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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 IC,, 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 'H-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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A. 1. OuepeTHIOK, O. J1. Ko63ap, O. IN. Ko3auyeHko, B. C. BpoBapeub, A. |. BoBk

CuHTe3 Ta oLjiHKa akTMBHOCTiI agaMaHTUITIOBMICHUX Tia3onieBuX iHribGiTopiB OyTupunxoniHectepasu

Bigomo, o iHribiTopu xoniHecTepas MOXyTb BUKOPUCTOBYBATUCH AN151 MiKyBaHHSA HEMpOoaEereHepaTMBHMX 3axXBo-
ptoBaHb, TakUX Sk xBopoba AnbLrerimepa i xgopoba lMapkiHCoHa.

Meta po6otu. MeToto poboTi ByB CUHTES Ta OLjiHKa aKTUBHOCTI afaMaHTUMOBMICHUX 5-3aMileHnXx N-6eH3nnbHmX
Ta N-peHaunnbHMX coner Tiasonito K iHribiTopiB ByTupMnxoniHecTepasy i aueTUNxoniHecTepasu.

PesynkraTu Ta ix o6roBopeHHs1. CuHTE3M 3-apoinveTunt- i 3-apunveTun-5-(2-aumnokcietnn)-4-MeTunTiasonieBnx
conew BKNoYanu ogepxaHHs 5-aumnokcieTunbHMX NoxigHnX Tiasony npu B3aemogii 5-(2-rigpokcietun)-4-metnn-
1,3-Tiazony 3 BigNoOBiAHUMW agamMaHTOIN- YM agaMaHTUNaueTunxnopuaamu, ki Hagani KBatepHisyBanu B peak-
uii 3 6eH3nn- abo peHauyunranoreHigamu. Pe3ynstat AOCNIOKEHHs in Vitro nokasanu, Lo CUMHTe30BaHi CronyKu
iHridytoTb ByTUpunxoniHecTepasy 3i 3HavyeHHAMN |C,, B MikpomonsapHOMY AianasoHi. [leski 3 HUX 4eMoHCTpyBa-
N1 CEeneKTUBHICTb Aii y NOPIBHAHHI 3 iHriOyBaHHAM aueTunxoniHectepasu. [Ans 3’scyBaHHs MexaHi3amiB hopmMy-
BaHHA KOMMJIEKCIB iHriGiTopiB 3 OyTMpMnxoniHecTepasoto Oyrno NpoBeaeHO MONEKYNSIPHUA  [OKIHT.

EkcnepumeHTanbHa YactMHa. CYHTE3N MPOMDKHUX i LinbOBMX CNOMYK Bynu BUKOHaHI KracuyHMmm cnocobamm.
CTpykTypu cnonyk nigTeepmkeHo metogoM AMP 'H-cnekTpockonii Ta 4aHMu enemMeHTHoro aHaniay. [ins Bu3HayveH-
HS iHribyBanbHOro BNNMBY CMHTE30BaHMX CMONYK Ha aKkTUBHICTb ByTMpunxoniHecTepasu Ta aueTunxoniHecTe-
pa3n 6ynun 3actocoBaHi MeToan hepMeHTaTUBHOI KIHETMKW. [NA po3paxyHKiB METOAOM MOMNEKYNSAPHOro AOKIHrY
BrKopucTaHo nporpamy Autodock 4.2.

BucHoBku. 3-ApoinmeTtun- i 3-apunmetnn-5-(2-ayunokcietvn)-4-metTunTia3oniesi coni 3 agaMmaHTUNOBMIC-
HVMMW 3aMiCHMKaMW B NMOSOXEHHI 5 MOXYTb CEMNEKTUBHO iHribyBaTy ByTupunxoniHectepasy y NOPiBHAHHI 3 iX BMMu-
BOM Ha aLeTurnxoniHecTepasy.

