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ABSTRACT 

 

This thesis reports on the syntheses of complexes of (arene) ruthenium (II) isoniazid Schiff base 

ligands for antimicrobial studies. Isoniazid Schiff base ligands; isonicotinyl acid (2-hydroxy-5-

methyl-benzilidene)-hydrazide (L1), isonicotinyl acid (2-hydroxy-5-methoxy-benzilidene)-

hydrazide (L2), isonicotinyl acid (-5-chloro-2-hydroxy-benzilidene)-hydrazide (L3), isonicotinyl 

acid (-5-bromo-2-hydroxy-benzilidene)-hydrazide (L4), isonicotinyl acid (2-hydroxy-5-nitro-

benzilidene)-hydrazide (L5) were prepared by condensation reaction under reflux from 

equimolar amounts of isioniazid, which is an amine, with five different aldehyde moieties. 

Ruthenium (II) complexes of these isoniazid Schiff base ligands (C1 - C5) were prepared in an 

ethanolic solution under reflux and inert atmosphere at 60°C using Schlenk techniques.  

Fourier transform infrared spectroscopy (FTIR), ultraviolet – visible spectroscopy, 

thermogravimetric analysis, nuclear magnetic resonance and elemental analysis were the 

characterization techniques that confirmed the successful preparation of the ligands. All the 

ligands spectra displayed the imine functional group peak which confirmed the successful 

preparation. 

The ligands L1 – L5 and the complexes C1 – C5 were subjected to similar characterization 

techniques which further confirmed the successful syntheses and the coordination of metal and 

ligand by displaying a shift in their respective imine peaks and transitions values. 

All the synthesized compounds were subjected to a standard antimicrobial test using three 

microorganisms, Staphylococcus aureus, Methicillin resistant Staphylococcus aureus and 

Pseudomonas aeruginosa. Out the ten compounds tested, only ligand L5 gave the best results 

against Staphylococcus aureus.     
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1 Chapter 1 

 

1.1 Introduction 

 

Isoniazid (INH) is a synthesized compound deriving from nicotinic acid that possesses anti – 

mycobacterium properties [1]. INH is primarily used in the treatment of tuberculosis[1].  

Tuberculosis is a deadly disease that has affected millions of people worldwide throughout our 

human history [2]. Scientists have stated that an ancestor of Mycobacterium tuberculosis was 

existent in East Africa about 3 million years ago and was probably infecting the inhabitants of 

that era [3]. Moreover, it is highly probable that all modern strains of the M. tuberculosis 

genera, not excluding the Mycobacterium bovis, the Mycobacterium Canetii and the 

Mycobacterium africanum, originate from the same African ancestor about 40,000 years ago 

[4]. Daniel T., 2006 stated that contemporary strains of Mycobacterium Tuberculosis have been 

traced back to a common ancestor from about 20,000 years ago [3]. Nowadays strains belong 

to 6 principal lineages that were discovered in east Africa with various geographical repartitions 

[5]. Studies done according to the established mutation rate of M. tuberculosis demonstrates 

that the current diversity among the strains dates back from 250 to 1000 years ago. However, 

evidences of existence of M. tuberculosis i  Eg pt, su h as skeletal a o alities a d pott s 

deformities have been discovered in Egyptian mummies 500 years ago [3–5]. Furthermore 

Daniel T. 2006 stated that not long ago, amplification of M. tuberculosis DNA was performed 

from tissues of Egyptian mummies, proving the cause of the discovered skeletal disease on the 
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mummies [3, 6]. Tuberculosis is even referred to in the Bible in the books of Deuteronomy and 

Leviticus under the Hebrew word schashepeth [3]. The emigration of people out of Africa 

started about 1.7 million years ago, hence tuberculosis also move out of Africa to reach other 

continents such as Asia and Europe [7]. Documents referring to tuberculosis in India date from 

about 3300 years ago and for China about 2300 years ago [8, 9]. Tuberculosis was called 

Phthisis in classical Greece proving the existence of the disease in Europe. In middle age 

Europe, there was broad archeological evidence of tuberculosis at quite various locations 

throughout the continent, especially during the millennium period post Roman Empire demise 

in the 5th century [9].  

A French scientist whose name was Rene Theophile Hyacinthe Laennec was the 1st person to 

clearly define the pathogenesis of the disease whether it was pulmonary or extra pulmonary 

[4,5]. The causative agent of this disease is the Mycobacterium Tuberculosis (MTB) and its 

symptoms are chest pains, coughing and fever. The contamination occurs when one breaths in 

released aerosol particles of Mycobacterium Tuberculosis from an infected person in his 

proximity [10].  

Tuberculosis is the number one ranked deadliest infectious disease in the world which has just 

surpassed the human immunodeficiency virus or HIV [2]. Eight million people are diagnosed 

each year and two millions die from it [11].The world is confronted to the big issue of the awing 

increase of drug–resistant tuberculosis microbial strains (MDR-TB) that renders the 

management of the disease very difficult [12]. The world health organization has reported that 

the multiple-drug-resistant strains of M. tuberculosis is affecting people in 72 different 
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ou t ies i  the o ld a d this a ou ts fo   to  pe e t of the o ld s TB i fe tio s [2]. 

Reports published in 2005 indicate that there were about 27,000 cases of extremely-drug-

resistant TB in the developed and underdeveloped countries of the world [3].   Studies done 

according to the established mutation rate of M. tuberculosis demonstrates that the current 

diversity among the strains dates back from 250 to 1000 years ago [3].  

The augmentation in the number of these multi-drugs resistant strains (MDR-TB), that are at 

least resistant to isoniazid and Rifampin, require the use of second line drugs against 

tuberculosis that are in general more toxic, more expensive and more difficult to purchase [13]. 

Generally all the drugs used in the treatment of tuberculosis are antibiotics that are effective 

against actively dividing Mycobacterium tuberculosis [13].  

Isoniazid, which was discovered in 1952, has been and is still the key drug in the fight against 

Mycobacterium tuberculosis. It is a prodrug that requires in vivo activation in its anti-tubercular 

function by the katG enzyme which plays a dual role as catalase and peroxidase. 

 It is most effective in attacking or killing actively growing TB causative agent the tubercle 

bacilli. It has no effect or fails to kill dormant or non growing tubercle bacilli. It attacks the 

Mycobacteria cell by passively diffusing through it. 

Resistance to INH is attributed to various mutations effecting one or more genes such as those 

responsible for encoding catalase-peroxidase (katG) and the enoyl acyl carrier protein 

reductase active in mycolic acid biosynthesis (inhA), etc. Additionally a recent discovery has 

shown that mutations in dihydrofolate reductase (Dfra) originating from the 4R isomer of INH 

NADP adduct and silent mutation in mabA could also induce INH resistance. 

 INH has mainly two adverse effects which are hepatotoxicity and neurotoxicity [14, 15].   

http://etd.uwc.ac.za/



4 

 

Rifampicin (RIF) was discovered in 1957 by a group of scientists headed by Piero Sensi and 

Maria Teresa Timbal working for Le Petit research lab in Italy. They first called this new 

compound rifam i  afte  a F e h i e sto  ‘ififi which the whole research group was 

fond off. It was only 2 years later or in 1959 that stable semi – synthetic products of rifamycin 

were found and its name changed to Rifampicin because of its high efficacy and good 

tolerability.  

It has been in use commercially since 1972 as anti - tubercular drug with good result against M. 

tuberculosis. It has strong sterilizing activity against the tubercle bacilli and is very effective 

against actively growing and dormant or non - g o i g o a te iu  age t tu e le a illi.  

It kills the bacteria by attaching itself or binding to the beta - subunit of the RNA polymerase, 

which is the enzyme that induces the transcription and the expression of the tubercle bacilli 

genes. RIF has very few side effects such as gastrointestinal upset and hepatotoxicity [16–18]. 

The main cause of resistance to RIF is the spontaneous mutation in M. tuberculosis that occurs 

at a rate of 108. The ropB locus of M. tuberculosis was analyzed and the mutations causing the 

resistant trait were identified in an 81-bp rif resistant determining region (RRDR) of the ropB 

RNA component equivalent to codons 507-533. Mutations in the codons 516, 526 and 531 are 

the main ones linked to rifampicin resistance in most of the studies reports. 

However mono-resistance to RIF is seldom and almost all resistant strains to rifampicin are also 

resistant to other tuberculosis drugs except for isoniazid. This is the reason why resistance to 

rifampicin is considered the surrogate marker for MDR-TB.    
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Pyrazinamide (PZA), a structural isomer nicotinamide, was synthesized chemically for the 1st 

time in 1936. However it was only in 1952 that its tuberculostatic activities in clinical trials in 

mice were reported by Yeager et al., which led to it being discovered as a potent drug against 

Mycobacterium tuberculosis. PZA is a significant first line TB drug because it is responsible for 

the shortening of the normal tuberculosis therapy period from 9 months to 12 months to 

chemotherapy of 6 months. It has the ability to kill M. tuberculosis strains that most other TB 

drugs are unable to kill because of its powerful sterilizing activity. The above attribute of PZA 

makes it one of the most essential drugs used in the treatment of mycobacterium drug 

resistant tuberculosis. It is most effective against semi - dormant tubercle bacilli found in acidic 

environments. Pyrazinamide has to be activated to its active state, pyrazinoic acid (POA), by the 

enzyme pyrazinamidase or nicotinamidase in order to inhibit many functions in M. tuberculosis. 

Thus it is an alternative to commonly used antibiotics because it has very little activity versus 

growing M. tuberculosis, while it is primarily active against non-growing or dormant strains 

[13].  

Resistance to the pyrazinamide action in M. tuberculosis is induced by the loss of the enzyme 

pyrazinamidase o  i oti a idase as dis o e ed  the M de ott s g oup i  . A tuall  

the mutations in the pncA gene encoding of pyrazinamidase is the main mechanism of 

resistance. Moreover mutations in the drug target RpsA reported in some pncA less clinical 

isolates such as DMH444 have also been identified as cause of PZA resistance.  

The side effects of pyrazinamide are hypersensitivity reactions and gastrointestinal upsets [19–

21].         
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Ethambutol (EMB) was discovered by the Ederle Company in 1961 while testing it in 

tuberculosis infected guinea pigs. Their newly discovered molecule N,N 

diisopropylethylenediamine was highly efficient against M. tuberculosis both in vitro and in 

vivo. EMB chemical structure was totally different from any other known tuberculosis drug at 

the time of its discovery. Its physical description is usually a dihydrochloride white crystalline 

salt that is water soluble and heat stable. It is a very significant anti TB drug in the 

chemotherapy of drug - resistant TB since it increases the effectivity of other companion drugs 

such as quinolones, rifamycins, and aminoglycosides [22]. Ethambutol is effective against M. 

tuberculosis strain 131 that is resistant to Isoniazid and Streptomycin.  

Resistance to EMB is caused by an accumulation of genetic circumstances that determines the 

overproduction of the proteins embABC and structural mutations at codon 306 in embB. 

It has a lot of adverse reactions such as dizziness, blurred vision, blindness, nausea, vomiting, 

loss of appetite, headache, rash, itching, stomachache, swelling of the face, lips or eyes, 

numbness or tingling in the fingers, etc [23, 24]. 

The second line TB drugs are Streptomycin (SM), fluoroquinolones, the aminoglycosides 

(kanamycin, amikacin, capreomycin), the ethionamides or prothionamides, p – amino salicyclic 

acid, cycloserine. 

Streptomycin (SM) is an aminocyclitol glycoside antibiotic that was discovered or first isolated 

by a graduate student Albert Schatz in the Selman Abraham Waksman laboratories at Rutgers 

University in 1944. The first clinical trials of SM as pulmonary tuberculosis drug were 

undertaken from 1946 to 1947 by the means of MRC research unit. Studies have proved that 

SM shields particular residues of 16S Rrna inside the 30S subunit and is likely connected to 
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specific portions of 16S Rrna. SM kills only growing tubercle bacilli and is ineffective against non 

– growing or intracellular tubercle bacilli [25]. It does so by binding to the 16S rRNA, hence 

meddling with mycobacterium genes translation in order to stop protein synthesis. However 

mutations in Euglena chloroplast 16S rRNA is the cause of Streptomycin resistance as well as 

mutations in the various regions of E.coli 16S rRNA alter the ribosomal response to SM. The SM 

common side effects are ototoxicity, nephrotoxicity, renal toxicity and vestibular dysfunction 

[26, 27]. 

