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Synthesis, Characterization and Antimicrobial Evaluation of Some
New Thioureas derived from 3-thiophenecarboxylic Acid
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New thioureas derived from 3-thiophenecarboxylic acid have been synthesized, characterized by their physical
properties (melting point, solubility) and structurally elucidated by spectral analysis (1H-NMR, 13C-NMR) and
elemental analysis. The new compounds were prepared by the reaction of 3-thenoyl-isothiocyanate with
various primary aromatic amines. All the compounds were tested by qualitative and quantitative methods
on various bacterial and fungal strains. The assay revealed for all compounds the presence of antifungal
activity.
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According to the literature data, a diversity of biological
effects is associated with thiourea derivatives:
anticonvulsant [1], analgesic [2, 3], antiviral [4-6], anti-
aggregating, antiproliferative, antiarr ythmic, anti-
hyperlipidemic, local anaesthetic [7], antitubercular [8, 9],
antibacterial [fungicidal [10-13]. The thioureas are also
used as antitumor agents [14, 15], insecticides [16], plant-
growth regulators [17], antiparasitic agents [18].

The remarkable pharmacological importance of the
thioureas and the fact that last years have been dominated
by an incessant need for the development of new
antimicrobial agents, in response to the multiple drug
resistance, prompted us to synthesize new derivatives
having this structure and to evaluate their antimicrobial
activity.

The present paper is a continuation of our researches
[19-24] and presents the synthesis, structure confirmation
and antimicrobial activity evaluation of some new thiourea
derivatives.

Experimental part
All reagents used in this study were purchased from

commercial suppliers (Merck, Sigma-Aldrich or Fluka) and
used without purification. The necessary liquid amines
were dried with potassium hydroxide and afterwards
distilled. Acetone and ammonium thiocyanate were dried
before use.

The melting points were estimated with an
Electrothermal 9100 apparatus in open capillary tubes and
are uncorrected.

The elemental analysis was performed on a Perkin
Elmer CHNS/O Analyser Series II 2400.

The 1H-NMR spectra were obtained at 300 MHz and the
13C-NMR spectra were recorded at 75.075 MHz with a Varian
Gemini 300BB apparatus, using solutions in DMSO-d6 as
solvent and tetramethylsilane (TMS) as internal standard.
The chemical shifts are expressed in δ ppm values and
the coupling constants are in Hertz. The spectra were
recorded at room temperature in usual conditions and
sometimes Apt and Cosy sequences were used.

In 1H-NMR spectra the splitting patterns are abbreviated
as following: s, singlet; bs, broad singlet; d, doublet, bd,
broad doublet, dd, double doublet; t, triplet; td, triple doublet;
tt, triple triplet.

General synthesis procedure of the new thioureas
A solution of 3-thiophenecarboxylic acid chloride (0.01

mol) (2) in dry acetone (15 mL) was added to a solution of
ammonium thiocyanate (0.01 mol) in dry acetone (5 mL).
The reaction mixture was heated under reflux for one hour,
and then cooled to room temperature. The intermediate,
3-thenoyl-isothiocyanate (3) was not isolated. A solution
of primary aromatic amine (0.01 mol) in dry acetone (5
mL) was added, the mixture was heated under reflux for
one hour and afterwards poured into 500 mL cold water.
The crude thioureas were separated by filtration and
recrystallized from isopropanol.

The necessary 3-thiophenecarboxylic acid chloride (2)
was obtained from 3-thiophenecarboxylic acid (1) and
thionyl chloride, as previously described [23].

Analytical and spectral data of the new thioureas are
presented in tables 1-3.

Antimicrobial activity assay
The antimicrobial properties were tested against

reference microbial strains belonging to Staphylococcus
aureus, Bacillus subtilis, Escherichia coli, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Candida albicans
species, from Cantacuzino Institute Culture Collection
Laboratory.

The qualitative screening was accomplished using the
disc diffusion method, while the quantitative assay was
performed by the binary micro-dilution method in 96-well
culture plates, in order to establish the minimal inhibitory
concentration (MIC), as previously described [25].

Results and discussions
The title compounds were prepared by addition of

various primary aromatic amines to 3-thenoyl-
isothiocyanate (3). The intermediate (3) was obtained from
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Table 1
ELEMENTAL ANALYSIS RESULTS FOR THE

NEW COMPOUNDS (t-TEORETICAL;
e-EXPERIMENTAL)

 Table 2
1H-NMR DATA FOR THE NEW COMPOUNDS (DMSO-d6, J ppm, J Hz)

Table 3
13C-NMR DATA FOR THE NEW COMPOUNDS (DMSO-d6, δ ppm)
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3-thiophenecarboxylic acid (1) via 3-thiophenecarboxylic
acid chloride (2). The general synthesis pathway of the
new compounds is depicted in scheme 1.

The new compounds (4a-f) are solid, crystallized, white
or light yellow, soluble at room temperature in chloroform
and acetone and by heating in inferior alcohols, benzene,
toluene and xylene, insoluble in water.
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The structure, molecular formula, molecular weight,
melting point and yield of the new thioureas are presented
in table 4.

Structural elucidation of the new compounds was
performed by spectral analysis (1H-NMR, 13C-NMR) and
elemental analysis. All elemental analyses results were within
±0.4%  of    the  theoretical  values,  and  the   1H - NMR   and
13C-NMR spectra show all the expected signals.

Scheme 1. The synthesis pathway of the
new thioureas

Table 4
CHARACTERIZATION DATA OF THE NEW

COMPOUNDS

Table 5
THE MINIMAL INHIBITORY

CONCENTRATION (MIC VALUES) (μg/mL)
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In the quantitative assay the minimal inhibitory
concentration was read by wells observations. In the first
wells containing high concentrations of compounds the
culture growth was not visible, the microbial cells being
killed or inhibited by the tested compound.

The lowest concentration which inhibited the visible
microbial growth represents the MIC (μg/mL) value for
the tested compound.

The quantitative assay results of the new thioureas are
presented in table 5.

Based on the literature data, we considered a strong
antimicrobial effect for MICs ranging between 15.6 μg/mL
and 62.6 μg/mL, while a MIC of 250 μg/mL concentration
represented a moderate effect.

Our results showed that the tested compounds exhibited
specific antimicrobial activity, both on Gram-positive,
Gram-negative bacteria and fungi, the highest activity being
noticed against fungal strains (Candida albicans). The
tested compounds presented an antifungal activity at
concentrations from 125 to 15.6 μg/ mL. The most active
compound proved to be N-(2,6-dichlorophenyl)-N’-(3-
thenoyl)-thiourea (4.f).

Conclusions
We have synthesized new thioureas derived from 3-

thiophenecarboxilic acid. The target compounds were
obtained by reaction of 3-thenoyl-isothiocyanate with
various primary aromatic amines. All the new derivatives
were characterized by their physical properties (melting
point, solubility) and their structure was confirmed by
spectral analysis (1H-NMR, 13C-NMR) and elemental
analysis.

The new thioureas were screened for their in vitro
antibacterial activity against Gram-positive, Gram-negative
bacteria as well as fungi, the highest activity being noticed
against fungal strains (Candida albicans).
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