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8-Hydroxyquinoline scaffold is a privileged structure used in designing a new active agents with therapeutic
potential. Its connections with the sugar unit is formed to improve the pharmacokinetic properties. The broad
spectrum of activity of quinoline derivatives, especially glycoconjugates, is often associated with the ability to
chelate metal ions or with the ability to intercalate into DNA. Simple and effective methods of synthesis gly-
coconjugates of 8-hydroxyquinoline and 8-hydroxyquinaldine derivatives, containing an O-glycosidic bond or a

1,2,3-triazole linker in their structure, have been developed. The obtained glycoconjugates were tested for their
ability to inhibit -1,4-Galactosyltransferase, as well as inhibit cancer cell proliferation. It was found that used
glycoconjugation strategy influenced both improvement of activity and improvement of the bioavailability of 8-
HQ derivatives. Their activity depends on type of attached sugar, presence of protecting groups in sugar moiety
and presence of a linker between sugar and quinolone aglycone.

1. Introduction

The starting point in the search for new drugs of synthetic origin is
the discovery of a privileged structure [1,2] such as 8-hydroxyquinoline
I (8-HQ), which is a fragment of particular importance in the design of
new active derivatives [3-6].

The 8-HQ scaffold can be found in many compounds having a
therapeutic activity such as clioquinol II, intestopan III, nitroxoline IV,
cloxiquine V, iodoquinol VI, chloroxine VII or chlorquinaldol VIII
[7-12] (Scheme 1). In addition, some derivatives have been compre-
hensively tested for their anticancer activity, because of their abilities
to chelate the metal ions that are necessary for cancer growth [13-16].
8-HQ has at least two potential protonation sites: a nitrogen atom of the
pyridine ring and an oxygen atom of phenol. Therefore, they form
complexes with most of divalent transition metal ions, such as: Mn>*,
Cu®*, Zn®*, Co®*, Ni**, Fe®* which has been widely described in the
literature. The ability of chelating metals through 8-HQ derivatives has
become a promising therapeutic strategy in clinical practice [17-23].

On the other hand, design and synthesis of new molecules con-
taining a sugar fragment is an increasingly active area of current che-
mical research [24-30]. The presence of a sugar unit improves the
pharmacokinetic properties of potential drugs, including improved so-
lubility, reduced toxicity and facilitated intermembrane transport and
selectivity in targeting drugs for a specific purpose.

In 2012-2015 G. Vecchio and his co-workers, conducted a series of
studies on the synthesis and anticancer properties of quinoline glyco-
sides [31-33]. The whole range of glycosides of 8-HQ derivatives,
containing the p-glucose and p-galactose units, were synthesized and
evaluated. In these studies, the glycosidic bond was obtained by reac-
tion a per-O-acetylated glucopyranosyl or galactopyranosyl bromides
with 8-HQ derivatives, formed through an Sy2 type mechanism, in the
two-phase system used TBABr as a phase transfer catalyst and K,CO3 as
a base. Under the described conditions, mainly glycosides with a de-
protected sugar part were obtained. These compounds were evaluated
for their antiproliferative activity against cells of various types of cancer
(A-2780, A-549, MDA-MB-231, Hep-G2), as well as the effect of

* Corresponding author at: Department of Organic Chemistry, Bioorganic Chemistry and Biotechnology, Silesian University of Technology, B. Krzywoustego 4, 44-

100 Gliwice, Poland.
E-mail address: monika.krawczyk@polsl.pl (M. Krawczyk).

https://doi.org/10.1016/j.bioorg.2018.11.047

Received 9 October 2018; Received in revised form 22 November 2018; Accepted 24 November 2018

Available online 24 November 2018
0045-2068/ © 2018 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/00452068
https://www.elsevier.com/locate/bioorg
https://doi.org/10.1016/j.bioorg.2018.11.047
https://doi.org/10.1016/j.bioorg.2018.11.047
mailto:monika.krawczyk@polsl.pl
https://doi.org/10.1016/j.bioorg.2018.11.047
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bioorg.2018.11.047&domain=pdf

M. Krawczyk et al.

cl Br NO,
X X X X
N” I N7 Br N Nig
OH OH OH OH
| [} 1] v
ci ! cl ci
X X X X
~
N I N cl Nig cl N7
OH OH OH OH
v vi Vil Vil

Scheme 1. 8-Hydroxyquinoline derivatives having a biological activity.

addition of Cu®?* ions on their biological activity. The results showed
that the average antiproliferative activity of glycosides without the
addition of copper ions were lower compared to their parent com-
pounds. However, after the addition of Cu®* ions, similar activity to the
starting derivatives was obtained. The authors suggest that the test
compounds must be subject to hydrolysis by specific -glycosidases, to
release the active aglycone only in target cells, where aglycone was able
to complex copper(Il) ions.

The antiproliferative activity of 2-methyl-7-carboxy-8-hydro-
xyquinoline derivatives of glycoconjugates has recently been reported
[34]. The obtained compounds were tested for anticancer activity in
terms of colon cancer cells (HCT 116). Some of the combinations
showed over 100 times higher activity than their parent compounds. It
was observed that the glycoconjugates with unprotected sugar part lose
their activity relative to their protected analogues. It has also been
observed that the improvement of the activity occurs in the presence of
an aromatic or heteroaromatic linkage between sugar and quinoline
fragment.

As reported in the literature, 8-HQ derivatives containing in their
structure a tetrazolium linker [35] or a triazole linker [36] and glucose
units, show high antiproliferative activity against various cancer cell
lines, comparable to the activity of anti-cancer drugs. It was also con-
firmed, that the presence of lone electron pairs on the nitrogen atoms in
the triazole ring, improves the chelating properties of 8-HQ [37]. In
addition, derivatives based on 1,2,3-triazoles play an important role in
the preparation of inhibitors of various enzymes [38-42]. It is probably
related to the ability to complex metal cations present in the active
centers of many enzymes and thus to inhibit their activity.

Due to the more and more frequent relationships between tumor
progression and the increase in the level of glycosyltransferases ex-
pression, a large number of quinoline derivatives have been tested for
the ability to inhibit representatives of this class of enzymes.
Glycosyltransferases (GTs) are characterized by a large variety of sub-
strates and the prevalence of cells of eukaryotic organisms. Due to a
number of important functions they perform, among others: post-
translational protein modifications and the synthesis of oligosaccharide
chains, they are an important object of research on potential anticancer
drugs [43-45]. However, in spite of this, so far there are no effective
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inhibitors capable of hampering their activity selectively.

One of the best-known GTs in biochemical terms is p-(1,4)-
Galactosyltransferase (B-(1,4)-GalT). It catalyses the synthesis of gly-
cosidic bonds by transferring the p-galactose fragment from UDP-Gal,
which is the sugar donor, to specific acceptor molecules. Their classi-
fication is based mainly on the specificity of the donor and acceptor and
the structure of the product being created [46]. The (-(1,4)-GalT in-
hibitors are very often designed based on the introduction, instead of
the diphosphate group, of another, preferably non-charged, linker
capable of coordinating the divalent metal ion bound at the active site
of the enzyme. The presence of a metal ion binding moiety, seems to be
necessary to inhibit GTs activity [43,46-48]. GT inhibitors have a large
therapeutic potential due to the ability to regulate the biosynthesis of
oligosaccharides that are involved in many disease processes. An ef-
fective inhibitor, in addition to demonstrating sufficient affinity and
selectivity for the enzyme, should have the ability to penetrate into the
organism and cross biological barriers to achieve its goal inside the cell
[47].

Taking into account the above premises, it was decided to obtain
heterocyclic sugar conjugates of rather low metabolic stability, i.e. 8-
HQ derivatives glycoconjugates (acetals and hemiaminals), in which
the sugar part will be connected to the quinoline fragment both by O-
glycosidic linkage or via the linker containing the 1,2,3-triazole moiety
(Scheme 2). The acylation of the sugar fragment, leading to increased
hydrophobicity of the compounds, can be used to improve the bioa-
vailability of the glycoconjugates. It seems that this modification may
not only reduce the hydrophilicity of the compound, but also sig-
nificantly affect the bioavailability and transport of the quinoline
structures across the cell membrane in the biological environment
compared to derivatives containing analogous sugar units with un-
protected OH groups. In this work we present new, simple and effective
methods of synthesis of designed connections and the results of the
preliminary assessment of their biological activity. Considering the
possibility of metal ions chelation by glycoconjugates derivatives of 8-
HQ, the ability of obtained glycoconjugates to inhibition of commer-
cially available, manganese ions dependent (-(1,4)-GalT and to in-
hibition of a cancer cell proliferation (in which overexpression of this
enzyme was observed) was investigated. The addition of both the p-
glucose and the p-galactose fragment to the 8-HQ derivatives was dic-
tated by the overexpression of glucose transporters observed in the case
of cancers, and in the case of the HCT 116 line by the additional
overexpression of galactose transporters [49-52].

2. Results and discussion
2.1. Synthesis

8-Hydroxyquinoline or 8-hydroxyquinaldine fragment were con-
nected with the sugar derivatives (p-glucose or p-galactose unit) by O-
glycosidic linkage or via O-methylene 1,2,3-triazole linker. This treat-
ment was aimed to improving the solubility and bioavailability of po-
tential drugs. Based on this assumption, we obtained a whole range of
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Scheme 2. General structure of the glycoconjugates 15-30.
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Scheme 3. Synthesis of sugar derivatives. Reagents and Conditions: (i) CH3COONa, Ac,0, b.p., 1 h; (ii) CH3COOH, 33% HBr/AcOH, r.t. 1 h; (iii) NaN3, TBASH, CHCl5/

NaHCOsg, r.t. 2h; (iv) 1. NaOMe, MeOH, r.t. 20 min; 2. Amberlyst-15.

quinoline glycoconjugates (Scheme 2).

