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Abstract

Bromination is used as a strategy to improve biological activity in medicinal chemistry. In order to study on the structure—activity
relationships of the novel acetylcholinesterase inhibitors with 7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-one scaffold, based on our
previous work and molecular modeling, a series of novel 3-aryl-6-(bromoarylmethyl)-7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-one
derivatives were designed by molecular docking, synthesized and characterized by mass spectra, infrared spectra, proton NMR and
elemental analyses. The study of AChE inhibitory activity was carried out using the Ellman colorimetric assay with huperzine-A as
the positive control. Most of all target compounds exhibited more than 45% inhibition at 10 wmol/L. The preliminary structure—
activity relationship was the bromine atoms and the hydroxyl group at the phenyl ring at the C6 position of the parent nucleus played
significant roles in the AChE inhibitory activity of the target compounds.
© 2012 Hong Min Liu. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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The global population has reached seven billion on Monday, October 31, 2011, accompanied by an aging society
[1]. What will life in an aging society be maybe dramatically increased the age-related diseases. Alzheimer’s disease
(AD) is the most common single cause of dementia in the aging society, and can be diagnosed in people over 65 years
of age, although the less-prevalent early-onset Alzheimer’s can occur much earlier. In 2006, there were 26.6 million
sufferers worldwide. Alzheimer’s is predicted to affect 1 in 85 people globally by 2050 [2].

AD is a degenerative brain syndrome characterized by a progressive decline in memory, thinking, comprehension,
calculation, language, learning capacity and judgment sufficient to impair personal activities of daily living [3].
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Reduction in the activity of the cholinergic neurons is a well-known feature of Alzheimer’s disease.
Acetylcholinesterase (AChE) inhibitors are employed to reduce the rate at which acetylcholine (ACh) is broken down,
thereby increasing the concentration of ACh in the brain and combating the loss of ACh caused by the death of
cholinergic neurons. Now, three acetylcholinesterase inhibitors, donepezil, galantamine and rivastigmine are currently
approved by regulatory agencies such as the U.S. Food and Drug Administration (FDA) and the European Medicines
Agency (EMA) to treat the cognitive manifestations of AD [4]. Many of the side effects of the AChE inhibitors are
attributable to peripheral cholinergic effects, and nausea, vomiting and diarrhea were the most frequently reported [5].
Lack and side effects of the AChE inhibitors driven us to discover some new acetylcholinesterase inhibitors.

In our previous work, 3-aryl-6-arylmethyl-7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-one derivatives were designed and
synthesized, which exhibited inhibitory activity against AChE, and the molecular docking exhibited 6-arylmethyl-3-
phenyl-7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-one derivatives interacted with the PAS and the CAS of AChE [6]. And 3,
6-diaryl-7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-ones were also exhibited inhibitory activity against AChE, the structure
activity relationship showed the inhibitory activity could be enhanced with the presence of the halogen atoms [7,8].

Bromination is a frequent modification in medicinal chemistry and can play a significant improvement on the
biological activity [9].

In order to rationalize the presence of the bromine atoms influences on the inhibitory activity against AChE, and
reveal the interactions between the target molecules and AChE at the molecular level and examine the structure—
activity relationship for the 7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-one derivatives, a series of 3-aryl-6-
(bromoarylmethyl)-7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-one derivatives were designed and synthesized, and the
inhibitory activity against AChE was evaluated.

For this study, the model was obtained from 3D structural information, of which the human AChE (hAChE)
complex with the inhibitor (fasciculin-2), i.e. hAChE—fasciculin-2 complex (1B41), was available in the RSCB Protein
Data Bank [10]. Molecular docking was carried out using Molegro Virtual Docker (MVD) [11]. Based on the Molegro
Virtual Docker docking, the schematic diagrams of the interactions between ZAChE (1B41) after eliminating the
inhibitor (fasciculin-2) and 6-(3, 5-dibromo-4-hydroxybenzyl)-3-(2-hydroxy-4-methylphenyl)-7H-thiazolo[3,2-b]-1,
2, 4-triazin-7-one (Sh) were shown in Fig. 1, where the hydrogen bonds are indicated with green dotted lines. There
were some hydrogen bonds between compound Sh and His447, Tyr337, and Tyr124 of hAChE. The protein residue
His447 was located at the CAS, the protein residue Tyr337 was located at the anionic binding site, and Tyr124 was
located at the PAS. Therefore, the CAS, the anionic binding site and the PAS of AAChE were action sites of Sh. The
similar binding actions between the other target compounds and ZAChE were identified by molecular docking.

