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Abstract

In this study, Metal (II) Complexes of Mn (II), Fe (III), Co (II) and Ni (II) with Schiff base ligand derived from Trimethoprim and

Cyclohexanone were synthesized and characterized using various physic-chemical techniques such as: solubility, conductivity, melt-

ing point determination, UV/Vis and Fourier transform infrared, 'H-NMR and elemental analysis. On the basis of these character-

izations, a six coordinated octahedral geometry has been proposed for all the complexes. The Schiff base ligand and its complexes

were screened for their antimicrobial activity against some pathogenic microbial isolate and compared with the parent drug. The

antimicrobial activity results showed the following trend: metal complexes > Schiff base ligands > Parent drugs. This suggests poten-

tial antimicrobials agents with broad spectrum activity. Computational studies further revealed that M-Cl bond is responsible for the

trend in antimicrobial properties among the complexes.
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Introduction

Bacterial resistance to antibiotics is a global public health con-
cern that required urgent attention [1]. Without urgent and con-
certed action, we are moving toward an era in which common in-
fections or minor diseases may become uncontrolled [2]. Centre
for diseases control and prevention (CDC) has issued guideline for
addressing the menace with emphasis on promoting and develop-
ment of new antibiotics that can address the drug-resistance bac-
teria [3]. Generally, resistance occurs in nature. However, due to
the inappropriate use of antibiotics in the area of treatment of dis-
eases and prophylaxis bacteria are exposed to antibiotics more fre-
quent and resistant become common [4]. There are various ways
for which bacteria becomes resistance to antibiotics to antibiotics.
The most common is through the process of natural selection [4].
In this regards, resistance is said to occur when not all bacteria
are harmed by the antibiotics used for the treatment of particular
infection and the surviving ones produce new generation of bac-
teria that will be resistance to that antibiotic [4]. Resistance also
can emerge by mutations that alter the drug binding sites on mo-
lecular targets and by increasing expression of endogenous efflux
pump [5]. Due to the increased rate of bacterial resistance to an-
tibiotics, in February 2017, world health organization (WHO) re-
leased the list of bacteria that pose threat human health [6]. The
list consist of Klebsiella, E. coli and Pseudomonas as multidrug re-

sistant bacteria that pose a particular threat to public health and

often cause severe and deadly infection [4]. Also, among the list in-
cludes Staphylococcus, Streptococcus and Salmonella [4]. It is very
important to find compounds that can inhibit the growth of these
bacteria. These bacteria are opportunistic and nosocomial patho-
gens and are multi-drug resistant. Pseudomonas aeruginosa has a
highly impermeable outer membrane that prevents the uptake of
most molecules including several antibiotics [7]. This result in dif-
ficulty of getting new antimicrobial agent that can prevent infection
due Pseudomonas aeruginosa [8]. Staphylococcus aureus, a member
of Gram-positive bacterium and also very common among people
causes a lot infections, Staphylococcus aureus resistant to various
antibiotics has resulted to the evolution of different strains of bac-
teria such as methicillin-resistance Staphylococcus aureus (MRSA)
[9]. Although, Staphylococcus aureus drug-resistant has reduced
significantly, but MRSA resistant strains is still a major threat to
the public health [10]. Recently, have reported the synthesis of Mn
(I1) and Fe (IIT) with Schiff base derived from trimethoprim with
salicylaldehyde and benzaldehyde as potential antimicrobial agent
and were found to showed good activity on both Gram-positive and

Gram-negative bacteria [11].

Trimethoprim, systematically named as 2,4-diamine pyrimidine
-5-(3, 4,5-Trimethoxybenzyl) is on the World Health Organization’s
list of essential medicines, the most important medications needed
in a basic health system [12]. Trimethoprim was commonly used in

a 1:5 combination with sulfamethoxazole, a sulfonamide antibiotic.
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This combination, also known as co-trimoxazole, results in an in
vitro synergistic antibacterial activity [13]. This drug combination
also reduces the development of resistance that is seen when ei-
ther drug is used alone [14]. Trimethoprim has potential binding
sites for carbonyl functional group to form a Schiff base (or imine

or azomethine).

