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Abstract: 

Adenine complexes were prepared with some of the first series transition metals in a stoichiometric 

ratio of 1 : 2 ( M
n+

: L), where M
n+

 = Mn
2+

, Fe
3+

, Co
2+

,  Ni
2+

, Cu
2+

, Zn
2+

, and Cd
2+

 ions. The 

Complexes were characterized by the physicochemical and spectroscopic techniques as electric 

conductivity, metal contents, IR,  UV–Visible, and molar conductance techniques. The 

stoichiometric ratios of the synthesized complexes were confirmed by using molar ratio method. 

The dissociation constant of adenine ligand was determined spectrophotometrically. Solvent effect 

on the electronic spectra of the adenine ligand was examined using solvents with different 

polarities. The biological activity of adenine ligand and its metal complexes were tested in vitro 

against some selected species of fungi and bacteria. The results showed a satisfactory spectrum 

against the tested organisms. 

Keywords: Adenine, Complexes, Biological study, Solvent effect, Molar ratio method, Dissociation 

constant. 

1. Introduction: 

Heterocyclic compounds play a significant role in many biological systems, especially N-donor 

ligand systems being a component of several vitamins and drugs such as nicotinamide. 

Nicotinamide is known as a component of the vitamin B complex as well as a component of the 

coenzyme, nicotinamide adenine dinucleotide (NAD)[1]. The interaction of nucleic acids and their 

constituents with metal ions has been a matter of extensive studies in the recent years, because of 

their chemical and biological interest, covering structural, thermodynamic and kinetic works. In 

this broad context, certain recent studies have focused on metal complexes that can specifically 

recognize nucleobases [2, 3, 4]. 

1.1 Adenine metal Complexes and its binding sites 

The complexation of metal ions with adenine has been well studied and its binding sites has also 

been clarified [5, 6]. Various coordination sites have been observed for adenine in copper complexes 

as indicated by X-ray studies. Among the four nitrogen's N(1), N(3), N(7) and N(9) of adenine, the 

N(9) is the most basic and hence bears a proton rendering it is the most preferred metal binding 

site. The understanding of the structure and function of RNA and DNA systems depends partly on 

the binding sites  of metal ions to nucleobases. [7,8]. 
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Adenine (Ad) is a nucleo-base (a purine derivative) with a variety of roles in biochemistry including 

cellular respiration, in the form of  both the energy-rich adenosine triphosphate (ATP) and the 

cofactors nicotinamide adenine dinucleotide (NAD) and flavin adenine dinucleotide (FAD), and 

protein synthesis, as a chemical component of DNA and RNA. 

Adenine (Ad) is one of four chemical bases in DNA, with the other three being cytosine (C), guanine 

(G), and thymine (T). Within the DNA molecule, adenine bases located on one strand form 

chemical bonds with thymine bases on the opposite strand[9].  

 
 
                                Figure 1: structure of DNA showing the Adenine position. 

1.2 Adenine  metabolism  

A form of adenine called adenosine tri phosphate (ATP) serves as an energy storage molecule and is 

used to power many chemical reactions within the cell. Adenosine tri phosphate is used in cellular 

metabolism as one of the basic methods of transferring chemical energy between reactions. In DNA, 

adenine bonds only to thymine. It does so with two strong hydrogen bonds, so the bond is difficult 

to break and the code is difficult to damage. Adenine,  has the chemical structure as shown in 

(Figure 2:a). Which is known as organic compound belong to the purine family, characterized by its  

nucleic acid, in this case called nucleotides, where the  phosphate esters of adenosine (figure 2:b) 

and deoxy adenosine (figure 2 : c) are clear in the structure, The importance of Adenine to RNA is 

similar to that of DNA. Adenosine tri phosphate is the nitrogenous base adenine bonded to a five 

carbon sugar. Adenosine tri phosphate is used in cellular metabolism as one of the basic methods of 

transferring chemical energy between, chemical reactions[10]. 



