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1. Introduction

Thiosemicarbazides and its derivatives have been raised consid-
erable interest in chemistry and biology [1]. Also, these compounds
have different applications such as antiparasite [2], antibacterial
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[3], antitumor [4,5], antimalarial [6] and antiviral [7]. In continua-
tion of our earlier work [8-14] and others [15-19] and due to the
importance of these compounds, we extend this work to include
thiosemicarbazide derived from salicylic acid hydrazide. Also,
the ternary metal complexes with 2,2’-dipyridyl were synthesized
and characterized. The biological activity of L! and two metal
complexes were tested against DNA. Moreover, comparative
studies between our previous works of 4-allyl- and
4-phenyl-4-(2-hydroxybenzoyl) thiosemicarbazides [20,21] have
been studied. Finally, we focused our attention to study the role
and behavior of ethyl, phenyl and/or allyl attached in the
4-position of the thiosemicarbazide moiety on the geometry of
complex formation as well as on the reactivity toward DNA.

2. Experimental
2.1. Instrumentation and materials

All the chemicals were purchased from Aldrich and Fluka and
used without further purification. All the methods and instrumen-
tations are described in earlier works [22,23].

2.2. Synthesis of synthesis of the ligand (L)

4-Ethyl-1-(2-hydroxybenzoyl) thiosemicarbazide (L') was syn-
thesized similar to these described earlier in our previous work
[20,21] but using ethyl isothiocyanate. L! was checked by its melt-
ing point (217-218 °C) and TLC.

2.3. Syntheses of binary metal complexes

A solution of L! (0.0 I mol; 2.5 g) in EtOH was added to the metal
salt solutions (0.01 mol) of CoCl,-6H,0 (2.4 g), CuCl,-2H,0 (1.7 g)
and Zn(Ac),-2H,0 (2.2 g) in EtOH (50 mL). The reaction mixtures
were refluxed on a hot plate for ~3 h. The pH of the solutions were
found in the range 1-2 for the Cu?>* and Co?* complexes while at 5
in case of the Zn?* complex.

2.4. Syntheses of ternary metal complexes

A solution of 2,2-dipyridyl (L2, 0.003 mol; 0.45¢) in EtOH
(25mL) was added to a solution of CoCl,-6H,0 (0.003 mol;
0.72 g), CuCl,-2H,0 (0.003 mol; 0.51¢g) and ZnCl, (0.003 mol;
0.42 g) in EtOH (25 mL). The binary solid complexes derived from
2,2'-dipyridyl were filtered off and washed with hot EtOH and
diethyl ether, respectively. The ternary complexes were synthe-
sized by dissolving the isolated solid complexes derived from
2,2'-dipyridyl in redistilled water (0.003 mol; 0.8 g) in case of the
Cu?* complex, (0.002mol; 0.6g) for the Co®>* complex and
(0.004 mol; 1.2 g) in case of Zn*>* complex. L' was dissolved in
absolute EtOH (25 mL) and then added to the above complex solu-
tions. The reaction mixtures were heated on a hot plate for 4 h. The

pH of the solution was raised to 5 in case of Co?* and Zn** com-
plexes using KOH solution. The Cu?" complex was obtained at
pH =2 and without raising the pH of the solution. All the binary
and ternary complexes were filtered off, washed several times with
hot EtOH and diethyl ether, respectively. The isolated solid com-
plexes were dried in oven at 120 °C for 1.5 h.

2.5. Genotoxicity activity

The methodology for studding genotoxicity activity was
described earlier [20,21].

3. Computational details

All computational calculations using DMOL?® program are
reported in our previous work [20,21].

4. Results and discussion

All the isolated metal complexes are colored, insoluble in most
common organic solvents but partially soluble in DMSO and DMF,
except the Zn?* complexes, which are white in color. The value of
Ap, for the ternary Zn?" complex (5.0 Q7 'cm?mol™!) at 25°C
suggests that complex is non-electrolytic in nature. All the metal
complexes have high melting points (>300 °C), except for the Cu®*
(binary) complex, which is 214 °C. Elemental analyses and some
physical properties of the isolated solid complexes are listed in
Table 1.

4.1. IR spectra

The IR bands of 4-ethyl-1-(2-hydroxybenzoyl) thiosemicar-
bazide and its metal complexes are depicted in Table 2. The IR
spectrum of L in KBr shows a strong band at 1660 cm ! assignable
to the v(C=0) vibration [24,25]. This suggests that L' is mainly
exists in the keto form. On the other hand, three bands are
observed at 3126, 3186 and 3254 cm ™' assigned to the V('NH),
V(®NH) and v(*NH) vibrations [26], respectively. The three bands
at 3388, 1244 and 700 cm™' are attributed to v(OH) [25,26] and
V(C=S) [27] vibrations, respectively. Moreover, no bands are
observed in the 2500-2600 cm™' region attributed to the SH
group [28] indicating that the free ligand in the solid state is
mainly existed in the thione/keto form (Fig. 1). The previous
postulation is confirmed by molecular modeling of L! as shown
in (Figs. 1a and 1b).

