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Abstract―Four new Mo(V), Nb(V), Ga(III), and Ge(IV) ephedrine complexes, [Mo(Eph)2(Cl)4]
.Cl, [Nb(Eph)2(Cl)3], 

[Ga(Eph)2(Cl)3], and [Ge(Eph)2(Cl)2] are synthesized and characterized. Composition and coordination 
behavior of ephedrine drug towards Mo(V), Nb(V), Ga(III), and Ge(IV) ions are deduced from microanalysis, 
IR spectra, molar conductance, magnetic and thermal analysis data. These support coordination of the eph 
ligand in its neutral state. Ephedrine has two powerful chelating sites, OH and NH, that determine its uni- or 
bidentate mode of action. IR spectra indicate that Mo(V) and Ga(III) coordinate to ephedrine via nitrogen atom 
of the NH group as a unidentate chelator with six and five coordination geometry, respectively. On the other 
hand, Eph ligand behaves as a monoanionic bidentate no chelating agent via the NH and deprotonated OH 
groups in Nb(V) and Ge(IV) complexes. Mo(V) complex demonstrates electrolytic properties, the other 
complexes are non-electrolytes in DMSO solutions. TG/DTG analysis makes it possible to calculate the 
number of solvent molecules in and outside the coordination sphere, and estimate stability of the synthesized 
complexes. The Eph complexes are screened in vitro for antibacterial (Escherichia coli, Pseudomonas 
aeruginosa, Bacillus subtilis and Staphylococcus aureus) and antifungal (Aspergillus flavus and Candida 
albicans) activities. Anti-cancer action of the Mo(V) and Ga(III) complexes is assessed against the human 
hepato cellular carcinoma (HepG-2) tumor cell line (IC50 >1000 µg/mL). 
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1 The text was submitted by the authors in English.   

INTRODUCTION 

According to pharmacological studies ephedrine is 
a sympathomimetic agonist at both α- and β-adrenergic 
receptors, with specific modes of action [1, 2] that 
include also some side effects [3]. Biological 
properties of complexes are dependent predominantly 
on the oxidation state of a metal, the coordination 
number and kind of a coordinated ligand, and their 
structural features [4–9]. In the current study, we 
evaluated the probability of ephedrine interaction with 
the title metal ions.  

EXPERIMENTAL 

Analytical grade ephedrine hydrochloride drug 
(Fig. 1), MoCl5, NbCl5, GaCl3, and GeCl4 salts were 

purchased from Sigma-Aldrich Chemical Corporation, 
St. Louis, Mo, USA, and used without further 
purification. 

Elemental analyses was carried out on a Perkin 
Elmer CHN 2400 (USA). Molar conductivities of 
freshly prepared 1.0×10–3 mol/cm3 DMSO solutions 
were measured on a Jenway 4010 conductivity meter. 
IR spectra were recorded on a Bruker FTIR Spectro-
photometer (4000–400 cm–1). UV-Vis absorption 
spectra were recorded in DMSO within 800–200 nm 
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Fig. 1. Formula of Ephedrine hydrochloride drug (Eph). 



range on a UV2 Unicam UV/Vis Spectrophotometer 
fitted with a quartz cell of 1.0 cm path length. Magnetic 
moments were calculated using the Magnetic 
Susceptibility Balance, Sherwood Scientific, Cambridge 
Science Park, Cambridge, England, at 25°C. The 
thermal studies TG/DTG–50H were carried out on a 
Shimadzu thermo-gravimetric analyzer under the 
atmosphere of nitrogen up to 800°C. Scanning electron 
microscopy (SEM) images were taken on a Quanta 
FEG 250 equipment. X-Ray diffraction patterns were 
measured on a X’Pert PRO PANanalytical X-ray powder 
diffractometer. Transmission electron microscopy 
images (TEM) were taken on a JEOL 100s microscope. 

 [Mo(Eph)2(Cl)4]·Cl (1). A mixture of 1.0 mmol of 
MoCl5 with 2.0 mmol of ephedrine HCl in methanol 
(25 mL) was neutralized to pH = 8–9 using NH4OH, 
then refluxed for 3 h, giving a brown solution which 
was concentrated and stored for one week yielding a 
brown precipitate, yield 61%. Tdec = 225°C. Found, %: 
C 39.65; H 4.97; N 4.61; Cl 29.12. Calculated, %: C 
39.79; H 5.01; N 4.64; Cl 29.36. ΛM = 66 Ω–1 cm2 mol–1. 

