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Abstract: This study reports the synthesis of a bi-dentate Schiff base ligand (L), 7-(2-((2-formylbenzylidene)
amino)-2-phenylacetamido)-3-methyl-8-oxo-5-thia- 1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, prepared from
phthalaldehyde and cephalexin antibiotic. The synthesized Schiff base ligand (L) and the secondary ligand
alizarin (Az) are used to prepare the new complexes [M(Az),(L)] and [Cr(Az),(L)]Cl, where M = Mn(Il), Co(Il),
Ni(II), Cu(Il), and Zn(Il). The mode of bonding of the Schiff base has been characterized by UV-Visible, FT-
IR, Mass, 'H-, and *C-NMR spectroscopic techniques, and micro elemental analysis (CHNS). The complexes
were characterized using UV-Vis, FT-IR, molar conductance, magnetic moment, and thermal analysis (TG/DTG).
The molar conductance data revealed that the complexes are non-electrolytes except for [Cr(L)(Az),]Cl, which
is an electrolytic type 1:1. The Schiff base and its complexes have been tested for their biological activity

against two strains of bacteria and one fungus. When screened against gram-positive and gram-negative pathogens,

the Az and L ligands and their complexes showed potential antimicrobial activity.
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1. Introduction

Schiff base and alizarin dye ligands are a class of
compounds extensively used as indicators in analytical
chemistry and in organometallic chemistry. Cephalexin
is an antibiotic compound that represents the first
generation of cephalosporin, which possesses excellent
biological activity in terms of its effectiveness against
gram-positive and moderate response against gram-
negative strains of bacterial pathogens.! The chemical
structure of cephalexin, when it links to metal ions,
shows that the o-amino moiety of the acyl group is

% Corresponding author
Phone : +96401-778-7086
E-mail : laith.jumaal105a@ihcoedu.uobaghdad.edu.iq

involved in the linkage, as proposed by many resear-
chers.>* Anacona et al.® synthesized a Schiff base,
which is a derivative of sulphathiazole and cephalexin,
to be used later as a ligand for metal complexes with
the chemical formula [ML(OAc)(H,0),] as well as a
copper(Il) complex as trinuclear with the chemical
formula [Cu;L(OH)s]. Jelinski and Cysewski* investi-
gated the color and structures of alizarin in the form
of complexes with alkali metals using computational
and quantum calculation methods in methanol solution.
Wang et al.® investigated the anti-amyloid effects of
alizarin and 1,2,4-trihydroxyanthraquinone (purpurin),
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reporting high bioactive compounds and their anti-
oxidant, antitumor, and antibacterial activity.

Many researchers have investigated the activity of
alizarin as a radical scavenger from the thermodynamic
and conformational behavior perspective by employing
quantum computation carried out in water solution
and gas phase.”® The coordination with suitable metal
ions leads to some medical applications, such as
antitubercular activity.”!! In this article, we focus on
the production of Schiff bases (L) derived from
phthalaldehyde and cephalexin antibiotic, and their
treatment with Mn(II), Co(II), Ni(II), Cu(Il), and
Zn(Il). The aim of this paper is to study the thermal
stability and antimicrobial effects of synthesized
mixed ligand Schiff base and alizarin dye-metal
complexes.

2. Experimental Section

2.1. Materials and methods

UV-Vis spectral data in DMSO (10 M) were
recorded on a Shimadzu UV-160A Ultraviolet Visible
Spectrophotometer. FTIR was reported on a Shimadzu
FTIR-8400S Fourier Transform Infrared Spectrometer
(400 — 4000 cm™") with samples prepared in the form
of KBr discs. Atomic absorption was obtained using
a Shimadzu A.A-160A, while the conductance was
measured for (10~ M) complexes in DMSO using a
Philips PW-Digital Conduct meter. Magnetic properties
were performed using an Auto Magnetic Susceptibility
Balance Sherwood Scientific Instrument. In addition,
melting points were obtained using a Melting Point
Apparatus. Cephalexin, alizarin, cobaltous chloride
hexahydrate 98.8 %, nickel chloride hexahydrate
99.9 %, copper chloride dihydrate 98 %, and zinc
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Scheme 1. Synthesis route of the Schiff base ligand (L).

chloride 98.8 % (Merck) were used as received from
the suppliers.