In the first step of the synthesis, sugar derivatives 5-10 were pre-
pared according to known procedures (Scheme 3) involving the acet-
ylation of free sugars 1 or 2 and conversion of per-O-acetylated deri-
vatives 3 or 4 into the corresponding glycosyl bromides 5 or 6 [53,54]
The glycosyl bromides were used immediately for further reactions
leading to obtain 2,3,4,6-tetra-O-acetyl-p-glycosyl azides 7 and 8 [54].
The last step was the removal of the acetyl groups under Zemplén
conditions which allowed to get deprotected (3-glycosyl azides 9 or 10,
which was sufficiently pure for a further reaction [55].

Per-O-acetylated glucopyranosyl or galactopyranosyl bromides 5 or
6 respectively were used as glycosyl donors in a O-glycosidic bond
formation, while 8-hydroxyquinoline 11 and 8-hydroxyquinaldine 12
were used as glycosyl acceptors. Synthetic approach described earlier in
the literature for glycosylation of 8-HQ in the phase transfer catalytic
system, was compared to the several other known glycosylation
methods for containing hydroxyl groups aromatic compounds. There
are some problems in the case of phenols O-glycosylation. The first is
associated with electron withdrawing character of phenol ring causes
less nucleophilicity of phenols compared to alcohols, so phenols are
difficult to glycosylate. Second, the glycosylation of phenols under
acidic conditions can lead to obtaining significant amounts of C-gly-
cosides, due to the electron-donating properties of the hydroxyl group
[56]. Among methods of aromatic O-glycosylation can be mention
those using donors such as glycosyl acetates [57,58], glycosyl halides-
especially bromides [56,59] or fluorides [60], trichloroacetimidates
[61,62], thioglycosides [63,64] under different catalytic systems. Other
methods for aromatic O-glycosylation are the use of unprotected sugars
in Mitsonobu reaction [65], nucleophilic aromatic substitution [66,67]
as well as use of glycals [68], 2-nitroglycals [69], glycosyl phosphates
[70] or glycosylidene carbenes [71].

The overview of the reactions used to obtaining of glycoconjugates
15-22 provides in Scheme 4.

The procedure A previously described in the literature [31], taking
place according to Sy2 mechanism at anomeric carbon, performed in
the classical two-phase system. The reaction conditions were selected
for compounds 5 and 11 used as substrates. Synthesis with various
molar ratio of sugar derivative 5 to quinoline 11 were performed (3:1,
2:1 and 1:1, Table 1). The obtained results indicated that gycosylation
product could be isolated in the best yield, when three times the molar
excess of the glycosyl donor relative to the quinoline acceptor was used.
However, it is associated with significant amounts of by-products, dif-
ficult to separate from the post-reaction mixture. During the reaction
carried out in a basic condition, acetyl protecting groups were removed
and as a result, mainly glycoconjugate 19 with the deprotected sugar
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part was obtained. The same regularity was observed during glyco-
conjugation using the acceptor 12, as well as in case of using of donor 6.
Taking into account earlier mentioned requirements for improving the
bioavailability of drugs, it was necessary to obtain glycoconjugates with
a protected sugar part, in order to carry out biological tests on cancer
cell lines. Therefore, other phenols glycosylation methods were tested
to obtain desired quinoline glycosides.

Procedure B is based on the O-glycosidation reaction of per-O-
acetyl-a-glycosyl bromides 5 or 6 and quinoline derivatives 11 or 12
using an ionic liquid (BMIm'BF4) [72]. In this case, the ionic liquid
acted as a solvent and substrate in the generation of an activating agent
in the glycosylation reaction. Silver N-heterocyclic carbene complexes
(Ag-NHC) are formed in situ in ionic liquids. Reaction were performed
in the presence of silver carbonate and various tetraalkylammonium
salts. Treatment of imidazolium halide salts with silver carbonate
generated Ag-NHC complexes that subsequently promoted O-glycosi-
dation reactions. The reaction mechanism involved the dual role of
Ag-NHC complexes as heavy metal ion sources and as bases, that were
more effective in promoting the glycosidation reaction than silver
carbonate. Four tetraalkylammonium salts (TBABr, Me,NCl, Me,NBF,
and Et4;NClO,4) were tested for preparation of the compound 15, to see
which one is the best anion donor in the formation of the active Ag-NHC
complex. The best salt turned out to be Me4NCl, at which the product
yield was 44%. Whereas, the worst catalyst for the reaction turned out
to be Et,NClO,4, where the product yield was only 24%. However, in the
absence of tetraalkylammonium salts, the desired product was not
found (Table 1).

Another effective way of forming the O-glycosidic linkage with
phenol as glycosyl acceptor was published by Kur’yanov and co-workers
[73]. In the next variant of the research (Procedure C) the glycosylation
of quinoline catalyzed by polyethylene glycol (PEG 4000) was tested.
The reaction was carried out in the phase transfer catalytic system,
using anhydrous acetonitrile as a solvent at room temperature. We
checked if it was necessary to conduct the reaction for 48 h. It turned
out that shortening of the reaction time to 24 h does not significantly
affect the yield of the obtained product. On the other hand, a further
shortening of the reaction time to 2 h resulted in a decreased yield of
product 15 from 22% to 16% (Table 1). After optimizing the conditions
of individual glycosylation procedures, synthesis of the remaining
quinoline glycosides was performed. The yields of the respective gly-
coconjugates are presented in Table 2.

During the glycosylation reaction performed according to proce-
dures B and C, the formation of small amount of a product of 1,2-
elimination of hydrogen bromide to give tetra-O-acetyl glycal was ob-
served.
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Scheme 4. Synthesis of glycoconjugates 15-22. Reagents and Conditions: (Procedure A) K,CO3, BuyNBr, H,O/CH30H/CH,Cl,, r.t., 72h; (Procedure B) Ag,COs3,

MeyNCl, BMIm'BF,, r.t., 24 h; (Procedure C) K,CO3, PEG 4000, CH5CN, r.t., 48 h; (Procedure D) 1. NaOMe, MeOH, r.t. 0.5 h; 2. Amberlyst-15.

Part of the per-O-acetylated glycoconjugates 15-18 were depro- Table 2
tected under mild conditions using 1 M methanolic solution of sodium Yields of glycoconjugates 15-22.

OH

methoxide in methanol. The reaction was carried out at room tem-

Product Procedure Yield [%]
perature for only 25-30 min. The final step was to neutralize the re-
action mixture with the use of Amberlyst-15 ion exchange resin, after 15 B 44
which the mixture was filtered to give glycoconjugates 19-22 c 22
(Procedure D). This approach was slightly more efficient compared to 16 B 37
Procedure A. ¢ 42
On the basis of literature reports and previously obtained results, it 17 B 27
can be concluded that the presence in the glycoconjugate structure c 29
aromatic or heteroaromatic ring is important for their biological ac- 18 B 45
tivity. Therefore, in subsequent syntheses quinoline derivatives were c 51
also combined with sugar units using copper(I)-catalyzed 1,3-dipolar 19 A 49
azide-alkyne cycloaddition (CuAAC) [74]. The 1,2,3-triazole unit was D 41
introduced to investigate if such heteroaromatic system will affect the 20 A 34
activity of the glycoconjugates. D 41
The first essential structural element of the glycoconjugate are 21 A 21
propargyl quinoline derivatives 13 or 14 which were obtained by re- D 68
action of quinoline derivatives 11 or 12 with propargyl bromide 29 A 29
(Scheme 5) according to the previously published procedure [75]. D 66
New glycoconjugates were synthesized by the connection of 1-azido
sugars, protected or unprotected derivatives of p-glucose 7, 9 or p-ga-
lactose 8, 10 with 8-(2-propyn-1-yloxy)quinoline 13 or 2-methyl-8-(2-
propyn-1-yloxy)quinoline 14 (Scheme 6). For the above mentioned
conjugation CuACC was applied. The reaction in an aqueous-alcoholic
medium was carried out, using CuSO45H-0 as a catalyst and sodium
ascorbate (NaAsc) as a reducing agent, which was designed to reduce
Cu(II) to Cu(I). The reaction was carried out for 24h at room tem- 11: R=H / 13: R=H (88%)
perature. The crude products of these reactions were purified by 12: R=CHj,4 14: R=CHjy (73%)
column chromatography.
The main advantage of this approach is the capability of employing Scheme 5. Synthesis of quinoline derivatives 13-14. Reagents and Conditions:

both protected or unprotected sugar derivatives. This solves the pro- (i) propargyl bromide, K»COs, acetone, r.t., 24 h.

blem of the final deprotection of glycoconjugates by the action of 1 M

Table 1
Adjusting the glycosylation reaction conditions.
Procedure Glycosyl donor Glycosyl acceptor Donor/acceptor molar ratio Product Reaction time [h] Tetraalkylammonium salt Yield [%]
A 5 11 3:1 19 72 BuyNBr 49
2:1 23
1:1 12
B 5 11 1:3 15 24 BuyNBr 34
Me,4NCl 44
MeyNBF,4 28
Et,NCIO, 24
C 5 11 1:1.15 15 48 - 22
24 22
2 16
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Scheme 6. Synthesis of glycoconjugates 23-30. Reagents and Conditions: (i) CuSO,5H»0, NaAsc, i-PrOH, THF, H,O, r.t., 24 h; (ii) 1. NaOMe, MeOH, r.t. 0.5h; 2.

