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Abstract---A series of Tacrine-coumarylthiazole derivatives linked
through urea were synthesized, and their inhibitory effects on
acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) were
evaluated for the treatment of Alzheimer's disease. The result revealed
that all the synthesized compounds exhibited a moderate inhibitory
effect on both cholinesterases. Amongst them, 1-(7-methoxy-1,2,3,4-
tetrahydroacridin-9-yl)-3-(4-(2-oxo-2H-chromen-3-yl)thiazol-2-yl)jurea
(SC4, IC50= 37.09 uM) was found to be the most active compound
against AChE, and 11-(6,8-dichloro-1,2,3,4-tetrahydroacridin-9-yl)-3-
(4-(6-nitro-2-oxo-2H-chromen-3-yl)thiazol-2-yljurea (SC10, IC50= 5.89
uM) exhibited the strongest inhibition against BuChE. The selectivity
of SC4 and SC10 were 0.85 and 0.04, respectively.

Keywords---acetylcholinesterase, butyrylcholinesterase, coumarin,
tacrine, urea, thiazole.

Introduction

Alzheimer's disease (AD) is a progressive neurodegenerative disorder and the most
common form of dementia worldwide, with symptoms of memory loss, cognition
defect, and behavioral impairment [1]-[S]. The cause of AD is still unclear and has
been described for the several reasons, such as genetic factors [6]-[8], amyloid-3
peptides aggregation [9], neurofibrillary tangles (NFTs) [10], cholinergic
hypofunction, oxidative stress [11], metal ion dyshomeostasis [12], and
inflammation [13], etc. Among them, cholinergic hypofunction has been known as
one of the significant causes of AD [14]. Acetylcholine (ACh) plays an important
role in attention, learning, memory, and motivation. One of the main ways to
increase the ACh level in the brain is the inhibition of cholinesterase enzymes
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(ChEs). Two ChEs, acetylcholinesterase (AChE) and butyrylcholinesterase
(BuChE), catalyze the hydrolysis of ACh. In the healthy brain, AChE has
predominant activity in terminating ACh-mediated neurotransmission, whereas
BuChE acts as the secondary enzyme [15], [16]. In patients with AD, a
misbalance occurs between AChE and BChE so that the activity of AChE does not
change or decrease, whereas BChE activity significantly increases. Therefore, it
seems that both enzymes are involved in regulating the ACh level and are
considered valuable therapeutic targets against AD. As a result, dual inhibition of
AChE and BuChE enzymes would be more useful for AD patients in the late
stages of disease than AChE selective inhibitors.

Regarding the X-ray crystallographic structure of AChE from Torpedo California,
three main binding sites have been determined: (a) a deep and narrow gorge at
the bottom of the catalytic triad of the active site, including Ser200, His440, and
Glu327; (b) the catalytic anionic site (CAS) at the vicinity of the catalytic triad
consisting of Trp84, Tyr130, Gly199, His441, and His444; (c) peripheral anionic
site (PAS) at the gorge rim comprising Tyr70, Asp72, Tyrl21, Trp279 and Tyr334
[17]-[25]. AChE inhibitors may inhibit AChE via a competitive mechanism, by
interacting with the catalytic active site (CAS) of the enzyme, via a non-
competitive mechanism, by binding with the peripheral anionic site (PAS), or via
both mechanisms, by exerting a dual binding AChE inhibition [21]. The main
difference between them is associated with the acyl binding site (ABS) in such a
manner that BChE is significantly bigger than AChE. It seems that stimulatory
inhibition of CAS and PAS affords more potent inhibitors.

Inhibition of AChE can be accomplished in three different ways depending on the
interaction of the inhibitor with the enzyme binding site Irreversible inhibitors,
Pseudo-irreversible inhibitors & Reversible inhibitors from which the last one give
a transient non-covalent binding through electrostatic interactions with the active
and peripheral sites. The reversible inhibitors may be classified as (a) active-site
inhibitors directed toward the catalytic anionic subsite at the bottom of the gorge,
(b) peripheral anionic site inhibitors which bind at the entrance to the gorge, or (c)
elongated gorge-spanning inhibitors which bridge the two sites [23]. In addition,
recent evidence suggested that the PAS of AChE plays a key role in AP-
aggregation [24], [25]. Also, BChE knockout animal model showed diminished
fibrillar AR plaque deposition suggesting that the lack of BChE reduces the
deposition of fibrillar AR in AD [26]. Consequently, a great deal of attention has
been paid to developing dual AChE and BChE inhibitors to increase inhibitory
activity via increasing the ligand-target interaction.
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Figure 1. Representation of the active and peripheral site of TcAChE including
amino acids residues of catalytic triad, anionic site, narrow aromatic gorge and
peripheral site. [27]

Among six drugs that FDA has approved for AD treatment (figure 2), five of them
(Donepezil, galantamine, rivastigmine, memantine, and Tacrine) are AChE
inhibitors [28]-[33],[34], [35], from which tacrine, was withdrawn from the market
in 2013 due to liver toxicity [36]. Moreover, gastrointestinal problems and varied
heart rates are common limitations of available therapeutics [37]-[39]. These
drugs are aimed to inhibit the acetylcholinesterase at the initial stage of disease,
maintaining a balanced acetylcholine level in CNS [40]. With the gradual
progression of the disease, the routinely used drugs may not be effective.
Therefore, the limitation of the available effective therapeutic agents in the market
has attracted life science researchers to investigate the synthesis and
development of novel drugs for AD. However, these medicines only confer modest
beneficial effects on mild to moderate AD patients. Considering the multifactorial
pathogenesis of AD, the design and synthesis of dual-site/multi-site AChE
inhibitors simultaneously interact with multiple subsites of the gorge-like pocket.
Multifunctional AChE inhibitors targeting AChE, butyrylcholinesterase (BuChE),
AP aggregation, or B-secretase may provide more effective candidates for AD drug
discovery [41]-[44].
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Figure 2. FDA approved drugs

Tacrine is the first AChE inhibitor permitted by the FDA to enter the medical
market. After a long period of practically using, Tacrine is still of interest due to
its classical pharmacophore for potent AChE inhibition and well-known action
mode, except for its toxicity issue. To discover new tacrine derivatives with higher
activity, low toxicity, and multiple functions, a variety of hybrids have been
synthesized [45], such as Quinolotacrine hybrids [46], tacrine-arylisoxazolyl
hybrids [47], Vilazodone-tacrine hybrid [48], tacrine-dipicolylamine dimers [49],
tacrine-carbamate derivatives [50], triazole grafted tacrine-chalcone conjugates
[51], Tacrine(10)-hupyridone dimer [52], Tacrine-Pyrimidone Hybrids [53],
Phenothiazine-Tacrine Heterodimers [54] and many more. Thus, the development
of tacrine-based dimers and hybrids with improved pharmacological properties
and decreased side effects has been the focus of a great deal of research in recent
years [55]-[57].

