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Introduction

Transition metals with a preferred tetrahedral geometry are
perfect gathering and orienting elements for tangling up two
coordinating molecular threads easily and quantitatively, as
shown in Figure 1. This is particularly well illustrated by the
[Cu ACHTUNGTRENNUNG(dpp)2]

+ and [Cu ACHTUNGTRENNUNG(dap)2]
+ complexes (dpp: 2,9-diphenyl-

1,10-phenanthroline; dap: 2,9-dianisyl-1,10-phenanthroline)
which contain two entwined ligands.[1] This family of com-
plexes constitutes the basis of a wide family of catenanes,
rotaxanes and molecular knots.[2] The situation is with no
doubt very different for pentacoordinated[3] and octahedral-
ly coordinated[4] transition metal centres. Zn2+ has been

used as a template assuming that this metal cation is pref-
erably five-coordinate, although six-coordinate complexes
can not be excluded. For instance, a [2]-catenane has been
prepared by using a bidentate ligand and a ring-incorporat-
ed tridentate chelating unit.[3] PdII, with its preferred square-
planar geometry, has also been used as template to afford
rotaxanes and catenanes in very high yields.[5] In a spectacu-
lar piece of work, Stoddart and his co-workers prepared
Borromean rings using six Zn2+ centres and combining bi-
dentate and tridentate ligands.[6] The design of ligands capa-
ble of forming three-component entanglements by coordina-
tion to a given octahedral metal centre is less straightfor-
ward than for tetrahedral geometry. A few studies have
demonstrated that three-chelate octahedral transition metals
can also be used as templates for making catenanes[7] and
knots[8] but the entanglement of three disconnected biden-
tate chelates has not been described as yet. In the previous
examples of topologically non-trivial species built around
transition metals, at least two chelates were interlinked
prior to the final cyclisation reaction.

We report here a special family of ligands, namely 8,8’-
diaryl-3,3’-biisoquinolines, which lead to such three-compo-
nent entanglements by complexation to octahedral metals
such as FeII and RuII. The synthesis of the complexes will be
described as well as crystallographic studies which evidence

Abstract: 3,3’-Biisoquinoline ligands
(biiq) L, bearing aromatic substituents
on their 8 and 8’ positions, have been
used to generate interwoven systems
consisting of three crescent-shaped li-
gands disposed around an octahedral
metal centre. Mono-ligand complexes
of the type [ReL(CO)3py]

+ (py: pyri-
dine) have also been prepared, leading
to sterically non-hindering complexes
in spite of the endotopic nature of the
chelate used. The three-component en-
tanglements have been prepared by

using either FeII or RuII as gathering
metal centre. The synthetic procedure
is simple and efficient, affording fully
characterised complexes as their PF6 or
SbCl6 salts. X-ray crystallography clear-
ly shows that the crescent-shaped li-
gands do not repel each other in the
tris-chelate complexes. In an analogous

way, the ReI complexes show open
structures with no steric repulsion be-
tween the L ligand and the ancillary
CO or py groups. The FeL3 or RuL3

compounds are very unusual in the
sense that, contrary to all the other
tris-bidentate chelate complexes made
till now, the three organic components
are tangled up, in a situation which will
be very favourable to the formation of
new non trivial topologies of the cate-
nane type.

Keywords: chelating ligands · en-
tanglement · helical complexes · N
ligands · supramolecular chemistry

[a] F. Durola, Prof. Dr. J.-P. Sauvage, Dr. O. S. Wenger
Laboratoire de Chimie Organo-Min>rale
Institut de Chimie
Universit> Louis Pasteur
4 rue Blaise Pascal, 67070 Strasbourg Cedex (France)
Fax: (+33)390-241-368)
E-mail : sauvage@chimie.u-strasbg.fr

[b] Dr. L. Russo, Prof. Dr. K. Rissanen
Nanoscience Center
Department of Chemistry
University of JyvCskylC
P.O. Box 35, 40014 JyvCskylC (Finland)

Chem. Eur. J. 2007, 13, 8749 – 8753 E 2007 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim 8749

FULL PAPER



the endotopic nature of the ligands and the absence of re-
pulsion between organic groups within the complexes, in
spite of the pronounced entangled nature of the molecules.

