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1. Introduction 

Metal Organic Framework (MOF’s) are compounds which consist of organic ligands 

coordinated to metal ions or clusters so as to form one-, two-, or three-dimensional structures. 

MOFs are taxonomic category of coordination polymers. Metal Organic Frame work 

(MOF’S) are the compounds in which interaction between  ligand  to metal  produce porous 

coordination networks with record setting surface areas with outstanding activated zeolites 

and carbons. The MOF’s application includes sensors, catalysis, separation and storage of 

gases and others. MOF’s compounds in pure N,N- diethylformamide or N,N- 

dimethylformamide are usually prepared which then slowly decompose upon heating and 

generation of base takes place which is capable of acting as a nucleophile deprotonating 

organic linear molecules. The latter part then reacts with the inorganic metal salts and three 

dimensional meta-organic networks are produced. These compounds are generally 

characterized by a modular construction principle which allow for a rational design made for 

the individual order pore systems. Using these appropriate building blocks, the specific 

combination of interactions for molecules inside the MOFs will be used  for the separation of 

molecular species, storage, sensing, transformation  inside MOF’s.  New materials for energy 

storage will be constructed in this way. [1] 

The Metal Organic frameworks are linked by strong bonds by inorganic and organic units. 

Within the past decades there has been an explosive growth in the characterization and 

preparation of MOFs compounds.  Their geometry, size and functionality which is flexible 

has led to more than 20,000 different MOFS being reported till date. Each year the organic 

linkers and secondary units of metal can be varied and has led to thousands being studied and 

prepared. The organic ligands must be ditopic and polytopic organic carboxylates or 

negatively charged molecules which can act as nucleophile. The connectivity and chemical 

composition of the MOFs compounds has been widely known of their underlining constituent 

of secondary units of inorganic and organic. [2] 

MOFs are consist of two major components that is first an organic linker that is a ligand and a 

metal ion or cluster a metal ion or cluster. Because of this reason, the materials of the MOFs 

are generally called as hybrid organic-inorganic materials as mixing of inorganic and organic 

compounds takes place. The organic units should be of mono di tri or tetravalent ligand and 

these tells us about the structure of the overall compound and also properties of the MOFs. 

For example, the metal's coordination influences which prefers the shape and size of pores by 

stating that how many ligands will bind to the metal centre and in which orientation it will 
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bind.  In MOFs, the framework has a pattern called the SBU (secondary building unit) and 

the organic ligands.  A pattern or approach that is useful for the MOFs compounds has 

planned for storage of gas and also for metal-binding solvents such as water and N, N-

diethylformamide..When the solvent is removed the metal binding site is opens which allow 

hydrogen for the binding at this site. [2, 3] 

In most cases the MOFs organic ligands bind reversibly, the defect gets redissolved because 

of the slow formation of the crystals. This results that the material with near- equilibrium 

defect and millimeter- scale crystals defect density. Solvothermal synthesis is to produce 

chemical compounds which are useful in growing crystal formation prior to its structural 

determination.  MOFs compound which is used as a storage material for consumer products 

demands has led to an immediate rise in their synthesis. The rise of MOFs has not been 

widely studied, but also though several groups have proved that microwaves can be used 

to nucleate MOF’s crystals rapidly from solution. This technique is generally termed as 

microwave-assisted solvothermal synthesis. This technique is widely used in the literature of 

zeolites and produces micron-scale crystals in just seconds to minutes which give same like 

the slow growth methods.  The permanent porosity of the Metal Organic Framework 

(MOF’s) has been more extensive in their variety and multiplicity than any other class of 

porous materials. These particular have made MOF’s an ideal channel for gas storage 

(methane and hydrogen), take up carbon dioxide and catalysis applications. [3] 

Pyridyl-piperazine ligands 

Piperazine [4] is an organic chemical compound which consists of a six membered ring 

containing two opposing nitrogen atoms. Piperazine is a compound having saline taste and 

which have a tendency to form liquid that is as a alkaline deliquescent crystals. [5] The 

piperazines are considered as derivatives of cyclic diamine or ethylenediamine . They are also 

called cyclizines. Piperazines is a heterocyclic saturated compound containing two nitrogen at 

first and fourth position that is why it is called 1, 4-hexahydropyrazine. The molecular 

formula of piperazine is C14H10N2. And the molecular weight is 86.14 g per mole.[6] 

Pyridyl-piperazine is a simple chemical compound where pyridine is attached to piperazine 

ring. The structure of pyridine-piperazine is shown below, 
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Fig:- 1-(2-pyridyl)piperazine [7] 

Piperazine is insoluble in diethylether and soluble ethylene glycol and water. It is generally  

act as  a weak base and at 25 degree  its   pKa value  is  5.35 and  9.73 . Piperazine can  

absorb carebondioxide and water  from its surroundings as they are hygroscopic in nature. 

