































































































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 (Il) 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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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.-benzephenone under-nitrogen. Methanol and ethanol were
dried from magnesium. Anhydrous magnesium sulphate (MgS0O,) 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 (lll) chloride hydrate (99.9 %), dimethyl sulfoxide

(98%).

2.2 Instrumentation

The 'H NMR and 3C 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 H NMR spectra were referenced internally using the residual CD;0D
and DMSO dg, 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-ElImer Spectrum 100 Series FTIR
spectrometer using KBr pellets for solids. Ultraviolet visible (UV-Vis) studies were carried out
using a Nicoletl00 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-anatysis:-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
gualitatively 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).
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Figure 2-1: Diagram of a FTIR spectrometer [60].

2.3.2 Ultraviolet - 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 1 or non bonding orbitals.
It normally gives information about m 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]:
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Figure 2-2: UV - VIS energy diagram [63].
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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 sample’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].
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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 'H NMR gives information about the chemical environment of a proton or group of protons
relative tetramethylsylane (TMS). The 3C NMR analysis is based on the same principles as the
'H NMR technique, but the spectrum does not include any splitting. The 3C NMR spectrum

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

carbon in the compound.
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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

26



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 N;, NOy, H,0, SO, O, and CO, 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 O, to CuO. Water is captured through another column
and the remaining gases are passed through a temperature programmed desorption column
(TPD) where N, 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—anelectrical 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
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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™); v (C=N)
1557. 'H NMR (400 MHZ CDs0D): aromatic proton peaks 6 8.68 ppm (d, 1H), 7.80 ppm (s, 1H),
7.18 ppm (d, 1H), 7.07 ppm (d, 1H), 6.76 ppm-(d,.1H); imine proton peak & 7.82 ppm (s, 1H);
hydrazine proton peak & 8.43 ppm-(s; 1H); hydroxyl proton peak & 2.07 ppm (s, 1H). 3CNMR
(200 MHZ, CDs;0D): aromatic peaks & 149.90 ppm, 140.90 ppm, 132.64 ppm, 130.27 ppm,
128.55 ppm, 121.76 ppm, 117.61 ppm, 121.33 ppm, 116.19 ppm; amide carbon peak 6 162.37
ppm; imine peak 6 151.51 ppm. UV — VIS spectroscopy displayed a m = n* transition at 215 nm
and 244 nm and n - nt_ transition.at: 292 nmand 344 nm. The lambda maximum was 215 nm.
Elemental analysis for C14H13N30; (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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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™); v (C=N)

1579. HNMR (400 MHZ CDs0D): aromatic proton peaks & 8.16 ppm (d, 1H), 8.14 ppm (d, 1H),
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7.39 ppm (s, 1H), 7.18 ppm (d, 1H), 7.12 ppm (d, 1H); imine proton peak & 8.81 ppm (s, 1H);
hydrazine proton peak 6 9.00 ppm (s, 1H); hydroxyl proton peak & 9.02 ppm (s, 1H). 3CNMR
(200 MHZ, CDs;0D): aromatic peaks & 150.50 ppm, 152.17 ppm, 149.74 ppm, 140.91 ppm,
121.77 ppm, 119.09 ppm, 118.21 ppm, 116.19 ppm, 112.65 ppm; amide peak 6 162.57 ppm;
imine peak 6 149.74 ppm. UV — VIS spectroscopy displayed a mt to * transition at 215 nm and n
to 1t transition at 291 nm and 355 nm. The lambda maximum was 215 nm. Elemental analysis
for C14H13N305(271.27 g/mol), calculated: C, 61.99; H, 4.13; N, 15.49. Found: C, 62.92; H, 5.02;

N, 15.64.
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Isonicetinic 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™); v (C=N)
1551. *HNMR (400 MHZ CD30D): aromatic proton peaks 6 8.41 ppm (d, 1H), 7.78 ppm (d, 1H),
7.90 ppm (d, 1H), 7.70 ppm (d, 1H), 7.739 ppm-(d, 1H); imine proton peak 6 8.31 ppm (s, 1H);
hydrazine proton peak & 8.89 ppm-(s; 1H); hydroxyl proton peak 6 9.20 ppm (s, 1H). 3CNMR
(200 MHZ, CD30D): aromatic carbon peaks & 161.23 ppm, 149.68 ppm, 148.49 ppm, 140.30
ppm, 130.88 ppm, 129.05 ppm, 123.26 ppm, 121.33 ppm, 117.82 ppm; amide carbon peak &
162.39 ppm; imine carbon peak 6155.96 ppm. UV. — VIS spectroscopy displayed a m > mn*
transition at 221 nm and 248 nmand.n = transition at 289 nm and 343 nm. The lambda
maxi mum was 221 nm. Elemental analysis for Ci3H;0CIN3O; (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 % (C,H,N,0) and 370

