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Abstract

Coupling of two distinct pharmacophores, carbazné coumarin, endowed with
different biological properties, afforded four higbcompounds. The structures of the
carbazole-coumarin hybrids were characterized byIRFTNMR, HRMS and
single-crystal X-ray diffraction studies. All oféake compounds exhibited significant
acetylcholinesterase inhibitory activities. Among hem, compound
4-((5-(9H-carbazol-9-yl)pentyl)oxy)-2H-chromen-2eon 3d) exhibited the best
inhibition activity with 1Gso of 3.75uM for acetylcholinesteraseom electric eel and
70.51 uM for human recombinant acetylcholinesterase. Meggothe compound
7-(3-(9H-carbazol-9-yl propoxy)-4-methyl-2H-chrom2rone (3a ) had the best
antioxidant activity. The docking studies demortstlathat compoundd could
interact with both the catalytic active site ande tperipheral anionic site of
acetylcholinesterase.These attributes imply carbazole-coumarin hybrids a
multifunctional agents for the Alzheimer's diseasatment.
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1. Introduction

Alzheimer's disease (AD, MIM No. 104300) is an wegsible brain-producing
disorder and the most common type of dementia (B®)8L]. Although the exact
cause of AD remains unknown, several factors iroldlow levels of
neurotransmitter acetylcholine (ACh), the aggregatof f-amyloid (A5) peptide,
dyshomeostasis of biometals, hyperphosphorylatibian protein, and oxidative
stress, are suggested to play important roles enpdithogenesis of AD[2, 3].The
numerous results achieved for AD treatment, but ¢@es to clinic trials or offers
satisfied outcomes.

Cholinesterase inhibitors (ChEls) are the well-&ddcompounds for the
treatment of AD based on the cholinergic hypotheliese drug candidates are prior
options for patients with mild to moderate AD, andn alleviate symptom of
cognitive dysfunction[4, 5]. The main function oh@inesterases (ChE) including
acetylcholinesterase (AChE) and butyrylcholinesterdBuChE), is to hydrolyze
cholinergic neurotransmitters[6]. AChE can alsouicel A3 aggregation (another
marker of AD) through direct interaction of its PABth AS peptide. According to
X-ray structural analysis, there is a narrow anepdeanyon in the active site of AChE.
Two different binding sites are included: the cgialactive site (CAS) at the bottom
of the canyon and the peripheral anion binding @RAS) at the entrance to the
canyon[7]. Accordingly, AChE inhibitors can be aezed as single- and two-site
inhibitors[7, 8]. It is believed that AChE inhibi® interacting with both CAS and
PAS appear to be more beneficial for AD treatmer]8

Antioxidants have drawn much attention recenthAD treatment. Increases of
damaged macromolecules such as nucleic acids,igsptpids have been observed
in AD brains. These findings support reactive oxygpecies (ROS) plays a pivotal
role in the pathogenesis of AD[10]. Therefore, @xtiants should have great benefits
in the treatment of AD[11].

Due to the complex nature of AD, most of the siriglget directed drug
candidates failed to reach clinical trials. Thusiltirtarget-directed ligands (MTDLS)

are considered as an effective alternative fortthatment of AD[12, 13]. Various
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coumarin-based hybrids possessing diverse mediattrédutes were synthesized[14].
Studies have also shown that both naturally oaegrrand synthetic coumarin
analogues exhibit potent AChE, BUChE, dual AChE/BE@nd monoamine oxidase
(MAO) inhibitory activity[15-17]. More and more coarin core contained MTDLs
with AChE inhibitory activity have been designeddasynthesized [2, 18-22].
Carbazoles are naturally occurring phytochemiaalsany plants with a wide range
of biological activities. Some carbazole derivasiygossessed AD-related biological
activities[23]. It is reported that naturally ocdng carbazole derivatives have strong
antioxidant capacity and can directly scavenge R@IS[In addition, studies have
shown that carbazole derivatives can inhibjt &ggregation[25]. It is reported that
carbazole derivatives which could be regarded @&sDking opened analogs of
galantamine could inhibit ChE and protect neuromsnf the toxicity induced by
p-amyloid[26]. Many carbazole derivatives were desdy as MTDLs for the
treatment of AD[27-29]. In the present study, watkgsized and evaluated four
carbazole-coumarin hybrids as MTDLs for the treathnod AD.
2. Experimental
2.1. General instrumentations and materials

