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ABSTRACT

Synthesis, spectroscopic (IR and electronic) and in-vitro antibacterial properties of Mn(ll),
Co(ll), Ni(ll), Cu(ll), Zn(ll) and Pd(ll) complexes of the enolimines derived from
condensation of p-nitroaniline and benzoyl trifluoroacetone (HL®) / theonyltrifluoroacetone
(HL?) were reported. The ligands coordinated to the metal ions through the azomethine N
and enol O atoms in ratio 1M: 1L, resulting in complexes of the type [ML'NO;].xH,0,
[ML?(CH;C00)].xH,0 and [PdL(CI)H,0]. The IR and electronic spectral measurements

Keywords were consistent with the adoption of a 4-coordinate square planar/ tetrahedral geometry for
Antibacterial activities, the metal complexes. The in-vitro antibacterial studies of the Schiff bases and their
Geometry, metal(Il) complexes against Bacillus subtilis, Staphylococcus aureus, Proteus mirabilis,
In-vitro, Klebsiella oxytoca, Pseudomonas aeruginosa, and Escherichia coli revealed that HL' and
Schiff base. its metal complexes were generally more active than HL? and its complexes. Interestingly,

[Zn(LYNO;].%4H,0, [P(LY)CI(H,0)] and [Ni(L?),] had broad-spectrum antibacterial
activity against Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli with
inhibitory zones range of 12.5-22.0 mm proving their potential usefulness as broad-spectrum
antibacterial agents.

© 2013 Elixir All rights reserved.

1. Introduction

Schiff bases and their metal complexes are used as
precursors in metal-organic chemical vapor depositions
(MOCVD) [1], anticancer and antimicrobial agents [2-6],
catalysts [7-8], in optics and material science [9-10], as MRI
contrast agents and biological markers [11-12]. Recently,

2.2 Physical measurements

Manganese, cobalt, nickel, copper, zinc and palladium were
determined titrimetrically [21].

Infrared  spectra  were measured in  deuterated
dimethylsulfoxide solvent on a Shimadzu FTIR-8400
spectrophotometer while electronic spectra were recorded on

chloro, methyl and methoxy derivatives of pyrimidinyl Schiff
bases inhibited colon and melanoma cancers [13-15]. Extensive
literature review shows that little information is available on the
Schiff bases derived from p-nitro aniline and 2-
theonyltrifluoroacetone / benzoyltrifluoroacetone and their
metal(Il) complexes (M = Mn, Co, Ni, Cu, Zn and Pd). Thus, we
present the synthesis and characterisation of these two Schiff
bases and their metal complexes with the aims of investigating
their structural related antibacterial activities against human
pathogens in-vitro, and the effect of the various substituents on
their electronic properties and geometries. This study is
therefore a continuation of the research activities of our group
on synthesis, characterisation and biological activities of various
Schiff bases chelates [16-20].
2. Experimental
2.1 Chemicals

Reagent grade p-nitroaniline, benzoyltrifluoroacetone, 2-
thenoyltrifluoacetone and manganese(ll) nitrate-6-H,0,
manganese(ll) acetate-4-H,0, cobalt(ll) nitrate-6-H,O, cobalt(l1)
acetate-4-H,0, nickel(ll) acetate-4-H,O, nickel(ll) nitrate-6-
H,O, copper(ll) acetate-4-H,O, copper(ll) nitrate-6-H,0,
zinc(Il) nitrate-6-H,0, palladium(ll) chloride-1- H,O were
purchased from Aldrich and Across chemicals respectively and
were used as received. Solvents were purified by distillation.
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Unicam Helios -y spectrophotometer, and melting points
(uncorrected) were done using a Stuart scientific melting point
apparatus smp3.

2.3 Synthesis

2.3.1 Preparation of {1-phenyl-3-(p-nitrophenyliminol)-4, 4, 4-
trifluorobutenol} (HLY)

3.6 x 10% mol (5.0 g) of p-nitroaniline was added in bits
to a stirring solution of 3.6 x 102 mol (7.8 g) of
benzoyltrifluooro acetone in 50 mL of absolute ethanol. The
resulting yellow-colored solution was then refluxed for 4 h after
the addition of 4 drops of acetic acid.

