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In this  study, {[Cus(u-HCO,)J(u-Mepyrz)}, (1. [Cus(u-HCO,)y(Mepyrz)s] (),
{[Cua(p-AcO)4l(n-Mepyrz)}, (3), [Cux(n-AcO)4(Mepyrz)y] (4), [Cux(p-AcO)4(2,3-Mespyrz),]
(5), [Cur(p-AcO)4(2,6-Me,pyrz),] (6), and {[Cun(u-AcO)4)(p-2,5-Me,pyrz)}, (7) have been
synthesized and characterized by chemical analysis and electronic spectroscopy. Compounds 2,
4, 5, and 6, characterized by single-crystal X-ray diffraction, are composed of molecular dimers
based on a paddle-wheel motif with two coppers, four syn—syn carboxylates, and two ligands
coordinated to copper in the axial positions. In 7, chains of [Cuy(n-AcO)y] dimers with
2,5-Me,pyrz as bridging ligands are formed. Magnetic properties and electron paramagnetic
resonance results of the compounds are also described.

Keywords: Copper; Methylpyrazine; Dimethylpyrazine; Dimers; Chain of dimers

1. Introduction

The dinuclear copper acetate dihydrate complex, [Cu,(u-OAc)4(H-O),] and its adducts
[Cur(n-OAc)4L,] with different ligands in the axial positions, are amongst 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
[Cu,(n-HCO,)4], with four syn—syn formate groups are known. This structure is present
in different types of complexes: molecular dimers as [Cu,(u-HCOO)y(urea),] [7],
[Cur(i-HCOO)4(DMSO),] [8], and [Cu,(ui-HCOO)4(DMF),] [9], or chains of dimers
as - - - dioxane—[Cu,(u-HCOO),]-dioxane—{Cu,(u-HCOO),4]-- - - [10].

*Corresponding author. Email: montserrat.barquin@ehu.es

Journal of Coordination Chemistry
ISSN 0095-8972 print/ISSN 1029-0389 online © 2010 Taylor & Francis
DOI: 10.1080/00958972.2010.487559



07:22 23 January 2011

Downl oaded At:

Dinuclear/1-D copper(1I) 1653

Previously, we reported complexes with 2-(phenylamino)pyridine and
2-(methylamino)pyridine, [Cuy(n-OAc)4(PhNHpy),] [11], [Cus(p-OAc)4(MeNHpy),]
[12], and [Cuy(n-HCO,)4(PhNHpy),] and [Cuy(n-HCO,)4(MeNHpy),] [13]. In all the
cases, the structural and magnetic results were similar to those of the copper acetate
hydrate. The ligands are coordinated in the axial positions of the dimer through the
pyridinic nitrogen. Two intramolecular hydrogen bonds are formed between each
ligand and an oxygen of one acetate. Compounds containing dimeric paddle-wheel
copper(I) units with diverse carboxylate and dicarboxylate groups receive much
attention [14, 15].

Pyrazine, NC4H4N (pyrz), is a ligand which can be monodentate or, more frequently,
bidentate [16]. In the last case, pyrazine is a very suitable ligand for forming
coordination polymers. The copper acetate [Cu,(n-AcO)4(H,0),] forms a linear-chain
complex [Cu,(p-AcO)4(1-pyrz)],, a chain of dimers, in which binuclear copper acetate
units are linked by pyrazine bridges [17, 18].

In a previous paper, we described the interaction between Cu(HCO,),-4H>O and
pyrazine, and the different isomers of dimethylpyrazine. Two compounds were obtained
with pyrazine, Cu(HCO,),(pyrz) (3-D) and Cu,(HCO,)4(pyrz) (chain of dimers).
A chain of dimers was obtained with 2,3-dimethylpyrazine Cu,(HCO,)4(2,3-Me,pyrz).
The 2,6-dimethylpyrazine is monodentate because of the relative position of the methyl
groups and [Cu,(u-HCO»)4(2,6-Me,pyrz),] was formed [19].

In this study, we describe the interaction between Cu(HCO,),-4H,O and Mepyrz,
and the interaction between Cu(AcO),-H,O and Mepyrz, 2,3-Me,pyrz, 2,5-Me,pyrz,
and 2,6-Me,pyrz. Magnetic properties and electron paramagnetic resonance (EPR)
spectra are also studied.

