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Abstract: A series of new coordination complexes of Cu(ll), Co(ll), Ni(Il) with the azo nucleosides
derived from the coupling reaction of guanosine and adenosine with substituted phenyl diazonium salts
have been prepared .These metal complexes were characterized by elemental analysis, IR, UV-Visible,
Conductivity measurement and magnetic susceptibility. It was found that the azo compounds behaves
as N,N'-Bidentate donor ligand forming chelates with 1:1 (metal: ligand) stoichiometry. The ligands and
their metal complexes have been screened for their antibacterial activity against five species of
pathogenic bacteria: Staphylococcus aureus, Streptococcus viridans, Proteus vulgaris, Pseudomonas
aeruginosa and Escherichia coli using Disc diffusion method. The activity data had shown that the metal
complexes to be more potent antibacterial than the parent azo ligands against one or more bacterial
species suggesting that metalation increase the antibacterial activity of those compounds.
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1. Introduction

Azo compounds and its complexes are a very important class of chemical compounds receiving
attention in scientific research; these compounds are explored for their applications in different field
(Khalid et al, 2016); (Hao et al, 2008). Their biological importance is well known and they are used
as antineoplastics (Garget & Praksh, 1971), anti-diabetic (Garg & Praksh, 1972), antiseptics (Parekh
et al, 2011). On the other hand, Nucleosides belong to a class of organic compounds with their
structures being composed of a nitrogen-containing heterocyclic nucleobase and a 5-carbon sugar as
shown in fig (1) (Ri-Ming et al, 2014). In this respect, Synthesis of azo complexes of Co (I1), Ni (1)
and Cu (1) containing guanosine and adenosine moiety have been achieved in this work.
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2. Methodology

All the chemicals are of analytical reagent grade. Solvents were dried and distilled before use.
According to guanosine, adenosine, p-bromoaniline and p-aminobenzoic acid were purchased from
BDH. Melting points were measured on BIO COTE Model SMP10 melting apparatus. Elemental
composition was estimated on Thermo Scientific Flash 2000 organic elemental analyzer. FTIR was
recorded on Thermo Scientific Nicolet-6700 FTIR spectrophotometer, UV-visible spectrum was
recorded on UV-visible spectrophotometer Shimadzu 1800. IR spectra in the range 4000-200 cm’
'were recorded on a "Shimadzu F.T.I.R 8400S"Spectrophotometer. Magnetic susceptibilities were
determined by Faraday method at room temperature using Balance Magnetic (MSB -MKI)
apparatus, and diamagnetic corrections for the ligand were calculated using Pascal's constant [11].
Molar conductance of the prepared metal complexes were determined in Ethanol using conductivity
meter Alpha-511 at 282C, A concentration of the solutions was (10 * mol. L1).

2.1 Preparation of 8-(4-Bromo phenyl azo) Guanosine (GB)

p- Bromoaniline 0.344  g( 0.002mol) was dissolved in in a solution containing of 0.8 ml of
concentrated HCI and 6 ml of distilled water. The mixture was cooled to 0 C° . A solution of
Sodium nitrite 0.156 g (0.002 mol) in 8 ml distil water was added drop wise with continuous stirring,
so that the temperature never goes above 5°C. When the addition was completed, the mixture was
stirred for another 2 - 3 minutes. A Solution of 0.534 g (0.002) mole guanosine in 10 ml (10%)
sodium hydroxide was added to the diazonium salt in an ice bath, with vigorously stirring for a few
minutes. The mixture was acidified with 1 M hydrochloric acid and the orange product was filtered
and washed with distilled water and recrystallized from a solution of ethanol: water (1:1).8-(4-
Bromo phenyl azo) Adenosine (AB) were prepared by following the same procedures above.

