Complexed bridging ligand, [M(bpca),] (M = Mn(11) or Fe(i);
Hbpca = bis(2-pyridylcarbonyl)amine), as a building block for

linear trinuclear complexes
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The antiferromagnetically coupled trimanganese complex
[Mn"(bpca),{Mn"(hfac),},] (Hbpca = bis(2-pyridylcarb-
onyl)amine; Hhfac = hexafluoroacetylacetone) and its
iron-manganese mixed metal derivative, [Fe"(bpca),-
{Mn"(hfac),},], were synthesized by the reaction of two
equivalents of [Mn(hfac),(H,0),] with one equivalent of
[M(bpca),], the latter acting as a bridging complexed-
ligand.

The chemistry of multi-metal-centered complexes or metal
complex assemblies with highly ordered solid state structures
has attracted much attention.' In such chemistry, “complexed-
ligands” are known to be beneficial in the construction of
multi-metal complexes and the control of their properties.
Monomeric complexes containing the tridentate ligand
bpca” (Hbpca = bis(2-pyridylcarbonyl)amine), [M(bpca),] (M =
Mn(u),> Fe(),® Ni(m),* Cu(um),* Zn(m)*) and [M(bpca),]X
(M = Fe(ir); X~ =NO;~, ClO,"),* could be examples of this
type of complexed ligand, although no example has been
reported to our knowledge. They have four free C=O groups
which may act as two sets of bidentate donors, and, upon reac-
tion with a metal ion M’, they may give a trinuclear complex of
the type M'(pu-bpca)M(p-bpca)M’. It has been reported that
oximato and oxamido complexes can act as a complexed ligand
to give di-,’ tri-,® and tetra-nuclear complexes.” One of the char-
acteristics of the present system is that {M(bpca),} has a
delocalized m-system which might mediate M—M' interactions
in redox and magnetic behaviour in a different way from
oxamido complexes. Here we report two examples of trinuclear
complexes containing bridging {M(bpca),}.
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[Mn(bpca),]-H,0? or [Fe(bpca),]-H,O* was allowed to react
with two equivalents of [Mn(hfac),(H,0),] in CHCI, solution
(Hhfac = hexafluoroacetylacetone). Slow evaporation afforded
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Fig. 1 An ORTEP? drawing of [Mn(bpca),{Mn(hfac),},] with ther-
mal ellipsoids at 30% probability. Hydrogen atoms and fluorine atoms
are omitted for clarity. Selected bond distances (A): Mn(1)-N(1)
2.246(2), Mn(1)-N(2) 2.196(2), Mn(1)-N(3) 2.221(2), Mn(1)-N(4)
2.262(2), Mn(1)-N(5) 2.203(2), Mn(1)-N(6) 2.242(2), Mn(2)-O(1)
2.153(2), Mn(2)-0(2) 2.176(2), Mn(2)-O(5) 2.146(3), Mn(2)-O(6)
2.163(3), Mn(2)-O(7) 2.126(3), Mn(2)-O(8) 2.113(3), Mn(3)-0O(3)
2.171(2), Mn(3)-O(4) 2.190(2), Mn(3)-O(9) 2.152(2), Mn(3)-O(10)
2.147(2), Mn(3)-O(11) 2.120(2), Mn(3)-O(12) 2.122(2), O(1)-C(6)
1.221(3), O(2)-C(7) 1.220(3), O(3)-C(19) 1.251(3), O(4)-C(18)
1.241(3), Mn(1) - - - Mn(2) 5.6708(6), Mn(1) - - - Mn(3) 5.6855(6).

almost quantitatively orange and black crystals of trinuclear
complexes, [Mn(bpca),{Mn(hfac),},] and [Fe(bpca),{Mn-
(hfac),},], respectively.t

Fig. 1 shows the structure of [Mn(bpca),{Mn(hfac),},].1 As
expected, a {Mn(bpca),} unit binds two {Mn(hfac),} units as a
bridging bis-bidentate complexed-ligand. The central Mn ion,
Mnl, is surrounded by four pyridyl nitrogens (N1, N3, N4 and
N6) with Mn-N distances of 2.221(2)-2.262(2) A and two
amide nitrogens (N2 and NS5) with distances of 2.196(2) and
2.203(2) A. The latter are slightly longer than those in the par-
ent monomeric [Mn(bpca),] (2.179(7) and 2.169(7) A)2? The
C=0 distances (average 1.233 A) are definitely longer than those
in the monomer, which results in the low frequency shift of C=0
stretching (1670 cm™': an intense band at 1700 cm™! for the
parent monomer?). These facts suggest that the minus charge
of bpca™ is delocalized on the O—-C-N-C-O moiety in the tri-
nuclear complex, whereas it is located mainly on the amide
nitrogen in [Mn(bpca),]. Terminal Mn ions, Mn2 and Mn3, are
coordinated by six oxygen atoms from two hfac anions and
from a {Mn(bpca),} unit with Mn-O distances of 2.113(3)—
2.190(2) A. These two terminal Mn ions are in a chiral
environment with the combination A, A. The three Mn ions are
arranged in an almost linear fashion with separations of
5.6708(6) A for Mnl---Mn2 and 5.6855(6) A for Mnl - - -
Mn3, respectively.

