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10 Is invention relates generally to gonadotropin-releasing hormone

(GnRH) receptor antagonists, and to methods of treating disorders by administration of

such antagonists to a warm-blooded animal in need thereof.

‘Description of the Related Art

_ Gonadotropin-releasing hormone (GnRH), also known as luteinizing

15 hormone-releasing hormone (LHRH), is a decapeptide (pGlu-His-Trp-Ser-Tyr-Gly-

Leu-Arg-Pro-Gly-NH2) that plays an important role in human reproduction. GnRH is

released from the hypothalamus and acts on the pituitary gland to stimulate the

~ biosynthesis and release of luteinizing hormone (LH) and follicle—stimulating hormone

(FSH). LH released from the pituitary gland is responsible for the regulation of gonadal

-20  steroid production in both males and females, w‘hi]eAFSH regulates spermatogenesis in
males and follicular development in females.

Due to its biclogical importance, synthetic antagonists and agonists to

‘GnRH have been the focus of considerable attention, particularly in the context of

prostate cancer, breast cancer, endometriosis, uterine leiomyoma (fibroids), ovarian



cancer, prostatic hyperplasia, assisted reproductive
t herapy, and precoci ous puberty (The Lancet

woaishddds 1803, 2001; Mdl. Cell. Endo. 166: 9- 14¢T/2080)/021593

For exanple, peptidic GhRH agonists, such as

| euprorelin (pdu-H s-Trp-Ser-Tyr-d-Leu-Leu-Arg-

Pro-NHEt), have been used to treat such conditions.

Such agoni sts appear to function 5 by binding to the

GnRH receptor in the pituitary gonadotropins, thereby

| pelidel NBoditee npyerbiagial asshRdl FQkQRRAVOthagnadatr pietdttous pubert
Chr oni (r:]fggdm ni Z%é?%ti on of GﬁR%Iragoni sts £¥g‘;‘pl etlgef P Y
g GFzdbancepd §& 1 036l 303b 20QUekb!. \Cabviimdre §6f:-9tlds 200@. For example,
receptor, resulting i S r essi of sterqjd

BTG S aEoniHmasE 250 BOBrora PG RIS T el -l qurLon-Arg-
by | @ edeubh AbARRoR GRRCRbAIst r to functi
agmzﬁ?ls tjr/’\gltg ?eél%%eg dfga\/:t&n gont rast, C:%RH ant gdg%onisgtagpgarreo netion
bb ibawddiek, tooths URRIE Secepmdd che piphinsy gbnafotbhmsotherby inducing the
and thus have received the nost_ attentjan over tPe .
paxthesifoansk selepse of Tepnadetrepins o fdwepic tadaupsiratign, of GnRH agonists
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shiprakiba U siceaidnadridyndy Sl tbime pecib@aseime (dgnesethe order of 2-3
several peptidic antagonists with |ow histam ne
r vedsfolipwmgdnitipiéen Wa%éorb@@ﬁmmtmép@h ed, al t hough

they still st . be lj.vered via sustained deliver .
routes (suc H}J ﬁ%rftragtu 3%’5{% r‘?@gaﬁgmisﬁj il fblegﬁve r to@ HEPER %ég?adompms
SRbAYthe BH&,18d HuRIHa08 r2bRaY @ic Addt lattbdtion! dveV iR Wadftwb#Rcades. To
limtations associated with peptidic GhRH ant agoni sts,

adataustoer obfhe muinpeptobstiacles tnpisudhscah ave obsedh pitagsssstdhave been

Fqor . exanpl.e o et at. (J Med. .Che 41: 4190- 4195,
" e by doeboarriahijty b BT U el SRy (Sgtine release.
28GR E&E?a@b@ﬁticﬁ@%ﬂggd]ii§§ SvithHow- hiSiahnGi¥ reNase properties have been
5, 780, 437 and' 5, 849, 764 teach substituted indoles as

Grepbtted catthbagh tiey atitinneitsbe( deliveimdprib|susthiped Beliwery\foutes (such as
97/ 21704, 98/55479, 98/ 55470, .98/ 511%, .98/2@?1119,
oybsApGOUS oFCHPA(S infrAvasaf spreyhdie togwsfq ieayapebHityyo

96/ 38438 di ;055 th llﬁ%%b?é%éyg@&%%qgﬁ@w@}lmmﬂ antagonists, a

receptor antagonists; p 14682,
b & DR amgle RO 06BBodids daos deepupropbiade Bordexample, Cho et al. (J.
thienopyridine 25 derivatives as GiRH ant agoni sts;

olstli Siken. BEPS 90185/ 1988 7disdloses Bepol by blpyaglin-+ghgs for use as
?éég%l?%?epgcﬁtaag% ﬁllli'iksg@ts._Ut.S;:l]’g%ngWo@.@,?ﬁg%ﬁ%,%,@%ch substituted
indoles as GnRH receptor an’tagonists (as do published PCTs WO 97/21704, 98/55479,
98/55470, 98/55116, 98/55119, 97/21707, 97/21703 and 97/21435); published PCT
WO 96/38438 discloses tricyclic diazepines as GnRH receptor antagomsts; published
PCTs W097/14632, 97/14697 and 09/09033 disclose quinoline and thienopyridine
derivatives as GnRH antagonists; published PCTs WO 97/44037, 97/44041, 97/44321
and 97/44339 teach substitutéd quinolin-2-ones as GnRH receptor antagonists; and

published PCT WO 99/33831 discloses certain phenyl-substituted fused nitrogen-

- containing bicyclic compounds as GnRH receptor antagonists. Recently published

30

PCTs WO 02/066459 and WO 02/11732 disclose the use of indole derivatives and

novel bicyclic and tricyclic pyrrolidine derivatives as GnRH antagonists, respectively.



publ i shed PCT WO 99/ 33. 831. discloses.. certain..
phenyl -substituted fused nitrogen- containing bicyclic

woQ nads as GnRH receptor antagoni sts. Recen
s p g V/US2004/021593
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publ i shed PCTs WD 02/ 066459 and WD 02/11732 di scl ose

the use of indole derivatives and 30 novel bicyclic

and tricyclic pyrrolidine derivatives as GWRH

ant agoni sts, respectively. 2 WO 2005/007165

PCT/ US2004/ 021593 Ot her recently published PCTs which

dOsiek aseena9 TROUREE BOWs WIREH dUeRs@SofdpRithdsdHPERY §cSas GnRH
i ncl ude WO 00/ 69859, WD 01/29044, WD 01/55119, WO
oZtagepsspgincinde VHR/00160879, WA 39 (BH1 3V0 0 1X561 0B/ WOL®30! 3528, WO

a 3{1%1 ' Lo C ST have been

ngggyﬁget .sa%ﬁiﬁgéww@@b?@%aﬁg% Q§’¢1‘3§ ‘in the art

for effectiwhiisMinifidhhl SGHEEnLILhGRGR! ﬁrthis field, there remains a

ant agoni sts. There 1s also a neeg for pharnaceuti cal

cated as thel awnr effattbiersiml) seletul CORRE @egpbdoantagonists. There is also a

ant ?%oni ts, as. well as nmethods relating to the use

t &P 8% Phmpreutical gampositignp centaiging. figh reqeptos @ntagonists, as
A ] . i Lfi

oatjet RN 19SAL B 00 st MUE G Brenb b gl 385 gormone related

BRené#FoStMVBRY pfasent HiveaNDIN thiesbrreeds, dnli grovides other related

invention is generally directed to

gagﬁ%fﬁﬁgeisopi n-rel easing hornone (GhRH) receptor

ant agoni sts, as well as to nethods for their

preparation and use, and to pharmaceuti cal

RREEFSS UVONSRYADF THE MNVENeIame. Mre specifically,

the GnhRH receptor antagonists of this invention are

conpounds Hawhrsg thiseinventiosvisrggnemBy ghiresied| to sganadatuapén-releasing

PR S SE R B B o
¢, an 1B, phitirbacel?édl cBAPosifiths dBhtaitiag SsAd MAé ?px?.ﬁtli%ally, the

defi ned bel ow 20 The GhRH recept or antagonists o

15

20

iGnRdh treesmtdTaansagonists of this dnventimhdere compounds having the following
general structure (I):

)

including stereoisomers, prodrugs and pharmaceutically acceptable salts thereof,
wherein Ry, Rip, Ric, R2a, Rob, R3, Ry, Rs, Rg and X are as deﬁned_ below.
The GnRH receptor antagonists of this invention have utility over a wide

range of therapeutic applications, and may be used to treat a variety of sex-hormone

related conditions in both men and women, as well as a mammal in general (also
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range of therapeutic applieations, and may be used to
treat a variety of sex-hornone related conditions in

wbobbsgeissand wonen, as wel |l as a manmal in gepefralszoo4/021593

(al so 3 WD 2005/ 007165 PCT/ US2004/ 021593 referred to
herein as a "subject"). For exanple, such conditions
i ncl ude endonetriosis, uterine fibroids, polycystic
ovari an di sease, hirsutism precocious puberty,
gonadal . steroi d-dependent neop| asia such as, cancers

. 6? texrebtoghesein g @, “sulier aﬂf&xeva}ey suchqoRagoPs Bishiste endomemosw

ér}gllr g%}gld@dgﬁlggg@r ué\fa%%ﬂs @ h1‘r£ g{r]]lrag)lrgc(}?fg)gg 6Ruberty, gonadal

@wﬂﬁﬂideﬁé?hk!mt QOGP EAL egwch Ofs aﬁdcdmfcﬁr thd iprystdie,. Greast and ovary,
assisted repro uctlve t herapy such as in vitro
fgenadofrophg pl@nyary mﬁéenﬁo@nea, ipriplge |bﬁweh$}fnérpra¢,e>remenstrual

Surfiee heved fi)é%@%)%d koS chaRhEiin FhadpBHinyates., asisted
kéERSAITRVE ﬂﬁfaﬁ%ﬁ&?ﬁ@ if vlltkkpib?tll‘?ialf bﬁﬁ nﬁ{e%hﬁ)ouﬁ_&eof this invention are

conpounds are”also useful in conmbination with
ahzd nwefehss are sdjnnd do dreatoneng of gowdh dormemxidefividney tand gbond stature,

10 antip togens for the treat
brdbs P'B@T’@ﬂtg?ﬁs SGMG Py got %?Ft‘? gﬁﬂﬁgergﬂo% are also useful

| donfsh cQahi W .53 v
\gﬁzé)?rre |dﬁlﬁfb%r%ﬁ%ﬁﬁglégt% |n%%&rece% g‘?@ zﬁﬁ{ew&g&ns and
amdaggniceens fir the treatirent abeipddnotridsdy, fithaeds,radt inohtrafeption, as

uterine fibroids. In addition, the conpounds_may be
el s imcorahpation wish Wﬁoﬁpglﬂf?ﬁgb?mﬂ&?wah@!tﬁé [an angiotensin

gl?:g?{ﬁ rf Ql{t%é&?ﬁ;t Ene tamat (?1/09 o lfh%vﬁ‘%g&bgf uterine fibroids. In

anc C|un1 phat e an

agdiady | the Gdmpsithds mn@olﬁénu:mat 1hcdanw1ﬁdmoﬂ StittpBiRplfosphonates and other
progest erones and/or androgens for the prevention or

ppandy fosithe tratysat m%g%p@weﬁwo@foﬁaw&angﬁgﬁn@& egumy, phosphate and

d n her n
E’ﬁ‘i ’c"o{na-gi"usnd “gf‘"t‘%fe“t"“%aé’?gn ‘Wu’ %qu%‘%f’ oﬁ’“’% eﬁ%‘% tafs"{’j’r‘?’ fidrogens
tdiehe prRRhtion OF FRh@Renf Vi 3BAD1164s @Chjrpﬂgbﬁadapg§§;gﬁﬁns’isuch as hot
reduced interaction with the najor netabolic

ﬂn@yﬁémngwthmhey IvmhexGnliﬁHrmla,gomhts q/t ochronme P450

enzymes. S fam z

subt ypes C iif e§er1,1 égﬁ%‘z’gfl’bf“e a#%?lo? Hg& their GnRH
rRERbPLhEH mﬁfac@iW%S pR&st P¥ddised BREHaPEOE whheermajor metabolic
di sposition fro e body. Inhibition of 'these

enzymes in the liver, namely the Cytochrome P450 enzymes This family of enzymes,
which includes the subtypes CYP2D6 and CYP3 A4, is responsible for the metabolism
of drugs and toxins leading to their disposition from the body. Inhibition of these

enzymes can lead to life-threatening conditions where the enzyme is not able to perform

.. this function.

The methods of this invention include administering an effective amount
of a GnRH receptor antagonist, preferably in the form of a pharmaceutical composition,
to a mammal in need thereof. Thus, in still a further embodiment, pharmaceutical
compositions are disclosed containing ene or more GnRH receptor antagonists of this

invention in combination with a pharmaceutically acceptable carrier and/or diluent.



enzynmes can lead to Iife-threatening condi ti ons where
the enzynme is not able to perform this function. 25

wahesweilgeds of this invention include adm ni s{@fi8@0H8b1503
effective ambunt of a GhRH receptor antagonist,
preferably in the formof a pharmaceuti cal
conposition, to a mammal in need thereof. Thus, in
still a further enbodi nent, pharnaceuti cal '
conposi tions are disclosed containing one or nore GhRH
receptor anthRgoaHdstRerfspédid 8f tht MRALSPRill Pe FRIRINRBpdPFference
with a pharnaceutically acceptable carrier and/or
di theefoliowing\ieratled 9¢opties PCHiUSR) 04idR 15RRnTtrase sal fiorth herein
ot,her .aspects of e.inventigon wll pe apparent upon
RUEh 4RERES inmBre F%%/ﬁ‘%ba@%f%“ﬂéagﬂé%‘l& Bracssiures; gompounds
i for BOHposYfins ORI EERHIRADBS iRL . | Pei irehy
whi cﬁ deg%sri bé In nore deta I1 coggc{srgt%%ggg% gpgéﬁ&ﬂe“mtmty'
i nformati on, procedures, conpounds and/or

it and are each hereby incorporated by

5 ﬁg’éﬁmgﬁcﬁﬁ%ﬂoﬁﬁﬁ THEJNVENTHON | ED DESCRI PTI ON OF
THE | NVENTI SRt Led t Fesent,.
i nvention i3 di Pect edbgen’erﬂg‘{)%&{ﬂg mggﬁﬁoglu%gﬂﬁgg (generally to
@em@oinald odsefudi 48 - godhdatsd pig-rdleds Mg RorthionBRMGnREDERESor antagonists.
antagoni sts. = The conpounds of this invention have the
fle compawnds of it wvention)havriberfgllpwingetrnctre (D R6

Rla
O
R C
R4Y\N b
' I ' Rlc
 Rs—N
- S N R; '
X
R
'R2a ’ ‘
Ry '
10 (Y

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof,
wherein:
Ria, Rip and R, are the same or different and independently
. hydrogen, halogen, C;4alkyl, hydroxy or alkoxy, or Ry, and Ry, taken together
15 form -OCH;0- or ~OCH,CHy-; |
Rz, and Ry, are the same or different and independently |
B hydrogen, halogen, trifluoromethyl, cyano or —-SO,CHj;
I R; is hydrogen or methyl;
| R4 is pheny!l or Cs.7alkyl;
20  Rsishydrogen or C14alkyi;
‘Rg 18 —COOH or an acid isostere; and



R2b 10 (1) or a stereoisoner, prodrug or
phar maceutically acceptable salt thereof, wherein:

WBy dﬁjﬂg and R1 are the sane or di fferent andP T/Uszommzlags
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i'ndependently hydrogen, hal ogen, G 4al kyl, hydroxy
al koxy, or Ria and Ri b taken together 15 form - OCHZO
or -OCH2CH2-; Rea and R2b are the sane or different
and i ndependently hydrogen, hal ogen, trifl uoronethyl,
cyano or -SQ2CH3; R3 is hydrogen or nethyl; R4 is

phenyl or C3-al kylis ¢, 20kdfedlyd dﬁﬁgﬁﬂ@eﬁlb@ﬁmﬁh Wtk tom BSto 3 C,.
is -COOH or an acid isostere; and 5 WD 2005/ 007165

PCT/ USalgh£08p693 X i s Cl_6al kanediyl optionally
substituted with from1 to 3 Cl_ 6al kyl groups. As
used herein, the above terns have the foll ow ng

meani ng: 5 § OlefRkioH | é%%@étéi‘méhﬁ@é ﬂ@tfolﬁﬁﬁhgpﬁaningz

branched, noncyclic 6r cyclic, unsaturat

sat ur at ed aia,mhhﬂ”mhaaﬂramanigbn chaint & hiancheid; aontydio & cyclic,
carbon atons. Representative saturated straight chajn
a;msywt%@q spverated Aliphatice hydrpearbory, eepsginingntremy; | jto 6 car on atoms.

%ﬁ'(gﬁg}{ gtl {ﬁfﬁ\?ﬁ@d str%{@t Eﬂlag% ah!g{?s 1n\MUdle %&%UE@S’F ql—propyl n-butyl,

ncl

lxﬁﬁ&uﬁlymrhéx@l t aniduihg! like; S@]ﬁiﬁﬂ'ﬂsa’tbsat@h Brainbiged| hlﬂ’@ls include isopropyl,
Representative saturat ed cyclic 10 al kyl s include

cypcibopl.opgtiutyle geet-opk yf!oPefetybla@é dhe Yike. Represenative, sagiyated cyclic
sat

el i oGP, B BN o Py and e ikes whit
unsaturated cyclic alkyls include cyclopenteny] and cyclohexenyl, and the like.
Unsaturated alkyls contain at least one double or triple bond between adjacent carbon
atoms (referred to as an “alkenyl” or ““alkynyl”, respectively). Representative straight
chain and branched alkenyls include ethylenyl, propylenyl, 1-butenyl, 2-butenyl,
iSobutyleny], 1-pentenyl, 2-pentenyl, 3-methyl-1-butenyl, 2-methyl-2-butenyl, 2,3-
dimethyl-2-butenyl, and the like; while representative straight chain and branched
alkynyls include acetylenyl, propynyl, 1-butynyl, 2- butynyl, I-pentynyl, 2-pentynyl, 3-
methyl-1-butynyl, and the like.

“Ci4alkyl” means a stréight chain or branched, noncyclic or cyclic

hydrocarbon containing from 1 to 4 carbon atoms. Representative straight chain alkyls

include methyl, ethyl, n-propyl, n-butyl, and the like; branched alkyls include isopropyi,

- sec-butyl, isobutyl, fert-butyl, and the like; while cyclic alkyls include cyclopropyl and
 the like.

“Cs.7alkyl” means a straight chain or branched, noncyclic or cyclic
‘hydrocarbon containing from 3 to 7 carbon atoms. Representative straight chain alkyls
include n-propyl, n-butyl, n-hexyl, and the like; while branched alkyls include
isopropyl, sec-butyl, isobutyl, tert-butyl, isopentyl, and the like. Representative cyclic

~ alkyls include cyclopropyl, cyclopentyl, cyclohexyl, and the like.
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Unsat urated al kyl s contain at |east one double or
triple bond between adjacent carbon atons (referred

wd mosso7aés " al kenyl " or "al kynyl", respectivel orusio04/021593
I

Representative straight chain and branched al kenyl s

i ncl ude ethylenyl, propylenyl, I -butenyl, 2-butenyl,

15 isobutyl enyl, 1-pentenyl, 2-pentenyl, 3-nethyl- |

-but enyl, 2-nethyl-2-butenyl, 2,3- dinethyl-2-butenyl,

and the like;, while representative straight chain and
branched ‘alkyRuhediyIneddadle addiedl¥hteydalkyP FORY Mhich two hydrogen
-butynyl, 2- butynyl, 1l-pentynyl, 2-pentynyl, 3-

FHempp pre-taken f5em yssamegasbanhasonn dedrom diffsadricy lcarbonp atensa such as -

r ai ght chaj anc lic.or cli 20 .
S SRR g D e B i SRR LB 300 the ke
Repr esent ati¥sveat mdagbtmehsal k Wale , :
ethyl, n-prop eﬁ n- butyl , Hgn%hl‘?ﬁé%ﬁoe;bpgé%g#gg&nyIﬂuoro and
kgl s include isopropyl, sec-butyl, isobutyl
tert-butyl, nd t,he |ike: while cyclic alkyls include
cycl opr opy'iHYEFﬂi‘y FH:@“?T’(S@: "C3.7al kyl " neans a
strai ght chgidk qnegfl@n@_rteq_ﬁalggr}pycl ic or cyclic 25
hydr ocar bon containing from3 to 7 carbon atons.

Repr esent a0yam sheams gfiN.chai n al kyl s i ncl ude n-propyl,
n-butyl, n-hexyl, and the like; while branched al kyls

i ncl ude i S6pF &gylere” sweansy g | moietyo et yechibits rpropertip similar to
[ ; i ke. P tatiye cli.c ..al kyl
oPRBRA e AR A ol pRERSCRRE B Ko GrerSanid B Toan 7
Repkesentftiz0 200035/ Gébéftds PGTdn4s20044 424159 33H-[1,3,4]oxadiazol-2-one,
"Cl_6al kanediyl" means a dival ent G _6al kyl from which

.4 Toxpdiaggletrongt dedsdiydrorBidetltrizzsidtome, sl .2alrodiazol-5-one,

tﬁ%ﬁ?ﬁs&&?ﬁ@_&%f&%l %E{S%i%z ?#1%21231% substifuted’ with a
sulfeRC(deHEh dde - gromi 4 1 }2';141-d)d:ahﬁzofidiﬁé@,gedlanéﬁ{@,rﬁﬂfthﬁﬁfaﬁolidine—
chloro, brono or iodo, typically fluoro ' and

_BCShqh@p@_ imidgglhinge 2. Ardlians, -imidugolidinad23yrionee grnsrolidine-2,5-dione
and [gygrdlg%llegl,gjztﬁone. Acid isosteres also include -C{(=0)NHSO,NR,Rs,
-C(=0)NHSO;Ry, -C(=O)NHC(=O)NR;Rpy and -C(=0)NHC(=O)R;, where R, is
hydrogen or C,.salkyl and Ry, is C;4alkyl.

In one embodiment, R4 is phenyl and representative GnRH antagonists

of the present invention include compounds having the following structure (11).




"Cyano" neans -CN. "Acid isostere” nmeans an noi ety
that exhibits properties simlar to 10 carboxylic

wé%d%mo?igg whi ch has a pKa of |ess than 8 and pcrysaos021593
preferably less than 7. Representative acidi sosteres .
i nclude tetrazole, 3H[ 1, 3, 4] oxadi azol - 2-one, |
1, 2, 4] oxadi azol -3
-one, 1, 2-di hydro-[1, 2,4]triazol -3-one, 2H[ 1, 2, 4] oxadi a
zol -5-one, triazole substituted with a sul fonyl or
sul foxi de g Oppyher "EABEAIRNE URS L t O RtkyM AkH Sepresentative GnRH
sul fonyl or sul foxide group,
[ahfa@pHifts of st presint divestiGn Scliidorvempounds having the following structure
[h¥2,4]-thiadiazolidine 15 3, 5-di one,
i{Mdazol i di ne- 2, 4- di one, inidazolidine-2,4,5-tri one,
pyrrolidine-2,5-dione and pyrrolidine-2,3,5-trione.
Acid isosteres. al so include -C(=0 NHSO2
- Q(=0) NHSQZRb, - C(=0) NHC(=0) NRaR
where Ra is hydrogen or G . 4al
In one enbodi megd,,alR¢NLS pheny! dserPative
GnRH ant agoni sts 20 of e Pt [ [
conmpounds havi ng the,follow ng styuct
(1) WO 2005/ 007165 PETASE 4021598, 5 In anot her
enbodi nent,, R4 is C3_7alXkyl an repré%entative GnRH
antagoni sts of the present inventiamnclude conpounds
having the following stcture ( B2b In nore
speci fic enbodi nents of structure , 23 _7alkyl is
a straight chain or branched C3aal ®yb_such as

5 isobutyl as represented by structure (3%0, or is a
cyclic C3_7al kyl such as cycl ohexyl as represented by
structure (V): 10 (It1)

In more specific embodiments of structure (IH), C;salkyl is a straight
chain or branched Cs.;alkyl such as isobutyl as represented by structure (IV), or is a

cyclic Cs.alkyl such as cyclohexyl as represented by structure (V):

10
Rla
0
Ry
N
44\ | R, _ N
Rs—N _
1 07 N7 Ry Rl o
¥ _ X
I
Rz, | Rz,
Rap Rap,
avj V)

. In another embodiment, R, Ry and Ry, are hydrogen, alkoxy and
halogen, respectively. A representative substitution pattern includes 2-halo-3-alkoxy-
15 phenyl.  Representative alkoxy groups include methoxy and -ethoxy, while

representative halogen moieties include fluoro and chloro.
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Rbl ONR3 10 R5- NR5- NR2b (V) R2b In anot her
enbodi nent, RE,,, R b and Rl, are hydrogen, al koxy and

whadosgenes respectively. A representative substpctiaid2003/021593

pattern includes 2-hal o-3-al koxy 15 phenyl.
Representati ve al koxy groups include nethoxy and

et hoxy, while representative hal ogen noieties include
fluoro and chloro. 8 WD 2005/ 007165 PCT/ US2004/ 021593

In an alteynative enbodinent, a Ri.b taken

t oget her f BY9R 2ltsengsits gﬁ%t’glﬂ@ ﬁﬂkgﬁéq@?rb%’if(.’"q ROCH20-
a Lt Bar,& i , Rea and R2b are hydrogen

f?& Fuo?&ﬁe?ﬁ@ﬁ,gﬁﬁglogen or -S2CH3. A representative
substi t ut i bnapfatther enbadiineste R,R2ad 8y, et dgdrogan, triflicnemethyl,
2-position and R2b as h{drogen, trifl uoraonet

I
halpgrpedt oYOCtopomepratentafiye subsﬁaéioeimﬁ?mpw@ﬁ%% Rya as halogen at

BEPSAARR o 16 46,4025 MR, gy SO e o
pbdi2e2CH2CH2- . The conpounds of the present invention

may be prepared by known 10 ogganic synt hesi s .
t echni queskurthes |eghodimaente inplids dhascgwhereimpBe 1§ B gpmrethyl; Rs is

L _in the | e I eral st yunds of
T W N e e
reaction STheBHpoyHds o e PréschtufSehiicieffa§ W Prepsred by known
defi ned above unress i ndi cated ot herwi se. 9 o
organic synthesis techniques, including the methods described in more detail i the
Examples. In general, the compounds of structure {I) above may be made by the
following reaction schemes, wherein all substituents are as defined above unless

mdicated otherwise.
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“case

WD 2005/ 007165 Reaction Schene .1 R2b
PCT/ US2004/ 021593 An appropriately substituted

wbehdRihicki | € may be reduced using an 5 approppirais®i04/021503

reagent such as borane in THE to the corresponding

am ne and then forns urea 1. Cyclization with a
reagent such as di ketene gi ves conpound 2 which nmay be
brom nated with brom ne in acetic acid, '

N- br onobsucci ni m de or other brom nating agent to give
conpound 3. Al kylation gisredon-3elsmedd 4 and Suzuki
condensation-wth a boronic acid or boronic acid
ester gives conpound¥B, Deprotection of theQprotected
10 amine using a typical reagent (such as

tIN€L| uogoaceti c addd WHnet hyl ene chl ori |n the

BOC group) gives conpound 6 mhl

¥ "condensed an 10 WO 2

conditiornd to give a conpoud of fornula 7.
possible to alter the order Bf the various red
am nation, al kylation, brom nation and Suzdkl
condensation steps to give conpounds of the preseRy,
invention. 5 Reaction Schene 2 In a variation of
conpound 4 under
conpodnd &rwhi ch gnder .Suz

i cgpditions gives
c 6. The -§¥ grovp ngy be adggajb/\‘
Iat on, reduc am at” n or othﬁ act
Nommyund 7. 1 mg07165 ea
- prot prot

ge

Roa

ﬁ/\ k. Y\ k.