2.2. Synthesis of Schiff base ligand
In a 100 mL flask, the Schiff base ligand (L') was

prepared by a condensation reaction between phthalal-
dehyde and cephalexin compounds. Phthalaldehyde
(3 mmol, 0.402 g) was dissolved in 25 mL of methanol,
and cephalexin (3 mmol, 1.042 g) was dissolved in
30 mL of methanol. Then, 0.1 mL of acetic acid was
added to the mixture with constant stirring. Under
controlled conditions, the reaction mixture was heated
to 60 °C and subjected to reflux for 1.5 hours.
Throughout the reflux process, TLC was used to
monitor the progress of the reaction until its completion
(Scheme 3 —1). The yellow precipitated compound
was filtered, washed with hot methanol, recrystallized
to obtain a pure sample, and dried in CaCl, (Yield:
89 %) (Table 1).

Table 1. Physical properties and microanalysis results for L and Ceph ligands

Compound Molecular weight Melting point

Theoretical (Experimental)

formula (g/mol) temperature (°C) Color C% H% N% S%,
Cephalexin
Ceph 365.00 326 Creamy 52.6 52 11.5 8.78
Ci6H17N304S
Schiff base (L) 62.19 4.57 9.07 6.92
Co4HaiN;O58 463.50 120-122 Orange 101y  @81) (1) (640
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Scheme 2. Synthesis route of the metal (II) and Cr(Ill) complexes.

2.3. Synthesis of metal complexes

All the complexes were synthesized using the
method illustrated in Scheme 1. Generally, the
complexes were prepared by reacting the respective
metal chloride MCl,-nH,0O and CrCl;-6H,0 at room
temperature in an ethanol/water (1:1 v/v) solvent with
the ligands using a [L:M:2AZ] (1:1:2) mole ratio.
Specifically, one mole of Schiff base (L) (0.463 g),
one mole of metal chloride, and two moles of mono
potassium salts of alizarin (AZ'K") (0.48 g) were
used as a base, after adding KOH to the alizarin
(C14HgOy). Pure complexes formed only at pH 7 — 8,
as shown in the following equations:

Vol. 37, No. 4, 2024

2(4Z) + 2KOH — 2(AZK*) + 2H,0

2AZ°K") + L + MChL'nH,O — [M(AZ)x(L)]
+nH,0 + 2KCI

where n = 0...6, and M = Mn(II), Co(Il), Ni(Il),
Cu(Il), and Zn(II)

2AZK") + L+ CrCly 6H,O — [CHAZ)W(L)]CI
+nH,O + 2KCI

3. Results and Discussion

The orange-colored Schiff base ligand (L), with a
molecular formula of C4H,;N;05S and a molecular
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Table 2. Analytical data and some physical characteristics of [M(AZ),(L)] complexes

Compounds Molecular Color Melting point An DMSO107° M M% found
p weight °oC (uSem™) (Calc.)
[CHAZ)(L)ICI 993.91 Reddish Yellow >250 2542 6.01 (5.23)
[Mn(AZ)(L)] 996.85 Dark Brown 250 3.68 6.14 (5.51)
Ni(AZ)o(L)] 1000.61 Dark Brown-Blue =250 239 6.19 (5.87)
[Cu(AZ)A(L)] 1005.46 Dark Brown 250 262 7.00 (6.32)
[Zn(AZ)(L)] 100730 Reddish Brown 250 1.16 7.70 (6.49)
T T
U
2 ;‘C 1 L_T? 1;3 3;.3
90 | 8s = 8o | 75 70 | 65 ' 60  ss | so0  4s = 40 = 3s 30 ' 285 20 15

Chemical Shift (ppm)

Fig. 1. "TH-NMR spectrum of the prepared Schiff base ligand (L).

