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Abstract: The self-assembly of new
multimetallic complexes of grid-type
architecture is described. The binding
of a set of tris-terdentate ligands, 1a ±
1d, based on terpyridine-like subunits,
with different octahedrally coordinated
metal ions leads to the formation of
species whose structure depends strong-
ly on the ligand, the metal ion, the
counterion, the solvent, and the reaction
conditions. Under suitable conditions,
the [3� 3] grid was obtained from the
reaction of ligand 1a with zinc tetra-
fluoroborate and from ligand 1b with
mercury triflate. The other ligands led to
the formation of mainly one compound
of composition [M6L5]12�, which has the
structure of an incomplete [2� 3] grid.

The crystal structure of such a [2� 3]
grid, [Co6(1d)5]12�, has been deter-
mined. In this complex, the three central
pyrimidine–pyridine ± pyrimidine non-
coordinating sites adopt transoid
NC�CN conformations. The much less
stable cisoid conformations, the ™pinch-
ing∫ of the coordination sites in the
complex, the weaker donor strength of
the central binding site, and the steric
demand of the substituents are all fac-
tors contributing to the reluctance to

produce the [3� 3] structure. A subtle
interplay between the nature of the
metal, the steric demand of the ligand,
the reaction conditions, and the type of
counterion determine the product of
self-assembly. The results obtained show
that by tuning the parameters, com-
plexes containing six or nine octahedral-
ly coordinated metal ions in a well-
defined grid-type arrangement are ac-
cessible. Both types of arrays, [2� 3] and
[3� 3], are of interest as self-assembled
inorganic architectures of well-defined
structure and nuclearity that may be
suitable prototypes for selective infor-
mation storage media.
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Introduction

During the last few years, intense investigations have been
carried out on the generation of complex inorganic architec-
tures by self-assembly from their components.[1] One funda-
mental type of polypyridine-derived coordination array has

recently been described: [m� n] grid-type complexes[2] where
the nuclearity of the compound is given by [mn] (Scheme 1).

The first complexes of grid-type architecture employed
bipyridine-like binding subunits and the tetrahedrally coor-
dinated metal ions CuI and AgI.[2a±c] This kind of architecture
was then extended to [2� 2] grids of octahedrally coordinated

Scheme 1. Schematic representation of the self-assembly process of
[2� 2], [3� 3] and [4� 4] grid-type architectures.
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first-row transition metal ions such as CoII, NiII, ZnII and
ligands based on terpyridine-like binding sites.[2d] These
complexes present remarkable physical (such as electronic,[3]

magnetic,[4] and photophysical[5]) properties. It has also been
demonstrated that they can be arranged regularly on a surface
and observed and manipulated on a single unit level by
scanning tunneling microscopy (STM).[6]

Recently, grid-type complexes containing nine octahedrally
coordinated metal ions in a [3� 3] arrangement were
obtained, using a new ligand system to build up the grid-like
coordination compounds.[7] These complexes show magnetic
coupling between the metal centres, and interesting redox
properties. So far, grid-type complexes of higher nuclearity
than [2� 2], based on our ligands, employed only tetrahe-
drally coordinated cations CuI and AgI (up to 20 ions)[2b,c] and
octahedrally coordinated PbII (16 ions).[8] However, the latter

metal ions do not present the palette of magnetic or electronic
properties displayed by transition metal ions.

The success in the formation of grids of the [2� 2] type as
well as their highly interesting physical properties stimulated
us to extend the synthesis towards grids of higher nuclearity
based on octahedrally coordinated transition metal ions.

We report here on investigations of self-assembly processes
involving tris-terdentate ligands 1a ± d (Scheme 2) based on
terpyridine-like binding sites and the octahedrally coordinat-
ed metal ions ZnII, CoII, FeII, CuII and HgII. The ligand
syntheses have been reported elsewhere.[9] These ligands
1a ±d bear three different substituents in the 2-position of the
pyrimidine rings: hydrogen, methyl and phenyl. In addition,
they are either unsubstituted on the outer rim or substituted
by thiopropyl groups in the 4-positions of the three internal
pyridine rings.

Results and Discussion

Synthesis of metal complexes of the [2� 3] and [3� 3] grid-
type : For the self-assembly of the complexes, 1.5 equivalents
of the triflate, acetate or tetrafluoroborate metal salt, that is,
the stoichiometric amount for the anticipated [3� 3] grid
structure (Scheme 2), was allowed to react with the ligand 1 at
concentrations between 7 and 11 m� (in most of the cases) in
different solvents and at different temperatures. The reaction
conditions and results are summarised in Table 1.

Abstract in French: L×auto-assemblage de nouveaux comple-
xes polymÿtalliques ayant une architecture en ™grille∫ est dÿcrit.
La complexation des ligands tris-terdentates 1a ± 1d, conte-
nant des sites de type terpyridine, par des ions mÿtalliques ‡
coordination octaÿdrique conduit ‡ la formation d×espõces dont
la structure dÿpend fortement du ligand, de l×ion mÿtallique, du
contre-ion, du solvant et des conditions rÿactionnelles. Dans
des conditions appropriÿes, la grille [3� 3] a ÿtÿ obtenue ‡
partir de la rÿaction du ligand 1a avec le tetrafluoroborate de
zinc et du ligand 1b avec le triflate de mercure. Les autres
ligands ont conduit principalement ‡ la formation d×un
composÿ ayant la composition [M6L5]12�

qui possõde la structure d×une grille incom-
plõte [2� 3]. La structure cristalline d×un
complexes de ce type, [Co6(1d)5]12� a ÿtÿ
dÿterminÿe. Dans ce composÿ, les trois sites
internes pyrimidine-pyridine-pyrimidine
non-coordinnÿs adoptent des conforma-
tions NC�CN transoides. Les conforma-
tions cisoides beaucoup moins stables, le
pincement des sites de coordination dans le
complexe, le caractõre donneur plus faible
du site central et les exigences stÿriques des
substituants sont tous des facteurs dÿfavo-
risant la formation d×une structure [3� 3].
La nature du produit d×auto-assemblage
rÿsulte d×un dÿlicat ÿquilibre entre la nature
du mÿtal, les caractÿristiques stÿriques du
ligand, les conditions de rÿactions et le type
de contre-ion. Les rÿsultats obtenus mon-
trent qu×en ajustant les paramõtres, il est
possible d×obtenir des complexes contenant
six ou neuf ions mÿtalliques coordinnÿs
de faÁon octaÿdrique dans des arrangements
de type grille clairement dÿfinis. Les deux
types de rÿseau, [2� 3] et [3� 3] reprÿsen-
tent des architectures inorganiques auto-
assemblÿes de structure et de nuclÿaritÿ bien
dÿfinies, pouvant servir de prototypes pour
le stockage sÿlectif d×information.

