WO 2006/ 000399 PCT/ EP2005/ 006760 Pl PERAZI NEDI ONES AS OXYTOC! N RECEPTO“?'
ANTAGONI STS This invention relates to novel diketopiperazine derivatives
having a potent and selective antagoni st action at the oxytocln receptor,

to .proces (f f eir 5 preparation, pharnmaceutical conpositions
cont ai ni ng‘? ﬁ’&%@ to their use in nedicine. The hor FSTER®OMF, is a

potent contractor of the uterus and Is used for the induction or
augnent ati on of | abour. Also the density of uterine oxytocin receptors 10

i ncreases significantly by >100 fold during pregnancy and peaks in |abour
(pre-term and terWPEMWW%MtWP%bWCE?B%mAS%d 37 weeks)

causes ab 60% | nf an nor,t nor. bi di .and thus a conpound whi ch
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shoul d be selrefivel antagohist gotiery eatt ithen oxytocinnteceptonf tqorme&esses foralbiosir .
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I nhi bi t or snaaficide. uct ose 1, 6- 20 bi sphosphate (FBPase). International patent
application WD 03/ 053443 descri bes a class of diketopi perazine derivatives

whi ch exhibit a particularly useful level of activity as selective
ant agoni stfhe lxmbhe oxylptiockna peteap tcontractvr pof ethe ruterds cndsis wsed domtteunds

o1 0T RIBSEG B aimértatoliir R e the' sl bl Hefind Qhytfii, bbbty 1 1~
2-i ndd@y| ,indreases sighificantlyl by *R®0ifeld duritg pregbancy rend pedksint labaa (pré-teymoup | i nked
to the resﬂtq 3{58’ he nol ecule via a carbon atomlIn the ring, R4 represents

t he group wherein Re and Re each represent 30 al kyl e.g. nethyl, or Re
and Re together with the nitrogen atomto which they are attached forma 3

7 e g e bidh laBlul oIy 84 laha” 47 thekd) (Lol SHORYEI dFangOntain an
addl ti onal ero om sel from oxygen.
mortalttylmorbldlty and thus a compound which inhibits the uferine actions of oxytocin
15 e.9. oxytocin antagonists, should be useful for the prevention or control of pre-term

labour.

International patent application WO 99/47549 describes diketopiperazine derivatives
including 3-benzyl-2,5-diketopiperazine derivatives as inhibitors of fructose 1,6-
20 bisphosphate (FBPase).

International patent application WO 03/053443 describes a class of diketopiperazine

derivatives which exhibit a particularly useful level of activity as selective antagonists

at the oxytocin receplor. A preferred class of compounds described therein is
( 25 represented by the formula (A)

Rs

R 1//,," N }ﬁrR 4
HN 7 0
Yl R,

° (A)
Such compounds include those wherein inter alia Ry is 2-indanyl, R; is Caalkyl, R is
a 5 or 6 membered heteroaryl group linked to the rest of the molecule via a carbon
atom in the ring, R4 represents the group NRsRs; wherein Rs and Re each represent
30 alkyt e.g. methyl, or Rs and Rg together with the nitrogen atom fo which they are
aftached form a 3 to 7 membered saturated heterocyclic ring which heterocycle may
contain an additional heteroatom selected from oxygen.
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WD.2006/ 000399 PCT/ EP2005/ 006760 International patent application WO

2005/ 000840 descri bes di ketopi perazine derivatives of fornula (B) ORI R 1
.4, NNR4 RS HNO O (B) 5 wherein R, is 2-indanyl, R2 is 1-methyl propyl, R3
s~ 2-met oeezol -4-yl and R4 and R6 together w EPfod gen atom
to whi chmt# g?/osare attached represent norpholino. C WeIa ave ndg)dv‘\)/Is 6gund a
novel group of selective oxytocin receptor antagonists which 10 exhibit a
particul arly advant ageous pharmacoki netic profile. The present invention

t hus provides at | east one chemical entity selected from conpounds of
fornul a (Ihtenrgatignat Rivatenty NippisationNYQ  2005/009848  dessribes) dketopiparazinelany!, R2 Is

1- met hyt | roup selected from 2,6- dinethyl-3-pyridyl or
4, 6-di ne%&?é-@?%%n@wa(%4 represents nethyl and R6 represents hydrogen or

met hyl or R4 and R5 toget her w’jﬁi heBnj trogen atom to which they are
e

attached represent norphol igho ang| phagnac iﬁal | y acceptabl e derivatives
thereof. 20 it will be appret? NM&toﬁpounds of formula (l) possess

t he absolute stereocheni stry depicied the asymmetric carbon atons
bearing groups Rl, R2 and R3HMN sfreochenistry at these positions is
always (R). Nevertheless, it shoyjd ngso be appreci ated that although such
conpounds are substantially free®f the (%B epi ner at each of Rl, R2 and
R3, each epinmer may be present in snall a u)nts, for 25 exanple |%or |ess

of the (SihepélhRslis RENdap, P 6 eMisthylorifyl, A0S /20ASRHAC , Poaz0P2YI0R(dORS 760
and Rs together with the nitrogen atom to which they are attached represent
morpholino.

We have now found a novel group of selective oxytocin receptor antagonists which
10  exhibit a particularly advantageous pharmmacokinetic profile.

The present invention thus provides at least one chemical entity selected from
compounds of formula (1)

R, NR, R,

HN (7 0
=

O

=
1ty
E w

(t)
15 wherein Ry is 2-indanyl, R, is 1-methylpropvl, Rs is a group selected from 2,6-
(- dimethyl-3-pyridyl or 4,8-dimethyl-3-pyridyl, R, represents methyl and Rs represents
hydrogen or methyl or Ry and Rs together with the nitrogen atom to which they are
attached represent morpholino and pharmaceutically acceptable derivatives thereof.

20 It will be appreciated that the compounds of formula (I) possess the absolute
stereochemistry depicted at the asymmetric carbon atoms bearing groups R4, R; and
Rs, le the sterecchemistry at these positions is always (R). Nevertheless, it shouid
also be appreciated that although such compounds are substantially free of the (S)-
epimer at each of Ry, R; and Rs, each epimer may be present in small amounts, for
25 example 1% or less of the (S)-epimer may be present.



It wll also be appreciated that the group R2 contains an asymmetric carbon
atomand that the invention includes both the (R - and (S)-epiners thereof.
I n one enbodi nent of the Invention, R2 Is (1S)-1-nethyl propyl. In another 5
enbodi menyoodidagsed Nvention, R2 is (1R} 1-nethyl propyl. pehgpibdiegent of the
I nvention |Is the conmpounds the preparation of which is specifically
described In exanples 1, 2, 3 and 6. Another enbodinent of the Invention is

t he conpo h C In 10
exanpl es g%@%{%g&ﬁ&#@&mg&&%@dﬁ an m%foﬁf#ﬁ?éven?a?%z‘ ) %ﬂg conpounds
t he prep&lﬁhﬂ\BWeoﬂommludaabpﬂsbedR)‘ﬂaodt(S);epﬁwslthﬂm I n exarrpl es 3 and 6. A
yet further enbodinent of the invention Is the conpound the preparation of
which Is specifically described in exanple 3. Another enbodi nent of the
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pi per azi nWPa"Ef') mehﬁéﬁmﬁcﬂ"WSFﬂqu ?Wlﬂ%ﬂhyl et hanami de;
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R) - 1(46d|rrethyl 3pr|d|p€&6 4 mor phol | - 2-oxoet hyf]-6-[(1
S) - 1- met hif MEASPPFL. By.ibe pSQ?GB'n'BV 8P FREYRR Sideast Praccept abl e
deri vat i Vésenite & sel dufr@,d here| n, the term' pharmaceutically acceptabl e’

neans a c e for nmaceuti cal_use., Salts and

sol vat es &Fg;%g% 'EW%D‘%&BH?W ﬁ‘)% "B? B’GPY'h%ﬁ'é"q*B‘r"'use in

rTﬁdi Ci ne Bk ﬂhﬂﬁ&(ﬂbﬂffﬁéﬂl@ﬁﬁ/ﬂeiﬁﬂﬁhﬁﬁé etﬁﬁna?ﬁé@ci ated 312 solvent is

p ar vat e vi ng non-
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the sc opepxperazmw}-z-(2 6-dimethyl-3-pyridinyt)-N,N-dimethylethanamide;
(3R,6R)-3-(2,3-dihydro-1H-inden-2-yi}-1-[(1R)-1-(2,6-dimethyl-3-pyridinyl)-2-(4-
morpholinyf)-2-oxoethyl}-8-[(1S)-1-methylpropyl]-2,5-piperazinedione;
(2R)-2-{(3R,6R)-3-(2,3-Dihydro-1H-inden-2-y1)-6-[(1S)-1-methylpropyil-2,5-dioxo-1-

(. 25  piperazinyl}-2-(4,6-dimethyl-3-pyridinyl)}-N,N-dimethylethanamide;
(2R)-2-{(3R,6R)-3-(2,3-Dihydro-1H-inden-2-y1)-6-{(1S)-1-methylpropyl}-2,5-dioxo-1-
piperazinyi}-2-{4,6-dimethyl-3-pyridiny!)-N-methylethanamide;
(3R,6R)-3-2,3-dihydro-1H-inden-2-y!}-1{(1R)-1-(4,6-dimethyl-3-pyridinyl)-2-(4-
rnorpholinyl)-2-oxoethyl}-6-[(1S)-1-methylpropyi}-2,5-piperazinedione;

30 and pharmaceutically acceptable derivatives thereof.

As used herein, the term "pharmaceutically acceptable” means a compound which is
suitable for pharmaceutical use. Salts and solvates of compounds of the invention
which are suitable for use in medicine are those wherein the counterion or associated
35 solvent is pharmaceutically acceptable. However, salts and solvates having non-
pharmaceutically acceptable counterions or associated solvents are within the scope
of the present invention, for example, for use as intermediates in the preparation of



of the present Invention, for exanple, for use as internediates in the
preparation of 3 WO 2006/ 000399 PCT/ EP2005/ 006760 ot her conpounds of the
i nventi on and thei r pharmaceutically acceptable salts and sol vates. As used
herein, the term "pharmaceutically acceptable derivative", neans any 5
phar rraceuWDt?&W@Omcept able salt, solvate, or prodrug BC'QIEP@QWMG?WM a
conpound of the invention, whi ch upon adm nistration to the recipient Is
capabl e of providing (directly or indirectly) a conmpound of the invention,
or an act other cermpdanidstof the investioduand: their phlrmaceuticiallyd acceptabiey salfs aand

recogni zabl e tgg those skilled In the art, w thout undue experinentation.
Nevert hel 2 eference is made to the teaching of Burger's 10 Medi cinal
Chem stry and Drug Di scovery, 5th Edition, Vol 1: Principles and Practice,
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but not Ilmte coho for exanp | SO- propano acet one,

etherd5 aeqepiable dertyativesiare satt;s;@ed eolvqt@s Tmeamcaﬁna@. mantnﬁ@euﬂea}la ntion may
al so be uggthpibierdmvativas aRi piWsioldbglthMeiccep r%@égg@.lt ic agents. The Invention

t hus provi des In a further aspeCt, "a co nation conprising a conmpound of
the Invention or a pharnmaceutically acceptable derivative thereof together

\glh;? rr:c]:aﬂtspﬂc%k? bhﬁiﬁé@éﬁliﬁ\;%&%@?l&j&ﬁs%%ﬁboﬁﬁ@%ﬂ% PfesbRCinvENBRAL i ON or a
include actd addihon salts formed with physiologically acceptable inorganic acids or
20 organic acids. Examples of such acids include hydrochloric acid, hydrobromic acid,
nitric acid, phosphoric acid, sulphuric acid, sulphonic acids e.g. methanesulphonic,
ethanesulphonic, benzenesulphonic and p-toluenesulphonic, citric acid, tartaric acid,

lactic acid, pyruvic acid, acetic acid, succinic acid, furnaric acid and maleic acid .

( 25 The present invention also relates to solvates of the compounds of formula (1), for
example hydrates, or solvates with pharmaceutically acceptable solvents including,
but not limited to, alcohols, for example ethanol, iso-propanocl, acetone, ethers,
esters, e.g. ethyl acetate.

