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The tretrametallic [2 × 2] grid-type complexes 1–4 are orthogonal orientation of the ligand in the complexes which
is critical for the formation of ordered monolayers andformed by self-assembly of the bis(tridentate) ligands 5 and

6 with ZnII and CoII cations. They have been characterized extended self-organized arrays of grids. The physical
properties of the complexes such as metal–metal interactionby spectroscopic studies in solution as well as by crystal

structure determination. The substituents in the central and π-π* stacking between the ligands may be modulated by
changing these substituents.pyrimidine ring play an important role in terms of geometry

and physical properties of the complexes. They induce an

In the present work, we describe the formation as well asIntroduction
the structural and physico-chemical properties of the
[2 3 2] grid-type complexes 124 obtained by the self-as-The self-assembly of suitable polydentate ligands with
sembly of zinc(II) and cobalt(II) ions with the ligands 5 andmetal ions allows the preparation of well-defined inorganic
6 bearing a phenyl and a p-(dimethylamino)phenyl substitu-supramolecular architectures in solution. In recent years,
ent, respectively, on the central pyrimidine (Scheme 1). Themuch effort has focused on the generation of inorganic ar-
interaction between the phenyl ring and the pyridine unitsrays of various types in view of their promising physico-
of the perpendicular ligands in the complexes induces anchemical properties and their potential application in nano-
orthogonal arrangement suitable for applications in self-or-technology.[1210]

ganizing systems.The design of the ligand is the crucial for controlling the
structure and properties of the final assemblies. Recently,
our laboratory has reported the synthesis of bidentate li-

Results and Discussiongands based on terpyridine subunits [11] and their self-as-
sembly with metal ions of octahedral coordination to gener- Synthesis of Ligands 5 and 6 and of the
ate complexes of grid-type geometry. [12] The physicochemi- Corresponding Grid Complexes 124
cal properties of the [2 3 2] cobalt(II) grids formed indicate
an electronic communication between the metallic centers The synthesis of the bis(tridentate) ligand 5 has been re-
suggesting that these inorganic assemblies could have appli- ported previously. [11] Ligand 6 was obtained as described in
cations in molecular information storage. [13] Moreover, the Scheme 2. The reaction of equivalent amounts of ligands 5
self-organization of such building blocks could lead to or 6 and of the metal salts Co(BF4)2, Co(DMSO)4Tf2, or
highly ordered monolayers[14] (e.g. “grids of grids”) pre- ZnTf2 in acetonitrile leads to clear solutions from which the
senting magnetic domains or into which it might be possible metal complexes 124 were isolated by precipitation with
to write information in the form of different metal redox ethyl ether and centrifugation (1 and 2) or by simply remov-
states using for instance scanning probe microscopy tech- ing the solvent under reduced pressure (3 and 4) (Scheme
niques. 1). These compounds were purified by recrystallization

For generating such extended arrays, it is necessary that from acetonitrile/ethyl ether and characterized by physical
the basic grid components present regular, undistorted and spectroscopic techniques as described below. The as-
structures where the ligands are arranged in orthogonal fa- sembly rates of ligands 5 and 6 with CoII and ZnII ions to
shion. Based on previous results, this arrangement depends give complexes 1 and 2, are appreciably slower than when
in particular on the substituent present at the C2 position the ligand does not present a phenyl substituent in the 2-
of the pyrimidine ring. [15] position of the pyrimidine ring. [12] In the latter case, the

self-assembly takes a few hours in contrast to the one night
to two days for ligands 5 and 6. This may be attributed to

[a] Laboratoire de Chimie Supramoléculaire, ISIS 2 ULP 2 CNRS the steric hindrance introduced by the central phenyl sub-ESA-7006
stituent which must insert between two other ligands in the4 rue Blaise Pascal, F-67000 Strasbourg, France

Fax: (internat.) 1 33-3/88411020 final grid complex (see below). All new compounds had
E-mail: lehn@chimie.u-strasbg.fr spectral and analytical properties in agreement with their[b] Institut fur Anorganische Chemie, Universität Karlsruhe,
D-76128 Karlsruhe, Germany structure.
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Scheme 2. Synthesis of the ligand 6, i) nBuLi, THF, 4,6-dichloropy-
rimidine; ii) Pd(Ph3P)4, toluene

The major changes observed in the NMR spectra on
complexation reside in the shielding of the phenyl protons.

