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Abstract

Life-threatening illness occurs due to Aspergillus species cause a spectrum of disease ranging from airway colonization. In case 
of respiratory tract, aspergilloma is the most common form of pulmonary involvement, which is usually accompanied by preexisting 
lung disease finally architectural abnormalities most commonly stem from tuberculosis, although other associated conditions, such 
as sarcoidosis, bronchiectasis, and neoplasm, have been documented.

Methodology: The present work comprised of synthesis and cyclization of substituted benzothiazole nucleus by reaction of 
substituted aniline with potassium thiocynate in presence of bromine in glacial acetic acid and ammonia under temperature control. 
Substituted benzothiazole then condensed with 2 (3 or 4)-nitrobenzoylchloride acid in presence of dry pyridine and acetone to get 
substituted nitrobenzamides. To the above product 2-nitroaniline, 3-nitroaniline, 4-nitroaniline in presence of DMF were treated 
to get newly synthesized derivatives (D-1 to D-09) through replacing at 7th position chlorine. Antifungal activity was performed 
against Aspergillus Niger by cup plate method (diffusion technique) using Griseoflavin as standard.

Result: Among, all newly synthesized derivatives compound D-5 showed potent antifungal activity against activity. Aspergillus 
Niger while compound D-6, D-8 and D-9 showed moderate inhibitory activity at both concentrations 50µg/ml and 100µg/ml as 
compared to standard.

Conclusion: In the present work efforts have been made to synthesized newer derivatives having methyl substitution at C-6 
position of benzothiazole while 2-(3 or 4)-aryl-NO2 considered as rotating substitution at C-2 and C-7 position of benzothiazole 
nucleus to find out influence of activity due to change in substitution position against Aspergillus Niger .
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Introduction
Fungi of the genus Aspergillus are ubiquitous saprophytic and 

widespread presence in the environment; hundreds of Aspergillus 
spp. inhaled may by the average person per day [1]. Mucociliary 
clearance and phagocytosis by alveolar macrophages, basically 
involved to remove Aspergillus spp. from respiratory tract (RT), 
while polymorph nuclear neutrocytes cleared germinating spores 
and hyphae through degranulation and the release of oxidants [2]. 
Aspergillus spp. is capable to colonize in RT, even presence of these  

 
effective clearance mechanisms in the body for the elimination of 
inhaled fungi from the respiratory tracts of healthy individuals. 
The main target site of colonizing of Aspergillus spp. is injured 
lung tissue and epithelia. Although such colonization often has no 
clinical consequences, Aspergillus spp. can cause a variety of clinical 
manifestations depending on the immune status of the host [3,4]. 
Aryl nitro substitution at C-2 and C-7 position together with their 
parental nucleus benzothiazole constitute an important group of 
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synthetic products that are of particular interest owing to their 
wide ranging biological activities [5-9]. Their principal medicinal 
role is reportedly in the field of medicinal chemistry. The biological 
activities of some of these compounds were previously evaluated 
for anti-tumor, anti-inflammatory, antibacterial and anti fungal 
activity [10-14]. In, the recent era development of resistance against 
existing antibacterial and anti-fungal agents, created demand of 
new research to combat the developed resistance with efficacy and 
safety. The synthesis of benzothiazole is an area of current interest 
because it belongs to an important class of heterocyclic compounds 
that found to be effective as antimicrobial and anti-inflammatory 
agents [15-18]. At present several methods for the synthesis and 
cyclization of benzothiazole have been reported. Since individual 
method has its own advantages and disadvantages, but the most 
common classical method for the synthesis of benzothiazole recently 
in use is based on cyclization of substituted aniline in the presence 
of potassium thiocyanate achieved through oxidation by bromine. 
Structure activity relationships of benzothiazoles have been of great 
interest because, change in S and N, nucleophilicity with change of 
functional groups along with its biological activities [19]. Since it is 
well known that lead optimization is mainly based on the cyclization 
and structural elaboration by attachment of substituent groups 
either on the benzene or heterocyclic rings. Although, reported 
relationships between the structure of the heterocyclic scaffold and 
substituent groups reveal that the nature of the heterocyclic ring 
is the main base, associated with biological activity. It also reveals 
that change in biological activity with the presence of substituent in 
different positions of benzothiazole moiety [20-22]. The aim of this 
study was to synthesized and determines the antifungal activity of 
novel compounds against Aspergillus Niger to established further 
understanding of the biological and investigate structure-activity 
relationships among them.

