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The preparation of ethylenedithiotetrathiafulvalenes (EDT-TTF) directly functionalized on the TTF core with a

primary, secondary or tertiary amide or an hydrazide functional group is described. The X-ray crystal

structures of EDT-TTF-CO2H, EDT-TTF-CONH2, EDT-TTF-CONHMe and EDT-TTF-CONMe2 are

reported. The solid state architectures adopted by those functionalized molecules appear to be a compromise

between the hydrogen bond requirements of the OH, NH2, CH and CLO groups, which act as hydrogen bond

donor and acceptor, respectively, and the S???S van der Waals interactions of the EDT-TTF moiety. The

activation of the hydrogen atom of the TTF core, ortho to the amidic group, enhances its involvement in short

C±H???O bonds, giving rise to a characteristic chelating R2
1 (7) motif as observed in the secondary amide,

EDT-TTF-CONHMe.

Introduction

The occurrence of weak C±H???X (X~O, Hal) hydrogen bonds
in conducting and superconducting cation radical salts of
BEDT-TTF has been shown1 to deeply in¯uence the subtle
solid state arrangement of the donor molecules within the
conducting slabs. Indeed, the CH2-CH2 end groups of the
BEDT-TTF molecules are most often engaged in weak C±
H???X interactions with counter ions as in (BEDT-TTF)2I3 or
(BEDT-TTF)8(SiW12O40)2 or with solvent molecules which ®t
in the anionic layer as in (BEDT-TTF)2[Cu(CF3)4](Solvent)3 or
(BEDT-TTF)4[Re6S6Cl8](Solvent).4 Those weak interactions
effectively affect and control the relative orientation of the
organic donor molecules within the conducting stacks or slabs,
and, as a consequence, the topology of the HOMO±HOMO
overlap interactions, the nature of the band structure (and
Fermi surface) and the transport properties (semi-conducting
or metallic conductivity, superconductivity).

Tetrathiafulvalene-based molecules bearing functional
groups with much stronger hydrogen bonding capabilities
such as (i) alcohols, Me3TTF(CHMeOH),5 TTF(CH2OH)4,6

EDT-TTF-CH2OH,7 (ii) thioamides, (TTF-CSNHMe),8 (iii) a
uracil-derivatized TTF,9 (iv) the anilinium phosphonate
PhNH3

zMe3TTF-PO3H2 and its associated one-electron
oxidation product, the neutral zwitterion, [Me3TTF-

PO3H2]z?, were recently described and engaged in cation
radical salts.10 Furthermore, the rigidity and dual hydrogen
bond donor (N±H group) and hydrogen bond acceptor
(oxygen atom of the carbonyl group) character of primary
and secondary amides have been shown to drive the formation
of well de®ned supramolecular arrays,11 via N±H???O hydrogen
bonds.12,13 Elaborating upon those elements of predictability,
the amide functionality has been actively engaged in molecular
crystal chemistry and quali®ed as an ef®cient tool for the
generation of extended hydrogen-bonded networks14,15 as well
as self-assembling supramolecular complexes.16,17 Hence, the
amide functionalization of the tetrathiafulvalene core is
expected to offer a novel, rich crystal chemistry of both the
neutral or oxidized form, through the competing requirements
of hydrogen bonds, van der Waals and SOMO???SOMO
overlap interactions.

In this paper, we describe the synthesis of such EDT-TTF
functionalized amides, their electrochemical characterization
and analyse their solid state structural organization. The
presence of either primary or secondary amidic substituents,
which both act as a hydrogen bond donor and hydrogen bond
acceptor, is shown to compete in the solid state with primarily
the S???S van der Waals interactions which stabilize the EDT-
TTF dimer formation.

