US 20140179661A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2014/0179661 A1

Kim et al. 43) Pub. Date: Jun. 26, 2014
(54) N1-CYCLIC AMINE-N5-SUBSTITUTED CO7D 213/40 (2006.01)
BIGUANIDE DERIVATIVES, METHODS OF Co7D 307/52 (2006.01)
PREPARING THE SAME AND (52) US.Cl
PHARMACEUTICAL COMPOSITION e
COMPRISING THE SAME CPC ........ CO7D 295/215 (2013.01); CO7D 213/40

(735)

(73)

@
(22)

(86)

(30)

Aug. 8, 2011
Sep. 2, 2011

(1)

Inventors: Sung Wuk Kim, Seongnam-si (KR);
Chang Hee Min, Seoul (KR); Se Hwan
Park, Daejeon (KR); Duck Kim, Daegu
(KR); Ji Sun Lee, Daejeon (KR); Yong
Eun Kim, Dagjeon (KR); Ju Hoon Oh,
Gangneung-Si (KR)

Assignee: HANALL BIOPHARMA CO., LTD.,
Daejeon (KR)

Appl. No.: 14/237,546

PCT Filed: Apr. 8,2012

PCT No.:

§371 (),
(2), (4) Date:

PCT/KR2012/006327

Feb. 6,2014

Foreign Application Priority Data

Publication Classification

Int. Cl1.

CO7D 295/215
CO7D 205/04
CO7D 333/20

(2006.01)
(2006.01)
(2006.01)

(KR) e 10-2011-0078762
(KR) e 10-2011-0089267

(2013.01); CO7D 307/52 (2013.01); CO7D
333/20 (2013.01); CO7D 205/04 (2013.01)

USPC ... 514/210.01; 546/231; 546/246; 548/569;
540/610; 546/276.4; 546/193; 548/517;

514/331; 514/315; 514/408; 514/217.12;

514/343; 514/318; 514/422

(57) ABSTRACT

A Nl-cyclic amine-N5-substituted biguanide derivative of
Formula 1 or a pharmaceutically acceptable salt thereof, a
method of manufacturing the same, and a pharmaceutical
composition including the biguanide derivative or the phar-
maceutically acceptable salt thereof as an active ingredient
are provided. The biguanide derivatives have an effect of
inhibiting cancer cell proliferation and also exhibit anticancer
activity including inhibition of cancer metastasis and cancer
recurrence, because they are effective in activating AMPK,
which is associated with the control of energy metabolism,
even when administered in a small dose compared with con-
ventional drugs. Also, the biguanide derivatives are highly
effective at lowering blood glucose and lipid concentration by
AMPK activation, thus they may be effectively used to treat
diabetes mellitus, obesity, hyperlipemia, hypercholester-
olemia, fatty liver, coronary artery disease, osteoporosis,
polycystic ovary syndrome and metabolic syndrome.
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N1-CYCLIC AMINE-N5-SUBSTITUTED
BIGUANIDE DERIVATIVES, METHODS OF
PREPARING THE SAME AND
PHARMACEUTICAL COMPOSITION
COMPRISING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to an N1-cyclic amine-
NS5-substituted biguanide derivative that inhibits cancer cell
proliferation, cancer metastasis and cancer recurrence and
exhibits excellent effects in treatment of diabetes mellitus and
metabolic diseases by activation of 5'-AMP-activated protein
kinase (AMPK), even when administered in a small dose
compared with conventional drugs, a method of preparing the
same, and a pharmaceutical composition comprising the
Nl-cyclic amine-N5-substituted biguanide derivative as an
active ingredient.

BACKGROUND ART

[0002] AMPK(AMP-activated protein kinase) is an
enzyme that functions to control a metabolic pathway so as to
maintain balance between supply of nutrients and demand for
energy, and thus maintain energy homeostasis in cells and the
whole body. AMPK is activated as the ratio of AMP/ATP in
the cells increases due to a hypoxemic state or glucose defi-
ciency. The activated AMPK induces fatty acid oxidation to
produce a larger amount of ATP and inhibits anabolisms
requiring the use of ATP. Also, AMPK activation enhances
sensitivity to insulin, inhibits glucose generation in the liver,
and improves glucose absorption in the muscles. Due to its
actions, AMPK has been regarded as a desirable target for
treatment of type 1 diabetes mellitus and metabolic diseases.
AMPK inhibits proliferation of cancer cells and kills cancer
cells by regulating energy metabolism in the cancer cells as
well as in normal cells. AMPK activated in cancer cells shows
an anticancer activity by phosphorylating mTORC1, p53,
fatty acid synthase and the like to regulate the cell cycle, cell
polarity, autophagy, apoptosis, etc.

[0003] Metformin has been used to treat insulin-indepen-
dent diabetes mellitus (i.e., type II diabetes mellitus) since it
is most effective at lowering blood glucose, does not develop
hypoglycemia or hyperinsulinemia and can prevent compli-
cations among oral therapeutic agents for treating diabetes
mellitus. In recent years, metformin has been extensively
researched. Also, it was reported that metformin activates
AMP-activated protein kinase (AMPK) by inhibiting the
action of complex 1 of the electron transport system in the
mitochondria to obstruct intracellular generation of energy
and inhibits activation of the mTOR/S6K 1 signaling pathway
in which proteins essential for survival are produced to
obstruct proliferation of cancer cells and tumor growth (Mol.
Cancer Ther. 9(5): 1092-1099 (2010)). Consequently, met-
formin has received considerable attention as an anticancer
agent for regulating cancer cell metabolism. Also, an epide-
miological survey confirmed that the incidence of cancer and
mortality by cancer were lowered for patients treated with
metformin (BMJ.330: 1304-1305 (2005)).

[0004] Meanwhile, there is increasing clinical evidence
indicating that cancer stem cells take part in recurrence and
metastasis of cancer. The cancer stem cells refer to cancer
cells that have self-regeneration or differentiation capacity
which is characteristically innate to stem cells. The cancer
stem cells are present in the cancer tissue at a content 0£ 0.2%
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or less, and are characterized by their slow proliferation.
Since lots of anticancer agents developed so far target cancer
cells that proliferate rapidly, the cancer stem cells are resistant
to conventional anticancer therapy when cancer stem cells are
treated with the anticancer agents, thereby causing poor prog-
noses. On the other hand, it was reported that metformin
prevents the recurrence of cancer as it selectively acts on
cancer stem cells among breast cancer cells and removes the
cancer stem cells (Cancer Res. 69(19): 7507-11 (2009)).

[0005] Also, it was found that metformin prevents the
metastasis of cancer by interfering with the motility and inva-
sion of the cancer cells since it inhibits the expression of Snail
1, Shug, Twist, ZEB 1/2 and TGF-p, which are transcription
factors associated with the epithelial-to-mesenchymal transi-
tion (EMT), and promotes the expression of E-cadherin to
prevent cancer cells from leading to the EMT (Cell Cycle 10:
7, 1144-1151 (2011), Cell Cycle 9: 18, 3807-3814 (2010),
Cell Cycle 9: 22, 4461-4468 (2010)).

[0006] However, metformin is generally administered three
times a day, with a single dose of approximately 500 mg or
more. Thus, a tablet that can contain approximately 1,500 mg
or more of metformin is required in order to prepare met-
formin in the form of a sustained released tablet to be admin-
istered once a day. In this case, the tablet is too large for
patients to swallow. In addition, since one tablet of a sus-
tained-release preparation currently available on the market
contains only approximately 750 mg of metformin, two or
more tablets of the sustained-release preparation should be
taken. Also, the use of phenformin, which belongs to the same
group of biguanides, has been completely prohibited since the
late 1970s due to its severe side effects such as lactic acidosis.

[0007] For these reasons, there is a need for a biguanide-
based substance that exhibits better pharmacological action
than the conventional metformin and has improved physio-
chemical properties without the side effects of phenformin.

DISCLOSURE OF INVENTION

Technical Problem

[0008] The present invention is directed to providing a
novel biguanide derivative that is highly effective in inhibit-
ing proliferation of cancer cells, cancer metastasis and cancer
recurrence, even when administered in a small dose com-
pared with conventional drugs, or a pharmaceutically accept-
able salt thereof, and a method of preparing the same.

[0009] Also, the present invention is directed to providing a
pharmaceutical composition including the above-mentioned
compound as an active ingredient that is highly effective at
lowering blood glucose and lipid concentration so as to pre-
vent or treat diabetes mellitus, obesity, hyperlipemia, fatty
liver, hypercholesterolemia, a coronary artery disease,
osteoporosis, polycystic ovary syndrome, metabolic syn-
drome, etc.

Solution to Problem

[0010] One aspect of the present invention provides an
Nl-cyclic amine-NS5-substituted biguanide derivative com-
pound of Formula 1, or a pharmaceutically acceptable salt
thereof:
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[Formula 1]
NH NH
R R
N N N
| H H
R,
[0011] In Formulal,
[0012] R, andR, are taken together with nitrogen to which

they are attached to form 3- to 8-membered heterocycloalkyl,
[0013] R,isC,_,cycloalkyl; or C, ,, alkyl unsubstituted or
substituted with C;_, , aryl or C;_;, heteroaryl,

[0014] wherein C;_, cycloalkyl, 3- to 8-membered hetero-
cycloalkyl, C;_,, aryl or C; |, heteroaryl is unsubstituted or
substituted with at least one non-hydrogen substituent
selected from the group consisting of halogen, C, , alkyl and
C,_, alkoxy, and the non-hydrogen substituent is unsubsti-
tuted or further substituted with halogen.

[0015] In this specification, a “substituted” group refers to
a group in which at least one hydrogen atom is replaced with
at least one non-hydrogen atom group, provided that the
group satisfies the valence electron requirements and forms a
chemically stable compound from the substitution. Unless
explicitly described as “unsubstituted” in this specification, it
should be understood that all substituents will be unsubsti-
tuted or substituted with another substituent. The substituents
R, to R; on the biguanide derivative according to the present
invention may each be re-substituted with at least one of the
above-defined substituents.

[0016] The term “halogen” or “halo” refers to fluoro,
chloro, bromo, and iodo.

[0017] The term “hydroxy” refers to —OH.

[0018] The term “alkyl” refers to a linear and branched
saturated hydrocarbon group generally having a specified
number of atoms (for example, 1 to 12 atoms). Examples of
the alkyl group include, without limitation, methyl, ethyl,
n-propyl, i-propyl, n-butyl, s-butyl, i-butyl, t-butyl, pent-1-yl,
pent-2-yl, pent-3-yl, 3-methylbut-1-yl, 3-methylbut-2-yl,
2-methylbut-2-yl, 2,2.2-trimethyleth1-yl, n-hexyl, n-heptyl
and n-octyl. The alkyl may be attached to a parent group or a
substrate at any ring atom, unless the attachment would vio-
late valence electron requirements. Likewise, the alkyl group
may include at least one non-hydrogen substituent unless the
substitution would violate valence electron requirements. For
example, the term ‘“haloalkyl” refers to a group such as
—CH,(halo), —CH(halo), or C(halo),, meaning a methyl
group in which at least one hydrogen atom is replaced with
halogen. Examples of the term “haloalkyl” group include,
without limitation, trifluoromethyl, trichloromethyl, tribro-
momethyl and triiodomethyl.

[0019] The term “alkoxy” refers to alkyl-O—, provided
that the alkyl is the same as defined above. Examples of the
alkoxy group include, without limitation, methoxy, ethoxy,
n-propoxy, i-propoxy, n-butoxy, s-butoxy, t-butoxy, n-pen-
toxy, s-pentoxy, etc. The alkoxy may be attached to a parent
group or a substrate at any ring atom, unless the attachment
would violate valence electron requirements. Likewise, the
alkoxy group may include at least one non-hydrogen substitu-
ent unless the attachment would violate valence electron
requirements. For example, the term “haloalkoxy” refers to
—O—CH, (halo), —O—CHf(halo), or —O—C(halo);,
meaning a methyl group in which at least one hydrogen atom
is replaced with halogen. Examples of the term “haloalkoxy”
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group include, without limitation, triftuoromethoxy, trichlo-
romethoxy, tribromomethoxy and triiodomethoxy.