Scheme 1. Self-assembly of the [2 3 2] grid complexes 124 from In the free ligand, these protons appear as a multiplet atthe ligands 5, 6, and metal salts
low field corresponding to the ortho protons centered at δ 5
8.78 and another multiplet centered at δ 5 7.59 for the meta
and para protons in the case of ligand 5 and an AA9BB91H-NMR Spectra
system at δ 5 8.79 and 6.87 for ligand 6. The ortho protons
are deshielded due to the presence of the two nitrogen loneThe metal complexation leads to remarkable changes in

the proton-NMR spectra with large modifications in the pairs of the pyrimidine ring. When the zinc complexes 1
and 3 are formed, the multiplets are split into five and threechemical shifts of the protons of the ligand. The metal bind-

ing induces a conformational change in the ligand. The well defined signals, respectively. The ortho, ortho9 and
meta, meta9 protons of the phenyl ring, which are equiva-most stable conformation of the ligand is that which adopts

a transoid conformation around all C2C bonds linking the lent in ligands 5 and 6, become nonequivalent in the com-
plexes 1 and 3. Moreover, all the aromatic protons areheterocyclic units;[11,16,17] in this form the nitrogen lone

pairs of the heterocycle deshield the ligand protons adjacent markedly shielded giving signals between δ 5 7.0 and 4.96.
These two observations suggest that in solution the com-to the interannular bonds (5-H, 59-H, 39-H, and 399-H). In

the metal complex, the ligand presents a cisoid confor- plexes 1 and 3 adopt a very compact structure where the
phenyl rings of the two ligands on one face of the gridmation to allow the formation of chelating coordination

bonds with the metal centers and this deshielding effect dis- structure insert between the two ligands on the other face.
As a result, the phenyl protons are subject to strong shield-appears. The formation of the coordinative nitrogen2metal

bonds as well as the positioning of the ligands in the com- ing effects due to the heteocyclic units, thus inducing large
shifts; furthermore, rotation around the phenyl2pyrimidineplex also contribute to the chemical shift changes.

The proton-NMR spectra of ligand 5 and its Zn complex C2C bond is blocked, leading to nonequivalence of the o,
o9 and m, m9 protons. This has been confirmed by a1 as well as of ligand 6 and its Zn complex 3 are represented

in Figures 1 and 2, respectively. The corresponding chemi- ROESY NMR experiment where a NOE interaction be-
tween 3999-H and 39-H and 49-H as well as between 3999-Hical shifts are listed in Table 1. The spectra of the cobalt(II)

complexes 2 and 4 present special features due to the mag- and 5-H and 59-H is observed for complex 1.
In the Zn complex 3, the signal of the methyl substituentsnetic anisotropy effects of the ions; they will be described

elsewhere. [18] on the amino group appears as a broad resonance centered
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Figure 1. Proton-NMR spectra of ligand 5 at 200 MHz in CDCl3 (top) and the Zn4 complex 1 at 400 MHz in CD3CN (bottom); for
signal assignments, see Experimental Section

Table 1. Chemical shifts and chemical shift differences for proton-NMR signals of cornplexes 1 and 3 (in CD3CN) and ligands 5 and 6
(in CDCl3)[a]

Compound 5-H 59-H 49-H 39-H 399-H 499-H 599-H 699-H 2999-Ho 2999-Hi 3999-Ho 3999-Hi 4999-H

5 9.69 8.08 8.84 7.91 7.40 8.76 8.78 8.78 7.59 7.59 7.59
1 9.57 9.17 8.63 8.63 8.25 7.92 7.10 6.82 5.80 5.38 7.00 6.27 6.87
∆δ 20.12 10.55 20.59 10.01 20.30 21.94 22.98 23.40 20.59 21.32 20.72
6 9.54 8.07 7.91 7.38 8.79 8.79 8.79 6.87 6.87
3 9.67 9.29 8.54 8.61 7.90 7.09 6.86 5.34 5.49 4.96 5.49
∆δ 10.13 10.47 20.01 20.29 21.93 23.45 23.30 21.91 21.38

[a] i and o designate the inner and outer ortho and meta protons, respectively, on the phenyl substituent.

