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ABSTRACT

Trinuclear Ce(lV) salen capped complexes of 2,4,6-tris(4-carboxyphenylimino-4-formylphenoxy)-
1,3,5-triazine (HsCT) and 2,4,6-tris(4-carboxybenzimino)-1,3,5-triazine(HsMT) were synthesized.
These were characterized using UV-Visible, IR, 'H and *C NMR spectroscopies, elemental analysis
and molar conductivity measurements. The spectral studies indicate that both ligands are hexadentate
and coordinates to the Ce(1V) ions through the oxygen atoms of the carboxylic group. The trinuclear
Ce(1V) salen capped complexes were characterized as being bridged by carboxylate anions to the
Ce(IV) salencentres and displays a coordination number of eight by involving two hydroxyl groups in
the coordination sphere. The in vitro antimicrobial activities of the ligands and their Ce(IV) salen
capped complexes were investigated against Gram-negative bacteria: Escherichia coli (ATCC 6749)
and Pseudomonas aeruginosa (ATCC 9027), Gram-positive bacteria: Staphylococcus aureus (ATCC
6538P) and Bacillus cereus (ATCC 14579), and fungi: Candida albicans and Aspergillus niger by the
agar well diffusion technique. In vitro antimicrobial test indicate that the tripodal ligand, HaMT is
more potent against the test micro-organisms relative to HzCT, [{Ce(OH)2(salen)}s(CT)].3H20 and
[{Ce(OH)2(salen)}s(MT)].3H20. The MIC of HsMT against Candida albicans is comparable to that of
gentamycin. Amongst the Ce(lV) salen capped complexes, [{Ce(OH)z(salen)}s(MT)].3H20 is more
potent.

Keywords: S-triazine; salen; Trinuclear Ce(1VV) Complexes; Antimicrobial activity.

INTRODUCTION forms namely: 1,2,3-triazines (1), 1,2,4-
triazines (2) and 1,3,5-triazines (s-triazines,

(3)%. The 1,3,5-triazines are the oldest and most

Triazines are six — membered aromatic

heterocycles analogous to benzene, but having

- - - - 2'3
three carbon atoms being replaced by three extensively studied of the isomeric forms <.

nitrogen atoms. They exist in three isomeric The 1,3,5 —triazine isomer is also referred to as

s-triazine because of its symmetrical nature.
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Fig. 1: Structures of isomers of triazine

S-triazine derivatives have been reported in
literature to exhibit interesting pharmacological
such as

properties antimalarial®”,

antimicrobial®®, antiviral*, anticancer?'’,
antituberculosis®®2°, anti-HIV2-2° antileishma-
nial®®?, anti-inflammatory agents®®-3!, insect-
icidal®2, herbicidal®?23, Hence, they have found
widespread applications in the pharmaceutical
335 plastic 0%, textile **3° and rubber
industries “°. They have also been used as P13K
4143 and mTOR *+* inhibitors, pesticides “®,
dyestuffs #°- 0, optical bleaches °!, explosives
and surface active agents °2-°4, 1,3,5-Triazine
are used to design polydentate ligands. These
polydentate ligands serve as chelating agents
for the synthesis of many metal complexes with
and

interesting molecular supramolecular

structure®®.  S-triazine scaffolds containing
lanthanide metal complexes have been reported
in literature %8, Lanthanides complexes with
various organic ligands exhibit a wide range of
pharmacological properties  such as
antimicrobial®®, anticancer ®°, cytotoxic and

cytostatic activities®*®® and antitumor activity
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% To the best of our knowledge, there is no
report of tripodal trinuclear s -triazine cored
lanthanide salen Schiff base complexes. There
is also no report on their applications in
biological studies.

Cerium is one of the lanthanides and has
electronic configuration of [Xe] 4f5d! 6s2. It
has many industrial applications in the areas of
lightning and television, metallurgy, glass and
ceramics . Literature review has shown that
cerium complexes with various organic ligands
possess interesting properties such as catalytic
property
activities® 72, Hence, the need to study the

66-67  antitumor and antimicrobial

biological activities of s -triazine cored Ce(1V)
salen capped complexes. Our research group
has synthesized, characterized and evaluated
the antimicrobial activity of trinuclear Ce(1V)
Salen Capped Complex with 5-amino-2,4,6-
tris(4-carboxybenzimino)-1,3-pyrimidine”.

