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Abstract: Two sulfadiazine azo-azomethine dyes containing two active coordination centers and their bi-homonuclear

UO2 (II)-complexes were synthesized for potential chemotherapeutic use. The ligands were prepared, starting from

the coupling of sulfadiazine dizonium salt with acetylacetone, followed by condensation with ethylenediamine and

1,6-hexanediamine (HL I and HL II) using a modified literature procedure. The structures of the ligands and their

UO2 (II)-complexes were elucidated by conventional and thermal gravimetric analyses, molar conductivity, magnetic

susceptibility, and IR, UV-Vis, 1H NMR, and mass spectra. The analytical and spectral data supported the binuclear

formulation of the complexes with a 2:1 metal to ligand ratio and octahedral geometry. The molar conductance values

of the UO2 (II)-complexes revealed their nonionic character. The ligands and their complexes were screened for their

antibacterial activities towards the gram-positive Staphylococcus aureus and the gram-negative Escherichia coli, as well as

their antifungal activities against Aspergillus niger and Candida albicans, in order to assess their antimicrobial potential.

The results showed that metallization increases antimicrobial activity compared with the free ligands.
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1. Introduction

Sulfadiazine is a sulfonamide antibiotic and it is well known as one of the World Health Organization’s List

of Essential Medicines. It eliminates bacteria that cause infections by stopping the production of folate inside

the bacterial cell, and is commonly used to treat urinary tract infections (UTIs).1 Colorants, which include

chromophores of dyes usually consisting of N=N, C=N, C=C aromatic and heterocyclic rings, containing oxygen,

nitrogen, or sulfur, have been widely used as dyes owing to their versatility in various fields including high

technology, such as biological staining, liquid crystalline displays, inkjet printers, textiles, and plastics, and in

specialized applications, such as food, drug, cosmetic, and photochemical production.2−5 Azo dyes are widely

used in the textile industry and are the largest and most versatile group of synthetic organic dyes, with a

tremendous number of industrial applications.6 Schiff bases have also been shown to exhibit a broad range

of biological activities, including antifungal, antibacterial, antimalarial, antiproliferative, anti-inflammatory,

antiviral, and antipyretic properties.7,8 Schiff base metal complexes have the ability to reversibly bind oxygen

in epoxidation reactions,9 biologically active compounds,10 and catalytic hydrogenation of olefins.11 Uranium
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is a symbolic element as it is the last natural element and it is the most common element of actinides and

has unique properties. Polynuclear metal complexes find wide applications in catalysis and materials science

as well as biological applications.12−16 Such complexes usually display unique spectroscopic and magnetic

properties.17−22 Keeping in mind the above facts, and in continuance of our interest in designing new ligands and

complexes,19−28 the synthesis, characterization, and antimicrobial efficiency of two sulfadiazine azo-azomethine

dyes and their bi-homonuclear UO2 (II)-complexes are reported. The compounds are expected to combine

the antibacterial activity of sulfadiazine azo-azomethine derivatives and antimicrobial activity of the metal ions,

which constitute an important field of research due to their pronounced antimicrobial and fungicidal activities.29

2. Results and discussion

The structures of the ligands (HLI and HLII) and corresponding UO2 (II)-complexes were elucidated based

on IR, UV-Vis, 1H NMR, and mass spectra; molar conductivity; magnetic susceptibility; and conventional and

thermal gravimetric analyses (Table 1).

Table 1. Physical and analytical data of sulfadiazine azo-azomethines (HL I and HL II) and their UO2 (II)-complexesa

(I and II).