                  
           Figure 2 : a. structure of Adenine     b. structure of  Adenosine,      c. structure of  Deoxyadenosine,  

 
Adenine is one of the two purine nucleo bases used in forming nucleotides of the nucleic acids DNA 

and RNA. The derivatives of purine are called adenine (A) and guanine (G). The other three 

bases—thymine (T), cytosine (C), and uracil(U)—are derivatives of pyrimidine, These four "code 

letters" allow cells to store their blueprint about how that life form is built. All cells of all living 

organisms, no matter how simple or complex, share this design[11].  

Spectroscopic study of the Cu(II) complexes with adenosine and adenine nucleotides, as adenosine 

mono phosphate (AMP), adenosine diphosphate (ADP), adenosine tri phosphate (ATP) and with 

inorganic polyphosphate solutions has been studied as a function of pH in the range 3 to 12, 

resulted in Cu(II)-adenosine phosphate complexes exist with a variety of forms in equilibrium, 

according to the state of ionization of the intrinsic adenine, phosphate and ribose groups . Mixed-

ligand palladium(II) complexes with amino acids, cytosine, and adenine pH titration have been 

synthesized and characterized as 1 : 1 : 1 mixed-ligand complexes  showing, palladium(II) 

(C5H5N5) (C5H8NO4)Cl complex. The coordination mode of amino acids, cytosine, and adenine to 

the palladium(II) ion is determined[12, 13]. 

In the human body, adenine is synthesized in the liver. Biological systems tend to conserve energy, 

The vitamin folic acid is essential for adenine synthesis, Adenine forms adenosine, a nucleoside, 

when attached to ribose, and deoxy adenosine it forms adenosine triphosphate (ATP), a nucleotide, 

when three phosphate groups are added to adenosine Vitamin B4. Adenine is one of the two purine 

nucleo-bases (the other being guanine) used in forming nucleotides of the nucleic acids. In DNA, 

adenine binds to thymine via two hydrogen bonds to assist in stabilizing the nucleic acid structures. 

Adenine is one of the most interesting biological ligands which used for preparing  and synthesizing  

different types of complexes[12 ].  

Here in, we report the synthesis, characterizations and thermal stabilities of Adenine complexes 

with some of the first series transition metals in a stoichiometric ratio of 1 : 2 (M
n+

: L), where M
n+

 = 

Mn
2+

, Fe
3+

, Co
2+

,  Ni
2+

, Cu
2+

, Zn
2+

, and Cd
2+

 ions. The Complexes were characterized by the 

physicochemical techniques as, IR,  UV–Visible,  and molar conductance techniques. The 

stoichiometric ratios of the synthesized complexes were confirmed by using molar ratio method. 

 

 

 

 

 

 



2. Experimental: 

All chemicals were obtained from commercial sources and were used without further purifications 

(MnCl2.4H2O, FeCl3.H2O, CoNO3.6H2O, NiSO4.7H2O, CuSO4.5H2O, ZnSO4.7H2O, 

Cd(NO3)2.4H2O).  Adenine were obtained from BDH, methanol, ethanol ,dimethylsulfoxide 

(DMSO), DMF  and distilled water were used as solvents. Molar conductance of the complexes was 

measured using conductivity bridge at room temperature in DMSO. Conductivity measurements 

(cm
2
 mol

_1
) were carried out in DMF using HANA conduct meter.. Perkin-Elmer type FT-IR 

spectrophotometers were used to record the IR spectra using KBr pellets, covering the range from 

600 to 4000 cm
-1

. UV–visible spectra were recorded on DU-800 spectrometer covering range of 190 

to 800 nm. The absorbance values were plotted against [L]/[M] ratios. The result curves are 

composed of straight lines with inflection points, [L]/[M] ratio corresponding to the infection point 

indicates to the actual stoichiometry of the complex. Metal content was determined by absorption 

spectrometry. Thermal analyses (TGA) were performed on a Shimadzu DTA/TGA-50 thermal 

analyzer in a synthetic air atmosphere (79%N2/21%O2) with a heating rate of 5 °C min
-1

. The 

melting points were determined using a Stuart-Melting Point apparatus. 