This
synthesized, characterized and antimicrobial

present  manuscript reports the

studies of trinuclear Ce(lV) salen capped

complex with two s- triazine ligands namely:
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2,4,6-tris (4-carboxyphenylimino-4*-formylph-
enoxy)-1, 3, 5- triazine and 2,4,6-tris(4-
carboxybenzimino)-1,3,5-triazine.

MATERIALS AND METHODS

Materials and measurements

All the chemicals used were of analytical
reagent grade, purchased from Zayo-Sigma
and were used as supplied without further
purification. The melting points of the
compounds were determined using Fischer
Jones melting point apparatus and were
uncorrected. Molar conductance measurements
were carried out by dissolving 10* mol/L
solutions of the complex in methanol at room
temperature and measured with WTW-LF 90
conductivity meter. Electronic spectra in
dimethyl sulphoxide (DMSO) were recorded
on UV-Vis 1800 SHIMADZU
spectrophotometer. Infrared spectra of the
compounds were performed using KBr discs on
a Perkin—Elmer (Waltham, Massachusetts,
USA) 100 series version 10.03.08 FTIR
spectrophotometer. The H and BC NMR
spectra of the compounds were recorded on a
Bruker (Billerica, Massachusetts, USA) DPX
300 spectrometer in DMSO- ds at 300.13MHz

and 75.47MHz respectively. Elemental analysis
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for C, H and N were carried out using LECO —
CHN — 932analyzer.

Synthesis of 2, 4, 6-tris (p-formylphenoxy)-1,
3, 5-triazine (2)

The method reported by Tahmassebi and
Sasaki’* was modified and adopted. P-
hydroxybenzaldehyde (3.20 g, 0.026 mol) and
2,4,6-trichloro-1,3,5-triazine(1) (1.20g, 0.0065
mol) were added to a suspension of Na>CO3 (20
g) in 50 mL of benzene as shown in Scheme 1.
The mixture was refluxed with stirring at 70 °C
for 7 h and left stirring overnight. During this
time, the colour of the Na>COs changed from
white to brown. The mixture was filtered and
the residue washed with hot ethyl ethanoate (20
mL) twice and both filtrates were mixed. The
filtrate was divided into two and one part was
placed in a separating funnel and 10 mL of 10
% Na2COs3 (2 g of Na,CO3z made up to 20 mL)
was poured into it, shaked properly and allowed
to stand. Two layers were formed: a pink
aqueous layer (below) and a golden organic
layer (on top). The aqueous layer was discarded
and the organic layer was further extracted with
10 mL of 10 % Na:COs. The filtrate was
extracted with water once. The organic layer
was dried over anhydrous Na>SOs and then
concentrated. The white fluffy precipitate was
recrystallized from ethyl acetate (20 mL), air

dried and stored over CaCl,. This gave 2, 4, 6-
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tris (p-formylphenoxy)-1, 3, 5-triazine (2). See

Scheme 1.
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Scheme 1: Synthesis of 2, 4, 6-tris (4-carboxyphenylimino-4-formylphenoxy)-1, 3, 5-

triazine (HsCT) (3)

Synthesis of 2, 4, 6-tris (4-
carboxyphenylimino-4:-formylphenoxy)-1, 3,
5-triazine (HsCT) (3)

The method reporetd by Koc and Ucan’ was
adopted. Solid K.COs (1.55 g, 25 % excess of
0.009 mol) was added to a solution of 4-
aminobenzoic acid (0.003 mol, 0.51 g) in 20
mL of ethyl ethanoate with stirring. Then the
suspension of compound (2) (0.44 g, 0.001mol)
in 10 mL of ethyl ethanoate was added
dropwise with stirring. This is displayed in
Scheme 1.The mixture was then boiled under
reflux for 24 h. The reaction solution was left
stirring overnight. Water was added to the
mixture and filtered to remove some insoluble
impurities. HCI (0.5 N) was added to the

solution until the pH of 5 was attained and the
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mixture was filtered. The filtrate was
evaporated slowly over the day and yellow
crystals were precipitated. The yellow crystals
(3) obtained were recrystallized from absolute
ethanol, dried and stored in a desiccator over

CaCl,.