Pyridine is soluble in water and mostly in all organic solvents. They are sickly basic, and it 

forms a crystalline hydrochloride salt when they come into contact with HCl which melts at 

145–147 °C. [8] 

The compounds of pyridyl-piperazine usually act as a ligand and form complexation with the 

transition metal ions. Pyridine is having the ability to act as either sigma (σ) or pi (π) type 

ligands. However, the pyridine nitrogen   donates its pi (π) electron system randomly to the 

electronic shell of a metal atom. Pyridine forms a dipole with the electron density localized 

on the nitrogen atom. Moreover, the  lone pair of pyridine’s  N- electrons which  has a 

geometry that makes it easily able to reach  for the donation of the electrons to its  central 

metal atom which results  in the resultant complex. Pyridine forms complexation in both 

enloic and ketonic forms. During the formation of complex pyridine can experience 

enolisation. Pyridine can form complexation with Ni
2+ 

and Cu
2+ 

metal ions as it is itself a 

weak ligand having the log k1 values at around 1.9 and 2.6 respectively. [9] 

Piperazine is having the tendency to bind a metal ion in two ways that is as a monodentate 

ligand or as a bridging ligand between two metal ions. [10] 

Pyridyl-piperazines may be use as a reagent for the determination of both aromatic and 

alipathic isocyanates in air by reversed-phase HPLC. It may also be used as reagent for the 

fluorometric determination of airborne di-isocynates. Pyridine-piperazine compounds are also 

used in the manufacture of anti HIV-1 virus medicament. [11] 
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2. Aim and scope of the project 

Aim:- 

The aim of this project is to synthesize and characterize the complexes of pyridyl-piperazine 

ligands with the transition metal ion (copper). The characterization of the synthesized 

compound will be done with the help of various techniques like TLC (Thin Layer 

Chromatography), UV- Spectroscopy, IR- Spectroscopy and Nuclear Magnetic Resonance 

Spectroscopy. 

Scope:- 

As we know that pyridyl-piperazine ligands can form complexation with the transition 

metals. The scope of this project is to synthesize the pyridyl-piperazine ligands and 

complexation of these ligands with the transition metal (Copper). Their complexation could 

show their geometry, size, and functionality and whether they form chain like structures or 

not. The main motive of this project is to investigate pyridyl-piperazine ligands as the 

building block for Metal Organic Framework (MOF’s) which will also help us to understand 

the interaction of these groups like piperazine or pyridine in biological systems. 

 

3. Literature review 

Synthesis 

P. C. Jain and N. Anand have described the concept of a chemical compound having a 

molecular structure wherein there is attachment of one nitrogen atom of a piperazine nucleus 

to the metal centre nitrogen atom of a nitro-substituted pyridyl group. [12] 

The idea of this invention is that the final product composition possesses the inherent 

characteristics of having significant pharmacological activity without adverse toxicity. Here 

N-phenylpiperazine bears one or more lower alkyl radicals. The specific N-phenylpiperazine 

starting materials have been described and substituted N-phenylpiperazine has been prepared. 

[12] 

The methods for synthesis of some of the phenyl piperazine derivatives or the pyridyl 

piperazine derivatives are describes below 
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Synthesis of 1-phenyl-4-(3-nitro-4-pyridyl)piperazine:- 

A solution of 4- chloro-3-nitropyridine in dry toluene was added dropwise with stirring to a 

solution of N-phenylpiperazine in dry toluene. The reaction mixture was then stirred and heat 

for two hours, cooled and filtered. The filtrate is extracted with 2N HCl. The acidic extract 

was treated with decolorize carbon ammonium hydroxide. The product was separated out as a 

yellow solid that was filtered and crystallized from ethanol. Its melting point is 138-140°. 

[12] 

Synthesis of 1-phenyl-4(3-amino-4-pyridyl) piperazine:- 

A solution of 1-phenyl-4-(3-nitro-4-pyridyl)piperazine, prepared as described in the above 

synthesis, in THF was hydrogenated in presence of hydrogen for about half hour. The 

reaction mixture was then filtered and the catalyst washed with hot THF. The solvent was 

removed under reduced pressure and the residue placed in ethanol from which is crystallized 

the product. Its melting point was 191° C.[12] 

Synthesis of Bis-1-4-(3-nitro-4-pyridyl) piperazine:- 

A solution of anhydrous piperazine in dry chloroform was added with stirring to a solution of 

4-chloro-3-nitripyridine and trimethylamine in dry toluene (ml). The reaction mixture was 

stirred for additional 60 minutes at 25-30° and then  heated on a steam bath for 3 hours. It 

was then cooled and filtered. The residue was washed with water and the product crystallized 

from pyridine/water. The melting point was observed as 252°.[12] 

Synthesis of 1-(2, 5-dimethoxyphenyl) piperazine dihydrochloride:- 

A mixture of bis (2-chloroethyl)aminehydrochloride, anhydrous K2CO3, freshly distilled 2,5-

dimethoxyanaline, and diglyme was heated at reflux for 48 hours. The mixture was allowed 

to cool at room temperature. To the above mixture distilled water was poured. The aqueous 

layer was made basic by the addition of a saturated KOH solution and was extracted with 

ethylacetate three times. The combined organic portion was washed with distilled water three 

times and dryed over MgSO4. The solvent was evaporated to dryness under reduced pressure 

to yield a dark oil. Vacuum distillation afforded 62% amine as light yellow liquid.[12] 