Fluoroquinolones (FQs) have a wide spectrum antimicrobial activity and is the treatment of 

choice for various bacterial infections such as the infections of the respiratory, gastrointestinal 

and respiratory tracts, as well as sexually transmitted diseases infections. FQs have displayed 

strong antimicrobial activity against M. tuberculosis in vitro and in vivo, hence it is widely used 

as a second line TB drugs. They are the synthetic derivatives of nalidixic acid which produce the 

drugs ciprofloxacin and oxofloxacin. Actually ciprofloxacin and oxofloxacin are just by product 

obtained in the synthesis of antipaludismic drug chloroquine. The mechanism of action of 

fluoroquinolones is the inhibition of two enzymes that are crucial for bacterial viability 

topoisomerase II and topoisomerase IV. The above mentioned enzymes are encoded by the 

genes gyrA, gyrB, parC, parE in this specific order. 

The mechanism of fluorquinolone resistance originates from chromosomal mutations in 

quinolone resistance-figure out region of gyrA or gyrB. Normally those mutations occur at 

location 90 and 94 of gyrA even though occurrence at positions 74, 88 or 91 has also been 

observed. It has been recently reported that derivatives of 8-methoxyfluoroquinolones such as 

gatifloxacin, monifloxacin and DC159a have displayed amazing activities against Mycobacterium 
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drug resistant-tuberculosis strains that shortening of the duration of the current TB treatment 

could be achieved. Gastrointestinal intolerance, headache, dizziness, and rashes are the few 

common adverse reactions that are caused by FQS [28–30]. 

The aminoglycosides kanamycin, amikacin, capreomycin and viomycin belong to various 

families of antibiotics, but they all are significant injectable drugs in the therapy of multi - drug 

resistant tuberculosis. In general aminoglycosides are effective against several kinds of bacteria 

like aerobic, gram-negative and gram-positive micro-organisms such as pseudomonas, 

acinetobacter, and enterobacter as well as mycobacterium tuberculosis. However 

aminoglycosides are not successful in fighting infections originating from anaerobic micro-

organisms, fungi and viruses. Years ago, aminoglycosides were administered in conjunction 

with penicillin- related antibiotics to fight streptococcal infections. Their mechanism of action 

starts via their attaching to the aminoacyl site of 16S ribosomal RNA in the 30S ribosomal 

subunit, causing the misreading of the genetic code and hence the prevention of the 

translocation. The following step in antimycobacterial action is the actual killing of the 

susceptible aerobic gram-negative/positive bacilli [13].      

Kanamycin is an antibiotic belonging to the aminoglycoside group which was discovered by 

Umezawa et al. in 1957 [31]. Umezawa et al. isolated it from Streptomyces kanamyceticus at 

the National Institute of Health of Tokyo, Japan and they reported aminoglycosides mechanism 

of action that proceeds by attaching themselves to the bacterial 30s ribosomal subunit, leading 

to incorrect interpretation of t-RNA, therefore inhibiting the mycobacteria protein synthesis 

essential to its growth [31].  
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Amikacin, a derivative of Kanamycin, is a semi-synthetic amyglycoside antibiotic that possesses 

nephrotoxic, ototoxic properties. Its mechanism of action is the same as that of other 

aminoglycosides since it binds 30S ribosome of micro-organisms. Its mechanism interferes with 

the mRNA and tRNA of mycobacterial protein synthesis [13]. 

Capreomycin is a significant group of antibiotics that have a good effect versus multi – resistant 

tuberculosis (MDR-TB) and was found in Streptomyces Capreolus in 1960. It is classified as a 

tuberactinomycin. Its mechanism of action prevents the translation of mycobacteria and its 

phenylalanine synthesis in an in vitro translation assay using the mycobacteria own ribosomes. 

Capreomycin and viomycin are cyclic peptide antibiotics that demonstrate strong activity 

against mycobacterium tuberculosis by stopping the bacteria growth via the inhibition of its 

ribosomal protein synthesis. They both attack the tubercle bacilli by inhibiting their protein 

translation by binding to the intersubunit bridge B2A, fabricated by the interaction among helix 

69 (H69) of the 23S rRNA and helix 44 (h44) of the 16 S rRNA. Mycobacterium strains that are 

resistant to Capreomycin are also resistant to different anti–tuberculosis agents such as 

Kanamycin. Cross-resistance strains between Capreomycin and Kanamycin was initially noticed 

in diverse portions of Kanamycin resistant M. tuberculosis strains. The finding of the studies 

conducted by Maus et al. was that mutations in the 3rd portion of 16S Rrna gene, especially at 

sections 1401, 1402, and 1484, is responsible for MTB strains resistance to Capreomycin. Their 

major adverse effect is renal toxicity in the patients [32–35]. 

The ethionamide prothionamide, which was discovered in 1956, is a prodrug like isoniazid and 

has been used in the treatment of TB and MDR-TB. It is a drug that is normally used in 

conjunction with other drugs in tuberculosis therapy. It is normally part of the 5 drugs 
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combination in TB therapy and is also administered along with fluoroquinolines. This prodrug 

activation is induced by a mono – oxygenase ETA or ETHA. Its effect on the mycobacterium 

tuberculosis is to prevent the formation of InhA of the mycolic acid synthesis pathway just like 

INH does. The common adverse effects of ethionamide are gastrointestinal like abdominal pain, 

anorexia, vomiting, nausea and hypothyroidism [36–38]. 

Para – Amino salicylic acid (PAS), discovered in 1948, was among the first antibiotics to display 

anti TB characteristics and, because of these characteristics, was used for TB therapy in 

association with isoniazid and streptomycin. With the development of more powerful anti TB 

drugs like rifampicin, PAS is no longer used as first line TB drug but second line TB drug instead. 

It is currently still used for the treatment of XRD TB with limited benefits due to its high toxicity. 

Its mechanism of action has not fully been elucidated up till now. Mutations in the thyA gene 

are the cause of resistance of mycobacterium tuberculosis to PAS. Its common adverse effect is 

gastrointestinal upsets [39, 40]. 

Cycloserine (CS) is an antibiotic that is among the main ones that is effective in the treatment of 

MDR and XRD tuberculosis. CS kills the tubercle bacilli by inhibiting the bacteria ability to make 

peptidoglycans which form the bacteria cell wall, and therefore causes it to die. The main 

adverse effect of CS is psychiatric even though it has high gastro intestinal tolerance when 

compared to other TB drugs and does not have any cross resistance to other substances  [13].    

     

Even though there has been success in curing TB using a therapy of multiple drugs, the fact that 

the therapy lasts for at least 6 months and various TB drugs are highly toxic makes it very 

difficult for patients to complete the therapy which leads to creating resistant strains of M. 
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tuberculosis [41]. The fa t that the latest TB d ug dis o e ed Iso iazid  is about 70 years old 

and in light of the magnitude of this disease, the development of new TB drugs that can shorten 

the therapy time and lower the toxicity levels while killing different kinds of TB drug-resistant 

strains becomes an urgent priority for the scientific community. 

In efforts to find solutions to these shortcomings, a lot of research projects have been focused 

on metal (II) complexes to produce new chemicals with increased antimicrobial activities [42]. 

Ruthenium (II), being mostly used in studies focused on cancer as a platinum substitute due its 

lower toxicity level, is one of transition the metal (II) molecules that has shown potential 

antimicrobial activity [43].  

 

1.1 Isoniazid 

 

Isoniazid, also known as isonicotinic acid hydrazide and abbreviated INH, is a simple molecule 

made off a pyridine ring and a hydrazide. It is a hydrazide that has been the center piece drug 

against tuberculosis since the 1950s besides it being the 1st anti -depressive drug found and it 

possessing anti – malarial properties [44, 45]. Its discovery has been a major breakthrough in 

the treatment of TB because it is very potent and selective against Mycobacterium tuberculosis 

as well as cheap to produce and somewhat less toxic [46, 47].  
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Figure 1-1: Isoniazid structure 

 

INH is in fact a drug which synergistic mechanisms of action still remain to be fully elucidated 

[48]. Even though its complete mechanism of action still has to be uncovered, there is a general 

consensus regarding some aspects of its action. It is a prodrug that requires activation by the M. 

tuberculosis enzyme called catalase-peroxidase KatG to produce an isonicotinoyl acyl radical, 

which then reacts with NAD+ generating a INH-NADH adduct that possesses anti-tuberculosis 

effects [48]. 

Isonicotinic acid hydrazide synthesis was first published in 1912 by two chemists while working 

on their doctoral research at Charles University in Prague [49]. The INH can be prepared using 

many chemical methods such as the electrolysis method, the permanganate oxidation, the 

ozone oxidation and air oxidation [50]. Some other ways of the isoniazid syntheses are carried 

out  according to the following procedures [45]:  

 Reaction of isonicotinic acid with methanesulfonyl chloride, then hydrazide which is 

not friendly for industrial production because of the high financial cost involved 

 Transesterification in non aqueous medium reaction of isonicotinic acetate which 

constitute the enzymatic synthesis pathway 
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The most common method used or the general procedure used is via the reaction of 

isonicotinic acid with hydrazine and that of isonicotinic ester with hydrazine [45]. 

 

N

COOH

NH2NH2

-  H2O

N

CONH NH2

N

COOH

- H2O

N

COOCH3

NH2NH2

- CH3OH

N

CONH NH2

 

Figure 1-2: General method of isoniazid synthesis 

         

 

INH is used as a reagent in the synthesis of hydrazones which consist of the functional group 

C=N-N [51]. The hydrazone functional group is in fact a Schiff base functional group  

C=N bonded to an amino type nitrogen [51]. Hydrazones are a sub-class of Schiff – base ligands. 

They are widely explored due to the crucial role they play in diverse fields ranging from supra-

molecular chemistry to organic synthesis and medicinal chemistry [51]. Their important role in 

various fields of chemistry leads them to have a great number of applications that is due to the 

versatility of their azomethine functional group, especially the C=N-N moiety [51]. 
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Schiff – bases were discovered in 1864 by a scientist named Hugo Schiff [52]. Their general 

formula ‘HC=N‘  consist of the azomethine functional group bound to different constituents 

fo  ‘ a d ‘  such as alkyl, aryl, cyclo - alkyl or substituted heterocyclic groups [52]. They are the 

products of condensation reaction of ketones or aldehydes with primary amines [53]. They are 

reported as compounds having excellent coordination chemistry and displaying diverse 

structures in their metal complexes [47]. 

 Studies done on Schiff – base metal complexes have demonstrated that they play an important 

role in the development of inorganic chemistry [47]. This important role is attributed to the fact 

that they exhibit novel properties and they are crucial to biological and industrial applications 

[47]. They have also been reported to possess pharmacological applications and anti – 

tubercular activities being one of them [47].  