[0020] The term “cycloalkyl” refers to a saturated mono-
cyclic and dicyclic hydrocarbon ring generally having the
specified number of atoms that include a ring (for example,
C,_g cycloalkyl refers to a cycloalkyl group having 3, 4, 5, 6,
7 or 8 carbon atoms as a ring member). The cycloalkyl may be
attached to a parent or substrate at any ring atom, unless the
attachment would violate valence electron requirements.
Likewise, the cycloalkyl group may include at least one non-
hydrogen substituent unless the substitution would violate
valence electron requirements.

[0021] The term “heterocycloalkyl” refers to a monocyclic
and dicyclic hydrocarbon ring having 3-to 12-membered ring
atoms containing 1 to 3 heteroatoms independently selected
from nitrogen, oxygen and sulfur. The heterocycloalkyl may
be attached to a parent or substrate at any ring atom, unless the
attachment would violate valence electron requirements.
Likewise, the heterocycloalkyl group may include at least one
non-hydrogen substituent unless the substitution would vio-
late valence electron requirements. Examples of the hetero-
cycloalkyl group include, without limitation, aziridine, aze-
tidine, imidazolyl, pyrrolyl, pyrrolidinyl, piperidyl,
morpholinyl, piperazinyl, azepanyl, indolyl, indolinyl, etc.
[0022] The term “aryl” refers to monovalent and bivalent
aromatic groups, respectively including 5- and 6-membered
monocyclic aromatic groups and “heteroaryl” refers to
monovalent and bivalent aromatic groups, respectively
including 5- and 6-membered monocyclic aromatic groups
that contain 1 to 4 heteroatoms independently selected from
nitrogen, oxygen and sulfur.

[0023] Examples of the “heteroaryl” group include, with-
out limitation, furanyl, pyrrolyl, thiophenyl, thiazolyl,
isothiazolyl, imidazolyl, triazolyl, tetrazolyl, pyrazolyl,
oxazolyl, isooxazolyl, pyridinyl, pyrazinyl, pyridazinyl, pyri-
midinyl, isoquinolinyl, carbazolyl, benzoxazolyl, benzodiox-
azolyl, benzothiazolyl, benzimidazolyl, benzothiophenyl, tri-
azinyl, phthalazinyl, quinolinyl, indolyl, benzofuranyl,
furinyl and indolizinyl.

[0024] According to another exemplary embodiment,
[0025] R, and R, may be taken together with nitrogen to
which they are attached to form 4- to 7-membered heterocy-
cloalkyl,

[0026] R, may be C;_, cycloalkyl; or C,_,, alkyl unsubsti-
tuted or substituted with C;_,, aryl or C;_; , heteroaryl,
[0027] wherein C;_, cycloalkyl, 4- to 7-membered hetero-
cycloalkyl, C,_,, aryl or C,_,, heteroaryl may be unsubsti-
tuted or substituted with at least one non-hydrogen substitu-
ent selected from the group consisting of halogen, C, _, alkyl
and C,_, alkoxy, and the non-hydrogen substituent may be
unsubstituted or further substituted with halogen.

[0028] According to one exemplary embodiment,
[0029] C,_,, aryl may be a phenyl or naphthalenyl,
[0030] C,_,, heteroaryl may be a furanyl, thiophenyl,

pyridinyl, pyrrolyl, imidazolyl or pyrimidinyl,

[0031] C,_,,aryl or C; |, heteroaryl may be unsubstituted
or substituted with at least one non-hydrogen substituent
selected from the group consisting of halogen, C, , alkyl and
C,_, alkoxy, and the non-hydrogen substituent is unsubsti-
tuted or further substituted with halogen.

[0032] According to another exemplary embodiment,
[0033] R, and R, may be taken together with nitrogen to
which they are attached to form 3- to 8-membered heterocy-
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cloalkyl selected from the group consisting of azetidinyl,
pyrrolidinyl, piperidinyl, morpholinyl, piperazinyl, azepanyl
and aziridinyl,

[0034] R, may be C;_, cycloalkyl; or C,_,, alkyl unsubsti-
tuted or substituted with C,_,, aryl or C;_, ;heteroaryl,
[0035] wherein C;_, cycloalkyl, 3- to 8-membered hetero-
cycloalkyl, C;_,, aryl or C5_,, heteroaryl may be unsubsti-
tuted or substituted with at least one non-hydrogen substitu-
ent selected from the group consisting of halogen, C, , alkyl
and C,_, alkoxy, and the non-hydrogen substituent may be
unsubstituted or further substituted with halogen.

[0036] According to still another exemplary embodiment,
the present invention provides the compound of Formula 1 or
the pharmaceutically acceptable salt thereof as follows,
[0037] R, andR, are taken together with nitrogen to which
they are attached to form 3- to 8-membered heterocycloalkyl
selected from the group consisting of azetidinyl, pyrrolidinyl,
piperidinyl, morpholinyl, piperazinyl, azepanyl and aziridi-
nyl,

[0038] R;isC, ,cycloalkyl; or C, _,, alkyl that is unsubsti-
tuted or substituted with C,_| , aryl or C;_,, heteroaryl which
is selected from the group consisting of a phenyl, naphthale-
nyl, furanyl, thiophenyl, pyridinyl, pyrrolyl and imidazolyl,
[0039] wherein 3- to 8-membered heterocycloalkyl, C;_;,
aryl or C;_,, heteroaryl is unsubstituted or substituted with at
least one non-hydrogen substituent selected from the group
consisting of halogen, C,_, alkyl and C,_, alkoxy, and the
non-hydrogen substituent is unsubstituted or further substi-
tuted with halogen.

[0040] According to still another exemplary embodiment,
[0041] R, and R, may be taken together with nitrogen to
which they are attached to form 4- to 7-membered heterocy-
cloalkyl selected from the group consisting of azetidinyl,
pyrrolidinyl, piperidinyl, morpholinyl, piperazinyl and
azepanyl,

[0042] R, may be C, , cycloalkyl; or C,_,, alkyl that is
unsubstituted or substituted with C,_,, aryl or C;_, het-
eroaryl which is selected from the group consisting of a
phenyl, naphthalenyl, furanyl, thiophenyl and pyridinyl,
[0043] wherein 4- to 7-membered heterocycloalkyl, C;_;,
aryl or C,_,, heteroaryl may be unsubstituted or substituted
with at least one non-hydrogen substituent selected from the
group consisting of halogen, C, , alkyl and C,_, alkoxy, and
the non-hydrogen substituent may be unsubstituted or further
substituted with halogen.

[0044] According to still another exemplary embodiment,
the present invention provides the compound of Formula 1 or
the pharmaceutically acceptable salt thereof as follows,
[0045] R, and R, are taken together with nitrogen to which
they are attached to form 4- to 7-membered heterocycloalkyl
selected from the group consisting of azetidinyl, pyrrolidinyl,
piperidinyl, morpholinyl, piperazinyl and azepanyl, wherein
piperazinyl is substituted with C,_alkyl,

[0046] R;is C, ,cycloalkyl; or C, ¢ alkyl that is unsubsti-
tuted or substituted with C,_| , aryl or C;_,, heteroaryl which
is selected from the group consisting of a phenyl, naphthale-
nyl, furanyl, thiophenyl and pyridinyl, wherein C;_,, aryl or
C,_,, heteroaryl is unsubstituted or substituted with at least
one non-hydrogen substituent selected from the group con-
sisting of halogen, C, , alkyl and C, , alkoxy, haloalkyl and
haloalkoxy.

[0047] According to one exemplary embodiment, the com-
pound of Formula 1 may be N1-piperidine-N5-(3-trifluorom-
ethyl)benzyl biguanide; N1-piperidine-N5-methyl bigu-
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anide; N1-piperidine-N5-propyl biguanide; N1-piperidine-
NS5-isopropyl biguanide; N1-piperidine-N5-butyl biguanide;
N1-piperidine-N5-hexyl biguanide; N1-pyrrolidine-N5-cy-
clopentyl biguanide; N1-piperidine-N5-cyclopentyl bigu-
anide; N1-azepane-N5-cyclopentyl biguanide; N1-piperi-
dine-N5-cyclohexyl biguanide; N1-pyrrolidine-N5-
cycloheptyl  biguanide;  Nl-piperidine-N5-cycloheptyl
biguanide; N1-azepane-N5-cycloheptyl biguanide; N1-pyr-
rolidine-N5-(pyridine-3-ylmethyl) biguanide; N1-piperi-
dine-N5-(pyridine-3-ylmethyl)biguanide; ~N1-pyrrolidine-
NS5-(furan-2-ylmethyl)biguanide; N1-piperidine-N5-(furan-
2-ylmethyl)biguanide; N1-piperidine-N5-(thiophene-2-
ylmethyl)biguanide; N1-piperidine-N5-(naphthalene-1-yl)
methyl biguanide; N1-piperidine-N5-benzyl biguanide;
N1-piperidine-N5-(4-methyl)benzyl biguanide; N1-piperi-
dine-N5-(4-methoxy)benzyl biguanide; N1-piperidine-N5-
(3-fluoro)benzyl biguanide; N1-piperidine-N5-(4-fluoro)
benzyl biguanide; N1-pyrrolidine-N5-(4-chloro)benzyl
biguanide; N1-piperidine-N5-(4-chloro)benzyl biguanide;
N1-azepane-N5-(4-chloro)benzyl biguanide; N1-pyrroli-
dine-N5-(4-bromo)benzyl biguanide; N1-piperidine-N5-(4-
bromo)benzyl biguanide; N1-morpholine-N5-(3-trifluorom-
ethyl)benzyl biguanide; N1-azetidine-N5-(4-
trifluoromethyl)benzyl biguanide; N1-pyrrolidine-N5-(4-
trifluoromethyl)benzyl biguanide; NI1-piperidine-N5-(4-
trifluvoromethyl)benzyl  biguanide; N1-azetidine-N5-(4-
trifluoromethoxy)benzyl biguanide; N1-pyrrolidine-N5-(4-
trifluoromethoxy)benzyl biguanide; N1-piperidine-N5-(4-
trifluoromethoxy)benzyl biguanide; N1-(4-methyl)
piperazine-N5-(4-trifluoromethoxy)benzyl biguanide;
N1-piperidine-N5-(4-fluoro-3-trifluoromethyl)benzyl bigu-
anide; N1-piperidine-N5-(4-chloro-3-trifluoromethyl)ben-
zyl Dbiguanide; N1-piperidine-N5-(3-fluoro-4-trifluorom-
ethyl)benzyl biguanide; N1-piperidine-N5-(3-chloro-4-
trifluoromethyl)benzyl biguanide; NI1-piperidine-N5-(4-
fluoro-3-trifluoromethoxy)benzyl biguanide; N1-piperidine-
N5-(3-fluoro-4-trifluoromethoxy)benzyl biguanide;
N1-piperidine-N5-(3-chloro-4-trifluoromethoxy )benzyl
biguanide; N1-piperidine-N5-(2,6-difluoro)benzyl bigu-
anide; N1-piperidine-N5-(3,4-difluoro)benzyl biguanide;
N1-piperidine-N5-(2,4-dichloro)benzyl biguanide; N1-pyr-
rolidine-N5-(3,4-dichloro)benzyl biguanide; N1-piperidine-
N5-(3,4-dichloro)benzyl  biguanide; N1-piperidine-NS5-
(thiophene-2-yl)ethyl ~ biguanide;  N1-pyrrolidine-N5-
(phenethyl)biguanide; N1-piperidine-N5-(phenethyl)
biguanide; N1-azepane-N5-(phenethyl)biguanide;
N1-azepane-N5-((4-fluoro)phenethyl) biguanide; or
N1-azepane-N5-((4-chloro)phenethyl)biguanide.