Scheme 2. Schematic representation of the self-assembly of a [3� 3] grid (left) and a [2� 3] grid
(right) from the tritopic ligands 1a ± d and octahedrally coordinated metal ions (the substituents R1

and R2 in the grids are omitted for clarity; for the assembly of the [2� 3] grid, only the energetically
less favourable cisoid isomer is shown.
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Inspection of the results (Table 1) revealed several general
trends.
1) In most cases examined, [2� 3] hexanuclear grids were

generated in the reaction mixture and in the majority of
examples constituted the major product.[10]

2) The reactions employing the less sterically hindered
ligands 1a and 1b occurred readily under comparatively
mild conditions, such as room temperature or reflux in
acetonitrile. Reaction in nitromethane, which is the solvent
of choice for AgI or CuI grids, did not result in grid-like
products in our case, but only in smaller fragments. The
complexes were isolated by evaporation of the solvent. For
the ZnII complex of 1a, the acetate salt in methanol was
also used. In this case, the complex was isolated from the
reaction mixture by precipitation after anion exchange
with ammonium hexafluorophosphate.

3) Ligands possessing sterically demanding substituents in
the 2-position of the pyrimidine in 1c and 1d made the
progression of the reaction towards thermodynamic equi-
librium more difficult. Thus, heating under reflux in
acetonitrile resulted in mixtures of different products,
whereas mainly one compound was obtained when the
reaction was performed at 180 �C in benzonitrile. In this
case, the products were isolated by precipitation with
diethyl ether. The different reaction outputs are illustrated
by two electrospray ionisation (ESI) mass spectra shown in
Figure 1, which correspond to the reaction of 1d with
Co(BF4)2 ¥ 6H2O in acetonitrile under reflux (Figure 1a)
and in benzonitrile at 180 �C (Figure 1b). Reaction in
acetonitrile produced mixtures of grids (accompanied by
smaller fragments and a hexanuclear species, see below),
whereas reaction in benzonitrile resulted in the mainly
pure [2� 3] grid. The same trend was observed with 1d and
Fe(BF4)2 ¥ 6H2O, as well as with ligand 1c.

Characterisation by 1H NMR spectroscopy (see below) and
ESI-MS showed that in most cases the reaction mixture
contained mainly one product of the composition [M6L5]12�,
which could be a [2� 3] grid-type complex with two of the

Figure 1. ESI mass spectrum of the product of reaction of 1d with
Co(BF4)2 ¥ 6H2O in acetonitrile under reflux (a) and in benzonitrile at
180 �C (b).

edges fully coordinated and three inner sites unoccupied
(Schemes 2 and 3). This is often accompanied by a secondary
product of composition [M4L4](X)8, probably of [2� 2] grid
structure with all central binding sites non-coordinating

Table 1. Reaction conditions and reaction products for the complexation of tris-terdentate ligands 1a ± d with different metal salts.[a]

L Metal salt Solvent Conditions Main products Side products

1a Co(BF4)2 ¥ 6H2O CH3CN 18 h, reflux [2� 3] [3� 3] � [2� 2]
1a Zn(OAc)2 ¥ 2H2O MeOH 12 h, reflux [2� 3] none
1a Zn(OTf)2 ¥H2O CH3CN 21 h, reflux [2� 3] [2� 2]
1a Zn(BF4)2 ¥ 8H2O CH3CN 19 h, reflux [3� 3] none
1b Cu(OTf)2 CH3CN/CHCl3 48 h, RT not interpretable [2� 3] � [2� 2]
1b [Co(DMSO)6](OTf)2 CH3CN 48 h, reflux [2� 3] [2� 2]
1b Hg(OTf)2 CH3CN 12 h, RT [3� 3] none
1c Co(BF4)2 ¥ 6H2O CH3CN 5 days, reflux [2� 3] � [2� 2] none
1c Co(BF4)2 ¥ 6H2O benzonitrile 67 h, 180 �C [2� 3] [2� 2]
1c Fe(BF4)2 ¥ 6H2O CH3CN 5 days, reflux [2� 2] [2� 3]
1c Fe(BF4)2 ¥ 6H2O benzonitrile 66 h, 180 �C [2� 3] [2� 2]
1c Zn(OTf)2 ¥H2O CH3CN 5 days, reflux not interpretable [2� 3] � [2� 2]
1c Zn(BF4)2 ¥ 8H2O CH3CN 19 h, reflux [2� 3] � [2� 2] none
1d Co(BF4)2 ¥ 6H2O CH3CN 23 days, reflux [Co(1d)]2� [2� 3] � [2� 2]
1d Co(BF4)2 ¥ 6H2O benzonitrile 20 h, 180 �C [2� 3] little [2� 2]
1d Fe(BF4)2 ¥ 6H2O CH3CN 16 days, reflux [Fe6(1d)6]12� [2� 3] � [2� 2] � [Fe(1d)]2�

1d Fe(BF4)2 ¥ 6H2O benzonitrile 20 h, 180 �C [2� 3] [2� 2]
1d Zn(BF4)2 ¥ 8H2O CH3CN 4 days, reflux [2� 3] [2� 2]
1d Zn(OTf)2 ¥H2O CH3CN 6 days, reflux [Zn(1d)]2� little [2� 2] � [2� 3]

[a] Concentration in most cases between 7 and 11 m�.
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Scheme 3. Different possible reaction outputs from the reaction of ligand 1
with octahedrally coordinated metal ions. The uncomplexed terpyridine
type sites are noted by an open circle; they should adopt a transoid ±
transoid arrangement (see Scheme 4).

(Scheme 3). The non-coordinating sites are expected to adopt
a transoid conformation about the central NC�CN bonds
(Scheme 4), which is calculated to be about 25 ± 30 kJmol�1

more stable than the cisoid one.[11, 12] However, it is not

Scheme 4. Assumed conformation of ligand 1 in incomplete [2� 3] and
[2� 2] grid structures, with a transoid ± transoid conformation around the
two C�C bonds of the central terpyridine-type unit.

possible to distinguish between the two conformations by
ESI-MS, and the distinction by NMR spectroscopy is often
ambiguous. Therefore, a general conclusion is only possible by
comparison with a single-crystal structure (see below). The
reaction of ligand 1d with Fe(BF4)2 ¥ 6H2O in acetonitrile
under reflux did not lead to a grid-type structure as main
product, but a species of composition [Fe6(1d)6](BF4)12. We
assume that this product is of hexagonal geometry (Scheme 3)
with all central binding sites non-coordinating and in a
transoid conformation, but so far no single crystals have been
obtained.

