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N-Benzoylthiosemicarbazide, HL, was obtained by fusion of benzoylhydrazide and ammonium
thiocyanate. Reactions of HL with cobalt(Il), nickel(Il), copper(Il), zinc(Il), iron(III),
cadmium(II), oxovanadium(IV), and dioxouranium(VI) in 1:1 molar ratio yield the
corresponding complexes. The N-benzoylthiosemicarbazide may act as a neutral or monobasic
bidentate ligand coordinated through NS or NO sites. The structures of the HL ligand and its
complexes were identified by elemental analysis, infrared, electronic, mass, '"H-NMR, and ESR
spectra as well as magnetic susceptibility and molar conductivity measurements. Different
geometries were obtained for the metal complexes. The ligand and its metal complexes were
investigated for antibacterial and antifungal properties. Two Gram-positive bacteria,
Staphylococcus —aureus and  Streptococcus pyogenes, two Gram-negative, bacteria,
Pseudomonas fluorescens and Pseudomonas phaseolicola and two fungi, Fusarium oxysporum
and Aspergillus fumigatus, were used in this study. The metal complexes were more effective
than the free ligand.

Keywords: N-Benzoylthiosemicarbazide; Bidentate ligand; Metal complexes; Thermal analysis;
ESR spectra; Antimicrobial activity

1. Introduction

Semi-/thiosemi-/isosemicarbazides and their carbazones with different substituents, as
well as their metal complexes, have been studied because of complexing properties [1, 2],
biological activity [3-8], and analytical applications [9, 10].

Some work has been done on the transition metal complexes of substituted
thiosemicarbazides [11-14]. Although, the crystal structure of the N-benzoylthiosemi-
carbazide was described [15], no publication has appeared on its metal complexes and
their properties.

In this article, N-benzoylthiosemicarbazide was reacted with cobalt(II), nickel(IT),
copper(Il), zinc(Il), iron(IIl), chromium(IIl), cadmium(Il), oxovanadium(IV), and
dioxouranium(VI) ions in 1:1 or 1:2 molar ratio (ligand:metal ion) to afford
metal complexes. Reaction of HL with chromium(IIl) ion gave oily products not
possible to isolate. The metal complexes were identified by physicochemical
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and spectroscopic techniques. The N-benzoylthiosemicarbazide is a neutral bidentate or
monobasic bidentate ligand, coordinated through NS or NO sites. Cobalt(Il),
nickel(IT), iron(IIl), and oxovanadium(IV) complexes are octahedral;, nitrate is
unidentate in iron(IIl) complex and sulfate is bidentate in the oxovanadium(IV)
complex. Zinc(Il) and cadmium(II) complexes are tetrahedral, while copper(Il) is
square planar with two unidentate nitrates in the coordination sphere. The
dioxouranium(VI) complex has a coordination number eight.

The antimicrobial and antifungal activities of the ligand and of the complexes
towards Staphylococcus aureus and Streptococcus pyogenes as Gram-positive,
Pseudomonas  fluorescens and Pseudomonas phaseolicola as Gram-negative and
Fusarium oxysporum and Aspergillus fumigatus fungi were determined.

2. Experimental

2.1. Materials

Ethyl benzoate, hydrazine monohydrate, Co(II), Ni(II), Cu(Il), Zn(II), Fe(III), and
Cd(II) ions were used as nitrate salts and were Merck or BDH. Oxovanadium(IV)
sulfate monohydrate and dioxouranium(VI) acetate dihydrate were from Fluka.
Organic solvents (absolute ethanol, ethanol, methanol, isopropyl alcohol) and
triethylamine were reagent grade.

