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(57) ABSTRACT

The present invention provides a benzimidazole derivative
represented by the following Chemical Formula 1, a prepa-
ration method thereof, and use thereof as an anticancer or
anti-virus agent:

[Chemical Formula 1]

R;
|
=N -
N—R,
L)

wherein, R, R,, R, and X are as defined in the detailed
description and the claims.
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FIG. 2

Cancer Celis Line study {24hr)
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FIG. 3
Cancer Celis Line study {72hn)
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FIG. 4

Normal Cells Line study {78hr)
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NOVEL BENZIMIDAZOLE DERIVATIVES,
PREPARATION METHOD THEREOF AND
USE THEREOF AS ANTI-CANCER AGENT
OR ANTI-VIRUS AGENT COMPRISING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application of U.S.
patent application Ser. No. 17/051,154, filed on Dec. 2,
2020, which is a National Phase patent application of
International Patent Application Number PCT/KR2020/
013371, filed on Sep. 29, 2020, which claims priority of
Korean Patent Application No. 10-2020-0076802, filed Jun.
23, 2020, the entire contents of each of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a novel benzimi-
dazole derivative, a preparation method thereof, and use
thereof as an anticancer or anti-virus agent.

2. Description of the Related Art

[0003] Benzimidazole is a compound in which an imida-
zole ring is attached to a benzene ring, and has various
bioactivities and physiological actions, so it is attracting
attention as a mother nucleus of various drugs. It has been
reported that compounds having such a benzimidazole struc-
ture exhibit effects against various diseases depending on
substituent groups. For example, it has been developed as an
anti-inflammatory analgesic agent, antifungal agent, anti-
cancer agent, anthelmitic agent, antihistamine agent, and the
like.

[0004] Benzimidazole has been published in many papers
as having the property of entering cells through a cell wall
and inhibiting the formation of microtubules (see: Chem
Biol Drug Des., 2017 July; 90(1):40-51; Scientific
REPORTS, 2018, 8:11926; and ANTICANCER RESEARCH,
29: 3791-3796, 2009). However, it is known that benzimi-
dazole invades normal cells and abnormal cells (that is,
cancer-expressing cells and virus-infected cells) without
distinguishing them, thereby equally inhibiting the forma-
tion of microtubules in normal cells and abnormal cells.
[0005] Further, cancer cells and virus-infected cells show
the property of absorbing large amounts of glucose, but
microtubules are indispensably used to move GLUT chan-
nels to the cell wall, and cancer cells have been reported to
produce about 1000 times more GLUT channels than normal
cells (see: L. Quan et al. I Journal of Molecular Structure
1203 (2020) 127361).

[0006] Therefore, when benzimidazole derivatives are
intensively injected into cancer cells or virus-infected cells
rather than normal cells to inhibit the formation of micro-
tubules, the production of GLUT channels may be inhibit
and the absorption of glucose can be blocked, and as a result,
the growth of cancer cells or the growth of viruses in
virus-infected cells can be significantly inhibited, whereby
the body’s immune system is known to attack cancer cells or
virus-infected cells whose growth is inhibited as described
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above, thereby exhibiting an anticancer effect or an antiviral
effect (see: EXPERIMENTAL AND THERAPEUTIC MEDI-
CINE 13: 595-603, 2017).

[0007] However, since benzimidazole derivatives usually
have low aqueous solubility and low bioabsorbability, they
must be administered in high concentrations or in consid-
erable amounts in order to efficiently inhibit the growth of
cancer cells or virus growth in virus-infected cells. For this
reason, it has been reported that it exhibits considerable side
effects even in normal cells (see: Vojnosanit Pregl. 2008
July; 65(7):539-44, Infect Chemother 2018; 50(1):1-10).
[0008] Therefore, benzimidazole derivatives can be
administered together with drugs that can improve absorp-
tion in the gastrointestinal tract (e.g., H2 receptor antago-
nists such as cimetidine or gastric acid secretion inhibitors),
or it has been proposed to introduce a water-soluble sub-
stituent to improve the water solubility of the benzimidazole
derivative itself.

[0009] For example, in Patent Document 1 (International
Patent Publication WO1998/051304, published on Nov. 19,
1998) discloses that a 2-carbamate benzimidazole derivative
can inhibit the growth of mammalian tumors and cancers
and treat viral infections, and it can treat viral infections, but
the aqueous solubility and bioabsorption rate are low as
described above, and the pharmacological effect is not
sufficient.

[0010] Patent Document 2 (International Patent Publica-
tion WO2005/058870, published on Jun. 30, 2005) discloses
that a compound in which a substituent capable of increasing
water solubility, such as a 3-hydroxypropyl group, a 2,3-
dihydroxypropyl group or a 2-carboxyamide ethyl group is
attached to an 2-amino group of the 1-aryl-2-aminobenz-
imidazole derivative is used as an inhibitor of replication of
respiratory syncytial virus, but the aqueous solubility and
bioabsorption rate are not sufficient.

[0011] Patent Document 3 (International Patent Publica-
tion WO1998/056761, published on Dec. 17, 1998) dis-
closes a compound in which a pyranose ring derived from
p-D-ribopyranose is substituted with a nitrogen atom at the
1-position of a benzimidazole derivative, and the use thereof
in the treatment and prevention of viral infections. In the
patent document, since the pyranose ring can contain 2 to 3
or more hydroxyl groups, the water solubility of the benz-
imidazole derivative is significantly increased, and the pos-
sibility of using it as an injection is also disclosed. However,
only the derivative in which the pyranose ring is linked to
the 1-position of benzimidazole is disclosed, and it can be
seen that even when benzimidazole contains a 2-amino
group, a reaction pathway that avoids the reaction with the
2-amino group is adopted.

[0012] Among these benzimidazole derivatives, as 2-ami-
nobenzimidazole derivatives such as albendazole, fenben-
dazole, mebendazole, flubendazole, etc., known as anthel-
mintic agents, are known to exhibit surprising anticancer
effects, and are receiving new interest. However, interest is
also being given to ways to improve their low water solu-
bility and bioavailability.