30 The compounds of the invention may also be used in combination with other
therapeutic agents. The invention thus provides, in a further aspect, a combination
comprising a compound of the Invention or a pharmaceutically acceptable derivative
thereof together with a further therapeutic agent.

35 When a compound of the invention or a pharmaceutically acceptable derivative
thereof is used in combination with a second therapeutic agent active against the
same disease state the dose of each compound may differ from that when the



fhereof 'Ts used in conbination with a second therapeutic agent active

agai nst the sane disease state the dose of each conpound nmay differ from
that when the 4 WD 2006/ 000399 PCT/ EP2005/ 006760 conpound i s used al one.
Appropriate doses will be readily appreciated by those skilled in the art.
It "W bwoenopi/8039t ed t hat the anount of a conpound ofPCEER2005H8636% i on
required for use in treatnment will vary with the nature of the condition
being treated and the age and the condition of the patient and WII| be
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accept abl #n a@dﬂiqnéhe cempeuridgiobthe nresent lr@entignmaytbeeusedérpmbmﬂmmthl nventi on.

The 20 in ".ngg hiser ed either
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be adm ni ste first. Wien adm ni stration is similtaneous, the conbination
may bd3adninistered either in the sanme or di fferent phar rraceutical
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that the two 30 conpounds nust be each ot her and
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MRy be Pre¥inffdng i combination as defined above together with a pharmaceutically
accepiable carrier or exciplent comprise a further aspect of the invention. The
20 individual components of such combinations may be administered either sequentially
or simultaneously in separate or combined pharmaceutical formulations by any
convenient route.

When administration is sequential, either the compound of the invention or the

(_7 25 second therapeutic agent may be administered first. When administration is
simultaneous, the combination may be administered either in the same or different
pharmaceutical composition.

When combined in the same formulation it will be appreciated that the fwo

30 compounds must be stable and compatible with each other and the other
components of the formulation. When formulated separately they may be provided in
any convenient formulation, conveniently in such manner as are known for such
compounds in the art.

35 The compounds of formula (I) have a high affinity for the oxytocin receptors on the
uterus of rats and humans and this may be determined using conventional
procedures. For example the affinity for the oxytocin receptors on the rat uterus may



——————— R ———

any conveni ent fornul ation, conveniently in such manner as are known for
such conpounds in the art. 35 The conpounds of forrmula (1) have a high
affinity for the oxytocin receptors on the wuterus of rats and humans and
this may be determ ned using conventional procedures. For exanple the
affinity WS 200600038ytocin receptors on the rat uterus rROI/EF3000062606/ 000399
PCT/ EP2005/ 006760 be determ ned by the procedure of Pettibone et al, Drug
Devel opnent Research 30. 129-142 (1993). The conpounds of the invention

al so exhi lbetdetergined ity the procature lvé Pettiborenetrat, oy iDeselbpraanttResearch 80ept or I n
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aqueous ségﬁ@h%ﬁq%’h#’hgeé“ﬁeﬂ%%@ﬁ, e @oﬂ@%@%ﬁ%gkoﬁgﬁﬁygﬁ | gfn exhi bi t
good pét erGhemistry Lettersi 2001 (14) pt301-4380%nce. | n 10 anot her aspect, the
conpounds of the invention exhibit lowintrinsic clearance. The conpounds of

the invention are therefore useful in the treatnent or prevention of
di seases die/eampoonds of thesinvendipa textiibit lancadyantageouscphicomacedkinetiy paafilen. Exanpl es

of such dj ; Lo P a norr hea,
15 endom%é@@@gaﬁdﬂéﬁlgn %@ﬁ?@ﬁ%%ﬂ)ﬁ&ggﬁjﬁﬁ ?glﬁ‘{?&?ﬁé":&my al so
be useful thecespeupds abtherinyantion exhibitganspolency apd dove lnfrinsiccaiedranceoin t r ansf er

f th t] : | dysf ti
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di sorders, congestive heart failure, arterial hypertension, liver cirrhosis,

nephritic I QR Ly 6 | | nd
ooy o P YR L b s DMK o

ne npoun I nvention may al so be

useful fordisenpesodndier eanditions mpdiatadethrauah the pAtANsOT @dylpeint aFxameplesnell s. 25 The
' nventi on s}uﬂfrﬁfsﬁ SesP! édrfgl%grﬁ&iﬁir%a%dw_ BRI 2abBlf, | yshstdithesd from a

conpound o ornmula (1) a armaceuti cal 'y acceptable derivatives
t heredp f @ndomelgosisandbenigiyproptatie hypemiasia; for use in human and veterinary
therapy, and in particular wuse as nedicine for antagonising the effects of

oxytocin upon the oxytocin receptor. 30 The invention also provides for the
use of at TheaeAMReNBdE MaY; @lse henusefy) ta delay: laboyrpiiar 4o elentive ¢aesamant or mul a (1)

and/or phagaRmest oAby of @ BhtiEtt Qo AP tdriid | C4RS chitfd, SPdatiéfit of sexual
dysfunction (male and female), particularly premature ejaculation, obesity, eating
20 disorders, congestive heart failure, arterial hypertension, liver cirrhosis, nephitic or
ocular hypertension, obsessive-compulsive disorder and neuropsychiatric disorders.
The compounds of the invention may also be useful for improving fertility rates in
animals, e.g. farm animals,

(_ 25 The invention therefore provides at least one chemical entity selected from a
compound of formula (I} and/or pharmaceutically acceptable derivatives thereof for
use in therapy, particularly for use in human and veterinary therapy, and in particular
use as medicine for antagonising the effects of oxytocin upon the oxytocin receptor.

30 Theinvention also provides for the use of at least one chemical entity selected from a
compound of formula (1) and/or pharmaceutically acceptable derivatives thereof for
the manufacture of a medicament for antagonising the effects of oxytocin on the
oxytocin receptor.

35 According to a further aspect, the invention also provides for a method for
antagonising the effects of oxytocin upon the oxytocin receptor, comprising
administering to a patient in need thereof an antagonistic amount of at least one



t he manufacture of a nedicanment for antagonising the effects of oxytocin on
the oxytocin receptor. 35 According to a further aspect, the Invention al so
provides for a method for antagonising the effects of oxytocin upon the
oxytocin receptor, conprising admnistering to a patient in need thereof an
ant agoni sWQ@20061008889 of at | east one 6 WO 2006/ 000399 RCT/ERRESO8§76106760
chem cal entity selected froma conpound of fornula (1) and/or
pharmaceutically acceptable derivatives thereof. It will be appreciated by
t hose ski |d1eldlldahenﬂm saletteti fedm raeéampoung df formiuta (1) andleniphamacedticalit ends t o

prophyl axi s _a t atment of established di seases or synptons.
F aEoflat gerBiyesdferpll

It will that the anmount of a conpound of the
invention required for use in treatnent will vary with the nature of the
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treatment will typically be In the range of 2 to 1000 ng per day, dependent
upon the route of admi nistration. Thus for parenteral adm nistration a daily
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co ound of fornula (I) and/or phar maceuti cal |y acceptabl e der| vat I ves

t her eof 'I‘Pﬂgtf&e{:ar%ﬁeféf %aﬁnﬁuaw ) mgrd@i@&w %‘Pyb@(ﬁ? griers

t her eof and | ona er therapeutic a %Pr ophy |c | ngr edi ent s.

The cdbri &0mg) pmblbﬁtfs@smgawawaﬁp@ml gdminjstralion a&rdww:t!;tyeml!yatu ble with
t he ot her He%hﬁ%@?én@equ& koo g &y Sth 800 Aigpen @hy. del eterious to the

reci pi ent ther

The desired dose may conveniently be presented In a single dose or as divided
doses administered at appropriate intervals, for example as two, three, four or more
20 sub-doses per day.

While it is possible that, for use in therapy, a compound of the invention may be
administered as the raw chemical, it is preferable to present the active ingredient as
a pharmaceutical formulation.

The invention thus further provides a pharmaceutical formulation comprising a
compound of formula (I) and/or pharmaceutically acceptable derivatives thereof
together with one or more phamaceutically accepfable carriers thereof and,
optionally, other therapeutic and/or prophylactic ingredients. The carrier(s) must be

30 ‘acceptable’ in the sense of being compatible with the other ingredients of the
formulation and not deleterious to the recipient thereof.

The compositions of the invention include those in a form espedcially formulated for
oral, buccal, parenteral, inhalation or insufflation, implant, vaginal or rectal
35 administration.



The conpositions of the Invention Include those In a formespecially
formulated for oral, buccal, parenteral, inhalation or insufflation,

| mpl ant, vaginal or rectal 35 admnistration. 7 .=..nmow.. WD 2006/ 000399
PCT/ EP2005/ 006760 Tabl ets and capsul es for oral admnistration may contain
convent i oN¥P 2W06/89039%nt s such as bi nding agents, for eXROHAR0509676H, acaci a,
gel atin, sorbitol, tragacanth, nucilage of starch or polyvinyl pyrrolidone;
fillers, for exanple, |actose, sugar, mcrocrystalline cellulose,

mai ze- st aTahletscaid: capsufssofop loeal cadoninistaatibn tnady, contdin iooav&m;mzil axciplestsanpl e,

i o1 nt egr s 6 bifbing: bGP Samb@, Grpbacsbie, YeBl, Erbieh v, 07 o,
wetting aueiage sticterds Qromlwmﬂpyunydonsulﬁlﬁrat or mulaablaeﬂose nmsygane coat ed

accor ding n%u&oﬁ&%lﬁr?é’éel%% 0Ltk I::Q&u:ﬁ é‘ﬁ‘f’sﬁgﬁé of dofiifto 34yl ons nay be

in the formo aqueous 0 en5| ohs ol'UtT ons

emul si dns examwa.pmagnesumxstegrata;rsw add.b@lwn@im Sdeheaglyaoldory sficarduct for
consti tut | ch liquid
pr epar atllgirgl"[s?1 %ﬁaréﬂlscgﬁ'eéxa \P‘%‘E{mona?lt'r?l h%‘ﬁ@egﬁgﬂcwéﬂéﬁéggpe@ng agents,

for exanplagents @um 8s|sodipmy lauryhﬁulnmtec elheufiablets, may e owetedirpeerdingytoup,

gel atin I‘be m st earate
gel or hy%enat e(q%&ﬁbi{q%éfpgﬁs Cﬁﬁflfﬁiﬂ ‘?Fsé’g"é °£§g’{r‘é’gl’9 trhegfé 1ot | ecithin,
sorbitan EEAMPAAGIEUS o Qjly suspansians. ﬁQWﬂM@OWIﬁV@%QF elodes, (ﬂﬁmﬁ!{y i ncl ude
edi bl gqoi oi |

§001 bs) éeﬂfed goﬂ?} gpodgtbgep %ﬁ“ﬁ’gﬁ W#&n&%ﬁm& vBhicle y

esters, propy ene %9 |1zers such as surfactants

for exanpbefopuse oSyah dguid rpr@nqﬁ@lonag@aw @pn@m eanvestionat pdditivesr suel :@sand
preservat %M@p%ndiﬁ?rag%ﬁ%'mb!e exéFﬁ;SlQNEorBﬁolW 'mﬁhylhdﬁiﬁﬂﬁb licdse’ Iﬁéaror ascorbic

aci{d. The co tions ma formil at ed as 20 sup

cont ai ni nQYTGBnQQﬂ’@ﬂ’ dWQFO’%’ﬁﬁbwﬁ%ml%gy%%@%b ﬁel&%oseoeb@lmumtaﬁara@r ot her
gl yceri dege) &0 dhsg%ﬁaiedaéifmwmé réiﬁﬁlﬂﬂlnb%eﬁﬁ”?&?%x&hﬁl& Wgkthih aﬁblfahe form of

t abl ets or Iozen es formulated In the conventional nanner.
conpod?ft i mna@&%%mphgca%a-tMﬁmwﬁ vehirigsa (whih may d’ﬁﬁll&ieeﬁﬂ'blérf’“ﬁalf@nt eral

admi ni st r%kérﬁﬂe batmiohid @Al ﬁ'Q&ioﬁéteG QBEdrint BN Soitly 56, Propylem BHY R bP&ﬁylf or
I njection na resented in unit dose formin anpoules, or In nulti-dose
cont ai ner & cg%qlhsqﬁ ilizgfR.guch as surfactants for example polysorbates or other agents
such as cyclodextrins; and preservatives, for example, methyl or propyl p-
hydroxybenzoatas or ascorbic acid. The compositions may also be formulated as
20 suppositories, e.g. containing conventional suppository bases such as cocoa butter

or other glycerides.

