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Abstract 

The multitarget approach is a promising paradigm in drug discovery, potentially leading to 

new treatment options for complex disorders, such as Alzheimer’s disease. Herein, we present 

the discovery of a unique series of 1-benzylamino-2-hydroxyalkyl derivatives combining 

inhibitory activity against butyrylcholinesterase, β-secretase, β-amyloid and tau protein 

aggregation, all related to mechanisms which underpin Alzheimer’s disease. Notably, 

diphenylpropylamine derivative 10 showed balanced activity against both disease-modifying 

targets – inhibition of β-secretase (IC50 hBACE-1 = 41.60 µM), inhibition of amyloid β 

aggregation (IC50 Aβ = 3.09 µM), inhibition of tau aggregation (55% at 10 µM), as well as 

against symptomatic targets: butyrylcholinesterase inhibition (IC50 hBuChE = 7.22 µM). It might 

represent an encouraging starting point for development of multifunctional disease-modifying 

anti-Alzheimer’s agents.  

 

Keywords: Alzheimer’s disease; multifunctional agents; butyrylcholinesterase inhibitors; 

BACE-1 inhibitors; Aβ aggregation; tau aggregation; molecular docking 

1. Introduction 

Nearly 36 million are affected people today, and three times more projected to be affected in 

2050; these alarming numbers show that Alzheimer's disease (AD) remains a serious 

economic and social problem.1,2 Search for novel drugs and effective therapies against AD is 

one of the largest challenges for modern medicine and pharmacotherapy.3 Although the cause 

of the disease is not fully understood, a variety of mechanisms that might be involved in its 

pathogenesis have been described. Among them, deposition of amyloid β (Aβ) peptide, 

hyperphosphorylation and aggregation of the tau protein, oxidative stress, and cholinergic 
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neurotransmission deficiency are the main players in the etiopathogenetic spectacle.4–7 The 

cholinergic system is linked with cognitive processes in the brain; therefore, impaired 

cholinergic neurotransmission leads to memory-associated symptoms of AD.8–10 Current 

research has revealed that the deficiency of acetylcholine (ACh) is not the primary cause of 

AD but a consequence contributing to symptoms related to neurodegeneration,. 

Physiologically, the activity of ACh is terminated in the synapses by acetylcholinesterase 

(AChE, E.C. 3.1.1.7) and butyrylcholinesterase (BuChE, E.C. 3.1.1.8). While AChE 

hydrolyses the majority of acetylcholine in a healthy brain, with the progression of the 

disease, BuChE takes over the role of AChE, reaching almost 80% of the overall 

cholinesterase activity.11,12 Three of the four currently available drugs registered between 

1997 and 2003 (donepezil, rivastigmine, galantamine) act as AChE and/or BuChE 

inhibitors.13–15 The effectiveness of these drugs is limited since they are able to ameliorate the 

symptoms only in the early stages of the disease. However, cholinesterases still represent 

valuable targets in the search for new anti-AD agents. 

A widely accepted amyloid hypothesis have postulated the formation and aggregation of 

the β-amyloid (Aβ) peptide as the main cause of AD.16,17 Aβ is a neurotoxic peptide 

composed of 37-42 amino acids that is formed as a consequence of an enzymatic cleavage of 

the amyloid precursor protein (APP) by β-secretase (β-site APP-cleaving enzyme 1, BACE-1) 

and γ-secretase. Aβ peptide, particularly the 42-amino-acid form, has high propensity for 

aggregation leading to neuroinflammation, oxidative stress, loss of neurons and finally to 

cognitive and psychological impairment. Accordingly, reduction of Aβ levels in the central 

nervous system (CNS) is considered a rational therapeutic approach in the search for new 

anti-Alzheimer’s agents.18–21 

The formation of neurofibrillary tangles (NFTs) is another pathological process occurring 

in the course of AD. NFTs are composed of hyperphosphorylated microtubule-associated tau 
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proteins. In the healthy brain, tau stabilizes microtubules, but when hyperphosphorylated, it 

forms paired helical filaments that aggregate into NFTs. NFTs promote the instability of 

microtubules and impair axonal transport, leading to neurotoxicity and cell death. Ever since 

the correlation between tau aggregation, neuron death and clinical dementia was proven, it has 

become one of the key targets in AD.6,22,23 Despite the very important role of tau protein in 

the development of AD, there is a limited number of compounds with tau-inhibitory 

activity.24–26 Several studies have provided evidence that the formation of tau tangles can be 

induced by Aβ.27–29 Therefore, compounds with inhibitory activities against Aβ and tau-

aggregation might have disease-modifying effects, which are of special interest for modern 

drug discovery. 

Taken together, AD is a complex disease of a multi-factorial nature, and there are 

multiple therapeutic targets that could be the key to the effective treatment of the disease. 

Therefore, AD is considered a disease that requires combination therapy or, as an alternative, 

development of multi-target directed ligands (MTDLs) for its effective therapy. MTDLs are 

molecules that can interact simultaneously with more than one biological target. Design and 

discovery of new multipotent ligands as potential anti-AD drugs is an attractive and widely 

explored approach in drug discovery, as reflected in a number of current research papers.30–32  

Researchers are still exploring new and emerging routes to develop effective therapies for 

AD. The appropriate selection of biological targets, including those designated as being 

disease-modifying, is crucial for the design of potent MTDLs. It is, however, challenging to 

obtain compounds with balanced activities against the chosen targets that concomitantly retain 

the drug-like properties. Herein, we present the results of our research that meet all the above 

criteria. Indeed, 1-benzylamino-2-hydroxyalkyl derivatives represent a novel class of MTDLs 

purposely designed as anti-AD agents, inhibitors of AChE, BuChE, BACE-1, amyloid β and 

tau aggregation. Due to their balanced activity profile against the selected targets they could 
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display potential symptomatic as well as disease-modifying effects. Their druglike properties 

were calculated prior to their synthesis as a part of preliminary data (see Supplementary data). 

Molecular modelling studies were performed to explain enzyme-ligand interactions and to 

support the structure-activity-relationship discussion. 

2. Results and discussion 

2.1 Design 

The presented research is a continuation of our previous investigation dedicated to the search 

for MTDLs with cholinesterase-, BACE-1- and amyloid-β- inhibitory activities.33 Recently, 

we have reported a series of donepezil-related compounds with alicyclic amines containing 

two basic nitrogen atoms in their structures (compound I, Fig. 1.). We assumed that such a 

basic core would interact with the catalytic dyad of BACE-1 consisting of two aspartic acid 

residues: Asp32 and Asp228.34 In the compounds presented herein, we replaced the alicyclic 

amines with 2-hydroxyethyleneamine, a transition state analogue, in order to improve their 

inhibitory properties against BACE-1. The designed structures were based on a benzylamine 

scaffold taken from donepezil that could interact with the catalytic active site (CAS) of AChE, 

as reported previously.35 Moreover, substituted benzylamines are commonly used in potent 

BACE-1 inhibitors NVP-BXD-552
34,36 and GRL-8234

37,38 (Fig. 1.), among others.  
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Figure 1. Design strategy of new MTDLs targeting cholinesterases and BACE-1. 

The benzyl fragment (Fig. 2, fragment A) was connected through a 2-hydroxyethyleneamine 

linker (Fig. 2, fragment B) with the fragments selected from the virtual-screening results of 

the building blocks available from Sigma Aldrich against BACE-1, AChE and BuChE (Fig. 2, 

fragment C). The fragment data based included primary and secondary amines with aliphatic 

or aromatic substituents. Building blocks were directed to occupy the hydrophobic S1, S3 and 

polar S2, S4 sub-pockets of BACE-1 as well as the peripheral active sites of AChE and 

BuChE.39 From the top-scored docking poses, we selected 4-(diphenylmethyl)piperazine and 
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4-(bis(4-fluorophenyl)methyl)piperazine, as well as their elongated analogues 2,2-

diphenylethanamine or 3,3-diphenylpropan-1-amine, and truncated analogues 4-

phenylpiperazine, 4-benzylpiperazine or 4-(pentan-2-yl)piperazine.  

R

R = H, 4-OCH3, 3-tert-butyl

N
H

OH

n1

n1 = 1, 2

N
H

n2

N N R1

R1 =

F

F

n2 = 1, 2

fragment A fragment B fragment C

 

Figure 2. Combinations of different fragments yielding novel multipotent hybrids to confront 

AD 

We expected that the designed molecules could also have anti-aggregation properties 

against neurotoxic β-amyloid because our recent studies showed that several series of 

substituted benzylamine derivatives possess Aβ anti-aggregation potency.40–43 Analysis of a 

set of over 100 compounds revealed that more than 40% of them have Aβ anti-aggregation 

activity at a 10 µM screening concentration. Molecular docking revealed that the compounds 

containing a benzylamine moiety are able to anchor to the amyloid fibre along its axis 

between two beta-sheet fragments.44 The benzyl fragment formed hydrophobic interactions 

with alanine (A21), leucine (L34) and valine (V36), while the protonated amine group formed 

ionic interactions with the carboxyl group of aspartic acid (D23). Therefore, we decided to 

evaluate Aβ anti-aggregation properties of the described novel benzylamine derivatives. It 

was also shown for several moieties and compounds that inhibition of Aβ aggregation 

correlates with inhibition of tau protein aggregation.45,46 Accordingly, we explored the 

propensity of our novel hybrids to inhibit tau aggregation. 
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Considering the importance of physicochemical properties of compounds in relation to 

their drug-likeness and success in the drug development process we calculated the most 

important parameters of the newly designed MTDLs47. A majority of the compounds meet the 

criteria set by Lipinski’s rule of five48 and the requirements of bioavailability.  

2.2 Chemistry  

We obtained 24 final compounds that can be classified into two groups: 1,3-diaminopropan-2-

ol derivatives (7‒17) and 1,4-diaminobutan-2-ol derivatives (28‒38, 45, 46). 

The first class, bearing 1,3-diaminopropan-2-ol, was synthesized according to the 

Scheme 1. In the first step, N-allylbenzylamine derivatives (1‒3) were obtained by alkylation 

of non-substituted or appropriately substituted (4-OCH3, 3-tert-butyl) benzylamines with allyl 

chloride. The secondary amine groups in the resulting products were then N-BOC protected. 

Next, the reaction with N-bromosuccinimide led to the appropriate bromohydrins that, in the 

conditions used, spontaneously formed oxazolidin-2-one rings that served as protecting 

groups for the amino and hydroxyl groups. This yielded the compounds (4‒6) used in the next 

step as alkylating agents for different N-substituted amines. The final compounds (7‒17) were 

prepared by alkaline hydrolysis of oxazolidin-2-ones, that led to the 1,3-diaminopropan-2-ol 

moiety in the core. 
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Scheme 1. Reagents and conditions: i) allyl chloride, MeCN, K2CO3, 80 °C, 16 h; ii) di-tert-

butyl dicarbonate, TEA, DCM, R.T., 4 h; iii) N-bromosuccinimide, water, MeCN, R.T., 16 h; 

iv) 4-(pentan-2-yl)piperazine/4-phenylpiperazine/4-benzylpiperazine/N-

(diphenylmethyl)piperazine/4-(bis(4-fluorophenyl)methyl) piperazine/2,2-

diphenylethanamine/3,3-diphenylpropan-1-amine, MeCN/ toluene/DMF (microwave-

assisted), K2CO3, 60–80 °C, 1‒16 h; v) ethanol, NaOH, 78 °C, 6 h. 

To obtain 1,4-diaminobutan-2-ol derivatives, we used the synthetic route depicted in 

Scheme 2. First, the hydroxyl group of but-3-en-1-ol was protected with a tert-butyl dimethyl 

silyl group. Then, the double bond was oxidized with meta-chloroperoxybenzoic acid. The 

resulting epoxide 18 was used as an alkylating agent in the reaction with the appropriate 

benzylamines to provide 1,2-aminoalcohols 19‒21. In the next step the amino and hydroxyl 

groups were protected by transformation to oxazolidin-2-one derivatives using 

carbonyldiimidazole. Then, the tert-butyl dimethyl silyl group was removed from 22‒24 by 

tetra-n-butylammonium fluoride and the resulting alcohol was reacted with methanesulfonyl 

chloride. Mesylates 25‒27 were used to alkylate the appropriate primary or secondary amines. 

Some of these alkylations were carried out using microwave radiation, which reduced the 
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time of reaction from 16 hours to 1 hour. The final compounds 28‒38 were obtained after 

alkaline hydrolysis of oxazolidin-2-one.  

 

Scheme 2. Reagents and conditions: i) tert-butylchlorodimethylsilane, DCM, imidazole, R.T., 

5 h, ii) meta-chloroperoxybenzoic acid, DCM, R.T. 16 h, iii) phenylmethanamine/(4-

methoxyphenyl)methanamine/(3-(tert-butyl)phenyl)methanamine, n-propanol, pyridine, 97 

°C, iv) carbonyldiimidazole, DCM, TEA, R.T., 5 h, v) tetra-n-butylammonium fluoride, THF, 

R.T., 16 h; vi) methanesulfonyl chloride, DCM, TEA, R.T., 2 h; vii) 4-(pentan-2-

yl)piperazine/4-phenylpiperazine/N-benzylpiperazine/N-(diphenylmethyl)piperazine/4-(bis(4-

fluorophenyl)methyl)piperazine/2,2-diphenylethanamine/3,3-diphenylpropan-1-amine, 

MeCN/toluene/DMF (microwave assisted), K2CO3, 80 °C, 1‒16 h; viii) ethanol, NaOH, 78 

°C, 6 h. 

Compounds 45 and 46, with the four-carbon fragment B, (Fig. 2) were prepared by a 

slightly modified synthetic pathway presented in Scheme 3. The principal difference was the 
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order of amine substitution; herein, ω, ω’-diphenylalkylamines were alkylated prior to 

attachment of the benzylamine moiety in the last step.  

 

Scheme 3. Reagents and conditions: i) 2,2-diphenylethanamine/3,3-diphenylpropan-1-amine, 

n-propanol, pyridine, 97 °C, ii) carbonyldiimidazole, DCM, TEA, R.T., 5 h, iii) tetra-n-

butylammonium fluoride, THF, R.T., 16 h; iv) methanesulfonyl chloride, DCM, TEA, R.T., 2 

h; v) phenylmethanamine, MeCN, K2CO3, 80 °C, 16 h; vi) ethanol, NaOH, 78 °C, 6 h. 

Table 1. Inhibition of eeAChE, eqBuChE, hBuChE, hBACE-1 and Aβ aggregation by 7‒17, 

28‒38, 45, 46.a 

Cmp. R1 R2 n1 n2 

eeAChE eqBuChE hBuChE hBACE1 Inh. of Aβ aggr. 

IC50 [µM]/ 

% inh.b 

IC50 [µM]/ 

% inh.c 

IC50 [µM]/  

% inh.d 

IC50 [µM]/ 

% inh.e 

IC50 [µM]/ 

% inh.f 

 

11 4-OMe  pentan-2-yl 1 1 <10% 20.03% ± 0.57 n.d.h 31.08% ± 4.14 15.9% ± 1.1 

12 4-OMe phenyl 1 1 <10% 39.57% ± 2.27 n.d.h 23.67% ± 4.43 <10% 

13 4-OMe benzyl  1 1 <10% 24.91% ± 1.39 n.d.h 24.65% ± 1.66 <10% 

14 H  diphenylmethyl 1 1 <10% 30.72% ± 2.55 n.d.h 43.55% ± 2.53 21.08% ± 0.5 

15 4-OMe diphenylmethyl 1 1 <10% 24.50% ± 0.70 n.d.h 47.45% ± 2.98 16.3% ± 5.2 

16 3-tert-butyl diphenylmethyl 1 1 14.13% ± 4.03  16.61 ± 0.35  <50% 41.59% ± 4.83 77.2% ± 2.1 

17 4-OMe bis(4-fluorophenyl)methyl 1 1 14.04% ± 2.32 7.12 ± 0.15  <50% 79.68 ± 2.72  21.8% ± 10.5 

32 4-OMe pentan-2-yl 1 2 3.62 ± 0.07 9.36 ± 0.08 <50% 35.03% ± 5.52 23.7% ± 8.9 

33 4-OMe phenyl 1 2 <10% <10% n.d.h 22.43% ± 2.37 <10% 

34 4-OMe benzyl 1 2 36.62% ± 1.85 35.55% ± 0.64 n.d.h 34.88% ± 7.73 32.3% ± 14.0 

35 H diphenylmethyl 1 2 17.08% ± 7.92 21.01% ± 5.13 n.d.h 42.95% ± 3.60 24.2% ± 9.9 
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36 4-OMe diphenylmethyl 1 2 13.63% ± 0.98 31.52% ± 3.05 n.d.h 33.89% ± 3.28 15.2% ± 8.1 

37 3-tert-butyl phenylmethyl 1 2 <10% 9.16 ± 0.24 n.d.h. 41.43% ± 3.68 81.4% ± 7.9 

38 4-OMe bis(4-fluorophenyl)methyl 1 2 25.08% ± 1.10 45.57% ± 1.76 n.d.h 101.90 ± 2.76  <10% 

 

7 H  2,2-diphenylethylamine  1 1 17.94% ± 3.13 1.49 ± 0.03 <50% 76.47 ± 3.60  33.6% ± 1.2 

8 H 3,3-diphenylpropylamine  1 1 <10% 1.59 ± 0.05 6.76 ± 0.18 55.42% ± 7.36 53.3% ± 2.7 

9 3-tert-butyl 2,2-diphenylethylamine 1 1 <10% 1.55 ± 0.05 7.22 ± 0.32 64.48 ± 2.55  88.7% ± 5.5 

10 3-tert-butyl 3,3-diphenylpropylamine  1 1 21.78% ± 5.46 2.92 ± 0.1 5.74 ± 0.26 41.60 ± 1.47 
88.2% ± 5.9 

3.09 ± 1.64 

28 H  2,2-diphenylethylamine  1 2 13.22% ± 0.42 2.90 ± 0.04 5.18±0.16 63.76 ± 3.27 29.7% ± 6.3 

29 H  3,3-diphenylpropylamine  1 2 <10% 6.74 ± 0.12 <50% 39.68 ± 2.11 <10% 

30 3-tert-butyl 2,2-diphenylethylamine  1 2 <10% 2.09 ± 0.08 2.69±0.12 49.24% ± 16.11 87.6% ± 3.1 

31 3-tert-butyl 3,3-diphenylpropylamine  1 2 <10% 5.61 ± 016 <50% 32.17 ± 1.46 
84.9% ± 0.8 

1.22 ± 0.89 

45 - 2,2-diphenylethylamine 2 1 <10% 6.64 ± 0.086 <50% 36.24% ± 2.96 44.8% ± 1.3 

46 - 3,3-diphenylpropylamine 2 1 <10% 2.34 ± 0.044 4.99±0.18 22.26% ± 13.86 45.4% ± 5.0 

References 

Tacrine 0.023±0.0004 0.015±0.0001  n.d. h  

Donepezil 0.011±0.0002 1.83±0.04  n.d.h 13.80% ± 6.8 

Inhibitor IVg n.d.h n.d.h  0.046 ± 0.001  

Resveratrol     78.50 ± 3.1 

 

█ - the most interesting values  
a Values are expressed as the means ± the standard error of the mean (SEM) of at least three 

experiments (n = 3), each performed in triplicate (eeAChE, eqBuChE and hBACE-1 

inhibition). 

b IC50 inhibitory concentration of AChE from electric eel or percent inhibition with inhibitor 

at 10 µM. 

c IC50 inhibitory concentration of BuChE from horse serum or percent inhibition with 

inhibitor at 10 µM. 

d IC50 inhibitory concentration of human recombinant BuChE or percent inhibition with 

inhibitor at 10 µM. 

e IC50 inhibitory concentration of human recombinant BACE-1 and substrate (Rh-

EVNLDAEFK-quencher) or percent inhibition with inhibitor at 50 mM. 
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f IC50 inhibitory concentration of self-induced Aβ1–42 aggregation or percent inhibition with 

inhibitor at 10 µM. 

g Calbiochem, Merck; Nottingham, UK. 

h Not determined. 