The IR spectra of metal complexes (binary complexes) show
that L! acts as a mononegative bidentate in the thiol form in the
case of binary Cu?* and Co?* chlorides complexes, while the ligand
acts as a mononegative tetradentate in the enol form in case of the
binary Zn** acetate complex.

Firstly, in case of Cu?* and Co®* chloride complexes (Figs. 2 and
3), the results show that L! coordinates to the metal ions through

Table 1

Analytical and some physical data of L' and its metal complexes.
No. Compound (empirical formula) (F.Wt) Color M.p. (°C) % Found (Calcd.) Hesr BM Am (DMSO)

C H M cl

1 (L'); C1oH13N30,S 239.3 White 217-218 50.6 (50 .2) 5.3 (5.5) - - - -
2 [Cu(L'-H),]-EtOH 586.2 Brown 214 45.7 (45.1) 53 (5.2) 10.6 (10.8) - 2.1 10.8
3 [Co(L'-H),] 535.5 Black >300 45.4 (44.9) 4.6 (4.6) 114 (11) - 3.8 15.2
4 [Zns(L'-H)(LH)(Ac)s] 969.0 White >300 38.1(37.2) 44 (4.2) 21.1 (20.2) - - -
5 [Cuy(L2),(L'-2H),(H,0),]-4H,0 1022.0 Olive green >300 46.6 (47) 4.3 (4.9) 12.2 (12.4) - 1.7 -
6 [Co(L2)(L'-2H)]-3H,0 506.5 Deep brown >300 46.9 (47.4) 4.5 (5) 114 (11.6) - 4.2 14.5
7 [Zny(L?)(OH)(L'-3H)(H,0)]-1/2EtOH 581.3  White >300 429 (43.4) 42(42) 224(226) - - 5.00

‘(ohm~" cm? mol 1), L? = 2,2'-dipyridyl.
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Table 2
IR spectral bands of L' and its metal complexes.
No.  Compound (empirical formula) (F.wt) Color M.p. (°C) % Found (Calcd.) Lef BM Aj, (DMSO)
C H M Cl
1 (L; EHBTS) 239.301  White 217-218  50.6(50.2) 53(55) - - - -
2 [Cu(L-H),]-EtOH 586.195 Brown 214 45.7 (45.1) 53(5.2) 10.6 (10.8) - 2.1 10.8
3 [Co(L-H),] 535516  Black >300 454 (449)  4.6(46) 114(11) - 38 15.2
4 [Zns(L-H)(LH)(Ac)s] 968.964  White >300 38.1(37.2) 44(42) 21.1(202) - - -
5 [Cuy(‘dipy)(L-2H),(H,0),]-4H,0 1022.132  Olive green  >300 46.6 (47) 43(49) 122(124) - 17 -
6 [Co("dipy)(L-2H)]-3H,0 506.453  Deep brown  >300 46.9 (47.4) 4.5 (5) 114 (116) - 42 145
7 [Zny("dipy)(OH)(L-3H)(H,0)]-(EtOH )y 2 581.280  White >300 429 (434)  42(42) 224(226) - - 5.00
‘(ohm™! cm? mol 1), ("dipy) = 2,2'-dipyridyl.
OH
S
H 2 y: 4 22
P NP N
¢ 1T ONT3ONT T O CH,
|| H H
O

Fig. 1. Structure of L.

the C-SH with displacement of a hydrogen atom and the ('NH)
group forming five-member ring around the metal ions. The for-
mula of the Cu?* and Co?* chloride complexes is quite similar but
differ only in the presence of one ethanol molecule outside the
coordination sphere in case of Cu?* complex. The following
evidences support the modes of chelation for the Cu?* and Co®*
complexes

(1) The disappearance of the CS band together with the appear-
ance of a new band in the 1554-1557 cm~! region assigned
to the (C=N*) group which is taken as evidence for the eno-
lization of the CS group together with the displacement of a
hydrogen atom.

(2) The shift of the band assigned to 'NH as shown in Table 2 is
taken as an evidence of participation of 'NH group in bond-
ing [25].

(3) The results (Table 2) show the obscure of the band assigned
to the (°NH) group due to the formation of the (C=N*) group.

(4) The observation of two new weak bands in the ranges 455-
468 and 421-445 cm ! assigned to M-S and M-N vibrations
[25,29], respectively, is taken as additional evidence for the
participation of the 'NH and the CS groups in bonding.

(5) Also, the IR spectra show that the band assigned to v(OH)
(phenolic) in L! is shifted to lower wave-number and
observed at 3353 and 3350 cm™! in the Cu?* and Co?* com-
plexes, due to the formation of hydrogen bond [25].

On the other hand, in case of the Zn?" acetate complex (Fig. 4),
the data show that two molecules of L! are coordinated to three

(2)

Fig. 3. Molecular modeling of [Co(L'-H),].

