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e Preparation of a series of Biologically potent nanoparticulate metal complexes

e Characterization of transition and noble metal particulates by physicochemical
and spectroscopic methods such as FT-IR, XRD and Fe-SEM,

e Evaluation of the Bio-active studies such as pathogenic, microbial
and anti-proliferative(cancer)

13. | Summary of the Findings

Detailed Work done: Synthesis, structural and biological properties of metal
complexes has been one of the research areas of the principal investigator. In this
connection, 40 complexes of Cu, Co, Ni, Sr, Cd, Pb metal possessing non-
hydrocarbon ligands: pseudohalogen such as azides, thiocyanates, isocyanates,
cyanides, nitrile donors and halogen in alliance bioactive nitrogen bases: imidazole,
2,2 bipyridyl, 1,10-phenanthroline 1,3,5- triazole, 4,5-diazafluoren-9-one (dafone),
riboflavin, and amino acid: arginine, tyrosine and orotic acid as ligands have been
synthesized using simple synthetic routes. The synthesized complexes were
evaluated for their anticancer activities using an antiproliferative activity assay
(MTT assay) and Flow cytometric analysis of cell cycle. Conversion of metal
complexes in nano form has been underway. Some of the metal complexes
obtained in the form of nano have been studied for their anticancer activity.
Anti-proliferative activity evaluation of the compounds

Complexes 1-26 were subjected to the preliminary antiproliferative activity test for
their cytotoxicity against three human cancer cell lines MCF-7 (breast, ER
positive), Hep G2 (human liver carcinoma cell line) and A431 (Human epithelial
carcinoma cell line). 1Cso values (Table 1) were determined over the periods 24 h
and 48 h.

Table 1.
Cell lines
MCF-7 A-431 HepG-2
Complexes 24h 48h 24h 48h 24h 48h

1. [Cu(arg)(N3)(NOs)(H20)2].2H-0 70.54 80.78 149.34

2. [(Cu)s(dafone)s(Ns)s] 86.53 93.82 83.72

3. [Cu(imd)a(N3)2].3H20.ClO4 36.19 53.72 53.72

4. [Cu(bpy)(NCO)(H20)3] 36.89 45.72 50.07

5. [Cu(imd)2(NCS)2(H20)2]ClO4 9.13 52.59 56.66

6. [Cu(HOTI)2(Br)2].3H20.ClO4 45.02 54.42 83.72




7. [Pb(TPTZ)(N3)(H20)] >500 83.72 >500

8. [Co(imd)2(N3)2(H20)2].3H20 9.13 53.01 2.54 5.20
9. [Ni(H20r)(Ns)2(H20)2].7H20 92.42 91.01 >500 40.74
10. [Sr(bipy)(Ns)2(H20)2].H20 96.48 7152 63.53

11. [Sr(bipy)(NCS)2(H20)2].4H-0 64.23 126.77 105.6

12. [Cd (phen)(NCO)(H20)3] 3.38 6.18 4.78

13. [Cu(bpy)3].2Cl104 75 7.58 5.48 0.79
14. [Cu(HOr)(bpy)(H20)2]Cl0O4 45.02 41.38 42.08 9.27 8.43
15. [Co(HOT)(bipy)(H20)2].H20. SO4 177.11 112.89 315.92

16. [Cd(bpy)2(H20)2].H20 7.73 9.13 0.84 3.38
17. [Co(ribo)2(H20)2] >500 >500 440.01
18.[Ni(ribo)2(H20)z] >500 >500 >500

19. [Co(bpy)2(H20)2].H20 >500 >500 482.35 362.61 >500 479.41
20.[Co(bpy)(dmg)](H20)].SO4 245.81 - 260.39 - 105.6 -
21. [Ni(imd)s] 204.87 242.87 105.06 - 415.19 213.70
22. [Ni(Tyr)z(imd)2].2H20 >500 339.19 | >500 >500 441.41 276.38
23. [Ni(Tyr)(bpy)(H20)2] >500 >500 >500 - >500 >500
24. [Ni(Tyr)(bpy)2]3H20.2S04 410.84 - >500 - >500 >500
25. [Cu(Tyr)(4NP)(H20)2].ClO4 9.13 - 42.78 - 7.73 -

26. [Cu(dmg)z]2 47.13 - 46 - 50.07

The studies on copper (1), zinc (1), 2-picolonic Acid, 2-Amino pyridine, 2- amino pyrimmidine
2,2 bipyridine,1,10 phenanthroline pseudo halide single Crystal XRD Compounds are of great
interest due to their relevance in various biological systems like antimicrobial studies, cytotoxic
studies and their importance in medicinal chemistry. The thesis explores synthesis, structure and
properties of various transition metal mixed ligand Crystal compounds The Entire thesis is divided
into five chapters. Chapter | gives a brief introduction to geometrical patterns and literature review
on biological properties of Copper (II), zinc (II), metal ions and metal complexes, chemistry of
ligands viz, 2- picolonic Acid, 2-Amino pyridine, 2- amino pyrimmidine 2,2 bipyridine, 1,10
phenanthroline, imidazole and their Crystal packeing Diagrams ,importance of metal organic frame
works in inorganic chemistry and importance in biology. Further, it contains introduction to cancer
chemotherapy, classes of metal based pharmaceuticals, new metal complexes as potential
therapeutics, microbiology of metal complexes, pseudohalide chemistry and their bridging modes,
and research methodologies followed. Chapter Il deals with synthesis, Crystal structures, Crystal
description, Crystal Packing diagrams, C-H- © & = - = Interactions, C-H-O Interactions and some
organic frame works, IR spectra, electronic spectra, Emission Spectra, P-xrd spectra, studies of
[(Cu) (2-amino pyrimidine) n (OH) n ClO4)] 2-amino pyrimidine and [Cu(2-aminopyridine)

2(acetate) 2] ( 2) are studied for antimicrobial properties by using disc diffusion method.
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Antibacterial activity of above two samples are screened against 7 human pathogenic bacteria’s
such as Staphylococcus aureus MTCC 96, Pseudomonas aeruginosa MTCC 3216, Proteus mirabilis
MTCC 1429, Vibrio cholera MTCC 3905, Escherichia coli MTCC 443, Shigella flexineri MTCC
1457,and Micrococcus luteus MTCC 106. Cultures of test organisms are maintained in the
inoculum suspensions of pathogenic bacterial, cultures were swabbed onto entire surfaces of
Mueller-Hinton agar plates and sub cultured in petri dishes prior to testing studies. Chapter Il deals
with synthesis, Crystal structures, Crystal description, Crystal Packing diagrams, C-H- 1 & n - &
Interactions, C-H-O Interactions and some organic frame works, IR spectra, electronic spectra,
Emission Spectra, P-xrd spectra, studies of [Cu (2-pico)3 ].H20 and [Cu(2-picolonate) 2 H2O] are
studied for antimicrobial properties by using disc diffusion method. Antibacterial activity of above
two samples are screened against 7 human pathogenic bacteria’s such as Staphylococcus aureus
MTCC 96, Pseudomonas aeruginosa MTCC 3216, Proteus mirabilis MTCC 1429, Vibrio cholera
MTCC 3905, Escherichia coli MTCC 443, Shigella flexineri MTCC 1457,and Micrococcus luteus
MTCC 106. Cultures of test organisms are maintained in the inoculum suspensions of pathogenic
bacterial, cultures were swabbed onto entire surfaces of Mueller-Hinton agar plates and sub
cultured in petri dishes prior to testing studies. Chapter IV deals with synthesis, Crystal structures,
Crystal description, Crystal Packing diagrams, C-H- n & = - = Interactions, C-H-O Interactions and
some organic frame works, IR spectra, electronic spectra, Emission Spectra, P-xrd spectra, studies
of [Zn (Bpy) 3 Zn (NCO) 4] and [Zn2- (Bpy) 6] SO4 . 9H20 are studied for antimicrobial
properties by using disc diffusion method. Antibacterial activity of above two samples are screened
against 7 human pathogenic bacteria’s such as Staphylococcus aureus MTCC 96, Pseudomonas 5
aeruginosa MTCC 3216, Proteus mirabilis MTCC 1429, Vibrio cholera MTCC 3905, Escherichia
coli MTCC 443, Shigella flexineri MTCC 1457,and Micrococcus luteus MTCC 106. Cultures of
test organisms are maintained in the inoculum suspensions of pathogenic bacterial, cultures were

swabbed onto entire surfaces of Mueller-Hinton agar plates and sub cultured in petri dishes prior to
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testing studies. Chapter V deals with synthesis, Crystal structures, Crystal description, Crystal
Packing diagrams, C-H- n & = - = Interactions, C-H-O Interactions and some organic frame works,
IR spectra, electronic spectra, Emission Spectra, P-xrd spectra, studies of [Zn (Phen) 2(NCO) 2]
and [Zn (Phen) 2(N3) 2] are studied for antimicrobial properties by using disc diffusion method.
Antibacterial activity of above two samples are screened against 7 human pathogenic bacteria’s
such as Staphylococcus aureus MTCC 96, Pseudomonas aeruginosa MTCC 3216, Proteus mirabilis
MTCC 1429, Vibrio cholera MTCC 3905, Escherichia coli MTCC 443, Shigella flexineri MTCC
1457,and Micrococcus luteus MTCC 106. Cultures of test organisms are maintained in the
inoculum suspensions of pathogenic bacterial, cultures were swabbed onto entire surfaces of

Mueller-Hinton agar plates and sub cultured in petri dishes prior to testing studies.

Rational of the Study and the Research Gap

It is observed from the review of literature that there available a plethora of
research being conducted all over the world to develop new pseudo halide metal
complexes and Schiff bases and establish the procedures for the application at the
lab level and in scaling up process. Very few of the available researches have been
presented in this part.

Futher, keeping in view of the advantages of nano particulate metal
complex systems, many new reactions have been studied in the limited time
framework of research to be completed and submitted as part of the course work.
Many areas could be studied and many factors could also be considered in
selecting the objectives and scope of the work, but finally keeping in view of the

framework of the course, the study confined to the objectives selected.



The main aim of this research work is on the synthesis and characterisation of
nano crystalline complexes and study their biological application in thesynthesis of some
new class of organo metallic compounds by one-pot multicomponent synthesis using
greener strategies. The bioactive compounds have been prepared by self-assembly
method and hydrothermal method. Phase pure nano crystalline nanoprticulate metal
complexes with  different compositions. The bio active compounds have been
characterized and used in the research as pharmacological active compounds. This
technique produced good yield and ensured complete homogeneity. Hence this process

could be scaled.

The objectives of the study are:

1. To synthesize nano particulate compounds and its metal chelates by self assembly
and hydrothermal methods.

2. To characterize the synthesized nano ferrites using FT-IR, XRD, SEM, EDAX,
TEM and BET surface area techniques to interpret their structure, morphology
and size.

3. To characterise the structure of the newly synthesized metal complexes and its
nanostructures using FT-IR, *H NMR and MASS spectral analysis

4. To study the biological activity of the newly synthesized Metal complex

compounds.



In vitro antimicrobial activity.
Copper complexes 1-26 were screened in vitro for antibacterial activity against two

bacterial species; E.coli, P.aeruginosa and S.aureus as well as antifungal activity
was determined against fungal stain R.oligospores and A.niger by disc diffusion
method. The resulting activities of the complexes are summarized in the Table 2.

Table 2: Inhibition Zones for complexes 1-26 against Bacteria and Fungi.

Bacteria Fungi
Complexes
S.aureus | E.coli | P.aeruginosa | R.oligospores | A.niger
1. [Cu(arg)(Ns)(NOs)(H20)2].2H20 3 3 Nil
2. [(Cu)s(dafone)s(Ns)s] 3 35 3
3. [Cu(imd)a(Ns)2].3H20.ClO4 4 4 Nil
4. [Cu(bpy)(NCO)(H20)3] 10 7.5 Nil
5. [Cu(imd)2(NCS)2(H20)2]CIO4 35 2 25
6. [Cu(HOI)2(Br)2].3H20.CIO4 35 4 Nil
7. [Pb(TPTZ)(Ns)(H20)] 3 3 - Nil
8. [Co(imd)2(Ns)2(H20)2].3H20 2 - - - -
9. [Ni(H20r)(N3)2(H20)2].7H20 Nil Nil 3 35 35
10. [Sr(bipy)(Ns)2(H20)2].H20 4 3 - 11 Nil
11. [Sr(bipy)(NCS)2(H20)2].4H20 3.5 3.5 3.5 Nil -
12. [Cd (phen)(NCO)(H20)s] 35 55 - Nil
13. [Cu(bpy)s].2ClO04 9 8 3
14. [Cu(HOTI)(bpy)(H20)2]CIO4 12.5 9.5 2
15. [Co(HOT)(bipy)(H20)2].H20. SO4 3 35 Nil
16. [Cd(bpy)2(H20)2].H20 5 45 11
17. [Co(ribo)2(H20):] 3.5 Nil Nil
18. [Ni(ribo)2(H20)] 3 Nil Nil
19. [Co(bpy)2(H20)2].H20 35 Nil 2.5 Nil
20.[Co(bpy)(dmg)](H20)].SO4 3.5 3 - 2
21. [Ni(imd)e] Nil Nil - Nil
22. [Ni(Tyr)z(imd)2].2H20 3 3 3 35
23. [Ni(Tyr)(bpy)(H20)2] 3 Nil - Nil
24. [Ni(Tyr)(bpy)2]3H20.2S04 Nil Nil - 3
25. [Cu(Tyr)(4NP)(H20)2].CIO4 3 2 3 Nil
26. [Cu(dmg)2]2 Nil - - -

Complexes,eg.[Ni(H20r)(NCO)2(H20)2].9(H20),[Cu(HOr)(N3)2(H20)2].Cl104,[Cu(HOr)
(NCS)

(H20)2].2Cl04,and [Cu(HOr)(NCO)2(H20)2].2H20.CIO4, were obtained in nano
form rod, flower shaped morphology with average particle size of 11-153 nm (Fig.1-
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Bio active imidazole complexes

The study of imidazole as a complexing agent has been a matter of active interest for years, mainly
because imidazole is involved in important biological processes'™. There are two nitrogen atoms in
one imidazole molecule. The deprotonated nitrogen atom is a good resource to coordinate with
metal ion and a serial of compounds based on imidazole and different metal ions have been
reported®2, On the other hand, the protonated nitrogen atom in imidazole molecule is a good
hydrogen bonding donor and multi-dimensional supramolecular assembly can be obtained via
hydrogen bonding interaction®>°, It is expected that different anions and their different geometrical
configurations will have influence on extended supramolecular network. The ligand imidazole
plays an important role in biological systems, since the imidazole moiety of the histidyl residue in a
large number of metallo proteins forms all or part of the binding site of many transition metal ions
21-2 A large range of pharmaceutical products containing the imidazole moiety have been
synthesized to test anti-microbial and anti-cancer activities. Compounds containing imidazole and
other ligands are of considerable interest in view of their biological and medicinal applications 242°,
Imidazole can function as a neutral monodentate, bridging bidentate or in certain cases as an
anionic imidazolate ligand?’.

The availability of Imidazole in very pure form, its solubility in a variety of solvents, its ability to
function as a ligand for metals, the importance of metal-imidazole compounds in biological
applications etc. are some reasons for the study of metal-imidazole compounds.Tetrakis and
pentakis imidazole complexes of copper (1) were reported earlier.?83°.Recently we have published
an international paper on anticancer activity of Nickel oroticacid Imidazole complex®!. This chapter
discusses the synthesis of mixed-ligand complexesof some first row transition metal ions using

Imidazole as primary ligand and pseudohalides as secondary ligands.

Bio active copper orotic acid complexes

Metal chelates of orotate anions have been preparedand structurally studied®?345-15 The transition
metal complexes of orotic acid and its co-ligand derivatives continue to attract attention because of
orotic acid’s multidentate functionality and its significant role in bioinorganic chemistry!®. Metal
orotates are also widely applied in medicine!’. Orotic acid has a great importance in the field of
biological activity’®22.The transition metal complexes such as platinum, palladium and nickel
orotates with wide variety of substituents have been screened as therapeutic agents for cancer?.
Moreover, zinc(1l) and cobalt(Il) orotate complexes have shown antimicrobial activity?*. Orotic

acid is also an interesting organic building block in coordination chemistry®>2°, The deprotonated
9



orotates are a widely used ligand for the construction of coordination compounds due to their
versatile bridging modes, such as monodentate, bidentate, tridentate bridging and mixed chelating
bridging were prepared and structurally studied>?>-?’. We present the results of the synthesis,
characterization and antimicrobial activity studies of a series of mixed-ligand complexes involving
orotate copper and pseudohalides.Recently we have published an international paper on review on
coordination chemistry of orotic acid.?

2.1 Experimental

2.1.1 Reagents

Chemicals are procured from renowned companies like sigma Aldrich, molychemand used without
further purification. Ethanol, methanol used for synthesis of metal complexes are A.R. grade and
used as received for synthetic work. Cu(ClOa4)2.6H20 is procured from Alfa aesar.

Caution :Azides and perchlorates are explosive, handle with care.

