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A new cyanide-containing building block K[Fe(pcq)(CN)s] [1;
pcq- = 8-(pyridine-2-carboxamido)quinoline anion] containing a
low-spin Fe'" center with three cyanide groups in a meridional
arrangement has been successfully designed and synthesized.
Three cyanide-bridged trinuclear Fe",Mn" complexes, [Fe(pcq)-
(CN)3Jo[Mn(CH30H)2(H20)2]-2H20 (2), [Fe(pcq)(CN)s[Mn(bipy)2]*
CH30H-2H,0 (3), and [Fe(pcq)(CN)s]o[Mn(phen),]-CH;0H-2H,0
(4), have been synthesized and structurally characterized. The
magnetic susceptibilities of the three heterometallic complexes have
been investigated.

The synthesis and magnetism of meteyanide clusters

have currently attracted extensive interest in order to fully
understand the magnetostructural correlations in these spe-(©)

cies?

Recently, the employment of versatile cyanide-containing

building blocks [M(LX(CN),]¢~ (M = Fe"', Cr'", Ru", R€',
and Cd; L = blocking ligands)*¢in place of the commonly
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used cyanometalates [MCN)]¢>~ (M = Fe, Cr, Mn}’” and
[MY(CN)]s®~ (M = W, Mo)!® seems to be an interesting
strategy for assembling heterometallic polynuclear complexes
because [M(LXCN)]9" can readily control nuclearity,
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Chart 1.  Structure of [Fe(pcq)(CN)— in 1
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topology, and dimensionality. More importantly, some of
resulting cyanide-bridged polynuclear complexes exhibit
interesting single-molecule magnétd4 Apparently, this

strategy opens a broad world for cyanide-bridged complexes

because a larger number of [MEN),]9~ building blocks

can be designed by changing the ligand L. Nevertheless, until

now only several such stable building bloti&*? have been

exploited to assemble magnetic complexes, and it remains a

challenge to design and synthesize such building blocks.
Apparently, the stability is a key factor for the synthesis
and application of [M(L)YCN),]9, which is determined by
the blocking ligand L. Realizing that Julve’s group and our
group have respectively exploited the stable building blocks
[Fe(bpca)(CNy]~ and [Fe(bpb)(CNJ)~ [bpca bis(2-
pyridylcarbonyl)amidate anion; bpb = 1,2-bis(pyridine-
2-carboxamido)benzenate] containing large in-plane pyridine
imide and pyridinecarboxamide ligands bpcand bpB-,
we introduced an asymmetric ligand 8-(pyridine-2-carboxa-
mido)quinoline (Hpcq) containing a carboxamide group as
well as a pyridine ring. A stable building block K[Fe(pcq)-
(CN)3] (1) with three cyanide groups in a meridional
arrangement and the in-plane ligand pdqg the equatorial

plane has been successfully synthesized, as shown in Char,

1. The reaction oflL with Mn(ClQ,),*6H,0O, Mn(bipy)Cl,,
and Mn(phenCl, led to three cyanide-bridged gVin"
clusters,2—4 (Figure 1).

X-ray crystallograph¥? shows that the crystal structures
of 2—4 consist of one [Mn(CkOH)x(H20),]%", [Mn-
(bipy)z]%*, or [Mn(phen)]?* and two [Fe(pcq)(CN]~ units,
where each [Fe(pcq)(Ch) unit acts as a monodentate
ligand through one of its three cyanide groups cis toward
the Mn' ion, which are different from the one-dimensional
ladder complex{[Mn(H,0)s][Fe(bpca)(CNj]}[Fe(bpca)-
(CN)g.%

(19) Crystal data:2 (F&MnCgzgH3eN120s), My, = 955.43, T = 293 K,
monoclinic, space grou@2/c, a = 21.125(16) Ab = 14.483(10) A,
c=15.061(12) Ap = 113.302(3), U = 4232(5) B, Z = 4, pcaica=
1.499 g cm3, x = 1.035 mm?, A(Mo Ka) = 0.710 70 A, 16 791
measured reflections, 4815 unique reflections, 3685 observed reflec-
tions | > 20(1)]. R1 = 0.0510, wR2= 0.1225 (all data), GOF=
1.108 based on 288 parameteBs.(F&EMNCs7H44N1605), My
1199.72,T = 293 K, monoclinic, space group2:/a, a = 17.477(3)

