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New Schiff base ligand was prepared by condensation of 5-acetyl-4-hydroxy-2H-1,3-thiazine-2,6(3H)-
dione with o-phenylenediamine. Cu(Il), Ni(Il), Co(II), VO(IV), Zn(II), Cd(Il) and UO,(VI) complexes were
prepared and characterized on the basis of elemental analyses, IR, (‘H and '3C) NMR, electronic, ESR and
mass spectra; magnetic, molar conductance measurements as well as thermal gravimetric analysis. The
coordination sites of the Schiff base ligand are phenolic oxygen, azomethine nitrogen and amino group
nitrogen; where the ligand acts as monobasic tridentate. All results established that all compounds have
1:1 (metal: ligand) stoichiometry except Ni(Il)- and VO(IV)- complexes have 1:2 (metal: ligand) stoi-
chiometry. The metal complexes showed octahedral geometry except Cu(ll) complex which showed
square planar arrangement and UO»(VI) has pentagonal bipyramidal arrangement. Thermodynamic
parameters were calculated for the ligand and its metal complexes using Coats-Redfern method. The
ligand and its complexes were tested in vitro bioassays against some Gram-negative and Gram-positive
bacteria and the fungus strain; showing good results for some of these compounds. The antitumor ac-
tivity of the ligand and its copper(Il) and oxovanadium(IV) complexes was investigated against HepG2
cell line. Density Function Theory (DFT) level implemented in the Gaussian 09 program was used to
optimize structure and some structural parameters of the ligand and its metal complexes such as: total
energy, HOMO, LUMO as well as dipole moment. The computed data were correlated with the experi-

mental results.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Schiff bases represent one of the most important chelating li-
gands in coordination chemistry [1,2]. They are utilized as catalysts
[3], dyes and pigments, intermediates in organic synthesis and as
polymer stabilizers [4]. Recently, Schiff bases have attracted a great
significance due to their wide applications including photophysical
[5], photoluminescence [6], thermal [7] and optical properties [8,9],
as well as various biological importance [10—14]. Metal complexes
of the Schiff bases have attracted a great interest because of their
widespread applications including antimicrobial [15], anticancer
[16], antitumor [17], antioxidant [18], anti-inflammatory [19],
antiviral [20] and herbicidal [21] activities, in addition to catalytic
[22], thermal [23] and electrochemical [24] properties. Compounds
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containing 1,3-thiazine ring attracted attention because of their
antimicrobial [25], antimicobacterial [26], anticancer [27] and
antitumor [28] activities.

In our previous studies [29—34], metal complexes of Schiff base
ligands derived from 5-acetyl-4-hydroxy-2H-1,3-thiazine-2,6(3H)-
dione (AHTD) have been fully characterized. Therefore, the present
work aims to synthesize of a new Schiff base ligand (HL), by the
condensation of AHTD with o-phenylenediamine, and its com-
plexes with Cu(II), Ni(II), Co(Il), VO(IV), Zn(II), Cd(I) and UO»(VI)
ions. The structures of the ligand and its metal complexes were
characterized by elemental analyses, spectral, magnetic, molar
conductance and thermal gravimetric analysis.

The ligand and its metal complexes were subjected to antimi-
crobial assays against selected kinds of bacteria and fungi. The
antitumor activity of the ligand and its Cu(Il) and VO(IV) complexes
was investigated against HepG2 cell line. The theoretical data of the
DFT calculations were correlated with the experimental results of
the ligand and its metal complexes by means of a density functional
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Scheme 1. Formation of the Schiff base, HL, ligand.

theory (DFT) at the B3LYP/6-311G (d,p) level using Gaussian 09
program.

2. Experimental
2.1. Materials

All employed chemicals were of reagent grade. Nitrate salts of
copper(Il), nickel(II), cobalt(Il), zinc(Il) and cadmium(II), Oxovana-
dium(IV) sulfate, dioxouranium(VI) acetate dihydrate were used. o-
Phenylendiamine were BDH. Organic solvents were reagent grade.
The antibiotic Doxymycin and Fluconazole were purchased from
Egyptian markets and used as references for antibacterial and
antifungal activities.

2.2. Synthesis of 4-hydroxy-5-[N-(2-hydroxyphenyl)ethanimidoy!]-
2H-1,3-thiazine- 2,6(3H)-dione, HL, ligand

5-Acetyl-4-hydroxy-2H-1,3-thiazine-2,6(3H)-dione (AHTD) was
prepared as described elsewhere [35]. Then, a mixture of 1.87 g
(10.0 mmol) AHTD and 1.08 g (10.0 mmol) o-phenylenediamine, in
(30 mL) absolute ethanol containing few drops of acetic acid, was
heated under reflux for 3 h. Yellow crystals were obtained after
cooling at room temperature. The product was filtered off and
recrystallized from ethanol, yield 2.00g (72%) and m.p. 194°C.
Scheme 1 illustrates the formation of the HL ligand.

2.3. Synthesis of the metal complexes

0.83 g (3 mmol) of the Schiff base ligand, in 30 mL methanol was
added drop-wise to a 3 mmol of the respective metal salt in 20 mL
methanol in the molar ratio 1:1. The reaction mixture of the ligand
with metal salts was heated under reflux for 3 h, and then left
overnight at room temperature. The precipitates were filtrated and
washed with 50% (v/v) methanol-water then diethyl ether and
stored in desicator.

Table 1
Physical and analytical data of the HL ligand and its metal complexes.

2.4. Computational method

DFT calculations were performed on the ligand and its com-
plexes using Gaussian 09 program package [36]. Gauss View 5.0
package was used to obtain various graphic views of molecular
charges and shapes of distinctive molecular orbitals.

