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GONADOTROPIN RELEASING HORMONE RECEPTOR
ANTAGONISTS, METHOD FOR THE PREPARATION THEREOF AND
PHARMACEUTICAL COMPOSITION COMPRISING THE SAME

FIELD OF THE INVENTION

The present invention relates to a gonadotropin releasing hormone (GnRH)
receptor antagonist, a method for the preparation thereof and a pharmaceutical

composition comprising the same.

BACKGROUND OF THE INVENTION

Gonadotropin releasing hormone (known as a luteinizing hormone releasing
hormone) is a decapeptide which is secreted from the hypothalamus and affects receptors
located in the anterior pituitary gland to stimulate biosynthesis and secretion of
luteinizing hormones (LH) and follicle-stimulating hormones (FSH). Luteinizing
hormone modulates the synthesis of steroids from genital glands in both males and
females. It participates in the development of spermatogenesis in males and follicle in
females. Thus, much attention has been given to GnRH receptor agonists or
antagonists as a therapeutic agent for hormone-related d>iseases, especially, prostate
cancer, breast Cancer, endometriosis, uterine myoma, precocious puberty and the like, as
well as infertility.

There are two different modes of action for the therapeutic agents that are
currently being used. In one mode of action, the therapeutic agent acts as a GnRH
antagonist that requires continuous administration which depletes gonadotropins and
downregulates the receptoré, thereby causing suppression of steroidal hormones
approximately after 2 to 3 weeks following the initiation of continuous administration.
However, it is inevitable to undergo superagonism in the beginning, thus there is an
inconvenience that patients must go through initial side effects in this mode.

In the other mode of action, it directly acts as a GnRH antagonist so that it can
suppress gonadotropins from the onset. This mechanism may reduce the level of
gonadotropin directly without causing initial side effects. However, it was found in
clinical studies that GnRH antagonists showed relatively low bioavailability and adverse
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side effects caused by histamine release. Although, there have been reported peptidic
antagonist having low histamine release properties, they still must be delivered via
parental administration routes (e.g., intravenous, subcutaneous and intramuscular
injection) due to limited bioavailablity.

Accordingly, there has been suggested a noﬁpeptide antagonist to overcome the
limitations associated with peptidic GnRH antagonists (Sarma, PKS, Expert Opin. Ther.
Patents 16(6): 733-751, 2006). However, there still remains a need for a low-molecular
GnRH receptor antagonist having good bioavailability despite intensive research studies

in this field.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a compound useful
as a GnRH receptor antagonist.

It is another object of the present invention to provide a pharmaceutical
composition comprising the same.

It is further object of the present invention to provide a method for preventing or
treating a sex hormone-related disease using the compound.

It is a still further object of the present invention to provide a use of the
compound for the manufacture of a medicament for preventing or treating a sex

hormone-related disease.

MEANS FOR SOLVING THE PROBLEM

In accordance with one aspect of the present invention, there is provided a
compound of formula (I), or a stereoisomer, a prodrug or a pharmaceutically acceptable

salt thereof:

R Re Ry R7o R4
~N Ry F=N
\ 0

n(RSbRBaC)\N

¢y
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wherein,

A 1s CRg.Rsp, O, S or NRy;

R; and R,, which may be the same or different, being each independently
hydrogen, (C;-Cyo)alkyl, substituted (C;-Cip)alkyl, (Cs-Cjp)cycloalkyl, substituted (Cs-
Cio)cycloalkyl, (Cq-Cip)aryl, substituted (Cq-Ciolaryl, (Ce-Cip)aryl(C,-Cyg)alkyl,
substituted (Cs-Cip)aryl(C,-Cp)alkyl, (C,-Cao)heteroaryl, substituted (C;-Cyg)heteroaryl,
(C1-Cyo)heteroaryl(C;-Cig)alkyl, substituted (C;-Cyp)heteroaryl(C;-Cyp)alkyl, (C;-
Cyo)heterocycle, substituted (C;-Cyp)heterocycle, (C;-Cyo)heterocyclyl(C,-Cjg)alkyl,
substituted (C;-Cyo)heterocyclyl(C;-Cjg)alkyl, or -(CR12R1p)s-R12;

R;, and Rs,, which may be the same or different, being each independently
hydrogen, (C;-Cjg)alkyl, substituted (C,-Cyg)alkyl, (Cs-Cjg)cycloalkyl, substituted (Cs-
Cio)eycloalkyl, (Ci-Cjg)alkoxy, (C;-Cjg)alkylthio, (C;-Cjg)alkylamino, (Ce-Ciparyl,
substituted (Cs-Cys)aryl, (C6-C12)aryl(C1-Cm)alkyl, substituted (C¢-Cjp)aryl(Cy-Cp)alkyl,
(Ci-Cyo)heteroaryl, substituted (C;-Cyp)heteroaryl, (C;-Cyo)heteroaryl(C,-Cp)alkyl,
substituted  (C;-Cyo)heteroaryl(C,-Cip)alkyl, (C,-Cyo)heterocycle, substituted (C;-
Cao)heterocycle, (Ci-Cao)heterocyclyl(C,-Cio)alkyl, substituted (C,-Caodheterocyclyl(Ci-
Cio)alkyl, -COOR 3 or -CONR 3R 14;

R3, and Rjp, together with the carbon atom attached thereto form a homocyclic
ring, a substituted homocyclic ring, a heterocyclic ring, or a substituted heterocyclic ring;
or R3, and a carbon bonded thereto, together with R; and a nitrogen atom bonded thereto,
form a heterocyclic ring or a substituted heterocyclic ring;

R4 is -(CRgaRop)-Z-Y;

nis an integer of 2, 3 or 4;

s is an integer of 1, 2, 3 or 4;

ris an integer of 0, 1 or 2; £ —

Z represents a direct bond, or -O-, -S-, -NR;-, -SO-, -SO,-, -OSO;-, -SO,0-, - ’
SO;NR;;-, -NR};80;-, -CO-, -COO-, -OCO-, -CONR;y;-, -NR;CO-, -NR;CONR,-, -
OCONRy;- or -NR;;COO-;

Y is hydrogen, halogen, (C;-Cjg)alkyl, substituted (C;-Cjo)alkyl, (Cs-
Cio)cycloalkyl, substituted (C;-Cjg)cycloalkyl, (Cs-Ciz)aryl, substituted (Cs-Cyp)aryl,
(C¢-Crp)aryl(Cy-Cg)alkyl, substituted (Ce-Cir)aryl(C;-Cyg)alkyl, (C;-Cyp)heteroaryl,
substituted (C-Cy)heteroaryl, (C;-Cao)heteroaryl(Ci-Cyplalkyl or substituted (C;-
Caoo)heteroaryl(C,-Cp)alkyl;
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R¢ 1s hydrogen, (C;-Cjg)alkyl, substituted (C;-Cig)alkyl, (C;-Cjg)cycloalkyl,
substituted (C;-Cjp)cycloalkyl, (Ce-Cio)aryl, substituted (C6-C12)aryi, (Ce-Ciparyl(C,-
Cio)alkyl, substituted (Ce-Ci2)aryl(C;-Ciplalkyl, (C;-Cyp)heteroaryl, substituted (C;-
Cao)heteroaryl, (C;-Cyo)heteroaryl(C,-Cip)alkyl or substituted (C;-Cy)heteroaryl(C;- |
Cio)alkyl;

Ry is hydrogen, (C;-Cjg)alkyl or (C,-Cjgacyl;

R21s -CO,R 3, -COOH or an acid isostere;

Ria and Ry, which may be the same or different, being each independently
hydrogen, (C;-Cjp)acyl, hydroxyl, halogen, cyano, (C;-Cjp)alkyl, substituted (C;-
Cio)alkyl, (Cs-Cig)cycloalkyl, substituted (C;-Cig)cycloalkyl, (C;-Cg)alkoxy, (C;-
Cio)alkylthio, (C;-Cjo)alkylamino, -COOR;3- or CONR;3R14-; or Ry, and Ry, together
with the atom(s) to which they are attached independently from a homocyclic ring, a
substituted homocyclic ring, a heterocyclic ring or a substitutéd heterocyclic ring;

Rsa, Rsp, R7a, R7b, Rga and Rgp,, which may be the same or different, being each
independently hydrogen, (C;-Cig)acyl, hydroxyl, amino, halogen, cyano, (C,-Cjq)alkyl,
substituted (C;-Cyo)alkyl, (Cs-Cio)eycloalkyl, substituted (C3-Cio)cycloalkyl, (C;-
Cio)aryl, substitute (C;-Cyp)aryl, (C;-Cp)alkoxy, (C;-Cjp)alkylthio, (C,-C)p)alkylamino, -
COOR 13, or -CONR 4R 5; and

Roa, Rob, Ri1, Rimb, Ri3, Ri4-and R;s, which may be the same of different, being
each independently hydrogen, (C;-Cg)alkyl, (C¢-Ciz)aryl or (C4-Ciz)aryl(C;-Cig)alkyl;

wherein, the heterocyclic ring, the hetercycle, the heterocyclylalkyl, heteroaryl
and heteroarylalkyl contain at least one heteroatoms selected from the group consisting
of N, O and S; and

"substituted" being intended to mean replacement with at least one substituent
selected from the group consisting of halogen, acetylene, vinyl, hydroxy, cyano, nitro,
amino, (C;-Cjplalkylamino, di(Ci-Cjp)alkylamino, (C;-Cyp)alkyl, (Cs-Cip)cycloalkyl,
(C1-Cip)alkoxy, (C;i-Cjp)alkylthio, halo(C;-Ciglalkyl, (Ce¢-Cip)aryl, (Ce-Cio)aryl(C;-
Cio)alkyl, (Ci-Cag)heteroaryl, (C;-Cy)heteroaryl(C;-Cjp)alkyl, (C;-Cyp)heterocycle, (C;-
Cy)heterocyclyl(C)-Cig)alkyl, -NR.Rp, -NR,C(=0)Rp, -NR,C(=0)NR,OR,,
NR,C(=0O)NR. Ry, -NR,C(=0)OR;, -NR;SO;R;, -C(=0O)R,, -C(=O0)OR,, -OC(=O)R,, -
C(=O)NR Ry, -OC(=O)NR,Rp, -OR,, -SR,, -SOR,, -S(=0)R,, -OS(=0).R,and -
S(=0),OR,, wherein R, and Ry, which may be the same or different, being each
independently hydrogen, (C;-Cig)alkyl, halo(C,-Cjg)alkyl, (C;-Cig)cycloalkyl, (Cs-
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Coaryl, (C¢-Crr)aryl(C;-Cig)alkyl, (Ci-Cyp)heteroaryl, (C;-Cag)heteroaryl(C;-Cig)alkyl,
(Ci-Cag)heterocycle, (C;-Cyoheterocyclyl(Ci-Cip)alkyl or -(CH;),C(=O)R;, z is an
integer of 1, 2, 3 or 4, and R; is hydroxyl, (C,-Cjp)alkyl, (Cs-Cjo)cycloalkyl or (C;-
Cio)alkoxy.

In accordance with another aspect of the present invention, there is provided a
pharmaceutical composition for preventing or treating a sex hormone-related disease
comprising the compound of formula (I), or a stereoisomer, a prodrug or a
pharmaceutically acceptable salt thereof.

In accordance with a further aspect of the present invention, there is provided a
method of preventing or treating a sex hormone-related disease in a subject comprising
the step of administering to the subject in need thereof an effective amount of the
compound, or a stereoisomer, a prodrug or a pharmaceutically acceptable salt of formula
(D.

In accordance with a still further aspect of the present invention, there is provided
a use of the compound of formula (I), or a stereoisomer, a prodrug or a pharmaceutically
acceptable salt thereof for the manufacture of a medicament for preventing or treating a

sex hormone-related disease.

The compound of the present invention can effectively inhibit GnRH receptor,
and thus can be useful in preventing or treating sex hormone-related diseases such as
endometriosis, amenorrhea, irregular menstruation, uterine myoma, uterine fibroids,
polycystic ovarian disease, lupus erythematous, hypertrichosis, precocious puberty, short
stature, acne, alopecia, gonadal steroid-dependent neoplasms (e.g., prostate cancer,
breast cancer, ovarian cancer, uterine cancer, pituitary cancer, etc.), gonadotropin-
producing pituitary adenoma, sleep apnea, irritable bowel syndrome, premenstrual
syndrome, benign prostatic hyperplasia, contraception, and infertility, as well as

Alzheimer disease.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a detailed description of the present invention is given.
As used herein, the term “non-aromatic” refers to a chemical group that does not
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contain an aromatic character that 4n+2 electrons are conjugated or that is saturated.

As used herein, the term “alkyl” refers to a straight or branched chain, 'non—cyclic
aliphatic hydrocarbon unsaturated or saturated, which contains 1 to 10 carbon atoms.
The term “lower alkyl” has the same meaning as “alkyl” except for containing 1 to 6
carbon atoms. The term “higher alkyl” has the same meaning as “alkyl” except for
containing 2 to 10 carbon atoms. Representative examples of the saturated straight
alkyls include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl and the like; and
representative examples of the saturated branched alkyls include isopropyl, sec-butyl,
isobutyl, tert-butyl, isopentyl and the like. Unsaturated alkyl comprises at least one
double or triple bonds between adjacent carbon atoms (also referred to as "alkenyl" or
"alkynyl", respectively). Representative examples of the straight or branched alkenyls
include ethylenyl, propylenyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-pentenyl, 2-pentenyl,
3-methyl-1-butenyl, 2-methyl-2-butenyl, 2,3-dimethyl-2-butenyl and the like; and
representative examples of the straight or branched alkynyl include acetylenyl, propynyl,
1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3-methyl-1-butynyl and the like.

As used herein, the term “cycloalkyl” refers to a saturated or unsaturated non-
aromatic carbocyclic ring system which contains 3 to 10 carbon atoms. Representative
examples of the saturated cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and the like; representative examples of the unsaturated cyclic alkyl include
cyclopentenyl, cyclohexenyl and the like. Cycloalkyl is also alternatively called
“homocycle” or “homocyclic ring” in the specification of the present invention.

As used herein, the term “aryl” refers to an aromatic carbocyclic group, such as
phenyl or naphthyl.

As used herein, the term “arylalkyl” refers to a substituted alkyl whose at least
one hydrogen atom is replaced with aryl group, such as benzyl, -(CH;),phenyl, -
(CH3)sphenyl, -CH(phenyl), and the like.

As used herein, the term “heteroaryl” refers to a 5- to 10-membered aromatic
heterocyclic ring which comprises at least one heteroatom selected from nitrogen,
oxygen and sulfur atoms, and at least one carbon atom, and it comprises a mono- or
bicyclic ring system. Representative examples of the heteroaryl include furyl,
benzofuranyl, thiophenyl, benzothiophenyl, pyrrolyl, indolyl, isoindolyl, azaindolyl,
pyridyl, quinolinyl, isoquinolinyl, oxazolyl, isooxazolyl, benzoxazolyl, pyrazolyl,
imidazolyl, benzimidazolyl, thiazolyl, benzothiazolyl, isothiazolyl, pyridazinyl,
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pyrimidinyl, pyrazinyl, triazinyl, cinnolinyl, phthalazinyl and quinazolinyl.

As used herein, the term "heteroarylalkyl" refers to a substituted alkyl whose at
least one hydrogen atom is substituted with heteroaryl group, such as -CH; pyridinyl, -
CH; pyrimidinyl and the like.

As used herein, the term “heterocycle” (also referred to as “heterocyclic ring)
refers to a 4- to 7-membered monocylic- or 7- to 10-membered bicyclic-heterocyclic ring
which is either saturated, unsaturated, or aromatic, and which comprises 1 to 4
heteroatoms independently selected from nitrogen, oxygen and sulfur atoms (wherein the
nitrogen and sulfur heteroatoms may be optionally oxidized, and the nitrogen heteroatom
may be optionally quaternized). Any one of the above heterocycles includes bicyclic
rings fused to a benzene ring. Heterocycle may be bonded via any heteroatom or
carbon atom. Heterocycles include heteroaryls as defined above. Thus, in addition to
the heteroaryls listed above, the heterocycles also include morpholinyl, pyrrolidinonyl,
pyrrolidinyl, piperidinyl, piperazinyl, hydantoinyl, valerolactamyl, oxiranyl, oxetanyl,
tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl, tetrahydropyrimidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, and the like.

As used herein, the term “heterocycloalkyl” refers to a substituted alkyl whose at
least one hydrogen atom is substituted with heterocycles, such as -CHymorpholinyl and
the like.

As used herein, the term “homocycle” (also referred to as “homocyclic ring”)
refers to a saturated or unsaturated (exclusive of aromatic group) carbocyclic ring
containing 3 to 7 carbon atoms, such as cyclopropane, cyclobutane, cyclopentane,

cyclohexane, cycloheptane, cyclohexene, and the like.

As used herein the term “substituted” refers to any groups (i.e., alkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, homocycle, heterocycle and/or heterocyclylalkyl),
wherein at least one hydrogen atom of the any group is replaced with a substituent. In
the case of a keto substituent (-C(=0)-), two hydrogen atoms are replaced with the
substituent.

When at least one group is substituted with the substituent, within the scope of
the present invention, the “substituents” may include halogen, acetylene, vinyl, hydroxyl,
cyano, nitro, amino, (C;-Cjg)alkylamino, di(C;-Cp)alkylamino, (C;-Ciq)alkyl, (Cs-
Cio)cycloalkyl, (C;-Cjp)alkoxy, (C;-Cjp)alkylthio, halo(C;-Cyo)alkyl, (Ce-Cir)aryl, (Ce-
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Ciparyl(Ci-Cyg)alkyl,  (Ci-Cyp)heteroaryl,  (C,-Cyo)heteroaryl(C,-Cjp)alkyl, (C;-
Copheterocycle,  (C;-Cyo)heterocycle(Ci-Cip)alkyl, -NR,Rp, -NR,C(=O)Rp, -

' NR,C(=O0)NR.OR, -NR,C(=O)NR;Ry, -NR,C(=O)ORy, -NR,SO:R;, -C(=O)R,, -

C(=0)OR,, -OC(=O)R,, -C(=0)NR Ry, -OC(=0)NR,Ry, -OR,, -SR,, -SOR,, -S(=0),R,,
-0S(=0);R,, and -S(=0),0R.,.

Also, the substituents may be further replaced with at least one of the substituents,
thus they include substituted alkyl, substituted aryl, substituted arylalkyl, substituted
heterocycle and substituted heterocyclylalkyl.

In the above, R, and Ry, which may be the same or different, being each
indepdently hydrogen, (C,-Cjo)alkyl, halo(C,-Cg)alkyl, (Cs-Cyp)cycloalkyl, (Cs-C;)aryl,
(Cs-Crp)aryl(Ci-Cip)alkyl, (Ci-Cyo)heteroaryl, (C;-Cy)heteroaryl(C-Cyo)alkyl, (C;-
Cao)heterocycle, (C;-Cyo)heterocyclyl(C;-Cg)alkyl or -(CH;),C(=0)R. (in which z is an
integer 1, 2, 3 or 4; and R. is hydroxyl, (C;-Cjg)alkyl, (C3-Cjg)cycloalkyl or (C;-
Cjo)alkoxy).

As used herein, the term “halogen” refers to fluorine, chlorine, bromine or iodine.

As used herein, the term “haloalkyl” refers to a substituted alkyl whose at least
one hydrogen atom is replaced with a halogen, such as trifluoromethyl and the like.

As used herein, the term “alkoxy” refers to an alkyl group bonded via an oxygen
bridge (i.e., -O-alkyl), such as methoxy, ethoxy and the like.

As used herein, the term “akylthio” refers to an alkyl group bonded via a sulfur
bridge (i.e., -S-alkyl), such as methylthio, ethylthio and the like.

As used herein, the term “alkylsulfonyl” refers to an alkyl group bonded via a
sulfonyl bridge (i.e., -SO,-alkyl), such as methylsulfonyl, ethylsulfonyl and the like.

As used herein, the term “alkylamino” and “dialkylamino”™ refer to one and two
alkyl groups, respectively, bonded via a nitrogen bridge (i.e., -N-alkyl), such as

methylamino, ethylamino, dimethylamino, diethylamino and the like.

In accordance with one embodiment of the present invention, the compound of
formula (I) wherein A is O, CH,, NRyg or S may be represented by the structure selected

from the group consisting of formulas (Ia) to (Id):
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(Ia)

(Ib)

(Ic)

(Id)

Ry, Rz, R3a, Rap, R4, Rsy Rsp, Rg, R7a R7p. Ro and n have the same meanings as

10  defined in formula (I).

In accordance with one embodiment of the present invention, the compound of

formula (I) wherein Rg is substituted benzyl may be represented by the structure of

formula (Ie):

15
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(Ie)

wherein,

Ais O, CH,, NRy or S;

Ry is hydrogen or (C;-Cyp)alkyl;

R, R2, Ria, R3p, R4, Rsa Rsp, Re, R7a, R7p and n have the same meanings as
defined formula (I); and

X is at least one substituent selected from the group consisting of halogen,
acetylene, vinyl; hydroxy, cyano, nitro, amino, (C;-Cjo)alkylamino, di(C;-
Cio)alkylamino, (C;-Cyglalkyl, (Cs;-Cig)cycloalkyl, (C;-C,g)alkoxy, (Cl-Clo)alkylfhio,
halo(C-Cp)alkyl, (Ce-Cir)aryl, (Cs-Ci2)aryl(Ci-Cig)alkyl, (C-Cyo)heteroaryl, (C;-
Cao)heteroaryl(C,-Cp)alkyl, (C;-Cyp)heterocycle, (C;-Cyp)heterocyclyl(Ci-Ciplalkyl, -
NRg Ry, -NRaC(QO)Rb, -NR,C(=O)NR,OR;, -NR,C(=O)NR,R;, -NR,C(=0O)OR,, -
NR;SO2Rp, -C(=0)R,, -C(=0)OR,, -OC(=0)R,, -C(=O)NR R}, -OC(=0)NR R}, -OR,, -
SR, -SOR,, -S(=0)2R,, -OS(=0),R, and -S(=0),0R;

wherein R, and Ry, which may be the same or different, being each
independently hydrogen, (C,-Cjo)alkyl, halo(C:-Cjp)alkyl, (Cs-Cjo)cycloatkyl, (Ce-
Ciparyl, (Ce-Cir)aryl(C-Cp)alkyl, (Ci-Cyo)heteroaryl, (C;-Coo)heteroaryl(Cy-Cjp)alkyl,
(C1-Cap)heterocycle, (Ci-Cyp)heterocyclyl(Ci-Cip)alkyl or -(CH,),C(=O)R., z is an
integer of 1, 2, 3 or 4, and R, is hydroxyl, (C;-C,p)alkyl, (Cs-Cip)cycloalkyl or (C;-
Cjo)alkoxy.

In accordance with preferred embodiment of the present invention, the compound

of formula (I) may be selected from the group consisting of formulas (II) to (VI): -

10
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wherein,
Ri, Ry, R3a, R3p and Ry have the same meanings as defined in formula (I); and

X has the same meaning as defined in formula (Ie).

In accordance with one embodiment of the present invention, the compound of
formula (I) wherein n is 2, R, is H, Rsp is aromatic ring or substituted aromatic ring and
R 1s substituted benzyl may be represented by the structure of the following formula

(VID):

RyaR7o R4
aromatic N

X "”%A
R1’E\j
R
|

(VID
wherein,

Ais 0, S, CH; or NRy;

Ro is H or (C;-C,gp)alkyl;

Ri, Ry, R4, Rsa, Rsp, Ry, and Ry, have the same meanings as defined in formula
(I); and

X and X' are each independently at least one substituent selected from the group
consisting of halogen, acetylene, vinyl, hydroxy, cyano, nitro, amino, (C;-
Cjo)alkylamino, di(Cl-Clo)alkylamino, (C1-Cyo)alkyl, (C5-Cyp)cycloalkyl, (C;-Cjp)alkoxy,
(Ci-Cp)alkylthio, halo(C;-Cip)alkyl, (Ce¢-Ciz)aryl, (Cg¢-Cio)aryl(Ci-Ciglalkyl, (C;-
Coo)heteroaryl, (Ci-Cyo)heteroaryl(C,-Cyp)alkyl, (Ci-Cyp)heterocycle, (Ci-
Cyo)heterocyclyl(C-Cip)alkyl, -NRaRp, -NR,C(=O)R,, -NR,C(=O)NR,OR,, -
NR,C(=O)NR, R}, -NR,C(=0)ORy, -NR,SO;Rp, -C(=0)R,, -C(=0)OR,, -OC(=O)R,, -
C(=O)NR Ry, -OC(=O)NR,Ry, -OR,, -SR; -SOR,, -S(=0)R,, -OS(=0)R,and -
S(=0).0R;;

wherein R, and Ry, which may be the same or different, being each
independently hydrogen, (C;-Cjp)alkyl, halo(Ci-Cjp)alkyl, (C;-Cig)cycloalkyl, (Ce-
Ciparyl, (Ce-Cip)aryl(Cy-Chp)alkyl, (C-Cog)heteroaryl, (Ci-Cyo)heteroaryl(C,-Cg)alkyl,

12
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(C-Cyp)heterocycle, (Ci-Cyg)heterocyclyl(Ci-Cp)alkyl or -(CH,),C(=O)R., z 1s an
integer of 1, 2, 3 or 4, and R, is hydroxyl, (C,-Cjp)alkyl, (C3-C)p)cycloalkyl or (C;-
Cig)alkoxy.

5 In a preferred embodiment of the compound of formula (1),
A is CHy, O, S or NRg wherein Ry i1s hydrogen or methyl;
n is an integer of 2; |
R; and R, being each independently hydrogen, (Cs-C2)aryl(C,-Cg)alkyl,
substituted (Cg-Co)aryl(C,-Cjg)alkyl, (Ci-Cyo)heteroaryl(C;-Cp)alkyl, substituted (C;-
10  Cyp)heteroaryl(C,-Cp)alkyl or -(CH;)s-Ry;
s is an integer of 1, 2, 3 or 4;
Ri, and Rjp being each independently hydrogen, (Ce-Cp)aryl, substituted (Ce-
Cia)aryl, (C;-Cyo)heteroaryl or substituted (C;-Cyo)heteroaryl; |
_ R4 is hydrogen, (Cg¢-Cpp)aryl, substituted (Ce-Cjp)aryl, (C;-Cyg)heteroaryl,
15  substituted (C;-Cjg)heteroaryl, (Cs-C2)aryl(C;-Cjg)alkyl, substituted (Cs-Cio)aryl(C,-
Cyo)alkyl, (C;-Cao)heteroaryl(C,-Cip)alkyl, substituted (Cl-Czo)heteroaryl(Cl-Clo)alkyl,
(C-Cyo)alkyl, substituted (C;-Cjp)alkyl, -C(=O)Ry1, -SO,R;; or —C(=O)ORy;;
Rg is (Ce-Cr2)aryl(Ci-Cip)alkyl, substituted (Cs-Cip)aryl(C;-Cio)alkyl, (C;-
Cyo)heteroaryl(C,-Cip)alkyl or substituted (C;-Coo)heteroaryl(C;-Cyo)alkyl;
20 Rsa, Rsp, R7a. R, Rga and Ry, being each independently hydrogen;
Ry is hydrogen, (C;-Cg)alkyl, (Cs-Ciz)aryl, or (Ce-Ci2)aryl(C,-Cig)alkyl; and
Rz is -COOH or an acid isostere selected from the group consisting of:

{~CONHOH  §—CONH, {~CONHOMe §—OCONHOMe $—~NHCONHOMe §—SO,NH,

0

o] H 0]
-N J( N~ (!
0 N —p—
)JOH )O\(NH E—’}‘J\H N i—SO;H  § ZROH
% £ OH N t
e}
¢ A N Y
~N ~NH ~NH |
and X )\
%"<\NJ §—<\N /&O 2"<\N /&S N~ NH,
25 wherein, "substituted" being intended to mean replacement with at least one

substituent selected from the group consisting of halogen, acetylene, vinyl, hydroxy,

cyano, nitro, amino, (C,;-Cj)alkylamino, di(C;-Cg)alkylamino, (C,-Cip)alkyl, (Cs-
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Cig)eycloalkyl, (Ci-Cyp)alkoxy, (Ci-Cig)alkylthio, halo(C,-Cyp)alkyl, -NRRp, -
NR,C(=0)Ry, -NR,C(=O)NR,OR;, -NR,C(=0)NR Ry, -NR,C(=0)OR;, -NR,;SO,R,, -
C(=0)R,, -C(=0)0OR,, -OC(=0)R,, -C(=O)NR Ry, -OC(=0O)NR R}, -OR,, -SR,, and -
S(=0):R,, |

wherein R, and Ry, being each independently hydrogen, (C,-C¢)alkyl, halo(C;-
Cipalkyl, (C3-Cyp)eycloalkyl, (Ce-Ca)aryl, (Ce-C2)aryl{C,-C)p)alkyl, (Ci-Cap)heteroaryl,
(C1-Cyp)heteroaryl(C;-Cp)alkyl, (C;-Cyp)heterocycle, (C,-Cy)heterocyclyl(C;-Cg)alkyl
or -(CH,),C(=O)R,, z is an integer of 1, 2, 3 or 4, and R, is hydroxyl, (C;-Cg)alkyl, (Cs-
Cio)cycloalkyl or (C,-Cjp)alkoxy.

