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The title dinuclear Cu" complex, [Cu,(C;HgNO,),(C,Hy-
NO,),](CH;COO),, has been synthesized by the reaction of
Cu(CH3CO0),-H,O with pdmH, (pdmH, is pyridine-2,6-
diyldimethanol) in the presence of tetrabutylammonium
hydroxide. The title complex contains a centrosymmetric
Cu,0, core and each Cu'' atom has distorted octahedral
geometry. Molecular [Cu,(pdmH),(pdmH,)]** cations are
connected by hydrogen bonds involving the CH;COO™
anions, forming one-dimensional chains along the a axis.

Comment

The pyridine-2,6-diyldimethanolate ligand functions as a
bridge through its two O atoms to afford polynuclear metal
complexes (Boskovic et al., 2002; Yoo et al., 2000). Our main
strategy is to synthesize polynuclear copper complexes using
N,O-donor hydroxyalkylpyridyl ligands, because these cluster
complexes act as model complexes for the active centers of
many metalloenzymes (Agnus, 1983) and as supramolecular
building blocks for promising magnetic materials (Del Sesto et
al., 2000). Little attention has been paid to copper complexes

on 2CH;COO™

iy

based on N,O-donor hydroxyalkylpyridyl ligands, although a
few mononuclear (Andac et al., 2002; Koman et al., 2000) and
dinunclear complexes (Cheng & Wei, 2002) have been
reported. We report here the synthesis and X-ray structure of

Figure 1
An ORTEP-3 (Farrugia, 1997) diagram of (I), with the atomic numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level.

a new dinuclear Cu" complex, viz. the title complex, (I), which
has been obtained from the reaction of Cu(acetate),-H,O and
pdmH, (pdmH, is pyridine-2,6-diyldimethanol) in the
presence of tetrabutylammonium hydroxide.

The complex cation of (I) comprises a Cull(u-O), core, in
which the two w-O atoms belong to the bridging pdmH™
ligand. As shown in Fig. 1, each Cu" atom is coordinated by
neutral pdmH, as a terminal tridentate ligand and anionic
pdmH™ as a bridging bidentate ligand. The crystallographic
inversion center is located in the middle of the Cu,O,
rhombus. In the planar Cu,O; unit, the Cu- - -Cu separation
and Cu—O—Cu angle are comparable to those of other
alkoxo-bridged Cu,0, complexes (Berti et al., 2003; Cheng &
Wei, 2002; Graham et al., 2001). Each Cu atom has a highly
distorted octahedral geometry (see Table 1), with acute u-O—
Cu—p-O and N—Cu—O angles that are similar to those
found in other distorted-octahedral CuO4N, cores containing
the pdmH, ligand (Andac et al., 2002; Koman et al., 2000). The
axial Cul—O1 [2.358 (2) A] and Cul—02 [2.360 (2) A]
distances are substantially longer than the equatorial Cu—O
and Cu—N distances [1.909 (2)-2.094 (2) A] which indicates
severe Jahn—Teller distortion, despite the restraining effects of
the chelate rings. The equatorial distances are similar to the
corresponding distances in the tetragonally elongated octa-
hedral [Cu(CsHsNO)g](NOs),-2H,O complex (Wood et al.,
1984), while the axial Cu—O bond distances are shorter than
the bond length of 2.478 (2) A found in [Cu(CsHsNO)g]-
(NO3),-2H,O and that of 2548 A found in [Cu(3,2,3-tet)-
(ClOy)], [3,2,3-tet is N,N'-bis(3-aminopropyl)ethylenedi-
amine; Kwak et al., 2001], in which axial coordination ligands
have no geometric constraints. The O1—Cul—O0O2 angle
[147.54 (8)°] is significantly smaller than 180°.

It is difficult to estimate quantitatively the elongation of the
axial Cu—O bond that results from the Jahn-Teller effect and
from the geometric restraints of the chelate ring. However, it
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is certain that there is conflict between stabilization from the
Jahn-Teller effect and the geometric requirements, because
the nature of the chelate ring tends to restrict the distortion of
a complex (Huheey, 1983). The bond parameters of (I) do not
differ from those of various Cul, compounds having the
CuO,N, chromophore (L = chelate ligand; Koman et al., 2000)
and Cu" compounds containing the pdmH fragment
(Atkinson et al., 2000), whereas [Cu(pdmH,),]** exhibits a
Jahn-Teller contraction effect (Andac et al., 2002).

Figure 2

The crystal packing of (I), viewed approximately down the c axis, showing
the linear chain structure formed via hydrogen bonds (dashed lines).
Ellipsoids are drawn at the 30% probability level. [Symmetry codes: (i)
x,1+y,z; @) —x, 1 —y, —z (i) 1 —x,1 —y, —z.]