2.2. Synthesis of N-benzoylthiosemicarbazide ligand

N-benzoylthiosemicarbazide, HL, ligand was synthesized in two steps. The first was
preparation of benzoylhydrazide by condensation of ethyl benzoate ester
(1.502g,10.00mmol) in 20mL absolute ethanol with hydrazine monohydrate
(0.500 g, 10.00 mmol) in 20 mL absolute ethanol in the molar ratio 1:1. The reaction
was heated to reflux for 12h. A white precipitate formed on cooling the solution to
room temperature and was collected by filtration. White crystals were obtained by
recrystallization with isopropyl alcohol. The yield was 1.701 g (85.47%) and the melting
point was 115°C. The second step was fusion of the formed benzoylhydrazide
(1.360 g, 10.00 mmol) with ammonium thiocyanate (0.761 g, 10.00 mmol), cooling to
room temperature and adding drops of water and concentrated hydrochloric acid.
White precipitate formed and was collected by filtration. White crystals were obtained
by recrystallization with DMF/water. The yield was 1.202g (75.3%) and the melting
point was 182°C. Scheme 1 illustrates the synthesis of N-benzoylthiosemicarbazide, HL,
ligand.

2.3. Synthesis of N-benzoylthiosemicarbazide metal complexes

A methanolic solution of HL was added gradually to methanolic solutions of metal
salts in the molar ratio 1: 1 and/or 1:2 (metal ion : ligand) with constant stirring for 0.5
to 1 h and the reaction was refluxed for 2—10 h, where the solid complexes precipitated
and were filtered off, washed with methanol, ether and air dried. This reaction was
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N-Benzoylthiosemicarbazide

Scheme 1. Synthesis of the N-benzoylthiosemicarbazide.

successful for copper(Il), iron(Ill), and oxovanadium(IV). An alternative synthetic
approach is the addition of triethylamine as a deprotonating agent to the ligand in the
molar ratio 1:1. Then the deprotonated ligand reacts with metal salts to yield the
corresponding complexes. The complexes of nickel(Il), cobalt(Il), zinc(I),
cadmium(II), and dioxouranium(VI) ions were obtained by this method. The following
detailed two preparations are given as examples, and the other complexes were obtained
similarly. The conditions of the reactions of the metal salts with the HL ligand are listed
in table 1.

2.3.1. Synthesis of nickel(I) complex, (2). A solution of triethylamine
(1.011g,10.00mmol) in 15mL methanol was added gradually to a solution of
N-benzoylthiosemicarbazide ligand (1.950¢g,10.00mmol) in 30mL methanol then
heated to reflux for 30 min to affect deprotonation. A solution of Ni(NOs),-6H,O
(1.450 g, 5.00 mmol) in 25 mL methanol was added gradually to the deprotonated ligand
with constant stirring for 1h at room temperature then refluxed for Sh. Dark green
precipitate formed while hot and was filtered off, washed with methanol, then air dried.
The yield was 1.531 g (58.2%) and its melting point was higher than 260°C.

2.3.2. Synthesis of copper(I) complex, (3). Copper(Il) nitrate tetrahydrate,
Cu(NO3),-3H-,0 (1.208 g, 5.00 mmol) in 25mL methanol was added gradually with
constant stirring to solution of HL (0.975g,5.00mmol) in 30 mL methanol. The
solution was stirred for 1h and then heated to reflux for 4h. Dark blue precipitate
formed after cooling to room temperature, was filtered off, washed with methanol and
air dried. The yield was 1.316g (59%) and its melting point was higher than 260°C.

2.4. Physical measurements

Carbon, hydrogen, nitrogen, and sulfur analyses were carried out at the Microanalytical
Center, Cairo University, Giza, Egypt. Metal ions were analyzed after dissolution of the
solid complex in hot concentrated nitric acid, HNO;, diluting with distilled water and



A.A.A. Emara et al.

2572

"POPPE SEA [OUBYIOW W ()¢ PUE JOJEM WNWIUIU UL POAJOSSIP SEA d1BJ[NS (A])WNIPBUBAOXO oY,
YOI 10 XNJJI 0) PAILAY SEM UOTORAT YT,

