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Abstract: Zinc(l1) Salicylaldehyde N (4) phenyl thiosemicarbazone of general formula for the complexes Zn (HSTC-Ar), when R =
Phenyl, Salicylaldehyde N(4) Phenyl thiosemicarbazone (H,STC-Ph), p-Methylphenyl,  Salicylaldehyde  N(4)-p-
Methylphenylthiosemicarbazone, (H,STC-p-MePh), p-Methoxyphenyl, Salicylaldehyde N(4)-p-Methoxy phenyl thiosemicarbazone (H,
STC-p-OMePh) and p-Chloro phenyl, Salicylaldehyde N(4)-p- Chlorophenyl thiosemicarbazone (H,STC-p-CIPh) have been
synthesized and characterized by elemental analysis and various physico-chemical technique. Molar conductance measurements show
the non ionic behavior of the complexes. The TGA and DTA curves of Zn(HSTC-p-MeOPh), under normal atmospheric conditions
show complete decomposition of the compound at 300°C. Infrared spectra suggest mono-anionic bidentate mode of bonding of the

ligands.
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1. Introduction

Among several ligands, thiosemicarbazones (TSCs), are a
very attractive class of metal-chelating ligands, able to
coordinate many transition metals through the sulfur as well
as the azomethinic nitrogen atoms [1]. They can act as N, S-
multidentate ligands, and moreover, it is possible to
modulate the binding properties/stoichiometries through the
insertion of other hetero atoms into the backbone structure
(i.e., phenolic or pyridyl moieties). They have a great variety
of biological properties, both as free ligands and as metal
complexes, and several studies have been published
reporting on thiosemicarbazone-based complexes with
medicinal  value [2]-[4]. Thiosemicarbazones are
biologically active versatile compounds. Their antitumor,
anti-malarial, anti-amoebic, antiviral and antibacterial
activities are widely accepted [5]-[11]. The domain of
thiosemicarbazones is not limited to biological field only;
these have found applications in analytical chemistry as a
reagent for the analysis of metals [12]-[14]. In industry these
have been used for optical computing, optical storage and
optical information processing [15]-[18] and antiwear
additives in lubricanting oil [19]-[21] with reduced or zero
sulphur and phosphorus content is ecofriendly.

" S0 HN.NH.CNHR

2. Synthesis of Ligands

Synthesis of SalicylaldehydeN(4)-phenyl
thiosemicarbazone and its -p- substituted derivatives-

At first N —Arylthiosemicarbazides [22]-[24] were
prepared by the condensation of hydrazine hydrate with
appropriate aryl isothiocyanate in cold ethanol.

Where R =phenyl-, p-methylphenyl-, p-methoxyhenyl and
p-chloro phenyl- groups.

To an ice cold solution of 95% hydrazine hydrate (10ml; 0.2
mole) in ethanol (40ml), a solution of phenylisothiocyanate
(12 m; 0.1 mole) in ethanol (20ml) was added with stirring.

The reaction was exothermic and N-
phenylthiosemicarbazide formed was crystallized from
ethanol.

Salicylaldehyde N(4)substituted phenyl thiosemicarbazones
were prepared by the condensation of equimolar quantities
of a N- Arylthiosemicarbazides (6.68g; 0.4 mole) in
methanol (50ml) and salicylaldehyde (4.88g; 0.4 mole) in
methanol (30 ml). The mixture was heated on a steam bath
for 1-3 hr. The reaction mixture was cooled and the
salicylaldehyde N (4) phenyl thiosemicarbazone which
separated from solution was collected and recrystallized

iy, N-NHC-NH-R

OH S

When R = Phenyl , Salicylaldehyde N(4) Phenyl
thiosemicarbazone (H,STC-Ph)

p-Methylphenyl , Salicylaldehyde N(4)-p-Methylphenyl
thiosemicarbazone(H,STC-p-MePh)

p- Methoxyphenyl, Salicylaldehyde N(4)-p-Methoxy
phenyl thiosemicarbazone (H,STC-p-OMePh)

p- Chlorophenyl, Salicylaldehyde N(4)-p- Chlorophenyl
thiosemicarbazone (H,STC-p-CIPh)
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Synthesis and characterization of Zinc(l1) complexes of
salicylaldehyde N (4) aryllthiosemicarbazones

