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In the title dinuclear acetate-bridged complex, [Cu2(C2H3-

O2)3(NCS)(C10H9N3)2], the two Cu atoms are ®ve-coordi-

nated, with a basal plane consisting of two N atoms of a di-2-

pyridylamine (dpyam) ligand and two O atoms of two

different acetate ligands. The axial positions of these Cu

atoms are coordinated to N and O atoms from thiocyanate and

acetate molecules, respectively, leading to a distorted square-

pyramidal geometry with � values of 0.30 and 0.22. Both CuII

ions are linked by an acetate group in the equatorial±

equatorial positions and have syn±anti bridging con®gurations.

Hydrogen-bond interactions between the amine H atom and

the coordinated and uncoordinated O atoms of the acetate

anions generate an in®nite one-dimensional chain.

Comment

The coordination chemistry of copper(II) complexes with

various carboxylates has been investigated for many years.

Carboxylate chemistry is interesting for two reasons. Firstly,

carboxylates play a vital role as ligands in biochemical systems

involving mono-, di- or polymetallic active sites, and secondly,

polynuclear carboxylates are very good probes for exchange-

coupling interactions between adjacent metal ions. Carboxyl-

ate groups are known to assume different bridging confor-

mations and the important types are syn±syn, anti±anti and

syn±anti (Colacio et al., 1993). It may be noted that structurally

characterized examples of syn±anti con®guration are far less

numerous than those with the syn±syn con®guration (Sen et

al., 1998). We report here the synthesis and crystal structure of

a new acetate-bridged complex with a syn±anti con®guration,

[Cu2(�-O2CCH3)(O2CCH3)2(NCS)(dpyam)2] (dpyam is di-2-

pyridylamine), (I).

The structure of (I) consists of a dinuclear [Cu2(�-

O2CCH3)(O2CCH3)2(NCS)(dpyam)2] unit. The Cu atoms are

bridged unsymmetrically by an acetate group in a syn±anti

arrangement (Fig. 1). Atoms Cu1 and Cu2 are ®ve-coordi-

nated, with a basal plane consisting of two N atoms of the

dpyam ligand and two O atoms of two different acetate

ligands. The axial positions of Cu1 and Cu2 are coordinated by

N and O atoms from thiocyanate and acetate ligands,

respectively (Table 1), leading to a square-pyramidal geom-

etry. The square bases of the copper chromophores are non-

planar, with tetrahedral twists of 25.7 (1) and 43.7 (1)� for Cu1

and Cu2, respectively. The Cu atoms lie above the basal plane,

at 0.280 (1) AÊ towards N7 for Cu1 and 0.112 (1) AÊ towards O6

for Cu2.

The distortion of a square pyramid can be best described by

the structural parameter � (� = 0 for a square pyramid and � =

1 for a trigonal bipyramid; Addison et al., 1984), which in this

case has values of 0.30 and 0.22 for Cu1 and Cu2, respectively.

The copper chromophores can be described as having a

distorted square-pyramidal geometry, with a high tetrahedral

twist of the square bases. The Cu� � �Cu distance is 4.800 (3) AÊ .

The dihedral angles between the pyridine rings of the dpyam

ligands are 20.9 (1)� for Cu1 and 12.0 (1)� for Cu2. The mol-

ecular structure and bridging con®guration of (I) are very
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Figure 1
The molecular structure of (I), showing 50% probability displacement
ellipsoids and the atom-numbering scheme. H atoms are represented as
spheres of arbitrary radii.



similar to those of the closely related complexes [Cu-

(�-O2CH)(dpyam)(HO2)]n(NO3)n (Youngme et al., 2005) and

{[Cu(�-O2CCH3)(dpa)](ClO4)�0.5THF}n [dpa is N,N-bis(2-py-

ridylmethyl)amine] with a single carboxylate bridge (Tanase et

al., 2005).

Analysis of the crystal packing of (I) shows hydrogen-

bonding interactions between the NH group of the amide and

the coordinated and uncoordinated O atoms of the acetate

anions, with NÐH� � �O contacts of 2.915 (3) and 2.862 (3) AÊ .

A plot of the hydrogen-bond system forming a one-dimen-

sional structure is given in Fig. 2 and details are given in

Table 2. Classical N3ÐH5� � �O2i [symmetry code: (i) ÿx + 2,

ÿy + 1, ÿz + 1] and N6ÐH15� � �O1ii [symmetry code: (ii)

ÿx + 1, ÿy + 1, ÿz] intermolecular hydrogen bonds between

adjacent dimeric units link them into a one-dimensional chain.

The resulting motifs, A and B, in the formalism of graph-set

analysis of hydrogen-bond patterns (Etter et al., 1990), are

characterized as R2
2(15) (N3, H5, O2i, C21i, O1i, Cu1i, N1i, C5i,

N3i, H5i, O2, C21, Cu1, N1 and C5) and R2
2(20) (N6, H15, O1ii,

Cu1ii, O3ii, C23ii, O4ii, Cu2ii, N4ii, C15ii, N6ii, H15ii, O1, Cu1,

O3, C23, O4, Cu2, N4 and C15), respectively.

