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HIGHLIGHTS

« Two new hydrazone ligands were
synthesized and characterized.

« Copper(ll) complexes were
synthesized and characterized by
analytical and spectral methods.

« The spin Hamiltonian parameters of
some complexes were calculated and
discussed.

« The complexes exhibited octahedral
and square planar geometrical
arrangements.

« The ligands and some complexes
showed antimicrobial activity.

ARTICLE INFO

Article history:

Received 2 January 2014

Received in revised form 29 January 2014
Accepted 9 February 2014

Available online 18 February 2014

Keywords:
4,6-Diacetylresorcinol

Isatin

Triazine

ESR spectra

Binary and ternary complexes
Antimicrobial activity

GRAPHICAL ABSTRACT

. CH,
N
~
Ph I/N\( ¢N COCH,
oH
N 2 15H,0
e SN L :
0 OH
7 N\
o .o
|
CH,

[(HL!)Cu(OAc)(H,0)].1.5H,0

ABSTRACT

Two new hydrazone ligands, H,L! and H,L2, were synthesized by the condensation of 4,6-diacetylresorcin-
ol with 3-hydrazino-5,6-diphenyl-1,2,4-triazine and isatin monohydrazone, respectively. The structures
of the ligands were elucidated by elemental analyses, IR, 'H NMR, electronic and mass spectra. Reactions
of the ligands with several copper(Il) salts, including AcO~, NO;, SO2~, CI~ and Br~ afforded mono- and
binuclear metal complexes. Also, the ligands were allowed to react with Cu(II) ion in the presence of a sec-
ondary ligand (L) [N,0-donor; 8-hydroxyquinoline, N,N-donor; 1,10-phenanthroline or O,0-donor; ben-
zoylacetone]. Characterization and structure elucidation of the prepared complexes were achieved by
elemental and thermal analyses, IR, electronic, mass and ESR spectra as well as conductivity and magnetic
susceptibility measurements. The ESR spin Hamiltonian parameters of some complexes were calculated.
The spectroscopic data showed that the H,L! ligand acts as a neutral or monobasic tridentate ligand while
the H,L? ligand acts as a bis(monobasic tridentate) ligand. The coordination sites with the copper(Il) ion
are phenolic oxygen, azomethine nitrogen and triazinic nitrogen (H,L' ligand) or isatinic oxygen (H,L?
ligand). The metal complexes exhibited octahedral and square planar geometrical arrangements depend-
ing on the nature of the anion. The ligands and some metal complexes showed antimicrobial activity.

© 2014 Elsevier B.V. All rights reserved.

Introduction

Hydrazones and their metal complexes form an interesting class
of compounds which find extensive applications in antibacterial,
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antifungal and antitumor agents [1-3]. Also, they are used in
extraction of some metal ions using different buffer solutions [4],
micro determination of metal ions [4], determination of titanium
in bauxite, Portland cement, amphibolites and granites [5].
Triazine is an important class of heterocyclic compounds found
in many synthetic and natural products with a wide range of
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biological activities, such as adenosine receptor antagonist [6],
antiamoebic [7], antimalarial [8], antiviral [9], antitubercular [10]
and carbonic anhydrase inhibitor [11].

[satin is a versatile lead molecule for designing potential bioac-
tive agents and its derivatives were reported to possess a broad
spectrum of antiviral activities [12]. Ligands containing isatin moi-
ety are known to possess a wide range of pharmacological proper-
ties that include antibacterial, antifungal [13], anticonvulsant [14]
and anti-HIV [15] activities.

The bifunctional carbonyl compound; 4,6-diacetylresorcinol
(DAR) serves as precursor for the construction of different polyden-
tate ligands [16-20]. In our previous studies, metal complexes of
polydentate ligands derived from 4,6-diacetylresorcinol [21-27]
have been synthesized and fully characterized. The most motivat-
ing features of these ligands are the possibility of use them to syn-
thesize polynuclear complexes with different modes of bonding.
Also, mixed-ligand complexes including 4,6-diacetylresorcinol as
a primary ligand have been studied [28-30].

On the basis of stated facts, the present work is an extension to
our work and is devoted to the synthesis of new hydrazone ligands,
H,L! and H,L?, by the condensation of 4,6-diacetylresorcinol with
3-hydrazino-5,6-diphenyl-1,2,4-triazine and isatin monohydraz-

Table 1

one, respectively in the molar ratio 1:2 (DAR:hydrazino). The liga-
tional behavior of the new ligands towards different copper(Il)
salts was investigated. The structures of the ligands and their metal
complexes were characterized by elemental and thermal analyses,
IR, 'H NMR, electronic, ESR and mass spectra as well as conductiv-
ity and magnetic susceptibility measurements at room tempera-
ture. The biological activity of the ligands and their complexes
was screened against selected kinds of bacteria and fungi.

Experimental
Materials

4,6-Diacetylresorcinol was prepared as cited in the literature
[16]. 3-Hydrazino-5,6-diphenyl-1,2,4-triazine was prepared
according to Ref. [31] and isatin monohydrazone was prepared
according to Ref. [32]. Benzil, glacial acetic acid, thiosemicarbazide,
hydrazine hydrate and isatin were BDH or Merck products. Metal
salts, lithium hydroxide, 8-hydroxyquinoline (8-HQ), 1,10-phenan-
throline (Phen), benzoylacetone (Bac), EDTA disodium salt, ammo-
nium hydroxide, mureoxide and nitric acid were either Aldrich,

Analytical and physical data of the hydrazone, H,L' and H,L2, ligands and their copper(Il) complexes.