Reaction of ligand 1b with Cu(OTf)2 resulted in a product,
which, according to ESI-MS, appears to be a mixture of the
[2� 3] CuII

6 grid together with an unidentified other product.
The reaction of 1a with zinc triflate, zinc acetate and zinc

tetrafluoroborate revealed the profound influence of the
counterions. The same trend was observed for ligands 1c and
1d. With the triflate salt in acetonitrile, smaller complex
fragments were in general formed, or the composition of the
main reaction product could not be assigned at all. The
reaction of 1a with zinc triflate and zinc acetate, for example,
resulted in the [2� 3] grid with some [2� 2] grid as side
product. Reaction of 1a with the tetrafluoroborate salt,
however, formed the pure [3� 3] grid. The ESI mass spectrum
of [Zn9(1a)6](BF4)18 is depicted in Figure 2. It shows only the
presence of pseudomolecular peaks of the [3� 3] grid
corresponding to successive loss of tetrafluoroborate counter-

Figure 2. ESI mass spectrum of [Zn9(1a)6](BF4)18 .

ions. The difference in reactivity with the three zinc salts may
be attributed to the different coordinative properties of the
triflate, the acetate and the tetrafluoroborate anion. The more
strongly coordinating triflate or acetate are possibly in
competition with the ligand for the metal ion. This may result
in smaller fragments of the grid with free coordination sites of
the metal occupied by triflate or acetate anions. Anion-
templating effects in the case of the [2� 3] and [2� 2] grid
complexes may also play a role.[13]

In the reaction of Hg(OTf)2 with 1b, the [3� 3] grid-type
complex was isolated as the main reaction product. The
increased ionic radius of HgII (Ri� 1.16 ä) compared to that
of the other metal ions used in this study (Ri(FeII)� 0.75 ±
0.92, Ri(CoII)� 0.89, Ri(CuII)� 0.87, Ri(ZnII)� 0.88 ä)[14]

probably reduces the pinching[15] of the ligand and results in
a less strained grid architecture. This is also consistent with the
fact, that the [4� 4] grid of the PbII ion (Ri� 1.33 ä) is readily
accessible.[8]

The reason why the [3� 3] grid is not the most stable entity
in the majority of cases may originate from a reluctance to
produce a structure that:
1) has all the ligands in the cisoid conformation about the

central NC�CN bonds, which is less stable when uncoor-
dinated,

2) has a bent shape in two perpendicular directions (™pinch-
ing-in∫ of the ligand),[15] and

3) possesses a central metal ion coordinated by four pyrimi-
dine nitrogen atoms, which are poorer donor atoms, and
only two pyridine nitrogen atoms, compared to four or
three pyridine and two or three pyrimidine nitrogen atoms
for the corner and edge binding sites, respectively. This
effect has also been noted earlier[2b,c] and results in
unusually long M�N bond lengths for the central metal
ion of the [3� 3] grid, a factor which destabilises its
structure and mitigates against its formation.

As noted above, the steric demand of the substituents in the
2-position of the pyrimidine rings in ligands 1c and 1d appear
to prevent the formation of the [3� 3] structure. This becomes
evident as the ZnII

9 [3� 3] grid forms readily with ligand 1a,
but not with ligand 1c or 1d. However, the presence of methyl
or phenyl substituents in the 2-position of the pyrimidine rings
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would help releave the ™pinching effect∫ noted above. A
subtle interplay between ligand and metalions as well as
between thermodynamic and kinetic factors determines the
resulting supramolecular architectures. A detailed investiga-
tion into the reaction pathway leading to the formation of the
[M9L6]18� grids will be necessary in order to resolve this issue.

Characterisation of the grid complexes by NMR spectro-
scopy: The difference between the complexes formed by
reaction of 1a with Zn(OAc)2 and Zn(BF4)2 ¥ 8H2O becomes
evident from their proton NMR spectra.

[Zn6(1a)5](PF6)12 : The 1H NMR spectrum of the Zn complex
of 1a, which was formed by reaction with Zn(OAc)2 followed
by anion exchange with NH4PF6 (Figure 3), displays a total of
33 signals in a 2:2:1 ratio between corresponding protons,
along with minor impurities. The ring position of the protons
were obtained by an 1H ± 1H COSY (Figure 3) experiment and
the relative positions of the protons along the ligand back-
bone by an 1H ROESY experiment. The formulation most
consistent with the NMR data is that of a [2� 3] grid
[Zn6(1a)5]12� complex with the central terdentate sites of
three ligand strands of 1a uncomplexed.

Figure 3. 1H NMR spectrum and 1H ± 1H COSY spectrum of
[Zn6(1a)5](PF6)12 in CD3CN (400 MHz, 298 K) and labelling scheme of
the complex. The three ligands B, C, B are expected to be in the
conformation represented in Scheme 4.

There are two units of 1a representing strands A, located on
the outer coordination subunits of strands B and C and having
all their terdentate sites filled. The ligand backbone of strand
A is lined up and has interannular NOE interactions along its
length. Two units of 1a form strands B, located on the outer
edges of strand A. Their central coordination sites are not
occupied. The central pyridine and the two flanking pyrimi-
dines should be in a transoid arrangement about the C�C
bonds connecting the heterocycles. The single strand C
occupies the central coordination site of strands A. The
integrations of the peaks should be 2:2:1 for strand A:B:C,

respectively, in agreement with the observed signals. The
assignment of strand C was straightforward as each peak
integrated to half of its counterpart from the remaining two
strands. The H5 proton signals, also presenting a 2:2:1 ratio,
are all found in the low field end of the spectrum. The
relationship between H2 and H5 is found in the COSY
spectrum for strands A and B (Figure 3). The central pyridine
protons H3���(A) and H4���(A) are in an environment different
from that of strands B and C as indicated by the difference in
chemical shift. They are overlapping with the protons on the
other heterocyclic rings of the strand as a result of the change
to cisoid nitrogen conformation upon coordination to three
metal ions. The 1H ROESY spectrum reveals that the doublet
assigned as H5(A) has two NOE interactions to nearby
protons. These protons may be assigned to H3���(A) and H3�(A)
for the reasons stated above. The two lower field H5 protons
partake in only one NOE interaction, each with the nearby H3�

protons. Further NOE interactions between H5� and H3��

complete the connectivity of the rings in strand A. NOE
interactions between H5� and H3�� for strands B and C were not
observed, although, regardless of whether the central pyridine
nitrogen atom is transoid to the pyrimidine or not, an H3� ±H3��

NOE interaction for strand B and C should be present.

[Zn9(1a)6](BF4)18 : The 1H NMR spectrum of the reaction
product of 1a with Zn(BF4)2 ¥ 8H2O is quite different from the
spectrum of [Zn6(1a)5](PF6)12 described above. It displays a
total of 22 peaks in a 2:1 ratio as expected for the external
to internal ligand of a symmetrical [3� 3] complex,
[Zn9(1a)6](BF4)18, along with minor impurities (Figure 4).

