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The radical cation salts of tetrathiafulvalene (TTF) and bis(ethylenedithio)tetrathiafulvalene
(BEDT-TTF) with iodo derivatives of cobalt bis(dicarbollide), (TTF)[9,97,12,12"-14-3,3"-
Co(1,2-C,BgHy),] and (BEDT-TTF)[9,9°(12)-1,-3,3"-Co(1,2-C,BgH ),], respectively, were
synthesized and their crystal structures were determined. The introduction of iodine atoms into
the lower rim of the dicarbollide ligands, unlike the substitution at the upper rim, leads to
insignificant changes in the crystal structure and the conductivity of the radical cation salts
compared to the analogous salts based on unsubstituted cobalt bis(dicarbollide).
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One of challenges of science and engineering is the
design of new materials having combined properties. Mo-
lecular conductors traditionally occupy an important place
among these materials. Nowadays, radical cation salts
based on organic n-donors belong to the main class of
molecular conductors. These compounds are of great in-
terest because of the diversity of structural types and pos-
sibilities of varying the transport properties in a wide range.
These quasi-two-dimensional systems have layered struc-
tures characterized by the presence of conducting radical
cation layers alternating with anion layers. The cation and
anion layers are spatially well separated in the crystal struc-
tures and form two sublattices. The conduction band is
formed by the highest occupied molecular orbitals of radi-
cal cations. The anions that separate the radical cation
layers have an effect on the packing mode of the donor
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I. L. Eremenko on the occasion of his 60th birthday.

molecules, which is responsible for the character of the
transport properties. As a rule, the anions are not directly
involved in the conduction process but, having specific
properties (magnetic, photochromic, nonlinear optical,
efc.), can be responsible for the corresponding physical
properties of the crystals.1:2

The complementarity between organic and inorganic
layers is of importance for the crystal formation of radical
cation salts. The difference in the translation parameters
of the sublattices can lead to the formation of both com-
mensurate and incommensurate structural modulations.
In the presence of the same donor, conductors having
different structural and physical properties can be pre-
pared by varying the composition of the anion sublattice.

The bis(dicarbollide) complexes of iron-subgroup met-
als [3,3"-M(1,2-C,BgH; )]~ (M = Fe, Co, and Ni) be-
long to a promising class of compounds for the design of
molecular conductors due to their high stability, the pos-
sibility of varying the charge and the nature of the metal in
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a wide range, and the modification of the starting bis-
(dicarbollide) by introducing various desired substitu-
ents.3* Previously, we have investigated the influence of
various substituents in the cobalt bis(dicarbollide) deriva-
tives [8,87-X,-3,3"-Co(1,2-C,BgH (),]~ (X=H, Br, or I)
on the crystal structures and the conductivities of molecu-
lar conductors based on radical cation salts of tetrathiaful-
valene and its derivatives.5—8 The aim of the present study
was to synthesize and investigate radical cation salts with
cobalt bis(dicarbollide) derivatives containing substituents
in the lower rim of the dicarbollide ligand, viz., [9,9°(12")-
1,-3,3"-Co(1,2-C,BgH (),]~ and [9,97,12,12"-14-3,3"-
Co(1,2-C,BgHy),] .

Results and Discussion

The investigation of tetrathiafulvaleniumyl (TTF) rad-
ical cation salts based on transition-metal bis(dicarbollide)
complexes showed that the latter can play an active role in
the formation of the crystal structures of molecular con-
ductors depending on the mutual orientation of the dicar-
bollide ligands.® The asymmetry in the charge distribution
in the dicarbollide anion can lead to a large difference in
the dipole moments of different rotamers of bis(dicarb-
ollide) (0, 5.4, and 3.1 D for the anti, syn, and gauche
conformations, respectively).1? At the same time, the dif-
ferences between the energies of the conformers and the
energy of the interconversions of the conformers are small
(less than 11 and 41 kJ mol~!, respectively).!! Due to the
low barriers to rotation, higher-energy rotamers can be
stabilized in the solid state depending on the environment
of the anion. Thus, the analysis of the data from the Cam-
bridge Structural Database showed that the cobalt bis(di-
carbollide) anion adopts the anti conformation in approx-
imately 10% of the structures.1® An increase in the energy
of the barriers to rotation and the stabilization of particu-
lar conformers can be achieved by introducing different
substituents into the carborane ligand.12-13

Previously, we have shown3? that the replacement of
hydrogen by halogen atoms at the boron atoms adjacent to
the metal in positions 8 and 8" of the dicarbollide ligand,
as a rule, has only a slight effect on the crystal structure
and the conductivity of cobalt bis(dicarbollide)-based
tetrathiafulvaleniumyl salts. In addition to the size factor,
the replacement leads to the stabilization of the anti rota-
mers of the metallacarborane anions having the smallest
dipole moments through intramolecular B—X...H—C hy-
drogen bonds, as well as to the formation of intermolecu-
lar hydrogen bonds, which have the decisive effect on the
formation of the anion sublattice.