In general, the addition of an amine to a compound containing a
carbonyl functional group, aldehydes or ketones produces an imine
(Schiff base). The former gives an aldimine while the later produces
a ketoimine. Schiff bases are studied widely due to their synthetic
flexibility, selectivity and sensitivity toward the central metal atom,
their structural similarities with natural biological compounds and
also due to presence of azomethine group (-N =CH) which imports
in elucidating the mechanism of transpiration and racemization
reaction biologically [15]. The interaction between metal ions and
such biologically active ligands (Schiff base) represents an impor-
tant route in designing new metal-based antibacterial, antifungal
and anticancer therapies against different kinds of bacteria, fungi

and viruses that are resistant to the conventional drugs [16].

Schiff base-transition metal complexes have gain significant at-
tention in recent time due to their stability, ease of modification
and enormous biological properties [17]. Herein, we report the
synthesis, characterization and antimicrobial studies of transition
metal complexes of Schiff base derived from trimethoprim with Cy-

clohexanone.

Figure 1a: Trimethoprim.

Figure 1b: Cyclohexanone.

Materials and Methods
Materials and reagents

All reagents were purchased from Sigma-Aldrich, through Bris-
tol Scientific Company, Lagos, and all were of Analytical grade (AR)
and were used without further purification. They includes: trime-
thoprim, cyclohexane, manganese (II) chloride tetra hydrate, cobalt
(I1) chloride hexahydrate, nickel (II) chloride hexahydrate and iron
(1I1) chloride hexahydrate.

Physical measurements

'H-NMR and *C-NMR spectrum of the ligand was recorded on
Bruker 400 MHz NMR instrument and using TMS as internal stan-
dard at the department of chemical sciences, university of Johan-
nesburg, South Africa. Electronic spectra of the metal complexes
and the ligand in DMSO were recorded on Shimadzu UV - 1900, UV-
Vis spectrometer. The decomposition temperatures of the complex-

es were determined on Polmon instrument (model number-96). IR
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spectra of the compounds were recorded using KBr pellets in the
range (400 - 500) cm™ On Perkin Elmer Infrared model 337. The
percentage (%) of Mn, Fe, Co and Ni were determined by EDTA

complexometric titration.

Antimicrobial screening

The standard drug (trimethoprim), Schiff base and the metal
complexes were screened against different strains of bacteria,
which include both Gram-positive and Gram-negative. The antimi-
crobial screening was done using disc diffusion method [18]. The
bacterial used are Staphylococcus aureus, Bacillus subtilis, Strepto-
coccus pyogenes sand Corynebacteria species (Gram-positive) and
Escherichia coli, Shigella dysenteriae, Salmonella typhi, Klebsiella
pneumoniae and Pseudomonas aeruginosa (Gram-negative). The
cultures of test organism were kept on nutrient agar culture media

and subculture before testing.

Statistical analysis
The data obtained were analyzed using one way ANOVA. The
results were recorded as MEAN * SEM on GraphPad inStat, 2000.

Synthesis of Schiff base ligand (HL)

Trimethoprim (2,4-diamine pyrimidine-5-(3,4,5-trimethoxy-
benzyl) (5g, 17.22 mmol, leq) was dissolved in 30 mL of hot
methanol to which Cyclohexanone (1.72g, 17.22 mmol, 1eq) was
added, and the mixture was refluxed for 4 hrs. The white precipi-
tate formed was filtered, washed with hexane, dried and weighed.
(3.86g,11.29 mmol, 65.56%) (Scheme 1). M.p.: 232-235°C; *"H NMR
(400 MHz, DMSO-,.): 8 1.64 - 1.67 (ms, 6H, ] = 12 Hz), 2.32 - 2.34
(ms, 4H, ] = 8 Hz), 3.83 (s, 9H, (OCH,),), 3.96 (s, 2H, CH,), 6.46 (s,
2H, Ar), 7.50 (s, 1H, Ar), 8.50 (br, 2H, NH,); “C{H}NMR: (101 MHz,
DMSO-,): 8 25.5, 27.4, 30.6, 36.6, 187.0 (cyclohexane); 37.3 (CH,);
56.1 (OCH,), 60.8 (OCH,); 102.9,113.3,130.5, 136.2, 152.8, 157.1,
157.9,162. 2 (Ar). Anal. Calculated for C,)H, N,0,: C, 64.84; H, 7.07;
N, 15.12; found; C, 64.68; H, 7.03; N, 15.10; ESI-TOF-HRMS: [M+H]*
calculated for C, H, N,0,: 371.2005, Found 371.4350.