Experimental

The title complex was obtained as a by-product in the preparation of

[Cu3(�-OOCCH3)4(�-NCS)2(dpyam)2] by adding Cu(O2CCH3)2�-
nH2O (1.5 mmol) to a warm solution of dpyam (1.0 mmol) in

dimethylformamide (DMF) (10.0 ml). A solution of NaNCS

(1.0 mmol) in DMF (5.0 ml) was then added and the resulting green

solution was allowed to evaporate slowly at room temperature. After

several days, green crystals of (I) were formed. The crystals were

®ltered off, washed with mother liquor and dried in air. IR data (KBr,

�, cmÿ1): 2084 (vs), 1654 (s), 1589 (s), 1556 (s), 1486 (vs), 1424 (s),

1237 (m), 1160 (m), 1019 (m), 784 (m).

Crystal data

[Cu2(C2H3O2)3(NCS)(C10H9N3)2]
Mr = 704.70
Triclinic, P1
a = 9.6949 (2) AÊ

b = 10.4915 (2) AÊ

c = 16.9001 (2) AÊ

� = 97.6450 (10)�

� = 101.4580 (10)�

 = 113.2150 (10)�

V = 1505.09 (4) AÊ 3

Z = 2
Dx = 1.555 Mg mÿ3

Mo K� radiation
� = 1.54 mmÿ1

T = 273 (2) K
Polygon, green
0.30 � 0.18 � 0.08 mm

Data collection

Siemens SMART CCD area-
detector diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2000a)
Tmin = 0.732, Tmax = 0.891

8178 measured re¯ections
5440 independent re¯ections
4510 re¯ections with I > 2�(I)
Rint = 0.021
�max = 25.4�

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.038
wR(F 2) = 0.099
S = 1.05
5440 re¯ections
399 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0423P)2

+ 1.2895P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.34 e AÊ ÿ3

��min = ÿ0.49 e AÊ ÿ3

H atoms attached to atoms N3 and N6 were located in difference

Fourier maps and re®ned with a DFIX (SHELXTL; Sheldrick,

2000b) restraint of NÐH = 0.86 (1) AÊ . All H atoms attached to

C atoms were ®xed geometrically and treated as riding, with

CÐH = 0.93 (aromatic) or 0.96 AÊ (methyl), and with Uiso(H) =

1.2Ueq(aromatic C) or 1.5Ueq(methyl C).

Data collection: SMART (Bruker, 2000); cell re®nement: SAINT

(Bruker, 2000); data reduction: SAINT; program(s) used to solve

metal-organic compounds
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Figure 2
A view of the packing structure of (I), showing the hydrogen-bonding
interactions (dashed lines). The hydrogen-bonded rings A and B are
de®ned in the Comment. H atoms not involved in hydrogen bonding have
been omitted for clarity. [Symmetry codes: (i) 2ÿ x, 1ÿ y, 1ÿ z; (ii) 1ÿ x,
1 ÿ y, ÿz.]

Table 1
Selected geometric parameters (AÊ , �).

Cu1ÐO3 1.996 (2)
Cu1ÐN2 2.011 (3)
Cu1ÐO1 2.013 (2)
Cu1ÐN1 2.030 (3)
Cu1ÐN7 2.150 (3)

Cu2ÐN4 1.976 (3)
Cu2ÐN5 1.976 (3)
Cu2ÐO5 1.989 (2)
Cu2ÐO4 1.999 (2)
Cu2ÐO6 2.339 (3)

O3ÐCu1ÐN2 173.03 (10)
O3ÐCu1ÐO1 86.58 (9)
N2ÐCu1ÐO1 90.75 (10)
O3ÐCu1ÐN1 91.91 (10)
N2ÐCu1ÐN1 87.77 (10)
O1ÐCu1ÐN1 154.89 (10)
O3ÐCu1ÐN7 93.57 (11)
N2ÐCu1ÐN7 93.31 (11)
O1ÐCu1ÐN7 103.31 (10)
N1ÐCu1ÐN7 101.80 (11)

N4ÐCu2ÐN5 92.41 (11)
N4ÐCu2ÐO5 95.05 (11)
N5ÐCu2ÐO5 156.16 (11)
N4ÐCu2ÐO4 142.76 (10)
N5ÐCu2ÐO4 94.46 (10)
O5ÐCu2ÐO4 93.21 (10)
N4ÐCu2ÐO6 120.17 (11)
N5ÐCu2ÐO6 96.50 (10)
O5ÐCu2ÐO6 60.28 (9)
O4ÐCu2ÐO6 95.34 (10)

Table 2
Hydrogen-bond geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N3ÐH5� � �O2i 0.852 (18) 2.022 (18) 2.862 (3) 168.40
N6ÐH15� � �O1ii 0.860 (18) 2.055 (18) 2.915 (3) 177.80

Symmetry codes: (i) ÿx� 2;ÿy� 1;ÿz� 1; (ii) ÿx� 1;ÿy� 1;ÿz.



structure: SHELXTL (Sheldrick, 2000b); program(s) used to re®ne

structure: SHELXTL; molecular graphics: SHELXTL (Sheldrick

2000b) and PLATON (Spek, 2003); software used to prepare mate-

rial for publication: SHELXTL.
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