@r @

An appropriately substituted benzonitrile may be reduced using an
appropriate reagent such as borane in THF to the 'corresponding amine and then forms

urea 1. Cyclization with a reagent such as diketene gives compound 2 which may be

‘brominated with bromine in acetic acid, N-bromosuccinimide or other brominating

agent to give compound 3. Alkylation gives compound 4 and Suzuki condensation with
a boronic acid or boronic acid ester gives compound 5. Deprotection of the protected
amine using a typical reagent (such as trifluoroacetic acid in Inethylehe chloride in the

case of a BOC group) gives compound 6 which may be alkylated or condensed with an

10



PCT/ US2004/ 021593 [a R)b 9 Substituted phenyl acetic
acid ester 9 (made formthe corresponding acid 5 or
wersoesed) and reagent such as di met hyl f or mawicaars2004/021593
di met hyl acetal are condensed to give 10. Cyclization
with urea gives a conpound of formula It Al kylation
using, for exanple, a substituted benzyl brom de
gives 12 which may be al kylated with an appropriate
al kyl halide, undergo a M tsonobu coupling reaction
ali¢hydaviamdoaprel ahaatial omhl&ﬂiqnsctb giens tcompbimdaofrésylobt @ It is
or sulfonate to give 5. 10 The conpounds of _the
posaiblento aliey e ‘PTGPF plathe g}’éﬁ@\’%fqdyctb‘@ apinpiions @liylatione bromination
nds
g Bl GR35 LSRRG e ek AOSRRNCS
base addition salts- Acid addition salts of the free
am no conpounds of the present i nvention may be
5 prepared by nethods welBeagignpchemetzne art, and may be
formed from organi c and inorganic acids. Sui tabl e
organi c aci include malefic, 1.5 fumarie, benzoic,
asgor bi syeci njze, met hanesul foni ¢, aceti c,
trifhy6roatetne, oxalic, RpopieqQictltargaric,
salicylic, citific, gluconic act ift, ndel i c,
cinam ¢ agpargi c, st earRLNﬁayL al ycoI ic,
gl ut abeec, and beﬁzenesul f orfi ¢ a6 ds'N"SuRt abl e
i norganic ackd cl ude hydrochlorilc, hydrobronic,
sul furic, ghos ~ Jse 12 WO
2005/ 00716 FALE (sRj.ncl uded
those salts that fogrmw th the carboxylat® ani on and
include salts forred with organic and ingganic
cations such as those chosen fromthe al kall and R
al kaline earth metgs (fo xaarrpl e, lithiumgsodiuf
pot assi um nagnesi 4 b calcium, jas we
t he amonR atith_subsd uted d&siwa :
(for exanple i beifzy! amﬁml um benazy

R]c
2- hydroxyigt—riy]-l N and the I|R§TN o N~ R
2 ; ) 3 );{ 3
_ R,
R?a ) R2a
6 7

In a variation of Scheme 1, compound 4 undergoes deprotection to give
compound 8 which under Suzuki conditions gives compound 6. The —X-R¢ group may

be added by alkylation, reductive amination or other reaction to give compound 7.
10 , _ :

11
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Thus, the tern1“pharnaceutical|y acceptable salt" of
structure (I) is intended to enconpass any and al

‘nggﬁﬂﬁﬁgge-salt forms. In addition, prodrugs 3r¢a’b&iSn21503
[ ude

I nc within the context of this invention.
Prodrugs are any coval ently bonded carriers that
rel ease a conpound of 10 structure (lI) in vivo when

such prodrug is administered to a patient. Prodrugs
‘are generally prepared by nodi fying functional groups
in a way such that the &é&ﬂmusaﬁgagé i s cleaved, ,

ei ther by routine manipulation or in vivo, vyielding
t he parent conpound. Prodrugs
conpounds of this invention

sul f hydryl Rs are bondeg(to i up that, Ry,
adm ni{@ter ¢ g a patient ocl ey 2 to formyhe>

hy.dr ox} oRusul f hydr yl Fhus,

r epIcE g exanpl es of “pf Oogrugs i ncl ud t

not limted to)'acetate, forpate’and benzoate
derivatives of al cohol ang am ne functional gr ppips of
t he conﬁ%unds of structure ?I). Further, in the " case
of a carboxylic aci , esters may be enQJoyeo
such as nethylO q{hyl esters, and the Ijke.
Wth regard tglsterleQigbmdrs, the compau of

structure R,Chiral centers gnd ngty oglcur R,,
as racenate ¢emic mxtures and ap--mi vidua
enant i one orNdi agt er eoner s. AT "such ilsdderi ¢ f oRps

thin the present inventi®h, ind| ud
ernore, sone of the crysta
fornms of thelZo

@- of structure (1) may é&xi S|t
pol ynmor phs, whi chi~a¢ i ncluded in the 25 present
invention. In additign, sonme of the conpounds of
structure (1) may also form solvates with water or

ot her organic solvents. Such solvates are simlarly
included wthin the scope of this invention. The
effectiven t . :
ant agoni ot Sogsied pAFRRRACaGE cAel BaiERTRL AL comesponding acid
e phhape@pandAssgnt bahhasi dithesthyWeirharkide dimethylabetalf arelcdndensed to
30 include the use of cultured pituitary cells faor. .
BR i Gieslicmom with p{ﬁat%)ve(svaqog}@pngp_f formiyla 11. Alkylation using, for

example, a substituted benzyl bromide gives 12 which may be alkylated with an

are incl uded
m xtures thereo

appropriate alkyl halide, undergo a Mitsonobu coupling reaction with an appropnate
alcohol, or react with a mesylate or sulfonate to give 5.

The compounds of the present invention may generally be utilized as the
free acid or free base. Alternatively, the compounds of this invention may be used in
the form of acid or base addition salts. Acid addition salts of the free amino compounds
of the present invention may be prepared by methods well known in the art, and may be
formed from organic and inorganic acids. Suitable organic acids include maleic,
fumaric, benzoic, ascorbic, succinic, methanesulfonic, acetic, trifluoroacetic, oxalic,
propionic, tartarc, salicyli.c, cifric, gluconic, lactic, mandelic, cinnamic, aspartic,

stearic, palmitic, glycolic, glutamic, and benzenesulfonic acids. Suitable inorganic

- acids include hydrochloric, hydrobromic, sulfuric, phosphoric, and nitric acids. Base

12



WO 200. 5/ 007165 PCT/ US2004/ 021593 Endocri nol ogy
91:562-572, 1972) and the neasurenent of radioligand

wdooslrges 0 rat  pituitary menbranes (Perrin erTals2e04/021593

10

15

20

25

30

| cdbss pb psiathoxyliagkid 6 !
' ﬁ)%]:%%genasdethglﬁggstl on, the glands are further digested

Mol . Pharnmacol . 23:44-51, 1983) or to nenbranes from
cells expressing cloned receptors as described bel ow.

O her assay techniques include (but are not Iimted

to) neasurenent of the effects of GnhRH receptor '

ant agoni sts on the inhibition of GaRHstinulated
afdittinugalth includedoighst sdlisabatdbrm phthaphcirbegidtohnion and include salts

hydrol ysis, and the circul ati ng concentrations of .
el stithoprigaric and tipereanig caHensesugh  arghosersdesn femothg abfali and

t L hni S . L. Ss: ' . .
S AT s A o
$abGhf), I WAAAS SaYam@biuinen AR Sl Al deBilativiel €hereof (for example,

effectiveness of a conpound as a GhRH recept or .
dihengylamimenifig| | kenzylagmonhinhi t2-kysdrofyethykRmmenivmg, atndy they like).

el ease Sui t.abl e GhRH .ant agoni.sts e .capable of . .
Ty g (0P ¢ REBPSRIF P Hera: of QIRpLgrs @ is intended to
én%&ﬁlﬁﬁﬁran?ﬁﬂd aNhaepRbrisHl f@glsl vities associated with
GhRH. For”™ example, inhibition of GiRH stinulated LH
rel ease i nini avditiem, eprodtugs nary e nveludede avithire dbe diontgxt @f this
the method of Vil chez-l\/ﬁrti ngzlv& ndocr i nol o%)é d of
iggentipBo. Hrpduigs pgy 85y c¥aeiteporrled (GRES that Jeiegsg, 2 Gpgpound o

RGeS )alﬂuﬁim%eﬁysuﬁﬁ %ﬁ% ied@nitisten ed aﬁg?tﬁﬁRH Prodrugs are

antagoni'st in saline o r surtable for ation by

. genedallg Prayesd isumodifang Gurstiona) geadpison a veay such tleay éheomedification

injection. This is foll owed by subcutanequs jinjection

igfcleayed, Hihehrmovneomonipplation iordr vig; yiejding tha parenfr ¢quppound.
I Wl ' t ' I i .

SR B 28 QB IEL S0 SFE LI SRR e o

Sifhodigt gebupd asvands! B3Ang eerupdhat whe® adininistdrkd to a patient, cleaves
deternmination of the concentrations of LH and/or FSH

tpyform Jhe dydiontoamar (MBSl sieupy. FwsAppESeRptive examples of

- Pituitar | ture . i o
PAﬂ‘ﬁfgg? g}c\{“pdlgte(lg!ﬁt é:‘:éynog |llgnr1]§23(§} géeé%,%ﬁ‘gg %?frf %r%ﬁio%te derivatives of
 alcohBE knd hdirke SRidtRInARFragpicof thesbMpoundt Sf siektireql). Further, in the

harvested gl ands are digested with coll agenase in a
0%8, gstersHpay be Imployeds sush as methyl esters,

TS, an

With regard to stereoisomers, the compounds of structure (1) may have

chiral centers and may occur as racemates, racemic mixtures and as individual
enantiomers or diastereomers. All such isomeric forms are included within the present

invention, including mixtures thereof. Furthermore, some of the crystalline forms of

the compounds of structure {I) may exist as polymorphs, which are included in the

‘present invention. In addition, some of the compounds of structure (I} may also form

solvates with water or other organic solvents. Such solvates are similarly included

- within the scope of this invention.

The effectiveness of a compound as a GnRH receptor antagonist may be
determined by various assay techniques. Assay techniques well known in the field

include the use of cultured pituitary cells for measuring GnRH activity (Vale et al.,

- 13



neuram ni dase for 9 mn at 37 C. The digested tissue
is then washed with 0.1 % BSA/ McCoy's 5A nedium and
wbheoswasdsed cells are suspended in 3. % FBS/ 0. pCT/US2004/021593

BSA/ McCoy' s 5A medi um and plated onto 96-well tissue
culture plates at a cell density 14 WO 20051007165
PCT/ US2004/ 021593 of 40,000 cells per well in 200 [il
medium The cells are then incubated at 37 C for 3

of an GnRH ant agoni st, the_ipcubat

days. For assa eq.
brsinalogs $1 54150 HER And Hh ISR ey T Imding to rat

medi um once. fQl | owed -by, bt fyat f3ecqt I
ARtetY TR oahr e Bori P Phir el g T Is TRRG R, Hombranes
frdin tdel1P lekSraisgngMBlohed récapiors asnakgribed dehos ayrhkradssay techniques
5-dose levels to generate a dose-response curve for

ideltde ribwtatreonobflimikd tPomeasyyernentt e the alisrisi oh GIRH receptor

o g BB QML s o goon of

10

15

. 20

25

. ﬂé}%@’;ﬁbi&%ﬁ%}@?&é&%&, dnaHhe REERLEE: cditb@rdtidas GBGbHAouSpins in the

et’erm ne Menbrane Bi nding Assays | 10 Cells
cabtadié ynimal. Desaniptions bfthese wolsfiguesethe\siynthessh ffradedelpiask ligand,

FEC RTINS
8853551 of VEN R G Rl SRR

centrifuged (20,000 x g for 30 mn, 4 C) to collect

the menbrane fraction. The final nmenbrane preparation

I : Sepdestpwawingt Recdef f er (10nM 15 Hepes (pH

7.5), 150 9 -ohcific bindi
Lo o RS o SR o o i

MIGhRECtERE R6cpt® bnd iahtapahizing dtiditeesassesiiiby with ttnRH.  For
pol yet hyl eni m ne coated G-/ C nenbranes. The reaction

axemple; inhéhition b GaRH signulatedbibreiensy omimpatpregalsi A3y e measured

130 .ul  bi pdi ng, buf f t 0,500l 12517 - |
e Golle) En0S miov it P oy ok T3R8, 1979)
Bhict¥2ERY-RRNESN IR hiah Spraf i€ DAV 1L ¢ iaftN adrfinistered an GnRH

=2

termnated after 90 m nutes by aPp_I i cation of vacuum
ambgronis i nglip@Xr wiheh sughbls pfeamalabion f ey egels gayage, subcutaneous

igi(%gt‘ri]fgq, {t)?g%t?agr%ﬁéu\élih%ctlign. This 15 ?(glo%édr&%' sgu%}st\ﬂgktlious injection of 200

ng GnRH in 0.2 ml saline. Thirty minutes after the last injection, the animals are

decapitated and trunk blood is collected. After centrifugation, the separated plasma is

_stored at —20 °C until determination of the concentrations of I.H and/or FSH by

radioimmunoassay (see below.)

- Rat Anterjor Pituitary Cell Culture Assay of GnRH Antagonists

Anterior pituitary glands are collected from 7-week-old female Sprague-
Dawley rats and the harvested glands are digested with collagenase in a dispersion flask
for 1.5 hr at 37 °C. After collagenase digestion, the glands are further digested with

neuraminidase for 9 min at 37 °C. The digested tissue is then washed with 0.1 %

- BSA/McCoy's SA medium, and the washed cells are suspended in 3 % FBS/0.1

BSA/McCoy’s 5A medium and plated onto 96-well tissue culture plates at a cell density

14



counting (Packard Topcount) or by-renoving the filters
fromthe plate and direct gamma counting. Ki val ues

war@soadigl at ed from conpetition binding data #@/Muo;ﬁozlsgzs

10

15

20

25

non- |inear |east squares regression using the Prism
sof tware package (G aphPad Software). 25 Menbrane

Bi ndi ng Assays 2 For additional nenbrane binding
assays, stably transfected HEK293 cells are harvested
by striking tissue culture flasks against a firm

8£140,00@ célRthee Olellas OO 1 BediRNt Thé HARLAr® heRtindBARY Gt BPPC for 3
5 mnutes. Cell pellets are resuspended in 5% sucrose

fayswdjop esBy 06 71 E5REGM2s5pG04ho tElaederdlshonbigt wasted with 0.1 %
i lytron. h i two. 15

E500 0814 RO ETRIE RS B b S Bl pmrte s 1

CaRH irf 20e0 6.9r% BIN/MECRS'sHA RAMKY ird ﬂiall%gﬁewﬁengu %’r@h saple is

and the supernatant is subsequently centrifuge
pisavadest Hdose4]e@EiSg geocrats] 4 dote-respansarmbveafe detemmiriaton of the

* BUFRG 0% €4 o ke HARTIED H nder Sl iont Ater 4
- 1BFation 097 2C1 HGhéti@hSs hs%éiécﬁ%rgd e 1@%@8&51%%;' FSH secreted
- . ro cont ent

liquid nitrogen and stored at tein
wito theenadi@mb issdutermsnegldgrRiAon i's determ ned using the
Bi o- Rad protein assay kit (Bio-Rad, Hercules, CA).
Competitive radioligand binding assays with nmenbrane
tH; r erformed in MIIlipore 96-well

|e fié Hindine A5 SIq'th G/ C menbrane filters which are

10 pre-coaCelth stabliy @O@arblendy, Pankféechdl Wik [OHRIDEdeP@r expression
(Sigma, St. Louis. MD. Prior to use, the plates are

vegitie aresheryipsted, perospsndeds it Y4 wiceese sali hoenagohiaed vsing a polytron
l{l\:(/gn%%: mglh gszgts%csg Nﬁllrco ii%‘r?fl "5; : vréﬁ'l}% C?l ! g{,}ﬁ)&;ﬁ@%@ )% g for 5 min.),

drdaBPiuPetnatint k2 efiriguded (20,800 k @IBPI®F, 43CH & 8618Dt the membranc
wel | s together with 20 p.l of conpeting [I'igand at

- Rpagtignin g%ﬁeénmﬁ@bra@ﬁszremhgiom wdiengpesledtindnndisg buffer (10mM
di t,i f digligand (0.1nMjn.50 . .
e B G S, SR AR SR G M i

1BicHeRedre p&Forld Th M MAllPoR! Mul B RSNGK et A1t @M Dlate: assembly
y

tenperature and then termnated by placing assa
witla pelyethy lenivhing icpated GRIEumembenis. oTle (réddtibh poigtiated by adding

mabInd (g pBRRL 52956 % HRing buffer) to 50 ul of [*I]-labeled GnRH
peptide (~100,000 cpm) and 20 ul of competitor at varying concentrations.. The
reaction is terminated after 90 minutes by application of vacuum and washing (2X) with
phosphate buffered saline. Bound radioactivity is measured using 96-well scintillation
counting (Packard Topcount) or by removing the filters from the plate and direct

gamma counting. K, values are calculated from competition binding data using non-

 linear least squares regression using the Prism software package (GraphPad Software).

Membrane Binding Assays 2

For additional membrane binding assays, stably transfected HEK293 -

-cells are harvested by striking tissue culture flasks against a firm surface and collected

by centrifugation at 1000xg for 5 minutes. Cell pellets are resuspended in 5% sucrose

15



sol vent, and washi ng wel I's twice with 200 p.l ice cold
phosphate buffered saline (PBS). Filters in the wells

wangsg@syed and counted in a gamma counter. Kpcyald®o2ises

10

15

20

25

are 20 calcul ated fromeach conpetition binding curves

usi ng non-linear |east square regression and

corrected for radioligand concentration using the

Cheng- Prusoff equation (Prism G aphPad Software, San

D ego, CA) assunming a radioligand affinity of 0.5 nM
Ne@nhdfnogentzde usitigea Galydtonaicitbdenidt tthetvanl bl segomdf héhegenization

mean of the pK, values for each receptor |igand pair. )

2senne (st homoBerienaye fiss ppatridumddbr § mipues ﬂfe%@@ﬂg Ewawve nuclei,

GNRH, receptqr RBL cells are grown to..confluence. e

2, e am s i s oM SR b 2pER e R 0000 o cotlect

QRE héfhtirine PRBRn. ARahéthbRne Qb1 i8 r@ﬁh@a}ﬂ@d Bﬁ@nﬁ@binding buffer
iC

My++ free) is added to the plate wh is then _ _
i (A0 wivelt FBPES, 37 7C, 160 nid Na@l, andel. ) %oBie) aiird hlgphgtsdarh ymmediately

gentl.e rappj.ng.of the 16 WO 2005/ 007165 .

Petr-8ato ) a8 gragen apd st %—eéq gg-a?’éote& qogtentgf thgmembrane
. i g i K . f 3.

SRUHEL IR ool R oy gl s o)

(1.5 nM KHAZR@MpetBive radbliddad HRtding 2ssayswitK@iemtame: fri8farations are

nv NaCl I ted wth 10 nM 2.2 MM EGT .
mqif?nae%rf Miiere) 90-wel [iwgfignopiates %&GB@ mmwel@teﬁfgwhwh are

]k I 5 L.g: . ap .
SHRSEREY SR 0,4 S R gl SETRUENED, prioo e
dBd piases Ar€ waseaviEd with stReblidté balitrco Ralate sbAQ@. fMembfine fraction
mn at 4 C_ The cell nenbrane supernatant is_then

derienR K Jjeding tbuiist §bBh nhsentaidng 3 uia preteindpb buman and macaque
pellet is.,resuspended in as buf f,er. a h ' .
BRcepfs B G B RERES ora s AL B PRfo VAT i hmpeing
ARAGE N Ak iRE oAt A8 MTHRbidding Oreh AR nCROMRSAL® bY! Athlition of
Protein Reagent kit 10 (Pierce, Rockford, IL) using
redivhigandd P mvhinbithithGaR Hebindiag buffer.) The reastipeissallpwed to proceed
i guot.ed and ored at -80 Cuntil, use. Titrati.o 3
30 318 st RlsThaRp SR of Fowb e ePherotel dih et fpiGited by placing
Cﬁ%ag:ﬁﬁv\tgﬁiﬁx :]; Pﬁgﬁ!&é DRy RLRHHAROARIEE, A datd! MAR adpirating the
gsolerent, and washing wells twice with 200 pl ice cold phosphate buffered saline (PBS).

Filters in the welis are removed and counted in a gamma counter. K; values are
calculated from each competition binding curves using non-lincar least square
regression and corrected for radioligand concentration using the Cheng-Prusoff
equation (Prism, GraphPad Software, San Diego, CA) assuming a radioligand affinity
of 0.5 nM. Mean K; values are calculated from the antildg of the mean of the pK;

- values for each receptor ligand pair.

Membrane Binding Assays 3

Stably transfected human GNRH receptor RBL cells are grown to
confluence. The medium is removed and the cell monolayer is washed once with
DPBS. A solution of 0.5 mM EDTA/PBS (Ca™ Mg"" free) is added to the plate which
is then incubated at 37 °C for 10 min. Cells are dislodged by gentle rapping of the
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concentration. UniFilter GF/C filter plates (Perkin-

El mer, Boston MA) are pretreated 15 with a solution
w®oSodYepol yet hyl eneimne in distilled water searus3fos/o21593

mnutes. Filters are pre-rinsed with 200 | per well of

PBS, I % BSA (Fraction V) and 0.01 % Tween-20, pH =

7.4) using a cell harvester (UniFilter-96 Filtermate;

Packard). Menbranes are harvested by rapid vacuum

filtration and washed 3 tines with 250 | of ice-cold

Badkk eThe caBSire Colbtlai bne palietél byptdntrifGgdtion #01880€ ford0enin at 4 °C.

air dried, 50 | scintillation fluid 20 (M croscint

20;
Pag lesh apellies 1y dbery resaprendede ip| tardier | [REMI(E-Sr 8 1lpH2PO4, 8.1mM

MR oM S 48 R meP SR vl 8f SR o MG 2
BGTHEHHET. it NEORPMIHERESis (RAGEMNAR) usiaBS frekufd cell and

BSA, pH=7.5. Menbranes are incubated with 50 pl [12511
#ipdEng Dl Tatro pEsfiEE 00 900 fom30 noorat éintC.atimmykeanetiis G larger

f. small nolecule 25 c etjtars. at.concentrations
JebrBierP gt 35 GNTage 140 Jof A BT 967 chro 14 ‘el epembrane
Wkhnafiht 290hén bMARRRH 8N35 806, GAAT 16 re@liting Aherdbiafic Fellet is
roomtenperature. The reaction 1s termnated by rapid
fesdspemted o assey b@HEC ahd Hoarogemizedpoavicousing dasssué heohogenizer.

Curve fitting 1is perfornmed using Excel Fit Software )
{otsifs conerBirgRAns| e d@&wmgﬁ SSRE P CRodassie PlusPeigiadieaeent kit

' t hod : R £ n

RS R0 it S0 i) SBREl £ ARG The pelles are
Lo 1dP200 4t6r2d 20 3R3KAC watit @s@f Tarafioll dnalysish@ing a range of protein
radi ol i gand which was previously determned in
waretipphdetginiache oppmal piokiR congentratiqn te heebsing epeyell final

ine the inhibition of GaRHstinmulated cal ci um

%?‘ﬁ%ﬁlltaﬁggel s 5 expressing the human GhRH receptor, a
96-wel | pl@hiFilies GRREARtr W4ty [RBIkif Slmsr, BRRINYMA ) are pretreated
transfected with the human GhRH receptor at a density
with ggolgion e&P 5% pedyetheaepiminednaistilled water fein3 bménigsg Htilters are

_ 'p%-ﬁng%qa&rmdﬁdpefr %[elll or}rPE%, 132 B%A ?F}agtleonf 9’5 'a:?&“ ot % Tv.veen-20,

pH = 7.4) using a cell harvester (UniFilter-96 Filtermate; Packard). Membranes are

harvested by rapid vacuum filtration and washed 3 times with 250 pl of ice-cold buffer
(PBS, 0.01% Tween-20, pH = 7.4). Plates are air dried, 50 ul scintillation fluid
(Microscint 20; Packard) is added, and the plate is monitored for radicactivity using a
TopCount NXT (Packard Instruments, IL).

