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(57) ABSTRACT

The present invention relates to a novel compound capable
of effectively preventing and treating immune diseases and
a use thereof. The novel compound of the present invention
has effects of inhibiting the production of inflammatory
cytokines, increasing the activity of regulatory T cells hav-
ing immunoregulatory functions, inhibiting the production
of auto-antibodies to regulate excessive immune responses,
and inhibiting the differentiation of osteoclasts, and thus can
be used for treating immune diseases, such as autoimmune
disease, inflammatory disease, and transplant rejection dis-
eases, which are caused by abnormal regulation of various
kinds of immune response
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FIG 1A

a. Cytotoxic effect reguiation{MTT assay)
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FIG 2B
b. Differentiation inhibition regulation of osteodlasts
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FIG 2C




Patent Application Publication  Apr. 27,2017 Sheet 8 of 36 US 2017/0114008 A1

FIG 3C
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FIG 4A
a. Simultaneous regulation effect of Thi? inhibition
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FIG 5D

FIG 5C

d. Inflammatory gene factor regulation
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FIG 6
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FIG 7A
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FIG 10B
b. Autroantibody production and immune

response

FIG 10A
a. Cytotoxic effect regulation(MTT assay)

b=
&

<

< o

o

g & 5 %
tusbu) Lobi

.

{nuBuiofy B0y

s
WWEy
WLy

282

Wusy
wury
wni g

by SR

Met

W0
WL

FI1G 10C

¢. Inflammatory cytokine production regulation

Aot

Apr. 27,2017 Sheet 20 of 36  US 2017/0114008 A1
Ead
g G
a ‘
=
S B T
YW SN
"
%
<
2
5 :
=)
[}
2
= = 2 @ S
[e] o e L= f
| VNS L4
(¥4
[}
c
5
> d &
[<]
T
£ ;
£
©
Y ) Y Y 1
E & e a s
5 YN AN

2500

2
g
«

- 2507

d} 23]

T J £
() s

wegQ
WG
wuG
g
wuzn
WL

282

et

3586

2
8
2
{

@ [~ [=3
§ &
(o Beden it

< £-3 =
g 2
{iayBd] cany



US 2017/0114008 A1

i

{5} sipen
te b
{53 SE L LTI QD

LA EIXGE *GTAI QD

7Y

o
e
S
=
> 3
o
w 282as
7 = =
= o
5 =3
3 Lnny =3
N 00k 3
£ >
< +
Lonz O
00z §
l@“@m UM Sa I Loy
¢8¢ds [043u0D
[o4HO2 uononput ||92 6aay/

uoniqiyui /LYl jo 19942 uognenbai snoauejjnwiis e
S15e[209150 jo uone|nbas uoniqiyul uoneRuUAIIA °q

q11 O ViIOu

Patent Application Publication



Patent Application Publication  Apr. 27,2017 Sheet 22 of 36  US 2017/0114008 A1

o2

v § 8 5§ % ° < ~
c [+ ﬁ
S HEH g r&ated] =5
£ 8
£ = _
= o ‘ 5
T f e + Ty
=
© 8
z 5 G @ & * 2
o o= Y R L E~3 [ >
PN ] YHHW L)
Q 'U 5 K ¥ € <
= oc o 3 o uy ]
E_ ox g g © > o o 5 o
-
> Gwib) 96 5 YNEW G
T3 5
23 £
- .
c H
38 £
- g ; [
= a - ¥
< a E w
; o~ =
g o .
TR Xl
&}
g 8§ & - &=
{siudabyiwe;,

a
W

3

{luBd) BN

2
g 2 2
{punBsiengdy

FIG 12A

P
G4
42
2.4

ae

g 3 ¥ 8 &8 °

(uydd) L B} o

8
b3

a. Cytotoxic effect regualtion(MTT assay)
FIG 12’ Inflammatory cytokine production regulation



Patent Application Publication  Apr. 27,2017 Sheet 23 of 36  US 2017/0114008 A1

FIG 13

Simutaneous regulation effect of Thl7 |

induction
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FIG 18A
a. Simutaneous regulation effect of Thi7
inhibition/Treg cell induction
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FIG 18B
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FIG 20
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FIG 21A
3 Cytonoic effect requlationdIT assay)
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FIG21B

b, Inflammatory cytokin
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NOVEL COMPOUND HAVING IMMUNE
DISEASE TREATMENT EFFECT AND USE
THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a novel compound
capable of effectively preventing and treating immune dis-
eases and a use thereof.

BACKGROUND ART

[0002] An immune disease is a disease mean diseases in
which components cause, mediate, or contribute the patho-
logical conditions of the mammals, and particularly, inflam-
matory disorder is one of the most important health prob-
lems around the world. Inflammation is a generally localized
protective response of body tissues to the host intrusion by
external substances or harmful stimuli. The cause of inflam-
mation may be a state associated with infectious causes such
as bacteria, viruses, and parasites; physical causes such as
burns or radiation; chemicals such as toxins, drugs, or
industrial agents; it may be a condition associated with the
immune responses such as allergy and autoimmune
responses, or oxidative stress.

[0003] The inflammation is characterized by pain, a red
phenomenon, swelling, heat, and an eventual functional loss
of an infected area. These symptoms are results of a series
of complex interactions occurring between cells in the
immune system. As a result, due to the response of the cells,
an interaction network of inflammatory mediators in many
groups is generated: A protein (for example, cytokines,
enzymes (e.g., protease, peroxidase), a major basic protein,
adhesive molecules (ICAM, VCAM), lipid mediators (e.g.,
eicosanoid, prostaglandin, leukotriene, platelet activating
factor (PAF)), reactive oxygen species (e.g., hydroperoxide,
superoxide anion O2-, nitric oxide (NO), etc). However,
most of mediators of the inflammation are normal cell
activity regulators. Accordingly, while the host is not con-
trolled due to the lack of the inflammatory response, the host
is damaged (that is, inflected), and therefore, due to the
chronic inflammation, partially, some of the aforementioned
mediators are excessively generated and the mediated
inflammatory diseases are caused.

[0004] Further, an autoimmune disease which is one of the
immune diseases has a feature that the immune system
causes a spontaneous response by attacking its organ. The
responses are caused by recognition of auto-antigen by the
T lymphocytes and humoral (production of auto-antigens)
and cellular (increase of cytotoxic activity of lymphocytes
and macrophages) immune responses are caused. The auto-
immune diseases may include diseases below: Rheumatic
diseases, psoriasis, systemic dermatomyositis, multiple scle-
rosis, lupus erythematosus, deterioration of immune
responses by antigens, i.e., asthma, drug or food allergies,
etc. The diseases are limitative and chronic diseases, and in
some cases, fatal, and until now, an effective treating method
capable of treating the diseases is not present. Therefore,
drugs, medicines, or media capable of reducing or alleviat-
ing the diseases in the progress of the corresponding disease
may become an important solved means for a patient’s
health.

[0005] Concentrated efforts to find appropriate drugs and
methods by searching methods for treating the autoimmune
diseases have been made. Today, the treatment of autoim-
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mune diseases is mainly on the basis of the use of immu-
nosuppressive drugs, for example, glucocorticoids, cal-
cineurin inhibitors, and antiproliferatives-antimetabolites.
However, such a pharmacological therapy acts on a variety
of targets to entirely decrease the immune function. If not,
in the case of using the pharmacological therapy for a long
time, a variety of cytotoxic actions become the problem to
suppress the immune system by a non-specific manner and
thus the patients may be exposed to the risk of infections and
cancer. Calcineurin and glucocorticoid have another prob-
lem due to their nephrotoxicity and diabetes induced char-
acteristics, and thus in the case of some of the clinical
symptoms (e.g., renal insufficiency, diabetes, etc.), the use
thereof is restricted.

[0006] Accordingly, as a substance capable of treating
immune diseases such as autoimmune diseases and inflam-
matory diseases, the development of novel therapeutic
agents having an excellent treating effect without side effects
is required.

[0007] Therefore, the present inventors confirmed that a
newly synthesized compound can effectively treat the
immune diseases while searching materials having less
human side effects and capable of preventing or treating
effectively the immune diseases and completed the present
invention.

DISCLOSURE

Technical Problem

[0008] The present invention is directed to provide a novel
compound.
[0009] The present invention is also directed to provide a

pharmaceutical composition for preventing or treating
immune diseases comprising the novel compound as an
active ingredient.

[0010] Further, the present invention is also directed to
provide an immunoregulatory agent comprising the novel
compound as an active ingredient.

[0011] Further, the present invention is also directed to
provide a method of decreasing the differentiation of undif-
ferentiated T cells to Th17 cells and the activity of Th17 cells
by treating the novel compound of the present invention in
the undifferentiated T cells in vitro.

[0012] Further, the present invention is also directed to
provide a method of increasing the differentiation of undif-
ferentiated T cells to Treg cells and the activity of Treg cells
by treating the novel compound of the present invention in
the undifferentiated T cells in vitro.

Technical Solution

[0013] One aspect of the present invention provides novel
biguanide derivative compounds.

[0014] Another aspect of the present invention provides a
pharmaceutical composition for preventing or treating
immune diseases containing the novel compound of the
present invention as an active ingredient.

[0015] The compound may decrease or inhibit the produc-
tion of inflammatory cytokines, inhibit the production of
auto-antibodies, and inhibit the differentiation of osteoclasts.
[0016] The inflammatory cytokine may be IL-17, IL-6,
TNF-a, IFN-y, MMP-9, or STAT-3.

[0017] The antibody may be IgG, 1gG1, or IgG2a.
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[0018] The compound may promote or increase the activ-
ity of regulatory T cells and decrease or inhibit the activity
of Th17 cells as pathological cells.

[0019] The compound may be contained in the composi-
tion at a concentration of 0.1 mM to 10 mM.

[0020] The immune disease may be selected from the
group consisting of autoimmune diseases; inflammatory
diseases; and transplantation rejection diseases of cells,
tissues or organs.

[0021] The immune disease may be selected from rheu-
matoid arthritis, Behcet’s disease, multiple myositis or skin
myositis, autoimmune hematocytopenia, autoimmune myo-
carditis, atopic dermatitis, asthma, primary cirrhosis, der-
matomyositis, Goodpasture syndrome, autoimmune menin-
gitis, sjogren’s syndrome, lupus, Addison’s disease, alopecia
areata, ankylosing myelitis, autoimmune hepatitis, autoim-
mune mumps, Crohn’s disease, insulin-dependent diabetes,
dystrophic epidermolysis bullosa, epididymitis, glomerulo-
nephritis, Graves’ disease, Guillain-Barre syndrome,
Hashimoto’s disease, hemolytic anemia, multiple sclerosis,
myasthenia gravis, pemphigus vulgaris, psoriasis, rheumatic
fever, sarcoidosis, scleroderma, spinal arthrosis, thyroiditis,
vasculitis, vitiligo, myxedema, pernicious anemia, mito-
chondrial-related syndromes, and ulcerative colitis.

