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Abstract

Acetamides (S30A1 and S30) were synthesized from benzo[d]thiazol-
2-amine and 6-nitrobenzo[d]thiazol-2-amine by direct use of acetic
acid instead of acetylating agents. The usual acetylating agents, acetic
anhydride and acetyl chloride are very unstable especially because of
their high sensitivity to environmental moisture. Thus, acetylation by
direct use of acetic acid was searched as an alternative approach for
synthesizing acetanilides. In this study, acetamides were synthesized
with a yield of 88% and 82% respectively. The synthesized compounds
were then screened for antifungal activity. At a concentration of 300
pg/disc, S30A1 showed 18 mm, 28 mm, 20 mm, and 16 mm zone of
inhibitions against Penicillium notatum, Candida albicans, Aspergillus
flavus, and Aspergillus niger, respectively. The standard miconazole
was used at 50 pg/disc concentration. An in silico analysis was done
for the possible binding modes in the C. albicans N-
myristoyltransferase enzyme.
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INTRODUCTION

Heterocyclic compounds are the attractions of many
researchers simply because of their capacity to show

Worldwide more than 150 million people have serious
fungal infections, and nearly billions are estimated to
have topical fungal infections, which lead to a
significant impact on life. Sometimes these are even
fatal though most of these deaths are avoidable. These
infections occur as individual diseases or due to other
common health problems like asthma, AIDS, and
multiple forms of cancers where corticosteroid
therapies are applied'?. There are only three types of
antifungal drugs, thereby severely limiting the
treatment options. Thus, resistant organisms are
appearing worldwide*. Particular concerns are for
patients with invasive fungal infections affecting the
circulatory system, brain, eyes, or other vital body
parts’.

interactions in the receptor's binding site. Thus,
researchers are continuously developing heterocyclic
medicinal agents for different diseases, and similar
cases have been done for antifungal agents®®.
Interestingly, benzothiazoles also have drawn the
great interest of the researchers due to their wide range
of pharmacological activities, including antibacterial,
anticancer, and antioxidant properties’®l. However,
though diversified antifungal benzothiazoles have
been reported, so far, no report has been found to
explain the antifungal activity of the simple
benzothiazole N-acetamides.

While considering the organic synthesis in medicinal
chemistry, the acylation of amines is of enormous
interest since the resultant amides have the capacity of
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forming hydrogen bonds by showing both the donor
and acceptor nature in the same molecule. Generally,
these types of acylations are carried out by acylating
agent’s acid, anhydrides, or acyl chlorides.
Nevertheless, these acylating agents are corrosive,
have an unpleasant odor, and are highly moisture
sensitive’?. While running N-acetylation of the 2-
aminobenzothiazole, an alternative to this procedure
has been observed. The acetylation reaction can be run
directly by using acetic acid instead of these
acetylating agents'>. Since acetic acid is less costly,
more readily available, and easily preserved than
these acetylating agents', direct use of acetic acid will
provide a better approach for the acylation of some
amines with fused ring systems. This report provides
this alternative acylation method along with the
antifungal activities of the synthesized molecules.

METHOD

Solvents, Chemicals and Reagents

Unless otherwise stated, all commercially available
chemicals (building blocks) collected from Sigma-
Aldrich of TCL were used in this project. The solvents
and reagents were used without further purification.
Anhydrous sodium sulfate was used for drying the
solvents after a routine work-up procedure. The
reaction progress was checked by analytical thin-layer
chromatography (TLC) on pre-coated Merck silica gel
plates (0.25 mm 60 F-254 E. Merck). The synthesized
crude compounds were purified by flash column
chromatography using silica gel of 200-400 mesh size.

Equipment

A hot plate with a magnetic stirrer, UV light for TLC
checking, and rotary evaporator was used for the
reactions, along with the necessary workup
procedures. 'H-NMR spectra were recorded on
Bruker spectrometer (400 MHz) employing DMSO-d6
as solvent and TMS as the internal standard. Chemical
shifts were expressed in ppm (6/ppm) values and
coupling constants in Hz (J/Hz). Glass columns and
positive air pumps were used for flash column
chromatography. Ceramic filters and Whatman filter
paper were used for filtrations.

