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ABSTRACT

This thesis describes the preparation of a series of Schiff base ligands, N’-
salicylidene-2-aminophenol [L1], N’-salicylidene-2-aminothiazole [L2], and N,N’-
bis(salicylidene)-o-phenylenediamine [L3] and their corresponding copper(ll)
complexes; N’-salicylidene-2-aminophenol copper(ll) acetate [C1], N’-salicylidene-
2-aminothiazole  copper(ll) acetate [C2] and N,N’-bis(salicylidene)-o-
phenylenediamine copper(ll) acetate [C3]. The synthesized ligands and their
copper(I) complexes were characterized using fourier transform infrared (FTIR),
nuclear magnetic resonance (NMR) and ultraviolet-visible (UV-Vis) spectroscopy.
The catalytic activities of the synthesized copper(l1l) complexes were evaluated in the
reduction of 4-nitrophenol (4-NP) to 4-aminophenol (4-AP) in the presence of sodium
borohydride which acts as reducing agent. The progress of reaction was monitored
using UV-vis spectroscopy and the percentage conversion was determined from the
spectroscopy data. The results showed that N,N’-bis(salicylidene)-o-
phenylenediamine copper(ll) acetate [C3] has the highest catalytic activities with
97.5% conversion, followed by N’-salicylidene-2-aminothiazole copper(ll)
acetate[C2] complex with 95.2% conversion, then N’-salicylidene-2-aminothiazole
copper(Il) acetate [C1] complex with 90.8% conversion in the order C3>C2>C1. The
rate of reaction for the reductions of 4-NP catalyst by copper(Il) complexes shows that
C3 complex is faster than C2 and C1 complex. The optimization of the catalyst amount
shows that 1.0 mg of the catalyst dose was the most optimized amount with the highest
conversion of 94.6% than other dose of 0.5 mg (92.4%) and 1.5 mg (91.4%).
Recyclability and reproducibility tests of copper(l1) complexes confirmed that all the
three complexes were active, efficient and possess excellent reproducibility with
consistent catalytic performances and could be re-used again without major decrease
in the catalytic activities.
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ABSTRAK

Tesis ini menerangkan penghasilan ligan Schiff base, N’-salicylidene-2-
aminophenol [L1], N’-salicylidene-2-aminothiazole [L2] dan N,N’-bis(salicylidene)-
o-phenylenediamine [L3] serta kompleks kuprum(I1); N’-salicylidene-2-aminophenol
copper(Il) [C1], N’-salicylidene-2-aminothiazole copper(ll) [C2] dan N,N’-
bis(salicylidene)-o-phenylenediamine copper(ll) [C3]. kesemua ligan dan kompleks
ini telah diperincikan melalui beberapa kaedah spektoskopi, iaitu fourier transform
infrared (FTIR), nuclear magnetic resonance (NMR) dan ultraviolet-visible (UV-Vis).
kegiatan pemangkin kompleks kuprum (1) ini dinilai dalam tindakbalas pengurangan
4-nitrophenol (4-NP) menjadi 4-aminophenol (4-AP) dengan kehadiran natrium
borohidride yang bertindak sebagai agen pengurangan. Kemajuan tindakbalas ini
dipantau menggunakan spektroskopi UV-Vis dan peratusan pertukaran 4-NP to 4AP
ditentukan dari data spektroskopi. Hasil kajian menunjukkan bahawa kompleks to
N,N'-bis (salicylaldehyde) -o-phenylenediamine (Il) [C3] mempunyai aktiviti
pemangkin tertinggi dengan 97.5% diikuti oleh kompleks N'-salicylidene-2-
aminothiazole (1) [C2] dengan 95.2% manakala kompleks N'-salicylidene-2-
aminothiazole (1) [C1] dengan 90.8%. Pengoptimuman kuantiti pemangkin
menunjukkan bahawa kuantiti 1.0 mg pemangkin adalah kuantiti yang paling
dioptimumkan dengan penukaran tertinggi 94.6% daripada kuantiti-kuantiti lain 0.5
mg (92.4%) dan 1.5 mg (91.4%). Ujian kitar semula dan kebolehulangan kompleks
tembaga (1) mengesahkan bahawa ketiga-tiga kompleks ini aktif, cekap dan
mempunyai kebolehulangan yang sangat baik dengan prestasi pemangkin yang
konsisten dan dapat digunakan semula tanpa penurunan yang signifikan dalam aktiviti
pemangkin.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Schiff bases are compounds derived from carbonyl compounds in which the
functional group of the carbonyl compounds is substituted by an imine or azomethine
group (Silva et al., 2011). Typically, Schiff bases are prepared through condensation
reaction of amine and an aldehyde in presence of organic solvents such as,
tetrahydrofuran (THF), methanol and 1, 2-dichloroethane (Abdel-Magid et al., 1996).
Figure 1.1 shows the preparations of Schiff base (a) without refluxing the solvent and