2.3 Inhibition of eeAChE, eqBuChE and hBuChE 

We evaluated the abilities of the synthesized compounds to inhibit AChE from electric eel 

(eeAChE) and BuChE from equine serum (eqBuChE) using Ellman’s method.49 Initially, we 

performed a screening assay using a single concentration of inhibitors (10 µM) and 

determined their activity as a percentage of enzyme inhibition. Based on the preliminary data, 

the compounds with inhibitory potencies higher than 50% were established, and their 

inhibitory potencies were expressed as IC50 values. Tacrine and donepezil were used as 

positive reference compounds. The results of the assay are presented in Table 1.  

Among the tested compounds, only compound 32 displayed inhibitory activity against 

both eeAChE and eqBuChE, with IC50 values of 3.62 µM and 9.36 µM, respectively. At the 

same time, we found some potent inhibitors of eqBuChE with IC50 values ranging from 1.49 

to 16.61 µM: 7‒10, 16, 17, 28‒31, 37, 45, and 46, with 7 being the most promising. Since 

these compounds were almost inactive against eeAChE they are considered as being selective 

eqBuChE inhibitors. A structure-activity relationship analysis revealed that the most active 

compounds contain a 2,2-diphenylethylamine or 3,3-diphenylpropylamine moiety in their 

structures (Fig. 2, fragment C). Replacement of these fragments with 4-piperazine resulted in 

a noticeable reduction of their inhibitory activity (14 vs. 7 and 8, 35 vs. 28 and 29), although 

this trend was not observed in the compounds with a 3-tert-butyl-benzylamine fragment (Fig. 

2, fragment A) (16 vs. 9 and 10, 37 vs. 30 and 31). The tert-butyl substituent improved the 

activity of N-(diphenylmethyl)piperazine derivatives as compared to unsubstituted ones (14 

Page 13 of 78

ACS Paragon Plus Environment

ACS Chemical Neuroscience

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



14 

 

vs. 16, 35 vs. 37) but it did not have the same effect on ω, ω’-diphenylalkylamine derivatives 

(7 vs. 9, 8 vs. 10, 28 vs. 30, 29 vs. 31). Regarding the length of an alkylene core (Fig. 2, 

fragment B), we observed slightly higher activities for 1,3-diaminopropan-2-ol derivatives 

than for 1,4-diaminobutan-2-ol derivatives (28 vs. 7, 30 vs. 9, 29 vs. 8, 31 vs. 10). Based on 

the results we can say that a secondary ω, ω’-diphenylalkylamine group (Fig. 2, fragment C) 

is more beneficial here than the two tertiary amine groups of the piperazine fragment (Fig. 2, 

fragment C). 

The selectivity of the presented compounds against BuChE over AChE may be a 

consequence of the size of fragment C (Fig. 2). Larger fragments, such as those containing 

benzhydryl moieties, are too bulky to fit into the narrow gorge of the AChE catalytic site. On 

the other hand, the BuChE active site is more spacious and accepts larger molecules; 

therefore, the presented compounds are selective BuChE inhibitors. The only exception is 

compound 32, with a smaller and more flexible 4-(pent-2-yl)piperazine fragment, which is an 

inhibitor of both AChE and BuChE. Similar observations have already been described in 

previously published papers.41,50,51  

For the most potent inhibitors of eqBuChE we also evaluated their inhibitory potencies 

against human BuChE (hBuChE). We found that six of the tested compounds (8‒10, 28, 30, 

46) inhibit this enzyme more than 50%, and for those six compounds, we established IC50 

values ranging from 2.69 to 7.22 µM. Only the compounds with 2,2-diphenylethylamine or 

3,3-diphenylpropylamine moieties displayed activities against hBuChE. Additionally, the 

activities were lower than they were for eqBuChE. The effect of the tert-butyl substituent in 

the benzyl ring keeps us from drawing an unambiguous SAR. The tert-butyl substituent 

significantly improved the activity of 9 compared with unsubstituted 7 but improved the 

activities of 10 and 30 only to a small extent compared to 8 and 28, respectively. The role of 

the linker length was crucial for the inhibition of hBuChE. Derivatives of 1,3-diaminopropan-
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2-ol with 3,3-diphenylpropylamine (8, 10) exhibited higher inhibition potency compared to 

their 2,2-diphenylethylamine counterparts (7 and 9), while derivatives of 1,4-diaminobutan-2-

ol (28, 30) were more active in combination with 2,2-diphenylethylamine than with the 3,3-

diphenylpropylamine fragment (29, 31).  

In the search for new anti-Alzheimer’s agents, both AChE and BuChE are important 

biological targets. With the progression of the disease the role of BuChE in the regulation of 

cholinergic neurotransmission systematically grows at the expense of AChE. Additionally, 

there is evidence for non-enzymatic functions of BuChE that are relevant for AD treatment, 

e.g., reduction of Aβ levels.52–56 Due to the above facts, MTDLs with inhibitory potency 

toward BuChE presented in this study may be relevant for the treatment of both the symptoms 

and the causes of the disease57. 

2.4 Kinetic studies of eqBuChE inhibition 

A         B 

Compound 10

-30 -20 -10 10 20 30

-20

-10

10

20

30 0 µM

2 µM

3 µM

5 µM

7.5 µM

10 µM

                                1 / S [mM]
-1  

  
  

  
  

  
  

  
  

  
  

 1
 /

 V

Compound 10

-15 -10 -5 5 10 15

-2

-1

1

2

3

0.3 mM BTC

0.18 mM  BTC

0.12 mM  BTC

0.06 mM BTC

                              I [µM]  
  

  
  

  
  

  
  

  
  

 S
 /

 V

 

 

Figure 3. Lineweaver-Burk (A) and Cornish-Bowden (B) plots illustrating mixed types of 

eqBuChE inhibition by compound 10. S = butyrylthiocholine; V = initial velocity rate; I = 

inhibitor concentration.  

The kinetic studies of eqBuChE inhibition were performed with compound 10 as one of the 

most potent eqBuChE inhibitors presented herein. Although the Lineweaver-Burk reciprocal 
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plots are ambiguous (Fig. 3A), the calculated Km values and Cornish–Bowden plots are 

characteristic for the mixed types of inhibition (Fig. 3B). Mixed types of enzyme inhibition 

with increasing Km at increasing concentrations of 10 indicates a higher affinity of the 

inhibitor to free enzyme than to the enzyme-substrate complex and suggests preferential 

interaction of the inhibitor with the catalytic active site than with the peripheral anionic site of 

eqBuChE; however, both interactions are possible at the same time.  

To date, a number of selective pseudo-irreversible BuChE inhibitors have been described, 

including carbamate analogues of cymserine58 or isosorbide.59 However, the pseudo-

irreversible mechanism of inhibition may cause non-specific or off-target reactivity-based 

toxicities.60,61 Therefore, selective reversible BuChE inhibitors are now of great interest, due 

to their potential for use in AD treatment. Such inhibitors have already been reported52,62–65, 

however, compound 10 as the selective reversible BuChE inhibitor with mixed types of 

enzyme inhibition and a broad multifunctional profile of biological activity, seems to be 

unique. 

2.5 Inhibition of BACE-1  

We determined the inhibitory activities against human recombinant BACE-1 (hBACE-1) of 

all the compounds in the study using a spectrofluorometric assay (fluorescence resonance 

energy transfer, FRET based). This assay is based on the cleavage of a modified peptide 

substrate (analogue of the APP sequence with the Swedish mutation), leading to an increase in 

fluorescence.66 For the reference compound, inhibitor IV, we established an IC50 value of 

0.046 µM, which corresponds to the literature data.67 First, we tested the ability of the new 

compounds to inhibit hBACE-1 at a single concentration of inhibitors (50 µM). For the 

selected compounds we evaluated IC50 values ranging from 32.17 to 101.90 µM (Table 1). 

The most potent compounds contain 2,2-diphenylethylamine (7, 9, 28), 3,3-
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diphenylpropylamine (8, 10, 29, 31) or 4-(bis(4-fluorophenyl) methyl)piperazine (17 and 38) 

fragments.  

The starting point for the design of the MTDLs presented herein was the selective BACE-1 

inhibitor NVP-BXD-552. To expand the activity profile of the compound towards 

cholinesterases, we discarded the sulfone moiety embedded in the cyclic hydroxyethylamine 

scaffold. Although it creates significant interactions with the flap of BACE-1 (H-bond with 

Thr72 and Gly73), it does not provide optimal interactions with cholinesterases. The obtained 

compounds displayed significantly reduced activity against BACE-1 when compared to 

selective BACE-1 inhibitors, but they displayed well-balanced activity towards all biological 

targets what is an important feature of MTDLs.  

2.6 Inhibition of Aβ aggregation 

We determined the Aβ anti-aggregation profiles of the obtained compounds by a Thioflavin-T 

assay.68 First, we carried out a screening assay at a 10 µM concentration of each compound. 

Seven of the tested compounds inhibited Aβ aggregation by more than 50% (8‒10, 16, 30, 31, 

37) with comparable or higher activities to the reference compound resveratrol. The IC50 

values were established for the two selected compounds: 10 (IC50 = 3.09 µM) and 31 (IC50 = 

1.22 µM). To exclude the interference of the compounds with the readout of Thioflavin T 

fluorescence and to confirm the inhibitory activity, we also performed a dot blot assay for 

these two derivatives. Both reduced the formation of Aβ fibrils, which was detected using a 

fibril-specific LOC antibody (46.0% ± 3.8% and 40.6% ± 4.6% inhibition of Aβ fibril 

formation for 10 and 31, respectively). Analysis of the results (Table 1.) showed that all the 

active compounds contained a diphenylmethyl moiety in their structures. The tert-butyl 

substituent in the benzylamine fragment has a major impact on the activity of the compounds, 

as exemplified by the comparisons of 7 vs. 9, 8 vs. 10, 14 vs. 16, 28 vs. 30 and 35 vs. 37. The 
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results obtained confirm our expectation that the target compounds may inhibit beta-amyloid 

aggregation. This is a valuable property of these molecules, which can further inhibit the 

formation of amyloid plaques. 

2.7 Inhibition of tau aggregation 

The role of tau proteins in the aetiopathogenesis of AD is unambiguous, and the inhibition of 

its aggregation may modify the course of the disease. Based on their inhibitory activities 

against Aβ aggregation we selected four compounds (9, 10, 31 and 37) and tested their 

abilities to inhibit tau aggregation. We tested the compounds using a Thioflavin-T-based 

assay using truncated and full-length forms of tau protein.69 All the tested compounds 

displayed inhibitory potencies ranging from 45% to 70% at 10 µM concentration (Table 2). 

The most potent compound 37 inhibited both truncated and full-length tau aggregation by 

68%.  

Table 2. Inhibition of full-length and truncated tau aggregation by compounds 9, 10, 30 and 

37.  

Compound Inhibition of 

full-lenght tau 
aggregation 

[% ± SEM]a 

Inhibition of 

truncated tau 
aggregation 

[% ± SEM]a 

9 55.1 ± 3.6 54.5 ± 2.5 
10 44.4 ± 4.5 53.8 ± 5.0 
30 62.7 ± 1.2 59.7 ± 2.3 
37 68.0 ± 3.4 68.7 ± 3.7 

a 10 µM compound concentration, 40 µM tau concentration, experiments performed in 

triplicate.  
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Figure 4. The effect of the synthesized compounds on Aβ and tau aggregation. 

Among multitarget agents with inhibitory activities towards symptomatic and disease-

modifying targets in AD, only a few groups of compounds possess activities towards the 

inhibition of aggregation of both Aβ and tau. Compared with the data presented herein (Fig. 

4), the potencies of these inhibitors are similar or lower against tau aggregation and lower 

against Aβ aggregation. Furthermore, some of these compounds with similar multifunctional 

profiles are relatively large, with a high molecular weight, large numbers of condensed 

aromatic rings and very high lipophilicities70,71,25. On the other hand, there is a number of 

aggregation inhibitors with high hydrophilicity and therefore low bioavailability e.g. 

polyphenols, anthraquinones, phenylthiazolylhydrazides and benzothiazoles24,72. Not rare 

aggregation inhibitors can be classified as PAINS (Pan Assay Interference Compounds)73 so 

they can non-specifically react with a number of undesirable proteins. Herein, we have 

proposed non-PAINS with anti-aggregation properties, relatively small molecular weights and 

optimized druglike properties which constitutes an interesting approach for further 

development. 
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2.8 Blood brain barrier (BBB) permeation  

Since one of the basic features of anti-AD drugs is their ability to reach therapeutic targets in 

CNS, it is important to evaluate this parameter at the earliest stage of the development of 

novel anti-AD agents. To evaluate whether our compounds are centrally active, we used a 

parallel artificial membrane permeability assay (PAMPA).74 The data obtained for the new 

compounds were compared to those of standard drugs with known CNS permeability, which 

were also confirmed using PAMPA. Prediction of BBB penetration is summarized in Table 3. 

All the tested compounds (7, 8, 9, 17, 31, 32, 37, 45) displayed Pe values higher than 4.0, thus 

showing high probability for penetration of the BBB via passive diffusion. One of the major 

challenges in the design of MTDLs is optimization of their druglike properties. These 

preliminary results are optimistic forecasts for advanced pharmacokinetic studies and the 

possibility of further development of these compounds as anti-AD agents. 

 

Table 3. In vitro blood-brain barrier permeation assay for compounds 7, 8, 9, 17, 31, 32, 37 

and 45.  

Compound 
BBB penetration estimation 

Pe ± SEM (*10–6 cm s–1) CNS (+/–)a 

7 8.9 ± 3.3 CNS (+) 
8 5.2 ± 0.2 CNS (+) 
9 7.4 ± 1.4 CNS (+) 
17 7.1 ± 1.2 CNS (+) 
31 5.7 ± 1.4 CNS (+) 
32 6.5 ± 0.9 CNS (+) 
37 9.1 ± 0.2 CNS (+) 
45 4.9 ± 0.7 CNS (+) 

Donepezil 7.3 ± 0.9 CNS (+) 
Rivastigmine 6.6 ± 0.5 CNS (+) 

Tacrine 5.3 ± 0.19 CNS (+) 
Testosterone 11.3 ± 1.6 CNS (+) 

Chlorpromazine 5.6 ± 0.6 CNS (+) 
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a CNS (+) (high BBB permeation predicted), Pe (10-6 cm s-1) > 4.0; CNS () (low BBB 

permeation predicted), Pe (10-6 cm s-1) ≤ 2.0; CNS (+/) (BBB permeation uncertain), 4.0 ≥ Pe 

(10-6 cm s-1) > 2.0. 75 

 2.9 Docking studies on BACE-1 and BuChE 

Molecular modelling studies helped us better understand the binding modes of the active 

compounds within the active sites of hBACE-1 and hBuChE. All BACE-1 inhibitors 

presented one dominant conformation when docked to the enzyme. We chose the most active 

ligand, 31, to present the observed interactions (Figure 5). The hydroxyethylamine group, 

used as a transition state analogue, was the main grip point of molecule 31. It formed 

characteristic ionic and hydrogen bonds with the catalytic dyad (Asp32 and Asp228) and 

additional hydrogen bonds with Gly34, Thr220 and the ligand. The benzylamine fragment 

provided interactions within the S1’ and S2’ sub-pockets of the enzyme. A substituted 

benzylamine fragment together with the hydroxyethylamine moiety allows for effective 

pharmacophore binding to the BACE-1 active site. The positions that these fragments take in 

the enzyme are the same as those observed in the X-ray structures of potent BACE-1 

inhibitors, including the previously mentioned NVP-BXD-552 and GRL-8234.36,76,37,38 The 

diphenylmethyl moiety was located within the confines of the aromatic S1 and S3 sub-pockets 

and interacted with the s10 loop. These interactions are crucial for the effective inhibition of 

the enzyme both by strong, single target inhibitors of BACE-1 and by the presented MTDLs. 

Ligands with smaller substituents like benzyl or phenyl fragments, occupying only one sub-

pocket, were less active. Additionally, the position of the diphenylmethyl fragment enables 

Hydrocortisone 2.85 ± 0.1 CNS (+/–) 
Piroxicam 2.2 ± 0.15 CNS (+/–) 

Theophylline 1.07 ± 0.18 CNS (–) 
Atenolol 1.02 ± 0.37 CNS (–) 
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further extension of the compounds in the S2 and S3 sub-pockets and makes the enhancement 

of their inhibitory activity possible.  

