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Abstract 

Zinc(II)1-(5-Hydroxy-3-methyl-1-phenyl-1-pyrazol-4-yl)octadecan-1-one complex was synthesized by the reaction of 1-(5-

Hydroxy-3-methyl-1-phenyl-1-pyrazol-4-yl)octadecan-1-one with zinc(II)sulphate heptahydrate. A dirty-white precipitate with 

a melting point of 310°C was isolated. The complex was insoluble in water but soluble in organic solvent. The molar 

conductance value of the complex was 4.8 Siemens mol
-1

cm
-1

 which suggested that the complex is covalent. Infrared, 
1
HNMR 

and 
13

CNMR characterization showed that the complex is tetrahedral. The results of the anti-prostatic hyperplasia studies 

showed a significant increase (P<0.05) in Prostate specific antigen (PSA) value of hormone control group (HC) receiving only 

hormonal induction relative to [Zn.HMPPO.H2O] group. Serum prostatic acid phosphatase activity (PACP) showed a 

significant increase (P<0.05) in ‘HC’ Group receiving only hormonal induction relative to [Zn.HMPPO.H2O] group. Relative 

prostate weight was significantly increased (P<0.05) in ‘HC’ group compared to [Zn.HMPPO.H2O] group. We deduced that 

zinc (II)1-(5-Hydroxy-3-methyl-1-phenyl-1-pyrazol-4-yl)octadecan-1-one inhibited the growth of benign prostatic hyperplasia. 
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1. Introduction 

Coordination compounds consist of a central metal ion 

surrounded by a suitable number of ligands in a demonstrated 

geometrical arrangement. The major breakthrough in this 

field was in 1893 when Alfred Werner synthesized cobalt 

complexes containing chlorine and ammonia. He won a 

noble prize for his contribution to knowledge in 1913. The 

role of transition metal complexes in the field of inorganic 

chemistry and medicinal chemistry is becoming increasingly 

important. Recent advances in inorganic chemistry have 

made possible formation of number of transition metal 

complexes with organic ligand of interest, which can be used 

as therapeutic agent. The use of transition metal complexes 

as therapeutic compounds has become more and more 

pronounced. 

Neurological disorders have been successfully managed with 

transition metal complexes [1]. Complexes of gold 

nanoparticles enhance DNA damage and make the treatment 

target specific when used in combination with radio therapy 

or chemotherapy [2]. Various forms of cancer have been 

treated with Lanthanum [3]. Mn (III) complexes have been 

reported by Ansari and colleagues to induce tumor selective 

apoptosis of human cells [4]. Improved glycemia among 

patients with diabetes have been significantly improved with 

chromium supplementation but do not show any significant 
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effect on glucose metabolism in healthy individuals [5]. 

Remarkable anti-proliferative properties of some iron 

chelates have been reported [6-8]. In 2008, the anti-cancer 

activity of gold complexes was reported [9]. The mechanism 

of action of gold complexes was different form cisplain 

because it attacked the mitochondria of the cancer cells and 

not the DNA [9]. Silver complex of chlorohexidine- 

sulfadiazine is effective against catheter infections in vivo 

[10]. Trypanocidal activity of Pt, Rh, Ir, Pd, and Os 

organometallics were reported by Lorisean and colleagues in 

1992 [11]. 

The role of zinc in maintenance hemodialysis patients were 

studied by Fukushima and colleagues [12]. Few attempts 

have been made in search of applications for zinc complexes. 

Zinc complexes containing sulphur as donor atoms has been 

reported to exhibit strong affinity to lipid-rich regions and 

possibly the treatment of ischemic heart disease [13]. 

Zincgluconate lozenges has been given favorable attention 

for the relief of common cold symptoms [14, 15]. 

Endocrinological, neurological and immunological activity of 

zinc complexes have been reported in recent years [16, 17]. 

The effect of zinc in the management of Alzheimer’s disease 

is quite interesting but still ambiguous [18]. Intake of higher 

zinc has also been associated with a slightly lower risk of 

type 2 diabetes in women [8]. Mice infected with 

plasmodium berghei were administered 60 mg/kg of o-

vanillin- (4-methylthiosemicarbazone) and o-vanillin- (4-

phenylthiosemicarbazone) complexes. These complexes 

exhibit antimalarial activity in the infected mice [19]. 