For buccal administration the composition may take the form of tablets or lozenges
formulated In the conventional manner.
( 25

The composition according to the invention may be formulated for parenteral
administration by injection or continuous infusion. Formulations for injection may be
presented in unit dose form in ampoules, or in multi-dose containers with an added
presetvative. The compositions may take such forms as suspensions, solutions, or

30 emulsions in oily or aqueous vehicles, and may contain formulatory agents such as
suspending, stabilising and/or dispersing agents. Alternatively the active ingredient
may be in powder form for constitution with a suitable vehicle, e.g. sterile, pyrogen-
free water, before use.

35 The compositions according to the invention may contain between 0.1-99% of the
active ingredient, conveniently from 1-50% for tablets and capsules and 3-50% for
fiquid preparations.



preservative. The conpositions may take such fornms as suspensi ons,
solutions, or 30 enulsions in oily or aqueous vehicles, and may contain
formul atory agents such as suspending, stabilising and/ or dispersing

agents. %bq%ﬁgly the active Ingredient nay be Inpe.pm?/éog;@for

constitution a suitable vehicle, e.g. sterile, pyrogen- ee water,
before use. 35 The conpositions according to the invention may contain

bet ween 0.1-99% of the active ingredient, conveniently from 1-50% f or

tabl ets and capsul es and 3-50%for |iquid preparations. 8 WO 2006/ 000399
PCT/ EP2008He0 advantagedine phaivaactidgmtiousrofilé aof rthe chmpeunds o thisi ineentibn tilhe conpounds

of the invemtion is .readily de d | opvent i procedures for
measur i ngfe?‘ﬂfg %%?W%Ei n%stY'?gc %‘%ﬁoﬁﬁgspo %o@fo%%&gh?i \; 3 conmpounds.
5 The corghamamkinklic prepéniesof bicogically activarcoepeundscal | y accept abl e derivati ves
t here may be prepared by the processes described hereinafter, said
processes constituting a further aspect of the invention. In the follow ng

descri pt i The campeugdsoefiibe bwentivs and phanmadeutivelicadceptabledetvatives thereofie | nventi on
unl ess ot ' | & red by
reaction lﬂ% %@'%B%&’@fﬁ? g é%ﬁgp ?Hhﬂmv%ée‘ﬁée@r‘:’ %ﬂc‘ ﬁﬁéﬁ%ﬁ{g@ t he

meani ngs alddrthee dspect fof ithes invegtion, imthe fdliewlopidestriptipnathe gBupssarei aher R or S,
or a mxt , Y ) 15 or an activated
derivati vdegﬂﬁ%ée?lg{)v??émoﬁé'? H@J@%@nﬁﬂﬂ , ée%'r\eerlgdr?e %Eé‘éldﬁd R6 have the
meanig defined in formula (1), under standard conditions for preparing

am des f r |.C ' r i\ﬁ%ﬁﬁ\ |L.Vald M e f and an

am ne. lté%ﬂ}@nﬁ%oﬁﬁ&ﬁﬁg@i @?@égtb%ﬁ%hx ure gf“&i%&@e“?‘é%gngémbf conpounds
of gf or nul whefein Ri( R2andBs havecthefmenningh defined\ia forawtst iloandihe thiralipptir at ed usi ng
standar d k&g gl I8 S, or a mixture thereof,

. R 3
R 1 ,’h NkrrOH
HNWH’” O
R 2

° )

15 or an activated derivative thereof with the amine HNR4Rs, wherein R, and Rs have
the meaning defined in formula (l), under standard conditions for preparing amides

from a carboxylic acid or an activated derivative thereof and an amine.

it will be appreciated that the mixture of diastereomers of compounds of formula (1)
(V 20 obtained from the above reaction may be separated using standard resolution
techniques well known in the art, for example column chromatography.

Thus the amide of formula (I} may be prepared by treating the carboxylic acid of

formula (1) with an activating agent such as BOP (benzotriazol-1-yloxy-
25 tris(dimethylamino)phosphonium hexafluorophosphate), TBTU (2-(1H-benzotriazol-1-

yi)-1,1,3,3-tetramethyluronium tetrafluoroborate), BOP-CI (bis(2-ox0-3-

oxazolidinyl)phosphinic chloride), oxalyl chloride or 1,1'-carbonyldiimidazole in an

aprotic solvent such as dichloromethane optionally in the presence of a tertiary amine

such as triethylamine and subsequent reaction of the product thus formed, ie the
30 activated derivative of the compound of formufa (1), with the amine HNR,Rs,



techni ques well known in the art, for exanple columm chromatography. Thus
the am de of fornmula (1) nmay be prepared by treating the carboxylic acid of
formula (11) with an activating agent such as BOP (benzotriazol -1-yl oxy- 25
tri s(di met hyl am no) phosphoni um hexaf | uor ophosphate), TBTU

(2- (1H beMWiooeRpan9- | yi)-1, 1, 3, 3-tetranet hyl ur oni um t POTHEPRUWSHEIEY at €) ,
BOP-Cl (bi s(2-o0x0-3- oxazolidinyl)phosphinic chloride), oxalyl chloride or
1,1 -carbonyldiimdazole In an aprotic solvent such as dichl oronet hane
optionall Ntérﬁaﬁvb@tﬁéammmuh (Deridyi b preparbd by remctiny amixediaahydrideni ne and

or  vat | vEeTBA RS Ao oo rodts i SR 0. et Fvcheim 08 Pieani. 5 vo

2006/ 00038&inegTinEfRaaHE/ (J)i)@iﬂﬁOtheAhmiﬂenBlNR{RA yn tdneapmhdesohbnt‘ suetulaa (1) may be

(130 ainclabphyiureR Onbricy T eaceS s, Kol Sl of ML ISTsriaBRL I () 7% 1

t he ans neexdpidas MOMOé@r@nvmaaﬂyabanprmuelys-TBt&t r ahydr of ur an.
Conveniently the reaction is carried out at |ow tenperatures, for 5 exanple
25'Cto - 90'C, conveniently at approximately -78 C. The m xed anhydride is

conveni enThy mpeed pahwliidb ys conseniently préparehbinbeactingdhecarboxyli¢ acidll) witha sui t abl e
add chlorid y e C s et hyl
acetate IR i%@'%ﬁg@eﬁ@ae’w&é% %@E’Wﬁ@@tﬂa@m cggﬁge g@% %Uz;h%‘é I kyl am ne
e.g. 10 taemtbyihathermesamdeauf d tactiarg qrganic bass suctoas ex dngikylandlte @.9.0 - 90' C,
conve i C f al so be
pr epared %‘\?&P@a 9?%8‘{ gf(lgﬁ%@h&a&??s F‘%{%ﬁ’gwﬁ?% @@%ﬁvﬁkﬁéﬁ%N , OR z
15 O (111 appebedmately -H28/C.R2 and R3 have the neani ngs defined in formul a (1)
and Re is 2- hydroxyphenyl, with 1,1'-carbonyl diim dazol e or

1, ¥ -thl ocarbonyl dlimdazole in a suitable solvent such as dichl oronet hane
subs e Gompounds 2of formwlad}) manealpe bel prepared: iy reactingreecbmpound ohfermwine HNR4Ra.
{un

R

3
R 10" NAH/NHRS
HN vy, . O
\rfl R

s ° ()

wherein Ry, R; and R; have the meanings defined In formula (I) and R; is 2-
hydroxyphenyl, with 1,1'-carbonyldiimidazole or 1,1-thiocarbonyldiimidazole in a
suitable solvent such as dichioromethane and subsequent reaction of the products

thus formed with the amine HNR,Rs.
( 20
Compounds of formula (ll) may be prepared from a compound of formula (ll)
wherein Rs is 2-hydroxyphenyl by reaction with 1,1-carbonyidiimidazole or
1,1-thiocarbonyldiimidazole in a suitable solvent such as dichloromethane and
subsequent reaction of the product thus formed with aqueous acetone.
25

Compounds of formula (llf) wherein Rg is 2-hydroxypheny! may be prepared from the
corresponding compounds of formula (lil) whereln R4 is a 2-benzyloxyphenyl group
by hydrogenolysis using hydrogen and a palladium catalyst.

30 Aiternatively compounds of formula (Ili) wherein Rg is a 2-hydroxyphenyl may be
prepared from the compound of formula (iV)

10



20 Conpounds of forrmula (11) nmay be prepared froma conpound of formula
(') wherein Ra is 2-hydroxyphenyl by reaction with

1.1 -carbonyldlimdazole or 1,1 -thiocarbonyldiimdazoie in a suitable

sol vent such as dichi oronet hane and subsequent reaction of the product thus
formed wi WO 2006/80399 acet one. 25 Conpounds of fornul a (PCIEPMISHETH Re i s

2- hydr oxyphenyl nmay be prepared fromthe correspondi ng conpounds of formula
(') wherein Re is a 2-benzyl oxyphenyl group by hydrogenoiysis using
hydrogen and a pal | adi um catal yst O 30 Rl;t ernatively conpounds of fornula
(') wherein Re is a 2-hydroxyphéhyl y be prepared fromthe conmpound of
formula (1V) 10 WO 20061000898, W&O O N CONHRe NHR7 ~ "~~
R802C (IV) wherein Rl, R2 and Re h e t he nmeahi ngs defined in formula (1),
Re is 2- benzyl oxyphenyl, R7 |sNbiéy @gycar bonyl and R8 Is Cl.eal kyi, by
the reaction with hydrogen in nce of a palladiumon charcoal

catal yst and acetic acid. This e ctlon IS convenl ently carri ed out in a

sol vent such as ethanol, trifluoroethanol or (W} xtures thereof. Conpounds

f f I [ b d t hlorid
(V) Cozre heis g, Rerand FE BT, 8 ME@tas. e iy YerapR: @Erﬁﬁ"%fﬁé mila (1)
and R8 'San 1, Y id) b8fzylcy Parth b\&&kﬂWﬁh%&éﬁohmt he meani ng
defined In { )

In the res nce o trletgé/ﬁ"amne and in a solvent
such as tthmﬂéhﬁﬁl’ﬂ??"%@fﬂﬁ@ diugnen chajcoal patalysisand: agstic aeidadbls with a

conpougd edackio Edchvéniently daRfedd olfin a%o(vé/ﬁt' such as ethanol, trifluoroethanol or

mixtures thereof.
( Compounds of formula (IV) may be prepared by reacting the amino ester
hydrochioride (V)
CO.R,
Ry V)
NH, . HC

10
wherein R; has the meaning defined in formuia (I) and Ry is Cysalkyl, with an

aldehyde RsCHO (V1) wherein R; has the meaning defined in formula (I), in the
presence of triethylamine and in a solvent such as trifiucroethanol and then reacting
the resuliant product with a compound of formula (Vil)

CO.H

R1"“'< (VI

NHR,

wherein R, has the meaning defined in formula (I) and R; is t-butyloxycarbonyl or
benzyloxycarbonyl and the isccyanide CNR; (VII) wherein R is a 2-benzyloxyphenyl
group, in a solvent such as frifiuoroethanol.

20 Compounds of formula (lll) wherein Ry is a 2-benzyloxyphenyl group may be
prepared from a compound of formula {IV) wherein Ry, R; and Rs have the meanings
defined in formula (), Re is 2-benzyloxyphenyl and R; is t-butyloxycarbonyl by the
reaction with hydrogen chloride in dioxan followed with triethylamine in a solvent
such as dichloromethane.