Results and Discussion

As already pointed out, the two anisyl groups of the dap
ligand constitute a steric barrier around the metal centre
(see Figure 1). In order for the coordination sphere of the
complexed metal to be less congested, a promising solution
is to draw aside the two aromatic groups attached to the
3,3’-biisoquinoline (biiq) chelate itself. To keep the direc-
tionality of the system and, in particular, to make sure that
the complexing site will be disposed in an endotopic fashion
or endocyclic manner if the ligand is incorporated in a ring,
we turned our attention to the 3,3’-biisoquinoline (biiq)
family. As depicted in Figure 1, ligands 1 and 2 match these
prerequisites: No or very limited steric hindrance occurs
around the metal and unambiguous endotopic character of
the chelate once complexed to a metal centre. In addition,
the crescent shape of both compounds will be very favour-
ACHTUNGTRENNUNGable to the formation of an entangled ensemble once tris-
chelate complexes are obtained, as represented in the
Figure 1.

Ligands 1 and 2 were respectively prepared in five and
seven steps from commercially available compounds, as re-

cently described.[9] Two distinct
families of complexes were syn-
thesised which contain either
one chelate (rhenium(I) com-
plexes, Scheme 1) or three biiq
ligands (iron(II) or rutheni-
ACHTUNGTRENNUNGum(II) complexes, Scheme 2).

These two complexes,
[Re(1)(CO)3(py)] ACHTUNGTRENNUNG(PF6) and
[Re(2)(CO)3(py)] ACHTUNGTRENNUNG(PF6) were
prepared following a relatively
classical experimental proce-
dure.[10] Starting from pentacar-
bonylchlororhenium(I) and a
free biisoquinoline chelate 1 or
2, a triscarbonyl(biisoquino-
ACHTUNGTRENNUNGline)chlororhenium complex is
first obtained [Eq. (1); L=1 or
2]. Charged complexes can

often be more easily crystallised and are more soluble. This
is why the chloro ligand is then removed by using silver tri-
flate and replaced by a molecule of pyridine, to give after
subsequent anion exchange the charged complexes,
[Re(1)(CO)3(py)] ACHTUNGTRENNUNG(PF6) and [Re(2)(CO)3(py)] ACHTUNGTRENNUNG(PF6), respec-
tively [Eq. (2); L=1 or 2].

½ReðCOÞ5Cl� þ L! ½ReðCOÞ3LCl� ð1Þ

½ReðCOÞ3LCl� þ py! ½ReðCOÞ3Lpy�þ ð2Þ

Crystallisation of the complexes, by slow diffusion of diiso-
propyl ether in acetone or 1,2-dichloroethane, respectively,
afforded good diffraction quality crystals. The X-ray struc-
tures of the monomeric complexes proved the open cleft-
like structure of the ligands (Figure 2). The endotopic cleft
is defined by the distance between the anisolic O atoms in
dap, 1 and 2 (Scheme 1.). In a CuI–dap complex,[11] the
O···O distance is 10.64 K, in the smaller biiq complex
[Re(1)(CO)3(py)]

+ the distance is 14.20 K [O(4)···O(5)],
whereas in the larger biiq complex [Re(2)(CO)3(py)]

+ the
corresponding distance is 18.05 K [O(1)···O(2)]. Both Re
complexes are slightly bent from planarity to a shallow V-
shape. The angle between the planar quinolinic moieties
bonding to the Re cation is 11.38 for [Re(1)(CO)3(py)]

+ and
10.18 for [Re(2)(CO)3(py)]

+ . In spite of the slight distortion
from planarity the Re atoms lie nearly in the plane defined
by the O and N atoms. The deviation of the Re atoms from
the plane O4-N2-N1-O5 for [Re(1)(CO)3(py)]

+ is only
0.72 K and the corresponding deviation for
[Re(2)(CO)3(py)]

+ is 0.58 K [O1-N1-N2-O2].
The inspection of the above mentioned geometrical data

and the X-ray plots with van der Waals radii (Figure 3)
clearly shows the large size of the endotopic cleft and its
ability to include two additional biiq ligands around an octa-
hedral metal ion.