weight of 463.508 g/mol, was obtained and charac-
terized by elemental CHN analysis. Elemental analyses
for M % and (CHN) % were found to be in agreement
with the proposed molecular formula of the complexes.
All complexes are insoluble in water but soluble in
common organic solvents. The molar conductance AM
(1x10 M, DMSO) is 1.16—3.68 ohm™'-cm*mol™
for [M(AZ),(L)], which exhibits a non-electrolytic
nature, while it is 25.42 ohm™'-cm*mol™! for
[Cr(AZ),(L)]Cl, which exhibit an electrolytic nature
with a type 1:1 ratio.'? The test for chloride ions using
AgNO; solution was negative for all M(II) complexes
except for [Cr(AZ),(L)]Cl, which was positive,
indicating that Cl ions are outside the coordination
sphere of the Cr(IlI) complex. The above complexes
are soluble in concentrated hydrochloric acid and in
most organic solvents except for benzene. The analytical

and some physical data are listed in Table 2.

3.1. 'H-NMR and "*C-NMR Spectra
The 'H-NMR spectrum of Schiff base (L) (recorded

in ppm d°-DMSO, 400 MHz) (Fig. 1) supports its
structure. It exhibits a singlet resonance at 13.37 ppm 3
(s, 1H, OH), 8.00 ppm o (s, 1H, CfH), 7.98 ppm d (s,
1H, CeH), a multiplet in the region from 6.56 to
7.67 ppm & (m, 1H, CaH, CbH, CcH, CsH, CrH,
ChH, CgH), 5.69 ppm & (s, 2H, CyH), 5.46 ppm 6 (s,
1H, CdH), 3.83 and 3.79 ppm 6 (d, 1H, CnH), 3.47 and
3.43 ppm & (d, 1H, CvH), and 2.17 ppm 6 (s, 3H,
CxH).31

The "*C-NMR spectrum of (L) is shown in
Fig. 2, which exhibits peaks as follows: dC = 163 ppm,
5C, = 161 ppm, 6C, = 155 ppm, 3C,, = 141 ppm,
OCupbetsphemepu = 101 =133 ppm, 6Cy = 60 ppm,
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Fig. 2. ®C-NMR spectrum of the prepared Schiff base ligand (L).
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Fig. 3. Mass spectrum of the prepared Schiff base [L].

8C, = 58 ppm, 6C, = 54 ppm, 8C, = 30 ppm, and is displayed in Fig. 3. The spectrum revealed several

&Cy =20 ppm.'>1 fragmentations centered at M/Z values. The parent
ion peak [M'] was observed at a mass-to-charge
3.2. Mass spectrum of the ligand [L] ratio of 463.5 (m/z), corresponding to the molecular

The mass spectrum of the synthesized Ligand (L) weight of the Schiff base [C,4HyN3;OsS]™, thus

Vol. 37, No. 4, 2024
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confirming the proposed formula. Additionally, the
presence of other fragments, their relative abundances,
and the fragmentation pathways are depicted in

Table 3. Suggested molecular fragments of the mass spectrum
of the Schiff base [L]

M.wt Format
463.50 [Ca4Hy N;O5ST
386.08 [CisH16N;0sS]
357.07 [Ci7H1sN;0,8]"
174.05 [C1oHsNO]
105.03 [C;Hs0]"

77.03 [CeHs]"

69.02 [CsH3NOT™

_O
70ev
S

Scheme 3 and summarized in Table 3, providing strong
evidence for the formation and structure of the Schiff
base ligand.*!?

3.3. Thermal analysis TGA
The ligand L remains stable until around 60 °C, after

which it starts to melt and subsequently decomposes at
258 °C, losing 7 — 8 % of its mass by weight corre-
sponding to the release of the C=N-C group or CO,
molecules (38 g/mol). The second mass loss of 31 %,
equivalent to 144 g/mol of L, occurs between 91 %
and 60 % weight, corresponding to the decomposition
of the C¢HgN,S group. The third mass loss of 17 %,

(on
S
Ny
N
T
(o]

s
%
Ho  ©

/ Chemical Formula: 024H21N3058\

Molecular Weight: 463.5075

Do

¥

Chemical Formula: C;HsO"
Exact Mass: 105.0335

Chemical Formula: C17H5N304S™*
Exact Mass: 357.0778

(@]
) /Chemlcal Formula: C1gH1gN305S* \
S
H
S

>
Chemical Formula: CgHs"*
Exact Mass: 77.0386

3}

Exact Mass: 386.0805

N

O
/ Chemical Formula: CoHgNO,*
<N Exact Mass: 174.0550
A\'
|

Chemical Formula: CzH3NO™"
Exact Mass: 69.0209

Scheme 3. Proposed fragmentation sequence of the prepared Schift base (L).
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Fig. 4. TG/DTG curve of the prepared Schiff base ligand (L).

