Inorg. Chem. 2006, 45, 4889—4891

Inorganic Chemistry

* Communication

Ferromagnetic Coupling by Orthogonal Magnetic Orbitals in a
Heterodinuclear Cu "VV=0 Complex and in a Homodinuclear Cu
Complex

iy

Thorsten Glaser,* -* Hubert Theil, T loannis Liratzis, T Thomas Weyhermu “ller,* and Eckhard Bill *

Lehrstuhl Anorganische Chemie |, Wersité Bielefeld, Uniersitdsstrasse 25,
D-33615 Bielefeld, Germany, and Max-Planck-Institut Bioanorganische Chemie,
Stiftstrasse 34-36, D-45470 'Nheim, Germany

Received April 13, 2006

The heterodinuclear complex [LCu"VVO] 1 was synthesized by Scheme 1
using a new unsymmetric dinucleating ligand based on 1,8- a) OO

naphthalenediol, whereas the homodinuclear Cu'Cu" complex 2 %
has a bridging S-diketimineamid unit. Here we report on the OH O N' +[VO(acac)] QO N
synthesis, molecular structures, and magnetic properties of 1 and Cu } o=V _ Cu :>
2. In the solid state, both complexes dimerize to tetranuclear entities
1, and 2,. The intradimer interaction in both complexes is

ferromagnetic because of the orthogonality of the magnetic orhitals

(J = +45.6 cm™' in 1 and +4.8 cm™* in 2). The interdimer b) /N N
interaction in 1 is also ferromagnetic, giving a S; = 2 ground state. < N </ N

/>—<

The synthesis of molecule-based magnets has attracted
considerable interest since the discovery of a molecular _
compound exhibiting a spontaneous magnetization below a
critical temperaturé As Kahn emphasized, parallel alignment ferromagnetic interactions is exemplified for both hetero- and
of neighboring spins is essential for the design of a molecule- homodinuclear complexes.
based magnétTo establish recipes for parallel spin align- We have synthesized the “ring- and donor-increased”
ments, we are exploring three different strategies: the spin-derivative of salen-like ligands based on the 1,8-naphtha-
polarization mechanishin m-phenylene-bridged complexés, lenediol backbone k. to mimic and to study (a) the
the double-exchange mechanfimface-sharing octahedfa,  cooperative action of proximate metal ions as in metalloen-
and the use of orthogonal magnetic orbitalgn this zyme$ and (b) the presence of an electrophilic and a
Communication, the usefulness of the last concept to enforcenucleophilic site in metatsalen-derived catalystsThe
dinuclear CCu' complex with this ligand exhibits antifer-
romagnetic spin coupling with a coupling constantJof
—371 cnm 1.0 By reacting HL with 1 equiv of a Cll salt,

. we obtained the mononuclear complex {(Hcu"] (Scheme
" 1a) with the Ctl ion coordinated by the )D, compartment.

The noncoordinated OH groups of the empty d@@mpart-

ment form strong H bonds with the O atoms coordinated to

the CU ion, resulting in a destabilization of the Coxidation

ﬁz

TpymT
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Figure 1. (a) Molecular structure of [LCuVO]. (b) Dimer of dimersl,.
(c) Molecular structure of one of the dimers'@upCls] in [{L'Cu-
Cl3}{L'CwCl3(MeOH)}]. (d) Dimer of dimers {L'CuCls}{L'CuCls-
(MeOH)}]. 50% ellipsoids and H atoms were omitted for clarity. Selected
interatomic distances (A)1, Cu—N1 = 1.955(2), Ct-N2 = 1.961(3), Cu-
03 = 1.974(2), Ct-O1 = 1.991(2), Cu-O4#1 = 2.430(2), Cu-V =
3.0891(8), V-O5=1.597(2), V-02=1.890(2), V-04=1.935(2), V-O1
= 1.990(2), V=03 = 2.004(2), N+-C11= 1.286(4), N2-C15= 1.282-
(4); 2 (2:MeCOH), Cu3-CI31 = 2.251(2) (2.230(2)), Cu3CI32 = 2.261-
(2) (2.296(2)), Cu3N46 = 1.969(7) (1.975(6)), Cu3N47 = 1.947(6)
(1.950(7)), Cu4-CI33=2.198(2) (2.209(2)), CudN31 = 2.037(7) (2.003-
(7)), Cu4—N38 = 1.964(7) (1.962(6)), Cud4N45 = 2.038(7) (2.030(7)),
Cu4—CI2 = 2.755(2) (Cu2-020 = 2.415(6)).

By reacting [(HL)Cu'"] with 1 equiv of [VO(acacy],*??
we obtained the dinuclear complex [LBUYQO] 1 (Scheme
la). The molecular structure dfis shown in Figure 1&
The NO, ligand compartment is occupied by Cuwvhile
the O, compartment hosts a\*~=0 unit with a short \-O
bond distance of 1.60 A. Two dinuclear complexés
dimerize by weak apical coppearyl oxide interactions
(Cu—04#1= 2.43 A) to a tetranuclear entits (Figure 1b).
The vanadyl O atoms are not involved in this dimerization.