In the present study, we investigated the radical cation
salts of iodo derivatives of cobalt bis(dicarbollide)-con-
taining substituents in the lower rim of the dicarbollide
ligand (positions 9, 9" and 12, 127). It was expected that,
unlike derivatives containing substituents in the upper rim

of the dicarbollide ligand, whose anti conformation is to a
great extent forced, the substitution at the lower rim would
lead to a more free rotation of the dicarbollide ligands.
This would be reflected in the crystal structure of molecu-
lar conductors based on these compounds.

Instead of the direct halogenation affording derivatives
with substituents in positions 8 and 8 of the dicarbollide
ligand, another approach was applied to the synthesis of iodo
derivatives containing substituents in the lower rim of the
ligand. This was based on the iodination of ortho-carbo-
rane (1,2-dicarba-closo-dodecaborane (1)) followed by the
transformation of the resulting iodo derivatives of closo-
carborane 2a and 2b into the corresponding nido-carbo-
ranes 3a and 3b and their use in the synthesis of iodo
derivatives of cobalt bis(dicarbollide) 4a and 4b (Scheme 1).

Scheme 1

O CH, O BH(B)
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Crystals of the radical cation salts of bis(ethylene-
dithio)tetrathiafulvalene (BEDT-TTF) and tetrathiaful-
valene (TTF), viz., (BEDT-TTF)[9,9°(12")-1,-3,3"-Co-
(1,2-C,BgH ),] (5) and (TTF)[9,97,12,12"-14-3,3"-Co-
(1,2-C,BgHy),| (6), respectively, were synthesized by
the anodic oxidation of BEDT-TTFand TTFin 1,1,2-tri-
chloroethane in the presence of 18-crown-6 and K[4a] or
K[4b], respectively. The structures of the reaction prod-
ucts were established by X-ray diffraction.

The crystal structure of compound 5 consists of the
radical cations BEDT-TTF and the anions [9,9"-1,-3,3"-

A ‘,..‘ ‘ Co(1,2-C,BgH(),]~ occupying general positions (Fig. 1).
N~ (= },ﬁ‘) Cc() The crystal packing of 5 can be arbitrarily referred to as

S4)

20

S(6

a layered structure. Thus in spite of the alternation of the
radical cation and anion layers along the b axis the radical
cation layer is formed by the BEDT-TTF dimers, which
are not linked together and do not form a conducting layer
(Fig. 2). The interplanar distance between the dimers is
3.72 A; the dihedral angle is 0° in accordance with the
symmetry conditions; the short intermolecular S...S con-
tacts in the dimers are 3.562(2) A (S(3)...S(6)) (Fig. 3).
The radical cation BEDT-TTF* is nonplanar and
adopts a chair conformation; the maximum deviation of
the S(6) atom from the mean plane passing through the
sulfur atoms is 0.14 A; the deviations of the terminal car-

Fig. 2. Molecular packing in the crystal structure of 5.
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Fig. 3. Layer of the BEDT-TTF dimers in the crystal structure of compound 5.

bon atoms C(11) and C(12) from this plane are +0.95 and
—0.20 A, respectively, The deviations of the disordered
terminal atoms C(3) and C(4) are +0.49 and —0.23 A,
respectively (+0.14 and —0.61 A for the C(3") and C(4")
atoms, respectively).

Since the 9-iodo-closo-1,2-carborane molecule is
prochiral, removal of one of the cage boron atoms re-
sults in the formation of an enantiomeric mixture of
5- and 6-iodo-7,8-dicarba-nido-undecaborates. In turn,
the final cobalt bis(dicarbollide) exists as an insepara-
ble mixture of the isomers meso-[9,9"-1,-3,3"-Co(1,2-
C,BgH (),]~ and rac-[9(12),127°(9")-1,-3,3"-Co(1,2-
C,BgH ()]~ (Scheme 2).