Figure 4. 1H NMR spectrum of [Zn9(1a)6](BF4)18 in CD3CN (500 MHz,
298 K) and labelling scheme of the complex.
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The ring positions of the protons were obtained by a 1H ± 1H
COSY experiment and the relative positions of the protons
along the ligand backbone were determined by a 1H NOESY
experiment. It can therefore be concluded that the ZnII

9

[3� 3] grid was formed as the main reaction product. There
are four units of 1a representing ligand strand A. They make
up the outer rim of the [3� 3] grid. Strands B with two units of
1a occupy the central sites. The assignment of ligand A and B
both in the high field as well as in the low field part of the
spectrum is straightforward as each signal of ligand B
integrates to half of that of its counterpart from strand A. A
few crosspeaks expected in the 1H ± 1H COSY spectrum were
actually not present, however, as these signals were expected
in close proximity to the diagonal, their absence is probably
due to noise in the projection of the spectrum on the diagonal.
The NOESY spectrum of [Zn9(1a)6](BF4)18 reveals the
connectivity of the rings and allows final identification of
the obtained species as a [3� 3] grid. For both different
ligands in the grid, there are NOE interactions between H3��

and H5� and between H3� and H5. This points to a cisoid
conformation of the two terpyridine-like binding sites at the
edges of the ligand. However, a further expected NOE
between H5 and H3���� , which would prove the complete cisoid
alignment of the ligand, was not observed in the spectrum.
This crosspeak is expected to lie close to the diagonal of the
spectrum so that it may not be resolved.

Co, Fe and Cu complexes : For the paramagnetic CuII

complex, no NMR spectrum could be recorded. In the case
of the paramagnetic complexes of CoII and FeII (FeII is in the
paramagnetic high-spin state in complexes of ligands 1c and
1d) easily assignable NMR spectra were also unobtainable
due to the signals being spread over several hundred ppm and
accompanying loss of coupling information due to low
resolution. The high number of signals, though, indicates that
these complexes cannot be symmetrical [3� 3] grids, but
rather some less symmetrical species, which were subsequent-
ly identified as [2� 3] grid-type complexes by ESI-MS. The
presence of side products often complicates the interpretation
of the spectra.

Crystal structure determination of [Co6(1d)5](BF4)12:Crystals
of [Co6(1d)5](BF4)12 were obtained from acetonitrile/diiso-
propyl ether. The crystal structure analysis revealed that the
constituent cations were indeed that of strikingly shaped
[2� 3] grid, in which five ligand components of 1d are held
together by six CoII ions (Figure 5).

The overall shape of the cation as viewed perpendicularly
to its mean plane through the six Co cations is that of a ladder
with three rungs with a total size of approximately 24� 25 ä.
The five ligands are arranged into two sets, the first of which
consists of three parallel ligands at a distance of 6.7 ä, which
make up the three �rungs� of the ladder. The ligands within this
set are twisted into a transoid conformation about the two
central pyrimidine ± pyridine ± pyrimidine C�C bonds, such
that the central binding site of each is non-coordinating. The
remaining nitrogen atoms form two terpyridine-like binding
sites, which are coordinated to one cobalt ion each. The
phenyl substituents of each ligand are in �-stacking contact

Figure 5. Single-crystal structure of [Co6(1d)5]12� : a) and b) top view of the
complex (with and without the phenyl rings, respectively), c) diagonal view
(without phenyl rings) (anions and solvent molecules have been omitted for
clarity).

(3.4 ± 3.5 ä) with the heterocyclic rings of the perpendicularly
arranged ligands. A single ligand from this set together with
the coordinated Co ions is represented in Figure 6a and b. The

Figure 6. a) Space-filling representation of one of the three ditopic ligands
as found in the crystal of the [2� 3] grid [Co6(1d)5]12�, illustrating the
transoid conformation about the central pyrimidine ± pyridine ± pyrimidine
C�C bonds and b) ball-and-stick representation; c) space-filling represen-
tation of one of the two tritopic ligands as found in the crystal, illustrating
the all-cisoid conformation and the distortion of the ligand; d) warping of
the ligand in cisoid conformation, space-filling representation, and e) ball-
and-stick representation.
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second ligand set is composed of two units of 1d whose
nitrogen atoms are fully coordinated and in a cisoid con-
formation about the connecting NC�CN bonds (Figure 6c ± e).
These ligands are not parallel to each other, but make an
angle of 145� for the two outer binding sites and of 109� for
the central binding site. This angle between the two ligands is
imposed by the transoid conformation of the first ligand set.
The difference between the angles for the outer and the
central binding site reflects clearly the strong distortion of the
ligand, which is no longer planar, but is markedly warped
(Figure 6d). The phenyl rings of this ligand set insert between
two perpendicular ligands of the former ligand set with double
�-stacking contact (3.4 ä).

The Co ions are arranged into two rows of three ions. The
ions in each row form an angle of 156�. The four corner CoII

ions describe a rectangle with Co�Co separations of 12.6 ä
(for the side with three Co ions) and 13.8 ä (for the side with
two Co ions) and exact right angles (90.0�). Within each row,
the Co�Co separation is 6.5 ä. The averaged Co�N bond
lengths, [Co(py)4(pym)2] (2.2 ä) and [Co(py)3(pym)3] (2.3 ä),
suggest that the central Co atom in a [3� 3] grid-like structure
would possess even longer and therefore weaker bonds,
resulting in a significant destabilisation of the [3� 3] grid
relative to the [2� 3] grid. The [3� 3] grid would however
possess the greatest number of stabilising � ±� contacts. The
phenyl rings also hinder destabilising �pinching� effects. The
formation of [3� 3] grids would satisfy the ™principle of
maximum site occupancy∫, which accounts for full metal
coordination as directing code, but it would introduce strong
warping deformation in the structure due to the ™pinching∫ of
the coordination sites. Conversely, in the [2� 3] grids the
metal coordination possibilities are not fully satisfied, three
potential sites being unoccupied, but much of the warping is
avoided. Furthermore, whereas a [3� 3] grid possesses
altogether 36 unfavourable cisoid NC�CN conformations, a
[2� 3] grid of the present type has only 24 of them. It is clear
that the formation of [2� 3] versus [3� 3] grid structures
results from a delicate balance between opposite energetical
contributions. There may also be kinetic impasses imposed by
sterically demanding pyrimidine substituents, as well as
possible anion templating or chaperoning effects along the
reaction coordinate. In the case of ligand 1d, the [2� 3]
structure may therefore represent the best compromise
between maximising the number of Co�N coordination
interactions while avoiding twelve unfavourable cisoid con-
formations, the poor [Co(py)2(pym)4] coordination set, as well
as much of the deformation caused by ™pinching∫.