All synthetic reagents with AR grade were purchaBedh Aladdin Industrial
Corporation and were used as received. AChE #auiric eel (eeAChE) and human
recombinant AChE HAChE), BUuChE from equine serunegBuChE) and human
serum (BUChE) were purchased from Sigma-Aldrich. TLC wasf@rmed on the
glassbacked silica gel sheets (Silica Gel 60 GF2bd) visualized in UV light (254
nm). All the melting points were determined by Kaxhinelting point apparatus. The
NMR spectra were recorded in CRGolvent on a Bruker Avance 600 MHz
instrument. Infrared (IR) spectra were recordedacfhermo Scientific Nicolet iS10
spectrometer in KBr. High resolution mass specH&NIS) were recorded using
HPLC 1260-6230 TOF MASS. The X-ray single crystaffraction data were
recorded on a Bruker SMART APEX-II CCD diffractoraet
2.2. General procedure for the synthesis of compounds 3a — 3d

The synthetic routes to final compours— 3d were depicted irschemes 1A
3



mixture of carbazole (1.79 mmol),a,w- dibromoalkane (7.2 mmol),
tetrabutylammonium bromide (TBAB) (1.79 mmol) wexambined in benzene (4 mL)
and NaOH solution (0.5 M, 4 mL). The reaction mietuvas stirred at 55 for 6 h.
After cooling, ethyl acetate (20 mL) was added he solution, then the solution
washed with saturated sodium chloride (20 mL) sotutthree times. The ethyl
acetate phase was dried over anhydrous sodiuntesalfial evaporated under reduced
pressure to yield the crude product that was @ariBy column chromatography using
petroleum ether and ethyl acetate (4:1) as an etoaybtain2a and2b. A mixture of
2a or 2 (1.2 mmol), KCO; (0.6 mmol), coumarin (3.6 mmol) were combined in
DMF (4 mL). The mixture was stirred at 55for 3 h and ethyl acetate (20 mL) was
added to the solution, then the solution washeH gaturated sodium chloride (20 mL)
solution three times. The ethyl acetate phase wed dver anhydrous sodium sulfate
and evaporated under reduced pressure to yielcrtite product that was purified by

column chromatography using petroleum ether and ettetate (2:1) as an eluent to
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Schemes 1 Synthesis of final compound3a — 3d. Reagents and conditions: (a)
a ,w- dibromoalkane,TBAB, NaOH, benzene, 55 , 6h; (lgpumarin, anhydrous
K,CQO;s, DMF, 55C, 3h.



2.2.1. 9-(3-bromopropyl)-9H-carbazole (2a)

White solid; yield 56%; mp 4642 [1; IR (KBr): 3425, 3046, 2963, 2359, 2358,
2339, 1928, 1891, 1769, 1626 ¢mH NMR (500 MHz, Chlorofornd) & 8.10 (d,J =
7.8 Hz, 2H), 7.51 — 7.44 (m, 4H), 7.25 — 7.21 (iH),2.49 (t,J = 6.5 Hz, 2H), 3.37 (t,
J=6.2 Hz, 2H), 2.42 (p] = 6.4 Hz, 2H)*C NMR (126 MHz, Chlorofornd) & 140.3,
125.8, 122.9, 120.4, 119.1, 108.6, 40.9, 31.9,.30.9
2.2.2. 9-(5-bromopentyl)-9H-carbazole (2b)

White solid; yield 60%; mp 53 55 [1; IR (KBr): 3440, 3047, 2924, 2859, 2359,
2340, 1936, 1898, 1782, 1625 ¢mH NMR (500 MHz, Chlorofornd) & 8.09 (d,J =
7.7 Hz, 2H), 7.45 () = 7.6 Hz, 2H), 7.37 (d] = 8.2 Hz, 2H), 7.22 ({] = 7.4 Hz, 2H),
4.28 (t,J = 7.2 Hz, 2H), 3.32 (1) = 6.7 Hz, 2H), 1.85 (dpl = 14.3, 7.1 Hz, 4H), 1.53
— 1.46 (m, 2H)**C NMR (126 MHz, Chlorofornd) & 140.3, 125.7, 122.8, 120.4,
118.8, 108.6, 42.8, 33.3, 32.5, 28.2, 25.9.

