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Abstract

We investigated a series of uracil analogues hbydlicing various substituents on the phenyl ring
of the N-3 aminoethyl side chain and evaluated their amt&fjo activity against human
gonadotropin-releasing hormone (GnRH) receptorsaldgues with substituents at the ortho or
meta position demonstrated potent in vitro antagfenactivity. Specifically, the introduction of a
2-OMe group enhanced nuclear factor of activateglls (NFAT) inhibition up to 6-fold compared

to the unsubstituted analogue. We identified compal2c as a highly potent GnRH antagonist
with moderate CYP inhibition. Compoud@c showed potent and prolonged LH suppression after a
single dose was orally administered in castratedkeygs compared to a known antagonist, Elagolix.
We believe that our SAR study offers useful inssgtd design GnRH antagonists as a potential

treatment option for endometriosis.



1. Introduction

Endometriosis is a progressive disease mainly tafiggremenopausal women, with a
prevalence rate of 5 - 10% [1]. The disease isolugtcally characterized by the presence of
endometrial tissue outside of the uterine cavityerghthe tissue grows in response to the cyclic
rhythm of ovarian sex hormones [2]. Depending andfiected site, patients suffer from pelvic pain,
dysmenorrhea, dyspareunia and infertility [3]. ®uygis a preferred treatment option that can
improve pregnancy rate and relieve the endometrassociated pain. However, the high
recurrence of endometriosis leads to reoperati@0% of the patients within 5 years [4], requiring
continuous management of the patients until theachremenopause. Suppression of ovulation
and/or estrogens by the administration of combiaed contraceptive pills (OCPs) can prevent
recurring endometriosis and maintain the endonietisaue as thin and compact [1]. However,
OCPs are associated with side effects such asthreagh bleeding, weight gain, fluid retention,
depression and venous thromboembolism. Other ageits as progestational agents, which are
similar to combined OCPs in mechanistic ways, aldabit similar adverse effects such as venous
thromboembolism. Human gonadotropin-releasing hoen@nRH) receptor agonists are another
therapeutic option to maintain a hypoestrogenitesby suppressing the hypothalamic-pituitary-
ovarian axis. However, with an excessively low @gtn level, they cause serious side effects such
as reduction of bone mineral density, which limite period of their use or necessitates an
additional “add-back therapy” with low dose estnog#].

According to the estrogen threshold hypothesis ggeg by Barbieri, tissues vary in their
sensitivity to estrogen. For example, an extrenhaly estrogen level induces bone loss; however,
only a slight elevation of estrogen can restoreebturnover without stimulating the growth of
endometriotic lesions. Such a difference suggesteimal therapeutic window of 30-45 pg/ml
estradiol for endometriosis which induces atrophyewdometriotic cells without any impact on
bone loss [5]. Given the hierarchy of organ respdonsestradiol, GnRH antagonists are considered

to be a better alternative due to their partialpsagsion of estradiol. The hypothesis has been



verified by recent clinical trials for an oral GnRaritagonist [6]. In phase 1ll trials, small-molezul
GnRH antagonists appear to have advantages oveH@gRnists in terms of convenience in the
dosing regimen and control of estrogen level.

Elagolix (1a) is an orally available GnRH antagonist currentlyphase Il trials for the
treatment of endometriosis and uterine fibroidsgyre 1). Elagolix demonstrated improved
potency and CYP3A4 inhibition compared to its pamympound, NBI-429021p) [7, 8]. While
elagolix is the most advanced compound developediate, given its modest oral bioavailability
and rapid metabolism [9], expanding the compourmfaty with improved pharmacokinetic
parameters will aid in finding better clinical cadates. We previously developed a series of uracil
derivatives containing thid-substituted piperazines at the 5-position andtiled SKI2496 (c) as
a promising candidate with an improved oral biokaality [10]. As a continued effort to diversify
GnRH antagonists based on a uracil scaffold, weldddo shift our focus on the phenyl ring at the
N-3 position of the uracil core. While previouslypogted SAR studies indicated that the 3-
aminoethyl group is particularly important for metéic stability [11, 12], relatively few analogues
have been investigated regarding the SAR of thaylhieng, probably due to synthetic difficulties.
In this study, we synthesized a series of uraailvdéves with various nonaromatic or substituted
aromatic rings at the 3-position of the uracil ctirat also contained the 5-piperazinyl substituents
We evaluated the biological activity of the compddibrary by measuring the binding affinity and
NFAT promoter inhibition for GnRH receptors in wtr In addition, we determined the
pharmacokinetic and pharmacodynamic profiles of gbkected compound in animal models to
assess in vivo antagonistic effects including hing hormone (LH) suppression and species

sensitivity.
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Figure 1. Examples of small-molecule GnRH antagonists

2. Resultsand discussion
2.1 Chemistry

Syntheses of 3-(2-aminoethyl) uracil derivativegydre with compound2, which was
prepared according to previously described proasd[ik3]. AfterN-PMB protection of compound
2, the Suzuki coupling reaction of the 5-brominehwgtfluoro-3-methoxyphenylboronic acid was
performed, followed by deprotection of ti&PMB group using aluminum chloride to yield
compound3. To diversify theN-3 position of the uracil core, we synthesized KhBoc-protected
amino alcohol fragment by reducing commercially available unnatural amacals and protecting
the a-amino group. The amino alcohol fragmdnivas then introduced into the intermediatby
performing the Mitsunobu reaction. Subsequent deption of theN-Boc group yielded the

corresponding amin@ (Scheme 1).



Scheme 1. Synthesis of 3-(2-2-aminoethyl) uracil derivatives
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Reagents and coniditions: (a) i) p-methoxybenzybritte, K,COs, DMF, 60°C, 3 h, 56%, ii) 2-
fluoro-3-methoxyphenylboronic acid, Pd(RRh saturated aq. Ba(Ok)benzene:EtOH:DME =
45:5:50, 85°C, 2 days, 55%, iii) AIG anisole, r.t, 3 h, 93%; (b) i) LiAllj THF, 70~80°C, 3~4 h,
37~58%, ii) (Boc)O, diisopropylethylamine, Ci&l,, r.t., overnight, 22~86%; (c) PRUDEAD,

DMF, 80°C, 10~42%; (d) TFA, CkCl,, r.t., 3h, 52~81%

To synthesize the 5-piperazinyl uracil derivativashstitution oN-benzylpiperazine at the
5-position of compound/, followed by removal of the benzyl group yieldedngpound 8.
Alkylation of 8 with the proper halide afforded two intermedig@eand10, which were subjected to
N-alkylation with various mesylateta and subsequent Boc deprotection to give the quoreting
aminesll. The amine compounds were further alkylated wittyle4-bromobutyrate, followed by

hydrolysis with aqueous sodium hydroxide to yidid acidsl2 (Scheme 2).



Scheme 2. Synthesis of 5-(4-piperazinyl) uracil derivatives
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Reagents and conditions: (a) i) benzylpiperazineCM, 120°C, 2 h, microwave, 48%, ii) Pd/CoH
MeOH/CHCly, r.t., 3 h, 87% (b) KCH.Br, DIPEA, CHCI,, 2 h, rt, 77~89%; (c) MsCI, TEA,
CH.Cl,, 100%; (d) i) kCOs, DMF, 70°C, overnight, 65%, ii) TFA, CkCl,, r.t., 3 h, 65~85%; (€) i)
Br(CH,)sCO;Et, DIPEA, Nal, MeCN, 95C, overnight, 33%, ii) 1IN-NaOH, EtOH, 5C, overnight,
79%

2.2 Sructure-Activity Relationship

To evaluate the biological activity of the syntlzesi uracil analogues, we determined their
in vitro binding affinities for the human GnRH reters using the radiolabeled peptid&I[D-
Trp®-LHRH. We first wanted to determine whether the ification of the phenyl ring at th&-3
position of the uracil core affected the bindindiraty. As described inTable 1, all of the
heterocyclic analogue$4-6g) showed reduced binding affinities, regardlesaroimaticity, except
for the 2-furyl analoguesf). As demonstrated by two enantiomers of the 2lfdeyivatives 6f, 6g),
stereochemistry is also an important factor at $piscific position. Analogues containing a phenyl
ring (6h-60) varied in binding affinity depending on the sufosnts. For example, compounds with

at least one electron-withdrawing groh{6j, andém) demonstrated comparable activities to that



of compoundla, except 2-trifluoromethyl and 3-fluoromethoxy argles 6n, 60). Compoundbt,
which had 2-OMe and 5-F substituents, demonstrated trs¢ padent binding affinity in this series
(ICso = 0.29 nM). Given thabi was tested as a racemic mixture, we believe thatspecific
stereoisomer would be more potent. On the othedhéenzyl analoguestig-6v) generally

demonstrated weaker binding affinities, withd@alues ranging from 9 to 62.3 nM.

Table 1. SAR of 3-(2-aminoethyl) uracil compounds

hGnRH-R binding

Compound R Stereochemistry |Csp (M)
la 0.59
6a 1. R > 1000
6b OO\ R > 100

S
6c CL RS 49.5
6d “CL RS >1000
=
6e ne RS 69.1
6f I S 2.3
69 3 R 73.3
Cl
6h /@ RS 1.21
Cl *
OMe
6i LI RS 0.29
F *
6i /@\ RS 0.74
F *
MeS
6k @L RS 20.4
6l \©i RS 5.4




Cl
6m I RS 0.38
o
6n X RS 19.1
60 J@\ RS 7.5
F4CO .
F
6p @\A RS 16
Cl
F
6q T RS 46
6r Q\A * RS 62.3
F Cl
6s )@\A ' RS 11.3
FsC F
FsC
6t O RS 9
F *
6u QA RS 6.2
F
6v o RS 17.2

Because several analogues in this series dematbtpattent binding affinity that was
comparable tda, we next wanted to incorporate these modificatiorth the 5-piperazinyluracil
moiety that showed superior potency and bioavditgln our previous study [10]. We selected 4-
(3-nitrobenzyl)-piperazinyl Ila-111) and 4-((5-(trifluoromethyl)-furan-2-yl)methyl)pgpazinyl)
groups (1m-11qg, and 12a-12c) for further derivatization of the 5-position. Wadditionally
replaced the 1-(2,6-difluoro)benzyl group at the-1 position with a 1-(2-fluoro-6-
trifluoromethyl)benzyl group, which was present gompoundla and led to a more potent
antagonistic effect than that observed 1br[14]. For these derivatives (compountds-11q and
12a-12c), we assessed the antagonistic activity by peilifugra reporter gene assay that measures
the inhibition of NFAT (nuclear factor of activatédcells) activation. As described ifable 2,
among the analogues with 4-(3-nitrobenzyl)-pipergzgroup (1a-11l), compoundslli (X = 2-

methoxy, 5-F) andlk (X = 3-methyl, 5-F) showed 5- to 7-fold higheriaities thanlla (X = H).