A, b = 16.156(3) A,c = 18.996(4) A, = 101.6990(10), U =
5252.5(16) R, Z = 4, peaica= 1.517 g cm3, u = 0.850 mn?, (Mo
Ka) = 0.71073 A, 37 468 measured reflections, 10 113 unique
reflections, 8582 observed reflections $ 20(1)]. R1 = 0.0700,
wR2 = 0.1877 (all data), GOF 1.052 based on 739 parametets.
(FeMnCs1H44N160s5), My = 1247.76,T = 293 K, monoclinic, space
groupP2;/c, a = 19.388(4) A,b = 16.273(3) A,c = 17.849(4) A,

B = 104.58(3y, U = 5450.1(19) &, Z = 4, peaica= 1.521 g cm?,
u=0.822 mnt?, (Mo Ko) = 0.710 73 A, 9533 measured reflections,
9533 unique reflections, 6397 observed reflectidns Ro(l)]. R1 =
0.0870, wR2= 0.2337 (all data), GOF= 1.011 based on 766
parameters.
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Figure 1. ORTEP plot of2 (top), 3 (middle), and4 (bottom) drawn at
0% probability thermal ellipsoid (hydrogen atoms and the solvate molecules
re omitted for clarity).

The iron(lll) ions in complexe2—4 are coordinated by
three pcq nitrogen atoms and three cyanide carbon atoms
in a slightly distorted octahedral geometry. The iron(lll) ions
and the three chelating nitrogen atoms from the dagand
are practically planar. The F&C bond lengths range from
1.944(7) to 1.989(4) A in the three complexes, which are in
good agreement with those in the [Répca)(CN)]~ and
[FE"(bpb)(CN}]~ compoundg®3216 The Fe-Namiqe bond
distances [1.869(5)1.881(3) A] are significantly shorter than
those of Fe-Npyrigine [1.953(3)-1.969(3) A], indicating that
the deprotonated amide group is a very strorapnor. The
Fe—C=N linkages are almost linear [175.3(6)79.7(4}].

The manganese atom his hexacoordinated with two
water oxygen atoms at trans positions, two methanol oxygen
atoms, and two cyanide nitrogen atoms, yielding MON
octahedral surroundings. The manganese aton3saind 4
are coordinated by six nitrogen atoms, leading to MnN
octahedral surroundings. The average NNiyan, bond
distances are 2.195(3) A f@ 2.194(3) A for3, and 2.174-

(5) A for 4. The Mn—N=C bond angle is 171.1(3)for
Mn1—N3—C3 in 2, whereas the MrRN=C bond angles in

3 and4 are different; Mnt+N1-C1=172.5(3} and MnL-
N4—C4 = 154.1(3y for 3; Mn1—N1-C1 = 173.0(5} and
Mn1—N4—C4 = 149.6(5) for 4. The intramolecular Fe- - -
Mn separations through bridging cyanides are 5.279 A for
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On the basis of the trimeric model, the magnetic suscep-
tibilities of complexe2—4 can be fitted accordingly by the
following expression derived from the isotropic exchange
spin HamiltonianH = —2JSn(Sre1 + Sep) for 2—4. The
best-fit parameters in the whole temperature rang8@®
K obtained are] = —1.11(6) cm?, g = 2.05(1),zJ =
_039(2) le, andR = Z(XobsdT — XcaIdT)Z/z(XobsdT)z =
21 T 2.94 x 10°° for complex2, J = —3.73(3) cm!, zJ =
S . PO P . Ao . —0.17(1) cm?, g = 2.06(1), andR = 3.23 x 105 for

