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Abstract 

Alzheimer’s disease (AD) is the most common neurodegenerative disease accounting for an estimated 

60 – 80 % of dementia cases. The disease affected 5.5 million Americans older than 65 years in 2018 

alone, and this number is projected to increase to 13.8 million by 2050. The total cost of care in the 

United States for people with AD was $277 billion in 2018, making it one of the costliest diseases to 

treat. Statistics on the prevalence of dementia in South Africa are very limited and according to a study 

performed in the rural areas of the Eastern Cape in 2017, it was estimated that 352 000 individuals 

older than 60 are living with dementia. Unfortunately, there are currently no approved therapies 

which target AD pathology directly and therefore current treatments focus on relieving symptomatic 

and behavioral aspects of AD. Thus, a lot of focus has been placed on the development of new drugs 

for different biomarkers as potential treatment of AD.  

This study consists of the design, synthesis and biological evaluation of novel compounds against 

biomarkers of AD. In this study, four different series of compounds, consisting of ninety-one 

analogues, were synthesized as novel compounds against biomarkers of AD. These included; (i) series 

1: N-benzylpiperidine carboxamide derivatives; (ii) series 2: 1-(5,6-dimethoxy-8H-indeno[1,2-

d]thiazole-2-yl)urea derivatives; (iii) series 3: 1-amino-3-(indeno[1,2-b]indol-5(10H)-yl)propan-2-ol 

derivatives; and (iv) series 4: 6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide derivatives. All compounds were evaluated for activity against acetylcholinesterase 

(AChE), the major biomarker of AD. Derivatized compounds of series 1 were assessed for activity 

against butyrylcholinesterase (BuChE). Derivatized compounds of series 3 were assessed for activity 

against the amyloid precursor protein cleaving enzyme 1 (BACE1). 

The first series of fifteen compounds based upon the skeleton of 5,6-dimethoxy-1-oxo-2,3-dihydro-

1H-inden-2-yl 1-benzylpiperidine-4-carboxylate, a compound previously synthesized, were 

synthesized and evaluated for activity against acetylcholinesterase. A second series of thirty-five 

compounds designed to have dual acetylcholinesterase and glycogen synthase kinase 3 inhibitory 

activity, were synthesized based upon the skeleton of 1-benzyl-N-(5,6-dimethoxy-8H-indeno[1,2-

d]thiazol-2-yl)piperidine-4-carboxamide. A third series of seventeen compounds with potential β-

secretase 1 inhibitors were designed and synthesized based upon the skeleton of 1-(3,6-dichloro-9H-

carbazol-9-yl)-3-(naphthalen-1-ylamino)propan-2-ol, a compound previously reported in literature by 

Macchia and co-workers. A fourth series consisting of twenty-four potential N-methyl-D-aspartate 

(NMDA) receptor antagonists were designed and synthesized based upon scaffolds previously 

reported in the literature by the Liotta and Kawai research groups. 
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In order to prepare large quantities of donepezil for use as a stock reagent for the development of 

libraries of potential BACE1 inhibitors, the preparation of donepezil using continuous flow conditions 

was attempted. The highest yield obtained for the benzylation of ethyl isonipecotate was 83% at 90 

°C with a residence time of 45 minutes as compared to the batch process which took 3 hours to 

complete with a yield of 79%. Reduction of the (E)-2-[(1-benzylpiperidin-4-yl)methylene]-5,6-

dimethoxy-2,3-dihydro-1H-inden-1-one to afford the final product donepezil was obtained with a yield 

of 80% after 4.5 hours, with no observable de-benzylation in flow as compared to the batch process 

which was completed after 6 hours with a yield of 78%. Due to time constraints, Stage 2 of the flow 

synthesis of donepezil could not be completed. However, with only two of the three steps completed 

for the flow process, the yield of the individual steps was already improved, and there was a reduction 

in the reaction time. 
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1.1. ALZHEIMER’S DISEASE 

Since the first description of Alzheimer’s disease (AD) by Alois Alzheimer in 1907, seventy years 

elapsed before AD was recognized as a form of dementia [1]. Today AD is the most common 

neurodegenerative disease [2] accounting for an estimated 60 – 80 % of dementia cases. This disease 

affected 5.5 million Americans older than 65 years in 2018 alone, and this number is projected to 

increase to 13.8 million by 2050 [3]. Upon onset of AD, it is estimated that an individual has a life-

expectancy of 4-8 years, however cases of individuals living with AD for up to 20 years have been 

documented [4-8]. The total cost of care in the United States for people with AD was $277 billion in 

2018, making it one of the costliest diseases to manage [3].  

Statistics on the prevalence of dementia in South Africa are very limited and according to a study 

performed in the rural areas of the Eastern Cape in 2017, it was estimated that 352 000 individuals 

older than 60 are living with dementia [9]. This number was estimated to double over the next fifteen 

years [9]. Unfortunately, there are currently no approved therapies which target AD pathology directly 

and therefore current treatments focus on relieving symptomatic and behavioral aspects of AD [10]. 

Thus, recent research has centered around the development of new drugs focusing on a selection of 

different targets in order to identify compounds which possess the potential to be fully developed as 

treatments for the disease.   

1.2. SIGNS AND SYMPTOMS 

Alzheimer’s first description of the disease was when a 51-year old patient, named August D., 

presented with signs of progressive memory loss, delusions, hallucinations and focal symptoms such 

as disorientation [11]. Since then, additional signs and symptoms associated with AD have been 

described which have been found to change over time. The pace at which these symptoms advance 

differs between individuals [3]. Common signs and symptoms include: 

- Memory loss, such as forgetting newly learned information and difficulty recalling 

information, 

- Difficulty or inability to plan or solve problems, such as trying to solve simple mathematical 

problems like basic addition or taking noticeably longer to do so than before, 

- Misplacing items or losing the ability to retrace steps, 

- Having trouble completing routine familiar tasks, such as how to cook a simple meal or driving 

to a familiar place, 

- Withdrawal from social or work activities such as hobbies, work projects or sports because of 

the mental changes they experience, and 
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- Behavioural changes such as confusion, suspicion, depression, anxiousness or anger. Anger is 

normally accounted for when individuals forget simple things or due to confusion. 

1.3. DIAGNOSIS 

The progression of AD transitions from a normal cognition state to mild cognitive impairment (MCI) 

[12]. Further cognitive decline gradually transitions into early onset AD [13]. The only definite 

diagnosis of AD is confirmed post mortem, however, due to improved diagnostic techniques and 

criterion it is now possible to provide an earlier probable diagnosis of MCI and AD [14]. A variety of 

imaging techniques are available, including magnetic resonance imaging (MRI) and positron emission 

tomography [15]. Alternative diagnostic techniques include the identification of biomarkers such as 

amyloid-β42 together with hyperphosphorylated tau in the cerebrospinal fluid (CSF) [15].    

1.3.1. Magnetic resonance imaging 

Techniques such as quantitative MRI are especially useful in identifying the anatomical origins of AD 

[16]. These techniques have become a unique tool for examining brain anatomy alterations since they 

are non-invasive procedures [17].  

1.3.1.1.  Structural magnetic resonance imaging 

Structural magnetic resonance imaging (sMRI) is focused at the measurement of brain morphology. 

The technique can be utilized to capture grey matter atrophy caused by the loss of synapses, neurons 

and dendritic de-arborization, at a microscopic level. In addition, white matter atrophy due to the loss 

of structural integrity of white matter tracts (presumably due to demyelination of axonal processes 

and expansion of CSF spaces) can also be observed [18]. These atrophic processes lead to changes in 

brain anatomy, such as the thinning of the cortical surface, structural variations in several brain 

regions and variation in regional tissue densities, and have been demonstrated in several 

neuroimaging-based studies focused on AD classification [19-22].  

Two regions of the medial temporal lobe, the entorhinal cortex and hippocampus, are of special 

interest in the investigation of the pathophysiology of AD (Figure 1.1) [23]. Volume measurements 

taken of the hippocampus showed that the grey matter in AD and MCI patients is altered, with changes 

in white matter only presenting in AD patients, which is indicative of a more advanced stage of the 

disease [17]. Furthermore, the reduction in the volume of the hippocampus was found to vary 

between 30 and 40% depending on the protocol used to obtain the results as well as the degree of 

severity of the disease [24]. 
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Figure 1.1. sMRI image of a normal older subject (left) and an AD patient (right). The hippocampus (H) 

and entorhinal cortex (EC) are labelled on the normal subject and shows severe atrophy in the AD 

patient [19].  

Although MRI imaging ‘targets’ the hippocampus to indicate early MCI and AD onset, it is not the site 

in which the earliest pathology has been identified. Post mortem pathological studies rather identify 

the entorhinal and transentorhinal cortex as the sites of the earliest pathogenesis [12, 16]. Applying 

sMRI, Pearlson and co-workers demonstrated a 30% reduction in the volume of the entorhinal cortex 

in AD patients compared to control patients [25]. Due to these changes, early onset AD can potentially 

be distinguished with the help of sMRI which has successfully been used to monitor the atrophy of the 

medial temporal lobe, which includes the hippocampus and the entorhinal cortex that are used as AD 

biomarkers [18, 20, 26, 27]. 

1.3.1.2.   Functional magnetic resonance imaging 

Functional magnetic resonance imaging (fMRI) is used to assess alterations in brain function, which 

are related to the earliest symptoms of AD [28]. This kind of imaging technique relies on the imaging 

of the endogenous blood-oxygen level-dependent (BOLD) contrast in which changes in cerebral blood 

flow (CBF), cerebral blood volume (CBV), blood oxygenation and metabolism are monitored [28, 29]. 

As a result of these physiological changes, functional maps of mental operations can be produced [29]. 

Due to the clear evidence of neuropathology and structural atrophy in the medial temporal lobe 

structures of patients within the early stages of AD, fMRI studies focus on utilizing memory tasks and 

then investigating the alterations in the medial temporal lobe patterns by use of MRI [28]. In a typical 

fMRI experiment, an MRI signal during one cognitive task (e.g. memory encoding) will be compared 

to a control task or baseline condition (e.g. visual fixation). In AD patients, an attenuated BOLD 
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response is noted due to the presence of amyloid-β in the brain, together with altered cholinergic 

activity and impaired synaptic, neuronal and glial functions [30, 31]. 

1.3.2. Positron emission tomography 

Positron emission tomography (PET) is a functional imaging method in which a positron-emitting 

radionuclide, such as 11C, 15O or 18F, is used to label ligands of interest in an effort to measure their 

uptake in a specific region in the body. Due to isotopic decay, a positron is released, which then 

encounters an electron in the surroundings, causing the two particles to annihilate each other. This 

then causes a release of energy in the form of two gamma-ray photons, which are then detected by a 

detector and an image is created [20].  

Unfortunately, AD must first reach the stage at which significant cognitive and non-cognitive 

symptoms are found for this technique to be applied in clinical diagnoses [32]. Recently PET imaging 

using probes or ligands that bind specifically to amyloid- β (Aβ) and tau aggregates in individuals with 

MCI or AD have received much attention, due to the feasibility of this technique to possibly provide 

an earlier diagnosis of MCI and AD [33].  

1.3.2.1.   18F-Fluorodeoxyglucose Positron Emission Tomography 

18F-Fluorodeoxyglucose PET (FDG-PET) is used to monitor glucose metabolism in the brain. The 

technique is used in the identification of hypometabolism in the parietal, temporal, posterior cingulate 

cortices and hippocampus [22]. FDG-PET can differentiate cognitively normal individuals from patients 

with AD [19] and predict the progression from MCI to AD with high accuracy [34, 35]. Additionally, by 

coupling PET to MRI it is possible to guide the anatomical sampling, which enables the detection of 

hippocampal glucose metabolism as well as the regional changes on FDG-PET, which provides a better 

prediction in the decline from MCI to AD than volumetric MRI [21, 36]. 

In Figure 1.2 the FDG-PET scans of a 71-year-old woman, monitored for nine years, is depicted. The 

patient’s cognitive decline from MCI to AD is clearly evident in these scans. The first scan indicates 

normal cognition in the entorhinal cortex and anterior hippocampal region. A scan taken six years later 

indicates the decline in cognition to MCI status, which is evident from the reduction in the volume of 

the entorhinal cortex and anterior hippocampus, as well as by the darkening regions which indicates 

that less glucose metabolism is occurring. The last scan indicates an even darker region, where almost 

no glucose metabolism is occurring, resulting in a diagnosis of AD, which was subsequently confirmed 

during autopsy [37].  
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Figure 1.2. Longitudinal metabolic reduction on FDG-PET [37].  

1.3.2.2.   Amyloid positron emission tomography 

Amyloid PET (aPET) is commonly used together with a PET ligand called Pittsburgh Compound-B 

([11C]PIB) which is a 11C radionuclide labelled compound that binds to Aβ plaques. It has been shown 

that there is an increased uptake of the ligand in several brain regions in AD patients when compared 

to healthy patients [38]. A higher uptake of the PET ligand is indicative of an increased presence of Aβ. 

Kemppainen and co-workers reported a higher uptake of [11C]PIB in individuals with MCI compared to 

healthy individuals, suggesting it may be possible to detect early onset AD sooner [39]. Newly designed 

PET ligands include 18F-florbetapir and 18F-flutemetamol have been shown to be effective in imaging 

Aβ fibrillary abnormalities in vivo [40]. Figure 1.3 shows the PET ligand 18F-flutemetamol used in an 

amyloid PET scan. 

 

Figure 1.3. Axial view of negative (left) and positive (right) scans. Frontal (f), lateral temporal (it) and 

striatal (s) regions of the brain. Positive scan indicating presence of amyloid-β [41].  

 
 
 



7 | P a g e  
 

1.3.2.3. Tau positron emission tomography 

The tau PET (tPET) ligand, known as [18F]AV-1451, is used in tPET due to its selectivity towards 

hyperphosphorylated tau in patients with AD [42, 43]. Xia and co-workers provided evidence that 

there is a strong association between the severity and distribution of tau pathological findings and the 

symptoms in patients with typical and atypical AD using [18F]AV-1451 [44]. Tauopathy has been 

indicated as the primary determinant of cognitive decline and only tPET has been found to account 

for significant unique variance in cognition studies using the [18F]AV-1451 ligand [45].   

1.3.3. Cerebrospinal fluid biomarkers 

Biomarkers are measurable indicators of a pathological condition. In the case of AD pathology, Aβ and 

tau proteins are considered good biomarkers. As AD pathology is restricted to the brain, cerebrospinal 

fluid (CSF) is an excellent source of these biomarkers as it is in direct contact with the extracellular 

space of the brain, and biochemical changes in the brain will thus affect the CSF [46, 47]. Therefore, 

biochemical markers for AD should reflect the central pathogenetic processes such as neuronal 

degeneration, deposition of Aβ in plaques as well as hyper-phosphorylation of tau [47]. 

During the sampling of CSF for Aβ plaque pathology, a low CSF Aβ42 concentration or CSF Aβ42/40 ratio 

is an indication of Aβ plaques in the brain due to the selective retention of Aβ42 in the brain tissue [48].  

As a result of the mis-metabolism of tau due to neurodegeneration and the tangles that form in the 

brain there will be an increase of both the total tau levels as well as phosphorylated tau [48]. These 

biomarkers have 85 - 95% specificity for both the MCI and dementia stages of AD [49]. 

1.4. PATHOGENESIS AND TREATMENT OF ALZHEIMER’S DISEASE 

Considered a multifactorial disease, where factors such as age, genetic and/or environmental factors 

are considered as combinational triggers in the pathological decline in AD, the precise mechanism/s 

causing the disease are still unknown [50]. However, several hypotheses have been suggested as 

possible causes of AD. These include the: 

• Cholinergic hypothesis, 

• Amyloid hypothesis, 

• Glycogen synthase kinase 3 hypothesis, and 

• N-Methyl-D-aspartate hypothesis 

 
 
 



8 | P a g e  
 

The areas of the brain that are affected in AD are the basal forebrain, cortex and amygdala. These 

areas are involved in attention, learning, memory and emotional regulation. AD is classified as either 

sporadic or familial (FAD). In sporadic AD there is a severe progressive decline in cognition and 

increased neuronal cell death occurs. On the other hand, FAD develops much faster and is 

characterized as being the cause of rare autosomal dominant mutations in three genes namely: the 

amyloid precursor protein (APP), presenilin-1 and presenilin-2. The latter form of AD accounts for only 

2 - 3% of AD cases [10].  

1.4.1. Cholinergic hypothesis 

In a study carried out in 1976 by Davies and Maloney it was noted that there was a selective loss of 

activity of choline acetyltransferase (ChAT), the enzyme responsible for the synthesis of the 

neurotransmitter acetylcholine 1 (ACh) (Figure 1.4), in the amygdala, hippocampus and cortex of 

patients with AD [51]. The authors also noted that there was reduced activity of acetylcholinesterase 

(AChE), the enzyme responsible for the hydrolysis of ACh 1 into acetic acid 2 and choline 3 (Figure 1.4), 

in the same areas of the cerebral cortex which showed reductions in ChAT activity in individuals with 

AD compared to healthy individuals with normal brain activity [52].  

 

Figure 1.4. Catalytic activity of AChE [51]. 

This supported the notion that a selective degenerative process had occurred. Post mortem studies 

by other research groups confirmed the decrease in ACh concentrations in cortical tissue due to the 

reduced activity of ChAT in AD patients [53-57]. Thus, the cholinergic hypothesis postulates that 

memory impairments in AD patients are the result of a deficit of cholinergic functions [58]. Therefore, 

research has focused on the enhancement of cortical cholinergic transmission as treatment of AD [59-

62]. Two strategies have been proposed to increase ACh levels: (1) the inhibition of AChE to decrease 

hydrolysis of ACh, and (2) the therapeutic use of directly acting agonists at postsynaptic muscarinic 

receptors in the cortex [63]. Of these two strategies, the former has been more extensively studied 

[64] (Figure 1.5). 

A second enzyme that also hydrolyses ACh, butyrylcholinesterase (BuChE), has been implicated in the 

pathogenesis of AD (Figure 1.5). In post mortem samples it was noted that where there was a decrease 

in AChE, there was a corresponding increase in BuChE activity [65]. It is suggested that the combined 

cholinesterase abnormalities may be specifically associated with the pathology of senile dementia. It 

 
 
 



9 | P a g e  
 

has been noted that the efficiency with which AChE and BuChE hydrolyze ACh differs depending on 

the concentration of ACh. BuChE hydrolyses ACh more efficiently when present at high 

concentrations, whereas AChE has a greater catalytic activity at lower ACh concentrations. Since lower 

concentrations of ACh are found in AD patients, it is the preferred therapeutic target for increasing 

ACh concentrations [66]. 

 

Figure 1.5. The cholinergic functional system [67]. (ACh = acetylcholine, AChE = acetylcholinesterase, 

ChAT = choline acetyltransferase, BuChE = butyrylcholinesterase, acetyl CoA = acetyl coenzyme A, M 

= muscarinic, N= nicotinic).  

The three-dimensional structure of AChE isolated from the Pacific electric ray Torpedo californica (Tc), 

was delineated by Sussman and co-workers in 1991 [68, 69]. This assisted in rational drug design by 

understanding the ACh-binding site, as well as other sites implicated in the inhibition of AChE [68].   

AChE, a serine-protease, contains two main domains; the catalytic anionic site (CAS) and the 

peripheral anionic site (PAS) which are located approximately 20 Å from each other [68]. In the active 

site there are three amino acid residues: Ser200, His440 and Glu327, which constitute the catalytic 

triad. The CAS is located at the bottom of a deep and narrow gorge, which is characterized by several 

domains:  
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(i) the anionic site, where Trp84 is a key residue important for the interaction with the 

quaternary ammonium group of ACh, as well as other ligands via cation-π interaction 

through Phe330,  

(ii) the esteratic site, to which nerve agents bind,  

(iii) the oxyanion hole or anionic loci, which is a hydrophobic region that is near the esteratic 

site and which is important in binding aryl substrates and active site ligands, and the acyl 

pocket which confers substrate selectivity as shown in Figure 1.6 [68, 70, 71].   

 

Figure 1.6. Schematic illustration of the active site gorge of TcAChE [70, 72]. 

The PAS is the area that is located at the entrance to the CAS. Although it is still not well defined, the 

arrangement appears to change frequently during ligand occupation. The active centre contains Tyr70, 

Asp72, Tyr121, Trp279 and Tyr334, of which Trp279 is responsible for the adhesion function of AChE. 

The function of the PAS is to bind the substrate in a transient fashion and this is considered the first 
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step in the catalytic pathway, where it enhances the catalytic efficiency by trapping the substrate on 

its way to the active site [68, 71].  

The use of AChE inhibitors may inhibit AChE through either, (i) a competitive mechanism in which the 

inhibitor may interact with the CAS, (ii) through a non-competitive mechanism by binding to the PAS, 

or (iii) by inhibiting AChE through both mechanisms, thus exerting a dual binding inhibition [73]. In 

recent literature, it has been shown that the PAS also plays a role in non-catalytic actions, such as the 

aggregating activity of Aβ. This can also be attributed to AChE, as the PAS provides a seeding location 

for small molecular weight oligomers, further promoting the aggregation process, as well as the 

formation of highly toxic AChE-Aβ complexes [72-75]. Several AChE inhibitors not only facilitate 

cholinergic transmission, but also interfere with the synthesis, deposition and aggregation of Aβ [76-

80]. Thus, the inhibition of AChE is a critical strategy for the management of AD. 

AChE predominates in a healthy brain; this situation, however, changes during AD, where the activity 

of BuChE progressively increases [70]. It has recently been reported that BuChE prevents Aβ-fibril 

formation and thereby delays the formation of Aβ-aggregation in the brain, which is in contrast to 

AChE [72]. BuChE possesses several structural similarities in the CAS to AChE, but it lacks three of the 

four aromatic residues in the PAS, explaining the difference in selectivity between AChE and BuChE 

[72]. As the role of BuChE in the regulation of cholinergic transmission is not yet fully understood, 

AChE remains the main target within the cholinergic hypothesis [70]. That being said, in AChE 

inhibition studies, parallel BuChE inhibition assays are carried out in order to attain selectivity 

parameters of the compounds being studied [70].  

Currently approved drugs for the symptomatic treatment of AD by the United States Food and Drug 

Administration (US FDA) include the three AChE inhibitors: donepezil 4, galantamine 5 and 

rivastigmine 6 (Figure 1.7) [50]. Tacrine 7, the first US FDA approved AChE inhibitor, was discontinued 

2013 due to concerns over hepatotoxicity [81].  
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Figure 1.7. Current and former FDA approved AChE inhibitors for the treatment of AD [50, 81]. 

Inhibitors of AChE can be divided into two categories: 

• Natural AChE inhibitors 

• Synthetic AChE inhibitors 

Due to the extensive amount of research conducted on AChE inhibitors, only select examples will be 

mentioned in the discussions that follow. 

1.4.1.1.   Natural AChE inhibitors 

Huperzine A 8 (Figure 1.8), isolated from the Chinese herb Huperzia serrata, is a potent reversible 

inhibitor of AChE and has been shown to afford significant improvement of memory in aged subjects 

and patients with AD. Compound 8 has a human AChE IC50 of 0.26 μM (Ellman’s assay method) and its 

use for the treatment of AD has been approved in China [82, 83]. 

 

Figure 1.8. Huperzine A 8 [82]. 

Mahanimbine 9, a carbazole alkaloid isolated from the Murraya koenigii leaves, is one of many 

carbazole derivatives which have shown bovine AChE inhibition activity (IC50 30 μg/mL) using Ellman’s 
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assay method. Mahanimbine 9 contains a carbazole core that is regarded crucial for its activity (Figure 

1.9) [84]. 

 

Figure 1.9. Carbazole alkaloid mahanimbine 9 [84]. 

1.4.1.2.   Synthetic AChE inhibitors 

In the search for new AChE inhibitors, Liu and co-workers designed and synthesized a series of 7H-

thiazolo[3,2-b]-1,2,4-triazin-7-one derivatives, which interacted with both the CAS and PAS [77]. It was 

found that compound 10 and compound 11 (Figure 1.10) were the most active AChE inhibitors, with 

an inhibition of 90% and 74% at 10 µM respectively [78].  

 

Figure 1.10. 7H-Thiazolo[3,2-b]-1,2,4-triazin-7-one derivatives [78]. 

Novel pyrano[3,2-c]quinolone derivatives (Figure 1.11) were designed and synthesized by the Muñoz-

Torrero group. Utilizing molecular docking studies, the derivatives were designed based on the 

predicted ability of compound 12 to bind to the PAS at the entrance of the catalytic gorge of AChE 

[79]. Although compound 12 possessed weak inhibition of AChE, of the fourteen derivatives 

synthesized, compound 13 was the most potent Electrophorus electricus AChE inhibitor with an IC50 

of 4.6 nM using Ellman’s assay method. In addition to their AChE inhibition studies, an in vitro parallel 

artificial membrane permeability assay to determine the blood-brain barrier (BBB) permeability was 

performed, where compound 13 was found to be able to penetrate the BBB [79]. 
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Figure 1.11. Pyrano[3,2-c]quinolone derivatives [79]. 

Xia and co-workers designed and synthesized 2-arylethenyl-N-methylquinolinium derivatives as 

multifunctional agents in which they targeted AChE, BuChE, Aβ aggregation, anti-oxidant activity and 

BBB permeability [80]. Compound 14 (Figure 1.12) was shown to be a specific inhibitor of the PAS of 

AChE (IC50 = 1.5 µM), reducing the AChE-induced Aβ aggregation (93% inhibition), and having a 

significant effect on the protection of neuronal cells against glutamate-induced cytotoxicity in HT22 

cells via inhibition of the formation of reactive oxygen species (ROS). Furthermore, the compound was 

shown to penetrate the BBB by performing an in vitro parallel artificial membrane permeability assay 

[80].  

 

Figure 1.12. 2-Arylethenyl-N-methylquinolinium derivative, compound 14 [80]. 

1.4.2. Amyloid hypothesis 

The amyloid hypothesis or amyloid cascade hypothesis revolves around the cascade of events arising 

during the formation and accumulation of Aβ fragments in the extracellular matrix of neuronal cells 

[85]. The Aβ fragment is cleaved from the transmembrane protein, known as the amyloid precursor 

protein (APP), found mainly in the neuronal and glial cells of the brain [86]. Although the primary 

function of APP is not fully understood, it has been found to be crucial in neuronal plasticity as well as 

synapse formation [74]. The cleavage of the APP is accomplished by a set of proteolytic enzymes, 

known as the secretase enzymes (α, β and γ secretase). These enzymes cleave APP at different sites 

of the protein, leading to the formation of different fragments [74]. During the cleavage of APP, there 

are two types of metabolic pathways: the non-amyloidogenic and the amyloidogenic pathway (Figure 

1.13). In the non-amyloidogenic pathway, α-secretase initiates pathway events [87].  
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Figure 1.13. Diagrammatic presentation of the amyloid precursor protein metabolic pathways [91]. 

The APP cleavage site for α-secretase is very close to the cell membrane surface and is situated 

between the Lys16 and Leu17 amino acid residues. This cleavage site disrupts the release of the full 

length Aβ1-40/42 peptide fragment. Due to the proteolysis between the specific amino acid residues, the 

extracellular release of a large soluble APP-alpha fragment (α-APPs) and a membrane-help C-terminal 

fragment (C-83) is accomplished in which no further secretase metabolism is required [88, 89]. 

However, the C-83 fragment is further processed by γ-secretase in which an amyloid intracellular 

domain fragment and a Aβ17-40/42 fragment is released, with both fragments having an impact on 

neuronal function such as inflammatory glial modulators, thereby playing a role in the development 

of the immunopathology observed in AD [74, 90]. 

The amyloidogenic metabolic pathway is initiated by β-secretase; however, γ-secretase also plays a 

role in this pathway. β-secretase is also referred to as the beta-site APP cleaving enzyme 1 (BACE1) 

and similar to α-secretase, is a transmembrane protein. Classified as an aspartyl protease, it has a 

large N-terminal domain which is responsible for the cleavage functionality, although its extracellular 

domain has a flexible hairpin loop (also called the flap) which plays a crucial role in BACE1’s proteolytic 
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activity by managing substrate binding as well as the active site conformation [92, 93]. The cleavage 

site on APP for BACE1 is located further upstream to that of α-secretase and consequently has no 

impact on the Aβ-peptide sequence. The proteolytic cleavage by BACE1 produces a soluble APP-beta 

(β-APPs) fragment, as well as a membrane-held C-terminal fragment (C-99), which carries the full-

length Aβ-peptide at the N-terminus [74]. In an analogous fashion to C-83, only C-99 is processed 

further by γ-secretase to release the full Aβ1-40/42 fragment [94, 95]. 

The full Aβ1-40/42 fragment released via the amyloidogenic metabolic pathway is a normal process; 

however, in AD deviation in this process occurs due to a wide range of regulatory mechanisms that 

start failing, such as the APP metabolism shifts from non-amyloidogenic to amyloidogenic which 

causes an inefficient clearance of Aβ1-40/42 fragments. Thus, a build-up of these monomeric fragments 

causes them to undergo misfolding arrangements, which results in various levels of aggregate 

deposits. The oligomeric structures which are formed, are soluble in nature and are considered the 

most toxic of all the aggregate forms [96, 97]. Due to the maturation of these oligomers, individual 

filaments are generated which form fibrils that take on an anti-parallel, cross-β-sheet formation, 

causing the dense plaque deposits seen in neuroimaging [98-100]. As BACE-1 is the initiator of the 

amyloidogenic metabolic pathway, it is considered a very desirable target for the development of 

treatments for AD. 

β-secretase/BACE1, also known as memapsin 2, was discovered in 1999 and has remained a highly 

challenging target in drug discovery [101]. As a member of the pepsin-like family of aspartyl proteases, 

it contains a characteristic dual active site motif (Asp-Thr/Ser-Gly-Thr/Ser) in its ectodomain [102, 

103]. Initially formed in the endoplasmic reticulum as an immature, glycosylated pro-peptide referred 

to as pro-BACE1, the pro-peptide is finally cleaved in the Golgi apparatus into mature BACE1 [104, 

105]. As pro-BACE 1, the pro-peptide has both a closed and open conformation, in which the latter 

can exhibit some enzymatic activity. However, when in the closed conformation, the pro-domain 

covers the active site therefore inhibiting the activity of pro-BACE1, and acting as a weak inhibitor of 

BACE1 activity (Figure 1.14) [106, 107]. 

 

Figure 1.14. Closed (left) and open (right) conformations of pro-BACE1 [107]. 
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The full enzymatic activity of BACE1 is achieved by the cleavage of the pro-domain, thereby allowing 

the catalytic active site to be fully accessible to the substrate [108]. As a monomeric protein, BACE1 

has four N-linked glycosylation sites and six lumenal cysteines, which allows for the formation of up 

to three intramolecular disulfide bonds, and therefore, the enzyme is considered to be a type I 

transmembrane protein in which the active site is on the lumenal side of the membrane where it 

cleaves APP [101, 109]. The disulfide bonds, in particular Cys330/Cys380 are found inside the active 

site of BACE1 and is important for the stability and activity of the enzyme [110].  

BACE1, similarly to pro-BACE1, has two major conformations known as a flap open conformation and 

a flap closed conformation, as indicated in Figure 1.15 [107]. The flap open conformation of BACE1 is 

found when no substrate is bound to the enzyme. The latter is energetically stable and held together 

by optimal hydrogen bonds.  

 

Figure 1.15. Open flap (in red, PDB: 1SGZ) and closed flap (in blue, PDB: 1M4H) conformations of 

mature BACE1 [107].  

The BACE1 adopts a flap closed conformation when bound to the substrate [111]. In order to perform 

this conformational shift from flap open to flap closed, there is a breakage of hydrogen bonds between 

the oxygen of Tyr71 and the nitrogen of Gly74, the nitrogen of Lys75 and the oxygen of Glu77, and the 

hydroxyl of Tyr71 and the oxygen of Lys107. The latter is caused by the interaction between the 
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substrate and the enzyme [111]. Due to this conformational change, a new interaction occurs between 

side chain Tyr71, and the indole nitrogen of Trp76. Although substrates can enter through a cleft in 

the enzyme while in the flap open conformation, a bottleneck occurs which is formed by Thr72, 

Arg235, Ser328, and Thr329, which requires some flexibility in the substrate [111]. 

BACE1 has been identified as a significant target in AD intervention, and it is proposed that its 

inhibition would halt the formation of Aβ at the initiation of APP processing. Conversely, targeting 

later stages in the amyloid cascade causes the excess Aβ generated to be harmful to cognitive function 

even before neuronal death, which limits synaptic function [112]. Therefore, it would be ideal to slow 

down the progression of AD by inhibiting Aβ formation at an early stage. 

BACE1 inhibitors can be divided into two categories: 

• Peptidomimetic BACE1 inhibitors 

• Non-peptidomimetic BACE1 inhibitors 

1.4.2.1.   Peptidomimetic BACE1 inhibitors 

Designed to mimic the natural substrate of the enzyme, peptidomimetic inhibitors ensure that sub-

site specificity, hydrogen bonding, and hydrophobic interactions are enhanced or conserved [107]. 

Ghosh and co-workers were the first to demonstrate the druggability of BACE1 by developing the 

substrate inhibitor OM99-2 15 and demonstrating the interaction of the substrate with the enzyme 

by obtaining a crystal structure of the BACE1 and OM99-2 15 complex [103, 113]. OM99-2 15 showed 

potent in vitro BACE1 inhibition activity of 1.6 nM [113]. Subsequent development of 15, in which 

asparagine and valine were substituted for aspartic acid and leucine respectively, afforded the more 

potent BACE1 inhibitor 16 with an inhibition activity of 0.3 nM (Figure 1.16) [114]. 
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Figure 1.16. Peptidomimetic BACE1 inhibitors OM99-2 15 and OM00-3 16 [103, 113, 114]. 

Milliard and co-workers developed a series of BACE1 inhibitors containing a hydroxyethylamine (HEA) 

moiety linked to an isophthalamide moiety in which the HEA group has R-stereochemistry at the 

transition state isostere, as well as a 3,5-difluorophenyl fragment at the P1 cleavage site. Compound 

17 (Figure 1.17) was found to be a highly potent and cell permeable peptidomimetic inhibitor of 

human BACE1 with an IC50 value of 20 nM [115]. Kortum and co-workers substituted the methyl group 

for an amide group and discovered compound 18 with an IC50 value of 11 nM (Figure 1.17) [116]. 

 

Figure 1.17. Hydroxyethylamine-type peptidomimetic BACE1 inhibitors [115, 116]. 

1.4.2.2.   Non-peptidomimetic BACE1 inhibitors  

In an effort to discover novel non-peptidomimetic BACE1 inhibitors, Gerritz and co-workers performed 

a NMR spectroscopy direct binding structure-based fragment screening search in which they 

discovered acyl guanidine 19 [117]. Although the Ki value of 3.9 µM was far less potent than that of 
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peptide-based inhibitors such as compound 17, they felt that the unusual structure needed further 

exploration. Their curiosity was rewarded with improved compound 20 that had a Ki value of 0.005 

µM (Figure 1.18) [117].  

 
Figure 1.18. Acyl guanidine non-peptidomimetic BACE1 inhibitors [117]. 

Another highly potent BACE1 non-peptidomimetic inhibitor, lanabecestat 21 (Figure 1.19), was 

developed by AstraZeneca. It was found to have an IC50 value of 0.6 pM and by performing an in vitro 

parallel artificial membrane permeability assay it was shown to possess BBB penetration [118]. This 

inhibitor progressed to phase-III clinical trials [118], but after failing interim futility analyses the trials 

were halted in mid-2018. Results of the trials are yet to be published [10].  

 

Figure 1.19. Lanabecestat 21 [118]. 

Brodney and co-workers focused on designing BACE1 inhibitors that contained a spirocyclic sulfamide 

moiety which interacts through a N-H hydrogen bond with Gln73 in the S1 pocket of BACE1 [119]. 

Through their exploration, they discovered compound 22, which showed a weak IC50 value of 20.9 µM 

(Figure 1.20). Thereafter, using structure-activity relationship guided studies, which involved varying 

the aryl and alkyl substituents, they discovered potent compound 23 (Figure 1.20), with an IC50 value 

of 0.10 μM [119].   
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Figure 1.20. Spirocyclic sulfamide non-peptidomimetic BACE1 inhibitors [119]. 

1.4.3. Glycogen synthase kinase 3 hypothesis 

Defined as a proline-directed serine/threonine kinase, glycogen synthase kinase 3 (GSK-3) plays a 

pivotal and central role in the pathogenesis of both the sporadic and familial forms of AD [121].  There 

are two types of GSK-3, namely GSK-3α and GSK-3β, which are involved in a variety of cellular 

processes such as glycogen metabolism, gene transcription, apoptosis and microtubule stability [120]. 

To date, there is not much direct evidence of its involvement in AD pathology, as it is technically 

difficult to measure the GSK-3 enzymatic activity in post mortem brain tissue. There is however 

indirect evidence, including:  

(i) the co-localization of GSK-3 with dystrophic neurites and NFTs [121, 122],  

(ii) the appearance of active GSK-3 in neurons with pre-tangle changes [123],  

(iii) increased GSK-3 activity in the frontal cortex in AD patients as evidenced by immune-          

blotting for GSK-3 phosphorylated at its tyrosine-216 residue [124],  

(iv) as well as the up-regulated expression of GSK-3 in the hippocampus of AD patients [125].  

GSK-3, a tau phosphorylating kinase, is known to deactivate enzymes by phosphorylation, including as 

examples glycogen synthase and the insulin receptor substrates. GSK-3β is abundant in the CNS [126] 

and it has been shown that granulovascular degenerated neurons contain GSK-3β [126]. This implies 

that there is a critical involvement of GSK-3β in neurodegeneration. 

Two microtubule-associated proteins, microtubule-associated protein 1B (MAP 1B) and tau, are both 

substrates of GSK-3 in neurons, and their microtubule threads are destabilized by GSK-3 

phosphorylation [127-129]. In AD patients, GSK-3β hyper-phosphorylates the microtubule-associated 

tau protein leading to the detachment of tau from the microtubules in the neurons (Figure 1.21). As 

a result of the accumulation of hyper-phosphorylated tau protein, paired helical filaments are formed, 

the so-called neurofibrillary tangles (NFTs), which ultimately results in neuronal death. Tau is reported 
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to be phosphorylated by GSK-3 by at least twelve serine/threonine pro-sites in vitro and in transfected 

cells [130-133]. It is evident that GSK-3 is the key kinase responsible for the hyperphosphorylation of 

the tau protein.  

 

Figure 1.21. Involvement of GSK-3 in the production of Aβ and tau phosphorylation [134]. 

GSK-3α, and not GSK-3β, regulates the APP cleavage metabolism through its action on γ-secretase 

[134], resulting in increased production of Aβ. Although the over activity of GSK-3 is not the primary 

cause of AD, it would serve to augment Aβ production. Therefore, also augmenting tau 

hyperphosphorylation and thus neuronal degeneration would be in line with the amyloid hypothesis 

of AD [120] (Figure 1.21). 

Hoshi and co-workers observed the interaction of GSK-3β with pyruvate dehydrogenase (PDH), the 

enzyme responsible for the conversion of pyruvate to acetyl-CoA in mitochondria, and found that GSK-

3β phosphorylated the enzyme in vitro and also in an Aβ-treated hippocampal culture. In addition, it 

was found that the inactivated PDH (due to Aβ exposure) resulted in the dysfunction of the 

mitochondria. Thus, contributing to neuronal death through the failure of energy metabolism and 

thereby leading to reduced ACh levels in cholinergic neurons due to the decreased production of 

acetyl-CoA. As a result of this, additional insight into the cholinergic hypothesis and the pathogenesis 

of AD was obtained [135]. 

Since the discovery of GSK-3 in 1980, the interest in it as a potential drug target has increased 

substantially. Between 2010 and 2014, sixty-three patents for different therapeutic targets were filed; 
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however, limited success was obtained in clinical trials [136]. During the structural exploration of GSK-

3’s adenosine triphosphate (ATP) active binding pocket, it was noted that all of ATP’s hydrogen bonds 

were with the backbone amino acid residues Asp133 and Val135. These residues were found to play 

a key role in enhancing the affinity towards GSK-3 [136] (Figure 1.22).  

 

Figure 1.22. The ATP binding pocket of GSK-3β. Important areas for activity and selectivity are denoted 

PDB code 1I09 [136]. 

The binding pocket region of the active and selective site of GSK-3β contains the amino acids Lys85, 

Glu97 and Asp200, where Lys85 simultaneously forms a salt bridge with Glu97 and Asp200. That been 

said, the salt bridge between Lys85 and Asp200 is thought to be less significant and effective than the 

Lys85 and Glu97 salt bridge. Docking studies have highlighted that interactions with at least two or 

three areas of the active site would enhance the activity of inhibitors against GSK-3 therefore 

rendering them active inhibitors [136]. 

A diverse range of chemical structures showing inhibition of GSK-3 have been identified from both 

synthetic or natural origin [70]. With regards to inhibitors of natural origin, marine invertebrates have 

played a prominent role in the generation of GSK-3 inhibitors [136]. These classes include, 

thiadiazolidinones 24, halomethylketones 25, maleimides 26, indirubines 27 and triazole derivatives, 

28 and 29 [136] (Figure 1.23).  
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Figure 1.23. Examples of classes of GSK-3 inhibitors [136].  

Inhibitors of GSK-3 can be divided into three categories namely:  

• Non-ATP-competitive inhibitors 

• ATP-competitive inhibitors 

• Substrate competitive GSK-3β inhibitors 

1.4.3.1.   Non-ATP-competitive inhibitors 

The first class of compounds discovered to show non-ATP-competitive inhibition towards GSK-3β were 

small heterocyclic thiadiazolidinone 24 (TDZD) derivatives, which demonstrated selectivity to various 

kinases such as protein kinase A, protein kinase C, casein kinase 2, and cyclin-dependent 1/cyclin B 

[70]. Compounds 30 and 31 were found to be the most potent, with IC50 values of 2.0 µM and 1.1 µM, 

respectively (Figure 1.24) [137, 138]. Tideglusib 32 (Figure 1.24) is currently undergoing phase-II 

clinical trials for the treatment of AD and progressive supranuclear palsy [70]. 

 

Figure 1.24. Thiadiazolidinone 24 scaffold and derivatives [70, 137, 138]. 
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A second class of non-competitive GSK-3β inhibitors, known as the halomethylketones 25, were 

developed by Martinez and co-workers in 2003 [139]. Compound 33, a halomethyl thienyl ketone 

derivative had an IC50 of 0.5 µM, whereas compound 34, a halomethyl phenyl ketone derivative, had 

an IC50 value of 1.0 µM [139] (Figure 1.25). In another study by the same group, an irreversible non-

competitive GSK-3β inhibitor, compound 35 with an IC50 value of 1.0 µM, was discovered [140] (Figure 

1.25). 

 

Figure 1.25. Halomethylketone 25 scaffold and derivatives [139, 140]. 

1.4.3.2.   ATP-competitive inhibitors 

Maleimide 26, was identified as a potent ATP-competitive GSK-3α inhibitor by Smith and co-workers 

[141], but unfortunately was found not to possess any activity against GSK-3β. Indolyl-maleimide 

derivatives with GSK-3β inhibition have been reported for compounds 36, 37 and 38 with IC50 values 

of 340 nM, 13 nM and 0.73 nM, respectively [142-144] (Figure 1.26).  

 

Figure 1.26. Maleimide 26 scaffold and derivatives [142-144]. 

Indirubin 27 comprises of a bis-indole scaffold and is found in a variety of natural sources. It was 

initially identified as the active ingredient in a Chinese traditional medicine treatment for leukemia 

(Danggui Longhui Wan). Leclerc et al., synthesized compound 39, a derivative of 27, which showed 
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good inhibition of GSK-3β with an IC50 value of 9.0 nM [70, 145] (Figure 1.27). Subsequently, 

Polychronopoulos et al., prepared a dichloro derivative of compound 39 (compound 40) which had an 

IC50 value of 4.0 nM (Figure 1.27) [146]. 

 

Figure 1.27. Indirubin 27 scaffold and derivatives [145, 146]. 

Two research groups have taken advantage of the versatility of click chemistry in accessing triazole 

compounds to develop new GSK-3β inhibitors. The Kim group developed the 1,2,3-triazole compound 

41, a potent inhibitor with an IC50 value of 0.111 µM [147]. Olesen and co-workers developed the 1,2,4-

triazole compound 42 with an IC50 value of 0.28 µM (Figure 1.28) [148]. 

 

Figure 1.28. Triazole derivatives 42 and 43 [148, 149]. 

1.4.3.3.   Substrate competitive GSK-3β inhibitors 

Non-competitive GSK-3 inhibitors have also been isolated from natural marine sources such as the 

Indonesian sponge, Acanthostronggylophora. Manzamine A 43, is a β-carboline polycyclic alkaloid 

which was isolated from this Indo-Pacific sponge and found to possess an IC50 value of 10.2 µM (Figure 

1.29) [149].  
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Figure 1.29.  Manzamine A 44 [150]. 

1.4.4. N-Methyl-D-aspartate hypothesis 

Glutamate 44 (Figure 1.30), the principal excitatory neurotransmitter in the CNS, stimulates a number 

of postsynaptic glutamate receptors. Glycine 45 acts as the co-agonist, being responsible for many 

neurological functions, such as cognition, memory, movement and sensation [150, 151]. Glutamate 

has been implicated in various pathologic conditions, including stroke and neurological diseases such 

as AD [150, 152, 153], where overstimulation of glutamate receptors due to glutamate 44 may result 

in neuronal damage excitotoxicity. Excitotoxicity may be mediated by an excessive influx of calcium 

into neurons through ionic channels, which are triggered by the activation of glutamate receptors such 

as the N-methyl-D-aspartate (NMDA) receptor. This then results in a voltage-dependent blockage of 

the ionic channel by Mg2+ causing a lower level of postsynaptic intracellular Ca2+. The Mg2+ blockade 

can be removed through the depolarization of the cell plasma membrane, which triggers a 

pathological influx of Ca2+. Prolonged Ca2+ overload then leads to the loss of synaptic function, 

followed by synaptotoxicity, ultimately leading to cell death which correlates with the loss of memory 

function as well as the learning ability in AD patients [154].  

 
Figure 1.30. NMDA agonists [150]. 

Glutamate receptors can be divided into two main categories, namely (i) ionotropic glutamate 

receptors (iGluRs) which are coupled directly to the membrane ion channels, and (ii) metabotropic 

glutamate receptors (mGluRs) which are coupled to G-proteins and modulate secondary messengers 

such as calcium [150].  
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In this section and later, iGluRs with special focus on the NMDA receptor will be discussed. Three 

different classes of iGluRs have been identified and defined based on their different activating 

substrates: (i) (S)-2-amino-3-(3-hydroxy-5-methyl-4-isoxazolyl)propionic acid 46 (AMPA), (ii) kainic 

acid 47 (Kainite or KA) and (iii) NMDA 48 (Figure 1.31) [155].  

 

Figure 1.31. Ionotropic glutamate receptor substrates [155]. 

The iGluRs are homomeric or heteromeric assemblies and can be divided into three subclasses: AMPA 

(GluA1-4), KA (GluK1-5) and NMDA (GluN1, GluN2A-D, GluN3A-B). Ionotropic receptor subunits are 

assembled as tetramers, whereas the metabotropic receptor subunits are assembled as dimers 

(Figure 1.32) [155, 156]. 

 

Figure 1.32. Glutamate receptors and their subunits [155]. 

The pharmacologic properties of NMDA receptors are determined by GluN2 [157]. Among these 

receptors, the GluN2B subunit, is one of the most highly focused drug targets for drug development 

[156]. Levels of specific subunits of NMDA are known to be abnormal in patients with AD, with reduced 
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levels of GluN1 and GluN2B in the hippocampus and of GluN2A and GluN2B in the entorhinal cortex 

[152].  

Neuronal loss in the hippocampus and entorhinal cortex is more prominently seen in advanced AD 

than at the onset of AD [159, 160]. The changes in NMDA receptors seem to mirror neuronal loss 

rather than synaptic loss, indicating that the changes are subunit specific. It has been reported that 

the GluN2B subunit is the most vulnerable subunit, with abnormal levels in both the hippocampus and 

entorhinal cortex of AD patients, suggesting that neurons with GluN2B may be more sensitive than 

other neurons to the pathogenic mechanisms in AD. Thus, the severity of decrement in the subunits 

of NMDA in the hippocampus and entorhinal cortex correlates strongly with the magnitude of 

cognitive impairment observed in patients with AD [151]. 

The binding domain of GluN2 is less well understood compared to the other ionotropic receptors, 

especially the structural mechanism which governs partial and full agonism of the enzyme. Before the 

availability of XRD, site directed mutagenesis was used to identify the binding residues within the 

GluN2 subunits [158-162]. In these studies, it was shown that when the binding residues are in direct 

contact with glutamate 44, they show high homology with the agonist-binding residues of GluN1 and 

the AMPA receptor units [155].  

All iGluRs subunits contain four individual domains: a carboxyl terminal domain (CTD), an amino 

terminal domain (ATD), a transmembrane domain (TMD) and a ligand binding domain (LBD) (Figure 

1.33) [163]. For NMDA, these subunits have been studied independently and in varying detail. The 

ATD and LBD appear as a single unit, in which there exists a clear divide due to flexible linkers between 

the two domains. The single ATD/LBD system may explain why the NMDA receptors show a 

pronounced regulation of ion channel function by the ATD [164]. Three transmembrane helices and a 

re-entrant pore loop form the ion channel pore of the TMD, which resembles an inverted potassium 

channel [165]. The residues in the TMD affect the channel pore on the voltage-dependent block of 

extracellular Mg2+ of NMDA [166]. The CTD comprises of a large intracellular portion of glutamate 

receptors and influences membrane targeting, allowing for multiple sites for post-translational 

modifications which can alter the receptor function and trafficking [167]. 
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Figure 1.33. NMDA receptor homology model highlighting sites [163]. 

Each of the four GluN2 subunits (A-D) differ with regards to agonist sensitivity, channel opening 

probability, channel opening duration and deactivation time course to the GluN2 receptor [168-171]. 