2. Experimental

2.1. Physical measurements

C, H, and N analyses were carried out using a Leco 932-CHNS microanalyzer. Infrared
(IR) spectra were recorded with a Nicolet FT-IR 510 spectrometer from 4000 to 400 cm ™'
using KBr pellets. Electronic spectra were recorded with a Shimadzu UV-265 FW
spectrophotometer. Magnetic measurements were carried out using a Quantum Design
SQUID MPMSXL magnetometer with an applied field of 10,000 G. Diamagnetic
corrections were applied [20]. A correction for temperature-independent paramagnetism
(TIP) of 60 x 10~°cm®mol™" per mol of Cu was applied in all the cases. The EPR spectra
were recorded on a Bruker ESP 300 spectrometer with a Bruker ER 035 gaussmeter and
an HP 5325 frequency counter, for powder samples, in Q band, at 120 K.

2.2. Synthesis

2.2.1. Synthesis of 1 and 2

{ICuy(p-HCO,)4l(n-Mepyrz)}, (1): The complex was prepared by the addition of solid
Cu(HCOO),-4H,O (226 mg, 1 mmol) to a solution of methylpyrazine (0.045mL,
0.5 mmol) in methanol: chloroform 1:3 (10 mL). The mixture was stirred overnight and
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evaporated to dryness in a rotary evaporator. The solid was treated with CCly, filtered,
washed with CCly, and dried in vacuo over CaCl,. Yield: 161 mg, 80%. Anal. Calcd for
CoCu,H9N>Og (%): C, 26.94; H, 2.51; and N, 6.98. Found (%): C, 26.90; H, 2.49; and
N, 6.99. IR (KBr; cm™"): 1628(vs), 1577(sh), 1485(s), 1372(m), 1352(s), 1078(m),
1039(m), 830(m), and 775(m).

Despite using different molar proportions of Cu(HCOO), - 4H,O and Mepyrz (1:0.5,
1:1, and 1:2), only Cuy(HCOO)4(Mepyrz), as powder, was obtained.

[Cuy(n-HCO,)4(Mepyrz),| (2): Crystals suitable for X-ray diffraction were obtained by
slow evaporation of the solvent from a solution of Cu(HCOO), -4H,O and Mepyrz in
MeCN in a molar proportion 1:0.5.

2.2.2. Synthesis of 3 and 4
{[Cu,(n-AcO)4(n-Mepyrz)}, (3): The complex was prepared by the addition of solid
Cu(AcO),-H,0O (200mg, 1 mmol) to a solution of methylpyrazine (0.182mL, 2 mmol)
in MeCN (20 mL). The mixture was stirred overnight. The green precipitate formed was
filtered off, washed with MeCN and Et,O, and dried in vacuo over CaCl,. Yield:
186 mg, 81%. Anal. Calcd for C3Cu,HsN,Og (%): C, 34.14; H, 3.97; and N, 6.12.
Found (%): C, 34.13; H, 3.97; and N, 6.20. IR (KBr; cm™'): 1610(vs), 1442(s), 1420(s),
1348(m), 1075(m), 1034(m), 842(m), and 684(m).

Although different molar proportions of Cu(AcO),-H,O and Me-pyrazine (1:0.5,
1:1, and 1:2) were used, only Cu,(AcO)4(Mepyrz), as powder, was obtained.

[Cux(n-AcO)y(Mepyrz),| (4): Crystals suitable for X-ray diffraction were obtained by
slow evaporation of the filtrate in the synthesis of 3.

2.2.3. Synthesis of [Cuy(p-AcO)4(2,3-Me,pyrz),] (5). 2,3-Meypyrz (0.423 mL, 4 mmol)
was added to a solution of Cu(AcO),-H,O (199 mg, 1 mmol) in MeOH (30 mL).
The green solution was stirred for 30 min at room temperature. After slow evaporation
of solvent, a green precipitate and crystals suitable for X-ray diffraction were formed.
Yield: 154 mg, 53%. Anal. Calcd for C,yCu,H»3N4Og (%): C, 41.45; H, 4.87; and N,
9.67. Found (%): C, 41.71; H, 4.80; and N, 9.70. IR (KBr; cm™"): 1628(vs), 1430(s),
1403(m), 1348(m), 1174(m), 1024(w), 859(m), and 627(m).