As a fragrant compound, coumarin widely distributed in nature and displayed
extensive biological activities, such as anti-bacterial [58], anti-diabetic and
antidepressant [59], antioxidant [60], [61], antimicrobial [62], antifungal [63],
anticoagulant [64], anti-inflammatory [65]-[67], anticancer [68], antinociceptive
[69], anti-proliferative [70], antitubercular [71], hepatoprotective, anti-allergic,
anti-HIV-1, antiviral, antimicrobial and antiasthmatic [72] activities. Moreover,
coumarin derivatives are usually easy to synthesize and possess good solubility,
low cytotoxicity, and excellent cell permeability. Recent studies have also shown
that coumarin analogs exhibit potent AChE activity, which has led to these
compounds being seen as potential drugs for treating AD [73], [74]. Accordingly,
the coumarin scaffold has been considered to design new AChE inhibitors [75]-
[77], and many efforts were addressed to synthesize dual binding site inhibitors of
AChE by hybridizing a catalytic site interacting moiety with the coumarin scaffold
through an appropriate spacer [78]. Amidic or imidic substituents are key
functionalities acting as hydrogen bond donors at the catalytic triad (Ser203-
Glu334-His447) of the active site residues of the human acetylcholinesterase by
the unpaired electron of N and O atoms [79]-[82].
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Structural modifications of the currently used clinical AChE inhibitors resulted in
the exploration of the importance of the incorporation of thiazole moieties as
essential building blocks for the optimization of AChE inhibitory activity, e.g.,
acridine—thiazole hybrid [83], benzofuranylthiazole derivatives [84],
Coumarylthiazole derivatives [85], benzylpiperidine-linked diarylthiazole [86].
Thiazolo-triazine derivatives are considered efficient acetylcholinesterase
inhibitors for the ability to form a hydrogen bond with Tyrl24 and T-stacking
interaction with Trp286 [87]. Benzofuran and coumarin derivatives bearing
thiazole ring and aryl urea/thiourea moieties were synthesized as ChE inhibitors;
however, they exhibited moderate inhibitory activities against AChE in our
previous studies [84], [85]. Several studies have presented benzofuran or
coumarin molecules that interacted with CAS and PAS of AChE via the steric and
T-stacking interactions; the H-bonding and T-stacking interactions were
determined between thiazole ring or amide moiety and PAS; the phenyl ring of
urea moiety interacted with CAS by T-stacking [57], [88]. It has also been reported
that the cation-p interactions were observed between N-alkyl chains or
heterocyclic moieties and the mid-gorge site of AChE [89], [90]. However, some
docking studies showed that the nitrogen atom of the thiazole ring might form a
hydrogen bond and interact with active sites of AChE [84], [91].

Based on a literature survey, it has been found that tricyclic and heterocyclic
compounds, such as Tacrine, quinolizidine, and coumarin derivatives, can bind
both PAS, catalytic anionic site (CAS) of the enzyme by hydrophobic interactions,
T-stacking with the aromatic residues of the enzyme gorge in AChE, and
incorporation of thiazole moieties as essential building blocks for the optimization
of AChE inhibitory activity [22], [23], [92]-[94]. According to the literature, Tacrine
has been found as a potent inhibitor of the catalytic anionic site (CAS) of CS,
whereas coumarin has an affinity for the PAS of ChEs [75], [95]. Docking into the
BuChE gorge, which is larger than that of AChE, showed that heterocyclic rings
give (i) a cation-mt interaction with Trp82 and Trp430 and also (i) hydrophobic
and/or ni-rt (pi-pi) stacking interactions with Phel18 and Trp231 [81], [96]. The
various research groups have synthesized amidic- or imidic-based AChE
inhibitors. These studies have reported that a hydrogen bond has been formed
between amide moieties of the inhibitors and anionic sites of the enzyme [77],
[78]. The urea group was chosen based on its potency of H-bonding, probability of
complexation, and wide biological activity [80]-[82], [97]. Even though the tacrine
and coumarin functionalities have separately shown considerable efficacy in the
treatment of Alzheimer's disease, only a little effort was made to design tacrine-
coumarin hybrids as novel multifunctional cholinesterase inhibitors[55], [90],
[98]-[105].
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Figure 3. Rational behind designed molecule

Based on the above consideration, we hypothesized (figure 3) a new hybrid
molecule based on frameworks of the coumarin modified by adding a thiazole
ring. In the design of this new molecule, the coumarylthiazole moiety was
substituted with a urea group-containing tacrine ring. We hypothesized that these
heterocyclic and aromatic rings might show strong parallel -t stacking against
the CAS of the enzyme. On the other hand, the presence of urea moiety
contributes to inhibitor activity by interacting with active sites. This study
synthesized 12 novel urea substituted coumarylthiazole derivatives, and their
inhibitory effects on AChE and BuChE were evaluated.

