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Synthesis and the activity assessment of adamantyl-
containing thiazolium inhibitors of butyrylcholinesterase

Cholinesterase inhibitors can be used for treatment of neuropsychiatric symptoms and functional impair-
ments in neurodegenerative pathologies such as Alzheimer’s and Parkinson’s diseases.

Aim. To synthesize and assess the inhibitory activity of adamantyl-containing 5-substituted N-benzyl and 
N-phenacylthiazolium salts against butyrylcholinesterase and acetylcholinesterase. 

Results and discussion. The synthesis of 3-aroylmethyl- and 3-arylmethyl-5-(2-acyloxyethyl)-4-methylthi-
azolium salts included preparation of 5-acyloxyethyl thiazole derivatives by the reaction of 5-(2-hydroxyethyl)-
4-methyl-1,3-thiazole with the corresponding adamantoyl- or adamantylacetyl chlorides. The derivatives of 
5-acyloxyethyl thiazole were quaternized in the reaction with benzyl or phenacyl halides. The studies in vitro 
have shown that the compounds synthesized inhibit butyrylcholinesterase with IC50 values in the micromolar 
range. Some of them exhibited selectivity over acetylcholinesterase. The molecular docking was performed for 
understanding the mechanisms of the enzyme-inhibitor complex formation.

Experimental part. The synthesis of the intermediate and target compounds was carried out by the classical 
methods. The structures of compounds were proven by NMR 1H-spectroscopy and elemental analysis. The methods of en-
zymatic kinetics were used for determination of the inhibitory effects of the compounds synthesized. Calculations 
by molecular docking were carried out using Autodock 4.2 program.

Conclusions. 3-Aroylmethyl- and 3-arylmethyl-5-(2-acyloxyethyl)-4-methylthiazolium salts with adamantyl-
containing substituents in position 5 can selectively inhibit butyrylcholinesterase compared to their effect on 
acetylcholinesterase. 
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А. Д. Очеретнюк, О. Л. Кобзар, О. П. Козаченко, В. С. Броварець, А. І. Вовк
Синтез та оцінка активності адамантиловмісних тіазолієвих інгібіторів бутирилхолінестерази
Відомо, що інгібітори холінестераз можуть використовуватись для лікування нейродегенеративних захво-

рювань, таких як хвороба Альцгеймера і хвороба Паркінсона.
Мета роботи. Метою роботи був синтез та оцінка активності адамантиловмісних 5-заміщених N-бензильних 

та N-фенацильних солей тіазолію як інгібіторів бутирилхолінестерази і ацетилхолінестерази. 
Результати та їх обговорення. Синтези 3-ароїлметил- і 3-арилметил-5-(2-ацилоксіетил)-4-метилтіазолієвих 

солей включали одержання 5-ацилоксіетильних похідних тіазолу при взаємодії 5-(2-гідроксіетил)-4-метил-
1,3-тіазолу з відповідними адамантоїл- чи адамантилацетилхлоридами, які надалі кватернізували в реак-
ції з бензил- або фенацилгалогенідами. Результати дослідження in vitro показали, що синтезовані сполуки 
інгібують бутирилхолінестеразу зі значеннями ІС50 в мікромолярному діапазоні. Деякі з них демонструва-
ли селективність дії у порівнянні з інгібуванням ацетилхолінестерази. Для з’ясування механізмів форму-
вання комплексів інгібіторів з бутирилхолінестеразою було проведено молекулярний  докінг.

Експериментальна частина. Синтези проміжних і цільових сполук були виконані класичними способами. 
Структури сполук підтверджено методом ЯМР 1Н-спектроскопії та даними елементного аналізу. Для визначен-
ня інгібувального впливу синтезованих сполук на активність бутирилхолінестерази та ацетилхолінесте-
рази були застосовані методи ферментативної кінетики. Для розрахунків методом молекулярного докінгу 
використано програму Autodock 4.2.

Висновки. 3-Ароїлметил- і 3-арилметил-5-(2-ацилоксіетил)-4-метилтіазолієві солі з адамантиловміс-
ними замісниками в положенні 5 можуть селективно інгібувати бутирилхолінестеразу у порівнянні з їх впли-
вом на ацетилхолінестеразу. 

Ключові слова: бутирилхолінестераза; ацетилхолінестераза; інгібування; солі тіазолію; адамантан; 
молекулярний докінг

А. Д. Очеретнюк, А. Л. Кобзарь, А. П. Козаченко, В. С. Броварец, А. И. Вовк
Синтез и оценка активности адамантилсодержащих тиазолиевых ингибиторов 
бутирилхолинэстеразы
Известно, что ингибиторы холинэстераз могут использоваться для лечения нейродегенеративных за-

болеваний, таких как болезнь Альцгеймера и болезнь Паркинсона.
Цель работы. Целью работы был синтез и оценка активности адамантилсодержащих 5-замещенных 

N-бензильных и N-фенацильных солей тиазолия как ингибиторов бутирилхолинэстеразы и ацетилхо-
линэстеразы. 

Результаты и их обсуждение. Синтезы 3-ароилметил- и 3-арилметил-5-(2-ацилоксиэтил)-4-метил-
тиазолиевых солей включали получение 5-ацилоксиэтильных производных тиазола при взаимодействии 
5-(2-гидроксиэтил)-4-метил-1,3-тиазола с соответствующими адамантоил- или адамантилацетилхлори-
дами, которые в дальнейшем были кватернизированы в реакции с бензил- или фенацилгалогенидами. 
Результаты исследования in vitro показали, что синтезированные соединения ингибируют бутирилхолинэсте-
разу со значениями IC50 в микромолярном диапазоне. Некоторые из них демонстрировали селективность 
действия по сравнению с ингибированием ацетилхолинэстеразы. Для выяснения механизмов формиро-
вания комплексов ингибиторов с бутирилхолинэстеразой был применен молекулярный докинг.
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Экспериментальная часть. Синтез промежуточных и целевых соединений был выполнен традицион-
ными методами. Структуры соединений доказаны методом ЯМР 1Н-спектроскопии и данными элемент-
ного анализа. Для определения ингибирующего влияния синтезированных соединений на активность 
бутирилхолинэстеразы и ацетилхолинэстеразы использовали методы ферментативной кинетики. Для рас-
четов методом молекулярного докинга использовали програму Autodock 4.2.

Выводы. 3-Ароилметил- и 3-арилметил-5-(2-ацилоксиэтил)-4-метилтиазолиевые соли с адамантил-
содержащими заместителями в положении 5 могут селективно ингибировать бутирилхолинэстеразу по 
сравнению с их влиянием на ацетилхолинэстеразу. 