 

 

Figure 5. Predicted binding mode of compound 31 (green) with BACE-1. The general view 

presents the position of the ligand in the active site of the enzyme with coloured subsites S4'– 

S4.77 In the detailed representation, the most important amino acids are marked in yellow; red 

dots represent hydrogen bonds. 

Considering the results of the docking studies performed with hBuChE, we divided the 

ligands into two groups: more potent derivatives with bent conformations (2,2-

diphenylethylamine and 3,3-diphenylpropylamine derivatives) and less potent derivatives 

with extended conformations (piperazine derivatives). A bent conformation allows the 

formation of additional CH−π interactions between the benzyl ring and Trp231, as presented 

in Figure 6. In the extended conformation, the benzyl ring is situated at the entrance of the 

active site, where it creates only weak interactions with the amino acids of PAS. Additionally, 

the nitrogen atoms in 2,2-diphenylethylamine and 3,3-diphenylpropylamine derivatives are 

Subsite color legend: - S4' - S3' - S2' - S1' - S1 - S2 - S3 - S4 
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preferentially protonated compared to the piperazine nitrogen atom and provide cation−π 

interactions with Trp82 and Tyr332. The diphenylmethyl moiety in all the compounds creates 

hydrophobic interactions with Trp82 and Trp430. In addition, the hydroxyethylamine 

fragment provides strong interactions with Pro285 by forming two hydrogen bonds.  

 

 

 

Figure 6. Predicted binding mode of compound 30 (green) with BuChE. The general view 

presents the position of the ligand in the active site of the enzyme with coloured subsites. In 

the detailed representation, the most important amino acids are marked in yellow; red dots 

represent hydrogen bonds.78 

3 Conclusions 

                         
Subsite color legend: - oxyanion hole - anionic subsite - catalitic triad 

- acyl pocket - PAS 
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With a rapidly growing number of patients with AD, a lack of effective treatments has 

rendered AD one of the largest issues in current pharmaceutical research. Due to the 

multifactorial nature of the disease, designing multifunctional ligands is considered a rational 

strategy in the search for new anti-Alzheimer’s treatments. In the selection of biological 

targets for the novel MTDLs presented herein, we turned our attention mainly to disease-

modifying mechanisms. As a starting point, we used compounds on the basis of their 

cholinesterase inhibition and modified them to treat the symptoms of the disease. Based on 

the structure of BACE-1 inhibitor (NVP-BXD-552) and on our previous studies, we designed, 

synthesized and evaluated 24 novel multitarget-directed ligands targeting AChE, BuChE, 

BACE-1 and the aggregation of Aβ and tau proteins. Generally, we found that the compounds 

exhibited potency towards all chosen biological targets in the micromolar range, and some of 

them even showed broad and well-balanced profiles of activities directed at all of the targets. 

For the representative compounds, we confirmed the ability to permeate the BBB by the 

BBB-PAMPA assay.   

We highlight compounds 9 and 10 as being the most interesting due to their potencies as well 

as their broad and well-balanced spectra of biological activities. Both compounds selectively 

inhibit eqBuChE and hBuChE over eeAChE. However, more importantly, 9 and 10 are also 

able to inhibit disease-modifying targets BACE-1 and the aggregation of both Aβ and tau 

proteins. Compared to previously reported compounds79 we have broadened the profile in 

these new multifunctional agents, conferring upon them a broader spectrum of activities and 

improved potencies against BACE-1 and Aβ aggregation. We have tried to compile the results 

with the current knowledge about AD. The pathogenesis based on amyloidopathy and 

tauopathy starts can even start 25 years before the first symptoms. The appearance of amyloid 

in the CSF and brain slightly precede the occurrence of tau pathology, nevertheless these 

processes are progressing simultaneously therefore they are just as important. There is 
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continued progress in the diagnostics of AD, and perhaps, soon, it will be possible to diagnose 

AD long before the first symptoms. Therefore, the dual Aβ and tau anti-aggregation profile in 

combination with the inhibition of BACE-1 is of much interest for disease-modifying anti-

Alzheimer’s agents. However, if the first memory disorders are already present, the patients 

should be treated with cholinesterase inhibitors, for instance; even at that stage, it is worth 

inhibiting pathological processes leading to the formation of both senile plaques and 

neurofibrillary tangles to try to stop the progression of AD. To the best of our knowledge, 

compounds combining inhibitory activities against BuChE, BACE-1, tau and Aβ aggregation 

have not been published to date. Therefore, this is the first report of multi-targeted compounds 

combining these functionalities and taking into account potential disease-modifying and 

symptomatic activities. The presented results will be a good starting point for further 

development of analogues derived from compound 10 and for further studies of these valuable 

candidates.   

4 Methods  

4.1 Chemistry  

4.1.1 General methods  

1H NMR and 13C NMR spectra were recorded on Varian Mercury 300 at 300 MHz. The 

chemical shifts for 1H NMR are referenced to TMS via residual solvent signals (1H, CDCl3 at 

7.26 ppm, DMSO-d6 at 2.50 ppm). Mass spectra (MS) were recorded on UPLC-MS/MS 

system consisting of a Waters ACQUITY® UPLC® (Waters Corporation, Milford, MA, USA) 

coupled to a Waters TQD mass spectrometer (electrospray ionization mode ESI-tandem 

quadrupole). Analytical thin layer chromatography (TLC) was done using aluminum sheets 

precoated with silica gel 60 F254. Column chromatography was performed on Merck silica gel 

60 (63–200 µm). For the TLC and column chromatography following solvents were used: 
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dichloromethane (DCM), methanol (MeOH), petroleum ether, chloroform, ethyl acetate, 25% 

ammonia water solution. The purity of the final compounds was determined using an 

analytical RPLC-MS on Waters Acquity TQD using an Aquity UPLC BEH C18 column (1.7 

µm, 2.1 x 100 mm) at 214 nm and 254 nm. CH3CN/H2O gradient with 0.1% HCOOH was 

used as the mobile phase at a flow rate of 0.3 mL/min. All the compounds showed purity 

above 95%. All of the reagents were purchased from commercial suppliers and were used 

without further purification. Tetrahydrofuran (THF) and DCM were distilled under nitrogen 

immediately before use. The drying agent used for THF was sodium/benzophenone ketyl, and 

for DCM, calcium hydride. 

The following compounds: N-benzylprop-2-en-1-amine (1)80, N-(4-methoxybenzyl)prop-2-

en-1-amine (2)80, 1-(4-benzhydrylpiperazin-1-yl)-3-(benzylamino)propan-2-ol (14)
81

, tert-

butyl-dimethyl(2-(oxiran-2-yl)ethoxy)silane (18)82 have been reported previously.  

4.1.2 Procedure for the synthesis of compounds: 1‒3 (procedure A) 

To a mixture of benzylamine derivative (1.5 equiv.) and K2CO3 (3.0 equiv.) refluxed in 

acetonitrile (MeCN) a solution of allyl chloride (1.0 equiv.) in MeCN was added dropwise 

and the reaction mixture was refluxed for 16 h. After the mixture was cooled to the room 

temperature, the solvent was removed and the residue was treated with saturated aqueous 

solution of NaHCO3 and extracted with DCM. The combined organic extracts were dried over 

anhydrous Na2SO4, filtered and concentrated under reduced pressure. The resulting residue 

was then purified by flash column chromatography. 

4.1.2.1 N-Benzylprop-2-en-1-amine (1) 

Following the procedure A, reaction of benzylamine (0.428 mL, 3.92 mmol) dissolved in 10 

mL MeCN with allyl chloride (0.214 mL, 2.61 mmol) dissolved in 5 mL MeCN in the 

presence of K2CO3 (1.080 g, 7.84 mmol) was performed. Extraction: 10 mL sat. NaHCO3(aq), 
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3 × 10 mL DCM. Purification: column chromatography in DCM/MeOH/NH3·H2O 

(9.8/0.2/0.05, v/v/v). Yield: 180 mg (47%), TLC (DCM/MeOH/NH3·H2O, 9.8/0.2/0.05, v/v/v) 

Rf = 0.13. MW 147.22. Formula C10H13N. MS m/z 148.13 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.22 - 7.37 (m, 5H), 5.94 (ddt, J = 17.18, 10.19, 5.93, 5.93 Hz, 1H), 5.20 (dq, J = 

17.18, 1.71 Hz, 1H), 5.12 (dq, J = 10.26, 1.45 Hz, 1H), 3.80 (s, 2H), 3.28 (dt, J = 5.96, 1.51 

Hz, 2H), 1.51 (br. s, 1H).  

4.1.2.2  N-(4-Methoxybenzyl)prop-2-en-1-amine (2) 

Following the procedure A, reaction of 4-methoxybenzylamine (0.512 mL, 3.92 mmol) 

dissolved in 10 mL MeCN with allyl chloride (0.214 mL, 2.61 mmol) dissolved in 5 mL 

MeCN in the presence of K2CO3 (1.080 g, 7.84 mmol) was performed. Extraction: 10 mL sat. 

NaHCO3(aq), 3 × 10 mL DCM. Purification: column chromatography in 

DCM/MeOH/NH3·H2O (9.8/0.2/0.05, v/v/v). Yield: 221 mg (48%), TLC 

(DCM/MeOH/NH3·H2O, 9.8/0.2/0.05, v/v/v) Rf = 0.16. MW 177.24. Formula C11H15NO. MS 

m/z 178.04 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.21 - 7.27 (m, 2H), 6.83 - 6.89 (m, 2H), 

5.85 - 6.01 (m, 1H), 5.19 (dq, J = 17.28, 1.68 Hz, 1H), 5.10 (dq, J = 10.26, 1.45 Hz, 1H), 3.79 

(s, 3H), 3.73 (s, 2H), 3.26 (dt, J = 5.96, 1.51 Hz, 2H), 1.42 (br. s, 1H). 

4.1.2.3  N-(3-(Tert-butyl)benzyl)prop-2-en-1-amine (3) 

Following the procedure A, reaction of (3-(tert-butyl)phenyl)methanamine (1.000 g, 6.13 

mmol) dissolved in 20 mL MeCN with allyl chloride (0.312 g, 4.08 mmol) dissolved in 10 

mL MeCN in the presence of K2CO3 (1.693 g, 12.25 mmol) was performed. Extraction: 20 

mL sat. NaHCO3(aq), 3 × 20 mL DCM. Purification: flash chromatography in DCM/MeOH 

(9.5/0.5, v/v). Yield: 507 mg (61%), TLC (DCM/MeOH, 9.8/0.2 v/v) Rf = 0.17. MW 203.32. 

Formula C14H21N. MS m/z 204.09 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.12 - 7.38 (m, 
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4H), 5.87 - 6.04 (m, 1H), 5.22 (dd, J = 17.29, 1.47 Hz, 1H), 5.13 (dd, J = 10.26, 1.47 Hz, 1H), 

3.80 (s, 2H), 3.31 (dt, J = 6.15, 1.32 Hz, 2H), 1.58 (br. s, 1H), 1.33 (s, 9H). 

4.1.3 General procedure for the synthesis of compounds: 4‒6 (procedure B) 

To an ice-cooled solution of the amine 4‒6 (1.1 equiv.) and anhydrous TEA (3.0 equiv.) in 

anhydrous THF a solution of di-tert-butyl dicarbonate (1.2 equiv.) in THF was added 

dropwise and the reaction mixture was stirred at room temperature for 4 h. Then the solvent 

was removed and the resulting residue was treated with water and extracted with DCM. The 

combined organic extracts were dried over anhydrous Na2SO4, filtered and concentrated. To 

the resulting residue dissolved in MeCN and cooled on an ice-bath, a solution of N-

bromosuccinimide (1.2 equiv.) in water was added dropwise, and the reaction mixture was 

stirred at room temperature for 16 h. Then the MeCN was evaporated and water phase was 

extracted with ethyl acetate. The combined organic extracts were dried over anhydrous 

Na2SO4, filtered and concentrated under the reduced pressure. The resulting residue was 

purified by flash column chromatography in 20‒60% ethyl acetate in petroleum ether.  

4.1.3.1  3-Benzyl-5-(bromomethyl)oxazolidin-2-one (4)  

Following the procedure B, solution of di-tert-butyl dicarbonate (1.636 g, 7.50 mmol) in 5 mL 

anhydrous THF was added dropwise to a solution of N-benzylprop-2-en-1-amine (1) (0.920 g, 

6.25 mmol) in 15 mL anhydrous THF in the presence of anhydrous TEA (2.620 mL, 18.75 

mmol). Extraction: 3 × 20 mL DCM. To the resulting tert-butyl allyl(benzyl)carbamate (1.761 

g, 7.12 mmol) dissolved in 13 mL MeCN, a solution of N-bromosuccinimide (1.521 g, 8.54 

mmol) in 20 mL water was added. Extraction 3 × 20 mL ethyl acetate. Yield: 760 mg (38%), 

TLC (petroleum ether/ethyl acetate, 5/5, v/v) Rf = 0.49. MW 270.12. Formula C11H12BrNO2. 

MS m/z 270.16 (M+), 272.15 (M+2). 1H NMR (300 MHz, CDCl3) δ 7.25 - 7.41 (m, 5H), 4.63 

- 4.74 (m, 1H), 4.35 - 4.51 (m, 2H), 3.38 - 3.59 (m, 3H), 3.27 (dd, J = 9.38, 5.86 Hz, 1H). 
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4.1.3.2  5-(Bromomethyl)-3-(4-methoxybenzyl)oxazolidin-2-one (5) 

Following the procedure B, solution of di-tert-butyl dicarbonate (0.993 g, 4.55 mmol) in 3 mL 

anhydrous THF was added dropwise to a solution of N-(4-methoxybenzyl)prop-2-en-1-amine 

(2) (0.672 g, 3.79 mmol) in 10 mL anhydrous THF in the presence of anhydrous TEA (1.588 

mL, 11.37 mmol). Extraction: 3 × 15 mL DCM. To the resulting tert-butyl 

allyl(benzyl)carbamate (1.215 g, 4.38 mmol) dissolved in 10 mL MeCN, a solution of N-

bromosuccinimide (0.936 g, 5.26 mmol) in 15 mL water was added. Extraction 3 × 15 mL 

ethyl acetate. Yield: 669 mg (59%), TLC (petroleum ether/ethyl acetate, 5/5, v/v) Rf = 0.46. 

MW 300.15. Formula C12H14BrNO3. MS m/z 299.98 (M), 301.98 (M+2). 1H NMR (300 

MHz, CDCl3) δ 7.16 - 7.25 (m, 2H), 6.83 - 6.92 (m, 2H), 4.59 - 4.72 (m, 1H), 4.28 - 4.45 (m, 

2H), 3.77 - 3.84 (m, 3H), 3.48 - 3.56 (m, 2H), 3.40 (dd, J = 10.52, 7.69 Hz, 1H), 3.24 (dd, J = 

8.98, 5.90 Hz, 1H). 

4.1.3.3  5-(Bromomethyl)-3-(3-(tert-butyl)benzyl)oxazolidin-2-one (6) 

Following the procedure B, solution of di-tert-butyl dicarbonate (0.330 g, 1.51 mmol) in 1.5 

mL anhydrous THF was added dropwise to a solution of N-(3-(tert-butyl)benzyl)prop-2-en-1-

amine (3) (0.256 g, 1.26 mmol) in 5 mL anhydrous THF in the presence of anhydrous TEA 

(0.526 mL, 3.78 mmol). Extraction: 3 × 8 mL DCM. To the resulting tert-butyl allyl(3-(tert-

butyl)benzyl)carbamate (0.378 g, 1.25 mmol) dissolved in 5 mL MeCN, a solution of N-

bromosuccinimide (0.266 mg ,1.50 mmol) in 10 mL water was added. Extraction 3 × 10 mL 

ethyl acetate. Yield: 211 mg (51%), TLC (petroleum ether/ethyl acetate, 5/5, v/v) Rf = 0.62. 

MW 326.23. Formula C15H20BrNO2. MS m/z 325.96 (M), 327.97 (M+2). 1H NMR (300 

MHz, CDCl3) δ 7.25 - 7.38 (m, 3H), 7.06 - 7.11 (m, 1H), 4.63 - 4.75 (m, 1H), 4.43 (s, 2H), 

3.49 - 3.58 (m, 2H), 3.45 (dd, J= 10.55, 7.03 Hz, 1H), 3.28 (dd, J = 8.79, 5.86 Hz, 1H), 1.32 

(s, 9H). 
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4.1.4 General procedure for the synthesis of compounds: 7‒17, 28‒38 (procedure C) 

An adequate 3-benzyl-5-(bromomethyl)oxazolidin-2-one derivative (4‒6) or 2-(3-benzyl-2-

oxooxazolidin-5-yl)ethyl methanesulfonate derivative (25‒27) (1.0– 1.1 equiv.), K2CO3 (1.2–

 3.0 equiv.) and a corresponding amine (0.8– 3.0 equiv.) in MeCN or toluene were refluxed 

for 16 h or heated in DMF in microwave reactor at 80 oC for 1 h. Then the solvent was 

removed and the resulting residue was treated with saturated aqueous solution of NaHCO3 

and extracted with DCM. The combined organic extracts were dried over anhydrous Na2SO4, 

filtered and concentrated. The resulting product was purified by column chromatography. To 

the obtained amine dissolved in ethanol, NaOH (10.0 equiv.) was added and the reaction 

mixture was refluxed for 6 h. After the reaction mixture was cooled to room temperature, the 

solution was neutralized with glacial acetic acid, ethanol was removed and the resulting 

residue was treated with water and extracted with DCM. The combined organic extracts were 

dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The resulting 

product was purified by column chromatography. 

