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Synthesis of cis- and trans -Diselenadithiafulvalene and its Highly Conducting 
Charge-transfer Salt with Tetracyano-p-quinodimethane 

By EDWARD M. ENGLER* and VISHNU V. PATEL 
(I .B.M. Thomas J .  Watson Research Center, Yorktown Heights, New York 10598) 

Sunznzary cis- and fmns-Diselenadithiafulvalene is syn- 
thesized in two steps, and its highly conducting, metallic- 
like charge-transfer salt with tetracyano-p-quinodi- 
methane prepared. 

CHARGE-TRP-NSFER salts containing the organic donor 
tetrathiafulvalene (1 ; TTF)l or its derivatives2 have the 
highest electrical conduction of organic solids presently 
known. Recently, the preparation of tetraselenafulvalene 
(2; TSeF),3 the selenium analogue of TTF, was found to lead 
to an improvement in the metallic-like properties of its 

charge-transfer salt with tetracyano-p-quinodimethane 
(TCNQ) , Moreover, this modification still niaiiitains the 
original TTF-TCNQ crystal structure, a factor m hich 
hopefully will facilitate attempts to understand ti12 correla- 
tion of molecular properties with the resultant solid-state 
properties of the charge-transfer salt. In order to examine 
further the effect of perturbiilg the electronic properties of 
TTF under this common basis of isostructurality, we have 
synthesized cis- and trans-diselenadithiafulvalene (3 and 4, 

DSeDTF) and their charge-transfer salt with TCNQ.4 The 
electrical properties of DSeDTF-TCNQ have already been 
published. 

DSeDTF was prepared in two steps as outlined in equa- 
tion (1). The synthesis of the key intermediate, 1,3-thiasel- 
enone-2-selone (5 ) ,  has been described previously.6 Attempts 
to couple (5 )  through the thiaselenolylium cation,5 by 
analogy with the preparation of TTF,6 were unsuccessful. 
However, (5) could be readily converted into DSeDTF by 
treatment with alkyl phosphorous bases.3 9 9  The presence 
of the selenocarbonyl group in ( 5 )  was found to be crucial for 
the success of this synthesis. For example, treatment of 
the corresponding 1,3-thiaselenole-2-thioneG with phos- 
phorous bases under a variety of conditions failed to give 
the desired product. With the selenocarbonyl group, on 
the other hand, (5 )  is smoothly converted into DSeDTF in 
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yields of 60-80% by treatment with a 2 molar excess of 
trimethyl phosphite in refluxing benzene for 4-5 h. 

The product was isolated by chromatography over a 
short silica gel column with hexane as eluant. Recrystalliz- 
ation from hexane gave DSeDTF as red-orange prisms : 
m.p. 117-117.5 "C; 6 (CDC1,; relative to Me,Si) 6-59 and 
6.95 (AB, J 6.5 Hz) and 6.65 and 6-89 (A'B', J 6.5 Hz); 
A,,, (hexane) 470 ( E  175), 375sh (lOOO),  322sh (6500), and 
297 nm (11,000): m/e 396 (based on 80Se). Cyclic voltam- 
metry in acetonitrile gave two reversible one-electron 
oxidation peaks at  0.40 and 0.72 V.lO 

The coupling of (5 )  presents the possibility of forming 
cis- and trans-isomers (3) and (4). Surprisingly, the 220 
MHz n.m.r. spectrum of DSeDTF resolves this question by 
showing two distinct AB coupling patterns in about equal 
intensities (major isomer 57%). On the basis of an earlier 
study on the 1,3-thiaselenole ring system,' the proton 
adjacent to sulphur (HA in 3 and 4) is assigned to the low 
field chemical shifts in DSeDTF. Initial attempts to separ- 
ate the cis- and trans-isomers (3) and (4) by high pressure 
liquid chromatography have so far been unsuccessful. 

Mixing of DSeDTF with TCNQ in acetonitrile instantly 
precipitated the 1 : 1 black charge-transfer salt which was 
found to have essentially the same crystal structure as 
TTF-TCNQ and TSeF-TCNQ.5 Single-crystal electrical 
conductivity measurements on DSeDTF-TCNQ show a 
nietallic-like temperature dependence similar to TTF- 
TCNQ and TSeF-TCNQ with a room temperature con- 
ductivity of ca. 550 ~ r n - 1 . ~  

DSeDTF-TCNQ provides an opportunity to study the 
effects of disorder11 (introduced owing to the lower sym- 
metry of the donor and the presence of cis- and trans- 
isomers) on the solid-state properties of these charge- 
transfer salts. In general, disorder seems to play a minor 
role, with the solid-state properties of DSeDTF-TCNQ 
being essentially intermediate between TTF-TCNQ and 
TSeF-TCNQ. Detailed physical studies on DSeDTF- 
TCNQ will be reported forthwith, as well as the formation 
of organic alloys with its isostructural relatives, TTF-TCNQ 
and TSeF-TCNQ.12 
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