Ключевые слова: бутирилхолинестераза; ацетилхолинэстераза; ингибирование; соли тиазолия; 
адамантан; молекулярный докинг

Alzheimer’s disease (AD), the most common cause 
of dementia in the elderly, is associated with β-amy- 
loid aggregation, neuron dysfunction and decrease 
of the acetylcholine level in cholinergic synapses of 
the brain [1, 2]. This complex neurodegenerative di- 
sorder is characterized with progressive cognitive im-
pairment, including the memory loss [3].

Cholinergic hypothesis is the most popular expla-
nation of mechanisms of neurodegenerative disorders. 
According to it acetylcholinesterase (AChE; EC 3.1.1.7) 
as an enzyme, which is involved in the breakdown of 
acetylcholine in cholinergic synapses, can be a tar-
get for therapeutic intervention [2]. It should be also 
noted that AChE predominates in the healthy brain, 
while butyrylcholinesterase (BChE; EC 3.1.1.8) plays 
a minor role in regulation of the acetylcholine level 
[4]. However, the BChE activity in the brain of AD pa-
tients is increased, while the AChE activity remains 
constant or decreases. In case of the AChE knockout 
mice, BChE is able to hydrolyze acetylcholine and 
compensates the lack of the AChE activity [5]. The 
BChE exhibiting peptidase activity may be involved 
into AD progression due to production of β-amyloid 
plaques [6]. All these facts suggest that BChE can also 
be a therapeutic target in the treatment of neurodegene- 
rative disorders. In addition, the inhibitors of BChE 
were found to increase the acetylcholine level in the 
cortex of the rat brain tissues, improve their learning 
[5], and they did not show significant adverse side 
effects. 

A broad number of compounds were described as 
selective inhibitors of AChE. Some of them are used 
for the treatment of Alzheimer’s disease [7] and show 
the activity against Parkinson disease, Lewy Body 
Dementia [8], and schizophrenia [9]. However, only 
a few compounds were described as selective inhibi-

tors of BChE, for example, cymserine and its analogs 
[10], carbamate derivatives of isosorbide [11], and 
antiparkinson drug profenamine [12]. Rivastigmine, 
which is used in clinical practice, is a non-selective 
inhibitor of AChE and BChE [7]. Tacrine, which shows 
the side effect of hepatotoxicity, is a selective inhibi-
tor of BChE [13].

In the present paper, we synthesized a series of 
3-aroylmethyl- and 3-arylmethyl-5-(2-acyloxyethyl)-
4-methylthiazolium salts with adamantoyloxyethyl or 
adamantylacetoxyethyl substituents in position 5 and 
assessed their inhibitory activity towards AChE and 
BChE. These compounds may be considered as struc-
tural analogs of the thiazolium part of vitamin B1 which 
exhibits only a weak activity towards AChE [14] and 
BChE. The change of the substituent in position 3 of 
thiamine and introduction of a bulky adamantyl frag-
ment in position 5 of the thiazolium ring was expec- 
ted to improve the inhibitory properties of the com-
pounds synthesized. Different adamantane derivati- 
ves are known to demonstrate the antiviral, antibac-
terial and anticancer activities [15-17]. Among them, 
amantadine, rimantadine and memantine show the 
anti-Parkinson’s and anti-Alzheimer’s effects [18-20], 
but their activities are not associated with inhibition 
of cholinesterases. At the same time, 6-O-demethyl- 
6-O-[(adamantan-1-yl)carbonyl]galanthamine and ada-
mantine-substituted guanylhydrazones are described 
as inhibitors of AChE and BChE, respectively [21, 22].
Results and discussion

1. Chemistry
Adamantyl-containing N-benzyl- and N-phenacyl- 

thiazolium salts 3-18 were synthesized according to 
the procedure described in Scheme. The trivial syn-
thetic route [23-25] involves preparation of interme-

Scheme. The synthesis of adamantyl-containing N-benzyl- and N-phenacylthiazolium salts 3-18
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diate compounds 2a-e by the reaction of 5-(2-hydroxy- 
ethyl)-4-methyl-1,3-thiazole (1) with the appropriate 
adamantyl-containing acyl chlorides. At the second 
stage, thiazole compounds 2a-e were quaternized 
with anhydrous hydrogen chloride, or benzyl chlo-
rides, or phenacyl halogenides, giving salts 3-18.

2. Assessment of the anticholinesterase activity
Compounds 3-19 were tested as inhibitors of AChE 

and BChE using the Ellman’s method [26]. The ab-
sence of the inhibitory activity of compound 3 sug-
gests the importance of a benzyl or phenacyl sub-
stituent in position 3. The data represented in Table 

Table
Compounds 3-18 as inhibitors of acetylcholinesterase and butyrylcholinesterase*/**

Compound R1 R2
IC50, µM

AChE BChE

3 H n. a.*** n. a.

4 4.9 ± 1.2 1.6 ± 0.5

5 6.6 ± 1.8 2.0 ± 0.33

6 6.0 ± 1.1 6.9 ± 0.5

7 2.4 ± 0.7 1.4 ± 0.4

8 2.8 ± 0.5 0.7 ± 0.1

9 15 ± 3 1.6 ± 0.5

10 16 ± 4 2.8 ± 0.7

11 23 ± 6 2.5 ± 0.7

12 19 ± 5 0.9 ± 0.2

13 19 ± 4 0.42 ± 0.07

14 29 ± 8 2.7 ± 0.6

15 24 ± 6 9.9 ± 2.8

16 57 ± 9 6.4 ± 1.1

17 > 60 4.3 ± 1.1

18 > 60 2.7 ± 0.7

Notes: * – IC50 values are the means of 2-3 assays ± standard deviations; ** – The substrate concentrations were of 0.1 mM for AChE and  
0.5 mM for BChE; *** – no activity under the assay conditions
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show that compounds 4-18 exhibit inhibition of BChE 
with IC50 values in the range from 0.42 to 10 µM. In 
case of AChE, this inhibition was less effective with 
IC50 values higher than 2 µM. N-Benzylthiazolium de-
rivatives 4-8, including compound 6 with the p-nitro- 
benzyl group, showed the micromolar inhibitory ac-
tivity towards BChE and a modest selectivity over AChE. 
N-Phenacylthiazolium salts 9-13 were more effective 
inhibitors of BChE with greater selectivity over AChE. 
Among them, compounds 12 and 13 bearing the 3- 
methyl-1-adamantyl and 3,5,7-trimethyl-1-adaman-
tyl group had IC50 values of 0.9 µM and 0.42 µM, res- 
pectively, and showed more than the 10-fold selecti- 
vity over AChE. p-Bromophenacyl derivatives 14-18 
did not show better inhibitory effects and selectivity.

