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SYNTHESIS, CHARACTERIZATION, ANTIMICROBIAL
ACTIVITIES, AND STRUCTURAL STUDIES
OF LANTHANIDE (III) COMPLEXES
WITH 1-(4-CHLOROPHENYL)-3-(4-FLUORO/
HYDROXYPHENYL)PROP-2-EN-1-THIOSEMICARBAZONE

Chandra K. Oza, Meenakshi Jain, Neelima Jain,
and Dinesh Verma
Centre of Advanced Studies, Department of Chemistry, University of Rajasthan,
Jaipur, India

Twelve coordinate lanthanide (III) complexes with the general composition [Ln
L3Xn(H2O)n] where Ln = Pr(III), Sm(III), Eu (III), Gd (III), Tb (III), Dy (III), X = Cl−1,
NO3

−2, n = 2–7, and L is 1-(4-chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-en-1-
thiosemicarbazone have been prepared. The lanthanide complexes (5) were derived
from the reaction between 1-(4-chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-en-
1-thiosemicarbazone (4) with an aqueous solution of lanthanide salt. Chalcone
thiosemicarbazone ligand (4) was prepared by the reaction of [1-(4-chlorophenyl)-3-(4-
fluoro/hydroxyphenyl)]prop-2-enone (chalcone) (3) with thiosemicarbazide in the presence
of hot ethanol. All the lanthanide-ligand 1:3 complexes have been isolated in the solid state,
are stable in air, and characterized on the basis of their elemental and spectral data.

Thiosemicarbazone ligands behave as bidentate ligands by coordinating through the
sulfur of the isocyanide group and nitrogen of the cyanide residue. The probable structure
for all the lanthanide complexes is also proposed. The chalcone thiosemicarbazone ligands
and their lanthanide complexes have been screened for their antifungal and antibacterial
studies. Some of the synthesized lanthanide complexes have shown enhanced activity
compared with that of the free ligand.

Supplemental materials are available for this article. Go to the publisher’s online edition of
Phosphorus, Sulfur, and Silicon and the Related Elements to view the free supplemental
file.

Keywords Antimicrobial activities; 1-(4-chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-
en-1-thiosemicarbazone; lanthanide complexes; spectral studies
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INTRODUCTION

The chemistry of chalcone thiosemicarbazones, hydrazones, and their allied deriva-
tives has aroused great interest due to their diverse pharmaceutical activities, i.e., their use
as anticholinesterase,1 antibacterial,2–5 antifungal,4 antimalarial,2,6–8 antileukemic,8,9 anti-
tuberculosis,10 antimicrobial,11–13 and antiproliferative14 agents. Some of them have shown
biological activities15,16 and were found to possess increased activity when they were ad-
ministered as corresponding metal complexes.17–19 A significant correlation between the
chelating properties and antitumor activity of some heterocyclic aldehydic thiosemicar-
bazones in animal systems were also reported.20–22 Extensive studies on some substituted
1-benzoyl-4-phenylthiosemicarbazide metal ion complexes were also reported.23 Encour-
aged by these observations, we report in this article the synthesis and antimicrobial activities
of 12 new lanthanide complexes of 1-(4-chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-
en-1-thiosemicarbazone.

RESULTS AND DISCUSSION

Synthesis

[1-(4-Chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-enone] (chalcones) (3) were
prepared by the method of Joshi and Jauhar.23 1-(4-Chlorophenyl)-3-(4-fluoro/hydroxy
phenyl)prop-2-enones were then treated with thiosemicarbazide in hot ethanolic solution
by Campaigne and Archer’s method.24 A solution of 1-(4-chlorophenyl)-3-(4-fluoro/
hydroxyphenyl)prop-2-en-1-thiosemicarbazone was treated with an aqueous solution of
lanthanide salt Ln = Pr(III), Sm(III), Eu(III), Gd(III), Tb(III), and Dy(III) in a 3:1 molar ratio
with stirring to afford tris[1-(4-fluoro/hydroxyphenyl)-3-(4-chlorophenyl)prop-2-en-1-
thiosemicarbazone]praseodymium/samarium/europium/gadolinium/terbium/dysprosium
(III) (5a–l) (Scheme 1). The structure of the synthesized lanthanide complexes was
established on the basis of their IR, 1H NMR, and FAB mass spectral studies. Physical and
analytical data of chalcone thiosemicarbazone ligands and their lanthanide complexes 4
and 5 are given in Tables I and II, respectively. The spectral data of synthesized chalcone
thiosemicarbazone ligands (4) and their lanthanide complexes (5a–l) are given in Table III.
Major mass fragments along with their relative intensities and m/z values of lanthanide
complexes are given in Table IV S (available online in the Supplemental Materials).