°C—700°C leading to a mass loss of 62.67 % (CsHsN).
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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 °C — 261 °C. Infrared spectroscopy (cm™); v (C=N)

1550. 'HNMR (400 MHZ CDs0D): aromatic proton peaks & 7.83 ppm (d, 1H), 7.56 ppm (d, 1H),
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7.31 ppm (d, 1H), 6.71 ppm (d, 1H), 6.69 ppm (d, 1H); imine proton peak & 8.65 ppm (s, 1H);
hydrazine proton peak & 8.67 ppm (s, 1H); hydroxyl proton peak & 10.15 ppm (s, 1H). 3CNMR
(200 MHZ, CD3;0D): aromatic carbon peaks 6 149.94 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 &
157.20 ppm; imine carbon peak & 149.74 ppm. UV — VIS spectroscopy displayed a m - n*
transition at 225 nm and n = nt’ transition at 292 nm and 346 nm. The lambda maximum was
225 nm. Elemental analysis for Ci3H10BrN3O; (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 % (C,H,N,0) and 370 °C — 700 °C

leading to a mass loss of 62.4 % (CsHsN).
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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 °C =271 °C. Infrared spectroscopy (cm™); v (C=N)
1546. 'HNMR (400 MHZ DMSO Dg): aromatic-proton- peaks 6 8.87 ppm (d, 1H), 8.68 ppm (d,
1H), 8.26 ppm (d, 1H), 7.92 ppmi(d, 1H),17.70ippm (d, 1H); imine proton peak & 8.83 ppm (s,
1H); hydrazine proton peak & 8.86 ppm (s, 1H); hydroxyl proton peak & 7.19 ppm (s, 1H).
13CNMR (200 MHZ, DMSO Dg): aromatic carbon peaks & 161.78 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 6 163.22 ppm; imine carbon peak 6§151.07 ppm. UV — VIS spectroscopy displayed am > n’
transition at 210 nm and n = nt* transition at 288 nm and at 324 nm. The lambda maximum
was displayed at 210 nm. . Elemental analysis for Ci3H1oN4O; (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 % (C,H,N,0) and 370 °C — 700 °C

leading to a mass loss of 62.33 % (CsH4N).

NO, X _—~NH o

OH X

N
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 RuCl,(DMSO), 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.

§ / etoh, N,

reflux, 4hrs

R= CH3, OCH?” Cl, Br, N02

Figure 2-11: Scheme of isoniazid Schiff base complex

2.5.2 Synthesis of the Ruthenium precursor RuClz(DMSO),

The ruthenium (ll) precursor RuCl,(DMSO), was synthesized by dissolving 2g of RuCls:xH,0 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 C1sH26Cl2N304RuS; {C1)

The Schiff base ligand Isonicotinyl acid (2-hydroxy-5-metyl-benzilidene) — hydrazide (1 mmol)
was taken together with the ruthenium-metal-precursor-Ru{l)Cl,(DMS0O)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™); v (C=N) 1541. 'HNMR (400 MHZ
CDs0D): aromatic proton peaks 6 8.19 ppm (d, 1H), 8.14 ppm (d, 1H), 7.97 ppm (s, 1H), 7.85
ppm (d, 1H), 7.44 ppm (d, 1H), 6.89 ppm (d, 1H); imine proton peak 6 8.00 ppm (s, 1H);
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hydrazine proton peak & 8.91 ppm (s, 1H); methyl proton peak 6 2.31 ppm (s, 1H), dimethyl
proton peak & 3.48 ppm (s, 12H). UV — VIS spectroscopy displayed a it = nt* transition at 203
nm and n > 1t transition at 292 nm and 349 nm. The lambda maximum was 203 nm. Elemental
analysis for CigH,6CloN3O4RUS; (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.

