Controlling the formation of discrete complexes or a 1-D directional
coordination network by the binding ability of anionst

Abdelaziz Jouaiti, Valérie Jullien, Mir Wais Hosseini* Jean-Marc Planeix and André De Cian
Laboratoire de Chimie de Coordination Organique, Université Louis Pasteur, F-67000 Srasbourg,

France. E-mail: hosseini @chimie.u-strasbg.fr

Luu.lOZ)Luan/g-lO‘JS-l'MMM

uoledIUNWWo)D)

WWOIWIHD

Received (in Cambridge, UK) 5th March 2001, Accepted 8th May 2001
First published as an Advance Article on the web 31st May 2001

Based on the coordination ability of Cl104,—, BF,— and Cl—
anions, a switch from discrete octahedral Co(11) complexes to
a directional 1-D network was demonstrated using organic
tectons based on a pyridine unit as a monodentate coordina-
tion site and a terpyridine moiety as a tridentate coordina-
tion pole; whereas with non-coordinating anions discrete
mononuclear complexes were obtained, for Cl— anion a 1-D
coordination network was obtained in the presence of CoCl,
under self-assembly conditions; the X-ray study on a single
crystal revealed the centrosymmetric packing of the 1-D
networks.

The self-assembly process based on the use of metals and
organic ligands is a powerful strategy allowing generation of
polynuclear assemblies displaying a variety of finite archi-
tectures.r The same strategy is aso currently used to prepare
coordination networks which are infinite assemblies possessing
translational symmetry.2

Let us focus on 1-D coordination networks obtained by a
single trandation of an assembling core defined by the
coordination of the metal to the organic tecton. Although many
examplesof 1-D networks using metalswith linear coordination
geometrics and bis-monodentate tectons have been prepared,
for metals adopting other coordination geometries such as
square planar, tetrahedral or octahedral only a rather small
number of investigations have been reported. The magjority of
coordination networks reported so far are based on 4,4'-
bipyridine,3 however, few examples based on bis-bidentate? or
tetrakis-monodentates7 ligands have been aso reported. Fi-
nally, only a few structurally characterised networks based on
bis-tridentate tectons have been published.8-10

For coordination networks based on metal cations and
anionic organic tectons bearing the same but opposite charges,
the charge compensation criteria is fulfilled. In this case, the
design of the network may be based on the match between the
coordination features of the metal and the organic tecton.
However, when charge neutrality is not achieved by the two
partners, the presence of a third component is required thus
leading to a three-component system. For a combination of
neutral tectonsand metal cations, based on the binding ability of
the anion, two possibilities may be considered. Non-coordinat-
ing anions would mainly play a charge compensating role
without interfering directly with the metal centres, whereas
coordinating anions form direct bonds with the metal cation. In
the latter case, one may take advantage of this requirement to
control the coordination sphere around the metal cation. For
example, for metal centres adopting O, geometry, the use of
bulky and coordinating anions such as Cl— would lead to the
occupation of the two axia positions thus leaving the square
planar base for construction of coordination networks.1t

Here we report the design and synthesis of a tecton 1 and,
depending on the coordinative nature of theanion (Cl—, ClO4™),
theformation of either adiscrete complex 4 or a1-D directional
network 5 using Co(i1) complexes.

T Dedicated to Frangois Mathey on the occasion of his 60th birthday.
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Ligand 1 (Scheme 1) is based on a combination of apyridine
(py) and terpyridine (terpy) units. The junction between the
mono- and tri-dentate units was achieved using an ethynyl
spacer. The latter was chosen because it should minimise
possible steric effects affecting the packing of 1-D networksin
the solid state and should allow electronic communication
between the py and terpy sites.12 An example of a py directly
connected to a terpy has been reported by Constable et al .13

For Co(i1) cations adopting Oy, geometry, in the case of non-
coordinating anions such as ClO4—, all six available coordina-
tion positions may be occupied by two terpy moieties belonging
to two molecules of 1 acting asligandsthusleading to adiscrete
complex 4 (Scheme 1). However, in the presence of coordinat-
ing anions such as Cl—, the two anions would occupy the two
axial positions leaving four coordination sites located at the
square planar plane of the octahedron. Then 1 may act as a
tecton by connecting the metal centresinto a 1-D network such
as 5. Indeed, the four available coordination positions may be
occupied by aterpy moiety belonging to onetecton 1 and by the
py unit belonging to another tecton 1, leading by a single
trandation of an assembling core defined as [py—CoCl —terpy],
toal-D network. Moreover, owing to the unsymmetrical nature
of 1, adirectional 1-D network should be obtained. The latter
point is of interest for directional physical properties if one
could avoid centrosymmetric packing of directional 1-D
networks.

