This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

iy ... |Journal of Coordination Chemistry

Journal of

COORDINATION
CHEMISTRY

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

Acetato and formato copper(Il) paddle-wheel complexes with nitrogen
ligands

Montserrat Barquin®; Nerea Cocera®; Maria J. Gonzalez Garmendia®; Liher Larrinaga®; Elena Pinilla®;
Maria R. Torres®

* Grupo de Quimica Inorganica, Facultad de Ciencias Quimicas, Universidad del Pais Vasco, UPV/EHU,
Apartado 1072, 20080 San Sebastian, Spain ® Laboratorio de Difraccion de rayos X, Facultad de
Ciencias Quimicas, Universidad Complutense, 28040 Madrid, Spain ¢ Departamento de Quimica
Inorganica, Facultad de Ciencias Quimicas, Universidad Complutense, 28040 Madrid, Spain

m First published on: 16 July 2010

To cite this Article Barquin, Montserrat , Cocera, Nerea , Gonzalez Garmendia, Maria J. , Larrinaga, Liher , Pinilla, Elena
and Torres, Maria R.(2010) 'Acetato and formato copper(Il) paddle-wheel complexes with nitrogen ligands', Journal of
Coordination Chemistry, 63: 13, 2247 — 2260, First published on: 16 July 2010 (iFirst)

To link to this Article: DOI: 10.1080/00958972.2010.502227
URL: http://dx.doi.org/10.1080/00958972.2010.502227

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958972.2010.502227
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:14 23 January 2011

Downl oaded At:

Journal of Coordination Chemistry e Taylor & Francis
Vol. 63, No. 13, 10 July 2010, 2247-2260 Taylor & Francis Group

Acetato and formato copper(Il) paddle-wheel complexes
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Compounds Cu(AcO),(pydz) (1), Cu(HCOO),(pymd);;, (2), Cu(AcO),(pymd),, (3), and
Cu(AcO),(4,4-bipy);» (4) were obtained by reactions of Cu(AcO),-H,O and
Cu(HCOO),-4H,0 with pyridazine, pyrimidine, or 4,4-bipyridine. In all the studied
structures, the paddle-wheel units [Cu,[u-RCOO),] are present. Coppers show a square
pyramidal coordination determined by four oxygens in the equatorial positions and a nitrogen
in the axial position. Compound 1 consists of centrosymmetric dimeric molecules. Compounds
2 and 3 instead consist of zig-zag chains of [Cu,[i-RCOO),] units linked by bridging pyrimidine
molecules. The chains run in the (101) and (11—2) directions in 2 and 3, respectively. By
crystallization of a solution of 4 in chloroform, Cu(AcO),(4.4"-bipy),,»-1/2CHCl; (5) was
obtained. It consists of monodimensional chains of [Cu,(nu-CH3COO),] units linked by bridging
4,4'-bipy molecules. The chains, of two different types, run parallel to the b-axis in the crystal.
Two chlorines of each CHCI; molecule are close to two oxygens of two parallel chains. The
packing can be described as sheets parallel to the (10—1) plane. Magnetic properties and
electron paramagnetic resonance spectra have been studied.

Keywords: Copper(Il); Pyridazine; Pyrimidine; 4,4'-Bipyridine; Paddle-wheel complexes

1. Introduction

Dinuclear copper acetate dihydrate [Cu,(u-AcO)4(H,0),] and the adducts
[Cur(n-AcO)4L,] with different ligands in the axial positions are among the most
studied dinuclear compounds of Cu(II) in their structural and magnetic aspects [1-6].
On the contrary, few compounds containing the paddle-wheel dinuclear group
[Cur(i-HCOO),], with four syn—syn formate groups, are known. This structure is
present in some complexes: molecular dimers as [Cu,(i-HCOO)y(urea),] [7],
[Cur(i-HCOO)4(dmso),] [8], and [Cu,r(u-HCOO)4(dmf),] [9], chains of dimers
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as - - - dioxane—{Cu,(u-HCOO), }-dioxane—{|Cu,(u-HCOO)4] - - - [10], and dimers or
chains of dimers with pyrazine and different isomers of dimethylpyrazine [11].