2.1.2Synthesis of [Cu(HOr)(N3)2(H20)2].ClO4(1)

An aqueous (5 ml) solution of copper perchlorate hexahydrate (0.37g, 1.0 mmol) is added to an
sodium hydroxide solution (10ml) of orotic acid (0.156g, 1.0 mmol) under stirring conditions and
the solution turned to blue colourand then agueous solution(5 ml) of NaN3 (0.065 g, 1.0 mmol) is
added which remained as same solution but with less intensity of blue colour. After constant
stirring at 80 °C temperature for 30 minutes,the solution was filtered off and the blue precipitate is
collected. The precipitate is washed with methanol and toluene. Yield 0.196 g (53 %). Anal.exptal.
CsHeNgCuO10CI(M.Wt. 437.15) C, 13.74; H, 1.38; N, 25.63.Found: C, 13.21; H, 1.18; N, 25.13.
Important IR absorptions (KBr disk,cm™): 3450, 3223, 2983, 2048, 1672, 1668, 1531, 1479, 1390,

1327, 808, 763, 594, 443.Mass peaks (m/z): 305, 318, 403, 440, 641, 808.

O
O

HN \ /

NaOH
CU(CIO4)2 6H20 + HSOr + NaN3 H 0. 80°C 1) \/ C|O4
‘N=—N*'—N \ N=—N"—N-
— o\/ -

H Scheme

1.Synthetic route and proposed structure of complex 1.

10



The title mononuclear complex, [Cu(HOr)(Ns)2(H20)2].ClIO4(HOr is orotic acid ) has been
synthesized. The Cu'' ion in the complex has a distorted octahedral coordination geometry
comprised of one deprotonated pyrimidine N atom and the adjacent carboxylate O atom of the
orotate ligand, two azide N atoms and two aqua ligands in the coordination sphere and one

perchlorate ion in the outersphere.

2.2Physical Measurements

IR spectra are obtained with a Shimadzu IR Prestige 21 FT-IR spectrophotometer. UV spectra are
recorded on Thermoscientific UV spectrophotometer. Elemental analysis is obtained using a
FLASH EA 1112 SERIES CHNS analyser.LC-MS Spectra are recorded on AGILANT QQQ (ESI-
MS) mass spectrometer. TGA Spectra are recorded using TGA Q500 V20.13.SEM and TEM are
recorded on ZEISS ULTRA-55 and FEI TECNAI G2 S-TWIN 200 KV respectively.

11



2.2.1IR Spectrum of [Cu(HOTr)(Nz)2(H20)2].Cl04(1)

The infrared spectrum of orotic acid (Fig 2.1) showedthe following:

(1) Two bands at 3166 and 3014 cm™, which are due tov(NH) 2°of the pyrimidine ring. Their low
frequenciesindicate that the NH groups participate in hydrogenbonding 3032,

(2) The C2 —Ostretching vibration is observed at 1705 cm™, while the C4 - O and Caig - O
stretching vibrations arepartially overlapping and the band at 1667 cm™ isassigned to them.
Thiswould elaborate upon our previousconclusion that, orotic acid exists in the keto form. Priceet
al.®studied the IR spectra of some barbiturates where in solution, two absorption bands are
observed at1740 and 1708 cm™ state. On passing to the solid phase,such compounds show a
pronounced shift of both peaksto 1698 and 1661 cm™. This was explained on the basisthat carbonyl
groups participate in hydrogen bonding.

(3) The moderate band at 2834 to 2500 cm™**may be due tov(OH) of the carboxylic group.

(4) Bands at 1518 and 1423 cm™* are due to 6(N1H) ands(N3H), respectively *.
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Figure 2.1 IR spectrum of free orotic acid

A comparison of the IR spectra of the ligand and the metalcomplexes brings out the following facts
to light
(1) The spectra of the solid complexes exhibited bands in the 3450-3300 cm™' regions, which may
be attributed to v(OH) of the coordinated water®®molecules.
(2) The v(NH) bands at 3166 and 3014 cm™* show dramatic changes in the position and the
intensity, which would suggest that at least one of theimino groups of the pyrimidine ring
participate in bond formation with the metal ions.
(3) The position and intensity of v(C2 O) of the free ligand, changes appreciably during

12



complexation, while there is a little change in v(C4 O). Bj orlinget al.3’found that, C=0 stretching
bands situated adjacent to N-M will be greatly affected.

(4) The S(N1H) band at 1518 cm™ almost disappeared in the spectra of Cu(ll) and Co(ll)
suggesting that N1H group participate in binding with the metal ion through deprotonation.
However, 6(N3H) band in all the studied complexes is almost unchanged from that in the
corresponding free neutral ligand, which confirms the inability of the N3H group to participate in
the coordination.

(5) In the spectra of all studied complexes, the v(OHacid) band at 2500 cm™ in the free ligand
completely disappeared and a new carboxylate band (vCOO) appeared in the region 1496-1479cm"
lindicating that the carboxylic group of orotic acid participate in the coordination with the metal
ions through deprotonation. From the above result,weconclude that all metal ions studied,
coordinate to orotic acid via the N1 nitrogen and adjacent carboxylate group.The IR spectral data of
all the complexes are listed in Table 2.17.

The IR spectrum of the complex 1 (Fig 2.2) exhibits bands in the 3450-3300 cm™ regions, which
may be attributed to v(OH) of the coordinated water*®molecules. The O-H vibration of the carboxyl
group, which is observed for the free orotic acid at 2500 cm™, has disappearedand a new
carboxylate band (vCOO) appeared at 1479 cm™ indicating that the carboxylicgroup of orotic acid
participate in the coordination with the metal ions through deprotonation.The N(1)H vibration
bands which appear at 3170, 1431 cm™for the free orotic acid are not observed in the complex
which confirms the coordination through N atom. The carbonyl groups give rise to two main peaks
at 1700 cm™ [vC=0O(acid) +vC(2)=0] and 1660 cm™[vC(6)=0O +vC=C] for the free H3Or %.The
carbonyl stretching modes in the title complex are observed at 1672 and 1643cm™.The
spectrumexhibits an intense absorption at 2048 cm™ which isassociated with the asymmetric
stretching mode of the azide ligand. The vs(N3) stretching mode of the azide group is observed as a
medium band at 1327 cm™. The deformation mode of the azido ligand is observed as a weak band
at 763 cm™.The presence of an unsplit band at 1109 cm™ corresponding to v3(CIO4) and at 594 cm'*
assignable to v4(ClO4) in above complex which suggests that the perchlorate ion is outside the

coordination sphere of the complexandhence ionic in nature3%42,
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Figure 2.2IR Spectrum of Complex 1

2.2.2 Electronic Spectrum of [Cu(HOTr)(N3)2(H20)2].Cl04(1)

The spectra of the orotic acid complexes are taken in methanol. There are two detected absorption
bands at around (210 -235 nm) and 280 nm assigned to 1-1* and n—{* transitions, respectively, in
the electronic spectrum of the ligand. These transitions also found in the spectraof the complexes,
but they are shifted towards lower wavelength, confirming the coordination of the ligand to the
metal ions. The first band around 210 to 235 nm is probably due to a §-{* of the exocyclic band in
heterocyclic ring and also assigned to the two carbonyl groups. However, the second band around
280 nm is due to the presenceof COOH group *.In case of orotate complexes, the carboxylic group
isblue shifted with increase in the intensity (absorbance).This result confirms the complexation of

metal ionsvia carboxylic group. Thecomplexes showedshoulder broad bands in the range of 300-
325 nm may be assigned to the d—d transition.
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Figure 2.3.Electronic spectrum of Free Orotic Acid
The solution spectra of the ligand and all complexes are taken in methanol and presented in Table

2.18. Thecomplex 1 has a shoulder broad band at 321 nm may be assigned to the d-d
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transition.This result confirms the complexation of metal ionvia carboxylic group.
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Figure 2.4Electronic Spectrum of complex 1

2.2.3LC-MS Spectrum of [Cu(HOTr)(N3)2(H20)2].CIO4(1)

The LC/MS studies are performed in search of the molecular weights of the complexes.LC-ESI/MS
technique is a good method to analyze the complexes.The peak at 305(m/z) is complex bound to
one orotic acid, two azide molecules, [Cu(HOr)(Ns)2] and the peak at 318(m/z) is complex bound to
orotic acid, one water molecule and two azide molecules present in 1:1:2 ratio,
[Cu(HOr)(H20)(N3)2]. The peaks around 403(m/z) and 440(m/z) refer to the [Cu(HOr)(Nz)2].ClO4
and [Cu(HOTr)(N3)2(H20)2].CIO4 complexes respectively. The peak at 641(m/z) corresponds to
dimer of [Cu(HOr)(N3)2(H20)] and 808(m/z) corresponds to dimer of [Cu(HOr)(N3)2].CIOa.

Figure 2.5LC-MS Spectrum of complex 1
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2.2.4Thermal Gravimetric Analysis of [Cu(HOr)(N3)2(H20)2].ClO4(1)

The thermal behavior of metal complexes shows that the hydrated complexes lose molecules of
hydration first; followed by decomposition of ligand molecules in the subsequent steps. The
thermal degradation behaviour of the copper(ll) complex of orotic acid is studied
bythermogravimetric analysis. Thermal stabilities of all the complexes are studied by TG-
DTAtechnique. The thermal behaviorshows that the dissociation occurs in regular sequence
andthermalstabilities do not differ significantly from one another. Itis concluded that the sametrend
in decomposition pattern indicatesno difference in their geometries. In all the complexes, themode
of disintegration is such that the ligand decomposes beforeits vaporization as a complete moiety,
showing the stability ofcoordination moiety. Later on, the remaining component of theligand
vaporizes in the temperature range of 250-400°C, leavingthe corresponding metal halide behind
that which combineswith atmospheric oxygen to yield metal oxide at high temperature. The thermo
gravimetric studies of the complex 1 is carried out in the temperature range of 24.4-500°C with a

sample heating rate 10°C/min in air atmosphere.
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Figure 2.6 TG-DTA Spectrum of complex 1

The thermal decomposition of the title complex, [Cu(HOr)(Nz)2(H20)2].ClO4 (1), presented in Fig.

2.6 is well defined, consisting of two stages. In the first step, dehydration of the complex occurs in

the temperature interval of 40 — 170°Ccorresponding to elimination of two coordinated water

molecules(Remaining Wt.%, Obs./Calcd., 92.35/91.50). Afterthis temperature, a loss in weight is

observed in general up to 400°C corresponding to the lossof partially decomposed ligand part from

the complex(Remaining Wt.%, Obs./Calcd., 56.53/55.81).Above this temperature, a weight loss has
16



been occurred upto 500°C. This corresponds to metal oxide as an ultimate pyrolysis
product(Remaining Wt.%, Obs./Calcd., 13.93/13.72). The thermal analysis evaluates the thermal
stability of the metal complexes, thisstudy also helped to characterize the metal complexes.
2.2.5Powder X-Ray Diffractogram of [Cu(HOTr)(N3)2(H20)2].ClO4(1)

Although single crystal X-ray crystallographic investigation is the most precise source
ofinformation regarding the structure of a complex, the difficulty of obtaining crystalline
complexes renders this method unsuitable for such a study. However, a variety of other
spectroscopic techniques could be used with good effect for characterizing the metal complexes as
X-ray powder diffraction. So, X-ray powder diffraction (XRD) measurement of the complex 1 is
performed. Thediffractogram obtained for complex 1 is given in Fig.2.7 and with the help of the
data obtained from the powder XRD, the crystallite size calculations are performed using Scherrer
equation*** By the comparision of bulk and nano diffractograms, it is observed that in both
complexes phase formation is same. The 26 values and FWHM valuesare having small differences

and according to the spectral comparisions no structural diversity is seen.

Complex no. 20 FWHM Crystallite size
1. 11.213 0.613°2.524 A°
1 (nano). 28.558 2.144 0.741 A°
60
50
10
% 30
8 20
o

U 20 a0 B0 B0 T00
2 Theta

Figure 2.7 Powder XRD diffractogram of complex 1
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Figure 2.8 Powder XRD diffractogram of complex 1 (hano)
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Crystallite size is obtained using Scherrer’s equation, D = KA/(Bcos ), where D is he particle size
in nm of the crystal gain has been calculated using maximum intensity peak; K is theScherrer’s
constant; A is the wavelength of target used; [ is the full width at half maximumreflection height in

terms of radian and 0 is the Bragg diffraction angle at peak position indegree.

2.2.6 ()FE-SEMof [Cu(HOTr)(Ns)2(H20)2].ClO4(1)

FE-SEM is used to evaluate morphologyand particle size of the metal complexes. FE-SEM
photographsof the synthesized complex 1 are illustrated in Fig 2.10.From the FE-SEM
photographs,we noted that there is a uniform matrix of the synthesizedcomplexes, i.e., the
complexes are of homogeneous phase material. The scanning electron micrograph (SEM) is used to
evaluatethe surface morphology of the free ligand and their metalcomplexes. FE-SEM images of
orotic acid ligand (Fig 2.9) differ significantlyfrom that of the complex1 (Fig 2.10) due to the
coordinationof the metal ions to the donor sites of the ligands. FE-SEM images of free orotic acid

differs widely from the metal complexes in terms of morphology.

Fig 2.9FE-SEM images of Freeorotic acid

Complex 1 is made nano by using High energy ball milling method and is confirmed by HR-TEM.
Complex 1lis having rod shaped morphology with 2um particle size. In general,the FE-SEM
18



photographs of complex 1 show single phaseformation withwell-defined shape and particle size in
the range of2—-3pum.

Fig 2.10FE-SEM images of complex 1
2.2.6 (b) EDX Spectrum of [Cu(HOr)(Nz3)2(H20)2].Cl04(1)
It is an analytical technique used for the elemental analysis or chemical characterization of a

sample. It relies on the investigation of an interaction of some source of X-ray excitation and a
sample. Its characterization capabilities are due in large part to the fundamental principle that each
element has a unique atomicstructure allowing unique set of peakson its X-ray spectrum. To
stimulate the emission of characteristic X-rays from specimen,a high energy beam of charged
particles such as electrons and protons or a beam of X-rays, is focused into the sample being
studied. At rest, an atom within the sample contains ground state(or unexcited) electrons in the
discrete energy levels or electron shells bound to the nucleus. The incident beam may excite an
electron in an inner shell, ejecting it from the shell while creating an electrons hole where the
electron was. An electron from an outer, higher-energy shell then fills the hole, and the difference
in energy between the higher-energy shell and the lower energy shell may be released in the form
of an X-ray. The number and the energy of the X-ray emitted from a specimen can be measured by
an energy-dispersive spectrometer. As the energy of the x-rays are characteristic of the difference in
the energy between the two shells, and of the atomic structure of the element from which they were

emitted, this allows the elemental composition of the specimen to be measured.
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Element | Weight%  Atomic%

CK 18.81 26.66
N K 18.93 23.01
oK 3491 37.15
Na K 10.96 8.11
CIK 3.18 1.53
CuK 13.20 3.54

Totals 100.00

300um Electron Image 1

Spectrum 1

ull Scale 14385 ctz Cursor: 5489 (120 ct=) ke

Fig 2.11 EDX Spectrum of complex 1

In the presented complex 1, the elements such as carbon, nitrogen, oxygen, sodium (sodium
orotate), chlorine (copper perchlorate) and copper are identified.

2.2.7THR-TEM of [Cu(HOTr)(N3)2(H20)2].CIO4(1)

It is a microscopy technique in which a beam of electrons is transmitted through an ultra-thin
specimen, interacting with the specimen as it passes through. An image is formed from the
interaction of the electrons transmitted through the specimen; the image is magnified
and focused onto an imaging device, such as afluorescent screen, on a layer of photographic film,

or to be detected by a sensor such as a CCD camera.By adjusting the magnetic lenses such that the
back focal plane of the lens rather than the imaging plane is placed on the imaging apparatus
a diffraction pattern can be generated. For thin crystalline samples, this produces an image that
consists of a pattern of dots in the case of a single crystal, or a series of rings in the case of
a polycrystalline material. HR-TEM images gives information about the crystalline nature,
morphology and orientation of the complex 1 and are illustrated in fig. 2.12. The size of the

particles is 50-100 nm.
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Fig 2.12.HR-TEM images of complex 1 at 50 nm and 100 nm.

Diffraction patternconsists of a pattern of a series of rings which suggests that the complex 1 is

a polycrystalline material.

Fig 2.13Nano beam electron diffraction pattern of Complex 1.

2.2.8Antimicrobial Screening of [Cu(HOr)(Nz)2(H20)2].Cl04(1)

The complex 1 is screenedinvitro for antibacterial activity againstE.coli, S.aureus and K.
pnumoniae and antifungal activity against R.oligospores and A.niger by disc diffusion method.The

antibacterial and antifungal activities of complex 1 are listed in table 2.1.

Fig 2.14Inhibition zones for complex 1 (15) against E.coli and S.aureus
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Fig 2.151Inhibition zones for complex 1(15) against R.oligospores

andA.niger

Table 2.1 Inhibition zones for complex 1 (15)
Bacteria Inhibition zone (mm)
E.coli 7.5
S.aureus 7
Fungi Inhibition zone (mm)
R.oligospores Nil
A.niger Nil

The complex 1 showed good antibacterial activity against E.coli and S.aureus but didn’t show any
activity against fungal organisms.