[0048] Meanwhile, a pharmaceutically acceptable salt of
the compound of Formula 1 according to the present inven-
tion may be an acid addition salt formed using an organic acid
or an inorganic acid. For example, the organic acid may
include formic acid, acetic acid, propionic acid, lactic acid,
butyric acid, isobutyric acid, trifluoroacetic acid, malic acid,
maleic acid, malonic acid, fumaric acid, succinic acid, suc-
cinic acid monoamide, glutamic acid, tartaric acid, oxalic
acid, citric acid, glycolic acid, glucuronic acid, ascorbic acid,
benzoic acid, phthalic acid, salicylic acid, anthranyl acid,
dichloroacetic acid, aminooxy acetic acid, benzensulfonic
acid, 4-toluenesulfonic acid and methanesulfonic acid, the
inorganic acid may include, for example, hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid,
carbonic acid and boric acid. For example, the above-de-
scribed acid addition salt may be prepared by a typical
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method of preparing a salt, including a) directly mixing the
compound of Formula 1 and an acid, b) dissolving one of the
compounds and an acid in a solvent or a hydrated solvent and
mixing the resulting solution with the other element, or ¢)
dissolving the compound of Formula 1 and an acid in a
solvent or hydrated solvent, respectively, and mixing them.
[0049] According to one exemplary embodiment, the phar-
maceutically acceptable salt of the compound of Formula 1
may be a salt of an acid selected from the group consisting of
formic acid, acetic acid, propionic acid, lactic acid, butyric
acid, isobutyric acid, trifluoroacetic acid, malic acid, maleic
acid, malonic acid, fumaric acid, succinic acid, succinic acid
monoamide, glutamic acid, tartaric acid, oxalic acid, citric
acid, glycolic acid, glucuronic acid, ascorbic acid, benzoic
acid, phthalic acid, salicylic acid, anthranyl acid, benzensul-
fonic acid, p-toluenesulfonic acid, methanesulfonic acid,
dichloroacetic acid, aminooxy acetic acid, hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid,
carbonic acid and boric acid.

[0050] The compound of Formula 1 according to the
present invention may be prepared by a number of methods.
[0051] According to one exemplary embodiment, there is a
method of preparing a compound of Formula 1, which
includes reacting a compound of Formula 2 with dicyanoa-
mide in at least one organic solvent to obtain a compound of
Formula 3; and reacting the compound of Formula 3 with a
compound of Formula 4 in at least one organic solvent to
obtain the compound of Formula 1:

[0052] [Formula 1]
NH NH
R R
Sy N N
| H H
Ry
[Formula 2]
R
I\Il\]H
Ry
[Formula 3]
NH
R )]\ CN
l\N N
| H
R,
[Formula 4]
H,N—R;
[0053] In Formula 1 to 4, R, R, and R are the same as

defined in Formula 1.

[0054] For example, the preparation method may be illus-
trated in the following Scheme 1, and will be described by
operations, as follows.

Scheme 1

Ry
~No MN(CN),, HCI

1n-BuOH, reflux
Ry M=NaorK
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-continued
H,N—R,

NH
4
Ry )I\ CN _ -
SN N~ HCI, n-BuOH
| H reflux

Ro
3

~ ~

[0055] In the method of preparing the compound of For-
mula 1, the cyanoguanidine compound of Formula 3 used as
an intermediate may be obtained by reacting the cyclic amine
of Formula 2 with a dicyanoamide such as sodium or potas-
sium dicyanamide in at least one organic solvent, in the pres-
ence of an acid. Then, the compound of Formula 1 may be
obtained by refluxing the obtained cyanoguanidine com-
pound of Formula 3 with the compound of Formula 4 in water,
at least one organic solvent or mixture thereof.

[0056] Anamount of the dicyanamide used for preparation
of'the cyanoguanidine compound of Formula 3 is equivalent
to approximately 1 to 3 moles with respect to the compound
of Formula 2, an amount of the acid (for example, hydrochlo-
ric acid, sulfuric acid, nitric acid, hydrobromic acid, 4-tolu-
ene sulfonic acid, etc.) is equivalent to approximately 1 to 2
moles with respect to the compound of Formula 2, and metha-
nol, ethanol, propanol, butanol, pentanol, acetonitrile, ben-
zene, toluene, 1,4-dioxane and N,N-dimethylamide, etc. may
be used as the organic solvent. The reaction temperature is in
the range of 60 to 140° C., and the reaction time is in the range
of 3 to 24 hours.

[0057] After the cyanoguanidine compound of Formula 3
obtained above is dissolved in water, at least one organic
solvent (i.e., methanol, ethanol, propanol, butanol, pentanol,
acetonitrile, benzene, toluene, 1,4-dioxane, N,N-dimethyla-
mide, etc.) or mixture thereof, the compound of Formula 4
and the acid (i.e., hydrochloric acid, sulfuric acid, nitric acid,
hydrobromic acid, 4-toluene sulfonic acid, etc.) are added,
and then stirred under reflux. Here, an amount of the com-
pound of Formula 4 is equivalent to approximately 1 to 2
moles with respect to the compound of Formula 3, and an
amount ofthe acid is equivalent to approximately 1 to 2 moles
with respect to the compound of Formula 3. The reaction
temperature is in the range of the reflux temperature of the
solvent used (i.e., 120 to 140° C. for butanol), and the reaction
time is in the range of 6 to 24 hours. When the reaction is
completed, the resulting reaction solution is filtered. There-
after, the pH of the filtrate may then be controlled to approxi-
mately 4 to 5 using an acid such as hydrochloric acid. Then,
the resulting solution may be concentrated and purified to
yield the compound of Formula 1 or a pharmaceutically
acceptable salt thereof according to the present invention.
[0058] The compound of Formula 1 or the pharmaceuti-
cally acceptable salt thereof produced in this way may exhibit
anticancer activity including inhibition of cancer metastasis
and cancer recurrence, and may also have an effect in lower-
ing blood glucose and lipid concentration by AMPKa. acti-
vation, even when administered in a small dose compared
with conventional drugs, as will be confirmed in the following
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examples. Therefore, the compound of Formula 1 or the phar-
maceutically acceptable salt thereof may be effectively used
to treat cancer, diabetes mellitus, obesity, hyperlipemia,
hypercholesterolemia, fatty liver, coronary artery disease,
osteoporosis, polycystic ovary syndrome and metabolic syn-
drome.

[0059] Accordingly, another aspect of the present invention
provides a medicine including the compound of Formula 1 or
the pharmaceutically acceptable salt thereof as an active
ingredient.

[0060] Still another aspect of the present invention provides
a pharmaceutical composition for treating or preventing a
disease selected from the group consisting of cancer, diabetes
mellitus, obesity, hyperlipemia, hypercholesterolemia, fatty
liver, coronary artery disease, osteoporosis, polycystic ovary
syndrome, metabolic syndrome, muscle pain, myocyte dam-
age and rhabdomyolysis, which includes the compound of
Formula 1 or the pharmaceutically acceptable salt thereof as
an active ingredient, the use of the compound of Formula 1 or
the pharmaceutically acceptable salt thereof for preventing or
treating the disease, and a method of preventing or treating the
disease including administering a therapeutically effective
amount of the compound of Formula 1 or the pharmaceuti-
cally acceptable salt thereof to a subject.

[0061] According to one exemplary embodiment, the dia-
betes mellitus may be insulin-independent diabetes mellitus.
[0062] The pharmaceutical composition of the present
invention includes at least one pharmaceutically acceptable
carrier in addition to the active ingredient. As used in this
specification, the term “pharmaceutically acceptable carrier”
refers to a known pharmaceutically acceptable excipient,
which is useful to formulate a pharmaceutically active com-
pound for administration, and is substantially non-toxic and
non-sensitive under the conditions it is used. An exact ratio of
the excipient is determined by standard pharmaceutical prac-
tice, as well as solubility, chemical characteristics and
selected route for administration of the active compound.
[0063] The pharmaceutical composition of the present
invention may be formulated in a form suitable for a desired
administration method using a suitable and physiologically
acceptable adjuvant such as an excipient, a disintegrating
agent, a sweetening agent, a binder, a coating agent, a swell-
ing agent, a lubricating agent, a glossing agent or a flavoring
agent.

[0064] The pharmaceutical composition may be formu-
lated as a tablet, a capsule, a pill, a granule, a powder, an
injection or a liquid, but the present invention is not limited
thereto.

[0065] The formulation and the pharmaceutically available
carrier of the pharmaceutical composition may be properly
selected according to the techniques known in the art, and for
example, may be selected with reference to the following
documents: (Urquhart et al., Lancet, 16:367, 1980); (Lieber-
man et al., Pharmaceutical Dosage Forms-Disperse Systems,
2nd ed., vol. 3, 1998); (Ansel et al., Pharmaceutical Dosage
Forms & Drug Delivery Systems, 7th ed., 2000); (Martindale,
The Extra Pharmacopeia, 31st ed.); (Remington’s Pharma-
ceutical Sciences, 16th-20th editions); (The Pharmacological
Basis of Therapeutics, Goodman and Gilman, eds., 9th ed.,
1996); and (Wilson and Gisvolds’ Textbook of Organic
Medicinal and Pharmaceutical Chemistry, Delgado and Rem-
ers, eds., 10th ed., 1998). Also, principles of formulating a
pharmaceutical composition may be described, for example,
with reference to the following documents: (Platt, Clin Lab
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Med, 7:289-99, 1987); (Aulton, Pharmaceutics: The Science
of Dosage Form Design, Churchill Livingstone, N.Y., 1988);
(Extemporaneous Oral Liquid Dosage Preparations, CSHP,
1998); and (“Drug Dosage”, J Kans Med Soc, 70(1):30-32,
1969).

[0066] According to one exemplary embodiment, the phar-
maceutical composition may be used together with a second
drug.

[0067] According to the present invention, the term “sec-
ond drug” refers to another pharmaceutically active ingredi-
ent in addition to the biguanide derivative according to the
present invention. The compound of Formula 1 or the phar-
maceutically acceptable salt thereof according to the present
invention may be used to treat a variety of diseases, as
described above. As a result, the compound of Formula 1 or
the pharmaceutically acceptable salt thereof according to the
present invention may be used together with a second drug for
effectively treating respective diseases. For example, the sec-
ond drug may be an anti-hyperglycemic agent, an anti-obesity
agent, an anticancer agent, etc.

[0068] When the compound of Formula 1 or the pharma-
ceutically acceptable salt thereof according to the present
invention and the second drug are able to be administered in
the same manner, the compound of Formula 1 or the pharma-
ceutically acceptable salt thereof may be formulated together
with the second drug to be provided in the form of'a composite
preparation.

[0069] Meanwhile, according to the present invention, the
term “subject” refers to a warm-blooded animal, such as a
mammal, with a specific condition, disorder or disease. For
example, a mammal includes a human, an orangutan, a
mouse, a rat, a dog, a cow, a chicken, a pig, a goat, a sheep,
etc., but the present invention is not limited thereto.

[0070] Also, the term “treating” includes relieving a symp-
tom, temporarily or permanently eliminating causes of the
symptom, and preventing or hindering occurrence of the
symptom or progression of the above-described condition,
disorder or disease, but the present invention is not limited
thereto.