As an example, the GluN2A-containing receptors are less sensitive to glutamate 44 and glycine 45 and 

have a much faster deactivation time compared to the other GluN2 subunits [172]. Furthermore, the 

recombinant GluN2A receptors have a nearly ten-fold higher probability of being open than the 

GluN2B and GluN2D containing receptors [173]. In terms of channel properties such as Ca2+ 

permeability, Mg2+ blockade and single conductance, this varies between the GluN2A/B and GluN2C/D 

receptors as it is dependent on a single residue in the transmembrane region [174]. Due to the 

diversity in the functions of the subunits in the NMDA receptor, it makes it a very attractive candidate 

as a therapeutic target. 

Uncompetitive NMDA receptor antagonists or channel blockers require activation of the receptor 

before the antagonist can bind deep in the ion channel pore [175]. To date, there is only one US FDA 

approved drug for the treatment of moderate to severe AD, memantine 49 (Figure 1.34) [176]. It is an 
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uncompetitive, voltage-dependent NMDA receptor antagonist which has rapid blocking-unblocking 

receptor kinetics as well as moderate binding affinity [177]. Unfortunately, currently available channel 

blockers are unable to differentiate between the different GluN2 subunits [178]. Side effects such as 

decreased motor function, hallucinations and delusions are thought to be a result of this lack of 

subunit selectivity [179]. 

 

Figure 1.34. The US FDA approved NMDA antagonist memantine 49 [176]. 

The discovery of the first subunit selective NMDA non-competitive antagonist, ifenprodil 50 (Figure 

1.35), was a breakthrough, as it was shown to be more than four hundred times more selective for 

the GluN2B subunit, than the GluN2A, GluN2C and GluN2D subunits [180, 181]. Reported as a 

neuroprotectant, it has been tested in advanced clinical trials for traumatic brain injury and 

neuropathic pain. Although further research is required on 50, the ifenprodil 50 scaffold holds great 

potential for the exploration of new scaffolds that selectively antagonize GluN2B-containing receptors 

[163].  

 

Figure 1.35. Selective GluN2B antagonist ifenprodil 50 [163]. 

In the search for new selective subunit antagonists, Anan and co-workers discovered a novel class of 

cyclohexanol-based GluN2B-selective receptor antagonists. In their efforts to identify potent as well 

as orally bioavailable antagonists, they discovered compounds 51 (IC50 = 0.85 µM) and 52 (IC50 = 0.85 

µM), which additionally were found to contain analgesic activity (Figure 1.36) [156].  

 

Figure 1.36. Cyclohexanol-based GluN2B-selective antagonists [156]. 
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1.5. BRIEF DESCRIPTION OF AIMS AND OBJECTIVES  

The aim of this project was to develop a series of novel inhibitors targeting various biomarkers of AD 

and to assess the activity of these compounds in vitro. Some of the various compounds was also 

evaluated against the respective biomarkers with in silico studies.  

Objective 1: Synthesize inhibitors targeting AChE based on the modification of (i) the linker between 

the indanone and piperidine groups of donepezil, and (ii) the exchange of the indanone group with 

various aryl and aromatic heterocycles.  

Objective 2: Incorporating leads identified from objective 1 and expanding on previously reported 

literature inhibitors for GSK-3, objective 2 is to synthesize urea-based dual inhibitors that will act 

against both AChE and GSK-3. 

Objective 3: Synthesize inhibitors targeting β-secretase/BACE1 through the modification of previously 

reported indole-based pharmacophores. 

Objective 4: Expand upon previously reported literature for the development of NMDA antagonists, 

by synthesizing novel carboxamide derivatives. 

Objective 5 (standalone): Investigate the applicability of flow chemistry for the synthesis of donepezil 

as a feedstock for future drug discovery projects within the group. 

More details regarding the objectives will be provided in the separate chapters. 
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Chapter 2. Novel N-benzylpiperidine carboxamide 

derivatives as inhibitors of acetylcholinesterase 
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ABSTRACT 

A series of fifteen acetylcholinesterase inhibitors, based upon the skeleton of 5,6-dimethoxy-1-oxo-

2,3-dihydro-1H-inden-2-yl 1-benzylpiperidine-4-carboxylate 8, were synthesized and their activity 

evaluated against acetyl and butyrylcholinesterase. The most active analogues in this series, 1-benzyl-

N-(1-methyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl) piperidine-4-carboxamide 22 and 1-benzyl-

N-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)piperidine-4-carboxamide 30 afforded in vitro IC50 

values of 5.94 ± 1.08 µM and 0.41 ± 1.25 µM against acetylcholinesterase, respectively. Furthermore, 

1-benzyl-N-(1-methyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl) piperidine-4-carboxamide 22 

showed no observable cytotoxicity in vitro against SH-SY5Y cells. 

Key Words  

Acetylcholinesterase, Alzheimer’s disease, benzylpiperidine, butyrylcholinesterase, cytotoxicity, 

donepezil 
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2.1. INTRODUCTION 

During the development of donepezil 1 (an FDA approved acetyl cholinesterase inhibitor used for the 

alleviation of the symptoms associated with Alzheimer’s disease) (Figure 2.1), Sugimoto and co-

workers noted that the N-benzylpiperidine moiety was important in small molecules, which 

functioned by the inhibition of acetylcholinesterase (AChE), as it facilitated binding to the catalytic 

anionic site (CAS) of AChE [1]. As part of the structure-activity relationship (SAR) studies undertaken 

by the researchers, the use of an indanone moiety was also identified, which allowed binding within 

the peripheral anionic site (PAS) of AChE by the interaction of amino acid residues with the carbonyl 

functional group [1-4].  

 

Figure 2.1. Donepezil 1. 

Subsequently, several SAR studies involving the exploration of chemical space surrounding donepezil 

1 have been undertaken, and notably, in a few examples the indanone moiety has been replaced with 

other heterocycles such as indole (Figure 2.2) [5], pyridine [6], ebselen (Figure 2.3) [7], benzimidazole 

and benzofuran [8]. In the exploration of new AChE inhibitors, Samadi and co-workers substituted the 

indanone moiety with indole and pyridine derivatives which resulted in the synthesis of compounds 2 

and 3 which had a potency of 0.23 μM and 0.023 μM for AChE, respectively (Figure 2.2) [5, 6]. 

 

Figure 2.2. Indole-substituted compound 2 and bis-amino pyridine-substituted compound 3 [5, 6]. 

The Huang research group introduced selenium in to the indanone moiety. In this research they used 

the antioxidant ebselen 4 (Figure 2.3) as a scaffold and fused it with the N-benzylpiperidine moiety of 
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donepezil 1. This afforded the potent AChE inhibiting compound 5, with an IC50 value of 42 nM (Figure 

2.3) [7]. 

 

Figure 2.3. Ebselen 4 and ebselen-compound 5 [7]. 

Santos et al. found that the replacement of the indanone moiety with a benzimidazole or benzofuran 

moiety also produced AChE inhibitors. Shown in Figure 2.4 are examples of a benzimidazole 6 (IC50 = 

4.2 μM) and benzofuran 7 (IC50 = 4.0 μM) derivative that demonstrated inhibition of amyloid-β1-42 self-

mediated aggregation of 36.3% and 19.0%, respectively [8].  

 

Figure 2.4. Benzimidazole derivative 6 and benzofuran derivative 7 [8]. 

The objectives of the aforementioned studies were to explore the chemical space around donepezil 1 

and to improve activity against AChE. Subsequently it became evident that concomitant inhibition of 

amyloid-β (Aβ) aggregation was observed in systems where there was binding to the PAS of AChE [5, 

6, 8, 9]. Additional exploration of the chemical space surrounding donepezil 1, with the aim of 

improving the binding within the PAS sites, afforded the opportunity to identify potent inhibitors of 

AChE [10]. Previously, two replacements were investigated; namely i) the N-benzylpiperidine ring 

system of donepezil 1 was replaced with a range of different saturated N-benzylated ring systems, and 

ii) the methyl bridge between the indanone and the N-benzylpiperidine ring system was replaced with 

different linkers [10]. The SAR conducted identified compound 8 (Figure 2.5) as the most active species 

with an AChE IC50 of 0.03 ± 0.07 µM with no observable cytotoxicity (IC50 of >100 µM, SH-SY5Y cell 

line).  

In the present study, compound 8 was further modified by replacing the ester linkage (Part B) with 

that of an amide linker, in order to reduce the metabolic liability associated with the ester. 
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Furthermore, in an effort to develop a potent inhibitor of AChE, the indanone moiety (Part A) was 

replaced with several heterocyclic and aryl systems, hoping that this would afford improved binding 

interactions with the PAS. 

 

Figure 2.5. Design strategy of the targeted compounds 19 - 33 [10]. 

In this study, the synthesis of fifteen novel analogues of donepezil 1, as well as in vitro biological 

evaluation targeted at the inhibition of AChE and butyrylcholinesterase (BuChE) binding to the active 

site of AChE and BuChE, were investigated. The cytotoxicity of these compounds was also assessed. 

2.2. CHEMISTRY 

The preparation of the desired carboxamide derivatives was envisaged using standard amide coupling 

chemistry to allow the coupling of imidazole 12 with various commercial and synthetic heterocyclic 

amines. The preparation of the N-benzylpiperidine imidazole derivative was achieved in three steps 

from ethyl isonipecotate 9 (Scheme 2.1) [11, 12]. The ethyl isonipecotate 9 was treated with benzyl 

chloride affording the N-benzylated ester 10, followed by the ester hydrolysis in the presence of 

methanolic sodium hydroxide affording acid 11. Subsequent treatment with carbonyl diimidazole 

(CDI) afforded the imidazole derivative 12 with a 71% yield over three steps.  

 

Scheme 2.1: (i) 1.05 eq. BnCl, 3 eq. Et3N, ACN, reflux, 3h, 88%, (ii) 2 eq. NaOH, MeOH, reflux, 24h, 98%, 

(iii) 1.2 eq. CDI, DCM, 0°C, 2h, 82%. 

 
 
 



52 | P a g e  
 

Initially, it was envisaged to use this approach to access the amide analogue 16 of previously identified 

compound 8. To access the required amine 15, 5,6-dimethoxy-1-indanone 13 was treated with 

isopentyl nitrite in an acidic methanolic solution affording the oximino compound 14 as a precipitate 

in 81% yield (Scheme 2.2) [13]. Thereafter, catalytic reduction under acidic conditions afforded the 

amine as an ammonium salt 15 in 95% yield [14]. Unfortunately, the subsequent coupling attempts 

proved unsuccessful. This may be due to deprotonation of the amine not occurring. 

 

Scheme 2.2: (i) 1 eq. isopentyl nitrite, conc. HCl, MeOH, 40 °C, 30 min, 81%, (ii) H2, Pd/C, 1.5 eq. conc. 

HCl, EtOH, rt, 1 h, 95%, (iii) 6 eq. NaH, DMSO, rt, 3 h, 0%. 

The synthesis of a substituted aminothiazole heterocycle 18 was achieved in two steps from 5,6- 

dimethoxy-1-indanone 13 (Scheme 2.3) [10, 15] by bromination, affording the α-brominated 

indanone 17, followed by treatment with thiourea affording 18 in a 70% yield over two steps. 

 

Scheme 2.3: (i) 1.05 eq. Br2, MeOH, rt, 30 min, 84%, (ii) 1 eq. thiourea, 5 eq. 3M aq. NH3, H2O, rt-reflux, 

12h, 83%. 

The carboxamide derivatives 19 - 33 were obtained through a standard amide coupling between 

imidazole derivative 12 (Scheme 2.4) and various primary amines in the presence of catalytic 4- 

dimethylaminopyridine (4-DMAP), affording the requisite amides 19 - 33 (Table 2.1) in low to good 
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yields [16]. In the case of amide 33, the coupling initially required the deprotonation of amine 18 with 

sodium hydride, affording amide 33 in 12% yield when performed in the absence of 4-DMAP. 

 

Scheme 2.4: 1 eq. R-NH2, 0.6 eq. 4-DMAP, 1 eq. Et3N, DCM, rt – reflux, 12 h, 12 – 99%. 

Compound 19 (Figure 2.6) is used as a representative example to highlight the structure elucidation 

of the series. The desired compound 19 was identified by the disappearance of the imidazole peaks at 

8.16, 7.46 and 7.09 in the proton NMR spectrum and the corresponding appearance of a singlet at 

5.66 ppm integrating for 1H which was assigned to the amide proton. The presence of the heterocycle 

(indole) was evidenced by the appearance of a singlet at 8.45 ppm integrating for 1H in the 1H NMR 

spectrum which is characteristic of the indole amine peak. The formation of 19 was further supported 

by the shift in the carbonyl peak in the 13C NMR spectrum from 171.9 to 175.0 ppm which was assigned 

to the new amide carbonyl. In addition, a new peak in the IR spectrum at 1630 cm-1
 was distinctive of 

an amide carbonyl stretch. Final confirmation was given by the presence of a peak assigned as [M + 

H]+
 at 362.2209 in the high-resolution mass spectrometry (HRMS), with the [M + H]+

 value calculated 

as 362.2227. The remaining compounds in the series were analysed in a similar manner, and the 

spectral assignments are provided in the experimental section.    

 

Figure 2.6. Compound 19.   

2.3. STRUCTURE-ACTIVITY RELATIONSHIP STUDY 

The inhibitory activity of all new synthetic compounds was assessed against Electrophorus electricus 

AChE (EeAChE) and BuChE from equine serum (eqBuChE) using Ellman’s spectrophotometric method 

[17] with minor modifications [18]. Galantamine was used as a positive control. The anticholinesterase 
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activities for the synthesised compounds expressed as half‐maximal inhibitory concentration (IC50) 

values is provided in Table 2.1. In addition, selected compounds were assessed for cytotoxicity in the 

SH‐SY5Y neuroblastoma cell line using the sulforhodamine B (SRB) staining assay as described by 

Vichai and Kirtikara [19]. 

Table 2.1. In vitro AChE, BuChE inhibitory activity and cytotoxicity results of compounds 1 and 19 - 33. 

 

Compound R Yield % 
EeAChE 

IC50 ± SEM 
(µM)a 

eqBuChE 
IC50 ± SEM 

(µM)a 

Cytotoxicity 
IC50 ± SEM 

(µM)a 

19 

 

91 25.60 ± 1.10 >100 40.48 ± 1.21 

20 

 

90 13.98 ± 1.16 >100 13.57 ± 1.15 

21 

 

85 >100 >100 73.42 ± 1.35 

22 

 

99 44.39 ± 1.17 >100 50.90 ± 1.58 

23 

 

59 51.10 ± 1.12 >100 76.62 ± 1.11 

24 

 

93 >100 >100 >100 

25 

 

34 5.94 ± 1.08 >100 >100 
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26 

 

77 30.88 ± 1.19 >100 >100 

27 

 

59 58.89 ± 1.15 >100 >100 

28 

 

77 58.18. ± 1.14 >100 3.37 ± 1.19 

29 
 

97 >100 >100 >100 

30 

 

53 >100 >100 99.32 ± 1.04 

31 

 

38 >100 >100 >100 

32 

 

59 82.10 ± 1.14 >100 >100 

33 

 

12 0.41 ± 1.25 >100 31.31 ± 1.32 

Donepezil 1  - 0.05 ± 1.27 5.20 ± 0.01 95.13 ± 1.30 

Galantamine - 3.58 ± 1.24 - - 

a Data are the mean ± SEM of three independent experiments 

 

From Table 1, it is evident that only two compounds contained an IC50 value below 10 μM; compound 

25 (IC50 = 5.94 μM) and 33 (IC50 = 0.41 μM). The heterocyclic systems for 25 and 33 were found to have 

a resemblance to the indanone moiety of donepezil 1 and compound 8, which could have affected the 

inhibition of AChE, as they have a proton acceptor in a similar position as 1 and 8. However, when 

comparing the heterocyclic structures of compounds 1, 8, 25 and 33 it is evident that when the 

carbonyl functionality is exchanged to that of an imine type (compound 33) the cytotoxicity of the 

compounds increased.  

It was also noted that the position of the nitrogen in the heterocycles has an effect on inhibition. When 

compounds 26 - 28 were compared, it was noted that by changing the nitrogen from an ortho to a 
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para-position, the inhibition of AChE decreased from 30.88 to 58.18 μM. Comparison of the two 

thiazole moieties of compounds 23 and 33, which contained increased aromaticity to the thiazole 

core, indicated increased inhibition from 51.10 μM (compound 23) to 0.41 μM (compound 33). From 

these observations we can conclude that the replacement of carbonyl groups with that of imine, as 

well as by modifying the position of the nitrogen in the heterocycle, we will be able to design more 

sufficient inhibitors. The inhibitors synthesized that had activity, were selective towards AChE but not 

to BuChE, where no inhibition in activity was observed. A cytotoxicity selectivity index of 76 was 

obtained for the most active compounds 33, while 25 displayed a selectivity index >16.84 as no 

cytotoxicity was apparent. 

2.4. CONCLUSION 

A small library of fifteen potential AChE inhibitors was designed and prepared based upon the 

molecular skeleton of a potent lead compound 8 (IC50 0.03 μM) which was reported previously by this 

group. Analogues were prepared by changing the ester linker present in 8 to that of an amide linker 

to potentially reduce the metabolic liability associated with the ester functional group. Introduction 

of the amide linker appears to reduce activity, although it should be noted that the direct amide 

analogue 16 of compound 8 could not be accessed synthetically. That been said, two potential lead 

compounds were identified with AChE inhibitory IC50 activities below 10 μM, namely 23 (5.94 μM) and 

33 (0.41 μM). The replacement of the carbonyl groups with that of an imine together with the 

alteration in the position of the nitrogen in the heterocycle, led to the synthesis of more potent 

inhibitors. These compounds demonstrated inhibition of AChE rather than BuChE. Further studies will 

be conducted with structural changes to increase the selectivity of inhibition. 

2.5. EXPERIMENTAL 

2.5.1. Chemistry 

2.5.1.1.   General methods 

All solvents, chemicals, and reagents were obtained commercially and used without further 

purification. 1H NMR (300 MHz) and 13C NMR (75 MHz) spectra were recorded on Bruker AVANCE-III-

300 instrument using CDCl3 and DMSO-d6. CDCl3 contained tetramethylsilane as an internal standard. 

Chemical shifts, δ, are reported in parts per million (ppm), and splitting patterns are given as singlet 

(s), doublet (d), triplet (t), quartet (q), or multiplet (m). Coupling constants, J, are expressed in hertz 

(Hz). Mass spectra were recorded in electron spray ionisation (ESI) mode on a Waters Synapt G2 Mass 

Spectrometer at 70 eV and 200 mA. Samples were dissolved in acetonitrile (containing 0.1% formic 

acid) to an approximate concentration of 10 μg/mL. Infrared spectra were run on a Bruker ALPHA 
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Platinum ATR spectrometer. The absorptions are reported on the wavenumber (cm-1) scale, in the 

range 400 - 4000 cm-1. Abbreviations used in quoting spectra are: v = very, s = strong, m = medium, w 

= weak, str = stretch. Melting points were measured on a Stuart Melting Point SMP10. The retention 

factor (Rf) values denoted are for thin layer chromatography (TLC) on aluminium-backed Macherey-

Nagel ALUGRAM Sil G/UV254 plates pre-coated with 0.25 mm silica gel 60, spots were visualised with 

UV light and basic KMnO4 spray reagent. Chromatographic separations were performed on Macherey-

Nagel Silica gel 60 (particle size 0.063 – 0.200 mm). Yields refer to isolated pure products unless stated 

otherwise. Each compound is named either according to PerkinElmer’s ChemDraw Version 15.0.0.106 

or according to common names. The numbering of compounds was not done according to priority, 

but rather to the author’s convenience for characterization. 

2.5.1.2.   Ethyl 1-benzylpiperidine-4-carboxylate 10 

A mixture of ethyl isonipecotate 9 (10.00 g, 63.61 mmol, 1 eq.), benzyl chloride 

(7.7 mL, 67 mmol, 1.05 eq.) and triethylamine (26.5 mL, 191 mmol, 3 eq.) in 

anhydrous acetonitrile (100 mL) was refluxed for 3 h after which time the reaction 

mixture was left to cool to room temperature and the solvent was evaporated in 

vacuo. The obtained oil was diluted with ethyl acetate (100 mL) and washed with 

a 10% aqueous solution of sodium hydroxide (3 x 50 mL) and water (50 mL). The 

organic layer was dried over anhydrous sodium sulfate, filtered and the solvent 

evaporated in vacuo to afford the product. The product was used without any 

further purification. (Yield 88%); Transparent orange oil; Rf 0.42 (1:3 ethyl acetate: hexane); νmax 

(neat)/cm-1
 2944 (C-H str, m), 2801 (C-H str, m), 2760 (C-H str, m), 1728 (C=O str, s), 1448 (C-C str, m), 

1168 (C-O str, s), 1046 (C-N str, m), 736 (C-H “oop”, s), 698 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); 

δ 7.41 – 7.15 (5H, m, ArH’s), 4.13 (2H, q, J = 7.1 Hz, H-2), 3.51 (2H, s, H-1’), 2.87 (2H, dt, J = 11.4, 3.1 

Hz, *H-5a & H-6a), 2.30 (1H, tt, J = 10.9, 4.2 Hz, H-3), 2.05 (2H, td, J = 11.3, 2.7 Hz, *H-5b & H-6b), 1.95 

– 1.71 (4H, m, H-4 & H-7), 1.26 (3H, t, J = 7.1 Hz, H-1); 13C NMR (75 MHz, CDCl3); δ 175.3 (C=O), 138.5 

(C-2’), 129.2 (C-3’ & C-7’), 128.3 (C-4’ & C-6’), 127.1 (C-5’), 63.4 (C-1’), 60.3 (C-2), 53.0 (C-5 & C-6), 41.3 

(C- 3), 28.4 (C-4 & C-7), 14.3 (C-1); HRMS m/z (ESI) (C15H21NO2) 248.1682 ([M + H]+ requires 248.1645). 

*Assignments are interchangeable. Characterization of this compound compared well to literature 

[10].   
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2.5.1.3.   1-Benzylpiperidine-4-carboxylic acid 11 

To a stirring solution of sodium hydroxide (3.44 g, 86.02 mmol, 2 eq.) in methanol 

(100 mL) at room temperature was added ethyl 1-benzylpiperidine-4-carboxylate 

10 (10.01 g, 41.82 mmol, 1 eq.) in one portion. The resulting mixture was heated to 

reflux temperature and left to stir overnight. The resulting solution was cooled to 

room temperature and the solvent was evaporated in vacuo to afford a yellow solid. 

The solid was re-dissolved in distilled water (100 mL) and the pH was adjusted to 

pH 5.5. The solvent was removed in vacuo to afford a yellow solid. A pre-mixed 

solution of ethanol: chloroform (1:1, 200 mL) was added and the mixture was left to stir for 1 h after 

which time the solids were filtered off and washed with chloroform (10 mL). The filtrate was collected 

and the solvent was evaporated in vacuo to afford the product. The product was used without any 

purification. (Yield 98%); Off-white solid; Rf 0.07 (4:1 dichloromethane: methanol); mp 168 °C; νmax 

(neat)/cm-1 2969 (O-H str, m), 1602 (C=O str, s), 1448 (C-C str, m), 1382 (O-H bend, s), 921 (s), 756 (s), 

702 (s), 659 (s); 1H NMR (300 MHz, CDCl3); δ 10.71 (1H, s, OH), 7.38 – 7.27 (5H, m, ArH’s), 3.89 (2H, s, 

H-1’), 3.14 (2H, d, J = 11.2 Hz, *H-3a & H-4a), 2.46 (2H, t, J = 8.9 Hz, *H-3b & H-4b), 2.34 – 2.21 (1H, m, 

H-1), 2.07 – 1.82 (4H, m, 4H, H-2 & H-5); 13C NMR (75 MHz, CDCl3); δ 178.9 (C=O), 132.3 (C-2’), 130.8 

(C-3’ & C-7’), 128.7 (C-5’ & C-4’ & C-6’), 60.8 (C-1’), 51.5 (C-3 & C-4), 40.7 (C-1), 26.7 (C-2 & C-5); HRMS 

m/z (ESI) (C13H17NO2) 220.1353 ([M + H]+ requires 220.1332). *Assignments are interchangeable. 

Characterization of this compound compared well to literature [10]. 

2.5.1.4.   (1-Benzylpiperidin-4-yl)(1H-imidazol-1-yl)methanone 12 

1-Benzylpiperidine-4-carboxylic acid 11 (6.24 g, 28.5 mmol, 1 eq.) in dry 

dichloromethane (100 mL) was cooled to 0 °C, and carbonyl diimidazole (5.57 

g, 34.4 mmol, 1.2 eq.) was added portion-wise over 5 min. After 2 h, the 

mixture was diluted with dichloromethane (10 mL), and water (100 mL) was 

added carefully. The organic layer was washed with water (2 x 40 mL) and brine 

(30 mL), dried over anhydrous sodium sulfate and the solvent evaporated in 

vacuo to afford the product as solid. The product was used as is. (Yield 82%); 

Off-white solid; mp 119 - 121 °C; νmax (neat)/cm-1 2932 (CH2 bend, m), 1604 

(C=O & C=N str, s), 1447 (m), 1383 (m), 1065 (C-N str, m), 922 (s), 825 (m), 753 (m); 1H NMR (300 MHz, 

CDCl3); δ 8.16 (1H, s, H-1’), 7.46 (1H, s, H-3’), 7.37 – 7.23 (5H, m, ArH’s), 7.09 (1H, s, H-2’), 3.58 (2H, s, 

H-1”), 3.00 (2H, d, J = 11.7 Hz, *H-3a & H-4a), 2.99 – 2.84 (1H, m, H-1), 2.27 – 2.09 (2H, m, *H-3b & H-

4b), 2.08 – 1.91 (4H, m, H-2 & H-5); 13C NMR (75 MHz, CDCl3); δ 171.9 (C=O), 136.2 (C-1’), 131.3 (C-2’), 

129.3 (C-2”), 128.5 (C-3” & C-4” & C-6” & C-7”), 127.5 (C-5”), 116.2 (C-3’), 63.0 (C-1”), 52.4 (C-3 & C-
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4), 41.7 (C-1), 28.5 (C-2 & C-5); HRMS m/z (ESI) (C16H19N3O) 270.1707 ([M + H]+ requires 270.1601). 

*Assignments are interchangeable.  

2.5.1.5. 2-Oximino-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one 14 

To a solution of 5,6-dimethoxy-1-indanone 13 (1.50 g, 7.82 mmol, 1.0 eq.) 

in methanol (25 mL) at 40°C was added 96% isopentyl nitrite (1.3 mL, 9.4 

mmol, 1.2 eq.) followed by concentrated aqueous hydrochloric acid (0.78 

mL, 9.40 mmol, 1.2 eq.). The solution was stirred for 30 min during which 

time a precipitate formed. The precipitate was collected and dried to yield the product a solid. The 

product was used as is without any further purification. (Yield 81%); Yellow solid; Rf 0.45 (3:1 ethyl 

acetate: hexane); mp 240 °C (literature [13] 227 - 228 °C); νmax (neat)/cm-1 3189, 1694, 1579, 1498, 

1449, 1304, 1233, 1119, 1029, 978, 915, 801, 746; 1H NMR (300 MHz, DMSO); δ 12.41 (1H, s, NOH), 

7.17 (1H, s, ArH), 7.16 (1H, s, ArH), 3.89 (3H, s, OCH3), 3.82 (3H, s, OCH3), 3.64 (2H, s, H-7); 13C NMR 

(75 MHz, DMSO); δ 187.6 (C=O), 156.0 (C-8), 154.7 (C-2), 149.3 (C-1), 142.5 (C-5), 130.5 (C-4), 108.6 

(C-3), 104.5 (C-6), 56.2 (OCH3), 55.7 (OCH3), 27.6 (C-7); HRMS m/z (ESI) (C11H11N4O) 292.1558 ([M + 

H]+ requires 292.0761). Characterization of this compound compared well to literature [10]. 

2.5.1.6.   2-Amino-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one hydrochloride 15 

A suspension of 2-oximino-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one 14 

(0.21 g, 0.93 mmol, 1.0 eq.), concentrated aqueous hydrochloric acid (0.1 

mL, 1.4 mmol, 1.5 eq.) and 10% palladium on carbon (0.05 g, 50 mg.mmol- 

1) in ethanol (15 mL) was hydrogenated at atmospheric pressure and room 

temperature until the incorporation of the hydrogen was complete. The 

catalyst was then filtered off and washed with ethanol (3 x 25 mL). The solvent of the filtrate was then 

removed in vacuo to afford the product as a solid. The product was used as is without any further 

purification. (Yield 95%); Light yellow solid; Rf 0.54 (3:1 ethyl acetate: hexane); mp 240 °C decomposed 

(literature [14] 240 °C decomposed); νmax (neat)/cm-1 2915, 1708, 1590, 1496, 1318, 1270, 1128, 1087, 

1014, 801; 1H NMR (300 MHz, DMSO); δ 8.90 (3H, s, NH3
+), 7.20 (1H, s, ArH), 7.14 (1H, s, ArH), 4.17 

(1H, s, H-8), 3.88 (3H, s, OCH3), 3.81 (3H, s, OCH3), 3.46 (1H, d, J = 7.9 Hz, H-7), 3.07 (1H, dd, J = 16.8, 

4.6 Hz, H-7); 13C NMR (75 MHz, DMSO); δ 198.5 (C=O), 156.3 (C-2), 149.7 (C-4), 147.2 (C-1), 126.4 (C-

5), 108.4 (C-3), 104.3 (C-6), 56.2 (OCH3), 55.8 (OCH3), 53.3 (C-8), 31.0 (C-7); HRMS m/z (ESI) (C11H13NO3) 

208.1000 ([M + H]+ requires 208.0968). Characterization of this compound compared well to literature 

[10]. 
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2.5.1.7.   2-Bromo-5,6-dimethoxy-1-indanone 17 

To a stirring solution of 5,6-dimethoxy-1-indanone 13 (10.00 g, 52.03 mmol, 1 

eq.) in methanol (100 mL), was added bromine (2.8 mL, 55 mmol, 1.1 eq.) 

drop-wise. After addition of bromine the product precipitated out of solution. 

The mixture was left to stir for 30 min after which time the precipitate was 

filtered off, washed with ice cold methanol (50 mL), and dried in vacuo to 

afford the product as a solid. The product was used without any further purification. (Yield 84%); Light 

yellow solid; Rf 0.72 (3:1 ethyl acetate: hexane); mp 162 - 163 °C [10]; νmax (neat)/cm-1 2959 (CH2 bend, 

m), 1687 (C=O str, s), 1583 (s), 1497 (C-C str, m), 1309 (C-H wag (-CHBr), m), 1261 (s), 1218 (C-N str, 

m), 1107 (m), 1015 (m), 727 (s); 1H NMR (300 MHz, CDCl3); δ 7.19 (1H, s, H-6), 6.82 (1H, s, H-3), 4.61 

(1H, dd, J = 2.9 & 7.3 Hz, H-8), 3.95 (3H, s, OCH3), 3.88 (3H, s, OCH3), 3.72 (1H, dd, J = 7.2 & 17.9 Hz, H-

7), 3.30 (1H, dd, J = 2.98 & 17.9 Hz, H-7); 13C NMR (75 MHz, CDCl3); δ 198.2 (C=O), 156.8 (C-2), 150.2 

(C-4), 146.7 (C-1), 126.4 (C-5), 107.3 (C-3), 105.2 (C-6), 56.5 (OCH3), 56.3 (OCH3), 44.7 (C-8), 37.9 (C-7). 

Characterization of this compound compared well to literature [10]. 

2.5.1.8.   5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-amine 18 

To a suspension of thiourea (1.97 g, 25.9 mmol, 1 eq.) in distilled water 

(100 mL) was added 2-bromo-5,6-dimethoxy-1-indanone 17 (7.00 g, 25.8 

mmol, 1 eq.) in three portions over 30 min at room temperature. The 

resulting mixture was refluxed for 12 h. The solution was then cooled to 

room temperature and a 3 M ammonium hydroxide solution (64.6 mL, 

129.1 mmol, 5 eq.) was added, which resulted in the precipitation of the product. The resulting 

mixture was left to stir for 30 min. The product was filtered off and washed with distilled water (100 

mL) after which time it was dried in vacuo. The product was used without any further purification. 

(Yield 83%); Yellow solid; Rf 0.27 (3:1 ethyl acetate: hexane); mp 204 °C (decomp.); νmax (neat)/cm-1 

3376 (N-H str, m), 3111 (m), 2933 (C-H str, m), 1524 (N-H bend, s), 1456 (C-C str, m), 1377 (C-H bend, 

s), 1271 (C-N str, s), 1203 (C-N str, m), 1148 (m), 1097 (s), 750 (C-H “oop”, s); 1H NMR (300 MHz, 

DMSO-d6); δ 7.15 (1H, s, H-6), 7.08 (2H, s, NH2), 6.98 (1H, s, H-3), 3.79 (3H, s, OCH3), 3.76 (3H, s, OCH3), 

3.58 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 172.8 (C-10), 156.0 (C-2), 148.0 (C-9), 146.4 (C-1), 

137.5 (C-5), 130.8 (C-4), 120.7 (C-8), 110.1 (C-3), 102.1 (C-6), 55.9 (OCH3), 55.7 (OCH3), 32.0 (C-7); 

HRMS m/z (ESI) (C12H12N2O2S) 249.0697 ([M + H]+ requires 249.0692).  
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2.5.1.9.   General method for amide couplings 

A mixture of amine (1.00 mmol, 1 eq.), (1-benzylpiperidin-4-yl)(1H-imidazol-1-yl) methanone 12 (1.11 

mmol, 1.1 eq.), 4-dimethylaminopyridine (0.60 mmol, 0.6 eq.) and triethylamine (1.00 mmol, 1 eq.) in 

anhydrous dichloromethane (15 mL) was left to stir overnight at room temperature. The mixture was 

then refluxed for 2 h, after which time the mixture was left to cool to room temperature. A solution 

of 3 M aqueous sodium hydroxide (50 mL) was added to the reaction mixture. The organic layer was 

separated and the aqueous layer was washed with dichloromethane (2 x 30 mL). The organic layers 

were combined and washed with distilled water (30 mL). The organic layer was dried over anhydrous 

sodium sulfate, filtered and the solvent was evaporated in vacuo. The product was purified by column 

chromatography. 

2.5.1.9.1. N-[2-(1H-indole-3-yl)ethyl]-1-benzylpiperidine-4-carboxamide 19  

(Yield 91%); Off-white solid; Rf 0.42 (9:1 dichloromethane: 

methanol); mp 144 - 145 °C; νmax (neat)/cm-1 3309 (N-H str, m), 

2929 (C-H str, m), 2816 (m), 1630 (C=O str, s), 1532 (N-H bend, 

s), 1445 (C-C str, m), 1348 (C-H bend, m), 1294 (C-N str, m), 1207 

(C-N str, m), 1105 (m), 1031 (m), 990 (m), 922 (m), 741 (C-H 

“oop”, s), 702 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 8.45 

(1H, s, indole NH), 7.59 (1H, d, J = 7.8 Hz, ArH), 7.39 – 7.24 (6H, 

m, H-4’ & ArH’s), 7.23 – 7-16 (1H, m, ArH), 7.15 – 7.08 (1H, m, ArH), 6.98 (1H, d, J = 1.9 Hz, ArH), 5.66 

(1H, s, NH), 3.58 (2H, dd, J = 15.0, 9.0 Hz, H-1’), 3.51 (s, 2H, H-1”), 3.01 – 2.86 (4H, m, H-2’ & *H-3a & 

*H-4a), 2.08 – 1.92 (3H, m, H-1 & *H-3b & *H-4b), 1.82 – 1.62 (m, 4H, H-2 & H-5); 13C NMR (75 MHz, 

CDCl3); δ 175.0 (C=O), 136.5 (C-5’), 129.4 (C-2”), 128.4 (C-3’ & C-4’ & C-6” & C-7”), 127.4 (C-5”), 127.4 

(C-10), 122.3 (C-4’), 122.2 (C-7’), 119.5 (C-8’), 118.8 (C-9’), 112.9 (C-3’), 111.5 (C-6’), 63.1 (C-1”), 52.9 

(C-3 & C-4), 43.1 (C-1’), 39.6 (C-1), 28.7 (C-2 & C-5), 25.4 (C-2’); HRMS m/z (ESI) (C23H27N3O) 362.2209 

([M + H]+ requires 362.2227). *Assignments are interchangeable. 

2.5.1.9.2. 1-Benzyl-N-[2-(naphthalen-1-ylamino)ethyl] piperidine-4-carboxamide 20 

(Yield 90%); Green solid; Rf 0.61 (9:1 dichloromethane: 

methanol); mp 120 - 121 °C; νmax (neat)/cm-1 3402 (N-H str, 

m), 3314 (N-H str, m), 2929 (C-H str, m), 1628 (C=O str, s), 

1582 (N-H bend, m), 1538 (N-H bend, s), 1412 (C-C str, m), 

1292 (C-N str, m), 1135 (s), 954 (m), 753 (C-H “oop”, s), 689 

(C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 7.89 – 7.82 (1H, 
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m, ArH), 7.81 – 7.74 (1H, m, ArH), 7.47 – 7.40 (2H, m, ArH’s), 7.36 – 7.24 (6H, m, ArH’s), 7.22 (1H, d, J 

= 8.2 Hz, ArH), 6.51 (1H, d, J = 7.4 Hz, ArH), 6.15 (1H, s, amide NH), 5.20 (1H, s, NH), 3.64 (2H, dd, J = 

12.0, 6.0 Hz, H-1’), 3.47 (2H, s, 2H, H-1”), 3.36 (2H, t, J = 5.4 Hz, H-2’), 2.89 (2H, d, J = 11.5 Hz, *H-3a & 

*H-4a), 2.17 – 1.89 (3H, m, H-1 & *H-3b & *H-4b), 1.84 – 1.72 (4H, m, H-2 & H-5); 13C NMR (75 MHz, 

CDCl3); δ 176.8 (C=O), 143.7 (C-3’), 137.6 (C-2”), 134.4 (C-9’), 129.3 (C-3” & C-7”), 128.6 (C-8’), 128.4 

(C-4” & C-6”), 127.3 (C-5”), 126.7 (C-11’), 125.9 (C-7’), 124.9 (C-6’), 123.4 (C-4’), 120.5 (C-5’), 117.2 (C-

10’), 103.5 (C-12’), 63.0 (C-1”), 52.8 (C-3 & C-4), 45.4 (C-2’), 42.9 (C-1’), 38.9 (C-1), 28.7 (C-2 & C-5); 

HRMS m/z (ESI) (C25H29N3O) 388.2424 ([M + H]+ requires 388.2383). *Assignments are 

interchangeable. 

2.5.1.9.3. 1-Benzyl-N-(2-morpholinoethyl) piperidine-4-carboxamide 21 

(Yield 85%); Yellow solid; Rf 0.30 (9:1 dichloromethane: methanol); 

mp 89 - 90 °C; νmax (neat)/cm-1 3266 (N-H str, m), 2928 (C-H str, m), 

1638 (C=O str, s), 1540 (N-H bend, s), 1441 (C-C str, m), 1227 (C-N str, 

m), 1114 (s), 1002 (m), 913 (m), 863 (m), 732 (C-H “oop”, s), 698 (C-H 

“oop”, s); 1H NMR (300 MHz, CDCl3); δ 7.35 – 7.19 (5H, m, ArH’s), 6.15 

(1H, s, NH), 3.71 – 3.63 (4H, m, H-4’ & H-5’), 3.52 (2H, s, H-1”), 3.32 

(2H, dd, J = 11.2, 5.7 Hz, H-1’), 2.94 (2H, dd, J = 11.6, 3.2 Hz, H-2’), 2.49 

– 2.38 (6H, m, H-3’ & H-6’ & *H-3a & *H-4a), 2.18 – 1.98 (3H, m, H-1 & *H-3b & *H-4b), 1.89 – 1.67 

(4H, m, H-2 & H-5); 13C NMR (75 MHz, CDCl3); δ 175.1 (C=O), 137.7 (C-2”), 129.3 (C-3” & C-7”), 128.3 

(C-4” & C-6”), 127.3 (C-5”), 67.0 (C-4’ & C-5’), 63.1 (C-1”), 57.1 (C-2’), 53.4 (C-3’ & C-6’), 53.0 (C-3 & C-

4), 43.0 (C-1), 35.5 (C-1’), 28.8 (C-2 & C-5); HRMS m/z (ESI) (C19H29N3O2) 332.2341 ([M + H]+ requires 

332.2332). *Assignments are interchangeable. 

2.5.1.9.4. 1-Benzyl-N-(2-methoxybenzyl) piperidine-4-carboxamide 22 

(Yield 99%); Yellow crystalline solid; Rf 0.50 (9:1 dichloromethane: 

methanol); mp 120 °C; νmax (neat)/cm-1 3274 (N-H str, m), 2932 (C-

H str, m), 1642 (C=O), 1546 (N-H bend, s), 1489 (m), 1445 (C-C str,  

m), 1236 (C-N str, m), 1114 (s), 1025 (m), 985 (m), 736 (C-H “oop”, 

s), 696 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 7.34 – 7.20 (7H, 

m, ArH’s), 6.94 – 6.84 (2H, m, ArH’s), 6.06 (1H, s, NH), 4.43 (2H, d, 

J = 5.7 Hz, H-1’), 3.84 (3H, s, OCH3), 3.50 (2H, s, H-1”), 2.93 (2H, d, J 

= 11.7 Hz, *H-3a & *H-4a), 2.18 – 1.93 (3H, m, H-1 & *H-3b & *H-4b), 1.90 – 1.67 (4H, m, H-2 & H-5); 

13C NMR (75 MHz, CDCl3); δ 174.6 (C=O), 157.6 (C-7’), 138.0 (C-2”), 129.8 (C-3’), 129.3 (C-3” & C-7”), 

128.9 (C-5’), 128.3 (C-4” & C-6”), 127.2 (C-5”), 126.4 (C-2’), 120.8 (C-4’), 110.4 (C-6’), 63.2 (C-1”), 55.4 
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(OCH3), 53.1 (C-3 & C-4), 43.3 (C-1), 39.4 (C-1’), 28.9 (C-2 & C-5); HRMS m/z (ESI) (C21H26N2O2) 339.2069 

([M + H]+ requires 339.2067). *Assignments are interchangeable. 

2.5.1.9.5. 1-Benzyl-N-(thiazol-2-yl) piperidine-4-carboxamide 23 

(Yield 59%); Off-white solid; Rf 0.50 (9:1 dichloromethane: methanol); 

mp 179 - 181 °C; νmax (neat)/cm-1 3156 (N-H str, w), 2928 (C-H str, m), 

1679 (C=O str, s), 1560 (N-H bend, s), 1494 (m), 1442 (C-C str, m), 1368 

(C-H bend, s), 1329 (s), 1290 (m), 1267 (C-N str, m), 1186 (s), 1167 (C-

N str, s), 1141 (C-N str, s), 1108 (m), 1075 (m), 1010 (m), 964 (C=C-H 

str, s), 799 (C=C-H str, s), 743 (C-H “oop”, s), 726 (C-H “oop”, s), 700 (C-

H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 12.53 (1H, s, 1H, NH), 7.50 

(1H, d, J = 3.6 Hz, H-2’), 7.38 – 7.23 (5H, m, ArH’s), 7.02 (1H, d, J = 3.6 Hz, H-3’), 3.55 (2H, s, H-1”), 3.01 

(2H, d, J = 11.0 Hz, *H-3a & *H-4a), 2.59 – 2.46 (1H, m, H-1), 2.16 – 1.84 (6H, m, *H-3b & *H-4b & H-2 

& H-5); 13C NMR (75 MHz, CDCl3); δ 173.7 (C=O), 160.5 (C-1’), 138.3 (C-2”), 136.2 (C-2’), 129.2 (C-3” & 

C-7”), 128.4 (C-4” & C-6”), 127.2 (C-5”), 113.7 (C-3’), 63.3 (C-1”), 53.1 (C-3 & C-4), 43.1 (C-1), 28.5 (C-2 

& C-5); HRMS m/z (ESI) (C16H19N3OS) 302.1362 ([M + H]+ requires 302.1322). *Assignments are 

interchangeable. 

2.5.1.9.6. 1-Benzyl-N-(3,4,5-trimethoxyphenethyl)piperidine-4-carboxamide 24 

(Yield 93%); Light yellow solid; Rf 0.56 (9:1 dichloromethane: 

methanol); mp 119 - 121 °C; νmax (neat)/cm-1 3327 (N-H str, m), 2926 

(C-H str, m), 1635 (C=O str, s), 1589 (C=C str, m), 1547 (N-H bend, s), 

1509 (m), 1454 (C-C str, m), 1435 (m), 1324 (C-H bend, m), 1245 (C-

N str, s), 1128 (vs), 999 (s), 817 (m), 714 (C-H “oop”, s), 676 (C-H 

“oop”, s); 1H NMR (300 MHz, CDCl3); δ 7.32 – 7.20 (5H, m, ArH’s), 

6.38 (2H, s, ArH’s), 5.69 (1H, s, 1H, NH), 3.82 (6H, s, OCH3), 3.81 (3H, 

s, OCH3), 3.53 – 3.44 (4H, m, H-1” & H-1’), 2.91 (2H, d, J = 11.6 Hz, *H-3a & *H-4a), 2.73 (2H, t, J = 7.0 

Hz, H-2’), 2.15 – 1.91 (3H, m, H-1 & *H-3b & *H-4b), 1.85 – 1.63 (4H, m, H-2 & H-5); 13C NMR (75 MHz, 

CDCl3); δ 175.0 (C=O), 153.3 (C-5’ C-7’), 137.7 (C-2”), 136.6 (C-6’), 134.7 (C-3’), 129.2 (C-3” & C-7”), 

128.3 (C-4” & C-6”), 127.3 (C-5”), 105.6 (C-4’ & C-8’), 63.1 (C-1”), 60.9 (OCH3), 56.2 (OCH3), 52.9 (C-3 

& C-4), 43.1 (C-1), 40.5 (C-1’), 36.1 (C-2’), 28.8 (C-2 & C-5); HRMS m/z (ESI) (C24H32N2O4) 413.2458 ([M 

+ H]+ requires 413.2453). *Assignments are interchangeable. 
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2.5.1.9.7. 1-Benzyl-N-(1-methyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl) piperidine-4-

carboxamide 25 

(Yield 34%); Off-white crystalline solid; Rf 0.33 (9:1 

dichloromethane: methanol); mp 235 - 236 °C; νmax 

(neat)/cm-1 3228 (NH str, m), 3185 (m), 2925 (C-H str, m), 

1684 (C=O str, m), 1612 (C=O str, s), 1587 (N-H bend, m), 

1451 (C-C str, m), 1296 (C-N str, s), 1195 (m), 1109 (C-N str, 

m), 957 (m), 746 (C-H “oop”, s), 692 (C-H “oop”, s); 1H NMR 

(300 MHz, CDCl3); δ 8.33 (1H, s, NH), 7.49 – 7.19 (10H, m, 

ArH’s), 3.51 (2H, s, H-1”), 3.04 (3H, d, J = 0.8 Hz, H-5’), 2.90 

(2H, d, J = 11.0 Hz, *H-3a & *H-4a), 2.33 (1H, dt, J = 14.4, 7.3 Hz, H-1), 2.19 (3H, s, H-3’), 2.09 – 1.92 

(2H, m, *H-3b & *H-4), 1.90 – 1.77 (4H, m, H-2 & H-5); 13C NMR (75 MHz, CDCl3); δ 174.7 (C=O), 161.9 

(C-1’), 149.7 (C-6’), 138.0 (C-2”), 134.7 (C-4’), 129.4 (C-3” & C-7”), 129.3 (C-8’ & C-10’), 128.3 (C-4” & 

C-6”), 127.2 (C-5”), 127.1 (C-9’), 124.3 (C-7’ & C-11’), 109.0 (C-2’), 63.1 (C-1”), 52.8 (C-3 & C-4), 42.6 

(C-1), 36.3 (C-5’), 28.8 (C-2 & C-5), 12.7 (C-3’); HRMS m/z (ESI) (C24H28N4O2) 405.2292 ([M + H]+ requires 

405.2285). *Assignments are interchangeable.  

2.5.1.9.8. 1-Benzyl-N-(pyridine-2-ylmethyl) piperidine-4-carboxamide 26 

(Yield 77%); Yellow viscous oil; Rf 0.33 (9:1 dichloromethane: 

methanol); νmax (neat)/cm-1 3343 (N-H str, m), 2940 (C-H str, m), 

1639 (C=O str, s), 1592 (C-N bend, m), 1537 (N-H bend, s), 1429 (C-

C str, m), 1295 (C-O str, m), 1214 (m), 1133 (C-N str, m), 993 (m), 

732 (C-H “oop”, m); 1H NMR (300 MHz, CDCl3); δ 8.50 (1H, d, J = 

4.7 Hz, ArH), 7.67 – 7.59 (1H, m, ArH), 7.36 – 7.13 (7H, m, ArH’s), 

6.97 (1H, s, NH), 4.53 (2H, d, J = 4.8 Hz, H-1’), 3.53 (2H, s, H-1”), 

2.96 (2H, d, J = 11.6 Hz, *H-3a & H-4a), 2.30 – 2.16 (1H, m, H-1), 2.07 (2H, m, *H-3b & *H-4b), 1.96 – 

1.74 (4H, m, H-2 & H-5); 13C NMR (75 MHz, CDCl3); δ 175.1 (C=O), 156.5 (C-2’), 149.0 (C-6’), 137.7 (C-

2”), 136.9 (C-4’), 129.3 (C-3” & C-7”), 128.4 (C-4” & C-6”), 127.3 (C-5”), 122.4 (C-3’), 122.1 (C-5’), 63.1 

(C-1”), 53.0 (C-3 & C-4), 44.3 (C-1’), 43.0 (C-1), 28.7 (C-2 & C-5); HRMS m/z (ESI) (C19H23N3O) 310.1939 

([M + H]+ requires 310.1914). *Assignments are interchangeable. 
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2.5.1.9.9. 1-Benzyl-N-(pyridine-3-ylmethyl) piperidine-4-carboxamide 27 

(Yield 59%); Yellow viscous oil; Rf 0.23 (9:1 dichloromethane: 

methanol); νmax (neat)/cm-1 3312 (N-H str, m), 2947 (C-H str, m), 

2793 (C-H str, m), 1635 (C=O str, s), 1533 (N-H bend, s), 1430 (C-C 

str, m), 1296 (C-N str, m), 1218 (m), 1132 (m), 1020 (m), 978 (m), 

704 (C-H “oop”, s), 657 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); 

δ 8.46 (1H, s, ArH), 8.45 (1H, s, ArH), 7.57 (1H, d, J = 7.8 Hz, ArH), 

7.32 – 7.18 (6H, m, ArH’s), 6.45 (1H, s, NH), 4.40 (2H, d, J = 5.9 Hz, 

H-1’), 3.49 (2H, s, H-1”), 2.92 (2H, d, J = 11.7 Hz, *H-3a & *H-4a), 2.22 – 2.09 (1H, m, H-1), 2.00 (2H, td, 

J = 11.1, 3.5 Hz, *H-3b & *H-4b), 1.87 – 1.69 (4H, m, H-2); 13C NMR (75 MHz, CDCl3); δ 175.3 (C=O), 

149.1 (C-6’), 148.8 (C-5’), 137.9 (C-2”), 135.6 (C-2’), 134.4 (C-3’), 129.2 (C-3” & C-7”), 128.3 (C-4” & C-

6”), 127.2 (C-5”), 123.7 (C-4’), 63.1 (C-1”), 53.0 (C-3 & C-4), 43.1 (C-1), 40.8 (C-1’), 28.8 (C-2 & C-5); 

HRMS m/z (ESI) (C19H23N3O) 310.1939 ([M + H]+ requires 310.1914). *Assignments are 

interchangeable. 