In continuation with the current research on the applicability of 

zinc complexes, we report the synthesis, characterization and 

anti-prostatic hyperplasia activity of Zn(II) complex of 1-(5-

hydroxy-3-methyl-1-phenyl-1-pyrazol-4-yl) octadecan-1-one 

2. Methodology 

2.1. Chemical and Solvents 

The chemicals and solvents used in this study were of 

analytical grade and used as obtained from sigma-Aldrich 

chemical company without further purification. The 

chemicals are; β-estradiol-17-valerate and 5α-androstan-17β-

ol-3-one (hormone), zinc(II)sulphateheptahydrate, 3-methyl-

1-phenylpyrazol-5-one, octadecanoyl chloride, calcium 

hydroxide. 

2.2. Physical Measurements 

The melting point of the complex was determined using 

Gallenkamp melting point apparatus. The molar conductance 

of the complex was determined in either DMF or DMSO 

using JenwaypeMJ conductivity meter with a cell constant of 

1.05. Atomic absorption spectroscopy and elemental analysis 

were carried out on Varian AA spectrometer (AA240FS). 0.2 

g of complex was digested with 2.0cm
3
 of 50% of 

water/nitric acid. The digest was rinsed quantitatively into a 

100 ml standard flask and made up to the mark with 

deionized water. The elemental analysis for C,H and N were 

obtained using a Perkin-Elmer 240B elemental analysis 

instrument. Infrared spectrum was collected on Perkin Elmer 

Paragon 1000 FT-IR spectrophotometer equipped with 

caesium iodide (4000-250 cm
-1

) as KBr pellets. The Proton 

and Carbon-13 NMR spectra were obtained on a 

BrukerAvance III HD spectrometer operated at a frequency 

of 600 MHz in Laboratory F22 of the Department of 

Chemistry, Rhodes University, South Africa. 

Dimethylsulfoxide (DMSO) was used as the solvent. 

2.3. Synthesis of Zinc(II) 1-(5-hydroxy-3-

methyl-1-phenyl-1H-pyrazol-4-

yl)octadecan-1-one 

1-(5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl) 

octadecan-1-one (HMPPO ligand) was synthesized as 

described in previous publication [20]. The complex was 

prepared following reported procedure [21, 22]. Zn (II) 

solutions were prepared by dissolving 5.94g (0.025mole) 

ZnCl2.7H2O, in 100ml of deionized water with warming at 

90°C. The solution was added to 22g (0.025mole) of 

HMPPO ligand (complexing agent) in 100ml ethanol 

solution at 70°C. The complex was allowed to cool and 

crystals that appeared was washed, recrystalized from 

aqueous ethanol (1:1), filtered and dried in a desiccator. 

2.4. Biological Activity 

Animal Housing 

A total of 15 male albino rats having an average weight of 

about 104.12g each were purchased from an animal breeding 

unit in the department of veterinary Pharmacology, 

University of Nigeria. The rats were housed in standard steel 

cages with a plastic base and acclimatized for 7 days under 

humid tropical condition in the animal house of the college of 

Natural and Applied Science, Department of Biochemistry, 

Michael Okpara University of Agriculture, Umudike, Abia 

State. The rats were exposed to 12hr light/dark cycle and 

were given free access to clean tap water and commercial rat 

chow purchased from vital feeds Nigeria limited. 

2.5. Preparation of the Hormone 

This was prepared following outlined literature [23]. 250mg 

dihydrotestosterone and 25mg estradiolvalerate were 

dissolved in 25ml olive oil and administered intravenously. 

The dose of the complex [Zn.HMPPO.H2O] was formulated 

as follows; 0.125g of the complex was dissolved in 25ml of 
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olive oil to yield a stock of 5mg/ml. 

2.6. Experimental Design 

After 7 days of acclimatization, the experimental animals 

were randomly assigned into three (3) experimental groups of 

3 rats each. The groups were labeled as follows. 

Group 1 – Standard test control group (STC group): 

Received no hormone treatment and no [Zn.HMPPO.H2O] 

administration but was fed normal diet for 28 days. This 

group served as the standard control group. 

Group 2 – [Zn.HMPPO.H2O] group: Received subcutaneous 

injection of the hormone every day and 5mg/ml oral 

administration of [Zn.(HMPPO).H2O] everyday for 28days. 