[0071] An effective amount of the active ingredient of the
pharmaceutical composition according to the present inven-
tion refers to an amount required to treat a disease. Therefore,
the effective amount of the active ingredient may be adjusted
according to various factors such as kinds and severity of the
disease, kinds and contents of the active ingredient and other
ingredients included in the composition, kinds of formula-
tion, age, body weight, general medical conditions, sex and
diet of a subject, duration and route of administration, a
release rate of the composition, treatment duration, and the
number of drugs used together. In the case of an adult, for
example, the compound of Formula 1 may be administered in
a total dose of 50 to 3,000 mg/kg when administered once to
several times a day.

Advantageous Effects of Invention

[0072] The Nl-cyclic amine-N5-substituted biguanide
derivative of Formula 1 according to the present invention is
highly effective in inhibiting cancer cell proliferation, cancer
metastasis and cancer recurrence, even when administered in
a small dose compared with conventional drug, and is also
highly effective at lowering blood glucose and lipid concen-
tration. Therefore, the biguanide derivative of Formula 1
according to the present invention may be effectively used to
treat diabetes mellitus, obesity, hyperlipemia, hypercholes-
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terolemia, fatty liver, coronary artery disease, osteoporosis,
polycystic ovary syndrome and metabolic syndrome, as well
as cancer.

Mode for the Invention

[0073] Theadvantages and features of the present invention
and the method of revealing them will be explicit from the
following examples described in detail. However, it is to be
distinctly understood that the present invention is not limited
thereto but may be otherwise variously embodied and prac-
ticed. It is obvious that the following examples are to com-
plete the disclosure of the invention and to indicate the scope
of the present invention to a skilled artisan completely, and
the present invention will be defined only by the scope of the
claims.

EXAMPLES
Example 1

Synthesis of N1-piperidine cyanoguanidine

[0074] Concentrated hydrochloric acid (81.7 ml, 0.940
mol) was added to a solution prepared by dissolving piperi-
dine (92.8 ml, 0.940 mol) in butanol (300 ml) and stirred at 0°
C. for 30 minutes. Sodium dicyanamide (92.0 g, 1.03 mol)
was added to the mixed solution, and the resulting reaction
mixture was stirred for 24 hour under reflux. After the
completion of the reaction was confirmed, sodium chloride
formed by filtering the reaction mixture was removed, and the
filtrate was then concentrated under reduced pressure. Dis-
tilled water (100 ml) was added to the concentrate and stirred
atroom temperature for 1 hour. The formed solid was filtered,
and the filter cake was washed with distilled water (2x20 ml).
The filter cake was dried under reduced pressure to obtain a
white solid target compound (93.3 g, 65%).

[0075] 'HNMR (600 MHz, DMSO-d,) & 7.01 (br s, 2H),
3.39 (m, 4H), 1.54 (m, 2H), 1.42 (m, 4H); LC-MSm/z 153.2
[M+1]*; mp 163-165° C.

Example 2

Synthesis of N1-azetidine cyanoguanidine

[0076]
NH
J]\ CN
o
H
[0077] A white solid target compound (1.13 g, 52%) was

prepared in the same manner as in Example 1, except that
azetidine was used instead of the piperidine which was used
in Example 1.

[0078] 'H NMR (60 MHz, DMSO-d,) d 6.92 (br s, 2H),
3.91 (1, J=7.8 Hz, 4H), 2.16 (tt, 1=7.8, 7.8 Hz, 2H); LC-
MSm/z 125.2 [M+1]*; mp 188-189° C.
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Example 3

Synthesis of N1-pyrrolidine cyanoguanidine

[0079]
NH
JI\ CN
H
[0080] A white solid target compound (24.5 g, 63%) was

prepared in the same manner as in Example 1, except that
pyrrolidine was used instead of the piperidine which was used
in Example 1.

[0081] 'H NMR (600 MHz, DMSO-dy) 86.88 (br s, 2H),
3.24 (m, 4H), 1.80 (m, 4H); LC-MSm/z 139.2 [M+1]"; mp
232-235°C.

Example 4

Synthesis of N1-azepane cyanoguanidine

[0082]
NH
)I\ CN
N N/
H
[0083] A white solid target compound (10.1 g, 60%) was

prepared in the same manner as in Example 1, except that
azepane was used instead of the piperidine which was used in
Example 1.

[0084] 'H NMR (600 MHz, DMSO-dy) 86.88 (br s, 2H),
3.38 (m, 4H), 1.59 (m, 4H), 1.45 (m, 4H); LC-MSny/z 167.2
[M+1]*; mp 168-170° C.

Example 5

Synthesis of N1-morpholine cyanoguanidine

[0085]
NH
)J\ CN
(\N N
H
[0086] A white solid target compound (2.04 g, 58%) was

prepared in the same manner as in Example 1, except that
morpholine was used instead of the piperidine which was
used in Example 1.

[0087] 'H NMR (600 MHz, DMSO-dy) 8 7.12 (br s, 2H),
3.51 (m, 4H), 3.35 (m, 4H); LC-MS my/z 155.1 [M+1]*; mp
171-173° C.
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Example 6

Synthesis of
N1-(4-methylpiperazine)cyanoguanidine

[0088]

NH
)J\ CN
(\N N
H
/N\)

[0089] A white solid target compound (1.01 g, 49%) was
prepared in the same manner as in Example 1, except that
4-methylpiperazine was used instead of the piperidine which
was used in Example 1.

[0090] 'H NMR (600 MHz, DMSO-dg)  7.12 (br s, 2H),
3.39 (1, J=4.8 Hz, 4H), 2.24 (1, J=4.8 Hz, 4H), 2.15 (s, 3H);
LC-MSm/z 168.2 [M+1]*; mp 192-194° C.

Example 7

Preparation of
N1-piperidine-N5-(3-trifluoromethyl)benzyl
biguanide hydrochloride

[0091]

NH NH
HCl

CF;

[0092] Concentrated hydrochloric acid (0.14 ml, 1.58
mmol) was added to a solution obtained by dissolving (3-tri-
fluoromethyl)benzyl amine (0.28 mg, 1.58 mmol) in n-bu-
tanol (10 ml) and stirred at room temperature for 30 minutes.
The compound (0.3 mg, 1.97 mmol) prepared in above step
(1-1) was added to the reaction mixture and stirred for 12
hours under reflux. The reaction mixture was concentrated
under reduced pressure, the concentrate was then dissolved
while adding a 6N hydrochloric acid/methanol solution (3
ml), and a white solid target compound (596 mg, 70%) was
obtained using ethyl acetate.

[0093] H NMR (400 MHz, DMSO-d,)d 7.64 (br s, 1H),
7.62-7.55 (m, 4H), 7.40 (br s, 1H), 6.74 (br s, 2H), 439 (s,
2H), 3.32 (m, 4H), 1.54 (m, 2H), 1.43 (m, 4H); LCMS m/z
328.3 [M+1]*; mp 259-260° C.

[0094] Target compounds of the following Examples 8 to
61 were prepared in the same manner as in Example 7, except
that the cyanoguanidine and amine compounds synthesized
in Examples 2 to 6, which correspond to the target com-
pounds, were used in stead of the N1-piperidine cyanoguani-
dine which was synthesized in Example 1 and the (3-trifluo-
romethyl)benzyl amine which was used in Example 7.
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Example 8

N1-piperidine-N5-methyl biguanide hydrochloride
[0095]

NH NH HCl

7~

[0096] H NMR (600 MHz, DMSO-d,) d 7.22 (br s, 2H),
3.41 (m, 4H), 2.65 (s, 3H), 1.57 (m, 2H), 1.49 (m, 4H); LCMS
m/z 184.3 [M+1]*; mp 211-212° C.

Example 9

N1-piperidine-N5-propyl biguanide hydrochloride
[0097]

NH NH

[0098] 'H NMR (600 MHz, DMSO-d,) d 7.22 (br s, 2H),
3.41 (m, 4H), 2.65 s, 3H), 1.57 (m, 2H), 1.49 (m, 4H); LCMS
m/z 184.3 [M+1]*; mp 211-212° C.

Example 10
N1-piperidine-N5-isopropyl biguanide hydrochloride
[0099]

NH NH Hel

N/\/

H

[0100] 'H NMR (600 MHz, DMSO-d,) d 7.22 (br s, 2H),
3.41 (m, 4H), 2.65 s, 3H), 1.57 (m, 2H), 1.49 (m, 4H); LCMS
m/z 184.3 [M+1]*; mp 211-212° C.

Example 11

N1-piperidine-N5-butyl biguanide hydrochloride
[0101]

NH NH HCl

N/\/\
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[0102] 'H NMR (600 MHz, DMSO-d) d 8.18 (br s, 3H),
6.99 (brs, 1H), 3.39 (m, 4H), 2.71 (t, J=7.8 Hz, 2H), 1.56 (m,
4H), 1.42 (m, 4H), 1.32 (m, 2H), 0.87 (m, 3H); LCMS m/z
226.2 [M+H]*; mp 113-114° C.

Example 12

N1-piperidine-N5-hexyl biguanide hydrochloride

[0103]
NH NH ol
N N N/\/\/\
H H
[0104] “H NMR (600 MHz, DMSO-dg) d 7.22 (br s, 2H),

3.41 (m, 4H), 2.65 s, 3H), 1.57 (m, 2H), 1.49 (m, 4H); LCMS
m/z 184.3 [M+1]*; mp 211-212° C.

Example 13

N1-pyrrolidine-N5-cyclopentyl biguanide
hydrochloride

[0105]

NH NH

Q
=z
==

[0106] 'H NMR (600 MHz, DMSO-d,) d 7.36 (br s, 1H),
7.12 (brs, 2H), 6.57 (br s, 111), 3.89 (m, 1H), 1.85 (m, 8H),
1.63 (m, 2H), 1.48 (m, 6H); LCMS m/z 224.2 [M+H]*; mp
200-201° C.

Example 14

N1-piperidine-NS5-cyclopentyl biguanide
hydrochloride

[0107]

HCl
NH NH

P

N N N
H H

[0108]

C.

'H1 NMR (600 MHz, DMSO-dy) d 7.97 (br s, 2H),
3.59 (m, 4H), 3.43 (m, 1H), 1.86 (m, 4H), 1.68 (m, 4H),
1.58-1.45 (m, 6H); LCMS m/z 238.3 [M+H]*; mp 154-155°
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Example 15

N1-azepane-N5-cyclopentyl biguanide

hydrochloride
[0109]
HCI
NH  NH £>
N NJJ\N
H H
[0110] 'H NMR (400 MHz, DMSO-dy) d 7.15 (br s, 1H),

6.94 (brs, 2H), 3.87 (m, 1H), 3.45 (m, 4H), 1.84 (m, 2H), 1.66
(m, 4H), 1.51 (m, 6H); LCMS m/z 252.3 [M+1]*; mp 224-
225°C.

Example 16

N1-piperidine-N5-cyclohexyl biguanide

hydrochloride
[0111]
HCl
NH NH
N
H H
[0112] 'H NMR (600 MHz, DMSO-dy) d 7.49 (br s, 2H),

7.13 (brs, 1H), 6.45 (br s, 1H), 3.39 (m, 4H), 2.91 (m, 1H),
1.90 (m, 2H), 1.79 (m, 1H), 1.71 (m, 2H), 1.70-1.65 (m, 6H),
1.27-1.05 (m, 5H); LCMS m/z 252.2 [M+1]*; mp 214-215°
C.

Example 17

N1-pyrrolidine-N5-cycloheptyl biguanide

hydrochloride
[0113]
HCl
NH NH
@JJ\NJJ\N
H H
[0114] 'H NMR (600 MHz, DMSO-dy) d 7.20 (br s, 1H),

3.61 (m, 1HO, 3.31 (m, 4H), 1.83 (m, 6H), 1.48 (m, 10H);
LCMS m/z 252.3 [M+1]*; mp 265-266° C.
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Example 18

N1-piperidine-N5-cycloheptyl biguanide

hydrochloride
[0115]
HCl
NH NH
N N
H H
[0116] 'H NMR (600 MHz, DMSO-dy) d 7.97 (br s, 2H),

3.55-3.40 (m, SH), 1.54 (m, 2H), 1.54-1.38 (m, 16H); LCMS
m/z 265.3 [M+1]*; mp 237-238° C.

