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Abstract: A novel ligand ((1E)-(2-(4-fluorobenzylidene)amino)methyl) 
phenyl)diazenyl)-1,3,7-trimethyl-3,7-dihydro-1H-purine-2,6-dione (4-FADPD) was 
synthesized via the azotization reaction of 2-aminobenzylamine with caffeine, and the 
resultant compound was condensed with 4-fluorobenzaldehyde to form a newly azo-Schiff 
base ligand. Its complexes with Cu(II), Ag(I), and Au(III) were synthesized. The results of 
multi-identifications, including XRD, elemental analysis (C.H.N), UV-vis spectroscopy, 
FTIR, and 1H-NMR, were used to propose the suggested structures using molar conductivity 
measurements. These data were utilized to propose appropriate geometric configurations 
for all complexes. The azo-Schiff base ligand coordinates toward the Cu(II) ion in octahedral 
geometry and Ag(I) ion in tetrahedral geometry, whereas the Au(III) ion gives it a square 
planar structure. Nanoparticle size was determined using scanning microscopy (FE-
SEM). Significant antiproliferative activity was observed with the Au(III) nanocomplex 
against human lung cancer (A549) cells, compared with normal cell lines (HDFn), as 
indicated by the IC50 values. The purpose of our research is to prepare new nanocomplexes 
derived from caffeine and to demonstrate the effectiveness of an Au(III) nanocomplex 
against lung cancer as a future treatment that may benefit pharmaceutical preparations. 
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■ INTRODUCTION

Transition metal complexes play a pivotal role in
medicinal biochemistry, contributing to the treatment of 
various human ailments such as cancer [1]. Purine bases, 
such as xanthine derivatives, are known to multitarget 
and operate as non-selective agents of a variety of cellular 
proteins [2]. Certain xanthine derivatives function as 
diuretics [3], lipolysis agents [4], analgesic adjuvants [5], 
and as bronchodilators [6] and cognitive enhancers [7]. 
They are also used to treat cerebral ischemia [8], 
Parkinson's disease [9], and renal failure [10]. 
Additionally, the efficacy of xanthine derivatives as 
adjuvants for cancer chemotherapy has been investigated 
[11]. Caffeine can form complexes with various acidic 
drugs, thereby modifying their pharmacokinetic 
properties [12]. Additionally, caffeine has demonstrated 

anticancer activity, both individually and in 
combination with anticancer drugs [13]. Caffeine is 
present in several over-the-counter analgesics. It has 
many well-documented drug-drug and drug-food 
interactions [14]. It has been demonstrated that 
methylxanthines generally exhibit inhibitory effects on 
several antimicrobial agents [15]. 

Azo-imine derivatives are chemical compounds 
that have attracted significant attention in scientific 
research, distinct from imine compounds and azo dyes 
[16]. Due to the presence of two reactive functional 
groups, N=CH and N=N [17], these compounds are 
used as ligands in coordination chemistry and can 
coordinate in a wide range of ways. They may be 
coordinated through the nitrogen atoms of the azo and 
imine groups [18], or by the nitrogen of the azo group 
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alone, and they can ultimately coordinate through the 
azo-imine nitrogen atoms [19]. 