The starting material for the synthesis of 1 was 214 which was
prepared according to published procedures.14 The synthesis of
1 was achieved by coupling 2 with 35 in the presence of
Pd(OAC), and PhgP in EtzN under reflux for 48 h. Pure ligand
1 was obtained as a white powder in 98% vyield after
chromatography (Al,Os, hexane—diethyl ether 6:4).

Upon slow diffusion at room temp. of a MeOH solution
containing Co(ClO,)»-6H,0 (4 mg) into a CHCl; solution of 1
(5 mg), orange crystals were obtained after ca. 4 h. An X-ray
studyt on a single-crystal showed the presence of 4 with the
following relevant features. the crystal (monoclinic) was
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Fig. 1 X-Ray crystal structure of the mononuclear Co complex 4. ClO4~
anions, H atoms and sol vent molecules are omitted for clarity. For distances
and angles see text.

composed of 1, Co?*, 2ClO4— and 2CHClIs. For the cationic
complex 4 comprised of one cation and two ligands 1, the metal
adopts a distorted O, geometry with all six coordination
positions occupied by 6 N atoms belonging to two terpy units.
Whereas the two N—Co distance are 1.88 and 1.92 A in the case
of both central Ey units, the other N—Co distances are between
2.00 and 2.14 A. For nitrogen atoms in cis disposition the N—
Co—N angle varies from 78.5 to 103.0°, whereas for those in
trans configuration, the N—Co-N angle varies from 156.9 to
178.4° (Fig. 1). No specific interactions between 4 and ClO4—
anions are observed. Interestingly, the same observations were
made for an analogous ligand (in which the terpy unit was
connected by the same ethynyl spacer to the py moiety at the
position 3) upon treatment with Co(BF,)2:6H,0 (synthesis and
X-ray data not reported here).

Upon dow diffusion a room temp. of a MeOH solution
containing CoCl,-6H,0 (6 mg) in to a CH,Cl, solution of 1 (6
mg,), purple crystals were obtained after ca. 24 h. An X-ray
study# revealed the presence of the 1-D network 5. The crystal
(monoclinic) was composed of 1, Co2+, 2Cl— and 1 CH,Cl,. As
expected for the coordinating Cl— anion, a directional 1-D
neutral network based on the interconnection of CoCl, units by
1 is observed. The assembling core is a distorted octahedral
Co(n) complex for which the coordination sphere is composed
of two CI— and four N atoms. The two Cl— anions occupy the
two axial positionswith aCo—Cl distance of ca 2.463 A and Cl—
Co—Cl angle of 179.5°. The square base of the octahedron is
composed of one py belonging to 1 and one ter;X unit belonging
to next tecton 1 with Co-N distances of 2.131 A for the py unit
and 2.048 A for the central py of the terpy moiety. The other two
Co-N distances are ca. 2.162 A. Whereas the CI-Co-N angle
variesfrom 88.6 t0 91.3°, the N—Co—N angle varies between ca.
76.7 and 103.3°. The N-Co-N angle between the py and the
central py unit of the terpy moiety is 180.0°. The py and the
terpy units are not coplanar but are tilted by ca 112 ° (Fig. 2).

Owing to the unsymmetrical nature of 1, the 1-D network is
directional by nature. In principle, a directional 1-D network
may either be packed in centrosymmetric or non-centrosym-
metric modes in the crystalline phase. In the example reported
here, the directional networks are positioned in a paralléel
fashion but oriented in opposite directions, thus leading to an

Co N® Co® ClO

Fig. 2 A portion of the X-Ray crystal structure of the directional 1-D
network 5 showing the packing of consecutive networks in ‘head-to-tail’
fashion. H atoms and solvent molecules are omitted for clarity. For
distances and angles see text.

overall non-directional system (Fig. 2). This centrosymmetric
packing may be due to cancellation of dipolar moments.

In conclusion, using a neutral tecton such as 1 and Co(ir),
depending on the its coordination ability, the role of the
auxiliary anions in directing either the formation of discrete
complexes or a 1-D network was demonstrated. Indeed,
unsymmetrical ligand 1 based on two different coordination
poles and non-coordinating anions such as ClO4— lead to the
formation of a discrete Co(i1) octahedral complex 4, wheress,
for acoordinating anion such as Cl—, the self-assembly of CoCl,
and 1 leads to the formation of a neutral and directional 1-D
network 5 in the solid state. The directional 1-D networks are
packed parallel to each other with opposite orientation. Since
the discrete complex 4 possesses two non-coordinating pyridine
units, it may act as an exo-ligand and thus may be used as a
metallatectoné for generating heteronuclear coordination net-
works. This aspect is under current investigation.

