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The crystal structure of the new (BrBzPy)2[Fe(qdt)2]2 complex (qdt ¼ quinoxalinedithiolate) shows

a rare weak FeIII bisdithiolene dimerisation with unusual molecular planarity and long apical S–Fe

distances. This anion configuration is intermediate between the only monomeric Fe bisdithiolene

reported so far, with isolated square planar [Fe(qdt)2]� units, and the common strong dimeric geometry

also observed in other [Fe(qdt)2]2 salts. The standard strong dimeric situation is also observed in the

[Fe(a-tpdt)2]2 salt (a-tpdt ¼ 2,3-thiophenedithiolate) with the same cation, as well as with n-Bu4N and

Et4N showing the influence of different ligands and cations on the coordination geometry and

supramolecular structure of the FeIII complexes.
Introduction

At variance with the large diversity of coordination geometries

and oxidation states of bisdithiolene complexes with most

metals, the iron complexes with these ligands have essentially

been restricted to one stable oxidation state, Fe(III),1 and until

quite recently all were found to adopt in the solid state the same

square pyramidal, 4 + 1, coordination geometry due to the

formation of dimeric arrangements through two Fe–S bonds

between distorted square based [Fe(S2L)2]� units, [Fe(S2L)2]2
2�.

These units are characterised by having each an iron atom with 4

basal and one apical Fe–S bonds with distances in relatively

narrow ranges of 2.21–2.25 Å and 2.44–2.49 Å, respectively. The

first, and so far unique, exception to this rule was recently

provided by us in the tetrabutylammonium salt of an iron bis-

quinoxalinedithiolate complex, n-Bu4N [Fe(qdt)2], displaying

a perfectly square planar coordination geometry and a S ¼ 1/2

spin state.2 This effect was associated with specific cation inter-

actions stabilizing the square planar configuration and hindering

the usual dimerisation.

Aiming at a better understanding of the role of the cation

versus the role of the ligand in the coordination geometry of FeIII

bisdithiolene complexes we have been exploring either new

[FeIII(qdt)2]� salts with different cations or new iron complexes

based on other bisdithiolene ligands (Scheme 1).

Following this strategy we report in this paper the crystal

structure of the new salt (BrBzPy)2[Fe(qdt)2]2, (BrBzPy ¼ 1-(40-

bromobenzyl)pyridinium) which reveals an unusual coplanarity

of the qdt ligands in the Fe(qdt)2 monoanions and the formation

of [Fe(qdt)2]2 dimeric dianions via relatively weak Fe–S apical
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bonds that are much longer (2.527(12) Å) than those observed in

