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A B S T R A C T

Based on structure analyses of butyrylcholinesterase (BChE), a series of 21 acridone glycosides were designed,
synthesized and evaluated in vitro for their BChE and acetylcholinesterase (AChE) inhibitory activities. D-ribose
derivative 6f exhibited the greatest inhibitory activity on BChE (IC50 = 6.95 μM), and was the most selective
inhibitor of BChE with the IC50 ratio of AChE/BChE was 20.59. D-glucose and D-galactose derivatives 6a and 6b
showed inhibitory activities against both AChE and BChE. Moreover, compounds 6a, 6b, 6f and 5t were found
nontoxic on SHSY5Y neuroblastoma and HepG2 cell and exhibited remarkable neuroprotective activity. Besides,
compound 6f showed mixed-type inhibition against BChE (Ki = 1.76 μM), which renders 6f a potential agent for
the treatment of Alzheimer's disease. These novel acridone hybrids might be used as efficient probes to reveal the
relationship between ligands and BChE and pave the way for developing selective BChE inhibitors to further
study the pathogenesis of alzheimer's disease.

1. Introduction

Alzheimer's disease (AD) [1,2], an age-related progressive neuro-
degenerative disease, is the main cause of dementia in elderly people
affecting cognitive characteristics including intelligence, memory and
language. According to the World Alzheimer Report 2018 [3], if an
efficient treatment isn't developed by 2050, the number of patients with
AD will rise to 152 million. The impact of this disease on the patients
and their families is tremendous. Over the last hundred years, the pa-
thogenesis of AD has not been fully studied. The hallmarks of histo-
pathology such as amyloid β (Aβ) aggregates formation, tau-protein
aggregation, increased oxidative stress, and low levels of the acet-
ylcholine (ACh) [4,5] have been considered the key pathological fea-
tures of AD. Based on the cholinergic hypothesis, low levels of ACh
[6–8] is a key pathological hallmark of Alzheimer's disease. Currently,
the main therapy of AD is the enhancement of the concentration of ACh
in the synaptic cleft by inhibiting cholinesterase (ChE) [9], such as
AChE inhibitors donepezil [10,11], galantamine [12] and the dual
cholinesterase inhibitor rivastigmine [13]. However, recent research

discovered that the levels of AChE is dramatically low in advanced AD,
and the levels of BChE still very high. It suggested that ACh hydrolysis
may occur by BChE catalysis [14–16] to a large extent. The influence of
BChE in brain [17] on the symptoms and progression of cognitive im-
pairments facilitated a better understanding of the role of BChE on AD
progression and promoted BChE as an effective therapeutic strategy for
Alzheimer disease. Therefore, it is of crucial importance to develop
selective and effective BChE inhibitors. Although there are a series of
scaffolds with selectively BChE inhibition [18–20], finding new BChE
inhibitors remains a difficult and worthy task.

Tetrahydroacridine derivatives tacrine was the first drug for the
treatment of AD approved by FDA. But due to its hepatotoxicity, it has
been withdrawn from the market. Since then, researchers want to de-
velop novel acridine based agents to reduce the side effects [21–23].
The naturally occurring acridone with a planar structure can be con-
sidered as 10-aza-analogs of anthrones [24] or xanthones [25]. A wide
range of acridone-based derivatives have been discovered and shown
various valuable biological properties including anti-cancer [26–28],
anti-malarial [29,30], anti-microbial antibacterial [31,32], anti-viral
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[33,34] and modulation of multi-drug resistance [35–37].
Recently, naturally occurring acridone alkaloids [32] and synthetic

acridone derivatives [38–40] have been found as selective cholines-
terase inhibitors which makes promising the use of the acridone scaf-
fold to obtain drugs for the therapy of neurodegenerative diseases. For
examples, T. Akbarzadeh and coworkers synthesized a series of acri-
done linked to 1,2,3-triazole derivatives and some of the synthesized
derivatives showed powerful activities in anti-AChE [39]. In addition,
acridone-1,2,4-oxadiazole-1,2,3-triazole hybrids were synthesized and
showed good acetylcholinesterase inhibitory activity
(IC50 = 11.55 μM) [40].

On the other hand, carbohydrates were one of the most abundant
natural compounds and key participants in many biological processes
[41–43]. There have been many reports about compounds containing
carbohydrate scaffolds possessed potent anticholinesterase activity.
Flavanonol glucosides, isolated from the aerial parts of Agrimonia pilosa
Ledeb., had moderate acetylcholinesterase inhibitory effects with IC50
values ranging from 76.59 to 97.53 μM [44]. Then Mughal and cow-
orkers [45] synthesized a series of varyingly substituted 3-O-flavonol
glucosides and some of the derivatives were potent inhibitors of acet-
ylcholinesterase and butyrylcholinesterase with varying degree of IC50
values. However, there is poor selectivity for the two cholinesterases.
Tacrine linked to carbohydrate-based moieties were synthesized by L.
E. Dardenne and coworkers [46]. All compounds were potent inhibitors
of both acetylcholinesterase and butyrylcholinesterase. Oxo-/thioxo-
pyrimidines and tetrazoles linked to furanoses or pyranose [47] dis-
played acetylcholinesterase inhibition ranged from 20% to 80% for the
concentration of 100 μg/mL.

Many BChE inhibitors by linking two aryl or other bicycle or tricycle
groups with different length linker had been reported [48–50]. Struc-
ture analyses of BChE indicated that besides aryl residues TRP-82, PHE-
329, TYR-332, HIS-438 in the bottom of the active site cavity, there are
polar residues ASN-68, GLN-71, GLN-119, THR-120, GLU-197, SER-
198, GLU-276, THR-284, SER-287, ASN-289 in middle or upper of the
active site cavity (Fig. S1). In consideration of the potential of reported
acridone-based molecules in the search of new cholinesterase inhibitors
[42,43], we designed new BChE inhibitors by introducing polar phar-
macophores, such as pyranose or furanose with different length linkers
onto aryl pharmacophore acridone. The polar pharmacophores are ex-
pected to form hydrogen bond interaction with polar residues in the
upper of the active site cavity, to strengthen their BChE affinity [51].

These newly designed compounds connected acridone nucleus with
sugar derivatives such as D-glucose, D-mannose, D-galactose, N-acetyl-D-
glucosamine, D-ribose, 2-Deoxy-d-ribose and lactose via 1,2,3-triazole
(Fig. 1). Until now, selective AChE inhibitors or difunctional inhibitors
have been widely reported, selective BChE inhibitors have been rela-
tively few targeted. Our interesting is to develop selective BChE in-
hibitors combining the advantages of carbohydrates, by exploring the
effects of the lengths of the linker and the types of sugar on the activ-
ities of cholinesterases to provide candidate molecules for studying the

pathogenesis of alzheimer's disease. The inhibitory activities were de-
termined by Ellman's assays using AChE and BChE, aiming to find ef-
ficient and selective BChE inhibitors. Besides, a preliminary screening
of the acute cytotoxicity and neuroprotective effect of these compounds
completed the biological studies.

2. Results and discussion

2.1. Computational modeling

To predict their BChE binding affinity, molecular docking was car-
ried out with Surflex-Dock in SYBYL-X software (Tripos Inc., St. Louis,
MO, USA). The docking results indicated that TotalScore of the newly
designed BChE inhibitors is higher than or near to rivastigmine, which
means they might have stronger BChE affinity. And 6a, 6b, 6f, 6g, 6k,
6r, 5s and 5t are predicted binding with BChE stronger than other in-
hibitors (Table S1). Detailed structure analyses and hydrogen bond
interactions of these newly designed inhibitors were showed in Fig. 2.

Structure analyses indicated that the newly designed molecules
occupied the active site of BChE by forming π … π interaction with
TRP-82 or TYR-332, and the H-bond interaction between ASN-68, SER-
287, GLU-276, ASN-289, GLN-119, ALA-277, ALA-199, GLY-116, GLY-
117 or SER-198, and the sugar part of newly designed molecules
strengthened their binding interaction. To verify the prediction, we
synthesized these newly designed BChE inhibitors and evaluated their
bioactivity.

2.2. Chemistry

The synthetic route for the synthesis of acridone derivative pre-
cursors is depicted in Scheme 1. Acridone derivatives 1 reacted with
different dibromides using NaH in DMF at room temperature to afford
three acridone derivatives 2a-c with 66–78% yields, which were treated
with excess NaN3 in DMF to give azido-functionalized acridone deri-
vatives 3a-3c with two steps in 56–70% yields [52].

Subsequently, the synthetic route towards sugar-derived alkynes 4a-
4g is depicted in Scheme 2. The sugar-derived alkynes were prepared
by the literature procedures [53–56]. The peracetylated sugar and
propargyl alcohol were catalyzed by boron trifluoride diethyl etherate
to afford propargyl-attached carbohydrates 4a-4f with 76–89% yields.
Treatment of the unprotected sugars 2-deoxy-d-ribose with propargyl
alcohol via boron trifluoride diethyl etherate-promoted glycosylation
could afford 4g with 48% yield.

Finally, with prepared glycosyl alkynes and acridone derivatives in
hand, the coupling reaction is shown in Scheme 3. Propargyl-attached
carbohydrates moieties 4 were introduced onto acridone derivatives 3
via copper(I)-catalyzed click reactions to afford 5 with 70–99% yields.
After global deacetylation under Zemplén condition in NaOMe/MeOH,
the desired 6a-6r was obtained in a quantitative yield.

2.3. AChE and BChE inhibition evaluation

The in vitro inhibitory activity against AChE and BChE was eval-
uated by Ellman's method [57] and rivastigmine as the reference drug.
The IC50 values of 21 new acridone hybrids with sugar derivatives for
AChE and BChE inhibition are summarized in Table 1. IC50 ratio of
AChE/BChE was used to estimate the selectivity of BChE. All the data
were presented as mean ± SD (Standard Deviation) of three in-
dependent experiments.

The results revealed that some of the synthesized compounds
showed different inhibitory activities towards AChE and BChE with
their IC50 values in the range of micromolar concentrations (IC50 AChE
values of 38.15–223.13 μM and BChE values 6.95–175.28 μM).
According to the biological activity results, the pentose such as D-ribose
and d-2′-deoxyribose derivatives exhibited BChE selectivity.
Compounds 6f, 6l, 5t, and 5u exhibited more active against BChE thanFig. 1. Structures of newly designed acridone glycosides.
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AChE, and IC50 ratios of AChE/BChE were 20.59, 2.33, 3.91, and 2.40
respectively. Especially compound 6f was the most selective for BChE,
which exhibited the greatest inhibitory activity on BChE
(IC50 = 6.95 μM) yet did not exhibit effective AChE inhibitory activity
with IC50 values more than 100 μM. Besides, Structure analyses

indicated that 6f was binding with AChE and BChE in a similar way,
while the TRP-286 of AChE hindered the interaction of polar residues
and sugar head of 6f (Fig. S99). In hexose derivatives, the D-glucose and
D-galactose derivatives 6a and 6b showed inhibitory activities against
both AChE (IC50 = 38.15 ± 1.22, 44.74 ± 0.29 μM) and BChE

Fig. 2. The structures of BChE (green cartoon) and newly designed inhibitors (cyan). The hydrogen bond interactions were labeled in red dash line. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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(IC50 = 29.28 ± 2.99, 38.33 ± 0.62 μM). However, N-acetyl-d-glu-
cosamine (6d, 6j, 6p) and mannose (6c, 6i, 6o) derivatives did not
show significant inhibitory activity towards AChE and BChE. Moreover,
maybe due to the steric hindrance, the disaccharide lactose derivatives
(6e, 6k, 6q) shows no obvious inhibitory activity towards AChE and
BChE.

In general, the presence of OMe instead of hydrogen on the 2-sub-
stituted acridone moieties had no influence on potential interaction
with BChE even led to the decrease of inhibitory activity on BChE and it
is demonstrated in compounds 6g-6l. Among the 2-substituted acridone
derivatives, D-galactose derived 6h was found to be the most selective
AChE inhibitor, exhibiting an IC50 of 44.73 ± 0.23 μM against AChE
and of 65.61 ± 3.08 μM against BChE. And D-ribose derived 6l was
found to have selective BChE inhibitor with an IC50 of
35.06 ± 0.88 μM. On the other hand, compared with longer linker
(n = 6) derivatives, short linker (n = 3) derivatives (6m-6r and 5s)
exhibited less inhibition activity on both AChE and BChE. An increase
of AChE and BChE inhibition could be ascribed to additional aliphatic
interactions with cholinesterases introduced by the elongation of the
linker chain [18,58].

2.4. Cytotoxicity assays

Before evaluating the neuroprotective properties of these newly
designed compounds, we tested whether compounds exert cytotoxicity.
The compound 6a, 6b, 6f and 5t were selected for the MTT assay in SH-
SY5Y neuroblastoma and HepG2 cell lines at the concentrations of 50
and 100 μM, respectively. As shown in Fig. 3, all compounds showed no
obvious effect on cell viability at concentrations of 50 μM and relative
cell viabilities of SH-SY5Y neuroblastoma and HepG2 cells were all
greater than 90%. Even when the concentration reaches 100 μM, the
relative cell viabilities were still more than 75%, which indicated that
these compounds had no obvious cytotoxicity.

2.5. Neuroprotective effect

The neuroprotective activity of compounds 6a, 6b, 6f and 5t against
H2O2, which caused oxidative stress-induced cell death, was evaluated
in SH-SY5Y neuroblastoma cells using MTT method [59]. The results
obtained were presented in Fig. 4. The relative cell viability of the
positive control (hydrogen peroxide) was about 50% and the cell via-
bility of compounds 6a, 6b, 6f and 5t was 78%, 81%, 73% and 75%,

Scheme 1. Preparation of acridone derivative precursors 3a-3c. Reagents and conditions: (i) Br(CH2)nBr, NaH, DMF, r.t.; (ii) NaN3, DMF, 85 °C. PPA, polyphosphoric
acid.

Scheme 2. Preparation of sugar-derived alkynes precursors 4a-4g. Reagents and conditions: (iii) BF3.Et2O, CH2Cl2, 0 °C-r.t.
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Scheme 3. Synthesis of acridone-(carbohydrate-derived) hybrids. Reagents and conditions: (iv) CuSO4, THF/H2O = 1/1, 65 °C (v) NaOMe, MeOH, r.t.
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respectively. The compounds produced approximately 30% decrease in
cell death induced by H2O2. Compared to the positive control (hy-
drogen peroxide), compounds 6a, 6b, 6f and 5t exhibited effective
neuroprotective activity against oxidative stress.