Zn?* ions. The first molecule of L! is coordinated to the first Zn(1)
ion through the (CS) and (C=N*) groups while it coordinates at
the same time to the 2nd Zn(10) through the enolized carbonyl

(b)

Figs. 1a and 1b. Molecular modeling of L! (1a) and (1b) for electron density.
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Fig. 4. Molecular modeling of [Zns(L'-H)(LH)(Ac)s].

oxygen (=C—OH) with displacement of a hydrogen atom and the
(?NH) groups forming five-membered ring around the Zn?* ions.
The second L! is coordinating to the 3rd Zn(11) ion in a similar
way to that observed for the first molecule of ligand coordinates
to the 2nd Zn(10) ion through the 2NH and CO groups in the enol
form without displacement of a hydrogen atom forming
five-membered ring around the Zn** ion.

The following evidences support the mode of chelation in case
of Zn?* acetate:

(1) The shift of the bands assigned to the (CS) group, which are
observed in the (1235-1252) and (701-750 cm™!) ranges
[25] as shown in Table 2. This indicates that the two CS
groups from the two L! are coordinated to the Zn?" ions in
the thioketo form without displacement of hydrogen atoms.

(2) The disappearance of the band assigned to the (\NH) groups
in the two L! together with the appearance of new bands in
the 1567-1599 cm~! range assigned to the azomethine
groups (C=N*).

(3) The shifts of the bands in the region 3091-3094 cm~!
assigned to the (?NH) groups are taken as an evidence for
the participation of the (2NH) groups in coordination.

(4) The obscure of the band assigned to the (CO) group in case of
first L! molecule suggests that this group is coordinated to
the 2nd Zn(10) ion in the enol form with displacement of a
hydrogen atom, while the ligand coordinates in the enol
form as in case of the 3rd Zn(11) ion without displacement
of a hydrogen atom.

(5) The IR spectrum of the Zn?* acetate complex shows two
bands at 1518 and 1444 cm~! assigned to v.(Ac) and
vs(Ac) vibrations [25], respectively. The difference between
these two bands is lower than 176 cm™! indicating the
bidentate nature of the acetate group in bonding [30,31].

On comparing the IR spectra of the mixed Cu?* complex with L,
we observed the disappearance of the bands at 3388 and
1660 cm~! assigned to the (OH) and (CO) groups, respectively,
which are existed L! (Table 2). This indicates that these groups
are participated in bonding by losing one proton from each group.
The carbonyl oxygen group is enolized to form (=C—OH) and con-
sequently losses its proton together with the observation of new
band at 1351 cm™! assigned to the (C-0). The CS group is shifted
to lower wavenumber and observed at 1238 and 686 cm™~! indicat-
ing that this group is coordinated to the 2nd Cu?* jon without the
formation of the -C-SH form [32]. Moreover, the IR spectrum
shows the disappearance of the 'NH band together with the shifts
of the 2NH to lower wavenumber (3108 cm ') while the “NH group
is shifted to higher wavenumber (3257 cm™') as shown in Table 2.
The observation of two new bands in the spectrum of the Cu®*
mixed complex at 1261 and 710 cm™! assigned to the CS group
[31] indicates that L' molecule participates in bonding in the

Fig. 6. Molecular modeling of [Co(L?)(L'-2H)]-3H,0.

thio/keto form while the second L! is excluded from bonding as
shown in Fig. 5. Finally, the IR spectrum of the complex shows a
broad medium band at 3443 cm~' assigned to water of coordina-
tion as well as the water of solvation. The new band observed at
1110 cm™! is assigned to 8(OH) vibration [33] for the water of
coordination. The bands observed at 540, 490, 453 and 426 cm™!
are attributed v(M-0), v(M-S), v(M-N; ligand) and (M-N; dipy)
vibrations [25,29], respectively. Also, the spectrum shows two
bands at 1525 and 1440 cm~! assigned to the C=N groups of the
2,2-dipyridyl (L?) which are obscured in the IR spectra of the
binary complexes [25]. Another evidence for the participation of
the OH (phenolic) in bonding in the Cu?* complex comes from
the negative test on adding FeCl; solution [34].

The IR spectrum of the mixed ligand Co®* complex (Fig. 6)
shows bands at 3283, 3151, 1666, 1553, 539, 495, 480 and
460 cm~! assigned to v(*NH), v(NH), v(C=0), v(C=N), v(M-0),
v(M-S), v(M-N; ligand) and v(M-N; 2,2’-dipyridyl) vibrations
[25,29], respectively. Also, the spectrum shows two bands at
1540 and 1448 cm ™! assigned to the C=N groups of L2, which are
obscured in the IR spectra of the binary complexes [25].