The compound of formula (I) of the present invention may be selected from the
group consisting of: | '

- (R)-3 -(2-amino-2-phénylethyl)- 1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione;

(R)-3 -(2-amino-2-phenylefhyl)-1 -(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
fluorobenzyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;
(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanoic acid;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
methyl-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
methoxyethyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
neopentyl-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine}-2,4(3H,7H)-dione;
3Q((R)-Z-amino-2-phenylethyl)- 1 -(2-ﬂuoro-6-(triﬂuoromethyl)benzyl)-1 '“(2-(1-
methylpyrrolidin-2-yl)ethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(pyridin-2-ylmethyl)-1H-spiro[furof3,4-d]pyrimidine-5,4'"-piperidine]-2,4(3H,7H)-dione;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(pyridin-3-ylmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'"-piperidine]-2,4(3H,7H)-dione;
14
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(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(pyridin-4-ylmethyl)- 1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
fluoropyridin-3-yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1'-((2-chloropyridin-3-yl)methyl)-1-(2-fluoro-
6-(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1'-((6-chloropyridin-3-yl)methyl)-1-(2-fluoro-
6-(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
methylpyridin-3-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione; '

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((6-
(trifluoromethyl)pyridin-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione; _

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
methylbenzyl)-1H-spiro[ furo[3 ,4-d]pyrimidine—5,4‘-piperidine] -2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
methoxybenzyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-1'-
yDmethyl)benzonitrile;

(R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(trifluoromethoxy)benzyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione; '
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(R)-methyl 3-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-2,3,4,7-tetrahydro- 1 H-spirof furo[ 3,4-d]pyrimidine-
5,4'-piperidin]-1'-yl)methyl)benzoate;

(R)-3-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[furo[3,4-d]pyrimidine-5,4"-piperidin]-1'-yl)methyl)-
N-methylbenzamide; ‘

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(methylthio)benzyl)- 1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
hydroxybenzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'"-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(methylsulfonyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1'-(benzo[b]thiophen-7-ylmethyl)-1-(2-fluoro-
6-(trifluoromethyl)benzyl)-1H-spiro[ furo[3 ,4-d]pyrimidine—S.,4'-piperidine]—2,4(3H,7H)—
dione;

(R)-3-(2-amino-2-phenylethyl)-1'-(benzo[c][ 1,2,5]oxadiazol-4-ylmethyl)-1-(2-
fluoro-6-(trifluoromethyl)benzyl)-1H-spiro[furo[3,4-d|pyrimidine-5,4'-piperidine}-
2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
methylbenzyl)-1H-spirof furo[3,4-d]pyrimidine-5,4"-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
methoxybenzyl)-1H-spiro[ furo[3 ,4—d]pyrimidine—5,4'-piperidine]-2,4(3 H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
hydroxybenzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluocromethyl)benzyl)-1'-(2-
fluorobenzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine}-2,4(3H,7H)-dione;

(R)-2-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl))benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-1'-
yl)methyl)benzonitrile;

(R)-3-(2-amino-2-phenylethyl)-1'-(2,3-difluorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1H-spiro[furo[ 3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;
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(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine}-2,4(3H,7H)-
dione;

(R)-2-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[ 3,4-dpyrimidine-5,4"-piperidin]-1'-yl)methyl)-
6-fluorobenzonitrile;

(R)-3-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro- 1 H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-1'-yl)methyl)-
2-fluorobenzonitrile; ’

(R)-3-(2-amino-2-phenylethyl)-1-(2,6-difluorobenzyl)-1'-(3-
(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d|pyrimidine-5,4"-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1 -(2-ﬂuoro-6—(triﬂuoromethyl)b enzyl)-1"-(2-
(trifluoromethoxy)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine}-2,4(3H,7H)-
dione;

(R)-methyl 2-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[ 3,4-dJpyrimidine-
5,4'-piperidin]-1'-yl)methyl)benzoate;

(R)-3-(2-amino-2-phenylethyl)-1'-(2-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4"-piperidine]-2,4(3H,7H)-
dione;

| (R)-3-(2-amino-2-phenylethyl)-1'-(2-fluoro-3-methoxybenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)- 1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'"-piperidine]-2,4(3H,7H)-
dione;

(R)-5-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[3,4-d]pyrimidine-5,4"-piperidine]-1'-
yl)methyl)furan-2-carboxamide;

(R)-5-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo0-2,3,4,7-tetrahydro-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4"-piperidin]-1'-yl)methyl)-
N-methylfuran-2-carboxamide;

(R)-3-(2-amino-2-phenylethyl)-1-(2,6-difluorobenzyl)-1'-((5-
(trifluoromethyl)furan-2-yl)ymethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-diong;
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(R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2,6-difluorobenzyl)-1H-
spiro| furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-((3-(2-amino-2-phenylethyl)-1-(2,6-difluorobenzyl)-2,4-dioxo-2,3 4,7-
tetrahydro-1H-spiro[ furo[3,4-d])pyrimidine-5,4'-piperidin}-1'-yl)methyl)benzonitrile;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
phenethyl-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(furan-2-ylmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
methylfuran-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1'-((5-chlorofuran-2-yl)methyl)-1-(2-fluoro-6-
(triﬂuoromefhyl)benzyl)- 1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione; _

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((6-
hydroxypyridine-3-yl)methyl)-1 H-spiro[ furo]3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione;

.(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(4-
methylbenzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3—(2-amino-2-phenylethyl)- 1'-(4-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)- 1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione; -

(R)-4-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo0-2,3,4,7-tetrahydro- 1 H-spiro[ furo[ 3,4-d]pyrimidine-5,4"-piperidin]-1'-
yl)methyl)benzonitrile

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(4-
(trifluoromethyl)benzyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-methyl 4-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-2,3,4,7-tetrahydro-1H-spiro[furo[ 3,4-d]pyrimidine-
5,4"-piperidin]-1'-yl)methyl)benzoate

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(4-
fluorobenzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;
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(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(4-
hydroxybenzyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(4-
methoxybenzyl)-1H-spiro[furo[3,4-d}pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(pyrazin-2-ylmethyl)-1H-spiro[ furo[3,4-d ]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((1-
methyl-1H-pyrazol-5-yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione; ’

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(thiazol-4-ylmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(thiazol-5-ylmethyl)- 1 H-spiro [furo[3 ,4-d]pyrimidine-5,4"-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(thiazol-2-ylmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3 -(2-amino-2-pher}ylethyl)-1 -(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(oxazol-4-ylmethyl)-1H-spiro[furo[3,4-d}pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(isooxazol-3-ylmethyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-1'-acetyl-3-(2-amino-2-phenylethyl)-1 -(2-ﬂuor6-6-
(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H, 7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
isobutyryl-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-ethyl  3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-2,3,4,7-tetrahydro-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-1'-
carboxylate; ‘

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(methylsulfonyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1 -(2-ﬂuoro-6-(triﬂuoromethyl)benzyl)- 1H-
spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
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(methylsulfonyl)ethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[3,4-d}pyrimidine-5,4'-piperidin]-1'-
yl)methyl)benzamide;

(R)-4-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-1'-
yDmethyl)benzamide;

(R)-N-(2-(3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-diox0-2,3,4,7-tetrahydro-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidin]-1'-
yl)ethyl)-N-methylmethanesulfonamide;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
morpholinoethyl)-1 H-spiro[furo[3,4—d]pyrimidine;5 ,A'-piperidine]-2,4(3H,7H)-dione;

(R)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid; _

} (R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-(3-
(trifluoromethyl)benzyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-
yl)-1-phenylethyl)amino)butanoic acid;

(R)-4-((2-(1-(2,6-difluorobenzyl)-2,4-dioxo-1'-(3-(trifluoromethyl )benzyl)-1H-
spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid,;

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-methylfuran-2-
yDmethyl)-2,4-dioxo-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-
1-phenylethyl)amino)butanoic acid;

(R)-4-((2-(1'-((5-chlorofuran-2-ylymethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1H-spiro[furo(3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-y1)-1-phenylethyl)amino)butanoic acid;

(R)-4-((2-(1'-(3-cyano-2-fluorobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin}-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid,

(R)-4-((2-(1-(2,6-difluorobenzyl)-2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-
yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4"-piperidin}-3(2H,4H,7H)-yl1)-1-
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phenylethyl)amino)butanoic acid;

(R)-4-((2-(1'-(3-chlorobenzyl)-1-(2,6-difluorobenzyl)-2,4-dioxo-1H-
spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid,

(R)-4-((2-(1"-(3-cyanobenzyl)-1-(2,6-difluorobenzyl)-2,4-dioxo-1H-
spiro[ furo[3,4-d]pyrimidine-5,4"-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid;

(R)-4-((2-(1'-(3-cyanobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1H-spiro[furo(3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-y1)-1-
phenylethyl)amino)butanoic acid;

(R)-4-((2-(1 -(2-ﬂuoro—6—(triﬂuoromethyl)benzyl)- 1'-(3-
(methylcarbamoyl)benzyl)-2,4-dioxo-1 H-spil;o[furo[3 ,4-d]pyrimidine-5,4"-piperidin]-
3(2H,4H,7H)-y1)-1-phenylethyl)amino)butanoic acid; |

(R)-4-((2-(1-(2-fluoro-6-~(trifluoromethyl)benzyl)-1'-(3-(methylthio)benzyl)-
2,4-dioxo-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-y1)-1-
phenylethyl)amino)butanoic acid, ' '

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[furo[3,4-dJpyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanamide;

(R)-4-((2-(1 —(2-ﬂuoro—6-(triﬂuoromethyl)benzyl)—2,4-dioxo- 1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1,2,6,7-tetrahydrospiro[ cyclopenta[d }pyrimidine-
5,4'-piperidin]-3(4H)-y1)-1-phenylethyl)amino)butanoic acid;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-6,7-dihydrospiro[ cyclopenta]d]pyrimidine-5,4'-
piperidine]-2,4(1H,3H)-dione; '

(R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-6,7-dihydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidine]-
2,4(1H,3H)-dione;

(R)—4-((2-'(1 '-(3-chlorobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1,2,6,7-tetrahydrospiro[ cyclopenta[d]pyrimidine-5,4'-piperidin]-3(4H)-yl)-1-
phenylethyl)amino)butanoic acid,

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(methylthio)benzyl)-6,7-dihydrospiro[ cyclopenta[d]pyrimidine-5,4'-piperidine]-
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2,4(1H,3H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1'-benzyl-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-6,7-dihydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidine]-
2,4(1H,3H)-dione;
| (R)-3 ~(2-arhino-é—phenylethyl)-1 -(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
fluorobenzyl)-6,7-dihydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidine]-2,4(1H,3H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(trifluoromethyl)benzyl)-6,7-dihydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidine]-
2,4(1H,3H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1'-((5-chlorofuran-2-yl)methyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-6,7-dihydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidine]-
2,4(1H,3H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-6,7-dihydrospiro[cyclopenta]d Jpyrimidine-5,4'-
piperidine}-2,4(1H,3H)-dione;

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-(methylthio)benzyl)-
2,4-dioxo-1,2,6,7-tetrahydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidin}-3(4H)-yl)-1- .
phenylethyl)amino)butanoic acid;

(R)-4-((2-(1'-benzyl-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1,2,6,7-
tetrahydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidin]-3(4H)-y1)-1-
phenylethyl)amino)butanoic acid,

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-fluorobenzyl)-2.4-
dioxo-1,2,6,7-tetrahydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidin}-3(4H)-yl)-1-
phenylethyl)amino)b‘utanoic acid;

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-(3-
(trifluoromethyl)benzyl)-1,2,6,7-tetrahydrospiro[ cyclopenta[d]pyrimidine-5,4'-
piperidin]-3(4H)-yl)-1-phenylethyl)amino)butanoic acid,

(R)-4-((2-(1'-((5-chlorofuran-2-ylymethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1,2,6,7-tetrahydrospiro[ cyclopenta[d]pyrimidine-
5,4"-piperidin]-3(4H)-yl)-1-phenylethyl)Jamino)butanoic acid;

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1,2,6,7-tetrahydrospiro[cyclopenta[d]pyrimidine-
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5,4"-piperidin]-3(4H)-yl)-1-phenylethyl)amino)butanoic acid;
(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanoic acid,;
(8)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1"-((5-
(trifluoromethyl)furan-2-yl)methyl)- 1H-spiro[ furo[3,4-d]}pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yhH-1 —phenylethyl)amino)butano.ic acid;
(S)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid;
(R)-3-(2-((3-(2H-tetrazol-5-yl)propyl)amino)-2-phenylethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-
d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;
(R)-2-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)ethyl methoxycarbamate; '
(R)-N-(3-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluvoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)propyl)-N-hydroxyformamide;
4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifluoromethyl)
furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin}-3(2H,4H,7H)-y1)-1-
(6-methylpyridin-2-yl)ethyl)amino)butanoic acid;
4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-y1)-1-(5-methylthiophen-2-yl)ethyl)amino)butanoic acid;
4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-(5-methylfuran-2-yl)ethyl)Jamino)butanoic acid;
4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluvoromethyl)furan-2-yl)methyl)- 1 H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-y1)-1-(3-hydroxyphenyl)ethyl)amino)butanoic acid;
(R)-4-((2-(1'-((5-bromofuran-2-yl)methyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1H-spiro[ furo[3,4-d|pyrimidine-5,4'-piperidin]-
23



10

15

20

25

30

WO 2013/129879 PCT/KR2013/001660

3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanoic acid,
4-((2-(1'-((5-ethynylfuran-2-yl)methyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-1H-spiro[furo[3,4-d]pyrimidine-5,4"-piperidin]-3(2H,4H,7H)-y1)-1-(5~
methylfuran-2-yl)ethyl)amino)butanoic acid;
4-((2-(1'-(benzofuran-2-ylmethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2 ,4-
dioxo-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-(5-
methylfuran-2-yl)ethyl)amino)butanoic acid,;
(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo(3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-y1)-1-phenylethyl)amino)-N-hydroxybutanamide;
(R)-2-(4-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)- 1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenoxy)acetic acid;
4-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin}-
3(2H,4H,7H)-yl)ethyl)phenoxy)butanoic acid;
2-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methy!)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenoxy)acetic acid;
(R)-4-(4-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spirof furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenoxy)butanoic acid,;
3-((3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'"-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenyl)amino)propionic acid,;
2-((3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2 ,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenyl)amino)acetic acid;
3-((3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluvoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)pheﬁyl)amino)propionic acid;
3-(2-amino-2-(3-aminophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-
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piperidine]-2,4(3H,7H)-d1one;
3-(2-amino-2-(3-nitrophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-
piperidine]-2,4(3H,7H)-dione;
3-(2-amino-2-(4-nitrophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)- 1 H-spiro[ furo[ 3,4-d)pyrimidine-5,4'-
piperidine]-2,4(3H,7H)-dione;
3-(2-amino-2-(4-aminophenyl)ethyl)- 1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)- 1H-spiro[ furo[3,4-d]pyrimidine-5,4'-
piperidine}-2,4(3H,7H)-dione;
3-(2-amino-2-(2-aminophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d}pyrimidine-5,4'-
piperidine]-2,4(3H,7H)-dione;
3-(2-amino-2-(2-nitrophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-
piperidine]-2,4(3H,7H)-dione;
tert-butyl(2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-(3-(3-methoxyureido)phenyl)ethyl)carbamate;
1-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'"-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4"-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenyl)-3-methylurea; and
N-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methy!)-1 H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenyl)aceteamide.

The compounds of the present invention can be prepared by the well-known
organic syhthesis methods comprising the method illustrated in the following Example
section.

A compound (iv) as an intermediate for preparing the compound of formula (I)
wherein A is O, S or substituted N, may be prepared according to the procedure shown

in Reaction Scheme 1.
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[Reaction Scheme 1]

RSa,b
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i i-a
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Rda.b\"N EtOZCh'b\’\N
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HN < HN A
A A o=
0] N NH2R5a,b
H RSa,b

v fii

wherein,

v R4, Rsa, Rsp, Ry, and Ryp have the same meanings as defined in formula (I).

As shown in Reaction Scheme 1, a base (e.g., NaH) may be treated with
triethyl phosphonoacetate in a suitable solvent (e.g., tetrahydrofuran) and stirred,
followéd by adding Ry-substituted 4-piperidone thereto to prepare a compound (i).
Then, the compound (i) is reacted with a compound (i-a) to prepare a compound (ii).
The compound (ii) is subjected to urea and HCI treatment, followed by heating to
prepare a compound (iii). Finally, the compound (iii) may be subjected to a uracil
cyclization reaction in a mixed solvents of an aqueous NaOH and an alcohol to yield an

intermediate compound (iv).
The compound of formula (I) in the present invention may be prepared

according to the procedure shown in Reaction Scheme 2 using the compound (iv)

prepared in the reaction above.
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[Reaction Scheme 2]

Riap
Fer ' PG
N R“r;l*J*sz i

N
R7a N Q th_b PG, v-a Riap O deprotection of PG,
ReX HN | base R"NA}”N Rrap ——
A — > 1 [ A
base OJ\N heating PGé)\N

Rsa b Re Rsap PG:protecting group i }'26 Rsap
v vi
X: halide
y Re Ry
N N
Ry-X Riap O A R3ap O
R3 b 0 ) 3a.b ~ ‘
Rio g TRrap DIPEA Risn 459, Rrs ——m Ry Frae
~ ey :
N o ) i A deprotection of PG,  H J\ [ A
I'DG )\ l A PGd)\N
4] I}l R4-aldehyde ) R é Rsab
Re Reav  NaBH(OAo) R~ Thab s
vii viii ix
wherein, ‘

Ry, Raa, Ray, R4, Rsa, Rsp, Rg, R7a, Ry, and A have the same meanings as defined

5 in formula ().

As shown in Reaction Scheme 2, the compound (iv) may be treated with Rg-X

and a base to yield the cdmpound (v). And then, the compound (v) is treated with N-
protected mesylate (compound (v-a)) and a base, followed by heating the mixture to

10  obtain a compound (vi). The compound (vi) may be subjected to a deprotection for
removing protecting group 1 (PG;) therefrom to prepare a compound (vii), and the
compound (vii) obtained is subjected to an alkylation or reductive amination using Ry4-
halide or R4-aldehyde reagent to prepare a Ry-introduced compound (viii). Finally, the
compound (viii) may be subjected to a deprotection to remove protecting group 2 (PG,),

15  to yield a compound (ix) (i.e., the compound of formula (I))

The compound (v) used as an intermediate in Reaction Scheme 2 above also

can be prepared by the procedure shown in Reaction Scheme 3.

20 [Reaction Scheme 3]

A
Reab o Rsab Réa.b N
R?ab '%'NHZ R7a,br\ p NI-TG a7 "NCO, R7a-?\ p ;(O agNaOH I
Aaeﬁcacxd N A
CO£t R QO£ NH, Oé'\r'q
Ry eab

iii-a iib
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wherein,

R4, Rsa, Rsp, Re, R7a, R7p and A have the same meanings as defined in formula
(@)

As shown in Reaction Scheme 3, the compound (ii) is heated in the presence of
Re-amine and an acid (e.g., an acetic acid) to yield an enamine compound (compound
(i1i-a)), followed by reacting the enainine compound with chlorocarbonylisocyanate to
prepare a urea compound (compound (iii-b)). Then, the urea compound is reacted with

an aqueous NaOH to obtain the urasil compound (v).

The compound (viii) used as an intermediate Reaction Scheme 2 above also

can be prepared by the procedure shown in Reaction Scheme 4.

[Reaction Scheme 4]

Rsab

PGy Ry R“r}l‘J*sz R

H /
N N ReX N PG, va N
i 2
0 lRm deprotecton O lRm DIPEA Q lR7ab base g QR
P — OT__> N e Ra NAN}\I 7ab
BN ) )\ I A Ml A heating I )\ I A
)\ Ry-aldehyde )\ 3
o= N o NaBHOAG. h
és Rsap Rs Reap Ry Reap Ry Raan
v X Xi
. viii
PG:protecting group
wherein,

R, Ria, Rap, R4, Rsa, Rsp, Rg, R7a, R, n and A have the same meanings as

defined in formula (I).

As shown in Reaction Scheme 4, the compound (x) prepared by deprotecting
the compound (v) may be reacted with Ry4-halide or R4-aldehyde to introduce Rg group
thereto, and then the resulting compound (compound (xi)) is alkylated by heating in the
presence of a suitable mesylate compound (compound (v-a)) and a base to yield the

compound (viii).

In addition, the compound of formula (I) in the present invention may be

prepared according to the procedure shown in Reaction Scheme 5 using the compound
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(ix).

[Reaction Scheme 5]

' Sub. hydrolysis
substituted Ry-X SUQ R'6 Rsa,n or deprotection
Base
xii

R,-aldehyde N
NaBH(OAC),

5 wherein,
Ri, Ry, R3a, Rap, R4, Rsa, Rsp, Re, R7a, R7p, n and A have the same meanings as

defined in formula (I).

As shown in Reaction Scheme 5, the compound (ix) may be subjected to an

10  alkylation using an alkyl halide (R,-X) in a pfesence of a base to prepare a compound
(xii), followed by hydrolysis or deprotection thereof to yield a compound (xiii).
Alternatively, the compound (ix) may be subjected to a reductive amination using R,-

aldehyde to obtain a compound (xii1).
15 Meahwhile, the compound of formula (I) wherein Rj, is H and Rjy, is aromatic

ring or substituted aromatic ring may be prepared according to the procedure shown in

Reaction Scheme 6.
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[Reaction Scheme 6]
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Q: -0-PG; or N-PG,4 R Q" -0- or -NH- COzEt
// 4 / COzEt AECH X 4 /
R7ab —_— R7ab R7ab
dfer’;rggecﬂon COzEt (CH,),-CHO R o
1 0 1 P 1 '
PG ' Rsap G ' Rsap ' Rsap
Xiv XVI
PG: protecti Xv
protectiong group deprotection
hydrolysis
CO,H
«n Ry
Q N
K 0 »
N l \R7ab
N .
I A
NH
R 0N
|
Rg Rsap
xvi
wherein,
5 Ry, R4, Rsa, Rsp, Rs, R7a, Rop, n and A have the same meanings as defined in
formula (I).

As shown in Reaction Scheme 6, the compound (xiv) may be subjected to a

deprotection for removing protecting group 1 (PG;) therefrom to prepare a compound

10  (xv), followed by an alkylation or reductive amination of the compound (xv) for

introducing an acid-precursor ester thereto to prepare a compound (xvi). Finally, the

compound (xvi) may be subjected to a deprotection and hydrolysis to yield a compound

(xvii) (i.e., the compound of formula (I)).

15 Meanwhile, a compound (ii) as an intermediate for preparing the compound of

formula (I) wherein A is CH,, may be prepared according to the procedure shown in

Reaction Scheme 7.
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[Reaction Scheme 7]

Ry
N 0O O
Rean (N YRC"/C NaOH(aq) g
' TEA (8q HO I + M
Et0 J — X A A
M R7ap R7ap  MeOH Rap 0 0K
0

xviii X
MgCl,, TEA
CDI, ACN
00
( o S,
0 N
0 N,Ra H (
) ha (OAC)4 Rs , TEA 00 Ress N’R“
0 N 2 B .
R
Rsap ii o}
XXi
wherein,

R4, Rsa, Rsp, R7a, Ry and A have the same meanings as defined in formula (I).

As shown in Reaction Scheme 7, for example, the compound (xviii) may be
alkylated for introducing Ry thereto to prepare a compound (xix), followed by a
hydrolysis thereof to yield a compound (xx). The compound (xx) may be added to
1,1'-carbonylimidazol (CDI) and stirred to prepare a mixture, and a solution prepared by
adding magnesium chloride, triethylamine (TEA) and ethyl potassium malonate to
acetonitrile (ACN) is added to the obtained mixture to yield compound (xxi). The
compound (xxi) thus obtained is treated with triethylamine and 4-
acetamidobenzenesulfonyl azide to prepare compound (xxii), followed by reacting the
compound (xxii) with rhodium (II) acetate dimer at room temperature to obtain the
compound (ii).

Then, the intermediate compound (ii) thus obtained may be subjected to a same
procedure for preparing the intermediate compound (iv) as shown in Reaction Scheme 1,
followed by the procedures as shown in Reaction Schemes 2 to 6 to obtain the inventive

compound.

The compound of formula (I) in the present invention may be used in the form
of free acids or free bases. Alternatively, the inventive compounds may be in the form
of acid- or base-addition salts. The acid-addition salts of the inventive compounds
may be formed from organic or inorganic acids in accordance with the well-known

methods in the art.
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Examples of the suitable organic acids include maleic acid, fumaric acid,
benzoic acid, ascorbic acid, succinic acid, methanesulfonic acid, acetic acid,
trifluoroacetic acid, oxalic acid, propionic acid, tartaric acid, salicylic acid, citric acid,
gluconic acid, lactic acid, mandelic acid, sinnamic acid, aspartic acid, stearic acid,
palmitic acid, glycolic acid, glutamic acid and benzenesulfonic acid. Examples of the
suitable inorganic acids include hydrochloric acid, hydrobromic acid, sulfuric acid,
phosphoric acid and nitric acid. Examples of the base-addition salts include a salt
formed with carboxylate anions; a salt formed with an organic and inorganic cations
such as the cations selected from alkali metal and alkaline metal (e. g., lithium, sodium,
potassium, magnesium, barium and calciuin), ammonium ions and substituted
derivatives  thereof (e.g., dibenzyl ammonium, benzyl ammonium, 2-
hydroxyethylammonium, etc.). Accordingly, the term “pharmaceutically acceptable

salts” of formula (I) should be understood to contain all salt forms available in the art.