Conclusion

The generation of several new, multimetallic complexes of
grid-type architecture was achieved by the self-assembly of a
set of substituted tris-terdentate ligands 1a ± d, based on
terpyridine-like subunits, and octahedrally coordinated metal
ions. The structure obtained depends strongly on the ligand
substituent, the metal ion, the counterion, the solvent, and the
reaction conditions. Under suitable conditions, a [3� 3] grid
was isolated from the reaction of ligand 1a with zinc

tetrafluoroborate and of ligand 1b with mercury triflate.
The other ligands possessing larger substituents on the
pyrimidines did not result in formation of [3� 3] grids, but
instead yielded mainly hexanuclear [M6L5]12� [2� 3] and
tetranuclear [M4L4]8� [2� 2] grid-type complexes in varying
relative proportions. The proposed [2� 3] grid architecture
has been unambiguously characterised on the basis of a single-
crystal X-ray diffraction study. In this structure, the central
pyrimidine–pyridine ± pyrimidine non-coordinating sites
adopt a transoid conformation. The much less stable cisoid
ligand conformations, the ™pinching∫ of the coordination sites
in the complex, the weaker donor strength of the central
complexation site and the steric demand of the substituents
are all factors contributing to the reluctance to produce the
[3� 3] structure. Thus, a subtle interplay between metal
coordination, strain and steric demand of the ligands as well as
external factors, reaction conditions and nature of the
counterion, determines the product of self-assembly. The
results indicate that by tuning the reaction conditions,
complexes containing six to nine octahedrally coordinated
metal ions in a well defined grid-type arrangement are
accessible. The difficulties in the rigorous control of the large
number of parameters, however, suggest that other ligand
designs and assembly procedures may have to be devised for
the generation of even larger grid-type structures. Further
investigations into the electronic and magnetic properties of
the grid complexes obtained are currently in progress.

One may note that both types of complexes, [2� 3] and
[3� 3], are of interest as self-assembled coordination archi-
tectures presenting arrays of transition metal ions of well-
defined structure and nuclearity. In line with earlier results on
[2� 2] grids,[3±5] they may display a range of novel physico-
chemical features. Finally, by making accessible specific arrays
of metal ion ™dots∫, they contribute to the progressive build-
up of a range of entities required for local addressing, pattern
generation and information storage in nanostructures.[16]

Experimental Section

General: The reagents and solvents were used without further purification.
In most cases, no reaction yields are given as the product was isolated by
evaporation of the solvent and used directly for further investigations. The
NMR data were obtained at room temperature on Bruker AC 200 at
200.1 MHz (1H), on a Bruker AM400 instrument (400 MHz) and on a
Bruker Avance DRX500 (500 MHz), calibrated against the solvent residue
signal (CD3CN: �� 1.94 ppm), and are given in ppm.

[Zn6(1a)5](PF6)12 : To a suspension of 1a (19.1 mg, 35.1 �mol) in MeOH
(5 mL) was added Zn(OAc)2 ¥ 2H2O (11.6 mg, 52.7 �mol). The reaction
mixture was heated under reflux for 12 h. After cooling to room temper-
ature, the reaction mixture was filtered. Excess aqueous ammonium
hexafluorophosphate was added to the filtrate. The white precipitate was
isolated by filtration and was washed with MeOH (2� 10 mL) and H2O
(2� 10 mL). The product was recrystallised from CH3CN/diethyl ether as a
pale pink solid (9.5 mg). 1H NMR (400 MHz, CD3CN): �� 7.09 (m, 2H;
H5��C), 7.24 (d, J� 1.2 Hz, 4H; H2A), 7.25 (m, 4H; H5��A), 7.36 (m, 4H; H5��B),
7.62 (m, 6H H6��A or B), 7.72 (d, J� 5.0 Hz, 4H; H6��A or B), 7.80 (t, J� 7.9 Hz,
1H; H4���C), 7.91 (t, J� 7.9 Hz, 2H; H4���A or B), 8.06 (td, J� 7.9, 1.2 Hz, 2H;
H4��C), 8.13 (m, 4H; H4��B), 8.16 (m, 4H; H4��A), 8.17 (d, J� 1.1 Hz, 2H; H2C),
8.20 (d, J� 1.2 Hz, 4H; H2B), 8.25 (d, J� 7.6 Hz, 2H; H3���C), 8.35 (d, J�
7.9 Hz, 4H; H3���A or B), 8.55 (s, 2H; H2C), 8.57 (dd, J� 8.2, 0.6 Hz, 4H; H3��A or

B), 8.61 (dt, J� 7.9, 0.6 Hz, 2H; H3��C), 8.70 (dt, J� 8.2, 0.6 Hz, 4H; H3��A or B),
8.89 (t, J� 8.2 Hz, 4H; H4�A or B), 8.96 (d, J� 7.6 Hz, 4H; HA or B), 9.03 (d,
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J� 7.6 Hz, 4H; HA or B), 9.10 (d, J� 7.9 Hz, 4H; HA or B), 9.14 (d, J� 7.3 Hz,
2H; HC), 9.19 (dd, J� 8.2, 0.6 Hz, 2H; HC), 9.26 (dd, J� 8.2, 1.1 Hz, 4H;
H5�B), 9.31 (d, J� 7.9 Hz, 4H; H5�A), 9.49 (s, 2H; H5C), 9.50 (d, J� 8.5 Hz,
4H; H3���A), 9.61 (d, J� 0.9 Hz, 4H; H5B), 9.68 ppm (d, J� 0.6 Hz, 4H; H5A).

[Zn6(1a)5](OTf)12 : A solution of 1a (3 mg, 5.5 �mol) and Zn(OTf)2 ¥H2O
(3.16 mg, 8.3 �mol) in CD3CN (0.4 mL) was heated under reflux for 21 h.
The product was isolated as a pale yellow powder by evaporation of the
solvent. 1H NMR (200 MHz, CD3CN): mixture of compounds.
MS (ESI): m/z (%): 1483.6 (74) {[Zn6(1a)5](OTf)9}3�, 1075.3 (100)
{[Zn6(1a)5](OTf)8}4�, 940.1 (50) {[Zn3(1a)2](OTf)4}2�, 830.8 (57)
{[Zn6(1a)5](OTf)7}5�, 758.3 (73) {[Zn(1a)](OTf)}�, 667.0 (21)
{[Zn6(1a)5](OTf)6}6�, 577.1 (66) {[Zn4(1a)4](OTf)3}5�, 455.7 (18)
{[Zn4(1a)4](OTf)2}6�.

