesis of more extended x-electron donors 
containing several number of 'ITF moieties. On-site Coulombic repulsion in its 
dicationic state is expected to decrease because of the extension of the donor x- 
electron system? We now wish to report the synthesis of new donors containing 
two or three TTF units, their electrochemical behavior, and electrical conductivities 
of their charge transfer complexes with DDQ and iodine salts. 

SYNTHESIS 

lTF-dimers 1 and trimers 2 were synthesized as shown in Scheme 1. Coupling 
reactions of 4,4'-bi-1,3-dithiole-2,2' -dione 3, which was prepared according to the 
literature with some modification4, with 4,5-disubstituted- 1,3-dithiole-2-thiones 4 
were carried out in triethyl phosphite at 120'C for 4.5 h, and then the reaction 
products were purified by column chromatography on silica gel to give the desired 
TTF-dimers 1 in moderate yields as orange crystals (la: 2S%, lb: 21%). The 
unsymmetrical lTF-dimer l c  was further purified by gel permeation 
chromatography with chloroform as an eluant (lc: 15%). TTF-trimers were also 
synthesized by cross-coupling reactions. Reactions of 4 with 3 in refluxing 
benzene in the presence of triethyl phosphite for 6-10h afforded half coupled T F  
derivatives in good yields (5a : 37%, 91 : 33%). Self-coupling of 5 proceeded with 
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TTF-DIMERS AND -TRIMERS 33 

triethyl phsphite in refluxing toluene for 12 h under nitrogen atmosphere. The 
reaction mixture was chromatographed on silica gel with hexane-benzene (3:l) as an 
eluent to give 2 as orange fine crystals (2a : 13%, 2b : 13%). 

nF-trimer 
2a- c 

4 a : R = B u  
4& : R = Hex L 

RS 

S : R = B U  5 
5b : R = Hex 

SCHEME Synthetic routes of 1 and 2. 

The unsymmetrical lTF-trimer 2c was prepared by cross-coupling of 5a and 5b in a 
manner similar to that of symmetrical donor 2a, and further purified by gel 
permeation chromatography with chloroform as an eluent, giving orange micro- 
crystals (4.6%). The syn or anti geometry referring to the two terminal TI'F groups 
in 'ITF trimer 2 was not clear. 

NMR AND ELECTRONIC SPECTRA 

'H NMR spectra of TTF-derivatives 1 and 2 were recorded in CDCl, solution at 
room temperature. Olefinic proton signals of "F-dimers 1 and TIT-trimea 2 were 
observed as singlets at 6.22 and 6.21-6.23 ppm, respectively. The fact that there is 
no difference between the chemical shifts of olefinic protons of 1 and 2 suggests 
that dihedral angle of the two linked TTF units in 'ITF-dimers 1 is almost equal to 
that of 'ITF-trimers 2. I3C NMR chemical shifts of C-4 and C-5 carbon atoms of 
inner two 173-dithiole rings of TTF-dimers 1 as shown in Fig. 1 were observed at 

118 ppm (quarternay carbon atoms) and ca 111 ppm (tertiary carbon atoms), 
respectively. The same chemical shifts in I3C NMR of TIT-trimer 2 were observed 
at 118 ppm (quarternay carbon atoms) and ca. 111 ppm (tertiary carbon atoms). 
These spectral data also support that dihedral angles of lTF units in lTF-dimers and 
-trimers are almost the same. 

The electronic spectra of TTF derivatives 1 and 2 were measured in chloroform. 
The spectra of 1 were shown in Fig. 2 and the data were summarized in Table 1. 
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34 K .  SAKO et al. 

'Ihe absorption maxima of l a c  are observed at 316,330, and 415 nm in all cases. 
Molar extinction coefficients of lb are the smallest among three 'ITF-dimers 1 in the 
range of measurement (300-600 nm). This hypochromic shift of lb indicates that 
the lTF units of different molecules are associated to each other in the solution by 
the hydrophobic interaction among long alkyl chains and intermolecular distances 
between two TTF frameworks in lb are the shortest of the three lTF-dimers 1. 

0 - 2.5 
X 

1.5 

1 

0.5 

0 

300 350 400 450 500 550 600 
AJ nm 

FIGURE 2 Electronic spectra of 1 in chloroform. 