The IR spectrum of the mixed Zn?* complex (Fig. 7) shows two
bands at 1515 and 1444 cm™! assigned to the C=N groups of
2,2'-dipyridyl which are obscured in the IR spectra of the binary
complexes [25]. On comparing the IR spectra of the mixed Zn?*
complex with the free ligand, we observed the disappearance of
the bands at 3388 and 1660 cm™! assigned to the (OH) phenolic
and (CO) groups, existed in the free ligand, respectively (Table 2)
indicating that these groups are participated in bonding by losing
one proton from each group. The carbonyl oxygen group is eno-
lized to form (=C—OH) and consequently losses its proton.
Another evidence for the participation of the OH (phenolic) in
bonding in case of Zn** complex comes from the negative test on
adding FeCls solution [34]. Also, we observed the disappearance
of the bands at 1244 and 700 cm™'which are existed in L! and
assigned to the CS group due to the thioenolization but with
displacement of a hydrogen atom indicating that this group is
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Fig. 7. Molecular modeling of [Zn,(L?)(OH)(L'-3H)(H,0)]-1/2EtOH.

participated in bonding. Moreover, the spectrum shows the disap-
pearance of both the !NH and 2NH bands while the “NH band
remains unaltered (3254 cm™!) as shown in Table 2. The observa-
tion of new bands at 1599 and 1567 cm~! assigned to the azome-
thine groups (C=N") is taken as evidence for the displacement of
two protons from the NH groups. The bands at 540, 470, 456 and
446 cm™! are attributed to the v(M-0), v(M-S), v(M-N; ligand)
and v(M-N; dipy) vibrations [25,29], respectively. The band at
1100 cm™! is assigned to the hydroxyl (OH™) group [33], which is
disappeared on deuteration. Finally, the spectrum of L! shows a
broad medium band at 3448 cm™! attributed to the water of coor-
dination as well as the EtOH. The new band observed at 1115 cm™!
is assigned to the §(OH) vibration of the coordinated water.

4.2. "TH NMR spectra

The 'H-NMR spectrum of L! in dg-DMSO shows several signals
at 11.9, 10.6, 9.4 and 8.1 ppm, downfield with respect to TMS,
which disappear upon adding D,0. These signals are attributed
to the protons of OH, 'NH, 2NH and “NH, respectively [35]. The
multiple signals in the 6.9-7.9 ppm range are corresponding to
the aromatic phenyl protons. Also, the signals observed at 3.44
and 1.07 ppm are attributed to the protons of -CH, and -CH;
groups [36], respectively. All these foundations suggest that L! is
mainly exited in the thione/keto form.

The 'H-NMR spectrum of [Zns(L-H)(LH)(Ac)s] in dg-DMSO
shows the absence of the signal at 10.6 ppm, which is assigned
to the (NH) proton due to the formation of the azomethine group
(C=N*). The signals appeared at 1.1, 1.9, 3.4 and 4.3 ppm are
assigned to the protons of CH3 (C;Hs-), CHs (CH3COO), CH;
(CH3COO0) attached to the 2nd Zn(II) ion and CH, (C;Hs-), respec-
tively. The (NH) signal undergoes a slight shift in its position
(9.3 ppm) due to its involvement in bonding. The (*NH) signal at
8.1 ppm remains without any shift suggesting that this group is
not taking part in bonding. The 'H-NMR spectrum shows also

953

signals in the region 6.8-7.8 ppm range assigned to the CgHys— pro-
tons. Also, the two signals observed at 11.8 and 10.8 ppm are
assigned to the protons of OH (free, phenolic) and the enolized car-
bonyl oxygen (=C—OH), respectively [37].

The 'H-NMR spectrum of [Zn,(L?)(OH)(L'-3H)(H,0)]-1/2EtOH
in dg-DMSO) shows the disappearance of both the 'NH and 2NH
signals while the “NH signal remains existing at 8.1 ppm. This sug-
gests the replacement of these two protons through enolization of
both the CO and CS groups. The signals at 9.4, 8.1 and 4.3 ppm are
assigned to the protons of OH (free) “NH and OH (H,0), respec-
tively. Also, the signals at 1.05, 1.3, 3.4, 3.7, 6.9-7.9 and 11.9 are
assigned to the protons of CHs (ethyl), CHs (EtOH), CH, (ethyl),
CH, (EtOH), ph + dipy and OH (EtOH) [35,37], respectively.

4.3. Mass spectra

The mass spectrum of L! (Fig. 8) shows that the molecular ion
peak is 239. This suggests that the structure of L! has the chemical
formula; C;gH3N30,S and M. Wt. = 239.301. Also, the results of
elemental analyses and 'H-NMR are taken as evidences for the
proposed structure.

