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(57) Abstract: The present invention relates to novel compounds as HIF-1a inhibitors, manufacturing process thereof, and a phar -
maceutical compositions. The compounds according to the present invention having inhibition activity against HIF-1a, can be used
as a therapeutic prevention and/or treatment for various solid cancers such as colon cancer, liver cancer, stomach cancer and breast
cancer. Also, the compounds according to the present invention are usetul in the treatment of diabetic retinopathy and rheumatoid

arthritis, which are aggravated by HIF-1o-mediated VEGFA expression.
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Description
Title of Invention: NOVEL COMPOUNDS AS HIF-

1«¢INHIBITORS AND MANUFACTURING PROCESS THEREOF
Technical Field

[1] The present invention relates to novel compounds as HIF-1a inhibitors, manu-
facturing process thereof, and a pharmaceutical use comprising the same as an

effective component.

Background Art

[2] In spite of extensive efforts conducted for decades all over the world, cancer still
remains one of the most incurable diseases. Recently, with great and brilliant advances
in all sorts of sciences comprising cancer biology and medicinal chemistry, anticancer
agents such as Gleevec, which have innovative mechanisms, have been developed.
Since the completion of the Human Genome Project, new molecules that are targets of
anticancer agents have been discovered.

[3] HIF-1(Hypoxia Inducible Factor-1) is a heterodimeric transcription factor composed
of two subunits: HIF-1a subunit, an oxygen-dependent decomposition domain; and
HIF-1p subunit, a constitutively expressed domain[Cancer Metastasis Rev. 17,
187-195, 1998; Trends Mol. Med. 7, 345-350, 2001]. Under normal oxygen concen-
trations, the HIF-1a protein is hydroxylated depending on the oxygen at proline
residues 402 and 564, thereby it will be ubiquitinated by interacting the tumor
suppressor pVHL(von Hippel-Lindau) and decomposed by proteasome. In hypoxia,
however, these consecutive reactions are inhibited, so that the HIF-1a protein is ac-
cumulated and translocated as a dimeric complex associated with the preexisting HIF-
13 protein into the nucleus[Science 292, 468-472, 2001]. HIF-13 expression is
relatively constant, therefore HIF-1 action depends on the stability and expression
regulation of HIF-1a mainly. The stability of HIF-1a depends not only on partial
oxygen pressure but also on factors involved in an oxygen sensing pathway, including
transition metal ions, iron chelators, and antioxidants. In addition, the HIF-1a protein
can accumulate irrespective of oxygen concentrations by activation of growth factors,
such as epidermal growth factor, heregulin, insulin-like growth factor-1I, insulin-like
growth factor-I1, etc., or of oncogenes, such as Her2 oncogene(Human Epidermal
Growth Factor Receptor 2), etc. When these growth factors bind to respective
receptors, HIF-1a protein is synthesized by activating the PI3K-AKT or MAPK signal
transduction pathway, with the result that the HIF-1a protein accumulates.

[4] Within a nucleus, HIF-1a/HIF-1f is associated with an HRE(Hypoxia Responsive

Element, 5'-ACGTG-3") on the promoter of a target gene to induce the expression of
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the gene. There are about 60 genes that have been known to be regulated by HIF-1,
including a vascular endothelial growth factor(VEGF) gene[Nat. Rev. Cancer 2, 38-47,
2002; J. Biol. Chem. 278, 19575-19578, 2003; Nat, Med. 9, 677-684, 2003; Biochem.
Pharmacol. 64, 993-998, 2002].

Hypoxia is usual in cancer, in particular solid cancer. Because solid cancer cells are
adapted to a low oxygen condition after being subjected to various genetic alterations,
they become more malignant and resistant to anticancer agents. In fact, hypoxia is
known to play an important role in malignant cancer in over 70% of all cancer
types[Nature 386, 403, 1997; Oncol. 28, 36-41, 2001, Nat. Med. 6, 1335, 2000; Cancer
97, 1573-1581, 2003].

HIF-1 is one of the most important molecules regulating the adaptation of cancer
cells to hypoxia, and the amount of HIF-1a protein is closely correlated with poor
prognosis of cancer patients. Whether attributed to the hypoxia, or above-mentioned
the stimulation of growth factors or the activation of oncogenes, or the inactivation of
tumor suppressors, such as pVHL, the cancer cells are activated, HIF-1a induces the
expression of various genes encoding, for example, hexokinase 2, glucose transporter
1, erythropoietin, IGF-2, endoglin, VEGF, MMP-2, uPAR, MDRI, etc., leading to im-
provement in apoptosis resistance, angiogenesis, cell proliferation, and invasiveness,
thereby resulting in the malignant transformation of cancer cells.

In addition, it is known that HIF-1 overexpression increased patient mortality
through tumor growth stimulation and resistance to chemotherapy and radiation.
Because it plays a pivotal role in the growth, proliferation and malignant trans-
formation of cancer, in particular, solid cancer, HIF-1 has become a major target of
many anticancer agents, and active and extensive research has been conducted
thereon[Cancer Res. 62, 4316, 2002; Nat. Rev. Drug Discov. 2, 1, 2003; Nat. Rev.
Cancer 3, 721-732, 2003].

Recently, a significant number of preexisting anticancer agents, such as taxol,
rafamycin and 17-AAG(17-allylaminogeldanamycin), or small molecular compound
YC-1(3-(5'-hydroxymethyl-2'-furyl)-1-benzylindazole) are undergoing various clinical
demonstrations for use as HIF-1a inhibitors[Nat. Rev. Drug Discov. 2, 1-9, 2003; Nat.
Rev. Cancer 3, 721-732, 2003; INCI 95, 516, 2003], and cell based reporter assays for
screening HIF-1a inhibitors of new structures are being actively conducted by taking
advantage of HRE[Cancer Res. 65, 4918, 2005; Cancer Cell 6, 33, 2004; Cancer Res.
62, 4316, 2002]. However, these are in the early stage of drug discovery.

HIF-1a can be used as a valid target for novel anticancer therapeutics. Angiogenesis
factors which are derived by an activated HIF-1a in hypoxia condition, such as VEGF,
are associated with the progress of diabetic retinopathy and rheumatoid arthritis as well

as cancer.
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In addition, the compounds that inhibit an activated HIF-1a from hypoxia condition
can also be used as novel therapeutics for the diseases comprising diabetic retinopathy

and rheumatoid arthritis[ Pathol. Int. 55, 603-610, 2005].
Consequently, the present inventors have prepared compounds that inhibit the HIF-

la activity and angiogenesis excellently, and have high safety in vivo. Therefore, HIF-
la inhibitors, treating the disease comprising diabetic retinopathy and rheumatoid

arthritis which are derived by an activated HIF-1a, are developed.

Disclosure of Invention

Technical Problem

Accordingly, the present invention is designed to provide novel compound having in-
hibition activity against the transcription factor HIF-1a and manufacturing process
thereof.

It is another object of the present invention is to provide pharmaceutical uses of HIF-
la inhibitors that can be useful for treating cancer, diabetic retinopathy, and
rheumatoid arthritis by showing HIF-1a inhibitory activity.

However, the technical objects to be achieved in the present invention are not limited
to those stated above and other objects may be clearly understood to those skil led in

the art from the fol lowing description.

Solution to Problem
To solve the problem described above, the present invention provides novel

compounds of Formula I, pharmaceutically acceptable salts, hydrates or solvates

thereof.
<Formula I>
R, 0
O R
n 3
Ry R
wherein,

R, represents hydrogen, methyl, fluoro or chloro;

R, represents hydrogen or methyl;
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R; represents,
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o

CF;

Re

TITZ

n represents 1, 2 or 3;

especially,

R, represents dimethyl, cyclopropyl, N,N-dimethylaminoethyl or 2-furanylmethyl;

Ry, represents hydrogen, (S)-methyl or (R)-methyl;

R. represents hydrogen, methyl, isopropyl, tert-butoxycarbonyl(Boc),
4-trifluoromethylbenzyl, hydroxyethyl or propynyl;

R, represents or ;

R. represents hydrogen or hydroxyl.

Preferred examples of the compound of Formula I according to the present invention
comprise the followings:

2-(4-(Adamantan-1-yl)phenoxy)-N,N-dimethylacetamide (I-1);

2-(4-(Adamantan-1-yl)phenoxy)-N-cyclopropylacetamide (I-2);

2-(4-(Adamantan-1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone (I-3);

2-(4-(Adamantan-1-yl)-2-methylphenoxy)-1-(4-methylpiperazin-1-yl)ethanone (I-5);

2-(4-(Adamantan- 1-yl)-2-methylphenoxy)-1-morpholinoethanone (I-6);

2-(4-(Adamantan- 1-yl)-2-methylphenoxy)-N-(2-(dimethylamino)ethyl)acetamide
(I-7);

3-(4-(Adamantan-1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)propan-1-one (I-8);

3-(4-(Adamantan-1-yl)phenoxy)-1-morpholinopropan-1-one (I-9);

3-(4-(Adamantan- 1-yl)phenoxy)-N-(2-(dimethylamino)ethyl)propanamide (I-10);
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[41] 3-(4-(Adamantan- 1-yl)-2-methylphenoxy)-1-(4-methylpiperazin- 1-yl)propan- 1-one
(I-11);

[42] 3-(4-(Adamantan- 1-yl)-2-methylphenoxy)-1-morpholinopropan-1-one (I-12);

[43] 3-(4-(Adamantan- 1-yl)-2-methylphenoxy)-N-(2-(dimethylamino)ethyl)propanamide
(I-13);

[44] 4-(4-(Adamantan-1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)butan-1-one (I-14);

[45] 2-(4-(Adamantan-1-yl)phenoxy)-2-methyl-1-(4-methylpiperazin-1-yl)propan-1-one
(1-23);

[46] 2-(4-(Adamantan-1-yl)phenoxy)-N-(2-(dimethylamino)ethyl)-2-methylpropanamide
(1-24);

[47] 2-(4-(Adamantan- 1-yl)-2-fluorophenoxy)-1-(4-methylpiperazin-1-yl)ethanone (I-25);

[48] 2-(4-(Adamantan- 1-yl)phenoxy)-N-(furan-2-ylmethyl)acetamide (I-26);

[49] 2-(4-(Adamantan- 1-yl)phenoxy)-1-(4-(4-(trifluoromethyl)benzyl)piperazin-1-yl)etha
none (I-27);

[50] 2-(4-(Adamantan-1-yl)phenoxy)-1-(4-isopropylpiperazin-1-yl)ethanone (I-28);

[51] tert-Butyl 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)piperazine- 1 -carboxylate (I-29);

[52] 2-(4-(Adamantan-1-yl)phenoxy)-1-(piperazin-1-yl)ethanone (I-30);

[53] (S)-tert-Butyl
4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-3-methylpiperazine- 1 -carboxylate (I-31);

[54] 2-(4-(Adamantan-1-yl)phenoxy)-1-((S)-2-methylpiperazin- 1-yl)ethanone (I-32);

[55] (R)-tert-Butyl
4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-3-methylpiperazin- 1-carboxylate (I-33);

[56] 2-(4-(Adamantan-1-yl)phenoxy)-1-((R)-2-methylpiperazin-1-yl)ethanone (I-34);

[57] 2-(4-(Adamantan-1-yl)phenoxy)-1-(4-(2-hydroxyethyl)piperazin-1-yl)ethanone
(1-35);

[58] 2-(4-(Adamantan-1-yl)phenoxy)-1-(4-(prop-2-yn-1-yl)piperazin- 1-yl)ethanone
(1-36);

[59] 2-(4-(Adamantan-1-yl)phenoxy)-N-(4-(4-methylpiperazin-1-yl)phenyl)acetamide
(I-37);

[60] 2-(4-(Adamantan-1-yl)phenoxy)-N-(4-(1,1-dioxidothiomorpholino)phenyl)acetamide
(I-38);

[61] 2-(4-(Adamantan-1-yl)phenoxy)-1-(3-(trifluoromethyl)-5,6-dihydro-[ 1,2,4]triazolo[4,
3-a]pyrazin-7(8H)-yl)ethanone (I-39);

[62] N-(Adamantan-1-yl)-2-(4-adamantan-1-yl)phenoxy)acetamide (I-40);

[63] 2-(4-(Adamantan-1-yl)phenoxy)-N-(3-hydroxyadamantan-1-yl)acetamide (I-41); and

[64] 2-(4-(Adamantan-1-yl)-2-chlorophenoxy)-1-(4-methylpiperazin-1-yl)ethanone (I-42).

[65] The compounds according to the present invention can contain one or more actual or

potential chiral centres because of the presence of asymmetric carbon atoms. The
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[66]

[67]
[68]

presence of asymmetric carbon atoms can give rise to a number of diastereoisomers
with R or S stereochemistry at each chiral centre. Therefore, the compounds according

to the present invention include all such diasteroisomers and mixtures thereof.

The compound of Formula I according to the present invention can be prepared using

various methods, and an example of the present invention can be prepared in Scheme

1.
<Scheme 1>
R, (o] R, o)
owakOH OJW%\R?,
R, Ry + RsH - R; R,
Formula 2 Formula 3 Formula |

R;, Ry, Ry and n illustrated in Scheme 1, are the same as defined in Formula I.
wherein,
R, represents hydrogen, methyl, fluoro or chloro;

R, represents hydrogen or methyl;

R represents, : Ry : :
;‘{NRa ;{N)\ E{LO
LN

Re

£ T A0r

CF;

or

especially,

R, represents dimethyl, cyclopropyl, N,N-dimethylaminoethyl or 2-furanylmethyl;
R, represents hydrogen, (S)-methyl or (R)-methyl;

R. represents methyl, isopropyl, tert-butoxycarbonyl(Boc), 4-trifluoromethylbenzyl,

hydroxyethyl or propynyl;
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[83]
[84]

[85]
[86]

[87]
[88]

NT™
K/S\go

R. represents hydrogen or hydroxyl;

n represents 1, 2 or 3.

In detail, the preparation method of the compounds of Formula I according to the
present invention can be prepared a compound of Formula I form a compound of
Formula 2 as a start substance which reacts with Formula 3,
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide(EDCI), 1-Hydroxybenzotriazole
hydrate(HOBt) and N,N-diisopropylethylamine(DIPEA) by coupling reaction in
dimethylformamide(DMF).

<Formula 2>

R, 0

<Formula 3>
RsH

<Formula I>
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[89] R;, Ry, R4 and n are the same as defined in Formula I.

[90] In addition, the compound of Formula 2 used as a start substance in the present
invention can be prepared using Scheme 2.

[91] An example in the present invention, the process for preparing above compounds of
formula 2 is followed by below steps:

[92] Preparing a compound of Formula 6 from Formula 4 which reacts with Formula 5 by
substitution(Step 1);

[93] Preparing a compound of Formula 7 from Formula 6 by demethylation(Step 2);

[94] Preparing a compound of Formula 9 from Formula 7 which reacts with Formula 8 by
alkylation(Step 3); and

[95] Preparing a compound of Formula 2 from Formula 9 by hydrolysis(Step 4).

[96] <Scheme 2>

[97] R, § OCH; i\ OH

AR il vl
R, Ry
Formula 4 Farmula & Formula 6 Formula 7 Formula 8
Ry o Ry o
w* R
Formula 9 Formula 2

[98] Each step of the above preparation method is described in more detail as below.

[99] 1) The compound of Formula 6 can be prepared from the compound of Formula 4 by
substitution reaction with the compound of Formula 5, potassium carbonate and 10%
palladium/charcoal (Pd/C). An example of the above reaction is illustrated below.