Also, a prodrug is comprised within the scope of the present invention. The
prodrug refers to all carrier covalently connected, which is capable of being releasing
the compound of formula (I) in vivo by the cleavage of a covalent bond once
administered to patients. Typically, the prodrugs are prepared by modifying functional
groups, and this modification can be cancelled by conventional operation or by
metabolism in vivo to produce active compounds. For exafnple, the prodrug comprises
the compounds bonded to a group for forming the hydroxyl, amine or sulthydryl group
by cleavage when administered to the patients. Representative examples of the present
invention include, but not limited thereto acetate, formate and benzoate derivatives for
the alcohol and amine functional groups of the compound of formula (I). In addition,
in case of carboxylic acid (-COOH), the prodrugs may comprise in the form of esters
such as methyl ester, ethyl ester and the like.

The present invention pertains to stereoisomers of the compounds of formula
(I). The compounds of formula (I) may have a chiral center and thus exist as in the
form of racemates or racemic mixtures of enantiomers or diastereomers, which all fall
within the scope of the present invention. Moreover, the compound of formula (I) may
have axial chirality, thus taking the form of atropisomers. Further, some of the crystals
of the compounds may exhibit polymorphs, which are also within the scope of the
present invention. Furthermore, the compound of formula (I) may form solvates with
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water or any organic solvents, all of which fall within the scope of the present invention

as well.

Also, the present invention provides pharmaceutical composition for
preventing or treating a sex hormone-related disease comprising the compound - of
formula (I), or a stereoisomer, a prodrug or a pharmaceutically acceptable salt thereof as
an active ingredient. The pharmaceutical composition may further comprise a
pharmaceutically acceptable carrier or a vehicle.

The sex hormone-related disease is selected from the group consisting of
endometriosis, amenorrhea, irregular rﬁenstruation, uterine myoma, uterine fibroids,
polycystic ovarian disease, lupus erythematous, hypertrichosis, precocious puberty,
short stature, acne, alopecia, gonadal steroid-dependent neoplasms (e.g., prostate cancer,
breast cancer, ovarian cancer, uterine cancer, pituitary cancer, etc.), gonadotropin-
producing pituitary adenoma, sleep apnea, irritable bowel syndrome, premenstrual
syndrome, benign prostatic hyperplasia, contraception and infertility (e.g., assisted
reproductive techniques such as in vitro fertilization), and Alzheimer disease.

A daily dose of the inventive compound should be determined in light of
various relevant factors including the subject to be treated, the severity of the disease or
condition, the administration rate, the judgement of the doctor and the like. The
inventive compound as an active ingredient may be administrated to a mammal
including human being in the range of 0.01 to 100 mg/kg (body weight), preferably 0.2
to 50 mg/kg (body weight), 1 to 2 times daily or on/off schedule by oral or parenteral
administration.

The pharmaceutical composition of the present invention may be formulated in
accordance with conventional methods, and may be prepared in the form of oral
formulations such as tablets, pills, powders, capsules, syrups, emulsions,
microemulsions, and others, or parenteral formulations such as intramuscular,
intravenous, or subcutaneous administrations.

Examples of carriers for oral formulations may include cellulose, calcium
silicate, corn starch, lactose, sucrose, dextrose, calcium phosphate, stearic acid,
magnesium stearate, calcium stearate, gelatin, talc, surfactants, suspending agents,
emulsifiers, diluents and others. Examples of carriers for injectable formulations may
include water, saline, glucose solution, glucose solution analogs, alcohols, glycols, ether
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(e.g., polyethylene glycol 400), oils, fatty acids, fatty acid esters, glycerides, surfactants,

suspending agents, emulsifiers, and others.

Also, the present invention provides a method of preventing or treating a sex

hormone-related disease in a subject comprising administering to the subject in need

5 thereof an effective amount of formula (I), a stereoisomer, a prodrug, or a

pharmaceutically acceptable salt thereof.

In addition, the present invention provides a use of the compound of formula

(I), or a stereoisomer, a prodrug or a pharmaceutically acceptable salt thereof for the

manufacture of a medicament for preventing or treating a sex hormone-related disease.

10

Hereinafter, the present invention is described more specifically by the

following Examples, but these are provided for illustration purposes only, and the

present invention is not limited thereto.

15  Example 1: Synthesis of

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-

(trifluoromethyl)benzyl)-1'-(3-fluorobenzyl)-1H-spiro[furo[3,4-d]pyrimidin-5,4'-

piperidine]-2,4(3H,7H)-dione

o) 9 o} a) NaH
-P.
Bn’N(\:/r v ROY ort T O/\ﬂ/

0°Cort

(0]
OEt  b)NaH o}
1,4-dioxane  Bn” CO,Et
0°C—80°C 2

¢) HCI, EtOH j\
100°C, O/N | H,N” “NH,

Bn Bn
i Nl
N EtO,C
NHBoc HN d) 1N NaOH
BocHN 0 ) K:00,18AB & K2°°3 N)‘I<//> <o )}

Acetone F ACN, 80°C

6 reflux

Fac F;,C

@) 20% Pd/C
BocHN

My, MeOH

)%7 h) DIPEA
£
BocHN

o

NaBH(OAc)z
MeQOH

20

34

EtOH, 70°C O
H Z 3

54
ol )\)‘j%)
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Step A. Preparation of ethyl 2-(1-benzylpiperidine-4-vlidene)acetate (1)

Sodium hydride (60% dispersion in mineral oil) (2.53 g, 634 mmol) was added
to anhydrous tetrahydrofuran (80 mL) and the resulting mixture was stirred for 10 min
in an ice bath. Then, triethyl phosphonoacetate (12.6 mL, 63.4 mmol) was slowly
added thereto at the same temperature. The resulting solution was stirred for 30 min at
room temperature, and cooled in an ice bath, followed by adding a solution prepared by
diluting 1-benzyl-4-piperidone (10.5 g, 52.8 mmol) in anhydrous tetrahydrofuran (20
mL) thereto. The resulting solution was stirred for 30 min at room temperature under a
nitrogen atmosphere. The reaction solution was cooled in an ice bath and added with a
saturated aqueous ammonium chloride solution to complete the reaction. The aqueous
layer was extracted twice with ethyl acetate. ‘The organic layer was separated, dried
over MgSQy, filtered, and concentrated under reduced pressure. The concentrate was
purified by silica gel chromatography (eluent: hexane/ethyl acetate = 5/1~3/1), and
dried under vacuum to yield the title compound as clear liquid (13.5 g, yield: 98%).

'H NMR (600MHz, CDCl3) § 1.26 (3H, td), 2.31 (2H, m), 2.51 (4H, m), 2.98
(2H, m), 3.51 (2H, s), 4.13 (2H, q), 5.63 (1H, s), 7.25 (1H, m), 7.29-7.33 (4H, m)

Step B. Preparation of ethyl 8-benzy1-3-0xo—1-oxa—8-azaspiro[4.5]decane-4—

carboxylate (2)
Sodium hydride (60% dispersion in mineral oil) (27.8 g, 0.694 mol) was added

to 1,4-dioxane (800 mL) and the resulting mixture was stirred for 10 min in an ice bath.
Then, ethyl glycolate (72.3 g, 0.694 mol) was slowly added thereto at the same
temeperature. The resulting solution was stirred for 2 hrs at room temperature, and
ethyl 2-(1-benzylpiperidine-4-ylidene)acetate (1) (120 g, 0.463 mol) prepared in Step A
was slowly added thereto. The resulting solution was heated and stirred at 80°C for 15
hrs. Subsequently, the reaction solution was cooled in an ice bath and added with a
saturated aqueous ammonium chloride solution (200 mL) to complete the reaction. A
saturated aqueous sodium chloride solution (500 mL) was added to the mixture, and
1,4-dioxane was removed under reduced pressure. The aqueous layer was extracted
four times with ethyl acetate. The organic layer was separated, dried over MgSO4,
filtered and concentrated under reduced pressure. The concentrate was purified by

35



10

15

20

25

30

WO 2013/129879 PCT/KR2013/001660

silica gel chromatography (eluent: hexane/ethyl acetate = 3/1~0/1), and dried under
vacuum to yield the title compound as bright yellow liquid (94.0 g, yield: 64%).

'H NMR (600MHz, DMSO-dg) & 1.12 (3H, t), 2.10 (2H, td), 2.21 (2H, td),
2.53-2.55(2H, m), 3.40 (2H, d), 3.91 (2H, s), 4.00 (2H, q), 4.06 (1H, q), 7.18-7.21 (1H,
m), 7.24-7.29 (4H, m).

Step C. Preparation of ethyl 8-benzyl-3-ureido-1-oxa-8-azaspiro[4.5]dec-3-en-

4-carboxylate (3)

Ethyl 8-benzyl-3-oxo-1-oxa-8-azaspiro[4.5]decane-4-carboxylate (2) (145 g
0.457 mol) obtained in Step B and urea (274 g, 4.57 mol) were added to ethyl alcohol
(457 mL), and concentrated HCI (190 mL, 2.29 mol) was slowly added thereto at room |
temperature. The resulting solution was heated and stirred at 100 °C for 15 hrs, cooled
down to 0 °C, and slowly added with. a 10 N NaOH aqueous solution (229 mL, 2.29
mol). The resulting solution was stirred for 30 min at room temperature and left alone
for 20 min. A solid thus obtained was filtered and washed with ethyl alcohol (2000
mL) to obtain the title compound as white solid (110 g, yield: 67%).

'H NMR (600MHz, DMSO-dg) & 1.22 (3H, 1), 1.36 (2H, d), 2.12 (2H, m), 2.18
(2H, m), 2.58 (2H, m), 3.42 (2H, s), 4.17 (2H, q), 4.91 (2H, s), 5.39 (1H, s), 7.19-7.21
(1H, m), 7.24-7.29 (4H, m), 9.35 (1H, s)

Step D. Preparation _of  1'-benzyl-1H-spiro[furo[3,4-d]pyrimidin-5.4'-
piperidine]-2.4(3H.7H)-dione (4)

Ethyl 8-benzyl-3-ureido-1-oxa-8-azaspiro[4.5]dec-3-en-4-carboxylate (3) (129
g, 0.359 mol) obtained in Step C was added to ethyl alcohol (850 mL) and a 5 N NaOH

aqueous solution (71.8 mL, 0.359 mol) was slowly added thereto at room temperature.
The resulting solution was heated and stirred at 70 °C, stirred for 1 hr, cooled down to 0
°C, and slowly added with concentrated HCI (30.0 mL, 0.359 mol). The resulting
solution was stirred for 30 min at room termperature and left alone for 20 min. A solid
thus obtained was filtered and washed with ethyl alcohol (500 mL) and acetonitrile (500
mL) to obtain the title compound as white solid (111 g, yield: 99%).

'H NMR (300MHz, DMSO-de) 6 1.50 (2H, d), 2.00-2.20 (4H, m), 2.65 (2H, m),
3.46 (2H, s), 4.65 (2H, s), 7.23 (1H, m), 7.30 (4H, m), 10.95 (1H, s), 11.25 (1H, s)
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Step E. Preparation of 1'-benzyl-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1H-
spiro[furo[3.4-d]pyrimidin-5.4"-piperidine]2.4(3H,7H)-dione (5)
1'-benzyl-1H-spiro[ furo[3,4-d]pyrimidin-5,4"-piperidine]-2,4(3H,7H)-dione (4)

(130 g, 0.416 mol) obtained in Step D and potassium carbonate (114 g, 0.832 mol) were
suspended in 1-methyl-2-pyrrolidinone (325 mL), and 2-fluoro-6-(trifluoromethyl)
benzylbromide (107 g, 0.416 mol) was slowly added thereto. The resulting mixture
was stirred for 2 hrs, and added with ethyl acetate (1300 mL) and deionized water (1300
mL). The organic layer was separated and the aqueous layer was further extracted
once with ethyl acetate (650 mL). The organic layer was washed once with a saturated
aqueous solution of sodium chloride (2000 mL), dried over Na,SO,, filtered, and
concentrated under reduced pressure. Methyl tert butyl ether (MTBE, 300 mL) was

added to the resulting solid from the concentration process, stirred for 2 hrs, followed by

filteration. The filted solid was washed with MTBE .(200 mL) to obtain the title

compound as white solid (92.7 g, yield: 46%).

'H NMR (600MHz, CDCl5) § 1.56 (2H, d), 2.25 (2H, m), 2.35 (2H, m), 2.75
(2H, m), 3.50 (2H, s), 4.66 (2H, s), 5.12 (2H, ), 7.21-7.24 (1H, m), 7.27-7.30 (3H, m),
7.33-7.34 (2H, m), 7.47 (1H, m), 7.54 (1H, d), 8.11 (1H, s) |

Step  F. Preparation of (R)-tert-butyl  (2-(1'-benzyl-1-(2-fluoro-6-

(trifluoromethyl)benzyl)-2.4-dioxo-1H-spiro[ furo[3.4-d]pyrimidine-5.4'"-piperidin]-

3(2H.4H,7H)-yl)-1-phenylethyl)carbamate (6)
1'-benzyl-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-

d]pyrimidine-5,4'-piperidine]2,4(3H,7H)-dione (5) (9.40 g, 19.2 mmol) obtained in Step

E, (R)-2-((tert-butoxycarbonyl)amino)-2-phenylethyl methanesulfonate (12.1 g, 38.4
mmol), potassium carbonate (8.00 g, 57.6 mmol) and tetrabutylammonium bromide
(620 mg, 1.92 mmol) were suspended in acetone (250 mL), and heated to 70 °C,
followed by stirring for 15 hrs. The reaction solution was cooled down to room
temperature, and filtered to remove solid. Acetone was removed from the filtrate
under reduced pressure, and the solution was diluted with ethyl acetate (200 mL). The
resulting solution was washed twice with a saturated sodium bicarbonate solution (200
mL), dried over MgSQOys, and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (eluent: hexane/ethyl acetate = 9/1~1/1), and
dried under vacuum to obtain the title compound as ivory foam (11.8 g, yield: 87%).
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'"H NMR (600MHz, CDCl3) & 1.35 (9H, s), 1.54 (2H, m), 2.25-2.30 (2H, m),
2.40 (2H, m), 2.77 (2H, m), 4.02 (1H, d), 427 (1H, 1), 4.71 (2H, m), 5.01 (1H, m), 5.05
(1H, d), 5.24 (1H, d), 5.64 (1H, d), 7.21-7.37 (11H, m), 7.46 (1H, m), 7.55 (1H, d).

Step G. Preparation of (R)-tert-butyl  (2-(1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2.4-dioxo-1H-spiro[furo[3.4-d]pyrimidine-5.4'-piperidin]-
3(2H.4H.7H)-yD)-1-phenylethyl)carbamate (7)

(R)-tert-butyl  (2-(1'-benzyl-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-
1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)carbamate (6) (11.8 g, 16.6 mmol) obtained in Step F was dissolved in
methanol (250 mL), added with Pd/C (2.40 g, 20% w/w), and the mixture was filled

with hydrogen gas and stirred for 15 hrs. The resulting mixture was filtered using a
Celite pad. The filtrate was concentrated under reduced pressure, dried under vacuum

to obtain the title compound as ivory foam (7.70 g, yield: 75%).

Step H. Preparation of (R)-tert-butyl (2-(1 -( 2-fluoro-6-

(trifluoromethyl)benzyl)-1'-(3-fluorobenzyl)-2.4-dioxo-1H-spiro[ furo[ 3.4-d]pyrimidine-
5.4'-piperidin]-3(2H,4H,7H)-yl)-1-phenylethyl)carbamate (8)

(R)-tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1H-
spiro( furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-phenylethyl)carbamate
(7) (30 mg, 0.0485 mmol) obtained in Step G was added to dichloromethane solution (2
mlL), together with 3-fluorobenzyl bromide (9 L, 0.0727 mmol) and N N-

diisopropylethylamine (17 L, 0.0970 mmol), followed by stirring for 15 hrs at room
temperature. The reaction solution was concentrated, and purified by MPLC (ethyl
acetate/hexane = 1/4~1/1) to obtain the title compound as colorless oil (31 mg, yield:
88%).

'H NMR (300MHz, CDCl3) & 7.58-7.22(m, 9H), 7.09-7.14(m, 2H), 6.92(m,
1H), 5.64(d, 1H), 5.29-4.99(m, 3H), 4.72(m, 2H), 4.28(m, 1H), 4.03(m, 1H), 3.52(s,
2H), 2.76(m, 2H), 2.26-2.47(m, 4H), 1.57(t, 2H), 1.36(s, 9H)

Step 1. Preparation of (R)-3-(2-amino-2-phenviethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1'-(3-fluorobenzyl)-1H-spiro[ furo[ 3.4-dlpyrimidin-5.4'-
piperidine]-2,4(3H.7H)-dione (9)
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(R)-tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-fluorobenzyl)-
2,4-dioxo-1H-spiro[ furo[3,4-d]pyrimidin-5,4'-piperidine]-3(2H,4H, 7H)-yl)-1-
phenylethyl)carbamate (8) (31 mg, 0.0427 mmol) obtained in Step H was added to
dichloromethane (2 mL) and trifluoroacetic acid (0.1mL), and the mixture was stirred
for 2.5 hrs at room temperature. The reaction solution was neutralized with a saturated
NaHCOj;(aq) and extracted with dichloromethane. The organic layer was dried over
MgSQ,, concentrated, and purified by MPLC (methanol/dichloromethane = 0/100~1/9)
to obtain the title compound as white amorphous solid (21 mg, yield: 79%).

'H NMR (300MHz, CDCl;) § 7.57-7.08(m, 11H), 6.92(m, 1H), 5.15(d, 2H),
4.70(s, 2H), 4.35(m, 1H), 4.19(m, 1H), 4.05(m, 1H), 3.51(s, 2H), 2.74(m, 2H), 2.25-
2.46(m, 4H), 1.55(m, 2H); MS (ESI) m/z 627.8 (MH")

Meanwhile, 1'-benzyl-1-(2-fluoro-6-(trifluoromethyl)benzyl)- l H-
spiro[ furo[3,4-d]pyrimidin-5,4'-piperidine]-2,4(3H,7H)-dione (5) as an intermediate
may be prepared by the following steps.

F F3C 0 N
0 0 £ C)2NNaOH AN
¢ NCO o
0 CFs 0 /\D PN, L
— /) —NH — T I
,O\} a) acetic acid F b) Ctt,Cly 8 N Lo.e 0 Ett;)H F
B COft N 0cot BN ’ 70°C
FiC

toluene Bn” CO,Et

) 70°C % 4a \
’ 5

Step A. Preparation of Ethyl 8-benzyl-3-((2-fluoro-6-

(trifluoromethyl)benzyl)amino)-1-oxa-8-azaspiro[4.5]dec-3-en-4-carboxylate (3a)

Ethyl 8-benzyl-3-oxo-1-oxa-8-azaspiro[4.5]decane-4-carboxylate (2) (560 mg,
1.76 mmol) and (2-fluoro-6-(trifluoromethyl)phenyl)methanamine (375 mg, 1.94 mmol)
were dissolved in toluene (1 mL), added with acetic acid (111 pL, 1.94 mmol), and
stirred for 12 hrs at 70 °C. The resulting solution was cooled down to room
temperature, diluted with dichloromethane, and washed with a saturated aqueous
sodium bicarbonate solution. The aqueous layer was further extracted once with
dichloromethane, and the organic layer was collected and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (eluent: hexane/ethyl

acetate = 2/1), and dried under vacuum to obtain the title compound as ivory oil (864
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mg, yield: 99%),).

'H NMR (300MHz, CDCl;) § 1.26 (3H, t), 1.48 (2H, m), 2.31 (4H, m), 2.73
(2H, m), 3.53 (2H, s), 4.16 (2H, q), 4.41 (2H, d), 4.81 (2H, s), 7.21-7.35 (5H, m), 7.42-
7.49 (3H, m)

Step B. Ethyl 8-benzyl-3-(1-(2-fluoro-6-(trifluoromethyl)benzyureido)-1-o0xa-
8-azaspiro[4.5]dec-3-en-4-carboxylate (4a)

Ethyl 8-benzyl-3-((2-fluoro-6-(trifluoromethyl)benzyl)amino)-1-oxa-8-
azaspiro[4.5]dec-3-en-4-carboxylate (3a) (6.5 g, 0.013 mol) was dissolved in
dichloromethane (60 mL), cooled down to 0 °C, and slowly added with N-
chlorocarbonyl isocyanate (1.8 mL, 0.021 mol) under a nitrogen atmosphere, followed
by stirring for 2 hrs at room temperature. The reaction solution was cooled down to 0
°C, further added with N-chlorocarbonyl isocynate (1.0 mL, 0.012 mol), and stirred for
2 hrs at room temperature. The reaction solution was cooled down to 0 °C again,
slowly added with a saturated aqueous sodium bicarbonate solution, and the organic
layer was separated therefrom. The aqueous layer was further extracted once with
dichloromethane, and the organic layer was collected and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (eluent:
dichloromethane/methanol = 98/2~95/5), and dried under vacuum to obtain the title
compound as yellow foam (2.6 g, yield: 37%).

'H NMR (300MHz, CDCls) & 1.18 (3H, t), 1.70-1,76 (2H, m), 2.05-2.10 (1H,
m), 2.18-2.27 (3H, m), 2.65 (1H, m), 2.73 (1H, m), 3.43-3.49 (2H, m), 4.03-4.19 (2H,
m), 4.76 (1H, d), 5.52 (1H, d), 6.26 (1H, s), 7.20-7.30 (6H, m), 7.45 (1H, m), 7.53 (1H,
m), 7.73 (1H, s)

Step C. Preparation of 1'-benzyl-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1H-
spiro[ furo[3.4-d]pyrimidin-5.4"-piperidine]-2.4(3H, 7H)-dione (5)
Ethyl 8-benzyl-3-(1-(2-fluoro-6-(trifluoromethyl)benzyl)ureido)-1-oxa-8-

azaspiro[4.5]dec-3-en-4-carboxylate (4a) (2.6 g, 4.86 mmol) was dissolved in ethanol
(60 mL), and an aqueous solution of 1IN NaOH (48 mL, 48.6 mmol) was added thereto,
followed by stirring for 12 hrs at 70 °C. The reaction solution was concentrated,
diluted with dichloromethane, and neutralized by adding an aqueous solution of 1N HCI.
The organic layer was separated, and the aqueous layer was extracted twice with
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dichloromethane. The organic layer was collected and dried over Na,SOys, filtered, and
concentrated under reduced pressure. The concentrate was purified by silica gel
chromatography (eluent: dichloromethane/methanol = 97/3~90/10), and dried under
vacuum to obtain the title compound as ivory solid (1.67 g, yield: 70%).

'H NMR (300MHz, DMSO-dg) & 1.50(2H, d), 2.17(4H, m), 2.67(2H, m),
3.46(2H, s), 4.83(2H, s), 4.98(2H, s), 7.24(1H, m), 7.32(4H, m), 7.60(3H, m), 11.29(1H,
s)

Examples 1-1 to 1-75

The compounds of Examples 1-1 to 1-75 were prepared in the same manner
as described in Example 1 above, except for using R4-halide or aldehyde reagent for
introducing the corresponding R4 group shown in Table 1 below instead of 3-

fluorobenzyl bromide in Step H of Example 1.

[Table 1]
Ry
: N
j)jgj
N
H,N O)\N| O
X3
X
Example -R4 X M.W. Mass
" .
1-1 o © CF, 532.5 533.8

CF; 576.5 577.7

1-3

oy
1-4 /_g\ CF, 629.6 630.7
Mo,
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1-5 CF; 609.6 610.8
1-6 CF; 609.6 610.8

y
1-7 CF; 609.6 610.7
1-8 CF; 627.6 628.7
19 CF; 644.0 644.4
1-10 CF; 644.0 644.7
1-11 CF; 623.6 624.9
1-12 CF; 677.6 678.7
1-13 E/\Q CFs 622.6 623.7
1-14 EH/\Q CF; 638.6 639.7
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1-15 ﬁf\@ CF; 633.6 634.7
CN
1-16 i‘a/\@ CF; 643.0 643.7
Cl
1-17 wILL/\Ej CF; 676.6 677.8
CF,
1-18 ﬁ”l CF; 692.6 693.7
OCF,
1-19 % CF; 666.6 667.8
CO;Me
120 | % CF; 665.6 666.8
CONHMe
121 i%/\© CF; 654.7 655.9
SMe
1-22 i‘i/\@ CF;, 624.6 625.7
OH
1-23 K CF; 686.7 687.7
SOzMe
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124 | X CF; 664.7 665.7
s
1-25 s CF; 650.6 651.8
N\/ /
O-N
1-26 CF; 622.6 622.6
Mo
1-27 [@ CF; 638.6 638.8
O\
1-28 CF; 624.6 624.0
Y HO
1-29 //Q CFs3 626.6 626.7
V“b"
F
1-30 CF; 633.6 633.8
' NC
1-31 //@ CF; 644.6 644.6
“ . F
F
1-32 f@ CF; 676.6 676.7
ol
FsC
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1-33 f@ CF; 651.6 651.9
“Nne T
1-34 f@ CF; 651.6 651.8
A CN
F
1-35 //Q F 626.6 627.1
I CF3
1-36 . ﬁ@ CFs 692.6 692.5
F53CO ’
137 ) //9 CF; 666.6 666.6
0" >o0”
1-38 //Q CF; 643.0 642:8
Y cl
1-39 . //Q CF; 656.6 656.5
T F O
/
0
NH,
1-40 o 7 CFs 641.6 641.9
N
6]
/
N
1-41 o H CF; 655.6 655.8
9
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1-42 o F 616.5 617.6
E/UCFS
1-43 E/\Q F 593.0 594.1
Cl
1-44 EAQ F 583.6 584.7
CN
1-45 A/@ . CFs 622.6 623.7
%
()
1-46 ’a/\w CF; 598.5 599.8
O
1-47 E/\L%CHs CF; 612.6 613.7
o .
.48 E/\UQ CF, 633.0 633.7
“L,_& X
1-49 | CF; 625.6 626.8
N OH
1-50 “‘iA@\ CFs 622.6 623.9
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1-51 %A@L CFs 643.0 643.9
Cl
%
1-52 CF; 633.6 634.9
\\N
%
1-53 F CF, 676.6 677.8
I
% ,
1-54 0 CF; 666.6 667.9
o\
1-55 E‘/\@ CF; 626.62 627.9
F
1-56 EA@ CF; 624.6 625.9
OH
1-57 EA@\ B CF; 638.6 639.6
O
1-58 \/\[ j CF; 610.6 611.9
J
1-59 \ : N\ CF; 612.6 613.8
y
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N
1-60 N\ D), CF; 615.6 616.8
N
\ S
1-61 /\[N} CF, 615.6 616.7
N
1-62 \/\(/ CF; 615.6 616.8
L/
N
1-63 \/\E\\) CFs 599.5 600.9
(e}
XN
1-64 o CF; 599.5 600.6
0
1-65 >—— CF, 560.5 561.5
T,
(@]
1-66 CF, 588.5 589.6
T
(@] /——
1-67 o CF, 590.5 591.6
2,
//O
~N
1-68 0 CF; 596.5 597.5
"LL"
1-69 H CF, 518.5 519.7
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1-70 /__/ ~o CF; 624.6 625.6

1-71 E/\QJ\NHZ CF; 651.6 652.8
%
1-72 0 CF; 651.6 652.8

NH,
' (0]

1-73 3&/\_/“;5"\ " CF; 653.6 654.3
Ol

1-74 ;\/\N/\ CF; 631.6 632.5

1-75 0 CF; 666.5 666.2
‘HIL/UCF:%

Intermediates required for the preparation of compounds of Examples 1-1 to 1-

75 were prepared according to the following methods.