2.5.1.9.10. 1-Benzyl-N-(pyridine-4-ylmethyl) piperidine-4-carboxamide 28 

(Yield 77%); Yellow viscous oil; Rf 0.33 (9:1 dichloromethane: 

methanol); νmax (neat)/cm-1 3290 (N-H str, m), 2917 (C-H str, m), 

1638 (C=O str, s), 1542 (N-H bend, s), 1428 (C-C str, m), 1374 (C-H 

bend, m), 1302 (m), 1073 (m), 990 (m), 795 (C-H “oop”, m), 736 (C-

H “oop”, m), 693 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 8.48 

(2H, d, J = 4.8 Hz, H-4’ & H-5’), 7.35 – 7.20 (5H, m, ArH’s), 7.12 (2H, 

d, J = 5.0 Hz, H-3’ & H-6’), 6.48 (1H, s, NH), 4.41 (2H, d, J = 5.9 Hz, 

H-1’), 3.52 (2H, s, H-1”), 2.95 (2H, d, J = 11.2 Hz, *H-3a & H-4a), 2.21 (1H, m, H-1), 2.04 (2H, td, J = 10.8, 

2.6 Hz, *H-3b & *H-4b), 1.90 – 1.73 (4H, m, H-2 & H-5); 13C NMR (75 MHz, CDCl3); δ 175.4 (C=O), 150.0 

(C-4’ & C-5’), 147.8 (C-2’), 137.7 (C-2”), 129.3 (C-3” & C-7”), 128.4 (C-4” & C-6”), 127.3 (C-5”), 122.3 (C-

3’ & C-6’), 63.1 (C-1”), 52.9 (C-3 & C-4), 43.0 (C-1), 42.2 (C-1’), 28.8 (C-2 & C-5); HRMS m/z (ESI) 

(C19H23N3O) 310.1939 ([M + H]+ requires 310.1914). *Assignments are interchangeable. 
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2.5.1.9.11. 1-Benzyl-N-(furan-2-ylmethyl) piperidine-4-carboxamide 29 

(Yield 97%); Off-white crystalline solid; Rf 0.46 (9:1 

dichloromethane: methanol); mp 110 °C; νmax (neat)/cm-1 3308 (N-

H str, m), 2939 (C-H str, m), 2922 (C-H str, m), 1639 (C=O str, s), 

1535 (N-H bend, s), 1450 (C-C str, m), 1256 (C-N str, m), 1143 (s), 

1109 (C-N str, m), 1076 (m), 1011 (s), 911 (C=C-H str, s), 822 (C=C-

H str, m), 749 (C-H “oop”, s), 697 (C-H “oop”, s); 1H NMR (300 MHz, 

CDCl3); δ 7.36 – 7.20 (6H, m, ArH’s & H-5’), 6.30 (1H, dd, J = 3.1, 1.9 

Hz, H-4’), 6.19 (1H, d, J = 2.9 Hz, H-3’), 6.01 (1H, s, NH), 4.41 (2H, d, J = 5.4 Hz, H-1’), 3.51 (2H, s, H-1”), 

2.94 (2H, d, J = 11.7 Hz, *H-3a & *H-4a), 2.20 – 1.95 (3H, m, H-1 & *H-3b & *H-4b), 1.89 – 1.68 (4H, m, 

H-2 & H-5); 13C NMR (75 MHz, CDCl3); δ 174.8 (C=O), 151.4 (C-2’), 142.2 (C-5’), 137.9 (C-2”), 129.3 (C-

3” & C-7”), 128.3 (C-4” & C-6”), 127.3 (C-5”), 110.5 (C-4’), 107.5 (C-3’), 63.1 (C-1”), 53.0 (C-3 & C-4), 

43.0 (C-1), 36.5 (C-1’), 28.8 (C-2 & C-5); HRMS m/z (ESI) (C18H22N2O2) 299.1740 ([M + H]+ requires 

299.1754). * Assignments are interchangeable. 

2.5.1.9.12. 1-Benzyl-N-(1,2,3,4-tetrahydro-naphthalen-1-yl) piperidine-4-carboxamide 30 

(Yield 53%); Pink crystalline solid; Rf 0.56 (9:1 dichloromethane: 

methanol); mp 135-136 °C; νmax (neat)/cm-1 3256 (N-H str, m), 

2929 (C-H str, m), 1637 (C=O str, s), 1539 (N-H bend, s), 1446 (C-C 

str, m), 1223 (C-N str, m), 1119 (m), 963 (m), 737 (C-H “oop”, s), 

695 (C-H “oop”, m); 1H NMR (300 MHz, CDCl3); δ 7.37 – 7.04 (9H, 

m, ArH’s), 5.80 (1H, d, J = 8.3 Hz, NH), 5.22 – 5.12 (1H, m, H-1’), 

3.52 (2H, s, H-1”), 2.95 (2H, d, J = 11.6 Hz, *H-3a & *H-4a), 2.85-

2.68 (2H, m, H-4’), 2.19 – 1.96 (3H, m, H-1 & *H-3b & *H-4b), 1.92 

– 1.71 (8H, m, H-2 & H-5 & H-2’ & H-3’); 13C NMR (75 MHz, CDCl3); δ 174.3 (C=O), 137.7 (C-2”), 136.9 

(C-5’ & C-10’), 129.3 (C-3” & C-7”), 128.6 (C-9’), 128.4 (C-4” & C-6”), 127.3 (C-7’ C-8’), 127.2 (C-5”), 

126.4 (C-6’), 63.2 (C-1”), 53.0 (C-3 & C-4), 47.2 (C-1’), 43.3 (C-1), 30.3 (C-2’), 29.3 (C-4’), 28.9 (C-2 & C-

5), 20.1 (C-3’); HRMS m/z (ESI) (C23H28N2O) 349.2260 ([M + H]+ requires 349.2274). *Assignments are 

interchangeable. 
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2.5.1.9.13. N-[2-(1H-imidazol-4-yl)ethyl]-1-benzylpiperidine-4-carboxamide 31 

(Yield 38%); Yellow viscous oil; Rf 0.13 (9:1 dichloromethane: 

methanol); νmax (neat)/cm-1 3246 (N-H str, m), 3084 (N-H str, m), 2938 

(C-H str, m), 1632 (C=O str, s), 1555 (N-H bend, s), 1442 (C-C str, m), 

1336 (C-H bend, m), 1226 (C-N str, m), 1104 (m), 931 (C=C-H str, m), 

801 (C-H “oop”, m), 728 (C-H “oop”, s), 698 (C-H “oop”, s); 1H NMR (300 

MHz, CDCl3); δ 9.74 (1H, s, imidazole NH), 7.56 (1H, s, H-5’), 7.32 – 7.18 

(5H, m, ArH’s), 6.95 (1H, t, J = 5.4 Hz, NH), 6.77 (1H, s, H-4’), 3.53 – 3.44 

(m, 4H, H-1” & H-1’), 2.90 (d, 2H, J = 11.4 Hz, *H-3a & *H-4a), 2.78 (2H, t, J = 6.5 Hz, H-2’), 2.17 – 2.04 

(1H, m, H-1), 1.97 (td, 2H, J = 11.1, 3.6 Hz, *H-3b & *H-4b), 1.81 – 1.64 (4H, m, H-2 & H-5); 13C NMR 

(75 MHz, CDCl3); δ 175.7 (C=O), 138.0 (C-2”), 135.8 (C-5’), 134.9 (C-3’), 129.3 (C-3” & C-7”), 128.3 (C-

4” & C-6”), 127.2 (C-5”), 116.4 (C-4’), 63.2 (C-1”), 53.1 (C-3 & C-4), 43.2 (C-1), 39.4 (C-1’), 28.9 (C-2 & 

C-5), 26.8 (C-2’); HRMS m/z (ESI) (C18H24N4O) 313.2023 ([M + H]+ requires 313.2023). *Assignments 

are interchangeable. 

2.5.1.9.14. 1-Benzyl-N-(2-(piperidin-1-yl)ethyl)piperidine-4-carboxamide 32 

(Yield 59%); Yellow viscous oil; Rf 0.24 (9:1 dichloromethane: 

methanol); νmax (neat)/cm-1 3294 (N-H str, m), 2933 (C-H str, m), 2770 

(C-H str, m), 1637 (C=O str, s), 1551 (N-H bend, s), 1443 (C-C str, m), 

1300 (C-H bend, m), 1126 (m), 1038 (m), 785 (C-H “oop”, m), 726 (C-

H “oop”, s), 687 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 7.33 – 

7.21 (5H, m, ArH’s), 6.46 (1H, s, NH), 3.50 (2H, s, H-1”), 3.35 (2H, dd, J 

= 11.2, 5.6 Hz, H-1’), 2.93 (2H, d, J = 11.6 Hz, *H-3a & *H-4a), 2.48 (6H, 

m, H-2’ & H-3’ & H-7’), 2.12 (1H, m H-1), 2.00 (2H, td, J = 11.4, 2.8 Hz, *H-3b & *H-4b), 1.88 – 1.70 (4H, 

m, H-2 & H-5), 1.61 (4H, dt, J = 10.7, 5.5 Hz, H-4’ & H-6’)), 1.51 – 1.41 (2H, m, H-5’); 13C NMR (75 MHz, 

CDCl3); δ 175.3 (C=O), 138.4 (C-2”), 129.2 (C-3” & C-7”), 128.3 (C-4” & C-6”), 127.1 (C-5”), 63.3 (C-1”), 

57.2 (C-2’), 54.3 (C-3’ & C-7’), 53.3 (C-3 & C-4), 43.4 (C-1), 35.7 (C-1’), 29.0 (C-2 & C-5), 25.7 (C-4’ & C-

6’), 24.8 (C-5’); HRMS m/z (ESI) (C20H31N3O) 330.2541 ([M + H]+ requires 330.2540). *Assignments are 

interchangeable.  
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2.5.1.9.15. 1-Benzyl-N-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)piperidine-4-carboxamide 33 

A mixture of 5,6-dimethoxy-8H-indeno[1,2-d]thiazole-2-

amine 18 (0.25 g, 1.00 mmol, 1 eq.), (1-benzylpiperidin-

4-yl)(1H-imidazol-1-yl) methanone 12 (0.30 g, 1.11 mmol, 

1.1 eq.) and sodium hydride (0.08 g, 2.03 mmol, 2 eq., 

60% in oil) in anhydrous tetrahydrofuran (15 mL) was 

refluxed overnight after which time the reaction mixture 

was left to cool down to room temperature. The reaction 

was quenched with the slow addition of a saturated 

aqueous solution of sodium sulfate (1 mL).  A solution of 3M aqueous sodium hydroxide (10 mL) was 

added and left to stir for 5 min. The organic layer was separated and the aqueous layer was washed 

with dichloromethane (2 x 30mL). The organic layers were combined, washed with distilled water (30 

mL), dried (Na2SO4), filtered and evaporated in vacuo. The product was purified by column 

chromatography. (Yield 12%); Brown solid; Rf 0.55 (9:1 dichloromethane: methanol); mp 218 °C 

(decomp.); νmax (neat)/cm-1 3420 (N-H str, m), 2932 (C-H str, m), 1687 (C=O str, m), 1536 (N-H bend, 

s), 1452 (C-C str, m), 1383 (C-H bend, s), 1272 (C-N str, s), 1208 (s), 1142 (s), 1070 (s), 989 (m), 846 (m), 

738 (C-H “oop”, s), 697 (C-H “oop", s); 1H NMR (300 MHz, CDCl3); δ 10.29 (1H, s, NH), 7.33 – 7.19 (5H, 

m, ArH’s), 7.20 (1H, s, ArH), 7.13 (1H, s, ArH), 3.95 (3H, s, OCH3), 3.91 (3H, s, OCH3), 3.74 (2H, s, H-3’), 

3.35 (2H, s, H-1”), 2.79 (2H, d, J = 11.3 Hz, *H-3a & *H-4a), 2.34 – 2.20 (1H, m, H-1), 1.89 – 1.56 (6H, 

m, *H-3b & *H-4b & H-2 & H-5); 13C NMR (75 MHz, CDCl3); δ 172.9 (C=O), 162.3 (C-1’), 155.3 (C-6’), 

148.8 (C-10’), 147.7 (C-7’), 138.3 (C-9’), 138.0 (C-2”), 129.9 (C-4’), 129.2 (C-3” & C-7”), 129.1 (C-2’), 

128.4 (C-4” & C-6”), 127.2 (C-5”), 109.5 (C-5’), 102.4 (C-8’), 63.1 (C-1”), 56.5 (OCH3), 56.4 (OCH3), 52.5 

(C-3 & C-4), 42.9 (C-1), 32.5 (C-3’), 28.5 (C-2 & C-5); HRMS m/z (ESI) (C25H27N3O3S)  450.1859 ([M + H]+ 

requires 450.1846). *Assignments are interchangeable. 

2.5.2. Bioactivity screening 

Prior to screening, all compounds were dissolved in dimethyl sulfoxide due to the compounds being 

insoluble in water at high concentrations (10 mM). The final concentration of dimethyl sulfoxide in the 

assay were below 1%. 

2.5.2.1. Cholinesterase inhibitory activity 

Cholinesterase inhibitory activity for EeAChE and eqBuChE were determined using the 5,5-dithiobis-

2-nitrobenzoic acid (DTNB) assay as described by Ellman [17] and modified by Eldeen and co-workers 

[18]. Three buffers were prepared: Buffer A – 50 mM Tris-hydrochloride (pH 8); Buffer B - 50 mM Tris-
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hydrochloride (pH 8), containing 0.1% bovine serum albumin; Buffer C - 50 mM Tris-hydrochloride (pH 

8), fortified with 0.1 M sodium chloride and 0.02 M magnesium chloride. Into 96-well plates were 

pipetted: 25 mL acetylthiocholine iodide (15 mM in distilled water), 125 mL DTNB (3 mM in buffer C), 

50 mL buffer B and either 25 mL buffer A (negative control), galantamine (positive control at 1 μM) or 

compounds 1, 19 - 33. Absorbance was measured at 405 nm (four times) to account for baseline 

interference. An aliquot of 25 mL EeAChE (0.2 U/mL in buffer A) was pipetted into the plates and the 

absorbance measured every 45 s for fifteen cycles. EeAChE inhibition (%) was determined as the rate 

of the reaction (correcting for spontaneous colour changes) relative to the negative control. In the 

case of the eqBuChE inhibitory activity assay, EeAChE was replaced with eqBuChE (0.2 U/mL in buffer 

A) as well as acetylcholine iodide with butyrylcholine iodide (15 mM in distilled water) and the assay 

was incubated for 2 h instead of 5 min. 

2.5.2.2.   Cytotoxicity screening 

Cytotoxicity was assessed using the SRB staining assay on the SH-SY5Y neuroblastoma cell line as 

described by Vichai and Kirtikara with minor modifications [19]. Although the SH-SY5Y cell line is 

cancerous in nature, it does present as a model of a neurological cellular environment. The SH-SY5Y 

cell line was cultured in DMEM/Ham's F12 nutrient, in a 1 to 1 ratio, medium supplemented with 10% 

foetal calf serum (FCS) in 75 mL flasks at 37 °C and 5% CO2 in a humidified incubator. Culture flasks 

with confluent cells were rinsed with phosphate buffered saline and harvested using TrypLe™Express 

to detach the cells. Detached cells were centrifuged (200 x g, 5 min), counted using the trypan blue 

exclusion assay (0.1%), and diluted to 1 x 105
 cells/μL in 10% FCS-fortified medium. The cell suspension 

(100 μL) was seeded into sterile, clear 96-well plates, and incubated overnight to allow the cells to 

attach. Blank wells contained 200 μL FCS (5%)-fortified media without cells to account for background 

noise and sterility. Attached cells were exposed to 100 μL medium (negative control), compounds 1, 

19 - 33 (0.01 - 100 μM) or saponin (1%; positive control) prepared in FCS negative medium for 72 h at 

37 °C and 5% CO2 in a humidified incubator. Cells were fixed in the wells by adding 50 μL trichloroacetic 

acid (50%) and left overnight at 4 °C. Plates containing the fixed cells were washed three times with 

tap water and stained using 100 μL SRB solution (0.057% in 1% acetic acid) for 30 min at room 

temperature in the dark. Stained cells were washed four times with 150 μL acetic acid (1%) and air-

dried. The bound dye was eluted using 200 μL Tris-buffer (10 mM, pH 10.5) and the absorbance 

measured at 510 nm (reference 630 nm) using a ELx 800 microplate plate reader (Bio-Tek Instruments, 

Inc.). The blank value was subtracted from all the other values and the cell density was expressed 

relative to the negative control as a percentage. 
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2.5.2.3.   Statistics 

Assays were performed as three intra- as well as three inter-replicates. Statistical analyses were 

performed using Graph-Pad Prism 5.0 (GraphPad). The IC50 values were determined using non-linear 

regression analysis (variable slope).  
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Chapter 3. Novel 1-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-

2-yl)urea derivatives as potential dual acetylcholinesterase 

and glycogen synthase kinase 3 inhibitors for the potential 

treatment of Alzheimer’s disease 
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ABSTRACT 

A series of thirty-five dual acetylcholinesterase and glycogen synthase kinase 3 inhibitors, as potential 

agents for the treatment of Alzheimer’s disease, were designed and synthesized based upon the 

skeleton of 1-benzyl-N-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)piperidine-4-carboxamide 4, a 

compound synthesized previously, which was shown to possess an IC50 value of 0.41 ± 1.25 μM against 

acetylcholinesterase (AChE) in vitro. The most active analogue, 1-(5,6-dimethoxy-8H-indeno[1,2-

d]thiazol-2-yl)-3-(4-ethoxybenzyl)urea 35 afforded an AChE IC50 value of 12.74 ± 2.33 μM. This 

compound was however found to be toxic to SH-SY5Y neuroblastoma cells (IC50 of 2.78 ± 1.16 μM). In 

general, the compounds were found to be relatively cytotoxic.  

Key Words  

Acetylcholinesterase, Alzheimer’s disease, cytotoxicity, glycogen synthase kinase 3, thiazole, urea 
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3.1. INTRODUCTION 

Thiazole is a five-membered heterocyclic compound which possesses both an electron-accepting 

group (C=N) and an electron donating thiol group. It is considered aromatic due to the delocalization 

of the sulphur’s lone pair electrons, thus completing Hückel’s rule for aromaticity [1, 2]. Thiazole 

derivatives are typically accessed by one of three methods; the Hantzsch synthesis, the Gabriel 

synthesis or the Cook-Heilborn synthesis [3, 4].   

The Hantzsch synthesis involves the condensation of haloketones with thioamides, followed by 

cyclization. The reaction proceeds with a nucleophilic attack of the sulphur atom of the thioamide on 

the α-carbon atom of α-haloketone producing an α-thioketone intermediate, followed by dehydration 

to afford the desired thiazole (Figure 3.1) [3, 4]. 

 

Figure 3.1. Hantzsch synthesis of thiazoles [3, 4]. 

Another approach, the Gabriel synthesis, is widely used to synthesize alkyl, aryl or alkoxy substituted 

thiazoles at the 2 or 5 or 2,5 positions. It involves the treatment of α-acylamino-ketones, which can 

be synthesized from the Dakin-West reaction, with a stoichiometric amount of phosphorous 

pentasulfide at high temperatures, followed by dehydration to afford the desired thiazole (Figure 3.2) 

[3]. 

 

Figure 3.2. Gabriel synthesis of thiazoles [3]. 

The Cook-Heilborn’s approach can be used for the synthesis of substituted aminothiazoles. It involves 

the reaction of α-aminonitriles with substrates such as: dithioacids, esters, carbonyl sulphide, 

isothiocyanates or carbon disulphide, forming a thioamide intermediate, followed by cyclisation under 

mild conditions resulting in the formation of substituted 5-aminothiazoles (Figure 3.3) [3].   
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Figure 3.3. Cook-Heilborn synthesis of aminothiazoles [3]. 

Thiazole derivatives are known to be privileged structures with a wide range of pharmacological 

activities such as: antimicrobial [5-7], antiviral [8-10], anticancer [11, 12], anticonvulsant [13-15], anti-

inflammatory [16-18], antioxidant [19-21], antidiabetic [22-24] and neuroprotective ability [25-27]. 

The derivatives of tri-substituted thiazole 1 [28], imidazo[1,2-b]thiazole 2 [29] and 2-aminothiazole 3 

[30] have been reported to possess anti-cholinergic activities due to the ability of the thiazole moiety 

to i) form H-bonds with the peripheral anionic site (PAS) and catalytic anionic site (CAS) of 

acetylcholinesterase (AChE) [2, 31, 32] or ii) form π-π stacking interactions with the CAS [30] (Figure 

3.4).  

 

Figure 3.4. Structures of thiazole derivatives with AChE inhibition activity [28-30]. 
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Previously, it was found that the introduction of a 5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-amine 

moiety through an amide coupling to a N-benzylpiperidine moiety, afforded an AChE inhibitor 1- 

benzyl-N-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)piperidine-4-carboxamide 4 (Figure 3.5), also 

see Chapter 2) with a good inhibitory activity against AChE (IC50 = 0.41 ± 1.25 μM). Compound 4 was 

seen as an attractive lead compound and was selected for further development.  

 

Figure 3.5. AChE inhibitor 1-benzyl-N-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)piperidine-4-

carboxamide 4. 

Several research groups have shown that the introduction of urea or amide groups led to an increase 

in cholinesterase inhibition due to these functionalities’ ability to H-bond with a range of amino acid 

residues in both the PAS and CAS [2, 28, 31-36]. Furthermore, the introduction of a urea moiety linked 

to a 2- aminothiazole moiety was also shown to afford antioxidant activity in select examples [32, 35].  

In the search for new AChE inhibitors, Sonmez and co-workers designed compound 5, which contains 

a benzofuran moiety and was found to have an IC50 value of 3.85 μM against AChE (Figure 3.6) [32]. 

When using computational studies to rationalise the results obtained, it was found that the 

compound’s thiazole ring played a critical role in the binding capacity to form an H-bond interaction 

through its nitrogen with Tyr121; in addition, the amidic moiety acted as a H-bond acceptor towards 

the hydroxyl group of Ser122. The authors also established that the phenyl moiety of compound 5 was 

directed at the PAS pocket which resulted in π- π-stacking with the phenolic side chain of Tyr84. Also, 

it was noted that the benzofuran moiety stacked between Tyr334 and Phe331, thereby stabilizing 

compound 5 at the entrance of the active binding site [32].   

 

Figure 3.6. Sonmez compound 5 [32]. 
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Interestingly, a literature overview of biologically active molecules containing thiazole moieties, 

revealed a potent glycogen synthase kinase 3 (GSK-3) inhibitor that had the same thiazole and urea 

structural features found in compound 5. The inhibitor, known as AR-A014418 6 (Figure 3.7) was 

developed by AstraZeneca and is both a selective and potent inhibitor (IC50 3.85 μM) of GSK-3 [37]. 

The compound acts by reducing tau phosphorylation and cell death, both of which have been directly 

linked to key neuropathological mechanisms associated with Alzheimer’s disease [38-40].    

 

Figure 3.7. Design strategy of the targeted compound 11 - 45. 
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Further studies were conducted including solving the crystal structure of AR-A014418 6 inside GSK-3 

which revealed that the inhibitor binds within the adenosine triphosphate (ATP) site. More specifically, 

it binds along the hinge region of the ATP pocket in which three hydrogen bond interactions occur 

with the Val135 residue of the hinge and one of the nitro oxygen atoms occupies the inner part of the 

ATP pocket. The phenyl group of the inhibitor was also shown to have a stacking interaction with the 

guanidine group of the Arg141 residue. 

These findings prompted the design of new inhibitors based on the 5,6-dimethoxy-8H-indeno[1,2- 

d]thiazol-2-amine moiety from the previous study conducted (Chapter 2), wherein the amide linker of 

4 was substituted with that of a urea linker. The latter modification was based upon literature 

precedent which suggests that the urea moiety may afford better H-bonding with the active sites of 

both AChE and the ATP pocket of GSK-3 (Figure 3.7) [32, 35]. It was hypothesized that the 5,6- 

dimethoxy-8H-indeno[1,2-d]thiazol-2-amine heterocycle may show strong π-π stacking in the PAS and 

the aryl/benzyl groups may show moderate to strong π-π stacking in the CAS of AChE, whereas the 

thiazole moiety may show good H-bonding in the ATP pocket of GSK-3. 

In this study, a series of thirty-five novel urea substituted 5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2- 

amine derivatives (11 - 45) were synthesized and screened as potential inhibitors of AChE. The 

cytotoxicity of compounds indicating AChE inhibitory activity were also determined.  

3.2. CHEMISTRY 

The preparation of the 2-aminothiazole heterocycle 9 was achieved in two steps by the bromination 

of commercially available 5,6-dimethoxy-1-indanone 7 (Scheme 3.1) [41] affording the α-brominated 

indanone 8, followed by the Hantzsch-type thiazole synthesis [4] using thiourea, affording the desired 

heterocycle 9 in 70% across two steps. 

 

Scheme 3.1: (i) 1.05 eq. Br2, MeOH, rt, 30 min, 84%, (ii) 1 eq. thiourea, 5 eq. 3M aq. NH3, H2O, rt - 

reflux, 12h, 83%. 

The synthesis of the substituted N-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-1H-imidazol-1- 

carboxamide 10 (Scheme 3.2) was then achieved in one step, where-by the thiazole heterocycle 9 was 
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left to react with carbonyl diimidazole (CDI) under inert conditions, affording the moisture sensitive 

intermediate 10 in 97% yield [27].   

 

Scheme 3.2: (i) 1.2 eq. CDI, DCM, reflux, 24 h, 97%.  

The urea derivatives 11 - 45 (Scheme 3.3, Table 3.1) were obtained through a standard amide coupling 

between the imidazole derivative 10 and various aryl- and benzyl amines, affording the desired 

substituted ureas 11 - 45 (Table 3.1) in good yields of 66 - 91% [27]. 

 

Scheme 3.3: (i) 1.1 eq. RNH2, ACN, reflux, 20 h, 66 – 91%. 

Compound 11 is used as a representative example to describe how the structures were elucidated 

using NMR, HRMS and IR spectroscopy. 1H NMR spectroscopy showed the disappearance of one of 

the distinctive imidazole proton peaks at 7.86 ppm, as well as the appearance of one urea singlet peak 

(imidazole-NH-CO) integrating for 1H at 9.29 ppm whereas the other urea peak (Ph-NH-CO) could be 

found as part of a multiplet at 7.25- 7.00 ppm. The carbonyl carbon peak was observed by a shift from 

155.98 to 154.00 ppm in the 13C NMR spectrum, whereas the distinctive thiazole carbon (N=C-S) peak 

shifted from 172.70 to 162.84 ppm. The formation of 11 was also supported by the disappearance of 

the imidazole carbon peaks at 137.98, 137.50 and 121.42 ppm. The formation of 11 was further 

supported by the appearance of an amide carbonyl peak in the IR spectrum at 1672 cm-1
 which is 

distinctive for an amide carbonyl stretch. Final confirmation was given by the presence of a peak 

assigned as [M + H]+
 at 368.0997 in the HRMS, with the [M + H]+

 value calculated as 368.1063. The 

remaining compounds in the series were analysed in a similar manner, and the spectral assignments 

are provided in the experimental section. 
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Figure 3.8. Compound 11. 

To support the hypothesis of dual inhibition of AChE and GSK-3, computational chemistry was 

employed as a predictive tool, where it was possible to dock compounds 4 (Figure 3.7), 11 (Figure 3.8) 

and 34 (Figure 3.9) into the active site of AChE and the ATP site of GSK-3, in order to predict possible 

interactions between the ligand and the amino acid residues of these enzymes.  

 

Figure 3.9. Compound 34. 

From the in silico results obtained, it was predicted that compound 34 would have a π-π stacking 

interaction in the PAS between Trp279 and the aryl group of the 5,6-dimethoxy-8H-indeno[1,2-

d]thiazol-2-amine moiety of 34, as well as π-π stacking interactions in the CAS between Trp84 and the 

aromatic benzyl group of 34 which is similar to the interactions which compound 4 had in the active 

site of AChE. However, it was predicted that compound 4 would have additional π-cation interactions 

between the protonated nitrogen of the piperidine moiety of 4 and the phenyl groups of Phe330 and 

Tyr334. In addition to these interactions, the nitrogen of the piperidine moiety also forms a water 

bridge between Tyr121 through HOH 1159 as depicted in Figure 3.10. 

Although compound 11 does not have a similar π-π stacking interaction between Trp279 and the aryl 

group of the 5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-amine moiety of 11, it has a different π-π 

stacking interaction between Tyr334 and the thiazole group of the 5,6-dimethoxy-8H-indeno[1,2-

d]thiazol-2-amine moiety. It was also predicted that compound 11 would have similar π-π stacking 

interactions between Trp84 and the phenyl moiety to that of 4. 
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Figure 3.10. Docking poses of compounds 4 (green), 11 (grey) and 34 (blue) in the active site of torpedo 

eel AChE. 

When compounds 11 and 34 were docked into the ATP pocket of GSK-3 together with compound 6 

(Figure 3.7), it was predicted that compounds 11 and 34 would have only one H-bonding interaction 

with the carbonyl oxygen of Val135 through the urea NH closest to the thiazole moiety compared to 

the three H-bonding interactions of the urea NH’s and the nitrogen of the thiazole ring of compound 

6 (Figure 3.11). It was also predicted that although compounds 11 and 34 lost this H-bonding 

interaction, they would have individually gained a new H-bonding interaction through the urea NH 

furthest away from the thiazole moiety and the carbonyl oxygen of Pro136. In addition to new 

interactions formed, compounds 11 and 34 were also predicted to have an individual H-bonding 

interaction between Lys85 and the oxygen of the methoxy group of the 5,6-dimethoxy-8H-indeno[1,2-

d]thiazol-2-amine moiety of 11 and 34 (Figure 3.11). It was also predicted that only compounds 6 and 

11 would have a π-cation interaction between the nitrogen of the guanidine group of Arg141 and the 

phenyl groups compared to Arg141 and 34. 
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Figure 3.11. Docking poses of compounds 6 (green), 11 (grey) and 34 (blue) in the ATP active site of 

GSK-3. 

3.3. STRUCTURE ACTIVITY RELATIONSHIP STUDY 

The inhibitory activity of all new synthetic compounds was assessed against Electrophorus electricus 

AChE (EeAChE) using Ellman’s spectrophotometric method [42] with minor modifications [43]. 

Galantamine was used as positive control. The AChE inhibitory activities for the synthesized 

compounds, expressed as half‐maximal inhibitory concentration (IC50) values, is provided in Table 3.1. 

In addition, selected compounds were assessed for cytotoxicity in the SH‐SY5Y neuroblastoma cell line 

using the sulforhodamine B (SRB) staining assay as described by Vichai and Kirtikara [44]. 

Table 3.1. In vitro AChE inhibitory activity and cytotoxicity of compounds 11 - 45. 

 

Compound R Yield (%) 
EeAChE 

IC50 ± SEM (µM)a 

Cytotoxicity 
IC50 ± SEM (µM)a 

11 

 

89 83.18 ± 3.65 ndb 
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12 

 

75 77.45 ± 5.43 ndb 

13 

 

81 58.08 ± 3.28 ndb 

14 

 

76 83.56 ± 6.02 ndb 

15 

 

75 >100 ndc 

16 

 

76 >100 ndc 

17 

 

71 >100 ndc 

18 

 

89 >100 ndc 

19 

 

83 >100 ndc 

20 

 

86 >100 ndc 

21 

 

90 97.50 ± 5.37 5.70 ± 1.12 
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22 

 

89 72.44 ± 0.84 18.92 ± 1.21 

23 

 

76 80.54 ± 8.71 ndb 

24 

 

83 85.90 ± 22.20 ndb 

25 

 

83 81.10 ± 3.37 ndb 

26 

 

70 82.60 ± 6.36 ndb 

27 

 

74 54.95 ± 3.44 ndb 

28 

 

73 96.83 ± 28.39 ndb 

29 

 

71 >100 ndc 

30 

 

86 >100 ndc 

31 

 

90 67.92 ± 2.30 ndb 

32 

 

89 >100 ndc 
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33 

 

66 88.51 ± 4.32 ndb 

34 
 

74 72.28 ± 2.33 7.25 ± 1.12 

35 

 

79 12.74 ± 2.33 2.78 ± 1.16 

36 

 

79 >100 ndc 

37 

 

75 73.45 ± 5.77 3.80 ± 1.18 

38 

 

79 >100 ndc 

39 

 

74 75.86 ± 5.68 11.23 ± 1.19 

40 
 

76 82.41 ± 2.69 5.23 ± 1.14 

41 

 

91 43.65 ± 2.66 4.52 ± 1.17 

42 

 

73 >100 ndc 

43 

 

87 73.79 ± 2.69 8.30 ± 1.13 

44 

 

76 86.70 ± 3.72 4.50 ± 1.48 
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45 

 

74 48.42 ± 11.80 4.98 ± 1.16 

Galantamine  - 3.58 ± 1.24  - 
a Data are the mean ± SEM of three independent experiments 
b Not determined due to precipitation occurring  
c Not determined as AChE IC50 inhibitory activity exceeded 100 µM 

 

Only one compound was found to have an IC50 value below 15 μM, namely compound 35 (IC50 = 12.74 

μM) (Table 3.1). When the N-benzylpiperidine ring of compound 4 (IC50 = 0.24 μM) was replaced with 

aryl and benzyl groups, the inhibition of AChE was negatively affected. When comparing the aryl and 

benzyl group substitutions, it was evident that the benzyl derivatives provided better inhibitory 

activity than the aryl derivatives. Within the aryl group derivatives, only compounds 13 (IC50 = 58.08 

μM) and 27 (IC50 = 54.95 μM) showed moderate inhibitory activity against EeAChE compared to 

compounds 35 (IC50 = 12.74 μM), 41 (IC50 = 43.65 μM) and 45 (IC50 = 48.42 μM). It would thus appear 

as if increased length in benzyl vs. aryl substituents on the respective para-position might be 

responsible for increased inhibitory activity. 

With regard to the halogen substituted aryl groups, inhibitory values observed were suggestive that 

fluoro in the para-position (compound 14, IC50 = 83.56 μM) provides better results than chloro 

(compound 15, IC50 >100 μM) or bromo (compound 16, IC50 >100 μM) substituents. A similar pattern 

was observed for the benzyl group in which fluoro in the para-position (compound 37, IC50 = 73.45 

μM) provided better inhibition than chloro (compound 38, IC50 >100 μM) or bromo (compound 36, IC50 

>100 μM) substituents. When comparing the halogen substitution on the preferred ortho-position for 

aryl groups, a similar pattern was observed. However, when the substitution position of fluoro on the 

aryl groups was investigated, it is found that the preferred position is the meta-position (compound 

13, IC50 = 58.08 μM). In general, mono-substituted chloro and bromo aryl groups indicated inactivity 

against AChE; however, the addition of an electron-donating group either in the para-position 

(compounds 22 and 23) or the ortho-position (compound 24) led to a modest increase in EeAChE 

inhibitory activity.   

The positioning of the benzyl group significantly affects activity where it is observed that subtle 

changes in the length of the alkoxy chain, for example compound 35 (IC50 = 12.74 μM) and 39 (IC50 = 

75.86 μM), afforded dramatic differences. Interestingly, the ortho (compound 41, IC50 = 43.65 μM) and 

meta (compound 45, IC50 = 48.42 μM) chloro benzyl derivatives performed better than the para 

analogue (compound 38 IC50 >100 μM). A similar trend was evident when comparing compounds 43 
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(meta-CF3, IC50 = 73.79 μM) and 44 (para-CF3, IC50 = 86.70 μM). However, the opposite was noted for 

compounds 39 (para-OMe, IC50 = 75.86 μM) and 42 (ortho-OMe, IC50 >100 μM). The cytotoxicity results 

indicated that the synthesized compounds were relatively cytotoxic with IC50 values ranging from 2.78 

– 18.92 μM. 

3.4. CONCLUSION 

Compound 35 was found to have the highest EeAChE inhibitory potential with an IC50 value of 12.74 ± 

2.33 μM. The benzyl group derivatives showed better inhibitory activity than the aryl group derivatives 

with substituents on the para-position. In the case of the halogen substituents of the aryl derivatives, 

fluorine substituents in the ortho-position showed better inhibitory activity. Elongated substituents 

on the benzyl derivatives is preferred with longer alkyl chains leading to increased inhibitory activity 

of EeAChE (compound 35 vs. compound 39). The compounds were found to be relatively cytotoxic. It 

was predicted through molecular modelling that compounds 11 and 34 may have the capability to 

inhibit GSK-3. In order to validate this prediction, future research will include the determination of 

GSK-3 inhibition in which the compounds are to be evaluated as possible inhibitors. Further 

investigation will also be conducted in decreasing the cytotoxicity of these compounds without losing 

the inhibitory ability thereof. 

3.5. EXPERIMENTAL 

3.5.1. Chemistry 

3.5.1.1.   General methods 

All solvents, chemicals, and reagents were obtained commercially and used without further 

purification. 1H NMR (300 MHz) and 13C NMR (75 MHz) spectra were recorded on Bruker AVANCE-III-

300 instrument using CDCl3 and DMSO-d6. CDCl3 contained tetramethylsilane as an internal standard. 

Chemical shifts, δ, are reported in parts per million (ppm), and splitting patterns are given as singlet 

(s), doublet (d), triplet (t), quartet (q), or multiplet (m). Coupling constants, J, are expressed in hertz 

(Hz). Mass spectra were recorded in ESI mode on a Waters Synapt G2 Mass Spectrometer at 70 eV 

and 200 mA. Samples were dissolved in acetonitrile (containing 0.1% formic acid) to an approximate 

concentration of 10 μg/mL. Infrared spectra were run on a Bruker ALPHA Platinum ATR spectrometer. 

The absorptions are reported on the wavenumber (cm-1) scale, in the range 400 - 4000 cm-1. 

Abbreviations used in quoting spectra are: v = very, s = strong, m = medium, w = weak, str = stretch.  

Melting points were measured on a Stuart Melting Point SMP10 microscope. The retention factor (Rf) 

values denoted are for thin layer chromatography (TLC) on aluminium-backed Macherey-Nagel 

ALUGRAM Sil G/UV254 plates pre-coated with 0.25 mm silica gel 60, spots were visualised with UV light 
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and basic KMnO4 spray reagent. Yields refer to isolated pure products unless stated otherwise. Each 

compound is named either according to PerkinElmer’s ChemDraw Version 15.0.0.106 or according to 

common names. The numbering of compounds was not done according to priority, but rather to the 

author’s convenience for characterization. 

3.5.1.2.   2-Bromo-5,6-dimethoxy-1-indanone 8 

To a stirring solution of 5,6-dimethoxy-1-indanone 7 (10.00 g, 52.03 mmol, 1 

eq.) in methanol (100 mL), was added bromine (2.8 mL, 55 mmol, 1.05 eq.) 

drop-wise. After addition of bromine the product precipitated out of solution. 

The mixture was left to stir for 30 min, after which time the precipitate was 

filtered off, washed with ice cold methanol (50 mL), and dried in vacuo to afford the product as a solid. 

The product was used without any further purification. (Yield 84%); Light yellow solid; Rf 0.72 (3:1 

ethyl acetate: hexane); mp 162 - 163 °C [45]; νmax (neat)/cm-1 2959 (C-H str, m), 1687 (C=O str, s), 1583 

(s), 1497 (C-C str, m), 1309 (C-H wag (-CHBr), m), 1261 (s), 1218 (C-N str, m), 1107 (m), 1015 (m), 727 

(s); 1H NMR (300 MHz, CDCl3); δ 7.19 (1H, s, H-6), 6.82 (1H, s, H-3), 4.61 (1H, dd, J = 2.9 & 7.3 Hz, H-8), 

3.95 (3H, s, OCH3), 3.88 (3H, s, OCH3), 3.72 (1H, dd, J = 7.2 & 17.9 Hz, H-7), 3.30 (1H, dd, J = 3.0 & 17.9 

Hz, H-7); 13C NMR (75 MHz, CDCl3); δ 198.2 (C=O), 156.8 (C-2), 150.2 (C-4), 146.7 (C-1), 126.4 (C-5), 

107.3 (C-3), 105.2 (C-6), 56.7 (OCH3), 56.3 (OCH3), 44.7 (C-8), 37.9 (C-7). Characterization of this 

compound compared well to literature [45].  

3.5.1.3.   5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-amine 9 

To a suspension of thiourea (1.97 g, 25.89 mmol, 1 eq.) in distilled water 

(100 mL) was added 2-bromo-5,6-dimethoxy-1-indanone 8 (7.00 g, 25.8 

mmol, 1 eq.) in three portions over 30 min at room temperature. The 

resulting mixture was refluxed for 12 h. The solution was then cooled to 

room temperature and a 3 M ammonium hydroxide solution (64.6 mL, 129 mmol, 5 eq.) was added, 

which resulted in the precipitation of the product. The resulting mixture was left to stir for 30 min. 

The product was filtered off and washed with distilled water (100 mL) after which time it was dried in 

vacuo. The product was used without any further purification. (Yield 83%); Yellow solid; Rf 0.27 (3:1 

ethyl acetate: hexane); mp 204 °C (decomp.); νmax (neat)/cm-1 3376 (N-H str, m), 3111 (m), 2933 (C-H 

str, m), 1524 (N-H bend, s), 1456 (C-C str, m), 1377 (C-H bend, s), 1271 (C-N str, s), 1203 (C-N str, m), 

1148 (m), 1097 (C-N str, s), 750 (C-H “oop”, s); 1H NMR (300 MHz, DMSO-d6); δ 7.16 (1H, s, H-6), 7.06 

(2H, s, NH2), 6.98 (1H, s, H-3), 3.79 (3H, s, OCH3), 3.76 (3H, s, OCH3), 3.58 (2H, s, H-7); 13C NMR (75 

MHz, DMSO-d6); δ 172.6 (C-10), 156.0 (C-2), 148.1 (C-9), 146.4 (C-1), 137.5 (C-5), 130.8 (C-4), 120.7 
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(C-8), 110.1 (C-3), 102.1 (C-6), 56.0 (OCH3), 55.7 (OCH3), 32.0 (C-7); HRMS m/z (ESI) 249.0697 ([M + 

H]+ requires 249.0692). Characterization of this compound compared well to literature [45]. 

3.5.1.4.   N-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-1H-imidazol-1-carboxamide 10 

1,1′-Carbonyldiimidazole (3.64 g, 22.4 mmol, 1.2 eq.) was added 

to a mixture of 5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-amine 

9 (4.60 g, 18.6 mmol, 1 eq.) in dry dichloromethane (100 ml) and 

the reaction was stirred for 24 h at reflux conditions. The 

reaction mixture was cooled down to 2 - 8 °C, filtered and 

washed with cold dichloromethane (30 ml). The product was 

collected and dried in vacuo. The product was used without any further purification. (Yield 97%); 

White solid; Rf 0.70 (ethyl acetate); mp 197 °C (decomp.); νmax (neat)/cm-1 3159 (N-H str, w), 2827 (C-

H str, w), 1648 (C=O str, m), 1563 (N-H bend, m), 1505 (C-C str (in-ring), m), 1377 (C-H bend, s), 1322 

(s), 1210 (C-N str, m), 1057 (s), 861 (C-H “oop”, m), 770 (C-H “oop”, m); 1H NMR (300 MHz, DMSO-d6); 

δ 7.86 (1H, s, H-1’), 7.32 – 6.90 (4H, m, ArH’s), 3.79 (3H, s, OCH3), 3.76 (3H, s, OCH3), 3.58 (2H, s, H-7); 

13C NMR (75 MHz, DMSO-d6); δ 172.7 (C-10), 156.0 (C=O), 148.2 (C-4), 148.1 (C-9), 146.4 (C-1), 138.0 

(C-1’), 137.5 (C-2’), 135.1 (C-3), 130.8 (C-6), 121.4 (C-3’), 120.7 (C-7), 110.1 (C-5), 102.2 (C-2), 56.0 & 

55.9 (OCH3
+), 55.8 & 55.6 (OCH3

+), 32.0 (C-7). +Doubling of carbon peaks due to rotamers. 

3.5.1.5.   General method for amide couplings 

The appropriate amine (0.97 mmol, 1.1 eq.) was added to a suspension of N-(5,6-dimethoxy-8H-

indeno[1,2-d]thiazol-2-yl)-1H-imidazol-1-carboxamide 10 (0.30 g, 0.88 mmol, 1 eq.) in dry acetonitrile 

(15 mL) and the reaction was stirred for 20 h at reflux conditions. The reaction was cooled down to 

room temperature, quenched with 1 M aqueous hydrochloric acid (15 mL) and the precipitate was 

filtered, washed with 3 M ammonium hydroxide (10 mL) followed by distilled water (10 mL) and 

collected, and dried in vacuo to afford the pure product. The product was used without any further 

purification. 

3.5.1.5.1. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-phenylurea 11 

(Yield 89%); Grey solid; Rf 0.38 (3:1 ethyl acetate: hexane); 

mp 130 °C (decomp.); νmax (neat)/cm-1 2938 (C-H str, w), 

1672 (C=O str, m), 1540 (N-H bend, s), 1496 (C-C str, m), 

1384 (C-H bend, m), 1278 (C-N str, s), 1236 (C-N str, s), 1201 

(C-N str, s), 750 (C-H “oop”, s); 1H NMR (300 MHz, DMSO-

d6); δ 9.29 (1H, s, NH), 7.55 (2H, d, J = 8.1 Hz, ArH’s), 7.25 – 7.00 (4H, m, ArH’s, NH), 6.89 (1H, s, H-3), 

 
 
 



90 | P a g e  
 

6.85 -6.77 (1H, m, H-4’), 3.76 (3H, s, OCH3), 3.62 (2H, s, H-7), 3.58 (3H, s, OCH3); 13C NMR (75 MHz, 

DMSO-d6); δ 162.8 (C-10), 154.0 (C=O), 151.5 (C-2), 148.2 (C-9), 147.0 (C-1), 138.7 (C-1’), 138.0 (C-5), 

129.6 (C-4), 129.0 (C-3’ & C-5’), 127.0 (C-8), 122.7 (C-2’ & C-6’), 118.5 (C-4’), 110.1 (C-3), 102.4 (C-6), 

55.9 (OCH3), 55.8 & 55.7 (+OCH3), 32.2 (C-7). HRMS m/z (ESI) (C19H17N3O3S) 368.0997 ([M + H]+ requires 

368.1063). +Doubling of carbon peaks due to rotamers. 

3.5.1.5.2. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(2-fluorophenyl)urea 12 

(Yield 75%); White solid; Rf 0.36 (1:1 ethyl acetate: hexane); 

mp 244 °C (decomp.); νmax (neat)/cm-1 2952 (C-H str, m), 

1685 (C=O str, s), 1620 (C=C str, m), 1517 (N-H bend, s), 

1384 (C-H bend, m), 1326 (m), 1273 (C-N str, s), 1143 (m), 

1074 (C-F str, m), 742 (C-H “oop”, s); 1H NMR (300 MHz, 

DMSO-d6); δ 10.80 (1H, s, NH), 9.10 (1H, s, NH), 8.16 (1H, t, J = 8.0 Hz, H-6’), 7.43 – 6.89 (5H, m, ArH’s), 

3.83 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.73 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 162.5 (C-10), 

154.5 (d, J = 87.8 Hz, +C-2’), 151.1 (C=O) 150.7 (C-2), 148.2 (C-9), 147.0 (C-1), 138.0 (C-5), 129.8 (C-4), 

127.2 (C-8), 126.6 (d, J = 10.5 Hz, +C-5’), 124.7 (d, J = 2.6 Hz, +C-4’), 123.5 (d, J = 7.5 Hz, +C-6’), 120.8 (d, 

J = 0.7 Hz, +C-1’), 115.2 (d, J = 20.0 Hz, +C-3’), 110.0 (C-3), 102.3 (C-6), 55.8 (OCH3), 55.7 (OCH3), 32.2 

(C-7). HRMS m/z (ESI) (C19H16FN3O3S) 386,0903 ([M + H]+ requires 386,0969). +Doubling of carbon 

peaks due to fluorine splitting. 

