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ABSTRACT

A novel series of metal complexes of guanidine-pyridine hybrid ligand derived from condensation of N, N' dimethylurea and 2-
aminopyridine in present of POCI; have been synthesized. The complexes are characterized by IR, UV-Vis, molar conductance and mass
spectroscopy. The low molar conductance values indicate that the complexes are non-electrolytes. Substituted guanidine acts as bidentate
ligand toward metal ions. Spectroscopic studies confirmed that the ligand bonded to the metals through the nitrogen atoms. Coordination
number of copper complex is four with square planner geometry, while the nickel and cobalt complexes have distorted octahedral
geometry. All the synthesized compounds were tested against Gram-negative bacteria; Escherichia coli, Serratia marcescens and Gram-
positive bacteria; Bacillus sabtilis and Staphylococcus aureus by disc diffusion and micro-broth dilution methods. Guanidine ligand was
most effective against serratia marcescens (diameters inhabitation zone ranged of ligand between 8-20 mm). The most antibacterial
activity of synthesized compounds belong to CoL complex. Its minimal inhibitory concentrations (MICs) against E. Coli, S. aureus, B.
sabtilis and S. marcescens were 62.5, 125, 125 and 15.62ug/mL respectively. The results of these studies showed that the metal
complexes have more antibacterial against species compared to the non-complexed ligand.

Keywords: guanidine-pyridine hybrid ligand, bidentate ligand, square planner geometry, distorted octahedral geometry, gram-negative

bacteria, gram-positive, antibacterial activity.

1. INTRODUCTION

Guanidines are a class of N donor ligands with high
nucleophilic and basicity properties [1-4]. The species containing
a Y-shaped CNj unit is classified as guanidine [5-7]. These
compounds are similar to carbonic acids in which the C=O group
has been replaced by a C=NH group and each OH group has been
replaced by a NH, group [8-10]. In comparison with other
nitrogen-containing compounds such as urea, amidine and amide,
the coordination chemistry of guanidine has developed slowly,
possibly because of its high basicity and consequent ready
formation of guanidium cation in the aqueous media of guanidine
and its derivatives [11]. Guanidine can coordinate with metals
through the unshared electron pair of nitrogen and form stable
complexes [12-16].

In recent years, the syntheses of many guanidine complexes
have been reported [16-18]. They possess antibacterial, antifungal,
anti-cancer, anti-oxidant, anti-diabetic, anti-leishmania and other
biological activities [19-24]. These compounds have been
intensely investigated in bioinorganic coordination chemistry [25].

A large number of natural and synthetic guanidine-pyridine
hybrid compounds are used as therapeutic compounds with a
broad spectrum of medicinal activity [26-28]. The heterocyclic
ring of these compounds can interact with biological molecules
such as enzymes, DNA and RNA; thus, these compounds have
been employed in the design of new drugs and many guanidine
derivatives are successfully used in medicinal chemistry [29-35].

2. EXPERIMENTAL SECTION
2.1. Materials and Instruments. All chemicals and solvents
purchased from Merck and Aldrich Company and were used

Therefore many chemists have carried out research on the
compounds containing guanidine-pyridine hybrid ligand and their
metal complexes [36, 37].

Different modes of coordination of transition metals with
these compounds can be envisaged [38, 39]. Guanidine ligands
can be classified as either guanidine derivatives with no additional
donor atoms or guanidine derivatives with additional donor atoms
[40-43]. The difference between these two classes is that when no
additional donor atoms are present, the guanidine acts as a
monodentate ligand; however, when guanidine derivatives have
additional donor atoms, there is a tendency for the molecule to act
as a bidentate ligand [44, 45].

Bacterial diseases and bacterial drug resistance are very
common all around the world [46]. In order to inhibit this serious
medicinal problem; the discovery of new types of antibacterial
agents is a very important task. Antimicrobial drugs with metal-
based compounds are effective strategies in bioinorganic
coordination chemistry [47]. Reports on the synthesis of such kind
of compounds still remain essentially missing.

