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Abstract. In the present work, we report the synthesis of a novel series of nitrobenzaldehyde-Schiff base ligands
derived from benzothiazolone pharmacophore. The reaction of the appropriate substituted nitrobenzaldehydes (2-
nitrobenzaldehyde, 3-nitrobenzaldehyde and 4-nitrobenzaldehyde) with 6-aminobenzothiazolone substrates, under
conventional heat and microwave irradiation methods was investigated, in the aim to reduce the time for completion of
the reaction and improve the yields for these Schiff base derivatives formation. The new synthesized compounds were
characterized through elemental analysis and 'TH NMR and 3C NMR spectral data.

Key Words: Schiff bases, 2(3H)-benzothiazolone, nitro-substituent effects, green process, catalytic properties

Introduction

Benzothiazolone derivatives constitute an important class of nitrogen and sulphur-containing
heterocyclic compounds, extensively studied and used in pharmaceutical chemistry [1, 2]. They
have attracted considerable interest due to their broad range of biological and pharmacological
activities [3-11]. Some previous study demonstrated that many benzothiazolone derivatives bearing
various substituents at position-3 have been reported to exhibit analgesic and anti-inflammatory
activity with no observed toxicity [12-13]. Similarly, the nitro group has played an important role in
affecting the reactivity and enantioselectivity in asymmetric cyclopropanation and allylic alkylation
reactions [14, 15]. Also, the nitrosubstituted benzaldehydes derivatives have been studied,
particularly for their Schiff-base compounds in order to investigate their catalytic properties [16-
18]. On the other hand, in recent years, the application of microwave irradiation method for the
synthesis of organic compounds has opened new perspectives in organic synthesis, and offers
advantages over conventional synthetic approach in both isolated yield of the product and required
reaction time. This technique has served to support for the development to introduce new
methodologies that are efficient and more compatible with the environment [19-25]. As an
extension of our reported research studies, on synthetic strategy towards synthesis of
pharmaceutically heterocyclic compounds, the present work reveals the comparative aspects of
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condensation of some nitro aromatic aldehydes with 6-aminobenzothiazolone derivatives under
microwave irradiation and conventional methods. We synthesized a new class of nitrosubstituted 6-
(benzylideneamino)benzo[d]thiazol-2(3H)-one analogues (5a-5f; Table 1), and investigated the
eventual role of the nitro substituent position effects on the yields and time required for the
completion of reaction for the desired Schiff base compounds.

Results and discussion

As a results of present studies related to the development of new heterocyclic compounds,

we herein report an easy access to new Schiff bases derived from 2(3H)-benzothiazolone and
nitrosubstituted benzaldehydes, by the reaction of 6-amino-2(3H)-benzothiazolone derivatives with
(0, m and p) substituted benzaldehyde, using microwave irradiations as well as conventional
synthetic methods. The synthetic route used for the preparation of the novel Schiff base ligands
have been realized as shown in scheme 1, and 2(3H)-benzothiazolones (4a-4b) bearing an amino
group in 6-position were used as starting materials to prepare the target compounds (5a-5f).
The synthesis of 2(3H)-benzothiazolone (1, R=H) was carried out by the reaction of o-
aminothiophenol with urea under heat, that was N-methylated with dimethylsulfate in basic medium
leading to the formation of the corresponding 3-methy-2(3H)-benzothiazolone derivative (2, R=-
CHp3). Nitration of the aromatic ring of compounds 1 and 2 with nitric acid in acetic anhydride
produced the 6-nitro-2(3H)-benzothiazolone and  3-methyl-6-nitro-2(3H)-benzothiazolone
derivatives 3a and 3b respectively. Reduction of the nitro group of the nitrobenzothiazolone
intermediates was carried out under standard conditions, using tin chloride dihydrate (SnCl,. 2H,0)
in ethanol to give the corresponding 6-amino-2(3H)-benzothiazolone substrates 4a and 4b
respectively. Finally, the new target compounds (5a-5f) were obtained by condensing the
appropriate nitrosubstituted benzaldehyde with the corresponding 6-amino-2(3H)-benzothiazolone
substrates (4a-4b) in absolute ethanol, as illustrated in Scheme 1.

