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4,5-Diiodo-4',5'-ethylenedioxytetrathiafulvalene and Its Metallic Radical Salts
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4,5-Diiodo-4',5-ethylenedioxy-TTF (EDO-TTFI;) was
synthesized in moderate yield by the reaction of EDO-TTF with
LDA, followed by quenching with CF3(CF3)s51. Although EDO-
TTF contains electron-withdrawing iodine as the substituent, this
compound has a similar donor ability to BEDT-TTF. The radical-
cation salt (EDO-TTFI2)2°ClO4 shows a metallic conductivity
down to 50 K, reflecting the strong I+++O interaction.

Halogenated tetrathiafulvalene and its derivatives have
attracted considerable attention in recent years,! because of the
unique crystal structures and electrical conductivities of their CT-
complexes and radical-cation salts, and because of their synthetic
utility as a building block for extended TTF systems.2
Previously, we reported the synthesis and unique conductivities
of CT-complexes and radical-cation salts of halogenated
ethylenedithiotetrathia-fulvalenes (EDT-TTFX5's) and disclosed
an interesting behavior of halogen-substituents in the
crystals.1f.li  Qur continuing interest in the weak interaction
between halogens and calcogens in crystals prompted us to
investigate the halogenated derivatives of ethylenedioxy-TTF
(EDO-TTF 1). We report here the synthesis of EDO-TTFI, 2
and EDO-TTFI 3 and the properties of the CT-complexes and
radical-cation salts of 2, together with the X-ray structures of 2
and its radical-cation salt.

Although the reaction of EDT-TTF with 2 equiv. of LDA
produces the vinylthio-thiolate anion via the cleavage of the
ethylenedithio ring,3 EDO-TTF 1 is fairly stable to a strong base
such as LDA at low temperature. Thus, the treatment of 1 with 2
equiv. of LDA in THF at -78 °C, followed by the reaction with 3
equiv. of CF3(CFy)sI at -78 - 0 °C produced EDO-TTFI, 2 in
55% yield, together with a small amount of monoiodide 3.4:5 In
a similar manner, EDO-TTFI 3 was prepared selectively by the
successive treatments of 1 with LDA (1 equiv.) in THF at -78 <C
and FoCICCFCII (3 equiv.) at the same temperature.>
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Table 1. Redox potentials® of TTF, BEDT-TTF, and 1-3

Compound EY 2 E21/2 AE
TTF 0.36 0.73 0.37
BEDT-TTF 0.52 0.83 0.31
1 0.37 0.73 0.36
2 0.51 0.84 0.33
3 0.47 0.83 0.36

4Conditions: n-BugNClO4, benzonitrile, room temperature, Pt working
and counter electrodes. Potentials were measured against a Ag/Ag*
electrode and converted to the value vs SCE (Fc/Fct = 0.31 V).

The oxidation potentials of TTF, BEDT-TTF, and 1-3
measured by cyclic voltammetry are shown in Table 1. Although

2 and 3 show lower donor ability as compared with TTF and
EDO-TTF 1, the oxidation potentials of 2 and 3 are comparable
to those of BEDT-TTF which is a well-known donor for
superconducting radical salts. Interestingly, the crystal structure
of 26 is rather similar to that of BEDT-TTF’ instead of BEDO-
TTFS.

The new donors 2 and 3 formed single crystals of radical-
cation salts with tetracyanoquinodimethane (TCNQ) and the
anions examined (Table 2). Preparation of TCNQ complexes
with 2 and 3 was carried out by mixing a solution of 2 or 3 in
CHCI3 with a solution of TCNQ in CH3CN. The radical-cation
salts of 2 with Ipe(I)7, ClOg-, PFg-, AuBry, and Br were
prepared by electrochemical oxidation in chlorobenzene, 1,1,2-
trichloroethane (TCE), THF, or CH2Cl) containing tetrabutyl-
ammonium salts of acceptor anions. As shown in Table 2, 2
produces a metallic complex with TCNQ (degree of CT based on
IR spectrum: Z = 0.63), whereas the complex of 3 with TCNQ is
a semi-conductor. In addition, the radical-cation salts of 2 with
ClOg4, PFe~ and AuBry- exhibited high room-temperature
conductivities; however, the radical-cation salts with I- and Br-
showed conductivities as semi-conductors.

Table 2. Electrical conductivities of radical-cation salts

1a

Donor Acceptor Solvent D:A  On/Scm
2 TCNQ  CHCI3,CH3CN  1:1° 152
2 I, (I),° PhCl 2:1d 1.8x1073
2 ClO4 PhCl1 2:19 68
2 PFs TCE® 3:1> 200
2 AuBr, THF 3:1b 24
2 Br CH2Cl2 2:1¢  6.3x102
3 TCNQ CHCI3CH,CN  2:1Y  43x1072

aRoom-temperature conductivity measured by a four-probe technique.
bDetermined by elemental analysis. cPregared by electrochemical oxida-
tion of 2 in the presence of n-BugNI3. “Determined by X-ray analysis.
€1,1,2-Trichloroethane.