3.5.1.5.3. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(3-fluorophenyl)urea 13 

(Yield 81%); Yellow solid; Rf 0.35 (3:1 ethyl acetate: 

hexane); mp 215 °C (decomp.); νmax (neat)/cm-1 2940 (C-H 

str, m), 1669 (C=O str, w), 1615 (C=C str, m), 1562 (N-H 

bend, s), 1387 (C-H bend, m), 1276 (C-N str, s), 1203 (C-N 

str, s), 1143 (s), 1077 (C-F str, m), 766 (C-H “oop”, s); 1H 

NMR (300 MHz, DMSO-d6); δ 10.71 (1H, s, NH), 9.44 (1H, s, NH), 7.51 (1H, d, J = 11.3 Hz, H-2’), 7.40 – 

7.30 (1H, m, H-5’), 7.25 – 7.17 (2H, m, ArH’s), 7.13 (1H, s, H-6), 6.91 – 6.81 (1H, m, H-4’), 3.82 (3H, s, 

OCH3), 3.78 (3H, s, OCH3), 3.74 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 162.7 (C-10), 162.4 (d, J = 

241.1 Hz, #C-3), 154.5 (C=O), 151.5 (C-2), 148.2 (C-9), 147.0 (C-1), 140.6 (d, J = 11.4 Hz, #C-1’), 138.0 (C-

5), 130.6 (d, J = 9.6 Hz, #C-5’), 129.7 (C-4), 127.2 (C-8), 114.4 (d, J = 2.1 Hz, #C-6’), 110.0 (C-3), 109.1 (d, 

J = 22.3 Hz, #C-2’), 105.3 (d, J = 25.5 Hz, #C-4’), 102.3 (C-6), 55.9 (OCH3), 55.8 & 55.7 (+OCH3), 32.1 (C-

7). HRMS m/z (ESI) 386,0903 ([M + H]+ requires 386,0969). (C19H16FN3O3S) #Doubling of carbon peaks 

due to fluorine splitting. +Doubling of carbon peaks due to rotamers. 
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3.5.1.5.4. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(4-fluorophenyl)urea 14  

(Yield 78%); White solid; Rf 0.32 (3:1 ethyl acetate: 

hexane); mp 240 °C (decomp.); νmax (neat)/cm-1 2943 (C-H 

str, m), 1688 (C=O str, s), 1504 (N-H bend, s), 1382 (C-H 

bend, m), 1275 (C-N str, s), 1206 (C-N str, s), 1144 (s), 1076 

(C-F str, m), 826 (C-H “oop”, s), 716 (C-H “oop”, s); 1H NMR 

(300 MHz, DMSO-d6); δ 10.57 (1H, s, NH), 9.08 (1H, s, NH), 7.52 (2H, dd, J = 8.6, 4.8 Hz, H-2 & H-6), 

7.24 – 7.09 (4H, m, ArH’s), 3.82 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.72 (2H, s, H-7); 13C NMR (75 MHz, 

DMSO-d6); δ 162.6 (d, J = 2.1 Hz, #C-4’), 159.5 (C-10), 156.3 (C=O), 151.6 (C-2), 148.2 (C-9), 147.0 (C-

1), 138.0 (C-5), 135.0 (d, J = 2.3 Hz, C-1’), 129.8 (C-4), 127.1 (C-8), 120.7 (d, J = 7.7 Hz, #C-2’ & C-6’), 

115.5 (d, J = 22.4 Hz, #C-3’ & C-5’), 110.0 (C-3), 102.3 (C-6), 55.9 & 55.8 (+OCH3), 55.8 &  55.7 (+OCH3), 

32.1 (C-7). HRMS m/z (ESI) (C19H16FN3O3S) 386,0903 ([M + H]+ requires 386,0969). #Doubling of carbon 

peaks due to fluorine splitting. +Doubling of carbon peaks due to rotamers. 

3.5.1.5.5. 1-(4-Chlorophenyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 15 

(Yield 75%); Light yellow solid; Rf 0.32 (3:1 ethyl acetate: 

hexane); mp 237 °C (decomp.); νmax (neat)/cm-1 2936 (C-

H str, m), 1685 (C=O str, s), 1614 (C=C str, s), 1490 (N-H 

bend, s), 1384 (C-H bend, s), 1274 (C-N str, s), 1204 (C-N 

str, m), 1141 (m), 819 (C-Cl str, s), 734 (C-H “oop”, s); 1H 

NMR (300 MHz, DMSO-d6); δ 10.62 (1H, s, NH), 9.18 (1H, s, NH), 7.54 (2H, d, J = 8.2 Hz, H-2’ & H-6’), 

7.36 (2H, d, J = 8.2 Hz, H-3’ & H-5’), 7.20 (1H, s, H-6), 7.12 ( 1H, s, H-3), 3.82 (3H, s, OCH3), 3.78 (3H, s, 

OCH3), 3.72 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 162.8 (C-10), 155.2 (C=O), 151.5 (C-2), 148.2 

(C-9), 147.0 (C-1), 138.0 (C-5), 137.7 (C-1’), 129.8 (C-4), 128.8 (C-4’), 127.1 (C-8), 126.3 (C-3’ & C-5’), 

120.3 (C-2’ & C-6’), 110.0 (C-3), 102.3 (C-6), 55.9 & 55.8 (+OCH3), 55.7 (OCH3), 32.1 (C-7). HRMS m/z 

(ESI) (C19H16ClN3O3S) 402.0627 ([M + H]+ requires 402.0674). +Doubling of carbon peaks due to 

rotamers. 

3.5.1.5.6. 1-(4-Bromophenyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 16 

(Yield 76%); Light yellow solid; Rf 0.31 (3:1 ethyl acetate: 

hexane); mp 230 °C (decomp.); νmax (neat)/cm-1 2934 (C-

H str, w), 1687 (C=O str, s), 1613 (C=C str, s), 1487 (N-H 

bend, s), 1274 (C-N str, s), 1144 (m), 823 (C-H “oop”, s), 

737 (C-H “oop”, s); 1H NMR (300 MHz, DMSO-d6); δ 10.62 
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(1H, s, NH), 9.19 (1H, s, NH), 7.50 (4H, s, ArH’s), 7.23 (1H, s, H-6), 7.13 (1H, s, H-3), 3.83 (3H, s, OCH3), 

3.79 (3H, s, OCH3), 3.74 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 162.8 (C-10), 154.9 (C=O), 151.5 

(C-2), 148.2 (C-9), 146.9 (C-1), 138.1 (C-1’), 138.0 (C-5), 131.7 (C-3’ & C-5’), 129.8 (C-4), 127.1 (C-8), 

120.6 (C-2’ & C-6’), 114.3 (C-4’), 110.0 (C-3), 102.3 (C-6), 55.9 & 55.8 (+OCH3), 55.7 (OCH3), 32.1 (C-7). 

HRMS m/z (ESI) (C19H16BrN3O3S) 446.0075 ([M + H]+ requires 446.0168). +Doubling of carbon peaks 

due to rotamers. 

3.5.1.5.7. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(p-tolyl)urea 17  

(Yield 71%); Light yellow solid; Rf 0.42 (3:1 ethyl acetate: 

hexane); mp 192 °C (decomp.); νmax (neat)/cm-1 2935 (C-

H str, m), 1681 (C=O str, s), 1616 (C=C str, s), 1510 (N-H 

bend, s), 1384 (C-H bend, s), 1262 (C-N str, s), 1143 (s), 

814 (C-H “oop”, s), 724 (C-H “oop”, s); 1H NMR (300 MHz, 

DMSO-d6); δ 10.50 (1H, s, NH), 8.99 (1H, s, NH), 7.39 (2H, d, J = 7.3 Hz, H-2’ & H-6’), 7.17 (4H, m, ArH’s), 

3.82 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.72 (2H, s, H-7), 2.26 (3H, s, H-7’); 13C NMR (75 MHz, DMSO-

d6); δ 162.9 (C-10), 154.7 (C=O), 151.4 (C-2), 148.2 (C-9), 146.9 (C-1), 138.0 (C-5), 136.1 (C-4’), 131.7 

(C-1’), 129.9 (C-4), 129.4 (C-3’ & C-5’), 127.0 (C-8), 118.7 (C-2’ & C-6’), 110.1 (C-3), 102.3 (C-6), 55.9 & 

55.8 (+OCH3), 55.7 (OCH3), 32.06 (C-7), 20.44 (C-7’). HRMS m/z (ESI) (C20H19N3O3S) 382.1179 ([M + H]+ 

requires 382.1220). +Doubling of carbon peaks due to rotomers. 

3.5.1.5.8. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(4-methoxyphenyl)urea 18  

(Yield 89%); Light brown solid; Rf 0.33 (3:1 ethyl acetate: 

hexane); mp 211 °C (decomp.); νmax (neat)/cm-1 3202 (N-

H str, w), 2931 (C-H str, w), 1698 (C=O str, m), 1507 (N-H 

bend, s), 1383 (C-H bend, m), 1278 (C-N str, s), 1230 (C-N 

str, s), 1028 (m), 824 (C-H “oop”, m); 1H NMR (300 MHz, 

DMSO-d6); δ 10.49 (1H, s, NH), 8.91 (1H, s, NH), 7.41 (2H, d, J = 7.5 Hz, H-2’ & H-6’), 7.22 (1H, s, H-6), 

7.13 (1H, s, H-3), 6.91 (2H, d, J = 7.3 Hz, H-3’ & H-5’), 3.91 – 3.68 (11H, m, 3 x OCH3, H-7); 13C NMR (75 

MHz, DMSO-d6); δ 163.0 (C-10), 155.1 (C-4’), 154.5 (C=O), 151.5 (C-2), 148.2 (C-9), 146.9 (C-1), 138.0 

(C-5), 131.6 (C-1’), 129.8 (C-4), 126.9 (C-8), 120.5 (C-2’ & C-6’), 114.1, (C-3’ & C-5’), 110.1 (C-3), 102.3 

(C-6), 55.9 (OCH3), 55.8 (OCH3), 55.2 (OCH3), 32.1 (C-7). HRMS m/z (ESI) (C20H19N3O4S) 398.1133 ([M + 

H]+ requires 398.1169).  

 
 
 



93 | P a g e  
 

3.5.1.5.9. 1-(3-Bromo-4-methylphenyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 19  

(Yield 83%); Light orange solid; Rf 0.36 (3:1 ethyl acetate: 

hexane); mp 198 °C (decomp.); νmax (neat)/cm-1 2940 (C-

H str, w), 1683 (C=O str, m), 1534 (N-H bend, s), 1493 (C-

C str, s), 1383 (C-H bend, s), 1277 (C-N str, s), 1239 (C-N 

str, s), 1202 (s), 678 (C-H “oop”, m); 1H NMR (300 MHz, 

DMSO-d6); δ 10.68 (1H, s, NH), 9.25 (1H, s, NH), 7.89 (1H, s, H-2’), 7.30 (2H, s, ArH’), 7.23 (1H, s, ArH), 

7.12 (1H, s, ArH), 3.83 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.74 (2H, s, H-7), 2.29 (3H, s, H-7’); 13C NMR 

(75 MHz, DMSO-d6); δ 162.7 (C-10), 156.6 (C=O), 151.5 (C-2), 148.2 (C-9), 147.0 (C-1), 138.0 (C-5), 

137.9 (C-1’), 131.1 (C-4’), 131.1 (C-5’), 129.8 (C-4), 127.1 (C-8), 124.0 (C-3’), 121.6 (C-2’), 118.0 (C-6’), 

110.0 (C-3), 102.3 (C-6), 55.90 & 55.8 (+OCH3), 55.7 (OCH3), 32.1 (C-7), 21.7 (C-7’). HRMS m/z (ESI) 

(C20H15BrN3O3S) 460.0277 ([M + H]+ requires 460.0325). +Doubling of carbon peaks due to rotamers. 

3.5.1.5.10. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(2-iodophenyl)urea 20  

(Yield 86%); Light brown solid; Rf 0.36 (1:1 ethyl acetate: 

hexane); mp 211 °C (decomp.); νmax (neat)/cm-1 2933 (C-H 

str, w), 1682 (C=O str, s), 1580 (C-C str, s), 1515 (N-H bend, 

s), 1379 (C-H bend, s), 1270 (C-N str, s), 1201 (s), 1139 (C-N 

str, s), 703 (C-H “oop”, s); 1H NMR (300 MHz, DMSO-d6); δ 

11.33 (1H, s, NH), 8.71 (1H, s, NH), 7.88 (2H, d, J = 7.7 Hz, H-3’ & H-6’), 7.39 (1H, t, J = 7.3 Hz, H-5’), 

7.22 (1H, s, H-6), 7.15 (1H, s, H-3), 6.91 (1H, t, J = 6.2 Hz, H-4’), 3.83 (3H, s, OCH3), 3.78 (3H, s, OCH3), 

3.73 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 163.0 (C-10), 155.1 (C=O), 151.4 (C-2), 148.2 (C-9), 

147.0 (C-1), 139.1 (C-1’), 137.9 (C-5), 129.8 (C-4), 128.8 (C-3’), 127.0 (C-5’), 126.9 (C-8), 125.9 (C-4’), 

123.4 (C-6’), 110.0 (C-3), 102.3 (C-6), 91.8 (C-2’), 55.9 & 55.8 (+OCH3), 55.7 (OCH3), 32.1 (C-7). HRMS 

m/z (ESI) (C19H16IN3O3S) 493.9964 ([M + H]+ requires 494.0030). +Doubling of carbon peaks due to 

rotamers. 

3.5.1.5.11. 1-(3-Chloro-4-fluorophenyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 21 

(Yield 90%); Off-white solid; Rf 0.22 (3:1 ethyl acetate: 

hexane); mp 238 °C (decomp.); νmax (neat)/cm-1 2956 (C-

H str, m), 1686 (C=O str, s), 1499 (N-H bend, s), 1383 (C-H 

bend, m), 1250 (C-N str, s), 1207 (s), 1076 (C-F str, s), 803 

(C-H “oop” s), 765 (C-Cl str, s), 708 (C-H “oop”, s); 1H NMR 

(300 MHz, DMSO-d6); δ 10.75 (1H, s, NH), 9.22 (1H, s, NH), 7.83 (1H, d, J = 5.0 Hz, H-2’), 7.37 (2H, d, J 
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= 6.2 Hz, H-5’ & H-6’), 7.21 (1H, s, H-6), 7.12 (1H, s, H-3), 3.82 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.72 

(2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 162.9 (C-10), 154.5 (C=O), 151.7 (d, J = 0.4 Hz, #C-4’), 151.3 

(C-2), 148.2 (C-9), 147.0 (C-1), 138.0 (C-5), 136.0 (d, J = 2.9 Hz, #C-1’), 129.7 (C-4), 127.1 (C-8), 120.2 (d, 

J = 1.9 Hz, #C-6’), 119.5 (d, J = 0.5 Hz, #C-2’), 119.2 (d, J = 4.5 Hz, #C-3’), 117.0 (d, J = 22.1 Hz, #C-5’), 

110.0 (C-3), 102.3 (C-6), 55.9 & 55.8 (+OCH3), 55.72 (OCH3), 32.11 (C-7). HRMS m/z (ESI) 

(C19H15ClFN3O3S) 420.0580 ([M + H]+ requires 420.0579). #Doubling of carbon peaks due to fluorine 

splitting. +Doubling of carbon peaks due to rotamers. 

3.5.1.5.12. 1-(2-Bromo-4-methylphenyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 22 

(Yield 89%); Light brown solid; Rf 0.40 (1:1 ethyl acetate: 

hexane); mp 180 °C (decomp.); νmax (neat)/cm-1 2940 (C-

H str, w), 1682 (C=O str, m), 1520 (N-H bend, s), 1384 (C-

H bend, s), 1274 (C-N str, s), 1143 (C-N str, s), 811 (C-H 

“oop”, w), 721 (C-H “oop”, w); 1H NMR (300 MHz, DMSO-

d6); δ 11.29 (1H, s, NH), 8.88 (1H, s, NH), 7.94 (1H, d, J = 8.1 Hz, H-6’), 7.49 (1H, s, H-3’), 7.27 – 7.03 

(3H, m, ArH’s), 3.82 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.73 (2H, s, H-7), 2.27 (3H, s, H-7’); 13C NMR (75 

MHz, DMSO-d6); δ 163.0 (C-10), 155.0 (C=O), 151.3 (C-2), 148.2 (C-9), 147.0 (C-1), 137.9 (C-5), 134.7 

(C-4’), 133.7 (C-3’), 132.7 (C-1’), 129.8 (C-4), 128.8 (C-5’), 127.0 (C-8), 122.5 (C-6’), 113.6 (C-2’), 110.0 

(C-3), 102.2 (C-6), 55.9 & 55.8 (+OCH3), 55.7 (OCH3), 32.10 (C-7), 19.92 (C-7’). HRMS m/z (ESI) 

(C20H15BrN3O3S) 460.0277 ([M + H]+ requires 460.0325). +Doubling of carbon peaks due to rotamers. 

3.5.1.5.13. 1-(2-Chloro-4-methylphenyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 23 

(Yield 76%); Off-white solid; Rf 0.42 (1:1 ethyl acetate: 

hexane); mp 220 °C (decomp.); νmax (neat)/cm-1 3348 (N-

H str, m), 2913 (C-H str, m), 1673 (C=O str, s), 1528 (N-H 

bend, s), 1385 (C-H bend, s), 1260 (C-N str, s), 1204 (s), 

811 (C-H “oop”, m), 736 (C-Cl str, s), 640 (C-H “oop”, m); 

1H NMR (300 MHz, DMSO-d6); δ 11.17 (1H, s, NH), 8.97 (1H, s, NH), 8.05 (1H, d, J = 8.0 Hz, H-6), 7.31 

(1H, s, H-3’), 7.21 (1H, s, H-6), 7.16 – 7.07 (2H, m, ArH’s), 3.82 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.72 

(2H, s, H-7), 2.26 (3H, s, H-7’); 13C NMR (75 MHz, DMSO-d6); δ 162.9 (C-10), 155.1 (C=O), 151.2 (C-2), 

148.2 (C-9), 147.0 (C-1), 137.9 (C-5), 133.9 (C-4’), 132.5 (C-1’), 129.8 (C-4), 129.5 (C-2’), 128.3 (C-3’), 

127.0 (C-8), 122.3 (C-5’), 121.5 (C-6’), 110.0 (C-3), 102.2 (C-6), 55.9 & 55.8 (+OCH3), 55.7 (OCH3), 32.1 

(C-7), 20.0 (C-7’). HRMS m/z (ESI) (C20H15ClN3O3S) 416.0834 ([M + H]+ requires 416.0830). +Doubling 

of carbon peaks due to rotamers. 
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3.5.1.5.14. 1-(4-Bromo-2,6-dimethylphenyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 24  

(Yield 83%); Light brown solid; Rf 0.47 (3:1 ethyl acetate: 

hexane); mp 203 °C (decomp.); νmax (neat)/cm-1 3401 (N-

H str, w), 2954 (C-H str, m), 1694 (C=O str, s), 1546 (N-H 

bend, s), 1384 (C-H bend, s), 1276 (C-N str, s), 1211 (s), 

1144 (m), 845 (C-H “oop”, m), 763 (C-H “oop”, m), 672 (C-

H “oop”, m); 1H NMR (300 MHz, DMSO-d6); δ 10.85 (1H, 

s, NH), 8.43 (1H, s, NH), 7.34 (2H, s, H-3’ & H-5’), 7.22 (1H, s, H-6), 7.13 (1H, s, H-3), 3.83 (3H, s, OCH3), 

3.79 (3H, s, OCH3), 3.71 (2H, s, H-7), 2.21 (6H, s, H-7’ & H-8’); 13C NMR (75 MHz, DMSO-d6); δ 163.4 (C-

10), 154.8 (C=O), 151.9 (C-2), 148.2 (C-9), 146.9 (C-1), 138.4 (C-2’ & C-6’), 137.9 (C-5), 134.1 (C-1’), 

130.3 (C-3’ & C-5’), 129.9 (C-4), 126.8 (C-8), 119.1 (C-4’), 110.1 (C-3), 102.3 (C-6), 55.9 (OCH3), 55.8 & 

55.7 (+OCH3), 32.1 (C-7), 18.0 & 17.9 (C-7’ & C-8’). HRMS m/z (ESI) (C21H20BrN3O3S) 474.0462 ([M + H]+ 

requires 474.0481). +Doubling up carbon peaks due to rotamers. 

3.5.1.5.15. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(3,4,5-trimethoxyphenyl)urea 25 

(Yield 83%); White solid; Rf 0.15 (3:1 ethyl acetate: 

hexane); mp 237 °C (decomp.); νmax (neat)/cm-1 2928 (C-

H str, m), 1690 (C=O str, s), 1502 (N-H bend, s), 1457 (C-

C str, s), 1421 (s), 1273 (C-N str, vs), 1123 (C-N str, m), 

1077 (m), 1002 (m), 802 (C-H “oop”, s), 759 (C-H “oop”, 

s); 1H NMR (300 MHz, DMSO-d6); δ 10.50 (1H, s, NH), 9.01 (1H, s, NH), 7.21 (1H, s, H-6), 7.13 (1H, s, H-

3), 6.84 (2H, s, H-2’ & H-6’), 3.83 (3H, s, OCH3), 3.78 (9H, s, 3 x OCH3’s), 3.72 (2H, s, H-7), 3.63 (3H, s, 

OCH3); 13C NMR (75 MHz, DMSO-d6); δ 162.8 (C-10), 154.9 (C=O), 153.0 (C-3’ & C-5’), 151.4 (C-2), 148.2 

(C-9), 147.0 (C-1), 138.0 (C-5), 134.7 (C-4’), 133.1 (C-1’), 129.8 (C-4), 127.0 (C-8), 110.0 (C-3), 102.3 (C-

6), 96.5 (C-2’ & C-6’), 60.2 & 60.1 (+OCH3), 55.9 & 55.8 (+OCH3), 55.70 (OCH3), 32.1 (C-7). HRMS m/z 

(ESI) (C22H23N3O6S) 458.1371 ([M + H]+ requires 458.1380). +Doubling up carbon peaks due to 

rotamers. 

3.5.1.5.16. 1-(2-Bromophenyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 26  

(Yield 70%); White solid; Rf 0.72 (3:1 ethyl acetate: hexane); 

mp 216 °C (decomp.); νmax (neat)/cm-1 2953 (C-H str, m), 

1686 (C=O str, s), 1589 (C=C str, s), 1518 (N-H bend, s), 1382 

(C-H bend, s), 1303 (s), 1272 (C-N str, vs), 1202 (s), 1142 (s), 

733 (C-H “oop”, s); 1H NMR (300 MHz, DMSO-d6); δ 11.33 
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(1H, s, NH), 8.94 (1H, s, NH), 8.12 (1H, d, J = 8.0 Hz, H-3’), 7.66 (1H, d, J = 7.9 Hz, H-6’), 7.38 (1H, t, J = 

7.7 Hz, H-5’), 7.21 (1H, s, H-6), 7.12 (1H, s, H-3), 7.04 (1H, t, J = 7.4 Hz, H-4’), 3.82 (3H, s, OCH3), 3.78 

(3H, s, OCH3), 3.73 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 162.9 (C-10), 155.1 (C=O), 151.2 (C-2), 

148.2 (C-9), 147.0 (C-1), 137.9 (C-5), 136.3 (C-1’), 132.7 (C-4’), 129.8 (C-4), 128.3 (C-3’), 127.0 (C-8), 

125.0 (C-5’), 122.4 (C-6’), 113.4 (C-2’), 110.0 (C-3), 102.2 (C-6), 55.9 & 55.8 (+OCH3), 55.7 (OCH3), 32.1 

(C-7). HRMS m/z (ESI) (C19H16BrN3O3S) 446.0167 ([M + H]+ requires 446.0168). +Doubling of carbon 

peaks due to rotamers. 

3.5.1.5.17. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(2-ethyl-6-methylphenyl)urea 27 

(Yield 74%); Light orange solid; Rf 0.67 (3:1 ethyl acetate: 

hexane); mp 131 °C (decomp.); νmax (neat)/cm-1 3213 (N-H 

str, w), 2963 (C-H str, w), 1667 (C=O str, m), 1536 (N-H bend, 

s), 1464 (C-C str, s), 1385 (C-H bend, s), 1280 (C-N str, s), 

1208 (s), 1145 (m), 776 (C-H “oop”, m); 1H NMR (300 MHz, 

DMSO-d6); δ 10.88 (1H, s, NH), 8.57 (1H, s, NH), 7.25 – 7.07 

(5H, m, ArH’s), 3.82 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.70 (2H, s, H-7), 2.58 (2H, dd, J = 14.5, 7.0 Hz, H-

7), 2.21 (3H, s, H-9), 1.12 (3H, t, J = 7.1 Hz, H-8); 13C NMR (75 MHz, DMSO-d6); δ 163.5 (C-10), 154.9 

(C=O), 152.4 (C-2), 148.2 (C-9), 146.9 (C-1), 141.4 (C-1’), 137.9 (C-5), 136.1 (C-2’), 133.8 (C-6’), 130.1 

(C-5), 127.9 (C-5’), 126.9 (C-8), 126.7 (C-4’), 126.2 (C-3’), 110.1 (C-3), 102.3 (C-6), 55.8 (OCH3), 55.7 

(OCH3), 32.02 (C-7), 24.59 (C-7’), 18.24 (C-9’), 14.75 (C-8’). HRMS m/z (ESI) (C22H23N3O3S) 410.1525 ([M 

+ H]+ requires 410.1533).  

3.5.1.5.18. 1-(2,3-Dichlorophenyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 28  

(Yield 73%); Grey solid; Rf 0.76 (3:1 ethyl acetate: 

hexane); mp 236 °C (decomp.); νmax (neat)/cm-1 3341 (N-

H str, w), 2930 (C-H str, w), 1672 (C=O str, s), 1598 (C=C 

str, s), 1536 (N-H bend, s), 1456 (C-C str, s), 1383 (C-H 

bend, s), 1278 (C-N str, s), 1254 (C-N str, s), 1143 (s), 840 

(C-H “oop”, m), 772 (C-Cl str, s), 646 (C-H “oop”, m); 1H NMR (300 MHz, DMSO-d6); δ 11.32 (1, s, NH), 

9.16 (1H, br s, NH), 8.19 (1H, dd, J = 5.6, 3.1 Hz, H-6’), 7.43 – 7.27 (2H, m, H-4’ & H-4’), 7.20 (1H, s, H-

6), 7.11 (1H, s, H-3), 3.83 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.72 (2H, s, H-7); 13C NMR (75 MHz, DMSO-

d6); δ 162.6 (C-10), 155.1 (C=O), 151.1 (C-2), 148.2 (C-9), 147.0 (C-1), 137.9 (C-5), 137.2 (C-1’), 131.8 

(C-3’), 129.7 (C-4), 128.4 (C-2’), 127.2 (C-8), 124.4 (C-4’), 120.8 (C-5’), 119.8 (C-6’), 110.0 (C-3), 102.3 
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(C-6), 55.9 (OCH3), 55.8 (OCH3), 32.08 (C-7). HRMS m/z (ESI) (C19H15Cl2N3O3S) 436.0268 ([M + H]+ 

requires 436.0284). 

3.5.1.5.19. 1-(2-Chlorophenyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 29  

(Yield 71%); Off-white solid; Rf 0.76 (3:1 ethyl acetate: 

hexane); mp 228 °C (decomp.); νmax (neat)/cm-1 2952 (C-H 

str, m), 1688 (C=O str, vs), 1596 (C=C str, s), 1517 (N-H bend, 

vs), 1384 (C-H bend, s), 1272 (C-N str, vs), 1142 (s), 838 (C-H 

“oop”, w), 738 (C-Cl str, vs), 669 (C-H “oop”, m); 1H NMR 

(300 MHz, DMSO-d6); δ 11.25 (1H, s, NH), 9.09 (1H, s, NH), 8.21 (1H, d, J = 8.2 Hz, H-6’), 7.50 (1H, d, J 

= 7.8 Hz, H-3’), 7.34 (1H, t, J = 7.7 Hz, H-5’), 7.21 (1H, s, H-6), 7.16 – 7.04 (2H, m, H-3 & H-4’), 3.82 (3H, 

s, OCH3), 3.78 (3H, s, OCH3), 3.73 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 162.8 (C-10), 155.1 

(C=O), 151.1 (C-2), 148.2 (C-9), 147.0 (C-1), 138.0 (C-5), 135.2 (C-1’), 129.8 (C-4), 129.4 (C-4’), 127.8 (C-

3’), 127.1 (C-8), 124.2 (C-6’), 122.4 (C-2’), 121.4 (C-5’), 110.0 (C-3), 102.2 (C-6), 55.9 & 55.8 (+OCH3), 

55.7 (OCH3), 32.10 (C-7). HRMS m/z (ESI) (C19H16ClN3O3S) 402.0627 ([M + H]+ requires 402.0674). 

+Doubling of carbon peaks due to rotamers. 

3.5.1.5.20. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(2,3-dimethylphenyl)urea 30  

(Yield 86%); Off-white solid; Rf 0.59 (3:1 ethyl acetate: 

hexane); mp 235 °C (decomp.); νmax (neat)/cm-1 3209 (N-

H str, w), 2933 (C-H str, m), 1682 (C=O str, s), 1617 (C=C 

str, m), 1520 (N-H bend, s), 1463 (C-C str, s), 1381 (s), 

1267 (C-N str, s), 1140 (m), 776 (C-H “oop”, m), 727 (C-H 

“oop”, m); 1H NMR (300 MHz, DMSO-d6); δ 10.83 (1H, s, NH), 8.59 (1H, s, NH), 7.61 (1H, d, J = 7.8 Hz, 

H-6’), 7.21 (1H, s, H-6), 7.11 (1H, s, H-3), 7.07 (1H, t, J = 7.8 Hz, H-5’), 6.95 (1H, d, J = 7.3 Hz, H-4’), 3.83 

(3H, s, OCH3), 3.78 (3H, s, OCH3), 3.71 (2H, s, H-7), 2.26 (3H, s, H-8’), 2.17 (3H, s, H-7’); 13C NMR (75 

MHz, DMSO-d6); δ 163.3 (C-10), 155.0 (C=O), 151.7 (C-2), 148.2 (C-9), 147.0 (C-1), 138.0 (C-5), 136.9 

(C-3’), 136.1 (C-1’), 129.9 (C-4), 127.7 (C-2’), 126.8 (C-8), 125.6 (C-4’), 125.5 (C-5’), 120.3 (C-6’), 110.1 

(C-3), 102.2 (C-6), 55.9 & 55.8 (+OCH3), 55.7 (OCH3), 32.1 (C-7), 20.4 & 20.3 (C-8’), 13.6 (C-7’). HRMS 

m/z (ESI) (C21H21N3O3S) 396.1372 ([M + H]+ requires 396.1376). +Doubling of carbon peaks due to 

rotamers. 
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3.5.1.5.21. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(2-hydroxyphenyl)urea 31  

(Yield 90%); Dark brown solid; Rf 0.28 (3:1 ethyl acetate: 

hexane); mp 158 °C (decomp.); νmax (neat)/cm-1 3257 (N-H 

str, m), 3195 (O-H str, m), 2939 (C-H str, m), 1676 (C=O str, 

m), 1540 (N-H bend, s), 1451 (C-C str, s), 1275 (C-N str, vs), 

1198 (C-O str, s), 1143 (s), 745 (C-H “oop”, s); 1H NMR (300 

MHz, DMSO-d6); δ 11.00 (1H, s, OH), 10.09 (1H, s, NH), 8.85 (1H, s, NH), 8.06 (1H, d, J = 4.6 Hz, H-6’), 

7.22 (1H, s, H-6), 7.12 (1H, s, H-3), 6.94 – 6.75 (3H, m, ArH’s), 3.83 (3H, s, OCH3), 3.78 (3H, s, OCH3), 

3.73 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 163.0 (C-10), 155.0 (C=O), 151.3 (C-2), 148.2 (C-9), 

146.9 (C-1), 146.1 (C-2’), 138.0 (C-5), 130.0 (C-4), 126.9 (C-8), 126.9 (C-1’), 122.8 (C-4’), 119.3 (C-5’), 

119.0 (C-6’), 114.6 (C-3’), 110.1 (C-3), 102.3 (C-6), 55.9 (OCH3), 55.8 (OCH3), 32.1 (C-7). HRMS m/z (ESI) 

(C19H17N3O4S) 384.1016 ([M + H]+ requires 384.1012).  

3.5.1.5.22. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(3-hydroxyphenyl)urea 32  

(Yield 89%); Brown solid; Rf 0.20 (3:1 ethyl acetate: 

hexane); mp 158 °C (decomp.); νmax (neat)/cm-1 3210 (N-

H str, m), 3157 (O-H str, m), 2936 (C-H str, m), 1717 (C=O 

str, m), 1609 (C=C str, m), 1544 (N-H bend, s), 1490 (C-C 

str, s), 1385 (C-H bend, m), 1270 (C-N str, s), 1202 (C-O 

str, vs), 771 (C-H “oop”, m), 684 (C-H “oop”, m); 1H NMR (300 MHz, DMSO-d6); δ 9.43 (1H, s, NH), 7.21 

(1H, s, H-6), 7.17 – 7.05 (3H, m, ArH’s), 6.85 (1H, d, J = 7.9 Hz, H-6’), 6.44 (1H, d, J = 7.9 Hz, H-4’), 5.11 

(2H, br s, OH & NH), 3.82 (3H, s, OCH3), 3.77 (3H, s, OCH3), 3.72 (2H, s, H-7); 13C NMR (75 MHz, DMSO-

d6); δ 162.8 (C-10), 158.0 (C-3’), 154.3 (C=O), 151.3 (C-2), 148.3 (C-9), 147.0 (C-1), 139.8 (C-1’), 138.0 

(C-5), 129.8 (C-4), 129.7 (C-5’), 127.1 (C-8), 110.1 (C-3), 110.0 (C-4’), 109.2 (C-6’), 105.5 (C-2’), 102.4 

(C-6), 55.88 (OCH3), 55.80 (OCH3), 32.17 (C-7). HRMS m/z (ESI) (C19H17N3O4S) 384.1016 ([M + H]+ 

requires 384.1012).  

3.5.1.5.23. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(4-hydroxyphenyl)urea 33  

(Yield 66%); Grey solid; Rf 0.20 (3:1 ethyl acetate: 

hexane); mp 200 °C (decomp.); νmax (neat)/cm-1 3209 (N-

H str, m), 2944 (C-H str, m), 1704 (C=O str, s), 1614 (C=C 

str, m), 1560 (C-C str (in-ring), s), 1509 (N-H bend, s), 

1448 (C-C str, s), 1271 (C-N str, vs), 1199 (C-O str, s), 

1073 (s), 826 (C-H “oop”, m), 766 (C-H “oop”, m); 1H NMR (300 MHz, DMSO-d6); δ 9.42 (1H, s, NH), 
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7.27 (2H, d, J = 8.6 Hz, H-2’ & H-6’), 7.21 (1H, s, H-6), 7.16 (1H, s, H-3), 6.73 (2H, d, J = 8.6 Hz, H-3’ & H-

5’), 6.10 (2H, br s, OH & NH), 3.81 (3H, s, OCH3), 3.77 (3H, s, OCH3), 3.72 (2H, s, H-7); 13C NMR (75 MHz, 

DMSO-d6); δ 163.2 (C-10), 153.6 (C-4’), 153.3 (C=O), 151.5 (C-2), 148.2 (C-9), 147.0 (C-1), 138.0 (C-5), 

130.0 (C-1’), 129.5 (C-4), 126.8 (C-8), 120.7 (C-2’ & C-6’), 115.4 (C-3’ & C-5’), 110.0 (C-3), 102.4 (C-6), 

55.88 (OCH3), 55.8 (OCH3), 32.24 (C-7). HRMS m/z (ESI) (C19H17N3O4S) 384.1016 ([M + H]+ requires 

384.1012).  

3.5.1.5.24. 1-Benzyl-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 34  

(Yield 74 %); Light orange solid; Rf 0.44 (3:1 ethyl acetate: 

hexane); mp 234 °C (decomp.); νmax (neat)/cm-1 3385 (N-H 

str, m), 2990 (C-H str, w), 1690 (C=O str, w), 1641 (C=C str, 

m), 1561 (N-H bend, s), 1384 (C-H str, m), 1277 (C-N str, s), 

1207 (s), 1074 (m), 778 (C-H “oop”, s), 724 (C-H “oop”, s); 

1H NMR (300 MHz, DMSO-d6); δ 10.59 (1H, s, NH), 7.40 – 

7.17 (6H, m, ArH’s & NH), 7.20 (1H, s, H-6), 7.08 (1H, s, H-3), 4.36 (2H, d, J = 5.5 Hz, H-1’), 3.81 (3H, s, 

OCH3), 3.77 (3H, s, OCH3), 3.69 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 163.6 (C-10), 154.8 (C=O), 

153.8 (C-2), 148.2 (C-9), 146.8 (C-1), 139.6 (C-2’), 137.9 (C-5), 130.1 (C-4), 128.4 (C-4’ & C-6’), 127.3 (C-

3’ & C-7’), 127.0 (C-4), 126.5 (C-5), 110.1 (C-3), 102.2 (C-6), 55.9 (OCH3), 55.7 (OCH3), 42.93 (C-1’), 

31.98 (C-7). HRMS m/z (ESI) (C20H19N3O3S) 382.1285 ([M + H]+ requires 382.1220).  

3.5.1.5.25. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(4-ethoxybenzyl)urea 35  

(Yield 79%); Light orange solid; Rf 0.44 (3:1 ethyl 

acetate: hexane); mp 195 °C (decomp.); νmax (neat)/cm-

1 3370 (N-H str, w), 2973 (C-H str, w), 1701 (C=O str, m), 

1674 (C=C str, m), 1550 (C-C str (in-ring), s), 1515 (N-H 

bend, s), 1389 (C-H str, s), 1278 (C-N str, s), 1245 (C-N 

str, s), 1210 (s), 776 (C-H “oop”, s); 1H NMR (300 MHz, 

DMSO-d6); δ 10.47 (1H, s, NH), 7.25 (1H, s, H-6), 7.21 

(2H, d, J = 4.9 Hz, H-3’ & H-7’), 7.07 (2H, s, H-3 & NH), 6.89 (2H, d, J = 8.5 Hz, H-4’ & H-6’), 4.27 (2H, d, 

J = 5.6 Hz, H-1’), 3.99 (2H, q, J = 7.0 Hz, H-8’), 3.81 (3H, s, OCH3), 3.77 (3H, s, OCH3), 3.69 (2H, s, H-7), 

1.30 (3H, t, J = 7.0 Hz, H-9’); 13C NMR (75 MHz, DMSO-d6); δ 163.6 (C-10), 157.6 (C-5’), 154.9 (C=O), 

153.7 (C-2), 148.2 (C-9), 146.8 (C-1), 137.9 (C-5), 131.3 (C-2’), 130.1 (C-4), 128.7 (C-3’ & C-7’), 126.5 (C-

8), 114.3 (C-4’ & C-6’), 110.1 (C-3), 102.2 (C-6), 63.0 (C-8’), 55.9 & 55.8 (+OCH3), 55.7 (OCH3), 42.4 (C-

1’), 32.0 (C-7), 14.7 (C-9’). HRMS m/z (ESI) (C22H23N3O4S) 426.1528 ([M + H]+ requires 426.1482). 

+Doubling of carbon peaks due to rotamers. 
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3.5.1.5.26. 1-(4-Bromobenzyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 36  

(Yield 79%); Light orange solid; Rf 0.37 (3:1 ethyl acetate: 

hexane); mp 221 °C (decomp.); νmax (neat)/cm-1 3230 (N-

H str, w), 2897 (C-H str, m), 1676 (C=O str, s), 1558 (C-C 

str (in-ring), s), 1511 (N-H bend, s), 1381 (C-H bend, s), 

1275 (C-N str, vs), 1203 (s), 1143 (s), 1070 (s), 762 (C-H 

“oop”, m), 653 (C-H “oop”, m); 1H NMR (300 MHz, 

DMSO-d6); δ 10.63 (1H, s, NH), 7.54 (2H, d, J = 8.3 Hz, H-4’ & H-6’), 7.28 (2H, d, J = 8.3 Hz, H-3’ & H-7’), 

7.25 – 7.17 (2H, m, NH & H-6), 7.08 (1H, s, H-3), 4.33 (2H, d, J = 5.9 Hz, H-1’), 3.81 (3H, s, OCH3), 3.77 

(3H, s, OCH3), 3.69 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 163.5 (C-10), 154.8 (C=O), 153.9 (C-2), 

148.2 (C-9), 146.9 (C-1), 139.2 (C-2’), 137.9 (C-5), 131.3 (C-4’ & C-6’), 130.0 (C-4), 129.5 (C-3’ & C-7’), 

126.6 (C-8), 119.9 (C-5’), 110.1 (C-3), 102.2 (C-6), 55.9 (OCH3), 55.8 & 55.7 (+OCH3), 42.3 (H-1’), 33.0 

(H-7). HRMS m/z (ESI) (C20H18BrN3O3S) 460.0405 ([M + H]+ requires 460.0325). +Doubling of carbon 

peaks due to rotamers. 

3.5.1.5.27. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(4-fluorobenzyl)urea 37  

(Yield 75%); Light orange solid; Rf 0.37 (3:1 ethyl acetate: 

hexane); mp 206 °C (decomp.); νmax (neat)/cm-1 3277 (N-

H str, w), 2938 (C-H str, w), 1667 (C=O str, m), 1552 (C-C 

str (in-ring), s), 1510 (N-H bend, s), 1384 (C-H bend, s), 

1276 (C-N str, s), 1214 (s), 1149 (s), 831 (C-H “oop”, m), 

773 (C-H “oop”, m); 1H NMR (300 MHz, DMSO-d6); δ 

10.61 (1H, s, NH), 7.36 (2H, dd, J = 8.4, 5.7 Hz, H-3 & H-7), 7.26 – 7.12 (4H, m, ArH’s & NH), 7.08 (1H, 

s, H-3), 4.34 (2H, d, J = 5.7 Hz, H-1’), 3.81 (3H, s, OCH3), 3.77 (3H, s, OCH3), 3.69 (2H, s, H-7); 13C NMR 

(75 MHz, DMSO-d6); δ 163.6 (C-10), 161.3 (d, J = 242.2 Hz, #C-5’), 154. (C=O), 153.8 (C-2), 148.2 (C-9), 

146.9 (C-1), 137.9 (C-5), 135.9 (d, J = 3.0 Hz, #C-2’), 130.0 (C-4), 129.3 (d, J = 242.2 Hz, #C-3’ & C-7’), 

126.6 (C-8), 115.2 (d, J = 21.2 Hz, #C-4’ & C-6’), 110.1 (C-3), 102.2 (C-6), 55.91 (OCH3), 55.8 & 55.7 

(+OCH3), 42.2 (C-1’), 32.0 (C-7). HRMS m/z (ESI) (C20H18FN3O3S) 400.1228 ([M + H]+ requires 400.1126). 

#Doubling of carbon peaks due to fluorine splitting. +Doubling of carbon peaks due to rotamers. 
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3.5.1.5.28. 1-(4-Chlorobenzyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 38  

(Yield 79%); Light orange solid; Rf 0.37 (3:1 ethyl acetate: 

hexane); mp 207 °C (decomp.); νmax (neat)/cm-1 3215 (N-

H str, w), 2936 (C-H str, w), 1667 (C=O str, s), 1550, (C-C 

str (in-ring), s) 1384 (C-H bend, s), 1276 (C-N str, s), 1208 

(s), 1146 (s), 773 (C-Cl str, m); 1H NMR (300 MHz, DMSO-

d6); δ 10.66 (1H, s, NH), 7.41 (2H, d, J = 8.5 Hz, H-3’ & H-

7’), 7.34 (2H, d, J = 8.5 Hz, H-4’ & H-6’), 7.27 (1H, t, J = 5.8 Hz, NH), 7.21 (1H, s, H-6), 7.08 (1H, s, H-3), 

4.35 (2H, d, J = 5.8 Hz, H-1’), 3.81 (3H, s, OCH3), 3.77 (3H, s, OCH3), 3.69 (2H, s, H-7); 13C NMR (75 MHz, 

DMSO-d6); δ 163.6 (C-10), 154.8 (C=O), 153.9 (C-2), 148.2 (C-9), 146.9 (C-1), 138.8 (C-2’), 137.9 (C-5), 

131.5 (C-5’), 130.0 (C-4), 129.1 (C-3’ & C-7’), 128.4 (C-4’ & C-6’), 126.6 (C-8), 110.1 (C-3), 102.2 (C-6), 

55.9 (OCH3), 55.8 & 55.7 (+OCH3), 42.3 (C-1’), 32.0 (C-7). HRMS m/z (ESI) (C20H18ClN3O3S) 416.0860 ([M 

+ H]+ requires 416.0830). +Doubling of carbon peaks due to rotamers. 

3.5.1.5.29. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(4-methoxybenzyl)urea 39  

(Yield 74%); Orange solid; Rf 0.39 (3:1 ethyl acetate: 

hexane); mp 188 °C (decomp.); νmax (neat)/cm-1 3211 

(N-H str, m), 2933 (C-H str, m), 1665 (C=O str, s), 1547 

(C-C str (in-ring), s), 1509 (N-H bend, s), 1383 (C-H 

bend, s), 1242 (C-N str, s), 1204 (s), 1143 (s), 1069 (m), 

816 (C-H “oop”, m), 771 (C-H “oop”, m); 1H NMR (300 

MHz, DMSO-d6); δ 10.48 (1H, s, NH), 7.27 (1H, s, H-6), 7.22 (2H, d, J = 9.8 Hz, H-3’ & H-7’), 7.14 – 7.04 

(2H, m, NH & C-3), 6.91 (2H, d, J = 8.6 Hz, H-4’ & H-6’), 4.28 (2H, d, J = 5.7 Hz, H-1’), 3.81 (3H, s, OCH3), 

3.77 (3H, s, CH3), 3.73 (3H, s, OCH3), 3.69 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 163.6 (C-10), 

158.4 (C-5’), 154.8 (C=O), 153.7 (C-2), 148.2 (C-9), 146.8 (C-1), 137.9 (C-5), 131.5 (C-2’), 130.1 (C-4), 

128.7 (C-3’ & C-7’), 126.5 (C-8), 113.8 (C-4’ & H-6’), 110.1 (C-3), 102.2 (C-6), 55.9 (OCH3), 55.8 & 55.7 

(+OCH3), 55.1 (OCH3), 42.4 (C-1’), 32.0 (C-7). HRMS m/z (ESI) (C21H21N3O4S) 412.1391 ([M + H]+ requires 

412.1325). +Doubling of carbon peaks due to rotamers. 
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3.5.1.5.30. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(4-methylbenzyl)urea 40  

(Yield 76%); Pink solid; Rf 0.46 (3:1 ethyl acetate: 

hexane); mp 99 °C (decomp.); νmax (neat)/cm-1 3263 (N-

H str, w), 2936 (C-H str, w), 1666 (C=O str, s), 1548 (C-C 

str (in-ring), s), 1385 (C-H bend, s), 1277 (C-N str, s), 1209 

(s), 1147 (m), 1072 (m), 774 (C-H “oop”, m); 1H NMR (300 

MHz, DMSO-d6); δ 10.54 (1H, s, NH), 7.25 – 7.11 (6H, m, 

ArH’s & NH), 7.08 (1H, s, H-3), 4.31 (2H, d, J = 5.5 Hz, C-1’), 3.81 (3H, s, OCH3), 3.77 (3H, s, OCH3), 3.69 

(2H, s, H-7), 2.28 (3H, s, H-8’); 13C NMR (75 MHz, DMSO-d6); δ 163.6 (C-10), 154.7 (C=O), 153.8 (C-2), 

148.2 (C-9), 146.9 (C-1), 137.9 (C-5), 136.5 (C-5’), 136.1 (C-2’), 130.0 (C-4), 129.0 (C-4’ & C-6’), 127.3 

(C-3’ & C-7’), 126.5 (C-8), 110.1 (C-3), 102.2 (C-6), 55.9 (OCH3), 55.8 & 55.7 (+OCH3), 42.7 (C-1’), 32.0 

(C-7), 20.7 (C-8’). HRMS m/z (ESI) (C21H21N3O3S) 396.1482 ([M + H]+ requires 396.1376). +Doubling of 

carbon peaks due to rotamers. 

3.5.1.5.31. 1-(2-Chlorobenzyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 41  

(Yield 91%); Yellow solid; Rf 0.50 (3:1 ethyl acetate: 

hexane); mp 195 °C (decomp.); νmax (neat)/cm-1 3189 (N-H 

str, w), 2957 (C-H str, m), 1697 (C=O str, m), 1549 (C- C str 

(in-ring), s), 1463 (C-C str, m), 1387 (C-H bend, m), 1277 (C-

N str, s), 1211 (s), 751 (C-Cl str, m); 1H NMR (300 MHz, 

DMSO-d6); δ 10.76 (1H, s, NH), 7.53 – 7.26 (5H, m, ArH’s & 

NH), 7.20 (1H, s, H-6), 7.10 (1H, s, H-3), 4.44 (2H, d, J = 5.5 Hz, H-1’), 3.81 (3H, s, OCH3), 3.77 (3H, s, 

OCH3), 3.69 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 163.5 (C-10), 154.8 (C=O), 153.9 (C-2), 148.2 

(C-9), 146.9 (C-1), 137.9 (C-5), 136.6 (C-2’), 132.1 (C-3’), 130.0 (C-4), 129.3 (C-4’), 129.0 (C-7’), 128.9 

(C-5’), 127.4 (C-6’), 126.6 (C-8), 110.1 (C-3), 102.3 (C-6), 55.9 (OCH3), 55.8 & 55.7 (+OCH3), 41.0 (C-1’), 

32.0 (C-7). HRMS m/z (ESI) (C20H18ClN3O3S) 416.0949 ([M + H]+ requires 416.0830). +Doubling of carbon 

peaks due to rotamers. 
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3.5.1.5.32. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-(2-methoxybenzyl)urea 42  

(Yield 73%); Pink solid; Rf 0.41 (3:1 ethyl acetate: hexane); 

mp 128 °C (decomp.); νmax (neat)/cm-1 3331 (N-H str, w), 

2948 (C-H  bend, w), 1672 (C=O str, s), 1552 (C-C str (in-

ring), s), 1458 (C-C str, m), 1383 (C-H str, m), 1275 (C-N str, 

s), 1211 (s), 1070 (m), 992 (m), 855 (m), 755 (C-H “oop”, s); 

1H NMR (300 MHz, DMSO-d6); δ 10.50 (1H, s, NH), 7.33 – 

7.18 (3H, m, ArH’s), 7.11 – 6.99 (3H, m, ArH’s), 6.97 -6.90 (1H, m, NH), 4.33 (2H, d, J = 5.7 Hz, H-1’), 

3.85 (3H, s, OCH3), 3.82 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.70 (2H, s, H-7); 13C NMR (75 MHz, DMSO-

d6); δ 163.6 (C-10), 156.9 (C-3’), 154.9 (C=O), 153.7 (C-2), 148.2 (C-9), 146.8 (C-1), 137.9 (C-5), 130.1 

(C-4), 128.5 (C-7’), 128.3 (C-5’), 126.8 (C-2’), 126.5 (C-8), 120.3 (C-6’), 110.7 (C-4’), 110.1 (C-3), 102.2 

(C-6), 55.9 (OCH3), 55.8 & 55.7 (+OCH3), 55.4 (OCH3), 38.6 (C-1’), 32.0 (C-7). HRMS m/z (ESI) 

(C21H21N3O4S) 412.1391 ([M + H]+ requires 412.1325). +Doubling of carbon peaks due to rotamers. 

