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ABSTRACT 

The syntheses, physicochemical and structural properties of the novel Cu(II) complex with 2,6-diacetylpyridine 

bis(phenylhydrazone) (L), of the formula [CuL2]Br2 are presented. In the reaction of warm MeOH solutions of the 

ligand, 2,6-diacetylpyridine bis(phenylhydrazone) and CuBr2 in molar ratio 2:1 resulted in formation of black 

single crystals of the bis(ligand) complex. This is the first Cu(II) complex with this ligand that is characterized by 

SC-XRD. Two ligand molecules are coordinated in the usual tridentate mode, via nitrogen atoms of the pyridine 

ring, and two azomethine nitrogen atoms, forming distorted octahedral environments of the metal ion.  
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INTRODUCTION 

For a few decades now, hydrazones are interesting field 

of research due to their good chelating properties (Kitaev & 

Buzykin, 1974; Kogan et al., 1990; Watanabe et al., 2018), but 

the pharmacological activity, as well. The research has shown 

that some compounds from this group have promising 

antibacterial, antifungal and antitumor activities (Ainscough et 

al., 1998; Avaji et al., 2009; Azaz et al., 2007; Mahalingam et 

al., 2008; Wang et al., 2007), and some of their derivatives are 

suggested as reagents for the treatment of genetic and 

neurodegenerative disorders, such as thalassemic syndrome 

and Alzheimer’s (Armstrong et al., 2003; Bernhardt et al., 

2007; Buss et al., 2005; Donnelly et al., 2008). Besides, some 

of these compounds are used as highly sensitive analytical 

reagents, luminescent probes and molecular sensors (ávila 

Terra et al., 2002; Bakir et al., 2008; Basu et al., 2007; Pinto et 

al., 2004; Sreeja et al., 2003). 

2,6-Diacetylpyridine bis(hydrazones) are especially 

interesting because of their versatile coordination chemistry, 

i.e., they can act as ligands of different denticity (from 

tridentate to heptadentate). Even though a large number of 

metal complexes with this ligand group is synthesized, the 

number of those that are structurally characterized is rather 

small (Groom et al., 2016). Since the presence of metal center 

could often enhance the properties of the organic ligand, even 

improve its biological activity, it is significant thoroughly to 

examine the coordination properties of this ligand class, and 

the structures of the obtained complexes. 

Lately, one of these ligands, 2,6-diacetylpyridine 

bis(phenylhydrazone) (L) became the topic of our research, 
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thus the crystal structure of the first metal complex, [CoL2]I2, 

was determined (Belošević et al., 2018). In this paper the 

synthesis, some physicochemical properties, as well as 

molecular, and crystal structure of copper complex with the 

same ligand, of the formula [CuL2]Br2 is reported. 

EXPERIMENTAL 

Materials and methods  

All chemicals used were commercial products of 

analytical reagent grade, except for the ligand, 2,6-

diacetylpyridine-bis(phenylhydrazone), which was synthesized 

as described previously (Belošević et al., 2018). Elemental 

analyses (C, H, N) of air-dried complexes were carried out by 

standard micromethods in the Center for Instrumental 

Analyses, ICTM in Belgrade. Molar conductivities of freshly 

prepared complexes solutions (c = 1×10−3 mol dm−3) were 

measured on a Jenway 4010 conductivity meter. IR spectra 

were recorded using KBr pellets on a NEXUS 670 FTIR 

spectrophotometer (Thermo Nicolet) in the range of 4000–400 

cm−1. Melting points were measured on a Nagema melting 

point microscope Rapido.  

Synthesis of complex 

The mixture of 0.024 g CuBr2 (0.1 mmol) and 0.068 g 

(0.2 mmol) of L was heated in 5 cm3 of MeOH until complete 

dissolution. The obtained dark solution was left at the room 

temperature and evaporated to a small volume. After 50 h 

black prismatic single crystals were filtered and washed with 

MeOH. Yield: 0.033 g (31 %). Anal. Calcd. for 

[C42H42CuN10]Br2 (Mr = 910.21): C, 55.42; H, 4.66; N, 15.39. 

