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Nonclassical Packing of Metal Dioximates. Superexchange through a Diamagnetic Metal Cation
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It is well-known that Ni(Il) and Pd(ll) dioximates show stacking EtN excess with subsequent extraction of the product with
effects in the solid state. This prompted us to attempt to CHCL.X® Under the conditions of the synthesis, M(Hlgom-
synthesize a spin-labeled stacking polymer from Ni(ll) and Pd- plexes are isolated as analytically pure finely dispersed powders.
(I) complexes with a stable nitroxide 2,2,5,5-tetramethyl-1- Like bischelates with ordinary diamagnetic dioximes, M(klis)
oxylpyrrolidine-3,4-dione dioxime () and investigate its insoluble in water and alcohols. CHJE the best solvent for

these compounds, although their solubility in it is very limited

HON NOH (at 295 K the maximal concentrations are 10903 and 1.49
x 1072 M for Ni(HL) ; and Pd(HL), respectively).
H.C CH, Our investigation of Ni(HL) and Pd(HL) single crystals
3 unexpectedly revealed a layered polymeric structure of the Sélids.

H;C N CH4 Figure 1 shows the structure of the Ni(HImholecule, and Figure
° 2 presents the structure of a polymeric layer. The centrosym-
(o) metric square planar environment of the metal consists of the
HL nitrogen atoms of the oxime groups. The metallocycles as well

2

as the imidazoline heterocycles are virtually planar (the rms
deviations of atoms are no more than 0.03 A). The ML
molecules have intramolecular hydrogen bondsH3--O, which
are typical in dioximates. The square planar environment of the
metal is completed to distorted octahedral by the O atoms of the
N-—0O groups of neighboring molecules (Figure 2). This leads
to formation of a parquet-like layered polymer structure of the
solid. The layers lie parallel to the (100) plane. The angles
between the planes of the coordination squares and the additional
M—O bonds are 155.6 and 159fér NiL , and PdL, respectively.
We failed to find any references to Ni(ll) and Pd(ll) dioximates
possessing a layered polymer structdréVe believe that M(HLy)
are the first examples of layered polymer Ni(ll) and Pd(ll)
dioximates with a parquet packing of molecules in the solid state.
The layered polymer structure of M(HL)s responsible for
the formation of exchange clusterdN-—QO---M---O-—N <, where

magnetic properties. The spin-labeled dioxime molecuje H
seemed to be very suitable for solving this problem, because it
consists of only the necessary fragmerdassterically hindered
nitroxyl group and a vicinal dioxime group. The cyclic structure
of the HL molecule and the methyl substituents in thgositions
relative to the carbon atoms of the oxime groups do not hinder
stacking, which is possible in solid Ni(ll) and Pd(ll) complexes
formed from ordinary diamagnetic cyclic dioximes and dioximes
with branched substituents! Moreover, earlier it was found
that M(HL), molecules, where M is Ni(ll) or Pd(ll), are square
planar in solution and thus favor formation of stacked structures.
In M(HL), solutions, exchange interactions were studied by
investigating extraction of metal ion solutions with spin-labeled
dioximes by ESR:® Solid M(HL), complexes were not isolated
and investigated.

We succeeded in isolating M(Hi)as individual solids,
including single crystals suitable for an X-ray diffraction analysis. (10) Satisfactory analyses were obtained. Synthetic procedures and analytical
Ni(HL)» was svnthesized by the reaction of Ni O} (H-O data for the complexes are de_pos_|ted as Supporting Information.

(HL)2 ) Yy A y (GEOOK(H20), (11) X-ray data for Nik (C16H26NsNiOg): yellow plate, fw 457.14, mono-
and HL in methanol in the presence of ansHtexcess. Pd- clinic, P2,/c (No. 19) at 293 Ka = 8.067(1) A,b = 11.312(1) Ac =
(HL), was obtained by the reaction of a methanol solution of 11.863(1) A, = 108.92(1), V = 1024.0(2)(4) & Z = 2, d(calc) =
H,L with an agueous solution of RdCl, in the presence of an

1.483 g/cm. Data were collected on a Siemens P3 automatic diffrac-
tometer with thef/26 scan technique in the range 2.566 < 25.05

(Mo Ka, A =0.71073 A = 0.993 mm%, 0 <h < 9,0 < k < 13,
—14 < | < 13). A total of 1952 reflections gave 1818 unique ones with
Rint = 0.0483, which were used in the refinement. FiRahdices: Ry

= 0.0757, WR, = 0.0666 for 1818y > 201 andR; = 0.1797, WR, =
0.0827 for all data, GOE 1.125, extinction coefficient= 0.0007(11).
X-ray data for Pdk (C16H26NeOsPd): orange plate, fw 504.83, mono-
clinic, P2y/c (No. 19) at 293 Ka = 8.079(2) A,b = 11.329(2) Ac =
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12.078(2) A8 = 109.91(2y, V = 1039.6(4) R, Z= 2, d(calc)= 1.613
g/c®. Data were collected on a Siemens P3 automatic diffractometer
with the 6/26 scan technique in the range 3.220 < 27.05 (Mo Ka,
A=071073Au=0938mm%0<h<9,0<k<14,—-15<| <

