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 ANovel Tris(2-aminoethyl)amine Based Tripodal Ligand:
 Synthesis and Solution Coordination Studies with Trivalent 

Iron  and Chromium

Minati Baral,1 Amit Gupta,1 Rifat Akbar,2 and Bikram K. Kanungo2
 1Department of Chemistry, National Institute of Technology, Kurukshetra, Haryana 

136119, India, 2Department of Chemistry, Sant Longowal Institute of Engineering and 
Technology, Longowal, Punjab 148106, India

 1. Introduction

 M u l t i f u n c t i o n a l  c o m p o u n d s  s u c h  a s  p o l y p h e n o l s  a r e  h i g h l y  

abundantinnaturalproductslikepine,grape,andwitchhazel products. They are broadly beneficial for 

human health as they are found highly active and protective for red blood cells from free radical induced 

hemolysis. However, polyphenols serve as double-edged sword due to their both antioxidative and 

p r o o x i d a t i v e  p r o p e r t i e s .  T h e y  a r e  c a p a b l e  o f  s c a v e n g i n g 

f r e e r a d i c a l s a n d i n o t h e r c a s e s c a n s e r v e a s r e a c t i v e o x y g e n 

species[1]and,hence,canbeexploredeitherasaneffective antioxidant or as a cytotoxic agent in various 

hyperproliferative diseases. Besides biological studies, polyphenols based Schiff bases can be designed 

to demonstrate the coordination behaviourof thesebiologicalpotentagentswithmetal ions which may 

further provide additive properties to this class of compounds. Schiff bases are much prevailing 

compounds in  coordinat ion chemistry due to  their  capabi l i ty  of  forming s table 

complexeswithmetalions[2].Theyareknownfortheir  high selectivity and sensitivity with specific metal 

ions and so they are useful in potentiometric sensing and heterogeneous catalytic processes [3]. Despite 

their high significance against potent pathogens only limited data is available in the field of metal 

A B S T R A C T
Anoveltris(2-aminoethyl)amine (TREN) based tripodal ligand TRENOL (L) has been synthesized 

and characterized by elemental  analysis and UV-VIS, IR, 1H, and 13C NMR spectroscopic methods. 

The coordination behaviour of the ligand with H+ and trivalent metal ions, Fe(III) and Cr(III), was 

investigated in aqueous medium at 0.1M KCl at 25 ± 1�C by potentiometric and spectrophotometric 

studies. Tripodal ligand showed seven protonation constants in the adopted pH range 2–11 and its 

electronic spectra exhibited three bands at 216, 323, and 423nm. Ligand formed various metal 

complex species of the type MLH5,MLH4, MLH3, MLH, and MLwith trivalent metal ions. The 

determined values of the formation constants (for ML species) of the ligand with Fe(III) and Cr(III) 

were 24.19 and 18.64, respectively. Molecular modeling studies revealed that the metal complexes 

formed distorted octahedral geometry. Besides, ligand showed fluorescence at 496nm when excited 

at 289nm. The fluorescence behaviour of the ligand in the presence of Fe(III) ions showed noticeable 

quenching in comparison to the other metal ions at physiological pH(7.4). So, as per the outcomes of 

the present study, TRENOL has the potential to be used as the iron detector in environmental, 

agricultural, and medical fields.
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c o m p l e x a t i o n .  T h i s  l e s s  i n v e s t i g a t e d  a r e a  c a n  b e   s t u d i e d  f o r b e t t e r  

understandingofelectronic,molecular,and spectral behaviour of polyphenols based Schiff bases and 

their metal complexes. Such studies provide a strong ground for the development of novel sensor or 

agents with wider applications.

 Iron overload transfusion therapy is generally used to  cure such a metal poisoning, which includes 

administration of iron chelating agents [4]. Potential chelators are biologically available and are featured 

by lesser toxicity, high selectivity towards iron, and forming stable complex upon binding with it. In 

these aspects, low molecular weight naturally occurring biomolecules, siderophores, have capability to 

bind with iron with high affinity and specificity. Nowadays, iron uptake by those biomolecules is serving 

as a novel platform for various applications, based on ironuptakemechanismsuchas drugdelivery 

system[5, 6], detection of microorganisms [7, 8], and capture and accumulation of actinide elements 

[9–11]. In order to put some appropriate solution, synthesis of novel molecules is required which may be 

considered against intoxication of aforesaid metals in the biological systems and may also be used for 

developing some sought probes for the detection of these metals in trace quantity if present in the 

surrounding environment.