other dimers, suggesting an intermediate situation between

previously known dimers and the monomer. The BrBzPy cation

has a tendency to form stacks in the solid state and is known to

favour the formation of segregated anion–cation structures.3 The

crystal structure of (BrBzPy)2[Fe(qdt)2]2 is compared with that of

a related new iron salt, with the same cation but based on the

other ligand, a-tpdt ¼ 2,3-thiophenedithiolate, that has previ-

ously been reported by us and combined with other metals:4

(BrBzPy)2[Fe(a-tpdt)2]2. The crystal and molecular structure of

this last compound is also compared with other salts of the new

[Fe(a-tpdt)2] dianion with other common cations such as tetra-

butylammonium and tetraethylammonium in order to enlighten

the roles of the ligand versus cation in the crystal engineering of

these coordination complexes.
Results and discussion

(BrBzPy)2[Fe(qdt)2]2 and (BrBzPy)2[Fe(a-tpdt)2]2

The X-ray structure analysis of (BrBzPy)2[Fe(qdt)2]2 reveals that

this compound crystallises in the triclinic space group P-1. Its

crystal structure consists of centrosymmetric dianions

[Fe(qdt)2]2
2� and (BrBzPy)+ cations forming pairs via inversion

centres. The FeIII atom presents the usual square pyramidal

coordination (Fig. 1a), but in this case it is displaced towards the

axial ligand only 0.310 Å from the S1, S2, S3 and S4 mean plane

(Fig. 2a). This low displacement value is associated with an

unusually large Fe–S apical distance of 2.527(12) Å when

compared to the Fe–S apical distances in other dimerised FeIII

bisdithiolene complexes with other ligands or even with other qdt

salts, usually in the range 2.4385–2.4884 Å (see Table 1).2,5–10 The

average basal Fe–S bond length in (BrBzPy)2[Fe(qdt)2]2 is

2.2255(12) Å, within the usual range of values found in other

square-pyramidal FeIII dithiolate complexes.

The bond distances and angles in the qdt ligands were

observed to be in the expected ranges as found in other

complexes of this ligand. However in contrast with others Fe(III)

dimers, where the ligands form quite a large dihedral angle, the
This journal is ª The Royal Society of Chemistry 2009



Scheme 1

Fig. 1 ORTEP diagrams at the 40% probability level and atomic numbering schemes of : (a) [Fe(qdt)2]2
2� in the crystal structure of (BrBzPy)2[-

Fe(qdt)2]2 and [Fe(a-tpdt)2]2
2� in the crystal structure of (b) (BrBzPy)2[Fe(a-tpdt)2]2, (c) (n-Bu4N)2[Fe(a-tpdt)2]2 and (d) (Et4N)2[Fe(a-tpdt)2]2.

Symmetry operations used in the dimer generation are (1 � x, �y, 1 � z), (�x, 1 � y, 1 � z), (1 � x, 1 � y, �z) and (1 � x, �y, 1 � z), respectively.

Hydrogen atoms were omitted for clarity.
qdt ligand moieties are not only almost planar, with atomic rms

deviations from their average planes smaller than 0.029 and

0.054 Å, but they are also almost coplanar with a small dihedral

angle between them of 7.25(3)� (Fig. 2a). As discussed bellow,

this coplanarity favours the arrangement of the dianions through

stacking interactions into segregated columns.

The BrBzPy cation in (BrBzPy)2[Fe(qdt)2]2 adopts a standard

geometry, with the pyridine and the benzene rings, making

a dihedral angle of 75.29(2)� and these rings make dihedral angles

with the reference plane N5–C22–C23, of 73.97(4)� and

79.80(3)�, respectively (Fig. 3a). The BrBzPy cations are related

by an inversion centre forming pairs in a clear P4AE (parallel

fourfold aryl embrace),11 where the pyridine rings are parallel at

a ring centroid distance of 3.808(5) Å, allowing significant p–p
This journal is ª The Royal Society of Chemistry 2009
interactions. Within the cation pair, a hydrogen atom from the

pyridine fragment of one molecule interacts with the benzene

ring fragment of the other molecule through a hydrogen bond (H

distance to the benzene centroid is 2.56 Å). The cation packing

mode in this crystal structure is different from all the other salts

of this cation reported so far. While in other crystal structures the

staking interactions within the cation were found to be, without

exception, between the benzene fragment,3a,3b,4a,12 in this complex

the interacting moieties are pyridine rings, with the Br atoms of

the benzene rings pointing outside the pair centre.

The supramolecular arrangement of (BrBzPy)2[Fe(qdt)2]2 is

similar to the one reported for NO2BzPy [Fe(mnt)2]13 and consists

of segregated columns of anion dimers and cation pairs along the

a axis (Fig. 4a). In the (BrBzPy)2[Fe(qdt)2]2 crystal structure the
CrystEngComm, 2009, 11, 1046–1053 | 1047



Fig. 2 Details showing (a) the [Fe(qdt)2]2
2� in the crystal structure of (BrBzPy)2[Fe(qdt)2]2, and the [Fe(a-tpdt)2]2

2� in the crystal structure of (b)

(BrBzPy)2[Fe(a-tpdt)2]2, (c) (n-Bu4N)2[Fe(a-tpdt)2]2 and (d) (Et4N)2[Fe(a-tpdt)2]2. The values of the mean plane angle between the ligand moieties and

the Fe–S apical bond lengths are indicated.