The complexes 2–4 were synthesized as above. 

[Nb(Eph)2(Cl)3] (2). Yield 69%. Tdec = 260°C. 
Found, %: C 45.33; H; 5.23; N 5.12; Cl 20.09. 
Calculated, %: C 45.52; H 5.23; N 5.31; Cl 20.15.               
ΛM = 14 Ω–1 cm2 mol–1. 

[Ga(Eph)2(Cl)3] (3). Yield 66%. Tdec = 266°C. 
Found, %: C 47.12; H 5.87; N 5.48; Cl 20.98. 
Calculated, %: C 47.42; H 5.87; N 5.48; Cl 20.98.                 
ΛM = 19 Ω–1 cm2 mol–1. 

[Ge(Eph)2(Cl)2] (4). Yield 60%. Tdec = 270°C. 
Found, %: C 50.76; H 5.87; N 5.78; Cl 14.98. 
Calculated, %: C 50.89; H 5.98; N 5.94; Cl 15.02.            
ΛM = 16 Ω–1 cm2 mol–1. 

Antimicrobial assessments. Antimicrobial activity 
of the tested samples was determined using the 
modified Kirby-Bauer disc diffusion method [10]. 
Briefly, 100 μL of the tested bacteria [G+ (Escherichia 
coli and Pseudomonas aeruginosa), G– (Bacillus 
subtilis and Staphylococcus aureus), fungi (Aspergillus 
flavus and Candida albicans)] were grown in 10 mL of 
fresh media until they reached a count of approxi-
mately108 cells/mL for bacteria or 105 cells/mL for 
fungi [11]. 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 be playing a pathogenic role 
should be selected from primary agar plates and tested 

for susceptibility by the disc diffusion method                   
[12, 13].  

Anti-cancer activities. The mammalian cell lines: 
HepG-2 cells (human Hepatocellular carcinoma) were 
obtained from VACSERA Tissue Culture Unit. 
Chemicals used: DMSO) crystal violet and trypan blue 
dyes were purchased from Sigma (St. Louis, Mo., 
USA). Fetal Bovine serum, DMEM, RPMI-1640, 
HEPES buffer solution, L-glutamine, gentamycin and 
0.25% Trypsin-EDTA were purchased from Lonza.  

Crystal violet stain (1%) was composed of 0.5% 
(w/v) crystal violet and 50% methanol. It was adjusted 
to the appropriate volume with dd H2O and filtered 
through a Whatmann No.1 filter paper. Cell line 
propagation: The cells were propagated in Dulbecco’s 
modified Eagle’s medium (DMEM) supplemented 
with 10% heat-inactivated fetal bovine serum, 1%                
L-glutamine, HEPES buffer and 50µg/mL gentamycin. 
All cells were maintained at 37°C in a humidified 
atmosphere with 5% CO2 and subcultured two times a 
week. Cytotoxicity evaluation using the viability assay 
[14, 15]: for cytotoxicity assay, the cells were seeded 
in 96-well plate at a cell concentration of 1×104 cells 
per well in 100µL of growth medium. Fresh medium 
containing different concentrations of the test sample 
was added after 24 h of seeding. Serial two-fold 
dilutions of the tested chemical compound were added 
to confluent cell monolayers dispensed into 96-well, 
flat-bottomed microtiter plates (Falcon, NJ, USA) 
using a multichannel pipette. The microtiter plates 
were incubated at 37°C in a humidified incubator with 
5% CO2 for a period of 48 h. Three wells were used 
for each concentration of the test sample. Control cells 
were incubated without test sample and with or 
without DMSO. DMSO present in the wells (max 
0.1%) was found not to affect the experiment. After 
incubation of the cells at 37°C, various concentrations 
of sample were added, the incubation was continued 
for 24 h and viable cells yield was determined by a 
colorimetric method. In brief, after the end of the 
incubation period, media were aspirated and the crystal 
violet solution (1%) was added to each well for at least 
30 min. The stain was removed and the plates were 
rinsed using tap water until all excess stain is removed. 
Glacial acetic acid (30%) was then added to all wells 
and mixed thoroughly, and then the absorbance of the 
plates were measured upon gentle shaking on a 
Microplate reader (TECAN, Inc.), using a test 
wavelength of 490 nm. All results were corrected for 
background absorbance detected in wells without 
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added stain. Treated samples were compared with the 
cell control in the absence of the tested compounds. 
All experiments were carried out in triplicate. The cell 
cytotoxic effect of each tested compound was 
calculated. The optical density was measured with the 
microplate reader (SunRise, TECAN, Inc, USA) to 
determine the number of viable cells and percentage of 
viability was calculated as [1 – (ODt/ODc)]×100%, 
where ODt is the mean optical density of wells treated 
with the tested sample, and ODc is the mean optical 
density of untreated cells. The relation between 
surviving cells and drug concentration was plotted to 
get the survival curve of each tumor cell line after 
treatment with the specified compound. The 50% 
inhibitory concentration (IC50), was estimated from 
graphic plots of the dose response curve for each 
concentration using Graphpad Prism software (San 
Diego, CA. USA). 