[0022] The transplantation rejection disease may be a graft
versus host disease.

[0023] Yet another aspect of the present invention pro-
vides an immunoregulatory agent containing the novel com-
pound of the present invention as an active ingredient.
[0024] Still another aspect of the present invention pro-
vides a method of decreasing differentiation to Th17 cells of
undifferentiated T cells and activity of the Th17 cells by
treating the novel compound of the present invention in the
undifferentiated T cells in vitro.

[0025] Still yet another aspect of the present invention
provides a method of increasing differentiation to Treg cells
of undifferentiated T cells and activity of the Treg cells by
treating the novel compound of the present invention in the
undifferentiated T cells in vitro.

Advantageous Effects

[0026] The present invention relates to a novel compound
capable of effectively preventing and treating immune dis-
eases and a use thereof. The novel compound of the present
invention has effects of inhibiting the production of inflam-
matory cytokines, increasing the activity of regulatory T
cells having immune regulatory functions, inhibiting the
production of auto-antibodies to regulate excessive immune
responses, and inhibiting the differentiation of osteoclasts,
and thus can be used for treating immune diseases, such as
autoimmune disease, inflammatory disease, and transplant
rejection diseases, which are caused by abnormal regulation
of various kinds of immune responses.

DESCRIPTION OF DRAWINGS

[0027] FIGS. 1A-1D illustrate a result of analyzing cyto-
toxicity, autoantibody production, inflammatory cytokine
production, and inflammatory gene expression according to
treatment of a SD-281 compound for each concentration by
targeting spleen cells of a normal mouse. In this case, it is
observed that the differentiation of osteoclasts is regulated
according to the treatment of the SD-281 compound.
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[0028] FIG. 1A. Cytotoxic effect regulation (MTT assay).
[0029] FIG. 1B. Autoantibody production and immune
response regulation.

[0030] FIG. 1C. Inflammatory cytokine production regu-
lation.

[0031] FIG. 1D Inflammatory gene expression regulation.
[0032] FIGS. 2A-2C illustrate a result of analyzing Th17

inhibition, promotion of Treg activity, and inhibition of
hyperactivated Th17 and a result of analyzing differentiation
inhibition of osteoclasts induced from bone marrow cells
(BM) of a mouse according to the treatment of the SD-281
compound for each concentration by targeting spleen cells
of a normal mouse.

[0033] FIG. 2A. Simultaneous regulation effect of Th17
inhibition/Treg cell induction.

[0034] FIG. 2B. Differentiation inhibition regulation of
osteoclasts.

[0035] FIG. 2C. Control effect of hyperactivated Th17
cells.

[0036] FIGS. 3A-3D illustrate a result of analyzing cyto-

toxicity, autoantibody production, inflammatory cytokine
production, and inflammatory gene expression according to
treatment of a SD-281 compound for each concentration by
targeting spleen cells of a mouse in which rheumatoid
arthritis is induced.

[0037] FIG. 3A. Cytotoxic effect regulation (MTT assay).
[0038] FIG. 3B. Autoantibody production and immune
response regulation.

[0039] FIG. 3C. Inflammatory cytokine production regu-
lation.

[0040] FIG. 3D Inflammatory gene expression regulation.
[0041] FIGS. 4A-4B illustrate a result of analyzing Th17

inhibition, promotion of Treg activity, and differentiation
inhibition of osteoclasts according to treatment of a SD-281
compound for each concentration by targeting spleen cells
of a mouse in which rheumatoid arthritis is induced.
[0042] FIG. 4A. Simultaneous regulation effect of Th17
inhibition/Treg cell induction.

[0043] FIG. 4B. Differentiation inhibition regulation of
osteoclasts.
[0044] FIGS. 5A-5D illustrate a result of analyzing cyto-

toxicity, autoantibody production, inflammatory cytokine
production, and inflammatory gene expression according to
treatment of a SD-281 compound for each concentration by
targeting spleen cells of a mouse in which lupus is caused.
[0045] FIG. 5A. Cytotoxic effect regulation (MTT assay).
[0046] FIG. 5B. Autoantibody production and immune
response regulation.

[0047] FIG. 5C. Inflammatory cytokine production regu-
lation.

[0048] FIG. 5D. Inflammatory gene factor regulation.
[0049] FIG. 6 illustrates a result of analyzing Th17 inhi-

bition and promotion of Treg activity according to treatment
of'a SD-281 compound for each concentration by targeting
spleen cells of a mouse in which lupus is caused. Simulta-
neous regulation effect of Th17 inhibition/Treg cell induc-
tion is shown.

[0050] FIGS. 7A-7B illustrate a result of analyzing cyto-
toxicity and inflammatory cytokine production according to
treatment of a SD-281 compound for each concentration by
targeting lymphocytes isolated from human peripheral
blood.

[0051] FIG. 7A. Cytotoxic effect regulation (MTT assay).
[0052] FIG. 7B. Inflammatory cytokine production regu-
lation.
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[0053] FIGS. 8A-8D illustrate a result of analyzing cyto-
toxicity, autoantibody production, inflammatory cytokine
production, and inflammatory gene expression according to
treatment of a SD-282 compound for each concentration by
targeting spleen cells of a normal mouse.

[0054] FIG. 8A. Cytotoxic effect regulation (MTT assay).
[0055] FIG. 8B. Autoantibody production and immune
response regulation.

[0056] FIG. 8C. Inflammatory cytokine production regu-
lation.

[0057] FIG. 8D. Inflammatory gene factor regulation.
[0058] FIGS. 9A-9C illustrate a result of analyzing Th17

inhibition, promotion of Treg activity, and differentiation
inhibition of osteoclasts, and inhibition of hyperactivated
Th17 according to treatment of a SD-282 compound for
each concentration by targeting spleen cells of a normal
mouse.

[0059] FIG. 9A. Simultaneous regulation effect of Th17
inhibition/Treg cell induction.

[0060] FIG. 9B. Differentiation inhibition regulation of
osteoclasts.

[0061] FIG. 9C. Control effect of hyperactivated Th17
cells.

[0062] FIGS. 10A-10D illustrate a result of analyzing
cytotoxicity, autoantibody production, inflammatory

cytokine production, and inflammatory gene expression
according to treatment of a SD-282 compound for each
concentration by targeting spleen cells of a mouse in which
rheumatoid arthritis is induced.

[0063] FIG. 10A. Cytotoxic effect regulation (MTT
assay).
[0064] FIG. 10B. Autoantibody production and immune

response regulation.

[0065] FIG. 10C. Inflammatory cytokine production regu-
lation.

[0066] FIG. 10D. Inflammatory gene factor regulation.
[0067] FIGS. 11A-11B illustrate a result of analyzing

Th17 inhibition, promotion of Treg activity, and differen-
tiation inhibition of osteoclasts according to treatment of a
SD-282 compound for each concentration by targeting
spleen cells of a mouse in which rheumatoid arthritis is
induced.

[0068] FIG. 11A. Simultaneous regulation effect of Th17
inhibition/Treg cell induction.

[0069] FIG. 11B. Differentiation inhibition regulation of
osteoclasts.

[0070] FIGS. 12A-12D illustrate a result of analyzing
cytotoxicity, autoantibody production, inflammatory

cytokine production, and inflammatory gene expression
according to treatment of a SD-282 compound for each
concentration by targeting spleen cells of a mouse in which
lupus is caused.

[0071] FIG. 12A. Cytotoxic effect regulation (MTT
assay).
[0072] FIG. 12B. Autoantibody production and immune

response regulation.

[0073] FIG. 12C. Inflammatory cytokine production regu-
lation.

[0074] FIG. 12D. Inflammatory gene factor regulation.
[0075] FIG. 13 illustrates a result of analyzing Th17

inhibition and promotion of Treg activity according to
treatment of a SD-282 compound for each concentration by

Apr. 27,2017

targeting spleen cells of a mouse in which lupus is caused.
Simultaneous regulation effect of Th17 inhibition/Treg cell
induction is shown.

[0076] FIGS. 14A-14B illustrate a result of analyzing
cytotoxicity and inflammatory cytokine production accord-
ing to treatment of a SD-282 compound for each concen-
tration by targeting lymphocytes isolated from human
peripheral blood.

[0077] FIG. 14A. Cytotoxic effect regulation (MTT
assay).
[0078] FIG. 14B. Inflammatory cytokine production regu-
lation.
[0079] FIGS. 15A-15D illustrate a result of analyzing
cytotoxicity, autoantibody production, inflammatory

cytokine production, and inflammatory gene expression
according to treatment of a SD-283 compound for each
concentration by targeting spleen cells of a normal mouse.

[0080] FIG. 15A. Cytotoxic effect regulation (MTT
assay).
[0081] FIG. 15B. Autoantibody production and immune

response regulation.

[0082] FIG. 15C. Inflammatory cytokine production regu-
lation.

[0083] FIG. 15D. Inflammatory gene factor regulation.
[0084] FIGS. 16A-16C illustrate a result of analyzing

Th17 inhibition, promotion of Treg activity, and differen-
tiation inhibition of osteoclasts, and inhibition of hyperac-
tivated Th17 according to treatment of a SD-283 compound
for each concentration by targeting spleen cells of a normal
mouse.

[0085] FIG. 16A. Simultaneous regulation effect of Th17
inhibition/Treg cell induction.

[0086] FIG. 16B. Differentiation inhibition regulation of
osteoclasts.

[0087] FIG. 16C. Control effect of hyperactivated Th17
cells.

[0088] FIGS. 17A-17D illustrate a result of analyzing
cytotoxicity, autoantibody production, inflammatory

cytokine production, and inflammatory gene expression
according to treatment of a SD-283 compound for each
concentration by targeting spleen cells of a mouse in which
rheumatoid arthritis is induced.

[0089] FIG. 17A. Cytotoxic effect regulation (MTT
assay).
[0090] FIG. 17B. Autoantibody production and immune

response regulation.

[0091] FIG. 17C. Inflammatory cytokine production regu-
lation.

[0092] FIG. 17D. Inflammatory gene factor regulation.
[0093] FIGS. 18A-18B illustrate a result of analyzing

Th17 inhibition, promotion of Treg activity, and differen-
tiation inhibition of osteoclasts according to treatment of a
SD-283 compound for each concentration by targeting
spleen cells of a mouse in which rheumatoid arthritis is
induced.