Yy 10J XN[Jo1 0) PAJLIY 2I0M SUONIBAL AL

“Y%(SH'8) 0€'8 1%PUNOJ/PA[E)) 12PLIO[YD 3y} 10 SISA[RUT [RpUaWI[,

(69°%) (911  (Tre) (U¥90) (€°8¢) €96°0€L 00°5) (0on) LO'HT - [(o*H)4(D*onl
- 8L'8 0S'11 1€°¢ 1€97 umolg  (97< 66€'1 NSPO°N“H’'D  000°C 0S6'1 < O°HT Y00DfHD)ION+TH (8)
(ozvD) (696)  (0cy) (FT'LD) anjq (292 6£€°65Y (00°5) (00°5) pqHOTHOT - [(OTH)("OS)(TH)OAI
- 09vl 956 €Iy ¥ELT yeg 097 < L66°0 ATSCOENBHO'D S06°0 SL60 <~ O'H''OSOA+TH (L)
(€z10 (€0 (16SD  (09°€)  (€€799) (9°81) o oob'szs  (00°S) 019) ;OHY/1-[«(DPD]
LTIT  vITl 16'ST e LE9E M 01e< $8T1T POSSTTONSO'H'YD Tl 0S6°1 < O°H9 “CCONDPO+TH (9)
@Qz1D  (6L9)  (1L€1)  (Lev) (tLgr) oBueio rer) €92°20S 00°6) (00°9) HOHOT - [(O*H)*(*ON)(T1)2d]
I 8¢9 ¥6°€1 Wy 0L8T  umoig (9 < 060'1 OAS"TONTEHEYD  #SH1 SL60 <~ O°H6 f(FONPA+TH ()
(Szen Grep oLy O (TTes) (€€9) 0888t 00°$) 001 LOHT - [{(Duz]
SEEl 60€l 9ILL  TI'P  €T6E  AUM  09T< SES°T UZtSPOON®H'YD L8] 0S6'1 < O°HY9 “*CON)UuZ+1T1H ()
(zevD (690 0691) (8T€) (Ly'92)  aniq (169) occory  (00°) (00°9) qHOHD - FCON)(TH)D]
LEVT 8L LO'LT 61 SE€9C Jre@ 097 < 91¢'1 OSSO N HED 80T'1 SL6'0 <~ O%HE “CONJD+TH  (¢)
(60D (91D (€51 (€64  (pL6g)  udaI3 (T'8¢) 8LT'LYS 00°5) (0on) (HO*HOT - [(O*H)“(DIN]
Lol TLIL 9€ST 91°¢ 1$°6€ yeq 097 < 16571 INSS?ON®CH 81D 0S+'1 0S6'1 <~ O'H9 “CON)IN+TH (D)
(9911 (8eTD  (Lz9D  (SSv)  (18'98) oI (239 Lov'61s  (00°S) (0on) qO°HT - [(OH)¥(T)0D]
SEIL STt 8191 99t 00°LE MO 09T< PSPl 0D SPON"™H’'D 960’1 0S6'1 <~ O%HY9-“*ON)oD+TH (D
- @osD (€961 (8sp) (08P (€5L) ) SLYEIT
- T0ST 8961 6t 106y aym 281 01 SOIDSOINT *H®D - - JOHY: - TH
N (%S (WN (WH (%D 100D (o) dw (%)4§ (yswom remoow) (joww)s  (oww) 5 S)ES [BJOW puk PUESI[ AY) JO SUONILIY
PI_IA B[NULIOJ ‘es [ejowr  ‘puedi oY)
Te[NIJ[OA Y} JO IM JO IM

(punoy) pae)) sasA[eueR [BIUAWI[H

*sox9[dwod [BJoW S} puk pueSI| dPIZBQIRIIUISOIYIA0ZUDQ-A 10] BIRP [BONA[RUR PUB [BIISAU]

1102 AJtenuer €2 /T :80

1Y papeo juwod

1 9IqeL



08:17 23 January 2011

Downl oaded At:

N-benzoylthiosemicarbazide 2573

filtering to remove the precipitated ligand. The solution was neutralized with ammonia
and the metal ions were titrated with EDTA [16-18]. FT-IR spectra (4000-400 cm ") of
the compounds were recorded as KBr discs using FT-IR (Shimadzu) spectrophotometer
model 4000. The electronic spectra (200-900) were obtained on a JASCO model V-550,
UV-Vis spectrophotometer. The 'H-NMR spectra were obtained on a Varian Gemini
200 MHz spectrophotometer. ESR spectra were recorded on a Bruker Model EMX,
X-band spectrometer. The magnetic field was calibrated with a 2,2’-diphenyl-
I-picrylhydrazyl (DPPH) sample. Mass spectra were carried out by a Shimadzu-
GC-MS-QL mass spectrometer model 1000 EX using a direct inlet system. TGA curves
were obtained using NETZSCH-gerateban Bestell-Nr34872¢ Thermal Analyzer
equipped with a thermobalance. The sample (~50mg) was heated at 5°Cmin~" in a
dynamic N, atmosphere. The sample was contained in a boat-shaped platinum pan
suspended in the center of a furnace. Magnetic susceptibilities were measured at room
temperature using a magnetic susceptibility balance (Johnson Matthey Alfa product,
Model No. MKI). Diamagnetic correction was calculated from Pascal’s constants [19].
Molar conductances of 107> M solutions of the complexes in DMF were measured on
a Corning conductivity meter NY 14831 model 441 (USA).

2.5. Biological activity

The standardized disc—agar diffusion method [20] was followed to determine activity of
the synthesized compounds against S. aureus (ATCC 25923) and S. pyogenes (ATCC
19615), P. fluorescens (S 97), P. phaseolicola (GSPB 2828), F. oxysporum, and
A. fumigatus. Chloramphencol, cephalothin, and cycloheximide were used as standard
references for Gram-positive, Gram-negative bacteria, and antifungal.

Tested compounds were dissolved in DMF (which has no inhibition activity) at
2mgmL~" and 1 mgmL~". The test was performed on potato dextrose agars (PDA),
which contain 200 g potatoes, 6 g dextrose, and 15 g agar [21]. Uniform size filter paper
disks (3 disks per compound) were impregnated by equal volume (10puL) from the
specific concentration of dissolved tested compounds and carefully placed on incubated
agar surface.

After incubation for 36h at 27°C for bacteria and for 48h at 24°C for fungi,
inhibition evidenced by clear zone surround each disk was measured and used to
calculate mean inhibition zone [20, 21]. Activities are categorized as: (i) low
activity =mean of zone diameter <1/3 of mean zone diameter of control, (ii)
intermediate activity =mean of zone diameter <2/3 of mean zone diameter of control,
and (iii) high activity =mean of zone diameter >2/3 of mean zone diameter of control.

3. Results and discussion

3.1. N-benzoylthiosemicarbazide, HL, ligand

The N-benzoylthiosemicarbazide was characterized by elemental analysis, and infrared,
electronic, mass, and 'H-NMR spectra, existing as HL-.'%HCI. The physical
and analytical data for the ligand and metal complexes are listed in table 1.
The N-benzoylthiosemicarbazide may be either a neutral bidentate ligand with NO
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Figure 1. Coordination sites of HL with metal ions.
ISI O §
@—C—NHNH —C—NH, O—C—NHN—C—NH2
Thione form Thiol form

Figure 2. Tautomeric forms of the HL - 1/2 HCI ligand.

donors or monobasic bidentate with NS or NO donors. Figure 1 illustrates the
representation of the proposed coordination sites of HL with metal ions. Form II is
favorable for most complexes, while form I is favorable only in coordination with
copper(Il) and oxovanadium(IV); form III is less favorable and was not taken in
consideration in complex formations.

The assignments of the vibrational frequencies were aided by comparison with the
infrared frequencies of the precursors (benzoylhydrazide and ammonium thiocyanate)
and other related compounds [22, 23]. There are three main features in the infrared
spectra of the HL - %2HCI ligand, v(NH;) stretching frequency of the benzoylhydrazide
at 3230-3218cm ™' disappeared in the infrared spectrum of the HL ligand, and new
absorptions at 3417 and 3275cm ™" in the free ligand are assigned to the new v(NH,).
This indicates that reaction between benzoylhydrazide and ammonium thiocyanate
occurred. Also, appearance of a strong absorption at 1261 cm ™", attributed to v(C =)
confirms formation of C=S and appearance of a new absorption at 2053cm™' was
assigned to §(N-C=S).