Preparation of Schiff base typically occurs under acid and base catalysis or reflux [52, 54]. In 

macrocyclic and supramolecular chemistry, stereogenic centers can be included in the 

preparation  of Schiff bases [52]. They are usually utilized as intermediates in the preparation of 

amino acids or as ligands in the preparation of metal complexes affording various structures 

[52, 54]. They generally coordinate via the deprotonated oxygen atom and the nitrogen atom of 

the azomethine group [52, 54]. NO and N2O2 are donor atoms for most Schiff – base ligands 

with the possibility of oxygen being replaced by sulphur, nitrogen, or selenium [52]. Schiff – 

bases are usually crystalline solids that are slightly basic or insoluble salts in strong acid 

solutions [52, 54]. 
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Figure 1-3: Schiff base formation 

 

 

Figure 1-4: Mechanism of Schiff base synthesis 
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1.2 Ruthenium complexes 

 

Ruthenium discovery 1st occurred in May 1808 by a polish chemist named Jrdrezj Sniadecki 

while studying south American platinum ores [55]. Jrdrezj Sniadecki called the new metal he 

discovered vestium [55]. However He was not credited with its discovery since other scientists 

were unable to successfully repeat his work [55]. It was only until the year 1840 when a 

scientist of the University of Kazan, Karl Karlovich Klaus was able to extract and purify it, hence 

verifying the 1825 work of a scientist of the University Dorpat Gottfried Osann, that it was 

proven to be a new metal [55]. Karl Karlovich Klaus kept the name of ruthenium given to it by 

Gottfried Osann which comes from Ruthenia, the latin name of Russia [55].   

Ruthenium is a transition metal with atomic symbol Ru, atomic number 44 and atomic mass 

101.07 grams per mole located in group 8/period 5 of the periodic table. It is a rare metal that 

is hard, dense, lustrous, silvery – white and untarnishable at ambient temperature [55, 56]. It is 

generally found in nature combine with other platinum metals in the minerals pentlandite and 

pyroxinite [55]. It belongs to the d – block and has a wide range of oxidation states going from -

2 to +8 of which +2, +3, +4 are physiologically acceptable [42, 55, 56]. This wide range of 

oxidation states leading to diverse coordination geometries is the cause of wide interest in 

ruthenium chemistry [56].  

Research projects in ruthenium coordination and organometallic chemistry has increased 

tremendously in the last couple of years due to the various fields of their application such as 

medicine, biology, catalysis and nanoscience [57]. Ru (II) and Ru (III) are of high interest since 
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they afford six – coordinated octahedral geometries of which the axial ligands consolidate the 

electronic and steric characteristics of the complexes [57].  

Even though literature on the chemistry of ruthenium (II) Schiff – base complexes is less 

extensive than the one for Schiff – base complexes of 1st row transition metals, Ruthenium (II) 

Schiff - base complexes exhibit promising activity against Mycobacterium tuberculosis [12, 43, 

58]. Actually some scientists have reported ruthenium (II) complexes that showed activities 

against M. tuberculosis that were 150 times more active than the free ligands by themselves, 

with low percentage of cytotoxitity and high percentage of selectivity [12, 43].  

 

Hence ruthenium (II) complexes of isoniazid Schiff – base ligands and the free ligands in this 

project are investigated for their antimicrobial activities against various strains of microbes 

namely; Staphylococcus aureus (S. Aureus), Methicillin resistant Staphylococcus aureus (MRSA), 

and Pseudomonas aeruginosa (P aeruginosa). 

 

1.2.1 Staphylococcus aureus 

 

Staphylococcus aureus is a gram positive round shaped bacterium that is commensal to 

humans. It is normally found in the nose, respiratory tract and on the skin. It belongs to the 

class of bacilli which is part of the Eubacteria kingdom [81]. S. aureus is one of the most 

important bacteria that are the cause for many infections in humans. It is the primary cause of 

skin and soft tissue infections such as boils, carbuncles and follicuilitis, and serious diseases 
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such as pneumonia, meningitis and sepsis. Its common mode of contamination is through 

human hands [80].  

 

1.2.2 Methicillin resistant Staphylococcus aureus  

  

Methicillin resistant Staphylococcus aureus (MRSA) is a strain of Staphylococcus aureus that has 

grown resistance to antibiotics. MRSA infection is not a risk for healthy people since it is mainly 

contracted from hospitalization. Also people who have compromised immune system or who 

wear invasive medical devices in them are particularly susceptible to MRSA infection. Hospital 

personnel are mostly carriers of MRSA because of the widespread use of antibiotics in hospitals 

which fail to kill the resistant strain. The number drugs or antibiotics capable of killing MRSA 

strains is very limited [81]. 

1.2.3 Pseudomonas aeruginosa  

 

Pseudomonas aeruginosa (P. aeruginosa) is a gram negative rod shaped bacillus that has for 

habitat humans, animals and plants. P. aeruginosa is a unipolar motility microbe that is 

responsible for healthcare related infections such as urinary tract, surgical site and blood 

stream infections, even though five to ten percent of healthy people are carriers of the bacteria 

inside them at anytime. Thirteen percent of the overall number of infections reported in the US 

are related to resistant strain of P. aeruginosa [82]. 
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1.3 Aims   

 

To synthesize and study antimicrobial properties of ruthenium (II) complexes of Isoniazid Schiff 

base ligands and the free ligands. 

1.4 Objectives 

 

 The objectives are; 

1. The synthesis and characterization isoniazid Schiff-base ligands. 

2. The synthesis and characterization of ruthenium (II) complexes of isoniazid Schiff 

base ligand 

3. To test the compounds against Staphylococcus aureus, Methicillin resistant 

Staphylococcus aureus and Pseudomonas aeruginosa 
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2 Chapter 2: Experimental section 

 

2.1 General remarks 

 

All reactions were carried out under inert or nitrogen atmosphere using a dual 

vacuum/nitrogen line and standard Schlenk techniques unless stated otherwise. The solvents 

used were purified by heating at reflux under nitrogen in the presence of a suitable drying 

agent and stored with activated molecular sieves in tightly sealed solvent bottles. Diethyl ether 

was dried over sodium wire and benzophenone under nitrogen. Methanol and ethanol were 

dried from magnesium. Anhydrous magnesium sulphate (MgSO4) was the drying agent. All 

reagents were purchased from Sigma Aldrich (South Africa) and were analytical grade. They 

were used as purchased without further purification. These reagents were; 2-hydroxy-5-

methylbenzaldehyde (98%), 2 -hydroxy-5-nitrobenzaldehyde (98%), 2-hydroxy-5-

methoxybenzaldehyde (98%), 5-bromo-2-hydroxybenzaldehyde (98%), 5-chloro-2-

hydroxybenzaldehyde (98%), ruthenium (III) chloride hydrate (99.9 %), dimethyl sulfoxide 

(98%). 

 

2.2 Instrumentation 

 

The 1H NMR and 13C NMR experiments were conducted on the Bruker Avance IIIHD Nanobay 

400 MHz spectrometer at room temperature (298K) equipped with a 5 mm BBO probe (400 
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MHz for 1H and 100 MHz for 13C). Standard 1D and 2D pulse programs were used to acquire 

the NMR spectrum. The 1H NMR spectra were referenced internally using the residual CD3OD 

and DMSO d6, and reported relative to the internal standard tetramethylsilane (TMS). Chemical 

shift values are given in ppm.  

The FTIR spectra in solution were recorded with Perkin-Elmer Spectrum 100 Series FTIR 

spectrometer using KBr pellets for solids. Ultraviolet visible (UV-Vis) studies were carried out 

using a Nicolet100 spectrophotometer. Melting point of synthesized compounds was 

determined using open capillaries using SMP10 melting point apparatus. Server 1112 Series 

Elemental Analyzer at the University of Stellenbosch central analytical facility was utilized to 

perform the carbon, hydrogen and nitrogen analysis. The thermogravimetric analysis (TGA) was 

performed using Perkin Elmer Pyris thermal analyzer at the University of the Western Cape.  

 

 

2.3 Characterization techniques 

 

2.3.1 Fourier transform infrared spectroscopy (FTIR) 

 

Fourier transfer infrared spectroscopy is a method used to ascertain quantitatively and 

qualitatively the characteristics of infrared-active molecules in organic or inorganic solids, 

liquids and gas samples. It is a quick and low cost technique used to analyze solid samples that 

are amorphous, films, crystalline or microcrystalline [59]. The scale of samples analyzed ranges 

from microns to kilometers and sample preparation are relatively easy. 
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Best IR spectra are achieved when appropriate choices are made regarding the IR source, the 

detection method and accessories. Moreover the analyst has to be aware of the infrared 

spectrum region in which the sample has its characteristic functional groups [59, 60]. The 

functional groups of interest in this study are the imine functional group (C=N) and the amide 

carbonyl functional group (C=0). 

 

 

Figure 2-1: Diagram of a FTIR spectrometer [60].   

 

 

 

2.3.2 Ultra violet – Visible spectroscopy 

 

Ultra violet – visible spectroscopy is a technique that investigates the variation in the electronic 

energy levels in a compound caused by the transfer of electrons from π or non bonding orbitals. 

It normally gives information about π electron systems, aromatic compounds, conjugated 

unsaturations and conjugated non – bonding electron systems [61]. The ultraviolet region 
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covers the range of 190 nm to 380 nm and the visible region ranges from 380 nm to 750 nm. 

The energy diagram below (figure 8) highlights the possible transitions. 

The cuvette containing the sample as well as the reference cuvette is subjected to a series of 

light wavelengths deriving from the spectrometer emitting an energy that matches the 

probable electronic transition within the molecule. Some of the light energy is absorbed as an 

electron moves to a higher energy level or orbital in the ultraviolet and visible regions of the 

electromagnetic spectrum [62]. The UV – Vis instrument analysis results in a spectrum or a 

graph of absorbance versus wavelength. The UV – VIS spectrum data or observed bands are not 

specific enough for sample identification or isolation, but can be used as mean of comparison 

against known compounds in a database [62].   

 

 

Figure 2-2: UV - VIS energy diagram [63]. 

http://etd.uwc.ac.za/



24 

 

  

 

 

Figure 2-3: Diagram of a UV - VIS spectrometer [64].  

 

2.3.3 Thermogravimetric analysis (TGA) 

 

Thermogravimetric analysis (TGA) is a technique by which a sample weight is constantly 

checked while the sample is heated or cooled via a controlled temperature program and in a 

controlled atmosphere [65]. The TGA apparatus comprises a precision balance supported 

sample crucible located in a furnace that is heated and cooled during the testing. The sa ple s 

environment is controlled by an inert or reactive purge gas that is evacuated through the 

exhaust, while the mass of the sample is recorded constantly. TGA devices produce quantitative 

data relevant to loss of water, solvents, plasticizers, decomposition, decarboxylation and 
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weight percent filler among other.  These data can be obtained by heating as well as cooling 

[65].  

 

Figure 2-4: Diagram of a TGA machine [66]. 

 

 

 

2.3.4 Nuclear magnetic resonance (NMR) 

 

Nuclear magnetic resonance spectroscopy, commonly referred to as NMR, has become the 

preeminent technique for determining the structure of organic compounds over five decades. 

Of all the spectroscopic techniques, it is the only one for which a complete analysis and 

interpretation of the entire spectrum is normally expected. Although larger amounts of sample 

are needed than for mass spectroscopy, NMR is non-destructive, and with modern instruments 

good data may be obtained from samples weighing less than a milligram. 
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The 1H NMR gives information about the chemical environment of a proton or group of protons 

relative tetramethylsylane (TMS). The 13C NMR analysis is based on the same principles as the 

1H NMR technique, but the spectrum does not include any splitting. The 13C NMR spectrum 

displays single peaks corresponding to each carbon environment or each set of equivalent 

carbon in the compound. 

 

 

Figure 2-5: Diagram of NMR spectrometer [67]. 

 

 

2.3.5 Elemental analysis 

 

Server 1112 Series Elemental Analyzer at the University of Stellenbosch central analytical 

facility was utilized to perform the carbon, hydrogen, and nitrogen and sulfur analysis. The 
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procedure involves weighing the samples into tin cups and loaded into an automatic sampler. 

The tin cups, required for the appropriate combustion in the elemental analyzer, travel down a 

tube where they undergo flash combustion at temperature of 1800°C. The gaseous combustion 

products N2, NOx, H2O, SO2, O2 and CO2 are carried by the helium as gas carrier through a 

column filled with copper oxide, and from there through a Cu column where nitrogen oxides 

are reduced to elementary nitrogen, and O2 to CuO. Water is captured through another column 

and the remaining gases are passed through a temperature programmed desorption column 

(TPD) where N2 is going straight through and the other gases are bound. The bound gases are 

released singly using a programmed temperature raise in the column. These gases travel along 

a thermal conductivity detector (TCD) which emits an electrical signal proportional to the 

concentration of carbon, Hydrogen, nitrogen and sulfur.   