It'is interesting to note that compounds with thpa#gicular substituents in the previous seri@s (
and 6j) also demonstrated potent in vitro binding affest While most of the compounds were
tested as a racemic mixture, it appears that that@eoisomerslfi and11k) are more potent than
the (S)-stereoisomeflj and11l). The four substituents showing the most poterXINighibition,
such as 2-OMe, 2-OH, (2-OMe, 5-F) and (3-Me, 5-Eyavadditionally incorporated into the 5-(4-
((5-(trifluoromethyl)-furan-2-yl)methyl)piperazinydracil core as (R)-stereoisomers (compounds
11m-11q), and these derivatives demonstrated potent NBAIbition, having 1G, values in the
low nanomolar range (1.54 — 15.2 nM). Specificatlynpounddlln, 110, and11p exhibited equal
or higher activities than the unsubstituted anato@dm, ICso = 8.96 nM) whilelln (X = 2-OMe)
was the most potent (¥g= 1.54 nM).

On the other hand, when these potent compoundstested for CYP inhibition, they also
strongly inhibited the CYP3A4 enzyme. Given thagelix (la) was modified from NBI-42902
(1b) to improve the CYP inhibition, this result is matrprising. Therefore, we added a butyric acid
group at the amine group of tie3 side chain, which is the same functional grogpthat in
elagolix. The strategy, when applied to our compisumwas also effective, significantly reducing
the CYP3A4 inhibition. While compound$2a (X = 2-OMe) and12b (X = 2-OMe, 5-F)
significantly lost their antagonistic activitiegrapoundl2c (X = 3-Me, 5-F) maintained its activity
and demonstrated relatively weak CYP3A4 inhibit{88% at 10uM), which is comparable to the
unsubstituted analogue (21% at i) in our previous study [10]. Therefore, we decide focus

on 12c¢ for further in vivo studies.



Table 2. SAR of 5-(4-piperazinyl) uracil derivatives

(\N

CYP3A4

Compoun R R X Sthere_o— hGnRHR inh. %
d 2 3 chemist luciferase (1uM

ry |C50 (nM) llouM)

1la :K\©/NO2 -H -H R 165 ND
11b :K\©/NO2 -H 2-Me RS 1066 ND
11c E(\©/N°2 -H 2-OMe R 45 ND
11d EK\©/NOZ -H 2-OH R 89 ND
1le m/\©/'\‘02 -H 2-F RS 142 ND
11f EK\©/NOZ -H 3-Me RS 160 ND
11g EK\©/N°2 -H 4-F R 1682 ND
11h m/\©/NO2 -H 3-F RS 144 ND
11i g/\©/N°2 -H 2-OMe,5-F R 32 ND
1] m/\©/N°2 -H 2-OMe,5-F S 26%* ND
11k g/\©/N°2 -H 3-Me,5-F R 22 ND
111 :K\©/NO2 -H 3-Me,5-F S 35%* ND
11m D/\G/CH -H H R 8.96 ND

—
=,




o “H 2-OMe R 1.54 88/ ND
Lo o~ -H 2-OMe,5-F R 3.03 89/ ND
p O -H 3-Me,5-F R 8.40 90 / ND
S -H 2-OH R 15.2 ND

22 o~y (CH)COM 2-OMe R 65.2 ND

120 Oy~ (CHCOH  2-OMe5-F R 38.5 ND / 28
2¢Oy (CH)COH  3MeS5F R 9.9 ND / 30

* assayed at 0.4M

2.3. Interspecies selectivity

Some known small-molecule GnRH antagonists, inagdiompoundda and 1b, were
reported to be highly specific to the human GnReéepgors [15, 16], which limits the use of certain
animal species for the in vivo evaluation of effigaWe performed a competitive binding assay and
NFAT promoter inhibition assay to examine the speaensitivity of compound2c (Table 3).
Compoundl2c was more specific to the human GnRH receptors coadp@ those of monkeys and
rats. The binding affinity for the human GnRH reiwep was 12-fold greater than that for the
monkey receptors, while the NFAT promotor inhibjtarctivity for the human GnRH receptors was

34-fold higher than that for the rat receptors.

Table 3. Specificitiesfor human, monkey, and rat GnRH receptors

Compounds Competitive binding Inhibition of
| Cs0 (NM) ([**1]-DTrp®-LHRH) NFAT reporter activity
human monkey human rat
1a (Elagolix) 0.58 3.5 1.6 590
1c 0.46 3.8 6.3 279

12c 0.33 4.2 4.9 170




2.4 Invivo activity in castrated monkeys

To evaluate the functional antagonism of compould in vivo, we measured LH
(luteinizing hormone) suppression in castrated negalafter the administration of compoutizt
[17]. A single dose of compound2c (30 mg/kg, po) was administered to castrated male
cynomolgus monkeys, and the blood samples wereeatell at the designated time points to
analyze circulating LH concentrations using a radmunoassay (RIA). As describedkingure 2,
maximal LH suppression (82% of basal level) wadeasd at 8 h after the administration Xc,
which was maintained for 24 h. Considering that pound 1a and 1b demonstrated maximal
suppression of 75% and 50% at 8 h and completelyvezed the basal level after 32 h and 20 h
respectively [18], compountlc appeared to exert more potent and prolonged antgoactivity.
In addition, we measured the plasma levels of cam@d2c as described ifable 4. Compound
12c showed a relatively high plasma level with g(f 6.0pug/mL and an AUC of 37.ig h mL?,
which was also observed with the 5-piperazinyl Uiracalogue in our previous study [10],

explaining the prolonged antagonistic activitylat.
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Figure 2. Suppression of plasma LH concentrations in castratale cynomolgus monkeys after
oral administration of compouritPc at 30 mg/kg. Values shown are the mean +SEM ofdtivca
LH levels expressed as a percentage of pretreatielavels for each of three individual animals.



Table 4. Pharmacokinetic parameters of compound 12c in castrated monkeys after oral
administration (30 mg/kq)

Compound Gax (ULM) AUCiy; (UM*hr) Tmax (hr)
12c 6.0+2.9 37.1+20.7 2.3t1.5
3. Conclusion

In this study, we synthesized a series of uracdl@yues as orally available GnRH
antagonists. By introducing various substituenttherphenyl ring of thé&l-3 side chain, we aimed
to explore potency and pharmacokinetic propertiegshese newly synthesized analogues. In
addition, we incorporated these results into th@perazinyluracil core, which exhibited potent
activity and a favorable pharmacokinetic profile @aur previous study. When the aromatic
substituents were introduced at the ortho or mesitipn, the in vitro antagonistic activity was
improved. In particular, the introduction of a 2-@Mroup enhanced NFAT inhibition up to 6-fold
compared to the unsubstituted analogue. Howevesetanalogues appeared to inhibit the CYP3A4
enzyme strongly, which can be overcome by addihgitsric acid group at the side chain amine
group of theN-3 position. We identified compouri®c, which is a highly potent GnRH antagonist
with moderate CYP inhibition. The antagonistic atyi of 12c was specific to human GnRH
receptors, showing 12-fold and 34-fold higher atés than those detected towards monkey and rat
receptors respectively. When tested in castratedkeys, compoundl2c demonstrated more
profound and prolonged suppression in LH levelsastrated monkeys than Elagolix, while it
reached the maximum effect in shorter time (8 Antthe previously reported compoutw(12 h)
[10]. We believe that our study offers useful imggyto design orally available GnRH antagonists

with favorable pharmacokinetic properties.

4. Experimental

4.1. Chemistry



'H NMR and®C NMR spectra were recored on a Varian Unity 3@0) Oxford 600 at 300 and 150
MHz. Chemical shifts were given in ppm using tetesinylsilane as the reference standard, and
coupling constants (J) are given in hertz (Hz). $1apectra were recorded on a Thermo LCQ
DECA XP instrument. Chromatographic separationsewerried out on silica gel (Kieselgel 60,
230-400 mesh, Merck) or basic silica gel (ChronmatddHDM1020, 100- 200 mesh, Fuji Silysia
Chemical Ltd.) using the indicated eluents. Yieldsre not optimized. All final compounds were
assessed for purity by high performance liquid ofatography (HPLC) on Agilent 1120 Compact
LC (G4288A) system via the following conditions. |@mn: Agilent TC-C18 column (4.6 mm x
250 mm, 5um). Mobile phase A: 0.78% NJ@Ac in water (v/v). Mobile phase B: MeCN. Gradient:
65.0% water/ 35.0% MeCN linear to 10% water/ 90%an 30 min. Wavelength: 272 nM. Flow:

1.0 mL/min. According to the HPLC analyses, albficompounds showed a purityx85%.