4.1.4.1  1-(Benzylamino)-3-((2,2-diphenylethyl)amino)propan-2-ol (7) 

The reaction of 3-benzyl-5-(bromomethyl)oxazolidin-2-one (4) (100 mg, 0.370 mmol) with 

2,2-diphenylethanamine (219 mg, 1.110 mmol) in the presence of K2CO3 (102 mg, 0.740 

mmol) in 3 mL MeCN was performed according to the procedure C. Extraction: 10 mL water, 

3 × 10 mL ethyl acetate. Purification: flash chromatography (1– 3% MeOH in DCM). The 

resulting 3-benzyl-5-(((2,2-diphenylethyl)amino)methyl)oxazolidin-2-one (71 mg, 0.184 

mmol) was dissolved in 2 mL ethanol and a reaction with sodium hydroxide (74 mg, 1.840 

mmol) was performed. Extraction: 10 mL sat. NaHCO3(aq), 3 × 10 mL DCM. Purification: 

column chromatography (DCM/MeOH/NH3·H2O, 9.5/0.5/0.1, v/v/v). Yield: 53 mg (40%), 

TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.1, v/v/v) Rf = 0.36. MW 360.49. Formula 
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C24H28N2O. MS m/z 361.20 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.14 - 7.38 (m, 15H), 

4.18 (t, J = 7.91 Hz, 1H), 3.69 - 3.85 (m, 3H), 3.16 - 3.35 (m, 2H), 2.98 (br. s, 3H), 2.70 - 2.84 

(m, 2H), 2.59 (ddd, J = 14.65, 12.31, 7.03 Hz, 2H). 13C NMR (75 MHz, CDCl3) δ 142.41, 

142.38, 137.97, 128.72, 128.69, 128.58, 128.45, 127.99, 127.94, 127.53, 126.72, 126.69, 

67.28, 54.23, 53.41, 53.18, 52.52, 50.84. 

4.1.4.2  1-(Benzylamino)-3-((3,3-diphenylpropyl)amino)propan-2-ol (8) 

The reaction of 3-benzyl-5-(bromomethyl)oxazolidin-2-one (4) (82 mg, 0.310 mmol) with 

3,3-diphenylpropan-1-amine (197 mg, 0.930 mmol) in the presence of K2CO3 (86 mg, 0.620 

mmol) in 2 mL MeCN was performed according to the procedure C. Extraction: 10 mL sat. 

NaHCO3(aq), 3 × 10 mL ethyl acetate. Purification: column chromatography (DCM/diethyl 

ether/MeOH/NH3·H2O, 9.0/1.0/0.25/0.025, v/v/v/v). The resulting 3-benzyl-5-(((3,3-

diphenylpropyl)amino)methyl)oxazolidin-2-one (106 mg, 0.265 mmol) was dissolved in 3 mL 

ethanol and a reaction with sodium hydroxide (106 mg, 2.650 mmol) was performed. 

Extraction: 10 mL water, 3 × 10 mL DCM. Purification: column chromatography 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v). Yield: 90 mg (78%), TLC 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) Rf = 0.42. MW 374.52. Formula C25H30N2O. 

MS m/z 375.29 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.12 - 7.38 (m, 15H), 4.00 (t, J = 7.62 

Hz, 1H), 3.69 - 3.85 (m, 3H), 2.45 - 2.75 (m, 9H), 2.25 (q, J = 7.03 Hz, 2H). 13C NMR (75 

MHz, CDCl3) δ 144.59, 139.92, 128.49, 128.45, 128.11, 127.76, 127.07, 126.23, 68.18, 53.80, 

53.39, 52.89, 49.00, 48.19, 35.66. 

4.1.4.3  1-((3-(Tert-butyl)benzyl)amino)-3-((2,2-diphenylethyl)amino)propan-2-ol 

(9) 

The reaction of 5-(bromomethyl)-3-(3-(tert-butyl)benzyl)oxazolidin-2-one (6) (120 mg, 0.368 

mmol) with 3,3-diphenylpropan-1-amine (233 mg, 1.104 mmol) in the presence of K2CO3 
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(102 mg, 0.736 mmol) in 3 mL MeCN was performed according to the procedure C. 

Extraction: 10 mL water, 3 × 10 mL ethyl acetate. Purification: column chromatography 

(DCM/diethyl ether/MeOH/NH3·H2O, 9.0/1.0/0.25/0.025, v/v/v/v). The resulting 3-(3-(tert-

butyl)benzyl)-5-(((3,3-diphenylpropyl)amino)methyl)oxazolidin-2-one (101 mg, 0.221 mmol) 

was dissolved in 2.5 mL ethanol and a reaction with sodium hydroxide (88 mg, 2.210 mmol) 

was performed. Extraction: 10 mL sat. NaHCO3(aq), 3 × 10 mL DCM. Purification: column 

chromatography (DCM/MeOH/NH3·H2O, 9.7/0.3/0.025, v/v/v). Yield: 60 mg (38%), TLC 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) Rf = 0.41. MW 416.60. Formula C28H36N2O. 

MS m/z 417.29 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.15 - 7.36 (m, 13H), 7.09 (d, J = 

7.03 Hz, 1H), 4.18 (s, 1H), 3.77 (d, J = 4.10 Hz, 3H), 3.18 - 3.35 (m, 2H), 3.12 (br. s, 3H), 

2.71 - 2.82 (m, 2H), 2.63 (td, J = 11.70, 7.03 Hz, 2H), 1.33 (s, 9H). 13C NMR (75 MHz, 

CDCl3) δ 151.48, 142.62, 142.56, 138.12, 128.69, 128.66, 128.25, 128.02, 127.99, 126.65, 

126.62, 125.46, 125.38, 124.37, 67.61, 54.35, 53.67, 53.42, 52.69, 51.06, 34.67, 31.38. 

4.1.4.4  1-((3-(Tert-butyl)benzyl)amino)-3-((3,3-diphenylpropyl)amino)propan-2-ol 

(10) 

The reaction of 5-(bromomethyl)-3-(3-(tert-butyl)benzyl)oxazolidin-2-one (6) (120 mg, 0.368 

mmol) with 2,2-diphenylethanamine (218 mg, 1.103 mmol) in the presence of K2CO3 (102 

mg, 0.736 mmol) in 3 mL MeCN was performed according to the procedure C. Extraction: 10 

mL water, 3 × 10 mL ethyl acetate. Purification: column chromatography (DCM/diethyl 

ether/MeOH/NH3·H2O, 9.0/1.0/0.25/0.025, v/v/v/v). The resulting 3-(3-(tert-butyl)benzyl)-5-

(((2,2-diphenylethyl)amino)methyl)oxazolidin-2-one (106 mg, 0.239 mmol) was dissolved in 

2.5 mL ethanol and reaction with sodium hydroxide (96 mg, 2.390 mmol) was performed. 

Extraction: 10 mL sat. NaHCO3(aq), 3 × 10 mL DCM. Purification: column chromatography 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v). Yield: 56 mg (37%), TLC 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) Rf = 0.47. MW 430.62. Formula C29H38N2O. 
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MS m/z 431.25 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.05 - 7.39 (m, 14H), 4.00 (t, J = 8.20 

Hz, 1H), 3.70 - 3.88 (m, 3H), 3.25 (br. s, 3H), 2.71 (s, 2H), 2.50 - 2.66 (m, 4H), 2.29 (q, J = 

7.60 Hz, 2H), 1.33 (s, 9H). 13C NMR (75 MHz, CDCl3) δ 151.40, 144.38, 138.98, 128.54, 

128.20, 127.74, 126.29, 125.27, 125.20, 124.20, 67.66, 53.99, 53.38, 52.90, 48.97, 48.06, 

35.08, 34.65, 31.38. 

4.1.4.5  1-((4-Methoxybenzyl)amino)-3-(4-(pentan-2-yl)piperazin-1-yl)propan-2-ol 

(11)  

The reaction of 5-(bromomethyl)-3-(4-methoxybenzyl)oxazolidin-2-one (5) (115 mg, 0.384 

mmol) with 1-(pentan-2-yl)piperazine (50 mg, 0.320 mmol) in the presence of K2CO3 (66 mg, 

0.480 mmol) in 2 mL MeCN was performed according to the procedure C. Extraction: 10 mL 

sat. NaHCO3(aq), 3 × 8 mL DCM. Purification: flash chromatography (1– 10% MeOH in 

DCM). The resulting 3-(4-methoxybenzyl)-5-((4-(pentan-2-yl)piperazin-1-

yl)methyl)oxazolidin-2-one (60 mg, 0.160 mmol) was dissolved in 1.5 mL ethanol and a 

reaction with sodium hydroxide (64 mg, 1.600 mmol) was performed. Extraction: 8 mL 5% 

NH3·H2O, 3 × 10 mL DCM. Purification: column chromatography in DCM/MeOH/NH3·H2O 

(9.5/0.5/0.05, v/v/v). Yield: 35 mg (26%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) 

Rf = 0.14. MW 349.51. Formula C20H35N3O2. MS m/z 350.30 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.19 - 7.25 (m, 2H), 6.81 - 6.88 (m, 2H), 3.84 (td, J = 6.80, 3.59 Hz, 1H), 3.78 (s, 

3H), 3.73 (d, J = 2.05 Hz, 2H), 2.25 - 2.70 (m, 14H), 1.42 - 1.54 (m, 1H), 1.15 - 1.42 (m, 4H), 

0.96 (d, J = 6.41 Hz, 3H), 0.89 (t, J = 7.05 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 132.28, 

128.61, 114.63, 114.16, 66.91, 65.84, 59.48, 59.21, 58.29, 56.29, 55.24, 54.22, 53.38, 53.00, 

20.07, 14.25. 

4.1.4.6  1-((4-Methoxybenzyl)amino)-3-(4-phenylpiperazin-1-yl)propan-2-ol (12) 
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The reaction of 5-(bromomethyl)-3-(4-methoxybenzyl)oxazolidin-2-one (5) (100 mg, 0.333 

mmol) with 1-phenylpiperazine (49 mg, 0.303 mmol) in the presence of K2CO3 (63 mg, 0.454 

mmol) in 2 mL MeCN was performed according to the procedure C. Extraction: 5 mL sat. 

NaHCO3(aq), 3 × 5 mL DCM. Purification: flash chromatography (50– 80% ethyl acetate in 

petroleum ether). The resulting 3-(4-methoxybenzyl)-5-((4-phenylpiperazin-1-

yl)methyl)oxazolidin-2-one (56 mg, 0.147 mmol) was dissolved in 2 mL ethanol and a 

reaction with sodium hydroxide (59 mg, 1.470 mmol) was performed. Extraction: 8 mL sat. 

NaHCO3(aq), 3 × 10 mL DCM. Purification: column chromatography in 

DCM/MeOH/NH3·H2O (9.5/0.5/0.025, v/v/v). Yield: 47 mg (40%), TLC 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.025, v/v/v) Rf = 0.07. MW 355.47. Formula C21H29N3O2. 

MS m/z 356.15 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.21 - 7.31 (m, 4H), 6.82 - 6.96 (m, 

5H), 3.85 - 3.95 (m, 1H), 3.80 (s, 3H), 3.77 (d, J = 2.82 Hz, 2H), 3.20 (ddd, J = 5.96, 3.91, 

1.67 Hz, 4H), 2.68 - 2.84 (m, 4H), 2.45 - 2.65 (m, 5H), 2.34 - 2.42 (m, 1H). 13C NMR (75 

MHz, CDCl3) δ 158.67, 151.20, 132.11, 129.33, 129.10, 119.79, 116.07, 113.80, 65.99, 62.04, 

55.28, 55.25, 53.37, 52.87, 49.23. 

4.1.4.7  1-(4-Benzylpiperazin-1-yl)-3-((4-methoxybenzyl)amino)propan-2-ol (13)  

The reaction of 5-(bromomethyl)-3-(4-methoxybenzyl)oxazolidin-2-one (5) (100 mg, 0.333 

mmol) with 1-benzylpiperazine (53 mg, 0.303 mmol) in the presence of K2CO3 (63 mg, 0.454 

mmol) in 2 mL MeCN was performed according to the procedure C. Extraction: 5 mL sat. 

NaHCO3(aq), 3 × 5 mL DCM. Purification: flash chromatography (50– 80% ethyl acetate in 

petroleum ether). The resulting 5-((4-benzhydrylpiperazin-1-yl)methyl)-3-(4-

methoxybenzyl)oxazolidin-2-one (75 mg, 0.190 mmol) was dissolved in 2 mL ethanol and a 

reaction with sodium hydroxide (76 mg, 1.900 mmol) was performed. Extraction: 8 mL 5% 

NH3·H2O, 3 × 10 mL DCM. Purification: column chromatography (DCM/MeOH/NH3·H2O, 

9.5/0.5/0.05, v/v/v). Yield: 61 mg (50%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) 
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Rf = 0.14. MW 369.50. Formula C22H31N3O2. MS m/z 370.17 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.18 - 7.36 (m, 7H), 6.81 - 6.90 (m, 2H), 3.78 - 3.89 (m, 4H), 3.74 (d, J = 2.82 Hz, 

2H), 3.50 (s, 2H), 2.27 - 2.84 (m, 14H). 13C NMR (75 MHz, CDCl3) δ 158.64, 138.02, 132.17, 

129.31, 129.18, 128.20, 127.05, 113.77, 65.86, 63.00, 61.91, 55.27, 55.24, 53.32, 53.08, 

52.91. 

4.1.4.8  1-(4-Benzhydrylpiperazin-1-yl)-3-(benzylamino)propan-2-ol (14)  

The reaction of 3-benzyl-5-(bromomethyl)oxazolidin-2-one (4) (150 mg, 0.555 mmol) with 1-

benzhydrylpiperazine (133 mg, 0.528 mmol) in the presence of K2CO3 (154 mg, 1.111 mmol) 

in 3 mL MeCN was performed according to the procedure C. Extraction: 8 mL sat. 

NaHCO3(aq), 3 × 8 mL DCM. Purification: flash chromatography (30– 70% ethyl acetate in 

petroleum ether). The resulting 5-((4-benzhydrylpiperazin-1-yl)methyl)-3-benzyloxazolidin-

2-one (103 mg, 0.233 mmol) was dissolved in 3 mL ethanol and a reaction with sodium 

hydroxide (93 mg, 2.330 mmol) was performed. Extraction: 10 mL 5% NH3·H2O, 3 × 10 mL 

DCM. Purification: column chromatography (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v). 

Yield: 82 mg (36%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) Rf = 0.21. MW 

415.57. Formula C27H33N3O. MS m/z 416.23 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.14 - 

7.48 (m, 15H), 4.23 (s, 1H), 3.76 - 3.92 (m, 3H), 2.98 (br. s, 2H), 2.26 - 2.77 (m, 12H). 13C 

NMR (75 MHz, CDCl3) δ 142.69, 140.03, 128.48, 128.42, 128.16, 127.91, 127.00, 126.94, 

76.22, 65.86, 61.92, 53.96, 53.59, 53.06, 51.94. 

4.1.4.9  1-(4-Benzhydrylpiperazin-1-yl)-3-((4-methoxybenzyl)amino)propan-2-ol 

(15) 

The reaction of 5-(bromomethyl)-3-(4-methoxybenzyl)oxazolidin-2-one (5) (100 mg, 0.333 

mmol) with 1-benzhydrylpiperazine (77 mg, 0.303 mmol) in the presence of K2CO3 (63 mg, 

0.454 mmol) in 2 mL MeCN was performed according to the procedure C. Extraction: 5 mL 
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sat. NaHCO3(aq), 3 × 5 mL DCM. Purification: flash chromatography (gradient 5/5 to 2/8 of 

petroleum ether/ethyl acetate). The resulting 5-((4-benzhydrylpiperazin-1-yl)methyl)-3-(4-

methoxybenzyl)oxazolidin-2-one (83 mg, 0.176 mmol) was dissolved in 2 mL ethanol and 

reaction with sodium hydroxide (70 mg, 1.760 mmol) was performed. Extraction: 8 mL 5% 

NH3·H2O, 3 × 10 mL DCM. Purification: column chromatography in DCM/MeOH/NH3·H2O 

(9.5/0.5/0.05, v/v/v). Yield: 48 mg (32%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) 

Rf = 0.17. MW 445.60. Formula C28H35N3O2. MS m/z 446.21 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.36 - 7.44 (m, 4H), 7.22 - 7.32 (m, 6H), 7.12 - 7.21 (m, 2H), 6.81 - 6.92 (m, 2H), 

4.19 (s, 1H), 3.85 - 3.95 (m, 1H), 3.75 - 3.84 (m, 5H), 3.54 (br. s., 2H), 2.27 - 2.80 (m, 12H). 

13C NMR (75 MHz, CDCl3) δ 158.95, 142.62, 130.46, 129.74, 128.47, 127.86, 126.94, 

113.91, 76.19, 65.34, 61.94, 55.26, 53.64, 52.89, 52.68, 51.84. 

4.1.4.10 1-(4-Benzhydrylpiperazin-1-yl)-3-((3-(tert-butyl)benzyl)amino)propan-2-ol 

(16) 

The reaction of 5-(bromomethyl)-3-(3-(tert-butyl)benzyl)oxazolidin-2-one (6) (108 mg, 0.331 

mmol) with 1-benzhydrylpiperazine (70 mg, 0.276 mmol) in the presence of K2CO3 (82 mg, 

0.596 mmol) in 3 mL MeCN was performed according to the procedure C. Extraction: 8 mL 

sat. NaHCO3(aq), 3 × 8 mL DCM. Purification: flash chromatography (10– 50% ethyl acetate 

in petroleum ether). The resulting 5-((4-benzhydrylpiperazin-1-yl)methyl)-3-(3-(tert-

butyl)benzyl)oxazolidin-2-one (60 mg, 0.121 mmol) was dissolved in 3 mL ethanol and a 

reaction with sodium hydroxide (48 mg, 1.210 mmol) was performed. Extraction: 10 mL 5% 

NH3·H2O, 3 × 10 mL DCM. Purification: column chromatography (DCM/MeOH/NH3·H2O, 

9.5/0.5/0.05, v/v/v). Yield: 46 mg (30%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) 

Rf = 0.18. MW 471.68. Formula C31H41N3O. MS m/z 472.39 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.38 - 7.48 (m, 4H), 7.10 - 7.36 (m, 10H), 4.23 (s, 1H), 3.78 - 3.91 (m, 3H), 2.28 - 

2.78 (m, 14H), 1.31 - 1.38 (m, 9H). 13C NMR (75 MHz, CDCl3) δ 176.83, 152.16, 141.59, 

Page 36 of 78

ACS Paragon Plus Environment

ACS Chemical Neuroscience

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



37 

 

130.89, 128.74, 128.68, 127.64, 127.38, 126.91, 126.87, 126.20, 75.40, 62.82, 59.75, 53.06, 

51.73, 50.20, 49.01, 31.15, 21.92. 