Figure 2. Proton-NMR spectra of ligand 6 at 200 MHz in CDCl3 (top) and the Zn4 complex 3 at 300 MHz in CD3CN (bottom); for
signal assignments, see Experimental Section

at δ 5 3.07 in the proton-NMR spectrum. Due to the com- group. With a coalescence temperature Tc of 290 K a free
energy of activation ∆Gc

$ for the rotation around the N2Cplex structure the rotation around the N2C bond is hin-
dered. A variable-temperature experiment was performed bond may be calculated as ∆Gc

$ 5 4.57Tc·(9.97 1 logTc/
δν) where δν is the chemical shift difference between the(Figure 3). When the sample was heated to 333 K the broad

band sharpened to a fine singlet for the two chemically two signals, [19] giving a value of 13.6 kcal/mol.
In this variable-temperature experiment the other signalsequivalent methyl groups. When the temperature was low-

ered to 243 K, the signal at δ 5 3.07 split into two singlets in the spectrum did not change except those corresponding
to the phenyl ring which may be affected by small changesat δ 5 3.25 and 2.88. A NOESY experiment allowed the

assignment of the low-field peak as the signal of internal in the complex structure with temperature. The data also
show that at the highest temperature reached, rotation ofmethyl group and the other one of the external methyl
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the orthogonal one (3.2523.50 Å) indicate van der Waals
contact and π2π stacking interaction.

The complex {[54Co4](BF4)8} (2) crystallizes with two
molecules per unit cell. The metal ions also display a dis-
torted octahedral coordination with Co,Co distances be-
tween 6.45326.570 Å (Figure 5). The Co2N bond lengths
lie between 2.04122.175 Å for pyridine nitrogens and are
slighly longer (2.21322.309 Å) for the pyrimidine nitrogens.
Again the short distances between phenyl and pyridine
rings indicate π, π stacking.

In the case of {[64Co4](CF3SO3)8} (4), the overall quality
of the crystal structure data is at this stage too low for a
detailed description. However, the analysis indicates with-
out doubt the [2 3 2] grid-type arrangement. Crystals of
better quality are required for improving the structural
data.

The central substituent in position 2 of the pyrimidine
ring plays an important role in the geometrical features of
the final complexes. It has been shown that in the case of
rack-type metal ion coordination arrays, a methyl substitu-
ent was the best suited for the formation of complexes pre-
senting the least distorted ligand geometry. [15] In the case
of a cobalt(II) [2 3 2] grid complex of the type studied here,
the presence of a methyl substituent on the central pyrim-
idine ring was found to cause a divergent, outward bending
of the planes of the ligands, a CH3 group being apparently
somewhat too large. [12] On the contrary, when there is no
substituent in that position, the situation is opposite and an
inward, convergent bending is observed in the correspond-
ing (ZnII)4 complex. [20] An intermediate situation is found
in the present case of a phenyl substituent which has a

Figure 3. Proton-NMR spectra at different temperatures for the thickness intermediate between the steric requirements ofZn4 complex 3 at 300 MHz in CD3CN (heteroaromatic protons
CH3 and H. Insertion of the phenyl group between twonot shown)
ligands in complexes 1 and 2 induces an almost parallel
arrangement of the average planes of the ligands, thus lead-

the phenyl group with respect to the pyrimidine ring is still ing to an overall geometry of the [2 3 2] grid complexes
slow on the NMR time scale, indicating that no significant close to a regular square (Figures 4 and 5).
dissociation of the complex is taking place. One may note
that the phenyl ring rotation is thus a probe for investiga-
ting the kinetics of ligand exchange in such grid com- UV/Vis Absorption and Emission Spectra
plexes. [18]

The absorption maxima (λmax) and extinction coefficients
(ε) for ligands 5 and 6 in chloroform and for complexes 1,
2, 3, and 4 in acetonitrile are listed in Table 2. The UVCrystal Structures of the Complexes 1, 2, and 4
region of the absorption spectra shows strong absorption
bands at 2802290 and 3502375 which correspond to li-The structures of the ZnII and CoII complexes 1, 2, and

4 of ligands 5 and 6 were investigated by X-ray crystallogra- gand-centered (LC) π-π* transition bands. In the ligands,
these bands appear at higher energies.phy. Those of 1 and 2 are represented in Figures 4 and 5.