The present study reports on the synthesis of guanidine
ligand and their Cu (II), Ni (II) and Co (II) complexes. The
identities of synthesized compounds were performed by various
spectroscopy methods. The antibacterial activities of compounds
were also studied.

without further purification, otherwise mentioned. The
complexion reactions were carried out under inert atmosphere of
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nitrogen but the reaction for the synthesis of ligand performed on
ambient condition. The solvents used in reactions were dried by
standard methods. The UV-Vis spectra measured on a Cary 100
spectrophotometer. The 'H- and *C-NMR spectra of ligand were
recorded on a Brucker 300 MHz spectrometer in DMS-ds and
CDCI; using tetramethylsilane as internal standard. The IR spectra
were taken with a Shimidzo 300 spectrometer using KBr pellets.
Melting points of compounds were measured by an electrothermal
melting point apparatus and were not corrected. The molar
conductance of the complexes in DMSO (1x10™ M solution) was
performed at 25 °C using oakton ECTestr 11 dual-range,
conductivity tester. The Mass spectra were run at 70 eV at 230 °C
with Agilent technologies. Thin-layer chromatography (TLC) was
performed for determination of purity of the synthesized
compounds till observation of new spot and disappearance of
starting materials using n-hexane/EtOAC (1:2) as an eluent.

2.2. Synthesis of 1, 1'-((pyridin-2-ylimino)methylene)bis(3-
methyl-1-(pyridin-2-yl)urea (HL). POCI; (0. 2 mol) was added
to a solution of N, N'-dimethylurea (0. 1 mol) in dry benzene. The
mixture was stirred in room temperature overnight, then a solution
of 2-aminopyridine (0. 15) in dry benzen added in several
portions. After heating under reflux (24h) and cooling to room
temperature, the precipitate solved in water and 2N NaOH to bring
the pH about 14. The resulting mixture extracted with benzene.
The organic layer evaporated in vacuum.

(HL): yellow. Yield :( 68%). Melting point: 140-142 °C. Anal.
calc. for CyHyoNgO,: IR (KBr, U [cm'l]:3421, 3170, 2924,
1700, 1636, 1581, 1342; 'H- NMR (300 MHz, DMSO-d4)5: 2.
77(6H, s), 5. 85(2H, s), 6. 41-6. 46 (t, 3H, Ar-H), 6. 56-6. 60(t,
1H, Ar-H), 6. 65-6. 68(d, 1H, Ar-H), 7. 29-7. 43(m, 3H, Ar-H), 7.
86-7. 88(m, 2H, Ar-H), 7. 99-8. 01(m, 1H, Ar-H); "C-NMR(75
MHz, CDCl3): 6= 163. 34, 158. 42, 156. 67, 148. 00, 145. 34, 137.
73, 136. 98, 120. 01, 114. 40, 113. 90, 108. 59, 27. 77; UV-Vis
(DMSO): Aptax= 240 nm.

2.3. General preparation of metal complexes. Reaction of
ligand with metal (Il ) ions in the molar ratios 1:2 (lligand:
2metal) afforded the corresponding metal complexes, as follow:

Cobalt (II), Nickel (1) and Copper (II') complexes were
prepared by the same general method. To a solution of 2 mmol of
the appropriate metal chloride in 15 mL dry methanol, was slowly
added with stirring a solution of 1 mmol HL in 10 mL of dry
methanol. The resulting mixture was refluxed for 2-3 h under inert
atmosphere of nitrogen. The stirring was continued at room
temperature for 24 h to ensure the completion of reaction. The
solid product was filtered with methanol and dried in vacuum
desiccator.

Complex[Cuy(1, 1'-((pyridin-2-ylimino)methylene)bis(3-
methyl-1-(pyridin-2-yl)urea)(H,0),] (CulL): Dark green solid.
Yield (72%). Melting point: 127-129°C. Anal. calc. for
CaoHy6CuNgOg: IR (KBr, 0oy [em™']): 3422, 3100, 2900, 1368,
1567, 1417, 1335, 521, 439; UV-Vis (DMSO): Aypa= 290, 650 nm.
Mass: [m/z] " = 600.