3.5.1.5.33. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-[3-(trifluoromethyl)benzyl]urea 43  

(Yield 87 %); Off-white solid; Rf 0.39 (3:1 ethyl acetate: 

hexane); mp 200 °C (decomp.); νmax (neat)/cm-1 3234 (N-H 

str, w), 2950 (C-H str, w), 2626 (m), 1725 (C=O str, s), 1547 

(C-C str (in-ring), vs), 1329 (C-H bend, s), 1272 (C-N str, s), 

1212 (s), 1155 (s), 1106 (C-F str, s), 1069 (s), 693 (C-H 

“oop”, s); 1H NMR (300 MHz, DMSO-d6); δ 11.04 (1H, br s, 

NH), 7.76 (1H, t, J = 5.6 Hz, NH), 7.70 – 7.54 (4H, m, ArH’s), 

7.20 (1H, s, H-6), 7.13 (1H, s, H-3), 4.45 (2H, d, J = 5.5 Hz, H-1’), 3.80 (3H, s, OCH3), 3.77 (3H, s, OCH3), 

3.69 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 163.8 (C-10), 154.0 (C=O), 152.9 (C-2), 148.2 (C-9), 

147.1 (C-1), 141.3 (C-2’), 138.0 (C-5), 131.4 (C-4), 129.6 (C-4’), 129.4 (C-7’), 129.3 (C-6’) 128.9 (C-3’), 

126.5 (C-8), 123.7 (C-5’), 123.7 (ArCF3), 110.1 (C-3), 102.4 (C-6), 56.0 & 55.9 (+OCH3), 55.8 & 55.7 

(+OCH3), 42.5 (C-1’), 32.3 (C-7). HRMS m/z (ESI) (C21H18F3N3O3S) 450.1161 ([M + H]+ requires 450.1094). 

+Doubling of carbon peaks due to rotomers. 
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3.5.1.5.34. 1-(5,6-Dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)-3-[4-(trifluoromethyl)benzyl]urea 44  

(Yield 76 %); Brown solid; Rf 0.37 (3:1 ethyl acetate: 

hexane); mp 170 °C (decomp.); νmax (neat)/cm-1 3349 

(N-H str, w), 2935 (C-H str, w), 1668 (C=O str, s), 1565 

(C-C str (in-ring), s), 1517 (N-H bend, s), 1384 (C-H 

bend, m), 1324 (s), 1275 (C-N str, s), 1109 (C-F str, s), 

1066 (s), 833 (C-H “oop”, m), 772 (C-H “oop”, m); 1H 

NMR (300 MHz, DMSO-d6); δ 10.70 (1H, s, NH), 7.72 (2H, d, J = 8.2 Hz, H-4’ & H-6’), 7.54 (2H, d, J = 8.1 

Hz, H-3’ & H-7’), 7.33 (1H, t, J = 5.9 Hz, NH), 7.21 (1H, s, H-6), 7.09 (1H, s, H-3), 4.46 (2H, d, J = 5.8 Hz, 

H-1’), 3.81 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.69 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 163.5 

(C-10), 154.9 (C=O), 154.0 (C-2), 148.2 (C-9), 146.9 (C-1), 144.8 (C-2’), 137.9 (C-5), 130.1 (C-4), 127.8 

(C-3’ & C-7’), 127.4 (C-5’), 126.6 (C-8), 125.3 (H-4’ & H-6’), 125.3 (ArCF3)  110.1 (C-3), 102.2 (C-6), 55.91 

(OCH3), 55.8 & 55.7 (+OCH3), 42.6 (C-1’), 32.0 (C-7). HRMS m/z (ESI) (C21H18F3N3O3S) 450.1161 ([M + 

H]+ requires 450.1094). +Doubling of carbon peaks due to rotomers. 

3.5.1.5.35. 1-(3-Chlorobenzyl)-3-(5,6-dimethoxy-8H-indeno[1,2-d]thiazol-2-yl)urea 45  

(Yield 74 %); Pink solid; Rf 0.41 (3:1 ethyl acetate: hexane); 

mp 80 °C (decomp.); νmax (neat)/cm-1 3271 (N-H str, w), 

2938 (C-H str, w), 1667 (C=O str, m), 1550 (C-C str, s), 1384 

(C-H bend, s), 1276 (C-N str, s), 1208 (s), 1146 (s), 1072 (s), 

847 (C-H “oop”, m), 774 (C-Cl str, m); 1H NMR (300 MHz, 

DMSO-d6); δ 10.66 (1H, s, NH), 7.42 – 7.23 (5H, m, ArH’s & 

NH), 7.20 (1H, s, H-6), 7.08 (1H, s, H-3), 4.37 (2H, d, J = 5.4 

Hz, H-1’), 3.81 (3H, s, OCH3), 3.77 (3H, s, OCH3), 3.69 (2H, s, H-7); 13C NMR (75 MHz, DMSO-d6); δ 163.5 

(C-10), 154.9 (C=O), 153.9 (C-2), 148.2 (C-9), 146.9 (C-1), 142.4 (C-2’), 137.9 (C-5), 133.1 (C-4’), 130.3 

(C-7’), 130.1 (C-4), 127.0 (C-3’), 126.9 (C-5’), 126.6 (C-8), 125.9 (C-6’), 110.1 (C-3), 102.2 (C-6), 55.9 & 

55.8 (+OCH3), 55.7 (OCH3), 42.4 (C-1’), 32.0 (C-7). HRMS m/z (ESI) (C20H18ClN3O3S) 416.0949 ([M + H]+ 

requires 416.0830). +Doubling of carbon peaks due to rotomers. 

3.5.2. Bioactivity screening 

Prior to screening, all compounds were dissolved in dimethyl sulfoxide due to the compounds being 

insoluble in high concentrations of water (10 mM). The final concentration of dimethyl sulfoxide in 

the assay were below 1%. 
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3.5.2.1.   Acetylcholinesterase inhibitory activity 

Cholinesterase inhibitory activity for EeAChE was determined using the 5,5-dithiobis-2-nitrobenzoic 

acid (DTNB) assay as described by Ellman [42] and modified by Eldeen and co-workers [43]. Three 

buffers were prepared: Buffer A – 50 mM Tris-hydrochloride (pH 8); Buffer B - 50 mM Tris-

hydrochloride (pH 8), containing 0.1% bovine serum albumin; Buffer C - 50 mM Tris-hydrochloride (pH 

8), fortified with 0.1 M sodium chloride and 0.02 M magnesium chloride. Into 96-well plates were 

pipetted: 25 mL acetylthiocholine iodide (15 mM in distilled water), 125 mL DTNB (3 mM in buffer C), 

50 mL buffer B and either 25 mL buffer A (negative control), galantamine (positive control at 1 μM) or 

compounds 11 - 45. Absorbance was measured at 405 nm (four times) to account for baseline 

interference. An aliquot of 25 mL EeAChE (0.2 U/mL in buffer A) was pipetted into the plates and the 

absorbance measured every 45 s for fifteen cycles. EeAChE inhibition (%) was determined as the rate 

of the reaction (correcting for spontaneous colour changes) relative to the negative control.  

3.5.2.2.   Cytotoxicity screening 

Cytotoxicity was assessed using the SRB staining assay on the SH-SY5Y neuroblastoma cell line as 

described by Vichai and Kirtikara with minor modifications [44]. Although the SH-SY5Y cell line is 

cancerous in nature, it does present as a model of a neurological cellular environment. The SH-SY5Y 

cell line was cultured in DMEM/Ham's F12 nutrient, in a 1 to 1 ratio, medium supplemented with 10% 

foetal calf serum (FCS) in 75 mL flasks at 37 °C and 5% CO2 in a humidified incubator. Culture flasks 

with confluent cells were rinsed with phosphate buffered saline and harvested using TrypLe™Express 

to detach the cells. Detached cells were centrifuged (200 x g, 5 min), counted using the trypan blue 

exclusion assay (0.1%), and diluted to 1 x 105
 cells/μL in 10% FCS-fortified medium. The cell suspension 

(100 μL) was seeded into sterile, clear 96-well plates, and incubated overnight to allow the cells to 

attach. Blank wells contained 200 μL FCS (5%)-fortified media without cells to account for background 

noise and sterility. Attached cells were exposed to 100 μL medium (negative control), compounds 11 

- 45 (0.01 - 100 μM) or saponin (1%; positive control) prepared in FCS negative medium for 72 h at 37 

°C and 5% CO2 in a humidified incubator. Cells were fixed in the wells by adding 50 μL trichloroacetic 

acid (50%) and left overnight at 4 °C. Plates containing the fixed cells were washed three times with 

tap water and stained using 100 μL SRB solution (0.057% in 1% acetic acid) for 30 min at room 

temperature in the dark. Stained cells were washed four times with 150 μL acetic acid (1%) and air-

dried. The bound dye was eluted using 200 μL Tris-buffer (10 mM, pH 10.5) and the absorbance 

measured at 510 nm (reference 630 nm) using a ELx 800 microplate plate reader (Bio-Tek Instruments, 

Inc.). The blank value was subtracted from all the other values and the cell density was expressed 

relative to the negative control as a percentage. 
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3.5.2.3.   Statistics 

Assays were performed as three intra- as well as three inter-replicates. Statistical analyses were 

performed using Graph-Pad Prism 5.0 (GraphPad). The AChE IC50 values were determined using non-

linear regression analysis. 

3.6. MOLECULAR MODELLING 

Molecular docking for AChE was performed using the crystal structure of Torpedo eel 

acetylcholinesterase (PDB: 1EVE) [46] and Glide XP [47, 48] from the Schrödinger program suite. The 

binding pocket consists of the CAS containing Trp84 and Phe330 while the PAS consists mainly of 

Tyr70, Asp72, Try 121, Tyr334 and Trp279. 

The crystal structure contains donepezil bound into the 20 Å deep gorge which is highly solvated, with 

the R-configuration of the alpha carbon of the indanone carbonyl being noted. Donepezil was docked 

back into the crystal structure and it was noted that several of the water molecules had to be included 

during the docking process to obtain the correct binding pose. This resulted in water-bridged 

interactions between the ligand and the residues within the binding pocket. However, this water 

bridge interaction was kept only with compound 4 as compounds 11 and 34 did not form this water 

bridge interaction with HOH1159 and Tyr121. 

Molecular docking for GSK-3 was performed using the crystal structure of human GSK-3 (PDB: 1Q5K) 

[37] and Glide XP [47, 48] from the Schrödinger program suite. The crystal structure contains AR-

A014418 6 bound into the ATP active site of GSK-3. The ATP active site consists mainly of Arg141, 

Pro136, Val135 and Lys85. The docking protocol was confirmed by docking the crystallized ligand 6 

back into the binding pocket and ensuring that the generated pose overlapped within a root-mean-

square deviation (RMSD) of less than 2 Å. AR-A014418 6 was found to form a H-bond with HOH626. 

HOH626 was removed so that the synthesized ligands may produce acceptable docking poses for GSK-

3. 
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Chapter 4. Novel 1-amino-3-(indeno[1,2-b]indol-5(10H)-

yl)propan-2-ol derivatives as possible β-secretase inhibitors 

for the treatment of Alzheimer’s disease 
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ABSTRACT 

A series of seventeen β-secretase 1 inhibitors, as potential agents for the treatment of Alzheimer’s 

disease, were designed and synthesized based on the skeleton of 1-(3,6-dichloro-9H-carbazol-9-yl)-3-

(naphthalen-1-ylamino)propan-2-ol 5, a compound previously synthesized by Macchia and co-

workers, which has an in vitro IC50 value of 0.50 μM against β-secretase 1. The most active analogue, 

rac-1-[benzyl(methyl)amino]-3-(indeno[1,2-b]indol-5(10H)-yl)propan-2-ol 24 indicated an inhibition 

of 91% against β-secretase (human) with an observable cytotoxicity of IC50 of 10.51 ± 1.11 μM against 

the SH-SY5Y cell line. 
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4.1. INTRODUCTION 

Indole 1 is an electron rich benzopyrrole system in which a benzene ring is fused to a pyrrole ring at 

the 2-and 3-positions of the pyrrole (Figure 4.1) [1]. It is an aromatic molecule which satisfies Hückel’s 

rule for aromaticity by having 10 π electrons (2 π electrons from the nitrogen lone pair and 8 π 

electrons from the double bonds). As with pyrrole, the π-excessive nature of the aromatic ring governs 

its reactivity and chemical properties [2]. It is classified as a weak base with a pKa value of -3.5 and 

protonates only in the presence of strong acids as protonation of the nitrogen atom would disrupt the 

aromaticity of the five-membered ring [2, 3].  

 

Figure 4.1. Indole. 

Considered one of the most important heterocycles in heterocyclic chemistry, synthesis of substituted 

indoles has attracted a lot of attention in synthetic organic chemistry, and as such a great variety of 

synthetic methodologies and approaches have been devised [4, 5]. A few notable syntheses include 

the Fischer (Scheme 4.1), Bartoli (Scheme 4.2), Bischler-Möhlau (Scheme 4.3) and Madelung 

approaches (Scheme 4.4) [2].  

The Fischer indole synthesis (Scheme 4.1) is one of the most common ways to afford substituted 

indole derivatives. The methodology involves the heating of (un)substituted phenyl hydrazines with 

aldehydes or ketones in a suitable protic solvent to form a substituted phenyl hydrazone. This 

intermediate subsequently rearranges and liberates ammonia in the presence of a protic acid or a 

Lewis acid (LA) to afford the required substituted indole [6].    

 

Scheme 4.1. Fischer indole synthesis [6].   

Bartoli and co-workers developed a method in which 7-substituted indoles are synthesized from 

ortho-substituted nitroarenes and vinyl Grignard reagents (Scheme 4.2). Due to the availability of the 

starting reagents and the simplicity of the reaction, it has become one of the most efficient methods 
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for the preparation of 7-substituted indoles. However, the limitation of this method is that an ortho-

substituted nitroarene is required [7]. 

 

Scheme 4.2. Bartoli indole synthesis [7]. 

Cyclisation of α-(N-arylaminoketones) to afford 2-substituted indoles is known as the Bischler-Möhlau 

indole synthesis, or simply the Bischler synthesis. In this approach, the reaction of aniline and a 

substituted α-bromoacetophenone forms an α-(N-arylaminoketone) salt intermediate, which in turn 

reacts with another equivalent of aniline to afford the 2-substituted indole system (Scheme 4.3) [8].  

 

Scheme 3. Bischler-Möhlau indole synthesis [8]. 

The Madelung indole synthesis (Scheme 4.4) produces either substituted or unsubstituted indoles by 

the intramolecular cyclization of N-phenylamides using strong bases like sodium amide or potassium 

tert-butoxide at high temperatures [9] or organolithium bases under milder conditions [9, 10]. 

 

Scheme 4.4. Madelung indole synthesis [11]. 

The indole core is widely present in natural products, as well as biological systems such as the essential 

amino acid tryptophan 2, serotonin 3 (a neurotransmitter) and melatonin 4 (a hormone) (Figure 4.2) 

[4]. It has further gained popularity as a privileged pharmacophore, with antimicrobial [12-14], 

anticancer [15-17], antiviral [18-20], anti-inflammatory [21-23], antidepressant [24-26], antimigraine 

[27-29], anticholinergic [30-32] activities been previously reported.  
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Figure 4.2. Tryptophan 2, serotonin 3 and melatonin 4 [4]. 

In an effort to design compounds that combat Alzheimer’s disease, Macchia and co-workers [33-35] 

as well as the Manetsch group [36] focussed their research on designing inhibitors of the β-secretase 

amyloid precursor protein cleaving enzyme 1 (BACE1) by modifying a carbazole moiety (a heterocycle 

based on indole) through the introduction of substituted hydroxyethylamine (HEA) linkers onto the 

carbazole. An example of such an inhibitor, compound 5 (Figure 4.3), synthesized by Macchia and co-

workers, was found to have an IC50 value of 0.50 µM against BACE1 [33]. 

 

Figure 4.3. Carbazole based BACE1 inhibitor 5 [33]. 

Extensive molecular docking studies carried out on compound 5 (Figure 4.4) indicated that the 

hydroxy moiety has a key interaction with the Asp228 residue of BACE1, irrespective of chirality. It 

was also noted that the carbazole moiety allows hydrophobic interactions with both pockets S1 and 

S2, while the 1-naphthylamine moiety interacts in the S2’ pocket through a hydrogen bond between 

the nitrogen and Tyr198 residue and van der Waals interactions. It was noted that bulky substituents 

on the carbazole moiety were not readily accommodated resulting in the disruption of the hydrogen 

bonding interactions with the Asp228 residue [33]. 
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Figure 4.4. Schematic representation of the key interactions of compound 5 and the BACE 1 active site 

indicated by docking studies [33]. 

Through all of the structure activity relationship (SAR) studies done by the Macchia group, three key 

areas were identified where modification could occur: at the carbazole moiety (A), the HEA moiety (B) 

or the 1-naphthylamine moiety (C) (Figure 4.5) [33-35]. The HEA moiety and the 1-naphthylamine 

moieties have been extensively studied, wherein the HEA moiety has been replaced with different 

amine and hydroxyl derivatives [36] and the 1-naphthylamine moiety with sulphonamide or 

arylcarboxamide derivatives [34, 35]. In contrast, chemical space surrounding the carbazole moiety 

has remained largely unexplored, with only phenyl 2-substituted indoles having been previously 

reported [33]. In order to further explore the chemical space surrounding compound 5, it was decided 

to replace the carbazole moiety with an indeno indole (keeping in mind the bulkiness factor) and the 

1-naphthylamine moiety with various amines, while keeping the HEA moiety constant (Figure 4.5). 

 

Figure 4.5. Design strategy of target compounds 9 - 25. 

In this study, the synthesis of 1-amino-3-(indeno[1,2-b]indol-5(10H)-yl)propan-2-ol derivatives (9 - 25) 

based on an indeno type scaffold, as well as the evaluation of these compounds as possible BACE-1 
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inhibitors for the treatment of Alzheimer’s disease was undertaken. In addition, the 

acetylcholinesterase (AChE) inhibitory activity is also reported. The cytotoxicity of these compounds 

was also assessed. 

4.2. CHEMISTRY 

The preparation of epoxide 8 (Scheme 4.5) was achieved in two steps by reacting commercially 

available 1-indanone 6 with phenyl hydrazine hydrochloride in the presence of Amberlyst-15 as a 

catalyst in a Fischer indole type reaction to afford indole 7 [37] which was subsequently reacted with 

excess (±)-epichlorohydrin (ECH) in the presence of base to afford epoxide 8 with an overall yield of 

67% [38]. 

 

Scheme 4.5: (i) 1.2 eq. PhNHNH2.HCl, cat. Amberlyst-15, EtOH, reflux, 12 h, 81%; (ii) 7 eq. (±)-ECH, 2.5 

eq. KOH, THF, 85 °C, 10 h, 83%. 

An epoxide ring opening reaction (Scheme 4.6), was then achieved by reacting various types of either 

primary or secondary amines with epoxide 8 which afforded the desired racemic HEA products 9 - 25 

with moderate to high yields (42 - 98%) [39]. 

 

Scheme 4.6: (i) 2 eq. R1R2-NH, EtOH, reflux, 12 h, 42 – 98%. 

Compound 9 is used as a representative example to describe the structure elucidation of the series of 

compounds. The desired compound 9 was identified by the disappearance of the racemic epoxide 

proton multiplet from 3.45 - 3.39 ppm and the appearance of a broad singlet at 2.32 ppm integrating 

for 2H which was assigned to the amine and hydroxyl proton, as well as the appearance of a multiplet 

at 4.19 – 4.07 ppm integrating for 1H in the 1H NMR spectrum which is characteristic for the racemic 
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hydrogen peak to which the hydroxyl is bonded. The formation of 9 was further supported by the 

disappearance of the epoxide carbon peak at 51.10 and the appearance of a new peak in the 13C NMR 

spectrum at 69.70 ppm which was assigned to the new hydroxyl carbon as well as the new peak 

benzylic carbon peak at 48.88 ppm. Two new peaks were observed in the IR spectrum at 3289 cm-1
 

and 3054 cm-1, which are characteristic to an amine stretch and a hydroxyl stretch respectively. Final 

confirmation was given by the presence of a peak assigned as [M + H]+
 at 369.2119 in the HRMS, with 

the [M + H]+
 value calculated as 369.1961. The remaining compounds in the series were analysed in a 

similar manner, and the spectral assignments are provided in the experimental section. 

 
Figure 4.6: Compound 9. 

4.3. STRUCTURE ACTIVITY RELATIONSHIP STUDY 

The AChE inhibitory activity of all new synthetic compounds was assessed against Electrophorus 

electricus AChE (EeAChE) using Ellman’s spectrophotometric method [40] with minor modifications 

[41]. Galantamine was used as a positive control. The BACE1 inhibitory activity was assessed using a 

fluorescent BACE1 activity detection kit (Sigma-Aldrich, St. Louis, USA). The acetylcholinesterase 

inhibitory activities for the synthesized compounds, expressed as half‐maximal inhibitory 

concentration (IC50) values, and the BACE1 inhibitory activities, expressed as percentage at 10 μM, are 

presented in Table 4.1. Compounds were screened in both assays as racemic mixtures. In addition, 

selected compounds were assessed for cytotoxicity against SH‐SY5Y neuroblastoma cells using the 

sulforhodamine B (SRB) staining assay as described by Vichai and Kirtikara [42]. 
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Table 4.1. In vitro AChE, BACE‐1 inhibitory activity and cytotoxicity results of compounds 9 - 25. 

 

Compound R1 R2 
Yield 

% 

EeAChE 
IC50 ± SEM 

(µM)a 

BACE-1  

% 
Inhibition  

at 10 µMa  

Cytotoxicity 
IC50 ± SEM 

(µM)a 

9 

 

H 42 >100 42 4.00 ± 1.41 

10 

 

H 97 41.48 ± 1.51 ndb 3.37 ± 1.19 

11 

 

H 64 >100 ndb 3.26 ± 2.52 

12 

 

H 82 35.04 ± 1.18 66 ndc 

13 

 

H 85 >100 61 ndc 

14 

 

H 52 42.00 ± 1.17 ndb 2.98 ± 1.23 

15 

 

H 69 >100 84 ndc 

16 

 

H 70 >100 16 ndc 

17 

 

H 62 >100 ndb 
18.65 ± 

1.08 

18 

  

46 72.06 ± 1.54 ndb >100 
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19 

 

H 91 82.75 ± 1.33 ndb 3.35 ± 1.10 

20 

 

H 85 >100 ndb 
55.92 ± 

2.42 

21 

 

H 72 69.40 ± 1.73 ndb ndc 

22 

 

H 98 >100 71 2.55 ± 1.41 

23 
 

H 80 >100 77 
11.25 ± 

1.04 

24 

 

CH3 80 73.87 ± 1.22 91 
10.51 ± 

1.11 

25 

 

CH3 80 13.50 ± 1.41 86 8.45 ± 1.17 

Galantamine   - 3.58 ± 1.24 - - 

a Data are the mean ± SEM of three independent experiments 
b No observable inhibition detected 
c Not determined due to precipitation occurring   

 

Compound 25 was found to have an IC50 value of 13.50 ± 1.41 μM when screened against EeAChE. In 

general, benzyl groups with bulky substituents on the para-position showed the highest inhibition, for 

example, compound 12 which contains a trifluoromethyl substituent (IC50 = 35.04 μM), compound 10 

which contains a methoxy substituent (41.48 μM) and compound 14 with a chloro substituent (42.00 

μM). Compounds with substituents on the ortho- and meta-position had EeAChE IC50 values higher 

than 100 μM.  

Benzyl derivatives were found in general to be better inhibitors of BACE1 compared to heterocyclic 

aliphatic substituents such as compounds 19 and 20. Addition of a methyl group to the benzyl nitrogen 

(compound 24) afforded the compound with the highest inhibition (91%) compared to the addition of 

another benzyl group (compound 18) which indicated no observable inhibition. The latter would imply 
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that derivatives with bulkier substituents may not act as inhibitors of BACE1. The substitution of the 

hydrogen on the benzyl nitrogen (compound 9, 42%) for a methyl group (compound 24, 91%) seems 

to be more favourable in terms of inhibition. The substitution of the planar aromatic benzyl group 

(compound 9, 42%) with that of a cyclohexyl- and methyl group (compound 25, 86%) or 1,2,3,4- 

tetrahydronaphthalene group (compound 22, 71%) increased BACE1 inhibition substantially 

suggesting that cyclic aliphatic systems may be good substituents in the development of BACE1 

inhibitors. Unfortunately, these inhibitors exhibited high cytotoxicity against the SH‐SY5Y 

neuroblastoma cells with IC50 values of 2.98 – 55.92 μM, in which accepted IC50 values needs to be less 

than 10 μM [43]. It was noted that compound 25 inhibits both EeAChE (13.50 ± 1.41 μM) and BACE1 

(86%), therefore showing the most promise as a duel inhibitor. 

4.4. CONCLUSION 

A series of seventeen novel 1-amino-3-(indeno[1,2-b]indol-5(10H)-yl)propan-2-ol derivatives were 

synthesized as possible BACE1 inhibitors, with compound 24 indicated the highest inhibitory activity 

(91%). Compound 25 had the best inhibitory activity against EeAChE with an IC50 value of 13.50 ± 1.41 

μM, as well as the second highest inhibition of BACE1 (86%), which shows promise for the 

development as a duel inhibitor. Although the compounds exhibit high cytotoxicity against the SH-

SY5Y neuroblastoma cell line (IC50 = 8.45 ± 1.17 μM), future research will be done such as replacing 

the tetracyclic ring system with different substituted ring systems, in order to reduce the cytotoxicity 

while maintaining the current inhibition of AChE and BACE1. Further development of these 

compounds is also proposed in order to determine the effect of less bulky substituents on the 

inhibitory activity of BACE1. 

4.5. EXPERIMENTAL 

4.5.1. Chemistry 

4.5.1.1.   General methods  

All solvents, chemicals, and reagents were obtained commercially and used without further 

purification. 1H NMR (300 MHz) and 13C NMR (75 MHz) spectra were recorded on Bruker AVANCE-III-

300 instrument using CDCl3. CDCl3 contained tetramethylsilane as an internal standard. Chemical 

shifts, δ, are reported in parts per million (ppm), and splitting patterns are given as singlet (s), doublet 

(d), triplet (t), quartet (q), or multiplet (m). Coupling constants, J, are expressed in hertz (Hz). Mass 

spectra were recorded in ESI mode on a Waters Synapt G2 Mass Spectrometer at 70 eV and 200 mA. 

Samples were dissolved in acetonitrile (containing 0.1% formic acid) to an approximate concentration 

of 10 μg/mL. Infrared spectra were run on a Bruker ALPHA Platinum ATR spectrometer. The 
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absorptions are reported on the wavenumber (cm-1) scale, in the range 400 - 4000 cm-1. The signals 

are reported: value (relative intensity, assignment if possible). Abbreviations used in quoting spectra 

are: v = very, s = strong, m = medium, w = weak, str = stretch. Melting points were measured on a 

Stuart Melting Point SMP10 microscope. The retention factor (Rf) values quoted are for thin layer 

chromatography (TLC) on aluminium-backed Macherey-Nagel ALUGRAM Sil G/UV254 plates pre-coated 

with 0.25 mm silica gel 60, spots were visualised with UV light and basic KMnO4 spray reagent. 

Chromatographic separations were performed on Macherey-Nagel Silica gel 60 (particle size 0.063 – 

0.200 mm). Yields refer to isolated pure products unless stated otherwise. Each compound is named 

either according to PerkinElmer’s ChemDraw Version 15.0.0.106 or according to common names. The 

numbering of compounds was not done according to priority, but rather to the author’s convenience 

for characterization. 

4.5.1.2.   5,10-Dihydroindeno[1,2-b]indole 7 

A mixture of 1-indanone 6 (10.00 g, 75.68 mmol, 1 eq.), phenylhydrazine 

hydrochloride (13.14 g, 90.87 mmol, 1.2 eq.) and Amberlyst-15 (37.88 g, 0.5 

g/mmol SM) was refluxed in absolute ethanol (250 mL) for 12 hours. The 

reaction was monitored by thin-layer chromatography, and upon 

completion, the mixture was cooled to room temperature, the catalyst 

filtered off, and the product was washed thoroughly with ethyl acetate (100 mL). The organic filtrate 

was collected, dried over sodium sulfate, filtered and the solvent was removed in vacuo to afford the 

product. The product was used without any further purification. (Yield 81%); Brown solid; Rf 0.48 (1:9 

ethyl acetate: hexane); mp 202 °C (decomp., lit. 230 – 234 °C [44]); νmax (neat)/cm-1 3404 (N-H str, m), 

1405 (C-C str, m), 1303 (C-H bend, m), 1245 (C-N str, m), 736 (C-H “oop”, vs), 719 (C-H “oop”, vs), 520 

(m), 429 (s); 1H NMR (300 MHz, CDCl3); δ 8.36 (1H, s, NH), 7.68 – 7.62 (1H, m, H-11), 7.55 (1H, d, J = 

7.4 Hz, H-6), 7.50 – 7.41 (2H, m, H-14 & H-3), 7.37 - 7.29 (1H, m, H-2), 7.25 – 7.13 (3H, m, H-1 & H-12 

& H-13), 3.74 (2H, s, H-7); 13C NMR (75 MHz, CDCl3); δ 148.0 (C-5), 143.5 (C-4), 140.8 (C-15), 135.2 (C-

3), 126.7 (C-6), 125.6 (C-2), 124.9 (C-10), 124.8 (C-1), 121.9 (C-9), 121.8 (C-13), 120.4 (C-12), 119.1 (C-

11), 117.5 (C-14), 112.2 (C-8), 30.5 (C-7). HRMS m/z (ESI) (C15H11N) 206.0952 ([M + H]+ requires 

206.0964). Characterization of this compound compared well to literature [44].  
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4.5.1.3.   rac-5-(Oxiran-2-ylmethyl)-5,10-dihydroindeno[1,2-b]indole 8 

5,10-Dihydroindeno[1,2-b]indole 7 (8.00 g, 97.5 mmol, 1 eq.) was dissolved 

in dry tetrahydrofuran (100 mL), followed by the addition of (±)-

epichlorohydrin (21.89 mL, 279.9 mmol, 7 eq.). Potassium hydroxide (5.47 

g, 97.5 mmol, 2.5 eq.) was then added slowly and the reaction mixture was 

heated to 85 °C for 10 hours. The turbid reaction mixture was filtered to 

remove salts, and the salts mass was rinsed with acetone (20 cm3). The 

solvent was then removed in vacuo and the solid obtained was dissolved in dichloromethane (100 mL) 

and washed with distilled water (100 mL). The organic layer was then dried over anhydrous sodium 

sulfate, filtered and the solvent was removed in vacuo to afford the crude product. The product was 

triturated from methanol. (Yield 83%); Light brown solid; Rf 0.33 (1:9 ethyl acetate: hexane); mp 121 

- 122 °C; νmax (neat)/cm-1 1459 (C-C str, m), 1439 (C-H str, m), 1345 (C-H bend, m), 837 (C-H “oop”, m), 

736 (C-H “oop”, vs), 716 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 7.67 – 7.62 (1H, m, ArH), 7.58 – 

7.53 (1H, m, ArH), 7.45 – 7.40 (1H, m, ArH), 7.40 – 7.33 (1H, m, ArH), 7.28 – 7.15 (2H, m, ArH), 4.73 

(1H, dd, J = 15.8, 3.4 Hz, H-1’), 4.58 (1H, dd, J = 15.7, 4.4 Hz, H-1’), 3.72 (2H, s, H-7), 3.45 – 3.39 (1H, 

m, H-2’), 2.82 – 2.77 (1H, m, H-3’), 2.57 (1H, dd, J = 4.7, 2.6 Hz, H-3’); 13C NMR (75 MHz, CDCl3); δ 148.2 

(C-5), 144.6 (C-15), 141.9 (C-4), 135.2 (C-3), 126.7 (C-10), 125.8 (C-2), 124.9 (C-1), 124.5 (C-6), 121.7 

(C-13), 121.2 (C-12), 120.2 (C-11), 119.3 (C-14), 117.9 (C-8), 110.2 (C-9), 51.1 (C-2’), 45.9 (C-1’), 45.3 

(C-3’), 30.3 (C-7). HRMS m/z (ESI) (C18H15NO) 262.1248 ([M + H]+ requires 262.1226). 

4.5.1.4.   General method for epoxide ring opening 

The appropriate amine (1.54 mmol, 2 eq.) was added to a solution of 5-(oxiran-2-ylmethyl)-5,10-

dihydroindeno[1,2-b]indole 8 (0.20 g, 0.77 mmol, 1 eq.) in absolute ethanol (15 mL). The reaction 

mixture was heated at reflux for 12 h. The progress of the reaction was monitored by TLC. After 

reaction, the mixture was quenched with distilled water (30 mL) and extracted with ethyl acetate (3 x 

20 mL). The organic phase was washed with water (3 x 20 mL) and brine (3 x 20 mL). The organic layer 

was then dried over anhydrous sodium sulfate, filtered and the solvent was removed in vacuo to afford 

the crude product. The obtained crude product was purified by either recrystallization from ethanol 

or column chromatography. 
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4.5.1.4.1. rac-1-(Benzylamino)-3-(indeno[1,2-b]indole-5(10H)-yl)propan-2-ol 9  

(Yield 42%); Off-white solid; Rf 0.24 (5% MeOH: DCM); mp 130 °C; 

νmax (neat)/cm-1 3289 (N-H str, w), 3054 (O-H str, w), 1495 (N-H 

bend, w), 1458 (C-C str, m), 1437 (O-H bend, m), 1342 (C-H bend, 

m), 1118 (C-N str, m), 1102 (C-O str, m), 879 (C-H “oop”, m), 732 (C-

H “oop”, vs), 697 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 7.66 

– 7.58 (2H, m, ArH’s), 7.52 (1H, d, J = 7.3 Hz, ArH), 7.42 – 7.35 (1H, 

m, ArH), 7.34 – 7.10 (9H, m, ArH’s), 4.52 – 4.35 (2H, m, H-16), 4.19 

– 4.07 (1H, m, H-17), 3.68 (2H, s, H-7), 3.68 – 3.54 (2H, m, H-1’), 2.75 

(1H, dd, J = 12.1, 3.7 Hz, H-18), 2.62 (1H, dd, J = 12.1, 8.3 Hz, H-18), 2.32 (2H, br s, OH & NH); 13C NMR 

(75 MHz, CDCl3); δ 148.2 (C-4), 144.7 (C-5), 141.8 (C-15), 139.7 (C-2’), 135.4 (C-3), 128.6 (C-4’ & C-6’), 

128.2 (C-3’ & C-7’), 127.3 (C-5’), 126.7 (C-2), 125.7 (C-10), 124.8 (C-1), 124.4 (C-6), 121.5 (C-13), 120.9 

(C-12), 120.0 (C-11), 119.2 (C-14), 118.3 (C-8), 110.5 (C-9), 69.7 (C-17), 53.7 (C-16), 52.2 (C-18), 48.9 

(C-1’), 30.2 (C-7). HRMS m/z (ESI) (C25H24N2O) 369.1964 ([M + H]+ requires 369.1961). 

4.5.1.4.2. rac-1-[Indeno[1,2-b]indole-5(10H)-yl]-3-[(4-methoxybenzyl)amino]propan-2-ol 10  

(Yield 97%); Yellow solid; Rf 0.26 (5% MeOH: DCM); mp 118 °C; 

νmax (neat)/cm-1 3268 (N-H str, m), 3053 (O-H str, m), 1608 (C-C 

str (in-ring), m), 1510 (N-H bend, s), 1437 (O-H bend, s), 1343 (C-

H bend, s), 1246 (C-N str, vs), 1174 (C-N str, s), 1117 (C-O str, s), 

1035 (s), 911 (s), 825 (C-H “oop”, s), 727 (C-H “oop”, vs); 1H NMR 

(300 MHz, CDCl3); δ 7.63 (2H, m, ArH’s), 7.54 (1H, d, J = 7.3 Hz, 

ArH), 7.40 (1H, d, J = 7.3 Hz, ArH), 7.33 (1H, dd, J = 8.3, 7.5 Hz, 

ArH), 7.25 – 7.12 (3H, m, ArH’s), 7.07 (2H, d, J = 8.6 Hz, H-3’ & H-

7’), 6.79 (2H, d, J = 8.6 Hz, H-4’ & H-6’), 4.54 – 4.37 (2H, m, H-16), 4.22 – 4.10 (1H, m, H-17), 3.78 (3H, 

s, OCH3), 3.70 (2H, s, H-7), 3.57 (2H, dd, J = 18.0, 12.0 Hz, H-1’), 2.81 – 2.57 (4H, m, OH & NH & H-18); 

13C NMR (75 MHz, CDCl3); δ 158.9 (C-5’), 148.2 (C-4), 144.7 (C-5), 141.8 (C-15), 135.4 (C-3), 131.4 (C-

2’), 129.5 (C-3’ & C-7’), 126.7 (C-2), 125.70(C-10), 124.8 (C-1), 124.4 (C-6), 121.5 (C-13), 121.0 (C-12), 

120.0 (C-11), 119.2 (C-14), 118.3 (C-8), 114.0 (C-4’ & C-6’), 110.5 (C-9), 69.6 (C-17), 55.4 (OCH3), 53.0 

(C-16), 52.0 (C-18), 48.9 (C-1’), 30.2 (C-7). HRMS m/z (ESI) (C26H26N2O2) 399.2085 ([M + H]+ requires 

399.2067). 
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4.5.1.4.3. rac-1-[Indeno[1,2-b]indole-5(10H)-yl]-3-[(4-methylbenzyl)amino]propan-2-ol 11 

(Yield 64%); Yellow solid; Rf 0.20 (5% MeOH: DCM); mp 147 °C; νmax 

(neat)/cm-1 3293 (N-H str, w), 3050 (O-H str, w), 1493 (N-H bend, 

s), 1458 (C-C str, s), 1342 (C-H bend, s), 1120 (C-O str, s), 1097 (s), 

908 (s), 881 (s), 812 (C-H “oop”, s), 733 (C-H “oop”, vs); 1H NMR 

(300 MHz, CDCl3); δ 7.69 – 7.61 (2H, m, ArH’s), 7.55 (1H, d, J = 7.3 

Hz, ArH), 7.41 (1H, d, J = 7.3 Hz, ArH), 7.34 (1H, td, J = 7.5, 0.9 Hz, 

ArH), 7.26 – 7.14 (3H, m, ArH’s), 7.07 (4H, s, H-3’ & H-4’ & H-6’ & 

H-7”), 4.54 – 4.36 (2H, m, H-16), 4.19 – 4.08 (1H, m, H-17), 3.71 

(2H, s, H-7), 3.60 (2H, dd, J = 18.0, 12.0 Hz, H-1’), 2.76 (1H, dd, J = 12.1, 3.7 Hz, H-18), 2.64 (1H, dd, J = 

12.1, 8.3 Hz, H-18), 2.33 (3H, s, H-8’); 13C NMR (75 MHz, CDCl3); δ 148.2 (C-4), 144.7 (C-5), 141.8 (C-

15), 136.9 (C-2’), 136.7 (C-5’), 135.4 (C-3), 129.2 (C-3’ & C-7’), 128.2 (C-4’ & C-6’), 126.7 (C-2), 125.7 

(C-10), 124.8 (C-1), 124.3 (C-6), 121.5 (C-13), 120.9 (C-12), 120.0 (C-11), 119.2 (C-14), 118.3 (C-8), 110.5 

(C-9), 69.7 (C-17), 53.4 (C-16), 52.1 (C-18), 48.9 (C-1’), 30.2 (C-7), 21.2 (C-8’). HRMS m/z (ESI) 

(C26H26N2O) 383.2137 ([M + H]+ requires 383.2118). 

4.5.1.4.4. rac-1-[Indeno[1,2-b]indole-5(10H)-yl]-3-([4-(trifluoromethylbenzyl]amino)propan-2-ol 12 

(Yield 82%); Orange viscous oil; Rf 0.31 (EtOAc); νmax (neat)/cm-1 

3057 (O-H str, w), 1460 (N-H bend, m), 1437 (O-H bend, m), 1323 

(C-H bend, s), 1163 (C-N str, s), 1112 (C-O str, s), 1064 (s), 1016 

(C-F str, s), 908 (s), 848 (C-H “oop”, m), 731 (C-H “oop”, vs), 634 

(m); 1H NMR (300 MHz, CDCl3); δ 7.66 – 7.60 (2H, m, ArH’s), 7.56 

– 7.48 (3H, m, ArH’s), 7.40 (1H, dd, J = 6.9, 1.7 Hz, ArH), 7.35 – 

7.12 (6H, m, ArH’s), 4.55 – 4.39 (2H, m, H-16), 4.25 – 4.14 (1H, m, 

H-17), 3.78 – 3.62 (4H, m, H-1’ & H-7), 2.85 (2H, br s, OH & NH), 

2.75 (1H, dd, J = 12.2, 3.7 Hz, H-18), 2.65 (1H, dd, J = 12.1, 8.1 Hz, H-18); 13C NMR (75 MHz, CDCl3); δ 

148.2 (C-4), 144.6 (C-4), 143.1 (C-2’), 141.8 (C-15), 135.3 (C-3), 129.7 (q, J = 32.3 Hz, #C-3’ & C-7’), 128.5 

(C-5’), 126.7 (C-2), 126.1 (CF3), 125.8 (C-10), 125.5 (q, J = 4.5 Hz, #C-4’ & C-6’), 124.9 (C-1), 124.4 (C-6), 

121.6 (C-13), 121.1 (C-12), 120.1 (C-11), 119.3 (C-14), 118.2 (C-8), 110.4 (C-9), 69.6 (C-17), 53.0 (C-16), 

52.0 (C-18), 48.8 (C-1’), 30.2 (C-7). HRMS m/z (ESI) (C26H23F3N2O) 437.2012 ([M + H]+ requires 

437.1835). #Splitting of carbon peaks due to fluorine. 
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4.5.1.4.5. rac-1-[(4-Fluorobenzyl)amino]-3-(indeno[1,2-b]indole-5-(10H)-yl)propan-2-ol 13  

(Yield 85%); Orange viscous oil; Rf 0.15 (EtOAc); νmax (neat)/cm-1 

3050 (O-H str, w), 2922 (C-H str, w), 1508 (N-H bend, s), 1459 (C-C 

str, s), 1344 (C-H bend, s), 1210 (C-N str, s), 1117 (C-O str, s), 1011 

(C-F str, m), 823 (C-H “oop”, s), 737 (C-H “oop”, vs); 1H NMR (300 

MHz, CDCl3); δ 7.62 (2H, d, J = 6.9 Hz, ArH’s), 7.53 (1H, d, J = 7.3 Hz, 

ArH), 7.42 – 7.35 (1H, m, ArH), 7.31 (1H, td, J = 7.7, 0.5 Hz, ArH), 

7.25 – 7.13 (3H, m, ArH’s), 7.13 – 7.03 (2H, m, ArH’s), 6.91 (2H, t, J 

= 8.7 Hz, ArH’s), 4.51 – 4.34 (2H, m, H-16), 4.23 – 4.11 (1H, m, H-17), 

3.68 (2H, s, H-7), 3.57 (2H, dd, J = 18.0, 12.0 Hz, H-1’), 3.40 (2H, br s, OH & NH), 2.71 (1H, dd, J = 12.1, 

3.6 Hz, H-18), 2.61 (1H, dd, J = 12.1, 8.4 Hz, H-18); 13C NMR (75 MHz, CDCl3); δ 162.2 (d, J = 245.4 Hz, 

#C-5’), 148.2 (C-4), 144.6 (C-5), 141.7 (C-15), 135.3 (C-3), 134.3 (d, J = 3.2 Hz, #C-2’), 130.0 (d, J = 8.0 

Hz, #C-3’ & C-7’), 126.7 (C-2), 125.7 (C-10), 124.9 (C-1), 124.4 (C-6), 121.6 (C-13), 121.0 (C-12), 120.1 

(C-11), 119.3 (C-14), 118.2 (C-8), 115.4 (d, J = 21.3 Hz, #C-4’ & C-6’), 110.5 (C-9), 69.4 (C-17), 52.6 (C-

16), 51.8 (C-18), 48.8 (d, J = 2.3 Hz, C-1’), 30.2 (C-7). HRMS m/z (ESI) (C25H23FN2O) 387.1868 ([M + H]+ 

requires 387.1867). #Splitting of carbon peaks due to fluorine. 

4.5.1.4.6. rac-1-[(4-Chlorobenzyl)amino]-3-(indeno[1,2-b]indole-5-(10H)-yl)propan-2-ol 14  

(Yield 52%); Off-white solid; Rf 0.29 (5% MeOH: DCM); mp 145 °C; 

νmax (neat)/cm-1 3293 (N-H str, w), 3052 (O-H str, w), 1493 (N-H 

bend, s), 1438 (O-H bend, m), 1342 (C-H bend, s), 1174 (C-N str, s), 

1094 (s), 907 (s), 880 (s), 757 (C-Cl str, s), 731 (C-H “oop”, vs); 1H 

NMR (300 MHz, CDCl3); δ 7.67 – 7.60 (2H, m, ArH’s), 7.54 (1H, d, J 

= 7.3 Hz, ArH), 7.40 (1H, dd, J = 7.2, 1.3 Hz, ArH), 7.32 (1H, td, J = 

7.5, 0.8 Hz, ArH), 7.25 – 7.14 (5H, m, ArH’s), 7.09 (2H, d, J = 8.4 Hz, 

ArH’s), 4.55 – 4.38 (2H, m, H-16), 4.21 – 4.10 (1H, m, H-17), 3.70 

(2H, s, H-7), 3.61 (2H, dd, J = 18.9, 12.0 Hz, H-1’), 2.74 (1H, dd, J = 12.1, 3.7 Hz, H-18), 2.62 (1H, dd, J = 

12.1, 8.1 Hz, H-18), 2.24 (2H ,br s, OH & NH); 13C NMR (75 MHz, CDCl3); δ 148.2 (C-4), 144.7 (C-5), 

141.7 (C-15), 138.1 (C-2’), 135.4 (C-3), 133.0 (C-5’), 129.6 (C-3’ & C-7’), 128.7 (C-4’ & C-6’), 126.7 (C-2), 

125.8 (C-10), 124.9 (C-1), 124.4 (C-6), 121.6 (C-13), 121.0 (C-12), 120.0 (C-11), 119.3 (C-14), 118.2 (C-

8), 110.4 (C-9), 69.7 (C-17), 53.0 (C-16), 52.1 (C-18), 48.9 (C-1’), 30.2 (C-7). HRMS m/z (ESI) 

(C25H23ClN2O) 403.1595 ([M + H]+ requires 403.1572). 
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4.5.1.4.7. rac-1-[Indeno[1,2-b]indole-5(10H)-yl]-3-([3-(trifluoromethylbenzyl]amino)propan-2-ol 15 

(Yield 69%); Yellow solid; Rf 0.39 (5% MeOH: DCM); mp 148 °C; νmax 

(neat)/cm-1 3289 (N-H str, w), 3054 (O-H str, w), 1494 (N-H bend, 

m), 1459 (C-C str, m), 1437 (O-H bend, m), 1328 (C-H bend, s), 1165 

(C-N str, s), 1115 (C-O str, s), 1071 (C-F str, s), 917 (m), 803 (C-H 

“oop”, m), 731 (C-H “oop”, s), 703 (C-H “oop”, s); 1H NMR (300 MHz, 

CDCl3); δ 7.67 – 7.60 (2H, m, ArH’s), 7.57 – 7.47 (3H, m, ArH’s), 7.43 

– 7.35 (3H, m, ArH’s), 7.32 (1H, td, J = 7.6, 1.0 Hz, ArH), 7.25 – 7.12 

(3H, m, ArH’s), 4.58 – 4.40 (2H, m, H-16), 4.25 – 4.12 (1H, m, H-17), 

3.78 – 3.63 (4H, m, H-1’ & H-7), 2.79 (1H, dd, J = 12.1, 3.7 Hz, H-18), 2.67 (1H, dd, J = 12.1, 8.0 Hz, H-

18), 2.24 (2H, br s, OH & NH); 13C NMR (75 MHz, CDCl3); δ 148.2 (C-4), 144.7 (C-5), 141.7 (C-15), 140.7 

(C-2’), 135.3 (C-3), 131.5 (C-7’), 131.1 (C-4’), 130.7 (C-6’), 129.0 (C-3’), 126.7 (C-2), 126.1 (CF3), 125.8 

(C-10), 124.9 (C-1), 124.4 (C-6), 124.2 (C-5’), 121.6 (C-13), 121.0 (C-12), 120.1 (C-11), 119.3 (C-14), 

118.2 (C-8), 110.4 (C-9), 69.9 (C-17), 53.3 (C-16), 52.2 (C-18), 48.8 (C-1’), 30.2 (C-7). HRMS m/z (ESI) 

(C26H23F3N2O) 437.1878 ([M + H]+ requires 437.1835). 