The structure of salicylaldehydeN 4
arylthiosemicarbazones used for the preparation of the
complexes are given below-
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When

R = Phenyl, Salicylaldehyde
thiosemicarbazone (H,STC-Ph)

= p-Methylphenyl, Salicylaldehyde N(4)-p-Methylphenyl
thiosemicarbazone (H,STC-p-MePh)

= p-Methoxyphenyl, Salicylaldehyde N(4)-p-Methoxy
phenyl thiosemicarbazone (H, STC-p-OMePh)

= p-Chloro phenyl, Salicylaldehyde
Chlorophenyl thiosemicarbazone (H,STC-p-CIPh)

N(4)  Phenyl

N(4)-p-

The Zn (I1) thiosemicarbazones were prepared according
to the following reaction-

(CH;COOnZn2H,O0 —— +IH,5TC-R
Zn(HSTC-Ar), + 2CH3;COOH + 2H,0

3. Preparation of the Complexes

For preparation of Zn (Il) Salicylaldehyde N (4)
phenylthiosemicarbazone [23,24] a solution of
Zn(0OAC),2H,0 0.01mol, 2.71g in ethanol and a solution
of salicylaldehyde N (4)phenylthiosemicarbazone 0.02mol,
5.42g in hot ethanol were mixed and refluxed for 3-4
hours. On cooling, solid yellow precipitate was appeared.
The precipitate filtered, washed with ethanol and ether and
dried in vacuo over CaCl,, m.pt >280 d°C.

4. Analysis of the Complexes

Zinc was estimated as gravimetrically zinc oxinate in the
laboratory. About 0.2 g of compound was treated with 5
ml 3:1 (HCI+HNO3) mixture in porcelain dish and strongly
heated to dryness and then 0.5 ml conc. H,SO, was added
to destroy the organic matter. The residual solid was
extracted with dilute HCI and NH40H was added to
maintain the pH should around 5.5. The solution was
treated with 8-hydroxyquinoline and yellow precipitate
was obtained. The precipitate was digested at 60 - 80°C for
15 minutes, allowed to stand for 10-20 minutes, and
filtered through a sintered glass crucible. It was dried at
130 - 140°Cto constant weight.

Carbon, hydrogen and nitrogen were determined micro
analytically. The analytical data are collected in table 1.
The molar conductance values of all the complexes lie in
the range 12-15 ohm™ mol™*cm?, indicating their non-ionic
behavior. The complexes are insoluble in common organic
solvents. On the basis of analytical data the general
formula for the complexes Zn(HSTC-Ar), [where R =
Phenyl, Salicylaldehyde N(4) Phenyl thiosemicarbazone
(H,STC-Ph), p-Methylphenyl, Salicylaldehyde N(4)-p-
Methylphenyl-thiosemicarbazone, (H,STC-p-MePh), p-
Methoxyphenyl, Salicylaldehyde N(4)-p-Methoxy phenyl
thiosemicarbazone (H, STC-p-OMePh) and p-Chloro
phenyl, Salicylaldehyde N(4)-p- Chlorophenyl
thiosemicarbazone (H,STC-p-CIPh). The TGA and DTA
curves of  Zn(HSTC-p-MeOPh), under normal
atmospheric conditions show complete decomposition of
the compound at 300°C.

Table 1: Analytical data of the Zinc (I1) complexes

M.Pt C% H% N% | Zn%

Complexes Colour (OC) Found |Found | Found | Found
(Calc.) |(Calc.) | (Calc.) | (Calc.)

55.35 | 3.94 | 13.77 | 10.75

Zn(HSTCPh), Yellow [>280d (55.53) | (3.96) |(13.88) |(10.74)
56.75 | 4.40 | 13.25 | 10.30

Zn(HSTC-p-MePh), |Yellow (>280d (56.87) | (4.42) |(13.27) | (10.26)
5445 | 410 | 12.42 | 9.78

Zn(HSTC-p-MeOPh), |Yellow [>280d (54.13) | (4.21) |(12.63) | (9.77)
49.77 | 3.27 | 12.68 | 9.62

Zn(HSTC-p-CIPh), |Yellow [>280d (49.85) | (3.26) |(12.63) | (9.64)

Infrared spectra

The tentative assignments of the characteristic IR bands of
the ligands and their zinc (11) complexes in the region 4000-
400 cm™ are presented in table 2.