The copper(Il) formate tetrahydrate, Cu(HCOO),-4H,0, does not have the dinuclear
unit [Cuy(u-HCOO),], similar to that of copper(Il) acetate. It consists of chains---—
Cu(H,0),—~(u-HCOO),—Cu(H,0)>,—(1-HCOO),—- - -, with anti-anti bridging HCOO™,
linked by hydrogen bonds through additional water molecules [12].

In previous articles, we reported the complexes with 2-(phenylamino)pyridine and
2-(methylamino)pyridine, [Cu,(pu-AcO)4(PhNHpy)>] [13], [Cur(p-AcO)s(MeNHpy),]
[14] and [Cu,(u-HCOO)4(PhNHpy),], and [Cu,(p-HCOO)4(MeNHpy),] [15]. All these
compounds are molecular dimers with the paddle-wheel unit [Cu,(u-RCOO)4] and
nitrogen ligands coordinated in the axial positions.

Compounds containing the dimeric paddle-wheel copper(I1l) units with diverse
carboxylate and dicarboxylate groups receive much attention [16, 17].

Pyridazine (pydz) is a ligand with two nitrogens in 1,2 positions. A few
compounds have been described with pydz as bridging ligand. This is the case of
[{Cu(pydz)}4(y-HsMo0gO,6)] with {Cus(pydz),} units [18] and Cu(pydz)Cl,, zig-zag
chains of CuCl, units linked by pydz molecules [19]. Pyrimidine (pymd), on the other
hand, has two nitrogens in 1,3 positions, and it can adopt bridging coordination as in
the 1-D coordination polymers, [M(NO3)>(pymd)(H>0),]oc [M =Mn, Co, Ni, and Zn]
[20]. Monodentate and bridging coordination of pymd in polymers of Cu(Il)-
dicyanamide—pyrimidine have been described [21].

4,4 -Bipyridine (4,4'-bipy) is a rigid spacer very often employed in the construction of
coordination frameworks. An example is Cu(HCOO),(4,4'-bipy) polymer, with a 3-D
structure, in which the coppers are connected through four formate anions and two 4,4'-
bipy bridging molecules [22]. Other complexes of Cu,(AcO)4(4,4'-bipy)-S (S=DMF
and CH;CN) composition have been described [23-25]. In all these cases the structure
consists of 1-D chains of paddle-wheel units and 4,4'-bipy molecules, but the global
structure changes depending on the solvent.

In this article, we describe the molecular dimer [Cu,(pu-AcO)4(pydz),] (1) and the
polymer chains {[Cus(u-HCOO)](1-pymd)}, (2) and {[Cus(p-AcO)g](u-pymd)}, (3).
formed by [Cu,(n-RCOO)4] groups linked by a bridging pymd, with the purpose of
verifying the different coordination modes of pydz and pymd. We also report the
formation of {[Cu,(u-AcO)4](p-4,4'-bipy)-CHCIls},, (5) chains with CHCI; as solvent.

2. Experimental

2.1. Physical measurements

The C, H, and N analyses were carried out using a Leco 932-CHNS microanalyzer.
Electronic spectra were recorded with a Shimadzu UV-265 FW spectrophotometer.
Magnetic measurements were carried out from 5-300K using a Quantum Design
SQUID MPMSXL magnetometer with an applied field of 2000, 5000, and 10,000 G for
complexes 1, 3, and 4, respectively. Diamagnetic corrections were applied [26].
A correction for temperature independent paramagnetism (TIP) of 60 x 10~ cm® mol ™
of Cu was applied in all cases. R for the data fitting was defined as
R = Z[(XT )exp — (XT)CMC]2 / E(XT)gxp. Electron paramagnetic resonance (EPR) spectra
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were recorded on a Bruker ESP300 spectrometer with a Bruker ER 035 Gaussmeter and
a HP 5325 frequency counter, in Q band, at room temperature, for powdered crystal
(1 and 3) and powder (4).