The side alkyl chains with TlT-dimer are considered to play a role to keep two 'ITF 
moieties closely in distances like a fastener (fastener effect)'. Since the fastener 
effect is observed only in the solid state, the reason of keeping in short distances 
between two 'ITF planes are not clear. The investigation to estimate the effects of 
these side chains on their absorption spectra by changing concentration of donors, 
temperature, and solvents are now in progress. 

TABLE 1 The electronic spectral data of lTF-dimers and -trimen in 
chloroform. 

Compound hh, (€)in nm 
~ ~~ 

la  316 (28600) 330 (29900) 415 (10100) 
lb 316 (3200) 330 (26200) 415 (8850) 
1C 316 (27400) 330 (28600) 415 (9600) 
2a 318sh (57800) 328 (59500) 412 (23500) 
2b 318sh (46400) 328 (47800) 412 (19300) 
2c 316 (45700) 328 (47300) 412 (18500) 
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TTF-DIMERS AND -TRIMERS 35 

'Ihe absorption m&a of 'ITF-dhers 1 and ITF-trimers 2 are observed to be at 

the same wavelengths in all cases. This suggests that z-conjugation in trimers 2 is 
extended over only the two 'ITF moieties as if these were dimer systems. 
Although the mixture of syn and anti isomers is possible to be formed in the cases of 
trimers 2, no evidence is obtained to show the existence of two isomers from NMR 
spectra and the separation of the mixture to each isomer is unsuccessful. Similar 
tendency about the hypochromic shift in 'ITF-timers 2 as well as lTF-dimers 1 are 
also observed. In general, the absorption maxima of syn isomer appear at shorter 
wavelength than those of anti isomer. This observed result is considered from the 
existence of syn isomer with some extent in the mixture as one of the possibilities. 
Therefore the hydrophobic interactions among the long alkyl chanis are not 
predominant due to the skewed conformation in the cases of 1. 

ELECTROCHEMICAL PROPERTIES 

The electrochemical properties of new "'F-dimers 1 and TIT-trimers 2 were 
studied by cyclic voltammetry. The redox potentials of 1 and 2 were measured by 
using tetrabutylammonium perchlorate as a supporting electrolyte in CH,CI,, and the 
results were summarized along with those of 'ITF as a reference in Table 2. 

TABLE 2 Redox potentials of TIT-dimers and -trimers in dichloromethane, 

Compound El E, E3 E4 E, E2-El 

l a  0.28 0.45 0.74 0.17 
lb  0.30 0.47 0.76 0.17 
l c  0.28 0.44 0.72 0.16 
2a 0.21 0.34 0.45 0.53 0.72 0.13 
2b 0.20 0.34 0.45 0.54 0.74 0.14 
2c 0.21 0.36 0.47 0.54 0.72 0.15 
TrF 0.11 0.44 0.33 

V vs. Ag/Ag', Pt electrode, 0.1M Bu4NC10,, scan rate 100mV/s. 

Cyclic voltammograms of 1 and 2 showed three pairs and five pairs of reversible 
redox waves, respectively. Both of E, and E, waves of 1 cornspond to one- 
electron redox processes, whereas the third & wave shows two-electron process. 
Similar situations were observed for TTF trimers 2. The reversible one-electron 
redox processes are observed for E, through E4 and the last E, is two-electron 
redox process. The E, values of 2 are higher by 0.10-0.11V than that of TI'F, but 
are lower by 0.07-0.10 V than those of 'ITF-dirners 1. Judging from El values, the 
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36 K. SAKO et al. 

donor abilities of 2 are somewhat reduced in all cases compared with that of ITF, 

but increased compared with those of ‘ITF-dimers 1. The AE (=E,-E,) values of 1 
are smaller by 0.17-0.19 V than those of “F, indicating that on-site Coulombic 
repulsion in their dicationic states is considerable reduced by extended and 

delocalized n-electron systems in 1. The AE values of 2 are somewhat smaller by 
0.03-0.04 V than those of 1, suggesting that the two mono- cationic dithiole rings is 
kept in the distance. Consequently, on-site Coulombic repulsion in their dicationic 
states is also decreased compared with the cases of lTF-dimers 1 as expected. 

Several attempts to complex 2a with tetracyanoquinodimethane (XNQ) were 
unsuccessful, presumably due to the insufficient donor ability compared with that of 
TIT. However, complexes of 2a with 2,3-dichloro-5,6-dicyano-p-benzoquinone 
@DQ) and with iodine were easily formed in benzene as black fine needles or 
powders. The measurement of their electrical conductivities were carried out by 
two-probe method on compressed pellets at room temperature, and the results were 
summarized in Table 3 The ratios of donor to acceptor were determined by 
elemental analyses. 

for an X-ray crystallographic analysis, and detailed investigations on their electrical 
properties will be reported elsewhere. 