2.5. Antimicrobial activity

The Schiff base ligand (HL) and its metal complexes were
screened for their antibacterial and antifungal, using standardized
disc agar diffusion method [37,38], against the sensitive organisms
Staphylococcus aureus as Gram positive bacteria, Proteus vulgaris as
Gram negative bacteria and Candida albicans as fungus strain. The
compounds were dissolved in DMSO which has no inhibition ac-
tivity to get concentration of 100 pg mL ™.

2.6. Antitumor activity

The antitumor activity of the Schiff base ligand (HL) and its
Cu(II)- and VO(IV) complexes was carried out against HepG2 cells
by determining the effect of the test samples on cell morphology
and cell viability according to literature technique [39,40].

2.7. Measurements

Elemental analyses were carried out using Vario-Elementar at
the Ministry of Defense, Chemical War Department. Analyses of the
metal ions were carried out complexometrically [41,42]. The FT-IR
spectra (4000-400cm™") of the ligand and its complexes were
recorded as KBr discs using FT-IR-4000 (Shimadzu) spectropho-
tometer. 'TH NMR (300 MHz) and 3C NMR (75 MHz) spectra were
recorded using a Mercury-300BB. Dimethylsulphoxide, DMSO-dg,
was used as a solvent and tetramethylsilane (TMS) as an internal
reference. The electronic spectra of the ligand and its metal com-
plexes were measured on a JASCO model V-550 UV-VIS spectro-
photometer in the range 200—900 nm. ESR spectra were recorded
on the Bruker, Model: EMX, X-band spectrometer. Mass spectra
were obtained using GC-2010 Shimadzu Gas chromatography

Ligand/complex Molecular formula M.Wt. Yield (%) Color

M.P°C Elemental Analyses
sFound (calcd.) %

C H N S M

HL C12H11N3035 277.30 (72) Yellow
(1) [Cul(H,0)]NO3.0.5H,0 C12H13N4075S Cu 428.90 (64) Green
(2) [Nl(L)z]ZHzO C24H24N50352Ni 647.33 (66) Gray
(3) [COL(Hzo)g]NO3.1.5CH30H C13_5H22N4010_5SC0 499.34 (59) Dark brown
(4) [VO(L)].3H,0 CoaHosNg010S2V  673.50 (62) Green
(5) [Zn(L)(H20),NO3].H,0 C12H16N40oSZn 457.34 (58) Yellow
(6) [CdL(CH30H), NOs] Ci14H18N408SCd 514.60 (56) Yellow
(7) [UOL(H,0)OAC)]. H,0  Cy4H;9N301.SU 659.30 (43) orange

194  51.96(51.98) 4.25(4.00) 15.20(15.15) 11.60 (11.56)

>300 33.15(33.61) 3.09(3.05) 13.12(13.06) 7.94(7.48)  14.63 (14.81)
(3.74) 12.72(12.98) 10.40 (9.91)
(4.44)

>300 44.46 (44.53) 3.21 9.15 (9.07)

>300 32.87 (32.47) 4.00(444) 11.72(11.22) 6.01(642) (11.62)
(11.80)

>300 42.73 (42.76) 3.34 (3.86) 12.68 (12.47) 9.61(9.50 NA (7.56)

(

>300 30.89 (31.51) 3.59 (3.52
>300 31.42(32.67) 3.42(3.53
>300 2554 (25.48) 2.79 (2.88

(9.50)
12,63 (12.25) 6.77 (7.01)
10.26 (10.88) 6.09 (6.22)
6.17(637) 456 (4.85)

14.38 (14.21)
21.52 (21.76)
NA (36.10)

NA: not analyzed.
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Table 2
Characteristic FT-IR bands (cm™!) of the HL ligand and its metal complexes.
Ligand/complex »(OH, NH) y(NH,NH;) »(C=0) »(C=N) »(C=C) »(M-N) p(M-0) Other band
HL 3463 3388, 1661 1622 1544
3315,
3222
(1) [Cul(H0)]NO5.0.5H,0 3431, 3184 3237, 1625 1524 560 468 1390, 820
3185 v NOs (ionic)
(2)  [Ni(L)2].2H,0 3464, 3351, 1665 1588 1534 553 439
3278
3133
(3) [CoL(H,0)3]NO5.1.5CH50H 3422 1630 1565 545 446 1383, 829
v NOs (ionic)
(4) [VO(L)].3H,0 3442 3234, 1625 1525 540 426 10957 (V=0)
3180
(5)  [Zn(L)(H20),NO3].H,0 3425 3367 1625 1553 1510 507 473 (1350,1216) vNO; (unidentate)
(6) [CAL(CH50H), NOs] 3455 3388, 1630 1545 1448 550 438 (1356,1230) vNO5 (unidentate)
3257
(7)  [UO,L(H,0)(0AC)].H.0 34301 3392, 1665 1551 511 469 918 (U=0)
3252 1458v,5(CO0™), 1217v4(COO™); (unidentate OAc™)

instrument mass spectrometer (70 eV). Magnetic susceptibilities of
the complexes were measured by the Gouy's method at room
temperature using Johnson Matthey, Alfa product, Model No. (MKI),
the diamagnetic corrections were calculated from Pascal's con-
stants for all atoms in the compounds [43]. Thermal gravimetric
analysis (TGA) of the current compounds were measured from
room temperature up to 800 °C (10 °C/min), using a Shimadzu TGA-
50H instrument. Melting points were measured in open capillaries
on a Stuart SMP3 melting point apparatus.