2.6. Log P assessment

Log P (octanol-water partition coefficient) is the most important
physicochemical parameter for evaluating the drug's ability to cross the
blood-brain barrier (BBB). The optimal lop P value for penetrating the
central nervous system is around 2.0 ± 0.7 [19]. The log P values of
active compounds 6a, 6b, 6f were 2.14, 2.14 and 2.68, respectively.
The results showed that the active compounds 6a, 6b and 6f had en-
ough lipophilicity to pass through BBB in vivo.

2.7. Kinetic study of BChE inhibition

To determine the mechanism of BChE inhibition of the most potent
compound 6f, a kinetic study [19] was carried out. As shown in Fig. 5,
with the increased of compound concentration, both apparent Vmax and
Km values changed as well. It revealed that the type of inhibition is
mixed. Furthermore, using the plot of the slope versus inhibitor con-
centration, the inhibition constant Ki for compound 6f was calculated
(Ki = 1.76 μM for BChE).

3. Conclusions

In this work, several BChE inhibitors were designed and synthesized
from simple starting materials in just a few steps with good yields and
showed high inhibitory potency against AChE and BChE at the micro-
molar range. Among them, D-ribose derivatives 6f was the most selec-
tive inhibitor of BChE, which exhibited the greatest inhibitory activity
on BChE (IC50 = 6.95 μM, IC50 ratio of AChE/BChE was 20.59).
Different from other reports, the newly designed inhibitors enhanced
BChE inhibition activity by forming H-bond interactions with poly re-
sidues ASN-289, ASN-68, SER-287, GLN-119 or GLU-276. Compared
with short-chain inhibitors, the inhibitors with long chain had rela-
tively higher BChE affinity, probably due to their flexibility. Besides,
the structure-activity relationship (SAR) analysis showed that (1) the
site of OH in sugar ring is of great importance for BChE inhibitory.
BChE inhibitory activity of the pentose acridone derivatives is higher
than that of the hexose acridone derivatives. (2) The steric hindrance of
the disaccharide acridone derivative had an influence for BChE in-
hibitory. (3) The OMe on the 2-substituted acridone hybrids with car-
bohydrate derivatives led to the decrease of inhibitory activity of BChE.
These active compounds were found to be nontoxic to SH-SY5Y neu-
roblastoma and HepG2 cells at their effective concentrations, and also
had remarkable neuroprotective activity. Meanwhile, they also had
sufficient lipophilicity to cross the BBB in vivo. Kinetic studies revealed
that the type of inhibition is mixed for 6f (Ki = 1.76 μM). These results
open new promising perspectives for the search for new selective BChE

Scheme 3. (continued)
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Table 1
The IC50 values of the compounds against AChE and BChEa.

Compound R0 n Sugar IC50 (μM)
(or inhibition % at 50 μM)

IC50 ratio of AChE/BChE

AChEb BChEc

6a H 6 38.15 ± 1.22 29.28 ± 2.99 1.3

6b H 6 44.74 ± 0.29 38.33 ± 0.62 1.16

6c H 6 12.08 ± 3.01% 28.45 ± 1.27% –

6d H 6 15.82 ± 2.89% 35.27 ± 2.19% –

6e H 6 11.26 ± 1.63% 24.93 ± 1.85% –

6f H 6 143.11 ± 2.65 6.95 ± 0.71 20.59

6g OCH3 6 56.12 ± 1.13 82.35 ± 0.57 0.68

6h OCH3 6 44.73 ± 0.23 65.61 ± 3.08 0.68

6i OCH3 6 25.77 ± 2.34% 17.89 ± 4.59% –

6j OCH3 6 40.11 ± 2.56% 12.80 ± 2.36% –

6k OCH3 6 11.40 ± 3.61% 13.69 ± 1.19% –

6l OCH3 6 81.83 ± 1.78 35.06 ± 0.88 2.33

6m H 3 10.23 ± 2.58% 11.99 ± 3.64% –

6n H 3 9.45 ± 2.63% 10.03 ± 1.82% –

6o H 3 10.36 ± 4.52% 15.43 ± 4.52% –

6p H 3 9.37 ± 3.76% 12.71 ± 1.16% –

6q H 3 9.82 ± 5.63% 11.29 ± 4.83% –

6r H 3 18.52 ± 2.69% 33.81 ± 1.72% –

5s H 3 18.63 ± 2.33% 20.74 ± 3.52% –

(continued on next page)

W. Ma, et al. Carbohydrate Research 491 (2020) 107977

7



inhibitors against progressive neurodegenerative disorder based on
acridone connected to carbohydrate fragments and provide the drug
molecules for studying the mechanism of alzheimer's disease.

4. Materials and methods

4.1. Reagents and instrumentation

All the analytical grade reagents and solvents were obtained from
commercial suppliers and used without further treatment unless in-
dicated. Reactions were monitored by thin-layer chromatography with
GF254 silica gel coated plates. Flash chromatography was carried out on
silica gel (200–300 mesh). 1H NMR and 13C NMR spectra were obtained
on Bruker Avance/600 spectrometer (1H: 600 MHz, 13C: 150 MHz at
25 °C) or Bruker Avance/400 spectrometer (1H: 400 MHz, 13C:
100 MHz at 25 °C). Chemical shifts of 1H NMR spectra were given in
ppm relative to a tetramethylsilane (TMS) internal standard to the re-
sidual solvent peak (abbreviation in spectra: s = singlet, d = doublet,
t = triplet, q = quartet, m = multiplet, br = broad). All high-re-
solution mass spectra (HRMS) were determined with a mass spectro-
meter by using electrospray ionization (ESI-oa-TOF), Melting points are
measured on an XT4MP apparatus (Taike Corp., Beijing, China) and are
not corrected.

Table 1 (continued)

Compound R0 n Sugar IC50 (μM)
(or inhibition % at 50 μM)

IC50 ratio of AChE/BChE

AChEb BChEc

5t H 6 167.36 ± 3.66 42.81 ± 0.71 3.91

5u OCH3 6 85.12 ± 1.04 35.43 ± 0.22 2.40

Rivastigmine 10.35 ± 1.32 4.88 ± 0.11

a Each IC50 value was presented as mean ± SD of three independent experiments.
b AChE from electric eel.
c BChE from equine serum.

Fig. 3. The effect of compounds 6a, 6b, 6f, 5t on (A) SH-SY5Y cells and (B) HepG2 cells viabilities at two different concentrations.

Fig. 4. Neuroprotective effect on SH-SY5Y cell lines of compounds 6a, 6b, 6f
and 5t at 50 μM. Data were collected after 24 h incubation with H2O2 (5%,
300 μM). Untreated cells were used as control. Results were presented as
mean ± S.E. of three independent experiments.
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4.2. Computational details

To predict the BChE affinity of newly designed inhibitors, we mi-
micked their interaction with BChE with Surflex-Dock in SYBYL-X
software (Tripos Inc., St. Louis, MO, USA). The structure of BChE was
downloaded from Protein Data Bank (http://www.rcsb.org/, PDB code,
6EUL) [60], in which, the 198th residue was modified to be SER-198.
The structure of Rivastigmine was derived from the extracted crystal
structure ligand, and other designed inhibitors were drawn with
Gaussview 5.08. The atomic charges of inhibitors were computed with
Gasteiger-Huckel method. In the protein preparation, waters in the
protein were removed, and hydrogen atoms were added, and the pro-
tein was loaded AMBER charges. Before docking, the protomol was
generated with parameters Threshold 0.5 and Bloat 10.0 Å. Because the
start conformation affected the docking results, we considered three
conformations for each inhibitor by minimizing energy with the limit of
Max Interactions 0, 100 and 1000 cycles or Gradient 0.05 kcal/(mol*Å).
In the Surflex-Dock, the extracted ligand was used as a reference mo-
lecule, and other parameters used the default value. The highest To-
talScore conformation of each ligand was used to further structural
analysis.

4.3. General procedure for the synthesis of compounds 2a-2c [52]

To a solution of 1 (5.12 mmol) in dry THF (20 mL) was added so-
dium hydride (10.24 mmol, 60%) at 0 °C. After 1.5 h of stirring, di-
bromides (30.73 mmol) was added dropwise under the same condition.
The reaction mixture was heated and kept refluxing for another 24 h
and then allowed to cool to room temperature. The mixture was added
water (15 mL), and then extracted by CH2Cl2. The organic phase was
separated and dried overnight with MgSO4. The solvent was removed
by evaporation, and the residue was purified by a flash silica gel column
chromatography to afford 2a-2c.

4.3.1. 10-(6-Bromohexyl) acridin-9(10H)-one (2a)
The product was obtained as yellow solid in 78% yield. m.p.

232–235 °C. 1H NMR (400 MHz, CDCl3) δ 8.57 (d, J= 7.6 Hz, 2H), 7.71
(t, J= 7.6 Hz, 2H), 7.46 (d, J= 8.0 Hz, 2H), 7.28 (t, J= 7.2 Hz, 2H),
4.32 (t, J= 8.0 Hz, 2H), 3.44 (t, J= 6.4 Hz, 2H), 1.93 (s, 4H), 1.59 (s,
4H). 13C NMR (100 MHz, CDCl3) δ 177.9, 141.6, 133.9, 127.9, 122.4,
121.2, 114.4, 45.9, 33.6, 32.5, 27.8, 26.9, 26.0. HRMS (ESI), m/z calcd.
for C19H20BrNONa ([M+Na]+) 380.0620, found: 380.0636.

4.3.2. 10-(3-Bromopropyl) acridin-9(10H)-one (2b)
The product was obtained as yellow solid in 66% yield. m.p.

225–227 °C. 1H NMR (600 MHz, CDCl3) δ 8.52 (d, J=7.8 Hz, 2H), 7.68
(t, J= 7.8 Hz, 2H), 7.50 (d, J= 8.4 Hz, 2H), 7.24 (t, J= 7.8 Hz, 2H),
4.49 (t, J = 8.4 Hz, 2H), 3.60 (t, J = 6.0 Hz, 2H), 2.43–2.39 m, 2H).
13C NMR (150 MHz, CDCl3) δ 178.0, 141.7, 134.1, 128.2, 122.6, 121.5,
114.2, 44.5, 30.2, 29.5. HRMS (ESI), m/z calcd. for C16H14BrNNaO ([M
+Na]+) 338.0151, found: 338.0159.

4.3.3. 10-(6-Bromohexyl)-2-methoxyacridin-9(10H)-one (2c)
The product was obtained as yellow solid in 75% yield. m.p.

241–243 °C. 1H NMR (600 MHz, CDCl3) δ 8.60 (d, J=8.0 Hz, 1H), 7.99
(s, 1H), 7.72 (t, J = 7.8 Hz, 1H), 7.47 (t, J = 10.8 Hz, 2H), 7.38 (d,
J= 9.0 Hz, 1H), 7.28 (t, J= 7.2 Hz, 1H), 4.35 (t, J= 7.2 Hz, 2H), 3.95
(s, 3H), 3.44 (t, J= 6.6 Hz, 2H), 2.01–1.86 (m, 4H), 1.62–1.57 (m, 4H).
13C NMR (100 MHz, CDCl3) δ 177.4, 154.4, 141.2, 136.6, 133.6, 128.0,
124.6, 123.2, 121.7, 120.9, 116.3, 114.3, 106.8, 55.8, 46.0, 33.5, 32.5,
27.8, 27.2, 26.1. HRMS (ESI), m/z calcd. for C20H22BrNNaO2 ([M
+Na]+) 410.0726, found: 410.0727.

4.4. General procedure for the synthesis of compounds 3a-3c [52]

To a solution of bromide 2 (2.0 mmol) in anhydrous DMF (10 mL)
was added NaN3 (4.0 mmol) and NH4Cl (3.0 mmol) at 85 °C. The re-
action mixture was stirred overnight and then poured into water
(50 mL). The product was extracted with EtOAc, and the combined
organic layer was dried over anhydrous Na2SO4. The solvent was re-
moved by evaporation, and the residue was purified by a flash silica gel
column chromatography to afford 3a-3c.

4.4.1. 10-(6-Azidohexyl) acridin-9(10H)-one (3a)
This product was obtained as yellow solid in 88% yield. m.p.

264–266 °C. 1H NMR (400 MHz, CDCl3) δ 8.57 (d, J=8.0 Hz, 2H), 7.71
(t, J= 8.4 Hz, 2H), 7.45 (d, J= 8.8 Hz, 2H), 7.27 (t, J= 7.2 Hz, 2H),
4.31 (t, J = 8.0 Hz, 2H), 3.31 (t, J = 6.4 Hz, 2H), 2.13–1.85 (m, 2H),
1.76–1.63 (m, 2H), 1.62–1.42 (m, 4H). 13C NMR (100 MHz, CDCl3) δ
177.9, 141.6, 133.8, 127.9, 122.4, 121.2, 114.4, 51.2, 45.9, 28.8, 27.0,
26.5, 26.4. HRMS (ESI), m/z calcd. for C19H20N4ONa ([M+Na]+)
343.1529, found: 343.1523.

4.4.2. 10-(3-Azidopropyl) acridin-9(10H)-one (3b)
This product was obtained as yellow solid in 85% yield. m.p.

Fig. 5. (A) Lineweaver-Burk plots for the inhibition of BChE by compound 6f. (B) Secondary plot for calculation of steady-state inhibition constant (Ki) of compound
6f.
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241–243 °C 1H NMR (600 MHz, CDCl3) δ 8.58 (d, J= 8.4 Hz, 2H), 7.74
(t, J= 7.8 Hz, 2H), 7.53 (d, J= 8.4 Hz, 2H), 7.30 (t, J= 7.2 Hz, 2H),
4.47 (t, J = 7.8 Hz, 2H), 3.60 (t, J = 6.0 Hz, 2H), 2.22–2.11 (m, 2H).
13C NMR (150 MHz, CDCl3) δ 177.9, 141.6, 134.1, 128.2, 122.5, 121.5,
114.2, 48.9, 43.1, 26.7. HRMS (ESI), m/z calcd. for C16H15N4O ([M
+H]+) 279.1240, found: 279.1239.