New polymeric copper2-picolonicAcid CrystalStructuresand its Biology
3.1 Introduction

In modern years, chemists have tended to plan and synthesis metal-organic frameworks, which are
undergoing accelerated and continuous growth because of their fascinating structures, and potential
applications, such as molecular adsorption, catalysis,gas storage, multifunctional materials, and
chemical separation [1-10]. The transition metal carboxylates have the diversity of coordination
modes, which leads toanaffinity to form cluster or polymer structures [11].It is known that 2-
picolinic acids terminal tryptophan metabolite, the pyridine nitrogen atom and the carboxylate
oxygenates are access to coordinate with different metal ions. Besides, 2-picolinic acid is not only a

potential proton acceptor but also proton donor depending on deprotonated groups [12]. To the
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best of our understanding, the crystal structures of 2-picolinic acid with Ni(ll), Zn(I1),Co(lll), and
Cu(ll) derivations have been reported [11-14].The method of room temperature solid-solid
synthesis is a simple and suitable method for the preparation of metal complexes, and many
complexes have been synthesized by this method [15-17]. Advantages of the solid-solidsynthesis
method are much higher yield, being inexpensive,faster reaction rate, easier operating, energy
saving andenvironmental friendly [18], and it is in unity with therequirements of green chemistry.
Copper and cobalt is important trace elements for human and all animals, and its complexes
havebeen used in the fields of medicine, bioinorganic chemistry,functional materials, and so forth
[19-24]. At the same time, the cobaltcompoundsareoftenured inchemicalreactionsas oxidation
catalysts, such as assemblycalc. catalysts that are thecobalt carboxylates, which are also used in

paints, varnishes, and pigments industry [25].

1-D Polymers are among the most explored and greatest investigated supramoleculararchitectures
[26-28]. As hydrogen bonds and other non-covalent interactions are themain driving forces,
supramolecular chemistry is characterizing and understandingvarious hydrogen bonded water
clusters in metal-organic hosts in the form of tetramers[29], hexamers [30], octamers [31],
decamers [32], and 1-D infinite water chains [33, 34]in various organic and metal-organic crystal
hosts. Zeolite like 3-D network structureswith chiral channels filled with highly ordered water
molecules are well known [35].1-D water chains attract attention because of their vital role in
biological transport of water, protons, and ions [36]. Transport of water or protons across the cell
involves assembly of extremely mobile hydrogen-bonded water molecules into a single chain at the
positively charged slight pore of the membrane-channel protein aquaporin-1 [37].While 1-D water
chains play crucial roles in stabilizing the native conformation of biopolymers, helical water chains
are extremely rare in synthetic crystal hosts [33, 34].Here, we report an interesting 1-D
coordination polymeric architecture of a copper (Il)-picolinate complex that hosts a 1-D zigzag

chain of lattice water molecules through hydrogen bonding. As a part of our ongoing research on
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molecular self-assembly through in-built peripheral hydrogen bonding group into higher

dimensionality [38,39] and trapping ofwater in host lattices [29, 30]

Pyridine,2-carboxaldehyde into 2-picolinic acid (scheme 1). Lattice watermoleculesfrom the metal
salt are trapped in the Cu-picolinate network lattice forming a 1-D waterchain and playing a major
role in formation of the H-bonded coordination networkin this chapter crystal engineering of copper
picolinate complex formed by in situ oxidation of pyridine-2-carboxaldehyde with copper(Il) per
chlorite is discussed. The carboxylates ions not only take part in coordination to metal but also
provide hydrogen bond acceptor sites for lattice water. The synthesis, single-crystal X-ray structure,

FTIR, luminescence and Biology of a new Cu (Il)-picolinate coordination complex is reported.

3.2. Experimental
3.2.1 Reagents

All chemicals are purchased from companies like Coastal Chemicals, Sigma Aldrich Chemicals
and used without further purification. Ethanol, methanol solvents are purchased as A.R. grade and

used as received for synthetic work.
3.2.2 SYNTHESIS OF[Cu (2-pic0)3].H20

To the 5 mL solution of copper perchlorate hexahydrate (0.370g, 1.0 m.mol) in water, is added 5
mL aqua solution of 2- picolinic acid (0.123g, 1.0 m.mol), entire solution is stirred at 60°C with a
color change from water shoot to lemon soufflé. After 20 min further stirring, sodium azide in 5 ml
aqua solution (0.065g, 1.0 m mole) is added to the mixture solution, and left it for stirring until the
color observation from lemon soufflé to coffee color. The small amount of precipitate is formed,
filtered and wash with distilled water, and methanol. The filtrate solution is left at room

temperature, and by the slow evaporation process finally we observed green color shiny crystals.
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These crystals are suitable for single crystal X-ray diffraction method, and calculated amount of
yield is 46%. Anal calcdfor Ci2H12CuN2Os(Mol.wt: 343.79):C, 41.92; H, 3.52; Cu, 8.48; N, 8.15;
0, 27.19;Found: C, 49.18; H, 3.65; Cu, 13.70; N, 9.01; O, 24.20IR absorptions (KBr disk, cm™)

3438, 3076, 1641, 1473, 1348, 776, 694,457
3.3. Physical Measurements

IR spectra are obtained with a Shimadzu FT-IR 8000 spectrometer. Elemental analysis is obtained
using a FLASH EA 1112 SERIES CHNS analyzer. UV spectra are recorded on thermo scientific
UV Spectrophotometer.Fluorescent spectral dataare collected on Fluoromax-4C-1140D-2413-FM

spectrophotometer.
3.3.1 X-ray Crystallographic data collection and structure determination

A single crystal of approximate dimensions 0.12 x 0.8 x 0.4 mm was mounted. The data collection
was done on an EnrafNonius CAD-4 diffract meter using Mo Ko radiation. The data were
corrected for absorption but not for extinction. The structures was solved by a combination of
heavy atom and direct methods with SHELX-86 and refined with SHELXL-93 / SHELXL-97[40-

41]. Crystal data are in Table 3.1-4 and important interatomic distances and angles in Table 3.3

Table 3.1 Crystal data and structure refinement for [Cu (2-pico)s].H20
Identification code bmr-3
Empirical formula C12H12CuN206
Formula weight 343.79
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P-1
Unit cell dimensions a=5.1325(4) A

b = 7.6402(8) A
¢ =9.2404(9) A
a=74.933(9) °.
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B=84.370(7) °.

vy = 71.494(8) °.

Volume 331.75(5) A3

Z 2

Density (calculated) 1.721 Mg/m3
Absorption coefficient 1.676 mm-1

F(000) 175

Crystal size 0.60 x 0.22 x 0.20 mm3

Theta range for data collection

3.2310 26.37°.

Index ranges

-4<=h<=6, -8<=k<=9, -11<=I<=11

Reflections collected

2166

Independent reflections

1365 [R(int) = 0.0223]

Completeness to theta = 26.37°

99.6 %

Absorption correction

Semi-empirical from equivalents

Max. and min. transmission

1.000 and 0.76854

Refinement method

Full-matrix least-squares on F2

Data / restraints / parameters

1365/1/108

Goodness-of-fit on F2

1.105

Final R indices [1>2sigma(l)]

R1=0.0310, wR2 =0.0791

R indices (all data)

R1=0.0314, wR2 = 0.0795

Largest diff. peak and hole

0.288 and -0.385 e.A-3
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Table 3.2 Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)

For[Cu (2-pico)3].H20.U (eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y Z U(eq)
Cu(1) 5000 0 10000 28(1)
0(1) 1698(3) 406(2) 11255(2) 31(1)
0(3) 2638(7) 9553(7) 5589(4) 90(1)
N(2) 2810(4) 2306(3) 8610(2) 26(1)
0(2) -2715(3) 2142(3) 11166(2) 37(1)
C(3) -707(6) 5682(4) 7069(3) 40(1)
C(4) -1556(5) 4685(3) 8420(3) 34(1)
C(5) 278(4) 3003(3) 9158(3) 26(1)
C(1) 3600(5) 3244(4) 7290(3) 34(1)
C(2) 1878(6) 4949(4) 6501(3) 41(1)
C(6) -359(4) 1789(3) 10646(3) 26(1)

Table 3.3Bond lengths [A] and angles [°] for [Cu (2-pic0)s].H20

Cu(1)-0(1) 1.9447(16) Cu(1)-O(1)#1 1.9447(16)
Cu(1)-N(2)#1 1.9664(18) Cu(1)-N(2) 1.9664(18)
0(1)-C(6) 1.283(3) N(2)-C(1) 1.342(3)
N(2)-C(5) 1.342(3) 0(2)-C(6) 1.230(3)
C(3)-C(2) 1.376(4) C(3)-C(4) 1.392(4)
C(4)-C(5) 1.380(3) C(5)-C(6) 1.516(3)
C(1)-C(2) 1.382(4)

O(1)-Cu(1)-O(1)#1  180.0 O(1)-Cu(1)-NQ)#1  96.28(7)
O(1)#1-Cu(1)-N(2)#1 83.72(7) O(1)-Cu(1)-N(2) 83.72(7)

O(1)#1-Cu(1)-N(2)

96.28(7)

N(@)#1-Cu(1)-N(2)  180.0

C(6)-O(1)-Cu(1)

114.61(15)

C(1)-N(2)-C(5) 119.6(2)
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C(1)-N(2)-Cu(1) 128.16(16) C(5)-N(2)-Cu(1) 112.14(15)
C(2)-C(3)-C(4) 119.5(2) C(5)-C(4)-C(3) 118.1(2)
N(2)-C(5)-C(4) 122.2(2) N(2)-C(5)-C(6) 114.11(18)
C(4)-C(5)-C(6) 123.7(2) N(2)-C(1)-C(2) 121.1(2)
C(3)-C(2)-C(1) 119.4(2) 0(2)-C(6)-0(1) 125.0(2)
0(2)-C(6)-C(5) 120.13(19) 0(1)-C(6)-C(5) 114.86(19)

Symmetry transformations used to generate equivalent atoms: #1 -x+1,-y,-z+2

table3.4. Anisotropic displacement parameters (A2x 103) for [Cu (2-pico)s].H20. The anisotropic

displacement factor exponent takes the form: -2x2[ h2a*2Ull + . + 2 hk a* b* U12]

ull u22 u33 u23 ul3 ul2

Cu(1) 17(1) 28(1) 29(1) -1(1) 2(1) 0(1)
O(1) 22(1) 32(1) 30(1) -2(1) 3(1) -1(1)
0(@3) 81(2) 133(3) 46(2) 14(2) 0(2) -48(2)
N(2) 20(1) 28(1) 29(1) -6(1) 0(1) -5(1)
0(2) 20(1) 42(1) 42(1) -10(1) 9(1) 0(1)
C(3) 42(2) 30(1) 39(1) 1(2) -13(1) -2(1)
C(4) 25(1) 31(1) 41(1) -12(1) -5(1) 1(1)
C(5) 22(1) 26(1) 29(1) -9(1) -2(1) -5(1)
C(@) 28(1) 40(1) 30(1) -4(1) 3(1) -9(1)
C(2) 43(2) 42(1) 32(1) 3(1) -2(1) -14(1)
C(6) 23(1) 27(1) 30(1) -11(1) 2(1) -5(1)
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3.4 Crystal structure
3.4.1 Crystal structure of [Cu (2-pic0)3].H20

Dark blue crystals of the compound [Cu (2-pico)s].H20 are crystallized in triclinic space group P-1.
Thermal ellipsoidal diagram of the compound is[Cu (2-pico)z].H20 shown in Figure 3.1, in which
the relevant asymmetric unit contains half of the molecule represented by labeled atoms. The
corresponding bond angles and bond lengths are given in the Table 3.3. The copper sites exhibit
distorted octahedral geometry, in which apical positions are occupied by two oxygen atoms (linked
through the acetate from the picolinate moiety), and the four bonds (oxygen, and nitrogen) are
ascribed from the two molecules of the carboxylate picolinate molecule. Bond lengths
(01---Cu---O1 and N2---Cu---N2) in the square part of copper are 1.944 A, and 1.966 A
respectively. The apical bond length is (02---Cu---02) 2.756 A. This data is clearly indicates that
the two apical oxygen atoms are far in distance, because the link-up of oxygen atoms are available
with two other picolinate molecules. The bond angle (N2—-Cul-01) in the five-member chelate
ring (CuLN2C5C601) is 83.74%igure 3.2, the two planes of these chelate rings are in same plane,
and hence the bond angle is zero, whereas the two picolinate moieties are slightly deviates from the
respective plane of the chelate ring. Packing of the crystal lattice showing 1-D layered polymeric
architecture along the ‘‘c’’ axis, in the Figure 3.3.View of the crystal lattice showing of the 3-D H-
bonded metal-organic framework along the ‘‘a’’ axis in the Figure 3.4.Coming to the crystal lattice
showing 2-D H-bonded coordination polymer forms supra molecular synthon of Cu(ll)-Picolinate
Figure 3.5. View of the crystal packing showing: (a) 1-D zig-zag water chain between the host net
works with C-H....O Interactions Figure 3.6. View of the crystal packing showing 2 fold water
bridged chain between the host networks with C-H....O Interactions Figure 3.7. View of the crystal
packing showing ball sticking model of 2 fold water bridged chain between the host networks with

C-H....O Interactions in the Figure 3.8. View of the crystal packing showing ball sticking model of
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3 fold water rectangular chain between the host network with C-H....O Interactions Figure
3.9.View of the crystal lattice showing two fold zig-zag water chain between the host network with

C6-H3....01 Interactions (2.271-2.940 A) Figure 3.10.

Figure 3.1. Thermal ellipsoid plot of the coordination environment of the distortion isomers of 1:
Atoms are represented as 30% probability ellipsoids and ring hydrogen’s have been omitted

for clarity. Symmetry transformations used to generate equivalent atoms: #1 -X,y,-z+1/2.

Fig 3.2




Coordination environment of the Copper(ll) ion

Figure3.3 View of the crystal lattice showing 1-D layered polymeric architecture along the
‘¢’ axis.

Fig 3.4View of
the crystal lattice showing of the 3-D H-bonded metal-organic axis metal-organic framework
along the ‘‘a’’ axis

Fig 3.5 View of the crystal lattice showing 2-D H-bonded coordination polymer forms supra
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molecular synthon of Cu(ll)-Picolinate.

Fig 3.6 View of the crystal lattice showing: (a) 1-D zig-zag water chain between the host
networks with C-H....O Interactions
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Fig 3.7 View of the crystal packing showing 2 fold water bridged chain between the host
networks with C-H....O Interactions
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Fig 3.8 View of the crystal packing showing ball sticking model of 2 fold water bridged chain
between the host networks with C-H....O Interactions

Fig 3.9 View of the crystal packing showing ball sticking model of 3 fold water rectangular
chain between the host networks with C-H....O Interactions
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Fig 3.10 View of the crystal lattice showing two fold zig-zag water chain between the host
network with C-H....O Interactions

3.4.2 IR- spectrum of [Cu (2-pico)s]. H20

The FT-IR spectrum of 2-picolinic acid complex is given in Figure 3.11IR spectra of the free ligand
reveals that extensive changes in frequencies have occurred which can conclude the coordination
sites in chelation. A large intense absorption band around 3438 cm™ can be assigned to stretching
vibration of hydroxyl from the uncoordinated water molecules. The bands related to the stretching
vibration of the C-H and C=N are situated at 3076 cm™ and 1641cm™, respectively. The vibration
peak originate in the 1473 cm™ region is assigned to the stretching vibration of the C=C—C=C bond.
The dissimilarity value of 254 cm™ between the asymmetric (1602 cm™) and symmetric (1348 cm-
1y stretching vibration of the carboxylate group is in line with a mono dentate type of coordination
[44-46]. The band consequent to the stretching vibration of the C=0 group of the Hpic monomer is
situated at 1700-1769 cm™and disappears in the complex. The IR spectra of picolinic acid contain
broad absorption bands at 2607 cm™ and 2152 cm™ and specify the existence of O-H---N type of

intermolecular hydrogen bonding, but it disappears in the complex whose recognizable fact
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confirms that the nitrogen atom is coordinated to the Copper ion. The absorption peaks at 776 cm™

and 694 cm™ for the complex are assigned to deformation vibration of the pyridine ring which
confirms that the pyridyl N atom and carboxyl O atom are coordinated with the center Copper(ll)
ion. The absorption peak found in the 457 cm™ region is assigned to the Cu—-N bond and in the

404cm region is assigned to the Cu—O bond [47]
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Fig 3.11 IR-spectrum of [Cu (2-pico)s]. H20
3.4.3 Electronic spectrum of [Cu (2-pico) 3)]. H20

The complex has a shoulder broad band at 240 and 280 nm may be assigned to the following
charge transfer from metal to ligand. This result confirms the complexation of metal ions via

carboxylate group. The electronic configuration of copper (1) complex was d°which confirms the
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absence of any d-d electronic transitions. Nevertheless, the absorption bands in their spectra were

suffered from red and blue shift with hyper chromic effects [42-43].
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Fig 3.12 Electronic spectrum of [Cu (2-pico)s]. H20
3.4.4 Fluorescent emission spectrum of[Cu (2-pico)3].H20

Even more significant fluorescence enhancement has been observed for Copper. The emission
spectra of bare copper-picolinic acid complex are shown in Figure3.12 respectively. The
intensity of main visible emission lines of Copper picolonic acid observed, at 530 nm
increased in the presence of picolinic acid. Transition showed hyper sensitivity, which is in
agreement with previous observations of copper complexes, exhibited enhanced fluorescence when
complexes with picolinic acid. The emission spectrum of copper complexes were recorded at
the excitation wavelength of 280 nm. No measureable fluorescence is observed for free

picolonic acid bands observed at 211 and 264 nm is on excitation at this wavelength.
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Fig 3.13 Fluorescent emission spectrum of [Cu (2-pico)s3]. H20
3.4.5 Powder X-Ray Diffractogram of [Cu (2-pico)3].H20

The X-ray powder diffraction (XRD) measurement of the complex [Cu(2-pico)s] H20 is performed.
The diffractogram obtained for complex is given in Fig. 3.14.From this data we calculated

crystalline size and phase.
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Fig 3.14ThePowder X-Ray Diffractogram of [Cu (2-pico) 3]. H20
3.4.6 ANTI PATHOGENIC IN VITRO STUDIES OF[Cu (2-pico) 3.H20) n]

Antibacterial activity of sample [Cu(2-pic0)3.H20) n] is screened against 7human
pathogenic bacteria’s such as Staphylococcus aureus MTCC 96, Pseudomonas aeruginosa MTCC
3216, Proteus mirabilis MTCC 1429, Vibrio cholera MTCC 3905, Escherichia coli MTCC 443,
ShigellaflexineriMTCC 1457and Micrococcus luteusMTCC 106. The Anti Pathogenic screening

data of crystal structure is summarized in the Table 3.5.
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Fig 3.15Inhibition zones for [Cu(2-pico) 3s]. H20(4) against Staphylococcus aureus,
Pseudomonas aeruginosa, Proteus mirabilis and Vibrio cholera.