Synthesis of Acetanilide from 2-aminobenzothiazole

Desired 2-aminobenzothiazole (1 mmol), triethyl
orthoformate (1.5 mmol, 1.5 equivalent), and sodium
azide (1.5 mmol, 1.5 equivalent) were taken in AcOH

(1 mL) under nitrogen atmosphere (Figure 1). The
mixture was refluxed till the end of the reaction (8-10
hours). After subsequent evaporation of the solvent, to
the residue was added water (3 mL), and the resultant
solid was collected by filtration. The crude mass was
then subjected to purification by flash column
chromatography by using an increasing polarity
gradient of hexane: ethyl acetate to get the pure
acetanilides (off-white amorphous powder, 82-88%
yield).
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Figure 1. Synthetic route to N-(benzo[d]thiazol-2-
yl)acetamides.

Characterization of the Synthesized Compounds
Compounds were characterized using the "H-NMR
available in the Bangladesh Council of Scientific and
Industrial Research (BCSIR).

Docking Analysis

The synthesized compounds were docked into the
binding site of Candida albicans N-myristoyltransferase
enzyme. After collection from the Protein Data Bank,
the enzyme protein file (PDB ID: 1IYL) was subjected
to removal of the ligand®. The compound 3D
structures and the required PDBQT files were
obtained using the ChemDraw and AutoDock Tools.
The ligand PDBQT files were then docked into the
receptor PDBQT using the AutoDock Vina'. The
output files were viewed by using PyMOL, and the
binding modes with the lowest energy were taken
under consideration for the interaction analyses.

Antifungal Activity

The antifungal activities of all synthesized compounds
were evaluated in vitro using an agar well diffusion
test by the concentration of the compounds (300
pg/mL) dissolved in 1 mL DMSO as a qualitative
method for studying the antifungal activity of the
tested compounds against the following strains:
Penicillium notatum, C. albicans, Aspergillus niger, and
Aspergillus flavus. For positive controls, miconazole (50
ug/mL) was used as a standard antifungal.
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RESULTS AND DISCUSSION

Synthesis of N-(benzol dlthiazol-2-yl)acetamide

For synthesizing the desired acetanilides, the 2-
aminobenzothiazoles were treated with triethyl
orthoformate and sodium azide under the refluxing
condition in acetic acid. There was an excellent
conversion of the starting material to a new spot
within 8-10 hours. Though this reaction condition has
been reported for synthesizing tetrazoles from
anilines, trials were made with the 2-
aminobenzothiazole similar to these reported anilines.
Unfortunately, the trials were not successful. This may
be due to various probable causes, like, lack of desired
laboratory conditions, absence of proper stability of
the formed intermediates, or lack of proper reactivity
of the 2-aminobenzothiazole. However, the new spot
found in this case was the corresponding N-acetanilide
as confirmed by the proton NMR and mass spectra.
Additionally, the structures were further confirmed by
comparing the reported acetanilide'”’s. However,
subsequently, a mechanism has been proposed for this
reaction (Figure 2), showing the roles of the reagents
used.
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Figure 2. Proposed mechanism of acetylation of
benzo[d]thiazol-2-amine.

The new method offered an alternative route for
synthesizing  the acetanilides of the 2-
aminobenzothiazoles avoiding the use of acetylating
agents like acetyl chloride or acetic anhydride. Since
these acetylating agents are susceptible to
environmental moisture and sometimes not available
in good condition due to poor storage conditions, this
new route may pose an alternative, thereby
supporting future chemists or medicinal chemists in
tulfilling their research needs®.
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Characterization Data of Synthesized Compounds
IH-NMR spectra of N-(6-nitrobenzo[d]thiazol-2-
yl)acetamide (S30): (400 MHz, DMSO-d6) 6 12.75 (s,
1H),9.03 (s, 1H), 8.26 (d,] =8.8 Hz, 1H), 7.87 (d, ] = 8.8
Hz,1H),2.25 (s,3 H). HRMS: (ESI) m/z 237.9 [M+H]*,
(calculated for CoH7N3OsSH* 238.0286).