[100] OCH;

OCH, @Bf ‘@Q
o o

[101] i1) The compound of Formula 7 can be prepared from the compound of Formula 6 by
demethylation reaction with boron tribromide(BBrs). An example of the above reaction
is illustrated below.

[102] OCHs OH

@/@ ., @/@

[103] ii1) The compound of Formula 9 can be prepared from the compound of Formula 7
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[104]

[105]

[106]

[107]
[108]

[109]
[110]

[111]
[112]

by alkylation reaction with the compound of Formula 8 and anhydrous potassium
carbonate in DMF at room temperature. An example of the above reaction is illustrated

below.

0
OH o NN
CI\)LO/\

+

iv) The compound of Formula 2 can be prepared from the compound of Formula 9
by hydrolysis reaction with hydroxymetal compound (e.g. lithium hydroxide
monohydrate) in mixture of tetrahydrofuran (THF) and H,O. An example of the above
reaction is illustrated below.

o)

o
O%O/\ 0\)J\OH

Formula 2-1

<Formula 2>

<Formula 4>
R 1
OCHs

<Formula 5>
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[113] <Formula 6>

[114] R1
\J: OCHj,

[115] <Formula 7>

[116] R,
OH

[117] <Formula 8>

[118] o)
XW)L /Y
n O

Ry R,

[119] <Formula 9>
[120]

PCT/KR2012/007876
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[121
[122
[123
[124
[125

—_— e e d

[126]

[127]

[128]

Wherein, R;, R, and n are the same as defined in Formula I;

X represents chloro or bromo;

Y represents methyl or ethyl.

In addition, the present invention provides the derivative represented by Formula I,
as used herein the pharmaceutically acceptable salts comprise base addition, acid
addition and quaternary salts. The compounds of the present invention which are acidic
can form salts, including pharmaceutically acceptable salts, with bases such as alkali
metal hydroxides, e.g. sodium and potassium hydroxides; alkaline earth metal hy-
droxides e.g. calcium, barium and magnesium hydroxides; with organic bases e.g. N-
methyl-D-glucamine, choline tris(hydroxylmethyl)aminomethane, L-arginine, L-
lysine, N-ethylpiperidine, dibenzylamine and the like. The compounds of Formula I
which are basic can form salts, including pharmaceutically acceptable salts with
inorganic acids, e.g. with hydrohalic acids such as hydorchloric or hydrobromic acids,
sulfuric acid, nitric acid or phosphoric acid and the like, and with organic acids e.g.
with acetic, tartaric, succinic, fumaric, maleic, malic, salicyclic, citric, succinic, trifluo-
roacetic, methanesulfonic, p-toluenesulfonic, benzoic, benzenesulfonic, glutamic,
lactic, and mandelic acids and the like.

The acid addition salt can be achieved through usual method, for example, the
compound Formula I dissolved in excess acid solution is deposited with water
compatible organic solvent like methanol, ethanol, acetone or acetonitrile.

Also, the compound of Formula I in the present invention can be prepared for phar-
maceutically acceptable metal salts with base. In detail, the alkaine metal or alkaline
earth metal salt can be prepared following method. First, the compound is dissolved in
excess alkaline metal hydroxide or alkaline earth metal hydroxide. Then, undissolved
salts are filtered, and filtrates are dried after evaporating. The pharmaceutically suitable
metal salts are the sodium, potassium or calcium salts.

Preferred examples of pharmaceutically acceptable salts of Formula I compounds

according to the present invention comprise the followings:
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[129] 4-(2-(4-Adamantan- 1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium chloride (I-4);
[130] 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1,1-dimethylpiperazine-1-ium iodide
(I-15);

[131] 4-(2-(4-(Adamantan-1-yl)-2-methylphenoxy)acetyl)-1,1-dimethylpiperazin-1-ium
iodide (I-16);

[132] 2-(2-(4-(Adamantan-1-yl)-2-methylphenoxy)acetamido)-N,N,N-trimethylethanamini
um iodide (I-17);

[133] 4-(3-(4-(Adamantan-1-yl)phenoxy)propanoyl)-1,1-dimethylpiperazin-1-ium iodide
(I-18);

[134] 2-(3-(4-(Adamantan-1-yl)phenoxy)propanamido)-N,N,N-trimethylethanaminium
iodide (I-19);

[135] 4-(3-(4-(Adamantan-1-yl)-2-methylphenoxy)propanoyl)-1,1-dimethylpiperazin-1-iu
m iodide (I-20);

[136] 2-(3-(4-(Adamantan-1-yl)-2-methylphenoxy)propanamido)-N,N,N-trimethylethanam
inium iodide (I-21);

[137] 4-(4-(4-(Adamantan-1-yl)phenoxy)butanoyl)-1,1-dimethylpiperazin-1-ium iodide
(1-22);

[138] 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium methane-
sulfonate (I-43);

[139] 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
3-carboxy-2-(carboxymethyl)-2-hydroxypropanoate (1-44);

[140] 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
(Z)-3-carboxyacrylate (I-45);

[141] 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
4-methylbenzenesulfonate (I-46);

[142] 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
(2R,3R)-3-carboxy-2,3-dihydroxypropanoate (1-47);

[143] -(2-(4-(Adamantan-1-yl)phenoxy)acetyl)- -methylpiperazin-1-ium
3-carboxypropanoate (I-48);

[144] 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin- 1-ium hydrogensulfate
(1-49);

[145] 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium dihydrogen-
phosphate (I-50);

[146] 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin- 1-ium
(E)-3-carboxyacrylate (I-51); and

[147] 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium trifluoroacetate
(I-52).

[148] In addition, the present invention relates to HIF-1a inhibitors comprising the
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compounds of above Formula I, pharmaceutically acceptable salts, solvates or hydrates
thereof as effective components. The compounds according to the present invention
that are developed as pharmaceutical agents comprise the compounds of Formula I,
pharmaceutically acceptable salts, solvates or hydrates thereof.

The compounds according to the present invention can be considered as novel
prevention and/or treatment for cancer, diabetic retinopathy, and rheumatoid arthritis
by inhibiting HIF-1a-mediated gene expression. Therefore, the compounds according
to the present invention exhibit anti-cancer activity not through nonselective cyto-
toxicity, but through selective inhibitory effects on activity of the transcription factor,
HIF-1a, which plays a pivotal role in the growth and metastasis of cancer cells.

As used herein, the term "inhibitory activity against HIF-1a" of the compounds
according to the present invention is intended to encompass all effects on suppressing
the transcription of HRE (Hypoxia Responsive Element, 5'-ACGTG-3"), HIF-1a accu-
mulation, and HIF-1a-mediated gene expression.

The effects of the compounds according to the present invention on the activation of
HRE transcription mediated by HIF-1a under hypoxia were examined. As a result, the
compounds potently inhibited HIF-1a-mediated transcriptional activity. Therefore, the
compounds of the present invention can be used as active ingredients of anti-cancer
agents, due to inhibitory effects on HIF-1a-mediated HRE transcription under hypoxia
that suppress the growth and metastasis of cancer by down-regulating of the expression
of oncogenes.

The compounds according to the present invention also inhibited the expression of
HIF-1a proteins in a dose-dependent manner with no effects on 3-actin expression
under hypoxia. Therefore, the compounds according to the present invention can
display anti-cancer activity without severe side effects, because the compounds
suppressed the growth and metastasis of cancer cells by specifically inhibiting HIF-1a
accumulation, rather than inducing nonspecific cell death.

Furthermore, the compounds according to the present invention show dose-
dependent inhibitory activity against the expression of the HIF-1a target genes
involved in the growth and metastasis of cancer, including VEGFA (Vascular en-
dothelial growth factor A) that plays an important role in the growth and metastasis of
cancer and EPO (erythropoietin) that promotes the generation of erythrocytes.
Therefore, the compounds according to the present invention can be used as active in-
gredients for cancer treatment, due to decreased expression of several HIF-1a target
genes such as VEGFA and EPO contributing to the growth and metastasis of cancer.

Hence, the compounds according to the present invention can effectively inhibit the
activity of HIF-1a and are applicable to the prevention and/or treatment of various

cancers comprising large intestine cancer, hepatic caner, stomach cancer, breast cancer,
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[157]

[158]

colon cancer, bone cancer, pancreatic cancer, head or neck cancer, cervical cancer,
ovarian cancer, rectal cancer, esophageal cancer, small intestine cancer, perianal
cancer, fallopian tube cancer, endometrial cancer, uterine cervical cancer, vaginal
cancer, vulvar cancer, Hodgikin’s disease, prostatic cancer, bladder cancer, kidney
cancer, ureter cancer, renal cell carcinoma, renal pelvis cancer, and central nervous
system tumors.

Moreover, the compounds according to the present invention are therapeutically
effective for diabetic retinopathy or rheumatoid arthritis by inhibitory activity against
HIF-1a. The above term "inhibitory activity against HIF-1a" encompasses all effects
on suppressing HRE (Hypoxia Responsive Element, 5'-ACGTG-3') transcription, HIF-
la accumulation, and HIF-1a-mediated gene expression. As mentioned above, the
compounds according to the present invention can selectively inhibit the expression of
VEGFA in hypoxia without influencing the expression of the control gene GAPDH.
Accordingly, the compounds of the present invention are useful as effective
components for the prevention and/or treatment of diabetic retinopathy or rheumatoid
arthritis, because VEGFA genes can be expressed by HIF-1a under hypoxia.

The present invention also provides HIF-1a inhibitors comprising the compounds of
Formula I, pharmaceutically acceptable salts, solvates or hydrates thereof as effective
components. In addition, the present invention provides a pharmaceutical composition
for the prevention and/or treatment of cancer, diabetic retinopathy or rheumatoid
arthritis comprising the above HIF-1a inhibitors.

The present invention also provides a method of preventing and/or treating cancer,
diabetic retinopathy or rheumatoid arthritis in a subject in need thereof, comprising ad-
ministering an effective amount of a pharmaceutical composition comprising the above
HIF-1a to the subject. The effective dosage of the composition of the present invention
can be determined by those in the art according to weight and condition of a patient,
severity of a disease, formulation of a drug, administration pathway and time. The
above dosage cannot limit the scope of the invention in any way. Also, the pharma-
ceutical composition of the present invention may be administered to mammals
comprising humans but is not limited thereto.

The pharmaceutical compositions according to the present invention can be
formulated into oral or non-oral dosage forms. Examples of oral dosage forms include
tablets, pills, hard/soft capsules, liquids, suspensions, emulsions, syrups, granules,
elixirs, etc. These forms include diluents (for example, lactose, dextrose, sucrose,
mannitol, sorbitol, cellulose, and/or glycin), and/or lubricants (for example, silica, talc,
stearic acid or magnesium or calcium salts thereof, and/or polyethylene glycol) in
addition to the effective components. Tablets include binders such as magnesium

aluminum silicate, starch paste, gelatin, methyl cellulose, sodium carboxymethyl-
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[166]

[167]

[168]

cellulose and/or polyvinylpyrrolidone, and optionally disintegrants. Depending on
cases, starch, agar, alginic acid or sodium salt thereof, a boiling mixture, and/or ab-

sorbents, colorants, flavoring agents, and sweeteners can be used.
Also, the pharmaceutical compositions according to the present invention can be ad-

ministered via non-oral routes. For this, the composition can be formulated into sub-
cutaneous, intravenous, intravenous, intramuscular, or intrathoracic injections. In order
to obtain such non-oral dosage forms, the compounds according to the present
invention are mixed with a stabilizer or a buffer in water to produce a solution or a
suspension which is then packaged into ampule or vial units. Furthermore, the above
composition can contain a preservative, a stabilizer, a wettable agent, an emulsifier, an
auxiliary agent, such as an osmotic pressure-controlling salt and a buffer, and/or other
therapeutically effective materials. They can be mixed, granulized, or coated according
to general methods.

The compounds according to the prevent invention can be administered once daily or
in divided doses to mammals including humans, at a dose of 0.1 to 500mg/kg(body
weight) a day, and preferably at a dose of 0.5 to 100mg/kg(body weight), via an oral or
non-oral route.

The pharmaceutical composition of the present invention can be used alone or in
combination with surgery, radiotherapy, hormone treatment, chemotherapy or a bi-

ological response regulator.

Advantageous Effects of Invention

The present invention relates to novel compounds inhibiting HIF-1a activity,
preparation methods thereof, and HIF-1a inhibitors comprising the above compounds
as effective components.

The compounds, HIF-1a inhibitors, according to the present invention can be new
therapeutic options to develop treatment for various solid cancers such as colon, liver,
gastric, and breast cancers. In addition, the compounds can be used as diabetic
retinopathy and rheumatoid arthritis aggravated by up-regulation of HIF-1a-mediated
VEGFA gene expression under hypoxia.

Brief Description of Drawings

Figure 1 shows the inhibitory activity of the compounds according to the present
invention against HIF-1aexpression.

Figure 2 shows the results of CAM(chick embryo chorioallantoic membrane) assay

of the compounds prepared in the present invention.
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Best Mode for Carrying out the Invention
The present invention will be described more particularly by the Examples but the

present invention is not limited at all by these examples.

<Example 1> 2-(4-(Adamantan- 1-yl)phenoxy)-N.N-dimethylacetamide(I-1)
A suspension of 2-(4-(adamantan-1-yl)phenoxy)acetic acid(0.2 g, 0.69 mmol),

dimethylamine(0.031 g, 0.69 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
HCI(EDCI)(0.16 g, 0.83 mmol) and 1-hydroxybenzotriazole hydrate(HOBt)(0.11 g,
0.83 mmol) in N,N-dimethylformamide(2 mL) was added
N,N-diisopropylethylamine(DIPEA)(0.106 mL, 1.74 mmol) and stirred at room tem-
perature under nitrogen overnight. Reaction mixture was diluted with ethyl acetate and
subsequentially washed with aqueous sodium hydroxide and brine. The organic layer
was dried over anhydrous magnesium sulfate. The solvent was filtered and evaporated
under reduced pressure to afford a crude solid, which was purified by silica gel column
chromatography to give 2-(4-(adamantan-1-yl)phenoxy)-N,N-dimethylacetamide as a
white solid(0.198 g, 90.3% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.23 (2H, d, aromatic-H), 6.82 (2H, d, aromatic-
H), 4.73(2H, s, OCH,), 2.98 (3H, s, CH,), 2.83 (3H, s, CH;), 2.03 (3H, brs, adamantyl-
H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 2> 2-(4-(Adamantan-1-yl)phenoxy)- N -cyclopropylacetamide(I-2)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.2 g, 0.69 mmol) and cyclopropylamine(0.039 g, 0.69 mmol) according to the
example 1, which was given 2-(4-(adamantan-1-yl)phenoxy)-N-cyclopropylacetamide
as a white solid(0.198 g, 87.4% yield).

'H-NMR (DMSO-d¢, 500 MHz) & 8.07 (1H, s, (C=0O)NH), 7.25 (2H, d, aromatic-H),
6.85 (2H, d, aromatic-H), 4.38(2H, s, OCH,), 2.67 (1H, m, cyclopropyl), 2.03 (3H, brs,
adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H), 0.61 (2H, m,
cyclopropyl), 0.48 (2H, m, cyclopropyl).

