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The title salt, bis[2,3-bis(aminocarbonyl)-8,9-bis(methyl-
sulfanyl)tetrathiafulvalenium] di-p-bromido-bis[bromido-
copper(Il)], (C;oHoN,0,S¢),[Cu,Br,], contains 2,3-bis-
(aminocarbonyl)-8,9-bis(methylsulfanyl)tetrathiafulvalenium
radical cations, [DMT-TTF(CONH,),]*, and [Cu,Br,*~
anions. The cations are associated across centres of inversion
in a head-to-tail fashion via short face-to-face S- - -S stacking
(TTF moiety). These dimers are further assembled into a one-
dimensional chain structure via interdimer double S.--S
contacts involving the methylsulfanyl groups. The one-
dimensional chains give rise to a two-dimensional structure
through intermolecular double N—H---O hydrogen bonds
involving the amide group. The [Cu,Br,]*” anions, which
straddle centres of inversion, are located between the cation
layers. Electron paramagnetic resonance measurements show
a radical signal, indicating that the two TTF " radicals are not
completely coupled in the dimer.

Comment

Although tetrathiafulvalene (TTF) and its derivatives have
been intensively investigated for several decades, these unique
functional molecules continue to attract great attention,
especially for their inter- or intramolecular interactions. These
weak interactions play a very important role in supra-
molecular assembly and in the modification of the physical
properties of these materials (Williams et al, 1985;
Hudhomme et al.,, 2001; Rovira & Novoa, 1999). We have
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previously reported some radical salts with S---S and C.--C
intermolecular contacts (Lu et al., 2006, 2007). In this report, a
new salt of 2,3-bis(amide)-8,9-bis(methylsulfanyl)tetrathia-
fulvalene, [DMT-TTF(CONH,),],[Cu,Bry], (I), is described,

together with the intra- and intermolecular interactions in its
structure.

Radical or charge-transfer salts are usually prepared by two
techniques. The majority are obtained by electrocrystallization
and the rest through chemical oxidation. The chemical
oxidation method typically utilizes halogens and a number of
transition metal salts in their higher oxidation state (e.g. Cu",
Fe'" and Hg"). In the preparation of (I), the TTF moiety of
the precursor, DMT-TTF(CONH,),, was oxidized by one
electron during the reaction by a Cu" salt which is reduced to
Cu', forming a dinuclear anion.

The title compound, (I), is a radical cation salt with
[Cu,Bry]*~ anions and coupled [DMT-TTF(CONH,),]"
cations (Fig. 1). Both cation and anion are essentially planar.
The two Cu' ions are bridged by two bromide ions across a
centre of inversion, to form a dinuclear anion with the Cu
atom in a triangular coordination environment. As expected,
the terminal Cul —Br2 bonds are a little shorter than the
bridging Cul —Brl bonds, which themselves differ slightly
(Table 1). To the best of our knowledge, this structure of the
[Cu,Br,]*~ anion has not been reported in TTF salts to date;
most such salts are further coordinated and the Cu' centre
adopts a tetrahedral geometry (Moustarder et al, 2002;
Kanehama et al., 2003).

In the TTF units of (I), the central C=C bond distance
[C3=C4 = 1.376 (4) A] is longer than that found in neutral
TTF compounds and is in agreement with that of TTF™
radicals (Lu ef al., 2007). The IR stretching band of the central
C=C bond at 1347 cm ' shows a red shift relative to
1403 cm™' for the neutral compound. It is known that the
central C=C stretching of TTF undergoes a large frequency
shift on oxidation (>50-100 cm™") (Siedle et al., 1980; Matsu-
bayashi et al., 1988). There is an intramolecular N—H- - -O
hydrogen bond between the two ortho-amide groups (Fig. 1
and Table 2).

Compound (I) crystallizes in the triclinic system, with one
[DMT-TTF(CONH,),],[Cu,Bry] formula in the unit cell (the
asymmetric unit consists of one TTF™ cation and one half of a
[Cu,Br,]*~ anion). The cations are paired across centres of
inversion to form a dimeric structure in a head-to-tail mode
via short S---S stacking interactions (Fig. 1). The S---S
distances of 3.339 (1) [S3:--S4""; symmetry code: (vii) —x,

Figure 1
The molecular structure of the title compound, showing the atom-
labelling scheme. Displacement ellipsoids are drawn at the 50%
probability level. Intermolecular S---S interactions in the TTF dimer
and intramolecular N—H- - -O hydrogen bonds are shown as dashed lines.
H atoms have been omitted for clarity. [Symmetry codes: (i) —x 41,
—y—1,—z+1; (vii)) —x, —y + 1, —z +2.]
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—y+1,—z+2],3.419 (1) (S1---S6") and 3.515 (1) A (S2---
$5'%) indicate very effective stacking within the TTF dimer. The
dimers further assemble into a one-dimensional step structure
along the [010] direction through interdimer S---S contacts
between methylsulfanyl units [S5---S6"" 3.348 (1) A;
symmetry code: (viii) —x, —y +2, —z +2] (Fig. 2). These
one-dimensional chains then give rise to a two-dimensional
structure in the (011) plane through interchain double N—
H- - -O hydrogen bonds (Fig. 3). Fig. 4 shows the co-operation
of the hydrogen bonds and the S- - -S contacts. The [Cu,Br,]*~
anions are located between the (011) planes and linked to two
cations through Br---H—N hydrogen bonds (Table 2).

