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The use of succinamic acid (H2sucm) in Cu(ClO4)2�6H2O/N,N0-donor [2,20-bipyridine (bpy), 1,10-phenan-
throline (phen), 4,40-dimethyl-2,20-bipyridine (dmbpy), 4,40-bipyridine (4,40-bpy)] reaction mixtures
yielded compounds [Cu2(Hsucm)3(bpy)2](ClO4)�0.5MeOH (1�0.5MeOH), [Cu2(Hsucm)(OH)(H2O)(bpy)]
(ClO4)2 (2), [Cu4(Hsucm)5(dmbpy)4]n(ClO4)3n�nH2O �0.53nMeOH (3�nH2O�0.53nMeOH), [Cu2(Hsucm)2

(dmbpy)2(H2O)2](ClO4)2�2H2O (4�2H2O), [Cu2(Hsucm)2(phen)2(H2O)2](ClO4)2�1.8MeOH (5�1.8MeOH),
[Cu2(Hsucm)2(phen)2(MeOH)2](ClO4)2�MeOH (6�MeOH) and [Cu(Hsucm)2(H2O)(4,40-bpy)]n (7). The succi-
namate(�1) ligand exists in five different coordination modes in the structures of 1–7, i.e. the common
syn, syn l2-jO:jO0 in 1–6, the l2-j2O in 1, the l2-j2O:jO0 in 1, the l3-j2O:j2O0 in 3, and the monoden-
tate jO in 7. The primary amide group of Hsucm� remains uncoordinated and participates in intra- and
intermolecular hydrogen bonding interactions leading to interesting crystal structures. Characteristic IR
bands of the complexes are discussed in terms of the known structures and the coordination modes of the
Hsucm� ligands. The thermal decomposition of representative complexes was monitored by TG/DTG and
DTA measurements.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

The coordination chemistry of aliphatic a,x-dicarboxylates, of
the general formula �OOC–(CH2)n–COO� (n = 0,1,2,. . .; I in Scheme
1), has gained great attention for a variety of reasons. First of all,
aliphatic dicarboxylates have good conformational freedom, which
manifests itself in the various coordination modes that yield novel
frameworks and metal ion topologies. Secondly, the aliphatic
dicarboxylates possess interesting features, such as (1) bidentate
and monodentate linking modes, (2) cis–cis, cis–trans, or trans–
trans orientation, (3) tricoordinate oxygen-atom connectivity, (4)
pillaring of the metal–oxygen layers or networks, and (5) the gen-
eration of secondary building units by acting as capping agents
through their carboxylate moieties. Many complexes of the
[OOC–(CH2)n–COO]2� ligands have been prepared and character-
ized [1]. In some of these dicarboxylates, metal–oxide dimers
(0D), chains (1D), or layers (2D) are linked or pillared by dicarbox-
ylate ions to give higher dimensionality frameworks [2]. The me-
tal–oxygen layers have infinite M–O–M linkages formed through
edge- or corner sharing of the {MOx} (x = 4, 5, 6, and 7) polyhedra.
Moreover, introduction of aromatic chelating ligands to the binary
ll rights reserved.
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aptopoulou).
MII,III/[OOC–(CH2)n–COO]2� reaction systems has led to interesting
frameworks through coordination bonds and/or weak intermolec-
ular interactions (p–p stacking, H-bonding, etc.) [3].

On the other hand, little is known about the coordination chemis-
try of the monoanionic monoamides of a,x-dicarboxylates, i.e. �OOC–
(CH2)n–CONH2 (n = 0, 1, 2,. . .; II in Scheme 1). The presence of the
amide functionality is expected to affect significantly the chemical
and structural identity of the resultant metal complexes, with re-
spect to those of a,x-dicarboxylates, due to different charge, elec-
tronic properties and hydrogen bonding capabilities. A literature
survey of the metal complexes containing �OOC–(CH2)n–CONH2

(n = 0, 1, and 2) and/or N-donor ligands reveals a few oxamato(�1)
(H2oxam, n = 0; II in Scheme 1) [4] malonamato(�1) (H2malm,
n = 1; II in Scheme 1) [5] and succinamato(�1) (H2sucm, n = 2; II
in Scheme 1) [6] complexes. With the above considerations in
mind, we have explored ‘ligand blend’ reaction systems involving
the succinamate(�1) ligand and various aromatic N,N’-donors as
a means to dinuclear and polymeric CuII complexes [7]. At the
same time, we have systematically investigated ‘ligand blend’ reac-
tion systems involving the maleamate(�1) ligand (H2L, �OOC–
CH@CH–CONH2; III in Scheme 1) in combination with aromatic
N,N0- and N,N0,N00-donors as a means to mononuclear, dinuclear,
tetranuclear and polymeric CuII complexes [8]. The maleamate(�1)
ligand lacks the conformational flexibility of the succinamate(�1)
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Scheme 1. The ligands discussed in the text. The ligand used in this work is the
succinamate(�1) ion (n = 2; II).
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ligand due to the presence of the C@C double bond, and it is thus
expected to lead to a completely different coordination chemistry.
We have investigated the influence of various synthetic parame-
ters, such as the inorganic anion in the copper(II) salt, the reaction
media, the presence or absence of externally added hydroxides, the
reactants’ stoichiometry, and the crystallization process, to the
chemical and structural identity of the products. The most impor-
tant aspects of our work involve the CuII-assisted transformations
of the maleamate(�1) ligand to monomethyl maleate(�1) ligand
(IV in Scheme 1) and/or maleate(�2) ligand (V in Scheme 1) via
the in situ methanolysis and/or hydrolysis of the primary amide
group to an ester function and/or a carboxylate group, respectively.
The simultaneous presence of these ligands in solution and their
coordination to CuII ions has led to interesting mixed ligand com-
plexes and/or isolation of species containing different type of li-
gands from the same reaction mixture [8].

We illustrate herein how the reactions of Cu(ClO4)2�6H2O with
H2sucm (n = 2; II in Scheme 1) and various aromatic N,N0-donors
(bpy, phen, dmbpy, 4,40-bpy) yield dinuclear and polymeric com-
plexes. A small portion of the present work has been previously
communicated [7]; however, synthetic details and other impor-
tant information concerning the structure and properties of the
previously reported complexes, along with the new products are
also given here in order to provide a deeper understanding of this
general reaction system. The use of the various aromatic N,N0-do-
nors in the Cu(ClO4)2�6H2O/H2sucm reaction system was neces-
sary; first, for the successful crystallization of the complexes
(vide infra), and second, for the direct structural comparison with
the analogous complexes featuring the maleamate(�1) ligand (III
in Scheme 1).
2. Experimental

2.1. General and spectroscopic measurements

All manipulations were performed under aerobic conditions
using materials as received (Aldrich Co.). All chemicals and sol-
vents were of reagent grade. Elemental analyses for C, H and N
were performed on a Perkin Elmer 2400/II automatic analyzer. IR
spectra were recorded from KBr pellets in the range 4000–
400 cm�1 on a Bruker Equinox 55/S FT-IR spectrophotometer.
Thermogravimetric analyses (TG/DTG and DTA) in the 25–800 oC
temperature range were performed under N2 atmosphere with a
heating rate of 5 oC/min on a TA Instruments 2960 SDT apparatus,
at the Department of Chemistry, University of Antwerp, Belgium.