We are currently engaged in preparation of single crystals of 1 and 2 suitable 

TABLE 3 Electrical conductivities of the complexes of TIT-dimers and 
-trimen. 

Donor 
~ 

la 
la 
lc 
lc 
2a 
21, 
2€ 
2€ 

~ 

Acceptor Crystal form D A  

13 black powder 1 :2 
DDQ black fine needles 2:3 

DDQ black fine needles 2:3 
13 black powder 2:3 

DDQ black powder undecided 

DDQ black powder undecided 
13 black powder 3:4 

13 black powder 2 3  

u* IS m-’ 

1.22 x 10” 
1.43 x 10” 
2.25 x lo5 
1.01 x 10‘ 
1.98 x 10‘ 
1.22 x lo5 
8.04 lo5 
2.81 x lo9 

EXPERIMENTAL 

General Procedures. 

All the melting points were uncorrected. ‘H NMR spectra (270 MHz) and ”C NMR 
spectra (68 M H z )  were recorded on a JEOL QX-270 in CDCI, solutions using Me,% 
as an internal standard. Mass spectra were obtained at an ionization energy of 70eV 
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TTF-DIMERS AND -TRIMERS 37 

on Hitachi MS-2000s. IR spectra were recorded on a JACSO FUIR VALOR-I11 
spectrometer. UV-VIS spectra were taken on a Hitachi 220A spectrophotometer. 
Cyclic voltammetry was carried out on a BAS CV-SOW. Electrical conductivities 
were measured on compressed pellets with a two-probe method. Elemental 
analyses were performed at the Service Centre of the Elementary Analysis of 
Organic Compounds affiliated to the Faculty of Science in Kyushu University. Gel 
permeation chromatography was carried out at JAICO LC-908 (eluent: CHCl,). 

2,2'-Bis~4,5-bis(butylthio)-l,3-dithiol-2-ylidene]-4,4'-bi-1,3-dithiole la. 

A mixture of 4,4'-bi-lY3-dithiole-2,2'-dione 3 (1.00 g, 4.27 mmol), 4,5- 
bis(butylthio)-1,3-dithiole-2-thione 4a (4.28 g, 13.B mmol), and triethyl phosphite 
(50 ml) was heated at 140°C for 4.5 hr with stirring under nitrogen atmosphere. To 
the cooled mixture, ice and 7-10% aq. HC1 solution were added and it was allowed 
to stand for overnight. The mixture was extracted several times with benzene, and 
the combined organic layer was washed with a saturated solution of sodium 
chloride and was dried over anhydrous MgSO,. After evaporation of the solvent 
under reduced pressure, the residue was chromatographed on silica gel with hexane- 
benzene (8:l) to afford l a  as orange fine crystals (820 mg, 25%), mp 118.1-12O.O"C. 
Anal, Calcd for C.J&& : C, 44.28; H, 5.05%. Found: C, 44.24; H 5.08%. 'H 
NMR (270 MHz, 6 ppm) 0.93 (12H, t, J=6.8 Hz), 1.40-1.67 (m, 16H), 2.82 (8H, t, 

J= 6.7 Hz), 6.22 (s, 2H). I3C NMR (68 MHz, 6 ppm) 13.6,21.7,31.8,36.0, 111.0, 

(10100) nm; MS d z  758 (M'). 

2,2'-Bis[4,5-bis(hexylthio)-1,3-dithiol-2-ylidene]-4,4'-bi-1,3-dithiole lb. 
A mixture of 3 (1.03 g, 4.40 mmol), 4,5-bis(hexylthio)-l,3-dithiole-2-thione 4b 
(4.98 g, 13.6 mmol), and triethyl phosphite (51 ml) was heated at 140°C for 4.5 hr 
with stining under nitrogen atmosphere. The work up was carried out in a manner 
similar to that of l a  to give lb as orange fine crystals (804 mg, 21%), mp 112.5- 
113.6"C. Anal, Calcd for C.J-&4Slz : C, 49.60; H, 6.26%. Found: C, 49.56; H, 
6.29%. 'H NMR (270 MHz,  6 ppm) 0.89 (12H, t, J= 6.8 Hz), 1.26-1.68 (m, 32H), 
2.81 (8H, t, J= 7.3 Hz), 6.22 (s, 2%. uC NMR (68 MHz, 6 ppm) 14.0,22.6,28.2, 

118.0,127.9, 128.0. W-VIS (CHCl,) Lax (E) : 316 (28600), 330 (29900), 415 

29.7,31.3, 36.4, 111.0, 118.0, 126.9, 127.9, 128.0; W-VIS (CHCI,) Amax (E) : 316 

(25200), 330 (26200), 415 (8850) nm; MS m/z 870 (M'). 