Notes and references

F Crystal data: 4: (orange, 173 K), CysH28C0Ng-2CHCI3-2CIO,4, M =
1165.36, monoclinic, spacegroup P2/c, a = 8.8059(2), b = 34.3527(7),c =
16.8241(4) A, B = 104.779(5), U = 4921.0(2) A3, Z = 4, D, = 157
gcm—3, u(Mo-Kwa) = 0.845 mm—1, 3744 datawith | > 30(l), R = 0.077,
Ry = 0.087. 5: (purple, 173 K), CxH14Clo,CoN4-CH,Cl,, M = 549.16,
monoclinic, space group P2/n, a = 8.7151(7), b = 13.792(1), ¢ =
10.2996(5) A, B = 112.095(5), U = 1147.1(1) A3, Z = 2, D, = 1.59
gcm—3, u(Mo-Ke) = 1.234 mm—1, 1295 datawith | > 30(l), R = 0.063,
Ry, = 0.074. Data were collected on a Nonius Kappa CCD and structural
determination was achieved using the Nonius OpenMolenN package.18
CCDC 163354 and 163355. See http://www.rsc.org/suppdata/cc/bl/
b102042k/ for crystallographic datain CIF or other electronic format.

1 G. F. Swegers and T. J. Malefetse, Chem. Rev., 2000, 100, 3483.

2 R. Robson, in Comprehensive Supramolecular Chemistry, ed. J. L.
Atwood, J. E. D. Davies, D. D. Macnicol and F. Vogtle, vol. 6 (ed. D. D.
Macnicol, F. Todaand R. Bishop), Pergamon, New Y ork, 1996, p. 733;
S. R. Batten and R. Robson, Angew. Chem.,, Int. Ed., 1998, 37, 1460.

3 M. Fujita, in Comprehensive Supramolecular Chemistry, vol. 9 (ed. J. P.
Sauvage and M. W. Hosseini), Pergamon, New York, 1996, p. 253;
O.M. Yaghi, H. Li, C. Davis, D. Richardsonand T. L. Groy, Acc. Chem.
Res., 1998, 31, 474; T. L. Hennigar, D. C. MacQuarrie, P. Losier, R. D.
Rogers and M. J. Zaworotko, Angew. Chem., Int. Ed. Engl., 1997, 36,
972; J. Blake, N. R. Champness, S. S. M. Chung, W-S. Li and M.
Schroder, Chem. Commun., 1997, 1675; M. A. Withersby, A. J. Blake,
N. R. Champness, P. Hubberstey, W-S. Li and M. Schroder, Chem.
Commun., 1997, 2327.

4 U. Velten and M. Rehahn, Chem. Commun., 1996, 2639

5 C.Kaes, M. W. Hosseini, C. E. F. Rickard, B. W. Skelton and A. White,
Angew. Chem,, Int. Ed., 1998, 37, 920.

6 G. Midlin, E. Graf, M. W. Hosseini, A. De Cian, N. Kyritsakas and J.
Fischer, Chem. Commun., 1998, 2545.

7 C. Klein, E. Graf, M. W. Hosseini, A. De Cian and J. Fischer, Chem.
Commun., 2000, 239; C. Klein, E. Graf, M. W. Hosseini, A. De Cian and
J. Fischer, New J. Chem., 2001, 25, 207.

8 E. C. Constableand A. M. W. Cargill Thompson, J. Chem. Soc., Dalton
Trans., 1992, 3467; E. C. Constable, A. J. Edwards, D. Philipsand P. R.
Raithby, Supramol. Chem., 1995, 5, 93.

9 S J Loeb and G. K. H. Shimizu, Chem. Commun., 1993, 1395; M.
Ferigo, P. Bonhéte, W. Marty and H. Stoeckli-Evans, J. Chem. Soc.,
Dalton Trans., 1994, 1549; A. Neels, B. Mathez Neels and H. Stoeckli-
Evans, Inorg. Chem., 1997, 36, 3402.

10 M. Loi, E. Graf, M. W. Hosseini, A. De Cian and J. Fischer, Chem.
Commun, 1999, 603; M. Loi, M. W. Hosseini, A. Jouaiti, A. De Cian
and J. Fischer, Eur. J. Inorg. Chem., 1999, 1981.

11 A. Jouaiti, M. W. Hosseini and A. De Cian, Chem. Commun., 2000,
1863.

12 R. Ziessel, Synthesis, 1999, 1839.

13 E. C. Constableand A. M. W. Cargill Thomson, J. Chem. Soc., Dalton
Trans, 1992, 2947.

14 E. C. Constable and M. D. Ward, J. Chem. Soc., Dalton Trans., 1990,
1405; B. Whittle, S. R. Batten, J. C. Jeffrey, L. H. Reesand M. D. Ward,
J. Chem. Soc., Dalton Trans., 1996, 4249.

15 L. DellaCianaand A. Haim, J. Heterocycl. Chem., 1984, 21, 607.

16 H. Akdas, E. Graf, M. W. Hosseini, A. De Cian and J. McB.
Harrowfield, Chem. Commun., 2000, 2219.

17 OpenMolenN, Interactive Structure Solution, Nonius B. V., Delft, The
Netherlands, 1997.

Chem. Commun., 2001, 1114-1115 1115