3. Results and discussion

The Schiff base ligand, HL, and its complexes with Cu(II), Ni(II),
Co(I1),VO(IV), Zn(1I), Cd(II) and UO2(VI) ions are colored, stable in air
and soluble in most common solvent. The elemental analysis,
melting points, percentage yields and colors of the free ligand, HL,
and its metal complexes are listed in Table 1.

3.1. The Schiff base (HL) ligand

The IR spectral bands and their tentative assignments of the
Schiff base ligand, HL, and its metal complexes are given in Table 2.
Comparison the IR spectrum of the current Schiff base ligand with
that of 5-acetyl-4-hydroxy-2H-1,3-thiazine-2,6(3H)-dione (AHTD)
and o-phenylenediamine, was important to confirm the conden-
sation reaction via the IR absorption bands. Consequently, the
appearance of an intense band at 1622 cm™! that assigned to the
azomethine »(C=N) band and disappearance of the absorption
band at 1659 cm™! of the acetyl C=0 of AHTD, that condensed with
the NH; group of the o-phenylenediamine confirmed the structure
of the ligand as suggested in Scheme 1. The IR spectrum of the free
ligand also revealed characteristic absorption bands at 3463, (3388,
3315), 3222, 1661,1622 and 1544 cm ™! those assignable to OH, NH,,
NH, 2C =0, C=N and C=C functional groups, respectively [44,45].

The mass spectrum of the Schiff base (HL) showed the molecular
ion peak at m/e=277 confirming the molecular formula
C12H11N303S corresponding to the formula mass (277.30 amu). The
fragmentation pattern of the mass spectrum is described in Scheme
2.

The 'H NMR spectrum (Fig. 1) of the current HL ligand showed
characteristic singlet signal at ¢ 2.37 ppm which might attribute to
the methyl protons, in addition to broad exchangeable signals at
0 5.37 (NH3), 12.00 (NHhjazine) and 13.60 ppm (OHgpjazine) as illus-
trated in Table 3. Also, the 3C NMR spectrum (Fig. 2, Table 4) of the
ligand showed eleven signals which are ascertained to the number

of carbon atoms in HL ligand. Moreover, characteristic signal
appeared in the upfield region at ¢ 15.8 ppm assignable to CH3
carbon.

Electronic spectral data of the free ligand in DMF solution
showed absorption bands at 276 and 300, 338nm like those re-
ported for similar Schiff base compounds [30,46]. The higher en-
ergy band could be assigned to the ® — =* transition of the
azomethine group, and the lower energy bands may be assigned to
the n — m* transitions resulting from nitrogen, and oxygen [47].

0 a CH,
\\ NS
S | v N )\)‘jf\
)’\ ' NH,
(o] N
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Hz _15x;NH
133 (100%) —,
3
\\ -CH,CN Q Sy
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Scheme 2. Mass fragmentation patterns of the ligand.
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Fig. 1. 'H NMR spectra (6, ppm) in DMSO-dg solvent of: (A) HL ligand without addition of D,0 and (B) HL ligand after the addition of D,0.
Table 3

TH NMR spectra of the, HL, ligand and its and complexes.

"H NMR Chemical shifts in ppm

HL ligand Cd(11) Complex)6)

2.37 2.36 233
5.37 5.28 5.28
6.56 6.55 6.57
6.79 6.72 6.73
7.02 6.93 6.89
7.11 7.09 7.09
12.00 11.07 -
13.60

UOy(IV) complex (7)

Assignment

(s, 3H, CH3s) (s, 2H, NH, exchangeable with D,0)
(t, 1H, J=7.8 Hz,Ar—H)

(d, TH, J = 8.4 Hz,Ar—H)

(d, 1H, J= 8.1 Hz,Ar—H)

(t, 1H, J=7.8 Hz,Ar—H)

(brs,1H, NH exchangeable with D,0)

(brs,1H, OH exchangeable with D,0)

3.2. Metal complexes

The Schiff base ligand was allowed to react with Cu(Il), Ni(II),
Co(II), Zn(II), Cd(II), VO(IV) and UO,(VI) ions to yield the corre-
sponding metal complexes. The isolated complexes were charac-
terized by elemental analysis, FT-IR, UV—Visible, mass, ESR, 'H NMR
spectroscopy and thermal gravimetric analysis (TGA), as well as
molar conductance and magnetic susceptibility measurements. All
the metal complexes have 1:1 (metal: ligand) stoichiometry except
Ni(I)-,VO(VI) complexes which have 1:2 (metal: ligand)

stoichiometry.

The molar conductance values of the current complexes in DMF
(1073) solutions are shown in Table 5. The present complexes are
neutral except complexes 1 and 3 which revealed molar conduc-
tance values 86 and 100 Q~'cm?/mol, respectively, indicating 1:1
electrolytes, so the NO3 anions are in the outer sphere [48].

3.2.1. Infrared spectra
The main characteristic IR vibrational frequencies and their as-
signments for the current complexes are given in Table 2. The sites
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Fig. 2. '*C NMR spectrum of HL ligand.
Table 4
13C NMR spectral data of the Schiff base, HL, ligand.
O GCH,
NS
S | N
oZ N~ “oH 2
H
Chemical shifts in ppm (DMSO) Assignment
15.8 CH;
91.1 C-5
118.5 Ar—C
121.9 Ar—C
125.0 Ar—C
129.6 Ar—C
136.0 Ar—C 3 T ' T ' T E T 2 T ' T k
142.6 Ar—C 2000 2500 3000 3500 4000 4500
156.1 C=N
162.0 C=0as C-2 [G]
1731 C=0 as C-6 .
1841 Cc-4 Fig. 3. ESR spectrum of [CuL(H,0)]NO3.0.5H,0 1.

of coordination were concluded from the comparison of the IR data
of the free ligand with its complexes. The shift of y(C=N) of the free
ligand at 1622 cm™! to a lower frequencies by 34—98 cm™~! in the
complexes indicating coordination through the azomethine nitro-
gen (C=N) [49]. The broad bands in the range of 3464-3422 cm™!

could be assigned to the stretching frequencies of »(OH) of water
and/or methanol molecules, as confirmed by the elemental analysis
and thermal analysis.