In all three structures the complexes present a [2 3 2] grid- In the case of complexes 2, 3, and 4, absorption bands
are observed in the visible region. The zinc complex 3 pre-type architecture in which the four metal ions form a square

and lie close to an average common plane. sents a remarkable deep red color, corresponding to an in-
tense absorption band at 516 nm which could be due to aIn the complex {[54Zn4](CF3SO3)8} (1) the ZnII ions dis-

play a distorted octahedral coordination (Figure 4). The donor-acceptor charge transfer transition between the elec-
tron-rich (dimethylamino)phenyl group and the pyridineZn2Zn distances lie in the range of 6.58426.767 Å. The

Zn2N bond lengths are between 2.053 and 2.184 Å for the rings held in stacking position by the structure of the com-
plex. The broad bands centered between 4002475 andpyridine nitrogen atoms and between 2.231 and 2.373 Å for

the pyrimidine nitrogen atoms. The distances between the 532 nm in the Co complexes 2 and 4, respectively, could
correspond to CoII2bipyridine MLCT and the very broadheteroaromatic rings of one ligand and the phenyl ring of
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Figure 4. X-ray structure of the [2 3 2] Zn4 grid complex 1: side view (left); top view (center); top view, space-filling representation (right)

Figure 5. X-ray structure of the [2 3 2] Co4 grid complex 2: side view (left); top view (center); top view, space-filling representation
(right); this is one of the two grid complexes present in the unit cell

Table 2. Electronic absorption spectral data for the complexes 124
and the ligands 5 and 6 in acetonitrile, λ in nm (ε in 104 21cm21)

Compound π-π* (LC)

5 333 (1.0), 332 (1.4), 284 (3.5), 274
(3.8), 256 (3.2), 236 (4.8)

1 375 (6.5), 358 (7.2), 294 (4.2), 282
(4.9)

2 430 (0.1)[a] 371 (0.8), 361 (0.9), 291 (0.7), 279
(18)

6 402 (0.7)[b] 348 (8.4), 312 (7.9), 284 (10.0)
3 516 (5.5)[b] 371 (1.3), 357 (1.3), 295 (0.8), 282

(0.9), 261 (1.3)
4 532 (1.1)[a] 365 (18.5), 292 (13.2), 267 (19.8)

[a] Metal-to-ligand charge-transfer transitions. 2 [b] Ligand-cente-
red transitions, probably of donor-acceptor type for 3. Figure 6. Electronic absorption and emission (broken line) spectra

of the Zn4 grid complex 1 in acetonitrile

figuration and possess no low-lying metal-centered excitedshoulder at lower energy to CoII2pyrimidine MLCT tran-
sitions. states, the fluorescence of 1 may be ascribed to emission

from the lowest ligand-centered excited singlet level, its highThe strong fluorescence of the zinc complex 1 is note-
worthy. Whereas ligand 5 in chloroform exhibits only a intensity being due to the rigidity of the complex, which

decreases the radiationless decay relative to that for the freeweak emission at about 410 nm when irradiated at 272 nm,
complex 1 in acetonitrile presents an intense emission at ligand 5. The absence of emission for the cobalt complex 2

is due to the presence of the low-lying nonemissive CoII-450 nm under excitation at 335 nm at room temperature
(Figure 6). [21] Since the ZnII ions are of d10 electronic con- centered MLCT excited state which inhibits luminescence,
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nitrile (6 mL) was added zinc triflate (16 mg, 0.043 mmol) and theas has been previously observed for other cobalt com-
mixture was stirred at room temperature for 18 h. Diethyl ether wasplexes. [22] Ligand 6 and its metal complexes 3 and 4 show
added to the reaction and the precipitate was isolated by centrifug-no emission. Radiationless decay of the ligand-centered
ation and purified by recrystallization from acetonitrile/diethyllevels may take place in 3 and 4 through the low-energy
ether to afford 1 as a white solid (22 mg, 63%). 2 M.p. > 300 °C.charge transfer and MLCT excited states.
2 1H NMR (400 MHz): δ 5 9.57 (s, 1 H, 5-H), 9.17 (d, 2 H, J 5