IR Spectra

The IR spectra of 1-(4-chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-enone
(chalcones) (3) showed absorption bands at 1680 cm−1, which is attributed to >C O
stretching vibration. In the IR spectra of 1-(4-chlorophenyl)-3-(4-fluoro/hydroxyphenyl)
prop-2-en-1-thiosemicarbazone (4), a >C O absorption band at 1680 cm−1 disappeared
and new absorption bands appeared in the region 3304–3420 cm−1, 3150–3300 cm−1,
and 1175–1180 cm−1 due to NH2 absorption, >N H absorption, and >C S
stretching vibration, respectively. The IR spectra of lanthanide complexes of tris[1-(4-
chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-en-1-thiosemicarbazone] (5) exhibited
–NH2 absorption in the region 3392–3440 cm−1, which remains unaltered, indicating
non-involvement of nitrogen of NH2 group on coordination with lanthanide ions in
complexation reactions, but slight displacement of these frequencies is due to increased
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Scheme 1

positive charge on the nitrogen atom arising because of donation of an electron pair from
sulfur of thioamide moiety, which is involved in chelation. A sharp >N H absorption
in the range of 3150–3300 cm−1 disappeared, indicating possible deprotonation on the
β-nitrogen after complexation with the lanthanide ion. This band undergoes a negative shift
by ∼35 cm−1 in the lanthanide complexes, and this shift is the consequence of drainage
of an electron of the terminal N atom of ( N N ) moiety, indicating the coordination
of at least one of the N groups to the central lanthanide ion. A very strong >C N
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Table I Physical data of 1-(4-chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-en-1-thiosemicarbazone(4)

Compd. No. Y Color Mp ◦C Yield Molecular formula

4a F Yellow >156 92 C16H13N3ClFS
4b OH Yellow >180 74 C16H14N3ClS

absorption was observed in the range of 1594–1642 cm−1 of the free azomethine group
in the ligand shifts to the lower frequency side (∼5–8 cm−1) in the spectra of complex
indicating the coordination of the azomethine nitrogen to the lanthanide atom. The strong
(N N) absorption in the range of 835–843 cm−1 in the ligand experiences a positive shift
by ∼10–15 cm−1 upon complexation, which confirms the involvement of one N atom
( N N ) group in the bonding.

The IR spectra of these complexes do not display the S H mode at about 2600 cm−1,
indicating that in the solid state, these ligands remain in thio-keto form (Scheme 2).

Scheme 2

However, upon lanthanide complex formation, all these bands disappear, showing the
bonding of sulfur to the lanthanide atom by the loss of thiolic protons of ligands. A new
absorption band in the lanthanide complexes at 477–499 cm−1 assigned to Ln N confirms
the lanthanide nitrogen bond in the complexes. The appearance of a new Ln S absorption
band occurs in the range of 320–340 cm−1.

The appearance of a broad band at 3285–3520 cm−1 in the spectra of all lanthanide
complexes is associated with coordinated and/or lattice water molecules supported from
mass spectral data. These lanthanide complexes also show new bands at 1385–1399 cm−1

and 356–362 cm−1, which may be assigned to NO3 and Ln Cl absorptions, proving the
presence of NO3

− and Cl− as a free ion.25

1H NMR Spectra

The 1H NMR spectra of 1-(4-chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-en-
1-thiosemicarbazone (4a) showed an additional broad signal at δ 3.07 ppm (2H), a sharp
singlet at δ 10.31 ppm (1H), and a multiplet at δ 6.82–7.12 ppm (12H) assigned to the NH2

proton, NH proton, and aromatic protons, respectively. The two olefinic protons constitute
an AB pattern and appeared as a pair of doublets. The doublet appeared at δ 5.42–6.03 ppm
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with coupling constant (J = 9.0 Hz) due to the α proton ( CH CH—C N), and a doublet
appeared at δ 7.84–7.92 ppm with coupling constant (J = 9.0 Hz) due to the β proton
( CH CH C N). This strong downfield shift of these protons is due to an extended
conjugation with aromatic protons. The high value of the coupling constant suggests trans
geometry across the double bond. 1H NMR spectra of compounds 5a–l revealed the singlet
at δ 3.07–3.13 ppm (6H), a sharp double doublet at δ 6.80–7.84 (6H) ppm with coupling
constant 6.0–6.4 Hz (CH CH C N), and the doublet in the region δ 6.16–7.25 (6H) ppm
with coupling constant 6.0–6.3 Hz due to (CH = CH—C N) proton and a singlet at δ

8.01–8.58 (3H) ppm due to NH2 protons, olefinic protons, and –OH protons, respectively.
1H NMR spectra of lanthanide complex 5 exhibited multiplets due to aromatic protons in
the range of δ 7.01–7.97 (36H) ppm. The lattice and coordinated water molecules were
observed at δ 4.23–4.10 ppm and δ 4.39–4.48 ppm, respectively. All other NMR spectral
data are given in Table III.