 

2.1 Synthesis of the metal complexes:  

Standard  procedure were used to prepare Adenine metal complexes[14],  where 0.2 mole of 

Adenine in 50 ml ammonia was added to 0.2 mole of metal chloride, Nitrate or sulphate .nH2O, to a 

conical flask, the mixture was refluxed for one hour. The complex was formed (with different  

color), then leaving in darkened place even of second day, then filtrated and derided on P2O5. 

 

2.2 Antimicrobial studies 

The antibacterial tests were prepared and characterized according to the standard method[15]. The 

strains of bacteria used were Gram-positive bacteria (Bacillus) Gram negative bacteria 

(Escherichia coli), and two types of fungi (Pencilium & Rhizopns ) All strains were isolated from 

laboratory of microbiology. The identity of all the strains was confirmed. A bacterial suspension 

was prepared and added to the Nutrient Agar, the fungi added to surrounded Agar, All this before 

medium solidification and under aseptic condition. Then different concentration of complexes were 

placed on the surface of the culture, The bacteria incubated at 37 
0
C for 24 h, The fungi incubated 

at 28
0
C for 72 h. 

 

2.3 Bacterial & fungi cultures: 

Plate cultures of nutrient agar medium were used for culture of bacteria. the medium was prepared 

by dissolving 14 g, and culture of fungi's 32.5 g of powder in 500 ml of sterile distilled water, Then 

the medium was sterilized by autoclaving at 121 oC for15minutes. 

 

3. Result and Discussion: 

 

3.1 General properties: 

The color of ligand was change from white color of the free ligand to several different colors 

according to the type metal, this change mainly due to the effect the linkage between the ligand and 

the different electrons in 3d orbital's, where the attracting electrons between the ligand and the 

metal in d orbitals where the high and the less in energy, the magnetic frequency beam is 

proportion to the different in energy between the two states energy in atom. Some  electrons rise 

into energy high level. 

The E.C values in the most of the studied complexes are low and ranged between (0.17- 1.86 𝝻S), as 

shown in table (1). The conductivity of the complexes depended mainly on the free electrons which 



non conjugation in the last orbital's, where the conductivity become less when conjugating occur 

between the metal and the ligand, this mean these electrons are bounded. 

 

Table 1 : Physical analysis data of Adenine Metal complexes. 

Metal content ppm M.P C
o
 E.C (µs) Color Complex 

- 364 0.17 White Adenine 

0.50 531 1.33 Black Adenine-Mn(II) 

0.32 >375 1.10 Brown Adenine-Fe(III) 

0.18 >375 051 Brown Adenine-Co(II) 

0.09 >375 1.15 Brown Adenine-Ni(II) 

0.62 >375 0.17 Blue Adenine-Cu(II) 

0.40 295 1.35 White Adenine-Zn(II) 

0.19 177 1.24 White Adenine-Cd(II) 

 

3.2 Infrared spectral analysis 
The IR spectra of adenine and its metal complexes have been characterized as it has been shown in 

table 2, where  NH2 bands of adenine at 3291 and 3322 and 3287 cm
−1

  are slightly shifted on 

complication.  The NH2 mode of the free adenine at 1668 cm
−1

 undergoes shifts as large as those 

corresponding to N-bonded complexes of this ligand. So, the NH2 group (exocylic NH2 nitrogen), is 

coordinated to the metal ion in the complexes. Adenine presumably coordinates through ring 

nitrogen with appreciable shifts and occasional splitting of νC=C, νC=N and ring vibrations of the 

ligand (1638–1698 cm
−1

). The NH region, 3114–3183cm
−1

, has considerable changes in the most 

complexes resulting of two weak maxima in this region. The 1250 cm
−1

 of adenine due to ν C–NH2 

or N–H ring mode shifts to lower wavelength upon complication. The bands at 1023, 938 cm
−1

 in 

most complexes (Table , 2 ), respectively, are due to NH2. This facilitates that adenine is binding 

exclusively through ring nitrogen [17]. 