(b) with refluxing the solvent.

OH OH

CHO Ethanol CH=NR
+ RNH, —
Reflux

Salicylaldehyde Amine 2.3 hrs Schiff Base

(a)

S: EtOH, 2hrs, reflux

CHO /_\ /@

Cc SO
S: H,O, 8 min, RT

S: Solvents

(b)

Figure 1.1 Preparations of Schiff base ligands via the reaction of salicylaldehyde
and a primary amine (a) without refluxing the solvent) and (b) with refluxing the
solvent).

Schiff bases are among the most commonly used ligands due to their sigma
donations and pie acceptor attributes and their reactivity relationship as well as the
bonding mode features of Schiff base ligands with metal complexes derived great

influence in coordination chemistry (Calik et al., 2015). They coordinates easily with

1



diverse range of transition metal ions, resulting in stable and deeply coloured metal
complexes with impressive properties (Banasz and Chorab, 2019). The properties
associated with the Schiff base ligands, such as catalytic, magnetic, fluorescent as well
as electrochemical, make the transition metal complexes of Schiff-base ligands

extremely interesting (Majumdar et al., 2020).

Many metal complexes containing Schiff base ligands such as palladium, gold,
and silver complex have been reported but they are expensive and the synthetic route
are complicated. Copper complexes is a promising alternative to chemist owing to its

abundance and preparatory parts are environmental friendly (Cohen et al., 2016).

Copper metals can form complexes with neutral or anionic ligands and possess
multiple oxidation states essential for their reactivity. Such coordination complexes
serve as catalysts for substrates activation and reaction accelerations and contributes
to the formations or cleavage of a number of chemical bonds. The behaviour and
selectiveness of these complexes are closely related to ligands design (Dursch, 2019).
Reactions involving catalyst and transition metal, most essential factors in determining
the role of catalyst is the accessibility of catalyst, less expensive metals such as copper
have gained attention in the development of catalytic system (Osgood et al., 2016).
The effect of ligands on the structure and reactivity of transition metal complexes is
an important area of research in coordination and organometallic chemistry as well as
in catalysis (Mantellini and Uniti, 1987).

Finally, this research work covered the used of copper(ll) complexes as a
catalyst containing Schiff-base ligands and the applications of the synthesized
copper(Il) complex in the catalytic reductions of 4-nitrophenol with the intentions to
achieves a shorter reactions time and excellent yields during catalytic reductions.
Therefore, this research work aimed at synthesis, characterizations and catalytic

applications of copper(1l) complexes.



1.2 Problem Statement

Previously, the applications of copper oxide and copper oxide nanoparticles
as catalyst for the reductions of aromatic compounds were reported, little attentions
has been given for the use of copper(Il) complex for similar purpose. Therefore, in
other to contributes to this scope of study, a copper catalyst was developed using
copper(11) complexes containing Schiff base ligands for the reduction of 4-nitrophenol
in presence of sodium borohydride as a reducing agent using UV-visible spectroscopy

to monitor the progress of reactions.

However, the problems associated with metal complexes such as palladium,
gold and silver complexes are expensive and complicated synthetic route as compared
to copper complex which is cheaper, abundance and synthesis methods are
environmental friendly (Patent, 2012). Furthermore, reduction of 4-nitrophenol
required extreme reaction condition such as high temperature and hydrogen pressure
as compared to reduction in aqueous solution and milder reaction condition (Araynet,
1994). Among the types of ligand, Schiff base ligands has been extensively studied

and proved to be suitable for copper complex species (Sunatsuki et al., 2002).