2.2. Synthesis

2.2.1. [Cuy(p-AcO)4(pydz),] (1). Pyridazine (0.18mL, 2.4mmol) was added to a
solution of Cu(AcO),-H>O (199mg, 1 mmol) in MeOH:CHCI; 1:1 (14mL). The
resulting green solution was stirred for 30min at room temperature. After slow
evaporation of the solvent, a green precipitate was formed. The solid was dissolved in
acetonitrile (10mL) and, by slow evaporation, crystals suitable for study by X-ray
diffraction were formed. Yield: 219mg, 84%. Anal. Calcd for CgH;(CulN,O4 (%):
C, 36.71; H, 3.85; and N, 10.70. Found (%): C, 36.40; H, 3.81; and N, 10.92.

2.2.2. {|Cuy(p-HCOO),l(n-pymd)}, (2). To a solution of Cu(HCOO), - 4H,O (226 mg,
1 mmol) in methanol (25mL), pyrimidine (0.04 mL, 0.5 mmol) was added. The resulting
solution was stirred for 5h at room temperature. The green precipitate was filtered off,
washed with methanol, and dried in vacuo over CaCl,. Yield: 106 mg, 55%. Anal. Caled
for C4H4CulNOy (%): C, 24.81; H, 2.08; N, 7.23. Found (%): C, 24.41; H, 2.15; and N,
7.07. Crystals suitable for X-ray diffraction were obtained by slow evaporation of the
reaction solution in the synthesis of the compound.

2.2.3. {[Cuy(p-AcO)4(n-pymd)}, (3). Pyrimidine (0.04 mL, 0.5 mmol) was added to a
solution of Cu(AcO),-H,O (200mg, 1 mmol) in acetonitrile (25mL). The resulting
solution was stirred for 24 h at room temperature. The green precipitate was filtered off,
washed with acetonitrile, and dried in vacuo over CaCl,. Yield: 183 mg, 83%. Anal.
Calcd for CgHgCuNOy, (%): C, 32.51; H, 3.64; and N, 6.32. Found: C, 32.70; H, 3.57,
and N, 6.41. Crystals suitable for X-ray diffraction were obtained by slow evaporation
of a solution of the powder in methanol.

2.2.4. {|Cux(p-AcO)4l(p-4,4"-bipy)}, (4) and {[Cux(p-AcO)4l(p-4,4"-bipy) - CHCl3},, (5).
A solution of 4,4'-bipyridine (78 mg, 0.5 mmol) in acetonitrile (§ mL) was added to a
solution of Cu(AcO),-H,O (200mg, 1 mmol) in acetonitrile (40mL). The resulting
solution was stirred for 90 min at room temperature. The green precipitate of 4 was
filtered off, washed with acetonitrile, and dried in vacuo over CaCl,. Yield: 219 mg,
84%. Anal. Calcd for CoH[¢CuNOy4 (%): C, 41.62; H, 3.88; and N, 5.39. Found (%): C,
41.29; H, 4.01; and N, 5.81. Crystals of 5, suitable for X-ray diffraction, were obtained
by a three capped disposition of 4,4'-bipy (156mg, 1 mmol) in CHCl; (10mL),
CH;0H : CHCl; and Cu(AcO),-H,O (200mg, 1 mmol) in CH;OH (15mL).

