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Abstract:  New ethyl 2-[(Z)-(2-arylidenyl-2H-benzo[b][1,4]thiazin-3-ylthio]acetates were synthesized 
using benzo[1,4]thiazin-3(4H)-one as a starting material in successive three steps. The structures to 
the new products and the intermediates have been assigned on the basis of IR, 1H NMR, 13C NMR 
and MS analyses. In vitro antimicrobial activity of the newly synthesized compounds has been 
evaluated for bacterial strains viz. Staphylococcus aureus, Bacillus subtilis, Escherichia coli, 
Pseudomonas aeruginosa and Fungi, Candida albicans and Aspergillus niger and results are 
presented. 
 
 
Introduction 
 
1,4-Thiazines are an important class of 
nitrogen and sulfur containing 
heterocycles and are widely used as key 
building blocks for pharmaceutical agents 
[1]. 1,4-Benzothiazines have highly 
important fused heterocyclic scaffold 
responsible for the diverse range of 
biological activities like, anti-
inflammatory [2], immunostimulating [3], 
anti-cancer [4], anti-fungal [5], anti-
rheumatic [6], KATP-Channel Openers [7], 
anti-hypertensive [8], anti-HIV [9], and 
anti-bacterial [10]. Benzo[1,4]thiazin-
3(4H)-ones are also used as herbicides 
[11]. The clinical agents used in the 
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treatment of hypertensive [12], calcium 
antagonist [13], fungal infections [14], 
cataract ion [15], diabetics [16] etc. 
diseases are having 1,4-benzothiazine ring 
system as core structural unit. It is also 
reported that the thiazines are also used as 
pigments and dyestuffs [17].  
Keeping in view the multifarious 
applications of 1,4-benzothiazines and in 
continuation of our earlier interest in 
synthesizing new bioactive 1,4-
benzothiazines [18], here we report 
synthesis of new ethyl 2-[(Z)-2-arylidenyl-
2H-benzo[b][1,4]thiazin-3-ylthio] acetates 
(5a-g) and their antimicrobial in vitro 
evaluation against Gram-positive and 
Gram-negative bacteria and fungi. Some 
of the screened molecules have displayed 
moderate antimicrobial activity. 



129 
ISSN: 2249 –4820 

Chemistry & Biology Interface, 2011, 1, 1, 128-134 

Results and Discussion 

Chemistry  
 
The synthesis of the titled compounds is 
outlined in Scheme 1. Benzo[1,4]thiazin-
3(4H)-one (1), freshly prepared by 
following literature procedure 2a was 
condensed with various aromatic 
aldehydes (2a-g) in the presence of sodium 
methoxide in dimethylformamide (DMF) 
at reflux and obtained (Z)-2-arylidenyl-
2H-benzo[b][1,4]thiazin-3(4H)-ones (3a-
g) with moderated to high yields. 
 
The configurations of the compounds (3) 
were established with their 1H NMR 
spectra and the spectral data have been 
found to be in good agreement with the 
reported [19]. It was confirmed that 2-
arylidenyl-2H-benzo[b][1,4]thiazin-3(4H)-
ones (3a-g) have Z isomeric forms as their 
1H NMR spectra have shown chemical 
shifts for their vinylic protons δ in the 
region 7.74-7.82 ppm. This was in good 
agreement with the chemical shifts for the 
Z isomers for the series of compounds 
reported in the literature [19]. 
 
The thionation of (Z)-2-arylidenyl-2H-
benzo[b][1,4]thiazin-3(4H)-ones (3a-g) 
has been carried using phosphorus 
pentasulfide in refluxed pyridine and 
obtained the respective (Z)-2-arylidenyl-
2H-benzo[b][1,4]thiazine-3(4H)-thiones 
(4a-g) with good yields. Some of the 
compounds (4) have been found to be 
reported in the literature [20]. In the 
reported route compound (1) was first 
thionated and then successively the 
thionated product was condensed with aryl 
aldehydes in benzene using pyridine by 

following Knoevenagel condensation and 
obtained (Z)-2-arylidenyl-2H-
benzo[b][1,4]thiazine-3(4H)-thiones (4) 
[21]. Here in the above developed route 
we obtained single isomer of (4) with Z 
configuration by avoiding volatile benzene 
and THF. Also the developed route is 
having advantage over the reported route 
as here the isolation of the products and 
intermediates is relatively non-tedious. 
 
