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Introduction

Within supramolecular chemistry, the use of functional
supramolecular architectures to act as constitutionally dy-
namic adaptative materials, has emerged as a major field of
with the goal of designing self-organizing nanosystems of in-
creasing complexity.[1±3] The self-assembly of coordination-
based entities is based on the implementation of ligands that
contain specific molecular information stored in the arrange-
ment of suitable binding sites and of metal ions reading out
the structural information through the algorithm defined by
their coordination geometry.[2,3]

Of special interest are ligand systems that contain differ-
ent binding units within their structure so as to combine sev-
eral distinct coordination subprograms.[3] Square [M2+

n2(nî
n)], n=2,3,4 grid-type assemblies based on terpyridine subu-
nits and octahedrally coordinated metal ions have been ac-

tively studied by Lehn et al.[6] Different three-dimensional
superstructures assembled through pyridine±metal coordina-
tion reported by the groups of Stang[2a,d] and Fujita,[2e] reveal
a range of interesting structural and physicochemical proper-
ties.

The ligand 1 discussed in this paper operates under condi-
tions in which available terpyridine (terpy) and pyridine
(py) coordination sites can be involved in the orthogonal[4]

and linear[5] (Scheme 1) binding events, respectively, of the
octahedral metal ions. Specifically, it is of interest to investi-
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Abstract: The binding of Co2+ and
Pb2+ ions to the terpyridine and pyri-
dine subunits of the ligand 1 leads to
the self-complementary molecular
clefts 2±6, which result from the cross-
over combination of orthogonal-terpyr-
idine and linear-pyridine metal-coordi-
nation subprograms and are stabilized
by strong p±p stacking interactions.
Four different cleft-type entities, [Co2+

2(1)2] (3), [Pb2+
2(1)2] (4), [Co2+

4(1)2]

(5), [Pb2+
4(1)2] (6), are generated in

both solution and the solid state, and
may be interconverted as a function of
metal/ligand stoichiometry. One- and
two-dimensional metallosupramolecu-
lar zipper architectures result from

self-assembly in the solid state driven
by a combination of different p±p
stacking subprograms. The U-shaped
geometry of the ligand influences the
possibility of zipping and thus, in turn,
the generation of different zipper ar-
chitectures. The structures of 2±5 have
been confirmed by X-ray crystallogra-
phy; that of 6 is based on NMR spec-
tral data.

Keywords: cleft structures ¥ cobalt ¥
lead ¥ N ligands ¥ supramolecular
chemistry ¥ zippers

Scheme 1. Ion-coordination subprograms encoded in the structure of
ligand 1: a) orthogonal-terpyridine and b) linear-pyridine binding events
of the metal ions. R=�SnPr.
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gate whether the coordination behavior of this system, on
the addition of octahedral metal ions, could be selectively
expressed as an independent (linear) or interfering (cross-
over) combination of the above binding events, depending
on the experimental conditions, such as metal ion concentra-
tion, molar ratio, and so forth.

We describe here a study of the equilibrium binding of
Co2+ and Pb2+ ions to the tritopic ligand 1, which lead to
the formation of coordination compounds 2±6. We report
the crystal structures of three such complexes 2±5, which as-
semble into complementary duplex cleft-type compounds,
and further self-organize into metallosupramolecular zippers
in the solid state.

Result and Discussion

Synthesis and characterization of ligand 1: Ligand 1 was syn-
thesized by means of Potts× methodology[7]: repetitive two-
fold reaction of the central pyridine bis-Michael acceptor
unit 7 with two 4-acetyl-pyridine building blocks 8 to yield 1
(54%) (Scheme 2).

A solution of 1 in CDCl3 gives a sharp 1H NMR spectrum
with strong deshielding of meta-protons of the central pyri-

dine ring, consistent with the transoid, transoid conforma-
tion[8] of the ligand (Scheme 2). As expected a strong de-
shielding is observed for meta-pyridine hydrogen atoms, in-
dicating a tight contact with the neighboring pyridine nitro-
gen atoms; this effect agrees with an unwrapped linear con-
formation of compound 1.