2.2.4. Synthesis of [Cuy(n-AcO)4(2,6-Me,pyrz),] (6). 2,6-Me,pyrz (0.433 mL, 4 mmol)
was added to a solution of Cu(AcO),-H,O (199mg, 1 mmol) in MeCN (30 mL).
The mixture was stirred for 5h. The green precipitate formed was filtered off, washed
with MeCN, and Et,O and dried in vacuo over CaCl,. Yield: 162 mg, 56%. Anal. Calcd
for CyoCu,HogN4Og (%): C, 41.45; H, 4.87; and N, 9.67. Found (%): C, 41.47; H, 4.86;
and N, 9.72. IR (KBr; cm™"): 1620(vs), 1533(m), 1420(s), 1380(m), 1346(m), 1165(m),
1020(m), 881(m), and 684(m). Crystals suitable for X-ray diffraction were obtained by
slow evaporation of the filtrate.

2.2.5. Synthesis of {|Cuy(p-AcO),4J(n-2,5-Me,pyrz)},, (7). 2,5-Me,pyrz (0.436 mL,
4mmol) was added to a solution of Cu(AcO),-H->O (199mg, 1 mmol) in MeCN
(30mL) and stirred for 5h. The green precipitate formed was filtered off, washed with
MeCN and Et,0, and dried in vacuo over CaCl,. Yield: 169 mg, 72%. Anal. Calcd for



07:22 23 January 2011

Downl oaded At:

Dinuclear/1-D copper(1I) 1655

C14CuyH,50N>Og (%): C, 35.67; H, 4.28; and N, 5.94. Found (%): C, 35.77; H, 4.27,
and N, 5.96. IR (KBr; cm™'): 1617(vs), 1499(m), 1431(s), 1336(m), 1066(m), 850(m),
and 684(m). Crystals suitable for X-ray diffraction were obtained by slow evaporation
of the filtrate.

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),
operating at S0kV and 35mA for 2 and 7, and at 50kV and 25mA for 4, 5, and 6,
respectively. In all the cases, data were collected over a hemisphere of the reciprocal
space by a combination of three exposure sets. Each exposure was of 30 or 20s and
covered 0.3° in w. The first 50 frames were recollected at the end of the data collection
to monitor crystal decay, and no appreciable decay was observed.

A summary of the fundamental crystal and refinement data is given in table 1.
The structures were solved by direct methods and refined by full-matrix least-square
procedures on F* [21]. All non-hydrogen atoms were refined anisotropically, and all
hydrogens were included in the calculated positions and refined riding on the respective
carbons.

3. Results and discussion

3.1. Synthesis and characterization

Compounds 1 and 3 were obtained by reactions of Mepyrz with Cu(AcO),-H,O or
Cu(HCO), - 4H>0 using molar proportions of copper carboxylate and ligands 1:0.5;
1:1, or 1:2. Crystals suitable for X-ray diffraction were obtained only with the
composition 1:1 (2 and 4).

With 2,3- and 2,6-Me,pyrz, an excess of ligand in proportion 1:4 is required to
obtain complexes with 1:1 ratio, 5 and 6. With Cu(AcO), - H,O and 2,5-Me,pyrz in all
the tested proportions (1:0.5, 1:1, 1:2, and 1:4), compound 7 was formed.

In the visible region of the diffuse reflectance spectra of the complexes, a broad band
assigned to d—d transitions is observed centered at 680-700 nm. The absorption at
380 nm, characteristic of the [Cu,(n-RCOQ)4] group, is also observed. At 250-290 nm,
two ligand transitions are observed in all the cases.

3.2. Description of the structures

3.2.1. Crystal structure of 2. The crystal structure consists of two crystallographically
independent centrosymmetric dimeric molecules with a Mepyrz molecule coordinated
to each copper in the [Cuy(n-HCO,),] unit (figure 1). There are some slight differences
between both the molecules, related to the relative disposition of the methylpyrazine
ring. Thus, the values of the dihedral angles between methylpyrazine ring
NICIC2N2C3C4 and the best least-square planes CulO3C501'Cul’O3'C5'O1 and
CulO2C9'04'Cul’02'C904 are 69.4(1)° and 25.4(1)°, respectively, whereas between the
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Figure 1. ORTEP view (25% of probability) of dimeric molecules in 2 showing the atomic numbering of the
asymmetric unit. The hydrogen atoms have been omitted for clarity.

Table 2. Selected interatomic distances (A) and angles (°) for 2.

