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ABSTRACT 

In the present study a hybrid molecule was designed and synthesised which contains a Benzothiazole moiety and cinnomoyl 

moiety. The first part was specifically chosen for the amyloid protein binding and the remaining part is for its anti-oxidant properties. 

The molecule was synthesised using a straight forward synthesis as shown in the scheme. In this study two such derivatives were 

synthesised and fully characterised spectroscopically. 
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INTRODUCTION 

Alzheimer’s disease: 

Alzheimer's disease has been hypothesized to be a 
protein misfolding disease (proteopathy), caused by 
accumulation of abnormally folded beta amyloid and tau 
proteins in the brain. Plaques are made up of small peptides, 
39–43 amino acids in length, called beta-amyloid (also written 
as A-beta or Aβ). Beta-amyloid is a fragment from a larger 
protein called amyloid precursor protein (APP), a 
transmembrane protein that penetrates through the neuron's 
membrane. APP is critical to neuron growth, survival and post-
injury repair. In Alzheimer's disease, an unknown process 
causes APP to be divided into smaller fragments by enzymes 
through proteolysis. One of these fragments gives rise to fibrils 
of beta-amyloid, which form clumps that deposit outside 
neurons in dense formations known as senile plaques. One of 
the pathological landmarks found in post-mortem brains of 
patients is the abundance of senile plaques containing β-
amyloid (Aβ) peptides. While the exact mechanisms underlying 
the pathology of AD are not fully understood, reducing 
deposition of amyloid plaques is believed to be potentially 
useful to benefit patients[3]. Currently, inhibitions of β-
secretases responsible for Aβ formation as well as Aβ 
immunization to reduce Aβ plaques are proposed as potential 
treatments for AD. The pivotal role of Ah aggregates in AD 
provides a strong impetus to search for specific Aβ-aggregate-
binding agents to target this devastating disease [1-13]. 
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One of the pathological hallmarks of Alzheimer's 
disease is the presence of amyloid-β plaques in the brain and 
the major constituent of these plaques is aggregated amyloid-
β peptide. Amyloid deposition in the brain is an early, 
causative event in the pathogenesis of Alzheimer's disease 
(AD), the principal component of the amyloid core is a protein 
called amyloid-beta (Aβ). Since the initial deposition of 
amyloid may occur long before clinical symptoms of AD are 
noticeable, the detection and quantification of amyloid 
deposits could facilitate the diagnosis of AD in its early, pre-
symptomatic stages. Small molecules having capability of 
binding to the β-Amyloid protein can be used as diagnostic 
marker for the AD. In the present study two molecules 
consisting of benzothiazole moiety and anti-oxidant moiety 
were synthesized [14-32]. 

METHODS AND MATERIALS 

The aim of the work is the design and synthesis of 
small and novel amyloid imaging agents. This work describes 
the design and synthesis of compounds which may contribute to 
the development of novel amyloid imaging agents. In the 
present study we tried to develop a small and novel amyloid 
imaging agent. For this purpose we designed a molecule having 
3-Benzothiazol-2-yl-phenylamine (which is previously reported 
as amyloid binding scaffold) as main scaffold, along with this we 
introduced different anti-oxidant molecules In view of the fact 
that in AD oxidative stress is the main cause. Small molecule-
based benzothiazole derivatives were designed and synthesized. 

The purpose of this study is to develop potential 
diagnostic imaging agents targeting amyloid plaques in 
Alzheimer’s disease (AD). Formation and accumulation of 
aggregates of beta amyloid (Aβ) peptides in the brain are critical 
factors in the development and progression of AD. Developing 
Aβ-aggregate-specific imaging agents is now an emerging field 
of research. Oxidative stress (OS) plays a major role in the 
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pathogenesis of Alzheimer's disease (AD). Antioxidants might 
theoretically act to prevent propagation of tissue damage and 
improve both survival and neurological outcome. Here we tried 

to synthesise a small library of molecules containing Aβ-
aggregate-specific imaging moiety along with different anti-
oxidant moieties. 

 
General reaction scheme for synthesis of compounds: 
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Scheme1:  General reaction scheme for synthesis of compounds 

RESULTS AND DISCUSSION 

In the present study 2-Aminobenzenethiol and 3-nitro 
benzaldehyde were used as starting materials and subjected to 
various reactions as shown in general reaction scheme to get 
our target molecule in moderate to good yield. 

Synthesis of 2-(3-nitrophenyl) benzo[d]thiazole: 
2-(3-Nitrophenyl)benzo[d]thiazole compound (3) was 

synthesized  by adding 2-Amino thiophenol compound (1) to 3-
Nitro Benzaldehyde (2) in the presence of Cadmium chloride by 
using acetonitrile as a solvent , reaction carried out at 92 οC 
temperature for 24h (Scheme. 2). 

Synthesis of 3-(benzo[d]thiazol-2-yl) aniline: 
3-(benzo[d]thiazol-2-yl) aniline compound (4) has 

been synthesized by adding 2-(3-Nitrophenyl) benzo[d]thiazole 
compound (3) to iron and ammonium chloride by using ethanol: 

water (1:1) as a solvent system, reaction carried out at 80 οC 
temperature for 2h (Scheme. 3). 