Example 19

N1-azepane-N5-cycloheptyl biguanide

hydrochloride
[0117]
HCl
NH NH
N N N
H H
[0118] 'H NMR (600 MHz, DMSO-dy) d 7.23 (br s, 1H),

3.64 (m, 1H), 3.36 (m, 4H), 1.81 (m, 2H), 1.66 (m, 4H), 1.56
(m, 2H), 1.48-1.42 (m, 10H), 1.37 (m, 2H); LCMS m/z 280.3
[M+1]*; mp 237-238° C.

Example 20

N1-pyrrolidine-N5-(pyridine-3-ylmethyl)biguanide
hydrochloride

[0119]

HCl

NH NH

O
=z
==

z,

\

[0120] 'H NMR (600 MHz, DMSO-d,) d 8.48 (br s, 1H),
8.42 (d, J=6.6 Hz, 1H), 7.68 (d, J=11.4 Hz, 1H), 7.50 (br s,
1H), 7.32 (m, 1H), 7.24 (br s, 1H), 6.91 (br s, 1H), 4.32 (d,
J=8.4 Hz, 2H), 3.21 (m, 4H), 1.80 (m, 4H); LCMS m/z 247.2
[M+H]*; mp 201-203° C.
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Example 21

N1-piperidine-N5-(pyridine-3-ylmethyl)biguanide
hydrochloride

[0121]

NH NH HCI

s}
s}

[0122] ‘H NMR (600 MHz, DMSO-d) d 8.86 (br s, 2H),
8.81 (d, J=5.4 Hz, 1H), 8.49 (s, 1H), 8.02 (m, 2H), 7.61 (brs,
2H), 4.54 (s, 2H), 3.34 (m, 4H), 1.56 (m, 2H), 1.47 (m, 4H);
LCMS m/z 260.1 [M+H]*; mp 197-199° C.

Example 22

N1-pyrrolidine-N5-(furan-2-ylmethyl)biguanide

hydrochloride
[0123]
NH NH HCI
NJ]\N N 0
[0124] 'HNMR (400 MHz, DMSO-d,)d 7.59(d, J=0.8 Hz,

1H), 7.43 (brs, 1H), 7.27 (br s, 2H), 6.70 (br s, 2H), 6.40 (dd,
J=2.4,0.8 Hz, 1H), 6.36 (d, J=2.4 Hz, 1H), 4.30 (d, J=6.0 Hz,
2H), 3.29 (m, 4H), 1.85 (m, 4H); LCMS m/z 236.2 [M+1]*;
mp 242-243° C.

Example 23

N1-piperidine-N5-(furan-2-ylmethyl)biguanide

hydrochloride
[0125]
NH NH HCI
N N N o
[0126] 'HNMR (400 MHz, DMSO-d,)d 7.60(d,J=0.8 Hz,

1H), 7.39 (brs, 2H), 6.64 (br s, 2H), 6.41 (dd, I=1.6, 0.8 Hz,
1H), 6.30 (d, J=1.6 Hz, 1H), 4.29 (d, J=5.2 Hz, 2H), 3.38 (m.
4H), 1.57 (m, 2H), 1.49 (m, 4H); LCMS m/z 250.2 [M+1]*;
mp 251-252° C.
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Example 24

N1-piperidine-N5-(thiophene-2-ylmethyl)biguanide
hydrochloride

[0127]

NH NH HCl

S

W,

[0128] 'H NMR (600 MHz, DMSO-d,) d 7.57 (br s, 1H),
7.41 (dd, I=5.4, 1.2 Hz, 1H), 7.40 (br s, 2H), 7.01 (d, I=3.0
Hz, 1H), 6.96 (dd, 1=5.4, 3.0 Hz, 1H), 6.71 (br's, 2H), 4.47 (d,
J=6.0 Hz, 2H), 3.41 (m, 4H), 1.57 (m, 2H), 1.56 (m, 4H);
LCMS m/z 266.2 [M+1]*; mp 220-221° C.

Example 25

N1-piperidine-N5-(naphthalene-1-yl)methyl
biguanide hydrochloride

[0129]
NH NH HCI ‘
N N N O
H H
[0130] 'HNMR (600 MHz, DMSO-d,)d8.11(d,]J=7.8 Hz,

2H), 7.97 (d, J=7.8 Hz, 2), 7.87 (d, I=8.4 Hz, 2H), 7.57 (m.
3H), 7.51 (m, 1H), 7.40 (br s, 2H), 6.69 (br s, 2H), 4.78 (d,
J=5.4 Hz, 2H), 3.39 (m, 4H), 1.56 (m, 2H), 1.48 (m, 4H);
LCMS m/z 210.3 [M+1]*; mp 241-242° C.

Example 26
N1-piperidine-N5-benzyl biguanide hydrochloride

[0131]

HCl

NH NH

[0132] 'H NMR (600 MHz, DMSO-d) d 8.70 (br s, 4H),
7.49 (m, 2H), 7.38 (m, 3H), 3.97 (s, 2H), 3.31 (m, 4H), 1.63
(m, 2H), 1.54 (m, 4H); LCMS m/z 260.2 [M+1]*; mp 156-
158° C.
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Example 27

N1-piperidine-N5-(4-methyl)benzyl biguanide
hydrochloride

[0133]

HCl

NH NH

jas}
jas}

[0134] 'H NMR (600 MHz, DMSO-d,) d 7.41 (br s, 1H),
7.27 (brs, 2H),7.15 (d,1=7.8 Hz, 2H), 7.10 (d, J=7.8 Hz, 2H),
6.62 (brs, 1H), 4.22 (d, 1=6.0 Hz, 2H), 3.34 (m, 4H), 2.25 (s,
3H), 1.51 (m, 2H), 1.43 (m, 4H); LCMS m/z 274.2 [M+1]*;
mp 241-243° C.

Example 28

N1-piperidine-N5-(4-methoxy)benzyl biguanide

hydrochloride
[0135]
NH NH HCI
N N N
H H
OMe
[0136] 'H NMR (600 MHz, DMSO-dy) d 7.51 (br s, 1H),

7.34 (brs, 2H),7.24 (d,1=7.8 Hz, 2H), 6.89 (d, J=7.2 Hz, 2H),
6.68 (brs, 1H), 4.23 (d, 1=5.4 Hz, 2H), 3.72 (s, 3H), 3.36 (m,
4H), 1.56 (m, 2H), 1.47 (m, 4H); LCMS m/z 290.3 [M+1]*;
mp 213-214° C.

Example 29

N1-piperidine-N5-(3-fluoro)bezyl biguanide
hydrochloride

[0137]

HCl

NH NH

[0138] 'H NMR (400 MHz, DMSO-d) d 8.55 (br s, 4H),
7.43 (m, 2H), 7.35 (d, J=8.0 Hz, 1H), 7.21 (dd, J=8.8, 8.8 Hz,
1H), 4.04 (s, 2H), 2.97 (m, 4H), 1.67 (m, 4H), 1.57 (m, 2H);
LCMS m/z 278.2 [M+1]*; mp 171-172° C.
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Example 30

N1-piperidine-N5-(4-fluoro)benzyl biguanide

hydrochloride
[0139]
NH  NH Hel
N N
H H
F
[0140] 'H NMR (600 MHz, DMSO-dy) d 7.61 (br s, 1H),

7.37 (brs, 2H), 7.34 (dd, J=7.8, 6.0 Hz, 2H), 7.15 (dd, J=9.0,
7.8 Hz, 2H), 6.72 (br s, 2H), 4.28 (d, J=6.0 Hz, 2H), 3.30 (m.
4H), 1.55 (m, 2H), 1.46 (m, 4H); LCMS m/z 278.2 [M+1]*;
mp 250-251° C.

Example 31

N1-pyrrolidine-N5-(4-chloro)benzyl biguanide
hydrochloride

[0141]
NH NH
JI\ )]\ g
H H
Cl
[0142] 'HNMR (600 MHz, DMSO-d,) d 7.45 (br s, 1H),

7.42 (m, 2H), 7.38 (m, 2H), 7.24 (br s, 1H), 6.68 (br s, 2H),
431 (d, 1=9.0 Hz, 2H), 3.25 (m, 4H), 1.87 (m, 4H); LCMS
m/z 280.2 [M+1]*; mp 250-251° C.

Example 32

N1-piperidine-N5-(4-chloro)benzyl biguanide
hydrochloride

[0143]

NH NH
J S
N N N
O ! H/\©\
Cl

[0144] 'HNMR (400 MHz, DMSO-d,)d7.40 (d,]=8.0Hz,
2H), 7.33 (d, J=8.0 Hz, 2H) 431 (d, J=4.8 HZ, 2H), 3.34 (m,
4H), 1.55 (m, 2H), 1.47 (m, 4H); LCMS m/z 238.3 [M+1]*;
mp 169-170° C.
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Example 33

N1-azepane-N5-(4-chloro)benzyl biguanide

hydrochloride
[0145]
NH NH HCL
N N N
H H
Cl
[0146] 'HNMR (600 MHz, DMSO-ds)d 7.40(d, J=7.8 Hz,

2H), 7.39 (br s, 1H), 7.38-7.32 (m, 7H), 7.25 (d, J=7.8 Hz,
2H), 4.20 (s, 2H), 3.38 (m, 4H), 1.63 (m, 4H), 1.47 (m, 4H);,
LCMS m/z 308.2 [M+1]"; mp 222-223° C.

Example 34

N1-pyrrolidine-N5-(4-bromo)benzyl biguanide

hydrochloride
[0147]
NH NH HCl
OI)J\N)]\N
H H
Br
[0148] 'H NMR (600 MHz, DMSO-dy) d 7.91 (br s, 1H),

7.53 (brs,2H),7.48 (d,]J=8.4 Hz, 2H), 7.23 (d, J=7.8 Hz, 2H),
6.82 (br s, 1H), 4.25 (m, 1H), 3.25 (m, 4H), 1.84 (m, 4H);
LCMS m/z 324.2 [M+1]*; mp 267-268° C.

Example 35

N1-piperidine-N5-(4-bromo)benzyl biguanide

hydrochloride
[0149]
NH NH HCl
N N N
H H
Br
[0150] 'H NMR (600 MHz, DMSO-dy) d 7.62 (br s, 1H),

7.51(d,J=7.8 Hz, 2H), 7.38 (brs, 2H), 7.26 (d, J=7.8 Hz, 2H),
6.73 (brs, 2H), 4.27 (d, J=4.8 Hz, 2H), 3.31 (m, 4H), 1.55 (m,
2H), 1.45 (m, 4H); LCMS m/z339.2 [M+1]*; mp 261-262° C.
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Example 36
N1-morpholine-N5-(3-trifluoromethyl)benzyl
biguanide hydrochloride
[0151]
NH NH HCl
)J\ )j\ CF
//\N N N
H H
[0152] 'H NMR (600 MHz, DMSO-d,) d 7.89 (br s, 1H),

7.66-7.52 (m, 6H), 6.90 (br s, 1H), 4.40 (d, ]=6.0 Hz, 2H),
3.63 (1, J=4.8 Hz, 2H), 3.41 (t, J=4.8 Hz, 2H); LCMS m/z
330.5 [M+1]*; mp 211-212° C.

Example 37

N1-azetidine-N5-(4-trifluoromethyl)benzyl
biguanide hydrochloride

[0153]

NH NH HCl

PR
37

[0154] 'HNMR (600 MHz, DMSO-d,)d7.71 (d,]=7.8 Hz,
2H), 7.70 (br s, 1H), 7.49 (d, J=7.8 Hz, 2H), 7.25 (br s, 2H),
6.86 (brs, 2H), 4.41 (d, J=6.0 Hz, 2H), 3.90 (m, 4H), 2.19 (m,
2H); LCMS m/z 300.0 [M+1]*; mp 260-261° C.