Potassium benzylpiperazine dithiocarbamate synthesis:- 

 V. T. Yilmaz have synthesized and characterized Potassium benzylpiperazine 

dithiocarbamate (KBPDTC) and performed complexation with Mn (II), Co(II), Cu(II) and 

Zn(II). Their thermal reactivity has been studied by DTA and TG techniques. The 
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monoanionic BPDTC ligand coordinates to the metal ions via sulphur atoms of the –NCS 

group. Its complexation with NI (II) shows square planar geometry. The thermoanalytical 

data show that the decomposition of the metal complexes of KBPDTC under Nitrogen gives 

the corresponding metal thiocynates as stable intermediates. [13] Benzylpiperazine was 

dissolved in diethylether and aqueous KOH was added into it. CS2 was added into it dropwise 

and stirred for one hour at 0°. The layers are separated in a separatory funnel from where the 

aqueous layer was separated and then evaporated in water bath at 95°. The solid potassium 

benzylpiperazine dithiocarbamate was obtained. The above solid was then washed with 

diethylether for several times and dry in air. [13] 

M(pp)2 complexes have been studied using spectroscopic methods. These complexes give 

Hoffmann type host structures. Here, M is metal which could be Co, Ni, Mn, Zn etc and (pp) 

is 1-phenylpiperazine. Through different spectroscopic methods it has been found that the 

complex consist of infinite polymeric layers that is, M with 1-phenylpiperazine ligands 

bounded to the central metal atom.[14]. In the synthetic method MCl2 was dissolved in 

distilled water. Then another solution K2Ni(CN)4 was prepared in distilled water. Both the 

solutions are mixed with constant stirring. After a while drop wise (pp) was added to the 

above solution. The final mixtures was left for a week under constant stirring at room 

temperature. The product obtained is filtered and washed with distilled water and ethanol. 

[14] 

 Metal can also form complexation with ligands involving halides ions. Halide ions can be 

fluorine, chlorine, bromine or iodine ions. Here ligand is 1-phenylpiperazine. These 

phenylpiperazine ligands can be used in various metal complexes. Here metal can be used is 

palladium or mercury. The final complex formed is M(pp)2Cl2.[15] These type of complex 

can be prepared by 2 mmol of pp liquid to 1 mmol of MCl2 dissolved in distilled water. The 

above solution is then filtered with distilled water, ethanol, ether and we get the final dried 

product.[15] 

Synthesis of phenylpiperazine 

Panchal N.B.et.al. have synthesized many derivatives of phenylpiperazine following the 

methods described below. All of these methods give high yield of product in the range of 60-

70%. TLC was checked for all prepared derivative using a mixture of chloroform and 

methanol in 9:1 ratio as the mobile phase. [16] The synthesis of many phenylpiperaizine 

derivatives given below,  
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Synthesis of 1-phenylpiperazine 

A mixture of aniline and of bis(2-chloroethyl)amine HCl were placed in a round bottom flask 

and kept in the microwave oven. Evolved HCl gas was trapped into NaOH solution kept 

outside the oven. To neutralize the HCl gas released during the reaction NaOH solution was 

kept outside the released gas was bubbled through it, and chloroform was distilled out. The 

oil was extracted after cooling and subjected to column chromatography using silica gel to 

give 1-phenyl piperazine weighing 0.52g. 

In the next step the above prepared solution of 1-phenyl piperazine, respective substituted 

aniline formaldehyde and conc. Hydrochloric acid were taken in round bottom flask. All the 

reagents are taken in 0.01mol in quantity. The solution was stirred and was followed by 

refluxing. Reaction mixture was poured into the crushed ice and kept in refrigerator for 

overnight. Product obtained was recrystallized from ethanol. [16] 

Synthesis of N-(4-phenylpiperazine-1-methyl) benzamine 

A solution of 1-phenyl piperazine was taken in round bottom flask. Formaldehyde and 

concentrated HCl were added and stir the mixture for an hour followed by refluxing for 10-12 

hours. The reaction mixture was poured into crushed ice and sodium bisulphate solution was 

added. The solution was kept in the fridge. The product obtained was filtered and 

recrystallized from ethanol. [16] 

Synthesis of substituted phenylpiperazine 

This method was given by Vibhor k. j.et.al and percentage yield obtained from this method is 

approximately 60-70%. This method do not require much time. With the help of this method 

we can also synthesized para (methoxyphenyl)piperazine, meta(methoxyphenyl)piperazine 

and ortho(methoxyphenyl)piperazine etc. we can also substitute phenyl with pyridine so by 

substituting phenyl with pyridinewe can synthesized 1-(2-pyridyl0)piperazine, 1-(3-

pyridyl)piperazine and 1-(4-pyridyl)piperazine. The analysis of the synthesized compound 

was done by IR spectroscopy and NMR spectroscopy. [17] 

Synthesis of bis(2-chloroethyl)amine hydrochloride 

A mixture of chloroform and thionylchloride was added to a solution of  diethanolamine in  

chloroform and stirred. The refluxing was continued until a clear solution was obtained. 