The spectra of the free ligands exhibit a band of medium
intensity at 3148-3140 cm'lwhich is assigned to v (N-H)
vibration. These bands disappear in the spectra of their
complexes providing evidence in favor of coordination of
ligands in their deprotonated forms around Zinc (1) ion. The
v (C=N) band appearing around 1600 cm™ in the ligands
shows a negative shift of 10-15cm™ in the spectra of all
derivatives of Zn (II) complexes. Coordination of
azomethine nitrogen is confirmed by the appearance of new

bands in the range 415- 435 cm™ assignable to v (Zn-N) for
these complexes. The Vv(N-N) bands of the
thiosemicarbazones are found at 1158 + 10 cm™ in free
ligands. After complex formation positive shift of about 10-
15 cm™ occurs in this band due to increase in its bond
strength. This again confirms the coordination via the
azomethine nitrogen. The decrease in the stretching
frequency of v(C=S) bands from 870-890 cm™ in the
thiosemicarbazone by around 20 cm™ upon complexation
indicates coordination via thiolato sulphur. In the complexes
a strong new band appears in the region 1515-1550 cm™ due
to v(N=C). Thus it is evident that coordination takes place
via thiolato sulphur.
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Figure 1: Infrared spectra of salicylaldehyde N (4) —p-methoxyphenyl thiosemicarbazones and its Zinc (1) complex
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Figure 2: TGA and DTA curves salicylaldehyde N (4) —p-methoxyphenylthiosemi carbazones and its Zinc (11) complex in
oxygen atmosphere

Table 2: IR spectral data (cm™) of ligands and their corresponding Zinc (1) complexes

Complexes N (C=N) [v(N=C) |[v (N-N)| v (C-S) |v(C-O)|v (Zn-N)
H,STCPh 1613 - 1149 |1328, 874| 1255 -
Zn(HSTCPh), 1596 1542 | 1154 1327, 864 | 1204 421

H,STC-p-MePh 1610 - 1155 |1327, 870| 1267 -

Zn(HSTC-p-MePh), 1600 1516 | 1170 |1311, 850| 1240 415
H,STC-p-MeOPh 1610 - 1166 |1325, 889| 1265 -
Zn(HSTC-p-MeOPh), | 1600 1545 | 1172 |1321, 865| 1242 418

H,STC-p-CIPh 1608 - 1162 1320, 875| 1265
Zn(HSTC-p-CIPh), | 1600 | 1552 | 1170 [1309,852| 1233 | 420
On the basis of analytical and IR spectra data, the following structure has been proposed for the complexes.
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Figure 3: Tentative structure for Zinc (11) complexes of

salicylaldehyde N (4) aryllthiosemicarbazones

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Giorgio, P. Thiosemicarbazone Metal Complexes:
From Structure to Activity. Open Crystallogr. J. 2008,
3, 16-28.

Shim, J.; Jyothi, N.R.; Farook, N.A.M. Biological
applications of thiosemicarbazones and their metal
complexes. Asian J. Chem. 2013, 25, 5838-5840.
Prajapati, N.P.; Patel, H.D. Novel thiosemicarbazone
derivatives and their metal complexes: Recent
development. Synth. Commun. 2019, 49, 2767-2804
Carmela Bonaccorso, Tiziano Marzo and Diego La
Mendola Biological Applications of
Thiocarbohydrazones and Their Metal Complexes: A
Perspective Review Pharmaceuticals 2020, 13, 4;
d0i:10.3390/ph13010004

Debjani Banerjee, Perumal Yogeeswari, Pritesh Bhat,
Anisha Thomas, Madala Srividya, Dharmarajan
Sriram. Novel isatinyl thiosemicarbazones derivatives
as potential molecule to combat HIVV-TB co-infection.
European Journal of Medicinal Chemistry 46 (2011)
106-121.

A. Field, Ken Duncan, and Robert J. Young New
Small-Molecule Synthetic Antimycobacterials
Antimicrobial Agent and Chemotherapy, 49 (6)2005,
2153-2163

Liberta, A.E. and West, D.X. Antifungal and antitumor
activity of heterocyclic thiosemicarbazones and their
metal  complexes: current  status.  Biometal
1992;5(2):121-6. doi: 10.1007/BF01062223.