Safety note: Perchlorate salts are potentially explosive; such
compounds should be synthesized and used in small quantities,
and treated with utmost care at all times.

2.2. Compound preparations

2.2.1. [Cu2(Hsucm)3(bpy)2](ClO4)�0.5MeOH (1�0.5MeOH)
Solid LiOH�H2O (0.036 g, 0.86 mmol) was added to a colourless

solution of H2sucm (0.100 g, 0.86 mmol) in MeOH (20 ml) followed
by the addition of solid bpy (0.067 g, 0.43 mmol) to afford a colour-
less solution. A light blue solution of Cu(ClO4)2�6H2O (0.158 g,
0.43 mmol) in MeOH (10 ml) was then added to obtain a final dark
blue solution. Layering of the final solution with a mixture of Et2O/
n-hexane (60 ml, 1:1 v/v) afforded X-ray quality, blue needle-like
crystals of 1�0.5MeOH, which were collected by filtration under
vacuum, washed with cold MeOH (5 ml) and Et2O (2 � 5 ml), and
dried in air. Yield: 0.124 g, 65%. The resulting powder was analyzed
as solvent free. C32H34N7Cu2O13Cl (887.21) requires: C, 43.32; H,
3.87; N, 11.06. Found: C, 43.11; H, 3.74; N, 10.92%. FT-IR for 1
(KBr pellet, cm�1): 3430m, 3348m, 3202m,1672s, 1640s, 1602s,
1564s, 1448m, 1406m, 1382m, 1120m, 1088m, 772m, 732w,
624m.

2.2.2. [Cu2(Hsucm)(OH)(H2O)(bpy)2](ClO4)2�(2)
Solid LiOH�H2O (0.036 g, 0.86 mmol) was added to a colourless

solution of H2sucm (0.100 g, 0.86 mmol) in H2O (25 ml) to give a
colourless solution. Solid bpy (0.067 g, 0.43 mmol) was added to
afford a colourless solution. A light blue solution of Cu(ClO4)2�6H2O
(0.158 g, 0.43 mmol) in H2O (25 ml) was then added to obtain a fi-
nal blue solution which was left for slow evaporation. After
15 days, blue needle-like crystals of 2, suitable for X-ray character-
ization, were formed. The crystals were collected by filtration un-
der vacuum, washed with cold H2O (3 ml), cold MeOH (1.5 ml)
and Et2O (2 � 5 ml), and dried in air. Yield: 0.076 g, 45%.
C24H25N5Cu2O13Cl2 (789.49) requires: C, 36.51; H, 3.19; N, 8.87.
Found: C, 36.26; H, 3.05; N, 8.76%. FT-IR for 2 (KBr pellet, cm�1):
3440s, 3420sb, 3195sh, 1670m, 1650m, 1636w, 1598s, 1554m,
1448m, 1420m, 1378m, 1212w, 1132sh, 1116s, 1090sb, 774m,
626m.

2.2.3. [Cu4(Hsucm)5(dmbpy)4]n(ClO4)3n�nH2O�0.53nMeOH
(3�nH2O�0.53nMeOH)

Solid LiOH�H2O (0.036 g, 0.86 mmol) was added to a colourless
solution of H2sucm (0.100 g, 0.86 mmol) in MeOH (20 ml) to give
a colourless solution. Solid dmbpy (0.079 g, 0.43 mmol) was then
added to afford a colourless solution after stirring under slight
heating for 10 min. A light blue solution of Cu(ClO4)2�6H2O
(0.158 g, 0.43 mmol) in MeOH (10 ml) was then added to obtain
a final dark blue solution. Layering of the final solution with Et2O
(60 mL) afforded X-ray quality, blue crystals of 3�nH2O�0.53
nMeOH, which were collected by filtration under vacuum, washed
with cold MeOH (5 ml) and Et2O (2 � 5 ml), and dried in vacuum.
Yield: 0.060 g, 30%. The resulting powder was analyzed as solvent
free. C68H78N13Cu4O27Cl3 (1869.98) requires: C, 43.68; H, 4.21; N,
9.74. Found: C, 43.50; H, 4.16; N, 9.68%. FT-IR for
3�nH2O�0.53nMeOH (KBr pellet, cm�1): 3458s, 3410sb, 3346s,
3192s, 1654s, 1616m, 1588s, 1560sh, 1490w, 1440m, 1404sh,
1300w, 1146m, 1112m, 1086s, 840w, 636sh, 626m.

2.2.4. [Cu2(Hsucm)2(dmbpy)2(H2O)2](ClO4)2�2H2O (4�2H2O)
A colourless solution of H2sucm (0.050 g, 0.43 mmol) in MeCN

(25 ml) was obtained after stirring under gentle heating for
10 min; a colourless solution of LiOH�H2O (0.018 g, 0.43 mmol) in
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H2O (5 ml) was then added. Solid dmbpy (0.040 g, 0.21 mmol)
was added to afford a colourless solution. A light blue solution of
Cu(ClO4)2�6H2O (0.079 g, 0.21 mmol) in MeCN (10 ml) was finally
added to afford a blue solution which was left for slow evaporation.
After 15 days, X-ray quality, dark blue needle-like crystals of
4�2H2O were formed, which were collected by filtration under vac-
uum, washed with cold MeCN (5 ml) and Et2O (2 � 5 ml), and dried
in vacuum. Yield: 0.062 g, 60%. The resulting powder was analyzed
as 4�H2O. C32H42N6Cu2O17Cl2 (980.71) requires: C, 39.19; H, 4.32;
N, 8.57. Found: C, 38.99; H, 4.27; N, 8.51%. FT-IR for 4�2H2O (KBr
pellet, cm�1): 3378wb, 3195wb, 1674m, 1618s, 1560m, 1490s,
1440m, 1372w, 1144sh, 1092sb, 1028m, 920w, 860mb, 776w,
624m.