Methods
Chemistry

All solvents, reagents, and starting materials were obtained from commercial
sources unless otherwise indicated. Melting points were taken on a Bio-Medica,
LT-BM-115 (Labtronics, India). Tacrine derivatives were synthesized in a
Microwave synthesizer by Catalyst Systems (Pune, India), and IR spectra were
registered on a JASCO FT/IR-4100 C spectrometer. 1H and 13C NMR spectra
were registered on a BRUKER AVANCE III HD spectrometer at 400 MHz and 75
Hz, respectively. 1H and 13C chemical shifts are referenced to the internal
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deuterated solvent. Mass spectra were obtained using a Bruker IMPACT HD
spectrometer. The elemental analyses were carried out with a CAP RQ ICP-MS
instrument (Thermo Scientific). The Acetylcholinesterase from Electrophorus
electricus (electric eel) (AChE, Type-VI-S, EC 3.1.1.7, and horse serum
butyrylcholinesterase (BuChE, EC 3.1.1.8) were purchased from Sigma. The
chemicals and solvents were purchased from Loba Chemie (Mumbai, India) and
Sigma-Aldrich Sigma-Aldrich Chemicals Private Limited (Bangalore, India).
Reactions were monitored by thin-layer chromatography (TLC) on TLC Silica gel
60 Fus4 from Sigma-Aldrich Chemicals Pvt Ltd ( Bangalore, India) and visualized
under CAMAG UV Cabinet 4 (Mumbai, India).

Synthesis procedures and spectral data
3-acetylcoumarin derivatives [I-2(a-c]]

A mixture of benzaldehyde derivatives I-1(a-c) (3 mmol), reactive methylene
compound, e.g., methyl acetoacetate or ethyl acetoacetate (3 mmol), and a few
drops of piperidine were stirred at room temperature without any solvent.
Precipitation occurred immediately. The reaction was monitored by TLC. The
compound was then recrystallized from ethanol to get pure crystalline [-2(a-c) in
80-90% yields [106]. Spectral data of these compounds were matched with the
literature.

3-(bromoacetyl)coumarin derivatives [I-3(a-c]]

To a solution of 1 mol I-2(a-c) in 20 mL chloroform was added 1 mol of bromine in
S5 mL chloroform, with intermittent shaking and warming to decompose an
addition product. The mixture was heated at 50 °C for 15 min. in a water bath to
expel most of the hydrogen bromide, then cooled and filtered. The solid was
washed with ether and recrystallized with acetic acid. I-3(a-c) were obtained in
85%, 75%and 80% yields, respectively. Spectral data of these compounds were
matched with the literature [107].

3-(2-amino-1,3-thiazol-4-yl)coumarin derivatives [I-4(a-c)]

Thiourea (5 mmol) was added to the solution of [-3(a-c) (5 mmol) in boiling
ethanol (20 mL). The mixture was refluxed for 1 hour, then cooled and neutralized
with aqueous ammonia. The precipitate was filtered off, washed with ethanol, and
used directly without crystallization or other purification. I-4(a-c) were obtained in
80%, 78%, and 75% yields, respectively. Spectral data of these compounds were
matched with the literature [108].

General procedure for tacrine derivatives formation [II-2(a-d)]

The appropriately-substituted starting 2-amino-benzonitrile II-1(a-d) (1.0 eq); Zinc
Chloride (2.0 eq); and cyclohexanone (2 ml) were challenged by MW irradiation for
10 min at 1509C. The resulting solid was diluted with 2M NaOH (3 mL) and
dichloromethane (DCM) 2 ml and stirred for 30 min. The solution was diluted by
another 2M NaOH (20 ml), washed, collected, dried with anhydrous Na,SO4, and
filtered three times with DCM (3 X 20 ml). The organic layers were filtrate
concentrated. The residue was purified by column chromatography to give the
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crude product as a base. The base was dissolved in MeOH (10 mL) and HCI (25%
in H20; 1.5 mL) and stirred overnight. The solution was concentrated and dried to
give a crude hydrochloride product [109].

Synthesis of Tacryl Isocyanates [II-3(a-d)]: Substituted Tacrine's II-2(a-d)

(1 g) was dissolved in 20 mL of DCM. For this solution, 20 mL of NaHCO3
solution was stirred at 0°C. Stirring was stopped momentarily, triphosgene (0.5
equivalents) dissolved in 1 mL of DCM was added with a syringe to the DCM
layer, and stirring continued for one h. The DCM layer was separated and passed
through a bed of celite® and immediately subjected to the next reaction [110].

Synthesis of coumarylthiazol urea derivatives [SC1-12]

To a solution of I-4(a-c) (1 mmol) and triethyl amine (1 ml) in dry THF was added
isocyanate derivatives II-3(a-d) (1 mmol). The mixture was refluxed for 12 hours
with stirring, then cooled and evaporated to dryness. The crude product was
washed with chloroform and dried under a vacuum. The products were
recrystallized from ethanol over 98% purity. SC1-12 were obtained with 77-99 %
yields.

1-(4-(2-oxo-2H-chromen-3-yl)thiazol-2-yl)-3-(1,2,3,4-tetrahydroacridin-9-
yl)urea (SC1)

Yellow solid, 80% vield, mp. 241-243°C; IR: 3357, 3293, 1683, 1675, 1549, 1505,
1249, 1183, 1114, 788, 691 cm-!; 'H NMR (400 MHz, Chloroform-d) & 10.63 —
10.60 (m, 1H), 9.06 (s, 1H), 8.47 (s, 1H), 8.09 — 8.02 (m, 1H), 7.93 — 7.85 (m, 1H),
7.72 - 7.67 (m, 1H), 7.64 — 7.59 (m, 1H), 7.54 — 7.48 (m, 2H), 7.36 — 7.31 (m, 1H),
7.31 - 7.27 (m, 2H), 3.14 - 3.05 (m, 2H), 2.84 — 2.77 (m, 2H), 1.91 — 1.82 (m, 4H);
13C NMR (75 MHz, DMSO-ds) 6 21.97, 22.33, 25.07, 32.20, 114.87, 116.47,
116.75, 117.83, 119.80, 120.29, 122.25, 124.65, 125.29, 127.14, 129.29,
130.89, 132.62, 144.13, 144.41, 145.39, 147.07, 153.72, 155.19, 156.85,
161.01, 163.60; LC-MS (m/z): 469.13 [MH*]. Anal. Calcd. for C26H20N403S: C,
66.65; H, 4.30; N, 11.96; O, 10.24; S, 6.84; found: C, 66.85; H, 4.56; N, 11.70; S,
6.80.