Synthesis of 2, 4, 6-tris (4-
carboxybenzimino)-1, 3, 5-triazine (HsMT)

The method reported by Uysal and Ucan
(2009)7® was adopted. Melamine (0.63 g, 0.005
mol) was dissolved in benzene (5 cm®) stirred
for 1 h, then 4-carboxybenzaldehyde (2.25 g,
0.015 mole) added and refluxed for 4 h. A
white precipitate was obtained, filtered and

recrystallized from a mixture of methanol and
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water, dried and stored over CaCl,. See Scheme
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Scheme 2: Synthesis of 2,4,6-tris(4-carboxybenzimino)-1,3,5-triazine(HsMT)

Synthesis of the Trinuclear Ce(1V) Salen
Capped Complexes of HsCT and HzsMT

This involves synthesis of:
1. salenH>
2. Ce(IV) salen complex
3. Ce(IV) ligand complex
4. Ce(lV) Salen Capped Complex of HsCT
and HsMT

Synthesis of salenH:

SalenH> was synthesized by modifying the
method reported by Sathe et al., (2013)"’. To a
solution of ethylenediamine (3.35 mL, 0.05
mol) in 50 ml of methanol in a round bottom
flask, salicylaldehyde (10.47 mL, 0.1 mol) was
added. The yellow crystalline solid produced
was filtered and recrystallized from absolute
ethanol (50 mL) at 80 °C.
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Ce(1V) salen complex

The method reported by Gembicky et al.,
(2000)"® was modified and adopted for
synthesis of salen complexes. To a hot
methanolic solution (40 mL) of salenH> (1.34
g, 0.005 mol), a hot aqueous solution (50 mL)
Ce(S04)2 (1.65 g, 0.005 mol) was added. The
mixture was stirred at 50 °C for 30 minutes. A
light brown precipitate was formed, and then
triethylamine (0.02 mol, 4 mL) was added. On
the light

precipitate turned reddish brown. The resulting

adding  triethylamine, brown
solution was stirred at 50 °C for 2 hours and
after cooling, a reddish brown precipitate was
obtained. The precipitate was washed with
methanol and diethyl ether and dried over

CaCl,.
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Synthesis of Ce(IV) ligand complex,
Ce(lV)LC

The ligand complexes were prepared by
modifying the method reported by Kopel et al.,
(1998)"° and Uysal and Koc (2010)%°. A
solution of Ce(IV) salen complex (0.50g, 107
mol) in absolute ethanol (20 mL) was stirred at
50 °C for 15 minutes. Excess concentrated
ammonia solution (1 mL at a time) was added
and stirred. The pH of the solution was

monitored with the aid of a pH meter until the

pH of 12. A brown precipitate was formed,

filtered and dried over CaCl,.

Synthesis of Ce(I1V) Salen Capped Complex of
HsCT, [{Ce(OH)2z(salen)}s(CT)].3H20

Ce(IV)LC (053 g, 0.00062 mol) was
suspended in hot absolute ethanol (25 mL) and
a solution of Hz:CT (0.33 g, 0.00041 mol) in
absolute ethanol was added while stirring. The
reaction mixture was boiled under reflux for 4
h. The brick red solid formed was dried over
CaCl,. See Scheme 3.
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Scheme 3: Synthesis of [{Ce(OH)z(salen)}s3(CT)].3H20 M=Ce

Synthesis of Ce(I1V) Salen Capped Complex absolute ethanol was added while stirring. The

of HsMT, [{Ce(OH)z(salen)}s(MT)].3H:0 reaction mixture was boiled under reflux for 4

h. The light yellow solid formed was dried over

Ce(IV)LC (032 g, 0.00037 mol) was CaCl,. See Scheme 4.

suspended in hot absolute ethanol (25 mL) and
a solution of HsMT (0.13 g, 0.00025 mol) in

14
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Scheme 4: Synthesis of [{Ce(OH)z(salen)}s(MT)].3H.0 M= Ce

In vitro antimicrobial activity

The ligands and their trinuclear Ce(1V) salen
capped complex were tested in vitro for their
antimicrobial activities against American Type
Culture Collection (ATCC) bacteria strains
obtained from Rockville, MD, USA, by the
Department of Microbiology, University of
Nigeria, Nsukka while the fungi strains were
isolated under clinical conditions. The typed
bacteria culture comprises Gram-positive
Staphylococcus (ATCC
6538P) and Bacillus cereus (ATCC 14579);

Gram-negative bacteria:

bacteria: aureus
Escherichia coli
(ATCC 6749) and Pseudomonas aeruginosa
(ATCC 9027). The fungi strains used were
Candida albicans and Aspergillus niger. The
bacteria strains were tested for sterility on
nutrient agar and then grown in nutrient broth

at 37 °C for 24 hours while the fungal strains
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were tested on Sabourand Dextrose Agar
(SDA) and cultured in Sabourand Dextrose
Liquid medium at 25 °C for 24 hours. The
overnight cultures were subsequently diluted
and suspensions were made in normal saline
and adjusted to 0.5 McFarland standards L.