Mol. Wt. Analytical data
Molecular formula (Cal. Color Found% (Calcd.)
(Empirical formula) Mol. Wt.) (∆m) %Hydrated %Coordinated %AcO− %M

H2O H2O
HLI 403.00 Yellow (—) — — — —
(C17H21N7O3S) (403.46) (—)
[(UO2)2L

I(AcO)3(H2O)]·H2O 1155.00 Buff 1.52 1.51 15.29 40.96
(C23H33N7O15SU2) (I) (1155.60) (5.85) (1.56) (1.56) (15.33) (41.20)
HLII 459.00 Yellow

— — — —
(C21H29N7O3S) (459.57) (—)
[(UO2)2L

II(AcO)3(H2O)]·H2O 1211.00 F.buff 1.44 1.43 14.53 39.11
(C27H41N7O15SU2) (II) (1211.78) (6.55) (1.49) (1.49) (14.62) (39.29)
aThe synthesized complexes decompose without melting above 278 ◦C.

The yield of the synthesized compounds was 80%–84%.

Mol. Wt. is the molecular weight obtained from mass spectra.

∆m is the molar conductance measured in Ohm−1 cm2 mol−1.

2.1. Solubility and molar conductance

The metal chelates [(UO2)2L
I (AcO)3 (H2O)] ·H2O (I) and [(UO2)2L

II (AcO)3 (H2O)] ·H2O (II) are stable in

air and soluble in DMF and DMSO but insoluble in water and common organic solvents. Single crystals of the

metal chelates could not be isolated from any organic solution. The molar conductance values of the complexes

equal 5.85 and 6.55 Ω−1 cm2 mol−1 for I and II, respectively, indicating that they are nonelectrolytes. This

confirms that the anions are inside the coordination sphere of the metal ion.30

2.2. Conventional and thermal analyses

The thermal analysis results of the complexes I and II are in good agreement with the theoretical calculations.

The uranium contents in the complexes were identified gravimetrically using the standard method.31 A weighed
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quantity of complex (0.4∼0.5 g) was treated with a few drops of conc. H2SO4 and 1 mL of conc. HNO3 . It

was heated until the organic matter decomposed and sulfur trioxide fumes came out. The same process was

repeated three to four times to decompose the complex completely. Then it was dissolved in water and the

resulting solution was used for analysis of the metal ion percentage. Uranium was precipitated as ammonium

diuranate, followed by sufficient ignition to its respective oxide. The nature and contents of water molecules

and acetate groups attached to the central metal ion were determined by conventional thermal decomposition

studies.

In a conventional thermal analysis, UO2 (II)-complexes I and II were heated at four temperatures (100
◦C, 200 ◦C, 300 ◦C, and 1000 ◦C) in a muffle furnace for ≈50 min. The resulting weights were determined.

The weight loss at 100 ◦C can be attributed to loss of lattice water from the complexes. The weight loss at 200
◦C is due to loss of coordinated water. The weight loss at 300 ◦C can be attributed to the removal of acetate

groups. The weight of the final product after heating at 1000 ◦C corresponds to the formation of the metal

oxide as a final product.32

Confirmation of the proposed molecular structure of the investigated complexes was carried out using

TGA from which information on their properties, nature of intermediate, and final products of their thermal

decomposition were obtained.33 TGA curves were obtained for UO2 (II)-complexes I and II. The mass losses

were calculated for the different decomposition steps and compared with those theoretically calculated for

the suggested formula based on analytical and spectral results as well as molar conductance measurements.

The results of TGA indicate the formation of metal oxide as the end product from which the metal content

is calculated and compared with that obtained from analytical determination. The results obtained for the

thermal decomposition patterns are presented in Table 2. The thermal decomposition of the complexes occurs

through four steps. The water of hydration was removed within the 50–99 ◦C temperature range, while the

coordinated water molecules were removed within the 130–178 ◦C range. The number of water molecules

was determined from the percentage weight losses at these steps. The removal of coordinated acetate groups

was observed within the 210–286 ◦C range. The complete decomposition of the organic ligands occurred at

temperatures higher than 306 ◦C. The final product was the metal oxide.34

Table 2. Data obtained from TGA curves of UO2 (II)-complexes I and II.