200726 4 3"

General procedure for the synthesis of trimethoprim schiff
base metal complexes

In the preparation of the complexes, metal salts: Mn (II), Fe (III),
Co (II) and Ni (II) were added to the ligand solution in a 1:2 mole
ratio (metal-ligand) using required quantity of methanol. Methano-
lic solution of the ligand (HL) (0.5g, 1.35 mmol, 2 eq) and methano-
lic solution of NiCl,.6H,0, MnCl,.4H,0 and CoCl,.6H,0 (0.11g, 0.67
mmol), and FeCl,.6H,0 (0.14 g, 0.67 mmol) were mixed together
with continuous stirring until the complex compound precipitat-
ed out. The colored product formed was separated by filtration,
washed with distilled water and methanol, and dried under vac-
uum in a desiccator containing calcium chloride. Recrystalisation

from hot methanol gave the metal complexes (Scheme 2).

[Mn(HL),CL]: Anal. Calculated for C, H ,,CLLMnN,O,: C, 55.43; H,
6.05; N, 12.93; found; C, 55.10; H, 6.02; N, 12.76; ESI-TOF-HRMS: [M

+ H]* calculated for C, H ClZMnNSOG: 867.2738, Found 867.2767.

40" 752

[(Fe(HL)2Cl2)]Cl: Anal. Calculated for C, H_,CL,FeN,O,: C, 33.20; H,
5.80; N, 12.41; found; C, 33.15; H, 5.63; N, 12.36; ESI-TOF-HRMS:

[M + H]* calculated for C, H_,Cl,FeN,O,: 903.2395, Found 902.2425.

40752
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Scheme 1: Synthesis of Schiff base ligand (HL).

Scheme 2: Synthesis of metal complexes. M = Ni (II), Co (II), Mn (II) and Fe (Ill) andn=1 - 6.

[Co(HL)2CI2]: Anal. Calculated for C,,H.,CL,CoN,O,: C, 55.18; H,
6.02; N, 12.87; found; C, 55.15; H, 5.98; N, 12.76; ESI-TOF-HRMS: [M

+ H]* calculated for C, H,,Cl,CoN,0O,: 871.2689, Found 871.2719.

40" 752

[Ni(HL)2CI2]: Anal. Calculated for C,H,,Cl,N,NiO.: C, 55.19; H,
6.02; N, 12.87; found; C, 55.13; H, 5.85; N, 12.73; ESI-TOF-HRMS: [M

+H]* calculated for C,,H_,Cl,N,NiO,: 870.2711, Found 870.2740.

Results and Discussion

The ligand and its complexes gave a good yield of 65 - 97%. All
the complexes have sharp melting points ranging from 255°C to
2859C, which suggests that the complexes are probably pure. The
melting points of the complexes are higher than their ligand and
the parent drug probably due to complexation [19]. These high

Compounds |Molecular formula| Colour Melting points 2C Yield (%) | Molar Conductivity (Scm?mol™) Metal %
Found (calc.)
HL 370.46 White 232-235 72.69 - -
[Mn(HL),CL,] 866.83 Dark brown|  255-258 89.09 11x10* 6.31 (6.34)
[Fe(HL),CL]CI 903.22 Yellow Ocher 283 - 285 97.28 28x10* 5.92 (6.18)
[Co(HL),CL] 870.85 Light Green 274 -277 93.05 10 x 10 6.77 (6.77)
[Ni(HL),CL] 870.64 Buff 256 - 258 96.22 9x10* 6.48 (6.74)

Table 1: Physical characteristics of the ligand and its metal complexes.