(Z)-2-Arylidenyl-2H-
benzo[b][1,4]thiazine-3(4H)-thiones (4) on 
S-alkylation, carried using 
ethylbromoacetate in the presence of 
sodium acetate in ethanol gave new ethyl 
2-[(Z)-2- arylidenyl-2H-
benzo[b][1,4]thiazin-3-ylthio] acetates 
(5a-g) with moderate to better yields. The 
structures to the compounds, (5a-g) were 
assigned on the basis of their IR, 1H NMR, 
13 C NMR and MS analyses.  
 
The IR spectra of the compounds (5a-g) 
have shown the characteristic bands at 
3100-3250 cm-1 (C-H, aromatic 
stretching), 2781-2930 cm-1 (C-H 
stretching), 1736-1750 cm-1 (ester 
carbonyl group) and 769-778 cm-1 (C-S-C 
stretching). 1H NMR spectra of the 1, 4-
benzothiazinyl thioacetates displayed 
noticeable peaks for the S-CH2 protons at 
δ(ppm) 3.99-4.03. The signals of the 
vinylic protons have been found between 
in the region 7.35-7.46 ppm. The peaks of 
methylene carbons (S-CH2) of the 
compounds (5a-g) have been observed in 
13C NMR at 33.1-33.5 ppm. The expected 
molecular ion peaks of the compounds 
(5a-g) have also been recorded in their 
mass spectra.  
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Scheme 1: Synthesis of new 1, 4-benzothiazinyl thioacetates 

 

Antimicrobial Evaluation 
 
All the newly synthesized 1, 4-
benzothiazinyl thioacetates (5a-g) were 
screened for their antibacterial and 
antifungal activities. The microorganism 
selected for the antibacterial study were 
Staphylococcus aureus ATCC 6538, 
Bacillus subtilis NCIM 2250 (Gram 
positive) and Escherichia coli ATCC 
8739, Pseudomonas aeruginosa ATCC 
9027 (Gram negative). Ampicillin was 
used as a reference standard. Antifungal 
screening has been carried using Candida 
albicans B017 and Aspergillus niger. 
Ketoconazole was used as reference 
standard in the antifungal study. Both 
microbial studies were assessed by 
minimum inhibitory concentration (MIC) 
using serial dilution methods [21]. For this 
the compounds whose MIC has to be 
determined was dissolved in DMF and its 
various concentrations were prepared in 
the medium. Then standard drop of the 
culture, prepared for the assay was added 
to each of the dilutions (solutions) and it 
was then incubated for 24 h at 37 °C for 
bacteria and in case of fungi at 28 °C for 

48 h. The MIC determination was 
performed in triplicate for each organism 
and experiments were repeated wherever 
necessary. 
 
All the newly synthesized compounds 
were screened for their antibacterial and 
antifungal activities. Among the screened 
compounds 5a, 5b, 5c and 5d have 
exhibited potent inhibitory activity against 
B. subtilis. Likewise compound 5a have 
shown better activity against E. coil and P. 
aeruginosa. The MIC values of the 
synthesized compounds were found to be 
moderate as compared to the standard. The 
antifungal screening results showed that 
the compounds 5c, 5d, 5e and 5g have 
displayed noticeable inhibitory activity 
aganist C. albicans. The compounds 5a 
and 5f have also displayed good antifungal 
activity against A. niger. 
 
The data (Table 1 and 2) indicate that, the 
presence of ester functionality and nature 
of substituentes might be governing 
antimicrobial activities of the synthesized 
compounds (5a-g). It has been found that 
the compounds with functional groups R1 
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= R2 = H, R1 = Me, R1 = OMe, and R1 = 
N-dimethyl exhibit potent antibacterial 
activity against Bacillus subtilis. The most 
of the synthesized compounds have shown 
moderate bacterial activity against 
Staphylococcus aureus. The compounds 
having substituents like R1 = R2 = H, and 
R1 = OMe have displayed better activity 
against Escherichia coil. The products 

bearing functionalities like R1 = Me, R1 = 
N-dimethyl R1 = R2 = OMe and R1 = Cl 
have positional interference regarding their 
antifungal activity against Candida 
albicans. The compounds bearing R1 = R2 
= H and R1 = F as substituents were found 
to exhibit potent antifungal activity against 
Aspergillus niger 

 
Table 1  
Antibacterial data for newly synthesized 1,4-benzothiazinyl thioacetates (5a-g) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2  
Antifungal data for newly synthesized 1,4-benzothiazinyl thioacetates (5a-g) 
 

Compound No. 
 