Controlled generation and interconversion of the Co2+ and
Pb2+ complexes formed by ligand 1: The ability of a ligand
such as 1 to form different metal complexes combining dif-
ferent coordination subprograms creates the possibility of
forming a diverse set of output coordination devices. The
ability to control the generation and interconversion of
these entities provides, in principle, a means for taking full
advantage of the dynamic constitutional/combinatorial di-
versity that they offer.[1] Such was the case in the intercon-
version of arrays of silver(i) ions in the course of the forma-
tion of a [3î3][9] and [4î4][6d] grids, as well as in the
medium-induced adaptive exchange between a square and
an hexagonal arrangement of copper(ii) ions.[10] Further-
more, in order to control the generation of such supramolec-
ular architectures it is necessary to develop methods for
their self-assembly as well as to determine their domains of
stability. As a step towards this goal we decided to investi-
gate the formation, existence domain, and interconversion
of the polynuclear complexes that may result from the bind-
ing of Co2+ or of Pb2+ ions to various stoichiometric ratios
of ligand 1. Such systems form by self-assembly under mild
conditions and are readily amenable to solution studies by

ES mass spectrometry and NMR spectroscopy : 1H NMR ti-
tration was also performed on solutions of Pb(CF3SO3)2 and
1 in [D3]acetonitrile. ES mass spectrometry was used to
follow the titration of a solution of 1 by a solution of
Co(BF4)2 (Figure 1a) or Pb(CF3SO3)2 (Figure 1b) in acetoni-
trile in order to obtain information about the coordination
behavior of 1 towards Co2+ or Pb2+ ions. Initial complexa-
tion studies revealed that addition of Co(BF4)2 or
Pb(CF3SO3)2 to a suspension of 1 in acetonitrile caused a
rapid dissolution of the ligand in a 1/M2+ (M2+ =Co2+ or
Pb2+) molar ratio from 1:0.5 to 1:3. At a 1/M2+ ratio of 1:0.5
the ES mass spectra were consistent with the presence of
the complex [Co(1)2]

2+ (2 : m/z=565) and with the direct
formation of [Pb2(1)2(CF3SO3)2]

2+ (4 : m/z=892). Further
addition of Co2+ ions led to the progressive conversion of 2
into the complex [Co2(1)2(CH3CN)4]

4+ (3 : m/z=339), which
was the only species present at the required 1/Co2+ ratio of
1/1. The charge states of these ions were determined by iso-
topic profile simulations, which corresponded to symmetri-
cal above-mentioned solvated cations (see Supporting Infor-
mations).

Below a 1/Pb2+ ratio of 1:1 the 1H NMR spectra consisted
of the exchange-broadened signals of complex 4, indicative
of the slow exchange with the ligand 1 in solution (Fig-
ure 1e). At a 1/Pb2+ ration of 1:1 the 1H NMR spectrum of
4 consisted of a series of sharp peaks, indicating high sym-
metry. The spectra could be interpreted as ligand 1 in one
magnetic environment and showed a deshielding of protons
of the terpyridine due to the lead ion complexation. Triden-

Abstract in Romanian: Coordinarea cationilor de Co2+ si de
Pb2+ la gruparile terpiridina si piridina a ligandului 1 condu-
ce la formarea de ™chei moleculare∫ auto-complementare 2±6
ca urmarea combinarii incrucisate a subprogramelor de coor-
dinare ortogonal (terpyridina) si linear (piridina) si a stabili-
zarii prin interactii aromatice p-p. Patru entitati diferite
[Co2+2(1)2] (3), [Pb

2+
2(1)2] (4), [Co

2+
4(1)2] (5), [Pb

2+
4(1)2]

(6), sunt generate atat in solutie cat si in stare solida, care pot
fi transformate reciproc in functie de stoiechimetria metal/
ligand. Se pot obtine astfel in stare solida, arhitecturi de tip
™fermoar∫ mono si bidimensionale prin combinarea de dife-
rite subprograme de interactiune p±p. Geometria in forma de
U a ligandului influenteaza posibilitatea de assamblare si
deci conduce la generarea de arhitecturi ™fermoar∫ diferite.
Structurile p±p au fost confirmate prin cristalografie de raze
X iar cea a compusului 6 prin spectroscopie RMN.

Scheme 2. Reaction sequence for the preparation of ligand 1
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tate metal ion coordination converts the transoid, transoid
form of the free ligand to cisoid, cisoid one, corresponding
to a terpyridine-type complexation site. The terminal pyri-
dine signals were overall strongly shielded (Dd=1 ppm)
with respect to the ligand 1, suggesting that intermolecular
p±p stacking interactions played an important role in the ag-
gregation process of these compounds.

