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ABSTRACT

The new Cu(Il) carboxylate complex, aqua(2,2'-bipyridine-k2N,N)bis(4-methylbenzoato-
k0)copper(II) [Cu(4-mba)z(bipy)(H20)] (4-mba: 4-methylbenzoate, bipy: 2,2'-bipyridine)
was synthesized, and the molecular structure of the complex was characterized by the single
crystal X-ray diffraction technique. The X-ray diffraction analysis indicated that the
asymmetric unit comprises an independent molecule. Crystal data for [Cu(4-meb)2(2,2-
bipy)(Hz0)]: Triclinic, space group P-1 (no. 2), a= 7.0452(13) A, b= 11.260(2) A, c=
16.635(3) A, a= 103.543(7)°, B= 91.002(7)°, y = 104.106(6)°, V = 1240.4(4) A3, Z= 2, T=
296 K, u(MoKa) = 0.918 mm, Dcalc = 1.360 g/cm3, 51364 reflections measured (5.054° <
20 =57.38°), 6258 unique (Rint = 0.0398, Rsigma = 0.0284) which were used in all calculations.
The final R1 was 0.0392 (I > 20(1)) and wRz was 0.1021 (all data). The Cu(Il) ion was found
to be coordinated with two nitrogen atoms of the 2,2'-bipyridine ligand, two oxygen atoms
of the 4-methyl benzoate molecule, and one oxygen atom of the aqua ligand. In the three-
dimensional supramolecular architecture, molecules are connected through pairs of O-H:+-O
and C-H--O intermolecular interactions, consisting of chains. The molecule also
demonstrates Cg:--Cg intermolecular interactions between six-membered rings of 2,2'-

bipyridine.
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1. Introduction

To coordinate compound formation, 2,2'-bipyridine (bipy)
and phenanthroline are used due to their effectiveness in
catalysis, electrochemistry, analytical chemistry and bio-
chemistry [1]. These ligands have extended m-systems and their
complexes show various m-m interactions that participate in the
supramolecular architecture [2]. Generally, the substituents
have steric effects on the 2,2'-bipyridine rings, which affect the
bond distance between the metal and nitrogen atoms. For
example, in the two complexes of type [Cu(L)CI(NO3)]2 (L=2,2'-
Bipyridine (1A), L = 4,4-Dimethyl-2,2-bipyridine (24)), the Cu-
N bond distances (2.004-2.008 A) in complex 2A are longer than
those (1.993-1.994 A) in complex 1A due to the steric effect of
the methyl groups on 4,4-dimethyl-2,2-bipyridine rings [3].

Cu(II) complexes with the d° configuration exhibit four, five,
and six coordinates that adopt tetrahedral, square planar,
square pyramidal, and distorted octahedral coordinates due to
the Jahn-Teller effect [4]. In our previous work, we synthesized
a Cu(Il) complex {bisaqua-bis(3-methylbenzoato-«O)(N,N,N’,
N'-tetramethylethylenediamine-k2N,N")copper(I), [Cu(3-mba):
(tmeda)(H20)2]} involving 3-methyl benzoate (3-mba) and
N,N,N',N'-tetramethylethylenediamine (tmeda) [5]. The [Cu(3-

mba)z(tmeda)(H20)2] was characterized by X-ray diffraction
analysis and showed a distorted octahedral geometry with
carboxylate ligands acting as monodentate.

The Cu(ll) ion exists in many enzymes including; such as
cytochrome C oxidase [6], dopamine hydroxylase [7], tyrosinate
[8], superoxide dismutase [9] and ceruloplasmin [10]. Further-
more, the Cu (II) carboxylate complexes showed different biolo-
gical activities, such as antibacterial [11], antifungal [12],
antiviral [13], and antitumor activities [14]. Given the biological
importance of Cu(ll) carboxylate complexes, a new Cu(Il)
complex with 4-methyl benzoate and 2,2'-bipyridine has been
synthesized and characterized by single crystal X-ray diffract-
tion analysis.