Azo-Schiff compounds find various applications in 
daily life [20-21], as they are used for corrosion inhibition 
in manufacturing [22], antioxidants [23], nuclear waste 
disposal [24], and the manufacture of plastics, leather, and 
textiles [25]. Complexes of azo-Schiff bases have 
demonstrated their value as antifungals and anticancer 
agents [26] and as antimicrobial agents [27]. Over the past 
few decades, transition-metal complexes have been used 
to treat a wide range of illnesses, including inflammation, 
bacterial infections, and cancer [28]. Since cancer is a 
complex and multigenetic illness, metal complexes 
exhibiting a single anticancer mechanism are usually 
ineffective in treating tumors and may result in medication 
toxicity and resistance [29]. Therefore, it is ideal to develop 
multi-targeted anticancer drugs to avoid these side effects 
and multidrug resistance [30]. To overcome the limitations 
of single-targeting medications, multitargeting medications 
are currently in high demand [31]. It is possible to construct 
transition metal complexes as multi-targeted anticancer 
agents [32]. Our research aims to synthesize and 
characterize a novel azo-Schiff base ligand (L) derived from 
caffeine and investigate its transition metal complexes, 
where Cu(II), Ag(I), and Au(III) complexes have been 
prepared with the ligand ((1E)-(2-(4-fluorobenzylidene) 
amino)methyl)phenyl)diazenyl)-1,3,7-trimethyl-3,7-
dihydro-1H-purine-2,6-dione, derived from xanthine 
compounds. The effect of the Au(III) nanocomplex on 
lung cancer cells (A549) was studied and compared with 
healthy cells (HDFn), demonstrating high effectiveness in 
preventing A549 cancer cells while remaining cell-safe for 
intact HDFn. 

■ EXPERIMENTAL SECTION 

Materials 

The materials: 2-amino benzylamine (98%), silver 
nitrate (99%), and hydrochloric acid (12 M) were 
acquired from the English company Sigma Aldrich; 4-
fluoro benzaldehyde (99%) was obtained from Fluka; 
copper(II) chloride dihydrate (99%) and gold sodium 
chloride(III) (98%) were acquired from Macklin; 
methanol (99%) and benzene (99%) were obtained from 

G.C.C. Company; absolute ethanol (99%) was obtained 
from Sharlut Company; and dimethyl sulfoxide (DMSO, 
98%) was obtained from A.C.S. Company. Glacial acetic 
acid (99%) was obtained from Merck. All these chemicals 
were used as received, without any further purification. 

Instrumentation 

The instrumentation used was as follows: melting 
points were measured using a Type Shanghai Drawell 
Scientific Instrument for the ligand and its complexes. 
1H-NMR spectra were acquired as solutions in DMSO-
d6 solvent using a Varian 500 MHz spectrophotometer, 
while the mass spectra (MS) were recorded on a GC-MS-
QP2010SE: Shimadzu Spectrometer. The Shimadzu UV-
160PC Visible-UV spectrophotometer was used for 
recording UV-vis spectra. Magnetic susceptibility 
measurements were performed using the Faraday 
method with a balanced magnet (MSB-MKI). Infrared 
(IR) spectra were measured using a Shimadzu FTIR-
8400 spectrometer utilizing KBr in the 4000–400 cm−1 
wavelength range. C.H.N elemental analysis was 
conducted using a C.H.N elemental analyzer (EURO 2012 
EA 300). A field-emission scanning electron microscope 
(FESEM) was used to determine the percentage of 
metals in the complexes. A highly magnified image 
(120.00 kX) was obtained using a TESCAN (Germany) 
microscope. X-ray diffraction (XRD, Bruker, Germany) 
was used for recording XRD patterns. The manufacturer 
names, countries, and types of equipment used for 
toxicological studies were as follows: Eppendorf 
(Germany) centrifuge cooling; Olympus (Japan) 
inverted microscope; Gallenkamp (England) CO2 
incubator; K and K (Korea) laminar air flow; Bio-Rad 
(Germany) microtiter plate reader; Sartorius (Germany) 
sensitive balance; Sigma (USA) haemocytometer; and 
ThermoFisher (Japan) ELISA reader. 

Procedure 

Synthesis of 4-FADPD 
The 4-FADPD was created in two steps. The first 

step involved reacting diazonium salt with a suitable 
amount of caffeine in an alkaline medium. The diazonium 
solution was prepared by dissolving 0.01 mol (1.22 g) of 
2-aminobenzylamine in 30 mL of deionized water and 

Acc
ep

ted



Indones. J. Chem., xxxx, xx (x), xx - xx    

 

Majida Ibrahim Obaid et al. 
 