Z,
Z,

CF;3

Example 38

N1-pyrrolidine-N5-(4-trifluoromethyl)benzyl
biguanide hydrochloride

[0155]

j]i j]i B
N N N
O ! H/\©\
CF3

[0156] 'HNMR (600 MHz, DMSO-d,)d7.69 (d,]=7.8 Hz,
2H), 7.66 (br s, 1H), 7.52 (d, 1=7.8 Hz, 2H), 7.29 (br s, 2H),
6.77 (brs, 2H), 4.42 (d, J=6.0 Hz, 2H), 3.25 (m, 4H), 1.87 (m,
2H),1.77 (m, 2H); LCMS m/z314.1 [M+1]*; mp 268-270° C.
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Example 39

N1-piperidine-N5-(4-trifluoromethyl)benzyl
biguanide hydrochloride

[0157]

NH NH HCl

CF3

[0158] 'HNMR (600 MHz, DMSO-d,)d 7.69(d,J=7.8 Hz,
2H), 7.68 (br's, 1H), 7.52 (d, 1=7.8 Hz, 2H), 7.39 (br s, 2H),
6.77 (br s, 2H), 4.39 (d, J=5.4 Hz, 2H), 3.31 (m, 4H), 1.53 (m,
2H),1.41 (m, 4H); LCMS m/z238.3 [M+1]*; mp 267-269° C.

Example 40

N1-azetidine-N5-(4-trifluoromethoxy)benzyl
biguanide hydrochloride

[0159]
NH NH HCI
C/N)J\N N
H H
OCF;
[0160] 'HNMR (600 MHz, DMSO-d,)d 7.42 (d,J=6.6 Hz,

2H),7.35 (m, 6H), 435 (d, I=5.4 Hz, 2H), 3.92 (m, 4H), 2.20
(m, 2H); LCMS m/z 316.1 [M+1]*; mp 182-184° C.

Example 41

N1-pyrrolidine-N5-(4-trifluoromethoxy )benzyl
biguanide hydrochloride

[0161]

NH NH HCl

K
O

[0162] 'H NMR (600 MHz, DMSO-d,) d 7.56 (br s, 1H),
7.42(d,1=7.8 Hz, 2H), 7.33 (d, J=7.8 Hz, 2H), 7.28 (br s, 2H),
6.71 (br s, 2H), 4.34 (d, J=6.0 Hz, 2H), 3.28 (m, 4H), 1.87 (m,
2H),1.77 (m, 2H); LCMS m/z330.1 [M+1]*; mp 242-243° C.

=z
=z

OCF;3
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Example 42

N1-piperidine-N5-(4-trifluoromethoxy )benzyl
biguanide hydrochloride

[0163]

NH NH HCl

OCF;

[0164] HNMR (600 MHz, DMSO-d,) d 7.62 (br s, 1H),
7.42 (d,1=8.4 Hz, 2H), 7.37 (brs, 2H), 7.32 (d, J=8.4 Hz, 2H),
6.73 (brs, 2H), 433 (d, J=2.4 Hz, 2H), 3.31 (m. 4H), 1.55 (m,
2H), 1.44 (m, 4H); LCMS m/z344.3 [M+1]*; mp 268-269° C.

Example 43

N1-(4-methyl)piperazine-N5-(4-trifluoromethoxy)
benzyl biguanide hydrochloride

[0165]
NH NH HCI
(\NJJ\NJJ\N
\) H H
N
~ OCF;
[0166] 'H NMR (600 MHz, DMSO-d,) d 7.84 (br s, 1H),

7.44 (brs, 2H),7.42 (d, 1=8.4 Hz, 2H), 7.33 (d, J=8.4 Hz, 2H),
6.89 (brs, 2H), 4.33 (d, J=6.0 Hz, 2H), 3.29 (m, 4H), 2.26 (m,
4H),2.17 (s, 3H); LCMS m/z 259.2 [M+1]*; mp 255-257° C.

Example 44

N1-piperidine-N5-(4-fluoro-3-trifluoromethyl)benzyl
biguanide hydrochloride

[0167)]

NH NH HCl
A
N N N
F

[0168] HNMR (600 MHz, DMSO-d,)d 7.71 (t, 1=6.0 Hz,
1H), 7.69 (m, 2H), 7.49 (dd, J=10.8, 8.4 Hz, 1H), 7.43 (brs,
2H), 6.80 (br s, 2H), 4.35 (d, J=6.0 Hz, 2H), 3.31 (m, 4H),
1.54 (m, 2H), 1.43 (m, 4H); LCMS m/z 346.2 [M+1]*; mp
232-235° C.
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Example 45

N1-piperidine-N5-(4-chloro-3-trifluoromethyl)ben-
zyl biguanide hydrochloride

[0169]
NH NH HCI
CF;
N N N
H H
ClL
[0170] H NMR (600 MHz, DMSO-d,) d 7.78 (m, 2H),

7.69 (d,1=7.8 Hz, 2H), 7.62 (d, J=7.8 Hz, 1H), 7.44 (br s, 2H),
6.81 (br s, 2H), 4.36 (d, J=6.0 Hz, 2H), 3.30 (m, 4H), 1.54 (m,
2H), 1.43 (m, 4H); LCMS m/z362.0 [M+1]*; mp 259-261° C.

Example 46

N1-piperidine-N5-(3-fluoro-4-trifluoromethyl)benzyl
biguanide hydrochloride

[0171]
NH NH HCI
F
N N N
H H
CF;s
[0172] 'H NMR (600 MHz, DMSO-dg) d 7.74 (m, 2H),

7.45 (br s, 2H), 7.42 (d, I=12.0 Hz, 1H), 7.33 (d, J=7.8 Hz,
1H), 6.81 (br s, 2H), 439 (d, 1=6.0 Hz, 2H), 3.33 (m, 4H),
1.54 (m, 2H), 1.42 (m, 4H); LCMS m/z 346.1 [M+1]*; mp
264-266° C.

Example 47

N1-piperidine-N5-(3-chloro-4-trifluoromethyl)ben-
zyl biguanide hydrochloride

[0173]
NH NH HCl
Cl
N N N
H H
CF;
[0174] ‘HNMR (600 MHz, DMSO-d,)d 7.82 (d, ]=8.4 Hz,

1H), 7.77 (t, J=6.0 Hz, 1H), 7.63 (s, 1H), 7.47 (d, ]=8.4 Hz,
1H), 7.46 (br s, 2H), 6.82 (br s, 2H), 4.38 (d, J=6.0 Hz, 2H),
3.20 (m, 4H), 1.53 (m, 2H), 1.42 (m, 4H); LCMS m/z 362.0
[M+1]*; mp 254-256° C.
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Example 48

N1-piperidine-N5-(4-fluoro-3-trifluoromethoxy)
benzyl biguanide hydrochloride

[0175]

NH NH HCl

OCF;

[0176] HNMR (600 MHz, DMSO-d,)d 7.71 (t, 1=6.0 Hz,
1H), 7.49-7.39 (m, 5H), 6.79 (br s, 2H), 4.32 (d, 1=6.0 Hz,
2H), 3.31 (m, 4H), 1.54 (m, 2H), 1.43 (m, 4H); LCMS m/z
362.2 [M+1]*; mp 233-235° C.

Example 49

N1-piperidine-N5-(3-fluoro-4-trifluoromethoxy)
benzyl biguanide hydrochloride

[0177]

NH  NH Hel
Jo L :
N N N
OCF;

[0178] 'H NMR (600 MHz, DMSO-d,) d 7.69 (br s, 1H),
7.53 (dd, I=8.4, 7.8 Hz, 1H), 7.43 (br s, 2H), 7.42 (d, I=7.8
Hz, 1H), 7.24 (d, J=8.4 Hz, 1H), 6.77 (brs, 2H), 4.33 (d, I=5.4
Hz, 2H), 3.31 (m, 4H), 1.54 (m, 2H), 1.43 (m, 4H); LCMS
m/z 362.2 [M+1]*; mp 266-268° C.

Example 50

N1-piperidine-N5-(3-chloro-4-trifluoromethoxy)
benzyl biguanide hydrochloride

NH  NH Hel
J L a
N N N
OCF;

[0180] HNMR (600 MHz, DMSO-d,)d 7.74 (t, 1=6.0 Hz,
1H),7.60 (s, 1H), 7.53 (d, ]=9.0 Hz, 1H), 7.43 (br s, 2H), 7.40
(d,J=9.0 Hz, 1H), 6.79 (brs, 2H), 4.33 (d, ]=6.0 Hz, 2H), 3.31
(m, 4H), 1.54 (m, 2H), 1.43 (m, 4H); LCMS nvz 378.2
[M+1]*; mp 240-241° C.

[0179]
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Example 51

N1-piperidine-N5-(2,6-difluoro)benzyl biguanide

hydrochloride
[0181]
NH NH i
N N N HClL
H H
F
[0182] 'HNMR (600 MHz, DMSO-d,)d 7.56 (t, J=5.4 Hz,

1H), 7.38 (m, 2H), 7.09 (dd, ]=7.8, 7.8 Hz, 2H), 6.67 (br s,
2H), 436 (d, 1=5.4 Hz, 2H), 3.36 (m, 4H), 1.56 (m, 2H), 1.47
(m, 4H); LCMS m/z 296.3 [M+1]*; mp 229-232° C.

Example 52

N1-piperidine-N5-(3,4-difluoro)benzyl biguanide
hydrochloride

[0183]

NH NH HClL

F

[0184] 'H NMR (600 MHz, DMSO-d,) d 7.67 (m, 1H),
7.41-734 (m, 3H), 7.15 (m, 1H), 6.77 (br s, 2H), 4.30 (d,
J=6.0 Hz, 2H), 3.34 (m, 4H), 1.55 (m, 2H), 1.46 (m, 4H);
LCMS m/z 296.3 [M+1]*; mp 230-232° C.

Example 53

N1-piperidine-N5-(2,4-dichloro)benzyl biguanide
hydrochloride

[0185]
NH NH Cl
NJI\E Jl\g/\lij\ HCI
ClL
[0186] 'H NMR (600 MHz, DMSO-dg) d 7.60 (br s, 1H),

7.42 (m, 4H), 6.76 (br s, 2H), 4.34 (d, ]=6.0 Hz, 2H), 3.31 (m,
4H), 1.55 (m, 2H), 1.45 (m, 4H); LCMS m/z 328.0 [M+1]*;
mp 240-241° C.
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Example 54
N1-pyrrolidine-N5-(3,4-dichloro)benzyl biguanide
hydrochloride

[0187]
NH NH HCl
)J\ )]\ ¢l
H H
Cl
[0188] 'HNMR (600 MHz, DMSO-dy)d7.55 (d,1=8.4 Hz,

1H), 7.52 (m, 2H), 7.26 (dd, 1=8.4, 1.2 Hz, 1H), 7.23 (br s,
2H), 4.28 (d, J=6.0 Hz, 2H), 3.21 (m, 4H), 1.80 (m, 4H);
LCMS m/z 314.1 [M+1]*; mp 219-221° C.

Example 55

N1-piperidine-N5-(3,4-dichloro)benzyl biguanide

hydrochloride
[0189]
NH NH HCl
Cl
N N N
H H
Cl
[0190] 'H NMR (600 MHz, DMSO-d,) d 7.66 (br s, 1H),

7.59 (d, J=7.8 Hz, 1H),7.55 (s, 1H), 7.40 (br s, 111), 7.30 (dd,
J=7.8, 1.8 Hz, 1H), 6.76 (br s, 2H), 4.30 (d, J=3.6 Hz, 2H),
3.32 (m, 4H), 1.55 (m, 2H), 1.45 (m, 4H); LCMS m/z 328.0
[M+1]*; mp 242-244° C.