Materials and Methods
Synthesis of Substituted Benzothiazole (1-SB)

Synthesis of substituted benzothiazole nucleus was achieved 
by adding 8gm (0.08mol) of potassium thiocyanate and 1.45g 
(0.01mol) of substituted aniline to 20ml cooled glacial acetic acid in 
such a way to temperature not exceeded above room temperature. 
Temperature of reaction was controlled by placing mixture in 
freezing mixture of ice and salt with mechanically stirring. Solution 
of 1.6ml of bromine in 6ml of glacial acetic acid was added using 
dropping funnel. Time taken for addition of bromine was around 
105 minute with special precaution was taken that the temperature 
never rose beyond room temperature. When addition of bromine 
was completed the solution was stirred for 2 hours below room 
temperature and at room temperature for 10 hours. Then mixture 
allowed stand overnight to get an orange precipitate was settle at 
the bottom. 6ml water was added and heated at 850C on a steam 
bath and filtered hot (Filtrate-01). The residue was heated with 
10ml of glacial acetic acid at 850C and filtered hot (Filtrate-02). 
The filtrate 01 and 02 were combined and cooled. Precipitate was 

collected when it neutralized with concentrated ammonia solution 
to pH 6. Finally treated with animal charcoal and recrystalised from 
benzene, ethanol of (1:1) to get substituted benzothiazole (1-SB, 
66%yeild).

Synthesis of Nitrobenzamide (2-SB, 3-SB, and 4-SB)

Intermediate nitrobenzamide compound 2-SB, 3-SB and 4-SB 
were synthesized by dissolving 5.36g (0.026mol) of substituted 
nitrobenzoylchloride in 50ml dry acetone. The solution was 
added drop wise with continuous stirring at room temperature 
into a solution of 5.22g (0.026mol) of product of 1-SB in dry 
pyridine (50ml). Stirring was continued for another 30 minutes 
after addition. Finally transferred into ice cold water (200ml) and 
recrystalized with ethanol.

Synthesis of Compound D-1 to D-9

The final novel compounds (D-1 to D-9) were synthesized by 
separate refluxing of 2.7g (0.0075 mol) of product 2-SB, 3-SB and 
4-SB with 0.008 mol of 2 (3 or 4) nitro substituted aniline for 2 
hrs in presence of DMF (dimethyl formamide). The mixture was 
cooled at room temperature and poured into crushed ice and 
solid separated after filtration. The separated solid was dried and 
recrystalized with super dry alcohol. 

Analytical Characterization

During the synthesis the reaction progress was closely 
monitored by thin layer chromatography using solvent system 
butanol: ethyl acetate: benzene [1:2:1] and detection performed 
by exposing them to iodine vapors. Open capillaries method was 
used to determine melting points of the synthesized compounds. 
Structure elucidation of compounds were done by IR spectra (KBr 
pellet technique) were recorded using a SHIMADZU (8400S), 
spectrophotometer. IR spectral study showed frequency range for 
Ar-C=C, C=O, C-S, C-NO2. 1H NMR spectra were recorded using 
CDCL3 as a solvent and tetramethylsilane (TMS) as an internal 
standard on Bruker AM 400 instrument (at 400 MHz). 