1-(6,8-dichloro-1,2,3,4-tetrahydroacridin-9-yl)-3-(4-(2-oxo-2H-chromen-3-
yl)thiazol-2-yl)urea (SC2)

Yellow solid, 85% yield, mp. 245-247°C; IR: 3375, 3298, 1678, 1670, 1554, 1500,
1286, 1250, 1188, 1119, 760, 669 cm-1; 'H NMR (400 MHz, Chloroform-d) &
10.61 (s, 1H), 8.72 (s, 1H), 8.47 (s, 1H), 7.68 (d, J= 2.2 Hz, 1H), 7.61 (dd, J= 7.8,
2.0 Hz, 1H), 7.51 (ddd, J = 8.9, 7.5, 2.0 Hz, 1H), 7.39 (d, J = 2.2 Hz, 1H), 7.36 -
7.31 (m, 1H), 7.31 - 7.27 (m, 2H), 3.14 - 3.05 (m, 2H), 2.84 - 2.77 (m, 2H), 1.91 -
1.82 (m, 4H); 13C NMR (75 MHz, DMSO-de) 6 21.97, 22.32, 26.50, 32.49, 114.87,
115.53, 116.19, 116.47, 117.83, 119.80, 121.61, 125.29, 125.47, 129.29,
132.62, 132.92, 133.25, 142.35, 144.14, 145.39, 147.32, 153.72, 155.27,
158.24, 161.01, 163.60; LC-MS (m/z): 537.06 [MH*]; Anal. Calcd. For C, 58.11;
H, 3.38; Cl, 13.19; N, 10.43; O, 8.93; S, 5.97; found: C, 58.25; H, 3.40; Cl, 13.40;
N, 10.12; S, 5.80.
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1-(6-chloro-1,2,3,4-tetrahydroacridin-9-yl)-3-(4-(2-oxo-2H-chromen-3-
yl)thiazol-2-yl)urea (SC3)

Yellow solid, 82% yield, mp. 243-2450C; IR: 3370, 3293, 1673, 1665, 1549, 1495,
1281, 1245, 1183, 1114, 755, 664 cm; 1H NMR (400 MHz, Chloroform-d) &
10.63 — 10.60 (m, 1H), 9.08 (s, 1H), 8.47 (s, 1H), 8.03 (d, J = 9.0 Hz, 1H), 7.72 -
7.65 (m, 1H), 7.64 — 7.59 (m, 1H), 7.54 - 7.48 (m, 1H), 7.38 (dd, J = 8.9, 2.2 Hz,
1H), 7.36 — 7.31 (m, 1H), 7.31 — 7.27 (m, 2H), 3.14 — 3.05 (m, 2H), 2.84 - 2.77 (m,
2H), 1.91 - 1.82 (m, 4H); 3C NMR (75 MHz, DMSO-ds) 6 21.97, 22.33, 25.07,
32.34, 114.87, 115.62, 116.47, 117.83, 119.44, 119.80, 123.54, 124.74, 124.94,
125.29, 129.29, 132.62, 137.59, 144.13, 145.11, 145.39, 146.66, 153.72,
155.23, 157.54, 161.01, 163.60; LC-MS (m/z): 503.09 [MH*]; Anal. Calcd. For C,
62.09; H, 3.81; Cl, 7.05; N, 11.14; O, 9.54; S, 6.37; found: C, 62.20; H, 3.78; Cl,
7.17; N, 11.20; S, 6.51.

1-(7-methoxy-1,2,3,4-tetrahydroacridin-9-yl)-3-(4-(2-oxo-2H-chromen-3-
yl)thiazol-2-yl)urea (SC4)

Yellow solid, 78% yield, mp. 232-234 °C; IR: 3355, 3299, 1675, 1670, 1546, 1509,
1295, 1237, 1173, 1040, 1114, 753, 670 cm!; 1H NMR (400 MHz, Chloroform-d)
6 10.63 - 10.60 (m, 1H), 8.72 (s, 1H), 8.48 — 8.45 (m, 1H), 7.64 — 7.59 (m, 1H),
7.54 — 7.48 (m, 1H), 7.36 - 7.31 (m, 2H), 7.31 - 7.27 (m, 2H), 7.02 (dd, J = 8.3,
3.0 Hz, 1H), 3.80 (s, 5H), 3.14 — 3.05 (m, 2H), 2.84 - 2.77 (m, 2H), 1.91 - 1.82 (m,
3H); 13C NMR (75 MHz, DMSO-d¢) 6 21.97, 22.36, 25.18, 32.21, 55.67, 104.55,
114.87, 116.47, 116.97, 117.83, 118.74, 119.64, 119.80, 125.29, 125.42,
129.29, 132.62, 142.36, 143.42, 144.14, 145.39, 153.72, 155.20, 156.24,
156.73, 161.01, 163.60; ; LC-MS (m/z): 499.14 [MH"]|, Anal. Calcd. For C, 65.05;
H, 4.45; N, 11.24; O, 12.84; S, 6.43; found: C, 65.17; H, 4.30; N, 11.37; S, 6.37.

1-(4-(8-methoxy-2-ox0-2H-chromen-3-yl)thiazol-2-yl)-3-(1,2,3,4-
tetrahydroacridin-9-yl)urea (SC5)

Yellow solid, 61% yield, mp. 230-232 °C; IR: 3370, 3309, 1686, 1675, 1546, 1497,
1295, 1251, 1187, 1108, 763, 701 cm-; 1H NMR (400 MHz, Chloroform-d) &
10.61 (s, 1H), 9.04 (s, 1H), 8.53 (s, 1H), 8.09 - 8.01 (m, 1H), 7.88 (d, J = 8.0 Hz,
1H), 7.76 — 7.64 (m, 1H), 7.57 - 7.46 (m, 1H), 7.34 - 7.27 (m, 1H), 7.24 (dd, J =
9.0, 7.9 Hz, 1H), 7.11 - 6.99 (m, 1H), 3.85 (s, 3H), 3.24 — 2.93 (m, 2H), 2.85 -
2.58 (m, 2H), 2.06 — 1.55 (m, 4H); 3C NMR (75 MHz, DMSO-ds) 6 21.97, 22.33,
25.07, 32.20, 56.10, 114.73, 115.32, 116.75, 117.76, 119.44, 120.29, 122.25,
123.14, 124.65, 125.24, 127.14, 130.89, 140.16, 142.79, 144.41, 145.47,
147.07, 147.46, 155.19, 156.85, 161.01, 162.82; ; LC-MS (m/z): 499.14 [MH"];
Anal. Calcd. For C, 65.05; H, 4.45; N, 11.24; O, 12.84; S, 6.43 found: C, 65.11; H,
4.57; N, 11.32; S, 6.57.