25

11



NHR7 15 wherein R, has the nmeaning defined in formula (1) and R7 is

t - butyl oxycar bonyl or benzyl oxycarbonyl and the |Isocyanide CNR8 (VIII)
wherein R8 Is a 2-benzyl oxyphenyl group, in a solvent such as
trifluorogidabpddersss? Conpounds of formula (111) wherei pciRgpbdosBos7eo

2- benzyl oxyphenyl group may be prepared froma corrpoung of formula (1V)
wherein RlL, R2 and R8 have the neanings defined In formula (1), R8 is

2- benzyi o ' - I t with

nydr ogen. dHbgetpperRLS Bizfus Tvd el i RLOBR ey sy bd RBIRE " (o)

as di chi othemmutedescrived 1abow® E§6 2080peondof /fadat (Bh)7ebereMhB; éotpound of

formul a (lby%k)\ﬁgtgﬂ%  R7 is t-butyloxycarbonyl may be prepared by the route
abov usfﬁg

descri bed j a conpound of fornula (VII) wherein R7 is t-
but yl oxycarbonyl. 5 The R2 substituent is a 1-nethyipropyl group and the

d f S
o CR > conte Jof Shbsbuent is WRRENIREY, Srdto ol e bBRGRKY, oF Ritfudy 13 an (5
hydr ochl omheegir Re l&vne1-e1qﬂ1ylnﬁ@pmrcgpdlﬁvlraaaﬂ (Sher FAgeanfiguralien) may beRr)

configura redltﬁr 6&3&? | d?aﬁ’ e neani ng
defi ned Ihl'e?;'% g ?&@ﬁ%ﬂ{ 'S ﬁﬂbgﬁ?ﬁ&@n(gy%gfe&@g?}z d r%ér% t he
cor r espondhergadiead (S Ii@ﬁ)pgnfwuﬂpabl e amino acids, D al | oi soi euci ne or

DI sol eucl ne, by the method of Schm dt, U, Kroner, Giesser, H

Synt hesi s (19892 (11), 832-5. 15 Aldeh des R3CHO i %J wherein R3 has the
meani 4§ déminestar hydrechiende WL)Wheﬁ'éRem\‘h@Bm% p 'F‘JOFH\M @ande or may be

d ;Mﬁ&lc& I A
?rg)grghe% s, égrﬁprﬁﬁgr@g@7 4442; The am noaC| erivative ‘??/ﬁ )
whgr ein Rama@% Draligispleycine or Pdgpleteineo byrthe-method sf§chmigt, B Kraner,

u

tyl oxm@rﬁgggﬂw@nmgqqggg}l(ﬁ? @aaisl abl e; the am noacid derivative (VII)

wherein R has the neaning defined in formula (1) and R7 is
benzyl oxycar bonyl nay be prepared fromthe corresponding commercially

avai | 3Bl e apEhipdbsaAtiCHd My, M%Mﬂﬁeﬁﬂaﬁa defiNB8 irffofindta () &Pe bifter TeaNi ng
deflnedlnforrrula 1 atment w
N- (benzy| SRERFHRIYN iaysesqs@@ymerﬁi@whbst ljtpraturg mathods (Gamips. Danipb by

Weglarz, Mlchael A.; J.Org.Chem.; 53; 19; 1988; 4437-4442),

The aminoacid derivative (Vil) wherein R, has the meaning defined in formula (1) and
20 Ry is t-butyloxycarbonyl is commercially available; the aminoacid derivative (Vil)
wherein R, has the meaning defined in formula (I) and Ry is benzyloxycarbonyl may
be prepared from the corresponding commercially available amino acld (R)-
RiCH(NHZ)COH (IX), wherein R, has the meaning defined in formula (1), by
treatment with N-(benzyloxycarbonyloxy)succinimde and triethylamine in a solvent

( 25  such as dioxane in water.

The isocyanide CNRs (V) may be prepared according fo fiterature methods
(Obrecht, Roland; Herrmann, Rudolf; Ugi, Ivar, Synthesis, 1985, 4, 400-402).

30  Acid addition salts of the compound of formula (!) may be prepared by conventional
means, for example, by treating a solution of the compound in a suitable solvent such
as dichloromethane or acetone, with a suitable solution of the appropriate inorganic
or organic acid.

35 The following examples are illustrative, but not limiting of the embodiments of the
present invention. '

12



25 such as dioxane in water. The isocyanide CNRe (VII1) may be prepared
according to literature nethods (Qobrecht, Roland; Herrmann, Rudol f; Ugi,
| var, Synthesis, 1985, 4, 400-402). 30 Add addition salts of the compound of

formul a wdzm% prepared by conventional neans, fGiciRpEaRliGs7ed®y treating
a solution of the conmpound in a suitable solvent such as dichloromethane or

acetone, with a suitable solution of the appropriate inorganic or organic
acid. 35 The follow ng exanples are illustrative, but not limting of the
enbodi ments of the present invention. 12 WO 2006/ 000399 PCT/ EP2005/ 006760
Exper i merfxperimeptalcl ature 5 Al intermedi ates and exanpl es were nanmed using
ACD Nane Pro 6.02 in |ISISDraw. Abbreviations CV: Col um vol une. One col um
volune is defined as the vol unme occupied by the sorbent in the packed

col um. Nemenckatur approxi mately calculated 10 fromthe mass and density

of thg paitihtehheiatePamEsianiphisvibre igtled dsifg)/ACDANGne Fio\6.0ER ISBDRANSI ty) . |

CGeneral purification and anal ytical nethods Anal ytical HPLC was conducted on
a Supel cosil LCABZ+PLUS colum (3.3 cmx 4.8 15 mmID), eluting with 0.1%
HCOZH anaybréViatiérismoni um acetate in water (solvent A), and 0.05% HCO2H and

5% water in acetonitrile (solvent B), usi the ejther elutlo radient 1,

0-0.7 i fdfes c@é}mﬁ."?’!‘wﬁzaﬂ? Reie ‘)Bmd%)a&'"e 8. ?xg'HWHLPP@é"'e%%, 5.3-5.5

gl/mig 808/8 0‘%5 (23r4tﬁé6 ub&bentt mrmdgggted%ougmg- Thie?&ntma%ﬁg&im?teﬁrémawu ?ut efs 3 20
6 , 4.2-4. nut es -4, nut e a owrate o

m I nilfute. Ret &M T?ﬁ?@é‘%(dﬂf@yéﬁ? g'ecﬁ?&%@g} F?fi’ﬁ‘i?t ’\Qé'!seqz@\}?h@gssspect ra (MB)

were recorded dmdaaj'ﬁgéd@gmy)ZQ 2000 mass spectroneter using el ectrospray

positive [ES+ve to give MVWand M NH4)' nol ecul ar ions] or el ectrospray
ng(gative [ES-ve to give (MH)- nolecular ion] nodes. 1H NWR spectra were
;

or ded Geierg parificalicn andahalyidal/hetisgdsct ronet er using tetranet hyi silane as
e ext or et BMTR! s Gcbuied b & MubSRost T PLUS Lol (GRS al6°" o7 1O

15  mm ID), eluting with 0.1% HCOZH and 0.01 M ammonium acetate in water (solvent
A), and 0.05% HCO:H and 5% water in acetonitrile (solvent B), using the either
elution gradient 1, 0-0.7 minutes 0%B, 0.7-4.2 minutes 0%-~100%B, 4.2-5.3 minutes
100%B, 5.3-5.5 minutes 0%B or elution gradient 2, 0-0.7 minutes 0%B, 0.7-4.2
minutes 0%-100%B, 4.2-4.6 minutes 100%B, 4.6-4.8 minutes 0%B at a flow rate of 3

20 mi/minute. Retention times (Rt) are quoted in minutes. The mass spectra (MS) were
recorded on a Waters ZQ 2000 mass spectrometer using electrospray positive
[ES+ve to give MH™ and M(NH,)" molecular ions] or electrospray negative [ES-ve to
give (M-H)" molecular ion] modes. 'H NMR spectra were recorded using a Bruker
DPX 400MHz spectrometer using tetramethylsilane as the extemat standard.

( 25

Purification using silica cartridges refers to chromatography carried out using a
Combiflash® Companion™ with Redisep® cartridges supplied by Presearch.
Hydrophobic frits refer to filtration tubes sold by Whatman. SPE (solid phase
extraction) refers to the use of carfridges sold by Intemational Sorbent Technology

30 Ltd. TLC (thin layer chromatography) refers to the use of TLC plates sold by Merck
coated with silica gel 60 Fus,.

35

13



Combi fl ash(r) Conpanion with Redisep(r) cartridges supplied by Presearch.
Hydr ophobic frits refer to filtration tubes sold by Whatman. SPE (solid
phase ext ract i on) refers to the use of cartridges sold by International

Sor bent Tegh, 930 Ltd. TLC (thin layer chromatogr apsykpiosé s mto the use
of TLC pla es s d by Merck coated with silica gel 60 F. 35 13 WO

2006/ 000399 PCT/ EP2005/ 006760 Internedi ate 1 Met hyl

N-f(2R) - 2 E%T"%ﬁ%&g dro- 1H I nden- 2-vi 1- 2- Ui  ohenvl net hvl ) oxvl car bonyl ]

am no) ace&n >(‘ 6- di net h5fi - 3-ovridinvi>. 2-0, -2-({24(ahenvlnettM oxvl
5 phenvi ) am no) et hvi | -D-al | oi sol euci nat e

2, 6-di met hyl pyri di ne- 3- car boxal dehyd (Aur Fei ncheme GrbH) (2.00g, 16.1
ol ) and (D)-all ol sol euci ne net hyl er drochl oride (2.93g, 16.1mmmol) in
met hanol (50nL) and 2,2,2-trifluoroe rrL) were treated with
triethyiamne (2. 24rr1_ 16. 1mmol ) aRd ture was stirred under nitrogen
at room tenperature 10 for
(2R) - 2, 3-di hydro- 1H i nden- 2-

thyl)oxy]carbonyl}an1no)ethanotc
acid (5.24g, 16.1nmol) and 2-be henylrsonrtrrle (3.37g9, 16.1mmmol)
were added and the m xture was syirred at roomtenperature under nitrogen
for 4 days. The mxture was concgqtrated under reduced pressure then
partitioned between ethyl 15 ace(ﬁﬂ (150m.) and water (150nmL) plus
saturated aqueous sodlunrhydrogen carbonate (6nL) The aqueous phase was
back- ext r geth! ) G2 b N hene ivhiexVjcatbpanl C extracts
wer e mashed SUccess) aqueous sal uti ons of sodi um
Uatpe "‘_'ﬂ Y -k T {'J, = ,L!J"J f{j;'\ (100”1_ eaCh)
2l mabphate and evaporated 20 under reduced

SI I ?igr go% &ﬁﬁ"?@é}’g‘? ‘%ﬁ)’%((éé‘@mquﬁ ﬂcﬁ(%@%t g%zbbﬂu %é H’gﬂaﬁe ngr sep

af ford 7. dfgl)oénd HB)-alidisoleurinep methyl csten ipafrochivfideli @<33gr elGremrsol) HPLC Rt =
3.88 and 3 B8ndl! BOtEP ahd 2 4-Gitliorbbthat {50t here treatéa witk? thdbiyiiiRe! ate 2 O
(2.24mL, 16.1mmol} and the mixture was stirred under nitrogen at room temperature
10 for20h.
(2R)-2,3-dihydro-1H-inden-2-yi({{(phenylmethyl)oxy]carbonyl}amino)ethancic  acid
(5.24g, 16.i1mmol) and 2-benzyloxyphenylisonitrile (3.37g, 16.1mmol) were added
and the mixture was stirred at room temperature under nitrogen for 4 days. The
mixture was concentrated under reduced pressure then partitioned belween ethyl
15 acetate (150mL) and water (150ml) plus saturated aqueous sodium hydrogen
carbonate (6mL). The aqueous phase was back-extracted with ethyl acetate (50mL)
) and the combined organic extracts were washed successively with semi-saturated
(. aqueous solutions of sodlum hydrogen carbonate, ammonium chloride and sodium
chloride (100mL each), dried over anhydrous magnesium sulphate and evaporated
20  under reduced pressure to give the crude product (12.01g). This was purified on a
Redisep silica column (330g) eluted with 20-50% ethy! acetate in cyclohexane to
afford 7.46g of the title compound as a pair of diastereomers.
HPLC Rt = 3.88 and 3.96 minutes (gradient 1); m/z [M+H]* = 797

25 intermediate 2
7 H
i
H
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14 WO 2006/ 000399 PCT/ EP2005/ 006760 2 {(3R 6R)-3 (2.3 dihvdro-1Hi nden
2-vl) 6 f(1S)-1-nethvioropvll-2.5-di oxo-1-

pl perazinvl | -2-(2.6-di nmethvl -3-ovridinvl)-N(-(2-hvdroxvohenvl)acetam de The
crude netyiykotklodd3sR) - 2- (2, 3-di hydr o- 1H4Anden-2 yl) - 2- ({ R0V shY! ) 5

oxyj car bonyl }am no) acetyl ]-N-(1-(2, 6-di net hyl - 3-pyridi nyl } 2- oxo- 2- ({ 2-