Preparation of intermediates

Synthesis of 2-(N-methylmethylsulfonamido)ethyl methansulfonate

Methanesuifonyi chloride
, TEA, MC, rt o | Q.

A\ /N ,S
HN\/\OH /S\b \/\o \b

Y

2-(methylamino)ethanol (300 mg, 4 mmol) was mixed with dichloromethane (8

mL) and triethylamine (1.23 mL, 8.8 mmol) was added thereto.
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Methanesulfonylchloride (0.68 mL, 8.8 mmol) was slowly added to the mixture
dropwise at room temperature, and allowed to react for 16 hrs under a nitrogen
atmosphere. The reaction was completed by adding water (10 mL) to the reaction
solution. The mixture was extracted twice with dichloromethane (10 mL), and the
organic layer was separated therefrom. The organic layer was added with sodium
sulfate, stirred for approximately 5 min, followed by filtration. The filtrate was
concentrated, and dried under vacuum to obtain the title compound as colorless oil (875
mg, yield: 94%).

'H NMR (300 MHz, CDCl3) 4 4.38 (t, J = 5.4 Hz, 2H), 3.53 (t, J = 5.3 Hz, 2H),
3.08 (s, 3H), 2.99 (s, 3H), 2.88 (s, 3H).

Synthesis of 2-(methvlsulfonyl)ethyl methansulfonate

Methanesulfony! chloride

TEA, MC, rt @) @]
\S// - \S// \\S/
b \/\OH O/, \/\0’ \

2-(methylsulfonyl)ethanol (497 mg, 4 mmol) was mixed with dichloromethane
(8 mL), and triethylamine (0.62 mL, 4.4 mmol) was added thereto. = Methanesulfonyl
chloride was slowly added théreto dropwise at room temperature, and the mixture was
allowed to react for 16 hrs under a nitrogen atmosphere. The reaction was completed
by adding water (10 mL) to the reaction solution. The ‘solution was extracted twice
with dichloromethane (10 mL) and the organic layer thus obtained was added with
sodium sulfate and stirred for approximately 5 min, followed by filtration. The filtrate
was concentrated, and dried under vacuum to obtain the title compound as colorless oil
(540 mg, yield: 67%).

'H NMR (300 MHz, CDCl3) J 4.70 — 4.62 (m, 2H), 3.68 (s, 1H), 3.48 — 3.42
(m, 2H), 3.13 - 3.08 (m, 3H), 3.04 (d, /= 0.9 Hz, 3H).

Svynthesis of 2-(bromomethyl)-6-(trifluoromethyl)pyridine

— NBS, VAZO —
\ — - \ /
N { CCly Br N
CF, reflux CF;
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2-methyl-6-(trifluoromethyl)pyridine (100 mg, 0.620 mmol) was dissolved in
CCly (3 mL), and N-bromosuccinimide (NBS) (110 mg, 0.620 mmol) and 1,1'-
azobis(cyclohexanecarbonitrile) (VAZO, 8 mg, 0.031 mmol) were added thereto,
followed by heating and stirring at 90 °C for 15 hrs. The reaction solution was filtered,
and the filtrate was concentrated under reduced pressure. The resulting residue was
purified by MPLC (Hex/EA = 5:1) to obtain the title compound as white solid (42.5 mg,
yield: 28.4%).
'H NMR (300MHz, CDCl;) § 4.60 (2H, s), 7.61 (1H, d), 7.68 (1H, d), 7.90 (1H, t)

Example 2: Synthesis of (R)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1H-spiro{furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H, 4H, 7H)-yl)-1-phenylethyl)amino)butanoic acid (10)

<Method 1>
KQ o //Q
N l N |
©\A 0 ¢ HY\)LOH ©\A 0 ¢
T N ] o Y N
HoN L_e NaBH(OAC) B ﬁl%b e
om N MeOH(oroacm, DCE) (!/ N F
I ] HO ]: ]
FsC © FsC
1-16 10

(R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidin-5,4'-piperidine]-2,4(3H,  7H)-
dione (1-16) (93 mg, 0.145 mmol) was dissolved in methanol (2.9 mL) (which may be
substituted with dichloromethane or dichloroethane depending on the substrate) and 15%
aqueous succinic semialdehyde solution (148 mg, 0.218 mmol) was slowly added
thereto dropwise with stirring.  Sodium triacetoxyborohydride (307 mg, 1.45 mmol)
was added to the mixture and stirred for 2 hrs under a nitrogen atmosphere. The
reaction solution was concentrated, added with dichloromethane (10 mL) and a
saturated sodium bicarbonate solution (10 mL) to separate layers. The organic layer
was extracted twice with dichloromethane (10 mL). The organic layer was added with

sodium sulfate and stirred for approximately 5 min, followed by filtration. The filtrate
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was concentrated, and the resulting residue was purified by silica gel chromatograpy
(eluent: dichloromethane/methanol = 10/1~5/1) and dried under vacuum to obtain the
title compound as white foam (10) (65 mg, yield: 62%).
'H NMR (600 MHz, CDCL3) 6 7.55 (d, J = 7.9 Hz, 1H), 7.45 (td, J = 8.4, 5.3
5 Hz, 1H), 7.41 - 7.36 (m, 3H), 7.36 - 7.31 (m, 3H), 7.30 — 7.27 (m, 1H), 7.24 —~ 7.18 (m,
3H), 5.22 — 5.06 (m, 2H), 4.85 — 4.75 (m, 2H), 4.38 (dd, J = 13.7, 10.6 Hz, 1H), 4.27
(dd, J=10.6, 4.3 Hz, 1H), 3.99 (dd, J = 13.6, 4.3 Hz, 1H), 3.50 (s, 2H), 2.81 ~ 2.64 (m,
3H), 2.56 — 2.41 (m, 2H), 2.40 — 2.23 (m, 4H), 1.76 — 1.52 (m, 3H).

10 < Method 2>
Also, the compound of Example 2 was prepared by the following method.

f cl 0|
o N Br/\/\fro Nf@
0
O\A a) DIPEAY @\/\ b) ; :\(I)uaOH aq)
Vo ——
DMF,
H,N O)\N 55°C NH
FaC 0% oKt b

15
Step A. Preparation of (R)-ethyl 4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2.,4-dioxo-1H-spiro| furo[3,4-d]pyrimidin-5.4'-piperidine]-
3(2H.4H,7H)-yl)-1-phenylethyl)amino)butanoate (11)
(R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2-fluoro-6-
20  (trifluoromethyl)benzyl)- 1 H-spiro[ furo[3,4-d]pyrimidin-5,4'-piperidine]-2,4(3H,7H)-
dione (1-16) (200 mg, 0.30 mmol) was dissolved in N,N-dimethylformamide (1 mL),
and N,N-diisopropylethylamine (DIPEA, 68 pl., 0.39 mmol) and 4-bromo-butyric acid

ethyl ester (52 puL, 0.36 mmol) were added in sequence, followed by stirring for 12 hrs
at 55 °C.  The reaction solution was cooled down to room temperature, diluted with a
25 mixed solution of hexane/ethyl acetate (1/1) and washed with a saturated aqueous
solution of ammonium chloride to separate the organic layer. The aqueous layer was

further extracted once with a mixed solution of hexane/ethyl acetate (1/1), and the
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organic layer was collected and concentrated under reduced pressure. The resulting
residue was purified by silica gel chromatography (eluent: dichloromethane/methanol =
98/2~95/5), and dried under vacuum to obtain the title compound as white foam (150

mg, yield: 64%).

Step  B. Preparation of (R)-4-((2-(1 '—Q—chlbrobenzyl)-l -(2-fluoro-6-
(trifluoromethyl)benzyl)-2.4-dioxo-1H-spiro| furo[3.4-d]pyrimidin-5.4'-piperidine}-3(2H.

4H, 7TH)-vy1)-1-phenylethyl)amino)butanoic acid (10)

(R)-ethyl 4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-y1)-1-
phenylethyl)amino)butanoate (100 mg, 0.13 mmol) was dissolved in ethanol (I mL),

and an aqueous solution of IN NaOH (380 pL, 0.39 mmol) was slowly added thereto.
The mixture was stirred for 1 hr at room température and concentrated. The resulting
residue was neutralized with an aqueous solution of IN HCI, diluted with
dichloromethane, and the organic layer was separated therefrom. The organic layer
was dried over Na,SO,, filtered, and concentrgted under reduced pressure to obtain the
title compound as white foam (60 mg, yiéld: 90%).

'H NMR (600 MHz, CDCl3) 6 7.55 (d, J = 7.9 Hz, 1H), 7.45 (td, J = 8.4, 5.3
Hz, 1H), 7.41 - 7.36 (m, 3H), 7.36 — 7.31 (m, 3H), 7.30 — 7.27 (m, 1H), 7.24 — 7.18 (m,
3H), 5.22 — 5.06 (m, 2H), 4.85 — 4.75 (m, 2H), 4.38 (dd, J = 13.7, 10.6 Hz, 1H), 4.27
(dd, J=10.6, 4.3 Hz, 1H), 3.99 (dd, J = 13.6, 4.3 Hz, 1H), 3.50> (s, 2H), 2.81 — 2.64 (m,
3H), 2.56 - 2.41 (m, 2H), 2.40 — 2.23 (m, 4H), 1.76 — 1.52 (m, 3H).

<Method 3>
Also, the compound of Example 2 was prepared by the following method.

o Ci Cl ol

0 " BN N N N
0 ¢ H;504H;,0 0 0
S8 Nal, K,CO, | AcOH
0 > —_— +
N i
ki O}\N HeC AP NH)\ P 0
ij J gy If f F
NC b ij ij
Fe Fi€ OH  Fe

1-16 13
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Step A.  Preparation of  (R)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-

(trifluoromethyl)benzyl)-2.4-dioxo-1H-spiro[furo[3,4-d]pyrimidine-5.4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanenitrile (13)
(R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H, 7H)-
dione (1-16) (10 g, 15 mmol) was dissolved in acetonitrile (200 mL), and then Nal (6.2
g, 45 mmol), K,COs (6.8 g, 45 mmol) and 4-bromobutanenitrile (2.3 mL, 22.5 mmol)

were added to the mixture in sequence, followed by stirring for 12 hrs at 95 °C. The
resulting solution was cooled down to room temperature, filtered, and concentrated
under reduced pressure to remove acetonitrile therefrom. The resulting solution was
diluted with dichloromethane, washed with a saturated aqueous ammonium chloride
solution, and the organic layer was separated. The organic léyer was concentrated
under reduced pressure and the resulting residue was purified by silica gel
chromatbgraphy (eluent: dichloromethane/methanol = 98/2~95/5) and dried under

vacuum to obtain the title compound as white foam (8.2 g, yield: 15%).

Step  B. Preparation of (R)-4-((2-(1'-(3-chlorobenzvy])-1-(2-fluoro-6-

(trifluoromethyl)benzyl)-2.4-dioxo-1H-spiro[ furo[3.4-d]Jpyrimidine-5.4'-piperidin]-3(2H.

4H, 7H)-yD)-1-phenylethyl)amino)butanoic acid (10)
| (R)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanenitrile (7.1 g, 9.7 mmol) was dissolved in acetic acid (215
mL), and the mixture was cooled with ice water. Water (130 mL) and concentrated
sulfuric acid (130 mL) were slowly added to the mixture. The resulting mixture was
stirred for 1 hr at room temperature, and stirred for 12 hrs at 80 °C. The resulting
solution was cooled down to room temperature, and SN NaOH solution was added
thereto to adjust pH 6. The solution was extracted with ethyl acetate (1,500 mL), dried
over anhydrous MgSO,, filtered, and concentrated under reduced pressure. The
resulting solution was diluted with ethyl acetate (70 mL), stirred, and added with 1N
HCI ether solution (22 mL, 22 mmol). The white precipitates formed were filtered,
and washed with ether (50 mL). The filtered solid was dissolved in water (200 mL),
and 2N NaOH solution was added thereto to adjust pH 6. The resulting solution was
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extracted three times with ethyl acetate (150 mL), dried over anhydrous MgSOy, filtered,
and concentrated under reduced pressure. The resulting residue was purified by silica
gel chromatography (eluent: acetonitrile/methanol = 3/1), and dried under vacuum to
obtain the title compound as white foam (5.3 g, yield: 73%).

'H NMR (300MHz, CDCl3) & 1.67(4H, m), 2.30-2.58(7H, m), 2.63-2.87(3H,
m), 3.61(2H, s), 4.00(1H, dd), 4.27(1H, dd), 4.38(1H, dd), 4.78(2H, s), 5.13(2H, m),
6.29(1H, d), 6.72(1H, d), 7.25-7.48(7H, m), 7.55(1H, d)

Moreover, (R)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanamide (compound 14) obtained during the
silica gel chromatography purification process was dried under vacuum to yield the title

compound as white foam (400 mg, yield: 5%).

Examples 2-1 to 2-15

The compounds of Examples 2-1 to 2-15 were prepared in the same manner
as described in Example 2 above, except for using each compound comprising the
corresponding R4 group shown in Table 2 below instead of the compound of Example 1-

16 as a starting material.

[Table 2]
R4
N
@Y\ i
N
* l O
NH
07 N -
CO,H )jij
Example -Ry4 X Chiral (*) M.W. Mass
2-1 r@ CF, [®R) 7627 762.9
e CF,4 _
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F ®) 712.7 712.8
3

2-3 CF; (R) 698.7 698.0

2-4 \ CF; (R) 719.1 718.5

2-5 CF; R) 737.7 738.4

. f@c
o)
Td
C
O
L
“ /'b F; \C
: O
\_/

F
|
N
2-6 CF3 F 702.6 703.8
U ®) | |

2-7 E/\Q F ®) 679.1 680.0

2-8 E/\Q F ®) 669.7 | 6706

CN
29 ‘&ﬁ@f CF; ®) 719.7 720.7

%, d
2-10 /\© CF; ®) 729.1 729.8
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2-11 EAQ)J\H/ CF; (R) 751.7 752.5

: . s
2-12 CF; (R) 740.8 741.7

O__CF3
2-13 ‘(\@/ CF; (R) 752.68 753.7

c
2-14 %1/\©/ ~ CF; (S) 729.1 729.8

O._CF3
2-15 %/\U CF; (S) 752.68 753.7

Example 3: Synthesis of (R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2-
fluoro-6-(trifluoromethyl)benzyl)-6,7-dihydrospiro[cyclopenta[d]pyrimidine-5,4'-
piperidine]-2,4(1H,3H)-dione (26)
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3)BnBr /\@ ) NaOH( ) NaOH(aq)_
_TEA ] +
OY\/O TacN Y\/Q “meoH Y\/Q /\o

o}
I/ \ ¢) MgCly, TEA

CDI
O
%Q“@ s Mﬁ -

DMF
) urea
HCI

£tOH ! :
Br. o) N
CF,
" fj vy
/\© 9) NaOH(aq) cho3 07N ft ©\/\OMS
HzN\( TEOH b BOCHN
FaC

22 [ i) K,COy

TBAB
Acetone

BocHN Jj%> cl BocHN )%7 ) i;izc BocHN Jjg

MeOH

Fy C FiC FSC

Step A. Preparation of ethyl 3-(1-benzylpiperidin-4-yl)propionate (15)

Ethyl 3-(piperidin-4-yl)propionate (5 g, 26.989 mmol) was added to

5 acetonitrile (150 mL), and then triethylamine (8.3 mL, 59.376 mmol) was added thereto,
followed by stirring. Subsequently, benzyl bromide (6.45 mL, 53.978 mmol) was
added to the resulting solution in an ice bath. The mixture was heated to room
temperature, stirred overnmight and concentrated under reduced pressure. The
concentrated reaction solution was diluted with distilled water (500 mL), extracted

10  twice with ethyl acetate (300 mL). The organic layer was dried over MgSOy,
concentrated, and purified by MPLC (ethyl acetate/hexane = 1/4~1/1) to obtain the title
compound as yellow oil (2.75 g, yield: 37%).

'H NMR (300MHz, CDCly) & 7.31-7.21(m, 5H), 4.12(q, 2H), 3.48(s, 2H),
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2.86(m, 2H), 2.30(m, 2H), 1.92(m, 2H), 1.57(m, 4H), 1.28-1.20(m, 3H), 1.25(t, 3H)

Step B. Preparation of 3-(1-benzylpiperidin-4-yl)propionic acid (16)

Ethyl 3-(1-benzylpiperidin-4-yl)propionate (15) (2.75 g, 9.982 mmol) prepared
in Step A was dissolved in methanol (10 mL), and an aqueous solution of 1N NaOH (30
mL, 29.947 mmol) was added thereto, and stirred overnight at room temperature. The
resulting solution was neutralized with an aqueous solution of 1N HCl in an ice bath,
and the reaction solution was concentrated under reduced pressure. The concentrate
was diluted with methanol/dichloromethane (1/9), and dried over MgSQy4. The filtrate
was concentrated under reduced pressure to obtain the title compound as white soild
(crude, 2.38 g).

MS (ESI) m/z 248.4 (MH")

Step C. Preparation of ethyl 5-(1-benzylpiperidin-4-vy1)-3-oxopentanoate (17)

Potassium ethyl malonate (2.57 g, 15.113 mmol) was added to a suspension of
magnesium chloride (1.64 g, 17.272 mmol), triethylamine (3.1 mL, 22.310 mmol) and
acetonitrile (150 mL) and stirred for 2 hrs at room temperature to prepare Reaction
solution 1. 3-(1-benzylpiperidin-4-yl)propionic acid (16) (1.78 g, 7.197 mmol) prepared
in Step B was added to N,N,-dimethylformamide (50 mL), and 1,1'-carbonyldiimidazole
(1.28 g, 7.917 mmol) was added thereto and stirred for 2 hrs at room temperature to
prepare Reaction solution 2.

Reaction solution 1 was added to Reaction solution 2, and stirred overnight at
room temperature. The resulting solution was diluted with ethyl acetate, and washed
with distilled water several times. The organic layer was dried over MgSO,, and
concentrated to obtain the title compound as yellow oil (crude, 2.02 g).

'H NMR (300MHz, CDCls) & 7.32-7.21(m, 5H), 4.19(q, 2H), 3.50(s, 2H),
3.43(s, 2H), 2.88(m, 2H), 2.55(t, 2H), 1.94(m, 2H), 1.56(m, 4H), 1.31-1.24(m, 3H),
1.27(t, 3H)

Step D. Preparation of ethyl 5-(1-benzylpiperidin-4-yl)-2-diazo-3-

oxopentanoate (18)

Ethyl 5-(1-benzylpiperidin-4-yl)-3-oxopentanoate (17) (2.14 g, 6.751 mmol)

prepared in Step C was added to acetonitrile (70 mL) together with triethylamine (1.04
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mlL, 7.426 mmol), stirred, followed by adding 4-acetamidobenzenesulfonyl azide (1.622
g, 6.751 mmol) thereto. The mixture was stirred overnight and concentrated under
reduced pressure, and added with diethyl ether, followed by stirring. The reaction
solution was filtered, concentrated, and purified by MPLC (ethyl acetate/hexane =
1/4~1/1) to obtain the title compound as yellow oil (2.05 g, yield: 88%).

'H NMR (300MHz, CDCls) 8 7.31-7.20(m, 5H), 4.29(q, 2H), 3.47(s, 2H),
2.85(m, 4H), 1.92(m, 2H), 1.55(m, 4H), 1.32(t, 3H), 1.32-1.23(m, 3H)

Step E. Preparation of ethyvl 8-benzyl-2-oxo0-8-azaspiro[4.5]decane-1-

carboxylate (19)

A solution prepared by adding ethyl 5-(1-benzylpiperidin-4-yl)-2-diazo-3-
oxopentanoate (18) (1.43 g, 4.164 mmol) prepared in Step D to dichloromethane (30
mL) was added to a sﬁspensioh of rhodium (II) acetate dimer (92 mg, 0.208 mmol) and
dichloromethane (25 mL) under a nitrogen atmosphere, followed by stirring overnight at
room temperature. The reaction solution was concentrated under reduced pressure,
and purified by MPLC (ethyl acetate/hexane= 1/4~2/3) to obtain the title compound as
yellow oil (impure, 985 mg).

MS (ESI) m/z 316.7 (MH")

Step F. Preparation of ethyl 8-benzyl-2-ureido-8-azaspiro[4.5]dec-1-ene-1-
carboxylate (20)
4.0 M HCI in 1,4-dioxane (0.2 mL, 0.793 mmol) was added to a solution

prepared by adding ethyl 8-benzyl-2-o0xo-8-azaspiro[4.5]decane-1-carboxylate (19) (50
mg, 0.159 mmol) prepared in Step E and urea (95 mL, 1.585 mmol) to ethanol (2 mL),
and the mixture was stirred under a reflux condition for 5 hrs at 100 °C.  The reaction
solution was cooled down to room temperature, and neutralized with an aqueous
solution of 2N NaOH. The solid thus obtained was filtered, washed with ethanol, and
dried under vacuum to obtain the title compound as white solid (22 mg, yield: 40%).

'H NMR (300MHz, DMSO-dg) & 9.67(s, 1H), 7.34-7.20(m, 5H), 6.73(br s, 2H),
4.17(q, 2H), 3.44(s, 2H), 2.96(t, 2H), 2.66(d, 2H), 2.26(m, 2H), 2.01(m, 2H), 1.68(t,
2H), 1.26(t, 3H), 1.11(d, 2H)

MS (ESI) m/z 358.4 (MH")
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Step G. Preparation of 1'-benzyl-6.7-dihvdrospiro[cyclopentaldlpyrimidine-
5.4'-piperidine]-2.4(1H,3H)-dione (21)

Ethyl 8-benzyl-2-ureido-8-azaspiro[4.5]dec-1-ene-1-carboxylate (20) (15 mg,
0.0437 mmol) prepared in Step F was added to ethanol (1 mL) and an aqueous solution
of 2N NaOH (0.16 mL, 0.320 mmol) was added thereto, and allowed to react for 1 hr at
70 °C. The reaction solution was cooled down to room temperature, neutralized with
an aqueous solution of 1N HCI, and then concentrated under reduced pressure. The

concentrate was diluted with 10% methanol/dichloromethane, and dried over Na,SOs,.

- The filtrate was concentrated under reduced pressure, and dried to obtain the title

compound as white solid (13 mg, yield: 96%).

'H NMR (300MHz, DMSO-ds) 8 7.34-7.21(m, 5H), 3.43(s, 2H), 2.68(d, 2H),
2.57(t, 2H), 2.24(m, 2H), 1.97(m, 2H), 1.84(t, 2H), 1.22(d, 2H)

MS (ESI) m/z 312.7 (MHY)

Step H. Preparation of 1'-benzyl-1-(2-fluoro-6-(trifluoromethyl)benzyl)-6.7-

dihydrospiro[cvclopenta[d]pvrimidine-S,4}'-pigeridine]-2,4( 1H.3H)-dione (22)

The procedure for preparing compound 5 in Example 1 (Step E of Example 1)
was repeated using 1'-benzyl-6,7-dihydrospiro[cyclopenta[d]pyrimidin-5,4'-piperidine]-
2,4(1H,3H)-dione (21) (30 mg, 0.0963 mmol) to obtain the title compound as white
solid (23 mg, yield: 48%).

'H NMR (300MHz, CDCl;) § 8.53(s, 1H), 7.54-7.20(m, 8H), 5.22(s, 2H),
3.50(s, 2H), 2.81(d, 2H), 2.62(t, 2H), 2.53(m, 2H), 1.98(m, 4H), 1.29(d, 2H)

Step 1. Preparation of (R)-tert-butyl (2-(1'-benzyl-1-(2-fluoro-6-

(trifluoromethyl)benzyl)-2.4-dioxo-1,2.6.7-tetrahydrospiro[ cyclopentald]pyrimidine-
5.4'-piperidin]-3(4H)-v1)-1-phenylethyl)carbamate (23)

The procedure for preparing compound 6 in Example 1 (Step F of Example 1)
was repeated using 1'-benzyl-1-(2-fluoro-6-(trifluoromethyl)benzyl)-6,7-
dihydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidine]-2,4(1H,3H)-dione (22) (20 mg,
0.0410 mmol) to obtain the title compound as white solid (14 mg, yield: 48%).

'H NMR (300MHz, CDCl;) & 7.41-.7.23(m, 13H), 5.81(d, 1H), 5.26(m, 2H),
4.99(m, 1H), 4.27(m, 1H), 4.02(m, 1H), 3.52(s, 2H), 2.84-2.57(m, 6H), 2.05-1.88(m,
4H), 1.35(s, 9H), 1.28(m, 2H)
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Step J. Preparation of (R)-tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-

2.4-dioxo-1,2,6,7-tetraydrospiro[ cyclopenta[d]pyrimidine-5.4"-piperidin}-3(4H)-v1)-1-

phenviethyl)carbamate (24)

The procedure for preparing compound 7 in Example 1 (Step G of Example 1)
was repeated using (R)-tert-butyl (2-(1'-benzyl-1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-1,2,6,7-tetrahydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidin]-3(4H)-y1)-1-
phenylethyl)carbamate (23) (159 mg, 0.225 mmol) to obtain the title compound as white
solid (69 mg).

'H NMR (300MHz, CDCl3) & 7.57-7.20(m, 8H), 5.75(d, 1H), 5.23(m, 2H),
5.01(m, 1H), 4.23(m, 1H), 4.05(m, 1H), 3.63(m, 2H), 3.10(t, 2H), 2.72(m, 4H), 2.03(m,
2H), 1.65(d, 2H), 1.34(s, 9H) '

Step K. Preparation of (R)-tert-butyl (2-(1'-(3-chlorobenzvl)-1-(2-fluoro-6-

(trifluoromethyl)benzyl)-2.4-dioxo-1.2.6.7-tetrahydrospiro[cyclopenta[d]pyrimidine-
5.4'-piperidin}-3(4H)-v1)-1-phenylethyl)carbamate (25) A }
The procedure for preparing compound 8 in Example 1 (Step H of Example 1)

was repeated using (R)-tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-
1,2,6,7-tetrahydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidin]-3(4H)-y1)-1-
phenylethyl)carbamate (24) (66 mg, 0.107 mmol) and 3-chlorobenzyl bromide (29 mg,
0.128 mmol) to obtain the title compound as colorless oil (47 mg, yield: 57%).

MS (ESI) m/z 741.9 (M)

Step L. Preparation of (R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2-

fluoro-6-(trifluoromethyl)benzyl)-6.7-dihydrospiro[cyclopenta[d]pyrimidine-5.4'-
piperidine]-2.4(1H.3H)-dione (26)
The procedure for preparing compound 9 in Example 1 (Step I of Example 1)

was repeated using (R)-tert-butyl (2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1,2,6,7-tetrahydrospiro[ cyclopenta[d]pyrimidine-
5,4'-piperidin]-3(4H)-yl)-1-phenylethyl)carbamate (25) (47 mg, 0.0615 mmol) to obtain
the title compound as white solid (34 mg, yield: 84%).

MS (ESI) m/z 641.8 (M")
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Examples 3-1 to 3-6

The compounds of Examples 3-1 to 3-6 were prepared in the same manner as
described in Example 3 above, except for using Rs-halide or aldehyde reagent for
introducing the corresponding R4 group shown in Table 3 below instead of 3-

chlorobenzyl bromide in Step K of Example 3.