4.4.3. 10-(6-Azidohexyl)-2-methoxyacridin-9(10H)-one (3c)
This product was obtained as yellow solid in 86% yield. m.p.

270–273 °C. 1H NMR (400 MHz, CDCl3) δ 8.61 (d, J=8.0, 1H), 8.00 (d,
J= 3.2 Hz, 1H), 7.73 (t, J= 8.4, 1H), 7.48 (t, J= 8.4, 2H), 7.39 (dd,
J = 9.2, 2.8 Hz, 1H), 7.29 (t, J = 8.0, 1H), 4.37 (t, J = 8.4, 2H), 3.95
(s, 3H), 3.32 (t, J= 6.8 Hz, 2H), 1.99–1.91 (m, 2H), 1.77–1.63 (m, 2H),
1.56–1.51 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 177.4, 154.4, 141.3,
136.6, 133.7, 128.1, 124.7, 123.2, 121.8, 120.9, 116.3, 114.3, 106.9,
55.8, 51.3, 46.1, 28.8, 27.3, 26.6, 26.5. HRMS (ESI), m/z calcd. for
C20H22N4NaO2 ([M+Na]+) 373.1635, found: 373.1636.

4.5. General procedure for the synthesis of compounds 4a-4g

Carbohydrate (2.0 mmol) was dissolved in dry CH2Cl2 (10 mL)
under N2 atmosphere and cooled to 0 °C. Propargyl alcohol (3.0 mmol)
was added, followed by drop-wise addition of boron trifluoride diethyl
etherate (3.6 mmol). The reaction mixture was warmed to room tem-
perature and stirred overnight. Potassium carbonate (200 mg) was
added and stirred for 30 min to quench the reaction. After filtration, the
mixture was washed with water and the filtrate was extracted with
CH2Cl2. The combined organics were dried with MgSO4, filtered and
concentrated in vacuo. The residue was purified by a flash silica gel
column chromatography to afford 4a-4g.

4.5.1. 2-Propargyl 2,3,4,6-tetra-O-acetyl-β-d-glucopyranoside (4a)
This product was obtained as white solid in 89% yield. m.p.

111–113 °C. [α]D25 -42.6 (c 1.0, CHCl3). Analytical data, [α]D −39 (c
1.0, CHCl3) [53]. 1H NMR (400 MHz, CDCl3) δ 5.24 (t, J= 9.6 Hz, 1H),
5.11 (t, J = 9.6 Hz, 1H), 5.02 (dd, J = 9.6, 8.0 Hz, 1H), 4.78 (d,
J = 8.0 Hz, 1H), 4.37 (d, J= 2.4 Hz, 2H), 4.28 (dd, J= 12.4, 4.4 Hz,
1H), 4.14 (dd, J= 12.4, 2.4 Hz, 1H), 3.73 (m, 1H), 2.47 (t, J= 2.4 Hz,
1H), 2.09 (s, 3H), 2.06 (s, 3H), 2.02 (s, 3H), 2.01 (s, 3H). HRMS (ESI),
m/z calcd. for C17H22NaO10 ([M+Na]+) 409.1105, found: 409.1107.
These data are consistent with literature [53].

4.5.2. 2-Propargyl 2,3,4,6-tetra-O-acetyl-β-d-glactopyranoside (4b)
This product was obtained as white solid in 88% yield. m.p.

122–124 °C. [α]D25 -25.3 (c 1.0, CHCl3). Analytical data, [α]D −23 (c
1.0, CHCl3) [53]. 1H NMR (600 MHz, CDCl3) δ 5.40 (s, 1H), 5.22 (t,
J = 9.2 Hz, 1H), 5.06 (d, J = 10.2 Hz, 1H), 4.74 (d, J = 8.4 Hz, 1H),
4.38 (s, 2H), 4.22–4.16 (m, 1H), 4.14–4.11 (m, 1H), 3.94 (t, J= 6.6 Hz,
1H), 2.46 (s, 1H), 2.15 (s, 3H), 2.07 (s, 3H), 2.05 (s, 3H), 1.99 (s, 3H).
HRMS (ESI), m/z calcd. for C17H23O10 ([M+H]+) 387.1286, found:
387.1290. These data are consistent with literature [53].

4.5.3. 2-Propargyl 2,3,4,6-tetra-O-acetyl-α-d-mannopyranoside (4c)
This product was obtained as colourless liquid in 85% yield. [α]D25

+73.8 (c 0.1, MeOH). Analytical data, [α]D22 +71 (c 0.1, MeOH) [54].
1H NMR (400 MHz, CDCl3) δ 5.34 (dd, J= 9.6, 3.2 Hz, 1H), 5.29–5.26
(m, 2H), 5.02 (d, J = 1.2 Hz, 1H), 4.30–4.27 (m, 3H), 4.11 (dd,
J= 12.4, 2.4 Hz, 1H), 4.05–3.98 (m, 1H), 2.47 (t, J=2.4 Hz, 1H), 2.15
(s, 3H), 2.09 (s, 3H), 2.03 (s, 3H), 1.99 (s, 3H). HRMS (ESI), m/z calcd.
for C17H22NaO10 ([M+Na]+) 409.1105, found: 409.1108. These data
are consistent with literature [54].

4.5.4. 2-Propargyl 3,4,6-tri-O-acetyl-2-acetamido-2-deoxy-β-d-glucopyra-
noside (4d)

This product was obtained as white solid in 83% yield. m.p.
145–148 °C. [α]D25 -41.6 (c 0.1, CHCl3). Analytical data, [α]D20 -39.0 (c

0.1, CHCl3) [54]. 1H NMR (600 MHz, CDCl3) δ 5.68 (d, J= 9.0 Hz, 1H),
5.27 (d, J= 9.6 Hz, 1H), 5.07 (t, J= 9.6 Hz, 1H), 4.84 (d, J= 8.4 Hz,
1H), 4.36 (s, 2H), 4.24 (dd, J = 12.6, 4.2 Hz, 1H), 4.13 (dd, J = 12.6,
2.4 Hz, 1H), 3.95–3.91 (m, 1H), 3.74–3.65 (m, 1H), 2.47 (t, J = 1.8,
1H), 2.09 (s, 3H), 2.08 (s, 3H), 2.06 (s, 3H), 1.94 (s, 3H). HRMS (ESI),
m/z calcd. for C17H24NO9 ([M+H]+) 386.1446, found: 386.1449.
These data are consistent with literature [54].

4.5.5. 2-Propargyl 2,3,6–tri-O-acetyl-4-O-(2,3,4,6-tetra-O-acetyl-β-d-
galactopyranosyl)-β-d-glucopyranoside (4e)

This product was obtained as white solid in 85% yield. m.p.
140–142 °C. [α]D25 -12.2 (c 1.0, CHCl3). Analytical data, [α]D −12.8 (c
1.0, CHCl3) [53]. 1H NMR (600 MHz, CDCl3) δ 5.34 (d, J= 3.0 Hz, 1H),
5.22 (t, J= 9.6 Hz, 1H), 5.10 (dd, J= 10.2, 7.8 Hz, 1H), 4.98–4.86 (m,
2H), 4.74 (d, J = 7.8 Hz, 1H), 4.49 (m, 2H), 4.33 (d, J = 1.8 Hz, 2H),
4.17–4.02 (m, 4H), 3.87 (t, J = 6.6 Hz, 1H), 3.81 (t, J = 9.6 Hz, 1H),
3.63 (dd, J = 9.6, 3.0 Hz, 1H), 2.45 (s, 1H), 2.14 (s, 3H), 2.12 (s, 3H),
2.05 (s, 3H), 2.05 (s, 3H), 2.04 (s, 6H), 1.96 (s, 3H). HRMS (ESI), m/z
calcd. for C29H39O18 ([M+H]+) 675.2131, found: 675.2135. These
data are consistent with literature [53].

4.5.6. 2-Propargyl 2,3,5-tri-O-acetyl-β-d-ribofuranoside (4f)
This product was obtained as colourless liquid in 76% yield. [α]D25

-30.2 (c 1.0, CH2Cl2). Analytical data, [α]D20 -31.9 (c 1.069, CH2Cl2)
[55]. 1H NMR (600 MHz, CDCl3) δ 5.35–5.31 (m, 1H), 5.25 (d,
J = 4.8 Hz, 1H), 5.17 (s, 1H), 4.33–4.26 (m, 2H), 4.25–4.23 (m, 1H),
4.23–4.20 (m, 1H), 4.09 (dd, J= 11.4, 4.8 Hz, 1H), 2.43 (t, J= 1.8 Hz,
1H), 2.08 (s, 3H), 2.06 (s, 3H), 2.02 (s, 3H). HRMS (ESI), m/z calcd. for
C14H18NaO8 ([M+Na]+) 337.0894, found: 337.0898. These data are
consistent with literature [55].

4.5.7. 2-Propargyl 2-deoxy-β-d-ribofuranoside (4g)
This product was obtained as colourless liquid in 48% yield. [α]D25

+220.3 (c 1.0, CD3OD). Analytical data, [α]D26 +216.4 (c 1.0, CD3OD)
[56]. 1H NMR (400 MHz, CDCl3) δ 5.08 (t, J = 2.8 Hz, 1H), 4.21 (qd,
J= 16.0, 2.4 Hz, 2H), 4.10–4.03 (m, 1H), 3.87–3.82 (m, 2H), 3.74 (dd,
J = 12.0, 2.4 Hz, 1H), 2.43 (t, J = 2.4 Hz, 1H), 2.37–2.34 (m, 1H),
2.16–2.14 (m, 1H), 1.95–1.92 (m, 2H). HRMS (ESI), m/z calcd. for
C8H13O4 ([M+H]+) 173.0808, found: 173.0806. These data are con-
sistent with literature [56].

4.6. General procedure for the synthesis of compounds 5a-5u

To a mixture of compound 3 (0.2 mmol) and compound 4
(0.3 mmol) in H2O-THF (1:1, 10 mL) were added sodium ascorbate
(0.2 mmol) and CuSO4 (0.1 mmol). The reaction mixture was stirred in
dark at 65 °C for 4 h. After removal of THF under reduced pressure,
water (20 mL) was added, and the mixture was extracted with EtOAc.
The combined organic layers were dried over anhydrous Na2SO4 and
evaporated in vacuo. The residue was purified by a flash silica gel
column chromatography to afford 5a-5u.

4.6.1. 10-(6-(4-((2,3,4,6-Tetra-O-acetyl-β-d-glucopyranosyl)methyl)-1H-
1,2,3-triazol-1-yl)hexyl)acridin-9(10H)-one (5a)

This product was obtained as yellow liquid in 78% yield. [α]D25 -30.5
(0.3, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.54 (d, J= 8.0 Hz, 2H), 7.70
(t, J=7.6 Hz, 2H), 7.54 (s, 1H), 7.43 (d, J=8.8 Hz, 2H), 7.27 (t, J=7.2,
2H), 5.19 (t, J=9.6 Hz, 1H), 5.08 (t, J=9.6 Hz, 1H), 5.03–4.89 (m, 2H),
4.81 (d, J= 12.4 Hz, 1H), 4.68 (d, J= 8.0 Hz, 1H), 4.37 (t, J= 7.2 Hz,
2H), 4.34–4.21 (m, 3H), 4.15–4.12 (m, 1H), 3.75–3.71 (m, 1H), 2.07 (s,
3H), 2.01 (s, 3H), 1.99 (s, 3H), 1.96 (s, 3H), 1.95–1.81 (m, 4H), 1.58–1.53
(m, 2H), 1.48–1.42 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 177.9, 170.6,
170.2, 169.5, 169.4, 144.2, 141.6, 134.0, 128.0, 122.8, 122.4, 121.3,
114.5, 100.1, 72.7, 71.9, 71.2, 68.3, 63.1, 61.8, 50.2, 45.8, 30.2, 27.0,
26.3, 26.3, 20.8, 20.7, 20.6. HRMS (ESI), m/z calcd. for C36H43N4O11 ([M
+H]+) 707.2923, found: 707.2920.
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4.6.2. 10-(6-(4-((2,3,4,6-Tetra-O-acetyl-β-d-galactopyranosyl)methyl)-
1H-1,2,3-triazol-1-yl)hexyl)acridin-9(10H)-one (5b)

This product was obtained as yellow liquid in 75% yield. [α]D25

-33.1 (0.3, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.58 (d, J = 8.0 Hz,
2H), 7.73 (t, J = 7.6 Hz, 2H), 7.52 (s, 1H), 7.46 (d, J = 8.8 Hz, 2H),
7.29 (t, J= 7.2 Hz, 2H), 5.41 (d, J= 3.2 Hz, 1H), 5.23 (dd, J= 10.4,
8.0 Hz, 1H), 5.03 (dd, J= 10.4, 3.2 Hz, 1H), 4.98 (d, J= 12.4 Hz, 1H),
4.81 (d, J= 12.4 Hz, 1H), 4.66 (d, J= 8.0 Hz, 1H), 4.43–4.30 (m, 4H),
4.21–4.11 (m, 2H), 3.96 (t, J= 6.4 Hz, 1H), 2.14 (s, 3H), 2.05 (s, 3H),
1.98 (s, 6H), 1.97–1.87 (m, 4H), 1.61–1.58 (m, 2H), 1.50–1.45 (m, 2H).
13C NMR (100 MHz, CDCl3) δ 177.9, 170.4, 170.1, 170.0, 169.5, 144.3,
141.6, 133.9, 128.0, 122.5, 122.4, 121.2, 114.4, 100.6, 70.8, 70.7,
68.8, 67.0, 63.1, 61.2, 50.1, 45.8, 30.2, 27.0, 26.3, 26.3, 20.7, 20.6,
20.6, 20.5. HRMS (ESI), m/z calcd. for C36H43N4O11 ([M+H]+)
707.2923, found: 707.2912.