[ (phenyl net hyl )oxy] phenyl }am no) et hyI ]-D-alloi soI eudnate (internediate 1)
(7.469) S ¢ b 4€ R P eda ng. o ; OrrL) and the

(Degussa e Grdin g | Qyphe T
m xture was evaporated 10 under reduced pressure and the resi due was
partitioned between ethyl acetate and water with saturated ag eous sodi um

hydr ogen Ter bowtde amediyl unN-IR)}(2hdibysdna-1Hindene2-yide-(linbemytm The

aqueouys %&mﬁ gggﬁﬁ]d H&ﬂy- conbi ned organi c
e>c<]tracts e \/vas}naﬁﬁ'5 th slz\ﬁﬂu-gat ed a Leogﬁ&godl um h{?gro en _car bongte wat er
3:1 (100ri{pheryimathybeirbanyiamizuehyl]-fa @E@'%ﬂﬁ%r(ﬁ@e'ﬂ\aﬁ@@ 3 @A80) anhydr ous
magnesi UngasubiBEshied ﬁa”dmﬁﬁapﬁs%ﬁﬁahﬂl%éﬂcr Q&G‘Q@ﬂnﬂr 8% Wi mixtixe wag ude product

was purified on a Redisep silica, columm dg} eluted with 0-10% nethanol
in ethyl hydeganated gt atraosphere of &Yﬁbmpﬁ@a ™ an cagen dDegusen bRk s

(2.949). h"@b@v&ed—wi&\ @éte@nﬂﬂuﬁ%fdﬂmt ﬁﬁxﬁ?rbwéﬂévd(sﬂl‘étﬂd 541 20
Interrredlate PQd(Z sa Q?H% D|hvdrolH-|n en-2-vl)-6-1(1
S) - 1-Wet HdpRsdHeedPras$ire Apd |tha residue was pertiioned RibYiAsetate 80 i gi nvi ) - N

g 26t B pheﬂﬂétéiewmsétgﬁé!éd R u% aﬁﬁr&mmya#egaﬁcarbonaée adft:ed unuB thel aqueous t

me rial e e n nme a eudna e
o o A Wk Dagle (i A 316 214 RrASSRIS SREHAa W o RIS Sbr
thi-s was thgdsteshingd @kdamica Bkipgcid M&nﬁéshaﬂdwhth%ahﬁétéﬁl acﬁueaustswmnvms Ieft to

stand for 18 hour

4§ nden. Jvgroget Carbonalbater L TROMLS 1 it sbiates bre b Beies Bedhd (5. 44g)
and 25 ( Ri%ﬂﬁhhwﬁms|rhé@h!é$inhﬂwﬂhatesélwmpdﬁteﬁ4mﬂggbedmédbraﬁu@nﬂhe 30 (10mt)

were addeq e prodict was- purisdon b Reisth ifel cofumn 1288) Sfifec® iy b5t "oom
methanol in ethyl acetate to give the title compound as a pair of diastereomers

(2.949).
HPLC Rt = 2.75 and 2.81 minutes {(gradient 2); m/z [M+H]" = 541
20
intermediate 3
( 'LTE Lfg)
2-{{3R.6R)-3-(2,3-Dihydro-1H-inden-2-y! 18)-1-methvi -2.5-dioxo-1-
iperazinyl}-2-(4.6-dimethyl-3-pyridi N-{2-{(phenyimethyl -phe cetamide

25  4,6-Dimethyl-3-pyridinecarbaldehyde’ (2.52g) and methyl D-alloiscleucinate
hydrochloride (3.4g) were dissolved in 2,2,2-trifluoroethanol (50mi). To this was
added triethylamine (2.61mi) and the reaction mixture was left to stand for 18 hours.
(2R)-2,3-Dihydro-1H-inden-2-yl({{(1,1-dimethylethyl)oxy]-carbonyl}amino)ethanoic
acid (5.44g) and 2-[(phenylmethyl)oxy]phenyl isocyanide (4.18g) with methanol

30 (10mi) were added to the reaction mixture and the solution was stirred at room
temperature for 3 days. The solvent was removed in vacuo and the residue was
separated between dichloromethane and water. The organié phase was passed
through a hydrophobic frit and evaporated in vacuo. The residue was dissolved in 4N
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tenperature for 3 days. The solvent was renoved in vacuo and the residue was
Separ at ed between di chl oronet hane and wat er. The organi ¢ phase was passed

t hrough a hydrophobic frit and evaporated in vacuo. The residue was

di ssol vedwpnroghoosd® WO 2006/ 000399 PCT/ EP2005/ 006760 pyekpmesoostsoor i de in
di oxan (50m ) and the reaction mxture was left to stand for 4 hours. The
sol vent was renoved in vacuo and the residue was dissolved in

di chl or orgsRRBR chidAGETTH) dicxkd (50D avathe ssiRbor mb@ird Waanbf ¢ 6tAdFor 4nd t he
reaction "mXture was left to stand for 20 gggréﬂgThe re %glon m Xture was

separ at ed*yE: v@?nsg’f’%ﬂtc‘ﬁ?i)r’m‘f%affb vasy \ﬂB‘i’_ U M ?h_‘ﬂ&’sg‘ was passed

Egrzggggadéi ot amgthghﬁ &2002111 F]roaligl ut Wi t cylacrrgﬁcetﬁ?r‘lg/ﬁgtﬂk?w cet a}[/vgs( zi_pgl e

102 vy et e e 261 20 B0, e feartof FiXIB IS SioRERA bR ang

g/agl)osat e:ﬁbrildiomallhuma bgd gatee 'B\f{érgﬁt\iéﬂnas%_ wfl& ﬁassbﬂlgd'br_lgh iiwyniimplwbi?, 002- yl)-6-((1
-1-me ro - - di oxa=1- pi perazinyld - 2- - -

pyri di ny:}y%d{%gf%rﬁﬁgﬁ@wpﬁmﬁ %ﬁ@]’%ﬁﬁ?ﬁ'éﬂg‘f g%%eé??tgg%géym%%}ad as a tan

foam HRFedRwith cicldiaxans/dihylinacetdie §1: 4 2l vah ind pthyhacetdtd e requieill C Ref :

1. Com ns,

G157 1ga FrocRels et oAb svaiHIBEIn i 1o S8 2 THHBR)-2(2.2-diRyard™

2- ( ( 3R BRH-Bidér2-3hBrIa}emdthyiprogyih2 B-didxp-16pipgraginyl)-2-(4,6-dimethyl-3-

- met  Dronvi L 2./5+4i0Xa- .

o1 oerd i dPgmI-f2 AP BostnopnenpeRRoin 5506 A1) 8 8RN P2Ber ami de 20 (
2- (( 3R, 6RPLL RPs 348 Iigdiminulad-gradient-12-nylz IMBH] €868) - 1- net hyl propyl ] - 2, 5- di oxo- |

pi ﬁ;er azinyl }-2-(4, 6-di nethyl -3-pyridinyl)-N {2-[(phenyl net hyl ) oxy] phenyl } ace
tam de (Refternediate 3) (3.30g) was dissolved in ethanol (75nl) and

hydr ogen I, ' r, t. =4 094. .Q, or 20 hours.
The cat a?{?s @g’?arné%i?e bh;m/a?ﬁ]tﬂr’ g@%ﬁ“ﬁﬁa 5%@%538%&%9%% or onet hane.

The dénbined filtrate and washings were evaporated In vacuo. The residue
was appl ijgRbnhedidte’d9 Bl otage colum and eluted with ethyl acetate. The
required fractions were conbi ned and evaporated in vacuo to give

2-{(3R 6R)-3-(2, 3-dl hydro- 1H i nden- 2-%)- 6-[ (1S)-1- et hyl propyl]-2, 5-

oy
Hﬁﬁ%

2-{(3R.8R)-3-(2,3-Dihydro~1H-inden-2-yl 1S8}-1-methvipropyi]-2,5-dioxo-1-
iperazinyi}-2-(4.8-dimethyi-3-pyridin 2-hydroxyph acetamide

20
( 2-{(3R,6R)-3-(2,3-Dihydro-1H-inden-2-yl)-6-[(1S)-1-methylpropyi]-2,5-dioxo-1-

piperazinyl}-2-(4,6-dimethyl-3-pyridinyl}-N-{2-[(phenyimethyf}oxy]phenyl}acetamide
(intermediate 3) (3.30g) was dissolved in ethanol (75ml)} and hydrogenated over
palladium on charcoal (wet 10% Pd, 0.50g) for 20 hours. The catalyst was removed

25 Dby filtration and washed with dichloromethane. The combined filtrate and washings
were evaporated /in vacuo. The residue was applied to a 90g Biotage column and
eluted with ethyl acetate. The required fractions were combined and evaporated in
vacuo to give 2-{{3R,6R)-3+(2,3-dihydro-1H-inden-2-y1}-6-{(1S)-1-methylpropyl-2,5-
dioxo-1-piperazinyl}-2-(4,6-dimethyl-3-pyridinyl)-N-(2-hydroxyphenyl)acetamide

30 {2.43g, 87%) as a pale yellow solid.
HPLC Rt = 2.86 minutes (gradient 1); m/z [M+H]" = 541.
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di oxo- 1- pi perazi nyl }-2- (4, 6-di met hyl -3-pyridinyi)-N(2-hydroxyphenyl)acetam
de 30 (2.43g, 87% as a pale yellow solid. HPLC Rt = 2.86 m nutes (gradient
1); mz [MtH' = 541. 16 WD 2006/ 000399 PCT/ EP20051006760 Internediate 5

f (3R GR) - %dﬁméod%d@Vdr o-1 H-i nden-2-vl ) -6-t ( 1 PCT/EP2005/006760

S)-1-met hvl propvi |l -2. 5-di oxo-1- oi perazinv4(2.6-dinmethvl-3-p)ridinvl)acetlc
add hydrochloride INHG | 8/ OH fHN H O~ H5 O

r
2-{ (3R, 6R)-3- :dihydro-1 Hinden-2-yl)-6-[(1
A R

pi per azi n{{3R.OR¥M okl H-ndg idridy yl-) acet am de
(24. 25¢, ' nyi di i m dazole (11. 79,
72mol ) 200m ) and left to stand

under nitrogen for 20 hours. The solvent was renoved in vacuo and the

resi due was dissolved In acetone (200m,) and 2N hydrochloric acid (20ntl).
After stirring for 20 hours the sol ventAyas weenoved in vacuo and the

resi due was dissolved in nmethagmo| (50m) he solution was applied to an
am nopropyl cartridge (2x709)| eq§ with nethanol (250mL) 15 and then
10% acetic acid in methanol (250t @Yuired fracti ons were conbi ned
and evaporated in vacuo. The resid sdreated with 2N hydrochloric acid
and the resulting solution evaporat iiln vacuo to give the title conpound
((3R 6®)-3-(2,3- dihydro-1 Hinden-2-yl}®&-[(1

S) - 1- met hyl propyl ] - 2, 5- di oxo- 1- pi perazi nyl ) (2, 6-di rethyh 3-pyridinyl)acetic

acid hydrochloride as a tan solid (12.21qg, 56%. 20 HPLC Rt = 2.48 m nutes
(gr adi ent %@R.ﬁﬁwwhydﬁ'%@ﬂeﬂ'ﬁrﬂ)eﬁ'ﬁb%r Tmethylprgpyl-2isrdiexo-1aN1: O (2R) -2

3- ¢ hy dr O-plperbainyfeadb-Hitreltiyl-B RN hydRerypheéfyacstamiag’ no) @alegol ¢ aci d
45mmol) (intermediate 2) and 1,1-carbonyldiimidazole (11.7g, 72mmol) were

10  dissolved in dry dichloromethane (200ml) and left to stand under nitrogen for 20
hours. The solvent was removed in vacuo and the residue was dissoived in acetone
{200ml) and 2N hydrochloric acid {20mil). After stirring for 20 hours the solvent was
removed in vacuo and the residue was dissolved Iin methanol (50ml). The solution
was applied to an aminopropyl carfridge (2x70g) and eluted with methanol (250mi}

15 and then 10% acetic acid in methanol (250ml). The required fractions were combined
and evaporated in vacuo. The residue was treated with 2N hydrochloric acid and the
resulting solution evaporated in vacuo to give the title compound {{(3R,6R)-3-(2,3-
dihydro-1H-inden-2-y1}-6-[(1S)-1-methylpropyll-2,5-dioxo-1-piperazinyl}2,6-dimethyi-
3-pyridinyl)acetic acid hydrochloride as a tan solid (12.21g, 56%).