Group 3 – Hormone control group (HC group): Received 

subcutaneous injection of the hormone every day with no 

oral administration of [Zn.(HMPPO).H2O] for 28 days. This 

group served as hormone control group 

2.7. Sample Collection and Analysis 

After 28 days, all the rats were weighed before they were 

sacrificed by cardiac puncture after dazing with a cervical 

blow. They were bled exhaustively. Serum collection was 

done according to method reported in literature [24]. Whole 

blood was collected in a vacutainer. The blood was allowed 

to clot by leaving it undisturbed at room temperature for 20 

minutes. The clot was removed by centrifuging at 2,000 rpm 

for 5 minutes in a refrigerated centrifuge. The liquid 

component (serum) was transferred into a clean 

polypropylene tube using a Pasteur pipette. Vital organs for 

the study were excised and weighed. Prostate Specific 

Antigen (PSA) and Prostate Acid Phosphate (PACP) analysis 

were done following the procedure outlined in literature [23]. 

Relative organ weight determination was calculated as the 

ratio of the excised organ and the final weight of each rat and 

the mean taken for each group. Statistical analysis results 

were expressed as simple mean and standard deviation, mean 

were analyzed for difference using ANOVA, SPSS 17 

software. 

3. Results 

The physical and analytical data, solubility, infrared, 
1
HNMR 

and 
13

CNMR are presented in Tables 1 – 5 respectively. 

Graph of PSA concentration in rats, PACP concentration 

graph in rats and mean prostatic weight graph in rats are 

presented in Figures 1 – 3 respectively. 

Table 1. Physical and microanalytical data for zinc complex. 

Compound Colour 
% 

Yield 

Melting point 

(°C) 

Conductance 

S mol-1cm-1 

Carbon% 

Found (Calculated) 

H(%)Found 

(Calculated) 

N(%)Found 

(Calculated) 

M(%)Found 

(Calculated) 

[Zn(HMPPO).H2O] Dirty-white 68 310 4.8 64.15 (64.32) 8.50(8.61) 5.00(5.46) 12.50(14.22) 

Table 2. Solubility data zinc complex in various solvents. 

Solvent [Zn(HMPPO).H2O] 

Chloroform s 

Xylene ss 

Petroleum ether ss 

Toluene is 

Methanol is 

Cyclohexane ss 

n-hexane ss 

Ethanol is 

DMSO vs 

Dioxane vs 

Water is 

Legend: s = soluble, is = insoluble, ss = slightly soluble, vs = very soluble. 

Table 3. Selected IR bands for the [Zn(HMPPO).H2O] complex. 

Wavenumber(cm-1) Assignments 

3464.27 O-H of water 

1753.35 C=O 

3066.92 Ar C-H 

2858.60, 2724.16 Aliphatic C-H 

1604.83 C=N 

673.18, 619.17 Chelate ring deformation 

461.00, 561.30 Zn - O 
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Table 4. 10 1H NMR Bands of [Zn(HMPPO).H2O] (Complex). 

Compound Phenyl Protons(ppm) Methyl and methylene protons (ppm) 

[Zn(HMPPO). H2O] 7.34 – 7.95 1.17 – 1.59 

Table 5. 13C NMR Bands of [Zn(HMPPO).H2O] (Complex). 

Compound Phenyl carbons(ppm) Methyl and methylene carbons (ppm) C=O(ppm) 

[Zn(HMPPO).H2O] 111.53 – 164.42 14.43 – 19.36 188.40 

 

 

Figure 1. Graph of PSA concentration in rats. 

Values are significantly different (p>0.05) from one another 

 

Figure 2. PACP concentration graph in rats. 

Values are significantly different (p>0.05) from one another 

 

Figure 3. Mean prostatic weight graph in rats. 

Values are significantly different (p>0.05) from one another 

4. Discussion 

The formation of a dirty-white precipitate showed the 

formation of zinc complex because zinc is a d
10

 metal. The 

mole ratio of the ligand and metal was confirmed to be 1:1 

based on the elemental analysis data. The calculated and 

experimental elemental analyses are in good agreement. The 

conductivity measurement of the complex in acetone (10
-3

 

M) was 4.8 Siemens mol
-1

cm
-1

. This value is lower than 30 

Siemens mol
-1

cm
-1

, showing that it is a non-ionic compound 

[25, 26]. Based on the solubility data, the complex was 

proposed to be hydrophobic. The complex was insoluble in 

water. The complex showed high degrees of solubility in 

ethylacetate, acetone, DMSO, THF, dioxane and pyridine. 

These solvents have lone pairs of electrons, which they must 

have donated to the complexes to complete the octahedron in 

the complexes, thereby reducing further the ionic character of 

the complex, thus an increase in the solubility of the 

complexes in those solvents. 