Cul-Ol 1.983(3) Cu2-05 1.967(4)
Cul-02 1.969(3) Cu2-06 1.963(3)
Cul-03 1.962(3) Cu2-07 1.975(4)
Cul-0O4 1.975(3) Cu2-08 1.965(3)
Cul-N1 2.181(3) Cu2-N3 2.150(3)
Cul---Cul® 2.654(1) Cu2---Cu2#? 2.671(1)
0O1-Cul-02 89.4(1) 0O5-Cu2-06 88.5(2)
O1-Cul-03 167.9(1) 05-Cu2-07 167.2(1)
O1-Cul-0O4 89.5(1) 0O5-Cu2-08 89.6(2)
02-Cul-03 90.3(1) 06-Cu2-07 90.5(2)
02-Cul-04 168.3(1) 06-Cu2-08 167.3(1)
03-Cul-04 88.3(1) O7-Cu2-08 88.6(2)
N1-Cul-O1 92.4(1) N3-Cu2-05 99.0(1)
N1-Cul-02 96.9(1) N3-Cu2-06 94.4(1)
NI-Cul-03 99.7(1) N3-Cu2-07 93.8(1)
NI1-Cul-O4 94.7(1) N3-Cu2-08 98.3(1)
NI-Cul---Cul# 173.8(1) N3-Cu2-: - -Cu2? 175.7(1)
Symmetry transformations used to generate equivalent atoms: *!—x, —y+2, —z+2; P—x+1, —y, —z+ 1.

methylpyrazine ring N3CI0CI1IN4CI2C13 and the best least-square planes
Cu207C1405Cu2’07'C1405 and Cu208C1806'Cu2'0O8'C18'06 are 55.7(1)° and
34.3(1)°, respectively. Selected interatomic distances and angles are given in table 2.

Each Cu exhibits a square-pyramidal geometry. The trigonality indices [22] deduced
from the angles data, T = 0.007 for Cul and 0.0003 for Cu2, indicate square-pyramidal
geometry. The copper rises from the basal plane to the apical nitrogen by 0.204(1) A for
Cul and O.219(1)A for Cu2. The two independent dimers have different orientations in
the crystal. Rows of dimers of the same orientation are observed along a- and b-axis,
and they form sheets parallel to the ab plane (figure 2).
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Figure 2. Dimer disposition in the crystal of 2 viewed along the g-axis.

3.2.2. Crystal structure of 4-6. The crystal structures of these complexes consist of
centrosymmetric dimers. The Oak Ridge Thermal Ellipsoid Plot Program (ORTEP)
view for 5 is shown in figure 3. Selected interatomic distances and angles for 4-6 are
given in table 3.

The trigonality indices [22] T=0.002, 0.005, and 0.002 for 4, 5, and 6, respectively,
correspond to square-pyramidal geometry. The copper rises from the basal plane to
the apical nitrogen by 0.192(1) A for 4, 0.2152(9) A for 5, and 0.1891(9) A for 6. The
distances Cu—N1 are shorter in 4 and 6 than in S (table 3), due to the disposition of the
methyl in the dimethylpyrazine rings in ortho with respect to the nitrogen in 5, which is
closer to the methyl group of the acetate than in 4 and 6.

Disposition of the dimers in the crystal is shown in figure 4; in 4 (figure 4a) all the
dimers have the same orientation in the crystal while in 5 (figure 4b) and 6 (figure 4c),
they have two orientations, as in 2.

3.2.3. Crystal structure of 7. This structure consists of polymeric chains, parallel to
the c-axis, of [Cu,(i-AcO)y4] units bridged by 2,5-Me,pyrz molecules. Figure 5(a) shows
the polymeric chain with atomic numbering of the asymmetric unit. Table 4 gives the
selected interatomic distances and bond angles for 7.

The trigonality index [22] t= 0.004 corresponds to a square pyramid with copper
above the basal plane by 0.200(2) A.

Figure 5(b) shows packing in 7 along a-axis. The methyl group of the acetate group is
oriented toward the methylpyrazine of neighboring chains, reinforcing the crystal
packing (the distance between the carbon of acetate and the ring centroid is 3.566 A).
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Figure 3. ORTEP view of dimeric molecule in 5 showing the atomic numbering of the asymmetric unit. The
hydrogen atoms have been omitted for clarity.

Table 3. Selected interatomic distances (A) and angles (°) for 4-6.