When the 1/M2+ ratio was increased from 1:1 to 1:3 the
duplex complexes 3 and 4 were progressively converted into
the new compounds [Co4(1)2(CH3CN)14(BF4)4]

4+ (5 : m/z=
310) and [Pb4(1)2(CF3SO3)4(CH3CN)4]

4+ (6 : m/z=480)

(Scheme 3). The 1H NMR spectrum of 6 indicates the same
conformational symmetry of the ligand and, with respect to
the complex 4, shows an overall deshielding of protons of
the terpyridine and terminal pyridine moieties due to the
subsequent metal ion complexation.

The ES mass and NMR spectroscopic results allow the
following conclusions to be drawn:

1) Anticipating the crystal structure results below, all these
spectroscopic data agree with the formulation in acetoni-
trile of the self-complementary duplex cleft structures 3

Figure 1. ESI mass spectra and distribution curves of the species resulted on the titration of a solution of ligand 1 in CH3CN by a solution of M2+ in
CH3CN (at initial ligand 1 concentration of 0.002m) of: a), c) the Co2+ complexes 2 (~), 3 (D), and 5 (^); b), d) the Pb2+ complexes 4 (^) and 6 (*).
The data points were plotted using the integral surface of characteristic MS-chromatogram peaks normalized by the maximal surface; e) 1H NMR titra-
tion experiment of 1 with Pb(CF3SO3)2 in CD3CN.
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and 5 : the pyridine side wall of one clip molecule filling
the cavity of the other and vice versa.

2) These duplex cleft structures are highly robust as they
are still preserved even in the presence of a large excess
of metal ions (up to 1:3 ligand/ion ratio), despite the
presence of several unoccupied ion-binding sites. The
same is indicated by the unchanged proton NMR spectra
for 3±6 at +60 8C.

3) The distribution curves of the complexes 2±6 generated
in the course of the titration of ligand 1 with M2+ are
shown in Figure 1. The duplex cleft complexes 3 and 4
are formed exclusively, but require that the correct stoi-
chiometry be used. However an intermediate complex 2
was detected in equilibrium with the more stable com-
plex 3 : approximately 80% of 3 is present at a 1/Co2+

ratio of 1:0.75. Conversely the duplex cleft complexes 3
and 4 are quite robust, remaining quasi-unperturbed on
addition of metal ions up to a 1/M2+ ratio of 1:1.5. They
transform to similar duplex cleft-type complexes 5 and 6
which remain imperturbed on addition of metal ions
beyond the required stoichiometry.

Solid-state structures of the M2+ (Co2+ Pb2+) cleft-type
complexes 3, 4, and 5 formed by ligand 1: The crystal struc-
tures of the complexes 3, 4, and 5, formed by ligand 1 with

Co2+ or Pb2+ ions, were determined from crystals obtained
from solutions in acetonitrile/benzene (1:1) at room temper-
ature.

Architectures of the duplex cleft-type complexes 3, 4, and 5 :
The X-ray structural determinations of single-crystals of 3
(pink), 4 (pale-yellow), and 5 (red) reveled that the com-
plexes have approximately the same structure. Self-comple-
mentary duplex clefts, which self-assemble in the solid state
as intriguing coordination polymers with a unprecedented
architecture resulting from the crossover of the orthogonal-
terpyridine and the linear-pyridine Co2+ or Pb2+ complexa-
tion subprograms. The molecular and the crystal-packing
structures are presented in Figures 2±4.

The unit cell of 3 was found to contain four [Co2+
2(1)2]

dimers, forming two stacks, together with eight tetrafluoro-
borate couterions, 16 coordinated acetonitrile and two ben-
zene molecules. The unit cell of 4 was found to contain one
[Pb2+

2(1)2] dimer, together with four triflate counterions
and eight uncoordinated acetonitrile molecules. The unit
cell of 5 was found to contain four [Co2+

4(1)2] dimers form-
ing two stacks, together with 32 tetrafluoroborate counter-
ions, 16 water and 40 coordinated acetonitrile molecules.

In all structures 3±5 the two ligands 1 and two M2+ (Co2+ ,
Pb2+) ions form a dimeric self-complimentary molecular
cleft, with each [M2+(1)] entity being slotted into the other
(Figures 2±4). The cobalt and lead cations are coordinated
by one terpy unit of one ligand (the average Co2+�N and
Pb2+�N distances are 2.20 ä and 2.55 ä, respectively) and
by the inner pyridine arm of the other ligand (the average
Co2+�N and Pb2+�N distances are 2.11 ä and 2.93 ä, re-

Scheme 3. Reaction sequence for the preparation of complexes 3±6. The
SnPr groups were omitted for clarity.