4.5.1.4.8. rac-1-[(3-Chlorobenzyl)amino]-3-(indeno[1,2-b]indole-5-(10H)-yl)propan-2-ol 16  

(Yield 70%); Off-white solid; Rf 0.37 (5% MeOH: DCM); mp 150 °C; 

νmax (neat)/cm-1 3278 (N-H str, m), 3051 (O-H str, w), 1495 (N-H 

bend, s), 1460 (C-C str, s), 1435 (O-H bend, s), 1343 (C-H bend, s), 

1204 (C-N str, s), 1091 (s), 916 (s), 785 (C-Cl str, s), 733 (C-H “oop”, 

vs), 704 (C-H “oop”, s), 680 (C-H “oop”, s); 1H NMR (300 MHz, 

CDCl3); δ 7.67 – 7.59 (2H, m, ArH’s), 7.54 (1H, d, J = 7.3 Hz, ArH), 

7.40 (1H, d, J = 7.5 Hz, ArH), 7.33 (1H, td, J = 7.5, 0.7 Hz, ArH), 7.25 

– 7.11 (6H, m, ArH’s), 7.05 (1H, d, J = 6.7 Hz, ArH), 4.55 – 4.39 (2H, 

m, H-16), 4.20 – 4.10 (1H, m, H-17), 3.71 (2H, s, H-7), 3.62 (2H, dd, J = 18.0, 12.0 Hz, H-1’), 2.76 (1H, 

dd, J = 12.1, 3.7 Hz, H-18), 2.64 (1H, dd, J = 12.1, 8.1 Hz, H-18), 2.25 (2H, br s, OH & NH); 13C NMR (75 

MHz, CDCl3); δ 148.2 (C-4), 144.7 (C-5), 141.8 (C-2’), 141.7 (C-15), 135.3 (C-3), 134.4 (C-4’), 129.8 (C-

3’), 128.3 (C-5’), 127.4 (C-6’), 126.7 (C-2), 126.3 (C-7’), 125.8 (C-10), 124.9 (C-1), 124.4 (C-6), 121.6 (C-

13), 121.0 (C-12), 120.0 (C-11), 119.3 (C-14), 118.2 (C-8), 110.4 (C-9), 69.8 (C-17), 53.2 (C-16), 52.1 (C-

18), 48.9 (C-1’), 30.2 (C-7). HRMS m/z (ESI) (C25H23ClN2O) 403.1726 ([M + H]+ requires 403. 1572). 
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4.5.1.4.9. rac-1-[(2-Chlorobenzyl)amino]-3-(indeno[1,2-b]indole-5-(10H)-yl)propan-2-ol 17  

(Yield 62%); Off-white solid; Rf 0.39 (5% MeOH: DCM); mp 156 °C; 

νmax (neat)/cm-1 3269 (N-H str, m), 3055 (O-H str, w), 1497 (N-H 

bend, s), 1461 (C-C str, s), 1437 (O-H bend, s), 1345 (C-H bend, s), 

1103 (C-O str, s), 911 (s), 756 (C-Cl str, s), 731 (C-H “oop”, vs); 1H 

NMR (300 MHz, CDCl3); δ 7.70 – 7.59 (2H, m, ArH’s), 7.54 (1H, d, J = 

7.3 Hz, ArH), 7.42 (1H, d, J = 7.5 Hz, ArH), 7.37 – 7.28 (2H, m, ArH’s), 

7.25 – 7.11 (6H, m, ArH’s), 4.57 – 4.42 (2H, m, H-16), 4.23 – 4.13 

(1H, m, H-17), 3.86 – 3.74 (2H, m, H-1’), 3.71 (2H, s, H-7), 2.78 (1H, 

dd, J = 12.2, 3.7 Hz, H-18), 2.66 (1H, dd, J = 12.2, 8.2 Hz, H-18), 2.34 (2H ,br s, OH & NH); 13C NMR (75 

MHz, CDCl3); δ 148.2 (C-4), 144.7 (C-5), 141.8 (C-15), 137.0 (C-2’), 135.4 (C-3), 133.9 (C-3’), 130.3 (C-

7’), 129.7 (C-4’), 128.7 (C-5’), 127.0 (C-6’), 126.7 (C-2), 125.7 (C-10), 124.8 (C-1), 124.4 (C-6), 121.5 (C-

13), 121.0 (C-12), 120.0 (C-11), 119.2 (C-14), 118.3 (C-8), 110.5 (C-9), 69.7(C-17), 55.0 (C-16), 51.2 (C-

18), 48.8 (C-1’), 30.3 (C-7). HRMS m/z (ESI) (C25H23ClN2O) 403.1577 ([M + H]+ requires 403. 1572).  

4.5.1.4.10. rac-1-(Dibenzylamino)-3-(indeno[1,2-b]indole-5-(10H)-yl)propan-2-ol 18   

(Yield 46%); Orange viscous oil; Rf 0.39 (EtOAc); νmax (neat)/cm-1 

3057 (O-H str, m), 1494 (N-H bend, s), 1456 (C-C str, s), 1440 (N-H 

bend, s), 1345 (C-H bend, s), 1025 (s), 734 (C-H “oop”, vs), 696 (C-H 

“oop”, vs); 1H NMR (300 MHz, CDCl3); δ 7.68 – 7.62 (1H, m, ArH), 

7.54 (2H, t, J = 7.4 Hz, ArH’s), 7.40 – 7.14 (15H, m, ArH’s), 4.46 – 4.30 

(2H, m, H-16), 4.26 – 4.16 (1H, m, H-17), 3.80 (2H, s, H-7), 3.73 (3H, 

t, J = 6.7 Hz, H-1” & OH), 3.43 (2H, d, J = 13.4 Hz, H-1’), 2.70 (1H, dd, 

J = 12.7, 9.4 Hz, H-18), 2.54 (1H, dd, J = 12.7, 4.0 Hz, H-18); 13C NMR 

(75 MHz, CDCl3); δ 148.2 (C-4), 144.6 (C-5), 141.7 (C-15), 138.2 (C-2’ & C-2”), 135.4 (C-3), 129.2 (C-3’ 

& C-7’ & C-3” & C-7”), 128.6 (C-4’ & C-6’ & C-4” & C-6”), 127.5 (C-5’ & C-5”), 126.7 (C-2), 125.7 (C-10), 

124.7 (C-1), 124.3 (C-6), 121.4 (C-13), 120.9 (C-12), 119.9 (C-11), 119.2 (C-14), 118.3 (C-8), 110.4 (C-9), 

67.5 (C-17), 58.6 (C-1’ & C-1”), 53.2 (C-16), 49.0 (C-18), 30.2 (C-7). HRMS m/z (ESI) (C32H30N2O) 

459.2462 ([M + H]+ requires 459.2431). 
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4.5.1.4.11. rac-1-(Indeno[1,2-b]indol-5(10H)-yl)-3-[(3-morpholinopropyl)amino]propan-2-ol 19  

(Yield 91%); Orange viscous oil; Rf 0.27 (5% MeOH: DCM); νmax 

(neat)/cm-1 3053 (O-H str, w), 2810 (C-H str, s), 1608 (C-C str (in-

ring), w), 1525 (N-H bend, m), 1460 (C-C str, s), 1439 (O-H bend, 

s), 1345 (C-H bend, s), 1114 (C-O str, vs), 861 (s), 735 (C-H “oop”, 

vs); 1H NMR (300 MHz, CDCl3); δ 7.68 (1H, d, J = 7.6 Hz, ArH), 

7.63 (1H, dd, J = 7.1, 1.4 Hz, ArH), 7.54 (1H, d, J = 7.3 Hz, ArH), 

7.45 – 7.40 (1H, m, ArH), 7.34 (1H, td, J = 7.5, 0.9 Hz, ArH), 7.25 

– 7.10 (3H, m, ArH’s), 4.55 – 4.37 (2H, m, H-16), 4.19 – 4.08 (1H, m, H-17), 3.71 (2H, s, H-7), 3.69 – 3.60 

(4H, m, H-5’ & H-6’), 2.72 (1H, dd, J = 12.2, 3.6 Hz, H-18), 2.65 – 2.47 (3H, m, H-18 & H-1’), 2.41 – 2.23 

(6H, m, H-3’ & H-4’ & H-7’), 1.62 – 1.47 (2H, m, H-2’); 13C NMR (75 MHz, CDCl3); δ 148.2 (C-4), 144.7 

(C-5), 141.8 (C-15), 135.4 (C-3), 126.7 (C-2), 125.7 (C-10), 124.8 (C-1), 124.3 (C-6), 121.5 (C-13), 120.9 

(C-12), 119.9 (C-11), 119.2 (C-14), 118.2 (C-8), 110.5 (C-9), 69.6 (C-17), 670.0 (C-5’ & C-6’), 57.1 (C-16), 

53.8 (C-4’ & C-7’), 52.7 (C-18), 48.9 (C-3’), 48.1 (C-1’), 30.2 (C-7), 26.6 (C-2’). HRMS m/z (ESI) 

(C25H31N3O2) 406.2495 ([M + H]+ requires 406.2489). 

4.5.1.4.12. rac-1-(Indeno[1,2-b]indol-5(10H)-yl)-3-[(2-morpholinoethyl)amino]propan-2-ol 20 

(Yield 85%); Orange viscous oil; Rf 0.13 (EtOAc); νmax (neat)/cm-

1 3053 (O-H str, w), 2811 (C-H str, m), 1496 (N-H bend, s), 1439 

(O-H bend, s), 1345 (C-H bend, s), 1239 (C-N str, s), 1114 (C-O 

str, s), 1017 (m), 866 (C-H “oop”, m), 736 (C-H “oop”, vs); 1H 

NMR (300 MHz, CDCl3); δ 7.69 (1H, d, J = 7.5 Hz, ArH), 7.63 (1H, 

dd, J = 7.0, 1.5 Hz, ArH), 7.54 (1H, d, J = 7.3 Hz, ArH), 7.43 (1H, 

d, J = 7.5 Hz, ArH), 7.34 (1H, td, J = 7.5, 0.9 Hz, ArH), 7.25 – 7.11 

(3H, m, ArH’s), 4.56 – 4.38 (2H, m, H-16), 4.19 – 4.08 (1H, m, H-17), 3.71 (2H, s, H-7), 3.67 – 3.58 (4H, 

m, H-4’ & H-5’), 2.72 (1H, dd, J = 12.5, 3.5 Hz, H-18), 2.65 – 2.53 (3H, m, H-18 & H-1’), 2.39 – 2.30 (6H, 

m, H-2’ & H-3’ & H-6’); 13C NMR (75 MHz, CDCl3); δ 148.1 (C-4), 144.6 (C-5), 141.7 (C-15), 135.3 (C-3), 

126.8 (C-2), 125.7 (C-10), 124.9 (C-1), 124.3 (C-6), 121.6 (C-13), 120.9 (C-12), 120.0 (C-11), 119.2 (C-

14), 118.3 (C-8), 110.5 (C-9), 68.8 (C-17), 66.8 (C-4’ & C-5’), 56.6 (C-16), 53.4 (C-3’ & C-6’), 52.1 (C-2’), 

48.6 (C-18), 45.1 (C-1’), 30.2 (C-7). HRMS m/z (ESI) (C24H29N3O2) 392.2348 ([M + H]+ requires 392.2332). 
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4.5.1.4.13. rac-1-(Indeno[1,2-b]indole-5(10H)-yl)-3-[(pyridine-3-ylmethyl)amino]propan-2-ol 21 

(Yield 72%); Orange viscous oil; Rf 0.23 (5% MeOH: DCM); νmax 

(neat)/cm-1 3053 (O-H str, m), 2889 (C-H str, m), 1460 (N-H bend, 

s), 1439 (O-H bend, s), 1344 (C-H bend, s), 1123 (C-O str, s), 907 (m), 

729 (C-H “oop”); 1H NMR (300 MHz, CDCl3); δ 8.44 – 8.37 (2H, m, H-

3’ & H-4’), 7.62 (2H, m, ArH’), 7.56 – 7.48 (2H, m, ArH’s), 7.40 (1H, 

d, J = 7.6 Hz, ArH), 7.31 (1H, td, J = 7.8, 0.6 Hz, ArH), 7.24 – 7.11 (4H, 

m, ArH’s), 4.57 – 4.40 (2H, m, H-16), 4.26 – 4.15 (1H, m, H-17), 3.75 

– 3.58 (4H, m, H-1’ & H-7), 2.79 (1H, dd, J = 12.1, 3.7 Hz, H-18), 2.67 

(1H, dd, J = 12.0, 7.9 Hz, H-18), 2.47 (2H, s, OH & NH); 13C NMR (75 MHz, CDCl3); δ 149.6 (C-3’), 148.6 

(C-4’), 148.2 (C-4), 144.7 (C-5), 141.8 (C-15), 135.9 (C-2’), 135.4 (C-3), 135.2 (C-6’), 126.7 (C-2), 125.7 

(C-10), 124.9 (C-1), 124.4 (C-6), 123.5 (C-5’), 121.6 (C-13), 121.0 (C-12), 120.0 (C-11), 119.3 (C-14), 

118.2 (C-8), 110.4 (C-9), 69.9 (C-17), 52.3 (C-16), 51.2 (C-1’), 48.9 (C-18), 30.2 (C-7). HRMS m/z (ESI) 

(C24H23N3O) 370.1909 ([M + H]+ requires 370.1914). 

4.5.1.4.14. rac-1-(Indeno[1,2-b]indol-5(10H)-yl)-3-[(1,2,3,4-tetrahydronaphthalen-1-yl)amino] 

propan-2-ol 22 

(Yield 98%); Orange viscous oil; Rf 0.31 (5% MeOH: DCM); νmax 

(neat)/cm-1 3055 (O-H str, m), 2927 (C-H str, s), 1488 (N-H bend, 

s), 1459 (C-C str, s), 1344 (C-H bend, m), 733 (C-H “oop”, vs); 1H 

NMR (300 MHz, CDCl3); δ 7.71 (1H, d, J = 7.5 Hz, ArH), 7.65 (1H, d, 

J = 6.9 Hz, ArH), 7.55 (1H, d, J = 7.3 Hz, ArH), 7.46 (1H, d, J = 7.6 Hz, 

ArH), 7.39 – 7.04 (12H, m, ArH’s), 4.61 – 4.45 (2H, m, H-16), 4.20 

– 4.09 (1H, m, H-17), 3.91 (1H, t, J = 5.6 Hz, H-1’), 3.72 (2H, s, H-7), 

3.70 (2H, s, OH & NH), 3.03 – 2.61 (6H, m, H-18 & H-4’), 2.05 – 1.58 

(8H, m, *H-2’ & *H-3’ ); 13C NMR (75 MHz, CDCl3); δ 148.22 (C-4), 144.7 (C-5), 141.8 & 141.1 (C-15), 

138.7 & 138.6 (C-10’), 137.4 (C-5’), 135.40 (C-3), 129.2 & 129.1 (C-8’), 128.1 (C-7’), 127.0 & 126.7 (C-

9’), 126.7 (C-2), 126.9 (C-6’), 125.7 (C-10), 124.8 (C-1), 124.3 (C-6), 121.5 (C-13), 120.9 (C-12), 119.9 (C-

11), 119.2 (C-14), 118.3 (C-8), 110.5 (C-9), 70.2 & 69.8 (C-17), 55.9 & 55.1 (C-1), 50.6 & 50.1 (C-16), 

49.4 & 49.3 & 48.9 & 48.8 (C-18), 33.4 (C-2’), 30.2 (C-7), 29.6 & 29.4 (C-4’), 19.6 & 19.0 & 18.9 (C-3’). 

HRMS m/z (ESI) (C28H28N2O) 409.2291 ([M + H]+ requires 409.2274). 
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4.5.1.4.15. rac-1-[(Furan-2-ylmethyl)amino]-3-(indeno[1,2-b]indol-5(10H)-yl)propan-2-ol 23 

(Yield 80%); Orange solid; Rf 0.25 (EtOAc); mp 139 °C; νmax 

(neat)/cm-1 2924 (C-H str, m), 2850 (C-H str, m), 1459 (C-C str, s), 

1438 (O-H bend, s), 1343 (C-H bend, s), 1148 (C-O str, s), 1013 (s), 

732 (C-H “oop”, vs); 1H NMR (300 MHz, CDCl3); δ 7.68 – 7.59 (2H, 

m, ArH’s), 7.53 (1H, d, J = 7.3 Hz, ArH), 7.44 – 7.37 (1H, m, ArH), 

7.32 (1H, td, J = 7.4, 0.7 Hz, ArH), 7.26 (1H, d, J = 1.0 Hz, H-5’), 7.25 

– 7.11 (3H, m, ArH’s), 6.24 (1H, dd, J = 3.1, 1.9 Hz, H-4’), 6.06 (1H, 

d, J = 3.1 Hz, H-3’), 4.52 – 4.37 (2H, m, H-16), 4.24 – 4.13 (1H, m, H-

17), 3.70 (2H, s, H-7), 3.68 (2H, s, H-1’), 3.33 (2H ,br s, OH & NH), 2.76 (dd, J = 12.2, 3.6 Hz, H-18), 2.66 

(1H, dd, J = 12.2, 8.4 Hz, H-18); 13C NMR (75 MHz, CDCl3); δ 152.3 (C-2’), 148.2 (C-4), 144.6 (C-5), 142.3 

(C-5’), 141.8 (C-15), 135.3 (C-3), 126.7 (C-2), 125.7 (C-10), 124.8 (C-1), 124.4 (C-6), 121.6 (C-13), 121.0 

(C-12), 120.0 (C-11), 119.2 (C-14), 118.3 (C-8), 110.5 (C-9), 110.4 (C-4’), 108.0 & 107.9 (C-3’), 69.5 (C-

17), 51.7 (C-16), 48.8 (C-1’), 45.6 (C-18), 30.2 (C-7). HRMS m/z (ESI) (C23H22N2O2) 359.1774 ([M + H]+ 

requires 359.1754). 

4.5.1.4.16. rac-1-[Benzyl(methyl)amino]-3-(indeno[1,2-b]indol-5(10H)-yl)propan-2-ol 24 

(Yield 80%); Orange viscous oil; Rf 0.41 (5% MeOH: DCM); νmax 

(neat)/cm-1 3055 (O-H str, m), 2792 (C-H str, m), 1526 (C-C str (in-

ring), m), 1495 (N-H bend, s), 1458 (C-C str, s), 1439 (O-H bend, s), 

1345 (C-H bend, s), 1090 (m), 1018 (s), 734 (C-H “oop”, vs), 697 (C-

H “oop”, vs); 1H NMR (300 MHz, CDCl3); δ 7.70 – 7.62 (2H, m, 

ArH’s), 7.56 (1H, d, J = 7.4 Hz, ArH), 7.44 (1H, d, J = 7.7 Hz, ArH), 

7.38 – 7.15 (9H, m, ArH’s), 4.56 – 4.42 (2H, m, H-16), 4.28 – 4.18 

(1H, m, H-17), 3.73 (2H, s, H-7), 3.62 (1H, d, J = 13.0 Hz, H-1’), 3.45 

(1H, d, J = 13.0 Hz, H-1’), 2.63 (1H, dd, J = 12.2, 9.8 Hz, H-18), 2.46 (1H, dd, J = 12.3, 4.1 Hz, H-18), 2.43 

(1H, s, OH), 2.20 (3H, s, H-19); 13C NMR (75 MHz, CDCl3); δ 148.3 (C-4), 144.7 (C-5), 141.9 (C-15), 138.2 

(C-2’), 135.5 (C-3), 129.1 (C-3’ & C-7’), 128.5 (C-4’ & C-6’), 127.4 (C-5’), 126.7 (C-2), 125.7 (C-10), 124.7 

(C-1), 124.4 (C-6), 121.5 (C-13), 120.9 (C-12), 119.9 (C-11), 119.2 (C-14), 118.3 (C-8), 110.5 (C-9), 67.6 

(C-17), 62.5 (C-1’), 60.9 (C-18), 49.0 (C-16), 42.3 & 42.2 (C-19), 30.3 (C-7). HRMS m/z (ESI) (C26H26N2O) 

383.2142 ([M + H]+ requires 383.2118). 
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4.5.1.4.17. rac-1-[Hexyl(methyl)amino]-3-(indeno[1,2-b]indol-5(10H)-yl)propan-2-ol 25 

(Yield 80%); Orange viscous oil; Rf 0.41 (5% MeOH: DCM); νmax 

(neat)/cm-1 3157 (N-H str, m), 3048 (O-H str, m), 2926 (C-H str, s), 

2850 (C-H str, s), 1498 (N-H bend, s), 1458 (C-C str, s), 1439 (O-H 

bend, s), 1342 (C-H bend, s), 1104 (C-O str, s), 1013 (s), 735 (C-H 

“oop”, vs), 717 (C-H “oop”, vs); 1H NMR (300 MHz, CDCl3); δ 7.73 

(1H, d, J = 7.6 Hz, ArH), 7.64 (1H, d, J = 7.7 Hz, ArH), 7.55 (1H, d, J = 

7.4 Hz, ArH), 7.46 (1H, d, J = 7.9 Hz, ArH), 7.36 (1H, td, J = 7.6, 0.6 

Hz, ArH), 7.28 – 7.13 (3H, m, ArH’s), 4.58 – 4.41 (2H, m, H-16), 4.18 – 4.06 (1H, m, H-17), 3.73 (2H, s, 

H-7), 2.62 – 2.50 (2H, m, H-18), 2.43 – 2.29 (1H, m, H-1’), 2.20 (3H, s, H-19), 1.83 – 1.57 (5H, m, H-2’ & 

H-6’ & H-4’), 1.32 – 1.00 (5H, m, H-3’ & H-5’ & H-4’); 13C NMR (75 MHz, CDCl3); δ 148.3 (C-4), 144.8 (C-

5), 141.9 (C-15), 135.6 (C-3), 126.6 (C-2), 125.7 (C-10), 124.7 (C-1), 124.3 (C-6), 121.4 (C-13), 120.9 (C-

12), 119.8 (C-11), 119.2 (C-14), 118.3 (C-8), 110.5 (C-9), 67.3 (C-17), 63.6 (C-1’), 57.6 (C-18), 49.20 (C-

16), 30.3 (C-7), 29.2 (C-19), 28.6 (C-2’ & C-6’), 26.3 (C-4’), 26.0 (C-3’ & C-5’). HRMS m/z (ESI) (C25H30N2O) 

375.2448 ([M + H]+ requires 375.2431). 

4.5.2. Bioactivity screening 

Prior to screening, all compounds were dissolved in dimethyl sulfoxide due to the compounds being 

insoluble in water at high concentrations (10 mM). The final concentration of dimethyl sulfoxide in the 

assay were below 1%. 

4.5.2.1.   Acetylcholinesterase inhibitory activity 

Cholinesterase inhibitory activity for EeAChE was determined using the 5,5-dithiobis-2-nitrobenzoic 

acid (DTNB) assay as described by Ellman [40] and modified by Eldeen and co-workers [41]. Three 

buffers were prepared: Buffer A – 50 mM Tris-hydrochloride (pH 8); Buffer B - 50 mM Tris-

hydrochloride (pH 8), containing 0.1% bovine serum albumin; Buffer C - 50 mM Tris-hydrochloride (pH 

8), fortified with 0.1 M sodium chloride and 0.02 M magnesium chloride. Into 96-well plates were 

pipetted: 25 mL acetylthiocholine iodide (15 mM in distilled water), 125 mL DTNB (3 mM in buffer C), 

50 ml buffer B and either 25 mL buffer A (negative control), galantamine (positive control at 1 μM) or 

compounds 9 - 25. Absorbance was measured at 405 nm (four times) to account for baseline 

interference. An aliquot of 25 mL EeAChE (0.2 U/mL in buffer A) was pipetted into the plates and the 

absorbance measured every 45 s for fifteen cycles. EeAChE inhibition (%) was determined as the rate 

of the reaction (correcting for spontaneous colour changes) relative to the negative control.  
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4.5.2.2.   β-Secretase cleaving enzyme 1 inhibitory activity 

BACE 1 inhibitory activity was determined for compounds 9 - 25 using a purchased fluorescent BACE1 

activity detection kit according to the manufacture’s introductions (Sigma-Aldrich, St. Louis, USA). Two 

solutions were prepared: BACE1 substrate stock solution – 0.05 mM in supplied fluorescent assay 

buffer; BACE1 enzyme solution – 0.3 U/mL, containing supplied fluorescent assay buffer. Into 96-well 

plates were pipetted: 68 μL supplied fluorescent assay buffer (to samples), 20 μL BACE1 substrate 

solution (0.05 mM in supplied fluorescence assay buffer), 80 μL fluorescence assay buffer (negative 

control), 2 μL BACE1 enzyme solution (0.3 U/mL in supplied fluorescent assay buffer) or 2 μL 

compounds 9 – 25 (0.5 mM in distilled water). Plates were incubated for 2 h. BACE1 inhibition (%) was 

determined using a Synergy 2 fluorimeter (Bio-Tek Instruments, Inc.) with excitation set at 340 nm 

and emission at 450 nm. 

4.5.2.3.   Cytotoxicity screening 

Cytotoxicity was assessed using the SRB staining assay on the SH-SY5Y neuroblastoma cell line as 

described by Vichai and Kirtikara with minor modifications [42]. Although the SH-SY5Y cell line is 

cancerous in nature, it does present as a model of a neurological cellular environment. The SH-SY5Y 

cell line was cultured in DMEM/Ham's F12 nutrient, in a 1 to 1 ratio, medium supplemented with 10% 

foetal calf serum (FCS) in 75 mL flasks at 37 °C and 5% CO2 in a humidified incubator. Culture flasks 

with confluent cells were rinsed with phosphate buffered saline and harvested using TrypLe™Express 

to detach the cells. Detached cells were centrifuged (200 x g, 5 min), counted using the trypan blue 

exclusion assay (0.1%), and diluted to 1 x 105
 cells/μL in 10% FCS-fortified medium. The cell suspension 

(100 μL) was seeded into sterile, clear 96-well plates, and incubated overnight to allow the cells to 

attach. Blank wells contained 200 μL FCS (5%)-fortified media without cells to account for background 

noise and sterility. Attached cells were exposed to 100 μL medium (negative control), compounds 9 - 

25 (0.01 - 100 μM) or saponin (1%; positive control) prepared in FCS negative medium for 72 h at 37 

°C and 5% CO2 in a humidified incubator. Cells were fixed in the wells by adding 50 μL trichloroacetic 

acid (50%) and left overnight at 4 °C. Plates containing the fixed cells were washed three times with 

tap water and stained using 100 μL SRB solution (0.057% in 1% acetic acid) for 30 min at room 

temperature in the dark. Stained cells were washed four times with 150 μL acetic acid (1%) and air-

dried. The bound dye was eluted using 200 μL Tris-buffer (10 mM, pH 10.5) and the absorbance 

measured at 510 nm (reference 630 nm) using a ELx 800 microplate plate reader (Bio-Tek Instruments, 

Inc.). The blank value was subtracted from all the other values and the cell density was expressed 

relative to the negative control as a percentage. 
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4.5.2.4.   Statistics 

Assays were performed as three intra- as well as three inter-replicates. Statistical analyses were 

performed using Graph-Pad Prism 5.0 (GraphPad). The IC50 values were determined using non-linear 

regression analysis (variable slope) for AChE. BACE1 percentage inhibition was determined using linear 

regression analysis. 
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Chapter 5. Synthesis of novel 6,7-dimethoxy-1-phenyl-1,4-

dihydroindeno[1,2-c]pyrazole-3-carboxamide derivatives as 

potential N-methyl-D-aspartate receptor antagonists for the 

treatment of Alzheimer’s disease 
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ABSTRACT 

A series of twenty-four N-methyl-D-aspartate receptor antagonists, as potential agents for the 

treatment of Alzheimer’s disease, were designed and synthesized based upon the molecular skeletons 

of previously designed N-methyl-D-aspartate receptor antagonists. 6,7-Dimethoxy-N,1-diphenyl-1,4-

dihydroindeno[1,2-c]pyrazole-3-carboxamide 9 was afforded with the highest yield (68%). The 

synthesized compounds were found not to be selective towards AChE, therefore excluding them as 

possible AChE inhibitors for the treatment of Alzheimer’s disease. 
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5.1. INTRODUCTION 

Pyrazole 1 is an aromatic five-membered heterocyclic system belonging to the azole class of 

compounds containing two adjacent nitrogen atoms in the ring (Figure 5.1) [1, 2]. It is a π-excessive 

heterocycle, containing a pyrrole-type nitrogen (position 1) with unshared electrons that are 

conjugated with the aromatic ring and a pyridine-type nitrogen (position 2) in which the unshared 

electrons are not compromised with resonance [3]. Pyrazole 1 reacts differently with acids and bases 

in that the pyrrole-type nitrogen can form an anion, unlike the pyridine-type nitrogen which can form 

a cation, making it a very useful heterocyclic building block (Figure 5.1) [2, 3].   

 

Figure 5.1: Neutral pyrazole (centre) with cationic (left) and anionic (right) forms [3]. 

Although there are a number of approaches which can be followed for the synthesis of substituted 

pyrazoles [4-10], three classical methods are commonly used. These methods are based either on the 

cyclocondensation of hydrazines with carbonyl systems, 1,3-dipolar cycloadditions or 

multicomponent reactions [11]. 

The most common approach for obtaining substituted pyrazoles is via the cyclocondensation reaction 

between appropriate hydrazines and various carbonyl systems such as the 1,3-dicarbonyl system or 

the α,β-unsaturated carbonyl system [2, 12-14]. The Knorr pyrazole synthesis is a simple and rapid 

approach to obtain substituted pyrazole systems where a substituted 1,3-dicarbonyl system reacts 

with an appropriate hydrazine derivative to afford two regioisomers (Scheme 5.1) [11].   

 

Scheme 5.1. Knorr pyrazole synthesis [11].     

1,3-Dipolar cycloadditions to access pyrazoles depend on [3 + 2] cycloaddition reactions between an 

alkyne or an olefin and 1,3-dipolar compounds such as diazo compounds, sydnones or nitrimines. The 

Liang research group developed a method using zinc triflate as catalyst in the 1,3-dipolar cycloaddition 

between diazocarbonyl compounds and terminal alkynes in the presence of triethylamine to afford 
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the desired pyrazoles (Scheme 5.2) [15]. This is one of many examples which allow one to access 

pyrazoles via the 1,3-dipolar cycloaddition approach [16-19].    

 

Scheme 5.2. 1,3-Dipolar cycloaddition between diazocarbonyl compounds and terminal alkynes [15]. 

Multicomponent reactions are a versatile way of synthesizing pyrazoles in that one of the starting 

materials may be light or moisture sensitive and as such this approach may be seen as a one pot 

synthesis of pyrazoles. Due to the possible sensitivities it may therefore require the in situ formation 

of carbonyl [20-22], β-aminoenones [23], hydrazones [24-27] or diazo derivatives [28]. Aggarwal et al. 

developed a multicomponent process in which they generated diazo derivatives in situ and reacted 

them with various terminal alkynes and olefin derivatives to afford regioselective pyrazoles (Scheme 

5.3) [28]. 

 

Scheme 5.3. Multicomponent reactions of the synthesis of pyrazoles via in situ diazo derivatives [28]. 

Pyrazole derivatives have been reported with biological activities against a range of different disease 

classes including antimicrobial [29-31], anticancer [32-34], anti-inflammatory and analgesic [35-37] or 

antiviral properties [38, 39]. In addition, the scaffold has also been used in the development of 

neuroprotective compounds [40-47]. 

The exploration of pyrazole and pyrazoline as pharmacophores for N-methyl-D-aspartate (NMDA) 

receptor antagonists has been explored by several research groups [48-53]. The work done by Liotta 

and co-workers [48, 49], as well as Kawai et al. [50], is of interest due to the selectivity that these 

antagonists show towards the different subunits of NMDA (Figure 5.2). Thus, it was of interest to 

develop a hybridized molecule based on compounds 2 and 3. 
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Liotta et al., designed the selective GluN2C and GluN2D subunit NMDA antagonist, compound 2 

(Figure 5.2) which was found to have IC50 values of 0.22 μM and 0.17 μM against the subunits 

respectively. However, during their assessment of the physicochemical properties and 

pharmacokinetics of the inhibitor and its racemate, it was discovered that the compounds had a high 

topological polar surface area (TPSA >90 Å2), being outside the optimal range for blood-brain barrier 

(BBB) penetration [54], as well as poor P-glycoprotein (P-gp) penetration in vitro [49]. No literature 

could be found for the physicochemical properties and pharmacokinetics of Kawai compound 3 [50].  

 

Figure 5.2. Design strategy of target compounds 9 - 32. 

As such, in this study (Figure 5.2), the synthesis of hybrid compounds was proposed that combine the 

affinity for not only one but three of the four subunits of the NMDA receptor. As part of the design 

process, the rotatable substituted quinolone moiety (Part A) and pyrazoline moiety (Part B) of 

compound 2 were fused and the pyrazoline moiety was replaced with a pyrazole moiety to afford a 

simpler and more rigid system. Liotta and co-workers found that the aryl substituent on the quinolone 

moiety plays a role in the antagonism of NMDA, and to maintain this, an unsubstituted aryl moiety 

was introduced onto the pyrazole moiety, as an initial starting point in the design. In addition, as 
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heterocyclic amides have been shown to strongly antagonise the GluN2B receptor subunit [50], the 

aryl and pyrazoline moieties (Part B & C) of compound 2 were replaced with the amide moiety (Part 

D) of compound 3 and thereafter using different substituted aryl and benzyl groups as amide 

substituents. 

In this study, the synthesis of novel 6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide derivatives (9 - 32), and their acetylcholinesterase (AChE) inhibitory activity is reported.  

5.2. CHEMISTRY 

The preparation of the trisubstituted pyrazole 6 was achieved in two steps by the condensation of 

commercially available 5,6-dimethoxy-1-indanone 4 (Scheme 5.4) with diethyl oxalate to afford the 

1,3-diketoester 5’; however, a tautomeric equilibrium was observed with the alkenylidene compound 

5 being solely isolated without detection of the 1,3-diketoester 5’ [55, 56]. This was then followed by 

the Knorr pyrazole synthesis using phenylhydrazine hydrochloride to afford pyrazole 6 in a yield of 

81% over the two steps [56].  

 

Scheme 5.4: (i) 2.2 eq. NaOEt, 1 eq. (CO2Et)2, EtOH, rt, 12 h, 86%; (ii) 1 eq. PhNHNH2.HCl, EtOH, reflux, 

18 h, 94% 

The synthesis of the imidazole derivative 8 (Scheme 5.5) was achieved in two steps. The pyrazole ester 

6 was hydrolysed to afford carboxylic acid 7, which in turn was left to react under inert conditions with 

carbonyl diimidazole to afford the imidazole derivative 8 with a yield of 79% yield over two steps [57]. 

Interestingly, although imidazole derivatives of carboxylic acids are generally unstable in the presence 

of moisture, compound 8 proved to be moisture stable and once prepared could be readily stored for 

extended periods of time. 
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Scheme 5.5: (i) 2 eq. KOH, MeOH, reflux, 12 h, 95%; (ii) 1.2 eq. CDI, DCM, 0 °C, 2 h, 83%. 

The imidazole intermediate 8 (Scheme 5.6) was left to react with aniline for 48 hours at which time 

the formation of the desired amide 9 could not be detected [57]. The imidazole intermediate 8 was 

subsequently abandoned as it was confirmed that the amide coupling would not occur with imidazole 

as leaving group. This surprising lack of reactivity may be due to the highly conjugated nature of the 

system affording a very stable compound, which is unreactive towards nucleophilic substitution. As a 

result, the use of an acid chloride was investigated as an alternative to compound 8.   

 

Scheme 5.6: (i) 1.1 eq. PhNH2, ACN, reflux, 48 h, 0%.  

Oxalyl chloride was used as chlorinating agent to facilitate the in situ formation of the acid chloride of 

7, which, was in turn reacted with various anilines and benzylamines under inert conditions in a classic 

amide coupling reaction to afford amides 9 - 32 with yields of 39 – 68% (Scheme 5.7). 
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Scheme 5.7: (i) 1.2 eq. (COCl)2, 2.5 eq. Et3N; (ii) 1.2 eq. R-NH2, ACN, rt, 12 h, 39 – 68%.  

Compound 9 (Figure 5.3) is used as a representative example to describe how the structures were 

elucidated using NMR, HRMS and IR spectroscopy. The synthesis of 9 was evident by the 

disappearance of the carboxylic acid proton singlet peak at 12.98 ppm and the presence of the new 

characteristic amide proton singlet peak integrating for 1H at 8.81 ppm. The carbonyl carbon peak was 

observed to have shifted from 163.18 to 160.19 ppm in the 13C NMR spectrum, whereas the distinctive 

pyrazole carbon (N=C-CO) peak was observed to have shifted from 141.86 to 142.96 ppm. HRMS also 

confirmed the formation of 9, with a [M + H]+
 peak observed at 412.1689 which corresponded to the 

calculated [M + H]+ value of 412.1689. The formation of 9 was further supported by the appearance 

of an amide carbonyl peak in the IR spectrum at 1691 cm-1, which is indicative of an amide carbonyl 

stretch. The remaining compounds in the series were analysed in a similar manner, and the spectral 

assignments are provided in the experimental section. 

 

Figure 5.3. Compound 9. 

In order to correlate the correct regiochemistry of the phenyl-substituted pyrazole, the crystal 

structure of the precursor ester compound 6 was solved using x-ray diffraction (XRD) crystallography 

as indicated by the MERCURY diagram (indicating atoms at 50% probability) in Figure 5.4. 
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Figure 5.4. MERCURY diagram of ester precursor 6 (showing the 50% probability thermal ellipsoids for 

all non-hydrogen atoms). 

When developing new drugs for medicinal use, certain guidelines need to be adhered to such as 

Lipinski’s rule of five (RoF). The RoF serves as a guideline to assess drug-likeness or whether the 

chemical entity possesses certain pharmacological properties that would make it an orally active drug. 

One must, however, keep in mind that these rules do not predict whether a compound would be 

pharmacologically active or not. To adhere to Lipinski’s RoF the following is required: (i) the compound 

must not have more than five H-bond donors (N and O atoms); (ii) the compound must not have more 

than ten H-bond acceptors (N & O atoms); (iii) the compound must have a molar mass <than 500 

g.mol-1 and (iv) the compound must have a log P value less than 5 (or Morgushi log P, denoted Mlog 

P, value less than 4.15) [58]. It was decided to assess and contrast the proposed compounds 9 and 21 

(Table 5.1) against the Liotta 2 and Kawai 3 (Figure 5.5) compounds using the SwissADME web tool 

which uses in silico methods to assess physiochemical and pharmacokinetic properties [59]. 

Compounds 9 and 21 (Figure 5.5) were selected as representative examples of the aryl and benzyl 

derivatives. The parameters evaluated are provided in Table 5.1. 
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Figure 5.5. Compounds 2, 3, 9 and 21 used for in silico assessment. 

Table 5.1. In silico assessment of compounds 2, 3, 9 and 21. 

 Compounds 

Parameter 2 3 9 21 

Molecular weight 

(g/mol) 
534.39 327.42 411.45 425.48 

Number of 

H-bond donors 
2 2 1 1 

Number of  

H-bond acceptors 
5 3 4 4 

TPSA 

(Å2) 
102.83 67.01 65.38 65.38 

M log P 4.32 2.39 3.24 3.18 

BBB permeability No Yes Yes Yes 

P-gp No Yes Yes Yes 

Gastrointestinal 

absorption 
High High High High 
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Bioavailability 

score  
0.56 0.55 0.55 0.55 

 TPSA = Topological polar surface area 

  BBB = Blood-brain barrier 

 

The prediction was found to correlate well with the experimental data obtained by the Liotta group 

for compound 2. Compounds 3, 9 and 21 all obeyed Lipinski’s RoF, including the requirement that the 

TPSA should be smaller than 90Å2. Therefore, in silico analysis predicted that compounds 3, 9 and 21 

may be better pharmacological drugs for antagonising the NMDA receptor. 

5.3. STRUCTURE ACTIVITY RELATIONSHIP STUDY 

It should be noted that although the compounds were not designed as acetylcholinesterase (AChE) 

inhibitors, all synthesized compound were evaluated as part as a routine screening process against 

AChE as a possibility for the downstream development of duel inhibitors. The inhibitory activity of the 

newly synthesized compounds was assessed against Electrophorus electricus AChE (EeAChE) using 

Ellman’s spectrophotometric method [60] with minor modifications [61] and galantamine was used as 

a positive control. The AChE inhibitory activities for the synthesized compounds are expressed as half‐

maximal inhibitory concentration (IC50) values as provided in Table 5.2. 

Table 5.2. In vitro AChE inhibitory activity of compounds 9 - 32. 

 

Compound R 
EeAChE 

IC50 ± SEM 
(µM)a 

Compound R 
EeAChE 

IC50 ± SEM 
(µM)a 

9 

 

>100 21 

 

ndb 

10 

 

>100 22 

 

86.10 ± 3.25 
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11 

 

>100 23 

 

87.90 ± 2.42 

12 

 

>100 24 

 

>100 

13 

 

>100 25 

 

95.06 ± 
15.76 

14 

 

>100 26 

 

91.20 ± 5.70 

15 

 

78.34 ± 13.14 27 

 

>100 

16 

 

66.53 ± 14.35 28 

 

>100 

17 

 

52.12 ± 5.79 29 

 

>100 

18 

 

89.33 ± 28.90 30 

 

98.17 ± 5.65 

19 

 

81.10 ± 2.60 31 

 

>100 

20 

 

>100 32 

 

>100 

Galantamine  3.58 ± 1.24    

a Data are the mean ± SEM of three independent experiments 
b Not determined due to precipitation occurring  
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The synthesized compounds showed no or negligible inhibitory activity against EeAChE, with no IC50 

values below 10 μM. Compound 17 afforded the highest inhibitory activity against EeAChE with an IC50 

value of 52.12 ± 5.79 μM. The inhibition of EeAChE was found to decrease when substituting the 

bromo-substituent (compound 17, 52.12 μM) with a chloro- (compound 15, 78.34 μM) or iodo-

substituent (compound 18, 89.33 μM) in the ortho-position for aryl substitutions. A comparison of the 

aryl groups suggests that inhibition of EeAChE was preferred when a halogen is mono-substituted in 

the ortho-position. 

A comparison of the aryl group substitutions, suggest that substitutions on the para-position of the 

benzyl group provides compounds with better EeAChE inhibitory activity. In addition, when assessing 

the substitution on the para-position for the benzyl groups, it seems that smaller groups such as chloro 

(compound 26, 91.20 μM), bromo (compound 25, 95.06 μM) and methyl (compound 23, 97.90 μM) 

substituents are more preferential. Thus, the substituted aryl groups were found to have a better 

inhibitory activity than the substituted benzyl groups. Unfortunately, the use of these compounds as 

potential duel AChE NMDA inhibitors is unfeasible as the AChE inhibition is limited at best. 

5.4. CONCLUSION 

A series of twenty-four novel 6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide derivatives were synthesized with yields ranging from 39 – 68%. The designed 

compounds were predicted to be within the boundaries as proposed by Lipinski’s RoF guidelines in 

terms of drug-like properties. In an effort to identify duel inhibitors, the compounds were evaluated 

against EeAChE. Compound 17 afforded the highest inhibitory activity against EeAChE with an IC50 

value of 52.12 ± 5.79 μM. The overall trend observed regarding EeAChE inhibition suggested that the 

identification of a potential duel inhibitor scaffold was unsuccessful. Thus, this series is not suitable 

for the development of AChE inhibitors and by default as duel inhibitors. Assessment of the 

antagonistic properties of these compounds against NMDA will be completed as part of future work 

linked to this project. 

5.5. EXPERIMENTAL 

5.5.1. Chemistry 

5.5.1.1.   General methods 

All solvents, chemicals, and reagents were obtained commercially and used without further 

purification. 1H NMR (300 MHz) and 13C NMR (75 MHz) spectra were recorded on Bruker AVANCE-III-

300 instrument using CDCl3 and DMSO-d6. CDCl3 contained tetramethylsilane as an internal standard. 
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Chemical shifts, δ, are reported in parts per million (ppm), and splitting patterns are given as singlet 

(s), doublet (d), triplet (t), quartet (q), or multiplet (m). Coupling constants, J, are expressed in hertz 

(Hz). Mass spectra were recorded in ESI mode on a Waters Synapt G2 Mass Spectrometer at 70 eV 

and 200 mA. Samples were dissolved in acetonitrile (containing 0.1% formic acid) to an approximate 

concentration of 10 μg/mL. Infrared spectra were run on a Bruker ALPHA Platinum ATR spectrometer. 

The absorptions are reported on the wavenumber (cm-1) scale, in the range 400 - 4000 cm-1. 

Abbreviations used in quoting spectra are: v = very, s = strong, m = medium, w = weak, str = stretch.  

Melting points were measured on a Stuart Melting Point SMP10 microscope. The retention factor (Rf) 

values denoted are for thin layer chromatography (TLC) on aluminium-backed Macherey-Nagel 

ALUGRAM Sil G/UV254 plates pre-coated with 0.25 mm silica gel 60, spots were visualised with UV light 

and basic KMnO4 spray reagent. Yields refer to isolated pure products unless stated otherwise. Crystal 

structure intensity data were collected on a Bruker APEX II-CCD area diffractometer with graphite 

monochromated Mo Kα radiation (λ = 0.71073 Å). The collection method involved ω-scans of width 

0.3°. The crystal structure was solved by direct methods using SHELXTL [62]. Non-hydrogen atoms 

were first refined isotropically followed by anisotropic refinement by full matric least-squares 

calculations based on F2 using SHELXTL [62]. Hydrogen atoms were first located in the difference map 

then positioned geometrically and allowed to ride on their respective parent atoms. Diagrams and 

publication material were generated using MERCURY CSD 2.0 [63]. Each compound is named either 

according to PerkinElmer’s ChemDraw Version 15.0.0.106 or according to common names. The 

numbering of compounds was not done according to priority, but rather to the author’s convenience 

for characterization. 

5.5.1.2.   Ethyl (Z)-2-(5,6-dimethoxy-1-oxo-1,3-dihydro-2H-inden-2-ylidene)-2-hydroxyacetate 5 

 Sodium metal (2.64 g, 114 mmol, 2.2 eq.) was added to absolute 

ethanol (150 mL) at 0 °C. After all the sodium reacted the mixture 

was left to warm up to room temperature and diethyl oxalate (7.1 

mL, 52 mmol, 1 eq.) was added. 5,6-Dimethoxy-1-indanone 4 

(10.00 g, 52.04 mmol, 1 eq.) was then added in small portions. 

After complete addition, the reaction was left to stir at room temperature overnight. The mixture was 

then neutralized by 1 M hydrochloric acid (100 mL), and the resulting precipitate was filtered off, 

washed with ice-cold ethanol (20 mL), collected and dried in vacuo to afford the product. The product 

was used without any further purification. (Yield 86%); Yellow solid; Rf 0.66 (1:1 ethyl acetate: hexane); 

mp 165 - 167 °C (lit. 158 – 162 °C [64]); νmax (neat)/cm-1 3255 (O-H str, w), 1724 (C=O ester str, m), 

1655 (C=O str, m), 1604 (C-C str (in-ring), m), 1500 (O-H bend, m), 1290 (C-O str, s); 1245 (C-O str, s), 

1185 (C-O str, s), 1014, 806 (C-H “oop”, m), 586 (C-H “oop”, m); 1H NMR (300 MHz, CDCl3); δ 13.13 
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(1H, br s, OH), 7.23 (1H, s, H-6), 6.94 (1H, s, H-3), 4.38 (2H, q, J = 7.1 Hz, OCH2CH3), 3.98 (3H, s, OCH3), 

3.92 (3H, s, OCH3), 3.86 (2H, s, H-7), 1.41 (3H, t, J = 7.1 Hz, OCH2CH3); 13C NMR (75 MHz, CDCl3); δ 197.7 

(C=O, ketone), 163.0 (C=O, ester), 156.2 (C-9), 151.6 (C-2), 149.8 (C-1), 146.5 (C-5), 130.1 (C-4), 117.4 

(C-8), 107.3 (C-3), 104.5 (C-3), 62.2 (C-10), 56.5 (OCH3), 56.2 (OCH3), 31.3 (C-7), 14.3 (C-11). HRMS m/z 

(ESI) (C15H16O6) 293.1041 ([M + H]+ requires 293.1020). Characterization of this compound compared 

well to literature [64].  

5.5.1.3.   Ethyl 6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-carboxylate 6 

 To a suspension of ethyl (Z)-2-(5,6-dimethoxy-1-oxo-1H-inden- 

2(3H)ylidene)-2-hydroxyacetate 5 (17.50 g, 59.88 mmol, 1 eq.) in 

absolute ethanol (250 mL), was added phenylhydrazine 

hydrochloride (8.66 g, 59.9 mmol, 1 eq.). The resulting mixture 

was heated to reflux temperature for 18 h. The reaction mixture 

was then cooled down to room temperature and the crystalline 

product was filtered off and washed with absolute ethanol (20 

mL). The product was collected and dried in vacuo. The product was used without any further 

purification. (Yield 94%); Light yellow crystalline solid; Rf 0.60 (1:1 ethyl acetate: hexane); mp 177 °C; 

νmax (neat)/cm-1 1728 (C=O str, s), 1486 (C=N str, m), 1369 (C-H bend, m), 1255 (C-N str, s), 1196 (s), 

1111 (C-O str, s), 1018 (s), 844 (C-H “oop”, s), 804 (C-H “oop”, s), 770 (C-H “oop”, s); 1H NMR (300 

MHz, CDCl3); δ 7.79 – 7.72 (2H, m, H-2’ & H-6’), 7.60 – 7.52 (2H, m, H-3’ & H-5’), 7.50 – 7.41 (1H, m, 

H-4’), 7.12 (1 H, s, H-6), 6.98 (1H, s, H-3), 4.46 (2H, q, J = 7.1 Hz, OCH2CH3), 3.94 (3H, s, OCH3), 3.79 (3H, 

s, OCH3), 3.75 (2H, s, H-7), 1.44 (3H, t, J = 7.1 Hz, OCH2CH3); 13C NMR (75 MHz, CDCl3); δ 162.7 (C=O), 

149.6 (C-2), 148.9 (C-9), 148.3 (C-1), 142.4 (C-10), 139.9 (C-1’), 138.8 (C-5), 130.5 (C-4), 129.4 (C-3’ & 

C-5’), 128.6 (C-4’), 124.4 (C-8), 123.8 (C-2’ & C-6’), 109.9 (C-3), 103.5 (C-6), 61.1 (C-11), 56.3 (OCH3), 

56.2 (OCH3), 29.7 (C-7), 14.5 (C-12). HRMS m/z (ESI) (C21H20N2O4) 365.1523 ([M + H]+ requires 

365.1496). +Doubling up of carbon peaks due to rotomers. 

