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Thermal behaviour -and antimicrobial activity was investigated
for a series of thiourca derivatives. The thermal behaviour of the
compounds on heating up to 1000 K in nitrogen atmosphere was
examined by thermogravimetry and differential thermal analysis.
The compounds decompose in one or two stages. GC-MS combined
system was used to identify the producis during pyrolytic decom-
positions. The kinetic analysis of the thermogravimetric data was
performed using the Coats-Redfern and Horowitz-Metzger meth-
ods. The antibacterial activities of these thiourea derivatives were
investigated for - three Gram positive (Enrerococcus faecalis,
Staphylocceus aureus and Staphylocccus epidermidis) and two
Gram negative (Escherichia coli, Pseudomonas aeruginosa) bacte-
ria by employing broth microdilution method and subsequently,
inhibitory activity against yeast-like fungi (Candida albicans, Can-
dida krusei, Candida glabrata and Candida parapsilosis) was also
determined. Only three of the compounds showed antimicrobial
activity and that were at a moderate level. None of them exhibited
sufficient antifungal activity to become a drug candidate.

Key Words: Thermal analysis, Thiourea, Antimicrobial activ-
ity, Benzoylthiourea derivative.

INTRODUCTION

Some thiourea derivatives are selectively analytical reagents, especially for the
determination of transition metals in complex interfering matrices' >. The com-
plexation capacity of some thiourea derivatives has been reported in several
papers” %, N,N-dialkyl-N’-benzoylthioureas have been found to be useful ligands
for the potential determination of traces of the transition metals by means of
normal phase chromatography®®. The biological activities of this type of
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complexes have been successfully screened and some N-substituted-N’-car-
bonylthiourea derivatives have been used in commercial fungicides> .

Recently, Arslan et al’ reported the synthesis and characterization of N,N’-
dialkyl-N’-benzoylthiourea derivatives and their metal complexes. Subsequently,
such properties of these derivatives were examined’™'? taking into account that
thermal properties and antimicrobial efficacy of this type of benzoylthiourea
derivatives, namely, N,N-dimethyl-N’-(2-chloro-benzoyl)thiourea (LY, N.N-di-
n-propyl-N’-(2-chloro-benzoyl) thiourea (L*), N,N-di-n-propyl-N’-(4-chloro-
benzoyl) thiourea (LY, N,N-diphenyl-N’-(2-chloro-benzoyl)thiourea LY,
N.,N-diphenyl-N’-(4-chloro-benzoyl)thiourea (L.°), N,N-diphenyl-N’-(4-phenyl-
benzoyl) thiourea (L% and N-pyrolidin-N"-(2-chloro-benzoyl) thiourea (L"), have
not been studied previously. In the present study, the thiourea derivatives were
studied by DTA and TG and the mechanisms of thermal decomposition have been
established. Furthermore, the decomposition kinetics and the outcome of the
microbiological activity of these compounds is also reported.

EXPERIMENTAL

All chemicals used for the preparation of the compounds were of reagent grade
quality. A GC-MS system, Finnigan model Mat Magnum, was used to identify
pyrolysis products evolved during heating. The DTA and TG curves were obtained
simultaneously with Shimadzu DT-40 model with DTA and TG apparatus. The
measurements were performed by using a dynamic nitrogen atmosphere at a flow
rate of 60 mL min~" up to 1000 K. The heating rate was 10 K min™" and the sample
sizes ranged in mass from 8 to 13 mg contained in platinum crucible. a-Al,O4 was
used as a reference material. Melting point determinations were performed with a
digital melting point instrument from Electrothermal model 9200.

Synthesis of benzoylthicurea derivatives

The compounds were obtained in acetone using the reported method’. The
substituted benzoylisothiocyanates were obtained from substituted benzoy! chlor-
ide (5 x 107 mol) and KSCN (5 x 1072 mol) at 40°C (30 min). A solution of the
amine was added to the mixture for 15 min at room temperature and stirred for 2 h.
The solid organic phase was filtered and recrystallized from ethanol/dichlorometh-
ane. All synthesized derivatives were characterized with respect to melting point.