It is noteworthy that no short intermolecular C-. - -C contact
involving the central C—C bond was found within the TTF
dimer. The electron paramagnetic resonance spectrum shows
a radical signal (g = 2.003), which means that the two TTF™*
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Figure 2

The assembly of the molecular couples in (I) into a one-dimensional step
structure via intermolecular double S- - -S contacts (dashed lines).

The packing of the TTF cations, showing the two-dimensional structure.
Intermolecular contacts are shown as dotted lines. The [Cu,Br,]*~ anions
are located between these layers, which stack along the a axis.
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The co-operation of the double N—H- - -O hydrogen bonds and double
S- - -S contacts in the molecular assembly of (I).

radicals are not completely coupled in the dimer. This result is
in accordance with the conclusion in our earlier paper (Lu et
al., 2007), namely that the short intermolecular C- - -C contact
in the centre of the TTF moiety is the most important indi-
cator of the coupling of the two radicals.

Experimental

The precursor 2,3-bis(methoxycarbonyl)-8,9-bis(methylsulfanyl)-
tetrathiafulvalene was synthesized using a reported coupling
method (Baudron et al., 2003). Neutral 2,3-bis(aminocarbonyl)-
8,9-bis(methylsulfanyl)tetrathiafulvalene, DMT-TTF(CONH,),, was
obtained by reaction of the bis(methoxycarbonyl) derivative with
ammonia (Hudhomme et al, 2001; McCullough et al, 1999).
Compound (I) was obtained by careful addition of a solution of
CuBr, (44.6 mg, 0.2 mmol) in acetonitrile (6 ml) to a solution
of 2,3-bis(aminocarbonyl)-8,9-bis(methylsulfanyl)tetrathiafulvalene
(7.6 mg, 0.02 mmol) in tetrahydrofuran (5ml) in a straight tube
(7 mm in diameter). The glass tube was sealed and the two solutions
were kept unmixed. After 3 d, black crystals of (I) suitable for X-ray
crystallographic analysis were obtained at the interface of the two
phases. These were washed with acetonitrile and dried in vacuo (yield
15.90 mg, 66%). IR (KBr disc, v, cm™"): 3419 (NH), 3157 (NH), 1665
(C=0), 1347 (C==C). Analysis calculated for C,oH»yBryCu,N4O,S;,:
C 19.80, H 1.65, N, 4.62%; found: C 19.63, H 1.51, N 4.50%.

Crystal data

(C10H1oN20,86),[Cu,Bry] y = 81.242 (7)°

M, =1211.84 V 895.25 (14) A3
Triclinic, P1 =1

a =9.3326 (9) A Mo Ko radiation

b = 10.0980 (9) A =639 mm™
c=103272 (9) A T=173 ) K

o = 75343 (7)° 0.30 x 0.16 x 0.15 mm
B =72571 (6)°

Data collection

8740 measured reflections
3252 independent reflections
2819 reflections with 7 > 20(1)
Rine = 0.025

Rigaku Mercury diffractometer
Absorption correction: multi-scan
(Jacobson, 1998)
Tmin = 0.218, Tiyax = 0.383

Refinement

R[F? > 20(F%)] = 0.028
wR(F?) = 0.070

S =105

3252 reflections

211 parameters

H-atom parameters constrained
APmax = 070 e A7

APmin = —0.61 ¢ A7

Table 1 .

Selected geometric parameters (A, °).

Cul—Brl 2.3895 (6) Cul—Brl’ 2.4601 (6)
Cul—Br2 2.3129 (6) Cul—Cul’ 2.6149 (8)
Cul —Brl—Cul 65.24 (2) Br2—Cul —Brl’ 116.82 (2)
Br2—Cul —Brl 128.38 (2) Brl—Cul —Brl' 114.760 (19)

Symmetry code: (i) —x+1,—y —1, —z+ 1.

H atoms were positioned with idealized geometry and refined with
fixed isotropic displacement parameters [N—H = 0.88 Aand C—H =
0.98 A; Useo(H) = 1.2U.4(N) or 1.5U.4(CO)].

Data collection: CrystalClear (Rigaku, 2001); cell refinement:
CrystalClear; data reduction: CrystalStructure (Rigaku, 2001);
program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);
program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);
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Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N1—HI1A. - -Br2 0.88 2.72 3.601 (3) 180
N1—HI1B---02 0.88 1.90 2.717 (4) 154
N2—H2A- --02" 0.88 2.09 2.951 (4) 167
N2—H2B---S2 0.88 2.44 2.906 (3) 114
N2—H2B- - -Br1" 0.88 2.88 3317 (3) 112
C7—H7A- - -Br2" 0.98 2.90 3.870 (4) 172
C7—H7B---S1¥ 0.98 2.81 3.529 (3) 131
C7—H7C- - -Br2% 0.98 2.92 3.880 (4) 165
C8—HS8B---01' 0.98 2.49 3216 (4) 130
C8—HS8C- - -Br2' 0.98 2.99 3.648 (3) 126

Symmetry codes: (i) —x, —y, —z +1; (iii) x =1,y +1,z; (iv) —x+1, =y, =2+ 2; (V)
—x+1,—y+1,—z+2;(vi)x,y+1,z

molecular graphics: ORTEP-32 (Farrugia, 1997); software used to
prepare material for publication: pubICIF (Westrip, 2007).
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