[0013] Albendazole and fenbendazole, which are used as
anthelmintic agents, are benzimidazole carbamate-based
compounds, and are absorbed through the cell wall when
absorbed into cells, so that they are absorbed equally by
virus-infected cells and normal cells. Therefore, it is difficult
to selectively absorb these compounds only in cancer cells
or virus-infected cells.



US 2024/0018178 Al

[0014] On the other hand, it has already been reported in
various literatures that glucose, which is an energy source of
all cells, is absorbed through the GLUT channel of cells, and
cells infected with viruses use a greater amount of glucose
as an energy source than normal cells (see: BMC Biology
(2019) 17:59), (J Virol 89:2358-2366.), (Virology. 2013;
444(1-2):301-9). In addition, it has been reported that in
order to use a larger amount of glucose as an energy source
than normal cells, virus-infected cells modify the energy
metabolism of host cells, activate GLUT channels than
normal cells, and rapidly absorb glucose through the GLUT
channel to propagate the virus (see: Mol Cancer Ther. 2012
January; 11(1): 14-23).

[0015] In conclusion, it can be seen that cancer cells and
virus-infected cells absorb virus-infected cells absorb a
relatively large amount of glucose-containing sugar com-
pounds compared to normal cells or non-virus-infected cells.

[0016] In consideration of the above points, a phenom-
enon in which cancer cells and virus-infected cells absorb
excessive amounts of sugar compounds including glucose
compared to normal cells or not-infected cells is utilized in
the design of new benzimidazole derivatives, and an attempt
was made to develop a method that can provide such a new
benzimidazole derivative at a simple process and economi-
cal cost.

SUMMARY OF THE INVENTION

[0017] An object of the present invention is to design a
new benzimidazole derivative capable of solving the above-
described problems, and to provide a simple and economical
preparation method thereof and use thereof as an anticancer
or antiviral agent.

[0018] The problem to be solved by the present invention
is not limited to the above-mentioned problems, and other
problems not mentioned should be clearly understood by
those skilled in the art from the following description.
[0019] In order to achieve the above object, the present
invention provides a novel benzimidazole-carbohydrate
conjugate compound represented by the following Chemical
Formula 1:

[Chemical Formula 1]

Rz
RZ_X|\\ IL H
>—N—R,
S N/
[0020] wherein,
[0021] R, is a residue of a carbohydrate, and the car-

bohydrate may be selected from aldotetrose (e.g.,
erythrose, threose), aldopentose (e.g., ribose, arab-
inose, xylose, lixose), aldohexose (e.g., allose, altrose,
glucose, mannose, glueOS, idose, galactose, tallose),
ketotetrose (e.g., erythrolose), ketopentose (e.g., ribu-
lose, xylulose), ketohexose (eg psicose, fructose, sor-
bose, tagatose), their isomers, oxides (CHO converts to
—COOH), deoxy derivatives (—OH converted to —H,
e.g., 2-deoxyribose, 2-deoxyglucose), amino sugar
(—OH converted to —NH, e.g., N-acetylglucosamine,
N-acetylgalactosamine), glycosides, or disaccharides
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thereof, preferably, may be selected from glucose,
fructose, galactose, maltose or xylose;

[0022] R, and R, are the same or different and are
hydrogen or a substitutable hydrocarbon group, for
example, represents an alkyl group having 1 to 10
carbon atoms, an aryl group or a heteroaryl group
having 3 to 10 ring atoms, and the alkyl group, the aryl
group and the heteroaryl group may be substituted with
halogen, cyano, hydroxy, thiol, amino, alkyl, alkyloxy,
alkylamino, dialkylamino, aryl, aryloxy, arylamino,
diarylamino, aryl or heteroaryl group; and

[0023] X may be selected from the group consisting of
-0, —S—, —SO0—, —SO,—, —NH—,
—N([R2)-, —CH,—, —CH(R,)—, and —CO—.

[0024] According to one embodiment of the present inven-
tion, the benzimidazole-carbohydrate conjugate compound
may be a compound represented by the following Chemical
Formula 2:

[Chemical Formula 2]
R,—

X H
D=
N—&R,
F N/

[0025] wherein, R, R, and X are the same as defined

above.

[0026] According to one embodiment of the present inven-
tion, in Chemical Formula 1 or 2, the —NH-—R, moiety
may have one of the following structures:

OH
(6]
H
—N OH o
HO
(2-Aminoglucose residue)
o OH
H O\~
_ & OH
HO
OH
(2-Amino fructose residue)
OH
OH
I (6]
—N OH
HO
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(2-Aminogalactose residue)

(2-Aminomannose residue).

[0027] According to one embodiment of the present inven-
tion, in the Chemical Formula 1 or 2, the benzimidazole
moiety can have any one of the following structures:

N X
Lo

(Alvedazole residue from which 2-carbamate has been

removed)
s N
-

(2-Fenbendazole residue from which carbamate has been
removed)

e}

H
‘ N
F N

(2-Flubendazole from which carbamate has been removed)

H
N
.

(2-Mebendazole from which carbamate has been removed).
[0028] According to one embodiment of the present inven-
tion, the benzimidazole-carbohydrate conjugate compound
may be selected from the following compounds:

[0029] Alfendazole-D-carbohydrate conjugate compound:

[0030] 6-(propylthio)-1H-benzoimidazol-2-aminoglu-
cose,

[0031] 6-(propylthio)-1H-benzoimidazol-2-aminofruc-
tose,

[0032] 6-(propylthio)-1H-benzoimidazol-2-aminogalac-

tose, and 6-(propylthio)-1H-benzoimidazol-2-aminoman-
nose;
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[0033] Fenbendazole-D-carbohydrate conjugate com-

pound:

[0034] 6-(phenylthio)-1H-benzoimidazol-2-aminoglu-
cose,

[0035] 6-(phenylthio)-1H-benzoimidazol-2-aminofruc-
tose,

[0036] 6-(phenylthio)-1H-benzoimidazol-2-aminogalac-
tose, and

[0037] 6-(phenylthio)-1H-benzoimidazol-2-aminoman-
nose;