Antimicrobial assay
The antimicrobial activities of all the
synthesized compounds were determined by
the agar cup diffusion technique®. The nutrient
agar and SDA plates were inoculated with 0.1
mL broth culture of the test bacteria or fungi.
Using a sterile cork borer, wells (5 mm in
diameter and 2.5 mm deep) were bored into the
inoculated agar. Fresh stock solutions (1000
pg/mL) of the synthesized compounds were
prepared in DMSO. The stock solution was
further diluted with sterilized distilled water to

12.5, 25, and 50 pg/mL for antimicrobial
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evaluation. The wells were filled with 100 uL
of the test compounds by means of a sterile
micropipette. Standard antibiotics namely:
ciprofloxacin, tetracycline, gentamycin and
fluconazole were used as positive control while
sterile DMSO served as negative control.
Subsequently, 12.5, 6.25, and 3.125 pg/mL of
each positive control were prepared in DMSO.
The bacteria plates were incubated at 37 °C for
24 hours while fungal plates were incubated at
25 °C for 24 hours. Inhibition zone diameter
(1ZD) around each well was measured in
millimeter and recorded. The graph of 1ZD?

against the log of concentration was plotted for

each plate containing a specific compound and
a microorganism. The anti-log of the intercept

on x-axis is the MIC.

RESULTS AND DISCUSSION

Trinuclear Ce(1V) salen capped complexes of
HsCT and H3MT were obtained in good yield.
These complexes are stable at room
temperature and have high decomposition
temperatures of 343 and 345 °C respectively.
They are soluble in DMSO, DMF, ethylacetate,

and methanol but insoluble in water.

Table 1: Elemental and physical data of HsCT, HsMT and their Ce(1V) salen capped complexes

Compound Colour Am(Q Yieldg M.p.

Molar  Elemental analysis % calc. and found

1cm2m0|-1) (%) (OC) mass C H N
(g/mol)
Calc. Found Calc. Found Calc. Found
CasH30NeO9  Yellow - 0.47 282 798 67.67 6750 376 3.60 10.53 10.70
(H:CT) (58.75)
C27H1s0sNe ~ White - (2.25)  346* 522 62.07 6195 345 3.40 16.09 15.90
(HsMT) 86.21
[{Ce(OH)z(s  Brick 25 (030) 3432 216935 5144 5170 373 379 774 7.56
alen)}s(CT)]. red 35.29
3H20
[{Ce(OH)2(s Red 19 (0.33) 345* 189335 4753 47.77 364 3.80 8.87 8.65
alen)}s(MT)] 73.33
.3H20
&= decomposition temperature
16
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The analytical data of trinuclear Ce(1V) salen
capped complexes of HsCT and HzMT are in
good agreement with the proposed molecular
in Table 1.

conductivity measurements in methanol at

formula as shown Molar
room temperature indicate that the compounds

are neutral®,.

Synthesis of the precursors

SalenH; was synthesized in high yield. The UV,
IR and elemental analysis data are

presented below while the UV and IR spectra
are presented
(Figure S1 and S8). Yield =11.14 g (83 %); mp
of 109- 110 °C; UV (A nm) (DMSO) (¢): 316
(1.91 x 10%), 404 (0.41 x 10%; IR (KBr): 3441
(br) ((O-H) Phenolic), 1608 (s) (C=N),
1287(m) (C-0), 751 (m) (C-H) cm-!; Anal.
calcd for C16H1602N2 (268): C, 71.64; H, 5.97;
N, 10.45. Found: C, 71.60; H, 6.00; N, 10.30.