The two homoleptic octahedral complexes of ruthenium
and iron, [Ru(1)3]ACHTUNGTRENNUNG(PF6)2 and [Fe(2)3]ACHTUNGTRENNUNG(SbCl6)2 (Scheme 2)

Figure 1. Schematic representation of two- or three-component entanglements obtained from the appropriate
ligands and metal centres.

Scheme 1. Rhenium(I) complexes [Re(1)(CO)3(py)]
+ and

[Re(2)(CO)3(py)]
+.
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were readily obtained by mixing in stoichiometric propor-
tions free ligands 1 or 2 and ruthenium(II) tetra(dimethyl-
sulfoxide) dichloride or iron(II) tetrafluoroborate tetrahy-
drate as metal sources [Eq. (3) and (4)]. After anion ex-
change the crystals of the ruthenium complex [Ru(1)3]ACHTUNGTRENNUNG(PF6)2
were obtained from acetone and diisopropyl ether, similarly
to the iron complex [Fe(1)3]ACHTUNGTRENNUNG(PF6)2 described in a preliminary
communication.[12] The crystallisation of homoleptic com-
plexes from ligand 2 is more problematic and only after ex-
change of the BF4

� ion for the larger SbCl6
� ion were very

small crystals of moderate quality obtained from 1,2-di-
chloroethane and diisopropyl ether.

½RuðdmsoÞ4Cl2� þ 3 1! ½Ruð1Þ3�2þ ð3Þ

Fe2þðBF4
�Þ2 þ 3 2! ½Feð2Þ3�2þ ð4Þ

The X-ray structures[14] of the complexes [Ru(1)3]ACHTUNGTRENNUNG(PF6)2
and [Fe(2)3]ACHTUNGTRENNUNG(SbCl6)2 reveal a very appealing entanglement
of the ligands around the metal centre. The smaller ligand 1
wraps around the Ru cation forming a symmetrical helical
structure (Figure 4). The three anisyl groups occupy the top

and bottom parts of the complex, the distances between the
O atoms being 8.29, 8.38 and 8.63 K in the top part and
7.97, 8.61 and 9.27 K for the bottom part, manifesting the
nearly symmetrical structure. The entanglement around the
metal centre induces only slight changes to the endotopic
cleft distance, the distances in [Ru(1)3]

+ being 15.62 (green),
16.24 (red) and 15.88 K (blue). These distances are approxi-
mately 2 K wider than for the monomeric
[Re(1)(CO)3(py)]

+ , this indicating that the biiq ligand is
able to adapt its conformation upon octahedral entangle-
ment.

The cleft in the larger biiq ligand 2 is much wider and
leads to more “relaxed” entanglement of ligands around the
octahedral Fe centre in [Fe(2)3]

2+ . The complex [Fe(2)3]
2+

exhibits more dissymmetric overall structure (Figure 5), the
top part inter-ligand O···O distances being 14.15, 14.85 and
15.44 K, the corresponding bottom part being 11.42, 15.53
and 17.86 K. The intra-chelate cleft O···O distances are

Figure 2. Plots of the X-ray structures of the monomeric cationic Re-complexes [Re(1)(CO)3(py)]
+ (left) and [Re(2)(CO)3(py)]

+ (right) with thermal el-
lipsoids at 50% probability level and selected atomic labels. The PF6

� ions have been omitted for clarity.

Figure 3. van der Waals plots of the X-ray structures of the monomeric
cationic Re-complexes [Re(1)(CO)3(py)]

+ (left) and [Re(2)(CO)3(py)]
+

(right). The PF6
� ions have been omitted for clarity.

Scheme 2. Chemical representation of homoleptic octahedral complexes
[Ru(1)3] ACHTUNGTRENNUNG(PF6)2 and [Fe(2)3] ACHTUNGTRENNUNG(SbCl6)2.

Figure 4. The van der Waals plot of the complex [Ru(1)3]
2+ (anions and

acetone molecules excluded) showing each ligand with a different colour.
Side view (left) and top view (right).
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18.70 (green), 20.86 (red) and 19.86 K (blue), being quite
close to the O···O distance of 18.05 K in the monomer.