The yellow product formed on cooling to room temperature
was filtered, and then recrystallized from ethanol. The ligand
{1-thiophen-2yl-3-(p-nitrophenylimino)- 4, 4, 4-
trifluorobutenol} (HL?) was prepared usuing similar procedure.

HL: Formula mass (238.27); m. p 60 — 64 (°C); color
(yellow); yield (5. 15 g, 60%); IR (DMSO cm™): vOH (3461s),

yC=N (1640s 1599s) vC=C(1441s 1437s); UV (€) imax (kK):
41.32 (1 % 10%), 31.25 (5 x 10°), 27.47sh (3 x 10°).

HL? Formula mass (344.27); m. p 60-63 (°C); color
(yellow); yield (7.44 g, 60%); IR (DMSO, cm™): vOH (3480b),

vC=N (1650m) vC=C(1490m); UV (€) imax (kK): 42.92 (2.2 x
10°), 28.99 (6.6 x 10%), 27.24 (5.2 x 10%).



15849

2.3.2 Preparation of the Metal(1l) Complexes (M = Mn, Co,
Ni, Cu, Zn).

A solution of the metal(ll) nitrates/acetate/ chloride (0.69
mmol, 0.15-0.30 g) in 20 mL ethanol was added to a stirring
solution of the ligands (0.69 mmol, 0.16-0.24 g) in 30 mL
ethanol at room temperature (26°C), followed by the gradual
addition of triethylamine (0.69 mmol, 0.09 mL). The resulting
homogeneous solution was further refluxed for 6 h, during
which the products formed. These were later filtered, washed
with ethanol and dried in vacuo over anhydrous CaCls,.

[Mn(LY)NO3]1¥%:H,0: Formula mass (381.27); m. p 330-340
(°C); color (brown); yield (0.16 g, 60%); IR (DMSO, cm™Y):
vOH (3500s), vC=N (1637s) vC=C (1404s); vM-N (524m

502m), vM-O (458m); UV/Vis(&) imax (kK): 23.26 (200), 26.39
(1 x 10°), 29.4 (1 x 10°), 38.17 (1 x 10°); % Mn(Calc.):14.44
(14.43).

[Co(LY)NO;]%H,0: Formula mass (367.20); d.t 180(°C);
color (green); yield (0.17 g, 65%); IR (DMSO, cm%): vOH
(3427s), vC=N (1634s) vC=C (1476s); vM-N (518m), vM-O

(364m); UV/vis(€) Amax (kK): 15.39(100), 24.39 (200), 26.39
(1 x 10°, 294 (1 x 10°, 400(1 x 10°; % Co
(Calc.):16.04(16.05).

Ni(LY),: Formula mass (533.23); m. p 100-101 (°C); color
(green); yield (0.26 g, 70%); IR (DMSO, cmY): vOH (3421s),
vC=N (1616s 1541s) vC=C (1466s); vM-N(587m 527m ), vM-O

(383m); UV/vis(€)  imax (kK): 15.39 (100), 22.22 (1000),
26.32 (1 x 10°, 30.0 (1 x 10° , 400 (1 x 10%; %
Ni(Calc.):11.11 (11.01).

[Cu(LYNO3]2H,0: Formula mass (398.77); d.t 206(°C);
color (green); yield (0.17 g, 60%); IR (DMSO, cm %): vOH
(3457s), vC=N (1604s) vC=C(1424s); vM-N(526m), vM-

0O(359m); UV/vis(E) imax (kK): 18.18sh, 24.39 (2000), 30.4 (1
x10°%), 40.10 (1 x10°); %Cu (Calc.): 15.92(16.05).
[Zn(LY)NO;]¥%H,0 : Formula mass (464.31); d. t 342(°C);
color (yellow); yield (0.20 g, 60%); IR (DMSO, cm™*): vOH
(3500b), vC=N (1638s 1603s) vC=C(1488s); vM-N(541m), vM-