Amberlyst-15.

NaOMe in methanol and avoided low yields of the desired products. In
case of the trial of glycoconjugates 23 deprotection, full conversion of
the starting material to the deprotected derivative 27 was unsuccessful
despite an extended reaction time and the use of a larger amount of
NaOMe.

Finally, both protected 23-26 and unprotected 27-30 glycoconju-
gates were obtained. The CuACC reaction proceeds with high yield and
leading to the formation of only 1,4-disubstituted of 1,2,3-triazoles. The
structures of all compounds were confirmed by means of NMR and MS
spectra.

2.2. Biological studies

2.2.1. Inhibitory potential

The obtained glycoconjugates 15-30 have been evaluated for their
inhibitory activity against commercially available -1,4-GalT. To eval-
uate the activity of tested compounds, concentrations of substrate and
product of enzymatic reaction in the reaction mixtures was determined
by RP-HPLC method, which is a modification of the Vidal method [76].
This method uses UDP-Gal, a natural (3-1,4-GalT substrate, as glycosyl
donor and (6-esculetinyl) B-p-glucopyranoside (esculine) as glycosyl
fluorescent acceptor. To accurately determine the activity of the com-
pound, the amount of product formed in the reaction without the in-
hibitor (test reactions) is compared to the amount of product formed
during the reaction with the addition of glycoconjugate as potential
enzyme inhibitor carried out under the same conditions. All glyco-
conjugates were tested at 0.8 mM concentrations. Results presented in
Table 3 indicate that none of the tested compounds 15-30 showed
sufficient inhibitory activity against used in research [3-1,4-GalT.
However, it cannot be ruled out any mechanism of action at this step.

The results indicate that activity against (3-1,4-GalT depends on the
type of attached sugar and the presence of the protecting groups in the
sugar moiety. However, the parent compounds 11 and 12 are not able
to inhibit the enzyme, which may indicate that the sugar fragment is
necessary for the proper acting of the compounds. Surprisingly we
found that glycoconjugates derivatives of p-glucose (19, 21, 27, 29) are
more active than analogs containing p-galactose unit. It is significant
that ability of enzyme inhibition shows only glycoconjugates containing
unprotected sugar part, while the derivatives with acetyl protection
groups on the sugar unit show no activity. This is probably related to
the fact that the hydroxy group protections cause that glycoconjugates
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Table 3
Bovine milk (3-1,4-Galactosyltransferase I assay results.

Compound Percentage of inhibition at 0.8 mM [%]
11 2 + 0.32
12 5 + 0.04
13 0
14 0
15 0
16 0
17 0
18 0
19 14 + 0.35
20 0
21 20 += 0.86
22 0
23 0
24 0
25 0
26 0
27 43 = 0.39
28 16 = 0.36
29 33 = 0.87
30 12 + 0.48

to became too large to fit into the active site of enzyme.

Compounds 27-30 in which the sugar unit is connected to the
quinoline moiety by the O-methylene 1,2,3-triazole linker showed
slightly increased activity compared to compounds 19-22 in which
sugar unit is connected directly by a glycosidic bond to 8-HQ deriva-
tive.

2.2.2. Cytotoxicity studies

The cytotoxic activity of quinoline derivatives 11-14 as well as
obtained glycoconjugates 15-30 was conducted on seven cell lines:
HeLa (cervical cancer cell line), HCT 116 (colorectal carcinoma cell
line), MCF-7 (human breast adenocarcinoma cell line), U-251 and
Hs683 (glioblastoma cell lines), PANC-1 and AsPC-1 (pancreatic cancer
cell lines). In these lines, overexpression of the glucose and galactose
transporters was observed [77,78]. First, screening tests were carried
out for all compounds on three tumor lines (HeLa, HCT 116 and MCF-7)
and additionally their selectivity was tested on Normal Human Dermal
Fibroblasts-Neonatal (NHDF-Neo). Tests were conducted for
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Table 4
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Screening of cytotoxicity of glycoconjugates derivatives of 8-hydroxyquinoline.

Compound Activity ICso [uM]”
Hela HCT 116" MCF-7""" NHDF-Neo
11 > 800 > 800 0.24 * 0.01 > 800
12 > 800 > 800 43.18 + 1.78 346.77 + 2.23
13 > 800 > 800 95.95 + 4.29 > 800
14 > 800 > 800 223.63 + 8.06 > 800
15 > 800 > 800 > 800 -
16 > 800 > 800 > 800 -
17 732.80 + 28.18 > 800 > 800 -
18 > 800 638.0 + 5.26 > 800 -
19 > 800 > 800 > 800 -
20 > 800 > 800 > 800 -
21 > 800 > 800 > 800 -
22 > 800 > 800 > 800 -
23 59.48 + 3.55 69.0 + 2.53 57.69 + 3.32 57.37 + 3.19
24 30.98 + 1.80 22.7 + 1.58 412 + 0.03 31.91 + 1.63
25 > 800 750.9 + 28.93 > 800 -
26 > 800 457.7 + 15.3 > 800 -
27 > 800 212.0 = 7.71 185.34 + 2.21 247.24 + 11.64
28 339.35 + 6.96 265.5 + 5.02 254.94 + 8.81 703.45 + 17.30
29 > 800 > 800 > 800 -
30 > 800 > 800 > 800 -
Doxorubicin 1.2 * 0.03 5.59 * 0.14 0.67 * 0.01 > 20

* Cytotoxic was evaluated using the MTT assay.
** Incubation time 24 h.
*** Incubation time 72 h.

Table 5

Cytotoxicity of glycoconjugates against selected cell lines.

glycoconjugates solutions at concentrations range from 0.01 mM to
0.8 mM. For the most active compounds ICso value was designated

Compound Activity 1Cso [uM]° (Tables' 4 and 5). The qep?nqer}ce of cell proliferation on the con-
centration of the potential inhibitor was compared to the results ob-
U-251"" Hs683" PANC-1" AsPC-1™ tained for the starting quinoline derivatives 11 and 12 and the results
93 100 100 4787 - 2.97 100 are presented in Figs. la—c.

> > . T 4. > . . . .
24 37.37 + 1.56 57.19 + 0.84 3031 £ L.32 34.24 + 043 ' The results of the cyto.tox1c1ty assay 1nd1cat.e that the tested glyco-
25 ~ 100 ~ 100 ~ 100 ~ 100 sides 15-22 were not toxic to the tested cell lines. Low cytotoxic ac-
26 > 100 > 100 > 100 > 100 tivity is probably due to the use of the quinoline OH group to form a
27 > 100 > 100 > 100 > 100 glycosidic linkage and the formation of steric hindrance hampering the
;g zigg zigg zigg 03 2: 1001 89 chelation of metal ions. Whereas, some derivatives containing 1,2,3-
30 > 100 ~ 100 ~ 100 100 triazole fragment, appeared to be active on the tested cell lines. The
Doxorubicin  0.05 = 0.01  0.04 = 0.01  0.73 + 0.09  0.86 + 0.13 presence of a triazole fragment improves the activity of glycoconju-

* Cytotoxic was evaluated using the MTS assay.
** Incubation time 72h.
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gates, probably by improving the metal chelation capacity found in
many types of cancers. Within tested compounds, glycoconjugates 23
and 24 showed promising results.

The most active compounds were derivatives whose structure was
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Fig. 1a. The dependence of HeLa cell proliferation on the concentration of the potential inhibitor.
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Fig. 1b. The dependence of HCT 116 cell proliferation on the concentration of the potential inhibitor.
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Fig. 1c. The dependence of MCF-7 cell proliferation on the concentration of the potential inhibitor.

based on the 8-HQ fragment (23, 24, 27, 28). The same sugar deriva-
tives but connected with 2-Me8-HQ units (25, 26, 29, 30) were not able
to inhibit cancer cell proliferation so much. On the other hand, the type
of sugar unit did not significantly affect to the glycoconjugate activity.
It is only important that in these units hydroxyl group were protected
with an acetyl moiety. The important issue is the penetration of the
compound to the body and the crossing of all biological barriers.
Therefore, for these studies it is necessary to use compounds with
protected sugar units in order to improve the lipophilicity of the gly-
coconjugates so that they can freely penetrate inside the cell, where-
upon the esterases are able to remove the acyl groups.

It should be noted that it was also checked whether the sugar sub-
strates used for glycoconjugate synthesis are capable of inhibiting the
cancer cells proliferation. All these substrates appeared to be inactive
on tested cell lines. Additionally, the ICso values obtained for quinoline
derivatives for three of the four tested cell lines are mostly higher than
for their glycoconjugates, which confirms the assumption that attached
sugar unit increases the absorption and distribution of the compound.