Antifungal activity against Aspergillus Niger

The synthesized compounds are screened against selected 
fungal strains Aspergillus Niger by using diffusion method and 
griseoflavin used as a standard drug. The 48 hours old fungal 
culture inoculated into nutrient broth by following aseptic 
techniques and incubated for 48 hours at 37± 20C in an incubator. 
This culture mixed with Potato-dextrose agar media (20%) and 
poured into petriplates. After solidification five bores are made at 
equal distance by using sterile steel cork borer (8mm in diameter). 
Into these cups different concentrations (50µg/ml and 100µg/ml) 
of standard drug and synthesized compounds along with control 
(Dimethyl formamide) introduced. After introduction of standard 
drug and compounds, these plates are placed in a refrigerator at 
8-100C for two hours for proper diffusion of the drugs. After 2 hours 
of cold incubation, the petriplates are transferred to incubator and 
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maintained at 37±20C for 24-36 hours. After the incubation period, 
the plates were observed for zone of inhibition by using verniar 
scale. Results evaluated by comparing the zone of inhibition shown 
by the synthesized compounds with standard drug. The results 
are the mean value of zone of inhibition measured in millimeter of 
two preparation of sample (Synthesized compounds) and standard 
drug.

Result and Discussion
Benzothiazole contains Sulphar and nitrogen as heteroatom 

but impart biological activity while substitution at C-2, C-6 and C-7 
position. Although, C-2 and C-6 position in substituted aniline found 
to be the most positive center but C-2 position behaves as a more 
electrophilic centre. However attack preferably at C-2 position, 
which was the electrophilic center and it is probable that bromine 
being as pseudo halogen, behaves as an electrophile by attacking 
this electrophilic center followed by replacement of hydrogen of 
C-2 position as one hydrogen bromide while one bromine atom 
remain attached. Thiocyanogen replaced bromine and behaves as a 
pseudo halogen (electrophile) followed by elimination of potassium 
bromide. Rearrangement produces substituted benzothiazole 
through ring closure when pH adjusted at pH6 with ammonia.

In the present work efforts have been made to synthesized 
newer derivatives having methyl substitution at C-6 position of 
benzothiazole while 2-(3 or 4)-aryl-NO2 considered as rotating 

substitution at C-2 and C-7 position of benzothiazole nucleus to 
find out influence of activity due to change in substitution position 
(Figure 1). The Basic fact behind frequent use of nitro group as 
substituent is that the bacteria only rarely acquire resistance; 
hence compound seems to be more effective against bacterial 
infection even it was revealed that inherent toxicity of nitro 
group is very low that allow compound to be safe also. Analytical 
characterization was performed using TLC, melting point, while 
structural elucidation was done by IR and NMR. Reaction progress 
was monitored by thin layer chromatography. It was found that the 
distance traveled by the sample was found to be different from that 
of the parent compound spotted along with it and confirmed that 
synthesized compounds were different from parent compound. 
Since all samples gave a single spot, the compounds were taken to 
be free from impurities. Analytical characterization data confirmed 
structure of newly synthesized compounds (D-1 to D-9). Structure of 
newly synthesized compounds confirmed by 1HNMR which clearly 
indicated a sharp characteristic signal at 7.14-7.60ppm is assigned 
to NH proton (benzothiazole) in all the synthesized compounds 
(Table 1). The synthesized compounds are screened against 
selected fungal strains Aspergillus Niger by using diffusion method 
at two concentration 50 and 10050µg/ml using griseoflavin as a 
standard drug. In the screening, it was found that compound D-5 
exhibited promising inhibitory activity while compound D-6, D-8, 
D-9 showed moderate activity and rest of compounds not compete 
for better activity or can be consider as mild active (Table 2).

Figure 1: Synthetic scheme
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Table 1: Analytical characterization of newly synthesized compounds.

Compound Code %Yield Melting point (0C) TLC (Rf value) IR 1HNMR (400Hz, DMSO-d6)

D-1 74 265 0.48 1469cm-1Ar C=C, 1648cm-1C=O, 
1255cm-1C-S, 1540cm-1C-NO2.