20 HPLC Rt = 2.48 minutes (gradient 2); m/z [M+H]" = 450,

(70

o]
2R)-2,3-dihydro-1H-inden-2- henyimethyi)o rbonyilamino)ethanoic acid
25  (2R)-amino(2,3-dihydro-1H-inden-2-yl)ethanoic acid (1.91g, 10mmol) was suspended
in dioxane (10ml) and water (10mi). To this was added tristhylamine (1.7m!) and N-
{benzyloxycarbonyloxy)-succinimde (2.54g) and the reaction mixture was stirred
rapidly at room temperature for 2 days. The reaction mixture was poured into water

Intermediate 6
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25 (2R)-am no( 2, 3-di hydro- 1H-i nden- 2-yl ) et hanoi ¢ add (1.91g, 10Omol) was
suspended in dioxane (10m) and water (10m ). To this was added
triethylamne (1.7m) and N (benzyl oxycarbonyl oxy)-suati ni nrde (2.54g) and

t he reacty@moogioddsdy € was stirred rapidly at room tenpergiroesoerno 2 days.
The reaction m xture was poured Into water 17 WD 2006/ 000399

PCT/ EP2005/ 006760 (50m ) and extracted with chlorof orm (100m ). The organic
phase vasst g*&ﬁd di&ré&e&uk&ﬂhméfd?&m abuﬁa)a%@o@%&mawwam%ed(&ﬂm) Thi's

was drie gnesi um__sul g hate and 't he_sol vent renmoved in vacuo to give
n

the Ve cowwmdc@%ed ©am): and WaturQrRbCTH veeer dded ?vezgmemesm 7.21-7.11
(m 4H) s'ialp?lgte(éi'ud thélsolVar®. réh&)eé!lﬁv&&ucﬁto( dive éoBgoun® (306D, 9486)14- 2. 79 (m
(2R) 2- f(@%’éﬁ)(égcwg:?)ﬁ‘ﬁ%%?%@ﬂ?ﬁ&? Zﬂ"{/% 6"25t ?ﬁpJ-rPe‘ghﬁﬁp bpvli-2. 5-di
0X0- 15 pi(pe2HiZ#5Y 21K, 30m4c. mtri‘i,\BH)ShCMSIlﬂzmﬁ XMPF)URt bebmingrdientie
2-{(3R 6 3-(2,3-di hydro-1 Hinden-2-yl)-6-[(
S) - 1- met@)l propyl ] -2, 5-di oxo- 1- pi perazinyl) - 2- (2 6-1imethyl-3-pyridin
4) N—(2 hydroxyphenyl)acet am de 15 (internediate 2) (0.400g, 0.74mmol) and
-car %lﬂl |, m dazol e (0.192g, 1.18mmmol) In dry dichioronethane (I Om)
vvere stir roomterrperature under N2 for 7 hrs. The m xture was
treated with a 2M solution of nethylamne In tetrahydrofuran (1.849ni,
3.70mmol ) and left to stand overni ght ﬂﬁjﬂgom tenperature. The sol vents
were bl own down under N2 and thg resigd
colum (35g) eluted with O- 10
further purification on a Krondsi 0-C18 reverse- phase colum el uted

W t'h aqueous acetonitrile (20-45% y nta| ning 0.1%formc add. This
gave the title conmpound as a V\/mte Iy‘b |I|sate (309 after freeze- dry| ng
g 2.4 (g ,.n1

s purified 20 on a Redisep silica
| i gthyl acetate followed by

from [ MeH] 463
H N =t +)—6. 79 (d 1H),
5.96 ( 1H) 319288(m 4H) ,

285 (d. 3H) 2.81-2.73 (M M. 256(53H) 2.55 (s, 3H), 1.82-1.67 (m
oH), 1.20-1.08 (m 1 H), 0.99 (d, 3H), 0.90 (t, 3H). -
2-{(3R,8R)-3~(2,3-dihydro-1H-inden-2-yl)-6-{{1S)-1-methylpropyl]-2,5-dioxo-1-

piperazinyf}-2-(2,6-dimethyl-3-pyridinyl)-N-(2-hydroxyphenyl)acetamide

15 (intermediate 2) (0.400g, 0.74mmol) and 1,1-carbonyldiimidazole (0.192g,
1.18mmo}) in dry dichioromethane (10mL) were stirred at room temperature under N,
for 7 hrs. The mixture was freated with a 2M solution of methylamine in
tetrahydrofuran (1.849mL, 3.70mmol) and left to stand ovemight at room
temperature. The solvents were blown down under N, and the residue was purified

20 on a Redisep silica column (35g) eluted with 0-10% methanol in ethyl acetate

(_ foliowed by further purification on a Kromasil KR100-10-C18 reverse-phase column

eluted with aqueous acetonitrile (20-45% MeCN) containing 0.1% formic acid. This
gave the title compound as a white lyophilisate (30%) after freeze-drying from 1,4-
dioxane.

25 HPLC Rt = 2.44 minutes (gradient 1); m/z [M+H]" = 463
'H NMR (CDCly) 6 7.83 {d, 1H), 7.25-7.15 (m, 4H), 7.05 (d, 1H), 6.72 (d, 1H), 5.96 (g,
1H), 5.35 (s, 1H), 4.07 (dd, 1H), 3.88 (d, 1H), 3.19-2.88 (m, 4H), 2.85 (d, 3H), 2.81-
2.73 (m, 1H), 2.56 (s, 3H), 2.55 (s, 3H), 1.82-1.67 {m, 2H), 1.20-1.08 {m, 1H), 0.9¢
(d, 3H), 0.90 (t, 3H).

30
Similarly prepared from Intermediate 2 and dimethylamine (2.0M in tetrahydrofuran):
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30 Simlarly prepared fromInternediate 2 and dinmethylamne (2.0OMin
tetrahydrofuran): 18 WO 2006/ 000399 PCT/ EP2005/ 006760 Exanple 2 HN O

(2R) - 24(3R 6R) - 3- (2. 3-Di hydro-

H'i nden- v tdos/OsbGdsS) - 1- net hvl ar oovl i - 2. 5- di oxo-1 - PCT/EP2005/006760

pi perazin)l--2-(2.6-dl met hvk3-ovr{dinvf)-N N-di net hvl et hanam de 5 as a white
Iyophilisate (3399 after freeze-drying from1,4-dioxane HPLC Rt = 2.69
mnutes (ELpmept 1); mz [MH "~ = 477 "H NWR (CDC6) 6 7.49 (d, 11-1),
727715 41-1), 7.08 (d, 11-1), 6.66 (s, 11-1), 6.30 (d, 1H, 4.10
(dd, 1H, 4. 05 (d, 1H), 3.22-3.08 (m 3H), 2.99-2.84 (m 4H), 2.80-2.70 (m
41-1), 2.63 (s, 31-1), 2.58 (s, 3H) 1 3 1. 53 (m 1H), 0.97-0.78 (m 2H),

0.71 (t, 31-1), 10 0.46 (d ' . Iy prepared frominternediate 2
and nor pholine (3. 7mmol): I, ~~ 00is

(3R 6R)-3-(2.3-dl hvdro-1 hNnden- 2\ -1 R) 1 (2. 6-di net hvl

3-ovridi nvD 2-(4- noroholinvl)-2-0x0 -6-((12

S) - 1- nethvloroovII-Z 5- ol oer azi nedi orfe 4&s a mhlte Iyophlllsate (88ny, 23%
after frqerpa- R Rl ” L qgr adi ent  2);

DipesIEinyR-2-tg, §-dimglid ‘ '1-1),'4.01 (d, 11-1),
3 74 3 S%s(ammﬁlyob)uusaem%)mrfre@ze&&ymgfroﬂ1912diaxa&6 (m 2H), 2.79-2.71 (m

o 70 (t %'ﬂ;fjiﬁ“g F%Bﬂé“"('%"é%d?e”}é IP%‘EPE 03?688]393%0# EI93€2308;5? 80%%0 2
Exanpl e 3H(NWIR (CDCB) 5 7.48 (d, 1H), 7.27-7.15 (m, 4H), 7.08 (d, 1H), 6.66 (s, 1H), 6.30 (d,
( 1H), 4.10 (dd, 1H), 4.05 (d, 1H), 3.22-3.08 (m, 3H), 2.99-2.84 (m, 4H), 2.80-2.70 (m,
4H), 2,63 (s, 3H), 2.58 (s, 3H), 1.65-1,53 (m, 1H), 0.97-0.78 (m, 2H), 0.71 (t, 3H),
10  0.46 (d, 3H).

Similarly prepared from intermediate 2 and morpholine (3.7mmol):

Example 3 (Method A)

OJYE%O
HN,
15 ﬁ—
3R, 6R}-3-(2,3-dihydro-1H-inden-2-yN)-1-[{1R)}-1-(2, 6-dime inyl)}-2-(4-
( morpholinyl)}-2-oxoethvii-8-[(1S)-1-meth 2.5-pl lone
as a white lyophilisate (88mg, 23%) after freeze-drying from 1,4-dioxane
HPLC Rt = 2.70 minutes (gradient 2); m/z [M+H]" = 519
20 H NMR (CDCly) § 7.49 (d, 1H), 7.27-7.15 (m, 4H), 7.10 (d, 1H), 6.68 (s, 1H), 6.40 (d,
1H), 4.10 (dd, 1H), 4.01 (d, 1H), 3.74-3.52 (m, 5H), 3.28-3.07 (m, §H), 2.97-2.84 (m,
2H), 2.79-2.71 (m, 1H), 2.62 (s, 3H), 2.59 (s, 3H), 1.65-1.53 (m, 1H), 0.98-0.80 (m,
2H), 0.70 {t, 3H), 0.45 (d, 3H).

25
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IN HN O (3R 6R)-3-(2,3-D hvdro-1 Hinden-2-vl)-l 41

R) -1-(2.6-dinethvl-3-ovridinvll-2-(4- 5

nonhol | nvf - 2- oxoet hvt | - 6-f (151- 1- net hvi oronvl i - 2. 5- Di oer azi nedl one A
Suspensi owoQbo6/000399 PCT/EP2005/006760

((3R, 6R)-3-(2, 3-dl hydro-1Hinden-2-yl)-6-[(1S)-1-nethyipropyl]-2, 5-

di oxo- 1 -pi perazinyl }(2, 6-dl net hyl -3-pyridlnyl)acetic add hydrochl ori de
(5.00, 1gx @ﬂMdtﬁéd?BﬂTEdl ate 5) in dry dichioromethane (50m) was treated
with 1,1-carbonyldiimdazole (2.6g, 16nmmol) and the reaction m xture was
stirred under 10 nitrogen for 18 hours. Morpholine (4.8m, 55mml) was added
and the resultant solution was |left tojstand under nitrogen for 18 hours.
The sol vent was renoved in vacuo and resi due was separated between
ethyl acetate and water. The %EF.nlc was washed, with brine and dried
over anhydrous magnesi um sul pl / i -sqggght was renoved in vacuo and the
resi due was dissolved in dlchloro “ This was applied to a basic
alum na cartridge (240g) and el ut ethysgipn®@ a gradi ent of 0- 7.5% nethanol In
diethyl ether (9CV), 7.5-10% net hanol} di ethyl ether (1CV) and 10%

met hanol in diethyl ether (1CV). The required fractions were conbined and

evapor at e Dihyd mlnden-z— 1- 1 1- 26—dimeth I-3-pyridinyl)}-2-(4-
(3R 6 3 {32 =di.hydr o5 )
di net h QORI [(1

S) 1- rret hiil suspenglgn & ﬁsgmwemmaﬂimeae-m-@,ﬁnp -smthyipragd]g- 45% . HPLC
(2R)_ g Z(Zgl%c%ftpg)%#zﬂ{yﬁ@ Elimetiyt-3 PAayhiblit = k°  FysRiBRlofad Nslog N« O H 25
3 hvdr o1Q.8mmobe (inermédiats- 5] i) dry- dieblomoimthenet K502) dias dreted with

321 Y Bl LIRL 1 b ERYRAALAY b Sl AR LSS AR 20 VO

2006/ 0003
2- { ( 3R) 6Ryitraggrofad- 18 hguts.oMompholirge (4 8mly iSpmeol)(Was added and the resultant

S)-1-neth
pi per azi n%‘@{ogxlf %“3. fa?ﬁ?.‘nagr ﬂe&fm ‘3 “RE’? 2-”?19 %Ohé%at/p er'l-?/'r'? cef'am de
(i nt er medvaeue and the @smgegoasanua 'betweep @iyl dtetatednd ovater( Theaargghic wer e
di ssol ved I f hours. To
one hal f dg?ﬂ?%é SO h&?l‘@n g g f%.@%gr{ea%%,) eﬂ'@ﬂr&u@iﬁa&}% %%h%%gﬁg
di net hyl a$ﬁ"f¢é‘t wias trempyad, i vacue and (teeriesidya washdissolved in dichioromethane.