4.1.4.11 1-(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl)-3-((4-

methoxybenzyl)amino)propan-2-ol (17) 

The reaction of 5-(bromomethyl)-3-(4-methoxybenzyl)oxazolidin-2-one (5) (100 mg, 0.333 

mmol) with 1-(bis(4-fluorophenyl)methyl)piperazine (62 mg, 0.303 mmol) in the presence of 

K2CO3 (63 mg, 0.454 mmol) in 2 mL MeCN was performed according to the procedure C. 

Extraction: 5 mL sat. NaHCO3(aq), 3 × 5 mL DCM. Purification: flash chromatography (50–

 80% ethyl acetate in petroleum ether). The resulting 5-((4-(bis(4-

fluorophenyl)methyl)piperazin-1-yl)methyl)-3-(4-methoxybenzyl)oxazolidin-2-one (80 mg, 

0.158 mmol) was dissolved in 2 mL ethanol and a reaction with sodium hydroxide (63 mg, 

1.580 mmol) was performed. Extraction: 8 mL sat.NaHCO3aq, 3 × 10 mL DCM. Purification: 

column chromatography in DCM/MeOH/NH3·H2O (9.5/0.5/0.025, v/v/v). Yield: 44 mg 

(27%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.025, v/v/v) Rf = 0.11. MW 481.58. Formula 

C28H33F2N3O2. MS m/z 482.23 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.29 - 7.37 (m, 4H), 

7.20 - 7.25 (m, 2H), 6.92 - 6.99 (m, 4H), 6.83 - 6.87 (m, 2H), 4.19 (s, 1H), 3.77 - 3.87 (m, 

5H), 3.74 (d, J=1.80 Hz, 2H), 2.24 - 2.74 (m, 13H). 13C NMR (75 MHz, CDCl3) δ 161.78 (d, 

J = 245.48 Hz), 158.67, 138.16 (d, J = 3.32 Hz), 131.96, 129.23, 129.25 (d, J = 16.04 Hz), 

115.39 (d, J = 21.01 Hz), 113.78, 74.47, 65.80, 61.86, 55.25 (d, J = 2.21 Hz), 53.48, 53.31, 

52.89, 51.79. 

4.1.4.12 1-(Benzylamino)-4-((2,2-diphenylethyl)amino)butan-2-ol (28)  

The reaction of 2-(3-benzyl-2-oxooxazolidin-5-yl)ethyl methanesulfonate (25) (202 mg, 0.670 

mmol) with 2,2-diphenylethanamine (397 mg, 2.010 mmol) in the presence of K2CO3 (280 

mg, 2.020 mmol) in 2 mL DMF was performed according to the procedure C. Extraction: 8 
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mL sat. NaHCO3(aq), 3 × 8 mL DCM. Purification: column chromatography (20-50% 

ethylacetate in DCM, then 10% MeOH in DCM). The resulting 3-benzyl-5-(2-((2,2-

diphenylethyl)amino)ethyl)oxazolidin-2-one (84 mg, 0.209 mmol) was dissolved in 2 mL 

ethanol and a reaction with sodium hydroxide (74 mg, 2.090 mmol) was performed. 

Extraction: 10 mL sat. NaHCO3(aq), 3 × 10 mL DCM. Purification: column chromatography 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v). Yield: 46 mg (18%), TLC 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) Rf = 0.21. MW 374.52. Formula C25H30N2O. 

MS m/z 375.29 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.14 - 7.39 (m, 15H), 4.16 (t, J = 7.62 

Hz, 1H), 3.82 - 3.92 (m, 1H), 3.79 (d, J = 3.52 Hz, 2H), 3.17 - 3.33 (m, 2H), 2.74 - 3.02 (m, 

5H), 2.51 - 2.67 (m, 2H), 1.48 - 1.64 (m, 2H). 13C NMR (75 MHz, CDCl3) δ 142.44, 139.88, 

128.70, 128.39, 128.17, 127.93, 127.00, 126.67, 71.20, 55.04, 54.13, 53.71, 50.91, 48.11, 

33.07. 

4.1.4.13 1-(Benzylamino)-4-((3,3-diphenylpropyl)amino)butan-2-ol (29) 

The reaction of 2-(3-benzyl-2-oxooxazolidin-5-yl)ethyl methanesulfonate (25) (143 mg, 0.477 

mmol) with 3,3-diphenylpropan-1-amine (303 mg, 1.431 mmol) in the presence of K2CO3 

(198 mg, 1.430 mmol) in 2 mL DMF was performed according to the procedure C Extraction: 

8 mL sat. NaHCO3(aq), 3 × 8 mL DCM. Purification: column chromatography (1– 6% MeOH 

in DCM). The resulting 3-benzyl-5-(2-((3,3-diphenylpropyl)amino)ethyl)oxazolidin-2-one (81 

mg, 0.195 mmol) was dissolved in 2 mL ethanol and a reaction with sodium hydroxide (78 

mg, 1.950 mmol) was performed. Extraction: 10 mL water, 3 × 10 mL DCM. Purification: 

column chromatography (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v). Yield: 70 mg (38%), 

TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) Rf = 0.21. MW 388.55. Formula 

C26H32N2O. MS m/z 389.31 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.12 - 7.40 (m, 15H), 

3.99 (t, J = 7.60 Hz, 1H), 3.86 - 3.95 (m, 1H), 3.76 - 3.85 (m, 2H), 2.89 (dt, J = 11.72, 4.69 

Hz, 1H), 2.46 - 2.77 (m, 6H), 2.23 (q, J = 7.23 Hz, 2H), 1.48 - 1.63 (m, 2H), 1.20 - 1.37 (m, 
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2H). 13C NMR (75 MHz, CDCl3) δ 144.29, 139.90, 128.53, 128.41, 128.17, 127.74, 127.01, 

126.31, 70.78, 55.06, 53.75, 48.94, 47.88, 47.72, 35.00, 32.98. 

4.1.4.14 1-((3-(Tert-butyl)benzyl)amino)-4-((2,2-diphenylethyl)amino)butan-2-ol 

(30) 

The reaction of 2-(3-(3-(tert-butyl)benzyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (27) 

(146 mg, 0.410 mmol) with 2,2-diphenylethanamine (203 mg, 1.027 mmol) in the presence of 

K2CO3 (113 mg, 0.820 mmol) in 2 mL toluene was performed according to the procedure C. 

Extraction: 8 mL water, 3 × 8 mL DCM. Purification: flash chromatography (50– 80% ethyl 

acetate in petroleum ether). The resulting 3-(3-(tert-butyl)benzyl)-5-(2-((2,2-

diphenylethyl)amino)ethyl)oxazolidin-2-one (103 mg, 0.226 mmol) was dissolved in 2.5 mL 

ethanol and reaction with sodium hydroxide (90 mg, 2.260 mmol) was performed. Extraction: 

10 mL sat. NaHCO3(aq), 3 × 10 mL DCM. Purification: column chromatography 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v). Yield: 72 mg (41%), TLC 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) Rf = 0.28. MW 430.62. Formula C29H38N2O. 

MS m/z 431.48 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.11 - 7.36 (m, 14H), 4.17 (t, J = 7.60 

Hz, 1H), 3.84 - 3.93 (m, 1H), 3.78 (d, J = 4.69 Hz, 2H), 3.16 - 3.33 (m, 2H), 2.76 - 3.02 (m, 

5H), 2.53 - 2.70 (m, 2H), 1.48 - 1.63 (m, 2H), 1.25 - 1.39 (m, 9H). 13C NMR (75 MHz, 

CDCl3) δ 151.42, 142.26, 138.35, 128.74, 128.22, 127.96, 126.75, 125.50, 125.42, 124.30, 

70.39, 54.64, 53.97, 53.71, 50.61, 47.74, 34.67, 32.94, 31.38. 

4.1.4.15 1-((3-(Tert-butyl)benzyl)amino)-4-((3,3-diphenylpropyl)amino)butan-2-ol 

(31) 

The reaction of 2-(3-(3-(tert-butyl)benzyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (27) 

(122 mg, 0.340 mmol) with 3,3-diphenylpropan-1-amine (216 mg, 1.020 mmol) in the 

presence of K2CO3 (142 mg, 1.030 mmol) in 2 mL DMF was performed according to the 
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procedure C. Extraction: 8 mL sat. NaHCO3(aq), 3 × 8 mL DCM. Purification: column 

chromatography (18– 50% ethyl acetate in DCM, then 10% MeOH in DCM). The resulting 3-

(3-(tert-butyl)benzyl)-5-(2-((3,3-diphenylpropyl)amino)ethyl)oxazolidin-2-one (70 mg, 0.149 

mmol) was dissolved in 2 mL ethanol and a reaction with sodium hydroxide (60 mg, 1.490 

mmol) was performed. Extraction: 10 mL water, 3 × 10 mL DCM. Purification: column 

chromatography (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v). Yield: 38 mg (25%), TLC 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) Rf = 0.34. MW 444.65 Formula C30H40N2O. MS 

m/z 445.41 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.05 - 7.39 (m, 14H), 3.98 (t, J = 8.20 Hz, 

1H), 3.87 - 3.94 (m, 1H), 3.72 - 3.85 (m, 2H), 3.44 (br. s, 3H), 2.86 - 2.98 (m, 1H), 2.71 - 2.80 

(m, 1H), 2.50 - 2.70 (m, 4H), 2.29 (q, J = 7.60 Hz, 2H), 1.49 - 1.73 (m, 2H), 1.29 - 1.34 (m, 

9H). 13C NMR (75 MHz, CDCl3) δ 151.51, 143.86, 138.02, 128.61, 128.28, 127.71, 126.43, 

125.55, 125.52, 124.40, 68.96, 54.37, 53.64, 48.87, 47.73, 46.71, 34.67, 33.80, 32.41, 31.38. 

4.1.4.16 1-((4-Methoxybenzyl)amino)-4-(4-(pentan-2-yl)piperazin-1-yl)butan-2-ol 

(32) 

The reaction of 2-(3-(4-methoxybenzyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (26) 

(127 mg, 0.384 mmol) with 1-(pentan-2-yl)piperazine (50 mg, 0.320 mmol) in the presence of 

K2CO3 (66 mg, 0.480 mmol) in 2 mL MeCN was performed according to the procedure C. 

Extraction: 10 mL sat. NaHCO3(aq), 4 × 8 mL DCM. Purification: flash chromatography (1–

 10% MeOH in DCM). The resulting 3-(4-methoxybenzyl)-5-(2-(4-(pentan-2-yl)piperazin-1-

yl)ethyl)oxazolidin-2-one (60 mg, 0.198 mmol) was dissolved in 1.5 mL ethanol and reaction 

with sodium hydroxide (79 mg, 1.980 mmol) was performed. Extraction: 8 mL 5% NH3·H2O, 

6 × 10 mL DCM. Purification: column chromatography (DCM/MeOH/NH3·H2O, 

9.5/0.5/0.05, v/v/v). Yield: 62 mg (53%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) 

Rf = 0.18. MW 363.54. Formula C21H37N3O2. MS m/z 364.32 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.19 - 7.25 (m, 2H), 6.80 - 6.86 (m, 2H), 3.90 (ddd, J = 8.85, 5.90, 2.69 Hz, 1H), 

Page 40 of 78

ACS Paragon Plus Environment

ACS Chemical Neuroscience

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



41 

 

3.77 (s, 3H), 3.73 (s, 2H), 2.29 - 2.77 (m, 14H), 1.66 (dd, J = 9.62, 4.49 Hz, 1H), 1.30 - 1.52 

(m, 6H), 0.92 (d, J = 6.67 Hz, 3H), 0.87 (t, J = 6.92 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 

132.28, 128.61, 114.63, 114.16, 66.91, 65.84, 59.48, 59.21, 58.29, 56.29, 55.30, 55.24, 54.22, 

53.38, 53.00, 20.07, 14.25. 

4.1.4.17 1-((4-Methoxybenzyl)amino)-4-(4-phenylpiperazin-1-yl)butan-2-ol (33) 

The reaction of 2-(3-(4-methoxybenzyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (26) 

(328 mg, 0.995 mmol) with 1-phenylpiperazine (193 mg, 1.194 mmol) in the presence of 

K2CO3 (206 mg, 1.492 mmol) in 5 mL MeCN was performed according to the procedure C. 

Extraction: 5 mL sat. NaHCO3(aq), 3 × 5 mL DCM. Purification: flash chromatography (1– 6% 

MeOH in DCM). The resulting 3-(4-methoxybenzyl)-5-(2-(4-phenylpiperazin-1-

yl)ethyl)oxazolidin-2-one (195 mg, 0.493 mmol) was dissolved in 5 mL ethanol and reaction 

with sodium hydroxide (197 mg, 4.930 mmol) was performed. Extraction: 10 mL sat. 

NaHCO3(aq), 3 × 10 mL ethyl acetate. Purification: column chromatography 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.025, v/v/v). Yield: 117 mg (32%), TLC 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.025, v/v/v) Rf = 0.08. MW 369.50. Formula C22H31N3O2. 

MS m/z 370.24 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.20 - 7.31 (m, 4H), 6.81 - 6.95 (m, 

5H), 3.89 - 4.00 (m, 1H), 3.79 (s, 3H), 3.76 (d, J = 1.54 Hz, 2H), 3.18 (t, J = 5.00 Hz, 5H), 

2.50 - 2.83 (m, 9H), 1.68 - 1.83 (m, 1H), 1.48 - 1.61 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 

168.69, 160.68, 160.34, 134.31, 133.84, 131.97, 123.48, 123.09, 57.53, 56.57, 54.76, 44.00, 

43.50, 35.82, 28.21, 21.51. 

4.1.4.18 4-(4-Benzylpiperazin-1-yl)-1-((4-methoxybenzyl)amino)butan-2-ol (34)  

The reaction of 2-(3-(4-methoxybenzyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (26) 

(147 mg, 0.446 mmol) with 1-benzylpiperazine (94 mg, 0.535 mmol) in the presence of 

K2CO3 (92 mg, 0.669 mmol) in 3 mL MeCN was performed according to the procedure C. 
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Extraction: 5 mL sat. NaHCO3(aq), 3 × 5 mL DCM. Purification: flash chromatography (1– 6% 

MeOH in DCM). The resulting 5-(2-(4-benzylpiperazin-1-yl)ethyl)-3-(4-

methoxybenzyl)oxazolidin-2-one (76 mg, 0.186 mmol) was dissolved in 3 mL ethanol and 

reaction with sodium hydroxide (74 mg, 1.860 mmol) was performed. Extraction: 8 mL sat. 

NaHCO3(aq), 3 × 10 mL DCM. Purification: column chromatography (DCM/MeOH/NH3·H2O, 

9.5/0.5/0.05, v/v/v). Yield: 52 mg (30%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) 

Rf = 0.11. MW 383.53. Formula C23H33N3O2. MS m/z 384.14 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.18 - 7.37 (m, 7H), 6.80 - 6.90 (m, 2H), 3.91 (td, J = 4.68, 2.44 Hz, 1H), 3.59 - 

3.84 (m, 7H), 3.48 (s, 2H), 2.22 - 2.86 (m, 12H), 1.67 (dd, J=9.75, 4.36 Hz, 1H), 1.38 - 1.54 

(m, 1H). 13C NMR (75 MHz, CDCl3) δ 158.60, 137.90, 132.07, 129.39, 129.16, 128.22, 

127.08, 113.73, 72.05, 62.91, 57.26, 55.25, 55.11, 53.18, 53.08, 53.00, 29.64. 

4.1.4.19 4-(4-Benzhydrylpiperazin-1-yl)-1-(benzylamino)butan-2-ol (35)  

The reaction of 2-(3-benzyl-2-oxooxazolidin-5-yl)ethyl methanesulfonate (25) (213 mg, 0.710 

mmol) with 1-benzhydrylpiperazine (270 mg, 1.070 mmol) in the presence of K2CO3 (300 

mg, 2.130 mmol) in 3 mL DMF was performed according to the procedure C. Extraction: 8 

mL sat. NaHCO3(aq), 3 × 8 mL DCM. Purification: column chromatography (5– 50% ethyl 

acetate in DCM, then 10% MeOH in DCM). The resulting 5-(2-(4-benzhydrylpiperazin-1-

yl)ethyl)-3-(3-(tert-butyl)benzyl)oxazolidin-2-one (207 mg, 0.454 mmol) was dissolved in 4 

mL ethanol and a reaction with sodium hydroxide (182 mg, 4.540 mmol) was performed. 

Extraction: 10 mL NH3·H2O, 3 × 10 mL DCM. Purification: column chromatography (2-14% 

MeOH in DCM. Yield: 161 mg (53%), TLC (DCM/MeOH, 9/1, v/v) Rf = 0.14. MW 429.60. 

Formula C28H35N3O. MS m/z 430.39 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.12 - 7.43 (m, 

15H), 4.16 - 4.23 (m, 1H), 3.89 - 4.00 (m, 1H), 3.82 - 3.89 (m, 2H), 3.59 - 3.81 (m, 2H), 2.26 

- 2.77 (m, 12H), 1.68 (dtd, J = 14.36, 9.82, 9.82, 4.69 Hz, 1H), 1.45 - 1.57 (m, 1H). 13C NMR 
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(75 MHz, CDCl3) δ 142.48, 139.25, 128.47, 128.42, 128.32, 127.87, 127.13, 126.96, 76.03, 

71.56, 57.00, 54.91, 53.59, 53.40, 51.72, 29.60. 

4.1.4.20 4-(4-Benzhydrylpiperazin-1-yl)-1-((4-methoxybenzyl)amino)butan-2-ol 

(36) 

The reaction of 2-(3-(4-methoxybenzyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (26) 

(205 mg, 0.621 mmol) with 1-benzhydrylpiperazine (188 mg, 0.745 mmol) in the presence of 

K2CO3 (129 mg, 0.931 mmol) in 4 mL MeCN was performed according to the procedure C. 