 

 

2.4 Synthesis of Schiff base ligands 

 

2.4.1 Isonicotinyl acid (2-hydroxy-5-methyl-benzilidene) – hydrazide (L1) 

 

To a 15 mL methanolic solution of Isonicotinic acid hydrazide (INH) (1 mmol) in a schlenk tube, 

15 mL solution of 2-Hydroxy-5-methyl-benzaldehyde (1 mmol) was added. To the light yellow 

solution magnesium sulfate (0.5 g) was added, which made the color turn yellow. The solution 

http://etd.uwc.ac.za/



28 

 

was constantly under nitrogen and then stirred while under reflux for four hours. The reaction 

mixture was filtered to remove the magnesium sulfate after which the solvent was removed at 

the rotarary evaporator to yield an off – white powder. This was recrystallized from 6 mL of 

methanol/diethyl ether (1:3), filtered and washed with diethyl ether and dried under reduced 

pressure. The pale white solid product was further dried for twenty four hours in a desiccator 

under vacuum. 

The yield was 72%; the melting point was 235 °C – 237 °C. Infrared spectroscopy (cm-1); v (C=N) 

1557. 1H NMR (400 MHZ CD3OD : a o ati  p oto  peaks δ .  pp  d, H , .  pp  s, H , 

7.18 ppm (d, 1H), 7.07 ppm (d, 1H), 6.76 ppm (d, 1H); imine proto  peak δ .  pp  s, H ; 

hydrazine p oto  peak δ .  pp  s, H ; h d o l p oto  peak δ .  pp  s, H . 13CNMR 

(200 MHZ, CD3OD : a o ati  peaks δ .  pp , .  pp , .  pp , .  pp , 

128.55 ppm, 121.76 ppm, 117.61 ppm, 121.33 ppm, 116.19 ppm; amide carbon peak δ .  

ppm; i i e peak δ .  pp . UV – VIS spe t os op  displa ed a π → π٭ transition at 215 nm 

a d   a d η → π٭ transition at 292 nm and 344 nm. The lambda maximum was 215 nm. 

Elemental analysis for C14H13N3O2 (255.27 g/mol), calculated: C, 65.87; H, 5.13; N, 16.46. Found: 

C, 64.57; H, 5.70; N, 16.19.   
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H

Isonicotinic acid 
(2-hydroxy-5-methyl-benzylidene)-hydrazide 

Figure 2-6: Structure of ligand L1 

 

2.4.2 Isonicotinyl acid (2-hydroxy-5-methoxy-benzilidene)– hydrazide (L2) 

 

To a 15 mL methanolic solution of Isonicotinic acid hydrazide (INH) (1 mmol) in a schlenk tube, 

15 mL methanolic of 2-Hydroxy-5-methyl-benzaldehyde (1 mmol) was added. To the light 

orange solution magnesium sulfate (0.5 g) was added, which made the color turn orange. The 

solution was constantly under nitrogen and then stirred while under reflux for eight hours. The 

reaction mixture was filtered to remove the magnesium sulfate after which the solvent was 

removed at the rotarary evaporator to yield yellow powder. This was recrystallized from 6 mL 

of methanol/diethyl ether (1:3), filtered and washed with diethyl ether and dried under 

reduced pressure. The yellow solid product was further dried for twenty four hours in a 

desiccator under vacuum.  

The yield was 67%; the melting point was 241 °C – 243 °C. Infrared spectroscopy (cm-1); v (C=N) 

1579. 1HNMR (400 MHZ CD3OD : a o ati  p oto  peaks δ .  pp  d, H , .  pp  d, H , 
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.  pp  s, H , .  pp  d, H , .  pp  d, H ; i i e p oto  peak δ .  pp  s, H ; 

hydrazine proto  peak δ .  pp  s, H ; h d o l p oto  peak δ .  pp  s, H . 13CNMR 

(200 MHZ, CD3OD : a o ati  peaks δ .  pp , .  pp , .  pp , .  pp , 

.  pp , .  pp , .  pp , .  pp , .  pp ; a ide peak δ .  pp ; 

imine peak δ .  pp . UV – VI“ spe t os op  displa ed a π to π٭ transition at 215 nm and η 

to π٭ transition at 291 nm and 355 nm. The lambda maximum was 215 nm. Elemental analysis 

for C14H13N3O3 (271.27 g/mol), calculated: C, 61.99; H, 4.13; N, 15.49. Found: C, 62.92; H, 5.02; 

N, 15.64.   

OCH3

N

OH

N

NH O

H

Isonicotinic acid 
(2-hydroxy-5-methoxy-benzylidene)-hydrazide 

Figure 2-7: Structure of ligand L2 

 

2.4.3 Isonicotinyl acid (5-chloro-2-hydroxy-benzilidene) – hydrazide (L3) 

 

To a 15 mL methanolic solution of Isonicotinic acid hydrazide (INH) (1 mmol) in a schlenk tube 

was added 15 mL methanolic solution of 5-chloro-2-Hydroxy-benzaldehyde (1 mmol). To the 

yellowish solution magnesium sulfate (0.5 g) was added, which made the color turn pale yellow. 
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The solution was constantly under nitrogen and then stirred while under reflux for four hours. 

The reaction mixture was filtered to remove the magnesium sulfate after which the solvent was 

removed at the rotarary evaporator to yield an off – white powder. This was recrystallized from 

6 mL of methanol/diethyl ether (1:3), filtered and washed with diethyl ether and dried under 

reduced pressure.  The off - white solid product was further dried for twenty four hours in a 

desiccator under nitrogen. 

The yield was 66%; the melting point was 246 °C – 248 °C. Infrared spectroscopy (cm-1); v (C=N) 

1551. 1HNMR (400 MHZ CD3OD : a o ati  p oto  peaks δ .  pp  d, H , .  pp  d, H , 

.  pp  d, H , .  pp  d, H , .  pp  d, H ; i i e p oto  peak δ .  pp  s, H ; 

hydrazine p oto  peak δ .  pp  s, H ; h d o l p oto  peak δ .  pp  s, H . 13CNMR 

(200 MHZ, CD3OD): aromatic carbon peaks δ .  pp , .  pp , .  pp , .  

ppm, 130.88 ppm, 129.05 ppm, 123.26 ppm, 121.33 ppm, 117.82 ppm; amide carbon peak δ 

162.39 ppm; imine carbon peak δ .  pp . UV – VI“ spe t os op  displa ed a π → π٭ 

t a sitio  at   a d   a d η → π٭ transition at 289 nm and 343 nm. The lambda 

maxi mum was 221 nm. Elemental analysis for C13H10ClN3O2 (275.69 g/mol), calculated: C, 

56.64; H, 3.66; N, 15.24. Found: C, 56.75; H, 3.73; N, 15.40. TGA studies displayed two stages of 

degradation that are 220 °C – 370 °C corresponding to a mass loss of 28.23 % (C2H2N2O) and 370 

°C – 700 °C leading to a mass loss of 62.67 % (C5H5N).     
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Isonicotinic acid 
(5-chloro-2-hydroxy-benzylidene)-hydrazide

H

 

Figure 2-8: Structure of ligand L3 

 

2.4.4 Isonicotinyl acid (5-bromo-2-hydroxy-benzilidene) – hydrazide (L4) 

 

To a 15 mL methanolic solution of Isonicotinic acid hydrazide (INH) (1 mmol) in a schlenk tube 

was added 15 methanolic solution of 5-bromo-2-Hydroxy-benzaldehyde (1 mmol). To the clear 

solution magnesium sulfate (0.5 g) was added, which made the color turn whitish. The solution 

was constantly under nitrogen and then stirred while under reflux for four hours. The reaction 

mixture was filtered to remove the magnesium sulfate after which the solvent was removed at 

the rotarary evaporator to yield a bright – white powder. This was recrystallized from 6 mL of 

methanol/diethyl ether (1:3), filtered and washed with diethyl ether and dried under reduced 

pressure. The bright white solid product was further dried for twenty four hours in a desiccator 

under vacuum. 

The yield was 65%; the melting point was 259 oC – 261 oC. Infrared spectroscopy (cm-1); v (C=N) 

1550. 1HNMR (400 MHZ CD3OD): a o ati  p oto  peaks δ .  pp  d, H , .  pp  d, H , 
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.  pp  d, H , .  pp  d, H , .  pp  d, H ; i i e p oto  peak δ .  pp  s, H ; 

hydrazine p oto  peak δ .  pp  s, H ; h d o l p oto  peak δ . 5 ppm (s, 1H). 13CNMR 

(200 MHZ, CD3OD): aromatic carbon peaks δ 49.94 ppm, 148.93 ppm, 133.55 ppm, 121.82 

ppm, 119.92 ppm, 113.43 ppm, 113.31 ppm, 121.33 ppm, 117.82 ppm; amide carbon peak δ 

157.20 ppm; imine carbon peak δ 149.74 ppm. UV – VI“ spe t os op  displa ed a π → π٭ 

transition at   a d η → π٭ transition at 292 nm and 346 nm. The lambda maximum was 

225 nm. Elemental analysis for C13H10BrN3O2 (320.14 g/mol), calculated: C, 48.77; H, 3.15; N, 

13.13. Found: C, 48.76; H, 3.04; N, 13.22. TGA studies displayed 2 stages of decomposition that 

are 320 °C – 370 °C corresponding to a mass loss of 26.6 % (C2H2N2O) and 370 °C – 700 °C 

leading to a mass loss of 62.4 % (C5H5N). 

 

Br

N

OH

N

NH O

H

Isonicotinic acid (5-bromo-2-hydroxy-
benzylidene)-hydrazide  

Figure 2-9: Structure of ligand L4 
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2.4.5  Isonicotinyl acid (2-hydroxy-5-nitro-benzilidene) – hydrazide (L5) 

 

To a 15 mL methanolic solution of  Isonicotinic acid hydrazide (INH) (1 mmol) in a schlenk tube 

was added 15 mL methanolic solution of 2-Hydroxy-5-nitro-benzaldehyde (1 mmol). To the light 

orange solution magnesium sulfate (0.5 g) was added, which made the color turn bright orange. 

The solution was constantly under nitrogen and then stirred while under reflux for four hours. 

The reaction mixture was filtered to remove the magnesium sulfate after which the solvent was 

removed at the rotarary evaporator to yield a bright orange powder. This was recrystallized 

from 6 mL of methanol/diethyl ether (1:3), filtered and washed with diethyl ether and dried 

under reduced pressure.The bright orange solid product was further dried for twenty four 

hours in a desiccator under vacuum.  

The yield was 59%; the melting point was 269 oC – 271 oC. Infrared spectroscopy (cm-1); v (C=N) 

1546. 1HNMR (400 MHZ DMSO D6): a o ati  p oto  peaks δ .87 ppm (d, 1H), 8.68 ppm (d, 

1H), 8.26 ppm (d, 1H), 7.92 ppm (d, 1H), 7.70 pp  d, H ; i i e p oto  peak δ .83 ppm (s, 

1H); hydrazine p oto  peak δ 8.86 pp  s, H ; h d o l p oto  peak δ 7.19 ppm (s, 1H). 

13CNMR (200 MHZ, DMSO D6): aromatic carbon peaks δ .78 ppm, 145.38 ppm, 140.34 ppm, 

127.14 ppm, 123.96 ppm, 122.54 ppm, 121.79 ppm, 120.38 ppm, 117.20 ppm; amide carbon 

peak δ 3.22 ppm; imine carbon peak δ 1.07 ppm. UV – VI“ spe t os op  displa ed a π → π٭ 

t a sitio  at   a d η → π٭ transition at 288 nm and at 324 nm. The lambda maximum 

was displayed at 210 nm. . Elemental analysis for C13H10N4O2 (286.24 g/mol), calculated: C, 

54.55; H, 3.52; N, 19.57. Found: C, 54.19; H, 3.37; N, 19.43.  TGA studies displayed 2 stages that 
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are 320 °C – 370 °C corresponding to a mass loss of 27.67 % (C2H2N2O) and 370 °C – 700 °C 

leading to a mass loss of 62.33 % (C5H4N).   