2.3. X-ray crystallographic study

Data collection was carried out at room temperature on a Bruker Smart CCD
diffractometer using graphite-monochromated Mo-Ka radiation (A =0.71073 A) oper-
ating at S0 kV and 25 mA. Data were collected over a hemisphere of the reciprocal space
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by combination of three exposure sets. Each exposure of 30s (1) or 20s (2, 3, and 5)
covered 0.3 in w. The cell parameter was determined and refined by a least-squares
fit of all reflections. The first 50 (1 and 5), 100 (2 and 3) frames were collected at the
end of the data collection to monitor crystal decay and no appreciable decay
was observed.

A summary of the fundamental crystals and refinement data is given in table 1.
No absorption correction was applied. The structures were solved by direct
methods and refined by full-matrix least-square procedures on F> [27]. All
non-hydrogen atoms were refined anisotropically. All hydrogens were included at
their calculated positions determined by molecular geometry and refined riding on the
corresponding carbons.

3. Results and discussion

3.1. Synthesis and spectroscopic properties

Crystals of 5 were only obtained when using CHCIj; in the reaction of 4,4’-bipyridine
and Cu(AcO),-H,O. The CHCI; molecule stabilizes the crystal structure in {[Cu,(p-
AcO),](pu-4,4'-bipy)-CHCls},,. In analogous compounds described in the literature
[21-23] the crystal structure always contains a solvent of crystallization.

In the visible region of the diffuse reflectance spectra of the complexes the broad
band assigned to the d—d transitions is observed to be centered at 690-725nm, and the
absorption at 380 nm, characteristic of the [Cu,(u-RCOO),] group, is observed.

3.2. Description of the structures

3.2.1. Crystal structure of [Cu,(n-AcO)4(pydz),] (1). The crystal structure of 1 consists
of centrosymmetric dimeric molecules with a molecule of pyridazine coordinated to
each copper in the [Cu,(n-AcO)4] unit (figure 1a). The pyridazine is monodentate due to
the relative position of the two nitrogens. Selected interatomic distances and angles are
collected in table 2. The trigonality index [28] deduced from the angles data, T =0.0036,
corresponds to a square pyramidal geometry. The bond distances are normal for square
pyramidal coordination of copper. The Cu-N distance (2.211(3)A) for the axial
nitrogen is longer than the Cu-N distance (2.045(3) A) for the equatorial nitrogen in
the octahedral coordination of copper in Cu(pydz)Cl, [19].

The copper rises from the plane defined by 01020304 to N1 by 0.2118(4) A. The
two pyridazine rings of each dinuclear molecule are coplanar and almost parallel to the
plane N1CulO103. The dimers have two different orientations in the crystal. Rows of
dimers of the same orientation are observed along b- and c-axes and they form sheets
parallel to bc plane (figure 1b).

3.2.2. Crystal structure of {{Cu,(n-HCOO),4|(p-pymd)}, (2). The crystal structure of 2
consists of zig-zag chains of [Cu,(u-HCOO)4] centrosymmetric units linked by
pyrimidine molecules (figure 2a). The pyrimidine molecules are coordinated to two
coppers in axial positions through nitrogens. The C3 and C5 atoms define a binary axis.



2251

Copper(1l) paddle-wheel complexes

DN (Cod — L] = Sy pue |1/ 11%] — %11 = 1y

S19°0— pue 87S°0
6€1T°0

('sq0 1$9€) £0¥0°0
7560

01€/0/LET9

[£990°0= (uny] L£19
0S€°€T

(0T ‘8T “0£)~(91— ‘81— “0€—)
86'8T-1L'1

® pue &

9.5T

$80°C

11L1

8 “(8)L"8S61

(2)L90°801

@19L°61
(DSE0 1
(D6LS €T

2120
JIUIOOUO Al

€LOIL0

18°8¢€9
wONZﬁUNBU_N:zU
<

[LS°0— PU® 12570
SIT1°0

('sqo 6£77) L9£0°0
001

122/0/602¢
[0zL0°0=0un¥] 60z€e
$669

(€1 11 01T~ ‘8~ “01—)
LE9T-88'1

® pue &

8t

€59°C

LO8']