HsC S /NH

Figure 2-12: Structure of complex C1

2.5.4 Synthesis of C1sH26Cl2N30sRuS; (C2)

The Schiff base ligand Isonicotinyl acid (2-hydroxy-5-methoxy-benzilidene) — hydrazide (1 mmol)
was taken together with the ruthenium metal precursor Ru(ll)Cl;(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 °C — 260 °C. Infrared spectroscopy (cm™); v (C=N) 1570. *HNMR (400
MHZ CDs0D): aromatic proton peaks 6 8.14 ppm (d, 1H), 7.80 ppm (s, 1H), 7.13 ppm (d, 1H),
6.97 ppm (d, 1H), 6.88 ppm (d, 1H); imine proton peak & 7.94 ppm (s, 1H); hydrazine proton
peak 6 10.25 ppm (s, 1H); methoxy proton peak & 3.72 ppm (s, 1H), dimethyl proton peak &
3.56 ppm (s, 12H). UV — VIS spectroscopy displayed-a-t =>-1t* transition at 204 nm, at 226 nm
and at 256 nm and n > 1 transition at 359 nm. The lambda maximum was 204 nm. Elemental
analysis for CigH,6CloN3OsRuS; (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 C17H23CIsN3O4RuUS; (C3)

The Schiff base ligand Isonicotinyl acid (5-chloro-2-hydroxy-benzilidene) — hydrazide (1 mmol)
was taken together with the ruthenium metal precursor Ru(ll)Cl;(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 °C — 265 °C. Infrared spectroscopy (cm™); v (C=N) 1543. *HNMR (400
MHZ CDs0D): aromatic proton peaks & 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); imine proton peak & 7.82 ppm (s, 1H); hydrazine proton
peak 6 8.83 ppm (s, 1H); methyl proton peak 6 3.20 ppm (s, 1H). UV — VIS spectroscopy
displayed a m - nt* transition at 203 nm and 219 nm and n = 1t transition at 288 nm and 345
nm. The lambda maximum was 203 nm. Elemental analysis for C;7H,3CIsN3O4RuS, (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 % (H,0), then 250 °C — 370 °C corresponding to a loss of 9.5 %

(CI2) and 370 °C— 700 °C leading to a-lossof 59-%(€;H1z€C1503RuS,).

/ |N
Q
H \
Cl \ /NH
CI\RU/SfO
o |\

Figure 2-14: Structure for complex C3
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2.5.6 Synthesis of C17H23BrCl2N3O4RuS; (C4)

The Schiff base ligand Isonicotinyl acid (5-bromo-2- hydroxy-benzilidene) — hydrazide (1 mmol)
was taken together with the ruthenium metal precursor Ru(ll)Cl;(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 °C — 270 °C. Infrared spectroscopy (cm™); v (C=N) 1547. *HNMR (400
MHZ CDs0D): aromatic proton peaks 6 8.65 ppm (d, 1H), 7.94 ppm (d, 1H), 7.84 ppm (s, 1H),
7.72 ppm (d, 1H), 6.93 ppm (d, 1H); imine. proton peak.6,7.98 ppm (s, 1H); hydrazaine proton
peak 6 8.83 ppm (s, 1H); methyl proton peak 6 3.19 ppm (s, 1H). UV — VIS spectroscopy
displayed a it to * transition at 205 nm and 218 nm and n to i transition at 291 nm and 348
nm. The lambda maximum was 205 nm. Elemental analysis for C;7H,3BrCl,N3O4RuS; (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 % (H,0), then 250 °C — 370 °C corresponding to a loss of 12.86 % (Cl2) and 370 °C —

700 °C leading to a loss of 66 % (C4H14Cl,03RUS;).
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Figure 2-15: Structure for complex C4