2.2.3. 7-(3-(9H-carbazol-9-yl propoxy)-4-methyl-2H-chromen-2-one (3a)

White powder; yield 64%; mp 197199 [1; IR (KBr): 3059, 2931, 2877, 2360,
2341, 1706, 1610 ch'H NMR (600 MHz, Chlorofornd) 6 8.10 (d,J = 7.8 Hz, 2H),
7.48 (d,J = 8.9 Hz, 1H), 7.42 — 7.37 (m, 4H), 7.22 (ddds 7.9, 6.0, 2.1 Hz, 2H),
6.83 (dd,J = 8.8, 2.4 Hz, 1H), 6.74 (d,= 2.4 Hz, 1H), 6.16 — 6.12 (d,= 1.1 Hz,
1H), 4.57 (t,J = 6.5 Hz, 2H), 3.93 (i) = 5.6 Hz, 2H), 2.40 (m, 5H}*C NMR (151
MHz, Chloroformd) 6 161.6, 161.3, 155.2, 152.5, 140.4, 125.8, 1228,9, 120.4,
119.1, 113.8, 112.3, 112.1, 108.4, 101.6, 65.12,388.5, 18.7. HRMS: (ESI, m/z):
[M+Na]" calcd for GsH2:NO3 406.1414, found 406.1429.

2.2.4. 7-(5-(9H-car bazol-9-yl)butoxy)-4-methyl - 2H-chromen-2-one (3b)

White solid; yield 61%; mp 156 152 []; IR (KBr): 3094, 2942, 2867, 2358,
2337, 1704, 1608 c*H NMR (600 MHz, Chlorofornd) § 8.10 (d,J = 7.7 Hz, 2H),
7.48 — 7.43 (m, 3H), 7.41 (d,= 8.2 Hz, 2H), 7.23 (dddl = 7.9, 7.0, 0.9 Hz, 2H),
6.77 (dd,J = 8.8, 2.5 Hz, 1H), 6.74 (d,= 2.5 Hz, 1H), 6.12 — 6.11 (d,= 1.2 Hz,
1H), 4.34 (tJ = 7.1 Hz, 2H), 3.94 (1) = 6.3 Hz, 2H), 2.37 (d] = 1.2 Hz, 3H), 1.98 —
1.93 (m, 2H), 1.85 — 1.81 (m, 2H), 1.56 (m, 2£0.NMR (151 MHz, Chlorofornd)

0 161.9, 161.3, 155.1, 152.5, 140.3, 125.6, 12%22,8] 120.3, 118.7, 113.4, 112.4,
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111.8, 108.5, 101.3, 68.1, 42.8, 28.8, 28.7, 28376. HRMS: (ESI, m/z): [M+N§]
calcd for G7H25NO3 434.1727, found 434.1741.
2.2.5. 4-(3-(9H-carbazol-9-yl)propoxy)-2H-chromen-2-one (3¢)

White solid; yield 52%; mp 206 202 [1; IR (KBr): 3068, 2933, 2882, 2360,
2337, 1705, 1626 cth *H NMR (600 MHz, CDC}) § 8.08 (d,J = 7.7 Hz, 2H), 7.77
(dd,J = 7.9, 1.6 Hz, 1H), 7.58 (ddd,= 8.6, 7.2, 1.6 Hz, 1H), 7.42 — 7.28 (m, 6H),
7.22 (dddJ = 7.9, 6.6, 1.5 Hz, 2H), 5.46 (s, 1H), 4.59)(t 6.5 Hz, 2H), 4.02 (§ =
5.7 Hz, 2H), 2.49 (pJ = 6.1 Hz, 2H)C NMR (151 MHz, Chlorofornd) § 165.1,
162.7, 153.3, 140.2, 132.5, 125.9, 124.0, 123.@.712120.6, 119.3, 116.9, 115.5,
108.2, 90.8, 66.3, 39.3, 28.0. HRMS: (ESI, m/z):+[N&]" calcd for G4H19NO3
392.1257, found 392.1262.