The studies on HCT 116 and MCF-7 deliver information about
quinoline derivatives selectivity against both cell lines, and indicate on
the higher sensitivities of colorectal cancer cells, mostly followed by
MTT viability assays [79,80]. The mode of action is mostly explained
with Topoisomerase II activity and DNA damage assay, chromatin and
histons modifications, what results with cell cycle arrest and apoptotic
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cellular death induction, also in HeLa cells [81,82]. However, these
findings do not precise how the active agents are downloaded into the
cells. The chemical structure, most of tested compounds enable a
transfer through the plasma membranes into the cytoplasm compart-
ments. Although, the specific signaling pathway are usually activated,
for quinoline derivatives the signal pathway of PI3K (phosphoinositide
3-kinase)-Akt (protein kinase B)-mTOR (rapamycin target protein) is
one of the targets [80]. This specific transduction pathway regulates
cell cycle and apoptosis, also processes, such as transcriptions, trans-
lations and proteins synthesis, influences general metabolisms [80].
Small quinoline derivatives are reported as inhibitors in PI3K-AKT-
mTOR signaling pathway, what resulted with cell cycle arrest and
apoptosis induction, with higher selectivity against MCF-7 than HCT
116 cells [80]. Glycoconjugates are more composite and structurally
differ from quinoline precursors, so they probably cannot activate
precise this specific cellular pathway, what resulted with lower cyto-
toxicity.

According to the idea that sugar-containing molecules may accu-
mulate and act more effectively in cells that have high demand for
sugars or relay on specific sugar metabolism we tested the glyco-
conjugates on additional cancer cell panel [83]. We selected cells that
are known for their high demand for glucose as glioblastoma and
pancreatic cancer [84]. Pancreatic cell’s activity is regulated by glucose
level. In pancreatic cancer the glucose metabolism determine morbidity
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and malignancy of the tumor [85,86].

According to the results presented in the Table 5 compound 24
appeared most active among glycoconjugates that were tested against
all additional cell lines, while 23 was active only against PANC-1.

3. Conclusion

In conclusion, a series of glycoconjugates derivatives of 8-HQ were
obtained and their biological activity in vitro were tested. It turned out
that the presence of both a sugar fragment and a 1,2,3-triazole linker in
the structure was essential for biological activity. The click-chemistry
approach in a simple, easily and inexpensive way leads to products with
high yield, purity and selectivity. Obtained glycoconjugates were tested
for their inhibitory potency against (3-1,4-Galactosyltransferase as well
as anticancer activity against wide bunch of cancer cell lines.
Interestingly the conjugates designed on sugar moiety with free hy-
droxyl groups possessed some inhibitory potential contrary to their
acetylated analogs. This result proves that only limited functionaliza-
tion of the sugar core is allowed before final compound lost its re-
cognition in biological system. On the other hand this activity do not
correlate with antiproliferative activity of the compounds that were
tested. Derivative of quinoline seemed to have better activity than
quinaldines. Particularly acetylated sugar conjugates revealed inter-
esting potential against breast cancer cells which appeared more vul-
nerable to quinoline derivatives. In other cell lines however several of
the obtained compounds were at least ten times more active than the
parent quinolines. As a result, these compounds could have valuable
potential as therapeutic agents in the treatment of cancer diseases.

4. Experimental
4.1. General information

NMR spectra were recorded with an Agilent spectrometer at a fre-
quency of 400 MHz using TMS as the internal standards and CDCls,
CD30D or DMSO as the solvents. NMR solvents were purchased from
ACROS Organics (Geel, Belgium). Chemical shifts (§) are expressed in
ppm and coupling constants (J) in Hz. Optical rotations were measured
with a JASCO P-2000 polarimeter using a sodium lamp (589.3 nm) at
room temperature. Melting point measurements were performed on
OptiMelt (MPA 100) Stanford Research Systems. Mass spectra were
recorded with a WATERS LCT Premier XE system using electrospray-
ionization (ESI) technique. Reactions were monitored by TLC on pre-
coated plates of silica gel 60 F254 (Merck Millipore). TLC plates were
inspected under UV light (A = 254 nm) or charring after spraying with
10% solution of sulfuric acid in ethanol. Crude products were purified
using column chromatography performed on Silica Gel 60 (70-230
mesh, Fluka), developed using toluene/EtOAc or CHCl3;/MeOH solvent
systems. All evaporations were performed on a rotary evaporator under
diminished pressure at 40 °C. Reversed phase HPLC analyses were
performed using JASCO LC 2000 apparatus equipped with a reverse
phase column (Nucleosil 100 C18, 5pum, 25 X 0.4 cm; mobile phase:
H,0/MeCN 90:10, flow rate 0.8 mL/min) with a fluorescence detector
(FP). Fluorescence for substrate and product was read at 385nm ex-
citation/540 nm emission. The absorbance on MTT assay was measured
spectrophotometrically at the 570 nm wave lenght using a plate reader
(Epoch, BioTek, USA).

1,2,3,4,6-Penta-0O-acetyl-B-p-glucopyranose 3 [53], 1,2,3,4,6-penta-
O-acetyl-B-p-galactopyranose 4 [53], 2,3,4,6-tetra-O-acetyl-a-p-gluco-
pyranosyl bromide 5 [54], 2,3,4,6-tetra-O-acetyl-a-p-galactopyranosyl
bromide 6 [54], 2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl azide 7 [54],
2,3,4,6-tetra-O-acetyl-B-p-galactopyranosyl azide 8 [54], B-p-glucopyr-
anosyl azide 9 [55], 3-p-galactopyranosyl azide 10 [55], 8-(2-propyn-1-
yloxy)quinoline 13 [75] and 2-methyl-8-(2-propyn-1-yloxy)quinoline
14 [75] were prepared according to the respective published proce-
dures. p-Glucose, bp-galactose, 8-hydroxyquinoline and 8-
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hydroxyquinaldine are commercially available (Sigma-Aldrich). All
used chemicals were purchased from Sigma-Aldrich, Fluka, Avantor
and ACROS Organics and were used without purification. Bovine milk
B-1,4-Galactosyltransferase I was purchased from Sigma-Aldrich.

4.2. Chemistry

4.2.1. Synthesis of glycoconjugates 15-22

Procedure A. 2,3,4,6-tetra-O-acetyl-a-p-glucopyranosyl bromide 5
or 2,3,4,6-tetra-O-acetyl-a-p-galactopyranosyl bromide 6 (0.9 mmol,
369.0mg) and quinoline derivative 11 (0.3 mmol, 43.5mg) or 12
(0.3mmol, 47.7mg) were dissolved in dichloromethane (22mL).
K>CO3 (2.9 mmol, 400.8 mg) and TBABr (0.3 mmol, 96.7 mg) were
added to this mixture, followed by water (12mL) and methanol
(12mL). The resulting mixture was stirred for 72h at room tempera-
ture. The reaction progress was monitored on TLC in an eluents system
CHCl3:MeOH (2:1). Then the two-phase system was separated, and the
aqueous phase was washed repeatedly with dichloromethane (18 mL).
The aqueous phase was concentrated in vacuo. The crude products were
purified using column chromatography (CHCl;:MeOH, gradient: 12:1 to
2:1) to give products 19-22.

Procedure B. Ag,CO3; (0.5mmol, 137.9 mg), MesNCl (0.5 mmol,
54.8 mg) and BMIm'BF, (1.5 mL) were added to a round-bottom flask
and stirred for 1h at room temperature. Then the quinoline derivative
11 (0.6 mmol, 87.0mg) or 12 (0.6 mmol,95.4 mg) was added to this
mixture, and after 20min 2,3,4,6-tetra-O-acetyl-a-p-glucopyranosyl
bromide 5 or 2,3,4,6-tetra-O-acetyl-a-p-galactopyranosyl bromide 6
(0.2mmol, 82.0 mg) was added. The resulting mixture was stirred for
24 h at room temperature. The reaction progress was monitored on TLC
in an eluents system toluene:AcOEt (2:1). Then CH»Cl, (5 mL) and H,O
(5mL) were added, the two-phase system was separated, and the or-
ganic phase was washed with dichloromethane (3x5 mL). The com-
bined organic phases were dried with dry MgSO,, filtered and the fil-
trate was evaporated in vacuo. The crude products were purified using
column chromatography (toluene:AcOEt, gradient: 8:1 to 1:1) to give
products 15-18.

Procedure C. 2,3,4,6-Tetra-O-acetyl-a-p-glucopyranosyl bromide 5
or 2,3,4,6-tetra-O-acetyl-a-p-galactopyranosyl bromide 6 (1.2 mmol,
492.0 mg) and quinoline derivative 11 (1.4 mmol, 203.1 mg) or 12
(1.4 mmol, 222.7 mg) were dissolved in acetonitrile (15 mL), followed
by addition of K,CO3; (5.5mmol, 760.1mg) and PEG 4000
(0.066 mmol, 264.0 mg). The resulting mixture was stirred for 48 h at
room temperature. The reaction progress was monitored on TLC in an
eluents system toluene:AcOEt (2:1 or 1:1). Then the reaction mixture
was diluted with dichloromethane, filtered and the filtrate was evapo-
rated in vacuo. The crude products were purified using column chro-
matography (toluene:AcOEt, gradient: 15:1 to 1:1) to give products
15-18.

Procedure D. Per-O-acetylated glycosides 15-18 (0.375 mmol) was
dissolved in methanol. Then 1M solution of MeONa in MeOH
(0.250 mmol, 250 uL) was added. Reaction was carried out for 0.5h at
room temperature. The reaction progress was monitored on TLC in an
eluents system CHCl;:MeOH (10:1). After the reaction was complete,
the mixture was neutralized with Amberlyst-15, filtered and the filtrate
was evaporated in vacuo. The crude products were purified using
column chromatography (dry loading; CHCl;:MeOH, gradient: 15:1 to
6:1) to give products 19-22.