Compound
% Loss in
weight Temperature Assignment
found (calcd.) range (◦C) (thermal process)

[(UO2)2L
I(AcO)3(H2O)]·H2O (I) 1.65 (1.56) 55–95 Loss of hydrated H2O

[(UO2)2L
I(AcO)3(H2O)] 1.49 (1.56) 130–168 Removal of coordinated H2O

[(UO2)2L
I(AcO)3] 15.12 (15.33) 210–280 Elimination of coordinated acetate groups

[(UO2)2L
I ] 31.84 (32.05) 310–1000

Complete decomposition of the complex
and formation of metal oxide as a final
product

[(UO2)2L
II(AcO)3(H2O)]·H2O (II) 1.81 (1.49) 50–99 Loss of hydrated H2O

[(UO2)2L
II(AcO)3(H2O)] 1.32 (1.49) 130–178 Removal of coordinated H2O

[(UO2)2L
II(AcO)3] 14.88 (14.62) 220–286 Elimination of coordinated acetate groups

[(UO2)2L
II ] 34.97 (35.19) 306–1000

Complete decomposition of the complex
and formation of metal oxide as a final
product
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2.3. TOF-mass spectral studies

Mass spectra are used in order to confirm the constitutions and purities of the prepared ligands and UO2 (II)-

complexes. The mass spectra of sulfadiazine azo-azomethine dyes showed accurate molecular ion peaks at m/z

403 and 459 for HLI and HLII , respectively, matched with the theoretical values. Moreover, the spectra of

[(UO2)2L
I (AcO)3 (H2O)] ·H2O and [(UO2)2L

II (AcO)3 (H2O)] ·H2O displayed accurate molecular ion peaks

at m/z 1155 and 1211, respectively, corresponding to the parent ion [ML]+ . Successive degradation of the target

compound and appearance of different peaks due to various fragments are good evidence for the molecular

structure of the investigated complexes.19 The mass spectrum of complex I showed peaks at m/z 1155, 1137,

1119, 1060, 1001, and 942 corresponding to [(UO2)2L
I (AcO)3 (H2O)] ·H2O (the molecular weight of complex

cation), [(UO2)2L
I (AcO)3 (H2O)] (loss of the hydrated water molecule), [(UO2)2L

I (AcO)3 ] (loss of two water

molecules), [(UO2)2L
I (AcO)2 ] (loss of two water molecules and one acetate group), [(UO2)2L

I (AcO)] (loss of

two water molecules and two acetate groups), and [(UO2)2L
I ] (loss of two water molecules and three acetate

groups). New good evidence confirms the proposed structure of the complexes comes from the decomposition

of complexes I and II via abstraction of the ligand, which give rise to the presence of a molecular ion peak

attributable to [L]+ (Scheme 1). This is common behavior for metal ion complexes containing different ligands

(ML) that decompose through cleavage of the metal–ligand bond during the spray ionization process.35

[(UO2)2L
II(AcO)3(H2O)].H2Odemetallization

LII
- H2O

m/z 1211.00 (1211.78) m/z 1193.00 (1193.77)

[(UO2)2L
II(AcO)3(H2O)]

- 2H2O

[(UO2)2LII] [(UO2)2L
II(AcO)3]

[(UO2)2L
II(AcO)2][(UO2)2L

II(AcO)]

-2H2O,

-2AcO

-2H2O,

-AcO

m/z 1175.00 (1175.75)m/z 988.00 (988.62)

m/z 1116.00 (1116.71)m/z 1057.00 (1057.67)

m/z 459.00 (459.57)

-2H2O,
3AcO

 

Scheme 1. Fragmentation pathways of [(UO2)2L
II (AcO)3 (H2O)] ·H2O (II).