Table 1 Fe–S bond parameters in related FeIII bisdithiolenesa

Compound dFe/Å Fe–Sap/Å <Fe–S>bas/Å

(BrBzPy)2 [Fe(qdt)2]2 0.310 2.527(12) 2.2255(12)
(BrBzPy)2[Fe(a-tpdt)2]2 0.386 2.451(2) 2.242(2)
(Et4N)2[Fe(a-tpdt)2]2 0.384 2.4570(17) 2.2375(18)
(n-Bu4N)2[Fe(a-tpdt)2]2 0.373 2.466(4) 2.235(5)
(n-Bu4N)2[Fe(dcbd)2] 2

9 0.370 2.4760(5) 2.2250(5)
((ph)4As)2[Fe(qdt)2]2

2 0.344 2.4884(12) 2.2338(13)
(NO2CH3BzPy)2[Fe(mnt)2]2

15 0.385 2.4385(18) 2.2159(18)

a dFe ¼ distance of Fe atom from the average basal S plane, Fe–Sap ¼
apical bond length, <Fe–S>bas ¼ average basal bond lengths.
Fe(qdt)2 complexes are more tightly stacked than in the NO2BzPy

[Fe(mnt)2] salt due the smaller distortion and larger coplanarity of

the ligands. Indeed, along the column the iron dimers are con-

nected by several short C/C contacts and one short Fe/S

contact, with the two molecules slightly slipped along their major

and minor axis, in a fashion similar to the one observed in the

anions molecules within the dimer. Thus, apart from the
Fig. 3 ORTEP diagrams at the 40% probability level and atomic numb

(BrBzPy)2[Fe(qdt)2]2 and (b) (BrBzPy)2[Fe(a-tpdt)2]2. Hydrogen atoms were
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alternated Fe–S apical bonds, the anion stacks are almost uniform

(Fig. 4b,c). The cation pairs stack along a in a OFF (offset face-to-

face) configuration, in such a way that the pyridine rings sit on top

of each other at alternating distances of 3.415(4) Å and 3.437(4) Å

(or ring centroid distances of 3.808(3) Å and 3.546(4) Å, giving rise

to a chain of p–p interactions along a (Fig. 4d).

The iron dimers and the pairs of cations are connected by

several strongly charged assisted hydrogen bonds; along b, while

the benzene ring of the cations interacts with the anions through

N/H–C hydrogen bonds, the pyridine ring connects to the

anion via its sulfur atoms giving rise to several C–H/S hydrogen

bonds (see table S1 in the ESI†). From the crystal packing we can

see that the thickness along the staking direction of the dimer

(�6.8 Å) and of the cation pair is almost the same, allowing

a perfect fit of the two neighbouring columns, side-by-side

(Fig. 4b–d)).

The related compound (BrBzPy)2[Fe(a-tpdt)2]2 crystallises in

the monoclinic space group P21/c. Its crystal structure is again

composed of dimers of the Fe(a-tpdt)2 anions and pairs of

(BrBzPy)+ cations. As usual, the [Fe(a-tpdt)2]2
2� dianions exhibit
ering schemes of the BrBzPy cations in the crystal structure of: (a)

omitted for clarity.