2.2.6. 4-((5-(9H-car bazol -9-yl)pentyl )oxy)-2H-chromen-2-one (3d )

White solid; yield 61%; mp 146 142 []; IR (KBr): 3061, 2946, 2923, 2859,
2358, 2339, 1716, 1620 ¢h'H NMR (600 MHz, CDCY) 6 8.01 (ddJ = 7.7, 1.0 Hz,
2H), 7.54 (dd,) = 7.9, 1.6 Hz, 1H), 7.47 — 7.43 (m, 1H), 7.37 (t&;, 7.6, 7.1, 1.2 Hz,
2H), 7.32 (dJ = 8.1 Hz, 2H), 7.21 (d] = 8.6 Hz, 1H), 7.16 — 7.12 (m, 3H), 5.49 (s,
1H), 4.28 (tJ = 6.9 Hz, 2H), 3.94 (td] = 6.2, 2.4 Hz, 2H), 1.95 — 1.89 (m, 2H), 1.82
— 1.78 (m, 2H), 1.51 — 1.46 (m, 2K5C NMR (151 MHz, Chlorofornd) § 164.4,
161.9, 152.2, 139.2, 131.2, 124.6, 122.8, 121.9,311117.8, 115.6, 114.5, 107.4, 89.3,
67.8, 41.6, 27.6, 27.2, 22.6. HRMS: (ESI, m/z): &t calcd for GeH2sNOs
420.1570, found 420.1584.

2.3. Sngle crystal XRD studies

Crystals of compoun8d was grown by slow evaporation of methanol at room
temperature. Diffraction intensities for the compds were collected at 296(2) K
using a Bruker SMART APEX-Il CCD area-detector withoKa radiation § =
0.71073 A). The collected data were reduced with S8AINT prograri®, and
multi-scan absorption corrections were performeidgithe SADABS program[31].
Structures were solved by direct methods. The comg® were refined against by
full-matrix least-squares methods using the SHELXpackage[32]. All of the

non-hydrogen atoms were refined anisotropicallyditdgen atoms were placed in
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calculated positions and constrained to ride onr tparent atoms. The Mercury
programs[33] were used to describe the moleculactsires.
2.4. Hirshfeld surfaces analysis

Analysis of Hirshfeld surfaces and their associated dimensional fingerprint
plots of compoun®d were calculated by using CrystalExplorerl17[34]e Hirshfeld
surfaces are mapped with different propertigsmd shape index, curvedness. The
dnorm IS Normalized contact distance, defined in terfrd, ok and the vdW radii of the
atoms. The combination of,énd d in the form of a 2D fingerprint plot displays
summary of intermolecular contacts in the crystal.
2.5. Invitro ChE activity assay

The ChE inhibitory activities of test compoun8s — 3dwere measured using
Ellman’s colorimetric method with a slight modiftean[35]. The Ellman's assays
were performed in 96 well microplate usisgAChE, hAChE, egBuChE, hBuChE.
An AChE and BuChE was dissolved in 0.1 M phosplatitered saline (PBS, pH 8.0)
to obtain a solution of 0.35 U/mL. The compoundsemdissolved in methanol and
diluted with the 0.1 M phosphate-buffered salineBSP pH 8.0) to vyield
corresponding test concentrations (methanol lems H96). In assays, 200 of AChE
or BUChE were incubated with 1A of tested compounds and 13D of 0.1 M PBS
(pH 8.0) for 10 min in 96-well microplates beforddéion of 20uL of 3.33 mM
DTNB solution and 2@L of 5.30 mM ATCI (or BTCI) solution. After the adobn of
DTNB and ATCI (or BTCI), the 96-well microplates meread at 412 nm with a
microplate reader (SPECTRAFLUOR, TECAN, Sunrisesta) for 15 min One
triplicate sample without inhibitors was always s@et to yield 100% of AChE or
BuChE activity. The reaction rates were comparedl the percent inhibition due to
the presence of tested compounds was calculatedindawas used as a positive
control. All samples were assayed in triplicate.
2.6. Molecular Modeling Evaluations