15 This was applied to a basic alumina cariridge (240g) and eluted using a gradient of 0-

7.5% methanol in diethy! ether (SCV), 7.5-10% methano! in diethyl ether (1CV) and
10% methanol in diethyl ether (1CV). The required fractions were combined and
evaporated in vacuo to give (3R,6R}-3-(2,3-dihydro-1H-inden-2-yl}-1-[(1R)-1-(2,6-
dimethyl-3-pyridinyi)-2-(4-morpholinyl)-2-oxoethyl]-6-[( 1 S)-1-methylpropyi]-2,5-
20 piperazinedione as a white solid (2.4g, 45%).
(‘ HPLC Rt = 2.72 minutes (gradient 2); m/z [M+H]* = 519

Example 4

®

N
HN 0
LH
25 -2-{(3R,6R)-3-(2,3-Dihydro-14-inden-2-v1}-6-[(1S)-1-methvipropyll-2.5-dioxo-1-
iperazinyi}-2-(4.6-dimethyl- dinyl)}-N.N-dimeth ethanamidg

20



reaction mxture was left to stand for 3 days. The reaction m xture was
separated between dichl oronet hane and saturated aqueous sodi um bi carbonate
solution. The organic phase was passed through a hydrophobic frit and

evapor at eqoi2006yp06399. The residue was applied to a sil ppgppsiobbdssge (! 09)
and eluted with ethyl acetate then 5% 10 methanol in ethyl acetate. The

required fractions were evaporated in vacuo and the residue was purified

(3R 6R -21P8 ORI PRASHHMAE e T idirodlasdoet 5 5 di oxo-1-
pi per azi nslqerﬂz'(')!ﬂ-%'(‘éﬁ'ﬁﬁmf?ﬁﬁ?m‘jﬁﬂm Pé?ﬂ‘yﬂomﬁﬂﬂlaﬁ?ﬂa&%ﬁ@m o 109, 32%

aSH %NRm'iel(s%Ub) Iand i—@—arbmy%m%%afﬂl Y@@Z@r%@r@nﬁls@lvedﬂ A [d}% H]71 (—5?77

11- 1), 6 fi@l?remethfps (2éxﬂli?n?deﬂ mfanquéogft?ﬁfs 1H)°ﬂeaha!f2°f:4h'ef§° n3H, 2.98

gli) 31@ 56@ o) adladdsl a ZQOM ‘éoluﬁéi‘%f difhﬂeﬁ{!gmﬁ% i ?eh‘aﬁ‘]ﬂrofu%rﬁ(gnﬂ) 31'@;1 . (2d393|(_|)5
20 Sinil arrefa@oarr'épps@reeuaf ﬂefﬂq ﬁ?@# foed %ﬁv@"ﬁhaﬁﬁame wmvﬁ Wes QPE@?H)I e 50

(2R) - 24( 3Rthé8n dichisromothans dind-shturitad quebuk sbdilrh(Bicarborlate solution. The

- et hvbr onvl 5-di oxo

pi oer azi angpr?lQp SR ?@?ﬁ@ﬁ‘@%ﬁ hysirephobicfiil ang| eveperatedifyagye ey = 2. 60
m nutes (@&ade ¥as aéauedrtéa e[nlf&'dhrh’i%‘ge‘( %3 ) arid Ndidted WABCbthi dcetatét theh B% 1H) |

7.25-7.14 .07 , 1H), .45 , 1H),
5 63 g il %vl(@e%'fhe?ea i Wepjevenoraisd dhyackipandiese o)
2.76 (dd, redidtd .was. pukified, fulthds uging :ms% Ditébted JAu?&Prém Tﬁik') avé. @RYMEM 1 H),

morphol n@ﬁﬁéﬁ%%whm% RSBt -%éﬁm Fesorm oot

p
(SE 6R) - %uﬁ&aﬁnyd}l—il(d;ﬁi—dnﬁeﬂﬁlﬁ@ﬂﬂnﬂ}M}N—dﬂm&Mﬁtﬁhaﬁ\ide (0.10g, 32%) as a
-(4.6-di ma'ti%fl uyridinvll-2-(4- norohollnvl)-2-oxoethvll-6-11
S) - 1- net h'(f B%DII 2.5-0l aerazinedione 5 HPLC Rt = 2.94 m nutes (gradient

2); M3 [WPLE Rt =2B2dinutes (gradient 1); m/z [M+H]* = 477
'H NMR (CDCl;) 5 8.32 (s, 1H), 7.28-7.15 (m, 4H), 7.08 (s, 1H), 6.71 (s, 1H), 6.16 (d,
1H), 4.17 (d, 1H), 4.10 (dd, 1H), 3.22-3.06 (m, 3H), 2.98 (s, 3H), 2.91 (m, 1H), 2.74
(dd, 1H), 267 (s, 3H), 2.57 (s, 3H), 2.39 (s, 3H), 1.56 (m, 1H), 0.93 (m, 1H) 0.85 {m,
1H), 0.68 (t, 3H), 0.45 (d, 3H).

20

Similarly prepared from intermediate 4 and methylamine:
Example 5

( %ﬁg

2R)-2-{(3R,6R}-3~(2.3-Dihydro-1H-inden-2-yl 18}-1-methylpropvil-2,5-dioxo-1-
25 iperazinyl}-2-(4,6-dimeth idinyl)-N-methyiethanamide

HPLC Rt = 2.60 minutes (gradient 1); m/z [M+H]" = 463

'H NMR (CDCl;) 5 8.48 (s, 1H), 7.25-7.14 (m, 4H), 7.04 (s, 1H), 6.72 (d, 1H), 6.07 (q,

1H), 5.45 (s, 1H), 4.07 (dd, 1H), 3.90 (d, 1H), 3.17-3.04 (m, 3H), 2.92 (m, 1H), 2.86

(d, 3H), 2.76 (dd, 1H), 2.53 (s, 3H), 2.33 (s, 3H), 1.70 {m, 2H), 1.12 (m, 1H), 0.94 (d,
30 3H), 0.87 {t, 3H).

Similarly prepared from intermediate 4 and morpholine:

21



"HNWR (CDCI3) 6 8.34 (s, 1 H, 7.25-7.15 (m 4H), 7.09 (s, 1 H, 6.71 (s,
© 1H), 6.21 (d, 1H), 4.14-4.07 (m 2H), 3.73-3.47 (m 5H), 3.23-3.05 (m 5H),
2.95-2.83 (m 2H), 2.74 (dd, 1H, 2.58 (s, 3H, 2.38 (s, 3H, 1.56 (m 1H),
0.94 (m 86 (m 1H), 0.68 (t, C 3H), 0.44 (d, 3H). 10 Blologlcal
Activity @mg&@f‘% 6 of the present Invention were tedCIERMPSAPGT6h{ { he
assays descri bed below. Results for each of the conpounds are shown in
TabI e 1 below Table 1 also 15 includes a compound X for conparison. Assay
Det erm%&‘ﬂ"@’? ®f ant agoni st affinity at human Oxytocln-1 receptors using
FUPR 20 Cell Culture Adherent Chinese nster Ovary (CHO cells, stably
expressing the reconbi nant hunman &yt&?-l (hOT) receptor, were naintained
In culture In DVEM F12 nmedi um D6421), supplenmented with 10%
E

heat |nactivated foetal calf s | nvitrogen, cat. no.01000-147),
2mM L- gl utam ne (G bco/invitrogen, 0. 25030-024) and 0.2nmg/mM 418
(G bco/tnvitrogen, cat no. 10131-027) II's were grown as nonol ayers under
95% 5% al r. C02 at 37C and passaged every 3-4 days usi ng TrypLETm Expr ess
(G bs o/ | pyk BEREEN3-diH PAGR h-2-f@2+] ¢ using the
' wa e cl ear-base 384-wel |

pl at es ( NERLO & 1EAIS, 2t garazipadione, | ture nedi um as
descri bedﬂma@mrﬂm@g@m\lg :é@ﬁg/o 5% air.C2 at 37C). ‘After
renoval of culture ned 20061000399 PCT/ EP2005/ 006760 cells were
i ncubat ed HMMR(PB%)@?@%(F i) TS~ 791%&1%1&&@ H).£ofiMs, K, 6.2 @yt HEPES,

10mM G uq C igal heenaci d
(0. 7/ ) ho. h%”%’& 2, 873547 ﬁ?%ﬁ?%wm '@QS'Q(%(HQZ'?W?Q bs, USA)

the qldthdM A% Eeak). I?rqal(ﬁ%{ﬂ)t”éﬁé@k“ﬂ)zg(%l(&" UH). 86 @ 15D 688, k) .
Oe l's 5 waug d. ,Agubated for an additional 30mn at 37C with either
buf fer al one or buffer containing OT antagonist, before being placed into a
FLI PR1® (Mol ecul ar Devi ces,

Biological Activity

Examples 1-6 of the present invention were tested in all of the assays described
below. Results for each of the compounds are shown in Table 1 below. Table 1 also
15 includes a compound X for comparison.

Assay 1
Determination of antagonist affinity at human Ogytocin-1 receptors using

FLIPR

20

( Cell Culture
| Adherent Chinese Hamster Ovary (CHO) cells, stably expressing the recombinant

human Oxytocin-1 (hOT) receptor, were maintained in culture in DMEM:F 12 medium
(Sigma, cat no D6421), supplemented with 10% heat inactivated foetal calf serum

25  (Gibcofinvitrogen, cat. no.01000-147), 2mM L-glutamine (Gibco/Invitrogen, cat. no.
25030-024) and 0.2mg/mi G418 (Gibco/invitrogen, cat no. 10131-027). Cells were
grown as monolayers under 95%:5% air:CO, at 37°C and passaged every 3-4 days
using TrypLE™ Express (Gibco/Invitrogen, cat no. 12604-013).

30  Measurement of [Ca®*Jusing the FLIPR™
CHO-hOT cells were seeded into black walled clear-base 384-well plates (Nunc) at a
density of 10,000 cells per well in cufture medium as described above and
maintained overnight (95%:5% air:CO; at 37°C). After removal of culture medium,
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UK) to nonitor cell fluorescence (X = 488nm X = 540nnm) before and after the
addition of a submaxi mal concentration of oxytocin (EC80). 10 Data Anal ysis
Functional responses using FLIPR were anal ysed using Activity Base Version
5.0.10. Assay 2 15 Oxvtocin Blndino Assay Preparations Menbranes were
prepar ed WORM6@IB%el | s expressing human reconbi nant oRGTER0E500628ept or s.

The nmenbrane preparation was frozen in aliquots at -70'C until used. 20

Bi ndi ng Assay Protocol Menbranes (-50 ug) were Incubated in 200 ul of assay
buf f er ( Sellslwereiincubated fion 1h\ay &7 2G iramodk' edibmv(Naﬁl s’!éﬁmh\ KCba:ﬁmM pH 7.5)

contai nin f ; 0 fHgn or
preselncla ?‘non épe@?@o GE‘ )f?&’ w ’25 oxyt OCI n ang |gZ1creaS| ng
concent r aprapssacid (9. ﬂmgﬂ’dhp@@n%omﬁﬁ@&ﬁbluﬁs iﬂdlqatﬂl‘ﬁ Fiso-4 Ma’i’dlab-ﬁ. corrpounds

| ncubatio tBﬁngp

reagt [ olnsw\%e eﬁg%r%edégéﬂlﬁqjﬁiém Eﬁlﬁﬁ}t coI ygoﬁglﬁpgﬁg@%red t hrough
What mah GweE thep mﬂ&pa@é?r apraedusam!@mnim @ 33% wih pinenpulien alonecor bufler filters
were V"as%’ﬂaiﬂlgg'@?%n ElliistS b@or@ﬂ&ﬁ%gl % ﬁflﬁﬁdegtcfigérglafrl wvﬁt er. The

filters were coun SCI ntill 'Beckman) .