The fragmentation pattern of L! shows corresponds to the suc-
cessive degradation of the ligand (C;oH;3N30,S). The first peak at
m/z 239 represents the molecular ion (Calcd. 239.301). The peak
in 152 correspond to [C;H;N,0,]* (Calcd. 151.43) and the peak
in 137 with represent of [C;HgNO,]|™ (Calcd. 136.41) fragment.
There are signals which represent stepwise loss of NH, CO and
OH fragments; [CgH50,]™ in 121 (Calcd. 121.39), [CgHs0]* in 93
Calcd. 93.38) and [CgHy4]™ in 76 (Calcd. 76.37), respectively. The
peak at 65 correspond to [CsH4]™ (Calcd. 64.4). The mass spectrum
of [Co(L-H),] shows that the molecular ion peak is 535 (Fig. 9)
while the theoretical value is 535.516. Also, the elemental analyses
are taken as evidences for the proposed structure.

The fragmentation pattern of this complex is shown in
Scheme 1.

The mass spectrum of [Zn,(L?)(OH)(L'-3H)(H,0)]-1/2EtOH
(Fig. 7) shows that the molecular ion peak [M]* equals 580 is coin-
cide with the theoretical value (581.289) which can be taken as
evidence for the presence of two Zn?" ions coordinated to the
donor atoms of L' and L? (Fig. 10).

The fragmentation pattern is represented by Scheme 2.

4.4. Electronic spectra and magnetic behavior

The electronic spectrum of L! in Nujol mull shows three bands
at 37,879, 32,051 and 29,762 cm™! assigned to © —» ©* (CO), n —» ©*
(CO) and n - m* (CS), respectively. The data suggest that L! is
mainly existed in the keto form [38]. The electronic spectrum of
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Fig. 8. Mass spectrum of L',
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Scheme 1. Fragmentation pattern of [Co(L'-H),].

the Cu?* binary complex in Nujol shows two bands at 14,390 and
17,825 cm~! assigned to the 2B, — 2E and 2B, — 2B, transitions in
a tetrahedral geometry around the Cu?* ion [39]. Also, the bands
at 19,360 and 20,580 cm™! are assigned to charge-transfer of the
type (L — M) transition. Moreover, the value of the corrected mag-
netic moment (g = 2.1 BM) suggests the absence of any Cu-Cu
interaction [40].

The electronic spectrum of the Co?* binary complex shows four
bands at 14,990, 17,125, 18,940 and 21,277 cm™ . The first band is
attributed to “A, — “T; (F) in a tetrahedral geometry around the
Co?" ion. The second band at 17,125cm™! is assigned to
4A, > T; (P) [41]. The other two bands at 18,940 and
21,277 cm™! are assigned to charge-transfer (L — M). Also, the
value of the corrected magnetic moment (g = 3.8 BM) is taken
as a strong evidence for the existence of a tetrahedral geometry
around the Co?" ion [42]. The electronic spectrum of the mixed
ligand Cu®* complex shows bands at 13,910, 14,535, 16,920,

18,520, 21,100 and 22,940 cm™". The first and the third bands are
assigned to the 2E; — 2T,, transition in a distorted-tetragonal
geometry containing N,O, donor atoms around the 'Cu?* while
the second and fourth bands are attributed to the 2Eg — T, tran-
sition in a distorted-tetragonal geometry around the second Cu?*
but containing N50,S donor atoms [39]. Also the two bands at
21,100 and 22,940 cm™! are assigned to charge-transfer (L — M).
The average magnetic moment ( iesr = 1.7 BM) suggests the absence
of Cu-Cu interaction [40].

The electronic spectrum of the Co?* complex, [Co(L?)(L-2H)]-
3H,0, in Nujol shows three bands at 16,610, 18,660 and
21,190 cm~!. The first two bands are assigned to “A, — %A, and
4A, — “E transitions in a high-spin square pyramidal around the
Co?" jon [39]. The band observed at 21,190 cm™! is assigned to
charge-transfer (L — M). Also, the corrected magnetic moment
value (pesr=4.2BM) is taken as additional evidence for the
proposed structure [40].

4.5. Molecular modeling

4.5.1. Geometry optimization with DFT method

The optimized molecular structures of L! and its metal com-
plexes are shown in Figs. 1-7. For the discussion of optimized
molecular geometry bond lengths and angles are calculated and
given in Tables (S1-S14). The following remarks can be concluded:

(1) The bond angles of the L! are altered somewhat upon coor-
dination; the largest change affects C(4)-C(5)-0(7), C(4)-
C(8)-0(15), N(9)-C(8)-0(15) and S(16)-C(11)-N(10), which
are reduced or increased on complex formation as a conse-
quence of bonding [43].

(2) The bond angles in case of [Cu(L'-H),]-EtOH, [Co(L'-H)]
binary and [Zn,(L?)(OH)(L!-3H)(H,0)]-1/2EtOH ternary
complexes afforded an tetrahedral geometry, while in the
[Zns(L'-H)(LH)(Ac)s] binary and [Cuy(L?)y(L'-2H):(H,0),]:
4H,0 ternary are quite near to an octahedral geometry
predicting, and adopts a square-pyramidal arrangement in
[Co(L2)(L'-2H)]-3H,0 ternary.

(3) All the active groups taking part in coordination have bond
lengths longer than that already exist in the ligand (like
C-S and CO) [43].