The molar conductance of the complexs in nitrobenzene (10−3m mol) indicates that
they are essentially non-electrolytes. The magnetic moments of the complexes at room
temperature (Table II) show little deviation from the Van Vleck values, indicating the
non-participation of the 4f electrons in bond formation in these complexes. The magnetic
moments of these complexes are within the predicted range.26,27

Electronic Spectra

The electronic spectra of the complexes in the visible region indicate a shift of
the bands. The magnitude of nephelauxetic effect is dependent on the change in elec-
tronic repulsion parameter. The nephelauxetic ratio (β), percentage covalency parameter
(δ%), bonding parameter (b1/2), and the angular covalency (η) values, respectively, are
0.9797–0.9818, 0.9998–2.0823, 0.0092–0.0104, and 0.009207–0.010406.

The values are less than one, and the positive values of% and bonding between the
metal and ligands are covalent.28,29

Fast Atom Bombardment (FAB) Mass Spectra

All FAB mass spectra of synthesized lanthanide complexes exhibited M++1 peak
due to transfer of proton matrix. Lanthanide complexes 5a exhibited (M++1) peak at m/z
1388/1390 of relative intensity of 13.23% and molecular ion peak (M+) at m/z 1387/1389
of relative intensity 14.89%. Lanthanide complex 5a exhibited a base peak at m/z 391
(100.0%)/393 (100.0%) corresponding to the molecular formula.

Lanthanide complex 5i exhibited (M++1) peak at m/z at 1161 (15.0%)/1163 (5.0%)
and molecular ion peak (M+) at m/z 1160 (20.0%)/1162 (10.0%). FAB mass spectra of
lanthanide complexes 5 exhibited (M+1) peak and (M+) peak. Details are given in Table
IV S (available online in the Supplementary Materials).

EXPERIMENTAL

Melting points were determined in open glass capillaries and are uncorrected (Tempo
melting point apparatus). The purity of the synthesized lanthanide complexes was checked
by thin layer chromatography (TLC) on silica gel in various non-aqueous solvent systems.
IR spectra were recorded in KBr on a Perkin Elmer 557 spectrometer, PMR spectra were
recorded in CDCl3 on a Brucker spectrometer (200 MHz) using tetramethylsilane (TMS)
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LANTHANIDE (III) COMPLEXES 385

as an internal reference, and FAB mass spectra were recorded on Jeol SX-102 (FAB)
spectrometer. Electronic spectra were recorded on a Elico CL-54, and magnetic moments of
the complexes were determined by the Gouy method at room temperature. The conductance
measurements were carried out in nitrobenzene medium (−10−3M) by a Systronics 303
conductivity meter.

Different 1-(4-chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-enone (chalcones)
were prepared by the method proposed by Joshi and Jauhar,23 and 1-(4-chlorophenyl)-3-(4-
fluoro/hydroxyphenyl)prop-2-en-1-thiosemicarbazones were prepared by another method
given by Campaigne and Archer.24

Tris[1-(4-chlorophenyl)-3-(4-fluoro/hydroxyphenyl)prop-2-en-1-

thiosemicarbazone]lanthanide (III) Complexes (5a–l): Tris[1-(4-

chlorophenyl)-3-(4-hydroxyphenyl)prop-2-en-1-thiosemicarbazone]europium

(III) (5i)

1-(4-Chlorophenyl)-3-(4-hydroxyphenyl) prop-2-en-1-thiosemicarbazone (3 mmol,
0.84 g) was dissolved in ethanol (20 mL) taken in 100 mL round bottomed flask and heated
on a water bath. This hot solution was stirred with an aqueous solution of lanthanide salt
Eu(NO3)3 5H2O (1 mmol, 0.428 g) in dropping funnel in 3:1 molar ratio. The resulting
mixture thus obtained was refluxed on a water bath for 2 h and left overnight to yield
the dark brown crystalline lanthanide complex, which was filtered off under suction and
repeatedly washed several times with water (4 × 50 mL) until the filtrate became colorless.
The solid was washed with diethylether and dried over anhydrous CaCl2 in a vacuum
desiccator. The complexes were found to be amorphous colored lanthanide complexes,
stable at room temperature, and soluble in CDCl3. Yield 1.02 g (88%) 5i, mp >227◦C. All
other lanthanide complexes (5a–l) were prepared using the same procedure and are given
in Table II along with their characteristics and analytical data.

Antibacterial and Antifungal Activities

Representative chalcone thiosemicarbazone ligands and their lanthanide complexes
were screened for their antibacterial activity against Gram-negative bacteria E. coli and
Gram-positive bacteria S. aureus at 100, 200, 500, and 1000 ppm concentrations. (See the
Supplemental Materials online, Tables VS and VIS).
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