4 5 6

Cul-Ol1 1.967(2) 1.975(2) 1.966(2)
Cul-02 1.964(2) 1.962(2) 1.963(2)
Cul-03 1.972(2) 1.961(2) 1.970(2)
Cul-0O4 1.967(2) 1.971(2) 1.970(2)
Cul-N1 2.202(2) 2.326(2) 2.204(2)
Cul---Cul™! 2.614(1) 2.659(1) 2.609(1)
O1-Cul-02 88.9(1) 89.3(1) 89.6(1)
O1-Cul-03 168.6(1) 167.2(1) 168.9(1)
O1-Cul-04 90.8(1) 88.7(1) 88.8(1)
02-Cul-03 88.8(1) 89.7(1) 89.3(1)
02-Cul-04 168.5(1) 167.6(1) 169.0(1)
03-Cul-04 89.37(1) 89.5(1) 90.2(1)
NI1-Cul-O1 97.3(1) 91.7(1) 94.9(1)
N1-Cul-02 96.8(1) 97.8(1) 96.4(1)
NI-Cul-03 94.0(1) 101.0(1) 96.2(1)
N1-Cul-0O4 94.6(8) 94.5(1) 94.6(1)
NI1-Cul---Cul® 176.8(1) 176.4(1) 178.4(1)
Symmetry transformations used to generate equivalent atoms #. 4and 6, —x+1, —v+1, -z 5 —x, =y, —z+ 1.

3.3. Magnetic and EPR results

The quantities of 2 and 4 obtained were not enough to make magnetic and EPR

measurements.

Compounds 1, 3, 5, 6, and 7 show strong antiferromagnetism, characteristic of the
dimeric [Cu,(u-RCOO)4] groups. The yn T values decrease with decreasing temperature
for all these compounds. Figure 6 shows the plot of y\7, per mol of dimer, versus
temperature (7°) for 5. The results are similar to other compounds containing
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Figure 4. View of the crystal along the a-axis in (a) 4; (b) 5; and (c) 6.

paddle-wheel copper units. The possible interdimer interaction in 1, 3, and 7 are
negligible compared to the intradimer interaction [17].

The data from 50 to 300 K were fitted to the Bleaney—Bowers equation for a dimer
with S} =S,= " [23]:

x(Cu) = [(Ng* B2 /kT) /KD /(1 + 32/HT)] + Na

where 2./ is the separation between singlet and triplet states and N is the TIP. The best
fit for g=2.14 (EPR result) and Na=60 x 10~°cm®mol™" are given in table 5 along
with the magnetic moments at 120 K.

These results indicate the presence of dimeric groups in 1 and 3, even though their
crystal structures are unknown. These results, together with the composition of these
compounds, suggest a chain structure for 1 and 3, similar to that of 7. The
antiferromagnetic parameter, 2J, is the highest for 1, the complex of the
[Cuy(n-HCO,)4] group. This result agrees with the conclusions of Rodriguez-Fortea
et al. [24] in a density functional study of the exchange coupling in carboxylato-bridged
dinuclear copper(Il) compounds; in [Cu,(u-RCOO)4] groups, the antiferromagnetic
interaction strength decreases with the presence of electron-withdrawing R groups. This
explains the diference between 2J values for acetato and formato derivative.
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Figure 5. (a) ORTEP view of polymeric chain of 7 showing the atomic numbering of the asymmetric unit.
The hydrogen atoms have been omitted for clarity; (b) view of 7 along the g-axis.
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Table 4. Selected interatomic distances (A) and angles (°) for 7.

Cul-Ol
Cul-02
Cul-03
Cul-04
Cul-N1
Cul---Cul*!

1.956(2)
1.965(2)
1.971(2)
1.973(2)
2.236(2)
2.616(1)

O1-Cul-02
O1-Cul-03
O1-Cul-0O4
02-Cul-03
02-Cul-04
03-Cul-04
NI1-Cul-Ol1
NI1-Cul-02
NI1-Cul-0O3
NI1-Cul-O4

N1-Cul---Cul®!
Cul-N1---N1#?

89.8(1)
168.4(1)
89.2(1)
90.4(1)
168.6(1)
88.4(1)
101.2(1)
97.9(1)
90.3(1)
93.5(1)
173.3(1)
171.2(4)

Symmetry transformations used to generate equivalent atoms: *'—x, —y 41, —z41; #—x, —y+1, —z42.