The mass spectrum of the HL - 2HCI ligand revealed the molecular ion peak at m/e
196, coincident with the formula weight (M.Wt.=195.211) after removal of > HCL

In the '"H-NMR spectra of HL in DMSO-d, it exists in thione and thiol forms.
Figure 2 represents the tautomeric forms of HL- %2HCI. The chemical shifts of the
proton signals of HL and [Zn(L),]-2H,O (4) with their assignments are listed in
“Supplementary material”. The 'H-NMR spectra of the ligand showed signals at 9.3
and 10.5 ppm assigned to the protons of amino NH groups and 2.5 ppm assigned to the
thiol. Signals at 7.4, 7.5, and 7.9 ppm were assigned to the aromatic ring. Signals at
9.3ppm and 10.5ppm completely disappeared on addition of D,O while the other
signals persist at the same positions. It is not possible to differentiate between the thione
and thiol forms from 'H-NMR spectra except in the aromatic range 7.0-8.6 ppm;
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strong multiplets at 7.8 ppm may be due to aromatic protons of the thione. Also,
two weak multiplets at 7.1 and 7.3 ppm may be due to aromatic protons of the thiol.
The integrated ratio between the aromatic protons’ signals of the thione and thiol forms
are 92:8.

The electronic spectrum of the N-benzoylthiosemicarbazide, HL, in DMF (table 2)
exhibits four absorptions at 245, 226, 215, and 203 nm. The former two correspond to
('L,—'4,) and ('Ly,— '4,) transitions of the phenyl group [24], the third band
corresponds to the (w— 7*) transition of C=0, and the last band corresponds to
(n— 7r*) transition of the oxygen, nitrogen, and sulfur [25, 26].

From the infrared, electronic, mass, "H-NMR spectra, and elemental analysis, the
expected structure of N-benzoylthiosemicarbazide and HL - /2 HCl ligand are shown in
figure 1 with molecular formula CgHg sN;OSCl s.

3.2. Complexes of the N-benzoylthiosemicarbazide, HL, ligand

HL reacts with cobalt(Il), nickel(Il), copper(Il), zinc(Il), iron(III), cadmium(II),
oxovanadium(IV), and dioxouranium(VI) ions to yield the corresponding metal
complexes. The complexes were investigated by elemental analysis, electronic, 'H-
NMR, mass and ESR spectra, thermal gravimetric analysis (TGA), and magnetic and
molar conductivity measurements. Attempts to isolate single crystals for the metal
complexes were unsuccessful.

3.2.1. Infrared spectra of N-benzoylthiosemicarbazide complexes. The characteristic
vibrational frequencies and their tentative assignments are listed in table 3. The
assignments were aided by comparison with the vibrational frequencies of the free
ligand [11, 12].

There are four characteristic features in infrared spectra of the complexes. The first is
the thioamide group -NH(C=S)NH, with a strong band at 2053cm™"' due to v(N—
C=Y) in infrared spectra of the free ligand, which disappeared in the metal complexes
indicating chelation occurred by the thiol form (figure 1; form II). The second feature is
the presence of coordinated water and/or methanol with a broad absorption at 3491—
3400 cm ™! due to stretching of OH; also, a band near 1600 cm ™! is due to deformation
of water. Bands at 930 and 785cm ™' may be attributed to rocking and wagging modes
of coordinated water molecule. Existence of coordinated and uncoordinated water
molecule in the complexes is confirmed by elemental analysis as well as TGA. The third
feature is weak bands in the range 600-410cm ™", assigned to v(M—0) and v(M—N). The
V(M-S) bands are expected at 300 cm ™', out of the range of the instrument. The fourth
feature is coordination nitrate and sulfate. The NO5 ions are coordinated to Cu(Il) (3)
and Fe(IIl) (5) as a unidentate ligand with C,, symmetry showing three vibrational
bands (v, v}, and v,s) which appeared at 1431-1434, 1351-1354, and 831-837 cm ™! [27].
The SO;2 is coordinated as a bidentate ligand in [VO(HL)(SO4)(H,O)]-2CH;0OH (7)
[28, 29] with v, and v, medium intensity at 1075 and 449 cm™", respectively, and v; and
g at 1270 and 625cm™". The IR spectrum of 7 displayed a band at 930 cm ™" with no
counterpart in the spectrum of the ligand, assigned to (V=0). Also, the IR spectrum of
dioxouranium(VI) complex (8) displayed a strong band at 901cm™', assigned to
v(0O=U=0) [29].
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3.2.2. Electronic spectra, magnetic, and molar conductivity measurements. Electronic
spectra of the metal complexes were recorded in DMF from 200-900 nm. Table 2 lists
the electronic spectral bands and molar conductivities in DMF and magnetic moments
of the complexes in the solid state.