4.1.1. Procedure for 5-phenyluracil preparation

41.11. 1-(2,6-difluorobenzyl)-5-(2-fluoro-3-methoxyphenyl)-6-methylpyrimidine-2,4(1H,3H) -
dione (3). To a suspension @ (10 g, 30.2 mmol) anK,CO3 (8.35 g, 60.4 mmol) in DMF (125 mL)
was added p-methoxybenzyl chloride (4.39 mL, 31ndot). After the mixture was stirred at 60 °
for 3 h, it was cooled to room temperature. Thetiea mixture was diluted with EtOAc (90 mL)
and washed with saturated MH (270 mL) and brine (100 mL), respectively. Thgamic layer
was dried over N&Qy, filtered, and concentrated in vacuo. The resias purified by column
chromatography on silica gel using hexane/EtOAcCK (1:4.5:1) as eluent to give red solid,
followd by recrystallization using EtOAc and hexaoeyield 5-bromo-1-(2,6-difluorobenzyl)-3-(4-
methoxybenzyl)-6-methylpyrimidine-2,4(1H,3H)-dio{265 g, 56%) as white solid. The mixture
of theN-protected bromide (2.8 g. 6.21 mmol), 2-fluoro-8thoxyphenylboronic acid (1.27 g, 7.45
mmol) and saturated barium hydroxide (1.08 g, 0r®80ol) in benzene : EtOH : dimethoxyethane
(45:5:50) (90 mL) was bubbled under nitrogen fon38 and then treated with Pd(RRhfollowed

by stirring at 85 € for 2 days. The reaction mixture was cooled taxwxdemperature, diluted with



EtOAc (90 mL) and then washed with water (90 mLJ @anne (90 mL), respectively. The organic
layer was dried over N8Q,, filtered, and concentrated in vacuo. The resid@as purified by
column chromatography on amine silica gel usinganeXctOAc (4:1) as eluent to obtain 1-(2,6-
difluorobenzyl)-5-(2-fluoro-3-methoxyphenyl)-3-(4athoxybenzyl)-6-methylpyrimidine-
2,4(1H,3H)-dione (1.7 g, 55%) as white solid. Thaai (3.4 g, 6.85 mmol) in anisole (50 mL) was
treated with aluminum chloride (4.66 g, 34.2 mmaiger ice bath, followed by warming to room
temperature and stirring for 3h. The resulting megture was added dropwise to saturated NagICO
(70 mL) to give white suspension. EtOAc (100 mL)svealded and the organic layer was taken up.
The inorganic layer was extracted with £&HY/ MeOH (10:1) (100 mL) three times. The combined
organic layer was dissolved with @El,/ MeOH (10:1) (700 mL) and dried over 0, filtered,
and concentrated in vacuo. The resulting solid tuagated with EtOAc (20 mL) for 30min, then
filtered. The filtered residue was dried in vaut¢al@ C overnight to obtain compour?li(2.41 g,
93%) as white solid. mp 7, *H NMR (300 MHz, DMSO-g) 6 11.57 (s, 1H), 7.51 — 7.39 (m,

1H), 7.24 — 7.10 (m, 4H), 6.80 — 6.73 (m, 1H), 5(&52H), 3.89 (s, 3H), 2.12 (s, 3H).

4.1.2. General Procedure for N-Boc protected aminoalcohol preparation (4).

The suspension of amino acids (1 mmol) in THF (@5) was treated with LiAlE (2 mmol)
slowly under ice bath. The mixture was heated te800C and stirred for 3hrs. After it was cooled
under ice bath, 4 drops of water was added, follbwwe treatment of potassium carbonate. The
resulting suspension was filtered, then the fé#tredlution was concentrated in vacuo. The residue
was purified by column chromatography on silicagghg CHCIl,/MeOH (20:1~10:1) as eluent to
gain the corresponding amino alcohols. The suspersi amino alcohols (1 mmol ) in GEl, (4

mL) were treated with DIPEA (3 mmol) and (Bg®) (3 mmol), followed by stirring at room
temperature overnight. The reaction mixture wasted with CHCIl, (4 mL) and washed with
satuated NECI (4 mL) followed by concentration of the orgafager. The residue was purified by

column chromatography on silica gel using hexar@AetCH,Cl, (2:1:0.5) as eluent or triturated



with the eluent in cases of poor solubility.

4.1.3. General Procedure for Alkylation and Deprotection (6).

The suspension of compouBd1.1 mmol) and compourndl(1 mmol) in DMF (9 mL) were treated
with PBw (1.5 mmol) and DEAD (1.5 mmol), then stirred at“@0for 3 h. The reaction mixture
was cooled to room temperature, diluted with,CH (9 mL) and then washed with water (9 mL),
followed by concentration of the organic layer. Thesidue was purified by two rounds of column
chromatographies on silica gel and subsequenthnearsilica gel using hexane/EtOAc/&H,
(3:1:0.7~7:1:1) as eluent to gain compoudndlFA (10 mL) was added slowly to the solution of
compound5 (1 mmol) in CHCI, (100 mL) and then stirred for 3h at room tempegthe
reaction mixture was quenched with saturated Nap@@ler ice bath, which was extracted with
CH.CI, three times. The combined organic layer was cdnaea, followed by column
chromatographies on silica gel and subsequentlypeusilica gel using C}Cl,/MeOH (30:1~10:1)

as eluent.

4.1.3.1. 3-((2R)-2-amino-2-(tetrahydrofuran-3-yl )ethyl)-1-(2,6-difluorobenzyl )-5-(2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6a). Yield 20%, colorless oil*H NMR
(300 MHz, CDC}) 6 7.36-7.20 (m, 1H), 7.13-7.05 (m, 1H), 7.03-6.87 @H), 6.82-6.76 (m, 1H),
5.45-5.20 (m, 2H), 4.13-3.55 (m, 9H), 3.20-2.99 (tHl), 2.31-2.11 (m, 4H), 2.09-1.95 (m, 1H),

1.85-1.70 (m, 1H). MS (ESHvz 490 (MH'). Anal. HPLC 95% (R= 10.59 min).

4.1.3.2. (R)-3-(2-amino-2-(tetrahydro-2H-pyran-4-yl)ethyl)-1-(2,6-difluorobenzyl)-5-(2-fluoro -3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6b). Yield 8%, white foam!H NMR (300
MHz, CDCk) & 7.34-7.23 (m, 1H), 7.10 (td, J = 8.0, 1.4 Hz, 1HP1-6.86 (M, 3H), 6.83-6.76 (m,
1H), 5.41-5.23 (m, 2H), 4.07-3.94 (m, 4H), 3.8934), 3.42-3.28 (m, 2H), 3.04-2.93 (m, 1H), 2.15

(s, 3H), 1.72 (d, J = 11.7 Hz, 2H), 1.62-1.36 (iid).AMS (ESI)m/z 504 (MH"). Anal. HPLC 97%



(R =10.14 min).

4.1.3.3. 3-(2-amino-2-(tetrahydro-2H-thiopyran-4-yl)ethyl)-1-(2,6-difluorobenzyl)-5-(2-fluoro -3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6c). Yield 15%, white foam'H NMR (300
MHz, CDCL) § 7.34-7.23 (m, 1H), 7.14-7.06 (m, 1H), 7.01-6.87 @H), 6.82-6.76 (m, 1H), 5.40-
5.22 (m, 2H), 4.14-3.93 (m, 2H), 3.89 (s, 3H), 3(6@ J = 8.6, 4.4 Hz, 1H), 2.76-2.55 (m, 4H),
2.15 (m, 4H), 2.05-2.93 (m, 1H), 1.73-1.30 (m, 3MS (ESI)m/z 520 (MH'). Anal. HPLC 95%

(R; = 10.96 min).

4.1.34. 3-(2-amino-2-(1-methyl piperidin-4-yl)ethyl)-5-(2-fluoro-3-methoxyphenyl)-1-(2-fluoro-6-
(trifluoromethyl)benzyl)-6-methyl pyrimidine-2,4(1H,3H)-dione compound (6d). Yield 34%. white
foam, *H NMR (300 MHz, CDC}) § 7.34-7.22 (m, 1H), 7.14-7.06 (m, 1H), 7.01-6.86 @h),
6.88-6.75 (m, 1H), 5.40-5.22 (m, 2H), ), 4.09-3(8% 2H), 3.89 (s, 3H), 3.07-2.88 (m, 4H), 2.29 (s,

3H), 2.15 (s, 3H), 2.04-1.19 (m, 5H). MS (E8¥)z 517 (MH'). Anal. HPLC 97% (R= 14.45 min).

4.1.3.5. 3-(2-amino-2-(pyridin-3-yl)ethyl)-1-(2,6-difluorobenzyl)-5-(2-fluoro-3-methoxy phenyl)-6-
methyl pyrimidine-2,4(1H,3H)-dione (6€). Yield 10%, colorless oil'H NMR (300 MHz, CDC}) ¢
8.61 (dd, J = 4.9, 2.3 Hz, 1H), 8.49 (dt, J = 4.8 Hz, 1H), 7.78 (dg, J = 7.3, 2.3 Hz, 1H), 7.35-
7.20 (m, 2H), 7.15-7.05 (m, 1H), 7.02-6.87 (m, 3681 (ddd, J = 7.7, 6.0, 1.6 Hz, 0.5H), 6.72
(ddd, J=7.8, 6.1, 1.6 Hz, 0.5H), 5.40-5.19 (m),2450-4.42 (m, 1H), 4.26 (ddd, J = 13.0, 8.8, 6.8
Hz, 1H), 4.15 (ddd, J = 12.9, 7.3, 5.4 Hz, 1H) 938, 3H), 2.15 (s, 3H). MS (ESt¥z 497 (MH)).

Anal. HPLC 99% (R= 14.52 min).

4.1.3.6. (9-3-(2-amino-2-(furan-2-yl)ethyl)-1-(2,6-difluorobenzyl)-5-(2-fluoro-3-methoxy phenyl)-
6-methyl pyrimidine-2,4(1H,3H)-dione (6f). Yield 41%, colorless oiftH NMR (300 MHz, CDCY) &

7.34-7.21 (m, 2H), 7.13-7.05 (m, 1H), 7.01-6.86 @H), 6.85-6.75 (M, 1H), 6.28-6.24 (m, 1H),



6.16 (dq, J = 3.3, 0.7 Hz, 1H), 5.38-5.20 (m, 2#%5-4.28 (m, 2H), 4.22 (ddd, J = 12.3, 5.9, 5.1

Hz, 1H), 3.89 (s, 3H), 2.16 (m, 3H). MS (E&#)z 486 (MH"). Anal. HPLC 95% (R= 11.78 min).