2.2 Preparation of 8-(4-carboxylic phenyl azo) Guanosine (GC)

Amino benzoic acid (0.274 g ,0.002mol) was dissolved in a mixture of (Iml) HCI, and (6ml)
distilled water, and diazotized at 5°C with aqueous solution of sodium ntrite 0.156 g (0.002mol) in
8ml distilled water. The resulting diazonium chloride solution was added dropwise with stirring to
guanosine(0.534 g,0.002 mol ) dissolved in 10ml sodium hydroxide(10) solution below5°C . The
mixture was neutralized and the yellow precipitate was filtered off and washed with distilled water
and recrystallized from (1:1) ethanol: water, solution then left to dry. Abbreviation and Chemical
formula of the prepared ligands are shown in table (1)
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Table 1: Abbreviation and Chemical formula of the prepared ligands

abbreviation Name of the ligand Chemical formula
AB 8-(Bromophenyl C10H12N504(4-Br-CgHyNy)
azo)adenosine
GB 8—(Br0m0pheny| C10H12N505(4-Br-C6H4N2)
azo)guansine
GC 8-(Carboxylic phenyl C10H12N505(4-CO,H -
azo)guanosine

2.3 Preparation of Ligand—Metal Complexes.

The complexes of cobalt (I1), nickel (11) and copper (I1) (10 mmol) were prepared in by refluxing the
metal (I1) chlorides with the organic ligand (1:1 molar ratio) in 200mL of ethanol in alkaline medium
(PH=9-9.5). The crystalline products were filtered and recrystallized from ethanol. The elemental
analysis, some of the physical properties and the Percentage yield for the ligands and their
complexes are shown in Table (2).

Table 2: The elemental analysis for the ligands and their complexes

Compound C%

M.P°C

41.52(42.6

AB 6)

3.43(3.55) | 20.53(21.77)

143-141 pg,

Red

42.17(412
0)

4.26(3.43) | 20.47(21.73)

261-259 pec

Orange

46.49(47.3

GC 3)

3.25(3.94) | 21.92(22.73)

293-291 pec

Yellow

[Co(GB)(H20 | 31.10(30.3
)2ICl, 8)

3.62(3.16) | 15.72(15.51)

213-211

Dec

[Co(GC)(H20 | 32.87(32.2
)4]Cl; 3)

3.85(3.63) | 15.89(15.48)

195-193 pec

[Ni(GB)CI,] | 32.86(32.2

3)

2.93(2.68) | 16.76(16.45)

219-217pec

[Ni(GC)CI,] | 36.75(36.3

8)

2.87(3.03) | 17.90(17.48)

350< Dec

[Ni(AB)CI,]

32.89(33.1
2)

3.15(2.76) | 17.23(16.90)

180-177 pec

[Cu(AB)CI,] | 33.13(32.8

3.11(2.73) | 17.00(16.76)

173-171 pe
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[Cu(GB)Cl,] | 32.31(3L.9 | 2.98(2.66) | 16.74(16.32) | 123-120 pec

7)

2.4. Evaluation of Antibacterial Activity

The ligands and their metal complexes have been screened for their antibacterial activity against five
species of pathogenic bacteria: Staphylococcus aureus, Streptococcus viridans, Proteus vulgaris,
Pseudomonas aeruginosa and Escherichia coli .Qualitative determination of antimicrobial activity
was done using the disc diffusion method (Bonev et al, 2008). Where a series of concentrations in
DMSO were prepared (100,50,25,10,1,0.5,0.2 mg/ml)for each ligand and complex .

3. Results and Discussion

The elemental analysis shows that the suggested molecular composition is in a good agreement with
the experimental results as shown in Table (1).The metal-ligand ratios of complexes were
determined by molar ratio method ( at fixed concentration of metal ion (1x10* M) and increasing
concentration of ligand(0.25-4.0 x10“M) at optimum pH and Amax. The mole ratio of complexes
(Metal:Ligand) was (1:1). The molar conductance in DMF (10 M), revealed that complexes behave
as 1:1 electrolyte. These results along with the other analytical and spectral data support the
molecular formulas of the synthesized complexes