Complex[Coy(1, 1'-((pyridin-2-ylimino)methylene)bis(3-
methyl-1-(pyridin-2-yl)urea)(H,O)s] (CoL): purple solid. Yield

(65%). Melting point: 120-122°C. Anal. calc. for C,yH34C0,NgO:
IR (KBr, v [cm™']: 3440, 2998, 2913, 1661, 1437, 525; UV-Vis
(DMSO): hyiax= 260, 590, 680 nm. Mass: [m/z] * = 664.
Complex[Niy(1,  1'-((pyridin-2-ylimino)methylene)bis(3-
methyl-1-(pyridin-2-yl)urea)(H,O)s] (NiL): light green solid.
Yield (70%). 130-132°C. Anal. calc. for C,gH34Ni;NgOo: IR
(KB, Upnax [cm™]): 3437, 2996, 2913, 1656, 1437, 1312, 524; UV-
Vis (DMSO): A= 290, 410, 710 nm. Mass: [m/z] " = 662.
2.3. In vitro antibacterial activity. Four microorganisms were
used to test the antibacterial activity of the ligand and its metal
complexes. They were: Escherichia coli (ATCC: 25922) and
Serratia marcescens (ATCC: 13880) as gram negative bacteria
and Bacillus sabtilis (ATCC: 6633) and Staphylococcus aureus
(ATCC: 6838) as gram positive bacteria. The antibacterial activity
of the synthesized compounds was determined with two methods:
the disc diffusion and micro broth dilution methods. These
methods recommended by the National Committee for Clinical
Laboratory Standards (NCCLS) [47]. Each of the bacterial strains
were cultured onto Muller-Hinton agar plate and incubated for 18
to 24 hours at 35 °C. The density of bacteria culture require for the
tests was adjusted to 0. 5 McFarland (1. 5 x10® CFU/ml) (CFU =
Colony Forming Unit). The tests were repeated three times to
ensure reliability.
2.3.1. Disc diffusion method. Disc diffusion method for
antibacterial susceptibility was carried out according to standard
method to presence antibacterial activity of synthesized
compounds [48]. The compounds (0. 02 g) were dissolved in 1 mL
DMSO. A bacterial culture (which has been adjusted to 0. 5
McFarland) was used to lawn Hinton agar plates using a sterile
swab. The discs had been impregnated with synthesized
compounds were placed on the Muller-Hinton agar surface.
Tetracycline, impeneme and cephradine were used as standards for
antibacterial measurements. DMSO showed no activity against
any bacterial strains. After incubation for 18-24 h at 35 °C, the
diameter of each zone of inhabitation was measured (mm). The
results presented in Table 3.
2.3.2. Micro-broth dilution method for determination of
Minimal Inhibitory Concentration (MIC). The Minimal
Inhibitory Concentrations (MICs) of the ligand and complexes
were also determined for the bacterial strains. MIC is the lowest
concentration of antimicrobial compound, which inhibits the
visible growth of a microorganism after overnight incubation. In
this method the various concentrations of synthesized compounds
were made from 2000 to 1. 95ug/ml in sterile tube. A 1 ml sterile
Muller Hinton Broth (MHB) was poured in each sterile tube
followed by addition of 1 ml test compound in tube 1. Two fold
serial dilutions were carried out from all the tubes and excess
broth (1ml) was discarded from the last tube. To each tube 0. 1 ml
of standard microorganism (1. 5 X 10 CFU/ml) was added.
Turbidity was observed after incubating the inoculated tubes at 35
°C for 24 h. the MIC values of free ligand and complexes are
presented in Table 4.
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3. RESULTS SECTION

The method of synthesis for 1, 1'-((pyridin-2-ylimino)
methylene) bis (3-methyl-1-(pyridin-2-yl) urea) is illustrated in
Schemel. N, N'-dimethylurea was treated with 2-Aminopyridine
in present of POCl; to get substituted guanidine. The ligand
consists of tree pyridine rings which are bonded to a CNj; unit. The
ligand characterized by IR, 'H-NMR, "“C-NMR and UV-Vis
spectroscopy.

