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ABSTRACT
In this work, the complexes of nickel and cobalt ions with 6-thioguanosine (6-ThioGuoH)
and 2’-deoxy-6-thioguanosine (2'-d-6-ThioGuoH) ligands were synthesized. The binding
ratio of the ligands with nickel ion was shown to be two protonated ligands of 6-
thioguanosine in thione form to one nickel, whilst in the case of the cobalt complex with 2’-
deoxy-6-thioguanosine, the results suggested that the binding ratio was shown to be three
deprotonated ligands in thiol form to one cobalt.In both cases, these ligands coordinate to
metal ions through N7 and S6 forming a chelate ring. The characterisation of these
complexes was carried out with MS, IR, 1H-NMR and elemental analysis.

1. INTRODUCTION
6-Thioguanosine is a 6-thioguanine base with ribose sugar, whereas 2’-

deoxy-6-thioguanosine is a 6-thioguanine base with 2’-deoxy ribose sugar.

These nucleosides are known as members of the thiopurine family.

Thiopurines are not naturally occurring nucleobases. Nevertheless, these

compounds have been used as clinical agents for treating leukemia,1 also as

inhibitors of metabolism for immunosuppressive, antineoplastic and

antitumor activity.1-3 For instance, 6-mercaptopurine (6-MPH) is an

example of a thiopurine that is most widely used in acute lymphoblast

leukemia treatment regimens,4 and 6-thioguanine is used in the treatment of

myelocytic leukemia.5,6 The coordination complexes of 6-thioguanine with
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several transition metals have been reported. 7Coordination polymers of the

type IC are of particular interest for possible applications of systems

containing nucleobases and metal ions within the framework of designer

molecular materials for nanotechnology.8-10 Especially, the 6-

mercaptopurine system offers the ability for metal ion assembly in a 1D-

coordination polymer, such as [M(6-MP)2] that is similar in structure to M-

DNA.11 we have recently synthesised the cobalt complexes of 6-ThioGuoH

and 2'-d-6-ThioGuoH.  The binding ratio of the ligands of these complexes

to metal was three ligands to one metal.12 In this paper we report the

synthesis of two new complexes of 6-ThioGuoH and 2'-d-6-ThioGuoHwith

nickel and cobalt metals. Theses complexes were characterized by MS, 1H-

NMR, IR spectroscopy and CHN analysis.

2. EXPERIMENTAL SECTION
All chemicals were purchased from Sigma-Aldrich; NMR spectra were

measured on a 400 MHz Delta Jeol. IR analysis was performed on a Varian

800 FT-IR and ESI-MS was performed on a Waters LCT-Premier mass

spectrometer. For elemental analysis a Carlo-Erba CE1108, configured for

% CHN was used. Magnetic susceptibility measurements were performed

on Magnetic Susceptibility Balance of Johnson Matthey (JM) PLC, York

Way Royston.

Synthesis of [Ni(6-ThioGuoH)2].2H2O(1)

6-ThioGuoH (59.8 mg, 0.2 mmole) was dissolved in hot water (10 ml), and

a solution of nickel nitrate Ni(NO3)2.6H2O (29.08 mg, 0.1 mmole) was

added in the same solvent. The mixture was refluxed and stirred at 86 °C for
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3 h. After that, the pH of the solution was adjusted to 8 with NaOH and

refluxed again for 3 h. After cooling, the solution was filtered and kept at

room temperature to afford (70 mg 59 % yield) of a green light powder was

obtained. Anal. Calcd (found) for C20H24N10O8S2Ni.2NaOH.4H2O Calcd

(found): C, 30,41 (30,45 ); H, 4,21 (4,18 ); N, 17,57 (17,56 ). IR selected

data: 3347 (w), 3218 (w), 2951 (w), 2839 (m), 2656 (s), 1594 (s), 1505 (s),

1354 (s), 1198 (s), 1153 (s), 1052 (w), 997 (s), 939 (m), 835 (m). m/z

(positive mode) MS (ES+):m/z calcl  C20H24N10O8S2Ni (M+Na) is 677.0471,

the found peak is 677.0427.