2.2.5. [Cu2(Hsucm)2(phen)2(H2O)2](ClO4)2�1.8MeOH (5�1.8MeOH)
Solid LiOH�H2O (0.036 g, 0.86 mmol) was added to a colourless

solution of H2sucm (0.100 g, 0.86 mmol) in MeOH (20 ml) to
give a colourless solution. Solid phen (0.077 g, 0.43 mmol) was
added to afford a colourless solution. A light blue solution of
Cu(ClO4)2�6H2O (0.158 g, 0.43 mmol) in MeOH (10 ml) was then
added to obtain a final blue solution. Slow evaporation at room
temperature afforded X-ray quality blue crystals of 5�1.8MeOH.
The crystals were collected by filtration under vacuum, washed
with cold MeOH (5 ml) and Et2O (5 ml), and dried in vacuum.
Yield: 0.102 g, 55%. The resulting powder was analyzed as solvent
free. C32H32N6Cu2O16Cl2 (954.64) requires: C, 40.26; H, 3.38; N,
8.80. Found: C, 40.06; H, 3.34; N, 8.74%. FT-IR for 5�1.8MeOH
(KBr pellet, cm�1): 3440mb, 3322m, 3164m, 1678s, 1626m,
1592vs, 1582s, 1519s, 1491m, 1482s, 1428s, 1399s, 1341m,
1320m, 1297s, 1220m, 1192m, 1140vs, 1115vs, 1086vs, 997m,
957m, 940w, 873m, 846vs, 823w, 810w, 798w, 782m, 735m,
772vs, 697m, 647m, 636msh, 625s, 561m.

2.2.6. [Cu2(Hsucm)2(phen)2(MeOH)2](ClO4)2�MeOH (6�MeOH)
Solid LiOH�H2O (0.036 g, 0.86 mmol) was added to a colourless

solution of H2sucm (0.100 g, 0.86 mmol) in MeOH (20 ml) to
give a colourless solution. Solid phen (0.154 g, 0.86 mmol) was
added to afford a colourless solution. A light blue solution of
Cu(ClO4)2�6H2O (0.316 g, 0.86 mmol) in MeOH (10 ml) was then
added to obtain a final blue solution. X-ray quality blue crystals
of 6�MeOH were formed upon standing of the final solution in
closed vials after 8 days. The crystals were collected by filtration
under vacuum, washed with cold MeOH (5 ml) and Et2O (5 ml),
and dried in air. Yield: 0.274 g, 65%. The resulting powder was
analyzed as solvent free. C34H36N6Cu2O16Cl2 (982.69) requires: C,
41.56; H, 3.69; N, 8.55. Found: C, 41.35; H, 3.65; N, 8.50%. FT-IR
for 6�MeOH (KBr pellet, cm�1): 3324mb, 3160w, 1678s, 1628m,
1590s, 1518m, 1430s, 1406sh, 1298m, 1142s, 1112s, 1088s,
998w, 848m, 722m, 628m.

2.2.7. [Cu(Hsucm)2(H2O)(4,4’-bpy)]n (7)
Solid 4,40bpy (0.033 g, 0.21 mmol) was dissolved in MeOH

(10 ml) to give a colourless solution (solution A). An aqueous solu-
tion (1.5 mL) of LiOH�H2O (0.018 g, 0.43 mmol) was added to a
solution of H2sucm (0.050 g, 0.43 mmol) in dmf (10 ml) to obtain
a final colourless solution (solution B). Solid Cu(ClO4)2�6H2O
(0.079 g, 0.21 mmol) was dissolved in H2O (10 ml) to afford a light
blue solution (solution C). The three solutions were combined and
blue crystals of the product appeared after one week. The crystals
were collected by filtration under vacuum, washed with Et2O
(2 � 5 ml), and dried in air. Yield: 0.059 g, 45%. C28H30N6CuO7

(626.13) requires: C, 53.71; H, 4.84; N, 13.43. Found: C, 53.44; H,
4.79; N, 13.36%. FT-IR for 7 (KBr pellet, cm�1): 3462m, 3410m,
3298w, 3224wb, 1682s, 1616s, 1425m, 1410s, 1300w, 1242w,
1178w, 1116w, 824w, 710w, 624w.
2.3. Single-crystal X-ray crystallography

The crystallographic data for 2, 3�nH2O�0.53nMeOH and 4�2H2O
have been reported previously [7]. Crystals of 1�0.5MeOH
(0.20 � 0.25 � 0.55 mm), 5�1.8MeOH (0.10 � 0.20 � 0.50 mm),
6�MeOH (0.12 � 0.35 � 0.45 mm) and 7 (0.15 � 0.25 � 0.40 mm)
were mounted in capillaries. Diffraction measurements were made
on a Crystal Logic Dual Goniometer diffractometer using graphite
monochromated Mo Ka radiation. Unit cell dimensions were
determined by using the angular settings of 25 automatically cen-
tered reflections in the range 11 < 2h < 23�. Intensity data were re-
corded using a h–2h scan. Three standard reflections monitored
every 97 reflections showed less than 3% variation and no decay.
Lorentz, polarization and psi-scan absorption corrections (only
for 5�1.8MeOH and 6�MeOH) were applied using Crystal Logic soft-
ware. Important crystallographic and refinement data are listed in
Table 1.

The structures were solved by direct methods using SHELXS-97
[9] and refined by full-matrix least-squares techniques on F2 with
SHELXS-97 [10]. All non-hydrogen atoms were refined anisotropi-
cally. The hydrogen atoms were treated as follows: in 1�0.5MeOH
and 7 all H-atoms were located by difference maps and refined
isotropically, in 5�1.8MeOH all H-atoms were introduced at calcu-
lated positions as riding on bonded atoms, and in 6�MeOH were
either located by difference maps and were refined isotropically
or introduced at calculated positions as riding on bonded atoms.
Plots of all structures were drawn using the Diamond 3 program
package [11].

3. Results and discussion

3.1. Syntheses

Our efforts to isolate complexes from the binary CuII/Hsucm�

reaction system were both successful and unsuccessful. The reac-
tions between copper(II) salts and H2sucm in various molar ratios
and reaction solvents (H2O, MeOH, MeCN, etc.) in the absence of
external base led to microcrystalline products. Repeating efforts
to obtain X-ray quality crystals were proven unsuccessful. The
infrared spectra of the microcrystalline products, in all cases, re-
vealed the absence of peaks attributed to the stretching vibrations
of the amide group of Hsucm�. In addition, microanalytical data
were consistent with the formulation [Cu(OOC–(CH2)2–COO)
(H2O)]2�2H2O [12] which contains the succinate(�2) ligand
(n = 2; I in Scheme 1); the latter is formed in situ due to the hydro-
lysis of Hsucm�.