The dose-dependent curve of BChE inhibition by 
compound 13 is shown in Fig. 1. The calculated Hill 
slope is 0.90 ± 0.14. According to the Lineweaver-
Burk plot (Fig. 2) compound 13 is a mixed inhibitor of 
BChE. This suggests that the inhibitor interacts with 
free enzyme and the enzyme-substrate complex. The 
apparent Ki and Ki’ values are 0.23 ± 0.05 µM and 
0.76 ± 0.16 µM, respectively.

3. Molecular docking
The molecular docking was performed for under-

standing the mechanisms of the enzyme-inhibitor 
complex formation. Compound 13 was docked into 
the active site of human BChE (PDB code 4BDS [27]). 
The result obtained showed that compound 13 could 
be positioned at the active site of BChE (Fig. 3) with 
the estimated binding energy of -9.60 kcal/mol. Ac-
cording to the possible binding mode the 3,5,7-trime-
thyl-1-adamantyl fragment was located in the anio- 
nic binding site and surrounded by amino acid resi-
dues of Asp70, Gly78, Ser79, Trp82, Tyr332, Trp430, 
Met437, and Tyr440. The phenacyl fragment of the in-
hibitor occupied the ester binding site and provided 
electrostatic and van der Waals interactions with amino 
acid residues of Gly117, Trp231, Leu286, Val288, 
Phe329, Phe398, His438. The oxygen atom of the 
phenacyl substituent could form the hydrogen bond 

with Ser198 belonged to the catalytic triad (Ser198, 
His438 and Glu325). The binding mode suggests that 
hydrophobic, van der Waals and electrostatic inter-
actions are responsible for stabilization of the enzy- 
me-inhibitor complex.
Experimental Protocols

1. Chemistry
The 1H NMR-spectra were recorded on a Varian 

M400 (400 MHz/100 MHz) spectrometer in DMSO-d6. 
4-Methyl-5-(2-hydroxyethyl)thiazole (1), benzyl chlo-
ride, phenacyl bromide, and p-bromophenacyl bro-
mide were commercially available. Compounds 2a-e 
were prepared by the reaction of 5-(2-hydroxyethyl)-
4-methyl-1,3-thiazole (1) with the appropriate acyl 
chlorides in benzene in the presence of triethyla- 
mine (Scheme). Adamantyl-containing acyl chlori- 
des were obtained from the corresponding carboxy- 
lic acids.

Fig. 1. The dose-dependent curve of BChE inhibition by compound 13 Fig. 2. The Lineweaver-Burk plots for inhibition of BChE by compound 13

Fig. 3. A possible binding mode of compound 13 at the active  
site of human BChE
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The synthesis of compounds 3, 9-18. Add ben-
zyl chloride, or phenacyl halogenide, or p-bromophe- 
nacyl bromide (5 mmol) to the solution of 4.5 mmol 
of 4-methyl-5-substituted thiazole 2a-e in acetone. 
Reflux the reaction mixture for 3-5 h and allow it to 
stand at the room temperature. Treat the product with 
acetone and diethyl ether, filter and recrystallize from 
the methanol-acetone-diethyl ether mixture to give 
compounds 9-18. Compound 3 was synthesized by 
the interaction of 2a with anhydrous hydrogen chlo-
ride in benzene at the room temperature.

The synthesis of compounds 4-8. Heat the mixtu- 
re of benzyl chloride or p-nitrobenzyl chloride (5 mmol) 
and 4.5 mmol of 4-methyl-5-substituted thiazole (com-
pounds 2a-d) at 100-115 oC for 1.5-4.5 h. After that 
add acetone and diethyl ether to wash the solidified 
product, and allow the mixture to stand at the room 
temperature. Recrystallize the product from the mix-
ture of methanol, acetone, and diethyl ether to give 
compounds 4-8.

2-(4-Methyl-1,3-thiazol-5-yl)ethyl 1-adaman-
tylacetate hydrochloride (3). Yield – 46 %, a white 
solid. M. p. – 135-137 °C; 1H NMR (DMSO-d6, 400 MHz, 
δ, ppm): 1.40-1.65 (m, 12H), 1.82 (s, 3H), 2.00 (s, 2H), 
2.37 (s, 3H), 3.13 (t, 2H, J = 5.60 Hz), 4.17 (t, 2H,  
J = 5.60 Hz), 6.72 (s, 1H), 9.34 (s, 1H). Anal. calсd. 
for C18H26ClNO2S: C, 59.72; H, 7.08; N, 4.10. Found:   
C, 60.07; H, 6.94; N, 3.91.

5-{2-[(2-Adamantyl)carbonyloxy]ethyl}-3-ben-
zyl-4-methyl-1,3-thiazolium chloride (4). Yield – 50 %, 
a white solid. M. p. – 192-194 °C; 1H NMR (DMSO-d6, 
400 MHz, δ, ppm): 1.45 (d, 2H, J = 12.55 Hz), 1.81-1.55 
(m, 11H), 2.12 (s, 2H), 2.35 (s, 3H), 3.28 (t, 2H, J = 6.02 Hz), 
4.24 (t, 2H, J = 6.02 Hz), 5.89 (s, 2H), 7.33 (d, 2H,  
J = 8.03 Hz), 7.45-7.39 (m, 3H), 10.53 (s, 1H). Anal. 
calсd. for C24H30ClNO2S: C, 66.72; H, 7.00; N, 3.24. 
Found: C, 67.42; H, 6.53; N, 2.94.

3-Benzyl-4-methyl-5-{2-[(3-methyl-1-adaman-
tyl)carbonyloxy]ethyl}-1,3-thiazolium chloride (5). 
Yield – 31 %, a white solid. M. p. – 173-175 °C; 1H NMR 
(DMSO-d6, 400 MHz, δ, ppm): 0.77 (s, 3H), 1.30-1.70 
(m, 12H), 1.97 (s, 2H), 2.38 (s, 3H), 3.27 (s, 2H), 4.22 
(t, 2H, J = 5.03 Hz), 5.88 (s, 2H), 7.33 (t, 2H, J = 8.76 Hz), 
7.43 (d, 3H, J = 7.46 Hz), 10.50 (s, 1H). Anal. calсd. 
for C25H32ClNO2S: C, 67.32; H, 7.23; N, 3.14. Found:  
C, 67.88; H, 6.89; N, 2.86.