Upon cooling at room temperature white crystals starts to appear. The product was filtered 

off after overnight stay of the reaction mixture in the refrigerator. The white solid obtained 
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was first washed with cold chloroform and then with ether. The solid crystal of bis (2-

chloroethyl) amine hydrochloride was obtained. [17] 

Synthesis of 1-(4-chlorophenyl) piperazine hydrochloride 

Dichloroethane amine was added to and p-Chloroanisidine. The above solution was dissolved 

in butanol and refluxed. The reaction was cooled and potassium carbonate was added to it 

and again refluxed. Progress of reaction can be done with TLC. The reaction mixture was 

filtered while hot after completion of the reaction and was kept in the refrigerator. The 

crystals formed were filtered on the suction pump. The violet crystals of 1-(4-chlorophenyl) 

piperazine hydrochloride were taken. [17] 

Synthesis of (1, 3, 5-triazinyl piperazine) 

Microwave synthesis is carried out in microwave reactor. All the melting points are taken in 

capillary. Microwave radiations speed up the rate of nucleophilic substitution reaction. 

Microwave methods take less time as compared to normal synthesis. [18] 

Synthesis of (4, 6-dichloro-1, 3, 5-triazin-2-yl) phenylamine 

A solution of 2, 4, 6,-trichloro-1, 3, 5,-triazine was added to anhydrous THF and  aniline were 

added to the above mixture in an RB and stirred. The resultant product was quenched with 

crushed ice. The product was filtered and recrystallized from acetone. [18] 

Synthesis of 7-(4-chloro-6-phenylamine-1, 3, 5-triazin-2-yl-oxy)-4-methylchromen 2-one 

A mixture of 7-hydroxy-4-methyl-coumarin was added with NaOH in anhydrous THF and 

was stirred for two hours at room temperature. The stirring was continued further. The 

resultant mixture was quenched with crushed ice. The solution was filtered and the solid 

obtained was recrystallized from acetone. Microwave reactor methods are very easy to 

perform. By these methods we got yield approximately 80-90%. Structure analysis of 

compound was done with IR spectroscopy or NMR spectroscopy. [18] 

Synthesis N-(2-pyridyl)piperazinium tetrachlorocuprate(II) complex 

An aqueous solution of CuCl2.2H2O was mixed slowly with N-(2- pyridyl)piperazine in 

deionized water which yielded a dark brown colored precipitate. It was then dissolved in 

concentrated hydrochloric acid which was followed by the addition of  deionized water in 

drop wise to the mixture. The resulting clear solution was filtered and kept at room 

temperature. Brown crystals of N-(2-pyridyl)piperazinium tetrachlorocuprate(II) were 

obtained. The crystals were washed with 95% ethanol, diethyl ether and dried. 
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Metal complexation of pyridyl-piperazine 

H. Hou have synthesised new piperazine-pyridine ligand that is N,N’-bis(4-

pyridylmethyl)piperazine(bpmp) which was prepared from the reaction of piperazine 

hexahydrate with  4-chloromethylpyridine hydrochloride. From the X-Ray analysis it has 

been observed that the sructure is  linear and the lone pairs of  nitrogen of  piperazine  are in 

the Trans position. Zigzag polymers with mercury were acquired in THF. The ligand N, N’-

bis(4-pyridylmethyl)piperazine is retained in its chair conformation on the polymer. Hg
2+

 

coordinates to two nitrogen atoms from different bpmp ligands and two I atoms. [19] 

The preparation of various polymeric structures containing transition metals by which 

organic units take control of their sizes and rigidity that are connected through covalent or 

non-covalent bonding such as hydrogen bonding which results in different enlarged 

structures.[20] On the basis of this bi-pyridine based ligands with inflexible backbone has 

been prepared. By observing their ability of hydrogen bonding and metal complexation, we 

found out that piperazines has been an interesting moiety for supramolecular coordination  

chemistry.[21] The distinctive attribute of piperazine is that it folds into a chelating mode 

which is prevented by the inflexible backbone, which makes it functionally and structurally  

directing building block.[22] 

Here the ligand N,N’-bis(4-pyridylmethyl)piperazine(bpmp) is a bidentate ligand where the 

two pyridine groups are in the equatorial position to the piperazine ring. From this fact, this 

ligand without any chelation capability form coordination polymer.[22]. The ligand N,N’-

bis(4-pyridylmethyl)piperazine was composed by a solution of NaOH and piperazine 

hexahydrate in water, after that 4-chloromethylpyridine hrdrochloride in water was added 

with constant stirring until the pH decreased to 8-9. The resultant product obtained is deep 

red solution and was refluxed in an open beaker for two hours with the volume of the solution 

reduced. White products were formed and were recrystallized from a minimum amount of 

methanol. [19] And for the preparation of the complex {HgI2[bpmp]n, two solutions have 

been prepared,  a solution of bpmp in THF was added to a solution of HgI2 in THF  solvent , 

after a weel later, the product obtained was a colourless crystals. The product obtained was 

stable in air and insoluble in common solvents. From the X-Ray diffraction it has been 

revealed that the N, N’-(4-pyridylmethyl)piperazine ligand shows a linear structure with a 

crystallographic symmetry center.  The piperazine ring forms a chair like conformation. All 

the bond distances are similar to the corresponding ones that was observed in the 2-

pyridylmethyl derivatives of piperazine[23]. The lone pair of  nitrogen of piperazine are in 
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trans position and the lone pair of pyridine are away from the center of the piperazine ring.  It 

is favorable for polymeration and not for chealation. 