With the above considerations in mind, we decided to investi-
gate the tertiary CuII/Hsucm�/N,N0-donor reaction systems in an ef-
fort to isolate crystalline materials suitable for X-ray analysis.

The synthetic investigation of the Cu(ClO4)2�6H2O/H2sucm/N,N0-
donor (bpy, dmbpy, phen?H2O, 4,40-bpy) reaction systems led to
dinuclear and polymeric complexes. We have studied the influence
of three synthetic parameters on the chemical and structural iden-
tity of the products; these are the solvent, the molar ratio of the
reactants and the nature of the aromatic N,N0-donor.

Our initial efforts involved the reaction of Cu(ClO4)2�6H2O with
two equivalents of H2sucm and one equivalent of bpy in the pres-
ence of LiOH�H2O in MeOH solutions, which afforded blue needle-
like crystals of 1�0.5MeOH (Scheme 2) upon layering of the reaction
solution with a mixture of Et2O/n-hexane (1:1 v/v). The chemically
balanced equation for the synthesis of 1�0.5MeOH is given in Eq. (1).

2CuðClO4Þ2 �6H2Oþ3H2sucmþ2bpyþ3LiOH �H2Oþ0:5MeOH��!MeOH

Cu2ðHsucmÞ3ðbpyÞ2
� �

ðClO4Þ �0:5MeOHþ3LiClO4þ18H2O
1 �0:5MeOH ð1Þ



Table 1
Crystallographic data for complexes, 1�0.5MeOH, 5�1.8MeOH, 6�MeOH and 7.

1�0.5MeOH 5�1.8MeOH 6�MeOH 7

Formula C32.5H50.36ClCu2N7O13.5 C33.8H39.2Cl2Cu2N6O17.8 C35H40Cl2Cu2N6O17 C36H44Cu2N8O14

Formula weight 903.21 1012.29 1014.71 939.87
Space group P2/n Pbc21 P2/c C2/c
a (Å) 14.410(14) 13.817(7) 12.115(5) 23.208(10)
b (Å) 11.107(9) 14.291(8) 13.036(7) 5.575(2)
c (Å) 24.43(2) 20.978(11) 14.258(6) 16.581(8)
a (o) 90 90 90 90
b (�) 102.06(3) 90 111.519(13) 114.765(15)
c (o) 90 90 90 90
V (Å3) 3823(6) 4142(4) 2094.8(15) 1948.1(14)
Z 4 4 2 2
T (�C) 25 25 25 25
Radiation Mo Ka Mo Ka Mo Ka Mo Ka
qcalc (g cm�3) 1.569 1.623 1.609 1.602
l (mm�1) 1.257 1.238 1.223 1.172
2hmax (o) 50 46 49.5 50
Reflections collected/unique 6909/6742

[Rint = 0.0165]
5095/4959
[Rint = 0.1564]

3749/3589
[Rint = 0.0207]

1758/1712
[Rint = 0.0187]

Reflections used/parameters refined 6742/639 4959/567 3589/342 1712/181
Reflections with I > 2r(I) 5296 3754 3019 1631
R1/wR2

a (all data) 0.0636/0.1369 0.1114/0.1858 0.0598/0.1476 0.0275/0.0687
R1/wR2

a (observed data) 0.0469/0.1231 0.0776/0.1651 0.0497/0.1366 0.0257/0.0677

a w = 1/[r2(F2
o) + (aP)2 + bP] and P = (max F2

o, 0) + 2F2
c /3, R1 = R(|Fo| � |Fc|)/R(|Fo|) and wR2 = {R[w(F2

o � F2
o)]/R[w(F2

o)2]}1/2.

Scheme 2. The synthetic procedures discussed in the text.
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We have previously communicated [7] the isolation of the dinu-
clear complex [Cu2(Hsucm)(OH)(H2O)(bpy)](ClO4)2 (2) from a sim-
ilar reaction in aqueous solutions (Scheme 2), according to Eq. (2).
The molecular structures of 1�0.5MeOH and 2 revealed that the
CuII/Hsucm� ratio is 2:3 and 2:1, respectively. Thus, the excess of
Hsucm� in both reaction mixtures is realized only in the molecular
structure of 1�0.5MeOH, while in 2 the bridging hydroxide ion and
H2O molecule occupy the coordination sites of the two monoatom-
ically Hsucm� ligands in 1�0.5MeOH.

2CuðClO4Þ2 � 6H2OþH2sucmþ 2bpyþ 2LiOH �H2O �!H2O

Cu2ðHsucmÞðOHÞðH2OÞðbpyÞ2
� �

ðClO4Þ2 þ 2LiClO4 þ 14H2O
2 ð2Þ

In a subsequent step, we wondered whether and to what extent the
nature of the N,N0-donor might affect the identity of the products
from the reaction system under investigation. The reaction of
Cu(ClO4)2�6H2O with two equivalents of H2sucm and one equivalent
of 4,40-dimethyl-2,20-bipyridine (dmbpy) in the presence of
LiOH�H2O in MeOH afforded blue crystals of 3�nH2O�0.53nMeOH
(Scheme 2) upon layering with Et2O. The chemically balanced equa-
tion for the synthesis of 3�nH2O�0.53nMeOH is summarized in Eq. (3).

4nCuðClO4Þ2 �6H2Oþ5nH2sucmþ4ndmbpyþ5nLiOH �H2O

þ0:53nMeOH���!MeOH;T

Cu4ðHsucmÞ5ðdmbpyÞ4
� �

nðClO4Þ3n �nH2O �0:53nMeOHþ5nLiClO4þ33nH2O

3 �nH2O �0:53nMeOH ð3Þ

The same molar ratio of the reactants in MeCN/H2O (7:1 v/v)
afforded dark blue needle-like crystals of [Cu2(Hsucm)2(dmbpy)2

(H2O)2](ClO4)2�2H2O (4�2H2O) [7] (Scheme 2) upon slow evapora-
tion of the reaction solution at r.t. The addition of H2O to the
reaction solution is necessary for the successful dissolution of
LiOH�H2O and by-product LiClO4, which are both insoluble in anhy-
drous MeCN. The chemically balanced equation for the synthesis of
4�2H2O is given in Eq. (4).

2CuðClO4Þ2 �6H2Oþ2H2sucmþ2dmbpyþ2LiOH �H2O ������!MeCN=H2O;T

Cu2ðHsucmÞ2ðdmbpyÞ2ðH2OÞ2
� �

ðClO4Þ2 �2H2Oþ2LiClO4þ12H2O
4 �2H2O ð4Þ

Reaction of 4�2H2O with [Cu2(Hsucm)3(dmbpy)2](ClO4)�H2O in
MeOH/MeCN, also afforded 3�nH2O�0.53nMeOH [7].