<Example 3> 2-(4-(Adamantan-1-yl)phenoxy)-1-(4-piperazin-1-yl)ethanone(I-3)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(2.0 g, 6.98 mmol) and 1-methylpiperazine(0.69 g, 6.98 mmol) according to the
example 1, which was given
2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin- 1-yl)ethanone as a white
solid(2.4 g, 93.3% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.23 (2H, d, aromatic-H), 6.82 (2H, d, aromatic-
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H), 4.74 (2H, s, OCH,CO), 3.40 (4H, m, piperazine), 2.74 (4H, m, piperazine), 2.17
(3H, s, CH3), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m,
adamantyl-H).

<Example 4> 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
chloride(1-4)

A suspension of
2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin- 1-yl)ethanone(0.4 g, 1.08
mmol), prepared from example 3, and 1.0 M HCl solution in diethyl ether(0.047 g,
1.30 mmol) in diethyl ether(4 mL) was stirred at room temperature overnight. The
reaction mixture was filtered and dried in vacuum to afford a
4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)- 1 -methylpiperazin-1-ium chloride as a
crystalline white solid(0.43 g, 97.9% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.24 (2H, d, aromatic-H), 6.86 (2H, d, aromatic-
H), 4.82 (2H, s, OCH,CO), 4.20 (2H, m, piperazine), 3.38 (3H, m, piperazine), 3.05
(3H, m, piperazine), 2.77 (3H, s, CH3), 2.04 (3H, brs, adamantyl-H), 1.82 (6H, m,
adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 5>

Step 1 : 1-(4-Methoxy-3-methylphenyl)adamantan

To a solution of 1-bromoadamantane(3.25 g, 15.25 mmol) and potassium

carbonate(1.05 g, 7.62 mmol) in 1-methoxy-2-methylbenzene(10 mL) was added 10
wt. % Pd/C(2.22 g) and stirred at 150 °C under nitrogen for 24 hours. The reaction
mixture was cooled to room temperature and filtered. Solvent was evaporated under
reduced pressure to afford a crude solid, which was purified by silica gel column chro-
matography to give 1-(4-methoxy-3-methylphenyl)adamantane as a white solid(4.9 g,
82.3% yield).

'H-NMR (CDCl;, 300 MHz) 6 7.15 (2H, m, aromatic-H), 6.78 (1H, d, aromatic-H),
3.81 (3H, s, OCHs), 2.23 (3H, s, CH3) 2.08 (3H, s, adamantyl-H), 1.90 (6H, m,
adamantyl-H), 1.76 (6H, m, adamantyl-H).

Step 2 : 4-(Adamantan-1-y1)-2-methylphenol

1-(4-methoxy-3-methylphenyl)adamantane was dissolved in dichloromethane(90
mL) and cooled to -10 °C. Boron tribromide(BBr;)(1.97 g, 8.31 mmol) was slowly
added at -10 °C under nitrogen and stirred for 30 minutes at same temperature to 1.5
hours at room temperature. The reaction mixture was diluted with ethyl acetate and

washed with brine. The organic layer was dried over anhydrous magnesium sulfate.
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The solvent was filtered and evaporated under reduced pressure to afford a crude solid,
which was purified by silica gel column chromatography to give
4-(Adamantan-1-yl)-2-methylphenol as a white solid(1.58 g, 100% yield).

H-NMR (CDCl;, 300 MHz) 6 7.07 (2H, s, aromatic-H), 6.72 (1H, d, aromatic-H),
4.52 (1H, s, OH), 2.25 (3H, s, CH;) 2.08 (3H, s, adamantyl-H), 1.88 (6H, m,
adamantyl-H), 1.76 (6H, m, adamantyl-H).

Step 3 : Ethyl 2-(4-(adamantan-1-y1)-2-methylphenoxy)acetate
To a solution of 4-(adamantan-1-yl)-2-methylphenol(2.0 g, 8.76 mmol) in

N,N-dimethylformamide(10 mL) was added potassium carbonate(3.63 g, 23.29 mmol)
and ethyl chloroacetate(1.29 g, 10.51 mmol), and stirred at room temperature
overnight. The reaction mixture was diluted with ethyl acetate and washed with
aqueous sodium bicarbonate. The organic layer was dried over anhydrous magnesium
sulfate. The solvent was filtered and evaporated under reduced pressure to afford a
crude solid, which was purified by silica gel column chromatography to give ethyl
2-(4-(adamantan- 1-yl)-2-methylphenoxy)acetate as a white solid(2.6 g, 95.9% yield).

TH-NMR (DMSO-d¢, 500 MHz) 6 7.06 (2H, m, aromatic-H), 6.72 (1H, m, aromatic-
H), 4.73 (2H, s, OCH,CO), 4.15 (2H, q, OCH,CH5), 2.18 (3H, q, CH3), 2.03 (3H, brs,
adamantyl-H), 1.81 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H), 1.2 (3H, t, CH,
).

Step 4 : 2-(4-(Adamantan-1-yl)-2-methylphenoxy)acetic acid
To a solution of ethyl 2-(4-(adamantan- 1-yl)-2-methylphenoxy)acetate(1.1 g, 3.50

mmol) in H,O/THF(1 mL/1.20 mL) was added lithium hydroxide monohydrate(0.29 g,
7.00 mmol), and stirred at room temperature overnight. The reaction mixture was
adjusted to acidic solution with 1 N aqueous HCl and extracted with dichloromethane.
The organic layer was washed with H,O and brine, and dried over anhydrous
magnesium sulfate. The solvent was filtered and evaporated under reduced pressure to

afford a crude solid, which was purified by silica gel column chromatography to give

2-(4-(adamantan- 1-yl)-2-methylphenoxy)acetic acid as a white solid(0.54 g, 96.7%
yield).

'H-NMR (DMSO-d¢, 500 MHz) & 12.91 (1H, bs, COOH), 7.13 (1H, s, aromatic-H),
7.05 (1H, m, aromatic-H), 6.70 (1H, d, aromatic-H), 4.63 (2H, s, OCH,CO), 2.17 (3H,
s, CH3), 2.03 (3H, brs, adamantyl-H), 1.90 (6H, m, adamantyl-H), 1.76 (6H, m,
adamantyl-H).
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The title compound was prepared from
2-(4-(adamantan-1-yl)-2-methylphenoxy)acetic acid(0.2 g, 0.66 mmol) and
I-methylpiperazine(0.06 g, 0.66 mmol) according to the example 1, which was given
2-(4-(adamantan-1-yl)-2-methylphenoxy)-1-(4-methylpiperazin- 1-yl)ethanone as a
white solid(0.23 g, 90.5% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.12 (1H, m, aromatic-H), 7.05 (1H, m, aromatic-
H), 6.74 (1H, m, aromatic-H), 4.74 (2H, s, OCH.), 3.45 (4H, m, piperazine), 2.28 (4H,
m, piperazine), 2.17 (6H, s, (CH3),), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m,
adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 6> 2-(4-(Adamantan-1-yl)-2-methylphenoxy)- 1-morpholinoethanone(I-6)

The title compound was prepared from
2-(4-(adamantan- 1-yl)-2-methylphenoxy)acetic acid(0.2 g, 0.66 mmol), prepared from
the step 4 of the example 5, and morpholine(0.058 g, 0.66 mmol) according to the
example 1, which was given
2-(4-(adamantan- 1-yl)-2-methylphenoxy)- 1-morpholinoethanone as a white
solid(0.228 g, 92.7% yield).

H-NMR (DMSO-d¢, 500 MHz) 6 7.12 (1H, s, aromatic-H), 7.04 (1H, m, aromatic-
H), 6.76 (1H, d, aromatic-H), 4.77 (2H, t, OCH,CH,), 3.58 (4H, m, morpholine), 3.45
(4H, m, morpholine), 2.17 (3H, s, CH3), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m,
adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 7>
2-(4-(Adamantan-1-yl)-2-methylphenoxy)-N-(2-(dimethylamino)ethyl)acetamide(1-7)

The title compound was prepared from
2-(4-(adamantan- 1-yl)-2-methylphenoxy)acetic acid(0.2 g, 0.66 mmol), prepared from
the step 4 of the example 5, and N,N-dimethylethane-1,2-diamine(0.058 g, 0.66 mmol)
according to the example 1, which was given
2-(4-(adamantan-1-yl)-2-methylphenoxy)-N-(2-(dimethylamino)ethyl)acetamide as a
white solid(0.22 g, 89.4% yield).

'H-NMR (DMSO-d¢, 500 MHz) & 7.73 (1H, t, (C=O)NH), 7.14 (1H, s, aromatic-H),
7.06 (1H, m, aromatic-H), 6.75 (1H, d, aromatic-H ), 4.43 (2H, t, OCH,CH,), 3.22 (2H,
m, NHCH,CH,), 2.50 (2H, m, NHCH,CH,), 2.30 (2H, t, OCH,CH,), 2.21 (3H, s, CH,),
2.13 (6H, s, (CHa3),), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71
(6H, m, adamantyl-H).

<Example 8>
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The title compound was prepared from 3-(4-(adamantan-1-yl)phenoxy)propanoic
acid(0.2 g, 0.66 mmol) and 1-methylpiperazine(0.06 g, 0.66 mmol) according to the
example 1, which was given
3-(4-(adamantan-1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)propan-1-one as a white
solid(0.24 g, 94.4% yield).

'H-NMR (DMSO-d¢, 500MHz) 6 7.24 (2H, m, aromatic-H), 6.84 (2H, d, aromatic-
H), 4.18 (2H, t, OCH,CH,), 3.85 (4H, m, piperazine), 3.39 (4H, m, piperazine), 3.16
(6H, s, (CHs;),), 2.86 (2H, t, CH,CH,), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m,
adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 9> 3-(4-(Adamantan- 1-yl)phenoxy)-1-morpholinopropan-1-one(I1-9)

The title compound was prepared from 3-(4-(adamantan-1-yl)phenoxy)propanoic
acid(0.2 g, 0.66 mmol) and morpholine(0.058 g, 0.66 mmol) according to the example
1, which was given 3-(4-(adamantan- 1-yl)phenoxy)-1-morpholinopropan-1-one as a
white solid(0.23 g, 93.4% yield).

H-NMR (DMSO-d¢, 500 MHz) 6 7.24 (2H, d, aromatic-H), 6.84 (2H, d, aromatic-
H), 4.16 (2H, t, OCH,CH,), 3.55 (4H, m, morpholine), 3.46 (4H, m, morpholine), 2.79
(2H, m, OCH,CH,), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71
(6H, m, adamantyl-H).

<Example 10>
3-(4-(Adamantan-1-yl)phenoxy)-N-(2-(dimethylamino)ethyl)propanamide(I-10)

The title compound was prepared from 3-(4-(adamantan-1-yl)phenoxy)propanoic
acid(0.2 g, 0.66 mmol) and N,N-dimethylethane-1,2-diamine(0.058 g, 0.66 mmol)
according to the example 1, which was given
3-(4-(adamantan- 1-yl)phenoxy)-N-(2-(dimethylamino)ethyl)propanamide as a white
solid(0.225 g, 91.4% yield).

H-NMR (DMSO-ds, 500 MHz) 6 7.88 (1H, t, (C=0)NH), 7.24 (2H, d, aromatic-H),
6.83 (2H, d, aromatic-H), 4.12 (2H, t, OCH,CH,), 3.14 (2H, m, NHCH,CH,), 2.5 (2H,
m, NHCH,CH,), 2.28 (2H, t, OCH,CH,), 2.14 (6H, s, (CH,),), 2.03 (3H, brs,
adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 11>

The title compound was prepared from
3-(4-(adamantan-1-yl)-2-methylphenoxy)propanoic acid(0.2 g, 0.63 mmol) and

I-methylpiperazine(0.063 g, 0.63 mmol) according to the example 1, which was given
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3-(4-(adamantan-1-yl)-2-methylphenoxy)-1-(4-methylpiperazin-1-yl)propan-1-one as a
white solid(0.236 g, 93.6% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.08 (2H, m, aromatic-H), 6.84 (1H, d, aromatic-
H), 4.15 (2H, t, OCH,CH,), 3.47 (4H, m, piperazine), 2.78 (2H, t, CH,CH,), 2.78 (1H,
m, CH,CH,), 2.28 (4H, m, piperazine), 2.17 (3H, s, CH;), 2.10 (3H, s, CH3), 2.03 (3H,
brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 12>
3-(4-(Adamantan-1-yI)-2-methylphenoxy)-1-morpholinopropan-1-one(I-12)

The title compound was prepared from
3-(4-(adamantan-1-yl)-2-methylphenoxy)propanoic acid(0.2 g, 0.63 mmol) and
morpholine(0.055 g, 0.63 mmol) according to the example 1, which was given
3-(4-(adamantan-1-yl)-2-methylphenoxy)-1-morpholinopropan-1-one as a white
solid(0.22 g, 90.5% yield).

H-NMR (DMSO-d¢, 500 Hz) 6 7.10 (1H, s, aromatic-H), 7.07 (1H, d, aromatic-H),
6.84 (1H, d, aromatic-H), 4.16 (2H, t, OCH,CH,), 3.55 (4H, m, morpholine), 3.46 (4H,
m, morpholine), 2.79 (2H, m, OCH,CH,), 2.09 (3H, s, CH3), 2.03 (3H, brs, adamantyl-
H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 13>
3-(4-(Adamantan-1-yI)-2-methylphenoxy)-N-(2-(dimethylamino)ethyl)propanamide(I-
13)

The title compound was prepared from
3-(4-(adamantan-1-yl)-2-methylphenoxy)propanoic acid(0.2 g, 0.63 mmol) and
N,N-dimethylethane-1,2-diamine(0.056 g, 0.63 mmol) according to the example 1,
which was given
3-(4-(adamantan-1-yl)-2-methylphenoxy)-N-(2-(dimethylamino)ethyl)propanamide as
a white solid(0.228 g, 93.4% yield).

'H-NMR (DMSO-d¢, 500 MHz) d 7.88 (1H, t, (C=O)NH), 7.08 (2H, t, aromatic-H),
6.83 (1H, d, aromatic-H), 4.12 (2H, t, OCH,CH,), 3.16 (2H, m, NHCH,CH,), 2.5 (2H,
m, NHCH,CH,), 2.28 (2H, t, OCH,CH,), 2.13 (6H, s, (CH.),), 2.09 (3H, s, CH,), 2.03
(3H, brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 14>

Step 1 : Ethyl 4-(4-(adamantan-1-yl)phenoxy)butanoate
To a solution of 4-(adamantan-1-yl)phenol(2.0 g, 8.76 mmol) in

N,N-dimethylformamide was added potassium carbonate(3.63 g, 26.29 mmol) and
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[243]

[244]
[245]
[246]

[247]

[248]
[249]

[250]

[251]

[252]
[253]

ethyl 4-bromobutanoate(1.29 g, 10.51 mmol), and stirred at room temperature
overnight. The reaction mixture was diluted with ethyl acetate and washed with
aqueous sodium bicarbonate. The organic layer was dried over anhydrous magnesium
sulfate. The solvent was filtered and evaporated under reduced pressure to afford a
crude solid, which was purified by silica gel column chromatography to give ethyl
4-(4-(adamantan-1-yl)phenoxy)butanoate as a white solid(2.7 g, 90% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.23 (2H, d, aromatic-H), 6.83 (2H, d, aromatic-
H), 4.06 (2H, q, CH,CH,;), 3.94 (2H, t, (CH,),), 2.43 (2H, t, (CH,),), 2.08 (3H, s,
adamantyl-H), 1.92 (2H, m, (CH,),), 1.88 (6H, m, adamantyl-H), 1.76 (6H, m,
adamantyl-H), 1.17 (3H, m, CH,).