The coordination of three biiq ligands, 1 or 2, around a
Ru or Fe cation results in a more or less symmetrical helical
pseudo-D3 structure [the coordination sphere in both entan-
gled complexes show slight deformation from the perfect D3

symmetry, the N-M-N angles deviate 5–88 from the ideal
1808 or 908 degree angles], where the biiq moiety assumes
planarity in contrast to the monomeric biiq–Re complexes.
The subsequent deprotection of the phenolic functions[13] at
the ends of the endotopic cleft should lead to hexa-OH
functionalised helical complexes, which upon alkylation with
a proper bis-functionalised spacer would lead to new topologies.

Conclusion

The use of octahedral transition metals such as FeII or RuII

in conjunction with new ligands containing a 3,3’-biisoquino-
line chelate and aromatic groups attached on the 8 and 8’
positions led to the generation of unusual three-component
entanglements. The endotopic nature of these ligands, in
spite of their non sterically hindering character, is favour-
ACHTUNGTRENNUNGable to high yield synthesis of such interwoven systems. X-
ray crystallography turned out to be particularly informative
and demonstrated in a unambiguous fashion the desired en-
tangled situation in the two cases studied, [Ru(1)3]

2+ and
[Fe(2)3]

2+ .
Another interesting feature of the ligands used is that the

mono-chelate complexes do not experience steric congestion
between the groups borne by the bidentate chelate and the
ancillary ligands coordinated to the metal. This is again
clearly demonstrated by X-ray diffraction on two rhenium(I)
complexes, [ReL(CO)3(py)]

+ (L=1 or 2).
The entangled nature of the three-chelate complexes will

subsequently been taken advantage of to synthesise new in-
terlocking ring topologies.

Experimental Section

General : The following chemicals were obtained commercially and were
used without further purification: pentacarbonylchlororhenium(I) (Al-
drich), silver trifluoromethanesulfonate (Aldrich), potassium hexafluoro-

phosphate (Acros), iron(II) tetrafluoroborate tetrahydrate (Aldrich), tri-
phenylcarbenium hexachloroantimonate (Acros).

All silica column chromatographies were performed by using Merck Sili-
cagel 60 (0.063–0.200 mm).
1H NMR spectra were recorded with a Bruker AVANCE 300 (300 MHz
(1H); 75 MHz (13C)) spectrometer using deuterated solvent as the lock.
The spectra were collected at 25 8C and the chemical shifts were refer-
enced to residual solvent protons as internal standards. 1H: CD3CN
1.95 ppm, CD2Cl2 5.32 ppm, [D6]dmso 2.50 ppm. Mass spectra were ob-
tained with a VG ZAB-HF spectrometer (FAB) and a VG-BIOQ triple
quadrupole in positive or negative mode (ES-MS).

[Re(1)(CO)3(py)]ACHTUNGTRENNUNG(PF6): 8,8’-Dianisyl-3,3’-biisoquinoline (50 mg,
0.107 mmol) and pentacarbonylchlororhenium(I) (36.3 mg, 0.100 mmol)
were suspended in toluene (5 mL). The reaction mixture was heated at
120 8C under argon for 5 h. The yellow precipitate was filtered, washed
with toluene and purified by column chromatography (silica; eluent: di-
chloromethane, methanol 100:1 (v/v)). This gave [Re ACHTUNGTRENNUNG(dabiiq)(CO)3Cl]
(50 mg) as a yellow powder. All this product was dissolved in pyridine
(10 mL). After addition of silver triflate (0.646 mmol, 166 mg), the reac-
tion mixture was refluxed overnight under argon. After pyridine evapora-
tion and column chromatography (silica; eluent: acetonitrile, water, satu-
rated aqueous potassium nitrate solution, 100:1:0.1 (v/v/v); re-precipita-
tion with aqueous potassium hexafluorophosphate solution) (40 mg) of
pure [Re ACHTUNGTRENNUNG(dabiiq)(CO)3 ACHTUNGTRENNUNG(pyridine]]ACHTUNGTRENNUNG(PF6) (0.042 mg; 65%) were obtained
as a yellow powder. 1H NMR (CD2Cl2): d =9.84 (s, 2H), 9.11 (s, 2H),
8.25 (d, 2H, J=8.1 Hz), 8.07 (m, 2H), 8.05 (dd, 2H, J=8.0, 7.1 Hz), 7.83
(d, 2H, J=7.2), 7.78 (m, 1H), 7.54 (d, 4H, J=9.0 Hz), 7.24 (m, 2H), 7.20
(d, 4H, J=7.5 Hz), 3.91 ppm (s, 6H). ES-MS: m/z : 818.1669 (calculated
818.1665 for C40H29N3O5Re+). Crystals were grown by slow diffusion of
diisopropyl ether in acetone. Crystal data: M=962.83, orange prism,
0.12S0.10S0.10 mm3, monoclinic, space group C2/c, a=18.607(2), b=