Found: C, 55.98; H, 4.52; N, 15.82. IR bands [ /cm−1]: 

3440vs, 3157w, 3100w, 2938w, 1634w, 1599s, 1520m, 
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1494m, 1444w, 1380w, 1264m, 1170w, 1092w, 807w, 750m, 

696m, 503w. M.p. = 234 C. Molar conductivity, 

ΛM (S cm2 mol−1): 120 (DMF). 

Crystal structure determination 

Diffraction data were collected on an Oxford Diffraction 

Gemini S diffractometer equipped with a Sapphire3 CCD area 

detector. Graphite monochromatized Mo Kα radiation was 

employed. Data reduction was performed with the  

CrysAlisPro software (Rigaku Oxford Diffraction, 2015). The 

crystal structure was solved by SHELXT (Sheldrick, 2015b), 

and refined with the SHELXL-2018 (Sheldrick, 2015a). The 

ShelXle (Hübschle et al., 2011) was used as graphical user 

interface for crystal structure refinement procedures. 

Additional calculations were performed the SHAPE (Llunell et 

al., 2013) and CrystalExplorer (Turner et al., 2017). 

CCDC 2059113 contains the supplementary 

crystallographic data for this paper. The data can be obtained 

free of charge from The Cambridge Crystallographic Data 

Centre via https://www.ccdc.cam.ac.uk/structures/. 

Table 1. Crystallographic data and refinement statistics. 

Crystal data  

Chemical formula [C42H42CuN10]Br2 

Mr (g cm−3) 910.21 

Crystal system Monoclinic 

Space group C2/c 

Temperature (K) 294 

a (Å)  20.7769(5) 

b (Å) 15.8668(4) 

c (Å) 11.8754(3) 

β (°) 91.864(2) 

V (Å3) 3912.81(17) 

Z 4 

Crystal size (mm) 0.50 × 0.31 × 0.19 

Data collection  

Diffractometer Gemini S (Oxford Diffraction) 

Radiation type Mo Kα 

No. of measured reflections 9140 

No. of independent reflections 4491 

No. of observed [I > 2σ(I)] 

reflections 

3453 

Rint 0.021 

(sin θ/λ)max (Å
−1) 0.683 

µ (mm−1) 2.646 

Absorption correction Analytical 

Tmin, Tmax 0.481, 0.693 

Refinement  

No. of reflections 4491 

No. of parameters 259 

No. of restraints 0 

H-atom treatment Mixed 

R[F2 > 2σ(F2)] 0.035 

wR(F2) 0.088 

S 1.03 

Δρmax, Δρmin (e Å−3) 0.35, −0.66 

RESULTS AND DISCUSSION 

Synthesis and physicochemical characterization of the 

complex 

The reaction of warm methanolic solution of CuBr2 and 

the ligand in molar ratio 1:2 yielded in formation of prismatic 

single crystals of the complex [CuL2]Br2. 

The obtained complex is stable in air and high 

temperatures. It is well soluble in DMF, and partially soluble 

in alcohols and H2O. Molar conductivity of its DMF solution 

has a value characteristic for 2:1 electrolyte type, thus is in 

concordance with the coordination formula (Geary, 1971). 

In the IR spectrum of the complex the band found at 1520 

cm–1 could be ascribed to ν(C=N) vibrations of the imine 

group. In the spectrum of the ligand, this band is found at 

higher wavenumbers (1563 cm–1), and due to coordination has 

suffered a negative shift (Curry et al., 1967; Kazak et al., 

2009). The band at 3157 cm–1 corresponds to ν(NH) 

vibrations, while the other bands in the range above 2900 cm–1 

originate from valent ν(CH) vibrations of CH3-groups and 

aromatic rings (pyridine and benzene). Bands at 1599 and 

1494 cm–1 are the result of ν(C∙∙∙C), ν(C∙∙∙N) vibrations of the 

mentioned aromatic rings.  

Crystal structure of the complex 

The complex [CuL2]Br2 is isostructural with [CoL2]I2 

(Belošević et al., 2018). Both complexes crystallize in C2/c 

space group, with very similar unit cell parameters. Complex 

cation [CuL2]
2+ is situated on a two-fold rotation axis, so that 

the asymmetric unit of the unit cell is comprised of a ligand 

molecule, half of a copper atom, and a bromide ion (Figure 1). 