[0094] FIG. 18A. Simultaneous regulation effect of Th17
inhibition/Treg cell induction.

[0095] FIG. 18B. Differentiation inhibition regulation of
osteoclasts.

[0096] FIGS. 19A-19D illustrate a result of analyzing
cytotoxicity, autoantibody production, inflammatory

cytokine production, and inflammatory gene expression
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according to treatment of a SD-283 compound for each
concentration by targeting spleen cells of a mouse in which
lupus is caused.

[0097] FIG. 19A. Cytotoxic effect regulation (MTT
assay).
[0098] FIG. 19B. Autoantibody production and immune

response regulation.

[0099] FIG. 19C. Inflammatory cytokine production regu-
lation.

[0100] FIG. 19D. Inflammatory gene factor regulation.
[0101] FIG. 20 illustrates a result of analyzing Th17

inhibition and promotion of Treg activity according to
treatment of a SD-283 compound for each concentration by
targeting spleen cells of a mouse in which lupus is caused.
Simultaneous regulation effect of Th17 inhibition/Treg cell
induction is shown.

[0102] FIGS. 21A-21B illustrate a result of analyzing
cytotoxicity and inflammatory cytokine production accord-
ing to treatment of a SD-283 compound for each concen-
tration by targeting lymphocytes isolated from human
peripheral blood.

[0103] FIG. 21A. Cytotoxic effect regulation (MTT
assay).
[0104] FIG. 21B. Inflammatory cytokine production regu-
lation.
[0105] FIGS. 22A-22C illustrate a result of analyzing

cytotoxicity, inflammatory cytokine production, Th17 inhi-
bition, and promotion of Treg activity according to treatment
of' a SD-284 compound for each concentration by targeting
spleen cells of a normal mouse.

[0106] FIG. 22A. Cytotoxic effect regulation (MTT
assay).
[0107] FIG. 22B. Inflammatory cytokine production regu-
lation.
[0108] FIG. 22C. Simultaneous regulation effect of Th17

inhibition/Treg cell induction.
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[0109] FIGS. 23A-23B illustrate a result of analyzing
cytotoxicity and inflammatory cytokine production accord-
ing to treatment of a SD-284 compound for each concen-
tration by targeting lymphocytes isolated from human
peripheral blood.

[0110] FIG. 23A. Cytotoxic effect regulation (MTT
assay).
[0111] FIG. 23B. Inflammatory cytokine production regu-
lation.
[0112] FIG. 24 illustrates a result of analyzing production

inhibition activity of TNF-a and IL-17 which are inflam-
matory cytokines of novel compounds of the present inven-
tion.

MODES OF THE INVENTION

[0113] The present invention has a feature that it is first
identified that novel compounds below can be used as a
novel therapeutic agent capable of effectively preventing or
treating immune diseases.

[0114] Accordingly, the present invention may provide a
novel compound represented by the following Chemical
Formula or a pharmaceutically acceptable salt thereof.

NH  NH = |
X
AN

LN

=z

N

R

[0115] In Chemical Formula, X is at least one of F, Cl, Br,
or H; and R is hydrogen or alkyl.

[0116] More preferably, the compound in Chemical For-
mula may be any one selected from 24 compounds disclosed
in the following Table.

Compound Name Compound Structure

Compound
NO. Code
1 8D-281
2 8D-282
3 8D-283

N-(3,4-Difluorophenyl)-N- F

ethylbiguanide NH NH

PPN

H,N N N F
H

N

N-Ethyl-N-(4-fluorophenyl) F

biguanide NH NH

LN

=ei4
Z

N-(2,4-Difluorophenyl)-N- F

ethylbiguanide NH NH
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H

-continued
Compound
NO. Code Compound Name Compound Structure
4 8D-284 N-(2,4-Difluorophenyl)-N- F
methylbiguanide NH NH
A
o
F
5 8D-562 N-(4-Chlorophenyl) Cl
biguanide NH  NH O/
H H
6 8D-563 N-(4-Bromophenyl) Br
biguanide NH NH /©/
A A
H H
7 8D-564 N-(3-Chlorophenyl)
biguanide NH NH
H,N N N Cl
H H
8 8D-565 N-(3-Bromophenyl)
biguanide Jf )I‘Ii
HN N N Br
H H
9 8D-566 N-(4-Chlorophenyl)-N- Cl
ethylbiguanide j\]li JI\Ji /@/
HN N N
H k
10 8D-567 N-(4-Bromophenyl)-N- Br
ethylbiguanide j\]li JI\Ji /@/
HN N N
H k
11 8D-568 N-(3-Chlorophenyl)-N-
ethylbiguanide )I]i )I\Ii
H,N N N Cl
H I\
12 8D-569 N-(3-Bromophenyl)-N-
ethylbiguanide Jl\li )I]i
H,N N N Br
H k
13 8D-570 N-Phenylbiguanide
v NH  NH /@
H H
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-continued
Compound
NO. Code Compound Name Compound Structure
14 8D-571 N-(3,5-Difluorophenyl) F
biguanide
NH NH
A A
H H
15 8D-572 N-(3,4-Difluorophenyl)
bignanide NH NH /@i
A
H H
16 8D-573 N-Ethyl-N-phenyl

biguanide NH NH

L
17 8D-574 N-Ethyl-N-(2-fluorophenyl)
biguanide )I‘IT\
HN L
F
L
F

18 8D-575 N-Ethyl-N-(3-fluorophenyl)

biguanide N

H,N

19 8D-576 N-(3,5-Difluorophenyl)-N-
ethylbiguanide

H,N

H
N
H
H N
J
H
)I]i )I\II\
N
H
20 8D-577 N-(2,5-Difluorophenyl)-
N-ethylbiguanide
NH
JC
H
)I\II\
N
H

H,N

21 8D-578  N-Ethyl-N-(2,3 4-trifluorophenyl)
biguanide NH

jli

H

N

H

N

)I]i
K
N N

H

2
g
Q.
k F
SEF
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-continued
Compound
NO. Code Compound Name Compound Structure
22 8D-579 N-Phenyl-N-isopropy!-
biguanide NH Jl]i
HN N N
) )\
23 8D-580 N-(2,4-Difluorophenyl)-N- F
propylbiguanide NH NH
H,N N
z i
F
24 8D-581 N-(4-Difluorophenyl)-N- F
propylbiguanide NH NH
HN N
z iy
[0117] The inventors performs an experiment for verifying in the immune system maintains the balance of the immune

whether novel compounds synthesized in the present inven-
tion can treat the immune diseases, and according to the
exemplary embodiment of the present invention, it can be
seen that all of the compounds decreases or inhibits the
production of inflammatory cytokines, inhibits the produc-
tion of auto-antibodies, and inhibits the differentiation of
osteoclasts. In this case, the inflammatory cytokines are not
limited thereto, but may be IL-17, IL-6, TNF-a,, IFN-y,
MMP-9, or STAT-3.

[0118] Further, in the present invention, it could be seen
that the compounds had regulatory ability of inhibiting
excessive immune response by inhibiting the production of
1gG, 1gG1, or IgG2a which was an autoantibody.

[0119] Further, the compounds of the present invention
promote or increase the activity of regulatory T cells and the
activity of Th17 cells as pathological cells is decreased or
inhibited.

[0120] Accordingly, the inventors may verify a possibility
of the compounds which are newly synthesized in the
present invention as a novel therapeutic agent capable of
effectively treating the immune diseases.

[0121] Meanwhile, as a biodefense system for various
pathogens, one of cell groups which play a central role in the
immune system is T cells. The T cells are produced in the
human thymus and differentiated to T cells having a unique
characteristic through a series of differentiation processes,
and the differentiated T cells are largely divided into Type 1
helper cells Th1 and Type 2 helper cells Th2 according to the
function thereof. Among them, as main functions, the Thl
cells are involved in cell-mediated immunity and the Th2
cells are involved in humoral immunity, and two cell groups

system through mutual control so as not to be hyperacti-
vated.

[0122] Accordingly, most of immune diseases may be
caused by unbalance between the two immune cells. For
example, it has been known that when the activity of the Thl
cells is abnormally increased, autoimmune diseases may
occur, and when the activity of the Th2 cells is abnormally
increased, immune diseases caused by hypersensitivity
occur.

[0123] Meanwhile, according to a recent research result
for the differentiation of the Thl cells, the presence of the
immunoregulatory T (Treg) cells as a novel group capable of
regulating the activity of the Thl cells becomes known and
thus researches for the treatment of the immune diseases
using the Treg cells have emerged. The Treg cells have a
characteristic of inhibiting the function of the abnormally
activated immune cells to control inflammatory response
and thus a lot of experiments of treating the immune diseases
through action to increase the activity of the Treg cells have
been reported.

[0124] Further, in addition to the Treg cells, as another
group created in the differentiation process, Th17 cells are
included, and the Th17 cells are formed through a similar
process to the differentiation of the Treg cells in the differ-
entiation process of undifferentiated T cells. That is, the Treg
cells and the Th17 cells are commonly differentiated in the
presence of TGF-p, but in the case of the Treg cells, IL-6 is
not required, whereas the Th17 cells are differentiated in the
presence of IL-6 in addition to the TGF-p. Further, the
differentiated Thl7 cells are characterized by secreting
IL-17.

[0125] It has been shown that the Th17 cells are involved
in the forefront of the inflammatory response shown in the
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immune diseases unlike the Treg cells to maximize a signal
of the inflammatory response and accelerate the progress of
the diseases. Therefore, in the case of an autoimmune
disease which is not controlled by the Treg cells among the
autoimmune diseases, development of therapeutic agents for
the autoimmune diseases targeting the inhibition of the Th17
cell activity has largely emerged.

[0126] However, as therapeutic agents for the immune
diseases which have been currently used, immunosuppres-
sive agents which block a signal transduction pathway in the
T cells are most commonly used. There is a problem in that
the immunosuppressive agents cause side effects such as
toxicity, infection, lymphoma, diabetes, tremor, headache,
diarrhea, hypertension, nausea, and renal dysfunction.
[0127] Further, even in addition to the method of treating
the immune diseases by the method of inhibiting the acti-
vation of the T cells, a therapeutic method of adjusting an
amount of cytokines secreted from immune cells and a
therapeutic method using antibodies targeting cytokines
secreted from the immune cells are being developed. How-
ever, until the method is actually applied to patients through
clinical trials, a lot of time is required, and in the method
using the antibodies, too much cost is required in the
antibody producing process.