(4) The bond angles within the L! backbone do not change
significantly but the angles around the metal undergo
appreciable variations upon changing the metal center.

4.6. Chemical reactivity

4.6.1. Global reactivity descriptors
The determination of energies of the HOMO (m donor) and
LUMO (7 acceptor) are important parameters in quantum chemical



S.J. Azhari et al./Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 150 (2015) 949-958 955

A
u
b
91
n
d 62 105
a
n
C
5
e | 205
l 119
l } 156
il ol -
100 200 300 400 500 600
Fig. 10. Mass spectrum of [Zn,(L?)(OH)(L'-3H)(H,0)]-1/2EtOH.
_ (iii) Gutmann’s variation rules, “the bond strength increases as
N\ the adjacent bonds become weakness” such as found by
~ N\ Linert et al. [45]. This interpretation agrees well with the
PN resultant as the increase of the Eyomo is accompanied by a
P weakness (elongation) of the metal-ligand bonds, which
D S leads to a strengthening (shortness) of the sites adjacent to

the metal ligand centers.

(iv) The HOMO level is mostly localized on the O(15) N(9) and
S(16) atoms (Fig. 11), indicating that these atoms are the
preferred sites for nucleophilic attack at the central metal
ion. This means that these moieties, with high coefficients
of HOMO density, are oriented toward the metal ions.

(v) The energy gap (Epomo — ELumo) is an important stability

o index helps to characterize the chemical reactivity and
° o kinetic stability of the molecule [46]. A molecule with a
N small gap is more polarized and is known as soft molecule.
i = 1206 (120) w911 92) Soft molecules are more reactive than hard ones because
l.o they easily offer electrons to an acceptor. The energy gap is
P small in L! indicating that charge-transfer easily occurs in

e (L e

- = -—

m/z =51.2 (52.08) m/z = 64.7 (64.9) m/z="71.7 (76.1)

Scheme 2. Fragmentation pattern of [Zn,(L2)(OH)(L'-3H)(H,0)]-1/2EtOH.

calculations. The HOMO (Highest Occupied Molecular Orbitals) is
the orbital that primarily acts as an electron donor and the Eromo=-1.742 eV
LUMO (Lowest Unoccupied Molecular Orbital) is the orbital that (excited state)
largely act as the electron acceptor. These molecular orbitals are

A

also called the frontier molecular orbitals (FMOs).

(i) The Exomo and Ejymo and their neighboring orbitals are all
negative, which indicate that the prepared complexes are
stable [44].

(ii) The FMO’s theory predicts sites of coordination (elec-
trophilic attack) on aromatic compounds. An initial assump-
tion is that the reaction takes place with maximum overlap
between the HOMO on one molecule and the LUMO on the
other. The overlap between the HOMO and the LUMO is a
governing factor in many reactions. We can indicate that
from the calculation by searching for the largest values of
molecular orbital coefficients. So, orbitals of the ligand with Enomo--4.671 eV
the largest value of molecular orbital coefficients may be (ground state)
considered as the sites of coordination. This conclusion is
confirmed by the data obtained from the calculation because
the oxygen of the C=0 group, nitrogen of C—NH and sulfur
C=S have the largest values of molecular orbital coefficients. Fig. 11. 3D plots frontier orbital energies using DFT method for L'.

Energy gap = 2.929
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Table 3

Calculated Ejomo, Eumos energy band gap (Ey; — Ev), chemical potential (u), electronegativity (), global hardness (1), global softness (S) and global electrophilicity index () for L!

and its complexes.

No. Compound Ey (eV) Ep (eV) (Eq — Ep) (eV) x (eV) u(eVv) n (eV) S(evh) w (eV) o (eV)

1 (L'); C10H13N30,S —4.671 -1.742 -2.929 3.2065 —3.2065 1.4645 0.73225 7.528733 0.682827
2 [Cu(L'-H),]-EtOH —4.823 -2.119 -2.704 3.471 —3.471 1.352 0.676 8.144341 0.739645
3 [Co(L'-H),] -4.180 -2.764 -1.416 3.472 —3.472 0.708 0.354 4.267394 1.412429
4 [Zns(L'-H)(LH)(Ac)s] -5.276 -3.185 —-2.091 4.2305 —4.2305 1.0455 0.52275 9.355725 0.95648
5 [Cua(L2),(L'-2H),(H,0),]-4H,0 -4.316 -2.233 —-2.083 3.2745 —3.2745 1.0415 0.52075 5.583664 0.960154
6 [Co(L2)(L'-2H)]-3H,0 —3.706 —3.085 -0.621 3.3955 —3.3955 0.3105 0.15525 1.789942 3.220612
7 [Zny(L?)(OH)(L'-3H)(H,0)]-(EtOH), ;» —4.45 —3.445 —1.005 3.9475 —3.9475 0.5025 0.25125 3.915168 1.99005

H=HOMO, L = LUMO.