Tarasconi P. etal.  Synthesis, spectroscopic
characterization and biological properties of new
natural aldehydes thiosemicarbazones Bio org Med.
Chem. 8(1) 2000, 157-62.

Belicchi Ferrari M, Bisceglie F, Pelosi G, Tarasconi P,
Albertini R, Pinelli S.J New methyl pyruvate
thiosemicarbazones and their copper and zinc
complexes:  synthesis,  characterization,  X-ray
structures and biological activity. Inorg Biochem. 2001
Dec 1;87(3):137-47. doi: 10.1016/s0162-
0134(01)00321-x.PMID: 1173089.

K Husain,M  Abid, A. Azam,  Synthesis,
characterization and antiamoebic activity of new
indole-3-carboxaldehyde thiosemicarbazones and their
Pd (Il) complexes- European journal of medicinal
chemistry,42 (10) 2007.1300-1308

Abid, M. Agrawal, S.M. Azam, A. Synthesis and
antiamoebic activity of metronidazole

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

thiosemicarbazone analogues. European Journal of
Medicinal Chemistry 43( 9) 2008 2035-39

Ahmed A. EI-Asmy, Nashwa M. El-Metwally & G. A.
Al-Hazmi Chelation and Analytical Application of
Thiosemicarbazides Toward Platinum(lV) lons
Transition Metal Chemistry 31, (2006) 673-680

Zeid A. ALOthman, Erkan Yilmaz, Mohamed A.
Habila, Ibrahim  H.  Alsohaimi, Abdullah M.
Aldawsari, Nasser M.  AL-Harbi® and Mustafa
Soylak Preparation, characterization and application of
thiosemicarbazide  grafted  multiwalled  carbon
nanotubes for solid-phase extraction of Cd(Il), Cu(ll)
and Pb(Il) in environmental samples. Journal of
Environmental Sciences. 25,(11), 2013, 2331-233
Lakshi Narayana Suvarapui, Adinarayana Reddy
Somala, Janardhan Reddy Koduru, Sung Okbeak and
Verda Reddy, A Critical Review on Analytical and
Biological Applications of Thio- and
Phenylthiosemicarbazones, = Asian  Journal  of
Chemistry; 24, (5), 2012, 1889-1898

Duan,C.-Y,Liu, Z.-H.,Shi,Y.-C.,You,X.-ZSynthesis,
crystal structure and nonlinear optical properties of
thiosemicarbazone  zinc complex. Journal  of
Coordination Chemistry 47(3):1999,433-439
Bojidarka B. Ivanova & Michael Spiteller Optical and
nonlinear optical properties of new Schiff’s bases:
experimental versus theoretical study of inclusion
interactions Journal of Inclusion Phenomena and
Macrocyclic Chemistry 75,2013;211-221(2013)

Pascal G. Lacroix, Santo Di Bellaand Isabelle
LedouxSynthesis and Second-Order Nonlinear Optical
Properties of New Copper(ll), Nickel(Il), and Zinc(11)
Schiff-Base Complexes. Toward a Role of Inorganic
Chromophores for Second Harmonic Generation,
Chem. Mater. 1996, 8, 2, 541-545

Majumder, A.; Rosair, G.M.; Mallick, A
Chattopadhyay, N.; Mitra, S. Synthesis, structures and
fluorescence of nickel, zinc and cadmium complexes
with the N, N,O-tridentate Schiff base N-2-
pyridylmethylidene-2-hydroxy-phenylamine
Polyhedron 25, 2006, 1753-1762

R.B. Rastogi, V. Jaiswal and J.L. Maurya, Theoretical
study of Schiff Base compounds as antiwear lubricant
additives: A quantum chemical calculation approach.
Proc. IMechE Part J: J Engineering Tribology, 228,
2014, 198-205.

R.B. Rastogi, JL. Maurya and V. Jaiswal,
Phosphorous free antiwear formulations: Zinc
thiosemicarbazones-borate ester mixtures. Proc.