This journal is ª The Royal Society of Chemistry 2009



Fig. 4 (a) Crystal structure of (BrBzPy)2[Fe(qdt)2]2, viewed along a; partial views showing an anionic stack (b) front view, along c and (c) side view,

along [110]; (d) a cationic stack, viewed along b.
a dimeric arrangement with an inversion centre located between

the two Fe atoms (Fig. 1b). However, in this case its geometry is

essentially identical to all previously reported dimers of FeIII bis-

dithiolene complexes, the Fe atom being displaced towards the

axial ligand 0.39 Å away from the S1, S2, S4 and S5 mean plane

and with an Fe–S apical distance of 2.451(2) Å. Also as usual, the

two ligands are not coplanar making a dihedral angle of 22.19(3)�

(Fig. 2b). The two a-tpdt ligands present disorder in the position of

the thiophenic sulfur atom. In one ligand this disorder could be

modelled as resulting from a 55 : 45 occupation ratio of two

positions involving atoms C7, C8 and S6. This ligand disorder is

identical to that previously reported in different salts of square

planar complexes of these (a-tpdt) ligands with other metals (e.g.

Ni, Au, Pt, Co), resulting from a tendency to preferably adopt

a trans configuration with orientation disorder. The only short

contact within the dimer is observed between a coordination sulfur

atom and one carbon atom from the thiophenic ring(S5/C2).

In (BrBzPy)2[Fe(a-tpdt)2]2 the BrBzPy cation adopts a geom-

etry close to that in BrBzPy [Fe(qdt)2], with the pyridine and the

benzene rings creating a dihedral angle of 71.75(1)� and these

rings creating dihedral angles with the reference plane N1–C14–

C15, of 78.72(3)� and 88.22(3)�, respectively (Fig. 3b). Also, the

packing mode of pairs is similar to the one observed in

(BrBzPy)2[Fe(qdt)2]2, a clear P4AE with the pyridine rings

parallel at a ring centroid distance of 3.757(2) Å, indicative of

clear p–p interactions and a hydrogen bond of 2.70 Å (H

distance to the benzene centroid).
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The crystal packing consists of parallel columns of alternating

pair of cations and anion dimers, aligned along the [101] direc-

tion (Fig. 5). Along the columns several hydrogen bonds and

short contacts between the cationic and anionic species are

observed (see Table S2 in the ESI†), mainly involving the pyri-

dine ring, which sits on top of one of the MS2C2 rings of the

complex (the distance between the centroid rings is 3.747(4) Å).

The bromine in the benzene ring also interacts with the anionic

dimer through a charge assisted hydrogen bond.

It’s worthwhile referring that the cation pair and the anionic

dimer have comparable dimensions, well adjusted to the alter-

nated stacking of cation pairs and dianion dimers (Fig. 5d).

Neighbouring columns are linked through several short inter-

actions and a few hydrogen bonds, mostly involving cations and

anions. The only exception is the Br/H–C hydrogen bond

between the neighbouring pair of cations, involving a bromine

atom of one pair and a benzene ring of the other (the Br distance

to the benzene ring centroid is 3.492(3) Å).

In these two structures with [Fe(a-tpdt)2]2 and [Fe(qdt)2]2
dianions it is observed that the (BrBzPy)+ cation effectively

induces the formation of stacks, but of different types depending

on the ligand nature. In the first example, most probably due to

the exceptional geometry of the [Fe(qdt)2]2 dimer with almost

coplanar ligands and long apical bonds that naturally stack on

top of each other, the most favourable packing is the observed

anions and cation segregation in different columns, which have

a good thickness match along the stacking axis, aligning perfectly
CrystEngComm, 2009, 11, 1046–1053 | 1049



Fig. 5 (a) View of the crystal structure of (BrBzPy)2[Fe(a-tpdt)2]2 along the [101] direction; partial views of selected columns (b) 1-2-3 along c and (c)

columns 2-4-5 along b; (d) one mix column of alternated dianion dimers and pairs of cations.

Fig. 6 Cyclic voltamograms of (BrBzPy)2[Fe(qdt)2]2 (black line) and

(BrBzPy)2[Fe(a-tpdt)2]2 (gray line), versus Ag/AgCl, in dichloromethane.