2.4. FT-IR spectral studies

A comparative study between the FT-IR spectra of the free ligands (HLI and HLII) and those of their UO2 (II)-

complexes I and II was conducted in order to investigate the mode of binding in the formed complexes (Table

3). The metal ions usually form bonds with Schiff base derivatives of sulfa-drugs through the Schiff base center

or the sulfonamide part for mononuclear complexes, while for binuclear ones both centers contribute.36 IR

spectra of HLI and HLII displayed strong bands at 3423 and 3426 cm−1 , which can be attributed to the

stretching vibration of OH, confirming enolization of C=O through keto-enol tautomerism (Scheme 2).19 IR

spectra of complexes I and II showed broad bands at 3426 cm−1 , which can be assigned to ν (OH) of water

associated with complexes. The presence of water renders it difficult to confirm the deprotonation of the OH

groups on complex formation from the stretching vibration.37 Stretching vibration bands of aliphatic ν (C=N)

appeared at 1581 cm−1 , whereas aromatic ν (C=N) bands appeared at 1630 and 1612 cm−1 in the spectra of

HL1 and HL2 , respectively. These bands have invariable shifts in the spectra of complexes I and II, indicating

the coordination of the aromatic and aliphatic azomethine nitrogens to the metal ion in chelate formation.38

270



KHEDR and SAAD/Turk J Chem

Sharp bands appeared around 1325 and 1155 cm−1 in the spectra of HLI and HLII , due to νas (SO2N)

and νs (SO2N), respectively. These bands shifted slightly to higher or lower frequencies upon coordination

to UO2 (II).
38νas (OCO) and νs (OCO) of the acetate group in the uranyl complexes I and II are observed

around 1495 and 1442 cm−1 , respectively. This revealed monodentate coordination of this group [∆(OCO)

= νas (OCO) – νs (OCO) < 100 cm−1)].39 The medium intensity bands that appeared around 3356, 3259,

3041, 2938, 1651, 1409, 1261, and 683 cm−1 can be assigned to ν (NH2), ν (NH), ν (CH-aromatic), ν (CH2),

ν (C=O), ν (N=N), ν (S=O), and ν (C-S), respectively. These observations are supported by the appearance

of two new nonligand bands at 640 cm−1 and around 502 cm−1 due to ν (M–O) and ν (M–N),40 respectively.

The characteristic νas (UO2) band appeared near 843 cm−1 in the spectra of UO2 (II)-complexes I and II.41

The previous studies,19,20,36,37 and the IR spectral studies revealed that the ligands coordinate to the metal

via a nitrogen atom of the pyrimidine ring, the oxygen atom of sulfonamide group, azomethine-N, and enolic

OH formed through a keto–enol tautomerism of the C=O group (Scheme 2).

Table 3. IR spectral data (cm−1) of HL I , HL II , and their UO2 (II)-complexes I and II.

No
ν(OH) ν(NH2) ν(C=Narom) ν(N=N) νas(OCO)

ν(SO2N)
νas(UO2) ν(M-O)

[ν(NH)] [ν(CHarom)] [ν(C=Nazom)] [ν(S=O)] [νs(OCO)] [νs(C-S] [ν(M-N)]

HLI 3423 3257 1630 1409 — 1325, — —
[3355] [3038] [1581] [1261] [—] 1156 [683] [—]

I
3426 3258 1623 1410 1495 1326, 843 640
[3358] [3042] [1594] [1263] [1442] 1155 [682] [503]

HLII 3426 3259 1612 1409 — 1325, — —
[3357] [3039] [1582] [1262] [—] 1155 [684] [—]

II
3426 3262 1623 1409 1494 1326, 843 640
[3358] [3041] [1594] [1263] [1442] 1155 [683] [502]

(CH2)nNH2

N

NN CH

C

C O

CH3

CH3
(CH2)nNH2

N

NN

C

C

CH3

CH3

C

OH

Scheme 2. Keto-enol tautomerism in sulfadiazine azo-azomethine dyes (HL I and HL II) .