13.057(2), c=30.686(3) K, b=93.775(7)8, V=7439(2) K3, Z=8, 1calcd=

1.719 gcm�3, F000=3792, MoKa radiation, l =0.71073 K, m =3.390 mm�1,
T=173(2) K, 2qmax=30.08, 18986 reflections collected, 10859 unique
(Rint=0.0376), 7857 with Io>2s(Io), structure solved by using SHELXS
and refined with SHELX-97 full-matrix least squares on F2 within the
SHELXTL[15] suite, 505 parameters, 0 restraints, GoF=1.001, R1=0.0621,
wR2=0.0761 (all reflections), 1.75<D1<�1.10 eK�3.

[Re(2)(CO)3Cl]: 8,8’-Di(phenylanisyl)-3,3’-biisoquinoline (120 mg,
0.193 mmol) was suspended in 1,2-dichloroethane (60 mL). After addi-
tion of pentacarbonylchlororhenium(I) (50 mg, 0.138 mmol) the reaction
mixture was heated to reflux under argon for 12 h. Then the solvent was
evaporated and the yellow residue was subjected to column chromatogra-
phy (silica; eluent: dichloromethane, methanol 50:1 (v/v)). This yielded
pure [Re ACHTUNGTRENNUNG(dpabiiq)(CO)3Cl] (81 mg, 0.087 mmol; 53%) as a yellow
powder. 1H NMR ([D6]DMSO): d=9.67 (s, 2H), 9.48 (s, 2H), 8.28 (d,
2H, J=8.1 Hz), 8.17 (dd, 2H, J=8.1, 7.2 Hz), 7.96–7.90 (m, 6H), 7.74 (d,
4H, J=8.7 Hz), 7.72 (d, 4H, J=8.7 Hz), 7.09 (d, 4H, J=8.7 Hz),
3.83 ppm (s, 6H).

[Re(2)(CO)3(py)]ACHTUNGTRENNUNG(PF6): [Re ACHTUNGTRENNUNG(dpabiiq)(CO)3Cl] (80 mg, 0.086 mmol) was
dissolved in pyridine (10 mL). After addition of silver triflate (222 mg,
0.864 mmol) the reaction mixture was refluxed for 2 h under argon. After
evaporation of pyridine and column chromatography (silica; eluent: ace-
tonitrile, water, saturated aqueous potassium nitrate solution, 100:10:1
(v/v/v); re-precipitation with aqueous potassium hexafluorophosphate so-
lution) pure [Re ACHTUNGTRENNUNG(dpabiiq)(CO)3 ACHTUNGTRENNUNG(pyridine]] ACHTUNGTRENNUNG(PF6) (92 mg, 0.083 mg; 96%)
was obtained as a yellow powder. 1H NMR (CD3CN): d =9.89 (s, 2H),
9.04 (s, 2H), 8.17 (d, 2H, J=8.4 Hz), 8.15–8.11 (m, 2H), 8.10 (d, 2H, J=