[0128] Inthis aspect, the novel compounds provided in the
present invention has a function capable of operating simul-
taneously inhibition of the production of the inflammatory
cytokines, inhibition of the Th17 cells, and the activity of the
Treg cells to more efficiently treat the immune diseases than
existing therapeutic agents.

[0129] Furthermore, when describing the result of the
exemplary embodiment of the present invention, it may be
verified that the compounds of the present invention has the
activity of inhibiting the gene expression of STAT3.
Recently, in various tumors, activated forms of STATI1,
STAT3 and STATS has been found, and the STAT3 is
activated in a variety of solid cancers such as breast cancer,
head cancer, melanoma, ovarian cancer, lung cancer, pan-
creatic cancer, and prostate cancer as well as blood cancers
such as leukemia to be an important anticancer target (Hua
Yu and Richard Jove, Nature Review Cancer., 2004, 8, 945).
[0130] Further, it is known that the activity of STAT3
inhibits apoptosis, induces angiogenesis, and induces
immune evasion (Wang T. et al., Nature Medicine., 2004, 10,
48). Accordingly, the inhibition of the STAT?3 activity has an
effect capable of controlling the tumors by a complex
anti-cancer mechanism, and a STAT3 protein is involved in
various cellular functions as well as the tumors and thus the
discovery of inhibitors thereof can be developed as immu-
nosuppressive agents.

[0131] Further, for reference, the immune system controls
a specific immune response to an autoantigen in a normal
state and inhibits an immune response to external antibodies,
and for example, may include a response to fetus of pregnant
women and an immune response to microorganisms in a
chronic infection state. It is known that the phenomena are
induced by clonal deletion, clonal anergy, and an active
control by the immunoregulatory T cells (Treg) as a mecha-
nism capable of inducing antigen-specific immune toler-
ance. When examining some patients in which the immune
tolerance to transplantation antigens is incidentally acquired
or an animal model in which the immune tolerance is
experimentally induced, it is verified that all of the three
mechanisms above are involved in transplantation immune
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tolerance. Particularly, recently, immunoregulatory T lym-
phocytes have received attention as important cells involved
to control almost all of immune responses of living bodies
such as autoimmunity, tumor immunity, and an infectious
immune response as well as the transplantation immune
response.

[0132] The immunoregulatory T cells, that is, the immu-
noregulatory T lymphocytes (Treg) of which existence has
been recently found may be largely divided into natural Treg
cells and adaptive Treg cells, and CD4+ CD25+ T cells as
the natural Treg receive the immunosuppressive function
from when the cells are newly produced in the thymus and
are present at a frequency of 5 to 10% among peripheral
CD4+ T lymphocytes in a normal individual. The immuno-
suppressive mechanism of the cells is not accurately deter-
mined up to now, but it is recently found that an expression
control factor of a gene of Foxp3 plays an important role in
the differentiation and the activity of the cells. Further, the
peripheral natural T cells receive a stimulus of self or foreign
antigens under a specific environment to be differentiated to
cells having an immunosuppressive effect and called and
adaptive or inducible Treg, and Trl secreting I1.-10 and Th3,
CDS8 Ts, and the like secreting TGF-f correspond to the
peripheral natural T cells.

[0133] Further, the T cells are also differentiated to Th17
cells through the differentiation process in addition to the
Treg cells, and the Thl7 cells are differentiated in the
presence of the TGF-f in common with the Treg cells, but
in the case of the Treg cells, the I-6 is not required, whereas
the Th17 cells are differentiated in the presence of IL-6 in
addition to TGF-f and secret IL-17.

[0134] Further, the Th17 cells have cytotoxicity that accel-
erates the progress of the disease by maximizing the signal
of the inflammatory response. Accordingly, the differentia-
tion to the Th17 or the inhibition of the activity is one of
methods for treating the immune diseases.

[0135] Further, the Treg cells express Foxp3 and the
Foxp3 is mainly present in immunoregulatory T cells
derived from the thymus and as a transcriptional factor
which is present in cells having a CD4+ CD25+ labeled
antigen, the function has a low responsive to the antigen
when recognizing the antigen to the T cells expressing the
Foxp3 and simultaneously serves as suppressor T cells of
suppressing production of 1L.-2 and cell division for the T
cells which can potentially cause autoimmunity among the
CD4+ CD25- T cells without expressing the Foxp3 which
are differentiated from the thymus. Further, it is found that
the Foxp3 serves to suppress transcriptional regulation of
1L-4, IFN-y, and the like influenced by NFAT as a transcrip-
tion factor as wells as IL-2 with respect to the regulatory T
cells expressing the Foxp3 and CD25- T cells through a
cell-cell contact therewith. Accordingly, in the case of the T
cells expressing the Foxp3 functioned above, the T cells are
applied to treat the immune diseases through an action of
suppressing or regulating the immune response. Further,
attempts to apply a self-antigen specific T cell clone of the
CD4 T cells expressing the Foxp3 which is present in the
human as a cell therapy method by increasing the number of
the clones through treatment of high-concentration IL-2
cytokines and combination of anti-CD3 and anti-CD28
antibodies have been made.

[0136] Therefore, when describing a technical develop-
ment status associated with existing treatment of immune
diseases, the novel compounds provided in the present
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invention solve the problems which have not been solved in
the related art and have more effective pharmacological
effects and thus may be very useful as the agents for treating
the immune diseases.

[0137] Therefore, the pharmaceutical composition for pre-
venting or treating the immune diseases provided in the
present invention may include the novel compound accord-
ing to the present invention or a pharmaceutically acceptable
salt thereof. The salt is preferably an acid addition salt
formed by pharmaceutically acceptable free acid, and the
free acid may use organic acid and inorganic acid. The
organic acid is not limited thereto, but includes citric acid,
acetic acid, lactic acid, tartaric acid, maleic acid, fumaric
acid, formic acid, propionic acid, oxalic acid, trifluoroacetic
acid, benzoic acid, gluconic acid, metasulfonic acid, glycolic
acid, succinic acid, 4-toluenesulfonic acid, glutamic acid,
and aspartic acid. Further, the inorganic acid is not limited,
but includes hydrochloric acid, hydrobromic acid, sulfuric
acid, and phosphoric acid.

[0138] The compound according to the present invention
may be isolated from the natural or prepared by a chemical
synthesis method known in the art, and the inventors syn-
thesized and prepared the compounds by methods disclosed
in the following Examples.

[0139] In the present invention, the “immune diseases”
mean diseases in which components of the mammalian
immune system cause, mediate, or contribute the pathologi-
cal conditions of the mammals. Further, the immune dis-
eases may include all of diseases in which simulation or the
stop of the immune response has a compensating effect on
the progression of the diseases, and in the present invention,
may include diseases caused by hypersensitive immune
responses. Examples of the immune diseases are not limited
thereto, but may include autoimmune diseases; inflamma-
tory diseases; and transplantation rejection diseases of cells,
tissues or organs, and the like.

[0140] Further, in all normal subjects, one of the most
important features has ability capable of recognizing,
responding, and removing many non-self-antigens without
harmfully responding to self-antigen substances. As such, a
non-response to the self-antigen of the living body is called
immunologic unresponsiveness or tolerance.

[0141] However, a disease caused by such a process that
when a problem in inducing or continuously maintaining the
self-tolerance occurs, the immune response to the self-
antigen occurs, and thus a phenomenon in which the self-
antigen attacks its tissue occurs is called an “autoimmune
disease”.

[0142] Further, the “inflammatory disease” means a dis-
ease caused by inflammatory substances (inflammatory
cytokines) such as tumor necrosis factor-a. (TNF-a), inter-
leukin-1 (IL-1), IL-6, prostaglandin, leukotriene, or nitric
oxide (NO) which is secreted from immune cells such as
macrophagocyte by excessively accelerating the human
immune system by inflammatory agents or injurious stimuli
such as UV irradiation.

[0143] Further, for successful organ transplantation, a
recipient’s immune rejection response to cells and organs to
be transplanted needs to be overcome. A major media of the
immune rejection response in transplantation is T cells and
a major histocompatibility complex (MHC) which is
expressed in a graft is recognized by a T cell receptor and the
immune response is induced and the rejection response in
transplantation occurs. The MHC is determined according to
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a type of glycoprotein antigen, and an immune response
which occurs when a histocompatibility antigen is not
matched is an obstacle to block the successful transplanta-
tion and thus the accuracy of a histocompatibility antigen
test and investigation of matches are very important ele-
ments.

[0144] The human includes many types of histocompat-
ibility antigens, and includes Class 1 antigens including
HLA-A, -B, and -C and Class I antigens HLA-DR, -DP, and
-DQ. Abiological function of these antigens is to deliver the
antigens to T lymphocytes, and the Class I antigens are
expressed in most of nucleated cells and the antigens deliv-
ered therethrough are recognized by CD8+ cytotoxic T
lymphocytes. The Class II antigens are expressed in den-
dritic cells, B lymphocytes, activated T lymphocytes, mac-
rophages, and the like which are known as antigen-present-
ing cells and have a function to deliver the antigen to CD4+
T lymphocytes. The T lymphocytes recognize the antigens
by binding the antigens delivered to the T lymphocytes to
the T lymphocyte receptor and recognize the histocompat-
ibility antigens derived from another person other than one’s
own in the transplantation process at a high frequency.
About 1 to 10% of the entire T lymphocytes of a donor or
a patient recognize the histocompatibility antigens derived
from the patient or the donor to be proliferated by the
response thereto and cause a series of immune responses,
and it is called an “alloresponse”. Further, the T lymphocytes
of the donor cause the immune response to the histocom-
patibility antigen of the patient and it is called a “graft-
versus-host disease (GVDH)”, and on the contrary, a
response to the histocompatibility antigen of the donor
caused by the T lymphocytes of the patient is called a “graft
rejection response”.

[0145] Accordingly, in order to reduce an abnormal
response by the immune response generated in the grafting
process, immunosuppressive agents have been used, and the
common object of the immunosuppressive agents is to
suppress the T cell-mediated immune response to the graft.
Recently, a method to treat graft rejection diseases by
suppressing the immune response using the regulatory T
cells has been attempted.