Synthesis of N-(3-(benzo[d]thiazol-2-yl) phenyl) 
cinnamamide: 

N-(3-2,3-dihydro-1H-inden-2-yl)phenyl)cinnamide 
compound (6) which has been synthesized  by adding 3-
(benzo[d]thiazol-2-yl) aniline compound (4) to cinnomoyl 
chloride , acetonitrile used as a solvent, reaction carried out at 0 
οC temperature to room temperature for 24 h (Scheme. 4). 

Synthesis of (E)-N-(3-(benzo[d]thiazol-2-yl) phenyl)-3-(3- 
chlorophenyl) acryl amide: 

(E)-N-3-(Benzo[d]thiazol-2-yl)phenyl)-3-(3-chloro 
phenyl)acrylamide compound(8) which has been synthesized  
by adding 3-(benzo[d]thiazol-2-yl) aniline compound (4) to 
chloro cinnomoyl chloride, acetonitrile used as a solvent, 
reaction carried out at 0 οC temperature to room temperature 
for  24 h (Scheme. 5). 
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Scheme 2: Synthesis of 2-(3-nitrophenyl) benzo[d]thiazole 
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Scheme 3: Synthesis of 3-(benzo[d]thiazol-2-yl) aniline 
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Scheme 4: Synthesis of N-(3-(benzo[d]thiazol-2-yl) phenyl) cinnamamide. 
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Scheme 5:  Synthesis of (E)-N-(3-(benzo[d]thiazol-2-yl) phenyl)-3-(3-chlorophenyl) acryl amide. 

Experimental section: 
Procedure for thesynthesis of 2-(3-nitrophenyl)benzo[d] 
thiazole: 

To a solution of 2-Amino thiophenol (1 gm, 1eq) in 
acetonitrile (15 ml) were added 3-Nitro Benzaldehyde (1.2 gm, 
1.5 eq) followed by CdCl2 (602 mg, 0.5eq) at 92 οC. The reaction 
mixture was stirred for 24 h,and it was monitored through TLC 
and after the total consumption of starting material, the solvent 
was evaporated. The residue was dissolved in EtOAc, washed 
with water and brine (10ml × 3).The organic layer was 
separated, dried over Na2SO4, filtered and the filtrate was 
evaporated under reduced pressure to get a crude brown solid, 

which was further purified by column chromatography [silica 
gel (60-120 mesh), EtOAc: Pet ether] to yield the desire product 
(3) in 80% as a white powder.  

Characterization of compound (3): 
1H NMR, (300 MHz, CDCl3) δ (ppm): 7.45 (t, J = 7.2, 1 H), 7.53 (t, 
J = 7.5, 1 H), 7.69 (t, J = 7.8, 1 H), 7.95 (d, J = 9 Hz, 1 H), 8.11(d, J = 
9Hz, 1 H), 8.32-8.35 (m, 1 H), 8.42(d, J = 6Hz, 1 H), 8.93 (s, 1 H). 

Mass: [EI+ H]: Calculated for C13H8N2O2S: 256.09, Found: 257.10 
[M+H]+.
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Scheme 1: Scheme for synthesis of compound (3) 

Procedure for the Synthesis of 3-(benzo[d]thiazol-2-yl) 
aniline: 

To a solution of 2-(3-nitrophenyl)benzo[d]thiazole 
(500 mg, 1 eq) in ethanol (8 ml) were added Iron powder (438 
mg, 4 eq) followed by NH4Cl (1 gm, 10 eq) at 80 οC. The reaction 
mixture was stirred for 2 h. And it was monitored through TLC, 
after the total consumption of starting material, the solvent was 
evaporated. The residue was dissolved in EtOAc, washed with 
water and brine (10ml × 3). The organic layer was separated, 
dried over Na2SO4, filtered and the filtrate was evaporated 
under reduced pressure to get a crude brown solid, which was 

further purified by column chromatography [silica gel (60-120 
mesh), EtOAc : Pet ether] to yield the desire product (4) in 85 % 
as a white powder. 

Characterization of compound (4): 
1H NMR, (300 MHz, CDCl3) δ (ppm): 3.85 (s, 2 H), 6.79-6.82 (m, 
1H), 7.27 (dd, J = 6, 12 Hz, 1 H), 7.35-7. 51 (m, 4 H), 7.89 (d, J = 9 
Hz, 1 H), 8.05 (d, J = 9 Hz, 1 H). 

Mass: [EI+ H]: Calculated for C13H10N2S: 226.11, Found: 227.11 
[M+H]+.
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Scheme 2: Scheme for synthesis of compound (4) 
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Procedure for the Synthesis of N-(3-(benzo[d] thiazol-2-yl) 
phenyl) cinnamamide: 

To a solution of 3-(benzo[d]thiazol-2-yl) aniline (500 
mg, 1eq) in ethyl acetate (8 ml) were added Cinnomoyl chloride 
(438 mg, 4 eq) followed by TEA (1 gm, 10 eq) at 0 οC. The 
reaction mixture was stirred for 24 h. And it was monitored 
through TLC and after the total consumption of starting 
material, the solvent was evaporated. The residue was dissolved 
in EtOAc, washed with water and brine (10ml × 3). The organic 
layer was separated, dried over Na2SO4, filtered and the filtrate 
was evaporated under reduced pressure to get a crude brown 
solid, which was further purified by column chromatography 
[silica gel (60-120 mesh), EtOAc: Pet ether] to yield the desire 
product (6) in 79% as a white powder. 