40



Fig3.16 Inhibition zones for [Cu (2-pico) 3].H20(4) against Escherichia coli, ShigellaFlexineri
and Micrococcusluteus.
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Fig 3.17 Bar chart of Anti-pathogenic activities
From the above bar chart we explained that, the Anti-pathogenic activity is good for the tested
microorganisms such as Escherichia coli and Micrococcusluteus, the obtained inhibition zones are
14 mm and 14 mm. The five organisms showed low activity they are Staphylococcus aureus,
Pseudomonas aeruginosa, Proteus mirabilis,Vibrio cholera and Shigellaflexineri. The obtained
inhibition zones are 12 mm, 12 mm, 12 mm, 12 mm and 12 mm.Based on this data, the perticular

sample is showed moderate activity towards the above mentioned antipathogens.
3.5 SYNTHESIS OF [Cu (2-picolonate)2 H20]

An 5 mL methanol solution of Copper per chloratehex hydrate (0.370g, 1.0 m mole) prepared in a
beaker to this added 10 mL methanol solution of 2,2 Bipyridine (0.156g, 1.0 m mole) with stirring
condition the colour change from water shoot to blue lagoon. Then stirring continuo’s to 20 min
after added 2-picolinic acid of 5 ml aqua solution (0.123g, 1.0 m mole) to above mixture solution,
the stirring continuous up to 30 min the colour change blue lagoon to mogul green colour obtained.
The precipitated is formed; Wash the precipitate with distilled water and methanol. The filtrate

solution was left out at room temperature in the slow evaporation process we got a green coloured
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crystals. These crystals are suitable for single crystal X-rd. Calculated amount of yieldis 70%.Anal
calcd for C13H13CuN2Os+ (Mol.wt: 340.8): C, 45.82; H, 3.84; Cu, 18.65; N, 8.22; O, 23.47 Found:
C, 45.50; H, 3.87; Cu, 18.55; N, 8.22; O, 23.40 IR absorptions (KBr disk, cm™) 3398, 3073, 1631,

1475, 1352, 771, 698,455,425.

3.5.1 X-ray Crystallographic data collection and structure determination

A single crystal of approximate dimensions 0.12 x 0.8 x 0.4 mm was mounted. The data collection
was done on an EnrafNonius CAD-4 diffract meter using Mo Ko radiation. The data were
corrected for absorption but not for extinction. The structures was solved by a combination of
heavy atom and direct methods with SHELX-86 and refined with SHELXL-93 / SHELXL-97 [40-

41]. Crystal data are in Table 3.6-9 and important interatomic distances and angles in Table 3.8

Table 3.6 Crystal data and structure refinement for [Cu(2-picolonate) » H20]

Identification code databkbl

Empirical formula C12 H10 Cu N2 O5
Formula weight 325.76
Temperature 446(2) K
Wavelength 0.71073 A

Crystal system Orthorhombic
Space group Pbca

Unit cell dimensions a=12.778(9) A

b =12.926(10) A
c=14.938(11) A

o= 90°.

B=190°.

vy =90°.
Volume 2467(3) A3
Z 8
Density (calculated) 1.754 Mg/m3
Absorption coefficient 1.792 mm-1
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F(000) 1320

Crystal size 0.30 x 0.28 x 0.25 mm3

Theta range for data collection 2.73 10 26.37°.

Index ranges -15<=h<=15, -16<=k<=16, -
18<=1<=18

Reflections collected 21993

Independent reflections 2523 [R(int) = 0.0920]

Completeness to theta = 26.37° 99.9 %

Absorption correction Semi-empirical from
equivalents

Max. and min. transmission 0.6629 and 0.6155

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2523/0/189

Goodness-of-fit on F2 1231

Final R indices [I>2sigma(l)] R1=0.0471, wR2 = 0.1352

R indices (all data) R1 = 0.0506, wR2 = 0.1379

Largest diff. peak and hole 0.400 and -0.731 e.A-3

Table 3.7 Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2x 103)

For[Cu(2-picolonate) » H20]. U(eq) is defined as one third of the trace of the orthogonalized Ui
tensor.

X y z U(ea)
Cu(1) 8522(1) 6405(1) 5018(1) 30(1)
C(7) 6387(3) 6166(3) 4891(2) 34(1)
0(3) 7178(2) 6369(2) 4395(2) 38(1)
N(2) 7657(2) 6093(2) 6087(2) 30(1)
0(1) 9872(2) 6123(2) 5595(1) 34(1)
C(1) 10665(3) 6110(3) 5059(2) 28(1)
N(1) 9394(2) 6563(2) 3929(2) 29(1)
C(3) 11161(3) 6431(3) 3415(2) 34(1)
C(12) 7956(3) 5975(3) 6944(2) 38(1)
C(4) 10836(3) 6661(3) 2550(2) 39(1)
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C(5) 9784(3) 6853(3) 2387(2) 39(1)
C(11) 7248(3) 5780(3) 7625(2) 43(1)
C(6) 9086(3) 6801(3) 3095(2) 36(1)
C(10) 6203(3) 5678(3) 7410(2) 44(1)
C(9) 5885(3) 5774(3) 6524(2) 40(1)
C(8) 6634(2) 5997(2) 5876(2) 30(1)
0(4) 5476(2) 6120(3) 4628(2) 56(1)
0(2) 11571(2) 5874(2) 5274(2) 42(1)
0(5) 8447(2) 8181(2) 5289(2) 51(1)
C@) 10419(2) 6385(2) 4092(2) 27(1)

Table 3.8Bond lengths [A] and angles [°] for [Cu (2-picolonate) 2 H20].

Cu(1)-0(3) 1.954(3)
Cu(1)-0(1) 1.963(2) Cu(1)-N(1) 1.983(3)
Cu(1)-N(2) 1.983(3) Cu(1)-0(5) 2.333(4)
C(7)-0(4) 1.230(4) C(7)-0(3) 1.281(4)
C(7)-C(8) 1.519(5) N(2)-C(12) 1.345(4)
N(2)-C(8) 1.351(4) 0(1)-C(1) 1.291(4)
C(1)-0(2) 1.239(4) C(1)-C(2) 1.521(4)
N(1)-C(6) 1.342(4) N(L)-C(2) 1.351(4)
C(3)-C(2) 1.388(5) C(3)-C(4) 1.390(5)
C(3)-H(3) 0.9300 C(12)-C(11) 1.384(5)
C(12)-H(12) 0.9300 C(4)-C(5) 1.389(5)
C(4)-H(4) 0.9300 C(5)-C(6) 1.385(5)
C(5)-H(5) 0.9300 C(11)-C(10) 1.380(6)
C(11)-H(11) 0.9300 C(6)-H(6) 0.9300
C(10)-C(9) 1.389(5) C(10)-H(10) 0.9300
C(9)-C(8) 1.392(5) C(9)-H(9) 0.9300
0(5)-H(5A) 1.00(6) 0(5)-H(5B) 0.87(6)
0(3)-Cu(1)-0(1) 167.75(11)
0(3)-Cu(1)-N(1) 96.05(11) O(1)-Cu(1)-N(1) 83.42(11)
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0(3)-Cu(1)-N(2) 83.62(11) O(1)-Cu(1)-N(2) 95.66(11)
N(1)-Cu(1)-N(2) 174.16(10) 0(3)-Cu(1)-0(5) 94.05(10)
O(1)-Cu(1)-0(5) 98.21(10) N(1)-Cu(1)-O(5) 93.68(12)
N(2)-Cu(1)-O(5) 92.16(12) 0(4)-C(7)-0(3) 124.9(3)
0(4)-C(7)-C(8) 119.9(3) 0(3)-C(7)-C(8) 115.2(3)
C(7)-0(3)-Cu(1) 115.0(2) C(12)-N(2)-C(8) 119.2(3)
C(12)-N(2)-Cu(l)  129.1(2) C(8)-N(2)-Cu(1) 111.7(2)
C(1)-0(1)-Cu(1) 114.81(19) 0(2)-C(1)-0(1) 125.1(3)
0(2)-C(1)-C(2) 119.8(3) 0(1)-C(1)-C(2) 115.1(3)
C(6)-N(1)-C(2) 119.4(3) C(6)-N(1)-Cu(1) 128.4(2)
C(2)-N(1)-Cu() 112.3(2) C(2)-C(3)-C(4) 118.8(3)
C(2)-C(3)-H(3) 120.6 C(4)-C(3)-H(3) 120.6
N(2)-C(12)-C(11)  122.3(3) N(Q2)-C(12)-H(12)  118.9
C(11)-C(12)-H(12)  118.9 C(5)-C(4)-C(3) 119.4(3)
C(5)-C(4)-H(4) 120.3 C(3)-C(4)-H(4) 120.3
C(6)-C(5)-C(4) 118.8(3) C(6)-C(5)-H(5) 120.6
C(4)-C(5)-H(5) 120.6 C(10)-C(11)-C(12)  118.6(3)
C(10)-C(11)-H(11)  120.7 C(12)-C(11)-H(11)  120.7
N(1)-C(6)-C(5) 122.1(3) N(1)-C(6)-H(6) 119.0
C(5)-C(6)-H(6) 119.0 C(11)-C(10)-C(9)  119.7(3)
C(11)-C(10)-H(10)  120.2 C(9)-C(10)-H(10)  120.2
C(10)-C(9)-C(8) 118.7(3) C(10)-C(9)-H(9) 120.6
C(8)-C(9)-H(9) 120.6 N(2)-C(8)-C(9) 121.4(3)
N(2)-C(8)-C(7) 114.4(3) C(9)-C(8)-C(7) 124.1(3)
Cu(1)-0(5)-HBA)  115(3) Cu(1)-0(5)-H(GB)  114(3)
H(5A)-O(5)-H(5B)  105(5) N(1)-C(2)-C(3) 121.6(3)
N(1)-C(2)-C(1) 114.3(3) C(3)-C(2)-C(1) 124.1(3)

Symmetry transformations used to generate equivalent atoms:
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Table 3.9Anisotropic displacement parameters (A2x 103)for [Cu(2-picolonate) » H20] . The
anisotropic

displacement factor exponent takes the form: -2x2[ h2a*2Ull + . + 2 hk a* b* U12]

yll u22 u33 u23 ul3 ul2
Cu(1) 17(1) 52(1) 22(1) 3(1) 1(1) 2(1)
C(7) 25(2) 41(2) 34(2) 1(1) 1(1) 0(1)
0(@3) 23(1) 64(2) 28(1) 6(1) -2(1) 1(1)
N(2) 24(1) 40(1) 25(1) 0(1) 1(1) 1(1)
0(1) 21(1) 57(1) 25(1) 4(1) -2(1) 0(1)
C(1) 19(2) 39(2) 27(2) 2(1) -2(1) -1(1)
N(1) 21(1) 40(1) 26(1) 2(1) 1(1) 3(1)
C(3) 26(2) 45(2) 32(2) -1(1) 5(1) 0(1)
C(12) 31(2) 54(2) 29(2) -1(1) -1(1) -1(1)
C(4) 36(2) 51(2) 29(2) -1(1) 8(1) -4(2)
C(5) 41(2) 51(2) 25(2) 3(1) -2(1) 1(2)
C(11) 48(2) 56(2) 26(2) 1(1) 2(1) 2(2)
C(6) 28(2) 50(2) 28(2) 3(1) -3(1) 3(1)
C(10) 42(2) 51(2) 37(2) 1(2) 16(2) -3(2)
C(9) 28(2) 47(2) 43(2) 0(2) 8(1) -4(1)
C(8) 23(1) 34(2) 32(2) -2(1) 2(1) 0(1)
O(4) 25(1) 95(2) 48(2) 12(2) -7(1) -6(1)
0(2) 22(1) 66(2) 39(1) 9(1) -3(1) -1(1)
O(5) 26(1) 50(2) 77(2) 0(2) -6(1) 2(1)
C(2) 22(1) 33(2) 27(1) 2(1) -1(1) -1(1)
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3.6 Crystal structure
3.6.1 Crystal structure of [Cu (2-pico)2 H20]

Dark blue crystals of the compound [Cu (2-picolonate) » H2O]is crystallized in orthorhombic space
group Pbca. Thermal ellipsoidal diagram of the compound is shown in Figure3.18. The relevant
asymmetric unit contains the full molecule represented by labeled atoms. The corresponding bond
angles and bond lengths are given in the Table 3.8. Copper metal forms bond with two picolinate
moieties and with one water molecule, leads to the five coordination around the copper metal. The
bond lengths of the Cu-O3, Cu-N2, Cu-O1, and Cu-N1 (from the two chelate rings
CulN1C2C101, and CulN2C8C703) are 1.954, 1.983, 1.963, and 1.983 A respectively. Indicates,
that the Cu—O bond is shorter than the Cu—N bond length, whereas in the apical link the bond
length of Cu—05 is 2.333 A which is higher than the above discussed bond length parameters.The
angle between the two chelate rings (CulN1C2C101, and CulN2C8C703) is 14.63° in Figure
3.19, indicates these are deviated from the planar geometry.The bond angles in O5-Cu-0O3,
andO5-Cu-O1 are 94.04°, 98.21°, it is gives an additional information that the two chelate rings are
not in the same plane; hence the total angle is 192.25° rather than the angle 180°. Cg---Cg
interactions are present with a distance of 3.981 A. The relevant z-interactions have been shown in
the Figure 3.20.A view of the supra molecular C5-H5....04 interactions (2.501-
2.715A)synthonR4*(32) of the [Cu(2-picolonate) » H,0] in Figure 3.21. Down the ¢ axis view of
the two-dimensional networks of [Cu (2-picolonate) » H20] it is formed by C11-H11....02 (2.544-
2.657) interactions in Figure 3.22.Coming to the Crystal packing 3-Dimensional DNA Helical
Model showed in the Fig 3.23. The supercellsinteraction of this compound [Cu(2-picolonate),

H>0] has been shown in the Figure 3.24.
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11

Figure 3.18. Thermal ellipsoid plot of the coordination environment of the distortion
isomers of 1: Atoms are represented as 30% probability ellipsoids and ring
hydrogen’s have been omitted for clarity. Symmetry transformations used to
generate equivalent atoms:

mean: Cul M2 S8 CT 03

mean: Cul o1 C1 C2 N1

Fig 3.19 the angle between the two chelate rings (CulN1C2C101, and CulN2C8C703) is
14.63°
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Figure 3.21A view of the supramolecular synthonR4*(32) of the
[Cu(2-picolonate) 2 H20].
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Figure 3.22 Down the c axis view of the two-dimensional networks of [Cu(2-picolonate) 2 H20]
it was formed by C-H...O interactions.

Fig 3.23 View of Crystal packing in 3-Dimensional DNA Helical Model.
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Fig 3.24 View of the crystal packing showing three fold water bridged chain between the host
networks with C-H....O Interactions.

3.6.2 IR- spectrum of [Cu (2-pico)2. H20)]

The FT-IR spectra of 2-picolinic acid complex are given in Figure 3.25IR spectra of the free ligand
reveals that considerable changes in frequencies have occurred which can conclude the
coordination sites in chelation. A broad intense absorption band around 3398 cm™ can be assigned
to stretching vibration of hydroxyl from the water molecules. The bands corresponding to the
stretching vibration of the C—H and C=N are situated at 3073 cm™ and 1631cm?, respectively. The
vibration peak originate in the 1475 cm™ region is assigned to the stretching vibration of the C=C—
C=C bond. The difference value of 122 cm™ between the asymmetric (1474 cm™) and symmetric
(1352cm™) stretching vibration of the carboxylate group is in line with a mono dentate type of
coordination [44-46]. The band subsequent to the stretching vibration of the C=0 group of the
Hpic monomer is situated at 1700-1769 cm™ and disappears in the complex. The IR spectra of

picolinic acid contain broad absorption bands at 2607 cm™ and 2152 cm™ and indicate the existence
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of O-H---N type of intermolecular hydrogen bonding, but it disappears in the complex whose
observable fact confirms that the nitrogen atom is coordinated to the Copper ion. The absorption
peaks at 771 cm™ and 698 cm™ for the complex are assigned to deformation vibration of the
pyridine ring which confirms that the pyridyl N atom and carboxyl O atom are coordinated with the
center Copper ion. The absorption peak found in the 455 cm™ region is assigned to the Cu—N bond

and in the 425cm region is assigned to the Cu—O bond [47].
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Fig 3.25 IR- spectrum of [Cu (2-pico0)]. H20

3.6.3 Electronic spectrum of [Cu (2-pic0)2)H20]
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The maximum of the absorbance from the UV-visible spectra of Single Crystal
Copperpicolinates complexes are shown in Figure 3.26. The maximum corresponded to the -
transitions in the aromatic ring. The complex has a shoulder broad band at 259 and 310 nm may be
assigned to the following charge transfer from metal to ligand. The electronic configuration of
copper (1) complex was d° which confirms the absence of any d-d electronic transitions.There

weredifferences in the UV spectra betweenligand and metal complexes [43].
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Fig 3.26 Electronic spectrum of [Cu (2-pico)2 H20]
3.6.4 Fluorescent emission spectrum of[Cu (2-pico)2 H20]

These complexes are also fluorescently examined in aqua media solution at room temperature,
Fluorescence for free picolonic acid bands observed at 211 and 264 nm. The emission spectra of
copper-picolinic acid complex are shown in Figure 3.27 respectively. The intensity of main
visible emission lines of Copper picolonic acid observed at 524 nm increased in the presence
of picolinicacid.The emission spectrum of copper complex is recorded at the excitation

wavelength of 301 nm.
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Fig 3.27 Electronic spectrum of [Cu (2-pic0)2.H20]
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3.6.5 Powder X-Ray Diffractogram of [Cu (2-pico) 2. H20]

The X-ray powder diffraction (XRD) measurement of the complex[Cu(2-pico)..H20] is performed.
The diffractogram obtained for complex 3is given in Fig. 2.34 and with the help of the data
obtained from the powder XRD, the crystallite size calculations are performed using Scherer

equation.
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Fig 3.28 Powder X-Ray Diffractogram of [Cu (2-pico) 2. H20]

3.6.6 ANTI PATHOGENIC IN VITRO STUDIES OF[Cu (2-pico)2. H20]

Antibacterial activity of sample [Cu (2-pico). H20]is screened against 7 human
pathogenic bacteria’s such as Staphylococcus aureus MTCC 96, Pseudomonas aeruginosa MTCC
3216, Proteus mirabilis MTCC 1429, Vibrio cholera MTCC 3905, Escherichia coli MTCC 443,
ShigellaflexineriMTCC 1457,and Micrococcus luteusMTCC 106. The Anti Pathogenic screening

data of crystal structure is summarized in the Table 3.10
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Fig 3.29 Inhibition zones for [Cu (2-pico)2 H20](2) against Staphylococcus aureus,
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Pseudomonas aeruginosa, Proteus mirabilis and Vibrio cholera.