RESULTS AND DISCUSSION 

Stoichiometry and molar conductance. All 
isolated complexes of ephedrine with Mo(V), Nb(V), 
Ga(III), and Ge(IV) were stable in the air, insoluble in 
water, soluble in DMF and DMSO, but poorly soluble 

in the other common organic solvents. The solutions of 
complexes of Nb(V), Ga(III) and Ge(IV) (2-4) in 
DMSO demonstrated low conductance (Λm = 14–                  
19 Ω–1 cm2 mol–1) supporting their non-electrolyte 
nature unlike the complex [Mo(Eph)2(Cl)4]·Cl, that 
exhibited the electrolytic nature (Λm = 66 Ω–1 cm2 mol–1) 
due to the presence of one chlorine anion outside the 
coordination sphere [16]. TGA experiments indicated 
the unhidous structure of the complexes 1–4. 

IR spectra. In the IR spectrum of free ephedrine 
hydrochloride chelate (Table 1) the significant 
broadening of the bands assigned to the OH and NH 
groups was observed. This supported the effect of 
intraligand H–bonding between the two neighbouring 
groups. Possibility of such bond was also supported by 
molecular modelling [17, 18].  

The profiles of FT-IR spectra of the Mo(V) and             
Ga(III) ephedrine complexes and both Nb(V) and Ge
(IV) ephedrine complexes 1 and 3 demonstrated 
similarity, as well as some overlapping was observed 
for the spectra of complexes 2 and 4 (Figs. 2a, 2b). 
These clear similarity between the spectra within the 
certain pairs of complexes reflected two different 

Fig. 2. FT-IR spectra of the complexes (a) (1) 1, (2) 2 and (b) (3) 3, (4) 4. 
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Compound ν(OH) ν(NH) δOH (out-of-plane) ν(C–O) δOH (in-plane) δNH ν(M–Cl) ν(M–N) ν(M–O) 

Eph–HCl 3331 2976 752 1049 1394 1590 – – – 

1 3330 2990 752 1049 1398 1598 320 450 – 

2 3143 2993 751 1049 – 1590 294 523 450 

3 3331 2941 752 1049 1395 1589 338 449 – 

4 3147 3042 – 1049 – – 314 484 451 

Table 1. Assignments of the FT-IR essential bands (cm–1) of Eph–HCl and its metal complexes 1–4 
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modes of coordination. In the IR spectra of the 
complexes 2 and 4 the bands assigned originally to NH 
at 2975 cm–1 and OH at 3331 cm–1 groups of free Eph 
ligand became lower or annihilated that could be 
attributed to their involvement in chelation [19, 20]. 
The band of free Eph spectrum at 1098 cm–1 assigned 
to δ(CH) with the strong contribution of ν(C–O) [21] 
demonstrated lower intensity upon complexation. The 
bands derived from the aromatic ring out-of-plane 
bending modes recorded at 701 and 672 cm–1 in the 
spectrum of the ligand demonstrated shifts towards 
lower wave-numbers in the spectra of complexes. Such 
effect could be caused by the disturbance of the 
aromatic system by deforming the uniform distribution 
of π-electron charges in the ring [22]. The spectral 
region around 1000 cm–1 demonstrated similar patterns 
for the Eph complexes. The most intense band was 
assigned tentatively to the in-plane bonding δ(CH) 
[23]. According to spectral data in Mo(V) and Ga(III) 
complexes Eph acted as a unidentate chelate via 
interaction with nitrogen atom of the NH group. The 
new bands assigned to ν(M–N) and ν(M–O) [20] were 
detected in the low frequency field, unlike ν(M–Cl) 
that could be detectable only in the far-IR spectra                
(Fig. 3, Table 1).  