Figure 2. Crystal structure of the duplex cleft complex 3 : a) side view in
stick representation; b) space-filling representation of the crystal packing.
The cobalt ions are shown as gray spheres.
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spectively). The cobalt(ii) and lead(ii) cations have an octa-
hedral coordination geometry, each open face being occu-
pied by two coordinated acetonitrile molecules (the average

Co2+�NCAc distance is 2.15 ä) or by two coordinated tri-
flate counterions (the average Pb2+�OSO2CF3 distance is
2.55 ä) (Figures 2a and 3a). The cleft-type structure 3 is pre-
served in the structure 5, which is composed of four Co2+

ions and two ligands 1. The octahedral Co2+ ions exist in
two different distorted geometries: the inner two cleft-struc-
turing Co2+ ions possess the same donor sets Co(Terpy:
Py:AcCN2) as in the complex 3. The outer two Co2+ are li-
gated by the second pyridine side arm, three acetonitrile
and two water molecules (the average Co2+�OH2 distance is
2.08 ä) (Figure 4a).

The formation of the self-complementary molecular clefts
3 and 4 imposes an important deviation of the terminal pyri-
dine units from their preferred planar conformation (the
Py±Py torsional angles lie within ~52.3�0.48). In this way
two inner M2+-complexed and two outer uncomplexed pyri-
dine side arms are situated in a face-to-face stacking ar-
rangement, allowing considerable overlap with average p±p
stacking centroid±centroid distances of 3.40 ä (3) and
3.73 ä (4), corresponding to a strong van der Waals contact
compared with other similar systems.[11a] These complexes
are stabilized by favorable dipole-complexation/induced-
dipole (Figures 2a and 3a) electrostatic interactions between
p-donating and p-accepting nitrogen-containing ring sys-
tems, which generate a linear compact p±p stacking subset
of four overlapping aromatic rings. Subsequent complexa-
tion of each external pyridine lateral arm by the Co2+ ions
allow the conservation of a distorted two by two p±p
stacked subset in complex 5. In this complex the centroid±
centroid distance between inner and outer pyridines is
3.60 ä, corresponding to an offset angle of 24.78, significant-
ly opened up with the respect to those in the structure of 3
(offset angle of 10.28). These p±p stacking interactions are
reminiscent of those observed in the complementary
double-helix entities reported earlier[11b] and of the solid-
state structures of silver(i) molecular clefts described by
McMorran et al.[12]

These cleft-type structures are highly regular and may be
propagated in one or two directions without any structural
modification by taking advantage of the p±p stacking inter-
actions of the two aromatic components (the terpyridine
and the terminal pyridines) of the duplex. In the crystals,
each duplex of 3 or 5 has a tight contact with the two neigh-
boring ones by stacking with opposite orientations of the
outer pyridine side arms (average distance of 3.87 ä and
offset angle of about 10.28 : Figure 2b) or the terpyridine
moieties (average distance of 3.70 ä and offset angle of
about 10.48 : Figure 4b). The duplex cleft-type structure
12Pb2+

2, 4 combines these two p-p stacking subprograms,
each 12Pb2+

2 entity presenting a tight contact with four
neighboring ones: two by stacking of the outer pyridine side
arms (the average distance of 3.70 ä and the offset angle of
about 11.78) and two by stacking of the terpyridine moieties
(the average distance of 4.00 ä and the offset angle of
about 9.78). In the crystal lattices of 3 and 5, one-dimension-
al ribbons, as well as and the two-dimensional sheets of 4,
pack into parallel layers that are alternatively stratified
above one another in an ABAB arrangement. The layers
are connected by an additional interaction between the

Figure 3. Crystal structure of the duplex cleft complex 4 : a) side view in
stick representation; b) space-filling representation of the crystal packing.
The lead ions are shown as gray spheres.

Figure 4. Crystal structure of the duplex cleft complex 5 : a) side view in
stick representation; b) space-filling representation of the crystal packing.
The cobalt ions are shown as gray spheres.
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�SnPr moieties of each alter-
nate layer. The anions, acetoni-
trile, benzene, and water mole-
cules fill the interstices between
the complex cations in 3±5.