2. Experimental
2.1. Synthesis of [Cu(4-mba)z(bipy)(Hz0)]

4-Methylbenzoic acid (4 mmol, 0.54 g) and sodium
hydroxide (4 mmol, 0.16 g) were dissolved in water (20 mL).
Then, a solution of Cu(NOs3)2-3H20 (2 mmol, 0.48 g) in water (20
mL) was added with stirring to the prepared solution.
Subsequently, a solution of 2,2'-bipyridine (2 mmol, 0.3 g) in
MeOH (25 mL) was added and blue sediment was formed.
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Table 1. Crystal data and structure refinement for [Cu(4-mba)2(bipy) (H20)].

Empirical formula
Formula weight (g/mol)
Temperature (K)
Crystal system

Space group

a, (&)

b, ()

o

a ()

B

Y ()

Volume (A3)

Z

Pealc (g/cm3)

pt (mm-1)

F(000)

Crystal size (mm3)
Radiation

20 range for data collection (°)
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [1220 (I)]
Final R indexes [all data]

C26H24CuN20s

508.01

296

Triclinic

P-1

7.0452(13)

11.260(2)

16.635(3)

103.543(7)

91.002(7)

104.106(6)

1240.4(4)

2

1.360

0918

526.0

0.11 x 0.07 x 0.05

MoKa (A = 0.71073)
5.054 to 57.38
-9<h<9,-15<k<15,-22<1<22
51364

6258 [Rint = 0.0398, Reigma = 0.0284]
6258/2/317

1.082

R1=0.0392, wR2 =0.0933
R1=0.0545, wR2;=0.1021

Largest diff. peak/hole (e.A3) 0.32/-0.28
s
/N
—N N
(o} (0] cu—~O0,
NaOH Cu(NO3),.3H,0 o oM,
OH ———>» ONa d
2,2-bipy o
H,0/MeOH

Scheme 1. The synthesis scheme of [Cu(4-mba)z(bipy)(H20)].

Figure 1. Crystal structure of [Cu(4-mba)z(bipy)(H20)], indicating the atom numbering scheme.

The sediment was filtered, washed with water, and dried at
room temperature. The obtained product was recrystallised
from ethanol (Scheme 1).

2.2. Crystal structure analysis

XRD measurements for [Cu(4-mba)z(bipy)(H20)] were
taken on a Bruker D8 QUEST diffractometer (MoKa radiation, A
= 0.71073 A; graphite monochromator) at 296 K. WinGX
software [15] was used to solve the molecular structure. The

structure was refined by the full-matrix least squares method
using SHELXL-97 [16]. All non-H atoms were first refined
isotropically and then with anisotropic displacement para-
meters. The residual electron density was a troublesome model
and therefore the SQUEEZE routine [17] in PLATON [18] was
used to subtract the contribution of the electron density in the
solvent zone from the intensity data and the solvent-free model
was used for the final refinement. The details of the structure
refinement for [Cu(4-mba)z(bipy)(H20)] are given in Table 1.
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Table 2. Bond lengths and bond angles for [Cu(4-mba)z(bipy)(H20)].