[0038] Flubendazole-D-carbohydrate conjugate com-

pound:

[0039] 6-(4-fluorobenzoyl)-1H-benzimidazol-2-amino-
glucose,

[0040] 6-(4-fluorobenzoyl)-1H-benzimidazol-2-aminof-
ructose,

[0041] 6-(4-fluorobenzoyl)-1H-benzimidazol-2-aminoga-

lactose, and

[0042] 6-(4-fluorobenzoyl)-1H-benzimidazol-2-ami-
nomannose;

[0043] Mebendazole-D-carbohydrate conjugate com-

pound:

[0044] 6-benzoyl-1H-benzimidazol-2-aminoglucose,

[0045] 6-benzoyl-1H-benzimidazol-2-aminofructose,

[0046] 6-benzoyl-1H-benzimidazol-2-aminogalactose,
and

[0047] 6-benzoyl-1H-benzimidazol-2-aminomannose.

[0048] In order to achieve the above object, the present

invention provides a method for preparing a benzimidazole-
carbohydrate conjugate compound represented by the fol-
lowing Chemical Formula 1, characterized in that a carbo-
hydrate is reacted with a 2-aminobenzimidazole compound
represented by the following Chemical Formula 1la.

[0049] Specifically, according to the present invention, the
benzimidazole-carbohydrate conjugate compound can be
prepared by reacting an aldehyde group or a ketone group of
a carbohydrate with the 2-amino group of the 2-aminoben-
zimidazole compound of Chemical Formula la to form an
imine bond, and cyclizing the carbohydrate moiety:

[Chemical Formula 1]

R;
R,—X I
\\ N -
| />—N—Rl
=N
[Chemical Formula la]
R3
R,—X

I

KN
NH:
s

[0050] wherein, in the Chemical Formulas 1 and 1a, R,
R,, R; and X are as defined above.

[0051] In order to achieve the above object, the present
invention provides a pharmaceutical composition containing
the benzimidazole-carbohydrate conjugate compound of
Chemical Formula 1.
[0052] According to one embodiment of the present inven-
tion, the benzimidazole-carbohydrate conjugate compound
of Chemical Formula 1 may inhibit the formation of micro-
tubule and inhibit the absorption of sugar compounds
including carbohydrates, preferably glucose.
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[0053] According to one embodiment of the present inven-
tion, the benzimidazole-carbohydrate conjugate compound
of Chemical Formula 1 may exhibit anticancer or antiviral
activity.

[0054] According to the present invention, a novel benz-
imidazole-carbohydrate conjugate compound having anti-
cancer or antiviral activity and a method for producing the
same are provided.

[0055] It should be understood that the effects of the
present invention are not limited to the effects described
above, but include all effects that can be inferred from the
detailed description of the invention or the constitution of
the invention described in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG. 1 is a schematic diagram conceptually show-
ing that absorption of glucose is reduced and the growth of
virus is inhibited in the GLUT channel.

[0057] FIG. 2 is a diagram showing a growth inhibitory
effect of a cancer cell line, which is a result of a toxicity test
(24 hours) on a lung cancer cell line.

[0058] FIG. 3 is a diagram showing a growth inhibitory
effect of a cancer cell line, which is a result of a toxicity test
(72 hours) on a lung cancer cell line.

[0059] FIG. 4 is a diagram showing cell viability in a
normal cell line, which is the result of a toxicity test (72
hours) in a normal cell line.

[0060] FIG. 5 is a IH-NMR spectrum of the albendazole-
glucose conjugate compound prepared in Example 1-A.
[0061] FIG. 6 is a 1H-NMR spectrum of the fenbendazole-
glucose conjugate compound prepared in Example 1-B.
[0062] FIG. 7is a 1H-NMR spectrum of the flubendazole-
glucose conjugate compound prepared in Example 2-A.
[0063] FIG. 8isa 1H-NMR spectrum of the mebendazole-
glucose conjugate compound prepared in Example 2-B.

DETAILED DESCRIPTION OF THE
INVENTION

[0064] Prior to a detailed description of the present inven-
tion, it should be understood that the terms and wordings
used herein should not be construed to be limited to general
or lexical means and the concepts of the terms may be
defined to describe the invention made by the inventor(s) of
the present invention in the best way, and moreover the
terms and wordings should be constructed to have meanings
and concepts that agree with the technical spirit of the
present invention.

[0065] That is, it should be understood that the terms used
herein are used only to described preferred embodiments of
the present invention, but are not used to limit the contents
of the present invention, and the terms are defined in
consideration of various possibilities of the present inven-
tion.

[0066] Further, in the specification, a similar expression
may include a plural expression unless it is indicated clearly,
and a plural expression may include a singular form simi-
larly.

[0067] Throughout the specification, when it is described
that an element includes another element, it may mean that
the first element may further includes any other element
without excluding the other element unless a particularly
contradictory description is made.
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[0068] In describing the present invention, when it is
determined that detailed description of a configuration that
may unnecessarily disturb the gist of the present invention,
for example, a known technique including a conventional
technique, may be omitted.

[0069] First, terms used herein are briefly defined as
follows for understanding of the present invention. How-
ever, the present invention is not limited by these meanings
or definitions of terms.

[0070] The term “anticancer agent” is a substance that
inhibits the growth or proliferation of cancer cells, or such
drug.

[0071] The term “antiviral” refers to inhibiting the growth

of cells infected with a virus, and “antiviral agent” means a
substance that inhibits the growth of cells infected with a
virus, or such drug.

[0072] The term “carbohydrate” is used as a generic term
for organic compounds composed of sugars.

[0073] The term “inhibition of sugar compound absorp-
tion” means to inhibit the absorption or entry of sugar
compounds into cells.