Step 2 : 4-(4-(Adamantan-1-yl)phenoxy)butanoic acid
To a solution of ethyl 4-(4-(adamantan-1-yl)phenoxy)butanoate(1.1 g, 3.50 mmol) in

H,O/THF(1 mL/1.20 mL) was added lithium hydroxide monohydrate(0.14 g, 7.00
mmol), and stirred at room temperature overnight. The reaction mixture was adjusted
to acidic solution with 1 N aqueous HCI and extracted with dichloromethane. The
organic layer was washed with H,O and brine, and dried over anhydrous magnesium
sulfate. The solvent was filtered and evaporated under reduced pressure to afford a
crude solid, which was purified by silica gel column chromatography to give
4-(4-(adamantan-1-yl)phenoxy)butanoic acid as a white solid(0.98 g, 97.12% yield).

'H-NMR (DMSO-d¢, 500 MHz) o 12.11 (1H, bs, COOH), 7.23 (2H, d, aromatic-H),
6.83 (2H, d, aromatic-H), 3.93 (2H, t, (CH,),), 2.36 (2H, t, (CH,);), 2.03 (3H, s,
adamantyl-H), 1.91 (2H, m, (CH,),), 1.81 (6H, m, adamantyl-H), 1.71 (6H, m,
adamantyl-H).

Step 3 : 4(-(4-(Adamantan-1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)butan-1-one
(I-14)

The title compound was prepared from 4-(4-(adamantan-1-yl)phenoxy)butanoic

acid(0.2 g, 0.63 mmol) and 1-methylpiperazine(0.063 g, 0.63 mmol) according to the
example 1, which was given

4-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)butan-1-one as a white
solid(0.239 g, 95.0% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.23 (2H, d, aromatic-H), 6.83 (2H, d, aromatic-
H), 3.94 (2H, t, OCH»(CH,),), 3.42 (4H, m, piperazine), 2.43 (2H, m, CHx(CH,),), 2.22
(4H, m, piperazine), 2.15 (3H, s, CH3), 2.03 (3H, brs, adamantyl-H), 1.90 (2H, m, CH,
(CH,),), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 15>
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[254]

[255]

[256]

[257]

[258]

[259]

[260]
[261]

[262]

[263]

4-(2-(4-Adamantan-1-yl)phenoxy)acetyl)-1.1-dimethylpiperazin-1-ium iodide(I-15)

A suspension of
2-(4-(Adamantan- 1-yl)phenoxy)- 1-(4-methylpiperazin- 1-yl)ethanone(0.2 g, 0.50
mmol), prepared from example 3, and methyl i0odide(0.286 g, 2.01 mmol) in diethyl
ether(2 mL) was stirred at room temperature overnight. The reaction mixture was
filtered and dried in vacuum oven at 50 °C to afford a
4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-1,1-dimethylpiperazin-1-ium iodide as a
white solid(0.27 g, 97.5% yield).

H-NMR (DMSO-d¢, 500 Hz) 6 7.24 (2H, d, aromatic-H), 6.85 (2H, d, aromatic-H),
4.74 (1H, s, OCH,CO), 3.82 (1H, s, OCH,CO), 3.43 (4H, m, piperazine), 3.16 (3H, s,
CH5), 2.27 (4H, m, piperazine), 2.17 (3H, s, CH3), 2.03 (3H, brs, adamantyl-H), 1.82
(6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 16>

4-(2-(4-(Adamantan-1-v1)-2-methvilphenoxv)acetvD)-1.1-dimethvlpiperazin-1-ium

iodide(I-16)

The title compound was prepared from
2-(4-(adamantan- 1-yl)-2-methylphenoxy)-1-(4-methylpiperazin-1-yl)ethanone(0.2 g,
0.50 mmol), prepared from the example 5, according to the example 15, which was
given 4-(2-(4-(adamantan-1-yl)-2-methylphenoxy)acetyl)-1,1-dimethylpiperazin-1-ium
iodide as a white solid(0.268 g, 97.8% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.12 (1H, m, aromatic-H), 7.05 (1H, m, aromatic-
H), 6.74 (1H, d, aromatic-H), 4.84 (1H, s, OCH,), 4.74(1H, s, OCH,), 3.83(2H, m,
piperazine), 3.40 (4H, m, piperazine), 3.17 (3H, s, CHs), 2.25 (2H, m, piperazine), 2.17
(6H, d, (CH3),), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m,
adamantyl-H).

<Example 17>

2-(2-(4-Adamantan-1-v1)-2-methvlphenoxy)acetamido)-N.N.N-trimethylethanaminium

iodide(I-17)

The title compound was prepared from
2-(4-(adamantan- 1-yl)-2-methylphenoxy)-N-(2-(dimethylamino)ethyl)acetamide(0.2 g,
0.50 mmol), prepared from the example 7, according to the example 15, which was
given
2-(2-(4-(adamantan-1-yl)-2-methylphenoxy)acetamido)-N,N,N-trimethylethaneaminiu
m iodide as a white solid(0.27 g, 97.8% yield).

'H-NMR (DMSO-d¢, 500 MHz) & 8.16 (1H, t, (C=O)NH), 7.15 (1H, s, aromatic-H),
7.06 (1H, m, aromatic-H), 6.75 (1H, d, aromatic-H ), 4.50 (2H, t, OCH,CH,), 3.57 (2H,
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m, NHCH,CH,), 3.40 (2H, t, NHCH,CH,), 3.07 (6H, s, (CH,),), 2.50 (2H, t, OCH,CH,
), 2.23 (3H, s, CH3), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71
(6H, m, adamantyl-H).

[264]
[265] <Example 18>

4-(3-(4-(Adamantan-1-vl)phenoxv)propanovl-1.1-dimethylpiperazin-1-ium iodide

(I-18)

[266] The title compound was prepared from
3-(4-(adamantan-1-yl)phenoxy)-1-(4-methylpiperazin- 1-yl)propan-1-one(0.2 g, 0.50
mmol), prepared from the example 8, according to the example 15, which was given
4-(3-(4-(adamantan-1-yl)phenoxy)propanoyl-1,1-dimethylpiperazin-1-ium iodide as a
white solid(0.266 g, 97.0% yield).

[267] 'H-NMR (DMSO-d¢, 500 MHz) o 7.24 (2H, m, aromatic-H), 6.84 (2H, d, aromatic-
H), 4.15 (2H, t, OCH,CH,), 3.45 (4H, m, piperazine), 2.77 (2H t, CH,CH,), 2.28 (4H,
m, piperazine), 2.17 (3H, s, CH3), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m,
adamantyl-H), 1.71 (6H, m, adamantyl-H).

[268]

[269] <Example 19>
2-(3-(4-(Adamantan-1-yl)phenoxy)propanamido)-N.N.N-trimethylethanaminium
iodide(I-19)

[270] The title compound was prepared from
3-(4-(adamantan- 1-yl)phenoxy)-N-(2-(dimethylamino)ethyl)propanamide(0.2 g, 0.50
mmol), prepared from the example 10, according to the example 15, which was given
2-(3-(4-(adamantan-1-yl)phenoxy)propanamido)-N,N,N-trimethylethaneaminium
iodide as a white solid(0.265 g, 96.0% yield).

[271] 'H-NMR (DMSO-d¢, 500 MHz) & 8.32 (1H, t, (C=O)NH), 7.24 (2H, d, aromatic-H),
6.83 (2H, d, aromatic-H), 4.15 (2H, t, OCH,CH,), 3.51 (2H, m, NHCH,CH,), 3.37 (2H,
m, NHCH,CH,), 3.09 (9H, s, (CH,),), 2.55 (2H, t, OCH,CH,), 2.03 (3H, brs,
adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

[272]

[273] <Example 20>

iodide(1-20)
[274] The title compound was prepared from

3-(4-(adamantan-1-yl)-2-methylphenoxy)-1-(4-methylpiperazin-1-yl)propan-1-one(0.2
g, 0.50 mmol), prepared from the example 11, according to the example 15, which was
given

4-(3-(4-(adamantan-1-yl)-2-methylphenoxy)propanoyl)-1,1-dimethylpiperazin-ium
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[275]

[276]

[277]

[278]

[279]

[280]
[281]

[282]

[283]

[284]
[285]

[286]
[287]

iodide as a white solid(0.261 g, 96.3% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.08 (2H, m, aromatic-H), 6.84 (1H, d, aromatic-
H), 4.16 (2H, t, OCH,CH,), 3.84 (2H, m, piperazine), 3.46 (4H, m, piperazine) 3.37
(1H, m, CH,CH,), 2.78 (1H, m, CH,CH,), 3.15 (3H, s, CH3), 2.28 (2H, m, piperazine),
2.10 (3H, s, (CHs3),), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71
(6H, m, adamantyl-H).

<Example 21>

2-(3-(4-Adamantan-1-v1)-2-methvlphenoxv)propanamido)-N.N.N-trimethvlethanamini

um iodide(I-21)

The title compound was prepared from
3-(4-(adamantan- 1-yl)-2-methylphenoxy)-N-(2-(dimethylamino)ethyl)propanamide(0.
2 g, 0.50 mmol), prepared from the example 13, according to the example 15, which
was given
2-(3-(4-(adamantan-1-yl)-2-methylphenoxy)propanamido)-N,N,N-trimethylethaneami
nium iodide as a white solid(0.269 g, 98.5% yield).

'H-NMR (DMSO-d¢, 500 MHz) & 8.31 (1H, t, (C=O)NH), 7.08 (2H, t, aromatic-H),
6.83 (1H, d, aromatic-H), 4.15 (2H, t, OCH,CH,), 3.51 (2H, m, NHCH,CH,), 3.36 (2H,
m, NHCH,CH,), 3.09 (9H, s, (CHs)5), 2.57 (2H, t, OCH.CH,), 2.09 (3H, s, CH3), 2.03
(3H, brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 22>
4-(4-(4-(Adamantan-1-vl)phenoxy)butanovl)-1.1-dimethvlpiperazin-1-ium iodide(I-22)

The title compound was prepared from
4-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin- 1-yl)butan-1-one(0.2 g, 0.50
mmol), prepared from the example 14, according to the example 15, which was given
4-(4-(4-(adamantan- 1-yl)phenoxy)butanoyl)-1,1-dimethylpiperazin- 1-ium iodide as a
white solid(0.265 g, 97.7% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.23 (2H, d, aromatic-H), 6.83 (2H, d, aromatic-
H), 3.95 (2H, t, OCH,(CH,),), 3.80 (4H, m, piperazine), 3.36 (4H, m, piperazine), 3.14
(6H, s, (CHs)y), 2.53 (2H, m, CHy(CH,),), 2.04 (2H, m, CH,(CH,),), 2.03 (3H, brs,
adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 23>

Step 1 : Methyl 2-(4-(adamantan-1-yl)phenoxy-2-methylpropanoate
To a solution of 4-(adamantan-1-yl)phenol(0.8 g, 3.50 mmol) in
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[288]

[289]
[290]
[291]

[292]

[293]

[294]

[295]

[296]

N,N-dimethylformamide(8 mL) was added anhydrous potassium carbonate(1.45 g,
10.51 mmol) and methyl 2-bromo-2-methylpropanoate(1.15 g, 7.0 mmol), and stirred
at room temperature for 12 hours. The reaction mixture was diluted with ethyl acetate
and washed with aqueous sodium bicarbonate. The organic layer was dried over
anhydrous magnesium sulfate. The solvent was filtered and evaporated under reduced
pressure to afford a crude solid, which was purified by silica gel column chro-
matography to give methyl 2-(4-(adamantan-1-yl)phenoxy)-2-methylpropanoate as
colorless oil(1.1 g, 94.1% yield).

'H-NMR (MeOH-d,, 500 MHz) 6 7.21 (2H, d, aromatic-H), 6.75 (2H, d, aromatic-
H), 3.73 (3H, s, OCHs), 2.05 (3H, brs, adamantyl-H), 1.88 (6H, m, adamantyl-H), 1.77
(6H, m, adamantyl-H), 1.52 (6H, s, (CHs),).

Step 2 : 2-(4-(Adamantan-1-yl)phenoxy)-2-methylpropanoic acid
To a solution of methyl 2-(4-(adamantan- 1-yl)phenoxy)-2-methylpropanoate(1.0 g,

3.00 mmol), prepared from step 1, in HO/THF(1:1.20 mL) was added lithium
hydroxide monohydrate(0.51 g, 12.00 mmol), and stirred at room temperature
overnight. The reaction mixture was adjusted to acidic solution with 1 N aqueous HCI
and extracted with dichloromethane. The organic layer was washed with H,O and
brine, and dried over anhydrous magnesium sulfate. The solvent was filtered and
evaporated under reduced pressure to afford a crude solid, which was purified by silica
gel column chromatography to give
2-(4-(adamantan- 1-yl)phenoxy)-2-methylpropanoic acid as a white solid(0.92 g, 96.1%
yield).

'H-NMR (DMSO-d¢, 500 MHz) d 12.94 (1H, bs, COOH), 7.23 (2H, d, aromatic-H),
6.74 (2H, d, aromatic-H), 2.03 (3H, brs, adamantyl-H), 1.81 (6H, m, adamantyl-H),
1.71 (6H, m, adamantyl-H), 1.47 (6H, s, (CHs),).

Step 3 :
2-(4-(Adamantan-1
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The title compound was prepared from
2-(4-(adamantan- 1-yl)phenoxy)-2-methylpropanoic acid(0.2 g, 0.63 mmol) and
I-methylpiperazine(0.063 g, 0.63 mmol) according to the example 1, which was given
2-(4-(adamantan-1-yl)phenoxy)-2-methyl-1-(4-methylpiperazin- 1-yl)propan-1-one as a
white solid(0.236 g, 93.7% yield).

H-NMR (DMSO-d¢, 500 MHz) 6 7.23 (2H, d, aromatic-H), 6.71 (2H, d, aromatic-
H), 3.71 (2H, bs, piperazine), 3.47 (2H, bs, piperazine), 2.13 (2H, bs, piperazine), 2.03
(3H, brs, adamantyl-H), 1.99 (3H, s, CH3), 1.83 (2H, bs, piperazine), 1.81 (6H, m,
adamantyl-H), 1.68 (6H, m, adamantyl-H), 1.47 (6H, s, (CH3),).
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[298] <Example 24>

[299]

[300]

[301]
[302]

[303]

[304]

[305]

[306]
[307]
[308]

[309]

[310]
[311]
[312]

2-(4-(Adamantan-1-yl)phenoxy)-N-(2-(dimethylamino)ethyl)-2-methylpropanamide(I-
24)

The title compound was prepared from
2-(4-(adamantan- 1-yl)phenoxy)-2-methylpropanoic acid(0.2 g, 0.63 mmol), prepared
from the step 2 of example 23, and N,N-dimethylethane-1,2-diamine(0.056 g, 0.63
mmol) according to the example 1, which was given
2-(4-(adamantan- 1-yl)phenoxy)-N-(2-(dimethylamino)ethyl)-2-methylpropanamide as
a white solid(0.228 g, 93.4% yield).

'H-NMR (DMSO-d¢, 500 MHz) © 7.83 (1H, t, (C=0)NH), 7.23 (2H, d, aromatic-H),
6.83 (2H, d, aromatic-H), 4.08 (2H, m, NHCH,CH,), 2.26 (2H, t, NHCH,CH,), 2.12
(6H, s, (CHs;),), 2.03 (3H, brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m,
adamantyl-H), 1.47 (6H, s, (CH3),).