5.5.1.4.   6,7-Dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-carboxylic acid 7 

 To a stirring solution of potassium hydroxide (6.18 g, 110 mmol, 2 eq.) 

in methanol (250 mL) was added ethyl 6,7-dimethoxy-1-phenyl-1,4- 

dihydroindeno[1,2-c]pyrazole-3-carboxylate 6 (19.95 g, 54.75 mmol, 1 

eq.) at room temperature. The resulting mixture was heated to reflux 

temperature overnight after which time the mixture was cooled to 0 °C. 

Concentrated hydrochloric acid (16.1 mL, 164 mmol, 3 eq.) was added 

slowly which caused the product to precipitate out of solution. The 
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product was filtered off and washed with ice-cold methanol (20 mL). The product was collected and 

dried in vacuo. The product was used without any further purification. (Yield 95%); White solid; mp 

233 °C; νmax (neat)/cm-1 3320 (O-H str, m), 1727 (C=O str, s), 1475 (C=N str, m), 1259 (C-N str, m), 1190 

(m), 1115 (m), 841 (C-H “oop”, s), 806 (C-H “oop”, s), 774 (C-H “oop”, s); 1H NMR (300 MHz, DMSO-

d6); δ 12.98 (1H, s, OH), 7.75 (2H, d, J = 7.7 Hz, H-2’ & H-6), 7.66 (2H, td, J = 7.8, 1.6 Hz, H-3’ & H-5’), 

7.53 (1H, dd, J = 8.1, 6.3 Hz, H-4’), 7.24 (1H, s, H-6), 6.90 (1H, s, H-3), 3.79 (3H, s, OCH3), 3.67 (3H, s, 

OCH3), 3.63 (2H, s, 2H, H-7); 13C NMR (75 MHz, DMSO-d6); δ 163.2 (C=O), 148.7 (C-2), 148.5 (C-9), 

147.7 (C-1), 141.9 (C-10), 139.3 (C-1’), 138.9 (C-5), 130.0 (C-4), 129.7 (C-3’ & C-5’), 128.5 (C-4’), 123.3 

(C-8), 123.0 (C-2’ & C-6’), 110.4 (C-3), 103.1 (C-6), 55.7 (OCH3), 55.4 (OCH3), 29.1 (C-7). 

5.5.1.5.   (6,7-Dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazol-3-yl)(1H-imidazol-1-

yl)methanone 8 

6,7-Dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxylic acid 7 (0.45 g, 1.3 mmol, 1 eq.) in dry dichloromethane 

(25 mL) was cooled to 0 °C, and carbonyl diimidazole (0.26 g, 1.6 

mmol, 1.2 eq.) was added portion-wise over 5 min. After 2 h, the 

mixture was diluted with dichloromethane (10 mL), and water (20 

mL) was added carefully. The organic layer was washed with water 

(20 mL) and brine (20 mL), dried over anhydrous sodium sulfate, and 

the solvent was evaporated to afford the product. The product was used without any further 

purification. (Yield 83%); Light yellow solid; Rf 0.24 (1:1 ethyl acetate: hexane); mp 244 °C; νmax 

(neat)/cm-1 1688 (C=O str, s), 1432 (C=N str, s), 1403 (s), 1320 (C-H bend, s), 1290 (C-N str, s), 1219 (s), 

1205 (s), 1056 (s), 910 (m), 805 (C-H “oop”, s), 776 (C-H “oop”, s), 640 (C-H “oop”, s); 1H NMR (300 

MHz, CDCl3); δ 9.10 (1H, s, H-1”), 8.06 – 8.03 (1H, m, H-3”), 7.80 – 7.73 (2H, m, H-2’ & H-6’), 7.65 – 

7.57 (2H, m, H-3’ & H-5’), 7.56 – 7.48 (1H, m, H-4’), 7.11 (2H, s, H-2” & H-6), 7.01 (1, s, H-3), 3.93 (3H, 

s, OCH3), 3.80 (5H, s, OCH3 & H-7); 13C NMR (75 MHz, CDCl3); δ 158.8 (C=O), 149.9 (C-1), 149.2 (C-9), 

148.3 (C-2), 142.5 (C-10), 139.6 (C-1’), 139.4 (C-1”), 139.2 (C-5), 133.1 (C-2”) , 130.3 (C-4), 129.7 (C-3’ 

& C-5’), 129.0 (C-4’), 123.6 (C-8), 123.3 (C-2’ & C-6’), 117.8 (C-3”), 109.7 (C-3), 103.4 (C-6), 56.3 (OCH3), 

56.2 (OCH3), 29.9 (C-7). HRMS m/z (ESI) (C22H18N4O3) 387.1522 ([M + H]+ requires 387.1452).  

5.5.1.6.   General method for amide couplings 

Oxalyl chloride (0.09 mL, 1.1 mmol, 1.2 eq.) was added to a mixture of 6,7-dimethoxy-1-phenyl-1,4-

dihydroindeno[1,2-c]pyrazole-3-carboxylic acid 7 (0.30 g, 0.89 mmol, 1 eq.) and triethylamine (0.31 

mL, 2.23 mmol, 2.5 eq.) in dry acetonitrile (15 mL) at room temperature. The resulting mixture was 

left to stir for 30 min after which time the appropriate aniline/benzylamine (1.1 mmol, 1.2 eq.) 
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derivative was added and the resulting mixture was left to stir for 12 h at room temperature. Distilled 

water (30 mL) was added carefully and the precipitate was filtered of and washed with ice-cold 

acetonitrile (10 mL). The precipitate was collected and dried in vacuo. The product was used without 

any further purification. 

5.5.1.6.1. 6,7-Dimethoxy-N,1-diphenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-carboxamide 9  

(Yield 68%); Yellow solid; Rf  0.67 (1:1 ethyl acetate: hexane); 

mp 193-194 °C; νmax (neat)/cm-1 3382 (N-H str, w), 1691 (C=O 

str, m), 1596 (C=C str, m), 1497 (C=N str, s), 1436 (C-C str, s), 

1263 (C-N str, s), 1212 (s), 1110 (m), 755 (C-H “oop”, s), 693 (C-

H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 8.81 (1H, s, NH), 7.82 

– 7.47 (7H, m, ArH’s), 7.41 – 7.32 (2H, m, ArH’s), 7.13 (2H, s, H-

6 & ArH), 6.99 (1H, s, H-3), 3.95 (3H, s, OCH3), 3.85 (3H, s, OCH3), 

3.81 (2H, s, H-7); 13C NMR (75 MHz, CDCl3); δ 160.2 (C=O), 150.5 (C-2), 148.9 (C-9), 148.1 (C-1), 143.0 

(C-10), 141.4 (C-1’), 139.8 (C-5), 138.0 (C-1”), 129.6 (C-4), 129.4 (C-4”), 129.1 (C3’ & C-5’), 129.1 (C-3” 

& C-5”), 128.6 (C-4’), 124.2 (C-2’ & C-6’), 123.5 (C-8), 119.7 (C-2” & C-6”), 109.9 (C-3), 103.4 (C-6), 56.3 

(OCH3), 56.2 (OCH3), 29.6 (C-7). HRMS m/z (ESI) (C25H21N3O3) 412.1689 ([M + H]+ requires 412.1689). 

5.5.1.6.2. N-(4-Fluorophenyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide 10 

(Yield 51%); Yellow solid; Rf 0.67 (1:1 ethyl acetate: hexane); 

mp 192 °C; νmax (neat)/cm-1 3394 (N-H str, w), 1686 (C=O str, 

m), 1607 (C=C str, s), 1556 (C-C str (in-ring), s), 1509 (s), 1406 

(C=N str, m), 1259 (C-N str, s), 1208 (s), 1120 (s), 1065 (C-F str, 

s) 830 (C-H “oop”, s), 805 (C-H “oop”, s); 1H NMR (300 MHz, 

CDCl3); δ 8.80 (1H, s, NH), 7.76 (2H, d, J = 7.5 Hz, H-2’ & H-6’), 

7.68 (2H, dd, J = 7.1, 4.3 Hz, H-2” & H-6”), 7.61 (2H, dd, J = 7.5, 

7.0 Hz, H-3’ & H-5’), 7.55 – 7.47 (1H, m, H-4’), 7.12 (1H, s, H-6), 7.05 (2H, dd, J = 13.3, 6.2 Hz, H-3” & 

H-5”), 6.98 (1H, s, H-3), 3.94 (3H, s, OCH3), 3.82 (2H, s, H-7), 3.80 (3H, s, OCH3); 13C NMR (75 MHz, 

CDCl3); δ 160.2 (C=O), 156.6 (d, J = 169.0 Hz, #C-4”), 150.5 (C-2), 149.0 (C-9), 148.2 (C-1), 142.9 (C-10), 

141.2 (C-1’), 139.8 (C-5), 134.1 (d, J = 2.7 Hz, #C-1”), 129.6 (C-3’ & C-5’), 129.1 (C-4), 128.7 (C-4’), 124.1 

(C-2’ & C-6’), 123.5 (C-8), 121.4 (d, J = 7.6 Hz, #C-2” & #C-6”), 115.8 (d, J = 22.4 Hz, #C-3” & #C-5”), 109.9 

(C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 29.6 (C-7). HRMS m/z (ESI) (C25H20FN3O3) 430.1602 ([M + 

H]+ requires 430.1561). #Splitting of carbon peaks due to fluorine.  
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5.5.1.6.3. N-(4-Chlorophenyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide 11  

(Yield 44%); Yellow solid; Rf 0.67 (1:1 ethyl acetate: hexane); 

mp 193 °C; νmax (neat)/cm-1 3393 (N-H str, w), 1687 (C=O str, 

m), 1593 (C-C str (in-ring), s), 1489 (C=N str, s), 1399 (s), 1305 

(s), 1260 (C-N str, s), 1118 (s), 850 (C-H “oop”, s), 825 (C-H 

“oop”, s), 804 (C-H “oop”, s), 759 (C-Cl str, s); 1H NMR (300 

MHz, CDCl3); δ 8.81 (1H, s, NH), 7.78 (2H, d, J = 6.6 Hz, H-2” & 

H-6”), 7.70 (2H, d, J = 7.4 Hz, H-2’ & H-6’), 7.62 (2H, t, J = 7.0 

Hz, H-3’ & H-5’), 7.58 – 7.48 (1H, m, H-4’), 7.40 – 7.30 (2H, m, H-3” & H-5”), 7.15 (1H, s, H-6), 7.00 (1H, 

s, H-3), 3.96 (3H, s, OCH3), 3.85 (2H, s, H-7), 3.81 (3H, s, OCH3); 13C NMR (75 MHz, CDCl3); δ 160.2 

(C=O), 150.6 (C-2), 149.0 (C-9), 148.2 (C-1), 142.9 (C-10), 141.1 (C-1’), 139.8 (C-5), 136.6 (C-1”), 129.7 

(C-3’ & C-5’), 129.2 (C-3” & C-5’), 129.1 (C-4”), 129.04 (C-4), 128.7 (C-4’), 124.1 (C-8), 123.5 (C-2’ & C-

6’), 120.9 (C-2” & C-6”), 109.9 (C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 29.6 (C-7). HRMS m/z (ESI) 

(C25H20ClN3O3) 446.1336 ([M + H]+ requires 446.1266).  

5.5.1.6.4. N-(4-Bromophenyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide 12  

(Yield 44%); Yellow solid; Rf 0.69 (1:1 ethyl acetate: hexane); 

mp 182 °C; νmax (neat)/cm-1 3390 (N-H str, w), 1687 (C=O str, 

s), 1588 (C-C str (in-ring), s), 1488 (C=N str, s), 1393 (s), 1259 

(C-N str, s), 1117 (s), 1066 (s), 849 (C-H “oop”, s), 822 (C-H 

“oop”, s), 758 (C-H “oop”, s), 505 (C-Br str, s); 1H NMR (300 

MHz, CDCl3); δ 8.80 (1H, s, NH), 7.76 (2H, d, J = 7.6 Hz, H-2” & 

H-6”), 7.66 – 7.56 (4 H, m, ArH’s), 7.56 – 7.39 (3H, m, ArH’s), 

7.12 (1H, s, H-6), 6.98 (1H, s, H-3), 3.94 (3H, s, OCH3), 3.82 (2H, s, H-7), 3.80 (3H, s, OCH3); 13C NMR (75 

MHz, CDCl3); δ 160.2 (C=O), 150.6 (C-2), 149.0 (C-9), 148.2 (C-1), 142.9 (C-10), 141.1 (C-1’), 139.7 (C-

5), 137.1 (C-1”), 132.1 (C-3” & C-5”), 129.7 (C-3’ & C-5’), 129.1 (C-4), 128.7 (C-4’), 124.1 (C-8), 123.5 

(C-2’ & C-6’), 121.2 (C-2” & C-6”), 116.6 (C-4”), 109.9 (C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 29.6 

(C-7). HRMS m/z (ESI) (C25H20BrN3O3) 490.0789 ([M + H]+ requires 490.0761). 
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5.5.1.6.5. 6,7-Dimethoxy-N-(4-methoxyphenyl)-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide 13  

(Yield 63%); Yellow solid; Rf 0.50 (1:1 ethyl acetate: hexane); 

mp 141 °C; νmax (neat)/cm-1 3289 (N-H str, w), 1655 (C=O str, 

s), 1509 (C=N str, vs), 1214 (C-N str, s), 1176 (s), 1124 (s), 

1029 (s), 825 (C-H “oop”, s), 804 (C-H “oop”, s), 769 (C-H 

“oop”, s); 1H NMR (300 MHz, CDCl3); δ 8.72 (1H, s, NH), 7.84 

– 7.74 (2H, m, H-2” & H-6”), 7.70 – 7.57 (4H, m, ArH’s), 7.56 

– 7.46 (1H, m, H-4’), 7.15 (1H, s, H-6), 7.01 (1H, s, H-3), 6.96 

– 6.87 (2H, m, H-3” & H-5”), 3.96 (3H, s, OCH3), 3.86 (2H, s, H-7), 3.82 (6 H, s, 2 x OCH3); 13C NMR (75 

MHz, CDCl3); δ 160.0 (C=O), 156.3 (C-4”), 150.4 (C-2), 148.9 (C-9), 148.1 (C-1), 143.0 (C-10), 141.5 (C-

1’), 139.9 (C-5), 131.2 (C-1”), 129.6 (C-3’ & C-5’), 129.1 (C-4), 128.6 (C-4’), 124.2 (C-8), 123.5 (C-2’ & C-

6’), 121.4 (C-2” & C-6”), 114.3 (C-3” & C-5”), 109.9 (C-3), 103.4 (C-6), 56.3 (2 x OCH3), 55.6 (OCH3), 29.7 

(C-7). HRMS m/z (ESI) (C26H23N3O4) 442.1761 ([M + H]+ requires 442.1750). 

5.5.1.6.6. 6,7-Dimethoxy-1-phenyl-N-(3,4,5-trimethoxyphenyl)-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide 14  

(Yield 43%); Yellow solid; Rf 0.32 (1:1 ethyl acetate: hexane); 

mp 213 °C; νmax (neat)/cm-1 3365 (N-H str, w), 1667 (C=O str, 

s), 1604 (C-C str (in-ring), s), 1506 (C=N str, vs), 1457 (C-C str, 

s), 1233 (C-N str, s), 1116 (s), 1004 (s), 769 (C-H “oop”, s), 604 

(C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 8.77 (1H, s, NH), 

7.78 (2H, d, J = 7.8 Hz, H-2’ & H-6’)), 7.62 (2H, t, J = 7.6 Hz, H-

3’ & H-5’), 7.51 (1H, t, J = 7.3 Hz, H-4’), 7.12 (1H, s, H-6), 7.06 

(2H, s, H-2” & H-6”), 6.98 (1H, s, H-3), 3.94 (3H, s, OCH3), 3.89 

(6H, s, 2 x OCH3), 3.84 (5H, s, OCH3 & H-7), 3.80 (3H, s, OCH3); 13C NMR (75 MHz, CDCl3); δ 160.1 (C=O), 

153.5 (C-3” & C-5”), 150.6 (C-2), 149.0 (C-9), 148.2 (C-1), 142.9 (C-10), 141.3 (C-1’), 139.8 (C-5), 134.5 

(C-4”), 134.3 (C-1”), 129.7 (C-3’ & C-5’), 128.9 (C-4), 128.7 (C-4’), 124.1 (C-8), 123.6 (C-2’ & C-6’), 109.9 

(C-3), 103.4 (C-6), 97.1 (C-2” & C-6”), 61.2 (OCH3), 61.1 (OCH3), 56.3 (OCH3), 56.2 (OCH3), 56.2 (OCH3), 

29.6 (C-7). HRMS m/z (ESI) (C28H27N3O6) 502.1973 ([M + H]+ requires 502.2023). 
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5.5.1.6.7. N-(2-Chlorophenyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide 15  

(Yield 43%); Yellow solid; Rf 0.67 (1:1 ethyl acetate: hexane); mp 

189 °C; νmax (neat)/cm-1 3361 (N-H str, w), 1689 (C=O str, m), 

1594 (C-C str, s), 1526 (C=N str, s), 1505 (s), 1437 (C-C str, s), 

1305 (s), 1258 (C-N str, s), 1181 (s), 1066 (s), 804 (C-H “oop”, s), 

747 (C-Cl str, s), 703 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); 

δ 9.46 (1H, s, NH), 8.60 (1H, d, J = 8.0 Hz, H-6”), 7.79 (2H, d, J = 

7.8 Hz, H-2’ & H-6’), 7.60 (2H, t, J = 7.6 Hz, H-3’ & H-5’), 7.49 (1H, 

t, J = 7.3 Hz, H-4’), 7.39 (1H, d, J = 8.0 Hz, H-3”), 7.30 (1H, t, J = 7.8 Hz, H-5), 7.12 (1H, s, H-6), 7.08 – 

6.99 (2H, m, H-3 & H-4’), 3.94 (3H, s, OCH3), 3.83 (2H, s, H-7), 3.81 (3H, s, OCH3); 13C NMR (75 MHz, 

CDCl3); δ 160.2 (C=O), 150.4 (C-2), 149.0 (C-9), 148.2 (C-1), 142.9 (C-10), 141.2 (C-1’), 139.9 (C-5), 135.0 

(C-1”), 129.6 (C-3’ & C-5’), 129.2 (C-3”), 129.1 (C-4), 128.5 (C-4’), 127.8 (C-4”), 124.4 (C-6”), 124.2 (C-

8), 123.4 (C-2’ & C-6’), 123.0 (C-2”), 121.2 (C-5”), 109.9 (C-3), 103.5 (C-6), 56.3 (OCH3), 56.2 (OCH3), 

29.6 (C-7). HRMS m/z (ESI) (C25H20ClN3O3) 446.1336 ([M + H]+ requires 446.1266). 

5.5.1.6.8. 6,7-Dimethoxy-1-phenyl-N-(p-tolyl)-1,4-dihydroindeno[1,2-c]pyrazole-3-carboxamide 16 

(Yield 57%); Yellow solid; Rf 0.62 (1:1 ethyl acetate: hexane); 

mp 149 °C; νmax (neat)/cm-1 3529 (N-H str, w), 1679 (C=O str, 

m), 1642 (C=C str, m), 1595 (C-C str (in-ring),m), 1518 (s), 1490 

(C=N str, m), 1313 (s), 1256 (C-N str, m), 1114 (s), 803 (C-H 

“oop”, vs), 754 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 8.77 

(1H, s, NH), 7.78 (1H, d, J = 6.9 Hz, H-2’ & H-6’), 7.62 (4H, m, 

ArH’s), 7.54 – 7.46 (1H, m, H-4’), 7.22 – 7.09 (3H, m, H-6’ & H-

3” & H-5”), 6.99 (1H, s, H-3), 3.94 (3H, s, OCH3), 3.84 (2H, s, H-7), 3.80 (3H, s, OCH3), 2.34 (3H, s, H-7”); 

13C NMR (75 MHz, CDCl3); δ 160.1 (C=O), 150.4 (C-2), 149.0 (C-9), 148.2 (C-1), 143.0 (C-10), 141.5 (C-

1’), 139.9 (C-5), 135.5 (C-4”), 133.8 (C-1”), 129.6 (C-3’ & C-5’ & C-3” & C-5”), 129.1 (C-4), 128.6 (C-4’), 

124.2 (C-8), 123.5 (C-2’ & C-6’), 119.8 (C-2” & C-6”), 109.9 (C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 

29.6 (C-7), 21.1 (C-7”). HRMS m/z (ESI) (C26H23N3O3) 426.1830 ([M + H]+ requires 426.1812). 
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5.5.1.6.9. N-(2-Bromophenyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide 17  

(Yield 56%); Yellow solid; Rf 0.66 (1:1 ethyl acetate: hexane); mp 

187 °C (decomp.); νmax (neat)/cm-1 3349 (N-H str, w), 1688 (C=O 

str, m), 1580 (C-C str (in-ring), s), 1493 (C=N str, s), 1434 (C-C str, 

s), 1258 (C-N str, s), 1212 (s), 1124 (s), 805 (C-H “oop”, s), 748 

(C-H “oop”, s), 699 (C-H “oop”, s), 504 (C-Br str, m); 1H NMR 

(300 MHz, CDCl3); δ 9.48 (1H, s, NH), 8.59 (1H, d, J = 8.4 Hz, H-

3”), 7.80 (2H, d, J = 7.7 Hz, H-2’ & H-6’), 7.66 – 7.45 (4H, m, 

ArH’s), 7.35 (1H, td, J = 8.2, 0.8 Hz, H-5”), 7.13 (1H, s, H-6), 7.04 (1H, s, H-3), 7.02 – 6.94 (1H, m, H-4”), 

3.94 (3H, s, OCH3), 3.83 (2H, s, H-7), 3.81 (3H, s, OCH3); 13C NMR (75 MHz, CDCl3); δ 160.3 (C=O), 150.4 

(C-2), 149.0(C-9), 148.2 (C-1), 142.9 (C-10), 141.2 (C-1’), 139.9 (C-5), 136.1 (C-1”), 132.5 (C-4”), 132.5 

(C-3”), 129.6 (C-3’ & C-5’), 129.2 (C-4), 128.4 (C-4’), 124.9 (C-5”), 124.2 (C-8), 123.3 (C-2’ & C-6’), 121.5 

(C-6”), 113.5 (C-2”), 109.9 (C-3), 103.6 (C-6), 56.3 (OCH3), 56.2 (OCH3), 29.6 (C-7). HRMS m/z (ESI) 

(C25H20BrN3O3) 490.0886 ([M + H]+ requires 490.0761). 

5.5.1.6.10. N-(2-Iodophenyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide 18  

(Yield 51%); Yellow solid; Rf 0.65 (1:1 ethyl acetate: hexane); mp 

130 °C; νmax (neat)/cm-1 3324 (N-H str, w), 1690 (C=O str, m), 

1576 (C-C str (in-ring), s), 1522 (s), 1502 (C=N str, s), 1431 (C-C 

str, s), 1296 (s), 1259 (C-N str, s), 1122 (s), 1066 (s), 803 (C-H 

“oop”, s), 746 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 9.35 

(1H, s, NH), 8.49 (1H, J = 8.2 Hz, H-6”), 7.82 (3H, d, J = 7.4 Hz, H-

3” & H-2’ H-6’), 7.64 – 7.56 (2H, m, H-3’ & H-5’), 7.50 (1H, d, J = 

7.0 Hz, H-4’), 7.38 (1H, td, J = 8.0, 0.6 Hz, H-5”), 7.14 (1H, s, H-6), 7.06 (1H, s, H-3), 6.85 (1H, td, J = 7.8, 

0.7 Hz, H-4”), 3.95 (3H, s, OCH3), 3.84 (2H, s, H-7), 3.83 (3H, s, OCH3); 13C NMR (75 MHz, CDCl3); δ 160.4 

(C=O), 150.4 (C-2), 148.9 (C-9), 148.2 (C-1), 142.9 (C-10), 141.1 (C-1’), 140.0 (C-5), 139.1 (C-1”), 138.7 

(C-3”), 129.6 (C-3’ & C-5’), 129.3 (C-5”), 129.2 (C-4), 128.4 (C-4’), 125.7 (C-4”), 124.3 (C-8), 123.3 (C-2’ 

& C-6’), 121.5 (C-6”), 109.9 (C-3), 103.5 (C-6), 89.6 (C-2”), 56.3 (OCH3), 56.3 (OCH3), 29.6 (C-7). HRMS 

m/z (ESI) (C25H20IN3O3) 538.0622 ([M + H]+ requires 538.0622). 
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5.5.1.6.11. N-(3-Chloro-4-fluorophenyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide 19  

(Yield 47%); Yellow solid; Rf 0.65 (1:1 ethyl acetate: hexane); 

mp 209 °C; νmax (neat)/cm-1 3390 (N-H str, w), 1682 (C=O str, 

s), 1554 (C-C str (in-ring), s), 1489 (C=N str, s), 1259 (C-N str, 

s), 1207 (s), 1118 (s), 1066 (C-F str, m), 806 (C-H “oop”, s), 759 

(C-Cl str, s), 677 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 

8.79 (1H, s, NH), 7.96 (1H, dd, J = 6.6, 2.6 Hz, H-2”), 7.79 – 7.72 

(2H, m, H-2’ & H-6’), 7.65 – 7.57 (2H, m, H-3’ & H-5’), 7.52 – 

7.44 (2H, m, H-4’ & H-6”), 7.14 – 7.06 (2H, m, H-5” & H-6), 6.97 (1H, s, H-3), 3.94 (3H, s, OCH3), 3.80 

(2H, s, H-7), 3.80 (3H, s, OCH3); 13C NMR (75 MHz, CDCl3); δ 160.2 (C=O), 154.7 (d, J = 245.8 Hz, #C-4”), 

150.6 (C-2), 149.1 (C-9), 148.2 (C-1), 142.9 (C-10), 140.8 (C-1’), 139.7 (C-5), 134.7 (d, J = 3.4 Hz, #C-1”), 

129.7 (C-3’ & C-5’), 129.1 (C-4), 128.8 (C-4’), 124.0 (C-8), 123.5 (C-2’ & C-6’), 121.8 (d, J = 2.4 Hz, #C-

6”), 121.3 (d, J = 18.5 Hz, #C-2”), 119.2 (d, J = 6.6 Hz, #C-3”), 116.7 (d, J = 21.9 Hz, #C-5”), 109.9 (C-3), 

103.4 (C-6), 56.29 (OCH3), 56.2 (OCH3), 29.6 (C-7). HRMS m/z (ESI) (C25H19ClFN3O3) 464.1188 ([M + H]+ 

requires 464.1172). #Splitting of carbon peaks due to fluorine. 

5.5.1.6.12. N-(2-Bromo-4-methylphenyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-

3-carboxamide 20  

(Yield 53%); Yellow solid; Rf 0.66 (1:1 ethyl acetate: hexane); 

mp 196 °C; νmax (neat)/cm-1 3340 (N-H str, w), 1688 (C=O str, 

m), 1579 (C-C str (in-ring), m), 1507 (C=N str, s), 1302 (s), 1260 

(C-N str, s), 1116 (s), 1066 (s), 806 (C-H “oop”, s), 762 )C-H 

“oop”, s), 50 (C-Br str, m); 1H NMR (300 MHz, CDCl3); δ 9.39 

(1H, s, NH), 8.44 (1H, d, J = 8.4 Hz, H-6”), 7.80 (2H, d, J = 7.8 

Hz, H-2’ & H-6’), 7.60 (2H, t, J = 7.7 Hz, H-3’ & H-5’), 7.49 (1H, 

t, J = 7.4 Hz, H-4’), 7.39 (1H, d, J = 1.1 Hz, H-5”), 7.18 – 7.10 (2H, m, H-6 & H-3”), 7.04 (1H, s, H-3), 3.94 

(3H, s, OCH3), 3.83 (2H, s, H-7), 3.82 (3H, s, OCH3), 2.32 (3H, s, H-7”); 13C NMR (75 MHz, CDCl3); δ 160.2 

(C=O), 150.3 (C-2), 148.9 (C-9), 148.1 (C-1), 142.9 (C-10), 141.2 (C-1’), 139.9 (C-5), 135.0 (C-4”), 133.5 

(C-3”), 132.7 (C-1”), 129.6 (C-3’ & C-5’), 129.1 (C-5”), 129.1 (C-4), 128.4 (C-4’), 124.3 (C-8), 123.3 (C-2’ 

& C-6’), 121.3 (C-6”), 113.4 (C-2”), 109.9 (C-3), 103.5 (C-6), 56.3 (OCH3), 56.2 (OCH3), 29.6 (C-7), 20.7 

(C-7”). HRMS m/z (ESI) (C26H22BrN3O3) 504.0934 ([M + H]+ requires 504.0917). 
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5.5.1.6.13. N-Benzyl-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-carboxamide 21  

(Yield 51%); Yellow solid; Rf 0.42 (1:1 ethyl acetate: hexane); 

mp 178 °C; νmax (neat)/cm-1 3418 (N-H str, w), 1677 (C=O str, 

s), 1488 (C=N str, s), 1256 (C-N str, s), 1212 (s), 1118 (s), 1073 

(s), 804 (C-H “oop”, s), 702 (C-H “oop”, s); 1H NMR (300 MHz, 

CDCl3); δ  7.72 (2H, d, J = 7.6 Hz, H-2’ & H-6’), 7.56 (2H, td, J 

= 7.6, 0.6 Hz, H-3’ & H-5’), 7.47 (1H, d, J = 7.3 Hz, H-4’), 7.42 

– 7.26 (5H, m, ArH’s), 7.13 (1H, s, H-6), 6.99 (1H, s, H-3), 4.66 

(2H, d, J = 6.0 Hz, H-1”), 3.95 (3H, s, OCH3), 3.83 (2H, s, H-7), 3.80 (3H, s, OCH3); 13C NMR (75 MHz, 

CDCl3); δ 162.2 (C=O), 150.0 (C-2), 148.8 (C-9), 148.1 (C-1), 143.0 (C-10), 141.2 (C-1’), 139.9 (C-5), 138.5 

(C-2”), 129.5 (C-3’ & C-5’), 129.0 (C-4), 128.8 (C-3” & C-5”), 128.4 (C-4’), 128.1 (C-2” & C-6”), 127.6 (C-

4”), 124.3 (C-8), 123.4 (C-2” & C-6”), 109.9 (C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 43.2 (C-1”), 

29.6 (C-7). HRMS m/z (ESI) (C26H23N3O3) 426.1830 ([M + H]+ requires 426.1812). 

5.5.1.6.14. 6,7-Dimethoxy-N-(4-methoxybenzyl)-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide  22  

(Yield 53%); Yellow solid; Rf 0.32 (1:1 ethyl acetate: 

hexane); mp 169 °C; νmax (neat)/cm-1 3435 (N-H str, w), 

1668 (C=O str, m), 1509 (C=N str, s), 1254 (C-N str, s), 1211 

(m), 1115 (m), 1071 (m), 1021 (m), 850 (C-H “oop”, m), 803 

(C-H “oop”, s), 760 (C-H “oop”, m), 707 (C-H “oop” m); 1H 

NMR (300 MHz, CDCl3); δ  7.71 (2H, d, J = 7.7 Hz, H-2’ & H-

6’), 7.56 (2H, td, J = 7.6, 0.6 Hz, H-3’ & H-5’), 7.49 – 7.41 

(1H, m, H-4’), 7.31 (3H, d, J = 8.6 Hz, H-3” & H-7” & NH), 7.13 (1H, s, H-6), 6.98 (1H, s, H-3), 6.87 (2H, 

d, J = 8.6 Hz, H-4” & H-6”), 4.58 (2H, d, J = 5.9 Hz, H-1”), 3.94 (3H, s, OCH3), 3.82 (2H, s, H-7), 3.80 (3H, 

s, OCH3), 3.79 (3H, s, OCH3); 13C NMR (75 MHz, CDCl3); δ 162.1 (C=O), 159.08 (C-5”), 150.0 (C-2), 148.8 

(C-9), 148.1 (C-1), 143.0 (C-10), 141.3 (C-1’), 139.9 (C-5), 130.6 (C-2”), 129.5 (C-3’ & C-5’), 129.5 (C-3” 

& C-7”), 128.9 (C-4), 128.4 (C-4’), 124.3 (C-8), 123.4 (C-2’ & C-6’), 114.1 (C-4” & C-6”), 109.9 (C-3), 103.4 

(C-6), 56.3 (OCH3), 56.2 (OCH3), 55.4 (OCH3), 42.7 (C-1”), 29.6 (C-7). HRMS m/z (ESI) (C27H26N3O4) 

456.1914 ([M + H]+ requires 456.1918). 
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5.5.1.6.15. 6,7-Dimethoxy-N-(4-methylbenzyl)-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide  23  

(Yield 48%); Yellow solid; Rf 0.42 (1:1 ethyl acetate: 

hexane); mp 163 °C; νmax (neat)/cm-1 3422 (N-H str, w), 

1682 (C=O str, s), 1563 (C-C str (in-ring), m), 1490 (C=N 

str, s), 1344 (C-H bend, m), 1256 (C-N str, s), 1215 (s), 

1118 (s), 1074 (m), 848 (C-H “oop”, m), 803 (C-H “oop”, 

s), 772 (C-H “oop”, s), 705 (C-H “oop”, s); 1H NMR (300 

MHz, CDCl3); δ  7.71 (2H, d, J = 7.6 Hz, H-2’ & H-6’)), 7.56 

(2H, td, J = 7.6, 0.6 Hz, H-3’ & H-5’), 7.49 – 7.41 (1H, m, H-4’), 7.28 (3H, d, J = 8.0 Hz, H-2” & H-6” & 

NH), 7.15 (3H, d, J = 8.7 Hz, H-3” & H-5” & H-6), 6.99 (1H, s, H-3), 4.61 (2H, d, J = 5.9 Hz, H-1”), 3.95 

(3H, s, OCH3), 3.82 (2H, s, H-7), 3.80 (3H, s, OCH3), 2.33 (3H, s, H-8”); 13C NMR (75 MHz, CDCl3); δ 162.2 

(C=O), 150.0 (C-2), 148.8 (C-9), 148.1 (C-1), 143.0 (C-10), 141.3 (C-1’), 139.9 (C-5), 137.2 (C-5”), 135.4 

(C-2”), 129.5 (C-3’ & C-5’), 129.4 (C-4” & C-6”), 128.9 (C-4), 128.4 (C-4’), 128.1 (C-3” & C-7”), 124.3 (C-

8), 123.4 (C-2’ & C-6’), 109.9 (C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 43.0 (C-1”), 29.6 (C-7), 21.2 

(C-8”). HRMS m/z (ESI) (C27H26N3O3) 440.2022 ([M + H]+ requires 440.1969). 

5.5.1.6.16. N-(4-Fluorobenzyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide  24  

(Yield 51%); White solid; Rf 0.39 (1:1 ethyl acetate: 

hexane); mp 174 °C; νmax (neat)/cm-1 3422 (N-H str, w), 

1684 (C=O str, s), 1562 (C-C str (in-ring), m), 1490 (C=N str, 

vs), 1256 (C-N str, s), 1217 (s), 1119 (s), 1073 (C-F str, m), 

848 (C-H “oop”, s), 804 (C-H “oop”, s), 774 (C-H “oop”, s), 

707 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ  7.71 (2H, 

d, J = 7.8 Hz, H-2’ & H-6’), 7.56 (2H, td, J = 7.6, 0.6 Hz, H-3’ 

& H-5’), 7.49 – 7.40 (1H, m, H-4’), 7.35 (3H, dd, J = 8.6, 5.3 Hz, H-3” & H-7” & NH), 7.13 (1H, s, H-6), 

7.06 – 6.96 (3H, m, H-4” & H-6” & H-3), 4.61 (2H, d, J = 6.1 Hz, H-1”), 3.94 (3H, s, OCH3), 3.82 (2H, s, H-

7), 3.80 (3H, s, OCH3); 13C NMR (75 MHz, CDCl3); δ 162.3 (d, J = 245.4 Hz, #C-5”), 162.3 (C=O), 150.1 (C-

2), 148.9 (C-9), 148.1 (C-1), 142.9 (C-10), 141.1 (C-1’), 139.9 (C-5), 134.3 (d, J = 3.2 Hz, #C-2”), 129.7 (d, 

J = 8.2 Hz, #C-3” & C-7”), 129.6 (C-3’ & C-5’), 128.9 (C-4), 128.5 (C-4’), 124.2 (C-8), 123.4 (C-2’ & C-6’), 

115.6 (d, J = 21.4 Hz, #C-4” & C-6”), 109.9 (C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 42.5 (C-1’), 29.6 

(C-7). HRMS m/z (ESI) (C26H22FN3O3) 444.1797 ([M + H]+ requires 444..1718). #Splitting of carbon peaks 

due to fluorine. 
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5.5.1.6.17. N-(4-Bromobenzyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide  25.  

(Yield 55%); White solid; Rf 0.41 (1:1 ethyl acetate: 

hexane); mp 188 °C; νmax (neat)/cm-1 3302 (N-H str, w), 

1643 (C=O str, s), 1554 (C-C str (in-ring), s), 1488 (C=N str, 

vs), 1251 (C-N str, s), 1215 (s), 1195 (s), 1115 (s), 840 (C-H 

“oop”, s), 802 (C-H “oop”, vs), 724 (C-H “oop”, s), 512 (C-

Br str, s); 1H NMR (300 MHz, CDCl3); δ 7.71 (2H, d, J = 7.9 

Hz, H-2’ & H-6’), 7.57 (2H, td, J = 7.6, 0.6 Hz, H-3’ & H-5’), 

7.50 – 7.42 (3H, m, H-4’ & H-4” & H-6”), 7.38 (1H, t, J = 6.0 Hz, NH), 7.26 (2H, d, J = 8.4 Hz, H-3” & H-

7”), 7.13 (1H, s, H-6), 6.98 (1H, s, H-3), 4.59 (2H, d, J = 6.2 Hz, H-1”), 3.94 (3H, s, OCH3), 3.81 (2H, s, H-

7), 3.80 (3H, s, OCH3); 13C NMR (75 MHz, CDCl3); δ 162.3 (C=O), 150.1 (C-2), 148.9 (C-9), 148.1 (C-1), 

142.9 (C-10), 141.0 (C-1’), 139.9 (C-5), 137.3 (C-2”), 131.8 (C-4” & C-6”), 129.7 (C-3” & C-7”), 129.6 (C-

3’ & C-5’), 128.9 (C-4), 128.5 (C-4’), 124.2 (C-8), 123.4 (C-2’ & C-6’), 121.4 (C-5”), 109.9 (C-3), 103.4 (C-

6), 56.3 (OCH3), 56.2 (OCH3), 42.6 (C-1”), 29.6 (C-7). HRMS m/z (ESI) (C26H22BrN3O3) 504.1033 ([M + H]+ 

requires 504.0917). 

5.5.1.6.18. N-(4-Chlorobenzyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide  26  

(Yield 53%); White solid; Rf 0.41 (1:1 ethyl acetate: 

hexane); mp 182 °C; νmax (neat)/cm-1 3303 (N-H str, w), 

1643 (C=O str, s), 1555 (C-C- str (in-ring), s), 1489 (C=N str, 

vs), 1252 (C-N str, s), 1195 (s), 1114 (s), 841 (C-H “oop”, s), 

804 (C-H “oop”, s), 761 (C-Cl str, s), 699 (C-H “oop”, s); 1H 

NMR (300 MHz, CDCl3); δ 7.71 (2H, d, J = 7.8 Hz, H-2’ & H-

6’), 7.57 (2H, td, J = 7.6, 0.6 Hz, H-3’ & H-5’), 7.48 – 7.41 

(1H, m, H-4), 7.38 (1H, t, J = 6.1 Hz, NH), 7.34 – 7.26 (4H, m, H-3” & H-4” & H-6” & H-7”), 7.13 (1H, s, 

H-6), 6.98 (1H, s, H-3), 4.61 (2H, d, J = 6.1 Hz, H-1”), 3.94 (3H, s, OCH3), 3.81 (2H, s, H-7), 3.80 (3H, s, 

OCH3); 13C NMR (75 MHz, CDCl3); δ 162.3 (C=O), 150.1 (C-2), 148.9 (C-9), 148.1 (C-1), 142.9 (C-10), 

141.1 (C-1’), 139.9 (C-5), 137.1 (C-2”), 133.3 (C-5”), 129.6 (C-3’ & C-5’), 129.4 (C-3” & C-7”), 128.9 (C-

4), 128.9 (C-4” & C-6”), 128.5 (C-4’), 124.2 (C-8), 123.4 (C-2’ & C-6’), 109.9 (C-3), 103.4 (C-6), 56.3 

(OCH3), 56.2 (OCH3), 42.5 (C-1”), 29.6 (C-7). HRMS m/z (ESI) (C26H22ClN3O3) 460.1559 ([M + H]+ requires 

460.1422). 
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5.5.1.6.19. N-(4-Ethoxybenzyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide  27  

(Yield 39%); Off-white solid; Rf 0.35 (1:1 ethyl acetate: 

hexane); mp 144 °C; νmax (neat)/cm-1 3422 (N-H str, w), 

1682 (C=O str, s), 1491 (C=N str, s), 1251 (C-N str, s), 

1215 (s), 1116 (s), 1045 (s), 846 (C-H “oop”, s), 804 (C-H 

“oop”, s), 705 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); 

δ 7.71 (2H, d, J = 7.3 Hz, H-2’ & H-6’), 7.56 (2H, td, J = 

7.6, 0.6 Hz, H-3’ & H-5’), 7.47 – 7.40 (1H, m, H-4’), 7.30 

(3H, d, J = 8.4 Hz, H-3” & H-7” & NH), 7.13 (1H, s, H-6), 6.99 (1H, s, H-3), 6.86 (2H, d, J = 8.6 Hz, H-4” & 

H-6”), 4.58 (2H, d, J = 5.9 Hz, H-1”), 4.01 (2H, dd, J = 14.0, 7.0 Hz, H-8”), 3.94 (3H, s, OCH3), 3.82 (2H, s, 

H-7), 3.80 (3H, s, OCH3), 1.40 (3H, t, J = 7.0 Hz, H-9”); 13C NMR (75 MHz, CDCl3); δ 162.1 (C=O), 158.5 

(C-5”), 150.0 (C-2), 148.8 (C-9), 148.1 (C-1), 143.0 (C-10), 141.3 (C-1’), 139.9 (C-5), 130.4 (C-2”), 129.5 

(C-3’ & C-5’), 129.5 (C-3” & C-7”), 128.9 (C-4), 128.4 (C-4’), 124.3 (C-8), 123.4 (C-2’ & C-6’), 114.7 (C-4” 

& C-6”), 109.9 (C-3), 103.4 (C-6), 63.6 (C-8”), 56.3 (OCH3), 56.2 (OCH3), 42.7 (C-1”), 29.6 (C-7), 14.9 (C-

9”). HRMS m/z (ESI) (C28H27N3O4) 470.2181 ([M + H]+ requires 470.2074). 

5.5.1.6.20. 6,7-Dimethoxy-1-phenyl-N-[4-(trifluoromethyl)benzyl]-1,4-dihydroindeno[1,2-c]pyrazole-

3-carboxamide  28  

(Yield 54%); Light yellow solid; Rf 0.61 (1:1 ethyl acetate: 

hexane); mp 158 °C; νmax (neat)/cm-1 3426 (N-H str, w), 

1686 (C=O str, s), 1493 (C=N str, s), 1323 (C-H bend, vs), 

1258 (C-N str, s), 1172 (s), 1115 (C-F str, vs), 1066 (s), 

1016 (m), 805 (C-H “oop”, s), 775 (C-H “oop”, s); 1H NMR 

(300 MHz, CDCl3); δ 7.72 (2H, d, J = 7.9 Hz, H-2’ & H-6’), 

7.57 (4H, m, ArH’s), 7.52 – 7.42 (4H, m, ArH’s) & NH), 

7.13 (1H, s, H-6), 6.99 (1H, s, H-3), 4.70 (2H, d, J = 6.1 Hz, H-1”), 3.94 (3H, s, OCH3), 3.80 (5H, s, OCH3 & 

H-7); 13C NMR (75 MHz, CDCl3); δ 162.5 (C=O), 150.2 (C-2), 148.9 (C-9), 148.2 (C-1), 142.9 (C-10), 142.7 

(d, J = 1.3 Hz, #C-2”), 140.9 (C-1’), 139.8 (C-5), 129.6 (C-3’ & C-5’), 128.9 (C-4), 128.5 (C-4’), 128.1 (d, J 

= 0.5 Hz, #C-3” & #C-7”), 125.7 (d, J = 3.6 Hz, #C-4” & #C-6”), 125.6 (d, J = 1.2 Hz, #C-5”), 124.2 (C-8), 

123.4 (C-2’ & C-6’), 122.5 (CF3), 109.9 (C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 42.7 (C-1”), 29.6 (C-

7). HRMS m/z (ESI) (C27H22F3N3O3)494.1683 ([M + H]+ requires 494.1686). #Splitting of carbon peaks 

due to fluorine. 
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5.5.1.6.21. 6,7-Dimethoxy-1-phenyl-N-[3-(trifluoromethyl)benzyl]-1,4-dihydroindeno[1,2-c]pyrazole-

3-carboxamide  29  

(Yield 47%); Light yellow solid; Rf 0.52 (1:1 ethyl acetate: 

hexane); mp 147 °C; νmax (neat)/cm-1 3421 (N-H str, w), 1684 

(C=O str, s), 1489 (C=N str, s), 1329 (C-H bend, s), 1260 (C-N 

str, s), 1157 (s), 1116 (C-F str, vs), 1073 (vs), 848 (C-H “oop”, 

s), 804 (C-H “oop”, s), 704 (C-H “oop”, s); 1H NMR (300 MHz, 

CDCl3); δ 7.72 (2H, d, J = 7.7 Hz, H-2’ & H-6’), 7.64 – 7.51 (5H, 

m, ArH’s), 7.50 – 7.40 (3H, m, ArH’s & NH), 7.13 (1H, s, H-6), 

6.99 (1H, s, H-3), 4.70 (2H, d, J = 6.2 Hz, H-1”), 3.95 (3H, s, OCH3), 3.82 (2H, s, H-7), 3.80 (3H, s, OCH3); 

13C NMR (75 MHz, CDCl3); δ 162.4 (C=O), 150.2 (C-2), 148.9 (C-9), 148.2 (C-1), 142.9 (C-10), 141.0 (C-

1’), 139.9 (C-5), 139.6 (C-2”), 131.4 (d, J = 1.3 Hz, #C-4”), 131.3 (C-7”), 130.9 (C-6”), 129.6 (C-3’ & C-5’), 

129.3 (CF3), 129.0 (C-4), 128.5 (C-4’), 124.7 (C-2”), 124.4 (C-5”), 124.2 (C-8), 123.5 (C-2’ & C-6’), 109.9 

(C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 42.7 (C-1”), 29.6 (C-7). HRMS m/z (ESI) (C27H22F3N3O3) 

494.1780 ([M + H]+ requires 494.1686). #Splitting of carbon peaks due to fluorine. 

5.5.1.6.22. N-(3-Chlorobenzyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide  30  

(Yield 52%); Off-white solid; Rf 0.42 (1:1 ethyl acetate: 

hexane); mp 165 °C; νmax (neat)/cm-1 3418 (N-H str, w), 1685 

(C=O str, s), 1489 (C=N str, vs), 1344 (C-H bend, s), 1258 (C-

N str, s), 1215 (s), 1119 (s), 1074 (s), 990 (m), 805 (C-H “oop”, 

s), 772 (C-Cl str, vs), 705 (C-H “oop”, s); 1H NMR (300 MHz, 

CDCl3); δ 7.72 (2H, d, J = 7.7 Hz, H-2’ & H-6’), 7.57 (2H, td, J 

= 7.7, 0.7 Hz, H-3’ & H-5’), 7.49 – 7.42 (1H, m, H), 7.43 – 7.34 

(2H, m, NH & H-3”), 7.29 – 7.22 (3H, m, H-5” & H-6” & H-7”), 7.13 (1H, s, H-6), 6.99 (1H, s, H-3), 4.62 

(2H, d, J = 6.2 Hz, H-1”), 3.94 (3H, s, OCH3), 3.81 (2H, s, H-7), 3.80 (3H, s, OCH3); 13C NMR (75 MHz, 

CDCl3); δ 162.3 (C=O), 150.1 (C-2), 148.9 (C-9), 148.1 (C-1), 142.9 (C-10), 141.0 (C-1’), 140.6 (C-2”), 

139.9 (C-5), 134.6 (C-4”), 130.0 (C-3”), 129.6 (C-3’ & C-5’), 129.0 (C-4), 128.5 (C-4’), 128.0 (C-7”), 127.7 

(C-5”), 126.1 (C-6”), 124.3 (C-8), 123.5 (C-2’ & C-6’), 109.9 (C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 

42.6 (C-1”), 29.6 (C-7). HRMS m/z (ESI) (C26H22ClN3O3) 460.1559 ([M + H]+ requires 460.1422). 
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5.5.1.6.23. N-(2-Chlorobenzyl)-6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide  31  

(Yield 49%); Off-white solid; Rf 0.46 (1:1 ethyl acetate: 

hexane); mp 152 °C; νmax (neat)/cm-1 3414 (N-H str, w), 1683 

(C=O str, vs), 1488 (C=N str, vs), 1257 (C-N str, s), 1215 (s), 

1119 (s), 1074 (s), 804 (C-H “oop”, s), 756 (C-Cl str, s), 704 (C-

H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 7.73 (2H, d, J = 7.7 

Hz, H-2’ & H-6’), 7.57 (2H, td, J = 7.6, 6.0 Hz, H-3’ & H-5’), 

7.53 – 7.41 (3H, m, ArH’s), 7.40 – 7.33 (1H, m, NH), 7.23 (2H, 

dd, J = 6.5, 2.9 Hz, ArH’s), 7.12 (1H, s, H-6), 6.99 (1H, s, H-3), 4.75 (2H, d, J = 6.2 Hz, H-1”), 3.94 (3H, s, 

OCH3), 3.81 (2H, s, H-7), 3.80 (3H, s, OCH3); 13C NMR (75 MHz, CDCl3); δ 162.3 (C=O), 150.1 (C-2), 148.9 

(C-9), 148.1 (C-1), 143.0 (C-10), 141.1 (C-1’), 139.9 (C-5), 135.9 (C-2”), 133.8 (C-3”), 130.2 (C-4”), 129.6 

(C-7”), 129.6 (C-3’ & C-5’), 129.0 (C-4), 128.9 (C-5”), 128.4 (C-4’), 127.2 (C-6”), 124.3 (C-8), 123.5 (C-2’ 

& C-6’), 109.9 (C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 41.1 (C-1”), 29.6 (C-7). HRMS m/z (ESI) 

(C26H22ClN3O3) 460.1559 ([M + H]+ requires 460.1422). 