2-~(4,5-Bis(butylthio)-l,3-dithiol-2-ylidene]-2'-[4,5-Bis(hexylthio)-1,3-dithiol-2- 
y1idene]-4,4'-bi-l73-dithiole lc. 
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38 K. SAKO P /  a/. 

A mixture of 3 (1.01 g, 4.30 mmol), 4a (250 g, 6.80 mmol), 4b (2.14 g, 6.90 
mmol), and triethyl phosphite (50 ml) was heated at 140°C for 4.5 hr with stirring 
under nitrogen atmosphere. A similar workup was carried out to that of l a  to afford 
a mixture of cross-coupling products and two self-coupling products of 4a and 4b. 
The former mixture was further separated by gel-permeation chromatography 
(GPC) with chloroform as an eluent to give l c  as orange fine crystals (525 mg, 
15%), mp 98.5-1OO.O"C. Anal, Calcd for C;,H,SI2 : C, 47.12; H 5.70%. Found: C, 
47.14; H, 5.64%. 'H NMR (270 MHz, 6 ppm) 0.89 (6H, t, J= 8.9 Hz), 0.93 (6H, t, 
J= 7.3 Hz), 1.26-1.67 (m, 24H), 2.82 (SH, t, J=7.3 Hz), 6.22 (s, 2H). 13C NMR (68 
MHz,  6 ppm) 13.6, 14.0, 21.7, 22.6, 28.2, 29.7,31.3, 31.8, 36.0,36.4, 110.7, 111.0, 
118.0,126.9, 127.9, 128.0; UV-VIS (CHCI,) A, (E) : 316 (27400), 330 (28600), 
415 (9600) nm; MS m/z 814 (M+). 

2-[4,5-Bis(butylthio)-l,3-dithiol-2-ylidene]-4-( 1,3-dithiole-2-on-4-yl)-1,3-dithiole 

5a. 

A mixture of 3 (151 g, 6.41 mmol), 4a (2.19 g, 7.05 mmol), and triethyl phosphite 
(40 mi) in benzene (225 ml) was refluxed for 6 hr with stirring under nitrogen 
atmosphere. After the reaction mixture was cooled to rmm temperature, ice and 
10% aq. HCI solution were added and it was allowed to stand for overnight. The 
reaction mixture was extracted with benzene, and the combined organic layer was 
dried over MgSO, and concentrated under reduced pressure. The residue was 
chromatographed on silica gel with hexane-benzene (2:l) to afford 5a as orange 
crystals (1.19 g, 37%), mp 71.1-71.9"C. Anal, Calcd for Cl,&OS8 : C, 41.09; H 
4.06%. Found: C, 41.10; H, 4.07%. IR (KBr) 1645 cm-' (GO); MS m/z 496 (M'), 

- 

2-~4,5-Bis(hexylthio)-1,3-dithiol-2-ylidene~-4-( 1,3-dithiole-2-on-4-y1)-1,3-dithiole 

5b. 

A mixture of 3 (250 mg, 1.07 mmol), 4b (391 mg, 1.07 mmol), and triethyl 
phosphite (6.9 mi) in benzene (30 ml) was refluxed for 16 hr with stirring under 
nitrogen atmosphere. A similar workup procedure as described for 5a gave 5b as 
orange crystals (193 mg, 33%), mp 87.5-88.4"C. Anal. Calcd for C,,&OS, : C, 
45.60; H 5.11%. Found: C, 45.54; H, 5.09%. IR (KBr) 1646 cm" (C=O); MS m/Z, 
552 (M+). 