8.4 Hz), 7.93 (dd, 2H, J=7.8, 1.5 Hz), 7.89 (d, 4H, J=8.4 Hz), 7.80 (tt,
1H, J=7.8, 1.5 Hz), 7.73 (dd, 8H, J=8.7, 8.4 Hz), 7.25 (dd, 2H, J=7.8,
6.6 Hz), 7.07 (d, 4H, J=8.7 Hz), 3.86 ppm (s, 6H). ES-MS: m/z : 970.2292
(calculated 970.2289 for C52H37N3O5Re+). Crystals were grown by slow
diffusion of diisopropyl ether in 1,2-dichloroethane. Crystal data: M=

1115.03, dark red prism, 0.10S0.10S0.10 mm3, monoclinic, space group
C2/c, a=18.417(3), b=13.577(2), c=38.696(7) K, b=103.300(6)8, V=

9416(3) K3, Z=8, 1calcd=1.565 gcm�3, F000=4432, MoKa radiation, l=

0.71073 K, m =2.690 mm�1, T=173(2) K, 2qmax=30.08, 21752 reflections
collected, 13544 unique (Rint=0.0333), 8565 with Io>2s(Io), structure

Figure 5. The van der Waals plots of the complex [Fe(2)3]
2+ (anions and

nitrobenzene molecules excluded) showing each ligand with a different
colour. Side view (left) and top view (right).
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solved by using SHELXS and refined with SHELX-97 full-matrix least
squares on F2 within the SHELXTL[15] suite, 613 parameters, 0 restraints,
GoF=0.877, R1=0.0898, wR2=0.1525 (all reflections), 0.65<D1<

�0.98 eK�3.
[Ru(1)3] ACHTUNGTRENNUNG(PF6)2 : Ruthenium(II) tetra(dimethylsulfoxide) dichloride
(10 mg, 0.020 mmol) and 8,8’-dianisyl-3,3’-biisoquinoline (29 mg,
0.062 mmol) were dissolved in ethylene glycol (5 mL). The resulting deep
red solution was heated at 140 8C under argon overnight and then al-
lowed to cool at room temperature. The crude product was precipitated
by addition of a saturated aqueous solution of potassium hexafluorophos-
phate and cold distilled water. The orange precipitate was purified by
column chromatography (silica; eluent: acetone, water, saturated aque-
ous solution of potassium nitrate, 100:5:0.5 (v/v/v); re-precipitation with
a saturated aqueous solution of potassium hexafluorophosphate in
water). This procedure yielded pure [Ru ACHTUNGTRENNUNG(dabiiq)3] ACHTUNGTRENNUNG(PF6)2 (30 mg,
0.017 mmol; 81%) as an orange powder. 1H NMR (CD3CN): d =8.93 (s,
6H), 8.18 (s, 6H), 8.06 (d, 6H, J=8.1 Hz), 7.89 (dd, 6H, J=8.1, 7.2 Hz),
7.51 (d, 6H, J=7.2 Hz), 6.71 (d, 12H, J=8.4 Hz), 6.35 (d, 12H, J=

8.7 Hz), 3.55 ppm (s, 18H). ES-MS: m/z : 753.2290 (calculated 753.2286
for C96H72N6O6Ru2+). Crystals were grown by slow diffusion of diiso-
propyl ether in acetone. The accomplishment of the tris-chelate homolep-
tic complex is based on 222 non-crystallographic symmetry around the
metal centre. Crystal data: M=1912.76, orange, 0.12S0.10S0.10 mm3, tri-
clinic, space group P1̄, a=13.113(2), b=16.382(2), c=22.638(3) K, a=

105.88(5), b=97.10(4), g=105.47(5)8, V=4405(2) K3, Z=2, 1calcd=

1.442 gcm�3, F000=1968, MoKa radiation, l =0.71073 K, m =0.303 mm�1,
T=173(2) K, 2qmax=30.08, 37279 reflections collected, 25718 unique
(Rint=0.0394), 15018 with Io>2s(Io), structure solved using SHELXS
and refined with SHELX-97 full-matrix least squares on F2 within the
SHELXTL[15] suite, 1252 parameters, 1273 restraints, GoF=0.992, R1=

0.1320, wR2=0.1868 (all reflections), 0.96<D1<�0.93 eK�3.