3.1. IR Spectra of the Prepared Compounds

Infra-red spectra of the ligands have shown absorption bands between 1518-1420cm-1 with in the
range of vibrational frequencies for v (C=C) and v (N=N) .These bands represents a characteristic
feature of the azo compounds (Saha et al, 2006). Where The position of azo group v (N=N)
absorption band depends on groups attached to it (Silverstein & Webster, 1999).The infrared spectra
show a distinctive Band in the range (1623-1600 cm™) due to v(C=N) stretching frequency while the
bands at 1696- 1710 cm™ in the ligands GB and GC spectra refers to the v(C=0), (Murtaza et al,
2012); (Banyay et al, 2003). The bands observed at 563-615 cm™ is assigned to (C-Br). vstretching
vibration (Kemp, 1975). The infrared spectra of the complexes show Considerable changes at the

region 1530-1400cm™ corresponding to YN =N).0(C=C) ' These findings are supports the
coordination of azo nitrogen to metal ion. It has been noticed that The v(C=N) bands at (1629-1609
cm™) of some complexes show red shift while the others have blue shift when compared with that of
the ligands. This is attributed to the sort of the metal ion binding to the ligand. Charcteristic bands
have been found near 970 cm™ in[Co(GB)(H,0),]Cl, and [Co(GC)(H,0).]Cl, due to the coordinated
water molecules (Nakamoto,1978). The infra-red spectra of [Co(GB)(H20),]Cl, and
[Co(GC)(H,0),]Cl, have shown bands in the region (565-520 cm™) are attributed to v(M-CI)
stretching frequency(Addison,1960). The appearance of bands in the complexes in the (429-422 cm’
1) regions which may be assigned to the v(M-N) stretching vibrations of the coordinated N atoms of
the ligands (Nakamoto, 1978). The Characteristic IR absorption bands of the ligands and their
complexes complexes are shown in table (3).
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Table 3: The Characteristic IR absorption bands of the prepared ligands and their complexes

Compounds

[Co(GB)(H20
)2ICl,

[Co(GC)(H20
)4]Cl;

[Ni(GB)Cl,]

[Ni(GC)Cl,]

[Ni(AB)CI,]

[Cu(AB)Cl,]
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1398s
[Cu(GB)Cl,] . 1684s | 1618s | 1272b | 833b 422b .
1451s

3.2. UV-vis Spectra of Ligands

The electronic absorption spectra of the azo compounds under study were recorded in ethanol as 10°
*M, The electronic spectra data of the azo ligand and its complexes re shown in table (4) and(5). The
ligand is characterized by bands appearing at 333-290 nm which can be assigned to n-n* transition of
intermolecular charge-transfer taken place through the azo group while the band at A max =240-280
nm due to the absorption of the aromatic rings (. Pavia et al, 2001).

Table 4: The molecular absorbance coefficient of the prepared ligands in absolute ethanol solvent at
a concentration of 10-4 M