The X-ray crystallographic
results allow the following con-
clusions to be made:

1 In terms of molecular pro-
gramming the cleft-type ar-
chitectures 3, 4, and 5 repre-
sent attractive arrays of
cobalt and lead ions: sets of
ion dots[6c,13] of well-defined
arrangements accessible in a
single operational step by
the crossover combination of distinct metal-coordination
programs and stabilized by strong p±p stacking interac-
tions.

2) In terms of programmed self-assembly, the self-comple-
mentary molecular clefts self-organize in the solid state
in metallosupramolecular one- and two-dimensional zip-
pers of stacked duplexes, which are positioned with re-
spect to one another as a function of two p±p stacking
subprograms: one dimensional a) pyridine-p±p stacked
and b) terpyridine-p±p stacked zippers. Two-dimensional
pyridine±terpyridine p±p-stacked zippers result by syner-
getic and orthogonal combination of both subroutines
(Scheme 4).

3) In terms of dynamic diversity in crystal engineering the
conversion of pyridine-p±p-stacked complex 3 into ter-
pyridine-p-p-stacked complex 5 by subsequent addition
of Co2+ ions is reminiscent of domino series, whereby
you tap on one and they all fall on succession (Figure 5).

Conclusion

The above results describe the controlled formation and in-
terconversion of self-complementary duplex molecular clefts
by the crossover combination of orthogonal-terpyridine and
linear-pyridine metal-coordination subprograms stabilized
by strong p±p stacking interactions. The robustness of these
duplex cleft-type compounds results from compatibility and
synergistic effect of the metal-ion binding and of the strong
stacking interaction between the coordinative side arms of
the components. While similar architectures has been re-
ported in organic[14] or metallosupramolecular[12,15] systems
we believe this to be the first examples of a molecular cleft
stable in both solution and the solid state.

One- and two-dimensional metallosupramolecular zipper
architectures are generated by further self-assembly in the
solid state due to the combination of different p±p stacking
subprograms. Even more remarkable is the dynamic diversi-
ty of the different multicomponent architectures in the solid
state derived from the same ligand in solution. This contri-
bution adds several new features to the systematic rationali-
zation and prediction in metal-complex crystal engineering.

Experimental Section

General methods : All reagents were obtained from commercial suppliers
and used without further purification. THF was distilled over benzophe-
none/Na. All organic solutions were routinely dried by using sodium sul-
fate (Na2SO4). Column chromatography was carried out on Merck alumi-
na activity II±III. Pb(OTf)2 was prepared from PbO and CF3SO3H as
previously reported.[6c] 1H NMR, 13C NMR, COSY, and ROESY spectra
were recorded on an ARX 300 MHz Bruker spectrometer in CDCl3 and
CD3CN, with the use of the residual solvent peak as reference. Mass
spectrometric studies were performed in the positive ion mode using a
quadrupole mass spectrometer (Micromass, Platform 2+ ). Samples were
dissolved in acetonitrile and were continuously introduced into the mass
spectrometer at a flow rate of 10 mLmin�1 through a Waters 616HPLC
pump. The temperature (60 8C) and the extraction cone voltage (Vc=5±
10 V) were usually set to avoid fragmentations. Due to competitive equi-
libria a quantitative determination of the concentration of complexes in
solution is not possible. For this reason in Figure 1 we have used MS-
chromatogram peaks normalized by the maximal surface obtained for
every compound. The microanalyses were carried out at Service de Mi-
croanalyses, Institut Charles Sadron, Strasbourg.

Scheme 4. a), b) One- and c) two-dimensional self-organization of p±p-
stacked metallosupramolecular zippers in the solid state.