Synthesis of [Co (2′-d-6-ThioGuoH)3].3H2O (2)

2′-d-6-ThioGuoH (71 mg, 0.25 mmol) was dissolved in a mixture of water

(10 mL) and methanol (10 mL); then 10 mL of an aqueous solution of

CoSO4·6H2O (35 mg, 0.125 mmol) was added to the mixture. The mixture

was refluxed and stirred at 86 °C for 3 h. After that, the pH of the solution was

adjusted to 8 with NaOH and refluxed again for 3 h. After cooling, the solution

was filtered and kept at room temperature to afford (63 mg 75 % yield) of dark

green powder. Anal. Calcd. (found) for C30H36N15O9S3Co.3H2O.2NaOH

Calcd (found): C, 34.88 (34.18); H, 4.11 (4.31); N, 20.34 (21.21). IR selected

data (cm-1): 3296 (w), 3118 (m), 2912 (m), 1496 (s), 1371 (s), 1267 (s), 1192

(s), 1082(s), 982 (m), 935 (s), 873 (m), 630 (m). ES-MS: m/z (positive mode)

928.1500 (Calcd. for [Co (2′-d-6-ThioGuoH)3]Na+928.1212).

3. RESULTS AND DISCUSSION
The nickel (II) complex, 1 and cobalt (II) complex, 2 were prepared

according to the procedure of Zamora et al..12,13 The nickel complex was
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prepared by the direct reaction of (6-ThioGuoH) and nickel nitrate in hot

water at pH 8; a green light powder was obtained as seen in scheme 1.

Scheme 1. Synthesis route to 1

In the case of cobalt complex, 2 (2′-d-6-ThioGuoH) with CoSO4 in a

refluxing 1:1 H2O:MeOH mixture adjusted to pH 8 that yielded dark green

powder as seen scheme 2 .

Scheme 2. Synthesis route to 2

The identities of the complexes were confirmed by Ms, IR, H-NMR and

UV.Mass spectrometry of the complex 1 has showed thattwo ligands of 6-

ThioGuoH were binding with one nickel ions, MS (ES+):m/z calcl

C20H24N10O8S2Ni (M+Na) is 677.0471, the found peak is 677.0427.
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In the case of cobalt complex 2, the mass spectrometry has showed that

three ligands of 2'-d-6-ThioGuoHwere binding with one cobalt ions, MS

(ES+):m/z calcl C30H36N15O9S3Co (M+Na) is 928.1212; the found peak is

928.1500 .

FT-IR of cobalt complexes of d-tG and tG, 1 and 2
The IR spectra of 1 and 2 were compared with those of the respective free

ligands 6-ThioGuoH and 2'-d-6-ThioGuoH. In the free nucleoside 6-

ThioGuoH the C=S band at 1207 cm-1 was shifted to 1194 cm-1in the complex

1. In addition, the bands of C=C and C=N at 1632-1558 cm-1 were shifted upon

complexation to form one band at about 1591 cm-1 as shown in figure 1.

Figure 1. IR comparison between 6-ThioGuoH (black line) and complex 1 (grey line).

IR assignments of cobalt complex 2 showed similar spectral changes as the

nickel complex 1. The similarity of the IR spectra of these complexes
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suggests that the 6-ThioGuoH and2'-d-6-ThioGuoH ligands display the

same coordination type in both complexes. In particular, the changes were

noted for the (C=S), (C=C) and (C=N) stretching modes. Figure 2compares

the IR spectra of 2'-d-6-ThioGuoHand the cobalt complex, 2. The

absorption band of C=S of 2'-d-6-ThioGuoH is at 1200 cm-1 whereas in the

complex 2 it is shifted to 1184 cm-1. In the case of 2'-d-6-ThioGuoH the

bands between 1612-1555 cm-1 were assigned to C=C and C=N stretching

modes. After complexation, these bands shifted to 1600 and 1596 cm-1.

These shifts are indicative of N(7) of 2'-d-6-ThioGuoH becoming involved

in the cobalt complex as seen in figure 2. In addition, the NH band at 3430

cm-1 in the free ligand was disappeared in the complex suggesting the

deprotonated of the complex 2.