Electronic and magnetic measurements. The UV-
Vis spectrum of Eph.HCl drug (Fig. 4) demonstrated 
two absorption bands at 275 and 289 nm assigned to            
π–π* and n–π* transitions, respectively. The latter 
band disappeared or shifted to higher or lower 
wavelength upon Eph coordination with metals [24]. 
The broad or shoulder bands at 334 and 382 nm for 

Mo(V)–Eph complex, 397 nm for Nb(V)-Eph 
complex, and 341 nm for Ge(IV)-Eph complex were 
assigned to L→M and M→L charge transfer transi-
tions (Fig. 4). Absence of absorption bands above           
400 nm indicated d0-configuration of the complexes. 
The effective magnetic moments (μeff) of the 
complexes 1–4 were measured at room temperature. 
The monomeric Mo(V) complex six-coordinate octa-
hedral structure was supported by the magnetic 
moment (1.43 Bohr magneton). Nb(V) complex was 
diamagnetic as expected for its d0 state, and its 
possible structure could be seven coordinate with the 
NH and OH groups involved in coordination. The 
experimental magnetic data of Ga(III) and Ge(IV) 
complexes confirmed their diamagnetic nature with 
coordination modes being five and six, respectively 
[25, 26].  

 So, Eph chelator behaved as a uni- or bidentate 
ligand via coordination with its NH nitrogen and/or 
oxygen of the deprotonated OH group towards the 
central metal atoms (Fig. 5).  

Thermogravimetric analyses. TGA–DrTGA 
curves of anhydrous complexes [Mo(Eph)2(Cl)4]·Cl, 
[Nb(Eph)2(Cl)3], [Ga(Eph)2(Cl)3], and [Ge(Eph)2(Cl)2] 
demonstrated their thermal decomposition in one-to-
three degradation stages indicated by differential 
thermogravimetric peaks DTGmax = 224, 294 and 482°C, 
255 and 453°C, and 253, 352, and 601°C, and 268°C, 
respectively. The endothermic peaks were attributed to 
the pyrolysis of ephedrine molecules. The residual 
weights corresponded to metallic forms contaminated 
by few carbon atoms.  

Fig. 3. FT-IR spectra of Eph complexes  1–4. 
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Fig. 4. UV-Vis spectra of free Eph hydrochloride drug and 
its complexes 1–4. 
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Morphological studies (XRD, SEM and TEM).               
X-Ray diffraction patterns of ephedrine complexes 1–4 
had a crystalline to semi-crystalline nature. The 
characteristic diffraction pattern of the Mo(V) complex 
1 included well defined peaks due to molybdenum 
metal at 2θ = 32.59°, 58.22°, and 77.877° [27]. The 
powder XRD pattern of the Nb(V) complex 2 (2θ = 
36.30°, 58.20°, and 68.33°) matched the standard XRD 
pattern of niobium metal (JCPDS card no. 035-0789) 
[28]. In XRD pattern of Ga(III) complex 3 significant 
peaks of metallic gallium [29] were observed (2θ = 
12.44°, 13.00°, 14.40°, 15.61°, 19.10°, and 21.61°). In 
X-ray diffraction spectrum of Ge(IV) complex 4 the 
typical peaks at 29.81°, 46.93°, 57.94°, and 73.14° 
were recorded [30, 31]. The average of crystallite sizes 
of the complexes 1–4 were estimated, using the Debye–
Scherrer equation [32], to be in the range of 36–71 nm.  

According to SEM images (Fig. 6) the particle sizes 
of synthesized ephedrine complexes were within 5–         
50 µm. The micrographs of all complexes had a 
crushed snow shape with small semispherical particles. 
TEM micrography demonstrated that spherical particles 
sizes were inserted within the range of 10–50 nm.  