[0074] The term “tubulin” refers to proteins that make up
microtubules present in almost all cells of an organism.
[0075] The term “microtubule” is a tube which consists of
a polymer of proteins called tubulin, which constitutes a
cytoskeleton and to which intracellular substances move.
[0076] The term “cell division” refers to a phenomenon in
which a parent cell of an organism is divided into two cells
through nuclear fission and cytoplasmic division.

[0077] The present invention will be described in more
detail below.

[0078] (1) Benzimidazole-Carbohydrate Conjugate Com-
pound

[0079] The first object of the present invention is to

provide a benzimidazole-carbohydrate conjugate compound
represented by the following Chemical Formula 1:

[Chemical Formula 1]

R3
RZ_X|\\ I!I H
>—N—R,
F N/
[0080] wherein,
[0081] R, is a residue of a carbohydrate, and the car-

bohydrate is selected from aldotetrose (e.g., erythrose,
threose), aldopentose (e.g., ribose, arabinose, xylose,
lixose), aldohexose (e.g., allose, altrose, glucose, man-
nose, glueOS, idose, galactose, tallose), ketotetrose
(e.g., erythrolose), ketopentose (e.g., ribulose, xylu-
lose), ketohexose (eg psicose, fructose, sorbose, taga-
tose), their isomers, oxides (CHO converts to
—COOH), deoxy derivatives (—OH converted to —H,
e.g., 2-deoxyribose, 2-deoxyglucose), amino sugar
(—OH converted to —NH, e.g., N-acetylglucosamine,
N-acetylgalactosamine), glycosides, or disaccharides
thereof, preferably, is selected from glucose, fructose,
galactose, maltose or xylose;

[0082] R, and R; are the same or different and are
hydrogen or a substitutable hydrocarbon group, for
example, represents an alkyl group having 1 to 10
carbon atoms, an aryl group or a heteroaryl group
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having 3 to 10 ring atoms, and the alkyl group, the aryl
group and the heteroaryl group may be substituted with
halogen, cyano, hydroxy, thiol, amino, alkyl, alkyloxy,
alkylamino, dialkylamino, aryl, aryloxy, arylamino,
diarylamino, aryl or heteroaryl group; and

[0083] X may be selected from the group consisting of
-0 —S—, —SO0—, —SO,—, —NH—,
—N([R2)-, —CH,—, —CH(R,)—, and —CO—.

[0084] The compound of the Chemical Formula 1 may be
understood as a form in which a carbohydrate residue is
bound to a 2-amino group of the 2-aminobenzimidazole
structure or a form in which an aminated carbohydrate is
bound to the 2-position of the benzimidazole structure.

[0085] According to one embodiment of the present inven-
tion, the benzimidazole-carbohydrate conjugate compound
can be a compound represented by the following Chemical
Formula 2.

[Chemical Formula 2]
R,—X

H
N
H
/>—N—Rl
N

[0086] wherein, R1, R2 and X are the same as defined

above.

[0087] According to one embodiment of the present inven-
tion, in Chemical Formula 1 or 2, the —NH—R, moiety
may have one of the following structures:

OH
H Q OH
—N OH
HO
(2-Aminoglucose residue)
OH
g X~ OH
—N
HO
OH
(2-Amino fructose residue)
OH
OH
I (6]
—N OH
HO
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(2-Aminogalactose residue)

(2-Aminomannose residue)

[0088] According to one embodiment of the present inven-
tion, in the Chemical Formula 1 or 2, the benzimidazole
moiety can have any one of the following structures:

N X
Lo

(Alvedazole residue from which 2-carbamate has been

removed)
s N
(-

(2-Fenbendazole residue from which carbamate has been
removed)

e}

H
N
(J U
F

(2-Flubendazole from which carbamate has been removed)

H
N
.

(2-Mebendazole from which carbamate has been removed)
[0089] According to one embodiment of the present inven-
tion, the benzimidazole-carbohydrate conjugate compound
may be selected from the following compounds:

[0090] Alfendazole-D-carbohydrate conjugate compound:

[0091] 6-(propylthio)-1H-benzoimidazol-2-aminoglu-
cose,

[0092] 6-(propylthio)-1H-benzoimidazol-2-aminofruc-
tose,

[0093] 6-(propylthio)-1H-benzoimidazol-2-aminogalac-

tose, and 6-(propylthio)-1H-benzoimidazol-2-aminoman-
nose;
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[0094] Fenbendazole-D-carbohydrate conjugate com-

pound:

[0095] 6-(phenylthio)-1H-benzoimidazol-2-aminoglu-
cose,

[0096] 6-(phenylthio)-1H-benzoimidazol-2-aminofruc-
tose,

[0097] 6-(phenylthio)-1H-benzoimidazol-2-aminogalac-
tose, and

[0098] 6-(phenylthio)-1H-benzoimidazol-2-aminoman-
nose;

[0099] Flubendazole-D-carbohydrate conjugate com-

pound:

[0100] 6-(4-fluorobenzoyl)-1H-benzimidazol-2-amino-
glucose,

[0101] 6-(4-fluorobenzoyl)-1H-benzimidazol-2-aminof-
ructose,

[0102] 6-(4-fluorobenzoyl)-1H-benzimidazol-2-aminoga-

lactose, and

[0103] 6-(4-fluorobenzoyl)-1H-benzimidazol-2-ami-
nomannose;

[0104] Mebendazole-D-carbohydrate conjugate com-

pound:

[0105] 6-benzoyl-1H-benzimidazol-2-aminoglucose,

[0106] 6-benzoyl-1H-benzimidazol-2-aminofructose,

[0107] 6-benzoyl-1H-benzimidazol-2-aminogalactose,
and

[0108] 6-benzoyl-1H-benzimidazol-2-aminomannose.

[0109] In the benzimidazole-carbohydrate conjugate com-

pound according to the present invention, the carbohydrate
moiety has both a chain structure and a cyclic structure, and
the chain structure is thermodynamically more stable in the
pentose and hexose, but the chain structure and the cyclic
structure are in equilibrium in the solution, Thus, even if
only one of the two has a medicinal effect, it does not have
a significant effect on the overall pharmacological effect.