Reaction of the ligand with Cu (II), Ni (II) and Co (II)
salts in 1:2 M ratio gave colored complexes in good yields. The
proposed structure for the metal complexes is shown in Figurel.
The characterization of complexes was established by molar
conductance, IR, UV-Vis Mass spectroscopy analysis. All of the
complexes are stable in room temperature and insoluble in
common organic solvents, but soluble in DMF and DMSO.

“
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Figure 1. Proposed structure for metal complexes.

3.1. NMR spectroscopy. In the 'H-NMR spectra of the HL,
appearance of a singlet at 5. 85 ppm refers to NH protons.
Aromatic protons signals are observed at 8. 01-6. 41 ppm as
multiples, while CHj; aliphatic protons appearance as singlet in 2.
77 ppm. The *C-NMR spectrum shows signal for carbon atom of
CH; groups at 27. 77 ppm. The carbon atom of azomethine
appears at 163. 34 ppm, while the carbonyl groups appeared at
158. 42. Aromatic carbon signals are observed between 108. 59-
156. 67 ppm.

3.2. IR spectroscopy. The IR spectra were taken for ligand and
all the complexes. The IR spectra of complexes were compared
with the free ligand to determine the coordination site. The IR
spectra of the free ligand shows a band in 1700 cm™ which can
attributed to the C=O stretching. The C=N stretching frequency
for ligand are observed in 1636 cm” which indicate resonance
character in CNj unit. The FT-IR spectra shows C=C band in 1581
cm” and also shows C-H @romaticy aNd C-H (aiphaticy bands in 3100
and 2924 cm™ respectively. The C-N groups appeared in the 1299-
1342 cm'. A comparative absorption pattern of the complexes
with free ligand shows that the coordination of guanidine ligand to

metals has effect on v (N-H) and v (C-N) frequencies. In all the
complexes the N-H frequency is disappearance and that confirmed
the ligand bonded to the metals through NH site. The stretching
frequencies of C-N group in all complexes are shift to lower
compared to free ligand, confirming the
coordination of the guanidine ligand to the metals. The
coordination of H,O to the metals is supported by the presence of
broad bands of v (OH) in the range 3422-3440 ecm’'. The Cu-N,
Co-N and Ni-N frequencies are observed in 521, 525 and 524 cm™
respectively.

3.3. UV-Vis spectroscopy. The UV-Vis spectra of guanidine
ligand and its metal complexes were recorded in DMSO. The

wavenumbers

ligand shows band in 240 nm witch is assigned to n—n" transition.
In the electronic spectra of complexes slight shifts are observed in
the position of this band as compared to the ligand. The Cu (II)
complex shows bands at 290, and 650 nm due to the *A;g — *B;g
transition that support square planner geometry. The Ni (II)
complex shows bands at 290, 410 and 710 nm. These bands
correspond to *A,g — °T,g and *A,g — °T,g transitions. The
transition bands were found at 260, 590 and 680 nm in UV-Vis
spectrum of Co (IT) complex. These are probably due to the *T,g
(F) - *T\g (P) and *T\g — *T,g transitions. In Co and Ni
complexes these d-d transitions show octahedral geometry.

K

3.4. Molar conductance. By using the relation A =¢, the

molar conductance of metal complexes can be calculated. The
complexes were dissolved in DMSO and molar conductivities of
10° M of their solutions in 25 °C were measured. Table 1 shows
the molar conductance values of the complexes. The molar
conductances values of metal complexes are in the range of 10-12
QO mol~tcm?. The results indicate that the complexes are non-
electrolytes in DMSO.

Table 1. Analytical and physical data of ligand and its metal complexes.
Yiel Molar

Molecular

- (e}
Compounds formula Color d%  conductance " P’ ¢
L C20H20N3s0; yellow 65 - 140-142
dark
CuL C20H26Cu:NsOg griren 70 12 127-129
. } Light
NiL CaoHauNi:NO1 gr‘egen 65 10 130-132
COL C20H34C02N3010 purple 68 10 120-122

3.5. Mass spectroscopy. The Mass spectra of the synthesized
compounds are in good agreement with the proposed structures.
The molecular ion peak for the Cu (1), Ni (II') and Co (II)
complexes were observed at m/z= 600, 590 and 592 respectively,
which are equal to their molecular mass. The other peaks in the
mass spectrum were attributed to the fragmentation of complex
inside the molecule.