As aresult, the carbon atoms of the anion in the crystal
structure of 5 are disordered (the Co—C and Co—B
distances in the anion are 2.058(5)—2.072(5) A and
2.087(5)—2.126(6) A, respectively). The distance from the
Co atom to the C,B; plane is 1.48 A, which is typical
of the known salts and complexes with cobalt(ii1) bis-
(dicarbollide). The dicarbollide ligands in the anion

[9,9°(127)-1,-3,3"-Co(1,2-C,BgH (),] ~ are twisted by 36°
with respect to each other and adopt, like in the relat-
ed salt with the unsubstituted anion [3,3"-Co(1,2-
C,BgH,),]~, the syn conformation, as opposed to the
anti conformation characteristic of the salts with the
anion [8,8"-1,-3,3"-Co(1,2-C,BgH,(),]~. The dihedral
angle between the C,B; planes of the ligands is 2.9°.
The B(9)—I1(1) and B(9")—I(1") distances in the anion
[9,9°(127)-1,-3,3"-Co(1,2-C,BgH (),]~ are 2.189(6) and
2.178(5) A, respectively, which are somewhat shorter than
the B—I bondsin the anions [8-1-3,3"-Co(1,2-C,BgH )-
(17,2-C,BgH )]~ (see Ref. 6) and [8,8"-1,-3,3"-Co(1,2-
C,BgH (),]~ (see Ref. 8) (2.21—-2.24 A) and are similar to
those in the iodo derivative of ortho-carborane 1,2-Ph,-9-
I-1,2-closo-C,ByHgy (2.179 A) with the similar arrange-
ment of the substituent and the skeletal carbon atoms.4

In the structure of compound 5, there are short inter-
molecular cation—anion contacts I(1)...S(2) (3.670(1) A;
the sums of the van der Waals radii are 3.60 A (S...S) and
3.78 A 1...5)15,

Scheme 2

dd/i
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Fig. 4. Molecular structure of compound 6.

The investigation of the conductivity of a single crystal
of 5 showed that at room temperature this compound has
semiconductor properties with 6593 =3+ 10~ Ohm~! cm~,
which is an order of magnitude smaller than the conduc-
tivity of the analogous salt with the unsubstituted anion
(BEDT-TTF)[3,3"-Co(1,2-C,BgH},),].> The temperature
dependence of the resistance log[R(T)/R(293 K)] = AT~ 1)
in the 220—293 K temperature range has an activation
character with the activation energy £, = 0.29 eV.

The crystal structure of (TTF)[9,97,12,12"-14-3,3"-
Co(1,2-C,BgHy),] (6) consists of the radical cations
TTF'* and the anions [9,97,12,127-1,4-3,3"-Co(1,2-

Fig. 5. Molecular packing in the crystal structure of 6.

C,ByHy),]~ occupying general positions (Fig. 4). The crys-
tal packing of 6, like that of 5, can be arbitrarily referred to
as a layered structure. In spite of the alternation of the
radical cation and anion layers along the b axis, the radical
cation layer is formed by stacks of the radical cations
TTF*" consisting of dimers, which are not linked together
by short intermolecular contacts (Figs 5 and 6). The inter-
planar distance between the dimers is 3.48 A; the dihedral
angle is 0° in accordance with the symmetry conditions;
the short intermolecular S...S contacts in the dimers are in
the range of 3.423(2)—3.508(2) A (the S(1)...S(4) and
S(2)...S(3) contacts).

The radical cation TTF*" adopts a virtually planar
conformation; the maximum deviation of the atoms from
the mean plane passing through all nonhydrogen atoms is
0.04 A (the S(4) atom).

The Co—C and Co—B distances in the anion [9,9712,12"-
14-3,3"-Co(1,2-C,BgHy),] ™ are 2.037(3)—2.049(4) A and
2.069(4)—2.099(4) A, respectively. The distance from the
Co atom to the C,B5 plane is 1.46 A, which is somewhat
shorter than the corresponding distances in compounds 5
(1.48 A) and (TTF)[8,8"-1,-3,3"-Co(1,2-C,BgH ()]
(1.50 A). The dicarbollide ligands are twisted with respect
to each other by 36° and adopt the syn conformation. The
dihedral angle between the C,B; planes of the ligands is
4.0°. The B—I distances in the anion [9,9712,12"-14-3,3"-
Co(1,2-C,BgHy),]~ are in the range of 2.173(4)—2.185(4)
A and are similar to the corresponding distances in 5 and
9,12-diiodo-ortho-carborane 2b (2.174 and 2.183 A)16 but
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Fig. 6. TTF dimers in the crystal structure of compound 6.