Synthesis of Ce(IV) salen complex was

in supplementary materials

achieved in moderate yield. The UV, IR and
elemental analysis data are presented below
while the UV and IR spectra are presented in
supplementary materials (Figure S2 and S9).
Yield = 1.48 g (49.33 %); mp of 1022 °C (a =
decomposition temperature); UV (A nm)
(DMSO) (¢): 232 (1.75x 10%), 269 (7.04x 10%;
IR (KBr): 3419 (br) (O-H Phenolic), 1637 (s)
(C=N), 1420 (m), 1121 (br) (S04*), 629 (M)
(C-H), 494 (m) (Ln-0), 412 (w) (Ln-N) cm-%;

Nigerian Journal of Chemical Research
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Anal. calcd for [Ce(SOas).salenH2] (600): C,
32.00; H, 2.67; N, 4.67. Found: C, 32.20; H,
2.70; N, 4.40.

Ce(IV)

moderate yield. Ligand complex is one which

ligand complex was obtained in

acts as a ligand by being able to coordinate to
another ligand. This is the first example of a
ligand complex bearing Ce(1V) ion. The UV, IR
and elemental analysis data are presented below
while the UV and IR spectra are presented in
supplementary materials Figure S3 and S10).
Yield = 0.43 g (63.77 %); mp of 318- 320 °C;
UV (A nm) (DMSO) (¢g): 260 (8.61x 10°%), 307
(5.20 x 10%; IR (KBr): 3250 (br) (O — H),
1631(s) (C=N), 1546(s) (C=C), 1199(m) (C-
0), 907(s), 752(s) (C-H), 600 (s) (M-O-M),
580(m) (Ln-0), 455(m) (Ln-N) cm-%; Anal.
calcd for [{Ce(OH)(salen)}.0] (862): C, 44.55;
H, 3.48; N, 6.50. Found: C, 44.65; H, 3.70; N,
6.60.

Electronic Spectra

The UV/Vis absorption spectra of the ligands
and Ce(IV) complexes (10* moldm3) were
carried out in DMSO at room temperature. The
spectral values of the absorption wavelength
and the corresponding molar absorptivities (&)
are given in Table 2. The absorption spectra are
displayed in supplementary materials (Figures
S4- S7). The absorption spectrum of H;CT and
HsMT show two peaks each at 230, 283 and
233, 291 nm respectively. These were assigned
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to m — m* transitions of the conjugated phenyl

ring. In the Ce(IV) complexes, these bands are

red shifted, supporting the coordination of
ligands to the Ce(IV) ions.

Table 2: Electronic absorption data of HsCT, HsMT and their Ce(IV) salen capped complexes

Compound Amax g x10%(mol- Band assignment
nm cm?t ldmicm™)
CasH30NsOg (H3CT) 230 43478  6.93 ¥
283 35336  5.85 T—m*
C27H1806N6 (H3MT) 233 42918 2.88 n— ¥
291 34364 1.82 n— ¥
[{Ce(OH)z(salen)}s(CT).3H20 240 41667  14.30 -t
[{Ce(OH)x(salen)}s(MT)].3H.0 314 31847  5.83 n

Infrared Spectra

The relevant stretching frequencies of the
ligands and Ce(1V) salen capped complex are
shown in Table 3 while the spectra are
presented in supplementary materials (Figures
S11 — 14). The infrared spectrum of HzCT
displayed a broad band at 3239 cm™ assigned to
vibrations of O-H of carboxylic group. This
band was absent in the spectra of HsMT and the
Ce(IV) complexes. The disappearance of this
band in the complexes suggests deprotonation
of the carboxylic OH and subsequent chelation
of oxygen to the Ln metal. The absorption band

due to the carboxylic acid C = O, was observed
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at 1674 cm™ in HsMT®. This band shifted to
higher frequencies of about 12 cm? in
[{Ce(OH)z(salen)}s(MT)].3H2.0
coordination of the ligand complexes via the
carboxylic acid C = O of HsMT. This was

suggesting

further supported by the vibrations of the COO"
group 1392
[{Ce(OH)2(salen)}s(MT)].3H.0O and at 1391
cmtin HsMT®. The absorption bands due to C
= N(a) and C = N(b) for H:CT and HzMT were
observed at 1546, 1594 and 1501, 1573cm™
respectively. However, in the complexes, three
bands were observed: C = N (a) bands at 1593
and 1595 cm™, C = N (b) bands at 1628 cm™

observed  at cm?t in

Vol. 25, No. 2, 2020
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and C = N(c) bands at 1545 cm™. The C = N(a)
and C =

complexes shifted to higher wavenumber in

N(b) stretching vibration in the

comparison to the same transition in the ligand.