5.5.1.6.24. 6,7-Dimethoxy-N-(2-methoxybenzyl)-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-

carboxamide  32  

(Yield 53%); Off-white solid; Rf 0.35 (1:1 ethyl acetate: 

hexane); mp 157 °C; νmax (neat)/cm-1 1660 (C=O str, m), 1489 

(C=N str, vs), 1258 (C-N str, s), 1238 (s), 1121 (s), 1025 (s), 

805 (C-H “oop”, s), 752 (C-H “oop”, s), 704 (C-H “oop”, s); 1H 

NMR (300 MHz, CDCl3); δ 7.72 (2H, d, J = 7.8 Hz, H-2’ & H-

6’), 7.57 (2H, td, J = 7.7, 0.7 Hz, H-3’ & H-5’), 7.50 – 7.36 (3H, 

m, ArH’s & NH), 7.29 – 7.21 (1H, m, H-4”), 7.12 (1H, s, H-6), 

6.98 (1H, s, H-3), 6.91 (2H, dd, J = 16.8, 8.0 Hz, H-5” & H-6”), 4.66 (2H, d, J = 6.1 Hz, H-1”), 3.94 (3H, s, 

OCH3), 3.88 (3H, s, OCH3), 3.81 (2H, s, H-7), 3.80 (3H, s, OCH3); 13C NMR (75 MHz, CDCl3); δ 162.1 (C=O), 

157.71 (C-3”), 149.9 (C-2), 148.8 (C-9), 148.1 (C-1), 143.0 (C-10), 141.5 (C-1’), 140.0 (C-5), 129.9 (C-7”), 

129.5 (C-3’ & C-5’), 129.0 (C-4), 128.8 (C-5”), 128.3 (C-4’), 126.5 (C-2”), 124.4 (C-8), 123.4 (C-2’ & C-6’), 

120.7 (C-6”), 110.4 (C-4”), 109.9 (C-3), 103.4 (C-6), 56.3 (OCH3), 56.2 (OCH3), 55.5 & 55.4 (+OCH3), 38.7 

(C-1”), 29.6 (C-7). HRMS m/z (ESI) (C27H25N3O4) 456.2007 ([M + H]+ requires 456.1918). +Doubling of 

carbon peaks due to rotomers. 

 
 
 



168 | P a g e  
 

5.5.2. Bioactivity screening 

Prior to screening, all compounds were dissolved in dimethyl sulfoxide due to the compounds being 

insoluble in high concentrations of water (10 mM). The final concentration of dimethyl sulfoxide in 

the assay were below 1%. 

5.5.2.1.   Acetylcholinesterase inhibitory activity 

Cholinesterase inhibitory activity for EeAChE was determined using the 5,5-dithiobis-2-nitrobenzoic 

acid (DTNB) assay as described by Ellman [60] and modified by Eldeen and co-workers [61]. Three 

buffers were prepared: Buffer A – 50 mM Tris-hydrochloride (pH 8); Buffer B - 50 mM Tris-

hydrochloride (pH 8), containing 0.1% bovine serum albumin; Buffer C - 50 mM Tris-hydrochloride (pH 

8), fortified with 0.1 M sodium chloride and 0.02 M magnesium chloride. Into 96-well plates were 

pipetted: 25 mL acetylthiocholine iodide (15 mM in distilled water), 125 mL DTNB (3 mM in buffer C), 

50 mL buffer B and either 25 mL buffer A (negative control), galantamine (positive control at 1 μM) or 

compounds 11 - 45. Absorbance was measured at 405 nm (four times) to account for baseline 

interference. An aliquot of 25 mL EeAChE (0.2 U/mL in buffer A) was pipetted into the plates and the 

absorbance measured every 45 s for fifteen cycles. EeAChE inhibition (%) was determined as the rate 

of the reaction (correcting for spontaneous colour changes) relative to the negative control. 

5.5.2.2.   Statistics 

Assays were performed as three intra- as well as three inter-replicates. Statistical analyses were 

performed using Graph-Pad Prism 5.0 (GraphPad). The AChE IC50 values were determined using non-

linear regression analysis. 
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5.8. APPENDIX D. SUPPLEMENTARY INFORMATION   

Appendix D can be found as a separate document on the CD. 
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Chapter 6. Synthesis of donepezil as precursor for the 

development of β-secretase inhibitors for the treatment of 

Alzheimer’s disease using flow conditions 

 

Contributions to this chapter 

All of the synthesis and compound characterization described in this chapter were performed by Mr 

DG van Greunen under the supervision of Dr DL Riley and Dr J-L Panayides. The synthetic work was 

undertaken in the Department of Chemistry at the University of Pretoria. 
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ABSTRACT 

The comparison of an improved conventional batch mode synthesis of donepezil 1, an anti-

Alzheimer’s disease agent, with its partially flow chemistry alternative is reported in an effort to 

produce donepezil on a large scale as a precursor for the development of β-secretase inhibitors for 

the treatment of Alzheimer’s disease. The stepwise and continuous flow synthesis of donepezil has 

been partially achieved where Stage 1 and Stage 3 has been optimised. Stage 1 has been completed 

where the benzylation reaction of ethyl isonipecotate 3 to access ethyl 1-benzylpiperidine-4-

carboxylate 4 with an improve yield of 83% in forty-five minutes using flow conditions, compared to 

79% in three hours using batch conditions, was achieved. Stage 3 was completed where the precursor 

(E)-2-[(1-benzylpiperidin-4-yl)methylene]-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one 7 was reduced 

to donepezil 1 in a catalytic reductive hydrogenation reaction, using 10% Pd/C as catalyst, with a 80% 

yield in four-and-a-half hours using flow conditions, compared to 78% in six hours using batch 

conditions.   
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6.1. INTRODUCTION 

Donepezil 1 (Figure 6.1) the well-known acetylcholinesterase (AChE) inhibitor is currently used in the 

palliative treatment of Alzheimer’s disease (AD) [1]. The chemical space surrounding donepezil 1 has 

been previously explored by the authors [2]. Unfortunately, further exploration of the chemical space 

surrounding 1 requires large amounts of this compound. As a result, a lot of interest was placed in the 

development of an improved means of synthesizing donepezil 1 and flow technology was considered 

to facilitate the synthesis of 1. 

 

Figure 6.1. Donepezil. 

The manufacturing of active pharmaceutical ingredients (API’s) at minimal cost and of high quality, is 

the primary focus of process research and development in pharmaceutical companies [3-7]. As a 

result, process chemistry plays an important role in gaining a competitive advantage in pharmaceutical 

manufacturing [3, 8]. In our endeavour of drug discovery, our research group is also involved in the 

development of improved process routes for the development of pharmaceuticals and APIs, in this 

case flow chemistry. Flow chemistry incorporates the use of small reactors in which streams of 

substrates and reagents are united to react with each other in continual flowing streams in a highly 

controllable manner (heating, cooling, pressure, concentration, etc.). The latter has many advantages 

over that of traditional batch process chemistry, including: i) facile automation, ii) reproducibility, iii) 

safety and process reliability due to constant parameters including efficient mixing, temperature 

control, amount of reagents used, iv) multistep reactions can be conducted in continuous flow and 

shorter reaction time [9-13].  

Commercially available flow chemistry equipment includes the following: i) Uniqsis FlowSyn, ii) 

Vapourtec R-Series, iii) Vapourtec E-Series, iv) FutureChemistry FlowStart Evo, v) Chemtrix Labtrix, vi) 

Syrris Asia and vii) Accendo Propel [9]. During this part of the study the Uniqsis FlowSyn Stainless Steel 

Flow reactor was utilized (Figure 6.2) [14]. 

 
 
 



178 | P a g e  
 

 

Figure 6.2. Uniqsis FlowSyn Stainless Steel Flow reactor [14]. 

The current synthetic route utilised by our group to access donepezil 1 is a 5-step batch synthesis 

which affords 1 in an overall yield of 32% (Scheme 6.1) [2]. The overall batch synthesis is described in 

Section 6.2.1. The preparation of 1 has several drawbacks which include: i) a moderately yielding aldol 

condensation (Stage 4) and ii) a catalytic hydrogenation of an alkene, which causes unwanted de-

benzylation of the target molecule’s piperidine ring system (Stage 5). An alternative process route 

using flow technologies (Scheme 6.2) was therefore envisaged. The overall flow-based synthesis is 

described in Section 6.2.2. The approach is targeted at i) improving the benzylation of 3 by increasing 

the yield and decreasing the reaction time, ii) controlling the hydrogenation of the donepezil precursor 

6 to selectively allow the reduction of the alkene without unwanted debenzylation and iii) reducing 

the process to three steps by selectively reducing ester 4 to 6 and telescoping this directly into the 

aldol condensation to afford 7 in a single operation. 

If successful, the flow-based route, in addition to potentially showing improvements to the process 

route, could also be used to facilitate drug discovery projects which require the modification of the 

donepezil 1 skeleton. One possible key area on donepezil 1 was identified as an example for future 

drug discovery projects. It has the potential when modified with a pharmacophore, to additionally act 
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as a β-secretase cleaving enzyme 1 (BACE1) inhibitor. Such a pharmacophore was identified by Huang 

and co-workers [15] in the development of the BACE1 inhibitor 2 (Figure 6.3). As part of a future 

project, it was hypothesized that by incorporating the spirocyclic pharmacophore onto donepezil 1, 

inhibition of BACE1 may be achieved, while maintaining the affinity for AChE, thus affording a dual 

inhibitor. 

 

Figure 6.3. Proposed future modification of donepezil 1. 

It is envisaged that using flow chemistry, a shorter synthesis would be achieved which negates some 

of the draw-backs associated with the current route. In this study, progress towards the development 

of a continuous flow process route for donepezil 1 is described and contrasted against the analogous 

batch process route. 

6.2. RESULTS AND DISCUSSION 

6.2.1. Batch synthesis of donepezil  

The synthesis of donepezil 1 (Scheme 6.1) using the traditional batch route can be divided into five 

distinct stages. The first stage involves a benzylation step in which ethyl isonipecotate 3 is reacted 

with benzyl chloride in the presence of triethylamine as base to afford the benzylated ester 4 in 79% 

yield in 3 hours [16]. Thereafter a Red-Al (sodium bis(2-methoxyethoxy)aluminium hydride)-mediated 

reduction of 4 was achieved at room temperature affording alcohol 5 in a yield of 96% [3], followed 

by the Swern oxidation at -78°C to afford 1-benzylpiperidine-4-carbaldehyde 6 in an 87% yield [3].     
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Scheme 6.1. Synthetic route to donepezil 1. 

The donepezil precursor 7 was prepared using an aldol condensation reaction between aldehyde 6 

and 5,6-dimethoxy-1-indanone 9 (Scheme 6.1) under basic conditions to afford alkene 7 in 62% in 195 

minutes [17]. The final stage of the synthesis was achieved through the catalytic hydrogenation of 7 

using tetrahydrofuran as solvent to afford donepezil 1 in a 78% in 6 hours [1]. Tetrahydrofuran was 

chosen as solvent instead of the more commonly utilised protic solvents such as ethanol or methanol, 

as these significantly increased the amount of debenzylation. The batch synthesis of donepezil 1 was 

achieved in 32% over 5 steps with a reaction residence time of 16 hours 45 minutes. 

6.2.2. Flow synthesis of donepezil 

In the synthesis of donepezil 1 using a flow process (Scheme 6.2), it was attempted to develop a 

process in which the number of different solvents being used could be minimized, as well as the 

reaction time and the difficulty of workup procedures, thereby improving the overall synthesis yield 

of donepezil 1.  

The synthetic process route was envisaged to start off with Stage 1 in which the benzylation of 3 would 

be performed using pre-made solutions of 3 and benzyl chloride 8 in toluene, and pumping these 

through a packed-bed reactor (PBR) filled with potassium carbonate followed by a back-pressure 

regulator (BPR). Thereafter, the reaction stream would flow directly into Stage 2A and be combined  
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Scheme 6.2.  Proposed flow process for donepezil 1. 
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with diisobutylaluminium hydride (DIBAL-H) in a mixing chip at -78 °C, followed by the quenching of 

the reaction using equimolar amounts of methanol before passage through a BPR. 

In Stage 2B the reaction mixture would be combined with a pre-lithiated reaction mixture of indanone 

9 (deprotonated with lithium diisopropylamide (LDA) in a mixing chip at -78 °C) continuing by passage 

through a heated packed-bed column filled with potassium carbonate which would facilitate 

dehydration to afford 7 followed by a BPR. Finally, passage of 7 through a Gas Addition Module II 

(GAM II) primed with hydrogen, passing through a packed-bed reactor (PBR) containing 150 mg 10% 

Pd/C and a BPR would facilitate the reduction to donepezil 1. 

6.2.2.1.   Stage 1 

The first synthetic stage involved the benzylation of ethyl isonipecotate 3 using benzyl chloride 8 as 

an alkylating agent. In the batch synthesis, triethylamine was used as a base as it is soluble in the 

acetonitrile solvent system used. In contrast the flow synthesis was facilitated by swapping the 

triethylamine with potassium carbonate which was packed in a PBR. The substitution of base was 

performed as it afforded a system wherein the base does not need to be removed in a downstream 

processing step (Figure 6.4). 
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Figure 6.4. Stage 1 stand-alone setup (left) and the K2CO3 packed column mounted on the column 

heating module (left and right). 

In addition, it was also envisaged to use toluene instead of acetonitrile in the flow system as it would 

allow easy telescoping into Stage 2 (Scheme 6.2) where the DIBAL-H reductant utilised is commonly 

available as a 1 M solution in toluene. Unfortunately, when attempted in toluene the protonated form 

of 3 precipitates before neutralization with the potassium carbonate in the PBR, causing reactor 

fouling. As a result, it was decided to continue with the use of acetonitrile which did not cause the 

aforementioned precipitation issues. 

The optimisation of Stage 1 was undertaken by performing temperature as well as residence time 

screening to find the optimum temperature and residence time at which the benzylation of 3 would 

proceed to completion. In a typical flow set-up (Scheme 6.3), a stock solution of ethyl isonipecotate 3 

in acetonitrile (1 M) was combined with a stock solution of benzyl chloride 7 in acetonitrile (1 M) at a 

T-piece mixer in a 1:1 ratio. Thereafter, the reaction stream was passed through a PBR filled with 

potassium carbonate followed by a BPR. Results obtained are shown in Table 6.1 and Graph 6.1. 

 

 

Scheme 6.3. Benzylation of ethyl isonipecotate 3 under flow conditions (Stage 1). 
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Table 6.1. Temperature and residence time study for Stage 1 

 

 

Entry 
PBR Temp 

(°C) 

Residence 

time 

(min) 

Flow rate 

(mL.min-1) 
% Yield 

1 50 30 0.183 42 

2 60 30 0.183 60 

3  45 0.122 79 

4 70 30 0.183 58 

5  45 0.122 81 

6  60 0.092 77 

7 80 30 0.183 77 

8  45 0.122 78 

9  60 0.092 79 

10 90 30 0.183 76 

11  45 0.122 83 

12  60 0.092 78 

13 100 30 0.183 72 

14  45 0.122 67 

15  60 0.092 62 
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Graph 6.1. Comparison of benzylation by temperature and residence time for Stage 1. 

An optimum residence time was found to be 45 min at a temperature of 90 °C with a yield of 83%. It 

should, however, also be noted that entry 5 (45 min at 70 ˚C) is comparable with a yield of 81%. 

Interestingly, it was noted that the yield decreases at elevated temperatures, possibly due to product 

decomposition, this trend is seen with a distinct drop-off in yield observed at a temperature of 100 °C. 

As a result, it was decided to adopt the conditions from entry 5 in an effort to limit potential 

decomposition. The flow-based benzylation was completed in a quarter of the time (45 min) taken for 

the batch-based process (180 min) and in a comparable yield (81% vs. 79%). In addition, the flow-

based process afforded pure material with no need for downstream processing and purification in 

which the same purification method of batch liquid-liquid extraction was used. 

6.2.2.2.   Stage 2A 

In Stage 2A (Scheme 6.4) the reduction of ester 4 to the aldehyde 6 was attempted using DIBAL-H as 

a reducing agent adopting an approach previously described by Jamison and Webb [18]. Typically, 

reductions with DIBAL-H occur rapidly, and as a result, low temperatures are often employed to 

prevent over reduction to the alcohol oxidation level [18]. 

In attempts to develop a flow-based process it was decided to employ the use of injection loops to 

introduce the material as opposed to using reagent reservoirs. In doing so, it was easier to introduce 

moisture and air sensitive DIBAL-H into the system. The two injection loops (2 mL) were pre-loaded 
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with a solution of 4 (0.45M) in dried, degassed toluene and commercial DIBAL-H (0.5M) in toluene 

respectively. The reagent streams were mixed in a mixing chip cooled to -82 °C (Figure 6.5) at various 

flow rates (Table 6.2) affording residence times ranging from 10 to 360 sec. Unfortunately, in all 

instances trace amounts of the product could be detected by 1H NMR spectroscopy; however, none 

of the unwanted over reduced material was observed. The results suggest that in contrast to the rapid 

reductions described by Jamison and Webb, ester 4 appears more robust and as such longer residence 

times and/or higher temperatures may be required. Alternatively, the reduction could potentially be 

achieved through an in situ Weinreb amide formation with a DIBAL-H and N-methylpiperazine 

mediated reduction [19]. Due to time constraints further investigations into the reduction of ester 4 

could not be undertaken. 

 

 

Scheme 6.4. Reduction of ethyl 1-benzylpiperidine-4-carboxylate 4 (Stage 2A). 
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Figure 6.5. Stage 2A stand-alone setup with the mixing chip in the cold-bath at -82 °C. 

Table 6.2. Flow rate study for Stage 2A 

Entry 
Flow rate 

(mL.min-1) 

Residence 

time (sec) 
% Yield 

1 12.00 10 - 

2 4.00 30 - 

3 2.00 60 - 

4 1.00 120 - 

5 0.667 180 - 

6 0.500 240 - 

7 0.400 300 - 
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8 0.333 360 - 

 

6.2.2.3. Stage 3 

The catalytic reduction of the donepezil precursor 7 (Scheme 6.5) was performed by passing 7 (0.10 

M, prepared by batch method) through a Gas Addition Module II (GAM II) and PBR containing 150 mg 

10% Pd/C (Figure 6.6). The GAM II module is a gas-liquid coil reactor which permits gas to be 

introduced into reagent streams through an inner gas-permeable membrane that runs inside the 

whole length of the outer coil reactor tubing [14]. At first passage across a PBR housing containing the 

10% Pd/C, both the desired product 1 and the debenzylated product were afforded, suggesting that 

the reduction of the alkene is faster than the debenzylation. At residence times short enough to 

prevent debenzylation there was incomplete reduction of the alkene 7. It was therefore opted to use 

a small plug of Pd/C at a high flow rate, thereby giving minimum exposure to the catalyst. In this 

instance however, although there was no observed debenzylation of 7, the reduction of 7 was limited. 

As such it was decided to use a recycling system in which the repeated exposure of precursor 7 to the 

catalyst bed was allowed, but never allowing prolonged exposure at any point in time. All reactions 

were performed at a total flow rate of 0.500 mL.min-1
 and recycled for 4.5 – 6 hours. Donepezil 1 was 

obtained through column chromatography. Results obtained are summarized in Table 6.3 and Graph 

6.2. 

 

 

Scheme 6.5. Catalytic reduction of donepezil precursor 7 (Stage 3). 
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Figure 6.6. Stage 3 stand-alone setup with the GAM II mounted on the coil reactor (left) and the 10% 

Pd/C packed column mounted on the column heating module (left and right). 

Table 6.3. Comparison of residence time at total flow rate of 0.500 mL.min-1 

Entry 
Recycling 

time (h) 

Coil 

residence 

time (min) 

Column 

residence 

time (min) 

Pressure  

(bar) 

Debenzylation 

observed 

(Y/N) 

% Yield 

1 6.00 12.00 12.00 2.7 Y 59 

2 5.30 12.00 12.00 9.7 Y 42 

3 5.00 12.00 12.00 4.8 Y 70 

4 4.30 12.00 12.00 9.7 N 80 
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Graph 6.2. Comparison of catalytic hydrogenation by residence time for Stage 3. 

The optimum recycling time without any de-benzylation of the donepezil precursor 6 was 4 hours 30 

minutes at a pressure of 9.7 bar at room temperature which provided a yield of 80%. The catalytic 

reduction of the donepezil precursor 7 (Scheme 6.5) was completed in less time (4.5 hours), in a 

comparable yield (80%) when compared to the batch process (6 hours, 78%). Furthermore, when 

compared to the batch process, the catalytic reduction in flow afforded the desired 1 without any 

observed debenzylation when performed at room temperature. 

6.3. CONCLUSION 

Under flow conditions, the highest yield obtained for the benzylation of ethyl isonipecotate 3 was 83% 

at 90 °C with a residence time of 45 minutes. In comparison, the batch process took 3 hours to 

complete with a comparable yield of 79%. Initial proof-of-concept studies for the DIBAL-H reduction 

were undertaken; however, at lower temperature with short residence times, no significant 

conversion was noted. The initial poor results suggest that optimisation of the residence time and 

temperature needs to be undertaken wherein runs with longer residence times need to be 

undertaken, potentially at higher temperatures. The reduction of the donepezil precursor 7 to afford 

the final product donepezil 1 was obtained with a yield of 80% after 4.5 hours with no observable 

debenzylation in flow, in comparison, the batch process was complete after 6 hours in a yield of 78%. 

At longer recycle times, minor debenzylation of donepezil 1 was observed which increased with 

increasing recycling time. Thus, with only two of the three steps completed for the flow process, the 
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yield of the individual steps was marginally improved, there was a reduction in the reaction times and 

in the case of the catalytic reduction it was shown to selectively reduce the alkene functionality 

without any unwanted debenzylation being observed. 

Future work will focus on i) optimisation of the DIBAL-H reduction of 4 to 6, ii) development of a flow 

method for the aldol condensation of lithiated 5,6-dimethoxy-1-indanone 6 with the aldehyde 5 (from 

the DIBAL-H reduction of 4), reducing the synthesis from 5 to 3 steps, and iii) upscaling of the synthesis 

of 1 for use as a drug discovery precursor. 

6.4. EXPERIMENTAL 

6.4.1. General methods 

Dry solvents were distilled under nitrogen before being used. Tetrahydrofuran and toluene were 

distilled from sodium metal wire with benzophenone added as indicator, acetonitrile and 

dichloromethane were distilled from calcium hydride. All reagents and solvents from commercial 

sources were used without further purification. 1H NMR (300 MHz) and 13C NMR (75 MHz) spectra 

were recorded on Bruker AVANCE-III-300 instrument using CDCl3. CDCl3 contained tetramethylsilane 

as an internal standard. Chemical shifts, δ, are reported in parts per million (ppm), and splitting 

patterns are given as singlet (s), doublet (d), triplet (t), quartet (q), or multiplet (m). Coupling 

constants, J, are expressed in hertz (Hz). Mass spectra were recorded in ESI mode on a Waters Synapt 

G2 Mass Spectrometer at 70 eV and 200 mA. Samples were dissolved in acetonitrile (containing 0.1% 

formic acid) to an approximate concentration of 10 μg/mL. Infrared spectra were run on a Bruker 

ALPHA Platinum ATR spectrometer. The absorptions are reported on the wavenumber (cm-1) scale, in 

the range 400 - 4000 cm-1. The signals are reported: value (relative intensity, assignment if possible). 

Abbreviations used in quoting spectra are: v = very, s = strong, m = medium, w = weak, str = stretch. 

Melting points were measured on a Stuart Melting Point SMP10 microscope. The retention factor (Rf) 

values denoted are for thin layer chromatography (TLC) on aluminium-backed Macherey-Nagel 

ALUGRAM Sil G/UV254 plates pre-coated with 0.25 mm silica gel 60, spots were visualised with UV light 

and basic KMnO4 spray reagent. Chromatographic separations were performed on Macherey-Nagel 

Silica gel 60 (particle size 0.063 – 0.200 mm). Yields refer to isolated pure products unless stated 

otherwise. Flow reaction were conducted on a Uniqsis FlowSyn Stainless Steel reactor. Each 

compound is named either according to PerkinElmer’s ChemDraw Version 15.0.0.106 or according to 

common names. The numbering of compounds was not done according to priority, but rather to the 

author’s convenience for characterization. 
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6.4.2. Batch synthesis of donepezil 

6.4.2.1. Ethyl 1-benzylpiperidine-4-carboxylate 4 

A mixture of ethyl isonipecotate 3 (10.00 g, 63.61 mmol, 1 eq.), benzyl chloride 7 

(7.7 mL, 67 mmol, 1.05 eq.) and triethylamine (26.5 mL, 191 mmol, 3 eq.) in 

anhydrous acetonitrile (100 mL) was refluxed for 3 h after which time the reaction 

mixture was left to cool to room temperature and the solvent was evaporated in 

vacuo. The obtained oil was diluted with ethyl acetate (100 mL) and washed with 

a 10% aqueous solution of sodium hydroxide (3 x 50 mL) and water (50 mL). The 

organic layer was dried over anhydrous sodium sulfate, filtered and evaporated 

in vacuo to afford the product. The product was used without any further 

purification. (Yield 79%); Transparent orange oil. Rf 0.42 (1:3 ethyl acetate: hexane); νmax (neat)/cm-1 

2944 (C-H str, m), 2801 (C-H str, m), 2760 (C-H str, m), 1728 (C=O str, s), 1448 (C-C str, m), 1168 (C-O 

str, s), 1046 (C-N str, m), 736 (C-H “oop”, s), 698 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 7.41 – 

7.15 (5H, m, ArH’s), 4.13 (2H, t, J = 7.1 Hz, H-2), 3.51 (2H, s, H-1’), 2.87 (2H, dt, J = 11.4, 3.1 Hz, *H-5a 

&*H-6a), 2.30 (1H, tt, J = 10.9, 4.2 Hz, H-3), 2.05 (2H, td, J = 11.3, 2.7 Hz, *H-5b & *H-6b), 1.95 – 1.71 

(4H, m, H-4 & H-5), 1.26 (3H, t, J = 7.1 Hz, H-1); 13C NMR (75 MHz, CDCl3); δ 175.3 (C=O), 138.5 (C-2’), 

129.2 (C-3’ & C-7’), 128.3 (C-4’ & C-6’), 127.1 (C-5’), 63.4 (C-1’), 60.3 (C-2), 53.0 (C-5 & C-6), 41.3 (C-3), 

28.4 (C-4 & C-7), 14.3 (C-1); HRMS m/z (ESI) (C15H21NO2) 248.1682 ([M + H]+ requires 248.1645). 

*Assignments are interchangeable. Characterization of this compound compared well to literature [2]. 

6.4.2.2.   (1-Benzylpiperidin-4-yl)methanol 5 

To a stirred solution of ethyl 1-benzyl-piperidine-4-carboxylate 4 (7.90 g, 32.5 

mmol, 1.0 eq.) in anhydrous dichloromethane (100 mL), was added Red-Al (15.8 mL, 

48.7 mmol, 1.5 eq., 60% weight in toluene) at 15 – 20 °C. The contents were stirred 

for 3 h at room temperature. The reaction was quenched by the slow addition of 

10% aqueous sodium hydroxide (5 mL) and then diluted with water (100 mL). The 

contents were stirred for 30 min, and the organic layer was separated and the 

aqueous layer was extracted with dichloromethane (3 x 30 mL). The organic layers 

were combined, dried over anhydrous sodium sulfate, filtered and evaporated in vacuo to yield the 

product. The product was used without any further purification. (Yield 96%). Transparent viscous 

yellow oil. Rf 0.31 (9:1 dichloromethane: methanol); νmax (neat)/cm-1
 3331 (O-H str, s, b), 2915 (C-H 

str, m), 2803 (C-H str, m), 1448 (C-C str, m), 1367 (C-H rock, m), 1112 (C-O str, s), 1040 (C-N str, m), 

737 (C-H “oop”, s), 697 (C-H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 7.35 – 7.19 (5H, m, Ar-H’s), 3.50 

(2H, s, H-1’), 3.46 (2H, d, J = 6.4 Hz, H-1), 2.91 (2H, d, J = 11.6 Hz, #H-4a & #H-5a), 2.53 (1H, s, OH), 1.96 
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(2H, td, J = 11.7, 2.3 Hz, #H-4b & #H-5b), 1.70 (2H, d, J = 13.9 Hz, $H-3a & $H-6a), 1.57 – 1.40 (1H, m, H-

2), 1.28 (2H, m, $H-3b & $H-6b); 13C NMR (75 MHz, CDCl3); δ 138.3 (C-2’), 129.4 (C-7’ & C-3’), 128.3 (C-

6’ & C-4’), 127.1 (C-5’), 67.8 (C-1), 63.5 (C-1’), 53.5 (C-5 & C-4), 38.6 (C-2), 28.8 (C-3 & C-6); HRMS m/z 

(ESI) (C13H19NO) 206.1591 ([M + H]+ requires 206.1539). #Assignments are interchangeable. 

$Assignments are interchangeable. Characterization of this compound compared well to literature [2].    

6.4.2.3.   1-Benzylpiperidine-4-carbaldehyde 6 

 A solution of dimethyl sulfoxide (6.3 mL, 88 mmol, 3.2 eq.) in dichloromethane (10 

mL) was added drop-wise to a pre-cooled solution of oxalyl chloride (3.3 mL, 38 

mmol, 1.4 eq.) in dichloromethane (40 mL) and left to stir for 30 min. A solution of 

(1-benzylpiperidin-4-yl)methanol 5 (5.70 g, 27.8 mmol, 1 eq.) in dichloromethane 

(10 mL) was added drop-wise and stirred for 30 min. Triethylamine (20.3 mL, 147 

mmol, 5.3 eq.) was then added and the solution was stirred for an additional 30 min. 

Upon warming the solution to room temperature, water (30 mL) was then added 

and the layers were separated. The organic layer was washed with brine (3 x 30 mL), dried over 

anhydrous sodium sulfate, filtered and evaporated in vacuo to afford the product. The product was 

used without any further purification (Yield 87%). Dark orange oil. Rf 0.27 (95:5 dichloromethane: 

methanol); νmax (neat)/cm-1
 2930 (C-H str, m), 2801 (H-C=O: C-H, m), 2758 (C-H str, m), 1720 (C=O str, 

s), 1448 (C-C str, m), 1365 (C-H rock, m), 1069 (C-O str, m), 976 (C-N str, m), 736 (C-H “oop”, s), 697 (C-

H “oop”, s); 1H NMR (300 MHz, CDCl3); δ 9.63 (1H, d, J = 1.1 Hz, CHO), 7.32 – 7.20 (5H, m, Ar-H’s), 3.48 

(2H, s, H-1’), 2.80 (2H, dt, J = 11.9, 4.0 Hz, #H-3a & #H-4a), 2.29 – 2.15 (1H, m, H-1), 2.09 (2H, td, J = 

11.2, 2.8 Hz, #H-3b & #H-4b), 1.86 (2H, dd, J = 13.2, 4.1 Hz, $H-2a & $H-5a), 1.67 (2H, m, $H-2b and $H-

5b); 13C NMR (75 MHz, CDCl3); δ 204.1 (C=O), 138.3 (C-2’), 129.1 (C-7’ & C-3’), 128.3 (C-6’ & C-4’), 127.1 

(C-5’), 63.3 (C-1’), 52.6 (C-4 & C-3), 48.1 (C-1), 25.5 (C-2 & C-5); HRMS m/z (ESI) (C13H17NO) 204.1427 

([M + H]+ requires 204.1383). #Assignments are interchangeable. $Assignments are interchangeable. 

Characterization of this compound compared well to literature [2]. 
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6.4.2.4.   (E)-2-[(1-Benzylpiperidin-4-yl)methylene]-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one 7  

 To a stirring solution of 5,6-dimethoxy-1-indanone 9 (3.75 g, 

19.49 mmol, 1 eq.) in methanol (50 mL) at 40 - 45 °C, was 

added a mixture of sodium hydroxide (5.45 g, 136.34 mmol, 

7 eq.) in methanol: water (50 mL, 4:1) drop-wise over 45 min. 

The resulting reaction mixture was left to stir for 30 min after 

which time a solution of 1-benzylpiperidine-4-carbaldehyde 

6 (4.74 g, 23.31 mmol, 1.2 eq.) in methanol (20 mL) was 

added drop-wise to the reaction mixture. The reaction mixture was left to stir for 2 h after which time 

the reaction was left to cool to room temperature. The solvent was evaporated in vacuo and the water 

(100 mL) was added to the resulting residue. The mixture was triturated for 30 min after which time 

the solids were filtered off and washed with additional water (50 mL), followed by a mixture of ice-

cold methanol: acetone (30 mL, 1:1) to afford the product. The product was used without any further 

purification. (Yield 62%). Yellow solid. Rf 0.36 (95:5 dichloromethane: methanol); mp 171 – 174 °C 

(literature [17]  170 – 174 °C); νmax (neat)/cm-1 2922 (=C-H str, m), 1686 (C=O str, s), 1643 (C=C str, 

s), 1594 (C-C str (in-ring), s), 1496 (C-H bend, m), 1452 (m), 1306 (C-H bend, s), 1245 (C-N str, m), 1124 

(m), 978 (=C-H bend, m), 851 (C-H “oop”, m), 798 (s), 763 (s), 730 (s), 693 (s); 1H NMR (300 MHz, 

CDCl3); δ 7.35 – 7.19 (6H, m, Ar-H’s & H-6), 6.88 (1H, s, H-3), 6.65 (1H, d, J = 9.7 Hz, H-9), 3.96 (3H, s, 

OCH3), 3.91 (3H, s, OCH3), 3.57 (2H, d, J = 1.3 Hz, H-7), 3.51 (2H, s, H-1’), 2.91 (2H, d, J = 11.6 Hz, H-

13#), 2.39 – 2.24 (1H, m, H-10), 2.05 (2H, td, J = 11.3, 3.0 Hz, #H-11a & #H-14a), 1.65 (4H, dt, J = 14.5, 

10.5 Hz, #H-11b & #H-14b); 13C NMR (75 MHz, CDCl3); δ 192.6 (C=O), 155.4 (C-2), 149.6 (C-1), 144.6 (C-

9), 139.9 (C-5), 138.4 (C-4), 135.7 (C-2’), 131.9 (C-8), 129.3 (C-7’ & C-3’), 128.3 (C-6’ & C-4’), 127.1 (C-

5’), 107.3 (C-3), 105.1 (C-6), 63.6 (C-1’), 56.3 (OCH3), 56.2 (OCH3), 53.2 (C-12 & C-13), 37.4 (C-7), 31.3 

(C-10), 29.6 (C-11 & C-14); HRMS m/z (ESI) (C24H27NO3) 378.2073 ([M + H]+ requires 378.2064). 

#Assignments are interchangeable. Characterization of this compound compared well to literature [2]. 
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6.4.2.5.  rac-2-[(1-Benzylpiperidin-4-yl)methyl]-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one 1 

(Donepezil) 

(E)-2-[(1-Benzylpiperidin-4-yl)methylene]-5,6-dimethoxy- 

2,3-dihydro-1H-inden-1-one 7 (1.48 g, 3.91 mmol, 1 eq.) was 

dissolved in tetrahydrofuran (35 mL) and stirred for 15 min at 

room temperature. 10% Pd/C (0.20 g, 50 mg/mmol) was then 

added to the reaction mixture. Hydrogen gas was pumped 

into the reaction vessel at 1 atm and left to stir until the 

disappearance of the starting material (6 h as monitored by 

TLC). The catalyst was then removed by filtering the reaction mixture through celite. The solvent was 

then removed in vacuo to afford the crude product. The crude material was purified by column 

chromatography (95:5 dichloromethane: methanol as eluent) to afford the product. (Yield 78%). 

Viscous yellow oil.  Rf 0.27 (95:5 dichloromethane: methanol); νmax (neat)/cm-1 2915 (C-H str, m), 1688 

(C=O str, s), 1591 (C-C str (in-ring), s), 1496 (C-H bend, m), 1458 (m), 1306 (C-H bend, s), 1258 (C-N str, 

m), 1114 (m), 1031 (s), 847 (w), 804 (m), 730 (C-H “oop”, s), 694 (C-H “oop”, s); 1H NMR (300 MHz, 

CDCl3); δ 7.36 – 7.20 (5H, m, Ar-H’s), 7.15 (1H, s, H-6), 6.84 (1H, s, H-3), 3.95 (3H, s, OCH3), 3.89 (3H, s, 

OCH3), 3.54 (2H, s, H-1’), 3.22 (1H, dd, J = 17.6, 8.1 Hz, H-8), 2.92 (2H, dd, J = 11.3, 3.1 Hz, H-7), 2.68 

(2H, dt, J = 11.3, 3.5 Hz, #H-12a & #H-13a), 2.01 (2H, t, J = 11.7 Hz, #H-12b & #H-13b), 1.90 (1H, ddd, J = 

13.4, 7.5, 4.4 Hz, $H-11a), 1.71 (2H, t, J = 13.5 Hz, $H-11b & $H-14a ), 1.38 (4H, m, $H-14b, H- 10 & H-9 

2H); 13C (75 MHz, CDCl3); δ 207.9 (C=O), 155.5 (C-2), 149.5 (C-1), 148.9 (C-4 & C-5), 129.5 (C-2’), 129.4 

(C-7’ & C-3’), 128.3 (C-6’ & C-4’), 127.2 (C-5’), 107.5 (C-3), 104.5 (C-6), 63.4 (C-1’), 56.3 (OCH3), 56.2 

(OCH3), 53.8 (C-12 & C-13), 45.5 (C-8), 38.8 (C-9), 34.4 (C-7), 33.5 (C-14), 32.8 (C-11), 31.7 (C-10); HRMS 

m/z (ESI) (C24H29NO3) 380.2273 ([M + H]+ requires 380.2220). #Assignments are interchangeable. 

$Assignments are interchangeable. Characterization of this compound compared well to literature [2].  

6.4.3. Flow synthesis of donepezil 

6.4.3.1.   General procedure for the synthesis of ethyl 1-benzylpiperidine-4-carboxylate 4  

A 10 mL glass OmnitFit™ column was loaded with potassium carbonate to a total volume of 5.5 mL. 

The column was mounted in a Uniqsis FlowSyn SS reactor heating block using the set-up shown in 

Scheme 6.3 and Figure 6.4. The column was washed with anhydrous acetonitrile at 1.0 mL.min−1
 for 

30 minutes. A stock solution containing ethyl isonipecotate 3 (1.0 M, 1.0 eq.) in anhydrous acetonitrile 

was mixed with a stock solution of benzyl chloride 7 (1.0 M, 1.0 eq.) in anhydrous acetonitrile in a 1:1 

ratio at a T-piece mixer. Thereafter, the flow stream was passed through the glass OmnitFit™ column 

containing the potassium carbonate at temperatures ranging from 50 - 100 °C. Total flow rates varying 
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from 0.092 – 0.183 mL.min-1
 (TR = 30 – 60 min) were used. A post-reaction wash of 12 mL with 

anhydrous acetonitrile was performed. The solvent was evaporated in vacuo. The obtained oil was 

diluted with ethyl acetate (20 mL) and washed with a 10 % aqueous solution of sodium hydroxide (3 x 

15 mL) and water (15 mL). The organic layer was dried over anhydrous sodium sulfate, filtered and 

evaporated in vacuo to afford the product. The product was used without any further purification. 

(Yields 9 - 83%).  

6.4.3.2.   General procedure for the attempted synthesis of 1-benzylpiperidine-4-carbaldehyde 6 

A 2 mL glass mixing chip was cooled in a dry ice: acetone bath to -82 °C using the set-up shown in 

Scheme 6.5 and Figure 6.5. The glass mixing chip was washed with anhydrous toluene at 1.0 mL.min−1
 

for 30 min prior to commencement of the reactions. A stock solution containing ethyl 1-

benzylpiperidine-4-carboxylate 4 (0.45 M, 1.0 eq.) in anhydrous toluene was mixed with a stock 

solution of DIBAL-H (0.5 M, 1.1 eq.) in anhydrous toluene in a 1:1 ratio within the glass mixing chip. 

Thereafter the flow stream was collected in a vial containing 15 mL of methanol. Total flow rates 

varying from 12.00 – 0.333 mL.min-1
 (TR = 10 – 360 s) were used. A post-reaction wash of 6 mL with 

anhydrous toluene was performed. The solvent was evaporated in vacuo. The obtained oil was diluted 

with ethyl acetate (20 mL) and washed with water (3 x 15 mL). The organic layer was dried over 

anhydrous sodium sulfate, filtered and evaporated in vacuo to afford the crude material. 

6.4.3.3.   General procedure for the synthesis of donepezil 1 

A 10 mL glass OmnitFit™ column was loaded with 150 mg of 10% Pd/C together with celite to a total 

volume of 5.5 mL. The column was mounted in a Uniqsis FlowSyn SS reactor heating block whereas 

the GAM II module (6.0 mL) was mounted on the coil heating module using the set-up shown in 

Scheme 6.5 and Figure 6.6. The glass OmnitFit™ column and GAM II module were washed with 

tetrahydrofuran at 0.2 mL.min−1 for 1 hour maintaining a hydrogen pressure of 2.0 bar and a system 

pressure ranging from 2.7 – 9.7 bar (depending on the back-pressure regulator). A stock solution 

containing (E)-2-[(1-benzylpiperidin-4-yl)methylene]-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one 7 

(0.05 M) in tetrahydrofuran was passed through the GAM II module followed by the flow stream 

passing through the glass OmnitFit™ column containing the 10% Pd/C at temperatures ranging from 

21 - 27 °C. Thereafter the flow stream was recycled for 4.5 – 6 hours and then collected. A total flow 

rate of 0.500 mL.min-1 was used with residence times of 12.00 min (GAM II module) and 11.00 min 

(OmnitFit™ column). A post-reaction wash with tetrahydrofuran was performed at a flow rate of 0.500 

mL.min-1 for 45 min. The solvent was evaporated in vacuo. The obtained oil was diluted with ethyl 

acetate (20 mL) and washed with water (3 x 15 mL). The organic layer was dried over anhydrous 

sodium sulfate, filtered and evaporated in vacuo to afford the crude material. The crude material was 
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purified by column chromatography (95:5 dichloromethane: methanol as eluent) to afford the product 

(Yields 42 – 80%). 
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Chapter 7. Conclusion, and limitations and future work 
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7.1. THESIS CONCLUSION  

In this study, four different series of compounds, consisting of ninety-one analogues, were synthesized 

as novel compounds against biomarkers of AD. These included; (i) series 1: N-benzylpiperidine 

carboxamide derivatives; (ii) series 2: 1-(5,6-dimethoxy-8H-indeno[1,2-d]thiazole-2-yl)urea 

derivatives; (iii) series 3: 1-amino-3-(indeno[1,2-b]indol-5(10H)-yl)propan-2-ol derivatives; and series 

4: 6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-carboxamide derivatives. All 

compounds were evaluated for activity against acetylcholinesterase (AChE), the major biomarker of 

AD. Derivatized compounds of series 1 were assessed for activity against butyrylcholinesterase 

(BuChE). Derivatized compounds of series 3 were assessed for activity against the amyloid precursor 

protein cleaving enzyme 1 (BACE1). 

Compound 25 (IC50 = 5.94 μM) and compound 33 (IC50 = 0.41 μM), of series 1 (Chapter 2) were found 

to be the most active against EeAChE using Ellman’s assay method. Replacement of the carbonyl 

groups with that of an imine, together with the alteration in the position of the nitrogen in the 

heterocycle of compound 33, led to the synthesis of more potent inhibitors against AChE due to its 

higher inhibition of EeAChE. These compounds demonstrated in vitro selectivity for AChE rather than 

BuChE.   

Of the compounds in series 2 (Chapter 3), compound 35, a thiazole with a urea linker, was found to 

have the highest inhibitory potential against AChE with an IC50 value of 12.74 ± 2.33 μM. The benzyl 

group derivatives, with substituents on the para-position, showed better inhibitory activity than the 

aryl group derivatives. In the case of halogen substituents on the aryl derivatives, fluorine substituents 

in the ortho-position showed better inhibitory activity. Elongated substituents on the benzyl 

derivatives, with longer alkyl chains resulted in increased inhibitory activity of compound 35 vs. 

compound 39. 

In series 3 (Chapter 4), seventeen novel 1-amino-3-(indeno[1,2-b]indol-5(10H)-yl)propan-2-ol 

derivatives were synthesized with the target being BACE1 inhibition. Compound 24 was found to have 

the highest inhibitory activity (91%) against human BACE1. Compound 25 had the best inhibitory 

activity against EeAChE with an IC50 value of 13.50 ± 1.41 μM. It was observed that by substituting the 

planar benzyl group (compound 9, 42% inhibition) with that of a rigid cyclohexyl- and methyl group 

(compound 25, 86% inhibition) or a 1,2,3,4-tetrahydronaphthalene group (compound 22, 71% 

inhibition), the inhibition of BACE1 increased substantially which suggests that cyclic aliphatic systems 

may be good substituents in the development of BACE1 inhibitors. 
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Series 4 (Chapter 5) consisted of twenty-four novel 6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-

c]pyrazole-3-carboxamide derivatives which were synthesized as possible NMDA antagonists. These 

compounds were not observed to have AChE activity and that the compounds will in future undergo 

screening for NMDA. 

Under flow conditions (Chapter 6), the highest yield obtained for the benzylation of ethyl 

isonipecotate 3 was 83% at 90 °C with a residence time of 45 minutes. In comparison the batch process 

took 3 hours to complete with a comparable yield of 79%. Initial proof-of-concept studies for the 

DIBAL-H reduction of compound 4 were undertaken, however, at lower temperature with short 

residence times no significant conversion was noted. The initial poor results suggest that optimisation 

of the residence time and temperature need to be undertaken wherein runs with longer residence 

times need to be undertaken, potentially at higher temperatures. The reduction of the donepezil 

precursor, compound 7 to afford the final product donepezil 1, was obtained with a yield of 80% after 

4.5 hours with no observable debenzylation in flow. In comparison, the batch process was complete 

after 6 hours in a yield of 78%. At longer recycle times, minor debenzylation of donepezil 1 was 

observed which increased with increasing recycling time. Thus, with only two of the three steps 

completed for the flow process, the yield of the individual steps was marginally improved, there was 

a reduction in the reaction times and in the case of the catalytic reduction it was shown to selectively 

reduce the alkene functionality without any unwanted debenzylation being observed. 

7.2. LIMITATIONS AND FUTURE WORK 

Due to time constraints, it was unable to obtain Aβ-aggregation assay information in Chapter 2. 

However, this information will be obtained prior to the submission of the article for publication. 

Further studies will be conducted on structural changes on the newly identified lead compound, 1-

benzyl-N-(1-methyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl) piperidine-4-carboxamide 25 (IC50 = 

5.94 μM). Substitutions like a (di)methoxy substitution on the phenyl ring might improve the activity 

and it would be worth to explore it further.  

Assay studies on glycogen synthase kinase 3 (GSK-3) could not be performed due the enzyme assay 

kit being expensive at this stage (Chapter 3). Additional inhibition assay studies will be performed on 

GSK-3 in order to find a possible duel inhibitor of both AChE and GSK-3. Compound 35, the strongest 

EeAChE inhibitor of series 3, only have a moderate EeAChE inhibition activity of IC50 = 12.74 μM. It 

would be of great benefit to perform addition molecular modelling as well as synthesis of other 

elongated derivatives of compound 35 such as: propoxy, isopropoxy, N-methyl, N-ethyl, N, N-dimethyl 

and N, N-diethyl groups. 
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Due to the relative cytotoxicity of the compounds synthesized in Chapter 4, further studies will be 

conducted to determine the effect of less bulky substituents on the cytotoxicity as well as the 

inhibitory effect on BACE1. Additional work, such as the substitution of benzyl groups with that of 

phenyl or aliphatic groups, are also of great interest in which BACE1 activity as well as the cytoxicity 

of these inhibitors may be affected. 

The fourth series of compounds could not be evaluated against NMDA due to a collaboration 

agreement not being concluded at this stage (Chapter 5). Assessment of the antagonistic properties 

of these compounds on NMDA need to be concluded prior to submission of the article for publication. 

Although this series of compounds with aryl/benzyl substitutions did not display any inhibition of 

EeAChE, further exploration will be done with other aliphatic groups such as N-alkyl groups and other 

N-heterocycles. 

Initial proof-of-concept for the DIBAL-H reduction has been undertaken in Stage 2a of the total 

synthesis of donepezil 1 (Chapter 6), but requires further optimisation. Further work will be 

attempting to incorporate the aldol condensation of lithiated 5,6-dimethoxy-1-indanone 9 with 1-

benzylpiperidine-4-carbaldehyde 6 from the DIBAL-H reduction of ethyl 1-benzylpiperidine-4-

carboxylate 4. Thus, affording an overall total synthesis of 3 steps compared to the traditional batch 

synthesis of 5 steps. Stage 1 has been optimized and completed; it will be then attempted to link the 

three individual stages into one continuous flow synthesis. Completion of the donepezil synthesis will 

enable the mass production of donepezil 1 for the development of donepezil derivatives which may 

contain dual inhibitory ability of AChE and BACE1.   

 

 

 

 
 
 