4.2.1.1. 8-Quinolinyl-2,3,4,6-tetra-O-acetyl-f3-p-glucopyranoside

15. Starting from 2,3,4,6-tetra-O-acetyl-p-p-glucopyranosyl bromide 5
and 8-hydroxyquinoline 11 according to Procedure B yield: 44%
(41.8 mg), according to Procedure C yield: 22% (125.4 mg), product
was obtained as a solid; m.p.: 155-159°C; [a]? = —56.1 (c = 0.6,
CHCl3); HRMS (ESI-TOF): caled for Cp3HoNOqo ([IM+H] *): m/z
476.1557; found: m/z 476.1560; '"H NMR (400 MHz, CDCl,): § 2.04,
2.05, 2.06, 2.10 (4s, 12H, CH5CO), 3.84 (ddd, 1H, J = 2.5Hz,
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J = 5.0Hz, J = 10.0 Hz, H-5¢1,), 4.19 (dd, 1H, J = 2.5Hz, J = 12.2 Hz,
H-6ag1,), 4.30 (dd, 1H, J = 5.0 Hz, J = 12.2 Hz, H-6bg,,), 5.23 (dd, 1H,
J = 9.3Hz, J = 10.0 Hz, H-4¢,,), 5.33-5.50 (m, 3H, H-1g,, H-2¢4, H-
3@1,_1), 7.40-7.48 (m, 3H, H'3Chin, H'5Chin: H'7Chin)a 7.57 (dd, 1H,
J = 2.4Hz, J = 7.0 Hz, H-6¢pin), 8.14 (dd, 1H, J = 1.6 Hz, J = 8.4 Hz,
H-4chin), 8.90 (dd, 1H, J = 1.7Hz, J = 4.2Hz, H-2gnn); °C NMR
(100 MHz, CDCl5): § 20.70, 20.75, 20.77, 20.93, 62.09, 68.61, 71.54,
72.20, 72.81, 100.85, 117.30, 121.68, 123.58, 126.41, 129.63, 135.93,
141.13, 149.89, 152.63, 169.50, 169.73, 170.38, 170.65.

4.2.1.2. 8-Quinolinyl-2,3,4,6-tetra-O-acetyl-$-p-galactopyranoside

16. Starting from 2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl bromide 6
and 8-hydroxyquinoline 11 according to Procedure B yield: 37%
(35.2mg), according to Procedure C yield: 42% (239.5 mg), product
was obtained as a solid; m.p.: 120-122°C; [a]3’® = —40.6 (c = 1.7,
CHCl;); HRMS (ESI-TOF): caled for CpsHysNOqo (IM+H] " ): m/z
476.1557; found: m/z 476.1559; 'H NMR (400 MHz, CDCl,): 8: 2.03,
2.04, 2.10, 2.19 (4s, 12H, CH3CO), 4.04 (ddd, 1H, J = 1.1Hz,
J = 6.7Hz, J = 7.0 Hz, H-5¢g,), 4.18 (dd, 1H, J = 6.7 Hz, J = 11.2 Hz,
H-6a6a), 4.25 (dd, 1H, J = 7.0 Hz, J = 11.2 Hz, H-6bg,y), 5.18 (dd, 1H,
J = 3.4Hz, J = 10.5Hz, H-3g,1), 5.38 (d, 1H, J = 8.0 Hz, H-15,), 5.47
(dd, 1H, J =1.1Hz, J = 3.4Hz, H-4g,), 5.72 (dd, 1H, J = 8.0 Hz,
J = 10.5 Hz, H-2g.1), 7.40-7.49 (m, 3H, H-3chin, H-5chin, H-7chin), 7.57
(dd, 1H, J = 3.2Hz, J = 6.3 Hz, H-6¢pin), 8.14 (dd, 1H, J = 1.7 Hz,
J = 8.3Hz, H-4cpnin), 8.91 (dd, 1H, J = 1.7 Hz, J = 4.2 Hz, H-2¢1in); 1°C
NMR (100 MHz, CDCl3): § 20.80, 20.83, 21.08, 21.10, 61.47, 67.14,
68.96, 71.03, 71.20, 101.44, 117.07, 121.74, 123.48, 126.49, 129.69,
136.15, 144.70, 149.90, 152.77, 169.90, 170.37, 170.44, 170.49.

4.2.1.3. 2-Methyl-8-quinolinyl-2,3,4,6-tetra-O-acetyl-f-p-glucopyranoside
17. Starting from 2,3,4,6-tetra-O-acetyl-p-p-glucopyranosyl bromide 5
and 8-hydroxyquinoline 12 according to Procedure B yield: 27%
(26.4 mg), according to Procedure C yield: 29% (170.2 mg), product
was obtained as a solid; m.p.: 132-139°C; [a]®’ = —73.6 (c =1,
CHCl3); HRMS (ESI-TOF): caled for Cp4HagNO;o ([IM+H] *): m/z
490.1713; found: m/z 490.1707; 'H NMR (400 MHz, CDCls): § 2.05,
2.06, 2.07 (4s, 12H, CH5CO), 2.75 (s, 3H, CHj3), 3.85 (ddd, 1H,
J = 2.6Hz, J = 5.0Hz, J = 9.8 Hz, H-5¢,,), 4.20 (dd, 1H, J = 2.6 Hz,
J = 12.2 Hz, H-6ag1,), 4.28 (dd, 1H, J = 5.0 Hz, J = 12.2 Hz, H-6bgy),
5.23 (dd, 1H, J = 9.4 Hz, J = 9.8 Hz, H-4¢y,), 5.35 (dd, 1H, J = 9.3 Hz,
J = 9.4Hz, H-3g,), 5.46-5.53 (m, 2H, H-1gy, H-2aw), 7.30 (d, 1H,
J = 8.4 Hz, H-3¢pin), 7.34-7.41 (m, 2H, H-5chin, H-7chin), 7.52 (dd, 1H,
J = 2.6 Hz, J = 6.9 Hz, H-6¢pin), 8.02 (d, 1H, J = 8.4 Hz, H-4cpin); 1°C
NMR (100 MHz, CDCls): § 20.73, 20.79, 20.97, 25.67, 62.17, 68.71,
71.56, 72.15, 72.91, 100.89, 117.18, 122.51, 123.20, 125.47, 127.87,
136.06, 140.43, 152.18, 158.59, 169.56, 169.64, 170.47, 170.72.

4.2.1.4. 2-Methyl-8-quinolinyl-2,3,4,6-tetra-O-acetyl-f3-p-
galactopyranoside  18. Starting from  2,3,4,6-tetra-O-acetyl-B-b-
glucopyranosyl bromide 6 and 8-hydroxyquinoline 12 according to
Procedure B yield: 45% (44.0 mg), according to Procedure C yield:
51% (299.4 mg), product was obtained as a solid; m.p.: 134-138 °C;
[a]®® = —57.0 (c = 1, CHCl5); HRMS (ESI-TOF): calcd for Co4H2gNO1o
(IM+H] 7): m/z 490.1713; found: m/z 490.1715; 'H NMR (400 MHz,
CDCl3): § 2.03, 2.04, 2.06, 2.18 (4, 12H, CH3CO), 2.75 (s, 3H, CH3),
4.06 (ddd, 1H, J = 1.0Hz, J = 6.6 Hz, J = 6.8 Hz, H-5¢,1), 4.19 (dd,
1H, J=6.6Hz, J=11.2Hz, H-6aga), 4.26 (dd, 1H, J= 6.8Hz,
J = 11.2Hz, H-6bg,), 5.16 (dd, 1H, J = 3.4Hz, J = 10.5Hz, H-3¢,),
5.39 (d, 1H, J = 8.0 Hz, H-1g,), 5.47 (dd, 1H, J = 1.0 Hz, J = 3.4 Hz,
H-4c.), 5.75 (dd, 1H, J = 8.0Hz, J = 10.5Hz, H-2g,), 7.29 (d, 1H,
J = 8.4 Hz, H-3chin), 7.34-7.41 (m, 2H, H-5¢hin, H-7chin), 7.51 (dd, 1H,
J = 2.1Hz, J = 7.4Hz, H-6¢hiy), 8.01 (d, 1H, J = 8.4 Hz, H-4cpin); 1°C
NMR (100 MHz, CDCl3): § 20.75, 20.77, 21.05, 25.66, 61.52, 67.16,
68.99, 71.03, 71.08, 101.51, 116.73, 122.49, 123.02, 125.45, 127.82,
135.99, 140.38, 152.42, 158.53, 169.74, 170.36, 170.40, 170.46.
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4.2.1.5. 8-Quinolinyl-B-p-glucopyranoside 19. Starting from 2,3,4,6-
tetra-O-acetyl-B-p-glucopyranosyl bromide 5 and 8-hydroxyquinoline
11 according to Procedure A yield: 49% (45.1 mg). Starting from 8-
quinolinyl-tetra-O-acetyl-B-p-glucopyranoside =~ 15  according to
Procedure D yield: 41% (73.1 mg), product was obtained as a solid;
m.p.: 193-196 °C; [a]3® = —99.0 (c = 1.1, CH3;0H/CHCl; 9:1); HRMS
(ESI-TOF): caled for C;5sH15sNOg ([M+H] * ): m/z 308.1134; found: m/z
308.1132; 'H NMR (400 MHz, CD50D): & 3.45 (dd, 1H, J = 8.9 Hz,
J = 9.6 Hz, H-4¢y,), 3.56 (dd, 1H, J = 8.9 Hz, J = 9.4 Hz, H-3g), 3.57
(ddd, 1H, J = 2.2Hz, J = 6.0Hz, J = 9.6 Hz, H-5¢,,,), 3.72 (dd, 1H,
J = 7.8Hz, J = 9.4Hz, H-2q,,), 3.73 (dd, 1H, J = 6.0Hz, J = 12.0 Hz,
H-6bgy), 3.96 (dd, 1H, J = 2.2 Hz, J = 12.0 Hz, H-6ag;,), 5.06 (d, 1H,
J=7.8Hz, H-1gy,), 7.49-7.60 (m, 4H, H-3chin, H-5chin, H-6chin, H-
Zenin), 8.34 (dd, 1H, J = 1.7Hz, J = 8.4 Hz, H-4¢pi), 8.84 (dd, 1H,
J = 1.7Hz, J = 4.3Hz, H-2¢y;n); °C NMR (100 MHz, CD;0D): § 62.64,
71.58, 74.80, 77.26, 78.51, 103.17, 114.51, 122.60, 123.01, 128.46,
131.03, 138.47, 140.27, 150.24, 153.85.