[0110] (2) Method for Preparing Benzimidazole-Carbohy-
drate Conjugate Compound

[0111] To solve the above objects, the present invention
provides a method for preparing a benzimidazole-carbohy-
drate conjugate compound represented by the following
Chemical Formula 1, characterized in that a carbohydrate is
reacted with a 2-aminobenzimidazole compound of the
following Chemical Formula la to form an imine bond.
Specifically, according to the present invention, the benz-
imidazole carbohydrate conjugate compound represented by
Chemical Formula 1 can be prepared by reacting an alde-
hyde group or a ketone group of a carbohydrate with ae
2-amino group of the 2-aminobenzimidazole compound of
Formula la to form an imine bond, and cyclizing the
carbohydrate moiety.

[Chemical Formula 1]
R3

|

NN
N—R&R,

L)

Ry,—
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-continued
[Chemical Formula la]
Rs
R,—X |
XN
| />— NH,
N

[0112] in the Chemical Formulas 1 and 1a, R,, R,, R; and
X are the same as defined above.

[0113] According to one embodiment of the present inven-
tion, in the 2-aminobenzimidazole compound of Formula 1a,
a substituent capable of performing an imine reaction may
be previously protected or blocked.

[0114] The benzimidazole-carbohydrate conjugate com-
pound according to the present invention can be prepared by
various methods, and an example of the preparation method
is provided below.

[0115] As an example of preparing the benzimidazole-
carbohydrate conjugate compound according to the present
invention, the following Reaction Scheme 1 may be pre-
sented.

[0116] Reaction Scheme 1 shows a reaction in which a
D-glucose unit is bound to the 2-amino group of 6-alkylthio-
2-aminobenzimidazole, which is a precursor of albendazole
or fenbendazole.

Reaction Scheme 1

R—S B
N /\HO .
/>—NH2 + H . off
5§
N
dmHo

Amino benzimidazole

(Albendazole or Fenbendazole)
H
N
HO
77N
N 1
H

o H

D-glucose (open chain
form)

ot

Benzimidazole-D-glucose conjugate (open chain form)

OH
R—S i i
> H O
Ve . o™
N H
HO

Benzimidazole-D-glucose conjugate (open chain form)

[0117] In Reaction Scheme 1, an 2-amino group of ami-
nobenzimidazole can be reacted with an aldehyde group of
D-glucose (open chain form) to form an imine bond, and
thereby, a benzimidazole-carbohydrate conjugate com-
pound, that is, benzimidazole-D-glucose (open chain form)
conjugate compound is prepared.
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[0118] The benzimidazole-D-glucose (open chain form)
conjugate compound may be converted into thermodynami-
cally stable cyclic benzimidazole-D-glucose (cyclic form).
[0119] As another example of preparing the benzimida-
zole-carbohydrate conjugate compound according to the
present invention, the following Reaction Scheme 2 can be
presented.

[0120] Reaction Scheme 2 shows the reaction of binding
the D-glucose unit to the 2-amino group of 6-alkylcarbonyl-
2-aminobenzimidazole, which is a precursor of flubendazole
or mebendazole.

Reaction Scheme 2

H
R N /7 T\ 1o .
/>—NH2 + H - OI?
N H

HO
(6]

Amino benzimidazole D-glucose (open chain form)

(Flubendazole or Mebendazole)

oH
u jai
N,
R HO
7N . ot
N
mo M

Benzimidazole-D-glucose conjugate (open chain form)

oH
i a1
R H O
/>_ N\ﬁ?ﬁm
N mo M

Benzimidazole-D-glucose conjugate (open chain form)

[0121] The benzimidazole-carbohydrate conjugate com-
pound obtained as a result of Reaction Schemes 1 and 2 can
be isolated and/or purified by a conventional method, and
then confirmed by a spectroscopic method (eg, 1H-NMR).
[0122] (3) Pharmacological Effects and Uses of Benzimi-
dazole-Carbohydrate Conjugate Compounds

[0123] A third object of the present invention is to provide
a pharmaceutical composition or a pharmacological compo-
sition containing the benzimidazole-carbohydrate conjugate
compound of Chemical Formula 1.

[0124] According to one embodiment of the present inven-
tion, the benzimidazole-carbohydrate conjugate compound
of Chemical Formula 1 can exhibit a pharmacological effect
of inhibiting the formation of microtubule and the absorp-
tion of carbohydrates, preferably sugar compounds includ-
ing glucose, and thereby, a pharmacological composition
useful for the treatment of disorders that can take advantage
of intake or metabolic disorders of carbohydrates, including
glucose, can be provided.

[0125] According to an embodiment of the present inven-
tion, the benzimidazole-carbohydrate conjugate compound
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of Formula 1 exhibits anticancer or antiviral activity, so that
a pharmaceutical composition having anticancer or antiviral
activity may be provided.

[0126] One of the features of the present invention is that
when the fenbendazole-glucose compound (FB-G), which is
one of the benzimidazole-carbohydrate conjugate com-
pounds, is absorbed into cells in the form of glucose bound
to fenbendazole, it has been designed so as to be absorbed
through the GLUT channel rather than the cell wall by
glucose bound to this compound. It is known that the GLUT
channel is more activated in cancer cells or virus-infected
cells than in normal cells. In particular, it has been reported
that cancer cells form 1000 times more GLUT channels than
normal cells. The benzimidazole-carbohydrate conjugate
compound according to the present invention is expected to
be more intensively absorbed in cancer cells and virus-
infected cells in which GLUT channels are activated than in
normal cells (see: L. Quan et al. [ Journal of Molecular
Structure 1203 (2020) 127361).

[0127] According to an embodiment of the present inven-
tion, there is provided a pharmacological composition in
which the benzimidazole-carbohydrate conjugate compound
of Chemical Formula 1 is absorbed through a GLUT channel
rather than a cell wall.

[0128] The fact that the benzimidazole-carbohydrate con-
jugate compound of Chemical Formula 1 according to the
present invention exhibits antiviral activity can be explained
as follows.