2.5. Electronic absorption spectra and magnetic susceptibility data

UV-Vis spectral results of sulfadiazine azo-azomethine dyes and their UO2 (II)-complexes in DMF solution are

presented in Table 4. The spectra of HLI and HLII showed three bands. The first band appeared within the

292–304 nm range and can be attributed to the low energy π− π* transition corresponding to 1Lb ←1A state

of the phenyl ring. The second band appeared within the 360–390 nm range due to the n− π* transition. The

third band appeared at the 440–462 nm range due to charge transfer transitions within the whole molecule.42

The spectra of UO2 (II)-complexes I and II displayed a weak band at 478 nm and a highly intense band
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near 303 nm, which are attributed to 1Σ+
g →3 πu transitions and charge transfer overlapping with π − π*

transition, respectively.43 The band occurring near 355 nm can be assigned to uranyl moiety because apical

oxygen→ fo (U) transition is being merged with the ligand band due to n→ π* transition as evident from

broadness and intensity.44 As expected, magnetic susceptibility data prove that UO2 (II)-complexes I and II

are diamagnetic.45

Table 4. UV-Vis and 1H NMR spectral data of HL I , HL II , and their UO2 (II)-complexes I and II.

No
UV-Vis spectra 1H NMR spectra
(λmax , nm) δOH δCH−N δAr−H δNH δNH2 δ of CH3 groups

HLI 292, 390, 440 11.13 7.03 7.71–7.62 9.95 9.23 4.13
I 303, 356,478 — — 8.02–7.92 10.45 9.70 4.61
HLII 304, 360, 462 11.21 7.28 7.92–7.80 10.05 9.44 4.58
II 302, 355, 478 — — 7.96–7.86 10.28 9.55 4.90

2.6. 1H NMR spectral studies

1H NMR spectra of HLI and HLII were studied and compared with those of their UO2 (II)-complexes (I and

II), in order to determine the center of chelation and replaceable hydrogen upon complex formation (Table

4). The 1H NMR spectra of HLI and HLII and their UO2 (II)-complexes (I and II) are shown in Figures

1–4. Signals at 11.13 and 11.21 ppm due to δOH in the spectra of HLI and HLII , respectively, support the

presence of OH produced from keto–enol tautomerism as concluded from IR spectra (Scheme 2). Furthermore,

the aliphatic –CH—N– proton appeared as a singlet at 7.03 and 7.28 ppm in the spectra of free ligands. These

signals disappeared in the 1H NMR spectra of the complexes, denoting that complex formation occurs via

deprotonation of the OH group.46 The signals that appeared at 9.95; 10.05, 9.23; 9.44, 8.47; 8.64, 7.71–7.62;

7.92–7.80, 4.13; 4.58 and 3.25; 4.05 ppm due to δNH , δNH2 , δpyrimidine−H , δbenzene−H , δCH3 , and δCH2 in

the free ligand spectra have downfield shifts in the spectra of the complexes due to increased conjugation on

coordination, supporting coordination of ligands to UO2 (II) ion. The downfield shift of these signals is due

to deshielding by UO2 (II), giving further support for the presence of the metal ions.47 The 1H NMR spectra

of UO2 (II)-complexes I and II showed two new nonligand signals at 2.23 and 2.02 and 3.12 and 3.00 ppm for

water and CH3 from acetate, respectively.20

2.7. In vitro antibacterial and antifungal assay

The antimicrobial activity of any compound is a complex combination of steric, electronic, and pharmacokinetic

factors. The action of the compound may involve the formation of a hydrogen bond through —N=C of

the chelate or the ligand with the active centers of the cell constituents, resulting in interference with the

normal cell process. The microbotoxicity of the compounds may be ascribed to the metal ions being more

susceptible toward the bacterial cells than ligands.48 The in vitro antimicrobial activities of the prepared

sulfadiazine azo-azomethine dyes (HLI and HLII) and their UO2 (II)-complexes (I and II) were screened

against E. coli, S. aureus, A. flavus, and C. albicans using the modified Kirby–Bauer disc diffusion method.49

Standard drugs amphotericin B and tetracycline were tested for their antibacterial and antifungal activities in

the same conditions and concentrations. UO2 (II)-complexes showed significant antimicrobial activities against

the tested organisms compared with the free ligands (Table 5). Complexes I and II displayed high activity
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Figure 1. 1H NMR spectrum of ligand HL I .