. Binding experiments are performed in buffer containing 10mM HEPES,
150mM NaCl, and 0.1% BSA, pH=7.5. Membranes are incubated with 50 ul ['°1]
His’, D-Tyr* GnRH (0.2nM final concentration) and 50 gl of small molecule
competitors at concentrations ranging from 30 pM to 10 pM for a total volume in each
well of 200 pl. Incubations are carried out for 2hrs at room temperature. The reaction
is terminated by rapid filtration over GF/C filters as previously described. Curve fitting
is performed using Excel Fit Software (IDBS, Emeryville, CA). The Ki values are
' calculated vsing the method. of Cheng and Prusoff (Cheng and Prusoff, 197'3_) using a
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with 20 nmM HEPES, |0%BS, 2 pM Fluo-4, 0.02% pluronic
acid and 2.5 nM probenecid. Cells are washed 4 tines

w?"zb&;dﬁ%%@ buf fer (Hanks bal anced salt, 20 nmM }@T)ﬂ'ég’dfa@mzh%

M probeneci d) after | oading, | eavi ng 150 |
well after the last wash. GiRHis diluted in O. 1%BSA
cont ai ni ng FLI PR buffer (Hanks bal anced salt, 20 nmM
HEPES) to a concentrati on of 20nM and di spensed into a
96-wel |l plate (Low protein binding). Various

HaNGS0E bavITaNSs R fthe MdRdIahS wihidl P pRRAIRE dédlerthidedn saturation
BSA/ FLI PR buffer in a third 96-well plate. Measurenent

dindingiorpssuenise due to GhRH 15 stinulated (50 | of
20nM or 4 nMfi naI) Cam flux is perforned according
to manufacturer's instructions on a FLIPR system

%ﬁgﬁh@g&,@ﬂ #es, FLIPR384 system Sunnyvale, CA)

ofTowm ng a I-mnute incubation with 50 Al of

ant agoni st Tat detaminathe thitegor nﬁﬂnﬂit-stnﬁhkasqdhaﬂq:iomi flgt 1n cells

hydr ol ysi s assay_20 The ocC |s modi fjed fr

ﬁ%mep%%/%g]edm y Wezﬁ:gua gg -wgll platejis 3¢ S ghﬁg]L cells stably
Y%

it a%égt&{l with ?%@13%%1%% r%ﬁe%@r at %‘qg&gtb' of 58%‘60%@11&/?@1] and allowed

W th ceptors are

S@Eﬂk&ﬂi dvﬂnﬂght\l\léje]ls ﬁe&bz&&déﬂ)r Ehrdle B2 °C)in the ﬁﬂ@wﬂgﬁﬁedmm DMEM
cell/well for re washed once w

s 2 1R R Mo b FDoroo R prec 4 and 25
t . of
et (ol HecPihediac heloh Wit Bkt IRl Pt e, 20 v

MES 4 oMM GrobetciaMatieP Radind, feaMp BHOIADPSEThe w@'Maﬂer the last
MyGl 2, 1 mMCadl2 and 0.1 9BSA) and treated with

martsh vEnRiRe dilpedin 6d % BSAreentanias GLITR bum’:lt (rlagks balanced salt, 20

ALAEPEREio 3 Ratiiagon st RRE d ERSRaRt it et el plate (Low
é%t@im Bﬁ{dm/ggzig%%oﬂg éo&exﬁt?d’tloillg (yioaﬁ&%&ln@@7§n@:5 Krep_m;:g in 0.1%

CT/ US2004 30m n and | oaded on a Dowex
BIARBIPR\sfivedn atidrde%aitvet] pldte.n Measurerapmordiflmordsoenea due to GnRH

and 0. form.. acid. ' .

§€qnﬁ%-tq]ﬂ1 g’l}q #h of 20&,(:'01' TheMe tifll?i'})eCéiﬁ ﬁl%y r}g ep%rflornmgd according to
manufacturer’s instructions on a FLIPR system (Molecular Devices, FLIPR384 system,
Sunnyvale, CA) following a l-minute incubation with 50 pl of antagonist at varying

concentrations.

Phosphoinositol hydrolysis assay

The procedure is modified from published protocols (W.Zhou et al;
J Biol Chem. 270(32), ppl18853-18857, 1995). Briefly, RBL cells stably transfected
with human GnRH receptors are seeded in 24 well plates at a density of 200, 000

- cell/well for 24 hrs. Cells are washed once with inositol-free medium containing 10%

dialyzed FBS and then labeled with 1uCi/mL of [myo->H]-inositol. After 20-24 hrs,
cells are washed with buffer (140 nM NaCl, 4 mM KCl, 20 mM Hepes, 83 mM
glucose, 1 mM MgCly, I mM CaCl, and 0.1%BSA) and treated with native GnRH

- peptide in the same buffer with or without various concentrations of antagonist and 10

mM LiCl for 1 hour at 37 °C. Cells are extracted with 10 mM formic acid at 4 °C for

18



counter- Data from Pl hydrbl ysi s assay are plotted
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from5 which dose ratio is also cal culated. The Schild
linear plot is generated fromthe dose- ratios

obt ai ned in four independent experinents by |inear 7
regression, and the X- intercept is used to determ ne

the affinity of the antagoni st. Castrate ani nal

3¢mnhi esd Jpadtdesn af Doagkr AGA-X¥8i ¢odliran,pwastiedearal eluted with 1| M
sensitive in vivo assay for the 10 effects of GRH

YRMIG N &H@%%pdgv 1q_aq}d 14%he ql9gg)is ceped in a scintillation
%ﬁl&%t Ob%t ?I'O}'ﬂh 9}_'_}& lﬂ's]isaraysa &4 lgﬁ‘gf ﬁglﬁg r{on-linear least square

stinu ated easel to the circu

fopsdssiah b ithe Prasstibrlogrand(@hkghaldedrdppped Softdare] $4LUDREO,TA), from
LH due to reduction of the negigt i ve feedback of
gbwhdblse siiorigiale caleylated; nkhe $chaldHinseeplehts gsneraterHrom the dose-

LH.rele nse asurerrent of
BT R, B, FREFepptlo SRRl by THRAL P ERlor” g the x-
HBGepy BSnsed b Reerth@cths SfmigTthd antfoniit.Vi vo neasure of
GhRH ant agoni sm Therefore, male nmacaques are
surgically castrated and all owed to recover -for

o r-vveek. t..which point elevated |levels of LH are

55 are then administered the test
con‘pound aSudfes Vrdlastte an}fnalg%&ﬂ@ql %E}h% iR \3@Y assay for the
sanpl es taken for neasurenent of

dbrteof GaRtoagagomist € udnofagem it Has e14€1'n il M)s GuiHbeceptors in the
det er m

ROBHADL E D Foyete o GORm bR Wi epp e FgiPLon. Castration

ergﬁmﬁrgiqumt hggﬁr R%E%l&go rg%dtclﬂgebfﬁlegbég%th% feedback of
gbnaddls athreids preesiphat é buﬁﬁmcremqu ¢f 6GnRH adomiatéd rrEH release.

of Nal251, foll owed g 22.5 chloramne-T in 15
Gonsemicsil; AaBHEBERaPD BOPERO SHIDE] 1t ety i casrated

thiab Ozlah &L g@ a$ & Ser Rr% ih %%tHgQa[éu e%f%ﬁﬁ@%%@%&;& Therefore,

Ion O Ium et |suf|te|n

116 lnwm@im&wwgcblw é&fraﬁﬂ Gnd AHoWed & reO6hen €orl four-@@eksed which
by passi na the reaction m xture through a C 8 Sep-Pak

ROMHt ?lﬁrﬁj@d sy phdrt asppeesentiy |Agpals agpghen Edenpis fodjdhe test
éo é)blu}ilél tgr ap /r%\]/a ({qe?x[r%hex&i SEN %ﬁoo%os(aomples taken for measurement of

L oni
LH. LH concentrations in serum from these animals can be determined by

immunoassay or bioassay techniques (Endocrinology 107: 902-907, 1980).

Preparation of GnRH Radioligand

The GnRH analog is labeled by the chloramine-T method. To 10 pg of
peptide in 20 pl of 0.5M sodium phosphate buffer, pH 7.6, is added 1 mCi of Na'*I,
followed by 22.5 pg chloramine-T in 15 pl 0.05M sodium phosphate buffer and the
mixture is vortexed for 20 sec. The reaction is stopped by the addition of 60 pg sodium
metabisulfite in 30 pl 0.05M sodium phosphate buffer and the free iodine is removed by
passing the reaction mixture through a C-8 Sep-Pak cartridge (Millipore Corp., Milford,
MA). The iaeptide is eluted with a small volume of 80% acetonitrile/water. The
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19 WO 2005/ 007165 PCT/ US2004/ 021593 recovered | abel ed
peptide is further purified by reverse phase HPLC on a

waHReres8  anal ytical colum (The Separati ongcERYfm021593

Hesperia, CA) on a Beckman 334 gradient HPLC system
using a gradient of acetonitrile in 0.1% TFA. The
purified radi oactive peptide is stored in 0.1%
BSA/ 20% acetonitrile/0.1% TFA at -80 C and can be used
5 for up to 4 weeks. RIA of LH and FSH For

. i i
LSl ARG P18 e QU L AR CHIPEC S pac C18
RinAlyighlf eviurf) (DS epaditions pirogp bdsperid) WA )emy O Bédivhan 334 gradient
NaCl / 1% BSA/ 0. 01% NaN3, _pH 7.5) and tohe ass Kit, idc, ) .
OB L OOy HEL B BFAVREKiRE EFIOTEA T - 13hc T £ ATg Rryjfied radioactive

P d . . R0 °C an '
CHHSUER 55 s DD BT eI o C g o o wed
dfiok up @sl4 debksor rLH standard in RIA buffer and 100 pl

of [1251]-1abeled rLH (-30,000 cpm plus 100 1 of

rabbit anti- rLH anti body diluted 1:187,500 and 100 pl

Fﬂ b QL4 F m xture is i ncubated at room
t r-night. In the next day, 100 | of goat

anti - r abbi trdrdfetedhininatienl ol thel LAGeR1S chOl shinple Hhedi®hMBlassayed in
rabbit serumdiluted 1: 1000 are added and the m xture

i hplibattednd ol difotionsr a3 fgneawithoBidt bufifar @M. sottiven phosphate

e N R .
NEERN AR HARRlohE tanll Pitulert PREEm SusHeled NIDBK. To a 12x75 mm

gamma-counter. RIA of FSH 1S done'in a “simlar
fradyutioylerestedt hebeais addedf 100 1l df sarmple sodskiim Wiltied d - o6r tikstandard in

LH ant | .body b he ES 0 ti bo jluted 1:30, 00 ) ;
0 PrigeT v dba of 1254 ehled Bt ptkepm elus 40 g rabbit ans-
R ARGED RN PO L RUX Wiereln e TG RRE & incubated at
ant agoni s?s are typical {ﬂ)@ ﬁgq l’:‘ur{at elg;t%rom tehe ICSOmacic,J aed a
trbemciempenaturatovernight. dn tlopent ntiyn €@ 1 af wohtoardi-spbiandeG diluted
50% of the radjol abel ed . . )

1:20 and 100 ul of normal rabbit serum diluted 1:1000 are added and the mixture
incubated for another 3 hr at room temperature. The incubated tubes are then
centrifuged at 3,000 rpm for 30 min and the supernatant removed by suction. The
remaining pellet in the tubes is counted in a gamma-counter. RIA of FSH is done in a
similar fashion as the assay for LH with substitution of the LH antibody by the FSH

antibody diluted 1:30,000 and the labeled rLH by the labeled rFSH.

Activity of GnRH receptor antagonists

Activity of GnRH receptor antagonists are typically calculated from the
ICsp as the concentration of a compound necessary to displace 50% of the radiolabeled
ligand from the GnRH receptor, and is reported as a “K;” value calculated by the

following equation:
' IG5
" 1+L/Kp
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ligand fromthe GWRH receptor, and is reported as a
"K;" value calculated by the 25 follow ng equation:
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where L = radioligand and Kp = affinity of radlollgand

for receptor (Cheng and Prusoff, Biochem Pharmaco

22: 3099, 1973). RH receptor antagonists of this
invention have a K; of 100 Mor less. In a preferred

enbodi nent of this invention, the GhiRH receptor

ahtado riradisligead and Kig, = affinite ©f radiddipadd fdvireaptbr {©heng and Prusoff,
referag |l ess than 1 5 and _even nore prefera?ly . .
tackemy, hm@;afai,lzgrmgsv 1969- @?RHmc?mprsargﬁgpmsé? pt this invention

RAELRIEP 108 AEELY 58 1ns BHAGHRP S bR (R TR EtiohANE GrrH

SO0 ess t I n one ofr

&ceﬂbﬂ@tﬁm&ysshdvetam ijgéss?ehaabm/@M Bﬂ@n@b& picteralily 1dshehan 1 pM,
GhRH antagonlsts to inhibit the b Tg
et eso| moregelersblyniess than pﬂdﬂﬂdnﬁnl @ oM) ©cthis| epd, all compounds

%ee%%gllﬁﬁ%{: %3'0411 %(z!}[qgl%s B of S%Ferg% g?qpr&{ i one or more of

Wﬁmﬁ&ecmaaﬁlgbﬁga Mtﬁ}(ﬁgﬁB a@bv@' (Anal . Biochem 248:
188-190; 199 e., 3[2(NI\I-D|etOg‘b
N- met hyl anﬁbwa!m)tm h'g/lt}lenBHh@ngagammttwln ttathen)major drug

RERbP A PO TECHHRT Hy bl (ERRE PG CXRIAR. can be
tanisied &h@Fro'aécoer‘ﬂg 16 AN EPSHEL bl‘ﬁfé ba@tf:d AUDShERLEmthad descnbed

produces one half of the maxinal velocity) are used
aCkaspi diSil.dubelt Bachan f48: P20 186T). CYMBAG (i.e., 3-[2-(N, N Dlethyl-

Ramtihy t've%’énm%{ﬂarﬁ% v e 4 OB AGHFC Goe. T benzylony-
ﬂ?ﬁﬂfu@?dnﬁ@ p)ﬁ)of:é%ﬁ eﬁrbsé&&éﬂi&tlo fe I]alrﬂyl ?ggt isthe B¥hcentration

["'ucose- 6- and 3 unlts nL gl ucos phosphat e

_ dé hytatragethas @)calucé);? Gne Ihnlﬁ h@ thibb mmmlovdw:e&) esreassed as marker

0.03, 0.09 27, 0.82, 67 d 200 pM
Bibsiites 75 Y RIS X B3 s FospRisiEb: SRty aoareipy P2D6 or

EVB3A4 is incubated with marker substrate and NADPH generating system {(consisting

~of 1 mM NADP+, 46 mM glucose-6-phosphate and 3 units/mL glucose-6-phosphate

dehydrogenase)at 37°C, in the absence or presence of 0.03, 0.09, 0.27, 0.82, 2.5, 7.4,
22, 67 and 200 pM of a sample GnRH antagonist. Reactions are stopped by the
addition of an equal volume of acetonitrile. The precipitated protein is removed by
centrifugation and the clear supernatant fluid is analyzed using a microtiter plate
fluorimeter. GnRH antagonists of the present invention preferably have K;’s greater
than 250 nM, more preferably greater than 1 uM and most preferably greater than 5
pM. '

As mentioned above, the GnRH receptor antagomsts of this invention
have utility over a wide range of therapeutic appiications, and may be used to treat a

variety of sex-hormone related conditions in both men and women, as well as mammals

in general. For example, such conditions include endometriosis, uterine fibroids,

polycystic ovarian disease, hirsutism, precocious puberty, gonadal steroid-dependent

neoplasia such as cancers of the prostate, breast and ovary, gonadotrophe pituitary
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.20 addition of an equal vol une of acetonitrile. The
precipitated protein is renoved by centrifugation and

womodess supernatant fluid is anal yzed using PRT/US2004/021593
h

mcrotiter plate fluorineter_ GiRH antagoni sts of the
present invention preferably have K;'s greater than

250 nM nore preferably greater than 1 M and nost
preferably greater than 5 AM 25 As nenti oned above,

the GhRH receptor antagonists of this invention have
Uidehdrhds, QYQRP Sprivh d fritbM0 So@fkel tspﬁﬂﬁ%y?ﬁ'&né}@ﬁhélcﬂdd@&ﬁe, benign
and may be used to treat a variety of sex-hornone

r whstatedhyperigepthiy o nentianefiminhandein faadility We.ge rassisisd weprbdegive therapy
na | s .in.geperal. For. exanple, such conditions

i HER B "é‘ﬁ‘i‘igfi%ﬁ{‘]ﬁt‘%}s, uterine fibroids, polycystic

ovari an di S ' t - j ; -
gonadal st 21?% gqrag%gﬁgednftsm%%‘ge%gpg%* ‘2 g%bgﬁlg%ﬂsﬂ &ncer gjunm fo
afeatrhent mfogbatie hotm@asdefivaicp\aad yshod iatie] aodifer the treatment of
pituitary 21 WD 2005/ 007165 PCT/ US2004/ 021593
SYSRWIIEPUSIEREMA9sSa, irritabl e bowel syndrone,

prenenstru one, [ r t.ic 1rQ

Contr acept iitahy HE sofitls 2" G2k h EolbREHOR R androgens,
re@Ro QAL Chopestdrbfssapyd astiiogdsi dhdVintipfoge@bidsi f6RheOBatment of
The conpounds of this invention are also useful as an
sapemetnosiy fibraidse aandeiit comirageptinth asowebne defcomberatipn with an
and. short stat.ure, and.faor.the treatnent of systemc.
RS PRl et i o e b AGtSGAAL apgesist, or a
¥&ah Whhibifor B HeNAdatrRdht Wf LifbrRBGNRGEES The 8SHPAIRR Snay also be used
progesterones, and anti estrogens and anti progestogens

fimr cankienatiopawithn bispliospboritese and sither Agdmtoifds thartckatment and/or
contracepti in as wel %icz.in conbination with an

| 10 ,
&’ﬁ'a’!eﬂtt“érhﬁfn BERADESS H& Ve AY pph3fe gpd bgpe .metaboﬂsm, and in
FBHLALBHS With EstrsgeRR! fo ﬁé&%t@ﬂ%ﬂ hefd/or Qﬁdx?F%r{s € the T%rgventi on or

inhibitor for the treatitent of uterine roi ds.

“¢eaponhdf bomy lak 90 Hypogmsndal symptenbisndt aohotvilashes during therapy
_ ghaypqr;&sﬁgonat es. and ot her agents for the treatnent

AR bN of di sturbances of cal cium
phosphat e gnd,OR0CeBsARRh §mheaf?1%ﬂt{bn, pharmaceutical compositions

containing one or more GnRH receptor antagonists are disclosed. For the purposes of
administration, the compounds of the present invention may be formulated as

pharmaceutical compositions. Pharmaceutical compositions of the present invention

- comprise a GnRH receptor antagonist of the present invention and a pharmaceutically

acceptable carrier and/or diluent. The GnRH receptor antagonist is present in the

~ ‘composition in an amount which is effective to treat a particular disorder--that is, in an

amount sufficient to achieve GnRH receptor antagonist activity, and preferably with
acceptable toxiéity to the patient. Typically, the pharmaceutical compositions of the
present invention may include a GnRIH receptor antagonist in an amount from 0.1 mg to
250 mg per dosage depending upon the route of administration, and more typically from

1 mg to 60 mg. Appropriate concentrations and dosages can be readily determined by

“ - one skilled in the art.
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during therapy wth a GiRH antagonist. In anot her

enbodi nent of the invention, pharmaceuti cal

conpositions containing one or nore GhRH receptor

ant agoni sts are di sclosed. For the purposes of

adm ni stration, the conpounds of the present invention

may be forppdrah@siadly2A coabieRaR 1t hf@br adiIREsitifanHiar to those
Phar maceuti cal conpositions of the present invention )
gotiet insthe artGHRF compeptions fenmulgtedi asthiquid stlatigiseaegptable carriers
i nyentj.on and har,maceuti cal.ly cceptabl e car.ri .
Ao P opeTual SR ERY  Sfiel welly S @iiohdlly include
MiRx&hts] Puffh€ babRAPRSS bh@ BtheP cARMBARMvEI Tl édimpositions can
effective to treat a particular disorder--that is, in

alro b fiwomtatsiudsfpilds, eagsutes, gromley @r GbRis wbirbpootain, in additionto a

ntagoni st activjty,  and preferably w.th 25 acceptabl e
CakREeespargniasarishidilfis. Somsrang pyd SHee OYGEAEL Pruers. and
ggﬁ%ﬁ&.t OROSkifkd fMRis 1 fi3 PSR AR (HBYnR At Rortantagonist

RH recept or antagonist in an anmount fromO.1 ng to

tSéh apprppfiatel asager, dagpdn dicogdagpenwith eceepitde prattices, such as those
admnistration, and nore typically from 1

i , to 60 .
tigclosedn Spmingtas sddieeBRe AR orréenspd %Q@e@d-g&?% Bublishing Co.,
g%gc%’l%v%g ermned by one skilled in the art. 22 WD

007165 PCT/ US2004/ 021593 Phar maceut i cal | y
accept abl efncafofliee rendivdinént d tHeuptabent dneertiafii prodided @ method for
those skilled in the art. For conpositions fornulated
weating gk dosodnst edated cordiegnsad disewrsed ebave. afiaptpmethods include
%ﬁlﬁ%ﬂé&%gi&%%ﬁeﬁﬁﬁg& éﬂﬁeg))??sgf;lt; flréflczrlxtgounf ;af\%m&g%og&y animal in an
hasiRshaRtaal fo 864 tBé BEKAIGAIMRN thadl SbidtbMEStreal NRicIudes prophylactic
conpositions can 5 also be fornulated as pills,

. whpgistration. g Suehuinwthodsrinelat syterisi adhministratiom of janGnRH receptor

téeoorCP s fuertr s et i gR B o MemtseE8) fgmpositon as
disRisicamboe. M QsekhérbBdsysfentibia@mdiktratRY: ih&tbdd¥edral and parenteral
fornul ate the GhRH receptor antagonist in an

mpbodpr sfatadmsistragiop. andor n ot c edrjamsiration,t rsuitalde pphaymaceutical
&rn(;jlpcots{ti%gg of %unill?-l %gceltatr(])? S’agtagonists include powders, granules, pills, tablets,
and capsules as well as liquids, syrups, suspensions, and emulsions. These .

compositions may also include flavorants, preservatives, suspending, thickening and

- emulsifying agents, and other pharmaceutically acceptable additives. For parental

administration, the compounds of the present invention can be prepared in aqueous
injection solutions which may contain, in addition to the GnRH receptor antagonist,
buffers, antioxidants, bacteriostats, and other additives commonly employed in such

solutions.

The following example is provided for purposes of illustration, not

limitation. In summary, the GnRH receptor antagonists of this invention may be

assayed by the gencral methods disclosed above, while the following Examples disclose

the synthesis of representative compounds of this invention.

23



di scl osed in Rem ngton's Pharmaceutical Sciences,
CGennaro, Ed., Mck Publishing Co. 10 Easton, PA

wo386/00h 185 anot her enbodi ment, t he pr esent i nvepkbirRR2004/021593
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'granules

provi des a nethod for treatlng sex- hornmone relate
condi tions as di scussed above. Such nethods include
adm ni stering of a conpound of the present invention
to a warm bl ooded aninmal in an anount sufficient to
treat the condition. In this context, "treat" includes
prophyl actic 15 adm ni stragikanpiSe¢h net hods incl ude
systemi c adm nistration of a GhRH receptor antagoni st
of this invention, preferably in the formof a '

phar maceut i cal COITpOSItI on _as djscussed above. As

uéed h@PEWe@S?@%f@FrP’éa %’Fﬁ HesemaieSon i ncl udes oral and
par ent er al E@ﬁttb%cﬁp %{Hﬁt& ration. For oral

adm ni stration armaceutical conpositions
of GnRH receptor ant agom sts include powders,

p| I I s tabl ets 20 and casul es as vvel I %s

C ey or

S N TN ———
aAYRBIE phasdl GIFTE bradb afammme Biox R hnd Bﬁﬁﬁﬁtgwé methanol with 1mM
addi ti ves For parental adm nistration, the conpounds

of thedlmth@emethﬁmlﬂnﬂf@nn@hﬁﬂbe pr epar ed in aqueous
ectlon 2@ tions which may contain, in addition to
gtor ant agoni st, 25 buffers,
alls}%gsgﬁ_qgmﬁp bacteriostats, and other additives
commonly enpl oyed in such solutions. The foll ow ng
ellawRae:i468 plawmirded f or pur poses of iIIustrati on, not
ptor onj s

y { at o
o¢%@§'ﬁgfg%ﬁ%¢§?ﬁtm¥aﬁr a’éga%'ac{ tahéS“é H’éP Imm en return to

I?.I?GSI I{#nsfgl ; syntE%fz'\'mhfne the fol l ow ng Exanpl es

ose esis of representative conpounds
of this invention 23 WD 20051007165 PCT/ US2004/ 021593

ExfeibBl b3y s Met hods for anal yzi ng the sanpl es

Column: Waters ODS-AQ, 2.0 x 50 mm

-~ Mobile phase: A = water with 0.05% trifluoroacetic acid; B= acetonitrile with 0.05%

trifluoroacetic acid

- . Gradient: 95% A/ 5%B to 5%A/95%B over 13.25 min and hold 5%A/85%B over 2 min

20

then return to 95%A/5%B over 0.25 min.
Flow Rate: 1 mL/min

UV wavelength: 220 and 254 nM

Method 3 (HPL.C-MS)
Column: BHK Lab ODS-0O/B, 4.6 x 50 mm, 5 pM

Mobile phase: A = water with 0.05% trifluoroacetic acid; B = acetonitrile with 0.05%

trifluoroacetic acid
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Retention tinme, tR in m nutes Method | --
Supercritical Fluid Chromato a h Mass Spectrum SFC- M5

w@2063bttiFs 4. 6 x 150 mm Del tabond Cyano SM f 1 @@rus2004/021593
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Ther no- Hyper si | - Keyst one. Mbi | e phase: SFC grade
carbon di oxi de and optima grade nethanol with 1nM
di sodi um di et hyl mal onate nodifier. Tenperature: 50 C
Pressure: 120 bar 10 Flow Rate: 4.8 nmi/mn G adient:
5% to 55% net hanol over 1.7 mn and hold at 55% for
GRIRhY PRR/PEBUER S mind iferO1d 9o AR0YRIRE 669 min. from
time of 2.6 mn Method 2 (HPLC M) lum: Waters
ODS- AQOY2A/N0%BE0 S¥A/P5%dFbbridr 4 8 PHasia; thén to=1 MAIE e Riover 0.05 min
0.05%tr.i flf’g]tgroabégti c acid; B= acetonitri Le (yvith 0, 0(5)%_
trifl J8f§aket’re/P2HR0 v Lo Omtn- thegostam tgdha’%/y7eB over 0.50 min.