As aresults of large interests in the synthesis of new catalytic process for higher
activity, stability and substrates tolerance as well as good selectivity, copper complex
is the most widely used transition metals for catalytic activity (Zhang et al., 2018) as

compared to other type of complex such as palladium complex (Patent, 2012).

1.3 Research Objectives

The objectives of this research are:

a. To synthesize the Schiff base ligand from salicylaldehyde and amino
derivatives.

b. To synthesize the copper(ll) complexes from the above Schiff base
ligand and copper acetate.



c. To characterize the synthesized Schiff base ligands and copper(ll)
complexes using infrared (FTIR), 'H NMR and UV-visible

spectroscopy.

d. To evaluate the catalytic activity of copper(ll) complexes in the

reduction of 4-nitrophenol.

1.4 Scope of the Study

This thesis has covered the preparations of copper(ll) complexes from
corresponding Schiff base ligands. The Schiff base ligands were synthesized by
condensations reaction between salicylaldenyde and amino derivatives (2-
aminophenol, 2-aminothiazole and ortho-phenylenediamine). The corresponding
copper(ll) complexes was obtained by treating the synthesized ligands with copper
acetate in presence of organic solvents such as methanol (MeOH), tetrahydrofuran
(THF) and 1,2-dichloroethane. The synthesized ligands and its copper(ll) complexes
were structurally characterized by infrared (FTIR), UV-visible and proton NMR
spectroscopy. The catalytic activities of the prepared copper(ll) complexes was
evaluated to study the possibility in the catalytic reductions of 4-nitrophenol to 4-
aminophenol in presence of reducing agent such as sodium borohydride (NaBHs).
The progress of reactions was monitored by UV-visible spectroscopy and the

percentages conversions was determined from the spectroscopic data.

1.5  Significant of the Study

This research works was chosen as a model to demonstrate the catalytic
efficiency of a series of synthesized copper(Il) complexes derives from Schiff base
ligands in the reduction of 4-nitrophenol.



Global industries are facing severe problems of designing efficient processes
of improved selectivity and minimized by-products. Catalysis plays an essential part
in the creation of improved chemical processes where developments in catalyst design
are critical components to be considered. In particular, chemical industries can
generate ultimate benefits by lowering the energy barrier of chemical reactions during

productions and conversions of raw material into finish products.

Therefore, this study has endeavour to developed a new model for the reduction
of aromatic compounds (4-nitrophenol) using copper(ll) complexes as active catalyst

to achieves better yield and shorter reaction time during catalytic reactions



REFERENCES

Abd EI-Salam, N. M., Mostafa, M. S., Ahmed, G. A., & Alothman, O. Y. (2013).
Synthesis and antimicrobial activities of some new heterocyclic compounds
based on 6-chloropyridazine-3(2H)-thione. Journal of Chemistry, 2013.

Abdel-Magid, A. F., Carson, K. G., Harris, B. D., Maryanoff, C. A., & Shah, R. D.
(1996). Reductive amination of aldehydes and ketones with sodium
triacetoxyborohydride. Studies on direct and indirect reductive amination
procedures. Journal of Organic Chemistry, 61, 3849-3862.

Adducts, B., Zaugg, R. H., Walder, J. A., & Klotz, M. (1977). Schiff of Hemoglobin.
The Journal of Biological Chemistry, 252, 8542—-8548.

Al-Mogren, M. M., & Alaghaz, A. N. M. A. (2013). Synthesis, spectral and quantum
chemical calculations of mononuclear nickel(l1), copper(1l) and cadmium(ll)
complexes of new schiff-base ligand. International Journal of Electrochemical
Science, 8, 8669-8685.

Almasi, M., Vilkova, M., & Bednarcik, J. (2021). Synthesis, characterization and
spectral properties of novel azo-azomethine-tetracarboxylic Schiff base ligand
and its Co(l1), Ni(I1), Cu(ll) and Pd(Il) complexes. Inorganica Chimica Acta,
515, 1-8.

Araynet, M. S. (1994). Synthesis and characterization of Cu(l) complexes of
triphenylphosphine and 2-methylpyridine. Indian Journal of Chemistry, 33, 63—
65.

Banasz, R., & Wal¢sa-Chorab, M. (2019). Polymeric complexes of transition metal
ions as electrochromic materials: Synthesis and properties. Coordination
Chemistry Reviews, 389, 1-18.