Knrovoei crnosa: GytupunxoniHectepasa; aueTunxoniHecTepasa; iHridyBaHHs; Coni Tia3oniko; agamaHTaH;
MOMEKYNSAPHUIN AOKIHM

A. 1. OuepeTHIOK, A. J1. Kob3apsb, A. . KozayeHko, B. C. BpoBapeu, A. U. BoBk

CuHTe3 1 oueHKa akTUBHOCTU afamMaHTuUsicoaepXalux TuasonueBbiX MHIMOUTOPOB

OyTUpPUNXONUHICTEpPa3bI

M3BECTHO, YTO MHMIMBMTOPBI XONMMH3CTEPAa3 MOMYT UCMOMb30BaTbLCA ANS feYeHNs HempoaereHepaTyBHbIX 3a-
6oneBaHui, Taknx kak 6onesHb AnbureriMepa n 6onesHb MapkMHcoHa.

Llenb pabothbl. Lienbio paboTbl Obin CHHTE3 1 OLeHKa akTUBHOCTU adamMaHTUNCcoaepX)allmnx 5-3ameLleHHbIX
N-6eH3unbHbIX 1 N-heHaunnbHbIX conen Tasonus Kak MHIMbutopos ByTUPUNXONMMHACTEPasbl U aueTunxo-
nuHacTepassbl.

PesynbraTthl n nx obeyxaeHune. CuHTesbl 3-apounmMetun- u 3-apunveTun-5-(2-aunnokeunatun)-4-metun-
TNa30MNMeBbIX COMEN BKMOYanu NonyyeHe 5-aumnnoKCMaTUnbHbIX MPOM3BOAHBIX TMAa3ona npu B3auMogencTemnm
5-(2-rngpokcnatun)-4-metnn-1,3-Tnasona ¢ COOTBETCTBYOLUMN afaMaHTOUI- UM adaMaHTUNnaueTunxnopu-
Aamu, KoTopble B AanbHenwweM Oblny KBaTepHU3MPOBaHbl B peakuum ¢ 6eH3nn- unu deHauumnranoreHngamu.
Pesynbrathl nccrnenosanus in vitro nokasanu, YTo CUHTE3MPOBaHHbIE COEAVHEHUS MHTMBMPYIOT By TUPUIIXONMHACTE-
pasy co 3HadeHnsamu ICyy B MMKPOMONSIPHOM Amnana3oHe. HekoTopble 13 HUX OEMOHCTPUPOBAnU CENEKTUBHOCTb
OENCTBYSA MO CPaBHEHWIO C MHIMOMPOBaAHMEM aLETUNXONUHICTePasbl. [INa BbISACHEHWSA MexaHn3mMoB hopMupo-
BaHWS KOMMIEKCOB NHIMBUTOPOB C By TUPUNXONMH3CTEPa3on Bblnl NPUMEHEH MONEKYNSAPHbBIN JOKWHT.
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OKcnepuMeHTanbHas YacTb. CMHTE3 MPOMEXYTOUHbIX U LiefeBbiX COeAMHEHUI Obin BbINOMHEH TPaANLIMOH-
HbIMK MeTodamu. CTPYKTYpbl COEAMHEHWI fokasaHbl meTogoM AMP 'H-cnekTpockonuu v AaHHbIMU 3MEMEHT-
HOro aHanusa. ins onpegeneHns UHrMbupyoLwero BAUAHUS CUHTE3NPOBaHHbLIX COEAUHEHUN Ha aKTUBHOCTb
By TMPUNXONMHACTEPa3bl U aLEeTUIIXONMHACTEPa3bl MCMOMb30Bann MeToabl hepMeHTaTMBHONM KMHeTUKN. [ins pac-
YEeTOB METOAOM MOIEKYIAPHOro AOKMHIa ucrnone3osany nporpamy Autodock 4.2.

BeiBoabl. 3-AponnmeTun- n 3-apunmeTunn-5-(2-aumnokecnaTnn)-4-MeTunTnasonuesble conv ¢ agamaHTui-
codepXaliMMn 3aMecTUTENsSMM B MONOXEHUN 5 MOryT CeneKTMBHO MHIMbuposaTb ByTMpMNXonuHacTepasy no

CpaBHEHUIO C UX BNIUAHUEM Ha alUeTUINXONMUHaCcTepasy.

