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The title compound, [Cu2(OH)2(C14H17N3)2]Cl2�6H2O, is a

crystallographically centrosymmetric dimer of square-pyra-

midal CuII centres, with a basal±basal [Cu2(�-OH)2]2+

bridging motif and apical pyridyl donors. The Clÿ anion is

hydrogen bonded to one OÐH and one NÐH group, and to

three different water molecules. Because of disorder, the

network of intramolecular hydrogen bonding in the hydrated

lattice is only partly resolved.

Comment

We have recently reported an investigation of the coordina-

tion chemistry of bis[2-(2-pyridyl)ethyl]hydroxylamine and its

conversion to bis[2-(2-pyridyl)ethyl]amine (bpea; Leaver et

al., 2003). During the course of this work, we also crystallized

the title compound, (I). Three other crystal structures are

available of salts of related [Cu2(�-OH)2(L)2]2+ complexes,

where L is an N-alkylated bpea derivative (Karlin et al., 1984,

1990; Obias et al., 1998). One of these, however, has an unusual

basal±apical pattern of [Cu2(�-OH)2] bridging (Karlin et al.,

1984), which is not structurally comparable with that in (I).

The asymmetric unit of (I) contains half a formula unit, with

the crystallographic inversion centre (1 ÿ x, 1 ÿ y, ÿz) lying

at the centre of the [Cu2(�-OH)2]2+ moiety. The ®ve-coordi-

nate Cu centre shows only small deviations from an ideal

square-pyramidal geometry, with two basal OHÿ ligands and a

bpea pyridyl donor at the apical site. The � value calculated

from the bond angles at Cu1 is 0.039 (2), which is very close to

the ideal value of 0 for a square pyramid (Addison et al., 1984).

The [Cu2(�-OH)2]2+ unit forms a near-perfect diamond shape,

with the two unique distances Cu1ÐO2 and Cu1ÐO2i being

identical within 3 s.u. [symmetry code: (i) 1 ÿ x, 1 ÿ y, ÿz].

The Cu1ÐO2ÐCu1i angle and Cu1� � �Cu1i distance are

similar to those shown by the other two known [Cu2(�-

OH)2(LR)2]2+ complexes with basal±basal [Cu2(�-OH)2]

bridging, which lie in the ranges 98.4 (3)±100.9 (1)� and

3.012 (1)±3.119 (1) AÊ , respectively (Karlin et al., 1990; Obias et

al., 1998). The Clÿ anion Cl20 is hydrogen bonded to the bpea

NÐH function and to the hydroxide OÐH group. Atom Cl20

also accepts hydrogen bonds from three different water mol-

ecules (Table 2), yielding a distorted square-pyramidal coor-

dination geometry at this atom [the � value calculated from

the H� � �Cl20� � �H angles is 0.26 (2)].

There are three unique water molecules in the lattice of (I).

One of these, O22, is crystallographically ordered and forms

hydrogen bonds to two different Clÿ anions. Another, water

molecule O21, also has an ordered O atom. However, only one

H atom attached to water molecule O21 could be located in

the difference map and this also hydrogen bonds to atom Cl20.

The second H atom is probably involved in a hydrogen bond

to water molecule O21iii [Table 3; symmetry code: (iii) x, 1 ÿ y,

1 ÿ z]. In that case, the putative atom H21B must be disor-

dered over at least two sites, being 50% occupied at a position

lying near the O21� � �O21iii vector. This would explain our

inability to locate this H atom. Finally, the third water mol-

ecule is disordered over three orientations, labelled O23A±

O23C. Although the positions of the H atoms bonded to these
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Figure 1
The molecular structure of the [Cu2(�-OH)2(bpea)2]Cl2 moiety in (I),
drawn with 50% probability displacement ellipsoids, showing the atom-
numbering scheme employed. All C-bound H atoms have been omitted
for clarity. [Symmetry code: (i) 1 ÿ x, 1 ÿ y, ÿz.]
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partial O atoms could not be located, atoms O23A±O23C have

several potential hydrogen-bonding partners lying 2.65±3.10 AÊ

away (Table 3). There are also some short intermolecular

distances, viz. O23A� � �O23Aiv [2.592 (12) AÊ ], O23A� � �O23Civ

[2.511 (12) AÊ ] and O23C� � �O23Civ [2.60 (2) AÊ ], which are

substantially closer than the sum of the van der Waals radii of

two O atoms (2.8 AÊ ; Pauling, 1960) [symmetry code: (iv)

2 ÿ x, ÿy, 1 ÿ z]. This implies that when the O23A or O23C

sites are occupied, only site O23B iv can be occupied in the

neighbouring disordered region, but, when site O23B is

occupied, any one of O23Aiv, O23Biv or O23Civ can be

present. However, the fractional occupancies for

O21A:O21B:O21C predicted by this simple model

(0.20:0.60:0.20) do not match those observed (0.40:0.35:0.25).

Thus, there must be additional geometric or steric factors

controlling the disorder of this water molecule, which cannot

be elucidated in the absence of the partial H-atom positions

attached to O21 and O23A±O23C. There are no other note-

worthy intermolecular interactions in the crystal lattice.

Experimental

Addition of bpea�0.5H2O (0.23 g, 1.0 mmol) (Leaver et al., 2003) to a

solution of CuCl2�2H2O (0.18 g, 1.0 mmol) in MeOH (30 ml) afforded

a deep-blue solution. Slow evaporation of this solution gave dark-

blue plates of (I) that were ®ltered off, washed with water and dried

in vacuo (yield 0.25g, 73%). The dried material contains a reduced

water content compared with the freshly prepared single crystals,

analysis showing it to be the monohydrate of the complex. Analysis

found: C 47.6, H 5.6, N 11.2%; calculated for C28H36Cl2Cu2-

N6O2�H2O: C 47.7, H 5.4, N 11.9%.