are shorter than that in the salt (TTF)[8,8"-1,-3,3"-
Co(1,2-C,BgH ),] (2.216 A).3

The anions are linked to each other by the short inter-
molecular I(17)...1(2") bonds (3.8587(5) A, Fig. 7). There
are also the following short intermolecular cation—anion
contacts: 1(1)...S(2), 3.802(1) A; 1(2)...S(3), 3.809(1) A;
1(17)...8(1), 3.902(1) A; I(27)...S(1), 3.908(1) A;
1(27)...8(4), 3.743(1) A (the sums of the van der Waals
radii are 3.60 A (S...S), 3.96 A (I...]), and 3.96 A (1...S).15

The electrophysical measurements showed that at room
temperature, salt 6 has semiconductor properties with
Gy3 = 6+10~7 Ohm~! cm~!, which is somewhat larger
than that in the related salt with the unsubstituted anion
(TTF)[3,3"-Co(1,2-C,BgH ),]° but is five orders of
magnitude smaller than the conductivity of the salt
(TTF)[8,8"-1,-3,3"-Co(1,2-C,ByH,),].3 The temperature
dependence log[R(T)/R(293 K)] =A(T~!) in the 220—293 K
temperature range has an activation character with the
activation energy E, = 0.24 eV.

Therefore, unlike derivatives containing iodine atoms
in positions 8 and 8 of the metallacarborane cage, the
introduction of substituents in positions 9, 9", 12 and 12~
leads only to slight changes in the crystal packing and the
conductivity of the radical cation salts based on these com-

Fig. 7. Fragment of the anion chain in 6.

pounds compared to the related salts of unsubstituted co-
balt bis(dicarbollide). The differences between the deriva-
tives containing iodine atoms in the upper and lower rims
of the dicarbollide anion can be associated with the fol-
lowing three main factors: 1) the different conformations
of the metallacarborane cage, and, as a consequence, their
different dipole moments; 2) the different sizes of the
anions; 3) the presence of intermolecular interactions
through which the anions are linked together to form
chains and layers. Presumably, the relatively small differ-
ences in the crystal structure and the conductivity of the
radical cation salts based on unsubstituted cobalt bis(di-
carbollide) and its 9,97(12")-diiodo and 9,97,12,12"-tet-
raiodo derivatives are associated mainly with the size of
the anion and, to a certain extent, with secondary inter-
molecular interactions. At the same time, differences in
the structure and the conductivity of the radical cation
salts containing substituents in different positions of the
carborane ligand are associated primarily with the differ-
ences in the conformation and the dipole moment of the
metallacarborane anions.

To sum up, it can be concluded that the introduction
of iodine atoms into the lower rim of the dicarbollide
ligands, unlike the substitution at the upper rim, leads to
insignificant changes in the crystal structure and the con-
ductivity of the radical cation salts compared to the analo-
gous salts based on cobalt bis(dicarbollide). Great differ-
ences in the structure and the conductivity of the radical
cation salts containing substituents in different positions
of the carborane ligand are apparently associated primari-
ly with the differences in the conformation and the dipole
moment of substituted metallacarborane anions.

Experimental

Tetrathiafulvalene (TTF) and bis(ethylenedithio)tetrathia-
fulvalene (BEDT-TTF) (Aldrich) were used without additional
purification. 9,12-Diiodo-ortho-carborane (2b)17 and K[9,9"(12")-
1,-3,3"-Co(1,2-C,BgH y),] (K[4a])!® were synthesized as de-
scribed in the literature. The 1B NMR spectra were recorded on
a Bruker Avance-400 spectrometer (operating at 128.38 MHz).
The X-ray diffraction study of the salts (BEDT-TTF)[9,97(12")-
I,-3,3"-Co(1,2-C,BgH ),] (5) and (TTF)[9,9",12,12"-1,-3,3"-
Co(1,2-C,BgHyg),] (6) was carried out on a Bruker SMART
APEX2 CCD diffractometer (Mo-Ka radiation, graphite mono-
chromator, w-scanning technique). The crystal structures were
solved by direct methods followed by calculations of Fourier
syntheses with the use of the SHELXS-97 program package.!®
The structures were refined by the full-matrix least-squares meth-
od with anisotropic displacement parameters for all nonhydro-
gen atoms with the use of the SHELXL-97 program package.2?
The absorption correction was applied with the use of the APEX2
program.2! The hydrogen atoms were positioned geometrically.
The carbon atoms of one of the dicarbollide ligands in 5 are
disordered over positions corresponding to the C(1) and B(7)
atoms with occupancies of 0.56(4) and 0.44(4), respectively. The
C(3) and C(4) atoms of the ethylene group of the BEDT-TTF
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Table 1. Principal crystallographic data for (BEDT—TTF)
[9,97(127)-1,-3,3"-Co(1,2-C,B9gH (),] (5) and (TTF)[9,97,12,12"-
14-3,37-Co(1,2-C,BgHy),] (6)