Antifungal activity data in MIC (µg/mL) 
C. albicans A. niger 

5a 125 62.5 

5b 125 125 

5c 62.5 125 
5d 62.5 125 
5e 62.5 125 

5f 125 62.5 
5g 62.5 125 

Ketoconazole (Std) 3.125 1.562 

DMF (Control) - - 

 
 

 

Compound No. 
 

Antibacterial activity data in MIC (µg/mL) 

B. Subtilis S. aureus P. aeruginosa E. coli 

5a 31.25 62.5 62.5 62.5 

5b 31.25 125 62.5 62.5 
5c 31.25 125 125 125 
5d 31.25 125 62.5 125 
5e 62.5 125 125 125 
5f 62.5 125 62.5 125 

5g 62.5 125 62.5 125 

Ampicillin (Std) 6.25 3.125 3.125 < 3.125 
DMF (Control) - - - - 
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Experimental 
 
All the chemicals and the solvents used for 
the work were procured from Spectrochem 
and S. D. Fine-chem. (India). All the 
melting points were determined by open 
capillary method and are uncorrected. IR 
spectra were recorded on JASCO FT-IR 
4100, using KBr discs. 1H and 13C NMR 
spectra were recorded with Bruker Avance 
400 spectrometer operating at 400 MHz 
and 100 MHz using DMSO-d6 as solvent 
and tetramethylsilane (TMS) as an internal 
standard. Mass spectra were recorded on 
Single-Quadrupole Mass Detector 3100, 
Waters. The observed molecular ions are 
having 1 amu higher m/z in the spectra 
than the expected as the scans were run 
with ESI+-MS mode.  
 
Synthesis of (Z)-2-(4-
methoxybenzylidene)-2H-
benzo[b][1,4]thiazin-3(4H)-one (3b) 
 
Benzo[1,4]thiazin-3(4H)-one 1 (0.02 mol), 
4-methoxy benzaldehyde 2b (0.02 mol) 
and sodium methoxide (0.026 mol) were 
dissolved in dimethylformamide (15 mL) 
and the solution was refluxed. The 
progress of the reaction was monitored by 
TLC using hexane–ethyl acetate (7:3). 
After 4 h of reflux, the reaction mixture 
was poured on crushed ice and the solid 
formed was filtered and then washed with 
water. The crude was crystallized from 
ethanol–DMF.  
 
Yellow solid: Yield: 75 %, mp: 207-209 
°C. IR (KBr cm-1): 3650, 3110, 3010, 
2928, 2864, 1690, 1500 and 1330. 1H 
NMR (400 MHz, DMSO-d6): δppm 3.81 
(s, 3H), 7.03 (dd, 2H, J = 8 Hz ), 7.05-7.08 
(m, 2H), 7.17 (dd, 1H, J = 6.8 Hz), 7.32 
(dd, 1H, J = 8 Hz), 7.67 (dd, 2H, J = 8 
Hz), 7.74 (s, 1H, vinylic-H) and 10.93 (s, 
1H, NH). ESI+-MS (m/z): 284 (M+). 
 

Synthesis of (Z)-2-(4-
methoxybenzylidene)-2H- 
benzo[b][1,4]thiazine-3(4H)-thione (4b) 
 
A mixture of (Z)-2-(4-ethoxybenzylidene)-
2H-benzo[b][1,4]thiazin-3(4H)-one 3b 
(0.01 mol), and phosphorus pentasulfide 
(0.005 mol) was dissolved in pyridine (10 
mL) and the reaction solution was 
refluxed. The progress of the reaction was 
monitored by TLC using hexane–ethyl 
acetate (7:3). After 3 h of reflux, the 
reaction mixture was poured on crushed 
ice. Solid appeared was filtered and then 
washed with water (3 times). The crude 
was then crystallized from ethanol.  
 
Yellow solid: Yield: 80 %, mp: 193-195 
°C. Yield: 75 %, mp: IR (KBr cm-1): 3645, 
3109, 3006, 2928, 2864, 1330 and 1117. 
1H NMR (400 MHz, DMSO-d6): δppm 
3.87 (s, 3H), 7.06 (d, 2H, J = 8 Hz), 7.14-
7.30 (m, 4H), 7.67 (d, 2H, J = 8 Hz), 8.45 
(s, 1H, vinylic-H) and 10.91 (s, 1H, NH). 
ESI+ MS (m/z):300 (M+). 
 