Figure 2. IR comparison between 2'-d-6-ThioGuoH (black line) and complex 2 (grey line).
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The above observations of IR data show the involvement of the exocyclic

sulphur C=S and N(7) in the cobalt complex formation . These findings

correlate well with Sodhis’ and Zamora results on the formation of a

mercury complex with 6-thioguanine.12-14

1H-NMR of nickel and cobalt complexes of 6-ThioGuoHand 2'-d-6-

ThioGuoH, 1 and 2
1H-NMR of 6-ThioGuoH and2'-d-6-ThioGuoH were examined to study

their binding of nickel and cobalt ions. The 1H-NMR data of the nickel

complex,1, shows very broad peaks compared to the free ligands peaks due

to its paramagnetic properties in the octahedral geometry and 3d8electronic

configuration.15

The cobalt complex 2revealed sharp peaks as seen in figure3. This is

probably due to the cobalt ion in the hexa-coordinated complex now

exhibits diamagnetic properties.16This is may be because of its low-spin d6

paired electron configuration.Figure3shows the comparison between the

1H-NMR spectra of the2'-d-6-ThioGuoHligand and the cobalt complex,2.

In 2 the peaks were shifted downfield compared to the free ligand. In

addition, the N(1) proton (∼11.98 ppm) in the free ligand2'-d-6-

ThioGuoHdisappeared in the spectrum of the complex suggesting

deprotonation of the 2'-d-6-ThioGuoH ligand during complex formation.

However, there seems to be more than one species of the complex in the 1H-

NMR spectrum, this might be due to geometrical and optical isomerism of

the cobalt(III) complex in the solution as seen in figure 3.The compositional
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and molecular formulas of the nickel and cobalt complexes1, 2 were

determined by ES-MS, IR, 1H-NMR and elemental analysis.

Figure 3. 1H-NMR comparison between 2'-d-6-ThioGuoH (blue line) and complex 2 (red line).

Overall, the nickel complex data were suggested that the formation of the

dimer complex which consists of the molecular cation that has two ligands

of 6-ThioGuoHthat directly bonded to the Ni (II) metal by four

coordination lone pairs through 6- C=S and N7 . However, according to

Zamora etal, the 6-thioguanine forms complex with nickel metal that has six

coordination number and forms octahedral shape.2 consequently, 6-

thiogunosine expected to have the same form. Therefore, the two other

ligands may be water. Elemental analysis (CHN) study of the complex,

supports this proposed structure. C, H, N analysis formula of the complex

wasC20H24N10O8S2Ni.2NaOH.4H2O Calcd (found): C, 30,41 (30,45 ); H,

4,21 (4,18 ); N, 17,57 (17,56 ).
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In the case of complex 2, IR data showed that the Cobalt ion coordinates to

the 2'-d-6-ThioGuoH ligand via N(7) and S(6) due to the shift in the

stretching modes (C=S, C=C and C=N) of the complex compared with the

free 2'-d-6-ThioGuoHligand. In addition, the complex may be deprotonated

as NH disappeared in the complex. Further confirmation was carried out by

utilizing ES-MS that showed three ligands of 2'-d-6-ThioGuoHbound to

one cobalt. In addition, the 1H-NMR was showed the disappeared proton at

N1. This finding proposed the deprotonated2'-d-6-ThioGuoH ligands in the

cobalt complex and they could be presented as theanionic thiol form 2'-d-6-

ThioGuoH- , therefore, the oxidation state of the cobalt ion in the complex

may correspond to Co (III) as previously reported for cobalt (III) complex

with nitrate ion.12 The final proposed structure of complex 2 is that it could

be the formation of three deprotonated ligands coordinated to one cobalt

(III) ion in an octahedral geometry [Co(2'-d-6-ThioGuoH)3]. Elemental

analysis (CHN) study of the complex, 2 supports this proposed structure, C,

H, N analysis formula of the complex wasC30H36N15O9S3Co.3H2O.2NaOH

Calcd (found): C, 34.88 (34.18); H, 4.11 (4.31); N, 20.34 (21.21).

4. CONCLUSION
In summary, the formation of nickel and cobalt metal ions with6-

ThioGuoH and 2'-d-6-ThioGuoH ligands were performed. The formation

of complexes was characterized by IR, ES-MS, 1H-NMR and CHN. The
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binding ratio of ligands with nickel and cobalt ions was shown to be three

ligands to one metal in both cases.
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