IH-NMR  spectra  of  N-(benzo[d]thiazol-2-
yl)acetamide (S30A1): (400 MHz, DMSO-d6) §12.32 (s,
1H),7.95(d,J=8.0Hz, 1H),7.72 (d,] =8.0 Hz, 1H), 742
(t,J=7.60Hz 1H), 729 (t, ] =7.60 Hz, 1H), 2.19 (s, 3
H). HRMS: (ESI) m/z 193.0 [M+H]* (calculated for
CoHsN>OSH* 193.0436).

Antifungal Activity

The synthesized compounds were tested for their in
vitro antifungal activities against four fungal strains,
like P. notatum, C. albicans, A. niger, and A. flavus, using
disc diffusion methods?® with minor modifications.
The results of antifungal studies (Table I) were
compared with the standard drug, miconazole. It was
observed that compound S30A1 exhibited significant
antifungal activity against all tested fungal strains.
Compound S30 showed higher potency against A.
flavus and C. albicans compared to those against A.
niger and P. notatum.

Tablel.  Antifungal activities of compounds S30A1 and S30
Zone of inhibition (mm)

Compound P. C. A. niver .
notatum  albicans - 18 flavus
S30A12 28 20 18 16
5302 10 19 8 14
MiconazoleP 40 14 15 15

3300 ug per disc was applied; *50 pg per disc was used as reference
antifungal agent

In Silico Analysis for the Binding Pattern

In this study, various modes were observed from the
output PDBQT files having different energy levels
using the AutoDock Vina. The lowest energy modes
were taken into consideration for binding potential
prediction. This study analyzed the polarity of the
binding sites, the availability of more spaces,
interaction possibilities, and others to make a logical
inference?!.

While comparing the lowest energy mode of the N-
(benzo[d]thiazol-2-yl)acetamide  (S30A1), in the
binding pocket of the C.  albicans N-
myristoyltransferase enzyme, the compound was
found (Figure 3) to have a non-polar benzene ring
projected to a gap surrounded by VAL-449, PHE-356,
LEU-451, and LEU-3%94. Thus, the non-polar benzene
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ring seems to be best-fit in the non-polar region?. The
polar acetamide group was projected toward another
gap being neighbored by GLU-109 and ASP-110,
indicating a polar interaction or hydrogen bonding as
possible with the acetamide group. The docking
analysis was also made using the other derivative
(S30) having a nitro group at 6-position. As shown in
Figure 4, both the compounds were in a similar

orientation in the binding site of the enzyme.

A A
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LA \,‘.!} \3 XCS

Figure 3. Orientation of N-(benzo[d]thiazol-2-yl)acetamide
(S30A1) in the binding site of C. albicans N-
myristoyltransferase enzyme.

Figure 4. Orientation of N-(6-nitrobenzo[d]thiazol-2-
yl)acetamide (S30) in the binding site of C. albicans N-
myristoyltransferase enzyme.

The nitro group was in the non-polar pocket, while the
relatively polar acetamide group was projected in the
polar site of the receptor for its polarity or
tautomerism. However, the nitro-containing
compound, S30, offered relatively lower antifungal
potential in the biological assay. Here, though the
orientation was similar to that of S30A1, the binding
potential seems to be comparatively lower in the case
of S30. The nitro derivative might have shared lower
interactions in the polar region, seemingly due to
reduced electron density because of the strong
electron-withdrawing effect of the nitro group. Also,
as shown in both Figures 3 and 4, additional spaces are
remaining in near both the ends of the molecules, and
thus, there is scope to further modify the molecule by
adding suitable groups to this molecule?.

CONCLUSION

Acetic acid was used as the acetylating agent for
synthesizing the compounds N-(benzo[d]thiazol-2-
N-(6-nitrobenzo[d]thiazol-2-
ylacetamide  from the corresponding  2-

yl)acetamide  and

aminobenzothiazoles. This alternate route appears
helpful in synthesizing the acetanilides from other
substituted 2-aminobenzothiazoles. Additionally, in
the subsequent antifungal assay, the synthesized
compounds showed moderate to good inhibitory
activity against common fungal strains such as P.
notatum, C. albicans, A. niger, and A. flavus. In silico
study revealed that there is scope to derivatize further
the molecules targeting higher efficacy as well as
selectivity by searching the best-fit molecules in this
therapeutic class.
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