Synthesis

Several tetrathiafulvalenes substituted with amido groups have
been prepared. In most cases, the ¯exible spacer between the
TTF core and the functional group increases their solubility
and facilitates their puri®cation but provides extensive degrees
of freedom to the molecules which become dif®cult to
crystallize even in the neutral form. Such molecules have
been already engaged in the preparation of Langmuir±Blodgett
®lms, for example.18 A TTF core derivatized with a shorter
fragment, -SCH2CONH2, was also prepared by reacting the
TTF thiolate with BrCH2CONH2.19 The simplest primary
amide, TTF-CONH2,20 was recently prepared by hydrolysis
of the corresponding cyano derivative, TTF-CN, by analogy
with the preparation of tetrakis(amido)tetrathiafulvalene
from tetracyanotetrathiafulvalene.21 The secondary amide
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TTF-CONHPh was prepared by reacting TTF-Li with phenyl
isocyanate,22,23 while the (Z,E) bifunctional analog was
obtained several years ago from 3,3'(4')-bis(chloroformyl)te-
trathiafulvalene and aniline.24 The disubstituted 3,4-bis(methy-
lamido)tetrathiafulvalene has been prepared directly from the
corresponding diester.25 The tertiary amide, TTF-CONMe2,
was synthesized by the reaction of the acid chloride, TTF-
COCl with dimethylamine,25 as described earlier for the
preparation of the (Z,E) bifunctional analog.26

As shown in Scheme 1, the three amides 1±3 and the
hydrazide 4 were prepared from the corresponding ester 5
whose synthesis has been described elsewhere.27 Hydrolysis to
the carboxylic acid 6 was performed with LiOH as described by
Kilburn.28 Soxhlet extraction with acetone and recrystalliza-
tion from this solvent afforded 6 as dark red crystals in 90%
yield. Attempts to convert the ester 5 or the acid 6 directly
to the desired amides were unsuccessful. Therefore, 6 was
converted to the acid chloride 7 with oxalyl chloride and a
catalytic amount of pyridine in 94% yield. Reaction of 7 with
NH3, MeNH2, Me2NH and H2N-NH2 afforded the corre-
sponding amides 1±3 and the hydrazide 4, respectively, in good
yields. The three amides were recrystallized and their crystal
structures determined by single crystal X-ray diffraction (see
below).

Cyclic voltammetry experiments were performed in order to
evaluate the oxidation potentials of those new donor molecules
and the in¯uence of a single amido group on the redox
properties of the EDT-TTF core. As shown in Table 1, all four
amide- or hydrazide-functionalized donors oxidize reversibly at
about the same potential. Compared with that of EDT-TTF,
the ®rst oxidation potential is anodically shifted by 60±80 mV,
con®rming the electron-withdrawing effect of the amido group.
Note, however, that this oxidation potential is still lower than
that of BEDT-TTF. As a consequence, we expect cation radical
salts of those donor molecules to form readily upon electro-
chemical oxidation and to crystallize into air-stable crystals.29

The ambivalent character of the amido group, which exhibits
both hydrogen bond donor and acceptor capabilities, is
re¯ected by its ability to induce speci®c hydrogen bond
networks in the solid state. The latter were identi®ed and
classi®ed some years ago,11,13,30 and are exempli®ed further in
the crystal chemistry of the neutral forms 1±4 described below.

Solid state structures: hydrogen bonding and van der

Waals interactions

The crystal chemistry of the acid EDT-TTF-CO2H, 6, and the
primary amide EDT-TTF-CONH2, 1

Crystal structures of the acid 6 and the three amides 1±3 were
determined by single crystal X-ray diffraction. Details of
crystallographic data, data collection and structure resolution
are found in the Experimental section. The acid 6 crystallizes in
the monoclinic system, space group P21/n. Two crystal-
lographically independent molecules (A and B) are found in
general positions in the unit cell. They are associated into AB
pairs by two O±H???O hydrogen bonds (Fig. 1) to form the
classical eight-membered cyclic motif, noted R2