) 13.25 mn and hold 5%\ 9598 over 2 '
%ﬁé}w)rfﬁ/ﬁgzgg%ﬁ&q%ﬁ} to 959 5%8B over 0.25 nmin. Flow Rate:
[UVitwavtlen@fl: 220 and\2skhedgt h: 220 and 254 nM Met hod. 3

" (HPLG-MS) Column: BHK Lab ODS-O'B, 4.6 x 50 nm 5 M

Mobi | e phase: A =water with 0.05%trifl uoroacetic
%i"tg’i’! i[@%ﬂggt;ggl trile with 0.05% trifluoroacetic
007165 PCT/ US2004/ 021593 G adi ent:

Ll IB afety ODSA Q] NO xtIpaAmt 0 90% A/ 1098 for 0.05 min,

from 90%\V 1098 to 5%\ 9598 over 18.94 mn, then to

MebibgBsesvAr= ates with0.05% trifluoroacetic acid; B = acetoniirile with 0.05%
trifluoroacetic acid

Gradient: 95% A/5%B to 10%A/90%B over 2.25 min and hold 10%A/90%B over 1.0
min then return to 95%A/5%B over (.1 min.

Flow Rate: 1 mL/min

UV wavelength: 220 and 254 nM

Methoed 5 (FPLC)
Column; Agilent, Zorbax SB-C18, 5uM, 4.6x250 mm.

Mobile phase: A = water with 0.05% tnfluoroacetic acid; B = acetonitrile with 0.05%
tnfluoroacetic acid

Gradient: 95%A/5%B to 5%A/95%B over 50 min, then 5%A/95%B to 1%A/99%B
over 0.1 min, then hold 1%A/99% for 0.8 min and back to 95%A/5% over 0.2
min, hold such gradient for 4 min. ' B '

Flow rate 2.0 mL/min.

UV wavelength: 220 and 254 nM

Method 6 (HPLC-MS)
Column: Phenomenex Synergi 4 p Max-RP 80A, 50.0 x2.0 mm

Mobile Phase: A=water with 0.025 % of trifluoroacetic acid; B=acetonitrnite with

0.025% of trifluoroacetic acid |
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and hold 1%V 99%B over. 2.16 nmin. then return to
95% 598 over 0.50 m n. Flowrate: 2.5 nL/mn. WY

weee&aish: 220 and 254 nM Method 4 (HPLC- Mp) Pg%/ﬂ‘g%b-l/ozla%

Waters ODS-AQ 2.0 x 50 mm Mobile phase: A = wate

-with 0.05%trifluoroacetic acid; B = acetonltrlle wth

0.05% trifluoroacetic acid 10 Gradient: 95% A/5%B to
1094 9098 over 2.25 min and hold 10% 90%8 over 1.0
mn then return to 95%A15%8 over 0.1 min Flow Rate:

oy RO b o35 4 ST O 13 i

Mobi | anpﬂna&smng 5% AVBLER towWwi%h BIsNA%eer DithidOhea®etl & 95% A/5% B
acid; B = acetonitrile with 0.05% trifluoroacetic

aci d G“&aﬂﬁe‘ﬁtﬂ 959\ 598 to 5% 95%8 over 50 min, then

S/F/ 95%3t 0N 9998 over 0.1 mn, then hoIdI :
aAP@@‘%for mé"m n and back to 95%N 5% over 0.2 20

NUW, whleleflghtigho an@adidenu fr 4 mn. Flow rate 2.0
mL/ m n. U%/ wavel engt h: 220 and 254 nM Met hod 6

(HPLC- M5) Col um: Phenonenex Synergi 4 t Max- RP 80A,

50.0 x2.0 mm 25 Mbbile Ph ter with 0.025 % of
trifluoroacetic acid; B=a Wﬁﬁﬁl e with 0.025% of

trifluoroacetic acid 25 WO 2005/ 007165

PCT/ US2004/ 021593
"~ 3-[2(R)-{HYDROXYCARBONYLPROPYL-AMINO }-2-PHENYLETHYL]-5-(2-FLUORO-3-

METHOXYPHENYL)-1-{2-FLUORO-6-(TRIFLUOROMETHYL)BENZYL]-6-METHYL-

PYRIMIDINE-2,4(1H,3H)-DIONE

NH)\ F

Step 1A; Preparation of 2-fluore-6-(trifluoromethyl)benzylamine 1a

_ To 2-fluoro-6-(triflucromethyl)benzonitrite (45 g, 0.238 mmol) in 60 mL
of THF was added 1 M BHj:THF slowly at 60 °C and the resulting solution was
refluxed overnight. The reaction mixture was cooled to ambient temperature.

Methanol (420 ml) was added slowly and stimed well. The solvents were then

evaporated and the residue was partitioned between EtOAc and water. The organic

| layer was dried over Na;SO,. Evaporation gave 1a as a yellow oil (46 g, 0.238 mmol).

MS (CI) m/z 194.0 (MH™).

Step 1B: Preparation of N-[2-fluoro-6-( hiﬂuoromethvl)benzyl]ur’ea 1b

To 2-fluoro-6-(triflucromethyl)benzylamine 1a (51.5 g, 0.267 mmol) in
a flask, vrea (64 g, 1.07 mmol), HCI (conc., 30.9 mmol, 0.374 mmol) and water (111
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G adient: 95% A/ 5% B 0.25m n, then 95% A/5%8 to 95%
B/ 5%A over 13 mn, nmaintaining 95% A/5%8 to 95% B/ 5%A

weYRE0e168 N, then back to 95% A/5% B in 0.25 pgrfus2bd4@piso3

10

15

20
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rate: | mlmin WV vvavel ength: 220 nM and 254 nM

EXAMPLE | 3-[2(R) -

HYDROXYCARBC]\IYLPRCPYL- AM NO) - 2- PHENYLETHYL] - 5- ( 2- FLUOR

D- 3- METHOXYPHENYL) - 1- [ 2- FLUORO- 6- ( TRI FLUORQOVETHYL) B

ENZY L]-6- METHYL PYRIM DI NE-2, 4(1 H,3H)-DI ONE Owve 10

%Efwkrepadda‘i CRRAL MikQie Was refluxed for 6 hours. The mixture was cooled to
uoro-6-(triftluoronethyl)benzylamne la To

Ztrriﬂlemrteﬂﬁel(amre fﬁmtheomebibgilx)rbhnmrand rfilleeed 45 gjye @. 29Bw solid.

in 60 n_.. of THE was added |
é%ﬁccyswaf*ﬂ% wWiaHP gt Bipe gore Mo 2 ‘5@#1 i?'i‘léciﬁﬁ 3% 8.186 mmob)
ction m xture was cool ed to ambi ent '
%ﬁé&pg{]u?ﬁ—amt hanol (420 nL) was added sl owy and
stirred well. The solvents were then evaporated and

t he reS| due was partitioned between Et OAc and water.
refja szuwﬁﬂtrﬂuommbi@aﬁﬂ;& ation

e b asas. Elbf) ‘H g, 0.238 mmmol). M (Q)
reparation

of N[ 2-f 1 ugua- 6?4Gt9rl fg uozwretrhmbb)bewayl aidea- | 2@{2Tﬂuoro-6-

2-fluoro-6-(trifluoronethyl)benzylamne |a

5
iitboramashghtionzy lured A6, Bribd Gommng) 1. 95 miop] acafmitile. The
374. | d
SO e pe PreD TRt e Eaa S riin Y8 mmol) wes

mﬁaéwl@wwa a&&blﬂ?@@nﬂep Folweaby2ddilies oMTXASLIg3 M@SIL, 293 mmol)
cooled to nbi ent tenperature, further cooled wth

iz ¢heasmhe inhtrer e dheoegiltngg yelwf Isespeswdi was allowed to warm to room
temperature slowly and was stirred for 20 hours. LC-MS showed the disappearance of
starting material. To the yellow mixture 525 mL of water was added and stirred
overnight. Afier another 20 hours stirring, the precipitate was filtered via Buchnner
funnel and the yellow solid was washed with water and EtOAc to give 1¢ as a white
solid (48.5 g, 16 munol). 'H NMR (CDCl3) 6 2.15 (s, 3H), 5.37 (s, 2H), 5.60 (s, 1H),
7.23-7.56 (m, 3H), 9.02 (s, 1H); MS (CI) m/z 303.0 (MH"). |

Step 1D: Preparation of 5-bromo-1-[2-fluoro-6-(trifluoromethyl)benzyl]-6-

- methylpyrimidine-2. 4(1H 3 H)-dione 1d

Bromine (165 mL, 032 mmol} was added to 1-[2-flucro-6-
(trifluoromethyl)benzyl]-6-methylpyrimidine-2,4(1H,3 H)-dione 1¢ (48.5 g, 0.16 mol) in
145 mL of acetic acid. The resulting mixture became clear then formed precipitate
within an hour. After 2 hours stirring, the yellow solid was filtered and washed with
cold FtOAc to an almost white solid. The filtrate was washed with sat. NaHCO; and
dried over Na,SQ4. Evaporation gave a yellow solid which was washed with EtOAC to
give a light yellow solid. The two solids were combined to give 59.4 g of 1d (0.156
mol) total. 'H NMR (CDCl3) & 2.4 (s, 3H), 5.48 (s, 2H), 7.25-7.58 (m, 3H), 8.61 (s,

" 1H); MS (CI) m/z 380.9 (MH").
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Recrystallization wth 400 nL of EtOAc gave |b as a
white solid (46.2 g, 0.196 nmmol). M (C) mz 237.0

Wb%%(iﬂﬂ%sg ep | C Preparation of ] PCT/US2004/021593

10

15

20.

oro-6-(trifluoronethyl)benzyl]-6-

rret hyl pyri m di ne- 2, 4(1H, 3H) - di one 1c NaI (43.9 g, 293
mol ) was added to N-[2-fl uoro-6-
(trifluoromethyl)benzyl]Jurea Ib (46.2 g, 19.6 mmol) in
365 nmL of acetonitrile. The resulting mxture was
cool ed in aR meRMAIE" 6 brotdnkal-8naeth yﬁnﬁﬂme@%lysﬂ) dione
mol ) was 10 added slowly via dropping funnel fol
bylddduastihate wingtihvBeime¢ grocéhme.,. 293 nmol) in the sarre
manner. The resulting yell ow suspension was allowed to
warmto room tenperature slowy and was stirred for
28 g0t S LB dfhBR P 9o o L OARREAIART R AbmelyBbLi-6-

ri € yeffow mxture 525 nL of water was
adujaﬁdgl ard(Rtiertrintoxyoudonilaino-Abharyl ahd]-perimdinéd 4 51,3 H)-dione
stirring, the precipitate was filtered via Buchnner 15
f d8nel and the yell ow solid was washed with water and

O i B
1BM(1H, ZH?-aro?lc5ﬁi (18 g3%).4 1m0 ih25LHL; of VB Glgre rdded N-t-Boc-D-
303.0 (M#+). St 113: Pr aration of 5-brono--1 -

[ phenylghyand- (11¢7 g d&c2 miseel) 1andetiiphendphasphine | (14i5dEné94 mmol),

ot o S0fimof, QopcleEb Ry, B (L Erey 4o 1 mon.  The
1 re@gmé 'wiw bfikith Wi 2t Bvtghll 916 vbiled Srche Babralf and the

nmL of acetic acid.” The resulting m xture
b easaiwe vmsqnmﬂeﬂehy filprangel vpitte 3i7pEM A &Hexdne Hp eiven1haip -white solid

o e asdtmaann MEGER Y R BB adnst Wit e sofid.
The filtrate was washed with sat. NaHCO3 and 25 dri ed

over Na2SO4. Evaporation gave a yellow solid which was
vwaghd#: wi t hPiepfaton of 3-f2(Re-amihe-Bivhe yﬂbﬂthSs@—ﬂubro'Bhe

2y ;Z%%ia?ongqf(m 3H, 861 (5, IH): I\/S(CI) m z

To  5-bromo-!- [2-ﬂuoro-6—(triﬂu0romethyl)benzyl]—6-methyl-3-[2(R)-

tert-butoxycarbonylamino-2-phenylethyl]-pyrimidine-2,4(1H,3H)-dione 1e (15 g, 25
mmol} in 30 mL/90 mL of H,O/dioxane in a pressure tube were added 2-fluoro-3-
methoxyphenyiboronic acid (4.25 g, 25 mmol) and sodium carbonate (15.75 g, 150
- mmol). Na gas was bubbled through for 0 min.

. Tetrakis(triphenylphosphine)palladium (2.9 g, 2.5 mmol) was added, the tube was

25

- sealed and the resulting mixture was heated with stirring at 90 °C ovemight. After

- cooling to ambient temperature, the precipitate was removed by filtration. The volatiles

were removed by evaporation and the residue was partitioned between EtOAc/sat.

NaHCQ;. The organic solvent was evaporated and the residue was chromatographed
with 2:3 EtQAc/Hexane to give 13.4 g (20.8 mmol, 83 %) yellow solid.

| This yellow solid (6.9 g, 10.7 mmol) was dissolved in 20 mL/20 mL

CH;Cl/TFA. The resulting _yellow solution was stirred at room temperature for 2

28



27 WD 2005/ 007165 PCT/ US2004/ 021593 5- Br ono- | - [2,
6-di fl uorobenzyl ] - 6- net hyl pyri m di ne-2, 4(1 H, 3H) - di one

wo shodoiass made using the same procedure. Ste bclEus2004/021593 -

10

15

20

25

Preparation of 5-bronmo-I- 2-fluoro-6- trifluorometh 1

benz 1 -6 meth I-3- 2 R -tert-butox carbon

| am no-2-hen leth 1 - rimdine-2 4 1H3 -dione 5 le

To

5- br ono- 1- [2 fluoro-6-(trifluoronethyl)benzyl]-6- msthy :

é}%éfs. Ml R % e 'Elvggpr Jgéi Qﬂ@tﬂedreglaﬁ_?e gras PtifioNDbetwhéh EtOAc/
. mLof were a Boc- D- phenyl gl yci nol

(séh‘l Namsogetgme m“@h): lﬂfaﬁb tvag ﬁhemybbf)hﬁszﬂﬂm eExapbraBiog gave 1f as a

owed by,addition of di
Jsliew o by 7 Qoamoh 341y ASOUR (P 3 e 3D sl 4 5 gm. 61D,

d | ati
Sers Sl sk 8448 B S IIOLMEI R Sas RIS B ©
silica gel 3vgam ﬁnlﬁoﬁ-ﬁéﬁi&l‘dﬁw@]ﬂi‘—(l ﬁu@ﬂovaameemayptaenmn-[@ 6-

- solid (23.6 39.4 mol ).

z
(dlxlih}ord@@;yl]étr@ethﬁ?mémea?&ﬁ(éH 39‘1) %Dﬂez 1R %Iﬁftsleszrgeﬁe same
| et
r?é?cﬁg%?g%%c Félq%lszexf"?lgoro 6- (trifluoronethyl b)
enzyl | -6-nmethyl-pyrimdine- 1 5 2 4(1H, 3H)-dione if To
S5-brono-| -[2-fluoro-6-(trifluoronethyl)benzyl]-6-nmethy
IS-ta} I@( R) - Preparation of 3- [2(R) {ethoxycarbonylpropyl- arnmo} 2 phenvlcthvﬂ 5-

A4 UG C LYPLE () 3 N7 1y
%ﬂl%%@lygﬂddm&q@re t ube were added 2-fl uor o-'3-
0

xyphenyl'boronic acid (4.25 g, 25 mmol) and sodi um

carbonate ([d5.75 gomi®@d. 20 MfR(R)-ankigo-Geashewplsthyljbb{Zeuoro-3-
th h f 1 in. . ..
ﬁtﬁé&p@ﬁ b iyrars SR APsreme D RgR i ¢ ey pysmidine

d lgd )
TR RS ARORCs L1 ThiRe) 989 005680 dadShitlIE were added ethyl 4

g m xture was wth stirring at
bvanstugyrate (Aniler28. T omtdingnd Husigts tease (1.6 mulerat mrml) t h@er reflux
precipitate was renoved by filtrati 041. gﬁlg vol ati |
wePe “Copisrughty fheotrapimiBarcanes corled & ienpganperatire and the
Qfgfa'iﬂetsl %‘e@g pe%d%gn Et’l%C/ I%QHue was chromatographed with 10:10:1

EtOAc/Hexane/EtsN to give 1g as a yellow 0il (3.0 g, 4.65 mmol). MS (CI) m/z 646.2

(MH").

Step 1H: Preparation of 3-[2{R)-{hydroxycarbonylpropyl-amino}-2-phenylethyl]-

5_(2-fluoro-3-methoxyphenyl)-1-[2-fluoro-6-(trifluorom etliyl)benzyl]-ﬁ-methvl—

pyrimidine-2.4(1H.3H)-dione 1-1

Compound 3-{2(R})-{ethoxycarbonylpropyl-amino} -2-phenylethyl}-5-(2-
fluoro-3-methoxyphenyl)-1-[2-fluoro-6-(trifluoromethyl)benzyl}-6-methyl-pyrimidine-
2 4(1H,3H)-dione 1g (2.6 g, 4.0 mmol) was dissolved in 30 mL/30 mL of THF/water.
Solid NaOH (1.6 g, 40 mmol) was added and the resulting mixture was heated at 50 °C
overnight. The mixture was cooled to ambient temperature and the volatiles were
evaporated. Citric acid was added to the agueous solution until pH = 3. Extraction with

EtOAc followed by evaporation of solvent gave 1.96 g of a white gel. The gel was
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25 NaHCG3. The organi c sol vent was evaporated and the

resi due was chromat ographed wth 2:3 Et OAc/ Hexane to
ngzﬁggl@&lﬁg g (20.8 nmmol, 83 % vyellow solid. Thicgusze04m21593

yell ow solid (6.9 g, 10 7 mmol ) was dissolved in 20

m./20 nL CH2ClI 2/ TFA. The resulting yell ow sol ution

was stirred at roomtenperature for 2 28 WO

2005/ 007165 PCT/ US2004/ 021593 hours. The vol atiles

were evaporated and the residue was partitioned

bpdseeke thret €A/ Dosak . MSETHCGRacrdp@ooy gﬁrﬂng: qahaﬁ-exu}lﬂmge column to

dried over Na2SO4. Evaporation gave if _as a

ofnVeR ttgscg:hum salt. nﬁ@jpl’)ho-}uggon gave Nybpte s@]y@jgy assthg sg@m(rgsa]t (1.58 g,
3&% In%nsz_ﬁ 4@%@”’;08'@1)%351 %@2 37 ?gn OFy, 25 (s S3Hft 210928 19 (1, 7 =

3? BE(PE) 2HNI 149-2:5p g 0yt @B ]2}5} 6.287(5, N0 43508 D QY PHE5.36-5.52
5 d(m,IZEBr %é@ﬂz@iﬂ (m, 4 1 Ht HPLC VB (D dw/n 6322 4MH Y, 181) 2Gi# B f@ethod 5)

i f. t he sane rocedure.described in
thi s ex arrp“Elgﬁ g(?%gﬂ&%mg}pgaggs iere sg%ﬁx%suf ( fgcording to the above
{ obeyec ar bonyl propyl - am no} - 2- phenyl eth 1] - 5-
(2-f 1l uoro-3-net hoxyphenyl) -
met hyl 10

-[2-fluoro-6-(trif omet hyl ) 6
pyri m di ne-2,4(TH di one 1
3-[2(R)-am no-2-p -5 Q-

met hoxyphenyl ) - 1-[ 2-f | uar o-
(trifluoronethyl)benZyTi\ 6¢§;I

2, 4(1H 3H) -dione If (5 ¢ 9.4
acetonitrile were addediet hyl
28.2 mmol) and Hunig's Aase (1.6
reflux 15 at 95 C overni ght, thelreattion mxture was

cool ed to anbi ent terrperatur&(%md he vol atiles were
~renoved. The residue was chronatographed with 10:10:1
Et QAc_/ Hetane[Et 3N T o giye Ig ag a yelTow oI (3.01g,

4.65 Niol ). MYROX-By z p48LY. (IvMlassstdp | Hir

< pyFi m di ne-
pl )Fin 100 nL of

9.4 mol ). After,

Preparati gn of 3-[2(R)- (MethOd #)
~{ hy—droxygarbonytpropyt=amno)=4-phenytethyti
1-1 i_ﬁ/‘\/\cozﬂ 631.60 632.2 26.45 (5)
1-2 i_N/\/COIH 617.57 618.0 2777 4)
H

1-3 i_N/‘\/\/C‘J’" 645.62 646.0 2.789 (4)
H

Preparation of 3-[2(R)-{N-meth I-N-h droxycarbonylpro

- 10 phenylethyl]-5-(2-fluoro-3-methoxyphenyl)-1-[2-fluoro-6-( triﬂuoromethvﬂbenzvl}-6-
methyl-pyrimidine-2,4(1H,3H)-dione 1-4

I OMe
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20 5-(2-fluoro-3-net hoxyphenyl)-1-[2-fl uoro-6-
(trifluoroneth I)benzyll-6-nethyl -
wob/Md-désne- 2, 4(1H, 3H) - di one 1-1 Conpound 3- [M)Uszoouozms
{ et hoxycar bonyl propyl - am no) -2-phenyl ethyl]-
fl uor o- 3- net hoxyphenyl )-1-[2-fl uoro- 6- (trlfluoronethyl
) benzy] ]-6-nethyl-pyrimdine- 2,4(lH, 3H)-di one 1g
(2.6 g, 4.0 mol) was dissolved in 30 nL/30 nL of
THE/ water. 25 Solid NaOH (1.6 g, 40 nmol ) was added
and the re%dlcoinpguid XUODIPaEMEK dh ednBM&GH(TomaIdehyde,(0.0f-l?S
overnight. The m xture was cool ed to anbie

FEpRll a6 @ddeds frdloped Ryopdditioneeft &é\‘leBHeBta‘pfhﬂ%(%Q‘”i:mqlb After
Bt S R o Bl FUE BB Y L LA RS (0

$0¢.5 eH gy aye 212396(gethéd ) white gel . The gel was 29 WO
2005/ 007165 PCT/ US2004/ 021593 passed through a Dowex

MBC- 1 macr Shorelieviser enmepasiads overe syhibeticedc atagnding go the above
con‘ﬁut to sodiumsalt. Lyopholization gave white

%-1 as the sodium salt (1.58 g, 2.47 mmol ). 1H
NVR (CD30D) S 1.69-1.77 (m g2H),=299 (s, 3H),
2.09-2.19 (t, J = 7.35 Hz, ZFD -2.53 (t, J =
7.35 H 2H), 3.88 (& 3H) } r~ 3H),
5.36-5.52 (m 2H), & 60-7. 63|(m 11 %); HPLC-MB ()
mz 632.2 (MO, tR 2 N tﬁod 5) The fol | ow ng
conpounds were synthegi zed 3
procedure. No.-N(RS5)-}X-R6M Wk
1-1631. 60632. 226. 45 (1) 1- 2ND/
1-3r N ~/ ~0=H645. 62646. 02. a§8 (
of 3-[2(R)-
N- et hyl - N- hy cIroxycarbonyIoropyl-anino)-Z- 10

I[Cgﬁ uorgﬁéi)()?ﬁ(ﬁ Jlo:rjg% hz/fl ntbxgln ;Fhﬁgggsmath ke

©

R (Met hod #)
617.57618. 02. 777(4)
Step 11: Preparation

im'dl he-2 4 |H 3 -'jione 1 (Method #)
14 | ™ con Ph 64562 | 6462 | 2.231(4)

! |
155 | ™ cop Ph 659.65 | 660.2 | 2.235(4)

16 | | ™"cop | cyclopentyl | 637.64 | 6383 2.259 (4)

1-7 'i—N/\/\coJH cyclopentyl | 651.67 | 652.3 2.294 (4)

1-8 i—N/\/\\COH isobutyl 625.63 | 626.0 | 2.594(4)

31



10

15

20

1-4 30 WD 2005/ 007165 PCT/ US2004/ 021593 To conpound
-1 (0.045 mmol) in | nL MeOH, fornmal dehyde (0.0475

Wﬂ%béloo added foll owed by addition of 8 M CT&U82004/021:>93

BH3: Pyrldl ne (0.0475 mmol). After overnight sh
conmpound 1-4 was purified by prep. LC-MS. HPLC M5 (CI)
mz 646.5 (M), tR = 2.231, (nethod 4) The foll ow ng
compounds were synt hesi zed according to the above 5
procedure. No. N(R5)-X-R6RAM W Masst R ( Met hod #)

1- 4Ph645. 62646. 22. 231 (4)

1-5FN-"-"\ co2HPh659. 65660 W&Fﬁ

1-6FN-"-"----CO Hcycl opentyl 637. 64638. 32. 259 (4)

1-7~xn/ - cgkbyclopentyl651 67652, 32. 294 (4)
13'BZ(RD HEBWWVB‘Z@%’BW@WS@E B THYL. ARF§ 2-CHLOROPHENYL)-

R TR FANEErR 3 Bive .40 2131

- 2- PHENYLETHYL] - 5- ( 2- CHLOROPHighNiKL) - 1-[ 2- FLUORO 6-°
(TRI FLU(P(]VETHYL) BENZYL] - 6- METHYL- PYRI M DI NE- 2, 4( |
H 3H DIONE 5 Step 2A: Preparation of

5- brono- 1-[2-fl uoro-6 i f1 uor gnet hy
met hyl - 3-[ 2( R) - am no- henyl eflh
-2, 4(1H3H} - di one 2a

Step 2A: Preparation of 5-bromo-1-[2-fluoro-6-(trifluoromethyDbenzyl]-6-

5-Bromo-1-[2-fluoro-6-(trifluoromethyl)benzyl}-6-methyl-3-[2(R)-tert-
butoxycarbonylamino-2-phenylethyl}-pyrimidine-2,4(1H,3H)-dione e was dissolved in
20 mL/20 mL CH,CI/TFA. The resulting yellow solution was stirred at room
temperature for 2 hours. The volatiles were evaporated and the residue was partitioned
between EtQAc/ sat. NaHCO;. The organic phase was dried over Na,SO,. Evaporation

gave 2a as a yellow oil.