Speci fic BK)do nynﬁ@rmeélmmp(ﬁtm rm.;henevxﬁéﬂhm)dze&retandcaﬂﬁgthe 35 23 WO
2006/ 000399. Z@rﬂ:a oﬁﬂ:ﬂ‘t val ues were detern ned from
[ '%ﬁdﬁﬂﬁ%mg%@%?nent rs]ﬁl}golﬁng odf@' {Er(lﬂegf [ [

conpetiti regression anal ysis

(G aphPad) and converted to I G using the nmethod of Chang and Prusoff, 1974.
Data gpe | @ggs mean values. 5 Assay 3 Determ nation of In vitro
Intrinsic earance In Mcrosones NADP regeneration buffer for use in

i ncubat i offynetigsalyesneasesusingHPR were;an yising Activity Base Vesiond.hid 7. 8ny

gl ucose- 6- phosphate (nono-sodiumsaft), 1.7ng NADP and

Assay 2

15 Oxylocin Binding Assay

Preparations
Membranes were prepared from CHO cells expressing human recombinant oxytocin
receptors. The membrane preparation was frozen in aliquots at -70°C untit used.
20
Binding Assay Protocol
Membranes (~50 ug) were incubated in 200 ul of assay buffer (50 mM Tris, 10 mM
MgCl,, and 0.1% bovine serum atbumin, pH 7.5) containing ~ 2.4 nM of [3H]-oxytocin
in the absence {total binding) or presence (non-specific binding) of 1 uM unlabeled
(‘ 25 oxytocin and increasing concentrations of the compounds in Examples 1 to 6 or
comparator compounds. Incubations were performed at room temperature for 60
minutes. The reactions were stopped with 3 ml of ice cold buffer and fittered through
Whatman GF/C filter paper presoaked in 0.3% polyethylenimine. The filters were
washed 4 times with 3 ml buffer using a Brandel cell harvester. The filters were
30 counted in 3 mi Ready Safe scintillation fluid (Beckman).

Specific binding represented approxitmately 80% of total binding.

35
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6 Units glucose-6-phosphate dehydrogenase per InL of 2% sodi um bi car bonat e.
M crosones (human, fenale; cynonol gus nonkey, fenale; dog, fermale; rat,
female) were prepared in pH7.4 phosphate buffer and contai ned 0.625ngy
protei nl o 206kbRsH Stated, all subsequent steps were ¥ & Tecan
Genesis 150/8 RSP. 15 A 1.25nM stock solution of the conpounds was prepared
in Acetonitrile/water (1:1). 25ul of the 1.25mM stock solution was added to

600ul of D%ﬁae'&’%}siﬁ” | e/water (1:1) to give a SQuM solution. For each
speci es, solutions (10uL) were added to mcrosomes (790uL) in a
m cr opl al@s (values, wiere, dederminashifein Icompefition djndingoe@eriments wsinginondisearal sol uti on

cont ai ni F Hasdo Rapvair, 96
deepwel | P&rroung%gﬁ%g&g%rpga)mr mg&&@ﬂé{;@gs ?\e%&ﬁé’@ lgesgipa(rp'lhor to
initiati Bruseff, 195féu9ata Qfﬁsepqmﬂ agmegbyeltehs were Initiat ed by addition of
100uLsof NADP regeneration systemto the pre-warned mcrosones. The m xtures
were I ncubated at 37C in a Techne heating block. Following 0, 3, 6, 12 and

30 mnuAssa¥3cubation, 20uL aliquots were taken and added to 100uL of
acet oni t HglePmindfiorcd M ﬁtrﬂ'!ﬂ%s’i@é@ﬁﬁﬁ%aﬁ%ﬁ%@érﬂes For determ nation of the rate
ornmed at a [

of.- metabol1sm 1 ncubations were per conpound concentration of
0.5uM and a protein concentration of 0.5ng/nL. The concentration of solvent

in the i RapPaehotbrifth KUl Fordie if HcuBRBRE WE FrepHrEd rosH bR'Mse ¥&iag det er ni ned

by LC M5/ Ms5; results were reported as anal yte:internal standard peak area

rati 88. daw i contained 7d§@3§b@ﬁ$%§r@ﬁ°§ﬂ§§‘°dﬁ1°&%ﬂ@‘w 53). f1iimg NADR asingl e
exponent galnidefatost-8-phosphate dERRE ?@nﬁé’é b@\‘n‘lﬁ\LrBf @U@Wuhﬁ%i@b&%ﬁ@@l and

intrinsic clearance was caI cul at usi ngethe follow ng formul a: 24 WO

%06/ 000 Migosomes human fefpaleseynomolgus mankey, fermaler dogg femaleigatofesialdln | g i ver]
5 N P{aiSpreparsd-in d?ﬁsﬂbﬁ& Eé’&é'mﬁ@ﬁana cbﬁtaﬁe@b &Bﬁg@f&éﬁmL I nvention and
al so a conparat or, conpound [ (3R 6R%in | hydro-1
H i nden- E'NEGF"} stﬁteﬂs@}%ﬁl‘@"ss@l’%%ﬁ%ﬁ R?éfP'é'ﬁq'Pyla gcanGaqesis 150/8 RSP,
di meydyl A&iﬁmsauﬁdm&m@whﬁ&hma&@mﬁuﬁw (¥9).03/ 053443)
were tested. in the above aﬁ
, 25ul of the 1.25mM stock so utlon was added to 600ul of Acetonitrile/water (1:1) to
give a 50uM solution. For each species, the 50uM solutions (10uL) were added to
microsomes (790uL) in a microplate (Porvair, 96 deepwell, square).
400uL of the microsomal solution containing the compound was transferred to a
20 microplate {(Porvair, 96 deepwell, round) and was pre-warmed at 37°C for five
minutes prior to initiation of incubations. All incubations were initiated by addition of
100ul. of NADP regeneration system to the pre-warmed microsomes. The mixtures
were incubated at 37°C in a Techne heating block. Following 0, 3, 6, 12 and 30
minutes incubation, 20ul. aliquots were taken and added o 100uL of acetonitrile

(_ 25  containing internal standard.

For determination of the rate of metabolism, incubations were performed at a
compound concentration of 0.5uM and a protein concentration of 0.5mg/mL. The
concentration of solvent in the incubation was 0.5%.

30
Test compound concentrations were determined by LC/MS/MS; results were
reporied as analyte:internal standard peak area ratios.

The rate of disappearance was calculated by fitting a single exponential decay to the

35  concentration-time curve using Excel and intrinsic clearance was calculated using the
following formula:
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Conpar at or conmpound X when tested in assays 1 and 2 showed a simlar potency
to 10 that exhibited by Conpounds 1 to 6 of the present invention, In fact
each of these conpounds exhibited fpKi's of between 8.1 and 9.2 (Assay 1)
and pli' sy@hoobBbossen 8.8 and 10.5 (Assay 2). However,pdrigproesiaeinds of the
present I nvention exhibited a surprising 15 Inprovenent In i1n vitro
intrinsic clearance in mcrosones (Assay 3) when conpared w th conparator
conmpound X. Table 1 Assay 3 Mcrosomal O (mlImn/g) Rat Dog C nonol gus
monkey Human Conpar at or A R ey Exa IF Byt * + Exanple 2 + +
______ +, + Exanple 3cpHA%¢ ok ]+++++, +++++ ++, +
Exanple 5 + + +++ + Exanple 6 +0&8mgprofeint@LlKey to Table | + corresponds to
1-8 m/ mpddis ++ corresponds to 9-16 mfmn/ng +++ corresponds to 16-20

m / / d 21-30 25 d > 31

T imriss, B18 o1ihe BB H DRI S P ARt P ake P R0
g 0d|(51n23t SRGRW 3idihydrd-Tid-aritieh-2-yR28-isBbuityl hem—bwkmmaﬁm-wa-n - at om to which
oy et A ey e BRuaie oo b8 in Wo Yalds826 v

tested in the above assays.

Comparator compound X when tested in assays 1 and 2 showed a similar potency fo
10 that exhibited by Compounds 1 to 6 of the present invention, in fact each of these
compounds exhibited fpKi's of between 8.1 and 9.2 (Assay 1) and pKl's of between

( 8.8 and 10.5 (Assay 2).

However, the compounds of the present invention exhibited a surprising
15 improvement in in vitro intrinsic clearance in microsomes (Assay 3) when compared
with comparator compound X.

Table 1
Assay 3 Microsomat Cl (mi/min/g)
Rat Dog  Cynomolgus monkey Human

Comparator X + + it 4

Example 1 +- + + +

Example 2 + + +, i +, +
( Example 3 + + + +

Example 4 +, + T, + it et +, +

Example 5 + + 4+ +

Example 6 + + +4+ +

20 KeytoTable 1
+ corresponds to 1-8 mimin/mg

++ corresponds to 9-15 ml/min/mg

+++ corresponds to 16-20 ml/min/mg

++++ corresponds to 21-30 ml/min/mg
25  +++++ comresponds to > 31 ml/min/mg
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pharmaceutically acceptable acid addition salt thereof, in which the acid is
selected from hydrochloric, hydrobromc, nitric, phosphoric, sul phuric,

met hanesul phoni ¢, et hanesul phoni ¢, benzenesul phoni c, p-tol uenesul phoni c,
citric, tartaric, lactic, pyruvic, acetic, succinic, fumaric and naleic
acid. 2.

(3R, 6R) -3-(2, 3-di hydro-1 Hinden-2-yl)-1-[ (1R) -1- (2, 6-di net hyl - 3-pyridinyl)-2
- (4-norpholinyl)-2-oxoethyl]-6-[(1 S)-1-nethyl propyl]-2, 5-p iperazi nedi one
benzenesul fonate salt. 3.

(3R, 6R) - TLAIMSdi hydro- | H-i nden-2-yl )-1-[ (1R) - 1- (2, 6- di et hyl - 3-pyri di nyl ) - 2
- (4-norpholinyl)-2-oxoethyl]-6-[(1S)-1-nethyl propyl]-2,5-pi perazi nedi one.

4. A pharmaceutical conposition conprising a conpound according to claim1
and a pHar magecdmonhd wf foemat(@ol e carrier. 5. A pharmaceutical conposition
conprising a conmpound according tq cIa 2 and a pharmaceutically
acceptable carrier. 6. A pharnmace |ca ronposition conprising a conpound
according to claim3 and a;@hgr LﬁQﬁ%’ Ra¢peptab|e carrier. 26

(h
wherein R, is 2-indanyl, R, is 1-methylpropyl, R; is 2,6-dimethyl-3-pyridyl, R4 and Rs
together with the nitrogen atom to which they are attached represent morpholino, or a

O

pharmaceutically acceptable acid addition salt thereof, in which the acid is selected from:
hydrochloric, hydrobromic, nitric, phosphoric, sulphuric, methanesulphonic,
ethanesulphonic, benzenesulphonic, p-toluenesulphonic, citric, tartaric, lactic, pyruvic,

acetic, succinic, fumaric and maleic acid.

2. (3R,6R)-3-(2,3-dihydro-1H-inden-2-yl}-1-[(1R)-1-(2,6-dimethyl-3-pyridinyl)-2-
(4-morpholinyl)-2-oxoethyl]-6-[(15)-1-methylpropyl}-2,5-piperazinedione

benzenesulfonate salt,

3. (3R,6R)-3-(2,3-dihydro-1H-inden-2-yl)-1-[(1R)-1-(2,6-dimethyl-3-pyridinyl)-2-
(4-morpholinyl)-2-oxoethyl]-6-[{15)-1-methylpropyl]-2,5-piperazinedione.

4. A pharmaceutical composition comprising a compound according to claim 1 and

a pharmaceutically acceptable carrier.

5. A pharmaceutical composition comprising a compound according to claim 2 and

a pharmaceutically acceptable carrier,

6. A pharmaceutical composition comprising a compound according to claim 3 and

a pharmaceutically acceptable carrier.
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