2(8) in Etter's
nomenclature,31 with O???O distances of 2.58(2) and 2.60(2) AÊ ,
well in the expected range for carboxylic acids.32 Two AB pairs
are further associated through the inversion center into face-to-
face dimers, a motif often encountered with such sulfur-rich
molecules and stabilized by S???S van der Waals interactions, as
observed in the structures of the neutral forms of EDT-TTF33

or BEDT-TTF.34 Indeed, the shortest S???S intermolecular
contact within these pairs amounts to 3.66(3) AÊ , comparable to
the sum of the van der Waals radii (3.60 AÊ ).35 As shown in
Fig. 2, those pairs of dimers are further organized in the solid
state in a herringbone pattern, with the ethylene end groups
pointing toward the S atoms of a neighbouring EDT-TTF
moiety. This structure is reminiscent of those reported by

Scheme 1

Table 1 Oxidation potentials of the amides 1±3 and the hydrazide 4
and some reference compounds. In V vs. SCE, n-Bu4NPF6 0.05 M in
CH3CN at 100 mV s21, at 20 ³C

E1/2
1 E1/2

2

EDT-TTF 0.44 0.75
BEDT-TTF 0.56 0.80
EDT-TTF-CONH2 1 0.49 0.81
EDT-TTF-CONHMe 2 0.50 0.82
EDT-TTF-CONMe2 3 0.47 0.80
EDT-TTF-CONHNH2 4 0.48 0.88

Fig. 1 Inversion-related dimers of hydrogen-bonded pairs of
EDT-TTF-CO2H in 6.

Fig. 2 Structure of EDT-TTF-CO2H (6) projected along [100].
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Desiraju in carboxylic acid heterodimers where two stacked
heterodimers are similarly related by an inversion centre while
the lateral interactions are identi®ed as originating from C±
H???O hydrogen bonds.36,37

Interestingly, the primary amide 1 exhibits a very similar
structural arrangement, the main difference arising from the
presence of solvent molecules (THF), with one THF molecule
in a general position and one THF molecule disordered on an
inversion centre. Indeed, as shown in Fig. 3, two crystal-
lographically independent molecules (A and B) are held
together across two N±Hs???O hydrogen bonds involving the
synplanar H atoms and form the prototypical R2

2(8) eight-
membered cyclic motif.31 Two pairs are further related by the
inversion center to form face-to-face dimers, as observed in 6,
while the shortest S???S distance within this A±B pair amounts
to 3.561 AÊ . The main difference with the structure of the acid 6
now arises from the effect of the additional antiplanar Ha

hydrogen atoms of the primary amide 1. Within the dimer, two
such Ha hydrogen atoms are engaged in N±Ha???O bonds with
the carbonyl oxygen atoms of the neighbouring molecule while
two others are engaged in an N±Ha???O bond with the oxygen
atom of a THF molecule. As shown in Fig. 4, the whole
structure of 1 appears then as an expansion of the structure of
the acid 6, made necessary by the presence of the extra
antiplanar Ha hydrogen atom of the primary amide. The
structural characteristics of those hydrogen bonds are given in
Table 2. Bond distances and angles are in the expected range
for N±H???O hydrogen bonds.38 Note the CLO???H angle (w)
values close to 120³ for the two synplanar Hs atoms while the
antiplanar Ha exhibits a more linear conformation.39

In the latter two structures, one has observed the
complementary effect of two different intermolecular interac-
tions, the hydrogen bonding requirements of the acid and
primary amide groups which lead to the R2

2(8) motif and the
van der Waals S???S interactions which stabilize the face-to-face
arrangement of the EDT-TTF moieties. The latter dispersion
forces exercise a strong control over the structural arrangement
since they shift the inversion center in between the two pairs
while it is normally found at the center of the R2

2(8) motif in

homodimers. On the other hand, the hydrogen bond patterns
adopted by both the acid and the primary amide are those
expected for such systems, albeit the more severe constraints
which aim at satisfying both N±Ha???O and N±Hs???O
hydrogen bonds in the primary amide are re¯ected by slightly
more distorted geometries and the incorporation of THF
solvate molecules.