[Zn9(1a)6](BF4)18 : A solution of 1a (2.5 mg, 4.6 �mol) and Zn(BF4)2 ¥ 8H2O
(2.64 mg, 6.9 �mol) in CD3CN (0.4 mL) was heated under reflux for 19 h.
The product was isolated as a pale yellow powder by evaporation of the
solvent. 1H NMR (500 MHz, CD3CN): �� 6.97 (d, J� 0.9 Hz, 2H; H2B),
7.02 (d, J� 1.0 Hz, 4H; H2A), 7.11 (ddd, J� 7.4, 5.4, 1.0 Hz, 2H; H5��B), 7.16
(ddd, J� 7.5, 5.4, 1.0 Hz, 4H; H5��A), 7.29 (ddd, J� 5.4, 1.5, 0.8 Hz, 2H; H6��B),
7.31 (ddd, J� 5.2, 1.5, 0.8 Hz, 4H; H6��A), 7.92 (td, J� 7.7, 1.6 Hz, 2H; H4��B),
7.94 (td, J� 7.6, 1.7 Hz, 4H; H4��A), 8.26 (d, J� 8.0 Hz, 2H; H3��B), 8.33 (d,
J� 8.2 Hz, 4H; H3��A), 8.69 (dd, J� 4.5, 1.2 Hz, 2H; H5�B), 8.76 (dd, J� 8.3,
0.9 Hz, 4H; H5�A), 8.82 (t, J� 8.0 Hz, 4H; H4�A), 8.84 (t, J� 8.2 Hz, 1H;
H4���B), 8.95 (t, J� 4.4 Hz, 2H; H4�B), 9.03 (t, J� 8.3 Hz, 2H; H4���A), 9.12 (dd,
J� 7.8, 0.8 Hz, 4H; H3�A), 9.16 (d, J� 0.9 Hz, 2H; H5B), 9.17 (d, J� 8.2 Hz,
2H; H3���B), 9.28 (d, J� 8.2 Hz, 4H; H3���A), 9.35 ppm (d, J� 0.9 Hz, 2H;
H5A); MS (ESI): m/z (%): 1716.6 (18) {[Zn9(1a)6](BF4)15}3�, 1265.0
(42) {[Zn9(1a)6](BF4)14}4�, 995.6 (71) {[Zn9(1a)6](BF4)13}5�, 814.9 (100)
{[Zn9(1a)6](BF4)12}6�, 686.1 (49) {[Zn9(1a)6](BF4)11}7�, 589.3 (19)
{[Zn9(1a)6](BF4)10}8�.

Reaction of 1b with Cu(OTf)2 : Cu(OTf)2 (3.6 mg, 9.8 �mol) was added to a
suspension of 1b (5 mg, 6.5 �mol) in CH3CN/CHCl3 (6:1, 0.7 mL). The
resulting solution was stirred at room temperature for two days. The
solvent was evaporated and the product recrystallised from acetonitrile/
diethyl ether to yield a pale green solid. MS (ESI): m/z (%): 1352.1 (26)
{[Cu6(1b)5](OTf)8}4�, 1051.4 (52) {[Cu6(1b)5](OTf)7}5�, 978.9 (8)
{[Cu4(1b)]4(OTf)4}4�, 850.9 (56) {[Cu6(1b)5](OTf)6}6�, 752.8 (24)
{[Cu4(1b)4](OTf)3}5�, 595.0 (45) no assignment found, 373.6 (85) no
assignment found, 262.8 (100) no assignment found.

[Co6(1b)5](OTf)12 : A solution of [Co(DMSO)6](OTf)2 (8.1 mg, 9.8 �mol)
in CH3CN (0.5 mL) was added to a suspension of 1b (5 mg, 6.5 �mol) in
CH3CN (3 mL). The mixture was heated under reflux for 48 h. Evaporation
of the solvent gave the product as a brown powder, which was recrystallised
from CH3CN/diethyl ether. 1H NMR (200 MHz, CD3CN): �� 3.5, 4.8, 5.2,
5.8, 7.0, 8.0, 10.0, 10.2, 11.1, 12.1, 12.6, 14.1, 14.9, 15.8, 16.2, 22.1, 26.4, 28.4,
36.3, 40.0, 41.2, 52.7, 55.3, 57.5, 59.1, 61.7, 63.2, 67.4, 68.8, 69.7, 72.0, 80.1,
101.4, 134.9 ppm; MS (ESI): m/z (%): 1842.3 (10) {[Co6(1b)5](OTf)9}3�,
1344.3 (32) {[Co6(1b)5](OTf)8}4�, 1045.7 (65) {[Co6(1b)5](OTf)7}5�,
974.0 (5) {[Co4(1b)4](OTf)4}4�, 846.5 (100) {[Co6(1b)5](OTf)6}6�, 749.3
(34) {[Co4(1b)4](OTf)3}5�, 704.0 (38) {[Co6(1b)5](OTf)5}7�, 599.6 (30)
{[Co6(1b)5](OTf)4}8� and {[Co4(1b)4](OTf)2}6�, 492.5 (10) {[Co4(1b)4]-
(OTf)}7�, 412.4 (8) {[Co4(1b)4]}8�.

[Hg9(1b)6](OTf)18 : A mixture of Hg(OTf)2 (11.23 mg, 22 �mol) and 1b
(11.5 mg, 15 �mol) in CH3CN (3 mL) was stirred at room temperature
under a N2 atmosphere overnight. The solvent was removed to yield a pale
yellow solid that was recrystallised from CH3CN/diethyl ether. 1H NMR
(200 MHz, CD3CN; due to insufficient resolution, the coupling constants
could not be determined): �� 1.4 ± 1.1 (m, 27H), 2.2 ± 1.7 (m, 18H), 3.8 ± 3.2
(m, 18H), 7.35 ± 7.15 (m, 12H), 7.81 (t, 2H), 7.91 (t, 4H), 8.10 (s, 2H), 8.15
(d, 2H), 8.33 (s, 4H), 8.37 (d, 4H), 8.43 (s, 4H), 8.64 (s, 2H), 8.71 (s, 2H),
8.77 (s, 2H), 8.93 (s, 4H), 9.10 (s, 4H), 9.24 (s, 2H), 9.52 (s, 4H);
MS (ESI): m/z (%): 2128.5 (27) {[Hg9(1b)6](OTf)14}4�, 1672.2 (70)
{[Hg9(1b)6](OTf)13}5�, 1368.2 (100) {[Hg9(1b)6](OTf)12}6�, 1150.9 (60)
{[Hg9(1b)6](OTf)11}7�, 987.9 (21) {[Hg9(1b)6](OTf)10}8�, 861.2 (6)
{[Hg9(1b)6](OTf)9}9�.

Reaction of Co(BF4)2 ¥ 6H2O with 1c in acetonitrile : A solution of 1c
(2.5 mg, 4.4 �mol) and Co(BF4)2 ¥ 6H2O (2.23 mg, 6.6 �mol) in CD3CN
(0.5 mL) was heated under reflux for 5.5 days. The product was isolated as
brown powder by evaporation of the solvent. 1H NMR (200 MHz,
CD3CN): mixture of compounds. MS (ESI): m/z (%): 1331.0 (20)

{[Co6(1c)5](BF4)9}3�, 976.3 (80) {[Co6(1c)5](BF4)8}4�, 763.5 (94)
{[Co6(1c)5](BF4)7}5�, 717.0 (28) {[Co4(1c)4](BF4)4}4�, 621.7 (14)
{[Co6(1c)5](BF4)6}6�, 556.2 (100) {[Co4(1c)4](BF4)4}5�.