4.6.3. 10-(6-(4-((2,3,4,6-Tetra-O-acetyl-β-d-mannopyranosyl)methyl)-
1H-1,2,3-triazol-1-yl)hexyl)acridin-9(10H)-one (5c)

This product was obtained as yellow liquid in 70% yield. [α]D25

+29.6 (0.3, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.55 (dd, J = 8.0,
1.6 Hz, 2H), 7.71 (ddd, J= 8.8, 7.2, 1.6 Hz, 2H), 7.57 (s, 1H), 7.45 (d,
J = 8.4 Hz, 2H), 7.30–7.25 (m, 2H), 5.30–5.27 (m, 2H), 5.22 (dd,
J = 2.8, 2.0 Hz, 1H), 4.94 (d, J = 1.6 Hz, 1H), 4.84 (d, J = 12.4 Hz,
1H), 4.66 (d, J= 12.4 Hz, 1H), 4.38 (t, J= 7.2 Hz, 2H), 4.33–4.26 (m,
3H), 4.12–4.04 (m, 2H), 2.12 (s, 3H), 2.10 (s, 3H), 2.01 (s, 3H),
1.99–1.97 (m, 2H), 1.96 (s, 3H), 1.94–1.90 (m, 2H), 1.63–1.55 (m, 2H),
1.51–1.44 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 177.9, 170.6, 170.0,
169.9, 169.6, 143.6, 141.6, 133.9, 128.0, 122.7, 122.4, 121.2, 114.4,
96.8, 69.4, 69.0, 68.7, 66.0, 62.3, 61.1, 50.1, 45.8, 30.1, 27.0, 26.3,
20.8, 20.7, 20.6. HRMS (ESI), m/z calcd. for C36H43N4O11 ([M+H]+)
707.2923, found: 707.2916.

4.6.4. 10-(6-(4-((3,4,6-Tri-O-acetyl-2-acetamido-2-deoxy-β-d-
glucopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)hexyl)acridin-9(10H)-one
(5d)

This product was obtained as yellow liquid in 76% yield. [α]D25

-40.5 (0.3, CHCl3). 1H NMR (600 MHz, CDCl3) δ 8.53 (dd, J = 7.8,
1.2 Hz, 2H), 7.73–7.65 (m, 2H), 7.53 (s, 1H), 7.42 (d, J= 9.0 Hz, 2H),
7.26 (t, J= 7.2 Hz, 2H), 6.18 (d, J= 9.0 Hz, 1H), 5.23 (t, J= 9.0 Hz,
1H), 5.07 (t, J = 8.4 Hz, 1H), 4.93 (d, J = 12.6 Hz, 1H), 4.84 (d,
J= 8.4 Hz, 1H), 4.76 (d, J= 12.6 Hz, 1H), 4.35–4.32 (m, 2H), 4.28 (t,
J = 8.4 Hz, 2H), 4.24 (dd, J = 12.0, 4.8 Hz, 1H), 4.12 (dd, J = 12.6,
2.4 Hz, 1H), 3.98 (dd, J= 19.2, 8.4 Hz, 1H), 3.71 (m, 1H), 2.05 (s, 3H),
2.00 (s, 6H), 1.96–1.91 (m, 2H), 1.91–1.85 (m, 2H), 1.83 (s, 3H),
1.60–1.50 (m, 2H), 1.46–1.40 (m, 2H). 13C NMR (150 MHz, CDCl3) δ
177.9, 170.8, 170.6, 170.3, 169.3, 144.5, 141.6, 133.9, 127.9, 122.6,
122.3, 121.2, 114.4, 100.5, 72.5, 71.9, 68.5, 62.9, 62.0, 54.3, 50.0,
45.8, 30.1, 27.0, 26.3, 26.2, 23.2, 20.7, 20.6, 20.6. HRMS (ESI), m/z
calcd. for C36H43N5NaO10 ([M+Na]+) 728.2902, found: 728.2891.

4.6.5. 10-(6-(4-((2,3,6-Tri-O-acetyl-4-O-(2,3,4,6-tetra-O-acetyl-β-d-
galactopyranosyl)-β-d-glucopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
hexyl)acridin-9(10H)-one (5e)

This product was obtained as yellow liquid in 79% yield. [α]D25

-53.3 (0.3, CHCl3). 1H NMR (600 MHz, CDCl3) δ 8.51 (dd, J = 7.8,
1.2 Hz, 2H), 7.70–7.62 (m, 2H), 7.48 (s, 1H), 7.40 (d, J= 9.0 Hz, 2H),
7.23 (t, J= 7.8 Hz, 2H), 5.31 (d, J= 3.0 Hz, 1H), 5.14 (t, J= 9.0 Hz,
1H), 5.06 (dd, J = 10.2, 7.8 Hz, 1H), 4.93 (dd, J = 10.2, 3.6 Hz, 1H),
4.87–4.85 (m, 2H), 4.75 (d, J= 12.6 Hz, 1H), 4.59 (d, J= 7.8 Hz, 1H),
4.46–4.49 (m, 2H), 4.33 (t, J = 7.2 Hz, 2H), 4.26 (t, J = 8.4 Hz, 2H),
4.10–4.02 (m, 3H), 3.85 (t, J = 6.6 Hz, 1H), 3.77 (t, J = 9.6 Hz, 1H),
3.59 (m, 1H), 2.11 (s, 3H), 2.07 (s, 3H), 2.01 (s, 3H), 1.99 (s, 6H),
1.96–1.91 (m, 8H), 1.89–1.83 (m, 2H), 1.56–1.51 (m, 2H), 1.44–1.39
(m, 2H). 13C NMR (100 MHz, CDCl3) δ 177.7, 170.1, 169.9, 169.8,
169.5, 169.4, 168.9, 144.0, 141.5, 133.8, 127.7, 122.5, 122.2, 121.1,
114.3, 100.8, 99.6, 75.9, 72.6, 72.6, 71.4, 70.8, 70.5, 68.9, 66.5, 62.9,

61.6, 60.6, 60.2, 49.9, 45.6, 30.0, 26.8, 26.1, 20.7, 20.6, 20.5, 20.4,
20.3. HRMS (ESI), m/z calcd. for C48H59N4O19 ([M+H]+) 995.3768,
found: 995.3756.

4.6.6. 10-(6-(4-((2,3,5-Tri-O-acetyl-β-d-ribofuranosyl)methyl)-1H-1,2,3-
triazol-1-yl)hexyl)acridin-9(10H)-one (5f)

This product was obtained as yellow liquid in 79% yield. [α]D25

-10.2 (0.3, CHCl3). 1H NMR (600 MHz, CDCl3) δ 8.55 (d, J = 7.8 Hz,
2H), 7.71 (t, J = 7.2 Hz, 2H), 7.55 (s, 1H), 7.44 (d, J = 8.4 Hz, 2H),
7.27 (t, J= 7.2 Hz, 2H), 5.34 (t, J= 3.6 Hz, 1H), 5.13 (d, J= 3.0 Hz,
1H), 5.03 (t, J = 3.0 Hz, 1H), 4.95 (d, J = 3.0 Hz, 1H), 4.86 (d,
J= 12.6 Hz, 1H), 4.68 (d, J= 12.0 Hz, 1H), 4.37 (t, J= 7.2 Hz, 2H),
4.30 (t, J = 8.4 Hz, 2H), 4.04 (dd, J = 12.6, 2.4 Hz, 1H), 3.81 (dd,
J= 12.6, 3.6 Hz, 1H), 2.10 (s, 3H), 2.08 (s, 3H), 2.00 (s, 3H), 1.99–1.95
(m, 2H), 1.93–1.90 (m, 2H), 1.64–1.54 (m, 2H), 1.51–1.37 (m, 2H). 13C
NMR (150 MHz, CDCl3) δ 177.9, 170.1, 169.9, 169.7, 143.9, 141.6,
133.9, 127.9, 122.6, 122.4, 121.2, 114.4, 97.6, 68.0, 66.7, 65.6, 61.5,
61.3, 50.1, 45.8, 30.1, 27.0, 26.3, 26.3, 20.9, 20.8, 20.6. HRMS (ESI),
m/z calcd. for C33H39N4O9 ([M+H]+) 635.2712, found: 635.2703.

4.6.7. 10-(6-(4-((2,3,4,6-Tetra-O-acetyl-β-d-glucopyranosyl)methyl)-1H-
1,2,3-triazol-1-yl)hexyl)-2-methoxyacridin-9(10H)-one (5g)

This product was obtained as yellow liquid in 81% yield. [α]D25

-35.3 (0.3, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.59 (dd, J = 8.0,
1.6 Hz, 1H), 7.99 (d, J = 3.2 Hz, 1H), 7.72 (m, 1H), 7.50 (s, 1H), 7.45
(dd, J = 8.4, 6.8 Hz, 2H), 7.38 (dd, J = 9.2, 3.2 Hz, 1H), 7.29 (d,
J= 7.6 Hz, 1H), 5.20 (t, J= 9.2 Hz, 1H), 5.09 (t, J= 9.6 Hz, 1H), 5.01
(dd, J = 9.2, 7.6 Hz, 1H), 4.94 (d, J = 12.4 Hz, 1H), 4.81 (d,
J = 12.4 Hz, 1H), 4.68 (d, J = 8.0 Hz, 1H), 4.42–4.31 (m, 4H), 4.26
(dd, J = 12.0, 4.8 Hz, 1H), 4.18–4.11 (m, 1H), 3.94 (s, 3H), 3.72 (m,
1H), 2.07 (s, 3H), 2.02 (s, 3H), 2.00–1.89 (m, 10H), 1.62–1.54 (m, 2H),
1.50–1.42 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 177.4, 170.6, 170.2,
169.4, 169.4, 154.4, 144.3, 141.3, 136.6, 133.7, 128.1, 124.7, 123.2,
122.6, 121.8, 121.0, 116.3, 114.3, 106.9, 100.1, 72.7, 71.9, 71.3, 68.3,
63.2, 61.8, 55.8, 50.1, 45.9, 30.2, 27.3, 26.4, 26.3, 20.8, 20.7, 20.6.
HRMS (ESI), m/z calcd. for C37H45N4O12 ([M+H]+) 737.3028, found:
737.3023.

4.6.8. 10-(6-(4-((2,3,4,6-Tetra-O-acetyl-β-d-galactopyranosyl)methyl)-
1H-1,2,3-triazol-1-yl)hexyl)-2-methoxyacridin-9(10H)-one (5 h)

This product was obtained as yellow liquid in 85% yield. [α]D25

-29.2 (0.3, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.58 (dd, J = 8.0,
1.6 Hz, 1H), 7.98 (d, J = 3.2 Hz, 1H), 7.71 (m, 1H), 7.50 (s, 1H), 7.45
(dd, J = 9.2, 6.0 Hz, 2H), 7.37 (dd, J = 9.2, 3.2 Hz, 1H), 7.28 (d,
J = 7.2 Hz, 1H), 5.39 (dd, J = 3.2, 0.8 Hz, 1H), 5.22 (dd, J = 10.4,
8.0 Hz, 1H), 5.02 (dd, J= 10.4, 3.2 Hz, 1H), 4.97 (d, J= 12.4 Hz, 1H),
4.79 (d, J= 12.4 Hz, 1H), 4.65 (d, J= 8.0 Hz, 1H), 4.42–4.27 (m, 4H),
4.19–4.10 (m, 2H), 3.97–3.92 (m, 4H), 2.13 (s, 3H), 2.04 (s, 3H), 1.97
(s, 6H), 2.02–1.85 (m, 4H), 1.63–1.52 (m, 2H), 1.51–1.32 (m, 2H). 13C
NMR (100 MHz, CDCl3) δ 177.4, 170.4, 170.2, 170.1, 169.5, 154.4,
144.4, 141.2, 136.6, 133.7, 128.1, 124.7, 123.2, 122.5, 121.7, 121.0,
116.3, 114.3, 106.9, 100.6, 70.9, 70.8, 68.8, 67.0, 63.2, 61.3, 55.8,
50.1, 45.9, 30.2, 27.3, 26.4, 26.3, 20.8, 20.7, 20.6, 20.6. HRMS (ESI),
m/z calcd. for C37H44N4NaO12 ([M+Na]+) 759.2848, found: 759.2845.

4.6.9. 10-(6-(4-((2,3,4,6-Tetra-O-acetyl-β-d-mannopyranosyl)methyl)-
1H-1,2,3-triazol-1-yl)hexyl)-2-methoxyacridin-9(10H)-one (5i)

This product was obtained as yellow liquid in 79% yield. [α]D25

+31.8 (0.3, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.59 (dd, J = 8.0,
1.6 Hz, 1H), 7.99 (d, J = 3.2 Hz, 1H), 7.72 (m, 1H), 7.57 (s, 1H), 7.46
(dd, J = 8.8, 6.8 Hz, 2H), 7.38 (dd, J = 9.2, 3.2 Hz, 1H), 7.29 (d,
J = 7.6 Hz, 1H), 5.35–5.27 (m, 2H), 5.26–5.22 (m, 1H), 4.96 (d,
J= 1.6 Hz, 1H), 4.86 (d, J= 12.4 Hz, 1H), 4.68 (d, J= 12.4 Hz, 1H),
4.45–4.24 (m, 5H), 4.16–4.05 (m, 2H), 3.95 (s, 3H), 2.14 (s, 3H), 2.11
(s, 3H), 2.07–2.04 (m, 1H), 2.02 (s, 3H), 2.01–1.99 (m, 1H), 1.98 (s,
3H), 1.94–1.90 (m, 2H),1.64–1.56 (m, 2H), 1.53–1.45 (m, 2H). 13C
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NMR (100 MHz, CDCl3) δ 177.4, 170.7, 170.1, 170.0, 169.7, 154.4,
143.7, 141.3, 136.6, 133.7, 128.0, 124.7, 123.2, 122.7, 121.7, 121.0,
116.3, 114.3, 106.9, 96.9, 69.5, 69.0, 68.7, 66.1, 62.4, 61.2, 55.8, 50.2,
46.-, 30.2, 27.3, 26.4, 20.9, 20.8, 20.7. HRMS (ESI), m/z calcd. for
C37H45N4O12 ([M+H]+) 737.3028, found: 737.3030.