To facilitate structural comparisons of [CuL2]Br2 and [CoL2]I2, 

pertinent structural parameters of both complexes are listed in 

Table 2. Coordination environment around Cu(II) is heavily 

distorted, and calculation of continuous shape measure 

(CShM) assigned the coordination polyhedron as heavily 

distorted octahedron, with CShM(OC-6)=5.911 (Alvarez et al., 

2005). The coordination environment is formed by two 

meridionally arranged tridentate N3 chelate ligands. Dihedral 

angle enclosed by planes through N1, N2A and N2B donor 

atoms of the symmetry-related ligands amounts 74.2°. 

Distortion of the octahedron may be seen through valance 

angles centered on Cu(II) atom, all of which deviate from ideal 

values. The largest deviations are observed by The trans-

valence angle N2A–Cu1–N2A and cis-valence angles N1–

Cu1–N2A, N1–Cu1–N2B with values of 150.69(7)°, 

74.14(7)°, and 76.56(8)°, respectively. 
The coordination mode of the ligand, through nitrogen 

atoms of the pyridine ring, and two azomethine nitrogen 

atoms, is identical to that found in [CoL2]I2 (Belošević et al., 

2018), and [ZnL’2](CF3O3S)2, where L’ is structurally related 

ligand 2,6-diformylpyridine bis(phenylhydrazone) (Dumitru et 

al., 2009). 
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Table 2. Selected bond lengths (Å), and valence angles (°). 

 [CuL2]Br2 [CoL2]I2 

Bonds Length (Å) 

M–N1 1.9451(18) 2.0061(18) 

M–N2B 2.2170(18) 2.1993(19) 

M–N2A 2.3736(18) 2.3057(19) 

N1–C3 1.346(3) 1.338(3) 

N1–C7 1.357(3) 1.346(3) 

C2–C3 1.469(3) 1.467(3) 

C7–C8 1.468(3) 1.465(4) 

N2A–C2 1.292(3) 1.298(3) 

N2B–C8 1.291(3) 1.302(3) 

N2A–N3A 1.373(3) 1.374(3) 

N2B–N3B 1.369(3) 1.366(3) 

N3A–C10A 1.388(3) 1.390(3) 

N3B–C10B 1.395(3) 1.400(4) 

Bonds Angle (°)  

N1–Cu1–N1i 173.87(11) 173.26(10) 

N2A–Cu1–N2B 150.69(7) 152.17(7) 

N1–Cu1–N2A 74.14(7) 74.69(7) 

N1–Cu1–N2B 76.56(8) 77.51(7) 

 

Metal–ligand bond lengths are in the range of 

1.9451(18)– 2.3736(18) Å, with Co–N1 being the shortest one. 

Also, the two phenylhydrazine moieties are asymmetrically 

coordinated, as indicated by different metal–ligand bond 

lengths (Table 2). These structural features are analogous to 

those found in [CoL2]I2. Intra-ligand bond lengths and 

comparable to those found in [CoL2]I2. Intra-ligand bonds with 

localized double character are N2–C2 and N2–C8, while 

others are in the expected range for sp2 hybridized atoms, with 

considerable electron delocalization. 

Crystal packing in [CuL2]Br2 (Figure 1c) is congruent to 

that of [CoL2]I2. Its investigation by method of Hirshfeld 

surface (HS) analysis documents striking similarity between 

[CuL2]Br2 and [CoL2]I2. Namely, cations HS decomposition 

into atom-specific contacts (Fig. 2), reveals following 

distribution: 68.2% of H···H contacts (68.4% for [CoL2]I2), 

13.7% of C···H or H···C contacts (13.2% for [CoL2]I2), and 

13.5 of H···I contacts (13.6% for [CoL2]I2). As expected, and 

analogous with results for [CoL2]I2, the anion’s HS is 99.6% 

mapped with Br···H contacts. 

The bromide ion is involved in two hydrogen bonds, with 

very similar geometry (Table 3).  

Table 3. Selected hydrogen-bond parameters. 