 

Table 2 : Infra-Red spectroscopy values of the Adenine metal Complexes. 

Free 

Adenine 

Cd(II) Ad Zn(II) AD Cu(II) Ad Ni(II) Ad Co(II) Ad Fe(III) Ad Mn(II)Ad Complex 

Group 

3513 3355 - - - - 3535 3287 NH2 

3113 3513 3553 3531 3515 3533 3553 3120 NH aromatic 

1596-1666 5333 5335 5311 5331 - - 1698 C=N 

- 5333 5333 5315 5315 - 5311 5333 CH2 

5511 5533 5553 5515 5511 5513 5513 1227 C-N 

- 5133 5113 333 311 313 5153 955 =CH 

5353 5351 5313 5315 5311 5311 5351 1460 C-C 

1596 5333 5335 5311 5315 5311 5331 1606-1636 C=C 

 

3.3 Thermal decomposition 
The thermogravimeteric analysis curves allowed us to establish the temperature below which the 

characterized compound has a constant weight and which begins to decompose and how far the 

decomposition reaction can proceed[18]. The observed and stoichiometric decreases in weight of the 

substance make it possible to estimate an intermediate product which is formed during 

decomposition and at what temperature occasionally the temperature rang where this intermediate 

has constant weight. 



The TGA analysis of the prepared complexes exhibit mostly similar steps of decomposition figure 

(2). The thermogravimetric analysis data for adenine complexes are given in Table (3). The weigh-

loss of Fe(Ad), Cd(Ade), Mn(Ad), Zn(Ad), Cu(Ad), Ni(Ad) and Co(Ad), mainly corresponding to 

loss of hydrated water molecules at the temperature range of (100 to 350 
o
C), and the loss of 

coordination molecules were occur at the temperature range (400 to 500 
o
C) While the residual of 

metals oxides and/or (M-N) bands of (700 
o
C) appeared at temperature for Fe(Ad), Cd(Ad), 

Zn(Ad), Cu(Ad), Ni(Ad), Co(Ad) and Mn(Ad), respectively.  The TGA curve displays the observed 

weight loss 7.5% in the temperature range (478.6-651
o
C), which is probably due to replacement of  

HCl molecule. TGA curves depicted that as the HCl is removed, the complex is decomposed. The 

third strong endothermic peak in the temperature range (606-829 
o
C) could be argued to the first 

step of the decomposition. This is confirmed by the observed TG weight loss equivalent to 3N2, 

2CH2=C=CH2 and H2O. The fourth endothermic peak in the temperature range is due to the 

second decomposition step, as evident from the observed TG weight loss equivalent to 2C=N. On 

the other hand, the fifth endothermic peak in the temperature range (811.1-937.7 
o
C). 

  

Table 3 : Thermo gravimetric analysis data for Adenine metal complexes. 

Temp. range 
o
C 

Temp. range 
o
C 

Temp. range 
o
C 

TemP. range 
o
C 

Temp. range 
o
C Temp. range 

o
C 

Complex 

- 416-999.82 - 314.7-416.7 314-155 116-66.1 Adenine-Mn(II) 

- 606.5-784 478-605 336.8-477.1 230.9-335.87 22.16-230 Adenine-Fe(III) 

- 410-975.8 - 277.8-400.17 117.8-277.3 38.32-117.3 Adenine-Co(II) 

- - - 298.4-461 108.4-298 22.3-107.9 Adenine-Ni(II) 

- 624-999.1 - - 262-622.97 22.5-225.3 Adenine-Cu(II) 

- - - - 267.1-999 48.6-266.2 Adenine-Zn(II) 

830-920 652.5-829 494-651 364.7-493.6 138.7-363.7 23.25-137.7 Adenine-Cd(II) 

 

 
   Figure 3: TGA steps curve of Ad-Cu complex 

 

 

 

 



3.4 Effect of solvents on the electronic spectra of the Adenine: 
The solvent effects on the electronic absorption spectra are used to study the chemical 

properties of the excited state and to identify the electronic transitions in a molecule[19 ]. 