0(367m); UV/vis(€) Amax (kK): 20.83 (100), 26.0 (1 x10°), 30.0
(1 x10°), 40.0 (1 x10°); % Zn(Calc.):13.85(14.0).
[PA(LYCI(H,0)]: Formula mass (396.71), d. t 238(°C);
color (brown); vyield (0.14g, 50%); IR (DMSO, cm™): vOH
(3438s), vC=N (1655s, 1508s) vC=C (1488s); vM-N (564m),

vM-O (350m); UV/Vis(€) imax (kK): 23.81 (1000), 26.95 (1 x
10°), 40.0(1 x 10°); %Pd (Calc.): 26.66(26.82).
[Mn(L)OAC].¥%H,0: Formula mass (466.18), m. p
110(°C); colour (yellow); yield (0.19 g, 60%); IR (DMSO,
cm™): vOH (3500b), vC=N (1744s 1602m 1561s) vC=C

(1413m); vM-N (532m), vM-O (487m); UV/Vis(E) imax (kK):
14.81sh, 23.15 (200), 27.25sh, 30.0 (1 x 10°), 40.0 (1 x 10% ;
%Mn (Calc.): 11.46 (11.80).

[Co(L*)OAC]: Formula mass (461.20), m. p 196-198(°C);
colour (orange); yield (0.17 g, 60%); IR (DMSO, cm™): vC=N
(1732m 1595m 1550m) vC=C (1409m); vM-N (532m), vM-O

(487m); UV /Vis(€) Amax (kK): 14. 29 (200), 23.47 (500), 30.0
(1x10"), 40.0 (1 x 10°) ; %Co (Calc.): 12.30 (12.80).
[Ni(L)OAC].3H,0 : Formula mass (515.33); m. p 120(°C);
colour (Green); yield (0.18 g, 50%); IR (DMSO, cm™%): vOH
(3500b), vC=N (1724m 1606m 1541m) vC=C (1404m); vM-N
(578m), vM-0 (524m); UV/Vis(E) Amax (kK): 15.40sh, 23.04

(100), 30.0 (1.0 x 107, 40.0 (1.0 x 10°%); %Ni (Calc.): 11.38
(11.45).
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[Cu(L?)OAC].4H,0: Formula mass (537.85); d. t 226(°C);
colour (green); vyield (0.17 g, 60%); IR (DMSO, cm*): vOH
(3500b), vC=N (1588m 1541s), vC=C (1407m); vM-N (589s

527m), vM-O (393 m); UV/Vis(€) Amax (kK): 11.77(100),
23.98 (300); 30.0 (1 x 10°), 40.0 (1 x 107); %Cu (Calc.): 11.50
(11.81).

[Zn(L*)OAC]: Formula mass (465.82); m. p 102(°C);
colour (yellow); yield (0.36 g, 70%); IR (DMSO, cm%): vC=N
(1600m) vC=C (1496s 1409s); vM-N (581s 501m), vM-O (490m
367m); UV/Vis(€) imax (kK): 22.88 (200), 30.0 (1 x 107), 40.0
(1.1 x 10%); %Zn (Calc.): 13.65(13.64).

[PA(LY)CI(H,0)]: Formula mass (485.19); d. t 212(°C);
colour (green); vyield (0.17 g, 50%); IR (DMSO, cm*): vOH
(3422b), vC=N (1638m 1573s), vC=C (1404m); vM-N (612m),
vM-O (538m); UV/Vis(&)Amax (KK): 14.82sh, 23.15 (300); 30.0
(1 x 10°), 40.0(1 x 10%); %Pd (Calc.): 22.22(21.93).