<Example 25>

Step 1 : 1-(3-Fluoro-4-methoxyphenyl)adamantane

The title compound was prepared from 1-fluoro-2-methoxybenzene(10 mL) and
I-bromoadamantane(3.25 g, 15.25 mmol) according to the step 1 of the example 5,
which was given 1-(3-fluoro-4-methoxyphenyl)adamantane(5.05 g, 83.3% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.25 (2H, m, aromatic-H), 6.78 (1H, d, aromatic-
H), 3.82 (3H, s, OCHs), 2.03 (3H, s, adamantyl-H), 1.80 (6H, m, adamantyl-H), 1.71
(6H, m, adamantyl-H).

Step 2 : 4-(Adamantan-1-yl)-2-fluorophenol

The title compound was prepared from
1-(3-fluoro-4-methoxyphenyl)adamantane(3.0 g, 11.52 mmol) according to the step 2
of the example 5, which was given 4-(adamantan- 1-yl)-2-fluorophenol(2.80 g, 99%
yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 9.50 (1H, bs, COOH), 7.02 (2H, m, aromatic-H),
6.85 (1H, m, aromatic-H), 2.02 (3H, s, adamantyl-H), 1.78 (6H, m, adamantyl-H), 1.70
(6H, m, adamantyl-H).

Step 3 : Ethyl 2-(4-(adamantan-1-v1)-2-fluorophenoxy)acetate

The title compound was prepared from 4-(adamantan-1-yl)-2-fluorophenol(2.0 g,
8.11 mmol), prepared from the step 2, according to the step 3 of the example 5, which
was given ethyl 2-(4-(adamantan-1-yl)-2-fluorophenoxy)acetate(2.54 g, 94.8% yield).
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[324]

[325]

[326]

'H-NMR (DMSO-d¢, 500 MHz) 6 7.06 (2H, m, aromatic-H), 6.98 (1H, m, aromatic-
H), 4.81 (2H, s, OCH,CO), 4.15 (2H, q, OCH,CH3), 2.03 (3H, brs, adamantyl-H), 1.81
(6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H), 1.20 (3H, t, CH,).

Step 4 : 2-(4-(Adamantan-1-y1)-2-fluorophenoxy)acetic acid

The title compound was prepared from ethyl
2-(4-(adamantan- 1-yl)-2-fluorophenoxy)acetate(1.1 g, 3.30 mmol), prepared from the
step 3, according to the step 4 of the example 5, which was given
2-(4-(adamantan-1-yl)-2-fluorophenoxy)acetic acid(0.92 g, 91.3% yield).

'H-NMR (DMSO-d¢, 500 MHz) d 13.05 (1H, brs, COOH), 7.18 (1H, m, aromatic-
H), 7.04 (1H, m, aromatic-H), 6.96 (1H, m, aromatic-H), 4.71 (2H, s, OCH,CO), 2.03
(3H, brs, adamantyl-H), 1.81 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

The title compound was prepared from

2-(4-(adamantan- 1-yl)-2-fluorophenoxy)acetic acid(0.15 g, 0.49 mmol), prepared from
the step 4, and 1-methylpiperazine(0.049 g, 0.49 mmol) according to the example 1,
which was given

2-(4-(adamantan- 1-yl)-2-fluorophenoxy)-1-(4-methylpiperazin-1-yl)ethanone as a
white solid(0.173 g, 91.3% yield).

'H-NMR (DMSO-d¢, 500 MHz) o 7.14 (1H, m, aromatic-H), 7.04 (1H, d, aromatic-
H), 6.96 (1H, m, aromatic-H), 4.86 (2H, s, OCH,CO), 3.43 (4H, m, piperazine), 2.25
(4H, m, piperazine), 2.18 (3H, s, CH3), 2.03 (3H, brs, adamantyl-H), 1.81 (6H, m,
adamantyl-H), 1.70 (6H, m, adamantyl-H).

<Example 26> 2-(4-(Adamantan-1-yl)phenoxy)-N-(furan-2-ylmethyl)acetamide
(1-26)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.3 g, 1.04 mmol) and furan-2-ylmethaneamine(0.101 g, 1.04 mmol) according to
the example 1, which was given
2-(4-(adamantan-1-yl)phenoxy)-N-(furan-2-ylmethyl)acetamide as a white solid(0.346
g, 90.8% yield).

TH-NMR (DMSO-ds, 500 MHz) 6 8.52 (1H, t, (C=0)NH), 7.55 (1H, s, aromatic-H),
7.25 (2H, d, aromatic-H), 6.88 (2H, d, aromatic-H), 6.37 (1H, m, aromatic-H), 6.18
(1H, m, aromatic-H), 4.47 (2H, s, OCH,CO), 4.32 (2H, s, CH,), 2.04 (3H, brs,
adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).
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<Example 27>

2-(4-(Adamantan-1-y)phenoxv)-1-(4-(4-(trifluoromethyl)benzvl)piperazin-1-vl)ethano

ne(I-27)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.3 g, 1.04 mmol) and 1-(4-(trifluoromethyl)benzyl)piperazine(0.255 g, 1.04
mmol) according to the example 1, which was given
2-(4-(adamantan-1-yl)phenoxy)-1-(4-(4-(trifluoromethyl)benzyl)piperazin-1-yl
)ethanone as a white solid(0.501 g, 93.3% yield).

'H-NMR (DMSO-d¢, 500 MHz) 6 7.70 (2H, d, aromatic-H), 7.55 (2H, d, aromatic-
H), 7.23 (2H, d, aromatic-H), 6.82 (2H, d, aromatic-H), 4.74 (2H, s, OCH,CH,), 3.60
(2H, s, CH,), 3.46 (4H, m, piperazine), 2.38 (4H, m, piperazine), 2.03 (3H, brs,
adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.71 (6H, m, adamantyl-H).

<Example 28>

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.23 g, 0.80 mmol) and 1-isopropylpiperazine(0.102 g, 0.80 mmol) according to
the example 1, which was given
2-(4-(adamantan- 1-yl)phenoxy)-1-(4-isopropylpiperazin- 1-yl)ethanone as a white
solid(0.298 g, 93.7% yield).

'H-NMR (MeOH-d,, 500 MHz) 6 7.18 (2H, d, aromatic-H), 6.78 (2H, d, aromatic-
H), 4.65 (2H, s, OCH,CO), 3.50 (4H, m, piperazine), 2.61 (1H, m, CH), 2.44 (4H, m,
piperazine), 1.96 (3H, brs, adamantyl-H), 1.80 (6H, m, adamantyl-H), 1.69 (6H, m,
adamantyl-H), 0.96 (6H, d, CHs).

<Example 29> tert -Butyl
4-(2-(4-(adamantan-1-yl)phenoxy)acetyl)piperazine- 1 -carboxylate(1-29)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.28 g, 0.97 mmol) and tert-butyl piperazine-1-carboxylate(0.182 g, 0.97 mmol)
according to the example 1, which was given tert-butyl
4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)piperazine-1-carboxylate as a white
solid(0.399 g, 90.0% yield).

'H-NMR (MeOH-d,, 500 MHz) 6 7.18 (2H, d, aromatic-H), 6.79 (2H, d, aromatic-
H), 4.67 (2H, s, OCH,CO), 3.47 (4H, m, piperazine), 3.35 (4H, m, piperazine), 1.96
(3H, brs, adamantyl-H), 1.80 (6H, m, adamantyl-H), 1.69 (6H, m, adamantyl-H), 1.36
(OH, s, (CHs)s).

<Example 30> 2-(4-(Adamantan-1-yl)phenoxy)-1-(piperazin-1-ylethanone(I-30)
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To a solution of tert-butyl
4-(2-(4-(adamantan-1-yl)phenoxy)acetyl)piperazine-1-carboxylate(0.15 g, 0.42 mmol),
prepared from the exaple 29, in dichloromethane(1.5 mL) was added trifluoroacetic
acid(0.15 g, 1.69 mmol) and stirred at room temperature overnight. The reaction
mixture was concentrated and diluted with dichloromethane. The organic layer was
washed with aqueous sodium bicarbonate and dried over anhydrous magnesium
sulfate. The solvent was filtered and evaporated under reduced pressure to afford a
crude solid, which was purified by silica gel column chromatography to give
2-(4-(adamantan- 1-yl)phenoxy)-1-(piperazin-1-yl)ethanone as a white solid(0.11 g,
94.8% yield).

'H-NMR (MeOH-d,, 500 MHz) 6 7.18 (2H, d, aromatic-H), 6.79 (2H, d, aromatic-
H), 4.66 (2H, s, OCH,CO), 3.52 (4H, m, piperazine), 2.80 (4H, m, piperazine), 1.96
(3H, brs, adamantyl-H), 1.80 (6H, m, adamantyl-H), 1.69 (6H, m, adamantyl-H).

<Example 31> (S)- rerr -Butyl
4-(2-(4-(adamantan-1-vl)phenoxy)acetyl)-3-methylpiperazine-1-carboxylate(I-31)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic

acid(0.2 g, 0.69 mmol) and (S)-tert-butyl 3-methylpiperazine-1-carboxylate(0.139 g,
0.69 mmol) according to the example 1, which was given (S)-tert-butyl
4-(2-(4-(adamantan-1-yl)phenoxy)acetyl)-3-methylpiperazine- 1 -carboxylate as a white
solid(0.298 g, 91.2% yield).

'H-NMR (DMSO-d¢, 400 MHz) 6 7.30 (2H, d, aromatic-H), 6.89 (2H, d, aromatic-
H), 4.84 (2H, s, OCH,CO), 4.54 (1H, m, piperazine), 4.12 (2H, m, piperazine), 3.90
(2H, m, piperazine), 2.98 (2H, m, piperazine), 2.48 (3H, d, CHs;), 2.14 (3H, brs,
adamantyl-H), 1.89 (6H, m, adamantyl-H), 1.78 (6H, m, adamantyl-H), 1.47 (9H, s,
(CHy)y).

<Example 32>
2-(4-(Adamantan-1 S)-2-methylpiperazin-1-ylethanone(I-32)
The title compound was prepared from (S)-tert-butyl

1
—_
=
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]
>4

]
—

1

4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-3-methylpiperazine- 1 -carboxylate(0.18 g,
0.38 mmol), prepared from the example 31, according to the example 30, which was
given 2-(4-(adamantan-1-yl)phenoxy)-1-((S)-2-methylpiperazin-1-yl)ethanone as a
white solid(0.132 g, 93.6% yield).

H-NMR (DMSO-d¢, 400 MHz) 6 7.32 (2H, d, aromatic-H), 6.91 (2H, d, aromatic-
H), 4.88 (2H, s, OCH,CO), 4.30 (2H, m, piperazine), 3.50 (2H, m, piperazine), 3.34
(2H, m, piperazine), 3.25 (1H, m, piperazine), 2.56 (3H, d, CHs), 2.10 (3H, brs,
adamantyl-H), 1.89 (6H, m, adamantyl-H), 1.78 (6H, m, adamantyl-H).
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<Example 33> (R)- tert -Butyl
4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-3-methylpiperazine-1-carboxylate(I-33)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.2 g, 0.69 mmol) and (R)-tert-butyl 3-methylpiperazine- 1-carboxylate(0.139 g,
0.69 mmol) according to the example 1, which was given (R)-tert-butyl
4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-3-methylpiperazine- 1 -carboxylate as a white
solid(0.297 g, 91.0% yield).

'H-NMR (DMSO-d¢, 400 MHz) 6 7.30 (2H, d, aromatic-H), 6.89 (2H, d, aromatic-
H), 4.84 (2H, s, OCH,CO), 4.54 (1H, m, piperazine), 4.12 (2H, m, piperazine), 3.90
(2H, m, piperazine), 2.98 (2H, m, piperazine), 2.48 (3H, d, CHs;), 2.14 (3H, brs,
adamantyl-H), 1.89 (6H, m, adamantyl-H), 1.78 (6H, m, adamantyl-H), 1.47 (9H, s,
(CHy)y).

<Example 34>

The title compound was prepared from (R)-tert-butyl
4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-3-methylpiperazine- 1 -carboxylate(0.18 g,
0.38 mmol), prepared from the example 33, according to the example 30, which was
given 2-(4-(adamantan-1-yl)phenoxy)-1-((R)-2-methylpiperazin-1-yl)ethanone as a
white solid(0.129 g, 91.4% yield).

'H-NMR (DMSO-d¢, 400 MHz) 6 7.32 (2H, d, aromatic-H), 6.91 (2H, d, aromatic-
H), 4.88 (2H, s, OCH,CO), 4.30 (2H, m, piperazine), 3.50 (2H, m, piperazine), 3.34
(2H, m, piperazine), 3.25 (1H, m, piperazine), 2.56 (3H, d, CHs;), 2.10 (3H, brs,
adamantyl-H), 1.89 (6H, m, adamantyl-H), 1.78 (6H, m, adamantyl-H).

<Example 35>
2-(4-(Adamantan-1-yl)phenoxy)-1-(4-(2-hydroxyethyl)piperazin-1-yl)ethanone(I-35)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.15 g, 0.52 mmol) and 2-(piperazin-1-yl)ethanol(0.068 g, 0.52 mmol) according
to the example 1, which was given
2-(4-(adamantan-1-yl)phenoxy)-1-(4-(2-hydroxyethyl)piperazin-1-yl)ethanone as a
white solid(0.187 g, 90.3% yield).

'H-NMR (MeOH-d,, 500 MHz) 6 7.17 (2H, d, aromatic-H), 6.78 (2H, d, aromatic-
H), 4.65 (2H, s, OCH,CO), 3.58 (2H, t, CH,), 3.51 (4H, m, piperazine), 2.45 (4H, m,
piperazine), 2.41 (2H, t, CH,), 1.96 (3H, brs, adamantyl-H), 1.80 (6H, m, adamantyl-
H), 1.69 (6H, m, adamantyl-H).
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<Example 36>
2-(4-(Adamantan-1
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iperazin-1-ylethanone(I-36)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.13 g, 0.45 mmol) and 1-(prop-2-yn-1-yl)piperazine(0.056 g, 0.45 mmol)
according to the example 1, which was given
2-(4-(adamantan-2-yl)phenoxy)-1-(4-(prop-2-yn- 1-yl)piperazin-1-yl)ethanone as a
white solid(0.158 g, 89.3% yield).

'H-NMR (MeOH-d,, 500 MHz) 6 7.17 (2H, d, aromatic-H), 6.78 (2H, d, aromatic-
H), 4.66 (2H, s, OCH,CO), 3.52 (4H, m, piperazine), 3.21 (2H, s, CH,), 2.56 (1H, m,
CH), 2.45 (4H, m, piperazine), 1.96 (3H, brs, adamantyl-H), 1.80 (6H, m, adamantyl-
H), 1.69 (6H, m, adamantyl-H).

<Example 37> 2-(4-(Adamantan-1-vl)phenoxy)- N -
(4-(4-methylpiperazin-1-vl)phenylacetamide(I-37)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.2 g, 0.69 mmol) and 4-(4-methylpiperazin-1-yl)aniline(0.133 g, 0.69 mmol)
according to the example 1, which was given
2-(4-(adamantan- 1-yl)phenoxy)-N-(4-(4-methylpiperazin-1-yl)phenyl)acetamide as a
white solid(0.30 g, 93.4% yield).