3 

3 mL of concentrated HCl with continuous shaking. The 
solution of NaNO2 (0.01 mol, 0.7 g) was prepared in 5 mL 
of ice-cold deionized water. It was added to the diazonium 
solution dropwise, with stirring and shaking to complete 
the diazotization at 0–5 °C, and then left to stand for 
30 min. This diazonium solution was added dropwise to 
0.01 mol (1.94 g) of caffeine dissolved in 50 mL of 
absolute ethanol and 50 mL of 40% NaHCO3 solution at 
0–5 °C. The color slowly changed to orange, which 
indicates the coupling process had occurred between the 
two solutions. The synthesis of azo compounds was 
followed by neutralization using dilute HCl until the pH 
reached ~7.5. The mixture formed was left for 24 h, 
filtered, and washed carefully with deionized water [33]. 

In the second step, the new azo-Schiff base ligand -
((1E)-(2-(4-8-fluorobenzylidene)amino)methyl)phenyl) 
diazenyl)-1,3,7-trimethyl-3,7-dihydro-1H-purine-2,6-
dione was prepared by dissolving 4-fluorobenzaldehyde 
(3 mmol, 0.37 g) in 10 mL of absolute ethanol. After 
2 min of stirring, 3 drops of glacial acetic acid were 
added, and the mixture was left at room temperature for 
5 min. Then (3 mmol, 1.04 g) of azo dye was dissolved in 
10 mL of absolute ethanol, slowly added, and the 
solution was heated to 78 °C for 16 h to obtain the new 
ligand. The product obtained was cooled, dried, and 
then recrystallized using hot absolute ethanol [34]. Table 
1 lists the physical attributes, and Scheme 1 outlines the 
procedures for preparing this ligand. 
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Scheme 1. Synthesis of a new azo-Schiff base ligand(4-FADPD) 

Table 1. The ligand (4-FADPD) and its metal complexes' physical characteristics 
Chemical formula Color M.Wt (g/mol) M.p. (°C) Yield% 

C22H20FN7O2 Brown 433.45 80–82 69% 
[Cu(C22H20FN7O2)Cl2·H2O] Dark brown 585.99 188–190 95% 
[Ag(C22H20FN7O2)H2O]NO3 Olive 621.31 148–150 91% 
[Au(C22H20FN7O2)Cl]Cl2·H2O Dark brown 754.92 246–248 96% 
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Synthesis of Cu(II) and Ag(I) metal complexes 
Two metal complexes were produced by combining 

0.0004 mol of CuCl2·2H2O in 10 mL ethanol with 15 mL 
absolute ethanol solution of (0.4 mmol, 0.2 g) of the new 
ligand in a 1:1 ratio (metal:ligand) to form the Cu(II) 
complex, and by mixing 0.4 mmol of AgNO3 in 10 mL 
ethanol with 15 mL absolute ethanol solution of 
(0.4 mmol, 0.2 g) of the new ligand in a 1:1 ratio 
(metal:ligand) to form the Ag(I) complex. The resulting 
mixtures were refluxed for 3 h in both cases. The products 
obtained were cooled, dried, and recrystallized using hot  
 

absolute ethanol. 

Preparation of nano-gold complex [AuLCl]Cl2·H2O 
The preparation of [AuLCl]Cl2·H2O involved 

adding 0.6 mmol (0.21 g) of NaAuCl4 in 10 mL of 
absolute ethanol to a 1:1 (M:L) molar ratio solution 
containing 0.3 g (0.6 mmol) of L. The resulting solution 
was refluxed for 25 h at 78 °C. The product obtained was 
cooled, dried, and recrystallized using hot absolute 
ethanol. The physical characteristics of these complexes 
are listed in Table 1, while Scheme 2 shows the steps for 
their preparation. 