3.6. Antibacterial activity. The antibacterial activity of all the
synthesized compounds was investigated against four
microorganisms to find out their biological activity by disk
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diffusion and micro-broth dilution methods. The strains of bacteria
used were Escherichia coli, Serratia marcescens (gram-negative)
and Bacillus sabtilis, Staphylococcus aureus (gram-positive).
Tetracycline, imipeneme and cephradine were used as standard
antibiotics. The results are listed in Table 2 and 3. The results
indicate that all the synthesized compounds exhibit moderate
activity against all the bacteria. The CoL' complex showed the
lowest MIC value against seratia marcescens. The CoL complex
showed the highest MIC against Staphylococcus aureus and
Bacillus sabtilis. A comparison study between guanidine ligand
and its metal complexes shows that the metal complexes have
more antibacterial activity against bacteria strains than the free
ligand. The increased antibacterial activity of the complexes can
be explained based on the Tweedy chelation theory [49].

4. CONCLUSIONS

The Cu (II), Ni (II) and Co (I) complexes with 1, 1'-
((pyridin-2-ylimino)methylene)bis(3-methyl-1-(pyridin-2-yl)urea)
(HL) were synthesized. They were characterized by spectral data.
Square planner geometry was assigned for Cu complexes, while
Co and Ni complexes have distorted octahedral geometry. The
antibacterial activities were screened for all the compounds. The
Co complex demonstrated higher antibacterial activity compared
to other compounds.

5. REFERENCES

[1] Pattarawarapan M., Jaita S., Wangngae S., Phakhodee W.,
Ultrasound-assisted synthesis of substituted guanidine from thioureas,
Tetrahedron Lett, 57, p. 1354, 2016.

[2] Foroughifar N., Leffek K. T., Lee Y. G., Synthesis and basicity of 2-
N-quinolyl-and 2-N-isoquinolys-1, 1, 3, 3-tetramethylguanidines, Can. J.
Chem, 71, p. 164, 1993.

[3] Jonathan M., Mathias J. P., Nichols C. L., Po-Ba Y. M., Snow H.,
Symthesis of substituted 2-amino-4-quinazolinones via ortho-
fluorobenzoyl guanidines, Tetrahedron Lett, 47, p. 6365, 2006.

[4] Hafelinger G. K., Uske F. K. H., the chemistry of amidines and
amidates, John Wiley & Sons, Chichester, UK. 1991.

[S] Allingham M. T., Howard-jones A., Murphy P. J., Thomas D. A.,
Caulkett P. W. R., Synthesis and applications of C2-symmetric guanidine
bases, Tetrahedron Lett, 44, p. 8677, 2003.

[6] El-Tabl A. S., Stephanos J. J., Abd-Elwahed M. M., El-Gamasy S.,
Novel metal complexes of guanidine ligand, Synthesis, spectroscopic
characterization and biological activity, Int. J. Chem. Tech. Res, 5, p. 430,
2013.

[7] Carvalho F. A. O., Alves F. R., Carvalho J. W. P., Tabak M.,
Guanidine hydrochloride and urea effect upon thermal stability of
Glossoscolex paulistus hemoglobin (HbGp), Int. J. Biol. Macromol, 74, p.
18, 2015.

[8] Bischoff F., Guanidine structure and hypoglycemia, J. Biol. Chem, 80,
p. 345, 1928.

[9] Hamada Y., Novel prodrugs with a spontaneous cleavable guanidine
moiety, Bioorg. Med. Chem. Lett, 26, p. 1685, 2016.

[10] Nozaki Y., The preparation of guanidine hydrochloride, METHOD
ENZYMOL, 26, p. 43, 1972.

[11] Boere R. E., Boere R. T., Masuda J., Wolmershauser G., 2, 6-
Diisopropylphenylphosphane: A new, bulky primary phosphane and its
mono- and disilylated Si(CH;); and Si(CHj),-t-Bu derivatives — A
synthetic, crystallographic, and dynamic NMR investigation, Can. J.
Chem, 78, p. 1613, 2000.