Bands in the range of 599 -580 cm™ in the
Ce(IV) trinuclear complexes were assigned to v
(Ln —0)>*% while bands in the range of 496 -

453 cm™ were assigned to v (Ln —N) &.

Table 3: IR band assignments for HsCT, HsMT and their Ce(1V) salen capped complexes

Compound v(O-H)b v (C- vC=0 vC=N vC-C vCOO vC-N vLn—-O +vLn-N
H)ar

C45H30NeOg  3239(br) - - 1546(s)a 1480 1394(s) 1111 - -
(HsCT) 1594(s)b 1384(s)

1367(s)
C27H1806Ns - - 1674(s) 1501(m)a 1422(m)  1391(m) 1168(m) - -
(HsMT) 1573(m)b
[{Ce(OH)2( - - - 1595(s)a 1468 1391(s) 1147(s)  599(m) 496(m)
salen)}s(CT 1628(s)b 1340(m) 121(m) 580(m) 456(m)
)].3H20 1545(s)c 1324(m)
[{Ce(OH)2( - 3110(br) 1686(m) 1593(m)a  1468(m)  1392(m) 1147(m)  599(m) 496(m
salen)}s(M 1628(s)b  1443(s) 1120(m)  580(m) 453(m)
T)].3H20 1545(m)c

Where C = N(b) = from azomethine linkage, C = N(c) = from salen, C = N(a) = from pyrimidine ring.

'H and *3C NMR Spectra

The H and *3C NMR spectra of HsCT, HsMT
and their Ce(IV) salen capped complexes are
presented in Tables 4 and 5 while the spectra
are presented
(Figures S15 — S22). The *H NMR spectrum of
H3MT revealed a singlet peak at 10.17 ppm due

in supplementary materials

to carboxylic proton. This peak disappeared in
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the complexes. The signal due to azomethine
protons was observed between 9.77 — 8.30 ppm
in the compounds. The signals in the range 6.03
—7.99 ppm in the compounds were assigned to
aromatic protons. The signal due to ethylene
protons appeared only in the complexes at 4.41
ppm. The spectra revealed the presence of

uncoordinated water in the complexes.
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The 3C NMR spectrum of HsCT showed only
two signals due to phenyl carbons at 112.54 and
130.65 ppm. The ¥C NMR spectrum of
[{Ce(OH)2(salen)}3(CT)].3H.O exhibited 9
carbon signals comprising of azomethine
carbons at 166.14 and 164.10 ppm, carbons on
triazine ring at 134.39 and 133.84 ppm, carbons
on phenyl ring at 123.66, 117.46, 116.67 ppm,
ethylene carbons at 62.95 ppm®. The 1* C NMR
of HsMT gave signal at 193.47 ppm attributed
to carboxylic carbon®’. This signal did not
appear in the
[{Ce(OH)2(salen)}s(MT)].3H20. The signal

spectra of

due to azomethine carbon was observed at
165.75 and 167.47 ppm in H3sMT but shifted
upfield in [{Ce(OH)z(salen)}s(MT)].3H20 at
166.14 and 164.11 ppm®®. The signal at 139.07
and 136.98 ppm in H3MT has been assigned to
carbons on triazine ring. This signal shifted
upfield in [{Ce(OH)x(salen)}s(MT)].3H20 at
134.39 and 133.83 ppm. Carbons on benzene
ring are present at 130.32 and 129.92 ppm in
HsMT, but shifted
[{Ce(OH)2(salen)}s(MT)].3H.0  at
117.46 and 116.68 ppm.

upfield in
123.66,

Table 4: 'H NMR Data of HsCT, HsMT and their Ce(1V) salen capped complexes

Compound OH camoxyic CH=N Haromatic CHz = H2Ouncoordinates  DMSO
CH;

CasH30N6Og (H3CT) - 8.30(1H,s) 6.12 - 6.55(4H,d) - 3.34 2.5
7.47 — 7.63(4H,d)

C27H1806N6 (H3MT) 10.17(1H,s) 9.77(1H,s) 7.99 - 6.25(4H,m) - - 2.50

8.29(1H.s)

[{Ce(OH)z(salen)}s(CT)].3H0 - 8.68(1H,s) 6.03(7H,d), 4.41(4H.s) 3.34 25
6.44(1H.0),
7.08(1H.1).
7.26(3H,d)