In a next step, we extended our research to the use of 1,10-
phenanthroline. The reaction of Cu(ClO4)2�6H2O with two equiva-
lents of H2sucm and one equivalent of phen�H2O in the presence
of LiOH�H2O in MeOH afforded blue crystals of 5�1.8MeOH
(Scheme 2) upon slow evaporation of the reaction solution at r.t.
The chemically balanced equation for the synthesis of 5�1.8MeOH
is given in Eq. (5).

2CuðClO4Þ2 �6H2Oþ2H2sucmþ2phen �H2Oþ2LiOH �H2O

þ1:8MeOH��!MeOH

Cu2ðHsucmÞ2ðphenÞ2ðH2OÞ2
� �

ðClO4Þ2 �1:8MeOHþ2LiClO4þ16H2O
5 �1:8MeOH ð5Þ

With the identity of complex 5 established by X-ray crystallog-
raphy, we performed the 1:1:1:1 Cu(ClO4)2�6H2O/H2sucm/phen/
LiOH�H2O molar ratio reaction in MeOH and we isolated blue crys-
tals of 6�MeOH (Scheme 2) according to Eq. (6).
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2CuðClO4Þ2 �6H2Oþ2H2sucmþ2phenþ2LiOH �H2Oþ3MeOH��!MeOH

Cu2ðHsucmÞ2ðphenÞ2ðMeOH2
� �

ClO4Þ2 �MeOHþ2LiClO4þ16H2O
6 �MeOH ð6Þ

Our final efforts involved the use of a bridging N,N0-donor ligand,
such as 4,40-bipyridine, in order to investigate the influence of the
simultaneous presence of two bridging ligands to the identity of
the products from the 1:2:1:2 Cu(ClO4)2�6H2O/H2sucm/4,40-bpy/
LiOH�H2O reaction system. We performed numerous experiments
in various organic solvents and mixtures of solvents, and in every
case we isolated microcrystalline products whose spectroscopic
and microanalytical data repeatedly revealed the presence of 4,40-
bpy and Hsucm�. X-ray quality crystals of 7 (Scheme 2) were finally
obtained by the very slow mixing of three solutions containing the
reactants in different solvent. The chemically balanced equation for
the synthesis of 7 is summarized in Eq. (7).

nCuðClO4Þ2 �6H2Oþ2nH2sucmþnð4;40-bpyÞþ2nLiOH �H2O��������!MeOH=DMF=H2O

CuðHsucmÞ2ðH2OÞð4;40-bpyÞ
� �

nþ2nLiClO4þ9nH2O

7 ð7Þ
3.2. Description of structures

Aspects of the molecular and crystal structures of the complexes
are shown in Figs. 1–10. The structure of complex 1.0.5MeOH con-
Fig. 1. Partially labeled plot of the cation of 1.0.5MeOH with ellipsoids drawn at the
30% probability level. H atoms have been omitted for clarity.

Fig. 2. A part of the 1D structure of 1�0.5MeOH due to H-bonding interactions (dashed lin
sists of the dinuclear cation [Cu2(Hsucm)3(bpy)2]+, a perchlorate
counterion and methanol solvate molecules. The two CuII ions in
the dinuclear cation are bridged through the three Hsucm- ligands
(Cu(1)� � �Cu(2) = 3.144(5) Å), each of which adopts a different coor-
dination mode. One Hsucm� ligand adopts the monoatomic bridg-
ing coordination mode (l2-j2O), the second ligand adopts the
usual syn, syn l2-jO:jO0 coordination mode, and the third Hsucm�

ligand adopts the l2-j2O:jO0 mode (Scheme 3). The Cu(2)� � �O(8)
distance of 3.032 Å (dashed line in Fig. 1) provides evidence for
weak interaction, as has sometimes [13] (but not always [14]) ob-
served for monoatomic bridging carboxylate groups. A chelating
bpy completes six-coordination around each CuII atom. The neutral
primary amide groups of the Hsucm� ligands remain uncoordi-
nated. The coordination geometry about each metal ion can be de-
scribed as distorted octahedral. The bridging carboxylate oxygen
atom O(7) and the terminal carboxylate oxygen atom O(4) occupy
the axial, Jahn–Teller coordination sites for Cu(1), while the bridging
carboxylate oxygen atom O(5) and the terminal carboxylate oxy-
gen atom O(8) occupy the axial positions for Cu(2). The Cu–N and
Cu–O bond distances are in the range 1.995(3)–2.002(3) Å and
1.936(3)–2.605(3) Å, respectively. Complex 1 is structurally similar
to [Cu2(Hsucm)3(dmbpy)2](OH)�H2O�MeOH [7].

In the crystal lattice of 1�0.5MeOH, the dinuclear cations are
hydrogen bonded through N(4)� � �O(3), N(3)� � �O(4) as well as
through N(3)� � �O(12) interactions forming tetranuclear units,
which are further associated through ClO�4 [N(5)� � �O(13)] to form
1D chains which extend parallel to c axis (Fig. 2, Table 2).

The molecular structures of 2, 3�nH2O�n0.53MeOH and 4�2H2O
have been previously communicated [7] and will not be discussed
in detail; only their crystal structures due to H-bonding interac-
tions will be reported.

In the crystal lattice of 2, the dinuclear cations are hydrogen
bonded through the amide group of the Hsucm� ligands
(O(23)� � �N(21)) and form tetranuclear units, which are further
linked through the hydroxide and coordinated H2O molecule and
the perchlorate counterions, as well as due to intermolecular p–p
stacking interactions between the aromatic rings of bpy (the mean
planes are parallel to each other and the average distances be-
tween the mean planes are 3.477 and 3.351 Å for the planes de-
fined by N1 and N11, respectively), to an overall 3D crystal
structure (Fig. 3, Table 2).

In the crystal lattice of 3�nH2O�0.53nMeOH, the 1D chains are
linked through hydrogen bonding interactions and form a 3D net-
work (Fig. 4, Table 2).

In the crystal lattice of 4�2H2O, the dinuclear cations are held to-
gether through intermolecular hydrogen bonding interactions
[N(3)� � �O(2) = 3.044 Å, Ow(1)� � �O(3) = 2.691 Å] and form chains
extending parallel to the c axis. The chains are further associated
through the solvate water molecules and the perchlorate counteri-
ons to an overall 3D network (Fig. 5, Table 2).
es). Colour code: Cu, black; O, light grey; N, large white; C, small white; Cl, dark grey.



Fig. 3. A small fragment of the 3D structure of 2 due to hydrogen bonding and p–p stacking interactions (dashed lines). Colour code as in Fig. 2.