D–H···A 
D–H 

(Å) 

H···A 

(Å) 
D···A (Å) 

D–H···A 

(°) 

N3A–

H3A···Br1i 
0.81(3) 2.64(3) 3.440(2) 168(3) 

N3B–H3B···Br1 0.82(3) 2.64(3) 3.456(2) 169(3) 

Symmetry code(s): (i) −x+1, y, −z+1/2. 

 

 

Figure 1. Asymmetric unit (a) and formula unit (b) of 

[CoL2]I2; c) Crystal packing viewed along crystallographic c 

axis (hydrogen atoms are omitted for clarity). 

CONCLUSION 

In this paper sythesis, structure, and some 

physicochemical properties of the novel complex with 2,6-

diacetylpyridine bis(phenylhydrazone), of the formula 

[CuL2]Br2,  are described. This is only the second structurally 
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characterized metal complex with this ligand, and since this 

class of compounds is promising from the many point of views 

it is of a high importance to make some further research in this 

field. 

ACKNOWLEDGMENTS  

The authors acknowledge financial support of the 

Ministry of Education, Science and Technological 

Development of the Republic of Serbia (Grant No .  451-03-

9/2021-14/ 200125). 

REFERENCES 

Ainscough, E. W., Brodie, A. M., Dobbs, A. J., Ranford, J. D. 

& Waters, J. M. 1998. Antitumour copper(II) 

salicylaldehyde benzoylhydrazone (H2sb) complexes: 

Physicochemical properties and the single-crystal X-ray 

structures of [{Cu(H2sb)(CCl3CO2)2}2] and 

[{Cu(Hsb)(ClO4)(C2H5OH)}2]. Inorganica Chimica Acta, 

267(1), pp. 27-38. https://doi.org/10.1016/s0020-

1693(97)05548-5 

Alvarez, S., Alemany, P., Casanova, D., Cirera, J., Llunell, M. 

& Avnir, D. 2005. Shape maps and polyhedral 

interconversion paths in transition metal chemistry. 

Coordination Chemistry Reviews, 249(17-18 SPEC. ISS.), 

pp. 1693-1708. https://doi.org/10.1016/j.ccr.2005.03.031 

Armstrong, C. M., Bernhardt, P. V., Chin, P. & Richardson, D. 
R. 2003. Structural variations and formation constants of 

first-row transition metal complexes of biologically active 

aroylhydrazones. European Journal of Inorganic 

Chemistry, 2003(6), pp. 1145-1156. 

https://doi.org/10.1002/ejic.200390146 

Avaji, P. G., Vinod Kumar, C. H., Patil, S. A., Shivananda, K. 

N. & Nagaraju, C. 2009. Synthesis, spectral 

characterization, in-vitro microbiological evaluation and 

cytotoxic activities of novel macrocyclic bis hydrazone. 

European Journal of Medicinal Chemistry, 44(9), pp. 3552-

3559. https://doi.org/10.1016/j.ejmech.2009.03.032 

Ávila Terra, L. H. S., Guekezian, M., Gaubeur, I., Matos, J. R. 

& Suárez-Iha, M. E. V. 2002. Synthesis, characterization, 

properties and thermal study of nickel(II)/di-2-pyridyl 

ketone benzoylhydrazone complex. Polyhedron, 21(23), 

pp. 2375-2380. https://doi.org/10.1016/S0277-

5387(02)01185-3 

Azaz, A. D., Celen, S., Namli, H., Turhan, O., Kurtaran, R., 

Kazak, C. & Arslan, N. B. 2007. Synthesis, crystal 

structure and biological activity of the nickel(II) complex 

of 2,6-diacetylpyridinedihydrazone. Transition Metal 

Chemistry, 32(7), pp. 884-888. 

https://doi.org/10.1007/s11243-007-0242-2 
Bakir, M., Green, O. & Mulder, W. H. 2008. Synthesis, 

characterization and molecular sensing behavior of 

[ZnCl2(η3-N,N,O-dpkbh)] (dpkbh = di-2-pyridyl ketone 

benzoyl hydrazone). Journal of Molecular Structure, 

873(1–3), pp. 17-28. 

https://doi.org/10.1016/j.molstruc.2007.03.001 

Basu, C., Chowdhury, S., Banerjee, R., Stoeckli Evans, H. & 

Mukherjee, S. 2007. A novel blue luminescent high-spin 

iron(III) complex with interlayer O-H⋯Cl bridging: 
Synthesis, structure and spectroscopic studies. Polyhedron, 

26(14), pp. 3617-3624. 

https://doi.org/10.1016/j.poly.2007.03.053 

Belošević, S., Rodić, M., Radanović, M., & Leovac, V. 2018. 

