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ABSTRACT
Complexes of Pd(II) and Ni(Il) have been synthesized with general composition ML, X, (M =

Pd(IT), Ni(I); L = benzylsalicylideneimine and X = OCHj3, F). All synthesized compounds
have been characterized using elemental analysis, magnetic susceptibility measurements,
infrared and NMR spectral studies that led to the conclusion that the ligands act as bidentate
manner to form square planar geometry for all complexes. As an extending work, the model
development of these complexes using multilayer feedforward neural network were
performed. NiL1d, PdL1d, NiLlc and PdL1c were fed to the training network as inputs and
bacteria as output. Levenberg Marquardt training algorithm was used during the network
training with 10 nodes in hidden layer. The results of testing network showed that the

regression, R is 1, indicating that the developed model is good.
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This is supported by the small mean square error (MSE) is 1.948x10%* at epochs 5. The
finding in this study is significant, thus contributed to the design of antibacterial agent
especially to the bidentate Schiff base complexes.
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1. INTRODUCTION

1.1. Schiff Base Ligands

Schiff bases derived by the condensation of primary amines with carbonyl compounds and
they contain azomethine group (—CH=N-) [1] that represent an important chelating ligands
which have been studied extensively. Schiff bases are usually bi-, tri- and tetra-dentate ligands
which capable of forming stable transition metal complexes [1-2].

The chemistry of the metal complexes of the Schiff bases containing nitrogen and other donor
atoms has attracted a great deal of attention due to their stability, biological activity [3] and
potential applications in many fields such as catalysis and electrochemistry [4]. Thus,
synthesis of Schiff bases and their metal complexes has been the main objective of many
current studies.

1.2.Multilayer Feedforward Neural Network

Among many current studies, the investigation on antibacterial activity especially on Schiff
bases by neural network is still new [5]. Neural network or multilayer feed forward neural
network is a data processing technique or algorithm that acting as human brain to activate the
signal for processing. In order to achieve some applications on pattern recognition,
classification, prediction and controlling, the network functioning based on biological neural
system. This highly parallel interconnected system is built by neurons or nodes which are
connected together. The expression for the output of an i™ hidden neuron in the 1™ layer, x(t)is
given by [6]:

A =f(V®),1=12..,m i=1,2.,n, (1)
where n; is the layer's size of [ and f(.)is the activation function or non linear
transformation. The sigmoid function is updated to become as,

xl(t) = S whxl T () + b (2)

i=1 Vijtj
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whereb is the bias or the network threshold. The bias is considered as unit 0 and it is equal to
1.The weight,w/; is the weight connection between the jth neuron of the (I-1)th layer and
theith neuron of the (I—1)th layer. The weights are used to adjust the strength of the signal
propagating through it. The output of each neuron is defined as:

xi(6) = F(SI5 wha = (0) + b)) 3)

it also can be expressed as:

Vo =FW(t),) s =0,i,..,ny 4)

The structure of multilayer feed forward network with one hidden layer is demonstrated in Fig.

Input layer Hidden layer, { Output layer
Mg inputs T neurons Mgy MEUFONS

Fig.1. A multilayer feed forward neural network [6]
In this study, we have synthesized bidentate Schiff base ligands using o-vanillin as a starting
material and their Pd(IT) and Ni(II) metal complexes. All of the synthesized compounds were
characterized using several analytical and spectroscopic techniques. All synthesized
compounds have been screened for their antibacterial activity against gram-positive and
gram-negative bacteria. After that, the extending work is performed to model the complexes
against bacteria by applying Levenberg Marquardt training algorithm. Then, it is followed by

network performance measurement by using regression and mean square error (MSE).

2. METHODOLOGY
All reagents and solvents used were laboratory pure grade available from Acros Organics

(USA), Merck (Germany) and Sigma-Aldrich (USA). The antibacterial testing were provided
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by School of Biosciences and Biotechnology Study, Faculty of Science and Technology,
UniversitiKebangsaan Malaysia. Compounds that tested for antibacterial were PdL1c, NiLlc,
PdL1d and NiL1d based on their criteria as single crystals. Three pathogenic bacterial strains
(Bacillus subtilistATCC10536) and Staphylococcus aureus(ATCC 11774) (Gram-positive)
and Escherichia coli (ATCC 11632) (Gram-negative)) were used to screen the antibacterial
potential of the complexes.