Fig. 4. A small fragment of the 3D structure of 3�nH2O�0.53nMeOH due to hydrogen
bonding interactions (dashed lines). Colour code as in Fig. 2. Only the N atoms of the
dmbpy ligands are shown.
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The molecular structures of the dinuclear cations that are pres-
ent in complexes 5�1.8MeOH and 6�MeOH are very similar. We give
below a comparative structural description for the cations of
5�1.8MeOH (Fig. S1) and 6�MeOH (Fig. 6). The structure of the cat-
ion in both complexes consists of two CuII centers bridged by the
carboxylato groups of two Hsucm� ligands which present the
syn, syn l2-jO:jO0 coordination mode (Scheme 3). The closest
intramolecular Cu� � �Cu distances are 3.082 and 3.051 Å in
5�1.8MeOH and 6�MeOH, respectively. A chelating phen and H2O/
MeOH, for 5�1.8MeOH/6�MeOH respectively, complete five-coordi-
nation around each CuII atom. The neutral primary amide groups of
the Hsucm� ligands remain uncoordinated in both complexes. The
coordination geometry about each metal ion is well described as
square pyramidal with the oxygen atoms of the aquo and methanol
ligands occupying the apical positions for the two CuII centers for
5�1.8MeOH and 6�MeOH, respectively. Analysis of the shape-deter-
mining angles using the approach of Reedijk and co-workers [15]
yields trigonality index, s, values of 0.17 and 0.20 for Cu(1) and
Cu(2), respectively, in 5�1.8MeOH, and 0.10 for Cu and Cu0 in
6�MeOH (s = 0 and 1 for perfect sp and tbp geometries, respec-
tively). The Cu–N and Cu–O bond distances are in the range
1.993(16)–2.028(15) and 1.942(11)–2.221(10) Å, respectively in
5�1.8MeOH, and 2.014(3)–2.020(3) and 1.957(3)–2.185(3) Å,
respectively in 6�MeOH.

The structure of the cations in both complexes is stabilized by
intramolecular p–p stacking interactions between the aromatic
rings of phen; the average distance and angle between the two
mean planes in syn positions is 3.42 Å and 5.0�, and 3.48 Å and
4.2�, in 5�1.8MeOH and 6�MeOH, respectively.

Compounds 5 and 6 are structurally similar to 4�2H2O and
join a small family of structurally characterized compounds pos-
sessing the [Cu2(syn, syn l2-jO:jO0-O2CR)2]2+ core (R = H, CH3,
C2H5, CH2CH2C6H5) and stacked aromatic ligands in syn positions
[16,17].

In the crystal lattice of 5�1.8MeOH, the dinuclear cations partic-
ipate to hydrogen bonding interactions and form 1D chains which
are extended parallel to the b axis (Fig. 7, Table 2).

In the crystal lattice of 6�MeOH, the dinuclear cations partici-
pate to hydrogen bonding interactions and form 1D chains which
are extended parallel to the c axis (Fig. 8, Table 2).

Complex 7 is an 1D coordination polymer comprising neutral
[Cu(Hsucm)2(H2O)(4,40-bpy)] repeating units (Fig. 9). The carboxy-
lato groups of the Hsucm- ligands adopt the monodentate jO
coordination mode (Scheme 3). Two N atoms from two bridging
4,40-bpy molecules and an aquo ligand complete five-coordination
at each CuII atom. The neutral primary amide groups of the Hsucm�

ligand remain uncoordinated. The coordination geometry about
each metal ion is well described as square pyramidal with the oxy-
gen atoms of the aquo ligand occupying the apical positions for the
CuII. Analysis of the shape-determining angles using the approach
of Reedijk and co-workers [15] yields trigonality index, s, 0.16 for
the CuII ions in 7 (s = 0 and 1 for perfect sp and tbp geometries,
respectively). The Cu–N, Cu–Ocarb and Cu–Oaquo bond distances
are 2.021(2), 1.948(2) and 2.200(2) Å, respectively.



Fig. 5. A small fragment of the 3D structure of 4�H2O due to hydrogen bonding interactions (dashed lines) showing only three chains of dimers (black, grey, and white). Colour
code as in Fig. 2. Only the N atoms of the dmbpy ligands are shown.

Fig. 6. Partially labeled plot of the cation of 6�MeOH with ellipsoids drawn at the
30% probability level. H atoms have been omitted for clarity. Primed atoms are
generated through symmetry operation: (‘) = 1 � x, y, 0.5 � z.
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Complex 7 joins a large family of structurally characterized
complexes of CuII with 4,40-bpy; for example, in [Cu2(fum)2(4,40-
bpy)]n [18] the Cu� � �Cu0 distance via the bridging 4,40-bpy is
11.378 Å, close to the corresponding distance in 7 (11.118(5) Å).

In the crystal lattice of 7, the 1D chains are connected through
intermolecular hydrogen bonding interactions and form a 2D net-
work (Fig. 10, Table 2).
3.3. IR spectra

Complexes 1–7 were characterized by IR spectroscopy. The
spectroscopic characterization of 2, 3�nH2O�0.53nMeOH and
4�2H2O has been reported earlier [7] and will not be discussed.
Crystalline samples of 1 and 5–7 exhibit a variable intensity very
broad band above 3400 cm�1, assignable to m(OH) vibrations of
coordinated or/and lattice MeOH/H2O [19].

The spectra of 1 and 5–7 exhibit the typical bands of the pri-
mary amide and carboxylate groups. Tentative IR assignments of
few diagnostic bands attributed to these groups are given in Table
3. The assignments have been given in comparison with the data
obtained for lithium succinamate (Li(Hsucm)), assumed to contain
a ‘free’ (ionic) carboxylate group, and oxamato(�1) [20], malonam-
ato(-1) [5], maleamato(�1) [8] and succinamato(�1) [6a] com-
plexes. As a general remark, we must emphasize that some of
the vibrational modes listed in Table 3 are strongly coupled and
thus the proposed assignments must be regarded as approximate
descriptions of the vibrations. The typical bands of the neutral
amide group (mas(NH2), ms(NH2), m(C@O), m(CN)) in the spectra of
1 and 5–7 are situated at approximately the same wavenumbers
to those in the spectra of Li(Hsucm), confirming the non-participa-
tion of the amide group in coordination. Due to the presence
of essentially two different types of carboxylate bridges in 1, two
mas(CO2) and two ms(CO2) appear in its spectrum. The 1640,
1448 cm�1 pair (D = mas(CO2) � ms(CO2) = 192 cm�1) is assigned to
the essentially monoatomic bridging carboxylate groups, while
the 1564, 1406 cm�1 pair (D = 158 cm�1) to the bidentate bridging
mode of the carboxylate ligation [21] (the difference D in Li(H-
sucm) is 172 cm�1). The difference D in 5 and 6 is less than that
of Li(Hsucm) (154 and 160 cm�1, respectively) in agreement with
the crystallographically established bidentate bridging mode of
the carboxylato groups [21]. This parameter in 7 has a value of
206 cm�1, larger than that of Li(Hsucm), in agreement [21] with
the crystallographically established monodentate carboxylate
ligation.