4-Methyl-5-{2-[(3-methyl-1-adamantyl)carbo- 
nyloxy]ethyl}-3-(4-nitrobenzyl)-1,3-thiazolium bro-
mide (6). Yield – 41 %, a white solid. M. p. – 197-199 °C; 
1H NMR (DMSO-d6, 400 MHz, δ, ppm): 0.73 (s, 3H), 
1.27-1.40 (m, 6H), 1.49-1.63 (m, 6H), 1.92 (s, 2H), 2.31 
(s, 3H), 3.27 (t, 2H, J = 6.02 Hz), 4.19 (t, 2H, J = 5.52 Hz), 
6.02 (s, 2H), 7.59 (d, 2H, J = 8.53 Hz), 8.27 (s, 1H), 8.29 
(s, 1H), 10.38 (s, 1H). Anal. calсd. for C25H31BrN2O4S: 
C, 56.07; H, 5.84; N, 5.23. Found: C, 56.63; H, 5.03; 
N, 4.98.

5-{2-[(1-Adamantyl)acetyloxy]ethyl}-3-benzyl- 
4-methyl-1,3-thiazolium chloride (7). Yield – 29 %, 
a white solid. M. p. – 170-172 °C; 1H NMR (DMSO-d6, 
400 MHz, δ, ppm): 1.47 (s, 6H), 1.55 (d, 3H, J = 11.54 Hz), 
1.62 (d, 3H, J = 11.05 Hz), 1.87 (s, 3H), 1.96 (s, 2H), 
2.35 (s, 3H), 3.25 (t, 2H, J = 5.02 Hz), 4.19 (t, 2H,  
J = 5.02 Hz), 5.81 (s, 2H), 7.30 (d, 2H, J = 6.02 Hz), 
7.42 (d, 3H, J = 7.03 Hz), 10.28 (s, 1H). Anal. calсd. 
for C25H32ClNO2S: C, 67.32; H, 7.23; N, 3.14. Found: 
C, 67.71; H, 6.58; N, 2.74.

3-Benzyl-4-methyl-5-{2-[(3-methyl-1-adaman-
tyl)acetyloxy]ethyl}-1,3-thiazolium chloride (8). 
Yield – 42 %, a white solid. M. p. – 147-149 °C; 1H NMR 
(DMSO-d6, 400 MHz, δ, ppm): 0.74 (s, 3H), 1.18-1.52 
(m, 12H), 1.93 (s, 2H), 1.99 (s, 2H), 2.36 (s, 3H), 3.26 
(s, 2H), 4.21 (t, 2H, J = 5.60 Hz), 5.84 (s, 2H), 7.32 
(d, 2H, J = 7.46 Hz), 7.19-7.38 (m, 3H), 10.35 (s, 1H). 
Anal. calсd. for C26H34ClNO2S: C, 67.88; H, 7.45; N, 3.04. 
Found: C, 68.34; H, 7.13; N, 2.86.

5-{2-[(2-Adamantyl)carbonyloxy]ethyl}-4-me-
thyl-3-(2-oxo-2-phenylethyl)-1,3-thiazolium bro-
mide (9). Yield – 30 %, a white solid. M. p. – 187-189 °C; 
1H NMR (DMSO-d6, 400 MHz, δ, ppm): 1.58 (d, 2H,   
J = 12.55 Hz), 1.63-1.88 (m, 10H), 2.24 (s, 2H), 2.35 (s, 
3H), 2.66 (s, 1H), 3.33 (s, 2H), 4.30 (t, 2H, J = 6.03 Hz), 
6.42 (s, 2H), 7.65 (t, 2H, J = 7.53 Hz), 7.79 (t, 1H,  
J = 7.03 Hz), 8.07 (d, 2H, J = 7.52 Hz), 10.03 (s, 1H). 
Anal. calсd. for C25H30BrNO3S: C, 59.52; H, 5.99; N, 2.78. 
Found: C, 60.46; H, 5.38; N, 2.54.

4-Methyl-5-{2-[(3-methyl-1-adamantyl)carbo- 
nyloxy]ethyl}-3-(2-oxo-2-phenylethyl)-1,3-thia-
zolium bromide (10). Yield – 71 %, a white solid. 
M. p. – 142-144 °C; 1H NMR (DMSO-d6, 400 MHz, δ, 
ppm): 0.79 (s, 3H), 1.36-1.76 (m, 12H), 2.01 (s, 2H), 
2.36 (s, 3H), 3.32 (s, 2H), 4.25 (s, 2H), 6.42 (s, 2H), 
7.65 (t, 2H, J = 7.53), 7.78 (t, 1H, J = 7.53 Hz), 8.06 
(d, 2H, J = 7.53 Hz), 10.03 (s, 1H). Anal. calсd. for  
C26H32BrNO3S: C, 60.23; H, 6.22; N, 2.70. Found: C, 60.91; 
H, 6.04; N, 2.34.

5-{2-[(1-Adamantyl)acetyloxy]ethyl}-4-methyl- 
3-(2-oxo-2-phenylethyl)-1,3-thiazolium bromi- 
de (11). Yield – 40 %, a white solid. M. p. – 169-171 °C; 
1H NMR (DMSO-d6, 400 MHz, δ, ppm): 1.50-1.68 (m, 
12H), 1.91 (s, 3H), 2.05 (s, 2H), 2.37 (s, 3H), 3.32 (t, 
2H, J = 6.52 Hz), 4.25 (t, 2H, J = 5.60 Hz), 6.45 (s, 2H), 
7.65 (t, 2H, J = 8.39 Hz), 7.79 (t, 1H, J = 7.46 Hz), 
8,05 (d, 2H, J = 7.46 Hz), 10.08 (s, 1H). Anal. calсd. for 
C26H32BrNO3S: C, 60.23; H, 6.22; N, 2.70. Found: C, 61.10;  
H, 5.87; N, 2.23.

4-Methyl-5-{2-[(3-methyl-1-adamantyl)
acetyloxy]ethyl}-3-(2-oxo-2-phenylethyl)-1,3-
thiazolium bromide (12). Yield – 42 %, a white solid. 
M. p. – 170-172 °C; 1H NMR (DMSO-d6, 400 MHz, δ, 
ppm): 0.75 (s, 3H), 1.23-1.53 (m, 12H), 1.95 (s, 2H), 
2.07 (s, 2H), 2.36 (s,3H), 3.30 (s, 2H), 4.24 (s, 2H), 
6.48 (s, 2H), 7.65 (t, 2H, 7.53 Hz), 7.79 (t, 1H, J = 6.52), 
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8.05 (d, 2H, J = 6.02 Hz), 10.13 (s, 1H). Anal. calсd. for 
C27H34ClNO3S: C, 66.44; H, 7.02; N, 2.87. Found: C, 66.76;  
H, 6.67; N, 2.56.