Bhagat, S., Sharma, N., & Chundawat, T. S. (2013). Synthesis of some
salicylaldehyde-based schiff bases in aqueous media. Journal of Chemistry,
2013.

Calik, H. S., Ispir, E., Karabuga, S., & Aslantas, M. (2015). Ruthenium (II)
complexes of NO ligands: Synthesis, characterization and application in transfer
hydrogenation of carbonyl compounds. Journal of Organometallic Chemistry,
801, 122-129.

63



Cohen, A., Yang, Y., Yan, Q. L., Shlomovich, A., Petrutik, N., Burstein, L., Gozin,
M. (2016). Highly Thermostable and Insensitive Energetic Hybrid Coordination
Polymers Based on Graphene Oxide-Cu(ll) Complex. Chemistry of Materials,
28, 6118-6126.

Cozzi, P. G. (2004). Metal-Salen Schiff base complexes in catalysis: Practical
aspects. Chemical Society Reviews, 33, 410-421.

Da Silva, C. M., Da Silva, D. L., Modolo, L. V., Alves, R. B., De Resende, M. A.,
Martins, C. V. B., & De Fatima, A. (2011). Schiff bases: A short review of their
antimicrobial activities. Journal of Advanced Research, 2, 1-8.

Denmark, S. E., & Beutner, G. L. (2008). Lewis base catalysis in organic synthesis.
In Angewandte Chemie - International Edition (Vol. 47).

Dong, X., Li, Y., Li, Z., Cui, Y., & Zhu, H. (2012). Synthesis, structures and urease
inhibition studies of copper(1l) and nickel(1l) complexes with bidentate N,O-
donor Schiff base ligands. Journal of Inorganic Biochemistry, 108, 22—29.

Dursch, T. J. (2019). Transition-Metal Complexes: Simple(r) Solutions to Complex
Chemistry. Trends in Chemistry, 1, 455-456.

El-Ajaily, M. M., Abou-Krisha, M. M., Etorki, A. M., Alassbaly, F. S., & Maihub,
A. A. (2013). Schiff base derived from phenylenediamine and salicylaldehyde
as precursor techniques in coordination chemistry. Journal of Chemical and
Pharmaceutical Research, 5, 933-938.

Esmaielzadeh, S., & Zarenezhad, E. (2018). Copper(ll) schiff base complexes with
catalyst property: Experimental, theoretical, thermodynamic and biological
studies. Acta Chimica Slovenica, 65, 416-428.

Fathima, S. S. A., Meeran, M. M. S., & Nagarajan, E. R. (2020). Synthesis,
characterization and biological evaluation of novel 2,2'-((1,2-diphenylethane-
1,2-diylidene)bis(azanylylidene))bis(pyridin-3-ol)and metal complexes:
molecular docking and in silico ADMET profile. Structural Chemistry, 31, 521—
539.

Gao, Y. C., Zhao, Y. G., Song, X. W., Huang, R. Y., Meng, Y., Wang, J. W, ...
Chen, C. N. (2019). Electrocatalytic reduction of protons to hydrogen by a
copper complex of the pentadentate ligand Dmphen-DPA in a nonaqueous
electrolyte. New Journal of Chemistry, 43, 18134-18140.

Gup, R., & Kirkan, B. (2005). Synthesis and spectroscopic studies of copper(ll) and

nickel(I1) complexes containing hydrazonic ligands and heterocyclic coligand.

64



Spectrochimica Acta - Part A: Molecular and Biomolecular Spectroscopy, 62,
1188-1195.

Gupta, K. C., & Sutar, A. K. (2008). Catalytic activities of Schiff base transition
metal complexes. Coordination Chemistry Reviews, 252, 1420-1450.

Hernandez-Perez, A. C., Vlassova, A., & Collins, S. K. (2012). Toward a visible
light mediated photocyclization: Cu-based sensitizers for the synthesis of
helicene. Organic Letters, 14, 2988-2991.

Karakhanov, E. A., Maximov, A. L., Kardasheva, Y. S., Skorkin, V. A., Kardashev,
S. V., Ivanova, E. A., ... Cron, S. L. (2010). Hydroxylation of phenol by
hydrogen peroxide catalyzed by copper(Il) and Iron(I1l) complexes: The
structure of the ligand and the selectivity of ortho-hydroxylation. Industrial and
Engineering Chemistry Research, 49, 4607-4613.