Atom Atom Length (A) Atom Atom Length (A)
Cul 03 1.9824(14) C5 Cé6 1.480(3)
Cul 01 1.9484(15) C5 C4 1.388(3)
Cul 05 2.3532(18) C12 C11 1.505(3)
Cul N1 2.0183(17) C12 C17 1.388(3)
Cul N2 2.0066(16) cé6 Cc7 1.385(3)
03 C19 1.273(2) C14 C15 1.383(3)
04 C19 1.251(2) C10 Cc9 1.374(3)
01 C11 1.272(2) c21 C22 1.378(3)
02 C11 1.228(3) C23 C24 1.374(4)
N1 C5 1.341(3) C23 C22 1.379(4)
N1 C1 1.339(3) c23 C26 1.516(3)
N2 cé6 1.352(2) Cc17 Cl6 1.381(3)
N2 C10 1.336(3) c9 C8 1.375(4)
C20 C19 1.498(3) C15 Cl6 1.379(4)
C20 C25 1.386(3) C15 C18 1.516(3)
C20 c21 1.385(3) C4 c3 1.375(4)
C13 C12 1.384(3) C1 c2 1.382(4)
C13 C14 1.378(3) C2 C3 1.359(4)
C25 C24 1.391(3) C8 c7 1.378(3)
Atom Atom Atom Angle () Atom Atom Atom Angle ()
03 Cul 05 107.36(6) C13 C12 C11 121.90(18)
03 Cul N1 163.22(6) C13 C12 Cc17 118.35(19)
03 Cul N2 92.31(6) C17 C12 C11 119.74(19)
01 Cul 03 90.88(7) N2 Cé6 C5 114.49(17)
01 Cul 05 91.48(7) N2 Cé6 c7 121.21(19)
01 Cul N1 94.56(7) c7 Cé6 C5 124.30(18)
01 Cul N2 172.36(6) 01 C11 C12 115.67(18)
N1 Cul 05 88.38(7) 02 C11 01 125.1(2)
N2 Cul 05 94.19(6) 02 C11 C12 119.21(19)
N2 Cul N1 80.50(7) C13 Cl4 C15 121.1(2)
C19 03 Cul 104.67(12) N2 C10 c9 122.5(2)
C11 01 Cul 124.17(13) c22 c21 C20 121.2(2)
C5 N1 Cul 115.07(13) C24 C23 Cc22 117.7(2)
C1 N1 Cul 125.91(16) C24 C23 C26 122.2(3)
C1 N1 c5 119.02(19) C22 C23 C26 120.1(3)
cé6 N2 Cul 115.11(13) C16 C17 C12 120.2(2)
C10 N2 Cul 125.95(14) C10 Cc9 c8 118.9(2)
C10 N2 Cé6 118.88(18) C14 C15 C18 120.6(3)
C25 C20 C19 121.62(18) C16 C15 C14 117.9(2)
c21 C20 C19 120.11(18) C16 C15 C18 121.5(3)
c21 C20 C25 118.27(19) C3 C4 C5 118.6(2)
03 C19 C20 118.35(17) c23 C24 C25 122.1(2)
04 C19 03 122.35(18) N1 C1 C2 121.8(2)
04 C19 C20 119.29(17) C3 c2 C1 119.1(2)
C14 C13 C12 120.9(2) c21 C22 C23 121.1(2)
C20 C25 C24 119.6(2) C15 Cl6 Cc17 121.6(2)
N1 C5 Cé6 114.68(16) c9 C8 c7 119.4(2)
N1 C5 C4 121.5(2) c8 c7 Cé 119.1(2)
C4 C5 Cé6 123.77(19) C2 C3 C4 119.9(2)

The PLATON program [18] was used for structure analysis.
Molecular structure illustrations have been drawn with
MERCURY [19] and the OLEX program [20] for publication.

3. Results and discussion

The crystallographic data for [Cu(4-mba)z(bipy)(Hz0)] are
indicated in Table 1 and the essential geometrical parameters
are shown in Table 2. The single-crystal structure of [Cu(4-
meb)z(bipy)(H20)] crystallises in the triclinic crystal system
with the space group P-1, as indicated in Figure 1.

The Cu(1I) ion is coordinated with the two nitrogen donors
of the 2,2'-bipyridine ligand, two oxygen atoms of 4-methyl
benzoate molecules, and one oxygen atom of the aqua ligand. As
shown in Figure 1, the Cul atom is five-coordinated in a slightly
distorted square pyramidal configuration (ts = 0.15; 15 = (B-
a)/60, where 3 = 01-Cul-N2 172.36(6)° and o = 03-Cul-N1
163.22(6)°, Table 2). The ts parameter is 0 and 1 for perfect
square pyramidal and trigonal bipyramidal geometries, res-
pectively [21-23], by two nitrogen atoms from a 2,2’-bipyridine
(N1 and N2 are in the equatorial position) and two oxygen
atoms from 4-methyl benzoate molecules (01 and 03 are in the
equatorial position) and an oxygen atom from the aqua ligand
(05 in the axial position) [24].