Ligands (Amax) NM (€ma) mol™t.cm™

AB 251.2,333.9,366.9 8240,30000,26280

GB 249.6,290.9,365.6 6100,11090,10640

25101,301.1,322.4 8340,25810,26170

3.3. UV-vis Spectra of the Complexes

The positions of ligand bands are shifted which is due to chelation between metal ions and azo ligand
that were assigned to d-d transition (weak in intensity) and ligand field. The absorption spectra
0f[Co(GC)(H,0),]Cl, complexes showed two weak peak at 15873 cm™,630 nm and 22272 cm’
'449nm due to (4T1g(f) ——> 4A2g () (v2) and ‘*Ty(f) —> * Ty (p) (vs)) transitions
respectively. These transitions are responsible for the octahedral six-coordinate high-spin geometry
and this is confirmed by the measured magnetic moment values 5.01 B.M. For the complex
[Co(GB)(H,0),]Cl, , a bathochromic shift in comparison with free ligands arises from the energy
change of the intense m—n* transition of the conjugated chromophore due to the chelation between
metal (11) ions and azo ligands .this is belong to the transition ( *A,(f) —  ‘T(p)(vy)) at
592.5 nm (16708 cm™) . While the transitions ‘A2 (f) ——— * T, (f) (v,) and ‘A(f) ——— *
T, (f) (v1) do not appear in the measuring device because they occur in the nearby infrared region at
7800-4600 cm™ or 4000-3000 cm™(.Bailar and Uraban,1973) However, the measured magnetic
moment Value 4.31 B.M confirmed these transitions which is attributed to the tetrahedral high-spin
geometry for cobalt (I1) complex.Nickel (1) complex with the ligands AB,GC,GB, showed the shift
of the peaks of the ligand spectrum to the higher wavelength and the emergence of a new peak
pointed out for the chelation between metal (I1) ions and azo. The spectrum of[Ni(GB)CI,] gave the
peak at 627 nm (15949 cm™,) while[Ni(GC)CI,] and [Ni(AB)Cl,] showed peaks at 632 nm (15823
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cm™) and630 nm (15873 cm™) respectively .All these bands were assigned to the transition *T,(f)
— 3T,(p)(vy). This is consistent with the tetrahedral geometry (Buffagni et al, 1964) as
demonstrated by their magnetic moment values 4.02, 3.96, 3.89, B.M respectively. For the complex
[Cu(GB)CI,] there was a red shift for the spectra of the ligand and appearance of anew peak at 430.3
nm (23240 cm™) indicated the occurrence of bonding between the ligand  and the metal .A broad
integrated peak at 532 nm (18797cm™) belongs to the transitions °B,g  ———* 2 E;g (vy) and
’B,g — 2 Aig (vy) , where the value of these two transitions ranges from 16000 to
20000-cm™ for the square planar geometry Therefore, it is easy to use the electronic spectrum to
distinguish between the octahedral copper complexes (I1) that shows bands below (15000 cm™) and
those that have the structure of square planar from the bands locations( Purohit & Vramana, 1980)
.As for the copper complex (I1) with the ligand AB, the displacement of the peaks from its position
and the appearance of a new top in 292.8 nm (34153 cm-1) is associated with the ligand —metal bond
and the absence of a band in the range 10000-20000 °™* It excludes the occurrence of a square
arrangement of copper (I1) and confirms the tetrahedral arrangement. But it is necessary to have a
broad beam in the nearby infrared zone confirming this arrangement (Hughes & Rutt, 1972).

Table 5: The electronic spectra data of metal complexes

Complexes (Arex) O“m_af) € molt.cm® Type of
nm cm transition
252.1 39667 2940 Higand
303.2 32982 4325
327.6 30525 4357 CT
[Co(GC)(H,0).]Cl, | 330.5 30257 4362 “Tg(f)
388.0 25773 5150 “T,9(p)(v3)
449.0 22272 3995 “Tio(f)
630.0 15873 2870 > | *Ag(v2)
250.0 40000 6250 — M Yigand
294.3 33979 10720 C.T
[Co(GB)(H,0),]Cl, | 366.2 27307 8100 “Axg(f)
408.3 24492 8970 T, (p)(vV3)
598.5 16708 4215
252.0 39683 6630 Yigand
292.3 34211 11450 CT
[Ni(GB)Cl,] 366.0 27322 9000 T, (F) T,
384.8 25988 9010 (p)(v3)
627.0 15949 3500 —»
251.8 39714 3820 Higand
294.4 33967 5850 CT
[Ni(GC)CL,] 333.6 29976 5570 T, () T,
388.4 25747 5910 (p)(v3)
632.0 15823 3123 —»
252.2 39651 4680 }igand
290.4 34432 6680 3C.T ,
. 370.2 27012 8973 Ty (F) T,
[NI(AB)CL] 408.5 24480 10200 (p)(v3)
630.0 15873 2000 —»
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2515 39767 5500 Higand
204.4 33967 8910
372.5 23240 6470 CT
[Cu(GB)CI2] 430.3 23240 5320 2B1g
532.0 18797 3870 2Elg(vl)
2Blg
—> | 2Alg(vl)
2514 39777 270 | Ligand
292.8 34153 8500 cT
[Cu(AB)CIZ] 400.0 25000 9390 Higand
415.8 24225 8000

3.4. Suggested Geometry for the Complexes

The transition metals (I1) were coordinated to the prepared azo ligands in a ratio of 1:1.The metal is
bonded to the nitrogen atom in the heterogeneous ring of guanosine or adenosine, which occupies the
ortho position relative to the azo group. While the second coordinate center is the nitrogen atom of
the azo group which is attached to the phenyl ring as shown in figure (2).