2.5.7 Synthesis of C17H23Cl2N4sOsRUS; (C5)

The Schiff base ligand isonicotinyl 'acid (2-hydroxy-5-nitro-benzilidene) — hydrazide (1 mmol)
was taken together with the ruthenium metal precursor Ru(Il)Cl,(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 °C — 278 °C. Infrared spectroscopy (cm™); v (C=N) 1540. 'HNMR (400 MHZ
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CDs0D): aromatic proton peaks 6 8.16 ppm (d, 1H), 8.89 ppm (d, 1H), 7.99 ppm (s, 1H), 7.96
ppm (d, 1H), 7.19 ppm (d, 1H); imine proton peak 6 8.81 ppm (s, 1H); hydrazine proton peak &
8.84 ppm (s, 1H); methyl proton peak & 2.50 ppm (s, 1H). UV — VIS spectroscopy displayed a 1t
> n’ transition at 205 nm and n > n* transition at 333 nm and at 405 nm. The lambda
maximum was displayed at 205 nm. Elemental analysis for C37H,3Cl,N4O6RUS; (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 % (H,0), then 250 °C — 320 °C corresponding to a loss of 33.33 % (C13H9N30) and 320

°C—700 °C leading to a loss of 66 % (C4H14Cl,03RUS,).

= |N
H 1 \
O2N \/NH
Cl\x /s§o
Ru
o /\

Figure 2-16: Structure of complex C5
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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=0 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 mare 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.

o R
I

R—NH» + R—C——R ——» C—N—R + H>0
R

Figure 3-1: Scheme of Schiff base ligand synthesis
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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 pulied-to the—feft—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 (CHs) is activating as well as the methoxy group (OCHs) with the remaining
three other functional groups, namely the chlorine (Cl), the bromine (Br) and the nitro group

(NOy), 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 (Il) 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 togetherinamethanolic 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, ethanoal,
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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X= CH3, OCH3, Cl, Br, N02 N

Figure 3-2: Schiff base ligand synthesis

3.1.2.1Fourier transform infrared studies

The Fourier transform infrared spectrum confirmed jthe 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™. 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=0) and amide carbonyl (NHC=0). 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.

Absorbance (%)

780 -

760 -

740 -

720 -

700 1677 cm’™

| Cto
1
680 1551 cm
C=N
T T T T T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Wavelength (cm™)

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=0 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 v(C=N)
at the frequencies ranging from 1541 to 1579 cm™. 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™. This fact is somewhat unusual since L1 has an activating substituent
the methyl group (CHs) while L3 and L5 have deactivating substituents that are the Chlorine (Cl)
and the nitro group (NO,) 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 v(C=N) frequencies indicates that the methoxy

substituted ligand L2 has the highest azomethine peak frequency 1579 cm™. These results of
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the v(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 v(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 (NO,) respectively, yield higher frequencies for this functional group
(C=0) than the ligands carrying activating ones L1 (CHs) and L2 (OCHs). Ligands L3, L4 and L5
strikingly display the same frequency of 1677 cm™ for v(C=0) while L1 and L2 have lower but
different v(C=0) frequencies of 1673 and 1666 cm™ respectively. In light of this, the trend that
can be deduced is that Schiff base ligands with-deactivating substituent bare higher frequencies
for v(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 ET — 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.

Absorbance (%)

059 244 nm

0.0

' ] ] ' ] ' ] ' ] ! ]
200 300 400 500 600 700 800
Wavelength (nm)

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 n->n* n->n* Amax
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 m - n* and n - n*. The bands on the higher energy
region from 203 nm to 292 nm are attributed to the excitation of the m electrons (m - n*
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 = nt* 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].

3.1.2.3Thermogravimetric analysis studies (TGA)

The TGA studies were only conducted for three ligands and their respective ruthenium (ll)
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 Mass Loss % Assignments
(°C) Calc/Found

L3 220 -370 28.23 (29. 11) C,H2N,0
370-700 62.67 (61.93) CsHsN

L4 320-370 26.60 (27.530 C,H2N,0
370-700 62.40 (63.24) CsHsN

L5 320-370 27.67 (26.98) C,H2N,0
370-700 62.33 (63.12) CsH4N
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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 % (C,H,N,0) and the second one of 370 °C —
700 °C relates to a loss of 63.12 % (CsHsN). 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 (Il) and Co (ll) complexes with Schiff base dye ligands [71].