Fig 3.30 Inhibition zones for[Cu (2-pico). H20](2) against Escherichia coli , Shigellaflexineri,
and Micrococcus luteus.
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Fig 3.31 Bar chart of Antipathogenic activities of [Cu (2-pico)2 H20]

From the above bar chart we explained that, the Antipathogenic activity is good for the tested
microorganisms such as Staphylococcus aureus, Pseudomonas aeruginosa, Vibrio cholera,
Escherichia coli, Shigellaflexineri and Micrococcus luteus. The obtained inhibition zones are 14,

14, 14, 14, 14 and 16 mm.
3.7 CONCLUSIONS

In this chapter, we presented the results of synthesis and characterization studies for the two
heterocyclic transition metal based single crystal compounds involving 2-picolonic acid and
Acetate ligands. The transition copper metal is chelated with the heterocyclic ligand i.e. 2-
picolonic acid and Acetate ligands the adopted methodology for synthesis of metal based single
crystal compounds is self-assembly. The both complexes [Cu(2-pico)s.)].H20 and [Cu (2-pico)2
H20]is characterized by using the single crystal X- ray analysis. The structure obtained by the
single-X ray analysis is it confirms the structure of atomic bond distances and bond angles of both

[Cu(2-pico)2H20)n] and[Cu (2-pico), H2O].The crystal packing diagrams shows, some organic
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frame works, C-H....O interactions,- and ch-mare obtained by using Mercury Software. The IR
spectra reveals the existence of functional groups and anionic ligands such as O-H (water), C=C,
C=N, C-H (pcy), The UV spectrum confirms the complexation of metal and ligand with the
increase in the absorbance value compared to free ligand. The Amax Values of d-d band are observed
for the metal complexes in the range of 211 to 310 nm.The Fluorescence spectrum confirms the

complexation.

The single crystal metal complexes are screened for antimicrobial activity by Kirby-Bauer method.
The bacterial organisms used for this study are antibacterial activity of both [Cu(2-pic0)2.H20)n]
and [Cu (2-pico)2 H20]single crystal complexes are screened against 7 human pathogenic
bacteria’s such as Staphylococcus aureus, Pseudomonas aeruginosa, Proteus mirabilis, Vibrio
cholera, Escherichia coli, Shigellaflexineri, and Micrococcus luteusas the test microorganisms. The
anti-Pathogenic screening data of complexes is summarized the observed inhibition zones in both
complexes are in the range of 16-12 nm. The screened data in these reports are in good agreement

with the previous data and thepresent observations.
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4.1 Experimental
4.1.1 Reagents

Imidazole was purchased from sigma-aldrich andused without further purification. Ethanol,
methanol used for synthesis of metal complexes were A.R. grade and used as received for synthetic
work. Cu(ClO4)2.6H>O were procured from Alfa aesar and CoSO4.7H.O were procured from
Lobachemie..

Caution :Azides and perchlorates are explosive, handle with care.

4.1.2Synthesis of [Cu(imd)a(N3)2].3H20.Cl0a4(1)

An aqueous (5 ml) solution of copper perchlorate hexahydrate (0.185g, 0.5mmol) is added to an
aqueous solution(5ml) of imidazole (0.068g, 1.0 mmol) under stirring conditions and the solution
turned to blue colourand then aqueous solution(5 ml) of NaN3z (0.065 g, 1.0 mmol) is added which
turned to parrot green colour. After constant stirring at 80 °C temperature for 30 minutes,the
solution is filtered off.The green crystals are formed after 2 days and are washed with methanol and
toluene. Crystal: Yield 0.098 g (53%). Anal.exptal. C12H18N14CuCIO7 (M.Wt. 569.36) C, 25.31; H,
3.19; N, 34.44. Found: C, 25.21; H, 3.11; N, 34.21.Important IR absorptions (KBr disk,cm™): 3361,
3144, 3088, 2921, 2041, 1617, 1542, 1490, 1471, 1331, 950, 831, 747, 671, 655. Mass peaks (m/z):
380, 425, 441, 516, 570.

N
- Oy O
\ Hzo N N
Cu(CIOg), 6H0  + & N + NaN; —goe—> \ / 3H,0. CIO,

N=N*=N——Cu—N=N*=N"

s’

N

Imidazole

Scheme 1.Synthetic route and proposed structure of complex 1

The title mononuclear complex, [Cu(imd)s(Ns)2].3H20.ClO4(imd is imidazole ) has been
synthesized. The Cu' ion in the complex has a distorted octahedral coordination geometry
comprised of four deprotonated N atoms of the four imidazole ligands, two azide N atoms in the

coordination sphere and three aqua ligands and one perchlorate ion in the outersphere.

4.2 Measurements
IR spectra are obtained with a Shimadzu IR Prestige 21 FT-IR spectrophotometer. UV spectra are

recorded on Thermoscientific UV spectrophotometer. Elemental analysis is obtained using a
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FLASH EA 1112 SERIES CHNS analyser.Mass Spectra are recorded on AGILANT QQQ (ESI-
MS) mass spectrometer. SEM data are recorded on ZEISS ULTRA-55.

4.2.11IR Spectrum of [Cu(imd)4(N3)2].3H20.ClO4(1)

The IR spectrum of the complex 1 (Fig 4.1) exhibits bands in the 3450-3300 cm™' regions, which
may be attributed to v(OH) of the coordinated water®molecules.The coordination of imidazole
ligand to metal is confirmed by presence of peak at 3088cm™ (vN-H) and the shifting of vVC=N of
imidazole from 1577 to 1617 cm™ indicates that the ligand is chelating through imidazolic
nitrogens®. The spectrumexhibits an intense absorption at 2042 cm™ which isassociated with the
asymmetric stretching mode of the azide ligand. The vs(N3) stretching mode of the azide group is
observed as a medium band at 1331 cm™. The deformation mode of the azido ligand is observed as

a weak band at 671 cm™. The IR Spectral data of all the complexes are reported in Table 4.20.
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Fig 4.11R Spectrum of complex 1
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4.2.2 Electronic Spectrum of [Cu(imd)4(N3)2].3H20.Cl04(1)
The Electronic spectra of the imidazole complexes are taken in methanol.The free ligand has broad

band at 215 and 243 nm. The electronic spectral details of ligand and all the complexes are listed in

Table 4.21.
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Fig 4.2Electronic Spectrum of free ligand
Thecomplex 1 has a shoulder broad band at 259 and 354 nm assigned to the d—d transition.This

result confirms the complexation of metal ion.
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Fig 4.3 Electronic Spectrum of complex 1
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4.2.3 LC-MS Spectrum of [Cu(imd)4(N3)2].3H20.ClO04(1)

The peak at 380(m/z) is complex bound to four imidazoles and one azide molecules present in 4:1
ratio [Cu(imd)s(N3)] and the peak at 425(m/z) is complex bound to four imidazoles and two azide
molecules, [Cu(imd)4(N3)2]. The peaks around 441(m/z) and 516 (m/z) refer to the
[Cu(imd)4(N3)2].H20 and [Cu(imd)4(Ns)2](ClO4) complexes respectively. The peaks around
570(m/z) refer to the [Cu(imd)a(N3)2].3H20.ClO4 complex.

425

Fig 4.4L.C-MS Spectrum of Complex 1
4.2.4 Antimicrobial Screening of [Cu(imd)a(N3)2].3H20.Cl10a4(1)
The complex 1 is screenedinvitro for antibacterial activity against E.coli, S.aureus and antifungal
activity against R.oligospores by disc diffusion method.Antimicrobial activitiesof all the complexes

are reported in Table 4.22. The antimicrobial activities of complex 1 are listed in table 4.1.

63



-

Fig 4.6 Inhibition zones for complex 1 (30) against R.oligospores

Table 4.1 Inhibition zones for complex 1 (30)

Bacteria Inhibition zone (mm)
S.aureus 4

E.coli 4

Fungal Inhibition zone (mm)
R.oligospores Nil

The complex 1showed good antibacterial activity against two organisms, but it did not show any

activity against fungal organism.

4.2.5 Cytotoxic Studies of [Cu(imd)s(N3)2].3H20.Cl04(1)

Among the synthesized complexes,complex lis screenedinvitro for their cytotoxicity (MCF-7, A-
431 and HepG-2 cell lines). From the data, it is observed that the complex displayed their cytotoxic
activities as 1Cso (ug/mL) against breast cancer MCF-7, skin cancer A-431 and lung cancer HepG-2

cell lines. The ICsgvalues of the all the complexes are listed in Table 4.23.
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Table 4.2Dose Response of complex 1 on MCF-7(Breast Cancer) Cell line
Control 1 0.509

Incubation period : 24 hours

Conc (ug/ml) OD of % Cell Survival % Cell
extract Inhibition

0.1 0.48 94.3 5.7

1 0.4335 85.16 14.84

10 0.325 63.85 36.15

100 0.081 15.91 84.09

500 0.065 12.77 87.23

Anticancer Activity of complex 1 on
MCF-7 cell line
100
>
S 80 N /‘—’—’.
=
< 60
S
= 40 44— Growth
=2 N\
£ 20 —i— Death
o
“6 0 / T T T 1
X 0.1 1 10 100 500
Conc ng/ml
Fig 4.7 Effect of complex 1 on MCF-7 Cell Viability for
24 h Incubation Time.
IC50 36.19ug/mL
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Table 4.3 Dose Response of complex 1 on A-431 (Skin Cancer) Cell line
Control :0.776
Incubation period  : 24 hours

Conc (pg/ml) OD of % Cell Survival % Cell
extract Inhibition
0.1 0.769 99.09 0.91
1 0.738 95.1 4.9
10 0.6865 88.46 11.54
100 0.0725 9.34 90.66
500 0.0575 7.4 92.6
Anticancer Activity of complex 1 on
A-431 cell line
120
Fn
'S 100
2 T —
g 80
S 60 \/
5 40 X =—4— Growth
=
£ 2 / \ —— Death
5 .__—__./d —
5 0] T T T T
0.1 1 10 100 500
Conc ng/ml
Fig 4.8 Effect of complex 1 on A-431 Cell Viability for
24 h Incubation Time.
IC50 53.72pug/mL

Rational of the Study and the Research Gap
It is observed from the review of literature that there available a plethora of

research being conducted all over the world to develop new pseudo halide metal

complexes and Schiff bases and establish the procedures for the application at the
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lab level and in scaling up process. Very few of the available researches have been
presented in this part.

Futher, keeping in view of the advantages of nano particulate metal
complex systems, many new reactions have been studied in the limited time
framework of research to be completed and submitted as part of the course work.
Many areas could be studied and many factors could also be considered in
selecting the objectives and scope of the work, but finally keeping in view of the

framework of the course, the study confined to the objectives selected.
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The main aim of this research work is on the synthesis and characterization

of nano crystalline complexes and study their biological application in thesynthesis

of some new class of organo metallic compounds by self assembly synthesis using

chemical strategies. The bioactive compounds have been prepared by self-

assembly method and hydrothermal method. Phase pure nano crystalline

nanoprticulate metal complexes with different compositions. The bio active

compounds have been characterised and used in the research as phanrmacological

active compounds. This technique produced good yield and ensured complete

homogeneity. Hence this process could be scaled.

The objectives of the study are:

5.

To synthesize nano particulate compounds and its metal chelates by self
assembly and hydrothermal methods.

To characterize the synthesized nano ferrites using FT-IR, XRD, SEM,
EDAX, TEM and BET surface area techniques to interpret their structure,
morphology and size.

To characterise the structure of the newly synthesized metal complexes and
its nanostructures using FT-IR, *H NMR and MASS spectral analysis

To study the biological activity of the newly synthesized Metal complex

compound
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Self -assembly synthesis of Nanoparticulate metal complexes

All compounds were prepared by using self assembly method. The
efficiency of the bio active compounds are compared with the reported literature
and it is found that these Nanoparticulate metal complexes have found to be
excellent biological efficacy.

A number of compounds have been synthesized and their structures have
been assigned with the help of FT-IR, 'H NMR and MASS spectral analysis. The
supporting spectra are also provided.

Antibacterial Activity and cytotoxic activity of metal chelates and Nanoparticulate
metal complexes:

In this chapter antibacterial activity studies of all the Nanoparticulate metal
complexes synthesized by various synthetic strategies using self assembly method.

And finally 50 samples of one-pot synthesized compounds were screened
for their antibacterial activity on gram positive (Bacillus subtilis, Staphylococcus
aureus) and gram negative bacteria (Salmonella typhi,Enterobacter aerogenes).
Out of these 50 compounds, all compounds showed zone of inhibition for Bacillus
subtilis, and Staphylococcus aureus. For gram negative bacteria, all compounds
showed zone of inhibition from moderate to high in comparison with the standard
drug. 26 compounds are screened for cytotoxic activity and show high potent
towards breast, liver and skin cancer studies. so much of work will be published in
the coming period and it will be published in the account of UGC-MRP.
Conclusions

The summary of the work presented and the final conclusions of the work
carried out. high potent antibacterial and anti-cancer compounds are prepared and

published.
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14.

Contributions to the Society

The results have been incorporated in
many other studies

15.

Whether any Ph.D
enrolled/produced out of the

project:

YES

Project Fellow Mr. Mohana Rao
Kota Enrolled as PhD Research
Scholar Completed his course
work andSubmitted his
Thesis
He has been awarded PhD in Chemistry
from Andhra University on the TOPIC
""Novel Crystalline Metal Organic
Frame works: Anti-Pathogenic and
Anti-Cancer Studies"
PhD Degree Proceedings Enclosed

16.

No. of publications out of the

project:

8 Research papers were published.
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Cytotoxicity is the quality of being toxic to cells. In vitro toxicity is the scientific analysis of the effect of toxic chemical
substances on cultured bacteria or mammalian cells. In our work Manganese—4,5-Diazafluoren-9-one complex was prepared
and its cytotoxicity was studied by standard MTT Assay in Cervical carcinoma cells HeLa. The result was compared with
the normal fibroblast cell to check its influence on normal cells. On comparing the results, the complex is found to be more
toxic to cervical carcinoma cells than the normal fibroblast cells. The photocatalytic activity of the complex was studied on
the basis of the decomposition reaction of methylene blue dye in presence of the complex. The compound
[Mn(C1;HgN,0),(NCS),] was synthesised and characterised by various spectroscopic methods and the structure was
confirmed by single— crystal XRD analysis. The molecular structure of the complex was optimized using density functional
theory (DFT) at the B3LYP/6-311 G (d,p) level. The smallest HOMO-LUMO energy gap (0.66 eV) indicates the soft acid

nature of the complex.

Keywords: Crystal structure, Cytotoxicity, DFT studies, 4,5-Diazafluoren-9-one, Photocatalyst

Cancer, also called malignancy, is an abnormal growth
of cells. There are five types of cancer known as
carcinoma, lymphoma, melanoma, sarcoma, and
leukemia. Carcinoma is the most commonly diagnosed
cancer, originate in the skin, lungs, breasts, pancreas,
and other organs and glands. In cervical carcinoma
lowermost part of the uterus (cervix) was affected. It is
the fourth most common cancer in women. According
to WHO, in 2018, approximately 5,70,000 women
were diagnosed with cervical cancer worldwide and
about 3,11,000 women died from the disease.