Antimicrobiological activity studies

Antibacterial activities of the compounds were tested against Gram (+) and
Gram () bacteria such as Escherichia coli (ATCC 25922), Pseudomonas aer-
uginosa (ATCC 27853), Enterococcus faecalis (ATCC 29212), Staphylocccus
aureus (ATCC 25923) and Staphylocccus epidermidis (ATCC 12228) and the
antifungal activities of compounds against some yeast like fungi such as Candida
albicans (ATCC 90028), Candida krusei (ATCC 6258), Candida glabrata (ATCC
32554) and Candida parapsilosis (ATCC 22019). Minimal inhibitory concentra-
tions (MICs) were determined by broth microdilution methods following the
procedures recommended by the National Committee for Clinical Laboratory
Standards'* '*. Amikacin and flucanozole were used as reference compounds for
bacteria and fungi, respectively.
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Mueller-Hinton broth (Difco Laboratories, Detroit, USA) was used when testing
bacterial strains. For Candida species, saboraud dextroz broth (Difco) was used.
The inoculum densities were 1 x 10® cfu/mL for bacteria and fungi. The solutions in
the test medium were furnished the required concentrations ranging from 1024-0.5
peg/mL. The microtiter plates were incubated at 35°C and read visually after 24 h.
For Candida species, incubation period was 48 h. The minimum inhibitory concen-
* tration (MIC) values were recorded as the lowest concentrations of the substances
that had no visible turbidity.

RESULTS AND DISCUSSION

Seven different derivatives were synthesized and characterized” . All the
compounds were studied by thermogravimetric analysis from ambient temperature
to 1000 K in nitrogen atmosphere. The TG, DTG and DTA curves of the compounds
are presented in Fig. 1. The temperature ranges and percentage mass losses of the
decomposition reaction are given in Table-1.

TABLE-1
THERMOANALYTICAL RESULTS FOR COMPOUNDS (L'-L)
Temperature TG Mass loss (%) Evolved
Compounds  Stage of DTA peak Temperature .
maximum (K) _range (K) TG Theor. moiety
L! I 440 410-826 99.50 100.0 —
Sl 1 505 411-704 99.30 100.0 —_—
L} 1 502 413-907 99.60 100.0 —
L 1 434 422-510 46.70 458  -N(CeHs)
Il 482 510-848 53.30 54.2 _
L’ 1 438 428-519 46.64 459  N(CeHs)
1 486 519-854 53.30 54.1 —
L I 430 421-533 41.04 412 N(CgHs)2
I 480 533-830 58.70 58.8 —
L’ 1 455 449-770 99.70 100.0 —_

The DTA profiles for L2, L* and L* show one endothermic peak at 353 K, 380 K
and 438 K. These peaks corresponding to the melting points of the compounds. L',
14 L® and L7 melt at 435 K, 423 K, 412 K and 446 K with spontaneous
decomposition, respectively. The mechanisms of decomposition for the com-
pounds are possible as shown by Schemes 1 and 2. The theoretical mechanisms
dealt with in Scheme 1 and 2 are confirmed by GC-MS data (Fig. 2 as an example).
Observed MS peaks are responsible for evolved radical moiety. The decomposition
mechanisms obtained from TG profiles are shown in Fig. 1. The theoretical and
experimental per cent mass losses obtained from these decomposition stages are in
good agreement. The mechanism of decomposition reaction for diphenylamine
derivatives proceeds in two stages, the first of which is apparent in Reaction-1. The
end product (A) of this stage undergoes pyrolysis in the second stage. The second
decomposition mechanism for dialkylamine derivatives and pyrolidin derivative
proceeds in one stage, which compounds undergo pyrolysis (Scheme-2).
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Fig. I. DTA/TG/DTG curves for investigated compounds

In the study regarding decomposition kinetics, the integral method with the
Coats-Redfern equation'” and the approximation method with the Horowitz-Metz-
ger equation'® was used for calculation of kinetic parameters such as the activation
energy, £, emroPies, AS*, and the pre-exponential factor, A, from a non-isothermal

kinetic study®"**. The decomposition kinetics parameters for L*, L° and L are
presented in Table-2.
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TABLE-2
KINETIC DATA ON THE INVESTIGATED COMPOUNDS FOR STAGE 1

Compounds  Parameters* From Coats-Redfern eqn. From Horowitz-Metzger eqn.
E* 65.8 70.7
) A 1.02 % 10° 3.59 x 10°
L AS* -152.9 ~142.5
r '0.9991 0.9993
E* 69.6 747
s A 1.68 x 10° 6.06 x 10’
AS* ~123.6 -138.3
r 0.9993 0.9995
E* 47.2 51.3
6 A 4.89 x 10° 14.6 x 10
AS* ~197.5 -188.4
r 0.9941 0.9953
*Unit of parameters £% in kJ mol™, Ains™, n=1.0,AS*inJ mol™! K™, r-correlation coefficient

of the linear plot.