4.6.10. 10-(6-(4-((3,4,6-Tri-O-acetyl-2-acetamido-2-deoxy-β-d-
glucopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)hexyl)-2-methoxyacridin-
9(10H)-one (5j)

This product was obtained as yellow liquid in 88% yield. [α]D25

-42.6 (0.3, CHCl3). 1H NMR (600 MHz, CDCl3) δ 8.53 (dd, J = 7.8,
1.2 Hz, 1H), 7.93 (d, J= 3.0 Hz, 1H), 7.75–7.61 (m, 1H), 7.52 (s, 1H),
7.40 (dd, J= 11.4, 9.0 Hz, 2H), 7.33 (dd, J= 9.6, 3.0 Hz, 1H), 7.24 (t,
J = 7.2 Hz, 1H), 6.18 (d, J = 9.0 Hz, 1H), 5.23 (t, J = 9.6 Hz, 1H),
5.06 (t, J= 9.6 Hz, 1H), 4.92 (d, J= 12.6 Hz, 1H), 4.84 (d, J= 8.4 Hz,
1H), 4.75 (d, J= 12.6 Hz, 1H), 4.35–4.31 (m, 2H), 4.28 (t, J= 7.8 Hz,
2H), 4.24 (dd, J = 12.0, 4.8 Hz, 1H), 4.12 (dd, J = 12.0, 2.4 Hz, 1H),
3.97 (dd, J= 19.2, 8.4 Hz, 1H), 3.90 (s, 3H), 3.71 (m, 1H), 2.05 (s, 3H),
1.99 (s, 6H), 1.96–1.89 (m, 2H), 1.90–1.83 (m, 2H), 1.83 (s, 3H),
1.54–1.50 (m, 2H), 1.43–1.40 (m, 2H). 13C NMR (150 MHz, CDCl3) δ
177.2, 170.7, 170.6, 170.3, 169.3, 154.3, 144.4, 141.1, 136.4, 133.6,
127.8, 124.6, 123.0, 122.6, 121.5, 120.9, 116.3, 114.3, 106.7, 100.5,
72.5, 71.8, 68.5, 62.9, 62.0, 55.7, 54.3, 50.0, 45.8, 30.1, 27.2, 26.2,
26.2, 23.2, 20.7, 20.6, 20.5. HRMS (ESI), m/z calcd. for C37H45N5NaO11
([M+Na]+) 758.3008, found: 758.3006.

4.6.11. 10-(6-(4-((2,3,6-Tri-O-acetyl-4-O-(2,3,4,6-tetra-O-acetyl-β-d-
galactopyranosyl) -β-d-glucopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
hexyl)-2-methoxyacridin-9(10H)-one (5k)

This product was obtained as yellow liquid in 82% yield. [α]D25

-49.2 (0.3, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.59 (dd, J = 8.0,
1.6 Hz, 1H), 7.98 (d, J = 3.2 Hz, 1H), 7.72 (m, 1H), 7.49 (s, 1H), 7.46
(dd, J = 8.8, 6.8 Hz, 2H), 7.38 (dd, J = 9.2, 3.2 Hz, 1H), 7.29 (t,
J= 7.6 Hz 1H), 5.34 (d, J= 2.4 Hz, 1H), 5.18 (t, J= 9.2 Hz, 1H), 5.10
(dd, J = 10.4, 8.0 Hz, 1H), 4.99–4.86 (m, 3H), 4.79 (d, J = 12.4 Hz,
1H), 4.62 (d, J= 8.0 Hz, 1H), 4.52 (dd, J= 12.0, 1.6 Hz, 1H), 4.47 (d,
J = 8.0 Hz, 1H), 4.38–4.32 (m, 4H), 4.18–4.02 (m, 3H), 3.94 (s, 3H),
3.87 (t, J= 7.2 Hz, 1H), 3.79 (t, J= 9.6 Hz, 1H), 3.62 (m, 1H), 2.15 (s,
3H), 2.11 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 2.00–1.91 (m,
10H), 1.62–1.54 (m, 2H), 1.49–1.43 (m, 2H). 13C NMR (150 MHz,
CDCl3) δ 177.4, 170.3, 170.1, 170.1, 169.7, 169.6, 169.0, 154.4, 144.2,
141.2, 136.5, 133.7, 128.0, 124.7, 123.2, 122.6, 121.7, 120.9, 116.3,
114.3, 106.8, 101.0, 99.8, 76.1, 72.8, 72.7, 71.5, 70.9, 70.7, 69.1, 66.6,
63.2, 61.7, 60.7, 55.8, 50.1, 45.9, 30.2, 27.3, 26.4, 26.3, 20.9, 20.8,
20.7, 20.6, 20.5. HRMS (ESI), m/z calcd. for C49H60N4NaO20 ([M
+Na]+) 1047.3693, found: 1047.3691.

4.6.12. 10-(6-(4-((2,3,5-Tri-O-acetyl-β-d-ribofuranosyl)methyl)-1H-
1,2,3-triazol-1-yl)hexyl)-2-methoxyacridin-9(10H)-one (5l)

This product was obtained as yellow liquid in 77% yield. [α]D25

-15.6 (0.3, CHCl3). 1H NMR (600 MHz, CDCl3) δ 8.59 (dd, J = 7.8,
1.2 Hz, 1H), 7.99 (d, J= 3.0 Hz, 1H), 7.74–7.70 (m, 1H), 7.54 (s, 1H),
7.46 (dd, J= 11.4, 9.0 Hz, 2H), 7.38 (dd, J= 9.6, 3.0 Hz, 1H), 7.28 (t,
J = 7.8 Hz, 1H), 5.35 (t, J = 3.6 Hz, 1H), 5.15 (d, J = 3.0 Hz, 1H),
5.04 (t, J= 3.0 Hz, 1H), 4.96 (d, J= 3.0 Hz, 1H), 4.87 (d, J= 12.6 Hz,
1H), 4.69 (d, J = 12.6 Hz, 1H), 4.38 (t, J = 7.2 Hz, 2H), 4.36 (t,
J= 7.8 Hz, 2H), 4.05 (dd, J= 12.6, 2.4 Hz, 1H), 3.94 (s, 3H), 3.83 (dd,
J= 12.6, 3.6 Hz, 1H), 2.11 (s, 3H), 2.09 (s, 3H), 2.02 (s, 3H), 2.03–1.97
(m, 2H), 1.97–1.89 (m, 2H), 1.61–1.56 (m, 2H), 1.49–1.44 (m, 2H). 13C
NMR (150 MHz, CDCl3) δ 177.4, 170.2, 169.9, 169.8, 154.4, 144.1,
141.3, 136.6, 133.7, 128.1, 124.7, 123.2, 122.6, 121.7, 121.0, 116.3,
114.3, 106.9, 97.7, 68.1, 66.7, 65.6, 61.6, 61.4, 55.8, 50.2, 46.0, 30.2,
27.3, 26.4, 26.4, 21.0, 20.9, 20.7. HRMS (ESI), m/z calcd. for
C34H41N4O10 ([M+H]+) 665.2817, found: 665.2795.

4.6.13. 10-(3-(4-((2,3,4,6-Tetra-O-acetyl-β-d-glucopyranosyl)methyl)-
1H-1,2,3-triazol-1-yl)propyl)acridin-9(10H)-one (5m)

This product was obtained as yellow liquid in 89% yield. [α]D25

-26.6 (0.3, CHCl3). 1H NMR (600 MHz, CDCl3) δ 8.58 (d, J = 7.8 Hz,
2H), 7.71 (t, J = 7.8 Hz, 2H), 7.61 (s, 1H), 7.37 (d, J = 9.0 Hz, 2H),
7.31 (t, J= 7.8 Hz, 2H), 5.22 (t, J= 9.6 Hz, 1H), 5.11 (t, J = 9.6 Hz,
1H), 5.03 (t, J = 8.4 Hz, 1H), 4.98 (d, J = 12.6 Hz, 1H), 4.88 (d,
J = 12.6 Hz, 1H), 4.71 (d, J = 7.8 Hz, 1H), 4.58 (t, J = 6.6 Hz, 2H),
4.53 (d, J = 7.8 Hz, 2H), 4.25 (dd, J = 12.0, 4.2 Hz, 1H), 4.19 (d,
J= 12.0 Hz, 1H), 3.75 (d, J= 8.4 Hz, 1H), 2.59 (m, 2H), 2.06 (s, 3H),
2.03 (s, 3H), 2.00 (s, 3H), 1.98 (s, 3H). 13C NMR (150 MHz, CDCl3) δ
177.9, 170.6, 170.2, 169.4, 169.4, 144.8, 141.5, 134.2, 128.2, 123.3,
122.6, 121.6, 114.0, 100.3, 72.7, 72.0, 71.2, 68.3, 63.3, 61.7, 47.7,
43.0, 27.2, 20.7, 20.7, 20.6. HRMS (ESI), m/z calcd. for C33H36N4NaO11
([M+Na]+) 687.2273, found: 687.2268.

4.6.14. 10-(3-(4-((2,3,4,6-Tetra-O-acetyl-β-d-galactopyranosyl)methyl)-
1H-1,2,3-triazol-1-yl)propyl)acridin-9(10H)-one (5n)

This product was obtained as yellow liquid in 85% yield. [α]D25

-29.0 (0.3, CHCl3). 1H NMR (600 MHz, CDCl3) δ 8.52 (d, J = 7.8 Hz,
2H), 7.67 (t, J = 7.8 Hz, 2H), 7.62 (s, 1H), 7.33 (d, J = 9.0 Hz, 2H),
7.26 (t, J= 7.2 Hz, 2H), 5.40 (s, 1H), 5.23 (t, J= 9.6 Hz, 1H), 5.03 (t,
J = 9.6 Hz, 2H), 4.85 (d, J = 12.6 Hz, 1H), 4.68 (d, J = 7.8 Hz, 1H),
4.56 (t, J = 6.0 Hz, 2H), 4.47 (t, J = 7.8 Hz, 2H), 4.23–4.16 (m, 1H),
4.15–4.10 (m, 1H), 3.96 (t, J= 6.0 Hz, 1H), 2.56–2.53 (m, 2H), 2.12 (s,
3H), 2.03 (s, 3H), 1.98 (s, 3H), 1.97 (s, 3H). 13C NMR (150 MHz, CDCl3)
δ 177.8, 170.4, 170.2, 170.1, 169.6, 144.8, 141.4, 134.2, 128.1, 123.3,
122.5, 121.6, 114.1, 100.7, 70.9, 70.8, 68.8, 67.1, 63.1, 61.3, 47.7,
43.01, 27.2, 20.8, 20.7, 20.7, 20.6. HRMS (ESI), m/z calcd. for
C33H36N4NaO11 ([M+Na]+) 687.2273, found: 687.2265.

4.6.15. 10-(3-(4-((2,3,4,6-Tetra-O-acetyl-β-d-mannopyranosyl)methyl)-
1H-1,2,3-triazol-1-yl)propyl)acridin-9(10H)-one (5o)

This product was obtained as yellow liquid in 77% yield. [α]D25

+22.1 (0.3, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.51 (dd, J = 8.0,
1.6 Hz, 2H), 7.73–7.61 (m, 3H), 7.34 (d, J = 8.8 Hz, 2H), 7.25 (t,
J = 7.6 Hz, 2H), 5.30–5.27 (m, 2H), 5.25–5.20 (m, 1H), 4.97 (d,
J= 1.6 Hz, 1H), 4.88 (d, J= 12.4 Hz, 1H), 4.71 (d, J= 12.4 Hz, 1H),
4.57 (t, J = 6.4 Hz, 2H), 4.48 (t, J = 8.0 Hz, 2H), 4.28 (dd, J = 12.4,
5.2 Hz, 1H), 4.11–4.06 (m, 1H), 2.69–2.47 (m, 2H), 2.10 (s, 3H), 2.09
(s, 3H), 2.00 (s, 3H), 1.96 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 177.8,
170.6, 170.0, 169.9, 169.6, 143.9, 141.4, 134.2, 128.0, 123.5, 122.4,
121.5, 114.1, 96.8, 69.4, 68.9, 68.7, 66.0, 62.3, 61.0, 47.7, 43.0, 27.1,
20.8, 20.7, 20.6. HRMS (ESI), m/z calcd. for C33H37N4O11 ([M+H]+)
665.2453, found: 665.2449.

4.6.16. 10-(3-(4-((3,4,6-Tri-O-acetyl-2-acetamido-2-deoxy-β-d-
glucopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)propyl)acridin-9(10H)-one
(5p)

This product was obtained as yellow liquid in 80% yield. [α]D25

-43.3 (0.3, CHCl3). 1H NMR (600 MHz, CDCl3) δ 8.49 (dd, J = 7.8,
1.2 Hz, 2H), 7.66 (t, J= 7.2 Hz, 3H), 7.32 (d, J= 8.4 Hz, 2H), 7.24 (d,
J = 7.8 Hz, 2H), 6.17 (d, J = 9.0 Hz, 1H), 5.26 (t, J = 9.6 Hz, 1H),
5.09 (t, J= 9.6 Hz, 1H), 4.98 (d, J= 11.4 Hz, 1H), 4.88–4.83 (m, 2H),
4.55 (t, J = 6.0 Hz, 2H), 4.43 (t, J = 7.8 Hz, 2H), 4.25 (dd, J = 12.0,
4.2 Hz, 1H), 4.17 (dd, J = 12.6, 2.4 Hz, 1H), 3.99 (dd, J = 18.6,
9.0 Hz, 1H), 3.74 (m, 1H), 2.60–2.41 (m, 2H), 2.05 (s, 3H), 2.00 (s, 6H),
1.85 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 177.8, 170.8, 170.6, 170.4,
169.4, 141.4, 134.2, 128.0, 122.4, 121.5, 114.1, 100.6, 72.4, 71.9,
68.5, 62.9, 61.9, 54.4, 47.7, 43.0, 27.1, 23.3, 20.7, 20.6, 20.6. HRMS
(ESI), m/z calcd. for C33H37N5NaO10 ([M+Na]+) 686.2433, found:
686.2425.
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4.6.17. 10-(3-(4-((2,3,6-Tri-O-acetyl-4-O-(2,3,4,6-tetra-O-acetyl-β-d-
galactopyranosyl)-β-d-glucopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
propyl)acridin-9(10H)-one (5q)

This product was obtained as yellow liquid in 80% yield. [α]D25

-30.3 (0.3, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.55 (dd, J = 8.0,
1.6 Hz, 2H), 7.69 (m, 2H), 7.61 (s, 1H), 7.35 (d, J= 8.8 Hz, 2H), 7.28
(t, J= 7.6 Hz, 2H), 5.34 (d, J= 3.2 Hz, 1H), 5.19 (t, J= 9.2 Hz, 1H),
5.10 (dd, J = 10.4, 7.6 Hz, 1H), 5.01–4.81 (m, 4H), 4.65 (d,
J= 8.0 Hz, 1H), 4.61–4.53 (m, 3H), 4.50 (t, J= 7.6 Hz, 2H), 4.14–4.03
(m, 3H), 3.86 (t, J = 7.2 Hz, 1H), 3.81 (t, J = 9.2 Hz, 1H), 3.63 (m,
1H), 2.67–2.49 (m, 2H), 2.14 (s, 3H), 2.07 (s, 3H), 2.04 (s, 3H), 2.03 (s,
3H), 2.02 (s, 3H), 1.98 (s, 3H), 1.95 (s, 3H). 13C NMR (100 MHz, CDCl3)
δ 177.8, 170.3, 170.1, 170.0, 169.7, 169.6, 169.0, 144.8, 141.4, 134.2,
128.1, 123.4, 122.5, 121.5, 114.1, 101.0, 100.2, 75.9, 72.9, 72.7, 71.5,
70.9, 70.7, 69.1, 66.6, 63.4, 61.5, 60.7, 47.6, 43.0, 27.2, 20.9, 20.7,
20.7, 20.6, 20.5. HRMS (ESI), m/z calcd. for C45H53N4O19 ([M+H]+)
953.3299, found: 953.3294.