The crystal packing shows the A-B-A-B repeated occururance of layers of ligands. The 

shortest distance between two parallel bpmp ligands is approximately 9.24 angstrom, which 

means that there is no interaction in the formation of crystal layers. [23] 

The mercury containing metal complexation is not well developed because there has been  a 

limitation for the solubility in solvents. The main aim of this is to synthesize two dimensional 

structure of the N, N’-bis(4-pyridylmethyl)piperazine(bpmp) ligand  with complexation with 

mercury.  The molar ratio of 2:1 of bpmp and HgI2, gets crystallised in the ratio of 1:1 and 

thus showed a one dimensional chain like structure in which the piperazine is in its stable 

chair conformation. And doses not adopt boat conformation. [24]. the bond angle of N-Hg-N 

is less as compared to the bond angle of N-Hg-I. Bond length and bond angles are close to the 

free ligands. Here the Iodine groups have a steric effect and rigidity of bpmp which  further 

leads to the formation of zigzag like polymeric structure. Inorder to coordinate with metal 

ions to form zigzag liner polymer with its chaie conformation the bpmp ligand have to break 

the chelating mode with the metal ions. From this we got the evident that conformation of 

ligands plays an important role in the formation of the structure. [24] 

 

4. Experimental section:- 

The chemicals used, like thionylchloride, diethanolamine, 2-amionpyridine, 3-aminopyridine, 

4-aminopyridine, chloroform, methanol, butanol were purchased from commercial sources 

and are used without further purification.  IR spectra were recorded by Shimadzu FTIR-8400s 

with pressed KBr pellets. NMR spectra were recorded by Bruker advance II 400 

spectrometer. UV-Vis spectra were recorded by Shimadzu UV-1800s, ranging from 800 nm 

to 200 nm. 
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Synthesis 

Synthesis of bis (2-chloroethyl) amine:- 

A mixture of 13 ml thionylchloride in 14 ml chloroform was added to a solution of 5g 

diethanolamine in 14 ml chloroform for about 10 minutes. The mixture was refluxed 

continuously until a clear solution obtained. The reaction mixture was cooled at room 

temperature whereby white crystals start to appear. The reaction mixture kept overnight in the 

refrigerator and the product filtered off. The precipitated solid was first washed with cold 

chloroform and then with ether. The white crystals of bis (2-chloroethyl) amine 

hydrochloride were obtained. The reaction is given below, 

 

Fig:- bis(2-chloroethyl)amine 

Synthesis of 1-(2-pyridyl)piperazine (L1):- 

3g of the product bis(2-chloroethyl)amine and 2g of the 2-aminopyridine were taken in 30 ml 

butanol and refluxed the solution for 8 hours. The reaction mixture was cooled and 2g of 

potassium carbonate was added to  it and again refluxed  for 10 hours. The progress of the 

reaction can be done with the help of TLC. After the completion of the refluxing, the mixture 

was filtered while hot. During filtration washing was done with small quantity of hot butanol. 

The product was kept in the refrigerator for 8 hours and the crystal were filtered on the 

suction pump. 
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Synthesis of 1-(3-pyridyl)piperazine  (L2):- 

3g of the product bis(2-chloroethyl)amine and 2g of 3-aminopyridine were taken in 30 ml 

butanol and refluxed the solution for 8 hours. The reaction mixture was cooled and 2g of 

potassium carbonate were added to the solution and again refluxed it for 10 hours. After the 

completion of the refluxing , the reaction mixture is filtered hot and washing can be done 

with small amout of hot butanol and the product is kept in the refrigerator for 8 hours. The 

progress of the reaction can be done with the help of TLC. 

 

 

Synthesis of 1-(4-pyridyl)piperazine (L3):- 

3g of the product bis(2-chloroethyl)amine and 2g of 4-aminopyridine were taken in 30 ml 

butanol and refluxed it for 8 hours. The reaction is cooled at room temperature after 8 hours 

of refluxing and 2g of potassium carbonate is added to the mixture and again refluxed for 

another 10 hours. After the completion of 10 hours of refluxing the reaction is filtered while 

hot and washing can be done with small amount hot butanol and then the final product is kept 

in the refrigerator for 8 hours to get the desired product. The progress of the reaction can be 

done with the help of TLC. 

 

+ N NH2 NH N NNH Cl
Cl

1-(pyridin-4-yl)piperazine  
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Scheme 1: Overall scheme for synthesis of ligands 

 

 

Synthesis of 1-ethyl-4-(pyridin-2-yl)piperazine (L4):- 

2.4 g of 1-(2-pyridyl)piperazine was mixed with 1.60 g of bromoethane. 2.031 g of potassium 

carbonate was added to the above mixture and refluxed for two hours. The progress of the 

reaction was done with the help of TLC. After refluxing for two hours, the solution was 

filtered and the filterate were collected. Column chromatography was done with the filtrate. 