The pdb structure of AChE (PDB ID: 2CMF) was ob&ginfrom the RCSB
Protein Data Bank (www.rcsb.org/pdb). Docking siatigins were performed on the

compound3a - 3d with Molecular Operating Environment (MOE)[36] ngi the
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CHARMmM force field. Enzyme structure of 2CMF wasecked for missing atoms,
bonds and contacts. Hydrogens and partial charges added using the protonate 3D
application in MOE. The compourgh - 3d was drawn in MOE then protonated using
the protonate 3D protocol and energy was minimizgdg the MMFF94xforce field
in MOE. After the enzyme and the ligand were reddy the docking study,
compound3a - 3d was docked into the active site of the proteintliy “Triangle
Matcher” method. The Dock scoring in MOE softwaraswdone using ASE scoring
function and forcefield was selected as the refier@nmethod. The best 10 poses of
molecules were retained and scored. After dockimggeometry of resulting complex
was studied using the MOE's pose viewer utility.
2.7. Antioxidant activity assay

The antioxidant potency was evaluated by the oxygadical absorbance
capacity-fluorescein (ORAC-FL) assay[37]. Fluoresce  (FL),
6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxydicid (Trolox) and 2,2Azobis
(amidinopropane) dihydrochloride (AAPH) was purathdrom Aladdin Industrial
Corporation. All the assays were performed withht@ phosphate buffer (pH = 7.40),
and the final reaction mixture was 20D. FL (120xL, 150 nM final concentration)
and antioxidant (2@L) were added in the wells of a black 96-well plaging Trolox
as a standard (1@, final concentration). The plate was incubated 20 min at
37 °C and AAPH solution (6@L, 12 mM final concentration) was added rapidly.
Then the plate was placed in a microplate read®@E(SRAFLUOR, TECAN,
Sunrise, Austria) and the fluorescence recordedyewanute for 90 min with
excitation at 485 nm and emission at 535 nm. Tlaeplvas automatically shaken
prior to each reading. A blank (FL + AAPH) usingogbhate buffer instead of
antioxidant and Trolox calibration were carried aueach assay. The samples were
measured at different concentrations (1-4M). All the reaction mixture was
prepared in duplicate, and at least three indeperatsays were performed for each
sample. Antioxidant curves (fluorescence versu}imere normalized to the curve
of the blank in the same assay, and then the aréer uhe fluorescence decay curve

(AUC) was calculated. The net AUC of a sample whtioed by subtracting the
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AUC of the blank. ORAC-FL values were expressedrasox equivalents by using
the standard curve calculated for each sample,eMiier ORAC-FL value of Trolox
was taken as 1, indicating the antioxidant potesfdhe tested compounds.

3. Result and discussion

3.1. Spectral characterization

The route for the synthesis of the desired compswBadd is illustrated in
Scheme 1 Carbazole dimers in the first steps of the syith&ere observed. To
increase the yields of the compougd and 2b and decrease the yields of dimers
excessiven,o- dibromoalkanes were used. The vyields of the camg@a and 2b
were 56% and 60% respectively. All crude proddaS8d were purified by silica gel
column chromatography. Purity of the obtained coomais was checked by the TLC.
The compounds were characterized by FT-IR, NMR, HRtdchniques and X-ray
crystallography. All the result substantiates ttheciures proposed.

The FT-IR spectrum of the prepared compounds avevesth by a strong broad
absorption at the range of 1608-1626"cmhich can be assigned to the(C=0)
stretches. The absorption bands falling in the eamf 2859-2946 cth are
corresponding to the (C-H) of the alkane chain for compoungis 3b, 3c and3d.
The mode of (C-H) appears at the range of 3059-3094 smggests the presence of
the aromatic benzene rings of the three compound$ie 'H NMR spectrum of the
prepared compounds, displayed the proton of thernacring of the coumarin ring at
6.14 ppm, 6.12 ppm, 5.46 ppm and 5.49 ppm resmdgtior compound3a, 3b, 3c
and3d, and that protors coupled with a methyl group on the lactone ramgl split
into a doublet respectively for compouBaand3b. And for3c and3d, that proton is
a single peak. The appeared signals of all theopsobf the compound8a-3d were
found as to be in their expected region. In tf@ NMR spectra the characteristic
phenyl signals are observed at 107.4 ppm to 1651 for compound8a, 3b, 3cand
3d. The signals of the carbonyl are found at 161.61,pp61.9 ppm, 165.1ppm and
164.4 ppm for compoundga, 3b, 3c and3d respectively. The carbons of alkyl chains
are observed at 18.6 ppm to 68.1 ppm for the foomgounds. The HRMS spectrum