4.6.18. 10-(3-(4-((2,3,5-Tri-O-acetyl-β-d-ribofuranosyl)methyl)-1H-
1,2,3-triazol-1-yl) propyl)acridin-9(10H)-one (5r)

This product was obtained as yellow liquid in 75% yield. [α]D25

-10.9 (0.3, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.56 (dd, J = 8.0,
1.6 Hz, 2H), 7.71 (m, 2H), 7.64 (s, 1H), 7.37 (d, J= 8.8 Hz, 2H), 7.29
(t, J= 7.6 Hz, 2H), 5.37 (t, J= 3.6 Hz, 1H), 5.16 (dd, J= 6.4, 3.2 Hz,
1H), 5.05 (t, J = 3.2 Hz, 1H), 4.98 (d, J = 2.8 Hz, 1H), 4.93 (d,
J= 12.4 Hz, 1H), 4.75 (d, J= 12.4 Hz, 1H), 4.58 (t, J= 6.4 Hz, 2H),
4.53 (t, J = 8 Hz, 2H), 4.07 (dd, J = 12.8, 2.8 Hz, 1H), 3.85 (dd,
J = 12.8, 4.0 Hz, 1H), 2.67–2.55 (m, 2H), 2.12 (s, 3H), 2.08 (s, 3H),
2.03 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 177.9, 170.1, 169.9, 169.7,
144.4, 141.5, 134.2, 128.2, 123.3, 122.5, 121.6, 114.1, 97.7, 68.1,
66.7, 65.6, 61.5, 61.4, 47.7, 43.0, 27.2, 20.9, 20.8, 20.6. HRMS (ESI),
m/z calcd. for C30H32N4NaO9 ([M+Na]+) 615.2061, found: 615.2059.

4.6.19. 10-(3-(4-((2-Deoxy-β-d-ribofuranosyl)methyl)-1H-1,2,3-triazol-1-
yl)propyl) acridin-9(10H)-one (5s)

This product was obtained as yellow foam solid in 99% yield. [α]D25

-12.6 (0.5, MeOH). m.p. 203–207 °C. 1H NMR (400 MHz, CD3OD) δ
8.46 (dd, J = 8.0, 1.6 Hz, 2H), 8.09 (s, 1H), 7.83 (m, 2H), 7.64 (d,
J = 8.8 Hz, 2H), 7.36 (m, 2H), 4.92 (d, J = 12.4 Hz, 1H), 4.76–4.66
(m, 4H), 4.64–4.57 (m, 2H), 3.93 (dd, J= 12.4, 4.4 Hz, 1H), 3.84–3.74
(m, 1H), 3.70–3.62 (m, 1H), 3.52 (dd, J = 12.4, 2.4 Hz, 1H), 2.55 (m,
2H), 1.94–1.82 (m, 2H). 13C NMR (100 MHz, DMSO) δ 176.5, 144.0,
141.4, 134.3, 126.8, 124.3, 121.6, 121.4, 115.5, 96.7, 67.3, 64.2, 63.5,
59.7, 46.8, 42.7, 34.0, 27.3. HRMS (ESI), m/z calcd. for C24H26N4NaO5
([M+Na]+) 473.1795, found: 473.1779.

4.6.20. 10-(6-(4-((2-Deoxy-β-d-ribofuranosyl)methyl)-1H-1,2,3-triazol-1-
yl)hexyl) acridin-9(10H)-one (5t)

This product was obtained as yellow foam solid in 99% yield. [α]D25

-14.7 (0.5, MeOH). m.p. 204–206 °C. 1H NMR (400 MHz, CDCl3) δ 8.58
(dd, J = 8.0, 1.6 Hz, 2H), 7.73 (m, 2H), 7.51 (s, 1H), 7.47 (d,
J= 8.8 Hz, 2H), 7.30 (t, J= 7.6 Hz, 2H), 5.00 (t, J= 3.2 Hz, 1H), 4.79
(d, J = 12.4 Hz, 1H), 4.59 (d, J = 12.4 Hz, 1H), 4.39–4.32 (m, 4H),
4.11–4.00 (m, 1H), 3.89 (dd, J = 12.4, 1.6 Hz, 1H), 3.82 (s, 1H), 3.75
(dd, J = 12.4, 3.2 Hz, 1H), 2.04–1.87 (m, 6H), 1.64–1.53 (m, 2H),
1.52–1.43 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 178.0, 144.6, 141.7,
134.0, 128.1, 122.5, 121.3, 114.4, 97.2, 68.0, 64.8, 62.9, 60.6, 50.1,
45.8, 33.7, 30.2, 27.1, 26.3. HRMS (ESI), m/z calcd. for C27H32N4NaO5
([M+Na]+) 515.2265, found: 515.2263.

4.6.21. 10-(6-(4-((2-Deoxy-β-d-ribofuranosyl)methyl)-1H-1,2,3-triazol-1-
yl)hexyl)-2-methoxyacridin-9(10H)-one (5u)

This product was obtained as yellow foam solid in 99% yield. [α]D25

-10.2 (0.5, MeOH). m.p. 209–211 °C. 1H NMR (400 MHz, DMSO) δ 8.36
(d, J = 8.0 Hz, 1H), 8.10 (s, 1H), 7.88–7.80 (m, 3H), 7.77 (d,
J = 3.2 Hz, 1H), 7.49 (dd, J= 9.2, 3.2 Hz, 1H), 7.31 (m, 1H), 4.88 (t,

J= 3.2 Hz, 1H), 4.62 (d, J= 12.4 Hz, 1H), 4.53 (dd, J= 14.0, 4.4 Hz,
2H), 4.50–4.41 (m, 3H), 4.35 (t, J = 7.2 Hz, 2H), 3.88 (s, 3H),
3.78–3.73 (m, 1H), 3.68–3.60 (m, 1H), 3.54–3.49 (m, 2H), 2.00–1.69
(m, 6H), 1.56–1.49 (m, 2H), 1.36–1.32 (m, 2H). 13C NMR (150 MHz,
CDCl3) δ 177.4, 154.4, 144.6, 141.2, 136.5, 133.7, 128.0, 124.7, 123.1,
122.5, 121.7, 121.0, 116.3, 114.3, 106.8, 97.2, 68.0, 64.8, 62.9, 60.6,
55.8, 50.1, 45.9, 33.7, 30.1, 27.3, 26.3. HRMS (ESI), m/z calcd. for
C28H34N4NaO6 ([M+Na]+) 545.2371, found: 545.2367.

4.7. General procedure for the synthesis of compounds 6a-6r

To a solution of compound 5a-5r in anhydrous methanol (10 mL)
was added 1 M solution of sodium methoxide in MeOH until pH 9–10
was reached. The reaction mixture was stirred at r.t. for 4 h. The re-
action was neutralized with amberlite IR-120 (H+) and filtered, the
solvent was evaporated in vacuo. The residue was purified by a flash
silica gel column chromatography to afford 6a-6r.

4.7.1. 10-(6-(4-((β-d-glucopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
hexyl)acridin-9(10H)-one (6a)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -39.4 (0.5, MeOH). m.p. 236–237 °C. 1H NMR (400 MHz,
CD3OD) δ 8.43 (dd, J = 8.0, 1.6 Hz, 2H), 8.03 (s, 1H), 7.81 (m, 2H),
7.69 (d, J= 8.8 Hz, 2H), 7.31 (t, J= 7.2 Hz, 2H), 4.97 (d, J= 12.4 Hz,
1H), 4.79 (d, J = 12.4 Hz, 1H), 4.44–4.39 (m, 5H), 3.90 (d,
J= 12.0 Hz, 1H), 3.68 (dd, J= 12.0, 5.6 Hz, 1H), 3.38–3.35 (m, 1H),
3.33–3.32 (m, 1H), 3.31–3.29 (m, 1H), 3.23 (dd, J = 8.8, 7.6 Hz, 1H),
2.04–1.91 (m, 2H), 1.91–1.76 (m, 2H), 1.66–1.50 (m, 2H), 1.48–1.26
(m, 2H). 13C NMR (100 MHz, CD3OD) δ 179.7, 145.7, 143.1, 135.7,
128.2, 125.3, 123.0, 122.6, 116.7, 103.7, 78.1, 78.0, 75.0, 71.6, 63.1,
62.8, 51.2, 46.8, 31.1, 28.1, 27.2, 27.0. HRMS (ESI), m/z calcd. for
C28H35N4O7 ([M+H]+) 539.2500, found: 539.2490.

4.7.2. 10-(6-(4-((β-d-galactopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
hexyl)acridin-9(10H)-one (6b)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -36.6 (0.5, MeOH). m.p. 233–235 °C. 1H NMR (600 MHz,
CD3OD) δ 8.43 (d, J = 7.8 Hz, 2H), 8.03 (s, 1H), 7.81 (t, J = 7.8 Hz,
2H), 7.69 (d, J = 9.0 Hz, 2H), 7.31 (t, J = 7.2 Hz, 2H), 4.98 (d,
J = 12.0 Hz, 1H), 4.80 (d, J = 12.0 Hz, 1H), 4.43–4.39 (m, 4H), 4.36
(d, J = 7.8 Hz, 1H), 3.85 (d, J = 3.0 Hz, 1H), 3.81 (dd, J = 11.4,
7.2 Hz, 1H), 3.75 (dd, J = 11.4, 4.8 Hz, 1H), 3.62–3.53 (m, 2H), 3.48
(dd, J = 9.6, 3.0 Hz, 1H), 2.06–1.90 (m, 2H), 1.89–1.76 (m, 2H),
1.65–1.53 (m, 2H), 1.45–1.41 (m, 2H). 13C NMR (100 MHz, CD3OD) δ
179.7, 145.8, 143.1, 135.7, 128.2, 125.3, 123.0, 122.6, 116.7, 104.3,
76.8, 74.9, 72.4, 70.3, 63.0, 62.6, 51.2, 46.8, 31.2, 28.1, 27.2, 27.0.
HRMS (ESI), m/z calcd. for C28H34N4NaO7 ([M+Na]+) 561.2320,
found: 561.2311.

4.7.3. 10-(6-(4-((β-d-mannopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
hexyl)acridin-9(10H)-one (6c)

This product was obtained as yellow liquid in quantitative yield.
[α]D25 +48.8 (0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 8.41 (d,
J = 7.8 Hz, 2H), 8.02 (s, 1H), 7.79 (t, J = 7.8 Hz, 2H), 7.67 (d,
J = 9.0 Hz, 2H), 7.30 (t, J = 7.2 Hz, 2H), 4.86 (s, 1H), 4.80 (d,
J = 12.0 Hz, 1H), 4.64 (d, J = 12.6 Hz, 1H), 4.49–4.28 (m, 4H), 3.85
(d, J= 11.4 Hz, 1H), 3.78 (s, 1H), 3.71 (dd, J= 11.4, 6.0 Hz, 1H), 3.68
(dd, J= 9.0, 3.0 Hz, 1H), 3.61 (t, J= 9.6 Hz, 1H), 3.59–3.54 (m, 1H),
1.99–1.90 (m, 2H), 1.87–1.79 (m, 2H), 1.59–1.53 (m, 2H), 1.44–1.39
(m, 2H). 13C NMR (100 MHz, CD3OD) δ 179.7, 143.1, 135.7, 128.2,
123.0, 122.6, 116.7, 100.8, 75.0, 72.5, 72.0, 68.6, 63.0, 60.7, 51.2,
46.8, 31.2, 28.1, 27.2, 27.0. HRMS (ESI), m/z calcd. for C28H35N4O7
([M+H]+) 539.2500, found: 539.2491.
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4.7.4. 10-(6-(4-((2-Acetamido-2-deoxy-β-d-glucopyranosyl)methyl)-1H-
1,2,3-triazol-1-yl)hexyl)acridin-9(10H)-one (6d)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -68.3 (0.5, MeOH). m.p. 260–263 °C. 1H NMR (600 MHz,
CD3OD) δ 8.36 (dd, J = 7.8, 1.8 Hz, 2H), 7.91 (s, 1H), 7.74 (m, 2H),
7.62 (d, J= 9.0 Hz, 2H), 7.25 (t, J= 7.2 Hz, 2H), 4.87 (d, J= 12.0 Hz,
1H), 4.69 (d, J= 12.6 Hz, 1H), 4.50 (d, J= 8.4 Hz, 1H), 4.40–4.28 (m,
4H), 3.87 (d, J= 12.0 Hz, 1H), 3.72–3.58 (m, 2H), 3.43 (dd, J= 10.2,
8.4 Hz, 1H), 3.28–3.25 (m, 2H), 1.90–1.87 (m, 2H), 1.87 (s, 3H),
1.82–1.69 (m, 2H), 1.61–1.44 (m, 2H), 1.47–1.27 (m, 2H). 13C NMR
(150 MHz, CD3OD) δ 179.7, 173.7, 145.7, 143.1, 135.7, 128.2, 125.3,
123.0, 122.6, 116.7, 101.9, 78.1, 76.0, 72.1, 62.8, 62.8, 57.3, 51.2,
46.8, 31.1, 28.1, 27.2, 27.0, 23.0. HRMS (ESI), m/z calcd. for
C30H37N5NaO7 ([M+Na]+) 602.2585, found: 602.2587.