Example 56

N1-piperidine-N5-(thiophene-2-yl)ethyl biguanide

hydrochloride
[0191]
NH NH HCl S \
—
N N N
H H
[0192] 'H NMR (600 MHz, DMSO-dy) d 8.51 (br s, 2H),

7.42 (m, 1H), 7.12 (br s, 1H), 6.98 (m, 2H), 6.93 (br s, 1H),
3.42 (m, 2H), 3.15 (m, 4H), 3.03 (t, 1=5.4 Hz, 2H), 1.55 (m,

6H); LCMS 280.2 m/z [M+1]*; mp 176-178° C.
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Example 57

N1-pyrrolidine-N5-(phenethyl)biguanide
hydrochloride

[0193]

NH NH

J A
N N
H H

<

[0194] 'H NMR (600 MHz, DMSO-dy) d 7.30 (m, 2H),
7.22 (m, 3H), 3.25-3.27 (m, 6H), 2.77 (t, J=1.8 Hz, 2H), 1.89
(m, 4H); LCMS m/z 260.2 [M+H]*; mp 213-215° C.

Example 58

N1-piperidine-N5-(phenethyl)biguanide

hydrochloride
[0195]
NH NH HCl
N N N
H H
[0196] 'H NMR (600 MHz, DMSO-d4) d 7.32-7.21 (m,

7H), 3.41 (m, 4H), 3.36 (m, 2H), 2.74 (m, 2H), 1.58 (m, 2H),
1.53 (m, 4H); LCMS m/z 274.2 [M+H]*; mp 235-237° C.

Example 59

N1-azepane-N5-(phenethyl)biguanide hydrochloride

[0197]
NH NH HCL
N N N
H H
[0198] 'H NMR (600 MHz, DMSO-d,) d 7.31-7.21 (m,

8H), 3.46 (m, 4H), 3.37 (m, 2H), 2.79 (m, 2H), 1.68 (m, 4H),
1.52 (m, 4H); LCMS nv/z 288.2 [M+1]*; mp 211-213° C.
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Example 60
N1-azepane-N5-((4-fluoro)phenethyl)biguanide
hydrochloride

[0199]
F
NH NH HCl
N N N
H H
[0200] 'H NMR (400 MHz, DMSO-dy) d 7.27 (m, 3H),

7.12 (dd, J=8.8, 8.8 Hz, 2H), 3.43 (m, 4H), 3.32 (m, 2H), 2.76
(m, 2H), 1.66 (m, 4H), 1.51 (m, 4H); LCMS m/z 306.3
[M+1]*; mp 211-212° C.

Example 61
N1-azepane-N5-((4-chloro)phenethyl)biguanide
hydrochloride

[0201]
Cl
NH NH HCl
N N N
H H
[0202] 'HNMR (400 MHz, DMSO-d)d7.36 (d,J=8.0 Hz,

2H), 7.35 (br s, 1H), 7.25 (d, J=8.0 Hz, 2H), 7.18 (br s, 1H),
7.06 (br's, 1H), 3.40 (m, 4H), 3.30 (m, 2H), 2.75 (t, J=7.2 Hz,
2H), 1.63 (m, 4H), 1.50 (m, 4H); LCMS m/z 322.2 [M+1]*;
mp 181-183° C.

Experimental Examples

[0203] The compounds synthesized by the methods
described in the examples of the present invention were evalu-
ated for effects of AMPK-activation and inhibition of cancer
cell proliferation according to methods described in the fol-
lowing Experimental Examples.

Experimental Example 1

Measurement of AMPK-Activation Effect

[0204] MCF7 cells derived from human breast cancer cells
(commercially available from the Korean Cell Line Bank)
were used, and the AMPK (5'-AMP-activated protein kinase
alpha)-activation effect of the biguanide derivative was con-
firmed using an AMPK o immunoassay kit (Invitrogen, Cata-
log No. KH00651).

[0205] MCF7 cells were cultured in a DMEM medium
supplemented with 10% fetal bovine serum. Thereafter, the
cultured MCF7 cells were put into a 6-well plate with
approximately 5x10° cells per well and cultured in an incu-
bator supplied with 5% CO,. Culture media were treated with
the derivatives synthesized in the examples at contents of 5,

16
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10 and 50 uM, and then cultured for 24 hours. Metformin
hydrochloride was used as the control, and the culture media
were treated with 0.05, 0.5, 1, 2, 5 and 10 mM metformin
hydrochloride, and then tested in the same manner as
described in the derivatives synthesized in the examples. Sub-
sequently, the cells were lysed according to a method pre-
sented in the operation manual of the AMPKa immunoassay
kit, and 20 pug of a cell lysate was then yielded through protein
assay. Thereafter, the AMPK activation effect was obtained
by determining the degree of phosphorylation of 172" threo-
nine residue (Thr172) of the AMPKa from the cell lysate
according to the method presented in the operation manual of
the AMPKa immunoassay kit. The degree of AMPK activa-
tion by the biguanide derivatives was exhibited as the degree
of AMPKa phosphorylation in cells cultured in the presence
of'the compounds synthesized in the examples with respect to
the degree of AMPKa phosphorylation in cells cultured with-
out the treatment of the biguanide derivatives. A curve graph
showing AMPK activation according to the concentration of
the treated compounds was plotted based on the obtained
AMPKa activation results, the concentration (activation con-
centration 150, AC150) value of the compound whose AMPK
activation reached 150% was calculated using a GraphPad
Prism 5.0 program, and the degrees of AMPK activation were
obtained when concentrations of the treated biguanide deriva-
tives were 10 pM and 50 uM and the metformin hydrochlo-
ride was 50 uM.

[0206] The results are listed in the following Table 1.
TABLE 1
AMPXK activation effect
Example AC150 (uM) 10 uM (%) 50 uM (%)
Metformin hydrochloride 188.3 130
7 1.0 582 677
8 9.0 139 500
11 >50 130
13 11.9 131 375
14 38.3 114 157
15 7.0 174 291
16 8.0 167 486
17 7.9 149 612
18 2.2 304 719
19 5.6 213 325
20 >50 71 89
22 18.3 101 293
23 15.8 112 298
24 >50 64 112
25 8.0 428
27 23 435 947
28 3.9 258 628
29 >50 131
30 13.1 143 278
31 23 304 776
33 1.2 443
34 42.4 467 639
35 1.1 140 150
36 >50 516 656
37 242 100 107
38 1.4 116 213
39 0.9 476 615
40 3.9 673 1076
41 0.9 242 698
42 0.8 472 554
43 6.4 669 854
44 10.3 180 383
45 1.7 162 232
46 1.1 331 389
47 4.4 433 384
48 18.2 244
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TABLE 1-continued
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TABLE 2

AMPKXK activation effect
Example AC150 (uM) 10 uM (%) 50 uM (%)
49 0.8 158 147
50 8.8 259
51 2.1 179
52 3.8 327 703
53 3.5 238 831
54 0.8 315
55 0.9 443 830
56 9.0 612
57 8.1 391
58 6.4 167 388
59 0.7 194 373
60 0.7 744 721
61 0.5 1130

Experimental Example 2

Measurement of Effect of Inhibiting Cancer Cell
Proliferation

[0207] HCT116 cells derived from human colorectal can-
cer (commercially available from the Korean Cell Line Bank)
were used, and the effect of inhibiting cancer cell prolifera-
tion of the biguanide derivative was confirmed by measuring
the concentration value (cell growth inhibition concentration,
GIC50) at which cell growth was inhibited by 50% using a
3-(4,5-dimethylthiazol-2-y1)-2,5-ditetrazolium bromide
(MTT) reagent.

[0208] First, HCT116 cells were put on a 96-well plate and
cultured in a DMEM medium containing 10% fetal bovine
serum for 16 hours so that the cellcount in each well was
approximately 5,000. Subsequently, to obtain the GIC50
value of each compound, culture media were treated with 100
uM, 25 uM, 6.25 uM, 1.56 uM or 0.39 uM of the compound,
and then cultured for 48 hours. At this time, some of the
compounds were treated with 200 uM instead of 100 pM.
Metformin hydrochloride was used as the control, and the
culture media were treated with 25, 12.5, 2.5, 0.5, 0.1 mM
metformin hydrochloride, and then tested in the same manner
as described in the derivatives synthesized in the examples. In
order to determine whether the cells survived after treatment
with the compound, MTT was added to the culture media
which were then cultured for another 3 hours. Formed forma-
zane crystals were dissolved using dimethyl sulfoxide
(DMSO), and the absorbance of the resulting solution was
measured at 560 nm. After the 48-hours culture, the ratio of
the cell count cultured on a well plate not treated with the
compound to the living cell count on a well plate treated with
the compounds synthesized in the examples was indicated as
cell viability (%) according to each treated concentration. A
cell viability curve graph was plotted and the concentration
(GIC50) value of the compound at which the growth was
inhibited by 50% was calculated to confirm the effect of
inhibition of cancer cell proliferation. Also, the cell growth
viability (%) when the concentration of the treated biguanide
derivative and the metformin hydrochloride as the control
were 100 uM was shown.

[0209] The results of measuring effects on cancer cell
growth inhibition are listed in the following Table 2.

Effect of inhibition on cancer cell growth

Cell Growth Inhibition (%)

Example GIS50 (uM) at 100 uM
Metformin hydrochloride 2846 1.8
7 17.2 97.4
8 88.6 50.5
11 >100 42.7
13 >100 41.9
14 >100 304
15 >100 27.9
16 >100 49.1
17 41.0 60.8
18 23.1 64.3
19 357 94.7
20 >100 9.2
22 >100 43.9
23 >100 395
24 93.2 51.7
25 28.0 96.6
27 70.5 64.9
28 >100 283
30 >100 47.0
31 17.6 65.9
33 49 253
34 92.8 97.3
35 23.2 53.8
36 >100 97.2
37 39.3 235
38 324 61.6
39 16.2 78.9
40 36.9 97.8
41 25.6 97.4
42 16.2 96.8
43 >100 97.7
44 15.2 32.6
45 8.2 96.9
46 21.3 100.6
47 7.4 100.4
48 134 96.4
49 9.2 97.0
50 5.7 97.0
51 >100 96.8
52 76.4 46.5
53 9.1 63.7
54 21.1 98.0
55 10.3 97.7
56 ND 97.6
57 >200 23.2 (at 200 uM)
58 43.2 323
59 21.9 56.6
60 22.4 73.7
61 19.8 943

1. A compound of Formula 1 or a pharmaceutically accept-
able salt thereof:

[Formula 1]

7

Tz

wherein R, and R, are taken together with nitrogen to
which they are attached to form 3- to 8-membered het-
erocycloalkyl,

R; is C5_; cycloalkyl; or C, _,, alkyl unsubstituted or sub-
stituted with C;_,, aryl or C;_,, heteroaryl,

wherein C;_, cycloalkyl, 3- to 8-membered heterocy-
cloalkyl, C;_,, aryl or C;_,, heteroaryl is unsubstituted
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or substituted with at least one non-hydrogen substituent
selected from the group consisting othalogen, C, _, alkyl
and C,_, alkoxy, and the non-hydrogen substituent is
unsubstituted or further substituted with halogen.

2. The compound of Formula 1 or the pharmaceutically

acceptable salt thereof of claim 1,

wherein R, and R, are taken together with nitrogen to
which they are attached to form 4- to 7-membered het-
erocycloalkyl,

R; is C5_; cycloalkyl; or C,_; , alkyl unsubstituted or sub-
stituted with C;_| , aryl or C,_,, heteroaryl,

wherein C;_, cycloalkyl, 4- to 7-membered heterocy-
cloalkyl, C,_,, aryl or C,_,, heteroaryl is unsubstituted
or substituted with at least one non-hydrogen substituent
selected from the group consisting othalogen, C, _, alkyl
and C, , alkoxy, and the non-hydrogen substituent is
unsubstituted or further substituted with halogen.