4.1.3.7. (R)-3-(2-amino-2-(furan-2-yl)ethyl)-1-(2,6-difluorobenzyl)-5-(2-fluoro-3-methoxy phenyl)-
6-methyl pyrimidine-2,4(1H,3H)-dione (6g). Yield 38%, white foam*H NMR (300 MHz, CDCJ) ¢
7.34-7.21 (m, 2H), 7.13-7.05 (m, 1H), 7.01-6.86 @Hl), 6.85-6.75 (m, 1H), 6.28-6.24 (m, 1H),
6.16 (dg, J = 3.3, 0.7 Hz, 1H), 5.38-5.20 (m, 2#%5-4.28 (m, 2H), 4.22 (ddd, J = 12.3, 5.9, 5.1

Hz, 1H), 3.89 (s, 3H), 2.16 (m, 3H). MS (E&#)z 486 (MH"). Anal. HPLC 96% (R= 11.55 min).

4.1.3.8. 3-(2-amino-2-(3,5-dichlorophenyl)ethyl )-1-(2,6-difl uorobenzyl )-5-(2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6h). Yield 12%, white foam'H NMR (300
MHz, CDCk) & 7.34-7.21 (m, 4H), 7.13-7.05 (m, 1H), 7.01-6.86 @H), 6.85-6.75 (m, 1H), 5.33-
5.26 (m, 2H), 4.45-4.33 (m, 1H), 4.25-4.11 (m, 1#)9-4.01 (m, 1H), 3.89 (s, 3H), 2.16 (s, 3H).

MS (ESI)m/z 564 (MH'). Anal. HPLC 99% (R= 16.53 min).

4.1.3.9. 3-(2-amino-2-(5-fluoro-2-methoxyphenyl)ethyl)- 1-(2,6-difluorobenzyl )-5- (2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6i). Yield 20%, white foam'H NMR (300
MHz, CDCA) § 7.34-7.21 (m, 1H), 7.13-7.05 (m, 1H), 7.01-6.71 {#H), 5.33-5.26 (m, 2H), 4.53-
4.45 (m, 1H), 4.38-4.26 (m, 1H), 4.22-4.20 (m, 1BB8 (s, 3H), 3.80 (s, 3H), 2.12 (s, 3H). MS

(ESI)m/z 544 (MH'). Anal. HPLC 99% (R= 12.72 min).

4.1.3.10. 3-(2-amino-2-(3-fluoro-5-methyl phenyl ) ethyl)-1-(2,6-difluorobenzyl )-5-(2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6j). Yield 9%, white solid, mp 76C, *H
NMR (300 MHz, CDC}) 6 7.34-7.21 (m, 1H), 7.13-7.05 (m, 1H), 7.01-6.71 {iH), 5.33-5.26 (m,
2H), 4.45-4.32 (m, 1H), 4.27-4.17 (m, 1H), 4.0954(€n, 1H), 3.89 (s, 3H), 2.30 (s, 3H), 2.16 (s,

3H). MS (ESI)mz 528 (MH'). Anal. HPLC 99% (R= 14.25 min).



4.1.3.11. 3-(2-amino-2-(4-(methyl thio)phenyl))ethyl)- 1-(2,6-difluorobenzyl )-5-(2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6k). Yield 7%, white foamH NMR (300
MHz, CDCk) J 7.40-7.19 (m, 5H), 7.13-7.05 (m, 1H), 7.01-6.71 4H), 5.36-5.27 (m, 2H), 4.45-
4.32 (m, 1H), 4.27-4.17 (m, 1H), 4.12-4.06 (m, 1BB9 (s, 3H), 2.46 (s, 3H), 2.15 (s, 3H). MS

(ESI)m/z542 (MH). Anal. HPLC 98% (R= 13.90 min).

4.1.3.12. 3-(2-amino-2-(2,4-dimethyl phenyl)ethyl)-1-(2,6-difl uorobenzyl )-5-(2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6l). Yield 11%, white solid, mp 68C, *H
NMR (300 MHz, CDC}) 6 7.40-7.19 (m, 2H), 7.13-7.05 (m, 1H), 7.03-6.8Q €M), 5.36-5.27 (m,
2H), 4.63-4.56 (m, 1H), 4.25-4.17 (m, 1H), 4.028 (@, 1H), 3.89 (s, 3H), 2.40 (s, 3H), 2.28 (s,

3H), 2.14 (s, 3H). MS (EShvz 524 (MH). Anal. HPLC 95% (R= 14.62 min).

4.1.3.13. 3-(2-amino-2-(2-chlorophenyl)ethyl)- 1-(2,6-difl uorobenzyl)-5- (2-fluoro-3-methoxy
phenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6m). Yield 6%, white solid, mp 72C, *H NMR
(300 MHz, CDC}) § 7.54-7.51 (m, 1H), 7.37-7.07 (m, 5H), 6.98-6.75 &H), 5.36-5.27 (m, 2H),
4.87-4.84 (m, 1H), 4.32-4.22 (m, 2H), 3.89 (s, 3&)L4 (s, 3H). MS (ESlivz 530 (MH'). Anal.

HPLC 96% (R= 13.59 min).

4.1.3.14. 3-(2-amino-2-(2-(trifluoromethyl) phenyl)ethyl )-1-(2,6-difluorobenzyl)-5-(2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6n). Yield 8%, white foamH NMR (300
MHz, CDCk) § 7.82-7.79 (m, 1H), 7.59-7.51 (m, 2H), 7.39-7.24 @H), 7.17-7.05 (m, 1H), 6.98-
6.75 (M, 4H), 5.36-5.27 (m, 2H), 4.85-4.75 (m, 1#%5-4.22 (m, 2H), 3.89 (s, 3H), 2.13 (m, 3H).

MS (ESI)m/z 564 (MH'). Anal. HPLC 96% (R= 14.63 min).

4.1.3.15. 3-(2-amino-2-(3-(trifluoromethoxy)phenyl)ethyl)-1-(2,6-difluorobenzyl )-5- (2-fluoro-3-



methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (60). Yield 28%, yellow foam,'H NMR
(300 MHz, CDC}) 6 7.49-6.75 (m, 10H), 5.36-5.08 (m, 2H), 4.65-4.80 2H), 4.08-3.82 (m, 4H),

2.09 (s, 3H). MS (ESkn/z 580 (MH'). Anal. HPLC 98% (R= 15.96 min).

4.1.3.16. 3-(2-amino-3-(2-chloro-6-fluorophenyl) propyl)-1-(2,6-difluorobenzyl )-5-(2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6p). Yield 17%, white foam'H NMR (300
MHz, CDCk) 6 7.27-6.75 (m, 9H), 5.36-5.25 (m, 2H), 4.21-4.06 @H), 3.59-3.46 (m, 1H), 2.95-

2.74 (m, 2H), 2.15 (s, 3H). MS (EStyz 562 (MH). Anal. HPLC 97% (R= 15.03 min).

4.1.3.17. 3-(2-amino-3-(3-fluorophenyl)propyl)-1-(2,6-difluorobenzyl )-5- (2-fluoro-3-methoxy
pheny!)-6-methyl pyrimidine-2,4(1H,3H)-dione (60). Yield 48%, white foam'H NMR (300 MHz,
CDCl) § 7.34-7.19 (m, 2H), 7.12-7.07 (m, 1H), 6.99-6.79 {iH), 5.39-5.25 (m, 2H), 4.04 (d, , J =
3.9Hz, 2H), 3.88 (s, 3H), 3.51-3.46 (M, 1H), 2.882(m, 1H), 2.59-2.56 (M, 1H), 2.14 (s, 3H).

MS (ESI)mVz 528 (MH'). Anal. HPLC 98% (R= 13.91 min).

4.1.3.18. 3-(2-amino-3-(2-chloro-4-fluorophenyl) propyl)-1-(2,6-difluorobenzyl )-5-(2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6r). Yield 29%, white foam*H NMR (300
MHz, CDCA) § 7.34-7.24 (m, 2H), 7.16-7.09 (m, 2H), 7.02-6.9Q 4H), 6.85-6.80 (m, 1H), 5.37-
5.25 (m, 2H), 4.09 (d, J = 4.2Hz, 2H), 3.91 (s, ,3453-3.46 (M, 1H), 3.02-2.91 (M, 1H), 2.75-2.67

(m, 1H), 2.18 (s, 3H). MS (ESiVz 562 (MH'). Anal. HPLC 98% (R= 15.43 min).

4.1.3.19. 3-(2-amino-3-(2-fluoro-4-(trifluoromethyl)phenyl ) propyl)-1-(2,6-difluorobenzyl )-5-(2-
fluoro-3-methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6s). Yield 7%, white solid, mp 60
°C, 'H NMR (300 MHz, CDC)) 6 7.34-7.24 (m, 2H), 7.19-6.77 (m, 7H), 5.43-5.25 i), 4.09 (d,

J = 4.2Hz, 2H), 3.91 (s, 3H), 3.53-3.43 (m, 1HR722.82 (m, 1H), 2.75-2.67 (m, 1H), 2.59-2.51 (m,

1H), 2.18 (s, 3H). MS (ESHVz 596 (MH'). Anal. HPLC 99% (R= 14.53 min).



4.1.3.20. 3-(2-amino-3-(3-(trifluoromethyl) phenyl) propyl)-1-(2,6-difluorobenzyl)-5-(2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6t). Yield 8%, white solid, mp 62C, *H
NMR (300 MHz, CDC}) 6 7.34-7.12 (m, 5H), 7.08-6.84 (m, 5H), 5.43-5.25 BH), 4.21-4.08 (m,
2H), 3.91 (s, 3H), 3.57-3.50 (m, 1H), 3.02-2.82 @hi), 2.18 (s, 3H). MS (ESHVz 578 (MH).