Dafone is a bidentate ligand similar to 1,10-
phenanthroline and bipyridine. It is a derivative of
1,10-phenanthroline, having an exocyclic keto
group™?, which make it suitable for further
derivatisation, to yield multinuclear metal complexes
having interesting catalytic and biological properties®.
Metal coordination complexes have been widely
studied for their anticancer activities"®. Earlier
platinum— based complexes like cisplatin and
carboplatin were used for the treatment of various

*Correspondence:

E-mail: biju@sirsyedcollege.ac.in

Abbreviations: dafone, 4,5diazafluoren-9-one; DFT, density
functional theory; FMO, Frontier Molecular Orbitals; LCsg, Lethel
concentration®

cancers. In spite of their effectiveness, they lack
selectivity for tumour tissues, which leads to severe
side effects like neurotoxicity and ototoxicity.
Moreover, some tumor cell lines are now growing
resistant to cisplatin. So researchers are trying to
synthesize new compounds that are selectively toxic
to tumor cells'®** and cause no harm to normal cells.
Titanium complex titanocene dichloride was clinically
approved for its higher cytotoxicity in renal cell
carcinoma'® and human ovarian cancer’. Recent
studies support the cytotoxicity of phenanthroline
derivative against various cell lines including
cisplatin— resistant cell lines***°. A cisplatin analogue
cis-Pt(dafone)Cl, shows considerable cytotoxicity
against HeL.a and Hacat cell lines™®. Silver complexes
have been reported to have anticancer activity. Silver
carboxylate dimers possess anticancer activity against
human carcinoma cells’” and silver phosphine
complexes are active against cisplatin— resistant cell
lines'®. Several Cu (I1) chelates have been reported to
exhibit enhanced antiproliferative activity'®?. On
analysing these results we decided to find out the
cytotoxic character of the title complex.

A photocatalyst is a material that absorbs light to
bring it to a higher energy level and provides such
energy to a reacting substance to make a chemical
reaction occur. Environmental pollution gets more and
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more public concern in our society”*?. Wastewater
containing dyes coming from textile and paper industry
is generally high in both color and organic content®.
Therefore, decolourization process were important in
waste water treatment. Decontamination of polluted
water by photocatalysis was low cost and effective?. A
lot of work has been done to develop heterogeneous
photocatalyst with high photocatalytic activities for
environmental applications such as water disinfection,
hazardous waste remediation, and water purification™?’.

Even though the DNA interaction properties”®* of
dafone attracted the attention of many researchers, the
co-ordination chemistry of dafone is still restricted to
a few metals®*. There is only one report® for Mn(l1)
dafone coordination complex [Mn(dafone),Cl,],
in which dafone coordinates to Mn(Il) in cis-mode.
There is also report of crystallography of Co(ll)
[Co(dafone),(NCS),]**,  zn(ll)  [Zn(dafone),l,]*,
Cu(ll)  [Cu(dafone),(SCN),]*® and  [Cu(dafone),
(NCO),] MeCN®, Ni(ll) [Ni(dafone),(SCN),]* and
[Ni(dafone),(NCS),]* and Hg(ll) [Hg(dafone) (SCN),]*
complexes. In both cobalt and zinc complexes, dafone
coordinates in cis-mode. The crystallography of the title
compound was analysed by various spectroscopic
methods and confirmed by single —crystal XRD studies.

Our research work was conducted to find out the
cytotoxicity of Manganese — 4,5-Diazafluoren-9-one
Complex by standard MTT Assay in Cervical
carcinoma cells HelLa (an immortal cell line derived
from cervical cancer cells). Selectivity for tumour
tissue was checked by its action on Fibroblast cells
(L929) (a type of biological cell that synthesises the
extracellular matrix and collagen and the most
common connective tissue in animals). A compound
that is toxic to HeLa cell lines and non-toxic to
fibroblast cell lines will be safe for cancer treatment.
The photocatalytic activity of the prepared complex
was carried out based on degradation of methylene
blue dye in presence of the complex using a UV lamp
as the source of radiation. The crystallography of the
Manganese — 4,5-Diazafluoren-9-one complex was
analysed by various spectroscopic methods and
confirmed by single— crystal XRD studies.

Materials and Methods

All chemicals were purchased from Ranbaxy
chemicals and Sigma Aldrich and used without
further purification. Dafone was prepared as per the
reported procedure’. It was precipitated as yellow—
orange needles within 1-2 days. IR spectra were
measured by using the Thermo Nicolet AVATAR

model FTIR spectrometer using the KBr pellets. An
elemental analysis experiment was conducted from
SAIF STIC Cochin, Kerala, India.

Synthesis of [Mn(dafone),(NCS),]

Manganese perchlorate (0.3619 g, 1 mmol) and
Ammonium Thiocyanate (0.152 g, 2.00 mmol) were
dissolved in a minimum amount of water. To this
solution, dafone (0.364 g, 2.00 mmol) dissolved in a
minimum amount of acetonitrile was added slowly and
kept undisturbed. Golden yellow shining needles were
formed within ten days. Yield 0.4113 g (76.81 mmol,
76.81%). Anal (%) Calcd. for CyHpMnNg O,Sy:
C, 53.78; H, 2.24; N, 15.69; S, 11.97. Found: C, 54.05;
H, 1.32; N, 16.36; S, 11.24; IR (KBr, cm) 3431,
3088, 2067, 2053, 1735, 1570, 1412, 1248, 1101,
755 and 524. The crystals are stable in air and melt
above 280°C.

Cytotoxic Study

Cytotoxicity of the complex was conducted from
Biogenix Research Centre, Thiruvananthapuram,
Kerala, India using cervical carcinoma cells (HelLa)
and compare the result obtained with normal
fibroblast cells (L929). Viability of the cell was
evaluated by direct observation of cells by inverted
phase— contrast microscope followed by MTT assay
method. Any detectable changes in the morphology of
the cells, such as rounding or shrinking of cells,
granulation, and vacuolization in the cytoplasm of the
cells were considered as indicators of cytotoxicity.

Photocatalytic activity

Photocatalytic activity of the prepared complex
was carried out using methylene blue dye as the
pollutant and UV lamp as the source of radiation. The
metal complex (0.01 g) and an aqueous solution of
methylene blue (70 mL) were mixed in a beaker and
were equilibrated by constant stirring at room
temperature in dark for 30 min to allow the adsorption
of methylene blue dye, if any, by the complex. The
solution is stirred under UV light. The sample was
allowed to absorb UV light and 5 mL aliquots were
taken and filtered at a definite time interval of 30 min.
The filtrate was analysed using a UV-Visible
spectrophotometer. When the reaction mixture was
stirred, the complex absorbs UV rays and get excited
due to the appropriate bandgap. The photogenerated
electron— hole pairs produce hydroxyl radicals in the
system which decolorises the blue—colored methylene
blue solution®®*, The intensity of absorption peak of
methylene blue at 663 nM gets diminished gradually
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with the extension of the exposure time indicating the
degradation of methylene blue dye***.

X-Ray Crystallography

X-ray diffraction data were collected on a Bruker
Kappa APEX2 CCD diffractometer, equipped with
graphite monochromated Mo Ko  radiation
(A = 0.71073A) at 298 K. Datas were reduced using
Computer programs: APEX2%, SIR92%,
SHELXL2014/7*, Mercury®™, publCIF*®. The analysis
was carried out from SAIF STIC, Kochin.

Computational Analysis

The highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) are called
Frontier Molecular Orbitals (FMO). The molecular
structure of the complex was optimized using density
functional theory (DFT). DFT calculations were
performed for the complex [Mn(dafone),(NCS),] with
computational program Guassian09*' using the basis set
B3LYP/6-311 G(d,p)*®.

Results and Discussion
Characterization of the ligand and the complex

Ligand and complex were characterized by various
spectroscopic studies. IR Spectrum of dafone shows
three characteristic bands, whose wavelengths
corresponding to the stretching vibrations of its three
types of bonds: 3304 cm ™' (vc.), 1714 em™ (ve=o),
and 1461 cm™' (vc-y). In the IR spectrum of the
complex, a strong band in 1410 cm™* may be due to
azomethine group (C=N) and a broadband in 1740 cm™*
may be due to stretching vibrations of C=0O group.
The absorption band at 590 nM may be assigned to
®Ayy — *Tyy (G) transition indicate the octahedral
geometry of the complex [Mn(dafone), (NCS),].
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Molar conductivity of ~107° M solution of the
complex in DMF was found to be 12 Sm*mol™" at
room temperature, indicate the non- electrolytic
nature of [Mn(dafone),(NCS),]*.

Application of the complex [Mn(dafone),(NCS),]
Cytotoxicity

Complex [Mn(dafone),(NCS),] was tested for
anticancer activity against cervical carcinoma cells.
The result was compared with the normal fibroblast
cell to check its influence on normal cells. Percentage
of viability can be calculated by the equation:

Mean OD of Samples y
OD of Control group

Percentage viability = 100

Percentage viability of [Mn(dafone),(NCS),] against
HelLa cells and Fibroblast cells (Tables 1 & 2) and the
corresponding photographs (Figs. 1 & 2) are given.
From the graphical comparison (Fig. 3) of the
percentage viability of Hela and fibroblast cells against
[Mn(dafone),(NCS),], it is clear that the complex is
more toxic to Hela cells than the fibroblast cells in a
metal concentration varying from 0-100 pg/mL. The
concentration of the complex that can kill 50% of the
unwanted cell (LCs, Value) was calculated (Table 3)
using ED50 PLUS V1.0 Software.

Photocatalytic activity

The photocatalytic activity of the complex was
studied based on its degradation reaction with methylene
blue dye. On analyzing the absorbance vs wavelength
graph (Fig. 4) of methylene blue dye, the intensity of
the characteristic absorption peak of methylene
blue at 663 nM gets diminished gradually with
the extension of the exposure time. It is an indication of

Table 1 — Percentage viability of [Mn(dafone) ,(NCS),] against HeLa cells

Sample Conc. (ug/mL) OD value | OD value Il OD value IlI Average OD % Viability
0 0.4952 0.4896 0.4935 0.4928 100
6.25 0.4015 0.4115 0.4137 0.4089 82.97
125 0.3878 0.3892 0.3964 0.3911 79.37
25 0.3620 0.3742 0.3685 0.3682 74.72
50 0.3280 0.3364 0.3295 0.3313 67.23
100 0.2851 0.2973 0.2984 0.2936 59.58

Table 2 — Percentage viability of [Mn(dafone),(NCS),] against Fibroblast cells
Sample Conc. (ug/mL) OD value | OD value Il OD value I11 Average OD % Viability

Control 0.7225 0.7376 0.7282 0.7294 100.00

6.25 0.6988 0.6982 0.6801 0.6924 94.92

125 0.6408 0.6319 0.6328 0.6352 87.08

25 0.5532 0.5616 0.5572 0.5573 76.41

50 0.5121 0.5270 0.5206 0.5199 71.28

100 0.4431 0.4574 0.4584 0.4530 62.10
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D

Fig. 1 — Microscopic image of Cervical carcinoma cells (HeLa) when treated with the [Mn(dafone),(NCS),] in the order of increasing
concentration (A) Control; (B) 6.25 pg/mL, (C) 12.5 pg/mL; (D) 25 pg/mL; (E) 50 pg/ mL; and (F) 100 pg/ mL

D F

Fig. 2 — Microscopic image of Fibroblast (L929) when treated with the [Mn(dafone),(NCS),] in the order of increasing concentration
(A) Control; (B) 6.25 pg/mL; (C) 12.5 pg/mL; (D) 25 pg/mL; (E) 50 pg/mL; and (F) 100 pg/mL
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degradation of methylene blue dye which supports the
photocatalytic activity of the complex.

Crystal structure description of [Mn(dafone),(NCS),]

Single crystal X-ray diffraction analysis reveal that
the complex [Mn(dafone),(NCS),] crystallizes in the
orthorhombic,  Pbcn  with  cell  parameters
a=3.3803(10) A, b = 10.4789(7) A and c= 16.6256(9)
A o = 90° p =90°, y = 90° and Z = 4
(Fig. 5). Central atom Mn(ll) octahedrally
coordinated to two thiocyanate anions through
nitrogen atoms and two dafone molecules (Fig. 6).

—a— Hela cells
100 —&— Fibroblast

90 4

% viability
3
1

-
o
1

60 -

0 ' 20 ' 40 l 60 ‘ SIU ' 160
conc. of [Mn(dafone)2(NCS)2]

Fig. 3 — A comparison of the percentage viability of Hela and
fibroblast cells against the different concentration of
[Mn(dafone),(NCS),]
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Fig. 4 — Photodegradation plot of methylene blue dye under UV
light in presence of [Mn(dafone),(NCS),] at various time intervals

Table 3 — LCsy, Value for the complex [Mn(dafone),(NCS),]

Cell lines Average LCg, Value in
pg/mL

Cervical carcinoma cells 133.183

Fibroblast cells 129.523

The Mn(ll) ions have an octahedral configuration and
are located in a special position. Two dafone ligands
chelate in cis-mode with an average Mn—N distance
of 2367 A. The multidentate NCS— ligand
coordinates through the nitrogen atom. The Mn—
N(NCS) distance is 2.095 A, which is much shorter
than the Mn-—dafone distance. The cis mode of
coordination has been previously observed for both
Co(Il) and Zn(11) complexes with dafone.

Supramolecular features

The crystal packing of the title compound (Fig. 7)
shows several weak intermolecular short contacts and
hydrogen ~ bonding  interactions, such  as
C11—H11..N3 (2.721 A), C11—H11....C12 (2.707 A),
C3—H3...S1 (2.949 A), C1—H1...C12 (2.870 A),
S1...01 (3.195 A) and the contacts expands to
become three-dimensional architecture.

Fig. 5 — The molecular structure of [Mn(dafone),(NCS),], with
the atom labelling. Displacement ellipsoids are drawn at the 50%
probability level

Fig. 6 — A view of the crystal packing of the complex. Dashed
lines denote the intermolecular short contact
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Refinement

Crystal data, data collection, and structure
refinement details (Table 4) are summarized. The
C-bound H atoms were positioned geometrically and
refined using a riding model, with C—H = 0.93 A and
with Uiso(H) = 1.2Ueq(C). Selected bond length and
bond angles (Table 5) are given.

Frontier Molecular orbital studies

Frontier ~ Molecular  Orbitals  decides the
optoelectronic properties of the molecule. A molecule
can be classified into soft and hard acids depending
upon the HOMO-LUMO gap. The geometry of the
complex is optimised (Fig. 7), and the calculated
energy of HOMO and LUMO orbital’s of the
complex been found to be negative, indicates its
stability. The optimized geometry is slightly different
from the crystal structure, in which the average
Mn1—N2 bond length is increased to 2.64 A from
2.39 A and Mn1—N1 and Mn1—N3 distance remains
similar 2.32 from 2.34 A and 2.04 from 2.09 A,
respectively. The HOMO-LUMO gap is calculated to
be 0.66 eV, which indicates that the complex
molecule is a soft acid. The hardness parameter,
which is calculated by the formula of the complex, is

Fig. 7 — Optimized structure of [Mn(dafone),(NCS),] from
computational analysis

Table 4 — Crystal data and structure refinement for

[Mn(dafone),(NCS),]
Empirical formula Co4H1oMn NgO,S,
Formula weight 535.46
Temperature (K) 296(2)
Wavelength(A) 0.71073
Crystal system Orthorhombic
Space group Pbcn
Unit cell dimensions
a(A) 13.3803(10)
b(A) 10.4789(7)
c(A) 16.6256(9)
a(®) 90
B(®) 90
7(®) 920
Volume (A3A%) 2331.1(3)
z 4
Dearc(g cm™®) 1.526
u (mm™) 0.781
F (000) 1084
Crystal size (mm) 0.30x 0.20 x 0.20

Theta range for data collection
Limiting indices
Reflections collected / unique

Completeness to theta =
25.242

Absorption correction

2.469 to 28.422 deg.
17<=h<=17,

17638 / 2877 [R(int) = 0.0381]
100.0 %

Semi empirical from
equivalents

0.859 and 0.800
Full-matrix least-squares on F?

Max. and min. transmission
Refinement method

Data / restraints / parameters 2877 /0/ 159
Goodness-of-fit 0.919

Ry [1>2sigma(l)] 0.0470

wR2 0.0796

Largest diff. peak and hole 0.413 and -0.293 e. A3

Table 5 — Selected bond length in [A] and bond angles in [°] for [Mn(dafone),(NCS),]

Mn1—N3i 2.095 (3)
Mn1—N1i 2.338 (2)
N3—Mn1—N3i 98.51 (15)
N3—Mn1—N1i 107.81 (11)
N3i—Mn1—N1i 89.96 (11)
N3—Mn1—N1 89.96 (11)
N3i—Mn1—N1 107.81 (11)
N1i—Mn1—N1 152.96 (12)
N3—Mn1—N2i 90.03 (9)
N3i—Mn1—N2i 165.32 (10)
Symmetry code: (i) —x+1,y, —z+1/2

Mn1—N2i 2.395 (2)

N1i—Mn1—N2i 76.02 (8)
N1—Mn1—N2i 83.97 (8)
N3—Mn1—N2 165.32 (10)
N3i—Mn1—N2 90.03 (9)
N1i—Mn1—N2 83.97 (8)
N1—Mnl—N2 76.02 (8)
N2i—Mn1—N2 84.28 (11)
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LUMO

0.66 eV

HOMO

Fig. 8 — Electron distribution of the HOMO-LUMO orbitals of
the [Mn(dafone),(NCS),]

found to be 0.0053 which indicates that the complex
is soft. The electron distribution of the HOMO-
LUMO orbital’s of [Mn(dafone),(NCS),] is given

(Fig. 8).