The coordination modes of the anions could be deduced from
the IR spectral bands, complex 7 displayed absorption bands at
1458 and 1217 cm™! those assigned to v;s and vs stretching

Table 5
UV—Visible spectral data, molar conductance and magnetic moments of the metal complexes of the HL ligand.
Ligand/complex -7 n- w* d-d transition bands A Ohm~' cm®mol~! Heff
HL 276 300, 338 - _ -
(1) [CuL(H0)]N05.0.5H,0 284 307, 350 544 86 1.70
2) [Ni(L)2].2H,0 283 315,352 402,574 12 2.95
(3) [CoL(H,0)3]NO3.1.5CH30H 290 303,350 400,542 100 4.82
(4) [VO(L),].3H,0 284 310,353 590 14 1.65
(5) [Zn(L)(H,0),NO05].H-0 284 355 _ 20 .
(6) [CdL(CH30H), NOs] 283 356 . 26 .
7 [UO,L(H,0)(0AC)].H-0 _ 313 434, 537 30 _
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frequencies of carboxyl group, respectively, suggesting mono-
dentate character of the CH3COO™ group [50]. Whereas complex 1
exhibited two bands at 1390 and 820 cm™! indicating the presence
of ionic nitrate [46]. However, in complexes 5 and 6 the NO3 group
acts as an unidentate due to the existence of two bands at (1350,
1216 cm~1) and (1356, 1230 cm '), respectively [51].

Furthermore, the IR spectrum of VO(IV) complex 4 displayed
absorption band at 1095 cm™~! due to the stretching vibration of the
y(V=0) band in hexa-coordinated structure [52]. Similarly, the
strong band located at 918 cm™! for complex 7 was assigned to
V3(asym) Of the O=U=0 vibration [53]. The observed values of y(V=
0) and »3(0=U=0) are utilized to calculate the force constant (F) of
V=0 and O=U=0 by using McGlynn and Smith relation [54],
yielding 9.899 and 6.957, respectively. In addition, Jones relation
used to calculate the force constant values which used to calculate
the M — O distance [55], which was found to be 1.673 and 1.736 for
oxovanadium (IV) and dioxouranium (VI) complexes, respectively.
The calculated force constant and M — O distance values are
consistent with the normal range for oxovanadium (IV) and diox-
ouranium(VI) complexes [56].

The frequencies of the weak bands in the range 473-426 cm™!
and 560-507 cm~! are attributed to »(M—0) and »(M—N),
respectively [50].

3.2.2. Electronic spectra and magnetic moment measurements

The electronic spectral bands of the present metal complexes in
DMEF solution with their tentative assignments along with magnetic
moments values are given in Table 5. The bands in the vicinity of
free ligand, n— 7" and w— =* are red-shifted by 7—14 and
12—17 nm, respectively, in the current metal complexes.

The electronic spectrum of Cu(Il) complex 1 showed band at
544 nm, that assigned to dyy — dxo-y2 (?B1—2By), indicating a
square planar geometry [30,57]. The magnetic moment value for
Cu(ll) complex 1 (Table 5) was found in the range reported for d°
systems containing one unpaired electron (1.70 B M), confirming
the square planar geometry of the complex [58].

The electronic spectrum of Ni(Il) complex 2 showed two ab-
sorption bands at 574 and 402 nm assigned to >T14(F) < >Ag,(F) and
3T1g(P) « 3Axg(F), respectively, indicating octahedral structure
[59]. The magnetic moment value of Ni(Il) complex 2 is 2.95 B M.,
which lies in the range (2.9—3.3BM) of the Ni(ll) octahedral

T B T T T Y T b T T
2000 2500 3000 3500 4000 4500
[G]

Fig. 4. ESR spectrum of [VO(L),].3H,0 4.
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Fig. 5. Mass spectrum of [Ni(L),].2H,0 2.

complexes [60]. The spectral data provide the ligand field param-
eters: B (441 cm™ 1), 10Dq (1233 cm™!) and P (0.41), and predicted
the first transition band, 3T2g (F) <—3A2g (F), at 12,330 cm ™,

The electronic spectrum of Co(Il) complex 3 exhibited two bands
at 400 and 542 nm, assignable to, *T1g(P) « *T1g(F) and *Ax,(F) «
4’1'1g( ) transitions, recommending octahedral geometry [61]. The
ligand field parameters were calculated B (366cm™!), 10Dq
(1098 cm~') and B (0.38); the third band not observed, but it can be
calculated and found at 13,725 cm ™, these values found within the
range reported for octahedral structure [62]. The magnetic moment
value is 4.82 B M., therefore, a high-spin octahedral geometry for
the Co(Il) complex 3 was proposed [32,63].

The electronic spectrum of the oxovanadium(IV) complex 4
showed band at 590 nm due to b; < by electronic transition,
suggesting octahedral structure [63]. The magnetic moment mea-
surement value is o= 1.65 B M.

The Zn(Il) 5 and Cd(II) 6 complexes showed two absorption
bands at 284, 283 and 355, 356 nm which might attribute to T —
m* and n — 7* transitions, respectively, in the vicinity of the Schiff
base ligand.