Key: HL: Schiff Base Ligand.

melting points revealed the stability of the complex compounds to-
ward air and moisture [20]. The complexes are non-hygroscopic/
solids. The complexes prepared have various colours ranging from
dark brown, yellow ocher, light green and buff which indicate the

properties of transition metal compounds [21].

Solubility and conductivity measurements

The molar conductance values measured in methanol solution
(10-3M) for the complexes were in the range 0.9 - 0.28 Scm? mol™:
Based on these results, the complexes can be said to be non elec-
trolytes, since a value in the range 75 - 90 Scm? mol™ is expected
for a 1:1 electrolyte [22,23]. The complexes are soluble in common
organic solvents but insoluble in water. The insolubility of these
complexes in water and their non- electrolytic nature suggests that
they are probably non-polar and further provide evidence for cova-

lence of the compounds [20].

Infrared spectra

To ascertain the bonding of the ligands to the metal ion, a careful

comparison of the infrared spectroscopy of ligands and complexes

was done (Table 2). The relevant vibrational bands of the free li-
gands and the complexes are in the region 400 - 4000 cm[24]. IR
band of the ligands and their metal complexes have been assigned
based on data available in the literature and all the spectral data
were consistent with the structure of the compounds. Comparative
studies of IR spectra of the ligands and their complexes indicate
that several peaks found in the ligands are shifted, or completely
absent in the spectra of the complexes. The N—H stretching fre-
quencies of the pyrimidine NH, in the trimethoprim Schiff bases
shifted slightly in the metal complexes. The slight shift is ascribed
to hydrogen bonding and other non-covalent interactions in the

metal complexes.

It was observed in the region, 3500-3300 cm?, these bands
shifted significantly with respect to those of the ligand as shown in
table 2. This confirms that the metal ions have coordinated to the
trimethoprim Schiff bases through the two N atoms that belong to
-NH, and -NH groups [25]. The IR data of each ligand confirms the
formation of imines bond v(-C=N-H) and the absence of carbonyl
bond v (C=0) [26]. A sharp frequency band at 1643 cm™ in trim-
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Compounds | v (NH,) v (C=N) v (C-N) | v(N-M)
HL 3406, 1643 _ 1481 -
[Mn(HL),CL] | 3402, 1643, 1496 524,
[Fe(HL),CL]Cl | 3402 1654, 1496 489,
[Co(HL),CL] 3441 1614, 1456, 509,
[Ni(HL),CL,] 3402, 1643, 1489 | 478,

Table 2: Relevant infrared spectra of the ligands and
their metal complexes (cm™).

Key: br: Broad, w: Weak, sh: Sharp, s: Strong, m: Medium,
vs: Very Strong.

ethoprim Schiff base assigned to the pyrimidine nitrogen (azome-
thine)v (C=N) [27], shifted in the ligands HL as well as in the metal
complexes, this confirmed that the metal ions have coordinated di-
rectly to the imine nitrogen atom [28,29]. IR of the complexes also
showed new low intensity bands, called the non-ligand band in the
far infrared region: 478 - 524 cm’, which could be assigned to v
(M-N) modes [28-30]. It may be noted that, these vibrational bands
were absent in the spectra of the ligands, which further provide
evidence for the occurrence of coordination [29]. The appearance
of v (M-N) vibrations supports the involvement of nitrogen atom in

complexation with metal ions under investigation [31-33].

Electronic spectra

The electronic spectra of the ligand (HL) shows absorption
bands in the UV region which are due to m-m* transitions of the
ligand. The broad band observed in the visible region of the elec-

tronic spectra is due to d-d transitions of the metal ion table 3 [34].

Figure 2a: Structure of the Metal complexes (M= Mn, Co, Ni).

Figure 2b: Structure of the Fe (III) Metal complex.

Antibacterial activity

The synthesized metal complexes, ligand and the antibiotic Tri-
methoprim were screened in vitro for their antimicrobial activity
against five gram-negative (Escherichia coli, Shigella dysenteriae,
Salmonella typhi, Klebsiella pneumoniae and Pseudomonas aerugi-

nosa), four Gram-positive (Staphylococcus aureus, Bacillus subtilis,

39

Figure 3: IR spectra of the Schiff base ligand (HL).