Synthesis and structure of cobalt(II) complex with 2,6-

diacetylpyridine-bis(phenylhydrazone). The University 

Thought - Publication in Natural Sciences, 8(2), pp. 33-38. 

https://doi.org/10.5937/univtho8-19451 

Bernhardt, P. V., Chin, P., Sharpe, P. C. & Richardson, D. R. 

2007. Hydrazone chelators for the treatment of iron 

overload disorders: Iron coordination chemistry and 

biological activity. Dalton Transactions, 30, pp. 3232-

3244. https://doi.org/10.1039/b704102k 

Buss, J. L., Greene, B. T., Turner, J., Torti, F. M. & Torti, S. 

V. 2005. Iron chelators in cancer chemotherapy. Current 

Topics in Medicinal Chemistry, 4(15), pp. 1623-1635. 

https://doi.org/10.2174/1568026043387269 

Curry, J. D., Robinson, M. A. & Busch, D. H. 1967. Metal 

complexes derived from substituted hydrazones of 2,6-

diacetylpyridine. Inorganic Chemistry, 6(8), pp. 1570-

1574. https://doi.org/10.1021/ic50054a032 

Donnelly, P. S., Caragounis, A., Du, T., Laughton, K. M., 
Volitakis, I., Cherny, R. A., Sharples, R. A., Hill, A. F., Li, 

Q. X., Masters, C. L., Barnham, K. J. & White, A. R. 2008. 

Selective intracellular release of copper and zinc ions from 

bis(thiosemicarbazonato) complexes reduces levels of 

Alzheimer disease amyloid-β peptide. Journal of Biological 

Chemistry, 283(8), pp. 4568-4577. 

https://doi.org/10.1074/jbc.M705957200 

Dumitru, F., Legrand, Y.-M., Barboiu, M., Petit, E. & Lee, A. 

van der. 2009. Metallosupramolecular architectures of 

pseudoterpyridine-type ligands and ZnII metal ions. Crystal 

Growth & Design, 9(6), pp. 2917-2921. 

https://doi.org/10.1021/cg9002466 

Geary, W. J. 1971. The use of conductivity measurements in 

organic solvents for the characterisation of coordination 

compounds. Coordination Chemistry Reviews, 7(1), pp. 

81-122. https://doi.org/10.1016/S0010-8545(00)80009-0 

Groom, C. R., Bruno, I. J., Lightfoot, M. P. & Ward, S. C. 

2016. The Cambridge Structural Database. Acta 

Crystallographica Section B Structural Science, Crystal 

Engineering and Materials, 72(2), pp. 171-179. 

https://doi.org/10.1107/S2052520616003954 

Hübschle, C. B., Sheldrick, G. M. & Dittrich, B. 2011. 

ShelXle: A Qt graphical user interface for SHELXL. 
Journal of Applied Crystallography, 44(6), pp. 1281-1284. 

https://doi.org/10.1107/S0021889811043202 

Kazak, C., Arslan, N. B., Karabulut, S., Azaz, A. D., Namlı, H. 

& Kurtaran, R. 2009. Supramolecular lead(II) azide 

complex of 2,6-diacetylpyridine dihydrazone: synthesis, 

molecular structure, and biological activity. Journal of 

Coordination Chemistry, 62(18), pp. 2966-2973. 

https://doi.org/10.1080/00958970902980537 

Kitaev, I. & Buzykin, B. 1974. Gidrazony. Moscow: Nauka. 

Kogan, V. A., Zelentsov, V. V., Larin, G. M., Lukov, V. V. 

1990. Kompleksy perekhodnykh metallov c gidrazomani. 

Moscow: Nauka. 