The dashed line shows in detail the quasi-reversible process at �0.474 V.
side-by-side. In the second example mixed columns of alternating

dimers and a pair of cations are observed. In this case, where the

a-tpdt ligand is much smaller, we observe a good match on the

dianion’s and a pair of cation’s dimensions, leading to a perfect

adjustment of the molecules on top of each other. On the other

hand, this dimer has the usual distorted geometry, hampering the

regular stacking of the dianions.

This different tendency of the Fe complexes with these two

ligands to dimerisation is also reflected in their different redox

behaviour in solution. The cyclic voltammetry of (BrBzPy)2-

[Fe(a-tpdt)2]2, in dichloromethane, as well as the other Fe(a-

tpdt)2 salts (n-Bu4N)2[Fe(a-tpdt)2]2 and (Et4N)2Fe(a-tpdt)2]2,

show two pairs of symmetric redox waves, indicative of the

reversible process centred at�0.065 V and +0.232 V vs. Ag/AgCl

(Fig. 6). These closely spaced reversible waves are indicative of

redox processes involving stable undissociated dimers in solution

and can be ascribed to the couples [Fe(a tpdt)2]2
3�/[Fe(a

tpdt)2]2
2� and [Fe(a-tpdt)2]2�/[Fe(a-tpdt)2]2

�.

The redox behaviour of the [Fe(qdt)2]2 salt, in the same

solvent, is quite distinct, showing a complex behaviour closer to

some bisdithiolene complexes known to be partially dissociated

in solution.14 The only quasi-reversible process is seen at �0.474

V followed by further reduction waves which can be ascribed to

the processes [Fe(qdt)2]2�/[Fe(qdt)2]�, 2 [Fe(qdt)2]2�/[Fe(qdt)2]2
�

or redox processes involving an equilibrium between different
1050 | CrystEngComm, 2009, 11, 1046–1053
dimeric and dissociated species. Above 0.45 V other irreversible

oxidation waves involving most probably the oxidation of

dissociated [Fe(qdt)2]�species are visible.
This journal is ª The Royal Society of Chemistry 2009



(n-Bu4N)2[Fe(a-tpdt)2]2 and (Et4N)2[Fe(a-tpdt)2]2

In order to understand the role of the cation in these crystal

structures we also analyse the crystal packing of two [Fe(a-

tpdt)2] similar tetraalkyl salts: (n-Bu4N)2[Fe(a-tpdt)2]2 and

(Et4N)2[Fe(a-tpdt)2]2.

The (n-Bu4N)2[Fe(a-tpdt)2]2 salt crystallises in the monoclinic

space group P21/c. Its crystal structure is again composed of

dimers of [Fe(a-tpdt)2]� anions (Fig. 1c). The [Fe(a-tpdt)2]2
2�

dianions exhibit a dimeric arrangement with an inversion centre

located between the two Fe atoms, with a geometry virtually

identical to the one observed in (BrBzPy)2Fe(a-tpdt)2]2 salt. The

Fe atom is displaced towards the axial ligand 0.373 Å away from

the S1, S2, S4 and S5 mean plane and the Fe–S apical distance is

2.4664(2) Å. Also as usual, the two ligands are not coplanar

making a dihedral angle of 14.10(5)� (Fig. 2c). Although it could

not be well modelled, the two a-tpdt ligands present disorder in

the position of the thiophenic sulfur atom. This crystal structure

is organized in ‘‘pseudo’’ chains aligned along a. Along these

isolated chains there are no short interactions. The space between

the ‘‘chains’’ is filled by the (n-Bu4N)+ cations and its long

aliphatic chains, which interact with the dianions on both sides,

above and below, through several charge assisted Scoord/H–C

hydrogen bonds (Fig. 7, see Table S3 in the ESI†).