1-(6,8-dichloro-1,2,3,4-tetrahydroacridin-9-yl)-3-(4-(8-methoxy-2-oxo-2H-
chromen-3-yl)thiazol-2-yl)urea (SC6)

Yellow solid, 76% yield, mp. 235-237 °C; IR: 3389, 3296, 1680, 1675, 1556, 1520,
1284, 1252, 1186, 1111, 785, 646 cm!; 'H NMR (400 MHz, Chloroform-d) &
10.63 - 10.60 (m, 1H), 8.72 (s, 1H), 8.53 (s, 1H), 7.69 — 7.66 (m, 1H), 7.56 — 7.48
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(m, 1H), 7.38 (dd, J = 8.9, 2.2 Hz, 1H), 7.35 - 7.27 (m, 1H), 7.27 — 7.20 (m, 1H),
7.06 (dd, J = 8.9, 1.7 Hz, 1H), 3.85 (s, 3H), 3.14 — 3.05 (m, 2H), 2.84 — 2.77 (m,
2H), 1.96 — 1.78 (m, 4H); 13C NMR (75 MHz, DMSO-ds) 6 21.97, 22.32, 26.50,
32.49, 56.10, 114.73, 115.32, 115.54, 116.20, 117.76, 119.44, 121.61, 123.14,
125.23, 125.47, 132.92, 133.25, 140.16, 142.35, 142.79, 145.47, 147.32,
147.46, 155.27, 158.24, 161.01, 162.82; ; LC-MS (m/z): 567.06 [MH*]; Anal.
Calcd. for C, 57.15; H, 3.55; Cl, 12.49; N, 9.87; O, 11.28; S, 5.65; found: C,
57.21; H, 3.58; Cl, 12.40; N, 9.80; S, 5.57.

1-(6-chloro-1,2,3,4-tetrahydroacridin-9-yl)-3-(4-(8-methoxy-2-oxo-2H-
chromen-3-yl)thiazol-2-yl)urea (SC7)

Yellow solid, 80% yield, mp. 230-232 °C; IR: 3384, 3291, 1675, 1670, 1551, 1515,
1279, 1247, 1181, 1106, 780, 641 cm-!; 'H NMR (400 MHz, Chloroform-d) &
10.63 - 10.60 (m, 1H), 9.08 (s, 1H), 8.53 (s, 1H), 8.03 (d, J = 8.9 Hz, 1H), 7.71 -
7.65 (m, 1H), 7.56 — 7.49 (m, 1H), 7.40 — 7.34 (m, 1H), 7.34 - 7.29 (m, 1H), 7.27 -
7.20 (m, 1H), 7.11 - 7.01 (m, 1H), 3.85 (s, 3H), 3.19 - 3.00 (m, 2H), 2.84 - 2.71
(m, 2H), 2.02 — 1.71 (m, 4H); 13C NMR (75 MHz, DMSO-de) § 21.97, 22.33, 25.07,
32.34, 56.10, 114.73, 115.32, 115.62, 117.76, 119.44, 123.14, 123.54, 124.74,
124.94, 125.24, 137.59, 140.16, 142.79, 145.11, 145.47, 146.66, 147.46,
155.23, 157.54, 161.01, 162.82; ; LC-MS (m/z): 533.10 [MH"]; Anal. Calcd. for C,
60.84; H, 3.97; Cl, 6.65; N, 10.51; O, 12.01; S, 6.02; found: C, 60.77; H, 3.84; Cl,
6.60; N, 10.59; S, 6.10.

1-(7-methoxy-1,2,3,4-tetrahydroacridin-9-yl)-3-(4-(8-methoxy-2-oxo-2H-
chromen-3-yl)thiazol-2-yl)urea (SC8)

Yellow solid, 90% yield, mp. 226-228 °C; IR: 3353, 3295, 1683, 1665, 1546, 1509,
1283, 1227, 1183, 1114, 782, 645 cm; 1H NMR (400 MHz, Chloroform-d) &
10.65 - 10.59 (m, 1H), 8.72 (s, 1H), 8.53 (s, 1H), 7.74 — 7.66 (m, 1H), 7.55 — 7.49
(m, 1H), 7.37 - 7.33 (m, 1H), 7.33 - 7.29 (m, 1H), 7.27 — 7.20 (m, 1H), 7.10 — 6.97
(m, 2H), 3.89 - 3.77 (m, 6H), 3.14 — 3.01 (m, 2H), 2.84 - 2.71 (m, 2H), 1.97 - 1.75
(m, 4H); 13C NMR (75 MHz, DMSO-de) 6 21.97, 22.36, 25.18, 32.21, 55.67, 56.10,
104.55, 114.73, 115.32, 116.97, 117.76, 118.74, 119.44, 119.64, 123.14,
125.23, 125.42, 140.16, 142.36, 142.79, 143.42, 145.47, 147.46, 155.20,
156.24, 156.73, 161.01, 162.82; ; LC-MS (m/z): 529.15 [MH*]; Anal. Calcd. for C,
63.62; H, 4.58; N, 10.60; O, 15.13; S, 6.07 found: C, 63.52; H, 4.48; N, 10.63; S,
6.13.