The secondary amide EDT-TTF-CONHMe, 2

Compound 2 crystallizes in the orthorhombic system, space
group P212121 with two crystallographically independent
molecules in the asymmetric unit (denoted by A and B in the
following). In both molecules, the amidic group adopts a trans
con®guration with the H atom in the antiplanar position.
Short N±H???O hydrogen bonds (Table 3) are found between
alternating A and B molecules along the [010] twofold screw
axis, which give rise to a characteristic C(4) chain motif
(Fig. 5). Of particular note here are the short C±H???O
interactions identi®ed in this structure between the H atom
located ortho to the amidic group and the O atom of the
carbonyl. As shown in Table 4, their structural characteristics
are indeed very close to those observed with the amidic
hydrogen atoms and these C±H???O interactions can thus be
quali®ed as C±H???O hydrogen bonds, which adopt here a C(5)
motif along the [010] twofold screw axis. The second order
combination of those two motifs, C(4) and C(5), gives rise to
the novel cyclic motif, noted R2

1(7) in Fig. 6. Such an
activation of the ortho hydrogen atom to afford C(sp2)±
H???O hydrogen bonds40 has been observed in the crystal
packing of quinones,41 a,b-unsaturated42 or aromatic43,44

carboxylic acids, dicyanobenzene,45 and very recently cubane-
carboxylic acids.46 They have been shown to play a major role
in stabilizing crystal structures46,47 and were identi®ed earlier in

Fig. 3 The complex hydrogen bond network in (EDT-TTF-
CONH2)?(THF)0.75, showing the inversion-related dimers of hydro-
gen-bonded pairs together with THF molecules.

Fig. 4 Structure of (EDT-TTF-CONH2)?(THF)0.75 projected along
[100]. The THF molecule in general position is hydrogen-bonded to 1
while an additional THF molecule is disordered on the inversion centre.

Table 2 Hydrogen bond characteristics in EDT-TTF-CONH2, 1 (Indices A and B refer to molecules A and B, respectively; indices a and s refer to
the antiplanar and synplanar con®gurations of the amidic hydrogen atoms, respectively)

D???A dist. H???A dist. a/³ w/³ Motif

NA±HAs???OB 3.02(2) 2.18(2) 164.9(7) 124(1) R2
2(8)

NA±HAa???OB 3.04(2) 2.26(2) 150.7(6) 154(2) D
NB±HBs???OA 2.83(2) 1.99(2) 168.4(8) 119(1) R2

2(8)
NB±HBa???O(THF) 2.90(2) 2.14(2) 146.0(8) Ð D

J. Mater. Chem., 1999, 9, 2373±2379 2375



the TTF?p-chloranil charge-transfer complex where they
become collectively activated upon charge-transfer along the
neutral-to-ionic transition.48 A preliminary CSD search on
simple conjugated methylamides con®rmed the occurrence of
this C±Hortho???O hydrogen bond, observed for example in N-
methylbenzamide13 (H???O: 2.482 AÊ , a~146.4³) or N-methyl-
nicotinamide49 (H???O: 2.402 AÊ , a~136.1³) where it gives rise
in both structures to this characteristic R2

1(7) chelating ring. Of
particular note in this structure is the absence of face-to-face
EDT-TTF±EDT-TTF dimers, a recurrent motif observed in
the unsubstituted molecule as well as in 1, 3 and 6. Clearly here,
the structural requirements of the N±H???O and C±H???O
hydrogen bonds took over the EDT-TTF±EDT-TTF dimer
formation. Indeed, besides one single intermolecular short
S???S distance at 3.407 AÊ , all other S???S distances are larger
than 3.697 AÊ .

The tertiary amide EDT-TTF-CONMe2 3

The tertiary amide 3 lacks any of the strong OH or NH
hydrogen bond donors found in 1 or 2. It crystallizes in the
orthorhombic system, space group P212121, with one molecule
in general position in the unit cell. A herringbone pattern is
observed here (Fig. 7), reminiscent of that described above for
the acid 6, with the outer ethylenic groups pointing towards the
sulfur atoms of a neighbouring EDT-TTF moiety. The shortest
S???S van der Waals contact amounts to 3.655(3) AÊ .