Figure 5. Dynamic diversity in the solid state, reminiscent of the dominos series principle.
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Experimental procedure for ligand 1: A solution of 7[7] (1 g, 2 mmol) in
dry THF (15 mL) was added under argon over a period of 2 h to a reflux-
ing solution of 8 (0.5 g, 4 mmol) and tBuOK (0.93 g, 8.2 mmol) mmol) in
dry THF (20 mL). The solution was stirred overnight at room tempera-
ture, and acetic acid (1 mL) and NH4OAc (1 g) were added to the reac-
tion. The mixture was refluxed for 90 min, cooled, poured into water
(100 mL), extracted with chloroform (3î100 mL), washed with saturated
aqueous NaHCO3 (100 mL), and dried with Na2SO4. After evaporation
the crude material was purified by flash chromatography (alumina/
chloroform) to give 1 (0.6 g, 2 mmol 54%). 1H NMR (250 MHz, CDCl3):
d=8.78 (d, J=1.53 Hz, 2H; H2), 8.76 (d, J=1.53 Hz, 2H; H1), 8.66 (d,
J=7.93 Hz, 2H; H5), 8.51 (d, J=1.53 Hz, 2H; H1’), 8.04 (t, J=7.93 Hz,
1H; H1), 8.01 (d, J=1.53 Hz, 2H; H2’), 7.99 (d, J=1.83 Hz, 2H; H4), 7.65
(d, J=7.93 Hz, 2H; H3), 3.18 (t, J=7.9 Hz, 4H; CH2S), 1.89 (sext, J=
7.9 Hz, 4H; CH2), 1.21 ppm (t, J=7.9 Hz, 6H; CH3);

13C NMR (CDCl3):
d=13.85, 22.24, 33.24, 114.16, 119.74, 122.07, 158.32, 158.34, 162.44,
162.72, 162.81 ppm; ES-MS: m/z (%): 536 (100) [M+H]+ ; elemental
analysis calcd (%) for C31H29N5S2 (535.7): C 69.50, H 5.46, N 13.07;
found: C 68.49, H 5.36, N 13.50.

Complex 3 : Formation from ligand 1 (10 mg, 18.6 mmol) and
Co(BF4)2¥3H20 (6.3 mg, 18.6 mmol) in CH3CN at room temperature. ES-
MS: m/z (%): 339 (100) [Co2(1)2(CH3CN)4]

4+ ; elemental analysis calcd
(%) for C68H68N10S4B2F8Co2 (1376.9): C 59.31, H 4.10, N 6.10; found: C
59.48, H 4.13, N 6.23.

Complex 4 : Formation from ligand 1 (10 mg, 18,6 mmol) and
Pb(CF3SO3)2 (9.3 mg, 18.6 mmol) in CH3CN at room temperature.
1H NMR (250 MHz, CDCl3): d=8.74 (d, J=1.53 Hz, 2H; H2), 8.76 (d,
J=1.53 Hz, 2H; H1), 8.66 (d, J=7.93 Hz, 2H; H5), 8.51 (d, J=1.53 Hz,
2H; H1’), 8.04 (t, J=7.93 Hz, 1H; H1), 8.01 (d, J=1.53 Hz, 2H; H2’), 7.99
(d, J=1.83 Hz, 2H; H4), 7.65 (d, J=7.93 Hz, 2H; H3), 3.18 (t, J=7.9 Hz,
4H; CH2S), 1.89 (sext, J=7.9 Hz, 4H; CH2), 1.21 (t, J=7.9 Hz, 6H;
CH3); ES-MS: m/z (%): 892 (100) [Pb2(1)2(CF3SO3)2]

2+ ; elemental analy-
sis calcd (%) for C64H56N12S12O12F12Pb2 (2212.8): C 34.74, H 2.55, N 7.60;
found: C 34.58, H 2.67, N 7.64.

Complex 5 : Formation from ligand 1 (10 mg, 18.6 mmol) and
Co(BF4)2¥3H20 (12.6 mg, 37.3 mmol) in CH3CN at room temperature.
ES-MS: m/z (%): 310 (100) [Co4(1)2(CH3CN)14(BF4)4]

4+ ; elemental anal-
ysis calcd (%) for C68H68N10S4B2F8Co2 (2345.9): C 46.61, H 2.95, N 8.37;
found: C 46.58, H 2.83, N 8.33.

Complex 6 : Formation from ligand 1 (10 mg, 18.6 mmol) and and
Pb(CF3SO3)2 (18.6 mg, 37.3 mmol) in CH3CN at room temperature.
1H NMR (250 MHz, CDCl3): d=8.78 (d, J=1.53 Hz, 2H; H2), 8.76 (d,
J=1.53 Hz, 2H; H1), 8.66 (d, J=7.93 Hz, 2H; H5), 8.51 (d, J=1.53 Hz,
2H; H1’), 8.04 (t, J=7.93 Hz, 1H; H1), 8.01 (d, J=1.53 Hz, 2H; H2’), 7.99
(d, J=1.83 Hz, 2H; H4), 7.65 (d, J=7.93 Hz, 2H; H3), 3.18 (t, J=7.9 Hz,
4H; CH2S), 1.89 (sext, J=7.9 Hz, 4H; CH2), 1.21 (t, J=7.9 Hz, 6H;
CH3); ES-MS: m/z (%): 480 (100) [Pb4(1)2(CF3SO3)4(CH3CN)4]

4+ ; ele-
mental analysis calcd (%) for C68H56N12S16O24F24Pb2 (2808.66): C 29.08, H
2.01, N 5.98; found: C 29.28, H 2.33, N 6.00.