 Moreover, for developing novel chelators, it is necessary  to coverthestructural aspects of natural 

occurring molecules suchassiderophores.Duringtheworldwidesearchforpotential siderophore mimic 

chelators, it has been observed that several research groups have developed different strategies for 

synthesis of such tripodal chelating agents. Much effort has been channeled into the synthesis of 

catechols [12] and hydroxamates [13–16] with typical examples (model chelators) being enterobactin 

and desferrioxamine, respectively. The most important work was carried out by the 

Raymondgroupwhohavereportednumerouscatecholate [17] and hydroxypyridone ligands [18, 19]. A 

number of synthetic analogues have been prepared which retain the high affinity for iron(III) and with 

other metal ions, typical of enterobactin, and yet are more stable under biological conditions, for 

instance, the tripodal molecular Mecam [20]. Mecam is the structural analogue of enterobactin and has 

three catechol binding units: the catecholamide groups are appended to 1,3,5-triaminomethyl benzene 

rather than to the tri-L-serine ligand backbone of enterobactin. Many derivatives of Mecam have been 

reported [12, 21–23]. The thermodynamics, kinetics, and electrochemical studies along with biological 

evaluation of these ligands are reported in numerous articles and reviews [24, 25]. Attempts have been 

made to synthesize lipophilic tripodal hexadentate ligand, where three bidentate moieties are attached to 

core by stable arms such as carbon chain and ether linkers [26, 27] containing C-pivot, 

tris(aminomethyl)ethane (tame) as center unit. Another important aspect is the ring strain due to the 

rigidity of the benzene ring, as it could be expected if the sp2 hybridized atoms of benzene ring are 
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replaced with  sp3 hybridized systems like cyclohexane ring, the resulting tripod system would be more 

flexible and ring strain will be less comparedtoMecamandcomplexeswouldbethermody 

namicallymorestable[28];designofsuchtripodalsystems by replacing benzene ring with a cyclohexane 

ring has been reported [29–33].

T houghmany tripodal siderophoremimics containing  phenolate, catecholate, and other binding units 

have been reported, very few pyrogallol type multidentate chelators have been reported [34] and detailed 

studies have been reported. Keeping in view of the above, a polyhydroxy tripodal ligand incorporated 

with azomethine spacer has been synthesized from TREN and 2,3,4-trihydroxybenzaldehyde and its 

coordination behaviour towards Fe(III) and Cr(III) is studied.

 2. Experimental

2.1. Chemicals and Solvents. Reagents for synthesis pur pose of tris(2-aminoethyl)amine (TREN), 

2,3,4-trihydroxybenzaldehyde, and so forth were purchased from SigmaAldrich and used without 

further purification. Analytical grade solvents tetrahydrofuran, ethanol, and others were purchased from 

Loba Chemie Pvt. Ltd. and Fisher Scientific. Before using, solvents were dried over suitable drying 

reagents. Solvents were freshly distilled over appropriate drying agents following standard 

procedures.2.2. Physical Measurements. Melting points of the com pounds were determined on Microsil 

apparatus. Elemental analysis (CHN) was performed on Euro EA 3000, 60Hz1200W elemental 

analyzer. For FT-IR analyses, the sample was carefully mixed in homogenous manner in KBr in 1:100 by 

weight and a fine pellet was prepared under pressure. T he FT-IR spectrum of the compound was taken 

under transmissionmodewithPerkin-ElmerFT-IRspectrometerin mid-range region 

(4000–400)cm−1.The1Hand13CNMR spectra of the ligand TRENOL were taken in d6 dmso using 

BrukerAvanceII400NMRspectrometer.Thechemicalshifts were quantified in alues (ppm). 

Tetramethylsilane was  used as an internal reference. To avoid solubility problem, the compound was 

converted into its hydrochloric salt and dissolved in millipore grade deionized water. Ionic strength of 

the solution was adjusted with 0.1M KCl. All the stock solutions were prepared in millipore grade 

deionized water. For weighing appropriate amount, high precision weighing balance CAS-CAUW220D 

was used (up to level of four digits). The exact concentration of KOH (0.1M) was determined 

potentiometrically using 0.1M solution of oxalic acid as primary standards and then exact strength of 

HCl (0.1N) was determined by the same method using standardized KOH. All the solutions were 

prepared with millipore grade deionized water immediately before use, which was deoxygenated and 

flushed continuously with grade I N2 gas to CO2 and O2. All measurements were carried out at  25 ±1�C 

maintained by using thermostat.
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2 . 3 .  S y n t h e s i s  a n d  C h a r a c t e r i z a t i o n .  0 . 1 4 6 g  ( 1 . 0 m m o l )  o f   