Temperature (*C) Universal 4 54 TA Instument

Table 4. Summarized results of the thermal analysis of the prepared Schiff base ligand (L)

first mass losing % =

Second mass losing % =

Third mass losing % =

Compound formula weight Temp. °C ligand formula Temp. °C ligand formula Temp. °C
(g/mole) (g/mole) (g/mole)
0/ — — C=N_ 0/ — — 0/ — =
L 8% = 14 (g/mole) = C=N-C 60 31% = 38 (g/mole) 258 17% = 76 (g/mole) 560

fragment or CO, molecules

CgHgN,S group

CgHs group

EP\%O
SN
N S
o
Ho  ©

Molecular Weight: 463.5 gm/mol

™ C=N-C

8% (38 gm/mol)

@ s
/j/
HN\\CAH

31% (144 gm/mol)
CgHgN2S

S 17% + 2 © =76 g/mol x 2 = 152 gm/mol

+ C=0 (28 gm/mol) = 84 gm/mol 43.5%

+ CO2 = 44 gm/mol

8+ 315+ 17 =56.5%
100 - 56.5 =43.5

Scheme 4. Proposed TGA thermal degradation behavior of
the prepared Schiff base ligand.

equivalent to 76 g/mol of L, occurs between 60 %
and 43 % weight, corresponding to the decomposition

Vol. 37, No. 4, 2024

of the C¢Hs group. The total weight loss is 56.5 % of
the mass of ligand L (463.5 g/mol), leaving behind
43.5% (201.6 g/mol) of L’s mass, which decomposes
into fragments including three molecules of CO and
one molecule of CO,. See Fig. 4 for graphical repre-
sentation. The results of the TGA measurements are
summarized in Table 4.

3.4. Fourier transform infrared analysis
The Fourier Transform Infrared Analysis (FTIR)

spectrum of the starting material cephalexin exhibits a
band at 3,275 cm™' due to V(N-H) primary amine
stretching vibration.'® Bands at 3,219 cm™' and
3,049 cm™! are attributed to v(N-H) secondary amine
stretching vibrations. The COO™ group of cephalexin
shows strong absorptions at 1,759 cm™ for v(C=0)
and 3,406 cm™ for v(O-H) stretching, with 1,595 cm™
and 1,398 cm™ representing the asymmetrical and
symmetrical stretching of the COO™ group, respe-
ctively,*'>!7 where Av =197 ecm™ [Vasym (COO") — Vg
(COOM)].The band at 1,689 cm™ corresponds to
v(C=0) for the B-Lactam group.'® The carbonyl
stretching frequencies for the amide, acid, and -
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Fig. 5. FTIR spectrum of the prepared Schiff base ligand
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Table 4. FTIR spectral data of the ligands and metal complexes

Compound AZ  Cephalexin L'  [Cr(AZ)(L"ICl [Mn(AZ),(L")] [Ni(AZ),(L")] [Cu(AZ)y(L")] [Zn(AZ)x(LY)]
3421, 3441, 3414
O-H 3371 3466 136 3371 3379 3371 3371 3441
Vasym(NHL’), Vsym(NHZ) _— 3275; _ ~ _ _ N _
amine 3219
=C-H Ar. 3074 3010 - 3074 3066 3066 3032 3066
. 2976, 2962, 2912, 2971,
-C-H Aliph. - 5031 5800 2846 2916 2919 2870 5870
3 1662, 1662, 1662, 1685,
~C=0 1631 s ) 1631 1662 1631 1608 1631
(>C=C<) 1586,
anthraquinone 1450 - - 1589 1589 1589 1585 1589
1681,
C=N 1689 1631 1621 1631 1608 1631
1612
1296, 1265, 1261, 1284, 1284, 1284,
(€-0) 894 898 894 498 894 894 894
(C-S) 829 810 829 829 825 829 829
(M-0) 563 594 594 563 582
(M-0) 524 524 524 524 524
(M-N) 420 455 418 420 466