Characterization of compound (6): 
1H NMR, (600 MHz, DMSO d6) δ (ppm): 10.53 (s, 1 H), 8.59 (s, 1 
H),  8.16 (d, J = 6 Hz, 1 H), 8.08 (d, J  =  6 Hz, 1 H), 7.89 (d, J = 12 
Hz, 1 H), 7.79 (d, J = 6 Hz, 1 H), 7.65 (t, J = 6 Hz, 3 H), 7.56 (m, 2 
H), 7.46 (m, 4 H), 6.86 (d, J = 18 Hz, 1 H). 

13 C NMR (75 MHz, DMSO d6) δ (ppm): 167.19, 163.90, 153.54, 
140.71, 140.19, 134.61(2C), 134.45, 133.37, 130.03, 129.96, 
129.09, 128.88(2C), 127.84, 126.74, 125.65, 122.94, 122.44, 
122.15, 121.97, 121.84, 117.45. 

Mass: [EI-HRMS]: Calculated for C22H16N2OS: 356.09821, Found: 
356.0982. 

FTIR (KBr) ν (cm-1): 3290.3, 3055.0, 1660.6, 1627.81, 1541.0, 
1488.9, 1340.4, 1313.4, 1240.1, 1211.2, 968.2, 757.9 and 680.8.
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Scheme 3: Scheme for synthesis of compound (6) 

Procedure for the Synthesis of (E)-N-(3-(benzo[d]thiazol-2-yl) 
phenyl)-3-(3-chlorophenyl) acryl amide: 

To a solution of 3-(benzo[d]thiazol-2-yl) aniline (500 
mg, 1 eq) in ethyl acetate (8 ml) were added Chloro-cinnomoyl 
chloride (438 mg, 4 eq) followed by TEA (1 ml, 10 eq) at 0 οC. 
The reaction mixture was stirred for 24 h, and it was monitored 
through TLC and after the total consumption of starting 
material, the solvent was evaporated. The residue was dissolved 
in EtOAc, washed with water and brine (10ml × 3).The organic 
layer was separated, dried over Na2SO4, filtered and the filtrate 
was evaporated under reduced pressure to get a crude brown 
solid, which was further purified by column chromatography 
[silica gel (60-120 mesh), EtOAc : Pet ether] to yield the desire 
product (8) in 83 % as a white powder. 

 

Characterization of compound (8): 
1H NMR, (600 MHz, DMSO d6) δ (ppm): 10.63 (s, 1 H), 8.61 (s, 1 
H), 8.16 (d, J = 7.8, 1 H), 8.08 (d , J = 8.4, 1 H), 7.94 (d,  J  = 18 Hz, 
1 H), 7.87 ( d, J  = 6 Hz, 1 H), 7.80 (d, J = 6 Hz, 2 H), 7.56 (m, 3 H), 
7.47  (m, 3 H), 6.92 (d, J = 18 Hz, 1 H). 

13 C NMR (75 MHz, DMSO d6) δ (ppm):  167.13, 163.38, 153.53, 
140.00, 135.84, 134.46, 133.55, 133.41, 132.40, 131.38, 130.14, 
130.08, 127.94, 127.79, 126.76, 125.67, 125.04, 122.94, 122.45, 
122.36, 121.90, and 117.53. 

Mass: [EI-HRMS]: Calculated for C22H15N2OSCl: 390.0591, 
Found: 390.0591.  

FTIR (KBr) ν (cm-1): 3269.1, 3053.1, 2921.9, 1656.7, 1623.9, 
1550.6, 1508.2, 1469.6, 1434.9, 1342.3, 1313.4, 1267.1, 1215.0, 
1161.0, 968.20, 881.41, 721.3, 696.2, 682.7. 

 

N

S

NH2
4

N

S

NH0 °C, 24 h

EtOAc
Cl

O

7
O

8

Cl

Cl

 

Scheme: 4. Scheme for synthesis of compound (8) 

CONCLUSION 

In the present study a hybrid molecule was designed 
and synthesised which contains a Benzothiazole moiety and 
cinnomoyl moiety. The first part was specifically chosen for the 
amyloid protein binding and the remaining part is for its anti-
oxidant properties. The molecule was synthesised using a 
straight forward synthesis as shown in the scheme. In this study 
two such derivatives were synthesised and fully characterised 
spectroscopically. 

Future Scope: 
               In future the synthetic study can be taken forward and a 
small library of such designed molecules having different 
substitutions and different anti-oxidant moieties like Curcumin 
derivatives, capable targeting β - Amyloid protein to treat 
Alzheimer’s disease may be synthesised. The benzothiazole 
containing hybrid heterocycles seem to be good candidate to 
treat Alzheimer’s disease. 
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