4.7.5. 10-(6-(4-((4-O-(β-d-galactopyranosyl)-β-d-glucopyranosyl)
methyl)-1H-1,2,3-triazol-1-yl)hexyl)acridin-9(10H)-one (6e)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -70.6 (0.5, MeOH). m.p. 220–221 °C. 1H NMR (600 MHz,
CD3OD) δ 8.42 (d, J = 7.8 Hz, 2H), 8.03 (s, 1H), 7.79 (t, J = 7.8 Hz,
2H), 7.66 (d, J = 9.0 Hz, 2H), 7.31 (t, J = 7.2 Hz, 2H), 4.97 (d,
J = 12.0 Hz, 1H), 4.79 (d, J = 12.0 Hz, 1H), 4.50–4.33 (m, 6H), 3.95
(d, J = 12.0 Hz, 1H), 3.89–3.83 (m, 2H), 3.80 (dd, J = 11.4, 7.2 Hz,
1H), 3.72 (dd, J= 11.4, 4.2 Hz, 1H), 3.64–3.56 (m, 3H), 3.56–3.48 (m,
2H), 3.48–3.41 (m, 1H), 3.33–3.27 (m, 1H), 1.96–1.93 (m, 2H),
1.85–1.81 (m, 2H), 1.58–1.53 (m, 2H), 1.43–1.39 (m, 2H). 13C NMR
(100 MHz, CD3OD) δ 179.6, 145.7, 143.0, 135.7, 128.2, 125.3, 122.9,
122.6, 116.6, 105.1, 103.4, 80.5, 77.1, 76.5, 76.3, 74.8, 74.6, 72.5,
70.3, 63.1, 62.5, 61.9, 51.2, 46.8, 31.1, 28.1, 27.2, 26.9. HRMS (ESI),
m/z calcd. for C34H44N4NaO12 ([M+Na]+) 723.2848, found: 723.2831.

4.7.6. 10-(6-(4-((β-d-ribofuranosyl)methyl)-1H-1,2,3-triazol-1-yl)hexyl)
acridin-9(10H)-one (6f)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -16.4 (0.5, MeOH). m.p. 228–229 °C. 1H NMR (600 MHz,
CD3OD) δ 8.40 (d, J = 7.8 Hz, 2H), 8.01 (s, 1H), 7.77 (t, J = 7.8 Hz,
2H), 7.64 (d, J = 9.0 Hz, 2H), 7.28 (t, J = 7.2 Hz, 2H), 4.85 (d,
J= 3.6 Hz, 1H), 4.82 (d, J= 12.0 Hz, 1H), 4.67 (d, J= 12.0 Hz, 1H),
4.42 (t, J = 7.2 Hz, 2H), 4.35 (t, J = 8.4 Hz, 2H), 3.86–3.80 (m, 2H),
3.77 (s, 1H), 3.71 (dd, J= 11.4, 4.8 Hz, 1H), 3.59 (t, J= 3.0 Hz, 1H),
1.98–1.90 (m, 2H), 1.86–1.75 (m, 2H), 1.61–1.48 (m, 2H), 1.46–1.34
(m, 2H). 13C NMR (100 MHz, CD3OD) δ 179.6, 143.1, 135.7, 128.2,
125.2, 123.0, 122.6, 116.6, 101.6, 72.4, 70.6, 68.0, 65.1, 61.6, 51.2,
46.8, 31.2, 28.1, 27.2, 27.0. HRMS (ESI), m/z calcd. for C27H33N4O6
([M+H]+) 509.2395, found: 509.2399.

4.7.7. 10-(6-(4-((β-d-glucopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
hexyl)-2-methoxyacridin-9(10H)-one (6g)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -52.0 (0.5, MeOH). m.p. 239–241 °C. 1H NMR (600 MHz,
CD3OD) δ 8.29 (d, J = 7.8 Hz, 1H), 7.99 (s, 1H), 7.64 (t, J = 8.4 Hz,
2H), 7.45 (d, J= 8.4 Hz, 1H), 7.41 (d, J= 9.6 Hz, 1H), 7.29–7.23 (m,
1H), 7.18 (t, J = 7.8 Hz, 1H), 4.96 (d, J = 12.0 Hz, 1H), 4.76 (d,
J = 12.0 Hz, 1H), 4.40 (d, J = 7.8 Hz, 1H), 4.35 (t, J = 6.6 Hz, 2H),
4.13 (t, J = 7.8 Hz, 2H), 3.90 (d, J = 12.0 Hz, 1H), 3.80 (s, 3H), 3.69
(dd, J= 12.0, 4.2 Hz, 1H), 3.39 (t, J= 8.4 Hz, 1H), 3.35–3.32 (m, 2H),
3.24 (t, J = 8.4 Hz, 1H), 1.96–1.79 (m, 2H), 1.66–1.62 (s, 2H),
1.56–1.37 (m, 2H), 1.37–1.25 (m, 2H). 13C NMR (100 MHz, CD3OD) δ
178.5, 155.7, 145.6, 142.2, 137.6, 135.2, 128.0, 126.0, 125.3, 123.4,
122.2, 122.0, 118.3, 116.3, 106.7, 103.6, 78.0, 77.9, 75.0, 71.6, 63.0,
62.8, 56.0, 51.1, 46.9, 31.1, 28.1, 27.1, 26.9. HRMS (ESI), m/z calcd.
for C29H36N4NaO8 ([M+Na]+) 591.2425, found: 591.2429.

4.7.8. 10-(6-(4-((β-d-galactopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
hexyl)-2-methoxyacridin-9(10H)-one (6 h)

This product was obtained as yellow foam solid in quantitative

yield. [α]D25 -66.9 (0.5, MeOH). m.p. 241–243 °C. 1H NMR (600 MHz,
CD3OD) δ 8.46 (dd, J = 7.8, 1.8 Hz, 1H), 8.01 (s, 1H), 7.86 (d,
J = 3.6 Hz, 1H), 7.82 (m, 1H), 7.74–7.72 (m, 2H), 7.48 (dd, J = 9.0,
3.0 Hz, 1H), 7.32 (t, J = 7.8 Hz, 1H), 4.96 (d, J = 12.0 Hz, 1H), 4.78
(d, J= 12.0 Hz, 1H), 4.48 (t, J= 8.4 Hz, 2H), 4.42 (t, J= 7.2 Hz, 2H),
4.33 (d, J = 7.8 Hz, 1H), 3.92 (s, 3H), 3.82 (d, J = 3.0 Hz, 1H), 3.78
(dd, J= 11.4, 7.2 Hz, 1H), 3.72 (dd, J= 11.4, 4.8 Hz, 1H), 3.55–3.51
(m, 2H), 3.45 (dd, J = 9.6, 3.0 Hz, 1H), 2.01–1.91 (m, 2H), 1.90–1.85
(m, 2H), 1.61–1.55 (m, 2H), 1.45–1.40 (m, 2H). 13C NMR (150 MHz,
CD3OD) δ 177.7, 154.8, 144.5, 141.3, 136.8, 134.0, 126.8, 125.0,
123.9, 122.4, 121.0, 120.9, 117.3, 115.2, 105.6, 102.9, 75.5, 73.5,
71.0, 68.9, 61.7, 61.2, 54.7, 49.8, 45.6, 29.8, 27.0, 25.9, 25.6. HRMS
(ESI), m/z calcd. for C29H37N4O8 ([M+H]+) 569.2606, found:
569.2604.

4.7.9. 10-(6-(4-((β-d-mannopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
hexyl) -2-methoxyacridin-9(10H)-one (6i)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 +29.2 (0.5, MeOH). m.p. 220–223 °C. 1H NMR (400 MHz,
CD3OD) δ 8.42 (dd, J = 7.8, 1.6 Hz, 1H), 8.02 (s, 1H), 7.82 (d,
J= 2.8 Hz, 1H), 7.78 (m, 1H), 7.67 (dd, J= 9.2, 4.0 Hz, 2H), 7.43 (dd,
J= 9.2, 3.2 Hz, 1H), 7.37–7.23 (m, 1H), 4.84 (d, J= 1.6 Hz, 1H), 4.80
(d, J = 12.4 Hz, 1H), 4.64 (d, J = 12.4 Hz, 1H), 4.48–4.31 (m, 4H),
3.90 (s, 3H), 3.85 (dd, J= 11.6, 2.4 Hz, 1H), 3.78 (dd, J= 3.2, 1.6 Hz,
1H), 3.75–3.64 (m, 2H), 3.63–3.56 (m, 2H), 2.01–1.90 (m, 2H),
1.88–1.77 (m, 2H), 1.62–1.49 (m, 2H), 1.49–1.36 (m, 2H). 13C NMR
(100 MHz, CD3OD) δ 178.5, 155.7, 142.2, 137.6, 135.1, 128.0, 126.0,
123.4, 122.2, 122.0, 118.3, 116.3, 106.7, 100.8, 75.0, 72.5, 72.0, 68.6,
63.0, 60.7, 56.0, 51.2, 46.9, 31.1, 28.1, 27.1, 26.9. HRMS (ESI), m/z
calcd. for C29H36N4NaO8 ([M+Na]+) 591.2425, found: 591.2432.

4.7.10. 10-(6-(4-((2-Acetamido-2-deoxy-β-d-glucopyranosyl)methyl)-1H-
1,2,3-triazol-1-yl)hexyl)-2-methoxyacridin-9(10H)-one (6j)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -81.2 (0.5, MeOH). m.p. 250–252 °C. 1H NMR (600 MHz,
CD3OD) δ 8.39 (dd, J = 7.8, 1.2 Hz, 1H), 7.96 (s, 1H), 7.77 (d,
J = 3.0 Hz, 1H), 7.75 (m, 1H), 7.62 (t, J = 9.6 Hz, 2H), 7.40 (dd,
J = 9.6, 3.0 Hz, 1H), 7.27 (t, J = 7.2 Hz, 1H), 4.91 (d, J = 12.0 Hz,
1H), 4.72 (d, J = 12.0 Hz, 1H), 4.53 (d, J = 8.4 Hz, 1H), 4.40 (t,
J = 7.2 Hz, 2H), 4.35 (t, J = 8.4 Hz, 2H), 3.91 (d, J = 12.0 Hz, 1H),
3.88 (s, 3H), 3.72–3.64 (m, 2H), 3.46 (dd, J = 10.2, 8.4 Hz, 1H),
3.35–3.32 (m, 2H), 1.96–1.92 (m, 2H), 1.91 (s, 3H), 1.83–1.73 (m, 2H),
1.54–1.50 (m, 2H), 1.41–1.37 (m, 2H). 13C NMR (150 MHz, CD3OD) δ
176.9, 171.7, 154.0, 140.5, 135.9, 133.3, 126.1, 124.2, 123.4, 121.6,
120.3, 120.2, 116.5, 114.5, 104.9, 99.9, 76.1, 74.0, 70.1, 60.8, 60.8,
55.3, 54.1, 49.3, 45.0, 29.1, 26.3, 25.2, 25.0, 21.0. HRMS (ESI), m/z
calcd. for C31H39N5NaO8 ([M+Na]+) 632.2691, found: 632.2689.

4.7.11. 10-(6-(4-((4-O-(β-d-galactopyranosyl)-β-d-glucopyranosyl)
methyl) -1H-1,2,3-triazol-1-yl)hexyl)-2-methoxyacridin-9(10H)-one (6k)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -78.2 (0.5, MeOH). m.p. 236–238 °C. 1H NMR (600 MHz,
CD3OD) δ 8.39 (d, J = 7.8 Hz, 1H), 8.03 (s, 1H), 7.77–7.35 (m, 2H),
7.59 (dd, J= 12.0, 9.6 Hz, 2H), 7.39 (dd, J= 9.6, 3.0 Hz, 1H), 7.27 (t,
J= 7.2 Hz, 1H), 4.96 (d, J= 12.0 Hz, 1H), 4.79 (d, J= 12.0 Hz, 1H),
4.50–4.35 (m, 4H), 4.31 (t, J= 7.8 Hz, 2H), 3.94 (d, J= 11.4 Hz, 1H),
3.88 (s, 3H), 3.86–3.83 (m, 2H), 3.80 (dd, J = 11.4, 7.2 Hz, 1H), 3.72
(dd, J= 11.4, 4.2 Hz, 1H), 3.64–3.56 (m, 3H), 3.55–3.49 (m, 2H), 3.44
(d, J = 9.6 Hz, 1H), 3.32–3.29 (m, 1H), 2.00–1.84 (m, 2H), 1.83–1.70
(m, 2H), 1.54–1.49 (m, 2H), 1.46–1.32 (m, 2H). 13C NMR (100 MHz,
CD3OD) δ 178.8, 155.9, 145.6, 142.4, 137.8, 135.3, 128.1, 126.2,
125.3, 123.5, 122.3, 122.1, 118.5, 116.4, 106.8, 105.1, 103.4, 80.5,
77.0, 76.5, 76.3, 74.8, 74.6, 72.5, 70.3, 63.1, 62.5, 61.9, 56.0, 51.2,
46.9, 31.1, 28.2, 27.1, 26.9. HRMS (ESI), m/z calcd. for C35H46N4NaO13
([M+Na]+) 753.2954, found: 753.2933.
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4.7.12. 10-(6-(4-((β-d-ribofuranosyl)methyl)-1H-1,2,3-triazol-1-yl)
hexyl)-2-methoxyacridin-9(10H)-one (6l)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -20.8 (0.5, MeOH). m.p. 227–229 °C. 1H NMR (600 MHz,
CD3OD) δ 8.40 (d, J = 7.8 Hz, 1H), 8.01 (s, 1H), 7.78 (d, J = 3.0 Hz,
1H), 7.75 (t, J= 7.8 Hz, 1H), 7.61 (dd, J= 11.4, 9.0 Hz, 2H), 7.39 (dd,
J= 9.6, 3.0 Hz, 1H), 7.27 (t, J= 7.2 Hz, 1H), 4.85 (d, J= 3.6 Hz, 1H),
4.82 (d, J = 12.0 Hz, 1H), 4.67 (d, J = 12.0 Hz, 1H), 4.42 (t,
J = 7.2 Hz, 2H), 4.33 (t, J = 8.4 Hz, 2H), 3.89 (s, 3H), 3.83–3.81 (m,
2H), 3.78–3.76 (m, 1H), 3.70 (dd, J = 11.4, 4.8 Hz, 1H), 3.59 (t,
J= 3.0 Hz, 1H), 1.98–1.87 (m, 2H), 1.86–1.71 (m, 2H), 1.64–1.48 (m,
2H), 1.47–1.35 (m, 2H). 13C NMR (100 MHz, CD3OD) δ 178.8, 156.0,
145.4, 142.4, 137.9, 135.3, 128.1, 126.2, 125.2, 123.6, 122.3, 122.2,
118.5, 116.5, 106.8, 101.6, 72.4, 70.6, 68.0, 65.1, 61.7, 56.0, 51.2,
46.9, 31.2, 28.3, 27.2, 26.9. HRMS (ESI), m/z calcd. for C28H35N4O7
([M+H]+) 539.2500, found: 539.2507.