D.t = decomposition temperature, m.p = melting point, 1kK
=1000cm™,

g
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Figure 1: The proposed structure for the Schiff bases
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Figure 2: The comparative activities of the complexes
against bacteria and Streptomycin

2.4 Antibacterial studies

The assay was carried out on the metal-free Schiff bases and
their metal(I1) complexes using Agar diffusion technique. The
surface of the agar in a Petri dish was uniformly inoculated with
0.3 mL of 18 hours old culture of Bacillus subtilis,
Staphylococcus aureus, Proteus mirabilis, Klebsiella oxytoca,
Pseudomonas aeruginosa, and Escherichia coli. Using a sterile
cork borer, 6 mm wells were bored into agar. Then 0.06 mL of
10 mg/mL concentration of each metal complex in DMSO was
introduced into the wells and the plates were allowed to stand on
bench for 30 min before incubation at 37°C for 24 h after which
inhibitory zones (in mm) were taken as a measure of
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antimicrobial activity. The experiments were conducted in
duplicates and streptomycin was used as the reference drug [22].
3. Results and discussions

The reaction of the ligands with the metal(Il)
nitrates/acetate (Mn, Co, Ni, Cu, and Zn) gave coloured
complexes in moderate to good yields (50-70%) according to
equations 1 - 3.
M(NO;),.6H,0 + HL' — [MLY(NO3)]xH,0 + HNO; + bH,O --

-------------------- 1)

(when M = Mn, Zn{x = 1.5, b = 4.5}, Co{x = 0.5, b = 5.5}, Cu{
x=2,b=4})
M(CH;CO,),.4H,0 + HL®> —
CH3CO,H + bH,0
(when M = Co, Zn{x =0, b =4}, Mn{x = 0.5, b = 3.5}, Cu{ x =
4,b=0}; Ni{x=3,b=1})
PdCI,.H,0O + HL — [PdLCI(H,0)] + HCI

[ML*(CH3CO,)]xH,0 +

(where L = L, L.

The formation of the ligands was confirmed by melting
points, UV and infrared spectra measurements. The ligands
melted at 60-64 °C (HL') and 60-63 °C (HL?) whereas their
corresponding metal complexes melted in the range 100-342 °C
and 102-226 °C respectively confirming coordination.

3.1 Infrared spectra

The assignments of the infrared bands were made by
comparing the spectra of the compounds with reported literature
on similar systems [23-25]. The strong bands at 3461 cm™* in
HL' and 3457cm™ in HL? which were absent in the spectra of
the metal complexes were assigned to vO-H of the enols. Their
absence were attributed to coordination through the enol oxygen
atom. The broad band at 3500 cm™ in the hydrated complexes
was assigned as vOH water of coordination /hydration. The
vC=N bands in HL" were observed as two between 1640-1599
cm?, and were mostly bathochromically shifted to 1634-1541
cm™ as a single band in the metal complexes with the exception
of [Ni(LY),] which had two vC=N bands, indicative of its
existence in the trans-isomeric form, a consequence of geometric
isomerism [15]. On the contrary, HL? had a lone band at 1634
cm ' and the band still remains as one in the metal complexes
but were mostly bathochromically shifted to 1606-1588 cm ™.
These shifts were attributed to the coordination of the imino
nitrogen to metal ions. In the spectra of both ligands, v(M-N)
and v(M-O) were expectedly absent but were observed in the
range 564-518 cm™ and 383-350 cm™ for HL' complexes, and
in the range 578-528 cm™ and 538-364 cm™ respectively for
HL? complexes, a further evidence of coordination [22-23]. Its
interesting to note that HL* and its complexes had higher vC=N
bands than the HL? and its complexes, while with vM-O and
vM-N bands the reverse was obsevered. This observation was
attributed to the stronger electron withdrwaing ablility of the
thienyl group which weakend the vC=N bands and consequently
strengthened the vM-O and vM-N bands [24-25].