T (O8vI8
(©)st87T01

(©)svL'L6

(£)6T5°T6

(D)596°01

(D19¢°6

(D1vTs

Id

orurpuL
€LOTLO

Seery
wONZNBUG_:N_U
€

86S°0— PUE ££9°0
788070

('sq0 S501) £9£0°0
66°0

26/0/2811
[9920°0=(Ouny] z8p1
LLTS

1 ‘6 8DHS1— ‘6= “LI—)
6L'8T66'C

® pue o

89L

TTsE

S01'T

v ‘WL 1eel

(£)$88°101

(©)8Lo€T
(1)858°9
(©)ozeel

212D
JTUI[OOUOTA

€LOIL0
YTL3E
wONZNSUwEwQ
4

62t 0— PUB £9¢°0
T101°0

('sq0 9951) 98€0°0
€26°0

8€1/0/$89¢C

[e+80°0 = (uny] $89¢
LY6TI

(ST ‘6 ‘LD(€T ‘T1— "91—)
€6'8TC1C

® pue o

£901

810°C

0191

¥ (€)L°6S1T

(Q¢ccTo1
(L)0or9'8
(1966°CI

29d
diquioyIoylIQ
€LOTL0

Py ecs
wOvZNSUONm@_U
1

(;_V9) 9[oy pue yead 2dUAIYIP Jsa8Ie]

(e1ep [re) QM

[(1)o7 < 1] seoput (,)y [euLg
2 U0 )1J-JO-SSOUPOOD)
s1ojowered/siurensai/eieq
suor09[jal Judpuadapuy
P31IJ[0D SUOTIJY

soguel xopuj

(,) UOIIOJ[[0D BIBP 10J dTURI g
onbruyo9 ueog

(00024

(;_tuw) 1u2101§e00 uondiosqy
Am\Eo 3) ‘Kysuop pajenore)
Z ‘() sunjop

ACV \ﬂ

() g

() o

(y)?

(V) ¢

(y»

SUOISUdWIP [[30 U]

dnoig soedg

WAISAS [RISAID)

Am«v ISUIABA

JYSIoM B[NULIO

euioy resunduyg

'S pue ¢—] 10J ejep juowauljar arnjonns pue orydessorreiski)

1102 AJenuer €2 ¥T:/0 N Ppapeo juwod

T 2IqeL



07:14 23 January 2011

Downl oaded At:

2252 M. Barquin et al.

Figure 1. (a) ORTEP view of 1 showing the atomic numbering (30% probability ellipsoids). Hydrogens
have been omitted for clarity. (b) Packing of the dimers of 1. View along the b-axis.

Selected interatomic distances and angles are collected in table 2. The bond distances
are the normal for this square pyramidal coordination of copper. The trigonality index
[28], T=0.0015, corresponds to square pyramidal geometry. The copper rises from the
plane defined by 01020304 to NI by 0.1933(4)1&. The chains run in the (101)
direction in the crystal.
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Table 2. Selected interatomic distances (/0\) and angles (°) for 1 and 2.

1 2
Cul-0O1 1.975(2) 1.980(3)
Cul-02 1.972(2) 1.961(3)
Cul-03 1.959(2) 1.972(2)
Cul-0O4 1.964(2) 1.970(2)
Cul-N1 2.211(3) 2.186(3)
Cul ---CulA 2.6440(7) 2.6213(8)
Cul---CulB 6.1645(8)
01-Cul-02 88.2(1) 88.0(1)
01-Cul-03 167.7(1) 168.7(1)
01-Cul-04 89.8(1) 90.5(1)
02-Cul-03 89.8(1) 90.0(1)
02-Cul-04 167.5(1) 168.8(1)
03-Cul-04 89.5(1) 89.2(1)
N1-Cul-Ol1 93.2(1) 94.1(1)
N1-Cul-02 96.5(1) 101.3(1)
N1-Cul-03 99.0(1) 97.2(1)
NI1-Cul-0O4 95.9(1) 89.9(1)
NI1-Cul-CulA 176.9(1) 171.4(1)
Torsion angles
04-Cul-N1-C1 81.3(3)
03-Cul-NI1-C1 171.8(3)
02-Cul-NI1-Cl —97.4(3)
0O1-Cul-N1-C1 —8.8(3)
04-Cul-N1-N2 -92.7(3)
03-Cul-N1-N2 —-2.2(3)
02-Cul-N1-N2 88.5(3)
O1-Cul-N1-N2 177.1(2)