of compound3a-3d show [M+H] peak at m/z : 384.1593, 412.1902, 370.1439 and
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398.1755 corresponding t04E1,1NOs [M+H] ™, CyH2sNOs [M+H] ™, CyyH19NOs
[M+H] ™ and GgH23NOs [M+H] " for compound3a, 3b, 3c and3d respectively.
3.2. Crystal structure of the compound 3d

The structure of compoundsl was demonstrated by X-ray diffraction analysis.
The crystal data was presentediable 1, Figure 1 andFigure 2 has been deposited
at the Cambridge Crystallographic Data Centre gglsmentary publication no.
CCDC 1961036. The compourtl had the crystal system of monoclinic and the
space group oP2,/c. The selected bond lengths and angles of thepoand were
listed inTable 2 The bond lengths of O(3)-C(3) and O(3)-C(10) we@413(19) A
and 1.4373(19) A respectively. The bond length (F)NC(14) for compoun@d was
1.457(2) A. The packing diagram of the compowBulviewed along the axis is
showed inFigure 2. The crystal packing diagrams of the compound €tbiat there
is no hydrogen bond for the compound.

Table 1 Crystallographic data for the compousdl

Compound 3d

Formula GeH23NOs

FW 397.45

Crystal shape/colour plate/colourless
Crystal size (mm) 0.24x0.22x 0.12
T (K) 296(2)

2 (MoKa) (A) 0.71073

Crystal system monoclinic
Space group R

a (R 9.174(3)

b (A) 23.827(7)

c(A) 9.558(3)

a () 90

B©) 101.444(5)

y(©) 90

10



V (A3 2047.8(11)
Z 4

1 (MoKa) (mm™) 0.084

Trin 0.9521
Tmax 0.9622

Dc (g cni) 1.289
Measured reflections 12325

Unique reflections anBin

4661 and 0.0417

Observed reflections 1740
data/restraints/parameters 4661/0/271
Goodness of fit o 0.966

R [I = 20(1)] 0.0462

WR; [I = 20(1)] 0.0983

R (all data) 0.1037

wR; (all data) 0.1195

Large diff. peak and hole (€A 0.13/-0.18

Figure 1. ORTEP of the compoun®@d with thermal ellipsoids drawn at 50%
probability.
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Figure 2. Packing diagrams of the compoudiviewed along the axis.

Table 2. Selected bond lengths (A) and angfRddr the compoun@d.

Bond lengths

O(1)-C(1) 1.380(2) O(3%5(10) 1.4373(19)
O(1)-C(5) 1.374(2) N(1E(14) 1.457(2)
0(2)C(1) 1.207(2) N(1)E(15) 1.389(2)
O(3)C(3) 1.3413(19) N(1)E(26) 1.382(2)
Bond angles

C(1)-0O(1)C(5) 121.47(14) C(2)-C(31(3) 125.74(16)
0(1)-C(1)0(2) 116.26(18) C(14)-N(1(15) 125.64(15)
C(2)-C(1)-0(2) 126.1(2) C(14)-N(1(26) 125.81(15)
C(3)-0(3)C(10) 117.08(13) C(15)-N(15(26) 108.42(14)

3.3. Hirshfeld surface analysis

Hirshfeld surfaces and finger print plots were gatexl for the compoun8d to
understand the different intermolecular interaci@nd packing modes. Theq@
mapped on Hirshfeld surface and selected 2D fipget plots of different interaction
of the compound are shown kigure 3 andFigure 4. For the compoun8d, the red
regions mainly indicate C---H and O---H interastidrhe @orm map of compound

shows four pairs of adjacent deep-red regions whemonstrate the C-H---O and
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C-H---C intermolecular interactions forming cormsging crystal packing pattern.
One pairs of the deep-red regions demonstrate tthags C-H---O intermolecular
interactions between the carbonyl of the coumaarn and the carbazole part of
another molecule. One pairs of the deep-red regiensonstrate the strong C-H---O
intermolecular interactions between the carbonyltled coumarin part and the
coumarin part of another molecule. The other twaspaf the deep-red regions
demonstrate the C-H---C intermolecular interactiohthe carbazole part with the
carbazole part and the linker respectively.