Extraction: 10 mL sat. NaHCO3(aq), 3 × 10 mL DCM. Purification: flash chromatography (1–

 6% MeOH in DCM). The resulting 5-(2-(4-benzhydrylpiperazin-1-yl)ethyl)-3-(4-

methoxybenzyl)oxazolidin-2-one (160 mg, 0.329 mmol) was dissolved in 5 mL ethanol and 

reaction with sodium hydroxide (132 mg, 3.290 mmol) was performed. Extraction: 8 mL sat. 

NaHCO3(aq), 3 × 10 mL DCM. Purification: column chromatography (DCM/MeOH/NH3·H2O, 

9.5/0.5/0.05, v/v/v). Yield: 94 mg (34%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) 

Rf = 0.24. MW 459.62. Formula C29H37N3O2. MS m/z 460.22 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.34 - 7.44 (m, 4H), 7.12 - 7.31 (m, 8H), 6.80 - 6.88 (m, 2H), 4.19 (s, 1H), 3.89 (td, 

J = 4.62, 2.31 Hz, 1H), 3.79 (s, 3H), 3.73 (d, J = 1.54 Hz, 2H), 3.32 - 3.44 (m, 1H), 2.17 - 

2.83 (m, 13H), 1.66 (dd, J = 9.87, 4.49 Hz, 1H), 1.41 - 1.53 (m, 1H). 13C NMR (75 MHz, 

CDCl3) δ 158.53, 142.55, 132.38, 129.31, 128.47, 127.89, 127.88, 126.94, 113.70, 76.08, 

72.19, 57.28, 55.22, 53.48, 53.36, 53.26, 51.88, 29.63. 

4.1.4.21 4-(4-Benzhydrylpiperazin-1-yl)-1-((3-(tert-butyl)benzyl)amino)butan-2-ol 

(37) 

The reaction of 2-(3-(3-(tert-butyl)benzyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (27) 

(128 mg, 0.360 mmol) with 1-benzhydrylpiperazine (136 mg, 0.540 mmol) in the presence of 

K2CO3 (149 mg, 1.080 mmol) in 3 mL dimethylformamide (DMF) was performed according 
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to the procedure C. Extraction: 8 mL sat. NaHCO3(aq), 3 × 8 mL DCM. Purification: column 

chromatography (5– 50% ethyl acetate in DCM, then 10% MeOH in DCM). The resulting 5-

((4-benzhydrylpiperazin-1-yl)methyl)-3-(3-(tert-butyl)benzyl)oxazolidin-2-one (71 mg, 0.139 

mmol) was dissolved in 3 mL ethanol and a reaction with sodium hydroxide (56 mg, 1.390 

mmol) was performed. Extraction: 10 mL water, 3 × 10 mL DCM. Purification: column 

chromatography (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v). Yield: 53 mg (30%), TLC 

(DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) Rf = 0.34. MW 485.70. Formula C32H43N3O. 

MS m/z 486.42 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.11 - 7.44 (m, 14H), 4.18 (s, 1H), 

3.95 – 4.14 (m, 3H), 3.80 - 3.95 (m, 2H), 2.13 - 2.79 (m, 10H), 1.47 - 1.83 (m, 2H), 1.23 - 

1.35 (m, 11H). 13C NMR (75 MHz, CDCl3) δ 151.58, 142.41, 136.90, 128.51, 128.29, 127.84, 

127.01, 125.79, 125.75, 124.63, 75.99, 70.42, 56.53, 54.26, 53.39, 51.51, 34.70, 31.37, 30.18, 

29.58. 

4.1.4.22 4-(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl)-1-((4-

methoxybenzyl)amino)butan-2-ol (38) 

The reaction of 2-(3-(4-methoxybenzyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (26) 

(90 mg, 0.272 mmol) with 1-(bis(4-fluorophenyl)methyl)piperazine (94 mg, 0.326 mmol) in 

the presence of K2CO3 (68 mg, 0.489 mmol) in 2 mL MeCN was performed according to the 

procedure C. Extraction: 5 mL sat. NaHCO3(aq), 3 × 5 mL DCM. Purification: flash 

chromatography (1– 5% MeOH in DCM). The resulting 5-(2-(4-(bis(4-

fluorophenyl)methyl)piperazin-1-yl)ethyl)-3-(4-methoxybenzyl)oxazolidin-2-one (82 mg, 

0.157 mmol) was dissolved in 2 mL ethanol and reaction with sodium hydroxide (63 mg, 

1.570 mmol) was performed. Extraction: 8 mL sat. NaHCO3(aq), 3 × 10 mL DCM. 

Purification: column chromatography (DCM/MeOH/NH3·H2O, 9.7/0.3/0.025, v/v/v). Yield: 

37 mg (23%), TLC (DCM/MeOH/NH3·H2O, 9.7/0.3/0.025, v/v/v) Rf = 0.16. MW 495.60. 

Formula C29H35F2N3O2. MS m/z 496.22 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.31 (ddd, J 
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= 8.59, 5.64, 2.44 Hz, 4H), 7.18 - 7.25 (m, 2H), 6.92 - 6.99 (m, 4H), 6.80 - 6.88 (m, 2H), 4.19 

(s, 1H), 3.83 - 3.93 (m, 1H), 3.78 (s, 3H), 3.73 (s, 2H), 2.19 - 2.83 (m, 14H), 1.58 - 1.75 (m, 

1H), 1.42 – 1.51 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 161.79 (d, J = 245.47 Hz), 158.53, 

138.02 (d, J = 3.87 Hz), 132.47, 129.27, 129.16 (d, J = 1.11 Hz), 115.39 (d, J = 21.56 Hz), 

113.70, 74.36, 72.21, 57.23, 55.25, 55.23, 53.31, 51.73, 29.66. 

4.1.4.23  4-(Benzylamino)-1-((2,2-diphenylethyl)amino)butan-2-ol (45) 

The reaction of 2-(3-(2,2-diphenylethyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (43) 

(249 mg, 0.667 mmol) with benzylamine (214 mg, 2.000 mmol) in the presence of K2CO3 

(184 mg, 1.334 mmol) in 4 mL toluene was performed according to the procedure C. 

Extraction: 5 mL sat. NaHCO3(aq), 3 × 5 mL DCM. Purification: column chromatography in 

DCM/MeOH/NH3·H2O (9.5/0.5/0.05, v/v/v). The resulting 5-(2-(benzylamino)ethyl)-3-(2,2-

diphenylethyl)oxazolidin-2-one (113 mg, 0.282 mmol) was dissolved in 2 mL ethanol and 

reaction with sodium hydroxide (113 mg, 2.820 mmol) was performed. Extraction: 10 mL 5% 

NH3·H2O, 3 × 12 mL DCM. Purification: column chromatography in DCM/MeOH/NH3·H2O 

(9.5/0.5/0.05, v/v/v). Yield: 85 mg (34%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) 

Rf = 0.46. MW 374.53. Formula C25H30N2O. MS m/z 375.29 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.15 - 7.36 (m, 15H), 4.19 (t, J = 7.62 Hz, 1H), 3.70 - 3.88 (m, 3H), 3.63 (br. s., 

3H), 3.17 - 3.33 (m, 2H), 2.73 - 2.97 (m, 2H), 2.69 (dd, J = 11.72, 4.10 Hz, 1H), 2.59 (dd, 

J = 12.31, 8.21 Hz, 1H), 1.52 - 1.68 (m, 2H). 13C NMR (75 MHz, CDCl3) δ 142.69, 142.56, 

137.77, 128.68, 128.64, 128.61, 128.51, 128.02, 127.99, 127.58, 126.63, 126.58, 70.12, 55.33, 

54.26, 53.18, 50.96, 46.71, 32.85. 

4.1.4.24  4-(Benzylamino)-1-((3,3-diphenylpropyl)amino)butan-2-ol (46) 

The reaction of 2-(3-(3,3-diphenylpropyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (44) 

(154 mg, 0.397 mmol) with benzylamine (128 mg, 1.192 mmol) in the presence of K2CO3 
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(109 mg, 0.794 mmol) in 4 mL toluene was performed according to the procedure C. 

Extraction: 5 mL sat. NaHCO3(aq), 3 × 5 mL DCM. Purification: column chromatography in 

DCM/MeOH/NH3·H2O (9.5/0.5/0.05, v/v/v). The resulting 5-(2-(benzylamino)ethyl)-3-(3,3-

diphenylpropyl)oxazolidin-2-one (87 mg, 0.210 mmol) was dissolved in 2 mL ethanol and 

reaction with sodium hydroxide (83 mg, 2.100 mmol) was performed. Extraction: 5 mL 5% 

NH3·H2O, 3 × 8 mL DCM. Purification: column chromatography in DCM/MeOH/NH3·H2O 

(9.5/0.5/0.05, v/v/v). Yield: 54 mg (35%), TLC (DCM/MeOH/NH3·H2O, 9.5/0.5/0.05, v/v/v) 

Rf = 0.42. MW 388.56. Formula C26H32N2O. MS m/z 389.25 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.09 - 7.40 (m, 15H), 3.87 - 4.05 (m, 5H), 3.71 - 3.85 (m, 2H), 2.73 - 2.98 (m, 2H), 

2.46 - 2.67 (m, 4H), 2.29 (q, J = 7.60 Hz, 2H), 1.48 - 1.69 (m, 2H). 13C NMR (75 MHz, 

CDCl3) δ 158.95, 142.62, 130.46, 129.74, 128.47, 127.86, 126.94, 113.91, 76.19, 65.34, 

61.94, 55.26, 53.64, 52.89, 52.68, 51.84. 

4.1.5  Synthesis of tert-butyl-dimethyl(2-(oxiran-2-yl)ethoxy)silane (18)  

To a stirred solution of but-3-en-1-ol (3.00 g, 41.60 mmol) and imidazole (3.40 g, 49.92 

mmol) in DCM (120 mL) tert-butylchlorodimethylsilane (7.52 g, 49.92 mmol) was added 

portionwise and the reaction mixture was stirred at room temperature for 16 h. Then the 

reaction mixture was washed with water (3 × 100 mL) and saturated aqueous solution of NaCl 

(100 mL). The organic layer was dried over anhydrous Na2SO4, filtered and concentrated. To 

the resulting product dissolved in DCM (120 mL) cooled on an ice-bath, meta-

chloroperoxybenzoic acid (14.36 g, 83.20 mmol) was added, and the reaction mixture was 

stirred at room temperature for 16 h. After that time, sodium thiosulfate was added to 

neutralize the excess of meta-chloroperoxybenzoic acid, and the solvent was evaporated. The 

produced residue was dissolved in n-hexane (100 mL) and washed with saturated aqueous 

solution of NaHCO3 (3 × 100 mL) and saturated aqueous solution of NaCl (100 mL). The 

organic layer was dried over anhydrous Na2SO4, filtered and concentrated to give compound 
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18 (8.11 g, 96%) Yield: 9.455 g (93%), TLC (petroleum ether/ethyl acetate, 7/3, v/v) Rf = 

0.52. MW 202.37. Formula C10H22O2Si. MS m/z 203.14 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 3.74 - 3.81 (m, 2H), 2.98 - 3.11 (m, 1H), 2.78 (dd, J = 4.87, 4.10 Hz, 1H), 2.52 (dd, 

J = 5.13, 2.82 Hz, 1H), 1.62 - 1.85 (m, 2H), 0.87 - 0.93 (s, 9H), 0.02 - 0.12 (s, 6H). 

4.1.6 General procedure for the synthesis of compounds: 19‒21 (procedure D). 

Tert-butyl-dimethyl(2-(oxiran-2-yl)ethoxy)silane (18) (1.0 equiv.), corresponding 

benzylamine (1.2 equiv.) and a catalytic amount of pyridine in n-propanol were refluxed for 

16 h. Then, the solvent was evaporated and the resulting residue was purified by flash column 

chromatography using a mixture of MeOH and DCM (gradient from 0% to 10% of MeOH). 

4.1.6.1  1-(Benzylamino)-4-((tert-butyldimethylsilyl)oxy)butan-2-ol (19) 

Following the procedure D, reaction of phenylmethanamine (1.019 mL, 9.33 mmol) with tert-

butyl-dimethyl(2-(oxiran-2-yl)ethoxy)silane (18) (1.580 g, 7.78 mmol) and catalytic amount 

of pyridine in 20 mL n-propanol was performed. Yield: 1.360 g (56%), TLC (DCM/MeOH, 

9.5/0.5, v/v) Rf = 0.16. MW 309.52. Formula C17H31NO2Si. MS m/z 310.16 (M+H+). 1H 

NMR (300 MHz, CDCl3) δ 7.20 - 7.39 (m, 5H), 3.87 - 4.00 (m, 1H), 3.61 - 3.87 (m, 4H), 3.14 

(br. s, 1H), 2.50 - 2.78 (m, 2H), 1.57 - 1.74 (m, 2H), 1.29 (s, 1H), 0.89 (s, 9H), 0.05 (s, 6H). 

4.1.6.2  4-((Tert-butyldimethylsilyl)oxy)-1-((4-methoxybenzyl)amino)butan-2-ol 

(20) 

Following the procedure D, reaction of (4-methoxyphenyl)methanamine (7.324 mL, 46.72 

mmol) with tert-butyl-dimethyl(2-(oxiran-2-yl)ethoxy)silane (18) (7.879 g, 38.933 mmol) and 

catalytic amount of pyridine in 200 mL n-propanol was performed. Yield: 5.420 g (57%), 

TLC (DCM/MeOH, 9.5/0.5, v/v) Rf = 0.18. MW 339.55. Formula C18H33NO3Si. MS m/z 

340.20 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.22 - 7.29 (m, 2H), 6.81 - 6.90 (m, 2H), 3.86 
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- 3.96 (m, 1H), 3.75 - 3.86 (m, 7H), 2.70 (dd, J = 12.05, 3.59 Hz, 1H), 2.61 (dd, J = 12.05, 

8.46 Hz, 1H), 2.40 (br. s, 1H), 1.56 - 1.75 (m, 2H), 1.21 - 1.32 (s, 1H), 0.89 (s, 9H), 0.06 (s, 

6H). 

4.1.6.3  1-((3-(Tert-butyl)benzyl)amino)-4-((tert-butyldimethylsilyl)oxy)butan-2-ol 

(21) 

Following the procedure D, reaction of (3-(tert-butyl)phenyl)methanamine (0.925 g, 5.664 

mmol) with tert-butyl-dimethyl(2-(oxiran-2-yl)ethoxy)silane (18) (0.770 g, 4.720 mmol) and 

catalytic amount of pyridine in 20 mL n-propanol was performed. Yield: 0.780 g (45%), TLC 

(DCM/MeOH, 9.5/0.5, v/v) Rf = 0.23. MW 365.63. Formula C21H39NO2Si. MS m/z 366.18 

(M+H+). 1H NMR (300 MHz, CDCl3) δ 7.33 - 7.38 (m, 1H), 7.22 - 7.32 (m, 2H), 7.10 - 7.20 

(m, 1H), 3.87 - 3.98 (m, 1H), 3.75 - 3.86 (m, 4H), 3.12 (br. s, 1H), 2.58 - 2.80 (m, 2H), 1.58 - 

1.74 (m, 2H), 1.32 (s, 10H), 0.89 (s, 9H), 0.06 (s, 6H). 

4.1.6.4  4-((Tert-butyldimethylsilyl)oxy)-1-((2,2-diphenylethyl)amino)butan-2-ol 

(39)  

Following the procedure D, reaction of 2,2-diphenylethan-1-amine (0.585 g, 2.965 mmol) 

with tert-butyl-dimethyl(2-(oxiran-2-yl)ethoxy)silane (18) (0.502 g, 2.471 mmol) and 

catalytic amount of pyridine in 7 mL n-propanol was performed. Yield: 0.414 g (42%), TLC 

(DCM/MeOH, 9/1, v/v) Rf = 0.56. MW 399.65. Formula C24H37NO2Si. MS m/z 400.35 

(M+H+). 1H NMR (300 MHz, CDCl3) δ 7.12 - 7.39 (m, 10H), 4.37 (t, J = 7.60 Hz, 1H), 3.83 - 

3.98 (m, 1H), 3.66 - 3.82 (m, 3H), 3.28 - 3.47 (m, 5H), 2.82 (dd, J = 12.31, 3.52 Hz, 1H), 2.67 

(dd, J = 11.72, 8.79 Hz, 1H), 0.83 - 0.93 (m, 9H), 0.05 (s, 6H). 

4.1.6.5  4-((Tert-butyldimethylsilyl)oxy)-1-((3,3-diphenylpropyl)amino)butan-2-ol 

(40) 
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Following the procedure D, reaction of 3,3-diphenylpropan-1-amine (0.627 g, 2.965 mmol) 

with tert-butyl-dimethyl(2-(oxiran-2-yl)ethoxy)silane (18) (0.500 g, 2.471 mmol) and 

catalytic amount of pyridine in 7 mL n-propanol was performed. Yield: 0.546 g (53%), TLC 

(DCM/MeOH, 9/1, v/v) Rf = 0.61. MW 413.68. Formula C25H39NO2Si. MS m/z 414.37 

(M+H+). 1H NMR (300 MHz, CDCl3) δ 7.11 - 7.34 (m, 10 H), 4.02 (t, J = 7.60 Hz, 1H), 3.88 

- 3.98 (m, 1H), 3.76 (t, J = 5.90 Hz, 2H), 3.54 - 3.71 (br.s., 2H), 2.60 - 2.81 (m, 4H), 2.39 (q, 

J = 7.60 Hz, 2H), 1.60 (d, J = 4.69 Hz, 2H), 0.80 - 0.93 (m, 9H), -0.01 - 0.12 (m, 6H). 

4.1.7 General procedure for the synthesis of compounds: 22‒24 (procedure E). 

To a solution of 2-aminoalcohol 29‒21 (1.0 equiv.) and TEA (1.6 equiv.) in DCM, 1,1’-

carbonyldiimidazol (1.1 equiv.) was added portionwise and the reaction mixture was stirred 

for 5 h at room temperature. Then the solvent was evaporated and the resulting residue was 

purified by flash column chromatography using a mixture of petroleum ether and ethyl acetate 

(gradient from 10% to 30% of ethyl acetate). 