Llunell, M., Casanova, D., Cirera, J., Alemany, P. & Alvarez, 

S. 2013.SHAPE (2.1), Universitat de Barcelona, Barcelona, 

27

https://doi.org/10.1016/s0020-1693(97)05548-5
https://doi.org/10.1016/s0020-1693(97)05548-5
https://doi.org/10.1016/j.ccr.2005.03.031
https://doi.org/10.1002/ejic.200390146
https://doi.org/10.1016/j.ejmech.2009.03.032
https://doi.org/10.1016/S0277-5387(02)01185-3
https://doi.org/10.1016/S0277-5387(02)01185-3
https://doi.org/10.1007/s11243-007-0242-2
https://doi.org/10.1016/j.molstruc.2007.03.001
https://doi.org/10.1016/j.poly.2007.03.053
https://doi.org/10.5937/univtho8-19451
https://doi.org/10.1039/b704102k
https://doi.org/10.2174/1568026043387269
https://doi.org/10.1021/ic50054a032
https://doi.org/10.1074/jbc.M705957200
https://doi.org/10.1021/cg9002466
https://doi.org/10.1016/S0010-8545(00)80009-0
https://doi.org/10.1107/S2052520616003954
https://doi.org/10.1107/S0021889811043202
https://doi.org/10.1080/00958970902980537


 

CHEMISTRY 

Mahalingam, V., Chitrapriya, N., Fronczek, F. R., & 

Natarajan, K. 2008. New Ru(II)-dmso complexes with 

heterocyclic hydrazone ligands towards cancer 

chemotherapy. Polyhedron, 27(7), pp. 1917-1924. 

https://doi.org/10.1016/j.poly.2008.02.036 

Pinto, J. J., Moreno, C., & García-Vargas, M. 2004. A very 

sensitive flow system for the direct determination of copper 

in natural waters based on spectrophotometric detection. 

Talanta, 64(2), pp. 562-565. 

https://doi.org/10.1016/j.talanta.2004.03.009 

Rigaku Oxford Diffraction. 2015. CrysAlisPro Software 

system (1.171.38.46). 
Sheldrick, G. M. 2015a. Crystal structure refinement with 

SHELXL. Acta Crystallographica Section C Structural 

Chemistry, 71(1), pp.  3-8. 

https://doi.org/10.1107/S2053229614024218 

Sheldrick, G. M. 2015b. SHELXT - Integrated space-group 

and crystal-structure determination. Acta Crystallographica 

Section A Foundations and Advances, 71(1), pp. 3-8. 

https://doi.org/10.1107/S2053273314026370 

Sreeja, P. B., Sreekanth, A., Nayar, C. R., Prathapachandra, M. 

R., Usman, K. A., Razak, I. A., Chantrapromma, S. & Fun, 

H. K. 2003. Synthesis, spectral studies and structure of 2-

hydroxyacetophenone nicotinic acid hydrazone. Journal of 

Molecular Structure, 645(2-3), pp. 221-226. 

https://doi.org/10.1016/S0022-2860(02)00563-X 

Turner, M. J., McKinnon, J. J., Wolff, S. K., Grimwood, D. J., 

Spackman, P. R., Jayatilaka, D. & Spackman, M. A. 2017. 

CrystalExplorer17 (No. 17). University of Western 

Australia. 

Wang, B. dui, Yang, Z. Y., Crewdson, P., & Wang, D. qi. 

2007. Synthesis, crystal structure and DNA-binding studies 
of the Ln(III) complex with 6-hydroxychromone-3-

carbaldehyde benzoyl hydrazone. Journal of Inorganic 

Biochemistry, 101(10), pp. 1492-1504. 

https://doi.org/10.1016/j.jinorgbio.2007.04.007 

Watanabe, K., Mino, T., Yoshida, Y. & Sakamoto, M. 2018. 

Hydrazone-palladium catalyzed reactions using allyl 

compounds. Journal of Synthetic Organic Chemistry, 

Japan, 76(8), pp. 828-837. 

https://doi.org/10.5059/yukigoseikyokaishi.76.828

 

28

https://doi.org/10.1016/j.poly.2008.02.036
https://doi.org/10.1016/j.talanta.2004.03.009
https://doi.org/10.1107/S2053229614024218
https://doi.org/10.1107/S2053273314026370
https://doi.org/10.1016/S0022-2860(02)00563-X
https://doi.org/10.1016/j.jinorgbio.2007.04.007