 

NO2

N

OH

N

NH O

H

Isonicotinic acid 
(2-hydroxy-5-nitro-benzylidene)-hydrazide  

Figure 2-10: Structure for ligand L5 

 

 

2.5 Ruthenium complexes of the Schiff base ligands 

 

2.5.1 General remarks 

 

Complexation in coordination chemistry refers to a central atom or ion, usually a transition 

metal in the periodic table, bonded or coordinated to a surrounding array of molecules or ions. 

The central atom is designated as the coordination center, while the surrounding array of 

molecules or ions is called ligands or complexing agents. 
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A known amount of the ruthenium precursor RuCl2(DMSO)4 is dissolved in 10 mL of freshly 

distilled ethanol in a schlenk tube under inert atmosphere. An equimolar mixture of the ligand 

and the metal complex precursor in freshly distilled of ethanol was refluxed under inert 

atmosphere at 60°C for four hours. Upon completion the excess solvent is removed under 

vacuum and the solid product is collected post filtration using a 1:3 ratio of solvent mixture of 

ethanol/diethyl ether and washed with excess diethyl ether.  

 

Figure 2-11: Scheme of isoniazid Schiff base complex 

 

 

2.5.2 Synthesis of the Ruthenium precursor RuCl2(DMSO)4 

 

The ruthenium (II) precursor RuCl2(DMSO)4 was synthesized by dissolving 2g of RuCl3·xH2O in 50 

mL of ethanol according to literature procedure [17]. The reaction was refluxed for 3 hours 

under nitrogen, using general schlenk techniques. During the reaction a color change is 
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observed from black to dark green. After the allotted time any unreactive materials is filtered 

off. The solvent is removed on a rotary evaporator, and thick green oil is observed. 9 mL DMSO 

is added to the reaction mixture and refluxed for another 2 hours or more until yellow solids is 

observed. This is followed by the addition of 60 mL acetone and stored in the fridge overnight. 

The solvent was removed under reduced pressure using liquid nitrogen and a yellow crystalline 

powder was collected. 

 

 

2.5.3 Synthesis of C18H26Cl2N3O4RuS2 (C1) 

 

The Schiff base ligand Isonicotinyl acid (2-hydroxy-5-metyl-benzilidene) – hydrazide (1 mmol) 

was taken together with the ruthenium metal precursor Ru(II)Cl2(DMSO)4 (1 mmol) in 20 mL 

ethanolic solution under inert atmosphere or nitrogen atmosphere for four hours whilst 

refluxing. Solvent removal using high vacuum pump to reduce the methanol amount to about 2 

mL took place after the four hour reflux, then the addition of excess amount for diethyl ether 

was done to cause the product to precipitate and to wash the product. A cannula was used to 

transfer out the remaining small volume of methanol/ diethyl ether from the reaction vessel. 

The dried product color was light brown and the yield amount was 69 percent. The melting 

point was 248 °C – 250 °C. Infrared spectroscopy (cm-1); v (C=N) 1541. 1HNMR (400 MHZ 

CD3OD : a o ati  p oto  peaks δ .  pp  d, H , .  pp  d, H , .  pp  s, H , .  

ppm (d, 1H), 7.44 pp  d, H , .  pp  d, H ; i i e p oto  peak δ .  pp  s, H ; 
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hydrazine p oto  peak δ .  pp  s, H ; eth l p oto  peak δ .  pp  s, H , di eth l 

p oto  peak δ .  pp  (s, 12H). UV – VIS spe t os op  displa ed a π → π٭ transition at 203 

nm a d η → π٭ transition at 292 nm and 349 nm. The lambda maximum was 203 nm. Elemental 

analysis for C18H26Cl2N3O4RuS2 (584.52 g/mol), calculated: C, 37.11; H, 4.15; N, 7.21; S, 11.01. 

Found: C, 36.99; H, 4.45; N, 6.61; S, 11.76. 

 

 

Figure 2-12: Structure of complex C1 

 

 

2.5.4 Synthesis of C18H26Cl2N3O5RuS2 (C2) 

 

The Schiff base ligand Isonicotinyl acid (2-hydroxy-5-methoxy-benzilidene) – hydrazide (1 mmol) 

was taken together with the ruthenium metal precursor Ru(II)Cl2(DMSO)4 (1 mmol) in 20 mL 

metanolic solution under inert atmosphere or nitrogen atmosphere for four hours whilst 
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refluxing. Solvent removal using high vacuum pump to reduce the methanol amount to about 2 

mL took place after the four hour reflux, then the addition of excess amount for diethyl ether 

was done to cause the product to precipitate and to wash the product. A cannula was used to 

transfer out the remaining small volume of methanol/ diethyl ether from the reaction vessel. 

The dried product color was brittle-dark brown and the yield amount was 67 percent. The 

melting point was 258 oC – 260 oC. Infrared spectroscopy (cm-1); v (C=N) 1570. 1HNMR (400 

MHZ CD3OD : a o ati  p oto  peaks δ .  pp  d, H , .  pp  s, H , .  pp  d, H , 

6.97 ppm (d, 1H), .  pp  d, H ; i i e p oto  peak δ .  pp  s, H ; hydrazine proton 

peak δ .  pp  s, H ; etho  p oto  peak δ .  pp  s, H , di eth l p oto  peak δ 

3.56 ppm (s, 12H). UV – VIS spe t os op  displa ed a π → π٭ transition at 204 nm, at 226 nm 

a d at   a d η → π٭ transition at 359 nm. The lambda maximum was 204 nm. Elemental 

analysis for C18H26Cl2N3O5RuS2 (600.52 g/mol), calculated: C, 36.12; H, 4.04; N, 7.02; S, 10.72. 

Found: C, 35.49; H, 4.45; N, 6.61; S, 11.01. 
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Figure 2-13: Structure of complex C2 

 

 

 

2.5.5 Synthesis of C17H23Cl3N3O4RuS2 (C3) 

 

The Schiff base ligand Isonicotinyl acid (5-chloro-2-hydroxy-benzilidene) – hydrazide (1 mmol) 

was taken together with the ruthenium metal precursor Ru(II)Cl2(DMSO)4 (1 mmol) in 20 mL 

ethanolic solution under inert atmosphere or nitrogen atmosphere for four hours whilst 

refluxing. Solvent removal using high vacuum pump to reduce the ethanol amount to about 2 

mL took place after the four hour reflux, then the addition of excess amount for diethyl ether 

was done to cause the product to precipitate and to wash the product. A cannula was used to 

transfer out the remaining small volume of ethanol/ diethyl ether from the reaction vessel. The 

dried product color was pale brown and the yield amount was 65 percent.  
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The melting point was 263 oC – 265 oC. Infrared spectroscopy (cm-1); v (C=N) 1543. 1HNMR (400 

MHZ CD3OD : a o ati  p oto  peaks δ 8.02 ppm (d, 1H), 7.97 ppm (s, 1H), 7.72 ppm (d, 1H), 

7.59 ppm (d, 1H), 7.07 ppm (d, 1H); i i e p oto  peak δ 7.82 ppm (s, 1H); hydrazine proton 

peak δ 8.83 ppm (s, 1H); methyl p oto  peak δ 3.20 ppm (s, 1H). UV – VIS spectroscopy 

displa ed a π → π٭ transition at 203 nm and 219 nm and η → π٭ transition at 288 nm and 345 

nm. The lambda maximum was 203 nm. Elemental analysis for C17H23Cl3N3O4RuS2 (604.94 

g/mol), calculated: C, 33.87; H, 3.51; N, 6.97; S, 10.64. Found: C, 33.49; H, 4.45; N, 6.61; S, 

11.01. The TGA studies display three stages of decomposition that are 75 °C – 250 °C 

corresponding to a loss of 2.3 % (H2O), then 250 °C – 370 °C corresponding to a loss of 9.5 % 

(Cl2) and 370 °C – 700 °C leading to a loss of 59 % (C4H14Cl2O3RuS2). 

 

 

Figure 2-14: Structure for complex C3 
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2.5.6 Synthesis of C17H23BrCl2N3O4RuS2 (C4) 

 

The Schiff base ligand Isonicotinyl acid (5-bromo-2- hydroxy-benzilidene) – hydrazide (1 mmol) 

was taken together with the ruthenium metal precursor Ru(II)Cl2(DMSO)4 (1 mmol) in 20 mL 

metanolic solution under inert atmosphere or nitrogen atmosphere for four hours whilst 

refluxing. Solvent removal using high vacuum pump to reduce the methanol amount to about 2 

mL took place after the four hour reflux, then the addition of excess amount for diethyl ether 

was done to cause the product to precipitate and to wash the product. A cannula was used to 

transfer out the remaining small volume of methanol/ diethyl ether from the reaction vessel. 

The dried product color was pale brown and the yield amount was 66 percent. 

The melting point was 268 oC – 270 oC. Infrared spectroscopy (cm-1); v (C=N) 1547. 1HNMR (400 

MHZ CD3OD): a o ati  p oto  peaks δ .65 ppm (d, 1H), 7.94 ppm (d, 1H), 7.84 ppm (s, 1H), 

7.72 ppm (d, 1H), 6.93 pp  d, H ; i i e p oto  peak δ 7.98 ppm (s, 1H); hydrazaine proton 

peak δ 8.83 ppm (s, 1H); methyl p oto  peak δ 3.19 ppm (s, 1H). UV – VIS spectroscopy 

displa ed a π to π٭ transition at 205 nm and 218 nm and η to π٭ transition at 291 nm and 348 

nm. The lambda maximum was 205 nm. Elemental analysis for C17H23BrCl2N3O4RuS2 (649.39 

g/mol), calculated: C, 31.54; H, 3.21; N, 6.49; S, 9.91. Found: C, 30.67; H, 4.17; N, 6.61; S, 10.51. 

The TGA studies display three stages of decomposition that are 75 °C – 250 °C corresponding to 

a loss of 5.7 % (H2O), then 250 °C – 370 °C corresponding to a loss of 12.86 % (Cl2) and 370 °C – 

700 °C leading to a loss of 66 % (C4H14Cl2O3RuS2). 
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Figure 2-15: Structure for complex C4 

 

 

2.5.7 Synthesis of C17H23Cl2N4O6RuS2 (C5) 

 

The Schiff base ligand isonicotinyl acid (2-hydroxy-5-nitro-benzilidene) – hydrazide (1 mmol) 

was taken together with the ruthenium metal precursor Ru(II)Cl2(DMSO)4 (1 mmol) in 20 mL 

metanolic solution under inert atmosphere or nitrogen atmosphere for four hours whilst 

refluxing. Solvent removal using high vacuum pump to reduce the methanol amount to about 2 

mL took place after the four hour reflux, then the addition of excess amount for diethyl ether 

was done to cause the product to crash out and to wash the product. A cannula was used to 

transfer out the remaining small volume of methanol/ diethyl ether from the reaction vessel. 