Step 2B: Preparation of 5-(2-chlorophenyl)-1-[2-fluoro-6-

(trifluoromethyhbenzyl]-6-methyl-3-[2{R}-amino-2-phenylethyi}-pyrimidine-

- 2,4(1H.3H)-dione 2b

To compound 2a (40 mg, 0.08 mmol) in 0.25 mL/0.75 mL of
H,;Of/dioxane in a 4 mL vial was added 2-chlorophenyl boronic acid ( 0.12 mmol) and
sodium carbonate (51 mg, .48 mmol, 6 eq). Nitrogen gas was bubbled through the
solution for 1 minute and tetrakis(t:riphenylphosphine)palladium (9.24 mg, 0.008 mmol)

'was added. The resulting mixture was sealed and heated at 90 °C overnight. After
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5-Bronp-1-[2-fl uoro-6-(trif| uor onet hyl ) benzyl ] - 6- net hy
l-3-[2(R)-tert-

wb9uy Ear bonyl am no- 2- phenyl et hyl ] - pyri m di necZshtdoodis93

10

H) - dione |l e was dissolved in 10 20 ni/20 nL
CH2C12/ TFA. The resulting yell ow solution was stirred

at roomtenperature for 2 hours. The volatiles were
evaporated and the residue was partitioned between

Et OAc/ sat. NaHCO3. The organi c phase was dried over
SRS o dontsipar atripemturg,aﬂe PracipBata wasl feoveved | by StegfiopBind was
Preparati on _of (Zc Iorophenly) 1-[2-fluoro-6 15

PYTH} @IW&’MM% gAY+ 6- met hyl - 3-[ 2( R) - ani no- 2- phen
ylethyl]-pyrimdine- 2,4(IH 3H)-dione 2b To conpound

2a (40 ng, 0.08 nmol) in 0.25 nL/O.75 nL of

$i2pLdi oxang[2(R)ghidiokyositain héwiea -

boronl c aci d O 12 I) and1 SOdI um car bonate (51

].e sol ut| on for | mnute and tetrakls
%@P’?—gﬂenyl phosphi ne) pal | adi um (9. 24 ng, 0.008 mnol )
was added.Td IasmE@mi 2h 0Q0Fimshel) 6n Wasl SdaDey] satdnibsampdechyde

at 90 C overnight. After 32 WO 2005/ 007165
(OO osedoxs0RiI8d Foltoryesid, hygadtdttlo@rﬁﬁSeMBHeRﬁ@dlap (983 mmpgl). After

reci S renmov |on a

PR e peprpee-| g YOSy ef GRS s Ms Gy e 6182
dnay =Ccrd ethdop)l -anm no - 2- phenyl ethyl] -5-(2- -

chl orophol- 1- 2-fluoro-6- trifluoroneth 1 bent 1

- 6- net h | -Tharifalaveng chnpobnds web: dymhesizzdlaccording to the above

compound 2b (0.03 mml) in I nL MeOH, succinic

HeRT¥rgehyde (0.03 nmol) was added foll owed by

addition of 8 M BH3; Pyridine (0.03 ». After

over ni ght shaki ng conpouna 2- purified by
prep. LG M. M ( z 618. .= 1.005
(met hod 1) : N
NH
é O)\NI j
HO o RS,
No. Rj, Ry, Rip MW. Mass tr
S (Method #)
2-1 CF; 2-Cl H 618.02 | 6182 | 1.005(1)
2-2 CF; 2-F - H 601.57 | 602.2 0.976 (1)
5.194 (6)
231 ¢k | H H | 58358 | 5843 | 1.000(1)
5.572 (6)
2-4 CF; 3-1sopropyl H 625.66 | 6263 | 6.882(1)
2-5 CF; 3-ethoxy H 627.63 | 628.3 0.913 (1)
126| CF; 3,4-methyl-enedioxy 627.59 | 6282 | 0.932(1)
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The foll ow ng conpounds were synthesized according to
t he above procedure N No. R2aRlaR bM W Masst R ( Met hod
w?zo%m%%% G H618. 02618. 21-0050) PCT/US2004/021593
2CF32- FHE01. 57602. 20. 976(1) 5.194 (6) :
2- 3CF3HH583. 58584. 31- 0000) 5.572 (6)
2- 4CF33-i sopropyl H625. 66626. 36. 882 (1)
2- 5CF33- et hoxyH627. 63628. 30. 913 (1)

=6CE33, 4-nethyl - enedi oxy627,59628..20. 932 (1) 33 WO
2095/ 0Q¥,165| PCT/ §52004/ 021R R93 Nb. GeaR hRUAM W Masgt R
(Metlhod #) P- 7CF32-F3- QH617. 576[8. 20.979( 1) (Method #)
- 8CF33- net hyl H597. 61598, 25. 455| (6)

9902CH32- F3- met, hoxy641. 69642. Léﬁs (b) '
?—22-!: et hoxv5g?0595£2. gg?@sz 1%?3 6182 1 0.979(1)
" CH33- (1 HB18. 95216 (6) I
é‘gss, 30. <}|2-9'leé17‘%'25. 62635. 04 ]ﬁZ(Gé) 598.2 | 5455(6)
29 | SO,CH, 2-F 3-methoxy | 641.69 | 642.1 | 4.820(6)
2 F 2-F 3-methoxy | 581.50 | 582.2 | 5.532(6)
10 |

2- | CF 3-Cl H 618.02 | 6179 | 5.216(6)
1t

2- CF3 3,4-0-CH,-CHp- 625.62 | 6260 | 4.774(6)
12

2- CF, 2-F 3-methyl | 615.60 | 6162 | 6.381(6)
13

2- CF; 3-isopropyloxy H 641.66 | 642.2 6.676 (6)
14

EXAMPLE 3

3-[2(R)-{2-[5-TETRAZOYLPROPYL]-AMINO } -2-PHENYLETHYL}-5-(2-FLUORO-3-
~ METHOXYPHENYL)-1-[2-FLUORO-6-(TRIFLUOROMETHYL)BENZYL }-6-METHYL~

PYRIMIDINE-2,4(1H,3 H)-DIONE

- NHJ\ F
f( F
“NH3, CFT
N=N

N
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10

15

12 2- CF32- F3- net hyl 615. 60616. 26. 381 (6) 13
2- CF33-i sopr opyl oxyH641. 66642. 26. 676 (6) 14 EXAMPLE 3

w240308h6s { 2- [ 5- TETRAZOYLPROPYL] - AM NG PCT/US2004/021593

- 2- PHENYLETHYL] - 5- ( 2- FLUORO 3-
METHOXYPHENYL) - 1- [ 2- FLUORO- 6- ( TR! FLUOROVETHYL) BENZYL] -
6- METHYL- PYRIM DI NE-2,4(1H,3H) -DIONE Ove N "NH F }
3-1 C N=N 34 WD 2005/ 007165 PCT/ US2004/-:021593 St 3A:
3-12(R)- 3-c ano ro 1-amno -2- hen leth 1 -5
Brebl3upr 0- 33 rmmxcylaﬁébrapvllma’o}f hl;bﬁém&hvnrs {2 pedre3et h
1ben1 -6-nmeth 1-r|md'|ne- 4( 3H) dlone3ad

) ! (N p ZH akethypymmidine-

7 ‘ r| le,(5 rnL) and dii spropyl et yI am ne (52
ZM—ES—%E?L\ABS added, followed by the addition of
4- Dbronobu ¥ s 5

m xture wags:b{]?lgﬁ%igjﬁf] g?legm H&BJC?)S%%EQSS.?II I&glsdweréﬁtﬁlb( ml)
endhidsoptopgiletiyd atriee (S2sngu4 WEBOIID wiab hilded, fiylldvegstty the addition of
chr omat ogr aphy silica, 5 % MeOH CH2C12) to give
forpBedyreatle 180 e, @2 rwﬂi ABLRECToRotry mstyreVag gafjued for 16

hours. Volatiles were evaporated and the residue was purified by flash chromatography

(silica, 5 % MeOH/CH,Cl;) to give compound 3a (115 mg, 94 %). MS (CI) m/z 613.3
(MH™).

Step 3B: 3-[2(R)-{2-[5-tetrazoylpropyll-amino } -2-phenylethyl}-5-{2-fluoro-3-

methoxyphenyl)-1-[2-fluoro-6-(trifiuoromethyllbenzyl]-6-methyl-pyrimidine-
2,41 H3H)-dione 3-1
A solution of 3a (38 g, 0.06 mmol) in toluene (5 ml) was added

~ tributyltin azide (42 mg, 0.12 mmol), and the reaction mixture was heated at 100 °C for

14 hours. The mixture was cooled, partitioned between EtOAc and 1 N NaOH, and the

organic layer was washed with 1 N HCI and brine. The organic layer was dried

._(sodium sulfate), evaporated, and the residue was purified by flash chromatography

(silica, 7 % MeOH/CH,Cl,) to give compound 3-1 (10 mg, 25 %). HPLC-MS (CI) m/z
656.2 (MH"), tr = 2.128 min, (method 4) | |
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10 Step 3B: 3-[2(R)- 2- 5-tetrazo 1 ro 1 -amno -2-
hen leth | -5- 2-fluoro-3- nethoxyphen

woVhostelgsf | uoro-6-(trifluorometh 1)y PCT/US2004/021593

10

15

20

benzyl | - 6-met hyl - pyri m di ne- 2,4(1H, 3H)-dione 3-1 A
solution of 3a (38 g, 0.06 mmol) in toluene (5 nL) was
added tributyltin azide (42 ng, 0.12 mmol ), and the
reaction m xture was heated at 100 C for 15 14 hours.

The m xture was cool ed, partitioned between Et QAc and

1 N NaCH, and the organic kgwahppgs Washed with | N

HC and brine. The organic |ayer was dried (sodium

sul fate), evaporated, and the residue was purified by :
flash chromato r%g¥ i ca, 7%I\/EO—VCH2C1H%H_
e S a8 e i) SO T B 19 6 v onos

> oo b AT PR i B bl R Pt %g?}%?”m‘z 4(1H,3H)-

{ HYDROXYCARBONYL PROPYL - AM NOIbioNE
-2 CYCLOHEXYLETHYL] - 5- ( 2- FLUORO- 3-
METHOXYPHENYL) -'1- [ 2,

6- DI FLUOROBENZYL] - 6

5 4-1 Step 4A: Prep
1- cycl ohexyl - 2- hydr oxy arobam
N-(t-butyl oxycarbonyl) cyglo

nmol ) i n anhydrous THE 100%)‘
Borane solution (1 Mip THF,
added slowy and the feacti on nm}
room 10 tenperature d stirred hours. The
reacti on was quencH&d Whth MeOH (5 nL), volatiles
wer e evaporated and the redildue was partitioned

bet ween water and Et OAc. The organic | ayer was washed
W th saturated NaHCO3/water, brine, dried (sodium

sul fate), and evaporated to give tert-butyl

1seyalaohexybregaladié oFpattYIdaERAMRK A-Alydroxyethylcarbamate 4a
_ A solution of N-{t-butyloxycarbonyl)cyclohexylglycine (2.0 g, 7.77
mmol) in anhydrous THF (10 mL}) was cooled to 0 °C. Borane solution (1 M in THF,

oMeSol ution of
ne (2.0 g, 7.77
(l;ooledtoOT

L, 15.5 nmol) was
e was warned to

15.5 mL, 15.5 mmol) was added slowly and the reaction mixture was warmed to room
témperature and stirred for 2 hours. The reaction was quenched with MeOH (5 mL),
volatiles were evaporated and the residue was partitioned between water and EtOAc.
The organic layer was washed with saturated NaHCOs/water, brine, dried (sodium

sulfate), and evaporated to give fert-butyl I-cyclohexyi-2-hydroxyethylcarbamate 4a

- (1.26 g, 66.7 %), MS (CT) m/z 144.2 (MH*~Boc).

Step 4B: Preparation of 5-bromo-3-[2(R)-tert-butoxycarbonylamino-2-
cyclohexylethyl]-1-[2, 6-difluorobenzyl]-6-methyl-pyrimidine-2,4(1 H.3/)-dione 4b

A solution of tert-butyl 1-cyclohexyl-2-hydroxyethylcarbamate 4a (638
mg, 2.62 mmol) in THF (10 mL) was treated with 5-bromo-]—(2,6-diﬂu0robenzy])-6-
methylpyrimidine-2,4(1H,3H)-dione 1d.1 (869 mg, 2.62 mmol) and triphenylphosphine
(1.03g, 3.93 mmol) at ambient temperature, then di-ters-butylazodicarboxylate (906 mg,

3.93 mmol) was introduced. The reaction mixture was stirred at ambient temperature
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(1.26 g, 66.7 %, MS (Cl) mz 144.2 (M#-Boc). 15 Ste
4B: Preparation of 5-bronp-3- 2 R -tert-butox carbon

wo tuskoenée ¢ clohex leth 1 -1-12, 6-difl uoroberﬁ;ﬂUszomm]sgs

10

15

20

.25

1- 6- net byl 7-pyri nidi ne-2, 4(I H3 -dione 4b A solution

of tert-butyl 1- cyclohexyl 2- hydr oxyet hyl car bamat e 4a

(638 ng, 2.62 mmmol) in THE (10 nL) was treated with
5-brono-1-(2,6-difl uorobenzyl) - 6-

met hyl pyrim dine-2,4(1H 3H)-dione Id.l| (869 ng, 2.62

TR D6 A6 tnld pvhﬁ&ﬂk?%ﬁéﬂ%z{b%ra%% (323G sidde Whs"FRlitiod between
anbi ent tenperature

dsatiretet -NaHQOaHeO| arelr Briddyd. atThe (Ddhidlayer Ivdl Ariado{spdivas sulfate),
|ntroduced The_reaction m xture was stirred at

afPersied @Wpfé’ﬂsﬁeérké’ fipsh \pbom@@yigyca 25 % EtOAc/hexanes) to give

/ 9 Q r \Y t S e
TR O R % 0P, IS QY e B0 R )
saturated NaHCO8/'‘H20 and Et OAc. The organic |ayer was
dri edc(sodl um sul fate evapl;)r at ed and pur| f| edh by]

SE s 7 i) 4 1 [B ] TN ;

Sdl[,gf(.ﬁ) tert- but oxycar bonyl am no- 2- cycl ohexyl et hy_ I] 5
2-fTuor o- 3- net hoxyphenyl ) -1-[ 2,
6- di f | uor odeBromhé-342(RottyHbutpxy carbativireridp £-dyd] @fexyldihgHel -[2, 6-

4 g . .
SiEpgbensy S myty kpramidings A0 ALY HaRF ndh 20 oo Ry Pl in
tg%h&ne}Etb?I/e vlene g]ycoi dlmethy] eth (20/2/22 m'I:,I) was. dded 2-fluoro-3-
di fl uor obenzyl ] - 6-"net hyl - pyti m i ne-2 |one
%etbdx@hgnylliorﬁiﬁlcmmul (382mng . ibbmzr&ﬂ}sdlﬁt Gﬁireteﬂ)BaéﬁéI)z/water (~ 0.5
| ycal F@ yl ether (20/2/22 nL) was added

Vi | t FREKY P S TUBo Mt decypenategig ithy N2pfop 410 minutes,

THRl B SO0 PALEZIUPAA oy, 812, iy ol e and o
mMeatioe Snixture twaa kiested rat 80 é’ﬂydwmhﬁglnhmaleb Noal ThedietittiopOhixture was
mpol ) was added and the reaction

RO IRe Be R dro 28y THBAG Gl AEAME Iuislarss el fhedium sulfat),
r %&rh@@,haghg)r HEEd Wﬁa&?clﬁ%gﬂogﬁ&eﬁg fis(llk?gat %%/nEB(? /ﬁ )?A'ﬁgs) to give

ani ¢’ [ayer was sodiums

e:m@enm M,M&mk PO %) ed Sl Aasb2 ohivuraBgy. aphy
(silica, 30 % Et OAc/ hexanes) to give

Step 4D: Preparation of 3-[2(R

methoxyphenyl)-1-{2. 6-difluorobenzyl]-6-methyl-pyrimidine-2.4(1H,3H)-dione 4d

To compound 4¢ (300 mg, 0.5 mmol) in dichloromethane (2 mL) was
added TFA (2 mL) and the reaction mixture was stirred at ambient temperature for 1

hour. Volatiles were evaporated and the residue was partitioned between saturated

-NaHCO3/wat.er and EtOAc. The organic layer was dried (sodium sulfate), evaporated,

purified by reverse phase HPLC (C-18 column, 15-75 % ACN/water) to give compound

4d. MS (CD) m/z 502.2 (MH™").
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conpound 4c (348 ny, 32.3 %Y. MS (Cl) mz 502.2 ,
(MHO -Boc). Ste 4D Pre aration of 3- 2 R -amno-2-c

wol08%7dest h 1 -5- 2-fluoro-3- methoxyphenyl) - %C&RJszommzhgs

10

15

6-di fl uorobenzyl | -6--nethyl -pyrim di ne-2, 4(1H, 3H) - di on

e 4d 20 To compound 4c (300 ng, 0.5 rmol) in '

di chl oronethane (2 nL) was added TFA (2 nlL) and the

reaction mxture was stirred at anbient tenperature

for I hour. Volatiles were evaporated and the residue

V@p REF L i t | PRpsthet mﬁm(aag_@bwtarﬂwv@&mmno}agd

Et OAC The organl c layer was dr| ed (sodl umsul fate),
hohenylethyl -flfigred -methosyrhenw é(h-iﬂlmrobemzvlﬁa-6methvl—

coI um, y 9 V\Q er) to give conmpound 25 4d. M5

(pmgne- 7 WO 2005/ 0071615

PCT/ US2004/ R23F:%3n grwnﬁ@ndeme(g)%gg 005 SnoByin4dManoD(2 mL) was

drox carbon 1 ro |-amno - | uor o- 3- met hox hen

I addid p@ccirfe dérhialdehypdee(i2 mg,-16-%atihedis solutionh dodidvetdrbyl the addition

|md| H3H) d| solution of co
&Wnr-@ynénez Sids )3 n:'?ﬁafﬁﬁ‘f’t‘?‘? TP &as SRt ambien

e AT L AR s

[erﬁtrepélﬂﬂEver BlaC tpianenelmmg with MadMeH/ QR ClLatb ghvdiogiiound 4-1 (5 mg).
enperature for hour. Vol atiles were evaporated and
tw(p&’f’éé@%ﬂ%drl fied directly on preparative TLC

?|5atrr§) el UW%-{%ﬁg%%% %&%ﬁ—a&ﬁn&" -i‘-%y&8ﬂ&‘}h‘éi€ylﬂsﬁ(2-

Shot6-B)méthy s ER Jofitops-6 it fhafdrethy HBereyi}cofephyl-pyrimidine-
ethyl] -5-(2- fluoro-3-nethoxyphenyl)-I

-2.9011,3/d)-doBe $2rvas ayaﬂw@%@dq\}qn)aa@ﬂ 2y perasdurkyand W?the 1d.
i ne- 2, 4(| 4-2 th d
Is'gﬁe proc(:éd %&ﬂ)a"”iqﬁt"é’ﬂ?@ﬁ? it & er]ed S%%hés% grglm % the above

GoR@upds were synthesi zed according to the above

- procedure. o
R ™ | o~
N F

RN A !
X .
!
R6

No. -N(Rs5)-X-Rg Raa R4 MW | Mass tr

(Method #)

41| e ™"Scou | F | cyclohexyl | 587.63 | 588.4 | 5350(3)

42| ™ "con CF; | cyclohexyl | 637.64 | 638.3 | 27.56 (5)

4-3 W "cou | CF3 | cyclopentyl | 623.60 | 624.2 | 2.290 (4)

44| by ™"Scon | CFs | isobutyl | 611616123 6.480(6)

4-5 i_g/\/\\/col" CF; | cyclohexyl | 651.67 | 652.1 | 2.340(4)
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15 No. - N(R5) - X- R6R2aRAMAVBSSt R ( Met hod #)

4-1-N " -~colH Fcycl ohexyl 587. 63588. 45. 350 (3) H
weéh2@sM1e00, H CF3cycl ohexyl 637. 64638. 32756 ( 5)pcs2004/021593
4-3~, ~~cozHCF3cycl opent yl 623. 60624. 22. 290 ( 4) CRrygpoggis

CO, HCF3i sobut yl 611. 6161236. 480 (6) 4- 5N~~C2N
CF3cycl ohexyl 651. 67652. 12. 340 (4) H 38 WD 20051007165

PCT/ US2004/ 021593 No. - N( R5) - X- ReR2ZaRQWWhasst R ( Met hod
-I+\ 4- 6HCF3i-sobut \I| 625 63626-02..593 (A) -./co-H

Yoo YUETIoq

8I S Obuiny VIRGB - ﬁ06640 61 (R, F MW | Mass tr ‘
4- 8HCF3i sobut yl 597. 5859802, 571 (z) EXANPLE 5 aurb@bly
[ HYDIROXYCARRONYL PROPYI - Al NG,

-Z-BFHEML«W%W ER- PRABIENTL)| 625.63 | 626.0 | 2.593 (4)
H 3

471 ™o | CF3 | isobutyl | 639.66 | 640.0 | 2.61(4)

4-8 W% L CFy | isobutyl | 597.58 | 598.0 | . 2.571 (4)
.

EXAMPLE 5

3-{2(R)- {HYDROXYCARBONYLPROPYL-AMINO}-2-PHENYLETHYL]-5-(2-CHLOROPHENYL)-

1-[2-FLUORO-6-(TRIFLUOROMETHYL)BENZYL]-PYRIMIDINE-2,4(1 H,3 H)-DIONE

G

5 Step 54 Preparation of 5-bromo-1-[2-fluoro-6-

(tnﬂuoromethvl)hcnzv]}pvr:mldme—z H1H3IH-dione 5a

A suspension of S-bromouracﬂ (31.0 g) in 300 mL of dichloroethane is
treated with &V, O-bis(trimethyisilyl)acetamide (80 mL). The reaction mixture is heated
under nitrogen. The solution is cooled to ambient temperature, 2-ﬂuoro-6—

10 (trifluoromethyl)benzyl bromide (50 g) is added and the reaction mixture is heated
overnight under the nitrogen. The reaction is cooled, gquenched with MeOH, and
partitioned between dichloromethane and water. The organic layer is washed with
brine, dried (sodium sulfate), and evaporated to give a solid. The crude product is

triturated with ether, filtered, and washed with ether three times providing 40.7 g Qf 5-
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| :
- (2- FLUORO- 6- ( TRI FLUOROMETHYL) BENZYLI - PYRI M DI NE- 2, 4( 1

w?%@/oo?lcg\“z Oj~OH CF 5 Step 5A: Preparati on pefycrenssn21503

ono-1 {2-fluoro-6-
(trifluoromethyl)benzyl]pyrimdine-2,4(1H, 3H) -di one 5a
A suspension of 5-bronouracil (31.0 g) in 300 niL of
di chl oroethane is treated with
N, O-bi s(trinethylsilyl)acetanm de (80 nL). The reaction
gﬂ(t)l)é ld-d o ﬁu(ﬁ'g%t ﬁﬁﬂ?(lg%nglgghgﬂ r[zg’ﬁgﬁ? a-cgﬁ%§gl(fﬁbm Ldiche 5a. MS
(¢01f huaoeme 36y DY PBIT3y|l bronmide (50 g) is added and the
reaction m xture is heated overnight under the
nitrogen. The reaction is cooled, quenched with MCH,
part | tI; onaer 1ok%1€ct>fvga i ; DHCHTY. y-b1o [2- 0r0—6-

AV

S(%ﬁfﬁtﬂir@ﬁxethiﬂﬁeﬂﬁﬁﬂhﬂh@ﬂelzgjm%&h&@ 5151 The crude
product is triturated with ether, filtered, and

washed wit h‘\et her thselation mes pr ovefii ng 40. 75-gragro-3-[2gluoro-6-
005/ 0 65 P / 13 2004/

PGB B ROy TP TR Bt A0 P HERONS BB 1 92 b2 mgpq)) in THF
g _§(t')m15§' RBE trefted vaith Q\Qt-)bugk? xye@Boflyl)-308. ﬂleﬁ?‘?ﬁ%m&q@6 g, 57.5

Pre: aration of 3- am no-2- he
-Iﬁmbl)mmd-thphéljdﬂhoqvmneﬁ(flo 6 g, 78.5 mmol) at room temperature, then di-tert-'

BRI DS b ? B Rammpl) Sy iy several portions over S
%&@_&@kg fmg gﬁgmn%%% %MT%&&@{%&O}S% s%rélfo'r Hie3dhy, qum%nﬁarHF (90

was treate
Nnl} whiddded xandahd aniytie whschepted ny Bgl"@m@mbdmﬁ&dﬂi@l (34.6 mL, 418
57.5 mol) and triphenyl phosphi ne (20.6 78.5 mmol )
anmeh gMast dy andythe repqtion mixiyrg yas: stirred at 50 °C for 40 hoturs. After
b 7 . »
S S0P Rithe 305036, B RIS (B iy s
réthsil Wicetatéad 08t hL Y, eﬂldadnddowgﬁvermﬁfp@hﬂd &bf (6.918, h®UKL) as a white
addi tional THE (90 rrL% was .added, and the m xture was
treadet WS (6D) rajz 4859 4%L.P AMEK)-HOI (34.6 L, 418

Step 5C: Preparation of 3-[2(R)-amino} -2-phenvyléthyl}-5-(2-chlorophenyl)- ] -[2-

fluoro-6-(trifluoromethyl)benzyll-pyrimidine-2.4(1 H,3 H}-dione 5¢

To compound 5b (10.45 g, 20 mmol) in dioxane/water (180/20 mL) was
added 2-chlorophenylboronic acid (6.26 g, 40 mmeol) and Na,CO; (12.72 g, 120 mmol).
The mixture was deoxygenated with N, for 15 minutes, tetrakis(triphenyiphosphine)

~ palladium (0} (2.31 g, 2 mmol) was added and the reaction mixture was heated at 90 °C

for 16 hours. The reaction was partitioned between EtOAc and H;O. The organic layer

" -was washed with brine, dried over Na,SOy, concentrated and purified by column

25

chromatography on silica gel with ethyl acetate/hexanes/triethylamine 500/500/6 to
800/200/7 to afford compound Se (7.26 g, 70 %) as a white foam. MS (CI) m/z 518.0,
520.1 (MH").
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mmol ) was added, and the reaction mixture was stirred
at 50 C for 40 hours. After dilution with ethyl

weeRke8s{ 100 L), the solid was filtered, wayiradysbdiwzises

10

15

20

additional ethyl acetate (100 nL), and dried to give
compound 5b (26.9 g, 98 %9 as a white 15 powder- M5
(Cl) rn/z 485.0, 487.0 (MH). Ste 5C. Preparation of
3- 2 R-amno -2- hen leth I -5- 2-chloro hen | -1- 2-
fI uoro-6-(trifluoromet hyl)be 1 -pyrimdine-2,4(1H

-S):one Bfepditi6n Bthok Poaftfonglprdi9/1 amhg } -2 Hhenylethyl}-5-
d| oxane/vvater (80/ 20 rrL) vvas added .