'H-NMR (DMSO-d¢, 400 MHz) 8 9.79 (1H, s, (C=0O)NH), 7.45 (2H, d, aromatic-H),
7.25 (2H, d, aromatic-H), 6.88 (4H, m, aromatic-H), 4.58 (2H, s, OCH,CO), 3.04 (4H,
m, piperazine), 2.48 (4H, m, piperazine), 2.19 (3H, s, CH;), 2.01 (3H, brs, adamantyl-
H), 1.80 (6H, m, adamantyl-H), 1.69 (6H, m, adamantyl-H).

<Example 38> 2-(4-(Adamantan-1-yl)phenoxy)- N -
(4-(1.1-dioxidothiomorpholino)phenylacetamide(1-38)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.2 g, 0.69 mmol) and 4-(4-aminophenyl)thiomorpholine 1,1-dioxide(0.158 g,
0.69 mmol) according to the example 1, which was given
2-(4-(adamantan-1-yl)phenoxy)-N-(4-(1,1-dioxidothiomorpholino)phenyl)acetamide as
a white solid(0.31 g, 89.8% yield).

H-NMR (DMSO-d¢, 400 MHz) 8 9.94 (1H, s, (C=0O)NH), 7.58 (2H, d, aromatic-H),
7.34 (2H, d, aromatic-H), 7.05 (2H, d, aromatic-H), 6.98 (2H, d, aromatic-H), 4.67
(2H, s, OCH,CO), 3.77 (4H, m, thiomorpholine), 3.18 (4H, m, thiomorpholine), 2.04
(3H, brs, adamantyl-H), 1.88 (6H, m, adamantyl-H), 1.74 (6H, m, adamantyl-H).

<Example 39>
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-a]pyrazin-7(8 H )-ylethanone(I-39)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.08 g, 0.27 mmol) and
3-(trifluoromethyl)-5,6,7,8-tetrahydro-[1,2,4]triazolo[4.3-a]pyrazine(0.053 g, 0.27
mmol) according to the example 1, which was given
2-(4-(adamantan-1-yl)phenoxy)-1-(3-(trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3-
a]pyrazin-7(8H)-yl)ethanone as a white solid(0.10 g, 78.1% yield).

'H-NMR (CDCl;, 400 MHz) o 7.28 (2H, d, aromatic-H), 6.88 (2H, d, aromatic-H),
5.17 (2H, m, pyrazine), 4.78 (2H, s, OCH,CO), 4.12 (4H, m, pyrazine), 2.08 (3H, brs,
adamantyl-H), 1.86 (6H, m, adamantyl-H), 1.74 (6H, m, adamantyl-H).

<Example 40> N -(Adamantan-1-y1)-2-(4-adamantan- 1-yl)phenoxy)acetamide(1-40)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.2 g, 0.69 mmol) and adamantan-1-amine(0.105 g, 0.69 mmol) according to the
example 1, which was given N-

(adamantan- 1-yl)-2-(4-(adamantan- 1-yl)phenoxy)acetamide as a white solid(0.27 g,
92.1% yield).

H-NMR (DMSO-d¢, 400 MHz) 6 7.24 (2H, d, aromatic-H), 6.81 (2H, d, aromatic-
H), 4.32 (2H, s, OCH,CO), 2.03 (6H, brs, adamantyl-H), 1.93 (3H, m, adamantyl-H),
1.80 (6H, m, adamantyl-H), 1.70 (9H, m, adamantyl-H), 1.60 (6H, m, adamantyl-H).

<Example 41> 2-(4-(Adamantan-1-yl)phenoxy)- N -
(3-hydroxyadamantan-1-ylacetamide(I-41)

The title compound was prepared from 2-(4-(adamantan-1-yl)phenoxy)acetic
acid(0.2 g, 0.69 mmol) and 3-aminoadamantan-1-ol hydrate(0.129 g, 0.69 mmol)
according to the example 1, which was given
2-(4-(adamantan- 1-yl)phenoxy)-N-(3-hydroxyadamantan-1-yl)acetamide as a white
solid(0.275 g, 90.4% yield).

'H-NMR (DMSO-d¢, 400 MHz) d 7.33 (1H, s, (C=0O)NH), 7.23 (2H, d, aromatic-H),
6.82 (2H, d, aromatic-H), 4.49 (1H, s, OH), 4.32 (2H, s, OCH,CO), 2.11 (2H, brs,
adamantyl-H), 2.06 (3H, brs, adamantyl-H), 1.80 (12H, m, adamantyl-H), 1.73 (6H, m,
adamantyl-H), 1.50 (SH, m, adamantyl-H).

<Example 42>

Step 1 : 1-(3-Chloro-4-methoxyphenyl)adamantane

The title compound was prepared from 1-chloro-2-methoxybenzene(10 mL) and

I-bromoadamantane(3.25 g, 15.25 mmol) according to the step 1 of the example 5,
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which was given 1-(3-chloro-4-methoxyphenyl)adamantane(3.52 g, 84.4% yield).

'H-NMR (CDCls, 400 MHz) 6 7.35 (1H, d, aromatic-H), 7.18 (1H, m, aromatic-H),
6.87 (1H, d, aromatic-H), 3.87 (3H, s, OCHs), 2.08 (3H, br, adamantyl-H), 1.86 (6H,
m, adamantyl-H), 1.74 (6H, m, adamantyl-H).

Step 2 : 4-(Adamantan-1-yl)-2-chlorophenol

The title compound was prepared from
1-(3-chloro-4-methoxyphenyl)adamantane(3.0g, 10.83 mmol) according to the step 2
of the example 5, which was given 4-(adamantan- 1-yl)-2-chlorophenol(2.70 g, 95.2%
yield).

'H-NMR (CDCls, 400 MHz) 6 7.27 (1H, d, aromatic-H), 7.16 (1H, m, aromatic-H),
6.95 (1H, d, aromatic-H), 5.35 (1H, bs, OH), 2.08 (3H, s, adamantyl-H), 1.85 (6H, m,
adamantyl-H), 1.76 (6H, m, adamantyl-H).

Step 3 : Ethyl 2-(4-(adamantan-1-yl)-2-chlorophenoxy)acetate

The title compound was prepared from 4-(adamantan-1-yl)-2-chlorophenol(2.0g,
7.61 mmol) according to the step 3 of the example 5, which was given ethyl
2-(4-(adamantan-1-yl)-2-chlorophenoxy)acetate(2.52 g, 95.4% yield).

H-NMR (CDCls, 400 MHz) 6 7.35 (1H, d, aromatic-H), 7.15 (1H, m, aromatic-H),
6.80 (1H, d, aromatic-H), 4.68 (2H, s, OCH,CO), 4.26 (2H, q, OCH,CH,), 2.04 (3H,
brs, adamantyl-H), 1.85 (6H, m, adamantyl-H), 1.75 (6H, m, adamantyl-H), 1.29 (3H,
t, CH,).

Step 4 : 2-(4-(Adamantan-1-yl)-2-chlorophenoxy)acetic acid

The title compound was prepared from ethyl
2-(4-(adamantan- 1-yl)-2-chlorophenoxy)acetate(1.1 g, 3.15 mmol), prepared from the
step 3, according to the step 4 of the example 5, which was given
2-(4-(adamantan- 1-yl)-2-chlorophenoxy)acetic acid(0.92 g, 91.4% yield).

'H-NMR (DMSO-d¢, 400 MHz) o 7.41 (1H, d, aromatic-H), 7.30 (1H, m, aromatic-
H), 6.99 (1H, d, aromatic-H), 4.81 (2H, s, OCH,CO), 2.10 (3H, brs, adamantyl-H),
1.87 (6H, m, adamantyl-H), 1.78 (6H, m, adamantyl-H).

The title compound was prepared from

2-(4-(adamantan- 1-yl)-2-chlorophenoxy)acetic acid(0.2 g, 0.62 mmol), prepared from
the step 4, and 1-methylpiperazine(0.062 g, 0.62 mmol) according to the example 1,

which was given
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2-(4-(adamantan- 1-yl)-2-chlorophenoxy)- 1-(4-methylpiperazin-1-yl)ethanone as a
white solid(0.231 g, 92.0% yield).

'H-NMR (DMSO-d¢, 400 MHz) 6 7.39 (1H, d, aromatic-H), 7.28 (1H, m, aromatic-
H), 6.99 (1H, d, aromatic-H), 4.95 (2H, s, OCH,CO), 3.51 (4H, m, piperazine), 2.35
(4H, m, piperazine), 2.24 (3H, s, CHj3), 2.03 (3H, brs, adamantyl-H), 1.81 (6H, m,
adamantyl-H), 1.70 (6H, m, adamantyl-H).

<Example 43> 4-(2-(4-(Adamantan- 1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium

methanesulfonate(I-43)

To a solution of
2-(4-(Adamantan- 1-yl)phenoxy)- 1-(4-methylpiperazin- 1-yl)ethanone(1.0 g, 2.7 mmol),
prepared from the example 3, in acetone(2 mL) was added methanesulfonic acid(0.18
mL, 2.7 mmol) and stirred at room temperature for 3 h. The reaction mixture was
filtered and dried in vacuum to afford a
4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)- 1 -methylpiperazin-1-ium methanesulfonate
as a crystalline white solid(1.1 g, 87% yield).

'H-NMR (MeOH-d,, 400 MHz) 6 7.28 (2H, d, aromatic-H), 6.91 (2H, d, aromatic-
H), 4.82 (2H, s, OCH,CO), 4.64 (1H, d, piperazine), 4.24 (1H, d, piperazine), 3.54
(3H, m, piperazine), 3.10 (3H, m, piperazine), 2.94 (3H, s, CHsS), 2.71 (3H, s, CH3),
2.06 (3H, brs, adamantyl-H), 1.89 (6H, m, adamantyl-H), 1.80 (6H, m, adamantyl-H).

<Example 44> 4-(2-(4-(Adamantan- 1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium

3-carboxy-2-(carboxymethyl)-2-hydroxypropanoate(I-44)

The title compound was prepared from
2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone(1.0 g, 2.7 mmol),
prepared from the example 3, and citric acid(0.52 g, 2.7 mmol) according to the
example 43, which was given
4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
3-carboxy-2-(carboxymethyl)-2-hydroxypropanoate as a crystalline white solid(1.43 g,
94% yield).

'H-NMR (MeOH-d,, 400 MHz) 6 7.27 (2H, d, aromatic-H), 6.90 (2H, d, aromatic-
H), 4.79 (2H, s, OCH,CO), 3.85 (4H, brs, piperazine), 3.11 (4H, d, piperazine), 2.85
(2H, d, CH,), 2.76 (3H, s, CH3), 2.73 (2H, d, CH,), 2.06 (3H, brs, adamantyl-H), 1.89
(6H, m, adamantyl-H), 1.79 (6H, m, adamantyl-H).

<Example 45> 4-(2-(4-(Adamantan- 1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium
(Z)-3-carboxyacrylate(I-45)

The title compound was prepared from
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2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone(1.0 g, 2.7 mmol),
prepared from the example 3, and maleic acid(0.31 g, 2.7 mmol) according to the
example 43, which was given

4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
(Z)-3-carboxyacrylate as a crystalline white solid(1.01 g, 77% yield).

'H-NMR (DMSO-d¢, 400 MHz) 6 7.25 (2H, d, aromatic-H), 6.86 (2H, d, aromatic-
H), 6.06 (2H, s, CH=CH), 4.82 (2H, s, OCH,CO), 3.68 (4H, brs, piperazine), 3.15 (4H,
d, piperazine), 2.77 (3H, s, CH;), 2.06 (3H, brs, adamantyl-H), 1.82 (6H, m,
adamantyl-H), 1.72 (6H, m, adamantyl-H).

<Example 46> 4-(3-(4-(Adamantan-1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium

4-methylbenzenesulfonate(1-46)
The title compound was prepared from

2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone(1.0 g, 2.7 mmol),
prepared from the example 3, and p-toluenesulfonic acid(0.52 g, 2.7 mmol) according
to the example 43, which was given

4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
4-methylbenzenesulfonate as a crystalline white solid(1.2 g, 82% yield).

'H-NMR (DMSO-d¢, 400 MHz) & 9.69 (1H, brs, COOH), 7.49 (2H, d, aromatic-H),
7.24 (2H, d, aromatic-H), 7.12 (2H, d, aromatic-H), 6.86 (2H, d, aromatic-H), 4.83
(2H, s, OCH,CO), 4.39 (1H, brs, piperazine), 4.05 (1H, brs, piperazine), 3.40 (3H, d,
piperazine), 3.05 (3H, d, piperazine), 2.83 (3H, s, CH,), 2.29 (3H, s, PhCHs;) 2.04 (3H,
brs, adamantyl-H), 1.82 (6H, m, adamantyl-H), 1.72 (6H, m, adamantyl-H).

<Example 47> 4-(2-(4-(Adamantan- 1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium
(2R.3R)-3-carboxy-2.3-dihydroxypropanoate(1-47)

The title compound was prepared from
2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone(1.0 g, 2.7 mmol),
prepared from the example 3, and L-(+)-tartaric acid(0.41 g, 2.7 mmol) according to
the example 43, which was given
4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
(2R,3R)-3-carboxy-2,3-dihydroxypropanoate as a crystalline white solid(1.2 g, 85%
yield).

'H-NMR (DMSO-d¢, 400 MHz) 6 7.24 (2H, d, aromatic-H), 6.84 (2H, d, aromatic-
H), 4.78 (2H, s, OCH,CO), 4.25 (2H, s, OHCHCHOH), 3.54 (4H, s, piperazine), 2.60
(4H, d, piperazine), 2.38 (3H, s, CHs;), 2.04 (3H, brs, adamantyl-H), 1.82 (6H, m,
adamantyl-H), 1.72 (6H, m, adamantyl-H).
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[438]

<Example 48> 4-(2-(4-(Adamantan- 1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium

3-carboxypropanoate(I-48)
The title compound was prepared from

2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone(1.0 g, 2.7 mmol),
prepared from the example 3, and succinic acid(0.41 g, 2.7 mmol) according to the
example 43, which was given

4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
3-carboxypropanoate as a crystalline white solid(0.95 g, 72% yield).

'H-NMR (MeOH-d,, 400 MHz) 6 7.28 (2H, d, aromatic-H), 6.89 (2H, d, aromatic-
H), 4.77 (2H, s, OCH,CO), 3.68 (4H, d, piperazine), 2.69 (4H, d, piperazine), 2.54
(4H, s, CH,CH,), 2.45 (3H, s, CH3), 2.06 (3H, brs, adamantyl-H), 1.89 (6H, m,
adamantyl-H), 1.80 (6H, m, adamantyl-H).

<Example 49> 4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium

hydrogensulfate(1-49)
The title compound was prepared from

2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone(1.0 g, 2.7 mmol),
prepared from the example 3, and sulfuric acid(0.15 mL, 2.7 mmol) according to the
example 43, which was given

4-(2-(4-(adamantan-1-yl)phenoxy)acetyl)- 1 -methylpiperazin-1-ium hydrogensulfate as
a crystalline white solid(1.07 g, 85% yield).

'H-NMR (DMSO-d¢, 400 MHz) 6 7.25 (2H, d, aromatic-H), 6.87 (2H, d, aromatic-
H), 4.84 (2H, s, OCH,CO), 4.45 (1H, brs, piperazine), 3.95 (1H, brs, piperazine), 3.30
(6H, brs, piperazine), 2.84 (3H, s, CH;), 2.04 (3H, brs, adamantyl-H), 1.82 (6H, m,
adamantyl-H), 1.72 (6H, m, adamantyl-H).