Figure 2. 1H NMR spectrum of complex I.

against different types of tested bacteria. Moreover, complexes I and II exhibited moderate activity against A.

flavus. Sulfadiazine azo-azomethine ligands (HLI and HLII) and complexes are inactive against C. albicans.

Complexes I and II were less active compared with tetracycline and amphotericin B. The data prove the

potential of complexes I and II as broad spectrum antibacterial agents. Furthermore, complexes I and II can

be used as effective antifungal agents against multicellular fungi. The improved activities of the metal complexes
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Figure 3. 1H NMR spectrum of ligand HL II .

Figure 4. 1H NMR spectrum of complex II.

compared with the free ligand can be explained on the basis of chelation theory.50 This theory states that a

decrease in the polarizability of the metal could enhance the lipophilicity of the complexes. This leads to a

breakdown of the permeability of the cells, resulting in interference with normal cell processes.51 This indicates

that chelation tends to make the Schiff bases act as more powerful and potent antimicrobial agents, inhibiting

the growth of bacteria and fungi more than the parent Schiff bases.52 Therefore, it is claimed that the process of
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chelation dominantly affects the biological activity of compounds that are potent against microbial and fungal

strains. S. aureus was selected to represent gram-positive bacteria, whereas E. coli was selected as the backbone

of gram-negative bacteria. C. albicans represented the unicellular fungi, while A. flavus was selected as a higher

fungus representing multicellular fungi. Therefore, the selected organisms represent a broad spectrum of test

organisms. The obtained results prove the usefulness of complexes I and II as broad spectrum antimicrobial

agents.

Table 5. Antibacterial and antifungal activities of HL I , HL II , and their UO2 (II)-complexes I and II.

Compound
Inhibition zone diameter (mm mg−1 sample)
E. coli (G−) S. aureus (G+) A. flavus (fungus) C. albicans (fungus)

Control: DMSO 0.0 0.0 0.0 0.0
Tetracycline

33.0 30.0 — —
(Antibacterial agent)
Amphotericin B

— — 20.0 20.0
(Antifungal agent)
HLI 15.0 16.0 0.0 0.0
Complex I 18.0 20.0 10.0 0.0
HLII 13.0 16.0 0.0 0.0
Complex II 20.0 21.0 11.0 0.0

3. Experimental

3.1. Materials and measurements

All chemicals used in the synthesis were of reagent grade and used without further purification. All solvents were

of reagent grade and purified according to the standard procedure. The thermal gravimetric analysis (TGA) of

UO2 (II)-complexes was performed using a Shimadzu TG-50 thermal analyzer from ambient temperature up to

800 ◦C under nitrogen as atmosphere with a heating rate of 10 ◦C/min. Molar conductance of the complexes

was determined in DMSO (10−3 M) at room temperature using a Jenway (model 4070) conductivity meter.

Matrix Assisted Laser Desorption/Ionization Time-of-Flight (MALDI-TOF) mass spectra were obtained by the

aid of a BRUKER Auto flex II LRF20 spectrometer using dithranol as a matrix. Infrared spectra of the ligand

and its metal complexes were recorded on a FT-IR Bruker Tensor 27 spectrophotometer, within 4000–400 cm−1

range as KBr discs (at Central Laboratory, Tanta University, Egypt). The electronic spectra were recorded on a

Shimadzu 240 UV-Visible spectrophotometer. Magnetic susceptibility measurements of the metal complexes in

powder form were carried out on a Guoy balance using mercuric tetrathiocyanato-cobaltate(II) as the magnetic

susceptibility standard. 1H NMR spectra were measured using a Bruker DMX 750 (500 MHz) spectrometer

in DMSO-d6 as the solvent and tetramethylsilane as the internal standard. Chemical shifts of 1H NMR were

expressed in parts per million (ppm, δ units), and the coupling constant was expressed in hertz (Hz).