Lactam groups in cephalexin’s free ligand are observed
at 1,595 cm™, 1,759 cm™, and 1,789 cm™!, respectively.
Additionally, the spectrum shows peaks at 1,577 cm™!
and 3,010 cm™" assigned to v(C=C) aromatic, v(C-H)
aromatic, respectively. The FTIR spectrum of phthalal-
dehyde, as a starting material, shows a band at

1,762 cm™ due to (C=0). The bands assigned include
V(C-H) aromatic at 3,082 cm™', W(C-H) aliphatic at
2,900 cm™', v(C=C) aromatic at 1,685 cm™' and
1,195 cm™, and v(C-C) aliphatic. The IR spectrum
of (L) shows peaks at 3,441 cm™ due to the stretching
vibration of the OH group. A new band observed at
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1,651 cm™" in the free (L) spectrum is assigned to the
azomethine group (-N=C-) of the Schiff base, and at
1,593 cm™ to v(C=0), as well as (C=0) for the -
Lactam group at 1,766 cm™.!?! The FTIR spectra of
the complexes exhibit three absorption bands in the
far-infrared region: 563 —594 cm™!, 524 cm™, and
420—466 cm™, which can be assigned to (M-O), (M-
0), and (M-N) vibrations, respectively. Both ligands
in the complexes act as bidentate ligands, forming
coordination bonds with the M(II) ion through different
chelation groups.

3.5. Magnetic and electronic analysis of the
ligand and its complexes

The magnetic moment data and corresponding
transitional absorption bands are listed in 7able 5. The
effective magnetic moments obtained for all complexes
corroborate the octahedral geometry of the complexes
with electron configurations.*

The UV-Vis spectrum of (AZ) shows two peaks:
277 nm (36,101 cm™') assigned to m—m* transition
and 435 nm (22,988 cm™) assigned to n—* transitions.
These peaks correspond to electronic transitions
within the organic ligand."

The UV-Vis spectrum of (L) (Fig. 6) exhibits three
peaks: 265 nm (37,736 cm™') assigned to m—m*
transition, and 306 nm (32,680 cm™) and 434 nm
(23,041 cm™) attributed to n—* transitions.?**

+1.504

B.2080
CAsDIV.D

W)

200.0
9:17 12712 '72

+8.88A

NI
188 .8CHM-DIV. ) 1166.8

Fig. 6. UV/Vis spectrum of the Schiff base ligand.

The magnetic moment of the [Mn(AZ),(L)]d’
complex is 5.61 B.M. The UV/Vis absorption spectrum
of the [Mn(AZ),(L)] complex displays two intense
peaks. The first peak at 270 nm (37,037 cm™) corre-
sponds to a ligand field (L.F) n—m* transition, while
the second peak at 527 nm (18,975 cm™) can be
attributed to a charge transfer (C.T) transition. These
results confirm the octahedral geometry of this complex
and are consistent with data reported by several
researchers.'*?>%

The magnetic moment of the [Ni(AZ),(L)]d® complex
is determined to be 3.65 B.M. The electronic absorption
spectrum of the [Ni(AZ)y(L)] complex displays two
intense peaks. The first peak at 273 nm (36,630 cm™)
corresponds to a L.F n—t* transition, while the second
peak at 573 nm (17,452 cm™) can be attributed to a
C.T transition.>**

Table 5. Electronic data and magnetic susceptibility value of the prepared ligand and metal complexes

) —1 Emm :
Compound Amax NM v’ cm ol L-cm”! Assignments nerB.M
265 37,736 546 n—*
[Cr(AZ),(L)]CL 306 32,680 448 n—m* -
434 23,041 964 n—7*
271 36,900 2,074 n—n* (L.F)
378 26,455 308 Charge transfer
[Mn(AZ),(L)] 438 22,831 474 Charge transfer 393
546 18,315 281 A0 T o(F) v3
. 270 37,037 1,547 (L.F) (n—>n*)
[NIAZ)(L)] 527 18,975 381 Charge transfer 361
273 36,630 2,114 (L.F) (n—n*)
[Cu(AZ)(L)] 573 17,452 410 Charge transfer 365
271 36,900 2,172 (L.F) (n—n*)
[Zn(AZ),(L)] 538 18,587 688 Charge transfer 156

Vol. 37, No. 4, 2024
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Fig. 7. Suggested octahedral structures of the synthesized complexes.