Conclusion

Complex [Mn(dafone),(NCS),] was prepared by
solvent— based synthesis method using acetonitrile
and methanol as solvent. Characterisation of ligand
and complexes were done by elemental and various
spectral analysis. The structure of the complex was
confirmed by Single—crystal X-ray diffraction studies.
The complex shows octahedral geometry. Cytotoxicity
of the complex was studied based on percentage
viability of the cell evaluated by direct observation of
cells by inverted phase—contrast microscope followed
by MTT assay method. The complex was found to be
more active against cervical carcinoma cells than
fibroblast cells in any of the metal concentrations
varying from 0-100 pg/mL. Its photocatalytic activity
was clear from the photodegradation plot of
methylene blue dye.
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ABSTRACT

Many activities of metal ions in biology have stimulated the development of metal-based therapeutics. In metal
complexes metal centers, being positively charged, are favored to bind to negatively charged biomolecules; the constituents
of proteins and nucleic acids offer excellent ligands for binding to metal ions. The pharmaceutical use of metal complexes
therefore has excellent potential. A broad array of medicinal applications of metal complexes have been investigated, and
several recent reviews summarize advances in these fields °. Some selected compounds that are currently used in clinical
diagnosis and treatment. Designing ligands that will interact with free or protein-bound metal ions is also a recent focus of
medicinal inorganic research ®®. Antimicrobial screening of [Ni(H,Or)(H,0),(imd),] complex was already done and

published by B. Kishore Babu et al ° in recent international article.
KEYWORDS: Orotic Acid, Complex, Imidazole, Cytotoxic Activity

INTRODUCTION
EXPERIMENTAL
Reagents

All chemicals were purchased from SRL chemicals and used without further purification.

Synthesis
Synthesis of [Ni(H,Or) (H,0),(imd),] (1)

An methanolic (5 ml) solution of Nickel nitrate (0.291g, 1.0 mmol) was added to an sodium hydroxide
solution(10ml) of Orotic acid under stirring conditions and the solution turned to sky blue with little turbidity and then
aqueous solution(5 ml) of imidazole (0.068 g, 1.0 mmol) was added which resulted into a clear greenish blue solution.
After constant stirring at room temperature for 30 minutes,The clear solution was filtered off and the solution is left for
slow evaporation in the beaker and blue crystals were obtained in 2 weeks . The crystals were washed with methanol. They
were soluble in methanol. Yield 0.190 g (0.652 mmol, 65.29 %). Anal. exptal. C1, Hy4 N5 Ni Og (M.Wt. 382.99) C, 32.84;
H, 4.110; N, 23.78. theoretical: C, 32.33; H, 3.81; N, 23.24. Important IR absorptions (KBr disk, cm™): 3445, 3227, 3137,
2614, 1620, 1559, 1491, 1260, 1097, 760, 746, 588 and 479, 454.

Measurements

IR spectrum was obtained with a Shimadzu FT-IR 8000 spectrometer. Elemental analysis was obtained using a
FLASH

EA 1112 SERIES CHNS analyzer. Electronic spectrum was recorded on Shimadzu UV/Vis/NIR
spectrophotometer.

SEM were recorded on JSM-6610. P-XRD Spectrum was recorded on D8 Advance diffractometer, Bruker.
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Structure of Ni (H,Or)(imd),(H,0),

mer-Diaquabis(1H-imidazole-xN®)(orotato-x2N*,0*)nickel(I1)

o

Figure 1: Structure of Ni (H,Or)(imd),(H,0),

The title mononuclear complex, [Ni(CsH,N,04)(CsHsN,)o(H,0),] has been synthesized. The Ni" ion in the
complex has a distorted octahedral coordination geometry comprised of one deprotonated pyrimidine N atom and the

adjacent carboxylate O atom of the orotate ligand, two tertiary imidazole N atoms and two aqua ligands.
IR Spectrum of Ni (H,Or) (Imd), (H,0),

The strong and broad absorption bands of m(OH) vibrations of H,O in complexes is observed at 3445 cm™. IR
spectra of the complexes exhibit a medium intensity and broad band in the 3227-3137 cm™ region which can be attributed
to the N—H stretching vibration. The relatively weak two close bands at 2752—-2964 cm™ are due to the m(CH) vibrations.
The strong and broad bands appeared at 1620 and 1491 cm™ regions in this complex is ascribed to the asymmetric and
symmetric stretching vibrations of the coordinated carboxylate groups of the orotate ligand, respectively. In IR spectra of
the complexes, m(OHacid) band at 2500 cm™ in the orotic acid completely disappeared and a new carboxylate band
m(COO) appeared between 1491cm™, indicating that the carboxylate group participates in the coordination with the metal

ions by deprotonation.

(% T

Figure 2: IR Spectrum of Ni (H,Or) (Imd), (H,0), (400-4000 cm™)
Electronic Spectrum of Ni (H,Or) (Imd), (H,O),

The complex has a shoulder broad band at 325 nm may be assigned to the following d—d transition. This result
confirms the complexation of metal ions via carboxylic group. The spectra of the complex was done in DMSQ. There are
two detected absorption bands at around (210, 235 nm) and 280 nm assigned to J-{* and n-{* transitions, respectively, in
the electronic spectrum of the ligand. These transitions also found in the spectra of the complexes, but they are shifted

towards lower wavelength, confirming the coordination of the ligand to the metallic ions. The first band around 210 and
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235 nm is probably due to a §-1* of the exocyclic band in heterocyclic ring and also assigned to the two carbonyl groups.
However, the second band around 280 nm is due to presence of COOH group™ .In case of orotate complexes, the
carboxylic group is blue shifted with increase the intensity (absorbance). This result confirms the complexation of metal
ions via carboxylic group (monodentate chelating). The complex has a shoulder broad band at 325 nm may be assigned to

the following d—d transition.

[—=1

absorbarce

Figure 3: Electronic Spectrum of Ni (H,Or) (Imd), (H,0),
Raman Spectrum of Ni(H,Or)(imd),(H,0),:

The strong Raman band at 1628.92 cm- is assigned to the stretching vibration of the carboxylate group, and
asymmetric COO stretching vibration should be assigned to the strong band at 1335.90 cm-" in the IR spectrum (the
corresponding Raman band at 1335.90 cm- is weak). The large frequency difference (293 cm-') between the two
stretching frequencies gives the additional evidence for the unidentate type of coordination of the carboxylate group to the
nickel(Il) ion. This assignment is also confirmed by the recently reported Raman spectrum of cis- [Cu(H,Or,)(NHs)],

where the corresponding two carboxylate stretching vibrations have been observed at 1631 and 1315 cm-*, respectively **.
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Figure 4: Raman Spectrum of Ni (H,Or) (imd), (H,O),
Powder XRD Spectrum of Ni (H,Or) (imd), (H,0),

Although single crystal X-ray crystallographic investigation is the most precise source of information regarding

the structure of a complex, the difficulty of obtaining crystalline complexes renders this method unsuitable for such a



52 K. Praveen, CH. V. Padmarao, K. Mohana Rao, B. Kishore Babu & B. Swarnalatha

study. However, a variety of other spectroscopic techniques could be used with good effect for characterizing the metal
complexes as X-ray power diffraction. The crystallite size calculations were performed using Scherrer equation ***3.

According to the crystallite size of the complex, the presented metal complex is in the form of nano.

Table 1: Crystallite Size of Ni (H,Or) (imd), (H,0),

Complex 20 FWHM Crystallite Size
Ni(H,0r)(imd),(H,0), | 22.468 | 0.269° 298.02 A” (29.8 nm)
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Figure 5: Powder XRD Spectrum of Ni (H,Or) (imd), (H,0),
Scanning Electron Microscopy

SEM photographs of the free ligand and synthesized metal complex were presented in Figure 6 and 7. From the
SEM photographs, we noted that there is a uniform matrix of the synthesized complex, i.e., the complex is homogeneous
phase material. The free ligand shows flakes and the particle size recorded in the range of 5-10um.The complex is ice bar
shaped morphology with 5-11um particle size. SEM images Orotic acid ligand differ significantly from that of the metal

complexes due to the coordination of the metal ions to the donor sites of the ligands.

20KV WD18mm  $850 x6300  Sum

Figure 6: SEM Micrograph of H;Or Figure 7: SEM Micrograph of Ni(H,Or)
at the Range of 5 um (imd), (H,O), at the Range of 5 um
Cytotoxic Studies

Cell Culture

Human cancer cell lines used in this study were procured from National Centre for Cell Science, Pune. All cells
were grown in Minimal essential medium (MEM, GIBCO) supplemented with 4.5 g/L glucose, 2 mM L-glutamine and 5%
fetal bovine serum (FBS) (growth medium) at 37°C in 5% CO, incubator.
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MTT Assay™

The MTT assay developed by Mosmann' was modified and used to determine the inhibitory effects of test
compounds on cell growth in vitro. In brief, the trypsinized cells from T-25 flask were seeded in each well of 96-well flat-
bottomed tissue culture plate at a density of 5x10° cells/well in growth medium and cultured at 37°C in 5% CO, to adhere.
After 48hr incubation, the supernatant was discarded and the cells were pretreated with growth medium and were
subsequently mixed with different concentrations of test compounds (12.5,25,50,100,200 pg/ml) in triplicates to achieve a
final volume of 100 ul and then cultured for 48 hr. The compound was prepared as 1.0 mg/ml concentration stock solutions
in DMSO. Culture medium and solvent are used as controls. Each well then received 5 ul of fresh MTT (0.5mg/ml in PBS)
followed by incubation for 2hr at 37°C. The supernatant growth medium was removed from the wells and replaced with
100 ul of DMSO to solubilize the colored formazan product. After 30 min incubation, the absorbance (OD) of the culture

plate was read at a wavelength of 492 nm on an ELISA reader, Anthos 2020 spectrophotometer.
Breast Cancer Activity of Ni (H,Or) (imd), (H,O),

Nickel Orotate Imidazole complex was screened for their cytotoxicity (MCF-7). From the data, it was observed
that the complex displayed their cytotoxic activities as IC50 (ug/mL) against Breast cancer MCF-7, the 1C50values of all
the nickel complexes are listed in table 2. The activity is similar to standard tamoxifen.The Untreated and treated inhibition
zones are shown in the figure 9 to 10. The cellular response on harmone (Tamofixen) is almost same in this study. Some

more studies are required to finalise this complex as a potential drug.
Blank :0.040
Control : 0.627

Table 2: Dose Response of Ni(H,Or) (imd), (H,O), on MCF-7 (Breast Cancer) Cell Line

conc | - 9P 1 opcen | oecen | _OP | opcen | 9 cel
Tamoxifen . o Extract at g s
(ug/ml) at 450 nm Survival | Inhibition 450 nm Survival | Inhibition
125 0.468 89.3 10.7 0.616 98.1 1.9
25 0.366 66 34 0.523 82.3 17.7
50 0.201 33.6 66.4 0.294 43.3 56.7
100 0.126 17.9 82.1 0.282 41.2 58.8
200 0.110 14.6 85.4 0.227 31.9 68.1

Anticancer Activity of Ni-Orotic Imd1 on MCF-7
cell line
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Comparison for Standard Drug and the Complex

| 1C50 Standard | 39.671ug/mL | IC50 | 108.353 pg/mL |
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Slope - 0.30336559
Correlation coefficient - 0.79696766

Intercept - 17.1291667

;‘ lJ_FML : 1:;_./‘

Figure 9: Untreated MCF-7 Cells Figure 10: Treated MCF-7 Cells
CONCLUSIONS

The IR and raman spectrum reveals the existence of functional groups. UV spectrum confirms the complexation
of metal and ligand. The particular absorbance values represents d-d transition of the metal complex. From the P-XRD
spectrum, the crystalline size has been found, and SEM gave idea about the surface morphology and the particle size of the
ligand as well as the metal complex. The complex of Ni(H,Or)(imd),(H,0), was tested for cytotoxic activity (breast
cancer). The bioactivity of this synthesized compound is a complex phenomenon related to different factors and the metal
complexes are more active than the free ligands. These active compounds may serve as a starting point for further studies

on metal complexes acting as drugs.
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ABSTRACT

In this study, Three new metal psuedohalide complexs, [Co(dmg),(Ns),] (1), [Cu(dmg)(Lys)(Ns),] (2)
[Ni(dmg),(Ns),] (3) have been synthesized from dimethylglyoxime and lysine. The structures of these metal complexes
were proposed based upon IR spectroscopy. These mixed psuedohalide complexes are showing trans-coordination with
short bridging ligand(N3). Three complexes were reported in this paper and proposed their chemical structures with the help

of chem draw. These structures are in good agreement with IR frequencies.
KEYWORDS: Dimethylglyoxime (DMG), Coordination Chemistry, Cu(ll), Co(ll), Complex, Ni(ll), Aminoacid
INTRODUCTION

In general, oxime and dioxime derivatives are very important compounds in the chemical industry and in
medicine. Copper(ll)-containing vicdioximes currently are used as cerebral and myocardial perfusion imaging agents’.
Recently, B.Kishore Babu. Et al published Fe(ll), Cd(Il) and Pb(ll) dimethylglyoxime pseudohalide complexes in the
International journal®. Recent studies focused on the transition-metal complexes of aminoacids and its isomers. structural,
thermodynamic, spectral, and kinetic methods have been widely applied to characterize their physicochemical properties®®.
In general, aminoacids bond to metal centers by the amino N atom, carboxylate O atoms, and phenolate O atom. The
carboxylate groups can coordinate to a metal ion in a monodendate®, chelate® or bridging fashion, depending on their
physicochemical properties®®. Amino acid complexes are used in conventional livestock production to protect trace
minerals during digestion'® ™. The metal lysine complexes of this invention are formed with iron, copper, zinc, manganese,
and cobalt, all of which play important roles in metabolic processes. Metal complexes have been synthesized, extending

our previous work and the objective was to add new complexes to the literature of coordination chemistry.

EXPERIMENTAL
Reagents

All chemicals were purchased from Ranbaxy chemicals and used without further purification.

SYNTHESIS
Synthesis of [Co(dmg),(Na),] (1)

An aqueous (5 ml) solution of Cobalt nitrate (0.291g, 1.0 mmol) was added to an methanolic solution (5ml) of
dmg (0.232g, 2.0 mmol) under stirring conditions and the solution turned to wine red colour and then aqueous solution of
sodium azide (0.065g, 1.0 mmol) was added which turned to dark red solution and on addition of tyrosine (tyr) (0.181g, 1.0
mmol) dissolved in 10 ml of sodium hydroxide solution resulted into reddish brown solution. After constant stirring at
room temperature for 30 minutes, The solution was filtered off, brown precipitate was formed and the light brown colour

solution was left for slow evaporation in the beaker and black crystals were obtained in 3 days. The expected complex is
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[Co(dmg)(tyr)(Ns),], But the obtained complex is [Co(dmg),(Ns),]. The absence of peaks in the range of 1578-1593 cm™
confirms the non coordination of aminoacid.

Molecular Formula: CgH1CoN1O,4: Mol. Wt.: 375.21

IR Data: 3350, 2964, 2037, 1442, 1143, 1087, 740, 513.

Figure 1: Proposed Structure of [Co(dmg),(Na),]
Synthesis of [Cu(dmg)(Lys)(Nas),] (2)

An aqueous (5 ml) solution of Lysine (0.164g, 1.0 mmol) was added to an methanolic solution(5ml) of dmg
(0.232g, 2.0 mmol) under stirring conditions and the solution remained colourless and then aqueous solution of sodium
azide (0.065g, 1.0 mmol) was added which remained as same solution and on stirring white precipitate formed and on
addition of aqueous solution of copper acetate (0.199g, 1.0 mmol), thick brown solution formed. After constant stirring at
room temperature for 30 minutes, The brown solution was filtered off, brown precipitate was formed and the light brown
colour solution is left for slow evaporation in the beaker and brown crystalline precipitate was formed on the next day.

Molecular Formula: C1yH,0CuN140,: Mol. Wt.: 407.88

IR Data: 3414, 3074, 2856, 2075, 1599, 1471,1157,1024,758,412.
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Figure 2: Proposed Structure of [Cu(dmg)(Lys)(N3),]
Synthesis of [Ni(dmg),(Ns),] (3)

An methanolic (5 ml) solution of 1,10 phenanthroline (0.198g, 1.0 mmol) was added to an aqueous solution (5ml)

of Nickel chloride (0.237g, 1.0 mmol) under stirring conditions and the solution turned violet, but on the addition of dmg
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(0.1169, 1.0 mmol) Orange red precipitate was formed. Then aqueous solution of sodium azide (0.065g, 1.0 mmol) was
added which remained as same solution. After constant stirring at room temperature for 30 minutes, The solution was
filtered off, Orange red precipitate was formed and the colourless solution is left for slow evaporation in the beaker and
brown crystals were formed within 4 days. The expected complex is [Ni(dmg)(Phen)(N3),]. But the obtained complex is
[Ni(dmg),(N3),]. In this preparation the 1,10 phenanthroline did not coordinate to the metal, this was confirmed by the
absence of peaks at 1520 and 1427 in IR spectrum.

Molecular Formula: CgHgN1oNiO4: Mol. Wt: 374.97

IR Data: 3375, 2031, 1585, 1421, 1138, 1091, 736.