 
Scheme 2. Synthesis of novel metal complexes with the ligand (4-FADPD) 
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In vitro Au(III) nano-complex cell cytotoxicity and 
viability assays 

The gold nano-complex showed a toxic effect on 
lung cancer cells. To prepare the cancerous and healthy 
cell lines for the study, the A549 cell line was derived from 
lung tissue obtained from a white male patient with lung 
cancer, aged 58. This cell line can be used in research on 
cancer, immuno-oncology, and toxicity. The dermal 
fibroblast primary human, neonatal (HDFn), is a normal 
cell line derived from newborn foreskin. It has been used 
in studies on pathogen response, skin aging, wound 
healing, gene delivery, and skin conditions like 
scleroderma. These cell lines were obtained from the 
Pharmacology Department, College of Medicine, 
University of Malaya, Kuala Lumpur, Malaysia. The 
cytotoxic effect of the [AuLCl]Cl2·H2O nano-complex was 
evaluated using an Intron Biotech MTT ready-to-use kit, 
and several concentrations were tested. 

Protocol 
In 96 flat-bottom microtiter plates, tumor cells (104–

106 cells/mL) were cultivated in a final volume of 200 μL 
of full culture media in each well. After covering the 
microplate with sterile Parafilm, it was carefully shaken. 
The plates were incubated for 24 h at 37 °C with 5% CO2. 
Following incubation, the medium was removed, and the 
wells were filled with two-fold serial dilutions of the 
compounds (400, 200, 100, 50, and 25 μg/mL). Both the 
controls (cells treated with serum-free media) and each 
concentration were utilized in triplicate. For a chosen 
exposure duration of 4 h, plates were incubated at 37 °C 
with 5% CO2. 

For 24 h, 20 μL of each compound was added to each  
 

well. Each well received 10 μL of the MTT solution upon 
exposure. The plates were then incubated for 4 h at 37 °C 
with 5% CO2. After carefully removing the media, 
100 μL of solubilization solution was added to each well 
and incubated for 5 min. An ELISA reader operating at 
575 nm was used to measure the absorbance. The Eq. (1) 
was used to statistically analyze the optical density data 
and determine the concentrations of chemicals required 
to reduce cell viability by 50% for each cell line [35]. 

(x log C)B
A DY D

1 10 −
−= +

+
 (1) 

■ RESULTS AND DISCUSSION 

An excellent solubility in different solvents was 
observed for the ligand and its metal complexes, such as 
DMF, DMSO, MeOH, and EtOH. Additionally, they 
exhibit stability in air. These metal complexes and the 
ligand were studied using various analytical methods, 
including elemental analysis, molar electrical conductivity, 
infrared spectroscopy, UV-vis spectroscopy, MS, and 
1H-NMR (only the ligand was measured). The 
experimental results and the analytical data from the 
complexes are in good accord, confirming their accuracy. 

Based on the data shown in Table 2, specifically the 
results of precise elemental analysis (C.H.N) and molar 
conductivity measurements, it was determined that the 
molar ratio adopted was 1:1 (M:L) for the Cu(II) and 
Ag(I) complexes, where the tridentate ligand 
coordinates with the metal ions through three sites 
(N,N,N) to form an octahedral geometry in the Cu(II) 
complex and a tetrahedral geometry in the Ag(I) 
complex. Meanwhile, in the  Au(III) Nano-complex, the  

Table 2. Results of the elemental analysis data of 4-FADPD and its metal complexes 

Compounds M.wt. (g/mol) 
Found (Calc., %) 

C H N M 

4-FADPD =C22H20FN7O2 433.45 60.85 
(60.90) 

4.56 
(4.60) 

22.55 
(22.60) – 

[Cu(C22H20FN7O2)Cl2H2O] 585.99 
45.00 

(45.05) 
3.80 

(3.75) 
16.68 

(16.72) 
10.82 

(10.84) 

[Ag(C22H20FN7O2)H2O]NO3 621.31 42.47 
(42.49) 

3.50 
(3.54) 

18.00 
(18.02) 

17.33 
(17.36) 