4.2.1.6. 8-Quinolinyl-B-p-galactopyranoside 20. Starting from 2,3,4,6-
tetra-O-acetyl-3-p-galactopyranosyl bromide 6 and 8-
hydroxyquinoline 11 according to Procedure A yield: 34% (31.3 mg).
Starting from 8-quinolinyl-tetra-O-acetyl-B-p-galactopyranoside 16
according to Procedure D yield: 41% (73.1mg), product was
obtained as a solid; m.p.: 200-205°C; [a]?® = —43.8 (c=0.8,
CH30H/CHCl3 9:1); HRMS (ESI-TOF): caled for C;sH;sNOg¢ ([M
+H] 7 ): m/z 308.1134; found: m/z 308.1135; 'H NMR (400 MHz,
CD50D): 6 3.67 (dd, 1H, J = 3.5Hz, J = 9.9 Hz, H-3¢,)), 3.77-3.89 (m,
3H, H-5ga;, H-6aG,1, H-6bga), 3.95 (d, 1H, J = 3.5 Hz, H-4g,), 4.06 (dd,
1H, J=7.7Hz, J=9.9Hz, H-2ga), 5.01 (d, J=7.7Hz, H-1ga),
7.50-7.60 (Hl, 4H, H'?’Chim H'SChiru H'6Chin; H'7Chin)) 8.35 (dd, 1H,
J = 1.7Hz, J = 8.4 Hz, H-4¢pin), 8.85 (dd, 1H, J = 1.6 Hz, J = 4.3 Hz,
H-2chin); °C NMR (100 MHz, CDs0D): 8 62.57, 70.24, 72.12, 74.18,
77.40, 103.88, 114.59, 122.53, 122.97, 128.44, 130.98, 138.46,
140.24, 150.16, 153.88.

4.2.1.7. 2-Methyl-8-quinolinyl-B-p-glucopyranoside 21. Starting from
2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl ~ bromide 5 and 8-
hydroxyquinaldine 12 according to Procedure A yield: 21%
(20.2mg). Starting from 2-methyl-8-quinolinyl-tetra-O-acetyl-3-p-
glucopyranoside 17 according to Procedure D yield: 68% (124.7 mg),
product was obtained as a solid; m.p.: 206-210°C; [a]3! = —109.4
(c = 1, CH30H/CHCl3 9:1); HRMS (ESI-TOF): calcd for C;6H20NOg ([M
+H] 7 ): m/z 322.1291; found: m/z 322.1293; 'H NMR (400 MHz,
CD50D): § 2.74 (s, 3H, CH3), 3.45 (dd, 1H, J = 8.8 Hz, J = 9.6 Hz, H-
461), 3.54 (ddd, 1H, J = 2.3Hz, J = 6.4 Hz, J = 9.6 Hz, H-55;,), 3.56
(dd, 1H, J = 8.8Hz, J = 9.4Hz, H-3g.), 3.71 (dd, 1H, J = 7.8 Hz,
J =9.4Hz, H-2g,), 3.72 (dd, 1H, J = 6.4 Hz, J = 12.1 Hz, H-6ag),
3.95 (dd, 1H, J = 2.3 Hz, J = 12.1 Hz, H-6bgyy), 5.03 (d, J = 7.8 Hz, H-
lgw), 7.41-7.48 (m, 3H, H-3cpin, H-5chin, H-7chin), 7.52 (dd, 1H,
J = 2.5Hz, J = 7.0 Hz, H-6¢pin), 8.19 (d, 1H, J = 8.5 Hz, H-4cpin); 1°C
NMR (100 MHz, CD3;0D): § 24.56, 62.63, 71.54, 74.88, 77.41, 78.49,
103.39, 115.34, 122.74, 124.00, 127.37, 129.29, 138.55, 140.03,
153.24, 159.90.

4.2.1.8. 2-Methyl-8-quinolinyl-B-p-galactopyranoside 22. Starting from
2,3,4,6-tetra-O-acetyl-B-p-galactopyranosyl bromide 6 and 8-
hydroxyquinaldine 12 according to Procedure A yield: 29%
(27.9mg). Starting from 2-methyl-8-quinolinyl-tetra-O-acetyl-3-p-
galactopyranoside 18 according to Procedure D yield: 66%
(121.1 mg), product was obtained as a solid; m.p.: 208-212°C;
[a]®® = —87.4 (c =1, CH;O0H/CHCl; 9:1); HRMS (ESI-TOF): calcd
for C6HpoNOg ([M+H] *): m/z 322.1291; found: m/z 322.1292; 'H
NMR (400 MHz, CD;0D): § 2.72 (s, 3H, CHj), 3.68 (dd, 1H, J = 3.4 Hz,
J = 9.8 Hz, H-3ga1), 3.75-3.88 (m, 3H, H-6aca1, H-5ga1, H-6bga), 3.94
(d, 1H, J = 3.4 Hz, H-4g,), 4.07 (dd, 1H, J = 7.8 Hz, J = 9.8 Hz, H-
2Ga1), 4.97 (d, J = 7.8 Hz, H-1g,1), 7.38-7.52 (m, 4H, H-3chin, H-5chin,
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H-6chin, H-7chin), 8.17 (d, 1H, J = 8.5 Hz, H-4¢pin); >C NMR (100 MHz,
CD;0D): § 24.55, 62.53, 70.20, 72.22, 74.34, 77.35, 104.09, 115.38,
122.69, 123.97, 127.35, 129.25, 138.52, 140.03, 153.31, 159.85.

4.2.2. Synthesis of glycoconjugates 23-30

To a solution of O-acetylated glycosyl azides 7 or 8 (0.5 mmol,
186.6 mg) or deprotected glycosyl azides 9 or 10 (0.5 mmol, 102.5 mg)
and 8-(2-propyn-1-yloxy)quinoline 13 (0.5 mmol, 91.5mg) or 2-me-
thyl-8-(2-propyn-1-yloxy)quinoline 14 (0.5mmol, 98.5mg) in THF
(5mL) : i-PrOH (5 mL), CuSO45H,0 (0.1 mmol, 25.0 mg) dissolved in
H,0 (2.5mL) and sodium ascorbate (0.2 mmol, 39.6 mg) dissolved in
H,0 (2.5mL) were added to this mixture. The reaction mixture was
stirred for 24 h at room temperature. The reaction progress was mon-
itored on TLC in an eluents system CHCl;:MeOH (20:1 or 2:1). Mixture
was concentrated in vacuo and purified using column chromatography
(dry loading; toluene:AcOEt, 2:1 and CHCl;:MeOH, 100:1 for fully
protected glycoconjugates or CHCl;:MeOH, gradient: 50:1 to 2:1 for
glycoconjugates with unprotected sugar part) to give products 23-30.

4.2.2.1. 8-((1-(2,3,4,6-Tetra-O-acetyl-f-p-glucopyranosyl)-1H-1,2, 3-
triazol-4-ylmethoxy)quinoline 23.. Starting from 2,3,4,6-tetra-O-acetyl-
B-p-glucopyranosyl azide 7 and 8-(2-propyn-1-yloxy)quinoline 13,
product was obtained as a solid. Yield: 99% (275.3mg); m.p.:
162-164°C; [a]3® = —33.3 (c = 1.0, CHCl3); HRMS (ESI-TOF): calcd
for CogHaoN4O10 (IM+H] * ): m/z 557.1884; found: m/z 557.1885; 'H
NMR (400 MHz, CDCl3): § 1.80, 2.00, 2.05, 2.06 (4s, 12H, CH5CO),
3.97 (ddd, 1H, J = 2.1 Hz, J = 5.0 Hz, J = 10.1 Hz, H-55,,,), 4.12 (dd,
1H, J=2.1Hz, J =12.7Hz, H-6ag,), 4.23 (dd, 1H, J = 5.0Hz,
J = 12.7 Hz, H-6bg), 5.21 (dd ~ t, 1H, J = 9.6 Hz, J = 10.1 Hz, H-
4G1), 5.36-5.43 (m, 2H, H-3g, H-2¢), 5.54 i 5.59 (gAB, 2H,
J =13.2Hz, CH,), 5.85 (d, 1H, J = 9.1 Hz, H-1g,), 7.25-7.27 (m,
1H, H-7chin), 7.39-7.48 (m, 3H, H-3chin, H-5chin, H-6chin), 7.98 (s, 1H,
H-51viaz), 8.13 (dd, 1H, J = 1.5Hz, J = 8.3 Hz, H-4cnin), 8.95 (dd, 1H,
J = 1.4Hz, J = 4.0 Hz, H-2¢;n); *>C NMR (100 MHz, CDCl,): § 20.11,
20.50, 20.52, 20.68, 61.51, 62.76, 67.68, 70.34, 72.68, 75.12, 85.78,
110.10, 120.43, 121.69, 121.92, 126.65, 129.54, 135.99, 140.37,
144.80, 149.43, 153.80, 168.73, 169.27, 169.92, 170.50.