<Example 50> 4-(2-(4-(Adamantan- 1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium

dihydrogenphosphate(I-50)
The title compound was prepared from

2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone(1.0 g, 2.7 mmol),
prepared from the example 3, and phosphoric acid(0.19 mL, 2.7 mmol) according to
the example 43, which was given

4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)- 1 -methylpiperazin-1-ium dihydrogen-
phosphate as a crystalline white solid(0.95 g, 75% yield).

'H-NMR (MeOH-d,, 400 MHz) 6 7.28 (2H, d, aromatic-H), 6.90 (2H, d, aromatic-
H), 4.80 (2H, s, OCH,CO), 3.92 (4H, brs, piperazine), 3.22 (4H, d, piperazine), 2.83
(3H, s, CH3), 2.06 (3H, brs, adamantyl-H), 1.89 (6H, m, adamantyl-H), 1.79 (6H, m,
adamantyl-H).
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<Example 51> 4-(2-(4-(Adamantan- 1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium
(E)-3-carboxyacrylate(I-51)

The title compound was prepared from

2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone(1.0 g, 2.7 mmol),
prepared from the example 3, and fumaric acid(0.41 g, 2.7 mmol) according to the
example 43, which was given

4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
(E)-3-carboxyacrylate as a crystalline white solid(1.14 g, 87% yield).

'H-NMR (DMSO-d¢, 400 MHz) 6 7.24 (2H, d, aromatic-H), 6.87 (2H, d, aromatic-
H), 6.12 (2H, s, CH=CH), 4.82 (2H, s, OCH,CO), 3.65 (4H, brs, piperazine), 3.18 (4H,
d, piperazine), 2.78 (3H, s, CH;), 2.05 (3H, brs, adamantyl-H), 1.82 (6H, m,
adamantyl-H), 1.72 (6H, m, adamantyl-H).

<Example 52> 4-(2-(4-(Adamantan- 1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium
2.2 2-trifluoroacetate(I-52)

The title compound was prepared from

2-(4-(adamantan- 1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone(1.0 g, 2.7 mmol),
prepared from the example 3, and trifluoroacetic acid(0.31 g, 2.7 mmol) according to
the example 43, which was given

4-(2-(4-(adamantan- 1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
2,2,2-trifluoroacetate as a crystalline white solid(1.22 g, 93% yield).

'H-NMR (DMSO-d¢, 400 MHz) 6 7.25 (2H, d, aromatic-H), 6.86 (2H, d, aromatic-
H), 4.83 (2H, s, OCH,CO), 3.67 (4H, brs, piperazine), 3.28 (4H, d, piperazine), 2.88
(3H, s, CH3), 2.06 (3H, brs, adamantyl-H), 1.84 (6H, m, adamantyl-H), 1.74 (6H, m,
adamantyl-H).

<EXPERIMENT 1> Assay for inhibition of HIF-1a-mediated transcriptional
activity (HRE reporter assay)

This assay was performed to determine whether the compounds according to the
present invention exhibited the anti-cancer activity or not. The compounds can be
developed as anti-cancer drugs, because the compounds inhibiting HIF-1a-mediated
HRE transcriptional activity induced by hypoxia can suppress the growth and

metastasis of cancer.

Inhibitory effects of the compounds according to the present invention, from Formula
I-1 to I-42, on HIF-1a-mediated transcriptional activity were evaluated using this

assay. pGL3-HRE-luciferase vector was constructed as follows. Six copies of
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[454]

[455]

HRE(Hypoxia Responsive Element, 5-ACGTG-3") from human VEGF genes were
inserted into the multi-cloning site of a pGL3-basic vector (Promega). A luciferase

gene was used as a reporter gene.

In detail, HCT116(ATCC #CCL-247) human colon cancer cells were seeded in
48-well cell culture plates. The cells were co-transfected with 25 ng of Renila control
vectors and pGL3-HRE-luciferase vectors using Polyfect reagent next day. After 24
hours of incubation, the cells were incubated for an additional 4 hours with replaced
cell culture media. The cells were treated with various concentrations(0, 1, 3, 5, 10,
and 20 uM) of the above compounds according to the present invention and incubated
for 12 hours under hypoxia(1% O,, 94% N,, and 5% CQO,). The luciferase assay was
performed using a dual-luciferase reporter assay system(Promega). After cell lysate
preparation with RIPA buffer, induced luciferase activity under hypoxic conditions
was determined to examine inhibitory effects of the compounds according to the
present invention, from Formula I-1 to 1-42, on HIF-1a-mediated transcriptional
activity. The results are assigned to four activity ranges and those assignments are
reported in Table 1.

Inhibitory activity against HIF-1a (10uM): A(76~100%), B(51~75%), C(26~50 %),
D(1~25%)

Table 1
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Inhibition of HIF-1a-mediated HRE transcriptional activity

Compound

Inhibitory activityagainst
HIF-1a (10uM)

Compound

Inhibitory activityagainst HIF-
la (10uM)

I-1 B [-22 B
I-2 A I-23 A
I-3 A I-24 A
I-4 A I-25 B
I-5 A I-26 A
I-6 A 1-27 A
I-7 B 1-28 B
I-8 B 1-29 B
I-9 A 1-30 A
I-10 C I-31 A
I-11 A [-32 A
I-12 A I-33 A
I-13 B [-34 B
I-14 B I-35 C
I-15 C I-36 B
I-16 B 1-37 D
I-17 C I-38 B
I-18 C I-39 C
I-19 C 1-40 D
1-20 A [-41 A
I-21 C [-42 B

As shown in above Table 1, the effects of the compounds according to the present

invention on HIF-1a-mediated HRE transcriptional activity were determined under

hypoxia. The results indicate that the compounds according to the present invention

show inhibitory activity against HRE transcription. In particular, 32 compounds of 42

tested compounds exhibited more than 50% HIF-1a inhibitory activity, and 18

compounds showed HIF-1a inhibitory activity more than 75% among the 32

compounds.
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as effective components for cancer treatment, because the compounds inhibiting HIF-
la-mediated HRE transcriptional activity can suppress the growth and metastasis of
cancer. In addition, these compounds displaying anti-angiogenic activity can be
considered as effective components to develop the treatment of diabetic retinopathy

and rheumatoid arthritis.

<EXPERIMENT 2> in vitro studies for inhibition of hypoxia-induced HIF-1¢.
accumulation

Inhibition of HIF-1a accumulation by the compounds according to the present
invention was determined in HCT116 human colon cancer cells. In particular, western
blot analysis was used to identify the compounds, I-3, I-6, I-8, I-16, I-19, 1-22~1-24,
and I-27~1-36, which inhibited HIF-1a accumulation under hypoxia.

First, HCT116 human colon cancer cells(ATCC #CCL-247) were plated at the con-
centration of 2x 10° cells/ml. After 24 hours, the cells were incubated under
hypoxia(1% O,, 94% N,, and 5% CQO,, expressed as 1% O, in Fig. 1) for 4 hours in
order to induce HIF-1a accumulation. Cells were treated with the compounds at
various concentrations(0, 3, 10, 20, and 30uM) for 12 hours under hypoxia. The cells
were then harvested, and lysed in RIPA buffer to obtain nuclear extracts. Cells grown
at 20% O,(normoxia) were used as control groups to compare HIF-1a-mediated gene
expression under each condition. 30ug of the nuclear extracts per sample was separated
by SDS-PAGE(sodium dodecyl sulfate-polyacrylamide gel electrophoresis), and was
then transferred to PVDF(polyvinylidene fluoride membrane) membranes. After
membranes were probed with HIF-1a antibodies(R&D System), HIF-1a proteins were
detected with HRP-conjugated secondary antibodies (Amersham-Pharmacia). GAPDH
(Glyceraldehyde 3-phosphate dehydrogenase) was used as an internal control for
loading in western blot analysis. The results were shown in Figure 1. Figure 1 shows
the potency of the compounds according to the present invention that inhibit HIF-1a

accumulation.

As shown in Figure 1, the compounds according to the present invention, I-3, I-6, I-
8, I-16, I-19, [-22~1-24, and 1-27~1-36, did not affect GAPDH expression levels, but
promoted HIF-1a degradation. In particular, the compounds, 1-3, I-8, I-16, I-19, I-22,
and I-28~1-30, had significant inhibitory effects on HIF-1a accumulation.

As mentioned above, the compounds according to the present invention can be
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[480]

considered as effective components to develop a new anti-cancer agent, because the
compounds inhibit HIF-1a accumulation that forms malignant cancer. Furthermore,
these compounds inhibiting angiogenesis can be used as effective components for the

treatment of diabetic retinopathy and rheumatoid arthritis.

<EXPERIMENT 3> CAM assay

CAM(Chick embryo chorioallantoic membrane) assay was conducted as an in vivo
model to determine whether the compounds according to the present invention, I-3, I-
6, I-19, and I-22, had anti-angiogenic effects or not. DMSO-treated groups were used

as negative controls.

According to the present invention, CAM assay was performed as follows.

Fertilized eggs were incubated periodically rolling at 37 °C with 50% humidity for
2-3 days. When eggs were erected, approximately 3ml of albumin was extracted from
the sharp edge of the eggs using a syringe. The hole of the eggs was sealed with a tape
to prevent from dryness and contamination, and the hole of the eggs was put down and
incubated for 2 to 3 days. After punching a hole with 1.5 cm diameter in the round part
of eggs, opague membrane was removed carefully. The compounds (10-20ug)
according to the present invention were placed and spread on thermanox coverslip
equally to dry, and then the hole in the round part of eggs put on the upper part of the
fertilized eggs that vessels grew. The eggs were examined under the dissecting mi-
croscope and the results were given in Figure 2, after covering the hole with a

coverglass to protect it from contamination for 2 days.

As shown in Figure 2, CAM assay was performed to evaluate the compounds
prepared in the present invention, I-3, 1-6, I-19 and I-22. While many vessels were
grown in negative control groups treated with vehicle, DMSQO, the compounds

according to the present invention inhibited formation of vessels.

As the above results, the compounds according to the present invention showing anti-
angiogenic activity can be considered as effective components for developing new

treatment of cancer, diabetic retinopathy, and rheumatoid arthritis.

<EXAMPLE 4> in vivo anti-cancer activity of compounds by oral admin-
istration

In vivo anti-cancer activity of the compounds according to the present invention, I-3,
1-6, 1-8, 1-16, 1-19, 1-22, 1-23, and 1-24, was measured in mice to evaluate in vivo

efficacy by oral administration. Specifically, the nude mice were divided into test



43

WO 2013/048164 PCT/KR2012/007876

[481]
[482]

[483]
[484]

[485]
[486]

[487]

[488]
[489]

groups and control groups, each consisting of 4 mice. In vivo efficacy was evaluated

by measuring body weight, tumor volume, and tumor weight.

Female nude mice 6 weeks old (BALB/c nu/nu, Charles River) were bred in germ-
free breeding rooms maintained at constant temperature and humidity. After the nude
mice were anesthetized, HCT116 colon cancer cells were implanted at a count of 4x10
7 cells/mouse into the rectum in BALB/c nu/nu mice and then the incisions were closed
with surgical clips. The size of tumor was measured by a caliper. When the size of
transplanted tumor reached to 50~60 mm?, the above compounds according to the
present invention were administered. In more detail, after the above compounds in test
groups were dissolved at concentration of 20mg/kg in a solvent containing 80% of
physiological saline, 10% of DMAC (dimethylacetamide), and 10% Tween 80
(hereinafter referred to as 'Solvent A'), 15kg/ml of dissolved compounds were orally
administered once a day. Mice in control groups were treated with 15kg/ml of Solvent

A alone once daily.

Tumor volume and body weight were measured to identify in vivo anti-cancer
activity of the compounds according to the present invention by repetitive oral admin-
istration. Tumor volume and tumor growth inhibition (TGI) in Table 2 were calculated
according to the below Mathematic Figure 1 and Figure 2, respectively. Tumor growth

inhibition was converted to a percentage in Table 2.

MathFigure 1
[Math.1]

T umorvolume(mms) =(Lengthofl.ongAxis,mm)X(LengthofShortAxis,mm) ’%0.5
MathFigure 2
[Math.2]

X100

Tumorgrowthinhibition(%)— (Tumorvolume(controlgroups)-Tumorvolume(testgroups))
Tumorvolume(controlgroups)

Table 2
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[Table 2]

in vivo anti-cancer activity of compounds by oral administration

Group |Dose |Tumor volume (mm?) Tumor

(n=4) |(mg/ TGI(%) weight(

kg) mg)
day 0 (3 5 7 10 12 14 14

vehicle (0 0.020.0 (34.0% (92.3%1 |174.6 (260.7+47. |448.6 |666.0+£7 |2370.6+

Control 56 |72 +38.6 |6 +48.4 16.3 205.7

I-3 20 [0.0£0.0|31.6+ |74.8%1 [133.7 |237.0+24. |371.4 |587.8+4 (2074.2+
50 |17 +14.8 |9 +36.2 |8.4 373.8
33.2 [35.0% |36.0% |41.6% 44.1%149.2% |51.5%
%

I-6 20 [0.0£0.0]25.5+£|70.1£9. [128.4 |186.6+15. |322.5 |476.9+2 [1703.3+
75 |7 +14.0 |2 +19.6 |8.1 252.2
25.0 |24.1% |26.5% |28.4% 28.1% 128.4% |28.1%
%

I-8 20 [0.0£0.024.6+ |65.5+9. [122.2 |184.3+£10. |319.7 |471.1+2 [1634.6+
51 |0 +7.9 |0 +22.0 19.0 357.2
27.6 |29.0% (30.0% |29.3% 28.7%129.3% |31.0%
%

I-16 20 [0.0£0.024.2+ |166.71 [125.8 |185.7+20. |320.4 |471.8+2 [1655.7+
6.1 |42 +13.6 |2 +33.9 16.0 288.4
28.6 |27.8% (27.9% |28.8% 28.6% 129.2% [30.2%
%

I-19 20 [0.0£0.0]22.4+ |58.8+1 [110.4 |162.3+£10. |278.8 |404.7+1 {1392.4+
56 |13 +11.2 |1 +35.0 |7.6 153.0
34.1 (36.4% |36.8% (37.7% 37.8%139.2% |41.3%
%

[-22 20 [0.0£0.020.4+ |54.7£2. [98.9+ |143.1+6.2 |246.4 |347.6+1 [1197.3+
I.1 |8 4.8 +10.8 |1.8 156.3
39.8 [40.8% |43.4% (45.1% 45.1% |47.8% |49.5%
%
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I-23 20 10.0£0.0 |40.9+ (98.0+1 |182.4 |352.7+£53. [577.3 |987.6+1 |3659.9+
82 |39 +19.9 |6 +74.1 (43.7 434.8
13.5 |14.8% |12.7% |13.1% 13.1% |14.6% |14.5%
%
I-24 20 10.0£0.0|38.1+ (93.8+2 |176.8 |341.7+58. [569.1 |990.1+1 |3685.5+
64 |10 +27.6 (8 +72.4 140.3 357.5
19.5 |18.4% |15.4% |15.8% 14.3% |14.4% |13.9%
%
[490] According to the TGI results in Table 2, the compounds prepared according to the

[491]

[492]
[493]

present invention, I-3, I-19, and I-22, displayed significant inhibitory effects on tumor

growth.