[Table 3]

Example -R4 M.W. Mass

3-1 652.7 654.1
!
3-2 1%/\@ 606.6 607.7

3-3 624.6 624.7
4

Oo.__ci
3-4 %/U 631.0 631.7

O__CF,;
3-5 %/\@/ 664.6 664.9

3-6 674.6 675.1
VLLL
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Example 4: Synthesis of (R)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyi)-2,4-di0x0-1,2,6,7—
tetrahydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidin]-3(4H)-yl)-1-
phenylethyl)amino)butanoic acid (27)

CI Cl
N
m) N )
Jjg NaBH __ NaBH(OAc); _ N ]
. c H o FaC

26 27

Step M. Preparation of (R)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-

(trifluoromethyl)benzyl)-2.4-dioxo-1,2.6.7-tetrahydrospirolcyclopenta[dpyrimidine-
5.4-piperidin]-3(4H)-vy1)- l-phenvlethyl)amino)butanoic acid (27)

The procedure for preparing compound 10 in Example 2 (Method 1) was
repeated  using  (R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-6,7-dihydrospiro[ cyclopenta[d]pyrimidine-5,4'-piperidine]-
2,4(1H,3H)-dione (26) (29 mg, 0.0436 mmol) to obtain the titie compound as white
amorphous soild (15 mg, yield: 45%).

MS (ESI) m/z 727.8 (MH")

Examples 4-1 to 4-6

The compounds of Examples 4-1 to 4-6 were prepared in the same manner as
described in Example 4 above, except for using each compound comprising the
corresponding R4 group shown in Table 4 below instead of the compound (26) of

Examle 4 as a starting material.
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[Table 4]

Example -R4 M.W. Mass

4-1 738.8 740.2
' R4
4-2 »LLL/\© 692.7 693.8

4-3 710.7 710.8
wa

0. _ci
4-4 E/\&T 717.1 717.8

O._CF, '
4-5 %/\U 750.7 751.0

4-6 760.7 761.2
et

Example 5: Synthesis of (R)-3-(2-((3-(2H-tetrazol-5-yl)propyl)amino)-2-
5  phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-(trifluoromethyl)furan-2-
yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-5.4'-piperidine]-2,4(3H,7H)-dione (30)
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CFy CF3 CF,

°T 4 0
N \
N\ \
0 N N N
0
@N%ﬁ (] e (]
| o a) Nal c A I o toluene r N
NHé)\N /NHO s W )\NI 0

K,COs
fF ACN H .
C
F3 F3C N N N F3C

28 29 N-NH
30

Step A. Preparation of (R)-4-((2-(1 -Q.-ﬂuoro—6-(triﬂuorofnethvl)benzyl)-2,4-
dioxo-1'-((5-(trifluoromethyl)furan-2-ylymethyl)-1H-spiro[ furo[3.4-d]pyrimidine-5.4'-
piperidin]}-3(2H.4H,7H)-vy1)-1-phenylethyl)amino)butanenitrile (29)

4-bromobutanenitrile (51.4 pL, 0.517 mmol), Nal (155 mg, 1.035 mrrblol)band
K,CO3 (143 mg, 1.035 mmol) were added to a solution prepared by adding (R)-3-(2-

amino-2-phenylethyl)-1 -(2-ﬂuofo—6—(triﬂuoromethyl)benzyl)- 1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4"-piperidine]-
2,4(3H,7H)-dione (28) (230 mg, 0.345 mmol) to ACN(3.45 mL), and stirred for 23 hrs at
90 °C. The reaction solution was cooled down to room temperature and concentrated.
A saturated NH4Cl solution was added to the resulting solution, and extracted with
dichloromethane (DCM). The organic layer was dried over MgSQ,, concentrated, and
purified by MPLC (methanol/DCM = 1/45 ~ 1/24) to obtain the title compound as
yellow foam (185.5 mg, yield: 73%).

'H NMR (300MHz, CDCl3) § 7;57 (1H,d), 748 (1 H, dd), 7.39 - 7.28 (5 H, m),
7.24 (1 H, d),6.72 (1 H, d), 6.29 (1 H, d), 5.23 - 5.06 (2 H, m), 4.70 2 H, s), 4.22 (1 H,
dd), 3.99 (2 H, ddd), 3.61 (2 H, s), 2.79 (2 H, d), 2.56 (1 H, dt), 2.48 — 2.22 (7 H, m),
1.76 — 1.40 (6 H, m).

Step B. Preparation of (R)-3-(2-((3-(2H-tetrazol-5-yl)propyl)amino)-2-
phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-(trifluoromethyl)furan-2-
yDmethyl)-1H-spiro[ furo[3.4-d]pyrimidine-5.4"-piperidine]-2.4(3H,7H)-dione (30)

Azido tributyltin(1V) (204 pL, 0.74 mmol) was added to a solution prepared by
adding (R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-

(trifluoromethyl}furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
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3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanenitrile (29) (135.5 mg, 0.185 mmol)
prepared in Step A to toluene (1 mL) in a sealed tube, and stirred for 23 hrs at 120 °C.
The resulting solution was cooled down to room temperature, added with a saturated
NH4CI solution, and then extracted with DCM. The organic layer was dried over
MgSQ;, concentrated, and purified by MPLC (methanol/DCM = 1/99~1/9) to obtain the
title compound as white foam (58.3 mg, yield: 40%).

'H NMR (300 MHz, CDCl3) § 7.54 (d, 1H), 7.47 (d, 1H), 7.42 (d, 1H), 7.40 —
7.31 (m, 3H), 7.22 (d, 1H), 6.71 (dd, 1H), 6.28 (d, 1H), 5.17 (s, 2H), 4.87 (s, 2H), 4.46
(dd, 1H), 4.30 (dd, 1H), 4.04 (dd, 1H), 3.59 (d, 2H), 3.23 — 3.07 (m, 1H), 3.06 — 2.91 (m,
1H), 2.78 (dt, 3H), 2.31 (ddd, 5H), 2.05 (s, 1H), 1.74 (s, 1H), 1.58 (d, 1H), 1.48 (d, 1H).

MS(ESI) m/z 777.6(MH")

| Example 6 : Synthesis of (R)-2-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
- dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-

5,4'-piperidin]-3(2H,4H,7H)-yl)—l-phenylethyl)dmino)ethyl methoxycarbamate (31)

Br\/\OH

2) MeONH,'HCI CF
Imidazole O 3

Br\/\ o O\
N
NH b) Nal
62\ K,COs J/
ACN K/(j
N FsC

H
28 3

a) 1) CDI, ACN
O CF3

F30

Step A. Preparation of 2-bromoethyl methoxycarbamate

CDI (3.43 g, 21.15 mmol) was added to a solution prepared by adding 2-
bromoethanol (1 mL, 14.1 mmol) to ACN (79.5 mL), and stirred for 1 hr at room
temperature. When the reaction was completed, methoxyamine-HCl (5.89 g, 70.5
mmol) and imidazole (3.84 g, 56.4 mmol) were added to the reaction mixture, followed
by stirring for 6 hrs at room temperature. The resulting solution was concentrated,
added with 1IN HCI, and extracted with DCM. The organic layer was dried over

MgSO,, concentrated, and purified by MPLC (ethyl acetate/hexane = 1/9 ~2/3) to obtain
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the title compound as clear oil (2.64 g, yield: 95%).

Step B. Preparation of (R)-2-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2.4-
dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5.4'-
piperidin]-3(2H.4H.7H)-yl)-1-phenylethyl)amino)ethyl methoxycarbamate (31)

A solution prepared by adding (R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1'-((5-(trifluoromethyl)furan-2-yl)ymethyl)-1H-spiro[ furo[3,4-
d]pyrimidine—S,4'-piperidine]-2,4(3H,7H)-dione (28) (493.3 mg, 0.74 mmol) to ACN

(4.5 mL) was added with 2-bromoethyl methoxycarbamate (267.3 mg, 1.35 mmol)
prepared in Step A, sodium iodide (202.3 mg, 1.35 mmol) and K,COs (186.6 mg, 1.35
mmol), followed by stirring for 14 hrs at 100 °C. The resulting solution was cooled
down to room temperature, and concentrated. A saturated NH4Cl solution was added to
the mixture, and the resulting solution was extracted with DCM. The organic layer was
dried over MgSQOy, concentrated, and purified by MPLC (methanbl/DCM = 1/191~1/24)
to obtain the title compound as white foam (72.8 mg, yield: 12%). »

'H NMR (300 MHz, CDCl;) & 7.56 (d, 1H), 7.52 — 7.41 (m, 1H), 7.35 (d, 3H),
7.30 (s, 1H), 6.75 —6.68 (m, 1H), 6.29 (d, 1H), 5.90 (d, 1H), 5.14 (s, 2H), 4.99 — 4.88 (m,
1H), 4.72 (s, 2H), 4.35 — 4.20 (m, 1H), 4.00 (dd, 2H), 3.65 (s, 3H), 3.60 (d, 3H), 3.31 (s,
1H), 2.79 (d, 2H), 2.46 — 2.29 (m, 3H), 1.57 (d, 3H).

MS(ESI) m/z 784.6(MH")

Example 7: Synthesis of (R)-N-(3-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[furo[3,4-d|pyrimidine-
5,4'-piperidin]-3(2H,4H,7H)-yl)-1-phenylethyl)amino)propyl)-N-hydroxyformamide
(32)
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Step A. Preparation of N-(benzyloxy)formamide
A solution prepared by adding formic acid (0.24 mL, 6.26 mmol) to DCM (18.9

5 mL) was added with CDI (1.01 g, 6.26 mmol), followed by stirring for 30 min at room
' temperature. O-benzylhydroxyamine-HCl (1 g, 6.26 mmol), TEA (0.87 mL, 6.26
mmol) and DCM (2 mL) were added to the reaction solution, followed by stirring for 3.5
hrs at room temperature. The résulting solution was washed with 1IN HCl. The
organic layer was dried over MgSQ,, concentrated, and purified by MPLC
10  (methanol/DCM = 1/191~1/24) to obtain the title compound as clear liquid (628.8 mg,

yield: 66%). _
'H NMR (300 MHz, CDCl3) & 8.33 (s, 1H), 7.96 (s, 1H), 7.40 (s, SH), 4.96 —

4.85 (s, 2H)

15 Step B. Preparation of N-(benzyloxy)-N-(3-bromopropyl)formamide

A solution prepared by adding 1,3-dibromopropane (0.635 mL, 6.26 mmol) to

ACN (13.6 mL) was added with K,CO; (649.6 mg, 4.7 mmol), followed by stirring. N-

(benzyloxy)formamide (473.7 mg, 3.13 mmol) obtained in Step A and ACN (2 mL) were

slowly added to the reaction solution, followed by stirring for 14 hrs at 60 °C. The

20  resulting solution was cooled down to room temperature. Water (5 mL) was added to

the reaction solution, and the solution was extracted with DCM. The organic layer was

dried over MgSOs, concentrated, and purified by MPLC (EA/hexane = 0/100~1/4) to
obtain the title compound as clear oil (303.8 mg, yield: 36%).

'H NMR (300 MHz, CDCl;) & 8.22 (s, 1H), 7.37 (d, 5H), 4.89 (d, 2H), 3.73 (s,
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2H), 3.42 (s, 2H), 2.26 — 2.05 (m, 2H)

Step  C. Preparation  of  (R)-N-(benzyloxvy)-N-(3-((2-(1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2.4-dioxo-1"-((5-(trifluoromethyl{uran-2-ylYmethyl)-1H-
spirof furo[3.4-dlpyrimidine-5.4'-piperidin}-3(2H.4H.7H)-vy1)-1-

phenyvlethyl)amino)propyDformamide (31-1)

The procedure of Step A of Example 1 was repeated using (R)-3-(2-amino-2-
phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-(trifluoromethyl)furan-2-
yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione (28) (620
mg, 0.93 mmol) and N-(benzyloxy)-N-(3-bromopropyl)formamide prepared in Step B

- (303.8 mg, 1.12 mmol) to obtain the title compound as white foam (31) (165.9 mg, yield:

21%).

Step D. Preparation of (R)-N-(3-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-1"-((5-(trifluoromethyl)furan-2-ylymethyl)-1H-spiro[ furo[3.4-dJpyrimidine-
5.4'-piperidin]-3(2H.4H.7H)-v])-1 -phenvlethyl)amino)prova-N—hydroxyformamide (32)

A solution prepared by adding (R)-N-(benzyloxy)-N-(3-((2-(1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-
spiro] furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)propyl)formamide (31-1) (165.9 mg, 0.19 mmol) prepared in Step C
to MeOH (1 mL) was added with 10% Pd/C (degussa type, 332.2 mg, 20%wt), and

subjected to hydrogen gas bubbling. A balloon filled with hydrogen gas was attached
to the container, and the solution was stirred for 6 hrs at room temperature. The
resulting solution was filtered through a Celite pad, concentrated, and purified by MPLC
(methanol/DCM =1/49 ~ 3/7) to obtain the title compound as white foam (32) (38.3 mg,
yield: 26%).

'H NMR (300 MHz, CDCls) & 7.55 (d, 2H), 7.47 (dd, 1H), 7.37 (t, 3H), 7.29 (d,
2H), 6.71 (d, 1H), 6.28 (d, 1H), 5.15 (dd, 2H), 4.89 (dd, 1H), 4.83 — 4.64 (m, 3H), 4.11
(dd, 1H), 3.61 (s, 2H), 3.51 (d, 2H), 3.47 (d, 1H), 3.41 — 3.24 (m, 1H), 2.79 (d, 2H), 2.63
—2.49 (m, 1H), 2.47 - 2.22 (m, 4H), 2.03 (d, 1H), 1.84 (d, 2H), 1.67 (d, 2H).

Example 8: Synthesis of 4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-
((5-(trifluoromethyl)furan-2-ylymethyl)-1H-spiro{furo[3,4-d]pyrimidine-5,4'-
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piperidin]-3(2H,4H,7H)-yl)-1-(6-methylpyridin-2-yl)ethyl)amino)butanoic acid (36)

i\ N
{N/ , 2)Boc,0 I/
H
DIPEA N o

NHHCI 0CM NHBoc

b} MsCl
TEA
DCM

0 CFy CF3 CFa CF3
\ \ l
o OMs
NHBcc d) TFA COOH
HN o
)\ c) K7C03 NaBH OAC]3
07N ; TBAB
( j Acetone
FC ’ F 30 coon

cm F;C

3 u
35 %

5 Step A. Preparation of tert-butyl jZ»throxv-l-(6-methxdpyridin-2-

yvDethyl)carbamate

A solution prepared by adding 2-amino-2-(6-methyl(2-pyridyl))ethan-1-ol
hydrochloride (200 mg, 1.06 mmol) to DCM (3.53 mL) was added with DIPEA (0.37
mL, 2.12 mmol), and stirred, followed by adding Boc-anhydride (255.3 mg, 1.17 mmol)
10  thereto. The resulting mixture was stirred for 21 hrs at room temperature. The mixture
was added with distilled water (5 mL), and extracted with DCM. The organic layer was
dried over MgSOy,, concentrated, and purified by MPLC (ethyl acetate/hexane =1/9~2/3)
to obtain the title compound as white solid (205.3 mg, yield: 77%).
'H NMR (300 MHz, CDCl;) § 7.58 (t, 1H), 7.16 (d, 1H), 7.08 (d, 1H), 5.88 (s,
15 1H), 4.79 (s, 1H), 4.39 (s, 1H), 4.09 — 3.97 (m, 1H), 3.91 (s, 1H), 2.53 (s, 3H), 1.58 (s,
1H), 1.45 (s, 9H).

Step B. Preparation of 2-((tert-butoxycarbonyl)amino)-2-(6-methylpyridin-2-

yDethyl methanesulfonate

20 A solution prepared by adding tert-butyl (2-hydroxy-1-(6-methylpyridin-2-
yDethyl)carbamate (205.3 mg, 0.81 mmol) obtained in Step A to DCM (2.7 mL) was
added with TEA (0.13 mL, 0.97 mmol), and stirred, followed by adding MsCl (68.9 pL,
0.89 mmol) thereto and stirring for 1 hr at room temperature. A saturated NaHCO;

solution was added to the reaction solution and the mixture was extracted with DCM.
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The organic layer was dried over MgSQO,, and concentrated to obtain the title compound
as clear oil (279.6 mg, yield: 104 %).

'H NMR (300 MHz, CDCl3) & 7.57 (t, 1H), 7.10 (t, 2H), 5.85 (s, 1H), 5.04 (s,
1H), 4.57 (dd, 1H), 4.45 (d, 1H), 2.89 (s, 3H), 2.54 (s, 3H), 1.47 (s, 9H).

Step C. Preparation of tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2.4-
dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)- 1 H-spiro[ furo(3.4-dlpyrimidine-5.4'-

piperidin]-3(2H.4H,7H)-v1)-1-(6-methvylpyridin-2-ylethyl)carbamate (34)

The procedure of Example 3 for preparing compound 23 (Step I of Example 3)
was repeated using 1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-(trifluoromethyl)furan-
2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine}-2,4(3H,7H)-dione (33)
(100 mg, 0.18 mmol) prepared in Step B to obtain the title compound as white foam
(137.2 mg, yield: 97%).

Step D. Preparation of 3-(2-amino-2-(6-methylpyridin-2-yl)ethyl)-1-(2-fluoro-
6-(trifluoromethyl)benzyl)-1'-((5-(trifluoromethyl)furan-2-yl)methvl)-1H-spiro[ furo{3.4-
dlpyrimidine-5.4"-piperidine]-2.4(3H.7H)-dione (35)

The procedure of Example 3 for preparing compound 26 (Step L of Example 3)
was repeated using tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-
((5-(trifluoromethyl)furan-2-yl)methy!)- 1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-(6-methylpyridin-2-yl)ethyl)carbamate (34) (137.2 mg, 0.175 mmol)
prepared in Step C to obtain the title compound as white foam (75.3 mg, yield: 63%).

Step E. Preparation of 4-((2-(1-(2-fluoro-6-(irifluoromethyl)benzyl)-2.4-dioxo-
1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3.4-d]pyrimidin-5.4'-
piperidin]-3(2H.4H,7H)-y1)-1-(6-methylpyridin-2-yl)ethyDamino)butanoic acid (36)

The procedure of Example 2 for preparing compound 10 (Method 1 of Example
2) was repeated using 3-(2-amino-2-(6-methylpyridin-2-yl)ethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1'-((5-(trifluoromethyl)}furan-2-ylymethyl)-1H-spirof furof 3,4-
d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione (35) (65.6 mg, 0.096 mmol) prepared in
Step D to obtain the title compound as white foam (46.0 mg, yield: 62%).

MS(ESI) m/z 768.4 (MH")
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Examples 8-1 and 8-2
The compounds of Examples 8-1 and 8-2 were prepared in the same manner

as described in Example 8, except for using each compound comprising the

corresponding Ryo group shown in Table 5 below instead of 2-amino-2-(6-methyl(2-

5  pyridyl))ethan-1-ol hydrochloride.

[Table 5]

Example -Ryo M.W. Mass

8-1 ﬂ 772.73 773.0
S
8-2 /401 756.66 757.0

10 Example 9 : Synthesis of 4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-

((5-(trifluoromethyhfuran-2-yl)methyl)-1H-spiro[furo[3.,4-d]pyrimidine-5,4'-
piperidin}-3(2H,4H,7H)-yl)-1-(3-hydroxyphenyl)ethyl)amino)butanoic acid (46)
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Steps A & 'B. Preparation of methyl 2-((tert-butoxycarbonyl)amino)-2-(3-

hydroxyphenylacetate (38)

A solution prepared by adding DL-3-hydroxyphenylglycine (1 g, 5.98 mmol) to
MeOH (12 mL) was added with thionyl chloride (0.52 mL, 7.18 mmol), followed by
stirring for 2 hrs at 80 °C.  The resulting solution was cooled down to room temperature,
and concentrated. The concentrate was diluted with DCM (15 mL), added with
NaHCO;3 (753 mg, 8.97 mmol) and TEA (0.92 mL, 6.58 mmol) and stirred, followed by
adding Boc,O (1.44 g, 6.58 mmol) thereto and stirring for 21 hrs at room temperature.
The reaction solution was neutralized with a saturated NH4Cl solution and extracted with
DCM. The organic layer was dried over MgSO,, concentrated, and purified by MPLC
(methanol/DCM =1/191~1/24) to obtain the title compound as ivory foam (1.4 g, yield:
83%).

'H NMR (300 MHz, CDCl;) 6 7.21 (t, 1H), 6.92 (d, 1H), 6.84 (d, 1H), 6.81 —
6.74 (m, 1H), 5.55 (s, 1H), 5.33 = 5.20 (m, 1H), 5.16 (s, 1H), 3.72 (s, 3H), 1.45 (d, 9H).

Step C. Preparation of tert-butyl (2-hydroxy-1-(3-
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hydrox?phenyl)ethﬂ)carbamate (39)

A solution prepared by adding methyl 2-((tert-butoxycarbonyl)amino)-2-(3-
hydroxyphenyl)acetate (38) (1.4 g, 4.98 mmol) obtained above to THF (12 mL) was
cooled 1n an ice bath, and 1M LAH (lithium aluminium hydride) in THF (4.98 mL) was
slowly added thereto. The mixture was warmed to room temperature, and stirred for 1
hr. The resulting solution was cooled in an ice bath and then a saturated NH4Cl
solution was slowly added thereto until no more gas was evolved. The reaction
solution was filtered through a Celite pad, added with 2N HCI to adjust pH 1, and
extracted with DCM. The organic layer was dried over MgSQO,, concentrated, and
purified by MPLC (methanol/DCM = 1/191~1/24) to obtain the title compound as white
foam (1.29 g, yield: 102%).

'H NMR (300 MHz, CDCl3) & 7.23 - 7.14 (m, 1H), 6.82 (d, 1H), 6.77 — 6.67 (rﬁ,
2H), 6.12 (s, 1H), 5.32 (d, 1H), 4.74 (d, 1H), 3.85 (dd, 2H), 2.48 (s, 1H), 1.44 (s, 9H).

Step D. Preparation of tert-butyl (1-(3-(benzyloxy)phenyl)-2-

hydroxyethyl)carbamate (40)

A solution prepared by adding tert-butyl(2-hydroxy-1-(3-
hydroxyphenyl)ethyl)carbamate (500 mg, 1.97 mmol) obtained in Step C to acetone
(19.7 mL) was added with K,CO; (407.7 mg, 2.95 mmol), followed by stirring. Benzyl
bromide (0.23 mL, 1.97 mmol) was added thereto, followed by stirring for 19 hrs at
room temperature. The resulting solution was heated to 60 °C, stirred for 1 hr and
cooled down to room temperature. Then, the solution was filtered, washed with
acetone, concentrated, and purified by MPLC (methanol/DCM = 1/191~1/24) to obtain
the title compound as white foam (225.1 mg, yield: 33.3%).

'"H NMR (300 MHz, CDCl3) § 7.46 — 7.40 (m, 2H), 7.38 (d, 1H), 7.37 — 7.33 (m,
1H), 7.31 (d, 1H), 7.27 (s, 1H), 6.94 — 6.89 (m, 2H), 6.88 (d, 1H), 5.19 (s, 1H), 5.06 (s,
2H), 4.75 (s, 1H), 3.90 - 3.73 (m, 2H), 2.19 (d, 1H), 1.43 (s, 9H).

Step E. Preparation of 2-(3-(benzyloxy)phenvyl)-2-((tert-
butoxycarbonyl)amino)ethyl methanesulfonate (41) '

The procedure of Step A of Example 4 was repeated using tert-butyl (1-(3-
(benzyloxy)phenyl)-2-hydroxyethyl)carbamate (40) (112.5 mg, 0.33 mmol) prepared in
Step D to obtain the title compound as a crude product.
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Step F. Preparation of tert-butyl (1-(3-(benzyloxv)phenyl)-2-(1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1 H-
spiro[furo[3.4-dlpyrimidine-5.4"-piperidin]-3(2H,4H.7H)-yDethyl)carbamate (42)

The procedure of Step I of Example 3 was repeated using 2-(3-
(benzyloxy)phenyl)-2-((tert-butoxycarbonyl)amino)ethyl methanesulfonate (41) (120.4
mg, 0.22 mmol) prepared in Step E to obtain the title compound as white foam (158 mg,
yield: 82%)).

Step G. Preparation of 3~( 2-amino—2—13—(benzvloxy)ghenyl)éthyl)—1—(2-ﬂuoro-6-
(trifluoromethyl)benzyl)-1'-((5-(trifluoromethyDfuran-2-yDmethyl)-1H-spiro[ furo[ 3 .4-
d]pyrimidine-5.4'-piperidine]-2,4(3H,7H)-dione (43)

Th}e procedure of Step L of Example 3 was repeated using tert-butyl (1-(3-
(benzyloxy)phenyl)-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-

(tﬁﬂuoromethyl)ﬁlran-z-yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)carbamate (42) (158.2 mg, 0.18 mmol) prepared in Step F to
obtain the title compound as white foam (99.1 mg, yield: 71%).

Step H. Preparation of ethyl 4-((1-(3-(benzyloxy)phenyl)-2-(1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2.4-dioxo-1'-((5-(trifluoromethyl)furan-2-vl)methvl)-1 H-
spiro[furo[3.4-dlpyrimidine-5.4"-piperidin]-3(2H.4H.7H)-yDethyl)amino)butanoate (44)

The procedure of Step A in Method 2 of Example 2 was repeated using 3-(2-
amino-2-(3-(benzyloxy)phenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1 H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione (45) (50.1 mg, 0.065 mmol) prepared in Step G to obtain the title
compound as white foam (33.0 mg, vield: 57%).

Step 1. Preparation of ethyl 4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2.4-

dioxo-1'-((5-(trifluoromethyDfuran-2-yDmethyl)-1H-spirof furo[3.4-d]pyrimidine-5.4'-
piperidin]-3(2H,4H,7H)-y])-1-(3-hydroxyphenyl)ethyl)amino)butanoate (45)
A solution prepared by adding ethyl 4-((1-(3-(benzyloxy)phenyl)-2-(1-(2-

fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-
1H-spiro[ furo(3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)ethyl )amino)butanoate
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(44) (33.0 mg, 0.037 mmol) prepared in Step H to methanol (1 mL) was édded with
Pd/C (degussa type, 4.95 mg, 15%wt), and subjected to hydrogen gas bubbling for 10
min. A balloon filled with hydrogen gas was attached to the container, and the solution
was stirred for 1.5 hrs at room temperature. The resulting solution was filtered through a
Celite pad, concentrated, and purified by MPLC (methanol/DCM = 1/99~1/19) to obtain
the title compound as white foam (25.3 mg, yield: 86%).

'H NMR (300 MHz, CDCl3) 8 7.54 (d, 1H), 7.45.(dd, 1H), 7.30 (d, 1H), 7.17 (t,
1H), 6.86 (d, 2H), 6.75 — 6.65 (m, 2H), 6.30 (d, 1H), 5.14 (d, 1H), 5.00 (d, 1H), 4.74 —
4.59 (m, 2H), 4.06 (d, 2H), 3.61 (s, 2H), 2.77 (s, 2H), 2.53 — 2.29 (m, 6H), 2.25 (t, 2H),
1.64 (d, 2H), 1.60 — 1.45 (m, 2H), 1.19 (t, 3H)‘.

Step J. Preparation of 4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2.4-dioxo-
1'-((5-(trifluoromethvl)furan-2-yl)methvyl}-1 H-spirol furo[ 3.4-d1pyrimidine-5.4'-
piperidin]-3(2H.4H,7H)-vy1)-1-(3-hydroxyphenyl)ethyl)amino)butanoic acid (46)

The procedure of Step B in Method 2 of Example 2 was repeated using ethyl 4-
((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifluoromethyl) furan-2-
yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4"-piperidin]-3(2H,4H,7H)-y1)-1-(3-
hydroxyphenyl)ethyl)amino)butanoate (25.3 mg, 0.032 mmol) prepared in Step I to
obtain the title compound as white foam (14.3 mg, yield: 58%).