[0129] A virus is a small particle (average 0.1 um or less)
that are smaller a bacteria and cannot be filtered through a
bacterial filter (0.22 um), and contains only nucleic acids
(DNA or RNA) and a small number of proteins as substances
necessary for survival, so it is an organism that lives
depending on the host, and if it is infected in the human
body, it causes viral diseases.

[0130] Viruses differ in most properties from bacteria, and
common antibiotics do not inhibit the growth of virus. As a
therapeutic agent for diseases caused by viruses, drugs that
weaken or eliminate the action of viruses that have invaded
the body are called antiviral therapeutic agents. Because
viral infections are difficult to treat with conventional anti-
biotics, they have no choice but to treat them with antiviral
therapeutic agent.

[0131] Antiviral preparations currently being developed
and used are drugs that inhibit the growth process of the
virus, that is, inhibit the growth rate of the intracellular virus
infected with virus, extremely inhibit the number of cells
infected with the virus from being increased, so that the
body’s immune system attacks virus-infected cells and
inhibites the virus’s growth process below levels that can be
removed.

[0132] Antiviral drugs that inhibit the growth of virus are
drugs that inhibit the growth of a virus is a drug that inhibites
and treats the growth of a virus by interfering with a specific
step in the process of the growth of the virus in the cell.

[0133] Antiviral agents are classified into influenza thera-
peutic agents, herpes therapeutic agents, hepatitis B thera-
peutic agents, hepatitis C therapeutic agents, AIDS thera-
peutic agents, etc., depending on the disease group to be
treated, and may be used for various diseases depending on
the characteristics of the drug.
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[0134] Typical antiviral drugs used as influenza therapeu-
tic agents include Tamiflu®, Relenzarotadisk® and Perami-
vir®, which are used for the treatment of influenza A and
influenza B virus infections.

[0135] As a herpes therapeutic agent, typical antiviral
agents used for the treatment of herpes simplex virus (HSV)
and varicella zoster virus (VZV) infection are Zovirax®,
Valtrex®, Famciclovir®, Ocufridine®, and the like.

[0136] A therapeutic agent for hepatitis C is a drug that
inhibits the growth of hepatitis C virus and delays the
progression of the diseases. The combination therapy of
interferon injection and ribavirin, which enhances the
immune system, has been used for a long time, but relatively
recently, direct acting antivirals (DAA) have been devel-
oped, and can be treated with just edible drugs, and typical
examples are Viramid®, Exviera®, Sovaldi®, Daclatarvir®,
and Harvoni®, and the like.

[0137] As AIDS therapeutic agents, a drug that inhibites
the growth of human immunodeficiency virus (HIV) and
delays the progression of the disease is to prevent the
expression of resistance by using cocktail therapy in which
three or more drugs are taken at the same time, and typical
examples are Combivir®, Kivexa®, Trubada®, and
Intelence®, and the like.

[0138] As other antiviral agents, there are drugs that
inhibit the growth of viruses by enhancing or regulating
human immune responses, which are substances produced
and secreted by immune cells during infection, and have
antiviral effect and immunomodulatory ability. Typical
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pound according to the present invention is mainly absorbed
only in cancer cells and virus-infected cells than in normal
cells, and then binds to tubulin that forms microtubules,
which is a known characteristic of conventional benzimida-
zole compound derivatives, and interferes with the forma-
tion of microtubule, inhibits cell division, whereby it is
possible to effectively induce the death of cancer cells and
virus-infected cells by blocking the absorption of carbohy-
drates containing glucose, which is a cellular energy source.

[0142] Therefore, since the novel benzimidazole-carbohy-
drate conjugate compound according to the present inven-
tion is absorbed intensively by cancer cells and virus-
infected cells, not only it is designed to minimize toxicity to
normal cells, but also it is expected to be usefully used as an
anticancer and antiviral compound for the treatment of
cancer and virus-infections.

[0143] Hereinafter, the present invention will be described
in more detail by way of examples. However, the following
examples are for more specific explanation of the present
invention, and the scope of the present invention is not
limited by the examples. The following examples can be
appropriately modified or changed by those skilled in the art
within the scope of the present invention.

EXAMPLE

Example 1-A: Albendazole-Glucose Conjugate

examples are Loferon-A®, Intron-A®, Pegasys®, and Compound
Aldara® are typical (see: Korea Pharmaceutical Information
Center). [0144]
el OH H OH OH OH
/\/ § N Q
S U 0
2
/ /o]
N H H OHH H
Amino albendazole D-Glucose
OH
H OH H OH OH OH
s R I I A NG Lo
A ST P O
y— N H OHH H ¥
N HO

6-(propylthio)-1H-benzoimidazol-2-aminoglucose

[0139] However, until now, the types and numbers of
antiviral preparations that successfully treat viral infections
are so poor that most viral infections are expected to be
self-healing by the patient’s immune function (Rider et al.,
2011).

[0140] Development of drugs that inhibit the growth rate
of virus-infected intracellular virus, ultimately inhibit virus-
infected cells from being increased, so that the internal
immune system can attack and eliminate virus-infected cells
and inhibit the viral growth process below a level that can be
removed, is urgently needed.

[0141] One of the advantages of the present invention is
that the novel benzimidazole-carbohydrate conjugate com-

[0145]
prepared according to the above reaction scheme, and the
reaction procedure and conditions were referred to the

An albendazole-glucose conjugate compound was

methods described in documents (Gokhale, Kearney, and
Kirsch, AAPS PharmSciTech, Vol. 10, No. 2, June 2009).
1.2 mM aminoalbendazole (CAS #80983-36-4) (commer-
cially available: Albendazole amine) and 0.5 M glucose
were added to a hydrochloric acid solution (pH 3.45) to
prepare a reaction mixture, and reacted at 40x1° C. in a
Teflon-coated rubber-stopped glass vial, and diluted with
acetate buffer (0.5 M, pH 5.8) to terminate the reaction.