3.2 Electronic spectra

The Mn(ll) complexes showed lone band each around
23.21 kK and a shoulder in [Mn(L)OAC] at 14.18 kK
respectively, typical of 4-coordinate tetrahedral geometry and
were assigned as °A; — ‘T, and °A,; —*T, transitions [26]. On
the contrary, the Co(ll) complexes displayed two bands around
14.84 and 23.93 kK assigned to ‘A, — “Ty(F), (v»), and ‘A, —
*T1(P), (v5) transitions of a tetrahedral geometry [17]. The
spectra of the Ni(ll) complexes showed two absorption bands
around 15.22 and 22.63 kK indicative of a 4-coordinate square-
planar geometry and were assigned to lA1g —»1819 and
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1A19—>1Azg transitions of a four-coordinate, square-planar
geometry [24].

The observance of two bands around 14.98 and 24.19 kK in
the Cu(ll) complexes indicated square planar geometry with the
assignment of the bands as “Bj; — “Aqy and By, — ’Eyq
transitions, because tetrahedral Cu(ll) complexes usually have a
single absorption band below 10.0 kK [3].

The Zn(II) complexes showed M—L CT transitions around
21.86 kK since no d-d transition is expected [13]. Similarly, the
spectra of the Pd(ll) complexes showed lone absorption bands
around 23.48 kK, typical of square planar geometry which were
assigned to *A;; — 'E,q transitions [23] .

The ligand bands were bathochromic/ hypsochromic shifted
in the complexes, indicative of coordination, with two band
maxima between 27.00-30.00 and 31.0- 40.00 kK assigned to m-
n* and charge transfer transitions respectively [24]. In this
study, the replacement of phenyl ring in HL' complexes with
thienyl ring in HL? does not have any significant effect on
geometry and electronic properties.

3.3 Antibacterial activities

The antibacterial activities of the ligands and their metal(Il)
complexes against Bacillus subtilis, Staphylococcus aureus,
Proteus mirabilis, Klebsiella oxytoca, Pseudomonas aeruginosa,
and Escherichia coli are presented in Table 1 and shown in
Figure 2. The ligand (HL") had activity against all the bacteria
with the exception of Pseudomonas sp with inhibitory zones
range of 13.0-26.0 mm, while its thienyl analog (HL?) had
activity against two bacteria namely E. coli and S. aureus with
inhibitory zones of 11.5 mm and 17.0 mm respectively.
Similarly, the metal complexes of HL? were less effective
against the bacteria used than the metal complexes of HL'. The
better antibacterial activities of the phenyl trifluroacetone Schiff
base complexes were attributed to mild electronwithdrawing
ability of the phenyl ring and the toxic effect of the coordinated
nitrate group [18, 27].

All the complexes were inactive against K. oxytoca with the
exceptions of HL' [MnLY(NO;)], [zZnL*(NOs)] and
[PALY(CI)H,0] with inhibitory zones of 17.0, 14.0, 15.0 and
13.0 mm respectively.

The insensitivity of K. oxytoca to most of the compexes was
attributed to the production of extended-spectrum beta-
lactamase, which inactivates the compounds [28]. Similarly, P.
aeruginosa and B. subtilis were not sensitive to most of the
complexes with the exceptions of [ZnL*(NO,)], [PdL*(CI)H,0],
[NiL?], [ZnL%OAc)]; HLY [Ni(LY),], [CoL*(OAc)].%2 H,0,
[NiL?(OAC)].3H,0 and [NiL%(OAc)].3H,0 respectively, with
inhibitory zones range of 13.0-15.0 and 13.0-16.5 mm.

Interestingly, HL? and its complexes were not active against
P. mirabilis while HL" and its metal complexes had activity with
inhibitory zones range of 17.0-24.0 mm.