The (Et4N)2[Fe(a-tpdt)2]2 salt crystallises in the monoclinic

space group P21/n. Its crystal structure is again composed of

dimers of Fe(a-tpdt)2 anions, identical to all previously described

in this paper (Fig. 1d), with the Fe atom being displaced towards

the axial ligand 0.384 Å away from the S1, S2, S4 and S5 mean

planes and with an Fe–S apical distance of 2.4570(11) Å. Also, as

found in the related compounds the two ligands are not coplanar

creating a dihedral angle of 17.48(3) Å (Fig. 2d). The two a-tpdt

ligands present disorder in the position of the thiophenic sulfur

atom. This disorder could be modelised as resulting from 70 : 30

and 61 : 39 occupation ratios of two positions involving the

atoms S3, C3 and C4 and S6, C7 and C8, respectively. The

observed disorder is identical to all previously reported for this

ligand.4 Nevertheless, due to the smaller size of the cation, the

crystal structure is quite distinct to the one observed for the (n-

Bu4N)2[Fe(a-tpdt)2]2 salt (and (BrBzPy)2[Fe(a-tpdt)2]2 salt), with
Fig. 7 (a) View of the crystal structure of (n-Bu4N)2Fe(a-tpdt)2]2 along a; (b

‘‘chain’’ (down).
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the dianionic dimers much closer to each other, originating

a crystal packing with clear segregations of dianions and cations

on layers (Fig. 8a). The anionic layer is tightly linked by a 2D

network of charge assisted S/H–C hydrogen bonds between

dimer extremities (Fig. 8b). The anionic and cationic layers are

also connected by S/H–C hydrogen bonds involving all sulfur

atoms of the dianion (see Table S4 in the ESI†).

These two crystal structures reveal that very small differences

on the cation nature (they just differ on a CH2–CH2 fragment on

each ‘‘arm’’) can reflect very different crystal packings. The

smaller (Et4N)+ cation allows the anions to become closer and

interact though several hydrogen bonds, giving rise to a 2D layer

of contacts, while the relative (n-Bu4N)+, with its long arms pull

the molecules apart and isolate the anionic species.
Experimental

General materials and methods

All procedures were carried out under strict anaerobic conditions

under dry nitrogen or argon atmosphere unless otherwise stated.

All solvents were purified following standard procedures. 2,3-

Quinoxalinedithiol15 and 5,6-thieno[2,3-d]-1,3-dithiol-2-one4a

were synthesised as previously described. Other chemicals were

commercially obtained and used without any further purifica-

tion. IR spectra were obtained on a Perkin Elmer 577 spectro-

photometer. Cyclic voltammetry data were obtained using a BAS

C3 Cell Stand. The measurements were performed at room

temperature in dichloromethane solutions containing nBu4NPF6

as supporting electrolyte, with a scan rate of 100 mV s�1, plat-

inum wire working- and counter-electrodes and using Ag/AgCl

as a reference electrode.
Synthesis of complexes

(BrBzPy)2[Fe(qdt)2]2. 2,3-Quinoxalinedithiol (0.62 g, 0.0032

mol) was added to a solution of metallic sodium (0.16 g, 0.0069)

in methanol (10 mL). The resulting solution was stirred at room

temperature, then a solution of of FeCl3 (0.26 g, 0.0016 mol) in

methanol (5 mL) was added dropwise over a period of 15 min.
) partial view along a, showing an anionic network (up) and one anionic

CrystEngComm, 2009, 11, 1046–1053 | 1051



Fig. 8 (a) View of the crystal structure of (Et4N)2[Fe(a-tpdt)2]2 along b; (b) partial view of one anionic layer along c.