The vibration frequency 3464.27 cm
-1

 was assigned OH of 

coordinated water in the complex (Table 3). This band is 

absent in the infrared of the free ligand [20]. The νC=O 

stretching bands of HMPPO was observed as a very strong 

peak at 1743 cm
-1

 [20] but on coordination with zinc it 
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shifted to 1753.35cm
-1

. This observation indicates the 

involvement of the C=O group in the chelation process, 

hence the formation of C=O—>M bonding system. C=N 

vibration frequency band of HMPPO was observed as strong 

peak at 1618.33 cm
-1

 [20], but in the complex it shifted 

to1604.83cm
-1

, this indicates the involvement of the C=N in 

bonding system. Aromatic C-H band was observed at 

3066.92 cm
-1

 while the aliphatic C-H bands were observed at 

2858.6 and 2724.16 cm
-1

. Chelate ring deformations were 

observed 673.18 and 619.17 cm
-1

. The vibration frequency 

461.00 and 561.30 cm
-1

 in the zinc complex was assigned Zn 

– O bond [22]. These bands were absent in the free ligand 

[20]. 

The signals of methyl and methylene protons were observed 

as multiplets at 1.17 – 1.59 ppm, while the phenyl protons 

were observed at chemical shifts 7.34 – 7.95 ppm (Table 4). 
13

C NMR spectral data (Table 5) indicated that the carbon 

resonance spectra of C=O was observed at chemical shift 

value of 188.40 ppm. This value indicate C=O in 

complexation with zinc because of the vibrational shift as 

compared to the free ligand in our previous publication [20]. 

The aromatic carbons were observed at 111.53 – 164.42 ppm. 

The carbon atoms of methyl and methylene were observed at 

14.43 – 19.36 ppm. 

Based on the elemental analyses, infrared spectrum and 

NMR characterization, the proposed structure of the complex 

is presented in Figure 4 

 

Figure 4. Proposed structure of zinc(II) 1-(5-Hydroxy-3-methyl-1-phenyl-1-

pyrazol-4-yl)octadecan-1-one complex. 

Benign Prostatic Hyperplasia results from the enlargement of 

the prostate gland due to proliferation of prostate stoma and 

epithelium in the transitional zone [27]. This proliferation 

cause lower urinary tract symptoms (LUTS) such as 

difficulty in urination or decrease in maximum flow rate, 

increase in residual urine volume in the bladder and increase 

in prostate size [28]. PSA is believed to be synthesized in the 

rough endoplasmic reticulum, stored in the vesicle and 

vacuole and released in the glandular Lumina by exocytosis 

[29]. Because of its tissue specificity, PSA is used as a maker 

for BPH and prostate cancer. PSA is a single polypeptide and 

occurs both in normal and malignant prostatic tissues and in 

the gland of men with BPH, but not in any other human 

tissue [29]. PSA is a secretory product of prostatic cells and 

will increase when the prostatic cells increase in number. 

PSA value can be used to predict enlargement of the prostate 

because high PSA value correlate increase in prostate mass 

[28]. Prostatic Acid Phosphates (PACP) could be used as a 

marker to detect prostate disorders in human or animals [30]. 

However, the discovery of PSA has resulted in a shift from 

PACP to PSA. Elevated PACP level in animals treated with 

DHT and estradiol have been reported [31] and this may be 

due to hyperplasia of the prostate gland. Together with PSA, 

PACP can give useful information about prostatic disease 

especially BPH prostate cancer 

The result shows a significant increase (P<0.05) in PSA 

value of ‘HC’ group receiving only hormonal induction 

relative to [Zn.HMPPO.H2O] group. Serum prostatic acid 

phosphatase activity showed a significant increase (P<0.05) 

in ‘HC’ Group receiving only hormonal induction relative to 

[Zn.HMPPO.H2O] group. Relative prostate weight was 

significantly increased (P<0.05) in ‘HC’ group compared to 

[Zn.HMPPO.H2O] group. The development of antitumor 

drugs based on transition metal complexes is currently a very 

active field [32–34]. 

5. Conclusion 

Infrared, 
1
HNMR and 

13
CNMR spectroscopic 

characterization showed that the complex is tetrahedral. 1-(5-

Hydroxy-3-methyl-1-phenyl-1-pyrazol-4-yl)octadecan-1-one 

coordinated to zinc through C=O, OH and C=N. The 

complex is a dirty-white covalent hydrophobic solid with a 

melting point of 310°C. Our studies showed that the complex 

inhibited benign prostatic hyperplasia. We recommend the 

investigation of the toxicity of the complex. 
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