1-(4-(6-nitro-2-oxo-2H-chromen-3-yl)thiazol-2-yl)-3-(1,2,3,4-
tetrahydroacridin-9-yl)urea (SC9)

Yellow powder, 61% yield, mp. 256-258 °C; IR: 3365, 3300, 1732, 1699, 1609,
1547, 1487, 1344, 1295, 1000, 748 cm'!; 'H NMR (400 MHz, Chloroform-d) &
10.72 - 10.54 (m, 1H), 8.78 (s, 1H), 8.72 (s, 1H), 8.47 (s, 1H), 8.30 (dd, J = 8.7,
2.3 Hz, 1H), 7.74 - 7.63 (m, 1H), 7.58 — 7.48 (m, 1H), 7.43 — 7.35 (m, 1H), 7.34 -
7.26 (m, 1H), 3.20 — 3.05 (m, 2H), 2.89 — 2.73 (m, 2H), 2.00 — 1.74 (m, 4H); 13C
NMR (75 MHz, DMSO-ds) 6 21.97, 22.32, 26.50, 32.49, 114.73, 115.53, 116.19,
116.89, 117.46, 119.41, 121.61, 125.35, 125.47, 127.35, 132.92, 133.25,
142.35, 142.65, 143.09, 145.48, 147.32, 155.27, 157.33, 158.24, 161.01,
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163.77; ; LC-MS (m/z): 514.12 [MH*]; Anal. Calcd. for C, 60.81; H, 3.73; N, 13.64;
0, 15.58; S, 6.24; found: C, 60.71; H, 3.78; N, 13.57; S, 6.34.

1-(6,8-dichloro-1,2,3,4-tetrahydroacridin-9-yl)-3-(4-(6-nitro-2-oxo-2H-
chromen-3-yl)thiazol-2-yl)urea (SC10)

Yellow solid, 61% yield, mp. 255-257 °C; IR: 3368, 3295, 1749, 1703, 1550, 1496,
1349, 1294, 1095, 844, 620 cm-!, 'H NMR (400 MHz, Chloroform-d) 6 10.71 —
10.50 (m, 1H), 9.06 (s, 1H), 8.78 (s, 1H), 8.53 (d, J = 3.0 Hz, 1H), 8.30 (dd, J =
8.7, 2.4 Hz, 1H), 8.11 - 7.99 (m, 1H), 7.88 (dd, J = 7.6, 1.7 Hz, 1H), 7.74 - 7.64
(m, 1H), 7.59 — 7.42 (m, 2H), 7.35 - 7.25 (m, 1H), 3.15 - 3.01 (m, 2H), 2.87 — 2.70
(m, 2H), 1.95 - 1.78 (m, 4H); 3C NMR (75 MHz, DMSO-ds) § 21.97, 22.33, 25.07,
32.20, 114.73, 116.75, 116.89, 117.46, 119.41, 120.29, 122.25, 124.65, 125.36,
127.14, 127.35, 130.89, 142.65, 143.09, 144.41, 145.48, 147.07, 155.19,
156.84, 157.33, 161.01, 163.77; ; LC-MS (m/z): 582.04 [MH*]; Anal. Calcd. for C,
53.62; H, 2.94; Cl, 12.17; N, 12.02; O, 13.74; S, 5.50; found: C, 53.54; H, 2.86;
Cl, 12.05; N, 12.09; S, 5.53.

1-(6-chloro-1,2,3,4-tetrahydroacridin-9-yl)-3-(4-(6-nitro-2-oxo-2H-chromen-3-
yl)thiazol-2-yl)urea (SC11)

Yellow solid, 62% yield, mp. 257-259 °C; IR: 3363, 3290, 1744, 1698, 1545, 1491,
1344, 1289, 1090, 839, 615 cm!; 'H NMR (400 MHz, Chloroform-d) 6 10.75 —
10.48 (m, 1H), 9.08 (s, 1H), 8.78 (s, 1H), 8.53 (d, J = 3.0 Hz, 1H), 8.30 (dd, J =
8.7, 2.4 Hz, 1H), 8.03 (d, J=9.0 Hz, 1H), 7.74 — 7.61 (m, 1H), 7.59 - 7.47 (m, 1H),
7.41 -7.33 (m, 1H), 7.33 - 7.26 (m, 1H), 3.33 - 2.89 (m, 2H), 2.93 - 2.58 (m, 2H),
2.18 - 1.47 (m, 4H); 13C NMR (75 MHz, DMSO-ds) 6 21.97, 22.33, 25.07, 32.34,
114.73, 115.62, 116.89, 117.46, 119.41, 119.45, 123.54, 124.74, 124.94,
125.36, 127.35, 137.39, 142.65, 143.09, 145.11, 145.48, 146.66, 155.23,
157.32, 157.54, 161.01, 163.77; ; LC-MS (m/z): 548.08 [MH*]; Anal. Calcd. for C,
56.99; H, 3.31; CI, 6.47; N, 12.78; O, 14.60; S, 5.85; found: C, 56.89; H, 3.45; CI,
6.31; N, 12.65; S, 5.70.

1-(7-methoxy-1,2,3,4-tetrahydroacridin-9-yl)-3-(4-(6-nitro-2-oxo-2H-chromen-
3-yl)thiazol-2-yl)jurea (SC12)

Yellow solid, 58% yield, mp. 243-245 °C; IR: 3369, 3145, 1738, 1703, 1617, 1558,
1348, 1247, 1094, 839, 749 cm'!; 'H NMR (400 MHz, Chloroform-d) 6 10.66 —
10.57 (m, 1H), 8.78 (s, 1H), 8.72 (s, 1H), 8.53 (d, J = 2.9 Hz, 1H), 8.30 (dd, J =
8.6, 2.5 Hz, 1H), 7.74 - 7.66 (m, 1H), 7.57 - 7.49 (m, 1H), 7.37 — 7.32 (m, 1H),
7.33 - 7.28 (m, 1H), 7.02 (dd, J = 8.3, 3.0 Hz, 1H), 3.80 (s, 3H), 3.13 - 3.02 (m,
2H), 2.83 — 2.70 (m, 2H), 1.93 - 1.80 (m, 4H); 13C NMR (75 MHz, DMSO-d¢) 6
21.97, 22.36, 25.18, 32.21, 55.67, 104.55, 114.73, 116.89, 116.97, 117.46,
118.74, 119.41, 119.64, 125.35, 125.42, 127.35, 142.36, 142.65, 143.09,
143.42, 145.48, 155.20, 156.24, 156.73, 157.33, 161.01, 163.77; ; LC-MS (m/z):
544.13 [MH"]; Anal. Calcd. for C, 59.66; H, 3.89; N, 12.88; O, 17.66; S, 5.90;
found: C, 59.55; H, 3.80; N, 12.73; S, 5.77.
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Anticholinesterase activity assays