4-Methyl-3-(2-oxo-2-phenylethyl)-5-{2-[(3,5,7- 
trimethyl-1-adamantyl)carbonyloxy]ethyl}-1,3-
thiazolium bromide (13). Yield – 49 %, a white solid. 
M. p. – 195-197 °C; 1H NMR (DMSO-d6, 400 MHz, δ, 
ppm): 0.81 (s, 9H), 1.01-1.09 (m, 6H), 1.35 (s, 6H), 
2.36 (s, 3H), 3.33 (s, 2H), 4.25 (s, 2H), 6.42 (s, 2H), 
7.66 (t, 2H, J = 7.53 Hz), 7.79 (t, 1H, J = 7.03 Hz), 
8.04 (d, 2H, J = 7.03 Hz), 10.03 (s, 1H). Anal. calсd. for 
C28H36BrNO3S: C, 61.53; H, 6.64; N, 2.56. Found: C, 61.95;  
H, 6.07; N, 2.18.

5-{2-[(2-Adamantyl)carbonyloxy]ethyl}-3-[2- 
(4-bromophenyl)-2-oxoethyl]-4-methyl-1,3-thi-
azolium bromide (14). Yield – 33 %, a white solid.  
M. p. – 247-249 °C; 1H NMR (DMSO-d6, 400 MHz, δ, ppm): 
1.58 (d, 2H, J = 12.55 Hz), 1.65-1.86 (m, 10H), 2.24 (s, 
2H), 2.35 (s, 3H), 2.65 (s, 1H), 3.33 (t, 2H, J = 6.03 Hz), 
4.30 (t, 2H, J = 6.03 Hz), 6.37 (s, 2H), 7.90 (d, 2H,  
J = 7.53 Hz), 7.97 (d, 2H, J = 7.03 Hz), 9.99 (s, 1H). 
Anal. calсd. for C25H29Br2NO3S: C, 51.47; H, 5.01; N, 2.40. 
Found: C, 52.06; H, 4.87; N, 2.03.

3-[2-(4-Bromophenyl)-2-oxoethyl]-4-methyl- 
5-{2-[(3-methyl-1-adamantyl)carbonyloxy]ethyl}- 
1,3-thiazolium bromide (15). Yield – 55 %, a white 
solid. M. p. – 223-225 °C; 1H NMR (DMSO-d6, 400 MHz, 
δ, ppm): 0.79 (s, 3H), 1.35-1.75 (m, 12H), 2.01 (s, 2H), 
2.36 (s, 3H), 3.31 (s, 2H), 4.24 (s, 2H), 6.41 (s, 2H), 
7.90 (d, 2H, J = 7.53 Hz), 7,96 (d, 2H, J = 7.53 Hz), 
10.02 (s, 1H). Anal. calсd. for C26H31Br2NO3S: C, 52.27; 
H, 5.23; N, 2.34. Found: C, 52.85; H, 4.91; N, 1.98.

5-{2-[(1-Adamantyl)acetyloxy]ethyl}-3-[2- 
(4-bromophenyl)-2-oxoethyl]-4-methyl-1,3-thia-
zolium bromide (16). Yield – 32 %, a white solid. 
M. p. – 202-204 °C; 1H NMR (DMSO-d6, 400 MHz, δ, 
ppm): 1.46-1.66 (m, 12H), 1.91 (s, 3H), 2.05 (s, 2H), 
2.36 (s, 3H), 3.31 (t, 2H, J = 6.02 Hz), 4.25 (t, 2H,  
J = 5.02 Hz), 6.38 (s, 2H), 7.90 (d, 2H, J = 7.53 Hz), 
7.97 (d, 2H, J = 8.03 Hz), 10.01 (s, 1H). Anal. calсd. 
for C26H31Br2NO3S: C, 52.27; H, 5.23; N, 2.34. Found: 
C, 53.03; H, 4.86; N, 2.02.

3-[2-(4-Bromophenyl)-2-oxoethyl]-4-methyl- 
5-{2-[(3-methyl-1-adamantyl)acetyloxy]ethyl}- 
1,3-thiazolium bromide (17). Yield – 69 %, a white 
solid. M. p. – 196-198 °C; 1H NMR (DMSO-d6, 400 MHz, 
δ, ppm): 0.75 (s, 3H), 1.20-1.58 (m, 12H), 1.95 (s, 2H), 
2.07 (s, 2H), 2.37 (s, 3H), 3.36 (s, 2H), 4.25 (s, 2H), 
6.45 (s, 2H), 7.89 (t, 2H, J = 8.40 Hz), 8,01 (d, 2H,   
J = 6.02 Hz), 10.09 (s, 1H). Anal. calсd. for C27H33Br2NO3S: 
C, 53.04; H, 5.44; N, 2.29. Found: C, 53.55; H, 5.02; 
N, 2.12.

3-[2-(4-Bromophenyl)-2-oxoethyl]-4-methyl- 
5-{2-[(3,5,7-trimethyl-1-adamantyl)carbonyloxy] 
ethyl}-1,3-thiazolium bromide (18). Yield – 41 %, 
a white solid. M. p. – 246-248 °C; 1H NMR (DMSO-d6, 
400 MHz, δ, ppm): 0.81 (s, 9H), 1.01-1.09 (m, 6H), 

1.35 (s, 6H), 2.35 (s, 3H), 3.32 (s, 2H), 4.25 (s, 2H), 
6.40 (s, 2H), 7.90 (d, 2H, J = 7.02 Hz), 7.96 (d, 2H,  
J = 8.54 Hz), 10.02 (s, 1H). Anal. calсd. for C287H35Br2NO3S: 
C, 53.77; H, 5.64; N, 2.24. Found: C, 54.23; H, 5.17; N, 2.06.

2. In vitro study of AChE and BChE inhibition
Acetylcholinesterase from electric еel, butyrylcho-

linesterase from the equine serum, and Ellman’s re-
agent (DTNB) were purchased from Sigma-Aldrich.  
S-Acetylthiocholine iodide (Sigma-Aldrich) and S-bu-
tyrylthiocholine iodide (Fluka) were used as substra- 
tes for AChE and BChE, respectively.