The decomposition stages of L3 and L4 areexplicitly 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 (*H) and carbon
NMR (3 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 *H NMR studies

The 'H 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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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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Table 3-5: 13C NMR data of ligands

Ligand NMR Functional groups
(PPM)
C=N Cc=0
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 ¥C 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 3C NMR peaks for each chemically
different carbon are accounted for and assigned. Table 3.5 above displays the chemical shift
values of the '3C NMR peak values for the azomethine and the amide carbonyl functional
groups of all the ligands. Ferraresi-curroto V, Echeverrla 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 (lll) 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 (ll) precursor used‘in this.study was' RuCl(DMSQ),. It was synthesized by

dissolving two grams of RuCls-xH20 in 50 ml of ethanol according to literature procedure [17].

o
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I DMSO /ﬁ\Ru/S\
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H/O\H H/ﬁ\H
o

Figure 3-8: Scheme of the preparation of the ruthenium precursor, RuCl,(DMSO),
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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, €2 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.

o
H
H3C ~. N o \///
N S pd etoh, N,
+ \CI\LU/S<O reflux, 4hrs o
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\N /\é) /
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H5C c

Figure 3-9 : Scheme of synthesis of C13H,6Cl,N304RUS,, C1
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3.2.2.1Fourier 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.
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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-?) % Yield
C=0 C=N

c1 1643 1536 69

C2 1640 1570 67

Cc3 1645 1540 65

c4 1650 1544 66

C5 1657 1543 73

Analyzing the Fourier transformiinfrared-spectrum_of complex €2 (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 ¢m™ wave number in the free ligand to 1589
cm™tin the complex. This imine peak shift to 1589 cm™ coupled with the disappearance of the
phenolic peak in the region of 3610 to 3670 cm™ 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)
n->n* n-> n* Amax
c1 203, 292 349 203
2 205, 228, 255, 289 359 205
3 203, 219, 288 345 203
ca 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 m - n* and n - n*. 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 m = n* and n >

1t* transitions. The shift in the lower wavelength region assigned to n = nt* transitions of the

azomethine (C=N) functional group ranges from 2 nm to 21 nm. This shift in n = 1* transitions

for all complexes is evidence of the coordination of the imine nitrogen of all ligands to the

68




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 m = n* 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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Figure3-12: TGA graph of complex C5

Table 3-8: TGA data of complexes

T
700

1
800

Complex Temperature range Mass loss'% Assignments
(°C) Calc/Found

Cc3 75°C-250°C 2.3 (3.2) (H,0)
250°C-370°C 9.5 (11.1) (Cly)
370°C-700°C 59.4 (60.8) (C4H14Cl,03RUS,)

ca 75°C—250°C 5.7 (6.5) (H,0)
250°C-370°C 12.86 (11.75) (Cly)
370°C—700°C 66.1 (67.03) (C4H14Cl,03RUS,)

C5 75°C-250"°C 4.1 (3.4) (H,0)
250°C-320°C 33.3 (34.8) (C13H9N30)
320°C-700°C 61.3 (63.1) (C4H14C1,05RUS;)
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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 (H,0). 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 (Cl,) 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 (C;3H9N30). The third and
last stage of decomposition for all complexes corresponds to the mass loss of the moiety
(C4H14Cl,03RUS;) 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 (*H) 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 'H NMR studies

The following 'H NMR spectrum (figure 3-13) of complex C1 is a characteristic example of the
spectra of the synthesized complexes in this study. The *H NMR peak assighments 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)
ca 7.98 31.54(30.98) 3.27(3.47) 6.61(6.41)
5 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 C1that 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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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/melecular 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
50ul of dissolved compounds (at two concentrations) and incubated at 37°c 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 x 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 °C 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 puL of 100 pug/mL
stock solution (equivalent to 1 pg 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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Chapter 5: Conclusion and recommendations

5.1 Conclusion

This project entailed the synthesis of (arene) ruthenium (Il) 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-em™*to 1579 cm, UV —ViS also confirmed it by displaying n -
n*electronic transitions correspanding to the azomethine functional group in the range of 324
nm to 355 nm, NMR spectroscopy confirmed it ‘as well by the appearance of *H NMR peaks in
the range of 7.82 ppm to 8.83 ppm and *3C 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
RuCl,(DMSO0), to yield ruthenium (Il) Schiff base ligand complexes C1 to C5. All the complexes
were obtained as solids in good vyields 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;

e Crystallography should be done for all ligands and complexes

e Biological activity studies against resistant strains of M. tuberculosis bacteria should be

undertaken for all ligands and complexes
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'H NMR of complex C5
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13C NMR of ligand L3
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13C NMR of ligand L5
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