The solvent polarity tends to move the absorption maximum towards lower energy, due to 

the stabilization of the excited state by the induced dipole interaction between the 

transition moment and the solvent molecule. Also, the frequency shift of the spectra bands 

from the vapor state to solution could be related to salvation stabilization energy of the 

excited and ground states depending on the various types of intermolecular interaction.  

In polar or hydrogen bonding solvents with permanent dipole moment for polar solute, 

blue shift occurs of  λ max with increasing solvent polarity with the presence of "frank 

Condon " phenomena. If the excited state – dipole moment is less than that of the ground 

state, blue shift of λ max occurs with increasing solvent polarity. This explains the shift of 

n―π* transition on hydrogen bonding, relative to hydrocarbon solvents. In general, the 

functional groups with high bond moments are involved in H-bond formation . The non-

polar solute in non-polar solvents leading approximate equal salvation energies of both 

ground and excited state is due to dispersion depending mainly on the solvent refractive 

index, similar situation was found for the non-polar solute in polar solvents but with more 

H-bonding molecule with the increase of solvent cage molecules, the behavior of the polar 

solute in the non-polar or polar solvent was found to depend on the dipole moment of the 

solute (decreased or increased during excitation). The process of the reaction in the first 

case leads to a blue shift of the maximum absorption and in the second case a red shift 

occurs .It is expected that in the presence of polar solvents, accumulation of H-bonding 

forces occurs depending on many factors : 

The magnitude of the charge in dipole moment during the electronic transitions, the 

solvent dipole moment value, and the size of solvent and solute . Many empirical single-

solvent polarity parameters have been introduced and have had varying degrees of success 

correlating solvent-dependent data. The Adenine ligand in solvent (H2O, DMF, DMSO, 

Ethanol and Methanol) the values of λ max are collected in table (4). Electronic spectra of  

Adenine ligand  in presence of  Ethanol solvents as an example  is illustrated in Figures 

(4). Adenine in Ethanol, and DMF gave bands at 205 nm this bands is due to n―π* 

electronic transition ,this band is blue shifted in presence of water to be at 202 nm, and 

appear strongly red shifted to be at 256, 218 nm in presence DMSO, and Methanol 

respectively. 
Table 4: The maximum absorbance of the ligand Adenine at the 

different solvents 

Solvent λ  Maximum ( in nm)  of Adenine . 

Water 202 

DMF 205 

Methanol 204, 208, 218 

Ethanol 205 

DMSO 256 



 
Figure 4 : The effect of Ethanol on the electronic spectra of Adenine 

3.5 Molar absorbance. 

A series of metal– ligand aqueous solutions were prepared with different [L] / [M] 

ratios. The absorptions of these solutions were measured using UV spectrophotometer at   

λ max of the expected complex MLx. Absorbance versus [L] / [M] curves was  drawn for 

Cu- complex as example, Figures (5). 

It was observed that the absorption increase linearly as the ligand concentration increase, 

because of the formation of the complex, until the solution  reaches the actual molar ratio 

of the investigated complex. At this point, all of the added materials were completely 

reacted, and the absorbance observed is the absorption of the investigated complex alone. 

After this point, the excess amount of the added ligand causes an inflection in the straight 

line, that is because the ligand has an absorptance value differ from that of the complex at 

λ max of the complex. [L]/[M] ratio corresponding to the inflection point in (ABS - [L]/[M] 

curve) indicates to the actual [L] / [M] ratio of the investigated complex, 

Referring to the Figures (5),The data showed that of the studied complexes in this 

investigation are able to be stable in the form ML, and ML2 were geometric isomerism. 