The solvent that used to run the column was 9:1 ratio of chlroform and methanol.  After 

running the filtrate through the column the desired product is obtained. Solvent used for TLC 

was 7:3 ratios of chloroform and methanol. 

NHN

N

NCH2CH3N

N
CH3CH2Br

 

 

The synthesis of 1-ethyl-4-(pyridine-3-yl)piperazine (L5) and 1-ethyl-4-(pyridine-4-

yl)piperazine (L6) were done using similar methods as described above. 
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Stoichiometric analysis:- 

Solutions of different stoichiometric ratios were prepared by mixing the stock solutions 

prepared with the metal salt and the ligands separately at different volume ratios. The UV-vis 

characteristics of these solutions were then checked to find out the stoichiometric ratio of the 

metal with the different ligands during formation of the metal complex.    

Following stock solutions were prepared in acetonitrile 

 Cu(NO3)2= 1x10
-3

 M in CH3CN 

Ligands (L1 to L6) = 1x10
-3

 M in CH3CN 

 

 

 

Table 1:- Preparation of solutions for UV-vis study  

Sl. No. Vol. of  ligand 

sol. 

Vol. of  metal 

sol. 

Vol. of  CH3CN Total  vol. 

1 1 ml 1 ml 3 ml 5 ml 

2 2 ml 1 ml 2 ml 5 ml 

3 4 ml 1 ml 0 ml 5 ml 

 

Synthesis of  metal complexes 

1. Metal complex of copper with 1-(2-pyridyl)piperazine (L1):- 

0.24 g of the cupric nitrate was added to 0.32 g of 1-(2-pyridyl)piperazine. The above 

mixture was then dissolved in a minimum amount of methanol.  The solution mixture was 

stirred for 10 minutes and was kept in a water bath to evaporate the solvent (methanol). The 

final product that was left after the solvent has been evaporated was kept in a beaker inside 

the desiccator to dry completely.  
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2. Metal complex of copper with 1-(3-pyridyl)piperazine (L2):- 

0.24 g of the cupric nitrate was added to 0.35 g of 1-(2-pyridyl)piperazine. The above 

mixture was then dissolved in a minimum amount of methanol.  The solution mixture was 

stirred for 10 minutes and was kept in a water bath to evaporate the solvent (methanol). The 

final product that was left after the solvent has been evaporated was kept in a beaker inside 

the desiccator to dry completely.  

3.  Metal complex of copper with 1-(4-pyridyl)piperazine (L3):-. 

0.24 g of the cupric nitrate was added to 0.35 g of  1-(2-pyridyl)piperazine. The above 

mixture was then dissolved in a minimum amount of methanol.  The solution mixture was 

stirred for 10 minutes and was kept in a water bath to evaporate the solvent (methanol). The 

final product that was left after the solvent has been evaporated was kept in a beaker inside 

the diccator to dry completely. 

4. Metal complex of copper with 1-ethyl-2-(pyridine-2-yl)piperazine (L4):- 

0.24 g of the cupric nitrate was added to 0.36 g of 1-ethyl-2-(pyridine-2-yl)piperazine.  The 

above mixture was then dissolved in a minimum amount of methanol.  The solution mixture 

was stirred for 10 minutes and was kept in a water bath to evaporate the solvent (methanol). 

The final product that was left after the solvent has been evaporated was kept in a beaker 

inside the diccator to dry completely. 

5. Metal complex of copper with 1-ethyl-2-(pyridine-3-yl)piperazine (L5):- 

0.24 g of the cupric nitrate was added to 0.35 g of 1-ethyl-3-(pyridine-2-yl)piperazine.  The 

above mixture was then dissolved in a minimum amount of methanol.  The solution mixture 

was stirred for 10 minutes and was kept in a water bath to evaporate the solvent (methanol). 

The final product that was left after the solvent has been evaporated was kept in a beaker 

inside the diccator to dry completely. 

6. Metal complex of copper with ligand 1-ethyl-2-(pyridine-4-yl)piperazine (L6):- 

0.24 g of the cupric nitrate was added to 0.37 g of 1-ethyl-4-(pyridine-2-yl)piperazine.  The 

above mixture was then dissolved in a minimum amount of methanol.  The solution mixture 

was stirred for 10 minutes and was kept in a water bath to evaporate the solvent (methanol). 

The final product that was left after the solvent has been evaporated was kept in a beaker 

inside the diccator to dry completely. 

 



21 
 

5. Result analysis:- 

 IR spectroscopy of ligands:- 

 

                       

 

                                      Figure 2:- IR spectrum of diethanolamine 

 

                                         Table 2:-  IR Peaks of diethanolamine 

Functional group Peak ( cm
-1

) Type of  vibration 

OH 3201  Stretching 

CH 2941 Stretching 
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                               Figure 3:-  IR spectrum of dichloroethaneamine 

 

                               Table 3:- IR peaks of dichloroethaneamine           

Functional group Peak (cm
-1

) Type of vibration 

C-Cl 671 Stretching 

CH 2966 Stretching 
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                 Figure 4:- IR spectrum 1-(2-pyridyl)piperazine of (L1) 

 