Symmetry transformations: 1: A, —x, —y+1, and —z+2; 2: A, —x+1/2, —y+1/2, and
—z+1; B, —x+1, y and —z+3/2.

3.2.3. Crystal structure of {|Cu,(p-AcO)4(n-pymd)}, (3). The asymmetric unit in the
zig-zag chains of 3 consists of two independent coppers: Cul and Cu2 (figure 2b).
Selected interatomic distances and angles are collected in table 3. The bond distances
are normal for this square pyramidal coordination of copper. The trigonality index [28],
7=0.0018 (Cul) and 0.0038 (Cu2), correspond to square pyramidal geometry. Cul rises
from the plane defined by O1020304 to N1 by 0.1943(5)1& and Cu2 by 0.1921(5)A
to N2 from the plane defined by O5060708. The zig-zag chains run in the (1 1-2)
direction in the crystal (figure 2c¢).

3.2.4. Crystal structure of {[Cuy(p-AcO)4l(n-4,4"-bipy):-CHCl3},, (5). The crystal
structure of 5 consists of chains of [Cu,(u-CH3;COO),4] units linked by 4,4’-bipyridine
(figure 3a). The 4,4'-bipyridine molecules are coordinated to two coppers in axial
positions. There are chains of two types: I, with two independent coppers (Cul and
Cu2), in which N1CulCu2N2 define a binary axis, and II, with one independent Cu
(Cu3), centrosymmetric in the dimer. In table 4 selected interatomic distances and
angles are given. These data are usual for dinuclear units of copper. The trigonality
index, t=0.126 (Cul), 0.122 (Cu2), and 0.0005 (Cu3), correspond to square pyramidal
geometry, more distorted in the chain type I. The two pyridine rings coordinated to a
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Figure 2. (a) ORTEP view of the asymmetric unit in the chain of 2 (30% probability ellipsoids). Hydrogens
have been omitted for clarity. (b) ORTEP view of the asymmetric unit in the chain of 3 (20% probability
ellipsoids). Hydrogens have been omitted for clarity. (c) Disposition of the chains in the crystal of 3. View
along the h-axis.

dimer (of a molecule of 4,4'-bipyridine) are coplanar in chain type II and form an angle
of 57.1(2)° in chain type I.

The chains run parallel to the h-axis in the crystal (figure 3b). The CHCI; molecules
are located in the interchain space with relatively short distances between Cl and O:
3.115(3) and 3.016(3) A, shorter than the sum of the van der Waals radii of Cl and O
(3.20 A). Two chlorines of each CHCI; are close to two oxygens (O4 and O7) of two
parallel chains (figure 3c). Each chain I dimer is in close contact (through O4 and O4A)
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Cul-Ol
Cul-02
Cul-03
Cul-04
Cul-N1

Cul ---CulA
Cul ---Cu2

01-Cul-02
O1-Cul-03
0O1-Cul-04
02-Cul-03
02-Cul-04
03-Cul-04
NI1-Cul-O1
N1-Cul-02
N1-Cul-03
N1-Cul-04
NI1-Cul-CulA

1.964(3)
1.978(3)
1.967(3)
1.978(3)
2.222(3)
2.612(1)
6.108(1)

97.9(2)
168.7(1)
90.2(2)
90.8(2)
168.6(1)
88.8(2)
97.1(1)
99.3(1)
94.1(1)
92.0(1)
173.5(1)