According to Tweedy's theory, chelation reduces the polarity of
the metals. Thus, chelation enhances the penetration of the
complexes in to lipid membranes and blocks the metal binding sits
in the enzyme of microorganisms.

Table 2. Inhibitaion zone of ligand and metal complexes against bacterial
and fungi strains.

Bacteria
Escherichia  Staphylococcus  Bacillus Serratia
Compounds coli aureus sabtilis marcescens
Inhabitation zone (mm)

HL 10 8 10 20
CuL 12 11 16 30
CoL 15 12 12 34
NiL 10 8 10 24

Tetracycline 12 21 10 9
Imipeneme 30 20 30 25
Cephradine 16 24 10 30

DMSO 0 0 0 0

Table 3. Minimal Inhibitory Concentration, pg/ml
complexes against bacterial strains.

of ligand and

Bacteria

C ) Escherichia | Staphylococcus  Bacillus Serratia
ompounds s oy
coli aureus sabtilis marcescens
HL 250 500 1000 250
CuL 250 125 250 15.62
CoL 62.5 125 125 15.62
NiL 250 500 500 125

[12] Hoffmann A., Borner J., Florke U., Herres-Pawlis S., Synthesis and
fluorescence properties of guanidine-pyridine hybride ligands and
structure characterization of their mono- and bis(chelated) cobalt
complexes. Inorg. Chim. Acta, 362, p. 1185, 2009.

[13] Legin A. A., Jakupes M. A., Bokach N. A., Tyan M. R., Kukushkin
V. Y., Keppler B. K., Guanidine platinum complexes: synthesis, in vitro
antitumor activity, and DNA interactions, J. Inorg. Chem, 133, p. 33,
2014.

[14] Kohn U., Schulz M., Gorls H., Andres E., Neutral zinc (II) and
molybdenum (0) complexes with chiral guanidine ligands: synthesis,
characterization and applications, Tetrahedron Asymmetry, vol. 16, p.
2125, 2005.

[15] Sun S., An Q., Li X., Qian L., He B., Xiuo H., Synergic effect of
chitosan-guanidine complexes on enhancing antimicrobial activity and
wet-stremgth of paper, Bioresour. Technol, 101, p. 5693, 2010.

[16] Stanek J., Rosener T., Metz A., Mannsperger J., Hoffmann A.,
Herres-Pawlis S., Guanidine metal complexes for bioinorganic chemistry
and polymerization, Topics in Heterocyclic Chemistry, Springer, 2015.
[17] Bailey P. J., Grant K. J., Pace S., Parsons S., Stewart , L. J,
Guanidines as neutral monodentate ligands; syntheses and crystal
structures of [Co{PhN=C(NHPh),},Cl,] and
[Ag{PhN=C(NHPh),}1[SOsCF;] J. Chem. Soc. Dalton Trans, 4263, 1997.
[18] Villanueva M. E., Gonzalez J. A., Rodiguez-Castellon E., eves S.,
Copello G. L., Antimicrobial surface functionalization of PVC by a
guanidine based antimicrobial polymer, Mater. Sci. Eng, 67, p. 214, 2016.
[19] Gul R., Raul M. K., Badshah A., Azam S. S., Tahir M. N., Khan A.,
Ferrocene-based guanidine derivatives, In vitro antimicrobial, DNA
binding and docking supported urease inhabitation studies, Eur. J. Med.
Chem, 85, p. 438, 2014.

[20] Manetti F., Castagnolo D., Raffi F., Zizzari A. T., Rajaméki S.,
Arezzo S. D., Visca P., Cona A., Fracasso M. E., Doria D., Posteraro B.,
Sanguinetti M., Fadda G., Botta M., Synthesis of new linear guanidines
and macrocyclic amidinourea derivatives endowed with high antifungal

Page | 1845



Bahare Hedayati Saghavaz, Hoda Pasdar, Naser Foroughifar

activity against Candida spp. And Aspergillus spp, J. Med. Chem, 52, p.
7376, 20009.