In general, the target compounds (5a—Sh) were obtained in satisfactory yields, and the synthetic pathways are
described in Scheme 1. According to our developed procedure [6], the general synthetic procedures for the target
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Fig. 1. Docking model of compound 5h at the active sites of ZAChE.
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Scheme 1. The synthetic route of 3-aryl-6-(bromoarylmethyl)-7H-thiazolo[3,2-b]-1,2,4-triazin-7-one derivatives.

Table 1

Inhibition of AChE activities by the targets at 10 wmol/L (n = 3).

No. Inhibition (%) No. Inhibition (%) No. Inhibition (%) No. Inhibition (%)
Sa 57.66 5d 62.13 Sg 27.56 L1 47.62

5b 66.33 Se 48.09 5h 55.31 L2 49.04

5c 46.94 5f 55.88 Huperzine-A 100.00

compounds were described as follows. The raw material 4-hydroxybenzaldehyde was converted to 3-bromo-4-
hydroxybenzaldehyde or 3, 5-dibromo-4-hydroxybenzaldehyde (1) by bromination. 1 reacted with N-acetylglycine, to
obtain 4-(bromoarylmethylene)-2-methyl-5(4H)-oxazolones (2) in good yield. 2 were then converted into the
corresponding arylpyruvic acids (3) by treatment with 3 mol/L hydrochloric acid. 6-(Bromoarylmethyl)-3, 4-dihydro-3-
thioxo-1, 2, 4-triazin-5(2H)-ones (4) were prepared by reaction of 3 with thiosemicarbazide in the presence of alcohol and
water. And 3-aryl-6-(bromoarylmethyl)-7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-ones (5) were obtained by reaction of 4 with
substituted phenacyl chlorides in the presence of acetic acid. The structures of the target compounds synthesized herein
were fully confirmed by mass analysis, infrared spectra, elemental analyses and proton NMR spectroscopic data [12].

The target compounds Sa—5h were initially assessed for the biological activity against AAChE, and the positive
control drug was huperzine-A by the Ellman assay [13]. The biological activity is summarized in Table 1.

In our previous work, 6-benzyl-3-phenyl-7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-one (L1) and 6-benzyl-3-(4-methyl-
phenyl)-7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-one (L.2) exhibited inhibitory activity against AChE [6]. Compared with
L1 and L2, the bromine atoms and hydroxyl group were introduced into the aromatic nucleus at the C6 position of the
target compounds (5a—5d). The inhibitory activities of Sa, Sb and 5d were stronger than L1 and L2, which may be due
to the hydrogen bonds of the halogen atom and hydroxyl group.

Compared with Se and 5g, the bromine atom was introduced into the aromatic nucleus at the C6 position of
compounds 5f and Sh. The inhibitory activities of 5f and Sh were stronger than corresponding Se and 5g, which were
due to the hydrogen bonds of the hydroxyl group, showed in Fig. 1.

These phenomena showed that the CAS, the PAS and the anionic binding site were the main active sides of 3-aryl-6-
(bromoarylmethyl)-7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-one derivatives. The hydroxyl group and the halogen atoms at
the aromatic ring at the C6 position played significant roles in the AChE inhibitory activities of the target compounds.

In summary, 3-aryl-6-(bromoarylmethyl)-7H-thiazolo[3,2-b]-1, 2, 4-triazin-7-one derivatives would be a kind of
highly active AChE inhibitors. The inhibitory activity could be enhanced with the presence of the hydroxyl groups, the
bromine atoms.
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