4.2.2.2. 8-((1-(2,3,4,6-Tetra-O-acetyl-$-p-galactopyranosyl)-1H-1,2, 3-
triazol-4-yl)methoxy)quinolone  24.. Starting from 2,3,4,6-tetra-O-
acetyl-B-p-galactopyranosyl azide 8 and 8-(2-propyn-1-yloxy)
quinoline 13, product was obtained as a solid. Yield: 76% (211.3 mg);
m.p.: 165-170°C; [a]®® = —24.0 (c = 1.0, CHCl;); HRMS (ESI-TOF):
caled for CoHaoN4O1o ([IM+H] " ): m/z 557.1884; found: m/z
557.1884; 'H NMR (400 MHz, CDCl,): § 1.83, 1.99, 2.03, 2.20 (4s,
12H, CH3CO), 4.11 (dd, 1H, J = 6.3 Hz, J 11.1 Hz, H-6ag,), 4.17 (dd,
1H, J = 5.9 Hz, J = 11.1 Hz, H-6bga), 4.20 (m, 1H, H-5¢,1), 5.23 (dd,
1H, J = 3.3 Hz, J = 10.3Hz, H-3ga), 5.50-5.62 (m, 4H, H-2G,, H-4a),
CH,), 5.83 (d, 1H, J = 9.3 Hz, H-1g,), 7.27 (m, 1H, H-7¢cpiy), 7.40-7.48
(m, 3H, H'3Chin’ H'5Chin: H'6Chin)} 8.06 (S, lH, H'5Triaz): 8.14 (d, 1H,
J = 8.0Hz, H-4chin), 8.96 (d, 1H, J = 2.8Hz, H-2ci); °C NMR
(100 MHz, CDCl): § 20.19, 20.47, 20.64, 61.25, 62.87, 66.86, 67.89,
70.83, 74.01, 86.29, 110.12, 120.40, 121.68, 121.99, 126.68, 129.53,
136.00, 140.40, 144.74, 149.43, 153.86, 168.85, 169.79, 169.98,
170.31.

4.2.2.3. 2-Methyl-8-((1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyD-1H-

1,2,3-triazol-4-yl)methoxy)quinolone 25.. Starting from 2,3,4,6-tetra-O-
acetyl-B-p-glucopyranosyl azide 7 and 2-methyl-8-(2-propyn-1-yloxy)
quinoline 14, product was obtained as a solid. Yield: 80% (228.1 mg);
m.p.: 195-200 °C; [oz]%5 = —37.6 (c = 1.0, CHCl;); HRMS (ESI-TOF):
caled for Cy;H3:N4Oq1 ([IM+H] " ): m/z 571.2040; found: m/z
571.2039; 'H NMR (400 MHz, CDCls): 6 1.81, 2.01, 2.05, 2.07 (4s,
12H, CH3CO), 2.86 (s, 3H, CHs), 3.98 (ddd, 1H, J = 2.1 Hz, J = 4.9 Hz,
J = 10.1 Hz, H-561,), 4.13 (dd, 1H, J = 2.1 Hz, J = 12.6 Hz, H-6ag1),
4.27 (dd, 1H, J =4.9Hz, J = 12.6 Hz, H-6bg,), 5.22 (dd ~ t, 1H,
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J = 9.3Hz, J=10.1Hz, H-4g,), 5.37-5.45 (m, 2H, H-36a, H-261),
5.58 i 5.62 (qAB, 2H, J = 13.4Hz, CH,), 5.85 (d, 1H, J = 9.0 Hz, H-
lgw), 7.23-7.28 (m, 1H, H-7chin), 7.34 (d, 1H, J = 8.4 Hz, H-3chin),
7.37-7.41 (In, ZH, H'SChim H'6Chin)’ 8.06 (S, 1H, H'STriaz)’ 8.07 (d, 1H,
J = 8.4 Hz, H-4cpin); >C NMR (100 MHz, CDCls): § 20.11, 20.50, 20.52,
20.67, 25.39, 61.51, 63.18, 67.68, 70.33, 72.70, 75.11, 85.77, 111.15,
120.34, 122.06, 122.75, 125.98, 127.81, 136.86, 139.17, 145.02,
152.93, 158.31, 168.68, 169.28, 169.93, 170.51.

4.2.2.4. 2-Methyl-8-((1-(2,3,4,6-tetra-O-acetyl-3-p-galactopyranosyl)-1H-
1,2, 3-triazol-4-y)methoxy)quinolone 26.. Starting from 2,3,4,6-tetra-O-
acetyl-pB-p-galactopyranosyl azide 8 and 2-methyl-8-(2-propyn-1-yloxy)
quinoline 14, product was obtained as a solid. Yield: 87% (248.0 mg);
m.p.: 178-183°C; [a]®® = —17.4 (c = 1.0, CHCl;); HRMS (ESI-TOF):
caled for Co;H3;N4O10 (IM+H] ") m/z 571.2040; found: m/z
571.2043; 'H NMR (400 MHz, CDCly): § 1.84, 1.99, 2.03, 2.20 (4s,
12H, CH3CO), 2.83 (s, 3H, CH3), 4.10 (dd, 1H, J = 6.3 Hz, J = 10.6 Hz,
H-6ag.), 4.17 (dd, 1H, J = 5.9 Hz, J = 10.6 Hz, H-6bg,), 4.20 (m, 1H,
H-5Ga1), 5.23 (dd, 1H, J = 3.3 Hz, J = 10.3 Hz, H-3¢,1), 5.50-5.63 (m,
4H, H-2ga1, H-4ga1, CHy), 5.82 (d, 1H, J = 9.3 Hz, H-15,), 7.24 (dd, 1H,
J=2.4Hz, J=6.5Hz, H7¢ny), 7.33 (d, 1H, J = 8.2Hz, H-3chin),
7.37-7.41 (m, 2H, H-5¢hin, H-6¢hin), 8.04 (d, 1H, J = 8.2 Hz, H-4¢p;n),
8.08 (s, 1H, H-5r,,); °C NMR (100 MHz, CDCls): § 20.21, 20.48,
20.63, 20.65, 25.62, 61.22, 63.36, 66.86, 67.90, 70.86, 74.00, 86.31,
111.02, 120.37, 121.97, 122.66, 125.82, 127.79, 136.49, 138.71,
145.08, 153.25, 158.29, 168.81, 169.80, 169.98, 170.30.

4.2.2.5. 8-((1-(B-p-GlucopyranosyD-1H-1,2, 3-triazol-4-yDmethoxy)
quinoline 27.. Starting from p-p-glucopyranosyl azide 9 and 8-(2-
propyn-1-yloxy)quinoline 13, product was obtained as a solid. Yield:
83% (161.1mg); m.p.: 213-218°C; [a]E’ = —9.6 (c = 1.0, DMSO);
HRMS (ESI-TOF): caled for C;gH21N4Og (IM+H] *): m/z 389.1461;
found: m/z 389.1461; 'H NMR (400 MHz, DMSO): 8§ 3.26 (m, 1H, H-
261, 3.37-3.50 (m, 3H, H-3614, H-4c1u, H-5614), 3.70 (m, 1H, H- 6ag),
3.83 (m, 1H, H-6bg,,), 4.71 (t, 1H, J = 5.9Hz, 6-OH), 5.15 (d, 1H,
J = 5.5Hz, OH), 5.27 (d, 1H, J = 4.9 Hz, OH), 5.35 (s, 2H, CH,) 5.43
(d, 1H, J = 6.0 Hz, OH), 5.61 (d, 1H, J = 9.3 Hz, H-15,,,), 7.44 (dd, 1H,
J = 4.7Hz, J = 9.0 Hz, H-7cpin), 7.51-7.58 (m, 3H, H-3chin, H-5chin, H-
6chin), 8.32 (dd, 1H, J = 2.0Hz, J = 8.2 Hz, H-4¢yin), 8.54 (s, 1H, H-
Srriaz), 8.82 (dd, 1H, J=1.6Hz, J=4.3Hz, H-2¢pin); °C NMR
(100 MHz, DMSO): § 60.70, 61.64, 69.56, 72.02, 76.98, 80.01, 87.53,
109.73, 119.97, 121.86, 124.25, 126.75, 129.03, 135.78, 139.63,
142.45, 148.96, 153.87.