Anal. HPLC 99% (R= 15.14 min).

4.1.3.21. 3-(2-amino-3-(3,5-difluorophenyl)propyl)-1-(2,6-difl uorobenzyl )-5-(2-fluoro-3-
methoxyphenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6u). Yield 5%, white solid, mp 65C, *H
NMR (300 MHz, CDC}) § 7.34-7.12 (m, 3H), 7.10-6.78 (m, 6H), 5.43-5.25 @H), 4.12 (d, J =
4.2Hz, 2H), 3.91 (s, 3H), 3.57-3.44 (m, 1H), 2.982(m, 1H), 2.58-2.49 (m, 1H), 2.18 (s, 3H).

MS (ESI)m/z 546 (MH'). Anal. HPLC 99% (R= 15.06 min).

4.1.3.22. 3-(2-amino-3-(thiophen-2-yl)propyl)-1-(2,6-difluorobenzyl)-5-(2-fluoro-3-methoxy
phenyl)-6-methyl pyrimidine-2,4(1H,3H)-dione (6v). Yield 38%, white foam!H NMR (300 MHz,
CDCly) 6 7.34-7.07 (m, 3H), 6.99-6.78 (m, 6H), 5.39-5.24 BM), 4.06 (d, J = 6.6 Hz, 2H), 3.88 (s,
3H), 3.54-3.44 (m, 1H), 3.10-3.02 (m, 1H), 2.878 (M, 1H), 2.15 (s, 3H). MS (EStVz 516

(MH™). Anal. HPLC 99% (R= 13.19 min).

4.1.4. Procedure for 5-piperazinyluracil preparation

4.1.4.1. 1-(2-fluoro-6-(trifluoromethyl)benzyl)-6-methyl-5-(piperazin-1-yl)pyrimidine-2,4(1H,3H)-
dione (8). The mixture of compound (1.50 g, 3.94 mmol) and 1-benzylpiperazine (5.5 BL5
mmol) in acetonitrile (1 mL) was reacted under cnoivave irradiation at 120 °C for 1.5 h. The
mixture was concentrated, followed by purificationsing silica gel chromatography
(hexane/EtOAC/ChLCI,, 1:2:1) to afford 4-benzyl piperazine adduct ashéte solid (1.48 g, 79%).

IH NMR (300 MHz, CDCJ) § 2.15 (m, 2H), 2.31 (s, 3H), 2.50 (m, 2H), 2.78 @Hl), 3.52 (s, 3H),



3.58 (m, 2H), 5.36 (s, 2H), 7.19-7.41 (m, 7H), 7(88 1H). A solution of theabove compound
(1.48 g, 3.11 mmol) dissolved in GEl,/MeOH (1:1, 10 mL) was hydrogenated over 10% Pd/C
(280 mg) under atmospheric pressure at room terysertor 5 h. The mixture was filtered through
celite, followed by concentration of the filtratelstion. The residue was purified using column
chromatography using amine silica gel (€H/MeOH, 10:1) to yield compound as white solid
(934 mg, 78%). mp 78C, 'H NMR (300 MHz, CDC}) § 7.54 (d, J = 7.8 Hz, 1H), 7.41 (m, 1H),

7.24 (m, 1H), 5.38 (s, 2H), 3.43 (m, 2H), 2.96 @H), 2.81 (m, 2H), 2.52 (m, 2H), 2.33 (s, 3H).

4.1.5. General Procedure for Alkylation (9, 10).

A solution of compound8 (1 mmol) and N,N-diisopropylethylamine (5 mmol), in 1,2-
dichloroethane (10 mL) was treated with 3-nitrobygriromide (1.5 mmol), then stirred at 50 °C
for 2 h. The mixture was cooled to room temperatamel washed with saturated ammonium
chloride solution and concentrated in vacuo. Thsdree was purified by column chromatography

using silica gel (CbkLCl,/MeOH, 30:1).

4.15.1. 1-(2-fluoro-6-(trifluoromethyl) benzyl )-6-methyl -5-(4-(3-nitrobenzyl ) pi per azin- 1-
yl)pyrimidine-2,4(1H,3H)-dione (9). Yield 77%, yellowish solid, mp 74C, *H NMR (300 MHz,
CDCly) § 8.57 (s, 1H), 8.16 (s, 1H), 8.10 (d, J = 8.1 H2),T7.77 (d, J = 7.5 Hz, 1H), 7.41 (m, 1H),
7.55-7.46 (m, 2H), 7.23 (m, 1H), 5.37 (s, 2H), 3%660 (M, 4H), 2.75 (m, 2H), 2.52 (m, 2H), 2.32

(s, 3H), 2.20 (m, 2H).

4.15.2. 1-(2-fluoro-6-(trifluoromethyl ) benzyl )-6-methyl -5-(4-((5-(trifluoromethyl )furan-2-
yl)methyl)piperazin-1-yl )pyrimidine-2,4(1H,3H)-dione (10). Yield 89%, white solid, mp 8%C,*H
NMR (300 MHz, CDC}) ¢ 8.57 (s, 1H), 7.54 (d, J = 7.8 Hz, 1H), 7.41 (id),17.24 (m, 1H), 6.72
(d, J = 3.0 Hz, 1H), 6.29 (d, J = 3.0 Hz, 1H), 5(802H), 3.72-3.49 (m, 4H), 2.81 (m, 2H), 2.54 (m,

2H), 2.27 (s, 3H), 2.26 (m, 2H).



4.1.6. General Procedure for Alkylation and Deprotection (11).

To a solution of compound (1 mmol) in CHCI, (3 mL) were added trimethylamine (1.3 mmol)
and methansulfonylchloride (1.1 mmol). After siigiat room temperature for 30 min, the mixture
was diluted with dichloromethane and washed witturséed sodium bicarbonate solution. The
organic layer was dried over sodium sulfate artéreld. After concentration, the filtrate was dried
in vacuo to give compounda. The mixture of compoun@ or 10 (1 mmol), the mesylatda
(2.5mmol) and KCOs; (5mmol) in DMF (10 mL) was stirred at 70 °C overnight. Treaction
mixture was cooled to ambient temperature, dilwéth ethyl acetate, and washed with saturated
ammonium chloride solution. The organic layer wascentrated, then the residue was purified
using silica gel and amine silica gel chromatogyafptexane/EtOAc, 2:1). The alkylated compound
(2 mmol) in CHCI, (40 mL) was treated with TFA (2 mL), stirring @om temperature for 3 h. The
reaction mixture was neutralized with saturated 8@kl and extracted with CiEIl, twice. The
organic layer was concentrated, then purified usitiga gel chromatography (GBIl,/MeOH,

15:1~20:1).

416.1. (R)-3-(2-Amino-2-phenylethyl)-1-(2-fluor o-6-(trifluoromethyl)-benzyl)-6-methyl -5-(4-(3-
nitrobenzyl)piperazin-1-yl)pyrimidine-2,4-(1H,3H)-dione (11a). Yield 50%, yellowish solid, mp 71
°C, ™H NMR (300 MHz, CDC}) 6 8.17 (t, J = 1.8 Hz, 1H), 8.11 (dd, J = 8.1, 18 kH), 7.77 (d, J

= 7.7 Hz, 1H), 7.55 (d, J = 7.8 Hz, 1H), 7.48 (§ 3.9 Hz, 1H), 7.44-7.29 (m, 5H), 7.26-7.18 (m,
2H), 5.41 (s, 2H), 4.37 (dd, J = 9.5, 4.9 Hz, 1Hp1 (dd, J = 12.9, 9.5 Hz, 1H), 4.06 (dd, J = 12.9
4.9 Hz, 1H), 3.70-3.51 (m, 4H), 2.75 (d, J = 10z BH), 2.49 (m, 2H), 2.34 (s, 3H), 2.21 (m, 2H).

MS (ESI)m/z 641 (MH). Anal. HPLC 99% (R= 19.36 min).

4.1.6.2. 3-(2-amino-2-(o-tolyl)ethyl)- 1-(2-fluoro-6-(trifluoromethyl )benzyl )-6-methyl -5-(4-(3-

nitrobenzyl)piperazin-1-yl )pyrimidine-2,4(1H,3H)-dione (11b). Yield 25%, white foamH NMR



(300 MHz, CDC}) § 8.17 (d, J = 1.8 Hz, 1H), 8.11 (dd, J = 7.2, 12 #H), 7.76 (d, J = 7.8 Hz,
1H), 7.55-7.46 (m, 3H), 7.25-7.12 (m, 4H), 5.422), 4.63 (dd, J = 9.9, 4.5 Hz, 1H), 4.21 (dd, J =
13.2, 9.9 Hz, 1H), 3.96 (dd, J = 13.2, 4.5Hz, 1H)8-3.60 (m, 4H), 2.75 (d, J = 9.9 Hz, 2H), 2.51
(m, 2H), 2.46 (s, 3H), 2.32 (s, 3H), 2.25-2.18 2H). MS (ESI)m/z 655 (MH). Anal. HPLC 99%

(R: = 20.59 min).

4.1.6.3. (R)-3-(2-amino-2-(2-methoxyphenyl)ethyl)-1-(2-fluor o-6-(trifluoromethyl ) benzyl )-6-methyl -
5-(4-(3-nitrobenzyl)piperazin-1-yl)pyrimidine-2,4(1H,3H)-dione (11c). Yield 34%, white foamH
NMR (300 MHz, CDC}) 6 8.17 (s, 1H), 8.09 (dd, J = 7.2, 1.2 Hz, 1H), 7#@5J = 7.5 Hz, 1H),
7.55 - 7.45 (m, 2H), 7.44-7.29 (m, 1H), 7.25-7.0§ @H), 6.90-6.83 (m, 2H), 5.39 (s, 2H), 4.47-
4.31 (m, 2H), 4.21 (dd, J = 12.6, 5.4 Hz, 1H), 3863H), 3.70-3.49 (m, 4H), 2.73 (d, J = 10.2 Hz,
2H), 2.52-2.37 (m, 2H), 2.30 (s, 3H), 2.25-2.12 pH). MS (ES)m/'z 671 (MH'"). Anal. HPLC 99%

(R: = 19.49 min).