[Au(C22H20FN7O2)Cl]Cl2.H2O 754.92 34.94 
(34.97) 

2.87 
(2.91) 

12.94 
(12.98) 

26.01 
(26.09) 
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tridentate ligand coordinates with the Au(III) ion through 
the same coordination sites mentioned above, resulting in 
a square planar geometry with a 1:1 (M:L) molar ratio. 
Thus, the surrounding ligands coordinate around the core 
metal ions. This aligns with previous literature on this 
type of complex [36]. The synthesized chelate complexes 
Ag(I) and Au(III) in this study exhibited significant 
conductivity, demonstrating an electrolytic character. 
1H-NMR Spectra 

The chemical environment of organic molecules can 
be determined by NMR spectroscopy using 
tetramethylsilane (TMS) as the internal reference 
standard [37]. The ligand was analyzed using the 1H-
NMR technique with DMSO-d6 as the solvent (Fig. S1). 
The spectrum obtained provided reliable data, and the 
molecular structure was determined from the hydrogen-
atom chemical shifts. The spectrum exhibited distinct 
signals, including a singlet at 2.5 ppm corresponding to 
the solvent protons [38], and a singlet at 3.40 and 
3.88 ppm attributed to the (N−CH3 purine) group. It also 
showed a doublet at 3.97 ppm corresponding to the CH3 
proton in the (N−CH3 imd) group [39]. Also, a singlet 
appeared at 3.27 ppm, assigned to water protons, and the 
ligand showed a singlet at 4.70 ppm belonging to the 
methylene (CH2) proton. Multiplet signals at 6.35–
8.46 ppm were assigned to the aromatic protons. A singlet 
at 10 ppm indicated the proton of the azomethine  
(–CH=N) group. As for the complexes, they showed 
similar signals to the ligand (Fig. S2-S4). 

MS 

MS is an essential diagnostic tool that allows the  
 

molecular weight and molecular formula of new 
compounds to be confirmed [40]. The MS of the new 
organic ligand (Fig. S5) and the gold complex (Fig. S6) 
were measured using mass spectrometry. The spectrum 
showed the organic ligand molecular ion (m/z⁺) at 433.0, 
and the gold complex molecular ion (m/z⁺) was 
observed at 755.0 [41]. Schemes S1 and S2 show the mass 
fractionation pathways of ligand and [Au(L)Cl]Cl2·H2O 
complex, respectively. 

FTIR Spectra of 4-FADPD and Its Metal Complexes 

To identify any changes that may have occurred 
during the Complexation process, the spectra of the 
complexes and the free ligand were compared. The 
formation of the complexes was confirmed by FTIR 
spectra, which revealed distinct spectral regions in the 
ligand and the complexes. Several significant bands in 
the complexes' spectra, including the N=N and C=N 
bands of the imidazole ring, showed a shift. These bands 
exhibited variations in position, intensity, and shape. 
Other new bands in the 400–600 cm−1 range indicated 
the formation of M–N bond types, confirming 
coordination between the metal and the ligand at the 
indicated sites, consistent with coordination behavior 
reported in previously published articles [42-43]. All 
relevant data are presented in Table 3 and Fig. S7–S10. 

Measurement of Molar Conductivity 

The results show that the investigated chelate 
complexes of the metal ions, i.e., [Cu(L)Cl2·H2O], 
[Ag(L)H2O]NO3, and [Au(L)Cl]Cl2·H2O, had molar 
electrical conductivities of 19.5, 32.0, and 76.3 cm2/mol, 
respectively when  measured in solutions  containing the  

Table 3. The IR spectrum frequencies for the new heterocyclic ligand and its metal complexes 

Compound 
ν(OH) 
δ(OH) 

ν(C-H) 
arom 

ν(C-H) 
alpha ν(C=O) 

ν(C=N) 
Schiff 

ν(C=N) 
imd ν(N=N) 

H2O 
coord (M−N) 