2008 (12.72 g, 120 mml). 20 The mixture was
oxygenated with N2 for 15 m nutes,

tetraki s(tal ey ANQRIouReScRal! g’ldﬁ 98 rfr01), (e2hyd 4-Bronmdbutyrate
nmol ) was added and the reaction mxture was heated at
go6 @L, 28179 1bmbDund K, Tk (2.2ax tl 580 mwmel) paMaG (3batl.) was refluxed

n B and H20O. The c |l ayer washe
PR TP T MIECH it DYoo s T S e R con H1OAC and
' fmdor?%le ?.h}émas GREIRIERLRYLARDYARA oVl NG cofMeBt'?ated and

acetat e/ hexanes/tri ethyl am ne 500/5 O/
Bﬂmfﬂ)O/ Byt o cahdnai d chrjpotolapghy ( 7011’26 g;thO 0/ﬁel aS xath ethyl

whi f m
tts heymaciriciio it OB QDN 8 8oR SEndPHDLSA A0S, 59%) as a

PRttt (AR % B2 R, Lo onet iyl ) benzyl
| -pynm dine-2,4(1 H 3H) -dione 5d A m xture of

compound 5c (4.1 g, 7.93 mol et hyl 4-br onobut
Eteg%Ea m ngmnoggﬁlj,a&};dh@émwarbﬁ%v Ipgopyl gnppo Laniﬂahqrwlethyll-

amesuzo The or gani c Iayer was vvashed with brine,
dried over Na2SO4, concentrated and purified bg
col urm chr Bengoogeansh§d 614 2 Bifcmmydl was addegt FEF (30 mL) and H,0

@@ glhgl)ég ?@Njﬁﬂé& ats%g% gﬁ?nﬁ 40%/ %/nZ:x re %fafs (s){lrred at 50 °C for

16 hours. THF was removed in vacuo, the aq. solution was washed with ether, and

cooled at 0 °C. Neutralization with 10 % aq. citric acid (26.0 mL, 40.6 mmol) gave a
precipitate, which was washed with H,O and dried to give compound 5-1 (1.88 g, 82
%). HPLC-MS (CI) m/z 604.1, 606.1 (MHY), tg = 2.511 (method 4), tg = 26.98 (method
5) |

' The following compounds were synthesized according to the above

procedure.
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10 yell owi sh syrup. M5 (Cl) mlz 632.2, 634.2 (M{).
Step 5E: Preparation of

wor ey hydr oxycar bonyl propyl - amni no

J- 2- phenyl et hy-1] =

trifluoroneth |

ben

HE O

5- 2-chl

PCT/US2004/021593
oro hen 1 -1- 2-fluoro-6-

1-rimdine-2 4 1H3 - dione 5-1
To conpound Sd (2.4 g, 3.8 mml) was added THE (30 nl)
and H2O 15 (30 nl) followed by NaCH (1 588 g, 39.7

OF 16 haonrc

-nrJ at Rﬁ

Mol p—FRe—-x
THE \whls. rlerryy e
an
% ad~—citlric_a

witH ether,

i

ur o \'

i Rp, Macly, t
cogl ed at
i d(26.0

Vo
O OTI I

NeMPM. | Salidski pn wag wasHed

f

[
D) T. utraliz @hodit B 10
40 _6 ) gnagnn I

\./

predi Biit 4t ez Wni qh
gi vg conpound
604.{11, 606.1 (

5-1 (1.88 g,
MH*)

/as(;\;qsh
tR = 2.

@04’\06 h &!?401 and 2d5'1'16(d)t q
B2 99 Elﬁ’ VB (Cl)
311 ( mpt 216F§8:(526 98

( mret{rod— 2057
syntlhé<i zedFac
£ 2004/007165 P
(N@thod #) 5-10

FThe

COCH:ng
CT/ USZ
HCF3604. 006

ottown

Cdat h
004/ 021

J (,Ullp)UIIUb WETTE

boEbY @ pHHZ efurzet8242) WO
93 No| Ri aRi bR2 t g
D4.1, 2.511(4 2%32 98

(5) FOCH3CF

i i

7618. 22

§§z§§é 1) 5620 4P 6¥ag (6)

5- 3cy3 ol 4. 3548

g:gac%;es T 1 e o0 g% 57| 6022 | 6.144(6)
55| Cl | CH; | CFs [618.02] 6179 | 5.104(6)
56 | F | H | CF; |587.54| 5882 | 5.172(6)
57| F |OCH;| F |567.56| 5682 | 2.108(4)
58| C | H F|553.99| 5541 | 2.137(4)
59 | Cl | H |SO,CH;|614.09| 6142 | 5.020(6)
510 | F | OCH; | SO,CH; | 627.66 | 6282 | 1.178(1)

EXAMPLE 6

3-[2(R)- {HYDROXYCARBONYLPROPYL-AMINO }-2-PHENYLETHYL}-5-(2-CHLOROPHENYL)-

- 1-[2-FLUORQ-6-(TRIFLUOROMETHYL)BENZYL]-PYRIMIDINE-2,4(1.H,3 H)-DIONE

NH

4

0

.- Cl

@\/\0
| N
cpij



10

15

5- 6FHCF3587. 54588. 25. 172 (6) 5- 7FOCH3F567. 56568. 22. 108
(4) 5-8C HF553. 99554, 12. 137 (4) 5- 90 HSCRCH3

wo@g@m@%y 25.020 (6) 5- 10FOCH3SCRCH3627. 66624

EXAVPLE 6 3-[2(R)- { HYDROXYCARBONYLPROPYL- A 1@%{%21393
(2 PHENYLETHYL] - 5- ( 2- CHLOROPHENYL) -
1- [ 2- FLUORO 6- ( TRI FLUOROVETHYL) BENZYL] - PYRI M DI NE- 2, 4(
1H, 3H)- DI ONE O ~"~OH CF3 42 WD 2005/ 007165 |

PCT/ U82004/ 021593 Ste 6A: Preparation of conpound
) B a @ eth§ H2Tahlorophenyl)acetate 6a

27ehlorop y| cfd (1,04

) wes. " oliud T ieedieiagiq 6 Ot gpSpmaghiin, MEOH (BSRL) was
R LR VBsiaT & bp8H ah@thd SoldBbA S\vas”'\’;éfﬁl&ed for 16 hours. After
concentration, the'residue was taken up 1 n ethyl

@oeintthtorg nitle wess dheec wa tdkesatp th ahyl GcdiambiGod, widhed arith sat’d aq.

ri The qr.ganic_ | ayer, was dried over Na2SO4 and
M@h thiad boge. Jheatgaicrdgyer wes dred PB@MW) arceopeentrated to

A8 e e Do Bne o) BLIOR 7 s adelytiron. dBs @

2z (1 24,a8bgvOphenyl ) - 3- (di net hyl ani no)acryl ate 6b 0 C 10
A sol ution of methyl (2-chlorophenyl)acetate 6a (1.08
g, 5.85 mml) in DI\/FDI\/A(lO m., 70.8 nmol) was

with ethyl 2 1/2to afford

unreacted met hyl (2-chl orof , etate 6a (0.67 g,
62 9% first, and then retfh
2- (2-chl orophenyl) 3- (di rpethyl am no)acryl ate 6b (0.38
g, 27 % 71 %

A solution of methy! (2-chlorophenyl)acetate 6a (1.08 g, 5.85 mmol) in
DMFDMA (10 mL, 70.8 mmol} was refluxed for 16 hours. After evaporation, the

- residue was purified by column chromatography on silica gel with ethyl acetate/hexanes

1/3 to 1/2 to afford unreacted methy! (2-chlorophenyl)acetate 6a (0.67 g, 62 %) first,
and then methy! 2-(2-chlorophenyl)-3-(dimethytamino)acrylate 6b (0.38 g, 27 %; 71 %
based on recovered starting material) as a colorless syrup. MS (CI) m/z 240.2, 242.2

- (MHY).

20

._Step 6C: Preparation of 5-( 2-chlorophenvl)pyrimidine-Z,4{ 1H 3H)}-dione 6¢

To a mixture of methyl 2-(2- chlorophenyi) 3-(dimethylamino)acrylate

 6b (O 26 g, 1.08 mmol), urea (0.2 g, 3.26 mmol) and Nal (049 g, 3.26 mrnol) mn

acetonitrile (5 mL) was added TMSCI (0.41 mL, 3.26 mmol). The resulting mixture
was refluxed for 16 hours, cooled to room temperature, and 1.0 M NaOH (8 mL) was
added. The resultant solqtion was stirred for 20 hr, and acetonitrile was removed in
vacuo. The aq. solution was washed with ether, cooled in ice bath, and neutralized with

1 N HCI (8 mL). The precipitate was filtered, washed with additional H,O, and dried to
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10

I5

20

15 based on recovered starti ng material) as a
colorless syrup. Ms (d) nmlz 240.2, 242.2 (MH) Stgp

W@CZ‘OOQI}’JO%ar ation of 5- 2-chloro hen 4 rim di nepdrhisdédsPrises

dione 6¢c To a m xture of nethyl
2- (2-chl orophenyl ) - 3- (di net hyl am no)acrylate 6b (0.26
g, 1.08 mmol ), urea (0.2 g, 3.26 rnnol) and Nal (0.49
g, 3.26 mmol) in 20 acetonitrile (5 nL) was added
TVSCl (0.41 nm, 3.26 nmol). The resulting m xture was

1g‘?wffé %@dchﬁ&B%ﬂeﬁ f)?IS’}HxﬁidirféQ?hﬁﬁfi BQ;‘BE“ (fce(m% at Lg(,e%)aggda white

resul tant sol ution

'vsahdsMSrct(Ednﬁmzzz;QZMQ(Mw*)acet onitrile was renoved in

vacuo. The aq. solution was washed wth ether, cool ed
in ice bath, and neutralized W|th 1N HA (8 m_) The

R @fbﬁ' t at q,rggg }

» 10707 ot ]
%ﬁﬂflﬁd?hﬂﬁ@iﬂbe@lbmﬂlmﬁm 2, 4(| H, 3H) d| one 6c (o 16

g, 66 %9 as a white solid. l\/S(CI)niz 222.9, 224.

( M—I*) St eploed: sumeerjan X Df2-grlomphenydipy srodnes. (141, 3H) dione 6¢

Wbt PRl ST slies tieimatyigiyDocetamide 0.36

Sﬁ@pﬁMhﬁibleand the resulting solution was refluxed for 1.5 hours. After cooling to
5- (2 chl or ophenyl )pyrimdine-2,4(1H, 3H) - di one 6¢C

(room @emyperoture 2nthestrp-3r i flmoemestiitIbérize] bﬂ)rm@ (0\@% gafdfddmmol) was

bi ritIsiIIa am de (0,36 ,
e Rl P o Dbl *TBE resklitn FaF d4enah by addition of
’NI&(?H 'zﬁ‘ﬁ sﬁH‘mg" BPPhbERPAfRY Ubfoentration, the res:due was purified by
uor o- t rifludronethyl benzyl brom de’(0.22 g, g

roin)n warematgrady canshhpaefgeumﬂnasthybsw&:ﬁd’hémneiefhdxuaﬁord 5-(2-

siprandh rm%r%rmﬁe" koSt Beutpidie SR ione o0

é‘?‘(?S AN R ST i‘é’ﬁ%%??ai’?%ﬁ??hif? or d
5-(2-

chI or ophen)i}l ) -
Hgpara

ki lﬁ.fma mu%%ahyﬁn,dm)@%mm

gparatr om o
$e[ 2(R) -{tert-butoxycarbonyl - am no}-2- phenyl et hyl ] - 5-

1-|

A mixture of 5-(2-chlorophenyl)-1-[2-fluoro-6-
(trifluoromethyl)benzylJpyrimidine-2,4(1H,3 H)-dione 6d (125 mg, 0.32 mmol), K;COs
(130 mg, 0.96 mmol) and N-(t-butyloxycarbonyl)-D-a-phenylglycinol mesylate (0.2 g,
0.64 minol) in DMF (3 mL) was heated at 75 ‘_’C for 16 .hours. The reaction was diluted
with ethyl acetate, washed with H,0 and bﬁne, dried over NaﬁSO4 and concentrated.
The residue was purified by column chromatography on silica gel with ethyl
acetate/hexanes 2/3 to afford compound 6e (144 mg, 74 %). MS (CI) m/z 518.0, 520.0

(MH -Boc)



15
(2-chl orophenyl )-1-[2-fluoro-6-(trifluoronethyl)benzyl

wo 2qey0eEdi ne- 2, 4(1H, 3H) -di one 6e A mi xture @CT/uS2004/021593

10

15

20

5-(2-chl orophenyl)-1 -[2-fluoro-6-
(trifluoronethyl)benzyl]pyrimdine-2,4(IH 3H) -dione 6d
(125 ng, 0.32 mmol ), K2CO3 (130 ng, 0.96 mmol) and

N- (t-butyl oxycarbonyl) - D a- phenyl gl yci-nol nesyl ate

(0.2 g, 20 0.64 mmol) in DWW (3 nL) was heated at 75 C
Bmp 6F6 _houPseparbiien 6ERC2(RMAmMMES-2 Hhehifl eyl \5Hhchddrbptenyl)-1-[2-
acet ate,. vvashed vvlth H20 and brl ne, dr| ed over Na2SO4

h t ™y ‘ - A
zcéfg?e?%rei‘ﬁ%éssﬂ%fék Wé@ﬁai %E%gmzom REM g1 gn) wa
%dedNFA (@.5 ni1l, 5. 5o, anﬁZﬁb ﬂlxt{)M‘\‘fas%@iﬁ)sd aM¥om temperature for 1.5

2005/ 007165 PCT/ US2004/ 021593 St ep 6F: Preparation of
Boyre( Rytten eonesnirativre il residng Was-taken2ume il BEdD hrdhyatid #q. NaHCO;

P 35S} o AT LlRYSn Yo GReRieg it DOM- Goalned eppanigexiracts

Wereddriedl difel 83,90, £RNRALGRE ta%idééorgpou% 43 (mg) MS (CI) m/z
DCM (1 nl) was added TFA (0.5 L, 6.

£ 8, Lh20. AEHSt i rred at roomtenperature for 1.5
hours. After concentration, the residue was taken up
in DCM and sat'd aq. NaHCO3 was added. The aqueous
5@Y 86 Was hhaabPor ¥ ﬂﬁ)—@%mﬁ%@iﬂoﬂ?fﬁr&fyﬂ%ﬁ&} 2—phcnvlethvﬂ-
extracts were dried over 2S04 and coricentrate
B(-ehlonyphenyis 1 §2-fludral & (ifluoidmdtisH Yoentyl |- paiBidine- EZQHJHL
MH). Step 6G Preparation of
0 ) (hydr oxycar bon_yl propyl -am no |
- 2- phenyl ey h 0 - 0 anyd) o .
-[2-fl uor ok6¥%itupf) I ﬂ%r'% to%;l/q @ é-pyr1||9 mrld'?lﬂlg- fﬂ (}l(iuccmm
sdpdiitiehydieq e wh %4 souti@l ntviaddt; Oﬂ3@ﬁ>1[£ﬂh2lhfﬂn1ﬁﬂ) inMECH,was stirred at
0.19 mmol ) and succinic seni aldehyde (15 wt_ %
rogm femppraiiic {Ritsepinutys) Borane pyridine shwplexi(h Mitintlnaes added and

S8 8 agub” ST SREEAHGE, BlreRal B §ige B8R P, T
lflﬁze 0] thanﬁpreﬁfH@WSG@Qﬁe@bﬁ@bmﬁﬂﬁ 1t PIEMSIUEL) Wis 604.1, 606.1

urjfied first on g
&H) tg = 26.98 (method 5), tg = 2511 (method 4)

EXAMPLE 7

3-[2(R)- {HYDROXYCARBONYLPROPYL-AMINO } -2-PHENYLETHYL]-5-(2-CHLORO-3-
METHOXYPHENYL)-1-[2-FLUORO-6-(TRIFLUOROMETHYL)BENZYL]PYRIMIDINE-
. 2,4(1H,3H)-DIONE

Sy
LG

45



plate, and then by prep LCM5S to give conpound. 6-1.
HPLC-MS () mz 604.1, 606.1 (MH), tR = 26.98

wOBIRF163), tR = 2.511 (nethod 4) EXAVPLE 7 3pp2fRhsosfor1593

10

15

20

25

HYDROXYCARBONYLPROPYL- AM NG}

- 2- PHENYLETHYL] - 5- ( 2- CHHLORO- 3- 20

METHOXYPHENYL) - 1- [ 2- FLUORO- 6- ( TRI FLUOROVETHYL) BENZYL] P
YRIMDINE 2,4(1 H 3H)-DIONE Ove 0 014 CF3 45 WO

2005/ 007165 PCT/ US2004/ 021593 Step 7A: Preparation of

23tephar o- 3- d?&lﬁfﬂﬂ@zé}ll&%hy%tﬂo% ﬂ'éhzﬁldé ion of
3- hydr oxybenza HOAc (40

rrL) was addbd acsalspénsidry of t3&mxy@>2ﬂ)zaiﬂ_ehyde7 62@rir2)|9, 160t mmol) in

DRl kbere P, el dBorD (it B imeflwah Stiming. The
Snreh&fo?n%efcﬁ{lc Q;héb? léBﬁmgﬁ eadls irbfﬂ@g 'reggﬁxemct f was aihowed fa cool and

precipitate. e so washed w t

adtigtred fbrelh HoRrg rasaltigdh hmmteayréqxpitm ymmum;tﬂmrcd washed with
(13.77

50 s i o op e oA RA A R Ry b T 58 B GGMS (D

1?6 fh8 (30 nL) was added K2C03 (4.8 g, 34.9
fol'l'owed by Mel (2.7 mL, 43.6 10 mol), and the

m xture wasresi kslageh af 2rchivroBaidiesabuiialdehydd 6.5 ¢l 39 mmol) in
Fol | owi ng concentration in vacua, the residual

was
t%n@@pIILhWGQ hydedale£t@t &4 3®a§ﬁ8dﬂm0l)hf0ﬂ|2®ed byyriipke(2.7 mL, 43.6

drle and..conc nirate Puri f y

B A Ba Ry BRI bR ety GG B Following
%ﬁ&éﬂﬁﬁ&?%ﬂﬂ&%olf& 1@§if941084k taken up in et gl acetate, washed with H,0,
2-chl or o- 3- met hoxybenzal dehyde 7a (4.68 g, 94 % as a

dwiney dresisover Nasz arid enpicendiatéde Pumbisatient bynclngn mtography on
fﬁﬁ:‘%‘ﬁ %{l & 1‘%‘ iyl %g@geélzef(éﬂ’\%rﬂé§ hgfggéﬁf% gl%a%%tét}QOngenza]dehyde Ta

(4.68 g, 94 %) as a colorless oil, which solidified upon standing. GCMS (EI) m/z 170,
172 (M.

Step 7B: Preparation of 2-chloro-1-methox

{methylsulfinyl)vinyl]benzene 7b

To a solution of 2-chloro-3-methoxybenzaldehyde 7# (4.65 g, 2713
mmol) and methyl (methyithio)methyl sulfoxide (4.3 mL, 43.9 mmol) in THF (25 mL)
was added a 40 % methanolic solution of Triton B (6.2 mL, 13.6 mmol) and the

" resulting solution was refluxed for 16 hours. After THF was removed, the residue was

“taken up in ethyl acetate, washed with 1 N HCl, H;O, and brine, then was dried over
NayS0,, and concentrated. Purification by column chromatography on silica gel with
dichloromethane afforded 2-chloro-1-methoxy-3-[2-(methylsulfanyl)-2-
(methylsulfinyl)vinyljbenzene 7b (3.61 g, 48 %) as a yellow oil. GCMS (EI) m/z 225
(M'-Cl-16), 210 (M"-C1-OMe).
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meth Isulfin 1 vin | benzene 7b To a sol ution of
2-chl or o- 3- net hoxybenzal dehyde 7a (4.65 g, 27.3 mmol)

“Kﬂmgﬁaphgyl (et hyl t hi o) met hyl sul foxide (4.3 @ﬁnﬁégﬂgzﬁm3

10

15

20

25

- geloy

in THE (25 nL) 20 was added a 40 % net hanolic
solutlon of Triton B (6.2 nL, 13.6 mmol) and the
resulting solution was refluxed for 16 hours. After
THE was renoved, the residue was taken up in ethyl
acetate, washed with I N HO, H20, and brine, then was
diched: over predamfibd of @hvl (gsaﬂfcﬁalstﬁkﬁexyp%ﬁmdc@ﬁwnn by .
columm chromatography on silica gel wth
di chl or omeThane a#dloticed of  2-chloro-1-methoxy-3-[2-(methylsulfanyl)-2-

FrabshBayb TR 10 Tkt S mdli i dagd 129 miy vps added o

X%le@ﬁnghé solmof 5.0) 6?12211113)2§nd gwreglfllﬁkolu%rpwas refluxed for 3
6 WO 2005/ 007165 PCT/ US2004/ 021593 Step

H@rs PAﬁpaewpbmomftherésmug(v%sqiuhﬁbé b3 coltrmooby@hetogthphy on silica

oy ﬁbﬁ%sglglq%q?ﬂ?;;})é g&fl%?%ﬁaét(ﬂﬁgﬁ?ﬁgﬁ@}bg)&}@henyl)acetate 7c (278 g,

Loyl eyl 358 g, 12.9 I
PPy Y U EBEREE38 258 M et hanol 1 ¢ sol ut on
of HCl (5.2 nL) and the resulting solution was

refluxed for 3 5 hours Adter evaporatlon the residue
g 7B EPHtion 12 HO18HE 2 ca  gel

[§elo hﬂpe to'afford'ethyl
L phenyl )acetate 7c (2.78 g, 94 %

as a yel |l ow svhhnoncﬁlvahyﬁtj clitbi- %&tho&g’rﬁhdnwl')hcetﬁ&% @08 g, 12
Preparation of eth 2- (2-chl or o- 3- net hoxyphenyl ) - 3- -
RSO IMERMO) o, 400 el Dasvesined a6 bt Hiler evaporation,

hl or 0- 3- h 2 78
ol PR BRECRI 6 OFt CoIB TP e P, Sl T gy ety

:ﬁ‘ét»h"te?hex%ésefﬂ QY dNOfoadticPd unrehfiBd e-@xsft ewaﬂmss m&ucfxyﬁs%nwaceme
col um chr omat ogr aphy on silica gel th ethy

@c etld e/thex@ne¥) 1/1xst, o and 1 then akthyt d 2t{ﬁf¢@hlroédmeiﬁlh§d'phenyl) -3-

ey R AR OB 8 Brood Rat Ny Rnefpist moteria) a

a yeIlow syrup. MS (CI) m/z 284.0, 286.0 (MH").

e

Step 7E: Preparation of 5-(2-chloro-3-methoxyphenyDpyrimmdine-2,41.H 3 H}-

dione 7e

To a muxture of  ethyl =~ 2-(2-chloro-3-methoxyphenyl)-3-
(dimethylamino)acrylate 7d (1.7 g, 6 mmol), urea (1.08 g, 18 mmol) and Nal (2.7 g, 18
mmol) in acetonitrile (20 mL) was added TMSCI (2.3 mL, 18 mmol). The resulting
mixture was refluxed for 16 hours, cooled to room temperature, and 1.0 M NaOH (30
mL) was added. The resultant solution was stirred for 20 hours, and acetonitrile was
removed in vacuo. The aqueous solution was washed with ether, cooled in ice bath, and
neutralized with 1 N HCI (30 mL). The precipitate was filtered, washed with additional
H,0, and dried to give 5-(2-chloro-3-methoxyphenyl)pyrimidine-2,4(15,3H)-dione 7e

(1.24 g, 82 %) as a pale yellow solid. MS (CI) m/z 253.1, 255.1 (MH").
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15 (dinethyl am no)acrylate 7d (1.1 g, 32 % 90 % based
on recovered starting material) as a yellow syrup. M

wbGhds/d¥h&s284. 0, 286.0 (MH). Step 7E: Prepar ﬁ|&’§€§{596041021593

5-(2-chl or o- 3- met hoxyphenyl ) pyri m di ne- 2, 4(|
dione 7e . To a m xture of ethyl
2-(2-chl or o- 3- net hoxyphenyl ) -3- 20
(di met hyl am no)acrylate 7d (1.7 g, 6 mmol), urea (1.08
g, 18 mmol) and Nal (2.7 g, 18 mol) in acetonitrile
(S26p ME) WasPrapiasbnldYBG2 -dhierd-Tnethb® vaRERaY)-1-[P08uoro-6-
resultlng n1xture mas_refluxed for 16 hours, cool ed

H A 1% s d p F rrL) was

dded. The 4esul tant sol uti
ﬁouss ang fszg%n?%n“ﬂ’?sg‘%s% r\gﬁig Eii‘%”h g??‘ypgﬁ@’l)wnmidme-
apuEF)SabAS | AN (985 gmsheqm%ph it N&ko (llﬁweg e) Gfas added

bat and 25 neutralized with N HC (30 nL)
d]‘lifb‘lmthﬂsléyl)mstaﬁmdet .2 dnLywddhe dnmbb  andidhé Irem%ng H2Rtion was

€ °6r é’%ﬁﬁ hd 2§ FRERYE 3P Foalerl e room (tempeapiue Zifluoro-3-
%ngﬁ%rggé%’&ﬁz g:équg?nl\ﬁ_dﬁ)é{ﬁ 72g7 l% %xg%cﬁ%}vg%’z}ci %Ig gha Mk @as resumed
FGTIAUBROO ATR2EG& RSV qhbnchied dyakidition™f Me(H (25 mL) and stirring for

%chl oro-3-nethox hen 1 -1- 2-fluoro-6- trifluoroneth
ey Afisr @oneDiationy s repifes way purifed by eelwemstisametography on

fll{c% gfagmoeé}%g %&t@&ﬁ%@!ﬁ%@/ﬂ/ ? gé/ ffﬁgg#-?f-c}hlog)c%%emqu@yl) 1-f2-

(ﬂ215rd46.Xtﬁ\i\E8r )beﬁz:h]p?ﬁhfdiﬁ@lzr@('lﬁlﬂml&@&et?ﬂ'@ dep (88 34) as a
C) resul ting solution was

P‘@quﬁﬂ%l M ( i)@/ll‘f@ﬁros%h'ﬂéw Xt ure was cool ed to room

tenperature, 2-fluoro-3- trifluoronethyl benzyl brom de

(2.7 g, 10.5 mmol) was added, and reflux was resuned

Sep 7B _houPseparkbien bERFRITteARButEARNIS 1A Gk -

I\/le()—| 25 rTL) and stl rri r%qfor 2 oursg Pﬁn(ﬂ@bﬁén‘%fbﬂ{{w(z

E et rap on 10 silica gel vvlth ethyl

s 1/1 to afford
5- (2-chl or a- 3- ngLhgxy Phepy! ) skl dijoro-3- -
fluoro-6-(trifluoronethyl) benz(;/z{ p?/l}ol m fhr?é}%heﬂ(l:m @I—Emom 6
(tdflasrempthyDBezylipy8@idie-24( 1,3 H)-dione 7f (75 mg, 0.175 mmol), K,CO;

{72 mg, 0.525 mmol) and N-(t-butyloxycarbony!)-D-a-phenylglycinol mesylate (0.11 g,
0.35 mmol) in DMF (2 mL) was heated at 75 °C for 16 hours. The reaction was diluted
with ethyl acetate, washed with H,O and brine, dried over Na,SO, and concentrated.