 Antimicrobial and anticancer assessments. 
Antimicrobial activity of free Eph.HCl drug and its 
complexes 1–4 was assessed in vitro against bacteria 
[G+ (Escherichia coli and Pseudomonas aeruginosa), 
G– (Bacillus subtilis and Staphylococcus aureus), and 
fungi (Aspergillus flavus and Candida albicans)] 
(Table 2). The accumulated data demonstrated that the 
complexes 1–4 were more active against the bacteria 
and fungi than the free ligand drug due to chelation 
that facilitated penetration of metal ions through lipid 

(a) (b) 

(c) (d) 

50 μm 5 μm 

5 μm 5 μm 
Fig. 6. SEM morphology of (a) [Mo(Eph)2(Cl)4]·Cl, (b) [Nb(Eph)2(Cl)3], (c) [Ga(Eph)2(Cl)3], and (d) [Ge(Eph)2(Cl)2] complexes. 

(a)                                                  (b)                                           (c)                                              (d) 

Fig. 5. Speculated structures of (a) Mo(V), (b) Nb(V), (c) Ga(III), and (d) Ge(IV) Eph complexes 1–4. 
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Inhibition zone diameter, mm/mg 
  
  

Sample 
Candida 
 albicans 
(Fungus) 

Aspergillus 
        flavus 
(Fungus) 

Staphylococcus 
 aureus  (G+) 

Pseudomonas  
   aeruginosa 

       (G–) 

Escherichia  
coli (G–) 

Bacillus  
subtilis 

(G+) 

0.0 0.0 0.0 0.0 0.0 0.0 Control: DMSO 

– – 30 34 32 34 Tetracycline 
Antibacterial agent 

19 18 – – – – Amphotericin B 
Antifungal agent 

5 0.0 0.0 12 16 7 Eph–HCl 

8 1 8 18 12 22 1 

10 2 19 25 8 17 2 

11 5 21 12 32 24 3 

17 5 22 10 12 15 4 

S
ta

nd
ar

d 

Table 2. Inhibition zones diameter for free Eph and its complexes 1–4 against some kinds of bacteria and fungia 

a Solvent: DMSO. 

c, μg/mL 

Inhibitory activity against HepG-2 cell line 

 c, %  c, %  c, %  caverage, % 

0 0.425 100.6314 0.431 102.0521 0.411 97.3165 0.422333 100 1.40303 

0.1 0.411 97.3165 0.389 92.10734 0.402 97.81022 0.400667 94.86978 1.824249 

1 0.388 91.87056 0.373 88.31886 0.376 89.0292 0.379 89.73955 1.085061 

10 0.385 91.16022 0.379 89.73954 0.371 87.8453 0.378333 89.5817 0.960184 

100 0.386 91.397 0.356 84.29361 0.366 86.6614 0.369333 87.45068 2.088202 

1000 0.236 55.88003 0.241 57.06393 0.232 54.93291 0.236333 55.95896 0.616436 

SE 
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Table 3. Inhibitory activity of Eph–Mo(V) complex 1 against HepG-2 cell lines 

c, μg/mL 

Inhibitory activity against HepG-2 cell line 

 c, %  c, %  c, %  caverage, % 

0 0.425 100.6314 0.431 102.0521 0.411 97.3165 0.422333 100 1.40303 

0.1 0.393 93.05446 0.375 88.88713 0.379 92.21411 0.382467 90.56039 1.27239 

1 0.371 87.8453 0.387 91.63378 0.380 89.97632 0.379333 89.81848 1.096483 

10 0.373 88.31886 0.363 85.95107 0.378 89.50276 0.371333 87.92424 1.044101 

100 0.338 80.03157 0.346 81.92581 0.353 83.58327 0.345667 81.84689 1.026046 

1000 0.215 50.90766 0.212 50.19732 0.214 50.67088 0.213667 50.59195 0.20882 

SE 

ab
so
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tio

n 
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Table 4. Inhibitory activity of Eph–Ga(III) complex 3 against HepG-2 cell lines 
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membranes of cells and blocking the metal binding 
sites on the enzymes of the microorganism [33]. In 
vitro cytotoxicity assessments of Mo(V) and Ga(III) 
complexes were performed on human hepatocellular 
carcinoma (HepG-2) tumor cell line (Tables 3 and 4). 
The accumulated data for complexes 1 and 3 
demonstrated IC50 value to be higher than 1000 μg/mL.  
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