Compound 5 6
Formula C14H28B18C01258 C10H22B18COI4S4
M 960.15 1031.63
Crystal system Monoclinic Monoclinic
Space group P2,/n P2,/n
a/A 9.2778(7) 7.7460(6)
b/A 34.367(3) 33.876(3)
c/A 10.7426(8) 11.808(1)
o/deg 90 90
B/deg 94.111(1) 98.933(1)
v/deg 90 90
U/A3 3416.5(5) 3060.9(4)
VA 4 4
AA 0.7107 0.7107
dgyc/8 cm™3 1.87 2.24
p/mm=! 2.813 4.875
Total number of

reflections 28739 18555
Number of independent

reflections 9513 9019
Number of reflections

with [Fy > 40(Fy)] 4759 5016
Number of refined

parameters 408 334
(20) pax/deg 61.86 60.98
R 0.052 0.049

radical cation are disordered over two equally probable orienta-
tions with occupancies of 0.50(3). Principal crystallographic data
for the compounds are given in Table 1. Bond lengths and bond
angles are listed in Tables 2 and 3. The atomic coordinates,
temperature factors, and geometric parameters were deposited
with the Cambridge Crystallographic Data Centre (CCDC
728563 and 728562).

Table 2. Selected bond lengths () in compound 5

Bond d/A Bond d/A
Anion [9,97(127)-1,-3,3"-Co(1,2-C,BgH ),]~
Co—C(1) 2.072(4) Co—B(7) 2.087(5)
Co—C(1") 2.058(4) Co—B(8) 2.126(6)
Co—C(2) 2.062(4) Co—B(10) 2.114(4)
Co—C(27) 2.069(5) Co—B(11") 2.099(5)
Co—B(4) 2.107(5) 1(1)—B(9) 2.189(5)
Co—B(4") 2.089(4) 1(1)—B©") 2.178(5)
Radical cation (BEDT—TTF)*™*
C(7)—C(8) 1.383(6) S(4)—C(6) 1.729(5)
S(3)—C(7) 1.725(5) S(5)—C(©) 1.743(5)
S@4)—C(7) 1.722(4) S(6)—C(10) 1.729(5)
S(5)—C(8) 1.736(4) C(5)—C(6) 1.360(7)
S(6)—C(8) 1.720(5) C(9)—C(10) 1.369(6)

S3)—C(5) 1.737(4)

Table 3. Selected bond lengths (d) in compound 6

Bond d/A Bond d/A

Anion [9,97,12,12"-14-3,3"-Co(1,2-C,BgHg),]~

Co—C(1)  2.041(4)  Co—B(7) 2.077(4)
Co—C(1") 2.049(4)  Co—B(8) 2.099(4)
Co—C(2) 2.041(4) Co—B(8") 2.097(4)
Co—C(27) 2.037(3) 1(1)—B(9) 2.185(4)
Co—B(4)  2.097(4)  I(1)—B(9")  2.173(4)
Co—B(4") 2.087(4)  1(2)—B(12)  2.175(4)
Co—B(7) 2.069(4) 127)—B(12")  2.176(4)
Radical cation (TTF)**
C(5)—C(6) 1.368(6)  S(2)—C(4) 1.720(5)
S(H—C(5) 1.738(4) S(3)—C(7) 1.721(5)
SQ2)—C(5) 1.715(5) S(4)—C(8) 1.712(5)
S(3)—C(6) 1.731(5)  C(3)—C@)  1.322(7)
S(4)—C(6) 1.724(4)  C(1)—C(8)  1.334(7)
S()—C(@3) 1.707(6)

The conducting properties of the crystals were studied on an
automated device for measurements of the temperature depen-
dence of the resistance by the four-probe method in the range of
220—295 K at a direct current. The rate of the change of the
temperature the samples was ~1 K min—!.