Figure 4: IR spectra of Co (HL),CL,

Figure 5: IR spectra of Ni (HL),CL,.

Figure 6: IR spectra of Mn (HL),CL.

Figure 7: IR spectra of Mn (HL),Cl..

Streptococcus pyogenes and Corynebacteria species) and a fungal
species (Candida albicans) associated with urinary tract infection.
The experiments were conducted in three different concentrations

and the results were expressed as (Mean + SEM) values in table
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Compounds | £ _(nm)| Band maxima (cm™) | Assignments
HL 370 27027 n— T*
260 39462 n— ¥
[Mn(HL),CL] 420 23809 °A,~'E,,
310 32258 IL
[Fe(HL),CL]Cl 490 20408 6A1g - 4TZg
370 27027 MLCT
[Co(HL),CL] 670 14925 T, A,
440 22727 T, T,
[Ni(HL),CL] 610 16393 3Azg—>3TZg
380 26316 MLCT

Table 3: Data for the electronic absorption spectra

of the ligands and their complexes.
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4. MIC and MBC were also conducted the results shown in table 5
and 6 below. The result shows that the compounds have no activ-
ity against Staphylococcus aureus, Escherichia coli, Salmonella typhi,
Klebsiella pneumoniae and Pseudomonas aeruginosa. The complex-
es show varying activities against Staphylococcus aureus, Bacillus
subtilis, Corynebacteria species, Shigella dysenteriae and Candida
albicans. The complexes are more active than the parent ligand
because the metal complex may serve as a vehicle for activation
of ligand as the principle cytotoxic species [35]. It is known that
chelating tends to make the metal complex acts as more powerful
and potent bactericidal agents, thus killing more of the bacteria