[{Ce(OH2)(salen)}s(MT)].3H20 - 8.68(1H,s) 7.27(2H,d),7.08(1H,t) 4.41(4Hs) 3.34(2Hs)  2.50

6.44(1H,1),6.18(2H,s),
6.03(4H,d)
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Table 5: *C NMR Data of HsCT, HsMT and their Ce(1V) salen capped complexes

Compound Carboxylic Azomethine Carbons Aromatic DMSO Ethylene
carbon carbon on carbons peak carbons
triazine
ring
C4sH30NsOg (H3CT) - - - 130.65, 39.91 -
112.54
C27H1806N6 (H3MT) 193.47 167.47, 139.07, 130.32, 39.89 -
165.75 136.98  129.92
[{Ce(OH)z(salen)}s(CT)].3H20 - 166.14, 134.39, 123.66, 39.91  62.95
164.10 133.84  117.46,
116.67
[{Ce(OH)2(salen)}s(MT)].3H20 - 166.14, 134.39, 123.66, 3991 -
164.11 133.83  117.46,
116.68

In vitro antimicrobial activity

The results of the in vitro antimicrobial
screening carried out on the compounds are
Table 6.

tetracycline, gentamicin and fluconazole were

recorded in Ciprofloxacin,
used as positive control while sterile DMSO
served as negative control. These drugs have
been chosen because they have same
mechanism of action, which is by inhibiting
nucleic acid synthesis®. The structures of these
drugs are shown in supplementary materials
(Figure S23). Ciprofloxacin (Ci7H1sFN3O3)
belongs to fluoroquinolnes and inhibits bacteria
growth by preventing deoxyribonucleic acid
(DNA) synthesis before mitosis. Tetracycline
(C22H24N20g) inhibits the multiplication of

bacteria by binding to a subunit of the
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ribosomes, thereby inhibiting protein and
nucleic acid synthesis and consequent death of
the bacterium®-*°, Gentamycin (C21H43NsO7)
belongs to the class of aminoglycosides and
acts by preventing protein synthesis, thereby
inhibiting the synthesis of nucleic acids (DNA
replication or RNA synthesis) and causes death
of the bacterium. Fluconazole is an antifungal
drug (C13H12F2NeO) and belongs to synthetic
triazoles.  Fluconazole inhibits  fungal
cytochrome P —450, an enzyme responsible for
fungal sterol synthesis, thereby causing fungal

cell walls to weaken®°.

The results obtained (Table 6) show that the
compounds inhibited the growth of Bacillus
cereus, Staphylococcus aureus, Pseudomonas
Escherichia Candida

aeruginosa, coli,
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albicans, and Aspergillus niger with inhibition
zone diameter (I1ZD) in the range of 2 - 11, 1 —
15,2-12,1-6,2—-31,5-21 mm respectively.
This reflects that the compounds exhibit higher
activity against fungi (Candida albicans and
Aspergillus niger) relative to the bacteria
strains used. Among the test bacteria, the
compounds most  active

were against

Staphylococcus  aureus  followed by
Pseudomonas aeruginosa.

It was observed from the results (Table 6) that
the activity of HsMT is higher than that of
HsCT and the trinuclear Ce(IV) complexes.
Hence, it could be inferred that the activity of
the trinuclear complexes was not enhanced

after anion coordination.

Table 6: Inhibition zone diameter (1ZD in mm) of the compounds against typed strains (ATCC

CULTURES) microorganisms

50 pg/mL
Compound B.c(ATCC S.a(ATCC P.a(ATCC E.c(ATCC Ca
14579) 6538P) 9027) 6749)
CasH30N6Og (H3CT) 11 2 3 4 -
C27H1806Ns (H3MT) 5 15 12 6 31
[{Ce(OH)z(salen)}s(CT)].3H20 - - - 2 -
[{Ce(OH)z(salen)}s(MT)].3H20 - 1 2 1 3
25 pg/mL
CasH30NeOg (H3CT) 2 - - - -
C27H1806N6 (H3MT) - 10 7 2 19
[{Ce(OH)2(salen)}s(CT)].3H20 - - - - -
[{Ce(OH)2(salen)}s(MT)].3H20 - - - - 2
12.5 pg/mL
C4sH30NsOg (H3CT) - - - - -
C27H1806Ns (H3MT) - 5 3 3 6

[{Ce(OH)z(salen)}s(CT)].3H20 -

[{Ce(OHyz(salen)}s(MT)].3H20 -

Key:B.c = Bacillus cereus, S.a = Staphylococcus aureus, P.a = Pseudomonas aeruginosa, E.c =
Escherichia coli, C.a = Candida albicans.A.n = Aspergillus niger, (-) = no zone of inhibition

observed.
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The inhibition zone diameter (1ZD in mm) of
the controls is displayed in supplementary
materials (Table S1). From Table S1, the
inhibition zone diameters (1ZD) of the controls
are higher than that of the compounds.