Cu2-05
Cu2-06
Cu2-07
Cu2-08
Cu2-N2
Cu2---Cu2B

05-Cu2-06
05-Cu2-07
05-Cu2-08
06-Cu2-07
06-Cu2-08
07-Cu2-08
N2-Cu2-05
N2-Cu2-06
N2-Cu2-07
N2-Cu2-08
N2-Cu2-Cu2B

1.978(3)
1.971(3)
1.996(3)
1.969(3)
2.203(3)
2.607(1)

89.1(1)
168.7(1)
88.9(1)
90.4(1)
168.9(1)
89.5(1)
99.1(1)
92.6(1)
92.2(1)
98.5(1)
173.9(1)

Symmetry transformations used to generate equivalent atoms: A, —x, —y+ 1, and —z+2; B, —x+ 1,
—y+2,and —z+1.

2255

Figure 3. (a) ORTEP view of the chains in 5 showing the atomic numbering (30% probability ellipsoids).
Hydrogens have been omitted for clarity. (b) View of 5 along ¢. (c) Disposition of the chains in the

crystal of 5.
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Table 4. Selected interatomic distances (A) and angles (°) for 5.

Cul-01 1.961(3)  Cu2-02 1.990(3)  Cu3-06 1.970(2)
Cul-04 1.998(2)  Cu2-03 1.951(2)  Cu3-07 1.965(2)
Cul-NI 2.180(3)  Cu2-N2 2.161(4)  Cu3-O$B 1.986(2)
Cul ---Cu2 2.6311(8) Cu3-05B 1.980(2)
Cu3-N3 2.202(3)
Cu3-.-Cu3B 2.6319(8)
O1-Cul-04 89.4(1)  02-Cu2-03 89.9(1)  06-Cu3-O7 90.2(1)
O1-Cul-OI1A 171.4(1)  02-Cu2-02A  164.5(1)  06-Cu3-O5B 168.3(1)
01-Cul-04 89.4(1)  02-Cu2-O3A 89.1(1)  06-Cu3-O8B 89.7(1)
04-Cul-O4A 163.8(1)  03-Cu2-O3A  171.8(1)  07-Cu3-O5B 89.2(1)
NI-Cul-Ol 943(1)  N2-Cu2-02 97.8(1)  O7-Cu3-O8B 168.2(1)
N1-Cul-0O4 98.1(1)  N2-Cu2-03 94.1(1)  O5B-Cu3-O8B 88.7(1)
N3-Cu3-06 92.4(1)
N3-Cu3-07 103.7(1)
N3-Cu3-O5B 99.2(1)
N3-Cu3-O8B 88.1(1)
N3-Cu3-Cu3B 168.6(1)
CI(1)-C(20) 1.769(4)  CI(1)---O) 3.115(3)
CI(2)-C(20) 1.743(4)  CIQ2)---O(7) 3.016(3)
CI(3)-C(20) 1.735(4)

Symmetry transformations used to generate equivalent atoms: A, —x+1, y, and —z+1/2; B, —x+1/2,
—y+3/2, and —z.

with two dimers (through O7) of two chains type IT and each dimer of chain type I1 is in
close contact (through O7 and O7B) with two dimers (through O4) of two chains type I.
In this way, the packing can be described as sheets parallel to the (10—1) plane
(figure 3c).

In Cus(AcO)4(4,4-bipy) - DMF, there is only one type of chain, with the two rings of
each 4,4'-bipy molecule approximately coplanar. The crystal structure is described as 2-
D layers constructed by intermolecular 7—x interactions of the bipy rings from adjacent
1-D chains [23, 24]. For 4, without solvent molecule, the presence of 1-D chains is
proposed.