The crystal structure of the unusual radical-cation salt
(2)2°1(I)2 was determined by X-ray analysis (Figure 1).9 The
crystal packing of (2)2¢(I2)(I)2 shows that two donors and four
iodines are stacked along the b axis to form a mixed-stacking
structure. The central iodine molecule has a crystallographic S»
symmetry, and the packing of the molecules in the crystal show
that a pair of EDO-TTFI,'s lies on a crystallographic center of
inversion. The distance between the donor best plane and iodine
atoms is ca. 3.40 A, whereas the face-to-face distance between
the two donors is ca. 3.51A. There are many intermolecular
contacts less than the sum of van der Waals radii. Thus, the
I(1)eeeI(3), I(2)seeI(3), S(1)*+sS(4), S(2)+++S(3), and S(4)+++O(1)
distances are 3.4024(8), 3.399(1), 3.4034(9), 3.514(3),
3.517(3), and 2.953(6) A, respectively, which are much less
than the Iees], SeeeS, SeeeQ van der Waals distances (I: 2.15 A; S
1.85 A; O: 1.40 A). Although iodide ions usually form a chain

Copyright © 1997 The Chemical Society of Japan



818

structure with an odd number of atoms such as I-, I3-, I5-, etc.,
the 142~ chain consists of an iodine molecule (I2) and two iodides
(I). To our knowledge, this is the first report of the structure of
142, In accord with the mixed-stacking structure as a 1:1 radical-
cation salt, the room temperature conductivity of (2)2+(I2)(I)2 is
1.8x 103 S cm-1.

® *C DB*g 0
Figure 1. Crystal structure of (2)2+(I2)(I")2. [I(4)-1(4*) 2.808(1);
I(1)eeeI(3) 3.4025(8); 1(2)-1(3) 3.399(1); I(2)e==I(4) 3.977(1); I(3)eeel(4)
3.4034(9); I(4)e=sS(3) 3.910(2); I(4*)*ssS(4) 3,937(2); I(4)++S(3)
3.981(2); 1(4)+++S(2) 3,991(2); S(1)»+S(4) 3.514(3); S(2)+++S(3) 3.517(3);
S(3)+++S(4) 3.613(3); S(4)*+=O(1) 2.953(6) Al

The crystal structure of (2)2¢ClOy4 is shown in Figure 2.10
Two crystallographically independent donor molecules are
stacked along the a axis in a head-to-tail mode, and the face-to-
face distance between the donors is 3.57 A. The most
remarkable feature of the crystal packing is the two types of short
JeesO distances between the iodine and oxygen on the donor
(3.33-3.51 A) and between the donor's iodine and acceptor's
oxygen (3.20-3.23 A). These Is++O distances are 1-10% shorter
than the sum of the van der Waals radii (3.55 A), and the strong
intermolecular Is++O interaction along a, b, and ¢ axes enhances
the dimensionality. Surprisingly, there is no intermolecular short
SeesS distance less than the sum of van der Waals radii (3.70 A).
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Figure 2. Crystal structure of (2)2+Cl0O4. (a) Packirig diagram along the
a axis. (b) Packing diagram along the b axis. [I(1)e=O(1) 3.43(3); 3.20(2);
I(1)ee-0(13) 3.20(2); I(1)+=+0(14) 3.23(2); I(1)e+sS(3) 3.61(1); I(1)eesS(8)
3.92(3); 1(2)ee«O(2) 3.43(3); I(2)e+«0(3) 3.41(4); I1(3)»=-0(3) 3.33(3);
1(3)+«S(7) 3.83(2); 1(4)*=*O(1) 3.51(4); I(d)*+sO(4) 3.32(3); I(1)e==O(11)
3.23(2); I(1)e++0(12) 3.22(2); 1(4)+++S(3) 3.90(3); 1(4)*++S(8) 3.20(2) A].

As shown in Figure 3, (2)°ClO4 exhibits a metallic
behavior down to 50 K and undergoes moderate metal-
semiconductor transition below this temperature. A fairly low
metal-insulator transition temperature of (2)2*ClO4 may be due to
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Figure 3. Temperature dependence of the resistivity for (2)2¢ClO4.

its structurally enhanced dimensionality based on the IseQ
interaction. Although radical-cation salts derived from diiodo-
ethylenedithiodithiadiselenafulvalene have been recently reported
to show a metallic conductivity,!1 we believe that the radical-
cation salts derived from 2 disclose a new aspect in the chemistry
of molecular conductors.
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