δ 7.61, 7.64(s, 2H, NH), δ 3.37(s, 
3H, CH3), δ 7.19-7.76 (m, 10H, 

Ar-H)

D-2 71 259 0.52 1424cm-1Ar C=C, 1634cm-1C=O, 
1265cm-1C-S, 1547cm-1C-NO2.

δ 7.58, 7.62(s, 2H, NH), δ 3.35(s, 
3H, CH3), δ 7.15-7.70 (m, 10H, 

Ar-H)

D-3 65 268 0.51 1423cm-1Ar C=C, 1622cm-1C=O, 
1215cm-1C-S, 1534cm-1C-NO2.

δ 7.63, 7.75(s, 2H, NH), δ 3.33(s, 
3H, CH3), δ 7.17-7.72 (m, 10H, 

Ar-H)

D-4 68 270 0.55 1421cm-1Ar C=C, 1665cm-1C=O, 
1243cm-1C-S, 1537cm-1C-NO2.

δ 7.65, 7.79(s, 2H, NH), δ 3.39(s, 
3H, CH3), δ 7.13-7.65 (m, 10H, 

Ar-H)

D-5 66 256 0.59 1440cm-1Ar C=C, 1629cm-1C=O, 
1217cm-1C-S, 1532cm-1C-NO2.

δ 7.59, 7.55(s, 2H, NH), δ 3.31(s, 
3H, CH3), δ 7.23-7.71 (m, 10H, 

Ar-H)

D-6 70 269 0.48 1421cm-1Ar C=C, 1615cm-1C=O, 
1212cm-1C-S, 1554cm-1C-NO2

δ 7.65, 7.81(s, 2H, NH), δ 3.34(s, 
3H, CH3), δ 7.22-7.77 (m, 10H, 

Ar-H)

D-7 55 264 0.65 1443cm-1Ar C=C, 1626cm-1C=O, 
1222cm-1C-S, 1543cm-1C-NO2.

δ 7.62, 7.66(s, 2H, NH), δ 3.37(s, 
3H, CH3), δ 7.17-7.70 (m, 10H, 

Ar-H)

D-8 65 255 0.62 1421cm-1Ar C=C, 1621cm-1C=O, 
1258cm-1C-S, 1523cm-1C-NO2.

δ 7.62, 7.81(s, 2H, NH), δ 3.41(s, 
3H, CH3), δ 7.21-7.70 (m, 10H, 

Ar-H)

D-9 58 267 0.54 1467cm-1Ar C=C, 1660cm-1C=O, 
1244cm-1C-S, 1521cm-1C-NO2.

δ 7.61, 7.74(s, 2H, NH), δ 3.32(s, 
3H, CH3), δ 7.13-7.79 (m, 10H, 

Ar-H)

Table 2: Result of antifungal activity.

Compound Code
Aspergillus niger

50 µg/ml 100 µg/ml

Griseoflavin 19 26

D-1 09 18

D-2 10 16

D-3 10 15

D-4 07 10

D-5 17 24

D-6 13 19

D-7 08 18

D-8 12 18

D-9 11 17

Conclusion
In the present work substituted benzothiazole nucleus 

synthesized from substituted aniline followed by condensation 
with nitrobenzoylchloride. To the above product 2-nitroaniline, 
3-nitroaniline, 4-nitroaniline in presence of DMF were treated 
to get newly synthesized derivatives (D-1 to D-09) through 
replacing at 7th position chlorine. Analytical characterization 
data confirmed structure of newly synthesized compounds (D-1 
to D-9). Synthesized compounds were evaluated for antifungal 
activity using fungal strain of Aspergillus niger by cup plate method 

(diffusion technique) at two different concentration 50µg/ml and 
100µg/ml. Among, all newly synthesized derivatives compound 
D-5 showed potent.
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