[21] Murtaza G., Badshah A., Said M., Khan H., Khan A., Khan S.,
Siddig S., Choudhary, J. Boudreau M. 1., Fontaine F., Urease inhabitation
and anti-leishmanial assay of substituted benzoylguanidines and their
copper(Il) complexes, Dalton Trans, 36, p. 9202, 2011.

[22] Murtaza G., Raul M. K., Badshah A., Ebihara M., Said M., Gielen
M., Vos D. D, Dilshad E., Mirza B., Synthesis, structural characterization
and in vitro biological screening of some homoleptic copper(Il)
complexes with substituted guanidines, Eur. J. Med. Chem, 48, p. 26,
2012.

[23] Gumieniczek A., Hopkala H., Rolinki J., Bojarska-Junak A.,
Antioxidative and anti-inflammatory effects of repaglinide in plasma of
diabetic animals, Pharmacol. Res, 52, p. 162, 2005.

[24] Bienemann O., Hoffmann A., Herres-Pawlis S., (Guanidine) copper
complexes: structural variety and application in bioinorganic chemistry
and catalysis, Rev. Inorg. Chem, 31, p. 83, 2011.

[25] Ma Y., De S., Chen C., Syntheses of cyclic guanidine-containing
natural products, Tetrahedron, 71, p. 1145, 2015.

[26] Timin A. S., Khashivova S. Y., Rumyantsev E. V., Goncharenko A.
A., Magnetic silica hybrids modified with guanidine containing co-
polymers for drug delivery applications, Mater. Sci. Eng, 64, p. 20, 2016.
[27] Klein P. J., Chomet M., Mataxas A., Christiaana J. A., Kooijman E.,
Schuit R. C., Lammertsma A. A., Van Berckel B. N., Windhast Albert D.,
Synthesis, radiolabeling and evaluation of novel amine guanidine
derivatives as potential positron emission tomography tracers for ion
channel of the N-methyl-d-aspartate receptor, Eur. J. Med. Chem, 118, p.
143, 2016.

[28] Azab M. E., Youssef M. M., El-Bordany E. A., Synthesis and
antibacterial evaluation of novel heterocyclic compounds containing a
sulfonamide moiety, Molecules, 18, P. 832, 2013.

[29] Calderon-Montano J. M. , Burgos-Moron E., Orta M. L., Pastor N.,
Perez-Guerrero C., Austin C. A., Mateos S., Lopez-Lazaro M.,
Guanidine-reactive agent phenylglyoxal induces DNA damage and cancer
cell death, Pharmacol. R, 64, p. 1515, 2012.

[30] Arafa R. K., Ismail M. A., Munde M., Wilson W. D., Wenzler T.,
Brun R., Boykin D. W., Novel linear triaryl guanidines, N-substituted
guanidines and potential prodrug as antiprotozoal agents, Eur. J. Med.
Chem, 43, p. 2901, 2008.

[31] i W., Yang B., Zhou D., Xu J., Ke Z., Suen W., Discovery and
characterization of antibody variants using mass spectrometry-based
comparative analysis for biosimilar candidates of monoclonal anibody
drugs, J. Chromatogr. B, 1025, p. 57, 2016.

[32] Hensler M. E., Bernstein G., Nizet V., Nefzi A., Pyrrolidine bis-
cyclic guanidine with antimicrobial activity against drug-resistant Gram-
positive phatogens identified from a mixture-based combinatorial library,
Bioorg & Med. chem. Lett, 16, p. 5073, 2006.

[33] Andrade S. M., Costa S. M. B., The influence of water on the
photophysical and photochemical properties of piroxicam in AOT/iso-
octane/water reversed micelles, J. Photochem. Photobiol. A. 217, p. 125,
2001.

[34] Shahsavani E., Khalaji A. D., Feizi N., Kucerakova M., Dusek M.,
Synthesis, characterization, crystal structure and antibacterial activity of
new sulfur-bridged dinuclear silver(I) thiosemicarbazone complex

[Agy(PPh;),(n-S-Breatsc),(S-Breatsc), | (NOs),, Inorg. Chim. Acta, 429, p.
52,2015.