Transitions due to N-benzoylthiosemicarbazide are characterized by high g,,,, values.
The two bands in all metal complexes located at 217-267 and 354-388 nm are assigned
to the (w — 7*) transitions within the organic ring. The absorption band at 309-324 nm
is assigned to (7 — 7*) transitions for both C=0 and C=N groups and at 404425 nm
to the (n — 7r*) transition of the oxygen, nitrogen, and sulfur.

The electronic spectrum of the olive green [Co(L),(H,0),] - 2H,O complex (1) shows
an octahedral geometry; spectra of Co(II) octahedral complexes usually consist of three
bands [30]. The first band, due to *T 2e(F) <—4T1g(F), is likely in the near infrared and
not observed. The other two bands were in the visible region, due to 4A2g(F) <1 o(F)
at 615nm and *T; o(P) < T o(F) at 490 nm, slightly overlapped with the charge transfer
band of the ligand. The Co(IT) complex has a magnetic moment of 5.06 B.M. at room
temperature, typical for octahedral complexes (4.8-5.2 B.M.) [31]. Molar conductivity
of 1 was 9Ohm™'ecm?mol ™", indicating a non-electrolyte.

The electronic spectrum of the dark green [Ni(L),(H,0),]- 2CH;OH showed a band
due to 3T1g(P) <« 3A2g(F) at 732nm and a shoulder at 690nm. Bands due to
3 Tho(F) < 3A2g(F) and °T) o(F) < 3Azg(F) are expected [30, 32], but not observed
because the former overlapped with the (n — 7*) transition and the latter lies in the near
infrared. The magnetic moment of 2.92 B.M. lies in the range 2.9-3.3 B.M. for Ni(II)
octahedral complexes [31]. The molar conductivity of the Ni(Il) complex in DMF was
21 Ohm~'em?mol ™', indicating a non-electrolyte. The mass spectrum of 2 showed the
molecular ion peak at m/e 483, which agrees with the formula weight (F.W.=483.28)
after subtracting two methanol molecules; the two isotopes of nickel in 2.5: 1 ratio, two
mass unit apart were observed.

The electronic spectrum of the dark blue [Cu(HL)(NO3),]- CH;0H in DMF showed
one unsymmetrical band at 565nm due to 2A1g <—zBlg, 2Bzg <« 2Blg, 2Eg <« 2Blg
transitions in a square planar geometry [30]. The magnetic moment for 3 was 1.73 B.M.,
at the lower range of 2.00-1.73 B.M. for square planar structure [33]. The molar
conductivity of Cu(Il) complex was 83 Ohm™~'cm”mol ™", indicating 1: 1 ionic complex.
DMF is a good donor and can replace the NO; from the coordination sphere of metal
complexes [34].

The electronic spectrum of the brown orange [Fe(L)(NO;),(H,O),]-2C,HsOH
has weak bands at 740, 605, and 558 nm. It was not possible to identify the type
of d—d transitions due to strong charge transfer tailing from UV to the visible region
[30, 33], consistent with ligand-metal charge transfer. Elemental analysis and infrared
spectrum with coordinated nitrate suggested that compound 5 has octahedral
geometry. The magnetic moment value of 5.90 B.M. indicates a high spin octahedral
arrangement (t%geg,) where the literature magnetic moment is 5.92 B.M. [31]. The molar
conductivity value was 91 Ohm™'em?mol™!, indicating exchange of coordinated
nitrate with DMF [34].