[0146] Further, the types of immune diseases which can be
prevented and treated in the present invention are not limited
thereto, but may include rheumatoid arthritis, Behcet’s dis-
ease, multiple myositis or skin myositis, autoimmune
hematocytopenia, autoimmune myocarditis, atopic dermati-
tis, asthma, primary cirrhosis, dermatomyositis, Goodpas-
ture syndrome, autoimmune meningitis, sjogren’s syn-
drome, lupus, Addison’s disease, alopecia areata, ankylosing
myelitis, autoimmune hepatitis, autoimmune mumps,
Crohn’s disease, insulin-dependent diabetes, dystrophic epi-
dermolysis bullosa, epididymitis, glomerulonephritis,
Graves’ disease, Guillain-Barre syndrome, Hashimoto’s dis-
ease, hemolytic anemia, multiple sclerosis, myasthenia gra-
vis, pemphigus vulgaris, psoriasis, rheumatic fever, sarcoi-
dosis, scleroderma, spinal arthrosis, thyroiditis, vasculitis,
vitiligo, myxedema, pernicious anemia, mitochondrial-re-
lated syndromes, ulcerative colitis, and the like.

[0147] Therefore, the composition according to the pres-
ent invention may be used as a pharmaceutical composition
capable of preventing or treating the immune diseases.
[0148] Unless otherwise specified, the term ‘treatment’
means that a disease, a disorder, or one or more symptoms
of the disease or the disorder to which the term is applied is
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reversed or alleviated, or the progress thereof is inhibited or
prevented, and the term ‘treatment’ used in the present
invention means a treating action defined as described
above. Accordingly, the “treatment” or the “treating
method” of the immune diseases in mammals may include
one or more treatments below of:

[0149] (1) inhibiting a growth of the immune diseases, that
is, preventing the development,

[0150] (2) preventing the spread of the immune diseases,
that is, preventing metastasis,

[0151] (3) reducing the immune diseases,

[0152] (4) preventing recurrence of the immune diseases,
and

[0153] (5) palliating symptoms of the immune diseases.
[0154] The composition for preventing or treating the

immune diseases according to the present invention may
include one or more types of compounds among the novel
compounds or a salt thereof with a pharmaceutically effec-
tive amount alone or include one or more carriers, excipi-
ents, or diluents which are pharmaceutically acceptable. The
pharmaceutically effective amount means an amount suffi-
cient to prevent, improve, and treat the symptoms of the
immune diseases.

[0155] The pharmaceutically effective amount of the
novel compound or the salt thereof according to the present
invention may be properly changed according to the degree
of the symptom of the immune disease, an age, a weight, a
health state, a sex, an administration route, and a treatment
period of a patient, and the like.

[0156] Further, the above “pharmaceutically acceptable”
generally means a composition which does not cause an
allergic reaction such as gastroenteric trouble and dizziness
or a similar reaction thereto when being physiologically
acceptable and administrated to the human body. Example of
the carriers, the excipients, and the diluents may include
lactose, dextrose, sucrose, sorbitol, mannitol, xylitol, eryth-
ritol, maltitol, starch, acacia rubber, alginate, gelatin, cal-
cium phosphate, calcium silicate, cellulose, methyl cellu-
lose, polyvinylpyrrolidone, water, methyl hydroxybenzoate,
propyl hydroxybenzoate, talc, magnesium stearate, and min-
eral oil. Further, a filler, an anti-coagulant, a lubricant, a
wetting agent, a flavoring, an emulsifier, a preservative, and
the like may be additionally included.

[0157] Further, the composition of the present invention
may be formulated by using a known method in the art so as
to provide rapid, sustained, or delayed release of an active
component after being administrated to the mammal. The
formulation may be a form of a powder, granules, a tablet,
an emulsion, a syrup, an aerosol, a soft or hard gelatin
capsule, a sterile injection solution, and a sterile powder.
[0158] Further, the composition for preventing or treating
the immune diseases according to the present invention may
be administrated through various routes including oral,
percutaneous, subcutaneous, intravenous and intramuscular
tissues, and the administration amount of the active com-
ponent may be properly selected according to various factors
such as an administration route, an age, a sex, and a weight
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of a patient, and the severity of the patient. The composition
for preventing or treating the immune diseases according to
the present invention may be administrated by combining a
known compound having an effect of preventing, improving,
or treating the symptoms of the immune diseases.

[0159]
composition containing the compound as an active ingredi-

The present invention also provides a use of the

ent for preparing drugs for preventing or treating the
immune diseases. The composition containing the com-
pound as the active ingredient according to the present
invention may be used for preparing the drugs for preventing
or treating the immune diseases.

[0160]
preventing or treating immune diseases including adminis-

The present invention also provides a method for

trating the pharmaceutical composition of the present inven-
tion to the mammal with a therapeutically effective amount.

[0161]
which is a target for treatment, observation, or testing, and
preferably, the human.

[0162]
herein means an amount of an active ingredient or a phar-

The term “mammal” used herein means a mammal

The term “therapeutically effective amount” used

maceutical composition which induces a biological or medi-
cal response in a tissue system considered by researchers,
veterinarian, physician, or other clinicians, an animal, or the
human and includes an amount of inducing alleviation of
symptoms of diseases or disorders to be treated. It is
apparent to those skilled in the art that an effective dose and
the number of administration times on the treatment for the
ingredient component of the present invention are changed
according to a desired effect. Therefore, an optimal dose to
be administrated may be easily determined by those skilled
in the art, and may be adjusted according to various factors
including a type of disease, severity of the disease, the
contents of an active ingredient and other ingredients con-
tained in the composition, a type of formulation, and an age,
a weight, a general health status, a sex, a diet, an adminis-
tration time, a route of administration, a secretion ratio of the
composition, a treating period, and simultaneously used
drugs.

[0163] Furthermore, the present invention may provide an
immune regulatory agent containing the compound provided
in the present invention as an active ingredient.

[0164] Further, the present invention may provide a
method of decreasing the activity of Th17 cells in the cells
by treating the compound of the present invention in the
cells in vitro and also provide a method of increasing the
activity of Treg cells in the cells by treating the novel
compound of the present invention in the cells in vitro.

Best Mode

[0165] Hereinafter, the present invention will be described
in more detail through Examples. Examples are to describe
the present invention in detail and the scope of the present
invention is not limited to Examples.
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EXAMPLE 1

Synthesis of Novel Compound having Effect of
Treating Immune Diseases according to the Present
Invention

[0166] The novel compounds represented by chemical
formulas in the following Table 1 were prepared by a
method of the following reaction formula. In detail, first, in
a sealed reactor, an aniline compound of 1.0 mmol was
dissolved in an acetonitrile solvent and then added with 1.0
mmol dicyandiamide and 1.0 mmol concentrated sulfuric
acid, sealed, and stirred for 1 hr at 175° C. Thereafter, the
solution was cooled at room temperature to produce a white
solid and washed by hexane and isopropyl alcohol after the
solvent was removed to synthesize the following compounds
having a white solid form.

[0167] In processes for synthesizing a total of 24 com-
pounds, other compounds except for an aniline compound
were synthesized under the same condition, and a kind of
aniline used for the synthesis of each compound and chemi-

Apr. 27,2017

11

cal names and structural formulas of the synthesized com-
pounds are as disclosed in the following Table.

[0168] A representative reaction formula used for synthe-
sizing the compounds is as illustrated below.

NH | \_X
=z N ¢c-HCl
u NJkN// i HN A Acetonitrile
2 H | 175° C.
R
NI NH 2
|_X
LN N N
I |
R
[0169] Dicyanodiamide Aniline In the reaction formula, R

is alkyl and X is at least one of F, Cl, or Br.

TABLE 1
Compound
Code Compound Name Used Aniline Compound Structure
8D-281 N-(3,4-Difluoropheny!)-N- F F
ethylbiguanide /@i NH  NH /@
st F HZNJJ\NJI\N F
H H k
8D-282 N-Ethyl-N-(4-fluorophenyl) F F
biguanide /©/ NH  NH /O/
P A A
H H k
8D-283 N-(2,4-Difluorophenyl)-N- F F
ethylbiguanide NH NH
P A A
H H
F k F
8D-284 N-(2,4-Difluorophenyl)-N- F F
methylbiguanide NH NH
“ A
H H |
F F
8D-562 N-(4-Chlorophenyl) Cl Cl
- /©/ Jl]i Jf /©/
H,N H,N N N
H H
8D-563 N-(4-Bromophenyl) Br Br
biguanide /©/ NH NH /O/
HN HN N N
H H
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TABLE 1-continued

Compound
Code Compound Name Used Aniline Compound Structure
8D-564 N-(3-Chlorophenyl)
biguanide )I‘Ji )I‘Ii
HN Cl HN N N Cl
H H
8D-565 N-(3-Bromopheny!)
biguanide j‘lfi Jl‘ﬁ
H,N Br H,N N N Br
H H
8D-566 N-(4-Chlorophenyl)-N- Cl Cl
ethylbiguanide O/ NH NH /@/
o~ A A
H H k
8D-567 N-(4-Bromopheny!)-N- Br Br
ethylbiguanide /©/ NH  NH /©/
s LN N N
H H k
8D-568 N-(3-Chlorophenyl)-N-
ethylbiguanide j‘]fi )I]i
Z Ny Cl HN N N cl
H H k
8D-569 N-(3-Bromophenyl)-N-
ethylbiguanide JNE JI‘Ii
Pt Br  HN N N Br
H H k
8D-570 N-Phenylbiguanide
NH NH
H,N HZNJJ\NJ]\N
H H
8D-571 N-(3,5-Difluorophenyl) F F
biguanide
NH NH
HN F HZN)I\N N F
H H
8D-572 N-(3,4-Difluorophenyl) F F
biguanide /@ NH  NH /@i
H,N F HZNJI\NJJ\N F
H H
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TABLE 1-continued
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Compound
Code Compound Name Used Aniline Compound Structure
8D-573 N-Ethyl-N-pheny!l
biguanide N
8D-574 N-Ethyl-N-(2-fluorophenyl)
biguanide N
8D-575 N-Ethyl-N-(3-fluorophenyl)
biguanide
/\ N
H
8D-576 N-(3,5-Difluorophenyl)-N-
ethylbiguanide
/\ N
H
8D-577 N-(2,5-Difluorophenyl)-

N-ethylbiguanide
N

8D-578  N-Ethyl-N-(2,3 4-trifluorophenyl)
biguanide

8D-579 N-Phenyl-N-isopropyl-
biguanide
8D-580 N-(2,4-Difluorophenyl)-N-

propylbiguanide

Q
i¥e
A

N

N

I¥e
Q
Q
Q
<9
$¥es
i¥e
Q
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TABLE 1-continued
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Compound
Code Compound Name Used Aniline Compound Structure
8D-581 N-(4-Difluorophenyl)-N- F F
propylbiguanide NH NH
NNy LN N N
H H

[0170] With respect to derivative compounds of the pres-
ent invention synthesized by the above method, each com-

pound was identified by 'H-NMR assay and the result
thereof is as described in the following Table.