Spectrophotometric detection of 5-thio-2-nitro- 
benzoate (TNB2-) was performed at the wavelength 
of 412 nm using the molar extinction coefficient of 
TNB2- of 14150 M-1 cm-1 [28]. Before the in vitro study 
the inhibitor was dissolved in dimethyl sulfoxide. The 
assay solution (0.5 mL) contained of 25 mM phos-
phate buffer (pH 7.48), 0.1 mM S-acetylthiocholine 
iodide, 1 % DMSO, 1 mM DTNB, inhibitor, and water. 
AChE was added after incubation of the reaction mix- 
ture at 25 °C for 5 min. The inhibition of BChE was 
studied in the similar conditions with 0.5 mM S-bu-
tyrylthiocholine iodide.

The Hill coefficient for compound 13 was calcu-
lated from the dose-dependent inhibition curve (Fig. 1) 
using the equation with four parameters. The values 
of IC50 presented in Table are concentrations of in-
hibitors, which reduce the enzyme activity by 50 %. 
The kinetic data of the enzymatic transformation of 
S-butyrylthiocholine iodide in the absence and the 
presence of compound 13 were calculated from Line- 
weaver-Burk plots (Fig. 2).

3. Molecular docking
The molecular docking calculations were perfor- 

med by Autodock 4.2 using the Lamarckian Genetic 
Algorithm. Compound 13 was docked into the active 
site of human BChE (PDB code 4BDS [27]). Before 
the docking experiment the ligand and water mole-
cules were removed from the protein structure. The 
three-dimensional structure of compound 13 was 
optimized by the AM1 semi-empirical quantum me-
chanical method in MOPAC program. MGLTools was 
used to prepare the docking files. 
Conclusions

1. Adamantyl-containing N-benzyl- and N-phena-
cylthiazolium salts can exhibit the inhibitory proper-
ties against BChE with IC50 values in the micromolar 
range and selectivity over AChE. 

2. The most effective compound 13 is a mixed 
inhibitor of BChE.

3. The molecular docking calculations indicate that 
the compound occupies the anionic and esterase bin- 
ding sites of the enzyme providing hydrophobic, van 
der Waals and electrostatic interactions.

Conflict of Interests: authors have no conflict of 
interests to declare.



Žurnal organìčnoï ta farmacevtičnoï hìmìï. – 2017. – Vol. 15, Iss. 4 (60)

54

ISSN 2308-8303 (Print) ISSN 2518-1548 (Online)

References

1. Karran, E. The amyloid cascade hypothesis for Alzheimer’s disease : an appraisal for the development of therapeutics / E. Karran, M. Mercken, 
B. De Strooper // Nat. Rev. Drug Discov. – 2011. – Vol. 10, Issue 9. – P. 698–712. doi: 10.1038/nrd3505

2. The cholinergic hypothesis of Alzheimer’s disease : a review of progress / P. T Francis, A. M. Palmer, M. Snape, G. K. Wilcock // J. Neurol. Neuro-
surg. Psychiatry. – 1999. – Vol. 66, Issue 2. – P. 137–147. doi: 10.1136/jnnp.67.4.558

3. Bayles, K. A. Alzheimer’s disease symptoms : prevalence and order of appearance / K. A. Bayles // J. Appl. Gerontol. – 1991. – Vol. 10, Issue 4. – 
P. 419–430. doi: 10.1177/073346489101000404

4. Patocka, J. Acetylcholinesterase and butyrylcholinesterase – important enzymes of human body / J. Patocka, K. Kuca, D. Jun // Acta Medica (Hra-
dec Kralove). – 2004. – Vol. 47, Issue 4. – P. 215–228. 

5. A new therapeutic target in Alzheimer’s disease treatment : attention to butyrylcholinesterase / N. H. Greig, T. Utsuki, Q. Yu et al. // Med. Res. 
Opin. – 2001. – Vol. 17, Issue 3. – P. 159–165. doi: 10.1185/0300799039117057

6. Cokugras, A. N. Butyrylcholinesterase : structure and physiological importance / A. N. Cokugras // Turk. J. Biochem. – 2003. – Vol. 28, Issue 2. – P. 54–61.
7. Acetylcholinesterase inhibitors : pharmacology and toxicology / M. B. Colovic, D. Z. Krstic, T. D. Lazarevic–Pasti et al. // Curr. Neuropharmacol. – 

2013. – Vol. 11, Issue 3. – P. 315–335. doi: 10.2174/1570159X11311030006
8. Aarsland, D. Role of cholinesterase inhibitors in Parkinson’s disease and dementia with Lewy bodies / D. Aarsland, U. P. Mosimann, I. G. McKeith // 

J. Geriatr. Psychiatry. Neurol. – 2004. – Vol. 17, Issue 3. – P. 164–171. doi: 10.1177/0891988704267463
9. Singh, J. Acetylcholinesterase inhibitors for schizophrenia / J. Singh, K. Kour, M. B. Jayaram // J. Neurol. Neurosurg. Psychiatry. – 2012. – Vol. 83, 

Issue 10. doi: 10.1002/14651858.CD007967.pub2
10. Synthesis of novel phenserine–based–selective inhibitors of butyrylcholinesterase for Alzheimer’s disease / Q. Yu, H. W. Holloway, T. Utsuki et al. // 

J. Med. Chem. – 1999. – Vol. 42, Issue 10. – P. 1855–1861. doi: 10.1021/jm980459s
11. Isosorbide–2–benzyl carbamate–5–salicylate, a peripheral anionic site binding subnanomolar selective butyrylcholinesterase inhibitor / C. G. Carolan, 

G. P. Dillon, D. Khan et al. // J. Med. Chem. – 2010. – Vol. 53, Issue 3. – P. 1190–1199. doi: 10.1021/jm9014845
12. Inhibition of human blood acetylcholinesterase and butyrylcholinesterase by ethopropazine / V. Simeon–Rudolf, G. Sinko, A. Stuglin, E. Reiner // 

Croat. Chem. Acta. – 2001. – Vol. 74, Issue 1. – P. 173–182. 
13. Weinstock, M. Selectivity of cholinesterase inhibition / M. Weinstock // CNS drugs. – 1999. – Vol. 12, Issue 4. – P. 307–323. doi: 10.2165/00023210–

199912040–00005
14. Alspach, J. D. Inhibition of acetylcholinesterase by thiamine. A structure–function study / J. D. Alspach, L. L. Ingraham // J. Med. Chem. – 1977. – 