K complex3, andJ = —4.03(3) cm?, zJ = —0.15(1) cm?,
g=2.05(1), andR = 1.88 x 10 5 for complex4, wherezJ
31 R accounts for the contributions except intramolecular magnetic
coupling. Meanwhile, considering the difference in the bond
angles of MR-N=C in 3 and 4, we have tried to fit the
magnetic susceptibilities of the two complexes using the
CLUMAG progrant® on the basis of the Hamiltoniad =
g —2hSunSre1 — 2J:SunSee2 The fits above 20 K are satisfac-
o 1 3 3 1 3 tory, giving the best-fit parametes = —3.25(1) cni?,
£ e J, = —5.10(1) cm%, g = 2.07(1), andR = 4.2 x 1074 for
0 30 100150200 250 300 3andJ; = —3.10(1) cm?, J, = —5.50(1) cm?, g = 2.06-
(1), andR = 2.4 x 107° for 4 (see S8 in the Supporting
54 ol DALPRLEEEEEEE Information). The averages df andJ, are much close to
the formerJ values.

TheJ values in2—4 are comparable with each other and
with those in the cyanide-bridged'FeIn" clusters®®8%The
structural differences (coordination surroundings around the
Mn' ion, the bond bending of MaN=C—Fe linkages, etc.)
I can answer for the slight variation dfin these complexes,

0 50 100 150 200 250 300 which also can explain why thkvalues are almost the same

T/K for 3 and4 with very similar molecular structure. The larger

Figdu‘{ebZ-l Tegﬂhperatludr? dependencewﬁﬂbfor f2 (_upﬁef), 3 (middle), absolutel values in3 and4 probably correspond to the linear
20 Delow). The ol s epresen e bes 1 FMPeratue 1GE \in—N=C bond and the shorter MrN bond lenghs tha

dependences of magnetization. The lines represent the Brillouin functions commonly enhance the antiferromagnetic coupling between
that correspond to noninteractig= Sun + 2S-e (solid) andS= 3, (dotted) Fe!' and Mr' ions.
with g = 2.0.
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In summary, we have successfully designed and synthe-
2,5.294 A (Mn1- - -Fel) and 5.182 A (Mn1- - -Fe2) f8r sized a novel asymmetric meridional tricyanide-containing
and 5.254 A (Mn1- - -Fel) and 5.101 A (Mn1- - -Fe2) for building block 1 and obtained a new series of cyanide-
4. The shortest intermolecular metahetal separations are  bridged F&,Mn" trinuclear complexes based dn The
6.932 A for2, 7.783 A for3, and 7.828 A fo#, respectively.  present study further suggests that the pyridinecarboxamide
The temperature dependences of magnetic susceptibilitiedigand is suitable for the preparation of stable [M{ION),]9~
are measured in the temperature rang8@0 K for 1 (see building blocks, which also opens a wider perspective for

S7 in the Supporting Information) and-800 K for 2—4 assembling novel magnetic heterometallic complexes.
(Figure 2) in the applied field of 2000 Oe. ThaT value

for 1 at room temperature (0.618 emu K my)l together Acknowledgment. This work was supported by the
with the field dependence of magnetizatian?aK demon- National Natural Science Foundation of China (Project Nos.
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good agreement with those reported for other low-spin cyano- Foundation.

containing mononuclear iron(lll) speciédhe orbital con-

tribution to the magnetization should be responsible for the  Supporting Information Available: X-ray crystallographic file

high room-temperaturg,T value. The room-temperatuyaT (CIF), syntheses ofl—4, cell packing diagrams o—4, and

values of2—4 are in a narrow range of 5.2%.31 emu K magnetic data ofl. This material is available free of charge via

mol~t. Upon a lowering of the temperaturg,T decreases the Internet at http://pubs.acs.org.

gradually until about 75 K foR and 100 K for3 and4 and

then sharply decreases. This is characteristic of antiferro-

magnetic coupling in the three cyanide-bridged trimeri¢ Fe . . . :
(20) Gatteschi, D.; Pardi, lGazz. Chim. 1tal1993 123 231. The series

¥ L . .
Mn C|US’[€TS, which is also proven by the Brillouin curves of calculations were made using the computer program CLUMAG,
(inset of Figure 2). which uses the irreducible tensor operator formalism.
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