Molecular structure analysis

The four structures described above offer a unique opportunity
to compare the geometrical characteristics of the donor
molecules, each of them functionalized with a different
electron-withdrawing group. The salient intramolecular bond
lengths and angles, and torsion angles (along the S±S axis) of
the two dithiole rings are collected in Table 4, together with

reference data for the unsubstituted EDT-TTF. Neutral, non-
oxidized tetrathiafulvalenes are well known to easily distort by
torsion of the dithiole rings along the S±S axis. This folding,
observed in EDT-TTF at 12 and 17³ respectively for the b1 and
b2 values (Table 4), is strongly lowered in the 1,3-dithiole ring
substituted with the carboxylic or amidic group in 1±3 and 6,
the strongest effect being mainly observed in the acid 6 and
the primary amide 1. This observation, together with the
lengthening of the CLC bond (noted b in Table 4) and
concomitant shortening of the S±C bond (noted c in Table 4)
upon functionalization, con®rms the sizeable contribution of
the mesomeric forms 1'±3' in the electronic structure of 1±3 (as
also in 6) already observed and analyzed by Bryce and co-
workers in similar TTF derivatives.25

Experimental

4,5-Ethylenedithio-4'-carboxytetrathiafulvalene 6

A solution of LiOH?H2O (1.8 g, 42.9 mmol in 30 ml H2O) was
added to a stirred solution of EDT-TTF-CO2Me 5 (3 g,
8.5 mmol) in 1,4-dioxane (200 mL) at room temperature. After
stirring for 15 h, HCl 5 M (8.5 mL, 42.8 mmol) was added
dropwise and the solution stirred for 10 min. Diethyl ether
(200 mL) and water (50 mL) were added followed by HCl 5 M
until the pH of the water phase reached 1±2. The organic layer
was decanted, dried over MgSO4 and evaporated under
reduced pressure. The red solid was Soxhlet extracted with
acetone to afford 6 as red crystals (2.6 g, 90%), mp 216±217 ³C
(decomp.) (Analysis found: C, 31.88; H, 1.83; S, 55.08;
C9H6O2S6 requires: C, 31.93; H, 1.79; S, 56.83%); nmax/cm21

(KBr) 3050±2250 (OH), 1651 (CO); lmax/nm (e/dm3 mol21

cm21) (THF) 415 (2.1 103); dH(200 MHz, d6-DMSO) 7.70 (s,
1H, CLCH), 3.38 (s, 4H, CH2-CH2); dC(50 MHz, DMSO)
160.09 (CO2H), 132.70 (LCH), 128.77, 112.74, 103.57, 104.80
(CLC) and 29.45 (CH2-CH2); m/z 338 (Mz, 85%), 294
(Mz2CO2, 33%), 266 (Mz2CO22CH2CH2, 33%).

4,5-Ethylenedithiotetrathiafulvalene-4'-carbonyl chloride 7

Oxalyl chloride (0.4 mL, 4.62 mmol) and pyridine (1 mL) were
added to a stirred THF solution (60 mL) of the acid 6 (0.55 g,
1.5 mmol) under nitrogen at 45 ³C. The mixture was stirred for
3 h and ®ltered, the volume was reduced to 10 mL and the
product precipitated by addition of dry hexane to afford the
acid chloride 7 as a purple microcrystalline powder (0.55 g,
94%), mp 165±168 ³C (decomp.) (Analysis found: C, 30.65; H,
1.41; S, 51.73; Cl, 10.17. C9H5OS6Cl requires: C, 30.28; H, 1.41;
S, 53.89; Cl, 9.93%); n/cm21 (KBr) 1710 (CO); dH(200 MHz,
CDCl3) 7.78 (s, 1H, CLCH), 3.31 (s, 4H, CH2-CH2);
dC(50 MHz, CDCl3) 141.23 (LCH) and 30.17 (CH2-CH2);
m/z 356 (Mz, 85%), 328 (Mz2CH2-CH2, 72%).