The minimum inhibitory concentration (MIC)
of the compounds and controls against Bacillus
cereus, Staphylococcus aureus, Pseudomonas
Candida

aeruginosa, Escherichia coli,

albicans, and Aspergillus niger are displayed in
Table7. From Table 7, the MIC of the
compounds is found to be in the range 25 - >50

for Bacillus cereus, 557 - >50 for
Staphylococcus aureus, 6.27 — >50 for
Pseudomonas aeruginosa, 7.3 — 50 for

Escherichia coli, 2.6 — >50 for Candida
albicans and 2.3 —50 for Aspergillus niger.

Table 7: Minimum inhibitory concentration (MIC) of the compounds and controls against test

bacteria and fungi

MIC (ng/mL)
Compound B.c(ATCC S.a(ATC P.a(ATC E.c(ATC C.a An
14579) C6538P) C9027) C6749)
C4sH30NsOg9 (H3CT) 25 50 50 50 >50 50
C27H1806N6 (H3MT) 50 5.57 6.27 7.3 2.6 2.3
[{Ce(OH)2(salen)}s(CT)].3 >50 >50 >50 50 >50 50
H20
[{Ce(OH)z(salen)}s(MT)].3 >50 50 50 50 25 50
H20
Controls
T 1.90 1.80 0.63 2.15 2.10 0.58
F 6.25 6.25 6.25 2.80 064 0.74
CP 1.50 0.70 0.92 0.65 200 6.25
G 1.40 2.70 0.71 2.60 250 0.64

Legend: T = Tetracycline, F = Fluconazole, CP = Ciprofloxacin, G = Gentamycin.

From Table 7, the MIC of the controls is found
to be in the range 1.4 — 6.26 for Bacillus cereus,

0.70 — 6.25 for Staphylococcus aureus, 0.63 —

Nigerian Journal of Chemical Research

6.25 for Pseudomonas aeruginosa, 0.65 — 2.80
for Escherichia coli, 0.64 — 2.50 for Candida
albicans and 0.58 — 6.25 for Aspergillus niger.
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The MIC of HsMT against Staphylococcus
aureus was 5.57 mg/ml while that of
gentamycin was 2.70 mg/ml. The MIC of
HsMT against Candida albicans is comparable
to that of gentamycin. Amongst all the test
compounds, HsMT was found to be the most
against Candida
Aspergillus niger (MIC = 2.60 and 2.30 mg/ml

respectively). However, the standard antifungal

active albicans and

drug, Fluconazole was more active against
Candida albicans and Aspergillus niger (MIC
= 0.64 and 0.74 mg/ml respectively) relative to
HsMT. Amongst the Ce(lV) Salen Capped
Complexes, [{Ce(OH)z(salen)}3(MT)].3H20 is
more potent.

CONCLUSION

Novel trinuclear Ce(IV) Salen Capped

Complexes derived from s-triazine were
synthesized and characterized. Based on
analytical and spectral data, the ligands were
found to be hexadentate and coordinate to
Ce(1V) ions through the oxygen atoms of the
carboxylic group. The trinuclear Ce(IV) salen
capped complex was characterized as being
bridged by carboxylate anions to the Ce(1V)

salen centres and displays a coordination

number of eight by involving two hydroxyl
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groups in the coordination sphere. In vitro
antimicrobial test indicate that the tripodal
ligand, H3MT is more potent against the test
relative to

micro-organisms HsCT,

[{Ce(OH)2(salen)}s(CT)].3H20 and
[{Ce(OH)2(salen)}s(MT)].3H20. The MIC of
HsMT against Candida albicans is comparable
to that of gentamycin. Amongst the Ce(lV)
Salen Capped Complexes, [{Ce(OH)z(salen)}s-
(MT)].3H20

IS more potent.
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