14). A total of 2173 reflections gave 2014 unique ones With= 0.0244,
which were used in the refinement. Firdindices: R, = 0.0326, WR,

= 0.0696 for 2014,y > 20y andR; = 0.0531, WR, = 0.0802 for all
data, GOF= 1.098, extinction coefficient= 0.0020(6). Both structures
were solved by direct methods using SHELXS-86 and refined anisotro-
pically for all non-hydrogen atoms. H atoms were located on a difference
E map and included in the refinement in an isotropic approach. The
refinement was performed d#t by the full-matrix least-squares method
(SHELXL-97).
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Figure 1. Atomic numbering scheme in the Nilmolecule. Thermal
ellipsoids are drawn at 50% probability. Selected distances (A) and angle
(deg): Ni=N(1) 1.876(4), Ni-N(3) 1.886(4), N(3}-C(4) 1.283(5), N(3)

0O(31) 1.340(4), C(4yC(1) 1.464(6), C(4yC(3) 1.510(7), C(3yN(2)
1.499(6), C(3)-C(31) 1.505(8), C(3yC(32) 1.518(8), N(2rO(21) 1.266-

(5), N(2)—-C(2) 1.485(7), C(2yC(1) 1.482(7), C(2yC(22) 1.515(10),
C(2)—C(21) 1.516(9), C(1yN(1) 1.292(5), N(1)O(11) 1.340(5), O(1ty

H(11) 1.01(7); N(1)Ni—N(3) 84.6(2). The structure of the Pglinolecule

and atomic numbering scheme are the same. Selected distances (A) an
angle (deg) for Pdi: Pd—N(1) 1.982(3), PetN(3) 1.990(3), N(1)-C(1)
1.292(5), N(1y-O(11) 1.342(4), C(1)yC(4) 1.454(5), C(1yC(2) 1.497-

(5), C(2-N(2) 1.492(5), C(2)yC(21) 1.513(7), C(2yC(22) 1.530(7),
N(2)—0(21) 1.266(4), N(2) C(3) 1.507(5), C(3)C(4) 1.504(5), C(3y

C(31) 1.528(6), C(3)C(32) 1.520(6), C(4yN(3) 1.294(5), N(3)-O(31)
1.333(4), O(11yH(11) 0.99(9); N(1)-Pd-N(3) 81.9(1).

Figure 2. Packing of ML, molecules in the unit cell. Intramolecular
H-bond distances O(13+H(11)--O(31) (O—H, H---O, C---O, OHO:
1.01(7) A, 1.49(7) A, 2.483(5) A, 168(BJor NiL,. 0.99(9) A, 1.74(10)
A, 2.683(4) A, 159(9) for PdLy) and intermolecular contacts -MO-—
(Ni---O(21) 2.953(4) A, Pe--O(21) 3.226(4) A) are given by broken
lines.

M is the diamagnetic metal ion. The-MO-— distances (2.953
A for Ni(HL) ;, and 3.226 A for Pd(HLy) are long enough for the
energies of M--O-— interactions to be considered comparable
to the energies of normal chemical bonds. At the same time,

these distances are short enough for effective interactions between

the magnetic orbitals of the nitroxyl groups of different molecules
via the intermediate metal ion separating thd-—O groups. The
experimental temperature dependences of magnetic susceptibilit
of M(HL), (Figure 3) are very well fitted by the BleaneBowers
model for isolated two-center exchange clusters with 3pif?

It was determined that the intermolecular exchange in solid Ni-

(13) Bleaney, B.; Bowers, K. DProc. R. Soc1952 A214 451.
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Figure 3. Plots of magnetic moments and magnetic susceptibilities (insert
a) vs temperature for M(HL) The solid lines represent the calculated
values with the best fit parameters.

(HL) is much more significant than that in solid Pd(HL)Y =
—22.3 cntt (in anH = —2J55, Hamiltonian) for Ni(HL) and

6.5 cntt for Pd(HL),. The>N:—0---M---:O-—N< fragments
?Figure 2) form exchange clusters in M(HLolids!* Lengthen-
ing of M---O-— distances in Pd(HL)as compared to those in
Ni(HL) (3.226 and 2.953 A, respectively) decreases the exchange
interaction energies«6.5 and—22.3 cn1?, respectively). The
structures of Ni(HL) and Pd(HL) clearly demonstrate the
efficiency of spin interactions through the bridging diamagnetic
metal ion. In the absence of a diamagnetic metal ion, the
exchange interactions between the unpaired electrons-6ON
groups separatedyts A are not more than 1 crd 1526 In fact,
superexchange in theN-—0O---O-—N< fragments of solid
M(HL), gives an antisymmetrical picture of classical superex-
change in M--X---M fragments, where unpaired electrons of two
paramagnetic metal ions (M) interact through the diamagnetic
ligand (X)7

Thus studies of the magnetic properties of solid Ni(Hand
Pd(HL), established a rather high efficiency of the bridging
diamagnetic metal ion in “conducting” exchange interactions. It
is reasonable to take into account this circumstance together with
the known data for molecular dinuclear clusters where a sub-
stantial interaction between two nitroxides is propagated through
two diamagnetic metal iof#%-2° in the design of molecular
ferromagnets.
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