3.3. Magnetic and EPR results

Compounds 1, 3, and 4 show strong antiferromagnetism. The magnetic moments
decrease from 1.63, 1.55, and 1.26 ug at 300K to 0.20, 0.09, and 0.27 ug at SK, for
1, 3, and 4, respectively.

The xT experimental data, from 5 to 300K, were fitted to the Bleaney—Bowers
equation for a dimer with S;=S5,=1/2, modified by the inclusion of the fraction of
monomeric impurity [29]:

xm(2Cu) = [C2e2(1 — p)/(1 + 3e**)] 4+ Cp/2 + Na

where C = Ng?B?/kT, x =2J/kT, 2J = separation between singlet and triplet states, p is
the fraction of monomeric impurity, and N« is the TIP. The results for the best fit
are collected in table 5. Figure 4 shows the plot of xu7, per mole of dimer, versus
temperature (7) for 3. The possible interaction between coppers through the nitrogen
ligand in 3 and 4 is considered negligible beside the strong antiferromagnetic effect of
the paddie-wheel group [30].
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Table 5. Magnetic results for 1, 3, and 4.

2257

Compound ug (300K) ue (5K) g 2J (em™) 0 R

1 1.63 0.20 2.25 —226 0.017 1.1x1073
3 1.55 0.09 2.21 —298 0.011 33%x 1072
4 1.26 0.27 2.05 —340 0.028 34x107*
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Figure 4. Plot of X7 vs. T, per mole of dimer for 3.

300

The powder EPR spectra of 1, 3, and 4 at Q band and room temperature show signals
of the triplet state (S=1) for D#0 and E~0. Figure 5 corresponds to the spectrum
of 1. The spectra were interpreted according to the Wasserman, Snyder, and Yager
equations [31] based on the Hamiltonian H=gHSB+ D[S} —2/3]+ E[S; — SJ], with

D+#0and E=0.
For AM=+1:
HH = (gE/gll)(H(l - D,)
Hii = (g/g)[Ho(H, — D')]'?
Hiy = (g/g)[Ho(Ho + D]
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Figure 5. EPR Q band (v=34.0846 GHz) spectrum of powered crystal of 1 at room temperature.

Table 6. EPR results for 1, 3, and 4.

Compound  Hpyin (G)  H (G) Hyi (G) Hip(G)  Hy (G) g gL g D (em™h)

1 4900 7158 9738 13,532 11,115 2.32 2.07 2.15 0.361

3 9758 13,502 11,134 2.30 2.06 2.15 0.36

4 4999 7138 9708 13,472 11,067 2.33 2.07 2.16 0.359
For AM =+2:

Hin = (ge/gmin)[(H2/4) — (D?/3)]'/2
Hyq = (ge/gav)[H2 — D" /31"
H, =hv/g.; D' = D/g.p

The experimental values of H and the calculated parameters: g, g1, gay, and D
are collected in table 6. The 2J and D values are similar for other paddle-wheel systems
of acetate [13, 14].

4. Conclusions

We describe acetate and formate complexes formed by [Cu,(u-RCOO)4] paddile-wheel
units and dinitrogen ligands coordinated to the apical positions of copper. Depending
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on the relative position of nitrogens in the ligand, different results are obtained.
The pyridazine, with two nitrogens in 1,2 positions is monodentate giving 1. Pyrimidine,
with nitrogens in 1,3 positions, is bidentate giving zig-zag chains in 2 and 3. For the
formate compound (2), the dimeric unit is centrosymmetric and for the acetate (3),
there are two independent Cu atoms.

In 5, the crystal structure, formed by monodimensional chains of {[Cu,(n-AcO)y4]
(n-4,4'-bipy)},, is stabilized by CHCl;.

Magnetic and EPR results are consistent with the presence of dimeric antiferromag-
netic paddle-wheel copper(II) units.

Supplementary material

CCDC-733257, -733258, -733259, and -733260 for 1, 2, 3, and 5, respectively, contain
the supplementary crystallographic data for this study. These data can be obtained free
of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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