4-FADPD C22H20FN7O2 – 
3062 
3024 

2891 
2850 1698 1599 1552 1434 – – 

[Cu(L)Cl2·H2O] 3412 
1373 

3057 2953 
2924 

1701 1618 1568 1456 929 410–572 

[Ag(L)H2O]NO3 
3412 
1382 3061 

2922 
2850 1701 1616 1544 1454 939 420–516 

[Au(L)Cl]Cl2·H2O 
3414 
1400 3045 

2922 
2850 1693 1616 1573 1452 – 416–596 
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novel ligand at a concentration of 10−1 M per complex. 
These measurements were conducted at laboratory 
temperature, with DMSO as the solvent. It can be 
observed that the Au(III) and Ag(I) complexes exhibit 
ionic properties, based on the molar conductivity data, 
whereas the Cu(II) complex is neutral. The results are 
consistent with findings reported in the literature for 
ionic metallic compounds [44]. 

Electronic Spectra 

Electronic absorption spectra are valuable for 
assessing the impacts facilitated through alternative 
methods of structural investigation. The ligand spectrum 
in DMSO as a solvent exhibited three absorption peaks at 
263 and 299 nm, corresponding to electron transitions of 
the π→π* type, and at 347 nm, attributed to an electron 
transition of the n→π* type. The presence of double bonds 
in the ligand, which are connected to atoms with 
unshared electron pairs, caused this third peak to be 
consistent with what was reported by Radhi et al. [44]. 
The Ag(I) complex spectrum solution shows an 
absorption peak at 370 nm, due to metal-to-ligand charge 
transfer (M→L CT). The Cu(II) complex solution 
spectrum shows an absorption peak at 384 nm, also due 
to M→L CT, and a peak at 906 nm, assigned to the 
2Eg→2T2g electron transition. This observation aligns with 
existing research on the occurrence of this band in Ag(I) 
and Cu(II) complexes with tetrahedral and octahedral 
geometries, respectively. 

As for the electronic spectrum of the Au(III) 
complex with the ligand, this complex exhibited a band at 
906 nm, which was assigned to the 1A1g→1A2g transition, 

and an absorption peak at 660 nm, which has been 
linked to the 1A1g→1B1g electron transition. The Au(III) 
complex exhibits a diamagnetic moment and a square-
planar geometry. Recently, complexes of Au(III) ions 
have been used in medical applications for cancer 
treatment, and their importance in this field has 
increased significantly [46]. The reason is that Au(III) is 
electronically identical to Pt(II), and Au(III) complexes, 
which are tetra-coordinated and have a square-planar 
shape, are similar to cisplatin in both electronic 
arrangement and geometric structure. The red shift in 
the complexes is caused by charge transfer from the 
ligand to the metal (L→M, CT). Table 4 lists the 
electronic spectra of the new ligand and its complexes in 
DMSO solvent. Fig. S11–S14 show the electronic spectra 
of the prepared ligand and its metallic complexes. 

FESEM of Complexes 

FESEM technology offers a flexible approach to 
analyzing the surface morphology (particle shape and 
size) and topography (surface properties) of substances 
[47-48]. Prior to imaging, a thin layer of material was 
coated onto the samples, with a 30.00 kV acceleration 
voltage, a 500 nm cross-sectional distance, and a 120 kX 
magnification applied. 

The Au complexes exhibit crystalline 
agglomeration, as observed in the FESEM images (Fig. 
S15). Particle sizes were calculated using ImageJ 
software. The micrograph of the [Au(L)Cl]Cl2·H2O 
complex reveals particles with irregular shapes and an 
average size of 47.93 nm. These particles have irregular, 
non-uniform morphology and an average particle size of 

Table 4. Geometry, hybridization, and electronic transitions observed for the ligand and its complexes at (10−3 M) 
Compounds λmax (nm) ν (cm−1) Transitions Geometry Hybridization 