MS(ESI) m/z 769.2 (MH")

Example 10 : Synthesis of (R)-4-((2-(1'-((5-bromofuran-2-yl)methyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1H-spiro{furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H.,4H,7H)-yi)-1-phenylethyl)amino)butanoic acid (49)
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Step A. Preparation of (R)-tert-butyl (2-(1'-((5-bromofuran-2-vhmethyl)-1-(2-

fluoro-6-(trifluoromethyl)benzyl)-2.4-dioxo-1H-spiro[ furo[3.,4-dJpyrimidine-5.4'-
piperidin]-3(2H.4H.7H)-v1)-1-phenylethyl)carbamate (47)
A solution prepared by adding (R)-tert-butyl (2-(1-(2-fluoro-6-

(trifluoromethyl)benzyl)-2,4-dioxo-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)carbamate (100 mg, 0.16 mmol) to MeOH (1 mL) was
added with 5-bromo-2-furaldehyde and NaBH(OAc); sequentially, followed by stirring
for 15 hrs at room temperature. The resulting solution was concentrated, added with a
saturated NaHCO; solution, and extracted with DCM. The organfc layer was dried
over MgSQOy, concentrated, and purified by MPLC (methanol/DCM = 1/191~1/24) to
obtain the title compound as light reddish-white foam (62.5 mg, yield: 50%).

"H NMR (300 MHz, CDCl3) § 7.56 (d, 1H), 7.47 (dd, 1H), 7.40 — 7.33 (m, 2H),
7.31 (d, 2H), 7.27 (s, 1H), 7.24 (s, 1H), 6.23 (d, 1H), 6.19 (d, 1H), 5.64 (s, 1H), 5.25 (4,
1H), 5.05 (d, 1H), 4.69 (d, 2H), 4.26 (d, 1H), 4.01 (d, 1H), 3.56 (s, 2H), 2.80 (d, 2H),
2.39 (t, 4H), 1.55 (d, 3H), 1.37 (s, 9H).

Step B. Preparation of (R)-3-(2-amino-2-phenylethyl)-1'-((5-bromofuran-2-

yDmethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)- 1 H-spiro[ furo[3.4-d]Jpyrimidine-5.4'"-
piperidine]-2.4(3H,7H)-dione (48)

The procedure of Example 3 for preparing compound 26 was repeated using
(R)-tert-butyl(2-(1'-((5-bromofuran-2-yl)methyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H, 7H)-yl)-1-

phenylethyl)carbamate (47) (62.5 mg, 0.08 mmol) to obtain the title compound as white
foam (34.8 mg, yield: 64.2%).

Step C. Preparation of (R)-4-((2-(1'-((5-bromofuran-2-yl)methy1)-1-(2-fluoro-6-

(trifluoromethyl)benzyl)-2.4-dioxo-1H-spirof furo[3.4-d}pyrimidine-5.4'-piperidin]-
3(2H.4H.,7H)-y1)-1-phenylethyl)amino)butanoic acid (49)
The procedure of Example 2 for preparing compound 10 (Method 1 of Example

2) was repeated using (R)-3-(2-amino-2-phenylethyl)-1'-((5-bromofuran-2-yl)methyl)-1-
(2-fluoro-6-(trifluoromethyl)benzyl)-1H-spirof furo[ 3,4-d]pyrimidine-5,4'-piperidine}-
2,4(3H,7H)-dione (48) (34.8 mg, 0.051 mmol) to obtain the title compound as white
foam (16.4 mg, yield: 42%).
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MS(ESI) m/z 763.1(MH")

Examples 10-1 and 10-2
The compounds of Examples 10-1 and 10-2 were prepared in the same
5 manner as described in Example 10, except for using each aldehyde compound

comprising the corresponding R4 group shown in Table 6 below instead of 5-bromo-2-

furaldehyde.
[Table 6]
Ry
N
@ﬁ i
N
I o
NH
0" N .
COOH ¢ ¢
10
Example -R4 M.W. - Mass
O = |
10-1 i%/\ﬁj/ 708.70 709.1
74
10-2 734.74 735.3
“w, O
Example 11: Synthesis of (R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2.4-
dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[furo[3.,4-d]pyrimidine-
5,4'-piperidin}-3(2H,4H,7H)-yl)-1-phenylethyl)amino)-N-hydroxybutanamide (52)
15
b)
OH cb
HCl a) Cbz-Cl Cbz 0\/@ Br/\/\or ‘ i N\;B
HNC DIPEA N EDC, DMAP r/\/\,o( "
MC, 0°C 50 mC 51
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CF CF
o : o *

) Cbz
Br’\/\n’NOBn
H2N é‘l\
KzCO3, Nal
CH,CN, 900C b
Fsc 0 F,C

28

Step A.Preparation of benzyloxyl carbamic acid benzyl ester (50)

A solution prepared by adding O-benzyl-hydroxylamine hydrochloride (1.0 g,
6.27 mmol) and DIPEA (2.7 mL, 15.7 mmol) to CH>Cl; (15 mL) was added with benzyl
chloroformate (1.0 mL, 7.52 mol) at 0 °C. The resulting solution was stirred for 1 hr,
diluted with water, and extracted with CH,CL.. The organic layer was collected, dried
over MgSQ,, filtered, and concentrated under reduced pressure to obtain the title
compound as liquid (1.93 g, yield: >100%).
| 'H NMR (600MHz, CDCls) 6 4.87 (2H, s), 5.18 (2H, s), 7.29-7.41 (10H, m)

Step B. Preparation of N-(bénzyloxyl)—(4-bromo—butanoy1)—carbamic acid -

benzyl ester (51)

A solution prepared by adding benzyloxyl carbamic acid benzyl ester (50) (463
mg, 1.80 mmol) obtained in Step A, 4-bromobutanoic acid (300 mg, 1.80 mmol) and 4-
dimethylaminopyridine (DMAP, 22 mg, 0.18 mmol) to CH,Cl, (12 mL) was added with -
EDC (345 mg, 1.80 mmol). The resulting solution was stirred for 2.5 days, diluted
with water and extracted with CH,Cl,. The organic layer was collected, washed with
saline, dried over MgSQs,, filtered, and concentrated under reduced pressure to obtain
the title compound as liquid (250.6 mg, yield: 34%).

"H NMR (600MHz, CDCL) § 2.21 (2H, m), 2.97 (2H, t), 3.48 (2H, 1), 4.91 (2H,
s), 5.28 (2H, s), 7.29-7.41 (10H, m)

Step C. Preparation of (R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzvyl)-2.4-
dioxo-1'-((5-(trifluoromethyDfuran-2-ylYmethyl)-1 H-spirof furo{3.4-dlpyrimidine-5.4'-
piperidin]-3(2H.4H.7H)-v])-1-phenvlethyl)amino)-N-hydroxybutanamide (52)

N-(benzyloxyl)-(4-bromo-butanoyl)-carbamic acid benzyl ester (51) (148.2 mg,
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0.22 mmol) was dissolved in acetonitrile (2.5 mL), and then Nal (82.4 mg, 0.55 mmol),
K;CO;5 (76.0 mg, 0.55 mmol) and N-(benzyloxyl)-(4-bromo-butanoyl)-carbamic acid
benzyl ester (108.4 mg, 0.27 mmol) were added thereto in sequence. The mixture was
stirred under a reflux condition for 17 hrs, cooled down to room temperature, diluted
5 with a saturated aqueous soluﬁon of ammonium chloride, and extracted witn CH,Cl.
The organic layer was dried over MgSO,, filtered, and concentrated under reduced
pressure.  The residue was puriﬁed by silica gel chromatography (eluent:
dichloromethane/methanol = 98/2~95/5), and dried under vacuum to yield the title
compound as white foam (57.2 mg, yield: 34%).
10 'H NMR (300MHz, CDCl;) & 1.38-1.51(4H, m), 1.77(1H, bs), 2.03(2H, m),
2.06-2.70(7H, m), 2.73(2H, m), 3.58(2H, s), 4.13(2H, m), 4.22(1H, dd), 4.60(2H, s),
5.09(2H, m), 5.20(1H, m),6.26(1H, d), 6.71(1H, d), 7.25-7.42(7H, m), 7.53(1H, d)

Example - 12: Synthesis of (R)-2-(4-(1-amino-2-(1-(2-fluoro-6-
15  (trifluoromethyl)benzyl)-2,4-dioxo-1'-((S-(trifluoromethyl)furan-2-yl)methyi)-1H-
spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-ylethyl)phenoxy)acetic

acid (60)
b) Boc,0
NaEl-tl:gqo c) LiAIH, 0
a) SOC|2 3 4 \ /U\/Br
M OH DCM rt Me  THE rt Y TOH T E0
; NHB°° NHBoc
reflux
3 54 55
d) K,CO3
acetone
i CF3 0 cFe reflux

HLOEt ‘
0 N Q Q
0
f) K,CO4 OEt ) MsCI OEt
OMs OH

0" N DCM

Mo acetone CF, :
K/@ reflux K/@ !%IHBoc 0°C—rt N HBoo
58 F F 57 56
33
| g) TFA
DCM, rt

0 o CF3

i \
Hkoa \ HLOH N\
N
o O\O\A 0
h) 1N NaOH
N | N a0 N ’ Y
N TEOH NHz A
) 87N
5@ be)
50 60 F
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Step A. Preparation of (R)-methyl 2-amino-2-(4-hydroxyphenyl)acetate (53)

(R)-2-amino-2-(4-hydroxyphenyl)acetic acid (7.10 g, 42.5 mmol) was

dissolved in methanol (85 mL), stirred for 10 min in an ice bath, and thionyl chloride

(3.72 mL, 51.0 mmol) was slowly added thereto. The resulting mixture was refluxed
under a nitrogen atmosphere for 2 hrs, followed by cooling down to room temperature.
The reaction solution was concentrated under reduced pressure and the residue obtained
was used in the next step without further purification.

"H NMR (600MHz, DMSO-ds) § 2.18 (2H, br), 3.53 (3H, s), 4.36 (1H, s), 6.66
(2H, d), 7.12 (2H, d), 9.33 (1H, s)

Step B. Preparation of (R)-methyl 2-((tert-butoxycarbonyl)amino)-2-(4-

hydroxyphenyl)acetate (54)

(R)-methyl 2-amino-2-(4-hydroxyphenyl)acetate (53) obtained in Step A was
diluted with dichloromethane (100 mL) and methanol (3 mL), and slowly added with
sodium bicarbonate (5.36 g, 63.8 mmol), triethylamine (6.60 mL, 46.7 mmol), and di-
tert-butyl dicarbonate (10.2 g, 46.7 mmol) at room temperature in sequence. The
reaction solution was stirred for 2 hrs at the same temperature, and slowly added with a
saturated aqueous solution of ammonium chloride (100 mL). The aqueous layer was
extracted twice with ethyl acetate. The organic layer was collected, dried over MgSOy,
filtered, and concentrated under reduced pressure. The concentrate was recrystallized
(Hex:EA = 5:1), and dried under vacuum to obtain ivory solid (11.1 g, yield: 93%).

'H NMR (600MHz, DMSO-dg) § 1.42 (9H, s), 3.70 (3H, s), 5.21-5.57 (1H, m),
6.04 (1H, s), 6.71 (2H, d), 7.16 (2H, d)

Step C. Preparation of (R)-tert-butyl (2-hvdroxy-1-(4-

hvdroxyphenvylDethyl)carbamate (55)

(R)-methyl 2-((tert-butoxycarbonyl)amino)-2-(4-hydroxyphenyl)acetate (54)
(2.10 g, 7.47 mol) obtained in Step B was added to anhydrous tetrahydrofuran (100 mL),
and lithium aluminum tetrahydride (850 mg, 22.4 mmol) was slowly added thereto in
small portion at room temperature. The resulting mixture was stirred for 1 hr at room
temperature, and distilled water (0.85 mL), an aqueous solution of 2N NaOH (1.70 mL),
and distilled water (2.55 mL) were added thereto in sequence. The reaction solution
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was filtered, and concentrated under reduced pressure. The residue was purified by
silica gel chromatography (eluent: dichloromethane/methanol = 99/1~90/10), and dried
under vacuum to yield the title cbmpound as ivory solid (1.00 g, yield: 53%).

'H NMR (600MHz, DMSO-dg) 3 1.36 (9H, s), 3.41-3.43 (2H, m), 4.41 (1H, br),
4.69 (1H, t), 6.67 (2H, d), 7.06 (2H, d), 9.21 (1H, s)

Step D. Preparation of (R)-ethyl 2-(4-(1-({tert-butoxycarbonyl)amino)-2-

hvdroxvethyl)phenoxy)acetate (56)

(R)-tert-butyl (2-hydroxy-1-(4-hydroxyphenyl)ethyl)carbamate (55) (300 mg,
1.18 mmol) obtained in Step C was added to acetone (12 mL), and potassium carbonate
(246 mg, 1.48 mmol) and ethyl bromoacetate (0.197 mL, 1.78 mmol) were added
thereto at room temperature. The resulting solution was heated to 80 °C and stirred for
15 hrs. The solution was cooled down to room témperature and concentrated under
reduced pressure to remove acetone. The residue was diluted with dichloromethane
(15 mL), and a saturated aqueous solution of ammonium chloride (15 mL) was added
thereto. The aqueous layer was extracted twice With dichloromethane. The organic
layer was collected, dried over Na,SO,, filtered, and concentrated under reduced
pressure. The residue was. purified by silica gel chromatography (eluent:
dichloromethane/methanol = 99/1~9/1), and dried under vacuum to yield the title
compopnd as ivory solid (380 mg, yield: 95%). ’

"H NMR (600MHz, CDCl3) § 1.30 (3H, 1), 1.43 (9H, s), 1.38 (1H, br), 3.81 (2H,
s), 4.26 (2H, q), 4.60 (2H, s), 4.72 (1H, s), 5.18 (1H, d), 6.87-6.90 (2H, m), 7.21-7.23
(2H, m) |

Step  E. Preparation of  (R)-2~((tert-butoxycarbonyl)amino)-2-(4-(2-

ethylacetoxy)phenyl)ethyl methanesulfonate (57)
(R)-ethyl 2-(4~(1-((tert-butoxycarbonyl)amino)-2-

hydroxyethyl)phenoxy)acetate (56) (360 mg, 1.06 mmol) obtained in Step D was added
to dichloromethane (5 ml), and then triethylamine (177 pl, 1.17 mmol) and
methanesulfonyl chloride (91 ul, 1.27 mmol) were added thereto at room temperature in
sequence. The resulting solution was stirred for 30 min at room temperature, and a
saturated aqueous solution of sodium bicarbonate was added thereto. The aqueous
layer was extracted twice with dichloromethane. The organic layer was collected,
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dried over MgSQ,, filtered, and concentrated under reduced pressure. The residue

obtained was used in the next step without further purification.

Step F. preparation of (R)-ethyl 2-(4-(1-((tert-butoxycarbonylamino)-2-(1-(2-

fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifltuoromethylfuran-2-yDmethyl)-
1H-spiro{furo[3.4-dlpyrimidine-5.4"-piperidin]-3(2H.4H,7H)-vDethvl)phenoxy)acetate

(58)

(R)-2-((tert-butoxycarbonyl)amino)-2-(4-(2-ethylacetoxy)phenyl)ethyl
methanesulfonate (57) (crude, 1.06mmol) obtained in Step E, 1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-
d]pyrimidine-5,4'-piperidine}-2,4(3H,7H)-dione (33) (387 mg, 0.707 mmol), potassium
carbonate (293 mg, 2.12 mmol) and tetrabutylammonium bromide (23 mg, 0.071 mmol)
were suspended in bacetone“ (10 ml), heated to 70 °C, and stirred for 15 hrs. The
reaction solution was cooled down to room temperature, and solids were removed by
filtration. The filtrate was concentrated under reduced pressure to remove acetone and
diluted with ethyl acetate (20 mL). The resulting solution was washed once with a
saturated sodium bicarbonate solution (20 mL), dried over MgSQ,, and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (eluent:
hexane/ethyl acetate = 9/1~1/1), and dried under vacuum to yield the title compound as
ivory foam (480 mg, yield: 78%).

'H NMR (600MHz, CDCl3) § 1.28 (3H, t), 1.34 (9H, s), 1.53-1.59 (2H, m),
2.34-2.43 (4H, m), 2.76-2.80 (2H, m), 3.61 (2H, s), 3.97 (1H, d), 4.24 (1H, q), 4.57 (2H,
s), 4.64-4.72 (2H, m), 4.93-4.97 (1H, m), 5.03 (1H, d), 5.22 (1H, d), 5.60 (1H, d), 6.28
(1H, d), 6.71 (1H, d), 6.83-6.86 (2H, m), 7.24-7.28 (3H, m), 7.43-7.47 (1H, m), 7.54
(1H, d)

Step G. Preparation of (R)-ethyl  2-(4-(1-amino-2-(1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2.,4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-
spiro{furo[3.4-d]pyrimidine-5.4"-piperidin}-3(2H,4H.7H)-vl)ethyl)phenoxy)acetate (59)

(R)-ethyl 2-(4-(1-((tert-butoxycarbonyl)amino)-2-(1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-
spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)ethyl)phenoxy)acetate (58)
(470 mg, 0.541 mmol) obtained in Step F was added to dichloromethane (8 mL) and
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stirred for 3 hrs at room temperature. The reaction solution was neutralized with an
aqueous solution of 0.5N HCI, and extracted three times with dichloromethane. The
organic layer was dried over Na;SOs, concentrated, purified by MPLC (eluent:
dichloromethane/methanol = 99/1~9/1), and dried under vacuum to obtain the title
compound as ivory foam (360 mg, yield: 87%).

'H NMR (600MHz, CDCl3) 8 1.30 (3H, t), 1.52-1.60 (4H, m), 2.32-2.43 (4H, m),
2.76-2.79 (2H, m), 3.60 (2H, s), 4.01 (1H, dd), 4.13 (1H, dd), 4.25-4.31 (3H, m), 4.60
(2H, s), 4.65-4.71 (2H, m), 5.10-5.16 (2H, m), 6.29 (1H, d), 6.71-6.72 (1H, m), 6.84-
6.87 (2H, m), 7.27-7.31 (3H, m), 7.45-7.48 (1H, m), 7.56 (1H, d)

Step H. Preparation of (R)-2-(4-(1-amino-2-(1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2.4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-
spirof furo[3.4-d]pyrimidine-5.4'-piperidin]-3(2H.4H.7H)-yl)ethyl)phenoxy)acetic acid‘
(60)

(R)-ethyl  2-(4-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-
I'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[ 3,4-d }pyrimidine-5,4'- '
piperidin}-3(2H,4H,7H)-yl)ethyl)phenoxy)acetate (59) (100 mg, 0.130 mmol) obtained
in Step G was added to ethanol (0.39 mL) together with an aqueous 1N NaOH solution
(0.39 mL, 0.39 mmol), followed by stirring for 2 hrs at room temperature. The
reaction solution was neutralized using an aqueous solution of 1N HCI (0.3 mL), and
concentrated under reduced pressure to remove ethanol therefrom. The aqueous layer
was extracted three times with dichloromethane. The organic layer was collected, -
dried over Na,SOy, filtered, and concentrated under reduced pressure. The residue was
recrystallized, and dried under vacuum to obtain the title compound as ivory solid (70
mg, yield: 73%).

'H NMR (600MHz, CDCl3) & 1.42-1.52 (2H, m), 2.02-2.07 (1H, m), 2.11-2.17
(1H, m), 2.24-2.29 (2H, m), 2.68-2.70 (2H, m), 3.36 (2H, br), 3.57-3.63 (2H, m), 3.92
(2H, d), 4.13 (1H, t), 4.30 (2H, s), 4.87-4.92 (2H, m), 4.95-5.01 (2H, m), 6.54 (1H, d),
6.71 (2H, d), 7.12 (2H, d), 7.15-7.16 (1H, m), 7.54-7.60 (2H, m), 7.62-7.64 (1H, m)

MS (ESI) m/z 741.2 (MH")

Examples 12-1 to 12-3
The compounds of Examples 12-1 to 12-3 were prepared in the same manner
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as described in Example 12 above, except for using each compound comprising the
corresponding Rs group shown in Table 7 below instead of (R)-2-((tert-
butoxycarbonyl)amino)-2-(4-(2-ethylacetoxy)phenyl)ethyl methanesulfonate in Step F
of Example 12.

[Table 7]
0
9
N
0
Res
AP
© N| fCF3
F
Example -Rs M.W. Mass
O/\/YOH
0
12-1 768.7 769.3
ef
NH;
12-2 HOW@O/@\/\: 740.6 741.3
o) NH,
O .
HO/U\/\/O
12-3 768.7 769.1
Y
NH,

Example 13: Synthesis of 3-((3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiroffuro|3,4-
d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)ethyl)phenyl)amino)propanoic  acid
(61)
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b) Boc,O
m a)S0Ch, m NaHCO, ¢ LiBH,
O:N OH ————> O)N OMe —— ™ O)N OMe ON OH
EtOH/THF
NH MeOH NH DCM, rt NHBoc C
: reflux 2 0°Cosr t NHBoc
53 54 55
d) MsCl
EtN
DCM
0°Cort
CF; CF, oS
o] 1 O N I\
NH, N NO, N X NO,
N
N N o
0 o] e) K;COs
N f) Pd/C, Hy N TBAB HN % R OMs
NH )\ o MeOH, 1.t NH )\ o acetone OA\N NHBoc
Boc” 07 N Boc” 07 N reflux CF
CFs fCFa K j : 56
58 FI j 57 £ i } F

g) Ethyl 4-bromobutyrate
DIPEA
acetonitrile, 60°C

CFS CF; CF3
’ < 7 7
HN/\/\H/OEt N HN/\/\n/OEt N HN/\/\H/OH N
0 N 0 N 0 N
9 0 o
h) TFA i) 1N NaOH
i | o U o YU o
DCM, it EfOH, .t
RIS NHé)\N NHé)\N

59 F 60 F 61 F

Step A. Preparation of methyl 2-amino-2-(3-nitrophenvl)acetate (53)

2-amino-2-(3-nitrophenyl)acetic acid (1.50 g, 7.65 mmol) was added to
methanol (8 mL) and stirred for 10 min in an ice bath, followed by slowly adding
thionyl chloride (0.91 mL, 12.5 mmol) thereto at the same temperature. The resulting
solution was refluxed under a nitrogen atmosphere for 2 hrs, and cooled down to room
temperature. The reaction solution was concentrated under reduced pressure and the

residue obtained was used in the next step without further purification.

Step  B. Preparation of methyl 2-({tert-butoxycarbonyl)amino)-2-(3-

nitrophenyl)acetate (54)

Methyl 2-amino-2-(3-nitrophenyl)acetate (53) (crude, 7.65mmol) obtained in

Step A was diluted with dichloromethane (20 mL), and then sodium bicarbonate (964

mg, 11.5 mmol), triethylamine (2.13 mL, 15.3 mmol) and ditertbutyl dicarbonate (3.34
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g, 15.3 mmol) were slowly added thereto in sequence at room temperature. The
reaction solution was stirred for 2 hrs at the same temperature, and a saturated aqueous
solution of ammonium chloride (25 mL) was added thereto. The aqueous layer was
extracted twice with ethyl acetate. The organic layer was collected, dried over Na;SOs,,
filtered, and concentrated under reduced pressure. The residue was purified by silica
gel chromatography (eluent: hexane/ethyl acetate = 90/10~75/25), and dried under
vacuum to yield the title compound as ivory solid (830 mg, yield: 35%).

Step C. Preparation of tert-butyl Q-hydfoxy—l-(3-nitrophenyl)ethyl)carbamate

(55)

Methyl 2-((tert-butoxycarbonyl)amino)-2-(3-nitrophenyl)acetate (54) (830 mg,
2.67 mmol) obtained in Step B was added to anhydrous tetrahydrofuran (100 mL),
stirred for 10 min in an ice bath, and then lithium boron tetrahydride (LiBHy4, 850 mg,
22.4 mmol) was slowly added thereto in small portion at room temperature. The
reaction solution was stirred for 2 hrs at the same temperature, cooled in an ice bath, and
added with a saturated ammonium chloride solution. The aqueous layer was extracted
three times with dichloromethane. The organic layer was collected, dried over Na;SOs,
filtered, and concentrated under reduced pressure. The residue was purified by silica
gel chromatography (eluent: dichloromethane/methanol = 99/1~95/5), and dried under
vacuum to yield the title compound as pale yellow foam (470 mg, yield: 62%).

Step D. Preparation of 2—1(tert-butoxvcarbonyl)amino)-Z—(3-nitrophemﬂ)ethyl

methanesulfonate (56)

tert-butyl (2-hydroxy-1-(3-nitrophenyl)ethyl)carbamate (55) (460 mg, 1.63
mmol) obtained in Step C above was added to dichloromethane (5 ml), and then
triethylamine (271 ul, 2.00 mmol) and methanesulfonyl chloride (139 pl, 1.79 mmol)
were added thereto in sequence. The resulting solution was stirred for 30 min at the
same temperature, and a saturated sodium bicarbonate solution was added thereto. The
aqueous layer was extracted twice with dichloromethane. The organic layer was
collected, dried over MgSQO, filtered, and concentrated under reduced pressure. The

residue obtained was used in the next step without further purification.

Step E. Preparation of tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2.4-
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dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)- 1 H-spiro{ furo{ 3.4-d]pyrimidine-5,4'-
piperidin]-3(2H.4H.7H)-y1)-1-(3-nitrophenvyl)ethyl)carbamate (57)

2-((tert-butoxycarbonyl)amino)-2-(3-nitrophenyl)ethyl methanesulfonate (56)
(crude, 1.63 mmol) obtained in Step D, 1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione (33) (595 mg, 1.08 mmol), potassium carbonate (450 mg, 3.26 mmol)
and tetrabutylammonium bromide (35 mg, 0.11 mmol) were suspended in acetone (25
ml), heated to 70 °C, and stirred for 15 hrs. The solution was cooled down to room
temperature, and the resulting solid was removed by filtration. The filtrate was
concentrated under reduced pressure to remove acetone, and diluted with ethyl acetate
(25 mL). The resulting solution was washed once with a saturated sodium bicarbonate
solution (25 mL), dried over MgSOs, and concentrated under reduced pressure. The
residue was purified by silica gel chromatography (eluent: hexane/ethyl acetate =
9/1~1/1), and dried under vacuum to obtain the title compound as ivory foam (680 mg,
yield: 78%).

l’H NMR (600MHz, CDCls) & 1.38 (9H, s), 1.53-1.63 (2H, m), 2.36-2.40 (4H,
m), 2.78-2.81 (2H, m), 3.63 (2H, s), 4.04-4.07 (1H, m), 4.29-4.34 (1H, m), 4.66-4.74
(2H, m), 5.03-5.27 (2H, m), 5.99 (1G, d), 6.30 (1H, d), 6.72-6.73 (1H, m), 6.69-6.76
(3H, m), 7.26-7.31 (1H, m), 7.48-7.51 (2H, m), 7.57 (1H, d), 7.72-7.74 (1H, m), 8.11-
8.12 (1H, m), 8.20-8.21 (1H, m)

Step F. Preparation of tert-butyl (1-(3-aminophenyl)-2-(1-(2-fluoro-6-

(trifluoromethyl)benzyl)-2.4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)- 1 H-
spiro[furo[3.4-d]pyrimidine-5.4"-piperidin]-3(2H.4H.7H)-yDethyl)carbamate (58)
Tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-

(trifluoromethyl)furan-2-yl)methy!)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-(3-nitrophenyl)ethyl)carbamate (57) (660 mg, 0.813 mmol) obtained
in Step E was dissolved in methanol (8 ml), and added with Pd/C (70 mg, 10% w/w).
The mixture was filled with hydrogen gas and stirred for 15 hrs. The resulting solution
was filtered using a Celite pad. The filtrate was concentratd under reduced pressure,
and dried under vacuum to obtain the title compound as ivory foam (430 mg, yield:
68%).