6.3 Hz, 59-H), 8.63 (m, 4 H, 49-H, 39-H), 8.25 (d, 2 H, J 5 8.2 Hz,
399-H), 7.92 (t, 2 H, J 5 7.7 Hz, 499-H), 7.10 (dd, 2 H, J 5 6.5,Electrochemical Properties 5.2 Hz, 599-H), 7.00 (t, 1 H, J 5 7.4 Hz, 3999-Hi), 6.87 (t, 1 H, J 5

7.6 Hz, 4999-H), 6.82 (d, 2 H, J 5 5.2 Hz, 699-H), 6.27 (t, 1 H, J 5Preliminary studies indicated that the present grid-type
7.6 Hz, 3999-H), 5.80 (d, 1 H, J 5 7.2 Hz, 2999-Hi), 7.38 (d, 1 H,

species, in particular the CoII complexes 2 and 4 present
J 5 7.6 Hz, 2999-H). 2 FAB MS; m/z (%): 3123 (2) [M 2 149

remarkable electrochemical properties, in line with those re- (2 Tf)], 3014 (7) [M 2 298 (2 2 Tf)], 2863 (8) [M 2 447 (2 3 Tf)],
ported earlier for the related (CoII)4 grid bearing no phenyl 2714 (5) [M 2 596 (24 Tf)], 2566 (3) [M 2 745 (25 Tf)]. 2
group on the pyrimidine rings. [12] Thus, for instance, eight C128H80F24N24O24S8Zn4 (3312.17): calcd. C 46.42, H 2.43, N 10.15;
successive reductions are observed for 2 at about 20.10, found C 46.46, H 2.15, N 10.04. 2 IR (KBr): ν̃ 5 3089, 1600, 1465,

1256, 1162, 1029, 776, 637. 2 UV/Vis: λ (εmax) 5 282 (4.9), 29420.24, 20.45, 20.77, 21.00, 21.22, 21.38, and 21.54 V
(4.2), 358 (7.2), 375 (6.5).(in DMF). Similar values are also found for 4. Detailed

investigations are in progress and will be reported together Complex (54Co4)(BF4)8 (2): To a suspension of 4,6-bis(299,29-bipy-
with data on related complexes. rid-69-yl)-2-phenylpyrimidine[11] (20 mg, 0.043 mmol) in aceto-

nitrile (6 mL) was added cobalt tetrafluoroborate (15 mg,
0.043 mmol) and the mixture was stirred at reflux for 2 d. Diethyl

Conclusion ether was added to the reaction and the precipitate was isolated by
centrifugation and purified by recrystallization from acetonitrile/

The formation of the four tetrametallic complexes 124 diethyl ether to afford 2 as a slightly brown solid (23 mg, 77%). 2
from the ligands 5 and 6 and CoII and ZnII metal ions with M.p. > 300 °C. 2 FAB MS; m/z (%): 2701 (20) [M 2 87 (2 BF4)],
octahedral coordination confirms the generality of the self- 2614 (81) [M 2 174 (2 2 BF4)], 2528 (95) [M 2 261 (2 3 BF4)],

2441 (48) [M 2 348 (2 4 BF4)], 2354 (16) [M 2 435 (2 5 BF4)],assembly of such grid-type architectures. The stacking inter-
1307 (37) [{M 2 174 (2 2 BF4)}/2], 1264 (100) [{M 2 261actions introduced by the phenyl ring provide high stability
(2 BF4)}/2], 1220 (83) [{M 2 348 (2 4 BF4)}/2]. 2to the complexes as well as structural features suitable for
C120H80B8Co4F32N24 (2788.31): calcd. C 51.69, H 2.89, N 12.06;their use as components in extended self-organized arrays.
found C 51.47, H 2.90, N 11.87. 2 IR (KBr): ν̃ 5 3072, 1600, 1463,The introduction of an electron-donating group on the phe-
1228, 773, 656. 2 UV/Vis: λ (εmax) 5 279 (1.8), 291 (0.7), 361 (0.9),

nyl ring provides means for modulating the electronic 371 (0.8), 430 (0.1).
properties of the ligand and therefore the properties of the