2.1. Synthesis of Schiff Base Ligands

Schiff base ligands were reacted between salicylaldehyde and benzylamine derivatives (1:1
molar ratio) in ethanol. The solution was refluxed for an hour to give yellow semicrystalline

solid upon cooling. The solid was filtered off, washed with ice-cold EtOH and air-dried at

OH
NH > < 2’
e N
OH H->C EtOH =
4 —— H \CH
2
o Reflux, 1 hour
H
x

room temperature (Fig. 2).

X: H, CH5;, OCH5, F

Fig.2. General synthesis of ligands
2.1.1 Synthesis of N-4-Methoxybenzylsalicylideneimine [L1c]
Yellow solid; yield, 68.2%. '"H NMR (300 MHz, CDCls): & 4.74 (s, 2H, CHy), 3.80 (s, 3H,
Ar-OCHj3), 6.84-7.30 (phenylic hydrogen groups), 8.40 (s, 1H, =CH), 13.48 (b, 1H, OH). Bc
NMR (300MHz, CDCls): & 55.3 (Ar-OCH3), 62.5 (CHy), 114.0, 117.0, 118.6, 131.4, 132.2
(ArC), 165.1 (C1-OH), 161.1 (N=CH). Anal. Caled for C;sH;sNO,: C, 74.67; H, 6.27; N,
5.80%; Found: C, 74.77; H, 6.28; N, 5.97%. IR (KBr, cm™): 1630 v(C=N), 1326 v(C-N),
1248 v(C-0).
2.1.2 Synthesis of N-4-Fluorobenzylsalicylideneimine [L1d]
Yellow liquid. Anal. Calcd for C14H,FNO: C, 73.35; H, 5.28; N, 6.11%; Found: C, 71.06; H,
5.28; N, 5.84%. IR (KBr, cm™):1630 v(C=N), 1350 v(C-N), 1220 v(C-O).
2.2. Synthesis of Metal Complexes

Metal acetate was dissolved in acetonitrile (MeCN) and added dropwise to the ligand solution
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in 1:2 molar ratio. The mixture was stirred and heated under refluxed for 5 hours upon which
coloured solid was formed. The solid was filtered off, washed with ice-cold MeCN and air
dried at room temperature. The solid product was recrystallized from chloroform yielding

yellow/orange crystals (Fig. 3).