Reaction of Co(BF4)2 ¥ 6H2O with 1c in benzonitrile : A suspension of 1c
(2.5 mg, 4.4 �mol) and Co(BF4)2 ¥ 6H2O (2.2 mg, 6.6 �mol) in benzonitrile
(0.5 mL) was heated to 180 �C for 67 h. After the mixture had been cooled
to room temperature, the complex was precipitated and washed with Et2O
to yield a pale brown powder. 1H NMR (200 MHz, CD3CN): ���115.9,
�73.1, �11.1, ?8.7, 7.8, 8.9, 14.5, 20.3, 27.8, 28.2, 30.8, 47.0, 51.2, 53.0, 54.4,
61.1, 65.9, 69.6, 98.2, 99.8, 105.5, 117.6; MS (ESI): m/z (%): 1331.0
(5) {[Co6(1c)5](BF4)9}3�, 976.8 (32) {[Co6(1c)5](BF4)8}4�, 764.2 (73)
{[Co6(1c)5](BF4)7}5�, 919.7 (5) {[Co4(1c)4](BF4)4}4�, 622.6 (100)
{[Co6(1c)5](BF4)6}6�, 557.1 (67) {[Co4(1c)4](BF4)3}5�.

Reaction of Fe(BF4)2 ¥ 6H2O with 1c in acetonitrile : A solution of ligand 1c
(2 mg, 3.5 �mol) and Fe(BF4)2 ¥ 6H2O (1.77 mg, 5.3 �mol) in CD3CN
(0.5 mL) was heated under reflux for 5.5 days. The product was isolated
as a dark blue powder by evaporation of the solvent. 1H NMR
(200 MHz, CD3CN): mixture of products. MS (ESI): m/z (%): 1324.9 (4)
{[Fe6(1c)5](BF4)9}3�, 971.7 (8) {[Fe6(1c)5](BF4)8}4�, 714.0 (61)
{[Fe4(1c)4](BF4)4}4�, 553.7 (100) {[Fe4(1c)4](BF4)3}5� and further signals,
which cannot be assigned.

Reaction of Fe(BF4)2 ¥ 6H2O with 1c in benzonitrile : A suspension of 1c
(2 mg, 3.5 �mol) and Fe(BF4)2 ¥ 6H2O (1.77 mg, 5.3 �mol) in benzonitrile
(0.5 mL) was heated to 180 �C for 66 h. After the mixture had been cooled
to room temperature, the complex was precipitated and washed with Et2O
to yield a dark blue powder. 1H NMR (200 MHz, CD3CN): ���27.3,
�24.8, �5.4, 5.3, 5.8, 6.5, 8.0, 8.9, 9.5, 9.8, 10.1, 10.4, 11.8, 13.7, 14.6, 15.8,
21.0, 52.5, 60.1, 61.7, 63.8, 69.6, 75.3;MS (ESI): m/z (%): 1324.9
(4) {[Fe6(1c)5](BF4)9}3�, 972.2 (25) {[Fe6(1c)5](BF4)8}4�, 760.5 (65)
{[Fe6(1c)5](BF4)7}5�, 714. (14) {[Fe4(1c)4](BF4)4}4�, 619.5 (84)
{[Fe6(1c)5](BF4)6}6�, 554.6 (100) {[Fe4(1c)4](BF4)3}5�.

Reaction of Zn(OTf)2 ¥H2O with 1c : A solution of 1c (2.00 mg, 3.5 �mol)
and Zn(OTf)2 ¥H2O (2.00 mg, 5.3 �mol) in CD3CN (0.4 mL) was heated
under reflux for 5.5 days. The product was isolated as a pale yellow powder
by evaporation of the solvent. 1H NMR (200 MHz, CD3CN): mixture of
products. MS (ESI): m/z (%): 1530.7 (6) {[Zn6(1c)5](OTf)9}3�, 1110.5 (13)
{[Zn6(1c)5](OTf)8}4�, 967.4 (7) {[Zn3(1c)2](OTf)4}2�, 858.2 (8)
{[Zn6(1c)5](OTf)7}5�, 785.6 (33) {[Zn(1c)](OTf)}�, 584.0 (100) no assign-
ment found.

Reaction of Zn(BF4)2 ¥ 8H2O with 1c : A solution of 1c (2.50 mg, 4.4 �mol)
and Zn(BF4)2 ¥ 8H2O (2.51 mg, 6.6 �mol) in CD3CN (0.4 mL) was heated
under reflux for 19 h. The product was isolated as a pale yellow powder by
evaporation of the solvent. 1H NMR (200 MHz, CD3CN): mixture
of products. MS (ESI): m/z (%): 1343.1 (13) {[Zn6(1c)5](BF4)9}3�, 986.0
(41) {[Zn6(1c)5](BF4)8}4�, 771.2 (100) {[Zn6(1c)5](BF4)7}5�, 723.3 (44)
{[Zn4(1c)4](BF4)4}4�, 627.8 (51) {[Zn6(1c)5](BF4)6}6�, 561.7 (88)
{[Zn4(1c)4](BF4)3}5�, 453.2 (23) {[Zn4(1c)4](BF4)2}6�.

Reaction of Co(BF4)2 ¥ 6H2O with 1d in acetonitrile : A solution of 1d
(3 mg, 4.3 �mol) and Co(BF4)2 ¥ 6H2O (2.20 mg, 6.5 �mol) in CD3CN
(0.4 mL) was heated under reflux for 67 h. The product was isolated as a
brown powder by evaporation of the solvent. 1H NMR (200 MHz, CD3CN):
mixture of products, broad signals. MS (ESI): m/z (%): 1537.0 (19)
{[Co6(1d)5](BF4)9}3�, 1305.1 (23) {[Co6(1d)6](BF4)8}4�, 1131.3 (41)
{[Co6(1d)5](BF4)8}4�, 1026.8 (27) {[Co6(1d)6](BF4)7}5�, 887.8 (45)
{[Co6(1d)5](BF4)7}5�, 841.3 (100) {[Co(1d)](BF4)}� and {[Co6(1d)6]-
(BF4)6}6�, 725.3 (64) {[Co6(1d)5](BF4)6}6�, 708.8 (34) {[Co6(1d)6](BF4)5}7�,
609.3 (46) {[Co6(1d)5](BF4)5}7� and {[Co6(1d)6](BF4)4}8�, 531.9 (32)
{[Co6(1d)6](BF4)3}9�, 377.6 (29) {[Co(1d)]}2�.