4.7.13. 10-(3-(4-((β-d-glucopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
propyl)acridin-9(10H)-one (6 m)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -29.8 (0.5, MeOH). m.p. 235–236 °C. 1H NMR (600 MHz,
CD3OD) δ 8.41 (d, J = 7.8 Hz, 2H), 8.12 (s, 1H), 7.80 (t, J = 7.8 Hz,
2H), 7.59 (d, J = 9.0 Hz, 2H), 7.32 (t, J = 7.2 Hz, 2H), 5.02 (d,
J= 12.0 Hz, 1H), 4.84 (d, J= 12.0 Hz, 1H), 4.70 (t, J= 5.4 Hz, 2H),
4.55 (t, J= 7.2 Hz, 2H), 4.43 (d, J= 7.2 Hz, 1H), 3.90 (d, J= 12.0 Hz,
1H), 3.67 (dd, J= 11.4, 5.4 Hz, 1H), 3.37–3.32 (m, 2H), 3.29–3.23 (m,
2H), 2.54–2.49 (m, 2H). 13C NMR (150 MHz, CD3OD) δ 179.8, 146.1,
143.0, 135.9, 128.3, 126.0, 123.1, 122.8, 116.3, 103.8, 78.1, 78.0,
75.1, 71.7, 63.1, 62.8, 48.7, 44.2, 28.4. HRMS (ESI), m/z calcd. for
C25H28N4NaO7 ([M+Na]+) 519.1850, found: 519.1845.

4.7.14. 10-(3-(4-((β-d-galactopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
propyl)acridin-9(10H)-one (6n)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -31.3 (0.5, MeOH). m.p. 240–244 °C. 1H NMR (400 MHz,
CD3OD) δ 8.41 (dd, J = 8.0, 1.6 Hz, 2H), 8.11 (s, 1H), 7.80 (m, 2H),
7.59 (d, J= 8.8 Hz, 2H), 7.32 (t, J= 7.2 Hz, 2H), 5.03 (d, J= 12.4 Hz,
1H), 4.84 (d, J = 12.4 Hz, 1H), 4.69 (t, J = 6.4 Hz, 2H), 4.53 (t,
J = 8.0 Hz, 2H), 4.38 (d, J = 8.0 Hz, 1H), 3.90–3.69 (m, 3H),
3.63–3.53 (m, 2H), 3.47 (dd, J = 9.6, 3.6 Hz, 1H), 2.75–2.25 (m, 2H).
13C NMR (150 MHz, CD3OD) δ 178.3, 144.8, 141.6, 134.5, 126.9,
124.6, 121.7, 121.4, 114.9, 103.0, 75.5, 73.6, 71.1, 69.0, 61.7, 61.3,
47.3, 42.8, 27.0. HRMS (ESI), m/z calcd. for C25H28N4NaO7 ([M
+Na]+) 519.1850, found: 519.1840.

4.7.15. 10-(3-(4-((β-d-mannopyranosyl)methyl)-1H-1,2,3-triazol-1-yl)
propyl)acridin-9(10H)-one (6°)

This product was obtained as yellow foam solid in quantitative yield.
[α]D25 +33.8 (0.5, MeOH). m.p. 219–220 °C. 1H NMR (400 MHz, CD3OD)
δ 8.38 (dd, J = 8.0, 1.6 Hz, 2H), 8.11 (s, 1H), 7.77 (m, 2H), 7.56 (d,
J = 8.8 Hz, 2H), 7.37–7.23 (m, 2H), 4.90 (d, J = 1.6 Hz, 1H), 4.85 (d,
J= 12.0 Hz, 1H), 4.74–4.65 (m, 3H), 4.51 (t, J= 8.4 Hz, 2H), 3.88 (dd,
J= 11.6, 1.6 Hz, 1H), 3.82 (dd, J= 3.2, 1.6 Hz, 1H), 3.77–3.67 (m, 2H),
3.63–3.61 (m, 2H), 2.65–2.32 (m, 2H). 13C NMR (150 MHz, CD3OD) δ
179.6, 145.6, 142.9, 135.8, 128.2, 126.0, 123.0, 122.8, 116.2, 100.9, 75.1,
72.5, 72.0, 68.7, 63.0, 60.7, 48.7, 44.2, 28.3. HRMS (ESI), m/z calcd. for
C25H28N4NaO7 ([M+Na]+) 519.1850, found: 519.1843.

4.7.16. 10-(3-(4-((2-Acetamido-2-deoxy-β-d-glucopyranosyl)methyl)-1H-
1,2,3-triazol-1-yl)propyl)acridin-9(10H)-one (6p)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -58.8 (0.5, MeOH). m.p. 249–252 °C. 1H NMR (600 MHz,
DMSO:CDCl3 = 20:1) δ 8.35 (dd, J = 7.8, 1.8 Hz, 2H), 8.12 (s, 1H),
7.82 (m, 2H), 7.73 (d, J = 8.4 Hz, 2H), 7.64 (d, J= 9.0 Hz, 1H), 7.34
(t, J= 7.2 Hz, 2H), 4.98 (br s, 1H), 4.82 (d, J= 12.0 Hz, 1H), 4.68 (t,
J = 7.2 Hz, 2H), 4.65 (d, J= 12.0 Hz, 1H), 4.55 (dd, J= 9.6, 7.2 Hz,

2H), 4.41 (d, J = 8.4 Hz, 1H), 3.72 (dd, J = 11.4, 1.8 Hz, 1H),
3.48–3.41 (m, 3H), 3.28 (dd, J= 10.2, 8.4 Hz, 2H), 3.14–3.11 (m, 1H),
3.10–3.03 (t, J = 9.0, 1H), 2.43–2.32 (m, 2H), 1.73 (s, 3H). 13C NMR
(150 MHz, DMSO:CDCl3 = 20:1) δ 177.0, 169.5, 144.6, 141.9, 134.8,
127.3, 124.8, 122.1, 121.9, 116.0, 100.8, 77.6, 74.7, 71.1, 61.8, 61.6,
55.8, 47.2, 43.2, 27.8, 23.5. HRMS (ESI), m/z calcd. for C27H31N5NaO7
([M+Na]+) 560.2116, found: 560.2113.

4.7.17. 10-(3-(4-((4-O-(β-d-galactopyranosyl)-β-d-glucopyranosyl)
methyl)-1H-1,2,3-triazol-1-yl)propyl)acridin-9(10H)-one (6q)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -35.6 (0.5, MeOH). m.p. 239–242 °C. 1H NMR (600 MHz,
CD3OD) δ 8.43 (d, J = 7.8 Hz, 2H), 8.11 (s, 1H), 7.81 (t, J = 7.2 Hz,
2H), 7.61 (d, J = 9.0 Hz, 2H), 7.33 (t, J = 7.2 Hz, 2H), 5.01 (d,
J= 12.0 Hz, 1H), 4.84 (d, J= 12.0 Hz, 1H), 4.70 (t, J= 6.0 Hz, 2H),
4.56 (t, J= 7.8 Hz, 2H), 4.47 (d, J= 7.8 Hz, 1H), 4.35 (d, J= 7.2 Hz,
1H), 3.94 (d, J = 12.0 Hz, 1H), 3.90–3.73 (m, 3H), 3.69 (d,
J= 11.4 Hz, 1H), 3.63–3.41 (m, 6H), 3.33–3.31 (m, 1H), 2.57–2.48 (m,
2H). 13C NMR (150 MHz, CD3OD) δ 179.4, 145.4, 142.8, 135.5, 128.0,
125.1, 122.7, 122.4, 116.4, 104.9, 103.2, 80.3, 76.9, 76.3, 76.1, 74.6,
74.4 72.3, 70.1, 62.9, 62.3, 61.7, 51.0, 46.6, 27.9. HRMS (ESI), m/z
calcd. for C31H38N4NaO12 ([M+Na]+) 681.2378, found: 681.2370.

4.7.18. 10-(3-(4-((β-d-ribofuranosyl)methyl)-1H-1,2,3-triazol-1-yl)
propyl)acridin-9(10H)-one (6r)

This product was obtained as yellow foam solid in quantitative
yield. [α]D25 -19.9 (0.5, MeOH). m.p. 218–220 °C. 1H NMR (600 MHz,
CD3OD:CDCl3 = 4:1) δ 8.47 (d, J = 7.8 Hz, 2H), 8.03 (s, 1H), 7.81 (t,
J = 7.8 Hz, 2H), 7.62 (d, J = 9.0 Hz, 2H), 7.35 (t, J = 7.8 Hz, 2H),
4.89–4.85 (m, 2H), 4.71–4.68 (m, 3H), 4.62 (t, J = 8.4 Hz, 2H), 3.84
(d, J= 11.4 Hz, 2H), 3.78 (s, 1H), 3.73 (dd, J= 11.4, 3.6 Hz, 1H), 3.62
(s, 1H), 2.64–2.52 (m, 2H). 13C NMR (150 MHz, CD3OD) δ 179.8,
145.8, 143.1, 135.9, 128.4, 125.8, 123.2, 122.9, 116.4, 101.7, 72.4,
70.6, 68.1, 65.2, 61.7, 49.6, 44.3, 28.4. HRMS (ESI), m/z calcd. for
C24H26N4NaO6 ([M+Na]+) 489.1745, found: 489.1750.

4.8. Inhibition assays on AChE and BChE in vitro

Inhibitory activity of the synthesized compounds against AChE and
BChE in vitro was measured using the modified Ellman's method [56].
Acetylcholinesterase (AChE, E.C. 3.1.1.7, from electric eel, Type VI-S,
lyophilized powder, 500 units) and butyrylcholinesterase (BChE, E.C.
3.1.1.8, from equine serum, 1200 unit) were purchased from Sigma-
Aldrich. 5,5′-Dithiobis-(2-nitrobenzoic acid) (DTNB) and acet-
ylthiocholine iodide (ATCI) were purchased from J&K. The compounds
were dissolved in DMSO and diluted in phosphate-buffered solution
(0.1 M, pH 7.4) to provide a final concentration range. To determine the
IC50 value, five different concentrations of each compound were used to
obtain enzyme activities between 20% and 80% of the control.

The analysis was run in 96-well plates, each well was added 50 μL
phosphate-buffered, 25 μL different concentration of the tested com-
pounds, 25 μL enzyme (final concentration 0.2 U/mL in buffer), 50 μL
DTNB (3 mM in buffer) successively. They were preincubated for
5 min at room temperature, then 50 μL ATCI solution (3 mM in buffer)
was added. The hydrolysis of acetylthiocholine catalyzed by AChE was
monitored by the formation of the yellow 5-thio-2-nitrobenzoate anion.
The absorbance change was measured at 405 nm. A control experiment
was performed under the same conditions without inhibitor. Each ex-
periment was done in triplicate. IC50 values were calculated as the
concentration of compound with 50% inhibitory activity.

The described method was also used for BChE inhibition assay.

4.9. Kinetic studies of enzyme inhibition

The mechanism studies of the BChE inhibition was performed with
the same test conditions through the modified Ellman's method and
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determined by plotting Lineweaver-Burk curves [19]. Four different
concentrations of 6f (0, 5, 10 and 20 μM) and six different concentra-
tions of butyrylcholine iodide (18.75, 37.5, 75, 150, 300, and 600 μM)
were used as inhibitor and substrate, respectively. Correspondingly, a
secondary plot was obtained using the plot of slope versus inhibitor
concentration of 6f, Ki was calculated as the intercept of the negative X-
axis.

4.10. Cytotoxicity testing

The cell of SH-SY5Y neuroblastoma, HepG2 were selected for the in
vitro cytotoxicity study using the MTT methods. The cells were seeded
in 96-well plates at the density of 4000 cells per well. These cells were
incubated at 37 °C in 100 μL DMEM culture medium containing 5% CO2
for 24 h to allow cells adherence. Then the solutions of the synthesized
compounds at 50 and 100 μM were prepared and added, the cells were
incubated at 37 °C and 5% CO2 atmosphere for another 24 h. Following
the culture media were replaced with 100 μL fresh DMEM media con-
taining 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT; 5 mg/mL) 20 μL and incubated for additional 4 h. Then the MTT
solution was removed, and 100 μL of DMSO was added to dissolve the
formazan crystals. The plate was shaken for 10 min to fully dissolve
formazan. The absorbance was measured at a wavelength of 570 nm.
Cells cultured with culture media were selected as controls, and their
viabilities were defined as 100%. And the relative cell viability (%) was
expressed as a percentage relative to the untreated control cells. DOX
was used as a positive control.

4.11. Neuroprotective effect

The SH-SY5Y neuroblastoma cells and oxidative agent H2O2 were
used as in vitro model to assess neuroprotective effect [59]. SH-SY5Y
neuroblastoma cells were incubated with compounds 6a, 6b, 6f and 5t
(50 μM) for 4 h before treatment with H2O2 (5%). Cell viability was
measured after 24 h using MTT method described above. Hydrogen
peroxide was used as positive control.

4.12. Log P

The log P values of the compound 6a, 6b, 6f and 5t were calculated
using the ChemDraw Ultra 14.0 [61].
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