e
MeCN
A * M(OAc): Pd/
SCHZ Reﬂux 5 hours 7( 6 \ Yy,

M: PA{I), Ni(1l); X: OCHs, F
Fig.3. General synthesis of metal complexes

2.2.1. Synthesis of Bis(2-((E)-(4-methoxybenzylimino)phenolato)palladium(Il) [PdL1c]
Yellow solid; yield, 91.2%; m.p. 230-238 °C."H NMR (300 MHz, CDCls): & 4.93 (s, 2H, CH,),
3.78 (s, 3H, Ar-OCHj3), 6.52-7.37 (phenylic hydrogen groups), 7.69 (s, 1H, =CH). >C NMR
(300MHz, CDCls): 6 55.2 (Ar-OCH3), 58.5 (CH,), 114.0, 120.3, 129.6, 134.2, 134.7 (ArC),
162.8 (N=CH). Anal. Calcd for C3yHsN,O4Pd: C, 61.39; H, 4.81; N, 4.77%; Found: C, 61.63;
H, 3.67; N, 4.71%. IR (KBr, cm™): 1606 v(C=N), 1342 v(C-N), 1318 v(C-0), 596 v(Pd-N),
434 v(Pd-0O).
2.2.2. Synthesis of Bis(2-(4-fluorobenzyliminomethyl)phenolato)palladium(IT) [PdL1d]
Orange solid; yield, 33.9%; m.p. 253-257 °C. Anal. Calcd for CpsHxF,N,O,Pd: C, 59.74; H,
3.94; N, 4.98%; Found: C, 58.28; H, 3.94; N, 3.69%. IR (KBr, cm'l): 1618 v(C=N), 1341
v(C-N), 1221 v(C-0), 596 v(Pd-N), 494 v(Pd-O).
2.2.3. Synthesis of Bis(2-((E)-(4-methoxybenzylimino)methyl)phenolato)nickel(II)
[NiL1c]
Green solid; yield, 43.3%; m.p. 196-199 °C. Anal. Calcd for C3gH,sN,O4Ni: C, 66.82; H,
5.23; N, 5.19%; Found: C, 67.03; H, 5.28; N, 5.15%. IR (KBr, cm™): 1605 v(C=N), 1391
v(C-N), 1325 v(C-0), 598 v(Ni-N), 437 v(Ni-O).
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2.2.4. Synthesis of Bis(2-((E)-(4-fluorobenzylimino)methyl)phenolato)nickel(IT) [NiL1d]
Green solid; yield, 68.6%; m.p. 198-203 °C. Anal. Calcd for CygHF2N>O,Ni: C, 65.28; H,
4.30; N, 5.44%; Found: C, 65.87; H, 4.39; N, 5.55%. IR (KBr, cm™): 1612 v(C=N), 1390
v(C-N), 1221 v(C-0), 597 v(Ni-N), 451 v(Ni-O).

2.3. Multilayer Feedforward Neural Network

The complexes are analyzed using the MATLAB software version R2014a [7].The diameter
of four compounds (NiL1d, PdL1d, NiLlc and PdL1c) are fed into neural network as input
and bacteria (E. coli, B. subtilisand S. aureus) as output. For training multilayer feedforwards,
Levenberg Marquardt algorithm is used to optimize the performance function as well as
updates the network weight and biases. The network is trained using MATLAB script function
of feedforwardnet. This training supervised algorithm is well known as the fastest
backpropagation algorithm in the MATLAB version R2014. Not limited to that, it does
require more memory than other algorithms.

After that, the feedforward training network is tested by the performance function Mean
Square Error (MSE) and regression plot. Mean Square Error (MSE) is basic measure of
accuracy in which summation of all errors between observation (output) and forecast
(predicted output) for all data, the errors are squared and then is divided by the total number

of the data under study. The expression of MSE is defined as [8]
1
MSE = S X4 (t — a;)? ()
where N is the samples number, t is an output and a is predicted output.
The latter is regression analysis, R.R is a technique in examining the relationship between two

variables (variable of interest and related predicted variable) and usually it is presented by

drawing a straight line [9-10].

3. RESULTS AND DISCUSSION

Based on elemental analysis, all synthesized compounds were found to be in good agreement
with the theoretical values. The molar conductance value of the complexes in chloroform was
found at 0 Q' cm® mol” reflecting the non-conductive nature of the solution at room
temperature [11].

The strong bands of (C-N) of the ligands appeared at 1630 cm'which shifted to lower
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frequency, 1605-1618 cm’ upon coordination to metal centers, indicating the involvement of
the azomethine nitrogen in the complexation[12-13]. This can be explained by the donation of
lone pair of electrons from the nitrogen to the empty d-orbitals of the transition metals,
lowering the electron density of the C=N and reducing the energy of the bond. The (C-O)
bands in the region 1248-1220 cm™ of the free ligands shifted to higher wavenumbers of
1221-1318 cm™ in the complexes, indicating that the phenolic oxygen is also involved in
complexation [12]. The appearance of new bands in complexes in the range of 596- 598 and
434-494 cm™', which have been assigned to the v(Pd-N) and v(Pd-O), respectively [14-15].
Thus, it may be deduced that the ligands bind to the metal ion as bidentate fashion (N,O) in
2:1 ratio at azomethine nitrogen and the oxygen atoms [13].