The UO,(VI) complex 7 showed three absorption bands at 313,
434 and 537 nm, which might arise from the allowed electronic
transitions of n — m* and metal — ligand charge transfer (MLCT)
and/or appical oxygen — F° (U) [64]. The magnetic moment mea-
surement suggested the diamagnetic geometry of the UO»(VI)
complex as expected [65].

The '"H NMR spectral data of Cd(ll) and UO»(VI) complexes

23695
Abundance 30219

100 q
90 4

80 1
376.33

70 ] 18594

60 4
; 591 36472
wfan & 3943
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40 4 8965

30 1545 10796
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o
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7!‘
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Fig. 6. Mass spectrum of [CoL(H,0)3]NO5.1.5CH;0H 3.
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Fig. 7. Mass spectrum of [VO(L);].3H,0 4.

(Table 3) showed the aromatic protons in the range (6.55—7.09) and
(6.57—7.09) ppm, respectively. A characteristic singlet signal
appeared at 2.36 and 2.33 ppm, might attributed to the methyl
protons, and a broad exchangeable signal appeared at 11.07 ppm
might assigned to NHiphiazine. Vanishing of the broad signal which
appeared at 13.60 ppm (OHihjazine) in the "H NMR spectrum of the
free ligand, suggesting that these protons were deprotonated

al

/NH 0,

2H0

*ﬁ

OH2 OH

H,

451 (28%)

811

during the coordination of the Schiff base ligand with the Cd(II) ion
and UO;(VI), supporting the monobasic tridentate behavior.

3.2.3. ESR spectra

Figs. 3 and 4 showed the ESR spectra of Cu(ll) complex 1 and
VO(IV) complex 4, in solid state at 25 °C. The ESR spectra of Cu(Il)
complex 1 exhibited one broad band with gef=2.09, proposing
square planar geometry around Cu(Il) ion in the complex such as
concluded from its UV/Vis spectra [29]. Whereas, oxovanadium(IV)
complex 4, displayed one band at gefr= 2.09 indicating an octahe-
dral geometry around VO(IV) ion corroborative with the results
obtained from its IR and UV/Vis spectra [66].

3.2.4. Mass spectra

The mass spectra of complexes 2, 3 and 4 as representative
complexes (Figs. 5—7), Complexes 2, 3 and 4 provide good evidence
for the molecular formulas from their highest mass peak at m/z 611,
461 and 664 respectively, which agree well with the proposed
formula weights for the non-hydrated or non-solvated complexes:
[Ni(L)2].2H20 (F. Wt=647.33), [CoL(H20)3]NOs.1.5CH30H (F.
Wt =499.34), [VO(L)2].3H20 (F. Wt =673.5). The mass fragmenta-
tion pattern of complex 4 are represented in Scheme 3.

Eventually, on the basis of the spectral data the structures of the
metal complexes are showed in Scheme 4.
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Scheme 3. Mass fragmentation patterns of Co(Il)complex.
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Scheme 4. Representative structures of the metal complexes.

3.2.5. Thermal analysis

Thermal gravimetric analysis was carried out to get information
about the thermal stability of the metal complexes and elucidation
the presence of water and solvent molecules (if present) in the
coordination sphere [67]. Also, thermodynamic parameters using
Coats-Redfern equations have been calculated. The results of
thermal analysis of the ligand and its metal complexes are sum-
marized in (Table 6). Figs. 8—10 show the representative example
for complexes 1, 3 and 4.

Complexes 1—4 lost the lattice water or methanol molecules at
the temperature range (80—120 °C). While, the coordinated water
molecules were eliminated from their complexes at higher tem-
perature than those in case of the lattice water molecules. There are
two ways in removal of the coordinated water molecules of the
complexes. In complexes 3 and 7 which lose only all the coordi-
nated water molecules in the temperature range (113—250°C).
However, in complexes 1 and 6 the elimination of the coordinated
water molecules was accompanied with the loss of a part of ligand.
HNO3 molecule loosed from complexes 1, 3 and 6 at 465 °C, 403 °C
and 398 °C, respectively, while CH3COOH molecule decomposed at
376 °C in complexes 7.

The kinetic parameters: activation energy (E;), enthalpy (AH*),
entropy (AS*) and free energy changes (AG*) of the thermal
degradation of the complexes are calculated as described else-
where [33] and summarized in (Table 7). Inspection of these data

demonstrates the following remarks:

(i) The decomposition stages of all the metal complexes show a
best fit of n=1 which indicate that the first order decom-
position and the correlation coefficients of the plots of the
thermal decomposition steps were found to lie in the range
0.98—0.99, showing a good fit with linear function.

(ii) The entropy of activation, AS”, of some decomposition steps
gave negative value which indicates that the activated frag-
ments have more ordered structure than the undecomposed
ones and the later are slower than the normal [68,69].

(iii) The positive values of activation enthalpy change, AH* indi-
cate that the decomposition stages are endothermic
processes.

(iv) The positive value of AG* for all the complexes reveals that all
the decomposition steps are non-spontaneous processes
[70-72].