[Fe(2)3] ACHTUNGTRENNUNG(SbCl6)2 : 8,8’-Di(phenylanisyl)-3,3’-biisoquinoline (621 mg,
1 mmol) was suspended in a 1:1 (v/v) n-butanol–1,2-dichloroethane sol-
vent mixture (50 mL). After addition of iron(II) tetrafluoroborate tetra-
hydrate (113 mg, 0.333 mmol), the reaction mixture was refluxed for 12 h
during which time it turned red. Then the solvents were evaporated and
the crude product was purified by column chromatography (silica;
eluent: acetonitrile, water, saturated aqueous solution of potassium ni-
trate, 200:10:1 (v/v/v); re-precipitation with a saturated aqueous solution
of potassium hexafluorophosphate in water). This yielded the pure
iron(II) tris(biisoquinoline) complex (378 mg; 53%) (counter anion is
PF6

�) as a red powder. 1H NMR (CD3CN): d=8.84 (s, 6H; H1), 8.04 (s,
6H; H4), 7.73 (d, 6H, J=7.8 Hz; H7), 7.29 (d, 12H, J=8.7 Hz), 7.14 (dd,
6H, J=7.8, 7.2 Hz; H6), 7.09 (dd, 6H, J=7.2, 0.9 Hz; H5), 7.06–7.01 (m,
24H), 6.74 (d, 12H, J=8.4 Hz), 3.90 ppm (s, 18H, OCH3). ES-MS: m/z :
958.842 (calculated 958.838 for C132H96N6O6Fe

2+). Anion exchange was
then performed by mixing the resulting complex with triphenylcarbenium
hexachloroantimonate in 1,2-dichloroethane, followed by a precipitation
of the title compound with diethyl ether. Crystals were grown by slow
diffusion of diisopropyl ether in 1,2-dichloroethane. The ligand arms are
so easily accommodated within the complex that rotational disorder of
the central phenyl ring in the ligand arm is observed for two of the three
ligands in [Fe(2)3] ACHTUNGTRENNUNG(SbCl6)2. From another point of view, the disorder
within the structure, only partially resolved, appears to be the main
reason for the low precision of the final refined model. About 17% of
the volume of the unit cell is occupied by electron density that could not
be modelled due to the presence of disordered solvent included in the
structure, which has been excluded from the final refinement, by means
of the SQUEEZE[16] routine. Crystal data: M=2710.01, orange-red plate,
0.20S0.10S0.03 mm3, monoclinic, space group P21/n, a=19.692(4), b=

35.924(7), c=21.297(4) K, b=113.76(3)8, V=13789(5) K3, Z=4, 1calcd=

1.305 gcm�3, F000=5496, MoKa radiation, l =0.71073 K, m =0.781 mm�1,
T=123(2) K, 2qmax=45.08, 87136 reflections collected, 17685 unique
(Rint=0.1094), 6911 with Io>2s(Io), absorption corrections (SADABS[17])
Tmin/Tmax=0.880. Structure solved by using SHELXS and refined with
SHELX-97 full-matrix least squares on F2 within the SHELXTL[15] suite,
1423 parameters, 2731 restraints, GoF=1.244, R1=0.1522, wR2=0.3859
(all reflections), 1.91<D1<�1.05 eK�3.

Acknowledgement

Funding from the following institutions is gratefully acknowledged: the
CNRS and the R>gion Alsace (fellowship to F.D.), the Swiss National
Science Foundation (fellowship to O.S.W.), the European Commission
(MOLDYNLOGIC) and the Academy of Finland (proj. no. 205729, K.R.
and L.R.).

[1] C. O. Dietrich-Buchecker, P. A. Marnot, J.-P. Sauvage, J. R. Kirchh-
off, D. R. McMillin, J. Chem. Soc. Chem. Commun. 1983, 513; R. E.
Gamache, Jr., R. A. Rader, D. R. McMillin, J. Am. Chem. Soc. 1985,
107, 1141; A. K. I. Gushurst, D. R. McMillin, C. O. Dietrich-Bu-
checker, J.-P. Sauvage, Inorg. Chem. 1989, 28, 4070.