Kastner, C., & Thinemann, A. F. (2016). Catalytic Reduction of 4-Nitrophenol
Using Silver Nanoparticles with Adjustable Activity. Langmuir, 32, 7383-7391.

Khan, M. 1., Khan, A., Hussain, 1., Khan, M. A., Gul, S., Igbal, M., ... Khuda, F.
(2013). Spectral, XRD, SEM and biological properties of new mononuclear
Schiff base transition metal complexes. Inorganic Chemistry Communications,
35, 104-1009.

Kirby, A. J., & Wothers, P. D. (2001). Conformational equilibria involving 2-amino-
1,3-dioxans: Steric control of the anomeric effect. Arkivoc, 2001, 58-71.

Kopylovich, M. N., Mizar, A., Guedes Da Silva, M. F. C., Mac Leod, T. C. O,
Mahmudov, K. T., & Pombeiro, A. J. L. (2013). Template syntheses of
copper(1l) complexes from arylhydrazones of malononitrile and their catalytic
activity towards alcohol oxidations and the nitroaldol reaction: Hydrogen bond-
assisted ligand liberation and E/Z isomerisation. Chemistry - A European
Journal, 19, 588-600.

Kovacic, P., & Osuna Jr., J. (2005). Mechanisms of Anti-Cancer Agents Emphasis
on Oxidative Stress and Electron Transfer. Current Pharmaceutical Design, 6,
277-309.

Liu, X., & Hamon, J. R. (2019). Recent developments in penta-, hexa- and
heptadentate Schiff base ligands and their metal complexes. Coordination
Chemistry Reviews, 389, 94-118.

Majumdar, D., pal, T. kumar, Singh, D. K., Pandey, D. K., Parai, D., Bankura, K., &
Mishra, D. (2020). DFT investigations of linear Zn3-type complex with

65



compartmental N/O-donor Schiff base: Synthesis, characterizations, crystal
structure, fluorescence and molecular docking. Journal of Molecular Structure,
12009. https://doi.org/10.1016/j.molstruc.2020.127936

Mantellini, P. D., & Uniti, C. S. (1987). of Homo- and Heterodinuclear. Structure,
77, 165-273.

Osgood, H., Devaguptapu, S. V., Xu, H., Cho, J., & Wu, G. (2016). Transition metal
(Fe, Co, Ni, and Mn) oxides for oxygen reduction and evolution bifunctional
catalysts in alkaline media. Nano Today, 11, 601-625.

Owolabi, A., & Mostyn, G. (2013). Antimicrobial activity and Cu ( 11 ) complexes of
Schiff bases derived from ortho-aminophenol and salicylaldehyde derivatives.
Journal of Chemical and Pharmaceutical Research, 5, 147-154.

Papavassiliou, A. G. (1995). Chemical nucleases as probes for studying DNA-protein
interactions. Biochemical Journal, 305, 345-357.

Patent, U. S. (2012). United States Patent : 7999168 United States Patent : 7999168.
2,1-12.

Pirtsch, M., Paria, S., Matsuno, T., Isobe, H., & Reiser, O. (2012). [Cu(dap) 2ClI] as
an efficient visible-light-driven photoredox catalyst in carbon-carbon bond-
forming reactions. Chemistry - A European Journal, 18, 7336—-7340.

Pradhan, N., Pal, A., & Pal, T. (2001). Catalytic reduction of aromatic nitro
compounds by coinage metal nanoparticles. Langmuir, 17, 1800-1802.

Rayhan, U., Kwon, H., & Yamato, T. (2014). Reduction of aromatic compounds with
Al powder using noble metal catalysts in water under mild reaction conditions.
Comptes Rendus Chimie, 17, 952-957.

Sayer, J. M., Pinsky, B., Schonbrunn, A., & Washtien, W. (1974). Mechanism of
Carbinolamine Formation. Journal of the American Chemical Society, 96,
7998-80009.