Vol. 20, Issue 1. – P. 161–164. doi: 10.1021/jm00211a035
15. New adamantan–2–ol and adamantan–1–methanol derivatives as potent antibacterials. Synthesis, antibacterial activity and lipophilicity studies / E. An-

toniadou–Vyza, P. Tsitsa, E. Hytiroglou, A. Tsantili–Kakoulidou // Eur. J. Med. Chem. – 1996. – Vol. 31, Issue 2. – P. 105–110. doi: 10.1016/0223–
5234(96)80443–0

16. Synthesis and antiviral activity evaluation of some new aminoadamantane derivatives / N. Kolocouris, G. B. Foscolos, A. Kolocouris et al. // J. 
Med. Chem. – 1996. – Vol. 37, Issue 17. – P. 3307–3318. doi: 10.1021/jm950891z

17. A cup–like structure : synthesis, crystal structure and anti–cancer activity of 2–(2–(4, 5–diphenyl–1H–imidazol–1–yl) acetamido) ethyl adaman-
tane–1–carboxylate / Z–Q. Cai, J. Liu, M–X. Shao et al. // J. Chem. Soc. Pak. – 2014. – Vol. 36, Issue 4. – P. 717–722.

18. Long-term antidyskinetic efficacy of amantadine in Parkinson’s disease / E. Wolf, K. Seppi, R. Katzenschlager et al. // Mov. Disord. – 2010. – Vol. 25, 
Issue 10. – P. 1357–1363. doi: 10.1002/mds.23034

19. A pilot study on the motor effects of rimantadine in Parkinson’s disease / V. G. Evidente, C. H. Adler, J. N. Caviness, K. Gwinn–Hardy // Clin. Neurophar-
macol. – 1999. – Vol. 22, Issue 1. – P. 30–32. doi: 10.1097/00002826–199901000–00006 

20. Neuroprotective and symptomatological action of memantine relevant for Alzheimer’s disease – a unified glutamatergic hypothesis on the 
mechanism of action / W. Danysz, C. G. Parsons, H. J. Möbius et al. // Neurotox. Res. – 2000. – Vol. 2, Issue 2–3. – P. 85–97. doi: 10.1007/
bf03033787 

21. Pharmacological evaluation of novel Alzheimer’s disease therapeutics : acetylcholinesterase inhibitors related to galanthamine / G. M. Bores, 
F. P. Huger, W. Petko et al. // J. Pharmacol. Exp. Ther. – 1996. – Vol. 277, Issue 2. – P. 728–738. 

22. Adamantane–substituted guanylhydrazones : novel inhibitors of butyrylcholinesterase / M. Sekutor, K. Mlinaric–Majerski, T. Hrenar et al. // 
Bioorg. Chem. – 2012. – Vol. 41–42. – P. 28–34. doi: 10.1016/j.bioorg.2012.01.004

23. Buchman, E. R. Studies of crystalline vitamin B1.1 X. Sulfite Cleavage. III. Chemistry of the Basic Product / E. R. Buchman, R. R. Williams, J. C. Keresz-
tesy // J. Am. Chem. Soc. – 1935. – Vol. 57, Issue 10. – P. 1849–1851. doi: 10.1021/ja01313a026

24. Sano, T. Vergleich der Wirksamkeit der verschiedenen Aneurinester von organischen Sauren / T. Sano // Bull. Chem. Soc. Jpn. – 1944. – Vol. 19, 
Issue 11. – P. 185–205. doi: 10.1246/bcsj.19.185

25. Matsukawa, T. Studies on vitamin–B1 and its related compounds 13. Syntheses vitamin–B1–esters / T. Matsukawa, S. Yurugi // Yakugaku Zasshi – J. 
Pharm. Soc. Jpn. – 1951. – Vol. 71, Issue 2. – P. 69–72. doi: 10.1248/yakushi1947.71.2_69

26. A new and rapid colorimetric determination of acetylcholinesterase activity / G. L. Ellman, K. D. Courtney, V. Andres, R. M. Featherstone // Bio-
chem. Pharmacol. – 1961. – Vol. 7, Issue 2. – P. 88–95. doi: 10.1016/0006–2952(61)90145–9

27. Crystal structures of human cholinesterases in complex with huprine W and tacrine : elements of specificity for anti–Alzheimer’s drugs targeting acetyl–
and butyryl–cholinesterase / F. Nachon, E. Carletti, C. Ronco et al. // Biochem. J. – 2013. – Vol. 453, Issue 3. – P. 393–399. doi: 10.1042/BJ20130013

28. Molar absorption coefficients for the reduced Ellman reagent : reassessment / P. Eyer, F. Worek, D. Kiderlen et al. // Anal. Biochem. – 2003. – Vol. 312, 
Issue 2. – P. 224–227. doi: 10.1016/S0003–2697(02)00506–7

References

1. Karran, E., Mercken, M., De Strooper, B. (2011). The amyloid cascade hypothesis for Alzheimer’s disease: an appraisal for the development of 
therapeutics. Nature reviews Drug discovery, 10 (9), 698–712. doi: 10.1038/nrd3505

2. Francis, P. T., Palmer, A. M., Snape, M., Wilcock, G. K. (1999). The cholinergic hypothesis of Alzheimer’s disease: a review of progress. Journal of 
Neurology, Neurosurgery, and Psychiatry, 66 (2), 137–147. doi: 10.1136/jnnp.67.4.558

3. Bayles, K. A. (1991). Alzheimer’s disease symptoms: prevalence and order of appearance. Journal of applied gerontology, 10 (4), 419–430. doi: 
10.1177/073346489101000404

4. Patocka, J., Kuca, K., Jun, D. (2004). Acetylcholinesterase and butyrylcholinesterase–important enzymes of human body. Acta Medica (Hradec 
Kralove), 47 (4), 215–228.