-0.064925 “0.43228

Fig. 12. Molecular electrostatic potential map for L'.

it, which influences the biological activity of the molecule.
Low value of energy gap is also due to the groups that enter
into conjugation [47].

(vi) The lower HOMO energy values show that molecules
donating electron ability is the weaker. On contrary, the
higher HOMO energy implies that the molecule is a good
electron donor. LUMO energy presents the ability of a
molecule-receiving electron [46].

DFT method’s concept was used to calculate the chemical reac-
tivity and site selectivity of the molecular systems. The energies of
frontier molecular orbitals (Epomo, Eiumo), energy band gap
(Enomo — Erumo) which explains the eventual charge-transfer inter-
action within the molecule, electronegativity (), chemical poten-
tial (u), global hardness (#), global softness (S) and global
electrophilicity index (w) [48,49] are listed in Table 3.

% = —1/2(Ewmo + Enomo) (1)
p=—1 =1/2(Ewwmo + Enomo) (2)
7 =1/2(Ewmo — Enomo) 3)
S=1/2n (4)
= @?/2n (5)

The inverse value of the global hardness is designed as the soft-
ness a as follow:

c=1/n (6)

Electrophilicity index is one of the most important quantum
chemical descriptors in describing toxicity of various pollutants
in terms of their reactivity and site selectivity [50]. Also the
electrophilicity properly quantifies the biological activity of drug
receptor interaction. This new reactivity index measures the
stabilization in energy when the system acquires an additional
electronic charge from the environment. The importance of # and
o is to measure the molecular stability and reactivity. In a complex

formation system, L! acts as a Lewis base while the metal ion acts
as a Lewis acid. Metal ions are hard acids and L! is hard base, which
facilitate the complex formation.

4.7. Molecular electrostatic potential (MEP)

The MEP is a plot of electrostatic potential mapped onto the
constant electron density surface. It is also very useful in research
of molecular structure with its physicochemical property relation-
ship as well as hydrogen bonding interactions [51-53]. The electro-
static potential V(r) at a given point r (x, y, z) is defined in terms of
the interaction energy between the electrical charge generated
from the molecule electrons, nuclei and proton located at r
[54,55]. In the present study, 3D plots of molecular electrostatic
potential (MEP) of L' (Fig. 12) have been drawn. The maximum
negative region, which preferred site for electrophilic attack
appears as a red color, the maximum positive region that preferred
site for nucleophilic attack symptoms is observed as a blue color.
Potential increases in the order red < green < blue, where blue
shows the strongest attraction and red shows the strongest
repulsion. Regions having the negative potential are over the elec-
tronegative atoms while the regions having the positive potential
are over the hydrogen atoms.

4.8. Other molecular properties

The calculations of the binding energy revealed that the
increase of the value of the calculated binding energy of complexes
compared to that of L! indicating that the stability of the formed
metal complexes are higher than that of L. Also, the energy com-
ponents were calculated by DFT method as shown in Table 4.

4.9. Thermogravimetric studies

Thermal analysis plays an important role in shedding light on
bonding in metal complexes. To make sure about the proposed for-
mula and structure of the complexes under investigation, thermal
analyses (TGA and DTG) curves of the complexes were carried out
within a temperature range from 25 up to 800 °C. The estimated
mass losses were computed based on the TGA results and the
calculated mass losses are computed using the results of micro-
analyses (Table S15).

The TGA curve of the Cu?>* complex, [Cu(L'-H),]-EtOH, shows
that the complex decomposes in four steps as shown in Fig. S1.
The first step lays in the temperature range 50-93 °C correspond-
ing to the loss of EtOH molecule which existing outside the coordi-
nation sphere (Found: 8.4%; Calcd. 7.8%). The second step is
observed at 234 °C attributed to the loss of C;sH;;N,0,4 (Found:
47.1%; Calcd. 46.3%). The third step is recorded at 340 °C attributed
to the loss of CH,N, (Found: 11.2%; Calcd. 10.1%). The fourth step
is observed in the temperature range 446-624 °C and attributed to
the loss of C3HgN,S (Found: 16.8%; Calcd. 17.4%). Finally, the
estimated residue is corresponding to CuS (Found: 16.5%; Calcd.
16.3%).
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Table 4

Some of energetic properties of L' and its complexes calculated by DMOL® using DFT-method.