'H NMR (600MHz, CDCl;) & 1.36 (9H, s), 1.55-1.63 (2H, m), 2.36-2.46 (4H,
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m), 2.78-2.82 (2H, m), 3.62 (2H, s), 3.66 (2H, br), 3.98-4.01 (1H, m), 4.23-4.25 (1H, m),
4.65-4.74 (2H, m), 4.90-5.55 (4H, m), 6.30 (1H, d), 6.56-6.58 (1H, m), 6.69-6.76 (3H,
m), 7.11 (1H, t), 7.26-7.29 (2H, m), 7.45-7.49 (1H, m), 7.55-7.57 (1H, m)

Step G. Preparation of ethyl 4-((3-(1-((tert-butoxycarbonyl)amino)-2-(1-(2-
fluoro-6-(trifluoromethyl)benzyl)-2.4-dioxo-1"-((5-( triﬂuofomethyl)furan-Z-yl)methyl)—
1H-spiro[furo[3.4-d]pyrimidine-5.4'-piperidin]-3(2H.4H,7H)-
yhethyl)phenyl)amino)butanoate (59)

Tert-butyl (1-(3-aminopheny!)-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4- ‘

dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spirof furo[3,4-d]pyrimidine-5,4'-
piperidin]-3(2H,4H,7H)-yl)ethyl)carbamate (58) (100 mg, 0.128 mmol) obtained in Step
F was added to acetonitrile (3.0 mL) together with ethyl 4-bromobutyrate (20 uL, 0.141
mmol) and diisopropyl ethyiamine (45 pL, 0.256 mmol), and the mixture was heated to
60 °C, followed by stirring at the same temperature for 48 hrs. A saturated ammonium
chloride solution was added thereto, and the aqueous layer was extracted three times
with dichloromethane. ~ The organic layer was collected, dried over MgSOs,
concentrated, purified by MPLC (eluent: hexane/ethyl acetate = 1/1~1/99), and dried
under vacuum to obtain the title compound as ivory foam (33 mg, yield: 29%).

'H NMR (600MHz, CDCls) § 1.30 (3H, t), 1.52-1.60 (4H, m), 2.32-2.43 (4H,
m), 2.76-2.79 (2H, m), 3.60 (2H, s), 4.01 (1H, dd), 4.13 (1H, dd), 4.25-4.31 (3H, m),
4.60 (2H, s), 4.65-4.71 (2H, m), 5.10-5.16 (2H, m), 6.29 (1H, d), 6.71-6.72 (1H, m),
6.84-6.87 (2H, m), 7.27-7.31 (3H, m), 7.45-7.48 (1H, m), 7.56 (1H, d)

Step H. preparation of ethyl 4-((3-(1-amino-2-(1-(2-fluoro-6-

(trifluoromethylbenzyl)-2.4-dioxo-1'-((5-(trifluoromethyhfuran-2-yl)methyl)-1H-
spirof furo]3.4-d]pyrimidine-5.4"-piperidin]-3(2H.4H.7H)-

yhethyl)phenyl)amino)butanoate (60) _

Ethyl 4-((3-(1-((tert-butoxycarbonyl)amino)-2-(1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1'"-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-
spiro[ furo[3,4-d]pyrimidin-5,4'-piperidine]-3(2H,4H,7H)-
yDethyl)phenyl)amino)butanoate (59) (30 mg, 0.038 mmol) obtained in Step G was

added to dichloromethane (1 mL) together with trifluoroacetic acid (100 pL), followed
by stirring for 2 hrs at room temperature. The reaction solution was neutralized with a
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saturated sodium bicarbonate solution, and extracted three times with dichloromethane.
The organic layer was collected, dried over Na,SO4, concentrated, purified by MPLC
(eluent: dichloromethane/methanol = 99/1~9/1), and dried under vacuum to obtain the
title compound as ivory foam (22 mg, yield: 73%).

'H NMR (600MHz, CDCl3)  1.24 (3H, t), 1.57-1.59 (2H, m), 1.86-1.94 (3H, m),
2.37-2.41 (5H, m), 2.80 (2H, s), 3.15 (2H, t), 4.26-4.30 (2H, m), 4.65-4.71 (2H, m),
5.07-5.20 (2H, m), 6.34 (1H, s), 4.48-4.49 (1H, m), 6.67-6.72 (3H, m), 7.11 (1H, ¢t),
7.27-7.29 (1H, m), 7.42-7.46 (1H, m), 7.53-7.54 (1H, d)

Step I. Preparation of 4-({3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2.4-dioxo-1'-((5-(trifluoromethyl}furan-2-yl)methyl)-1H-spiro[ furo[3.4-d]pyrimidine-
S5.4"-piperidin}-3(2H.4H.7H)-yl)ethyl)phenyl)amino)butanoic acid (61)

Ethyl  4-((3-(1-amino-2-(1 —(2-ﬂuoré-6-(triﬂuoromethyl)benzyl)-2,4-dioxo-1 -

((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenyl)amino)butanoate (60) (20 mg, 0.025 mmol) obtained in
Step H was added to ethanol (1.0 mL) together with an aqueous solution of 1IN NaOH
(75 uL, 0.075 mmol), followed by stirring for 2 hrs at room temperature. The resulting
solution was neutralized by adding an aqueous solution of 1N HCIl, and concentrated
under reduced pressure to remove ethanol.. The aqueous layer was extracted three
times with dichloromethane. The organic layer was collected, dfied over Na,SOy,
concentrated, purified by MPLC (eluent: dichloromethane/methanol = 80/20~70/30),
and dried under vacuum to obtain the title compound as ivory foam (10 mg, yield: 52%).
'H NMR (600MHz, DMSO-d¢) § 1.43-1.50 (2H, m), 1.67-1.72 (2H, m), 1.87-
2.27 (6H, m), 2.65-2.68 (2H, m), 2.91-2.94 (2H, m), 3.57 (2H, s), 3.68-3.90 (3H, m),
4.86 (2H, s), 4.98 (2H, s), 6.33-6.37 (2H, m), 6.44-6.45 (1H, m), 6.51 (1H, d), 6.91 (1H,
t), 7.12-7.13 (1H, m), 7.49-7.61 (3H, m)
MS (ESI) m/z 768.2 (MH")

Examples 13-1 and 13-2
The compounds of Examples 13-1 and 13-2 were prepared in the same manner
as described in Example 13, except for using ethyl 2-bromoacetate and ethyl 3-
bromopropanoate, respectively, for introducing the corresponding Rs group shown in
Table 8 below instead of ethyl 4-bromobutyrate in Step G of Example 13.
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[Table 8]
CFs
N
0
Rs~
N
A JP
° N| fCF3
F
Example -Rs M.W. Mass
HN/\H/OH
0
13-1 739.2 740.1
A
NH,
o)
HN OH
13-2 753.3 754.2
%
, NH,

7 Examples 13-3 to 13-8

The compounds of Examples 13-3 and 13-4 were prepared in the same

manner as described in Step H of Example 13 via deprotection reaction, except for

using compounds 57 and 58, respectively, and each compound comprising the

corresponding moiety shown in Table 9 below.

Also, the compounds of Examples 13-5 to 13-8 were prepared in the same

manner as described in Example 13 for preparing the compounds 57 and 58, except for

using 2-amino-2-(2-nitrophenyl)acetic acid and 2-amino-2-(4-nitrophenyl) acetic acid

instead of 2-amino-2-(3-nitrophenyl)acetic acid as a starting material of Example 13,

followed by the same deprotection reaction as described in Step H of Example 13.
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[Table 9]
CF;
O
9
N
¢}
RS\N
AP
© N| fCF3
F
Example -Rs M.W. Mass
13-3 OZNQ\(\E 711.6 712.3
. NH;
13-4 HZNO\(\; 681.6 682.3
NH,
NO,
13-5 @[(\; 711.6 712.5
NH,
NH, ,
13-6 @Af 681.6 682.2
NH,
O,N
13-7 O\’/\f 711.5 712.2
NH,
H,N
13-8 \©\’/\gg 681.6 681.9
NH,

Example 14: Synthesis of tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2.4-
dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro{furo|3,4-d]pyrimidine-
5,4'-piperidin}-3(2H.,4H,7H)-yl)-1-(3-(3-methoxyureido)phenyl)ethyl)carbamate
(63)
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0 CFs HN .OMe . CF3 Ol o CF,
|
O)\NH \
N
0
om TEA b) TFA
MeONHz -HCI, TEA, £t DCM rt
6A

Step A. Preparation of tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2.4-
dioxo-1"-((5-(trifluoromethyl)furan-2-ylYmethyl)-1H-spiro[furo[3.4-d ]pyrimidine-5,4'-
piperidin]-3(2H.4H,7H)-y1)-1-(3-(3-methoxyureido)phenyl)ethyl)carbamate (62)

Tert-butyl  (1-(3-aminophenyl)-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-
piperidin}-3(2H,4H,7H)-yl)ethyl)carbamate (58) (158 mg, 0.202 mmol) obtained in

Example 13 was added to dichloromethane (3 mL), stirred for 10 mins in an ice bath,
and added with CDI (66 mg, 0.404 mmol) and triethylamine (56 pL, 0.404 mmol) at the
same temperature. The resulting solution was heated to room temperature, and stirred
for 48 hrs. The reaction solution was stirred for 10 mins in an ice bath again, added
with MeONH,-HC1 (169 mg, 2.02 mmol) and triethylamine (280 pL, 2.02 mmol), and
the mixture was heated to room temperature and stirred for 4 hrs. The reaction
solution was neutralized with a saturated sodium bicarbonate solution, and extracted
twice with dichloromethane. The organic layer was collected, dried over Na;SQy,
concentrated, purified by MPLC (eluent: n-hexane/ethyl acetate = 75/15~10/90), and
dried under vacuum to obtain the title compound as ivory foam (122 mg, yield: 71%).

'H NMR (300 MHz, CDCl3) § 7.67 (1H, d), 7.59 - 7.52 (2H, m), 7.47 (1H, dd),
7.33-7.25 (2H, m), 7.20 (1H, s), 7.11 — 7.09 (2H, t), 6.72 (1H, dd), 6.29 (1H, d), 5.72 —
4.94 (3H, m), 4.76 — 4.64 (2H, m), 4.33 — 4.25 (1H, m), 3.80 (3H, s), 3.62 (2H, s),
2.80 (2H, d), 2.40 (4H, d), 1.58 (2H, t), 1.37 — 1.24 (9H, m).

Step B. Preparation of tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2.4-
dioxo-1'-((5-(trifluoromethylfuran-2-yl)methvyl)-1H-spiro[furo{ 3.4-d Jpyrimidine-5.4'-

piperidin]-3(2H.4H.7H)-v1)-1-(3-(3-methoxyureido)phenyl)ethyl)carbamate (63)
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The procedure of Step H of Example 13 was repeated except for using tert-
butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifluoromethyl) furan-
2-yl)methyl)-1H-spiro[ furof3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-y1)-1-(3-(3-
methoxyureido)phenyl)ethyl)carbamate (62) (122mg, 0.142mmol) to obtain the title
compound as ivory foam (87 mg, yield: 81%).

'H NMR (300 MHz, CDCl3) § 7.61 — 7.54 (3H, m), 7.49 — 7.42 (1H, m), 7.31 -
7.26 (m, 3H), 7.14 - 7.10 (2H, m), 6.72 (1H, dd), 6.28 (1H, d), 5.13 (2H, s), 4.68 (2H, s),
4.34 (1H, dd), 4.20 - 4.12 (1H, m), 4.04 (1H, dd), 3.80 (3H, s), 3.60 (2H, s), 3.49 (1H,
s), 2.77 (2H, d), 2.48 - 2.26 (4H, m), 1.74 - 1.41 (3H, m).

Example 15: Synthesis of 1-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-ylymethyl)-1H-spiro[furo|[3,4-
d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)ethyl)phenyl)-3-methylurea (65)

CFy CFe

° " r@

3) DIPEA, CDI 0 o N
Ot ] e JL
o Y CH ol
( 0 > melhylamine, DIPEA | LT O NH&

F3C
85

58 , 64

Step A. Preparation of tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2.4-
dioxo-1'-((5-(trifluoromethyfuran-2-yDmethyl)-1H-spirof furof{3.4-d)pyrimidine-5.4'-
piperidin]-3(2H.4H.7H)-vy1)-1-(3-(3-methylureido)phenyl)ethyl)carbamate (64)

A solution prepared by adding tert-butyl (1-(3-aminophenyl)-2-(1-(2-fluoro-6-

(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-

spiro{ furo[3,4-d]pyrimidin-5,4'-piperidine]-3(2H,4H,7H)-yl)ethyl)carbamate (58) (33
mg, 0.0512 mmol) and DIPEA (18 uL, 0.102 mmol) to CH,Cl; (1 mL) was added with
CDI (17 mg, 0.102 mol) at 0 °C. The mixture was stirred for 1 hr at room temperature,
cooled down to 0 °C, and 2M N-methylamine dissolved in THF (0.1 ml, 0.204 mmol)
and DIPEA (36 pL, 0.204 mmol) were added thereto. The mixture was stirred for 2 hrs
at room temperature, and 2M N-methylamine dissolved in THF (0.2 ml, 0.408.mmol)

was added thereto, followed by stirring for 1 hr.  The reaction solution was diluted with
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CH,Cl,, washed with a saturated NaHCOjs solution, and then washed with brine. The
organic layer was dried over Na,SOy, filtered, concentrated under reduced pressure,
purified by MPLC (eluent: dichloromethane/methanol = 98/2~97/3), and dried under
vacuum to obtain white solid (21.5 mg, yield: 50%).

'H NMR (300MHz, CDCl3) § 7.55(d, 1H), 7.50-7.42(m, 2H), 7.30-7.17(m, 3H),
7.10-7.06(m, 1H), 6.97(d, 1H), 6.77(bs, 1H), 6.72(dd, 1H), 6.28(d, 1H), 5.78(d, 1H),
5.24-5.03(dd, 2H), 4.94(m, 1H), 4.69(dd, 2H), 4.27(t, 1H), 4.19(m, 1H), 4.00(dd, 1H),
3.61(s, 2H), 2.77(m, 5H), 2.42-2.28(m, 4H), 1.54(m, 2H), 1.36-1.23(m, 9H)

Step B. Preparation of 1-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-

2.4-dioxo-1'-((5-(trifluoromethylfuran-2-yl)methvl)-1H-spiro[ furo[3.4-djpyrimidine-
5.4'-piperidin]-3(2H.4H.7H)-yl)ethyl)phenyl)-3-methylurea (65)
Tert-butyl (2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-

(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl1)-1-(3-(3-methylureido)phenyl)ethyl)carbamate (64) (21.5 mg, 0.0291
mmol) obtained in Step B above was added to dichloromethane (0.7 mL) together with
trifluoroacetic acid (0.07 mL), and stirred for 3 hrs at room temperature. The reaction
solution was neutralized with a saturated NaHCOs(aq) solution, and extracted with
dichloromethane. The resulting solution was concentrated, and purified by MPLC (10%
methanol/dichloromethane) to obtain white amorphous foam (10 mg, yield: 47%).

MS (ESI) m/z 739.40 (MH")

Example 16 : Synthesis of N-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[furo[3,4-
d]pyrimidine-5.,4'-piperidin}-3(2H,4H,7H)-yl)ethyl)phenyl)acetamide (67)

*CF £Fs
CFy oy : 4
o} i A N
N\ N N
N 3) DIPEA, AcCl 0 0 0 0
o] CHyChy, 1 )LN N b) TFA, )LN N
HoN N % Ho oo | o CHyCly H NHg | o
NH 07N NT
F
N
F \}/O ij
ﬁ FiC FiC

£

58
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Step A. Prepafation of tert-butyl (1-(3-acetamidophenyl)-2-(1-(2-fluoro-6-
(trifluoromethylbenzyl)-2.4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-
spiro[ furo{3.4-dlpyrimidine-5.4'-piperidin]-3(2H.4H,7H)-vDethvl)carbamate (66)

A solution prepared by adding tert-butyl (1-(3-aminophenyl)-2-(1-(2-fluoro-6-

. (trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifluoromethy!)furan-2-yl)methyl)-1H-

spiro[furo{3,4-d]pyrimidine-5,4"-piperidin]-3(2H,4H,7H)-yl)ethyl)carbamate (58) (30
mg, 0.0383 mmol) and DIPEA (36 pL, 0.204 mmol) to CH,Cl, (1 mL) was added with
acetyl chloride (5.4 uL, 0.0768 mol) at 0 °C. The resulting mixture was stirred for 1 hr
at room temperature. The reaction solution was diluted with CH,Cl,, and washed with
a saturated NaHCO; and brine. The organic layer was dried over Na,SQOy, filtered, and
concentrated under reduced pressure. The residue was purified by MPLC (eluent:
dichloromethane/methanol = 98/2), and dried under vacuum to obtain white solid (28 mg,
yield: 88%).

'H NMR (300MHz, CDCl3) & 7.64 (m, 1H), 7.55(dd, 1H), 7.50-7.42(m, 1H),
7.26(m, 1H), 7.30-7.24(m, 2H), 7.20(m, 1H), 7.08(d, 1H), 6.72(dd, 1H), 6.29(d, 1H),
5.71(d, 1H), 5.27-5.02(dd, 2H), 4.95(m, 1H), 4.75-4.62(dd, 2H), 4.26(t, 1H), 3.98(dd,
1H), 3.62(s, 2H), 2.80(m, 2H), 2.45-2.22(m, 4H), 2.14(s, 3H), 1.61-1.52(t, 2H), 1.36-
1.22(m, 9H)

Step B. Preparation of N-(3-(1-amino-2-(1-(2-fluoro-6-

(trifluoromethylbenzyl)-2.4-dioxo-1"-({(5-(trifluoromethyDfuran-2-yl )methyl)-1H-
spiro[furo[3.4-dlpyrimidine-5.4"-piperidin)-3(2H.4H.7H)-v)ethy)phenvyl)acetamide (67)
Tert-butyl  (1-(3-acetamidophenyl)-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-

2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-yl)methyl)-1 H-spiro[ furo[3,4-dJpyrimidine-
5,4"-piperidin]-3(2H,4H,7H)-yl)ethyl)carbamate (66) (28 mg, 0.0339 mmol) obtained in
Step A was added to dichloromethane (0.7 mL) together with trifluoroacetic acid (0.07
mL), followed by stirring for 3 hrs at room temperature. The reaction solution was
neutralized with a saturated NaHCOs (aq) solution, and extracted with dichloromethane.
The resulting solution was concentrated, and purified by MPLC (10%
methanol/dichloromethane) to obtain white amorphous foam (18 mg, yield: 73%)).

MS (ESI) m/z 724.20 (MH")
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Test Example 1: GnRH receptor-membrane binding assay

A GnRH receptor membrane binding assay was carried out for the compounds
of the present invention by employing a membrane substrate (PerkinElmer) isolated
from CHO-K1 cells (ATCC CCL-61) stably transfected with a GnRH receptor.

A reaction was initiated by the addition of a 0.2 nM [1251]-1abeled D-Trp®-
LHRH peptide and the GnRH receptor membrane substrate at a density of 1 ug/250
uL/well, together with the inventive compounds at various concentrations ranging from
0.1 nM to 100 nM, to a binding buffer composed of 25 mM Hepes (pH 7.4), 10 mM
MgCl,, 1 mM CaCl; and 0.5% BSA (pH 7.4). The reaction mixture was incubated at
27 °C for 1 hr and subjected to vacuum suction for binding to a filter (Fitermat A,
PerkinElmer). The filter was washed several times with 50 mM tris-HCl buffer to
terminate the reaction. The radioactivity binding to the filter was measured using
MicroBeta2 TriLux (PerkinElmer). The binding inhibition rate (%) of the inventive
compounds were analyzed on the basis of the measured radioactivity, and ICsy value
was calculated using a non-linear least square regression method with Prism (GraphPad,

Inc.). The results of GnRH binding inhibition (%) are shown in Table 10 below.

Test Example 2: Screening of gene expression for evaluating antagonistic effect on

GnRH receptor

For evaluation of antagonistic effect on GnRH receptor, double-transformed cell
line, HEK293 (ATCC CRL-1573) which is transformed with pcDNA3.1/GnRH receptor
and pGL4/NFAT promoter, was employed.

To conduct a GnRH receptor assay, the HEK293 (ATCC CRL-1573) cell line
was diluted at a density of 3 x 10* cells/well in a DMEM medium supplemented with 10%
FBS, 1% Penicillin-Streptomycin, and plated into polylysine-coated 96-well plates
having a white-clear bottom, followed by incubating the cells at 37 °C for 24 hrs.
Then, the medium was changed with a serum-free DMEM medium (1% Penicillin-
Streptomycin), and the cells were incubated for an additional 16 hrs before use.

Test compounds were added to the wells in an amount of 1uM to 0.01nM,
respectively, and further incubated for 1 hr. Then, leuprolide acetate as a ligand
(Sigma) was added to the wells in an amount of 1nM or 20nM and subjected to an
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additional incubation for 6 hrs. The reagent of Luciferase assay system (Promega, Cat.
No. E1500) was added to the wells and luminescence was measured using a
luminometer (PerkinElmer, VICTOR3™, 1420 Multilabel Counter). The compound
of formula 10b described in J. Med. Chem. 2008, 51, 7478 was used as a comparative
compound.

Each sample was analyzed at a 6-dose level and the NFAT reporter inhibitory
rate (%) of the inventive compounds was calculated according to the following equation
based on the measured luminescence.

[Equation]

Inhibition (%) = {l-(compound treated group-negative control)/(positive
control-negative control)} X 100

wherein, positive control is GnRH treated group; and negative control is non-

treated group.

The results of NFAT reporter activity inhibition (%) are shown in Table 10

below.
[Table 10]

Example GnRH binding inhibition NFAT reporter activity inhibition
No. (%) at 10nM (%) at 100nM
1-2 50.8 Not tested
1-3 Not tested ' 15
1-14 96.0 34
1-15 91.3 67
1-19 97.5 ~ &9
1-25 91.3 56
1-26 102 22
1-29 104 ’ 58
1-42 93.9 82
1-50 96.3 17
1-51 95.6 30
1-63 88.6 18
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3-5 101 (at 10nM) 99
13-5 75.6 (at 10nM) 99
13-8 84.7 (at 10nM) 87
36 88 (at 10nM) 88.2 (at 10nM)
63 89.8 (at 10nM) 100

Comparative

compond 1" 90% (at 1nM) 6.2nM (ICsp)

* the compound of formula 10b in J. Med. Chem. 2008, 51, 7478

As can be seen in Table 10, the inventive compounds inhibit the GnRH binding

to the GnRH receptor and also inhibit the activity of NFAT receptor. Further, the

inventive compounds (Examples 1-15 and 1-19) which comprises benzyl group as a

substituent at spiro-piperidine moiety exhibit the improved inhibitory effect compared

with those of the inventive compounds comprising alkyl group (Examples 1-2 and 1-3).
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WHAT IS CLAIMED IS:

1. A compound of formula (I), or a stereoisomer, a prodrug or a

pharmaceutically acceptable salt thereof:

R ,RZ R?a R?b R4
~N Ry, N
\ 0)

n{R3pR32C)

)

wherein,

A is CRg.Rgp, O, S or NRg;

R; and R,, which may be the same or different, being each independently
hydrogen, (C;-Cyp)alkyl, substituted (C;-Cjo)alkyl, (C;-Co)cycloalkyl, substituted (Cs-
Cio)eycloalkyl, (Ce-Cro)aryl, substituted (Cg-Cio)aryl, (Ce-Cyp)aryl(C,-Cio)alkyl,
substituted (C¢-C)2)aryl(Ci-Cp)alkyl, (Cy-Cyo)heteroaryl, substituted (C,;-Cyo)heteroaryl,
(C1-Cyo)heteroaryl(C,-Cjp)alkyl, substituted (C;-Cyg)heteroaryl(C;-Cyp)alkyl, (C;-
Cyoheterocycle, substituted (C;-Cyo)heterocycle, (C;-Cao)heterocyclyl(Ci-Cip)alkyl,
substifuted (C1-Cyo)heterocyclyl(Cy-Cig)alkyl, or -(CR 1R 1p)s-Ri2;

Ris, and Rs,, which may be the same or different, being each independently
hydrogen, (C,-Cjg)alkyl, substituted (C,-Cjp)alkyl, (Cs-Cio)cycloalkyl, substituted (Cs-
Cw)cycloalkyl, (Ci-Cip)alkoxy, (C,;-Cjp)alkylthio, (C,-Cjp)alkylamino, (Ce-Cpp)aryl,
substituted (C¢-Cip)aryl, (Cs-Ciz)aryl(C,-Cyp)alkyl, substituted (Cs-Cz)aryl(C;-Cip)alkyl,
(Ci-Cyo)heteroaryl, substituted (C,-Cyo)heteroaryl, (C;-Cyg)heteroaryl(C,-Cg)alkyl,
substituted  (C;-Cyo)heteroaryl(C;-Cjp)alkyl, (C;-Cy)heterocycle, substituted (C;-
Cao)heterocycle, (C-Cao)heterocyclyl(C;-Cip)alkyl, substituted (C;-Cyo)heterocyclyl(C;-
Cio)alkyl, -COOR 3 or -CONR 3R 14

Ri. and Rjy, together with the carbon atom attached thereto form a homocyclic
ring, a substituted homocyclic ring, a heterocyclic ring, or a substituted heterocyclic ring;
or R3, and a carbon bonded thereto, together with R, and a nitrogen atom bonded thereto,
form a heterocyclic ring or a substituted heterocyclic ring;

R4 is -(CRoRop)-Z-Y;

nis an integer of 2, 3 or 4,
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s is an integer of 1,2, 3 or 4;

ris an integer of 0, 1 or 2;

Z represents a direct bond, or -O-, -S-, -NR;;-, -SO-, -SO,-, -OSO;-, -SO,0-, -
SO;NR -, -NR;S0;-, -CO-, -COO-, -OCO-, -CONR};-, -NR|;CO-, -NR;;CONRyj,-, -
OCONR ;- or -NR;;COO-;

Y is hydrogen, halogen, (C;-Cjp)alkyl, substituted (C;-Cyp)alkyl, (Cs-
Cyo)cycloalkyl, substituted (C3-Cig)cycloalkyl, (C¢-Cjp)aryl, substituted (Cs-Cip)aryl,
(Ce-Cip)aryl(C-Cyp)alkyl, substituted (C¢-Cr2)aryl(C,-Cip)altkyl, (C;-Cyp)heteroaryl,
substituted (C,;-Cyp)heteroaryl, (C;-Cyo)heteroaryl(C;-Cjp)alkyl or substituted (C;-
Cao)heteroaryl(C,-Cp)alkyl;

R¢ is hydrogen, (C,-Cjp)alkyl, substituted (C;-Cjo)alkyl, (Cs-Cg)cycloalkyl,
substituted (C;-Cjg)cycloalkyl, (Cs-Cja)aryl, substituted (C6-C12)ary1, (Cs-C)p)aryl(C;-
Cio)alkyl, substituted (C6-C12)aryl(Cl-Clo)alkyl, (C-Cyo)heteroaryl, substituted (C;-
Cyo)heteroaryl, (C;-Cyo)heteroaryl(C;-Cjg)alkyl or substituted (C;-Cyo)heteroaryl(C;-
Cio)alkyl;

Ry is hydrogen, (Cy-Cyg)alkyl or (C;-Cyo)acyl,

Ri2is -CO;R 3, -COOH or an acid isostere;

Ria. and Ryp, which may be the same or different, being each independently
hydrogen, (C;-Cio)acyl, hydroxyl, halogen, cyano, (C;-Cjp)alkyl, substituted (C;-
Cio)alkyl, (Cs-Cjp)cycloalkyl, substituted (C;-Cjg)cycloalkyl, (C1-Cyp)alkoxy, (Ci-
Cio)alkylthio, (C;-Cyp)alkylamino, -COOR;3- or CONR 3R 4-; or R, and Ry, together
with the atom(s) to which they are attached independently from a homocyclic ring, a
substituted homocyclic ring, a heterocyclic ring or a substituted heterocyclic ring;

Rsa, Rsp, R7a, R7b, Rga and Rgp, which may be the same or different, being each
independently hydrogen, (C;-Cjg)acyl, hydroxyl, amino, halogen, cyano, (C;-Cp)alkyl,
substituted (C;-Cjg)alkyl, (Cs-Cio)cycloalkyl, substituted (Cs-Cio)cycloalkyl, (C-
Cio)aryl, substitute (C;-Cjp)aryl, (C,-Cjp)alkoxy, (C;-Cjp)alkylthio, (C;-C,p)alkylamino, -
COORy3, or -CONR 4R 5; and

Roa, Rop, Ri1, Ry, Ri3, Rys and Rys, which may be the same of different, being
each independently hydrogen, (C-Cjo)alkyl, (Cs-Cz)aryl or (Ce-Ci2)aryl(C,-Cyo)alkyl,

wherein, the heterocyclic ring, the hetercycle, the heterocyclylalkyl, heteroaryl
and heteroarylalkyl contain at least one heteroatoms selected from the group consisting
of N, O and S; and
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"substituted" being intended to mean replacement with at least one substituent
selected from the group consisting of halogen, acetylene, vinyl, hydroxy, cyano, nitro,
amino, (C;-Cjp)alkylamino, di(C;-Cjg)alkylamino, (C;-Cjp)alkyl, (Cs-Cjp)cycloalkyl,
(C1-Cro)alkoxy, (C;-Cip)alkylthio, halo(C-Cyglalkyl, (Ce-Cjo)aryl, (Ce-Ci2)aryl(C;-
Cio)alkyl, (Ci-Cyp)heteroaryl, (C;-Cyo)heteroaryl(C,-Cig)alkyl, (C,-Cag)heterocycle, (C,-
Cooheterocyclyl(Ci-Cp)alkyl, -NR.Rp, -NR,C(=O)R,, -NR,C(=0O)NR,OR;,, -
NR.C(=O)NR Ry, -NR,C(=0)ORs, -NRSO;Ry, -C(=O)R,, -C(=0)OR,, -OC(=O)R,, -
C(=O)NR Ry, -OC(=O)NR,Ry, -OR,, -SR,, -SOR,, -S(=0);R,, -OS(=0O),R,and -
S(=0),0R,, wherein R,and Ry, which may be the same or different, being each
independently hydrogen, (C;-Cjp)alkyl, halo(C,-Cjp)alkyl, (Cs-Cio)cycloalkyl, (Cs-
Ciaryl, (C6—CF12)ary1(C1-C10)alky1, (C1-Cyo)heteroaryl, (C-Cyp)heteroaryl(C;-Cio)alkyl,
(Cy-Cyp)heterocycle, (C;-Cap)heterocyclyl(C;-Ciplalkyl or -(CH;),C(=O)R., z is an
integer of 1, 2, 3 or 4, and R. is hydroxyl, (C;-Cjg)alkyl, (C;-Clo)cycloalkyl or (Ci-
Co)alkoxy.