The dried product color was light brown and the yield amount was 73 percent. The melting 

point was 276 oC – 278 oC. Infrared spectroscopy (cm-1); v (C=N) 1540. 1HNMR (400 MHZ 
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CD3OD : a o ati  p oto  peaks δ . 6 ppm (d, 1H), 8.89 ppm (d, 1H), 7.99 ppm (s, 1H), 7.96 

ppm (d, 1H), 7.19 pp  d, H ; i i e p oto  peak δ .  pp  s, H ; hydrazine p oto  peak δ 

8.84 ppm (s, 1H); methyl p oto  peak δ 2.50 ppm (s, 1H). UV – VIS spe t os op  displa ed a π 

→ π٭ transition at 205 nm and η → π٭ transition at 333 nm and at 405 nm. The lambda 

maximum was displayed at 205 nm. Elemental analysis for C17H23Cl2N4O6RuS2 (615.49 g/mol), 

calculated: C, 33.28; H, 3.45; N, 9.13; S, 10.45. Found: C, 32.45; H, 4.17; N, 9.65; S, 9.58. The 

TGA studies display three stages of decomposition that are 75 °C – 250 °C corresponding to a 

loss of 4.1 % (H2O), then 250 °C – 320 °C corresponding to a loss of 33.33 % (C13H9N3O) and 320 

°C – 700 °C leading to a loss of 66 % (C4H14Cl2O3RuS2). 

 

Figure 2-16: Structure of complex C5 

 

 

 

 

 

http://etd.uwc.ac.za/



45 

 

3 Chapter 3: Results and discussion 

 

 

 

3.1 Schiff base ligands 

 

3.1.1 General remarks 

 

A Schiff base is a nitrogen analog of an aldehyde or ketone involving the replacement of the 

C=O group by C=N-R group. They are the products of condensation reaction of ketones or 

aldehydes with primary amines [53]. 

Schiff bases that have aryl substituents are much more stable and more easily synthesized, 

while those which contain alkyl substituents are somewhat unstable. Schiff bases of aliphatic 

aldehydes are generally unstable and easily polymerizable while those of aromatic aldehydes 

having effective conjugation are more stable. The formation is generally driven to the 

completion by separation of the product or removal of water, or both. Many Schiff bases can be 

hydrolyzed back to their aldehydes or ketones and amines by aqueous acid or base. 

 

 

Figure 3-1: Scheme of Schiff base ligand synthesis 

http://etd.uwc.ac.za/



46 

 

 

The mechanism of Schiff base formation is another variation on the theme of nucleophilic 

addition to the carbonyl group. In this case, the nucleophile is the amine. In the first part of the 

mechanism, the amine reacts with the aldehyde or ketone to give an unstable addition 

compound called carbinolamine. The carbinolamine loses water by either acid or base catalyzed 

pathways. Since the carbinolamine is an alcohol, it undergoes acid catalyzed dehydration. 

Typically the dehydration of the carbinolamine is the rate-determining step of Schiff base 

formation and that is why the reaction is catalyzed by acids. Yet the acid concentration can t be 

too high because amines are basic compounds. If the amine is protonated and becomes non-

nucleophilic, equilibrium is pulled to the left and carbinolamine formation can t occur. 

Therefore, many Schiff bases synthesis are best carried out at mildly acidic pH. The dehydration 

of carbinolamines is also catalyzed by base. This reaction is somewhat analogous to the E2 

elimination of alkyl halides except that it is not a concerted reaction. It proceeds in two steps 

through an anionic intermediate. The Schiff base formation is really a sequence of two types of 

reactions, i.e. addition followed by elimination.  

 

3.1.2 Ligands 

 

All the synthesized ligands can be categorized as hydrazones, which is a class of ligands 

characterized by the functional group (C=N-N), that makes up a sub – group of the imine or 

Schiff base ligands [51]. All these ligands, having different substituents on the metha position, 

were synthesized following the same procedure of condensation reaction according to 
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literature (scheme 3) [54]. The substituents range from activating to deactivating. The alkyl 

functional group (CH3) is activating as well as the methoxy group (OCH3) with the remaining 

three other functional groups, namely the chlorine (Cl), the bromine (Br) and the nitro group 

(NO2), being deactivating. 

In this study project we report the synthesis and characterization of isoniazid Schiff base 

ligands, which we are hoping to be stable and active against microbes by themselves and upon 

coordination with ruthenium (II) transition metal in comparison to literature reports.    

A one to one ratio of the primary amine isoniazid (INH) and one of the five aldehyde carrying 

different substituents were taken together in a methanolic solution under reflux for four hours ( 

scheme 3) [51]. The monitoring of the reaction by FT - IR at two hours intervals indicated the 

disappearance of the starting materials and the appearance of the imine peak at the fourth 

hour of the preparation. The color of the ligands obtained were light yellow for L1, light orange 

for L2, off – white for L3, bright white for L4, and bright orange for L5 respectively. The yields 

for the ligands were seventy two percent for L1, sixty seven percent for L2, sixty six percent for 

L3, sixty five percent for L4, and fifty nine percent for L5. All the ligands were stable at room 

temperature. They were slightly soluble in organic solvent such as methanol, ethanol, 

dichloromethane and water; but readily soluble in DMSO. Upon synthesis completion, all the 

ligands were subjected to FT – IR studies, UV – VIS studies, NMR studies as well as elemental 

analysis.    
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Figure 3-2: Schiff base ligand synthesis 

   

 

3.1.2.1 Fourier transform infrared studies 

 

The Fourier transform infrared spectrum confirmed the successful completion of the reaction 

by displaying the appearance of the azomethine or imine peak and the disappearance of the 

aldehyde functional group. Overall the ligands exhibited infrared spectroscopic features that 

were very similar. The spectral range for the measurement of the infrared spectra of the 

compounds was from four hundred to four thousand cm-1. These FT – IR measurements were 

recorded in solid state using potassium bromide pellets. The functional groups of interest are 

the imine (C=N), the aldehyde carbonyl (HC=O) and amide carbonyl (NHC=O). The following 

spectrum of ligand L1 (figure 3-3) is an example of the spectra for the prepared Schiff base 

ligands. The rest of ligand spectra L2, L3, L4 and L5 are ascribed in the appendix section. Table 
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3.1 below lists the frequencies of the functional groups that confirm the successful preparation 

of all the ligands. 
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Figure 3-3: FTIR spectrum of ligand L1 
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Table 3-1: FTIR data, yield and color of ligands 

Ligands FT – IR (cm_1) % Yield Color 
C=O C=N 

L1 1673 1551 72 Light yellow 

L2 1666 1579 67 Light orange 

L3 1677 1551 66 Off - white 

L4 1677 1541 65 Bright  white 

L5 1667 1551 59 Bright orange 

 

 

In accordance with the above table, ligands L1 to L5 exhibited strong bands for the imine (C=N) 

at the frequencies ranging from 1541 to 1579 cm-1. Raafat, M., et al reported similar imine peak 

values that are in agreement with other Schiff base studies in literature [68]. However these 

frequencies displayed by all of the ligands are somewhat lower than the range reported by the 

majority of studies [51, 52, 69]. Ligands L1, L3 and L5 have the same frequency for the imine 

peak which is 1551 cm-1. This fact is somewhat unusual since L1 has an activating substituent 

the methyl group (CH3) while L3 and L5 have deactivating substituents that are the Chlorine (Cl) 

and the nitro group (NO2) respectively. The expected results should have been different 

frequencies for the ligands according to the type of substituents attached, whether they were 

activating or deactivating. Further analysis of the (C=N) frequencies indicates that the methoxy 

substituted ligand L2 has the highest azomethine peak frequency 1579 cm-1. These results of 
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the (C=N) frequency values in the table can lead to deduce that activating substituents yield 

higher imine peak frequencies for Schiff base ligands than deactivating substituents do.  

Looking at the values of the frequencies of the carbonyl (C=0) for all ligands, it is noticeable 

the ligands L3, L4 and L5, that are all carrying deactivating substituents namely chlorine (Cl), 

bromine (Br) and nitro (NO2) respectively, yield higher frequencies for this functional group 

(C=O) than the ligands carrying activating ones L1 (CH3) and L2 (OCH3). Ligands L3, L4 and L5 

strikingly display the same frequency of 1677 cm-1 for (C=0) while L1 and L2 have lower but 

different (C=0) frequencies of 1673 and 1666 cm-1 respectively. In light of this, the trend that 

can be deduced is that Schiff base ligands with deactivating substituent bare higher frequencies 

for (C=0) than the ones carrying activating ones. Since none of the ligands displayed an 

aldehyde functional group (CHO) peak or band in their IR spectrum and all of them displayed 

strong band for the imine peak, one can conclude that the FT – IR spectra of the ligands confirm 

the successful preparation of all the Schiff base ligands.   

  

3.1.2.2  Ultraviolet visible studies 

 

UV – Vis absorption spectra of the ligands L1 to L5 were acquired using 1 cm micro cuvettes in 

methanol solvent at room temperature in the wavelength range of 200 to 800 nm. The 

electronic transitions occurring within the prepared compounds are depicted in the spectra. 

The following spectrum (figure 3-4) is a representative sample of the spectra obtained for Schiff 
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base ligands L1 to L5. A summary of all electronic transitions is displayed in table 3.2 and the 

remaining spectra of ligands L2 to L4 are located in the appendix section. 
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Figure 3-4: UV - VIS spectrum of ligand L1 
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Table 3-2: UV - VIS data of ligands 

 Electronic transitions (nm) 

Ligands π → π٭ n → π* Λmax   
 

L1 215, 244, 292 344 215 

L2 215, 291 355 215 

L3 219, 249, 290 343 219 

L4 203, 218, 250, 291 350 203 

L5 210, 288 324 210 

 

 

The prepared Schiff ligands in this study are exhibiting electronic transitions in the range of 203 

nm to 355 nm. All the ligands L1 to L5 display three to five absorption bands corresponding to 

two kinds of electronic transitions namely π → π* and n → π*. The bands on the higher energy 

region from 203 nm to 292 nm are attributed to the excitation of the π electrons (π → π* 

transitions) of the aromatic rings and the bands on the lower energy side ranging from 324 nm 

to 355 nm are assigned to the n → π* transitions of the imine or azomethine functional group 
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(C=N) [68]. Hussain et al reported similar absorption bands in his study about Schiff bases of 

sulfamethoxazole [70].  

 

3.1.2.3 Thermogravimetric analysis studies (TGA) 

 

The TGA studies were only conducted for three ligands and their respective ruthenium (II) 

complexes. Those ligands are L3, L4 and L5 and their complexes are C1, C2 and C3. The TGA 

studies were conducted in order to test the stability of the prepared compounds.  

 

3.1.2.3.1 TGA of Schiff base ligands 

 

To the best of our knowledge, the TGA studies of ligands L3 to L5 and their respective 

complexes C3 to C5 are being reported for the first time. Figure 3-5 of the graph of ligand L3 

below is a representative example of the TGA graph of all ligands. The remaining ligands graphs 

are located in the appendix section. Likewise the table 3.3 displays the decomposition points of 

all ligands studied with this technique. The TGA controlled temperature rate for the tested 

ligands was 10 °C per minute. 
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Figure 3-5: TGA graph of Ligand L5 

 

 

 

Table 3-3: TGA data for ligands 

Ligands Temperature range 

(°C) 

Mass Loss % 

Calc/Found 

Assignments 

L 3 220  – 370 28.23 (29. 11) C2H2N2O 

370 – 700 62.67 (61.93) C5H5N 

L 4 320 - 370 26.60 (27.530 C2H2N2O 

370 – 700 62.40 (63.24) C5H5N 

L 5 320 – 370 27.67 (26.98) C2H2N2O 

370 - 700 62.33 (63.12) C5H4N 
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The thermogravimetric analysis table tells us the ligands L3, L4 and L5 start decomposing at 220 

°C for L3 and 320 °C for L4 and L5. All tested ligands display 2 stages of decomposition. Figure 3-

5 exhibits clearly the stages of decomposition of ligand L5 and that L5 is stable from 50 °C to 

320 °C. The same trend is observed in ligands L4 and L5. The first decomposition stage of L3 of 

320 °C – 370 °C corresponds to a mass loss of 26.98 % (C2H2N2O) and the second one of 370 °C – 

700 °C relates to a loss of 63.12 % (C5H5N). The calculated relative mass for stage one of L5 is 

26.98 % and for the second one is 63.12 %. Raziyeh A. et al. reported similar findings in his 

study about thermal studies of Cu (II) and  Co (II) complexes with Schiff base dye ligands [71]. 