R R
O:<N HNO3 (68%) _j/ D\ Sncl2 2H,0 :<N]©\
° EtOH
S ACZO -5-0°C 0, S NH
1: R=H; 2: R=CH; 3a: R=H; 3b: R=CH;4 4a : R=H; 4b: R=CH;4
(A,B)| R,COH
-H,0
R
N
o
<L«
S N=C?
H
S5a-5f

Scheme 1. Synthesis of the benzothiazolone Schiff base derivativess (5a-5f).
A: method A (Conventional Heat: CH), reflux, ethanol, Glacial acetic acid, 1h
B: method B (Microwave: MW), 100 W, ethanol, 2-6 min.

In the different cases, the obtained results show that the microwave is highest in this reaction
under conventional heat conditions. All syntheses of final benzothiazolone benzothiazolone Schiff
base derivatives were completed within 60 minutes with yields ranging from 67-91% when
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synthesized by conventional method, and in just 2-6 minutes with appreciable yields 76-93% when
synthesized by microwave irradiation. The yield and physical data of the synthesized Schiff base
compounds are summarized in table 1.

Table 1 Physicochemical data and comparison of microwave and classical heating of
the synthesized Schiff base compounds (5a-5f).

Entry Product5 R R’ “Mp. (C) CH MW ‘Mol. F.
Time °Yield Time °Yield
(min) (%) (min) (%)
1 5a H 2-NO,  234-235 60 83 2 88 C14HoN;058
2 5b CH; 2-NO,  157-158 60 91 2 93 CysH; N;058
3 5¢ H 3-NO,  275-276 60 75 380 C14sHoN;058
4 5d CH; 3-NO, 271272 60 81 383 CysH,1N;0;S
5 5e H 4-NO,  277-278 60 67 376 C14HoN;058
6 5f CH; 4-NO, 2112212 60 71 6 80 CsH1N;05S

“Melting point; "“Isolated yield; “Molecular formula.

Based on the results obtained and presented in Table 1, it was found that ortho substituted
compounds (Table 1, entry 5a and 5b) with the electron withdrawing nitro group proved to be more
reactive and afford high product yields due to the aldehyde hydrogen bonding. This effect is more
pronounced because this ortho nitro substituent position has made the carbonyl group more
electrophilic due to the strong delocalization of the electron cloud of the sp® carbon.

Experimental details

Melting points were determined in open capillary tubes and are uncorrected. The "H NMR spectra
were performed using a Bruker AC 400 spectrometer using dimethylsulfoxide-d¢ with TMS as
internal standard, with chemical shifts reported as 6 (ppm). Reactions were monitored by TLC using
silica gel F254 plates and the compounds were visualized by UV light. Compounds 1, 2, 3a, 3b, 4a
and 4b were previously reported and were prepared as cited in the literature with some minor
modifications. Their physical, analytical and spectral properties were in accordance with the
literature data [26-30].

General procedure for the preparation of nitro compounds 3a—3b

Nitric acid (68%, 5.30 cm’, 80 mmol) in 20 cm’ of acetic anhydride cooled to -0-5°C was added
dropwise, a solution of benzothiazolone compounds 1 and 2 (10 mmol) in a minimum of acetic
anhydride. The mixture was stirred at -0-5°C for 3 h. The precipitate was filtered, washed with cold
water, dried, and recrystallized from suitable solvent to afford the corresponding 6-
nitrobenzothiazolones compounds 3a (56%) and 3b (68%).

General procedure for the preparation of amino compounds 4a-4b

To a stirring ethanolic solution of 6-nitro-2(3H)-benzothiazolone (4a) or 3-methyl-6-nitro-2(3H)-
benzothiazolone (4b) (1.0 equiv.) in a 250 cm’ round bottomed flask, tin chloride dihydrate
(SnCl1,.2H,0, 5 equiv.) was added. The reaction mixture was heated at reflux and reaction
continued until completion of the reaction (TLC monitoring). After complete reduction, the starting
material disappeared, and the solution was allowed to cool down. The pH was made slightly basic
(pH 7-8) by addition of 5% aqueous sodium bicarbonate before extraction with ethyl acetate. The
organic phase was washed with brine and dried over magnesium sulfate, and the solvent was
removed. The solid 6-aminobenzothiazolone intermediates 4a (68%) and 4b (67%), were obtained
after being washed with petroleum ether, and used for the next step without further purification.
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General procedure for the preparation of Schiff bases derivatives 6 (benzylideneamino)
benzo[d]thiazol-2(3H)-ones (5a-5f)