X o 2Cw) (c:rn3 mol'lK)

050 100

150 200 250 300 350
T(K)
Figure 6. Plot of 7 vs. T, per mol of dimer, for 5.

Table 5. Magnetic results.

Compound 2J (em™) R p (B.M.) (2Cu, 120K)

1 —363 9.7x107° 1.20

3 —316 8.6x107* 0.85

5 —320 7.1x107° 0.81

6 —284 1.8x107° 1.05

7 —276 29%x107° 1.09

R=30tmTiexp = 1 Tica) "/ Z 0t Tiexp)
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Figure 7. EPR Q band (v=134.0289 GHz) spectrum of powdered 5 at 120 K.

Powder EPR spectra of 1, 3, 5, 6, and 7, at Q band and at 120 K show signals of the
triplet state (S=1) for D #0 and E~0, due to the presence of the dimeric units. Figure
7 shows the spectrum of 5.

The spectra were interpreted according to the Wasserman, Snyder, and Yager
equations [25] based on the Hamiltonian H=gHSB+ D[S? —2/3]+ E[S; — S}], with
D+#0 and E=0.

ForAM = +1:
Hy = (g:/g) )(Ho — D)
Hiy = (ge/g)Ho(Ho — D'
H.> = (ge/g1)[Ho(Ho + D))
ForAM = +2:

Huin = (ge/gmin)[H>/4 — D*/3)]'/?
Hgq = (ge/gav)[H2 — D /3]'/?
Hy,=hv/g.B; D =D/g.p

The experimental values of H and the calculated parameters: g, g., gav, and D are
given in table 6.

Triplet state signals are often observed for antiferromagnetic copper pairs with the
copper acetate paddle-wheel motif [25]. The magnetic moment values at 120 K (table 5)
indicate significant occupation of the triplet state (S=1) at this temperature.
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Table 6. EPR results for 1, 3, 5, 6, and 7.

Hpin H, Hy Hy» Hy

q
Compound © (&) © (&) (&) g gL Zav (em™)
1 4910 6551 9300 13,837 11,754 2.31 2.07 2.15 0.43
3 5225 7350 9860 13,460 11,145 2.31 2.06 2.14 0.34
5 5150 7250 9795 13,510 11,120 2.31 2.06 2.14 0.35
6 5200 7350 9850 13,475 11,200 2.30 2.06 2.14 0.34
7 5220 7270 9850 13,460 11,145 2.31 2.06 2.14 0.34

4. Conclusions

By the reaction of methylpyrazine with Cu(HCO»),-4H,O and Cu(AcO),-H-0,
compounds of composition {[Cu,(p-HCO,)4](u-Mepyrz)}, (1) and
{[Cuy(pn-AcO)4](u-Mepyrz)},, (3) are obtained only in the powder form. Crystals
suitable for X-ray diffraction for the molecular dimers [Cu,(u-HCO»)4(Mepyrz),] (2)
and [Cu,(p-AcO)4(Mepyrz),] (4), in which the methylpyrazine is coordinated through
one of the two nitrogens, are obtained. With 2,6-Me,pyrz, only
[Cus(pn-AcO)4(2,6-Me,pyrz),] is obtained. The 2,6-Me,pyrz is monodentate due to the
steric effect of the two methyl groups. The difference between the behavior of
2,3-Me,pyrz (monodentate in 5) and 2,5-Me,pyrz (bridging bidentate in 7) is more
difficult to explain. In the formate compound, Cu,(HCO,)4(2,3-Me,pyrz) [9], the
structure is of a chain of dimeric units of Cu,(HCO,),4 linked by bridging 2,3-Me,pyrz.

In all the structures studied, the dimeric units have structural characteristics similar
to those found in paddle-wheel Cu(Il) compounds.

The magnetic measurements correspond to the antiferromagnetic effect of
paddle-wheel [Cu,(ui-RCOQO)4] units. In EPR spectra, the signals of triplet state
(S=1) for D#0and E~ 0 are observed. The magnetic and EPR results suggest a chain
structure in 1 and 3, similar to that of 7.

Supplementary material
CCDC-256040 and 740813—-780416 contain the supplementary crystallographic data for

2 and 4-7, respectively. These data can be obtained free of charge from the Cambridge
Crystallographic Data Centre (CCDC) via www.ccdc.cam.ac.uk/data_request/cif.
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