Table 3 Hydrogen bond characteristics in EDT-TTF-CONHMe 2 (Indices A and B refer to molecules A and B, respectively; index a refers to the
antiplanar con®guration of the amidic hydrogen atom)

D???A dist. H???A dist. a/³ w/³ Motif

NA±HAa???OB 2.949(5) 2.102(5) 168.1(1) 130.4(3) C(4)
NB±HBa???OA 2.952(5) 2.119(5) 162.7(1) 138.3(2) C(4)
CA±HA???OB 3.324(5) 2.421(5) 163.8(1) 122.0(2) C(5)
CB±HB???OA 3.126(6) 2.217(6) 165.3(1) 140.0(3) C(5)

Fig. 5 The hydrogen-bonded chain of EDT-TTF-CONHMe (2)
molecules combining the C4 N±H???O and the C5 C±H???O motifs.
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4,5-Ethylenedithio-4'-carbamoyltetrathiafulvalene 1

A solution of the acid choride 7 (150 mg, 0.42 mmol) in dry
THF (10 mL) is added dropwise to an NH3 saturated THF
solution (10 mL). The solution turned yellow and was stirred
for 1 h, ®ltered, and concentrated to afford 1 as red needles
after recrystallization from THF (130 mg, 92%), mp 214±
215 ³C (decomp.) (Analysis found: C, 33.17; H, 2.72; N, 3.71; S,
52.56. C9H7ONS6?THF0.75 requires: C, 33.78; H, 2.55; N, 3.94;
S, 56.83%); n/cm21 (KBr) 3417±3173 (NH2), 1647 (CLO); lmax/
nm (e/dm3 mol21 cm21) (THF) 395 (1.9 103); dH(200 MHz, d6-
DMSO) 7.95 (s, 1H, NH2), 7.55 (s, 1H, CLCH), 3.38 (s, 4H,
CH2-CH2); dC(50 MHz, d6-DMSO) 160.35 (CLO), 134.25 (C-
CO), 125.04 (LCH), 103.38±113.02 (CLC) and 29.47 (CH2-
CH2); m/z 337 (Mz, 100%), 309 (Mz2CH2-CH2, 84%).

4,5-Ethylenedithio-4'-(methylcarbamoyl)tetrathiafulvalene 2

To a 2 M THF solution of methylamine (5.3 mL, 10.65 mmol)
was added dropwise the acid chloride 7 (250 mg, 0.71 mmol)
dissolved in dry THF (5 mL). After stirring for 1 h, the solution
was concentrated and extracted with CH2Cl2. The organic
layer was dried over MgSO4 and evaporated to afford 2 as
orange crystals after recrystallization from CH3CN (190 mg,
77%), mp 216±217 ³C (Analysis found: C, 34.21; H, 2.76; N,
3.92; S, 54.64. C10H9ONS6 requires C, 34.16; H, 2.58; N, 3.98;
S, 53.89%); n/cm21 (KBr) 3336±3275 (NH), 1614 (CLO),
1572 (NH); lmax/nm (e/dm3 mol21 cm21) (THF) 380 sh;

dH(200 MHz, d6-DMSO) 8.42 (q, 1H, NH, 3J(H±
H)~4.5 Hz), 7.44 (s, 1H, CLCH), 3.38 (s, 4H, CH2-CH2),
2.66 (d, 3H, CH3, 3J(H±H)~4.5 Hz); dC(50 MHz, DMSO)
159.17 (CLO), 133.65 (C-CO), 124.22 (LCH), 112.8±113.15
(CLC), 29.60 (CH2-CH2) and 26.10 (CH3); m/z 351 (Mz,
100%), 323 (Mz2CH2-CH2, 65%).