than the ligand [36]. There are other factors which also increase

_ g Antimicrobial activity with zone of inhibition (mm)
ol = =
@ S = 4 4 A S Q =] Lo
] l-E < ) a [ <] » E :. EE gE Qm S @
22 E% 288/ 8w § S5 § & Sx = 3 5 5s | 5%z| 2§
g E g2 | £S5/ 2% > TR s_.8| 8% S & S £ 2E 588 £
g =& SIS = U O S NGRS Q g2 = S Q= S S s S 8
&S s 238 8 S 83 | §£8& 3 s © S 2 S8 | 8% S 3
o & & S g 4 I = ~2 | &8
30 0.00 £ 3030+ |1530%| 2730z 0.00 = 0.00 = 13.30 0.00+ | 0.00% | 18.70%
0.00 0.58° 0.58° 0.58° 0.00 0.00 0.58° 0.00 0.00 1.15%
HL 20 0.00 £ 26.00+ |12.00+| 22.70+ 0.00 = 0.00 = 10.30 + 0.00+ | 0.00+ | 1330
0.00 0.00* 0.00¢ 0.582 0.00 0.00 0.580 0.00 0.00 0.580°
10 0.00 £ 21.30 9.00+ | 1830+ 0.00 = 0.00 = 8.00 = 0.00x | 0.00+% 9.70 =
0.00 0.58>F 0.00™ 0.58¢¢ 0.00 0.00 0.58¢¢ 0.00 0.00 0.58¢
30 0.00 £ 3030+ |17.30%| 19.00 % 0.00 = 0.00 = 18.30 + 0.00+ | 0.00% | 21.70%
0.00 0.58* 0.58° 0.004¢ 0.00 0.00 0.58%4 0.00 0.00 0.5844
Mn(HL),Cl, 20 0.00 £ 25.00+ |1330%| 1470 0.00 = 0.00 = 13.30 0.00+ | 0.00% | 17.00%
0.00 0.00%r¢ 0.58¢ 0.58°¢ 0.00 0.00 0.58° 0.00 0.00 0.00°¢
10 0.00 £ 20.30 £ 9.70+ | 11.70+ 0.00 = 0.00 = 9.00 = 0.00+ | 0.00% | 12.70%
0.00 0.58% 0.58* 0.58f 0.00 0.00 0.00¢°b* 0.00 0.00 0.58
30 0.00 £ 38.70 = 0.00x | 2730+ 0.00 = 0.00 = 30.70 £ 0.00+ | 0.00% | 2430
0.00 0.58%¢ 0.00 0.58%2 0.00 0.00 0.58¢ 0.00 0.00 0.58s¢
[Fe(HL),CL]Cl
272 20 0.00 £ 3430+ 0.00+ | 2170+ 0.00 = 0.00 = 26.70 £ 0.00+ | 0.00% | 20.00%
0.00 0.58¢ 0.00 0.58¢2 0.00 0.00 0.58¢8 0.00 0.00 0.00%4
10 0.00 £ 30.00 = 0.00x | 1570« 0.00 = 0.00 = 21.30 £ 0.00+ | 0.00% | 1530
0.00 0.0022 0.00 0.58"¢ 0.00 0.00 0.58 0.00 0.00 0.58"¢
30 0.00 £ 28.70 £ 0.00+ | 29.00+ 0.00 = 0.00 = 23.00 £ 0.00+ | 0.00% | 29.00%
0.00 6.3 0.00 0.00" 0.00 0.00 0.00" 0.00 0.00 0.00
Co(HL),CL, 20 0.00 £ 31.00 = 0.00x | 2330+ 0.00 = 0.00 = 18.00 + 0.00+ | 0.00% | 24.00%
0.00 0.00**<bd | 0.00 0.58 0.00 0.00 0.00* 0.00 0.00 0.00¢
10 0.00 £ 27.30 0.00+ | 20.00+ 0.00 = 0.00 = 13.70 + 0.00+ | 0.00+ | 18.70+
0.00 0.58 b 0.00 0.00%¢ 0.00 0.00 0.58° 0.00 0.00 1.15%e¢
30 0.00 £ 3830« 0.00+ | 40.00 =+ 0.00 = 0.00 = 26.70 £ 0.00+ | 000+ | 2130+
0.00 0.580 0.00 0.00! 0.00 0.00 0.58% 0.00 0.00 0.58%¢
Ni(HL),Cl, 20 0.00 £ 32.60 £ 0.00+ | 3430+ 0.00 = 0.00 = 20.00 £ 0.00+ | 0.00+ | 17.30
0.00 0.58*@<b'd | 0.00 0.58™ 0.00 0.00 0.00" 0.00 0.00 0.58*
10 0.00 £ 26.70 + 0.00x | 27.70« 0.00 = 0.00 = 15.30 + 0.00+ | 0.00% | 14.00%
0.00 0.58» b 0.00 0.58* 0.00 0.00 0.58™ 0.00 0.00
Trimethoprim | 30 0.00 £ 35.00+ |19.30+| 2330z 0.00 = 0.00 = 23.00 £ 0.00+ | 0.00% | 2470+
0.00 0.00ed 0.58¢ 0.58 0.00 0.00 0.00"" 0.00 0.00 0.58m¢
20 0.00 £ 3030+ |1430%| 1870z 0.00 = 0.00 = 18.30 + 0.00+ | 0.00% | 21.30%
0.00 0.582@ebid | 0.58" 0.58°¢ 0.00 0.00 0.58¢ 0.00 0.00 0.58¢
10 0.00 £ 27.00 £ 930+ | 15.00+ 0.00 = 0.00 = 13.70 + 0.00+ | 0.00+ | 18.00
0.00 0.002<bd" | (.58 0.00p¢ 0.00 0.00 0.58° 0.00 0.00 0.00%¢

Table 4: In vitro antimicrobial activity of the schiff base ligand (HL) and its metal complexes.

*Different subscript letters along the same column are significantly (P < 0.05) different.
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Compounds/ Organisms
concentration (pul/ml) Streptococcus Bacillus Corynebacteria Shigella Candida
pyogenes subtllis species dysenteriae albicans
HL
10 ] - : :
8 . - - -
6 - : - .
4 i . - :
2 N . - '
Mn(HL)CI,
10 ] - : :
8 . - - -
6 _ - - :
4 - . - )
2 N - - :
[Fe(HL)CL]CI
10 ] - : :
8 . - - -
; - - - -
4 - - : )
2 N . - '
Co(HL)CI,
10 ] - : :
8 - 3 - -
: - - - -
4 - : - )
2 N . - '
Ni(HL)CI,
10 - : : :
8 - 3 - -
: - - - -
4 i - - .
2 N . - '
Trimethoprim
10 - : : :
8 § - - -
; - - - -
4 i . - .
2 . . - '

Table 5: Minimum inhibitory concentration (MIC) of the ligand (HL) and its complexes.