[2] C. O. Dietrich-Buchecker, J.-P. Sauvage, Chem. Rev. 1987, 87, 795;
J.-C. Chambron, C. O. Dietrich-Buchecker, J.-P. Sauvage in Compre-
hensive Supramolecular Chemistry, Vol. 9 (Eds.: J. L. Atwood,
J. E. D. Davies, D. D. MacNicol, F. Vçgtle, J.-M. Lehn, J.-P. Sauvage,
M. W. Hosseini), Pergamon, Oxford, 1996, pp. 43–83.

[3] C. Hamann, J.-M. Kern, J.-P. Sauvage, Inorg. Chem. 2003, 42, 1877;
C. O. Dietrich-Buchecker, B. X. Colasson, J.-P. Sauvage, Top. Curr.
Chem. 2005, 249, 261.

[4] D. A. Leigh, P. J. Lusby, S. J. Teat, A. J. Wilson, J. K. Y. Wong,
Angew. Chem. 2001, 113, 1586; Angew. Chem. Int. Ed. 2001, 40,
1538; J.-C. Chambron, J.-P. Collin, V. Heitz, D. Jouvenot, J.-M.
Kern, P. Mobian, D. Pomeranc, J.-P. Sauvage, Eur. J. Org. Chem.
2004, 1627, and references therein.

[5] A.-M. Fuller, D. A. Leigh, P. J. Lusby, I. D. H. Oswald, S. Parsons,
D. B. Walker, Angew. Chem. 2004, 116, 4004; Angew. Chem. Int. Ed.
2004, 43, 3914; A.-M. L. Fuller, D. A. Leigh, P. J. Lusby, A. M. Z.
Slawin, D. B. Walker, J. Am. Chem. Soc. 2005, 127, 12612.

[6] K. S. Chichak, S. J. Cantrill, A. R. Pease, S.-H. Chiu, G. W. V. Cave,
J. L. Atwood, J. F. Stoddart, Science 2004, 304, 1308; S. J. Cantrill,
K. S. Chichak, A. J. Peters, J. F. Stoddart, Acc. Chem. Res. 2005, 38,
1.

[7] P. Mobian, J.-M. Kern, J.-P. Sauvage, J. Am. Chem. Soc. 2003, 125,
2016.

[8] H. Adams, E. Ashworth, G. A. Breault, J. Guo, C. A. Hunter, P. C.
Mayers, Nature 2001, 411, 763.

[9] F. Durola, D. Hanss, P. Roesel, J.-P. Sauvage, O. S. Wenger, Eur. J.
Org. Chem. 2007, 125.

[10] B. P. Sullivan, T. J. Meyer, J. Chem. Soc. Chem. Commun. 1984,
1244; L. Sacksteder, A. P. Zipp, E. A. Brown, J. Streich, J. N. Demas,
B. A. DeGraff, Inorg. Chem. 1990, 29, 4335; A. P. Zipp, L. Sacksted-
er, J. Streich, A. Cook, J. N. Demas, B. A. DeGraff, Inorg. Chem.
1993, 32, 5629; J.-M. Kern, J.-P. Sauvage, J.-L. Weidmann, N. Armar-
oli, L. Flamigni, P. Ceroni, V. Balzani, Inorg. Chem. 1997, 36, 5329.

[11] M. Geoffroy, M. Wermeille, C. O. Dietrich-Buchecker, J.-P. Sauvage,
G. Bernardinelli, Inorg. Chim. Acta 1990, 167, 157.

[12] F. Durola, J.-P. Sauvage, O. S. Wenger, Chem. Commun. 2006, 171.
[13] J.-P. Sauvage, M. Ward, Inorg. Chem. 1991, 30, 3869.
[14] CCDC-644916–CCDC-644919 contain the supplementary crystallo-

graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

[15] G. M. Sheldrick, SHELXTL 6, Bruker AXS Inc., Madison, Wiscon-
sin, USA.

[16] A. L. Speck, PLATON, Utrecht University, Utrecht, The Nether-
lands, 2001.

[17] G. M. Sheldrick, SADABS, University of Gçttingen, Germany, 2003.

Received: May 4, 2007
Published online: July 16, 2007

Chem. Eur. J. 2007, 13, 8749 – 8753 E 2007 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 8753

FULL PAPERThree-Component Entanglements

www.chemeurj.org