'H NMR of Llc for the phenolic proton (C-OH) appeared as a singlet at a far downfield
region of 13.48 ppm indicating deshielding by oxygen. This phenolic moiety was
deprotonated upon complexation to form PdL1c. The presence of proton attached to the C=N
was detected as a singlet at 8.40 ppm and it shifted upfield to 7.69 ppm upon complexation, as
similarly reported by [12]. These suggesting the coordination of azomethine nitrogen and
oxygen to the palladium atom.

Table 1 tabulates the antibacterial activity of compounds against bacteria at 50 um. From the
table, it can be seen that the diameter of four complexes (NiL1d, PdL1d, NiLlc and PdL1c)
are in the range of 6 to 10 in bacteria of E. coli, B. subtilisand S. aureus. It showed that the

inhibition zone is weakly active since the range is less than 10 mm [16].

Table 1. Antibacterial activity of compounds against bacteria at 50 uM

Complexes
Bacteria
NiL1d PdL1d NiL1c PdL1c
E. coli 6 6 6 10
B. subtilis 6 7 7 6
S. aureus 8 7 7 6

Fig. 4 shows the diameter of the complexes against bacteria. Three observations are observed.
The first is, the diameter of NiLL1d [17] PdL1d and NiL1c [18] are 6 mm and the diameter of

PdL1c [19] is 10 mm in E. coli. The second is, the diameter of NiLL1d and PdL1¢ is 6 mm and
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the diameter of PdL1d and NiL1c is 7 mm in B. subtilis. The third is, the diameter of NiL1d is
8 mm and the diameter of PdL1d and NiL1lc is 7 mm and the diameter of PdL1c is 6 mm in S.
aureus. Generally, all the diameters of these complexes are lower than 10 mm and it is

considered as weakly active, thus supported the result.

12

10 &

H.
* v

Diameter (mm)
[e)}

—o—E. coli
4 —— B. subtilis
) —4—S. aureus
0
NiL1d PdN1d NiL1lc PdN1c
Complexes

Fig.4. Inhibition against bacteria (Naming of the complexes for Pd are PdL1d, PdL1c)
Fig. S5shows multilayer feedforward neural network architecture and design used to train the
network on this study. It consists of 4 inputs, 10 nodes in hidden layer and 1 output. There
activation function are sigmoidal and purelin in updating the weight and biases during the

network development.

Hidden Output

Input - u

4 1

10 1
Fig.5. Multilayer feedforward neural network architecture and design
Fig. 6 shows MSE and best training performance of regression plot. During network training,
the progress is constantly updated in the training stage. Of most interest are the performance,
the magnitude of the gradient of performance and the number of validation checks. The
magnitude of the gradient and the number of validation checks are used to terminate the

training. In this figure, the training achieves its optimum level at epoch 5 with the
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performance of 1.948x107%,

Best Training Performance is 1.948e-28 at epoch 5

100 \

Train
Best

MeanSaguered Bror (nrse)
5

B B N M B S 2
5 Epochs
Fig.6. MSE and best training performance
Fig. 7 shows regression plot for training data set. The dashed line represents the perfect result
in which output is same as predicted output. The solid line represents the best fit linear
regression line between output and predicted output. The R value is an indication of the
relationship between output (target) and predicted output (output). The R value is 1, this
indicates a good fit. In other note, there is an exact linear relationship between output and

predicted output. The relationship is presented by:
Output = (R = Target) + 1x1071*)and R = 1.
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Training: R=1
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Fig.7. Regression plot for training data set.

4. CONCLUSION

The bidentate Schiff base ligands have been synthesized and their coordination behaviour
with Pd(II) and Ni(II) metal ions have also been studied. All complexes were found to have
square planar geometry where the ligands act as bidentate manner coordinated through
azomethine nitrogen and oxygen atoms. The antibacterial screening of the compounds led to
the conclusion that ligands metal complexes are inactive. Furthermore, the extending of the
complexes against bacteria using multilayer feedforward neural network with Levenberg
Marquardt training algorithm showed a good developed model with the regression, R is equal
to 1 and low MSE value of 1.948x10™* at epochs 5. The finding in this study is significant,
thus contributed to the design of antibacterial agent especially to the bidentate Schiff base

complexes.
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