No. Reaction Complex M.F. [F. Wt] Color Yield* M.P. Elemental analysis, % found/(calc.)
(%) O ¢ H N as M
H,L! Cy5H21N503 [439.48] Pale brown 89 >300 68.46 4.7 16.1 - -
(68.33) (4.82) (15.94)
(1) HL'+ Cu(OACc), H,0 [(HL")Cu(OAC)(H,0)]-1.5H,0 C,7H,5N507.5Cu [606.1] Brown 83 >300 5357 497 118 - 104
(53.51) (4.66) (11.55) (10.48)
(2) HoL'+Cu(NO3),-25H,0  [(HL')Cu(H,0)]NO3 CasH,>NgO,Cu [582.04] Dark green 84 >300 51.66 3.8 1456 - 11.0
(51.59) (3.81) (14.44) (10.92)
(3) H,L'+CuS0,4-5H,0 [(HL")Cu(S04)(H20)2]-1.5H20 CasH25N50105SCu [662.14]  Brown 50 >300 4542 4.0 1047 46 94
(45.35) (4.26) (10.58) (4.84) (9.6)
(4) HL'+ CuCl,-2H,0 [(HL"CuCl]-1.5H,0 Cp5H,3N504.5CICu [564.49] Green 75 281 529 42 1229 60 11.1
(53.19) (4.11) (12.41) (6.28) (11.26)
(5) H,L'+ CuBr, [(HL")Cu(H50)3]Br-H,0 Cy5H25N507BrCu [653.98] Dark green 60 260 4584 41 1088 - 9.5
(45.92) (4.32) (10.71) (9.72)
(6) H,L'+Cu(OAc),H,0+8-  [(HL")Cu(8-HQ)(H,0)] C34H25NgO0sCu [664.19] Chocolate 96 263 6147 40 129 - 9.4
HQ brown (61.49) (4.25) (12.65) (9.57)
(7) HL!+ Cu(OAc),-H,0 + Phen [(HL')Cu(OAc)(Phen)] C3oH3;N;05Cu [741.27] Dark brown 71 267 634 39 135 - 8.4
(63.19) (4.22) (13.23) (8.57)
(8) HaL'+ Cu(OAc),-H,0 +Bac  [(HL')Cu(H,0)(Bac)]-2H,0 C35H3sNs0sCu [717.24] Dark brown 71 >300 583 47 99 - 8.7
(58.61) (4.92) (9.76) (8.86)
H,L2 Ca6H20Ng04 [480.49] Brown 94 >300 648 45 172 - -
(64.99) (4.2) (17.49)
(9) H,L2 + Cu(OAC), H,0 [(L%)Cuy(OAC),(EtOH),]-0.5H,0-0.5EtOH Cs35sH4oNgO;;Cu,  Dark brown 59 >300 496 45 979 - 14.8
[847.83] (49.58) (4.76) (9.91) (14.99)
(10) HoL2 + Cu(NO3),-2.5H,0  [(L2),Cu,]-EtOH Cs4H4oN;204Cu, [1130.10] Chocolate 17 >300 5737 3.77 146 - 11.20
brown (57.39) (3.75) (14.87) (11.25)
(11) HoL? + CuSO4-5H,0 [(L2),Cu,]-2H,0 Cs5H40N12010Cu; [1120.07] Chocolate 23 >300 5557 392 154 - 11.30
brown (55.76) (3.6) (15.01) (11.35)
(12) HoL2 + CuCl,-2H,0 + LIOH  [(L2)Cu,Cl,]-Ho0-EtOH CpgH,NgOCloCuy [740.55] Dark brown 58 >300 4559 355 111 93 17.0
(45.41) (3.54) (11.35) (9.57) (17.16)
(13) H,L? + CuBr, [(L2)Cu,Br,] CoH1sNO4BroCuy [765.37] Dark brown 53 >300 4083 229 107 - 16.4
(40.80) (2.37) (10.98) (16.61)
(14) HoL? + Cu(OAC),- Ho0 + 8- [(L2)Cux(8-HQ),(EtOH),] CasHazNgOsCu, [986.01] Chocolate 79 >300 5839 4.1 111 - 12.7
HQ brown (58.47) (4.29) (11.36) (12.89)
(15) H,L2 + Cu(OAC),-H,0 + Phen [(L2)Cuy(OAC),(Phen),]-3H,0 CsqHasN1901:Cu, [1138.12]  Brown 40 >300 57.06 38 120 - 10.9
(56.99) (4.07) (12.31) (11.17)
(16) HyL? + Cu(OAC),-H,0 + Bac  [(L2)Cuy(H,0)x(Bac);]-3H,0 CasHasNsO13CuU, [1018.00] Reddish 64 >300 5424 43 8.0 - 12.3
brown (54.27) (4.55) (8.26) (12.48)

¢ The yield is calculated on the basis of ligands.
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