4. Antimicrobial activity

The antimicrobial activities of synthesized HL and its metal
complexes were screened for antibacterial and antifungal proper-
ties by agar diffusion method [37,38] in DMF solvent against
different types of bacteria; Gram-positive (S. aureus) and Gram
negative (P. vulgaris). Besides, C. albicans for fungus. Some
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Table 6
TGA results of the HL ligand and its metal complexes.
Compound DTG peak (°C)  Temperature range (°C)  Decomposition product lost (formula weight) ~ Weight loss (%) found (calculated)
HL 161 125-181 -C3H4N; 2442 (24.52)
230 182-267 -2CO+CS 35.94 (36.06)
550 267-596 -CeHgNO 40.00 (39.66)
[CuL(H,0)]N03.0.5H,0 (1) 73 32-99 —0.5H,0 2,51 (2.10)
233 99-250 -H,0+CH3CN+2CO+NH 29.60 (30.31)
465 434-519 -HNO3 14.37(14.68)
714 519-800 -CeHg +S 24.01(25.64)
Residue -CuO-+CH,N 29.52(27.87)
[Ni(L),].2H,0 (2) 110 65—154 -2H,0 5.43 (5.56)
247 221-302 -2CH3CN+4CO-+2NH 34.04 (34.60)
516 305-765 -C16H14N205S 47.03 (48.81)
Residue -NiO 13.5(11.53)
[CoL(H,0)3]NO3.1.5CH30H (3) 76 31-133 —1.5CH30H 9.70 (9.61)
152 134-175 -3H20 8.8 (10.81)
204 175-220 -C5H4 14.74 (12.83)
258 220-304 CH3CN+2CO 18.21(19.42)
403 304—470 C3H3N +HNO3-(Co0 + S+ NH) 24.30(23.24)
Residue 24.25(24.41)
[VO(L),].3H,0 (4) 80 33-185 —3H,0 8.00 (8.03)
232 185-253 -CH5CN+NH 9.82(8.32)
285 253-303 -4CO 16.87 (16.64)
347 314-434 -C4HsN3 14.32 (14.11)
476 434-520 -Ci2H100 24.07(25.26)
647 520-798 -CH3CN 5.29(6.09)
Residue -V0,+S, 21.34(21.82)
[CdL(CH30H),NO5] (6) 190 96—200 -CH;0H 7.82 (6.22)
282 212-366 -CH30H+CH3CN+ 2CO 25.72 (25.09)
398 366—464 -HNO3 11.47 (12.94)
561 509-638 -CoH3N 8.18 (7.97)
Residue
- CdO S+CgHs 446.10
[UO,L(H20)(0AC)].H20 (7) 75 26—112 -H,0 2.80 (2.80)
131 113-154 -H0 2.80(2.80)
266 155—332 -C3HgCN30, 19.97 (19.95)
376 332-467 -CH3COOH 9.22 (9.35)
621 467-797 -CeHe 12.21(12.16)
Residue -(UO3 + C,8) 51.28 (48.33)
TGA(mg)
T g T J :
10 - a
8 4
6 N -
4 i
2 T v T y T T T z T y T 4 T ! T v
0 100 200 300 400 500 600 700 800 900
Temprature(C)

antibiotics were evaluated for their antibacterial activities and their
results were compared with free ligand and its metal complexes.

1) The inhibition effect of the ligand and its metal complexes
are presented in Table 8 which revealed that most of the
synthesized complexes possess a variety of antimicrobial
activities toward all microorganisms, while the ligand

Fig. 8. The TGA-DrTGA curves of complex (1).

showed small indefinite quantity activity toward all types of

microorganism

(2) VO(IV) complex 4 showed an excellent activity toward
P. vulgaris as Gram negative bacteria, while Cu(Il) complex 1
showed excellent activity toward C. albicans as fungal strain

(3) Cu(Il) complex 1 and Ni(Il) complex 2 showed an excellent
activity toward S. aureus as Gram positive bacteria.
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Fig. 9. The TGA-DrTGA curves of complex (3).
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Fig. 10. The TGA-DrTGA curves of complex (4).
Table 7
Temperatures of decomposition and the kinetic parameters of HL ligand and its metal complexes.
Compound Step n order T (K) A(S™ A E (k] mol~1) AH (k] mol~1) AS (k] mol'K~1) AG (k] mol™1)
HL First 1 434 2.3 % 10° 32.56 28.95 -0.134 87.11
Second 1 503 5.8 x 107 83.25 77.40 —0.108 132.20
third 1 823 6.32 x 108 88.32 81.39 —-0.093 157.93
[CuL(H,0)]N0O5.0.5H,0 (1) First 1 346 8.3 x 10° 29.68 26.81 -0.113 65.91
Second 1 506 2.3 x 108 38.75 34.54 -0.135 102.85
Third 1 660 7.4 x 107 2735 22.86 -0.109 94.80
Fourth 1 737 3.4 x10° 85.88 79.75 -0.154 193.25
[Ni(L),].2H20 (2) First 1 383 233 x10° 33.54 30.36 ~0.152 88.57
Second 1 520 4.5 %107 36.85 32.53 -0.11 89.73
Third 1 789 2.7 x 101° 80.35 73.79 —0.062 122.71
[CoL(H,0)5] NO5.1.5CH50H (3) First 1 349 45 % 10° 34.80 31.89 ~0.146 82.84
Second 1 425 6.1 x 10° 9.05 5.51 —0.068 3441
Third 1 477 2.7 x 10'° 89.54 85.57 -0.0.57 112.76
Fourth 1 531 2.4 %108 22.03 17.62 -0.097 69.13
Fifth 1 676 5.9 x 10° 20.12 14.49 —0.073 63.83
[VO(L)2].3H,0 (4) First 1 353 9.9 x 106 26.39 23.45 —0.121 66.16
Second 1 505 1.2 x 10° 23.69 19.49 —0.083 61.41
Third 1 558 1.3 x10° 23.69 19.05 —0.080 63.69
Fourth 1 620 1.9 %100 17.02 11.86 —0.062 50.30
Fifth 1 749 1.9 x 107 98.11 91.88 -0.121 182.51
Six 1 920 6.3 x 107 7441 7441 -0.11 167.96
[UO,L(H20)(0AC)].H,0 (7) First 1 348 1.37 x 107 4539 42.49 ~0.117 83.21
Second 1 404 8.2 x10° 36.92 33.56 -0.143 91.33
[CdL(CH30H),NO3] (6) First 1 463 2.8 x 106 33.54 29.69 -0.133 91.27
Second 1 555 3.8 x 10° 42.36 37.75 -0.132 111.01
Third 1 671 5.5 x 10° 76.00 70.42 —0.131 158.32
Fourth
1 834 6.22 x 107 43.52 36.59 -0.112 130.48
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Table 8
The antimicrobial activity of the HL ligand and its metal complexes.