The bands attributed to the m(C. . .C) and m(C. . .N) stretching
vibrations of the aromatic rings of the N,N0-donors are observed
in the 1600–1400 cm�1. These bands are sensitive to coordination
and shift to higher frequencies in the complexes with respect to
the free ligands. In the spectra of 1 and 5–7, these bands are diffi-
cult to be assigned due to overlaps with the asymmetric and sym-
metric stretching vibrations of the carboxylato groups of Hsucm�.



Fig. 7. A small fragment of the 1D lattice structure of 5�1.8MeOH due to hydrogen bonding interactions (dashed lines). Color code as in Fig. 2.

Fig. 8. A small fragment of the 1D lattice structure of 6�MeOH due to hydrogen bonding interactions (dashed lines). Color code as in Fig. 2.

Fig. 9. Partially labeled plot of a very small fragment of the 1D structure of 7 with
ellipsoids drawn at the 30% probability level. H atoms have been omitted for clarity.
Primed atoms are generated by symmetry: (‘) = 0.5 � x, 0.5 � y, �z; (00) = �0.5 + x,
0.5 � y, �0.5 + z; (’’’) = 1 � x, y, 0.5 � z.
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The C–H-out-of-plane deformations of the N,N0-donors appear at
�800 cm�1; these bands shift to lower frequencies upon
coordination.

In the spectra of 1, 5 and 6, the strong bands at 1088–1120 cm�1

and the medium-intensity band at �625 cm�1 are attributed to the
m3(F2) [md(ClO)] and m4(F2) [dd(OClO)] modes, respectively, of the
uncoordinated Td ionic perchlorates [22]. The presence of two
bands attributed to the m3(F2) [md(ClO)] modes, can be explained
by the participation of the ionic perchlorates to hydrogen bonding
interactions, which result in lowering of the Td symmetry to C3v or
C2v, leading to ‘pseudomonodentate’ or ‘pseudobidentate’ spectro-
scopic behaviour of ClO4

- and appearance of more IR stretching
bands [23].

3.4. Thermal properties

Thermogravimetric analyses (TG/DTG and DTA) were carried
out in 2, 3�nH2O�0.53nMeOH, 6�MeOH and 7, in the interest of
studying the thermal behaviors of the different N,N0-donor ligands’



Fig. 10. A small fragment of the 2D lattice structure of 7 due to hydrogen bonding interactions (dashed lines). Color code as in Fig. 2.

Scheme 3. The coordination modes of Hsucm� in the structures of 1–7.
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effects on the complexes. The thermal decomposition of complex 2
starts at 75–100 oC with a weight loss of 2.3% corresponding to the
loss of 1 mole of H2O per mole of complex (calc.: 2.3%), followed by
a plateau in the temperature range 105–210 oC. Above 210 oC, the
decomposition of 2 takes place through four steps with a total
weight loss of �77%. A crystalline sample of the 1D coordination
polymer 3�nH2O�0.53nMeOH decomposes in three steps with
weight losses in the temperature range 25–50 oC (2.7%), 120–
130 oC (1.0%) and 210–800 oC (�40%); the first two correspond to
the loss of solvate molecules. The final residue of �36% (at
800 oC) does not correspond to a stoichiometric compound, be-
cause decomposition still continues above 800 oC. The thermal
decomposition of complex 6�MeOH starts at 60–100 oC with a
weight loss of 2.9% corresponding to the loss of 1 mole of MeOH
per mole of the complex, followed by a plateau up to �170 oC.
Above this temperature, the decomposition of 6 takes place in four
steps (endothermic and exothermic). The final residue of �37%
does not correspond to a stoichiometric compound, because
decomposition still continues above 800 oC. The thermal decompo-
sition of the 1D coordination polymer 7 starts at 40–200 oC with a
weight loss of 7.3% corresponding to the coordinated H2O and
traces of moisture. The second weight loss of 33.9% in the range
205–250 oC corresponds to the loss of 4,40-bpy (calc.: 33.2%), fol-
lowed by a third weight loss of �30% in the range 250–350 oC
which is very fast.
4. Concluding comments and perspectives

The use of Hsucm�/N,N0-donor ‘ligand blends’ in reactions with
Cu(ClO4)2�6H2O has yielded dinuclear (1, 2, 4–6) and polymeric (3,
7) complexes. The dinuclear bpy complexes 1 and 2 present differ-
ent cores, i.e. the [Cu2(l2-j2O)(l2-jO:jO0)(l2-j2O:jO0)]+ and
[Cu2(l2-jO:jO0)(l-OH)(l-OH2)]2+ cores, respectively. Complex 1
is structurally similar to [Cu2(Hsucm)3(dmbpy)2](OH) [7] and
[Cu2(III)3(phen)2](X) (X = ClO�4 , NO�3 ; III = the maleamate(�1) li-
gand in Scheme 1) [8a,b]. The dinuclear dmbpy and phen com-
plexes (4–6) present the [Cu2(l2-jO:jO0)2]2+ cores and stacked
aromatic ligands in syn positions, and are structurally similar to
[Cu2(IV)2(bpy)2(ClO4)2] (IV = the monomethyl maleate(�1) ligand
in Scheme 1) [8c]. The polymeric structures of 3 and 7 are gener-
ated through the carboxylato groups of the Hsucm� ligands and
through the neutral 4,40-bpy molecules, respectively. The struc-
tural diversity of the succinamato(�1) complexes described stems
in part from the ability of Hsucm� to exhibit a variety of distinct
coordination modes; five ligation modes were observed in com-
plexes 1–7.

The reactivity of the Cu(ClO4)2�6H2O/Hsucm�/N,N0-donor system
described here is different to that of the corresponding malea-
mate(�1) system [8]. No esterification of the primary amide group
of Hsucm- was observed during this work, in contrast to the previ-
ously reported transformation of maleamate(�1) to monomethyl
maleate(�1) ligand, which has been attributed to the ability of the
maleamate(�1) ligand to form a seven-membered CuOcarboxylate

C–C@C–COamide chelating ring in solution; such a ring, whose
formation is not possible in Hsucm� (due to free rotation), activates
strongly the amide carbon atom towards nucleophilic attack
[8a,b,c]. An analogous mechanism was also proposed for the hydro-
lysis of the maleamate(�1) to the maleate(�2) ligand. However, the
evidence of hydrolysis of the succinamate(�1) to the succinate(�2)
ligand in the binary Cu(ClO4)2�6H2O/Hsucm- system suggests that
the transformation takes place through structurally different inter-
mediate species or that the transformation reaction is very fast so
that an instantaneously formed seven-membered CuOcarboxylate

C–C–C–COamide chelating ring – which collapses immediately –
can serve as intermediate.