                               Table 4:- IR peaks of L1 

Functional group Peak (cm
-1

) Type of vibration 

NH 3345 Stretching 

C-C 1504 Stretching 

Ar. NH 1305 Stretching 

Ar. CH 3104 Stretching 
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                           Figure 5:- IR spectrum of 1-(3-pyridyl)piperazine ( L2) 

 

                                              Table 5:- IR peaks for L2 

Functional group Peak Type of vibration 

NH 3442 Stretching 

C-C 1624 Stretching 

Ar. CH 2962 Stretching 

Ar. NH 1341 Stretching 
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                      Figure 6:-IR  spectrum of 1-(4-pyridyl)piperazine (L3) 

 

                                          Table 6:- IR peaks of L3 

Functional group Peak (cm
-1

) Type of vibration 

NH 3443 Stretching 

C-C 1550 Stretching 

Ar. NH 1201 Stretching 

Ar. CH 2947 Stretching 
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         Figure 7:- IR spectrum of 1-ethyl-2-(pyridine-2-yl)piperazine  (L4) 

 

                                  Table 7:- IR peaks observed for L4 

Functional group Peak (cm
-1

) Type of vibration 

NH 3446 Stretching 

C=C 1654 Stretching 

Ar. CH 3000 Stretching 

CH 2915 Stretching 
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             Figure 8:- IR spectrum of 1-ethyl-2-(pyridine-3-yl)piperazine  (L5) 

 

                                       Table 8:- IR peaks of  L5 

Functional group Peak (cm
-1

) Type of vibration 

NH 3391 Stretching 

Ar. CH 2959 Stretching 

C-H 2874 Stretching 

C=C 1577 Stretching 
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                   Figure 9:- IR spectrum of 1-ethyl-2-(pyridine-4-yl)piperazine ( L6) 

 

                                     Table 9:- IR peaks of L6 

Functional group Peak (cm
-1

) Type of vibration 

NH 3441 Stretching 

Ar. CH 3002 Stretching  

CH 2917 Stretching 

C=C 1651 Stretching 
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NMR spectroscopy of ligands:- 

                             

                                                    

NHN

N
ba

a b c d

e

f  

 

 

              Figure 10:-NMR spectrum of  1-(2-pyridyl)piperazine (L1) 

                                     Table 10:- NMR peaks of L1                               

Ligands NH Ha Hb Hc Hd He Hf 

L1 2.49 (t) 3.37 (t) 3.55 (t) 6.40 (d) 7.98 (t) 6.81 (t) 8.81 (d) 
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NHN

N
ba

a b

f

c d

e

 

 

 

                   Figure 11:- NMR spectrum of 1-(3-pyridyl)piperazine (L2) 

 

                                     Table 11:- NMR peaks of  L2 

Ligands NH Ha Hb Hc Hd He Hf 

L2 2.48 (t) 2.50 (t) 3.41 (t) 6.89 (d) 7.56 (t) 7.58 (d) 8.18 (s) 
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                 Figure 12:-NMR spectrum of 1-(4-pyridyl)piperazine ( L3)  

 

                                      Table 12:- NMR peaks of  L3 

Ligands NH Ha Hb Hc Hd 

L3 2.49 (t) 3.33 (t) 3.89(t) 6.84 (d) 8.52 (d) 
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                   Figure 13:- NMR spectrum of 1-ethyl-2-(pyridin-2-yl)piperazine (L4) 

 

                                            Table 13:- NMR peaks of L4 

Ligands Ha Hb Hc Hd He Hf Hg Hh 

L4 

 

3.37(t)  3.47(t)  7.86(d)  7.36(t)  7.34(d)  6.85(d)  2.43(t)  1.28(m) 
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                   Figure 14:- NMR spectrum of 1-ethyl-2-(pyridin-3-yl)piperazine (L5) 

                                             Table 14:- NMR peaks of L5 

Ligands Ha Hb Hc Hd He Hf Hg Hh 

L5  3.33(t) 3.36 (t) 6.34(d) 7.45(d)  7.89(d) 8.3(d) 1.34(t) 1.27(m) 
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               Figure 15:- NMR spectrum of 1-ethyl-2-(pyridine-4-yl)piperazine (L6) 

 

                                          Table 15:- NMR peaks of L6 

 

 

 

Ligands Ha Hb Hc Hd He Hf 

L6 

 

3.35 (t) 3.76 (t) 6.76 (d) 8.07 (t) 1.37 (t) 1.26 (m) 
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  IR spectroscopy of the complexes:- 

 

                               Figure 16:- IR spectrum of copper complex with L1 

                                  Table 16:- IR peaks of copper complex with L1 

Functional group Peak (cm
-1

) Type of vibration 

Ar. CH 3000 Stretching 

CH 2915 Stretching 

C=C 1648 Stretching 

Cu-N 705 Stretching 
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                               Figure 17:- IR spectrum of copper complex with L2 

                                 Table 17:- IR peaks of copper complex with L2 

Functional group Peak (cm
-1

) Type of vibration 

C=C 1657 Stretching 

CH 2913 Stretching 

Ar. CH 2998 Stretching 

Cu-N 702 Stretching 
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                                  Figure 18:- IR spectrum of copper complex with L3 