The electronic spectrum of the dark blue [VO(HL)(SO4)(H,0)]-2CH;OH showed
bands at 565 and 500 nm, which correspond to ?E < 2B, and B, < >B,, respectively
[33]. In addition, the spectrum shows a band above 410 nm, which may be due to spin
charge transfer, consistent with octahedral geometry around VO(IV) ion.
Oxovanadium(IV) complex is magnetically simple with a spin only moment of 1.73
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B.M.; the actual magnetic moment was 2.1 B.M. The measured molar conductivity of
the oxovanadium(IV) complex in DMF solution was 1050hm'cm”mol™" due to
exchange of DMF with coordinated anion [34].

The electronic absorptions of [UO,(L),(H>O)]-2H,O arise from metal — ligand
charge transfer as a broad, intense absorption at 512 nm tailing into the visible region.
Compound 8 is diamagnetic as expected [35] and the molar conductivity in DMF was
18 Ohm ™~ 'em”mol ™', indicating a non-electrolyte.

The white [Zn(L),] - 2H,O (4) and [Cd(L),]- 1 %2 H,O (6) complexes are diamagnetic
with molar conductivities in DMF of 16 and 18 Ohm™'cm’mol™!, respectively,
indicating non-electrolytes.

The chemical shifts of the proton signals in the 'H-NMR spectrum of the
[Zn(L),]-2H,0 (4) in DMSO-dg and their assignments are listed in “Supplementary
material”. The NH- protons were not observed in the "H-NMR spectrum, indicating
deprotonation to coordinate with Zn(II).

3.3. Thermal gravimetric studies

Thermal gravimetric analysis for [Ni(L)>(H»0),] - 2CH;OH and
[Cu(HL)(NO3),]- CH30H were used as examples to identify the structure of the
complexes, especially for coordinated and uncoordinated water and/or methanol
molecules [36-38]. Thermal analysis of 2 showed five stages. The first was loss of two
uncoordinated methanol molecules (endothermic process, Anal. Calcd/Found%; 6.58/
6.56%) at 48.7°C. The second stage was endothermic loss of C¢Hg and NH;3 (Anal.
Calcd/Found%; 19.47/19.12%) at 191.9°C. The third stage was loss of two water
molecules (endothermic, Anal. Calcd/Found%:; 9.29/9.78%) at 261.4°C. The fourth
and fifth stages were degradation of the rest of the ligands at 360.6 and 480.9°C with
weight loss of 23.60 and 20.92%, respectively. Thermal analysis of 3 had three stages;
first was loss of one uncoordinated methanol (endothermic process, Anal. Calcd/
Found%; 4.255/5.539%) at 53.5°C, the second loss of N,Os from degradation of
coordinated nitrate (endothermic, Anal. Caled/Found%; 19.86/18.98%) at 174.4°C and
the third was exothermic degradation of the ligand (Anal. Calcd/Found%; 36.75/
37.67%).

3.4. ESR studies of copper(Il) (3) and oxovanadium(IV) (7) complexes

X-band ESR spectra of [Cu(HL)(NO3),]- CH;OH and [VO(HL)(SO4)(H-0O)]- 2CH;0H
were recorded in the solid state at 25°C. The unresolved hyperfine splitting for Cu(Il)
can be attributed to dipolar effect caused by mutual interactions between nuclear spin
of the (C=N) (/=1) with the unpaired of electron density of Cu(Il) [39]. The spin
Hamiltonian parameters for [Cu(Il)-sq.] (S=',1 :%) were calculated. The g-tensor
values can be used to derive the ground state. In square planar or square pyramidal
complexes, the unpaired electron in the d,._,. orbital gives g; > g; > 2.0023, while
g1 > g1 > 2.0023, if the unpaired electrons lies in d.» orbital; the observed values of g,
(2.2451) > g, (2.1221) >2.0023 indicate a d,._,. ground state characteristic for square
planar [40].