Figure 3: Proposed Structure of [Ni(dmg),(Ns),]

RESULTS AND DISCUSSIONS
Physical Properties
Table 1: Color, Yield, Melting Point and Solubility Data for the Complexes

COMPOUND COLOR | YIELD M.P. SOLUBILITY
L White - 240°C Methanol
[Co(L)2(N3)2] Black 51.5% | Above 300°C Methanol
[Cu(L)(Lys)(Ns),] Brown 61.8% | Above 300°C Methanol
[Ni(L)2(N3),] Brown 70.8% | Above 300°C Methanol

L = Dimethyl glyoxime(dmg)
Lys = Lysine
N; = Azide

IR SPECTRA

The assignment of some of the most characteristic FT-IR band of the complexes are shown in Table (2) together

with that of dmg recorded for comparative purposes and facilitate the spectral analysis. Absorption bands in the 2050-2070

12,13

cm region are considered to be due to metal-nitrogen(of pseudohalide) vibrations'*** while those occurring around 1143

cm-1 are thought to arise from nitrogen-oxygen vibration in coordinated dmg'**®

.V(C=N) band appearing at 1447 cm" in
dimethylglyoxirne is slightly shifted to 1444 cm-*,This suggests that dmg is coordinated to the metal ion through the
nitrogen atom of oxime. In the IR spectra of the complex 1 there is a strong and sharp absorption around 513 cm-* which is

assigned to the v(Co-N) vibration, these bands are not found in the spectrum of the ligand.The sharp and weak band
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occurring around 1020 cm-* and 1145 cm-! in all the complexes is assigned to the N - 0 stretching vibration of the oxime
moieties®. The spectra of aminoacids exhibit v(NH;") bands in the 3030-3130 cm™ range. In the complexes, the v(NH;")
band is shifted to higher wavenumbers. The peak at 3074 in complex 2 confirms the complexation of aminoacid™®. The
bands of medium intensity appearing at 1578-1593 cm™ are due to the asymmetric stretching vibration of the COO

moiety™",

Table 2: Selected Characteristics IR Bands (4000 — 400 CM™)

Complex | V(OH) | V(NH), | V(C=N) | V(N-O) | v(C=N-O) | v(M-Ny) as;’éqcoos);m
dmg | 3400 : 1570 | 1141 756 : : :
1 | 3350 : 1442 | 1143 740 2037 : :
> | 3414 | 3074 | 1450 | 1157 758 2075 | 1599 | 1471
3| 3375 : 1421 | 1138 736 2031 : :

Complex 1 = [Co(L)»(Ns).]
Complex 2 = [Cu(L)(Lys)(N3),]
Complex 3 = [Ni(L)2(N3).]
L = Dimethyl glyoxime; Lys = Lysine; N3 = Azide
X = Pseudohalide
Y = Aminoacid
CONCLUSIONS

Our research group presented the results of the synthesis and characterization studies of a series of mixed-ligand
complexes involving dimethylglyoxime, Lysine and pseudohalide short bridging ligands. The IR spectra reveals the

existence of functional groups and coordinated pseudohalide ions ,confirms the complexation of metal and ligand.
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ABSTRACT

This paper presents the synthesis and study of some new complexes containing DMG and NCS with some metals
.The resulting products were found to be solid crystalline complexes which have been characterized by using (FT-
IR,UV-Vis) spectra , melting point, elemental analysis (C.H.N) .The proposed structure of the complexes using
program, CS chem office 3D(2000) .

The general formula have been given for the prepared complexes :
[M(A)2(B)]

M(11): Pb(lT), Fe(ll), Cd(ll) .

A= DMG(dimethyl glyoxime) = C4HgN,O,

B = NCS(thiocyanate) for first 2 complexes (o0ac), (acetate) for third complex

Key words: DMG, Coordination chemistry, Pb(I1), Fe(l1),complex, Cd(I1), spectra

INTRODUCTION

It iswell known that the oximatogroup(=N-O’) can act as a bridge to find two meta ions through the imino nitrogen
atoms and the deprotonated oxygen atoms,which can co-ordinate with meta ions in versatile ways.H.,dmg is a
potentia tetradentate ligand as well as a mono,bi and tridentate ligand. Framework molecular model shows that itis
more likely to act as a bridge between two meta ions than as a terminal ligand[1-4]° With the aim of investigating
versatility of oximes in coordination chemistry and for further research on the supramolecular polymer chemistry,
designed and synthesi sed some polymeric chain like complexes successfully with oximato groups as bridges[5-9]. In
order to add other kinds of anion on complex, we synthesized short bridging ligand complexes, proposed structures
and spectroscopic properties of the af ore mentioned compl exes were discussed.

MATERIALSAND METHODS
A: Reagents and instruments : DMG and NCS were purchased from BDH .
All solutions and metal chloride were purchased from merck and. Elemental analysis was obtained using a FLASH
EA 1112 SERIES CHNS analyzer. Melting point were recorded by using stuart melting point apparatus . IR spectra

were obtained with a Shimadzu FT-IR 8000 spectrometer .The proposed molecular structure of the complexes were
determinated by using chem office 2000, 3DX prog .
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B: General synthesis :

Synthesis of Cd(dmg),(NCS),

An methanolic (10 ml) solution of dimethylglyoxime (0.116g, 1.0 mmol) was added to an aqueous solution(10ml) of
cadmium acetate (0.268g, 1.0 mmol) under stirring conditions and then aqueous solution of NCS (0.097 g, 1.0
mmol) was added which resulted into colourless solution with some turbidity. After constant stirring a room
temperature for 30 minutes, The product was precipitated,filtered off and washed with methanol. The product is also
obtained from the solution left for evaporation in the beaker in the form of crystalline precipitate. The compounds
are soluble in methanol. Yield 0.185 g

Synthesis of [Fe(dmg).(NCS),]

An methanolic (10 ml) solution of dimethylglyoxime (0.116g, 1.0 mmol) was added to an aqueous solution(10ml) of
ferrous sulphate (0.260g, 1.0 mmol) under stirring conditions and then aqueous solution of NCS(0.097 g, 1.0 mmol)
was added which resulted into colourless solution with some turbidity. After constant stirring at room temperature
for 30 minutes, The product was precipitated,filtered off and washed with methanol. The product is aso obtained
from the solution left for evaporation in the beaker in the form of crystalline precipitate. The compounds are soluble
in methanol. Yield 0.153 g

Synthesis of [Pb(dmg).(oac),]

An methanolic (10 ml) solution of dimethylglyoxime (0.116g, 1.0 mmol) was added to an aqueous solution(10ml) of
lead acetate (0.379g, 1 mmol) under stirring conditions and then aqueous solution of NCS(0.097 g, 1.0 mmol) was
added which resulted into colourless solution with some turbidity. After constant stirring at room temperature for 30
minutes, The product was precipitated,filtered off and washed with methanol. The product is aso obtained from the
solution left for evaporation in the beaker in the form of crystalline precipitate. The compounds are soluble in
methanol. Yield 0.240 g

RESULTSAND DISCUSSION

Physical properties and elementa anaysis are presented in Table (1) . Formula M(A), (B). giving good agreement
between the observed and the calculated values by elementa analysis . All complexes are dissolved in Methanol
solvent .

The electronic spectra :

The eectronic spectra of al complexes are listed inTable (2) . In the [Pb(dmg),(0ac),] complexes the two bands at
233 and 223.50nm are characteristic. In the [Fe(dmg)(NCS),] complex the two bands at 236.50 and 227.50 nm are
characteristic of this complex. In [Cd(dmg),(NCS),] two bands at 237 and 227.50 nm are characteristic of this
complex.

Fourier-transforminfrared spectra :

The assignment of some of the most characteristic FT-IR band of the complexes are shown in Table (3) together
with that of dmg recorded for comparative purposes and facilitate the spectral anaysis .Absorption bands in the
2050-2070 cm* region are considered to be due to metal-nitrogen(of pseudohalide) vibrations [10,11] whilst those
occurring around 1143 cm-1 are thought to arise from nitrogen-oxygen vibration in coordinated dmg [12,13] the
sharp bands at (3325-3300) cm-1 are attributed to the N-H stretching[14] .

Nomenclature of prepared complexes :

Complexes Nomenclature

Cd(dmg),(NCS), | Didimethylglyoximatodithiocyanato N-Cadmium(l1)
Fe(dmg),(NCS), | Didimethylglyoximatodithiocyanato N-Ferrate(ll)
Pb(dmg),(0ac), Didimethylglyoximatodiacetato Lead(I1)

Proposed molecular structure:
Studying complexes on bases of the above analysis , the existence of tetracoordinated [M(A)2(B),] , M(1l) =Cd, Fe
, Pb

A proposed models of the speciese were built with chem 3D (15) showsin Fig (1)(2)(3) .
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Cd(dmg)»(NCS),
R
HO—N \N—OH
S \ / e
N N—ci—nNT \|
c= / \ \S
HO—N II\i—OH
/C C\
Fig (1) : The proposed structure of the complex 1
Fe(dmg),(NCS),

c—¢C
7\
HO—N N—OH
\ / —=C
S\\C/N /Fe\ N/ \\S
Ho—N N— OH
\\C—C/

Fig (2) : The proposed structure of the complex 2
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Pb(dmg)(0ac),

HsC CHg
N
J N\
HO—N N—OH

OC——0——Ph——0COCH,4

CHs
N—OH
HO—N
N/
c—C
/ \
HaC CHs

Fig (3) : The proposed structure of the complex 3

Table 1: The physical properties of the complexes Elemental Analysis

Compound Colour M.P.%c %C %H %N

Calc | Found | Calc | Found | Calc | Found

DMG

White 240-241 - - - - - R

NCS

White 173.2

Cd(dmg).(NCS), | White | Above300 | 26.06 | 25.86 | 350 | 4.02 | 18.24 | 18.86

Fe(dmg),(NCS), | Grey | Above300 | 29.71 | 29.02 | 399 | 432 | 20.79 | 2144

Pb(dmg),(0ac), | White | Above300 | 25.85 | 24.98 | 3.98 | 4.19 | 10.05 | 10.76

M.P = Méelting point

Table 2 :Electronic spectra of the studied complexes and two ligands

Compounds Wavelength (nm) | Wavenumber (cm™)
DMG 229.99 43480
NCS 266 37593.98
246 237 | 4065040 | 42194.09
Cd(dm0)o(NCS) 53025750 | 4347826 | 43956.04

236,50 4228309

Fe(dmg)z(NCS), 22750 43956.04
23 49218.45

Pb(dmg).(0ac). 22350 4474272

Table3: FT-IR Spectr| Data of the Ligands and its Complexes

complex | v(OH) | v(NH) | v(C-H) | v(C=C) | v(N-O) | v(C=N-O) | v(M-N) | v(COO0)
dmg 3205 | 2928 2850 1490 1143 760 - -
1 3410 - 2926 1431 1143 761 2067 -
2 - 3246 2924 1437 1143 758 2056 -
3 3312 | 3236 2924 1440 1143 752 - 1363

Complex 1 = Cd(dmg),(NCS),
Conplex 2 = Fe(dmg)z(NCS),
Complex 3 = Pb(dmg).(0ac),
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CONCLUSION

Metal complexes were synthesized by self-assembly method. All the proposed structures are showing Octahedral
geometry and agreed with electronic data. The obtained results were charecterized by using spectroscopy and
physical methods.
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ABSTRACT

Metal-ligand complexes of the general formula [M(A)2(B) (C)] where A=dimethylglyoxime B= N3, NCSNCO and
M= Zn(Il) were prepared. Each complex was characterized by elemental analysis and infrared spectra. The IR
spectra, which have indicate that the dimethylglyoxime was coordinated with the metal ions through the N and O
atoms of the oxime group, pseudohalides and acetate were coordinated with metal ions through the N atom and
terminal carboxyl oxygen atom. The proposed structure of the complexes were drawn using program, CS chem
office 3D(2000) .

The general formula have been given for the prepared complexes :

[M(A)(B) (O)];

M(I1): Zn(I1).

A= DMG(dl mhyl g|y0X| rTE) = C4H8N202
B = N3,NCSand NCO.

C = Acetate ion(CHsCOOQO))

Key words: DMG, Pseudohalides, Zn(ll),spectra, Dimethylglyogi complexes.

INTRODUCTION

The oxime group (>C=N—-OH), which may be considerete derived from oxy-imine, is amphoteric witigbtly
basic nitrogen and mildly acidic hydroxyl group$. [¥ic-dioxime ligands react with many transitioretals in the
Periodic Table and form highly stable complexes Rjrmation and structural analysis of such congdelave
been reviewed by Chakravorty [3] and SchrauzerThg dimethylglyoxime derivatives have receivedsiderable
attention from both of the chemical and biologisalentists. It is stimulated the reactions of vitarB12 and
vitamin- B12 Preparation and Spectral PropertiesMited-Ligand Complexes S581 model chemistry[5-7].
Moreover, the dioximes are capable of coordinathrygugh N, N or N, O sites of the oxime groups. §,leome of
the dioximes derivatives exhibited significant agdircinogenic activity and antitumor agents[5].oirder to add
other kinds of anion on complex, we synthesizedrtshoidging ligand complexes, proposed structured a
spectroscopic properties of the afore mentionedptexes were discusse8ynthesis and characterization of the
pseudo halide metal complexes with Fe, Cd and Rb published by Dr. B. Kishore Babu et al [8].
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MATERIALSAND METHODS
A: Reagents and instruments : DMG and Pseudohiidjdeds were purchased from SRL .

Metal salts were purchased from merck &ledmental analysis was obtained using a FLASH EA21$ERIES
CHNS analyzer. Melting point were recorded by usihgrt melting point apparatulR spectra were obtained with
a Shimadzu FT-IR 8000 spectrometer. The proposddamar structure of the complexes were determéhate
using chem office 2000, 3DX prog .

B: General synthesis :

Synthesis of Zn(dmg)Ns)(oac)

An methanolic (5 ml) solution of dimethylglyoxim8.4£16g, 1.0 mmol) was added to an aqueous sol&tio) of
Zinc acetate dihydrate (0.219g, 1.0 mmol), whitecjpitate was formed and then aqueous solutionj5ofriNaN;
(0.065 g, 1.0 mmol) was added which remained séifter constant stirring at 86 temperature for 30 minutes, The
product was filtered off and washed with methalvald 46%

Synthesis of [Zn(dmgJNCS) (oac)]

An methanolic (5 ml) solution of dimethylglyoxim8.416g, 1.0 mmol) was added to an aqueous sol&tio) of
Zinc acetate dihydrate (0.219g, 1.0 mmol), whitecfpitate was formed and then aqueous solutionfoflkNCS
(0.097 g, 1.0 mmol) was added which turned paléerAfonstant stirring at 86 temperature for 30 minutes,The
product was filtered off and washed with methalvald 45%

Synthesis of [Zn(dmgJNCO) (oac)]

An methanolic (5 ml) solution of dimethylglyoxim8.416g, 1.0 mmol) was added to an aqueous sol&tio) of
Zinc acetate dihydrate (0.219g, 1.0 mmol), whitecjpitate was formed and then aqueous solution Ij50fn
NaOCN (0.081 g, 1.0 mmol) was added which remas®te. After constant stirring at’60temperature fo80
minutes, The product was filtered off and washetth wiethanol. Yield 45%

RESULTSAND DISCUSSION

Physical properties and elemental analysis areepted in Table (1). Formula M(A)(B) (C) giving good
agreement between the observed and the calculateeswby elemental analysis .

Fourier-transform infrared spectra :

The assignment of some of the most characteridiitRFband of the complexes are shown in Table ¢ggther
with that of dmg recorded for comparative purposed facilitate the spectral analysis. Absorptiomdsain the
2050-2295 crll region are considered to be due to metal-nitragfepgeudohalide) vibrations [9,10] whilst those
occurring around 1143 cm-1 are thought to arissnfnitrogen-oxygen vibration in coordinated dmg [,

Nomenclature of prepared complexes :

Complexes Nomenclature

Zn(dmgy(Ns), Didimethylglyoximatodiazido N-Zinc(Il)
Zn(dmg)(NCS), | Didimethylglyoximatodithiocyanato N-zinc(ll
Zn(dmg)(NCO), | Didimethylglyoximatodiisocyanato N- Zinc(ll

Proposed molecular structure :
Studying complexes on bases of the above analjfsisexistence of tetra coordinated

[M(A) 2B) (C)],
M(Il) = Zn(ll)

A proposed models of the species were built wigne!3D [13] shows in Fig (1)(2)(3) .
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Zn(dmgh(Ns).
>/C A\
HO—N\ N—OH
N=N=N /Zn OCOCH;
HO——N \
N—OH
N 7
/N
Fig (1) : The proposed structure of the complex 1
Zn(dmgh(NCS),

Fig (2) : The proposed structure of the complex 2
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Zn(dmg)(NCO),

\ /

C—C
o—N\ /N—OH
0O=C=N C\—OCOCHs
HO—N N—OH

C——— C

/ \

Fig (3) : The proposed structure of the complex 3

Table 1: The physical properties of the complexes

Elem&nnalysis
Compound Colou] M.Fc %C %H %N |
Calc | Found| Cald Founfi Cal¢d  Foufd
DMG White 240-241 - - -

Zn(dmg}(N3), White | Above 300] 37.2§ 37.17 6.56 5.98 14143 1421

Zn(dmg,(NCS, | White | Above 30( | 37.27 | 37.1¢ | 6.52 | 6.1Z 14.4¢ | 14.3¢

Zn(dmg}(NCO), | White | Above 300] 35.54 35.23 5.97 5.7§ 15/07 14/98
M.P = Melting point

Table2: FT-IR Spectr| Data of the Ligands and its Complexes

complex | v(OH) | v(C=C) | v(N-O) | v(C=N-O) | v(M-N), | V(COO)
dmg 3205 1490 1143 760 - -

1 3210 1446 1139 745 2190 1364
2 320¢ 143¢ 113¢ 74% 219¢ 136¢
3 321( 1441 113¢ 75C 229¢ 136¢

X= Pseudohalide (N5, NCS, NCO)
Complex 1 = Zn(dmg)z(Ns)2
Complex 2 = Zn(dmg)2(NCS),
Complex 3 = Zn(dmg),(NCO),

CONCLUSION

Metal complexes were synthesized by self-assemtdthod. The obtained results were characterized diygu
spectroscopy and physical methods.
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