4.1.6.4. 3-(2-amino-2-(2-fluorophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-6-methyl-5-(4-
(3-nitrobenzyl )piperazin-1-yl)pyrimidine-2,4(1H,3H)-dione (11e). Yield 28%, white foam'H NMR
(300 MHz, CDC4) 4 8.16 (s, 1H), 8.09 (dd, J = 7.2, 1.2 Hz, 1H), Ad5) = 7.5 Hz, 1H), 7.55-7.37
(m, 4H), 7.24-7.16 (m, 2H), 7.12-6.96 (m, 2H), 5(892H), 4.59 (dd, J = 8.7, 6.0 Hz, 1H), 4.26 (dd,
J=12.9, 8.7 Hz, 1H), 4.16 (dd, J = 12.9, 5.7 H4), 3.70-3.49 (m, 4H), 2.73 (d, J = 9.3 Hz, 2H),
2.52-2.41 (m, 2H), 2.30 (s, 3H), 2.25-2.12 (m, 2Mp (ESI)m/z 659 (MH'). Anal. HPLC 99% (R

=19.60 min).

4.1.6.5. 3-(2-amino-2-(m-tolyl)ethyl )-1-(2-fluoro-6-(trifluoromethyl ) benzyl )-6-methyl -5-(4-(3-
nitrobenzyl)piperazin-1-yl)pyrimidine-2,4(1H,3H)-dione (11f). Yield 37%, white foamH NMR
(300 MHz, CDC}%) ¢ 8.17 (d, J = 1.5 Hz, 1H), 8.10 (dd, J = 8.1, 143 #H), 7.76 (d, J = 7.5 Hz,

1H), 7.55-7.45 (m, 2H), 7.44-7.29 (m, 1H), 7.2687(fn, 4H), 7.07-7.04 (m, 1H), 5.41 (s, 2H), 4.32



(dd, J = 9.9, 4.2 Hz, 1H), 4.21 (dd, J = 12.9,1829 1H), 4.02 (dd, J = 12.6, 4.2Hz, 1H), 3.70-3.52
(m, 4H), 2.75 (d, J = 9.9 Hz, 2H), 2.57-2.45 (m) 2433 (s, 3H), 2.30-2.21 (m, 2H). MS (E&#kz

655 (MH"). Anal. HPLC 98% (R= 21.03 min).

4.1.6.6. (R)-3-(2-amino-2-(4-fluorophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl )-6-methyl-5-
(4-(3-nitrobenzyl )piperazin-1-yl)pyrimidine-2,4(1H,3H)-dione (11g). Yield 53%, white foam'H
NMR (300 MHz, CDC}) 6 8.17 (s, 1H), 8.10 (dd, J = 8.1, 1.2 Hz, 1H), %@5J = 7.5 Hz, 1H),
7.55-7.36 (m, 3H), 7.31-7.18 (m, 3H), 7.13-7.09 {i), 7.94-6.88 (m, 1H), 5.39 (s, 2H), 4.36 (dd,
J = 8.7, 5.4 Hz, 1H), 4.21-4.03 (m, 2H), 3.68-3(B1) 4H), 2.74 (d, J = 9.9 Hz, 2H), 2.53-2.42 (m,

2H), 2.33 (s, 3H), 2.25-2.18 (m, 2H). MS (E8#E 659 (MH'). Anal. HPLC 98% (R= 20.03 min).

4.1.6.7. 3-(2-amino-2-(3-fluorophenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-6-methyl -5-(4-
(3-nitrobenzyl )piperazin-1-yl)pyrimidine-2,4(1H,3H)-dione (11h). Yield 54%, white foam'H NMR
(300 MHz, CDC}) 6 8.17 (d, J = 1.5 Hz, 1H), 8.10 (dd, J = 8.1, 183 kH), 7.76 (d, J = 7.5 Hz,
1H), 7.55-7.45 (m, 2H), 7.44-7.29 (m, 1H), 7.2687(n, 4H), 7.07-7.04 (m, 1H), 5.41 (s, 2H), 4.32
(dd, 3 =9.9, 4.2 Hz, 1H), 4.21 (dd, J = 12.9,829 1H), 4.02 (dd, J = 12.6, 4.2Hz, 1H), 3.70-3.52
(m, 4H), 2.75 (d, J = 9.9 Hz, 2H), 2.57-2.45 (m)2R433 (s, 3H), 2.30-2.21 (m, 2H). MS (ES&i#)z

659 (MH"). Anal. HPLC 98% (R= 20.45 min).

4.1.6.8. (R)-3-(2-amino-2-(5-fluoro-2-methoxyphenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl) benzyl)-
6-methyl-5-(4-(3-nitrobenzyl ) piperazin-1-yl ) pyrimidine-2,4(1H,3H)-dione (11i). Yield 33%, white
foam,*H NMR (300 MHz, CDCJ) 6 8.18 (s, 1H), 8.11 (dd, J = 7.8, 1.2 Hz, 1H), Ad&J) = 7.5 Hz,
1H), 7.55-7.46 (m, 2H), 7.45-7.36 (m, 1H), 7.2297(in, 1H), 6.97 (dd, J = 9.3, 3.0Hz, 1H), 6.89-
6.82 (m, 1H), ), 6.75 (dd, J = 9.0, 4.5Hz, 1H),85(8, 2H), 4.45 (m, 1H), 4.29-4.25 (m, 2H), 3.85 (s
3H), 3.60 (s, 2H), 3.72-3.49 (m, 2H), 2.75-2.72 @H), 2.51-2.40 (m, 2H), 2.31 (s, 3H), 2.30-2.16

(m, 2H). MS (ESIyvz 689 (MH'). Anal. HPLC 99% (R= 20.19 min).



4.1.6.9. (9)-3-(2-amino-2-(5-fluoro-2-methoxyphenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl) benzyl)-
6-methyl-5-(4-(3-nitrobenzyl)piperazin-1-yl ) pyrimidine-2,4(1H,3H)-dione (11j). Yield 25%, white
foam,*H NMR (300 MHz, CDCJ) 6 8.18 (s, 1H), 8.11 (dd, J = 7.8, 1.2 Hz, 1H), Ad&J = 7.5 Hz,
1H), 7.55-7.46 (m, 2H), 7.45-7.36 (m, 1H), 7.2297(in, 1H), 6.97 (dd, J = 9.3, 3.0 Hz, 1H), 6.89-
6.82 (m, 1H), 6.75 (dd, J = 9.0, 4.5Hz, 1H), 5.882H), 4.45 (m, 1H), 4.29-4.25 (m, 2H), 3.85 (s,
3H), 3.60 (s, 2H), 3.72-3.49 (m, 2H), 2.75-2.72 @H), 2.51-2.40 (m, 2H), 2.31 (s, 3H), 2.30-2.16

(m, 2H). MS (ESI/m/z 689 (MH'). Anal. HPLC 97% (R= 20.14 min).

4.1.6.10. (R)-3-(2-amino-2-(3-fluoro-5-methyl phenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl) benzyl)-
6-methyl-5-(4-(3-nitrobenzyl)piperazin-1-yl ) pyrimidine-2,4(1H,3H)-dione (11k). Yield 34%, white
foam,*H NMR (300 MHz, CDCJ) 6 8.18 (s, 1H), 8.11 (dd, J = 7.8, 1.2 Hz, 1H), Ad;7J = 7.8 Hz,
1H), 7.56-7.46 (m, 2H), 7.45-7.36 (m, 1H), 7.2297(fn, 1H), 7.02 (s, 1H), 6.92 (d, J = 9.9 Hz, 1H),
6.75 (d, J = 9.3 Hz, 1H), 5.50-5.35 (m, 2H), 4.88,(J = 9.3, 4.8 Hz, 1H), 4.18 (dd, J = 12.6, 9.3
Hz, 1H), 3.99 (dd, J = 12.9, 4.8 Hz, 1H), 3.70-3(66 4H), 2.81-2.69 (m, 2H), 2.57-2.43 (m, 2H),
2.34 (s, 3H), 2.33 (s, 3H), 2.30-2.17 (m, 2H). MES[) 'z 673 (MH'). Anal. HPLC 95% (R=

21.78 min).

4.1.6.11. (9-3-(2-amino-2-(3-fluoro-5-methylphenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl) benzyl)-
6-methyl-5-(4-(3-nitrobenzyl) piperazin-1-yl)pyrimidine-2,4(1H,3H)-dione (11l). Yield 22%, white
foam,*H NMR (300 MHz, CDCJ) 6 8.18 (s, 1H), 8.11 (dd, J = 7.8, 1.2 Hz, 1H), Ad;7J = 7.8 Hz,
1H), 7.56-7.46 (m, 2H), 7.45-7.36 (m, 1H), 7.2297(n, 1H), 7.02 (s, 1H), 6.92 (d, J = 9.9 Hz, 1H),
6.75 (d, J = 9.3 Hz, 1H), 5.50-5.35 (m, 2H), 4.88,(J = 9.3, 4.8 Hz, 1H), 4.18 (dd, J = 12.6, 9.3
Hz, 1H), 3.99 (dd, J = 12.9, 4.8 Hz, 1H), 3.70-3(66 4H), 2.81-2.69 (m, 2H), 2.57-2.43 (m, 2H),
2.34 (s, 3H), 2.33 (s, 3H), 2.30-2.17 (m, 2H). MES[) 'z 673 (MH'). Anal. HPLC 97% (R=

21.74 min).