The 2D fingerprint plots of the main intermolecutamtacts for compoun8d
are showed irFigure 4. H---H intermolecular contact with contribution4d.7% of
the overall contacts for the compound is the megotributor to the Hirshfeld surface.
The C---H intermolecular contact being one of theng contacts with contribution
of 32.0% due to the presence of C-H---C intermtdednteractions. The O---H
intermolecular contact is another strong contaat éompound 3d with the
contribution of 15.0% due to the presence of C-®-intermolecular interactions.
Besides the contacts mentioned above, the presdri¢e -C, N---H, C---O and other

interactions are summarizedinable 3.

Figure 3 Hirshfeld surface mapped with«h, for the compoun@d.
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Figure 4. The 2D fingerprint plots of the compourgts
Table 3.
The percentages of the various interactions cauttohs to the total Hirshfeld surface

area of the compourt.

Interactions Percentage (%)
H"H 47.7
32.0
O"H 15.0
N-H 0.9
cC 3.2
Cc 0 0.8
CN 0.0
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O"N 0.0
(O O) 0.5
NN 0.0

3.4 Invitro inhibition of ChEs

The inhibitory activities against ChEs were detemdi according to Ellman's
method using tacrine as reference compounds[35.ofitained 16, values (inuM)
were presented iflable 4. Four of the compounds showed A ChE-inhibition
activities and could inhibit theeAChE dose dependentl¥igure 5). Compound3d
with ICso of 3.75uM showed the best activity againsgAChE. While thehAChE
inhibitory activities of the four compounds wereake Only compoundb and 3d
could inhibitedhAChE more than 30% at the concentration of&0with the 1G of
76.63 uM and 70.51uM respectively Figure 6). Compound3d showed potent
eeAChE inhibitory activity which was 18.8-fold moréfieient for inhibition of
hAChE. It is reported that most ChEls exhibit thkilnitory activity forhChEs in the
same range as that for animal ChEs. While the itdmp activities onhChEs and
animal ChEs of some compounds are very differedi2,38]. None of the four could
inhibit egBuChE or hBuChE more than 30% at the concentration of:/®0 So,
compound 3b and 3d showed high selectivity for AChE over BuChE. These
compounds would result in lesser degree of assmtitle effects and might be more
beneficial for AD treatment because that BuChE wwaainly localized in the
peripheral tissues and very small amount was ptésehe brain region[39]. It can be
seen that the inhibitory activities of the carbazcbumarin hybrids on AChE is
related to both the type of coumarin substituentsthe length of the alkyl chain. It is
reported that the linker length of hybrids conndctee CAS and PAS binding
moieties is critical for ChE inhibition[18, 40]. bhis study, the inhibitory activities of
the hybrids on AChE generally increases as thd alkgin becomes longer. When the
alkyl chain length is 5, the compoundb @nd3d) possessed better AChE inhibitory
activities than that of compounds with alkyl chlngth of 3 Baand3c). The AChE
inhibitory activities of hybrids with 4-hydroxycoiarin substituted product are better

than that of 4-methylumbelliferone substitutionislalso reported that the compounds
15



with phenylpiperazine substitutions on the posgidrof coumarin ring are better than

that of the 6-substituted coumarins[41].
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Figure 5. Dose-dependent inhibition &a (A), 3b (B), 3c (C) and 3d (Drgainst
eeAChE. Values are means + SD, n=5.
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Figure 6. Dose-dependent inhibition 8b (A) and3d (B) againsthAChE. Values are

means = SD, n=5.

Table 4. ChEs inhibitory activities and ORAC of target qoounds.

