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ABSTRACT. Some metal complexes of 3-phenyl-2-thiohydantoin with
Hg (II) and Ag (I) in neutral and basic media have been prepared. The
isolated complexes were identified on the basis of analytical data, in-
frared, UV-visible and 1H NMR spectra as well as mass spectra and
molar conductivity measurements, and their structural evaluation was
carried out. It was found that the ligand acts as monobasic or neutral
monodentate S-coordinative agent towards the metal ions.

Introduction

Heterocyclic thiones have considerable coordination potential and their metal
complexes have been used as analytical reagents[1], in several industrial pro-
cesses[2-4], as metal corrosion inhibitors[5], and as biologically active mole-
cules[6,7]. Most of the currently marked antiarthritic drugs are gold (I)  com-
plexes containing S-donor ligands resembling heterocylic thiones. Thiohy-
dantoins and related compounds are used as analytical reagents for the de-
termination of trace amounts of various metals[8-10]. They have been used as an-
ticonvulsant agents[11] and some of them have been recommended for the treat-
ment of tuberculosis and other infectious diseases. 3-Phenyl-2-thiohydantoins
(HL) have been screened against selected bacteria and some of them were found
to possess moderate to fairly good antibacterial activity[12]. In many cases, co-
ordination of these compounds to transition metal ions enhances their biological
activity. Cobalt (II), nickel (II) and copper (II) complexes of some 2-thio-
hydantoins have been studied[13,14]. Dioxouranium (VI) complexes of 5-subs-
tituted and 3-phenyl-2-thiohydantoins have been also reported[15]. In view of
these findings and owing to the scarcity of literature on the complexation of 3-
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phenyl-2-thiohydantoin (3-phenyl-2-thioxo-4-imidazolidinone) and its de-
rivative with metals, we describe here the synthesis and characterization of Hg
(II) and Ag (I) complexes with 3-phenyl-2-thiohydantoin (HL).

Experimental

All the solvents and chemicals (Merck or B.D.H.) were used without further
purification.

Preparation of 3-phenyl-2-thiohydantoin

A mixture of glycine (0.1 mol), phenylisothiocyanate (0.1 mol), and po-
tassium hydroxide (10 g) was dissolved in glacial acetic acid (20 ml) and re-
fluxed for ca. 2 hours. The reaction mixture was poured into cold water, solid
was filtered off, washed with water and recrystallized from acetic acid. This
method was described elsewhere[14,15].

Preparation of the metal complexes

A hot solution of the metal salt (0.01 mol) (HgCl2 or AgNO3) in the mini-
mum amount of water was added dropwise with continuous stirring to a solu-
tion of 3-phenyl-2-thiohydantoin (0.01 mol) in absolute ethanol or in an etha-
nolic solution of an equivalent amount of sodium acetate (0.10 mol). Sodium
acetate was added to alkalify the solution. The resulting reaction mixture was
gently refluxed for 30 min in a water bath. The reaction mixture was then left at
room temperature for 3 hours. When the metal complexes precipitated, they
were filtered, washed with little water and ethanol followed by ether and dried
over P4O10.

Apparatus and physical measurements

Visible and ultraviolet spectra were determined in DMF with a Perkin-Elmer
Lambda 4B UV-Visible spectrophotometer. The mass spectra were registered
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on a Varian MAT 711 double focusing spectrometer equipped with a direct inlet
system and operating at 70 eV electron beam energy. Infrared Spectra were
measured with KBr discs on a model 408 Shimadzu spectrophotometer. Con-
ductivity measurements in DMF were made at room temperature using a con-
ductivity bridge Beckman model A18. Proton magnetic resonance in deuterated
dimethylsulfoxide was taken on a Varian E.M. 390 NMR spectrophotometer.
Chemical shifts are reported in δ ppm downfield from internal tetramethylsilane.

Results and Discussion

All the metal chelates are stable towards air and moisture. The reaction of sil-
ver (I) nitrate or mercury (II) chloride with 3-phenyl-2-thiohydantoin (HL) re-
sulted in powder or microcrystalline complexes, insoluble in most common or-
ganic solvents but soluble in dimethylformamide and dimethylsulfoxide.
Unfortunately, because of their insolubility in suitable solvents, growth of a
good crystal for single crystal X-ray structural analysis could not been obtained.
The recorded mass spectrum of the free ligand (3-phenyl-2-thiohydantoin) dis-
plays prominent molecular ion peak at m/z = 192 indicating the purity of the
prepared free ligand. This spectrum shows a series of peaks corresponding to
relatively low mass fragments which confirmed the free ligand structure. The
mass spectrum of silver (I)  complex displays a molecular ion peak at m/z = 380
which can be taken as an evidence for the formation of 1:1 metal:ligand stoi-
chiometry for this chelate [HL-Ag] NO3

.H2O which was also confirmed by an-
alytical results. The stoichiometric formula [HL-Hg]Cl2

.H2O is suggested to Hg
(II) complex prepared in ethanol while [L-Hg-Cl].H2O and Na[L-Ag-NO3].H2O
formulas are suggested for those isolated from the alkaline media. Analytical
data are shown in Table 1. Molar conductance suggests the electrolytic nature
for these chelates in DMF except complex 3 as shown in Table 1.

TABLE 1.  Analytical and conductance data for the metal complexes.