The residue was purified by column chromatography on silica gel with ethyl

- acetate/hexanes 2/3 to afford compound 7g (82 mg, 72 %) as a white solid. MS (CI)
‘m/z 548.0, 550.0 (MH"-Boc).

‘Step 7H: Preparation of 3-[2{R)-amino-2-phenylethy}]-5-(2-chloro-3-

methoxyphenyl)-1-[2-fluoro-6-(trifluoromethyDbenzyllpyrimidine-2.4(1 H.3 H)-dione
7h

Compound 7g (2.7 g, 4.2 mmol) was dissolved in dichloromethane (10
mL), TFA (14 mL, 175 mmol) was added, and the mixture was stirred at room
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-white solid. M5 (Cl) mlz 429.0, 431.0 (MH). Step 7G

Preparati on of

W(§2[{021(]@184t ert - but oxycar bonyl am no) - 2- phenyl etﬂ%&sz@ 4&61593

10

15

20

25,

chloro-3-nethox hen | -1- 2-fluoro-6- trifluorone
| ben | mdine 15 2 4 1H 3 -dione 7g A m xture of
5- (2-chl or o- 3- net hoxyphenyl ) - 1-[ 2-f | uor o- 6-
(trifluoromethyl)benzyl]pyrimdine-2,4(]H, 3H)-di one: 7f
(75 mg, 0.175 mmol), K2COB (72 ng, 0.525 nmol) and N
(tEmEHIaﬁ(ﬁ@ﬁ)Y Gy mﬂy' )aﬁlaf eomﬁmydng me%gtete Was ¥Ai@h @p in DCM and

nl) was heated at 75" C

fsaturélﬁd laquﬁo&s N’eﬁé()@earmsl m;hiedas’me Imt dalye? Ovasi b}ktraetdzﬂybvith DCM.

tate, washed with nd hrine, dried over
BRI FRECS Were rls PUErN%AS g Pemcsptrgigd EPo%‘ ﬁﬁompound

Z}gle(t%@éé%ﬁe anes?gpzh/‘tkg%;? Od{y\@kﬁ‘t)gb%l 79 (82 ng, 72

% as a VWIBt[e(lS)QAmﬂo—Zl\ﬁ)@Sﬂe)hylm ¥2—51418r(93 nibkoxdphenyl)-1-[2,  6-
(MAO-Boc). Step 7H Prgpar ation_of
Hitlyqredenayiinysing dispefl ok Prdions: Tipl ckasopisp@ed by substitution of the

RSN IR gk e L Bl LanarRiRy. 1) benzy

4.2 mmol) was dissolved in dichloronmethane (10 nl),
TFA 14 rrLP 175 mml) was added Snd the mxture was

%@%gﬁorﬁed The ag. Iayer was extract ed vvlth
Ined organic extracts were dried over Na2SO4
and concenflioat ssdution oficompoonpdhr(@d.0 g 8.¢mng) iOBME (8 mL) was

$0a B0 a7 % s omaDrbITHa by eyt dhsorohymis PcaL. 548

Yﬁﬂlolg- e n@xture was heated at 95 °C for 1. 5 ours, cooled to room temperature,
di f I uorobenzyl ] pyrimdine-2,4(IH, 3 dirone 7h.1 was

pne partitidndyl betwbert ethyt hautatefand H&0. The organic layer was washed with
brine, dried over Na,SO,; and concentrated. The residue was purified by column
chromatography on silica gel with ethyl acetate/hexanes/triethylamine 500/500/5 to

afford compound 7i (1.29 g) as a white solid. MS (CI) m/z 662.2, 664.2 (MH")

Step 73: Preparation of 3-[2(R)- h droxycarbonylpropyl-amino } -2-phenylethyl]-
5-(2-chioro-3-methoxyphenyl)-1-{2-fluoro-6-(triflugromethyl)benzyl Jpyrimidine-
2.4(1H3H)-dione 7-1

To compound 7i (0.7 g, 1.06 mmaol) was added THF (6 mL) and H,0 (6
mL) followed by NaOH (0.17 g, 4.24 mmol). The mixh]re was stirred at 50 °C for 16

hours. THF was removed in vacuo, the aq. solution was washed with ether, and cooled
at 0 °C. Neutralization with 5 % aq. citric acid (6.0 mL, 4.7 mmol)) gave a precipitate,

which was collected and further purified by column chromatography on silica gel with

MeOH/DCM/triethylamine 8/100/2 to afford. compound 7-1 (0.56 g, 84 %) as a white

solid. HPLC-MS (CI) m/z 634.2, 636.2 (MH), tg = 24.925, (method 5)
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YRI'M DI NE

appropriate starting material using the procedures
provi ded above. Step 71: Preparation of

wor Jogdidrigset hoxyear bonyl propyl - am no} - 2- phenyl g Eli‘)ﬂs%tﬁumna%
omre

(2-chl oro- 3- nmet hoxyphenyl 12-fluoro-6-(trifluor

1) benzyll yrimdine 10 2 4 1 H3 -dione 7i To a

sol ution of conpound 7h (2.0 g, 3.65 mmol) in DVF (8
nm.) was added Na2CC3 (0.47 g, 4.38 mmol) followed by
et hyl 4-bronmobutyrate (0.83 nL, 5.48 nmmol). The

m xture was. heated at 95 @xQtpigsx hours, cooled to
roomtenperature, and partitioned between ethyl

acet ate and H2O. The organic | ayer was washed wth 15

r| ed over Na2SO4 and concentrated- The resi
et DR i AR PR ROE R MGl ISP UBRBTAY s s HLORO-3-

W|th / [t

A ol R Bl PTG S s G RLIV R P R ?M
mz 662.2, 664.2 (M) e H3IK)-pllgparati on of 3 -

R - hdrox carbon 1 ro 1-amino -2- hen leth | - _
5-(2-chl or o- 3- net hoxyphenyl )-1-[2-fl uoro-6-(trifluorom
et hyl | benzyl | pyri m di ne- 20 2,4(!I H) -di one 7-1 To
conpound 7i (0.7 g, 1.06 nmol)|] wag_added THE (6 nl)

and H2O (6 nL) fol By " NaQ 1 7ome 4.24 mol).

The mixture was stirred &g gLC forggle hours. THE was
renoved in vacuo, the dg. SQol &ti onas washed with
et her, and cooled at T. Ne ki zation with 5 % agqg.

citric acid (6.0 nL, 4.7 nmol))
25, which was coll zand E} 9
chr omat ography on silica gel with
McOH DCM tri et hyl am ne 8/100/2 to afford conmpound 7-1
(0.56 g, 84 %9 as a white solid. HPLCM (Cl) mz
634. 2, 636. 2 (M—|+) tR = 24925, (method 5) 49 WO

P 335:( - Rlotersbutoxyenymnyl-gmand}s2Ksobutyllethyl]-

a precipitate,
purified by colum

l iy} 1Tpyrimidine-
ME}TH@)_%E’HE{L)M.QE 1- [2 FLUCRO 6- (TRI FLUCRC]\/ETHYL) BENZYL] P

To a solution of N-{t-butyloxycarbonyl)-D-a-leucinol (1.21 g, 5.57
mmol) in pyndine (6 mL) was added tosyl chlloride (1.6 g, 8.35 mmol). The reaction
mixture was stirred'at room temperature for 3 hours, diluted with EtOAc, and washed
sequentially with 1 N HCl, H,O, sat’d aq. NaHCO; and brine. The organic layer was
dried over Na; SOy, concentrated and purified by column chromatdgraphy on silica gel

with ethyl acetate/hexanes 173 to afford [3-methyl-1-[[{(4-

methylphenyl)sulfonylloxy]methyl]butyl]-1,1-dimethylethyl carbalmc ester (1.66 g, 80
9%, MS (CI) m/z 272.2 (MH"-Boc).

A mixture of 5-(2-chioro-3-methoxyphenyt)-1-[2-fluoro-6-

~ (trifluoromethyhbenzyljpyrimidine-2,4(1 H,3H)-dione 7f (56 mg, 0.13 mmol), KzCO;
{754 mg, 0.39 mmol) and [3-methyl-1-[[[(4-methylphenyl)sulfonyljoxyimethyllbutyl]-

1,1—dimethylethyl carbamic ester (97 mg, 0.26 mmol) in DMF (2 mL) was heated at 95
°C for 16 hours. The reaction was diluted with ethyl acetate, washed with H,O and
brine, dried over Na;SO; and concentrated. The residue was purified by column

chromatography on silica gel with ethyl acetate/hexanes 1/1 to afford recovered [3-
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2,4(1 H3H-DIONE O 5 O-~OH CFi Step 8A: Preparation
of

w@ﬁ@ﬁ,ﬁ%ﬁtert but oxycar bonyl - ani no} - 2- (|SObutM'ﬂ/€%ﬁyJ/d21393

10

15

20

25

- 5-(2-chl oro-3-net hoxyphenyl )-1-[2-fluoro-6-(tri
oromnet hyl ) benzyl | pyri m di ne- 2,4(1H, 3H)-di one 8a To a
sol uti on of N—(t-butylOXycarbonyI)-D-cc-IeucinoI (1.21
g, 5.57 10 mmol) in pyridine (6 nL) was added tosyl
chloride (1.6 g, 8.35 mvl ). The reaction mxture was

ShéthyeO[[al- rh&ﬁﬁlph&@ﬁﬁﬁéﬂjﬂ]@x??ﬁet@}m%ﬂﬁl 1<t ﬂztwlt hcarbamic

Et OAc, and was sequenti a
sﬁter@(hlyg, Matrard eerdphmidia. (30 m o7 JamMS ((‘d)eﬂz 5@1330 530.0 (MH"-
% cgd over Na2SO4, concentrated and purified by colum
mat ogr aphy on silica gel wth ethyl
acet ate/ hexanes 1/3 to afford [ 3-nethyl - ] [[[(4 15
net hyl phenyl ) sul fonyl ] oxy] net hyl ] butyl ] -1, 1-di net hyl et
8Br bamRregsdtion of 3:(8 mig06-290isobbis1 -2z clBGR-3-

eth f 5 beps ynml;dme-z 4(1H 3 H)-dione
(dy |f| uororret hyI )benzyIJ pyrl m di ne- 2, 4(1 H, 3H) - di one 7f
(‘56 ng, 0.13 nmol), K2CO3 (754 ng, 0.39 mmol) and

[ 3 rret hyI - I { {ofutionmifByinpbatdy8a) S0 Inig r@;ﬂ4]80xmbt}&ﬁ Ij)ﬂI\}IlQutnL) was
1 -dinethylethyl carbamc ester

CBTM (@l\?pmez L mphisarestirisd a4 rogn ter@%ﬁurel@nﬁo% hgurs After
R0 B b g I B LA B3 . o

QQNEGE WAl eactdd &ithGXC MU € okatsinglbrighnie dx iactSRbrérdried over Nay SOy
chromat ography on silica gel with ethyl

A0 concenHsh Keave pamponnd Bbo S (GB ova$ 0 BOSOINIE).
2005/ 007165 PCT/ US2004/ 021593

met hyl -1 -[[[ (4-met hyl phenyl ) sul f onyl ] oxy] met hyl ] butyl ]
Sheplscti Met pydatmph of 3BA@Y Lthoxycarbonylpropyl-amino}-2-

(isobutyDethyl]-5-(2-chloro-3-methoxyphenyl)-1-{2-fluoro-6-

(trifluoromethyDbenzyllpvrimidine-2 .4(1 H.3H)-dione 8c

To a solution of compound 8b (25 mg, 0.048 mmol) in DMF (1 ml.) was
added K,CO; (21 mg, 0.15 mmol) followed by ethyl 4-bromobutyrate (0.015 mL,

- 0.lmmol). The mixture was heated at 95 °C for 16 hours, cooled to room temperature,

and partitioned between ethyl acetate and H,O. The organic layer was washed with

brine, dried over Na;SO4 and concentrated. The residue was purified by column

- chromatography on silica gel with ethyl acetate/hexanes/triethylamine 500/500/5 to

afford compound 8¢c. MS (CI) m/z 642.2, 644.2 (MH").

Step 8D: __ Preparation of 3-[2(R)-{hydroxycarbonylpropyl-amino}-2-

{ isobutvl)ethvl}—S-(_Z—chIoro-3-methoxMenvl)-1-f2-ﬂuoro-6-

(trifluoromethyDbenzyl lpyrimidine-2.4(1H,3H)-dione 8-1
To compound 8¢ (10 mg, 0.016 mmol) was added THF (0.3 mL) and
H>O (0.3 mL) followed by NaOH (6.4 mg, 0.16 mmol). The mixture was stirred at 50
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10

15

20

ester (30 ng, 54 % and conpound 8a (30 ng, 37 %, M
(C) mz 528.0, 530.0 (M+- Boc). Step 8B: Preparation
wol2087d072{R) - am no- 2- (i sobutyl)ethyl | -5-(2-ehl o;)@T,?Usgoomnaﬁ
nmet boxyphenyl ) -1 -[2-fluoro-6-(ttrifl uoronethyl
benzyl]yrimdine-2 4(1H 3H)-dione 8b To a solution of
conpound 8a (30 ng, 0.048 mmol) in DCM (1 nL) was

added TFA (0.1 nmL, 1.3 nmol) and stirred at room
tenperature for 1-5 hours. After concentration, the

- resfodue hoas, zirﬁlk;ﬂiﬁlﬁéﬂ by pré MCBIoSdd ¢ EbnfbuniBHCOBISWET) m/z 614.1,

added. The 10 | ayer was extracted with DCM

Colfbl (MdH bltlg‘aﬁﬁgowétll(@@th@d\ﬁére dried over Na2SO4 and
concentrated to give conpound 8b. M5 (Cl) rn/z 528.0,
530.0 (M#). Step 8C. Preparation of 3-[2(R) -]

et hoxycar bonyl propyl - am nogxZ2mpigobut i eth 1 -5-
2-chl oro-3-nethox hen 1 -1- 2-fluoro-6-
(trifluoronethyl)benzyll pydm dine-2,4(]H, 3H) - di one 8c

15 3’ ((f%&rh_{g [\l}l\él on of co ouggkggl ?2.33&1@%‘:_%@%{@%.)“68@-3_
fo' | %&&&rﬁﬁﬁ% ¥ E%ﬁ%a%ﬁhﬂd]@nﬁﬂ;ﬁxﬂhz A(LH3E-DIONE

The m xturé was heated at 95 C for 16 hours
cool ed to room tenperature, and partitioned between
ethyl acetate and H2Q er was washed

with brine, dried centrated. The
resi due was purified=b Rj.0gr aphy on
silica gel with ethyl ac%{a

500/500/5 to afford c c S (Cl) mz 642. 2,

644.2 (MH). Ste 8D Pr paratl “aof 3- 2 - h drox
carbon I ro | -amno -
(i sobutyl)ethyll-5- hI or o- 3 xyphenyl )-1-[2-flu

or o- 6-

(trifIuoronethyl)benEyF]pyrlnldlne 2,4(]H, 3H) - di one

8-1 25 To conpound 8c (10 ng, 0.016 rnnol) was added
THE (0.3 nmL) and H20 (0.3 nL) followed by NaCOH (6.4
nmg, 0.16 mmol). The m xture was stirred at 50 51

Step 9A; Preparation of 3-[2{R}-{2-

fluoro-3-methoxyphenyl}-1-[2, 6—diﬂuorobenzvl}pvﬁmidine-z,4( 1H.3H}-dione 9a
' A solution of 7h.1 (2.59 g, 5 mmol) in CH3CN (25 mlL) was added
diisopropylethyl amine (2.61 mL, 15 mmol), followed by the addition of 4-

| bromobutyronitrile (2.22 g, 15 mmol). The reaction mixture was refluxed for 16 hours.

~ Volatiles were evaporafed and the residue was purified by flash chromatography (silica,

4 % MeOH/CH,Cl,) to give compound 9a (2.62 g, 95.5 %). MS (CI) m/z 549.1 (MH").

Step 9B: Preparation of 3-[2(R)}- {2-[5-tetrazoylpropyll-amino } -2-phenylethyl]-5-
(2-fluoro-3-methoxyphenyD-1-[2. 6-difluorobenzyllpyrimidine-2.4(1 H.3H)-dione 9-1
A solution of 9a (274 mg, 0.5 mmol) in DMF (5 mL) was added sodium

azide (97 mg, 1.5 mmol) and ammonium chloride (120 mg, 2.25 mmol). The reaction

mixture was heated at 110 °C for 12 hours. The mixture was cooled, partitioned

between EtOAc and saturated NaHCO3/water, washed with brine, dnied (sodium

sulfate), and evaporated. The residue was purified by flash chromatography (silica, 6 %

52



WO 2005/ 00716 PCT/ US2004/ 021593 C for 16 hours, and

purified by prep LCM5S to give conmpound 8-1. M5 (Cl)
wohdshidAel, 616.1 (MY, tR = 6.550 nin (net hqﬂtﬁl}smomzms

EXAMPLE 9 3-[2(R)- {2-[ 1-(5- TETRAZOYL) PROPYL] - AM NO

- 2- PHENYLETHYL] -5 - (2-FLUORO-3 - 5 I\/ETHOXYPHENYL)-I

-[ 2, 6-DI FLUOROBENZYL] PYRI M DI NE- 2, 4( 1H, 3B) - DI ONE Owe

Ste 9A: Preparation of 3- 2 R- 2- 3-c ano ro 1 -anino

-2- hen leth 1 -5- 2- fluoro-3-nmethoxyphenyl)-1-[2,

6W0H/0H5©19pn)z gilvl: wfriprn'zmi Ber 24| 117 3Rk). dHIEC-8ES £CI) m/z 592.3

sol ution of 2.59 g, 5mol) in CH3CN (25 L) was

a@‘@éd’ tRfOZélﬁ@s(Wﬂ’@B)ﬂ)et hyl amine (2.61 mL, 15 mmol),

foll owed by the addition of 4- bromobutyronitrile

(2.22 g, 15 mmol ). The reaction m xture was refluxed -

for 16 hours. Vol atiles wEmvBVBROr ated and the

residue was purified by flash chromatography (silica,

4 %I\/EO—VCH2CI2 to give conpound 9a (2.62 g, 95.5 9.

B: P t f -2
R -4k -é%%?-?a’f@*iﬁml sJahoRaSoHERGRO bR 1 B boro-6-
5 ( 2-1] U QVnOr3 EBLFORX Y BREAY |-b-NETHRL -PYRIMIDINE-2,4( 1 H, 3H)-D10NE
6- di f1 uor obenzyl ] pyri m di ne-2, 4(1H 3H -di one 9-1

solution of 9a (274 ny, 05rmo|) in DMF (5 nL) vvas
added sodi um azi de and anmoni um
chl oride (120 ny, tion mxture
was heated at 110 '

OY g%ure was
cool ed, partitioned betwee ﬁa‘ dnd §%Fur at ed
NaHCO3/ wat er, washed W, Nh BFipes~drifed (sodi um 20
sul fate), and evapor at ed. [ i fi
flash chromat ography (silica, '
PCT/.US2004/ 021593 McOH CH2O 2) t
(52 nmg, 17.6 % . HPLC M5 (Cljx P
2.150, (rmethod 4) EXAMPLE 107

WD 2005/ 007165
ve conmpound 9-1
592.3 (MH), tR =

Preparation of 3-[2(R)-tert-butoxycarbonylamino-2-phenylethvl]-5-

Step 10A:
fluoro-3-methoxyphenyli-1-[2. 6-difluorobenzyl]l-6-methyl-pyrimidine-2.4(1.H .3 H)-

dione 10a
10 To a solution of compound 1f.1 (28 g, 56 mmol) in dichloromethane
_. (200 mL) was added a solution of di-tert-butyldicarbonate (.]2 g, 56 mmol) in
dichloromethane (100 mL) dropwise through an addition funnel. The reaction mixture
was stirred at room temperature for 2 hours. The reaction mixture was concentrated by
vacuum to yield the désired product 10a as a hight yellow solid (33 g, 56 mmol, 100%).
15 | HPLC-MS (CI) m/z = 496.1 (M+H" - Boc), tg = 3.052 (method 4) - |

Step 108: Preparation of 3~f2(R)—tert-butoxvcarbony]amino-2-phe_n§1]ethyl]-5—(2-

fluoro-3-methoxyphenvyl)- Ij2-ﬂu0r0-6-methvithiobeniy1]—6-methv]—pvrimidine—
2.4(1H.3H)-dione 10b
To a solution of compound 10a (33 g, 56 mmol) in dry DMSO (100 mL)

20 was added sodium thiomethoxide (4.0 g, 56 mmol) under nitrogen. The reaction
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3-[ 2(R) - AM NO- 2- PHENYLETHYL} - 5- ( 2- FLUORO- 3- METHOXYPHEN
YL)- | -[2-FLuoRQ 6- 5

WWgFO\NLBENZYL] 6- METHYL- PYRI M DI NE- 2, 44 &350 kh 15903

Step | CA: _ Preparation of
3-[2(R)-tert-butoxycarbonyl am no- 2phenyl et hyl | - 5- ( 2-
fluoro-3 -m et hoxyphenyl)-1-

j 2, _6-difluorobenzyl]-6-nmethyl -pyrim di ne-2,4(1 H,

3H) dione 10a 10 To a solution of conpound If.1 (28
IminfreWR! Healcd 161100/°0r @ik Bﬁﬂ%gn 50P noks) MBsSthadoed ed. of sodium
solution of di-tert-butyidicarbonate (12 g, 56 mmol)

i thiomlétbénide OF heg hém@b@@ﬂmadtﬁd,om the redntionghixtime was heated to

tion funnel. eact nmxture was stirred at ..
“Jh ¢ Sigr Aok FB 1 bORoLTES reion K aR cRpef gnfdqrtitioned

YandV |
i I A3 10 i o
Fﬁidfurh/ﬁn(:ﬁb)mm Zsohutbm6 afd (Urlirtd; dneBOth tsetlimm3.s0B2¢, filtered and

~ (met hod %g Step | OB:. Preparation. o
U

10

15

20

25

- poneryirat afrd s RETHed with ﬁefha;ﬂl ghigmatography on silica gel

[ SR Gt SEY OB i hnons ool cppomd 108 3 g gale yellow solid

2(2¢(g1hi4%unol- ds o§)e HIIIC-MS 6CH al/;utlsan 1qMﬂq>+rmb)gtR1=ea134 (method
(33 9 in dry DVSO (1 m.) 20 was

ed
st WMR @Q‘E B Aels( QHI) )7 (5,63Hﬂsrﬁl5)1 (Gt 3r9IOt(|’5<f§‘@n4 07 -4.13

O

Amj |Ee7r0(9d2ﬁi eg.06af7. 59gh Um), Yhoaneshgxigiy. (1.1 g, 16

mmol ) was added, and the reaction m xture was heated
to 100 C under nitrogen for 1 hour. The react| on

chadentptede 10he crude product vvas purified W|th a

flash chromat ography on S|I|ca ted
ethyl acetat® 4 ﬁoﬁ’é‘ﬁﬁn%f tCSWPE" S’n-gé) ln anhydrous

: p&kﬁo%%{étl%‘fe%@éd IQIL) was added 3-chloroperoxybenzoic ac1d (mCPBA, 30 g, 180

‘mmol). The reaction mixture was stirred at room temperature overnight. The reaction
mixture was partitioned between dichloromethane and water. The organic layer was
washed with saturated aqueous sodium bicarbonate solution and brine, dried with

sodium sulfate, filtered and concentrated. The crude product was purified with a by

~"chromatography on silica gel eluting with 50 % ethyl acetate in hexane to yield the

desired prqduét compound 10c as a pale yellow solid (15 g, 24 mmol, 53 %). HPLC-

" MS (CI) m/z = 556.0 (M+H" - Boc), tg = 2.941 (methed 4). 'H NMR (CDCh): 1.38 (s,
" 9H), 2.27 (brs, 3H), 3.48 (s, 3H), 3.92 (s, 3H), 4.01 — 4.15 (m, 1H), 4.24 — 4.40 (m, TH),

4.95 - 5.05 (m, 1H), 5.58 ~ 5.68 (m, 2H), 6.85 — 6.91 (dd, 1H), 7.02 (dd, 1H), 7.14 (d, J

' =7.6Hz, 1H), 7.19~ 7.55 (m, 7H), 7.97 (d, ] = 7.6 Hz, 1H).
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10

15

(27 g, 44 mmol, 78 9. HPLGMS (Cl) mz = 524.1 (MH+
- Boc), tR = 3.134 (nethod 4). “H NWVR (CDC 3): 1.38

w%%gﬂ;%')msz- 07 (s, 3H), 2.51 (s, 3H), 3.90 (s, $704/021593

- 4.13 10 (m | H, 4.29 - 4.39 (m | H, |
5.53 (m 211), 5.79 - 5,85 (m | H, 6.80 - 6.91 (m
2H), 6.70 (dd, 1H), 7.06 - 7.15 (m 2H), 7.22 - 7.41
(m 6H). Step | OC. Pre aration of 3- 2 R -tert-butox
carbon | am no-2- hen leth | -5- 2- fluoro-3-nethox hen

anethoxppdetdb 1 -( 2 Tlugro-Gmathidul fon pibamdyids-a1ethyl-pyrimidine-

| chl net hape. (400 nL) was added _

= S Jenzoic acid (nCPBA, 30 g, 180 nmmol).