US 2024/0018178 Al

[0146] The solvent was removed, and purified by column
chromatography using dichloromethane and 10% methanol
to obtain an albendazole-glucose conjugate compound in a
yield of 62%.

[0147] The product was analyzed by 1H-NMR spectrum
to confirm the formation of an albendazole-glucose conju-
gate compound (see FIG. 5).

Example 1-B: Fenbendazole-Glucose Conjugate
Compound

[0148]
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s N
Saeesy

Amino fenbendazole

D-Glucose

OH

OH
HO

6-(phenylthio)-1H-benzoimidazol-2-aminoglucose

[0149] The procedure was performed in the same manner
as in Example 1-A, except that aminophenbendazole (CAS
#1448346-29-9) (hydrochloride form) was used instead of
amino albendazole, thereby obtaining a fenbendazole-glu-
cose conjugate compound as a benzimidazole-carbohydrate

[0150] The product was analyzed by 1H-NMR spectrum
to confirm generation of a fenbendazole-glucose conjugate
compound (see FIG. 6).

Example 2-A: Flubendazole-Glucose Conjugate
Compound

conjugate compound in a yield of 66%. [0151]
O
H OH H OH OH OH
N O
> w o N
7 /7 1]
F N H H OHH H
Amino flubendazole D-Glucose

H OH H OH OH OH

0
)i |
/>—N H OHH H
F N

OH

=i

OH o

0
H
N
1o
/>
F N HO

6-(4-fluorobenzoyl)-1H-benzoimidazol-2-aminoglucose
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[0152] A flubendazole-glucose conjugate compound was
prepared according to the reaction scheme, and the reaction
procedure and conditions were referred to the methods
described in documents (Gokhale, Kearney, and Kirsch,
AAPS PharmSciTech, Vol. 10, No. 2, June 2009). 1.2 mM
aminoflubendazole (CAS #82050-13-3) (commercial name:
2-Aminoflubendazole) and 0.5 M glucose were added to a
hydrochloric acid solution (pH 3.45) to prepare a reaction
mixture, reacted at 40+1° C. in a Teflon-coated rubber-
stopped glass vial, and diluted with acetate buffer (0.5 M, pH
5.8) to terminate the reaction.

[0153] The solvent was removed, and purified by column
chromatography using dichloromethane and 10% methanol
to obtain a flubendazole-glucose conjugate compound in a
yield of 68%.

[0154] The product was analyzed by 1H-NMR spectrum
to confirm the formation of a flubendazole-glucose conju-
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according to the guidelines provided by KCLB, and the cells
were sub-cultured. The culture was cultured until it reached
80-90% confluence, and the cells were continuously trans-
ferred to a culture flask for a cancer cell line growth
inhibition experiment.

[0160] Cancer cell lines to be tested (human lung cancer
cell line A549, cervical cancer cell line Hela, and colorectal
cancer cell line HT-29) were seeded in about 10000 cells per
well in a 96-well plate. After 24 hours, the three compounds
shown in Table 1 below were added to each well at 7
concentrations, and incubated for 72 hours.

TABLE 1

Compound Concentration

Aminophenbendazole 0 pmy 0.1 pmy 1 pms 10 pmy 30 pms

50 pmy 100 pm
gate compound (see FIG. 7). Phenbendazole- 0 pmw 0.1 pmy 1 pmy 10 pmy 30 pms
glucose conjugate 50 pmy 100 pm
Example 2-B: Mebendazole-Glucose Conjugate Doxorubicin 0 pmy 0.1 pmy 1 pmy 10 pmy 30 pms
Compound 50 pmy 100 pm
[0155]
O
% fo) OH H OH OH OH
N
/ NH, + / | | | | CHy
N H H OHH H
Amino mebendazole D-Glucose
O OH
O H OH H OH OH OH -
I IR CL
4 I oH
N on
N /
/ H OH H H N
N HO
6-benzoyl-1H-benzoimidazol-2-aminoglucose
[0156] The procedure was performed in the same manner [0161] In Table 1, aminophenbendazole and doxorubicin

as in Example 2-A, except that aminomebendazole (CAS
#52329-60-9) was used instead of aminoflubendazole,
thereby obtaining a mebendazole-glucose conjugate com-
pound in a yield of 66%.

[0157] The product was analyzed by 1H-NMR spectrum
to confirm the formation of a mebendazole-glucose conju-
gate compound (see FIG. 8).

Experimental Example 1: Cancer Cell Line Growth
Inhibition Test

[0158] Human lung cancer cell line A549, cervical cancer
cell line Hela, and colorectal cancer cell line HT-29 were
furnished from Korea Cell Line Bank (KCLB, Seoul, Korea)
and cultured in culture medium.

[0159] In a humidified cell culture incubator containing
5% CO, at 37° C. using DMEM, 10% culture flask, fetal
bovine serum (FBS), 0.1 mM MEM non-essential amino
acids (NEAA), 2 mM L-glutamine, and 1% penicillin-
streptomycin were treated with trypsin every 2-3 days

were commercially available compounds, and the fenben-
dazole-glucose conjugate used was the one prepared in
Example 1-B.

[0162] After incubation, the medium was discarded and
the cell viability was measured in each well using a WST-8
cell viability assay kit (Quanti-Max™, BIOMAX) according
to the procedure instructed by the manufacturer.

[0163] The analysis utilized the principle that the dehy-
drogenase in living cells decomposes tetrazolium salts to
produce formazan, through which living cells were quanti-
tatively evaluated.

[0164] The reduced formazan salt is soluble in the cell
culture medium and the amount of formazan is directly
proportional to the number of viable cells (see: Slater, T. et
al. (1963) Biochem. Biophys. Acta 77:383; van de Loos-
drecht, A A, et al. J. Immunol. Methods 174: 311-320, 1994.
Alley, M C, et al.; and Cancer Res. 48: 589-601, 1988.)