3.2. Preparation of sulfadiazine azo-azomethine dyes

Sulfadiazine azo-azomethine dyes (HLI and HLII) were prepared according to the following procedures. 4-(3-

Pentyl-2,4-dione)-N-pyrimidin-2-yl-benzenesulfonamide was synthesized according to a modified procedure.53

To a solution of acetylacetone (1.00 g, 10 mmol) in 30 mL of ethanol was added sodium acetate (3.0 g). The

mixture was cooled to 0 ◦C for 10 min and a cooled solution of sulfadiazine dizonium chloride (prepared from

10 mmol of sulfadiazine (2.50 g) and the appropriate quantities of HCl and NaNO2) was added under stirring.
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The stirring was continued for 1 h after which the solid was collected, washed with 2 × 10 mL of water and 2

× 10 mL of ethanol, and dried in air. The obtained sulfadiazine azo dye was recrystallized several times from

ethanol.

HLI and HLII were prepared using a procedure taken from the literature53 and modified. A mixture

of 10 mmol of 4-(3-pentyl-2,4-dione)-N-pyrimidin-2-yl-benzenesulfonamide (3.61 g) and ethylenediamine (0.60

g) or 1,6-hexanediamine (1.16 g) was dissolved in absolute ethanol (50 mL) with a few drops of piperidine as a

catalyst. The mixture was refluxed at 80 ◦C for 10–12 h. The resulting solid product was collected by filtration

and washed several times with hot ethanol. The different synthetic procedures for preparation of HLI and

HLII are presented in Scheme 3.

N S

O

N

N

H O

NH2
NaNO2

N S

O

N

N

H O

N2
+Cl

HCl, H2O

NNN S

O

N

N

H O

EtOH,

(CH2)nNH2

N

EtOH,
reflux

H2N(CH2)nNH2

two drops of 
piperidine

+

CH

C

C O

CH3

O

CH3

CH2

C

C O

CH3

O

CH3

NNN S

O

N

N

H O

CH

C

C O

CH3

CH3

CH3COONa

Scheme 3. Procedures for preparation of sulfadiazine azo-azomethines dyes [HL I (n = 2) and HL II (n = 6)].

3.3. Synthesis of the metal complexes

UO2 (II)-complexes I and II were synthesized using the well-known reflux-precipitation method. Uranyl acetate

dihydrate solution (2 mmol in 50 mL of water/ethanol mixture (50%, V/V)) was added dropwise to an ethanolic
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solution of sulfadiazine azo dye HLI or HLII (1 mmol in 50 mL of ethanol). Then the resulting mixture was

refluxed for 14–16 h on a water bath. The complexes precipitated during the reaction were filtered off and washed

several times with hot ethanol, and then dried in a vacuum over anhydrous calcium chloride. The reaction yield

was found to be 80%–84%. The purities of the complexes were checked by TLC and melting point constancy.

The various synthetic reactions for the preparation of UO2 (II)-complexes I and II are summarized in Scheme

4.

EtOH, reflux, 14-16 h.

U

U OONNN S

O

N

N

H O

O

O
AcO

H2O

OAc

OAc

2 UO2(CH3COO)2.2H2O

(CH2)nNH2

N

NNN S

O

N

N

H O

CH

C

C O

CH3

CH3

(CH2)nNH2

N

C

C

C O

CH3

CH3

.H2O

 

Scheme 4. Procedures for synthesis of UO2 (II)-complexes I and II (n = 2 complex I and n = 6 for complex II).