TABLE 2

Code

Compound Name

NMR assay result

@D-281

@D-282

@D-283

@D-284

@D-562

@D-563

@D-564

®@D-565

®@D-566

@D-567

®@D-568

@D-569

®@D-570

N®
N-Ethyl-N-(4®@
N-(2,4®

N-(2,4®@
N-(4-Chlorophenyl)
@
N-(4-Bromophenyl)
©)
N-(3-Chlorophenyl)
©)

N-3®

N-4®@
N-(4-Bromophenyl)-
N-ethy®
N-(3-Chlorophenyl)-

N-ethylbiguanide

N-(3-Bromophenyl)-
N-ethy®

N-Phenylbiguanide

'H NMR(600 MHz, DMSO-®) 8(ppm): 8.13@, 2H),
7.47-7.39(m, 2H) 7.26-7.16(m, 2H), 6.58Q, 3H), ®

@ = 7.2 Hz, 2H), 1.03@ =® Hz, 3H)

M® M + H®242.2

'H NMR(600 MHz, DMSO-®) 8(ppm): 7.32-7.34 (m,

2H),®@ = 6.6 Hz, 2H), 7.10D 2H), 6.85Q, 4H),

®@(q,® =@ Hz, 2H), 1.06@ = 7.2 Hz, 3H)

M® M + H®224.6

'H NMR(600 MHz, DMSO-&®) &(ppm): 7.50-7.42(m,

3H), 7.25-7.18(m, 2H), @02®, 4H), 3@(q,

@ =@ Hz, 2H), 1.06@ =®@.2 Hz, 3H)

M® M + HRX®2.2

'H NMR(600 MHz, DMSO-®) &(ppm): 7.55-7.52(m,

1H), 7.39-7.XD(m, 2H), 7.17-7.14(m, 5H), 6.79(s, 1H), 3.22(s, 3H)
M® M + H®228

'H NMR(600 MHz, DMSO-®@) 8(ppm): 9.2 @, 1H®
7.39-7.32(m, @H), 7.@Q, 28

MS [M + H®212.6

'H NMR(600 MHz, DMSO-®@) 8(ppm): 9.84@,

1H), 7.49-7.44(m, 2H), 7.36-7.33(m, 6H), 7.(QQ, 2H)

M® M + H®257.1

'H NMR(600 MHz, DMSO-®@)8

Ppm@.81®, 1H),®.55(s, 1H),@@, 3H),®@ =@ Hz, 1H),
®@.24(d,@ = 7.8 Hz, 1H), 7.08-7.Q®, 3H)

M® M + H®212.6

'H NMR(600 MHz, DMSO-®)d

Prm)9®@@, 1H), 7.67@, 1H), 7.38@, 3H),®d,@ =@ Hz, 1H),
®@.23@ = 7.8 Hz, 1H), 7.20-7.19(m, 1H), 7.05®, 2H)

MD M + HOX®

'H NMR(600 MHz, DMSO-®)d

Ppm@(d,® = 6.6 Hz, 2H), 7.30(d®@ = 6@ Hz, ®H), 7.28@, @DH),
@®, 4H), 3.68(q,@ =@ Hz, 2HO@ =@ Hz, 3H)

M® M + H®240®

'H NMR(600 MHz, DMSO-®@)8

(Ppm®@.60(d,@ = 6.9 Hz, 2H), 7.23(d®@ =@ Hz, 2H), ®.16@, 2H)
@Q®@, 4H), 3.68@ = 7.2 Hz, 2H), 1.03®@ = 7.2 Hz, 3H)

M® M + HD®5.2

'H NMR(600 MHz, DMSO-®)d

Ppm@.43@ =@ Hz, DH), 7.40Q = 1@ Hz, @H), 7.38-7.36(m, 1H)
7.20-7..®(m, 1H), 7.23@, 2H), 6..9®, 4H®(q,® = 7.2 Hz, 2H),
@@ =172 Hz, 3H)

M® M + H®240.7

'H NMR(600 MHz, DMSO-®)8

Ppm@.53@ = 2.4 Hz, 1H), 7.51-7.49(m, 1H), 7.37(2 = 7.8 Hz, 1H),
7.30-7.28(m, 1H), 7.19(bs, 2H), 7.09(bs, 1H), 6.97(bs, 3H), 3.68(q,® =
7.2 Hz, 2H)1.04® = 7.2 Hz, 3H)

M® M + H®285.2

'H NMR(600 MHz, DMSO) d(ppm): 9.504(s, 1H),

7.33(d,®@ = 7.8 Hz, 2H), 7.28@ = 7.2 Hz, 2H),

7.229(bs, 3H), 7.034@ = 7.2 Hz, 1H), 6.989(bs, 2H®

M® M + H®178.2
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TABLE 2-continued

Code Compound Name

NMR assay result

@D-571 N-(3,5-D®@)
biguanide

®D-572 N-(3,4-D®)
biguanide

®D-573 N-Ethyl-N-phenyl
biguanide

®D-574 N-Ethyl-N-(2-
@)biguanide

®D-575 N-Ethyl-N-(3-
@) biguanide

®D-576 N-(3,5-D@)-
N-ethylbiguanide

®D-577 N-(2,5-D®@)-
N-ethylbiguanide

®D-578 N-Ethyl-N-(2,3.4-
triflouropheny!)
biguanide

®@D-579 N-Phenyl-N®@

'H NMR (600 MHz, DMSO) 8(ppm): 10.25(s, 1H),

7.57(bs, 4H), 7.19-7.11(m, 4H), 6.88-6.84(m, 1H)

M M + H®214.2

'H NMR(600 MHz, DMSO) 8(ppm): 10.08(s, 1H),

7.62-7.59(m, 1H), 7.48(s, 4H), 7.42-7.32(m, 1H), 7.12(bs, 3H)

M M + H®214.2

'H NMR(600 MHz, DMSO) 8(ppm): 8.95@ =

7.2 Hz, 2H), 8.84Q = 6.6 Hz, 1H), 8.80@ = 7.2 Hz, 2H),

8.57(bs, 2H), 8.42(s, 4H), 5.21(q,® = 7.2 Hz, 2H), 2.57@ = 7.2 Hz, 3H)
M M + H®206.2

'H NMR(600 MHz, DMSO) 8(ppm): 7.39@ =

7.8 Hz, 2H), 7.32Q@ = 9 Hz, 2H)7.26 = 7.2 Hz, 2H),

6.92(s, 4H), 3.65(q,® = 7.2 Hz, 2H), 1.04@ = 7.2 Hz, 3H)

M M + H®224.2

'H NMR(600 MHz, DMSO) &(ppm): 7.45(q,® =

7.2 Hz, 1H), 7.22-7.13(m, 5H)7.023(s, 4H), 3.704(q, @ = 7.29 Hz, 2H),
1.05@ = 7.2 Hz, 3H)

M M + H®224.2

'H NMR (600 MHz, DMSO) &(ppm): 7.28(s, 2H),

7.22-7.19(m, 1H) 7.11(dd, @ = 7.8 Hz,® = 2.4 Hz, 2H),

7.02(s, 4H), 3.71(q,®@ = 7.2 Hz, 2H), 1.05@ = 7.2 Hz, 3H)

M M + H®242.2

'H NMR(600 MHz, DMSO) 8(ppm): 7.40-7.24(m, 5H),

7.07(s, 4H) 3.71(q,®@ = 7.2 Hz, 2H), 1.04@ = 7.2 Hz, 3H®

M M + H®242.2

'H NMR(600 MHz, DMSO) 8(ppm): 7.41(q,® = 9 Hz, 1H),
7.32-7.29(m, 2H), 7.14(s, 5H)3.65(q,® = 7.2 Hz, 2H), 1.04@ = 7.2 Hz, 3H)
M M + H®260.2

'H NMR(600 MHz, DMSO) 8(ppm): 7.48(q,® = 7.2

@ indicates text missing or illegible when filed

[0171] <Testing Method>
[0172] <1> Cells to be Analyzed
[0173] The inventors performed the following test on the

basis of the following test groups in order to verify whether
the respective compounds newly synthesized in the present
invention can treat and prevent immune diseases.

TABLE 3

Test groups performed in test of the present invention

Test group Test target cells

Normal mouse group  Spleen and BM cells of normal mouse DBA1T
mouse

Spleen and BM cells of DBA1J mouse in which
rheumatoid arthritis is induced by CIA

Spleen and BM cells of sanroque mouse with
lupus

Lymphocytes isolated from human peripheral
blood (P.B)

Rheumatoid arthritis
mouse group
Lupus mouse group

Human P.B group

[0174] More particularly, the normal mouse group was
used after spleen cells obtained from a DBA/1J-based nor-
mal mouse was incubated for 72 h in an anti-CD3 0.5 pg/ml
stimulation condition before being treated with the com-
pounds of the present invention to be activated.

[0175] Further, the rheumatoid arthritis mouse was pre-
pared by using the DBA/1J-based normal mouse, and in the
normal mouse, Type 2 collagen Cll was dissolved in a 0.1N
acetic acid solution to be 4 mg/ml, dialyzed with a dialysis
buffer (50 mM Tris, 0.2N Nacl), and mixed with the same
amount as a complete Freund’s adjuvant (CFA, Chondrex)
containing M. tuberculosis, and then subcutaneously
injected in the tail base of the mouse and an immunogen of
100 pl (that is, 100 ul/100 pg) per head was injected (primary

injection). After two weeks from this, the same CII was
mixed with the same amount of incomplete Freund’s adju-
vant (IFA, Chondrex) and 100 pl (that is, 100 ul/100 pg) was
secondarily injected in one hind leg (foot pad) to prepare a
mouse to develop rheumatoid arthritis, and spleen cells were
obtained from the prepared rheumatoid arthritis mouse and
used and also incubated for 72 h under an anti-CD3 0.5
ng/ml stimulation condition, and then activated and used.
[0176] Further, in a lupus-developed mouse model, a
sanroque mouse used in a lupus model in the art was used
and the human P.B group was used by obtaining lympho-
cytes from the human peripheral blood. The isolation of
spleen cells and the isolation of lymphocytes from each
mouse and the human peripheral blood were performed by
a general method which was widely known in the art and the
obtained cells were incubated for 72 h under the anti-CD3
0.5 pg/ml stimulation condition, activated, and then used.
[0177] <2> Cytotoxicity Analysis (MTT Assay)

[0178] In order to verify whether the compounds synthe-
sized in the present invention causes the cytotoxicity in the
cells, an MTT assay was performed, target cells were
divided to be the number of 2x10° cells per well on a 96 well
plate, treated with the compounds of the present invention
for each concentration, incubated for 72 hrs, added with an
MTT solution (0.5% 3-4,5-dimethy] thiazol-2-y1)-2,5-diphe-
nyl-2H-tetrazolium bromide), and incubated for 4 hrs again.
Thereafter, absorbance at 540 nm was measured by an
enzymelinked immunospecific assay (ELISA) meter to
observe the cytotoxicity.