Shafaatian, B., Soleymanpour, A., Kholghi Oskouei, N., Notash, B., & Rezvani, S.
A. (2014). Synthesis, crystal structure, fluorescence and electrochemical studies
of a new tridentate Schiff base ligand and its nickel(1l) and palladium(lI)
complexes. Spectrochimica Acta - Part A: Molecular and Biomolecular
Spectroscopy, 128, 363-369.

Shamsuddin, M., & Raja Nordin, N. (2019). Biosynthesis of copper(ll) oxide
nanoparticles using Murayya koeniggi aqueous leaf extract and its catalytic

activity in 4-nitrophenol reduction. Malaysian Journal of Fundamental and

66



Applied Sciences, 15, 218-224.

Soroceanu, A., Cazacu, M., Shova, S., Turta, C., KoziSek, J., Gall, M., ... Arion, V.
B. (2013). Copper(11) complexes with Schiff bases containing a disiloxane unit:
Synthesis, structure, bonding features and catalytic activity for aerobic oxidation
of benzyl alcohol. European Journal of Inorganic Chemistry, 1458-1474.

Sravanthi, K., Ayodhya, D., & Swamy, P. Y. (2019). Green synthesis,
characterization and catalytic activity of 4-nitrophenol reduction and formation
of benzimidazoles using bentonite supported zero valent iron nanoparticles.
Materials Science for Energy Technologies, 2, 298-307.

Struthers, H., Mindt, T. L., & Schibli, R. (2010). Metal chelating systems
synthesized using the copper(l) catalyzed azide-alkyne cycloaddition. Dalton
Transactions, 39, 675-696.

Subair, R., Tripathi, B. P., Formanek, P., Simon, F., Uhlmann, P., & Stamm, M.
(2016). Polydopamine modified membranes with in situ synthesized gold
nanoparticles for catalytic and environmental applications. Chemical
Engineering Journal, 295, 358-369.

Sunatsuki, Y., Motoda, Y., & Matsumoto, N. (2002). Copper(Il) complexes with
multidentate Schiff-base ligands containing imidazole groups: Ligand-complex
or self-complementary molecule? Coordination Chemistry Reviews, 226, 199—
209.

Toyao, T., Miyahara, K., Fujiwaki, M., Kim, T. H., Dohshi, S., Horiuchi, Y., &
Matsuoka, M. (2015). Immobilization of Cu complex into Zr-based MOF with
bipyridine units for heterogeneous selective oxidation. Journal of Physical
Chemistry C, 119, 8131-8137.

Vanco, J., Marek, J., Travnicek, Z., Racanska, E., Muselik, J., & Svajlenové, 0.
(2008). Synthesis, structural characterization, antiradical and antidiabetic
activities of copper(Il) and zinc(Il) Schiff base complexes derived from
salicylaldehyde and B-alanine. Journal of Inorganic Biochemistry, 102, 595—
605.

Velusamy, S., Srinivasan, A., & Punniyamurthy, T. (2006). Copper(ll) catalyzed
selective oxidation of primary alcohols to aldehydes with atmospheric oxygen.
Tetrahedron Letters, 47, 923-926.

Wafudu Handy, O. A., Shah Jamil, M. S., & Shamsuddin, M. (2020). Copper oxide
derived from copper(l) complex of 2-acetylpyridine-N(4)-(methoxy phenyl)

67



thiosemicarbazone as an efficient catalyst in the reduction of 4-nitrophenol.
Malaysian Journal of Fundamental and Applied Sciences, 16, 351-358.

Yeap, G. Y., Ha, S. T., Ishizawa, N., Suda, K., Boey, P. L., & Mahmood, W. A. K.
(2003). Synthesis, crystal structure and spectroscopic study of para substituted
2-hydroxy-3-methoxybenzalideneanilines. Journal of Molecular Structure, 658,
87-99.

Zhang, X., Liu, Q., Shi, X., Asiri, A. M., Luo, Y., Sun, X., & Li, T. (2018). TiO2
nanoparticles-reduced graphene oxide hybrid: An efficient and durable
electrocatalyst toward artificial N2 fixation to NH3 under ambient conditions.
Journal of Materials Chemistry A, 6, 17303-17306.

Zhao, P., Feng, X., Huang, D., Yang, G., & Astruc, D. (2015). Basic concepts and
recent advances in nitrophenol reduction by gold- and other transition metal

nanoparticles. Coordination Chemistry Reviews, 287, 114-136.

68