Synthesis of ethyl 2-[(Z)-2-(4-
methoxybenzylidene)-2H-
benzo[b][1,4]thiazin-3-ylthio]acetate 
(5b): 
 
A mixture of (Z)-2-(4-
methoxybenzylidene)-2H-
benzo[b][1,4]thiazine-3(4H)-thione 4b 
(0.005 mol), sodium acetate (0.01 mol), 
and ethylbromoacetate (0.0055 mol) was 
dissolved in ethanol (10 mL) and the 
reaction solution was refluxed. The 
progress of the reaction was monitored by 
TLC using hexane–ethyl acetate (7:3). 
After 4 h of reflux, the reaction mixture 
was poured on crushed ice and solid 
formed was filtered then washed with 
water. The crude solid obtained was 
crystallized from ethanol. 
 
Yellow solid, Yield: 80%, mp: 119-121 
°C. IR (KBr cm-1): 3199, 3058, 2985, 
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2985, 1740 and 774. 1H NMR (400 MHz, 
DMSO-d6): δppm 1.23 (t, 3H, J = 7.2 Hz 
), 3.82 (s, 3H), 4.01 (s, 2H), 4.17 (q, 2H, J 
= 7.2 Hz), 7.08 (d, 2H, J = 8 Hz), 7.15-
7.31 (m, 4H), 7.44 (s, 1H, vinylic-H) and 
7.61 (d, 2H, J = 8 Hz). 13C NMR (100 
MHz, DMSO-d6): 14.7, 33.5, 55.8, 61.4, 
114.5, 118.7, 120.8, 125.5, 127.0, 127.7, 
127.8, 128.1, 128.6, 132, 138.9, 158.7, 
160.1 and 169.2. ESI+ MS (m/z): 386 
(M+).  
 
Ethyl 2-[(Z)-2-benzylidene-2H-
benzo[b][1,4]thiazin-3-ylthio]acetate 
(5a): Yellow solid, Yield: 85%, mp: 97-99 
°C. IR (KBr cm-1): 3201, 3058, 2985, 1736 
and 769. 1H NMR (400 MHz, DMSO-d6): 
δppm 1.23 (t, 3H, J = 7.2 Hz ), 4.03 (s, 
2H), 4.17 (q, 2H, J = 7.2 Hz), 7.17-7.33 
(m, 4H), 7.42 (t, 1H, J = 7.2 Hz), 7.49 (s, 
1H, vinylic-H), 7.52 (d, 2H, J = 7.2 Hz) 
and 7.62 (d, 2H, J = 7.6 Hz). 13C NMR 
(100 MHz, DMSO-d6): 14.7, 33.4, 61.5, 
120.6, 120.8, 125.7, 127.8, 127.9, 128.3, 
128.7, 129.1, 129.4, 130.1, 134.4, 138.8, 
158.3 and 169.2. ESI+ MS (m/z): 356 
(M+).  
 
Ethyl 2-[(Z)-2-(4-methylbenzylidene)-
2H-benzo[b][1,4]thiazin-3-ylthio]acetate 
(5c): Yellow solid, Yield: 79%, mp: 79-81 
°C. IR (KBr cm-1): 3200, 3058, 2986, 1745 
and 770. 1H NMR (400 MHz, DMSO-d6): 
δppm 1.23 (t, 3H, J = 7.2 Hz ), 2.36 (s, 
3H), 4.02 (s, 2H), 4.17 (q, 2H, J = 7.2 Hz), 
7.16-7.32 (m, 6H), 7.47 (s, 1H, vinylic-H) 
and 7.53 (d, 2H, J = 7.2 Hz). 13C NMR 
(100 MHz, DMSO-d6): 14.7, 21.5, 33.3, 
61.5, 120.3, 120.7, 125.6, 127.7, 127.9, 
128.2, 128.6, 129.6, 130.1, 131.7, 138.9, 
139.3, 158.4 and 169.2. ESI+ MS (m/z): 
370 (M+).  
 