The structure of [Fe(bpca),{Mn(hfac),},] was isostructural
to [Mn(bpca),{Mn(hfac),},].§ Overall structural features
including delocalization of the O—-C-N-C-O moiety are very
similar to each other.
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Fig. 2 Plots of y,,T (0) and y,, (x) vs. T for [Mn(bpca),{Mn(hfac),},].
Solid line corresponds to the theoretical curve for which parameters are
given in the text.

The temperature dependence of the magnetic susceptibility
of the compounds was measured down to 2.0 K. Fig. 2 shows
the magnetic susceptibility data for [Mn(bpca),{Mn(hfac),},] in
the form of y,7 and y,, vs. T plots. The y,,7 value at room
temperature, 12.9 cm® K mol™, is slightly smaller than the
spin-only value of 13.1 cm® K mol ™! for the dilute three-spin
system with a g value of 2.00. On lowering the temperature, the
xml value gradually decreases suggesting antiferromagnetic
interaction between adjoining Mn(11) ions through the delocal-
ized m-system. Magnetic data of the trimer was analyzed by the
three-spin model with exchange coupling constant J [H =
—2J(Snmn1*Svinz T Suini*Sams)]. The least squares calculation
yielded the best fit parameters of g =1.98(1) and J= —0.35(1)
cm™ !, [Fe(bpca),{Mn(hfac),},] containing low-spin Fe(ir) gave a
temperature independent y,,7 value of 8.52 cm® K mol™" above
10.0 K. The weak magnetic interaction in [Mn(bpca),{Mn-
(hfac),},] may be related to the Mn-N distances of 2.196(2)—
2.262(2) A, which are longer than the M—N separations of
divalent late first row transition metal ions. In fact, [Mn-
(bpca),{Mn(hfac),},] shows no distinct MLCT (from Mn to
bpca™) band in the absorption spectrum,q suggesting weak dn—
pr interactions.

This study shows that [M(bpca),]"" could be a potential
building block for supramolecular compounds. In fact, similar
trinuclear complexes [M(bpca),{Mn(hfac),},] (M =Ni(m),
Cu(m)) have been isolated vie similar reactions, in which
{M(bpca),} is acting as a building block.'® Such studies are now
in progress in our laboratories.
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Notes and references

T Elemental analysis: 1, found: C, 36.37; 1.62; N, 5.85. Calc. for
CyH ;sNgO,Mn,F,,: C, 36.61; H, 1.26; N, 5.82%. 2, found: C, 36.59;
H, 1.53; N, 5.77. Calc. for C4,H,;sN;O,,FeMn,F,,: C, 36.59; H, 1.26;
N, 5.82%.

i Crystal data: C,,H ;sNcO,Mn;F,,, M = 1443.44, orthorhombic, space
group Pna2, (no. 33), a=17.142(9), b=20.552(3), c¢=16.233(4) A,
U=57183) A%, Z=4, D,=1.676 g cm™*, F(000)=2940.00, u(Mo-
Ko)=12.30 em™, 3953 unique reflections (I > 2.0a(1)) collected at
room temperature with Mo-Ka radiation (1=0.71069 A) up to
20 =55.0° on a Rigaku AFC 78 diffractometer. Final R value is 0.058
for observed data. CCDC reference number 186/1132. See http://
www.rsc.org/suppdata/dt/1998/3351/ for crystallographic files in .cif
format.

§ Crystal data: C,H;4N¢O,FeMn,F,,, M =1444.35, orthorhombic,
space group Pna2, (no. 33), a=16.701(6), b =20.134(7), ¢ = 16.353(5)
A, U=5498(2) A®, Z=4, R=0.052.

9 Electronic spectrum in CHCI; solution: A, = 290 nm (¢ = 60500 dm?
mol ! cm™) and ca. 420 nm (shoulder, ca. 600 dm® mol™! cm™).
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