The decomposition stages of L3 and L4 are explicitly displayed in table 3-3. 

 

3.1.2.4  Nuclear magnetic resonance studies 

 

In order to elucidate the structure of all five synthesized ligands L1 – L5, proton (1H) and carbon 

NMR (13 C) were used for this endeavor. The deuterated solvents deemed suitable to do the 

NMR characterization are deuterated methanol and dimethyl sulfoxide at room temperature 

using trimethyl silane (TMS) as internal standard. The above two solvents were chosen due to 

their ability to readily dissolve all the prepared ligands.  
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3.1.2.4.1 
1H NMR studies  

 

The 1H NMR peak assignments of the prepared ligands is portrayed in the spectrum of ligand L2 

(figure 3-6). The peak assignments were performed according the chemical shift value of the 

relevant protons. The spectra of the remaining ligands L1, L3, L4 and L5 are located in the 

appendix section and table 3-4 gives a summary of all the peak values of all ligands. 
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                                                                Figure 3-6: Proton NMR of Ligand L2 
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Table 3-4: Proton NMR and elemental analysis data of ligands 

Ligand NMR (ppm) Elemental analysis (Calc) % 

HC=N C H N 

L1 7.82 65.72 (65.87) 5.70 (5.13) 16.1 (16.7) 

L2 8.81 62.92 (62.10) 5.20 (4.82) 15.64 (15.49) 

L3 8.31 56.64 (56.77) 3.66 (3.73) 15.24 (15.74) 

L4 8.44 48.77 (48.78) 3.15 (2.93) 13.13 (13.22) 

L5 8.83 54.55 (54.91) 19.57 (19.43) 3.57 (3.37) 

 

 

Analysis of figure 3-6 above indicates that the condensation reaction of the Schiff base was 

successful since a strong peak of a single proton, characteristic of the imine functional group, is 

noticeable at 8.81 ppm and also the fact that there is no peak appearing in the region of 9.5 

ppm to 10.5 ppm characteristic of the aldehyde functional group. This peak value for the 

azomethine functional group is in conformity with other related studies reported in literature 

[68, 72]. All the remaining ligands spectra in the appendix section display globally the same 

characteristics as figure 3-6 but with somewhat different values for the imine peak as listed in 

table 3-5. The imine peak values for the ligands range from 7.82 ppm to 8.83 ppm. This range is 

in conformity with the one published in literature for the azomethine functional group range 

[73]. 
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 Ligands L1 and L2, which have activating substituents attached, are exhibiting imine peak 

values that are at opposite ends since L1 has the lowest value of 7.82 ppm and L2 has the 

second highest value of 8.81 ppm in table 3-4 above. L3, L4 and L5, which have deactivating 

substituents attached, are displaying values that are 8.31 ppm, 8.44 ppm and 8.83 ppm 

respectively. It is noticeable that the imine peak values of L3 and L4 are less deshielded than 

that of L2, and only ligand L5 has a higher chemical shift value. Theoretically L3 and L4 should 

have exhibited the highest imine peak values since they have chlorine (Cl) and bromine (Br) 

groups as their respective attached substituents.  

 

 

3.1.2.4.2 
13C NMR studies 

 

The following 1C NMR spectrum of ligand L2 (figure 3-7) is a typical spectrum of the prepared 

ligands in this study. The spectra for the remaining ligands L1, L3, L4 and L5 are displayed in 

the appendix section. Table 3-5 lists the chemical shift values of all ligands. The assignment of 

the carbon peak values of ligands was performed according to literature functional group 

chemical shifts values. 
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                                                                                                                                                                      Figure 3-7: 13 C NMR of Isonicotinic acid (2-hydroxy-5-methoxy-benzilidene)-hydrazide (L2) 
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Table 3-5: 13C NMR data of ligands 

Ligand NMR Functional groups 

(PPM) 
 C=N C=O 

L1 151.55 162.37 

L2 152.88 162.57 

L3 155.96 161.97 

L4 151.10 162.08 

L5 151.7 163.22 

 

 

Analysis of the above 13C NMR spectrum of ligand L2 (figure 3-7) confirms the successful 

synthesis of the Schiff base since the imine carbon peak is appearing at 152.88 ppm chemical 

shift and no carbon peak, characteristic of the aldehyde functional group, is visible in the region 

of 195 to 205 ppm [73]. Given that figure 3-7 is an example of the spectra of all the ligands L1 to 

L5, with minor differences due to their respective substituents, indicates the successful 

preparation of all ligands in this study. Furthermore all the 13C NMR peaks for each chemically 

different carbon are accounted for and assigned. Table 3.5 above displays the chemical shift 

values of the 13C NMR peak values for the azomethine and the amide carbonyl functional 

groups of all the ligands. Ferraresi-curroto V, EcheverrIa GA, Piro OE, et al. reported similar 

values in their work on hydrazones [51].      
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3.2 Ruthenium Complexes of Schiff base ligands 

3.2.1 General remarks 

 

Ruthenium is a unique metal found associated with other platinum metals such as pentlandite 

and pyroxinite because it has three oxidation states (+2, +3 and +4) that are biologically 

accessible [55]. Its discovery as a potential pharmacological agent is closely related to the use of 

cisplatin as a chemotherapeutic compound because it is less toxic while sharing similar ligand 

exchange properties [74]. Ruthenium (II) and (III) have the ability to afford six-coordinated 

octahedral geometries with the axial ligands fine-tuning the steric and electronic properties of 

the complexes [57].  Its three dimensional configuration, which makes possible the ligand 

coordination and functionalization aimed at specific molecular targets, renders it a suitable 

candidate for the design and synthesis of drug delivery systems [55].    

The ruthenium (II) precursor used in this study was RuCl2(DMSO)4. It was synthesized by 

dissolving two grams of RuCl3·xH2O in 50 ml of ethanol according to literature procedure [17]. 

 

Figure 3-8: Scheme of the preparation of the ruthenium precursor, RuCl2(DMSO)4 
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3.2.2 The complexes 

 

All the synthesized complexes namely C1, C2, C3, C4 and C5 were prepared according to the 

same procedure (scheme 5) as referenced in literature [43, 75]. A one to one ratio of the 

ruthenium moiety and one of the five Schiff base ligand carrying different substituents on the 

metha position were taken together in an ethanolic solution under nitrogen atmosphere and 

reflux for four hours. All complexes were isolated as solid powder in good yield and stable at 

room temperature. They were all soluble in DMSO and partially soluble in water. Some complex 

products had the same color namely C3 and C4 that were pale brown. While the other products 

exhibited different colors. C1 was light brown, C2 was brittle-dark brown and C5 was bright 

orange. All prepared complexes were subjected to FT – IR studies, UV – VIS studies, and NMR 

studies as well as elemental analysis. 

 

 

Figure 3-9 : Scheme of synthesis of C18H26Cl2N3O4RuS2, C1 
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3.2.2.1 Fourier transform infrared studies 

 

The following spectrum of complex C1 (figure 3-10) is a standard example of the spectrum 

obtained for all complexes prepared in this project. The spectra of the remaining complexes C2, 

C3, C4 and C5 are located in the appendix section.  The main functional groups peak values are 

listed in table 3.6. 

 

 

   

 

 

 

 

 

 

 

  Figure 3-10: FTIR spectrum of complex C2 
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Table 3-6: FTIR data and percentage yield of complexes 

Complex FT – IR (cm_1)   % Yield 

C=O C=N 

C1 1643 1536 69 

C2 1640 1570 67 

C3 1645 1540 65 

C4 1650 1544 66 

C5 1657 1543 73 

  

Analyzing the Fourier transform infrared spectrum of complex C2 (figure 3-10), it confirms the 

successful coordination of the Schiff base ligand to the metal precursor by exhibiting a shift of 

the azomethine or imine peak (C=N) from 1579 cm-1 wave number in the free ligand to 1589 

cm-1 in the complex. This imine peak shift to 1589 cm-1 coupled with the disappearance of the 

phenolic peak in the region of 3610 to 3670 cm-1 indicate the successful coordination of the 

Schiff base ligand to the metal precursor. Raafat, M. et al and Bakirhan, M. et al reported 

similar imine peak shift values in their projects that are in agreement with other studies in 

literature [68, 72]. Also when comparing the imine peak values of the remaining complexes, 

namely C1, C3, C4 and C5, in table 3-6 above to the azomethine peak values of their repective 

ligands, a shift in the peak values is noticeable for all of the complexes. The trend in the imine 

peak values shift is a blue shift for the majority of the complexes except for complexes C2 and 

C4. Besides this shift in the imine peak values, no phenolic peak is displayed in the spectra of 

the complexes. These two facts further prove that the complexation occurred successfully. 
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Moreover there is a noticeable blue shift in the amide carbonyl peak values of all the complexes 

when compared to the values of this same functional group in their respective ligands per table 

3-1. 

 

3.2.2.2  Ultraviolet visible studies 

 

UV – Vis absorption spectra of the complexes C1 to C5 were acquired using 1 cm micro cuvettes 

in ethanol solvent at room temperature in the wavelength range of 200 to 800 nm. 

The following spectrum (figure 3-11) is a representative sample of the spectra obtained for the 

ruthenium complexes of Schiff base ligands prepared in this project C1 to C5. A summary of all 

electronic transitions is displayed in table 3-7 and the remaining spectra of ligands C2 to C5 are 

located in the appendix section. 
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Figure 3-11: UV - VIS spectrum of complex C1 
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Table 3-7: UV - VIS data of complexes 

Complex 

 

Electronic transitions (nm) 

π → π٭ n → π* Λ a  

C1 203, 292 349 203 

C2 205, 228, 255, 289 359 205 

C3 203, 219, 288 345 203 

C4 206, 218, 289 355 206 

C5 203 345 203 

  

 

The prepared ruthenium complexes in this study are exhibiting electronic transitions in the 

range of 203 nm to 359 nm. All the complexes C1 to C5 display two to five absorption bands 

corresponding to two kinds of electronic transitions namely π → π* and n → π*. When 

compared to their respective free ligands, all complexes C1 to C5 are displaying a shift in the 

transitions peak values for all absorption bands, whether they correspond to π → π* and n → 

π* transitions. The shift in the lower wavelength region assigned to n → π* transitions of the 

azomethine (C=N) functional group ranges from 2 nm to 21 nm. This shift in n → π* transitions 

for all complexes is evidence of the coordination of the imine nitrogen of all ligands to the 
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metal precursor, and therefore of the successful synthesis of the complexes [76]. Sharmal et al. 

reported similar findings in their study about comparative preparation methods of Schiff base 

ligands and their complexes [77]. Also the fact that a shift is noticeable in the absorption peak 

values of the higher region, corresponding to the π → π* transitions for all complexes versus 

their respective free ligands, is proof that coordination is also occurring between the metal 

precursor and the phenolic oxygen [78].  

 

 

3.2.2.2.1 TGA of complexes   

 

Figure 3-12 of complex C5 below is a good example of the TGA graphs of all complexes C3 to C5. 