Acetyl- (AChE) and butyryl-cholinesterase (BuChE) inhibitory activities of the
synthesized compounds were determined according to the literature method
[111]. In this study, IC50 was determined by constructing an absorbance and/or
inhibition (%) curve and examining the effect of different concentrations. IC50
values have been calculated for a given antagonist by determining the
concentration needed to inhibit half of the maximum biological response of the
agonist. The substrates of the reaction were acetylthiocholine iodide and
butyrylthiocholine iodide. 5,5'-dithio-bis(2-nitrobenzoic) acid (DTNB) was used to
measure the anticholinesterase activity. The solutions of the samples and
galantamine in n-propanol were prepared at a concentration of 4000 pg/mL.
Aliquots of 150 uL of 100 mM phosphate buffer (pH 8.0), 10 pL of sample solution
and 20 pL AChE (2.476x10-4 U/ul) (or 3.1813x10-4 U/puL BChE) solution were
mixed and incubated for 15 min at 25°C. 10 pL of DTNB solution was prepared by
adding 2.0 mL of pH 7.0 and 4.0 mL of pH 8.0 phosphate buffers to a mixture of
1.0 mL of 16 mg/mL DTNB and 7.5 mg/mL NaHCO3 in pH 7.0 phosphate
buffers. The reaction was initiated by adding 10 pL (7.1 mM) acetylthiocholine
iodide (or 0.79 mM butyrylthiocholine iodide).

In this method, the activity was measured by following the yellow color produced
as a result of the thio anion produced by reacting to the enzymatic hydrolysis of
the substrate with DTNB. Propyl alcohol was used as a solvent to control. The
hydrolysis of these substrates was monitored using a BioTek Power Wave XS at
412 nm. The results were calculated as IC50. Anticholinesterase activity assays
Acetyl- (AChE) and butyryl-cholinesterase (BuChE) inhibitory activities of the
synthesized compounds were determined according to the literature method [32].
IC50 of substance has been determined by constructing an absorbance and/or
inhibition (%) curve and examining the effect of different concentrations. IC50
values have been calculated for a given antagonist by determining the
concentration needed to inhibit half of the maximum biological response of the
agonist. The substrates of the reaction were acetylthiocholine iodide and
butyrylthiocholine iodide. 5,5'-dithio-bis(2-nitrobenzoic) acid (DTNB) was used to
measure the anticholinesterase activity. The solutions of the samples and
galantamine in n-propanol were prepared at a concentration of 4000 pg/mL.
Aliquots of 150 uL of 100 mM phosphate buffer (pH 8.0), 10 pL of sample solution
and 20 pL AChE (2.476x10-4 U/puL) (or 3.1813x10-4 U/uL BChE) solution were
mixed and incubated for 15 min at 25°C. 10 pL of DTNB solution was prepared by
adding 2.0 mL of pH 7.0 and 4.0 mL of pH 8.0 phosphate buffers to a mixture of
1.0 mL of 16 mg/mL DTNB and 7.5 mg/mL NaHCO3 in pH 7.0 phosphate
buffers. The reaction was initiated by adding 10 pL (7.1 mM) acetylthiocholine
iodide (or 0.79 mM butyrylthiocholine iodide). In this method, the activity was
measured by following the yellow color produced as a result of the thio anion
produced by reacting to the enzymatic hydrolysis of the substrate with DTNB.
Propyl alcohol was used as a solvent to control. The hydrolysis of these substrates
was monitored using a spectrophotometer at 412 nm. The results were calculated
as IC50.
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Results and Discussion
Chemistry

The synthetic procedures employed to obtain the target compounds SC(1-12) are
depicted in Scheme 1. Coumarin-3-aldehyde derivatives I-2(a-c) were synthesized
from substituted salicylaldehydes by Knoevenagel Condensation [85] &
brominated with molecular bromine in chloroform to get
3-(2-bromoacetyl)coumarin derivatives I-3(a-c) by replacement of hydrogens alpha
to the carbonyl group. 2-amino-4-(R1-coumarin-3-yljthiazoles [I-4(a-c)] were
obtained by the reactions of I-3(a-c) with thiourea. The condensation of I-3(a-c)
with an active thiourea compound under Hantzsch reactions followed by an
intramolecular heterocyclization, gave 2-amino-4-(coumarin-3-yl)thiazoles I-4(a-c).
Simultaneously substituted Tacrines were synthesized from different benzonitriles
by Friedldnder condensation using zinc chloride in a microwave and further
converted to isocyanates with the help of triphosgene. Finally, compounds I-4(a-c)
were reacted with various substituted Tacrine-isocyanates II-3(a-d) in THF to get
the product Tacrine-coumarin derivatives linked by thiazole and urea SC(1-12).

| . | S

8 §
o0 7 AL OO ; 0. .0 o ; 0.0
R 2 Bry S > H;N NH; d b
1.7 COMe Pipetidine 1 ] i 2 R4 3
1 7 “H < T L A —— R 3 L N
Ry— | + —_— 50% s NN 6
= COOMe  Stir, RT sy CHCI3, 50°C ¢ Br  EiOH, Reflus, Ihr 7 S,