4,6-Dichloro-2-[49-(dimethylamino)phenyl]pyrimidine (7): To p-bro-final complexes. The control which may thus be progress-
mo(dimethylamino)benzene (5 g, 24.988 mmol) in ethyl etherively achieved over both the structural and electronic fea-
(80 mL) at room temperature under argon was added one equiv. oftures of these tetrametallic grid complexes makes them par-
1.6  nBuLi in hexane (15.6 mL, 24.988 mmol). The mixture wasticularly attractive as components in the construction of in-
stirred for 5 min and then cooled at 270 °C. Then, one equiv. of

organic architectures for multicellular ion-dot supramolecu- 4,6-dichloropyrimidine (3.7 g, 24.988 mmol) was added. After 1 h
lar devices. 15 min, the temperature of the mixture was allowed to rise to 0 °C,

a solution of acetic acid, water, and THF (1.6:0.25:5 mL) was ad-
ded dropwise, and the mixture was immediately treated with a solu-

Experimental Section tion of DDQ (5.9 g, 26 mmol) in THF (25 mL). The solution was
stirred at room temperature for 15 min, cooled to 0 °C and a coldMaterials: Precipitates were isolated by high-speed spinning in a
3  aqueous solution of NaOH (10 mL, 30 mmol) was added fol-Hettich Universal centrifuge (ca. 3000 rpm, 5 min). 2 Unless
lowed by water (10 mL) 15 min later. The organic phase was re-otherwise noted, 1H-NMR spectra were measured in CD3CN cali-
moved and the aqueous layer was extracted with chloroformbrated to the residual solvent peak at 200 MHz with a Bruker AC
(5 3 100 mL). The combined organic layers were dried (Na2SO4)200 spectrometer. 2 Melting points were obtained with a digital
and the solvent was removed under low pressure. The residue wasThomas Hoover (Electrotherma) apparatus. 2 Infrared absorption
purified by chromatography on silica gel using hexane/ethyl acetatespectra were recorded on a Perkin2Elmer 1600 series FTIR spec-
(6:1) as eluent giving 1.33 g (20% yield) of 7 as yellow needles. 2trometer in KBr, an electronic absortion espectra on a Cary 219
M.p. 1742175 °C. 2 1H NMR: δ 5 8.29 (d, 2 H, J 5 8.9 Hz, Ar),spectrometer in CH3CN with λmax in nm and ε (3 104) in 21

7.06 (s, 1 H, 4-H), 6.71 (d, 2 H, J 5 8.9 Hz, Ar), 3.07 [s, 6 H,cm21. 2 Fast atom bombardment (FAB) mass spectrometry was
(CH3)2N]. 2 13C NMR: δ 5 166.1, 161.5, 153.1, 130.5, 122.2,performed on a ZAB-HF VG spectrometer with m-nitrobenzyl al-
116.2, 111.3, 40.1. 2 EI MS; m/z (%): 269 (64) [M1 1 1], 268 (14)cohol as the matrix and electrospray (ES) mass spectra were ob-
[M1], 267 (100) [M1 2 1]. 2 C12H11Cl2N3 (268.14): calcd. C 53.93,tained with a triple quadrupole mass spectrometer Quattro II (Mic-
H 4.15, N 15.73; found C 53.65, H 4.05, N 15.71. 2 IR (KBr): ν̃ 5romass) mass spectrometry. Spectroscopic studies were performed
3109, 2899, 1609, 1536, 1385, 1190, 1093, 819, 778.in spectroscopic-grade solvents. 2 All solvents were reagent-grade

and used without further purification. 4,6-Bis(299,29-bipyrid-69-yl)-2-[499-(dimethylamino)phenyl]pyri-
midine (6): To 4,6-dichloro-2-[49-(dimethylamino)phenyl]pyrimid-Complex (54Zn4)(CF3SO3)8 (1): To a suspension of 4,6-bis(299,29-

bipyrid-69-yl)-2-phenylpyrimidine[11] (20 mg, 0.043 mmol) in aceto- ine (7) (250 mg, 0.9323 mmol), 1.5 equiv. of 6-tributylstannyl-2,29-
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bipyridine[11] (622 mg, 1.3984 mmol) and 10% of tetrakis(triphenyl- 2 H, J 5 7.6, 6.1, 599-H), 6.86 (d, 2 H, J 5 5.2 Hz, 699-H), 5.49