The bond lengths of Cul-01 (1.9484(15) A) and Cu1-03
(1.9824(14) A) in the equatorial position are found to be
shorter than Cu1-05 (2.3532(18) A) in the axial position, for the
square pyramidal complex. Furthermore, at the axial position,
the Cul-05 bond length in the aqua ligand is shorter in five-
coordinated aqua complexes (on average 2.25 A [24] than in the
six-coordinated ones (on average 2.56 A [24]).

The bond lengths of Cu-Nbipy, 2.0066(16) and 2.0183(17) 4,
are slightly shorter than those obtained in [Cu(bpdc)(dap)
(H20)]-2H20, 2.075(6) and 2.036(5) A [24] and agree well with
the complex [tetra-azido-tris(2-pyridyl)amine]dicopper(II)
[25]. As a result, the bond length variation can be clarified by
the effect of the neighbouring functional group. The bond angle
of N1-Cul-N2 (80.50(7)°) is closer to that found in [Cu(bp5dc)
(en)(H20)2]2-5H20 (80.87(2)°) [26].

In the 2,2'-bipyridine ring, the C-C and C-N bond lengths are
in good agreement in the literature for 2-substituted pyridine
derivatives [27-30]. The lengths of the C-O bonds in 4-methyl
benzoate molecules range from 1.251(2) to 1.273(2) A, due to
all C-O bonds showing a single-bond character (Table 2).
Furthermore, the bond angles of 02-C11-01 (125.1(2)°) and
04-C19-03 (122.35(18)°) in the 4-methyl benzoate molecules
conform which is close to those notified in the similar structure
123.28(10)° [31].
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Table 3. Hydrogen bonds for [Cu(4-mba)(bipy)(H20)] *.

D H A d(D-H) (A) d(H-A) (A) d(D-A) (A) ZD-H-A ()
C10 H10 03 0.93 3.035(3) 1135

C4 H4 041 0.93 3.367(3) 159.0

c2 H2 022 0.93 3.448(3) 146.3

c7 H7 041 0.93 3.348(3) 160.6

05 H5A 02 0.792(17) 1.904(19) 2.658(3) 159(3)

05 H5B 043 0.809(17) 1.975(18) 2.774(2) 170(3)

* Symmtery codes: 11-x, 1-y, 1-z,22-x, 2-y, 1-z,3 1+x, +y, +z

Figure 2. A packing view of the molecules along with the b-axis.

Figure 3. The Cg::-Cg intermolecular interactions are shown as green dashed lines.

In this molecular conformation, two 05-H5A::-:02 and C10-
H10---03 are stabilised by intramolecular contacts. As shown in
Figure 1, 05-H5A---02 intramolecular hydrogen bond interac-
tion forms a pseudo-five-membered ring with the S(5) graph set
motif [32]. The crystal packing diagram for [Cu(4-mba):
(bipy)(H20)] consists of intramolecular and intermolecular 05-
H5A:--02, 05-H5B---:04 hydrogen bonds, respectively, in the
crystal packing as detailed in Table 3 and shown in Figure 2.
These intramolecular and intermolecular interactions are
influential in stabilising the molecular crystal structure and the
creation of the 3-D chain supramolecular combination. There
are also Cg--Cg interactions in the molecular system between
2,2’-bipyridine rings belonging to different symmetry codes,
Cg3--Cg4. The distances are 3.6973(15) and 4.1869(15) A,
symmetry codes are -x+1, —y+1, -z+1, and x, y, z; and (g3 and
Cg4 are the center mass of the rings (Cg3: N1/C1/C2/C3/
C4/C5) and (Cg4: N2/C6/C7/C8/C9/C10), as indicated in
Figure 3.

4. Conclusions

In this work, the [Cu(4-meb)z(bipy)(H20)]) complex was
synthesized and characterized by the single crystal X-ray
diffraction method. The molecular structure and coordination
properties comprising the geometrical parameters of the
prepared complex were designated. The obtained molecular
geometry showed a square pyramidal configuration with the
carboxylate ligand acting as a monodentate ligand. X-ray

crystallographic studies of [Cu(4-mba)z(bipy)(H20)] show that
the molecular structure has two intramolecular interactions
and four intermolecular interactions.
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