C% H% N% S%
No. Complex found found found found

(calcd) (calcd) (calcd) (calcd)

1    [HL-Ag] NO3
.H2O 28.82 2.94 11.42 8.21 110.5

(28.42) (2.63) (11.05) (8.42)

2    [HL-Hg] Cl2
.H2O 22.61 2.18 8.91 6.42 160.2

(22.42) (2.07) (8.72) (6.64)

3    [L-Hg-Cl].H2O 24.52 2.21 9.61 7.25 �
(24.26) (2.02) (9.43) (7.18)

4     Na [L-Ag-NO3] H2O 26.94 2.19 10.32 7.84 115.9
(26.87) (2.23) (10.45) (7.96)

Λ
ohm�1.cm2.mol�1
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Infrared spectra

The appearance of a broad absorption band centered around 3500 cm�1 in the
infrared spectra of all the resultant metal chelates indicates the presence of wa-
ter molecules in these complexes. Since it is known that free water absorbs at
3520 and 3445 cm�1 while coordinated water absorbs around 3095 cm�1[16],
one can suggests that water molecules in the complexes prepared exist as mole-
cules of crystallization. The infrared spectra of the complexes prepared in basic
ethanol sodium acetate solution do not show any  νN-H stretching band nor a
band due to νC = S with simultaneous appearance of new bands at 1594cm�1

and at 696-698 cm�1 assignable to νC = N and νC � S respectively. This in-
dicates the deprotonation of the proton of the N-H group to form the thiol form
of the ligand. In this case the free ligand is coordinated to the central metal ion
as monoanion through thiol sulphur atom as monodentate ligand. This may be
due to the fact that the basicity of the medium facilitates the deprotonation of
the N-H moiety of the ligand. The infrared spectra of the complexes isolated
from ethanol are identical to the spectrum of the free ligand with some differ-
ence in the position of the νC = S bands which are shifted to lower frequencies
(10 cm�1). This indicates that the ligand reacts in the neutral thione form as a
neutral monodentate ligand through the thiocarbonyl group. The spectra of com-
plexes indicate νC = O bands at the 1766-1765 cm�1 at nearly the same position
as shown in spectrum of the free ligand. This result indicates that the C = O
group is not involved in the complex formation.

1H NMR Spectra

The proton magnetic resonance spectrum of the free ligand (3-phenyl-2-
thiohydantoin) displayed multiplet at 7.5 ppm and a broad singlet at 12.5 ppm
corresponding to resonance resulting from the protons of the aromatic ring of
phenyl group at position 3 and the proton of the N-H group respectively. The
absence of a peak due to the N-H group in the 1H NMR spectra of the metal
complexes is considered as additional indication of the deprotonation of this
group. This supports the above-mentioned infrared spectral data for the com-
plexes isolated from the basic media.

Based on the foregoing discussion of this study, the free ligand (3-phenyl-2-
thiohydantoin) behaves as a neutral or uninegative S-monodentate coordinative
agent towards silver (I) and mercury (II) ions. Determination of the exact geom-
etries for the metal complexes under study requires single crystal X-ray analysis.

Electronic Spectra

The complexes were found to be diamagnetic as expected for a d10 system.
The electronic spectrum of 3-phenyl-2-thiohydantoin free ligand in DMF dis-
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plays a sharp band at 270 nm. This band may be assigned to intraligand L-L*.
The electronic spectra of Hg (II) complexes in DMF exhibit an intense band at
270 nm and two broad bands at 475-480 nm and 500-505 nm, while those of the
Ag (I) complexes in DMF exhibit a sharp band at 265-270 nm and one broad
band around 430-435 nm. The higher energy bands at 270 nm and 265-270 nm
may be attributed to L-L* transition, while the other brands at the lower energy
positions may be assigned to L-M transitions.
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l�� W���U��_« W�CH�«Ë wzU�M��« o��ze�«  U���«d��
s�u�M�bO�uO� − ≤ − qOM� − ≥

dBM�« u�√ qOK� bL�√
5LKF*« WOK� − ¡UOLOJ�« r��

 W��uF��« WO�dF�« WJKL*« −  ��u���M*« W���M�b*«

l� W��U?�_« WCH?�«Ë wzUM��« o�ze�«  U�?�«d�?� dO?C% - Æ�hK�?��*«
-Ë Íb�UI�« j�u�« w�Ë ��UF?�*« j�u�« w� s�u�M�bO�uO� −≤− qOM�−≥
·dF?�K� WOzUO?LO�u�eO?H�«  U�UO?I�«  U��«d�*« Ác?N� X�d�√ b�Ë Æ�U?NKB�
Ác� s�Ë Æ�wzU?O?L?OJ�« U?N?�?O?�d� W?�d?F?� v�≈ q:u?��«Ë U?N?�?�«��Ë U?N?OK�
X% W?F?�_« ·U?O�√  U?�U?O??�Ë ,�d?:UMFK� oO?�b�« qOK?�?��«  U?�U?O?I�«
ÍËuM�« 5�d?�«Ë ,�WK�J�« ·U?O�√Ë ,�W??O?�?�?H?M��« �u?�Ë W?Ozd?*« Ë ¡«d?L?(«
b?�Ë Æ�Í�ôu*« wzU�d?NJ�« qO?:u��«  U?�U?O� v�≈ W?�U?{ùU� ,�w�?ODMG*«
bM�?OK� eKH�« Êu�√ l� o�UM��  U?��«d?�*« Ác� w� bM�OK�« Ê√ ZzU?�M�« X��

Æ�X�d�J�« ��� �ö� s� j�«d��« bO�Ë W�b�UI�« Í�U�√ Ë√ ��UF��
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