Ethyl 2-[(Z)-2-(4-
(dimethylamino)benzylidene)-2H-
benzo[b][1,4]thiazin-3-ylthio]acetate 
(5d): Reddish Brown solid, Yield: 77%, 
mp: 105-107 °C. IR(KBr cm-1): 3262, 
3058, 2982, 1736and 778. 1H NMR (400 
MHz, DMSO-d6): δppm 1.23 (t, 3H, J = 

7.2 Hz ), 3.01 (s, 6H), 3.99 (s, 2H), 4.16 
(q, 2H, J = 7.2 Hz), 6.81 (d, 2H, J = 8 Hz), 
7.20-7.27 (m, 4H), 7.35 (s, 1H, vinylic-H) 
and 7.50 (d, 2H, J = 8 Hz). 13C NMR (100 
MHz, DMSO-d6): 14.1, 33.1, 39, 60.9, 
111.6, 111.5, 120.6, 121.4, 125.1, 127, 
127.1, 127.4, 128.9, 131.4, 131.8, 138.6, 
150.3, 158.7 and 168.2. ESI+ MS (m/z) 
:399 (M+).  
 
Ethyl 2-[(Z)-2-(3,4-
dimethoxybenzylidene)-2H-
benzo[b][1,4]thiazin-3-ylthio]acetate 
(5e): Yellow solid, Yield: 75%, mp: 161-
163 °C. IR (KBr cm-1): 3231, 3058, 2982, 
1750 and 769. 1H NMR (400 MHz, 
DMSO-d6): δppm 1.23 (t, 3H, J = 7.2 Hz 
), 3.81 (s, 6H), 4.02 (s, 2H), 4.17 (q, 2H, J 
= 7.2 Hz), 7.09-7.30 (m, 7H), 7.44 (s, 1H, 
vinylic-H) and 7.75 (s, 1H). 13C NMR 
(100 MHz, DMSO-d6): 14.2, 33.2, 55.5, 
60, 111.4, 113.4, 118.3, 122.8, 123.2, 
125.2, 126.7, 127.6, 128.4, 138.4, 148.4, 
149.4, 158.7, 159 and 168.7. ESI+ MS 
(m/z): 416 (M+). 
 
Ethyl 2-[(Z)-2-(4-fluorobenzylidene)-
2H-benzo[b][1,4]thiazin-3-ylthio]acetate 
(5f): Light greenish solid, Yield: 78%, mp: 
101-102 °C.  IR (KBr νmax/cm-1): 3241, 
3058, 2997, 1745, 1112 and 776. 1H NMR 
(400 MHz, DMSO-d6): δppm 1.23 (t, 3H, 
J = 7.2 Hz ), 4.03 (s, 2H), 4.17(q, 2H, J = 
7.2 Hz), 7.17-7.37 (m, 6H), 7.49 (s, 1H, 
vinylic-H) and 7.70 (d, 2H, J = 8 Hz). 13C 
NMR (100 MHz, DMSO-d6): 14.7, 33.1, 
61.5, 116, 116.2, 121.1, 125.7, 127.7, 
127.8, 127.9, 128.3, 132.4, 132.5, 138.8, 
158.7, 161.1, 163.6 and 169.1. ESI+ MS 
(m/z): 374 (M+).  
 
Ethyl 2-[(Z)-2-(4-chlorobenzylidene)-
2H-benzo[b][1,4]thiazin-3-ylthio]acetate 
(5g): Yellow Solid, Yield: 79%, mp: 95-97 
°C. IR (KBr νmax/cm-1): 3200, 3058, 2985, 
1750, 774 and 724. 1H NMR (400 MHz, 
DMSO-d6): δppm 1.23 (t, 3H, J = 7.2 Hz 
), 3.01 (s, 6H), 3.99 (s, 2H), 4.16 (q, 2H, J 
= 7.2 Hz), 6.81 (d, 2H, J = 8 Hz), 7.20-
7.27 (m, 4H), 7.35 (s, 1H, vinylic-H) and 
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7.50 (d, 2H, J = 8 Hz). 13C NMR (100 
MHz, DMSO-d6): 14.2, 33.3, 61, 119.8, 
121.5, 125.2, 126.7, 127.4, 127.5, 127.9, 
128.5, 131.3, 132.8, 133, 138.2, 157.5 and 
168.6. ESI+ MS (m/z): 390 (M+) and 392 
(M+2).  
 
Conclusion 
 
Here we have synthesized some new 1,4-
benzothiazinyl thioacetates and reported 
their antimicrobial activity against 
pathogenic organisms. All the compounds 
have shown moderate inhibition against 
the strains. The importance of this work 
lies in the possibility that the new 
compounds might be more efficacious 
drugs against bacteria and fungi and could 
be helpful in designing more potent 
antibacterial and antifungal agents for 
therapeutic use. 
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