4.16.12. (R)-3-(2-amino-2-phenylethyl)-1-(2-fluoro-6-(trifluoromethyl)benzyl)-6-methyl-5-(4-((5-
(trifluoromethyl)furan-2-yl)methyl ) piperazin-1-yl)pyrimidine-2,4(1H,3H)-dione (11m). Yield 74%,
white foam,*H NMR (300 MHz, CDC}) § 7.57-7.51 (m, 1H), 7.44-7.35 (m, 3H), 7.35-7.28 (m
2H), 7.26-7.17 (m, 2H), 6.73 (dq, J = 3.7, 1.2 H4), 6.30 (dd, J = 3.4, 0.9 Hz, 1H), 5.40 (s, 2H),
4.36 (dd, J = 9.4, 4.9 Hz, 1H), 4.21 (dd, J = 19.9,Hz, 1H), 4.06 (dd, J = 12.9, 4.9 Hz, 1H), 3.70
3.49 (m, 4H), 2.80 (d, J = 10.4 Hz, 2H), 2.49 (£13.3 Hz, 2H), 2.34-2.16 (m, 5H). MS (ESjz

654 (MH"). Anal. HPLC 99% (R= 20.50 min).

4.1.6.13. (R)-3-(2-amino-2-(2-methoxyphenyl)ethyl)- 1- (2-fluoro-6-(trifluoromethyl ) benzyl )-6-
methyl-5-(4-((5-(trifluoromethyl))furan-2-yl)methyl ) pi perazin- 1-yl)pyrimidine-2,4(1H,3H)-dione

(11n). Yield 32%, colorless oifH NMR (300 MHz, CDCY) 6 7.53 (d, J = 7.8 Hz, 1H), 7.41-7.34
(m, 1H), 7.24-7.16 (m, 3H), 6.90-6.82 (m, 2H), 6(d@2J = 3.0 Hz, 1H), 6.29 (d, J = 3.0 Hz, 1H),
6.29 (d, J = 3.3 Hz, 1H), 5.38 (s, 2H), 4.46 (dd,87, 5.4 Hz, 1H), 4.36 (dd, J = 12.6, 9.0 Hz),1H
4.20 (dd, J = 12.6, 5.4 Hz, 1H), 3.86 (s, 3H), I§02H), 3.72-3.49 (m, 2H), 2.81-2.74 (m, 2H),
2.51-2.37 (m, 2H), 2.27 (s, 3H), 2.26 — 2.19 (m).2MS (ESI)m/z 684 (MH'). Anal. HPLC 98%

(R: = 20.58 min).

4.1.6.14. (R)-3-(2-amino-2- (5-fluoro-2-methoxyphenyl )ethyl )-1-(2-fluoro-6- (trifluoromethyl)
benzyl)-6-methyl-5-(4-((5-(trifluoromethyl )furan-2-yl)methyl ) pi perazin-1-yl)pyrimidine-
2,4(1H,3H)-dione (110). Yield 39%, colorless oitH NMR (300 MHz, CDC}) 6 7.53 (d, J = 7.8 Hz,
1H), 7.45-7.35 (m, 1H), 7.25-7.18 (m, 1H), 6.94,(dd 9.3, 3.0Hz, 1H), 6.89-6.81 (m, 1H), 6.76-
6.71 (m, 2H), 6.29 (d, J = 3.3 Hz, 1H), 5.37 (s),2H48-4.25 (m, 1H), 4.29-4.23 (m, 2H), 3.85 (s,
3H), 3.60 (s, 2H), 3.72-3.49 (m, 2H), 2.81-2.74 @H), 2.51-2.37 (m, 2H), 2.28 (s, 3H), 2.26-2.16

(m, 2H). MS (ESIywz 702 (MH). Anal. HPLC 96% (R= 20.96 min).



4.1.6.15. (R)-3-(2-amino-2-(3-fluoro-5-methylphenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl) benzyl)-
6-methyl-5-(4-((5-(trifluoromethyl )furan-2-yl )methyl ) pi per azin-1-yl )pyrimidine-2,4(1H,3H)-dione

(11p). Yield 26%, colorless oiltH NMR (300 MHz, CDCJ) § 7.54 (d, J = 7.8 Hz, 1H), 7.45-7.36
(m, 1H), 7.22-7.19 (m, 1H), 7.01 (s, 1H), 6.90 Jcs 9.6 Hz, 1H), 6.75-6.72 (m, 2H), 6.29 (d, J =
3.0 Hz, 1H), 5.48-5.35 (m, 2H), 4.31 (dd, J = .3, Hz, 1H), 4.18 (dd, J = 13.2, 9.3 Hz, 1H), 4.02
(dd, J = 13.2, 4.8 Hz, 1H), 3.70-3.51 (m, 4H), 22889 (m, 2H), 2.57-2.43 (m, 2H), 2.32 (s, 6H),

2.31-2.17 (m, 2H). MS (EShvz 702 (MH'). Anal. HPLC 98% (R= 22.28 min).

4.1.7. General Procedure for Demethylation and Hydrolysis (11d, 11q).

The mixture of compouné or 10 (1 mmol), the mesylate (2.5 mmol) and@Os; (5 mmol)in DMF

(10 mL) was stirred at 70 °C overnight. The reactmixture was cooled to ambient temperature,
diluted with ethyl acetate, and washed with saégtaammonium chloride solution. The organic
layer was concentrated, then the residue was edritising silica gel and amine silica gel
chromatography (hexane/EtOAc, 2:1). A solutionhaf alkylated compound (1 mmol) in anhydrous
dichloroethane (15 mL) was chilled to =78 °C arehted with 1 M boron tribromide (5 mmol) in
dichloromethane slowly under a nitrogen atmosphEnen, the mixture was stirred at 40 °C for 48
h. Methanol (15 mL) was added to the reaction nmexat ambient temperature and then stirred for
20 min. The mixture was concentrated under redymedsure and the residue was diluted in
dichloromethane and washed with saturated NapH€dlution. The organic layer was dried over
sodium sulfate and filtered. After concentratiortlué organic layer, the residue was purified using

silica gel chromatography (GBl,/MeOH, 10:1).

4.1.7.1. (R)-3-(2-Amino-2-(2-hydroxyphenyl)ethyl)- 1-(2-fluor o-6- (trifluoromethyl ) benzyl )-6-methyl -
5-(4-(3-nitrobenzyl ) piperazin-1-yl)pyrimidine-2,4(1H,3H)-dione (11d). Yield 80%, yellowish foam.
'H NMR (300 MHz, CDC}) § 8.17 (m, 1H), 8.11 (m, 1H), 7.76 (m, 1H), 7.56Jc 7.9 Hz, 1H),

7.49 (t,J = 7.9 Hz, 1H), 7.42 (m, 1H), 7.27-7.20 (m, 1HLF(m, 1H), 7.08 (dJ = 7.6 Hz, 1H),



6.82 (dd,J = 8.1, 1.2 Hz, 1H), 6.76 (td,= 7.4, 1.3 Hz, 1H), 5.56-5.31 (m, 2H), 4.52 (dd; 8.7,
3.4 Hz, 1H), 4.42 (dd] = 12.9, 8.7 Hz, 1H), 4.20 (dd,= 12.9, 3.4 Hz, 1H), 3.67-3.51 (m, 4H),
2.74(m, 2H), 2.48 (m, 2H), 2.34 (s, 3H), 2.22 (m, 2M)S (ESI)m/z 657 (MH"). Anal. HPLC 99%

(R: = 20.01 min).

4.1.7.2. (R)-3-(2-amino-2-(2-hydroxyphenyl)ethyl)-1-(2-fluoro-6-(trifluoromethyl ) benzyl)-6-methyl -
5-(4-((5-(trifluoromethyl)furan-2-yl)methyl ) pi perazin-1-yl)pyrimidine-2,4(1H,3H)-dione (119).
Yield 30%, colorless oifH NMR (300 MHz, CDCY) 6 7.57-7.51 (m, 1H), 7.44-7.35 (m, 1H), 7.26-
7.19 (m, 1H), 7.17-7.04 (m, 2H), 6.84-6.71 (m, 36181-6.28 (m, 1H), 5.53-5.32 (m, 2H), 4.51 (dd,
J =8.7,3.6 Hz, 1H), 4.41 (dd, J = 13.2, 8.4 H#),4.19 (dd, J = 12.8, 3.4 Hz, 1H), 3.70-3.49 (m,
4H), 2.89-2.72 (m, 2H), 2.57-2.43 (m, 2H), 2.34&(in, 5H). MS (ESIMz 669 (MH'). Anal.

HPLC 99% (R= 21.30 min).

4.1.8. General Procedure for Alkylation and Hydrolysis (12).

A solution of compoundll (1 mmol) in acetonitrile (2 mL) were treated witN,N-
diisopropylethylamine (1 mmol), sodium iodide (3 wijnand 4-bromobutyric acid ethyl ester (1.2
mmol), followed by stirring at 95 °C overnight. Thet was cooled to ambient temperature, diluted
with dichloromethane, and washed with saturated G@H solution. The organic layer was
concentrated and the residue was purified by sdielacolumn chromatography (GEl./MeOH,
35:1) to obtain the ester compound. A solution hef ester (1 mmol) dissolved in ethanol (3.5
mL)/water (2.5 mL) was slowly added 1 N NaOH (10 abmAfter the mixture was stirred at 60 °C
for 3 h, it was cooled to ambient temperature amttentrated under reduced pressure. The residue
was neutralized with 0.2 N HCI and extracted witbthtbromethane. After the organic layer was
concentrated, the residue was purified by silicacgumn chromatography using GEl,/MeOH

(10:1~7:1) as eluent to afford compoutii



4181. (R)-4-((2-(3-(2-fluoro-6-(trifluoromethyl ) benzyl)-4-methyl - 2,6-dioxo-5-(4-((5-
(trifluoromethyl)furan-2-yl)methyl)piperazin-1-yl)-2,3-dihydropyrimidin-1(6H)-yl)-1-(2-
methoxyphenyl)ethyl) amino)butanoic acid (12a). Yield 26%, white solid, mp 96C, *H NMR (300
MHz, CDCk) § 7.52 (d, J = 7.7 Hz, 1H), 7.42-7.27 (m, 2H), 77285 (m, 2H), 6.97-6.89 (m, 2H),
6.72 (dd, J = 3.3, 1.3 Hz, 1H), 6.29 (d, J = 3.4 H3), 5.48-5.32 (m, 2H), 4.74 (dd, J = 13.4, 10.3
Hz, 1H), 4.42 (dd, J = 10.3, 4.4 Hz, 1H), 4.03 (@& 13.3, 4.6 Hz, 1H), 3.92 (s, 3H), 3.63-3.50 (m,
4H), 2.85-2.30 (m, 10H), 2.27 (s, 3H), 1.79-1.53 @H). MS (ESI)m/z 770 (MH"). Anal. HPLC

99% (R = 16.45 min).