[0179] <3> Analysis for Autoantibody Production and
Immune Response Regulation

[0180] In order to verify whether the novel compound of
the present invention has an effect on the production of Total
IgG, Total IgG1, and IgGG2a antibodies in the serum, the
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ELISA was performed. Accordingly, Total IgG and anti-
body-specific IgG1 and IgGG2a were measured by using a
sandwich ELISA by targeting the cells treated with the
compound of the present invention. Monoclonal anti-mouse
IgG and CII reacted for 1 hr at room temperature in the
96-well plate and then non-specific binding was blocked by
a blocking solution (1% BSA/PBST). The mouse control
serum was continuously diluted by % to be used as a
standard and reacted for 1 hr at room temperature by adding
a cell culture supernatant. Thereafter, anti-mouse IgG-HRP
and anti-mouse 1gG2a-HRP reacted for 1 hr at room tem-
perature, washed four times, and colored with a TMB
system, and the absorbance at a wavelength of 450 nm was
measured.

[0181] <4> Analysis of Effect on Production of Inflam-
matory Cytokines

[0182] In order to verify whether the novel compounds of
the present invention have an effect on inflammation and the
production of inflammatory cytokines as cause substances of
the immune diseases, the inventors analyzed the production
degree of IL-17, IL-6, TNF-a, IFN-y, MMP-9, and STAT-3
and the expression degree of mRNA of these cytokines by
targeting each test group. The production degree of the
inflammatory cytokines was analyzed through an ELISA
after obtaining a supernatant by targeting cells which were
treated with the compound of the present invention and
incubated, and particularly, the cells reacted with cytokine-
specific antibodies anti-1L-17, anti-IL.-6, anti-TNF-a, anti-
IFN-y, anti-MMP-9, and anti-STAT-3 all night at 4 and then
non-specific binding was blocked with a blocking solution
(1% BSA/PBST). Thereafter, each biotinylated antibody
was reacted at room temperature for 2 hrs, washed four
times, and then reacted at room temperature for 2 hrs after
diluting and adding an extravidin-alkaline phosphatase con-
jugate. Thereafter, a PNPP/DEA solution was added and
colored, and then the absorbance was measured at a wave-
length of 405 nm.

[0183] Further, in the analysis of the expression degree of
the inflammatory cytokines, the amount of mRNA was
analyzed by performing RT-PCR using a primer which was
specifically bound to 1L.-17, IL-6, TNF-a. and IFN-y after
obtaining total RNA from analysis-targeted cells.

[0184] <5> Analysis of Inhibition of Th 17 Cells and Treg
Cell-Induced Activity

[0185] Furthermore, the inventors analyzed the novel
compounds of the present invention by using a flow cytom-
eter in order to verify whether the differentiation and activity
of the Th17 cells associated with the induced inflammation
can be inhibited and simultaneously the activity of the Treg
cells having immune regulation ability can be promoted.
That is, after the cells were incubated in a Th 17 cell or Treg
cell differentiation condition targeting T cells, the number of
Foxp3+ Treg cells or it-17+ Th 17 cells was analyzed
through the flow cytometer.

[0186] <6> Effect of Inhibiting Differentiation of Osteo-
clasts
[0187] In the process of differentiating the osteoclasts, in

order to examine the effect of the novel compound of the
present invention, bone marrow cells of the mouse were
obtained and the bone marrow cells were induced to be
differentiated in the presence of a macrophage colony-
stimulating factor (MCSF) and a soluble RANKL (see a
method in Sugatani et al. 2003, J. Cell. Biochem. 90, 59-67).
The bone marrow cells were prepared from the femur and
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the tibia of a 6-week-old mouse and left in the presence of
M-CSF(30 ng/ml:R&D Systems, Minneapolis, MN) in a
8-hole chamber slide (3x10° cells/hole; Nalge Nunc Inter-
national, Naperville, Ill.) at 37° C., after 3 days, non-
adhesive cells containing the lymphocytes were removed,
and precursor cells of adhesive osteoclasts were added in the
presence of M-CSF (30 ng/ml) and RANKIL (30 ng/ml;
Strathmann, Hamburg, Germany) and incubated for 4 days
to obtain the osteoclasts. In this case, a cell culture medium
was exchanged once while the M-CSF and the RANKL were
added. The cells were fixed and straining was performed
according to a protocol of a manufacturer by using a strain
kit (sigma) with respect to tartrate-resistant acid phosphatase
(TRAP). In each chamber, when the cells were observed by
a microscope with 40 magnification, TRAP positive multi-
nuclear cells containing three or more nuclei were counted
as the osteoclasts (Sugatani. et al. 2003, J. Cell. biochem. 90,
59-67).

[0188] Further, the bone marrow cells were differentiated
to the osteoclasts, the novel compound of the present inven-
tion was treated for each concentration in the presence of
M-CSF and the RANKL, cultured for 48 hrs, and then the
cells were strained by TRAP and TRAP positive multi-
nuclear cells were counted.

EXPERIMENTAL EXAMPLE 1

Analysis Result of Cytotoxicity of Novel
Compounds according to the Present Invention

[0189] In order to verify whether the novel compounds
synthesized in Example 1 have the cytotoxicity, a cell
survival rate was verified through the MTT assay by target-
ing cells in each test group disclosed in Table 3 above. That
is, the cells of each test group were divided according to the
number of 2x10° cells per well and treated with the novel
synthesized compounds of the present invention for each
concentration, and the cell survival rate was analyzed.
[0190] As a result, in SD-281, SD-282, SD-283, and
SD-284 compounds, it can be seen that when compared with
a control group or a metformin-treated group, the cytotox-
icity was not observed according to treatment for each cell
concentration and the compounds had no cytotoxicity
according to normal cells and disease-group cells.

EXPERIMENTAL EXAMPLE 2

[0191] Result of Effect on Autoantibody Production and
Immune Response Regulation of Novel Compounds accord-
ing to the Present Invention

[0192] In order to examine an effect on an immune
response by producing auto-antibodies of the novel com-
pounds synthesized in Example 1, the blood was obtained
from each mouse group through orbital bleeding from mice
in the four groups described above and the serum was
isolated from the blood, and the amount of IgG, IgG1, and
1gG2a was measured.

[0193] As a result, in the compounds of the present
invention, it was shown that the amount of immunoglobulin
(total IgG, IgG1, and IgG2) which was in the auto-antibody
production state under the disease condition was reduced for
each processing concentration of the compound, and it can
be seen that in compounds disclosed in the following Table
4, an immunoregulatory function of inhibiting excessive
immune response was excellent.
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TABLE 4

Total IgG IgG1 1gG2

A B C A B C A B C

Control 11 83.2 141.5 311.4 286 4223 103.2 109.6 151.9
group

SD-281 2.3 581 1245 83.8 135.2 2582 35.6 335 843
SD-282 0.7 603 127.7 1 2187 4254 37.1 383 1109
SD-283 2.9 49.6 1135 41 1353 2965 97.6 994 76

Unit: ng/ml

A: Normal mouse cells,

B: Rheumatoid arthritis cells,

C: Lupus cells,

D: Lymphocytes of human peripheral blood

TABLE 5
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EXPERIMENTAL EXAMPLE 3

Analysis Result of Production of Inflammatory
Cytokines and Inhibition of Gene Expression

[0194] A test for verifying whether the novel compounds
of the present invention inhibit the production of the inflam-
matory cytokines inducing the inflammation and immune
diseases and inhibit these factors at a gene level was
performed by a method described in the analysis of the effect
on the production of the inflammatory cytokines disclosed in
the <4>.

[0195] As the analyzed result, all of the novel compounds
synthesized in the present invention inhibited the production
of IL-17, IL-6, TNF-a, IFN-y, MMP-9, and STAT-3 which
were the inflammatory cytokines and the expression at the
gene level to be process concentration dependent. Accord-
ingly, through the result, it can be seen that the novel
compounds synthesized in the present invention can prevent
and treat the immune diseases by inhibiting the production
of the inflammatory cytokines.

Analysis of effect on production of inflammatory cytokines

of novel compounds according to the present invention

IL-17 IL-6 TNF-a

A B C¢C D A B C D A

B ¢ D A B C D

control 32 37 09 03 22 19 18 09 01 13 94 83 145 0.2
SD-281 1.7 22 06 0.1 14 14 1 05 04 0.7 58 53 10 0.1
SD-282 1.7 21 0.6 0.1 1.3 131 04 04 0.7 33 29 76 0.1
SD-283 1.6 22 04 0.1 1.4 1.1 09 05 03 0.6 72 54 55 0.1
SD-284 0.1 0.08
Unit: ng/ml

A: Normal mouse cells,

B: Rheumatoid arthritis cells,

C: Lupus cells,

D: Lymphocytes of human peripheral blood

TABLE 6

Analysis of effect on production of inflammatory cytokines
by targeting normal mouse cells of SD-284 compound

1L-17 1L-6 TNF-a IFN®
Control group 7.6 1.8 0.7 10
SD-284 6.5 0.7 0.5 4.9

Unit: ng/ml

@ indicates text missing or illegible when filed

TABLE 7

Analysis of inhibition of activity of inflammatory factor
of compound of the present invention

TNF-a MMP-9 STAT3
A B C A B C A
control 1 1 1 1 1 1 1
SD-281 0.2 0.6 0.1 0.5 0.4 0.4 1.2
SD-282 0.07 0.06 0.8 0.1 0.08 1.3 0.6
SD-283 0.4 0.06 0.1 0.3 1 0.04 1.3

Unit: gene expression

A: Normal mouse cells,

B: Rheumatoid arthritis cells,
C: Lupus cells

EXPERIMENTAL EXAMPLE 4

Analysis Result of Regulatory Activity of Th17 and
Treg Cells

[0196]
of Th17 cells and induction activity of Treg cells disclosed

The inventors performed an analysis of inhibition

in the <5> in order to examine whether the novel compounds
of the present invention may simultaneously regulate dif-
ferentiation and activity of the Treg cells having immuno-
regulatory ability in addition to differentiation and activity
of the Th17 cells secreting 1L-17 as the inflammatory
cytokine.