The linearization curves are shown in Figs. 3 and 4. The decomposition kinetics
parameters found for the first decomposition stages of N,N-diphenyl-N"-(2-chloro-
benzoyl)thiourea (LY, N .N-diphenyl-N’-(4-chloro-benzoyl)thiourea (L% and
N.N-diphenyl-N’-(4-phenyl-benzoyl)thiourea (L°) are nearly equal to unity. AsL*
and L? possess similar structure (only the position of Cl atom is different), their
activation energy values (L* = 70.7 and L® = 74.7 kJ mol™") are nearly equal for
both methods used for calculation. However, L® has a phenyl group attached to the
para position of benzoyl group of the molecule. Therefore, its activation energy is
slightly different from those of L* and L>. The kinetic data reached by both of the
methods are in harmony with each other. These results comply with the structure of
the compounds and decomposition mechanism.

The results obtained from the antibacterial and antifungal efficacy studies were
given in Tables 3 and 4, respectively. It was determined that the benzoylthiourea
derivatives under investigation inhibit the growth of some Gram (+) and Gram (-)
bacteria and fungi at different levels. The lowest MIC values were obtained against
Staphylococcus epidermidis with L*, L> and L°. The highest MIC value (512
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Fig. 2. MS spectrum of N,N-diphenyl-N’-(2-chloro-benzoyl)thiourea
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Fig. 3. Linearization curves of the first decomposition steps of Coats-Redfern methods for LY,
L® and L®

pg/ml) was found against the growth of Pseudomonas aureginosa with L*andL’.

As evident from the data in Tables 3 and 4, antifungal efficacy of these compounds

is very weak. Formulations of L% L’ and L® possess moderate antibacterial activity

only against Staphylococcus epidermidis.

In conclusion, this study indicates that these compounds cannot be used as drug
substances with antibacterial and antifungal activities. L%, L’ and L® may be used as
pharmaceutical excipients to provide microbiological stability. However, these
three formulations need to be examined for such effect in gel or solution type

“pharmaceutical formulations. Such investigation has been carried out in our labora-
tory to ensure their use as an excipient with antibacterial efficacy. The data on
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thermal behaviour of these compounds will be of great use upon proof of this
assumption.
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Fig. 4. Lincarization curves of the first decomposition steps of Horowitz-Metzger methods for
LY L and L
- TABLE-3
MIC VALUES (ug/mL) FOR ANTIBACTERIAL ACTIVITIES OF THE COMPOUNDS

Staphylococcus Staphylococcus  Pseudomonas — Enterococcus

Escherichia coli

Compds. aureus epidermidis aureginosa Jfaecalis
(ATCC 25923) (ATCC 25922) (ATCC 12228) (ATCC 27853) (ATCC 29212)

L! 128 128 128 256 128
L? 128 128 128 512 128
L 256 128 128 256 128
L4 256 256 64 256 128
L’ 128 256 64 128 128
L 128 256 64 128 128
L’ 256 128 128 512 128

Amikacin 4 ] 4 2 32

TABLE-4

MIC VALUES (ug/mL) FOR ANTIFUNGAL ACTIVITIES OF THE COMPOUNDS

Candida albicans  Candida krusei  Candida paraphilosis Candida glabrata

Compds- (ATCC90028)  (ATCC6258)  (ATCC22019)  (ATCC 32554)
L! 512 512 256 512
L2 512 512 256 512 7
13 512 512 256 256
L 512 256 512 256
LS 512 256 512 512
Le 256 256 512 512
L7 512 256 256 512

Flucanazole 0.5 32 2 4
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Fig. 4. Lincarization curves of the first decomposition steps of Horowitz-Metzger methods for
L* LY and LS k
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