The magnetic moment of the Cu(I) d’ is determined
to be 1.56 B.M. The UV/Vis spectrum of the
[Cu(AZ),(L)] complex exhibits two bands. The first
band at 271 nm (36,900 cm™) is assigned to the L.F
n—7* transition. The second band at 538 nm
(18,587 cm™) is attributed to the charge-transfer intra-
ligand transition. These transitions can be explained
by the Jahn-Teller effect, indicating a distorted
octahedral geometry for the complex.?*?’

The UV/Vis spectrum of the [Zn(AZ),(L)] complex
exhibits two highly intense peaks: the first at 276 nm
(37,037 cm™) due to a m—m* intra-ligand transition,
and the second peak at 436 nm (22,936 cm™") attributed
to the metal-ligand C.T. This is further supported by
its diamagnetic nature, characteristic of a d'°-complete
complex.'**%

3.6. Proposed molecular structure for studying
complexes

Based on the analysis above, spectral analysis
suggests an octahedral geometry for all the prepared

complexes, with a coordination number of six, form-
ulated as [M(AZ),(L)] and [Cr(AZ),(L)]Cl. The general
structures of the complexes are depicted in Fig. 7.

3.7. Antimicrobial studies

The in-vitro antibacterial and antifungal screening
data are presented in 7able 6 and illustrated in Figs. 8
and 9. DMSO was used as a neutral control and
solvent for the ligands and synthesized complexes.

Table 6. Biological activity zone inhibition (mm) of the ligands
and their complexes

Staphylococcus Klebsiella ~Candida
Compound . .
aureus pneumonia albicans
AZ Alizarin 12 14 14
Schift Base (L) 10 12 12
Control DMSO -ve -ve -ve
[Cr(AZ)y(L)]CI 18 14 12
[Mn(AZ),(L)] 15 13 12
[Ni(AZ)y(L)] 20 15 17
[Cu(AZ),(L)] 22 12 12
[Zn(AZ),(L)] 22 13 13
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Stapliylococcus aureus Klebsiella pneumonia

Candida albicans

Fig. 8. Plates - Zone of Inhibition (ZI) for antibacterial activity
of [L:M:2AZ] compounds.

Staph. Aureus Kleb. Penumonia W Candida Albicans

Fig. 9. Inhibition zone for studied complexes against Staphyl-
ococcus, Klebsiella, and Candida albicans.

The results indicate that most of the complexes
exhibit higher activity compared to the Schiff base
alone but are generally less active than the standard
drug (Az).

The biologically active [Ni(AZ)y(L)] complex
demonstrated notable antimicrobial and antifungal
effects. The [Zn(AZ),(L)] complex also exhibited
significant antibacterial activity, possibly due to the
electrons of its d'° orbitals. Both ligand L and DMSO
showed moderate inhibitory activity, while the
complexes showed substantially higher activity
compared to the free Schiff base ligands.?5°

4. Conclusions

This study synthesized and characterized a Schiff
base ligand (L) derived from phthalaldehyde and

Vol. 37, No. 4, 2024

Cephalexin antibiotic using various spectroscopic
techniques (FTIR, UV-Vis, Mass spectra, 'H and *C
NMR Spectra, and thermal analysis). The synthesized
ligand, along with the secondary ligand Alizarin (Az),
was used to prepare new complexes [M(L)(AZ),]
and [Cr(L)(AZ),]Cl, where M = Mn(II), Ni(II), Cu(II),
and Zn(IT). A molar ratio of 1:1:2 (M:L:AZ) was
employed for all complexes. Spectral data indicated that
Schiff base (L) acts as a bidentate ligand, coordinating
through the carbonyl oxygen atom and azomethine
nitrogen atom. /n-vitro antibacterial and antifungal
screening revealed moderate antimicrobial activity
for some complexes, suggesting their potential as
candidates for further investigation in biomedical
applications.
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