Figure (2)

Therefore the suggested geometry for the prepared complexes as shown in figure(4) were octahedral
complexes of type[M(NN)(L),] 2, where M =Co+2 , NN =ligand, L=water molecule, Tetrahydral
complexes of type [M(NN) X,] where M= Cu*}Ni*}X=Cl, Tetra hedral complexes of type
[M(NN)(L)]** where ,M=Co*? NN=ligand, L=water molecule and Square planar complexes of
type[M(NN)X,] where M= Cu*?, NN=ligand, X=CI

u
X L

Q{% Q?.’T\x Q“I\ Cﬂ“‘;
Figure (3)

3.5. Antibacterial Activity

Most of the prepared compounds used in this study showed moderate to weak positive results as
chemical agents that could inhibit the growth of the bacteria. The ligand GB exhibited high activity
at minimum inhibitory concentration of 1 mg /ml and the range of inhibition was (1.3 mm).As for E.
coli, the minimum inhibitory concentration of 0.5 mg / ml, the ligand GB had the highest activity of
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(1.2 mm) inhibition zone. Ligand GB towards Proteus vulgaris had the highest activity at the
minimum inhibitory concentration of 0.2 mg / ml where it reached 1.4 mm. As for the bacteria Str.
Viridans, the highest effect at the lower concentration (0.5 mg / ml) is attributable to ligand GB
where it reached (1.4 mm).For the bacteria St. aureus the ligand AB showed the highest effect at the
lowest concentration (0.5 mg / ml) where it reached (2.6 mm). Complexes, [Co(GB)(H,0),]Cl,
showed the highest activity towards bacteria Ps aeruginosa high activity at the minimum inhibitory
concentration of 1 mg / ml was reached 1.2 mm. As for E. coli, the highest effect at the lowest
concentration (0.5 mg / ml) was shown by [Ni(AB)CI,]< and [Ni(GB)Cl,]where it reached 1.2 mm.
With Proteus vulgaris, the highest effect at the lowest concentration (0.2 mg / ml) is due to complex
[Co(GB)(H,0),]Cl, where it reached 3.1 mm. As for bacteria Str. viridans, the complex [Ni (GC)
CI2] showed the highest effect at the lowest concentration (0.5 mg / ml) with the inhibition zone 2.1
mm. As for the bacteria St. aureus, the complex [Cu(AB)CI,] showed the highest effect at the lowest
concentration (0.2 mg / ml) where the range of inhibition (2.4 mm).

4. Conclusion

In the light of above discussion we have proposed that the azo compounds behaves as N,N'-Bidentate
donor ligand forming chelates with 1:1 (metal: ligand) stoichiometry. Co(GC)(H20)4]CI2 has
octahedral six- coordinate high-spin geometry WhileCo(GB)(H20)2]CI2 has tetrahedral high-spin
geometry. The complexes, [Ni(GB)CI2] , [Ni(AB)CI2] and[Ni(GC)CI2] have tetrahedral geometry.
As for[Cu(GB)CI2] and [Cu(AB)CI2] complexes ,the suggested geometry were square planar and
tetrahedral arrangement respectively. Most of the prepared compounds used in this study showed
moderate to weak positive results as chemical agents that could inhibit the growth of the bacteria.
Moreover, the microbial data revealed that the complexes were more active than the free ligand in
the inhibition of the tested bacteria so it is proposed that concentration plays a vital role in increasing
the degree of inhibition, the activity increased with increasing concentration of the complexes.
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