815

Compound Diameter of inhibition zone (mm) conc. (100 pg mL™")
C. albicans (Fungal strain) P. vulgaris (Gram -ve) S.aureus (Gram +ve)

HL
(1) [CuL(H,0)]NO5.0.5H,0 18 9 16
(2) [Ni(L)2].2H,0 3 5 15
3) [CoL(H,0)3]N03.1.5CH30H 5 - -
(4) [VO(L)2].3H,0 14 10 8
(5) [Zn(L)(H20),NO5].H,0 10 6 5
(6) [CdL(CH50H), NOs] - 5 -
(7) [UO,L(H20)(0ACc)]. H,0 5 8 -

Doxymycin 10 15

Fluconazole 16

Table 9

Antitumor activity of HL ligand and its Cu(Il) and VO(IV) complexes
against HepG2 cell line.

Compound IC 50 (ng/ml)
HL 244
[CuL(H,0)JNO3.0.5H,0 (1) 120
[VO(L),].3H,0 (4) 100
Cisplatin 3.67

IC 50 = inhibition concentration 50%.

The results indicate that most complexes exhibited higher ac-
tivity than the free ligand, this is explained on basis of overton's
concept and chelation theory [73]. According to overton's concept
of cell permeability, the lipid membrance surrounding the cell fa-
vors the passage of only lipid soluble materials due to which lip-
osolubility is an important factor which controls the antifungal
activity. On chelation, when metal ion chelates with ligand, its
polarity will be reduced to a greater extent due to the overlap of the
ligand orbital and the partial sharing of positive charge of the metal
ion with donor groups. Furthermore, it increases the delocalization
of m-electrons over the whole chelate ring, which results in an in-
crease in the lipophilicity of metal complexes. This increased of
lipophilicity enhances the penetration of complexes into lipid
membrane and restricts further multiplicity of microorganisms.
These metal complexes also affect the respiration process of the

Table 10

cell; hence, they block the synthesis of “proteins” which restrict
further growth of the organism.

5. Antitumor activity

The results of antitumor activity of the ligand, Cu(II) and VO(IV)
complexes against HepG-2 cell lines are listed in Table 9. The result
showed that complexes of Cu(Il) and VO(IV) are proactive than the
free ligand, indicating increase of the antitumor activity upon the
coordination. The order of antitumor activity is
VO(IV) > Cu(Il) > HL, as a conclusion, the Cu(Il) and VO(IV) com-
plexes showed the highest activity with promising IC5g value (120
and 100 pg mL~") against HepG-2, which is comparable to that of
the standard reference; Cisplatin (Table 9). The difference in anti-
cancer activity between the ligand and the metal complexes may be
due to the positive charge of the metal increasing the acidity of
ligand function group to bear protons. This leads to stronger
hydrogen bonds which enhanced the biological activity [74].

6. Molecular orbital calculations

The molecular structures were proposed on the basis of the
spectral, molar conductance, magnetic susceptibility and TGA data
which indicated that the prepared complexes were of octahedral
and square planar conformations. The design of new molecular

Total energy (au), energy of HOMO (ev), LUMO (ev), energy gap (ev), Electronegativity(ev), Hardness(ev), Electrophilicity(ev), Softness(eV~') and dipole moment (Debye) for

the ligand and its metal complexes using B3LYP/6-311G(d,p) level.

Compounds  Er,au Enowmo (eV) Erumo (€V)  Egap (V)  Electronegativity y (ev) Hardness n(eV) Electrophilicity w(eV) Softness Sev'!) uD
HL -1251.9720 -5.8194 -2.3029 3.5165 4.0612 1.7583 8.2467 0.2844 3.5077
1 —2968.6652 —4.5919 —1.3568 3.2351 2.9744 1.6176 4.4235 0.3091 11.5540
2 —4011.7567 —6.0438 —2.4694 3.5744 4.2566 1.7872 9.0593 0.2798 6.3082
3 —2863.8694 —4.3193 -1.7889 2.5304 3.0541 1.2652 4.6638 0.3952 9.1827
4 —3523.3424 -6.1149 -2.9179 3.1970 4.5164 1.5985 10.1989 03128 6.1825
5 —3464.4125 —-6.4336 —1.9843 4.4493 4.2089 2.2247 8.8574 0.2470 13.2852
Table 11
The selected bond lengths and net charges on metals and active centers of HL ligand and its metal complexes using B3LYP/6-311G(d,p) level.
Compound Charges
015 016 017 NH -C=N NH, S M C=015 (=016 (C-017 M-017 -C=N-M M-NH, V=0
HL -0384 -0359 -0597 -0.713 -0306 -0.905 0.298 -— 1.2361 1.2281 13663 — — — —
1 -0.344 -0342 -0.611 -0410 0.557 0.695 0.119 0.835 1.2144 1.2058 12680 1.9512  1.0907 1.9825
-0.307 -0.257 -0.547 -0486 -0.634 0.617 0.480 1.307 1.2167 1.2065 12376 1.5205 1.9461 1.9773
-0.347 -0.265 -0423 -0466 -0.737 0.557 0,398 1.2095 1.2052 1.8423 1.8423 1.9090 3.1116
3 -0332 -0334 -0613 -0428 0.644 0.617 0.132  0.600 1.2116 1.2071 1.2778 1.8590 1.8610 1.9561
4 -0.341 -0357 -0554 -0412 -0431 0.601 0.114 V(1.44) 120,007 13451 13158 1,9274 2.1162 - 1.5760
-0.294 -0315 -0425 -0.334 -0.637 0.662 0.193 0O(-0.48) 1.2118 12136 12575 1.9400 2.4400 -
5 -0337 -0320 -0605 -0.404 -0.695 0.660 0.138  0.546 1.2135 1.2055 1.2657 1.0235 1.0924 2.2339
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Fig. 11. The optimized structure and numbering system of HL ligand.