2. The compound of claim 1, wherein,

Ais CHy, O, S or NRy wherein Ry is hydrogen or methyl;‘

nisan integer of 2;

R; and R; being each independently hydrogen, (Cg-Ciz)aryl(Ci-Cio)alkyl,
substituted (Cg-C2)aryl(C;-Cyp)alkyl, (Cl-Czo)heteroaryl(Cl-Cld)alkyl, substituted (C;-
Cyo)heteroaryl(C;-Cg)alkyl or -(CH»)s-R13;

s is an integer of 1, 2, 3 or 4;

Ri, and R, being each independently hydrogen, (Cq-Ciz)aryl, substituted (Ce-
Cip)aryl, (C;-Cyo)heteroaryl or substituted (C;-Cyo)heteroaryl,

R4 is hydrogen, (Cs-Ciy)aryl, substituted (Ce-Cip)aryl, (C;-Cyp)heteroaryl,
substituted (C;-Cjp)heteroaryl, (Ce-Ciz)aryl(C;-Cjp)alkyl, substituted (Cq-Cjp)aryl(C;-
Cio)alkyl, (C;-Cyo)heteroaryl(C,-Co)alkyl, substituted (C;-Cyp)heteroaryl(C,-Cjq)alkyl,
(Ci-Cio)alkyl, substituted (C;-Cjg)alkyl, -C(=O)R;, -SO2R; or —C(=O)OR“;

Re is (Ce-Crr)aryl(C)-Cp)alkyl, substituted (Cg-Cip)aryl(Ci-Cig)alkyl, (C;-
Cao)heteroaryl(C;-Cjp)alkyl or substituted (C;-Cyg)heteroaryl(C,-Cq)alkyl;

Rsa, Rsp, R7a. R7p, R, and Rgy, being each independently hydrogen;

Ry 1s hydrogen, (C;-Cp)alkyl, (C¢-Ci2)aryl, or (Cs-Cj2)aryl(C,-Cjp)alkyl; and

Rj; 1s -COOH or an acid isostere selected from the group consisting of:
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{~CONHOH  §—CONH; §~CONHOMe §—OCONHOMe §—NHCONHOMe $—SO;NH,

N Vi 0 R 9
L>—OH 0 \WH %—N/U\H —4 !’\‘; §~SO03H %"F,’_OH
. ﬂk)\( o N~ OR11
0]
H H §

Ny N-NH Nonw s N
S A G O T WA |
wherein, "substituted" being intended to mean replacement with at least one
substituent selected from the group consisting of halogen, acetylene, vinyl, hydroxy,
cyano, nitro, amino, (C;-Cjg)alkylamino, di(C,-Cg)alkylamino, (C;-C,p)alkyl, (Cs-
Cio)cycloalkyl, (C;-Cjp)alkoxy, (C;-Cigplalkylthio, halo(Ci-Cjp)alkyl, -NRyR,
NR,C(=O)Rs, -NRaC(=O)NRaORb; -NR,C(=O)NR R, -NR,C(=0)OR;, -NR,SO»R,, -
C(=0O)R,, -C(=0)OR,, -OC(=0O)R,, —C(=O)NRQ,Rb, -OC(=0)NR, R}, -OR,, -SR,, aﬁd -
S(=0)R,,
~ wherein R, and Ry, being each independently hydrogen, (C;-C)o)alkyl, halo(C;-
Cio)alkyl, (C3-Cjg)cycloalkyl, (Cs-Cr)aryl, (Ce-Cia)aryl(C,-Cyp)alkyl, (Ci-Cop)heteroaryl,
(Ci-Cyp)heteroaryl(C,-Cp)alkyl, (C;-Cyp)heterocycle, (C,-Cag)heterocyclyl(C,-Cig)alkyl
or -(CH,),C(=O)R, z is an integer of 1, 2, 3 or 4, and R, is hydroxyl, (C,-C,p)alkyl, (Cs-
Cio)cycloalkyl or (C;-Cyg)alkoxy.

3. The compound of claim 1, which is selected from the grbup consisting of

formulas (II), (I1I), (IV), (V) and (VI):

7 (1
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2 (11D)

avy

M

Lt\\
B>
A VD)

R, Ry, R3a R3p and Ry have the same meanings as defined in claim 1;

wherein,

X is at least one substituent selected from the group consisting of halogen,
acetylene, vinyl, hydroxy, cyano, nitro, amino, (C;-Cjp)alkylamino, di(C;-
Cig)alkylamino, (C;-Cyglalkyl, (Cs;-Cip)cycloalkyl, (C;-Cjp)alkoxy, (C,-Cig)alkylthio,
halo(C,-Cyglalkyl, (Ce-Cpalaryl, (Ce-Cra)aryl(Ci-Cio)alkyl, (C;-Coodheteroaryl, (C;-
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Cyo)heteroaryl(C;-Co)alkyl, (Cy-Cyo)heterocycle, (C;-Cag)heterocyclyl(C-Cjo)aikyl, -
NR,Rp, -NR,C(=0)Rp, -NR,C(=O)NR,OR;,, -NR,C(=O)NR;R,, -NR,C(=O0)OR,, -
NR,SO3Ry, -C(=0)R,, -C(=O)OR,, -OC(=0)R,, -C(=0)NR R}, -OC(=0O)NR Ry, -OR,, -
SR,, -SOR,, -S(=0):R,, -OS(=0):R, and -S(=0),0R,;

wherein R, and Rp,, which may be the same or different, being each
independently hydrogen, (C;-Cjo)alkyl, halo(C;-Cip)alkyl, (C;-Cig)cycloalkyl, (Ce-
Cip)aryl, (Ce-Crp)aryl(C;-Ciplalkyl, (Ci-Cog)heteroaryl, (C-Cyo)heteroaryl(C;-C,p)alkyl,
(Ci-Cyp)heterocycle, (Cy-Cyp)heterocyclyl(C-Cip)alkyl or -(CH;),C(=O)R., z is an
integer of 1, 2, 3 or 4, and R is hydroxyl, (C;-Cjg)alkyl, (C3-Cig)cycloalkyl or (Cy-
Cyp)alkoxy.

4. The compound of claim 1, which is selected from the group consisting of:
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
(trifluoromethyl)furan-2-yhmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
fluorobenzyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4"-piperidine]-2,4(3H, 7H)-dione;
(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1 -phenylethyl)amino)butanoicl acid;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
methyl-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;
(R)-3-(2~amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1 '—(2—
methoxyethyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
' neopentyl-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine}-2,4(3H,7H)-dione;
3-((R)-2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-(1-
methylpyrrolidin-2-yl)ethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(pyridin-2-ylmethyl)-1H-spirof furo[3,4-d}pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(pyridin-3-ylmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'"-piperidine]-2,4(3H,7H)-dione;
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(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-

(pyridin-4-ylmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

| (R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
fluoropyridin-3-yl)methyl)-1H-spiro[furo[ 3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1'-((2-chloropyridin-3-yl)methyl)-1-(2-fluoro-
6-(trifluoromethyl)benzyl)- 1 H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1'-((6-chloropyridin-3-yl)methyl)-1-(2-fluoro-
6-(trifluoromethyl)benzyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
methylpyridin-3-yl)methyl)-1H-spiro[ furo{3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((6-
(trifluoromethyl)pyridin-2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione; ‘

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
methylbenzyl)-1H-spiro{ furo[3,4-d]pyrimidine-5,4"-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
methoxybenzyl)-1 H-spiro[furo[3,4-d]pyrimidiﬂe-5 ,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo0-2,3,4,7-tetrahydro-1H-spiro[ furo[3,4-d ]pyrimidine-5,4'-piperidine]-1'-
yl)methyl)benzonitrile;

(R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(trifluoromethoxy)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;
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(R)-methyl 3-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[3,4-d]pyrimidine-
5,4'-piperidin}-1'-yl)methyl)benzoate;

(R)-3-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2 4~
dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[3,4-d]pyrimidine-5,4'"-piperidin]-1'-yl)methyl)-
N-methylbenzamide;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(methylthio)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4"-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
hydroxybenzyl)-1H-spiro[ furo[3,4-d]Jpyrimidine-5,4'"-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(methylsulfonyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4"-piperidine]-2,4(3H,7H)-
dioné;

(R)-3-(2-amino-2-phenylethyl)-1'-(benzo[b]thiophen-7-ylmethyl)-1-(2-fluoro-
6-(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

| (R)-3-(2-amino-2-phenylethyl)-1'-(benzo[c][1,2,5]oxadiazol-4-ylmethyl)-1-(2-
fluoro-6-(trifluoromethyl)benzyl)- 1 H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
methylbenzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'"-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1 —(2-ﬂuoro-6-(triﬂuoromethyl)benzyl)-1 -(2-
methoxybenzyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
hydroxybenzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
fluorobenzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-Z-((3 -(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidin]-1'-
yl)methyl)benzonitrile;

(R)-3-(2-amino-2-phenylethyl)-1'-(2,3-difluorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)- 1 H-spiro[ furo{3,4-d]pyrimidine-5,4"-piperidine}-2,4(3H,7H)-
dione;
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(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
(trifluoromethyl)benzyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-2-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin}-1'-yl)methyl)-
6-fluorobenzonitrile;

(R)-3-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro- 1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-1'-yl)methyl)-
2-fluorobenzonitrile;

(R)-3-(2-amino-2-phenylethyl)-1-(2,6-difluorobenzyl)-1'-(3-
(trifluoromethyl)benzyl)-1H-spirof furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H, 7H)-
dione;

(R)-3-(2-aminb-2-phenylethyl)- 1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
(trifluoromethoxy)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H, 7H)-
dione;

(R)-methyl 2-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-
(triﬂuoromethyl)benzyi)-2,4-dioxo-2,3 ,4,7-tetrahydro-1H-spiro[ furo[3,4-d]pyrimidine-
5,4'-piperidin]-1'-yl)methyl)benzoate;

| (R)-3-(2-amino-2-phenylethyl)-1'-(2-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1'-(2-fluoro-3-methoxybenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-5-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo0-2,3,4,7-tetrahydro-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'"-piperidine]-1'-
ylmethyl)furan-2-carboxamide;

(R)-5-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[3,4-d]pyrimidine-5,4"-piperidin]-1'-yl)methyl)-
N-methylfuran-2-carboxamide;

(R)-3-(2-amino-2-phenylethyl)-1-(2,6-difluorobenzyl)-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)- 1 H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-
2,4(3H,7H)-dione;
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(R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2,6-difluorobenzyl)- 1H-
spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-((3-(2-amino-2-phenylethyl)-1-(2,6-difluorobenzyl)-2 4-dioxo-2,3,4,7-
tetrahydro-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-1'-yl)methyl)benzonitrile;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
phenethyl-1H-spirof furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(furan-2-ylmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine}-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
methylfuran-2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1'-((5-chlorofuran-2-yl)methyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1H-spiro[ furo[3 ,4-d]pyrimidine-5 ,4'-piperidine]-2,4(3H,7H)-
dione; | .

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((6-
hydroxypyridine-3-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-

2 4(3H,7H)-dione; |

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(4-
methylbenzyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4"-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1'-(4-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)- 1 H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-4-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-1'-
yl)methyl)benzonitrile

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl )benzyl)-1'-(4-
(trifluvoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine}-2,4(3H,7H)-
dione;

(R)-methyl 4-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-2,3,4,7-tetrahydro-1H-spiro[furo[ 3,4-d]pyrimidine-
5,4"-pipenidin]-1'-yl)methyl)benzoate

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(4-
fluorobenzyl)-1H-spiro[ furo[3,4-d|pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;
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(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(4-
hydroxybenzyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(4-
methoxybenzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(pyrazin-2-ylmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((1-
methyl-1H-pyrazol-5-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine)-
2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(thiazol-4-ylmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(thiazol-5-ylmethyl)-1H-spiro[ furo[3 ,4-d]pyrimidine—5,4‘-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(thiazol-2-ylmethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyt)-1'-
(oxazol-4-ylmethyl)-1H-spiro[ furo[3 ,4-d]pyrimidine—5,4'—pip‘en'dine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(isooxazol-3-ylmethyl)-1H-spiro[furo[3,4-d Jpyrimidine-5,4'-piperidine]-2,4(3H, 7H)-
dione;

(R)-1"-acetyl-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-
dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
isobutyryl-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidine}-2,4(3H,7H)-dione;

(R)-ethyl  3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-2,3 ,4,7-tetrahydro- 1H-spiro[furo[3,4-d]pyrimidine-5,4"-piperidine]-1'-

~ carboxylate;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
(methylsulfonyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1H-
spiro[furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
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(methylsulfonyl)ethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine)-2,4(3H,7H)-
dione;

(R)-3-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-1'-
yl)methyl)benzamide;

(R)-4-((3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-2,3,4,7-tetrahydro-1H-spirof furo[3,4-d|pyrimidine-5,4"-piperidin]-1'-
yl)methyl)benzamide;

(R)-N-(2-(3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-2,3,4,7-tetrahydro-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-1'-
ylethyl)-N-methylmethanesulfonamide;

(R)-3-(2-amino-2-phenylethyl)- 1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(2-
morpholinoethyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidine]-2,4(3H, 7H)-dione;

(R)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1H-spirof furo|3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)- 1-
phenylethyl)amino)butanoic acid;

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-(3-
(trifluoromethyl)benzyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-
yl)-1-phenylethyl)amino)butanoic acid;

(R)-4-((2-(1-(2,6-difluorobenzyl)-2,4-dioxo-1'-(3-(trifluoromethyl)benzyl)- 1H-
spiro[furo[3,4-d]pyrimidine-5,4'-piperidin}-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid,

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-methylfuran-2-
yl)methyl)-2,4-dioxo-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-
1-phenylethyl)amino)butanoic acid;

(R)-4-((2-(1'-((5-chlorofuran-2-yl)methyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanoic acid;

(R)-4-((2-(1'-(3-cyano-2-fluorobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-

2,4-dioxo-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid;

(R)-4-((2-(1-(2,6-difluorobenzyl)-2,4-dioxo-1'-((5-(trifluoromethyl)furan-2-
yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
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phenylethyl)amino)butanoic acid,
(R)-4-((2-(1'-(3-chlorobenzyl)-1-(2,6-difluorobenzyl)-2,4-dioxo-1H-
spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid;
(R)-4-((2-(1'-(3-cyanobenzyl)-1-(2,6-difluorobenzyl)-2,4-dioxo-1H-
spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid;
(R)-4-((2-(1'-(3-cyanobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin}-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid;
(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(methylcarbamoyl)benzyl)-2,4-dioxo-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanoic acid,
(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)- 1'-(3-(methylthio)benzyl)-
2,4-d1oxo-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid,
(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1 H-spiro[ furo[3,4-d|pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-y1)-1-phenylethyl)amino)butanamide;
(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1,2,6,7-tetrahydrospiro[ cyclopenta]d]Jpyrimidine-
5,4'-piperidin]-3(4H)-yl)-1-phenylethyl)amino)butanoic acid;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-6,7-dihydrospiro[ cyclopenta[d}pyrimidine-5,4'-
piperidine]-2,4(1H,3H)-dione; |
(R)-3-(2-amino-2-phenylethyl)-1'-(3-chlorobenzyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-6,7-dihydrospiro[ cyclopenta[ d|pyrimidine-5,4"-piperidine]-
2,4(1H,3H)-dione;
(R)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1,2,6,7-tetrahydrospiro[ cyclopenta[d]pyrimidine-5,4'-piperidin]-3(4H)-y1)-1-
phenylethyl)amino)butanoic acid;
(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(methylthio)benzyl)-6,7-dihydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidine]-
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2,4(1H,3H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1'-benzyl-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-6,7-dihydrospiro{cyclopenta[d|pyrimidine-5,4'-piperidine]-
2,4(1H,3H)-dione; ’

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
fluorobenzyl)-6,7-dihydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidine]-2,4(1H,3H)-
_dione; '

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-
(trifluoromethyl)benzyl)-6,7-dihydrospiro| cyclopenta[d]pyrimidine-5,4'-piperidine]-
2,4(1H,3H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1'-((5-chlorofuran-2-yl)methyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-6,7-dihydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidine]-
2,4(1H,3H)-dione;

(R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-((5-
(triﬂuoromethyl)furan—2-yl)methyl)-6,7-dihydrospiro[cyclopenta[d]pyrimidine-S,4’-
piperidine]-2,4(1H,3H)-dione;

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-(methylthio)benzyl)-
2,4-dioxo-1,2,6,7-tetrahydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidin]-3(4H)-yl)-1-
phenylethyl)amino)butanoic acid;

(R)-4-((2-(1'-benzyl-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1,2,6,7-
tetrahydrospiro[cyclopenta[d]pyrimidine-5,4'-piperidin]-3(4H)-yl)-1-
phenylethyl)amino)butanoic acid,

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-(3-fluorobenzyl)-2,4-
dioxo-1,2,6,7-tetrahydrospiro{cyclopenta[d]pyrimidine-5,4"-piperidin}-3(4H)-y1)-1-
phenylethyl)amino)butanoic acid;

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'"-(3-
(trifluoromethyl)benzyl)-1,2,6,7-tetrahydrospiro[cyclopenta]d]pyrimidine-5,4'-
piperidin]-3(4H)-yl)-1-phenylethyl)amino)butanoic acid;

(R)-4-((2-(1'-((5-chlorofuran-2-yl)methyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1,2,6,7-tetrahydrospiro[ cyclopenta[d]pyrimidine-
5,4'-piperidin]-3(4H)-yl)-1-phenylethyl)amino)butanoic acid,

(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1,2,6,7-tetrahydrospiro{cyclopenta[ d]pyrimidine-

114



WO 2013/129879 PCT/KR2013/001660

5,4'-piperidin]-3(4H)-yl)-1-phenylethyl)amino)butanoic acid;
(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro{furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanoic acid;
(S)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[furo[3,4-dJpyrimidine-5,4'"-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)butanoic acid,
(S)-4-((2-(1'-(3-chlorobenzyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1H-spiro[ furo[3,4-d]pyrimidine-5,4"-piperidin}-3(2H,4H,7H)-yl)-1-
phenylethyl)amino)butanoic acid;
(R)-3-(2-((3-(2H-tetrazol-5-yl)propyl)amino)-2-phenylethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-1'"-((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-
d]pyrimidine-5,4'-piperidine]-2,4(3H,7H)-dione;
(R)-2-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2 ,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-ylymethyl)-1H-spirof furo[3,4-d]pyrimidine-5,4'-piperidin]-
3 (2H,4H,7H)-yl)- 1-phenylethyl)amino)ethyl methoxycarbamate;
(R)-N-(3-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1 H-spiro[furoﬁ ,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)propyl)-N-hydroxyformamide;
4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-(trifluoromethyl)
furan-2-yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-yl1)-1-
(6-methylpyridin-2-yl)ethyl)amino)butanoic acid;
4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo 3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-(5-methylthiophen-2-yl)ethyl)amino)butanoic acid;
4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-(5-methylfuran-2-yl)ethyl)amino)butanoic acid;
4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-y1)-1-(3-hydroxyphenyl)ethyl)amino)butanoic acid;
(R)-4-((2-(1'-((5-bromofuran-2-yhmethyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-2,4-dioxo-1 H-spiro[ furo[3,4-d]pyrimidine-5,4'"-piperidin]-
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3(2H,4H,7H)-y1)-1-phenylethyl)Jamino)butanoic acid,;
4-((2-(1'-((5-ethynylfuran-2-yl)methyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-
2,4-dioxo-1H-spiro| furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-y1)-1-(5-
methylfuran-2-yl)ethyl)amino)butanoic acid;
4-((2-(1'-(benzofuran-2-ylmethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-
dioxo-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-3(2H,4H,7H)-y1)-1-(5-
methylfuran-2-yl)ethyl)amino)butanoic acid;
(R)-4-((2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-phenylethyl)amino)-N-hydroxybutanamide;
(R)-2-(4-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1"-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-

' 3(2H,4H,7H)-yl)ethyl)phenoxy)acetic acid;

_ 4-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenoxy)butanoic acid;

| 2-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(triftuoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenoxy)acetic acid;

- (R)-4-(4-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenoxy}butanoic acid,

3-((3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'"-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenyl)amino)propionic acid;

2-((3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenyl)amino)acetic acid;

3-((3-(1-amino-2-(1-(2-fluoro-6-(trifiuoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)ymethyl)-1 H-spirof furo[ 3,4-d]pyrimidine-5,4'-piperidinj}-
3(2H,4H,7H)-yl)ethyl)phenyl)amino)propionic acid;

3-(2-amino-2-(3-aminophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)- 1 H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-
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piperidine]-2,4(3H,7H)-dione;
3-(2-amino-2-(3-nitrophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro{ furo[ 3,4-d]pyrimidine-5,4'-
piperidine]-2,4(3H,7H)-dione;
3-(2-amino-2-(4-nitrophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo{ 3 ,4-d Jpyrimidine-5,4'-
piperidine)-2,4(3H,7H)-dione;
3-(2-amino-2-(4-aminophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)- 1 H-spiro[ furo[ 3,4-d Jpyrimidine-5,4'-
piperidine]-2,4(3H,7H)-dione;
3-(2-amino-2-(2-aminophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[ 3,4-d]pyrimidine-5,4'-
piperidine]-2,4(3H,7H)-dione;
3-(2-amino-2-(2-nitrophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-1'-
((5-(triftuoromethyl)furan-2-yl)methyl)-1H-spiro[ furof 3,4-d]pyrimidine-5,4'-
piperidine]-2,4(3H,7H)-dione;
tert-butyi(Z—( 1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro[ furo[3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)-1-(3-(3 -methoxyureido)phenyl)ethyl)cérbamate;
1-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro [ﬁro [3,4-d]pyrimidine-5,4'-piperidin]-
3(2H,4H,7H)-yl)ethyl)phenyl)-3-methylurea; and
N-(3-(1-amino-2-(1-(2-fluoro-6-(trifluoromethyl)benzyl)-2,4-dioxo-1'"-((5-
(trifluoromethyl)furan-2-yl)methyl)-1H-spiro{furo[3,4-d]pyrimidine-5,4'-piperidin}-
3(2H,4H,7H)-yl)ethyl)phenyl)aceteamide.

5. A pharmaceutical composition for preventing or treating a sex hormone-
related disease comprising the compound of claim 1, or a stereoisomer, a prodrug or a

pharmaceutically acceptable salt thereof.

6. The pharmaceutical composition of claim 5, wherein the sex hormone-
related diseases is selected from the group consisting of gonadal steroid-dependent

neoplasms selected from the group consisting of prostate cancer, breast cancer, ovarian
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cancer, uterine cancer and pituitary cancer; endometriosis; amenorrhea, irregular
menstruation; uterine myoma; uterine fibroids; polycystic ovarian disease; lupus
erythematous; hypertrichosis; precocious puberty; short stature; acne; alopecia;
gonadotropin-producing pituitary adenoma; sleep apnea; irritable bowel syndrome;
premenstrual syndrome; benign prostatic hyperplasia; contraception and infertility; and

Alzheimer disease.

7. A method of preventing or treating a sex hormone-related disease in a
subject comprising the step of administering to the subject in need thereof an effective
amount of the compound of claim 1, or a stereoisomer, a prodrug or a pharmaceutically

acceptable salt thereof.
8. A use of the compound of claim 1, or a stereoisomer, a prodrug or a

pharmaceutically acceptable salt thereof for the manufacture of a medicament for

preventing or treating a sex hormone-related disease.
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