(4-FADPD) 
C22H20FN7O2 

263 
305 

38022 
32786 

π→π* 
n→π* 

– – 

[Cu(L)Cl2·H2O] 
265 
384 
906 

37735 
26041 
11037 

Intra ligand 
M→L, CT 
2Eg→2T2g 

Distorted 
octahedral sp3d2 

[Ag(L)H2O]NO3 
271 
370 

36900 
27027 

Intra ligand 
M→L, CT Tetrahedral sp3 

[Au(L)Cl]Cl2·H2O 
268 
660 
906 

37313 
15151 
11037 

Intra ligand 

1A1g→1B1g 

1A1g→1A2g 
Square planer dsp2 

Acc
ep

ted



Indones. J. Chem., xxxx, xx (x), xx - xx    

 

Majida Ibrahim Obaid et al. 
 

8 

less than 100 nm. The images reveal that the grain sizes of 
the synthesized substances are less than 100 nm, placing 
them in the nanoscale range. This increased surface area 
enhances the quantitative effect, creating new energy 
levels that allow electrons to move more freely [49]. The 
properties of this complex compound make it a promising 
candidate for medical research, particularly for studying 
its potential to inhibit various types of cancer. 

XRD Diffractograms 

XRD provides precise data regarding the molecular 
or atomic configuration of solid-state materials [50]. The 
XRD diffractograms were measured for [Au(L)Cl]Cl2·H2O. 
The Cu Kα radiation was calculated over 0° to 80° in 2θ, 
with a wavelength of 1.54060 Å and generator settings of 
30 mA/40 kV. Using the X’Pert HighScore computer 
program, many properties of the diffraction spectra can 
be determined by evaluating the recognized peaks [51]. 
The results indicated that the compound exhibited a 
semi-crystalline character (Fig. S16). By applying Bragg’s 
equation [52], we estimated the significant reflections and 
measured the corresponding d-spacing values. 

The equation nλ = 2d sinθ was used, where d 
represents the distance between the crystalline layers, and 
n is an integer (1, 2, 3, ...). The symbol λ represents the 
wavelength of X-ray Cu Kα (1.540598 Å), and θ represents  
 

the diffraction angle. Eq. (2), developed by Debye and 
Scherrer, was used to determine the average crystallite 
diameter and its size distribution [53]; 

kD
cos

λ=
β θ

 (2) 

where D represents the crystallite's average diameter, β 
is the line broadening at half maximum intensity 
(FWHM), and k is the form factor (0.891) [54]. 

The XRD spectra demonstrated a clear change in 
the previously given data, including the spacing between 
the crystalline levels (d), the crystal size (D), the 
microductility (ε), and the dislocation density (δ). This 
confirms the existence of the coordination process. In the 
metal complexes under investigation, we observed an 
inverse relationship between D, ε, and δ: as D increases, 
ε and δ decrease, and thus the crystal defects decrease. 

The sharp peaks indicate crystalline or semi-
crystalline structures. The intensity of these peaks is 
determined by the crystal arrangement and the 
characteristics of the crystal lattice and crystal planes. In 
addition, the experimental average crystallite size for the 
reported [Au(L)Cl]Cl2·H2O complex was 43.2306 nm. 
The compound exhibits nanostructural properties, as 
evidenced by its crystalline size being less than 100 nm. 
These data support our previous FESEM analyses. The 
crystalline  properties of the  Au(III) complex  are shown  

Table 5. The crystalline properties of the Au(III) nano-complex 

Compound 
Pos.  

2θ (°) 
Height 

(cts) 
FWHM 

2θ (°) 
d-spacing 

(Å) 
Rel. Int. 