‡ Crystallographic data for (BrBzPy)2[Fe(qdt)2]2: C56H38N10S8Fe2Br2, M
¼ 1378.98 g mol�1, triclic, space group P-1, a ¼ 7.3129(4) Å, b ¼
11.4865(7) Å, c ¼ 17.0461(11) Å, a ¼ 100.625(3)�, b ¼ 98.672(3)�, g ¼
106.991(3)�, U ¼ 1313.60(14) Å3, Z ¼ 1, Dc ¼ 1.743 g cm�3, m(Mo Ka)
¼ 2.444 mm�1, 11335 reflections measured, 4957 unique, final R(F2) ¼
0.0424 using 3157 reflections with I > 2.0s(I), R(all data) ¼ 0.0933,
T ¼ 150(2) K. CCDC 695833. Crystallographic data for
(BrBzPy)2[Fe(a-tpdt)2]2: C40H30N2S12Fe2Br2, M ¼ 1194.92 gmol�1,
monoclinic, space group P21/c, a ¼ 9.3573(5) Å, b ¼ 25.3284(12) Å, c
¼ 10.0811(6) Å, b ¼ 100.854(3)�, U ¼ 2346 (2) Å3, Z ¼ 2, Dc ¼ 1.691 g
cm�3, m(Mo Ka)¼ 2.888 mm�1, 19152 reflections measured, 4116
unique, final R(F2) ¼ 0.0583 using 1964 reflections with I > 2.0s(I),
R(all data) ¼ 0.1621, T ¼ 150(2) K. CCDC 695835. Crystallographic
data for (n-Bu4N)2[Fe(a-tpdt)2]2: C48H80N2S12Fe2, M ¼ 1181.58 g
mol�1, monoclinic, space group P21/c, a ¼ 12.593(3) Å, b ¼ 13.734(3)
Å, c ¼ 17.690(3) Å, b ¼ 97.430(11)�, U ¼ 3033.8(10) Å3, Z ¼ 2, Dc ¼
1.293 g cm�3, m(Mo Ka) ¼ 0.923 mm�1, 18378 reflections measured,
4339 unique, final R(F2) ¼ 0.1322 using 1637 reflections with I >
2.0s(I), R(all data) ¼ 0.3038, T ¼ 150(2) K. CCDC 695832.
Crystallographic data for (Et4N)2[Fe(a-tpdt)2]2: C32H28N2S12Fe2, M ¼
957.16 g mol�1, monoclinic, space group P21/n, a ¼ 12.5925(6) Å, b ¼
11.0890(5) Å, c ¼ 16.2457(8) Å, b ¼ 106.464(3)�, U ¼ 2175.51(18) Å3,
Z ¼ 2, Dc ¼ 1.461 g cm�3, m(Mo Ka) ¼ 1.269 mm�1, 15151 reflections
measured, 4131 unique, final R(F2) ¼ 0.0627 using 2219 reflections with
I > 2.0s(I), R(all data) ¼ 0.1424, T ¼ 150(2) K. CCDC 695834.
The final solution was filtered directly to a methanol (5 mL)

solution of 1-(40-bromobenzyl)pyridinium bromide (0.52 g,

0.0016 mol). An equal volume of water was added and the

mixture was kept at 5 �C for one week. A dark crystalline

precipitate was obtained by filtration. The product was purified

by dissolution in methanol with a few drops of ammonia and

precipitation by addition of an equal volume of water. Shiny

black crystals were collected by filtration after one week at 5 �C.

Single crystal was obtained by slow evaporation of a methanolic

solution under nitrogen. Yield 38% (0,380 g) mp 190 �C. CHNS

(C56H38N10S8Fe2Br2): calc. C 48.90, H 2.62, N 10.19, S 18.63;

found C, 48.59, H, 2.72, N 9.91, S 18.43; y ¼ 3100 (w, Ar–H),

1480, 1470 (w, C]N), 615 (w, C–Br), 420 (m, S–Fe) cm-1.