[35] Nyawade E. A., Friedrich H. B., Omondi B., Chenia H. Y., Singh M.,
Gorle S., synthesis and characterization of new diaminoalkane-bridged
dicarbonyl(cyclopentadienyl) ruthenium(II) complex salts: antibacterial
activity tests of cyclopentadienyl dicarbonyl ruthenium (II) amine
complexes, J. Organomet. Chem, 799, p. 138, 2015.

[36] Hoffmann A., Bienemann O., Vieira 1. S., Herres-Pawlis S., new
Guanidine-pyridine copper complexes and their application in ATRP,
Polymers, 6, p. 995, 2014.

[37] Vieira I. S., Herres-Pawlis S., Novel guanidine-quinoline hybride
ligands and their zinc complexes in lactide polymerization, Z.
Naturforsch, 67, p. 320, 2012.

[38] Borner J., Florke U., Huber K., Doring A., Kuching D., Herres-
pawlis S., Lactide polymerization with air-stable and highly active zinc
complexes with guanidine-pyridine hybride ligands, Chemistry, 15, P.
2362, 2009.

[39] Munchenberg J., Fischer A. K., Thonnessen H., Jone P. G,
Schmutzler R., N-(N’, N’, N”’, N”’-tetramethyl) guanidine-substituted
phosphines as monodentate, bidentate or tridentate ligands in transition
metal chemistry, J. Organomet, Chem, 529, p. 361, 1997.

[40] Oakley S. H., Coles M. P., Hitchcock P. B., Multiple coordination
geometry supported by methelene-linke guanidines, /norg. Chem, 43, no.
24, p. 7564, 2004.

[41] Herres-Pawlis S., Neuba A., Seewald O., Seshadri T., Egold H.,
Florke U., Henkel G., A library of peralkylated bis-guanidine ligands for
use in biomimetic coordination chemistry, Eur. J. Org. Chem, 22, p.
4879, 2005.

[42] Drago S.,
tetramethylguanidine, Inorg. Chem, vol. 7, p. 11, 1965.

[43] Neuba A., Rohrmuller M., Holscher R., Schmidt W. G., Henkel G.,
A panel of peralkylated sulfur-guanidine type bases: novel pro-ligands for
use in biomimetic coordination chemistry, /norganica Chimica Acta, 430,
p. 225, 2015.

[44] Herres S., Florke U., Henkel G., The first di-p-hydroxo-bridged
binuclear copper complex containing a bis-guanidine ligand, Acta
Crystallogr. Sect. C: Cryst. Struct. Commun, 60, p. 659, 2004.

[45] Pohl S., Harmianz M., Scheneider J., Saak W., Henkel G., 1, 3-
Bis(N, N, N, N’-tetramethylguanidino)propane: synthesis,
characterization and bonding properties of the first bidentate, peralkylated
guanidine ligand, J. Chem. Soc. Dalton Trans, 19, p. 3473, 2000.

[46] Cesme M., Golcu A., Demirtas 1., New metal based drugs: Spectral,
electrochemical, DNA-binding, surface morphology and anticancer
activity properties, Spectrochim. Acta, A, 135, p. 887, 2015.

[47] Cruickshank R., Duguid J. P., Marmion B. P., Swain R. H,
Medicinal Microbiology 12™ ed London, 1975.

[48] Patange V. N., Arbad B. R., Synthesis, spectral, thermal and
biological studies of transition metal complexes of 4-hydroxy-3-[3-(4-
hydroxyphenyl)-acryloyl]-6-methyl-2H-pyran-2-one, J. Serb. Chem. Soc,
96, p. 1237, 2011.

[49] Prasad K. S., Kumar L. S., Shekar S. C., Prasad M., Revanasiddappa
H. D., Synthesis, Cheracterization and antibacterial Activity of Cu(Il),
Co(II), Ni(II), Pd(Il) and Ru(Ill) Complexes with Clomiphene Citrate,
Chem. Sci, 12, p. 1, 2011.

Longhi R., Transition metl ion complexes of

© 2016 by the authors. This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons. org/licenses/by/4. 0/).

Page | 1846