 

3.6 Antimicrobial Activity  

The antimicrobial activity of the seventh prepared complexes were tested against Gram-

positive bacteria (Bacillus), and Gram-negative bacteria (Escherichia coli), The products 

(1g) were dissolved in sterile distilled water at concentration of 10 ml then take (1ml) of 

tube (1) and transported  into tube (2) and continue the dilution into reach (5) tubes of 

concentration for each product. The plates were incubated inverted at 37 ºC for 24 hr in 

case of bacteria and at 28 ºC for 48 hr in case of fungi. After incubation, the inhibition 

zones were recorded in mm. Diameter less than 10 mm indicates no effect. Products 

(Cd(NO3)2.4H2O +Ad) and (ZnSO4.7H2O + Ad) each were used as appositive control, only 

5(Cd(II)Adenine), (Mn(II)Adenine), (Zn(II)Adenine), (Ni(II)Adenine), (Co(II)Adenine) of 

the tested products revealed significant antimicrobial effect against the fungal (Rizapus, 

Pencillium), while the products (Fe(III)Adenine), (Cu(II)Adenine), not revealed 

significant effect against the fungal (Table 5). In general, the antimicrobial activity for the 

tested products were  higher on Gram-negative(Escherichia coli) than Gram 



positive(Bacillus) bacteria. For Gram-negative bacteria, E.coli showed higher sensitivity to 

the tested products (MIC ranged between 12-25 mm), With respect to Gram-positive 

bacteria (Bacillus) the (MIC level between12-30 mm) the products (Cd(II)Adenine), and 

(Zn(II)Adenine) more potent against Gram-positive bacteria (Bacillus), Gram-negative 

(Escherichia coli), and fungal (Rizapus, Pencillium), The observed results revealed that, 

the tested compounds were very active as antimicrobial, figures (6, 7) and not gave 

activity on the applied fungal species. 

 
Table 5: Antimicrobial(Fungal) activity of the tested products: 

Sample Rizapus Pencillium 

Complexes Complexesa 

Concentration 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

1 g/ 10 ml - 30 35 - 15 17 - - 49 15 27 26 32 - 

1 ml/ 9 ml - 25 14 - 13 - - - 20 12 26 15 21 - 

1 ml/ 9 ml - - - - 13 - - - - - 30 14 19 - 

1 ml/ 9 ml - - - - 12 - - - - - 22 - 17 - 

1 ml/ 9 ml - - - - - - - - - - 18 - 15 - 

              (-) no inhibition zone; (+) diameter of inhibition zone 0 mm 

 

  
Figure 6: a. Effect Zn(II)Ad on Rizapus    b. Effect Zn(II)Ad on pencillium 

 
       Table 6: antimicrobial (bacteria) activity of tested products. 

Sample Bacillus E. Coli 

Complexes Complexesa 

Concentration 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

1 g/ 10 ml - 30 24 24 16 29 - 22 25 23 23 - - 20 

1 ml/ 9 ml - 23 22 - - - - 19 24 16 - - - - 

1 ml/ 9 ml - 20 17 - - - - 17 21 13 - - - - 

1 ml/ 9 ml - 18 15 - - - - 16 19 - - - - - 

1 ml/ 9 ml - 15 14 - - - - 12 14 - - - - - 

(-) no inhibition zone; (+) diameter of inhibition zone 0 mm 

 

 



Where the number (1-7)  are the name of prepared complex as follows 

No. 1 2 3 4 5 6 7 

Complex Fe(III) Ad Cd(II) Ad Zn(II) Ad Cu(II) Ad Ni(II) Ad Co(II) Ad Mn(II) Ad 

 

 
Figure 7: a. Effect of Zn(II)Ad on Bacillus    b. Effect of Zn(II)Ad on E.coli 

 

4. Conclusions 

The spectroscopy  methods gave good results to an identification of the metal complexes. 

The molar ratio calculations gave (ML2) ratio. Generally the study composed simple 

method to prepare  adenine complexes. From the obtained results in this study, the adenine 

complexes with some metals including Mn
2+

, Fe
3+

, Co
2+

, Ni
2+

 ,Cu
2+

, Zn
2+

, and Cd
2+

, gave 

indication that those complexes have significant effect on some types of  bacteria and 

negative significant against fungi. The methods which used during the reactions between 

adenine and the selected transition metals showed  a quick and simple way.  
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