The reacti ' - ' d o yignper at ure -
over ni ght . GI'Ilra')hg] ?@gﬁﬁ \gﬁsc‘?nﬁlk{;%n?e l%s(ﬁgag’]t ilt% [ one@t) tn anhydrous
lwi¢hieromethiand (&) i) twanridad drifl@bedetic BoRl OTRYQNI € Iy eThe reaction
was  washed wi th saturated aqueous sodi um bi carbonate
JBHE FrASatiTedr AinEOmY HeBBeraiv foro4 shyirsim Bhe fepclion mixture was

LSS0 AR AL O S AR 5 Moot sotion

pur rap
athetdirgapioniat &y &k Washed withaaairabe aquitole Xaii@n icarb&latk oMRion and

- desired product conpound 10c as a pale yellow solid

brme,driedqwithrspdivm Futfpte, Fhered ang coientrad 20 ¥idd A0 ¢s\a-Hn solid

- R =02..94 . H 3):_

(8 S gyt 5 P b LEIS (6 SSORMAEE 253 metnod o)
s, €t sl 2845 0 0, 25,4, 51,52
IL.5H), g$8&24.eaéﬂr,n, PHY)4.37 —4488((ch, 1}), 7.66 (bls, 21} 6.8F —16089 (m, 1H),

521 835 165 By 025847 S 4 w2 s 1 P b, B0 1 Bt (. 11,

9f953dd, 2E3) - am no- 2- phenyl et hyl ] - 5- (2-f | uor o- 3-

met hoxyphenyl ) -]

-[ 2-fl uoro-6-net hyl sul fonyl benz_y1J-6-net hyl -pyrim din

e- 241 H3 -dione 10-1 | uti on of conpound 10c

(10 g, 15 mmol) in anhydr%g@lelpg%d}lchl or onet hane (60

m.) was added trifluroacetic acid (TFA, 16 nL). The

reaction ' :
3-[2(R)-{2-[1-(5-TETRAZOYL)PROPYL}-AMINO}-2-PHENYLETHYL}-5-(2-FLUORO-3-

METHOXYPHENYL)-1-[2-FLUORO-6-METHYLSULFONYLBENZYL]-6-METHYLPYRIMIDINE-
2,4(1H,3H)-DIONE

OMe
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m xture was stirred at roomtenperature for 4 hours.
The reaction m xture was concentrated, and

Wﬁé@fﬁ"’t"” ged bet ween et hyl acetate and d| | ut edPE?ﬁ%%b%zlS%

10

15

20

25

ut| on. The organic |ayer was washed
sat urated aqueous sodi um bi carbonate sol uti on and
brine, dried with sodiumsulfate, filtered and
concentrated to yield 10-1 as a tan solid 10 (8.0 g,
14 mmol, 94 %9. HPLCG-MS (Cl) mz = 556.2 (MtH{), to =
2813 41Am:-‘t hpyd é')mon 0?’55‘ oxdspaf un&fﬂme-?Qéfz

)s(etBar@2. 1-diyl b le4. 33 -4.38 (m |H), 5 60
(brs 2H), 6. Q80N 689(in, 1H), 6.97 - 7.03 (m
H), 711717”(/ . 7.46-
7.54 (m | H), 95 | 3-[2(R)-
{2-1 1 -(5- TETRAZOYL)P A
- 2- PHENYLETHYL] - 5- ( 2- FL | )-IH
[ 2- FLUCRO: 6- NETHYL SULFONYLBENZYL] - 6- METHYLPYRI™ DI NE
2, 4( 1H, 3H) N=N 0 55 WD 2Q05/ 0071

PCT/ U82004/%%%§%C3?%‘be‘11¥1] gﬂsg Bi-tstrapsaspispl Soxlundecane (5738 g, 20

glln%ogf S ﬁ]ane gsﬁﬁe @@)&a%{gsﬂ_ ﬁ'{{ﬁf%ljé?f?lgggll@gtﬁ%m oxide (248 g, 4

3mBrob)i \&(1'2 s@pﬁﬂd&lhhyﬂ@)mﬁ tduéhelbd Motmib diaaid fm] Beabddun deftux for 18
ane (5.38 20 5 mol), a2|dotr|rreth(iIS|Iane(106
rﬂourss OThﬁﬁﬁ?thf’awaS enaledt i) m@mrier@ieﬁr@@r@ andydilgted avithn}f]0)mL hexane.

heaet Csoli Hj{?g(:lg?z&e wQafx gll%ecf %va%ﬁeqp with q)exanenaZ d|38 )me %néjrled in air.

The solid was suspended in 100 mI. 5 % sodium carbonate solution, enough ethyl

acetate was added to dissolve most of the solid, and the mixture was stirred for 1 hour.
The layers were separated, the aqueous layer was washed with ethyl acetate (2 x 100
mL), and the organic layers were back extracted with 5 % sodium carbonate (1 x 50
mL). The aqueous layers were combined, acidified to pH 7 with -COncentrated
hydrochloric acid, filtered through Celite, and acidified to pH 3. The solid was
collected, washed with water (2 x 50 mL) and acetone (2 x 50 mL) and dried under
vacuum to give 5,5'-[2,4,8,10-tetraoxaspiro[S.5Jundecane-3,9-diylbis(ethane-2,1 -
diyl}]bis-1H-tetrazole 11a (4.71 g, 67%). 'H NMR (300 MHz, DMSO-dg) & 4.56 (1,
2H, J=5 Hz), 4.28 (dd, 2H, /=9, 2 Hz), 3.58 (d, 2H, J = 11 Hz), 3.57 (dd, 2H, J =

11,2 Hz), 3.36 (d, 2H, J = 11 Hz), 2.94 (t, 4H, J= 7.5 Hz), 1.97 (dt, 4H, J = 8, 4 Hz).

Step 11B: Preparation of 3-[2(R)}-{2-[1-( 5-tctrazoyl)propvl]—mninol} -2

phenylethyll-5-(2-fluoro-3-methoxyphenyh)-1 -[2-fluore-6-methylsulfonylbenzyil-6-
methylpyrimidine-2.4(1AH.3H)-dione 11-1
A 25 mg sample of 5,5'-[2,4,8,10-tetraoxaspirof5.5Jundecane-3,9-

diylbis(ethane-2,1-diyl)]bis-1 H-tetrazole 11a (70 pmol) and p-toluenesulfonic aéid (20
mg, 100 pmol) were suspended in 1 mL of water and heated at 80 °C for 18 hours. The
solution was cooled and added to compound 10-1 (29 mg, 50 umol) dissolved in 1mL

ethanol and 17 ul triethylamine (100 pmol)..) Borane-pyridine complex (24 pL, 240
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10

hours. The reaction was cool ed to roomtenperature and
diluted with 100 nL hexane. The solid precipitate was

w&%o%ﬁ&ﬁ@:fj' washed with hexane (2 x 30 nl) anq’cqréﬂsgﬂ]MMﬁ”

alr. The solid was suspended in 100. nL 5 % sodi

carbonate sol ution, enough ethyl 10 acetate was added

to dissolve nost of the solid, and the m xture was

stirred for | hour. The layers were separated, the

aqueous | ayer was washed with ethyl acetate (2 x 100

Minhol) 3R thdACaddbd AR thd AVRIS ¥R 0OBCKoRX LHACHRBIWE (cBased. The
% sodi um carbonate (I x 50 nL). The aqueous | ayers
welatilesondse mesahved @nd ittfe residuotapénh ¥p i 2 mlcethgleavetatt d washed with

hydrochl oric .acid, filtered through Celite,. an .
AT UES ) S et st CHF Toy T EY SNpoEEN S midui i o peparative
WEMIRIgTe 1121 6 nY, -9 |ld).acetone (2 x 50 ni) and |

dri ed under vacuuimto give

5,5 -[ 2, 4, §ht Uollevingor@apiundf Svért uydtesinad Acrding! 0i the above
et hane-2,1- diyl)]bis-IHtetrazole 11a (4.71 g, 67%.

PLp {300 MHz, DMBO-d6) S 4.56 (t, 2H, J =5 Hz),

4.28 (dd, 2H, J = 9 Hz), 3. 2H, J =1 | Hz),
3.57 (dd, 2H, J Hz), 3l
2.94 (t, 4H, J = 7.5 1097 0

2H, J = 11 Hz),
20 Step 11B: Preparati onﬁng\

R
3- (2(R) -{2- F1- (5- t et r azpy! 9pr dpy % +ahi no) - 2-
phenyl ethyl] 5-(2 fluo 3
met hoxyphenyl ) - 1-[ 2-f lfuor o- 6- rretul fonyl benzyl ] - 6-
meth | mdine-2 4 | {8 q¢i one gk1>¥"A 25 ng sanpl e of

5,5-[2,4,8,10-tetrahxgspirof 5.5] undecane- 3, 9-
di yl bi s(et hane-2,1-diyl)]bis-IHtetrazole 1la (70

pmol)—anrg—p-—telvenesufontc—astd- (2025 ng 100 pnol )

P 0 |
wer e Ndispendedri;h | m,, of wat emiand Mgat eduag 80 C
.fof 18 hour$. The| solution was co¢l ed anmaé(gl@gl] 0
conpound; 10-1 (29 50{nmol.) | dissolvedlin | m

7

Q
et hpnelh png 1loMk [SOMMEYIET Need 1 )%g | l)'22c9)09§/(33)7

Bor pne-pyridine canplex (24 Ll 240 165
PCT| Yp3004#4021593 th y t i Kkt
CC L og b el nalo B | 1oy L O G RsE T i asyr (ture
| |t h t in 2
nt b hiT dhet Q8 Haaheting ¢S G087 (PR oy
The oYl Reeiciie | Qp) YR5,2VER% PhSEL NS R TP P

pr epar atji ve

It will be appreciated that, although specific embodiments of the
invention have been described herein for purposes of illustration, various modifications
may be made without departing from the spirit and scope of the invention.

Accordingly, the invention is not limited except as by the appended claims.
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LG M5 to give 11-1 (5 ng, 12 %yield). The foll ow ng
conpounds were synt hesi zed according to the above
r I No. RlaRi bRRaRBMAWasst R ( Met hod

w9 2?‘515@%}’\)}?802%&!3665 7666. 220. 92( 5) #‘\:T/USZOWOZIS%
11- 2C HCF3H628. 0628. 227. 34(5)
11- 3FOVEFCH3605. 6606. 224. 19 (5) 1
| - AFOMBCF3CH3655. 6656. 22.540 (4) It will be
appreci ated that, although specific enbodi nents of the.
10 invention have been deggpied herein for purposes
of illustration, various nodifications may be nade

We didimhout departing fromthe spirit and scope of the

i nvention. Accordingly, the invention is not limted
except as by the appended clainms. 57 WO 2005/ 007165
PCT/ US2004/ 0O eCONMpound
havi ng 1?he fgo%?l%?\nong str ctthgfcgi()%ﬁﬁml’%h?l or a

- Sstereoi sonmer, prodrug or ty c Y 1y acceptable
sal t thereof, wher ei n: .‘ glc are the sane

or different andrj.ndepende ofen!® hal ogen,
Cl4al kyl , hydroxy oy al kBxy, RTa, and Rlb taken
together form - OCHRO- 2[\ te

R
I 07 °N7 TR,

Rg

D

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof,
- wherein:

Ria, Ry and R are the same or different and independently hydrogen,
halogen, Cy4alkyl, hydroxy or alkoxy, or Ry, and R, taken together form -OCH,O- or
~OCH,CHy-; |

Rz, and Ry are the same or different and independently hydrogen,
halogen, trifluoremethyl, cyano or -SO,CHj; '

- Rjis hydrogen or methyl;
R4 is phenyl or Cs.alkyl;
Rs is hydrogen or C; salkyl;
Rs 1s —COOH or an acid isostere; and )
X 18 C|-¢_;alkanediyl optionally substituted with from 1 to 3 C;4alky!

groups.
2. The compound of claim 1 wherein Ry, is halogen.

3. The compound of claim I wherein R,y is alkoxy.
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OCH2CH2-; R2a and R2b are the sane or different
hal ogen,

WS

trifluoronethyl, cyano or -SQ2CH3; R3 is

or nethyl; R4 is phenyl or C3-7al : .
gsgen or Cl-4alkyl; R6 is -COOH or an %T@]&ﬁam“%

i sostere; and independently hydrogen, and X is
Cl- 6al kanediyl optionally substituted with from!|
gr oups.
hal ogen.
al koxy, 58 00.7

PCT/ US2004/ 3%%&8@?%6‘?@&%&%%883?@ é?‘?‘no’éy'\m(er ein
Rib is nmethoxy. 5. The conpound of claim| wherein Rl
is hal ogen. 6. The conpound of claim5 wherein RL is
f1uorodor dieepwpound of phamdowdwseiR iofs halagiem | wher ei n
Rea i s hal ogen. 8. The conpound of claiml wherein

R2b i s hydrogen, hal ogen or - SQ2CH3. 9. The conpound

of cl aism | wWhet&hPolRd dfTldid WEGBin R, 18 flubd& o£GIHreUNd
of claiml wherein R3 is nethyl. 11. The conpound of

claiml
claim l7 Vmerl‘ﬁie Qonggoﬁn% of%Fah%}qlv%Xelréin Ry, 1s halogen.

-S0O,CH;.

cyclohexyl.

10.
11,
12,

13.

14,
15.
16.

17.

2. The conmpound of claiml wherein R ais-
3. The conpound of claim| wherein Ribis

wherein R4 is phenyl. 12. The conpound of

The compound of claim 1 wherein Ry, is hydrogen, halogen or

The compound of claim 1 wherein R is hydrogen.
The compound of claim 1 wherein R, is methyl.
The compound of claim 1 Wherein R4 13 phenyl.
The compound of claim 1 whereiﬂ Ry 1s C;qalkyl.

The compound of claim 12 wherein Cs.qalkyl is cyclopentyl or

' The compound of claim 1 wherein Rsis H or methyi.
The compound of claim 1 wherein Rq is -COOH.
‘The compound of claim 1 wherein R, is an acid isostere.

The compound of claim 16 wherein the acid isostere is tetrazol-5-yl.
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13. The conpound of claim 12 wherein C3_7alkyl is
cycl opentyl or cyclohexyl. 14. The conpound of claim

~ wh 208 RS is Hor nethyl. 15. The conpoungdc9fysionsnzisos
claiml wherein R6 is -000H 16. The conpound of claim

| wherein R6 is an. acid isostere. 17. The conpound of
claim 16 wherein the acid isostere is tetrazol-5-yl.
59 WD 2005/ 007165 PCT/ US2004/ 021593 18. The conpound

of claim1l wherein X is a straight chain

C1_6al Kénedilyr comgourrf chimplowheiciorX & asiraigls chher(*amaikanedlyl
the strai ght chain Cl-6al kanediyl is - CH2CH2CH2-
20. The conpound of claim 19 wherein R4 is phenyl. 21.

The conmpoundhelcopain® AQ1MRErEivAerBhana e h%i’nec Ikanediyl i
hal ogen.  22. Thebcon'pound of claim 21 mﬂg?gcl aln g -gakanediyl is

—CHabbfillb-. 23. The conpound of claim 21 wherein R3 |s
hydrogen. 24. The conpound of claim1 wherein X is a
branched Cl_6al kanediyl. 25. The conpound of claim!l

wher ei ngt he Tg@ @P{ﬁﬂ&%d'(ﬁ cBiiml13WRezein R, is phenyl.
{hydroxycarbonylpropyl-an1no}
-2 phenyl et hyl ] -5-(2-fl uoro- 3- net hoxyphenyl ) -'1- [2 fluo

6 (t ri £l-uor SHeEARPIUBE0S ¢laim g0 phersip RoyandRainrechatogepl H,
3H)-dione, 3-[2(R)-
{ hydr oxycar bonyl propyl - am no} - 2- phenyl et hyl ] -5-(3-i sop
ropyl ppenyl Thd edgrdpdund@f ekafin 21 wherein Rj is methyl.
(trl fl uor onmet hyl ) benzyl ] - 6- et hyl - pyri m di ne 2,4(1

H, 3H) -di one, 3-[2(R)- {hydroxycarbonyl propyl -am no )

(gycl o%exylsr ']’m%ld(oﬁclfafrﬁg hﬁf%f{ﬁb%&‘/ﬁ’ﬁ%ﬁ?yr) 1-[ 2-

fluoro-6-(trifl uororret hyl ) benzyl ] - 6- net hyl - pyri m di ne-
2,4(1H,3H)-dione, or 3-[2(R-{2 -[1- (5-

tetrazd¥l) pr@gqrr]npcgmﬂ bclaim 1 wherein X is a branched C;.¢alkanediyl.
- 2-phenyl ethyl ] -5-(2-fluoro-3

- met hoxyphenyl ) - 1-[ 2-f | uor o- 6-

e 2 gt SRR oyl st i S0
{hydr@mnggmdpmgykaaxpm@R32-phenyfethyl} 5-(2-fluoro-3- methoxyphenyl) 1 [2-ﬂuor0-
6-(triflucromethyl)benzyl]-6-methyl-pyrimidine-2,4(1H,3H)-dione, 3-[2(R)-
{hydroxycarbonylpropyl-amino}-2-phenylethyl}-5-(3-isopropylphenyl)-1-[2-fluoto-6-
(trifluoromethyl)benzyl]-6-methyl-pyrimidine-2,4(1H,3H)-dione, 3-[2(R)-
{hydroxycarbonylpropyl-amino}-2-(cyclohexyl)ethy!]-5-(2-fluoro-3-methoxyphenyl)-1-[2-
fluoro-6-(trifluoromethyl)benzyl]-6-methyl-pyrimidine-2,4(1H,3H)-dione, or 3-[2(R)-{2-[1-
(5-tetrazoyl)propyl}-amino }-2-phenylethyl]-5-(2-fluoro-3-methoxypheny})-1-[2-fluoro-6-
-methy]sulfonylbcnzyl]—6—methylpyrimidiné-2,4(] H,3H)-dione.

26.  The compound of claim 1 wherein the compound is 3-[2(R)-
{hydroxycarbonylpr_opyl-amino}—2-phenylethyl]-5—(2-chlorophenyl)-1 -[2-fluoro-6-
(trifluoromethyl)benzyl]-pyrimidine-2,4(1 H,3H)-dione, 3-[2(R)-{hydroxycarbonylpropyl-

-amino}-2-phenylethyl]-5-(2-fluoro-3-methoxyphenyl)-1 -[2-_fiuoro—6— ' |
_ (triﬂuommethyl)benzyl]-pyrimidine—2 A(1H,3H)-dione, 3-[2(R)-{ hydroxycarbony]propyl-
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{ hydr oxycar bonyl propyl - am no} - 2- phenyl et hyl ] -5-(2-chl o
rophenyl)-1 -[2-fluoro-6-
‘Ndegﬁﬁﬁgqonethyl)benzyl] pyrimdine-2,4(1
, 3 dione, 3-[2(R) - (hydroxycarbonylpropylPCT'!US“’OWM1:’93
- 2- phenyl et hyl ] - 5- (2-f | uor o- 3- net hoxyphenyl )-1-[2-fl uo
ro-6- (trifluoronethyl)benzyl]-pyrimdine-2,4(1
H, 314) -di one, 3-[2(R)- {hydroxycarbonyl propyl 60 WO
2005/ 007165 PCT/ US2004/ 021593 ani no)
arnmo}zz-@li@ﬂyétﬁjil!‘lﬁl(]z cﬁfo(‘@?»gﬂétﬁﬂ?h@m‘?ﬁw RbRRe ol otadithH¥enzyl]-

0-6-(trifluoronethyl)benzyl]
pyrimpgine-gi4d1 b8 H-dine H3 3R dihy dmxycarbonylpropyl-amino } - 2-phenylethyl] 5-(2-

chloropth%'z)glﬁ)l —[&%%{'oqé}fr%%{hgﬁw}/ijogy]%Je%zyl? ?yr?:%}dme Eﬁ?ﬂﬁf 31?15 I:%/on]e % -[2(R)-
{hyd@ﬁdﬂfﬂbﬂpﬁ%ﬂll aﬁm[l_cﬁ 3f F&"’%‘r”%ﬁ@l F—%}ﬁg@r‘b TROKbABBAVS [P Muoro-

di ne-
6- (tnf{ﬁwdndhyl)bmhpﬂ-pbmnmhyé&&mH,GH)-dlone or 3 -[2(R)-
IR rE VTR A TR ESI

ok Do B ooy S U EABEy ) et 1 1 -5 (2

chloro 3- met hoxyphenyl)-I -[2-
fluoro-6-(trifluoronethyl)benzyl]-pyrimdine- 2,4(l
H, 3H) - d-one/ Rhrrmaceptical sa@potition Fomprgies p cpepound of claim 1 and

aph Mﬂcﬁil ??c?g@ﬁl%%gomt Cl ‘?I ml and a 28. A

arnece y accep{aﬁTe carrier or diluent,
nethod for antagoni zi ng gonadot ropi n-rel easi ng hor none

ina subject in need thereof, conprising
adni ni 8% er| ﬁgmeﬁlqdhéors abﬁaemlzmg emaéetrwe-rdmwg heimane in a
d.,for tr

subjec STRREY Wskbors o, SRBITAETP R eciibjeeh on dfbcfius gmount of s

cmnp&ﬁﬂkgeﬁnnqonpr|5|ng adn1n|ster|ng to the subj ect an
ef fective amount of the pharmaceutical conposition of

claim?27 30. The nethod of claim29 wherein the

sex-ho ne,rel ition is cancer,. be l n ..

e P i BOE e g b S SR Gaip o gbject in
need MREEA] QmprlsRlaMadRiiess Nol Mee CABRE! dnS e?fe@ﬂeatdnfount of the

cancer, uterine cancer, breast cancer or pituitary
IﬁwnngumaddwpmphﬁadenbﬂaSIZBZ The nethod of claim 31

wherein the cancer is prostatic cancer.

30. The method of claim 29 wherein the sex-hormone related condition is

cancer, benign prostatic hypertrophy or myoma of the uterus.

31.  The method of claim 30 wherein the cancer is prostatic cancer, uterine

‘cancer, breast cancer or pituitary gonadotroph adenomas.
32, The method of claim 31 wherein the cancer is prostatic cancer.

33. The method of claim 29 wherein the sex-hormone related condition is

endometriosis, polycystic ovarian disease, uterine fibroids or precocious puberty.
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33. The nmethod of claim29 wherein the sex-hornone
related condition is endonetriosis, polycystic

woVRbi@Pidi sease, uterine fibroids or precoci 0'1*%T/U82004/021w93
puberty. 61 WD 20051007165PCT/ US2004/ 021593 34." The

nmet hod of claim 33 wherein the sex-hornone rel ated
condition is endonetriosis. 35 The nethod of claim
29 wherein the sex-hornone related condition is
uterine fibroids. 36. A nethod for treating infertility
of a subj.ectThemethed dfteiad3, wE@eRIths kHghatHingirsthei ddgddition is
to the subject an effective anount of the
endogieHiigpifeeut i cal conposition of claim27. 37. A nethod
for treating lupus erythematosis, irritable bowel
syndrone, prenenstrual syndrone, hirsutism short

stature3nr shireRethod VTLRiM 20f whersith® §dx-hdtmdd@Felated condition is
thereof, conprising adm nistering to the subject an

uterieg fibroidsve ampbunt of t he phar maceut i cal -~ conposition -of-
claim27. 62

36. A method for treating infertility of a subject in need thereof,
comprising administering to the subject an effective amount of the pharmaceutical

composition of claim 27.

37. A method for treating lupus erythematosis, irritable bowel syndrome,
premenstrual syndrome, hirsutism, short stature or sleep disorders of a subject in need
thereof, comprising administering to the subject an effective amount of the pharmaceutical

_composition of claim 27.
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