(BrBzPy)2[Fe(a-tpdt)2]2. To a solution of potassium metoxide

in methanol (10 ml, 0.2 M) was added, under stirring, 5,6-

thieno[2,3-d]-1,3-dithiol-2-one (100 mg, 5.7 � 10�4 mol). The

formed yellow solution was filtered and added to a solution of

iron(III) chloride (95 mg, 2.9 � 10�4 mol) in methanol (5 mL),

turning to a dark mixture. The inorganic precipitate was

removed and the liquor added to a solution of 1-(40-bromo-

benzyl)pyridinium bromide (385 mg, 2.9� 10�4 mol) in methanol

(5 mL). Immediately a fine, shiny dark solid precipitated. The

solid obtained was filtered and recrystallised from acetonitrile,

to afford dark plates. Yield 71% (123 mg).CHNS

(C40H30N2S12Fe2Br2): calcd. C 40.21, H 2.53, N 2.34, S 32.20;

found C 39.07, H 2.30, N 2.23, S 31.75.

(n-Bu4N)2[Fe(a-tpdt)2]2. The compound was prepared using the

same method as for (BrBzPy)2[Fe(a-tpdt)2]2, using n-Bu4NBr

instead of BrBzPyBr. Crystals suitable for X-ray measurements were

obtained after recrystalization from 1 : 1 CH2Cl/n-henanes solu-

tions. Yield 80% (67.5 mg).CHNS (C48H80N2S12Fe2): calcd. C

48.79, H 6.82, N 2.37, S 32.56; found C 48.42, H 6.72, N 2.50, S 32.46.

(Et4N)2[Fe(a-tpdt)2]2. The compound was prepared using the

same method as for (BrBzPy)2[Fe(a-tpdt)2]2, using Et4Br instead of

BrBzPyBr. The product was obtained as dark plate crystals, directly

from the synthesis, after allowing the final solution to rest overnight.
1052 | CrystEngComm, 2009, 11, 1046–1053
Yield 75% (52.8 mg). CHNS (C32H48N2S12Fe2): calcd. C 40.16, H

5.05, N 2.93, S 40.19; found C 40.84, H 5.20, N 3.07, S 40.63.
X-Ray crystallography

X-Ray diffraction experiments were performed with a Bruker

AXS APEX CCD detector diffractometer using graphite mon-

ochromated Mo Ka radiation (l ¼ 0.71073 Å), in the 4 and u

scans mode. A semiempirical absorption correction was carried

out using SADABS.16 Data collection, cell refinement and data

reduction were done with the SMART and SAINT programs.17

The structures were solved by direct methods using SIR9718 and

refined by full-matrix least-squares methods using the program

SHELXL97,19 using the winGX software package.20 Non-

hydrogen atoms were refined with anisotropic thermal parame-

ters whereas H-atoms were placed in idealized positions and

allowed to refine riding on the parent C atom.‡ Molecular

graphics were prepared using ORTEP 3.21
This journal is ª The Royal Society of Chemistry 2009



Conclusions

In conclusion, the iron complexes with qdt and a-tpdt ligands

respond to the presence of the bromobenzylpyridinium cation,

by making in the solid state structures based on column stack-

ings. For the qdt ligand segregated anionic and cationic columns

are formed in a way similar to other transition metal bisdithio-

lene salts with related bezylpyridinium cations. For the a-tpdt

ligand there are columns made of mixed pairs of cations and

anion dimers.

However, while the a-tpdt ligand leads to stable dimerised

dianionic species [Fe(a-tpdt)2]2
2� with geometric parameter

values within the range of typical Fe(III) dimeric species, the qdt

ligand demonstrates its unique character of being able to form

a [Fe(qdt)2]2
2� structure with weaker dimerisation. This dimer-

isation is in-between the monomeric species found so far only in

the related salt with this ligand, n-Bu4N [Fe(qdt)2], and the usual

Fe(III) bisdithiolene dimers also displayed by an Fe complex

with this ligand in its tetraphenylphosphonium salt.

The different stability of the Fe-bisdithiolene dimeric

complexes with these two ligands is also confirmed by electro-

chemical studies, showing quite stable [Fe(a-tpdt)2]2
n� dimers in

solution (n ¼ 1, 2, 3), while the qdt analogues easily dissociate.
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