Trimethylammonium 5,6-diiododecahydro-7,8-dicarba-nido-
undecaborate ((MezNH)[3b]). Potassium hydroxide (1.71 g,
30 mmol) was added to a solution of 2b (3.98 g, 10 mmol) in
ethanol (150 mL), and the reaction mixture was refluxed for 8 h.
Then the solution was cooled, decanted, and concentrated. The
residue was dissolved in water (100 mL), filtered, and treated
with an aqueous solution of trimethylammonium chloride (1.45 g,
15 mmol). The precipitate that formed was filtered off and dried
in air. A white product was obtained in a yield of 3.89 g (87%).
Found (%): C, 12.93; H, 4.37; B, 21.63. CsH,,ByCI,;N. Calcu-
lated (%): C, 13.47; H, 4.52; B, 21.86. !'B NMR (acetone-dy), 5:
-9.4 (d, 2 B); —17.0 (d, 1 B); —21.1 (d, 2 B); —24.1 (s, 2 B);
—-27.8(d, 1 B); —33.6 (d, 1 B).

Potassium 9,9 “(12 ")-diiodoicosahydro-1,1",2,2"-tetracarba-
3-commo-cobalta-closo-tricosaborate (K[4b]). The compound
(Me;NH)[3b] (4.59 g, 10 mmol) and CoCl,-6H,0 (3.56 g,
15 mmol) were added to 40% aqueous KOH. The reaction mix-
ture was refluxed for 12 h, cooled, diluted with water to 200 mL,
and extracted with Et,O (3 x 200 mL). The organic layer was
dried with Na,SO, and concentrated to dryness. After chro-
matographic purification (silica gel, acetone—dichloromethane,
1:5), abrick-red product was obtained in a yield 0f4.35 g (50%).
Found (%): C, 5.23; H, 1.97; B, 22.64. C4H 3B 3Col4K. Calcu-
lated (%): C, 5.55; H, 2.09; B, 22.46. ''B NMR (acetone-dg), &:
-7.0 (d, 2 B); —4.8 (d, 2 B); —5.6 (d, 4 B); —15.6 (s, 4 B + d,
4 B); —22.2 (d, 2 B).

Bis(ethylenedithio)tetrathiafulvaleniumyl 9,9 (12 ")-diiodo-
icosahydro-1,1",2,2"-tetracarba-3-commo-cobalta-closo-tricos-
aborate (5) and tetrathiafulvaleniumyl 9,9,12,12 " -tetraiodooc-
tadecahydro-1,1",2,2"-tetracarba-3-commo-cobalta-closo-tri-
cosaborate (6). The radical cation salts (BEDT-TTF)[9,9°(12)-
1,-3,3"-Co(1,2-C,BgH (),] (5) and (TTF)[9,97,12,12"-1,4-3,3"-
Co(1,2-C,BgHy),] (6) were obtained as black sparkling need-
le-like crystals by the anodic oxidation of BEDT-TTF and



1144 Russ.Chem.Bull., Int.Ed., Vol. 59, No. 6, June, 2010

Kazheva et al.

TTF, respectively, in 1,1,2-trichloroethane in the presence of
18-crown-6 and K[4a] or K[4b], respectively. Crystals of 5 and 6
were grown by the electrochemical crystallization in a galvano-
static mode in a two-electrode cell with a glass membrane at
platinum electrodes. The current was increased stepwise each
day by 0.05 pA from 0.1 to 1.2—1.5 pA. The period of the crystal
growth was 4—5 weeks. Crystals of 5 were obtained in the
K[9,9°(12°)-1,-3,3"-Co(1,2-C,BgH ¢),] (1+1072 mol L-!) —
18-crown-6(2.5-10~2mol L~!) — BEDT-TTF (2: 103 mol L~1) —
1,1,2-trichloroethane system. Crystals of 6 were obtained in the
K[9,97,12,12"-14-3,3"-Co(1,2-C,BgHy),] (8:10~3 mol L~!) —
18-crown-6 (2-10~2mol L~!) — TTF (2- 103 mol L-1) — 1,1,2-
trichloroethane system.

This study was financially supported by the Russian
Foundation for Basic Research (Project Nos 07-03-00712
and 08-03-12043).
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