No. Compound HOMO (eV) LOMO (eV) Binding energy (kcal/mol) Total energy (kcal/mol) Dipole moment (D)
1 (L'); C1oH13N30,S -4.671 -1.742 -3066.9 -6.9 x 10° 0.7909
2 [Cu(L'-H),]-EtOH -4.823 -2.119 —6084.4 —1.5 x 10° 3.6168
3 [Co(L'-H),] —4.180 —2.764 -6163.9 —1.4 x 10° 1.5945
4 [Zns(L'-H)(LH)(Ac)s] -5.276 -3.185 -9382.7 —2.4 x 108 6.3131
5 [Cuy(L2),(L'-2H),(H,0),]-4H,0 -4.316 -2.233 —11895.6 —2.3 x 10° 1.1607
6 [Co(L2)(L'-2H)]-3H,0 -3.706 —3.085 —5486.2 —1.1 x 10° 7.8554
7 [Zn,(L%)(OH)(L'-3H)(H,0)]-1/2EtOH —4.45 —3.445 —5080.2 -1.3 x 108 9.9962

DNA

o
7 2 DMSO DNA

T —

ey VY

Fig. 13. Biological effect of L' and its Cu?* (2), Co?* (6) and Zn?* (7) complexes.

The TGA curve of [Zns(L'-H)(LH)(Ac)s] shows that the complex
decomposes in three steps (Fig. S2). The first step lies at 382 °C
corresponding to the loss of C3H4,03; (Found: 8.6%; Calcd. 9.1%).
The second step is observed at 475 °C attributed to the loss of
Cy14H1609 (Found: 32.4%; Calcd. 33.8%). The third step is observed
at 533 °C attributed to the loss of CgH;;NO, (Found: 17.6%;
Calcd. 17%). Finally, the estimated residue corresponds to
Zns + C4HgNsS, (Found: 40.4%; Calcd. 40%).

The amount of water in the Cu?* ternary complex,
[Cuy(L2)(L'-2H),(H,0)]-4H,0, was determined gravimetrically at
120 °C. The results show that the complex losses 4H,0 (Found:
7.1%; Calcd. 6.7%) at 120 °C. This suggests the loss of the water
outside the coordination sphere.

The TGA curve of the Co?** ternary complex,
[Co(L2)(L'-2H)]-3H,0, shows that the complex decomposes in five
steps as shown in Fig. S3. The first step lies at 60.9 °C corresponds
to the loss of H,O molecules outside the coordination sphere
(Found: 3.5%; Calcd: 3.6%). The second step is observed in the tem-
perature range 123-275 °C attributed to the loss of Cz3HgN + 2H,0
(Found: 17.6%; Calcd. 18.2%). The third step is observed in the tem-
perature range 364-450°C attributed to the loss of C;oHgN;
(Found: 32.7%; Calcd. 30.8%). The fourth step is observed at
551 °C attributed to the loss of C¢Hy (Found: 15.3%; Calcd. 15%).
Step five is observed at 661 °C attributed to the loss of CHN,O
(Found: 11.3%; Calcd. 10.5%). Finally, the estimated residue is to
CoOS (Found: 19.6%; Calcd. 20.9%).

The amount of solvents in [Zn,(L?)(OH)(L!-3H)(H,0)]-1/2EtOH
was determined gravimetrically at 120 °C. The results show the
loss of 1/2EtOH at 120 °C which is existed outside the coordination
sphere (Found 3.96%; Calcd. 4.15%).

4.10. DNA studies

The results show that L! and its metal complexes have low
effects on the Calf-Thymus (DNA) as shown in Fig. 13. The results

suggest that the binary complexes are more effective than the
ternary complexes for the Calf-Thymus and can be arranged in
the following order:

[Cu(L'-H),]-EtOH (2) (sp®) > [Zn,(L?)(OH)(L'-3H)(H,0)]-1/2EtOH
(7) (sp®)>[Co(L?) (L'-2H)]-3H,0 (6) (dsp®)> (L"), in comparison
to the control sample.

5. Conclusion

Different types of binary and ternary metal complexes derived
from 4-ethyl-1-(2-hydroxybenzoyl) thiosemicarbazide and
2,2'-dipyridyl have been synthesized and characterized. These
complexes are quite similar to these separated from 4-allyl- and
4-phenyl-1-(2-hydroxybenzoyl) thiosemicarbazides. Uncommon
geometries of Co?* and Zn?* have been characterized on the basis
of the spectral and magnetic data. Also, the hydroxo-complex with
the general formula, [Cu,(L?)(L'-2H)(OH),H,0], was synthesized
by adjusting the pH of the solution using KOH solution. A compar-
ison of the ligands derived from ethyl, allyl and phenyl on the
Calf-Thymus (DNA) can conclude the following remarks:

The results suggest that the ethyl group is more effective since
this group is electron-donating group, which increases the electron
density on the thioketo group and hence increases its effect on the
interaction with both the metal salts and Calf-Thymus (DNA). Also,
the presence of this small group is easily penetrated inside the
chain of the Calf-Thymus (DNA) and consequently it will be more
effective. In case of phenyl the effect is small than the ethyl, this
may be due to size of phenyl ring. In case of allyl ligand the exis-
tence of withdrawal group (allyl group) decreases the electron
density on the thioketo group (C=S) and hence it has no affects
on the DNA. In comparing the dipole moment and energy band
gap for the three ligands, the data show that the ligand containing
ethyl group is smaller than other two ligands (phenyl and allyl).

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.saa.2015.06.056.
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