[0165] The results of the cancer cell line growth inhibition
test performed in this test example are shown in FIGS. 2 and
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3. FIG. 2 is the results of a toxicity test (24 hr) in a lung
cancer cell line, and FIG. 3 is the results of a toxicity test (72
hr) in a lung cancer cell line.

Experimental Example 2: Toxicity Test in Normal
Cell Line

[0166] The normal lung cell line MRC-5 and the normal
colon CCD-18Co cell line were furnished from Korea Cell
Line Bank (KCLB, Seoul, Korea) and cultured in culture
medium.

[0167] In a humidified cell culture incubator containing
5% CO, at 37° C. using DMEM, 10% culture flask, fetal
bovine serum (FBS), 0.1 mM MEM non-essential amino
acids (NEAA), 2 mM L-glutamine, and 1% penicillin-
streptomycin were treated with trypsin every 2-3 days
according to the guidelines provided by KCLB, and the cells
were sub-cultured. The culture was cultured until it reached
80-90% confluence, and the cells were continuously trans-
ferred to a culture flask for a cancer cell line growth
inhibition experiment.

[0168] Normal cell lines (MRC-5 and CCD-18Co) were
seeded in about 10000 cells per well in a 96-well plate. After
24 hours, the three compounds shown in Table 1 below were
added to each well at 7 concentrations, and incubated for 72
hours.

TABLE 2

Compound Concentration

Aminophenbendazole 0 pmy 0.1 pmy 1 pmy 10 pmy 30 pmy

50 pmy 100 pm
Phenbendazole- 0 pmy 0.1 pmy 1 pmy 10 pmy 30 pmy
glucose conjugate 50 pm~ 100 pm
Doxorubicin 0 pmy 0.1 pmy 1 pmy 10 pmy 30 pmy
50 pmy 100 pm

[0169] The cell viability and analysis in the normal cell
line were performed in the same manner as in Test Example
1, and the results of the toxicity test (72 hours) in the normal
cell line are shown in FIG. 4. Table 3 below shows that the
test results of aminofenbendazole and fenbendazole-glucose
conjugate compound were evaluated in comparison with
doxorubicin.

TABLE 3
Cancer cell Normal cell
line growth line growth
inhibition test inhibition test
Aminophenbendazole C AAA
Phenbendazole- AAA AAA

glucose conjugate

[0170] As can be seen from Table 3, it was confirmed that
aminophenbendazole of the prior art has significantly better
normal cell line toxicity test results than doxorubicin
(AAA), but cancer cell line growth inhibition test result was
normal (C), whereas the phenbendazole-glucose conjugate
according to the present invention is significantly superior to
doxorubicin in both the cancer cell line growth inhibition
test and the normal cell line toxicity test (AAA).

[0171] Although specific examples of the novel benzimi-
dazole derivative according to the present invention, a
method for preparing the same, and its use as an anticancer
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agent or an antiviral agent have been described so far, it
would be apparent that various modifications can be made to
the invention within the scope of the present invention.
[0172] Therefore, the scope of the present invention
should not be defined only by the above-described embodi-
ment, but must be defined not only by the claims described
later but also by something equivalent to the scope of claims.
[0173] That is, it must be understood that the above-
described embodiments are exemplary in all respects and is
not limiting, and the scope of the present invention is
specified in the claims described below rather than the
detailed description. The meaning and scope of the claims
and all modified or changed forms derived from the equiva-
lent concept shall be construed as being included in the
scope of the invention.

INDUSTRIAL APPLICABILITY

[0174] The present invention is available in the pharma-
ceutical, medical and health industries.

What is claimed is:

1. A method for preparing a benzimidazole-carbohydrate
conjugate compound represented by the following Chemical
Formula 1, comprising the steps of: reacting a carbohydrate
with a 2-aminobenzimidazole compound of Chemical For-
mula la to form an imine bond:

[Chemical Formula 1]

R;
R2 -_— |
NN -
| />— N—R,
N
[Chemical Formula la]
Rz
R2 —_— |
XN
| />— NH,
N
wherein,

in the Chemical Formulas 1 and 1a,

R, is a residue of a carbohydrate, and the carbohydrate is
selected from aldotetrose (e.g., erythrose, threose),
aldopentose (e.g., ribose, arabinose, xylose, lixose),
aldohexose (e.g., allose, altrose, glucose, mannose,
glueOS, idose, galactose, tallose), ketotetrose (e.g.,
erythrolose), ketopentose (e.g., ribulose, xylulose),
ketohexose (eg psicose, fructose, sorbose, tagatose),
their isomers, oxides (CHO converts to —COOH),
deoxy derivatives (—OH converted to —H, e.g., 2-de-
oxyribose, 2-deoxyglucose), amino sugar (—OH con-
verted to —NH, e.g., N-acetylglucosamine, N-acetyl-
galactosamine), glycosides, or disaccharides thereof,
preferably, is selected from glucose, fructose, galac-
tose, maltose or xylose;

R, and R; are the same or different and are hydrogen or
a substitutable hydrocarbon group, for example, repre-
sents an alkyl group having 1 to 10 carbon atoms, an
aryl group or a heteroaryl group having 3 to 10 ring
atoms, and the alkyl group, the aryl group and the
heteroaryl group may be substituted with halogen,
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cyano, hydroxy, thiol, amino, alkyl, alkyloxy, alky-
lamino, dialkylamino, aryl, aryloxy, arylamino, diary-
lamino, aryl or heteroaryl group; and

X can be selected from the group consisting of —O—,

—S—, —SO0—, —SO,—, —NH—, —N(R2)-,
—CH,—, —CH(R,)—, and —CO—.

2. The method for preparing a benzimidazole-carbohy-
drate conjugate compound according to claim 1, wherein in
the 2-aminobenzimidazole compound of Chemical Formula
la, a substituent capable of performing an imine reaction is
previously protected or blocked.

3. The method for preparing a benzimidazole-carbohy-
drate conjugate compound according to claim 1, wherein in
the 2-aminobenzimidazole compound of Chemical Formula
la, a substituent capable of performing an imine reaction is
previously protected or blocked.

#* #* #* #* #*
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