TRENwasaddedgraduallytothestirringsolutionof0.4673g (3.0 mmol)2,3,4-trihydroxy-

benzaldehydedissolvedinabsolute ethanol (30.0mL) under nitrogen gas atmosphere for  12 h at room 

temperature (Figure 1). The obtained yellowishorange precipitates were filtered and subjected to 

crystallization in methanol/tetrahydrofuran solvent mixture. The yellow colour solid (TRENOL) with 

yield 80% and melting point 186–188�C was characterized by elementary analysis and different 

spectroscopic techniques. Elemental analysis of carbon ©, hydrogen (H), and nitrogen (N) in percentage 

was found to be C 57.83, H 5.62, N 10.12; calculated
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 Removal of Fluoride from Water by Adsorption onto  Fired 
Clay Pots: Kinetics and Equilibrium Studies 

 G. P. Kofa,1,2 V. H. Gomdje,2 C. Telegang,1 and S. Ndi Koungou1
 1Water Treatment and Filtration Research (Chem. Eng.) Group, Department of rocess 

Engineering, ENSAI, UniversityofNgaoundere,P.O.Box455,Ngaoundere,Cameroon
 2Higher Institute of Sahel (ISS), University of Maroua, Maroua, Cameroon

A B S T R A C T
 Excessive fluoride in potable water is a serious health problem in rural areas of many developing 

countries. Hence, there is a need  to find a simple and cost-effective method for water defluoridation 

in such areas. In the northern part of Cameroon, clay pots are used for cooking food and water 

storage. The firing of these pots consists of intensive burning using fire wood. They were tested as a 

potential adsorbent for removing excess fluoride from water. Experiments were carried out in a jar 

test at room temperature (25 ± 2�C). Effects of contact time (0–90min), pH (4, 5, 7, 8, and 9), stirring 

speed (60, 90, 120, and 200rpm), and ionic strength (0–1000mg/L) were investigated. Results showed 

that equilibrium was attained in 10min whatever the pH. Pseudo-second-order andporediffusion 

models described well the adsorption process. The highest amount of fluoride adsorbed (1.6mg/g) 

was obtained at pH 4-5 and the optimum stirring speed is 120rpm. Ionic strength has a significant 

effect on fluoride adsorption.
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Physicochemical Properties of Diacetylenic Light Fuel Oil from
 Congolese Oleaginous Plant Ongokea gore (Hua) Pierre

 J. K. Ntumba,1 A. Mulula,1 K. T. Kashishi,1 M. N. Mifundu,1 R. Robiette,2 and 
K. M. Taba1

 1Department of Chemistry, Faculty of Sciences, University of Kinshasa, BP 190, 
Kinshasa XI, Congo  2 Institute of Condensed Matter and Nanosciences, Universit´ e 
Catholique de Louvain, Place Louis Pasteur 1 Box L4.01.02, 1348 Louvain-la-Neuve, 

Belgium

A B S T R A C T
 Vegetable oil-based fuels are promising alternative fuels for diesel and light fuel engines because of 

their environmental and  economicstrategic advantages. In this study, Ongokea 

goreoil(OGO)anditsfullyhydrogenatedoilweretransesterifiedbymeansof ethanol in the presence of 

sodium ethoxide.  Fat ty  acid e thyl  es ters  (FAEE) products  were confirmed by 

1HNMRandcharacterized by physical-chemical methods in accordance with the ASTM D 6751 and 

AFNOR M 15-009 specifications for biodiesels and light biofuels. These methods concern 

determination of color, density, viscosity, flash and pour points, ash, water and sulfur contents, and 

corrosion on copper. It was found that pure fatty acid ethyl esters of Ongokea gore oil (B100) and its 

hydrogenated oil (B100H) meet standard requirements for most of the biodiesel characteristics 

studied. Only the kinematic viscosity and density values were outside recommended biodiesel 

standard limits which makes them unsuitable for use in diesel engines. In accordance with the 

AFNOR M 15-009 specifications of light fuels, they can be used in light fuel engines. Physical-

chemical properties of B20, a FAEEblend in petrodiesel, are within the limits prescribed for 

petrodiesel standards. In brief, Ongokea gore seeds, a nonedible and high-oil-producing feedstock, 

are suitable starting material for production of light biofuel. The latter blends in petrodiesel can be 

used as fuel in diesel engines.
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