Knrovyeenie crioea: 6yTMpmnxonMHeCTepa3a; aueTunxonuHacTepasa, MHFI/I6VIpOBaHVIe; COINMn Thasonus;

afjaMaHTaH; MOHeKyJ'IﬂprII;I OOKUHI

Alzheimer’s disease (AD), the most common cause
of dementia in the elderly, is associated with $-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 -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-
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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 B, 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, 6-0-demethyl-
6-0-[(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-
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Scheme. The synthesis of adamantyl-containing N-benzyl- and N-phenacylthiazolium salts 3-18
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Table
Compounds 3-18 as inhibitors of acetylcholinesterase and butyrylcholinesterase*/**
ICyy, tM
Compound R! R2 =
P AChE BChE
3 m@ H n. a.*** n.a
3
4 ) 49412 16+05
5 “‘@‘% wr© 6.6+138 20033
6 ‘é@\cm 77@@ 6.0+ 1.1 6.9+0.5
7 m«@ V,FQ 24+07 14+04
8 ?17©*CH3 %7@ 28+0.5 0.7+0.1
- 0
9 @ _3)—© 15+3 16+05
O,
10 ;s@\% -§>_® 16+4 28+0.7
(0]
11 o _Q—@ 23+6 25+0.7
O,
12 %\@\% _Q—@ 19+5 0.9+0.2
CH3
O,
13 (g, _3)—© 19+4 0.42+0.07
HsC
~, O
14 @ 3)—O8r 20+8 27+06
O
15 1@\% 3 >—< }Br 24+6 9.9+28
O
16 mﬂ g)—OBr 57+9 64+1.1
(0]
17 %N@;% g)—@fﬂf > 60 43+ 1.1
CHa
O
18 (P B)—OBr > 60 27407
HsC

Notes: * — IC, 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

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.

50

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
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Fig. 1. The dose-dependent curve of BChE inhibition by compound 13

show that compounds 4-18 exhibit inhibition of BChE
with IC;, values in the range from 0.42 to 10 pM. In
case of AChE, this inhibition was less effective with
IC;, values higher than 2 uM. 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 IC,, values of 0.9 uM and 0.42 uM, 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 K; and K, values are 0.23 * 0.05 uM and
0.76 + 0.16 pM, 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

0.3

0.2

AN, uM ™" min

0.1

-3.4 -1.4 0.6 2.6 4.6
1/[S-butyrylthiocholine iodide], mM™"

—— 0 —=—02uyM —4A—05pM ——1.0uM
Fig. 2. The Lineweaver-Burk plots for inhibition of BChE by compound 13

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 'H NMR-spectra were recorded on a Varian
M400 (400 MHz/100 MHz) spectrometer in DMSO-d,.
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.

Pro285

()

N\
Val288

Fig. 3. A possible binding mode of compound 13 at the active
site of human BChE

51



ISSN 2308-8303 (Print)

Zurnal organignoi ta farmacevtiénoi himii. — 2017. — Vol. 15, Iss. 4 (60)

ISSN 2518-1548 (Online)