The gy, value is an important function for indicating the covalent character of (M—L)
bonds [41]. For ionic, the gi; is <2.0023 while for covalent g;; is >2.0023. In the
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Figure 3. Structures of the metal complexes with N-benzoylthiosemicarbazide.

present complex, g;; is more than 2.0023, indicating covalent Cu-L bond. In axial
symmetry, the g-values are related to the G-factor by the expression G=(g;; —2)/
(g1 —2). According to Hathaway [42], if G > 4, the exchange interaction between Cu(II)
centers in the solid state is negligible, but when G < 4, considerable exchange is
indicated. The G value of 3 suggests the absence of exchange coupling between Cu(Il)
centers in the solid state [43]. The powder ESR spectrum of Cu(II) complexes is typical
for square planar [44]. The value of the magnetic moment (i« =1.73 B.M.) and spectral
data (565nm) agree with square planar structure.

The X-band ESR spectrum of powdered sample of 7 at room temperature gave
a broad line centered on g=2.1103 and without resolved 'V’ (1:%, S'= ") hyperfine
structure. The absence of vanadium’s hyperfine coupling is common in the solid state
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Table 4. Biological activity of the synthesized N-benzoylthiosemicarbazide, HL, ligand, and 1-8.

Mean of zone diameter® (mm)

Gram-positive bacteria® Gram-negative bacteria® Fungi®

S. aureus S. pyogene  P. phaseolicola P. fluorescens
Organisms (ATCC 25923) (ATCC 19615) (GSPB 2828) (S97) F. oxysporum A. fumigatus

A B A B A B A B A B A B
HL-',HCI 12 5 9 8 10 6 7 2 4 3 6 5
1 11 7 11 5 5 2 12 7 7 7 11 9
2 13 3 7 3 4 5 10 6 10 6 9 6
3 8 6 6 4 7 8 8 3 5 8 8 7
4 7 5 10 7 10 7 5 7 8 5 5 3
5 12 5 12 9 4 3 7 4 11 8 9 7
6 13 7 8 6 7 8 4 4 6 6 6 4
7 10 6 12 6 22 16 20 14 9 3 9 8
8 28 20 31 23 30 23 30 24 3 7 11 9
Control # 42 28 38 30 36 25 38 30 40 28 40 31

#Chloramphencol in the case of Gram-positive bacteria, cephalothin in the case of Gram-negative bacteria, and
cycloheximide in case of fungi. The concentration A is 2mgmL~" and B is I mgmL~".

"Calculated from 3 values.

“Identified depending on morphological and microscopical characteristics.

[22] and is attributed to the simultaneous flipping of neighboring electron spin [45] or
strong exchange interactions, which average out the interaction with the nuclei. For
octahedral complex the shape of the spectrum, spectral studies, and magnetic moment
(u=2.1 B.M.) agree with proposed structures.

From elemental analysis, infrared, mass, electronic, and ESR spectra, and TGA
analysis, tentative structures of the metal complexes are provided in figure 3.

3.5. Antimicrobial activity

Using the agar cup method in DMF at 2mgmL~' and 1mgmL~', ligand and
complexes were checked against S. aureus, S. pyogenes, P. fluorescens, and
P. phaseolicola. Zone of inhibition diameters (in mm) of standard antibiotics
chloramphencol, cephalothin, and cycloheximide were used as standards for Gram-
positive, Gram-negative bacteria, and antifungal. Most metal complexes have low
activity towards Gram-positive bacteria and fungi (table 4). Complex 8 showed high
antibacterial activity against both Gram-positive and Gram-negative bacteria, while
7 has moderate antibacterial activity. These compounds showed no effect against fungi.

4. Conclusion

N-Benzoylthiosemicarbazide was synthesized by fusion of benzoylhydrazide and
ammonium thiocyanate. The ligand is either neutral or monobasic bidentate
coordinating through NS or NO sites. The ligand and its metal complexes were
screened towards antimicrobial activity.
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