3.4. In vitro antibacterial and antifungal assay by the Kirby–Bauer method

Antimicrobial activities of the investigated sulfadiazine azo-azomethines dyes and UO2 (II)-complexes were

determined using a modified Kirby–Bauer disc diffusion method,54 at the micro-analytical unit of Cairo

University. First 100 µL of the test bacteria/fungi were grown in 10 mL of fresh media until they reached

106 cells mL−1 for bacteria and 105 cells mL−1 for fungi.49 Then 100 µL of microbial suspension was spread

onto agar plates corresponding to the broth in which they were maintained. Isolated colonies of each organism

that might play a pathogenic role were selected from primary agar plates and tested for susceptibility by the

disc diffusion method.55 From the many media available, the NCCLS recommends Mueller–Hinton agar since it

results in good batch-to-batch reproducibility. The disc diffusion method for filamentous fungi used the approved

standard method (M38-A) developed by the NCCLS56 for evaluating the susceptibilities of filamentous fungi to

antifungal agents. The disc diffusion method for yeasts used the approved standard method (M44-P) developed

by the NCCLS.57 Plates inoculated with the filamentous fungus A. flavus NRRL 6554 were incubated at 25
◦C for 48 h, plates inoculated with gram-positive bacteria as S. aureus NCTC 6356 and gram-negative bacteria

as E. coli NRRL-B-3704 were incubated at 35–37 ◦C for 24–48 h, and plates inoculated with the yeast C.
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albicans ATCC 10231 was incubated at 30 ◦C for 24–48 h, and then the diameters of the inhibition zones

were measured in millimeters.58 Standard discs of tetracycline (an antibacterial agent) and amphotericin B

(antifungal agent) served as positive controls for antimicrobial activity, while filter discs impregnated with 10

µL of solvent (distilled water or DMSO) were used as negative controls. The agar used was Mueller–Hinton agar

rigorously tested for composition and pH. The depth of the agar in the plate is a factor to be considered in the

disc diffusion method. This method is well-documented and standard zones of inhibition have been determined
for susceptible and resistant values. Blank paper discs (Schleicher & Schuell, Spain) with a diameter of 8.0

mm were impregnated with 10 µL of testing concentration of the stock solutions. When a filter paper disc

impregnated with a tested chemical is placed on agar the chemical diffuses from the disc into the agar, placing

the chemical in the agar only around the disc. The solubility of the chemical and its molecular size will determine

the size of the area of chemical infiltration around the disc. If an organism is placed on the agar, it will not grow

in the area around the disc if it is susceptible to the chemical. This area of no-growth around the disc is known

as a ‘zone of inhibition’ or ‘clear zone’. For disc diffusion, the zone diameters were measured with slipping

calipers of the National Committee for Clinical Laboratory Standards.58 Agar-based methods such as E-test

and disc diffusion can be good alternatives because they are simpler and faster than broth-based methods.59

4. Conclusion

Sulfadiazine azo-azomethine dyes (HLI and HLII) and their UO2 (II)-complexes were synthesized and charac-

terized. Satisfactory analytical data, molar conductance measurements, magnetic susceptibility, and TOF-mass,

IR, UV-Vis, and 1H NMR spectral studies confirm octahedral geometry in UO2 (II)-complexes. HLI and HLII

coordinate to the metal ions via a nitrogen atom of the pyrimidine ring, the oxygen atom of sulfonamide group,

azomethine-N, enolic-OH formed through a keto–enol tautomerism of C=O groups in two chelation centers

forming bi-homonuclear UO2 (II)-complexes. Molar conductivity values revealed that the complexes are non-

electrolytes. The thermal data confirmed the suggested formula, based on spectral results. The investigated

compounds were active against bacteria (E. coli and S. aureus) and fungi (A. flavus). The obtained data

prove the usefulness of UO2 (II)-complexes as broad spectrum antimicrobial agents. Such metal complexes find

wide interest, especially due to their potential as biocides and nematicides with unique electrical and magnetic

properties.60
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