Crystal data

[Cu2(OH)2(C14H17N3)2]Cl2�6H2O
Mr = 794.70
Triclinic, P1
a = 9.2875 (2) AÊ

b = 9.9802 (2) AÊ

c = 10.9261 (2) AÊ

� = 63.4321 (8)�

� = 82.2565 (7)�

 = 77.9460 (8)�

V = 884.85 (3) AÊ 3

Z = 1
Dx = 1.491 Mg mÿ3

Mo K� radiation
Cell parameters from 17 493

re¯ections
� = 2.9±27.5�

� = 1.41 mmÿ1

T = 150 (2) K
Plate, dark blue
0.36 � 0.21 � 0.07 mm

Data collection

Nonius KappaCCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SORTAV; Blessing, 1995)
Tmin = 0.631, Tmax = 0.908

17 493 measured re¯ections

4033 independent re¯ections
3781 re¯ections with I > 2�(I)
Rint = 0.054
�max = 27.5�

h = ÿ12! 12
k = ÿ12! 12
l = ÿ14! 14

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.032
wR(F 2) = 0.088
S = 1.06
4033 re¯ections
228 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0426P)2

+ 0.5339P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.46 e AÊ ÿ3

��min = ÿ0.71 e AÊ ÿ3

The asymmetric unit of (I) contains half a dimeric complex di-

cation lying across a crystallographic inversion centre, one Clÿ anion,

two wholly occupied water molecules (O21 and O22), and a disor-

dered region comprising three O atoms (O23A±O23C) with re®ned

occupancies of 0.40 (O23A), 0.35 (O23B) and 0.25 (O23C). All non-H

atoms, except for the three disordered O atoms, were re®ned aniso-

tropically. All C-bound H atoms were placed in calculated positions

and re®ned using a riding model. The ®xed CÐH distances were CÐ

H(aryl) = 0.95 AÊ and CÐH(alkyl) = 0.99 AÊ , with all Uiso(H) =

1.2Ueq(C). The H atoms bound to atoms O2, N3 and O22, and one of

the H atoms bound to O21 (see Comment) were located in a differ-

ence map and allowed to re®ne freely with a common displacement

parameter, and (for atoms H2, H21A, H22A and H22B) subject to a

restrained OÐH distance of 0.77 (2) AÊ ; no N3ÐH3 restraint was

applied. H atoms associated with the disordered atoms O23A±O23C

were not located.

Data collection: COLLECT (Nonius, 1999); cell re®nement:

DENZO±SMN (Otwinowski & Minor, 1997); data reduction:

DENZO±SMN; program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEX (McArdle, 1995);

software used to prepare material for publication: local program.

Table 1
Selected geometric parameters (AÊ , �).

Cu1ÐO2 1.9528 (13)
Cu1ÐO2i 1.9527 (14)
Cu1ÐN3 2.0298 (16)

Cu1ÐN7 2.0175 (16)
Cu1ÐN15 2.2646 (16)
Cu1ÐCu1i 3.0194 (4)

O2iÐCu1ÐO2 78.73 (6)
O2iÐCu1ÐN7 91.06 (6)
O2ÐCu1ÐN7 162.93 (6)
O2iÐCu1ÐN3 160.57 (7)
O2ÐCu1ÐN3 91.00 (6)
N7ÐCu1ÐN3 94.57 (7)

O2iÐCu1ÐN15 101.78 (6)
O2ÐCu1ÐN15 93.65 (6)
N7ÐCu1ÐN15 101.88 (6)
N3ÐCu1ÐN15 95.24 (6)
Cu1iÐO2ÐCu1 101.27 (6)

Symmetry code: (i) 1ÿ x; 1ÿ y;ÿz.

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

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

O2ÐH2� � �Cl20 0.75 (2) 2.51 (2) 3.2379 (15) 162 (3)
N3ÐH3� � �Cl20 0.77 (3) 2.57 (3) 3.3132 (18) 162 (3)
O21ÐH21A� � �Cl20 0.73 (2) 2.48 (2) 3.190 (2) 166 (3)
O22ÐH22A� � �Cl20ii 0.80 (2) 2.45 (2) 3.241 (2) 175 (3)
O22ÐH22B� � �Cl20 0.81 (2) 2.40 (2) 3.206 (2) 176 (3)

Symmetry code: (ii) 1ÿ x;ÿy; 1ÿ z.

Table 3
Intermolecular O� � �O distances (AÊ ) in the range 2.65±3.10 AÊ in the
structure of (I) that could correspond to OÐH� � �O hydrogen bonds
involving unlocated H atoms.

O21� � �O21iii 2.831 (4)
O23A� � �O21v 2.869 (6)
O23B� � �O21v 2.663 (9)
O23C� � �O21v 2.881 (11)
O23A� � �O22 2.803 (6)

O23B� � �O22 2.706 (9)
O23C� � �O22 2.766 (11)
O23A� � �O23B iv 2.862 (10)
O23B� � �O23C iv 2.928 (15)

Symmetry codes: (iii) x, 1 ÿ y, 1 ÿ z; (iv) 2 ÿ x, ÿy, 1 ÿ z; (v) 1+ x, y, z.
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