4.18.2. (R)-4-((1-(5-fluoro-2-methoxyphenyl)-2-(3-(2-fluoro-6-(trifluoromethyl)benzyl)-4-methyl -
2,6-dioxo-5-(4-((5-(trifluoromethyl)furan-2-yl )methyl ) pi per azin-1-yl)-2,3-dihydropyrimidin-1(6H)-
yl)ethyl Jamino)butanoic acid (12b). Yield 25%, white solid, mp 88C, *H NMR (300 MHz, CDC}))

5 7.54 (d, J = 7.9 Hz, 1H), 7.44-7.34 (m, 1H), 7267 (m, 1H), 7.02-6.89 (m, 2H), 6.87-6.80 (M,
1H), ), 6.75-6.71 (m, 1H), 6.30 (d, J = 3.5 Hz, 1B)B9 (s, 2H), 4.65 (dd, J = 13.2, 9.4 Hz, 1H),
4.39 (dd, J = 9.0, 4.8 Hz, 1H), 4.12 (dd, J = 18.9,Hz, 1H), 3.91 (s, 3H), 3.62 (s, 2H), 3.59-3.49
(m, 2H), 2.85-2.75 (m, 3H), 2.67-2.40 (m, 5H), 2(333H), 2.30-2.16 (m, 2H), 1.84-1.59 (m, 2H).

MS (ESI)m/z 788 (MH"). Anal. HPLC 98% (R= 18.29 min).

4.1.8.3. (R)-4-((1-(3-fluoro-5-methyl phenyl)-2-(3-(2-fluoro-6-(trifluoromethyl) benzyl )-4-methyl-2,6-
dioxo-5-(4-((5-(trifluoromethyl)furan-2-yl )methyl ) pi per azin-1-yl)-2,3-dihydropyrimidin-1(6H)-

yl)ethyl Jamino)butanoic acid (12¢). Yield 31%, white solid, mp 8%, *H NMR (300 MHz, CDC})

5 7.53 (d, J = 7.9 Hz, 1H), 7.44-7.33 (m, 1H), 7(ad, J = 11.6, 8.3 Hz, 1H), 6.95 (s, 1H), 6.88-
6.78 (m, 2H), 6.74-6.70 (dd, J = 3.0, 1.2 Hz, 16429 (d, J = 3.3 Hz, 1H), 5.39 (s, 2H), 4.34 (dd, J
=13.2, 10.2 Hz, 1H), 4.20 (dd, J = 10.5, 3.9 H4),B.99 (dd, J = 12.6, 4.2 Hz, 1H), 3.64-3.50 (m,
4H), 2.87-2.74 (m, 2H), 2.74-2.17 (m, 11H), 1.782L(m, 2H).*C NMR (150 MHz, CDG)

175.58, 163.93, 161.82, 161.38, 155.10, 151.93,5851141.27, 140.93, 129.63, 129.17, 124.65,



123.83, 122.97, 122.33, 120.98, 120.80, 120.17,0218115.76, 115.61, 112.28, 109.37, 60.19,
54.52 (2C), 53.59 (2C), 49.82, 46.72, 45.69, 433031, 23.74, 21.30, 14.56. MS (E®iz 772
(MH").

The phosphate salt of compoutiet was prepared as follows: a solution of compoli2ei(1.68 g,
2.18 mmol) in dichloromethane (15 mL) was added td phosphoric acid in ethanol (5.45 mL,
5.45 mmol) and then stirred for 10 min. The solutwas added dropwise to ethyl ether (150 mL)
and stirred for 30 min. The suspension was filteard washed with ethyl ether. The filtered solid
was dried in vacuo. Yield 98%, white solid, mp 15 purity 99.8%. solubility (in kD) = 94.56
mg/mL.*H NMR (300 MHz, CD30D) 7.62 (d, J = 7.8 Hz, 1H), 7.57-7.47 (m, 1H), 7(88, J =
12.0, 8.2 Hz, 1H), 7.09-6.93 (m, 4H), 6.82-6.73 (), 5.37 (s, 2H), 4.64-4.58 (m, 1H), 4.53-4.33
(m, 2H), 4.21-4.08 (m, 1H), 3.80-3.55 (M, 2H), 3207 (m, 2H), 3.02-2.56 (m, 6H), 2.46-2.29 (m,

8H), 1.89 (m, 2H). Anal. HPLC 98% (R 16.60 min).

4.2. Solubility

Water solubility ofl2c was determined experimentally using the followmporgcedure at 25 °C. (1)
Standard preparation: 5 mg @Pc was weighed and diluted with distilled water inl@ mL
volumetric flask. Subsequently, it was diluted witlobile phase to obtain a solution having known
concentrations of about pg/mL, 25 pg/mL, 50 pg/mL, 250 pg/mL, and 500 ug per mL,
respectively. (2) Sample preparation: excessivepoaumndl2c was added in 1 mL of distilled water
into polypropylene tube, which was shaken at 100 gb 37 °C for 24 hrs. After centrifuging tube
at 13,000 rpm for 5 min, the supernatant was taehdiluted with diluent. (3) Sample analysis:
Following the HPLC condition for purity, aliquotsewe analyzed. Solubility was calculated by
using standard calibration curve. If the area isaducalibration curve range, sample will be ditlite

additionally.

4.3. In vitro Assays



4.3.1. Binding Assays

Receptor binding assays were performed as deschivediously.[13] CHO-K1 cells stably

transfected with human GnRH receptor (4 uhg/ PerkinElmer) or HEK293 cells transiently

transfected with monkey GnRH receptor was usedioding assay. GnRH receptor preparation

was incubated with*f1]D-Trp®-LHRH (0.2 nM/50 pL/well) and test/reference compounds in

various concentrations for 1 h at 27 °C. Reactioxtures were then filtered onto the filter paper
(Filtermat A, PerkinElmer). The filter was allow&a completely dry and solid scintillant (Meltilex
A, PerkinElmer) was added before counting radie#gtiwith Microbeta2 TriLux (4PM tubes/2
detector, PerkinElmer). Counts from each well waseverted to % inhibition values according to

the formula. % inhibition = [1-(compound-NSB)/(TBS8) x 100

4.3.2. In vitro Functional Assays

Antagonistic effect of test compounds on NFAT aafiion was assessed using luciferase assay
according to the previously reported protocol.[HEK293 cells stably or transiently transfected
with pcDNA3.1-human/rat-GNnRHR and pGL4-NFATpromo#d?-1-luc were pretreated with test
compounds for an hour. The cells were subsequstitiyulated with 20 nM or 1 nM GnRH and
incubated for 6 h at 37 °C. Luciferase activity agesult of NFAT promoter activation was
determined afterward from cell lysates. Inhibitioh reporter gene activity was calculated as

percentage of maximal agonist-induced Luc activitye experiments were performed in triplicate.

4.3.3. CYP3A4 Inhibition Assay

Inhibition activity of CYP3A4 was measured by inatibg 3 umol/L BOMR substrate (Vivid
CYP3A4 Red substrate) with 5 nmol/L CYP3A4 derivikdm recombinant baculovirus (Life
Technologies) in the presence of jfhol/L of each test compound for 30 min at 37 °CeTh

conversion into resorufin (red standard of Vivid E¥A4 Red) was measured by fluorescence.



4.4. In vivo Assays

4.4.1. LH suppression in Cynomolgus Monkeys

Phosphoric acid salt of compouf#c (30 mg/kg as a base) dissolved in saline was asirated to
fasted castrated cynomolgus monkeys (4-5 yearsrold, 3) by a nasogastric gavage. Blood
samples were collected 0, 1, 2, 4, 8, 12, 24 athninistration followed by centrifugation. LH
concentrations in serum samples were measured WRatipoimmunoassay (RIA). All animal
experiment protocols were approved by Frontier &8@sce Institutional Animal Care and Use

Committee (IACUC).

4.4.2. Pharmacokinetics in Cynomolgus Monkeys

Phosphoric acid salt of compouf#c (30 mg/kg as a base) dissolved in saline was asirated to
fasted castrated cynomolgus monkeys (4-5 yearqictd3) by a nasogastric gavage. Blood samples
were collected 0, 1, 2, 4, 8, 12, 24 after admiaigin (anticoagulant : heparin).The internal
standard was added to h0 of plasma and then shaken for 10 s. Then, {il50f acetonitrile was
added and vortexed for 30 s for protein precitatit was centrifuged for 5 min, and 80 of the
supernatant was transferred to the analysis tub&@dMS/MS analysis. The mass spectrometer
was operated in positive ion mode. The HPLC coodgi were as follows: column, Shiseido,
CAPCELL PAK, C18, MGIIIl, 5 pum, 2.0 mm 1.D x 50 mNhobile phase, 0.01 mol/L ammonium

formate (pH 4.0)/acetonitrile = 4/6; flow rate, B.&1L/min; column temperature, 40 °C.
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- A series of 3-(2-aminoethyl) uracil analogs were synthesized as GhRH antagonists.
- Compound 12c showed highly potent GnRH antagonism with moderate CY P inhibition.
- Compound 12c exhibited potent and prolonged LH suppression in castrated monkeys.