Conventional method (method A): Substituted nitrobenzaldehyde derivatives (1 mmol) dissolved
in boiling ethanol (10 mL) were mixed with a boiling solution of 6-amino-2(3H)-benzothiazolones
(4a-4b) (1 mmol) in the same solvent (5 mL), and few drops of glacial acetic acid was added. Then
the resulting mixture was heated at reflux on a water bath for 1h, and then left to stand overnight at
room temperature. The separated solid was filtered, washed repeatedly with water and recrystallized
from ethanol to give the desired products (5a-5f).

Microwave method (method B): Compounds (5a-5f) were synthesized in the similar manner by
treating an equimolar mixture of 6-aminobenzothiazolones (4a-4b) with substituted aromatic
aldehydes in absolute ethanol in microwave tube. The contents were subjected to microwave
irradiation at 100 W for about 2-6 min. Progress of the reaction was monitored by TLC. After the
completion of the reaction, solid product was obtained in reaction mixture which was filtered,
washed with ethanol, dried, and purified to provide the desired title compounds.

6-(2-Nitrobenzylideneamino)benzo[d]thiazol-2(3H)-one (5a)

Beige powder; Yield: method A (83%) and method B (88%); M.p. 234-235°C. *H NMR (400 MHz,
DMSO-dg): 6 = 7.18 (d, 1H), 7.27 (d, J=10.8Hz, 1H), 7.63 (d, J=2Hz, 1H), 7.75 (t, 1H), 7.85 (t,
1H), 8.09 (d, J=9.2Hz, 1H), 8.16 (d, J=9.6Hz, 1H), 8.91 (s, 1H, N=CH, azomethine), 12.02 (s, 1H,
N-H). *C NMR (100 MHz, DMSO-dg): & = 169.99 (C=0), 155,34 (N=C), 149.23, 145.44, 13.46,
133.65, 131.75, 129.93, 129.38, 124.47, 124.41, 120.56, 115.47, 112.01 (aromatic carbons).
C14HgN303S (299.30): Calcd. C 56.18, H 3.03, N 14.04, S 10.71; Found: C 55.89, H 3.00, N 13.71,
S 10.42.

3-Methyl-6-(2-nitrobenzylideneamino)benzo[d]thiazol-2(3H)-one (5b)

Brown powder; Yield: method A (91%) and method B (93%); M.p. 157-158°C. *H NMR (400 MHz,
DMSO-dg): 6= 3.44 (s, 3H, CHa), 7.39 (d, J=2Hz, 2H), 7.72 (d, J=1.6Hz, 1H), 7.76 (t, 1H), 7.86 (t,
1H), 8.10 (d, J=9.2Hz, 1H), 8.18 (d, J=9.2Hz, 1H), 8.93 (s, 1H, N=CH, azomethine). **C NMR (100
MHz, DMSO-dg): ¢ = 155.76 (C=0), 149.25(N=C), 145.98, 142.87, 136.66, 133.67, 131.82,
129.89, 129.41, 124.49, 122.32, 120.52, 115.61, 111.87 (aromatic carbons) 28.17 (CHj).
C15H11N303S (313.33): Calcd. C 57.50, H 3.54, N 13.41, S 10.23; Found: C 57.20, H 3.35, N 13.17,
S9.82.

6-(3-Nitrobenzylideneamino)benzo[d]thiazol-2(3H)-one (5c¢)

Yellow powder; Yield: method A (75%) and method B (80%); M.p. 275-276°C. *H NMR (400 MHz,
DMSO-dg): 6= 7.17-8.72 (m, 7H, Ar-H), 8.86 (s, 1H, N=CH, azomethine), 11.99 (s, 1H, N-H). **C
NMR (100 MHz, DMSO-ds): 6 = 169.92 (C=0), 157.57 (N=C), 148.21, 145.33, 137.59, 135.29
134.47, 130.51, 125.47, 124.31, 122.50, 120.66, 115.45, 111.93 (aromatic carbons). C14HgN303S
(299.30): Calcd. C 56.18, H 3.03, N 14.04, S 10.71, Found: C 56.15, H 3.01, N 14.00, S 10.60.