3. The compound of Formula 1 or the pharmaceutically

acceptable salt thereof of claim 1,

wherein C;_,, aryl is a phenyl or naphthalenyl,

C,_;, heteroaryl is a furanyl, thiophenyl, pyridinyl, pyrro-
lyl, imidazolyl or pyrimidinyl,

C;_j,arylorC,_,, heteroaryl is unsubstituted or substituted
with at least one non-hydrogen substituent selected from
the group consisting of halogen, C, , alkyl and C,_,
alkoxy, and the non-hydrogen substituent is unsubsti-
tuted or further substituted with halogen.

4. The compound of Formula 1 or the pharmaceutically

acceptable salt thereof of claim 1,

wherein R, and R, are taken together with nitrogen to
which they are attached to form 3- to 8-membered het-
erocycloalkyl selected from the group consisting of an
azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl, piper-
azinyl, azepanyl and aziridinyl,

Ris C;_; cycloalkyl; or C, _,, alkyl unsubstituted or substi-
tuted with C;_,, aryl or C;_;, heteroaryl,

wherein C;_, cycloalkyl, 3- to 8-membered heterocy-
cloalkyl, C,_,, aryl or C,_,, heteroaryl is unsubstituted
or substituted with at least one non-hydrogen substituent
selected from the group consisting ofhalogen, C, , alkyl
and C,_, alkoxy, and the non-hydrogen substituent is
unsubstituted or further substituted with halogen.

5. The compound of Formula 1 or the pharmaceutically

acceptable salt thereof of claim 1,

wherein R, and R, are taken together with nitrogen to
which they are attached to form 3- to 8-membered het-
erocycloalkyl selected from the group consisting of an
azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl, piper-
azinyl, azepanyl and aziridinyl,

R; is C,_; cycloalkyl; or C, ;, alkyl unsubstituted or sub-
stituted with C,,, aryl or C,_;, heteroaryl which is
selected from the group consisting of a phenyl, naphtha-
lenyl, furanyl, thiophenyl, pyridinyl, pyrrolyl and imi-
dazolyl,

wherein 3- to 8-membered heterocycloalkyl, C;_,, aryl or
C;_,, heteroaryl is unsubstituted or substituted with at
least one non-hydrogen substituent selected from the
group consisting of halogen, C, _, alkyl and C, _, alkoxy,
and the non-hydrogen substituent is unsubstituted or
further substituted with halogen.

6. The compound of Formula 1 or the pharmaceutically

acceptable salt thereof of claim 1,

wherein R, and R, are taken together with nitrogen to

which they are attached to form 4- to 7-membered
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selected from the group consisting of an azetidinyl, pyr-
rolidinyl, piperidinyl, morpholinyl, piperazinyl and
azepanyl,

R, is C;_, cycloalkyl; or C, _,, alkyl unsubstituted or sub-
stituted with C,_,, aryl or C,_;, heteroaryl which is
selected from the group consisting of a phenyl, naphtha-
lenyl, furanyl, thiophenyl and pyridinyl,

wherein 4- to 7-membered heterocycloalkyl, C;_,, aryl or
C,_,, heteroaryl is unsubstituted or substituted with at
least one non-hydrogen substituent selected from the
group consisting of halogen, C,_, alkyl and C, , alkoxy,
and the non-hydrogen substituent is unsubstituted or
further substituted with halogen.

7. The compound of Formula 1 or the pharmaceutically

acceptable salt thereof of claim 1,

wherein R, and R, are taken together with nitrogen to
which they are attached to form 4- to 7-membered het-
erocycloalkyl selected from the group consisting of an
azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl, piper-
azinyl and azepanyl, wherein piperazinyl is substituted
with C, ¢ alkyl,

R; is C,_; cycloalkyl; or C, ¢ alkyl that is unsubstituted or
substituted with C, ,, aryl or C,_,, heteroaryl which is
selected from the group consisting of a phenyl, naphtha-
lenyl, furanyl, thiophenyl and pyridinyl, wherein C; |,
aryl or C;_,, heteroaryl is unsubstituted or substituted
with at least one non-hydrogen substituent selected from
the group consisting of halogen, C, , alkyl, C, _, alkoxy,
haloalkyl and haloalkoxy.

8. The compound of Formula 1 or the pharmaceutically
acceptable salt thereof of claim 1, wherein the compound of
Formula 1 is

N1-piperidine-N5-(3-trifluoromethyl)benzyl biguanide;

N1-piperidine-N5-methyl biguanide;

N1-piperidine-N5-propyl biguanide;

N1-piperidine-N5-isopropyl biguanide;

N1-piperidine-N5-butyl biguanide;

N1-piperidine-N5-hexyl biguanide;

N1-pyrrolidine-N5-cyclopentyl biguanide;

N1-piperidine-N5-cyclopentyl biguanide;

N1-azepane-N5-cyclopentyl biguanide;

N1-piperidine-N5-cyclohexyl biguanide;

N1-pyrrolidine-N5-cycloheptyl biguanide;

N1-piperidine-N5-cycloheptyl biguanide;

N1-azepane-N5-cycloheptyl biguanide;

N1-pyrrolidine-N5-(pyridine-3-ylmethyl)biguanide;

N1-piperidine-N5-(pyridine-3-ylmethyl)biguanide;

N1-pyrrolidine-N5-(furan-2-ylmethyl)biguanide;

N1-piperidine-N5-(furan-2-ylmethyl)biguanide;

N1-piperidine-N5-(thiophene-2-ylmethyl)biguanide;

N1-piperidine-N5-(naphthalene-1-yl)methyl biguanide;

N1-piperidine-N5-benzyl biguanide;

N1-piperidine-N5-(4-methyl)benzyl biguanide;

N1-piperidine-N5-(4-methoxy)benzyl biguanide;

N1-piperidine-N5-(3-fluoro)benzyl biguanide;

N1-piperidine-N5-(4-fluoro)benzyl biguanide;

N1-pyrrolidine-N5-(4-chloro)benzyl biguanide;

N1-piperidine-N5-(4-chloro)benzyl biguanide;

N1-azepane-N5-(4-chloro)benzyl biguanide;

N1-pyrrolidine-N5-(4-bromo)benzyl biguanide;

N1-piperidine-N5-(4-bromo)benzyl biguanide;

N1-morpholine-N5-(3-trifluoromethyl)benzyl biguanide;

N1-azetidine-N5-(4-trifluoromethyl)benzyl biguanide;

N1-pyrrolidine-N5-(4-trifluoromethyl)benzyl biguanide;
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N1-piperidine-N5-(4-trifluoromethyl)benzyl biguanide;

N1-azetidine-N5-(4-trifluoromethoxy)benzyl biguanide;

N1-pyrrolidine-N5-(4-trifluoromethoxy)benzyl bigu-
anide;

N1-piperidine-N5-(4-trifluoromethoxy)benzyl biguanide;

N1-(4-methyl)piperazine-N5-(4-triffuoromethoxy)benzyl

biguanide;

N1-piperidine-N5-(4-fluoro-3-trifluoromethyl)benzyl

biguanide;

N1-piperidine-N5-(4-chloro-3-triffuoromethyl)benzyl

biguanide;

N1-piperidine-N5-(3-fluoro-4-trifluoromethyl)benzyl

biguanide;

N1-piperidine-N5-(3-chloro-4-triffuoromethyl)benzyl

biguanide;

N1-piperidine-N5-(4-fluoro-3-trifluoromethoxy)benzyl

biguanide;

N1-piperidine-N5-(3-fluoro-4-trifluoromethoxy)benzyl

biguanide;

N1-piperidine-N5-(3-chloro-4-triffuoromethoxy)benzyl

biguanide;

N1-piperidine-N5-(2,6-difluoro)benzyl biguanide;

N1-piperidine-N5-(3,4-difluoro)benzyl biguanide;

N1-piperidine-N5-(2,4-dichloro)benzyl biguanide;

N1-pyrrolidine-N5-(3,4-dichloro)benzyl biguanide;

N1-piperidine-N5-(3,4-dichloro)benzyl biguanide;

N1-piperidine-N5-(thiophene-2-yl)ethyl biguanide;

N1-pyrrolidine-N5-(phenethyl)biguanide;

N1-piperidine-N5-(phenethyl)biguanide;

N1-azepane-N5-(phenethyl)biguanide;

N1-azepane-N5-((4-fluoro)phenethyl)biguanide; or

N1-azepane-N5-((4-chloro)phenethyl)biguanide.

9. The compound of Formula 1 or the pharmaceutically
acceptable salt thereof of claim 1, wherein the pharmaceuti-
cally acceptable salt is a salt with an acid selected from the
group consisting of formic acid, acetic acid, propionic acid,
lactic acid, butyric acid, isobutyric acid, trifluoro acetic acid,
malic acid, maleic acid, malonic acid, fumaric acid, succinic
acid, succinic acid monoamide, glutamic acid, tartaric acid,
oxalic acid, citric acid, glycolic acid, glucuronic acid, ascor-
bic acid, benzoic acid, phthalic acid, salicylic acid, anthranyl
acid, benzensulfonic acid, p-toluenesulfonic acid, methane-
sulfonic acid, dichloroacetic acid, aminooxy acetic acid,
hydrochloric acid, hydrobromic acid, sulfuric acid, phospho-
ric acid, nitric acid, carbonic acid and boric acid.

10. A method of preparing a compound of Formula 1,
comprising:

reacting a compound of Formula 2 with dicyanoamide in at

least one organic solvent to obtain a compound of For-
mula 3; and

reacting the compound of Formula 3 with a compound of

Formula 4 in at least one organic solvent to obtain the
compound of Formula 1:
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[Formula 1]

NH NH

Ry R3
\IF g g -
Ro
[Formula 2]
Ry
~ Il\IH
R,
[Formula 3]
NH
R, ~ N N /CN

| H

R,
[Formula 4]

HN—R;

wherein R, and R, are taken together with nitrogen to
which they are attached to form 3- to 8-membered het-
erocycloalkyl,

R, is C;_, cycloalkyl; or C, _,, alkyl unsubstituted or sub-

stituted with C;_,, aryl or C;_,, heteroaryl,

wherein C;_, cycloalkyl, 3- to 8-membered heterocy-

cloalkyl, C;_,, aryl or C;_,, heteroaryl is unsubstituted
or substituted with at least one non-hydrogen substituent
selected from the group consisting ofhalogen, C, , alkyl
and C, , alkoxy, and the non-hydrogen substituent is
unsubstituted or further substituted with halogen.

11-21. (canceled)

22. A method of preventing or treating a disease compris-
ing:

administering a therapeutically effective amount of a com-

pound of Formula 1 or a pharmaceutically acceptable
salt thereof defined in claim 1 to a subject in need
thereof, wherein the disease is selected from the group
consisting of diabetes mellitus, obesity, hyperlipemia,
hypercholesterolemia, fatty liver, coronary artery dis-
ease, osteoporosis, polycystic ovary syndrome, meta-
bolic syndrome, cancer, muscle pain, myocyte damage
and rhabdomyolysis.

23. The method of claim 22, wherein the diabetes mellitus
is insulin-independent diabetes mellitus.

24. The method of claim 22, wherein the treatment of
cancer includes inhibition of recurrence or metastasis of can-
cer.

25. The method of claim 22, wherein the cancer is a disease
selected from the group consisting of uterine cancer, breast
cancer, gastric cancer, brain cancer, colorectal cancer, lung
cancer, skin cancer, blood cancer and liver cancer.

26. The method of claim 22, wherein the pharmaceutical
composition is formulated as a tablet, a capsule, a pill, a
granule, powder, an injection or a liquid.
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