4.1.7.1  3-Benzyl-5-(2-((tert-butyldimethylsilyl)oxy)ethyl)oxazolidin-2-one (22) 

Following the procedure E, reaction of 1-(benzylamino)-4-((tert-

butyldimethylsilyl)oxy)butan-2-ol (19) (1.360 g, 4.390 mmol) with 1,1'-carbonyldiimidazole 

(0.805 g, 4.940 mmol) and TEA (0.951 mL, 6.815 mmol) in 20 mL DCM was performed. 

Yield: 1.030 g (70%), TLC (petroleum ether/ethyl acetate, 7/3, v/v) Rf = 0.48. MW 335.51. 

Formula C18H29NO3Si. 1H NMR (300 MHz, CDCl3) δ 7.24 - 7.39 (m, 5H), 4.58 - 4.70 (m, 

1H), 4.34 - 4.48 (m, 2H), 3.70 - 3.77 (m, 2H), 3.48 (t, J = 8.7 Hz, 1H), 3.10 (dd, J = 8.7, 7.1 

Hz, 1H), 1.71 - 1.97 (m, 2H), 0.85 (s, 9H), 0.02 (s, 6H). 

4.1.7.2  5-(2-((Tert-butyldimethylsilyl)oxy)ethyl)-3-(4-methoxybenzyl)oxazolidin-2-

one (23) 
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Following the procedure E, reaction of 4-((tert-butyldimethylsilyl)oxy)-1-((4-

methoxybenzyl)amino)butan-2-ol (20) (5.420 g, 15.962 mmol) with 1,1'-carbonyldiimidazole 

(2.912 g, 17.958 mmol) and TEA (3.565 mL, 25.539 mmol) in 300 mL DCM was performed. 

Yield: 4.668 g (80%), TLC (petroleum ether/ethyl acetate, 7/3, v/v) Rf = 0.42. MW 365.54. 

Formula C19H31NO4Si. MS m/z 366.18 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.20 (d, J = 

8.46 Hz, 2H), 6.87 (d, J = 8.46 Hz, 2H), 4.55 - 4.68 (m, 1H), 4.34 (d, J = 3.33 Hz, 2H), 3.80 

(s, 3H), 3.67 - 3.76 (m, 2H), 3.46 (t, J = 8.46 Hz, 1H), 3.07 (dd, J = 8.72, 6.92 Hz, 1H), 1.70 - 

1.97 (m, 2H), 0.85 (s, 9H), 0.02 (s, 6H). 

4.1.7.3  3-(3-(Tert-butyl)benzyl)-5-(2-((tert-butyldimethylsilyl)oxy)ethyl)oxazolidin-

2-one (24) 

Following the procedure E, reaction of 1-((3-(tert-butyl)benzyl)amino)-4-((tert-

butyldimethylsilyl)oxy)butan-2-ol (21) (0.630 g, 1.720 mmol) with 1,1'-carbonyldiimidazole 

(0.314 g, 1.940 mmoland TEA (0.373 mL, 2.670 mmol) in 20 mL DCM was performed. 

Yield: 0.510 g (76%), TLC (petroleum ether/ethyl acetate, 7/3, v/v) Rf = 0.53. MW 391.62. 

Formula C22H37NO3Si. 1H NMR (300 MHz, CDCl3) δ 7.37 - 7.31 (m, 1H), 7.31 - 7.24 (m, 

2H), 7.11 - 7.05 (m, 1H), 4.70 - 4.58 (m, 1H), 4.40 (d, J = 3.62 Hz, 2H), 3.68 - 3.81 (m, 2H), 

3.43 - 3.54 (m, 1H), 3.05 - 3.14 (m, 1H), 1.87 - 1.99 (m, 1H), 1.73 - 1.85 (m, 1H), 1.31 (s, 

9H), 0.85 (s, 9H), 0.02 (s, 6H). 

4.1.7.4  5-(2-((Tert-butyldimethylsilyl)oxy)ethyl)-3-(2,2-diphenylethyl)oxazolidin-2-

one (41) 

Following the procedure E, reaction of 4-((tert-butyldimethylsilyl)oxy)-1-((2,2-

diphenylethyl)amino)butan-2-ol (39) (0.546 g, 1.366 mmol) with 1,1'-carbonyldiimidazole 

(0.249 g, 1.537 mmol) and TEA (0.295 mL, 2.117 mmol) in 6 mL DCM was performed. 

Yield: 0.460 g (79%), TLC (petroleum ether/ethyl acetate, 7/3, v/v) Rf = 0.56. MW 425.64. 
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Formula C25H35NO3Si. MS m/z 426.27 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.16 - 7.36 

(m, 10H), 4.37 - 4.51 (m, 1H), 4.30 (t, J = 8.50 Hz, 1H), 3.87 (d, J = 8.21 Hz, 2H), 3.54 - 3.71 

(m, 2H), 3.32 (t, J = 8.50 Hz, 1H), 2.92 (dd, J = 8.50, 6.74 Hz, 1H), 1.46 - 1.74 (m, 2H), 0.84 

- 0.88 (s, 9H), -0.03 - 0.04 (s, 6H). 

4.1.7.5  5-(2-((Tert-butyldimethylsilyl)oxy)ethyl)-3-(3,3-diphenylpropyl)oxazolidin-

2-one (42) 

Following the procedure E, reaction of 4-((tert-butyldimethylsilyl)oxy)-1-((3,3-

diphenylpropyl)amino)butan-2-ol (40) (0.330 g, 0.798 mmol) with 1,1'-carbonyldiimidazole 

(0.145 g, 0.897 mmol) and TEA (0.172 mL, 1.235 mmol) in 5 mL DCM was performed. 

Yield: 0.224 g (64%), TLC (petroleum ether/ethyl acetate, 7/3, v/v) Rf = 0.61. MW 439.67. 

Formula C26H37NO3Si. MS m/z 440.66 (M+H+). 1H NMR (300 MHz, CDCl3) δ 7.12 - 7.36 

(m, 10H), 4.46 - 4.60 (m, 1H), 3.95 (t, J = 7.62 Hz, 1H), 3.69 - 3.77 (m, 2H), 3.52 (t, J = 8.50 

Hz, 1H), 3.10 - 3.35 (m, 3H), 2.31 (q, J = 7.00 Hz, 2H), 1.69 - 1.95 (m, 2H), 0.89 (s, 9H), 

0.05 (s, 6H). 

4.1.8 General procedure for the synthesis of compounds: 25‒27 (procedure F)  

To an ice-cooled solution of 3-benzyl-5-(2-((tert-butyldimethylsilyl)oxy)ethyl)oxazolidin-2-

one derivative (22‒24) (1.0 equiv.) in THF tetra-n-butylammonium fluoride (1 M sol. in THF) 

(1.1 equiv.) was added dropwise and the reaction mixture was stirred at room temperature for 

16 h. Then the solvent was evaporated and the resulting residue was treated with water and 

extracted with DCM. The combined organic extracts were dried over anhydrous Na2SO4, 

filtered and concentrated. The resulting residue was purified by flash column chromatography 

using a mixture of DCM and MeOH (2– 8% MeOH in DCMv). To the obtained alcohol 

dissolved in an anhydrous DCM, anhydrous TEA (1.3 equiv.) and methanesulfonyl chloride 

(1.3 quiv.) were subsequently added. The reaction mixture was stirred at room temperature for 
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2 h. After this time the solvent was evaporated and the produced residue was dissolved in 

ethyl acetate and washed with water and saturated aqueous solution of NaCl. The organic 

layer was dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. 

4.1.8.1  2-(3-Benzyl-2-oxooxazolidin-5-yl)ethyl methanesulfonate (25) 

Following the procedure F reaction of 3-benzyl-5-(2-((tert-

butyldimethylsilyl)oxy)ethyl)oxazolidin-2-one (22) (1.030 g, 3.070 mmol) with tetra-n-

butylammonium fluoride (0.880 g, 3.380 mmol) in 10 mL THF was performed. Extraction: 15 

mL water, 3 × 20 mL DCM. Purification: flash chromatography (2– 7% MeOH in DCM) to 

obtain 3-benzyl-5-(2-hydroxyethyl)oxazolidin-2-one. Yield: 0.620 g (91%), TLC 

(DCM/MeOH, 9/1, v/v) Rf = 0.72. MW 221.25. Formula C12H15NO3. 1H NMR (300 MHz, 

CDCl3) δ 7.21 - 7.40 (m, 5H) 4.62 - 4.75 (m, 1H) 4.40 (d, J = 5.28 Hz, 2H) 3.70 - 3.87 (m, 

2H) 3.51 (t, J = 7.60 Hz, 1H) 3.10 (dd, J = 8.50, 7.33 Hz, 1H) 2.26 (br. s, 1H) 1.76 - 2.03 (m, 

2H). The obtained 3-benzyl-5-(2-hydroxyethyl)oxazolidin-2-one (0.620 g, 2.800 mmol) was 

dissolved in 10 mL DCM, TEA (510 µL, 3.640 mmol) and methanesulfonyl chloride (296 µL, 

3.640 mmol) were added. Extraction: 30 mL DCM, 3 × 30 mL water, 30 mL sat. NaCl(aq). 

Yield: 0.830 g (99%), TLC (DCM/MeOH, 9.5/0.5, v/v) Rf = 0.82. MW 299.34. Formula 

C13H17NO5S. 1H NMR (300 MHz, CDCl3) δ 7.24 - 7.40 (m, 5H), 4.60 - 4.73 (m, 1H), 4.42 (d, 

J = 2.34 Hz, 2H), 4.36 (t, J = 5.90 Hz, 2H), 3.55 (t, J = 8.50 Hz, 1H), 3.08 (dd, J = 8.79, 7.03 

Hz, 1H), 3.00 (s, 3H), 2.08 (q, J = 6.25 Hz, 2H). 

4.1.8.2  2-(3-(4-Methoxybenzyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (26) 

Following the procedure F reaction of 5-(2-((tert-butyldimethylsilyl)oxy)ethyl)-3-(4-

methoxybenzyl)oxazolidin-2-one (23) (0.350 g, 0.958 mmol) with tetra-n-butylammonium 

fluoride (0.275 g, 1.053 mmol) in 10 mL THF. Extraction: 20 mL water, 3 × 10 mL DCM. 

Purification flash chromatography (2– 7% MeOH in DCM) to obtain 5-(2-hydroxyethyl)-3-
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(4-methoxybenzyl)oxazolidin-2-one. Yield: 0.240 g (100%), TLC (DCM/MeOH, 9.5/0.5, v/v) 

Rf = 0.46. MW 251.28. Formula C13H17NO4. MS m/z 252.14 (M+H+). 1H NMR (300 MHz, 

CDCl3) δ 7.15 - 7.23 (m, 2H) 6.83 - 6.91 (m, 2H) 4.67 (dd, J = 6.92, 4.87 Hz, 1H) 4.35 (d, J = 

2.05 Hz, 2H) 3.75 - 3.87 (m, 5H) 3.50 (t, J = 8.59 Hz, 1H) 3.07 (dd, J = 8.72, 6.92 Hz, 1H) 

1.77 - 2.04 (m, 2H) 1.67 (br. s, 1H). The  obtained 5-(2-hydroxyethyl)-3-(4-

methoxybenzyl)oxazolidin-2-one (0.240 g, 0.955 mmol) was dissolved in 10 mL DCM, TEA 

(173 µL, 1.242 mmol) and methanesulfonyl chloride (97 µL, 1.242 mmol) were added. 

Extraction: 10 mL ethyl acetate, 2 × 10 mL water, 10 mL sat. NaCl(aq). Yield: 291 mg (93%), 

TLC (DCM/MeOH, 9.5/0.5, v/v) Rf = 0.87. MW 329.37. Formula C14H19NO6S. 1H NMR 

(300 MHz, CDCl3) δ 7.14 - 7.21 (m, 2H), 6.82 - 6.89 (m, 2H), 4.54 - 4.72 (m, 1H), 4.30 - 4.37 

(m, 4H), 3.78 (s, 3H), 3.52 (t, J = 8.40 Hz, 1H), 3.04 (dd, J = 8.79, 6.59 Hz, 1H), 2.99 (s, 3H), 

2.04 (q, J = 5.70 Hz, 2H). 

4.1.8.3  2-(3-(3-(Tert-butyl)benzyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate 

(27) 

Following the procedure F reaction of 3-(3-(tert-butyl)benzyl)-5-(2-((tert-

butyldimethylsilyl)oxy)ethyl)oxazolidin-2-one (24) (0.510 g, 1.300 mmol) with tetra-n-

butylammonium fluoride (0.370 g, 1.432 mmol) in 5 mL THF. Extraction: 10 mL water, 3 × 

10 mL DCM. Purification flash chromatography (2– 7% MeOH in DCM) to obtain 3-(3-(tert-

butyl)benzyl)-5-(2-hydroxyethyl)oxazolidin-2-one. Yield: 0.360 g (100%), TLC 

(DCM/MeOH, 9/1, v/v) Rf = 0.59. MW 277.36. Formula C16H23NO3. 1H NMR (300 MHz, 

CDCl3) δ 7.24 - 7.37 (m, 3H) 7.08 (s, 1H) 4.63 - 4.76 (m, 1H) 4.41 (d, J = 4.10 Hz, 2H) 3.70 - 

3.88 (m, 2H) 3.52 (t, J = 8.50 Hz, 1H) 3.10 (dd, J = 8.79, 7.03 Hz, 1H) 1.78 - 2.03 (m, 3H) 

1.26 - 1.38 (m, 9H). The obtained 3-(3-(tert-butyl)benzyl)-5-(2-hydroxyethyl)oxazolidin-2-

one (27) (0.360 g, 1.298 mmol) was dissolved in 10 mL DCM, TEA (241 µL, 1.732 mmol) 

and methanesulfonyl chloride (142 µL, 1.732 mmol) were added. Extraction: 10 mL ethyl 
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acetate, 2 × 10 mL water, 10 mL sat. NaCl(aq). Yield: 440 mg (93%), TLC (DCM/MeOH, 

9.5/0.5, v/v) Rf = 0.92. MW 355.45. Formula C17H25NO5S. 1H NMR (300 MHz, CDCl3) δ 

7.24 - 7.39 (m, 3H), 7.04 - 7.11 (m, 1H), 4.60 - 4.73 (m, 1H), 4.33 - 4.46 (m, 4H), 3.56 (t, J = 

8.7 Hz, 1H), 3.08 (dd, J = 8.7, 6.6 Hz, 1H), 3.01 (s, 3H), 2.03 - 2.13 (m, 2H), 1.32 (s, 9H). 

4.1.8.4  2-(3-(2,2-Diphenylethyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate (43) 

Following the procedure F reaction of 5-(2-((tert-butyldimethylsilyl)oxy)ethyl)-3-(2,2-

diphenylethyl)oxazolidin-2-one (41) (0.480 g, 1.010 mmol) with tetra-n-butylammonium 

fluoride (0.294 g, 1.136 mmol) in 7 mL THF was performed. Extraction: 10 mL water, 3 × 10 

mL DCM. Purification: flash chromatography (2– 7% MeOH in DCM) to obtain 3-(2,2-

diphenylethyl)-5-(2-hydroxyethyl)oxazolidin-2-one. Yield: 0.306 g (97%), TLC 

(DCM/MeOH, 9.5/0.5, v/v) Rf = 0.52. MW 311.38. Formula C19H21NO3. MS m/z 312.21 

(M+H+). 1H NMR (300 MHz, CDCl3) δ 7.17 - 7.36 (m, 10H), 4.43 - 4.56 (m, 1H), 4.30 (t, 

J = 8.20 Hz, 1H), 3.87 (dd, J = 8.79, 5.28 Hz, 2H), 3.63 - 3.70 (m, 2H), 3.36 (t, J = 8.50 Hz, 

1H), 2.94 (dd, J = 8.50, 6.74 Hz, 1H), 1.83 (br. s., 1H), 1.58 - 1.73 (m, 2H). The obtained 3-

(2,2-diphenylethyl)-5-(2-hydroxyethyl)oxazolidin-2-one (0.306 g, 0.983 mmol) was dissolved 

in 5 mL DCM, TEA (164 µL, 1.180 mmol) and methanesulfonyl chloride (91 µL, 1.180 

mmol) were added. Extraction: 10 mL DCM, 3 × 10 mL water, 10 mL sat. NaCl(aq). Yield: 

0.341 g (89%), TLC (DCM/MeOH, 9.2/0.8, v/v) Rf = 0.76. MW 389.47. Formula 

C20H23NO5S.  

4.1.8.5  2-(3-(3,3-Diphenylpropyl)-2-oxooxazolidin-5-yl)ethyl methanesulfonate 

(44) 

Following the procedure F reaction of 5-(2-((tert-butyldimethylsilyl)oxy)ethyl)-3-(3,3-

diphenylpropyl)oxazolidin-2-one (42) (0.224 g, 0.569 mmol) with tetra-n-butylammonium 

fluoride (0.150 g, 0.572 mmol) in 5 mL THF was performed. Extraction: 10 mL water, 3 × 10 
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mL DCM. Purification: flash chromatography (2– 7% MeOH in DCM) to obtain 3-(3,3-

diphenylpropyl)-5-(2-hydroxyethyl)oxazolidin-2-one. Yield: 0.170 g (92%), TLC 

(DCM/MeOH, 9.5/0.5, v/v) Rf = 0.57. MW 325.41. Formula C20H23NO3. MS m/z 326.23 

(M+H+). 1H NMR (300 MHz, CDCl3) δ 7.14 - 7.34 (m, 10H), 4.49 - 4.64 (m, 1H), 3.95 (t, 

J = 7.62 Hz, 1H), 3.70 - 3.89 (m, 2H), 3.55 (t, J = 8.20 Hz, 1H), 3.08 - 3.36 (m, 3H), 2.32 (q, 

J = 7.60 Hz, 2H), 1.79 - 2.00 (m, 3H). The obtained 3-(3,3-diphenylpropyl)-5-(2-

hydroxyethyl)oxazolidin-2-one (0.170 g, 0.522 mmol) was dissolved in 5 mL DCM, TEA (87 

µL, 0.626 mmol) and methanesulfonyl chloride (48 µL, 0.626 mmol) were added. Extraction: 

8 mL DCM, 3 × 8 mL water, 8 mL sat. NaCl(aq). Yield: 0.154 g (73%), TLC (DCM/MeOH, 

9.2/0.8, v/v) Rf = 0.79. MW 403.49. Formula C21H25NO5S.  