                         Table 18:- IR peaks of copper complex with L3 

Functional group Peak (cm
-1

) Type of vibration 

C=C 
1656 Stretching 

CH 
2999 Stretching 

Ar. CH 
3434 Stretching 

Cu-N 
704 Stretching 
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                                Figure 19:- IR spectrum of copper complex with L4 

                                  Table 19:- IR peaks of copper complex with L4 

Functional group 
Peak (cm

-1
) Type of vibration 

C=C 
1648 Stretching 

Ar. CH 
3000 Stretching 

CH 
2915 Stretching 

Cu-N 
705 Stretching 
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                                Figure 20:- IR spectrum of copper complex with L5 

                                  Table 20:- IR peaks of copper complex with L5 

Functional group 
Peak (cm

-1
) Type of vibration 

C=C 
1657 Stretching 

Ar. CH 
2998 Stretching 

CH 
2913 Stretching 

Cu-N 
705 Stretching 
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                               Figure 21:- IR spectrum of copper complex with L6 

                                    Table 21: IR peaks of copper complex with L6 

Functional group 
Peak (cm

-1
) Type of vibration 

C=C 
1652 Stretching 

Ar. CH 
2997 Stretching 

CH 
2911 Stretching 

Cu-N 
704 Stretching 
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UV Spectroscopic study: 

 

Figure 22: UV spectrum of ligands 

Table 22:- Peak table of L1, L2 and L3 
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0

1
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a
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s
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a

n
c
e

wavelength(nm)

 1L

 2L

 3L

Sr. no. Ligand Wavelength(nm) Absorption 

(Lmol
-1

cm
-1

) 

1. L1 264 0.304 

2. L2 222, 297 2.412, 2.096 

3. L3 244,330 3.063,1.392 
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              Figure 23:- UV-vis spectrum of copper complex with L1 

 

              Table 23:- Peak table of copper complex with L1 

Wavelength (nm)  Absorbance ( L mol
-1

 cm
-1

) 

300  
1.187 
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                      Figure 24:- UV-vis spectrum of copper complex with L2 

 

              Table 24:- Peak table of copper complex with L2 

 

Wavelength (nm) Absorbance (L mol
-1

 cm
-1

) Molar Absorptivity ( M
-1

 cm
-1

 ) 

254 
0.8481 8481 

324 
0.7383 7383 

                   

                           Table 25:- Molar absorptivity of free  L2 

Wavenumber (nm) Absorbance ( L mol
-1

 cm
-1

) 

222 2.412 

297 2.096 
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              Figure 25:- UV-vis spectrum of copper complex with L3 

 

              Table 26:- Peak table of copper complex with L3 

 

Wavelength (nm) Absorbance ( L mol
-1

 cm
-1

) 

260 1.179 

304 0.510 
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Figure 26:- UV-vis spectrum of copper complex with L4 

 

Table 27:- Peak table of copper complex with L4 

               

Wavenumber (nm) Absorbance ( L mol
-1

 cm
-1

 

298 1.018 

                                    Table 28:-Molar absorptivity of free L4 

Wavenumber (nm) Absorbance ( L mol
-1

 cm
-1

) 

252 0.301 
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Figure 27:- UV-vis spectrum of copper complex with L5 

 

Table 29:- Peak table of copper complex with L5 

Wavenumber (nm) Absorbance ( L mol
-1

 cm
-1

) 

329 0.3465 

247 0.9027 

                             Table 30:- Peak table of free L5 

Wavenumber (nm) Absorbance ( L mol
-1 

cm
-1

) 

300 2.213 

229 2.092 
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Figure 28:- UV-vis spectrum of copper complex with L6 

 

Table 31:- Peak table of copper complex with L6 

 

Wavenumber (cm
-1

) 
Absorbance ( L mol

-1
 cm

-1
) 

256 
1.4377 

                                Table 32:- Peak table of freeL6 

Wavenumber ( cm
-1

) Absorbance ( L mol
-1 

cm
-1

) 

234 3.025 
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6. Conclusion:- 

Three pyridyl piperazine ligands 1-(2-pyridyl)-piperazine (Ligand L1), 1-(3-pyridyl)-

piperazine (ligand L2), and 1-(4-pyridyl)-piperazine (Ligand L3) and their ethylated 

derivatives 1-ethyl-4-(pyridine-2-yl)piperazine (Ligand L4), 1-ethyl-4-(pyridine-3-

yl)piperazine (Ligand L5), and 1-ethyl-4-(pyridine-4-yl)piperazine (Ligand L6) were 

synthesized and characterized by UV-vis, IR and NMR spectroscopic techniques. 

Complexations of synthesized ligands were done with copper metal ions. From the UV 

data it is established that the ligands are binding with copper differently as was observed 

by the change in the absorption pattern of the metal complex from the ligand itself. In 

general, IR peaks for metal-nitrogen appear near 440-460 cm
-1

. In the above mentioned 

complexes peaks appear in this range which confirms the binding of ligand with the 

metal ions. To find the detailed mode of binding of the ligands with the metal and to 

identify the type of network structure, a detailed analysis of their structure is required. 

For this purpose crystals of these complexes are being grown which can be studied using 

single crystal X-ray diffraction method to identify the three dimensional structure and 

nature of bonding.  
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