Complexes 1–7, as well as [Cu2(Hsucm)3(dmbpy)2](OH)
�H2O�MeOH [7], [Eu2(Hsucm)6(phen)2]�6H2O [6b], (phenH)
[Eu2(Hsucm)4(phen)2(H2O)4](ClO4)3�H2O [6b] and [Er(Hsum)3

(H2O)]n [6a] are the only complexes of 3d- or 4f-metal ions with the
Hsucm�/N,N0-donor ligand combination that are known to date.



Table 2
Hydrogen bonding interactions in 1–7.

Interaction D� � �A (Å) H� � �A (Å) D–H� � �A (o) Symmetry operation

1�0.5MeOH
N(4)–HN(4)A� � �O(3) 2.957 2.166 177.28 0.5 � x, y, 0.5 � z
N(3)–HN(3)A� � �O(4) 2.901 2.122 162.30 0.5 � x, y, 0.5 � z
N(3)–HN(3)B� � �O(12) 3.016 2.258 165.63 0.5 + x, �y, 0.5 + z
N(5)–HN(5)B� � �O(13) 3.039 2.211 156.02 0.5 � x, y, �0.5 � z
2
O(1)–HO(1)B� � �O(33) 3.035 2.200 150.6 x, y, �1 + z
O(1)–HO(1)A� � �O(41) 2.996 2.474 122.0 x, y, z
O(11)–HO(11)� � �O(31) 3.034 2.087 161.6 x, y, z
N(21)–H(21)A� � �O(33) 3.079 2.171 167.6 x, y, �1 + z
N(21)–H(21)B� � �O(23) 2.910 2.175 171.8 �x, 1 � y, �z
3�nH2O�0.53nH2O
N(3)–HN(3)A� � �O(13) 2.964 2.105 176.4 1.5 � x, y, 0.5 + z
N(3)–HN(3)B� � �O(53)A 2.972 2.141 162.2 1 � x, �y, 2 � z
N(13)–HN(13)A� � �O(3) 3.002 2.142 178.9 1.5 � x, y, �0.5 + z
N(13)–HN(13)B� � �O(71) 3.278 2.458 159.8 x, y, z
N(23)–HN(23)A� � �N(33) 3.052 2.209 166.5 1 � x, �y, 2 � z
N(33)–HN(33)B� � �O(73) 3.151 2.440 140.4 x, y, z
N(43)–HN(43)A� � �O(13) 3.013 2.194 158.9 x, y, z
N(43)–HN(43)B� � �O(54)A 2.923 2.095 161.6 0.5 + x, �y, 1.5 � z
Om(1)� � �O(43) 2.914 1 � x, �y, 1�z
Om(1)� � �O(23) 2.716 1 � x, �y, 1 � z
4�2H2O
N(3)–HN(3)A� � �Ow(2) 2.850 2.010 171.1 x, y, z
N(3)–HN(3)B� � �O(2) 3.045 2.355 167.1 x, �y, �0.5 + z
Ow(1)–HOw(1)A� � �O(3) 2.690 1.970 177.3 1 � x, �y, �z
Ow(2)–HOw(2)A� � �O(13) 3.001 2.475 127.2 �0.5 + x, 0.5 � y, �0.5 + z
Ow(2)–HOw(2)B� � �O(14) 2.911 2.120 160.7 1 � x, �y, �z
5�1.8MeOH
N(3)–HN(3)A� � �O(1) 3.109 2.259 169.6 �x, �0.5 + y, z
N(3)–HN(3)B� � �O(34) 3.009 2.151 175.9 x, y, z
N(13)–HN(13)A� � �O(11) 3.029 2.173 173.3 �x, �0.5 + y, z
N(13)–HN(13)B� � �O(44) 3.171 2.414 147.1 x, �0.5 � y, 0.5 + z
Ow(1)� � �O(13) 2.699 �x, 0.5 + y, z
Ow(1)� � �O(3) 2.638 �x, 0.5 + y, z
6�MeOH
N(3)–HN(3)A� � �O(2) 3.277 2.670 154.6 1 � x, �y, �z
N(3)–HN(3)B� � �O(6) 3.021 2.071 162.1 x, y, z
Om(1)–HOm(1)� � �O(3) 2.627 1.883 165.0 1 � x, �y, �z
7
N(2)–HN(2)B� � �O(3) 3.034 2.321 160.2 0.5 � x, �0.5 + y, 0.5 � z
Ow–HOw� � �O(2) 2.722 1.880 171.6 1 � x, �1 + y, 0.5 � z

A = Acceptor; D = donor.

Table 3
Diagnostic amide and carboxylate IR bands (cm�1), and their tentative assignments
for lithium succinamate and complexes 1�0.5MeOH, 5�1.8MeOH, 6�MeOH and 7.

Vibration Li(Hsucm) 1�0.5MeOH 5�1.8MeOH 6�MeOH 7

mas(NH2) 3351s 3348m 3322m 3324mb 3410m
ms(NH2) 3190s 3202m 3164m 3160w 3224wb
m(C@O)amide 1688s 1672s 1678s 1678s 1682s
mas(CO2)a 1582s 1640s,1564s 1582s 1590s 1616s
m(CN)amide

a 1436s 1448m 1428s 1430s 1425m
ms(CO2)a 1410s 1448mb,1406m 1428sb 1430sb 1410s

Abbreviations: s, strong; m, medium; w, weak; b, broad; sh, shoulder.
a These vibrations may include an aromatic stretching character (resulted from

the N,N0-donors) in the spectra of the complexes.
b These vibrations may include an m(CN)amide character.
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Reaction systems involving Hsum� and coordinatively active anions
in the copper(II) salts, such as NO�3 , Cl�, etc., in combination with
mono- and tridentate aromatic ligands are currently under investi-
gation in our laboratories; our results will be reported soon.
Acknowledgement

SPP thanks the Research Committee of the University of Patras
for support (K. Caratheodory Program No. 03016).
Appendix A. Supplementary material

CCDC 741708, 741709, 741710, and 741711 contain the supple-
mentary crystallographic data for 1�0.5MeOH, 5.1.8MeOH, 6.MeOH,
and 7. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif. Supplementary data associated with this article
can be found, in the online version, at doi:10.1016/j.ica.2009.09.039.
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