(Sb, 2 H, 299-Hi, 3999-Hi), 5.34 (d, 1 H, J 5 9.0 Hz, 2999-H), 4.96 (d,phosphane)palladium (0) (108 mg, 0.0932 mmol) was added tolu-
ene (15 mL) and the mixture was refluxed overnight under argon. 1 H, J 5 8.0 Hz, 3999-H), 3.07 (Sb, 6 H, 2 3 CH3). 2 ES MS; m/z:

1593.7 [M 2 298 (2 2 Tf)], 1012.6 [M 2 447 (2 3 Tf)], 720 [M 2Then, the solvent was removed under low pressure and the residue
was washed with MeOH (10 mL). Without further purification, 596 (2 4 Tf)]. 2 C136H100F24N28024S8Zn4 (3484.45): calcd. C 46.88,

H 2.89, N 11.26; found C 47.12, H 3.06, N 11.00. 2 UV/Vis:again 1.5 equiv. of 6-tributylstannyl-2,29-bipyridine (622 mg,
1.3984 mmol), 10% of tetrakis(triphenylphosphane)palladium(0) λ(εmax) 5 261 (1.3), 282 (0.9), 295 (0.8), 357 (1.3), 371 (1.3), 516

(5.5).(108 mg, 0.0932 mmol), and toluene (15 mL) were added to the
solid. The mixture was heated at reflux for 24 h under argon. The

Complex (64Co4)(CF3SO3)8 (4): To a suspension of 4,6-bis(299,29-solvent was removed and the slurry residue was treated with MeOH
bipyrid-69-yl)-2-[499-(dimethylamino)phenyl]pyrimidine (6) (10 mg,(10 mL). The solid was filtered and washed with more MeOH
0.0197 mmol) in acetonitrile (5 mL) was added cobalt triflate tetra-(10 mL) to give 230 mg (53%) of 6 as a yellow solid. 2 M.p.
kis(DMSO) (16 mg, 0.0197 mmol) and the mixture was refluxed for3022304 °C (calcination). 2 1H NMR: δ 5 9.54 (s, 1 H, 5-H), 8.85
48 h under argon. The solvent was removed under low pressure and(d, 2 H, J 5 7.9 Hz, 399-H), 8.79 (m, 4 H, 699-H, Ar), 8.66 (d, 2 H,
the solid recrystallized from acetonitrile/diethyl ether to afford 4 asJ 5 8.9 Hz, 39-H or 59-H), 8.59 (d, 2 H, J 5 7.8 Hz, 39-H or 59-
a dark solid (10 mg, 60%). 2 M.p. > 300 °C. 2 FAB MS; m/z (%):H), 8.07 (t, 2 H, J 5 7.8 Hz, 49-H), 7.91 (dt, 2 H, J 5 7.8, 1.8 Hz,
3309.7 (4) [M 2 149 (2 Tf)], 3159.4 (9) [M 2 298 (2 2 Tf)], 3010.5499-H), 7.38 (dd, 2 H, J 5 6.7, 4.9 Hz, 599-H) 6.87 (d, 2 H, J 5
(7) [M 2 447 (2 3 Tf)], 2861.6 (3) [M 2 596 (2 4 Tf)], 2713.5 (1)9 Hz, Ar), 3.11 (s, 6 H, 23 CH3). 2 13C NMR: δ 5 172.7, 163.9,
[M 2 745(2 5 Tf)]. 2 C136H100Co4F24N28O24S8 (3458.66): calcd.158.1, 155.5, 149.2, 137.9, 136.7, 129.7, 129.5, 123.9, 122.7, 122.2,
C 47.23, H 2.91, N 11.34; found C 47.49, H 2.62, N 11.31. 2 UV/121.7, 121.3, 121.0, 111.7, 110.1, 40.3. 2 MS (FAB); m/z: 508 [M1