Table 3-8 exhibits all the decomposition stages of all complexes as well as the assignments of 

the relative mass losses. 
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Figure 3-12: TGA graph of complex C5 

 

Table 3-8: TGA data of complexes 

Complex Temperature range 

(°C) 

Mass loss % 

Calc/Found 

Assignments 

C3 75 °C – 250 °C 2.3  (3.2) (H2O) 
250 °C – 370 °C 9.5  (11.1) (Cl2) 
370 °C – 700 °C 59.4  (60.8) (C4H14Cl2O3RuS2) 

C4 75 °C – 250 °C 5.7  (6.5) (H2O) 
250 °C – 370 °C 12.86  (11.75) (Cl2) 
370 °C – 700 °C 66. 1  (67.03) (C4H14Cl2O3RuS2) 

C5 75 °C – 250 °C 4.1  (3.4) (H2O) 
250 °C – 320 °C 33.3  (34.8) (C13H9N3O) 
320 °C – 700 °C 61. 3  (63.1) (C4H14Cl2O3RuS2) 
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According to figure 3-12 of complex C3 and table 3-8, all tested complexes C3 to C5 are 

exhibiting three stages of decomposition and all are stable from 50 °C to 75 °C. The above fact is 

different to their respective ligands as far as number of decomposition stages and temperature 

stability. Per table 3-8, it is highly noticeable that the first decomposition stage of all three 

complexes is corresponding to the relative mass of water molecule (H2O). Two complexes C1 

and C2 are exhibiting exactly the relative mass loss of the same compounds for all of their 

stages at slightly different percentage. Only complex C3 displaying a different molecule mass 

loss at its second decomposition stage. The stage one for all complexes C3, C4 and C5 is starting 

from 75 °C – 250 °C corresponding to the relative mass loss of water at 2.3 % (calc. 3.2 %), 5.7 % 

(calc 6.5 %) and 4.1 % (calc. 3.4 %) respectively. The stage two for all complexes is starting from 

250 °C – 370 °C and corresponds to the relative mass loss of the chlorine molecule (Cl2) for 

complexes C3 and C4 at 9.5 % (calc. 11.1 %) and 12.86 % (calc. 11.75 %) respectively, but for C5 

it corresponds to a mass loss of 33.33 % (calc. 34.8 %) for the moiety (C13H9N3O). The third and 

last stage of decomposition for all complexes corresponds to the mass loss of the moiety 

(C4H14Cl2O3RuS2) at different percentages 59 % (calc. 60.8 %) for C1, at 66 % (calc. 67.03 %) for 

C4 and at 61.3 % (calc. 63.1 %) for C5. Some scientists have reported similar findings about 

thermal work on complexes of Schiff base ligands [71, 79].  
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3.2.2.3  Nuclear magnetic resonance studies 

 

In order to confirm the coordination of all five synthesized complexes C1 – C5, proton (1H) NMR 

was performed for this purpose. The deuterated solvent deemed suitable to perform the NMR 

characterization is deuterated dimethyl sulfoxide at room temperature using trimethyl silane 

(TMS) as internal standard. The above solvent was selected because it was able to readily 

dissolve all the prepared complexes. 

 

3.2.2.3.1 
1H NMR studies 

 

The following 1H NMR spectrum (figure 3-13) of complex C1 is a characteristic example of the 

spectra of the synthesized complexes in this study. The 1H NMR peak assignments displayed in 

the spectrum of complex C1 below is typical for all prepared complexes. The peak assignments 

were performed according the chemical shift value of the relevant protons. The spectra of the 

remaining complexes C1, C3, C4 and C5 are located in the appendix section and table 3-9 gives 

a summary of all the peak values for all complexes. 
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Figure 3-13: proton NMR spectrum of complex C2 
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Table 3-9: Proton NMR and elemental analysis data of complexes 

Complex NMR (ppm) Elemental analysis(Found) % 

HC=N C H N 

C1 8.00 32.20(31.47) 4.15(4.52) 7.21(7.19) 

C2 7.94 32.12(31.24) 4.04(4.12) 7.02(6.91) 

C3 8.66 33.87(33.57) 3.51(3.60) 6.97(6.61) 

C4 7.98 31.54(30.98) 3.27(3.47) 6.61(6.41) 

C5 7.82 33.28(32.97) 3.45(3.75) 9.13(9.65) 

 

 

Careful inspection of the spectrum of complex C1 (figure 3-13) above exhibits the successful 

coordination of the ligand L1 to the ruthenium precursor because the imine peak value has 

shifted from 8.00 ppm from the free ligand to 7.82 ppm in the complex. Also the disappearance 

of the phenolic proton peak in the spectrum of complex C1 that was showing in the spectrum of 

its respective ligand L1 at 9.02 ppm is indicative of the coordination of the ruthenium precursor 

to the ligand L1 via its phenolic oxygen. Jian–ning, L et al. reported similar findings in his project 

about the synthesis and characterization of metal complexes with tetradentate Schiff bases 

[78]. Analysis of the imine peak values of the remaining complexes namely C2, C3, C4 and C5 in 

table 3-9 above exhibits a shift from the imine peak values of their respective free ligands L2, 

L3, L4 and L5. The shift margin ranges from 0.18 ppm to 1.01 ppm. This fact combined with the 

disappearance of the phenolic proton peak in all the remaining complexes consecrate the 

successful preparation of all complexes.   
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4 Chapter 4: Antimycrobial studies 

 

4.1  General remarks 

 

Microbes are the tiny microorganisms that inhabit the world with us, around us and even in us. 

They are living things that possess one cell or multiple cells and are classified as bacteria, 

protozoa, fungi and algae. Some of them are beneficial to the human body and others are cause 

of diseases in the human body [80]. In light of this, the scientific community has to continually 

strive to develop new chemicals or compounds to neutralize pathogenic microbe which are a 

threat to our health.   

 

 

Figure 4-1: Image of microbes surrounding a human body 

 

Hence, the synthesized free ligands and their respective ruthenium complexes were standardly 

tested against two kinds of microorganisms, namely Gram negative and Gram positive.  
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Two Gram positive microorganisms were used; Staphylococcus aureus (S. Aureus, ATCC no. 

25923) and Methicillin resistant Staphylococcus aureus (MRSA, ATCC no. 33591), and one Gram 

negative microorganism, namely Pseudomonas aeruginosa (P aeruginosa, ATCC 27853). 

 

4.2 Screening of the antibacterial activity 

4.2.1 Preparation of test samples 

 

All compounds were dissolved in DMSO since all were indicated to be soluble in the solvent. 

Two concentrations were prepared for the experiment: 1mg of test compound dissolved in 1 

mL of solvent and then further diluted with a 1:10 dilution ratio. 

The formula for calculating the test compound concentrations was as follows: 

Concentration = [mass/molecular weight]/volume 

 

4.2.2 Agar disk diffusion assay 

 

Agar diffusion techniques are preliminary screening methods that have been widely used to 

assay plant extracts for antimicrobial activity [83]. Sterile 9 mm disks were impregnated with 

l of dissol ed o pou ds at t o o e t atio s  a d i u ated at oc for 24 hours to dry. 

The positive control substances used was the broad spectrum antibiotic ampicillin and DMSO 

was used as the negative control. A suitable solid agar medium was inoculated with the 

respective test organisms (inoculums size: 1 × 108 CFU/ml of bacteria) [84]. The media utilized 
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in this assay was Mueller Hinton agar, described as the medium of choice by Ncube and 

colleagues [85]. The dried paper disks, saturated with the test compounds at desired 

concentrations, together with the positive and negative controls were then placed carefully 

onto the surface of the pre-inoculated agar. The plates were then incubated at 37 oC for 24 

hours. The inhibition zones were measured in millimeters (mm) from the circumference of the 

disk to that of the growth-free zones around the disk and recorded. All samples were tested in 

duplicates. 

  

4.3 Results of antimicrobial activity 

 

Antibacterial activities of the compounds were evaluated against Gram positive and Gram 

negative bacteria using agar well diffusion. The bacteria were exposed to 10 µL of 100 µg/mL 

stock solution (equivalent to 1 µg concentration of the compounds) for 24 hours, the bacterial 

activity was assessed based on the diameter of the clearing zone (zone of inhibition). As shown 

in Figure 4-2, nine of the ten compounds did not show any activity against the three tested 

bacterial strains. S aureus was the only strain that showed susceptibility to L5, as indicated by 

the zone of inhibition observed around the compound. The same compound did not show any 

activity on the other two strains.  

 The susceptibility of Staphylococcus aureus to ligand L5 makes this antimicrobial result very 

interesting because S. aureus is one of the microorganisms that are mostly responsible for 

some common and deadly infections in humans. An example of one of these deadly infections 
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is  Staphylococcus aureus bacteremia (SAB) which leads to one of its deadly conditions called 

infective endocarditis (IE) [86].  

SAB has become a serious medical problem because of its occurrence and the poor results 

obtained in patients treatments. SAB is ranked at the top of the list of blood stream infections 

in the developed world. For instance in the Unites States, a 283 percent increase in the 

occurrence of nosocomial SAB infections was observed during the period of 1980 to 1989 [86].  

In light of the seriousness of the infections caused by this commensal bacterium to humans, 

new drugs for treatment and prevention strategies are of the essence. Hence, ligand L5 results 

at 1 microgram concentration is very promising, though further tests at higher concentrations 

shall be conducted in the near future leading to a potential new drug. Also, the rest of the 

ligands and all the complexes that failed to have any effects on the three bacteria tested might 

be able to show some positive results if the concentrations are somewhat significantly 

increased.  
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Figure 4-2: The antibacterial activity against S. aureus (A), MRSA (B) and P aeruginosa. P= Positive control 

(Ampicillin), N= negative control (diluent), 1= L3, 2= L4, 3= C3, 4= C4, 5= L5, 6=C5, 7= C2, 8 = C1. 
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5 Chapter 5: Conclusion and recommendations 

 

 

5.1 Conclusion 

 

 

This project entailed the synthesis of (arene) ruthenium (II) complexes of isoniazid Schiff base 

ligands that exhibit good antimicrobial properties. All the Isoniazid Schiff base ligands were 

successfully prepared and obtained as solids in good yields 59 to 72 percent. Ligands L1 to L5 

were found to be stable at room temperature and soluble in most polar organic solvents. They 

were all fully characterized by FTIR, UV – VIS, TGA, NMR and elemental analysis.  

FTIR confirmed the successful preparation of L1 – L5 by the exhibition of the imine functional 

group band in the range of 1541 cm-1 to 1579 cm-1, UV – VIS also confirmed it by displaying n - 

π*electronic transitions corresponding to the azomethine functional group in the range of 324 

nm to 355 nm, NMR spectroscopy confirmed it as well by the appearance of 1H NMR peaks in 

the range of 7.82 ppm to 8.83 ppm and 13C NMR peaks in the range of 151.10 ppm to 155.96 

ppm. Elemental analysis results further confirmed the success of the Schiff base ligands 

preparation. TGA studies attested the thermal stability of ligands L3 to L5. 

Ligands L1 to L5 all underwent equimolar complexation reaction with the ruthenium precursor 

RuCl2(DMSO)4 to yield ruthenium (II) Schiff base ligand complexes C1 to C5. All the complexes 

were obtained as solids in good yields of 69 to 73 percent. They were found to be stable at 

room temperature but only soluble in dimethyl sulfoxide. The confirmation of the successful 
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complex preparation was verified by conducting FTIR, UV – VIS and NMR studies that all display 

shifts in the values of the imine functional group bands, electronic transitions as well as peaks 

when compared to the inmine values of the respective ligands of each synthesized complex. 

TGA studies ascertained the stability of the complexes for antimicrobial applications. 

All the compounds ligands L1 to L5 as well as their respective complexes C1 to C5 were tested 

for antimicrobial activities against two Gram negative microorganisms Staphylococcus aureus 

and Methicillin resistant Staphylococcus aureus, and one Gram positive bacteria Pseudomonas 

aeruginosa. Only ligand L5 out of the ten prepared compounds showed antibacterial activity 

against only one of three microorganisms, Staphylococcus aureus. 

 

5.2  Recommendations 

 

 

All the isoniazid Schiff base ligands and their respective complexes were successfully prepared 

and characterized by various spectroscopic and analytical techniques as well as tested for their 

biological activities against three microorganisms. Nevertheless, some recommendations that 

can be made are listed below; 

 Crystallography  should be done for all ligands and complexes 

 Biological activity studies against resistant strains of M. tuberculosis bacteria should be 

undertaken for all ligands and complexes  
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1H NMR of ligand L1 
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1H NMR of ligand L4 

 

1H NMR of ligand L5 
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1H NMR of complex C2 
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1H NMR of complex C3 

 

1H NMR of complex C4 
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1H NMR of complex C5 

 

13C NMR peak of ligand L1 
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13C NMR of ligand L3 

 

13C NMR of ligand C4 
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13C NMR of ligand L5 
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