Key: +: Turbid (there is growth); -: Clear (No Growth).

the activity, which are solubility, conductivity and bond length be-
tween the metal and the ligand [37]. The MIC and MBC values of
the compounds were found to be from 4 - 10 pg/ml, with [Fe(HL)
CL,]CI showed an MBC value of > 10.

Computational studies

In order to gain more insight into the molecular properties of
the Ligand and the complexes, density functional theory (DFT) ap-
proach was used to elucidate properties such as: HOMO - LUMO
energy gaps, the Laplacian of the electron density of the ligand, the
Wiberg bond order and bond polarity of some diagnostic bonds in

the complexes. In practice, the molecular structures of the ligand
and the complexes were drawn and pre-optimized with AVOGA-
DRO software; the molecular properties were then examined using
ORCA at the BP/RI def2-SVP level of theory [38,39].

Results and Discussion

The pre-optimized structure of the Ligand as well as the HOMO
-LUMO energy gap are shown in figure 8a and 8b respectively. Since
two moles equivalent of the ligand was used in the formation of the
complexes, one might expect coordination of the metals through
the imine N (N22) and the aromatic N (N17) or through the free
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Compounds/ Organisms
Concentration (pL/ML) Streptococcus | Bacillus | Corynebacteria | Shigelladys- | Candida
pyogenes subtilis species enteriae albicans
HL
10 i - - : :
8 - . : - .
6 _ . - - -
4 - . - - :
2 N . . - -
Mn(HL)CI,
10 i - - : :
8 i . - : :
6 i . - - -
4 - . - - :
2 . . . - '
[Fe(HL)CL]CI
10 i . - : :
8 i . - : :
6 i . - : :
4 - . - _ .
2 N . . - -
Co(HL)CI,
10 i - : :
8 . B - -
° . - + -
4 i ) - :
2 N . - -
Ni(HL)CI,
10 i - : :
8 . B - -
: - - - +
4 - : - '
2 N . - -
Trimethoprim
10 i - - : :
8 - . : _ :
° - * B + -
4 - . . - :
2 N . . - -

Table 6: Minimum bactericidal concentration (MBC) of the ligand (HL) and its complexes.

Key: +: Turbid (there is growth); -: Clear (no growth).

amino N (N19) and one aromatic N (N16 or N17). However, the
electron density around the imine N (N22) and the free amino N
(N19) will actually determine the coordination mode as the met-
als will coordinate through the N with the higher electron density.
Figure 8a and 8b show the Laplacian of electron density around
N19 in a plane and through a line respectively. The Laplacian of
electron density around N22 in a plane and through a line are
shown in figure 8c and 8d respectively. From the result obtained, it
is evident that the metals will be coordinated to the bimolecular li-
gands through the imine Ns (N22 and the corresponding N46 in the

second molecule) and the aromatic Ns (N17, and the correspond-

ing N57 in the second molecule). This coordination mode is shown

in the pre-optimized structures of the metal complexes in figure 9.

The HOMO - LUMO energy gaps of the complexes are also dis-
played in figure 10. The incorporation of the metals increases the
HOMO - LUMO energy gap [i.e. from 2.4252 eV — 4,5779 eV, 2.4252
eV —>4.7341eV,2.4252 eV — 6.9030 eV and 2.4252 eV — 7.2299 eV
for Co(HI),CL,, Fe(HI),Cl,, Mn(HI),Cl, and Ni(HI),Cl, respectively].