ICs0(uM)?
Compd. n ORAC’
eeAChE egBuChE hAChE hBuChE
3a 3 32.31+3.18 N/A® N/A N/A 0.96+0.018
3b 5 4.37£0.02 N/A 76.63+7.5IN/A 0.86+0.008
3c 3 5.36£0.61 N/A N/A N/A 0.86+0.001
3d 5 3.75£0.12 N/A 70.51+4.66N/A 0.81+0.003
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Tacrine - 0.18+0.01 N/A 0.23+0.07  0.04+0.002

Trolox - - - - - 1

#The 50% inhibitory concentration (means + SD oé¢hexperiments) of ChE.
® The compound could not inhibit the ChE more th@#i3at the concentration of 50
UM.
° Results are expresseda8 of Trolox equivaleniM of tested compounds.
3.5 Antioxidant activity

The antioxidant activities of all synthesized targempounds were determined
by following the well-established ORAC-FL methodxygen radical absorbance
capacity by fluorescein) [37] and the results wsdtewn inTable 4. Trolox, a vitamin
E analogue, was used as the standard, and thdsreseile expressed as Trolox
equivalents. As expected, there were no oxygerca&ttiapping groups in all of the
compound structures, and the tested compoundsadidxmibit favorable antioxidant
capacity.
3.6 Molecular modeling study

To understand the binding mode of the hybr8ds- 3d with the AChE, the
compounds were docked with AChE (PDB code:2CMFhwWOE program. The
molecule docking of the compoud - 3d with AChE showed that the compou8d
and 3d could interact with the CAS and the PAS of AChEtlaat of bis-tacrine
(Figure 7B and 7D) with docking score of —34.80, and —34.65 kcal/mespectively.
While, compound3a and 3c only interacted with the CAS of the enzyme with
docking scores of —27.20 and —32.76 kcal/mol retypelg (Figure 7A and 70). The
docking results are along with thevitro AChEs-inhibition activities of the hybrids.
It can be seen from the docking results that thgtle of the alkyl chain effected the
activities of the hybrids. When the alkyl chaindémis 5, the hybrids3p and 3d)
could interact with both the CAS and the PAS of AChnd possessed potent
AChE-inhibition activities. When the alkyl chaimigth is 3, the hybrids3é and3c)
only interacted with the CAS of AChE and showed kvA&hE inhibitory activities.
When compoundd which possessed the best AChE inhibitory activigsvdocked

with AChE, the compound could interact with botle t6AS and the PAS of the
17



enzyme like the bis-tacrine AChEiQure 8, bis-tacrine was showed in green color).
The carbazole part and coumarin part of the hybboml with CAS and PAS,
respectively. The carbazole moiety was located éetwl'RP84 and PHE330 in the
PAS of the enzymeia the arene-arene interaction. The coumarin moietydcbind

to the PAS between TRP279 and Tyr70 as reportedqusy[7, 42]. The carbonyl of
the coumarin part could interact with TYRY{@& the hydrogen bonds. The benzene
ring of the coumarin part could interact with TRB2fa arene-arene interactions. It
is reported that the AChEI that interacted with Péeh interfere A& aggregation.
Therefore, the hybri@a-3b should be able to enhance cholinergic tone by rieduc

the hydrolytic activity of AChE and decreasing teposition of 4 fibrils[28].

18



19



Figure 7. The AChE interaction map displaying the binding @nteractions of
compound of3a (A), 3b (B), 3c (C) and 3dD) with AChE (PDB ID 2CMF).

Figure 8. Close-up depiction of the docking pose of compbBd showing
different types of ligand-enzyme interactions ie thinding site of 2CMF (Bis-tacrine
was showed in green color).
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4. Conclusion

Four carbazole-coumarin hybrids were synthesizetl simple ways and high
yields. The structures of the four compounds westerthined by IR, NMR, HRMS
and X-ray Crystallography. The ChE inhibitory attes and antioxidant activities of
the carbazole-coumarin hybrids were evaluateditro. The compoundd, which
possessed the best AChE-inhibition activity, cdotéract with both the CAS and the
PAS of AChE, and shown antioxidant capacity. Tlumpound could be a promising
lead candidate for the treatment of AD.
Supporting Information Summary

The Supporting Information contains the spectréh dlar compounds.
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