3-Methyl-6-(3-nitrobenzylideneamino)benzo[d]thiazol-2(3H)-one (5d)

Yellow powder; Yield: method A (81%) and method B (83%); M.p. 271-272°C. *H NMR (400 MHz,
DMSO-dg): 6= 7.17 (d, J=8.4Hz, 1H), 7.33 (d, J=10.8Hz, 1H), 7.67 (d, J=2Hz, 1H), 7.80 (t, 1H),
8.33 (m, 2H), 8.72 (s, 1H), 8.86 (s, 1H, N=CH, azomethine), 11.99 (s, 1H, N-H). *C NMR NMR
(100 MHz, DMSO-dg): 6 = 169.92 (C=0), 157.57 (N=C), 148.21, 145.33, 137.59, 135.29, 134.47,
130.51, 125.47, 124.31, 12250, 120.66, 115.45, 111.93 (aromatic carbons), 29,17 (CHs).
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C15H11N303S (313.33): Calcd. C 57.50, H 3.54, N 13.41, S 10.23; Found: C 57.10, H 3.01, N 13.81,
S 10.60.

6-(4-Nitrobenzylideneamino)benzo[d]thiazol-2(3H)-one (5e)

Yellow powder; Yield: method A (67%) and method B (76%); M.p. 277-278°C. *H NMR (400 MHz,
DMSO-dg): 6= 7.17 (d, J=8.4Hz, 1H), 7.34 (d, J=10.8Hz, 1H), 7.69 (s, 1H), 8.15 (d, J=10.8, 2H),
8.35 (d, J=8.8Hz, 2H), 8.85 (s, 1H, N=CH, azomethine), 12.00 (s, 1H, N-H). *C NMR (100 MHz,
DMSO-dg): & = 169.96 (C=0), 157.49 (N=C), 148.70, 145.28, 141.58, 135.62, 129.44, 124.41,
124.02, 120.89, 115.47, 111.95 (aromatic carbons). C14HgN303S (299.30): Calcd. C 56.18, H 3.03,
N 14.04, S 10.71; Found: C 56.02, H 3.10, N 14.38, S 10.48.

3-Methyl-6-(4-nitrobenzylideneamino)benzo[d]thiazol-2(3H)-one (5f)

Red powder; Yield: method A (71%) and method B (80%); M.p. 211-212°C. *H NMR (400 MHz,
DMSO-dg): 0 = 3.43 (s, 3H, N-CHj3), 7.36 (d, J=8.4Hz, 1H), 7.45 (d, J=10.8Hz, 1H), 7.71 (s, 1H),
8.16 (d, J=8.8 2H), 8.35 (d, J=1.6Hz, 2H), 8.88 (s, 1H, N=CH, azomethine). *C NMR (100 MHz,
DMSO-dg): 6 = 168.61 (C=0), 157.88 (N=C), 148.74, 145.80, 141.53, 136.74, 129.93, 129.49,
124.01, 122.27, 120.78, 115.68, 111.82 (aromatic carbons), 29.18 (CHs). Ci5H11N303S (313.33):
Calcd. C 57.50, H 3.54, N 13.41, S 10.23; Found: C 57.11, H 3.10, N 13.43, S 9.83.

Conclusions

In this study, we have developed a simple and efficient synthetic protocol for the preparation
of wvarious potentially pharmaceutically useful Schiff base ligands using conventional and
microwave heating methodologies. The microwave-assisted method has been compared with the
conventional method. This comparative study showed that the microwave technique was excellent
method which can be used to prepare benzothiazolinonic Schiff bases in good yields, with a short
reaction time, environment friendly and very pure isolated products. Thus, this work opens up new
perspectives and will be very useful for further structural activity relationship of potent biologically
active benzothiazolone derivatives.
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