IMechE Part J: J Engineering Tribology 227, 2013,
220-233

R.B. Rastogi, J.L. Maurya and V. Jaiswal, Low sulfur,
phosphorus and metal free antiwear additives:
Synergistic  action  of  salicylaldehyde  N(4)-
phenylthiosemicarbazones and its different derivatives
with Vanlube 289 additive. Wear, 297, 2013, 849-859.
Mohamed A. Metwally, Samir Bondock, Hossam El-
Azap and Ez-Eldin M. Kandeel Review article
Thiosemicarbazides: Synthesis and reactions, Journal
of Sulphur Chemistry. 32;(5)2011;489-521

Seena EB and Kurup MRP. Synthesis, spectral studies
of zinc(ll) complexes of salicylaldehyde N(4)-

Volume 10 Issue 1, January 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR21119002926

DOI: 10.21275/SR21119002926

1598


https://pubmed.ncbi.nlm.nih.gov/11730895/
https://pubmed.ncbi.nlm.nih.gov/11730895/
https://pubmed.ncbi.nlm.nih.gov/11730895/
https://pubmed.ncbi.nlm.nih.gov/11730895/
https://pubmed.ncbi.nlm.nih.gov/11730895/
https://scholar.google.co.in/citations?user=azHatD4AAAAJ&hl=en&oi=sra
https://scholar.google.co.in/citations?user=VRNXnDMAAAAJ&hl=en&oi=sra
https://www.sciencedirect.com/science/article/pii/S0223523407001092
https://www.sciencedirect.com/science/article/pii/S0223523407001092
https://www.sciencedirect.com/science/article/pii/S0223523407001092
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/11243
https://pubs.rsc.org/en/results?searchtext=Author%3AZeid%20A.%20ALOthman
https://pubs.rsc.org/en/results?searchtext=Author%3AErkan%20Yilmaz
https://pubs.rsc.org/en/results?searchtext=Author%3AMohamed%20A.%20Habila
https://pubs.rsc.org/en/results?searchtext=Author%3AMohamed%20A.%20Habila
https://pubs.rsc.org/en/results?searchtext=Author%3AMohamed%20A.%20Habila
https://pubs.rsc.org/en/results?searchtext=Author%3AIbrahim%20H.%20Alsohaimi
https://pubs.rsc.org/en/results?searchtext=Author%3AAbdullah%20M.%20Aldawsari
https://pubs.rsc.org/en/results?searchtext=Author%3AAbdullah%20M.%20Aldawsari
https://pubs.rsc.org/en/results?searchtext=Author%3AAbdullah%20M.%20Aldawsari
https://pubs.rsc.org/en/results?searchtext=Author%3ANasser%20M.%20AL-Harbi
https://pubs.rsc.org/en/results?searchtext=Author%3AMustafa%20Soylak
https://pubs.rsc.org/en/results?searchtext=Author%3AMustafa%20Soylak
https://pubs.rsc.org/en/results?searchtext=Author%3AMustafa%20Soylak
https://www.sciencedirect.com/science/journal/10010742
https://www.sciencedirect.com/science/journal/10010742
https://www.sciencedirect.com/science/journal/10010742
https://www.sciencedirect.com/science/journal/10010742
https://www.researchgate.net/journal/1029-0389_Journal_of_Coordination_Chemistry
https://www.researchgate.net/journal/1029-0389_Journal_of_Coordination_Chemistry
javascript:;
javascript:;
https://link.springer.com/journal/10847
https://link.springer.com/journal/10847
https://link.springer.com/journal/10847
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Pascal+G.++Lacroix
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Santo++Di+Bella
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Isabelle++Ledoux
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Isabelle++Ledoux
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Isabelle++Ledoux

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2019): 7.583

phenylthiosemicarbazone. Spectrochim Acta. Part A.
69, 2008, 726-732.

[24] Lotf A. Saghatforoush , Ali Aminkhani , Sohrab
Ershad 3 , Ghasem Karimnezhad 1, Shahriar
Ghammamy 4 and Roya Kabiri 5Preparation of Zinc
(1) and Cadmium (I1) Complexes of the Tetradentate
Schiff Base Ligand 2-((E)-(2-(2-(pyridine-2-yl)-
ethylthio)ethylimino)methyl)-4-bromophenol
(PytBrsalH) Molecules 13, 2008, 804-811

Volume 10 Issue 1, January 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR21119002926 DOI: 10.21275/SR21119002926 1599