Reaction of Co(BF4)2 ¥ 6H2O with 1d in benzonitrile: [Co6(1d)5](BF4)12 : A
suspension of 1d (3 mg, 4.3 �mol) and Co(BF4)2 ¥ 6H2O (2.20 mg, 6.5 �mol)
in benzonitrile (0.4 mL) was heated to 180 �C for 30 h. After the mixture
had been cooled to room temperature, the complex was precipitated and
washed with Et2O to give [Co6(1d)5](BF4)12 as a pale brown powder
(3.7 mg). 1H NMR (200 MHz, CD3CN): ���113.5, �69.0, �66.4, �14.4,
�10.1, �8.9, �8.3, �2.7, 4.5, 7.2, 9.1, 19.6, 25.4, 27.0, 27.6, 38.7, 40.6, 46.5,
49.4, 51.3, 55.2, 57.6, 69.9, 70.7, 76.7, 80.4, 96.2, 99.7, 110.9, 124.5, 129.2,
136.7; MS (ESI): m/z (%): 1537.0 (18) {[Co6(1d)5](BF4)9}3�, 1131.3 (60)
{[Co6(1d)5](BF4)8}4�, 887.8 (100) {[Co6(1d)5](BF4)7}5�, 841.7 (2)
{[Co4(1d)4](BF4)4}4�, 725.4 (79) {[Co6(1d)5](BF4)6}6�, 655.8 (18)
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{[Co4(1d)4](BF4)3}5�, 609.5 (38) {[Co6(1d)5](BF4)5}7�, 532.0 (17)
{[Co4(1d)4](BF4)4}6�.

Reaction of Fe(BF4)2 ¥ 6H2O with 1d in acetonitrile : A solution of 1d
(3.00 mg, 4.3 �mol) and Fe(BF4)2 ¥ 6H2O (2.18 mg, 6.5 �mol) in CD3CN
(0.4 mL) was heated under reflux for 67 h. The product was isolated
as a dark purple powder by evaporation of the solvent. 1H NMR
(200 MHz, CD3CN): very broad signals. MS (ESI): m/z (%): 1762.8
(2) {[Fe6(1d)6](BF4)9}3�, 1531.7 (2) {[Fe6(1d)5](BF4)9}7�, 1300.5 (7)
{[Fe6(1d)6](BF4)8}4�, 1022.9 (14) {[Fe6(1d)6](BF4)7}5�, 883.9 (5)
{[Fe6(1d)5](BF4)7}5�, 838.1 (91) {[Fe6(1d)6](BF4)6}6� and {[Fe(1d)](BF4)}�,
706.1 (36) {[Fe6(1d)6](BF4)5}7�, 606.9 (57) {[Fe6(1d)6](BF4)4}8�, 529.8 (3)
{[Fe6(1d)6](BF4)3}9�, 468.3 (25) {[Fe6(1d)6](BF4)2}10�, 376.0 (100)
{[Fe(1d)]}2�.

Reaction of Fe(BF4)2 ¥ 6H2O with 1d in benzonitrile: [Fe6(1d)5](BF4)12 : A
solution of 1d (3 mg, 4.3 �mol) and Fe(BF4)2 ¥ 6H2O (2.2 mg, 6.5 �mol) in
benzonitrile (0.5 mL) was heated to 180 �C for 20 h. After the mixture had
been cooled to room temperature, the complex was precipitated and
washed with Et2O to give a dark blue-grey powder. 1H NMR (200 MHz,
CD3CN): ���23.0, �17.3, �13.2, �9.7, �7.4, �4.5, �2.4, �1.9, 5.6, 7.6,
8.8, 9.5, 10.2, 10.6, 14.3, 15.4, 25.0, 47.1, 49.3, 53.6, 54.6, 59.6, 60.5, 65.3, 66.6,
72.8, 78.3, 81.9; MS (ESI): m/z (%): 1531.8 (4) {[Fe6(1d)5](BF4)9}3�, 1127.2
(17) {[Fe6(1d)5](BF4)8}4�, 884.6 (44) {[Fe6(1d)5](BF4)7}5�, 722.9 (100)
{[Fe6(1d)5](BF4)6}6�, 607.4 (54) {[Fe6(1d)5](BF4)5}7�.

X-ray structural analysis of [Co6(1d)5](BF4)12 : X-ray diffraction measure-
ments were carried out at 120 K at beamline ID11 at the European
Synchrotron Radiation Facility. Awavelength of 0.51593 ä was selected by
using a double crystal Si(111) monochromater, and data were collected by
using a Bruker Smart CCD-camera system. The camera was held at fixed
2�, while the sample was rotated over 0.2� intervals during 1 second
exposures. Data were integrated with Bruker SAINT software to produce
hkl versus �F � 2 suitable for structure solution via direct methods.
[C225H145N45Co6]12� ¥ 12BF4

�, Mr� 5063.58, orthorhombic Cmc21, a�
32.101(6), b� 15.995(3), c� 49.957(9) ä, V� 25651(8) ä3, �(MoK�)�
0.471 mm�1 (based on found atoms, see below), Z� 4, �calcd�
1.311 g cm�3, F(000)� 10244, T� 120 K. A total of 115936 collected
reflections, 20976 unique reflections [14937 I� 2�(I)] were used for
refinement. Structure solution was done by direct methods[16] and refine-
ment on F 2.[17] The hydrogen atoms were calculated to their idealised
positions with isotropic temperature factors (1.2 or 1.5 times the C
temperature factor) and were refined as riding atoms. Eighteen geometrical
DFIX restraints were needed to make some of the aromatic rings and four
BF4

� ions chemically reasonable. The remaining aromatic rings of the grid
were constrained to the regular hexagons. Altogether five temperature
factors were equalised. One fluorine in one BF4

� is disordered (occupancy
0.5) over two orientations. All the BF4

� ions and two aromatic rings of the
grid were refined isotropically due to bad crystal data. One BF4

� ion could
not be located at all. The residual electron density was modelled as 23
carbon atoms, because it was not possible to arrive at a reliable model for
probable, but badly disordered BF4

� ion and solvent molecules. However in
the end, the convergence of the structure refinement was good (shift/error
�0.01). The final R values were R� 0.1932, wR2� 0.5043 [I� 2�(I)], R�
0.2451, wR2� 0.5583 (all data) for 265 parameters, Goodness-of-fit on F 2�
2.359. A final difference map displayed the highest electron density of
2.72 eä�3, which is located near to constrained aromatic rings and
disordered isotropic BF4

� anions. CCDC-180277 contains the supplemen-
tary crystallographic data (excluding structure factors) for the structure
reported in this paper. These data can be can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crys-
tallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax:
(�44)1223-336033; or deposit@ccdc.cam.ac.uk).
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