5. Greig, N. H., Utsuki, T., Yu, Q. et al. (2001). A new therapeutic target in Alzheimer’s disease treatment: attention to butyrylcholinesterase. Current 
medical research and opinion, 17 (3), 159–165. doi: 10.1185/0300799039117057

6. Cokugras, A. N. (2003). Butyrylcholinesterase: structure and physiological importance. Turkish journal of biochemistry, 28 (2), 54–61. 
7. Colovic, M. B., Krstic, D. Z., Lazarevic–Pasti, T. D. et al. (2013). Acetylcholinesterase inhibitors: pharmacology and toxicology. Current neurophar-

macology, 11 (3), 315–335. doi: 10.2174/1570159X11311030006



Журнал органічної та фармацевтичної хімії. – 2017. – Т. 15, вип. 4 (60)

55

ISSN 2518-1548 (Online) ISSN 2308-8303 (Print)

8. Aarsland, D., Mosimann, U. P., McKeith, I. G. (2004). Role of cholinesterase inhibitors in Parkinson’s disease and dementia with Lewy bodies. 
Journal of geriatric psychiatry and neurology, 17 (3), 164–171. doi: 10.1177/0891988704267463

9. Singh, J., Kour, K., Jayaram, M. B. (2012). Acetylcholinesterase inhibitors for schizophrenia. Journal of Neurology, Neurosurgery, and Psychiatry, 83 (10). 
doi: 10.1002/14651858.CD007967.pub2 

10. Yu, Q. S., Holloway, H. W., Utsuki, T. et al. (1999). Synthesis of novel phenserine–based–selective inhibitors of butyrylcholinesterase for Alzhei-
mer’s disease. Journal of medicinal chemistry, 42 (10), 1855–1861. doi: 10.1021/jm980459s

11. Carolan, C. G., Dillon, G. P., Gaynor, J. M. et al. (2010). Isosorbide–2–carbamate esters: potent and selective butyrylcholinesterase inhibitors. Jour-
nal of medicinal chemistry, 53 (3), 1190–1199. doi: 10.1021/jm800564y

12. Simeon–Rudolf, V., Sinko, G., Stuglin, A., Reiner, E. (2001). Inhibition of human blood acetylcholinesterase and butyrylcholinesterase by ethopro-
pazine. Croatica Chemica Acta, 74 (1), 173–182. 

13. Weinstock, M. (1999). Selectivity of Cholinesterase Inhibition. CNS Drugs, 12 (4), 307–323. doi: 10.2165/00023210–199912040–00005
14. Alspach, J. D., Ingraham, L. L. (1977). Inhibition of acetylcholinesterase by thiamine. A structure–function study. Journal of medicinal chemistry, 

20 (1), 161–164. doi: 10.1021/jm00211a035
15. Antoniadou–Vyza, E., Tsitsa, P., Hytiroglou, E., Tsantili–Kakoulidou, A. (1996). New adamantan–2–ol and adamantan–1–methanol derivatives as 

potent antibacterials. Synthesis, antibacterial activity and lipophilicity studies. European journal of medicinal chemistry, 31 (2), 105–110. 
doi: 10.1016/0223–5234(96)80443–0

16. Kolocouris, N., Kolocouris, A., Foscolos, G. B., Fytas, G., Neyts, J., Padalko, E., De Clercq, E. (1996). Synthesis and Antiviral Activity Evaluation of 
Some New Aminoadamantane Derivatives. 2. Journal of Medicinal Chemistry, 39 (17), 3307–3318. doi: 10.1021/jm950891z

17. Cai, Z. Q., Liu, J., Shao, M. X. et al. (2014). A cup–like structure: synthesis, crystal structure and anti–cancer activity of 2–(2–(4, 5–diphenyl–1H–
imidazol–1–yl) acetamido) ethyl adamantane–1–carboxylate. Journal of the Chemical Society of Pakistan, 36 (4), 717–722. doi: 101422013067

18. Wolf, E., Seppi, K., Katzenschlager, R. et al. (2010). Long–term antidyskinetic efficacy of amantadine in Parkinson’s disease. Movement Disorders, 
25 (10), 1357–1363. doi: 10.1002/mds.23034

19. Gerald, V., Evidente, H., Adler, C. H., Caviness, J. N., Gwinn–Hardy, K. (1999). A Pilot Study on the Motor Effects of Rimantadine in Parkinson’s 
Disease. Clinical Neuropharmacology, 22 (1), 30–32. doi: 10.1097/00002826–199901000–00006

20. Danysz, W., Parsons, C. G., Möbius, H.–Jö., Stöffler, A., Quack, Gü. (2000). Neuroprotective and symptomatological action of memantine relevant 
for alzheimer’s disease – a unified glutamatergic hypothesis on the mechanism of action. Neurotoxicity Research, 2 (2–3), 85–97. doi: 10.1007/
bf03033787

21. Bores, G. M., Huger, F. P., Petko, W. et al. (1996). Pharmacological evaluation of novel Alzheimer’s disease therapeutics: acetylcholinesterase 
inhibitors related to galanthamine. Journal of Pharmacology and Experimental Therapeutics, 277 (2), 728–738.

22. Šekutor, M., Mlinarić–Majerski, K., Hrenar, T., Tomić, S., Primožič, I. (2012). Adamantane–substituted guanylhydrazones: Novel inhibitors of bu-
tyrylcholinesterase. Bioorganic Chemistry, 41–42, 28–34. doi: 10.1016/j.bioorg.2012.01.004

23. Buchman, E. R., Williams, R. R., Keresztesy, J. C. (1935). Studies of Crystalline Vitamin B1. 1 X. Sulfite Cleavage. III. Chemistry of the Basic Product. 
Journal of the American Chemical Society, 57 (10), 1849–1851. doi: 10.1021/ja01313a026

24. Sano, T. (1944). Vergleich der Wirksamkeit der verschiedenen Aneurinester von organischen Sauren. Bulletin of the Chemical Society of Japan, 
19 (11), 185–205. doi: 10.1246/bcsj.19.185

25. Matsukawa, T., Yurugi, S. (1951). Studies on Vitamin B1 and its Related Compounds. XIII. Yakugaku zasshi, 71 (2), 69–72. doi: 10.1248/yakushi1947.71.2_69
26. Ellman, G. L., Courtney, K. D., Andres, V., Featherstone, R. M. (1961). A new and rapid colorimetric determination of acetylcholinesterase activity. 

Biochemical Pharmacology, 7 (2), 88–95. doi: 10.1016/0006–2952(61)90145–9
27. Nachon, F., Carletti, E., Ronco, C. et al. (2013). Crystal structures of human cholinesterases in complex with huprine W and tacrine: elements of 

specificity for anti–Alzheimer’s drugs targeting acetyl–and butyryl–cholinesterase. Biochemical Journal, 453 (3), 393–399. doi: 10.1042/BJ20130013
28. Eyer, P., Worek, F., Kiderlen, D. et al. (2003). Molar absorption coefficients for the reduced Ellman reagent: reassessment. Analytical biochemistry, 

312 (2), 224–227. doi: 10.1016/S0003–2697(02)00506–7

Надійшла до редакції 22.09.2017 р.