[0197]
present invention have the activity of decreasing the 1L.-17

As the analyzed result, the novel compounds of the

expression in disease cells in the Th17 differentiation con-
dition and inhibiting the differentiation to the Th17 cells as
the disease cells and simultaneously increase the expression
of Foxp3 which is a marker of immunoregulatory cells under
the Treg condition and the number of Foxp3 expression
cells. Further, it can be seen that the novel compounds of the
present invention may effectively inhibit the hyperactivated
Th17 cells.
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TABLE 8

Analysis of effect on inhibition of Th17 and activity of Treg of

compounds according to the present invention

Thl7 Treg
TCR condition A B C A B C
Control group 2 3.4 1.1 2.6 33 2.8
SD-281 1.2 1.5 0.8 2 4.6 2.8
SD-282 1.2 1.5 0.9 25 4.6 2.9
SD-283 1.1 2.3 0.5 3 5.1 3.3
A: Normal mouse cells,
B: Rheumatoid arthritis cells,
C: Lupus cells
TABLE 9

Analysis of effect on Th17 in Thl7 differentiation condition
of compounds according to the present invention

Th17
Th17 condition A
Control group 5.7
SD-281 0.4
SD-282 0.5
SD-283 0.9
SD-284 2

[0198] Accordingly, through the results, it can be seen that
the inventors can determine that the novel compounds of the
present invention do not separately regulate the Th17 and the
Treg, but simultaneously regulate the Th17 and the Treg to
more effectively induce the immunoregulatory function, and
thus it can be seen that these compounds can be used as a
more effective immunoregulatory agent or immune disease
treating agent.

EXPERIMENTAL EXAMPLE 5

Analysis Result of Inhibition of Differentiation of
Osteoclasts

[0199] The inventors verified the inhibition degree of the
differentiation of osteoclasts by the compounds of the pres-
ent invention in the cells stimulated by M-CSF and RANKL
through straining of TRAP which is an osteoclast differen-
tiation factor, in order to verify whether the novel com-
pounds of the present invention may effectively treat the
immune diseases.

[0200] As the analyzed result, the novel compounds of the
present invention decrease the number of cells in which the
TRAP which is the osteoclast differentiation factor is
expressed. Through the result, it can be seen that the novel
compounds of the present invention effectively decrease the
differentiation of the osteoclasts that cause joint destruction
to be effectively used for preventing and treating the disease
due to the differentiation of the osteoclasts.
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TABLE 10

Analysis of effect on inhibition of differentiation of osteoclasts
of compounds according to the present invention

TRAP + Cell
A B
Control group 310 246
SD-281 196 57
SD-282 157 89
SD-283 123 85

A: Normal mouse cells,
B: Rheumatoid arthritis cells

EXPERIMENTAL EXAMPLE 6

Effect of Inhibiting Production of TNF-c. and 11.-17
as Inflammatory Cytokines by Targeting Spleen
Cells of Mouse

[0201] Furthermore, the inventors verified that inhibition
degree of IL.-17 and TNF-a as the inflammatory cytokines
through an ELISA after treating anti mouse CD3 at a
concentration of 0.5 pg/ml in the cells obtained from the
spleen of a DBA1/J normal mouse group and commonly
stimulating each compound at a concentration of 200 and
500 uM, in order to evaluating efficacy in an effect of
inhibiting the inflammatory cytokines by targeting the com-
pounds synthesized in Examples of the present invention.
[0202] As aresult, as illustrated in FIG. 24, it can be seen
that the compounds of SD-563, SD-564, SD-566, SD-567,
SD-573, SD-574, and SD-580 have the activity capable of
simultaneously inhibiting the 1[.-17 and the TNF-c. as the
inflammatory cytokines and the inhibition efficacy is
increased to be concentration dependent.

[0203] For now, the present invention has been described
with reference to the exemplary embodiments. It is under-
stood to those skilled in the art that the present invention
may be implemented as a modified form without departing
from an essential characteristic of the present invention.
Therefore, the disclosed exemplary embodiments should be
considered from not a limitative viewpoint but an explana-
tory viewpoint. The scope of the present invention is
described in not the above description but the appended
claims, and it should be analyzed that all differences within
the scope equivalent thereto are included in the present
invention.

1. A compound represented by the following Chemical
Formula or a pharmaceutically acceptable salt thereof:

=4
AN

NH NH

|
- X
|

H,N

=z

In Chemical Formula, X is at least one of F, Cl, Br, or H;
and R is hydrogen or alkyl.
2. The compound of claim 1, wherein the compound is
any one selected from compounds 1 to 24 disclosed in the
following Table.
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Compound
No. Code Compound Name Compound Structure
1 8D-281 N-(3,4-Difluorophenyl)-N- F
ethylbiguanide NH  NH /@
HZN)I\NJJ\N F
H k
2 8D-282 N-Ethyl-N-(4-fluorophenyl) F
biguanide NH  NH /©/
H k
3  8D-283 N-(2,4-Difluorophenyl)-N- F
ethylbiguanide NH NH
H
(¢
4 8D-284 N-(2,4-Difluorophenyl)-N- F
methylbiguanide NH NH
T
F
5 8D-562 N-(4-Chlorophenyl) Cl
bignanide NH NH /@/
HN N N
H H
6 8D-563 N-(4-Bromopheny!) Br
biguanide NH  NH /©/
HN N N
H H
7 8D-564 N-(3-Chlorophenyl)
biguanide NH NH
HN N N Cl
H H
8  8D-565 N-(3-Bromopheny!)
biguanide NH NH
HN N N Br
H H
9 8D-566 N-(4-Chlorophenyl)-N- Cl
ethylbiguanide NH NH /@/
A A
H

N



US 2017/0114008 Al

biguanide

H

NH

NH

JI

N

-continued
Compound
No. Code Compound Name Compound Structure
10 8D-567 N-(4-Bromophenyl)-N- Br
ethylbiguanide NH  NH /@/
A
H k
11 8D-568 N-(3-Chlorophenyl)-N-
ethylbiguanide )Nli )I‘Ii
HN N N Cl
H k
12 8D-569 N-(3-Bromophenyl)-N-
ethylbiguanide JNE Jl]i
HN N N Br
H k
13 8D-570 N-Phenylbiguanide
v NH  NH O
A A
H H
14 8D-571 N-(3,5-Difluorophenyl) F
biguanide
NH NH
HN N N F
H H
15 8D-572 N-(3,4-Difluorophenyl) F
biguanide NH  NH /@i
H,N N N F
H H
16  8D-573 N-Ethyl-N-phenyl
biguanide NH j‘]fi
H,N N N
H k
17 8D-574 N-Ethyl-N-(2-fluorophenyl)
biguanide )I]i j‘]fi
HN N N
H
L+
18 8D-575 N-Ethyl-N-(3-fluorophenyl) /@\
§ F

Apr. 27,2017
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-continued
Compound
No. Code Compound Name Compound Structure
19  8D-576 N-(3,5-Difluorophenyl)-N- F
ethylbiguanide
NH NH
HZNJI\NJJ\N F
H k
20 8D-577 N-(2,5-Difluorophenyl)- F
N-ethylbiguanide
NH NH
A A
H
(¢
21  8D-578 N-Ethyl-N-(2,3,4-trifluorophenyl) F
biguanide )I]i Jl]i
HN N N F
H
(¢
22 8D-579 N-Phenyl-N-isopropy!-
e )I\Ii JNE /@
HN N N
) )\
23 8D-580 N-(2,4-Difluorophenyl)-N- F
propylbiguanide NH NH
A A
H
F
24 8D-581 N-(4-Difluorophenyl)-N- F
propylbiguanide NH NH /@/
HN N N
H

3. A pharmaceutical composition for preventing or treat-
ing immune diseases, the pharmaceutical composition com-
prising the compound of claim 1 as an active ingredient.

4. The pharmaceutical composition for preventing or
treating immune diseases of claim 1, wherein the compound
decreases or inhibits the production of inflammatory cytok-
ines, inhibits the production of auto-antibodies, and inhibits
the differentiation of osteoclasts.

5. The pharmaceutical composition for preventing or
treating immune diseases of claim 4, wherein the inflam-

matory cytokine is 1L.-17, IL-6, TNF-a, IFN-y, MMP-9, or
STAT-3.

6. The pharmaceutical composition for preventing or
treating immune diseases of claim 4, wherein the antibody
is IgG, IgG1l, or IgGG2a.

7. The pharmaceutical composition for preventing or
treating immune diseases of claim 1, wherein the compound
promotes or increases the activity of regulatory T cells and
decreases or inhibits the activity of Th17 cells as pathologi-
cal cells.
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8. The pharmaceutical composition for preventing or
treating immune diseases of claim 1, wherein the compound
is included in the concentration of 0.1 mM to 10 mM in the
composition.

9. The pharmaceutical composition for preventing or
treating immune diseases of claim 1, wherein the immune
disease is selected from the group consisting of autoimmune
diseases; inflammatory diseases; and transplantation rejec-
tion diseases of cells, tissues or organs.

10. The pharmaceutical composition for preventing or
treating immune diseases of claim 9, wherein the immune
disease is selected from rheumatoid arthritis, Behcet’s dis-
ease, multiple myositis or skin myositis, autoimmune
hematocytopenia, autoimmune myocarditis, atopic dermati-
tis, asthma, primary cirrhosis, dermatomyositis, Goodpas-
ture syndrome, autoimmune meningitis, sjogren’s syn-
drome, lupus, Addison’s disease, alopecia areata, ankylosing
myelitis, autoimmune hepatitis, autoimmune mumps,
Crohn’s disease, insulin-dependent diabetes, dystrophic epi-
dermolysis bullosa, epididymitis, glomerulonephritis,

Apr. 27,2017

Graves’ disease, Guillain-Barre syndrome, Hashimoto’s dis-
ease, hemolytic anemia, multiple sclerosis, myasthenia gra-
vis, pemphigus vulgaris, psoriasis, rheumatic fever, sarcoi-
dosis, scleroderma, spinal arthrosis, thyroiditis, vasculitis,
vitiligo, myxedema, pernicious anemia, mitochondrial-re-
lated syndromes, and ulcerative colitis.

11. The pharmaceutical composition for preventing or
treating immune diseases of claim 9, wherein the transplan-
tation rejection disease is a graft versus host disease.

12. An immunoregulatory agent comprising the com-
pound of claim 1 as an active ingredient.

13. A method of decreasing differentiation of undifferen-
tiated T cells into Th17 cells and activity of the Th17 cells,
the method comprising treating the compound of claim 1 to
the undifferentiated T cells in vitro.

14. A method of increasing differentiation of undifferen-
tiated T cells into Treg cells and activity of the Treg cells, the
method comprising treating the compound of claim 1 to the
undifferentiated T cells in vitro.

#* #* #* #* #*