(%) 
Crystallite Size 

D (nm) 

Dislocation 
density 

δ×10−3 (nm)2 

Microstrain 
ɛ×10−3 

Average size 
(nm) 

[Au(L)Cl]Cl2·H2O 

22.8102 48.87 1.1584 3.89543 1.57 7.21895 19.188 25.0506 

43.2306 

27.317 74.33 0.125 3.26212 2.39 67.48696 0.2195 2.24488 
31.6415 536.11 0.1683 2.82545 17.22 50.62420 0.3901 2.59120 
32.5747 431.8 0.1866 2.74661 13.87 45.76657 0.4774 2.78680 
38.1416 3113.34 0.1925 2.35755 100 45.05630 0.4925 2.42977 
44.3309 1118.8 0.2365 2.0417 35.94 37.42683 0.7138 2.53320 
45.3835 284.64 0.1849 1.99677 9.14 48.05337 0.4330 1.92937 
46.779 58.02 0.2354 1.9404 1.86 37.94056 0.6946 2.37502 

56.3976 94.56 0.1743 1.63015 3.04 53.36340 0.3511 1.41839 
58.1867 121.33 0.1368 1.58422 3.90 68.57390 0.2126 1.07289 
64.533 690.66 0.2302 1.44289 22.18 42.11281 0.5638 1.59102 

75.2352 106.44 0.1232 1.26198 3.42 84.00000 0.1417 0.69751 
77.4414 177.79 0.2149 1.23144 5.71 48.89071 0.4183 1.16963 
77.5424 596.95 0.2004 1.23009 19.17 52.46531 0.3632 1.08877 
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Fig 1. Proposed structure of the metallic complexes 

Table 6. The effect of the complex [Au(L)Cl]Cl2·H2O on A549 cells and comparison with HDFn  

Conc. (μg mL−1) 
Mean percentage (%) 

Cancer cell lines A549 Normal cell lines HDFn 
Cell viability Cell inhibition Cell viability Cell inhibition 

25 93.71 6.29 96.88 3.13 
50 83.22 16.78 95.22 4.78 
100 72.03 27.97 93.25 6.75 
200 60.22 39.78 83.99 16.01 
400 48.30 51.70 72.49 27.51 
 IC50 = 235.2 IC50 = 296.5 

in Table 5 (Fig. S16), which presents the XRD spectra of 
the Nano [Au(L)Cl]Cl2·H2O complex. The results 
indicated octahedral and tetrahedral shapes for the Cu(II) 
and Ag(I) complexes, respectively, while a square-planar 
shape was proposed for the gold nanocomplex with the 
ligand (Fig. 1). 

In Vitro Cytotoxicity of the Au(III)-Complex on the 
Growth of Healthy Cells (HDfn) and Cancer Cell 
Lines (A549) 

The effect of the complex [Au(L)Cl]Cl2·H2O on the 
growth of A549 cells and on the growth of healthy cells 
(HDFn) was studied, and the half-inhibitory 
concentration of A549 and HDFn cells is determined and 
presented in Table 6 (Fig. S17). The highest percentage of 
inhibition of the complex was 51.69767% at a 
concentration of 400 μg/mL. In contrast, the minimal 
inhibition in the healthy cell line was 3.125% at 25 μg/mL. 

The IC50 for [Au(L)Cl]Cl2·H2O in A549 cells was 
found to be 235.2 μg/mL, which is very low compared to 
the healthy cell line, which was 296.5 μg/mL. This is an 
excellent result because a much higher concentration is 
required to kill half of the healthy cells. This finding 
suggests that the complex [Au(L)Cl]Cl2·H2O could be a 
novel treatment for this type of cancer. 

■ CONCLUSION 

The spectroscopic studies and analytical data of the 
metal complexes of Cu(II), Ag(I), and Au(III) 
demonstrated that the ligand acts as a tridentate 
chelating agent of the N,N,N type. The coordination 
process occurs via the nitrogen atom of the purine ring, 
the azo group, and the azomethine group. It was 
discovered that the Au(III) Nano-complex targets 
cancer cells with remarkable selectivity while sparing 
healthy cells. In summary, this complex may be a novel  
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medication for treating lung cancer cells (A549), and 
further research into its potential as a treatment for other 
malignancies, including breast and colon cancers, may be 
undertaken in the future. 
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