Moreover, severe side effects and statistically significant changes of body weight in

all mice treated compounds were not shown for 14 days, comparing to control groups
treated with vehicle. (Table 3)

Table 3
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[Table 3]

Body weight change for 14 days of treatment (%)

Group Dose Days after treatment

(n=4)  |(mg/kg) |gay0 |3 5 7 10 12 14

vehicle [0 100.0% |101.1+2.|101.1+2 [101.0£ |100.3+4 [99.3+£3.9|97.9+2.

Control 0.0 1 5 3.5 8 8

I-3 20 100.0% |103.2+2.1104.7+3 [105.1+ |104.6+2 [103.1£2.{103.7+
0.0 8 0 2.8 T 7 4.0

I-6 20 100.0£ |103.4+0.103.6+2 [103.8+ |105.0£3 [103.8+2.(102.4+
0.0 6 .6 3.3 1 9 3.0

I-8 20 100.0£ |102.2+2.1103.4+2 [102.6+ |102.9+1 [101.9+£1.(101.7+
0.0 8 8 2.2 5 0 2.6

I-16 20 100.0% |104.1+1.1104.2+2 {104.3+ |105.8+4 (103.2+£3.{102.3+
0.0 6 8 1.9 2 6 3.7

I-19 20 100.0% |104.0+1.1104.7+3 [104.6+ |105.1+4 {103.4£3.{102.2+
0.0 6 d 4.0 3 5 3.8

[-22 20 100.0% |104.1+3.1104.1+4 [104.1+ |105.6+5 [103.8£3.(102.7+
0.0 5 .6 3.3 A 6 4.1

I-23 20 100.0% |100.8+1.1101.0+1 {1009+ |101.9+1 [101.6+1.{102.0+
0.0 1 .6 0.7 1 3 2.0

I-24 20 100.0£ |103.5+3.1104.0+3 [103.6+ |105.0+4 {104.9+4.(106.5+
0.0 0 .6 3.6 .0 1 4.5

[494]

[495] From the results of above example 1, 2, 3, and 4, the compounds according to the
present invention can be markedly effective for developing anti-cancer pharmaceutical
composition, due to excellent HIF-1a inhibitory activity without severe toxicity.
Moreover, the compounds can be used for developing new treatment of both diabetic
retinopathy and rheumatoid arthritis.

[496]

[497] It will be understood that the invention disclosed and defined in this specification

extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text or drawings. All of these different combinations
constitute various alternative aspects of the invention.

[498]
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Industrial Applicability

[499] The compounds, HIF-1a inhibitors, according to the present invention can be new
therapeutic options to develop treatment for various solid cancers such as colon, liver,
gastric, and breast cancers. In addition, the compounds can be used as diabetic
retinopathy and rheumatoid arthritis aggravated by up-regulation of HIF-1a-mediated

VEGFA gene expression under hypoxia.
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Claims

A compound represented by Formula I, pharmaceutically acceptable

salt, hydrate or solvate thereof.

<Formula I>
R, 0
O R
R> |£2 ’
wherein,

R, represents hydrogen, methyl, fluoro or chloro;

R, represents hydrogen or methyl;

R; represents, , Rb >

Iz

Re
CF3

especially,

R, represents dimethyl, cyclopropyl, N,N-dimethylaminoethyl or
2-furanylmethyl;

R, represents hydrogen, (S)-methyl or (R)-methyl;

R. represents hydrogen, methyl, isopropyl, tert-butoxycarbonyl(Boc),
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4-trifluoromethylbenzyl, hydroxyethyl or propynyl;

R, represents or ;

O\ ng

R. represents hydrogen or hydroxyl;

n represents 1, 2 or 3.

The compound represented by Formula I, pharmaceutically acceptable
salt, hydrate or solvate thereof according to claim 1, wherein the
compound represented by Formula I is selected from the group
consisting of the following compounds:
2-(4-(Adamantan-1-yl)phenoxy)-N,N-dimethylacetamide;
2-(4-(Adamantan-1-yl)phenoxy)-N-cyclopropylacetamide;
2-(4-(Adamantan-1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)ethanone;
2-(4-(Adamantan- 1-yl)-2-methylphenoxy)-1-(4-methylpiperazin- 1-yl)et
hanone;

2-(4-(Adamantan- 1-yl)-2-methylphenoxy)-1-morpholinoethanone;
2-(4-(Adamantan- 1-yl)-2-methylphenoxy)-N-(2-(dimethylamino)ethyl)
acetamide;
3-(4-(Adamantan-1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)propan-1-o
ne;

3-(4-(Adamantan-1-yl)phenoxy)-1-morpholinopropan-1-one;
3-(4-(Adamantan- 1-yl)phenoxy)-N-(2-(dimethylamino)ethyl)propanam
ide;
3-(4-(Adamantan-1-yl)-2-methylphenoxy)-1-(4-methylpiperazin-1-yl)p
ropan-1-one;

3-(4-(Adamantan-1-yl)-2-methylphenoxy)- 1-morpholinopropan-1-one;
3-(4-(Adamantan- 1-yl)-2-methylphenoxy)-N-(2-(dimethylamino)ethyl)
propanamide;
4-(4-(Adamantan-1-yl)phenoxy)-1-(4-methylpiperazin-1-yl)butan-1-on
€

2-(4-(Adamantan- 1-yl)phenoxy)-2-methyl-1-(4-methylpiperazin-1-yl)p
ropan-1-one;
2-(4-(Adamantan-1-yl)phenoxy)-N-(2-(dimethylamino)ethyl)-2-methyl

propanamide;
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2-(4-(Adamantan-1-yl)-2-fluorophenoxy)-1-(4-methylpiperazin-1-yl)et
hanone;
2-(4-(Adamantan-1-yl)phenoxy)-N-(furan-2-ylmethyl)acetamide;
2-(4-(Adamantan-1-yl)phenoxy)-1-(4-(4-(trifluoromethyl)benzyl)pipera
zin-1-yl)ethanone;

2-(4-(Adamantan- 1-yl)phenoxy)-1-(4-isopropylpiperazin-1-yl)ethanone
tert-Butyl

4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)piperazine- 1 -carboxylate;
2-(4-(Adamantan- 1-yl)phenoxy)-1-(piperazin-1-yl)ethanone;
(S)-tert-Butyl
4-(2-(4-(adamantan-1-yl)phenoxy)acetyl)-3-methylpiperazine- 1-carbox
ylate;
2-(4-(Adamantan-1-yl)phenoxy)-1-((S)-2-methylpiperazin-1-yl)ethano
ne;

(R)-tert-Butyl
4-(2-(4-(adamantan-1-yl)phenoxy)acetyl)-3-methylpiperazin- 1 -carboxy
late;
2-(4-(Adamantan-1-yl)phenoxy)-1-((R)-2-methylpiperazin-1-yl)ethano
ne;
2-(4-(Adamantan-1-yl)phenoxy)-1-(4-(2-hydroxyethyl)piperazin-1-yl)e
thanone;

2-(4-(Adamantan-1-yl)phenoxy)-1-(4-(prop-2-yn- 1-yl)piperazin-1-yl)et
hanone;
2-(4-(Adamantan-1-yl)phenoxy)-N-(4-(4-methylpiperazin-1-yl)phenyl)
acetamide;

2-(4-(Adamantan- 1-yl)phenoxy)-N-(4-(1,1-dioxidothiomorpholino)phe
nyl)acetamide;

2-(4-(Adamantan- 1-yl)phenoxy)-1-(3-(trifluoromethyl)-5,6-dihydro-[ 1,
2,4]triazolo[4,3-a]pyrazin-7(8H)-yl)ethanone;
N-(Adamantan-1-yl)-2-(4-adamantan-1-yl)phenoxy)acetamide;
2-(4-(Adamantan-1-yl)phenoxy)-N-(3-hydroxyadamantan-1-yl)acetami
de; and

2-(4-(Adamantan-1-yl)-2-chlorophenoxy)- 1-(4-methylpiperazin-1-yl)et
hanone.

The compound represented by Formula I, pharmaceutically acceptable
salt, hydrate or solvate thereof according to claim 1, wherein the phar-

maceutically acceptable salt is selected from the group consisting of the
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following compounds:
4-(2-(4-Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
chloride;
4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1,1-dimethylpiperazine-1-iu
m iodide;
4-(2-(4-(Adamantan-1-yl)-2-methylphenoxy)acetyl)-1,1-dimethylpipera
zin-1-ium iodide;
2-(2-(4-(Adamantan-1-yl)-2-methylphenoxy)acetamido)-N,N,N-trimeth
ylethanaminium iodide;
4-(3-(4-(Adamantan-1-yl)phenoxy)propanoyl)-1,1-dimethylpiperazin-1
-ium iodide;
2-(3-(4-(Adamantan-1-yl)phenoxy)propanamido)-N,N,N-trimethyletha
naminium iodide;
4-(3-(4-(Adamantan-1-yl)-2-methylphenoxy)propanoyl)-1,1-dimethylpi
perazin-1-ium iodide;
2-(3-(4-(Adamantan-1-yl)-2-methylphenoxy)propanamido)-N,N,N-trim
ethylethanaminium iodide;
4-(4-(4-(Adamantan-1-yl)phenoxy)butanoyl)-1,1-dimethylpiperazin-1-i
um iodide;
4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
methanesulfonate;
4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
3-carboxy-2-(carboxymethyl)-2-hydroxypropanoate;
4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
(Z)-3-carboxyacrylate;
4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
4-methylbenzenesulfonate;
4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
(2R,3R)-3-carboxy-2,3-dihydroxypropanoate;
-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)- |-methylpiperazin-1-ium
3-carboxypropanoate;
4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
hydrogensulfate;
4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium di-
hydrogenphosphate;
4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)-1-methylpiperazin-1-ium
(E)-3-carboxyacrylate; and

4-(2-(4-(Adamantan-1-yl)phenoxy)acetyl)- 1-methylpiperazin-1-ium tri-
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fluoroacetate.

[Claim 4] A preparation method of a compound of Formula I comprising a step of
which a compound of Formula 2 as a start substance reacts with a
compound of Formula 3,
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI),
1-Hydroxybenzotriazole hydrate (HOBt) and
N,N-diisopropylethylamine (DIPEA) by coupling reaction in dimethyl-
formamide (DMF).
<Formula 2>

R, 0

<Formula 3>

Rx;H

<Formula I>
R, 0
O wﬂx R
R> |£2 ’
wherein,

R, represents hydrogen, methyl, fluoro or chloro;

R, represents hydrogen or methyl;
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A

A O
CNF%N N R,

CF3

2

Rd’

5{0;{

especially,

R, represents dimethyl, cyclopropyl, N,N-dimethylaminoethyl or
2-furanylmethyl;

Ry, represents hydrogen, (S)-methyl or (R)-methyl;

R. represents methyl, isopropyl, tert-butoxycarbonyl(Boc),
4-trifluoromethylbenzyl, hydroxyethyl or propynyl;

R, represents or ;

O\ ng

R. represents hydrogen or hydroxyl;
n represents 1, 2 or 3.

[Claim 5] The preparation method according to claim 4, wherein the compound of
Formula 2 is prepared by a method comprising the following steps:
preparing a compound of Formula 6 from a compound of Formula 4
which reacts with a compound of Formula 5 by substitution (Step 1);
preparing a compound of Formula 7 from the compound of Formula 6
by demethylation reaction with boron tribromide(BBr;) in methylene
chloride (Step 2);
preparing a compound of Formula 9 from the compound of Formula 7
which reacts with a compound of Formula 8 by alkylation in DMF
(Step 3); and

preparing the compound of Formula 2 from the compound of Formula
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9 by hydrolysis reaction with lithium hydroxide (Step 4).
<Formula 4>

OCHj

Qp

<Formula 5>

Br

!

<Formula 6>

OCH,

1.

<Formula 7>

OH

1.

<Formula 8>
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O
X Y

n O
Rz R

<Formula 9>
R, 0
O o Y
n
Ry R
Wherein,

R, represents hydrogen, methyl, fluoro or chloro,
R, represents hydrogen or methyl,

X represents chloro or bromo,

Y represents methyl or ethyl,

nare 1,2 or 3.

[Claim 6] An HIF-1a inhibitor comprising a compound of Formula I, pharma-
ceutically acceptable salt, hydrate or solvate of claim 1 as an effective
component.

[Claim 7] A method of preventing and/or treating cancer, diabetic retinopathy or
rheumatoid arthritis in a subject in need thereof, comprising admin-
istering an effective amount of a pharmaceutical composition

comprising the HIF-1a inhibitor of claim 6 to the subject.



/1
WO 2013/048164 PCT/KR2012/007876

[Fig. 1]
-3 16 |-8
M o 10 20 o0 0 10 2
HIF-1o 1 &1 gy

e e e

bt

1-19 122 123
M) o 40 20 o 10 20 6 10 20

; :
GAPDH 1 s am_—

k27 1-28 29 130
(M) 3 10 30 31030 3 1030 31030
HFdc jee— |l o s @

AN WD A S LB

g b

(30 pv)
HIF-1a

[Fig. 2]

MNAN=
SoS

Al (& H91L) ISA/KR



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2012/007876

A. CLASSIFICATION OF SUBJECT MATTER

CO7C 235/18(2006.01)i, CO7D 241/04(2006.01)i, A61K 31/165(2006.01)i, A61P 35/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C07C 235/18; CO7C 271/28;, CO7C 271/00

Minimum documentation searched (classification system followed by classification symbols)

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

eKOMPASS(KIPO internal)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2008-004798 A1 (KOREA RESEARCH INSTITUTE OF BIOSCIENCE AND BIOTECHNOLOGY 1-6
et al.) 10 January 2008
See abstract; examples 1-7; claims 1-10.

X LEE, K. et al.,"(Aryloxyacetylamino)benzoic acid analogues: a new class of 1-6
hypoxia—inducible factor-1 inhibitors", J. Med. Chem., 2007, Vol. 50,
pages 1675-1684.
See schemes 1, 2 and tables 1, 2.

X BOOVANAHALLI, S.K. et al.,"Synthesis of (aryloxyacetylamino)-isonicotinic/ 1-6
nicotinic acid analogues as potent hypoxia—inducible factor (HIF)-lalpha
inhibitors", Bioorganic & Medicinal Chemistry Letters, 2007, Vol. 17,
pages 6305-6310.
See schemes 1-3 and table 1.

A CHUNG, J.Y. et al., "Pharmacophore-based 3D QSAR of HIF-1 Inhibitors", 1-6
Arch. Pharm. Res., 2009, Vol. 32(3), pages 317-323.
See abstract; figure 1 and table 1.

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other

means
"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive

e

step when the document is taken alone
"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

11 MARCH 2013 (11.03.2013)

Date of mailing of the international search report

12 MARCH 2013 (12.03.2013)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan
City, 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer
KANG, Tai Hyun

Telephone No.  82-42-481-8408

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2012/007876

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 7
because they relate to subject matter not required to be searched by this Authority, namely:

Claim 7 pertains to method for treatment of the human body by therapy and thus relates to a subject matter which this

International Searching Authority is not required, under Article 17(2)(a)(i) of the PCT and Rule 39.1(iv) of the Regulations
under the PCT, to search.

2. Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningtul international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2012/007876
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2008-004798 A1 10.01.2008 KR 10-0787131 B1 21.12.2007
US 2009-0306078 A1 10.12.2009

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - drawings
	Page 59 - wo-search-report
	Page 60 - wo-search-report
	Page 61 - wo-search-report