We have utilized substituted 1,3,5-trihydroxybenzene
(phloroglucinol) derivatives to synthesize trinuclear com-
plexes with ferromagnetic interactions based on spin polar-
ization® To extend our approach to 1,3,5-triazabenzene
(triazine) bridged systems, we changed to 2,4,6-tris(2-
pyridyl)-1,3,5-triazine (tptz) but obtained only a dinuclear
triazine-bridged CYCu' complex in which two pyridyl side
arms form a terpyridine-like compartment while the third
pyridyl side arm forms only a bipyridine-like compartmét.
To provide threen-phenylene-bridged terpyridine-like com-
partments, we have turned our attention to 2,4,6-tris(2-
pyrimidyl)-1,3,5-triazine (TpymT}>'6However, in contrast
to our experiences with tptz, we obtained by the reaction of
TpymT with CU'Cl,-2H,0 the hydrolytic produc? (Scheme
1b and Figure 1c¥?®'3 Hydrolytic cleavages of triazine
derivatives catalyzed by metal coordination have been
frequently observetf!’ Interestingly, the bridging-dike-
timineamid unit results in a relative rotation of the two local
Cu coordinate systems by %45In the solid state, two
dinuclear complexeg dimerize through a weak Cu4CI2
interaction in combination with one molecule of MeOH to
a tetranuclear assembBs-MeOH (Figure 1d). The dimers
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Figure 2. Temperature dependence g calculated for the tetranuclear
assembliesl, and 2,)MeOH at 1 T. The solid lines are fits to the
experimental data using the appropriate spin HamiltorfignJ;, = +45.6
cm*l, Jo3 = +0.55 crrrl, 0= 1.89,92 =2.11,6 =+0.15 K,XT|P = 300

x 1076 cm® mol=t. 2,:MeOH: Ji; = +4.8 cnTl, J)3= —2.5cm?, g, =
O3 Q2 = 04 = 2.124,x1ip = 290 x 1076 cm® mol~1. The values forp
have been subtracted from the experimental and theoretical data.

exhibit slight differences especially in the interatomic-€u
Cl distances. However, the €N bond distances of the
bridging units differ by less than 0.01 A.

The magnetic susceptibilities were measured in the tem-
perature range 2290 K for 1, and 2,-MeOH. Both
complexes show an increase of the effective magnetic
momentu.x with decreasing temperature, demonstrating the
presence of ferromagnetic interactions (Figure 2). Simulations
of the data using a dimer model were not successful in both
cases. The sharp increaseugf for complex1, below 10 K
and the steep drop qfe for complex 2,:MeOH indicate
additional ferromagnetic and antiferromagnetic interactions,
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Chart 1 been synthesized and magnetically characted2&dthe
magnitude of the ferromagnetic coupling, which depends on
the overlap density, is still under debatdt was suggested
that the overlap density depends on the dihedral anrfgle,
between the two equatorial plar@sBecause of simple
overlap consideration, the coupling should be at a maximum
for a coplanar arrangement and lowestdor 90°. A linear
relationship between the coupling constant apdwas

respectively. The magnetic properties could be analyzed byproposeod_ based on two experimental poffit€onsidering
using the isotropic Heisenberdirac—van Vleck (HDvV) ¢ = 6.4 in 1, the coupling strength should exceed that of

exchange Hamiltonian and single-ion Zeeman interactions the famous Kahn example with= 59 cni* (¢ = 9.8").
as given in eq 1 (full-matrix diagonalization). However, the value foll (J = 45.6 cn1?) is close to the

value of Nag et af! (J = 42.5 cnt with ¢ = 32°). Thus,
4 the magnetostructural correlation for '&V=0 seems to
H=Hupy + ) [1s8SB] be more complex, and the coupling strengths depend on more
' than only the dihedral angle. Considering the famous
Hiow = —231,8,S, — 20,55,S, — 23,,S,S, — 21,,S,S;, (1) magnetostructural correlation of Gorun and Lippard fdf e
OF€" 22 which depends only exponentially on half of the
The molecular topology ofl, requires the following shortest superexchange pathway, a distance dependence

coupling schemediz = Jag, Joz = Ja1, 01 = G, andgz = Q. seems to be also valid for ®uV=0: 2.03 A (Nag et al.),
We foundJ;, as well as the interdimer couplins to be 1.99 A (1), 1.96 A (Kahn et al.).
positive, according to the low-temperature rise f:. Complex 2 is a scarce exampfe for ferromagnetic

Because in this situation thg values of Clii and W are coupling in a homonuclear complex due to topological
covariant, theg value for Cll was fixed to 2.11 as in  orthogonality of the magnetic orbitals. The 4®tation of
[LCuCu]® and only theg value of VW was optimized. the local coordinate systems provided by the bridging unit
Moreover, the large increasemfy at the lowest temperatures ~ enforces the same magnetic orbital topology in théQLii
could not be fully reproduced within the spin tetramer model. complex as was observed in edge-bridged"\C2\=0
Thus, additional intermolecular interactions were taken into complexes (Chart 1). Several heteronuclear complexes with
account, as parametrized by a positive Culiéeiss tem- bridging units analogous to th&diketimineamid bridging
peraturef. The optimized values ar@, = +45.6 + 1.6 unit in 2 have been synthesizétThis bridging motif seems
cm™i, J,3 = +0.55+ 0.02 cntl, and® = +0.15 K. The to be a useful ferromagnetic coupling unit for homonuclear

ground state ofl; is § = 2. complexes, which are usually more easily accessible than

For the homonuclear metal compour2g-MeOH, the heteronuclear complexes, and we are exploring routes to
following coupling scheme was usedi, = Ja4, Js1 =0, g1 utilize it for the preparation of high-spin molecules and
= g3, andg, = gs. Although the two molecules iB,*MeOH ferromagnetic chains.
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