Vis: λ(εmax) 5 267 (19.8), 292 (13.2), 365 (18.5), 532 (1.1).1 1]. 2 HRMS: C32H26N7: calcd. 508.2250, found: 508.2235. 2

UV/Vis: λ(εmax) 5 284 (10.0), 312 (7.9), 348 (8.4); 402 (0.7). 2 The Crystal Structure Determinations: The measurements were carried
reaction was tried in a single step using double amount of reagents out with a STOE-IPDS diffractometer with graphit-monochromat-
but only poor yields were obtained. ized Mo-Kα radiation. Table 3 summarizes the crystal data, data

collection, and refinement parameters. All calculations were per-Complex (64Zn4)(CF3SO3)8 (3): To a suspension of 4,6-bis(299,29-
bipyrid-69-yl)-2-[499-(dimethylamino)phenyl]pyrimidine (6) (20 mg, formed with the SHELX-97 package. [24] All structures were solved

by direct methods and were refined by full-matrix least squares0.039 mmol) in acetonitrile (8 mL) was added zinc triflate (14 mg,
0.039 mmol) and the mixture was refluxed for 48 h under argon. based on F2. All hydrogen atoms, disordered anions and solvent

molecules with an occupation factor less than 1.0 were refined iso-The solvent was removed under low pressure and the solid recrys-
tallized from acetonitrile/diethyl ether to afford 3 as a deep red tropically. All of the C2H hydrogen atoms in all structures were

placed in calculated positions with U(H) 5 1.5Ueq(C) for methylsolid (27 mg, 79%). 2 M.p. > 300 °C. 2 1H NMR (300 MHz): δ 5

9.67 (s, 1 H, 5-H), 9.29 (d, 2 H, J 5 7.4 Hz, 59-H), 8.61 (d, 2 H, groups and U(H) 5 1.2Ueq(C) for all other. Molecular graphics
performed with SCHAKAL96.[25] Single crystals of the complexesJ 5 7.5 Hz, 39-H), 8.54 (t, 2 H, J 5 8.1 Hz, 49-H), 8.27 (d, 2 H,

J 5 8.2 Hz, 399-H), 7.90 (dt, 2 H, J 5 7.8, 1.6 Hz, 499-H), 7.09 (dd, were obtained by slow vapor diffusion of diethyl ether into aceto-

Table 3. Crystal data and structure refinement for complexes 1 and 2

Complex 1 Complex 2

Empirical formula C120H80N24Zn4·(SO3CF3)8·(MeCN)4.5 C120H80N24Co4·8BF4·13.5MeCN·0.75Et2O·0.5H2O
Mr [g mol21] 3496.86 3407.10
T [K] 198(1) 200(1)
Wavelength [Å] 0.71073 0.71073
Crystal system monoclinic triclinic
Space group C2/c P1bar
a [Å] 53.751(11) 18.118(4)
b [Å] 20.281(4) 27.476(6)
c [Å] 30.748(6) 32.602(7)
α [°] 90 97.54(3)
β [°] 120.02(3) 100.33(3)
γ [°] 90 98.03(3)
Volume [Å] 29023(10) 15605(5)
Z 8 4
ρcalcd. [g cm23] 1.601 1.45
µ(Mo-Kα [mm21] 0.879 0.521
F(000) 14168 6950
Crystal size [mm] 0.20 3 0.15 3 0.10 0.30 3 0.20 3 0.20
Θ [°] 2.05 2 25.05 1.87225.07
Index ranges 263 # h # 54, 224 # k # 24, 229 # l # 36 221 # h # 21, 231 # k # 32, 238 # l # 33
Reflections collected 58633 76177
R(int) 0.0430 0.0581
Independent reflections 24149 49669
Data/restraints/parameters 24149/885/2140 49669/2350/4262
GoF S 1.382 1.023
Final R indices [I > 2σ(I)] R1 5 0.0678, wR2 5 0.1845 R1 5 0.0761, wR2 5 0.2159
R indices (all data) R1 5 0.0884, wR2 5 0.1955 R1 5 0.0945, wR2 5 0.2346
Largest diff. peak/hole [eÅ23] 1.637/21.208 1.745/20.807
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