4.2 Biological activity  

4.2.1 In vitro inhibition of AChE and BuChE 

Inhibitory activities of the synthesized compounds against the cholinesterases were measured 

using the spectrophotometric method described by Ellman et al.49, as modified for 96-well 

microplates. AChE from Electrophorus electricus (eeAChE) and BuChE from equine serum 

(eqBuChE) were used. 5,5'-Dithiobis-(2-nitrobenzoic acid) (DTNB), acetylthiocholine iodide 

(ATC), butyrylthiocholine iodide (BTC), and both cholinesterases were purchased from 

Sigma–Aldrich. The enzymes were prepared by dissolving 500 U of each in water to give 

stock solutions of 5 U/mL. eeAChE and eqBuChE were further diluted before use to a final 

concentration of 0.384 U/mL. In the first step of Ellman’s method 25 µL of the test compound 

(or water; i.e. blank samples) was incubated in 0.1 M phosphate buffer (200 µL, pH = 8.0) 

with DTNB (20 µL; 0.0025 M) and the enzyme (20 µL; eeAChE or eqBuChE) in temperature 

25°C. Then after an incubation period of 5 min., 20 µL of ATC (0.00375M) or BTC 

(0.00375M) solutions (depending on the enzyme used) were added. After a further 5 min, the 
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changes in absorbance were measured at 412 nm, using a microplate reader (EnSpire 

Multimode; PerkinElmer). All compounds were tested at screening concentration of 10 µM. 

Percent of inhibition was calculated from 100 – (S/B) x 100, where S and B were the 

respective enzyme activities with and without  the test sample, respectively. For compounds 

with better than 50% inhibitory activity at 10 µM, IC50 values were determined. To determine 

IC50 value, six different concentrations of each compound were used to obtain enzyme 

activities between 5% and 95%. All reactions were performed in triplicate. The IC50 values 

were calculated using nonlinear regression (GraphPad Prism 5 [GraphPad Software, San 

Diego California USA 5.00]) by plotting the residual enzyme activities against the applied 

inhibitor concentration. The results of this assays are shown in Table 1. Donepezil and tacrine 

were used as the reference compounds.  

4.2.2 In vitro inhibition of hBuChE 

The BuChE inhibitory activity of the tested drugs was determined using Ellman´s method and 

is expressed as IC50, the i.e. concentration that reduces the cholinesterase activity by 50%. 

Human plasmatic BuChE (BuChE; EC 3.1.1.8), 5,5´-dithiobis(2-nitrobenzoic acid) (Ellman´s 

reagent, DTNB), phosphate buffer (PB, pH 7.4) and butyrylthiocholine, were purchased from 

Sigma-Aldrich, Prague, Czech Republic. For measuring purposes – polystyrene Nunc 96-well 

microplates with flat bottom shape (ThermoFisher Scientific, USA) were utilized.  

All the assays were carried out in 0.1 M KH2PO4/K2HPO4 buffer, pH 7.4. Enzyme solutions 

were prepared at 2.0 units/mL in 2 mL aliquots. The assay medium (100 µL) consisted of 40 

µL of 0.1 M phosphate buffer (pH 7.4), 20 µL of 0.01 M DTNB, 10 µL of the enzyme, and 20 

µL of 0.01 M substrate (ATC iodide solution).  

All compounds were tested at 10 µM concentration, which was the highest concentration that 

followed with respect to their solubility in the assay. Only if the tested compound reduced 
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BuChE activity at least 50 %, solutions with inhibitor in concentration range 10-3 – 10-9 M 

were prepared and IC50 were calculated otherwise, IC50 could not be determined (n.d.). Tested 

compounds were preincubated for 5 min. The reaction was started by immediate addition of 

20 µL of the substrate. The activity was determined by measuring the increase in absorbance 

at 412 nm at 37 °C at 2 min intervals - using a Multi-mode microplate reader Synergy 2 

(Vermont, USA). Each concentration was assayed in triplicate. Software GraphPad Prizm 5 

(San Diego, USA) was used for the statistical data evaluation. 

4.2.3 Kinetic characterization of BuChE inhibition 

The kinetic studies were performed with compound 31. We used Ellman’s method49, modified 

for 96-well microplates. The stock solution of eqBuChE (5U/mL) was diluted before use to a 

final concentration of  0.384 U/mL. The stock solution (0.02125 M) of substrate BTC was 

prepared in demineralized water and diluted before use. Six different concentrations of 

inhibitor were used to obtain enzyme activities between 30% and 80%. For each 

concentration of the test compound, BTC was used at concentrations of 0.3, 0.24, 0.18, 0.12, 

0.06, and 0.04 mM in the wells. The kinetic study was performed according to the protocol 

described in the section above. Each experiment was performed in triplicate. Vmax and Km 

values of the Michaelis−Menten kinetics were calculated by nonlinear regression from 

substrate−velocity curves. Lineweaver-Burk and Cornich-Bowden plots were calculated using 

linear regression in GraphPad Prism 5. 

4.2.4 In vitro BACE-1 inhibitory activity 

All the compounds were tested as hBACE-1 inhibitors, using a PanVera’s BACE-1 

fluorescence resonance energy transfer (FRET)83,84 Assay Kit, which includes purified 

baclovirus-expressed BACE-1 and specific peptide substrate (Rh-EVNLDAEFK-quencher), 

based on the „Swedish” mutant of APP. The assay was purchased from Life Technologies 

Page 57 of 78

ACS Paragon Plus Environment

ACS Chemical Neuroscience

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



58 

 

Polska Sp. z o.o. The analysis were carried out according to the supplied protocol with small 

modifications, using 384-well black microplates and a microplate reader (EnSpire Multimode; 

PerkinElmer).The wavelength was optimized for the 553 nm excitation and 576 nm emission. 

Stock solutions of all test compounds were prepared in DMSO and further diluted with assay 

buffer (50 mM sodium acetate; pH 4.5). In the first step 10 µL of BACE-1 substrate was 

mixed with 10 µL of test compound (or assay buffer; i.e. blank sample), then 10 µL of 

enzyme (1 U/mL) was added to start the reaction. After 60 min of incubation at 25 °C 10 µL 

of stop solution (2.5 M sodium acetate) was applied to stop the reaction. The fluorescence 

signal was read at 576 nm. Percent of inhibition was calculated from [1 – (S60 – S0)/(C60 – 

C0)] x 100, where S0 and S60 are fluorescence intensities of the test sample (enzyme, 

substrate, test compound) at the beginning of the reaction and after 60 min respectively, while 

C0 and C60 are analogical fluorescence intensities of the blank sample (enzyme, substrate, 

buffer). All the compounds were tested at screening concentration of 50 µM. Each compound 

was analyzed in triplicate. BACE-1 Inhibitor IV (Calbiochem, Merck; Nottingham, UK) was 

used as the reference compound. To determine IC50 value of Inhibitor IV, eight different 

concentrations of this compound were used to obtain enzyme activities between 10% and 

95%. The IC50 values were calculated using nonlinear regression (GraphPad Prism 5 

[GraphPad Software, San Diego California USA 5.00]) by plotting the residual enzyme 

activities against the applied inhibitor concentration.   

4.2.5. Inhibition of Aββββ-aggregation 

4.2.5.1 Thioflavin T assay 

In order to investigate the inhibition of β-amyloid peptide aggregation by compounds, a 

thioflavin T-based fluorometric assay was performed.85 Recombinant human HFIP-pretreated 

Aβ1–42 peptide (Lot 2691412 and 2718332, Merck Millipore, Darmstadt, Germany) was 
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dissolved in DMSO to give 75 µM stock solution. The stock solution was further diluted in 

HEPES buffered solution (150 mM HEPES, pH 7.4, 150 mM NaCl), to 7.5 µM. Aβ1–42 

solution was then added to the test compounds in black-walled 96-well plate, and diluted with 

ThT solution (final concentration of 10 µM). Final mixture contained 1.5 µM Aβ1–42, 10 µM 

of test compound, and 3% DMSO. ThT fluorescence was measured every 300 s (excitation 

wavelength of 440 nm, emission wavelength of 490 nm), with the medium continuously 

shaking between measurements using a 96-well microplate reader (Synergy™ H4, BioTek 

Instruments, Inc., USA). The ThT emission of the Aβ1–42 began to rise after approximately 4 

h, reached a plateau after 20 h, and remained almost unchanged for an additional 28 h of 

incubation. The fluorescence intensities at the plateau in the absence and presence of the test 

compounds were averaged, and the average fluorescence of the corresponding wells at t = 0 h 

was subtracted. The Aβ1–42 aggregation inhibitory potency is expressed as the percentage 

inhibition (% inh= (1 – Fi / F0) ×100%), where Fi is the increase in fluorescence of Aβ1–42 

treated with the test compound, and F0 is the increase in fluorescence of Aβ1–42 alone. 

For the IC50 determination, the dilutions of compounds 10 and 31 were prepared covering 

concentrations from 30 nM to 30 µM (final concentrations). The percentage of inhibition was 

calculated as described above. The IC50 values were calculated using nonlinear regression 

(GraphPad Prism 6 [GraphPad Software, San Diego California USA 5.00]) by plotting the 

percentage of inhibition against the applied inhibitor concentration. 

4.2.5.2 Dot Blot assay 

Recombinant human 1,1,1,3,3,3-hexafluoro-2-propanol-pretreated Aβ1-42 peptide (Lot 

2718332 Merck Millipore, Darmstadt, Germany) was dissolved in DMSO to give 100 µM 

stock solution. Prior to the incubations, the Aβ1-42 peptide stock solution was diluted in 

HEPES buffered solution (150 mM HEPES, pH 7.4, 150 mM NaCl) to give 10 µM Aβ1-42. 

Page 59 of 78

ACS Paragon Plus Environment

ACS Chemical Neuroscience

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



60 

 

Then 10 µL of this Aβ1-42 solution was mixed with 10 µL of the compound (100 µM stock in 

HEPES buffered solution; 10 µM final concentration), and added to the black-walled 96-well 

plates in quadruplicate, and diluted with HEPES buffered solution to a final volume of 100 

µL. 2 % DMSO in HEPES buffered solution was used to determine the blank value. The 

sealed 96-well plate was incubated at 37 ºC with continuous shaking for 24 h. After the 

incubation period, 10 µL of each sample was transferred to a nitrocellulose membrane (GE 

Healthcare, Little Chalfont, Buckinghamshire, UK) and blocked with 5% non-fat milk in 

TBST (50 mM Tris, pH 7.4, 150 mM NaCl, 0.01% Tween 20) for 30 min at room 

temperature. The membrane was then washed with TBST, and incubated for 1 h at room 

temperature with the amyloid-specific rabbit antibody LOC (Merck Millipore, Billerica, MA, 

USA; 1:10 000) in 2% non-fat milk in TBST. After washed with TBST, the membrane was 

incubated with horseradish peroxidase-conjugated anti-rabbit antibody (Merck Millipore; 1:10 

000) for 1 h at room temperature. The immunoreactive dots were developed with 

chemiluminescence detection kit SuperSignal™ West Dura Extended Duration Substrate 

(Thermo Fischer Scientific, Waltham, MA, USA). The dots intensities were quantified using 

Sygene’s GeneTools Software (Sygene, Cambridge, UK). The equation (1 – (Ri – b) / (R0 – b)) 

× 100% was used to quantify the inhibition of the Aβ1-42 aggregation, where Ri represents the 

response of Aβ1-42 treated with the test compounds, R0 the response of Aβ1-42 alone, and b the 

blank value. 

4.2.6. Inhibition of tau aggregation
69

  

4.2.6.1 Tau full-length in vitro assays 

Preparation of tau-441: tau-441 was obtained from Sigma. The protein was directly re-

suspended in 100 mM sodium acetate pH 7.0 with 1mM DTT obtaining a final concentration 

of 50 µM. 
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Aggregation studies: 80 µL of tau-441 at 50 µM was mixed with 2.5 µL of heparin 15 kDa at 

200 µM (Millipore, USA), 1 µL of compound at 1 mM in DMSO (final concentration of 

compound of 10 µM) or DMSO without compound (for the control) and the appropriate 

amount of 100 mM sodium acetate pH 7.0 with 1mM DTT, obtaining samples with 20 µM 

tau-441, 10 µM heparin. The samples were placed in a Thermomixer (Eppendorf, Germany) 

at 37 ºC and stirred at 1500 rpm. After 48 h the aggregation was checked by addition of 12.5 

µL of 250 µM ThT (final concentration of ThT of 25 µM), detecting ThT fluorescence (λex= 

445 nm; λem = 485 nm) using an Aminco Bowman Series 2 luminescence spectrophotometer 

(Aminco-Bowman AB2, SLM Aminco, Rochester, NY, USA). 

4.2.6.2 Truncated tau in vitro assays 

Preparation of truncated tau: Escherichia coli competent cells BL21 (DE3) were transformed 

with the pET28a vector from Novagen carrying the DNA sequence of fragment tau(244-372). 

For expression of tau(244-372), 2 L DYT medium were inoculated with an overnight culture 

of BL21(DE3) bearing the plasmid to be expressed at 37 °C. When an OD600 of 0.5–0.6 was 

reached, the bacteria were induced with 1 mM of isopropyl-1-thio-β-D-galactopyranoside 

(IPTG) for 4 h at 37 °C, then the culture were centrifuged and the cell pellet were frozen at –

80 °C. Tau(244-372) protein expressed as His-tagged construct in E.coli was purified under 

native conditions (50 mM Tris pH 7.2, 300 mM NaCl) by affinity chromatography on Talon 

His-tag resin (GE). Buffer was ex-changed by gel filtration on mini PD-10 column (GE) for 

100 mM sodium acetate pH 7.0 with 1 mM DTT. The protein at 50 µM was stored at 4 °C. 

Aggregation studies: 80 µL of tau-441 at 50 µM was mixed with 2.5 µL of heparin 15kDa at 

200 µM (Millipore, USA), 1 µL of compound at 1 mM in DMSO (final concentration of 

compound of 10 µM) or DMSO without compound (for the control) and the appropriate 

amount of 100 mM sodium acetate pH 7.0 with 1 mM DTT, obtaining samples with 20 µM 

tau-441, 10 µM heparin. The samples were placed in a Thermomixer (Eppendorf, Germany) 
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at 37 ºC and stirred at 1500 rpm. After 48 h the aggregation was checked by addition of 12.5 

µL of 250 µM ThT (final concentration of ThT of 25 µM), detecting ThT fluorescence (λex= 

445 nm ; λem= 485 nm) using an Aminco Bowman Series 2 luminescence spectrophotometer 

(Aminco-Bowman AB2, SLM Aminco, Rochester, NY, USA). 

 

4.2.7. PAMPA-BBB assay 

In order to predict passive blood-brain penetration of compounds 26, 29, 32, 36, 37 

modification of the parallel artificial membrane permeation assay (PAMPA) has been used 

based on reported protocol74,75. The filter membrane of the donor plate was coated with PBL 

(Polar Brain Lipid, Avanti, USA) in dodecane (4 µl of 20 mg/mL PBL in dodecane) and the 

acceptor well was filled with 300 µL of PBS pH 7.4 buffer (VD). Tested compounds were 

dissolved first in DMSO and that diluted with PBS pH 7.4 to reach the final concentration 100 

µM in the donor well. Concentration of DMSO did not exceed 0.5% (V/V) in the donor 

solution. 300 µL of the donor solution was added to the donor wells (VA) and the donor filter 

plate was carefully put on the acceptor plate so that coated membrane was “in touch” with 

both donor solution and acceptor buffer. Test compound diffused from the donor well through 

the lipid membrane (Area=0.28cm2) to the acceptor well. The concentration of the drug in 

both donor and the acceptor wells was assessed after 3, 4, 5 and 6 hours of incubation in 

quadruplicate using the UV plate reader Synergy HT (Biotek, USA) at the maximum 

absorption wavelength of each compound. Concentration of the compounds was calculated 

from the standard curve and expressed as the permeability (Pe) according the equation (1)74,86: 

log�� = log �� × −�� 
1 − ��������������
������������ ���!"#$ℎ&'&� = 	 )

*+×*,
-*+.*,/×0��1×234�5(1) 

4.3. Molecular modeling 
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To identify the best modifications of the compounds we prepared library containing 3-

dimentional structures of ligands. For this purpose building blocks from Sigma Aldrich 

compound repository containing 3578 molecules, primary and secondary amines with 

aliphatic and aromatic substituents were connected through the nitrogen atom to 1-

(benzylamino)propan-2-ol core with Maestro CombiGlide (Schrödinger).87 Final ligands were 

generated and minimized by LigPrep (Schrödinger).88 Prepared compounds were docked with 

GOLD 5.3 (CCDC)89 to AChE (PDB code 1EVE), BuChE  (PDB code1P0I) complex and to 

BACE-1  (PDB code 4D8C). Before docking all proteins were prepared using Hermes 1.7 

(CCDC).89 All histidine residues were protonated at Nε, the hydrogen atoms were added, 

ligand and water molecules were removed. The binding sites were defined as: all amino acid 

residues within radius of 10 Å from the donepezil (E20) presented in AChE, all amino acid 

residues within radius of 20 Å from the glycerol molecule (GOL), present in the active center 

of BuChE and all amino acid residues within radius of 10 Å from ligand (BXD) in the BACE-

1 complex. We applied the standard settings of the genetic algorithm with population size 

100, number of operations 100000.77,90 For each ligand we received 10 conformations sorted 

by ChemScore (for BChE) and GoldScore (for BuChE) function value. Results of docking 

were visualized with PyMOL 0.99rc6 (DeLano Scientific LLC).91 
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