- 

4,4'(5')-Bis[[2-[4,5-bis(butylthio)-l,3-dithiol-2-ylidene~-1,3-dithiol-4-yl~-2,2'-bi- 
1,3-dithiol-ylidene 2a. 
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TTF-DIMERS AND -TRIMERS 39 

A mixture of 5a (200 mg, 4.03 mmol) and triethyl phosphite (10 ml) in toluene (20 
ml) was refluxed for 12 hr with stirring under nitrogen atmosphere. The crude 
product was obtained by a similar manner as described for la. It was purified by 
column chromatography on silica gel with hexane-benzene (3:l) to afford 2a as 
orange fine crystals (26 mg, 13%), mp 142.1-142.9"C. Anal. Calcd for &Has,, : 

C, 42.45; H 4.20%. Found: C, 42.49; H, 4.25%. 'H NMR (270 MHz, 6 ppm) 0.93 
(12H, t, J= 7.3 Hz), 1.40-1.65 (16H, m), 2.82 (8H, t, J= 7.1 Hz), 6.23 (4H, s). I3C 
NMR (68 MHZ, 6 ppm) 14.0,21.7, 31.8,36.1, 111.0, 111.2, 118.0, 118.2, 126.8, 

(23500) nm; MS m/z 960 (M'). 
127.0,127.9, 128.0; W-VIS (CHCI,) A, (E) 318sh (57800), 328 (59500), 412 

4,4'(5')-Bis[[2-~4,5-bis(hexylthio)-1,3-dit~ol-2-ylidene~-l,3-dithiol~-yl~-2,2'-bi- 

1,3-dithiol-ylidene 2b. 
Amixture of 5b (200 mg, 3.63 mmol) and triethyl phosphite (10 ml) in toluene (20 
ml) was refluxed for 14.5 hr with stirring under nitrogen atmosphere. A similar 
workup procedure as described for 2a afforded 2b is orange fine crystals (25 mg, 
13%), mp 153.5-154.3"C. Anal. Calcd for C,2HS,S,, : C, 46.96; H 5.27%. Found: 

C, 46.65; H, 5.20%. 'H NMR (270 MHz, 6 ppm) 0.89 (12H, t, J= 6.6 Hz), 1.28- 
1.68 (32H, m), 2.82 (8H, t, J=7.3 Hz), 6.22 (4H, s). "C NMR (68 MHz, 6 ppm) 
14,0,22.6, 28.2,29.7,31.3,36.4, 111.0, 111.2, 118.0, 118.2, 126.8, 126.9, 127.9, 

128.0; UV-VIS (CHCI,) h, (E) 318sh (46400), 328 (47800), 412 (19300) IIIII; 

MS m/z 1072 @I+). 

4-~2-~4,5-Bis(butylto)-1,3-dithiol-2-ylidene]-1,3-dithiol-4-yl]-4'(5')-[2-~4,~- 
bis~exyl~o)-l,3dithiol-2-ylidene]-l,3-dithiol-4-yl~-2,2'-bi-1,3dithiol-ylidene 2c. 
A mixture of 5a (418 mg, 8.42 mmol), 5b (464 mg, 8.40 mmol), and triethyl 
phosphite (40 ml) in toluene (90 ml) was refluxed for 10 hr with stirring under 
nitrogen atmosphere. A similar workup procedure as described for 2a and further 
purification by gel-permeation chromatography afforded 2e as orange fine crystals 
(39 mg, 4.6%), mp 130.2-131.O"C. Anal. Calcd for C,,H,,S,,: C, 44.83; H 4.76%. 

Found: C, 44.92; H, 4.76%. 'H NMR (270 MHz, 6 ppm) 0.88 (6H, t, J= 6.8 Hz), 
0.92 (6H, t, J=6.8 Hz), 1.26-1.67 (24H, m), 2.81 (4H, t, J=7.3 Hz), 2.82 (4H, t, J= 

7.3 Hz), 6.21 (4H, s). '? NMR (68 MHz,  6 ppm) 13.6,14.0,21.6,22.5,28.2,29.7, 
31.3,31.7, 36.0,36.3, 110.7, 110.8, 110.9,111.0, 111.2, 118.0, 118.1, 126.8, 127.0, 
127.8,127.9;UV-VIS (CHCl,) h, (E) : 316 (45700), 328 (47300), 412 (18500) IUII; 
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M S d z  1016(Mt). 

Charge-Transfer Complexes 

All complexes described in this report were prepared by mixing the two hot 
saturated solutions of donor and acceptor in benzene or chlorobenzene under an 
argon atmosphere. The complexes precipitated out on cooling were collected by 
filtration and dried under reduced pressure. 
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