X-ray crystallographic data for complexes 3, 4, and 5 : X-ray diffraction
data measurements for 3±5 were carried out at beamline ID11 at the Eu-
ropean Synchrotron Facility (ESRF) at Grenoble. Wavelengths of
0.50915 ä (compound 3) or 0.32826 ä (4 and 5) and were selected using
a double crystal Si(111) monochromator. Crystals were placed in oil,
mounted on a glass fiber and placed in a low-temperature N2 stream.
Data were collected using a Bruker ™Smart∫ CDD camera system at
fixed 2q and reduced using the Bruker SAINT software. The structures
determination and refinement were carried out with SHELXS[16] and
SHELXL[17] respectively. All non-hydrogen atoms were refined aniso-
tropically; hydrogen atoms were included at calculated positions by using
a riding model.

Single crystals of 3, [C72H73AgB4CoF6N12O6S6] were grown from acetoni-
trile/benzene (1:1) at room temperature. Measurement was carried out
on a single pink crystal of dimension 0.04î0.02î0.01 mm. The unit cell
was triclinic with space group of P1≈ . Cell dimensions were a=11.328(3),
b=13.692(3), c=14.175(4) ä, a=102.495(14), b=91.008(13), g=

108.753(11)8, V=2023.6(8) ä3, Z=1. Of the 12468 reflections collected
from 8.928�q�14.018, 4775 were unique and 4424 were observed with
I>2s(I). . The final number of parameters and constraints (on relative
anisotropic displacement factors) were 534 and 146. Final R factors were

R1=0.0511 and wR2=0.1301, (all observed data), R1=0.0480 and wR2=

0.1275 [I>4s(I)], minimum and maximal residual electron densities were
�0.544 and 0.772 eä�3.

Single crystals of 4, [C39H37F6N5O6PbS4] were grown from acetonitrile/
benzene (1:1) at room temperature. Measurement was carried out on a
single pink crystal of dimension of a single yellow crystal of dimensions
0.10î0.05î0.04 mm. The unit cell was triclinic with space group of P1≈ .
Cell dimensions were a=12.6220(5), b=13.1936(5), c=14.8022(4) ä, a=
69.773(1), b=88.406(1), g=67.549(2)8, V=2122.19(13) ä3, Z=2. Of the
12468 reflections collected from 8.928�q�14.018, 6028 were unique and
5887 were observed with I>2s(I). Structure solution and refinement
were carried out as for 4. The final number of parameters was 533. Final
R factors were R1=0.0151 and wR2=0.0367, (all observed data), R1=

0.0145 and wR2=0.0363 [I>4s(I)], minimum and maximal residual elec-
tron densities were �0.35 and 0.36 eä�3.

Single crystals of 5, [C31H29BCo2F4N5OS2 ] were grown from acetonitrile/
benzene (1:1) at room temperature. Measurement was carried out on a
single red crystal of dimension 0.09î0.05î0.04 mm. The unit cell was tri-
clinic with space group P1≈ . Cell dimensions were a=13.5860(3), b=
15.1551(3), c=16.2527(3) ä, a=112.763(1), b=97.167(1), g=

107.431(1)8, V=2831.74(10) ä3, Z=4. Of the 20852 reflections collected
from 9.278�q�14.978, 9832 were unique and 9245 were observed with
I>2s(I). The final number of parameters was 836. Final R factors were
R1=0.0454 and wR2=0.1221, (all observed data), R1=0.0434 and wR2=

0.1200 [I>4s(I)], minimum and maximal residual electron densities were
�0.480 and 0.882 eä�3.

CCDC-227293 (3), CCDC-227294 (4), and CCDC-227295 (5) contain the
supplementary crystallographic data for this paper. These data can be ob-
tained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or
from the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB21EZ, UK; fax: (+44)1223-336-033; or deposit@ccdc.
cam.uk).
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