Similarly, table 7 shows some bonding analysis of the complex-
es. The metal (M) - Nitrogen (N) and the Metal (M) - Chloride (Cl)
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Figure 8: (a) Pre-optimized structure of the Ligand (HL) (b)
HOMO - LUMO energy gap of Ligand (HL) (c) Contour line map of
Laplacian of electron density of Ligand (HL) in a plane defined by
N19, C18 and N16 (d) Laplacian of electron density of Ligand (HL)
in a line through N19 and N16 (e) Contour line map of Laplacian
of electron density of Ligand (HL) in a plane defined by N22, C15
and N17 (f) Laplacian of electron density of Ligand (HL) in a line

through N22 and N17.

Figure 9: Pre-optimized structure of (a) Co(HL),CI, (b)
Mn(HL),Cl, (c) Ni(HL),CI, (d) Fe(HL),CL,.

bond orders were obtained from the Wiberg-Mayer bond indices
through the Natural Bond Orbital (NBO) calculation on the com-

plexes. As seen in table 1, the average M - N bond order shows that

43

Figure 10: HOMO - LUMO energy gap of the complexes
[Co(HL),Cl,, Fe(HL),Cl,, Mn(HL),Cl, and Ni(HL),CL].

Type of bond Wiberg bond order
Co(HL),Cl, | Fe(HL),Cl, | Ni(HL),Cl, | Mn(HL),CI,

M,-N,, 02781 | 03674 0.2645 0.3280
M,.-N,, 0.3678 0.3292 0.2866 0.3406
M, N, 04272 | 0.5358 0.3357 0.3942
M,-N,, 0.3557 0.4450 0.3315 0.3462

Average M-N | 0.3572 0.4194 0.3046 0.3523
M,-Cl,, 0.5447 0.4570 0.4549 0.5186
M, -Cl, 0.4567 0.3806 0.4326 0.5065

Average M-Cl| 0.5007 0.4188 0.4438 0.5126

Table 7: Wiberg bond order of some diagnostic bonds

in the ligand-metal complexes.

Bond type |Co(HL),Cl, Fe(HL),CL,| Ni(HL),Cl, | Mn(HL),Cl,
Average M - N|Co: 37.16%|Fe: 28.77%| Ni: 8.27% | Mn: 21.86%
N:62.85% | N: 71.23% | N: 91.74% | N:78.13%

Average |Co: 33.39%|Fe: 15.46%/| Ni: 34.85% | Mn: 20.28%
M-Cl Cl: 66.62%/|Cl: 84.53% | Cl: 65.16% | Cl: 79.73%

Table 8: Bond polarity of Metal (M) - Nitrogen (N) and
Metal (M) - Chloride (Cl) bonds in the complexes.

the metals were strongly chelated in the order: Ni < Mn < Co < Fe.
However, the average M - Cl bond length decreases in the order: Fe
-Cl>Ni-Cl>Co-Cl>Mn-Cl

In the same vein, the average M - N and M - Cl bond polarities
are shown in table 8. As seen in table 8, the M - N bond polarity
decreases in the order: Ni - N > Mn -N > Fe - N > Co - N while the
M - Cl bond polarity decreases in the order: Fe - C1 > Mn - C1 > Co - Cl
> Ni - Cl.

From all the molecular properties examined, it appears that the
HOMO - LUMO energy gap has no correlation with the anti-biotic
properties of the complexes. However, it seems that the presence of
the Cl in the metal complexes influences the anti-biotic properties.
Thus, the stronger the M-Cl bond, the less active the complex as the
experimental order of activity for the complexes on some selected

bacterial was in agreement with the M - Cl bond order.

Citation: Hussaini Garba, et al. “Transition Metal Complexes of Schiff Base Ligand Derived from Trimethoprim with Cyclohexanone: Synthesis,

Characterization, Antimicrobial and Computational Studies". Acta Scientific Pharmaceutical Sciences 4.5 (2020): 36-45.



Transition Metal Complexes of Schiff Base Ligand Derived from Trimethoprim with Cyclohexanone: Synthesis, Characterization, Antimicrobial
and Computational Studies

Conclusion

It could be concluded that potential metal based bactericidal

have been identified. The results of the physical, antimicrobial and

spectroscopic studies confirmed formation of the complexes with

broad-spectrum antibacterial activity. Computational studies fur-

ther revealed that M-Cl bond is responsible for the trend in antimi-

crobial properties among the complexes
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