This we could not explain. On the contrary, all the
complexes and their ligands were active against E. coli with the
exception of [Cu(L')NO;].2H,0 and inhibitory zones range of
11.0-16.0 mm. Similarly, S. aureus was sensitive to all the
ligands and their complexes with inhibitory zones range of 13.0-

26.0 mm with the exceptions of [Mn(LY)NO,] .%2H,0 and
[PA(L?CI(H,0)]. Furthermore, it was observed that the ligands
were mostly more active than their corresponding metal
complexes due to their propable lipophobic nature.
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Table 1. Zones of inhibition (in mm) of the compounds against various bacteria
3

¢ 0 © 2 2

g 2 2 3 & 8 €

© %) m N o L [a¥
HL! 26.0+1.41 13.0 £0 1700 R 16.0+1.41 24,0+ 1.41
[Mn(LYNO,] %6H,0 R R 140+141 [R 1300 19.0+0
[Co(LHYNO,]. ¥H,0 200+1.41 | R R R 13.0+0 19.0+0
[Ni(LD),] 160+141 | 140+141 |R R 13.0+0 17.0+0
[Cu(LHNO,].2H,0 2100 R R R R 20.0£1.41
[Zn(LY)NO;]. %H,0 2700 R 1500 13.0+0 13.0+0 20.0£1.41
[Pd(LDCI(H,0)] 220+141 |R 13.0+0 150+0 150+0 210+0
HL? 17.0£1.4 R R R 11.5+0.7 R
[Mn(L?)OAC].%H,0 14.5+0.7 R R R 13.0+0 R
[Co(L)OAC].¥2H,0 18.0+2.8 16.5+2.1 R R 11.0+0. R
[Ni(L)OAC].3H,0 145+2.1 16.0+1.4 R 17.0£2.8 12.5+0.7 R
[Cu(L)OAC].4H,0 13.0£2.8 R R R 13.5+0.7 R
[Zn(L?OAC] 14.0+1.4 R R 19.0+1.4 12.0+0 R
[Pd(LACI(H,0)] R R R R 13.0£0 R
Streptomycin (+) 36.0+1.41 44,0 £1.41 38.0 +4.24 35.0+141 34.0+£4.24 31.0+£0

R = Resistance, + = positive standard

Since chelation theory states that chelation increases the
lipophilic character of the chelate, favouring its permeation into
the bacterial membrane, thus causing the death of the organism
[3-4, 22].

In addition, [Zn(L)NOs].%2H,0 and [Pd(L*)CI(H,0)] had
broad-spectrum antibacterial activity against Staphylococcus
aureus, Proteus mirabilis, Klebsiella oxytoca, Pseudomonas
aeruginosa, and Escherichia coli with inhibitory zones range of
13.0-22.0 mm while [Ni(L?,] had broad-spectrum against
Staphylococcus aureus, Bacillus subtilis, Pseudomonas
aeruginosa, and Escherichia coli with inhibitory zones range of
12.5-17.0 mm respectively, proving their potential usefulness as
broad-spectrum antibacterial agents. In all cases, the antibiotic
Streptomycin was more active than the ligands and their
complexes expectedly with optinum activity being that of HL®
against P. mirabilis and [Zn(L})NO3]. %:H,0 against S. aureus
with about 80% of Streptomycin’s activity.

4. Conclusion

The Schiff bases, {1-phenyl-3-(p-nitrophenyliminol)-4, 4, 4-
trifluorobutenol} (HLY and1-thiophen-2yl-3-(p-
nitrophenylimino)- 4, 4, 4-trifluorobutenol} (HL?) coordinated
to the Mn(ll), Co(ll), Ni(ll), Cu(ll), Zn(ll) and Pd(ll) ions using
the azomethine N and enol O atoms. The assignment of a 4-
coordinate square planar/ tetrahedral geometry for the metal(ll)
complexes  was corroborated by % metal, infrared and
electronic spectral measurements. The in-vitro antibacterial
studies showed that HL* and its metal(ll) complexes had very
good antibacterial activities while HL? and its metal(ll)
complexes exhibited weak antibacterial activities. In addition,
[Zn(LY)NO;].%2H,0, [Pd(LY)CI(H,0)] and [Ni(L?),] had broad-
spectrum antibacterial activity against Staphylococcus aureus,
Pseudomonas aeruginosa, and Escherichia coli with inhibitory
zones range of 12.5-22.0 mm proving their potential usefulness
as broad-spectrum antibacterial agents
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