Adjacent dinuclear copper complex units are associated via
hydrogen bonds between the hydroxide groups of the pdmH,
ligands and the acetate anions, as illustrated in Fig. 2 and
Table 2. There is one carboxylate anion in the asymmetric unit.
Carboxylate atom OS interacts with two hydroxide H atoms of
adjacent pdmH, ligands, while carboxylate atom O6 interacts
with the H atom on hydroxide atom O4 of a pdmH™ group,
resulting in one-dimensional linear chains running parallel to
the a axis.

Experimental

To a green solution of Cu(CH;COO),-H,O (0.3254 g, 1.63 mmol) in
acetonitrile (30 ml) was added pdmH, (0.56 g, 4 mmol). The reaction
mixture was stirred continuously, and then a solution of n-Bu,NOH
(0.4 ml, 1.0 M) in methanol was added dropwise, causing the color of
the reaction mixture to change to bright blue. The solution was stirred
for 4 h, then filtered and concentrated under reduced pressure. The
resulting green solution was treated with hexane to afford a crystal-
line solid. Recrystallization from a dichloromethane-hexane solution
gave single crystals suitable for X-ray analysis. Analysis found: C 48.7,
H 5.09, N 7.14%; C3,H40Cu,N4O;; requires: C 48.1, H 5.04, N 7.00%.

Crystal data

[Cuy(C/HgNO,)2(CHNO,),)- D, =159 Mgm™~®

(C,H30,), Mo Ko radiation
M, =799.76 Cell parameters from 25
Monoclinic, P2,/n reflections
a=10252(1) A 6 =19.9-31.3°
b=121310(7) A w=134mm™"
c=142226 (8) A T =29 (2) K

B =109.150 (5)°
V =16710 2) A®
Z=2

Plate, green
0.25 x 0.20 x 0.11 mm

Data collection

Enraf-Nonius CAD-4 R, = 0.045
diffractometer Omax = 25.0°
0/20 scans h=-12—->11
Absorption correction: i scan k=0— 14

(North et al., 1968) [=0— 16

Tinin = 0.761, Tax = 0.883
3061 measured reflections
2938 independent reflections
2427 reflections with 7 > 20(1)

3 standard reflections
every 200 reflections
intensity decay: none

Refinement

w = 1/[o*(F2) + (0.0497P)*
+1.3695P]
where P = (F2 + 2F?)/3
(A/O)max < 0.001
APmax = 034 ¢ A3
Apmin = —039 e A3

Refinement on F>

R[F?*> 20(F%)] = 0.033

wR(F?) = 0.096

S =1.07

2938 reflections

227 parameters

H-atom parameters constrained

Table 1 .

Selected geometric parameters (A, °).

Cul—03 1.909 (2) Cul—01 2358 (2)
Cul—03 1.983 (2) Cul—02 2.360 (2)
Cul—NI1 2.018 (2) Cul---Cul’ 3.0298 (7)
Cul—N2 2.094 (2)

03—Cul—03' 77.79 (9) N1—Cul—O1 76.39 (9)
03—Cul—N1 169.80 (9) N2—Cul—-01 82.91 (9)
03'—Cul—N1 92.23 (9) 03—Cul-02 108.24 (9)
O3fCu1—N2 81.17 (9) 03'—Cul—-02 97.08 (9)
03'—Cul—N2 158.71 (9) N1—Cul—-02 74.75 (9)
N1—Cul—N2 108.7 (1) N2—Cul—02 92.48 (9)
03—Cul—01 102.8 (1) 01—Cul—02 147.54 (8)
03'—Cul—01 98.6 (1) Cul —03—Cul’ 102.21 (9)
Symmetry code: (i) —x, —y, —z.

Table 2 .

Hydrogen-bonding geometry (A, °).

D—H A D—H H--A D---A D—H A
O1—H51.--05" 0.82 1.82 2.636 (4) 173
02—H52---05" 0.82 1.80 2.596 (4) 165
O4—H54---06 0.82 1.88 2.689 (4) 167

Symmetry codes: (ii) 1 —x, —y, —z; (iii)) x — 1, y, z.

All H atoms were introduced at calculated positions as riding
atoms, with bond lengths of 0.93 (CH), 0.96 (CH;) and 0.82 A (OH),
and displacement parameters equal to 1.2 (CH and OH) or 1.5 (CH3)
times those of the parent atoms.

Data collection: MACH3 (Nonius, 1996); cell refinement:
CELDIM (Nonius, 1996); data reduction: XCAD4 (Harms &
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Wocadlo, 1995); program(s) used to solve structure: SHELXS97
(Sheldrick, 1997); program(s) used to refine structure: SHELXL97
(Sheldrick, 1997); molecular graphics: ORTEP-3 for Windows
(Farrugia, 1997); software used to prepare material for publication:
WinGX (Farrugia, 1999).

This work was supported by the NRL program of the
Ministry of Science and Technology, South Korea.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GA1016). Services for accessing these data are
described at the back of the journal.
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