] I™OH 122 RI=H 0 15 min 5

1
e Rl [Ba:RI=H O I4a: RI=H
R M ocn 1-2b: R1=8-0CH, 13b: R1= 8-OCH, 1-4b: R1- 8-0CHj
-1b: R1=3-OCH;y - =6- - h ¢ -
I-1¢: R1=5-NO, 2 1-3¢: R1- 6-NO, I-4e: R1= 6-NO,
A NH; ? % :I\]Hl ! Cl5C )OL 13 N‘): (1:10
N 4@ ? i ZnCly, MW 10 min. 150°C 1NN 2T Nt 17 2
2T 1 + Ry R
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O-la:R2=H 11-2a: R2= H 11-3a: R2= 1l
I-1b: R% 3,;7|(1|<,| 11-2b: R2= 6.8-diCl 11-3b: R2= 6,8-diCl
”'1' R i 3% . 11-2¢: R2= 6-Cl T1-3¢: R2=6-Cl
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5Cs £.0CH, H NI 9p=— 3
5C6 §-0CH,  68-diC! 3 §__ 4
SC7 §-0CH,  6.Cl 7
Sc8 §.0CH,  7-OCH, e N
8C9 ¢-NO, H R4
SC10 6-NO, 6,8-diCl
SC11 6-NO 6-Cl
5C12 6-NO,  7-0CH,

Figure 4. Synthetic scheme
Scheme 1. Synthesis of new Thiazolyl urea substituted Tacrine-coumarin analogs.

The new compounds were characterized by !H NMR, 13C NMR, IR, MS, and
elemental analysis. Infrared spectra of SC1 to SC12 show absorption between
3400 and 3350 cm-1 concerning N-H stretching, for urea derivatives, about 1610-
1540 cm! relating to C=N stretch for thiazole, absorptions in about 1710 to 1740
cm! from coumarin carbonyl moiety stretch and absorptions between 1660 and
1705 cm! from urea carbonyl moiety stretching, Coumaryl C-O-C stretching
shows absorption at about 1250 cm-1, while thiazole -S- shows stretching
vibration at about 1100 cm-1. From the 'H NMR spectra, a hydrogen attached to
the urea nitrogen shows two singlets between 8.72 and 10.75 ppm, indicating N-
H attached to thiazole shows a signal at more downfield than N-H nearby to
Tacrine. The signals for aromatic hydrogens were observed between 8.78 to 7.011
ppm, and the signal for aromatic proton at the thiazole ring was detected at 7.30
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ppm. The signals from the 13C NMR spectra can be seen at 160-163 ppm, relating
to coumarin carbonyl and thiazole ring is, followed by the sign of about 155 ppm
for urea carbonyl and about 175 ppm.

Biological activities

Inhibitory activities against AChE and BuChE, The inhibitory activities of the
synthesized compounds (SC1 to SC12) against AChE and BuChE, were performed
according to Ellman's method using galantamine as the reference compound
[111]. The IC50 values for AChE and BuChE inhibitions are summarized in Table
1. The results showed that synthesized compounds exhibited inhibitory activity
against ChEs. The IC50 values were 37.15 to 131.49 uM for AChE and between
5.89 and 89.60 puM for BuChE inhibitory activity. Among the synthesized
compounds, SC10 (IC50 = 5.89 uM) showed the highest inhibitory activity against
BuchE. Although the potency was less than those of tacrine (IC50 = 0.077 uM for
AchE & 0.023 uM for BuchE) and galantamine (IC50 = 0.042 uM for AchE & 3.97
uM for BuchE).

Table 1
In vitro inhibition IC50 of compounds SC1 to SC12 for AChE and BuChE
activities
IC50 + SD(uM) SI

COMPOUND | R1 R2 AChE BuChE
SC1 H H 74.20 £ 1.40 75.70 + 0.47 1.02
SC2 H 6,8-diCl 102.14 £ 0.14 85.90 + 2.52 0.84
SC3 H 6-Cl 39.15 £ 3.90 89.47 £5.13 2.29
SC4 H 7-OCHs 37.03 £0.75 31.52 £ 1.57 0.85
SC5 8-OCHs H 85.10 £ 0.7 78.62 + 4.84 0.92
SC6 8-OCHs 6,8-diCl 116.02 £ 0.8 64.31 + 1.04 0.55
SC7 8-OCHs 6-Cl 108.43 £ 1.10 71.63 £ 0.24 0.66
SC8 8-OCHs 7-OCH3; 84.78 £ 0.20 57.52 £ 0.28 0.68
SC9 6’-NO, H 103.78 £ 0.4 85.51 + 0.28 0.82
SC10 6’-NO, 6,8-diCl 131.49+£0.9 5.89 £ 0.49 0.04
SC11 6’-NO, 6-Cl 130.24 £ 0.2 80.32 + 0.67 0.62
SC12 6’-NO, 7-OCHs 39.70+£0.9 72.47 £ 0.87 1.83
TACRINE 0.077 £ 0.0034 0.023 + 0.0019
DONEPEZIL 0.042 £ 0.0012 3.97 £ 0.337

* IC50 values are expressed as the

three independent experiments.
* Selectivity index = IC50 (BuChE) / IC50 (AChE).

mean * standard deviation of the mean of
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Structure-activity relationships (SAR)

The following conclusions should be noted regarding the ChEs inhibitory data in
Table 1.

e The electron-donating group (methoxy) or electron-withdrawing group (nitro)
at the coumarin ring did not cause a regular change in the inhibitory activity.

e All compounds show good activity against BuchE than AchE.

e Amongst 7-methoxy Tacrines, non-substituted coumarin & 6-Nitro coumarin
derivative shows two times more potent activity than 8-Methoxy coumarin
derivative against AchE.

o All 7-Methoxy Tacrine derivatives show moderately good activity against
AchE and BuchE compared to other derivatives.

Conclusion

In conclusion, a series of 42 novel urea substituted coumarylthiazoles derivatives
(SC1-SC12) were synthesized and evaluated their effects on AChE and BuChE. In
addition, the structure-activity relationship was presented. All the synthesized
compounds inhibited the AChE and BuChE activities. Among them, SC4 was the
most active compound for AChE inhibitory activity, and SC10 exhibited the
strongest inhibition against BuChE with an IC50 value of 5.89 uM. The SAR study
revealed that the inhibitory activity of synthesized compounds could also be
influenced by the type and position of substituent on the Tacrine and coumarin
ring.
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