4,5-Ethylenedithio-4'-(N,N-dimethylcarbamoyl)
tetrathiafulvalene 3

To a 2 M THF solution of dimethylamine (1.75 mL, 3.5 mmol)
diluted in dry THF (10 mL) was added dropwise the acid
chloride 7 (250 mg, 0.71 mmol) dissolved in dry THF (10 mL).
After stirring for 1 h, the solution was ®ltered and evaporated.
The orange solid was recrystallized in CH3CN to afford 3 as
orange crystals (180 mg, 70%), mp 177±178 ³C (Analysis found:
C, 36.33; H, 3.17; N, 3.68; S, 52.78. C11H11ONS6 requires: C,
36.14; H, 3.03; N, 3.83; S, 52.62%); n/cm21 (KBr) 1597 (CLO);
lmax/nm (e/dm3 mol21 cm21) (THF) 380 sh; dH(200 MHz,
CDCl3) 6.60 (s, 1H, CLCH), 3.29 (s, 4H, CH2-CH2), 3.07 (s,
6H, CH3); m/z 365 (Mz, 100%), 337 (Mz2CH2-CH2, 56%).

Table 4 Selected geometrical characteristics of 1, 2, 3 and 6

Tors. angle b1 Tors. angle b2 C±S dist. a CLC dist. b C±S dist. c

6 A 9.6(6) 3.5(6) 1.75(2) 1.36(2) 1.71(2)
B 7.8(5) 1.4(6) 1.75(2) 1.32(2) 1.66(2)

1 A 23.0(3) 2.6(3) 1.742(8) 1.335(10) 1.701(7)
B 8.0(4) 4.6(3) 1.754(8) 1.325(10) 1.719(7)

2 A 1.4(4) 6.7(3) 1.746(4) 1.316(6) 1.714(5)
B 8.2(4) 6.9(3) 1.757(5) 1.328(6) 1.720(5)

3 3.4(8) 3.0(7) 1.760(7) 1.31(1) 1.746(8)
EDT-TTF 17 12 1.745(4) 1.317(6) 1.745(4)

Fig. 6 A detail of the R2
1(7) chelate ring in (2) which results from the

second order association of the two primary motifs, C4 and C5.

Fig. 7 Structure of EDT-TTF-CONMe2 (3) projected along [100].
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4,5-Ethylenedithio-4'-carbazoyltetrathiafulvalene 4

A solution of the acid chloride 7 (250 mg, 0.7 mmol) in 20 mL
of dry THF was added dropwise to a 1 M THF solution of
hydrazine (7 mL, 7 mmol). The mixture was stirred for 1 h,
®ltered and evaporated. The orange solid was recrystallized
from acetone to afford 4 as orange microcrystals (180 mg,
73%), mp 194±195 ³C (Analysis found: C, 30.59; H, 2.58; N,
7.81; S, 51.61. C9H8ON2S6 requires: C, 30.66; H, 2.29; N, 7.95;
S, 54.57%); n/cm21 (KBr) 1664 (CLO); dH(200 MHz, d6-
DMSO) 7.42 (s, 1H, LCH), 3.37 (s, 4H, CH2-CH2); m/z 352
(Mz, 100%), 324 (Mz2CH2-CH2, 68%).

X-Ray structure determinations{

The data collections were performed on a Stoe IPDS system for
1, 2 and 6, and on an Enraf-Nonius Mach 3 diffractometer for
3. The Siemens SHELXTL package was used for the solution
and re®nements of the X-ray structures. No absorption
correction was applied. In 1, 2 and 3, hydrogen atoms were
introduced at calculated positions and not re®ned (riding
model). Furthermore, in the primary amide 1, one C atom of
the ethylenic group was disordered on two positions (C17A,
C17B). Similarly, every C atom of the ethylenic groups of the
two crystallographically independent molecules in 2 was found
disordered on two positions as well as one S atom linked to the
ethylenic group. The C atoms of the ethylenic group in 3 were
also disordered on two positions. Those disordered atoms were
all re®ned isotropically. Despite low temperature data collec-
tions for the acid 6, the number of strong re¯ections is not as
large when compared with the total number of independent
re¯ections, indicating a somewhat poor crystal quality.
Accordingly, only S atoms were re®ned anisotropically while
C and O atoms were re®ned isotropically and hydrogen atoms
introduced at calculated positions and not re®ned (riding
model). The acidic hydrogen atom in 6 could not be identi®ed
in the Fourier difference map and was not introduced. Crystal
data and details of data collection and structure re®nement are
given in Table 5.
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