Schiff base ligand and its metal complexes can be recognized by
applying computational chemistry tools, which is an effective
protocol for interpreting their stabilities and calculating structural
parameters (Tables 10 and 11). The structural parameters of the
ligand and its metal complexes were performed using density
functional theory (DFT) at B3LYP/6-311G (pd) level by the Gaussian
09 program in the gas phase [36]. The visualization of the results/
optimized geometries was accomplished by using Gauss View 05.
The values of quantum chemical such as, dipole moment and
frontier molecular orbitals (FMO), highest occupied and lowest
unoccupied molecular orbitals energies, (HOMO, LUMO) are
collected in (Table 10). Figs. 11—14 represent numbering system, net
charge, the vector of dipole moment, HOMO and LUMO of the
ligand and its Cu(Il) complex. It is well established that HOMO or-
bitals are directly related to the ionization potential (electro-
ndonating), whereas LUMO orbitals are directly related to the
electron affinity. The molecular hardness and softness of a com-
pound can be predicted from the HOMO-LUMO gap [74]. Hard
molecules have a large energy gap and soft molecules have a small
energy gap [75,76]. The lowering in the HOMO and LUMO energy
gap explains the eventual charge transfer interactions that take
place within the molecule.

Figs 11—14 represent the Frontier Molecular Orbital (FMO)
analysis that showed the HOMO is mainly concentrated on the
oxygen (keto groups, OH phenolic), azomethine nitrogen (-C=N-)
and nitrogen amino group (NH;). However, the LUMO is mainly
concentrated on the phenyl ring and hetero ring moiety indicating
that the HOMO-LUMO are mostly the p-anti-bonding type orbitals.
The FMO energy parameters such as the Eyomo, ELumo, and Egap are

A J

=

Ligand HOMO

. N

Cu(l LUMO

Cu(ll) HOMO

Fig. 14. HOMO and LUMO of the Cu(Il) complex (1).

often used as reactivity or stability structures [77]. The order of
Egap(eV) that measures the reactivity of the current compounds is:
Zn(II) > Ni(II) > HL > Cu(II) > VO(II) > Co(II), as shown in Fig. 15. The
studied antitumor reactivity mentioned above for HL,VO(IV) and
Cu(Il) compounds against Erlish Ascites Carcinoma cell line, is
nearly agree with the decreasing of the calculated Eg,p values
(Tables 8 and 9). Therefore, the order of antitumor reactivity is
VO(II)>Cu(Il)>HL complex.

Moreover, the biological activity of the investigated compounds
increases with the increasing of the theoretically computed HOMO
energies (see section antimicrobial activity) as represented in
Figs. 16 and 17 that showed the relation between Eygmo of the
current compounds against their activity toward C. albicasn (Fungal
strain) and S. aureus (Gram+Ve).

&

H

%,

J

Ligand LUMO

Fig. 12. HOMO and LUMO of HL ligand.
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Fig. 15. Eg,;, of the ligand and its metal complexes.

7. Conclusion

A novel tridentate N,O Schiff base ligand derived from 5-acetyl-
4-hydroxy-2H-1,3-thiazine-2,6(3H)-dione and o-phenlenediamine
has been synthesized. Metal complexes of Cu(Il), Ni(II), Co(II), Zn(II),
Cd(II), VO(IV) and UOy(VI) have been synthesized. The structures of
the complexes were proposed based on elemental analyses, spec-
tral data, magnetic moment, molar conductance and thermal
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HL vo(ll) Co(ll) Ni(ll) cu(l Zn(ll)

Compounds

Fig. 17. Relation between Eyomo of the ligand and its metal complexes and their.
reactivity toward S. aureus (Gram+Ve).

complexes showed antimicrobial activity against the microorgan-
isms S. aureus and P. vulgaris and C. albicans for fungus. The ligand
and its Cu(Il) and VO(IV) complexes exhibited antitumor activity
against Human Hepatocelluar Carcinoma. Molecular parameters of
the ligand and its metal complexes have been calculated and
correlated with the experimental data. Kinetic parameters of the
thermal decomposition stages of the ligand and its metal complex

Il c.albicans
B E

HOMO

Ni(Il) Cu(ll) Zn(ll)

Compounds

Fig. 16. Relation between Epomo of the ligand and its metal complexes and their. reactivity toward C. albicans (Fungal strain).

gravimetric analysis. Square planar and octahedral geometries have
been assigned to the prepared complexes, while uranium(VI) ion is
hepta-coordinated in its complex. The ligand and its metal

have been evaluated using Coats-Redfern equations. Density
Functional Theory calculations were carried out to investigate the
optimized structures of the ligand and its metal complexes.
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