4.2.2.6. 8-((1-(B-p-Galactopyranosyl)-1H-1,2,3-triazol-4-yl)methoxy)
quinoline 28.. Starting from [3-p-galactopyranosyl azide 10 and 8-(2-
propyn-1-yloxy)quinoline 13, product was obtained as a solid. Yield:
78% (151.4 mg); m.p.: 233-236 °C; [a]3’ = 6.0 (c = 1.0 DMSO); HRMS
(ESI-TOF): caled for C1gH51N4Og ([M+H] * ): m/z 389.1461; found: m/
7 389.1459; 'H NMR (400 MHz, DMSO): § 3.49-3.61 (m, 3H, H-3¢,;, H-
2Ga1, H-4Ga1), 3.71-3.80 (m, 2H, H-5¢,;, H-6ag,), 4.05-4.13 (m, 1H, H-
6bga), 4.64 (d, 1H, J = 5.5Hz, OH), 4.75 (t, 1H, J = 5.9 Hz, 6-OH),
5.02 (d, 1H, J = 5.5 Hz, OH), 5.29 (d, 1H, J = 6.0 Hz, OH), 5.36 (s, 2H,
CH,), 5.55 (d, 1H, J = 9.2Hz, H-1g,), 7.44 (dd, 1H, J = 4.4Hz,
J=7.4Hz, H7cpin), 7.51-7.58 (m, 3H, H-3chin, H-5chin, H-6chin)s
8.32 (dd, 1H, J = 1.8 Hz, J = 8.3 Hz, H-4cpin), 8.47 (s, 1H, H-51y4,),
8.83 (dd, 1H, J = 1.8 Hz, J = 4.1 Hz, H-2¢nin); “°C NMR (100 MHz,
DMSO): § 60.51, 61.68, 68.54, 69.32, 73.69, 78.54, 88.15, 109.74,
119.96, 121.85, 123.76, 126.74, 129.03, 135.77, 139.64, 142.62,
148.97, 153.87.

4.2.2.7. 2-Methyl-8-((1-(B-p-glucopyranosyl)-1H-1,2,3-triazol-4-yD

methoxy)quinolone 29.. Starting from f-p-glucopyranosyl azide 9 and 2-
methyl-8-(2-propyn-1-yloxy)quinoline 14, product was obtained as a
solid. Yield: 92% (185.0mg); m.p.. 162-167°C; [al3’ = —20.4
(c =1.0, DMSO); HRMS (ESI-TOF): caled for C;9H23N40¢ ([M
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+H] *): m/z 403.1618; found: m/z 403.1618; 'H NMR (400 MHz,
DMSO): § 2.62 (s, 3H, CH3), 3.21-3.50 (m, 4H, H-2g1,, H-3g1u, H-4G1u,
H-5¢), 3.65-3.73 (m, 1H, H-6a¢y,), 3.78-3.85 (m, 1H, , H-6bgy,), 4.67
(t, 1H, J = 5.5Hz, 6-OH), 5.15 (d, 1H, J = 4.2 Hz, OH), 5.29 (bs, 1H,
OH), 5.35 (s, 2H, CH,), 5.43 (d, 1H, J = 5.8 Hz, OH), 5.60 (d, 1H,
J=9.3 HZ, H'lG]u); 7.38-7.50 (m, 4H, H'3Chin; H'SChin) H'6Chin’ H-
7chin), 8.19 (d, 1H, J = 8.4 Hz, H-4¢pin), 8.54 (s, 1H, H-514a,); *>C NMR
(100 MHz, DMSO): § 24.91, 60.68, 61.48, 69.53, 72.03, 76.96, 79.98,
87.51, 110.01, 119.81, 122.47, 124.31, 125.66, 127.32, 135.96,
139.11, 142.51, 153.37, 157.28.

4.2.2.8. 2-Methyl-8-((1-(B-p-galactopyranosyl)-1H-1,2,3-triazol-4-yD
methoxy)quinoline 30.. Starting from (3-p-galactopyranosyl azide 10 and
2-methyl-8-(2-propyn-1-yloxy)quinoline 14, product was obtained as a
solid. Yield: 56% (112.6mg); m.p.: 206-211°C; [a]Z® = —38.0
(c =1.0, DMSO); HRMS (ESI-TOF): caled for C;oH53N,40¢ ([M
+H] " ): m/z 403.1618; found: m/z 403.1624; 'H NMR (400 MHz,
DMSO): & 2.63 (s, 3H, CH3), 3.47-3.60 (m, 3H, H-3¢a;, H-2Ga, H-4Ga1),
3.70-3.79 (m, 2H, H-6ag,1, H-5¢a1), 4.04-4.10 (m, 1H, H-6bg,)), 4.63 (d,
1H, J = 5.4Hz, OH), 4.72 (t, 1H, J = 5.8 Hz, 6-OH), 5.02 (d, 1H,
J = 5.6 Hz, OH), 5.28 (d, 1H, J = 6.0 Hz, OH), 5.36 (s, 2H, CH,), 5.54
(d, 1H, J = 9.2 Hz, H-1ga1), 7.38-7.50 (m, 4H, H-3¢hin, H-5chin, H-6chin,
H-7chin), 8.19 (d, 1H, J = 8.4 Hz, H-4cpin), 8.46 (s, 1H, H-5p,,); 13C
NMR (100 MHz, DMSO): § 24.90, 60.46, 61.50, 68.48, 69.29, 73.67,
78.49, 88.12, 110.02, 119.79, 122.45, 123.87, 125.63, 127.31, 135.94,
139.12, 142.63, 153.37, 157.26.

4.3. Biological assays

4.3.1. Bovine milk f3-1,4-Galactosyltransferase I assay

B-1,4-GalT activity was assayed using UDP-Gal, a natural -1,4-GalT
glycosyl donor type substrate, and (6-esculetinyl) B-p-glucopyranoside
(esculine) as glycosyl fluorescent acceptor. The reaction mixtures con-
tained reagents in the following final concentrations: 50 mM citrate
buffer (pH 5.4), 100mM MnCl,, 20mg/mL BSA, 2mM esculine,
0.4 mM UDP-Gal and 10 uL. MeOH or methanolic solution of potential
inhibitors 15-30 at 0.8 mM concentration. Assays were performed in a
total volume of 200 uL. The enzymatic reactions were started by the
addition of 8 mU B-1,4-GalT and incubated at 30 °C for 60 min. After
that, the reaction mixture was diluted with water to a volume of 500 pL
and then was placed in a thermoblock set at 90 °C for 3 min. After de-
naturation, the solutions were centrifuged at 10°C for 30min at
10,000 rpm. The supernatant was filtered using syringe filters (M.E.
Cellulose filter, Teknokroma®, 0.2 um X 13 mm). The filtrate was in-
jected into RP-HPLC system. The percentage of inhibition was eval-
uated from the fluorescence intensity of the peaks referring to product
(6-esculetinyl) 4’-O-f3-p-galactopyranosyl-f-p-glucopyranoside).

4.3.2. Cell lines

The culture media were purchased from EuroClone, HyClone, MP
Biomedicals and Pan Biotech. Fetal bovine serum (FBS) was delivered
by Eurx, Poland and Antibiotic Antimycotic Solution (100 X ) by Sigma-
Aldrich, Germany. The human cell line HeLa and MCF-7 were obtained
from collections at the Maria Sklodowska-Curie Memorial Cancer
Center and Institute of Oncology, branch in Gliwice, Poland, as kindly
gift from dr Monika Pietrowska and prof. Wiestawa Widlak. Normal
Human Dermal Fibroblasts-Neonatal, NHDF-Neo were purchased from
LONZA (Cat. No. CC-2509; NHDF-Neo, Dermal Fibroblasts, Neonatal,;
Lonza, Poland). HCT 116 and Hs683 were obtained from American
Type Culture Collection (ATCC, Manassas, VA, USA). U-251, PANC-1,
and AsPC-1 were bought from Sigma-Aldrich, Germany. The culture
media consisted of RPMI 1640 or DMEM + F12 medium, supplemented
with 10% or 12% fetal bovine serum and standard antibiotics.

4.3.3. MTT assay
A lifespan of the cells was assessed with an MTT (3-[4,5-
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dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide) test (Sigma-
Aldrich). The cells were seeded in the 96-well plates with concentration
of 1 X 10* or 5 x 10° cells per well. The cells culture were incubated
for 24h at 37°C in a humidified atmosphere of 5% CO,. Then the
culture medium was removed, replaced with solution of the tested
compounds in medium and incubated for further 24h or 72h. After
that, medium was removed and the MTT solution (50 uL, 0.5 mg/mL in
RPMI 1640 without phenol red) was added. After 3 h of incubation, the
MTT solution was removed and the acquired formazan was dissolved in
isopropanol:HCI system. Finally, the absorbance at the 570 nm wave
length was measured spectrophotometrically with the plate reader. The
experiment was conducted in three independent iterations with four
technical repetitions. Tests were conducted at concentrations tested
compounds range from 0.01 mM to 0.8 mM solutions. For the most
active compounds ICsq values were calculated using CalcuSyn. The ICsq
parameter was defined as the compound concentration that was ne-
cessary to reduce the proliferation of cells to 50% of the untreated
control.

4.3.4. MTS assay

The antiproliferative activity of selected compounds was tested on
glioblastoma (U-251 and Hs683) and pancreatic cancer (PANC-1 and
AsPC-1) cell lines with the MTS assay (Promega). The cells at con-
centration 5 x 10° per well were seeded into 96-well plates and cul-
tured for 24 h under standard conditions (37 °C in a humidified atmo-
sphere of 5% CO,). After this time, medium was removed and supplied
solutions of tested compounds with varying concentrations. The cell
were incubated for 72 h. After this time the medium had been changed
for 100yl one without phenol red, 20uL MTS dye [3-(4,5-di-
methylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium], and incubated for 1 h (in case of PANC-1 for 3 h). The
optical product were qualitatively determined by measurement of the
absorbance at 490 nm. The results were calculated as ICs, values using
GraphPad Prism 5. Each experiment in triplicate was repeated at least
three times.
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