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 °C 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; 'H NMR (DMSO0-d,, 400 MHz,
6, 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. calcd.
for C;4H,,CINO,S: 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; 'H NMR (DMSO-d,,
400 MHz, 6, ppm): 1.45 (d, 2H,/ = 12.55 Hz), 1.81-1.55
(m,11H),2.12 (s, 2H), 2.35 (s, 3H), 3.28 (t, 2H,/ = 6.02 Hz),
4.24 (t, 2H, ] = 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.
calcd. for C,,H,,CINO,S: 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; 'H NMR
(DMSO0-d,, 400 MHz, 6, 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,/=5.03 Hz), 5.88 (s, 2H), 7.33 (t, 2H,/=8.76 Hz),
7.43 (d, 3H,J = 7.46 Hz), 10.50 (s, 1H). Anal. calcd.
for C,.H,,CINO,S: 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;
'H NMR (DMSO-d,, 400 MHz, §, 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,/=6.02 Hz), 4.19 (t, 2H,/=5.52 Hz),
6.02 (s, 2H), 7.59 (d, 2H,/=8.53 Hz), 8.27 (s, 1H), 8.29
(s, 1H), 10.38 (s, 1H). Anal. calcd. for C,.H,,BrN,0,S:
C, 56.07; H, 5.84; N, 5.23. Found: C, 56.63; H, 5.03;
N, 4.98.
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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; 'H NMR (DMSO-d,,
400 MHz, 8, ppm): 1.47 (s, 6H), 1.55 (d, 3H,/=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. calcd.
for C,;H,,CINO,S: 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; *H NMR
(DMSO0-d,, 400 MHz, 6, 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. calcd. for C,.H,,CINO,S: 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;
'H NMR (DMSO-d,, 400 MHz, §, ppm): 1.58 (d, 2H,
J=12.55Hz),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,/ = 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. calcd. for C,cH,,BrNO,S: 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-oxo0-2-phenylethyl)-1,3-thia-
zolium bromide (10). Yield - 71 %, a white solid.
M. p. - 142-144 °C; 'H NMR (DMSO-d,, 400 MHz, §,
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, ] = 7.53 Hz), 8.06
(d, 2H, J = 7.53 Hz), 10.03 (s, 1H). Anal. calcd. for
C,,H;,BrNO,S: 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-o0xo0-2-phenylethyl)-1,3-thiazolium bromi-
de (11).Yield - 40 %, a white solid. M. p. - 169-171 °C;
'H NMR (DMSO-d,, 400 MHz, §, ppm): 1.50-1.68 (m,
12H), 1.91 (s, 3H), 2.05 (s, 2H), 2.37 (s, 3H), 3.32 (¢,
2H,J=6.52 Hz), 4.25 (t, 2H, /= 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. calcd. for
C,,H;,BrNO,S: 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-o0xo0-2-phenylethyl)-1,3-
thiazolium bromide (12). Yield - 42 %, a white solid.
M. p. - 170-172 °C; 'H NMR (DMSO-d,, 400 MHz, §,
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, ] = 6.52),
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8.05 (d, 2H,/=6.02 Hz), 10.13 (s, 1H). Anal. calcd. for
C,,H,,CINO,S: C, 66.44; H, 7.02; N, 2.87. Found: C, 66.76;
H, 6.67; N, 2.56.
4-Methyl-3-(2-o0xo-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; 'H NMR (DMSO-d,, 400 MHz, §,
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,/=7.03 Hz), 10.03 (s, 1H). Anal. calcd. for
C,H;,BrNO,S: 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; 'H NMR (DMSO0-d,, 400 MHz, §, ppm):
1.58(d, 2H,/=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, /= 6.03 Hz),
4.30 (t, 2H, J = 6.03 Hz), 6.37 (s, 2H), 7.90 (d, 2H,
J=7.53 Hz), 797 (d, 2H, ] = 7.03 Hz), 9.99 (s, 1H).
Anal. calcd. for C,;H,,Br,NO,S: 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; 'H NMR (DMS0-d,, 400 MHz,
6, 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. calcd. for C, H,,Br,NO,S: 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; 'H NMR (DMSO-d,, 400 MHz, §,
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. calcd.
for C,,H,,Br,NO.S: 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; 'H NMR (DMSO0-d,, 400 MHz,
S, 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, ] = 8.40 Hz), 8,01 (d, 2H,
J=6.02 Hz),10.09 (s, 1H). Anal. calcd. for C,,H;,Br,NO.S:
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; 'H NMR (DMSO0-d,,
400 MHz, 6, 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=8.54Hz),10.02 (s, 1H). Anal. calcd. for C,g,H,.Br,NO,S:
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 eel, 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 (TNB%*) was performed at the wavelength
of 412 nm using the molar extinction coefficient of
TNB# 0f 14150 Mt cm [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 IC,, 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 IC;, 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.
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